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ABSTRACT

Stem Cells are capable of self renewal and can differentiate into other lineages upon induction with specific growth factors and 

proteins. Mesenchymal stem cells obtained from various sources like adipose tissue, umbilical cord, bone marrow, umbilical 

cord blood have been reported to have stem cell characteristic features laid down by International Society for Cellular Therapy. 

Research so far deals with the differentiation and self renewal properties of stem cells, which needs to be understood further. 

Metallothionein, is a metal binding protein isolated from equine renal cortex and shown to be present in nearly all of our cells, 

with differential expression of it’s isoforms. Apart from metal binding properties, this protein expression is deregulated in a va-

riety of diseases and other treatment conditions. With respect to cancer biology, this protein expression is studied in almost all 

cancer types and results indicate pivotal role of this protein in cancer. Certain cancers are associated with up-regulation while 

some types are associated with down-regulation. The localization of this protein has also reported to change between actively 

proliferating and normal cells. Given the importance of this protein in cancer biology, the role of this protein in stem cell renewal 

as well as differentiation is poorly understood. This review discusses about stem cells, - its type and differentiation; metallothioe-

nein – expression, function, review about different cancer types, role in angiogenesis and plausible role of this protein in the self 

renewal and differentiation of stem cells.
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STEM CELLS

In 1960s, mesenchymal stem cells were first identified as 

plastic adherent, non-haematopoietic stromal cells in bone 

marrow with osteogenic potential. Initially they were named 

as colony forming units and later they were renamed as mes-

enchymal stem cells (MSCs) as they can readily differenti-

ate into adipocytes and osteoblasts (Pittenger et al., Science, 

1999) [1]. Subsequently, differentiation to other lineages like 

ectoderm and endoderm has also been reported. Since then, 

MSCs have been isolated from many other tissues like adi-

pose tissue, umbilical cord, umbilical cord blood, umbilical 

cord Wharton’s Jelly, synovial membrane and tooth pulp. In 

general, stem cells are classified based on their source of ori-

gin as embryonic stem cells and tissue specific / adult stem 

cells. Recently, Shinya Yamanaka reported of creating pluri-

potent stem cells from terminally differentiated fibroblasts 

[2-12]. Stem cells are also classified based on their differ-

entiation potential - totipotent (early progeny of the zygote 

up to the eight cell stage of the morula), pluripotent (Inner 

cell mass of embryo, epiblast), multi/oligopotent (Fetal tis-

sues, membranes, placenta and adult stem cells), bipotent 

(lymphoid or myeloid stem cells) or unipotent (Muscle stem 

cells) [13, 14]. 

Characteristic features of MSCs
Ideally MSCs are isolated and identified based on their 

ability to adhere to static surface; preferably plastic coated 

with elements which support anchoring of cells and this is 

considered gold standard method still [15]. Another method 

of identifying and purifying the MSC population is by sort-

ing of cells via Fluorescence activated cell sorting method. 

This is done by raising monoclonal antibodies against cer-

tain cell surface proteins. These surface markers are said to 

vary in their expression pattern and are donor-, isolation- and 

passage-dependent [16]. However there is consensus that 

MSC do not display CD11b, CD31, CD34, CD45, CD117 

and HLA-DR. Positive expression of markers identified so 

far is: CD13, CD29, CD44, CD73, CD90, CD105, CD166, 
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STRO-1, and Sca-1[17, 18, 19]. Several other methods such 

as membrane filtration, magnetic beads sorting, capillary 

electrophoresis, and differential centrifugation have also 

been employed among other emerging technologies to iso-

late these cells [20, 21]. 

MSCs also show multi-potential differentiation ability. 

Research has shown that MSCs have inherent property to 

differentiate into cells of mesoderm lineage, forming bone 

(osteocyte), fat (adipocyte) and cartilage (chondrocyte) cells 

upon induction [22]. These are the minimal criteria to de-

fine the isolated populations of cells as mesenchymal stem 

or stromal cells as described by the International society for 

Cellular Therapy (ISCT) in 2006 [16].

Self-renewal and differentiation 
Self-renewal may be defined as the ability of cells that sus-

tain the capacity of cells to remain in quiescent or undiffer-

entiated state. It can be influenced by presence or absence 

growth factors such as Leukemia Inhibitory Factor (LIF), 

Fibroblast Growth Factors (FGFs), Wnt family of proteins, 

Sox2 and Oct4 among others. Commitment or differentiation 

of mesenchymal stem cells, inherently towards mesodermal 

lineage, as well as cells towards ectodermal and endodermal 

lineage is a tightly and temporally controlled process guided 

by microenvironment and culture conditions [23]. These can 

be regulated in order to enhance the differentiation capacity 

of MSCs by various methods using biological, biochemical 

and mechanical approaches [24, 25, 26].

Mesodermal differentiation 
Differentiation of MSCs to form bone, fat or cartilage is in-

herent and can readily be observed upon induction by cul-

turing MSCs with transforming growth factors β1 and β2 
(TGF-β1&2), bone morphogenic protein (BMP)2, 4, 6, 12 
and 13. To mimic the bone development in vitro; cells are 

cultured in the presence of β-glycerophosphate and ascor-
bic acid-2-phosphate, BMPs, Wnts, dexamethasone which 

would result in increased alkaline phosphatase activity and 

calcium deposits and are positive for von Kossa staining. 

Chondrocytes or cells forming cartilage can be obtained 

in vitro by culturing cells in high seeding density as pellet 

or micromass form, in the presence of Insulin-Transferrin-

Selenium (ITS), linoleic acid, selenious acid, pyruvate, 

ascorbate 2-phosphate, dexamethasone and transforming 

growth factor-β III (TGF-βIII). At the end of differentia-

tion period, cells tend to accumulate proteoglycans and type 

II collagen. To obtain fat cells or mature adipocytes, cells 

are cultured with dexamethasone, insulin, isobutyl methyl 

xanthine (IBMX), and indomethacin. The resulted cells are 

able to produce lipid droplets which can be revealed by ad-

dition of oil red stain and expression of Adipocyte-specific 

genes Peroxisome Proliferator Activated Receptor gamma 

(PPAR-γ), Adipocyte protein 2 (ap2) and Liporotein Lipase 
(LPL) genes [17, 27, 28]. 

Ectodermal differentiation
Despite of mesodermal origin, MSCs have the ability to 

differentiate into non mesodermal lineage such as neu-

rons and glial cells. Neuronal or glial cells can be obtained 

upon exposure to cocktails of growth factors like Hepato-

cyte Growth Factor (HGF), fibroblast growth factor (FGF), 

epidermal growth factor (EGF), neurogenin-1, forskolin, 

cAMP, β- Mercaptoethanol (BME), Nerve Growth Factor 
(NGF), Insulin, Retinoic Acid, Valproic Acid, BME, hydro-

cortisone, Glial cell line derived Neurotrophic Growth Fac-

tors (GNDF), Brain-Derived Neurotrophic Factors (BDNF), 

5-Azacytidine, isobutyl methylxanthine (IBMX), and indo-

methacin among others either alone or in combination [29]. 

Cerebrospinal fluid (CSF) has also been implicated in culture 

condition to induce neuronal phenotype and function [30]. 

Endodermal differentiation
Likewise, MSCs of various sources have shown to differen-

tiate into endodermal cell types such as hepatocytes, insulin 

producing beta cells and renal cells. Trans-differentiation 

into hepatocytes is a two-step process involving differentia-

tion and maturation [31]. In the presence of EGF, bFGF and 

nicotinamide, MSCs differentiate into hepatocytes and ex-

posure to oncostatin M, dexamethasone and ITS+ (Insulin, 

Transferrin, Selenium) premix will form mature hepatocytes 

which can be confirmed by expression of markers like albu-

min, α-fetoprotein and nuclear factor 4 α (HNF-4α). Insulin 
producing β-cells can be successfully obtained by induction 
with growth factors, i.e. Acitvin A, sodium butyrate, taurine 

and nicotinamide. However cells obtained other than meso-

dermal lineage are yet to be translated in clinical practice due 

to low efficiency of functional capacity [32].

Though the above mentioned reports have been discussed 

about the isolation, differentiation and clinical usage of stem 

cells, research in this field needs more input, particularly 

with respect to differentiation and clinical application. Met-

allothionein, is a metal binding protein, expressed in most 

of the cells and tissues, have a major role in cell division, 

apoptosis and homeostasis of zinc and copper [33]. Numer-

ous reports were about the role of metallothionein in cancer 

research [34]. Regarding stem cells, role of metallothionein 

in self renewal and differentiation needs to be identified.

METALLOTHIONEIN

Margoshes and Valley isolated metallothionein (MT) as a 

metal binding protein from equine renal cortex. Subsequently 

many types of MT have been discovered [33]. MT is known 

to present in all eukaryotes and in some prokaryotes, and 
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possesses a high degree of homology [35]. Characteristic fea-

tures of this protein include absence of aromatic amino acid 

and histidine; presence of highly conserved cysteine residues 

(cys-x-cys, cys-x-y-cys, or cys-x-cys-cys) in the sequence 

(where x and y are amino-acids other than cysteine), and the 

presence of high metal content and a low molecular weight 

6-7kDa. It has a high affinity for group I b and II b metals 

and is found to be a major zinc binding intracellular protein. 

Zinc and cadmium binds with thiolate clusters and form tet-

rahedral geometry, where as copper forms trigonal geometry. 

MT protein contains two domains: N-terminal (beta domain) 

region with 9 cysteine residues, bind 3 divalent or 6 monova-

lent ions while the C-terminal (alpha domain) region with 11 

cysteine residues, bind 4 divalent or 6 monovalent ions. The 

two domains are connected by a hinge region composed of a 

conserved lys-lys segment [36-44]. The MT genes encoding 

at least 11 MT-1 genes (MT-1A, 1B, 1E, 1F, 1G, 1H, 1I, 1J, 

1K, 1L, 1X); MT2A, MT3 and MT4 are clustered in the q13 

regions of human chromosome number 16 [45]. In mice only 

one copy of each of MT1, 2, 3, 4 are present within a 60kb 

region on chromosome 8 [46]. MT-I and II are almost ex-

pressed in all tissues, whereas MT-III is restricted to central 

nervous system and male reproductive organs [47]. MT-IV is 

expressed only in stratified epithelial cells [47]. 

EXPRESSION OF METALLOTHIONEIN

The expression of metallothionein was found to be at consti-

tutive levels in most cells but vary with cell type. The expres-

sion of different isoforms of MT was found to be regulated 

differently. The cis and trans acting factors were involved 

in the regulation of MT. DNA methylation of cis acting ele-

ments appears to play a role in the regulation and induction 

of MT genes in different cell types. The level of trans acting 

factor plays a role in the differential regulation and induction 

of MT genes in response to heavy metals. Low level, basal 

level as well as induced level of MT mRNA and protein is 

controlled by the cis acting DNA elements that are located 

upstream in the 5’ region of the MT gene. The classical TATA 

boxes and the initiator regions (InR) form the promoter re-

gions of MT-I and MT-II. They recruit the transcription fac-

tor II-D (TFIID) as a part of the pre initiation complex. Apart 

from the promoter region, they contain a metal responsive 

element (MRE), which is also essential for all levels of MT 

induction. But the MREs act in association with a zinc re-

sponsive transcription factor, termed as metal transcription 

factor-1 (MTF-1). Anti-oxidant Responsive Element (ARE) 

sequence is also present in adjacent to the MREs. Apart from 

these, a GC box (consensus sequence GGGGCGGGG), 

which respond to Sp1 transcription factor is also located in 

the promoter region of MT [48].

FUNCTIONS OF METALLOTHIONEIN: 

Metallothionein, which is known to be induced by a variety 

of factors like heavy metals, glucocorticoids, cytokines, UV 

rays, hypoxic conditions, oxidative stress, cancer and, play 

different roles like - acting as metallochaperones to transport 

metal ions; in maintaining the concentrations of intracellular 

free zinc and copper ions; in acting as anti-oxidant, scaveng-

ing the free radicals; in the detoxification of heavy metals; 

and in the protection against various stress conditions. In 

short, metallothionein acts as a primary defense mechanism 

in the cells in order to protect against various harmful condi-

tions [49]. 

MT and CANCER
Cellular localization of MT have been reported to be cyto-

plasmic in non-pathological tissues while in actively prolif-

erating cells, MT localization varies with respect to cell cycle 

such as in nucleus in the S and G2 phase. This indicates that 

the altered MT level could correspond to abnormal cell divi-

sion. Role of MT in proliferation, apoptosis, and invasion in 

cancer biology have been well studied using biopsy samples 

or cultured cancer cells. These reports indicate that increase 

in MT gene as well as protein expression, in actively pro-

liferating normal cells, cancer cells of kidney, breast, lung, 

nasopharynx, salivary gland, ovary, testes, urinary bladder, 

leukemia and non-Hodgkin’s lymphoma. Decreased MT ex-

pression has been reported in human hepatic, prostate and 

thyroid cancers. Apart from this, reports indicate that MT 

expression can be used as biomarker to identify the tumor 

stage [34] [Figure 1].

Figure 1: General overview of Metallothioneins (MTs). Thio-

nein can exist in two forms intracellularly as Apothionein (in-

active, unbounded, Cytoplasmic) and Metallothionein (Active, 

bounded, Cytoplasmic & Nuclear). This transition from Apo- to 

Metallo- and vice versa is a reversible process. Upon activa-

tion, it exerts many physiological functions such as metal ho-

meostasis, gene expression, cell cycle regulation etc.
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ENDODERMAL CARCINOMAS AND MT:
Hypermethylation of MT promoter region have been re-

ported in papillary thyroid tissue when compared to normal 

thyroid tissue, which is associated with down regulation 

of MT in papillary and follicular thyroid carcinoma. When 

compared with healthy control tissue, laryngeal tissue biop-

sies show significant increased expression of MT. Regard-

ing lung cancer, strong MT expression was reported in non- 

small-cell squamous cell carcinoma and adenocarcinoma 

while decrease in small-cell lung carcinoma, when compared 

with healthy control tissue. Reports indicate increased nu-

clear and cytoplasmic expression of MT in malignant and 

reactive cells in oral and pharyngeal squamous cell carci-

noma. In esophagus carcinoma, MT negative tumors showed 

decreased lymph node metastases and distant organ metas-

tases when compared with MT positive tumors. Increase in 

MT expression has been reported in gastric cancers and gas-

tric dysplasia lesions but the levels are unrelated to tumor 

grade, stage or survival. Nuclei/cytoplasmic expression of 

MT have been reported in colorectal carcinomas. In hepatic 

cancer, MT expression is increased in surrounding healthy 

cells and reactive cells when compared with tumor cells. 

Regarding pancreatic carcinoma, studies reported that out of 

75 patients, 59% showed negative expression and 41% were 

MT positive. In positive cases, MT expression was localized 

in cytoplasm and levels were correlated to metastasis and 

shorter survival. In bladder and ovarian cancer, increased 

MT staining was associated with tumor stage and grade, re-

duced survival. There is no association between MT expres-

sion and estrogen or progesterone receptor status in ovarian 

cancer [34] [Figure 2 & 3]. 

MESODERMAL CARCINOMAS AND MT:
Significant inverse correlation has been reported between 

MT expression and patient survival in renal cancer. In pros-

tate cancer, increased MT level indicate an improved prog-

nosis. Prostate cancer cells both in in vitro and in vivo show 

very low expression of MT levels when compared with 

healthy cells. In contrast, in case of uterine cancer increase 

in MT expression correlated with higher tumor grade, poor 

survival and increased tumor cell proliferative capacity [34] 

[Figure 2 & 3]. 

ECTODERMAL CARCINOMAS AND MT:
Number of studies reported that MT levels were associated 

with tumor grade, recurrence rate as well as poor survival in 

malignant invasive ductal breast carcinomas and MT expres-

sion is inversely correlated with estrogen and progesterone 

receptor status. Regarding skin cancer, mixed results were 

reported for MT expression. Weinlich et al., (2007) [50] re-

ported that increased MT expression is correlated with poor 

survival while Suzuki et al., (2003) [51] reported that in-

creased MT expression is protective in initial stages of skin 

carcinogenesis. In CNS, increase in MT expression is found 

to be therapeutically important as it is believed to protect 

non-malignant astrocytes and neurons from radiation in-

duced apoptosis, thereby increasing the survival [34] [Figure 

2 & 3]. 

Figure 2: An overview of role of Metallothioneins in various 

neoplasms and malignancies.

Figure 3: Mechanism of action of metallothioneins (MTs) in 

physiology and pathology. MTs upon induction by various 

metals and oxidative stress, translocate from cytoplasm to 

the nucleus and starts transcription of anti-apoptotic and 

survival genes by donating the metals, zinc for example, to 

zinc dependent transcription factors, thus inhibiting apopto-

sis. However, the same mechanism can lead to abnormal 

proliferation of cells even in the presence of oxidative stress 

thereby transforming cells into neoplastic or precancerous 

cells. MTs also reduce DNA damage caused by UV irradia-

tion and augments DNA repair mechanisms. Conversely, it 

induces chemo- and radio- therapeutics resistance in the 

given cell giving them a niche to grow as malignant cell. MTs, 

on the other hand down regulates/ inhibit iNOS production 

thus protecting brain cortex degeneration. Also, MTs exert its 

protective role by inhibiting Cyclooxygenase which causes 

collagen induced arthritis. Nevertheless, hyper-methylation 

in the MT genes can diminish its protective activity and thus 

become a promotor or enhancer of malignant transformation 

of cells.
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REGENERATIVE EFFECTS OF MT:
MT expression during cell cycle varies considerably. In G0 

and G1, MT is localized primarily in cytoplasm, while in S 

and G2 phase, they are seen in nucleus and finally in G2/M, 

MT expression is cytoplasmic. Apart from this, reports indi-

cate that nuclear expression of MT has a role in cell growth. 

Augmenting reports indicate that MT can activate transcrip-

tion factors, metallo-enzymes and cyclin D by which it ex-

erts its function during regeneration and tissue repair. An-

ti-inflammatory cytokines, growth factors, neutrophils and 

their receptors like IL-10, TGF-β & its receptor, FGF & its 
receptor, vascular endothelial growth factor (VEGF), NGF, 

NT-3-5, brain-derived neurotrophic factor (BDNF) and glial 

cell line derived neurotrophic factor (GDNF) were reported 

to be activated by MT [34]. 

ANGIOGENESIS AND MT:
Metastasis of cancer requires growth of new blood vessels, 

supply of oxygen and nutrients to tumor cells. The process of 

angiogenesis involves degradation of endothelial basement 

membrane, migration of endothelial cells to perivascular 

stroma and capillary sprouting. De novo synthesis and ex-

pression levels of number of growth factors like FGF, TGF-β 
and VEGF are known to be induced by MT. These factors 

are known to have a role in angiogenic process. Number of 

reports indicates relationship between MT and angiogenesis. 

In MT deficient mice, following the CNS injury, expression 

of angiogenic factors decreases when compared with that of 

normal. MT deficiency also inhibits proangiogenic effects of 

IL-6. In vivo expression of MT in endothelail cells at the site 

of angiogenesis and down regulation of MT in those cells in-

hibit cell proliferation and migration; in vitro network forma-

tion as well in vivo angiogenesis, have been reported. Also 

reports indicate that MT down regulation arrest cells in G1 

phase. Together these reports indicate that MT has a role in 

angiogenesis [34]. 

Stem cells differentiation and Metallothionein:
Dohi et al., (2005) [52] reported that MT-2 expression was 

increased at both mRNA and protein level during the course 

of osteoblastic differentiation of MSCs. They further re-

ported that MT-1 & 2 mRNA levels were very high during 
48h after addition of dexamethasone and it declined to basal 

level. The osteoblastic markers alkaline phosphatase (ALP) 

and osteocalcin mRNA levels increased steadily from day 

1 to day 14. Addition of antisense oligonucleotides against 

MT – 1& 2 mRNA during the first two days of differentia-

tion in the presence of dexamethasone, decreased the ALP 

and osteocalcin level after day 14. They reported that early 

expression of MT mRNA and protein has a role towards 

osteoblastic differentiation of MSCs. MT as a zinc storage 

protein inside the cell, might play a role in differentiation 

process, by controlling the availability of zinc inside the cell. 

MT may also directly involve in controlling the differentia-

tion process by interacting with other transcription factors. 

In 2011, Lin et al., [53] reported that addition of zinc in the 

differentiation process of dental pulp stem cells towards od-

ontoblasts, agumented the differentiation process. Though 

they have not confirmed the report by inhibiting MT expres-

sion, this report cannot be ruled out regarding the role of MT 

in differentiation process.

DISCUSSION

Plausible roles of MT in the self-renewal and 

differentiation of Stem Cell:

MT, Cell cycle and Apoptosis:

Reports indicate that MT localization varies during cell cyle 

and with cell stage. MT has been reported to be present in 

cytoplasm in non pathological tissues, whereas in actively 

proliferating tissues, MT localizes in nucleus. In S and G2 

phase, nuclear localization of MT has been reported [34]. 

Stem cells in their self renewal state can continuously divide. 

In such case, it will be note worthy to study about the expres-

sion, localization as well as role of MT in stem cells. MT has 

been reported to have role in apoptosis. Particularly when 

cardiomyocytes from MT transgenic mice are exposed to 

doxorubicin, MT suppresses apoptosis via inhibition of cy-

tochrome c release from mitochondria and caspase – 3 [54]. 

Reports also indicate that zinc directly regulates caspase -3 

activities [55]. Tumor suppressor gene p53 needs zinc in 

order to maintain the active structure. Replacement of zinc 

with cadmium, disrupts its function. Physical interactions 

between MT and p53 have been reported [56, 57]. Another 

mitogenic transcription factor NF-κB was also reported to 
be deregulated in cancer cells. Reports indicate that MT can 

interact with p50 subunit of RelA/NF-κB. This interaction 
stabilizes the DNA binding activity of NF-κB which in turn 
activates expression of several mitogenic genes [58]. Other 

reports indicate that MT can physically interact with the pro-

tein PKCµ, which has dual role in prostate cancer depending 

upon androgen status. PKCµ expression is repressed in an-

drogen-independent prostate cancer, whereas it is enhanced 

in androgen dependent prostate cancer. MT is said to direct-

ly interact with lysine residue (612) at ATP binding site of 

PKCµ, which is responsible for its enzymatic activity. This 

indicates that interaction of MT with PKCµ can decrease its 

enzymatic activity. This may be a reason for decreased activ-

ity of PKCµ in androgen-dependent prostate cancer. How-

ever it is note worthy to find out the interaction between MT 

and androgen [59]. The above reports indicate that MT might 

have a role in stem cell renewal as well as differentiation. 

This area of research needs more attention to find out the 

role of MT in regulating differential genes involved in self 

renewal as well as differentiation [Figure 4]. 

5 / 519



  Int J Cur Res Rev   | Vol 9 • Issue 13 • July 201759

Sankaramanivel et.al.: Stem cells and metallothionein - A review

Figure 4: Do metallothioneins have any putative role in stem 

cell biology? A plausible area of research in the field of regen-

erative medicine.

CONCLUSION

In a multicellular organism like humans, daily wear and tear 

process is a common phenomenon. To maintain the cell ho-

meostasis, every organ harbors a small quiescent population 

of cells termed as stem cells which serve as a reservoir of 

organ specific progenitor cells. These cells have the ability to 

both self-renew and give rise to differentiated cells and gain 

specialized function. Stem cells are reported to be present 

in various organs and tissues. Stem cell isolation, culture, 

differentiation and clinical application have been reported 

by various laboratories. Stem cells have the ability to self 

renew and differentiate. Research needs more input in un-

derstanding the balance between self renewal and differen-

tiation. Though various growth factors and chemicals have 

been used for maintaining the above mentioned state, role of 

metallothionein has not been reported in detail. Metallothio-

nein is a metal binding protein, which plays active role in 

cell division, cancer and apoptosis. This protein is reported 

to be activated by various agents like metals, growth factors, 

x-rays, etc. Most of the growth factors and chemicals used 

in differentiation of stem cells have the ability to activate 

metallothionein expression. Proteins like p53, NF-κB and 
PKC have been reported to interact with metallothionein. 

These proteins have role in cell cycle and apoptosis. Given 

the interaction of metallothionein and these proteins, role of 

metallothionein in stem cell renewal and differentiation can-

not be ruled out. This area of research would be helpful in 

understanding the self renewal and differentiation. By alter-

ing the expression of metallothionein, either self renewal or 

differentiation can be improved, which would yield better 

population of cells for clinical translation.
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Abstract 

Envenomation is a serious neglected health issue at the global level that affects millions of people every year. It is highly 

prevalent among farmers and rural natives and is mainly due to the bite from snakes, spiders, frogs, dogs, wasps, bees, 

ants, etc. Many plants with antidote potential grow around our backyard without proper recognition and, unfortunately, 

several of them are under threat of extinction due to human interference and other environmental factors. The sustainable utilization of those antidote herbs can benefit as a life saver to the needy patients. The herbs can also be farmed and used 
commercially for the pharmaceutical application and incorporated with biotechnology and bioinformatics with a vision of 

synthesizing antidote drugs with less or no side effects. The objective of the present work is to create awareness among 

the public for the wise use of wild and local herbs, and their sustainable utilization with a computational case study on 

laboratory experiments done in two traditional plant based antidotes, selected from literature. The investigation is focused 

on Daboia russelii venom neutralization via in silico approach which can significantly reduce the time, expense, labour and samples taken. Our approach will add to the conventional non-specific polyvalent anti-snake venom (ASV) with more specific plant-based antidotes.
1. Introduction

The term “envenomation” describes the process by which 

venom is injected into animals and or men by the bite or 

sting of a venomous species [1]. Millions of envenomation 

occurs every year. Precise statistical data in this regard are 

not available since majority of the morbidity/mortality 

rate is under-reported by either the hospitals or the local 

healers or the reported data may be fragmentary[2]. Among 

the animal bites, the most important are from snakes and 

up to five million people are affected at the global level 

by snake bites alone. An estimated approximately 2.4 

*Author for correspondence 

* Phone: 352-294-4008, Fax: 352-392-8908

Journal of Endocrinology and Reproduction, Vol 21(2), 87-92, December 2017, DOI: 10.18311/jer/2017/23544

ISSN (Print) : 0971-913X
ISSN (Online) : 2455–1244

Original Research

9 / 519



On the Potential of Phytochemical Remedy for Envenomation and the Consequent Endocrinopathy, with a Note on 

Conservation – A Case Study of Venom Informatics

88 Journal of Endocrinology and ReproductionVol 21 (2) | December 2017 | http://www.informaticsjournals.com/index.php/jer/index

million people are bitten by venomous snakes and 94,000-

125,000 deaths per year are annually reported with an 

additional 4 00,000 amputations and other severe health 

consequences [3]. South Asia is one of the regions where 

the highest burden of mortality and morbidity due to 

snake bites occur, especially in the Indian subcontinent. 

More than 200,000 snake bite cases, with more than 

35,000-50,000 deaths, are reported in India [3, 4, 5]. Most of 

these venomous bites that lead to human lethality are due 

mainly to the “Big Four” venomous snakes, viz. Naja naja 

(Spectacled cobra), Bungarus caeruleus (Common krait), 

Daboia russelii (Russell’s viper) and Echis carinatus (Saw 

scaled viper). In Kerala, India, most snake bite deaths are 

due to Daboia russelii as it delivers the highest dose of 

venom to the victims in a single bite. 

Among the many manifestations of envenomation is 

endocrinopathy. Case studies, with special reference to 

bite of Russell’s viper, have reported severe hypofunction 

of pituitary gland accompanied by problems in secretion 

of insulin and thyroxine[6, 7, 8]. An experimental study in 

rat model, using venoms of four species of snakes from 

Saudi Arabia, revealed that testosterone levels were either 

normal or stimulatory with acute treatment or inhibitory 

with chronic treatment. Cortisol levels were normal at 

acute treatment but showed a gradual rise reflecting the 

stress imposed on the animals. The effects on insulin 

and thyroxine were similar to those of testosterone 

level showing normal or stimulatory effect with acute 

treatment followed by decreased levels of hormones with 

chronic treatment[9]. 

The severity will be in high risk if the victim is far 

from medical facilities, as well as the allergic reactions 

due to the modern polyvalent anti-sera treatments. The 

insufficient facility to store antivenoms and the lack of 

timely treatments increase the risk. The current treatment 

modalities such as polyvalent anti-snake venom (ASV) 

and antibiotics are very expensive and also produce 

adverse effects.

Nature has been a healing agent which has been 

recognized for centuries. The Western Ghats, one of 

the “hottest hot-spots” of Biodiversity[10, 11, 12], passing 

through the entire stretch of Kerala, and continued on 

the North as well as South, is enriched with a plethora 

of fauna and flora having diverse therapeutic properties. 

Traditional knowledge and scripts have used this rich 

source of medicinal plants for treating several curable and 

incurable diseases. Local traditional healers, especially 

the tribal communities, have amazing practical expertise 

in the traditional primary healthcare. Now-a-days, 

scientists are focusing on traditional ethnomedicinal 

and alternative therapy-based treatments since these are 

free from side-effects and cost-effective compared to the 

allopathic treatments including polyvalent antivenoms 

and antibiotics. Many plants with antidote properties 

found around our surroundings, including gardens and 

back-yards, are potent drugs for many insect and animal 

bites. The sustainable and proper utilization of these 

medicinal herbs can be primary aids for venomous bites 

and thus as a life saver to the victims. The current global 

changes and the human activities have made the valuable 

plants getting vanished. In addition to this, the increasing 

research interests in the analysis and evaluation study of 

phytochemicals are having a critical role in the significant 

reduction of availability of medicinal plants. The need for 

maintaining the resources of Mother Nature has to be taken 

into consideration for the well-being of life. The modern 

scientists are curiously investigating the scope of bringing 

the potential of medicinal herbs into a single drug-like 

capsule for its easy availability and administration. 

Venom Informatics, a systematic Bioinformatics 

approach is one in which the venom data are stored in 

electronic repositories which can be used to analyse, 

interpret and predict the molecular level drug-toxin 

interaction using various advanced Computational 

Biology and Bioinformatics tools and software. With 

the aid of those Bioinformatics databases and software, 

the primary analysis, ADME (Absorption, Distribution, 

Metabolism and Excretion) and evaluation study for a 

particular biological activity at molecular level can be 

predicted for in vivo/in vitro experiments with the goal 

of reducing the huge collection of plant resources at 

primary level of analysis, time, expense and labour efforts 

taken to identify the best leads. The present work is based 

on such practices with a case study on two plant based 

antidotes, Hemidesmus indicus and Strychnos nux vomica 

identified from a review article [13]. The experimentally 

isolated and characterized metabolites such as 2-hydroxy-

4-methoxybenzoic acid from the root of Hemidesmus 
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indicus  and Caffeic acid from the seed of Strychnos 

nux vomica, which have undergone in vitro and in vivo 

studies in experimental animals[14, 15] were used in our 

in silico molecular docking analysis lab to confirm the 

predictability of the computational software.

2. Materials and Methods

The selected secondary metabolites from the specified 

plants, Hemidesmus indicus and Strychnos nux vomica, 

were subjected to molecular docking studies against the 

potential target venom protein, Phospholipase A
2
 (PLA

2
) 

of Russell’s viper. The molecular docking was performed 

using the commercial molecular software, Discovery 

Studio 4.0 (BIOVIA, USA) on the Microsoft Windows 8 

operating system. It is a suite of software for simulating 

small molecule and macromolecule systems[16]. The 

ligand molecules were subjected to pre-docking steps 

such as molecular preparation and energy minimization 

to optimize the molecular stability using the software. 

The analysis of protein-ligand interaction, and thus 

the biological activity, was also computed using the 

simulation software.

2.1 Ligand Identification and Optimization

The antidote property showing secondary metabolites, 

2-hydroxy-4-methoxybenzoic acid obtained from 

Hemidesmus indicus and Caffeic acid from Strychnos 

nux vomica were selected based on the perusal of 

literature[13] in which the extracted metabolites have 

shown significant molecular effect in neutralizing the 

toxicity of Russell’s viper[14, 15]. The three-dimensional 

structures of the small molecules from the respective 

plants were selected from the open access chemical 

database, PubChem with the compound identifiers CID: 

75231 and 689043, respectively[17, 18]. The downloaded 

ligand molecules were prepared and optimized using the 

protocols, Ligand Preparation and Ligand Minimisation 

in the Discovery Studio 4.0. It generates possible 

orientation of ligands as conformers. All the generated 

isomers of the ligand molecules were subjected to 

docking process to predict the best lead isomer from the 

receptor-ligand complexes.

2.2 Target Identification, Validation and 

Optimization

The 3D structure of the target protein was searched based 

on the group II snake venom secretory PLA
2 

of Daboia 

russelii as it is well-studied among snake venom proteins. 

From the list of X-ray crystallographic structures 

classified under Hydrolase enzyme, the protein with PDB 

ID 1TH6 was retrieved from the Protein Data Bank. The 

protein was selected based on the good resolution at 1.23 

Ao and Ramachandran plot. The protein consists of a 

single chain with 121 amino acid residues featured with 

71 helices, 8 sheets and 42 loops/coils. The active site1 

with functional residues Histidine 48, Aspartic acid 49 

and Lysine 69 have been defined as binding sites. Prior 

to docking, the validated target protein was allowed to 

protein purification, preparation and minimization steps 

to globally optimize the protein structure to attain the 

stable confirmation using the Discovery Studio software.

2.3. Computational Molecular Docking

Molecular docking studies were conducted to evaluate 

the binding affinity of the selected ligand molecules to 

the target protein. The docking procedure was carried 

out using the force field, CHARMm-based CDocker 

algorithm. It is a grid-based molecular docking refinement 

method that generates maximum random conformations 

of protein-ligand complexes through High Temperature 

Molecular Dynamics. The docking parameters were kept 

as default. The docked poses listed as Hits were ranked 

according to the least CDocker energy which is calculated 

on the basis of internal ligand strain energy (-ve CDocker 

energy) and receptor-ligand interaction energy (-ve 

CDocker Interaction energy). The interaction energies 

calculated the non-bonded interactions such as Vander 

Waal’s and electrostatic energies between two sets of 

atoms. Here, the highest value with –ve CDocker energy 

and –ve CDocker Interaction energy were considered as 

the favourable scores having least energies. All docked 

poses were further subjected to calculate the Binding 

Energy protocol to predict the best hit with least binding 

energy. The binding energy implies the stability of the 

receptor-ligand binding affinities. The filtered pose with 

least energies were further screened on the basis of number 
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of hydrogen bonds which implies the stability of the 

molecular interaction. The filtered best poses were then 

subjected to ADME, Mutagenicity and Carcinogenicity 

tests to predict the best non-toxic lead molecule.

3. Results and Discussion

It was observed that the least energy scores of -ve CDocker 

energy and -ve CDocker Interaction energy with 58.3086 

kCal/mol and 64.3222 kCal/mol, respectively, have 

shown the least binding energy value (564.483 kCal/mol) 

among the hits obtained from the 1TH6 and 2-hydroxy-

4-methoxybenzoic acid docked complexes (Table 1). 

The hydrogen bond interactions (Figure 1) with residues 

Lysine 69 with a bond distance of 2.00515 Ao show the 

ligand as a significant antagonist of viper venom protein 

PLA
2
. The other interaction residues are Glycine 32 with 

5.54918 Ao and Tryptophan 31 with 5.54918 Ao. Similarly, 

the Caffeic acid has shown the best pose with the least 

binding energy (-309.016 kCal/mol) where -ve CDocker 

and -ve CDocker Interaction energies are 45.0078 kCal/

mol and 47.0702 kCal/mol, respectively, with PLA
2 

(Table 2). The interaction residues (Figure 2), Lysine 69 

with a hydrogen bond distance of 1.96024 Ao and Glycine 

33 with 1.90193 Ao  also show antagonistic/inhibitory 

property to reduce the neurotoxic venom. It is also noted 

that Lysine 69 is the key residue that is having a significant 

role in inhibiting the venom PLA
2
 activity. The ADME, 

Carcinogenicity and Mutagenicity tests predicted (Table 

3) that 2-hydroxy-4-methoxybenzoic acid is less toxic with 

Figure 1. Selected docked pose and H-bond interactions 
of 2-hyroxy-4-methoxybenzoic acid with Russell’s viper 
venom phospholipase A

2 
in Discovery Studio software.

Figure 2. Selected docked pose and H-bond interactions 

of Caffeic acid with Russell’s viper venom phospholipase 
A

2 
in Discovery Studio software.

Table 1. Details of selected Hit molecule from Hemidesmus indicus against PLA
2
 in Discovery Studio 4.0

Ligand -CDocker
Energy

(Kcal/mol)

-CDocker 
IE 

(Kcal/mol)

BE
(Kcal/mol)

Residues H-bond 
Distance

(A0)

No. of 
H-bonds

Potential 
Energy 

(Kcal/mol)

Van der 
waal’s Energy 

(Kcal/mol)

Electrostatic 
Energy

(Kcal/mol)

2-hydroxy-
4-methoxy 
benzoic acid

58.3086 64.3222 -564.483 Lys69
Gly32
Trp31

2.00515
5.54918
5.54918

7 132.04488 2.06174 124.01204
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no carcinogenic and mutagenic property when compared 

to Caffeic acid. Based on the interaction study and ADME 

prediction, 2-hydroxy-4-methoxybenzoic acid shows a 

significant neutralization effect when compared to Caffeic 

acid against Russell’s viper venom phospholipase A
2
.

4. Conclusions

The in silico approach used in the investigation has 

been validated and proves that the docking results are 

consistent with the laboratory experiments in animal 

models. Hence, the approach would strengthen the use 

of computational approach and analysis for an effective 

screening strategy and thereby conserve the potential 

plants for generations.
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Abstract

Chromium (Cr), an essential trace element, turns into an endocrine disruptor and male reproductive toxicant when its concentration in drinking water exceeds the safe limit. Improper disposal of effluents from more than 50 industries 
that use Cr contaminate the environment, in addition to occupational exposure of the workers. Testis has come to stay 

as a target for the reproductive toxicity of hexavalent Cr (CrVI), whereas its impact on fetal testicular differentiation 

remains elusive. We tested the hypothesis “In utero exposure to CrVI may alter the level of specific proteins controlling differentiation of testicular cell types”. Pregnant Wistar rats were exposed to drinking water containing 50, 100 and 200 ppm potassium dichromate (CrVI) during gestational days 14 to 21, covering the period of fetal differentiation of testicular cells. Testes were collected on postnatal day 1 and subjected to light microscopic histological studies and immunohistochemical detection of cell-specific proteins. Testis of neonatal rats with gestational exposure to high doses of CrVI showed shrunken and dispersed tubules with fewer gonocytes, extensive vacuolization of seminiferous cord accompanied by damaged epithelium, and shrunken Leydig cells present in large interstitial spaces and loose compaction of cells when compared  coeval control group. Immunosignals of androgen and estrogen receptor β increased, whereas those of estrogen receptor α, follicle stimulating hormone receptor, anti-Mullerian hormone, P450 aromatase, inhibin, c-fos and c-jun decreased. Immunosignals of steroidogenic acute regulatory protein and CYP11A1 increased, whereas 3β - hydroxy steroid dehydrogenase and CYP17A1 proteins decreased, indicating compromised steroidogenic function. Our findings support the proposed hypothesis and we conclude that gestational exposure to CrVI disrupts specific hormones 
and hormone receptors that control fetal differentiation of testicular cells. The detrimental effect of gestational exposure to CrVI on functional differentiation of testicular cells may have a bearing on testicular function at adulthood.
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1. Introduction

Endocrine disrupting chemicals (EDCs) are major caus-

ative factors of male infertility, both in animals and 

humans1. Increasing incidences of hypospadias, cryptor-

chidism, testicular germ cell cancer, and declining sperm 

count and fertility rates worldwide due to EDCs have 

raised apprehensions about environmental influence on 

male reproductive health2-4. Chromium (Cr), an essen-

tial trace element5-8 is also one among the top ten heavy 

metal pollutants of the environment9 and endocrine dis-

ruptor10,11. Recent reports have shown that Cr pollution 

is one of the top six toxic threats to the world12. It is used 

in more than 50 industries across the world with applica-

tions including tanneries, wood processing, chrome plat-

ing, welding, wax, paint, steel manufacturing, alloy, cast 

iron, ammunition, etc13,14. Its exponential usage in various 

industries worldwide and improper disposal of the efflu-

ent contaminate the environment, which has deleterious 

effect on human health, including reproduction15. CrVI, 

released from industries, is deposited in the landfills and 

waterways, and affects millions of people exposed to the 

polluted sites, who drink Cr-containing water16. It has 

been envisaged that approximately 74 million people in 

7000 communities who drink tap water polluted with Cr 

across the world are at risk17. The concentration of Cr in 

drinking water supplied in different parts of USA has been 

reported to be higher than the safe limit17-21 approved by 

US EPA i.e. 0.1 mg/L (0.1ppm)21. In many parts of India 

also, Cr concentration in drinking water is higher than 

the recommended safe level,16,22,23 particularly in Ranipet 

(Tamil Nadu State, India), a flourishing tanneries site, 

which has total Cr in the range of 3.1 to 246 ppm in drink-

ing water wells, whereas in Kanpur, another hub of tan-

neries (Uttar Pradesh State, India ), it is between 1.05 and 

35.34 ppm24. 

Chromium has become a potential threat to human 

reproductive health25. Increased incidences of birth and 

developmental defects among children born to mothers 

living around tanneries, chrome and leather industries 

in the developing world may attest the adverse effect of 

Cr on reproduction16. Abortion by 12 weeks in pregnant 

women employed in a dichromate manufacturing factory 

in Russia has been reported26. Exposure to CrVI decreased 

sperm counts and increased sperm abnormalities by dis-

rupting germ cell arrangement and spermatogenesis in 

rat and humans27. Welders who work in stainless steel 

industry have poor sperm quality when compared to oth-

ers28,29. Subfertility in 673 welders from Danish popula-

tion in the same geographical area was reported and the 

study lead to the conclusion that 79% of wives of welders 

had increased rate of delayed conception30. Poor semen 

quality, sperm abnormalities and infertility in work-

ers exposed to CrVI in mild steel welding industry was 

attributed to developmental problems including cancer in 

children31. Altered sex ratio with reduced male births due 

to paternal exposure to the metal fumes containing Ni 

and Cr has been reported in workers in an Italian mint32. 

Experimental studies performed in animal models 

pointed out that excess Cr may be a male reproductive 

toxicant. Direct effect of Cr on mammalian testis was pre-

dicted with the finding of its accumulation in the inter-

stitial tissues of rat33. This view got entrenched by the 

finding of uptake of CrVI by the testis and its persistence 

in the tissue for a prolonged period in the form of CrIII in 

rat and mouse34. Edema of interstitial tissues, congestion 

of blood vessels and complete absence of spermatocytes 

in the seminiferous tubules have been found in rabbits 

administered 0.7 mg CrVI/kg body weight CrVI through 

oral route for six weeks36. Administration of 2 or 3 mg 

CrVI/kg body weight for 69 days to adult rats decreased 

sperm count and motility, and disrupted spermatogen-

esis with decreased late stage spermatids and germ cell 

number at stage VII, and altered activities of testicular 

enzymes sorbitol dehydrogenase, lactate dehydrogenase, 

λ-glutamyl transpeptidase and glucose-6-phosphate 

dehydrogenase37. Intraperitoneal (i.p.) injection of CrVI 

(0.5 mg/kg body weight) for five days a week for eight 

weeks led to testicular atrophy and reduced sperm counts 

and motility in rats, which could be reversed after eight 

weeks of reversal period38,39. Injections (i.p.) of 2 mg CrVI/

kg body weight/day to adult rats for 15 days resulted in 

ultrastructural changes in testis, which included leakage 

of SC tight junctions in seminiferous tubules, cytoplas-

mic vacuolization and degeneration of mitochondria in 

the seminiferous epithelium and disruption of mitochon-

drial sheaths in the tail and mid-piece of spermatids40,41. 

Enlarged intercellular spaces, tissue loosening and sig-

nificant loss of gametes into the lumen of seminifer-

ous tubules, decreased sperm motility and number, and 

increased sperm abnormality were observed in adult rats 

treated CrVI (1 or 2 mg/kg body weight) for fifteen con-

secutive days42.

Studies performed in our laboratory43,44 on a non-

human primate (Macaca radiata) model entrenched the 

male reproductive toxicity of sub-lethal doses of CrVI 
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(50, 100, 200, 400 ppm) administered through drinking 

water for a chronic period of six months. Adult monkeys 

exposed to different doses of CrVI experienced decreased 

sperm counts and forward motility from the second month 

onwards leading to azoospermia by the sixth month43,46. 

Ultrastructural studies on these monkeys revealed the pres-

ence of multi-nucleate hypertrophied germ cells undergo-

ing degeneration in the lumen of testis and epididymis45, 

which was attributed to oxidative stress in these organs46. 

Azoospermia in CrVI-treated monkeys was associated 

with free radical toxicity due to decreased specific activi-

ties of antioxidant enzymes, superoxide dismutase (SOD) 

and catalase (CAT), and the concentration of reduced 

glutathione in seminal plasma, which was reversed by 

supplementation of various doses of vitamin C (0.5, 1, 2 

mg/L)44. The level of H
2
O

2
 in the seminal plasma/sperm 

of monkeys increased with increasing doses and duration 

of CrVI exposure44. While all these changes were reversed 

after 6 months of Cr-free exposure period, simultaneous 

supplementation of vitamin C prevented the development 

of Cr-induced oxidative stress44. Electron micrographs of 

testis of Cr-treated monkeys revealed premature release of 

spermatocytes and round spermatids into the lumen, which 

underwent degeneration beginning with hypertrophy; 

epididymis developed micro-canalization in an adaptive 

mechanism to avoid extravasation of sperm in monkeys 

exposed to Cr45. Abundance of basal cells, intraepithelial 

macrophages and lipofuscin (LF) material in these cell 

types of the epididymis increased in CrVI treated mon-

keys; the principal cells phagocytosed dead sperm from the 

lumen due to CrVI exposure and processed them partially 

into LF material47.

It was further reported from our laboratory that swol-

len LCs with large vacuoles and lipid inclusions, swollen 

mitochondria with collapsed cristae and vacuoles in SER 

of prepubertal (PND30) and young adult (PND 60) rats 

born to mothers with gestational exposure to 50 ppm /100 

ppm CrVI, whereas LCs in PND90 rats had normal orga-

nization48. Gestational or lactational exposure to CrVI led 

to temporal reversible changes in serum testosterone and 

estradiol titres in rats48. Recently, we reported atrophy of 

seminiferous tubules and interstitial edema with distorted 

tubular morphology and increased interstitial space in 

adult rats of mothers with gestational exposure to CrVI10. 

The above report also showed disruption of inter-SC tight 

junctions and SC-GC junctions leading to disruption of 

spermatogenesis and premature release of round sper-

matids into the lumen in sequel to decreased expression 

of Ar and Fshr and tight junction proteins occludin and 

claudin-11 in SCs.

An in vitro study has proved the adverse effect of Cr 

on differentiation and self-renewal mechanisms of sper-

matogonial stem cells (SSCs) and disruption of steroido-

genic apparatus due to decreased expression of Cyp11a1 

and 3βHsd and increased Star and Cyp17a1 expression 

in TM3 LC lines challenged with various concentrations 

of CrVI; TM4 SC line challenged with CrVI showed 

decreased expression of tight junction signaling and 

cell receptor molecules like Tjp1, Ocln, Vim, and thus 

impaired secretory functions49. 

 Testicular differentiation is a critical event dur-

ing male sex development, beginning at GD14 with the 

appearance of seminiferous cords in rat50 and is strictly 

regulated by proteins and hormones of testicular origin. 

However, the impact of excess CrVI on fetal testicular dif-

ferentiation remains a grey area of research. Therefore, we 

hypothesized that in utero exposure to CrVI may affect 

the expression of specific proteins controlling differentia-

tion of testicular cell types, which we put to test in this 

study. 

2. Materials and Methods

2.1 Experimental Animals and Chemicals

The experiments in Wistar rats (Rattus norvegicus) were 

approved by the Institutional Animal Ethics Committee 

for studies on experimental animals (Ref: IAEC No. 

03/013/08), which had a nominee of the Committee 

for Prevention of Cruelty and Safety to Experimental 

Animals (CPCSEA), Government of India, Ministry of 

Environment, Forests and Climate Change, New Delhi. 

The entire study was conducted in triplicate with rats 

in three separate batches. The female rats were divided 

into four groups: Group 1, Control: Pregnant rats which 

received regular normal drinking water. Groups 2, 3 and 

4 (CrVI-treated): Pregnant rats which received drinking 

water containing 50, 100 and 200 ppm K
2
Cr

2
O

7 
respec-

tively, from gestational day (GD) 14 to GD21, encompass-

ing the critical window of fetal testicular differentiation50. 

These doses of Cr have been in practice in our laboratory 

for more than a decade based on dose-response studies 

performed in rat and monkey models43,46,51. Among the 

selected doses, 50 ppm is the minimum effective dose, 

100 ppm is the half-maximal effective dose and 200 ppm 

is the maximum effective dose, which induced reproduc-
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tive toxicity as assessed by serum hormones and sper-

matogenesis/sperm counts without any mortality in rats10. 

Doses lower than 50 ppm (12.5 and 25 ppm) did not pro-

duce any obvious change in reproductive physiology or 

hormonal profiles of experimental animals43,46,51. Since 

the objective of the study has been to test the reproduc-

tive toxicity of the metal, we did not test lower doses pre-

scribed for ‘No-observed adverse effect level (NOAEL)’ 

for carcinogenic responses52 in the present study. These 

doses are above the USEPA (2017) guideline for safe limit 

of Cr (0.1 ppm) in drinking water and comparable to Cr 

level in drinking water in many developing countries 

with Cr based industries16,53. Throughout the study, rats 

were fed standard rat pellet feed (Brooke Bond Lipton 

India Ltd.,Bengaluru) ad libitum and maintained under 

controlled temperature (25±1 °C) and photoperiod (12h 

Dark: 12h Light). The animals were dewormed with alben-

dazole (10 mg/kg body weight, orally) one week before 

use. The estrous cyclicity of rats was checked by observ-

ing the vaginal smear, daily morning and evening under 

the microscope (Long and Evans, 1922). Adult male rats 

with proven fertility (stud) were dewormed and allowed 

to mate with the females (1:2) at late proestrous phase. 

Presence of vaginal plug in the morning confirmed suc-

cessful mating and that day was considered as day ‘0’ of 

pregnancy, and the conceptus was considered as one day 

old, 24 h later  i.e., day 1 post-coitum (dpc) or gestaional 

day (GD 1). On PND1 the male pups were euthanized (3 

pups in each group from three sets of animals i.e. a total 

of 9 pups  in each group), testes were randomly dissected 

out and fixed in 4% para-formaldehyde solution for sec-

tioning followed by immunohistochemical localization of 

various key proteins associated with testicular differentia-

tion, whereas 10% neutral buffered formalin was used as 

fixative for histological analysis of testis.

2.2 Hematoxylin and Eosin Staining

Testes of newborn (PND1) rats were dissected and fixed 

in 10% neutral buffered formalin solution for 3 days. The 

tissues were embedded in paraffin and sectioned at 5 

μm thickness, and prepared for Harris’ hematoxylin and 

Eosin. The sections were mounted in Distyrene Plasticizer 

Xylene (DPX). The sections were examined in a Nikon 

Eclipse 80i microscope and photographs were obtained at 

400x magnification using Network Internet System (NIS) 

-imaging and capturing software (Nikon Instruments, 

Tokyo, Japan).

2.3 Immunohistochemical Analysis

PND1 rat testes for immunohistochemistry were ran-

domly selected after completion of treatment period from 

GD14 to GD21. Testes were fixed in 4% paraformaldehyde 

(Fisher Scientific, Mumbai, India) for 3 days, processed and 

embedded in paraffin at 58 ºC, sectioned at 5 μm thickness 

and stored at room temperature until processed for immu-

nostaining. The sections were deparaffinized by using 

xylene and rehydrated with different dilutions of alcohol in 

their descending percentages, then treated with 3% H
2
O

2
 

in methanol to suppress endogenous peroxidase activity. 

Antigen retrieval was performed by heating the sections 

in citrate buffer (1:10 dilution in deionized water, pH 6.0) 

(Sisco Research Laboratories, Mumbai, India). The avidin-

biotin peroxidase method was used for immunostaining54. 

The sections were incubated with 1% normal bovine serum 

albumin in TBS for 45 min to reduce nonspecific staining. 

Thereafter, the sections were kept for incubation over-

night at 4 ºC with specific primary antibodies (Santa Cruz 

Biotechnology, Santa Cruz, CA). The optimal working dilu-

tion of each antibody was determined by incubating sec-

tions with various concentrations of antibody ranging from 

(1:150 to 1:250 μL dilution). Following incubation with 

the primary antibody, the slides were washed in TBS (Tris 

Buffer Saline) and incubated with biotinylated secondary 

antibody anti-rabbit IgG or anti-goat IgG (1:300 μL) for 

1 hour at room temperature, and then with avidin-biotin 

peroxidase (1:200 μL) (Vector Labs, Burlingame, CA) for 

30 min. Further, the sections were exposed to 3, 3’ diami-

nobenzidine tetra-hydrochloride (DAB) (Impact, Vector 

Labs, Burlingame, CA), counterstained with hematoxy-

lin, and mounted with DPX (Sisco Research Laboratories, 

Mumbai, India).

The stained sections, after mounting, were observed 

in a Nikon Eclipse 80i microscope and photographed 

using NIS element software at 400x magnification. At 

least five 40x power fields were digitized for each sample 

with a NIS element software camera (Nikon Eclipse 80i 

microscope). The immunostained cells and the intensity 

of staining of each testicular subpopulation were consid-

ered to find the outcome in each group for analysis. 

2.4 Statistical Analysis 

All statistical analyses were performed using Prism (ver-

sion 6.0; Graph Pad Software, San Diego, CA). For com-

parison of control and CrVI-treated (50 ppm, 100 ppm and 

200 ppm) animals, one-way ANOVA followed by Newman 

Keuls post-test for multiple comparisons was used.
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3. Results

3.1 Measurement of Anogenital Distance 

(AGD) 

F
1
 progeny of mothers exposed to drinking water contain-

ing 100 ppm and 200 ppm CrVI during GD14 to 21 had 

decreased AGD as compared to coeval control rats. The 

AGD of 50ppm CrVI treated male rats were comparable 

to the control (Figure 1). 

3.2 Histological Changes 

Testis of control rats showed normal arrangement of the 

spermatogenic cords with mononucleate gonocytes and 

spindle-shaped mesenchymal cells having normal distri-

bution in interstitium (Plate 1A). F
1
 progeny of mothers 

who consumed drinking water containing CrVI mani-

fested various histopathological changes, which were 

exponential with increasing concentrations of the metal 

(Plate 1A-D). The F
1
 progeny of mothers exposed to 50 

ppm CrVI during gestational period showed unaltered 

histoarchitecture in general, except for loosening of tubu-

lar compaction and increased interstitial space (Plate 

1B), whereas neonates of mothers exposed to 100 ppm 

CrVI showed shrunken tubules with damaged SCs with 

highly vacuolated cytoplasm and increased interstitial 

space (Plate 1C). The neonatal rats of mothers exposed 

to the highest concentration of (200ppm) CrVI exhibited 

marked disruption of spermatogenic cells with appear-

ance of some multinucleate and vacuolated gonocytes 

(Plate 1D). The spermatogonial cells had increased het-

erochromatin in the 200 ppm CrVI treated neonatal rats. 

3.3 Immunohistochemical Changes

AMH exhibited strong signal within the seminiferous 

tubule of control rat testis retrieved on PND1 (Plate 2A); 

consistent with the fact that SCs are its source, intense 

AMH signal was seen in and around these support-

ive cells. However, the signal intensity decreased in F
1
 

 progeny of mothers exposed to 50 ppm, 100 ppm and 200 

ppm CrVI during gestational period (Plate 2B,C,D) 

Inhibin showed immunopositivity and strong signal 

of inhibin in seminiferous tubules (Plate 3A). Though the 

staining pattern in CrVI-treated pups bore resemblance 

to the testis of control rats, the signal intensity in 50 ppm, 

100 ppm and 200 ppm CrVI-treated rats decreased sig-

nificantly as compared to control (Plate 3B,C,D).

FSHR protein in F
1
 neonatal rats showed strong 

immunostaining in control rats (Plate 4A), whereas a sig-

nificant reduction in signal was observed in pups born to 

mothers who consumed drinking water containing CrVI 

during gestation (Plate 4B,C,D). 

The LHR protein showed no immunopositive signal 

in the testis of F
1
 neonatal rats of either control or CrVI 

treated group (Plate 5).

 PND1 rat pups belonging to the control groups 

exhibited no conspicuous immunosignal of AR protein in 

the interstitium, peri-tubular myoid (PTM) cells and SCs 

of newborn control rat testis. Coeval rats born to moth-

ers with gestational exposure to CrVI also showed very 

weak signal in the interstitium and PTM, especially in the 

group exposed to 200 ppm CrVI (Plate 6). 

ERα protein exhibited strong signal in tubular com-

partment as well as in interstitial cells of control neona-

tal rat testis. On the other hand, F
1
 progeny of mothers 

with gestational exposure to CrVI revealed decreased sig-

nal intensity in a dose-dependent manner, compared to 

coeval control in the order of control >50 ppm > 100 ppm 

> 200 ppm CrVI treated groups (Plate 7).

Neither control nor experimental rats with exposure to 50 

ppm and 100 ppm CrVI showed any immunopositivity for 

ERβ. However, neonates born to mothers in 200 ppm group 

showed ERβ positivity in a few interstitial cells (Plate 8).

Figure 1. Impact of gestational exposure to CrVI on the 
AGD of neonatal rats. X-axis indicates doses of CrVI;the 
bar above each histogram denotes the SEM of five animals 
; alphabets above each histogram indicate the statistical 
significance of difference between means;same alphabets 
in two means indicate no significance,whereas different 
alphabets indicate statistically significant difference at 
p<0.05 between the two means.
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 LCs of neonatal control rat testis showed immu-

nopositivity of StAR protein, whereas F
1
 progeny of 

mothers in 50 ppm, 100 ppm and 200 ppm CrVI treated 

groups exhibited increased signal intensity in SC cyto-

plasm along with LCs (Plate 9).

The control and F
1 

neonates of mothers in 50 ppm 

CrVI treated group showed immunopositivity of 

CYP11A1 protein in LCs, and the intensity of the signal in 

both groups was comparable, whereas the signal intensity 

increased in 100 ppm and 200 ppm CrVI treated groups, 

not only in interstitial LCs but also in intraluminal com-

partment containing SC component. The shift in enzyme 

signal was more pronounced in SCs than interstitial LCs 

in the neonatal rats of mothers in 200 ppm CrVI group 

(Plate 10).

The interstitial LCs of neonatal control rats showed 

immunopositivity for 3βHSD protein, whereas F
1
 prog-

eny of mothers exposed to CrVI during gestational period 

exhibited diminished signal compared to coeval control 

in a dose-dependent manner. The intensity of the signal 

was in the order: control > 50 ppm > 100 ppm > 200 ppm 

(Plate 11).

The immunopositivity of CYP17A1 protein exhib-

ited strong signal in the interstitium of control testis, 

which decreased in CrVI-treated rats. While decreased 

CYP17A1 signal intensity was observed in 50 ppm CrVI 

treated group, testicular cells of newborn rats of moth-

ers in 100ppm and 200ppm CrVI treated groups did not 

show any immunopositive signal for CYP17A1 protein 

(Plate 12).

Immunostaining for P
450

 aromatase protein showed 

positivity in LCs and a weak signal within the seminif-

erous tubules of neonatal control rats and 50 ppm CrVI 

treated group. On the other hand, neonates of mothers 

with gestational exposure to 100 or 200 ppm CrVI exhib-

ited no or very weak signal of aromatase, compared to 

coeval control (Plate 13).

 The immunohistochemical localization of c-fos 

showed intense staining in the tubular compartment as 

well as LCs of control neonatal rat testis. The F
1
 progeny 

of mothers with gestational exposure to CrVI exhibited 

diminished intensity in a dose-dependent manner, in the 

order: control > 50 ppm > 100 ppm > 200 ppm (Plate 14).

c-Jun protein, showed immunopositivity in the tubu-

lar and interstitial compartments of control rat testis, the 

intensity of which decreased in F
1
 neonatal rats of moth-

ers with gestational exposure to CrVI (Plate 15).

4. Discussion

The histological pictures clearly attest interruption in the 

testicular differentiation process in newborn F
1
 progeny 

rats of mothers who consumed drinking water contain-

ing CrVI at concentrations higher than the safe limit pre-

scribed by US EPA21. The changes that appeared in the 

seminiferous cords of fetal testis suggest that CrVI expo-

sure during the critical window of differentiation inter-

feres with the normal development of testicular structure. 

Another important finding of the present study is that 

gestational exposure to CrVI may alter the male pheno-

typical characters in the progeny. This could be deduced 

from shortened AGD, a biomarker for male phenotype, 

which is longer in males than in females attesting its 

androgenic control55. AGD is known to be shortened in 

male rats exposed to numerous endocrine disruptors 

during prenatal period56. Puberty acceleration, sex dif-

ferentiation and secondary sexual characters in rodents 

are marked by the AGD57 which is under the control of 

androgens58. Thus, reduced AGD has been considered as 

a proxy indicator of decreased testosterone level59. The 

reduction of AGD in male rats with gestational exposure 

to flutamide, an anti-androgen, was attributed to sub-

normal androgen status56. Therefore, decreased AGD 

observed in the present study in new-born (PND1) rats 

of mothers exposed to CrVI during gestational period 

suggests that the heavy metal treatment has modified the 

androgen-dependent male phenotype. Our earlier report 

has shown sub-normal testosterone level in adult F
1
 

progeny of mothers with gestational exposure to CrVI10. 

Presumably, the F
1
 neonatal male progeny rats of the pres-

ent study might also have been in a state of skewed andro-

gen status during the critical window of fetal testicular 

differentiation, resulting in reduced AGD. 

Sexual differentiation, particularly masculinization 

programming window, is driven by anti-Mullerian hor-

mone (AMH) and androgens secreted by fetal testis60,61. 

The earliest event in the testis differentiation beginning 

at GD14 in rat is the appearance of seminiferous cords 

within the gonadal ridge where the first appeared SCs 

undergo differentiation62,63; these fetal SCs secrete the 

essential male factor AMH which facilitates masculiniza-

tion of the fetus by degenerating Mullerian duct60 and, 

thus, ensure the development of male reproductive sys-

tem under the direction of androgens61. Fetal SCs secrete 

AMH until birth, even after regression of Mullerian 

ducts64,65. Therefore, subnormal level of AMH detected in 
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experimental rat pups of the present study may suggest 

that gestational exposure to CrVI might interfere with sex 

differentiation process. Studies performed in our labora-

tory have clearly shown the predominance of female pups 

born to mothers with gestational exposure to CrVI66,67. 

The manifestation of LC hyperplasia and infertility have 

been reported in Amh  knockout mice68 indicating the 

role of AMH in regulating fetal LC function69. In the fetal 

testis, both AMH and testosterone coexist in higher con-

centrations70. Moreover, AMH is an impeccable marker 

for SC differentiation as its expression sharply drops dur-

ing the perinatal and prepubertal period71. The hormone 

dependence of masculinization renders this process sus-

ceptible to disruption by factors interfering with hormone 

production72. Taken together, the findings of the present 

study, such as decreased AMH and diminution of andro-

gen status evident from reduced AGD, and steroidogenic 

proteins (3βHSD and CYP17A1) and hormone receptors 

(LHR and FSHR ) suggest that CrVI might have evoked 

an adverse effect on the fetal masculinization process by 

affecting differentiation of testicular cell types. 

Another peptide hormone secreted from SCs is 

inhibin, first detected on GD14.5 in fetal rat73, which selec-

tively suppresses FSH secretion74. Fetal FSH stimulates SC 

proliferation, and secretion of AMH and inhibin75. Based 

on diminished level of inhibin in the F
1
 newborn rats of 

mothers exposed to CrVI during gestational period, one 

may anticipate a possible shoot-up in FSH secretion and 

action on the testis. However, decreased FSHR noticed 

in the testis of the progeny of mothers with gestational 

exposure to CrVI in the present study goes against this 

suggestion. Thus, gestational exposure to CrVI, particu-

larly during the male programming window, might have 

altered sexual differentiation by altering hormonal status 

and, thus, testicular function in F
1
 rats. 

Immunohistochemical studies on gonadotropin 

receptors revealed that the testis of newborn (PND1) rats 

express both Fshr and Lhr with the former being predom-

inant. FSH interacts through its specific receptor on SCs, 

the number of which begins to rise by GD 20 in rodents76. 

Fshr mRNA is first detected at GD14.5 in SCs, and 

responds to FSH from GD15.5 onwards in rats77,78. SCs 

divide during the fetal and neonatal periods and cease 

to proliferate by PND17–18 in mice.79 The proliferation 

of SCs is FSH-dependent during late fetal life in rats as 

decapitation or treatment with anti-FSH of rat fetuses at 

GD18.5 led to a decreased proliferation of SCs at GD20.5 

and GD21.5, which was rescued by injections of FSH51,80. 

FSHR -/- mice had reduced number and proliferation 

index of SCs at birth suggesting that fetal FSH promotes 

the proliferation of SCs81. The FSH dependent prolifera-

tion of SCs during late fetal life has also been validated 

in the rats80,82. Thus, FSH and its receptor play a crucial 

role in the proliferation and functional differentiation of 

fetal SCs. Therefore, decreased level of FSHR noticed in 

F
1
 progeny of mothers with gestational exposure to CrVI 

may be expected to have adverse effect on testicular dif-

ferentiation by affecting the proliferation and functional 

differentiation of SCs. Histological pictures of the testis 

and secretory proteins of SCs of these animals may attest 

this suggestion.

The c-Fos and c-Jun are members of the AP-1 family of 

transcription factors (TFs) that stimulate the expression 

of genes in rat SCs83. Fshr gene in rat, mouse and sheep 

contain a number of important regulators including AP-1 

site in the core promoter region84. Therefore, diminution 

of Fshr protein detected in the testis of neonates with pre-

natal exposure to CrVI may be linked to reduced level of 

c-Fos and c-Jun proteins. The reduction in Fshr may be 

attributed to defective SC proliferation and function in F
1
 

progeny of mothers exposed to CrVI during pregnancy.

Lhr in fetal LCs is first detected on GD 16.5, and sig-

nificant amounts of LH are not seen until testosterone 

begins to decrease towards the end of gestation85,86. In 

addition, the male reproductive tract of Lhr knockout 

mice was similar to control animals at birth, supporting 

LH-independent production of testosterone87. The differ-

entiation of FLCs does not require stimulation by LH88,89 

and, thus, lack of LH or LHR may not perturb FLC func-

tion or fetal gonadal development90,91. Since LH does not 

play role in steroidogenesis during fetal period, the unal-

tered level of LHR in the neonates due to CrVI exposure 

in the present study may not be of any significance. 

The FLCs contain most of the steroidogenic pro-

teins/enzymes such as StAR, CYP11A1, 3βHSD III and 

CYP17A1 except 17βHSD III which is located in SCs 

and converts androstenedione to testosterone92,93. During 

normal fetal development, intra-testicular testosterone 

level increases steadily from GD15.5 onwards with a peak 

on GD19.5 and subsequently declines on PND194. In LCs, 

the translocation of cholesterol to the inner mitochondrial 

membrane is mediated by the transduceosome complex, 

an assembly of proteins including a marker trans-mem-

brane protein StAR95,96, to facilitate the conversion of cho-

lesterol to pregnenolone by enzyme CYP11A197,98. The 

augmented immunosignal of StAR and CYP11A1 and an 
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opposite trend in other components of steroidogenesis 

such as 3βHSD, CYP17A1 and P
450

 aromatase in the LCs 

of newborn rats of mothers exposed to CrVI during preg-

nancy indicate enzyme/protein specific interference. This 

might jeopardize steroidogenic activity in neonates with 

gestational exposure to CrVI. In addition, it is interesting 

to notice the shift of enzyme signal to the intraluminal 

compartment of the testis in pups of mothers with ges-

tational exposure to CrVI, which appears to be a devise 

to cope up with the cellular stress generated due to CrVI 

toxicity. The attendance of StAR and CYP11A1 immuno-

signal in other than LCs in rats exposed to CrVI is consis-

tent with the findings that expression of these proteins in 

SCs is a protective stress response99, 100. 

 3βHSD and CYP17A1 enzymes of steroidogenic 

machinery catalyze conversion of pregnenolone to pro-

gesterone and progesterone to androstenedione, respec-

tively101,102. Reduced immunodetection of 3βHSD and 

CYP17A1 clearly points out that gestational exposure to 

CrVI might have led to subnormal production of steroids. 

In addition, even the available substrate (pregnenolone) 

also might not have been utilized for the synthesis of 

progesterone and androstenedione since CrVI treatment 

had decreased the level of both 3βHSD and CYP17A1. 

Moreover, enhanced levels of StAR and CYP11A1 seen in 

CrVI treated pups might have been an attempt to coun-

terbalance the decreased levels of 3βHSD and CYP17A1. 

Thus, our findings clearly indicate interference of CrVI at 

each level of steroidogenic pathway. 

Fetal and neonatal testicular cells possess P
450 

aromatase, 

ERα and ERβ103-106, which are known to regulate differen-

tiation of testicular cells during late gestational period, and 

inhibit the number and activity of somatic and germ cells107, 

Fetal and neonatal testes are estrogen sensitive, as the inacti-

vation of ERα increased steroidogenesis, whereas ERβ inacti-

vation enhanced development of the germ cell lineage in the 

male107. ERα knockout mice (ERαKO) showed increased tes-

tosterone production by the fetal testes as early as GD13.5108. 

The activity of FLCs increased by inactivation of the ERα 

gene causing hypertrophy of these cells and augmented 

expression of genes transcribing steroidogenic enzymes108. 

ErβKO mice showed increased number of gonocytes after 

birth due to boosted proliferation and decreased apopto-

sis.109,110 Therefore, diminution of P
450 

aromatase and ERα, 

and augmented ERβ (200 ppm CrVI) in the rats exposed 

to might have also adversely affected the somatic and germ 

cells population, and functionality of FLCs by perturbing the 

expression of steroidogenic protein/enzymes, and thus cel-

lular differentiation of fetal testis. Data on AR suggest that 

CrVI exposure did not modify this nuclear hormone recep-

tor in any significant manner.

5. Conclusion

Taken together, the findings on enzymatic / non-enzy-

matic proteins of the steroidogenic apparatus, along with 

hormone receptors and peptide hormones AMH and 

inhibin, support our hypothesis so as to conclude that 

exposure of pregnant mothers to drinking water contain-

ing high concentration of CrVI much above the permissi-

ble safe level may disrupt the fetal endocrines controlling 

differentiation of the testis and male phenotype. 
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Plate 1. Testicular histology at PND1. (A) Testis of new born control rats showing seminiferous tubules with gonocytes 
surrounded by SCs around the periphery, and LCs present in the interstitial spaces. Testis of CrVI-exposed pups shows lack of 
compaction, and constricted tubules with large interstitial spaces (double-headed arrow). (B) Gestationally exposed to CrVI 
(50 ppm). Little if any change is indicated. (C & D) Testis of pups which had exposure to the higher doses of CrVI (100 & 200 
ppm) exhibit reduced number of gonocytes. Gonocytes are located centrally in the seminiferous tubules due to vacuolization 
of SC cytoplasm (black single-headed arrow). Multinucleate gonocytes (red-forked arrow) are also visible in testes of pups 
whose mothers had exposure to 200 ppm CrVI. Hematoxylin and Eosin (H&E) staining. Original magnification: 400x.

Plates 2-3. Immunohistochemical localization of AMH (Plate 2) and inhibin (Plate 3) proteins in testis of PND1 rats. The 
AMH protein shows strong immunostaining within the tubule of control rat testis (A) as compared to all groups treated with 
CrVI. The F

1
 progeny of mothers with exposure to the high dose (200 ppm) CrVI show atrophied and constricted tubules 

(Plate 2). Inhibin protein shows strong immunopositivity in seminiferous tubules of control rat testis (A), whereas decreased 
intensity in all the treatment groups (B, C, D) as compared to control (Plate 3). Original magnification: 400x.

Plates 4-5. Immunostaining of FSHR protein shows intense signal in the SCs of control neonate testis (A) and very weak/
no immunostaining in the testis of F

1
 progeny rats of mothers with transient gestational exposure to CrVI (B, C, D) (Plate 4). 

LHR protein shows no immunosignal in LCs of either control or F
1
 neonates of mothers exposed to 50 ppm, 100 ppm and 200 

ppm CrVI (Plate 5). Original magnification: 400x.
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Plates 6-8. Neonate testis at PND1 immunostained for AR, ERα and ERβ. The AR signal shows intense staining in 
the interstitium, peri-tubular myoid (PTM) cells and weak/no staining in the SCs of neonatal testis of 200 ppm CrVI-
treated rats as compared to coeval control, 50 ppm and 100 ppm CrVI-treated testis (Plate 6). The ERα immunostaining 
shows its presence in the tubular compartment as well as interstitial LCs in the testis of control rats. The changes in the 
immunohistochemical staining show a progressive decrease in a dose-dependent manner in CrVI treated pups (Plate 7). ERβ 
shows immunopositivity in testis, particularly in LCs, of F

1
 progeny of mothers exposed to 200 ppm CrVI only (D) (Plate 8). 

Original magnification: 400x.

Plates 9-10. Immunohistochemical detection of steroidogenic protein StAR and CYP11A1 enzyme. The immunopositive 
signal of StAR protein appears in the LCs of control rats, whereas all CrVI treated neonates exhibit higher intensity as 
compared to coeval control. There is also a shift in the enzyme signal into the intra-luminal compartment containing SCs 
with mild staining in 50 ppm and maximally in 100 ppm and 200 ppm CrVI treated group (Plate 9). CYP11A1 shows 
immunopositivity in LCs of control and 50 ppm CrVI treated groups and are comparable; 100 ppm and 200 ppm CrVI treated 
groups exhibit increased signal intensity with shift in the enzyme signal into the intra-luminal compartment of seminiferous 
tubule (Plate 10). Original magnification: 400x. 
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Plates 11-13. Immunohistochemical detection of steroidogenic enzymes 3βHSD, CYP11A1 and P
450

 aromatase. Intense 
signal of 3βHSD appears in LCs of control rats (A) and progressively diminishes in intensity in pups with gestational exposure 
to 50 ppm, 100 ppm and 200 ppm CrVI (B,C,D) compared to control (Plate 11). The steroidogenic enzyme CYP17A1 shows 
immunostaining in the interstitium as well as in tubular compartments of control testis (A), marked decrease in signal 
intensity of 50 ppm CrVI treated rats (B) and no visible detection in F

1
 progeny of mothers with gestational exposure to 100 

ppm (C) and 200 ppm (D) CrVI (Plate 12). P
450

 aromatase protein shows strong intensity within seminiferous tubules and 
LCs of neonatal control rats and 50 ppm CrVI treated group; no signal is seen in the seminiferous tubules and LCs of 100ppm 
CrVI group, whereas 200 ppm treated group shows decreased intensity of aromatase in LCs only (D) compared to control 
(Plate 13). Original magnification: 400x.

Plates 14-15. Immunohistochemical detection of c-Fos and c-Jun proteins. c-Fos shows strong immunopositivity in the 
tubular and interstitial compartments of control rat (PND1) testis; however, testis of F

1
 neonates with gestational exposure 

to 50 ppm, 100 ppm and 200 ppm CrVI shows progressively diminished signal (Photomicrograph 13). Strong c-Jun signal 
intensity appears in the tubular as well as interstitial compartments of control rat testis, and no signal in F

1
 neonatal rats of 50 

ppm, 100 ppm and 200 ppm CrVI exposure groups. (Plate 15). Original magnification: 400x.
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ABSTRACT  

An efficient in vitro regeneration protocol was developed Phyllodium pulchellum (L.) Desv. A threatened 

medicinal plant. The plants were regeneration from shoot tip and nodal explants. The highest number of shoots per 

explant was obtained on the medium supplemented with 1.5 mg/l BAP + IAA 0.5 mg/l from shoot tip explants 

(4.30±0.40) and nodal explants (4.06±0.31). The elongated shoots were successfully rooted on MS with NAA (α- 

naphthalene acetic acid) or IBA; 0.75 mg/l of NAA provided better response for rhizogenesis among them. For 

regenerated shoots rooting, MS medium supplemented with 0.75 mg/l NAA (α- naphthalene acetic acid) was most 

effective with maximum number (4.50±0.36 roots per plantlet) and length (2.76±0.15 cm per root) of roots respectively. 

Regenerated plantlets were successfully transferred into pots with soil and over 90% of them grew into healthy mature 

plants. This is the first report of direct organogenesis in P. Pulchellum with significantly high plantlet regeneration 

frequency. 
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INTRODUCTION  

Phyllodium pulchellum (L.) Desv. (Desmodium pulchellum (L.) Benth.) is commonly known as Tamil –

Vellalothi. It is a Subshrub 1(3) m; branchlets downy- pubescent to tomentose. Leaves 3-foliolate, to 15 m; leaflets 

ovate or elliptic-oblong, laterals less than half as long as the terminal, in equilateral, thin-coriaceous, appressed-

pubescent above, tomentose below, base subacute, margin wavy, apex obtuse-acute; Racemes to 20 cm; Stamens 

monadelphous; vexillary one free above middle. Overy 2 mm, pubescent; seeds ellipsoid or orbicular, 2 mm. 

Traditionally, decoction of dried leaves of Desmodium pulchellum is used in cold fever, malaria, enlargement of 

liver and spleen, rheumatism bone pains and swelling due to contusion or sprain. Decoction of charred roots used 

to reduce excessive menstrual flow. Leaves are also applied to ulcers and skin sores in hemorrhages. The whole 

plant is used in Chinese medicine to treat rheumatic fever, infant convulsions, toothache, and also to dissolve 

internal blood clots, and to aid digestion. The international union for conservation of natural and national resource 

has a long time ago listed Phyllodium pulchellum (L.) Desv., as a threatened species (Lopez, 2012). Some attempts 

were made recently for relative’s species for invitro regeneration and conservation of plants (Thandar and Tun, 

2015). The plant has been shown to ethanolic extract of barks may contribute to the reduction of blood glucose 

levels and can be useful in the management of diabetes (Noor et al., 2013). The methanolic extract of the leaves of 

Desmodium pulchellum, were a biological active ingredient that are active for anti-diarrheal actions (Rahman et 

al., 2013). The ethanolic extract of D. gangeticum can be used as a source of natural antioxidants with could serve 

as free radical inhibitors, scavengers or primary antioxidants (Venkatachalam and Muthukrishnan, 2012). 
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However, protocol for in vitro conservation of P. pulchellum has not yet been established and as such the present work was 

undertaken to study effects of culture media composition and temperature/light conditions on in vitro propagation and 

slow‐growth conservation. 

MATERIALS AND METHODS 

Collection of Plant Materials 

Shoot tip and nodal part of Phyllodium pulchellum were collected from the Jambhuthu hamlet is situated at Boda 

hill of Namakkal District, Tamil Nadu, India and identified in Botanical survey of India, Southern regional centre under the 

Voucher specimen number: BSI/SRC/5/23/2012-13/Tech-1795 & Serial No. 2.  

Explant Source and Sterilization 

The shoot tip and node of P. pulchellum were used as expalnts. These explants were washed first under running 

tap water for 30 minutes, then treated with 0.1% (V/V) aqueous solution of Tween-20 (Hi-media, Mumbai) for 15 min, 

followed by 5 to 6 washes with distilled water thoroughly. Explants were surface sterilized with bavistin 5% for 5 minutes 

to remove the fungal contamination. Then they were rinsed in autoclaved sterile distilled water twice or thrice and were 

then taken to the laminar air flow chamber where they were surface sterilized with 0.1% HgCl2 for 3-5 minutes. They were 

again washed twice or thrice using sterile distilled water. After repeated rinsing (five times) with distilled water, the 

explants were ready to inoculate on the culture media. The surface-sterilized explants were aseptically cut into 1-2 cm 

segments and were carefully inoculated onto the MS culture media (Murashige and Skoog, 1962). 

Culture Media and Culture Conditions 

The culture media consisted of MS basal constituents, supplemented with different concentration BAP, Kn and 

IAA. The media were supplemented with 3% sucrose and 0.8% agar was used as the gelling agent. The pH was adjusted 

with a pH meter at 5.7 adjustment was done with 0.1 N HCI and 0.1 N NaOH and autoclaved at 121ºC, 15 lb pressure for 

45 min. The cultures were maintained at 25 ± 2ºC, 16/8 hr (light/dark) photoperiod with a light intensity of 1500 lux at 

relative humidity (RH) of 60 - 70%.  

Statistical Analysis 

Total number of explants taken for observation 35 (each treatment consists of at least 7 explants and the 

experiments were repeated three times). Data were statistically analyzed, using SPSS Statistical Software package (Ver. 

16.0). The mean comparisons were carried out by DMRT at a probability level of 5% (p<0.05). 

RESULTS 

Direct Regeneration 

For direct regeneration of Phyllodium pulchellum shoot tip and node explants were used. Various plant growth 

regulators were used along with MS media, from that, BAP and IAA only give a high amount of response in multiple shoot 

induction, NAA only induced a high range of root formation. 

Shoot Tip Explants 

Studies were carried out to produce plantlets form shoot tip explants through direct organogenesis without 

intervention of callus. The results obtained are given in Table 1. BAP was used in concentration ranging from (0.5, 1.0, 
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1.5, 2.0 and 2.5 mg/l), with IAA concentration (0.5 mg/l) and KN concentration ranging from (0.5, 1.0, 1.5, 2.0 and 2.5 

mg/l), with IAA concentration (0.5 mg/l). Maximum response and maximum number of shoots per explants were observed 

in 1.5 mg/l of BAP combination with 0.5 mg/l of IAA (4.30±0.40) was relatively minimum effective in which, number of 

shoot in BAP of 2.5 mg/l (0.93±0.25). The frequency of culture response was 62.85 and the mean shoots produced also 

high in 1.5 mg/l of BAP and 0.5 mg/l of IAA combination (Table 1 and Figure 1) and the various stages in the production 

of plantlets by direct organogenesis. 

Nodal Explants 

 Direct organogenesis was also carried with nodal explants of P. pulchellum. The observations are given in Tables 

2 and Figure 2. BAP, KN and IAA were used for direct organogenesis. The concentration ranging from BAP (0.5-2.5 

mg/l), KN (0.5-2.5 mg/l) along with IAA (0.5 mg/l). Maximum response and maximum number of shoots per explants 

were observed in 1.5 mg/l of BAP combination with 0.5 mg/l of IAA (4.06±0.31) was relatively minimum effective in 

which, number of shoot in KN of 2.5 mg/l (0.96±0.21). More or less the pattern of response was similar to the shoot tip 

explants. However the frequency of culture response was 77.14 and the mean shoots produced also high in 1.5 mg/l of 

BAP and 0.5 mg/l of IAA combination. Comparison of shoot tip explants and nodal explants reveals that the nodal explants 

are relatively superior both in terms of percentage of response and number of shoots is produced from the explants.  

ROOT INDUCTION FROM DIRECT REGENERATION 

Auxins played multifarious role in rhizogenesis, which included division of meristematic cells, their elongation 

and differentiation into root primordial. The number of roots produced per shoot, root length and thickness varied with the 

concentration of auxin used in the medium. Root induction was carried out in well elongated shoots developed from nodal 

explants in vitro regeneration and culturing them on MS with 0.25 – 1.25 mg/l of NAA and IBA. In the present study, 

NAA (0.75 mg/l) was found to e most effective for rooting. Maximum number of root (4.50±0.36) were produced in 0.75 

mg/l of NAA and mean root length was found to be 2.76±0.15 cm. Maximum number of roots (3.53±0.35) was produced 

in 1.0 mg/l of IBA and mean root length was 2.63±0.15 cm. best results of rooting were observed on the MS media 

supplemented with 0.75 mg/l of NAA with percentage of root induction in 66.33±3.78 (Table 3). 

DISCUSSIONS 

Earlier reports indicate that the superiority of BAP over other cytokines in shoot induction of Dysolobium pilosum 

shoot tip explants (Kalva et al., 2015) and Cassia angustifolia regeneration via direct organogenesis is still BAP, KN and 

IAA (Iram et al., 2015). Similar observation was made in Andrographis paniculata (Purkayastha et al., 2008) and the 

efficiency of BA in multiple shoot induction in several aromatic and medicinal plants such as Ocimum basilicum (Sahoo et 

al., 1997), Withania somnifera (Sen and Sharma, 1991) and Hippophae rehnoides (Purohit et al., 2009). This was in 

consistent with other studies where BAP and IAA promoted the proliferation and multiplication of the shoots in number of 

plants (Randive, 2013; Remya et al., 2013; Skala et al., 2014). 

Shoot multiplication of nodal segments of Phyllodium pulchellum was observed in present study, shoots were 

developed in MS medium with BAP and IAA. The results were obtained resembling to the shoot tip explants. Highest 

mean shoots was absorbed on 1.5 mg/l of BAP combination with 0.5 mg/l of IAA. Similar results were reported in 

Pterocarpus marsupium Roxb. axillary shoot proliferation on Murashige and Skoog’s (MS) basal medium fortified with 

BAP (6–benzylaminopurine) and kinetin (Kn) singly or in combinations with auxins at different concentrations (Jaiswal et 
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al., 2015). The role of BAP in multiple shoot production through direct organogenesis and the combination of BAP and 

KN found to be effective in Sarcostemma brevistigma previously reported by Thomas and Shankar (2009). In vitro 

organogenesis was achieved through direct organogenesis on MS containing of BAP at 0.25 mg l-1 and NAA at 0.05 mg l-

1 has been effective on shoot regeneration of Lathyrus chrysanthus Boiss. (Telci, 2012). Same results were reported that 

the genus Desmodium gangeticum (Vishwakarma et al., 2009) Effectiveness of BAP in shoot regeneration from 

cotyledonary nodes has been reported in several other species of leguminaceae e.g. Dalbergia tatifotia Roxb. (Pradhan et 

al., 1998), Arachis hypogea L. (Venkatachalam et al., 1999, Vigna mungo (L.) Hepper (Ignacimuthu et al., 1997) and 

Acacia nitotica subsp. indica Brenan (Dewan et al., 1992). This result is contrasting with reports on leguminous species 

Dalbergia sissoo Roxb. and Macrotyloma uniflorum (Arya et al., 2013; Bisht et al., 2013) where BAP gave maximum 

shoot proliferation. The protocol employed in the present study for in vitro shoot induction of Phyllodium pulchellum, an 

important plant species from Boda malai, Tamil Nadu can be useful for conservation of the endemic plants. 

CONCLUSIONS 

This is the first report describing a protocol for organogenesis of Phyllodium pulchellum. It is concluded that 

direct in vitro protocol was developed for P. pulchellum which could be able to produce a large number of plant lets. The 

highest degree of shoot induction was found on MS basal medium with BAP + IAA medium combination in the respective 

explants were found to be best. The organogenesis and plant regeneration system developed in this study could be utilized 

in future for secondary metabolites production experiments. 
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APPENDICES 

Table 1: Influence of Different Concentration of Either Cytokinin (BAP and KN) 

Alone or in Combination with Auxin (IAA) on Direct Shoot Regeneration From 

Shoot Tip Explants of Phyllodium Pulchellum 

Hormone Concentration 

mg/l (µg) 

No of 

Explants 

Cultured 

No. of 

Explants 

Responded 

Frequency 

of Culture 

Response 

No. of 

Shoot/Explants 

Mean ±SD 

BAP  
0.5 (0.11) 35 11 31.42 1.33±0.15hij 
1.0 (0.22) 35 15 42.85 2.06±0.25de 
1.5 (0.34) 35 18 51.42 3.06±0.25b 
2.0 (0.45) 35 12 34.28 1.80±0.20efg 
2.5 (0.56) 35 9 25.71 0.93±0.25jk 

KN  
0.5 (0.11) 35 8 22.85 1.00±0.20jk 
1.0 (0.22) 35 10 28.57 1.73±0.20efgh 
1.5 (0.32) 35 13 37.14 2.13±0.15cde 
2.0 (0.43) 35 9 25.71 1.20±0.20ijk 
2.5 (0.53) 35 6 17.14 0.86±0.15k 

BAP+IAA  
0.5 (0.11) 0.5 (0.08) 35 15 42.85 2.53±0.30c 
1.0 (0.22) 0.5 (0.08) 35 18 51.42 3.33±0.20b 
1.5 (0.34) 0.5 (0.08) 35 22 62.85 4.30±0.40a 
2.0 (0.45) 0.5 (0.08) 35 17 48.57 3.28±0.38b 
2.5 (0.56) 0.5 (0.08) 35 12 34.28 2.47±0.33cd 

KN+IAA  
0.5 (0.11) 0.5 (0.08) 35 8 22.85 1.45±0.24ghi 
1.0 (0.22) 0.5 (0.08) 35 11 31.42 1.90±0.11ef 
1.5 (0.32) 0.5 (0.08) 35 17 48.57 2.42±0.24cd 
2.0 (0.43) 0.5 (0.08) 35 13 37.14 1.51±0.15fghi 
2.5 (0.53) 0.5 (0.08) 35 10 28.57 1.19±0.09ijk 

 
•  Total number of explants taken for observation = 35 (each treatment consists of at least 7 explants and the 

experiments were repeated three times). 

•  Mean values followed by various letters are significantly different from each other at P < 0.05 level comparison 

(DMRT). 

Table 2: Influence of Different Concentration of Either Cytokinin (BAP and KN) 

Alone or in Combination with Auxin (IAA) on Direct Shoot Regeneration From 

Nodal Explants of Phyllodium Pulchellum 

Hormone Concentration 

mg/l (µg) 

No of 

Explants 

Cultured 

No. of 

Explants 

Responded 

Frequency 

of Culture 

Response 

No. of 

Shoot/Explants 

Mean ±SD 

BAP 

0.5 (0.11) 35 13 37.14 1.45±0.07gh 
1.0 (0.22) 35 17 48.57 2.32±0.47d 
1.5 (0.34) 35 20 57.14 3.21±0.32b 
2.0 (0.45) 35 15 42.85 1.64±0.08fg 
2.5 (0.56) 35 11 31.42 1.39±0.13gh 

KN  
0.5 (0.11) 35 10 28.57 1.09±0.21hi 
1.0 (0.22) 35 13 37.14 1.65±0.18fg 
1.5 (0.32) 35 15 42.85 2.00±0.92def 
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2.0 (0.43) 35 11 31.42 1.63±0.04fg 
2.5 (0.53) 35 9 25.71 0.96±0.21i 

BAP+IAA  
0.5 (0.11) 0.5 (0.08) 35 17 48.57 2.84±0.08c 
1.0 (0.22) 0.5 (0.08) 35 23 65.71 3.25±0.10b 
1.5 (0.34) 0.5 (0.08) 35 27 77.14 4.06±0.31a 
2.0 (0.45) 0.5 (0.08) 35 22 62.85 3.30±0.14b 
2.5 (0.56) 0.5 (0.08) 35 15 42.85 2.73±0.24c 

KN+IAA  
0.5 (0.11) 0.5 (0.08) 35 11 31.42 1.65±0.08fg 
1.0 (0.22) 0.5 (0.08) 35 13 37.14 2.06±0.14de 
1.5 (0.32) 0.5 (0.08) 35 23 65.71 2.97±0.24bc 
2.0 (0.43) 0.5 (0.08) 35 15 42.85 1.94±0.11ef 
2.5 (0.53) 0.5 (0.08) 35 12 34.28 1.34±0.15gh 

 
•  Total number of explants taken for observation = 35 (each treatment consists of at least 7 explants and the 

experiments were repeated three times). 

•  Mean values followed by various letters are significantly different from each other at P < 0.05 level comparison 

(DMRT). 

Table 3: Effect of Growth Regulator on Root Induction of Phyllodium Pulchellum L. Desv 

Growth 

Regulators (mg/l) 

Percentage of 

Root Inducted 

Mean±SD 

No. of 

Roots/Shoots 

Mean±SD 

Root Length 

(cm) 

Mean±SD 

NAA 

0.25 35.66±1.52e 2.36±0.11d 0.60±0.20e 
0.50 48.33±3.05c 3.46±0.35b 1.76±0.15bc 
0.75 66.33±3.78a 4.50±0.36a 2.76±0.15a 
1.0 40.66±2.08de 3.23±0.32b 1.43±0.20cd 

1.25 29.00±2.00f 2.30±0.26d 0.56±0.25e 
IBA 

0.25 26.33±2.51f 1.73±0.20e 0.33±0.15e 
0.50 35.66±3.51e 2.30±0.17d 1.13±0.20d 
0.75 43.00±2.64d 2.93±0.15c 2.03±0.20b 
1.0 55.66±3.51b 3.53±0.35b 2.63±0.15a 

1.25 25.00±3.60f 2.23±0.20d 1.33±0.41d 
Mean values followed by various letters are significantly different from each other at  

P < 0.05 level comparison (DMRT). 
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Abstract: The present study was aimed to 

investigate the preliminary phytochemical 

screening of the leaves of Solanum pubescens is a 

shrub in solanaceae family. It’s mainly found in 
Peninsular India and Sri Lanka. The plants are 

tribal’s for the treatment of several diseases Brain 

disorders, liver disorders, diarrhoeal diseases and 

cancer disorders injury with classical signs of 

warmth, reddening pain, swelling and loss of 

function.The present study was carried out to 

investigate the Phytochemical analysis shows the 

presence of alkaloid, glycoside, Saponins, Phenolic 

compounds Tanins, flavonoids, and shows the 

absent protein and amino acid, 

Key Words: Phytochemical constituents, Solanum 

pubescens and Alkaloid. 

1. Introduction  

Solanum pubescens are well known as 

Usti in Telugu and Kattusundai in Tamil (India). 

Previously reported compounds from the plant 

were flavonol-3-o-methyl esters (Krishna Kumari, 

et al, 1985). The use of herbal preparations in the 

management of various forms of epilepsies is very 

common in many parts of the world. Epilepsy 

affects more than 50 million persons worldwide 

(White, 1999). The plants are tribal’s for the 
treatment of Brain disorders, liver disorders, 

diarrhoeal diseases and cancer disorders injury with 

classical signs of warmth, reddening pain, swelling 

and loss of function. A medicinal plant is factually 

any plant which in one or more of its parts contains 

substances that can be used for therapeutic 

purposes or which have precursors for the synthesis 

of direct therapeutic agents. The Use of medicinal 

plant is increasing in many countries where 35% of 

drugs contain natural products (Sofowora, 1982). 

Plants synthesize a vast array of secondary 

metabolites that are important for human life. For 

therapeutic purpose, phytochemical investigation of 

plants is an interesting area of research, leading to 

the isolation of several new compounds. Therefore, 

in recent years research is more oriented towards 

folk medicine, searching for new leads for the 

development of better drugs against infectious 

diseases (Benkeblia, 2004) and other common 

ailments. It is the protective attempt by the 

organism to remove the injurious stimuli as well as 

initiate healing process for the tissues and 

considered to be the major cause of rheumatoid 

arthritis. Drugs currently used for management of 

pain and inflammatory conditions present toxic 

side effects on chronic administration. Therefore, 

attempts are being taken to study promising plants 

which may lead to develop newer or safer drugs 

(Fayaz, 1994). Solanum pubescens is a traditional 

medicine plant for the treatment of headache, 

menstrual pain, rheumatoid arthritis, tuberculosis, 

ulcers, etc (Sumalatha, et al., 2013) and it has been 

used in the treatment of whooping cough and of 

certain other diseases (Reddy, et al., 2006) 

Furthermore, it has been used in the treatment of 

hypoglycaemia and topical application for skin 

infections. Similarly, in scientific literature there 

are very few reports on evaluated pharmacological 

properties like Antidiabetic (Hemamalini, et al., 

2012) hepatoprotective (Hemamalini, et al., 2012) 

gastroprotective (Hemamalini, et al., 2011) anti-

inflammatory (Niyogi, et al., 2012) Anti-anxiety, 

Anti-depressants, My orelaxant and Antidiarrheal 

(Deepika, et al., 2013). It has not been extensively 

used in the traditional medicine may be for its 

bitterness which may acts as cytotoxic agent. Thus 

for, Solanum pubescens has not been explored for a 

through quantitative and qualitative phytochemical 

analysis. There are no reports on its complete 

phytochemical contents except a few indicating the 

existence of flavonoids and alkaloids in leaf extract 

(Anurag Bhargav, et al., 2012), (Krishna Kumari, 

et al., 1985), (Krishna Kumari, et al., 1986) and 

(Krishna Kumari, et al., 1985). Hence, it is 

imperative take up thorough phytochemical studies. 

2. Materials and Methods  

2.1 Morphological characters 

Unarmed pubescent shrubs. Leaves to 12 

x 7 cm, ovate-elliptic to deltoid, apex acute, base 

unequally truncate, membranous, margins entire to 

wavy; petiole to 8 cm, pubescent. Racemes 

axillary; peduncle to 5 cm, pubescent; pedicels 2 

cm, pubescent; flowers blue; calyx lobes 6 mm, 

lanceolate, pubescent; corolla tube 5 mm, lobes 6 
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mm, lanceolate, pubescent; ovary 1.5 mm, style 1 

cm, stigma capitate. 

2.2 Collection of Plant material and 

extraction 

Solanum pubescens were collected from 

Western Ghats, Sirumalai, Dindugal district, 

Tamilnadu. The healthy plant leaves were collected 

and washed thoroughly in distilled water. The 

leaves allowed drying in shade place for one week. 

Well dried leaf samples were powdered by soaking 

100gm of dried powder in 200ml of methanol for 

12 hours. The extracts were filtered using 

Whatman filter paper No. 42. 

2.3 Preliminary phytochemical 

screening 

The phytochemical includes alkaloids, 

Carbohydrates, saponins, phenolic compounds, 

tannins, flavonoids, phytosterols, Fixed oils and 

fats.  

2.4 Qualitative screening test:  

Alkaloids (H. Wagner’s test 1993):  

0.5 g of powder was stirred with few ml of 

diluted HCl and filtrated. To this, 2 ml of Hager’s 
reagent was added. A prominent yellow 

precipitated indicated the presence of Alkaloids. 

Glycosides (Borntrager test):  

A few amount of extract was hydrolyzed 

with Con. HCl for 2 hours in boiling water bath and 

filtrated. Drop of filtrate was treated with 

chloroform and shaken well. The chloroform layer 

was separated and 10% ammonia solution was 

added to it. Pink color is presence of glycosides. 

Saponins (Frothing test):  

The plant extract (0.5g) was dissolved 

with distilled water made up to 20ml. The 

suspension was shaken in a graduated cylinder for 

15 min. A 2cm layer of foam indicated the 

presence of saponins. 

Phenolic (Ferric chloride test):  

A few drops of filtrate and a drop of 

neutral 5% ferric chloride solution were added. A 

dark green colour was indicated the presence of 

phenolic.  

 

Tannin (Potassium hydroxide test):  

About 1 g of extract was dissolved into 

10ml of 10% potassium hydroxide in a beaker and 

shaken to dissolve. A dirty precipitate indicated the 

presence of tannins. 

Flavonoids (Alkaline reagent test):  

A drop of aqueous filtrate was treated with 

10% ammonium hydroxide solution. A bulky white 

is presence of flavonoids.  

Proteins and Amino acid  
 Xanthoproteic Test: The extracts were 

treated with few drops of conc. Nitric acid. 

Formation of yellow colour indicates the absence 

of proteins.  

 Ninhydrin Test: To the extract, 0.25% 

w/v ninhydrin reagent was added and boiled for 

few minutes. Formation of blue colour indicates the 

absence of amino acid.  

  

3. Results and Discussion 

The Phytochemical analysis of methanol 

extract from leaves explant. The medicinal plant 

are tribal’s for the treatment of Brain disorders, 

liver disorders, diarrhoeal diseases and cancer 

disorders Injury with classical signs of warmth, 

reddening pain, swelling and loss of function. The 

present investigation, quantitative phytochemical 

screening test were analysed in leaves extract. The 

result are shown in table -1 which indicated the 

presents or absences in compounds of Solanum 

pubescens the results showed was present in high 

intensity followed by Alkaloids, Saponins, Phenolic 

compounds, Tannins, Flavonoids, phytosterols, 

fixed oils and fats.  These compounds also can be 

correlated with the medicinal potential of the plant. 

Other group of Proteins and amino acid were not 

present in the leaves plant extract.  Reported the 

phenolic compound are present in most widely 

distributed in the plant kingdom. Mainly, the 

phenolic and flavonoids compounds extracted from 

the leaves samples antibiotics activity of the plant 

leaf extracts (Hossain et al., 2013). Secondary 

metabolites are considered products of primary 

metabolism but not involved in metabolic activity 

(alkaloids, phenolics, essential oils and terpenes, 

sterols, flavonoids, lignins, tannins, etc.) (Pal, 

2007). (Subhadra Devi, 2012). Further, the phenyl 

propanoidal derivatives such as phenol, flavone, 

flavonoids, lignin and lignan etc. have been 

experimental proved in many pharmacological 

studies that act as antimicrobial agents in wide 

spectrum of bacterial and fungal strains (Nitiema et 

al., 2012; Alves et al., 2014). These compounds 

also have been reported as a good source of 
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antioxidant agents (Gengaihi et al., 2014). The 

presence of tannin in plant to protected from 

animal does not graze (Ulhe and Narkhede, 2013). 

Standardization of herbal drugs is a matter of great 

concern. Standardization is very much essential for 

assessment of purity and identification of any 

sample. The preliminary Phytochemical analysis of 

Solanum pubescens reveals the presence of 

Alkaloids, Saponins, Phenolic compounds, 

Tannins, Flavonoids, phytosterols, fixed oils and 

fats which could attribute to the medicinal efficacy. 

Heavy metal and inorganic elements are present 

within the permissible limits. Furthermore studies 

are required to isolate and characterize the active 

principles of Solanum pubescens. 

Table No: 1 Preliminary Phytochemical screening of 

Solanum pubescens Leaves Explant 

S. 

No. 
Chemical constituent 

Methanol extract 

from leaf 

explants 

1  Alkaloids +++ 

2 Glycosides ++ 

3 Saponins + 

4 Phenolic compounds ++ 

5 Tanins + 

6 Flavonoids ++ 

7 Proteins  and amino acid - 

*The given results are statistically significant 
 

Graph: 1 Methanol extract from leaves explant 

Solanum pubescens Willd. 
 

 

4. Conclusion 

We concluded that the extract of Solanum 

pubescens, the preliminary Phytochemical studies 

have clearly demonstrated that the plant of  

Solanum pubescens has a rich source of essential 

oils, alkaloids, flavonoids, saponins, steroids, 

tannins and coumarins. The extract of methanol is 

found to have more phytoconstituents. It is 

presumed that the presence of these constituents 

together could be attributed to the presence of 

curative abilities. The exploitation of involves these 

pharmacological properties further investigation of 

these action ingredients by implementation of these 

techniques like anti-epileptic activity.  
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A b s t r a c t  

 

A r t i c l e  I n f o  

Phyllodium pulchellum L. Desv. is an subshrub, belongs to the fabaceae family. The 
present study has been attempted to antifungal activity and quantitative phytochemical 
analysis of the leaf of P. pulchellum. The plant extracted with different organic solvents 
viz., aqueous, chloroform and ethanol. Antifungal activity of the leaf extract against some 
pathogenic fungus like Aspergillus nigar, Pencillium notatum, Rhizhotonia solani and 

Colletotrichum falcatum. The inhibitory effect of leaf distillates was compared with the 
standard fluconazole. Quantitative phytochemical analyses were performed using standard 
procedures. The ethanol leaf extracts of P. pulchellum showed maximum activity against 
Aspergillus niger, followed by Colletotrichum falcatum, Penicillium notatum and 

Rhizoctonia solani. The ethanolic extract showed higher level of phenol (88.68±2.081 
mg/g), flavonoid (71.33±4.172 mg/g) tannin (30.23±3.025 mg/g) and than the other 
extracts which having secondary metabolites. These findings provide scientific evidence 
to support the traditional use of Phyllodium pulchellum and also indicate that the leaf of 
this species are a promising potential for the development of quantitative phytochemical 
and antifungal agent.  

Accepted: 18 July 2017 
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Antifungal activity 
Fabaceae 
Phyllodium pulchellum 
Phytochemicals 

 
Introduction 

 
Medicinal herb as a potential source of therapeutic aid 
has a significant role in health system all over the world 
for both humans and animals not only in the diseased 
condition but also as a potential material for maintaining 
proper health (Pathak and Das, 2013). Plants are a rich 
source of diverse type of medicines in different 
countries and produce a diverse array of bioactive 
molecules, the source of potential and powerful drugs 
(Vashist and Jindal, 2012). Thus, natural products with 
pharmacological or biological activities still play a very 
important role in medicine (Bhore et al., 2012). Plant 

extract has a potential application as natural medicine 
and to treat diseases as well as the microbiological 
safety of the human health (Subashkumar et al., 2013). 
Medicinal plants and their parts represent a rich source 
of antibacterial agents. Plants are used medicinally in 
different countries and are a source of many potent and 
powerful drugs. Different extracts from traditional 
medicinal plants have been tested. Many reports have 
show the effectiveness of traditional herbs against 
microorganisms, as a result, plants are one of the 
bedrocks for modern medicine to attain new principles 
(Dey et al., 2010). They have been widely used as 
traditional treatments for numerous human diseases. In 
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less developed countries low income people such as 
farmers, people of small isolate villages and native 
communities use herbal medicine for the treatment of 
common infections. Phyllodium pulchellum is 
commonly known as Vellalothi which belongs to the 
family Fabaceae. P. pulchellum is an important 
medicinal plant and its leaf has been used in various 
ailments and as health tonic. Previously, no work has 
been carried out on the antifungal and quantitative 
phytochemical of leaf extracts of P. pulchellum, the 
present study dealing with the evaluation of 
phytochemicals and antimicrobial activities of leaf of   
P. pulchellum was undertaken. 
 

Materials and methods 

 

Plant material 

 
Dried material of leaf parts was ground into fine powder 
in an electric blender and it was kept in airtight bottles at 
room temperature for further use. 
 

Preparation of crude extraction 

 

Solvent of extraction 

 
For solvent extraction, 10 g of air-dried powder was 
taken in 100 ml of organic solvent (ethanol and 
chloroform) in a conical flask, plugged with cotton wool 
and then kept on a rotary shaker at 190-220 rpm for 24 
hrs. After 24 hrs the supernatant was collected and the 
solvent was evaporated to make the final volume one-
fourth of the original volume (Parekh et al., 2005) and 
stored at 4ºC in airtight bottles.  
 
For aqueous extraction, 10 g of air-dried powder was 
added to distilled water and boiled on slow heat for 2 
hrs. It was then filtered through 8 layers of muslin 
cloth and centrifuged at 5000rpm for 10 min. The 
supernatant was collected. This procedure was 
repeated twice. After 6 hrs, the supernatant collected 
at an interval of every 2 hrs, was pooled together and 
concentrated to make the final volume one-fourth of 
the original volume. It was then autoclaved at 121°C 
temperature and at 15 lbs pressure and stored at 4ºC.  

 
Fungal isolates and their maintenance  

 
The fungi employed in the study were Penicillium 

notatum (MTCC 4634), Aspergillus niger (MTCC 
4325), Rhizoctonia solani (MTCC 4634) and 

Colletotrichum falcatum (lab strain). The isolates were 
procured from the MTCC, Chandigarh. The isolates 
were maintained on Potato Dextrose Agar slants by sub 
culturing at monthly intervals. 
 
Screening of fungi for sensitivity towards plant extracts  
 
PDA plates with crude plant extracts were used for 
testing the antifungal activity of plant extracts (Sharma 
et al., 2012). The discs were prepared by incorporating 
plant extracts in various concentrations.  
 

Experimental procedure  
 
The PDA plates were inoculated with fungal cultures 
and plant extract loaded sterile disc was impregnated on 
the surface of the medium and the plates were incubated 
in a humid chamber at room temperature. The activity of 
the extract was assessed by measuring the zone of 
inhibition and recorded. 
 
Determination of total phenolic, total flavonoid and 

total tannin contents  

 

Total phenolic content (TPC) 

 
The amount of total phenolics in extracts was 
determined with the Folin-Ciocalteu reagents method 
described by Demiray et al. (2009). Gallic acid was used 
as a standard and the total phenolics were expressed as 
mg/g gallic acid equivalents (GAE). Concentration of 20 
to 100 μg/ml of working standard solution was taken 
into a series of test tubes. The leaf extract were also 
prepared in various solvents about 0.125 ml of each 
sample were introduced into test tubes. To all the test 
tubes, including the blank, add distilled water to make 
up to 3.5 ml and add 0.125 ml of Folin’s phenol reagent. 
Incubate the test tubes at room temperature for 6 
minutes and add 1.25 ml of 7% sodium carbonate in all 
the test tubes. The tubes were covered with parafilm and 
allowed to stand for 90 minutes at room temperature 
before the absorbance was read at 760 nm 
spectrometrically.  
 
All determinations were performed in triplicate. The 
Folin-Ciocalteu reagent being sensitive to reducing 
compounds including polyphenols is producing a blue 
colour upon reaction which is measured 
spectrophotometrically.  
 
GAE was calculated using the following equation:  
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Where, C = total content of flavonoid compounds 
(mg/g) plant extract, in quercetin equivalent,   c = the 
concentration of quercetin established from the 
calibration curve (mg/ml), V= the volume of extract 
(ml), and m = the weight of crude plant extract (g). 
 
Total flavonoid content (TFC) 
 
The total flavonoids content of plant extract was 
estimated by Aluminium chloride method. (Wang and 
Jiao, 2000). Pipette out 0.5, 1.0, 1.5, 2.0 and 2.5 ml 
(Concentration varying from 50 to 250 μg) of the 
standard solution into a series of test tubes. Add 0.1 
ml of the plant sample into test tubes. To all test 
tubes, including the blank, add distilled water to make 
up to 2.5 ml. After that to all tubes add 75 μl of 5% 
NaNO2 and incubate at room temperature for 5 
minutes. Add 150 μl of 10 % AlCl3 and incubate at 
room temperature for 6 minutes. Then add 0.5 ml of 1 
M NaOH, mix well and the pink coloured substance 
formed is spectrophotometrically measured at 510 nm. 
All determinations were performed in triplicates. 
Calculate the unknown sample concentration from the 
standard curve of the graph. The total content of 
flavonoid compounds was calculated by the following 
equation.  
 

 
 
Where, C = Total content of flavonoid compounds 
(mg/g) plant extract, in quercetin equivalent, c = The 
concentration of quercetin established from the 
calibration curve (mg/ml), V = The volume of extract 
(ml), and m = The weight of crude plant extract (g).  
 

Total tannin content (TTC) 
 
The total tannin content of plant extract was estimated 
by modified Prussian blue method (Graham, 1992). 
Tannic acid was used as a standard and the total 
tannins were expressed as mg/g tannic acid equivalents 
(TAE). Pipette out 0.1, 0.2, 0.3, 0.4 and 0.5 ml 
(Concentration varying from 10 to 50 μg) of the 
working standard solution into a series of test tubes. 
Add 0.1 ml of sample and to all the test tube, including 
the blank, add distilled water to make up to 7 ml. To all 

the test tubes, add 1 ml of potassium ferricyanide and 1 
ml of FeCl3 mix well. Measure the absorbance 
spectrophotometrically at 700 nm. From the standard 
curve of the graph, calculate the unknown sample 
concentration. All determinations were performed in 
triplicate. The total content of tannin compounds was 
calculated by the following equation:  
 

 

Where, C = total content of tannin compounds (mg/g) 
plant extract, in tannic acid equivalent, c = the 
concentration of tannic acid established from the 
calibration curve (mg/ml), V = the volume of extract 
(ml) and m = The weight of crude plant extract (g). 
 
Results  

 
Antifungal activity  
 
The results of antifungal property of P. pulchellum were 
extracted with different organic solvents viz., aqueous, 
chloroform and ethanol. The antifungal activity of the 
leaf extract against some pathogenic fungus like 
Aspergillus niger, Penicillium notatum, Rhizoctonia 

solani and Colletotrichum falcatum are given in Table 1 
and Fig. 1. The antifungal activity was tested by disc 
diffusion method (Taylor et al., 1995).  
 

 
Aspergillus nigar 

 
Pencillium notatum 

 
Rhizhotonia solani 

 
Colletotrichum  falcatum 

Fig. 1: Antifungal activity of P. pulchellum ethanol leaf 
extract. 
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The ethanol extracts of P.pulchellum showed maximum 
activity against Aspergillus niger, followed by 

Colletotrichum falcatum, Penicillium notatum and 

Rhizoctonia solani. The chloroform extract of this plant 
showed maximum activity against Colletotrichum 

falcatum, followed by Aspergillus niger, Penicillium 

notatum and Rhizoctonia solani. The antifungal activity 
of ethanol extracts showed more effective followed by 

chloroform extract against all the fungal strains. The 
water extract doesn’t show comparative effectiveness on 
the pathogenic fungi with ethanol and chloroform 
extracts. As compared with fluconazole, the positive 
control ethanolic extract of P. pulchellum showed high 
activity against all the pathogenic fungi. It was evident 
that the inhibition of growth of fungus was more 
prominent with ethanol extract than chloroform extract.  

 
Table 1. Antifungal activity of various extracts of P.pulchellum. 

Test microorganisms 
Concentration 
(mg) 

Zone of Inhibition (mm) 
Fluconazole 
10 mcg / disc 

Aqueous  
extract 

Chloroform 
extract 

Ethanol 
extract 

Aspergillus nigar 25 - 1.0 0.8 2.6 
50 - 1.8 1.2 
75 - 2.4 2.4 
100 - 2.8 3.6 

Pencillium notatum 25 - - - 2.4 
50 - 1.6 1.2 
75 - 2.2 1.8 
100 - 2.4 2.5 

Rhizhotonia solani 25 - 0.8 - 2.0 
50 - 1.2 1.4 
75 - 1.8 2.0 
100 - 2.4 2.5 

Colletotrichum falcatum 25 - 1.0 0.8 2.6 
50 - 1.6 1.0 
75 - 2.4 2.2 
100 - 3.0 3.0 

 
Quantitative analysis  

 
Quantitative phytochemical analysis was studied for 
total flavonoids, phenol and tannin contents, which 
were responsible for the major pharmacological 
activity of the plants. For the quantification of leaf 
extracts having strong presence of phenols, flavonoids 

and tannin contents were determined. Knowledge of 
the chemical constituents of plants is desirable 
because such information will be of value for 
synthesis of complex chemical substances. Hence, to 
characterize the formulation of total flavonoids, 
phenol and tannins contents were estimated and 
shown in (Table 2). 

 
Table 2. Total Flavonoids, Phenolic and Tannin contents of P. pulchellum of leaf extracts. 

Extracts 

leaf 
Total flavonoids content (mg/g) Total phenolic content (mg/g) Total tannin content (mg/g) 

Aqueous 26.66±4.163 80.12±3.055 30.23±3.025 
Ethanol 71.33±4.172 88.68±2.081 40.72±5.131 

Chloroform 27.61±3.511 35.36±1.814 14.33±7.023 

 
Determination of total flavonoids content  
 

The total flavonoid content of the extract was expressed 
in quercetin equivalents. Total flavonoid content in 
various solvent extracts such as aqueous, ethanol and 
chloroform were found to be 26.66 ± 4.163 mg/g, 71.33 
± 4.172 mg/g and 27.61 ± 3.511 mg/g quercetin 
equivalents/g dry weight. Ethanolic leaf extract of 

Phyllodium pulchellum was found to contain the highest 
amount of flavonoid. It has been recognized that 
flavonoids show antioxidant activity and their effects on 
human nutrition and health are considerable. 
 
Determination of total phenolic content  

 
The content of total phenol in the extracts of Phyllodium 

46 / 519



Int. J. Curr. Res. Biosci. Plant Biol. 4(8), 67-72 (2017) 
 

 

G. Velmurugan and S. Parvathi Anand (2017) / Antifungal Activity and Quantitative Phytochemical Analysis of Phyllodium pulchellum L. 
Desv.- An Important Medicinal Plant 
 

71 

pulchellum was determined by using the Folin–
Ciocalteu assay and expressed as gallic acid equivalents 
(GAE). The total phenol content of the test fractions 
were calculated using the standard curve of gallic acid. 
In ethanol leaf extracts of higher amount of total phenol 
content was found to be 88.68 ± 2.081 mg/g. The 
descending orders of the total phenol content of extract 
in ethanol > aqueous > chloroform. 
 
Determination of total tannins content 

 
The total tannin contents of different leaf extracts of 
Phyllodium pulchellum were determined and found to be 
30.23±3.025 mg/g, 40.72 ± 5.131 mg/g and 14.33 ± 
7.023 mg/g with respect to various solvents, as follows 
aqueous, ethanol and chloroform. Total tannin content 
was calculated using the standard curve of tannic acid 
and was expressed as tannic acid equivalents (TAE) per 
gram of the plant extract. Ethanolic leaf extract of 
Phyllodium pulchellum was found to contain the 
maximum amount of tannin. Tannin contents of the 
extracts were found to decrease in the following order of 
Ethanol extract > Aqueous extract > Chloroform extract. 
 

Discussion 

 
The present study is the first report on the antifungal 
activity of various extracts of Phyllodium pulchellum. An 
ethanol extract of the leaf shows high activity against the 
fungal strains than other extracts. The study evidences 
that plant species are having antifungal activity of their 
own for survival in different environmental conditions. 
The finding in disc diffusion assay of leaf extracts of 
Phyllodium pulchellum correlate with the results of earlier 
works like Desmodium gangeticium (Vijayalakshmi et al., 
2011),  Desmodium heterocarpon (Al Hasan et al., 2011),  
Desmodium elegans (Khan et al., 2013),  Aloe vera 

(Arunkumar and Muthuselvam, 2009), Mimosa pudica 
(Gandhiraja et al., 2009). 
 
The quantitative estimation of primary metabolites 
reveals various chemical constituents present in the 
plant. Quantization of the phytocompounds such as 
phenol, flavonoids and tannins from various solvent 
extracts of Phyllodium pulchellum was studied in this 
work. Highest concentrations of the bioactive principles 
were detected in ethanolic extracts of the plants, except 
in the case of tannins where chloroform extract 
produced the bioactive compounds. The ethanolic 
extract showed higher level of phenols (88.68 mg/g of 
dried weight) than the other extracts which having 

secondary metabolites. The higher amount of phenol is 
important in regulation of plant growth, development 
and disease resistance. Triterpenoid saponins, 
tetrahydroiso-quinolones, phenylethylamines and 
indole-3-alkyl amines have been isolated from the leaves 
of Desmodium adscendens (Addy, 1989). Similar results 
were reported in Indigofera tinctoria (Singh et al., 
2015).  
 

Conclusion 
 
In the present study conclude that the Phyllodium 

pulchelllum leaf have the potential to act as a source of 
useful drugs because of presence of various 
phytochemical constituents such as alkaloids, flavonoids 
and phenol. Thus, these plants have great potential as 
antimicrobial agents and can be used in the treatment of 
infectious diseases caused by resistant microorganisms. 
The finding of this study suggests that this plant leaf 
could be a potential source of natural phytochemical and 
antifungal activity that could have great importance as 
therapeutic agents. Further investigation on the isolation 
and characterization of the antioxidant constituents is 
however required.  
 

Conflict of interest statement 

 

Authors declare that they have no conflict of interest. 
 

References 

 
Addy, M.E., 1989. Several chromatographically distinct 

components from Desmodium adscendens inhibit 
smooth muscle contractions. Int. J. Crude Drug Res. 
27, 81-91. 

Al Hasan, A., Hasan, C.M., Azam, A.Z., 2011. 
Antimicrobial, Cytotoxic and Antioxidant Activities 
of Desmodium heterocarpon. Bangladesh 
Pharmaceutical Journal. 14(1), 49-52. 

Arunkumar, S., Muthuselvam, M., 2009. Analysis of 
phytochemical constituents and antimicrobial 
activities of Aloe vera L. against clinical 
pathogens. World Journal of Agricultural 
Sciences. 5(5), 572-576. 

Bhore, N.V., Pishawikar, S.A., More, H.N., 2012. 
Phytochemical screening and antioxidant activity of 
flowers (inflorescence) of Saccharum officinarum 
linn. Int. J. Res. Pharm. Biomed. Sci. 3(2), 620-624. 

Demiray, S., Pintado, M.E., Castro, P.M.L., 2009. 
Evaluation of phenolic profiles and antioxidant 
activities of Turkish medicinal plants: Tilia 

47 / 519



Int. J. Curr. Res. Biosci. Plant Biol. 4(8), 67-72 (2017) 
 

 

G. Velmurugan and S. Parvathi Anand (2017) / Antifungal Activity and Quantitative Phytochemical Analysis of Phyllodium pulchellum L. 
Desv.- An Important Medicinal Plant 
 

72 

argentea, Crataegi folium leaves and Polygonum 

bistorta roots. World Academy of Science 
Engineering and Technology. 54, 312-317. 

Dey, S.K., Banerjee, D., Chattapadhyay, S., Karmakar, 
K.B., 2010. Antimicrobial activities of some 
medicinal plants of West Bengal. International 
Journal of Pharma and Bio Sciences. 1(3), 1-10. 

Gandhiraja, N., Sriram, S., Meenaa, V., Srilakshmi, J.K., 
Sasikumar, C., Rajeswari, R., 2009. Phytochemical 
screening and antimicrobial activity of the plant 
extracts of Mimosa pudica L. against selected 
microbes. Ethnobotanical leaflets. 13, 618-24. 

Graham, H.D., 1992. Stabilization of the Prussian blue 
color in the determination of polyphenols. Journal of 
agricultural and food chemistry. 40(5), 801-805. 

Khan, A., Usman, R., Rauf, A., Wang, M.L., 
Muhammad, N., Aman, A., Tahir, T.H.M. (2013). In 

vitro biological screening of the stem of Desmodium 

elegans. Asian Pacific journal of tropical 
biomedicine. 3(9), 711-715. 

Parekh, J., Karathia, N., Chanda, S., 2005. Evaluation of 
antibacterial activity and phytochemical analysis of 
Bauhinia variegata L. bark. African Journal of 
Biomedical Research. 9(1), 53-56. 

Pathak, K., and Das, R.J., 2013. Herbal medicine-a 
rational approach in health care system. 
International Journal of Herbal Medicine, 1(3), 86-
89. 

Sharma, R.K., Vyas, K., Manda, H., 2012. Evaluation of 

Antifungal Effect on Ethanolic Extract of Lepidium 

Sativum L. Seed. International Journal of 
Phytopharmacology. 1(3), 117-120. 

Singh, R., Sharma, S., Sharma, V., 2015. Comparative 
and quantitative analysis of antioxidant and 
scavenging potential of Indigofera tinctoria Linn. 
extracts. Journal of integrative medicine, 13(4), 269-
278. 

Subashkumar, R., Sureshkumar, M., Babu, S., 
Thayumanavan T., 2013.  Antibacterial effect of 
crude aqueous extract of Piper beetle L. against 
pathogenic bacteria. Int. J. Res. Pharm. Biomed. Sci. 
4(1), 42-46. 

Taylor, R. S., Manandhar, N.P., Towers, G.H.N., 1995. 
Screening of selected medicinal plants of Nepal for 
antimicrobial activities. Journal of 
Ethnopharmacology, 46(3), 153-159. 

Vashist, H., Jindal, A., 2012. Antimicrobial activities of 
medicinal plants–Review. Int. J. Res. Pharm. 
Biomed. Sci. 3(1), 222-230. 

Vijayalakshmi, G., Deepti, K., Lakshmi, P.A.K., 2011. 
Phytochemical evaluation and antimicrobial activity 
of crude extracts of Desmodium gangeticium DC. 
Journal of Pharmacy Research. 4(7), 2335-2337. 

Wang, S.Y., Jiao, H., 2000. Scavenging capacity of 
berry crops on superoxide radicals, hydrogen 
peroxide, hydroxyl radicals, and singlet oxygen. 
Journal of Agricultural and Food Chemistry. 48(11), 
5677-5684. 

 
 
How to cite this article:  

Velmurugan, G., Parvathi Anand, S., 2017. Antifungal activity and quantitative phytochemical analysis of 
Phyllodium pulchellum L. Desv.- An important medicinal plant. Int. J. Curr. Res. Biosci. Plant Biol. 4(8), 67-72. doi: 
https://doi.org/10.20546/ijcrbp.2017.408.009  

 
  

48 / 519

https://doi.org/10.20546/ijcrbp.2017.408.009


Available online at www.scholarsresearchlibrary.com 

Scholars Research Library

Archives of Applied Science Research, 2017, 9 (1):31-35

(http://scholarsresearchlibrary.com/archive.html)

ISSN 0975-508X

CODEN (USA) AASRC9

31Scholars Research Library

In vitro Shoot Multiplication Studies on Solanum pubescens Willd an 

Important Antiepileptic Activity Plant

Ayyadurai V* and Ramar K

PG and Research Department of Botany, National College (Autonomous), Tiruchirappalli, Tamilnadu, India,

ABSTRACT

Solanum pubescens Willd is an important medicinal plant which belongs to the family Solanaceae. It is widely used as folk medicine 

and treating for many diseases. Efficient in vitro regeneration of Solanum pubescens was achieved from node and Internode 
explants on MS medium with B5 vitamins and different concentrations and combinations of PGRs like BAP, GA

3
 and KIN. The 

maximum numbers of multiple shoots were achieved from nodal and internodal explants on 3.0 mg/l BAP+1.0mg/l GA3+0.5mg/l 
KIN (80.5%). The regenerated shoots were transferred in to half strength MS medium fortified with IBA for root induction. Rooted 
plantlets were successfully acclimatized. The current study showed efficient in vitro shoot regeneration capabilities of Solanum 
pubescens.

Keywords: Multiple shoots, Solanum pubescens, MS medium, BAP, GA
3
, KIN

INTRODUCTION

Solanum pubescens is a Willd. plant it is an annual erect, unarmed shrub growing up to 1.5 m tall abundantly growing 

as weed of forest and the hills of South-Eastern Ghats in Andhra Pradesh peninsular India and Sri Lanka. Commonly 

known as Ushtichettu, Kasivuste and pajarito in Telugu and Kaattu sundai kaai in Tamil, flowering and fruiting is 
in the month of July to February. Solanum pubescens is a traditional medicine plant for the treatment of headache, 

menstrual pain, rheumatoid arthritis, tuberculosis, ulcers, etc [1]. It exhibits gastro protective activity [2]. The use of 

herbal preparations in the management of various forms of epilepsies is very common in many parts of the world. 

Epilepsy affects more than 50 million persons worldwide [3]. Seizure is a characteristic feature in epilepsy and is 

associated with disordered and rhythmic high frequency discharge of impulses by a group of neurons in the brain 

and status epilepticus is characterized by repeated episodes of epilepsy without the patient having recovered from 

the previous attack [4]. There are many classes of anticonvulsants that are of clinical usefulness with good prognosis 

for controlling seizures in most patients [5]. These and the treatment cost have made traditional herbs and herbalists 

very useful and indispensable in the struggle for seizure management and future antiepileptic drug development. 

Despite this many patients have seizures that are not adequately managed by the established antiepileptic drugs [6] 

for this above medicinal purposes; this plant is highly focused in many countries and pharmaceutical industries. 

Tissue culture plays an important key role for medicinal plants in rapid propagation, conservation and enhanced the 

production of secondary metabolites. The secondary metabolites production can be possible through in vitro plant 

cell culture [7,8]. In this present investigation was undertaken with an objective to develop an efficient in vitro Shoot 

regeneration protocol for important medicinal plant Solanum pubescens through nodal and internodal explants.

MATERIALS AND METHODS

Plant material and surface sterilization

Healthy plant of Solanum pubescens were collected from Western Ghats, Sirumalai, Dindugal district, Tamilnadu. 

The node and Internode explants were taken from 4-5 months old plants. All the explants were washed thoroughly 

with running tap water for 20 mins. The sterilization of explants was done by dipping them in 70% ethanol for 10 

seconds followed by continuous shaking. Then the explants were washed with detergent Tween-20 for 5 mins and 

after that explants were surface sterilized by 0.1% mercuric chloride (HgCl
2
) for 1 min then finally rinsed for 3 times 

with sterilized distilled water the explants were aseptically transferred onto nutrient medium for shoot induction.
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Shoot regeneration

In a laminar air flow cabinet, sterilized node and Internode explants (about 1.0 cm in length) were inoculated in culture 
tubes (22 × 150 mm) containing 25 ml of sterile Murashige and Skoog (MS) [9] with B5 vitamins [10] supplemented 

with 3% (w/v) sucrose, 8 g/l agar, and pH adjusted to 5.8. Explants were maintained in a growth room in the dark at 

a temperature of 25ºC. After 20 days, shoot induction. The basal medium was supplemented with different growth 

regulators in different concentrations and combinations. In the present study, two types of media were employed on 

the basis of growth regulator used. The shoot differentiating medium. The former medium was fortified with various 
concentrations of N6-benzylaminopurine BAP; 1.0–5.0 mg/l alone or in combination with α-naphthalene acetic acid 
KIN; 0.5 mg/l and GA

3
 1.0 mg/l the shoot was periodically sub cultured on MS medium supplemented with 4.0 

mg/l BAP for shoot regeneration from node and Internode were transferred to each culture tube. Data on percentage 

of shoot forming shoots and mean shoot number and length of differentiated shoots were recorded after 45 days of 

culture. MS medium lacking growth regulators served as the control.

Shoot elongation, rooting and field transfer

The shoots below 2.5 cm in length were excised and sub cultured on MS medium supplemented with 4.0 mg/l BAP 

for shoot elongation. The shoots having approximately 3.0 cm in length were harvested from the shoot elongation 

medium and cultured on half strength MS medium supplemented with various concentrations of indole-3-butyric acid 

(IBA; 0.5-2.5 mg/l) or NAA (0.2–1.0 mg/l) for root induction. Data were recorded for percent rooting, root number 

and length after 45 days of transfer on rooting medium. Plantlets with well developed roots were removed from 

culture tubes, washed well to remove the remnants of agar from roots and transplanted to plastic cups (6 cm diameter) 

containing garden soil and sand (1:1). The plantlets were placed in a glasshouse set at 24 ± 2ºC, 82–88% relative 

humidity and irradiance (60 mg/l m−2s−1) provided by cool white fluorescent tubes. Plants were irrigated with half-
strength MS salt solution for 3 weeks and thereafter with water. After two months the plants were transferred to larger 

pots and kept under shade in a net house for another two weeks before transferring outside under full sun to develop 

into mature plants.

Culture conditions

The pH was adjusted to 5.8 with 1.0 N HCl or 1.0 N NaOH before autoclaving the medium at 1.06 kg cm−2 and 121ºC 

for 20 mins. The cultures were maintained in a culture room with a 16 hrs /8 hrs light/dark photoperiod at 23 ± 2ºC 

unless otherwise mentioned. Light was supplied at intensity of 80 _mol m−2s−1 supplied by two Philips TL 40W 
cool-white fluorescent lamps. Each treatment consisted of 20 tubes and all experiments repeated 3 times. The data 
were presented as mean and its standard deviation (mean ± SD) and comparisons of means were carried out with 

Duncan’s multiple range tests [11] at 0.05% significance.

RESULT

Plant regeneration

The Node and Internode explants were inoculated on MS medium with B5 vitamins supplemented with various 

concentrations of BAP (0.5–5.0 mg/l) alone or in combination with KIN (0.5 mg/l) and GA
3
 (1.0 mg/l) were used for 

culture initiation and multiplication of shoots. After 12 days of inoculation multiple shoot induction was observed 

from the explants. The mean number of multiple shoots was recorded on after 4 weeks of inoculation. In nodal and 

internodal explants were showed the maximum number of multiple shoots on BAP (3.0 mg/l)+GA
3
 (1.0 mg/l) KIN 

(0.5 mg/l) and obtained the best response (Figures 1a-1f).

Shoot elongation, rooting and field transfer the length of some shoots (about 22%) were less than 1.0 cm and not 
suitable for root induction. Therefore, such shoots were excised from the shoot clumps and transferred to a fresh 

MS medium containing BAP (3.0 mg/l). The shoots elongated to a mean Number of shoots of 8.6 ± 0.32, Response 

99% with minimum 5 nodes in 4 weeks. Although rooting was observed on half strength MS basal medium, the 

percent response and number of roots were low. Hence, further experiments were carried out with the half strength 

MS medium supplemented with NAA or IBA. The elongated shoots measuring a size of 8.6 ± 0.32 were transferred 

to half strength MS medium supplemented with NAA (0.2–1.0 mg/l) or IBA (0.5–2.5 mg/l). Comparatively, IBA 

was more effective for root induction than NAA, as the former resulted in optimum rooting frequency (98%) than 

the latter (68%). Half strength MS medium supplemented with 2.0 mg/l IBA was the best for percentage induction 

(98%) and average number of roots per culture the rooted shoots were successfully transplanted to thermocol cups 

containing sand: soil (1:1) and acclimatized two months after transplantation of the 98 plants transplanted to soil 83 

survived they grew well with irrigation and showed new growth after 4 weeks (Graph 1).
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Figure 1: a-Shoot induction from intermodal explants, b-Multiple shoot induction, c- Shoot elongation, d-Shoot induction from nodal explants, 

e- Multiple shoot induction, f- Shoot elongation.

Graph: 1 Effect of various media compositions of plant growth regulators on multiple shoot induction from Solanum pubescens Willd.

DISCUSSION

The aim of the present investigation was to obtain high frequency shoot regeneration from nodal and internodal 

explants. There are some reports available on another species Withania somnifera [12] and [13]. We have used several 

explants for callus induction as a preliminary study. However, the satisfactory result was obtained with nodal and 

internodal explants only. Therefore, only the nodal and internodal explants were used for the present study. Similar 

results on superiority of intermodal explants on callus induction and shoot organogenesis have been reported in 

other systems like Achillea millefolium L [14]. The optimum plant growth regulator combination for callus induction 

was 4.0 mg/l 2, 4-D and 0.5 mg/l Kin. This study is in agreement with other systems where 2, 4-D and Kin induced 

callus has been reported in other systems like Diplocyclous palmatus L [15]. In this study, the light yellow, friable 

calli formed on all plant growth regulator combinations exhibited organic potential in the present study, MS medium 

supplemented with 4.0 mg/l BAP, GA3 1.0 mg/l and 0.5 mg/l NAA was optimum for shoot organogenesis from callus. 

The present report is in agreement with several previous reports where an auxin-cytokine combination provided 

maximum shoot induction response from callus. In Physalis peruviana highest shoot regeneration from callus was 

noted on MS medium supplemented with BAP 2.0 mg/l +NAA1.0 mg/l+GA
3
 1.0 mg/l [16]. The two cytokinins used 

for shoot induction from callus, BAP was superior to Kin. It has been reported that BA being considered as one of 

the most potential cytokinin for shoot induction and used for micro propagation of several plants such as Valeriana 

jatamansi Jones [17], Gentiana dinarica [18], Mentha piperita [19], Ajugabracteosa [20] and Stevia rebaudiana [21]. 

Because of high frequency proliferation and regeneration potential, the present callus lines could be an ideal target 

material for Agro bacterium mediated or direct gene transfer (Table 1).
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Plant growth regulators  (mg/l) Number of shoots/explants (Mean ± SD) % Response

 BAP KIN GA3

0.5 0.5 1.0                                      3.4 ± 0.89 45

1.0 0.5 1.0                                      5.3 ± 0.13 48

1.5 0.5 1.0                                      6.5 ± 0.56 51

2.0 0.5 1.0                                      7.5 ± 0.21 98

2.5 0.5 1.0                                      5.7 ± 0.26 97

3.0 0.5 1.0                                      8.6 ± 0.32 99

3.5 0.5 1.0                                      7.4 ± 0.47 89

4.0 0.5 1.0                                      7.5 ± 0.21 98

4.5 0.5 1.0                                      5.2 ± 0.57 95

5.0 0.5 1.0                                      4.8 ± 0.36 97

Mean values within a column followed by the same letter are not significantly different by Duncan’s multiple range tests (P ≥ 0.05).  The values 
represent the means (± SE) of three independent experiments. At least 20 cultures were raised for each experiment.

Table 1: Effect of various media compositions of plant growth regulators on multiple shoot induction from node and Internode Medium: MS; 

culture period: 20 days

Shoot elongation 3.0 mg/l BA was optimum for Solanum pubescens. According to [22] Withania coagulans, BAP is 

the key plant growth regulator for shoot elongation and low concentration of BAP is ideal for optimum result. In this 

study full strength MS medium produced callus at the basal cut end and was not suitable for root induction as reported 

in other systems Withania somnifera [23]. Therefore, half strength MS medium was employed for the present study. 

Our study is in line with other reports where half strength MS medium produced optimum rooting response Silybum 

marianum and Silymarin accumulation [24] and [25] during the present investigation, it has been clearly indicated 

that the highest root induction from shoot was obtained on IBA. These results are comparable with those described 

by other researchers for IBA induced rooting in other species Pelargonium graveolens [26]. Azadirachta indica [27]. 

Jatropha curcas L [28], Withania somnifera [29].

CONCLUSION

In the present investigation, we have reported very simple and efficient protocol for in vitro shoot regeneration of 

Solanum pubescens as compared to the methods described for other members of Solanaceae. This will be useful 

for conservation and sustainable utilization of this medicinal Shrub. These are the first protocol for in vitro shoot 

regeneration of Solanum pubescens. Further, this approach can be used for mass multiplication of targeted medicinal 

plants in short span of time to cater to the need of pharmaceutical industries. Our success with in-vitro establishment 

clearly indicates that micro propagation is an effective and useful technique for the reproduction of this species.

ACKNOWLEDGEMENT

The authors would like to acknowledge the support received form PG & Research Department of Botany National 

College (Autonomous), Tiruchirappalli, Tamilnadu, India for providing the necessary infrastructure.

REFERENCES

[1] Sumalatha, PP:, et al.,  International Journal of Pharmacology, 2013. 4(2): pp: 149-51. 

[2] Hemamalini, K., et al., International Journal of Pharmaceutical and Biomedical Research, 2011. 2(1): pp: 38-42. 

[3] White, HS., Epilepsia, 1999. 40: pp: 2-10. 

[4] Sonavane, G.S., et al., Indian Journal of Pharmacology, 2002. 34: pp: 332-338. 

[5] Cockerel, OC., et al., Lancet, 1995. 346: pp: 140-144.  

[6] Adeyeni, O.O., Yemital, O.K., and Adebiyi, O.O., Journal of Ethanopharmacol, 2007. 113: pp: 111-114. 

[7] Barz, W., and Ellis, B., Hippokrates, 1981. 32: pp: 471- 507.

[8] Deus, B., and Zenk, MH., Biotechnology Bioengineering, 1965. 24: pp:74.

[9] Murashige, T., and Skoog, F., Physiol. Plant, 1962. 15: pp: 473-497.

[10] Gamborg, OL., Miller, RA., and Ojima, O., Experimental Cell Research, 1968. 50: pp: 151-158.

[11] Duncan, DB., Biometrics, 1995. 11: pp: 1–42.

[12] Shekhawat, M.S., Kannan, N., and Manokari, M., South African Journal of Botany, 2015. 10: pp: 43-50.

[13] Jiang WeiMei, Zhao MingShui, and FU Cheng Xin, Conservation Biology of Endangered Wildlife, 2011. 56 (24): 

pp: 2580-2585.

52 / 519



Ayyadurai, et al., Arch. Appl. Sci. Res., 2017, 9 (1):31-35

35Scholars Research Library

[14] Arzu Ucar Turker, Buhara Yucesan, and Ekrem Gurel, Journal of Plant Biochemistry and Biotechnology, 2009. 

18(1): pp: 65-69.

[15] Ramar, K., and Ayyadurai, V., International Journal of Innovative Pharmaceutical Sciences and Research, 2015. 

3 (4): pp: 314-322.

[16] Ramar, K., and Ayyadurai, V., Int.J.Curr.Microbiol.Appp:Sci, 2014. 3(3): pp: 456-464.

[17] Sumit Purohit, et al., Journal of Applied Research on Medicinal and Aromatic Plants, 2015. 2: pp: 15-20.

[18] Vinterhalter, B., et al., Central European Journal of Biology, 2012. 7: pp: 690–697.

[19] Mehta, J., et al., Asian Journal of Plant Science, 2012. 2: pp: 518–523.

[20] Kaul, S., Das, S., and Srivastava, SV., Physiology and Molecular Biology of Plants, 2013. 19: pp: 289–296.

[21] Lata, H., et al., American Journal of Plant Science, 2013. 4: pp: 117–128.

[22] Mangal Rathore, S., et al., South African Journal of Botany, 2016. 102: pp: 12-17.

[23] Gita Rani, and Grover, I.S., Plant Cell Tissue and Organ Culture, 1999. 57: pp: 23–27.

[24] Mohamed Rady, R., et al., Journal of Genetic Engineering and Biotechnology, 2013. 1: pp: 1-5.

[25] Peibei Sun, Maria Arrieta-Montiel, PP:, Sally Mackenzie, A., Theor Appl Genet, 2012. 125: pp: 449–454.

[26] Benazir J. F., et al., Journal of Medicinal Plant Research, 2013. 7(38): pp: 2815-2822.

[27] Srivastava, PP:, et al., Biologia Plant arum, 2009. 53(2): pp: 360-364.

[28] Ravindra Meena, et al., Research gate, 2016. 1: pp: 1-9.

[29] Vibha Pandey, et al., International Journal of Technical Research and Applications, 2013. 1(5): pp: 01-06.

53 / 519



 

 

International Journal of Pharmacy and Biological Sciences 

ISSN: 2321-3272 (Print), ISSN: 2230-7605 (Online) 

IJPBS | Volume 7 | Issue 3 | JUL-SEPT| 2017 | 61-64 

 Original Research Article – Biological Sciences| Open Access| UGC Approved | MCI Approved Journal 

 

 

 

International Journal of Pharmacy and Biological Sciences                                             G. Velmurugan* & S.P. Anand 

  

                                                                                                                                        www.ijpbs.com  or www.ijpbsonline.com 

 

61 

PHYTOCHEMICAL ANALYSIS OF PHYLLODIUM PULCHELLUM L. DESV. LEAF 

BY UV-VISIBLE SPECTROSCOPY AND FTIR 

 

G. Velmurugan1* and S.P. Anand2 

1,2PG and Research Department of Botany, National College (Autonomous), Tiruchirappalli-620001 

Tamil Nadu, India 

 

*Corresponding Author Email: velmuruganbotany@gmail.com 

     

ABSTRACT  

The present study investigates the characterization of the bioactive constituents showing antimicrobial activity 

present in the leaf extract of Phyllodium pulchellum using UV-VIS and FTIR spectroscopy. The ethanolic leaf extract 

of P. pulchellum prepared to analyze under ultraviolet and visible light. The scanning of the crude extract was done 

at the range from 380 to 900 nm through UV Visible spectrophotometer system and the characteristic peaks were 

detected. FTIR study was done on ranging 4000-400 cm-1which revealed the characteristic peak values showing 

the absorption and functional groups present in leaf extract. The UV-VIS profile showed the peaks at 382.70, 

413.68, 536.18, 610.37 and 664.61 nm with the absorption 2.7930, 2.5932, 0.3114, 0.4185 and 1.5966. The result 

of FTIR spectra confirms the presence of alcohols, phenol, alkenes, aromatics, alkyl halides, primary and secondary 

amines compounds. The results of our study generated the UV-VIS and FT‐IR spectrum profile of medicinally 
important plant P. pulchellum. In future, it can be used in the pharmaceutical industry for treating various diseases. 

 

KEY WORDS 

UV-VIS Spectroscopy; FTIR Spectroscopy; Phyllodium pulchellum; leaf extract 

 

INTRODUCTION 

Plants with medicinal properties are gaining a lot of 

importance due to their role in various health concerns 

of human population in different nations. There is an 

exponential growth in the need of the plant based 

drugs in the international market because of high 

effectiveness, easily available, economical, evidently 

negligible toxicity, as side effects and proving to be a 

good substitute for allopathic medicines.1 Medicinal 

plants provide raw materials for indigenous health care 

systems such as Ayurveda, Unani and Siddha and also 

for modern medicines. Some estimates indicate that, 

over 25,000 effective plant based formulations are 

available in Indian medicine, 1.5 million practitioners 

use medicinal plants in preventive, promotional and 

curative applications.2 Phytochemical characterization 

of plant material is important as it relates to the nature 

and extent of therapeutic action possible with its use. 

Among the thousands of naturally occurring 

constituents so far identified in plants and exhibiting a 

long history of safe use, there are none that pose- or 

reasonably might be expected to pose- a significant risk 

to human health at current low levels of intake when 

used as a flavoring substance.3 The unknown organic 

compounds in a complex mixture can be determined by 

the interpretation and also by matching the spectra 

with reference spectra.4 FT-IR Spectroscopy has 

demonstrated to be a reliable and sensitive method for 

finding out the functional groups, present in plant 

samples using IR region in the range of 400 to 4000 cm-

1. For most common plant compounds, the spectrum of 

an unknown compound can be identified by 

comparison to a library of known compounds.5 UV-VIS 

spectroscopy uses light in the visible ranges or its 

adjacent ranges. The color of the chemicals involved 

directly affects the absorption in the visible ranges. 

Molecules undergo electronic transitions in these 

ranges of the electromagnetic spectrum.6 
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Phyllodium pulchellum L. Desv. is a perennial plant with 

slender, branching stems that become more or less 

woody. It can grow 50 - 250 cm tall. The plant is 

harvested from the wild for local use as a medicine. The 

plant is classified as 'Least Concern' in the IUCN Red List 

of Threatened Species. The roots and leaves are used 

for reducing fever and as an antiphlogistic and diuretic. 

The whole plant is used in a post-partum treatment; to 

treat rheumatic fevers; to cure toothache; to help 

dissolve internal blood clots; and is also considered a 

remedy for convulsions in infants. In recent years, in 

order to detect the quality of medicines plants, many 

studies have been carried out to understand the 

variation of chemical information caused by these 

factors.7,8 The biological activities and phytochemical 

constituents of this expensive resource belonging to the 

plant kingdom have remained undocumented, so long 

and in order to correct the situation, the present 

research work has been taken up to produce the UV-VIS 

and FTIR spectrum profile of Phyllodium pulchellum. 

 

MATERIALS AND METHODS 

Plant Material 

The fresh leaf of Phyllodium pulchellum (Threatened 

plant) was collected from Jambhuthu hamlet, 

Bodamalai, Namakkal district, Tamil Nadu. The leaf was 

washed with running water and then with distilled 

water. 10 g of air-dried powder was taken with 100 ml 

of organic solvent (ethanol) in a conical flask, plugged 

with cotton wool and then kept on a rotary shaker at 

190-220 rpm for 24 h. After 24 hours the supernatant 

was collected, and the solvent was evaporated to make 

the final volume one-fourth of the original volume and 

stored at 4°C in airtight bottles.9 

 

RESULTS AND DISCUSSION 

Spectral studies  

UV-VIS and FTIR analysis 

The qualitative UV-Vis spectrum profile of P.pulchellum, 

ethanolic leaf extract was selected at wavelengths from 

380 to 900 nm, due to sharpness of peaks and proper 

baseline. The profile showed the peaks 382.70, 413.68, 

536.18, 610.37 and 664.61 with absorption 2.7930, 

2.5932, 0.3114, 0.4185, 1.5966 respectively (Table 1 & 

Fig 1). 

The characteristic absorption bands exhibited at 

3432.65 cm-1 for O–H stretch, H–bonded, 1642.61 cm-1 

for –C=C– stretch, 1445.74 cm-1 for C–C stretch (in–
ring), 1296.18 cm-1 for C–H wag (–CH2X), 666.90 cm-1 

for N–H wag. The absorption bands at 3415 cm-1 (OH) 

and 1064 cm-1 (O-H bending) are due to the hydroxyl 

group. The functional groups were present in plants 

extract of alcohols, phenol, alkenes, aromatics, alkyl 

halides, primary and secondary amines (Table 2 & Fig 

2). Lakshmi et al., reported the presence of alcohols, 

phenols, alkanes, primary, secondary, aromatic, 

aliphatic amines, carboxylic acids, nitro compounds, 

alpha, beta-unsaturated esters and alkyl halides as 

functional groups during Fourier Transform Infrared 

(FT-IR) Spectroscopic study of Clitoria ternatea and it’s 

different leaf extracts.10 Lakshmi et al., during FT-IR 

analysis of Acacia catechu seed was revealed that 

powder showed lipids, carboxylic acids, aliphatic, 

aromatic nitro compounds, alkanes, alkyl halides, 

aliphatic amines and esters.11 Analysis of the leaf 

extract of sample under FTIR and UV-VIS spectroscopic 

technique showed that the presence of phenolic 

compound and flavonoid which can be isolated and 

further screened for different kind of biological 

activities depending their therapeutic uses. 

Table 1: UV Visible Spectroscopic studies on the ethanolic leaf extract of Phyllodium  pulchellum 

Nanometers Absorption 

382.70 2.7930 

413.68 2.5932 

536.18 0.3114 

610.37 0.4185 

664.61 1.5966 
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Figure 1: UV Visible Spectroscopic studies on the ethanolic leaf extract of  Phyllodium  pulchellum 

Table 2: FTIR peak values and functional groups of ethanol leaf extracts of P.Pulchellum 

Peak values Bonds Functional groups 

3432.65 O–H stretch, H–bonded Alcohols, phenols 

2072.97 - Unknown 

1642.61 –C=C– stretch Alkenes 

1445.74 C–C stretch (in–ring) Aromatics 

1296.18 C–H wag (–CH2X) Alkylhalides 

666.90 N–H wag Primary, secondary amines 

 

 

Figure 2: FT-IR Spectroscopic studies on the ethanolic leaf extract of Phyllodium pulchellum 
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Conclusion 

The present study was carried to detect the 

spectroscopic characterization of the ethanolic leaf 

extract of P.pulchellum. The value of absorption 

obtained at these wavelengths indicates the presence 

of flavonoids and its derivatives. Furthermore, work is 

required to determine the structure of alkaloids and 

flavonoid compound by use of various more advanced 

analytical techniques such as Mass and NMR 

spectrophotometer. 
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ABSTRACT

Objectives: In this study, we determined the in vitro antioxidant capacity of Phyllodium pulchellum of aqueous, ethanol, and chloroform leaf extracts.

Methods: In this context, the in vitro antioxidant activity was demonstrated by 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2′-azinobis(3-
ethylbenzothiazolone-6-sulfonic acid) (ABTS+) radical scavenging assay, the total antioxidant activity of phosphomolybdenum assay and hydroxyl 

radical scavenging activity in different leaf extracts of P. pulchellum. The antioxidant activity of the extracts was compared to standard ascorbic acid.

Results: All the four methods of antioxidant showed good reducing power and reducing capacity with increasing concentration again taking the 

ethanol leaf extract to the top position. Remarkable of antioxidant activity was observed in ethanol leaf extract on the hydrogen peroxide scavenging activity with the lowest inhibitory concentration 50 values of (155.40 μg/ml) followed by DPPH (432.90 μg/ml) and ABTS+ (524.40 μg/ml).
Conclusion: These results suggest that the leaf of P. pulchellum could be a valuable source of new antioxidant properties, from the above results it seen 

that this plant exhibits pharmaceutical activity.

Keywords: Phyllodium pulchellum, Fabaceae, Leaf extracts, 2,2-diphenyl-1-picrylhydrazyl, 2,2′-azinobis(3-ethylbenzothiazolone-6-sulfonic acid), 
Inhibitory concentration 50.

INTRODUCTION

Phyllodium pulchellum L. Desv. (Vellalothi in Tamil) is a flowering 

plant species and widely distributed in South India as a threatened 

medicinal plant belonging to the family of Fabaceae. It is a Subshrub 1(3) m; branchlets downy pubescent to tomentose. P. pulchellum (Syn. 

Desmodium pulchellum (L.) Benth) is used to treat various diseases such 

as anti-inflammatory, analgesic, antioxidant, hemorrhage, diarrhea, 

poisoning, and eye diseases [1]. The genus relative plants are reported to have anthelmintic [2], anti-hepatic fibrotic [3], antidiarrheal [4], 
anti-inflammatory [5], and antidiabetic [6]. The international union 

for conservation of natural and national resource has a long time ago 

listed P. pulchellum (L.) Desv. as a threatened species [7]. The genus Desmodium, of the Fabaceae family, includes about 350 species 
distributed in tropical and subtropical zones of the worldwide. However, 

no studies to date have been able to reveal the antioxidant effect of 

any Desmodium species other than D. gangeticum and D. triflorum. 

Hence, for there is no scientific report on the antioxidant activities in 

the particular species. Therefore, the present study was undertaken to 

evaluate and compare the antioxidative activities of different solvent 

leaf extracts of P. pulchellum in different methods.

MATERIALS AND METHODS

Preparation of plant extracts
Fresh plant material was washed under running tap water, air dried and powdered. About 30 g of coarsely powdered plant materials 

(30 g/300 ml) were extracted in a Soxhlet extractor for 8-10 hrs, 
sequentially with aqueous, ethanol, and chloroform. All the solvent 

extracts were evaporated to remove the final traces of the respective 

solvents. Dried extracts were kept at 20°C until further test was carried 

out.

In vitro antioxidant activity
Free radical scavenging activity of the various solvent of leaf extracts 

in P. pulchellum was determined using various in vitro assays such as 

2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity, 2,2′-azinobis(3-ethylbenzothiazolone-6-sulfonic acid) (ABTS) radical 
scavenging assay, total antioxidant activity of phosphomolybdenum 

assay, and hydroxyl radical scavenging activity.

DPPH radical scavenging activityFree radical scavenging activity was measured using DPPH method [8]. Different concentrations (1000, 800, 600, 400, and 200 μg/ml) of crude 
extracts and taken in test tubes in triplicates. Then, 5 ml of a 0.1 mM 

ethanol solution of DPPH (1,1,diphenyl-2-picrylhydrazyl) was added 

to each of the test tubes and was shaken vigorously. They were then allowed to stand at 37°C for 20 minutes. The control was prepared 
without any extracts. Ethanol was used for baseline corrections in 

absorbance (optical density [OD]) of the sample measured at 517 NM. 

Ascorbic acid is used as reference antioxidant compound. A radical 

scavenging activity was expressed as 1% scavenging activity and was 

calculated by the following formula:

( ) OD control – OD sample
Radical scavenging activity % =

OD control
×100

ABTS radical scavenging assay
The efficacy of plant extracts to scavenge free radicals was determined using ABTS radical scavenging assay with minor modification [9]. Freshly prepare the ABTS radical solution by adding 5 ml of 4.9 mM 

© 2017 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (http://creativecommons. org/licenses/by/4. 0/) DOI: http://dx.doi.org/10.22159/ajpcr.2017.v10i10.19919

Research Article

Plant material
P.  pulchellum  was  collected  from  the  Jambhudu  hamlet  of 

Bodamalai  at  Namakkal  District,  Tamil  Nadu,  India,  and 

identified  following  the  Botanical  Survey  of  India  and  the voucher specimen (BSI/ SRC/5/23/2012-13/Tech-1795 & Serial No. 2) was deposited in the herbarium of the Department of Botany, National

 College (Autonomous), Tiruchirappalli - 620 001, Tamil Nadu, India.
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ammonium persulfate solution to 5 ml of a 14 mM ABTS solution and 

keep for 16 hrs under dark condition. The solution is diluted with distilled water to yield an absorbance of 0.70±0.02 at 734 nm, and the same is used for the assay. To 900 μl of the ABTS radical solution, add 100 μl of the extract (1000, 800, 600, 400, and 200 μg/ml) and the 
reaction mixture is vortexed for 10 seconds and the assay was done. 6 minutes after record the absorbance at 734 nm against distilled water using (Beckman DU-530) ultraviolet-visible spectrophotometer. 
Ascorbic acid was used as reference standard. The radical scavenging 

activity was calculated using the formula:

ABT scavenging activity =
Absorbance of  test sample

Absorbancce of  blank sample
×100

Total antioxidant activity of phosphomolybdenum assay
Determination of total antioxidant capacity developed by method [10]. 0.2 ml of plant extract (1000, 800, 600, 400, and 200 μg/ml) is mixed with 1.8 ml of distilled water, 2 ml of phosphomolybdenum reagent solution. Incubate it at 95°C for 90 minutes. The mixture is cooled to room temperature, and the absorbance is measured at 695 nm against 
a reagent blank. The test was performed in triplicate. The antioxidant 

capacity is expressed as ascorbic acid equivalent (AAE) and was 

calculated by the following theoretical formula:

A
c V

M
=

×

Where, A=Total content of antioxidant compounds, (mg/g) leaf extract, 
in AAE, c=The concentration of ascorbic acid established from the calibration curve, (mg/ml), V=The volume of extract (ml), and m=The 
weight of crude leaf extract (g).

Hydroxyl radical scavenging activity
The scavenging activity of the leaf extract on hydroxyl radical was 

measured according to the method [11]. Various concentrations (200, 400, 600, 800, and1000 μg/ml) of extracts were added to 1.0 ml of iron-ethylenediaminetetraacetate (EDTA) solution (0.13% ferrous ammonium sulfate and 0.26% EDTA), 0.5 ml of EDTA solution (0.018%), and 1.0 ml of dimethyl sulfoxide (0.85% v/v in 0.1 M phosphate buffer, 
pH 7.4). The reaction was initiated by adding 0.5 ml of ascorbic acid (0.22%) and incubated at 80-90°C for 15 minutes in a water bath. After 
incubation, the reaction was terminated by the addition of 1.0 ml of ice-cold trichloroacetic acid (17.5% w/v). 3 ml of Nash reagent (75.0 g 

of ammonium acetate, 3.0 ml of glacial acetic acid, and 2 ml of acetyl 
acetone were mixed and raised to 1 L with distilled water) were added 

and left at room temperature for 15 minutes, and the test was done 3 times. The reaction mixture without sample was used as a control. 
The intensity of the color formed was measured spectroscopically 

at 412 nm against the reagent blank. The percent hydroxyl radical 

scavenging activity is calculated by the following formula:

Hydroxyl radicalscavenging activity =
Test sample absorbancee

Blank sample absorbance
×100

RESULTS AND DISCUSSION

DPPH radical scavenging activity
The scavenging activity of all the extracts was found to be less when 

compared to that the standard ascorbic acid. Among the different 

extracts, the ethanol leaf extracts of showed high DPPH scavenging activity at 1000 μg/ml (81.5±0.02) followed by aqueous and chloroform 
(Table 1). From the results, it is known that the species, P. pulchellum 

possess hydrogen donating capabilities for ethanolic leaf extracts and 

execute scavenging free radicals.

ABTS radical scavenging assay
ABTS radical scavenging activity of different extracts of P. pulchellum 

is shown in Table 2. Ethanolic leaf extracts of P. pulchellum showed maximum free radical scavenging for ABTS assay at 1000 μg/ml concentration (75.13%) with a respective standard value of (82.13%) 
followed by aqueous and chloroform extracts. Among the all tested 

plant samples, ethanolic extracts of P. pulchellum exhibited the majority 
effective radical scavenging activity. All the extracts showed an increase 

in antioxidant capacity with an increase in the amount.

Total antioxidant activity of phosphomolybdenum assay
Phosphomolybdate method is also a quantitative assay, while the total 

antioxidant capacity is expressed as AAE. The total antioxidant activity of different concentrations in (200-1000 μg/ml) this method. The ethanolic leaf extract is higher than (2.069±0.002) with in respective standard value is 2.201±0.029. Although the antioxidant capacity 
of the extracts was found to the decrease arrange as followed by ethanol˃aqueous˃chloroform (Table 3).
Hydroxyl radical scavenging activityThe concentrations range from 200 to 1000 μg/ml of different extracts 
was assessed for their hydroxyl radical scavenging activity. From 

Table 1: DPPH radical scavenging activity of leaf extract from P. pulchellum

Concentration (μg/ml) Absorbance at 517 nm

Aqueous extract Ethanol extract Chloroform extract Ascorbic acid (SD)
200 34.7±0.03 37.7±0.05 23.4±0.02 39.1±0.01
400 45.5±0.04 48.2±0.02 36.3±0.57 48.4±0.05
600 56.1±0.02 58.6±0.04 47.6±0.05 63.4±0.01800 68.6±0.01 69.3±0.03 50.6±0.06 86.1±0.07
1000 76.8±0.03 81.5±0.02 67.2±0.10 91.1±0.08
Values were performed in triplicates and represented as mean±SD, DPPH: 2,2-diphenyl-1-picrylhydrazyl, P. pulchellum: Phyllodium pulchellum

Table 2: Activity of P. pulchellum leaf extracts in the ABTS cation radical assay

Concentration (μg/ml) % inhibition of ABTS radical

Aqueous extract Ethanol extract Chloroform extract Ascorbic acid (SD)
200 20.15 27.19 19.11 15.18
400 33.70 44.13 28.10 29.55
600 47.62 58.82 41.01 42.87800 59.31 67.31 53.05 68.64
1000 72.41 75.13 68.82 82.13ABTS: 2,2′-azinobis (3-ethylbenzothiazolone-6-sulfonic acid), P. pulchellum: Phyllodium pulchellum
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Table 4, it is clear that the ethanolic leaf extracts of P. pulchellum showed greatest scavenging activity (93.70%) at 1000 μg/ml concentration 
followed by aqueous and chloroform with the standard values of 96.67%, respectively. The results showed the scavenging potential of 
P. pulchellum against hydroxyl radicals (Table 4).The dosage of the extract is expressed in μg of the dry weight of the extract (compound)/mL of the assay mixture. Inhibitory concentration 
50 (IC

50
) value represents the concentration of test extract or compound 

where the inhibition of test activity reached 50%. Among the plant 

extracts, ethanolic extract showed the highest activity, with an IC
50

 value of 524.40 μg/ml. Moreover, the ABTs radical inhibition activity was in 
the order ethanol>chloroform>aqueous. The IC

50
 value of aqueous and chloroform extracts and ascorbic acid was 651.32 μg/ml, 728.18 μg/ml, and 529.21 μg/ml, respectively. The DPPH radical scavenging capacity 

in the order: Ethanol>chloroform>aqueous and then scavenging ability 

on hydroxyl radicals was in the order: Ethanol>chloroform>aqueous 

(Table 5).

species, Desmodium gangeticum (L.) DC., Desmodium heterocarpon 

(L.) DC., Desmodium intortum (DC.) Urb., Desmodium microphyllum 

(Thunb ex Murray) DC., Desmodium renifolium (L.) Schindl., Desmodium 

scorpiurus (Sw.) Desv., Desmodium sequax Wall. (DSE), Desmodium 

tortuosum (Sw.) DC., D. triflorum (L.) DC., and D. uncinatum DC.[16]. 

A similar observation was made in Toddalia asiatica [17], Thevetia 

peruviana [18], and Leucas aspera [19] reported that the amount of 
sensitivity increased with the regular increase in the concentration of 

extracts. There is no report that antioxidant activity of P. pulchellum leaf 

extracts. Hence, far we identify this is the first report that envisages 

the antioxidant activities of P. pulchellum leaf extracts. The extracts of 

P. pulchellum could be potential as a source of valuable phytochemical 

compounds used for the pharmaceutical industry and antioxidant 

mechanisms.

CONCLUSION

Based on the resulted find in this study, it is concluded that the ethanolic 

leaf extract of P. pulchellum exhibits considerable antioxidant radical 

scavenging activity on all tested assays. Therefore, further research is 

needed for the isolation and identification of the active components in 

the extracts.
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Rising concern in the investigate for natural alternatives in favor 

of synthetic antioxidant has led to the evaluation of plant sources. In 

this  study,  leaf  extract  of  P.  pulchellum  exhibited  outstanding 

scavenging  effects  on  DPPH  radical  scavenging  activity,  ABTS 

radical  scavenging  assay,  total  antioxidant  activity  of 

phosphomolybdenum assay, and hydroxyl radical scavenging activity. 

Along with the good number widely used procedures for measurement 

of antioxidant activity capacity, the DPPH radical scavenging analysis 

is one of the top known, correct, and regularly employed to measure

 the electron donating ability of the plant [12,13]. Dechayont et 

al., reported that the moderate antioxidant activity from Pogostemon

 cablin  and  inhibited  bacteria  commonly  responsible  for 

community and hospital acquired infections [14]. Usmangani 

et al.  reported that leaf  and fruit  extracts of  D. palmatus  were 

determined to have a certain level of  radical  scavenging effect, 

proportional  to  their  level  of  phytochemicals  [15].  Similar 

reported on antioxidant activity was Phyllodium genus relative 

synonymous 
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Antimicrobial activity, nutritional profile and 

phytochemical screening of wild edible fruit of 

Catunaregam spinosa (Thunb.) Tirveng 

 
SP Anand, S Deborah and G Velmurugan 

 
Abstract 
The aim of the present study is to evaluate the nutritional profile, phytochemical screening and 
antimicrobial activity of wild edible fruits of Catunaregam spinosa. The fruits have been found to rich in 
nutrients such as crude fiber (12.6%), ash content (11.3%), moisture content (25%), protein (12.5%), 
lipids (0.018%) and carbohydrates (60.28%) with the energy value of 292±0.7 kcal/100g respectively. 
The phytochemical screening for the presence of flavonoids, saponin, phenol, tannins, alkaloids, 
anthraquinones, cardiac glycosides, phlobatannins, terpenoids and steroid in ethanol extract. Ethanol and 
chloroform extracts of C. spinosa showed maximum zone of inhibition against Bacillus subtilis followed 
by Klebseila pneumonia, Pseudomonas aeruginosa, Escherichia coli and Salmonella typhi. Aqueous 
extracts of the C.spinosa showed maximum zone of inhibition against Klebseila pneumonia and Bacillus 

subtilis. The results showed that the fruits contained higher value of energy level required per day by a 
person. Consumption of fruits may promote good health and well-being as well as reduce the risk of 
chronic diseases. These findings confirm that the C. spinosa fruit has a potential source for the 
formulation of new therapeutic drugs. 
 
Keywords: Edible fruits, Nutritional analysis, Energy value, phytochemical analysis and Antibacterial 
activity 
 
1. Introduction 
Wild edible fruits played a vital role in food supplementing to maintain the diet of human 
beings. The dependence on the wild edible fruits has gradually decline due to exotic fruits have 
been introduced. But many people in tribal areas still use them as a supplement of their basic 
need of food. Some of them are preserved for use in dry period or sold in rural market. But the 
popularity of these wild forms has recently decreased. Apart from their traditional use of food, 
potentially they have many advantages. They are edible and having nutritional food value, 
which provides the minerals like sodium, potassium, magnesium, iron, calcium, phosphorus 
etc. They are immune to many diseases and often used in different formulation of ‘Ayurveda’ 
in Indian Folk- medicine. They provide fibres which prevent constipation [1]. It is consider that 
special attention should be paid in order to maintain and improve this important source of food 
supply. 
Catunaregam spinosa belongs to the family rubiaceae commonly known as maniphal or 
Emetic nut [2]. In recent years plants and plant secondary metabolites (phytochemicals), 
previously with unknown pharmacological activities, have been extensively investigated. The 
Catunaregam spinosa fruits are edible and considered to be tonic, alternative, demulcent, 
diuretic and restorative. The drug is claimed as medicines to cure for piles, anti-dysenteric 
agent, asthma, jaundice, diarrhea, emetic and gonorrhea [3]. The fruit, seeds and barks posses 
insecticidal, anti-dysenteric, nauseant, expectorant, anthelmintic, abortifacient properties [4]. 
The fresh fruits contain high amount of carbohydrates and saponins [5]. The nutritional value 
describes mainly the percentage of major nutritional bio-molecules such as proteins, 
carbohydrates, lipids and fibere along with the presence of major minerals and their food value 
[6]. The fruits are a good source of various bioactive compounds and its importance being much 
unaware among the society. Hence, the present study has been framed to estimate the 
nutritional profile, phytochemical screening and antimicrobial activity of wild edible fruits of 
Catunaregam spinosa.
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2. Materials and Methods 

2.1 Sources of Plant Materials 
The fresh fruits of Catunaregam spinosa were collected from 
the Kolli hills, Namakkal district, Tamil Nadu, India. The 
plants was identified and authenticated in the Botanical 
survey of India, Southern Regional Centre, Coimbatore, 
Tamil Nadu. The voucher registration No. 
BSI/SRC/5/23/2016/Tech/1751/specimen-3. 
 

2.2 Fruit extract preparation 

The samples were thoroughly washed with tap water. The 
fresh and dried edible portion of each sample was cut into tiny 
piece and crushed by using clean Mortar and Pestle, the 
grounded samples were stored in a labelled air tight container 
and placed in the refrigerator at 4ºC and used immediately for 
subsequent analysis. 
 

2.3 Nutritional Analysis 

Determination of protein content by Folin-lowry’s Method [7], 
Determination of Total Lipid [8], Determination of 
Carbohydrate, crude fiber, ash content, Moisture content by 
A.O.A.C Methods [9]. 
 

2.4 Determination of energy value 

The total energy value in kcal/100g was estimated by using 
the method described by Jain and Sharma as shown below [10]. 
Energy value = 4x percentage of protein + 9x percentage of 
fat + 4x percentage of carbohydrate. 
 

2.5 Qualitative phytochemical screening 
Ethanol, chloroform and aqueous Solvent are used for the 
extraction. Flask extraction procedure was adapted for 
extraction. 25 grams of the powdered fruits sample was 
soaked in the conical flask containing solvent, wrapped with 
aluminum foil and placed in shaker for 48 hours at 120-130 
rpm. After 48 hours, the extracts were filtered using Whatman 
filter paper No.1 Concentrated all the solvent extracts by 
vacuum evaporator. Dried extracts were stored at 4°C for 
further analysis. Phytochemical analysis of each extract has 
been carried out according to standard protocols [11, 12].  
 

2.6 Antibacterial activity by Disc diffusion method  
The antimicrobial assays of Ethanol, Chloroform and 
Aqueous extracts were performed by each fruits extract was 
tested for various concentration such as 25, 50, 75 and 100 µl, 
if different concentrations to see their inhibitory effects 
against microbial pathogens. Sterile paper discs (6 mm in 
diameter) prepared from Whatman No. 1 filter paper was 
impregnated with drug, containing solution placed on the 
inoculated agar. The inoculated plates were incubated at 37°C 
for 24 h [13]. The antibacterial activity was evaluated by 
measuring the diameter of the inhibition zone for the test 
microorganisms. The pure cultures of Klebseila pneumonia, 

Pseudomonas aeruginosa, Escherichia coli, Streptococcus 

pyogenes, Salmonella typhi and Bacillus subtilis were sub-
cultured in nutrient agar.  
 

3. Results and Discussion 

The edible portion of the fruits is taken for the finding. The 
wild Edible fruits of plants can provide healthy alternatives to 
highly processed foods and pharmaceuticals, bringing greater 
health into our lives. Apart from their traditional use of food, 
potentially they have many advantages like antimicrobial 
properties [14]. They are edible and having fortified nutritional 

food value, which provides the proteins, lipid and 
carbohydrates. These are richest source of secondary 
metabolites with highest antimicrobial properties. They are 
immune to many diseases and often used in different 
formulation of ‘Ayurveda’ in Indian Folk medicine and 
traditional medicines. Documentation of wild edible fruits 
plays significant role to enhance the natural food resources 
which had been used with the help of religious knowledge [15]. 
Wild edible fruits today needs to be recommended for 
cultivation due to the reason which, they can serve as food 
material for ever increasing population [16]. The wild edible 
fruit are not only food but also contributes the beneficial 
natural nutrition source as food, diet, nutrition and nutrients to 
ever increasing population and in food scarcity. The wild 
edible fruits play an important role in sustainable livelihood 
of tribal communities residing in forest areas. Increased use of 
these wild edible fruits may raise as promising solutions on 
problems of malnutrition [17]. In order to medicate, a wider 
and sustained acceptance of wild fruits as important dietary 
components must be encouraged. 
 

3.1 Nutritional analysis 

 
Table 1: Nutritional analysis of Catunaregam spinosa fruits 

 

S. No Proximate analysis Percentage 

1. Crude Fiber 12.6±0.2 
2. Ash content 11.3±0.2 
3. Moisture content 25±1.15 
4. Lipid 0.18±0.01 
5. Carbohydrate 60.28±4.6 
6. Protein 12.5±0.9 
7. Energy value 292±0.7 

  
The proximate analysis was done in order to find out the 
nutritional value of Catunaregam spinosa fruits. The analyses 
were performed in triplicate and the values are expressed as 
mean percentage ± SD. The percentage proximate content of 
the fruit Catunaregam spinosa is shown in Tables-1. 
Proximate analysis is used to estimate the relative amounts of 
crude fiber, ash content, moisture content, carbohydrates 
protein, energy value in the fruits of C. spinosa. The 
proximate compositions are: crude fiber (12.6±0.2), ash 
content (11.3±0.2), moisture content (25±1.15), carbohydrates 
(60.28±4.6), Protein (12.5±0.9), Lipid (0.18±0.01) Energy 
value (292±0.7 kcal/100g). There is evidence that dietary 
fiber has a number of beneficial effects related to its 
indigestibility in the small intestine [18]. Carbohydrates are one 
of the most important components in many fruits. The results 
obtained showed that C. spinosa has high Energy value and 
carbohydrates contents while crude fiber, ash content, 
moisture content, lipid and protein content were low. 
 

3.2 Phytochemical Screening 

The preliminary screening showed in Table-2. The increasing 
interest in the phytochemical compound which could be 
relevant to their nutritional incidence and their role in health 
and diseases. Phytochemical analyzed on the Catunaregam 

spinosa fruits extracts shows the presence of bioactive 
compound which are known to reveal medicinal properties as 
well as physiological activities [12]. Screening of the fruits 
extracts is to find out the presence of phytochemicals such as 
phenols, tannins, flavonoids, saponins, cardiac glycosides, 
steroids, terpenoids, phlobatannins and alkaloids. Ten 
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phytochemical tested to show the presence and absence of 
these active compounds in the fruits extracts. Ethanol extracts 
have the presence of secondary metabolites such as phenol, 

tannins, flavonoids, alkaloids, saponins, phlobatannins, 
steroids, terpenoids and cardiac glycosides. 

 
Table 2: Phytochemical Screening of Fruit extract of Catunaregam spinosa 

 

S. No Secondary metabolites Aqueous Ethanol Chloroform 

1. Alkaloid - + - 
2. Flavonoids + + + 
3. Saponin + + + 
4. Phenol + + + 
5. Tannins + + + 
6. Anthraquinones - - - 
7. Cardiac Glycosides - + - 
8. Phlobatannins + + + 
9. Terpenoids + + + 

10. Steroid - + - 
 
3.3 Antibacterial activity 

The antibacterial screening of the Catunaregam spinosa fruit 
extracts were performed against Klebseila pneumonia, 

Pseudomonas aeruginosa, Escherichia coli, Streptococcus 

pyogenes, Salmonella typhi and Bacillus subtilis by the disc 
diffusion method. The activities of the compounds were 
compared with standard Chloramphenicol for antibacterial 
activity. The results of the antibacterial activity of the 
aqueous, chloroform and ethanolic extracts of Catunaregam 

spinosa against the test organisms are shown in Tables 3. In 
the case of the ethanol extracts at 100 µg concentration 
showed more potent antibacterial activity than other extracts 
tested. Maximum zone of inhibition was observed against the 
Bacillus subtilis of 28.0 mm, followed by Klebseila 

pneumonia of 24.0 mm, and the least was recorded in 

Streptococcus pyogenes. From the chloroform extracts, 
Bacillus subtilis showed maximum antibacterial activity of 
26.0 mm zone of inhibition followed by Pseudomonas 

aeruginosa of 16.0 mm and the least was recorded in 
Escherichia coli, Klebseila pneumonia and Streptococcus 

pyogenes. In aqueous extracts, Klebseila pneumonia showed 
highest antibacterial activity of 18.0 mm zone of inhibition, 
followed by Bacillus subtilis of 14.0 mm zone of inhibition, 
and the least was recorded in Escherichia coli, Pseudomonas 

aeruginosa and Streptococcus pyogenes. However reported in 
the present study compaces with the findings of the reported 
in medicinal plants like [19, 20]. Hence, this fruits of 
Catunaregam spinosa show the high nutritional value, phyto 
screening analysis of the better remedies against the 
pathogenic bacteria. 

 
Table 3: Antibacterial activity of the Catunaregam spinosa fruit extracts 

 

S. No. Microorganisms Std* 

Zone of Inhibition (mm) 

Aqueous Chloroform Ethanol 
25 50 75 100 25 50 75 100 25 50 75 100 

 Bacillus subtilis 30 8 10 12 14 18 20 22 26 14 18 24 28 
 Escherichia coli 30 2 0 2 6 0 2 2 4 8 10 16 18 
 Klebseila pneumonia 30 0 12 12 18 0 0 0 2 14 18 22 24 
 Pseudomonas aeruginosa 28 4 0 2 4 6 10 12 16 14 16 20 21 
 Salmonella typhi 28 0 0 2 0 2 2 2 0 10 14 16 18 
 Streptococcus pyogenes 30 2 0 0 2 2 4 6 2 2 4 6 6 
Std* Chloramphenicol 

 

4. Conclusion 

The nutritional, Phytochemical and antibacterial activity of 
Catunaregam spinosa fruits extract was studied. From these 
findings, the scientific evidence is to support traditional 
medicinal plant for its nutritive value and indicate a promising 
potential for the development of an antimicrobial drugs. The 
phytochemical analysis of these plants also helpful for 
elucidation of bioactive molecules which inhibit the pathogen 
activity. Hence these in-vitro studies concluded that the 
Catunaregam spinosa fruits shows the promising effective to 
develop the novel antimicrobial drugs. 
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Synthesis of Annulated Thiophenes Involving
Benzo-DMTHFs/Triflic acid-Mediated Domino Reactions

Settu Muhammad Rafiq and Arasambattu K. Mohanakrishnan*[a]

A facile protocol for synthesis of naphth-annulated thiophenes

has been developed via benzo-DMTHFs/triflic acid-mediated

annulation of thiophenes. Furthermore, this methodology was

found to be successful with substituted benzo-DMTHFs as well

as higher homologues of benzo-DMTHF.

Introduction

Owing to their privileged status and enormous importance, the

p-conjugated organic heterocycles received prominent atten-

tion as advanced materials with unique electronic and photonic

properties including organic light-emitting diodes (OLEDs),

organic field-effect transistors (OFETs), solar cells, semiconduc-

tor and other electro-optical devices.[1, 2] In particular, polycyclic

sulfur heterocycles constitute an important class of fused

heterocycles. They have been explored in medicinal applica-

tions, for example thiophene and benzo[b]thiophene ring

system and its derivatives are the core of numerous medicinal

molecules such as clinically used plavix,[3a] clopidogrel,[3]

raloxifene,[4] arzoxifene,[5] zileuton,[6] sertaconazole nitrate,[7a]

and SB-271046.[7b] In particular, the thiophene-based p-con-

jugated materials possessing interesting electronic and optical

properties have been investigated as advanced molecular

electronic materials.[8]

Among the polycyclic aromatic hydrocarbons (PAHs), line-

arly annulated acenes such as tetracene, pentacene, hexacene

and related derivatives are attractive molecules with respect to

structure and electronics but also exciting in their applications

for organic electronics including remarkable charge-carrier

mobilities.[9] Eventhough, the carrier mobility of such acene-

based OFETs is traditionally enhanced by increasing the number

of fused aromatic rings, these higher acenes suffer from

insolubility and high reactivity making their processing difficult.

Stabilizing these acenes through bulky substituents that kineti-

cally protect them from possible reactions, which makes their

devices more stable under ambient conditions, enhancing the

practical use of the larger polyacenes-based OFETs.[10] In order

to avoid such instability, thiophenes are incorporated into

simple hydrocarbon-based large acenes affording thienoacenes

to produce good stability and also enables high carrier mobility

simultaneously.[11] In the past few decades, benz-annulation is

one of the powerful method to construct substituted benzene

ring and various benz-annulation reactions have been devel-

oped for linearly substituted benzene and fused-benzene

compounds.[12–14] Development of elegant strategies using

annulation has allowed the synthesis of PAH-arenes and

heteroarenes. Recently, Hashmi and co-workers have reported

the gold-catalyzed benz-annulation of 2-substituted thiophene-

s.[13a] A new strategy for the construction of benzo[b]thiophenes

involving domino annulation was achieved by Wang and co-

workers.[13b]

Indeed, several strategies have been explored for the

syntheses of naphth-annulated arenes and heteroarenes (Fig-

ure 1) through acid-catalyzed annulation of diacetates,[15] and

tetraacetate,[16] ZnBr2/SiO2 catalyzed annulation of electron-rich

arenes with acetyl bromide-phthalaldehydes,[17a] Lewis acid-

induced cyclization of aldehydes,[17b] A Lewis acid-mediated

annulation of 2/3-(bromomethyl)indoles with arenes/heteroar-

enes,[18] palladium-catalyzed annulation of an in situ generated

aryne annulation by o-halostyrene,[19] HI/P-mediated reductive
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Figure 1. Synthesis of naphth-annulated arenes and heteroarenes.
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cyclization or successive reductions followed by oxidation and

Bradsher cyclization of 2-aroylbenzoic acid,[20] Diels-Alder reac-

tions of 1,3-disubstituted benzo[c]furans as well as 5,6-bis

(bromomethylene)cyclohexa-1,3-diene,[21] and base mediated

annulation of 3-phenylsulfonyl-substituted isobenzofuranone

with Michael acceptors.[22] However, many of these protocols

suffer from limitations such as harsh reaction conditions and

low chemical yields coupled with restricted substrate scope.

Hence, considering the prominent application potential of

annulated heterocycles, the development of a straightforward

approach for the same will be highly useful.

The dimethoxytetrahydrofuran (DMTHF) found extensive

use as a four carbon synthon for the syntheses of nitrogen

containing heterocycles.[23] We have recently reported[24] a new

and efficient synthetic approach to the annulation of thio-

phenes and electron-rich arenes using DMTHF. In further

continuation of this work, we report herein the full details on

the domino-type naphth-annulation of thiophenes using

benzo-DMTHFs and its derivatives.

Results and Discussion

Initially, the naphth-annulation of thiophene 1 (1 eq.) with 1,3-

dimethoxy-1,3-dihydroisobenzofuran (benzo-DMTHF) 2[25] (1

eq.) in the presence of triflic acid and ethanol at room

temperature for 2 h followed by workup and column chromato-

graphic purification failed to produce naphtho[b]thiophene,

instead 9–2’-thiophenyl naphtho[b]thiophene 3 was isolated in

32% yield. After, considerable experimentations, annulation of

2 eq. of thiophene 1 with 1 eq. of benzo-DMTHF 2 furnished

the product 3 in 79% yield (Scheme 1). The formation of

heterocycle 3 can be visualized through bis-2-thiophenylation

at geminal position followed by cyclization and aromatization.

Under identical condtions, the heterocycles 4a–d, 6a–e and

8a upon reaction with benzo-DMTHF 2 and triflic acid in the

presence of ethanol in dry DCM at room temperature followed

by workup and column chromatographic purification furnished

respective naphth-annulated heterocycles. The structures of

annulated heterocycles obtained along with their yields are

presented in Table 1.

The domino reaction of 2,3-disubstituted thiophenes 4a–c

with benzo-DMTHF 2 and triflic acid at room temperature

afforded 9–2’-thiophenyl naphtho[b]thiophenes 5a–c in 69–

84% yields (Table 1, entry 1). To our delight, the structures of

the naphtho[b]thiophenes 5a–c could be easily assigned based

on our earlier work.[16] A similar type of naphth-annulation

could also be performed with 2-methylfuran 4d to furnish

naphthofuran 5d (Table 1, entry 2). However, the naphth-

annulation of benzo[b]heterocycle 6a/6b (2 eq.) with 1 eq. of

benzo-DMTHF 2 furnished only the respective benzo[d]

naphtho[2,3-b]heterocyle 7a/7b (Table 1, entry 3). The naphth-

annulation of electron rich 5,6-dimethoxy benzo[b]thiophene

6c with benzo-DMTHF 2 followed by usual workup led to the

isolation of quinone 7c as an exclusive product in 82% yield

(Table 1, entry 4). The similiar naphth-annulation of 5,6-methyl-

enedioxybenzo[b]thiophene 6d gave heterocycle 7d in 86%

yield (Table 1, entry 5). Under identical conditions, the naphth-

annulation of 4,7-dimethoxybenzo[b]thiophene 6e followed by

workup furnished respective quinone 7e as a yellow solid in

77% yield (Table 1, entry 6). Finally, the indeno[1,2-b]thiophene

8a[26] upon reaction with benzo-DMTHF 2 led to the formation

Scheme 1. Naphth-annulation of thiophene 1.

Table 1. Naphth-annulation of heteroarenes using benzo-DMTHF 2

Entry Heterocycle Product Condition Yieldc

1

4a R1
=Br, R2

= Me 5a R1
=Br; R2

= Me 2 ha 84

4b R1
=H, R2

= Me 5b R1
=H, R2

= Me 2 ha 79

4c R1
= Br, R2

= H 5c R1
= Br, R2

= H 2 ha 69

2

4d 5d 3 ha 79

3

6a X=S 7a X=S 2 hb 84

6b X=O 7a X=O 2 hb 78

4

6c 7c 2 hb 82

5

6d 7d 2 hb 86

6

6e 7e 2 hb 77

7

8a 9a 6 ha 83

Reaction conditions: [a] Substrate (1 mmol), benzo-DMTHF 2 (0.5 mmol)

and CF3SO3H (0.5 mmol) in dry DCM. [b] Substrate (0.5 mmol), benzo-

DMTHF 2 (0.5 mmol), CF3SO3H (0.5 mmol) and ethanol (5 drops) in dry

DCM. [c] Isolated yield after column chromatography.
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of 9–2’-indeno[1,2-b]thiophenyl naphtho[b]thiophene 9a in

83% yield (Table 1, entry 7).

Under identical conditions, naphth-annulation of 2-methyl

thiophene 10a afforded isomeric naphtho[b]thiophenes 11a

and 11a’.[16] Next, the domino reaction of naphtho[2,3-b]

thiophene 10b[27] with benzo-DMTHF 2 led to the isolation of

annulated thiophenes 11b and 11b’ (Scheme 2). The structures

of these heterocycles 11b and 11b’ are assigned based on the

literature reports.[28]

The formation of isomeric naptho[b]thiophenes 5a–c/11a

and 11a’ can be visualized through the intramolecular

cyclization of 1,1-di-(2’-thienyl)compound 12 as well as 1,2-di-

(2’-thienyl)isobenzofuran intermediates 13 (Scheme 3). Obvi-

ously, the presence of electron releasing groups at 2/3-

positions of thiophene 4a–c/10a facilitated gem-di-2-thienyla-

tion to give 1,1-di-(2-thienyl) compound 5a–c/11a. Similarly,

the formation of 11b/11b’ can be visualized through 1,1-di-

(naphtho[2,3-b]thiophenyl)isobenzofuran and 1-(2-naphtho[2,3-

b] thiophenyl)isobenzofuran intermediates, respectively.

Towards generalization of this protocol, triflic acid-mediated

naphth-annulation could be successfully performed with 5,6-

dimethoxybenzo-DMTHF 14[29] to afford corresponding hetero-

cycles (Table 2). The naphth-annulation of thiophenes 4a/10a/

10c with 5,6-dimethoxybenzo-DMTHF 14 in the presence of

triflic acid furnished naphtho[b]thiophenes 15a–c in 72–86%

yields (Table 2, entry 1). The benzo[b]thiophene 6a upon

reaction with 14 furnished respective benzo[d]naphtho[2,3-b]

thiophene 16a as well as quinone 16a’ (Table 2, entry 2). The

similar naphth-annulation of 5,6-methylenedioxybenzo[b]

thiophene 6d led to the isolation naphth-annulated compound

16b as an exclusive product (Table 2, entry 3). The veratrole

17a also underwent naphth-annulation with 5,6-dimethoxy-

benzo-DMTHF 14 to afford respective quinone 18a as a yellow

solid (Table 2, entry 4).

Next, o-xylene as well as indane fused DMTHF 19a and 19b

were prepared from the respective aldehydes.[30] The annulation

of substituted thiophene 4a/10a with o-xylenyl-DMTHF 19a

using triflic acid led to the formation of respective naphth-

annulated products 20a and 20b. Using similar condtions, the

naphth-annulation of benzo[b]thiophene 6a with o-xylenyl-

DMTHF 19a afforded annulated products 21a and 21a’ in 36

and 39% yields, respectively. The structures of these hetero-

cycles 21a and 21a’ are established based on their 1HNMR

spectral data. To our delight, the naphth-annulation of electron

rich 5,6-dimethoxybenzo[b]thiophene 6c furnished annulated

heterocycle 22a as an exclusive product. The annulation of 2-

Scheme 2. Synthesis of isomeric naphtho[b]thiophenes.

Scheme 3. Mechanistic hypothesis for isomeric naphtho[b]thiophenes.

Table 2. Naphth-annulation using 5,6-dimethoxybenzo-DMTHF 14

Entry Heterocycle Product Condition Yieldc

1

4a R1
=Br, R2

=Me 15a R1
=Br, R2

=Me 3 ha 86

10a R1
=Me, R2

=H 15b R1
=Me, R2

=H 2 ha 76

10cR1
=C6H13, R

2
=H 15c R1

=C6H13, R
2
=H 2 ha 72

2

6a 16a 2 hb 42

16a’ 36

3

6d 16b 2 hb 81

4

17a 18a 3 hb 77

Reaction conditions: [a] Substrate (1 mmol), 5,6-dimethoxybenzo DMTHF

14 (0.5 mmol) and CF3SO3H (0.5 mmol) in dry DCM. [b] Substrate

(0.5 mmol), benzo-DMTHF 14 (0.5 mmol), CF3SO3H (0.5 mmol) and ethanol

(5 drops) in dry DCM. [c] Isolated yield after column chromatography.
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bromothiophene 4c/2-methylthiophene 10a with indanyl-

DMTHF19b furnished annulated products 23a and 23b in 78

and 81% yields, respectively (Scheme 4).

To our delight, triflic acid-mediated annulation could be

performed with higher homologues of benzo-DMTHFs namely

naphtho-DMTHF 24a and anthro-DMTHF 24b.[31] As a represen-

tative case, the anthra-annulation of substituted thiophene 4a/

10a with naphtho-DMTHF 24a led to the isolation of anthra[b]

thiophenes 25a/25b and 25a’. Based on our rearlier reports,[16]

the structures of these isomeric anthra[b]thiophenes could be

easily assigned. Due to the solubility issues, domino reaction of

anthro-DMTHF 24b could be performed only with the veratrole

17a to give quinone 26 as a yellow solid (Scheme 5).

Finally, the annulation of 2-methylthiophene 10a with

benzo[b]thio-DMTHF 27[32] in the presence of triflic acid and

ethanol at room temperature for 2 h followed by workup and

column chromatographic purification led to the isolation of

heterocycles 28a and 28a’. Under identical conditions, the

annulation of 2-hexylthiophene 10c with 27 furnished annu-

lated heterocycle 28b as an exclusive product. The similiar

reaction of benzo[b]thiophene 6a with benzo[b]thio-DMTHF 27

led to the isolation of annulated heterocycles 29a and 29a’ in

45 and 23% yields, respectively. Fortunately, the structures of

the annulated heterocycles 29a and 29a’ could be easily

confirmed based on literature reports.[33] Finally, the annulation

of veratrole 17a with benzo[b]thio-DMTHF 27 afforded 16a as

an exclusive product in 79% yield (Scheme 6).

Conclusions

In summary, we have accomplished a facile synthesis of

naphth-annulated thiophene analogues involving triflic acid-

mediated annulation of thiophenes with benzo-DMTHFs. The

domino type annulation methodology was also found to be

applicable with substituted benzo-DMTHFs as well as higher

homologues of benzo-DMTHF. Our present study clearly

demonstrated that triflic acid-mediated annulation can be used

as an effective catalyst for annulation of a wide variety of

thiophenes and other heterocycles. The attractive feature of

this methodology is that a large number of p-conjugated

thiophenes are easily accessible under mild conditions. The

annulated thiophene derivatives reported herein may find

application in OLEDs.[34]
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ABSTRACT 

Kinetics study of oxidation of maltose, by aqueous alkaline solution of N-

Bromonicotinamide (NBN) has been carried out in the temperature range 308-323K.The 

reaction exhibits first order in [KOH] and [Maltose] and zero order about oxidant. 

Addition of nicotinamide (NA) has no effect.  Increase in ionic strength of the medium 

does not change the rate. Effect of temperature on the rate of oxidation has been followed 

to show the validity of Arrehenius equation and various activation parameters have been 

computed. The stoichiometry of the reaction was found to be 1:1. 1,2-enediol is found to 

be the reactive intermediate. Maltobionic acid is the product of oxidation.  

Keywords: Maltose, N-Bromonicotinamide, oxidation, mechanism. 

 

Introduction 

Carbohydrates are biologically important substrates. The oxidation of sugars, 

especially the mono and disaccharides has been the subject of extensive research. Their 

oxidation can provide new compounds and materials with interesting physicochemical 

properties. Sugar oxidation occurs under different conditions of pH, temperature and 

ionic strength giving products that depend on the oxidants used. The kinetics and 

mechanism of oxidation of monosaccharides and disaccharides have been studied in both 

acidic and alkaline media, employing different transition metal ions, inorganic acids, 

complex ions and hydrogen peroxide as oxidants. The results showed that the mechanism 

may depend on the nature of the substrates, in some cases it involves the formation of 
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intermediate complex, free radical or transition states. Sheila Srivastava1 followed the 

oxidation of dextrose and maltose by acidic solution of sodium periodate catalysed by 

rhodium(III).Ashok Kumar Singh2 investigated the kinetics and mechanism of oxidation 

of xylose and maltose by potassium iodate in aqueous alkaline medium. Fahim Uddin3 

reported the kinetics of maltose and lactose by alkaline iodine solution. Ashok Kumar 

Singh4 investigated the kinetics and mechanism of oxidation of maltose by aqueous 

alkaline solution of periodate.H. K. Okoro5 and E. O. Odebunmi reported the kinetics and 

mechanism of oxidation of sugar and sugar alcohols by potassium permanganate. E.O. 

Odebunmi and S.O. Owalude6 investigated the kinetics and mechanism of oxidation of 

some simple reducing sugars by permanganate ion in alkaline medium. Ashok Kumar 

Singh7 followed mechanistic studies of oxidation of maltose and lactose by [H2OBr]+ in 

presence of chloro-complex of Rh(III) as homogeneous catalyst. E.O. Odebunmi8 

followed the kinetics of oxidation of fructose, sucrose and maltose by potassium 

permanganate in NaHCO3/NaOH buffer and iridium(IV) complex in sodium 

acetate/acetic acid buffer. Kinetics and mechanism of the oxidation of disaccharides by 

Cr(VI) was reported by Viviana Roldán.9 N-halo reagents like  N-halo derivatives of 

amines, amides, imides, urea, saccharins, sulfonamides, sulfonimides are widely used in 

organic synthesis for their potential to promote important reactions such as halogenation, 

oxidation, and protection as well as formation of C-X, C-O, and C=O bonds. They play a 

key role in the chemistry of natural compounds10.Scant reports are available for oxidation 

of sugars by haloamides. NBN is chosen for the reasons, its easy method of synthesis, 

handling, rate of oxidation, shelf life and versatility. Our earlier study on the oxidation of 

amino acids had focused attention on the kinetic aspects of oxidation by  NBN11  in 

aqueous acetic acid medium.In our continuing efforts to exploit NBN as oxidant, the   

present study investigates the kinetics of oxidation of maltose in aqueous alkaline 

medium. 

 

Materials and methods 

 

N-Bromonicotinamide (NBN) was prepared by the reported method12. Standard 

solution of NBN(m.p.210C) was prepared afresh in water and its purity was checked 

iodometrically. The standard solution of maltose (Aldrich)  was always prepared afresh in 
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double distilled water. The other chemicals used were potassium hydroxide, sodium 

perchlorate, mercuric acetate etc. All chemicals used were of A.R. grade.  Mercuric 

acetate was added to suppress the formation of free bromine which otherwise would have 

vitiated the results. Mercuric acetate did not interfere with the results13. Ionic strength of 

the medium was kept at 0.1 mol dm3 by employing concentrated aqueous solution of 

sodium perchlorate (Merck).  

Kinetic measurements 

 

The solution of maltose and oxidant were kept in black coated bottles separately. 

These solutions were kept in the thermostat to attain the thermostatic temperature. The 

appropriate quantity of oxidant was added to the substrate containing other reagents and 

the reaction bottle was shaken well. The  reaction was followed potentiometrically by 

setting up a cell made up of the reaction mixture into which the platinum electrode and 

reference electrode(SCE) were dipped. The e.m.f of  the  cell was measured periodically 

using a Equip-Tronics (EQ-DGD) potentiometer. Different studies such as variation of 

maltose, oxidant (NBN), potassium hydroxide, sodium perchlorate, nicotinamide and 

temperature were carried out. The reaction was carried out under pseudo-first order 

condition ([maltose] >>[NBN]).  The pseudo-first order rate constants computed from the 

linear (r2  0.9990) plots of log (EtE) against time. Duplicate kinetic runs showed that 

the rate constants were reproducible within 3%. The course of the reaction was studied 

for more than two half-lives. 

Stoichiometry  

 

N-Bromonicotinamide was taken in large excess as compared to maltose in 

different ratios. Reaction mixture containing maltose, potassium hydroxide and  

N-bromonicotinamide (in excess) were equilibrated for 42 hours at room temperature(~ 

30°C). After the reaction was complete, the excess of NBN was determined 

iodometrically and indicated 1:1 stoichiometry. The overall stoichiometry of the 

oxidation reaction may be represented as   
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C12H22O11+NBN+H2O                               C11H21O10(COOH) + Br+NA                                                    

  Maltose                                             Maltobionic acid 

 

Product Analysis 

 

In  a typical experiment, a mixture of freshly prepared maltose (1 mol dm3) and 

NBN(1.5g, 0.2 mol dm3) was made up to 50 ml with water. The mixture was allowed to 

stand for 12hours in the dark to ensure completion of the reaction. The product of 

oxidation was maltbionic acid. Nicotinamide was the by-product. The product was 

identified by spot test analysis14.  The product was also identified by the following 

method. A little of the product was added to 1ml of 5% sodium bicarbonate solution. 

Evolution of carbon dioxide with effervescence indicated the presence of acidic group in 

the compound. Evidence for the formation of an enediol is furnished by observed ability 

of alkaline solution of carbohydrates to decolorize solution of 2,6-

dichlorophenolindophenol. 

 

Results 

 

The kinetic results  for the oxidation of maltose by N-Bromonicotinamide (NBN) 

can be summarized as follows. The kinetic studies were carried out under pseudo-first 

order conditions with [maltose] >> [NBN]. 

 

Effect of varying [oxidant] 

 

 

The constancy of pseudo-first order rate constant at different [NBN] at constant [maltose] 

indicates the reaction exhibits zero order about the oxidant (Table 1). 

Table 1- Effect of variation of [NBN] on reaction rate 

 

     [substrate]=0.02 mol dm-3    [KOH]=0.06 mol dm-3,  

     [NaClO4]0.1mol dm-3, Hg(CH3COO)20.005 mol dm-3, Temp. 308 K 
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Effect of varying [maltose] 

 

At constant [OH-], [NBN], the plot of log(Et E) (where  Et is the e.m.f. of the cell at 

time t and E, the corresponding value at the completion of the reaction) Vs time is 

linear, indicating a first order dependence of rate on [maltose]. The rate constant 

increases  in direct proportionality with the increase in the concentration of maltose, 

proving the reaction is of first order in [maltose]. (Table 2). 

Table 2- Effect of variation of [Substrate] on reaction rate 

 

[NBN]=0.001 mol dm-3    [NaOH]=0.06 mol dm-3, 

[NaClO4]0.1mol dm-3, Hg(CH3COO)20.005 mol dm-3, Temp. 308K 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[NBN] 

103 moldm-3 

kobs 107 sec-1 

0.5 7.83 

1.0 7.85 

1.5 7.86 

2.0 7.87 

2.5 7.86 

[Sub] 

102 moldm-3 

kobs 107 sec-1 

2.0 7.86 

2.5 8.32 

3.0 8.68 

3.5 9.04 

4.0 9.41 
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Effect of varying [OH-] 

 

A scrutiny of table 3 shows that the rate increases proportionally with the increase in 

[KOH]. The plot of log kobs versus log [OH-]  was linear with a unit slope indicating first 

order dependence on [potassium hydroxide] (Table 3). 

Table 3- Effect of variation of [OH-] on reaction rate 

 

[NBN]=0.001 mol dm-3    [substrate]=0.02mol dm-3,  

[NaClO4]0.1mol dm-3, Hg(CH3COO)20.005 mol dm-3, Temp. 308 K 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Effect of addition of nicotinamide                     

 

The effect of one of the product of the reaction has been studied by adding various 

concentrations of nicotinamide, keeping concentration of maltose, NBN constant. There 

is no significant change in the rate of reaction.  

 

Effect of ionic strength 

The effect of ionic strength was studied by carrying out investigations in the presence of 

different amounts of sodium perchlorate. No appreciable salt effect was detected. 

  

Effect of added salts 

Added salts like BaCl2, KCl, Na2SO4 and K2SO4 do not have any effect on the rate. 

[NaOH] 

102 moldm-3 

kobs 107 sec-1 

6 7.86 

8 8.53 

10 9.13 

12 9.65 

15 10.29 
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Test for free radicals 

The possibility of free radical intervention in the NBN oxidation reaction was tested by 

the following procedure. The reaction mixture containing acrylonitrile scavenger was 

kept for 24hours in an inert atmosphere and then diluted. On dilution, formation of 

precipitate was not observed indicating the absence of free radical intervention in the 

reaction. 

 

Effect of temperature 

Increase in temperature increases the rate of oxidation and plot of log kobs Vs reciprocal 

of temperature is linear. The oxidation of maltose by NBN was studied at different 

temperatures (308to 323K) (Table 4)  and the activation parameters were evaluated 

(Table 5) . 

 

 

 

 

 

 

Table  4-Effect of Temperature on reaction rate 

 

[substrate]=0.02 mol dm-3  [KOH]=0.06 mol dm-3, 

[NBN]=0.001 mol dm-3    [NaClO4]0.1mol dm-3, 

Hg(CH3COO)20.005 mol dm-3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Temperature 

K 

kobs 107 sec-1 

308 7.84 

313 10.30 

318 13.24 

323 16.95 
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Discussion  

  

The possible oxidizing species in alkaline medium are  NBNBr, Br2  and HOBr. The 

observed zero order dependence of the reaction rate on NBN rules out NBNBr and 

molecular bromine as the reactive oxidizing species. Addition of nicotinamide having no 

effect on the rate indicates that HOBr may not be the oxidizing species. H2OBr may be 

discarded because of negligible effect of addition of nicotinamide on reaction rate. A 

careful study of the kinetics of oxidation of maltose shows that the rate expression is of 

the form 

                   

                                                                                                                                                                                               

  
dT

NBNd ][
  =  k [maltose] [OH-]      

which implies that the rate of reaction is independent of the concentration of [NBN], 

while the reaction is of first order both  with respect to maltose as well as alkali. In cases 

where the concentration of maltose as well as alkali is large as compared to the 

concentration of [NBN], the rate expression becomes 

  
dT

NBNd ][
  = ks = ∆χ/∆t  

where 

ks =k[maltose][OH-]    

 

 

Mechanism 

 

On the basis of the above experimental results, it appears that the first slow step involves 

a reaction between hydroxide ion and maltose, leading to the formation of an 

intermediate reactive form: 

 

Substrate 

 

Ea  kJmol-1 

 

 

H# kJmol-1 

 

S# J K-1mol-1 

 

G#kJmol-1 

 

 

Maltose 

 

  

20.96 

 

    

18.40 

 

 174.4 

  

72.12 
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                                  k1 

S+HO-                        H-C(OH)=CR(OH) +H2O     (I step)                       

                 k-1                          1,2 Enediol (E) 

                                          (slow) 

where  S represents the sugar. The fact that this step is slow explains how the order of the 

reaction is unity with respect to reducing sugar. Further, this intermediate reactive form, 

which is called, 1,2 enediol, is subsequently oxidized by NBN to form nicotinamide and 

maltobionic acid. 

    

                                                          k2 

                    en (E) + NBN                              product+NA                (II step) 

                                                     fast 

{Product- maltobionic acid} 

where  “ en “ represents  1,2 enediol. The fact that the second step is fast explains the 

zero order of the reaction with respect to [NBN].                                 

It may be pointed out that in the present study, oxidation by bromine was completely 

suppressed as the oxidative studies were carried out in presence of mercuric acetate 

which combines with bromide ions formed in the reaction13. Thus kinetics of only NBN 

oxidation was followed.The involvement of substrate molecule in the rate-

determining step leads to different values of kobs for different initial 

concentrations of maltose.  

Conclusions 

At the end of this research work, it is inferred that the reaction rates are enhanced 

by increase in [substrate], [alkali] and temperature. Added nicotinamide has no effect on 

the rate. 1,2-Enediol form of sugar is the reactive intermediate leading to products. 

Maltobionic acid is the product of oxidation. Suitable mechanism in compliance with 

experimental observations was proposed and the rate law was derived. NBN can be used 

as a better oxidant for the facile oxidation in the grounds of its easy method of synthesis, 

handling, rate of oxidation, shelf life and versatility. 
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Abstract 

Ethylhexadecyldimethyl ammonium bromide impregnated chitosan (EHDAIC) was prepared to 

remove cadmium and mercury from synthetic effluent. The adsorbent was characterized by 

FTIR, XRD, SEM, EDX and TGA-DTA. Adsorption studies were carried out under different 

conditions of pH, adsorbent dose, temperature, and contact time. The results showed that the 

adsorption capacity of EHDAIC is a function of the solution pH and the optimum pH for these 

metal ions was found to be 3.0. The equilibrium data has been described using Langmuir and 

Freundlich isotherm models. The maximum adsorption capacity of 341.3 mg/g was observed for  

Cd(II)  and 43.43 mg/g for Hg(II) in accordance with Langmuir adsorption isotherm in the form 

of their chloro complexes. The kinetic data fitted well with pseudo-second-order model, and 

equilibrium data was found to follow Freundlich isotherm model. The calculated thermodynamic 

parameters showed that the adsorption process was feasible, exothermic and spontaneous. Effect 

of common excipient ions was studied. Also the material was tested for large sample volumes 

using column extraction process. The adsorbent material could be regenerated for repetitive 

applications. 

Keywords: Ionic solid impregnated chitosan; cadmium; mercury  
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1. Introduction 

Among the toxic metal pollutants in the atmosphere, cadmium and mercury are of prime 

concern. Common sources of cadmium and mercury pollution include refuse incineration, 

nonferrous metal production, iron and steel production, fossil fuel combustion, etc. Long-term 

exposure to cadmium and mercury can cause damage to the kidneys, liver, bone, and blood [1]. 

Symptoms of mercury poisoning are observed mainly in the form of neuronal disorders [2]. 

Therefore it is important to control the concentrations of these heavy metals in waste before it is 

discharged into the water bodies.  

Techniques used for removal of cadmium and mercury include precipitation, ion-exchange, 

flocculation and adsorption [3]. Adsorption process makes use of various materials of natural 

origin, artificially prepared materials as well as the composites of the two.  Activated carbon, rice 

husk, date pits, surfactant-modified zeolites etc, have been reported for the metal ion removal [4-

7]. 

Biopolymers are attracting a lot of interest as adsorbents due to various properties like 

biodegradability, biocompatibility and non-toxicity. Among them, chitosan is a versatile and 

promising biomaterial which is a deacetylated chitin derivative.  It has wide applications in 

medicinal and environmental fields [8-10]. Chitosan has the ability to form complexes with a 

large number of metal ions. However, the use of native chitosan in acidic medium is limited due 

to its solubility in acid leading to formation of gel. It becomes difficult to separate the material 

from the gel form [11].  Native chitosan has been reported for the removal of cadmium and 

mercury from water bodies [12,13  ]. In order to overcome the limitation of solubility in acidic 

medium and also to enhance the adsorption capacity, various modifications have been made. 

The reactive amino and hydroxyl groups in chitosan offer possibilities of structural modifications 

leading to formation of a large variety of beneficial derivatives. By dispersing chitosan on 

physical supports or by modifying it chemically via cross-linking, the difficulty of gel formation 

in acidic medium can be overcome. But, this leads to decrease in adsorption capacity. In order to 

enhance the adsorption capacity, impregnation with various organic or inorganic moieties can be 

carried out. We have reported the synergistic behavior of ionic liquid impregnated sulphate 

crosslinked chitosan for the removal of Cr(VI) [14 ].  
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Reported literature using impregnated chitosan is mostly based on the chelation of metal ions in 

the form of cations. However, the metal ions like Cd(II) and Hg(II) form very stable chloro 

complexes in the presence of high chloride concentrations. [15 ] They exist in anionic forms 

leading to strong interaction with protonated amine groups of chitosan. If the chitosan is 

impregnated with quaternary ammonium compounds including ionic solids or ionic liquids, there 

is further enhancement in the adsorption capacity towards chloro complexes. Such material can 

be used for multielemental removal.  

Chitosan has also been modified for removal of various metal ions including cadmium and 

mercury by Kawamura et al [16].  The proposed modification is based on synthesis of porous 

polyaminated chitosan chelating resin by introducing poly(ethylene amine) cross-linked onto the 

chitosan beads. The resultant beads showed more adsorption capacity towards various metal ions 

including cadmium and mercury. Becker et al studied the adsorption characteristics of cadmium, 

along with other metals, on dialdehyde or tetracarboxylic acid cross-linked chitosan [17]. 

Chitosan can also be modified by impregnation quantum dots for the heavy metal removal 

including cadmium [18].  

In present work, we report the use of ionic solid (EHDAIC) impregnation on chitosan and 

adsorption of Cd(II) and Hg(II) in the form of their chloro complexes. These two aspects have 

simultaneously enhanced not only the adsorption capacity but also the material can be used in 

water treatment where a single source leads to both metal ions simultaneously.  

2. Materials and methods 

2.1 Materials 

Ethylhexadecyldimethyl ammonium bromide (EHDAB), cadmium chloride, mercuric chloride 

and sodium hydroxide, were procured from Merck, India. Aqueous solutions were prepared 

using double distilled water. Uniloid Bio-Chemicals India Limited, Hyderabad supplied chitosan 

having 85% of degree of deacetylation. All the reagents were of analytical grade and used 

without further purification. 

2.2 Preparation of adsorbent  

2.0 g of chitosan was added to 10 mL of 0.2 M ethylhexadecyldimethyl ammonium bromide 

solution in dichloromethane and subjected to microwave irradiation for 2 min with an 

intermittent time interval of 30 s. The microwave irradiation was carried out in domestic 

microwave oven (LG, India model MS2049) at 2450 MHz. The resulting residue (EHDAIC) was 
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washed with double distilled water and dried at room temperature, sieved through a 500µ mesh 

and used for further adsorption studies. The schematic method of preparation has been shown in 

Fig. 1. 

 

Fig. 1 Interaction between chitosan and ethylhexadecyldimethyl ammonium bromide (EHDAB) 

2.3 Physico-chemical characterization 

Structural specifics of adsorbents could be explained on the basis of FT-IR spectra recorded 

using BrukerAlpha spectrometer in the range 500-4000 cm1. The XRD pattern was recorded by 

X-ray diffractometer system Righaku-Miniflex 300. Surface morphology of adsorbents prior and 

consequent to adsorption of heavy metals was studied using Scanning Electron Microscope 

(SEM) model TESCAN VEGA 3 SBH. Energy dispersive spectral (EDX) analysis performed for 

elemental quantitation using X- ray analyzer Oxford INCA Energy 250 EDS System during 

SEM observations. The concentration of cadmium was determined using ICP-AES. For analysis 

of cadmium, the solutions were diluted with 5% HNO3. The solution phase concentration of 

Hg(II) was estimated by the standard Cold Vapour-Atomic Absorption Spectrophotometric (CV-

AAS) technique. The mercury vapours were analyzed by CV-AAS technique using a Mercury 

Analyzer Model MA-5840(Electronics Corporation of India Ltd. Hyderabad, India) pH 

adjustments were done with dilute sulphuric acid and sodium hydroxide solutions using 

Equiptronics pH meter EQ-615.  

 

2.4 Adsorption procedure 

Absorption studies were performed by using varying concentrations of Cd(II) from 100 mg L-1 to 

800 mg L-1 and  Hg(II) from 20 mg L-1 to 500 mg L-1.  The required pH was maintained and the 

solutions were stirred with optimized adsorbent dose in a stoppered conical flask for 60 min at 

298 K.  

The amount of metal ions adsorbed (mg g-1) on EHDAIC at equilibrium (qe) can be given by 

V
W

CC
q e

e 


 0
        (1) 

where C0 and Ce specify the initial and equilibrium liquid phase concentrations in mg L-1 of 

metal ions , V is  the volume of  metal ions solution  in liters and W is the weight of adsorbent in 

91 / 519



gram used for adsorption process. All the batch adsorption experiments were performed with 

three simulates. 

 

3. Results and discussion  

3.1 Characterization of ionic solid impregnated chitosan 

The FT-IR spectra of native chitosan showed distinct characteristic broad peaks corresponding to 

O-H and N-H stretching vibrations in the region 3808 cm-1 and 3276   cm-1, the N-H bending 

vibration around 1556 cm-1, C-N bending vibration at 1379 cm-1 and the C-H and C-O stretching 

bands around 2868 cm-1and 1012 (Fig 2 a). After impregnation with ethylhexadecyldimethyl 

ammonium bromide, two additional peaks appeared at 2806 and 2717 cm-1 corresponding to -

CH2 groups of aliphatic chains confirming the impregnation [19] (Fig 2 b). 

 

Fig. 2 FTIR spectra of a. chitosan, b. EHDAIC 

 

The X ray diffraction patterns of chitosan, EHDAIC and EHDAIC with adsorbed Cd(II) and 

Hg(II) ions  were recorded (Fig. 3). XRD spectra of chitosan showed characteristic peaks at 2 = 

10.50 and 20.30. In case of EHDAIC, these peaks were found to get shifted to 2θ = 10.20 and 

19.20 respectively. These changes in the 2θ angle are mainly due to the decrease in crystallinity 

of the adsorbent which accounts for interaction of ionic solid with chitosan [20]. After adsorption 

of Cd(II) ions  on EHDAIC,  additional peaks were observed at 2 = 22.500 and 36.300  which 

belong to Cd(II) [21] and after adsorption of Hg(II) , an additional peak was observed at 2 = 

37.670 which matches with the reported value for Hg(II). 

 

Fig. 3 XRD pattern of a. chitosan, b. EHDAIC, c. EHDAIC with adsorbed Cd(II), d. EHDAIC 

with adsorbed Hg 

 

TGA/DTA curves of chitosan and EHDAIC were recorded to understand thermal characteristics 

(Fig.4). The TGA curve of chitosan shows two stages of thermal decomposition. The initial 

degradation observed at around 50 to 200 0C with 4.6% weight loss which corresponds to a loss 

of moisture in the chitosan. The second degradation of chitosan was started at 283 0C and 

continued up to 377 0C. During second stage of degradation, 52.4% weight loss was occurred 
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due to degradation of chitosan biopolymer at 334.6 0C. [22] At the end of 900 0C, the total 

weight loss of chitosan was found to be 71%. EHDAIC also shows two stages thermal 

decomposition. The first stage corresponds to loss of moisture with weight loss of 8% in between 

100 to 200 0C. The second stage decomposition starts at 293 0C and continued till 336 0C with 

weight loss of 56 %. At the end of 900 0C, the total weight loss for EHDAIC is 73%. Hence, 

weight loss in EHDAIC is greater than that of chitosan which is quite obvious due to presence of 

impregnated EHDA moiety. 

 

Fig. 4a. TGA curves for chitosan and EHDAIC, b. DTA curves for chitosan and EHDAIC. 

 

SEM micrographs (Fig.5) define the physiology of the adsorbent material. Chitosan has irregular 

and loose surfaces. After impregnation of ionic solid, surface morphology was uniformly dense 

and porous.  SEM micrographs of the EHDAIC with adsorbed metal ions shows glossy and 

bright spots on uniform dense surface ascribe persuasive interaction of metal ions with the 

adsorbent. 

 

Fig. 5 SEM micrographs of a. chitosan, b. EHDAIC, c. EHDAIC with adsorbed Cd(II), d. 

EHDAIC with adsorbed Hg(II). 

 

EDX spectra (Fig.6) of EHDAIC before and after adsorption of the metal ions clearly show the 

presence of metal ions on the surface of adsorbent. After adsorption, characteristic peaks Kα and 

Kβ of metal ions could be distinctly observed. 

Fig. 6  EDX spectra for a. chitosan, b. EHDAIC, c. EHDAIC with adsorbed Cd(II), d. EHDAIC 

with adsorbed Hg(II). 

 

3.2 Effect of pH 

Speciation of adsorbate and surface charge of adsorbent depends upon pH of the solution. Hence, 

it is customary to study pH effect on adsorption efficiency. In the present study, 50 mL of 100 

mg L-1of Cd(II) and 20 mgL-1 Hg(II) solutionswere equilibrated with 200 mg of EHDAIC. pH of 

the solutions was varied from 2.0 to 8.0. From Fig.7 it is clear that, at pH 3.0 adsorption of 

Cd(II) and Hg(II) is maximum.  This is because of stability of chloro complexes of Cd(II) and 
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Hg(II) at pH 3.0 and also the positive surface charge of EHDAIC. The pHzpc of  EHDAIC was 

found to be 3.5 indicating that the material surface is positively charged below this pH and 

negatively charged above it. Among the various possible chloro complexes of mercury, the 

tetrachloro complex has a high stability constant value [23]. At pH greater than 6.0, Cd(II) and  

Hg(II) undergo hydrolysis to form corresponding hydroxides and hence adsorption efficiency 

decreases substantially. 

 

Fig.7 a.pHzpc of  EHDAIC, b. effect of pH (adsorbent dose = 200mg, contact time = 45min. 

[Cd(II)] =100 mgL-1, [Hg(II)] = 20 mgL-1) 

3.3 Adsorption isotherms  

Langmuir and Freundlich adsorption isotherm models were studied quantitatively. Absorption 

studies were performed by using varying concentrations of Cd(II) from 100 mg/L to 2000 mg/L 

and for Hg(II) from 20 mg/L to 500 mg/L maintaining all the optimized parameters like pH, 

adsorbent dose, contact time and temperature constant. 

3.3.1 Langmuir isotherm 

The purpose of Langmuir isotherm model study is to understand the monolayer adsorption on 

homogeneous surface and to calculate the maximum adsorption capacity of adsorbent [24]. It 

relates the maximum adsorption capacity (q0) and the Langmuir constant related adsorption 

energy (b) in linearized Langmuir equation: 

00

1
q

C

bqq

C e

e

e          (2) 

The maximum adsorption capacity q0 and the constant b were obtained from the slope and 

intercept of the plot of Ce/qe against Ce(Fig. 8 ). High adsorption capacities (Table 1) refer to 

excellent adsorption behavior of EHDAIC towards metal ions. A separation factor RL that relates 

to the favourable nature of adsorption is given by the equation: 

o
L

bC
R




1
1

        (3) 

RL value less than unity (Table 1) indicates effective interaction between the EHDAIC and metal 

ions at the optimized experimental conditions [25].  

 

3.3.2 Freundlich  isotherm 
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Inequivalent adsorbent sites leading to surface heterogeneity during adsorption has been 

explained by Freundlich isotherm model[26]. kF refers to adsorption capacity and n indicate the 

adsorption intensity with the linearized expression given as  

eFe C
n

kq log
1

loglog          (4) 

The logarithmic plot of qe against Ce (Figure.8) gives the constants kFandn( Table 1).The smaller 

value of 1/n  (0.1 <1/n< 1.0) signifies an active interaction between EHDAIC and metal ions[27]. 

 

Table 1 Isotherm parameters 
 

Fig. 8 Isotherm studies (adsorbent dose = 200mg, contact time = 45min, pH = 3.0, [Cd(II)] =100 

mgL-1, [Hg(II)] = 20 mgL-1)  a. Langmuir isotherm -1.Cd (II)  adsorption 2. Hg(II) adsorption, b. 

Freundlich isotherm- 1.Cd(II) adsorption 2. Hg(II) adsorption, c. Comparison of experimental qe 

with other isotherms-1.Cd(II) adsorption 2. Hg(II)  adsorption. 

 

3.4 Kinetics of adsorption 

The amount of metal ion adsorbed by the adsorbent depends on the contact time and thus, 

kinetics of adsorption of metal ions on to the EHDAIC was explained through pseudo-first-order 

and pseudo-second-order kinetic models. The studies were carried out using 50 mLof100 mg L-

1of Cd(II) and 20 mgL-1 Hg(II) solutions at pH 3.0. It was equilibrated with 200 mg of EHDAIC 

at 298 K for different time intervals (5-90min).   The pseudo-first-order kinetics [28]  is given by 

the equation 

303.2
tk

qlog)qqlog( 1
ete 

      (8) 

where qe and qt refer to the amounts of metal ions  adsorbed at equilibrium and at time t with the 

first- order rate constant k1.The plot of log (qe - qt) against t gives pseudo-first-order rate 

constant  with regression coefficient (Fig. 9). 

The pseudo-second-order equation [29] is given as 

e
2

e2t q
t

qk

1
q
t

         (9) 
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where k2 is the pseudo-second- order rate constant in g mg-1 min-1. The plot of log t/ qt against t 

(Fig.9) gives pseudo-second-order rate constant. Regression coefficient of 0.99 for pseudo-

second-order rate kinetics offers a best fit model to describe the adsorption of metal ions on to 

EHDAIC (Table 2).During adsorption whether intraparticle diffusion is the rate determining step 

can be confirmed by Weber –Morris model [30] .According to this model, qtand t1/2   of 

adsorption process are related as 

Ct.kq 2/1
intt          (10) 

If the plot of qt verses t1/2 (Fig.9) passes through origin and is linear, then intraparticle diffusion 

is the only rate-limiting step. The slope gives the intraparticle rate constant kint( mg-1 g-1min1/2) 

and non-zero intercept showed that diffusion is not the only rate-limiting step( Table 2). Rate of 

adsorption of metal ions may be influenced by external mass transfer of metal ions from solution 

phase to solid phase, pore diffusion and at interior sites of the adsorbent.[31] Thus the adsorption 

of metal ions byEHDAIC was controlled by boundary layer as well as diffusion process. 

 

Fig. 9 Kinetic studies (adsorbent dose = 200mg, pH = 3.0, [Cd(II)] =100 mgL-1, [Hg(II)] = 20 

mgL-1) a. Pseudo-first-order kinetics 1.Cd (II) adsorption 2. Hg  (II)  adsorption  b. Pseudo-

second-order kinetics1.Cd (II)  adsorption 2. Hg  (II)  adsorption c. Intraparticle diffusion 1.Cd 

(II)  adsorption 2. Hg  (II)  adsorption 

 

Table 2 Kinetic parameters 

 

3.5 Thermodynamics of adsorption 

Effect of temperature on adsorption of metal ions by EHDAIC was studied in order to obtain 

relevant thermodynamic parameters at 298 K, 303 K, 308 K, 318 K and 328 K. These parameters  

describe the spontaneous nature of adsorption .  The free energy change of adsorption (ΔG0) is 

given by 

Δ                                                                                                                  (11) 

van't Hoff equation[32]which relates entropy (ΔS0) and enthalpy (ΔH0 ) changes is given by                         (12) 
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where R is the gas constant (8.314 J mol-1K-1). The value of equilibrium constant K has been 

evaluated from the ratio of concentration of metal ions adsorbed to that in the solution phase. 

The values of     and     were obtained from slope and intercept of the plot of ln K against 1/T 

(Fig10) respectively. The negative free energy change indicates the spontaneous nature, negative 

enthalpy change indicates the exothermic nature of adsorption process while negative entropy 

change indicates the decrease in randomness of metal ions as it passes from solution to adsorbed 

state. (Table 3) 

 

Table 3Thermodynamic parameters  

 

Fig. 10 Van’t Hoff plot (adsorbent dose = 200mg, contact time = 45min, pH = 3.0, [Cd(II)] =100 

mgL-1, [Hg(II)] = 20 mgL-1) a. cadmium adsorption b. mercury adsorption 

 

3.6 Column studies 

Column adsorption studies were performed using glass column of 30.0 cm length and 1.0 cm 

inner diameter to understand the applicability of adsorbent for larger sample volumes. Column 

was packed with 1.0 g of adsorbent to the height of 6.0 cm. Metal ion solutions were passed 

through the column at the flow rate of 6mL min-1.Concentrations of metal ions in solution phase 

were analyzed to quantify the column efficiency. Adsorption of metal ions was found to be 

quantitative up to 1100ml for 200mgL-1 of cadmium solution and 900ml for 50 mgL-1 of mercury 

solution (Fig. 11and Table 4). The identical results were obtained in three replicates. These 

results clearly indicate that larger sample volumes containing these metal ions can be effectively 

treated using column method compared to batch extraction. 

Fig.11 Effect of sample volume on column efficiency  a. cadmium adsorption b. mercury 

adsorption 

Table 4 Column parameters  

3.7 Effect of co-anions 

The real effluent synthetic effluent contains diverse anions and cations which compete for the 

available active adsorption sites on the adsorbent surface. Hence, it is important to understand 
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the effect of individual ions on adsorption efficiency. Cations such as Cu2+, Ni2+, Co2+, Zn2+, 

Fe2+and anions such as  SO4
2-, Cl-, NO3

-, PO4
3- were individually tested for their effect on 

adsorption of Cd(II) and Hg(II) by EHDAIC. For interference in cadmium adsorption, 50 mL 

solution containing 100 mg/L Cd(II) and 200 mg/L interfering  ion has been equilibrated with 

200 mg EHDAICmaintaining all other optimized parameters constant. For interference in Hg(II) 

adsorption 50 mL of 20 mg/ L Hg(II) was mixed individually with 50 mL 100 mg/L 

concentrations of these ions and stirred with 200 mg of EHDAIC. From Fig.12,it is apparent that 

the NO3
- anion and Fe2+cation affect the % removal of Cd(II) and Hg(II) to the maximum extent. 

However, the percentage removal is more than 90% in all the cases. 

Fig.12 Effect of Co-anions  

3.8 Application to synthetic effluents  

In order to confirm the applicability of EHDAIC for removal of cadmium and mercury, two 

different synthetic effluents containing Cd(II) in first while Hg(II) in second were prepared 

having similar composition to that of the real effluents and adsorption efficiency was determined 

for these metal ions. The results have been depicted in Table 5.The decrease in the removal 

efficiency can be attributed to presence of iron and nitrate ions.  

Table 5 Application of EHDAIC to synthetic effluents   

3.9 Regeneration and reusability of EHDAIC 

The regeneration of adsorbent material is very important from a greener point of view. Various 

reagents such as sodium hydroxide, ammonium hydroxide, sodium carbonate, hydrochloric acid 

and sulphuric acid were examined for desorption. The best results were obtained with 5% (v/v) 

ammonium hydroxide solution (Fig. 13a). 2 g of EHDAIC  loaded with Cd(II) and Hg(II) was 

taken in conical flask. To it, 25 mL of 5% (v/v) ammonium hydroxide solution was added and 

stirred for 30 min. The reaction mixture was filtered and washed with distilled water to give back 

EHDAIC. The regenerated EHDAIC was tested for ten adsorption-desorption cycles. The 

adsorption efficiency was found to decrease with number of cycles (Fig. 13b). 

 

Fig. 13a. Effect of various reagents on desorption of Cd(II) and Hg(II) loaded  EHDAIC  b. 

Efficiency of regenerated EHDAIC in succeeding adsorption cycle. 

 

98 / 519



3.10 Mechanism of Adsorption of Metal ions byEHDAIC 

In EHDAIC, protonated amino groups of chitosan and EHDA moiety undergoes feasible 

interaction with tetrachlorometalate(II) complex. The resulting binding energies were due to the 

electrostatic and van der Waals interactions. In present work, Cd(II) and  Hg(II) shows ion pair 

interactions with quaternary nitrogen of EHDA. Also amino groups of chitosan get protonated in 

acidic medium and this further enhances the electrostatic interaction between tetrachlorometalate 

(II) anion and the EHDAIC (Fig. 14). 

 

Fig. 14 Mechanism of adsorption. 

 

3.11 Comparison with other related adsorbents  

The adsorption capacity is a yardstick to assess an adsorbent. The adsorption capacity of 

EHDAIC is compared with some of the other reported biopolymer adsorbents. 

Table 6 Comparison of adsorption capacity with other adsorbents. 

 

Conclusion 

Chitosan could be easily modified with EHDAB in microwave irradiation within 2 minutes. The 

method of synthesis was simple and did not require any special conditions. The interaction 

between the chitosan and ionic solid exquisite the potential application of adsorbent for the 

effective adsorption of potentially toxic metal ions like Cd2+ and Hg2+. Experimental data 

showed adsorption process follows pseudo- second order kinetics.  The EHDAIC adsorbent has 

shown admirable adsorption capacities of 341.3mg g-1 for cadmium and 43.4 mg g-1 for mercury. 

Adsorption process was found to be spontaneous, exothermic and leads to decrease in 

randomness. The regeneration and reusability of EHDAIC makes it a greener material for metal 

ion removal from industrial effluents.  
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Table 1  Isotherm parameters 

Elements Langmuir isotherm Freundlich  isotherm 
 q0 

(mg/g) 
b 

(L/mg) 
RL r2 kF 

(mg/g/L ) 
n r2 

Cd2+ 341.30 0.004 0.70 0.736 12.15 2.20 0.968 
Hg2+ 43.43 0.03 0.40 0.773 3.84 2.29 0.952 
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Table 2 Kinetic parameters 

Elements Pseudo-first-order  
kinetics 

Pseudo-second-order 
kinetics 

Intraparticle diffusion 

 k1 
(1/min) 

r2 k2 
(g/mg/min) 

r2 kint 
(mg/g/min1/2) 

r2 

Cd2+ 0.101 0.755 0.287 0.999 0.072 0.673 

Hg2+ 0.0018 0.714 0.052 0.999 0.021 0.855 
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Table 3 Thermodynamic parameters  

Temperature ΔG 
(kJ/mol) 

ΔH 
(kJ/mol) 

ΔS 
(kJ/mol/K) 

Cd2+ Hg2+ Cd2+ Hg2+ Cd2+ Hg2+ 

298K -7.96 -9.52     

303K -7.93 -9.12     

313K -7.83 -6.85 - 12.31 - 55.40 - 0.014 - 0.153 

323K -7.70 -5.67     

333K -7.53 -4.55     
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Table 4 Column parameters  

Parameter Result 
Cd2+ Hg2+ 

Inlet  metal ion concentration 200 mg/L 50 mg/L 

Breakthrough volume 1100 mL 900 mL 

Exhaustion volume 1900 mL 1300 mL 

Breakthrough Capacity 220 mg/g 45 mg/g 

Exhaustion Capacity 380 mg/g 65 mg/g 

Degree of column utilization 57.89% 69.23% 
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Table 5 Application of EHDAIC to synthetic effluents   

Synthetic 
Effluent 

Concentration of Ions 

(mg/L) 

% Removal 
efficiency 

 

1 Cl-(626), SO4
2-(1155), NO3

-(200), Mn2+(200), Fe2+ 

(200),  Zn2+(200), Cd2+(200) 86.4 ± 0.2 

2 
Cl-(235), SO4

2-(577), NO3
-(100), Mn2+(100), Fe2+,  

Zn2+(100), Hg2+(100) 73.8 ± 0.2 
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Table 6 Comparison of adsorption capacity with other adsorbents. 

Adsorbents 
Adsorption capacity (mg/g) References  

Cd2+ Hg2+ 

Chitosan flakes 9.9 - [12] 

Chitosan/activated carbon 
composite 52.6 - [33] 

Thiourea-modified magnetic ion-
imprinted chitosan/TiO2 

256.4 - [34] 

Polyaniline grafted cross-linked 
chitosan beads 145.0 - 

 
[35] 

Dihydroxyazacrown ether 
crosslinked chitosan - 22.1 [36] 

Thiocarbamoyl chitosan - 27.2 [37] 

Magnetic chitosan beads - 152.0 [38] 

EHDAIC 341.3 43.4 Present study  
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Figure captions 

Fig. 1 Interaction between chitosan and ethylhexadecyldimethyl ammonium bromide (EHDAB) 

Fig. 2 FTIR spectra of a. chitosan, b. EHDAIC 

Fig. 3 XRD pattern of a. chitosan, b. EHDAIC, c. EHDAIC with adsorbed Cd(II), d. EHDAIC 

with adsorbed Hg 

Fig. 4a. TGA curves for chitosan and EHDAIC , b. DTA curves for chitosan and EHDAIC. 

Fig. 5 SEM micrographs of a. chitosan, b. EHDAIC, c. EHDAIC with adsorbed Cd(II), d. 

EHDAIC with adsorbed Hg(II). 

Fig. 6 EDX spectra for a. chitosan, b. EHDAIC, c. EHDAIC with adsorbed Cd(II), d. EHDAIC 

with adsorbed Hg(II). 

Fig. 7a pHzpc of  EHDAIC, b. effect of pH (adsorbent dose = 200mg, contact time = 45min. 

[Cd(II)] =100 mgL-1, [Hg(II)] = 20 mgL-1) 

Fig. 8 Isotherm studies (adsorbent dose = 200mg, contact time = 45min, pH = 3.0, [Cd(II)] =100 

mgL-1, [Hg(II)] = 20 mgL-1)  a. Langmuir isotherm -1.Cd (II)  adsorption 2. Hg(II) adsorption, b. 

Freundlich isotherm- 1.Cd(II) adsorption 2. Hg(II) adsorption, c. Comparison of experimental 

qewith other isotherms-1.Cd(II) adsorption 2. Hg(II)  adsorption. 

Fig. 9 Kinetic studies (adsorbent dose = 200mg, pH = 3.0, [Cd(II)] =100 mgL-1, [Hg(II)] = 20 

mgL-1) a. Pseudo-first-order kinetics 1.Cd (II) adsorption 2. Hg  (II)  adsorption  b. Pseudo-

second-order kinetics1.Cd (II)  adsorption 2. Hg  (II)  adsorption c. Intraparticle diffusion 1.Cd 

(II)  adsorption 2. Hg  (II)  adsorption 

Fig. 10 van’t Hoff plot (adsorbent dose = 200mg, contact time = 45min, pH = 3.0, [Cd(II)] =100 

mgL-1, [Hg(II)] = 20 mgL-1) a. cadmium adsorption b. mercury adsorption 

Fig. 11 Effect of sample volume on column efficiency a. cadmium adsorption b. mercury 

adsorption 

Fig. 12 Effect of Co-anions  

Fig. 13a Effect of various reagents on desorption of Cd(II) and Hg(II) loaded  EHDAIC  b. 

Efficiency of regenerated EHDAIC in succeeding adsorption cycle. 

Fig. 14 Mechanism of adsorption. 
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Kinetics and Mechanism of Oxidation of Tartaric Acid  by N-

Chloronicotinamide (NCN) 
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Postgraduate and Research Department of Chemistry,National College, Trichy — 620 001, Tamil nadu, 

India. E-mail  address : lathaa_ramesh@yahoo.com, pushpalathachem@nct.ac.in 

 
ABSTRACT 

 

The oxidation of tartaric acid by N-chloronicotinamide in the presence of H2SO4 

is studied. First order kinetics with respect to NCN is observed. The kinetics results 

indicate fractional order dependence about [tartaric acid]. Inverse first order in 

[nicotinamide] and inverse fractional order about [H+] are noted. Rate of the reaction 

increases with a decrease in the percentage of acetic acid. The values of rate constants 

observed at four different temperatures were utilized to calculate the activation 

parameters. A suitable mechanism consistent with the experimental findings has been 

proposed. 

 

Keywords:  Tartaric acid, N-Chloronicotinamide, oxidation, mechanism 
 

INTRODUCTION 

 

The kinetics of the oxidation of hydroxy acids has been studied with a  number of 

oxidizing agents  like potassium bromate, hexamethylenetetraminebromine, sodium N-

chlorobenzenesulfonamide,     N-bromoacetamide, ditelluratocuprate(III), 2,2- bipyridium 

chlorochromate, benzo-dipteridine etc.  Although hydroxy acids have been utilized for a number 

of catalyzed reactions, nobody has examined the role of catalysts in NBN oxidation of hydroxy 

acids. Malic acid is a key intermediate in the major biochemical energy-producing cycle in 

cells, known as the Kreb’s cycle, it takes place in the cells mitochondria in most living 

organisms. The body synthesizes malic acid during the process of converting 

carbohydrates to energy. Preliminary evidence suggests that individuals with the disease 

fibromyalgia (a disorder that involves fatigue and pain in the muscles) might have 

difficulty in creating or utilizing malic acid . Such a deficiency could interfere with 

normal muscle function. A.K. Singh [1] studied the kinetics and mechanism of oxidation 

of some hydroxy acids by N-bromoacetamide. Chand Waqar [2]  investigated the 
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mechanism of Ru(III)-catalysed oxidation of glycollic and mandelic acids with N-

bromosuccinimide in acidic media.  Pradeep K. Sharma [3] reported the oxidation of 

some α-hydroxy acids by tetraethyl ammonium chlorochromate.Ajaya Kumar Singh[4] 

followed the  kinetic and mechanistic study on the oxidation of hydroxy acids by N-

bromophthalimide in the presence of a micellar system. E.V. Sundaram[5] explained the 

oxidation of α-hydroxy acids with Quinolinium Dichromate .Asim K Das[6]   studied the 

micellar effect on the reaction of Chromium(VI) oxidation of some representative alpha-

hydroxy acids in the presence and absence of 2,2’-bipyridyl in aqueous acid media. A 

perusal of literature  shows that the reactivity of N-chloronicotinamide (NCN) could be 

compared with other N-haloimide such as N-bromosuccinimide (NBS) and N-

bromosaccharin (NBSa). There are several reports available in the literature on the 

oxidation of alpha-hydroxy acids by oxidants such as N-bromosuccinimide, N-

bromoacetamide , potassium bromate , N-bromobenzenesuphonamide , and iodate[7] 

However, the details of oxidation of tartaric acid by N-chloronicotinamide are yet to be 

explored. This encouraged the systematic kinetic study on the oxidation of tartaric acid 

by NCN in aqueous acetic acid medium. 

 

 

Materials and methods 
Abbreviations 

NCN  N-Chloronicotinamide 

TA    Tartaric acid 

NA    Nicotinamide 

 Preparation and standardisation 

 

N-Chloronicotinamide (NCN) was prepared by the reported method [8]. Standard 

solution of NCN was prepared afresh in water and its purity was checked iodometrically. 

Tartaric acid ((Merck) was used. HClO4 (A.R. grade) diluted with double distilled water 

and was standardized via acid–base titration. All other standard solutions of NaClO4, 

KCl, KBr and nicotinamide were prepared using double distilled water. Double distilled 

water was distilled over KMnO4 in an all glass (Pyrex) distillation set up. Distilled acetic 

acid was used throughout the experiment. 

 

 

Kinetic Measurements  

The solution of tartaric acid and oxidant were kept in black coated bottles separately. 

These solutions were kept in the thermostat to attain the thermostatic temperature. The 

appropriate quantity of oxidant was added to the substrate containing other reagents and 

the reaction bottle was shaken well. The  reaction was followed potentiometrically by 
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setting up a cell made up of the reaction mixture into which the platinum electrode and 
reference electrode(SCE) were dipped. The e.m.f of  the  cell was measured periodically 

using a Equip-Tronics (EQ-DGD) potentiometer. The reactions were studied at constant 

temperature 35◦C. Different studies such as variation of tartaric acid, oxidant (NCN), 

sulphuric acid, sodium perchlorate, nicotinamide and temperature were carried out. The 

reaction was carried out under pseudo-first order condition ([tartaric acid] >>[NCN]).  

The pseudo-first order rate constants computed from the linear (r2  0.9990) plots of log 

(EtE) against time. Duplicate kinetic runs showed that the rate constants were 

reproducible within 3%. The course of the reaction was studied for more than two half-

lives. 

 Stoichiometry  

The reaction mixture containing a known excess of [NCN] >> [tartaric acid] was kept in 

the presence of  H2SO4 and Hg(OAc)2 at 40°C for 72 h. After completion of the reaction, 

the unconsumed NCN was calculated iodometrically. It was found that nearly 2 moles of 

NCN were consumed for each mole of tartaric acid. 

 

HO –CH—COOH                                       CHO 

                                + 2 NCN                         +  2 NA+ 2CO2+ 2HCl              

HO—CH—COOH                                      CHO 

Tartaric acid                                             Glyoxal 

 

 Product Analysis 

The presence of glyoxal as the main oxidation product was detected by the spot test [9] 

and the 2,4-dinitrophenylhydrazine method [10]. 

 

Results 

 

The kinetic results  for the oxidation of tartaric acid by                                 

 N-Chloronicotinamide (NCN) can be summarized as follows. The kinetic studies were 

carried out under pseudo-first order conditions with [tartaric acid] >> [NCN]. 

 

The kinetics of the oxidation of tartaric acid by NCN in presence of HClO4 was 

investigated at several initial concentrations of the reactant. The reaction was of first 

order linearity of a plot of log [NCN] versus time for tartaric acid. The rate constants at 

different initial [NCN] are reported. 

 
 

 

 

Table 1- Effect of variation of [NCN] on reaction rate 

 

[Tartaric acid]=0.03mol dm-3,               [H2SO4]=0. 1mol dm-3, 
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AcOH:H2O (1:4),    [NaClO4]0.1mol dm-3,    Temp. 308 K 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1 summarizes the pseudo first order rate constant’s dependence on the NCN 

concentration. It was observed that, with the increase in initial NCN concentration, the 

value of rate constant decreased . At a constant value of NBN, H2SO4, the rate constant 

was determined at different initial concentrations of tartaric acid ranging from 5 × 10–3 to 

50× 10–3  mol dm–3. Table 2 summarizes the pseudo first order rate constant’s 
dependence on tartaric acid concentration. The rate constant, increased with increasing 

[tartaric acid]. The plot of log k versus log [tartaric acid] was linear with a slope of less 

than unity showing fractional order dependence on [tartaric acid]. Furthermore, a plot of 

log k versus [tartaric acid] was linear with an intercept on y axis, confirming the 

fractional order dependence on substrate. The rate constant k decreased with increase in 

[H2SO4] from 5 × 10–3 to 50× 10–3  mol dm–3 (Table 2) . This may be due to protonation 

of the substrate. The plot of log k versus log[H2SO4] is linear with negative slope. The 

slope being less than unity indicates inverse fractional order dependence on [H2SO4]. 

Successive addition of nicotinamide (as one of the oxidation products of NCN) to the 

reaction mixture showed a decreasing effect on the rate of oxidation of tartaric acid. 

Addition of NaClO4 (to study the effect of ionic strength) in the reaction mixture showed 

an insignificant effect on the rate of oxidation. In order to find the effect of dielectric 

constant (polarity) of the medium on the rate, the oxidation of tartaric acid by NCN was 

studied in aqueous acetic acid mixtures of various compositions (Table 2). The data 

clearly reveal that the rate of reaction increases with a decrease in the percentage of 

acetic acid, i.e., increasing dielectric constant or polarity of the medium leads to the 

inference that there is a charge development in the transition state involving a more polar 

activated complex than the reactants [11].  
 

 

 

[NCN] 

104 moldm-3 

105  kobs sec-1 

1.0 35.01 

1.5 23.45 

2.0 17.43 

2.5 14.05 

3.0 11.84 

4.0 9.06 

5.0 7.14 
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Table 2- Effect of variation of [Tartaric acid], [HClO4] and the 

dielectric constant on reaction rate 

 

[NCN]=0.00015 mol dm-3    [NaClO4]0.1mol dm-3, 

Temp. 308K 

 

 

103[TA] 103[H2SO4] CH3COOH 

%(v/v) 

105 k(obs)  

sec-1 

5 10 20 5.56 

10 10 20 9.74 

20 10 20 16.75 

25 10 20 19.91 

30 10 20 23.55 

40 10 20 29.01 

50 10 20 34.74 

30 5 20 34.41 

30 10 20 23.52 

30 20 20 16.49 

30 25 20 14.68 

30 30 20 13.25 

30 40 20 11.35 

30 50 20 10.01 

30 10 20 23.55 

30 10 25 20.90 

30 10 30 18.11 

30 10 40 13.14 

30 10 50 8.56 

 

 

In the present case, KBr has no effect on the reaction rate where as the rate of reaction 

increased with an increasing concentration of KCl. 

 Effect of temperature 
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Increase in temperature increases the rate of oxidation and plot of log kobs Vs reciprocal 

of temperature is linear. The oxidation of tartaric acid by NCN was studied at different 

temperatures (303K to 323K) (Table  3)  and the activation parameters were evaluated 

(Table 4). Activation parameters are believed to provide useful information regarding the 

environment in which chemical reactions take place.  

 

Table  3-Effect of Temperature on reaction rate 

 

[Tartaric acid]=0.03 mol dm-3  [H2SO4]=0.01mol dm-3, 

                  [NCN]=0.0015 mol dm-3         [NaClO4]0.1mol dm-3, 

                  AcOH:H2O (1:4)  

   

                                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                          Table 5- Activation Parameters  

 

 

 

 

 

 

 

 

 

 

 

Temperature 

K 

105 kobs sec-1 

303 18.85 

308 23.31 

313 28.52 

318 34.96 

323 42.61 

 

Substrate 

 

Ea  kJmol-1 

 

 

H# kJmol-1 

 

S# J K-1mol-1 

 

G#kJmol-1 

 

 

Tartaric acid 

 

  

14.32 

 

    

16.88 

 

 168.7 

  

66.22 
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Test for Free Radicals  

To test for the presence of free radicals in the reaction, the  reaction mixture containing 

acrylamide was kept for 24 h in an inert atmosphere. When the reaction mixture was 

diluted with methanol, the formation of a precipitate was not seen. This suggests that 

there is no possibility of formation of free radicals in the reaction. 

 

 

Mechanism 

It has been reported [12] earlier that NCN is a stable oxidizing and chlorinating agent 

because of the large polarity of the N–Cl bond. NCN, like other similar N-haloimides, 

may exist in various forms in an acidic medium, that is, free NCN, protonated NCN, Cl+, 

HOCl, (H2OCl)+ according to the following equilibria. 

 

NCN + H2O                          HOCl + NA    (1) 

NCN + H+                                            NA + Cl+            (2) 

NCN + H+                            [NCNH] +          (3) 

HOCl + H+                                [H2OCl]+               (4) 

 

Addition of nicotinamide to the reaction mixture decreases the rate of oxidation in acidic 

media suggesting that the pre-equilibrium step involves a process in which nicotinamide 

is one of the products. When NCN or (NCNH)+ is assumed as the reactive species, the 

derived rate laws fail to explain the negative effect of nicotinamide, hence neither of 

these species can be considered as reactive species. When (H2OCl)+ is taken as the 

reactive species, the rate law obtained shows first order kinetics with respect to hydrogen 

ion concentrations contrary to the observed negative fractional order in H2SO4, although it 

fully explains the negative effect of nicotinamide. Therefore, the possibility of cationic 

bromine (Cl+) as a reactive species is also ruled out. Thus, the only choice left is HOCl, 

which, when considered as the reactive species of NCN, leads to a rate law capable of 

explaining all the kinetics observations and other effects. Hence, in the light of kinetic 

observations, HOCl can safely be assumed to be the main reactive species of NCN for the 
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present reaction. On the basis of the above experimental findings and taking HOCl to be 

the most reactive species of NBN, the following scheme can be proposed for the kinetics 

of oxidation of tartaric acid by NCN in acidic medium. 

 

                                  K1 

NCN + H2O                            HOCl + NA (5) 

                                        K2 

HOCl +TA                                X  −    + (H3O)+ (6) 

 

                               k 

 X  −                                                                        Products   (7) 

                          Rate controlling step 

 

According to above scheme, the rate of disappearance of NBN is given as 

 

  
dT

NBNd ][
 = 

][21]][[

]][[21

TAKKHNA

TOTALNBNTAKkK


 

where 

[NCN] TOTAL = [NCN] [NA] [X−] 

The above rate law is in good agreement with the experimental  results. 

                      

Conclusion 

 

At the end of this study, it is evident that the reaction rates are enhanced by increase in 

[tartaric acid]  and temperature. Added nicotinamide retards the rate. HOCl is the reactive 

intermediate leading to product. Glyoxal is  the product of oxidation. Suitable mechanism 

in compliance with experimental observations was proposed and the rate law was 

derived.  
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a b s t r a c t

A novel 5-mercapto-1-substituted tetrazole incorporated quinoline analog was synthesized. The compound
2-Cyclopropyl-4-(4-fluorophenyl)-3-{1-[2-(4-methoxybenzyloxy)ethyl]1H-tetrazol-5-ylsulfanylmethyl}
quinolinewas characterized by IR, Mass, 1H and 13C NMR spectroscopic techniques. Molecular structure was
confirmed by using single crystal X-ray diffraction technique. Thermal behavior was studied by using TGA
and DSC techniques. Further, in vitro anti-inflammatory and in silico docking analysis has been carried out
to study the activity of the compound.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Heterocyclic compounds are well known to possess diverse
pharmacological properties, such as antimicrobial, antimalarial and
anticancer activities. Recently heterocyclic compounds are gaining
more attention and playing vital role in the design and develop-
ment of biologically potent molecules or lead compounds. Het-
erocyclic compounds play an important role in designing new
classes of medicinally important structural entities. Particularly, the
quinoline derivatives continuously gain attention due to its struc-
tural features [1]. Quinoline nucleus occurs in several natural
compounds, which exhibit wide range of biological activity such as
anti-inflammatory [2], antimalarial [3], HIV-1 replication inhibitors

[4,5], antituberculosis [6,7] and anthelmintic [8]. Interestingly,
quinoline scaffold is prevalent in a variety of biologically active
compounds as well as in medicinally important naturally products
[9]. In addition, quinoline and its derivatives have been observed as
promising nuclei to exhibit anticonvulsant properties [10,11].
Moreover, quinoline scaffolds are also utilized in the synthesis of
biologically active molecules such as antitumor [12], anti-
proliferative [13], anticancer [14] and antiparasitic agents [15].
Aforementioned studies unveiled the biological significance and
plethoric applications of quinoline derivatives. So we envisioned to
synthesis quinoline based molecule in order to examine its anti-
inflammatory activity.

Tetrazoles, a unique five membered heterocycles, possess
multifarious applications in medicinal, biochemical and biological
chemistry [16e20]. Particularly, 1-substituted tetrazole and 5-
mercapto substituted tetrazole derivatives have been used in the
preparation of pharmacologically active drugs [21e30]. As phar-
maceutical compounds, tetrazoles have cholinesterase inhibitor
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activity [31] and it could be a potential bioisostere for carboxylic
acid [32]. The tetrazole scaffolds are known to be superior in
resisting metabolic degradation [33e36]. Further, tetrazoles are
highly flexible ligands, which can serve as pharmacophore
replacement of carboxylic acids in medicinal chemistry as well as in
supramolecular chemistry, and it can easily adapt to different
binding modes [37e40]. Interestingly1-(2-hydroxyethyl)-5-
mercapto tetrazole is the pivotal fragment of flomoxef, a cephalo-
sporin drug, due to its significance in antibacterial activity [41].
Studies have shown that, quinoline and tetrazole fused molecules,
resulted in wide variety of biological activities such as anti-
inflammatory [42], anti-bacterial [43], antimicrobial [44] and
antituberclosis [45].

Based on highly promising biological activities of quinoline and
tetrazole derivatives, we envisioned to synthesize quinoline and
tetrazole fused analog. Herein, we report the synthesis, character-
ization, single crystal XRD and anti-inflammatory activity of a novel
5-mercapto-1-substituted tetrazole incorporated quinoline deriv-
ative. Molecular docking study was also performed on 2-
Cyclopropyl-4-(4-fluorophenyl)-3-{1-[2-(4-methoxybenzyloxy)-
ethyl]1H-tetrazol-5-ylsulfanylmethyl}quinoline with the targeted
Human Histamine H1 Receptor (H1R).

2. Experimental

2.1. Materials and methods

All the raw materials and reagents used for synthesis were
procured and used without purification. The compound was pre-
pared as per the synthetic method provided in the experimental
section.

Progress of the reaction was monitored by Thin Layer Chroma-
tography (TLC) using a mixture of n-Hexane:Ethyl acetate (7:3) as
eluent. Analytical TLC was performed on pre-coated aluminium
sheets of silica gel 60 F254 of 0.20 mm thickness (Merck, Germany)
and compounds were visualized with UV radiation. The melting
point was determined by open capillary tube method on a Buchi
melting point apparatus and is uncorrected. FT-IR analysis was
done over 4000e400 cm�1 with 4 cm�1 resolution on a Perkin-
Elmer spectrum 65 FT-IR Spectrometer. Eight scans were applied
to each sample and the average spectra in transmittance mode is
collected and processed through Spectrum software. A mass
spectrum was recorded on a PE-SCIEX API-300 LC-MS/MS with
Turboion spray mass spectrometer. 1H and 13C NMR spectra were

recorded on a Bruker Avance III 500 MHz spectrometer using CDCl3
as solvent with TMS (tetramethyl silane) as internal standard.

Calorimetric response of the sample was measured using DSC
(TA Instruments DSC1000, USA), operating with Universal software
(version 4.5A). Prior to analysis, calibration of the instrument was
performed using piece of indium (In). The sample (z2.0e3.0 mg)
was weighed and transferred into an aluminum pan and sealed
with pin-holed lid. The sample was equilibrated and heated at a
rate of 10 �C/min from 25 to 250 �C under nitrogen purge at 40 ml/
min.

Thermo gravimetric analysis was performed using TGA (TA In-
struments TGA Q500), with Universal software (version 4.5A). TGA
systemwas purgedwith nitrogen gas at the flow rate of 100ml/min
(60 ml/min for sample and 40 ml/min for balance). About 10 mg of
sample was transferred to Aluminium pan and analyzed in the
range of 30e350 �C at 10 �C/min temp ramp. Weight calibration of
balancewas donewith certifiedweights (100mg and 1000mg) and
temperature calibration was done by using Alumal and Nickel
metals. Dry nitrogen was used as a purge gas (sample purge 60 ml/
min, balance purge 40 ml/min).

2.2. Synthesis

2.2.1. Preparation of 2-Cyclopropyl-4-(4-fluorophenyl)-3-{1-[2-(4-

methoxybenzyloxy)- ethyl]1H-tetrazol-5-ylsulfanylmethyl}

quinoline (QS-15)

Anhydrous potassium carbonate (7.76 g, 0.056 mol, 2 eq.) was
added to a solution of 3-(bromomethyl)-2-cyclopropyl-4-(4-
fluorophenyl)quinoline (10 g, 0.028 mol, 1 eq.) and 1-{2-[(4-
methoxybenzyl)oxy]ethyl}-1H-tetrazole-5-thiol (7.47 g,
0.028 mol, 1 eq.) in acetone (150 ml) at RT. The reaction mixture
was stirred at room temperature for 24 h. The progress of the
chemical reaction was monitored by TLC and by completion of the
reaction, the reaction mixture was filtered to remove insoluble
materials and the clear filtrate was concentrated to thick mass
under vacuum at 45e50 �C. The concentrated mass was dissolved
in ethyl acetate and washed twice with demineralized water. The
organic layer was dried over sodium sulfate and concentrated the
clear solution under vacuum at 50e55 �C. To residue methanol
(80 mL) was added and the clear solution was stirred for 1 h. The
precipitated compound was filtered and washed with chilled
methanol (20 mL), which yields 12.8 g (84%) of the final product.
The melting point of the compound was determined as 130e132 �C
by open capillary method.

Reaction Scheme 1
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2.2.2. Crystallization

A supersaturated solution was prepared by dissolving the
compound in dichloromethane-cyclohexane mixture (1:1) at
ambient temperature. The prepared solution was filtered, slightly
warmed and allowed to evaporate slowly at room temperature.
After about one week, good quality transparent crystals appeared
were allowed to grow to a maximum possible dimension and then
harvested. The single crystal obtainedwas used for X-ray diffraction
studies.

2.3. Single crystal X-ray diffraction studies

X-ray diffraction intensity data were collected for compound on
Bruker axs Kappa ApexII single crystal X-ray diffractometer
equipped with graphite monochromated MoKa (l ¼ 0.7103 Å) ra-
diation and CCD detector. Crystals were cut to suitable size and
mounted on a glass fibre using cyanoacrylate adhesive. The unit cell
parameters were determined from 36 frames measured (0.5� phi-
scan) from three different crystallographic zones and using the
method of difference vectors. The intensity data were collected
with an average four-fold redundancy per reflection and optimum
resolution (0.75 Å). The intensity data collection, frames integra-
tion, Lorentz and polarization correction and decay correctionwere
done using SAINT-NT [46] software. Empirical absorption correc-
tion (multi-scan) was performed using SADABS [46] program. The
compound crystallized in the monoclinic system. The Laue group
assignment, systematic absences and intensity statistics were
consistent with centrosymmetry indicating space group P21/c for
compound.

Crystal structurewas solved by directmethods using SHELXS-97
[47] and refined by the full-matrix least-squares method using
SHELXL-97 [47]. All the non-hydrogen atoms were first refined
isotropically and then with anisotropic displacement parameters
for compound. Crystallographic data have been deposited with the
Cambridge Crystallographic Data Centre (http://www.ccdc.cam.ac.
uk) as supplementary publication number CCDC 1508929.

2.4. Molecular docking studies

2.4.1. Target protein identification

Target protein was identified using the DINIES server (Drug-
target Interaction Network Inference Engine based on Supervised
Analysis) which predicts the potential interactions between drug
molecules and target proteins based on drug data and omics-scale
protein data. Chemogenomic approach with learning on Kyoto
Encyclopedia of Genes and Genomes (KEGG) were employed to
mine the existing similar drugs against the title compound. We
found that, among the predicted results astemizole has similar
scaffold as the synthesized compound with high similarity-score of
0.47 [48]. Interestingly, astemizole is known for anti-allergic ac-
tivity and antagonist for histamine H1 receptor, and in recent days
it gained importance in designing in anti-cancer drugs [49,50].
Further studies shows that Tetrazolo [1,5-a] quinoline derivative
possess anti-inflammatory activity [42]. Thus in this study we have
used human histamine H1 target as protein receptor to perform
molecular docking analysis. Three-dimensional structural co-
ordinates of human histamine H1 receptor (H1R) in complex with
doxepin [51] were obtained from RCSB Protein Data Bank (PDB id:
3RZE); the binding site of doxepin was used as the docking site in
the present study.

2.4.2. Target protein and ligand structure preparation

All computational works were performed using the molecular
modeling software MAESTRO, developed by Schr€odinger [52]. The
compounds used in the docking study were built using builder

panel in MAESTRO and ligand preparationwas carried out for these
compounds using the Ligprep suite of GLIDE-5.6 (Grid-based
Ligand Docking with Energetics) software [53]. Ligprep performs
addition of hydrogens, 2D to 3D conversion, realistic bond lengths
and bond angles, low energy structure with correct chiralities,
ionization states, tautomers, stereochemistries and ring confor-
mations. A utility script named ‘hetgrp_ffgen’ available within the
Schr€odinger molecular modeling package was used to generate
OPLS2005 force field parameters for each compound. To perform
docking, the target protein molecule, human histamine H1 recep-
tor, was prepared by building missing residues/atoms, adding
hydrogen atoms, assigning correct bond orders and fixing the
orientation of various groups. All amino acid flips were assigned
and H-bonds were optimized. Non-hydrogen atoms were mini-
mized using steepest descent algorithm followed by conjugate
gradient method until it reached an RMS (root mean square)
gradient of 0.001 kcal/mol.

2.4.3. Molecular docking

Molecular docking was performed using Induced Fit Docking
(IFD) procedure in which receptor and ligand are kept flexible, so
that receptor's side-chain/backbone undergoes conformational
changes, which allow the receptor for better binding according to
the shape and binding mode of the ligand. The prepared protein
was loaded in the workspace and the grid was generated for 5 Å

around the active site (experimental binding site of doxepin) of
protein to perform IFD. The van der Waal's radii of nonpolar re-
ceptor and ligand atoms were scaled by a default factor of 0.50. IFD
calculations were carried out for the compound QS-15, astemizole,
doxepin and diclofenac sodium with the human histamine H1 re-
ceptor. IFD computes 20 docked conformational poses, fromwhich
the best conformational pose was selected based on the docking
score, glide energy, glide emodel values and non-bonded
interactions.

All the molecular modeling simulations were carried out using
OPLS-2005 (Optimized Potential Liquid Simulations) force field.
PyMOL [54], Chimera [55] and “Ligand Interaction Diagram” of the
GLIDE software were used for graphical visualization, analyzing
hydrogen bonds and hydrophobic contacts between protein and
ligand.

2.5. In vitro anti-inflammatory activity (anti-denaturation assay)

We have followed the previously reported experiment to check
the anti-inflammatory activity with minor modification [56]. The
standard drug (diclofenac sodium) and the synthesized compound
are dissolved in minimum quantity of dimethyl formamide (DMF)
and diluted with phosphate buffer (0.2 M, PH 7.4). The final con-
centration of DMFwasmaintained at <2.5% in all solutions. The test
solution (4 mL) containing different concentrations of drug was
mixedwith 1mL of 1mM albumin solution in phosphate buffer and
incubated at 37 �C in incubator for 15 min. Denaturation was
induced by keeping the reaction mixture at 70 �C in water bath for
15 min. After cooling, the turbidity was measured at 660 nm. Per-
centage of inhibition of denaturation was calculated using
following formula, from the control where no drug was added.

% of Inhibition ¼ 100 � (At � Ac)/At

where, At ¼ O.D. of test solution, Ac ¼ O.D. of control.

3. Results and discussions

The present study describes the synthesis and structural char-
acterization of tetrazole incorporated quinoline analog. The
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tetrazole derivative QS-15 was synthesized by the coupling of 3-
(bromomethyl)-2-cyclopropyl-4-(4-fluorophenyl)quinolinewith 1-
{2-[(4-methoxybenzyl)oxy]-ethyl}-1H-tetrazole-5-thiol in the
presence of anhydrous potassium carbonate. The formation of
tetrazole and quinoline fused derivative was confirmed by spectral
data and single crystal XRD. The results are presented in the
experimental section.

3.1. Structural assignments using spectroscopic data

The compound QS-15 was characterized using IR, Mass and
NMR spectral data. The assignment of signals in 1H NMR and 13C
NMR spectra for the compound QS-15 was achieved from signal
multiplicities, integral values and chemical shifts as well as from
the correlations in two-dimensional HeH COSY and 1He13C het-
eronuclear HSQC.

3.2. IR spectra analysis

IR spectrum of compound exhibited an absorption band at
1611 cm�1 accounted for C]N stretching for aromatic quinoline
ring. An absorption band at 670 cm�1 was assigned to stretching
absorption of CeS group. Besides, a band at 3065e3001 cm�1 in-
dicates the aromatic CeH stretching vibrations (Fig. S1).

IR (KBr, y, cm¡1): 3434 (yaliphatic-C-N-tetrazole), 3067, 3045, 3001
(yaromatic ]CeH), 2954, 2906, 2862, 2833 (yCeH), 1611 (yC]N), 1578 &

1512 (yC]C), 1450(yCH2), 1389 (yCH3), 1302(y
eNeN]Ne), 1248 &

1041(yCeO), 840 (yCH bend), 761 (yAliphatic CH).

3.3. Mass spectra analysis

MS data was acquired in positive ionization FIA mode and is
displayed in Fig. S4. The ESI mass spectrum of the compound (QS-
15) displayed the protonated molecular ion at m/z 542.2. Therefore
the molecular weight of this compound would be 541.0 amu. The
mass number showed the presence of odd number of nitrogen
atom in the compound.

ESI-MS: m/z 542.2 [MþH]þ.

3.4. 1H and 13C NMR analysis

In addition to 1H and 13C spectrum for QS-15 compound, 1He1H
COSY and 1He13C HSQC spectra were recorded to confirm the as-
signments (Figs. S5eS14).

1H NMR spectrum of QS-15 shows a singlet at 3.75 ppm. This is
due to the methyl protons attached at C-37. A multiplet at 2.41 ppm
shows methine protons at C-17 and is further confirmed by HeH
COSY correlations (vicinal coupling partner is confirmed by
observing a cross peak between the methine protons at C-17 and
attached methylene protons at C-18 & C-19). A singlet centered at
4.70 ppm corresponds to the methylene protons at C-20, flanked by

electronegative sulphur atom. Appearance of singlet further con-
firms there is no adjacent vicinal protons and it does not have any
cross peaks in HeH COSY experiment. The triplet at 3.76 ppmwith
coupling constant 5.5 Hz, indicates the methylene protons at C-28,
splitting pattern shows the adjacent two vicinal protons and is
further confirmed by the HeH COSY cross peaks. The triplet at
4.33 ppm with a coupling constant of 5.5 Hz indicates the methy-
lene protons at C-27 and its vicinal protons further confirmed by
HeH COSY correlation.

A multiplet at 2.43 ppm in 1H NMR corresponds to eCH proton
of cyclopropane ring, which was confirmed by HeH COSY experi-
ment in which it couples with eCH2 protons of cyclopropane ring.
The corresponding carbon signal was assigned byHSQC experiment
and also it exhibits a positive signal in DEPT-135. The eCH2 protons
of cyclopropane ring at 10.10 ppm exhibit a negative signal in DEPT-
135.

The two multiplets at 1.06 ppm and 1.35 ppm shows the two
methylene protons at C-18 and C-19, and their multiplicity are due
to the coupling of germinal as well as vicinal protons. The fact is
concordance with the observation of cross peaks in HeH COSY
experiment. The singlet centered at 4.36 ppm is assigned for
methylene protons at C-30. The doublet of doublet in the most
downfield region of about 7.97e7.98 ppm is due to aromatic ring
proton at C-8 position of heterocyclic ring. The two multiplets at
7.62e7.65 ppm and 7.31e7.35 are due to aromatic ring protons at C-
7 and C-6 respectively.

In 13C NMR spectrum of the compound QS-15, there are two
signals in the region of 163.7 ppm and 161.8 ppm. These are char-
acteristic for ring carbon attached to fluorine atom. The signals in
the region of 114e164 ppm are due to aromatic carbons. Among
this the less intense signals with higher chemical shift values in the
region of 124e164 ppm are characteristic for ipso carbons. The
positive signal at d 14.94 corresponds to methane eCH of cyclo-
propyl ring. The positive signal at d 55.25 corresponds to methyl
carbon of eOCH3 group, which is attached to phenyl ring.

From the HSQC spectrum of compound QS-15, it is evident that
the contour of aromatic ]CeH protons (6.78e6.81 ppm) attached
at C-33 and C-35 shows correlation with 113.9 ppm in carbon
spectrum and hence the unambiguous assignment is completed.
Similarly the contour of HSQC spectrum showing the correlation of
2.41 ppm in 1HNMR spectrumwith 14.9 ppm in 13C NMR spectrum,
confirming the carbon chemical shift of methine group (C-17).
These HSQC of compound QS-15 correlations are further confirmed
by DEPT-135 spectrum where the carbon signals are observed for
those having the attached protons. The methyl and methine car-
bons are observed as positive peak and methylene carbons are
observed as negative peak at the respective chemical shift of 13C
NMR spectrum. The presence of six negative signals in DEPT-135
experiment confirmed the presence of six methylene protons. The
ten positive signals in DEPT-135 correspond to twelve aryl carbons
in which two of them appeared as single signal. The ten extra

Table 1

Correlation in HOMOCOSY and HSQC of compound QS-15 (d, ppm).

1H NMR signal DEPT-135 Correlation in HOMOCOSY Correlation in HSQC

1.06(H(18)) Negative 1.35(H(19)), 2.41(H(17)) 10.10(C(18))
1.35(H(19)) Negative 1.06(H(18)), 2.41(H(17)) 10.10(C(19))
2.41(H(17)) Positive 1.06(H(18)), 1.35(H(19)) 14.90(C(17))
3.75(H(37)) Positive e 55.25(C(37))
3.76(H(28)) Negative 4.33(H(27)) 66.82(C(28))
4.33(H(27)) Negative 3.76(H(28)) 47.50(C(27))
4.36(H(30)) Negative e 72.88(C(30))
7.32(H(6)) Positive 7.63(H(7)), 7.22(H(5)) 125.85(C(6))
7.63(H(7)) Positive 7.32(H(6)), 7.98(H(8)) 129.60(C(7))
7.98(H(8)) Positive 7.63(H(7)) 129.01(C(8))
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signals in 13C NMR other than DEPT-135 experiment correspond to
quaternary carbon.

With the help of all these experiments, all the signals are
assigned without ambiguity and complete skeleton of the molec-
ular structure is established. Correlation in HOMOCOSY and HSQC
of compound QS-15 is given in Table 1.

3.4.1. 1H NMR (CDCl3, 500 MHz) d ppm

1.06e1.08(m, 2H), 1.35e1.38(m, 2H), 2.41e2.45(m, 1H, 17-CH),
3.75(s, 3H, 37-CH3), 3.76e3.78(t, 2H, 28-CH2, J¼ 5 Hz), 4.33e4.35(t,
2H, 27-CH2, J ¼ 5 Hz), 4.36(s, 2H, 30-CH2), 4.69(s, 2H, 20-CH2),

6.78e6.81(m, 2H, 33-CH & 35-CH), 7.07e7.10(m, 2H, 32-CH & 36-
CH), 7.15e7.19(m, 2H, 13-CH & 15-CH), 7.22e7.27(m, 3H),
7.31e7.35(m, 1H, 6-CH), 7.61e7.65(m, 1H, 7-CH), 7.97e7.98(dd, 1H,
8-CH).

3.4.2. 13C NMR (CDCl3, 125 MHz) d ppm

10.10(C18 & C19), 14.94(C17), 33.77(C20), 47.50(C27),
55.25(C37), 66.82(C28), 72.88(C30), 113.86(C33 & C35), 115.70
(C13), 115.87(C15), 124.52(C10), 125.85(C6), 126.24(C31),
126.31(C5), 129.01(C8), 129.13(C3), 129.18(C32 & C36), 129.60(C7),
130.93(C12), 130.99(C16), 131.80(C11), 147.35(C4), 147.65(C9),
154.27(C34), 159.42(C2), 161.57(C22), 161.75 & 163.72 (C14).

3.5. Thermal analysis

Thermal behavior of the compound QS-15 has been investigated
using TGA and DSC techniques.

3.5.1. TGA

TGA thermogram (Fig. S2) shows that there is no weight loss up
to 200 �C that clearly illustrates the absence of physically adsorbed
and lattice water. Further, there is a stepwise weight loss observed
at about 235 �C which indicates the decomposition of compound.

3.5.2. DSC

DSC thermogram (Fig. S3) shows a sharp endothermic peak at
about 131.5 �C and an exothermic peak at about 226.1 �C. The
endothermic peak corresponds to melting of the compound. The
exothermic peak corresponds to decomposition of the compound.

3.6. Crystal structure analysis

The title compound (C30 H28 F N5 O2 S) was crystallized in P21/c,
monoclinic space group with cell constants: a ¼ 15.6975(12)Å,
b ¼ 9.4080(6)Å, c ¼ 18.5514(12)Å, b ¼ 101.615(2)�. The asymmetric
unit contains only one molecule of the compound. The relevant
crystal data and the structural refinement parameters of QS-15 are
presented in Table 2. Selected bond lengths, bond angles and tor-
sion angles are given in Table 3 and hydrogen bonding interactions

Table 2

Crystal data and structure refinement.

Parameters Values

Empirical formula C30 H28 F N5 O2 S
Formula weight 541.63
Temperature 293(2) K
Wavelength 0.71073 Å
Crystal system, space group Monoclinic, P21/c
Unit cell dimensions a ¼ 15.6975(12) Å

b ¼ 9.4080(6) Å
c ¼ 18.5514(12) Å
b ¼ 101.615(2)�

Volume 2683.6(3) Å3

Z, Calculated density 4, 1.341 Mg/m3

Absorption coefficient 0.165 mm�1

F(000) 1136
Crystal size 0.40 � 0.35 � 0.35 mm
Theta range for data collection 2.242 to 26.343�

Limiting indices �19 � h � 19
�11 � k � 11
�23 � l � 23

Reflections collected/unique 32382/5463
[Rint] 0.0346
Completeness to q ¼ 25.242 99.90%
Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 5463/0/353
Goodness-of-fit on F2 1.04
Final R indices [I > 2s(I)] R1 ¼ 0.0671, wR2 ¼ 0.1457
R indices (all data) R1 ¼ 0.1058, wR2 ¼ 0.1720
Largest diff. peak and hole 1.062 and �0.916 e A�3

Table 3

Selected bond lengths, bond angles and torsion angle.

Atoms Length(Å) Atoms Angle(�) Atoms Angle(�) Atoms Angle(�)

C2eN1 1.318(4) N1eC2eC3 122.4(3) N1eC2eC3eC4 0.4(4) N5eC18eN2eN3 0.7(4)
C6eN1 1.366(4) N1eC2eC29 116.9(3) N1eC2eC3eC17 �178.2(3) S1eC18eN2eN3 �179.9(3)
C14eF1 1.356(3) N1eC6eC5 122.6(3) C10eC5eC6eN1 �179.0(3) C18eN2eN3eN4 0.0(4)
C17eS1 1.822(3) N1eC6eC7 117.9(3) C4eC5eC6eN1 0.4(4) N2eN3eN4eN5 �0.8(4)
C18eN2 1.319(4) C15eC14eF1 118.1(3) N1eC6eC7eC8 179.1(3) N2eC18eN5eN4 �1.2(4)
C18eN5 1.329(4) F1eC14eC13 118.9(3) C12eC13eC14eF1 180.0(3) S1eC18eN5eN4 179.4(2)
C18eS1 1.723(3) C3eC17eS1 109.9(2) F1eC14eC15eC16 �180.0(3) N2eC18eN5eC19 �178.8(3)
C19eN5 1.455(4) N2eC18eN5 109.0(3) C4eC3eC17eS1 101.1(3) S1eC18eN5eC19 1.8(5)
C20eO1 1.308(6) N2eC18eS1 127.1(3) C2eC3eC17eS1 �80.4(3) N3eN4eN5eC18 1.2(4)
C21eO1 1.325(6) N5eC18eS1 123.9(2) N5eC19eC20eO1 �61.5(7) N3eN4eN5eC19 179.1(3)
C25eO2 1.366(4) N5eC19eC20 112.7(4) O1eC21eC22eC27 �98.2(6) C20eC19eN5eC18 87.4(5)
C28eO2 1.403(5) O1eC20eC19 108.5(5) O1eC21eC22eC23 84.7(6) C20eC19eN5eN4 �90.0(5)
N2eN3 1.357(4) O1eC21eC22 117.2(4) C23eC24eC25eO2 �178.9(4) C19eC20eO1eC21 174.1(5)
N3eN4 1.284(4) C24eC25eO2 124.5(3) O2eC25eC26eC27 179.5(4) C22eC21eO1eC20 54.2(9)
N4eN5 1.352(4) O2eC25eC26 116.0(3) N1eC2eC29eC30 13.3(5) C24eC25eO2eC28 0.6(6)

C18eN2eN3 105.2(3) N1eC2eC29eC31 �54.8(4) C26eC25eO2eC28 �177.7(4)
N4eN3eN2 111.3(3) C3eC2eN1eC6 1.0(4) N2eC18eS1eC17 �10.7(3)
N3eN4eN5 106.3(3) C29eC2eN1eC6 178.7(3) N5eC18eS1eC17 168.6(3)
C18eN5eN4 108.1(3) C5eC6eN1eC2 �1.4(4) C3eC17eS1eC18 143.4(2)
C18eN5eC19 131.6(3) C7eC6eN1eC2 �179.7(3)
N4eN5eC19 120.2(3)
C20eO1eC21 124.1(5)
C25eO2eC28 118.2(3)
C18eS1eC17 99.68(15)
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are given in Table 4. The three dimensional structure of the com-
pound (Fig. 1) shows that the main moiety of the title compound,
quinoline ring [N1/C2eC10] and other moieties, fluorophenyl
[C11eC16/F1] and cyclopropyl ring [C29eC31] adopts the planar
conformation. The fluorophenyl and cyclopropyl rings are in
equatorial and axial orientation with respect to the quinoline ring;
the corresponding dihedral angles are, 0.32(12)� and 81.3(3)�.

The tetrazole ring [C18/N2eN5] is observed in planar confor-
mation with the maximum deviation of atom (C7) 0.007(3)Å.
Further, the tetrazole ring is oriented axial with quinoline and
equatorial with methoxybenzene ring, with the dihedral angle
values of 75.35(15)� and 29.27(11)� respectively. The methox-
ybenzyl group [C22eC27/O2/C28] is found in planar conformation.
Further, the methoxy group [O2/C28] lie in a plane which are evi-
denced by torsion angle values of [C24eC25eO2eC28]] 0.6(6)�

and [C26eC25eO2eC28]] �177.7(4)�. The crystal packing is sta-
bilized by CeH/O, CeH/N and CeH/F types of intra and inter
molecular interaction and also CeH/p and van der Waals forces.
The CeH/N and CeH/O interaction forms a R22(14) and R22(20)
dimers which running along c-axis as shown in Fig. 2 [57].

3.7. Molecular docking studies

Human histamine receptors belong to the superfamily of G-
protein-coupled-receptor (GPCR) and are classified into four major
types, namely, H1, H2, H3 and H4. Of these H1 type has involved in
the inflammation pathway, which can be inhibited by antihista-
mine class of compounds [47,48]. The quinoline derivative (QS-15)
was analyzed for the binding affinity with H1R along with aste-
mizole and diclofenac sodium. Further, co-crystallized ligand of the

protein human histamine H1 receptor [51] (PDB id: 3RZE), doxepin
was also docked using the same procedure to compare its binding

Table 4

Identified hydrogen bonding interactions [Å and �].

DeH/A d(DeH) d(H/A) d(D/A) <(DHA)

C12eH12/N1a 0.93 2.59 3.479(4) 161
C19eH19B/O2b 0.97 2.55 3.329(5) 137
C21eH21B/F1c 0.97 2.40 3.302(6) 154
C17eH17B/N2 0.97 2.39 2.933(4) 115
C15eH15/Cg3d 0.93 2.82 3.734(4) 166

D-donor; A-Acceptor; H-hydrogen.
Symmetry Equivalent Positions:

a 1-x,1-y,1-z.
b -x,-y,-z.
c 1-x,1/2 þ y,1/2-z.
d 1-x,-1/2 þ y,1/2-z.

Fig. 1. ORTEP diagram of non-hydrogen atoms of the compound QS-15 are drawn at
20% probability level.

Fig. 2. CeH/N & CeH/O type of hydrogen bonding interactions of R22(14) and
R22(20) dimer.

Table 5

Docking Score, energy and hydrogen bonding interactions of ligands with H1R (PDB
ID: 3RZE).

Compound Docking
score

Glide energy
(kcal/mol)

Type of
interaction

Bond
length (Å)

QS-15 �10.720 �76.490 (TRP 428)
NeH/N

2.9

(ASP 107)
OeH/N

3.1

Astemizole �12.936 �72.050 (TYR 431)
OeH/N

2.9

Doxepin (Co-crystallized
compound)

�10.777 �50.989 (THR 112)
OeH/O

2.7

(ASP 107)
OeH/N

2.8

Diclofenac sodium �10.136 �42.281 (ASP 107)
OeH/O

2.7
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affinity parameters. The conformation of doxepin in both crystal
structure and docked structure are highly similar. The inhibitory
mechanism of tetrazol-quinoline derivative was analyzed from
docking score, glide energy and hydrogen mediated interactions.

The glide energy of QS-15 (�76.49 kcal/mol), is significantly

better than the binding of astemizole, doxepin and diclofenac so-
dium ligands which clearly indicating the stability of the
histamine-QS-15 complex (Table 5). Ligand Interaction module in
the Schrodinger suite was used to analyze and display the ligand-
protein interactions (Fig. 3). Docking studies shows that

Fig. 3. Schematic diagrams of docking interactions between human histamine H1 receptor and the ligands (a) QS-15 (b) astemizole (c) doxepin (d) diclofenac sodium. The diagrams
are prepared using the “Ligand Interaction Diagram” of the GLIDE software [53]. The hydrophobic residues were shown in green, the polar residues were in cyans, Oxygen and OH
groups are depicted in red and nitrogen in blue. The hydrogen bonds and pi-pi stacking interactions were in magenta arrows and green lines respectively. The residues in black text
show the kind of intramolecular or intermolecular interaction they have with respect to the ligand. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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compounds QS-15, doxepin and diclofenac sodium were stabilized
by the hydrogen bonding interaction with the highly conserved
active site residue Asp107, which is not observed in astemizole. The

N-atom of tetrazole ring and N-atom of quinoline ring of QS-15
interacts with the Asp107 and Trp 428 residues respectively as
shown in the Fig. 3.

Further QS-15 and doxepin were stabilized by p-p stacking in-
teractions with Trp 428 and Phe 432 residues. Whereas, astemizole
and doxepin are stabilized by stacking interactions with Tyr431 and
Thr112 respectively. Interestingly Trp158, Trp 428 and Phe 432
residues forms p-p stacking interactions with both astemizole and
diclofenac sodium compounds which maintains its stability with
H1R. The docking score, glide energy and interaction patterns
suggests that quinoline derivative (QS-15) can have good binding
with histamine receptor H1R and possess anti-inflammatory
property compared to doxepin and the standard drug molecule,
diclofenac sodium, which was supported by in vitro anti-
inflammatory activity.

3.8. Anti-inflammatory activity

The synthesized compound shows significant anti-
inflammatory activity, which was evaluated using BSA assay. The
in vitro anti-inflammatory activity (Anti-denaturation assay) of
synthesized compound is comparable to that of the standard drug
(Diclofenac sodium) used in the study; the results are shown in
Table 6 and in Fig. 4. Solutions of QS-15 and Diclofenac sodium after
denaturation at various concentrations are shown in Fig. 5.

4. Conclusion

In the present study, novel 5-mercapto-1-substituted tetrazole
incorporated quinoline compound, 2-Cyclopropyl-4-(4-fluoro-
phenyl)-3-{1-[2-(4-methoxybenzyloxy)-ethyl]-1H-tetrazol-5-
ylsulfanylmethyl}quinoline has been prepared and characterized by
2D-NMR and single-crystal XRD. Single crystal XRD revealed that
the main moiety of title compound, quinoline ring and other
moieties, flurophenyl, cyclopropane ring and tetrazole ring are in
planar conformation. The molecular docking results showed that
the compound QS-15 has comparably good binding with histamine
receptor H1R and possess anti-inflammatory property. The in-vitro

Table 6

Anti-inflammatory activity of QS-15 (Concentration vs % inhibition of denaturation).

Compound Concentration
(mg)

Absorbance % inhibition
(Denaturation)

QS-15 100 0.107 14.01
200 0.152 39.47
300 0.183 49.72
400 0.256 64.06
500 0.319 71.15
1000 0.362 74.58
Control 0.092

Diclofenac
Sodium

100 0.126 26.98
200 0.248 62.91
300 0.382 75.91
400 0.583 84.22
500 0.824 88.83
1000 1.412 93.48
Control 0.092

Fig. 4. Comparison of anti-inflammatory activity between the compound QS-15 Vs
(filled square) Diclofenac sodium (filled circle).

Fig. 5. Solutions of (a) QS-15 and (b) Diclofenac sodium, after denaturation at different concentration in the anti-denaturation assay.
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evaluation of anti-inflammatory activity revealed that QS-15 ex-
hibits significant activity when compared with standard drug
diclofenac sodium. The results we obtained suggested intriguing
directions, which are currently under active investigation.
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Highlights 

 

 

 

 Sn(IV) crosslinked chitosan (Sn-Ch) 

 Sn-Chis used for adsorption ofAs(III). 

 Adsorption capacity of Sn-Ch towards As(III)was found to be 17.10 mg/g. 

 The material was tested for applicability, regeneration and reusability.  

 

Abstract 

Chitosan, a potent amino polysaccharide, has been cross-linked with Sn(IV) chloride. The 

material was thoroughly characterized using FT-IR, XRD, SEM, EDX, TGA-DTA and BET 

studies. This Sn(IV) chloride cross-linked chitosan (Sn-Ch) has been exploited for As(III) 

adsorption . Various parameters like pH, amount of adsorbent, adsorption time etc have been 

optimized to achieve maximum adsorption efficiency. Under optimum conditions of pH 

7.0±0.2, adsorption time of 45 min and adsorbent dose 200 mg, Sn-Ch was found to have 

adsorption capacity of 17.10  mg/g at 298 K. Adsorption of As(III) by Sn-Ch follow non-

linear Freundlich isotherm model. The equilibrium studies showed that the experimental data 

fits well with non-linear pseudo-second-order kinetic model. Adsorption process was found 

to be exothermic and spontaneous. Column study proves the applicability of Sn-Ch to the 
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larger sample volumes. It was found to be recyclable material and could be regenerated and 

reused multiple times adding a greener dimension.  

 

Keywords: stannic chloride crosslinked chitosan; adsorption; As(III). 

 

 

 

 

 

 

1. Introduction 

Arsenic is one of the most toxic element which is also the most diffused pollutants in the 

wastewater. Inorganic arsenic gives rise to severe hazards to human health, especially on the 

gastrointestinal and respiratory tracts, skin, liver, cardiovascular and nervous system (Smith 

& Lingas, 2000; Brown & Ross, 2002). Arsenic is generally present as pentavalent (H3AsO4, 

H2AsO4
-, HAsO4

2-) and trivalent (H3AsO3, H2AsO3
-, HAsO3

2-) oxidation states. As(III) is 

more toxic, more mobile and more difficult to remove than As(V) for arsenic extraction 

processes, as it exists in uncharged form in pH range 2-6. (Yamani ,Miller, Spaulding & 

Zimmerman, 2012). The European Commission, USEPA(U.S. Environmental Protection 

Agency, 2002) and W.H.O. (WHO, 2004) have revised the maximum permissible 

concentration limit for arsenic in drinking water by decreasing it from 50 µg/L to 10 µg/L. 

Many technologies such as precipitation (Bhattacharya, Jumawan & Grieves, 1979), 

coagulation (Sancha, 2000), chemical oxidation (Bissen & Frimmel, 2003), ion exchange 

(Viraraghavan, Subramanian  & Tanjore, 1996) and adsorption (Sharma et al. 2014) have 

been applied for the removal of arsenic. Among all these, adsorption has greater significance. 

This technique can be used in such regions where water is inadequate. It is also affordable by 

developing countries as it is less energy demanding, and no additional chemicals are required 

for treating the wastewater. Although activated carbon (Chuang et al., 2005; Gu, Fang & 

Deng, 2005) is still the most used compound for the toxic elements removal from the 

aqueous medium, there is avid research on alternative adsorbents, especially polysaccharides 
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which are abundant, biodegradable, eco-friendly, renewable and non-toxic. Among them, 

chitosan plays a prominent role. 

Iron oxides, manganese oxides, Fe–Mn binary oxide, Fe(III)-Sn(IV) binary oxide powders 

(Oscarson, Huang,  Defosse & Herbillon1981; Zhang, Qu, Liu, Liu & Li, 2007; Lafferty, 

Ginder-Vogel & Sparks, 2010; Ghosh, Bandyopadhyay, Manna & Mandal , 2006) were also 

extensively studied because they could effectively remove arsenate and arsenite. However, 

they cannot be used in fixed-bed or other flow-through systems because of their weak 

mechanical strength and proclivity to aggregate. (Sarkar, Guibal, Quignard & Sen Gupta, 

2012; Li et al., 2012). To overcome these margins, the powdered materials needed to be 

immobilized. The main ways for immobilization are coating, loading, crosslinking, 

impregnation or entrapment of active components in/on certain carriers to yield better 

sorbents.  

Chitosan, an aminopolysaccharide, obtained by the deacetylation of chitin in alkaline 

medium, can be easily formulated into beads and films (Gerente, Lee, LeCloirec & McKay 

2007). Moreover, it is inexpensive, biodegradable, biocompatible, and nontoxic to 

environment (Gupta, Chauhan & Sankararamakrishnan, 2009). Thus, it has been used as a 

host material for immobilization of fine powders and nanoparticles (Sankar et al., 2013). 

Chitosan had been employed for the removal arsenic from water, but it showed rather low 

sorption capacity for As(V) and even less capacity for As(III) (Elson,Davies & Hayes ,1980; 

Miller and Zimmerman, 2010), which limited its application. 

Based on the facts, present study reports preparation of stannic chloride crosslinked chitosan 

(Sn-Ch) for excellent sorption of arsenic(III). This study is focused on evaluating the 

parameters such as contact time, solution pH, and common coexisting anions which affect 

arsenic removal by Sn-Ch. The feasibility of reuse has also been examined. Moreover, 

removal performance has been estimated for arsenic-spiked water using column tests. 

2. Materials and Methods 

2.1 Materials  

A stock solution of As(III) (1000 mg/L) was prepared by dissolving 1.3200 g of As2O3 in 25 

mL of 1.0 M NaOH. The solution was diluted to about 100 mL with double distilled water, 

and two drops of 0.2% phenolphthalein were added. It was then neutralized with 1.0 M HCl 

and further diluted to 1 L. This stock solution was diluted to obtain a standard solution of 5 
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mg/L As(III). Chitosan with 85% of degree of deacetylation and molecular weight 120 KD 

was supplied by Uniloid Bio-Chemicals India Limited, Hyderabad. All the reagents were of 

analytical grade and used without further purification. 

 

2.2 Preparation of tin(IV) crosslinked chitosan (Sn-Ch) 

In a two naked round bottom flask, 5 g chitosan was added with 50 mL of ethanol to form a 

slurry. To it, a solution of 2 mL anhydrous Sn (IV) chloride in 25 mL ethanol was added 

dropwise with the help of dropping funnel. It was stirred for 1 hour at room temperature. The 

reaction leads to generation of HCl which was neutralized with 5% ammonia-ethanol (v/v) 

mixture. The residue was filtered and washed with double distilled water till negative test of 

chloride. The Sn-Ch adsorbent was dried in oven at 60 0C. Supplementary Fig.1 shows 

preparative schematic diagram of Sn-Ch. 

 

2.3 Batch adsorption experiments 

For batch absorption studies, 5-100 mg/L As(III) solutions were equilibrated with 200 mg 

Sn-Ch in stoppered conical flasks. Each systemwas stirred for 45 min.  The amount of As(III) 

adsorbed (mg /g) on Sn-Ch at equilibrium (qe) can be given by- 

V
W

CC
q e

e 


 0

         
(1) 

Also the percent removal capacity was calculated as- 

100
C

CC
movalRe%

0

e0 


         (2) 

where C0 and Ce refer to the initial and equilibrium liquid phase concentrations in mg /L of 

As(III), V is  the volume of As(III) solution  in litre and W is the weight of Sn-Ch adsorbent  

in gram. All the batch adsorption experiments were performed in triplicate and mean 

concentrations have been reported. The analysis of the data was carried out using ORIGIN 

8.5 software.   

 

2.4 Physicochemical characterization of Sn-Ch adsorbent 

Structural details of Sn-Ch could be explained on the basis of FT-IR spectra recorded using 

Bruker Alpha spectrometer with ZnSe ATR crystal in the wavelength range 500-4000 cm1. 
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The XRD spectra were recorded by X-ray diffractometer system Righaku-Miniflex 300 in 2 

range 3.0 to 90.00 employing copper Kα radiation. Surface morphology of adsorbent was 

studied using Scanning Electron Microscope (SEM) model TESCAN VEGA 3 SBH. Energy 

dispersive X-ray (EDX) analysis was performed for elemental composition using X- ray 

analyzer Oxford INCA Energy 250 EDS System during SEM studies. Thermal analysis of 

Sn-Ch was carried out using Hitachi TG-DTA 7200 analyzer in temperature range 50 - 900 

0C with heating rate of 20 0C/min in nitrogen medium. The  Brunauer–Emmet–Teller (BET) 

surface area estimation was carried out by nitrogen adsorption–desorption method on single 

point surface area analyzer model Smart Sorb 92/93. 

 

2.5 Analysis 

The concentration of the arsenic in the aqueous solutions was measured using ICP-AES. 

3. Results and discussion 

3.1 Characterization of Sn-Ch 

 The FT-IR spectrum of chitosan showed characteristic broad peak corresponding to O-H and 

N-H stretching vibrations in the region 3300 cm
-1

 and 3500 cm
-1

 respectively (Fig.1).  The 

bending vibration of N-H bond was observed around 1545 cm
-1

. The peaks obtained around 

2890 cm
-1

 and 1017 cm
-1

 were of C-H and the C-O stretching bands respectively. In Sn-Ch, 

the peak around 750 cm−1 is assigned to Sn-Cl vibration and peak at 606 cm-1 is attributed to 

Sn-N vibrational mode (Yearwood, 2014). In XRD pattern, characteristic diffraction peaks of 

chitosan were observed at 2 = 10.940 and 21.990 matching with the reported values. In Sn-

Ch, the diffraction peaks at 2θ = 26.50 and 51.50 of Sn confirms impregnation of tin on 

chitosan (Hemalatha, Illakkiya, Oommen & Usha Rajalakshmi, 2014). The TGA curve of 

chitosan showed two-step degradation. Initial degradation observed between 60 to 100 0C 

with weight loss of 5% which corresponds to dehydration. The second degradation occurred 

in the range of 250–350 0C and could be attributed to the degradation of the polysaccharide 

structure of the molecule, including the degradation of polysaccharide rings and the 

decomposition of the acetylated and deacetylated units of chitosan (Pereira, Agostini, Job & 

González, 2013). At the end of 900 0C, chitosan loses 71% of its weight. In TGA curve of 

Sn-Ch weight loss has been observed at slightly lower temperature with same decomposition 

pattern as that of chitosan. In case of Sn-Ch, the percent weight loss has been reduced 
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substantially from 71% to 55%. This is mainly due to remnants of tin containing ash in Sn-

Ch at the end of 900 0C. In the DTA curve of chitosan, there is a strong exothermic peak at 

288.66 0C which is due to the thermal decomposition of chitosan. This exothermic peak gets 

shifted to lower temperature in Sn-Ch which might be due to lower thermal stability of Sn-

Ch structure compared to that of pure chitosan. Apart from this, there are two endothermic 

peaks at 120 0C and 230 0C which may be attributed to the degradation behaviour of Sn-Ch. 

 

SEM micrographs of chitosan, Sn-Ch and Sn-Ch with adsorbed As(III) were recorded to 

understand subsequent change in surface morphology (Fig. 2). The chitosan seems to have a 

smooth surface morphology. In case of Sn-Ch, it shows porous and rough morphology due to 

the crosslinking of Sn(IV). After adsorption of As(III), the surface of Sn-Ch became less 

porous. The EDX spectrum of chitosan shows the peaks for carbon, oxygen and nitrogen 

(Fig. 2a). After impregnation with Sn(IV), a peak of Sn appeared in the range 3 to 4 eV 

which confirms the successful loading of Sn onto the chitosan matrix (Fig. 2b). Also the 

presence of chlorine peak in Sn-Ch ascertains the fact that tin is encumbered in the form of 

tin chloride and not tin oxide. The adsorption of As(III) was confirmed from the EDX 

spectrum which shows the presence of arsenic along with the other major peaks (Fig. 2c). 

BET surface area and pore volume of chitosan and Sn-Ch were measured by nitrogen 

adsorption-desorption method. The decrease in surface area from 3.47 to 3.02 m2/g and pore 

volume from 6.0 × 10-3to 5.2 × 10-3cm3/g of Sn-Ch is mainly due to metal ion incorporation 

and crosslinking which reduces the diffusion of N2 gas. 

 

3.2 Effect of time on As(III) adsorption 

The effect of contact time on the % removal of As(III) by Sn-Ch was studied by varying the 

contact time in the range 5-60 min with initial As(III) concentration of 5 mg/L with 200 mg 

Sn-Ch at 298 K. The % removal efficiency of As(III) was found to be higher at the start and 

reaches equilibrium in about 45 min (Supplementary Fig. 2a). This is because of availability 

of more adsorption sites on Sn-Ch surface in the beginning which consequently get loaded 

with As(III)  with increasing time. Also, the decrease in concentration gradient with time 

leads to equilibrium state.  
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3.3 Effect of adsorbent dose on As(III) adsorption 

The effect of adsorbent dose on % removal efficiency was studied by equilibrating 5 mg/L 

As(III) solution with varying dose of Sn-Chat room temperature (298 K) and at optimum pH 

7 for 45 minutes. It can be seen that the % removal of As(III) increases linearly as the 

amount of adsorbent increases from 50 to 300 mg (Supplementary Fig. 2b). When the dose of 

Sn-Ch increases further a plateau was obtained probably due to unavailability of adsorbate in 

the solution for incoming escalating adsorbent surface. Thus beyond 200 mg dose of Sn-Ch 

adsorbent there was no remarkable change in % removal efficiency of As(III) due to 

attainment of equilibrium. 

 

3.4 Effect of pH on As(III) adsorption 

The pH of adsorption medium is the most important parameter influencing the adsorption 

capacity. Based on oxidizing and reducing conditions, arsenic is sensitive to pH in ground 

waters (pH 6.5–8.5). Redox potential and pH are the most important factors regulating 

arsenic speciation. The functional groups of adsorbents and the arsenic species (adsorbates) 

are strongly pH dependent. The solutions of varying pH from 2.0 to 9.0 at initial As(III) 

concentration of 5 mg/ L were equilibrated with 200 mg of Sn-Ch for contact time of 45 min 

at 298 K.  It is obvious from Supplementary Fig. 2d, that the % removal increases and 

reaches maximum at pH 7.0 followed by a decrease in the extent of adsorption. In highly 

acidic medium, where the adsorbent surfaces are highly protonated and As(III) mostly exists 

in the form of neutral H3AsO3 species. This situation is not favorable for As(III) adsorption. 

In neutral to alkaline medium, the negative charged H2AsO3
- species starts dominating and 

surface tends to acquire negative charge. The pHPZC of Sn-Ch is 7.1 (Supplementary Fig. 2c). 

Therefore, the percentage of removal starts increasing and reaches maximum at pH 7.0. This 

tendency of acquiring negative charge of the adsorbate species and adsorbent surface 

continues to increase with increase of pH in alkaline medium resulting into gradual increase 

in the repulsive forces between the surface and adsorbate species (Singh, Prasad, Rupanwar& 

Singh,1988). 
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3.5 Isotherms study for adsorption of As(III) 

Adsorption isotherms gives insight of adsorption mechanism as well as help in evaluating the 

adsorption performance. In the present study non-linear Langmuir and Freundlich isotherm 

models were studied at three different temperatures (Langmuir, 1918; Freundlich, 1906).  

The Langmuir isotherm assumes adsorption sites are identical and energetically equivalent, 

and monolayer adsorption onto an adsorbent surface. The non-linear expression of Langmuir 

isotherm equation can be expressed by the following equation 

                (3) 

where Ce (mg/L) is the equilibrium As(III) concentration, qe (mg/g) is the equilibrium 

adsorption capacity, bis the Langmuir isotherm constant which related to the strength of 

adsorption, qm (mg/g) is the maximum adsorption capacity. 

The Freundlich model assumes that the adsorbent owns heterogeneous surfaces and the 

distribution of adsorption site energy is not equivalent and independent. The non-linear 

expression of Freundlich isotherm equation can be expressed by the following equation:  

           (4) 

where KF is the constant of the Freundlich isotherm, 1/n is the constant which related to the 

adsorption capacity and the adsorption intensity.  

From Table 1, it is clear that in case of Freundlich isotherm model the value of correlation 

coefficient is close to unity and hence a best fit model for adsorption of As(III) by Sn-Ch. 

 

 

3.6  Adsorption kinetics  

Kinetics of adsorption of As(III) on to Sn-Ch was studied to understand the time dependency 

of adsorption process. At three different temperatures, non-linearized pseudo-first-order and 

pseudo-second-order kinetic models were studied to understand adsorption kinetics. 

 The studies were carried out using 50 mL 5 mg/L As(III) solution at pH 7.0. It was 

equilibrated with 200 mg of Sn-Ch adsorbent for different time intervals of 5 to 60 min. 
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The non-linearized pseudo-first-order kinetics is given by the equation 

)(
tk

eqq et
11


                  (5) 

The non-linearized pseudo-second-order equation is given as
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The kinetic plots of adsorption of As(III) by Sn-Ch had been shown in supplementary Fig. 4 

a,b and corresponding results were depicted in Table 2. From the value of correlation 

coefficient it is clear that for pseudo-second-order model it is close to unity and hence a best 

fit model to describe the adsorption of fluoride by Sn-Ch. Also the same can be seen from the 

values of experimental qe obtained in pseudo-second-order rate model as they had 

close agreement with that of calculated qe indicating the fitment of experimental data 

in non-linearized pseudo-second-order rate model. 

Weber–Morris model (Weber & Morris, 1963) was studied to understand intraparticle 

diffusion is the rate determining step or not.  

Ctkqt  21/
int.                                                                                       (7) 

If the plot of qt verses t1/2 (Supplementary Fig. 4c) passes through origin and is linear, then 

intraparticle diffusion is the only rate-limiting step. The slope gives the intraparticle rate 

constant kint (Table 2.) and non-zero intercept showed that diffusion is not the only rate-

limiting step for adsorption of fluoride by Sn-Ch. Rate of adsorption of As(III) may be 

influenced by external mass transfer of As(III) from solution phase to solid phase,  pore 

diffusion  and at interior sites  of the adsorbent. Thus the adsorption of As(III) by Sn-Ch was 

controlled by boundary layer as well as diffusion process (Kahu, Saravanan & Jugade 2014). 

 

 

3.7 Thermodynamics of adsorption 

Effect of temperature on adsorption of As(III) by Sn-Ch was studied to obtain relevant 

thermodynamic parameters at 298 K, 308 K, 318K and 328 K. The free energy change of 

adsorption (ΔG0) (Shekhawat, Kahu, Saravanan, & Jugade, 2015) is given by 

                             (8) 
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van't Hoff equation which relates entropy (ΔS0) and enthalpy (ΔH0 ) changes is given by 

         (9) 

where R is the gas constant (8.314 J mol/K). The value of equilibrium constant K has been 

evaluated from the ratio of concentration of As(III) adsorbed to that in the solution phase. 

The values of  and   (Table 3) were obtained from slope and intercept of the plot of ln 

K against 1/T (Supplementary Fig. 5) respectively. The negative free energy change indicates 

the spontaneous nature, negative enthalpy change indicates the exothermic nature of 

adsorption process while negative entropy change indicates the decrease in randomness of 

arsenites it passes from solution to adsorbed state. 

 

 

 

3.8 Column Studies 

Column adsorption studies were performed in order to prove the applicability of Sn-Ch 

adsorbent for As(III) removal of larger sample volumes. For this, a column (30 cm length, 1 

cm inner diameter) was packed with 1 g of Sn-Ch. 10 mg/L As(III) solution maintained at pH 

7.0 was passed through the column at a flow rate of 5 mL/min. The eluent was collected after 

every 10 min interval and it was analyzed for As(III) content. The column eluent was also 

tested for possible leaching of tin but the results were negative. The various column 

parameters were calculated using following formulas and results have been depicted in Table 

4 (Supplementary Fig.6). 

  (10) 

   (11) 

     (12) 

 

3.8 Effect of co-anions on adsorption of As(III) 

The real waste water contains variety of anions which compete for available active sites on 

adsorbent. The effect of these diverse anions on As(III) adsorption capacity of Sn-Ch was 
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studied with 10 mg/L As(III) solution and 100 mg/L co-anions such as SO4
2-, Cl-, PO4 

3- and 

NO3
-. From Supplementary Fig 7, it is clear that chloride ions have higher interference in 

adsorption of As(III) by Sn-Ch adsorbent. However, these observations were obtained at ten 

times higher concentration of Cl- as compared to As(III). 

 

3.9 Regeneration and reusability of adsorbent 

Various reagents such as sodium chloride, sodium nitrate, sodium sulphate and sodium 

carbonate were examined for desorption studies of Sn-Ch loaded with As(III). The best 

results were obtained with 5% (w/v) sodium chloride solution (Supplementary Fig. 8a). The 

chloride ions in NaCl causes ion exchange at this high concentration with the adsorbed 

As(III) of Sn-Ch leading to desorption of As(III) . The regenerated Sn-Ch was tested for 

fifteen adsorption-desorption cycles and it was observed (Supplementary Fig. 8b) that there 

is decrease in adsorption efficiency as compared to original Sn-Ch. Upto 8 cycles, the 

adsorption efficiency was found to be more than 90% which decreased subsequently after it. 

 

3.10 Mechanism of adsorption of As(III) on Sn-Ch 

Tin (IV) chloride binds amino groups of chitosan at room temperature with loss of HCl. Sn-

Ch thus obtained is insoluble in dilute HCl and acetic acid indicating that there were no free 

amino groups in Sn-Ch adsorbent. The presence of chloride ions on Sn-Ch was detected in 

EDX spectra of adsorbent. At pH 7.0, chloride ions on Sn-Ch adsorbent gets exchange with 

arsenite ions (Fig.3) resulting into an increase in adsorption capacity of Sn-Ch.   

 

3.11 Comparison with other related adsorbents 

The adsorption capacity is the most important parameter for describing an adsorbent and it 

distinguishes the adsorbent with the other adsorbents. A comparison of Sn-Ch with other 

adsorbents is mentioned in Table 5. 

Conclusion 

Chitosan has been crosslinked with tin(IV) chloride to give an excellent As(III) adsorbent 

Sn-Ch. The polymeric chains found to get crosslinked by covalent bonding with Sn(IV) with 

the loss of HCl molecule. The resultant material has a number of chloride ions that can 
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exchange with As(III) of the eluent. The Sn-Ch adsorbent shows high As(III) adsorption 

capacity of 17.10 mg/g at 298K. The adsorption process follows non-linear Freundlich 

adsorption isotherm. The kinetics studies indicate that the experimental data fits well in non-

linear pseudo-second order kinetics. Column studies clearly indicated that the material can be 

used to treat larger sample volumes. Applicability towards real sample, recycling and 

reusability are the most encouraging properties of Sn-Ch adsorbent. 
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Fig. 1 Characterisation of Sn-Ch. 
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Fig. 2 SEM Images and EDX spectra of (a) chitosan, (b) Sn-Ch and (c) Sn-Ch with adsorbed 

Arsenic. 
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Fig. 3 Adsorption mechanism of As(III) by Sn-Ch. 

 

 

163 / 519



 

Table 1  Isotherm model 

 

 

Table  2 Kinetic data associated with adsorption process. 

Sl. 

No. 

Rate model Parameters Temperatures 

298 K  308 K 318 K 

1 Pseudo-first-order 

kinetics 

K1 0.197 0.137 0.097 

qeexp (mg/g) 1.186 1.183 1.170 

qecal (mg/g) 1.220 1.202 1.185 

r2 0.779 0.935 0.983 

2 Pseudo-second-

order 

K2 0.252 0.143 0.081 

qeexp (mg/g) 1.289 1.329 1.385 

qecal(mg/g) 1.220 1.202 1.185 

r2 0.941 0.972 0.993 

3 Intraparticle 

diffusion 

Kint 0.071 0.096 0.123 

r2 0.84 0.83 0.89 

 

S. No. Isotherm Parameters Temperature 

   298 K 308 K 318 K 

1 Langmuir qm(mg/g) 17.103 15.613 15.393 

b(L /mg) 0.146 0.133 0.090 

r2 0.956 0.955 0.929 

2 Freundlich KF (mg1-1/n  L1/n /g) 3.545 3.082 2.334 

n 2.436 2.423 2.184 

r2 0.995 0.985 0.971 
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Table 3 Thermodynamic parameters 

 Temperature 
ΔG 

(kJ/mol) 

ΔH 

(kJ/mol) 

ΔS 

(kJ/mol/K) 

298K -8.788 

-49.230 -0.143 
308K -4.867 

318K -3.224 

328K -1.358 

 

Table 4 Column parameters 

Parameter Result 

Inlet  As(III) concentration  10 mg/L 

Breakthrough volume  1200 mL 

Exhaustion volume  1800 mL 

Breakthrough Capacity  12 mg/g 

Exhaustion Capacity  18 mg/g 

Degree of column utilization  66.67  
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Table 5 Comparison of Sn-Ch with reported adsorbents. 

Sorbents 
Adsorption 

capacity (mg/g) 
References 

Chitosan 
1.83 Elson, Davies  & Hayes, 1980 

Molybdate impregnated 

chitosan beads 1.98 Chassary, Vincent &Guibal, 2004 

Titanium dioxide 

impregnated chitosan 

beads 
6.40 Miller &  Zimmerman , 2010 

Iron impregnated 

chitosan beads 6.48 Gang, Deng & Lin,  2010 

Iron coated chitosan 

flakes 16.15 
Gupta, Chauhan & Sankararamakrishnan, 

2009 

Iron crosslinked chitosan 13.40 
dos Santos, Demarchi, Rodrigues, Greneche, 

Nedelko & Slawska -Waniewska, 2011 

Sn-Ch 17.10 Present Study 
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Abstract 

 
In the present study, a new series of mercapto heterocyclic derivatives of 1-(4-((4-

chlorophenyl)(phenyl)methyl)piperazin-1-yl)-2-thio-propan-1-one derivatives are synthesized. The 

chemical structures were confirmed by IR, 1H-NMR and mass spectral analysis. The compounds were 

screened for antibacterial and antifungal activity. It shows good antibacterial and antifungal activity for 

most of synthesized compounds. 

 

Keywords: Antibacterial; Antifungal; Chlorophenyl; Piperazine. 
 

1. INTRODUCTION 

 

The main objective of organic and medicinal 

chemistry is to provide molecules having value as 

human therapeutic agents. Compounds with 

heterocyclic structures are getting special attention as 

they belong to a class of compounds with proven utility 

in medicinal chemistry. Piperazine is a heterocyclic 

compound containing four carbon atoms and two 

nitrogen atoms at 1 and 4 positions (as called 1, 4-

hexahydropyrazine) which are important building 

blocks in drug discovery.  Piperazines are a broad class 

of chemical compounds with many important 
pharmacological properties with a more number of 

positive hits during biological screening. Piperazine 

and substituted piperazine nuclei had constituted an 

attractive pharmacological scaffold present in various 

potent marketed drugs and piperazine has the chemical 

resemblance with piperidine. Nitrogen in piperazine 

ring plays an important role in biological research and 

drug manufacturing and the incorporation of piperazine 

in the compounds is an important synthetic strategy in 

drug discovery due to its easy modification, water 

solubility, the capacity for the formation of hydrogen 
bonds and adjustment of molecular physicochemical 

properties. 

 

The piperazine skeleton contained molecules 

are found to be biologically active compounds in 

different therapeutic areas (Guo et al. 2004; Berkheij et 

a. 2005; Kuldeep Singh et al. 2015). A broad range of 

biological active compounds displaying antibacterial 

(Foroumadi et al 2006; Lohray et al. 2006; Foroumadi 

et al. 2007; Phillips et al. 2008), antifungal 
(Upadhayaya et al. 2004; Watkins et al. 2007), 

anticancer (Gillet et al. 1998; Hulme et al. 1999; 

Gabriel et al. 2000; Rokosz et al. 2005; Chen et al. 

2006; Shami et al. 2006), antiparasitic (Mayence et al. 

2004; Cunico et al. 2009) antihistamin (Smits et al 

2008), psychotolytic (Penjišević et al. 2007),  

antidepressants (Nee Kosoczky Bolya Balla et al. 

1975; Becker et al. 2006) and HIV protease inhibitors 

(Dorsey et al 1994; Askin et al. 1994; Rosen et al. 

1995) have been also found to contain this versatile 

core. In particular, 1-(1-naphthylmethyl)-piperazine 

compound as the efflux pump inhibitor, could employ 
positive effect on tetracyclines and ciprofloxacin 

against their resistant bacteria (Bean and Wareham, 

2009; Coban et al. 2009). Also, benzotriazole-based 

piperazine derivatives and N,N'-

bis(alkyloxymethyl)piperazines had moderate 

antibacterial and antifungal activities against 

pathogenic bacterial strains and fungal strains 

(Chaudhary et al. 2006; Farzaliev et al. 2009). 

Betalactam antibiotics are a class of broad-spectrum 

antibiotics, includes penicillin derivatives (penams), 

cephalosporins (cephems), and carbapenems contain a 
beta-lactam ring.  Most β-lactam antibiotics are with 

heterocyclic thiol side chains and are the most widely 

used group of antibiotics and more than half of all 

commercially available antibiotics in use was β-lactam 

compounds. Due to the higher contribution of 

piperazine and heterocyclic thiol side chains in drug 

synthesis, fusing of these moieties may result wide 

variety of biological activities such as anti-bacterial 

and antimicrobial. Therefore, it was envisioned that a 
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new series of mercapto heterocyclic derivatives of 1-

(4-((4-chlorophenyl)(phenyl)methyl)piperazin-1-yl)-2-

thio-propan-1-one3(a-j) would result in compounds of 

potential biological activities. 

 

 In view of above, the present study with a 
series of 2-bromo-1-(4-((4-chlorophenyl)(phenyl) 

methyl) piperazin-1-yl) propan-1-one are synthesized 

by the reaction of 1-((4-chlorophenyl)(phenyl)methyl) 

piperazine with 2-bromopropanoyl bromide.  Mercapto 

heterocyclic derivatives of 1-(4-((4-

chlorophenyl)(phenyl)methyl) piperazin-1-yl)-2-thio-

propan-1-one are synthesized by reaction of 2-bromo-1-

(4-((4-chlorophenyl) (phenyl) methyl)piperazin-1-yl) 

propan-1-one with and mercapto heterocyclic side 

chains. The chemical structures were confirmed by 

means of IR, 1H-NMR and mass spectral data. 
Antibacterial and antifungal activity of the above 

synthesized compounds was screened. The results are 

good for most of the compounds and for few 

compounds moderately good. 

 

2. MATERIALS & METHODS 

  

 All the Chemical and solvents used in the 

preparation of compounds are Sigma-Aldrich and Alfa-

Aesar.  All the reported melting points were determined 

using an electrically heated block with calibrated 

thermometer; samples are taken in open capillaries and 
were uncorrected. The IR Spectra were taken from 

Alpha Bruker IR spectrophotometer by using KBr 

pallets. Molecular weights of all the synthesized 

compounds were determined using Mass SCIEX 

3000API instrument.     1H-NMR spectra were recorded 

in DMSO – d6 on Bruker NMR (400 MHz) using 

tetramethylsilane (TMS) as an internal standard. 

 

In vitro antibacterial activities of synthesized 

compounds are done with disc diffusion method by 

two-fold serial dilution method and Ciprofloxacin is 
used as standard for comparison.  In vitro antifungal 

activities were evaluated for the synthesized 

compounds with disc diffusion method by two-fold 

serial dilution method and Amphotericin B is used as 

standard for comparison. 

 

2.1 Procedure for the synthesis of 2-bromo-1-(4-((4-

chlorophenyl)(phenyl)methyl)piperazin-1-yl) 

propan-1-one [2]. 

 

To a stirred solution of 1-((4-

chlorophenyl)(phenyl)methyl)piperazine (25 g, 0.087 
moles, 1.0 equ) in dichloromethane (100 mL),  triethyl 

amine (9.7 g, 0.095 moles, 1.1 equ.) was added 

followed by slow addition of 2-bromopropanoyl 

bromide (28.2 g, 0.130 moles, 1.5 equ.) at 0-5 °C. The 

mixture was stirred at 0-5°C till completion of reaction 

and the progress of the reaction was monitored by TLC. 

After completion of reaction, water was added to the 

mass at 2-5°C, the pH was adjusted to 7.0 to 7.5 using 

sodium bicarbonate solution and the layers were 

separated. The organic layer was washed with water, 

evaporated the dichloromethane till thick mass. 

Diisopropyl ether was added and distilled and the solid 

of title compound was obtained by crystallization with 

diisopropyl ether. The preparation of 2-bromo-1-(4-((4-
chlorophenyl)(phenyl)methyl) pipera zin-1-yl)propan-

1-one by condensation of 1-((4-

chlorophenyl)(phenyl)methyl)piperazine with 2-

bromopropanoyl bromide, triethyl amine and 

dichloromethane as the solvent as shown in scheme 1. 

 

 

Scheme 1 

 

Mass analysis of compound 2 shows m/z 421 

(M+1)+  peak which confirms formation of compound 2.  

 
  1H NMR (δ ppm)–CDCl3: 1.80 (d, 3H, CH3), 

2.31 (m, 4H, 2CH2), 3.43 (m, 4H, 2CH2), 4.22 (s, 1H, 

CH), 4.48 (m, 1H, CH), 7.19 - 7.37 (m, 9H ,aromatic) 

  

2.2 Procedure for Synthesis of Mercapto 

Heterocyclic Derivatives of 1-(4-((4-

Chlorophenyl) (phenyl) methyl) piperazin-1-

yl)-2-thio-propan-1-one derivatives 3(a-j) 

 

2.2.1 Procedure for the Synthesis 1-(4-((4-

Chlorophenyl)(phenyl)methyl)piperazin-1-yl)-2 

-((5-phenyl-1,3,4-oxadiazol-2-yl)thio)propan-1-

one 3(a) 
 

To a stirred solution of 2-bromo-1-(4-((4-

chlorophenyl)(phenyl)methyl)piperazin-1-yl)propan-1-

one (2) (5 g, 0.011 moles, 1 eq.) in acetone (100 ml), 5-
phenyl-1,3,4-oxadiazole-2-thiol (2.1 g, 0.0118 moles, 1 

eq.) and anhydrous potassium carbonate (3.2 g, 0.0237 

moles, 2 eq.) were added. The reaction mixture was 

stirred at room temperature. The progress of the 

reaction was monitored by TLC. After completion of 

reaction, the reaction mixture was filtered to remove 

insoluble materials and the clear filtrate was 

concentrated to thick mass under vacuum at 45 °C -     

50 °C. The concentrated mass was dissolved in ethyl 

acetate and washed twice with demineralized water. 

The organic layer was dried over sodium sulfate and 
concentrated the clear solution under vacuum at 50 °C -

55 °C. The crude product was purified with silica gel 

column chromatography with ethyl acetate and             
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n-heptane (3:7 mixture) yielded the product 1-(4-((4-

chlorophenyl)(phenyl)methyl)piperazin-1-yl)-2-((5-

phenyl-1,3,4-oxadiazol-2-yl)thio)propan-1-one (3a).  

 

The preparation of compounds of 3(a-j) is shown in 

Scheme 2. 
 

 
 

Scheme 1 
 

Compound R 

3a 

 

3b 

 

3c 

 

3d 

 

3e 

 

3f 

 

3g 

 

3h 

 

3i 

N

N

N

CH3  

3j 

 
 

IR (KBr) (cm-1) γ 692 (C-S-C), 758 (C-Cl), 992 

(C-H Aromatic), 1071, 1288 (C-O-C), 1446 (CH2), 

1634 (C=O), 2803 (C-H) 
 

Mass analysis of compound 3a shows m/z 563.3 

(M+HCOO)-  peak which confirms formation of 

synthesized compound 3a with 518 mass.  
 

1H NMR (δ ppm)–CDCl3: 1.72 (d, 3H, CH3), 

2.38 (m, 4H, 2CH2), 3.57 (m, 4H, 2CH2), 4.23 (s, 1H, 

CH), 4.93 (t, 1H, CH), 7.18 - 7.98 (m, 14H, aromatic). 

 

The compounds 3(b-j) synthesized similarly 

from 2-bromo-1-(4-((4-chlorophenyl) (phenyl) methyl) 
piperazin-1-yl) propan-1-one with different thiol 

compounds. 

 

2.3.2 1-(4- ((4-Chlorophenyl) (phenyl) methyl) 

piperazine-1-yl)-2-((5-methyl-1,3,4-thiadiazol-

2-yl)thio)propan-1-one (3b) 

 
Prepared from 2-bromo-1-(4-((4-chlorophenyl) 

(phenyl)methyl)piperazin-1-yl)propan-1-one with 5-

methyl-1,3,4-thiadiazole-2-thiol  

 
IR (KBr) (cm-1) γ 699 (C-S-C), 753 (C-Cl), 991 

(C-H Aromatic), 1077, 1288 (C-O-C), 1433 (CH2), 

1633 (C=O), 2804 (C-H). 

 

Mass analysis of compound (3b) shows m/z 

473.3 (M+) peak which confirms formation of product.  
 

1H NMR (δ ppm)– CDCl3 : 1.65 (s, 3H, CH3),  

2.35 (m, 4H, 2CH2), 2.63 (s, 3H, CH3), 3.54 (m, 4H, 

2CH2), 4.26 (s, 1H, CH), 4.96 (t, 1H, CH), 7.20 – 7.95 

(m, 9H,  aromatic). 

 

2.3.3   1- (4- ((4 - Chlorophenyl) (phenyl) methyl) 

piperazin-1- yl) -2- ((4- (pyridin-4-yl) thiazol-

2-yl) thio) propan-1-one (3c) 

 
Prepared from 2-bromo-1-(4-((4-chlorophenyl) 

(phenyl) methyl)piperazin-1-yl)propan-1-one with  4-

(pyridin-4-yl)thiazole-2-thiol. 

 

IR (KBr) (cm-1) γ 697 (C-S-C), 754 (C-Cl), 1000 

(C-H Aromatic), 1083, 1288 (C-O-C), 1433 (CH2), 

1635 (C=O), 2807 (C-H). 
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Mass analysis of compound (3c) shows m/z 

579.5 (M+HCOO)- peak which confirms formation of 

product.  
 

1H NMR (δ ppm)– CDCl3: 1.68 (d, 3H, CH3), 

2.32 (m, 4H, 2CH2), 3.55, 3.70 (m, 4H, 2CH2), 4.17(s, 
1H, CH), 4.92 (d, 1H, CH), 7.20 – 8.64 (m, 14H, 

aromatic). 

 

2.3.4 1-(4-((4-Chlorophenyl)(phenyl)methyl) 

piperazin-1-yl)-2-((1-(2-(dimethylamino)ethyl)-1H-

tetrazol-5-yl)thio)propan-1-one (3d) 

 
Prepared from 2-bromo-1-(4-((4-

chlorophenyl)(phenyl) methyl)piperazin-1-yl)propan-1-

one with 1-(2-(dimethylamino)ethyl)-1H-tetrazole-5-

thiol. 
 

IR (KBr) (cm-1) γ 701 (C-S-C), 755 (C-Cl), 996 

(C-H Aromatic), 1190 (C-O-C), 1439 (CH2), 1635 

(C=O), 2804 (C-H). 

 

Mass analysis of compound (3d) shows m/z 

558.4 (M+HCOO)- peak which confirms formation of 

product.  
 

1H NMR (δ ppm)- CDCl3:1.63 (d, 3H, CH3), 

2.23 (S, 6H, 2CH3), 2.36 (m, 4H, 2CH2), 2.71 (t, 2H, 

CH2), 3.54 (m, 4H, 2CH2), 4.23 (m, 3H, CH2 and CH), 
5.01 (m, 1H, CH), 7.17 - 7.36 (m, 9H, aromatic). 

 

2.3.5 2-(5-((1-(4-((4-Chlorophenyl)(phenyl)methyl) 

piperazin-1-yl)-1-oxopropan-2-yl)thio)-1H-tetrazol-1-

yl)acetic acid (3e) 

 
Prepared from 2-bromo-1-(4-((4-

chlorophenyl)(phenyl)methyl)piperazin-1-yl)propan-1-

one with 2-(5-mercapto-1H-tetrazol-1-yl)acetic acid. 

 

IR (KBr) (cm-1) γ 704 (C-S-C), 760 (C-Cl), 1034 
(C-H Aromatic), 1091, 1290 (C-O-C), 1439 (CH2), 

1640 (C=O), 2987 (C-H). 

 

Mass analysis of compound (3e) shows m/z 499 

(M-) peak which confirms formation of product.  
 

1H NMR (δ ppm) - CDCl3: 1.53 (t, 3H, CH3), 

2.74 (m, 4H, 2CH2), 3.63 (m, 4H, 2CH2), 4.72 (s, 1H, 

CH), 4.85 (m, 2H, CH2), 5.04 (d, 1H, CH), 7.29 - 7.56 

(m, 9H, Aromatic). 

 

2.3.6 3-((1-(4-((4-Chlorophenyl)(phenyl)methyl) 
piperazin-1-yl)-1-oxopropan-2-yl)thio)-2-methyl-1,2,4-

triazinane-5,6-dione (3f) 

 
Prepared from 2-bromo-1-(4-((4-

chlorophenyl)(phenyl) methyl)piperazin-1-yl)propan-1-

one with 3-mercapto-2-methyl-1,2,4-triazinane-5,6-

dione. 

IR (KBr) (cm-1) γ 700 (C-S-C), 754 (C-Cl), 995 

(C-H Aromatic), 1084, 1292 (C-O-C), 1430 (CH2), 

1634 (C=O), 2808 (C-H). 

 

Mass analysis of compound (3f) shows m/z 498 

(M-) peak which confirms formation of product.  
 

1H NMR (δ ppm) - CDCl3:0.90 (t, 3H, CH3), 

1.44 (d, 2H, CH2), 3.0, 3.42 (m, 2H, CH2), 3.53 (d, 1H, 

CH), 4.52 (t, 1H, CH), 4.62 (t, 1H, CH), 7.22 - 7.35 (m, 

7H, aromatic). 

 

2.3.7 2-((1H-benzo[d]imidazol-2-yl)thio)-1-(4-((4-

Chlorophenyl)(phenyl)methyl)piperazin-1-yl)propan-

1-one (3g) 

 
Prepared from 2-bromo-1-(4-((4-

chlorophenyl)(phenyl) methyl)piperazin-1-yl)propan-1-

one with 1H-benzo[d]imidazole-2-thiol. 

  

IR (KBr) (cm-1) γ 703 (C-S-C), 744 (C-Cl), 994 

(C-H Aromatic), 1081, 1257 (C-O-C), 1432 (CH2), 

1619 (C=O), 2804 (C-H). 

 

Mass analysis of compound (3g) shows m/z 

489.3 (M-) peak which confirms formation of product.  

 
1H NMR (δ ppm) - CDCl3 : 1.60 (d, 3H, CH3), 

2.28 (m, 4H, 2CH2),3.52 (m, 4H, 2CH2), 4.15 (s, 1H, 
CH), 4.50 (t, 1H, CH), 7.20 - 7.65 (m, 13H, aromatic), 

11.1 (s, 1H, NH). 

 

2.3.8 1-(4-((4-Chlorophenyl)(phenyl)methyl) 

piperazin-1-yl)-2-((5-methoxy-1H-benzo[d]imidazol-2-

yl)thio)propan-1-one (3h) 

 
Prepared from 2-bromo-1-(4-((4-

chlorophenyl)(phenyl) methyl)piperazin-1-yl)propan-1-

one with 5-methoxy-1H-benzo[d]imidazole-2-thiol. 

 
IR (KBr) (cm-1) γ 705 (C-S-C), 752 (C-Cl), 994 

(C-H Aromatic), 1088, 1287 (C-O-C), 1434 (CH2), 

1621 (C=O), 2809 (C-H). 

 

Mass analysis of compound (3d) shows m/z 519 

(M-) peak which confirms formation of product.  

 
1H NMR (δ ppm) - CDCl3 : 1.57 (d, 3H, CH3), 

2.21 (m, 4H, 2CH2),3.52 (m, 4H, 2CH2), 3.82 (s, 3H, 

CH3), 4.10 (d, 1H, CH), 4.51 (s, 1H, CH), 7.18 - 7.51 

(m, 12H, aromatic), 11.1 (d, 1H, NH). 

 

2.3.9 1-(4-((4-Chlorophenyl)(phenyl) methyl) 

piperazin-1-yl)-2-((4-methyl-4H-1,2,4-triazol-3-

yl)thio) propan-1-one (3i) 

 
Prepared from 2-bromo-1-(4-((4-

chlorophenyl)(phenyl) methyl)piperazin-1-yl)propan-1-

one with 4-methyl-4H-1,2,4-triazole-3-thiol. 
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IR (KBr) (cm-1) γ 694 (C-S-C), 754 (C-Cl), 1000 

(C-H Aromatic), 1084, 1290 (C-O-C), 1436 (CH2), 

1629 (C=O), 2809 (C-H). 

 

Mass analysis of compound (3i) shows m/z 

500.4 (M+HCOO)- peak which confirms formation of 
product.  

 

1H NMR (δ ppm) - CDCl3 : 1.59 (d, 3H, CH3), 

2.37 (d, 4H, 2CH2), 3.55 (m, 3H, 4H, CH3,2CH2), 4.22 

(s, 1H, CH), 4.85 (m, 1H, CH), 7.19 – 8.13 (m, 10H, 

aromatic) 

 

2.3.10 1- (4 - (( 4 - Chlorophenyl) (phenyl)methyl) 

piperazin-1-yl) -2 - ((1 - (2 - ((4-

methoxybenzyl) oxy) ethyl) - 1H - tetrazol-5-

yl)thio) propan -1 -one (3j) 
 

Prepared from 2-bromo-1-(4-((4-

chlorophenyl)(phenyl) methyl)piperazin-1-yl)propan-1-

one with 1-(2-((4-methoxybenzyl)oxy)ethyl)-1H-

tetrazole-5-thiol. 

 

IR (KBr) (cm-1) γ 702 (C-S-C), 755 (C-Cl), 996 

(C-H Aromatic), 1093, 1294 (C-O-C), 1439 (CH2), 

1634 (C=O), 2814 (C-H). 

 

Mass analysis of compound (3j) shows m/z 651 

(M+HCOO)- peak which confirms for mation of 
product.  

 
1H NMR (δ ppm) - CDCl3: 1.60 (d, 3H, CH3), 

2.35 (d, 4H, 2CH2), 3.49 (m, 4H, 2CH2), 3.75 (m, 5H, 

CH2, CH3 ), 4. 12 (s, 1H, CH), 4.37 (d, 4H, 2CH2), 6.8 - 

7.35 (m, 13H, aromatic). 

 

3. RESULTS & DISCUSSION 

 

3.1 Spectroscopic characterization 

 
2- bromo -1 -(4 -((4 - chlorophenyl) 

(phenyl)methyl) piperazine-1-yl) propan-1-one (2) was 

prepared by the reaction of 1-((4-

chlorophenyl)(phenyl)methyl) piperazine with 2-

bromopropanoyl bromide triethyl amine as a base in 

dichloromethane as the solvent. The mass spectra of 

compound 2 show m/z values 421 which confirm the 

formation of compound 2 with molecular weight 420. 

Proton and carbon NMR of compound also confirms 
the formation of compound 2. 

 

 The reaction of 2-bromo-1-(4-((4-chlorophenyl) 

(phenyl)methyl)piperazin-1-yl)propan-1-one (2)  with 

different heterocyclic thiol side chains compounds in 

acetone and anhydrous potassium carbonate resulted 

mercapto heterocyclic derivatives of 1-(4-((4-

chlorophenyl) (phenyl) methyl) piperazin-1-yl)-2-thio-

propan-1-one3(a-j). The overall synthesis of navel 

piperazine derivatives 3(a–j) from 1-((4-

chlorophenyl)(phenyl)methyl)piperazine were 
presented in scheme-3. The compounds 3(a-j) are 

confirmed by 1H NMR and Mass and IR techniques 

and the analytical data corresponds to the nature of 

substituents are provided in table 1. 

 

The IR spectrum of compounds 3 (a–j) show an 

absorption band at IR (KBr) (cm-1) γ 692, 758, 992, 

1071, 1288, 1446, 1634 and 2803 are due to 

corresponding C-S-C, C-Cl, C-H, Aromatic C-O-C, 

CH2, C=O and C-H functional groups respectively. The 
1H NMR spectrum of compounds 3(a–j) show a doublet 

at 1.72 ppm attributed to CH3 protons, 2.38, 3.57 ppm 
corresponds to 4CH2 protons at piperazine ring, 4.23 

ppm attributed to CH proton at C-S position and 4.93 

ppm attributed to CH proton at Benzhydryl group. 

 

3.2 Antibacterial Activity 

 

The synthesized mercapto heterocyclic 

derivatives of 1-(4-((4-chlorophenyl) (phenyl) methyl) 

piperazin-1-yl)-2-thio-propan-1-one 3(a-j) compounds 

were screened for their in vitro antibacterial activity by 

disc diffusion method. MIC values were determined by 
two-fold serial dilution method. Ciprofloxacin was used 

as a standard for the comparison of the antibacterial 

activity, and the MIC results are reported in Table 2.  

  

 

 

 
 

Scheme 1 
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Table 1. Analytical Data for Compounds 3(a-j) 

 

Compounds R 
Molecular 

Weight 

Yield  

(%) 

Decomposition 

Temperature  (°C) 

3a 
 

518 85 78 

3b 

 

472 89 64 

3c 
 

534 78 72 

3d 

 

513 75 55 

3e 

 

500 67 171 

3f 

 

501 87 144 

3g 
 

490 85 120 

3h 
 

520 90 117 

3i 

N

N

N

CH3  

455 84 50 

3j 

 

606 90 49 

 

 

 

Fig. 1: Bar Diagram for Antibacterial Study for the Synthesised Compounds 3(a-j) 
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Table 2. In Vitro Antibacterial Activities of 3(a-j) 

Compounds 

 

Minimum inhibitory concentrations (µg/mL) 
 

 

S. aureus 
 

B. subtilis E. coli P. aeruginosa K. pneumoniae 

3a 12.5 25 50 25 50 

3b 12.5 12.5 50 25 25 

3c 25 25 100 50 100 

3d 25 50 100 100 100 

3e 25 12.5 100 50 50 

3f 12.5 12.5 50 25 25 

3g 25 12.5 50 25 50 

3h 12.5 12.5 50 25 25 

3i 25 25 100 50 100 

3j 25 12.5 50 25 50 

Ciprofloxacin 6.25 6.25 12.5 6.25 12.5 

 

 

The antibacterial activity data showed that 

compound 3a, 3b, 3f and 3h exhibited good activity and 

3c, 3d, 3e, 3g, 3i and 3j exhibited moderate activity 

against S. aureus. Most of the compound in this series 

3(a-j) are showing good activity against B. subtilis and 

showed moderate activity against E. coli and P. 

aeruginosa. Compound 3b, 3f and 3h are exhibited good 

activity against K. pneumoniae.  

 
5-methyl-1,3,4-thiadiazole-2-thiol , 2-(5-mercapto-

1H-tetrazol-1-yl)acetic acid and 5-methoxy-1H-

benzo[d]imidazole-2-thiol subtituted compunds in 1-(4-

((4-chlorophenyl)(phenyl)methyl)piperazin-1-yl)propan-

1-one moiety showed good antibacterial activity. 

 

The obtained antibacterial results revealed that the 

nature of the substituents and the substitution pattern on 

the 1-(4-((4-chlorophenyl)(phenyl)methyl)piperazin-1-

yl) propan-1-one moiety have considerable impact on the 

antibacterial activities. 

 

3.3 Antifungal Activity 
 

All the synthesized mercapto heterocyclic 

derivatives of 1-(4-((4-chlorophenyl) (phenyl) methyl) 

piperazin-1-yl)-2-thio-propan-1-one 3(a-j) compounds 

were screened for in vitro antifungal activity. The 

antifungal activities were evaluated against different 

fungal strains, such as Candida albicans, Candida 

tropicalis, Candida guilliermondii, Candida parapsilosis 

and Candida glabarata. MIC values were determined by 

two-fold serial dilution method. Amphotericin B was 

used as a standard for the comparison of antifungal 

activity. DMSO was used as solvent control. The MIC 
values of the tested compounds are presented in Table 3.  

 

Synthesised compounds 3a, 3b, 3f, 3h and 3j 

showed a good activity and 3c, 3d, 3e, 3f and 3i 

exhibited moderate activity against Candida albicans. 

Most of these compounds showed moderate activity 

against Candida tropicalis. The synthesised compounds 

(3a, 3f and 3h) have good activity against Candida 

guilliermondii, Candida parapsilosis and Candida 

glabarata. The antifungal activity of compounds (3a, 3f 

and 3h) against the tested fungal strains was significantly 

increased due to the introduction of 5-phenyl-1,3,4-
oxadiazole-2-thiol, 3-mercapto-2-methyl-1,2,4-

triazinane-5,6-dione and 5-methoxy-1H-

benzo[d]imidazole-2-thiol respectively

. 
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Table 3. In Vitro antimicrobial Activities of 3(a-j) 

Compounds 

 

Minimum inhibitory concentrations (µg/mL) 
 

 

Candida 

albicans 
 

Candida 

tropicalis 

Candida 

guilliermondii 

Candida 

parapsilosis 

Candida 

glabarata 
 

3a 
 

25 50 25 12.5 50 

 

3b 
 

25 100 50 25 25 

 

3c 
 

50 100 50 25 100 

 

3d 
 

50 100 50 50 50 

 

3e 
 

50 100 50 50 100 

 

3f 
 

25 100 25 25 25 

 

3g 
 

50 100 50 25 100 

 

3h 
 

25 50 25 12.5 25 

 

3i 

 

 

50 100 100 25 100 

3j 
 

25 100 50 50 50 
 

Amphotercin-B 
 

12.5 25 12.5 12.5 25 

** Mean,  ± = Standard deviation     Inculdind disc 6 mm) 

 

 

 

Fig.5: Bar Diagram for Antifungal study for the Sunthesised Compounds 3(a-j). 

 

 

4.  CONCLUSION 

 

The main objective of the present study is to 

synthesize new mercapto heterocyclic derivatives of 1-
(4-((4-chlorophenyl)(phenyl)methyl)piperazin-1-yl)-2-

thio-propan-1-one 3(a-j), characterize and examine the 

antimicrobial and antifungal activity. The synthesised 

compounds 3 (a-j) containing with the hope of 

discovering new structures serving as potential broad 

spectrum antimicrobial and antifungal agents. The 

synthesized compounds are characterized by IR, mass, 

proton and carbon NMR spectra.  Antibacterial study 

revealed that the compounds (3b, 3f and 3h) showed 

good antimicrobial activity. Antifungal study shows that 

the compounds (3a, 3f and 3h) showed good antifungal 

activity and compound (3h) being the best of synthesized 

six compounds. 
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IMPACT OF GST ON TEXTILE INDUSTRY IN INDIA - AN OVERVIEW 

Assistant Professor, Department of Economics. G. Ragunath. National College 
(Autonomous), Tiruchirappalli.620 001. 

Abstract 

Textile industry plays a major role in the Indian economy. It contributes 14 per cent to 

industrial production and 4 per cent to GDP, with over 45 million people. the industry is one 

of the largest sources of employment generation in the country. The industry accounts for 

nearly 15 per cent of total exports. It has been enjoying various tax exemptions. benefits and 

concessions under indirect taxes. Introduction toGoods and Services Tax(GST) could have a 

considerable impact on the Indian textile industry. GST would affect the cotton value chain 

of the textile industry, including all garments for men and women like shirts. trousers, saree, 

apparels, shoes and any more clothing materials, which is chosen by most small medium 

enterprises as it currently attracts zero central excise duty. Textile industry products are likely 

to become more expensive, with the government fixing a higher rate on them under the GST, 

than the rates at which they are currently taxed. Textile industry has differential treatment for 

cotton and synthetic fibre on GST rate is an opportunity lost for a uniform rate for the textile 

manufacturing sector. The handloom sector, powerloom sector and the textile sector as a 

whole, "about 70 lakh workers are employed in the powerloom sector. They are worried 

about the excessive slabs of the Goods and Services Tax (GST), it is hampering their 

livelihood. In this paper, an effort has been made to examine the impact of GST on the Indian 

Textile Industry.

Keywords: GST, Textile Sector, GST rate, Impact, and Input credit 

Introduction

Textile industry plays a major role in the Indian economy. It contributes 14 per cent to 

industrial production and 4 per cent to GDP, with over 45 million people, the industry is one 

OI the largest sources of employment generation in the country. The industry accounts for 

nearly 15 per cent of total exports and this value is likely to increase under Goods and 

Services Tax. Known as one of the oldest manufacturing industry in the country and the 

COnd largest, after agriculture, the textile industry employs both skilled and unskilled 

people. The textile industry has two segments, organised and unorganised. The 
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unorganisedtextile sector includes handicraft, handloom, small and medium scale mills 

whereas an organised sector consists of spinning, garment and apparel which uses modemn 

machinery and techniques. Under the GST purview, the rate structure for textile is decided at 

5% for cotton fibre and 18% for manmade synthetic fibre while totally exempting silk and 

jute from the same. The rate of GST on apparels is also decided based on the category, as the 

apparels whose cost is below Rs. 1000 will attract 5% GST and apparels above this mark will 

attract 12% GST. Goods and Services Tax would affect the cotton value chain of the textile 

industry including all garments for men and women like shirts, trousers, saree, apparels, 

shoes and any more clothing materials which is chosen by most small medium enterprises as 

it currently attracts zero central excise duty. 

Concepts GST 

The Goods and Services Tax (GST) Council announced rates for the textile and other 

pending categories on June 3, 2017, moving one step closer to the proposed implementation 

of the new tax regime with effect from July 1, 2017. While rates for most commodities were 

announced on May 19, 2017, the announcement for the textile sector came with a lag owing 

to the complexities involved in the textile value chain, given the multiple layers and 

considerations as well as its far-reaching implications on the country's output and 

employment. 

GST Rate for the Textile Sector 

With the exception of man-made fibres, the GST rates for all input categories viz. 

cotton, silk, jute, wool as well as other natural fibres have been kept in the Nil/lowest tax 

slab of 5% up to the fabric-making stage. In the downstream segment of end-product 

manufacturing, multiple rates have been introduced varying across product categories as 

well as across price-points. Further, the rates announced for the MMF based products 

follow an inverted duty structure wherein the raw materials have been subjected to 

taxation at higher rates 

Review of Literature 

Mahender (2017)has studied "GST Effect on Manufacturing Industry ndia" and 

concluded that manufacturing industry is playing a significant role in Indian business 

scenario hence manufacturing sector is economic growth of nation. In his research paper 
of 

states that Textile and garment industry maybe negatively impacted with the introductiono

GST 
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Lourdunathan and Xavier (2017) have studied that "A study on implementation of 

goods and services tax (GST) in India: Prospectus and challenges". The concluded that GST 

will bring One Nation and One Tax market. Efficient formulation of GST will lead to 

resource and revenue gain for both Centre and States majorly through widening of tax base 

and improvement in tax compliance.Sankar R, (2017) has observed that the tax rate of this 

industry under the regime of GST it is expected at the rates of 15% which will be having a 

moderate impact on the industry. This moderate impact may either be neutral or slightly 

negative when compared to the other present system of taxation. But they will be benefited 

through the reduction of cost in transportation, savings etc., 

Objectives 

1) To study about the concepts of Goods and Services Tax. 

2) To study about the impact of GST on Textile industry in India. 

3) To provide suggestions and recommendations regarding GST 

Methodology 
This study is descriptive in nature and it used the exploratory technique. The study is 

completely based on the secondary data. The secondary data has been collected from the 

Ministry of Textile, Books, and Journals and so on. 

Impact of GST on textile industry 

Goods and Services Tax or GST is a reality as business operations have been taking 

place across the states and around the world under new taxation policy in India. There are 

certainly expectations that this tax reform will boost the Indian economy; however, there are 

doubts as well that it will have both positive and negative impacts on industries. So, what is 

the impact of GST on various sectors in India? Let's get the answer of it by putting some 

light on impact of GST on various sectors such as textile, iron & steel, pharma& healthcare, 

cement and telecom. 

It is expected that the tax rate under GST would be higher than the current tax rate for 

the textile industry. Natural fibers (cotton, wool) which are currently exempt from tax, would 

be taxed under Goods and Services Tax. 

Impact up to the Fabric-Manufacturing Stage 

The effective tax incidence on cotton and MMF/ blended textiles (up to fabric stage) 

under the existing tax regime is in the range of 5-7% and 11-14% respectively. Besides excise 
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duty, this captures the impact of other multiple levies such as Value Added Tax (VAT. 

Central Sales Tax (CST) and Entry Tax/ Octroi. Considering that the GST rates announced 

for these textile categories are more or less in line with the existing effective tax rates, ICRA 

does not envisage any impact on these product categories. Howeve, the rates announced are 

expected to be positive for wool/ silk-based textiles which will be taxed at a lower rate of 5% 

vis-à-vis their prevailing tax incidence of 8-10% 

Impact on Apparel 
Manufacturers 

Though the impact is unlikely to be substantial up to the fabric stage, differential rates 

for the apparels based on pricing points is likely to create some impact on the apparel- 

manufacturers. While the impact is likely to be positive for apparels priced at less than Rs. 

1,000/ piece in terms of reduced tax liability, the impact is likely to be marginally negative to 

negative for costlier apparels priced at more than Rs. 1,000 per piece. 

Break in input credit chain 

A significant portion of the textile industry in India operates under the unorganized 

sector or composition scheme, thus creating a gap in flow of input tax credit. Input tax credit 

is not allowed if the registered taxpayers procure the inputs from composition scheme 

taxpayers or the unorganized sector. GST would enable a smoother input credit system, 

which would shift the balance towards the organized sector 

Reduction in manufacturing costs 

GST is also likely to subsume the various fringe taxes like Octroi, entry tax, luxury tax 

etc. which would help reduce costs for manufacturers in the textile industry. 

Input credit allowed on capital goods 

Currently, the import cost of procuring the latest technology for manufacturing textile 

goods is expensive as the excise duty paid is not allowed as input tax credit. Whereas under 

GST, there will be input tax credit available for the tax paid on capital goods. 

Revenue Neutral rate proposed to be higher under GST: 

Currently, the State VAT is 4-5% on apparels and with 1.2% effective central excise 

duty on branded garments with MRP of more than Rs 1000, the overall tax incidence on the 

finished goods, i.e. apparels is lower than 12%, which is the lowest rate being proposed in 

GST. This would be in spite of credit not being available for all tax/ duties paid in the past 

An important determinant of the tax incidence under GST will be the GST rate 

Applicable to the textile segments. While the final GST rates are yet to be announced, even a 

the 12% lower rate recommended by the Dr. Arvind Subramanian Committee, The texn 
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sector is 1likely to be negatively impacted. The cotton value chain is likely to be the worst 
affected as it is curTently attracting zero central excise duty and tax in Inputs may not be more 
than 2-4%.Further the apparel retailers will not have suflicient input eredits (such as service 
tax on rent of showrooms) to offset the increased lax liability if the GST is not levied on 

upstream sectors like yarn and fabrics and will be ncgative for retailers. 

Conclusion 

It is concluded that introduction of GST will usher in a plethora of changes in the 
textile business of India with an overall positive impact on the sector. GST implementation is 
expected to produce impetus to various refoms and policy measures envisaged by the 
Government for the ease of doing business and to usher India into a simple, transparent and 
tax friendly regime.GST would affect the cotton value chain of the textile industry, including 
all garments for men and women like shirts, trousers, saree, apparels, shoes and any more 

clothing materials, which is chosen by most small medium enterprises as it currently attracts 
zero central excise duty. Textile industry products are likely to become more expensive, with 
the government fixing a higher rate on them under the GST, than the rates at which they are 

currently taxed. But it is safe to say that GST will help this industry in the long run by getting 
more registered taxpayers under a well-regulated system. It can also be hoped that GST will 
help the textile industry to get more competitive in both the global and domestic markets and 

create opportunities for sustainable, long-term growth. 
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Abstract 
 

Agricultural sector is the primary sector whose growth 

will act as a catalyst to the growth of other sectors. 

Theorists have propounded the growth stages in that an 

economy’s growth is transited from agriculture through 
industry to the service sector. So far as the state economy 

is concerned there is virtually no growth in  the 

agricultural sector and in the manufacturing sector. The 

growth of the economy is mostly contributed by the 

service sector. However, one cannot neglect the  primary 

sector if one seeks long run sustainable growth of the 

economy. The performance of the agricultural sector, 

especially in developing countries often depends on 

environments outside the reach of  policy-makers. The 

weather, world prices (depending on how much the 

world demands of agricultural products and how much 

the rest of the world delivers), external trade barriers, 

terms of trade and global market access all play pivotal 

role in influencing agricultural outcomes. The present 

study is descriptive by nature. The sample was selected 

based on the convenience sampling or purposive 

sampling. The sample size is confined as 100 farmers 

who are having account in the co-operative banks. These 

farmers are selected from all in the Tanjavore district. 

Farmers must shift their cultivation pattern from 

traditional crop to commercial crop, so that they can 

earn more income from their cultivation. And also use 

natural seeds and fertilizers for their cultivation. 
 

KEYWORDS: agricultural finance, changes in 

technology, agricultural productivity 
 

Introduction 
 

Agriculture is the back-bone of Indian economy, it offers 
direct employment to 2/3rd of our population and it is a 
provider of food, clothing, fodder and other basic 
necessities of life for the entire population. The role of 
agricultural finance in the agricultural development of a 
country cannot be overemphasized. One of the reasons 
for the decline in the contributions of agriculture to the 
economy is lack of a formal National Credit Policy and 
paucity of credit institutions, which can assist farmers. 

The development dynamics of the regional economy of 
Tamilnadu are formulated by the interaction of a variety 
of unique historical, geographical, cultural and economic 
environment. The importance of agriculture  in the 
economic development of a country is undebtable. 
Agriculture is the oldest industry in the World and the 
largest even today. The major part of the population of 
the World is dependent upon it for a living. And its 
contribution to economic development  of a country is 
significant. 

 
Economic development may be defined as 
transformation of an economy which is predominantly 
agricultural and traditional; into one of largely  industrial 
and modern. In the former, agricultural and non-
agricultural sectors remain separate presenting economic 
dualism, while in the latter they get integrated. 

 
Agricultural sector is the primary sector whose growth 
will act as a catalyst to the growth of other sectors. 
Theorists have propounded the growth stages in that an 
economy‟s growth is transited from agriculture through 
industry to the service sector. So far as the state economy 
is concerned there is virtually no growth in  the 
agricultural sector and in the manufacturing sector. The 
growth of the economy is mostly contributed by  the 
service sector. However, one cannot neglect the primary 
sector if one seeks long run sustainable growth of the 
economy. The performance of the agricultural sector, 
especially in developing countries often depends on 
environments outside the reach of policy-makers. The 
weather, world prices (depending on how much the 
world demands of agricultural products and how much 
the rest of the world delivers), external trade barriers, 
terms of trade and global market access all play pivotal 
role in influencing agricultural outcomes. 

 
Technological change in agriculture is reflected directly 
on the productivity of crops. It enhances the productivity 
of land and improves the capability of agricultural 
labour. Technical change in agriculture ranges from the 
use of high yielding varieties of seeds, irrigation, 
fertiliser and machines such as pump sets, mechanical 
devises for tilling the soil, sowing and harvesting for 
raising per hectare output. Therefore, the 
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study of productivity, both partial and total productivity 
of crops is also a study of the technological change in the 
crop sector. 

 
Importance of the study 

 

India is basically a rural economy and rural India 
virtually includes the cultivators, the village craftsmen 
and agricultural laborers. One of the serious and 
unrelenting problems faced by the Indian farmers‟ 
households has been the indebtedness. Despite 
substantial improvement in agricultural output and 
distribution of credit, still a majority of the farmers are 
suffering from this major economic malaise called 
indebtedness along with lack of timely and adequate 
farm credit. It is a symptom of a deep rooted malady 
arising from inadequate public investment and 
insufficient public action in recent years. It is essential 
that a sound system of credit should be built up so as to 
fulfill the credit needs of the farmers and to ensure that 
agricultural credit serves the national economy in a 
dynamic way. Various criteria for a good credit system 
have been laid down by various experts and institutions. 

 
Financing for agriculture has been a gigantic task for 
banks in India. Ensuring timeliness and adequacy of 
credit to farmers have posed the most serious challenge 
for banks while financing the agricultural sector. The 
success of agriculture in our country depends not only on 
the use of new technology in the shape  of application of 
high yielding varieties to more and more areas, use of 
better seeds, fertilizers and plant protection methods, 
development of water resources and improvement in the 
soil conservation practices, but also in the provision of 
adequate credit at the right time. 

 
Review of literature 

 

According to Bhalla, of the three sectors of economy in 
India, the tertiary sector has diversified the fastest, the 
secondary sector the second fastest, while the primary 
sector, taken as whole, has scarcely diversified at all. 
Since agriculture continues to be a tradable sector, this 
economic liberalization and reform policy has far 
reaching effects on (I) agricultural exports and imports, 
(ii) investment in new technologies and on rural 
infrastructure (iii) patterns of agricultural growth, (iv) 
agriculture income and employment, (v) agricultural 
prices and (vi) food security. 

 
Lena Roussenova and Dimiter Nenkov (2007) in their 
study on “Agricultural Finance and Institutional Reforms 
in Bulgaria” revealed that agriculture has traditionally 
played a significant role in the Bulgarian economy. Since 
1997, the government has made rapid progress in 
implementing a wide-ranging reform program in 
agriculture, the financial sector and in the 

economy in general. Most of these programs are 
continuously undergoing changes, consistent with the 
developments in the agricultural and banking sectors. 
With continuing recovery of public trust in banks, and 
with more than 70 per cent of banks‟ assets owned or 
controlled by foreign private banks, the sector is 
expected to overcome conservative lending. 

 
Dr. Jason L. Johnson (2009) in his study “The Financial 
Condition and Sources of Financial Risk  for Agriculture 
in 2009” divulged that agricultural stakeholders 
throughout the U.S. and within Texas indicated a high 
probability that the volatility of input prices, commodity 
prices, and profit margins in agriculture will likely to 
lead increased levels of financial stress in the coming 
years. The resulting business climate will place even 
more emphasis on superior financial management skills  
and documentation to secure external funding for 
operations. All agricultural producers should begin (or 
continue) their process of examining the many risk 
factors that threaten their future profitability and 
survival. If necessary, new or expanded risk 
management skills and strategies should be developed by 
farm and ranch managers to ensure that they are able to 
remain viable through this period. 

 
C. Mahadeva Murthy B. H. Suresh and K. P. Veena 
(2009) in their article “Dimensions of Institutional 
Finance for Agricultural Activities: An Analysis” 
pointed out that agriculture is a way of life, a tradition, 
which for centuries has shaped the thought, the outlook, 
the culture and the economic life of the people of India. 
Nearly 61 per cent of the workforce depends upon 
agriculture for livelihood. Credit is a vital factor of the 
production function, more so in Indian agriculture. The 
paper concludes that institutional credit has played a vital 
role in supporting cultural production in India and the 
amount of institutional credit for agriculture and allied 
activities has increased over the years. 

 
S. Gandhimathi and S. Vanitha (2010) in their study 
“Determinants of Borrowing Behaviour of Farmers – A 
Comparative Study of Commercial and Cooperative 
Banks”, analyzed that the preference of farmers  between 
commercial and cooperative banks for borrowing has 
been studied with the objectives of finding distribution 
of institutional credit across various categories of 
farmers and to assess the coverage and quantum of credit 
and socio-economic factors which  tell on the borrowing 
behavior of farmers towards commercial and cooperative 
banks. In the study, based on 100 farmer borrowers, the 
discriminant analysis has been carried out. The study has 
offered some suggestions also for a better access of 
farmers to institutional credit. 
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Statement of the problem: 
 

The signs of continuous sluggishness have been 
reflecting upon the performance of agricultural sector, 
particularly crops sector of Tamilnadu. Several factors 
have been identified as agents for improving agricultural 
production. Both institutional and technological factors 
work behind  a  thriving agricultural sector. Land reform 
measures are one of the important institutional changes 
that invigorate agricultural development. Tamilnadu is 
one of the regions where state directly intervened in the 
redistribution of land by legislative measures and made 
land available to the „tillers‟ of the soil. The other 
institutional mechanism is related to the provision of 
credit. Tamilnadu is considered to be one of the best in 
regard to provision of credit in the country. Thus land 
reform measures and institutional credit system may be 
reckoned as favorable factors for the growth of 
Tamilnadu‟s agriculture. Other crucial factors that 
govern the growth of agricultural sector are a vibrant 
market for agricultural labour and the technological 
change. Tamilnadu has well-organized and spirited 
agricultural labour market that is controlled by labour 
unions that were able to raise agricultural wages. Many 
research studies in the remote and recent past on the 
crops sector as a whole and on specific crops in particular 
concluded that the prime factor behind the diffidence of 
agricultural sector was the absence of productivity 
growth and stagnant technology in the sector. Now it is 
a known and established empirical fact that agriculture 
in the state has been sinking. And almost all studies in 
the Tamilnadu context have recorded that the 
productivity of agriculture in the state has been falling. 
There are some relevant questions that arise in this 
context. What were the dynamic  factors that historically 
contributed to low productivity, particularly land 
productivity? Is low productivity common to all crops or 
limited only to certain crops? What has been the 
contribution of productivity   growth 

to total output growth of the agriculture? What have been 
the sources of total factor productivity growth in the crop 
sector of the state? The present study focuses on these 
questions. 

 
Objectives of the study 

 

The following objectives were framed for the present 
study 

 
To know the factors influencing agricultural 
productivity fallen in the Tamilnadu 

 
To study perception of farmers about reduction 
agricultural production 

 
To give suitable suggestion to improve agricultural 
productivity in Tamilnadu 

 
Methodology 

Sources of the study 

The data required for the study have been 
collected from both the primary and secondary sources. 
The primary data have been collected directly from 
Farmers by using Interview schedule. The secondary 
data have been collected from the published journal, 
books, magazines and websites. 

 
Sampling 

 

The present study is descriptive by nature. The 
sample was selected based on the convenience  sampling 
or purposive sampling. The sample size is confined as 
100 farmers who are having account in the co-operative 
banks. These farmers are selected from all in the 
Tanjavore district. Because Tamilnadu major 
agricultural cultivation from Tanjavore. So that 
researcher is selected respondents from Tanjavore 
district. 

Analysis and interpretation 
 

S. No Educational qualification No. of Respondents Percentage 

1. Illiterate 06 6% 

2. Primary school 21 21% 

3. Higher secondary school 28 28% 

4. UG 32 32% 

5. others 13 13% 

 Total 100 100% 
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The above table shows that maximum of 32% of the respondents are having UG level educational qualification. 28% 
of the respondents are having higher secondary school level educational qualification. 21% of the respondents are 
having primary school level educational qualification. 

 
Number of years in Agricultural work 

S. No Number of years No. of Respondents Percentage 
1. Up to 5 years 29 29% 
2. 6-10 years 24 24% 
3. 11- 15 years 30 30% 
4. Above 15 years 17 17% 

 Total 100 100% 
 

The above table shows that maximum of 30% of the 
respondents are doing agricultural work in 11-15 years. 
29% of the respondents are doing agricultural work in up 
to 5 years. 24% of the respondents are doing agricultural 
work in 6-10 years. 

 
Suggestions 

 

The agricultural finance should be provided for fairly 
long period and it should be commensurate with the 
operations for which it is designed to facilitate and it 
should be provided at lower rate of interest. 

 
Crop loan should be given under the bank‟s lending 
programme and almost all needy farmers especially 
small and marginal farmers should be given crop finance 
for raising crops with recommended package of practices 
for higher returns. Farmers should be provided guidance 
for improved farming techniques, balanced fertilization, 
use of water saving devices and proper plant protection 
measures. 

 
Farmers must motivate the women family members to 
take up in agriculture cultivation in this area, also 
encourage the youngsters to participate in agriculture 
activities for enhancing the production. 

 
Farmers must shift their cultivation pattern from 
traditional crop to commercial crop, so that they can earn 
more income from their cultivation. And also use natural 
seeds and fertilizers for their cultivation. 

 
Government must motivate the farmers to cultivate the 
flower and vegetables plants which give more income 
throughout the year. Cultivation of medicinal plants 
should be encouraged in dry farming areas. 

 
Conclusion 

 

Agriculture plays an important role in the economic 
development of India. Agriculture is the source of 
livelihood of more than 65 per cent of the population in 
India and contributes less than 20 per cent to GDP, with 
a sizable share of exports. To meet the requirement of the 
growing population and rapid developing economy, 

agriculture has to grow fast and get modernized. This 
requires the use of high pay off inputs, adoption of high 
yielding varieties, fertilizers, plant protection  chemicals, 
modernized equipments and machineries which need 
huge investment. The agricultural sector of the Indian 
economy is labour intensive, land poor and capital 
scarce. So it would be very difficult to get the benefits of 
modernization of agriculture without adequate finance to 
the farmers at reasonable interest. The farmers are the 
most hapless victims of the private money lenders who 
are free to recover their loans by high handedness and 
attachment of the crop of the poor farmers as well as their 
personal belongings, land and living quarters. Available 
resource base and the  capacity to generate sufficient 
levels of financial resource within the rural sector 
particularly in agricultural sector are, however limited at 
present. Institutional financing is viewed from this angle 
as a principal resource of external finance to support in a 
planned manner. Institutional finance enables the  farmer 
to procure the necessary wherewithal of production and 
creates conducive climate for enhanced output. Since 
institutional finance exerts a “push effect and has a 
catalytic role in development process, provision of 
adequate, timely and liberal finance to the farmer 
becoming an integral part of the agricultural 
development policy in India. As a result, agricultural 
finance in the country is provided through three main 
channels, viz., commercial banks including private 
sector banks in the recent years, regional rural banks and 
cooperatives. 
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Abstract 

Tourism sector holds great strategic importance m the Indian ecoomy providing 

several socio-economic benefits. Tourism represents world's third largest export avenue in 

terms of global eamings after lucl and chemicals. Modern tourism is closely linked to ocio-

economic development. Tourism is responsible for one out of I jobs and 10% of the world's 

cconomic output. Tourism development is pressing forward at a swift pace, oriented to 

maximizing profit and with the evident exclusion of most of the local population. It is argucd 

that locals must be better integrated into the tourism process in order to reverse the spiral of 

its adverse effects and promote integrated and sustainable development in harmony with the 

local economy. 

Key words: GST. Impacts, Tourism industry, Review, Price and Market 

Introduction 

Tourism represents world's third largest export avenue in terms of global carnings 

after fucl and chemicals. Modern tourism is closcly linked to socio- conomic development.

Tourism is responsible for one out of 11 jobs and 10% of the world's economic output. Apart 

from providing employment, income and foreign exchange for the country, the trade in the 

tourism sector has an economically positive impact on other associated industries such as 

food manufacturing, services, construction, agriculture, handicrafts etc. 

Tourism Industry in India 

The travel and tourism sector holds great strategic importance in the Indian economy

providing several socio-economic benefits. Apart from providing employment, income ana 

foreign exchange for the country, the trade in the tourism sector has an economically positive 

impact on other associated industries such as food manufacturing, services, construction,

agriculture, handicrafts etc. In addition, investments in infrastructural facilities such as 

transportation, accommodation and other tourism related services lead to an overa 
development of infrastructure in the economy. Despite that the Tourism Sector, including

Inbound Tourism pay a plethora of taxes and do not get any significant benefits as compared 

An Open Access, Peer Reviewed, Refereed, Online and Print International Rescarch Journa www.icmrr.org 18 icmrrjournal@gmail.com 
208 / 519



/NTERCONTINENTAL JOURNAL OF FINANCE RESEARCH REVIEH 
TE2321-0354 ONLINE ISSN:2347-1654 - PRINT- IMPACT FACTOR:4.234 
vOLUME 5, ISSUE 4, SPECTAL EDITION 2 0CTOBER 2017 

her Export sectors. There are multiple taxes charged on the same Service/ Product 

hy the Central as well as State Governments. It is an understanding that the Taxes 

ed on Inbound Tourism is amongst the highest in the country, and this is one of the mayr 

reasons for India losing Foreign Tourists to competing South East Asian Countries. Tourism 

sector in some of the key competing destinations in South Asian countries attract much lesser 

taxes thereby mak1ng the products more competitive. 

Review of literature 

Sanjay K Nepal (2003) "Measuring Tourism Impacts: Interdisciplinary Perspectives 

from the Nepalese Himalaya", summarize the main findings of a large research project on 

tourism. environment and society in Nepal's Annapurna and Everest Regions by concluding 

that despite of some problems, overall trends in tourism indicate a positive impact on 

livelihood conditions of local communities. Tourism has been considered as conservation 

tool, as a social catalyst and as an income and 
employment generator 60 

Abdoukhadrediagene (2004) "Tourism Development and its Impacts in the Senegalese Petite 

Cote: A Geographical Case Study in Centre-Periphery Relations". This paper reveals that 

tourism has modified the traditional structure of the small rated societies of Senegalese by 

disrupting local tradition and breaking Islamic moral codes, and has spawned previously 

unknown social ills, such as prostitution and mugging. It has transformed many villages in 

the small rated into satellites for cheap labour, where locals, who have abandoned agriculture, 

are employed as menial laborers. The environment of traditional villages, formerly 

unpolluted, is now subject to an array of pollutant factors as tourist accommodation 

proliferates. In summary, tourism development in the small rated surrounding of Senegalese

1s pressing forward at a swift pace, oriented to maximizing profit and with the evident 

CKclusion of most of the local population. Such development, and its related 'mis- 

developmental' impacts, can be usefully viewed as a concrete example of centre -periphery 

relations embodied in a concrete central touristic "enclave' expanding on the local periphery: 

ndeed, a laboratory for, and microcosm of, such asymmetrical relations. It is argued that 

Cals must be better integrated into the tourism process in order to reverse the spiral of its 

Verse effects and promote integrated and sustainable development in harmony with the 

local economy. 

Kitnuntaviwat and Tang (2008) show cased a structural model that explored 

esilents' nttitudos towards tourism developments and to what extent residents interface with 
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destination sustain:albility stralegies. Factors influcncing these attitudes were cxamined usin 

mdel consisting ol six latent constructs and cighl path hypolheses Finding, fon 432 

esident-respondents lom Bangkok, Thailand were analysed using 1LISREL (incar structural 

cquations), a conlimatory lactor analysis and structural cyualion modcling proccdurc on the 

collected data. Results indicated that the residents' support was strongly alfected by most 

constucts. except by the relationship between "sustainability attitudes and perceived 

negative tourism inpacts". 

Milan Ambro (2008) "Atitudes of local residents towards the development of 

tourism in Slovenia: The case of the Primorska, Dolenjska, (iorenjska and I.jubljana regions 

focused on the attitudes of local residents toward tourism development. It was observed that 

long-term residents were generally less favourable to tourism development. In contrast, 

perceived positive tourism impacts, cultural tourism, quality of tourismn and leisure structure 

and quality of natural environment positivelyinlluenced local residents perceptions of 

tourism devclopment. The economic reasons for tourism development revealed by the 

attitudes of local residents were evident. Local residents were deeply concerned about the 

quality of their life and environment. Managers and planners should be aware that tourism 

devclopment activities could evoke strong emotional responses of some groups of local 

residents. To avoid conflicts, local residents should be actively involved in the decision

making process of tourism development. 

AzizanMarzuki (2009) observed that tourism is always regarded as an important 

means to benefit local communities. The success of the developed countries in expanding 

tourism industry has inspired many developing countries including Malaysia to give a due 

recognition to the industry as the main driver in the nation's 64 economic development. 

Based on a case study conducted in Langkawi Island, attempt has been made to track the 

progress of tourism development of the island from 1986 to 2004. The Government and 

private sector had invested a lot of money in providing public infrastructure and faciities to 

boost the tourism industry in the island. Despite the massive amount of money spent on 

tourism development, no study had been conducted to relate tourism spending with ne 

impact of these developments towards the local economy and socio-culture. The case stuay 

conducted from March to July 2004 cxplored and identified economic, environmental and 

socio-cultural impacts of tourism development in Langkawi Island. Forty semi-structured 
non interviews with local stakeholders involving hotel managers, government and 

muni govermment organizations representatives, resort and tourism developers and comn 
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aders Were conducted and analysed using Ritchie and Spencer's framework method. Two 

ev issues viz.(1) the benefits of tourism development; (2) the costs of tourism development 

eTe identified and discussed. The analysis also found that despite the limitation and 

Aev elopment issues, the benefits of tourism development in Langkawi far outweighed the 

costs accrued to the local populace. 

Nawaz Ahmed (2013) pointed out that sustainable tourism can be taken in four 

different interpretations that include economic sustainability of tourism, the ecologically 

sustainable tourism. and sustainable development tourism with both focus for environment as 

well as long term feasibility of the industry and finally tourism as a part of strategy for 

sustainable development. In this paper integrated approach and establishment of new plans 

for the sustainable development of tourism in Uttarakhand have been adopted to synthesise 

all the findings and give feasible suggestions and recommendations for further development 

of tourism in the region. 

GST impacts 

Tourism sector shall be impacted both positively and negatively under the GST 

regime. 

Positive 

1. Uniformity in Taxes 

The multiple taxes would be replaced by one single tax, the rate of which is likely to 

be between 16%-18%. The sector may benefit in the form of lower tax rates which should 

help in attracting more tourists in India. 

2. Increased Revenue for State Government 

Under GST the place of supply is shifted to the place where immovable property is 

Situated in case of Hotels, Restaurant & Monuments for sightseeing. This will increase the 

revenue of such states where immovable property is located. Currently, on such income, 

States charges local Luxury Tax on hotel stay and VAT on food supplied. While Union 

Government gets revenue from Service Tax on such services. Because of GST, the States 

naving maximum tourist places, hotels or restaurants for tourist shall earn the maximum 

Tevenue by way of SGST which will be equivalent to CGST. 
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In the case of Passenger traveling, the state with the max ium uthoud ourney shall eatu 

the highest revenue so the station or the port having highest outhound fights, an jousne:y tpt 

local cab journey shall carn substantial revenuc 

3. Saving in Food and Beverage operations 

Companies specializing in food and beveragcs operations uld be the bippest 

beneficiaries of GST within the hospitality sector. Food and beveragCs bills have multiple 

components which inflate the bills by 30- 35%. It is cxpectcd that GST to seult in avings of 

10-15% on the overall bill. 

Negative 

1. Multiple Registration 

Service providers having centralized registration will have to get registcrcd in cach 

state from where they provide services. Although iovernment has been claiming "One

Nation One Tax". practically it is not going to be so. Service providers will havc an option t 

take different registration for separate business verticals which nced to be cxamined on a case 

by case basis. Every state has becen constitutionally granted right to collect iST on services. 

2. Increased Compliance Burden 

The procedure for all the invoices/receipts towards inward and outward supplies will 

become cumbersome as cach one of them will have to be uploaded in the system. The 

concept of credit matching under (iST would be very difficult to handle and would lead to 

increase in working capital requircments. 

The frequency and number of returns to be filed will go up. In placc of a half yearly service 

tax return, under GST law, one will be required to file state wisc monthly three GST returns 

along with an annual return will also be required to be filed. 

3. No Credit on Work Contract Services 

The hotel industry spends a lot of money on construction and renovation. The mony 
paid as taxes on the works contract services when supplied for construction of an immova able 
property is not allowed for this sector when such services are not used for the further suppiy 
of works contract service. This would havc a negative cascading effect despite strong 
promises being madc by the government in this regard. 
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ke supplier of gooxtS or setves havie to pay tAN under reverse charge An ysal to 

hen nve ng supply tium an unnegisterat supplie can nerease burden in casc of B213 

transactons 
on registerni assesse 

4.Liquor not included 

Lignr should hane been meldet m Gisl to ensure the scamless eredit for the 

tournsnn industrv Exclusion ot liquor tnom GST reg1me defcats the very purpose of bringing 

in a untom tax stnacture acnss the nation 

Impact on Consumers 

In Pre GST era. there was a composite levy of both Service tax i.e 6%, as well as, 

Value Added Tax ie 145% (Vary trom State to State) on food and beverages served by 

hotels and restaurants which tinally put the burden of 20.59% in the pocket of ultimate 

consumers. However. some relief was provided for Non-AC Restaurants supplying food and 

beverages as no service tax was levied on these restaurants. Post GST, the scenario shall be 

completely different. As discussed above that supply of food and drinks in a restaurant shall 

be treated as a supply of services. Hence. only GST shall be levied on such services @18% 

which saves around 3% as compared to the previous regime. 

Erstwhile. Non AC Restaurants were exempt from levy of Service Tax. But State vat 

was charged at 12%. In Present System, Restaurant not having the facility of air-conditioning 

or central heating at any time during the year and not having a licence to serve liquor is liable 

to tax at GST Rate of 12%. Overall things shall continue to remain status quo as far as pricing 

goes. Further, staying in a good hotel is going to be very costlier as the rate of tax has ben 

doubled from 9% to 18%. Even Luxury Hotels of 5 stars or above-rated charging room rent 

Rs. 7,500/- or above will attract 28% tax. 

Conclusion 

GST 1s going to be an efficient and harmonized destination-bascd tux systenm and will 

TCmove the problems faced by the sector leading to cost optimizaticon and a iee flow l 

uansactions. GST is a glimmer of hope for the Hotel and Tourisn Industry if we ean keep the 

rate between 10 to 15%. GST might herald with its uniformity of tas rates, a betle 

Zalion of input credit which in turn benefits the cnd user in tennN ol allotdalbility. 
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Experts say that GST is ikely to impove lux 

collections and boost lndia's economie development by 
breaking tax barrieIs between States and integrating 

India through a uniform tax 
rate. Under GST, the burden of tax colleetion will be 
divided equitably bet ween manufacturing and servicex, 

through a lower tax rate by inereasing the tax baNO and 

minimizing exemptioms. 

Abstract 
World over in almost I150 countries there is GST or 
VAT, which means tax on goods and services. Under 
the GST scheme, no distinction is made behween goods 
and services for levying of tax. This means that goods 
and services attract the same rate of ta. GST is a 
multi-tier tax where ultimate burden of tax fall on the 
consumer of goods/services. lt is called as value added 
tax because at every stage. tax is being paid on the 
vaue addition. Under the GST scheme, a person who 
was liable to pay tar on output, whether for provision
of service or sale of goods, is entitled to get input tar 
credit (1TC) on the tax paid on its inputs. The major 
reasons for implementation of VAT are to have control 
over the 1axation under single ambit and have single 
tar base throughout the country and major revision 
required in the present VAT are uniform tax base in all 
States Single registration and identification for 
assessing both under Central and State GST to have a 
upgraded and expanded 1T structure to reconcile and 
cross check GST with declared income returns,

It is expected to help build a transparent and corruption-
free tax administration. Final impuct of total GiST wil 
be only at the destination point, presently it is at various 
ponts (trom manutacturing to retail outlets) i.c. n 

manufacturer needs to pay tax when a finished product 
moves out fron a factory, and it is again taxcd at the 
retail outlet when sold. At present excise duty paid on 
the raw material consumed is being allowed us input 
credit only on manulactured goods. For other tuxes and 
duties paid for post-imanufacturing expenses, there is n0 
mechanism tor input credit under the Central Excise 
Duty Act. GST will divide the tax burden cquitnbly
between manufacturing and services. lt will be 
replacement of Excise Duty and other tuxes 

fostering greater levels of tax compliance 

Introduction 
Objective of GST in India 
GST aims to remove barriers among stutes and unity 

the country into a common national market. Presently 
eredit for service tax paid is being allowed as input 
service tax to manulacturer/ service provider to a 
limited extent. ln order to give the eredit of service tax 
paid in respect of services consumed, it is necessary
that there should be a comprehensive system under 
which both the goods and services are covered. A mujor 
defect under the State VAT is thut the State is churging
VAT on the excise duty puid to the Central
Government, which goes against the principle of not 
levying tax on taxes. In the present State level VAT 
scheme, input vat is nllowed on the goods remains
included in the value of goods to be tuxed which is a 
cascading effect on account of vat elencnt. Prescutly 
CST is being levied on inter-state transfer of goods, us 
there is no provision for taking input tux eredit (ITC) on 
such CST, this leads to udditional burden on the 
dealers. The existing ST will be discontinued. Instead, 
a new statute known as 1GST will come into pluce. I will empower the (Central Government to levy and 

One of the bigges taxation reforms in lndia -- 

the Goods and Service Tax (GST) is all set to integrate
State economies and boost overall growth. GST will 
create a single, unified Indian market to make the 

economy stronger. The implementation of GST will 

lead to the abolition of other taxes such as octroi, 
Central Sales Tax (CST), State-level sales tax / Value 

Added Tax, entry tax, stamp duty, telecom license fees, 
turnover tax, tax on consumption or sale of electricity,

taxes on transportation of goods and services, et cetera. 
Thus avoiding multiple layers of taxation that currently
exist in India, GST is a comprehensive tax levy on 
manufacture, sale and consumption of goods and 
services at a national level. Through a tax credit 
mechanism, this tax is collected on value-addition on 
goods and services at each stage of sale or purchase in 
the supply chain. The system allows the set-off of GST 
paid on the procurement of goods and services against 
the GST which is payable on the supply of goods or 

services. However, the end consumer bears this tax as 

he/she is the last person in the supply chain. 
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colleet the tax on the inter-state transfer of the Goods 
and Services. Many of the States are still continuing 
with various types of indirect taxes, such as luxury tax, 

entertainment tax, etc. 

In India a dual GST system is being implemented 

Under dual GST, a Central Goods and Services Tax 
CGST) and a State Goods and Services Tax (SGST) is 
being levied on the taxable value of a transaction. All 
goods and services, barring a few exceptions, are to be 
brought into the GST base. As a measure of support for 

the states, petroleum products, alcohol for human 
consumption and tobacco have been kept out of the 
purview of the GST. There is no distinction between 
goods and services. In the GST system, both Central 
and State taxes are to be collected at the point of sale. 
Both components (the Central and State GST) are to be 
charged on the manufacturing cost or value of services 
rendered. This will benefit individuals as prices are 
likely to come down. Lower prices will lead to more 
consumption, thereby helping companies. The prices 
are expected to fall in the long run as dealers might pass 
on the benefits of the reduced tax to consumers. 

improve substantially. Model can take Business to 

Business as well as Business to Consumer 
transactions into account. GST will not be an additional 

tax. CGST will include central excise duty (CENVAT). 
service tax, and additional duties of customs at the 

central level; and value-added tax, central sales tax, 
entertainment tax, luxury tax, octroi, lottery taxes, 

clectricity duty, state surcharges related to supply of 

g0ods and services and purchase tax at the State level. 

The Centre and the States would have concurrent 
jurisdiction for the entire value chain and for all 

taxpayers on the basis of thresholds for goods and 
services prescribed for the States and the Centre While 

greatly accelerating the pace of all their tax legislation, 
the world's governments have relied most heavily on 

indirect taxes for extra revenue. As a result, there is 

increased risk that taxpayers will be caught unprepared, 

making a current, detailed guide like the Worldwide 
PAT, GST and Sales Tar Guide all the more valuable. 

GST rates in various countries 

Global VAT/GST rates 

Southeast Asia 

Standard VAT/GST rate The inter-State seller will pay 1GST on value addition 
after adjusting available credit of IGST, CGST and 
SGST on their purchases. The Exporting State will 
transfer to the Centre the credit of SGST used in 

7.7 
Asa CSouth 

Central& East 128 payment of IGST. However, only the Centre may levy 
and collect GST on supplies in the course of inter-state 
trade or commerce. The tax collected would be divided 
between the Centre and the states in a manner to be 

Earope&Cs 19.8 

Oceana 12.5 provided by parliament, on the recommendations of the 
GST Council. Cross utilization of ITC between the 

CGST and the SGST would not be allowed except in 

the case of inter-State supply of goods & Services.

The scope of IGST Model is that Centre would levy 
IGST which would be CGST plus SGST on all inter 

State transactions of taxable goods and services wth 

appropriate provision for consignment or stock transfer 

of goods and services. 

Ihe inter-State seller will pay 1GST on value addition 

arler adjusting available credit of IGST, CGST, and 

SuST on his purchases. The Exporting State will 

ransfer to the Centre the credit of SGST used in 

Afica 16.8 

Lath America 15.7 
Caribbean 13.2 Seroe 

World over in almost 150 countries there is GST or 

VAT, which means tax on goods and services. Under 
the GST scheme, no distinction is made between goods 
and services for levying of tax. This means that goods 

and services attract the same rate of tax. GST is a multi- 

tier tax where ultimate burden of tax fall on the payment of IGST. The Importing dealer will claim 

CTedit of 1GST while discharging his output tax liability 

n his own State. The Centre will transfer to the 

porting State the credit of IGST used in payment of 

u.The relevant information will also be submitted 

tne Central Agency which will act as a clearing 

ue mechanism, verify the claims and inform he 

pective governments to transfer the funds thereby it 

maintain uninterrupted ITC chain on inter-State 

consumer of goods/services. It is called as value added 

tax because at every stage, tax is being paid on the 

value addition. Under the GST scheme, a person who 
was liable to pay tax on output, whether for provision

of service or sale of goods, is entitled to get input tax 

credit (ITC) on the tax paid on its inputs. 

Since VAT was beneficial for the taxation system but 

with certain shortcomings which are expected to be 

overcome by the Goods and Service Tax. Thus, it 
would definitely a positive reform for the Indirect tax 

system in India. 

transactions. 
inter-State dealers will be e-registered and 

OTespondence with them will be by software 
rdted automated e-mail, the compliance level will 
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Impact of goods and service tax: 

Section 2, GST has a positive impact on the rmomy 

and on various sectors which are as follows 

wth 

Impaet on aall ernterprises8- 

In the snall ale snterpr ises there are three categories: 
Fast moving consumer goods sector: 
With the implementation of Goods and Service Tax. 

FMCG sector would really change. FMCGi RCctr 

consist 50% Food and Beverage sector and 10% is 

Houschold and Personal care. FMCG sector is the 

se heow threshold need not to register for 

he GNT 

Tuose between the threshold and composition 
turnovers will have the option to payy a 
turnover bascd lax or opt 0 Join the GST major taxation contributor both direct and indirect in 

the economy. The multiplicity of the taxation intlucncen 

the company's decision on manulacturing location and 

distribution of Goods. FMCG companies Net their 

manufacturing units and warehouses where they can 

avail tax benefits. To transfer the stock from the 
warehouses among the states they have to pay taxCN. 

So, GST would surely impact on FMCG sector as tuxes 

affect the cost to the company. 
Food Industry:- 
Since food constitutes a large portion of the consumer 
expense of lower income households, any tax on food 
would be regressive in nature. Therefore, extending 
GST to food processing sector will also cause difficulty
in view of the fact that production and distribution of 
food is largely unorganized in India. On global front, 
most of the countries tax food at a lower rate keeping in 
view the considerations of fairness and equity. Even in 
countries such as Canada, UK and Australia where food 
constitute a relatively small portion of the consumer 
basket, food is taxed at zero rates. While in some 
countries, food is taxed at a standard rate which is as 
low as 3% in Singapore and Japan at the inception of 
the GST. Even in international jurisdictions, no 
distinction is drawn on the degree of processing of 

food. Hence, the benefit of lower or zero tax rates 
should also be extended to all food items in India 

ICgme 
Those above threshold limit will need to be 
within framework of GST. 

In respect of the ccntral GST the situation is slightly 

complex.GST is expected to encourage compliance and 
which is also expccted to widen tax base adding up to 

2% to GDP. Manufacturers, traders will have to pay 
Iess tax with the implication of GST. 
Objectives of Goods and service tax:- 
GST is proposed to fulfill the following objectives: 

GST would heip to eliminate the cascading 
effects of production and distribution cost of 
goods and services. This would help to 

increase GDP and then to economic condition 
of the country. 
GST would eliminate the multiplicity of 
indirect taxation and streamline all the indirect 
taxes which would 
manufacture and ulti 

be beneficial for 
ate consumer.

GST would be able to cover all the 

shortcomings of existing VAT system and 
hopefully serve the economy health. 
Incidence of tax falls on domestic 

consumption
regardless to degree of processing. 
Information Technology enabled services: 
The proposed GST rate under thee 1T industry is not yet 
decided. While the discussed combined rate of GST for 
the product is 27%. According to proposed GST if the 
software is transferred through electronic form it would 
be regarded as service (intellectual property). and if it is 
transferred through media or any other tangible 
property then it should be treated as goods. 
Implementation of GST will help in uniform simplified 
and single point taxation and thereby reduced price. 

The efficiency and equity of system 1s 

optimized
There should be no export of taxes across 

taxing jurisdiction
The Indian market should be integrated into 

single common market 
Itenhances the cause of co-operative
federalism.

Present Indirect Tax structure in India is Ver complicated and complex in nature. It consists cascading effects of tax. These add to cost of goods and 
Services through "tax on tax" which the final consume 
have to bear. 

Infrastructure sector:- 
The Indian infrastructure sector largely comprises 
power, road, port, railways and mining. And the 
indirect tax levy is different and unique for each of 
them, and this is complex in nature. Although this 
sector enjoys different exemptions and concessions as it 
is important on national front. With the implication of 
GST the multiplicity of taxes will be removed and it 

Suggestions 
1s necessary to insist on invoice while 

making any transactions. The precautiona 
measure taken by authorities is to control tax 
evasion which really works well. 
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More than 150 countries in the world 

experience the GST system and practice three 

major system of Taxation. The experts view 

that the best method of proposed GST is dual 

method out of the three methods. 

Conclusion 
VAT has really showed a progress in many States and 

the Centre has rightly compensated to many States. The 

Success story would continue by the implementation of 

GST in India. There were hurdles and agitation for 

implementation of VAT in India. Tamilnadu was the 

last but before/State to implement VAT. GST is an 

extension of VAT which includes services also. Initial 

losses of revenue to States would be compensatced by 

the Centre. When GST is implemented in good spirit 

the revenue of both Central Govemment and State 

Government shall be increasing in the long run. The 

main lag behind the implementation of GST is due to 

differences amongst the Centre and States on the RNR 

(Revenue Neutral Rate), compensation package and its 

Constitutional amendment which is required to be 

passed with two-third majority in both the Houses of 

rarlament and ratification by a simple majority by at 

lcast half of State assemblies.
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ABSTRACT 

Margaret Laurence a well-known Canadian writer known for her famous novel The 

Stone Angel. Laurence’s contribution to Canadian feminist modernism is highly 

commentable.  An ideal feminist who studied and projected the psyche of women 

through her fictional female characters. She stands unique in creating women of 

boldness who have realized their powers and liberate themselves. One among the 

Manawaka series is a collection of short stories.  

 A Bird in the House is found similar with the society of India and taken for discussion 

to see it in different feminist perception. Vaneesa Mac Leod is a narrator of the story 

and she has recorded her observation on the treatment of women from her 

childhood. She could understand the patriarchal domination of her grandfather, and 

how it has stolen the freedom of women of her family finally she escapes from the 

clutches through her education. This paper aims to spell out the similar situation 

prevails in Indian families, its causes and solution through the writing of Margaret 

Laurence. 

Key Words: Feminism, patriarchal society, freedom, power, education. 

©KY PUBLICATIONS 

 
INTRODUCTION 

Feminism has been a topic of discussion on many literary works, dissertations and seminars as women 

of our society have been enduring the problem. There is no answer to the question how long they have to 

endure? But there is an answer for the question how long they have been enduring? The knowledge of 

feminism enters when an individual gets affected by the problem or observed the problem. Indian women 

have been a victim of patriarchal society nearly 3000 years. The problems have been changing from age to age 

but women remains as victim. Female authors come out with varied perceptions. But overall contributions 

made by women writers are less and so they have been invisible and their voice become unheard. Thus the 

empowerment of women becomes the recurring subject in order to create an identity for them in this 

patriarchal society. The modern women though educated or employed are divided between domestic duties or 

professional forays and inevitably most of the women undergo a psychological tension and that has become a 

part of their life. Helene Cixous in "Sorties: Out and Out: Attacked Ways Out/ Forays" writes of the dilemma for 

women who look for, but do not recognize themselves in the world: "What is my place if I am a woman? I look 
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for myself throughout the centuries and don't see myself anywhere" (574).  Being a nation of multiculture 

Canada and its literature are similar to India in some aspects. A women writer of Canadians literature projects 

the plights of women. It was found Canadian modernism paves the way for writers to project themselves and 

being recognized and they have become the voice of the voiceless. 

Laurence and Feminism  

Among the women writers of 20
th

 century Canada, Margaret Laurence is discovered as a literary fore 

mother known for her projection of female characters with different perspectives.Her works are blaring the 

feminist modernism which has been omitted during the emergence of modernism. Her novels aim to make 

women to realize and manipulate the techniques of individual and communal enablement. A woman has been 

taken as a powerful tool to represent her nation and women in general. The part contributed by Laurence in 

empowering women, nation and literature through her highly crafted universal personalities are 

commendable. Thus she is considered a suitable example to represent feminism. 

Vaneesa and her family 

 A Bird in the House is a collection of short stories comes under Manawaka series and published in the 

year1970. It was narrated by the female character Vaneesa Mac Leod started from her childhood to the 

present age of forty. She narrates what she has observed from her surrounding, listen to others’ words and 
sometimes eavesdrops.  Who considered herself as a bird in the cage maintained by her grandfather Timothy 

connor. Vaneesa sometimes called her grandfather the great bear who used to wear a thick fur coat. His 

exposition of disapproval of things can be seen even in the way he walks. He is very punctual, strict, and 

conservative and short- tempered. No one could tolerate his words and especially Vaneesa but everyone didn’t 
want to reveal as it may hurt Grandmother Agnes. During the course of the stories she slowly learns about all 

the tragedies concerning the people surrounding her and she ventures out more and learns about what goes 

on outside the safety of her home and people related to her. After few years there came a situation Vaneesa 

has to stay with her grandfather connor as she has lost her father who passed away by pneumonia. Similar to 

her mother and aunt felt she is also liked to escape from Manawaka and from the brick house. Women of the 

first brick house of Manawaka called it as ‘Confounding dungeon’ and want to get out it and search their 
identity Aunt Edna did so as she has decided to marry Wes Grigg who is also insulted by Timothy Connor 

decided to leave the house but Beth in another hand wishes to vanish herself from the place but unable to do 

as she is a widow depended her father but having a hope of sending their children’s out of this cage.Finally 

Vaneesa was sent to the University of Winnipeg. 

A Great Bear 

Timothy connor is a grandfather of the protagonist and early settlers of  Manawaka is referred as ‘A 
great bear’ because “The name had many association other than his coat and surliness. It was the way he 

would stalk around the Brick House as though it were a cage.”(63) He has earned by shoeing horses after some 

years become a blacksmith later saved enough money and set a hardware store for him  and always talk to her 

about his past which made her to feel bore.  Timothy connor played a vital role in the collection of stories. He 

is very punctual, strict, conservative and short- tempered and can be called an example of patriarchal society. 

Terence stated “ He could never show any of his own. All he could ever come out with in was anger.Well 

everybody to his own shield in this family”(85)  Grandmother Agnes is known for her manners and she never 

pushes her belief over others not even hurt others through her words though she didn’t like one’s activities. 
She was praised as angel by Timothy after her death but never during her life time once. The character of 

grandmother resembles more to the woman of Indian society. Beth, mother of Vanessa ,a widow  would like to 

free herself from  clutches of the society but couldn’t do  even from her father. She wishes to fulfill her dream 

through her daughter. Beth said “Your grandfather didn’t believe in education for women”(187) He has not 

allowed her for her higher studies. She likes to send her daughter for higher education. Vanessa ultimately 

liberates herself through her education. Aunt Edna’s friend Jimmy Lorimer wished to marry her.  Edna had fear 
to inform it to her father so her mother asked his permission and further she requested him to be nice to the 

guest for her sake but as they have feared grandfather talked ill of his profession and made him left the place 
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immediately. Edna who said unable to endure his father like her mother and comes to know later her 

boyfriend got married with some other girl.  When Aunt Edna gets a second chance she no more wants to be 

submissive. She has decided to marry Wes Grigg who is also insulted by Timothy Connor decided to marry him 

and left the house. Vaneesa who was exceptionally intolerable to her grandfather and started to hate him 

never before and had a frantic state to get away from Manawaka. 

Conclusion 

  Grandmother and mother Beth are similar in their attitude of submissiveness and considered that as 

their fate. This is the attitude most of the Indian women used to have. They have considered it as fate and 

become ignored and invisible inside their family.  They have inherited this quality from their mothers as Beth 

did so from her mother. But Aunt Edna and Vaneesa liberates themselves from the clutches by their boldness, 

there was an urge in them to create an identity for themselves. Freedom takes place when they realize their 

power and by changing their attitude. Thus Laurence offers a hint to the society of women that change must 

took place within the women not on the outsiders. Timothy lived and died as same who never changed himself 

for others. 
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Sir. 
ADM Visveswaraya is an internationally reputed engineer, whose birthday is celebrated all 

dia as Engineers' day, on 15h September. His engineering marvels stay strong and 
India 

netiona 

wrilten 

ophonal in several parts of the country even today. However, not many people know that he has 
an autobiography of about 175 pages, in English. This paper introduces Sir MV as an 

Indian 
writer in English. The paper makes a stylistic analysis of tone and tenor of his chaste 

English 
comparing it with other autobiographies of his period. Sir MV's work seems to be 

cnced by Nehru's Autobiography which was published much before Memoirs of My Working 
evs' as MV also has preferred to make an account only of his professional ventures and hardly 

whing about his private life and childhood. The paper argues that Sir. MV must be given the 
datus of an Indian uriter in English for his Memoirs of My Working Days, taking into account 
the chastity of language and his contribution to the country. While the works of politicians and 
nhilosophers are consiaered as terature, this autobiography of an engineer may also be treated 

Qs mainstream literature of Indian Writing in English. 

A full autobiography coversone's life from 
his or her birth until today. Turninng backin 

time, it digs deep and tracks down all the 

things that made the person who he is. It 

finds out the meaning of his life. A biography 
lets everyone know his real self. It givesthe 

his memoirs in the year 1951. By then 
J.Nehru had written his autobiography in the 

year 1936, and Mahatma Gandhi's 
experiments were published in 1927. 

Sir MVs work seems to be influenced by 
Nehru's Autobiography which was published 
much before Memoirs of My Working Days' as 
MV also has preferred to make an account 
only of his professional ventures and hardly 
anything about his private life and childhood. 

readers inside information. 

A memoir revolves around a specific time, 
place or relationship. More limited than the 
autobiography, it focuses on an important 
part of one's life. It can be a coming-of-age The paper argues that Sir. MV must be given 

memoir, focusing on one'schildhood years that 
made him who he is now. It can be a memoir 

the status of an Indian writer in English for 
his Memoirs of My Working Days, taking 
into account the chastity of language and his 
contribution to the country. While the works 
of politicians and philosophers are considered 
as literature, this autobiography of an 
engineer may also be treated as mainstream 

a literature of Indian Writing in English. 

of place, focusing on one's hometown or a 

place one loved and where onespent a 

Significant part of his or her life. It can be a 
1storical memoir and focus on his or her life's 
acts given in the form of reportage, or it can 
e a portrait and revolve around 

Telationship that shaped him as a person, inspired him or changed him. 
In this sense, Sir M Visvesvaraya s 

uCmOr is typical of its genre. Sir MV wrote 

M.V was aware of the changes that were 
taking place in science and technology, and he 
was also aware of the rapidly increasing 

population in the country. He was alarmed 
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about the mouths to be fed ond the lom ttunl haypetris uhiah msn tul 

working power of our country despite grwing 
population. So, He stresaed on educsting the autuilNt h phiy wry Jens hrtistn hn 
people and adapting advanced science to save ths potn, t itisthtds, fndtnaA v 
the country from economie erisis. He hod rrongetnest d tho ty, h 
concern for the development of the country tu 
be at par with the first world countriea, He xpungs *i rgitb *e thena th 
bad visualized that a und practical levels tf artistse isnsgitatiun, tum 
knowledge of world aflairs was the need f the and the4 are intaiM 
hour. styhisties 

The Memoir begins with the rerd of his 
first entry into government service and the figures apeh n stiidkos w 
further chapters account for the varius length ad thundesting mnds h k challenging tasks he undertakes and clarity and dignty tA s nittsatie sia it 

writing has thes prws** ad wisty t scAentist. Nevet in tia metts, a , writing emotiunal or atmtngwrs, 
Even in instoswe wiens hs i wronged, M V retains the higpity hs sboy and remaina eond sni ri* tatan 
Lusd and enpluit snants th utting A 

accomplishes with an overwhelming success, 
At the end of his memoirs, Sir MV has added 

three chapters which is an unusual feature 
for a work of this nature. They deal wíth the 
national problems and are not directly related 

with the main purport ot the book. But MV 
justifes that those chapters suggest some 
the lessons which he has learnt through makes the mesmits 1eataile The santes experience and observation for the application structures are hardly es itrtist m to the national life of the country. 

While the political writings of Nehru may 
be recognized as Indian non-fiction writing in through his wrk. The langa is tues 
English, 
philosophical writings of Swamí Vivekananda voices has helyed im tmaintes a 
Tagore or Arobindo, may be considered as impeTBNal narrative tyle and alar B has 
representative Indian writing in English, Sír 
M Vs memoirs may also be certainly brought names in several eeaskna 
into the maín-stream of Indian writing in 
English. The content and form of his writing 
the chastity of the language is at par with any 

misleading They are yptnshstaiy i 
and short. Thia eumaiery ia msntsinat sl 

or while the religious very formally. The genesOB ve Å ha passive and 

helped him to anid the mentiuning d ootan 

The majT domain the is 
rderential as he haa dehterrtety rdes 
either being too personai or tm emotsn 
The best part of MVs writng ia, despite kúa 

It is not necessarily needed for an author technícal background, he has wiaely avides 
to write voraciously. Writers like Harper Le, met linguistic language. Eren n mtais 
Anna sewell, and Emile Bronte, have proved 2awwq here he had to uae tecihnical jorpna 

contemporary Indian writer in Engish. 

their superiority as writers with their solitary he has restrained from it. He ksew iia tange 
contributions. It is a great disgrace to India readers were laymen and so he has eyups 

the simplest of the language to enias Me and more s0 to Sir MV, because let alone 
bringing his memoirs into the main stream of most complicated concepts 
Indian writing in English, not many of the The last three chapters have a r 

this tenor which has a coative fuat 
persuading Indian masses isto ar awale 

of society. These chapters have suzgst 
autobiographies are from real ife, that is, the natíon about the problema nee 

educated Indians know that
BharathRatna has written his memoirs. 

The fact that the contents 
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India. As early as 1950's he had 

armduction. He suggested grow nore food Indian writings in English. 
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Visualized 

pulation and the 

threat of rapid growth of 
fall in the food grain 

study in the syllabus or a few excerpts may be 
included in the text books. This work has the the 
status of being considered one of the great 

prod ler to grow more crops campaigns. In 

without 
depending on the ains, he suggested References 

vo reservoirs. He also suggests rural 1. Visvesvaraya,Sir M, Memoirs of My 
industriahzation. MV suggests planned 

pare arenthood assoCiation. In all his suggestions 

Working Life. Claridge and Co ltd, 

Bombay, 1951. 

a healthy and a sound growth of India his 2. Naik, D G, Art of Autobiography 

teno gets conative with a persuading motive. Vadarbha Marathwada Book Company, 

The language is very etfectively and gently 1962 

used sed. With all these merits of language 3. Fish, S.E. (1981). What is stylistics and 

charity of presentation and 
chastity, 

interesting incidents and projects all along 

the career, this memoirs could be taken to thee 

mainstream and be included academically for 

why are they saying such terrible things 
about it? Freeman, D.C. Ed. Essays in 
modern stylistics. London: Methuen & Co. 

Ltd. 53-74. 
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Abstract 
Brazilian lterature and Amencan iterature have come a long way from being viewed patronizingly by the United States to 

making occasional torays into the literary soene and being acknowledged as a popular genre of modern English Literature o 
wnters have contributed to quality and gave a distinctive touch to those who have not breathed the air of this land and ved in ng 

midst of its people and can hardly aspire to appreciate. The present study aims at describing the inescapable postmodem conco 
DrPvalent in the moral, social and personal spheres and sheds light on postmodern features such as alienation, paranoia, panarcny 
amorphous identity, the free-ioating, ephemeral, fragmented, fractured self, disintegration of life, and multiple speciruns 
seXvality. It presents how characters experience the inevitability of isolation and fragmentation and distance themseives froim on 

another, and proves how this diminuton of social contact is a quintessential feature of post modermity. 

Introduction 

Paulo Chelo is an exceptional novelist who stands 

apart from the rest of the novelist who has taken up the 
themes based on human predicament in almost al his 
novel. Most of his novels concentrate on direction and 

meaning in one's life. Jonathan Livingston novels are 

based on literary tradition beginning as linked to the 
broader tradition of English literature. 

Brazilian literature is a collection of work in literature

who is an outcast quite. He knew that there was meaning 
and he found that Jonathan carries on these teaching 

and goes back to earth. He believes in freedom and that 

all the gulls are free things from the chains of life not just 

flight. 
Whoever you are, or whatever it is that you do 

when you really want something ,its because that desire 

originated in the soul of the universe. It's your mission on 

earth.AC-71 
Santiago wants to search something in the universe 

because that desire comes from soul of the Universe. He 
written in the Portuguese language by Brazilian works 

wrtten prior to the country's independence in 1822 till 
now. A Brazilian's most significant literarcy award is the 
cameos prize which share with the entire Portuguese. 

American literature is the literature written or produced in 

has the dream every time and sleeps under a sycamore 

tree that grows out of the ruins of a church. Santiago 

enjoys his life as a shepherd not only because it allows 
him to travel but also because he loves his sheep. the area of the United States and its former colonies. 
Here he is psychologically affected on is his way through 
his own direction. He rejects a sort of suffering. 

One day Jonathan Livingston seagull you shall lean 
that irresponsibility does not pay. Life is the unknown and 
the unknowable except that we are put into this world to 
eat, to stay alive as long as we possibly can[SG-24] 

Jonathan 

Psychology is the science of the mind and 

behaviour. The word psychology comes from the Greek 

Word psyche means breath, sprit, soul and Greek word 

'logia' meaning the study of something. The mind is 

highly complex and 

psychology also looks and compares innate mental 

structures against learning through experience. 
The Alchemist follows the journey of an Andalusia 

shepherd boy named Santiago. Believing in his recuring 
dream to be prophetic, he decides to travel to a romantic 

fortune teller in a nearby town to discover its meaning. 

The Seagul is a story about a seagull named 

Jonathan who is a story about a seagll named Jonathan 

enigmatic. Developmental 

Livingston's Seagull learns that 
irresponsibility does not pay for him. He tells that life is an 
unknown and unknowable to one. The seagull wants to 
fly in the world but other seagulls wanted to eat and stay 
alive. He wants freedom to fly and who leams more from 
the universe. He always thinks about his achievement 
something in the world. He sees a two brilliant seaguls 
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keeps a man from pursuing his personalk egenvd. y and he leams from them. He is not having a bone and 

feather but a perfect idea of freedom and flight. Jung 

developed the notion of an individual's life long process 

in which the center of psychological life shiífts from the 

eg0 to the selfi. Erikson described human development 

throughout the life span in the theory of psychological

development. 'Everything on the face of the earth is 

constanty being transformed because the earth is alive 

and has a sou"[AC-1] 
Everything on the earth is related to the world. This 

worid and everything in it including inanimate objects has 

a soul, and that soul is connected to the soul of the world. 

abandons that pursuit its because 

ove'. (AC 32) 
The Alchemist uters these words 

reference to the romance with Fat 

signals a major turning point in the novel 
which Santiago must choose 

pleasure of his romance and 

lingering quest to achieve 

was it was m Tn 
to Sanieago a 

the between the 
his stay in the oasis a personal legend Achen 

momenta 

suggests that true love will never stands int the way. The philosopher Reuben Abel in his view that man n oderb make life worth living in the wor'd and say 
Socrates also felt desire and felt that source Santiago's ability to communicate with the forces of 

nature is itself both an act of communication across 

perceived divides and an act of transformation which is 

not living, cannot communicate while the earth engagesS 

in conversation and is thus a living being just like 

Santiago. Know thyself and be free this is the perennial 
wisdom; teaching wisdom which rings the etemal 

message of the ageless quest of all creation bound fields 
of self awareness. His notion of repressed memories 

though based on false assumption has become part of 

western mainstream thinking. 
We choose our next world through what we learn in 

this one. Leam nothing, and the next world is the same 
as this one, all the Same limitation lead weight 

overcome.(SG 45). 
He has leamed the lesson of life that it is not just to 

get through but to seek their own perfection in some way. 
Most of the gulls have to go through a thousand lives 
before they realize this. Jonathan Livingston knows that 
the gul sees farthest who flies highest. If pondering big 
charges in the life the books allegory borrows and blends 
diverse religious beliefs. The personal dimension of self 
realization refers to being awake on the level to arive at 
the state of pure subjectivity within the consciousness. 
According to Laving R.D(1990) observes, Self realization 
that begins from universal and descends into the 
personal, but the evolution actually ascends from the 
personal to the universal, while individual self realization 
is bridging the two In both directions.(Laving31) 

While the object of maturity and age is dissoluton of 
the individual and a re-entry into the universal unity of life 
from which the individual emerged, the object of people is the formation of a unique personality, separate and distinct from the cosmic unity of all lfe. "Love never 

searching. "l am done with the way i was,iam dor everything i leamed I am seagull like every other s 

and i will fy like one".(SG 11). 
He thinks that he is going to achieve his obeie 

whatever he left of his past experiments on the fights. 
thinks that he finishes his aim and learms everything n 
the work. He says, "l am seagull like every other sea 
He has interest in filying in the sky. The only excepion 
a normal seagullis to achieve individuality and perfecsin 
in his flying. He is practicing in the night time al 
because he thinks only of his goal. He puts a hard wor 
of his life time. Jonathan Livingston seagull joined the 
flock on the beach. He thinks and finds one himsel as a 
full ilment of becoming a creature and of excelence 

Edward Paul (1970) obsenves in the encycopaesia 
of philosophy of the seli. The individual knows 

simultaneously the actual self and the ideal se>. 
The individual has outside himself as the image in whse 
likeness; he is to form himself and which on the ohs 
hand he has within himself, since it is he himslf. 

Conclusion 
Both novels represent their own desny 

Their personal legend or destiny is their reason for beng 
alive. Everyone is entrusted to metamorphosis 
something, wihether it be becoming great or fidng 
treasure. Jonathan Livingston found a lfe exceecngy 
meaningless and so he achieves his personal eg 
t gave his life and gives a meanin of it. In the Alchenist 

antago is able to overcome his fear and fma 
happiness in his life. Alchemist and Seaguls proagi 
are affected in a psychological way 
happiness through their life joumey. 

and travel to find tih 
are Both noves 
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Abstract The rm Eco citicism was first coined by Cheryli Glofety's. It meant the study of the relationship between literature and 
al environment. The term Social Ecology' is not much familiar to the reader. Social Ecology is a crlical theory founded 
e an anarchist and libertarian socialist author Muay Book chin. They focus on the complexityof relatonshipbetweenpeop 

and na 

to cons 

dnatue, But the basic insight of social ecology is defined are mixed together. In order to understand today's critical issues we need 

eonsider as human society and the transS-human world of nature. Social Ecology's component comes from its potion that neary all 

fthe worid's ecological problems stem from social problerms. And these social problems in tum arising from structures and relationships

dominating hierarchy. Apart from natural dilates ones problem came economic, enrich cultural and gender couriers.

The consideration of society and the natural world social ecology emphasizes about the ideal of the freedom of all human beings 

DurSUe their natural fulilment. This freedom is not chaotic but self-organizing. Human beings are essentially members 
t0 

of communities, and so indvidual fuifilment can only take place within the human and natural communities which we are part of it. 

This paper intends to show that Amish Inpathi's debut novels Shiva trilogy-( The Immortals of Meluha, The Secret of Nagas and 

The oath of Vayuputras)- a thrilling experience.Lord Brahma and Shiva's efort to keep Ganga safe, pure and the ban on the production 

of Somaras are relevant. Amish nave touched every character and place in the series with a humanistic and eco-citical apprvach.

h his recreation of the story Amish is proved contemporary. The paper throws light on the realistic presentation of technology, medicine, 

the production of Somras, the civilized itestyle, convincing relations and the joumey of a man from a Tibetan tribe towards becoming 

Lord Shiva 

The study of literature has long been preoccupied with culture, polity, social structure and economy through his 

historical approaches. However, in recent years critics are wrtings. He used only simple language so that reader 

increasingly aware of the relation between literature and understands easily. Generally Amish wants to become a 

historian, later he became as a novelist. He was a MBA 
geography, and drawing insights from the mutual study of 

these two fields. Nature and literature have always shared graduate and the thirst in him, made him as an author. He 

is the author of the series Shiva Trilogy which has contains 
three novels such as The Immortal of Meluha, The Secret 

a dlose relationship as is evidenced in the works of poets 

and other writers down the ages in almost all cultures of 

the world. Today the intimate relationship between the 

natural and social world is being analyzed and emphasized
in all departments of knowledge and development. "The 

sudy of literary texts with reference to the interaction

belween human activity and the vast range of natural' or 

non-human phenomena which bears upon human 

experience (Childs 55). The literary critic tries to study how 
this close relationship belween nature and society has 
been textualized by the writers in their works. In this 

context two terms have become very important today 
ecology' and 'ecocriticism'. The two components of nature, 
organisms and their environment are not only much 

Complex and dynamic but also interdependent, mutually 
reactive and interrelated. 

of Nagas and The Oath of Vayuputras.
He wrote four novels among them The Immortals of 

Meluha is very popular to the readers. All the three books 

are based on the tales of Shiva, Sati, and Daksha. Shiva is 
a protagonist of the novel. Daksha is the powerful emperor 

of Meluha. He is regarded as the greatest king that ever 

been lived in India. Meluha is a near perfect empire created 
many centuries earier by Lord Ran. Meluha lies beyond 
the great mountains. It is considered to be as Heaven. It is 

the richest and most powerful empire in India. Indeed the 
richest and strongest city not only in India but also the 
whole world. The government of Meluha provides special 

rights for immigrants' people. As Amish Tripathi's says: 

People do what their society rewards them for doing. It the 

society rewards trust, people will beg trusting (P.4) 
Sati is the princess of Meluha. She is the beautiful 

daughter of the emperor of Daksha. At first sight, shiva falls

Amish Tripathi was bom in Mumbai, in Indian who 

ht up near Rourkela, Odisha. Amish was an Indian
dniar noveist who depicted social categories such as 
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look of penance on her face. They 
she is princess Sati, the 

Vikrama, an untouchable in this life due to sine 

later come 

in love with Sati but he could not marry 
her. 

Because of a 

law that 
considers 

her to be a Vikama, an 
untouchable girl. 

Vikamas are people 
who bears 

misfortunes
In this life due 

to sins which is 
committed by them in their past births. 

During her childhood, 
she is a skilled sword 

woman 
and is 

very 
courageous girn. During the course of novel, she 

married Shiva and bears his child. 

Shiva is a 
Tibetan immigrant to Meluha. Also Shiva is 

to know that daughter of Daksha and is a committed in her previous births. Shiva tries to court her, but she rejects his advance. Intimately Shiva wins her 

they decide to get married, 
prohibits them from 

obsolete law, Shiva declares 
swears to dissolve the 

eant and even though the Vikar arma rule doing so. Enraged by the S0-called himself as the Neelka kanth and vikarma law. Daksha allow Sati to get married to Shiva, amid much joy and happiness. 
prepared by 

Saraswathi river water which pollutes the 

entire city and it also affects other river too. Meluhans 

believe that the drink which increase the life span of the 

people. But whereas, it would affected the born children 

too. But infom child with deformity are separated by others 

from the city of Meluha. This deformation is done through 

the low temperature in the region where people Ives. t egendaiy Somras is manufactured using the 

affects both physically and mentally. As Oedipus Anti in his 

Capitalism and Schizophrenia he describes:

No distinction between man and nature: the human 

During his stay is Devagiri, Shiva comes to know 
the treacherous was that the Chandravanshis ara. carrying n the Meluhas. He also meets Brahaspati, the 

rated by others inventor of the Meluhas. Brahaspati invites Shiv ef 
he 

the chief of the Guna, his uncle tribes. Somras was 

of 

royal family on expedition to Mount Mandar. h 

he saraswathi river. Shiva learns that the potion which mada 

his throat turn blue was actually undiluted somras, whieh 
can be lethal when taken in its pure form. However, shi 
was unaffected which was the first sign that he was th 
Neellanth. He also learns that somras was the reason whv 

the Meluhans lived for so many years. Brahaspati and 

Shiva develop a close friendship and the royal family retun 

essence of nature and the natural Essence of man become 

one within nature in the form of production or industry. 

Man and nature are not like two opposite terms 

confronting each other. Not even in the sense of bipolar 

opposites within a relationship of causation, ldeation or to Devagiri. One morning, the whole of Meluiha w un 

expression. Rather they are one and the same essential 

reality, the Producer-product. (Anti-Oedipus 4-5)

However, the once proud empire and it Suryavanshi 

rulers face severe crisis as it primary river, the river, the There is no sign of Brahaspati, but Shiva finds the insiania 

revered Saraswathi is slowly drying to extinction. They also 

face devastating terrorist attacks from the east, the land of 

the Chandravanshis who have joined forces with the 

Nagas, a cursed race with physical deformities. The Chandravanshis. With consultation from the Devagiri chief 

present king of Meluha, Daksha, sends his emissaries to 

North India in Tibet, to invite the tribes to live there in 

Meluha: One of those inrvitedt are the Gunas, whose chief 
Shiva accepts the proposal and moves to Meluha with his 

tribe. They reach the city of Srinagar and they are received 
by Ayurvati, the chief doctor of the Meluhans. Shiva and his 
tribe are impressed with the Meluhan way of life. On their
frst night of stay at Srinagar the Gunas wake up amid high 
fever and sweating, the Meluhans, under Ayurvati order 
carry on the healing process. However, Ayurvati finds out 
that Shiva is the only one devoid of these symptoms and 

loud noises coming from Mount Mandar. Shiva and hs 
troops reach the hill to find out that a large part of Mandar 
has been blasted off and many of the inventors kiled. 

of the Nagas, conirming their involvement in the 
treacherous wars of the Chandravanshis. 

Enraged by this, Shiva declares war on the 

minister kanakhala and the Head of Meluhan Amy, 

parvateshwar, Shiva advances towards swadweep, the 
land of the- chandravanshis. A fierce battle is fought

between the Meluhans and the swadweepans in which the 

Meluhans prevail. The Chandravanshi king is captured but 

becomes enraged upon seeing the Neelkanth. The 

Chandravanshi princess Anandmayi explains that they too 

had a similar legend that the Neelkanth will come forward 

to save their land by launching an assent against the e 

Suryavanshis. Hearing this Shiva is dumbífounded and 

utterly distressed. With Sati he visits the famous kan 
that his throat has turned blue. The Meluhan announce temple Ayodhya, the capital of Swadweep.ht 

There
his 

he mee 
Kama know about his Karma

re. 

Shiva as the Neelkanth, their fabled saviour. 
Then Shiva is taken to Devagiri, the capital city of Meluha, where he meets, king Daksha. While stayingthere, Shiva and his comrades, Nandi and Veerbhadra,encounter a beautiful and mysterious woman who has a 

a priest from whom he comes 
1ate and his choices in life which would guide him n ue 

30 
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As priest says 
Towards the new earth from the Christian 

every level, including verbal. In various ways, sOcial 

ecology is an approach than can broaden the developing 
field of Eco citicism. pective, towards the 

Derspective, towards "hothingness" (sunya) in the Buddhist 
"fullness" (Pumam) the Hunter 

rspective, towards the paradise-like abode of justice and References 
mercy in the Islamic perspective Towards the abode of 
belongingness of God worid and man from the perspective 

of the original inhabitants of the world (D'sa 26). 
As Shiva comes out of the temple, he notices Sati 

standing out of the temple waiting for him and Naga 3. Dsa Francis. S.J. Nachhaltige Entricklunng Dialog and 
standing near a tree. The first book ends with Shiva 

charging to save Sati: 
According to Amish, throughout the world there is stll 

a great diversity of cultures and over six thousand 5. Rueckert, William. Literature and Ecology: An 

languages, as there has been millennia. These should be 
respected locally and internationally, as should human 6. Reader: Landmarks in Literary Ecology. Ed. Cheny 

rights social justice and ecological responsibility. In 

ecology, man's tragic flaw is his anthropocentric (as 7. University of Georgia Press: Athens, 1996. Print. 

opposed to biocentric) vision and his compulsion to 8. Tripathi, Amish. The Immortals of Meluha, New Delhi 

conquer, humanize, domesticate, violate, and exploit every 
natural thing (Rueckert 113). In the face of this great 
diversity and complexity of cultures and ecological 
communities, we became, humble and realize our 
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Abstaract − In this paper, new classes of sets called πgp-closed sets in nano topological spaces
is introduced and its properties and studied of nano πgp-closed sets.
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1 Introduction

Thivagar et al. [4] introduced a nano topological space with respect to a subset X
of an universe which is defined in terms of lower approximation and upper approx-
imation and boundary region. The classical nano topological space is based on an
equivalence relation on a set, but in some situation, equivalence relations are nor
suitable for coping with granularity, instead the classical nano topology is extend to
general binary relation based covering nano topological space

Bhuvaneswari et al. [3] introduced and investigated nano g-closed sets in nano
topological spaces. Recently, Parvathy and Bhuvaneswari the notions of nano gpr-
closed sets which are implied both that of nano rg-closed sets. In 2017, Rajasekaran
et.al [7] introduced the notion of nano πgp-closed sets in nano topological spaces.
new classes of sets called πgp-closed sets in nano topological spaces is introduced
and its properties and studied of nano πgp-closed sets.

2 Preliminaries

Throughout this paper (U, τR(X)) (or X) represent nano topological spaces on which
no separation axioms are assumed unless otherwise mentioned. For a subset H of a

*Corresponding Author.
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space (U, τR(X)), Ncl(H) and Nint(H) denote the nano closure of H and the nano
interior of H respectively. We recall the following definitions which are useful in the
sequel.

Definition 2.1. [6] Let U be a non-empty finite set of objects called the universe and
R be an equivalence relation on U named as the indiscernibility relation. Elements
belonging to the same equivalence class are said to be indiscernible with one another.
The pair (U, R) is said to be the approximation space. Let X ⊆ U .

1. The lower approximation of X with respect to R is the set of all objects, which
can be for certain classified as X with respect to R and it is denoted by LR(X).
That is, LR(X) =

⋃
x∈U{R(x) : R(x) ⊆ X}, where R(x) denotes the equiva-

lence class determined by x.

2. The upper approximation of X with respect to R is the set of all objects, which
can be possibly classified as X with respect to R and it is denoted by UR(X).
That is, UR(X) =

⋃
x∈U{R(x) : R(x) ∩ X 6= φ}.

3. The boundary region of X with respect to R is the set of all objects, which can
be classified neither as X nor as not - X with respect to R and it is denoted by
BR(X). That is, BR(X) = UR(X) − LR(X).

Property 2.2. [4] If (U,R) is an approximation space and X, Y ⊆ U ; then

1. LR(X) ⊆ X ⊆ UR(X);

2. LR(φ) = UR(φ) = φ and LR(U) = UR(U) = U ;

3. UR(X ∪ Y ) = UR(X) ∪ UR(Y );

4. UR(X ∩ Y ) ⊆ UR(X) ∩ UR(Y );

5. LR(X ∪ Y ) ⊇ LR(X) ∪ LR(Y );

6. LR(X ∩ Y ) ⊆ LR(X) ∩ LR(Y );

7. LR(X) ⊆ LR(Y ) and UR(X) ⊆ UR(Y ) whenever X ⊆ Y ;

8. UR(Xc) = [LR(X)]c and LR(Xc) = [UR(X)]c;

9. URUR(X) = LRUR(X) = UR(X);

10. LRLR(X) = URLR(X) = LR(X).

Definition 2.3. [4] Let U be the universe, R be an equivalence relation on U and
τR(X) = {U, φ, LR(X), UR(X), BR(X)} where X ⊆ U . Then by the Property 2.2,
R(X) satisfies the following axioms:

1. U and φ ∈ τR(X),

2. The union of the elements of any sub collection of τR(X) is in τR(X),

3. The intersection of the elements of any finite subcollection of τR(X) is in
τR(X).
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That is, τR(X) is a topology on U called the nano topology on U with respect to X.
We call (U, τR(X)) as the nano topological space. The elements of τR(X) are called
as nano open sets and [τR(X)]c is called as the dual nano topology of [τR(X)].

Remark 2.4. [4] If [τR(X)] is the nano topology on U with respect to X, then the
set B = {U, φ, LR(X), BR(X)} is the basis for τR(X).

Definition 2.5. [4] If (U, τR(X)) is a nano topological space with respect to X and if
H ⊆ U , then the nano interior of H is defined as the union of all nano open subsets
of H and it is denoted by Nint(H).

That is, Nint(H) is the largest nano open subset of H. The nano closure of H is
defined as the intersection of all nano closed sets containing H and it is denoted by
Ncl(H).

That is, Ncl(H) is the smallest nano closed set containing H.

Definition 2.6. A subset H of a nano topological space (U, τR(X)) is called

1. nano semi open [4] if H ⊆ Ncl(Nint(H)).

2. nano regular-open [4] if H = Nint(Ncl(H)).

3. nano π-open [1] if the finite union of nano regular-open sets.

4. nano pre-open [4] if H ⊆ Nint(Ncl(H)).

The complements of the above mentioned sets is called their respective closed sets.

Definition 2.7. A subset H of a nano topological space (U, τR(X)) is called;

1. nano g-closed [2] if Ncl(H) ⊆ G, whenever H ⊆ G and G is nano open.

2. nano rg-closed set [8] if Ncl(H) ⊆ G whenever H ⊆ G and G is nano regular-
open.

3. nano πg-closed [7] if Ncl(H) ⊆ G, whenever H ⊆ G and G is nano π-open.

4. nano gp-closed set [3] if Npcl(H) ⊆ G, whenever H ⊆ G and G is nano open.

5. nano gpr-closed set [5] if Npcl(H) ⊆ G, whenever H ⊆ G and G is nano
regular open.

3 On Nano πgp-closed Sets

Definition 3.1. A subset H of a space (U, τR(X)) is nano πgp-closed if Npcl(H) ⊆
G whenever H ⊆ G and G is nano π-open.

The complement of nano πgp-open if Hc = U − H is nano πgp-closed.

Example 3.2. Let U = {a, b, c, d} with U/R = {{a, b}, {c}, {d}} and X = {a, d}.
Then the nano topology τR(X) = {φ, {d}, {a, b}, {a, b, d}, U}.

1. then {a} is nano πgp-closed set.
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2. then {b} is not nano πgp-closed set.

Theorem 3.3. In a space (U, τR(X)),

1. If H is nano π-open and nano πgp-closed, then H is nano pre-closed and hence
nano clopen.

2. If H is nano semi-open and nano πgp-closed, then H is nano πg-closed.

Proof. 1. If H is nano π-open and nano πgp-closed, then Npcl(H) ⊆ H and so
H is nano pre-closed. Hence H is nano clopen, since nano π-open set is nano
open and nano pre-closed open set is nano closed.

2. Let H ⊆ G and G be nano π-open. Since H is nano πgp-closed, Npcl(H) ⊆ G.
Since H is nano semi-open, Npcl(H) = Ncl(H) ⊆ G and hence H is nano
πg-closed.

Remark 3.4. For a subset of a space (U, τR(X)), we have the following implications:

nano closed

⇓
nano g-closed ⇒ nano πg-closed ⇒ nano rg-closed

⇓ ⇓ ⇓
nano gp-closed ⇒ nano πgp-closed ⇒ nano gpr-closed

None of the above implications are reversible as shown by the following Examples.

Example 3.5. Let U = {a, b, c} with U/R = {{a, c}, {b}} and X = {c}. Then the
nano topology τR(X) = {φ, {a, c}, U}. Then {a, c} is nano πgp-closed set but not
nano gp-closed.

Example 3.6. In Example 3.2,

1. then {a} is nano πgp-closed set but not nano πg-closed.

2. then {a, d} is nano gpr-closed set but not nano πgp-closed.

Lemma 3.7. In a space (U, τR(X)),

1. every nano open set is nano πgp-closed.

2. every nano closed set is nano πgp-closed.

Remark 3.8. The converses of statements in Lemma 3.7 are not necessarily true
as seen from the following Examples.

Example 3.9. In Example 3.2,

1. then {a, c, d} is nano πgp-closed set but not nano open.

2. then {b, c, d} is nano πgp-closed set but not nano closed.

Theorem 3.10. Let H be nano πgp-closed. Then Npcl(H) − H does not contain
any non-empty nano π-closed set.
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Proof. Let K be a nano π-closed set such that K ⊆ Npcl(H)−H. Then H ⊆ U−K.
Since H is nano πgp-closed and U − K is nano π-open, Npcl(H) ⊆ U − K, i.e.
K ⊆ U − Npcl(H). Hence K ⊆ Npcl(H) ∩ (U − Npcl(H)) = φ. This shows that
K = φ.

Corollary 3.11. Let H be nano πgp-closed. Then H is nano pre-closed ⇐⇒
Npcl(H) − H is nano π-closed ⇐⇒ H = Npcl(Nint(H)).

Theorem 3.12. In a space (U, τR(X)), the union of two nano πgp-closed sets is
nano πgp-closed.

Proof. Let H ∪ Q ⊆ G, then H ⊆ G and Q ⊆ G where G is nano π-open. As
H and Q are πgp-closed, Ncl(H) ⊆ G and Ncl(Q) ⊆ G. Hence Ncl(H ∪ Q) =
Ncl(H) ∪ Ncl(Q) ⊆ G.

Example 3.13. In Example 3.2, then H = {a} and Q = {c} is nano πgp-closed.
Clearly H ∪ Q = {a, c} is nano πgp-closed.

Theorem 3.14. In a space (U, τR(X)), the intersection of two nano πgp-open sets
are nano πgp-open.

Proof. Obvious by Theorem 3.12.

Example 3.15. In Example 3.2, then H = {a, d} and Q = {b, d} is nano πgp-open.
Clearly H ∩ Q = {d} is nano πgp-open.

Remark 3.16. In a space (U, τR(X)), the union of two nano πgp-closed sets but not
nano πgp-closed.

Example 3.17. In Example 3.2, then H = {a} and Q = {b} is nano πgp-closed.
Clearly H ∪ Q = {a, b} is but not nano πgp-closed.

Remark 3.18. In a space (U, τR(X)), the intersection of two nano πgp-open sets
but not nano πgp-open.

Example 3.19. In Example 3.2, then H = {a, c, d} and Q = {b, c, d} is nano πgp-
open sets. Clearly H ∪ Q = {c, d} is but not nano πgp-open.

Corollary 3.20. If H ia nano πgp-closed and nano regular open and P is nano
pre-closed in U , then H ∩ P is nano πgp-closed.

Proof. Let H ∩ P ⊆ G and G is nano π-open in H. Since P is nano pre-closed
in U , H ∩ P is nano pre-closed in H and so NpclH(H ∩ P ) = H ∩ P . That is
NpclH(H ∩ P ) ⊆ G. Then H ∩ P is nano πgp-closed in the nano πgp-closed and
nano regular open set H and hence H ∩ P is nano πgp-closed in U .

Theorem 3.21. If H is nano πgp-closed in U and H ⊆ P ⊆ Npcl(H), then P is
nano πgp-closed.

Proof. Let P ⊆ G and G be nano π-open in U . Since H ⊆ G and H is nano
πgp-closed, Npcl(H) ⊆ G and then Npcl(P ) = Npcl(H) ⊆ G. hence P is nano
πgp-closed.

Theorem 3.22. A set H of a space (U, τR(X)) is called nano πgp-open ⇐⇒ if
K ⊆ Npint(H) whenever K is nano π-closed and K ⊆ H.
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Proof. Obvious.

Theorem 3.23. A subset H of U is nano πgp-open ⇐⇒ G = U whenever G is
nano π-open and Npint(H) ∪ (U − H) ⊆ G.

Proof. Let G ba a nano π-open set and Npint(H) ∪ (U − H) ⊆ G. Then U − G ⊆
(U −Npint(H))∩H, i.e., (U −G) ⊆ Npcl(U −H)− (U −H). Since U −H is nano
πgp-closed, by Theorem 3.10, U − G = φ and hence G = U .

Conversely, let K be a nano π-open set of U and K ⊆ H. Since Npint(H)∪ (U −
H) = Nint(Ncl(H))∪(U−K) is nano π-open and Npint(H)∪(U−H) ⊆ Npint(H)∪
(U − K), by hypothesis, Npint(H) ∪ (U − K) = U and hence K ⊆ Npint(H).

Theorem 3.24. Let H ⊆ V ⊆ U and V nano π-open and nano closed in U . If H
is nano πgp-open in V , then H is nano πgp-open in U .

Proof. Let K be any nano π-closed set and K ⊆ H. Since K is nano π-closed in
V and H is nano πgp-open in V , K ⊆ NpintV (H) and then K ⊆ NpintU(H) ∩ V .
Hence K ⊆ NpintU(H) and so H is nano πgp-open in U .

Theorem 3.25. If H is nano πgp-open in U and Npint(H) ⊆ P ⊆ H, then P is
nano πgp-open.

Proof. Let K ⊆ P and K be nano π-closed in U . Since H is nano πgp-open and
K ⊆ H. K ⊆ Npint(H) and then K ⊆ Npint(P ). Hence P is nano πgp-open.

Theorem 3.26. A subset H of U is nano πgp-closed ⇐⇒ Npcl(H) − H is nano
πgp-open.

Proof. Let K ⊆ Npcl(H)−H and K be nano π-closed in U . Then by Theorem 3.10,
K = φ and so K ⊆ Npint(Npcl(H) − H). This shows that Npcl(H) − H is nano
πgp-open.

Conversely, let G be a nano π-open set of U and H ⊆ G. Then Npcl(H) ∩
(U −G) = Ncl(Nint(H))∩ (U −G) is nano π-closed set contained in Npcl(H)−H.
Since Npcl(H) − H is nano πgp-open, by Theorem 3.22, Npcl(H) ∩ (U − G) ⊆
Npint(Npcl(H) − H = φ) and hence Npcl(H) ⊆ G.
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1. Introduction

Lellis Thivagar et al [3] introduced a nano topological space with respect to a subset X of

an universe which is defined in terms of lower approximation and upper approximation

and boundary region. The classical nano topological space is based on an equivalence

relation on a set, but in some situation, equivalence relations are nor suitable for coping

with granularity, instead the classical nano topology is extend to general binary relation

based covering nano topological space

The main aim of this paper is to introduce another nano generalized class called mildly

nano g-open sets in nano topological spaces. Moreover, this nano generalized class of

τR(X), generalize nano g-open sets and mildly nano g-open sets. The relationships of

mildly nano g-closed sets with various other sets are discussed.

2. Preliminaries

Throughout this paper (U, τR(X)) (or X) represent nano topological spaces on which no

separation axioms are assumed unless otherwise mentioned. For a subset H of a space

(U, τR(X)), Ncl(H) and Nint (H) denote the nano closure of H and the nano interior

of H respectively. We recall the following definitions which are useful in the sequel.

Definition 2.1. [5] Let U be a non-empty finite set of objects called the universe and R be

an equivalence relation on U named as the indiscernibility relation. Elements belonging

to the same equivalence class are said to be indiscernible with one another. The pair (U,

R) is said to be the approximation space. Let X ⊆ U .

1. The lower approximation of X with respect to R is the set of all objects, which can

be for certain classified as X with respect to R and it is denoted by LR(X). That

is, LR(X) =
⋃

x∈U

{R(x) : R(x) ⊆ X}, where R(x) denotes the equivalence class

determined by x.

2. The upper approximation of X with respect to R is the set of all objects, which can

be possibly classified as X with respect to R and it is denoted by UR(X). That is,

UR(X) =
⋃

x∈U

{R(x) : R(x) ∩ X �= φ}.

3. The boundary region of X with respect to R is the set of all objects, which can be

classified neither as X nor as not - X with respect to R and it is denoted by BR(X).

That is, BR(X) = UR(X) − LR(X).

Property 2.2. [3] If (U, R) is an approximation space and X, Y ⊆ U ; then

1. LR(X) ⊆ X ⊆ UR(X);

2. LR(φ) = UR(φ) = φ and LR(U) = UR(U) = U ;
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3. UR(X ∪ Y ) = UR(X) ∪ UR(Y );

4. UR(X ∩ Y ) ⊆ UR(X) ∩ UR(Y );

5. LR(X ∪ Y ) ⊇ LR(X) ∪ LR(Y );

6. LR(X ∩ Y ) ⊆ LR(X) ∩ LR(Y );

7. LR(X) ⊆ LR(Y ) and UR(X) ⊆ UR(Y ) whenever X ⊆ Y ;

8. UR(Xc) = [LR(X)]c and LR(Xc) = [UR(X)]c;

9. URUR(X) = LRUR(X) = UR(X);

10. LRLR(X) = URLR(X) = LR(X).

Definition 2.3. [3] Let U be the universe, R be an equivalence relation on U and

τR(X) = {U, φ,LR(X), UR(X), BR(X)} where X ⊆ U . Then by the Property 2.2,

R(X) satisfies the following axioms:

1. U and φ ∈ τR(X),

2. The union of the elements of any sub collection of τR(X) is in τR(X),

3. The intersection of the elements of any finite subcollection of τR(X) is in τR(X).

That is, τR(X) is a topology on U called the nano topology on U with respect to X. We

call (U, τR(X)) as the nano topological space. The elements of τR(X) are called as

nano open sets and [τR(X)]c is called as the dual nano topology of [τR(X)].

Remark 2.4. [3] If [τR(X)] is the nano topology on U with respect to X, then the set

B = {U, φ,LR(X), BR(X)} is the basis for τR(X).

Definition 2.5. [3] If (U, τR(X)) is a nano topological space with respect to U and if

H ⊆ U , then the nano interior of H is defined as the union of all nano open subsets of

A and it is denoted by Nint (H).

That is, Nint (H) is the largest nano open subset of H. The nano closure of H is

defined as the intersection of all nano closed sets containing H and it is denoted by

Ncl(H).

That is, Ncl(H) is the smallest nano closed set containing H.

Definition 2.6. [3] A subset H of a nano topological space (U, τR(X)) is called;

1. nano pre-open set if H ⊆ Nint (Ncl(H)).

The complement of nano pre-open set is called nano pre-closed.

2. nano regular open set if H = Nint (Ncl(H)).

The complement of nano regular-open set is called nano regular-closed.
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Definition 2.7. [4] Let (U, τR(X)) be a nano topological space and let H ⊆ U , then H

is called nano nowhere dense if Nint (Ncl(H)) = φ.

Definition 2.8. [1] A subset H of a nano topological space (U, τR(X)) is called nano

g-closed if Ncl(H) ⊆ G, whenever H ⊆ G and G is nano open.

Theorem 2.9. [2] In any nano topological space, every nano regular-closed set is nano

closed but not conversely.

3. New nano generalized classes of τR(X)

Definition 3.1. In a nano topological space (U, τR(X)), a subset H of U is said to be

1. weakly nano g-closed if Ncl(Nint (H)) ⊆ G whenever H ⊆ G and G is nano

open in U ;

2. mildly nano g-closed if Ncl(Nint (H)) ⊆ G whenever H ⊆ G and G is nano

g-open in U ;

3. strongly nano g-closed if Ncl(H) ⊆ G whenever H ⊆ G and G is nano g-open

in U .

The complements of the above mentioned sets are called their respective nano open sets.

Example 3.2. Let U = {a, b, c, d} with U/R = {{a}, {c}, {b, d}} and X = {a, b}.

Then the nano topology τR(X) = {φ, {a}, {b, d}, {a, b, d}, U}. Then {c} is weakly nano

g-closed, mildly nano g-closed and strongly nano g-closed.

Theorem 3.3. In a nano topological space (U, τR(X)), a subset H of U is mildly nano

g-closed ⇔ Ncl(Nint (H)) ⊆ H .

Proof. ⇒ If Ncl(Nint (H)) � H , there exists x ∈ U such that x ∈ Ncl(Nint (H))−H .

Then x ∈ Ncl(Nint (H)) − H ⊆ U − H and so H ⊆ U − {x} where U − {x} is nano

g-open being nano open. Thus H ⊆ U − {x} where U − {x} is nano g-open. But

Ncl(Nint (H)) � U − {x} since x ∈ Ncl(Nint (H)). This implies that H is not mildly

nano g-closed which proves the necessary part.

⇐ Let Ncl(Nint (H)) ⊆ H and G be any nano g-open subset such that H ⊆ G.

Then Ncl(Nint (H)) ⊆ H ⊆ G. This implies that H is mildly nano g-closed which

proves the sufficiency part. �

Theorem 3.4. In a nano topological space (U, τR(X)), a subset H of U is weakly nano

g-closed ⇔ Ncl(Nint (H)) ⊆ H .

Proof. ⇒ If Ncl(Nint (H)) � H , there exists x ∈ U such that x ∈ Ncl(Nint (H))−H .

Then x ∈ Ncl(Nint (H)) − H ⊆ U − H and so H ⊆ U − {x} where U − {x} is nano

open. Thus H ⊆ U − {x} where U − {x} is nano open. But Ncl(Nint (H)) � U − {x}
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since x ∈ Ncl(Nint (H)). This implies that H is not weakly nano g-closed which proves

the necessary part.

⇐ Let Ncl(Nint (H)) ⊆ H and G be any nano open set such that H ⊆ G. Then

Ncl(Nint (H)) ⊆ H ⊆ G. This implies that H is weakly nano g-closed which proves

the sufficiency part. �

Theorem 3.5. In a nano topological space (U, τR(X)), a subset H of U is mildly nano

g-closed ⇔ H is weakly nano g-closed.

Proof. Proof follows by Theorem 3.3 and Theorem 3.4. �

Theorem 3.6. In a nano topological space (U, τR(X)), a subset H of U is strongly nano

g-closed ⇔ Ncl(H) ⊆ H .

Proof. ⇒ If Ncl(H) � H , there exists x ∈ U such that x ∈ Ncl(H) − H . Then

x ∈ Ncl(H) − H ⊆ U − H and so H ⊆ U − {x} where U − {x} is nano g-open being

nano open. Thus H ⊆ U − {x} where U − {x} is nano g-open. But Ncl(H) � U − {x}

since x ∈ Ncl(H). This implies that H is not strongly nano g-closed which proves the

necessary part.

⇐ Let Ncl(H) ⊆ H and G be any nano g-open set such that H ⊆ G. Then

Ncl(H) ⊆ H ⊆ G. This implies that H is strongly nano g-closed which proves the

sufficient part. �

Theorem 3.7. In a nano topological space (U, τR(X)), a subset H of U is nano g-closed

⇔ Ncl(H) ⊆ H .

Proof. ⇒ If Ncl(H) � H , there exists x ∈ U such that x ∈ Ncl(H) − H . Then

x ∈ Ncl(H) − H ⊆ U − H and so H ⊆ U − {x} where U − {x} is nano open. Thus

H ⊆ U − {x} where U − {x} is nano open. But Ncl(H) � U − {x} since x ∈ Ncl(H).

This implies that H is not nano g-closed which proves the necessary part.

⇐ Let Ncl(H) ⊆ H and G be any nano open set such that H ⊆ G. Then Ncl(H) ⊆

H ⊆ G. This implies that H is nano g-closed which proves the sufficient part. �

Theorem 3.8. In a nano topological space (U, τR(X)), a subset H of U is strongly nano

g-closed ⇔ H is nano g-closed.

Proof. Proof follows from Theorem 3.6 and Theorem 3.7. �

Proposition 3.9. In a nano topological space (U, τR(X)),

1. Every nano g-closed set is weakly nano g-closed.

2. Every strongly nano g-closed set is mildly nano g-closed.

Proof. Obvious. �
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Remark 3.10. The converses of Proposition 3.9 are not true in general as shown in the

following Example.

Example 3.11. In Example 3.2,

1. then {b} is weakly nano g-closed set but not nano g-closed.

2. then {d} is mildly nano g-closed set but not strongly nano g-closed.

Remark 3.12. In a nano topological space (U, τR(X)), the following relations hold for

a subset H of U .

strongly nano g-closed ←→ nano g-closed

↓ ↓

mildly nano g-closed ←→ weakly nano g-closed

Where A ←→ B means A implies and is implied by B and A → B means A implies

B but not conversely.

Theorem 3.13. In a nano topological space (U, τR(X)), for a subset H of U, the fol-

lowing properties are equivalent.

1. H is mildly nano g-closed;

2. Ncl(Nint (H))\H = φ;

3. Ncl(Nint (H)) ⊆ H ;

4. H is nano pre-closed.

Proof. (1) ⇔ (2) H is mildly nano g-closed ⇔ Ncl(Nint (H)) ⊆ H by Theorem 3.3

⇔ Ncl(Nint (H))\H = φ.

(2) ⇔ (3) Ncl(Nint (H))\H = φ ⇔ Ncl(Nint (H)) ⊆ H .

(3) ⇔ (4) Ncl(Nint (H)) ⊆ H ⇔ H is nano pre-closed by (1) of Definition 3.1.

�

Theorem 3.14. In a nano topological space (U, τR(X)), if H is mildly nano g-closed,

then H ∪ (U − Ncl(Nint (H))) is mildly nano g-closed.

Proof. Since H is mildly nano g-closed, Ncl(Nint (H)) ⊆ H by Theorem 3.3. Then

U − H ⊆ U − Ncl(Nint (H)) and H ∪ (U − H) ⊆ H ∪ (U − Ncl(Nint (H))).

Thus U ⊆ H ∪ (U − Ncl(Nint (H))) and so H ∪ (U − Ncl(Nint (H))) = U . Hence

H ∪ (U − Ncl(Nint (H))) is mildly nano g-closed. �

Theorem 3.15. In a nano topological space (U, τR(X)), the following properties are

equivalent:

1. H is a nano closed set and an nano open set,
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2. H is a nano regular-closed set and an nano open set,

3. H is a mildly nano g-closed set and an nano open set.

Proof. (1) ⇒ (2): Since H is nano closed and nano open, H = Ncl(H) and H =

Nint (H) implies H = Ncl(Nint (H)) and H = Nint (H). Hence H is nano regular-

closed and nano open.

(2) ⇒ (3): Since H is nano regular-closed and nano open, H = Ncl(Nint (H)) and

H = Nint (H). Since H = Ncl(Nint (H)), Ncl(Nint (H)) ⊆ H . By Theorem 3.3,

H is mildly nano g-closed and nano open.

(3) ⇒ (1): Since H is mildly nano g-closed, Ncl(Nint (H)) ⊆ H by Theorem 3.3.

Again H is nano open implies Ncl(H) ⊆ H . Thus H is nano closed and nano open.

�

Proposition 3.16. In a nano topological space (U, τR(X)), every nano closed set is

mildly nano g-closed.

Proof. Let G be any nano g-open subset of U such that H ⊆ G. Then cl(int (H)) ⊆

cl(H) = H ⊆ G and hence H is mildly nano g-closed. This shows that H is nano

closed ⇒ mildly nano g-closed. �

Remark 3.17. The converse of Proposition 3.16 is not true in general as shown in the

following example.

Example 3.18. In Example 3.2, then {b} is mildly nano g-closed set but not nano closed.

Theorem 3.19. In a nano topological space (U, τR(X)), if H is mildly nano g-closed

and G is a subset such that H ⊆ G ⊆ Ncl(Nint (H)), then G is mildly nano g-closed.

Proof. Since H is mildly nano g-closed, Ncl(Nint (H)) ⊆ H by (3) of Theorem 3.13.

Thus by assumption, H ⊆ G ⊆ Ncl(Nint (H)) ⊆ H . Then H = G and so G is mildly

nano g-closed. �

Corollary 3.20. In a nano topological space (U, τR(X)), if H is a mildly nano g-closed

set and an nano open set, then Ncl(H) is mildly nano g-closed.

Proof. Since H is nano open in U, H ⊆ Ncl(H) = Ncl(Nint (H)). H is mildly nano

g-closed implies Ncl(H) is mildly nano g-closed by Theorem 3.19. �

Theorem 3.21. In a nano topological space (U, τR(X)), a nano nowhere dense subset

is mildly nano g-closed.

Proof. If H is a nano nowhere dense subset in U then Nint (Ncl(H)) = φ. Since

Nint (H) ⊆ Nint (Ncl(H)), Nint (H) = φ. Hence Ncl(Nint (H)) = Ncl(φ) = φ ⊆

H . Thus, H is mildly nano g-closed in (U, τR(X)) by Theorem 3.3. �
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Remark 3.22. The converse of Theorem 3.21 is not true in general as shown in the

following Example.

Example 3.23. In Example 3.2, then {b} is mildly nanog-closed set but not nano nowhere

dense.

Remark 3.24. In a nano topological space (U, τR(X)), the intersection of two mildly

nano g-closed subsets is mildly nano g-closed.

Proof. LetP andQbe mildly nanog-closed subsets in (U, τR(X)). ThenNcl(Nint (P ))

⊆ P andNcl(Nint (Q)) ⊆ QbyTheorem 3.3. AlsoNcl[Nint (P∩Q)] = Ncl[Nint (P )

∩Nint (Q)] ⊆ Ncl(Nint (P )) ∩ Ncl(Nint (Q)) ⊆ P ∩ Q. This implies that P ∩ Q is

mildly nano g-closed by Theorem 3.3. �

Remark 3.25. In a nano topological space (U, τR(X)), the union of two mildly nano

g-closed subsets need not be mildly nano g-closed.

Example 3.26. Let U = {a, b, c} with U/R = {{a}, {b, c}} and X = {b, c}. Then

the nano topology τR(X) = {φ, {b, c}, U}. Then {φ, {a}, {b}, {c}, {a, b}, {a, c}, U} is

mildly nano g-closed set. Then P = {b} and Q = {c} is mildly nano g-closed sets.

Hence P ∪ Q = {b, c} is not mildly nano g-closed.

Theorem 3.27. In a nano topological space (U, τR(X)), a subset H is mildly nano

g-open if and only if H ⊆ Nint (Ncl(H)).

Proof. H is mildly nano g-open ⇔ U\H is mildly nano g-closed ⇔ U\H is nano

pre-closed by (4) of Theorem 3.13 ⇔ H is nano pre-open ⇔ G ⊆ Nint (Ncl(H)). �

Theorem 3.28. In a nano topological space (U, τR(X)), if the subset H is mildly nano

g-closed, then Ncl(Nint (H))\H is mildly nano g-open in (U, τR(X)).

Proof. Since H is mildly nano g-closed, Ncl(Nint (H))\H = φ by (2) of Theorem

3.13. Thus Ncl(Nint (H))\H is mildly nano g-open in (U, τR(X)). �

Theorem 3.29. In a nano topological space (U, τR(X)), if H is mildly nano g-open,

then Nint (Ncl(H)) ∪ (U − H) = U .

Proof. Since H is mildly nano g-open, H ⊆ Nint (Ncl(H)) by Theorem 3.27. So

(U−H)∪H ⊆ (U−H)∪Nint (Ncl(H)) which implies U = (U−H)∪Nint (Ncl(H)).

�

Theorem 3.30. In a nano topological space (U, τR(X)), if H is mildly nano g-open and

Nint (Ncl(H)) ⊆ G ⊆ H , then G is mildly nano g-open.

Proof. Since H is mildly nano g-open, H ⊆ Nint (Ncl(H)) by Theorem 3.27. By

assumption Nint (Ncl(H)) ⊆ G ⊆ H . This implies H ⊆ Nint (Ncl(H)) ⊆ G ⊆ H .

Thus H = G and so G is mildly nano g-open. �
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Corollary 3.31. In a nano topological space (U, τR(X)), if H is a mildly nano g-open

set and a nano closed set, then Nint (H) is mildly nano g-open.

Proof. If H is a mildly nano g-open set and a nano closed set in (U, τR(X)), then

Nint (Ncl(H)) = Nint (H) ⊆ Nint (H) ⊆ H . Thus, by Theorem 3.30, Nint (H) is

mildly nano g-open in (U, τR(X)). �

4. Nano O-set

Definition 4.1. A subset H of a nano topological space (U, τR(X)) is called a nano

O-set if H = P ∪ Q where P is nano g-closed and Q is nano pre-open.

Example 4.2. In Example 3.2, then {φ, {a, c}, {b, c}, {c, d}, {a, b, c}, {a, c, d},

{b, c, d}, U} is nano O-set.

Proposition 4.3. Every nano pre-open (resp. nano g-closed) set is a nano O-set.

Remark 4.4. The separate converses of Proposition 4.3 are not true in general as shown

in the following Example.

Example 4.5. In Example 3.2, then {a, c} is nano O-set but not nano pre-open.

Remark 4.6. The following example shows that the concepts of nano pre-open and nano

g-closed are independent of each other.

Example 4.7. In Example 3.2,

1. then {c} is nano g-closed set but not nano pre-open.

2. then {b} is nano pre-open set but not nano g-closed.

Theorem 4.8. Let (U, τR(X)) be a nano topological space and H ⊆ U . Then H is

mildly nano g-open if and only if F ⊆ Nint (Ncl(H)) whenever F is nano g-closed

and F ⊆ H .

Proof. Suppose H is mildly nano g-open. If F is nano g-closed and F ⊆ H , then

U − H ⊆ U − F and so Ncl(Nint (U − H)) ⊆ U − F . Therefore F ⊆ U −

Ncl(Nint (U − H)) = Nint (Ncl(H)).

Conversely, the condition holds. Let G be an nano g-open set such that U −H ⊆ G.

Then U −G ⊆ H and so U −G ⊆ Nint (Ncl(H)). Therefore Ncl(Nint (U −H)) ⊆ G.

Thus U − H is mildly nano g-closed and so H is mildly nano g-open. �
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Abstract: 

 The purpose of the study was to find out the effect of B.K.S. Iyengar yoga on selected physiological and 

psychological variables among college girls. The investigator randomly selected 60 girls from National College, 

Tiruchirapalli, Tamilnadu. The age groups of subjects were between 18 and 23 years. They were divided into two 

equal groups as experimental group (B.K.S. Lyengar yoga) and control group based on their initial score in 

physiological and psychological variables and each groups consisting 30 subjects. Experimental group are 

underwent the training for12 weeks, 5 days a week for maximum of one hour in morning. The control group was 

kept in active rest. The pre test and post test were conducted before and after the training for all three groups. The 

selected physiological variables, pulse rate and blood pressure were measured by Radial Pulse and 

Sphygmomanometer respectively and in psychological variables, stress was measured by standardized stress 
questionnaire constructed by Dr. Latha Satish (1997)consisting of 52 questions and self- confidence was measured 

by self- confidence questionnaire developed by Rekha Agnihotri (1987) consisting of 52 questions. The collected 

data were statistically analyzed by using Analysis of covariance (ANCOVA) to determine the significant difference 

and tested at 0.05 level of significance. The result of the study shows that the experimental group had significant 

improvement in all the selected physiological and psychological variables than the control group among college 

girls. 

Keywords: Physical Activity Program, B.K.S. Lyengar Yoga, Physiological & Psychological Variables. 

Introduction: 

       Lyengar Yoga is a form of Hatha Yoga in which there is a focus on the structural alignment of the 

physical body through the development of asanas. Through the practice of a system of asanas, it aims to unite the 

body, mind and spirit for health and well-being. The discipline is considered by its practitioners to be a powerful 
tool to relieve the stresses of modern-day life, in turn helping to promote total physical and spiritual well-being.  

B.K.S. Lyengar was the founder of Lyengar Yoga and is considered one of the foremost yoga teachers in the world. 

In his book, Light on Life, he explains how physical weaknesses led him to take up the ancient practice of yoga. He 

used props such as ropes, belts and bricks to help even the elderly, weak, and inflexible experience yoga's 

therapeutic effects, often allowing yoga student to hold positions for longer periods than might be possible without 

them.  

 Lyengar yoga appeals to a huge range of people, of all fitness levels, and is particularly well-suited to yoga 

students who have a meticulous approach to yoga and an interest in the body’s anatomy. It is excellent for people 

with back problems and for people who suffer from stress, two conditions that often go together, but in reality 

anyone can benefit from it. 

 Furthermore, the poses in Lyengar yoga are done with great attention to detail. As a result, the increased 

body awareness developed allows one to become more aware of posture and its direct effects on psychological 
states, and to carry this awareness off the yoga mat into everyday life. Practiced regularly, Lyengar yoga is a 

wonderful, natural way to cope with physical, mental, and emotional stress. 

 In recent years, researchers have started measuring some of yoga's effects on health, and -not surprisingly- 

the results are fascinating.  

Objectives of Study:  

 To determine the physical, physiological and psychological effects of practicing Lyengar Yoga. 

 To determine the reason and motivation for practitioners to continue Lyengar Yoga practice.  

 To evaluate the perception of all sorts of 'stress'.  

 To compare the personality characteristics of Lyengar Yoga practitioners with the no practitioners. 
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Methodology: 

    To achieve the purposed of the study, the investigator randomly selected 60 girls from National College, 

Tiruchirapalli, Tamilnadu. The age groups of subjects were between 18 and 23 years. They were divided into two 

equal groups as experimental group and control group based on their initial score in physiological and psychological 

variables and each groups consisting 30 subjects. Experimental group was underwent the training programmed for 
12 weeks, 5 days a week for maximum of one hour in morning. The control group was kept in active rest. The pre 

test and post test were conducted before and after the training for all two groups.  

Physiological Variables: 

SL.NO VARIABLE EQUIPMENT/TEST 

1 Systolic Blood Pressure Sphygmomanometer 

2 Diastolic Blood Pressure Sphygmomanometer 

3 Resting Pulse Rate Radial Pulse 

Psychological Variables 

SL.NO. VARIABLES TEST & MEASUREMENT 

1 Stress   questionnaire constructed by Dr. Latha Satish (1997) 

2 Self- confidence   questionnaire developed by Rekha Agnihotri (1987) 

   The collected data were statistically analyzed by using Analysis of covariance 

(ANCOVA) to determine the significant difference and tested at 0.05 level of significance. 

Results and Discussion: 

  The analysis of covariance on the data obtained on physiological and psychological variables of 
experimental and control groups have been analyzed and tabulated in Table I to V 

TABLE NO-I 

ANALYSIS OF COVARIANCE ON SYSTOLIC BLOOD PRESSURE BETWEEN CONTROL AND 

EXPERIMENTAL GROUPS 

TEST YOGA 

GROUP 

CONTROL 

GROUP 

SV SS DF MS F TV 

0.05 

Pre test  

146.53 

 

142.47 
Between 124.03 1 124.033  

0.35 

 

4.01 Within 9917.47 58 354.20 

Post test  

126.80 

 

147.00 
Between  3060.30 1 3060.30  

11.12* 

 

4.01 Within 7704.40 58 275.16 

Adjusted   

125.52 

 

148.28 
Between  3835.41 1 3835.41  

27.32* 

 

4.01 within 3790.06 57 140.37 

*Significant at 0.05 level of confidence. 

Table I shows that the analysis of covariance on systolic blood pressure and pre test means of experimental 

group and control group are 146.53 and 142.47 respectively. The obtained ‘F’ ratio is 0.35. Since the obtained ‘F’ 

ratio is lower than the Table value of 4.01, it is indicated that there was no significant at 0.05 level of confidence 

with the df 1 and 58 is 4.01. The post – test means of Experimental group and Control group are 126.80 and 147.00 

respectively. The obtained ‘F’ value is 11.12. Since this is higher than the Table value 4.01 and indicated that the 

difference among the groups on post test means was significant at 0.05 level of confidence with the df 1 and 58 is 
4.01. 

The adjusted post – test means of Experimental group and Control group, are 125.52 and 148.28 

respectively. The obtained ‘F’ ratio is 27.32. Since this is higher than the Table value of 4.01, and indicated that the 

difference among the groups on adjusted post means is significant at 0.05 level of confidence with the df 1 and 58 is 

4.01.  
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TABLE- II 

ANALYSIS OF COVARIANCE ON DIASTOLIC BLOOD PRESSURE BETWEEN CONTROL AND 

EXPERIMENTAL GROUPS 

TEST YOGA 

GROUP 

CONTROL 

GROUP 

SV SS DF MS F TV 

0.05 

 

Pre test 

 

84.27 

 

83.60 
Between 3.33 1 3.333  

0.06 

 

4.01 Within 1688.53 58 60.30 

 

Post test 

 

74.93 

 

84.27 
Between  653.33 1 653.33  

11.11* 

 

4.01 Within 1645.87 58 58.78 

 

Adjusted  

 

74.74 

 

84.46 
Between  706.19 1 706.19  

17.37* 

 

4.01 within 1097.94 57 40.66 

*Significant at 0.05 level of confidence. 

Table II shows that the analysis of covariance on diastolic blood pressure and pre test means of 
experimental group and control group are 84.27 and 83.60 respectively. The obtained ‘F’ ratio is 0.06. Since the 

obtained ‘F’ ratio is lower than the Table value of 4.01, it is indicated that there was no significant at 0.05 level of 

confidence with the df 1 and 58 is 4.01. The post – test means of Experimental group and Control group are 74.93 

and 84.27 respectively. The obtained ‘F’ value is 11.11. Since this is higher than the Table value 4.01 and indicated 

that the difference among the groups on post test means was significant at 0.05 level of confidence with the df 1 and 

58 is 4.01. The adjusted post – test means of Experimental group and Control group, are 74.74 and 84.46 

respectively. The obtained ‘F’ ratio is 17.37.  

TABLE- III 

ANALYSIS OF COVARIANCE ON RESTING PULSE RATE BETWEEN CONTROL AND 

EXPERIMENTAL GROUPS 

TEST YOGA 

GROUP 

CONTROL 

GROUP 

SV SS DF MS F TV 

0.05 

 

Pre test 

 
83.60 

 
82.00 

Between 19.20 1 19.200  
0.29 

 
4.01 Within 1835.60 58 65.56 

 

Post test 

 
74.27 

 
83.60 

Between  653.33 1 65.33  
13.04* 

 
4.01 Within 1402.53 58 50.09 

 

Adjusted  

 
73.65 

 
84.22 

Between  828.69 1 828.69  
71.63* 

 
4.01 within 312.38 57 11.57 

*Significant at 0.05 level of confidence. 
Table III shows that the analysis of covariance on resting pulse rate and pre test means of experimental 

group and control group are 83.60 and 82.00 respectively. The obtained ‘F’ ratio is 0.29. Since the obtained ‘F’ ratio 

is lower than the Table value of 4.01, it is indicated that there was no significant at 0.05 level of confidence with the 

df 1 and 58 is 4.01. The post – test means of Experimental group and Control group are 74.27 and 83.60 

respectively. The obtained ‘F’ value is 13.04. Since this is higher than the Table value 4.01 and indicated that the 

difference among the groups on post test means was significant at 0.05 level of confidence with the df 1 and 58 is 

4.01. The adjusted post – test means of Experimental group and Control group, are 73.65 and 84.22 respectively. 

The obtained ‘F’ ratio is 71.63. Since this is higher than the Table value of 4.01, and indicated that the difference 

among the groups on adjusted post means is significant at 0.05 level of confidence with the df 1 and 58 is 4.01. 

TABLE- IV 

ANALYSIS OF COVARIANCE ON STRESS BETWEEN CONTROL AND  

EXPERIMENTAL GROUPS 

TEST YOGA 

GROUP 

CONTROL 

GROUP 

SV SS DF MS F TV 

0.05 

 

Pre test 

 

82.83 

 

79.267 
Between 190.82 1 190.817  

0.26 

 

4.01 Within 42740.03 58 736.90 

 

Post test 

 

67.13 

 

83.17 
Between  3856.02 1 3856.02  

6.05* 

 

4.01 Within 36965.63 58 637.34 

 

Adjusted  

 

65.52 

 

84.78 
Between  5533.75 1 5533.75  

143.28* 

 

4.01 within 2201.509 57 38.62 

*Significant at 0.05 level of confidence. 
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Table IV shows that the analysis of covariance on stress between and pre test means of experimental group 

and control group are 82.83 and 79.26 respectively. The obtained ‘F’ ratio is 0.26. Since the obtained ‘F’ ratio is 

lower than the Table value of 4.01, it is indicated that there was no significant at 0.05 level of confidence with the df 

1 and 58 is 4.01. 

The post – test means of Experimental group and Control group are 67.13 and 83.17 respectively. The 
obtained ‘F’ value is 6.05. Since this is higher than the Table value 4.01 and indicated that the difference among the 

groups on post test means was significant at 0.05 level of confidence with the df 1 and 58 is 4.01. The adjusted post 

– test means of Experimental group and Control group, are 65.52 and 84.78 respectively. The obtained ‘F’ ratio is 

143.28. Since this is higher than the Table value of 4.01, and indicated that the difference among the groups on 

adjusted post means is significant at 0.05 level of confidence with the df 1 and 58 is 4.01. 

TABLE- V 

ANALYSIS OF COVARIANCE ON SELF CONFIDENCE BETWEEN CONTROL AND EXPERIMENTAL 

GROUPS 

TEST YOGA 

GROUP 

CONTROL 

GROUP 

SV SS DF MS F TV 

0.05 

Pre test  

29.53 

 

28.5 
Between 16.02 1 16.017  

0.12 

 

4.01 Within 7864.97 58 135.60 

Post test  

21.93 

 

29.07 
Between  763.27 1 763.27  

7.27* 

 

4.01 Within 6091.73 58 105.03 

Adjusted   

21.52 

 

29.48 
Between  950.16 1 950.16  

55.67* 

 

4.01 within 972.847 57 17.07 

 Significant at 0.05 level (the table value required for significance at 0.05 level with df 1 and 58 is 4.01) 

Table V shows that the analysis of covariance on self confidence and pre test means of experimental group 
and control group are 29.53 and 28.5 respectively. The obtained ‘F’ ratio is 0.12. Since the obtained ‘F’ ratio is 

lower than the Table value of 4.01, it is indicated that there was no significant at 0.05 level of confidence with the df 

1 and 58 is 4.01. 

The post – test means of Experimental group and Control group are 21.93 and 29.07 respectively. The 

obtained ‘F’ value is 7.27. Since this is higher than the Table value 4.01 and indicated that the difference among the 

groups on post test means was significant at 0.05 level of confidence with the df 1 and 58 is 4.01. 

 The adjusted post – test means of Experimental group and Control group, are 21.52 and 29.48 respectively. 

The obtained ‘F’ ratio is 143.28. Since this is higher than the Table value of 4.01, and indicated that the difference 

among the groups on adjusted post means is significant at 0.05 level of confidence with the df 1 and 58 is 4.01. 

 All the above tables shows the systolic blood pressure, diastolic blood pressure, resting pulse rate, stress 

and self confidence among the experimental and control groups before and after scores of B.K.S. Lyengar yoga 

practices. There was a significance changes in all the variables. The pre test means of all the variables does not show 
any significance difference. After the B.K.S. Lyengar yoga practices the experimental group shows significant 

changed in all physiological and psychological variables. Whereas the control group shows no significant difference 

in all the above mentioned variables. 

Conclusions: 

 It was conclude that due to 12 weeks yogic practices improved the physiological and psychological 

variables among college girls. 

 The physiological variable of systolic blood pressure was significantly reduced due to influence of 12 

weeks training of yogic practices group compared to control group. 

 The physiological variable of diastolic blood pressure was significantly reduced due to influence of 12 

weeks training of yogic practices group compared to control group. 

 The physiological variable of resting heart rate was significantly reduced due to influence of 12 weeks 
training of yogic practices group compared to control group. 

 The psychological variable of stress was significantly reduced due to influence of 12 weeks training of 

yogic practices group compared to control group. 

 The physiological variable of self confidence was significantly reduced due to influence of 12 weeks 

training of yogic practices group compared to control group. 
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a b s t r a c t

The titled compound, L-Phenylalaninium methanesulfonate (LPA-MS) was synthesized and grown into
single crystals by slow solvent evaporation solution growth technique in aqueous solution containing
equimolar concentrations of L-phenylalanine and methanesulfonic acid at room temperature. The grown
crystals were subjected to single crystal X-ray diffraction studies. It crystallizes in the monoclinic crystal
structure with P21 space group and the unit cell parameters are a ¼ 5.312 (10) Å, b ¼ 8.883 (2) Å and
c ¼ 25.830 (7) Å. The functional groups of the LPA-MS crystal were confirmed with FT-IR and FT-Raman
analysis. The carbon-hydrogen skeleton was confirmed with 1H NMR and 13C NMR analysis. TGeDTG and
DSC studies were carried out to determine the thermal stability of the crystals. The optical transparency
ranges were studied through UVevisespectroscopy and the crystal was found to be transparent in the
visible region. The second Harmonic generation (SHG) efficiency of the grown LPA-MS crystal was
measured by the KurtzePerry powder technique. The dipolar nature of the L-phenylalaninium meth-
anesulfonate and the presence of the intermolecular hydrogen bonding between the molecules are the
vital factors responsible for the existence of SHG activity in the crystal.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

The crystal growth and analysis of novel non linear optical (NLO)
materials have been strongly encouraged due to their extensive use
in the field of optical communication, laser technology, optical
computing, data storage, dynamic holography, harmonic genera-
tors, frequency mixing, and electro-optic switching [1,2].
Researcher has put great effort to develop high performance op-
toelectronic devices than the existing ones with higher efficiency
with low costs. Varieties of materials including inorganic, organo-
metallic, organic and polymeric materials have been studied for
their NLO activity [3]. However, organic NLOmaterials are receiving
major attention in nonlinear optics because, they have fast
response, high NLO efficiency and high laser damage threshold
compared to inorganic NLO materials [2]. The limitless architec-
tural flexibility of the organic molecules gives tailor-made molec-
ular engineering to find novel nonlinear optical materials with
customized NLO properties [2]. Among the organic molecules,

amino acids are playing vital role because of their specific features
of interest such as molecular chirality, wide optical transparency
window in the entire UV, Visible and NIR regions [4,5]. Many amino
acids, individually and their complexes or salts with various com-
pounds, are showing good second order nonlinearity because of the
presence of chiral carbon atom, non-centrosymmetric crystal
structure and the dipolar donor and acceptor groups that provide
the ground state charge asymmetry of the molecule allows the
intermolecular charge transfer possible [6]. In addition, these
crystals can be easily grown using conventional slow evaporation
technique (SET). By considering these aspects, several novel organic
NLO materials with excellent properties have been developed and
reported in the literature [7e10].

Among various amino acid investigated, L-phenylalanine is one
of the essential amino acids used by the body to build neuro-
transmitters [11]. The single crystals of L-phenylalanine salts of
various acids were investigated for NLO applications [12e14]. The
crystal structures of LPA compounds involve alternating polar and
non-polar zones that are stabilized by hydrogen bonds and Van der
Waals interactions. Hence they are optically more nonlinear than
inorganic materials [15]. The present work deals with the growth* Corresponding author.
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and crystal structure determination of a newly synthesized L-
phenylalaninium methanesulfonate single crystal by slow solvent
evaporation technique at room temperature. The structure of the
grown crystal is analyzed by single crystal XRD, NMR, FT-IR, FT-
Raman analysis. Further, systematic studies are carried out through
UVeVisible absorption studies, thermal analysis and powder SHG
for exploring the NLO applications of the crystal for the first time in
literature.

2. Experimental

2.1. Material synthesis

The titled compound, LPA-MS, was synthesized from L-phenyl-
alanine andmethanesulfonic acid taken in the equimolar ratio (1:1)
from aqueous solution. The precursor chemicals were dissolved in
de-ionized water and stirred well using a magnetic stirrer for about
1 h. The reaction was preceded according to Scheme 1 at room
temperature. The solvent was evaporated to obtain the LPA-MS as
salt from the solution. The purity of the synthesized compoundwas
improved by repeated re-crystallization process with water.

2.2. Solubility study

The solubility of LPA-MS was analyzed at temperature ranging
between 30 and 50 �C in water. The solubility was determined by
dissolving the LPA-MS salt in water taken in an air-tight container
with continuous stirring. After attaining the saturation the con-
centration of the solute was estimated gravimetrically. This study
shows that the solubility of LPA-MS increases with increase in
temperature and the material has positive temperature coefficient
of solubility.

2.3. Growth of single crystals

Slow evaporation solution growth method was used to grow the
single crystals of the newly synthesized compound, LPA-MS. The
saturated solution was prepared in accordance with solubility data
and it was constantly stirred for about 3 h using a magnetic stirrer.
It was then filtered and kept undisturbed for crystal growth. The
grown crystal was harvested after a period of 12 days. A small single
crystal with characteristic shape and size was used as a seed for
bulk growth. Bulk crystal growth was attempted by submerged
seed growth method by just immersing the seed inside the pre-
pared supersaturated solution. The photograph of the as grown
crystal is presented in Fig. 1a.

3. Results and discussion

3.1. Single crystal X-ray diffraction analysis

The three dimensional X-ray intensity data were collected by
employing single crystal X-ray diffraction measurement using
ENRAF nonius CAD4 with graphite monochromatic MoKa radiation
of wavelength 0.71073 Å at room temperature. A suitable good
quality crystal was selected to subject X-ray diffraction and
mounted perfectly on goniometer. Precise unit cell parameters
were calculated by least square refinement with the setting angle of
25 well centered reflections using auto-indexing procedure [16].
The program SIR92 and SHELXL-97 were used to solve and refine
the structure by full matrix least square refinement on F2 respec-
tively [17]. The h, k and l index ranges are �6 � h � 6, �11 � k � 11
and �33 � l � 33 respectively [18]. The positions of cation and
anion were predicted by prominent peaks of calculated E-map. All
the non-hydrogen atoms were refined isotropically monitored by
anisotropic refinement [19]. The hydrogen atom attached with
carboxyl oxygen atom was refined isotropically and all other
hydrogen atoms were positioned in geometrically calculated posi-
tion with riding model approximation [20,21].

Table 1 represents the crystallographic data and refinement
parameter. From this table, it is clearly found that the compound
was crystallized in orthorhombic spacegroup with Z ¼ 4. The bond
length and bond angle for crystal are listed in Table 2. The final
atomic coordinates and isotropic displacement parameters of non-
hydrogen atoms are listed in Table 3. The anisotropic thermal pa-
rameters for non-hydrogen atoms with their s.u,’s parentheses are
shown in Table 4. Table 5 gives the isotropic thermal parameters of
hydrogen atoms.

Scheme 1. Reaction scheme of L-phenylalaninium methanesulfonate.

Fig. 1. (a) Photograph of grown LPA-MS single crystal (b) The molecular structure of
LPA-MS with atomic numbering scheme.
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Fig. 1b gives the molecular structure of titled compound with
50% probability thermal ellipsoids showing atomic numbering
scheme. The asymmetric unit of title crystal consists of positively
charged cation of carboxy phenylethanaminium and negatively
charged anion of methane sulfonate. This obviously explained the
proton transfer from the sulfonic derivative leads to the amino
group of propaionic derivative which forms ion pair adducts.
Moreover, the protonation is confirmed from elongated CeN bond
distance of 1.495 (4)º and it was established at N1 atom [22]. From
Table 2 it is revealed that the sulfonate anion molecule exhibit
tetrahedral geometry with the average SeO bond distances being
1.415(3), 1.428 (4) and 1.442 (3)º. The bond angle between O (4)eS
(1)eO (5) and O (4)eS (1)eO (3) are 112� and 115� respectively.
Similarly, 109� is for angle between O (5)eS (1)eO (3). In sulfonate
anion ring, atom S1 has pyramidal coordination whose bond angle
sum is 336� and this indicates sp3 hybridization. Hence, the atom S1
in sulfonate anion occupies an equatorial position. Gayathri et al.
has reported the sum of bond angle as 330� which leads the sp3

hybridization [23]. The bond distance between C9 and O2 is about
1.204 (4) Å, which matches with the standard value of 1.20 Å with
the negligible deviation indicating that it is the double bond i.e.
[-C]O-].

Intermolecular hydrogen bonding forces play prominent role in
forming supramolecular system and determining the physico-
chemical properties. In the titled crystal, anions are playing
crucial role to form three dimensional hydrogen bonding networks
via connecting cations [24]. In hydrogen bonding interactions,
except O2, all other oxygens are playing a role as acceptor or do-
nors. In this way, The NeH/O, CeH/O and OeH/O intermolec-
ular hydrogen bonds are formed between the nitrogen, carbon and
oxygen atom from cation to oxygen atom of anion which stabilize
the crystal structure and are listed in Table 6. There are two three-
centered bifurcated and three two-centered hydrogen bonding
were observed. In addition, the sulfonate anion is making bifur-
cated two-centered hydrogen bond in which one of the H bond is
observed through self-associated S (4) motif. Therefore, it forms
two chain C1

2 (6) and C2
1 (7) motif which is extended along the b axis

of the unit cell (Fig. 2a). Further, the secondary R4
2 (13) ring motifs

are formed by interconnected with these two primary chain motifs
(Fig. 2b). These arrangements are leading to the hydrophilic layers
at x ¼ ¼ & ¾ and hydrophobic layers at x ¼ 0, ½ & 1.Here, the
hydrophobic layers at x ¼ ½ is sandwiched between the two hy-
drophilic layers of x ¼ ¼ & ¾ is shown in Fig. 3. In higher order

Table 1

Crystal data and structure refinement for LPA-MS.

Empirical formula C10H14NO5S
Formula weight 260.28
Temperature 293 (2) K
Wavelength 0.71073 Å
Crystal system Orthorhombic
Space group P 21 21 21
Unit cell dimensions a ¼ 5.312 (10) Å a ¼ 90�

b ¼ 8.883 (2) Å b ¼ 90�

c ¼ 25.830 (7) Å g ¼ 90�

Volume 1219.1 (3) Å3

Z 4
Density (calculated) 1.418 Mg/m3

Absorption coefficient 0.275 mm�1

F (000) 548
Crystal size 0.3 � 0.2 � 0.2 mm3

Theta range for data collection 1.577e27.464�

Index ranges �6 � h � 6, �11 � k � 11, �33 � l � 33
Reflections collected 19540
Independent reflections 2786 [R (int) ¼ 0.0220]
Completeness to theta ¼ 25.242� 100.0%
Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 2786/0/155
Goodness-of-fit on F2 1.098
Final R indices [I > 2sigma(I)] R1 ¼ 0.0457, wR2 ¼ 0.1305
R indices (all data) R1 ¼ 0.0509, wR2 ¼ 0.1442
Absolute structure parameter 0.046 (14)
Extinction coefficient 0.063 (9)
CCDC No. 1050462

Table 2

Bond lengths [Å] and angles [�] for LPA-MS.

Connected Atoms Bond length [Å]

S (1)eO (4) 1.415 (3)
S (1)eO (5) 1.428 (4)
S (1)eO (3) 1.442 (3)
S (1)eC (10) 1.735 (4)
O (1)eC (9) 1.305 (4)
O (2)eC (9) 1.204 (4)
N (1)eC (8) 1.495 (4)
C (8)eC (9) 1.505 (4)
C (8)eC (7) 1.543 (4)
C (2)eC (1) 1.390 (5)
C (2)eC (3) 1.397 (6)
C (7)eC (1) 1.502 (5)
C (3)eC (4) 1.375 (7)
C (1)eC (6) 1.391 (5)
C (6)eC (5) 1.384 (6)
C (5)eC (4) 1.388 (7)

Connected Atoms Bond Angle [�]

O (4)-S (1)-O (5) 112.1 (4)
O (4)-S (1)-O (3) 115.3 (3)
O (5)-S (1)-O (3) 109.4 (2)
O (4)-S (1)-C (10) 107.5 (2)
O (5)-S (1)-C (10) 106.4 (3)
O (3)-S (1)-C (10) 105.5 (2)
N (1)-C (8)-C (9) 108.4 (3)
N (1)-C (8)-C (7) 112.4 (3)
C (9)-C (8)-C (7) 110.8 (3)
O (2)-C (9)-O (1) 125.2 (3)
O (2)-C (9)-C (8) 123.5 (3)
O (1)-C (9)-C (8) 111.2 (3)
C (1)-C (2)-C (3) 121.0 (4)
C (1)-C (7)-C (8) 115.0 (3)
C (4)-C (3)-C (2) 119.9 (4)
C (2)-C (1)-C (6) 118.1 (3)
C (2)-C (1)-C (7) 120.6 (3)
C (6)-C (1)-C (7) 121.4 (3)
C (5)-C (6)-C (1) 121.2 (4)
C (6)-C (5)-C (4) 120.0 (4)
C (3)-C (4)-C (5) 119.8 (4)

Table 3

Atomic coordinates (x 104) and equivalent isotropic displacement parameters (Å2x
103) of non-hydrogen atoms for LPA-MS.

x y z U (eq)

S (1) 6567 (2) 503 (1) 8396 (1) 44 (1)
O (1) 2429 (5) 7530 (3) 8041 (1) 57 (1)
O (2) 5353 (4) 5758 (3) 7936 (1) 56 (1)
O (3) 6622 (6) �816 (3) 8071 (1) 61 (1)
N (1) 1979 (6) 3507 (3) 7962 (1) 48 (1)
C (8) 1088 (6) 5049 (4) 8103 (1) 39 (1)
C (9) 3211 (6) 6140 (4) 8013 (1) 40 (1)
O (4) 7645 (10) 1813 (4) 8178 (2) 116 (2)
C (2) 3240 (8) 6422 (4) 9255 (1) 54 (1)
C (7) 145 (6) 5141 (5) 8667 (1) 49 (1)
C (3) 5170 (9) 6391 (5) 9623 (1) 61 (1)
C (1) 2176 (6) 5097 (4) 9071 (1) 43 (1)
C (6) 3056 (9) 3741 (4) 9270 (1) 56 (1)
C (5) 4967 (10) 3704 (6) 9634 (2) 68 (1)
O (5) 4054 (8) 756 (6) 8573 (3) 127 (2)
C (10) 8323 (10) 41 (6) 8940 (2) 68 (1)
C (4) 6012 (8) 5037 (6) 9813 (1) 66 (1)

K. Mangaiyarkarasi et al. / Journal of Molecular Structure 1155 (2018) 758e764760

284 / 519



packing, the above said intermolecular hydrogen bonds NeH/O
and OeH/O are interlinked and thereby supramolecular sheet-like
structure are formed [25]. The dihedral angle between the cation
and anion plane is 15.56� which indicates these two planes are
parallel to each other.

3.2. FT-IR and FT-Raman studies

Fourier transform infra-red (FT-IR) and Raman (FT-Raman)
spectral studies have been performed to identify the functional
groups of LPA-MS single crystal. The FT-IR spectrum of the grown
LPA-MS single crystal was recorded in the frequency region of
4000e400 cm�1 using a Thermo Fisher, Nicolet-iS10 spectrometer,

by KBr pellet technique. The FT-Raman spectrum was recorded in
BRUKER RFS27: Stand alone FT-Raman Spectrometer with Nd:YAG
1064 nm laser source. These analyses provide information about
the chemical bonding and molecular structure of a material. FT-IR
and FT-Raman spectra of the LPA-MS single crystal were recorded
and presented in Fig. 4a and b respectively. The characteristic FT-IR
peak at 3440 cm�1 is assigned to eOH stretching vibration of
eCOOH group. The peak observed at 3058 cm�1 is assigned to NH3

þ

group of LPA-MS crystal. Further, the asymmetric and symmetric
vibrations of NH3

þ are observed at 1624 and 1487 cm�1 respectively
[26]. In FT-Raman, NH3

þ asymmetric stretching vibrations are ob-
tained at 3060 cm�1 and the peak at 3017 cm�1 is attributed to the
symmetric stretching vibrations. The strong peak in FT-IR at
2927 cm�1 is assigned to eCeH stretching vibrations. The Raman
peaks for eCeH asymmetric and symmetric stretching vibrations
are obtained at 2937 cm�1 and 2872 cm�1 [26]. The FT-IR band at
1199 cm�1 can be assigned to the eCeCe stretching and the eCeS
stretching vibrations is observed at 786 cm�1. The FT-Raman peak
for CeS stretching is obtained at 772 cm�1. FT-IR peak observed at
703 cm�1 is due to the presence of benzene ring. The ring defor-
mation is also noted in FT-Raman at 616 cm�1. In FT-IR, the CeC
deformation and COO rocking is observed at 559 cm�1 and
455 cm�1 but in Raman the ring deformation is observed at
616 cm�1 and COO rocking is observed at 479 cm�1 [26]. Further,
the CeN deformation is observed at 819 cm�1. In FT-Raman, peak at
1463 cm�1 is assigned to eCH3 stretching and peak at 1324 cm�1 is
assigned to eCH2 stretching vibrations. The characteristic eC]O
stretching vibrations of LPA-MS is observed in FT-IR at 1773 cm�1

and the same in FT-Raman is observed at 1731 cm�1. The presence

Table 4

Anisotropic displacement parameters (Å2x 103) for the non-hydrogen atoms for LPA-
MS.

U11 U22 U33 U23 U13 U12

S (1) 41 (1) 33 (1) 57 (1) �3 (1) �10 (1) �3 (1)
O (1) 47 (1) 39 (1) 84 (2) �5 (1) 5 (1) �3 (1)
O (2) 28 (1) 66 (2) 73 (2) �8 (1) �1 (1) �2 (1)
O (3) 65 (2) 55 (2) 62 (2) �14 (1) 5 (1) �9 (1)
N (1) 56 (2) 43 (1) 43 (1) �1 (1) 2 (1) �7 (1)
C (8) 30 (1) 44 (2) 45 (1) �3 (1) �3 (1) �3 (1)
C (9) 29 (1) 48 (2) 42 (1) �2 (1) �4 (1) �5 (1)
O (4) 152 (4) 74 (2) 120 (3) 52 (2) �75 (3) �70 (3)
C (2) 58 (2) 52 (2) 51 (2) �10 (1) �2 (2) �2 (2)
C (7) 32 (1) 61 (2) 52 (2) �9 (2) 8 (1) �7 (2)
C (3) 66 (2) 70 (3) 46 (2) �10 (2) �3 (2) �13 (2)
C (1) 38 (2) 52 (2) 40 (1) �7 (1) 10 (1) �2 (1)
C (6) 73 (3) 52 (2) 44 (2) �1 (1) 4 (2) �6 (2)
C (5) 78 (3) 76 (3) 48 (2) 9 (2) 5 (2) 13 (2)
O (5) 50 (2) 147 (4) 184 (5) �97 (4) �12 (2) 20 (2)
C (10) 77 (3) 76 (3) 52 (2) 15 (2) �13 (2) �8 (2)
C (4) 58 (2) 103 (3) 39 (2) �2 (2) �3 (2) 1 (2)

Table 5

Hydrogen coordinates (x 104) and isotropic displacement parameters (Å2x 103) of
hydrogen atoms for LPA-MS.

x y z U (eq)

H (1) 3615 8103 7991 85
H (1A) 743 2848 8013 71
H (1B) 2434 3492 7630 71
H (1C) 3292 3262 8159 71
H (2) 2660 7343 9132 64
H (7A) �803 6066 8708 58
H (7B) �1001 4310 8728 58
H (3) 5884 7286 9738 73
H (6) 2347 2842 9156 68
H (5) 5550 2786 9759 81
H (10A) 7636 �847 9097 103
H (10B) 10036 �145 8840 103
H (10C) 8270 859 9182 103
H (4) 7279 5015 10062 80

Table 6

Hydrogen bonding geometry of LPA-MS

D-H … A D-H [Å] H … A [Å] D … A [Å] D … H.A [º]

O1eH1/S1#1 0.820 (1) 2.846 (2) 3.556 (2) 146.09 (1)
O1eH1/O3#1 0.820 (1) 1.876 (2) 2.670 (2) 162.71 (2)
N1eH1A … O4#2
N1eH1B/O3#3
N1eH1C/O4
N1eH1C/O5
C10eH10B/O5#4

0.890 (2)
0.890 (2)
0.890 (2)
0.890 (2)
0.960 (1)

1.932 (3)
1.978 (1)
2.647 (1)
2.503 (2)
2.382 (2)

2.806 (2)
2.834 (1)
3.411 (1)
3.111 (2)
3.251 (1)

166.99 (2)
161.04 (2)
144.48 (1)
125.99 (1)
150.40 (2)

Symmetry transformations used to generate equivalent atoms.
#1 x, yþ1, z #2 x-1, y, z #3 exþ1, yþ1/2, -zþ3/2 #4 xþ1, y, z.

Fig. 2. (a) A molecular aggregations formed in LPA-MS showing chain C2
1 (7) and C1

2 (6)
motifs. Hydrogen bonds are shown in dashed lines (b) A primary chain motifs are cross
linked to form ring R4

2 (13) motif. Hydrogen bonds are shown in dashed lines.
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of methanesulfonate anion is confirmed from the sharp peak from
FT-IR at 1041 cm�1 which is assigned to the stretching vibrations of
eSO3. Further it is confirmed from Raman peaks for SO3 asym-
metric and symmetric stretching vibrations which are observed at
1208 cm�1 and 1012 cm�1 respectively [27]. Also an additional
weak peak from FT-Raman at 559 cm�1 is attributed to SO3 sym-
metric stretching vibrations [27].

3.3. FT-NMR studies

The 1H NMR and 13C NMR spectral techniques are used to study
the carbon and hydrogen skeleton of the LPA-MS single crystal.
NMR spectra were recorded in D2O solvent using BRUKER Avance
400 MHz FT-NMR spectrometer. 1H NMR spectrum of the LPA-MS
crystal is shown in Fig. 5. The insets show the expanded view of
the spectrum. It could be observed from the spectrum that there are
six set of signals. The peaks with chemical shift values around the
d 3.106 to d 3.301 ppm are assigned to the twomethylene protons of
L-phenylalaninium moiety. Due to the influence of eCH protons on
methylene protons, the eCH2 signals split as doublet of doublet.
The chemical shift of eCH proton is observed at d 4.215 ppm.
Further this signal is split as triplet because of the influence of
methylene proton oneCH proton. The phenyl ring protons of the L-
phenylalaniniummoiety are observed as multiplet between d 7.242
and d 7.372 ppm due the spin-spin splitting of adjacent CeH pro-
tons. The singlet observed at d2.721 ppm is due to themethyl group
protons of methane sulfonate moiety. The protons of NH3

þ and
COOH groups are not observed due to the fast proton exchange
reactions [28]. Further water peak of D2O is observed as singlet at
d4.70 ppm. The 13C NMR spectrum of LPA-MS is presented in Fig. 6.
The signals at the chemical shift values d35.90 ppm and d54.46 ppm
are attributed to the eCH2 and eCH groups of the L-phenyl-
alaninium moiety. The presence of the signal at
d128.35ed134.28 ppm is attributed to the carbons of the phenyl
ring. The signal observed at d171.81 ppm is attributed to the
carbonyl carbon of the acid group of L-phenylalanine. The signal at
chemical shift value d 38.75 ppm is due the methyl carbon of
methane sulfonate group. The NMR spectra analysis confirms the
LPA-MS carbon hydrogen framework.

3.4. Thermal analyses

Thermogravimetry (TG) and differential thermal (DTA) analyses
were performed to study the thermal stability and melting point of
the grown crystals by using TA Instruments SDT Q600 (V20.9 Build
20) thermal analyzer. The sample was heated in nitrogen
(100 mL min�1) atmosphere in alumina crucible at the rate of 10 �C
min�1.The TGA and DTA thermograms of the grown crystal is pre-
sented in Fig. 7a.

The TGA curve shows no major weight loss upto 260 �C, in-
dicates the suitability of the crystal for high temperature usage like
laser applications where crystals should withstand high tempera-
ture. There is no evidence for entrapped water in the crystal lattice
or physically adsorbed water on the surface of the crystal. Further
heating shows, steady weight loss about 80% in between 260 and
360 �C and decomposition up to 450 �C. This is attributed to the
decomposition of the compound through bond breaking with the
loss of volatile decomposition products like ammonia, carbon di-
oxide and sulphur trioxide.

In DTA curve, the sharp endothermic peak at 188.9 �C was
attributed to the melting point of the crystal which was also
confirmed by the melting point apparatus using capillary tube
method. The sharpness of endothermic peaks indicates good de-
gree of crystallinity of the LPA-MS. Another sharp peak around 280
�C is due to the decomposition and volatilization of the material

Fig. 3. Packing diagram of LPA-MS viewed along b-axis.

Fig. 4. (a) FT-IR and (b) FT-Raman spectra of LPA-MS crystal.
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that matches with the decomposition observed in TGA curve.
The differential scanning calorimeter (DSC) measurements were

made using a NETZSCH-DSC 204 PC differential scanning calorim-
etry (DSC) in the temperature range of 30e350 �C at a heating rate
of 10 Kmin�1 (Fig. 7b). According to DSC, the sharp endothermic
peak observed at 189 �C give the melting point of the crystal which

is exactly matches with the TGA/DTA results. The decomposition
was further confirmed by the exothermic peak around 300 �C. Thus
from thermal analyses, it is seen that the crystal can be utilized for
device applications in the field of optoelectronics and photonics up
to 188 �C.

3.5. UVevis absorption studies

Optical transparency is very important characteristics for any
NLO material. Optical properties of crystalline materials give in-
formation regarding the compositional nature and quality of the
crystal. UVevis transmission spectrum has been recorded using
JASCO V-760 (Tokyo, Japan) spectrophotometer in the spectral re-
gion between 190 and 850 nm to measure the optical transparency
of the grown crystal. Fig. 8 shows the plot of absorbance against the
wavelength. It is observed from Fig. 8 that the grown single crystal
has good transparency in the entire visible region. The lower edge
cut-off wavelength of LPA-MS single crystal is obtained around
282 nm. The optical absorption coefficient (a) was calculated from
the transmittance using the relation.

a ¼

�

2:303
d

�

log
�

100
T

�

where d is the thickness and T is the transmittance. The optical
band gap Eg is calculated from the following Tauc's relationship,

ðahvÞ2 ¼ A
�

hv� Eg
�

where, a is the absorption coefficient, Eg is the optical band gap and

Fig. 5. 1H NMR spectrum of LPA-MS single crystal recorded in D2O.

Fig. 6. 13C NMR spectrum of LPA-MS recorded in D2O.

Fig. 7. (a) TG/DTA curve and (b) DSC curve of LPA-MS single crystal.
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A is a constant.
Optical band gap was determined by extrapolating the linear

portion of the plot, (ahv)2 vs photon energy (inset of Fig. 8). Optical
band gap of the title crystal is found to be 4.42 eV. The high value of
band gap energy and the very good transmittance in the entire
visible region shows the suitability of the crystal for optoelectronic
applications.

3.6. Powder SHG measurement

The band gap of the material plays an important in SHG activity.
It must be greater than 2.33eV (cut off >532 nm). Also, the SHG
efficiency of the organic materials very much depend on the mo-
lecular structure [29]. SHG conversion efficiency of the LPA-MS
crystal was measured using Kurtz and Perry powder SHG tech-
nique [30]. The crystal was grounded into a homogenous powder of
particles and densely packed glass capillary tube. A Q-switched
Nd:YAG laser emitting a fundamental wavelength of 1064 nmwith
an input power of 1.9 mJ and pulse width of 8 ns with a repetition
rate of 10 Hz was used. The second harmonic signal generated in
the crystalline sample was confirmed from the emission of green
radiation of wavelength 532 nm collected a monochromator after
separating the 1064 nm pump beam with an IR-blocking filter. A
photomultiplier tube is used as detector. It is observed that the
measured SHG efficiency of LPA-MS crystal was 1.2 times that of
potassium dihydrogen phosphate (KDP).

4. Conclusion

A single crystal of L-phenylalaninium methanesulfonate was
grown by slow evaporation solution technique. The lattice param-
eter and space group of LPA-MSwere identified by Single-crystal X-
ray diffraction studies. The studies showed that LPA-MS belongs to
monoclinic system with space group P21. FT-IR and FT-Raman an-
alyses gave the evidences for the functional groups of the LPA-MS

single crystal. Further, 1H NMR and 13C NMR analysis confirmed
the carbon-hydrogen framework. The linear optical property
studies by UVeVis absorption studies revealed that the crystal has
80% of transparency in the entire visible region, with the UV cut-off
around 290 nm. The thermal behavior of the grown crystal was
studied by the TG/DTA and DSC curves and results show that the
LPA-MS crystal is extremely stable up to 280 �C with sharp melting
point at 189 �C. Moreover, it is observed that no structural trans-
formation was observed before melting. Hence, LPA-MS crystal can
be exploited for any suitable application up to its melting point
(189 �C). The Kurtz test reveals that the SHG efficiency of LPA-MS is
about 1.2 times that of KDP. The result obtained in the present study
indicates that LPA-MS is a potential material for frequency con-
version applications.
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The asymmetric unit of the title cystosinium salt derivative, 2C4H6N3O
+
�-

C4H4O62-

\cdot-

�H2O, contains two cytosinium cations, one tartaric acid anion and a water

molecule. The two cytosinium cations are almost planar (r.m.s. deviations of the

fitted atoms are 0.0151 and 0.0213 Å). The crystal structure features C—H� � �O,

N—H� � �O and O—H� � �O interactions. Further C—O� � �� and �–� interactions

are observed along the ab plane, contributing to the crystal stability.

Structure description

Pyrimidine-based derivatives have attracted a great deal of attention in terms of their

hydrogen-bonding patterns. Cytosinium is one of the naturally occurring base molecules

found in DNA and RNA (Portalone et al., 2009). Many cytosinium salts of organic acids

have been reported previously, viz. cytosinium hydrogen sulfate, cytosinium perchlorate

(Bensegueni et al., 2009), cytosinium dihydrogen phosphite (Messai et al., 2009), cytosi-

nium hydrogen chloranilate monohydrate (Gotoh et al., 2006) and cytosinium zole-

dronate trihydrate (Sridhar & Ravikumar, 2011). As part of our investigations on the

growth and characterization of semi-organic crystals containing the nucleic acid

component cytosine, we report herein the crystal structure determination and the

geometry optimization of the title compound.

A perspective view of the title compound with the atomic numbering scheme is

illustrated in Fig. 1. It crystallizes in the orthorhombic space group P212121 with two

cytosinium cations, a tartarate anion and one water molecule. The two cystosinium
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cations are almost planar, the r.m.s deviations of the fitted

atoms C1–C4/N1–N3/O1 and C5–C8/N4–N6/O2 being 0.0151

and 0.0213 Å, respectively. An overlay analysis of the two

cations gives an r.m.s. deviation of 1.128 Å. Bond distances

and angles in the cations are comparable to those in the cation

of cytosinium zoledronate trihydrate (Sridhar & Ravikumar,

2011).

The crystal structure features C—H� � �O, N—H� � �O and

O—H� � �O interactions. The interaction between N4 and O8

through H4A, N6 and O7 through H6B and N1 and O3

through H1A, N3 and O4 through H3A occur alternately as

chain links and form a three-dimensional network enclosing

R2
2(8) ring motifs. The interaction between N3 and O7 through

H3B and N6 and O6 through H6C form parallel chains along

the a- and c-axis directions, respectively (Fig. 2). Similarly the

interactions between N2 and O3 through H2A and N5 and O8

through H5A form infinite parallel chains along the c- and a-

axis directions, respectively. The O6—H6A� � �O9 interaction

encloses parallel chains along the ab plane (Fig. 3). Also the

interactions of C4, C11 with O1 through H4, H11 form infinite

parallel chains along the b- and c-axis directions, respectively

(Fig. 4). The O9 interactions with O2, O5 through H9A, H9B

Figure 2
Crystal packing of the title compound, showing the N—H� � �O inter-
actions in the R2

2(12) motif along the c axis and in parallel chains along the
a and c axes as dashed lines. Other H atoms have been omitted for clarity.

Figure 4
Crystal packing of the title compound, showing the C—H� � �O inter-
actions enclosing parallel chains along the b and c axes as dashed lines.
Other H atoms have been omitted for clarity.

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C4—H4� � �O1i 0.93 2.53 3.098 (2) 120
C10—H10� � �O2ii 0.98 2.33 3.312 (2) 175
C11—H11� � �O1iii 0.98 2.38 3.361 (2) 179
O5—H5� � �O4 0.82 2.12 2.6140 (19) 118
O6—H6A� � �O9 0.82 1.87 2.688 (2) 172
N1—H1A� � �O3 0.86 (2) 1.80 (2) 2.656 (2) 171 (3)
N2—H2A� � �O3i 0.86 (2) 1.91 (2) 2.768 (2) 175 (3)
N3—H3A� � �O4 0.84 (2) 2.04 (2) 2.873 (2) 171 (2)
N3—H3B� � �O7iv 0.83 (2) 2.04 (2) 2.865 (2) 172 (2)
N4—H4A� � �O8 0.85 (2) 1.90 (2) 2.748 (2) 173 (3)
N5—H5A� � �O8v 0.86 (2) 1.93 (2) 2.766 (2) 166 (3)
N6—H6B� � �O7 0.85 (2) 1.96 (2) 2.808 (2) 179 (3)
N6—H6C� � �O6vi 0.83 (2) 2.01 (2) 2.812 (2) 163 (2)
O9—H9A� � �O2i 0.83 (2) 2.24 (3) 3.040 (3) 162 (4)
O9—H9B� � �O5vii 0.84 (2) 2.00 (3) 2.812 (2) 161 (3)

Symmetry codes: (i) �xþ 1; y� 1
2;�z þ 1

2; (ii) �xþ 2; y� 1
2;�zþ 1

2; (iii)
�x þ 1; yþ 1

2;�zþ 1
2; (iv) x� 1

2;�y þ 1
2;�zþ 1; (v) �xþ 2; yþ 1

2;�zþ 1
2; (vi)

x þ 1
2;�yþ 3

2;�zþ 1; (vii) x� 1; y; z.

Figure 1
The molecular structure with displacement ellipsoids for the non-H atoms
drawn at the 30% probability level.

Figure 3
Crystal packing of the title compound, showing the N—H� � �O inter-
actions enclosing parallel chains along the c and a axes and O—H� � �O
interactions enclosing parallel chains along the ab plane, as dashed lines.
Other H atoms have been omitted for clarity.
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and the interaction between C10 and O2 through H10 forms

an R3
3(7) ring motif along the ab plane (Fig. 5). A short contact

is observed in the tartarate anion between atoms O4 and O5.

Details are given in Table 1.

C—O� � �� interactions are observed along the ab plane

[C9� � �Cg2(x, �1 + y, z) = 3.876 (2) Å, C9—O3� � �Cg2(x,

�1 + y, z) = 15�; C12� � �Cg1(x, 1 + y, z) = 3.497 (2) Å, C12—

O8� � �Cg1 = 2�; Cg1 and Cg2 are the centroids of the N1/C1/

N2/C4/C3/C2 and N4/C5/N5/C6/C7/C8 rings, respectively]. In

addition, weak �–� interactions are observed between the two

symmetry-related cytosinium rings, with Cg1� � �Cg2(�1 + x,

�1 + y, z) = 3.401 (2) Å.

Synthesis and crystallization

A hot supersaturated water solution of cytosine (0.111 g, from

Spectrochem) and tartaric acid (0.150 g, from Loba Chemie,

India) were mixed in a 1:1 molar ratio and the solution was

allowed to evaporate slowly, resulting in the formation of

transparent plate-like crystals of cytosinium tartrate mono-

hydrate in 15 days (m.p. 491–493 K).

Refinement

Crystal data, data collection and structure refinement details

are summarized in Table 2.

Acknowledgements

TB and PJ would like to acknowledge the Council of Scientific

and Industrial Research (CSIR), New Delhi, India, for

financial support [CSIR MRP.NO.3 (1314)/14/EMR-II, dated

16.4.14]. The authors are also grateful for the scientific support

extended by the Sophisticated Analytical Instrument Facility

(SAIF), Indian Institute of Technology Madras, Chennai,

India.

References

Bensegueni, M. A., Cherouana, A., Bendjeddou, L., Lecomte, C. &
Dahaoui, S. (2009). Acta Cryst. C65, o607–o611.

Bruker (2009). APEX2 and SAINT. Bruker AXS Inc., Madison,
Wisconsin, USA.

Bruker (2014). XPREP and SADABS. Bruker AXS Inc., Madison,
Wisconsin, USA.

Burnett, M. N. & Johnson, C. K. (1996). ORTEPIII. Report ORNL-
6895. Oak Ridge National Laboratory, Tennessee, USA.

Farrugia, L. J. (2012). J. Appl. Cryst. 45, 849–854.
Gans, J. & Shalloway, D. (2001). J. Mol. Graph. Model. 19, 557–5599.
Gotoh, K., Ishikawa, R. & Ishida, H. (2006). Acta Cryst. E62, o4738–
o4740.

Macrae, C. F., Bruno, I. J., Chisholm, J. A., Edgington, P. R., McCabe,
P., Pidcock, E., Rodriguez-Monge, L., Taylor, R., van de Streek, J. &
Wood, P. A. (2008). J. Appl. Cryst. 41, 466–470.

Messai, A., Benali-Cherif, N., Jeanneau, E. & Luneau, D. (2009). Acta
Cryst. E65, o1147–o1148.

Parsons, S., Flack, H. D. & Wagner, T. (2013). Acta Cryst. B69, 249–
259.

Portalone, G. & Colapietro, M. (2009). J. Chem. Crystallogr. 39, 193–
200.

Sheldrick, G. M. (2008). Acta Cryst. A64, 112–122.
Sheldrick, G. M. (2015). Acta Cryst. C71, 3–8.
Spek, A. L. (2009). Acta Cryst. D65, 148–155.
Sridhar, B. & Ravikumar, K. (2011). Acta Cryst. C67, o115–o119.

Figure 5
Crystal packing of the title compound, showing the C—H� � �O and O—
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3(7) ring motif and parallel chains
along the ab plane as dashed lines. Other H atoms have been omitted for
clarity.

Table 2
Experimental details.

Crystal data
Chemical formula 2C4H6N3O

+
�C4H4O6

2�
�H2O

Mr 390.32
Crystal system, space group Orthorhombic, P212121
Temperature (K) 296
a, b, c (Å) 7.6932 (8), 10.1152 (8),

20.9336 (17)
V (Å3) 1629.0 (3)
Z 4
Radiation type Mo K�

� (mm�1) 0.14
Crystal size (mm) 0.25 � 0.25 � 0.20

Data collection
Diffractometer Bruker Kappa APEXII CCD
Absorption correction Multi-scan SADABS

Tmin, Tmax 0.705, 0.746
No. of measured, independent and
observed [I > 2�(I)] reflections

22011, 4920, 4299

Rint 0.024
(sin �/�)max (Å

�1) 0.713

Refinement
R[F 2 > 2�(F 2)], wR(F 2), S 0.036, 0.087, 1.11
No. of reflections 4920
No. of parameters 284
No. of restraints 13
H-atom treatment H atoms treated by a mixture of

independent and constrained
refinement

��max, ��min (e Å�3) 0.32, �0.22
Absolute structure Flack x determined using 1669

quotients [(I+)�(I�)]/[(I+)+(I�)]
(Parsons et al., 2013)

Absolute structure parameter 0.1 (3)

Computer programs: APEX2 and SAINT (Bruker, 2009), XPREP (Bruker, 2014),
SHELXS97 (Sheldrick, 2008), SHELXL2014 (Sheldrick, 2015), Qmol (Gans &
Shalloway, 2001), Mercury (Macrae et al., 2008), ORTEPIII (Burnett & Johnson,
1996), WinGX (Farrugia, 2012) and PLATON (Spek, 2009).
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full crystallographic data

IUCrData (2017). 2, x170448    [https://doi.org/10.1107/S2414314617004485]

Hydrogen-bonding patterns in bis(cytosinium) tartarate monohydrate

P. Jaikumar, T. V. Sundar, N. Sharmila, T. Balakrishnan and K. Ramamurthi

Bis(cystosinium) tartarate monohydrate 

Crystal data 

2C4H6N3O+·C4H4O6
2−·H2O

Mr = 390.32
Orthorhombic, P212121

a = 7.6932 (8) Å
b = 10.1152 (8) Å
c = 20.9336 (17) Å
V = 1629.0 (3) Å3

Z = 4
F(000) = 816

Dx = 1.592 Mg m−3

Melting point: 493 K
Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 7834 reflections
θ = 2.8–28.9°
µ = 0.14 mm−1

T = 296 K
Plate, colourless
0.25 × 0.25 × 0.20 mm

Data collection 

Bruker Kappa APEXII CCD 
diffractometer

Radiation source: fine-focus sealed tube
Graphite monochromator
ω and φ scan
Absorption correction: multi-scan 

SADABS
Tmin = 0.705, Tmax = 0.746

22011 measured reflections
4920 independent reflections
4299 reflections with I > 2σ(I)
Rint = 0.024
θmax = 30.5°, θmin = 2.2°
h = −10→10
k = −14→14
l = −29→29

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.036
wR(F2) = 0.087
S = 1.11
4920 reflections
284 parameters
13 restraints
Primary atom site location: structure-invariant 

direct methods
Secondary atom site location: difference Fourier 

map

Hydrogen site location: mixed
H atoms treated by a mixture of independent 

and constrained refinement
w = 1/[σ2(Fo

2) + (0.0394P)2 + 0.2224P] 
where P = (Fo

2 + 2Fc
2)/3

(Δ/σ)max < 0.001
Δρmax = 0.32 e Å−3

Δρmin = −0.22 e Å−3

Absolute structure: Flack x determined using 
1669 quotients [(I+)-(I-)]/[(I+)+(I-)] (Parsons et 
al., 2013)

Absolute structure parameter: 0.1 (3)

Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq

C1 0.5157 (3) −0.12312 (19) 0.28216 (8) 0.0271 (4)
C2 0.4512 (2) −0.13171 (17) 0.39524 (8) 0.0227 (3)
C3 0.3533 (3) −0.24948 (18) 0.38552 (9) 0.0280 (4)
H3 0.3003 −0.2928 0.4195 0.034*
C4 0.3402 (3) −0.29593 (18) 0.32550 (10) 0.0302 (4)
H4 0.2755 −0.3721 0.3182 0.036*
C5 1.0040 (3) 0.91530 (19) 0.27540 (9) 0.0282 (4)
C6 1.1517 (3) 1.09471 (19) 0.32643 (10) 0.0311 (4)
H6 1.2200 1.1700 0.3220 0.037*
C7 1.1029 (3) 1.05652 (18) 0.38512 (9) 0.0279 (4)
H7 1.1340 1.1050 0.4211 0.033*
C8 1.0018 (2) 0.93903 (17) 0.39043 (8) 0.0228 (3)
C9 0.6955 (2) 0.21335 (16) 0.40007 (8) 0.0223 (3)
C10 0.7829 (2) 0.34860 (16) 0.39920 (8) 0.0205 (3)
H10 0.8548 0.3549 0.3607 0.025*
C11 0.6476 (2) 0.45940 (16) 0.39747 (8) 0.0191 (3)
H11 0.5796 0.4511 0.3581 0.023*
C12 0.7400 (2) 0.59383 (15) 0.39722 (8) 0.0203 (3)
N1 0.5288 (2) −0.07644 (15) 0.34392 (7) 0.0244 (3)
N2 0.4183 (3) −0.23531 (17) 0.27525 (8) 0.0313 (4)
N3 0.4693 (3) −0.07353 (16) 0.45057 (8) 0.0303 (4)
N4 0.9555 (2) 0.87599 (16) 0.33577 (7) 0.0245 (3)
N5 1.1043 (3) 1.02646 (17) 0.27297 (8) 0.0327 (4)
N6 0.9557 (3) 0.88801 (16) 0.44485 (8) 0.0303 (4)
O1 0.5847 (2) −0.06662 (17) 0.23794 (7) 0.0443 (4)
O2 0.9624 (2) 0.85238 (17) 0.22833 (7) 0.0438 (4)
O3 0.6214 (2) 0.17628 (13) 0.34904 (7) 0.0366 (4)
O4 0.7027 (2) 0.14814 (14) 0.44995 (7) 0.0347 (3)
O5 0.89220 (18) 0.36252 (13) 0.45351 (7) 0.0308 (3)
H5 0.8871 0.2952 0.4752 0.046*
O6 0.53350 (18) 0.44816 (13) 0.45043 (6) 0.0276 (3)
H6A 0.4348 0.4328 0.4376 0.041*
O7 0.74807 (19) 0.65974 (12) 0.44753 (6) 0.0273 (3)
O8 0.8050 (2) 0.63023 (14) 0.34462 (6) 0.0348 (3)
O9 0.2191 (3) 0.4089 (3) 0.39776 (10) 0.0725 (8)
H1A 0.569 (4) 0.003 (2) 0.3477 (12) 0.051 (8)*
H2A 0.403 (3) −0.258 (3) 0.2363 (9) 0.038 (7)*
H3A 0.529 (3) −0.004 (2) 0.4530 (11) 0.037 (7)*
H3B 0.411 (3) −0.094 (2) 0.4827 (9) 0.026 (6)*
H4A 0.902 (3) 0.802 (2) 0.3369 (11) 0.041 (7)*
H5A 1.138 (4) 1.046 (3) 0.2351 (10) 0.044 (7)*
H6B 0.895 (3) 0.8185 (19) 0.4459 (11) 0.036 (7)*
H6C 0.986 (3) 0.921 (2) 0.4795 (9) 0.037 (6)*
H9A 0.190 (5) 0.401 (4) 0.3598 (11) 0.096 (14)*
H9B 0.134 (4) 0.397 (4) 0.4223 (14) 0.088 (12)*
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Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

C1 0.0325 (9) 0.0277 (8) 0.0211 (8) 0.0014 (8) −0.0023 (7) −0.0016 (7)
C2 0.0259 (8) 0.0190 (7) 0.0232 (7) 0.0033 (7) 0.0007 (7) 0.0005 (6)
C3 0.0308 (10) 0.0211 (8) 0.0323 (10) −0.0018 (7) 0.0024 (8) 0.0032 (7)
C4 0.0320 (10) 0.0210 (8) 0.0377 (10) −0.0018 (8) −0.0044 (8) −0.0034 (8)
C5 0.0304 (10) 0.0314 (9) 0.0227 (8) 0.0018 (8) 0.0024 (7) 0.0013 (7)
C6 0.0324 (10) 0.0222 (8) 0.0387 (10) −0.0020 (8) 0.0023 (8) 0.0040 (8)
C7 0.0318 (10) 0.0217 (8) 0.0302 (9) −0.0028 (8) −0.0024 (8) −0.0028 (7)
C8 0.0237 (8) 0.0209 (7) 0.0237 (8) 0.0025 (6) −0.0011 (6) 0.0002 (7)
C9 0.0280 (9) 0.0174 (7) 0.0217 (8) −0.0007 (7) 0.0011 (7) −0.0019 (6)
C10 0.0232 (8) 0.0177 (7) 0.0205 (7) −0.0020 (6) 0.0006 (6) −0.0020 (6)
C11 0.0228 (8) 0.0187 (7) 0.0158 (7) −0.0018 (6) −0.0009 (6) −0.0026 (6)
C12 0.0235 (8) 0.0166 (7) 0.0209 (7) 0.0004 (6) −0.0016 (6) 0.0001 (6)
N1 0.0330 (8) 0.0200 (7) 0.0202 (7) −0.0036 (6) 0.0005 (6) −0.0011 (6)
N2 0.0410 (10) 0.0278 (8) 0.0250 (8) −0.0017 (7) −0.0048 (7) −0.0077 (6)
N3 0.0435 (10) 0.0264 (8) 0.0210 (7) −0.0037 (7) 0.0051 (7) −0.0014 (6)
N4 0.0287 (8) 0.0225 (7) 0.0223 (7) −0.0036 (6) 0.0004 (6) −0.0009 (6)
N5 0.0414 (10) 0.0311 (8) 0.0256 (8) −0.0027 (7) 0.0056 (7) 0.0065 (7)
N6 0.0422 (10) 0.0278 (8) 0.0210 (7) −0.0083 (7) −0.0002 (7) −0.0018 (6)
O1 0.0591 (11) 0.0519 (10) 0.0219 (6) −0.0129 (9) 0.0033 (7) 0.0021 (6)
O2 0.0543 (10) 0.0535 (10) 0.0235 (6) −0.0138 (9) 0.0041 (7) −0.0069 (7)
O3 0.0632 (11) 0.0226 (6) 0.0241 (6) −0.0123 (7) −0.0124 (7) 0.0010 (5)
O4 0.0496 (9) 0.0285 (7) 0.0261 (6) −0.0091 (7) −0.0056 (6) 0.0074 (6)
O5 0.0306 (7) 0.0262 (6) 0.0355 (7) −0.0010 (6) −0.0120 (6) −0.0019 (6)
O6 0.0240 (6) 0.0311 (6) 0.0277 (6) −0.0020 (6) 0.0056 (5) −0.0044 (5)
O7 0.0398 (8) 0.0208 (6) 0.0212 (6) −0.0040 (5) −0.0013 (5) −0.0042 (5)
O8 0.0563 (10) 0.0249 (6) 0.0233 (6) −0.0100 (7) 0.0110 (6) −0.0027 (5)
O9 0.0402 (10) 0.137 (2) 0.0409 (10) −0.0349 (13) 0.0010 (9) −0.0080 (13)

Geometric parameters (Å, º) 

C1—O1 1.211 (2) C9—C10 1.524 (2)
C1—N2 1.367 (3) C10—O5 1.421 (2)
C1—N1 1.380 (2) C10—C11 1.530 (2)
C2—N3 1.307 (2) C10—H10 0.9800
C2—N1 1.350 (2) C11—O6 1.419 (2)
C2—C3 1.424 (3) C11—C12 1.534 (2)
C3—C4 1.345 (3) C11—H11 0.9800
C3—H3 0.9300 C12—O7 1.248 (2)
C4—N2 1.358 (3) C12—O8 1.264 (2)
C4—H4 0.9300 N1—H1A 0.86 (2)
C5—O2 1.216 (2) N2—H2A 0.857 (18)
C5—N5 1.364 (3) N3—H3A 0.842 (18)
C5—N4 1.377 (2) N3—H3B 0.834 (17)
C6—C7 1.341 (3) N4—H4A 0.854 (19)
C6—N5 1.365 (3) N5—H5A 0.857 (19)
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C6—H6 0.9300 N6—H6B 0.846 (18)
C7—C8 1.425 (3) N6—H6C 0.833 (17)
C7—H7 0.9300 O5—H5 0.8200
C8—N6 1.300 (2) O6—H6A 0.8200
C8—N4 1.358 (2) O9—H9A 0.83 (2)
C9—O4 1.236 (2) O9—H9B 0.84 (2)
C9—O3 1.267 (2)

O1—C1—N2 123.44 (18) C11—C10—H10 108.5
O1—C1—N1 121.52 (18) O6—C11—C10 110.11 (14)
N2—C1—N1 115.04 (17) O6—C11—C12 111.12 (13)
N3—C2—N1 118.14 (17) C10—C11—C12 109.52 (14)
N3—C2—C3 124.05 (17) O6—C11—H11 108.7
N1—C2—C3 117.81 (16) C10—C11—H11 108.7
C4—C3—C2 117.74 (18) C12—C11—H11 108.7
C4—C3—H3 121.1 O7—C12—O8 124.04 (15)
C2—C3—H3 121.1 O7—C12—C11 119.58 (15)
C3—C4—N2 122.18 (18) O8—C12—C11 116.38 (15)
C3—C4—H4 118.9 C2—N1—C1 124.84 (16)
N2—C4—H4 118.9 C2—N1—H1A 118.0 (18)
O2—C5—N5 123.37 (18) C1—N1—H1A 115.5 (18)
O2—C5—N4 121.41 (18) C4—N2—C1 122.35 (16)
N5—C5—N4 115.20 (17) C4—N2—H2A 123.5 (17)
C7—C6—N5 122.05 (18) C1—N2—H2A 113.8 (17)
C7—C6—H6 119.0 C2—N3—H3A 119.2 (16)
N5—C6—H6 119.0 C2—N3—H3B 123.3 (15)
C6—C7—C8 117.66 (18) H3A—N3—H3B 117 (2)
C6—C7—H7 121.2 C8—N4—C5 124.52 (16)
C8—C7—H7 121.2 C8—N4—H4A 121.0 (16)
N6—C8—N4 118.70 (16) C5—N4—H4A 114.1 (16)
N6—C8—C7 123.27 (17) C5—N5—C6 122.51 (17)
N4—C8—C7 118.01 (16) C5—N5—H5A 113.3 (18)
O4—C9—O3 125.05 (17) C6—N5—H5A 124.2 (18)
O4—C9—C10 117.97 (16) C8—N6—H6B 120.2 (16)
O3—C9—C10 116.98 (15) C8—N6—H6C 121.8 (16)
O5—C10—C9 109.89 (14) H6B—N6—H6C 118 (2)
O5—C10—C11 110.42 (13) C10—O5—H5 109.5
C9—C10—C11 110.95 (14) C11—O6—H6A 109.5
O5—C10—H10 108.5 H9A—O9—H9B 111 (3)
C9—C10—H10 108.5

N3—C2—C3—C4 177.53 (19) O6—C11—C12—O8 −160.68 (16)
N1—C2—C3—C4 −1.9 (3) C10—C11—C12—O8 77.45 (19)
C2—C3—C4—N2 0.9 (3) N3—C2—N1—C1 −177.22 (18)
N5—C6—C7—C8 1.4 (3) C3—C2—N1—C1 2.3 (3)
C6—C7—C8—N6 175.8 (2) O1—C1—N1—C2 177.9 (2)
C6—C7—C8—N4 −2.5 (3) N2—C1—N1—C2 −1.4 (3)
O4—C9—C10—O5 13.0 (2) C3—C4—N2—C1 0.1 (3)
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O3—C9—C10—O5 −166.62 (16) O1—C1—N2—C4 −179.1 (2)
O4—C9—C10—C11 −109.38 (19) N1—C1—N2—C4 0.1 (3)
O3—C9—C10—C11 71.0 (2) N6—C8—N4—C5 −176.22 (18)
O5—C10—C11—O6 −65.06 (17) C7—C8—N4—C5 2.2 (3)
C9—C10—C11—O6 57.03 (17) O2—C5—N4—C8 177.85 (19)
O5—C10—C11—C12 57.41 (17) N5—C5—N4—C8 −0.6 (3)
C9—C10—C11—C12 179.50 (14) O2—C5—N5—C6 −179.1 (2)
O6—C11—C12—O7 19.7 (2) N4—C5—N5—C6 −0.6 (3)
C10—C11—C12—O7 −102.17 (18) C7—C6—N5—C5 0.2 (3)

Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A

C4—H4···O1i 0.93 2.53 3.098 (2) 120
C10—H10···O2ii 0.98 2.33 3.312 (2) 175
C11—H11···O1iii 0.98 2.38 3.361 (2) 179
O5—H5···O4 0.82 2.12 2.6140 (19) 118
O6—H6A···O9 0.82 1.87 2.688 (2) 172
N1—H1A···O3 0.86 (2) 1.80 (2) 2.656 (2) 171 (3)
N2—H2A···O3i 0.86 (2) 1.91 (2) 2.768 (2) 175 (3)
N3—H3A···O4 0.84 (2) 2.04 (2) 2.873 (2) 171 (2)
N3—H3B···O7iv 0.83 (2) 2.04 (2) 2.865 (2) 172 (2)
N4—H4A···O8 0.85 (2) 1.90 (2) 2.748 (2) 173 (3)
N5—H5A···O8v 0.86 (2) 1.93 (2) 2.766 (2) 166 (3)
N6—H6B···O7 0.85 (2) 1.96 (2) 2.808 (2) 179 (3)
N6—H6C···O6vi 0.83 (2) 2.01 (2) 2.812 (2) 163 (2)
O9—H9A···O2i 0.83 (2) 2.24 (3) 3.040 (3) 162 (4)
O9—H9B···O5vii 0.84 (2) 2.00 (3) 2.812 (2) 161 (3)

Symmetry codes: (i) −x+1, y−1/2, −z+1/2; (ii) −x+2, y−1/2, −z+1/2; (iii) −x+1, y+1/2, −z+1/2; (iv) x−1/2, −y+1/2, −z+1; (v) −x+2, y+1/2, −z+1/2; (vi) 
x+1/2, −y+3/2, −z+1; (vii) x−1, y, z.
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prevent them several antibacterial and antifungal agents are 
widely used for the public health issues [1]. The new mate-
rials with antibacterial or antifungal properties are much 
needed as they have their ability which depends on the size, 
structure and surface properties of the nanomaterials [2].

Several metal oxides such as  TiO2, ZnO, and CuO have 
gained much attention of the researchers in the fields. 
Among them, ZnO is a promising II–VI group semiconduc-
tor material, which has direct band gap of about 3.37 eV. 
Also, it absorbs UV radiation due to band to band transition 
and it is a good transparent conductive oxide (TCO) mate-
rial which are mainly for solar cells, LED and heat mirror 
applications [3, 4]. Above all oxide materials, ZnO is one 
of the most promising material due to its optical, electrical, 
chemical and mechanical property. Unlike the materials 
IFO & SnO2, the semiconductor materials ZnO is abundant 
in nature, inexpensive, chemically stable, non-toxic and 
biocompatible [5].

Several synthesis routes have been employed to improve 
the performance of ZnO. Synthesis routes such as sol–gel 
technique [6], combustion method [7], polyol method [8], 
sonochemical method [9], hydrothermal method [10] and 
simple soft chemical route [11, 12] have been employed to 
improve the performance of ZnO nanoparticles.

Among all the methods, simple soft chemical route 
offers good tailoring of the size, and morphology of the 
nanoparticles. It is also very fascinating, facile and inex-
pensive method which is suitable for the nano structured 
materials in large scale [13]. Recent research has been on 
doping of rare-earth metal with the metal oxide semicon-
ductors due to their unique applications in visible light 
emitting phosphorous in displays, high power lasers, and 
other opto-electronic applications. It is because, Nair.et.al 
reported that they have partially filled 4  f shells, and if 
incorporated into suitable materials, their infra-4  f optical 

Abstract Samarium doped Zinc Oxide nanoparticles are 
prepared by using soft chemical route with different doping 
concentrations. The structural studies indicated that doping 
does not affect the structure of ZnO lattice. The shape and 
size of the nanoparticles are analyzed using the FESEM 
and TEM images. The photoluminescence spectrum shows 
the increases in the intensity of violet and blue emission 
peaks as the concentration of dopant increases. Antibacte-
rial activities against Staphylococcus aureus (S. Aureus) 
and Escherichia coli (E. coli) bacterial strains using the 
agar well diffusion method were studied. The increased 
diameter of the zone of inhibition at the higher concentra-
tion of samarium shows the enhanced efficiency of antibac-
terial activity.

1 Introduction

A new perspective has acquired over the past years in the 
field of science and technology of nanomaterials. Appli-
cations such as optical coatings, solid state window layer, 
electro-optical modulators and other light emitting materi-
als are extensively being studied by II–VI compound semi-
conductors. In the recent decade, one of the most signifi-
cant challenges is due to infectious diseases and bacterial or 
fungal contamination in all kinds of materials. In order to 
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transitions become possible because of splitting induced 
by the crystal field in the matrix [14]. Liu.et.al reported 
 Nd3+ into ZnO and studied its luminescence properties [15] 
and Karthikeyan.et.al reported linear and nonlinear optical 
properties of  Dy3+ doped ZnO nanoparticles [16]. In order 
to increase the carrier concentration samarium is added as 
the dopant. Also,  Sm3+ has a standard has an ionic radius of 
1.04 Å which is appreciably higher than that of Zn which is 
0.74 Å [17]. In this paper, we have extensively reviewed the 
effects of antibacterial efficiency and photoluminescence 
property of rare-earth (Sm) doped ZnO nanoparticles. To 
the best our knowledge, this is the first report on the work 
of Sm doped ZnO nanoparticles synthesized by simple soft 
chemical route for biomedical applications.

2  Experimental details

2.1  Synthesis process

ZnO:Sm nanoparticles were synthesized using a simple 
soft chemical route. Zinc Acetate dihydrate (0.2  M) was 
dissolved in de-ionized water. Samarium nitrate was used 
as a dopant precursor with various concentrations as 2, 4, 6 
at.% respectively. A suitable amount of sodium hydroxide 
(NaOH) solution was added to keep the pH of the starting 
solution at 7. The obtained mixture solution is stirred for 
2h under the temperature of 85 °C. The precipitate formed 
is separated out carefully by filtration and washed several 
times thoroughly with a mixture of ethanol and water in the 
ratio 1:3. The product is then dried in an oven at a tem-
perature of 100 °C for 2 h and the powder finally calcined at 
550 °C for 3 h to get the ZnO nanoparticles in its final form.

2.2  Characterization of Bi doped ZnO nanoparticles

The structural properties of synthesized nanoparticles were 
obtained using X-ray diffractometer (PANalytical-PW 
340/60 X’pert PRO) with Cu-Kα radiation (1.5406 Å). Pho-
toluminescence (PL) spectra were studied using Spectro-
flurometer  (JobinYvon_FLUROLOG-FL3-11). Morphology 
of the sample was observed using Field Emission Scanning 
Electron Microscope (FESEM) (Hitachi SU8000), Transi-
tion Electron Microscopy (TEM, Hitachi H-7100) and the 
elemental composition analyses were made using Energy 
Dispersive X-ray analysis (EDX) (Model: JEOL-JSM 6390 
with attachment INCA-Penta FETX3 OXFORD).

2.3  Antibacterial activity

The antibacterial activity of the synthesized ZnO nano-
particles was tested against Staphylococcus aureus (S. 

Aureus) (Gram-positive) and Escherichia coli (E. coli) 

(Gram-negative) bacteria using the well diffusion method. 
The both microorganisms were inoculated on Luria broth 
(LB) agar plate, and then the concentration of Sm:ZnO nano-
particles (200 µL/mL) were added to the well present in the 
LB agar plate. A reaction mixture containing no ZnO nan-
oparticles was put in the well in the LB plate and cultured 
under the same condition as the control test. All the LB plates 
were incubated at 37 °C overnight. After incubation, the 
plates were observed in the presence of a zone of inhibition.

3  Results and discussions

3.1  X‑ray diffraction (XRD) analysis

Figure 1 shows the X-ray diffraction pattern of the undoped 
and Sm doped ZnO nanoparticles. All the diffraction peaks 
are well matched with JCPDS card (34-1451) which con-
firms the hexagonal wurtzite structure of ZnO nanoparticles. 
No other peaks such as metallic zinc and  ZnO2 phase were 
observed. The intensity of the peaks is found to be decreased 
as the concentration of Sm is increased. Furthermore, the dif-
fraction peaks of Sm doped ZnO nanoparticles, indicating the 
substitution of  Sm3+ ions into the  Zn2+ sites in the lattice of 
ZnO because, the ionic radius of Sm is little larger than that 
of Zn.

The particle size was calculated using Scherr’s formula 
[18],

where λ is wavelength of X-ray used (1.5406 Å), β is the 
(101) Full-width Half maximum (FWHM) intensity and θ 
is the angle of the diffraction.

The lattice constant ‘a’, and ‘c’ are calculated using the 
relation [19],

(1)D = K�/�cos�

(2)1∕d2 = (4∕3(h2 + hk + k2)∕a2) + (l2∕c2)

Fig. 1  XRD patterns of undoped and Sm doped ZnO nanoparticles
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The volume of the unit cell (v) is calculated using the 
Equation [20],

Micro strain of the nanoparticles were calculated using 
the formula [21],

The calculated lattice parameters and particle size 
of the nanoparticles are listed in Table  1. The average 
particle size decreases as Sm concentration increases, 
which is possibly due to the interference of the Sm cat-
ion to the ZnO lattice. The calculated lattice parameters 
‘a’ and ‘c’ values show small variations as the doping 
level increases, which is due to the substitutional incor-
poration of  Sm3+ ions into the ZnO lattice. The undoped 
ZnO clearly shows the compressive strain, whereas the 
doped ZnO samples exhibit tensile strain. The compres-
sive strain created in the former may be due to the oxygen 
vacancies in the lattice. The transition from the compres-
sive strain to the tensile strain may be due to the incorpo-
ration of the Sm ions into the ZnO lattice either by sub-
stitution, interstitial and/or anti-site incorporation.

3.2  Morphology and EDX

The FESEM images of undoped and Sm doped ZnO 
nanoparticles were shown in Fig. 2. These images clearly 
show that the average particle size is of the order of 
nano region. The average particle size decreases with 
the increase of the Sm concentration in ZnO lattice. This 
smaller particle more readily allows them to interact and 
penetrate to the interior of the bacteria by destroying it. 
The particle size is also evidenced from the TEM image 
Fig. 3b. From the TEM image, no aggregate is observed, 
in addition, no impurities have been found in ZnO mate-
rial. The EDX spectra of the undoped and Sm doped ZnO 
nanoparticles are shown in Fig. 3a. The components pre-
sent in the synthesized nanoparticles were confirmed by 
the presence of Zn, O, and Sm atoms.

(3)V =
√

3∕2 (a2c)

(4)� = (C − C0∕C0)

3.3  Photoluminescence

Figure 4 shows the photoluminescence spectra of undoped 
and Sm doped ZnO nanoparticles. A strong emission peak 
at 397 and 420 nm is absorbed. There is a gradual increase 
of intensity as the dopant level increases. The blue emis-
sion band at centered at 420 nm may be originated from the 
reconstruction of the photogenerated hole with an electron 
occupying the oxygen vacancy. The strong peak at around 
420 nm is assigned to the zinc interstitials  (Zni) [22]. It is 
observed that the broad emission peak in the visible region, 
centered at 397 nm is associated with the near band-edge 
emission (NBE) of ZnO results due to the band to band 
electronic transition [23–26].

The variation of the emission intensity in Sm content 
could be ascribed to the variation of the average particle 
size with Sm content. The peak at 466  nm is associated 
with the blue emission that originates from the transition 
of electrons from the donor level of singly ionized oxygen 
vacancies to the valence band [27]. The presence of excess 
surface defects leads to the stronger blue emission corre-
sponding to the formation of hydroxyl radicals [28]. These 
hydroxyl radicals are responsible for the inhibition of bac-
terial growth.

3.4  Antibacterial efficiency

The antibacterial activity of ZnO and Sm doped ZnO nano-
powders were investigated against gram negative (E. Coli) 
and Gram positive (S. Aureus) bacteria respectively. From 
the Fig.  5 it is observed that there is no zone of inhibi-
tion over the control. The variation in the diameter of the 
zone of inhibition is plotted as a bar diagram (Fig. 6). It is 
observed that Sm influences the higher antibacterial activity 
than that of the undoped ZnO nanoparticle. This increase in 
the efficiency of the antibacterial activity may be due to the 
following reasons (i) the generation of reactive oxygen spe-
cies (ROS) (ii) size of the particle (iii) release of  Zn2+ ions. 
Release of more number of Zinc ions is induced in the sys-
tem as the substitution of Sm ions into the Zn sites results 
in a larger number of Zn interstitials. It is well known that 
interstitial Zn ions have more probability to become free 

Table 1  Structural parameters 
of undoped and Sm doped ZnO 
nanoparticles

*Standard values: a = 3.2498 Å, c = 5.2066 Å (JCPDSCardNo. 36-1451)

2θ bragg’s angle, D crystallite size, v volume of the unit cell and ε micro strain

Sm doping level 
(at.%)

2θ D (nm) *Lattice constants (Å) v (Å)3 Strain ε × 10− 4

a c

0 36.284 56.04 3.270 5.211 47.606 9.604
2 36.204 56.79 3.256 5.218 49.032 0.235
4 36.188 42.59 3.258 5.220 47.990 0.026

6 36.178 42.60 3.260 5.223 48.079 0.331
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Fig. 2  FESEM images of undoped and Sm doped ZnO nanoparticles a undoped, b 2 at.%, c 4 at.% and d 6 at.%

Fig. 3  a EDAX profile of 6 at.% Sm :ZnO, b TEM image of undoped ZnO nanoparticles
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from the lattice. This released  Zn2+ ions have strong elec-
trostatic interaction with the membranes of bacteria cells, 
leading to a considerable damage to the bacterial cell. This 
generation of ROS can be written as follows [29–32]:

When compared with the hydroxyl radicals and super-
oxide anions, hydrogen peroxide is more toxic so that it 
can easily damage the cell wall of the bacteria. The peak 

(5)ZnO + h� → h
+
+ e

−
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+
+ H

2
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∗
+ H

+
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2
+ e

−
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observed at 466  nm at the PL spectra is the evidence for 
the presence of singlet oxygen. This singlet oxygen is pro-
duced in the presence of superoxide anion by hydrogen per-
oxide which is more toxic than it. The presence of ionized 
vacancy is evidenced from the observed peak centered at 
466 nm in the PL spectra. The release of  Zn2+ ions is also 
one of the reasons for the efficiency of antibacterial activ-
ity. It is noteworthy to mention here that the antibacterial 
efficiency is found to be higher than that of the undoped 
when the Sm doping level was at 6 at%.

4  Conclusion

Undoped and Sm doped ZnO nanoparticles have been suc-
cessfully prepared by simple soft chemical route. These 
ZnO nanoparticles were demonstrating antibacterial 

Fig. 4  Photoluminescence spectra of undoped and Sm doped ZnO 
nanoparticles

Fig. 5  Antibacterial activity of 
ZnO:Sm nanoparticles against a 
E. coli and b S. aureus bacteria

Fig. 6  Variation in the zone of Inhibition caused by ZnO+Sm nano-
particles
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activity with the model bacterial the E. coli and S. aureus. 
The zone of inhibition increases as the dopant concentra-
tion is increased. The antibacterial activity of ZnO nano-
particles was apparent from the zone of inhibition so these 
nanoparticles are bellowed to act as preventive for bacte-
rial contamination. An effect and effectiveness in changing 
bacterial growth, a finding which may be lead to valuable 
invention in the future in various fields like in antimicrobial 
systems as well as medical devices.
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ABSTRACT

Aim: To synthesize and grow pyrimidine based cytosinium nitrate single crystals and characterize the grown crystals for struc-

tural, optical, mechanical, dielectric and proliferation assay. Methodology

Cytosinium nitrate, a semi organic material was synthesized and single crystals were grown from aqueous solution employing 

the technique of controlled slow evaporation.

Results and Discussion: The lattice parameter of the grown crystal was determined using single crystal X – ray diffractometer. 

Fourier transform infrared spectral analysis is carried out to identify the functional group of the grown crystal. The grown crystals 

were characterized using UV – Vis – NIR and dielectric analysis. Mechanical strength was estimated using Vickers microhard-

ness test. The crystal exhibits reverse indentation size effect and belongs to soft material category. A sharp emission peak was 

observed in photoluminescence spectrum at 378 nm. The anti – proliferative property of grown crystal was tested on human lung 

cancer cell line A549.

Conclusion: All these investigations were used to reveal the properties like structural, dielectric parameters, optical, mechani-

cal, surface morphology and biological activity.

Key Words: Crystal growth, Optical materials, Mechanical properties, Dielectric measurements, Photoluminescence
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INTRODUCTION

In the past few decades, there has been extensive investiga-

tion made in the design and characterization study of inor-

ganic, organic and semiorganic nonlinear optical(NLO) ma-

terials [1]. Nonlinear optical materials are very significant 

because of its wide applications in the field of laser tech-

nology, laser communication, optoelectronic and photonic 

applications [2]. In particular organic materials possessing 

a large third – order non linearity have attracted many re-

searchers owing to their potential application in optical 

switching and sensor protection [3]. Synthesis and charac-

terization of novel materials for third order nonlinear optical 

application has gained much attention by the researchers [4]. 

Cytosine is one of the five main nucleic acids used in stor-

ing and transporting genetic information within a cell [5]. 

The single crystal structure of anhydrous cytosine [6] and 

cytosine monohydrate [7] was reported. Several researchers 

reported the single crystal structure of cytosine derivatives 

[8-11]. Most of these complexes are dealt with application of 

crystal engineering to active pharmaceutical and biological 

applications. The epigenetic mechanism such as methylation 

of cytosine in DNA was discussed by Plitta et al [12]. The 

molecular recognition of cytosine based on proton–transfer 

reaction elucidated by Portalone et al [13]. Kistenmacher et 

al [14] made systematic study on enzyme – metal – nucleic 
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acid ternary complexes with cytosine. It is identified that cy-

tosine may be an interesting material to optimize them for 

nonlinear optical limiting applications. Because the proto-

nation of cytosine base pair carries important structural im-

plications in crystal engineering. In particular the base pair 

ability known to self – assemble in acidic media. Though, 

the structure of cytosinium nitrate has been reported earlier 

[15], there are no earlier reports on the bulk crystal growth 

of cytosimium nitrate. In our present investigation we report 

the single crystal XRD, powder XRD, FTIR, UV – Vis - NIR 

optical analysis, photoluminescence, dielectric, Vickers mi-

crohardness, etching studies and proliferation Assay on cy-

tosinium nitrate single crystal.

MATERIALS AND METHODS

Crystal Growth
Cytosine (C

4
H

5
N

3
O) and nitric acid (HNO

3
) was dissolved in 

deionised Millipore water at room temperature. The resultant 

solution was stirred well to obtain clear homogeneous solu-

tion. The prepared solution was filtered using Whatman filter 

paper and taken in a beaker. Beaker containing the solution 

was closed with perforated polythene paper and kept in an 

undisturbed dust free condition. Slow evaporation at room 

temperature yielded transparent single crystals of cytosinium 

nitrate (CN) of 7 mm × 2 mm × 1 mm size were harvested in 

a growth period of 15 days. The as grown single crystals of 

CN are shown in Fig. 1.

Figure 1: As grown single crystals of cytosinium nitrate.

RESULTS AND DISCUSSION

X – ray Diffraction Analysis
Single crystal X – ray diffraction data of the grown CN crystal 

were collected on a BRUKER NONIUS X – ray diffractom-

eter using monochromated Cu Kα radiation (λ = 1.5408Ǻ) 
at 293K. From the single crystal X – ray diffraction analysis 

it is confirmed that grown CN belongs to triclinic system. 

The obtained cell parameters are in good agreement with the 

corresponding reported values of Cherouana et al. [15] as is 

evident from Table. 1

Table 1: Crystallographic data of CN

S. No a (Å) b  (Å) c (Å) α (°) β(°) γ (°) Volume 
(Å3)

1. Present 
work

6.509 6.726 9.222 72.02 72.85 73.75 358.9

2.Reported 
[15]

6.530 6.724 9.211 71.96 72.84 73.75 359.4

Powder X – ray diffraction 
The powder X – ray diffraction pattern of the grown single 

crystal of CN was recorded on a REICH SIEFERT X – ray 

diffractometer instrument using Cu Kα (1.540 Å) radiation 
employing the reflection mode for scanning. The finely 

crushed sample was scanned in the 2θ values ranging from 
10 – 80° at a rate of 1°/min. All the observed reflection lines 

were indexed with the help of computer program AUTOX 

93 (Fig. 2). 

Figure 2: Powder X-ray diffraction pattern of CN.

Fourier Transform Infrared (FTIR) spectrum
In order to identify the functional groups, the FTIR spectral 

analysis of CN was carried out in the middle infrared region 

extending from 400 – 4000 cm-1 using a Perkin Elmer FTIR 

spectrometer by KBr pellet technique. The recorded FTIR 

spectrum is shown in Fig. 3. In the higher energy region, 

the NH
2 

asymmetric and symmetric stretching vibrational 

frequencies are observed at 3342 and 3214 cm-1 respectively. 

The peak at 2932 cm-1 is attributed to the symmetric stretch-

ing vibration of NH.  The strong band at 1728 cm-1 is due 

to the C=O stretching vibration. The NH
2
 deformation and 
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wagging vibrations are observed at 1665 cm-1. The intense 

peak at 1546 cm-1 arises due to C – NH stretching vibration. 

The strong band appears at 1381 cm-1 in the spectrum is as-

signed to C=C stretching vibration C–N stretching vibration 
observed at 1201 cm-1. The peak at 792 cm-1 is due to the C = 
O bending vibration. The peaks due to NO

2
 deformation are 

observed at 632 and 576 cm-1.   The prominent vibrational 

frequencies of FT-IR spectra with tentative assignments of 

CN crystal are listed in Table.2.

Figure 3: FT – IR spectrum of CN crystal.

Table 2: FT-IR band assignments of CN single crystal

Wave number (cm-1) Assignments

3342 NH
2 
asymmetric stretching vibration

3214 NH
2 
symmetric stretching vibration

2932 NH symmetric stretching vibration

1728 C = O  stretching vibration

1665 NH
2    

deformation

1546 C – N – H stretching vibration

1381
1201
963
792
727
632
576

C = C stretching vibration
C – N stretching vibration
C – C – H  deformation
C = O bending vibration
NO

2
 deformation

–O – N = O deformation
–O – N = O deformation

Linear optical analysis
The UV – Vis – NIR spectrum gives more information about 

the band structure and optical quality of material. The ab-

sorption or emission of radiation and cut – off wavelength 

of grown crystals are prime factor for optical applications 

[16]. The UV – visible optical transmission spectrum of CN 

crystal was recorded between 190 – 1100 nm using Perkin 

– Elmer Lambda 35 spectrophotometer. The recorded trans-

mittance spectrum of CN single crystal is shown in Fig.4. 

The crystal has wide transparency in the entire UV and vis-

ible region. The CN crystal is optically transparent in the en-

tire visible region with 97% transmittance with lower cut-off 

wavelength of 291 nm. The optical absorption coefficient (α) 
was calculated using the following relation.

1 1
log

t T
α  =  

 
Where, T is the transmittance and t is the thickness of the 

crystal. The dependence of the optical absorption coefficient 

on the photon energy helps us to study the band structure and 

the types of transition of electrons [17]. The band gap energy 

of the material is calculated using the following relation

1/ 2( )A h Eg

h

υα
υ

−
=

Where, A is a constant, E
g
 is optical band gap of the crystal, 

h is Planck’s constant and υ is the frequency of the incident 

photon. The E
g 

could be estimated from the Tauc’s plot of 

variation of (αhυ)2 versus hυ and shown in Fig. 5. E
g
 is ob-

tained from the extrapolation and interception of the linear 

part of the graph with X – axis [18]. The band gap energy 

was found to be 4.1eV. The extinction coefficient is an es-

sential parameter to examine amount of absorption when 

electromagnetic waves propagates through a medium. The 

absorption coefficient (α) is related to the extinction coef-
ficient K by

K = λα / 4π

Where, K is the extinction coefficient, λ is the wavelength 
and α is the absorption coefficient.  Fig. 6 shows that varia-

tion of extinction coefficient (K) as a function of wavelength. 

Figure 4: UV – Vis – NIR transmittance spectrum of CN crys-

tal.
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Figure 5: Plot of (αhγ) 2 versus hγ of CN crystal.

Figure 6: Dependence of extinction coefficient with wave-

length of CN crystal.

Dielectric studies
The different polarization effects, relaxation phenomena and 

optical properties of solids can be explained by analyzing di-

electric behaviour [19]. By employing the HIOKI 3536 LCR 

instrument the dielectric measurement were carried out on 

CN single crystal in the frequency region from 1 KHz to 5 

MHz. Silver coated CN sample of 2mm thickness was used 

as the parallel plate capacitor to form dielectric medium. 

The capacitance of the sample was recorded by varying the 

frequency at different temperatures (Room temp, 50 °C, 70 

°C and 90 °C). The dielectric constant of the material was 

calculated using equation ε´ = Cd / (Aε
0
). Where C is the 

capacitance of the sample, d is the thickness of the crystal, ε
0
 

is the permittivity of free space (ε
0
 ≈ 8.854 X 10-12 F / m) and 

A is the area of the sample. The variation of dielectric con-

stant with frequency of CN crystal is shown in Fig. 7. From 

Fig. 7 it is observed that, the dielectric constant decreases 

with increasing frequency and reaches a constant value. The 

high value of  dielectric constant at lower frequencies may 

be due to the contribution of all the four polarizations namely 

space charge, orientation, electronic and ionic polarizations 

and its low value at higher frequencies may be due to the 

loss of significance of these polarizations gradually [20]. The 

dielectric loss was calculated using the equation ε´´ = ε´ tan 
δ and the variation of dielectric loss with varying frequency 
is depicted in Fig. 8. From the plot one can understand that 

the dielectric loss decreases with increase of frequency at 

different temperatures. The low dielectric loss value in high 

frequency for the sample suggests that the crystal has good 

optical quality and lesser defects. 

Figure 7: Frequency dependent dielectric constant of CN at 

various temperatures.

Figure 8: Frequency dependent dielectric loss of CN at vari-

ous temperatures.

Photoluminescence study
Optical properties of the as grown CN single crystal were 

analyzed by photoluminescence spectroscopy. The near – 

band – edge photoluminescence of solids gives important 

information about the quality and composition of materials 

by probing the electron [21]. Photoluminescence is the ab-
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sorption of photon energy promotes a valence electron from 

its ground state to an excited state. The excited energy is 

released as short wavelength light [22]. Photoluminescence 

of CN crystal is recorded with a Cary Eclipse fluorescence 

spectrometer (Type – Savitzky Golay) with auto excitation 

filter mode in the range 340 – 600 nm. The sample was excit-

ed at 320 nm. Photoluminescence spectrum of CN crystal is 

shown in Fig. 9. Spectrum shows a broad emission peaked at 

378 nm which may be due to the vibrations in crystal lattice 

by changing incident power and sample temperature[23]. In-

tensity is slowly decreases in higher wavelength region. The 

result indicates that the emission of crystal is in violet region. 

The energy band gap of CN crystal has been calculated to be 

3.2 eV using the formula Eg = 1240/ λ (eV)

Figure 9: Photoluminescence spectrum of CN crystal.

Vickers  microhardness analysis
For the commercial usage and device fabrication microhard-

ness indentation analysis play a major role for conforming 

the mechanical stability. Microhardness studies were carried 

out on flat surface of the grown crystal of CN by using Shi-

madzu HMV-2000 hardness tester. Several trials of indenta-

tion were carried out for different loads (5g, 10g, 25g, 50g 

and 100g) at room temperature. Vickers hardness number 

(H
v
) was calculated using the relation H

v 
= 1.8544 P /d2 (kg/

mm2), where P is the applied load in kg and d is the average 

diagonal length of indentation in mm. For loads above 100 g 

cracks started developing around the indentation impression. 

The variation of Vickers hardness values (H
v
) with applied is 

shown in Fig. 10. Hardness (Hv) value increases with the in-

creasing load. This type of variation of hardness is termed as 

reverse indentation size effect (RISE). In order to analyse the 

reverse indentation size effect (ISE), Meyers law was used 

by fitting the experimental data from the relation P = Adn , 

where P is the applied load, A is a constant, d is the average 

diagonal length of the indenter and n is the work hardening 

coefficient. By plotting log P versus log d (Fig.11), the value 

of work hardening coefficient (n) is calculated as 2.3. Ac-

cording to Onitsch [24], n lies between 1 and 1.6 for hard 

materials and for soft materials it is above 1.6. This implies 

that cytosinium nitrate belongs to soft material category.

Figure 10: Variation of hardness number (H
v
) Vs load (P) for 

CN crystal.

Figure 11: Variation of Log d Vs Log P for CN crystal.

Chemical etching analysis.
The microstructural analysis of the grown crystal by etch-

ing the surface gives more information about dislocations, 

imperfections and surface morphology. Optical behaviour of 

the NLO material in particular nonlinear efficiency mainly 

depends on the quality of the crystal. So it is very essential 

to study the surface morphology by etching of the as-grown 

crystal [25]. The etching of CN crystal was carried out by 

using double distilled water as an etchant. The cytosinium 

nitrate single crystal was immersed in water for few seconds 

and dried with tissue paper to remove the water molecules. 

The etch patterns in the crystal was examined using normal 

incident light type microscope. The photographs of etch 
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patterns were captured by Motic camera fitted with optical 

microscope. The microphotograph of CN crystal for etch-

ing time 5 s is shown in Fig. 12 (a). The figure shows pre-

dominant parallel ridges on crystal. Some of them extended 

over the surface while others are partly extended. Further the 

etching period was increased to 10 s and the etch pattern is 

shown in Fig. 12 (b). After etching for 10 s, the ridges were 

elongated in large number and forms different etch pattern. 

From the etching study there is such a periodicity seen in 

distribution of etch pattern.

Figure 12 (a): Etch pattern of CN single crystal (etching time 

5 s).

Figure 12 (b): Etch pattern of CN single crystal (etching time 

10 s).

Proliferation Assay
The synthesized cytosinium nitrate was evaluated for its 

anti-proliferative activity. For this, the cytosinium nitrate 

was tested for its anti-cancer properties on human lung 

cancer cell line A549. This assay was performed for deter-

mining the IC50. The cells were maintained in Dulbecco’s 

modified Eagle’s medium (DMEM) (Sigma-Aldrich Che-

mie Gmbh), supplemented with 10% fetal bovine serum 

(HyClone), 100IU/ml penicillin, 100mg/mL Streptomycin, 

and 2mmol/L L-glutamine (Sigma). Cells were seeded into 

96-well plates at 5000 cells per well and incubated over-

night. The medium was replaced with a fresh one contain-

ing the desired concentrations of CN dissolved in DMEM, 

ranging from 25µM, 50µM, 75µM, 100µM, 250µM and 

500µM. Cells with cytosinium nitrate were incubated fur-

ther for 24h and 48h. After treatment period, medium with 

cytosinium nitrate was removed and washed with 1XPBS 

(Phosphate buffered saline). Thereafter 100µl of MTT (3, 

4, 5-dimethylthiazol-2yl)-2, 5-diphenyltetrazolium bro-

mide)dye dissolved in serum free medium at the concentra-

tion of 5mg/mL, was added to the cells and incubated for 

3h in CO
2
 incubator. After 3h, the medium was removed 

and the formazan crystals were dissolved in 100µl of acidi-

fied isopropanol. The purple color of the formazan product 

was read in Robonik ELISA plate reader at 570nm. The 

percentage of cell viability was calculated with respect to 

control cells cultured at conditions similar to treated cells. 

Triplicate was maintained for all concentrations, including 

control cells. 

Results indicate that cytosinium nitrate in the concentrations 

from 25µM to 250µM did not show any anti-cancer activity. 

Both control and treated cells have similar optical density 

upto 250µM. At 500µM concentration, a drastic decrease 

was observed in cell viability. At 24h, the viability was about 

28%, which further decreased to 23% at 48h (Fig.13). This 

significant decrease may be due to the change in pH of the 

medium. At high concentrations such as above 250 µM, the 

nitric acid, component of cytosine nitric acid, induce change 

in pH towards acidicity. Change in color of the medium from 

pink to colorless even before the addition of MTT reagent 

for the MTT assay was probably the reason of cell death and 

cannot be considered due to toxicity of the compound per 

se. Study on the pharmacological effects of bioactive com-

pounds on cancer treatments and prevention has increased 

dramatically over the past few decades. Many novel com-

pounds, complexes of metals and heterocyclic combinations 

have been demonstrated to be cytotoxic and to possess anti-

cancer activities in various cancer cells without exhibiting 

significant damage to normal cells [26 – 27]. In the present 

investigation, there was no significant toxicity demonstrated 

by the cytosine derivative at lower concentrations upto 250 

µM, however, toxicity at 500 µM either did not seem to be 

evident due to its toxic nature, but due to high acidic nature 

of the compound itself. Cytosine being a significant bioac-

tive molecule in its physiological perspective, it is believed 

by the authors that its modification further to make it toxic 

may provide a potential anti-cancer related bioactive mol-

ecule.
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Figure 13: MTT assay for cytosinium nitrate against A549 cell 

line.

CONCLUSION

Cytosinium nitrate single crystals of size 7 mm × 2 mm × 1 

mm were grown from aqueous solution by slow evaporation 

technique at room temperature. The grown crystal belongs 

to the triclinic system with centrosymmetric space group P
1
. 

Various functional groups were present in the grown crystal 

was confirmed by FT IR analysis. It is evident from UV – Vis 

– NIR optical transmittance, the CN crystal has a wide trans-

parency range in the entire UV visible and near infra red re-

gion. The low value of dielectric constant and dielectric loss 

of CN at higher frequencies revealed from dielectric meas-

urements. The Vickers microhardness value increases with 

increase of load and shows reverse indentation size effect. 

The value of Meyer’s index n turned out to be higher than 1.6 

for CN and the material belongs to soft materials category. 

The variation of dielectric constant and dielectric loss were 

studied with varying frequency at different temperatures. 

Etching analysis shows the presence surface dislocations in 

the sample. The violet emission was identified by photolu-

minescence spectrum. Anticancer property was tested on hu-

man lung cancer cell line A549. No significant toxicity was 

demonstrated even by increasing concentrations.
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Abstract

Undoped and Bi doped zinc oxide nanoparticles were synthesized by soft chemical method. The effects of doping on struc-
tural and optical properties of Bi doped nanoparticles were investigated. The product was subjected to powder X-ray diffrac-
tion, field emission scanning electron microscope, transmission electron microscope and photoluminescence techniques. The 
crystallite sizes of synthesized samples were calculated from the powder XRD patterns, the crystalline size is variable from 
42 to 56 nm for undoped and Bi doped ZnO nanoparticles respectively. The photoluminescence intensity of the Bi (7 at.%) 
doped ZnO was much higher than that of undoped ZnO nanoparticles. The undoped and Bi doped ZnO nanoparticles are 
subjected to antibacterial bio activity against both Staphylococcus aureus and Escherichia coli bacteria in order to find the 
materials efficiency towards the bacterial strains and it is found that there is a good zone of inhibition.

1 Introduction

Nanostructured ZnO particles are very much attractive for 
several applications in both microelectronic and optoelec-
tronic devices. It has a wideband gap oxide semiconductor 
with a direct energy gap 3.37 eV, making it attractive nanoe-
lectronic and photonic applications. Therefore, ZnO absorbs 
UV radiation due to band-to-band transitions. It can be used 
as transparent conductive oxide (TCO) materials, mainly for 
applications such as gas sensing, liquid crystal displays and 
photovoltaics [1, 2]. ZnO is also low-cost, plentiful in the 
nature and non toxic. Zinc oxide (ZnO) nanoparticles have 
been demonstrated to have enormous applications like as 
solar cells, transparent conducting electrode in photovol-
taic, gas sensor, acoustic wave devices and laser diodes 
[3–9]. The semiconductor and optical properties of ZnO are 
extremely energy harvesting like photo thermal conversion 

system, gas sensor, and optical position sensors. ZnO is good 
candidates for solar energy conversion materials [10–13]. A 
number of investigations on the synthesized a variety of ZnO 
nanoparticles, including hydrothermal method [14], combus-
tion synthesis technique [15], microwave synthesis [16], wet 
chemical method [17] and simple soft chemical route [18, 
19]. Low temperature solution simple soft chemical route 
has high potential, simple, cost effective and energy sav-
ing route [20–22]. ZnO has been enhancing its properties 
with suitable doping material for a variety of optoelectronic 
devices. Doped ZnO nanoparticles have been attracted much 
attention because their inevitable role in transparent con-
ducting electrodes (III B elements) and ferroelectric (Li, 
Bi or Mg) in optoelectronic devices. Bismuth has been an 
important impurity in ZnO is a good candidate as efficient 
applications due to much bigger radius of  Bi3+ (0.103 nm) 
than that of  Zn2+ (0.072 nm) producing the large mismatch 
in the lattice [23]. It can be used to favor trapping of photo-
generated electrons, reducing the rate of recombination pro-
cesses between electrons and holes [24, 25].

In this work, undoped and Bi doped ZnO nanoparti-
cles were synthesized by simple soft chemical route. Even 
though, to our best knowledge, there are few reports of Bi 
doped ZnO nanoparticles, the study of the combined struc-
tural, photoluminescence and antibacterial properties of Bi 
doped ZnO is not so far. In this present work the structural, 
optical, morphological and antibacterial activities of Bi 
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doped ZnO nanoparticles prepared by soft chemical route 
were examined.

2  Materials and methods

2.1  Preparation of samples

Undoped and Bi doped ZnO nanoparticles were synthesized 
by a simple soft chemical method. All starting materials 
were introduced analytic reagent. Zinc acetate dihydrate 
(Zn  (CH3COO)2·2H2O) with 0.2 M concentrations diluted 
in deionized water. Bismuth nitrate (Bi  (NO3)·H2O) used as 
a dopant source is added to a small amount in the starting 
solution. The doping level is varied by changing the atomic 
percentage of [Bi/Zn], in the solution, from 0, 3, 5 and 7 at.% 
respectively. Required amount of NaOH (0.5 M) solution 
is added to maintain the pH value of starting solution at 7. 
The prepared mixture was stirred magnetically for 2 h at a 
temperature of 85 °C to get homogeneous solution. After the 
stirring process it was allowed to cool to room temperature 
and kept undisturbed for 1 h to get the required precipitate. 
The precipitate formed is separated out carefully by filtra-
tion and washed several times thoroughly with a mixture of 
ethanol and water in the ratio 1:3. The product is then dried 
in an oven at a temperature of 100 °C for 2 h and finally the 
powder was obtained by thermal treatment 550 °C for 3 h.

2.2  Characterization of Bi doped ZnO nanoparticles

Powder X-ray diffraction (XRD) measurements were per-
formed in X-ray diffractometer (PANalytical-PW 340/60 
X’pert PRO) with Cu-Kα radiation (1.5406 Å) at scanning 
rate 10 ̊/min in the 2θ range from 10° to 80°. FESEM images 
of the sample were gained using a field emission scanning 
electron microscope (FESEM) (Hitachi SU8000), Transi-
tion Electron Microscopy (TEM, Hitachi H-7100) and the 
elemental composition analyses were made using energy dis-
persive X-ray analysis (EDX) (Model: JEOL-JSM 6390 with 
attachment INCA-Penta FETX3 OXFORD). Photolumines-
cence (PL) spectra were studied using Spectro-flurometer 
 (JobinYvon_FLUROLOG-FL3-11). All measurements car-
ried out at room temperature.

2.3  Measurement of antibacterial activity

The antibacterial activity of the synthesized ZnO nanopar-
ticles was tested against Staphylococcus aureus (S. aureus) 
(Gram-positive) and Escherichia coli (E. coli) (Gram-nega-
tive) bacteria using the well diffusion method. The nutrient 
agar medium was prepared and sterilized by autoclave at 
121 °C for 15 min. The medium was poured into the ster-
ile pertiplates and allowed to solidify. The bacterial broth 

culture was webbed on the agar plates using sterile buds 
and five wells were made by well cutter. In each well, discs 
were loaded and the agar plates were incubated at 37 °C for 
24 h. After incubation the plates were observed in the zone 
of inhibition around the well. The diameter of the inhibi-
tion zone is measured in mm using a high accuracy antibi-
otic zone scale. For comparison the zone of inhibition for a 
standard antibiotic (Gentamicin) is also measured.

3  Results and discussion

3.1  Powder X‑ray diffraction (PXRD) analysis

Figure 1 shows the XRD patterns of undoped and Bi doped 
ZnO nanoparticles. All the diffraction peaks are a reflection 
of samples indexed to the hexagonal wurtzite structure of 
ZnO. It fits well with the standard data of the ZnO hexagonal 
crystalline system (JCPDS card No. 36-1451). In the case 
of undoped and Bi doped ZnO, the (101) diffraction peak is 
predominant to over all other diffraction peaks. Additionally, 
there were peaks marked ‘*’ at the 2θ of (27.93°, 32.71°, 
46.20°, and 55.45°) were ascribed to  Bi2O3 (JCPDS: 712274 
& 501088). It suggested there exhibit a minority phase of 
 Bi2O3 apart from the ZnO major phase. From the figure, it 
is seen that as the Bi doping level increases, the intensity of 
the peaks decreases gradually. This reduction in the inten-
sity may be due to the immigration of Zn atoms into the 
interstitial positions of the regular zinc sites caused by the 
substitution of Bi.

The crystallite size of nanoparticles was estimated using 
the Scherrer’s formula [26], 

where λ is the wavelength, β is the full width half maximum 
and θ is the Bragg’s angle. The strongest peak at (101) at 
36.2° was used to determine the average crystallite size of 
ZnO + Bi nanoparticles.

(1)D = 0.9λ/β cos θ

Fig. 1  XRD patterns of undoped and Bi doped ZnO nanoparticles
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The lattice constant ‘a’ and ‘c’ are calculated using the 
formula [27], 

To find out the micro strain for nanoparticles was calcu-
lated by the following equation [28], 

The volume of crystalline (V) is calculated using the rela-
tion [28], 

The calculated structural parameters from XRD studies 
are given in the Table 1. The average crystallite size of Bi 
doped ZnO was found, the D value increases up to 7 at.% 
of Bi doping, which an increase in the particle size ranging 
from 42 to 56 nm. The obtained result can interpret based 
on the change depending on the difference in the ionic radii 
 Bi3+ (0.103 nm) than that of  Zn2+ (0.072 nm) of the dopant 
element. Inclusion of  Bi3+ in the ZnO nanoparticles struc-
ture causes an increase in the stress and increasing crystal 
imperfection [29–32]. The calculated lattice constants ‘a’ 
and ‘c’ are very close to that of the standard values up to 
7 at.% of Bi doping. The above discussion on Bi inclusion 
up to 7 at.%, due to the incorporation of Bi into the  O− sites. 
The micro strain of the undoped and Bi doped ZnO nano-
particles, it is found that the undoped ZnO nanoparticle, 
possesses the micro strain along c-axis changes to a nega-
tive sign (compressive). It is also noted that the micro strain 
along c-axis exhibit a positive sign (tensile) for up to 7 at.% 
of Bi doping. The minimum micro strain may involve a sig-
nificant value for the initial  Bi2O3 phase. The volume of 
crystallite size indicates that there is proper incorporation 
of Bi ions into the regular lattice sites of  O−.

3.2  Morphology and compositional analysis

FESEM images of the undoped and Bi doped ZnO nanopar-
ticles are depicted in Fig. 2. It is interesting to see that the 
morphology is well defined hexagonal wurtzite shape with 
the doping of Bi. It could be found from the figure that the 
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crystalline quality is increased and the grain size becomes 
larger because of the Bi doping which is good agreement 
with the results in XRD. The increase may be due to the 
impact of ionic radii of Bi with Zn lattice. The crystal-
lite size is also evidence from the TEM image (Fig. 3b). 
From the TEM image, no aggregate observed, in addition, 
no impurities have been found in ZnO material. Figure 3a 
shows the EDAX profile of the chemical compositions of 
the synthesized nanoparticles. The EDAX spectrum clearly 
showed the presence of Zn, O and Bi atoms that are very 
much expected in the system without other impurity peaks.

3.3  Photoluminescence studies

The photoluminescence (PL) spectra are a powerful tool to 
study the structural defects and crystalline quality of the 
materials. Figure 4 shows that PL spectra of undoped and 
Bi doped ZnO nanoparticles. There is no emission peak has 
been noticed in the UV region. The broad emission peak 
observed in the visible region, centered at 397 nm is associ-
ated with the near band-edge emission (NBE) which is due 
to the band to band electronic transition. The sharp, intense 
peak violet emission band at 421 nm may be originated from 
the intrinsic defects in ZnO, for oxygen vacancy  (Vo), inter-
stitial zinc  (Zni) and antisite oxygen vacancy  (Ozn) [33–37]. 
The intensity of violet emission has a structural modification 
that occurs due to ZnO:Bi3+ system. The peak at 468 nm 
is rising due to blue emission which is originated from the 
transition of electrons from the donor level of singly ionized 
oxygen vacancies to the valence band in ZnO [38]. These 
singly ionized oxygen vacancies to generate the stronger 
blue emission corresponding to the formation of hydroxyl 
radicals [39]. This hydroxyl radical plays a crucial role in 
the inhibition of bacterial growth.

3.4  Antibacterial activity measurement

To determine the variation in the zone of inhibition caused 
by the synthesized Bi doped ZnO nanoparticles against E. 

coli and S. aureus bacteria were estimated by the well dif-
fusion method as shown in Fig. 5. In this work, a complete 
zone of inhibition of bacterial growth was observed on agar 

Table 1  The structural 
parameters of undoped and Bi 
doped ZnO nanoparticles

D crystallite size, v volume of the unit cell, ε micro strain

*Standard value: a = 3.24982, c = 5.20661

Bi doping level 
(at.%)

Crystallite size D 
(nm)

Lattice constant* (Å) Strain ε × 10−4 Volume of the 
unit cell (v) (Å3)

a c

0 42.606 3.2512 5.2062 − 0.0078 47.6490
3 42.605 3.2522 5.2112 0.0881 47.7291
5 42.599 3.2633 5.2182 0.2226 48.1237

7 56.797 3.2574 5.2195 0.2475 47.9610
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Fig. 2  FESEM images of ZnO: Bi nanoparticles with doping levels a undoped, b 3 at.%, c 5 at.% and d 7 at.%

Fig. 3  a EDAX profile of Bi (7 at.%) doped ZnO nanoparticle and b TEM image of undoped ZnO nanoparticle
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plates with undoped and Bi doped ZnO nanoparticles. The 
Zone of inhibition increased for each of individual micro-
organisms with increase in the doping ratio of Bi. It is note-
worthy that the inhibition depends on the concentration of Bi 
doped with ZnO nanoparticles as well as on the initial bac-
teria numbers. It is observed that higher antibacterial activ-
ity of synthesized nanoparticles is happened due to three 
important factors, such as (1) reduced size of the grains, 
(2) pH (3) highly reactive oxygen spices (ROS) generated 
including hydroxyl groups (OH), superoxide anions  (O2), 
and hydrogen peroxide  (H2O2) [40]. In our work pH of the 
powder samples dispersed in NaOH in 7, irrespective of the 
samples. The generation of ROS due to the free electrons 
caused by incorporation of  Bi3+ ions into the ZnO lattice 
plays a crucial role. This could be the reason is ROS has the 
ability to destroy the bacteria.

The generation of ROS can be represented as follows 
[41]: 

From these reactions, it is seen that, the electron hole 
pairs plays a vital role in the generation of ROS. In this pre-
sent work, the peak at 468 nm is confirmed as the presence 
of singly ionized oxygen vacancy observed in the PL spectra. 
It is clearly found that there is an increase in the efficiency 
of Zone of Inhibition with an increase in the Bi doping 
level. Also, it is well noted that Bi doped ZnO nanoparticles 
shows higher efficiency on Gram Positive bacteria S. aureus 
than that of Gram negative bacteria E. coli as shown in the 
Fig. 6. Thus, these Bi doped ZnO nanoparticles have a good 
biocidal effect and shows a good efficacy in destroying the 
bacterial growth, which may lead to the valuable inventions 
and can be used in antimicrobial systems as well as medical 
devices.

4  Conclusion

A soft chemical method was employed for the synthesis of 
undoped and Bi doped ZnO nanoparticles. The structural, 
morphological, photoluminescence and antibacterial activi-
ties are studied and reported. It has been found the crystal-
line quality and size of the crystallite size increase with the 
increase in the Bi doping level. The FESEM images shows a 
good hexagonal wurtzite structure indicating that there is no 

ZnO + hν → h
+
+ e

−

H
+
+ H

2
O → OH

∙
+ H

+

O
2
+ e

−
→ O

∙−

2

O
∙−

2
+ H

+
→ HO

∙

2

H
+
+ HO

∙

2
+ e

−
→ H

2
O

2

H
2
O

2
+ O

∙−

2
→ OH

∙
+ O

2
+ OH

−

Fig. 4  Photoluminescence spectra of undoped and Bi doped ZnO 
nanoparticles

Fig. 5  The variation of inhibi-
tion exhibited by Bi:ZnO 
nanoparticles against a E. coli, 
b S. aureus 
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change with respect to Bi doping and the grain size increases 
with the increase of Bi content. The PL spectra confirm the 
proper substitutional incorporation of  Bi2+ into the  O2− sites 
of the ZnO structure and emission of violet light. The anti-
bacterial studies reveal that the higher concentration of Bi 
doping level is found to be significantly higher for S. aureus 
when compared with E. coli micro-organisms.
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Abstract: Semiorganic nonlinear optical single crystals of copper glutamate dihydrate (CuC5H7NO4.2H2O) 

were grown by slow evaporation technique at room temperature. Single crystal X - ray diffraction analysis 

reveals that the grown crystal belongs to orthorhombic system with space group P212121. The crystallinity of the 

grown crystals was studied by powder X - ray diffraction analysis and their diffraction pattern was indexed 

using AUTOX 93 software. Functional groups of synthesized material was identified using Fourier transform 

infrared (FT – IR) spectroscopic analysis. The optical transmission percentage of grown CLGD crystal was 

ascertained by UV – Vis – NIR spectrum.  The photoluminescence spectrum shows an emission peak at 555 nm 

using the excitation wavelength of 275 nm. The mechanical strength of the grown crystal was determined using 

Vickers microhardness tester. Electrical properties were analyzed by dielectric measurement at different 

temperatures. Thermal stability of the grown crystal was studied by thermogravimetric, differential thermal 

analysis and differential scanning calorimetry. Etching study was carried out to assess the perfection of the 

grown crystals. The second harmonic generation efficiency was calculated by Kurtz and Perry powder 

technique. 

Keywords: Crystal growth, Mechanical strength, Thermal properties, Optical properties. 
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I. Introduction 
 L-glutamic acid is a dicarboxylic amino acid and is a significant constituent in proteins. It also plays an 
important role in the metabolism of sugar and fats. L-glutamic acid crystallizes in two polymorphs one a 
metastable α and a stable β which has different lattice parameters of the same space group of the orthorhombic 
P212121. The α form of L -  glutamic acid structure was published by Bernal [1] and the β polymorph was 
reported by Hirokawa [2]. The kinetics of polymorphic transformation between α and β forms of L glutamic 
acid was observed [3]. The metastable α form is easily grown and poor conformational discrimination at the 
(111) faces favours surface nucleation of β form. Crystals of α form are rhombic whereas the β polymorph 
forms needle like crystals [4]. Crystal structures of L - glutamic acid hydrochloride [5], DL glutamic acid 
hydrochloride [6], anhydrous DL glutamic acid [7] and bis L - glutamic acid sulphate hemihydrate [8] have been 
reported. Due to the inherent limitations of organic and inorganic single crystal researchers developed a new 
hybrid crystals containing organic and metals. With the aim of growing efficient NLO crystals various groups 
have published several salts and mixed salts of L – glutamic acid [9 - 12]. The crystal structure of copper L - 
glutamate dihydrate was first reported by Gramaccioli and Marsh [13]. Orthorhombic crystals of CLGD 
crystallizes in a noncentrosymmetric structure with lattice dimensions a = 11084 Å, b = 10.350 Å and c = 
7.235Å. In this study we report the results of single crystal growth of copper L - glutamate dihydrate and 
characterization studies of its linear and nonlinear optical, spectroscopic, photoluminescence, mechanical, 
dielectric and thermal stability. 
 

II. Experimental Procedure 
2.1  Synthesis 

Copper L glutamate dihydrate salt was synthesized by mixing L – Glutamic acid  99% purity and 
copper (II) hydroxide carbonate purchased from Merck were taken in 1:1 equimolar ratio. L - Glutamic acid was 
dissolved completely at 35 ⁰C in double distilled water then Copper (II) hydroxide carbonate is mixed. The 
solution was thoroughly stirred and few drops of HNO3 are added for complete dissolution. The prepared 
solution was constantly stirred about 3 hours using magnetic stirrer to obtain homogeneous mixture over the 
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entire volume. The salt was obtained after a week by slow evaporation. To ensure high purity, the material was 
purified by successive recrystallization. The single crystal growth was achieved by dissolving the synthesized 
polycrystalline salts in double distilled water to form saturation solution. The solution was filtered twice to 
remove the impurities using Whatman filter paper and kept in a borosil beaker covered with porous paper to 
facilitate the evaporation of the solvent. The crystals of optimum size (6×6×3) mm3 were obtained after a period 
of 15 days. The photograph of grown crystals of copper L-glutamate dihydrate is shown in Fig. 1. 

 

 
Fig. 1 As grown single crystals of CLGD 

 
III. Results And Discussion 

3.1 Single crystal X – ray diffraction 
The structure of the grown single crystal was confirmed by single crystal X-ray diffraction analysis 

using ENRAF CAD4 diffractometer with MoKα radiation. The structure was solved by direct method and 
refined by full matrix least squares refinements using SHELXL program. CLGD crystallizes in orthorhombic 
system with noncentrosymmetric space group P212121. The lattice parameters obtained from single crystal X – 
ray diffraction analysis are presented in Table 1. Fig. 2 shows the molecular ORTEP diagram of CLGD. The 
coordination of copper atom is approximately square planar, the square comprising of two oxygen atoms and a 
nitrogen atom of glutamate groups and a water molecule. The average distance from the copper atom to these 
four ligands is 2.056 Å. The nitrogen atom is tetra coordinated and the Cu – O and Cu – N distances range from 
1.9656 to 1.9946 Å. 

 
Fig. 2 ORTEP diagram of CLGD 

 

TABLE 1 Crystal Data and Structure Refinement for CLGD 
Empirical formula                     C5 H11 Cu N O6 
Formula weight                          244.69 
Temperature                              296(2) K 
 Wavelength                             0.71073 A 
Crystal system,     
space group   

Orthorhombic,   
P212121 

Unit cell dimensions                  
 
       

a = 7.2248(3)   Å     α = 90 deg. 
b = 10.2992(5) Å     β = 90 deg 
c = 11.0453(5) Å     γ = 90 deg. 

Volume                                       821.88(6) A3 
Z, Calculated density            4, 1.977 Mg/m3 
Absorption coefficient           2.657 mm^-1 
F (000)                                              500 
Crystal size                                       0.35 x 0.32 x 0.30 mm 
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Theta range for data collection         2.70 to 26.96 deg. 
Limiting indices                               -9<=h<=8, -13<=k<=13, -14<=l<=14 
Reflections collected / unique          13523 / 1787 [R(int) =  0.0302] 
Completeness to theta = 26.96 100.0 % 
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission              0.5096 and 0.4514 
Refinement method                           Full-matrix least-squares on F^2 
Data / restraints / parameters             1787 / 9 / 143 
Goodness-of-fit on F^2                   1.141 
Final R indices [I>2 sigma (I)]         R1 = 0.0133, wR2 = 0.0363 
R indices (all data)                            R1 = 0.0140, wR2 = 0.0367 
Absolute structure parameter            -0.008(9) 
Extinction coefficient                        0.0405(14) 
Largest diff. peak and hole               0.239 and -0.249 e.A^-3 

 

3.2  Powder X - ray diffraction analysis 

Finely crushed grown crystals have been subjected to powder X - ray diffraction using XPERT - PRO 
diffractometer employing Cu kα radiations (λ=1.5406 Å ). The specimen in the form of a thin film was scanned 
over 2θ range 10 to 90º at the scan rate of 1⁰/min. The sharp peaks indicate the crystalline nature and all the 
diffraction planes were indexed using software AUTOX 93. Fig. 3 represents the indexed powder diffraction 
pattern of grown CLGD crystal. 

 
Fig. 3 Powder X – ray diffraction of CLGD 

 

3.3.   FT - IR spectral analysis 

 The FT - IR spectrum of Copper L - Glutamate dihydrate was recorded in the range of 450 - 4000 cm-

1by Perkin Elmer FT - IR spectrometer to identify presence of various functional groups and it is shown in 
Figure 4. The observed wavenumbers and assignments are presented in Table 1.  The band observed at 483 cm-1 

is due to the COO- rocking. The peaks observed at 1131 and 567 cm-1 are due to NH3 rocking and NH3 torsion 
modes respectively. C = O bending and asymmetric stretching mode occurs at 1611 and 633 cm-1 . C-C-O 
deformation mode of vibration appears at 758 cm-1. Asymmetric and symmetric stretching modes of C - N are 
observed at 1395 and 1265 cm-1. Broad peak observed at 3398 and 2322 cm-1 was due to OH asymmetric and 
symmetric stretching vibrations. The N - H bending appeared at the wavenumber 1572 cm-1.  

 

 
Fig. 4   FT IR spectrum of CLGD 
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TABLE 2 FT - IR frequency assignments of CLGD single crystal. 
FT- IR Assignment of vibrations 

3398 O – H asymmetric stretching 
2322 O – H symmetric stretching 
1611 C = O asymmetric stretching 
1572 N – H bending 
1395 C – N asymmetric stretching 
1265 C – N symmetric stretching 
1131 NH3 rocking 
1027 C – C – N asymmetric stretching 
951 C – C stretching 
830 C – C symmetric stretching 
758 C – C – O deformation 
633 C = O bending 
567 NH3 torsion 
483 COO rocking 

 
3.4  UV – Vis – NIR Spectral studies 
  UV-Vis-NIR transmittance and absorption studies have been carried out by using Perkin-Elmer 
Lambda 35 UV-Vis spectrometer in the spectral region 190 and 1100nm. Optically polished single crystal of 
thickness 2mm was used to record the spectrum. Figure 5 shows the transmittance and absorbance spectrum of 
CLGD. The transparency of the crystal is 98% and displays no absorption in the entire UV visible region.  The 
cut-off wavelength of CLGD crystal is observed at 200nm and this is an advantage of amino acid complexes 
where the absence of strongly conjugated bonds leads to broad transparency range [14]. Knowledge of the 
optical band gap and extinction coefficient of materials is important parameter for selection of material. The 
optical absorption coefficient (α) is calculated from the relation α = (1/t) log (1/T), where T is the transmittance 
and t is the thickness of the crystal. 
 The direct band gap of the crystal can be obtained from the absorption coefficient (α) using the relation 
αhγ = A(hγ– Eg)1/2,  where Eg is the optical band gap energy of the crystal, h is the Plank’s constant,  γ is the 
frequency and A is a constant. Fig. 6 depicts the variation of (αhγ)2 versus photon energy hγ. The band gap was 
estimated by extrapolating the linear portion near the onset of absorption edge. The band gap energy of CLGD is 
5.21eV. The absorption coefficient (α) is related to the extinction coefficient K by the relation K = αλ/(4π). 
Figure 7 shows the variation of extinction coefficient of the grown crystal. The extinction coefficient sharply 
decreases and saturates at 300 nm. 

 
 Fig. 5 UV- Vis - NIR spectrum of CLGD. 
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Fig. 6 Energy band gap of CLGD 

 

 
Fig. 7 Extinction coefficient Vs wavelength for CLGD 

 

3.5 Photoluminescence Analysis 

Photoluminescence is an elegant tool for characterizing defects, vacancies and other imperfections in 
the grown crystal. Photoluminescence spectrum was recorded in the wavelength range from 500nm to 600nm 
using Jasco PL spectrometer. On applying the excitation wavelength 275 nm (4.517 eV) the electronic emission 
started at 2.91eV and ends at 2.311eV. Hence total energy is emitted with an emission period 0.122X10-12 s. 
Photoluminescence emission spectra of CLGD is shown in Fig. 8. The emission peak observed at 553.55 nm 
(2.244 eV)  which is in green region in the electromagnetic spectrum. The band width of this emission spectrum 
is 2377.21X1010 Hz. This low bandwidth with sharp peak is the characteristics of radiation transitions at deep 
neutral defects and good crystalline nature. The relaxation time of CLGD crystal is 1.6 X10-14s. The energy band 
gap of CLGD crystal was calculated using the formula Eg = 1240/λmax (eV) where λ is the emission peak 
wavelength. The energy gap (Eg) of the crystal is 2.378 eV, hence CLGD will be used as insulating material. 
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Fig. 8 Photoluminescence spectrum of CLGD 

 

3.6 Dielectric properties 

 Dielectric constant (εr) and dielectric loss (tan δ) are the basic electrical properties of the solids. The 
single crystal of CLGD of dimensions (4x4) mm2 in surface area and 2mm thickness of the crystal was smoothly 
polished using alumina. The opposite faces of the sample were coated with silver paste. A two terminal copper 
electrode was used as sample holder and the sample was held between the electrodes. Hence the parallel plate 
capacitor was formed. Hioki LCR dielectric meter working in the range of 10 – 8MHz and a microprocessor 
supported furnace fitted with a temperature controller was used for dielectric measurements. The variation of 
capacitance with reference to varying frequencies and dielectric loss measurements were made in the frequency 
range 50 – 5000 kHz at different temperature. Four type of polarization usually contribute to the dielectric 
polarization of any ferroelectric material. They are electronic, ionic, dipolar and space charge polarization (αt 

=αi+αe+αo+αs). The space charge contribution depends on the purity and perfection of the grown crystals. The 
contribution of space charge polarization at lower temperature and higher frequencies are negligible. However it 
is significant at low frequencies. Electronic polarization occurs at very high frequencies. Space charge and 
dipolar polarization are relaxation processes and are strongly temperature dependent while as ionic and 
electronic polarization are resonance process and are temperature independent. The dielectric constant is 
calculated using the relation εr = Cd / (Aεo). Where C is the capacitance (F), t the thickness, A the area (m2) and 
εo the absolute permittivity in the free space having the value of 8.854 ×10-12F/m. The variation of dielectric 
constant with frequency of the applied a.c. field is shown in figure 9. In the lower frequency region (0 - 1000Hz) 
the dielectric constant decreases as the frequency increases. In the higher frequency region the dielectric 
constant attains saturation. In the higher frequency range the dielectric constant almost remains unaffected by 
input a.c field. It is clear from this curve that the dielectric constant and dielectric loss of the material strongly 
dependent on both temperature as well as frequency. Figure 10 shows the dependency of the dielectric loss on 
frequency. The dielectric loss decreases with increase in frequency.  
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Fig. 9 Dielectric constant as a function of log frequency 
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Fig. 10 Dielectric loss versus frequency 

 

The variation of dielectric constant with temperature at four different frequencies 50 kHz to 150 kHz is shown 
in Figure11.  
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Fig. 11 Temperature vs dielectric constant 

 

The dielectric constant increases as the temperature increases. The rate of variation of dielectric loss 
with temperature is shown in Figure 12 at four different frequencies. Dielectric loss also exhibits similar 
behavior as the frequency of the applied field increases. The relaxation time is the time taken by the electron 
from disturbed position   to equilibrium position in the presence of an electric field.  Also the  decrease of  
dielectric  constant and dielectric  loss with  increase  in frequency suggests that  the  grown  crystal  seems  to 
contain  molecules  of varying relaxation  times. At higher frequencies relaxation time is large, hence molecules 
not able to respond with frequency so the dielectric constant and dielectric loss were low.  

30 40 50 60 70 80 90 100 110

1.2

1.3

1.4

1.5

1.6

1.7

1.8

D
ie

le
c

tr
ic

 l
o

s
s

 
''

Temperature 
0

 C

   50 K Hz

   100 K Hz

   120 K Hz

    150 K Hz

 
Fig. 12 Temperature vs dielectric loss 
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3.6 Thermal analysis 
Thermo gravimetric analysis (TGA) and differential thermal analysis (DTA) are very important 

characteristic techniques is used to reveal the thermal stability of the crystal. TG/DTG and DTA curves (Fig. 13) 
were recorded for copper L - glutamate dihydrate crystal using  Perkin Elmer thermal analyzer in the range of  
temperature from 25 ºC to 1000 ºC at a  heating rate of  10 ºC/min in nitrogen atmosphere. Ceramic crucible was 
used for heating the sample. The initial mass of the material subjected to analysis was 9.9290 mg. Two weight 
losses were observed in the TGA curve. The material was stable up to 80.58 ºC and then weight loss takes place. 
The first step of weight loss takes place between the temperature 80.58 ºC and 184.02 ºC. In this stage hydroxide 
group is removed. Second step of decomposition is observed between the temperature 220.57 ºC and 1000 ºC. 
During this stage L-glutamic acid is removed. The DTA curve clearly follows the TG curve with two peaks. The 
sharp and well resolved endothermic peaks were observed at 167.58 ºC and 226.38 ºC. The endothermic peak 
corresponds to the loss of hydroxyl group and L-Glutamic acid. 

Fig. 13 TGA/DTA spectrum of CLGD 
 

3.7  Differential Scanning Calorimetry 

      Differential Scanning calorimetric study (DSC) was carried out on a Perkin Elmer DSC 7 Calorimeter 
with heating rate of 10 ºC / min in nitrogen atmosphere. For this, a small piece of crystal weighting 9.92g was 
taken. The sample was scanned over the temperature range from 25 to 1000 ºC. The DSC plot shows a sharp 
peak at 167.58 ºC and highest peak of exothermic at 536.4 ºC. This well-marked endothermic peak is due to the 
melting point of the compound.  
 
3.8   Microhardness studies 
        Crystal hardness is a measure of the resistance to the local deformation [15]. The knowledge of 
hardness is very important and it plays a vital role in device fabrication. Vickers microhardness values were 
estimated by employing Shimadzu microhardness tester for different loads. The Vickers pyramidal indenter is 
attached to a microscope with an adopted video camera in order to measure the indentations on a monitor. The 
dwell time of indentation was kept at 3s. Two indentations were made and the mean values of the two diagonal 
lengths used for hardness calculation. Vickers microhardness number (Hv) was calculated using the relation Hv 
= 1.8544(P/d2) kg/mm2 where P is the indenter load (kg) and d is the diagonal length of the impression (mm). 
Fig. 14 shows the variation of Vickers hardness values with applied load. The value increases up to a load of 
100g. Cracks develop around the indentation mark above the load of 100g. It is observed from the figure that 
hardness value is load depending and the value of the hardness increases with increasing load. This phenomenon 
is called reverse indentation size effect (RISE). To analyze the RISE curve fitting the data according to Meyers 
[16] law P = Adn, which correlate the applied load P and its corresponding indentation size d. A is the constant 
for a given material and n is the Meyers work hardening co-efficient. Figure 15 obtained by plotting log P 
against log d, the slope of this fit gives “n”. The value of n is equal to 2 which means the crystal is soft material 
characteristic nature according to Onitsch [17]. Since Meyers law is simply an empirical relation, Li and Bradt 
[18 - 20] proposed a model called Proportional Specimen Resistance (PSR) to explore indentation size effect. To 
describe the indentation size effect regime we applied the proportional specimen resistance model.  
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Fig.  14 Hardness behavior of CLGD single crystal. 

 

 In the PSR model of Li and Bradt, microhardness can be described by two components, the first term 
represents the indentation load dependent part and second term represents the load independent part. The 
indentation test load P is related to the indentation size d as follows. 

    
In the above equation a1 is the contribution of PSR to the apparent microhardness and a2 dis the 

coefficient related to the load dependent microhardness. A plot of P/d against d gives a straight line.  The slope 
of which gives the value of load independent microhardness. Linear regression of P/d versus d confirms the ISE 
regime. Figure 16 illustrates the load independent part and load dependent part. The slope gives the value of 
P/d2 which when multiplied by the Vickers conversion factor 1.8544 gives load independent microhardness. The 
load independent microhardness value is calculated to be 22.25 g/mm2. Elastic stiffness constant was computed 

by Wooster’s [21] empirical relation  . The elastic stiffness increases with increase of load. The 

calculated stiffness constant for different loads is shown in Table 3. 

 
Fig. 15 A plot of log P vs log d. 

 

 
Fig. 16 P/d vs d 
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TABLE 3 Stiffness Constant of CLGD Crystal 
  

 

 

 

 

3.9  Etching studies 
Etching is a technique which is used to reveal the defects in crystals like dislocations, growth bands, 

twin boundaries and point defects.  Normally when the crystal is dissolved in the solvent, well defined etch pits 
are formed. The formation of the etch pits are assumed to be the reverse of growth process. The etching features 
observed on the grown crystal was recorded by high resolution optical polarization microscope. The surface of 
the crystal was polished well before the etching process. The crystal was dipped in double distilled water and 
wiped using tissue paper. The etch patterns were recorded using polarization microscope fitted with Motic 
camera. The photographs were taken with a maximum etching time of 5 seconds. Figure 17 shows the etch 
patterns observed on the CLGD single crystal. Etch pits and cracks were observed.  

 

     
  Fig. 17 Etch patterns of CLGD 

 
3.10 SHG Efficiency 
            The quadratic NLO property was checked and the SHG relative efficiency in the powder material was 
measured by Kurtz and Perry method [22]. KDP crystal was powdered to the identical size and used as a 
reference material in the SHG measurement. The crystal was grained into the powder and densely packed in 
1.5mm diameter micro capillary tube.  The laser energy of 7mJ was applied on the sample there was absence of 
green   radiation energy (532 nm) and SHG signal was very low. So CLGD could not be used in the fabrication 
of NLO devices. 
 

IV. Figures And Tables 
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Fig. 2 ORTEP diagram of CLGD 
Fig. 3 Powder X – ray diffraction of CLGD 
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Hv (g/mm2) C11 × 10 14 (N/m2) 

15.5 2.078 × 10 14 

20.7 3.44 × 10 14 

35.2 8.73 × 10 14 
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V. Conclusion 

CLGD crystals were grown from aqueous solution by slow evaporation method. The crystal structure 
was elucidated using standard crystallographic procedures. FT-IR spectra revealed the presence of the various 
functional groups. UV-Vis-NIR study shows that the crystal transparent for the fundamental and second 
harmonic of Nd:YAG (λ=1064 nm) laser. Thermal analysis reveals that CLGD is thermally stable up to 80 ºC. 
From Vickers microhardness it was observed that the microhardness values increases with increase of load. The 
work hardening coefficient n>2 indicates that the crystal belongs to soft material category. The elastic stiffness 
constant gives an idea of tightness of bonding between the neighboring ions. The dielectric constant and 
dielectric loss of CLGD crystals dependent on frequency of the applied electric field at different temperature. In 
the low frequency region both the dielectric constant and dielectric loss decreases sharply. 
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1 Introduction

The transparent host matrix has recently generated increas-
ing interest as advanced technological materials because 
of their unique optical, mechanical, electronic and struc-
tural [1–4] properties of composite metal nanoparticles. 
Such nanomaterials can be used as promising materials for 
novel functional applications in optoelectronics, medicine 
and magnetic [5–7] etc. ZnO with a wide energy band-gap 
(3.37 eV) in bulk is one of the II–VI semiconductor mate-
rials, making it attractive for the nano-electronic and pho-
tonic applications [8]. Recent studies have demonstrated 
that specially formulated metal oxide nanoparticles have 
good antibacterial activity [9, 10] antimicrobial formula-
tions compressing nanoparticles could be effective bacte-
rial materials [11, 12]. Interestingly, ZnO nanoparticles 
(NPs) are reported several studies on non-toxic to human 
cells [13], this aspect necessitated their usage as antibac-
terial agents noxious to micro-organisms and hold good 
biocompatibility to human cells [14]. Investigations of anti-
bacterial nanomaterials, mostly ZnO NPs, would enhance 
the research area of nanomaterials, and the mechanism 
behind nanostructured materials.

The properties of nanostructured ZnO can be tailored by 
doping selective elements like Al, Mg, Mn, F, Zr, Ag, and 
Ni [15–21]. Iron doped ZnO nanoparticles synthesized by 
Jagannatha Reddy et al., suggested that the optical proper-
ties of the material were modified due to the dopant iron 
 Fe3+, which created new additional levels nearer to the 
absorption edges. Many reports have been proposed to syn-
thesize nanostructured ZnO is using well-established meth-
ods like hydrothermal, wet chemical, soft chemical route, 
polyol method, microwave irradiation method [21–26], 
etc. Of these methods, soft chemical synthesis route offers 
several advantages. It’s very fascinated, simple, facile and 

Abstract Fe doped ZnO nanoparticles were synthesized 
using simple soft chemical route by varying the Fe doping 
level (5, 10 and 15 at.%). The obtained samples were char-
acterized for their structural, optical, surface morphological 
and antibacterial properties. XRD profiles confirmed that 
the synthesized material is nanocrystalline ZnO with hex-
agonal wurtzite structure. The XRD studies reveal that the 
crystalline size of Fe doped ZnO nanoparticles are range 
from 56 to 24 nm. The size of the particle decreases gradu-
ally as Fe content is increased. The surface morphologi-
cal studies confirmed the nanosize of the obtained parti-
cles. The FESEM and TEM images show that the particle 
size reduces after doping. The EDAX profiles confirmed 
the presence of expected elements in the final product. 
The Photoluminescence studies showed the occurrence 
of energy transition from ZnO to dopant site. The anti-
bacterial activity of Fe doped ZnO nanoparticles against 
Staphylococcus aureus (Gram-positive) were found to be 
significantly higher than that against the Bacillus subtilis 
(Gram-positive) micro-organism.
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inexpensive method which is suitable to grow a lot of nano-
structured materials.

Here, we have successfully prepared undoped and iron 
(Fe) doped ZnO nanoparticles by simple soft chemical 
route. Even though, to our best knowledge, there are few 
reports of Fe doped ZnO nanoparticles, the study of the 
combined antibacterial and photoluminescence proper-
ties of Fe doped ZnO is not so far. In this present work the 
structural, optical, morphological and antibacterial activi-
ties of Bi doped ZnO nanoparticles prepared by soft chemi-
cal route were examined.

2  Materials and Methods

2.1  Synthesis Process

Fe doped ZnO nanoparticles were synthesized by a sim-
ple soft chemical route. 0.2  M of zinc acetate dihydrate 
[Zn(CH3COO)2·2H2O] is dissolved in deionized water 
and is treated the starting solution. An undoped and three 
sets of doped nanoparticles samples are synthesized from 
starting solution having Fe(NO3)3 doping level 5, 10 and 
15 at.%. The required amount of NaOH (0.5 M) solution is 
added to maintain the pH value of the starting solution at 7. 
The obtained mixture was then magnetically stirred for 2 h 
at 85 °C. After the completion of the stirring process, the 
precipitate formed was separated carefully by filtration and 
washed several times with a mixture of ethanol and water 
kept in the ratio 1:3. Finally, it was calcined at 550 °C for 
3 h in muffle furnace to obtain the final product.

2.2  Characterization Techniques

The crystalline structure of the synthesized nanopar-
ticles was analyzed using an X-ray powder diffraction 
technique (PANalytical-PW 340/60 X’ pert pro) using 
Cu-Kα radiation (λ = 1.5406  Å), Photoluminescence (PL) 
spectra were recorded using Spectro-fluorometer (Jobin 
Yvon_FLUROLOG-FL3-11) with xenon lamp (450  W) 
as the excitation source, of wavelength 325 nm. The Sur-
face morphological studies of the products are investigated 
using Field Effect Scanning Electron microscopy (FESEM, 
Hitachi SU8000), Transition Electron Microscopy (TEM, 
Hitachi H-7100) and the elemental composition analysis 
was made using energy dispersive X-ray analysis (EDAX) 
(Model: JEOL-JSM 6390 with attachment INCA-penta 
FETX3 OXFORD).

2.3  Evaluation of Antibacterial Activity

The antibacterial activity of the synthesized ZnO nanopar-
ticles was tested against Bacillus subtilis, Staphylococcus 

aureus (Gram-positive) bacteria using well diffusion method. 
The nutrient agar medium was prepared and sterilized by 
autoclave at 121 °C for 15 min. the medium was poured into 
the sterile petri plates and allowed to solidify. The bacterial 
broth culture was swapped on the agar plates using sterile 
buds and three wells were made by the well cutter. In each 
well, 200  µL/mL of the stock solution was loaded and the 
agar plates were incubated at 37 °C for 24 h. After incuba-
tion, the plates were observed in the formation of a clear inhi-
bition zone around the well. The zone of inhibition was noted 
by measuring the diameter of the inhibition zone around the 
well.

3  Results and Discussion

3.1  Structural Studies

Figure  1 shows the XRD patterns of synthesized undoped 
and Fe doped ZnO nanoparticles. All the diffraction peaks 
are the reflection of samples indexed to the hexagonal wurtz-
ite structure of ZnO. It is matched well with the standard 
data of JCPDS card 36-1451. In the case of undoped and Fe 
doped ZnO, the (101) diffraction peak is predominant to over 
all other diffraction peaks. No diffraction peaks of the other 
possible impurity phase are found, indicating the successful 
preparation of ZnO nanoparticles.

The average crystallite size (D) of the particles is esti-
mated using the Scherrer’s formula [27]

where λ is the wavelength, β is the peak width half maxi-
mum and θ is the Bragg’s angle.

The lattice constant ‘a’ and ‘c’ are calculated using the for-
mula [28]

(1)D = 0.9λ∕β cos θ

(2)1∕d
2 =

(

4∕3
(

h
2 + hk + k

2
)

∕a
2
)

+
(

k
2∕c

2
)

Fig. 1  XRD patterns of undoped and Fe doped ZnO nanoparticles
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where d is the interplanar spacing and h, k and l are the 
Miller indices.

The Micro strain (ε) along the c-axis calculated the for-
mula [29]

where c is calculated and  c0 is standard lattice constant 
values.

The calculated structural parameters are shown in 
Table  1. The crystallite size decreases (56 to 24  nm) as 
the concentration of Fe increases from 0 to 15  at.%. The 
decrease in the crystallite size can be explained on the basis 

(3)ε =
(

c − c
0

)

∕c
0

of the Zener pinning effect. In the present work, the varia-
tion is well pronounced at the higher doping level. Due to 
zener pinning effect, the growth of the grain is restricted, as 
the retarding force generated by the lattice defects (electro-
static interaction of the incorporated  Fe3+ ions) is greater 
than the driving force that causes the outward movement of 
the grain boundaries [30]. The calculated lattice parameters 
‘a’ and ‘c’ decreases as the doping level increases which 
indicate the substitution of  Fe3+ ions into the ZnO lattice. 
The calculated strain values show that the Fe doped ZnO 
nanoparticles exhibit tensile strain, whereas, as the Fe level 
increases to 10  at.%, the material exhibits a compressive 
strain. The transition from the tensile strain to the compres-
sive strain may be due to the substitutions/interstitial incor-
poration of the number of  Fe3+ ions in the ZnO lattice.

3.2  Morphological and Compositional Analysis

The FESEM images of undoped and Fe doped ZnO nano-
particles are shown in the Fig. 2. The images show that the 
samples have well-defined grains with hexagonal wurtz-
ite structure. The decrease in the grain size with Fe dop-
ing may be due to the fact of building up of some of the 
doped Fe at crystalline boundaries to enhance of crystalline 

Table 1  Structural parameters of undoped and Fe doped ZnO nano-
particles

Standard value: a = 3.24982, c = 5.20661

Fe doping 
level (at.%)

Crystallite size 
D (nm)

Lattice constant (Å) Strain ε × 10− 4

a c

0 56 3.270 5.211 9.604
5 48 3.251 5.209 5.762
10 36 3.248 5.205 −1.92

15 24 3.230 5.202 −7.68

Fig. 2  FESEM images of 
undoped and Fe doped ZnO 
nanoparticles (a) undoped, (b) 5 
at.%,(c) 10 at.% and (d) 15 at.%
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forming larger grains than compared to that of undoped 
ZnO, whereas Fe (15  at.%) doped ZnO nanoparticles 
show reduced particle size in the range of around 24 nm. 
Figure  3b shows the TEM image of undoped ZnO nano-
particles. The figure depicts the morphology and size dis-
tribution of ZnO nanoparticles in the ZnO nanoparticles. 
The size of the particles was in the range 5–10  nm. The 
chemical composition of the synthesized nanoparticles is 
analyzed using the EDAX profile and show in Fig. 3a. The 
EDAX results clearly show the presence of Zn, O and Fe 
atoms that are very much expected in the system.

3.3  Photoluminescence (PL) Studies

The PL intensity of the undoped and Fe doped ZnO nano-
particles (Fig.  4). The PL intensity of ZnO nanoparticles 
with Fe increase with increasing Fe concentration from 5, 
10, and 15 at.%. The PL enhances for the Fe concentrations 
of 5, 10, and 15  at.% in ZnO nanoparticles, at the wave-
length of 420 nm has been observed at an excitation wave-
length in the range of 360–370  nm. Majority donors for 
the luminescence in the visible region can be attributed to 
structural defects such as  (Zni &  Oi), vacancies  (Vo &  Vzn) 
and surface traps of the ZnO nanoparticles [31, 32]. The 
broad emission peak at 396 nm in the UV region is associ-
ated with near-band-edge emission (NBE) of ZnO results 
in due to band to band transition [33]. The stronger blue 
emission at 467  nm is excess surface defects leads to the 
formation of hydroxyl radicals [34]. This  OH− ion plays the 
role for the improvement of the efficiency of antibacterial 
agents [35].

3.4  Antibacterial Studies

The antibacterial activity of undoped and Fe doped ZnO 
nanoparticles with different concentrations of stock solu-
tions was investigated against Bacillus subtilis, Staphylo-

coccus aureus (Gram-positive) strains of bacteria using 
the well diffusion method as shown Fig. 5. From the result 
(Fig. 5), it’s observed that the no zone of inhibition around 
the control. It is observed that doped ZnO nanoparticles 
exhibit higher antibacterial activity than that of undoped 
ZnO nanoparticles. The zone of inhibition is increased as 
increase the Fe concentration. The efficiency of antibacte-
rial activity of undoped and Fe doped ZnO nanoparticles 

Fig. 3  a EDAX profile of Fe (15 at.%) doped ZnO nanoparticles and b TEM micrograph of undoped ZnO nanoparticle

Fig. 4  Photoluminescence spectra of undoped and Fe doped ZnO 
nanoparticles
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against S. aureus higher than B. subtilis bacteria. For com-
parison, the variation in the diameter of zone of inhibition 
is plotted as bar diagram (Fig. 6) for undoped and Fe doped 
ZnO nanoparticles for all two micro-organisms. It is seen 
that the Fe doped ZnO nanoparticles has a stronger anti-
bacterial efficiency on gram positive bacteria which can be 
explained as follows: Bacillus subtilis and Staphylococcus 

aureus have a thick wall consisting of a large number of 
mucopeptides, murein, and lipoteichoic acids [36]. The fac-
tors responsible for the antibacterial activity of ZnO nano-
particles are as follows: (i) reduced size of the grains (ii) 
release of  Zn2+ ions and (iii) generation of reactive oxygen 
species (ROS). These three factors may lead to the rupture 
of cell membranes, leakage of cellular contents and sub-
sequent cell death [37]. This smaller size of the particles 
more readily enables them to penetrate and interact with 

an interior of the bacteria thereby destroying it [38]. The 
electron and hole pairs generated in the system result in the 
generation of ROS such as hydroxyl radicals  (OH−), the 
superoxide anions  (O2

−) and hydrogen peroxide  (H2O2). 
These oxidizing species play a crucial role in the antibacte-
rial activity of synthesized ZnO nanoparticles [39, 40]. The 
major origins for the generation of the electron–hole pairs 
are singly ionized oxygen vacancies and Zn interstitials. 

The increase in the generation of ROS is due to the sub-
stitution of the  Fe3+ ions in the  Zn2+ sites in the ZnO lattice 
which causes the generation of the free carriers in the sys-
tem. These free carriers play a crucial role in the generation 
of ROS. The generation mechanism can be written as fol-
lows [41]:

ZnO + hν → h+ + e−

H+ + H2O → OH• + H+

O2 + e−  → O2
• −

O2
• − + H+ → HO2

•

H+ + HO2
• + e− → H2O2

H2O2 + O2
•− → OH• + O2 + OH−

The penetration of ROS into the cell membrane of 
micro-organism leads to the damage of the DNA, cell mem-
brane and cellular protein and consequently to death of the 
bacteria. It is well known that these ROS have an ability 
to rupture the cell membrane and destroy the bacteria. It is 
clear that the hydroxyl radicals and superoxide anions are 
negatively charged. Hence, they cannot penetrate into the 
cell membrane, but they can cause damage to the surface of 
the bacteria, whereas, the  H2O2 can penetrate directly into 
the cell wall and cause the destruction of the bacteria [42]. 
As a result, holes are generated in the valence band which 
can react with hydroxyl groups and absorbed water to cre-
ate hydroxyl radicals  (OH−). The electrons in the conduc-
tion band can be trapped by the presence of  O2 to produce 

Fig. 5  Variation of zone of 
inhibition exhibited by Fe:ZnO 
nanoparticles against a Staphy-

lococcus aureus and b Bacillus 

subtilis

Fig. 6  Variation in the zone of Inhibition caused by ZnO + Fe nano-
particles
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superoxide radical anions  (O2
−) which in turn can react 

with hydrogen ions to form  HO2 radicals. The  H2O2 can be 
generated by the combination of hydrogen ions and elec-
trons. The decrease in the particle size enhances the pen-
etration of the nanoparticles into the bacteria is more effec-
tive [43]. The smaller particle size, having more number of 
zinc interstitial and oxygen vacancies are responsible for 
the generation of singlet oxygen that shows good antibacte-
rial activity against the bacterial strain which can be used 
in the biomedical application.

4  Conclusion

Undoped and Fe doped ZnO nanoparticles prepared using 
simple soft chemical route are found to exhibit good optical 
and antibacterial properties. The structural studies through 
X-ray diffraction technique clearly establish the purity of 
the ZnO crystal surface as no phase other than the hexag-
onal wurtzite ZnO is observed. The FESEM micrographs 
of the samples indicate that the decrease of grain size 
increases with the increase of Fe content in the ZnO lattice. 
The average crystallite size has been estimated using XRD 
found to be in 56 to 24 nm ranges. The photoluminescence 
studies are well agreed with the optical studies. It has been 
found that the ZnO nanoparticles doped with 15  at.% of 
Fe exhibit higher antibacterial efficacy compared with the 
undoped ZnO sample.
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Abstract

Undoped and Ferrous (Fe)-doped  Cu2O thin films were deposited onto glass substrates using successive ionic layer adsorption 
and reaction method. The variation in the concentration of Fe has significant impact on the final film properties, Fe doping 
with 5 wt% exhibited major property improvements compared with undoped and Fe doped films. The structural, optical, 
morphological, magnetic properties and atomic force microscope of the films were systematically investigated. The X-ray 
diffraction analysis showed that all the films had good crystalline quality and the preferential orientation along (111) plane. 
Optical studies show that the transmittance and optical band-gap values are maximum (2.5 eV) for the Fe doping level of 
5 wt%. The relative errors are calculated for crystallite size and optical energy band gap values. The photoluminescence 
study confirms the presence of various defects in the  Cu2O matrix. The Fourier transform infrared results confirmed the 
presence of expected compounds in the samples. The field emission-scanning electron microscope images indicate that 
there is a gradual decrease in the grain-size with increase in the Fe doping level and a flower-like structure is obtained in 
the maximum doping level of Fe. The high resolution transition electron microscope reveals single-crystal nature. Magnetic 
measurements showed that undoped  Cu2O films exhibit diamagnetic behavior and at the maximum (5 wt%) Fe doping level, 
the films behave as anti-ferromagnetic material. The atomic force microscope reveals that the smoothness of the film surface 
increases at the maximum doping of Fe concentration.

1 Introduction

Metal oxide materials have a modifications in all fields 
because of their unique physical and chemical properties. 
Especially nano structured metal oxide materials are versa-
tile in the applications.  Cu2O is one of the p-type semicon-
ducting metal oxide materials with a direct band gap value 
of approximately 2.17 eV [1] and it is makes at a promis-
ing material for photo-catalytic and solar-cell application. 
Recently, metal oxide oxide materials have been found 
applicable in all fields, in their pure and doping films.  Cu2O 
behaves as the parent compound in many p-type transpar-
ent conducting oxides (TCOs:  CuAO2—Al, Cr, Ga, etc.,) 
[2]. The magnetic materials doped with  Cu2O (such as Fe, 
Ni, Co and Mn) increases the magnetic properties of the 
semiconducting materials [3]. In Fe-doped  Cu2O delafos-
site thin films iron is used in layer-quantities and serves as 
the important transition-element.  Cu2O is a suitable candi-
date for Bose–Einstein condensation because of its higher 
binding energy. The material can be used in a wide range 
applications such as gas sensors [4], Solar energy [5, 6], 
lithium–ion batteries [7], photo catalyst [8], dilute magnetic 
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semiconducting materials [9], transparent conductors [10] 
and water splitting under visible light irradiation [11]. Cop-
per oxide thin films have been deposited by several methods, 
like chemical vapour deposition [12], reactive sputtering 
[13], chemical bath deposition [14], spray pyrolysis [15] or 
pulsed laser deposition [16].

The present work reports the deposition of Fe-doped 
 Cu2O thin film using successive ionic layer adsorption and 
reaction (SILAR) technique. Another name for this method 
is solution based atomic layer deposition (SALD) or Modi-
fied chemical bath deposition (M-CBD) technique. This 
method has many advantages compared with another meth-
ods like low cost, simplicity, mild reaction conditions, good 
control over the deposition process and feasibility for large 
area deposition.

2  Experimental procedure

Substrate cleaning is one of the important steps in the depo-
sition of thin films. Glass slides of 26 mm × 76 mm × 1 mm 
dimensions were used as substrates. These substrates were 
boiled in concentrated chromic acid for 2 h, then cleaned 
with double distilled water and finally rinsed with acetone 
before the deposition of the films. Many trials were carried 
out for optimizing the quality of copper oxide thin films for 
study in undoped and Fe-doped  Cu2O formats (1, 2 and 5 
wt%). These thin films were deposited on glass substrates 
using SILAR technique. High purity chemicals (> 99%) such 
as copper sulphate pentahydrate  (CuSO4·5H2O), sodium 
thiosulfate  (Na2S2O3·5H2O), Ferrous sulphate  (FeSO4), and 
sodium hydroxide (NaOH) were used as precursor solutions 
without further purifications. Initially, 1 M NaOH solution 
was prepared with deionized water and maintained at 80 °C 
throughout the experiment. Then, the precursor solutions 
of  (CuSO4·5H2O) and  (Na2S2O3·5H2O) were prepared and 
the required concentration of 0.1 M was constantly stirred. 
Then 1, 2 and 5 wt% of  FeSO4 were added to the precur-
sors and mixed systematically using a magnetic stirrer. The 
deposition-cycle of the thin film formations consists of three 
steps. (1) First, on cleaned glass substrate were immersed in 
hot NaOH solution at 80 °C for 20 s. (2) Secondly, the sub-
strates were immersed in copper thiosulphate complex solu-
tion for 20 s. (3) Thirdly, the substrate was rinsed with ample 
amounts of deionized water for 10 s to remove loosely-bound 
particles from the substrate. The process was repeated up to 
30 cycles, to obtain good quality of undoped and Fe-doped 
 Cu2O thin films. The deposited films were characterized 
extensively using the following instruments. X-ray diffraction 
pattern of the films was obtained using X’pert PRO (PANa-
lytical) diffractometer with CuKα radiation (k = 0.15405 nm) 
in steps of 0.1 over the 2θ range of 15°–75°. The formation 
of copper oxide was further confirmed by Fourier transform 

infrared (FTIR) Spectroscopy (Model: Spectrum RXI, Make: 
Perkin Elmer). In order to determine the band gap energy 
of the films, the optical-transmission was recorded using 
Perkin Elmer Lambda 35 spectrophotometer. Photolumi-
nescence (PL) spectra were studied using spectro-flurometer 
(JobinYvon_FLUROLOG-FL3-11). The morphological 
examination of the films was done using Hitachi (S-3000H) 
scanning electron microscope. High resolution transition 
electron microscope (HRTEM) images and electron dif-
fraction patterns for the film layers were measured using the 
JEOL JEM 2100, 200 KV operating voltage. The atomic 
force microscope (AFM) studies were carried out using 
the instrument of (Veeco-di CP II). The room-temperature 
magnetic properties were obtained using a vibrating sample 
magnetometer (VSM, Lake Shore-7400, USA).

3  Results and discussion

3.1  Structural analysis

The XRD patterns of undoped and Fe doped  Cu2O thin films 
are shown in the Fig. 1. All the XRD patterns exhibit the pref-
erential orientation along (111) plane because it has the low-
est surface energy. In but, the undoped and doped films (1, 
2 and 5 wt%) the crystallinity of the films is observed. No 
additional peaks are present. In Fe doped  Cu2O film with 1% 
the intensity increases, this may be caused by the compensa-
tion of oxygen vacancies by the incorporated Fe ions. In the 
doping level of (2 wt%), the additional peaks reveal the dif-
fraction peak position at (39.62°) with a corresponding plane 
at (306). The intensity of the diffraction peak, corresponding 
to the preferential orientation is found drastically increased 

Fig. 1  XRD patterns of Fe-doped  Cu2O thin films with (a) 0%, (b) 
1%, (c) 2% and (d) 5% of Fe doping concentrations
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with the increase in the doping of Fe ions. For the maximum 
doping concentrations (5 wt%) of Fe ions, two additional peaks 
are induced nearly at 2θ = (50.47°) and (57.37°) for the cor-
responding planes at (056) and (722). It is simultaneously low 
when the peak at (306) plane disappears, because the radius of 
 Fe3+ ions (63 pm) is lower when to compared with  Cu2+ ions 
(77 pm). The other peak exhibited in Copper Oxide, may be 
attributed to the incorporation of Fe on to  Cu2O. At this dop-
ing level (5 wt%), the intensity of the preferential orientation 
peak decreases, which may be due to the interstitial incorpora-
tion of excess Fe ions in to the  Cu2O matrix. The interstitial 
incorporation induces a different growth pattern, which has 
been shown by the XRD patterns for the sample with 5 wt% of 
Fe. The XRD patterns are exactly matched with the standard 
value in JCPDS (Card No: 05-0667). The crystallinity of the 
film increases with increases of Fe doping concentration and 
it is evidenced by the gradual decrease in the full width half 
maximum (FWHM) value and the resultant enhancement of 
the crystallite size. From the Debye–Scherrer’s formula (Eq. 1) 
[17], the crystalline size can be calculated,

where k is a constant (k = 0.9), β is the full width at half 
maximum (FWHM), λ is the wavelength of the X-ray, θ is 
the diffraction angle. The cubic system of lattice constant 
‘a’ (Eq. 2) and dislocation density (Eq. 3) can be calculated 
using the formula [18] and the calculated values are tabu-
lated in Table 1.

3.2  Optical properties

Optical transmittance spectra of undoped and Fe-doped films 
with different concentrations were recorded from ranges of 

(1)D =

0.9�

� cos �

(2)
1

d2
=

h
2
+ k

2
+ l

2

a2

(3)� =

1

D2

450 to 1100 cm−1 as shown in inset Fig. 2. The transmission 
percentage of the film gradually decreased when the doped 
material increased. Due to, the very high transmittance in the 
visible region, these materials are used as aesthetic window 
glass. On varying the concentration of doping, the energy 
band gap value also increased. The fundamental absorption 
can be used to determine the band-gap of the films. Figure 2 
shows the band gap of the films as estimated from the Tauc’s 
plot relation of absorption co-efficient (α) and the photon 
energy (hν) as [19] showing the following Eq. (4).

3.3  The relative error measurement

The undoped and Fe doped  Cu2O thin films are deposited on 
to a glass substrate with different concentration. In this part, 
we have studied the correlation between the crystallite size 
and optical energy band gap values with the different doping 
concentration of Fe ions. The calculation of relative error 
is measured using the formula [20], and these results are 

(4)(�hv)2 = A
(

hv − Eg

)

Table 1  Structural and optical parameters of undoped and Fe-doped  Cu2O thin films

D—experimental value of crystallite size, Dc—correlated value of crystallite size,  Eg-Exp—experimental values of optical band gap energy, 
 Eg-Corr—Correlated values of optical band gap energy, ε—relative error
a Standard data: a = 2.4650 Å (JCPDS Card No: 05-0667)

Doping con-
centration

Crystallite size 
(D) nm

Crystallite size 
(Dc) nm

ε (%) Dislocation density 
(δ) (lines/m2)

aa (Å) Energy band gap 
 (Eg-Exp) (eV)

Energy band gap 
 (Eg-Corr) (eV)

ε (%)

Undoped 62.83 30.00 52.25 2.53 2.4844 1.80 2.50 30.00
Fe 1% 59.80 26.00 56.52 3.52 2.4728 2.10 2.30 9.52
Fe 2% 41.83 22.00 47.40 4.26 2.4710 2.36 2.20 6.77

Fe 5% 36.40 28.00 23.07 6.49 2.4706 2.45 2.30 6.12

Fig. 2  The plot for calculated band gap for Fe-doped  Cu2O thin films 
with (a) 0%, (b) 1%, (c) 2% and (d) 5% of Fe doping concentrations 
and optical transmittance (inset). (Color figure online)
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reported in Table 1. Figures 3 and 4 shows the evaluation of 
Fe doping levels of  Cu2O thin films calculated of crystallite 
size and optical energy band gap values respectively. From 
the Fig. 3, the undoped film was found to be the maximum 
enhancement of crystallite size and maximum doping (5%) 
level the film was found to be a minimum relative error. 
Based on the experimental and correlation values for the 
crystallite size that were developed, good agreement was 
found between the calculated and experimental values. From 
Fig. 4, the relative error of optical energy band gap value is 
calculated between the experimental and correlated values. 
For the undoped film, the relative error is maximum, further 
increases the doping level the relative error are reached very 
smaller compare than the undoped film. The decrease in the 
relative error of undoped to Fe doped films can be explained 
by the enhancement of good optical properties which can be 
observed in fewer defects and fewer disorders.

Figure 5 shows the FTIR spectrum of undoped and 
Fe-doped films. The FTIR is a key indicated of chemi-
cal bonding in the respective material. The spectra for 
related to un-hydrogenated and hydrogenated Cu, Fe-
doped nanocrystalline films. The peak around the wave-
number 2442–2445 cm−1 is due to the exatance of the  CO2 
molecule in air. Asymmetric and symmetric stretching of 
the carboxyl group (C=O) are exhibited around the peaks 
1645–1722 cm−1 and 1387–1384 cm−1 and the stretch-
ing vibrations of O–H groups are observed approximately 
at 3559 cm−1. The Cu–O stretching vibrations are see 
around 524 cm−1 [21]. It is strong evidence at the pres-
ence of CuO. The absorption peaks are observed nearly 
at 612 cm−1 for the respective  Cu2O compound [22]. The 

(5)� =

[(

Eg-Exp

)

−
(

Eg-Corr

)

Eg-Exp

]

× 100%
unknown functional frequencies are detected using FT-
Raman spectra as shown in Fig. 6.

Figure 7 shows the photoluminescence (PL) spectra 
of undoped and Fe-doped  Cu2O films measured at room 
temperature for the range between 525 and 800 nm. The 
intensity of the peaks increases with increase in Fe dop-
ing in  Cu2O, 1, 2 and 5 wt%. The intensity of the PL 
indicates the electron–hole scattering and recombination 
in the process. The near band energy (NBE) is seen at 
611 cm−1 [23].

3.4  FESEM, HRTEM and AFM

Figure 8 shows the field emission-scanning electron micro-
scope (FE-SEM) images of undoped and Fe doped  Cu2O 

Fig. 3  Experimental Crystallite size and correlation Crystallite size of 
undoped and Fe doped  Cu2O thin films

Fig. 4  The variation of optical energy band gap values for experimen-
tal and correlation of undoped and Fe doped  Cu2O thin films

Fig. 5  FTIR spectrum of Fe-doped  Cu2O thin films with (a) 0%, (b) 
1%, (c) 2% and (d) 5% of Fe doping concentrations

337 / 519



Journal of Materials Science: Materials in Electronics 

1 3

thin films. In the case of undoped film, the surface shows a 
number of small grains which combine to form larger grains. 
The large grains are uniformly distributed in the surface. 
After doping of Fe concentration, the film shows remark-
able changes in the surface morphology. For 1% of Fe-dop-
ing level, it is seen that well defined nanorods form on the 
undoped film. For the 2 wt% of Fe doping level, the nanorods 
are clearly indicated and the diameter of the rods decrease 
but simultaneously the length of the rods increases. Addi-
tionally the surface of the film exhibits a flower-like struc-
ture. But it is not clearly visualized. The Cu atoms (minority) 
are replaced by Fe atoms in the crystalline matrix and the 
secondary phase of Fe atoms are exhibited. This results in 
good agreement with the XRD result, as evidenced from 
the secondary peak  (Fe2O4 at the plane of 306) are the near 
absence of other peaks. When the doping level increases, 
the nanorods disappear and the flower-like structure is uni-
formly exhibited on the surface of the film. The inset figure 

of Fig. 8d shows well defined flower-like structure for the 
maximum Fe-doped film. This result correlate with those 
of XRD studies.

Figure  9 shows the TEM and HR-TEM images of 
undoped and Fe-doped  Cu2O thin films for 5 wt% respec-
tively. The TEM images are found to be consistent with 
the SEM results. The HR-TEM images clearly depict the 
uniform growth of the film along (111) plane as the lattice-
fringes are found to be regularly arranged with the interpla-
nar spacing of 0.247 nm. The magnification of HR-TEM are 
insets in the bottom right corner of TEM images. It is well 
known that the ‘d’ spacing corresponding to the (111) plane 
of cubic structure of  Cu2O is 0.247 nm (JCPDS Card No: 
05-0667). The pattern well matches with the cubic structure 
of the  Cu2O. This result is in good agreement with the XRD 
observations.

This is clearly confirmed by the AFM image Fig. 10. The 
surface properties are found to be greater in the 5 wt% of 
Fe doped film. For example, the surface smoothness and Fe 
doping level are uniformly distributed. This enhances the 
packing density which is very high when compared with 
that in other films. These results may be attributable to the 
reduction in the oxygen deficiency and are well supported 
by XRD, FESEM and HRTEM results.

3.5  Magnetic behavior

Figure 11 shows the magnetic behaviour of undoped and 
Fe-doped  Cu2O thin films studies observed using a vibrat-
ing sample magnetometer. These films were investigated 
at room temperature. No impurity phase peaks were evi-
dent in the X-ray diffraction patterns. The films showed 
good crystallinity. Pure  Cu2O is diamagnetic in nature. At 
305 K the 1% Fe-doped  Cu2O film showed diamagnetic 
property. Increased Fe-doping (2 wt%), slightly changed 
the diamagnetic property because of the increased hole-
concentrations with the doping of Fe ions (5 wt%), the film 
exhibits anti-ferromagnetic behaviour. With increases of 
Fe concentration both the number of  Fe3+–Cu2+ pairs and 
the hole concentrations increased and so the crystallite size 
decreased.

4  Conclusion

Undoped and Fe doped thin films were deposited using a 
low-cost SILAR technique. It is found that the film doped 
with 5% of Fe concentration possessed good crystalline 
quality, better optical transmittance, and enhanced optical 
energy band gap. The relative errors of crystallite size and 
optical energy band gap values are decreased for maximum 
doping level compare than undoped film. The FESEM stud-
ies showed that the Fe (5%) doping caused drastic changes 

Fig. 6  FT-Raman spectra of Fe-doped  Cu2O thin films with (a) 0%, 
(b) 1%, (c) 2% and (d) 5% of Fe doping concentrations. (Color figure 
online)

Fig. 7  Photoluminescence (PL) spectrum of Fe-doped  Cu2O thin 
films with (a) 0%, (b) 1%, (c) 2% and (d) 5% of Fe doping concentra-
tions. (Color figure online)
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in the surface morphology of the films. From the HRTEM 
studies revealed that the undoped and Fe doped  Cu2O 
films are predominantly exposed (111) orientation plane. 

From AFM and VSM studies, the smoothness of the film 
increased and the anti-ferromagnetic behavior achieved for 
the maximum doping level of Fe 5%.

Fig. 8  FESEM images of Fe-doped  Cu2O thin films with (a) 0%, (b) 1%, (c) 2% and (d) 5% of Fe doping concentrations

Fig. 9  TEM and HRTEM (inset) images of a undoped and b Fe-doped with 5% of  Cu2O films
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ABSTRACT: The growth  of  Zinc  Thiourea  Sulphate  (ZTS) 
Single Crystals is analysed in this study. The crystals were 
grown  by  slow evaporation  technique. The X-Ray 
diffractions study indicates that  the  prepared  grown 
crystals confirm the crystal structure  for  ZTS  crystal.  In 
Good quality crystals of size 12x5x7mm³ single crystals 
were grown. The presence  of Sulfur- to- Zinc bonds in the 
complex has been revealed by Fourier transform infrared  
analysis. The optical characterization shows that the grown 
crystal having ZTS crystal has low UV cutoff of 220nm and 
has a good transparency in the visible region. The thermal 
analysis shows that the Zinc Thiourea  Sulphate  can  be  
expoliated  up to 240°C of  ZTS  Single  Crystal. The Vicker’s 
microhardness number was found to increase ZTS crystal 
which studies the mechanical stability of the grown crystal. 
The dielectric properties of dielectric constant as function 
of frequencies 80KHz room temperature for electro optic 
modulators of ZTS Single crystal. 
 

Key word: FTIR, UV-Visible, Micro hardness test, Powder 
XRD, Thermal analysis, electrical studies. 
 

1.INTRODUCTION: 

  

Zinc thiourea sulphate (ZTS) is a semi organic 
nonlinear optical material (NLO) [1-2]. In semi organic 
nonlinear optical materials, metal complexes of thiourea 
which have low UV cutoff wavelengths, and high power 
frequency conversion [3]. ZTS crystals have thermal 
stability is less and more over nlo efficiency is high. In 
inorganic crystals, NLO composition is very low but 
thermal stability is high [4].      In semi organic nlo material 
non-linearity is very high and it has laser induced damage, 
low angular sensitivity and good mechanical hardness. The 
ZTS possess is 1.2 times more SHG efficiency than KDP [5]. 
Nonlinear optical crystals has a significant impact on laser 
technology. Optical communication and electro optical 
modulation [6]. The grown crystal has been 
characterization by carrying out FTIR,UV-Visible 
spectrometer, Vickers hardness test, thermo gravimetric 
(TG/DTA), powder X-Ray diffraction, and dielectric 
measurements. 
 

 

 

 

2.MATERIALS AND METHODS: 

  
The compound is synthesized from purified zinc thiourea 
sulphate in the stoichimetric ratio 1:3. By recrystallization 
process the synthesized material is purified using water as 
a solvent. 
 

ZnSO4+3[CS(NH2)2]→Zn[CS(NH2)2]3.O4 
 
Purified compound is dissolved in double distilled water to 
obtain a homogenous solution. The solution is kept under a 
constant temperature to obtain seed crystals by 
spontaneous nucleation. The temperature was reduced at a 
rate of 0.05-0.5⁰C/day growth progressed. The seeds 
obtained from slow evaporation were employed for the 
growth. The period of growth ranged from 40-60 days. 
Good quality crystals of size 12x5x7mm³ were grown 
single crystal. 
 

 
 

Fig1. The Photograph of ZTS single crystal. 
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3. CHARACTERIZATION: 

 

3.1 Powder X-Ray Diffraction: 

 
The powder X-Ray diffraction analysis of pure ZTS 

was subjected. The samples were scanned over the range 
11 to 52 (2θ). The recorded X-ray spectra of pure  ZTS  is 
shown in figure 2(a). The interplaner d spacing was calculated using bragg’s equation. Using the value of d, the 
hkl values for all the reflections were obtained. The  
experimental and calculated d-values along with the hkl 
indices of the corresponding reflecting planes for pure ZTS 
crystals are tabulated respectively. All the peaks could be 
indexed to the orthorhombic structure and cell parameters 
for ZTS crystal are a=11.12Å, b=7.773Å, c=15.49Å for ZTS 
crystal. 

 
 

Fig 2(a) Powder X-Ray spectrum of ZTS 

 

3.2 Uv-Visible Transmittance Study: 

 The UV-Visible spectrum of pure ZTS crystals were 
recorded in the range of 190nm-1100nm using LAMBDA-
35 uv-visible spectrophotometer. The optical transmission 
spectra shown in fig 2(b) of ZTS has a good transparency in 
between 200 and 1100nm. The lower cutoff frequency of 
pure ZTS crystals occur 220nm. The ZTS crystals has 
minimum of 55% transmission increasing transparency in 
visible region for pure ZTS single crystal.  
 

 
 

Fig 2(b) UV-Vis spectrum of ZTS 

3.3 FTIR Analysis: 
  
The presence of ZTS crystal was analyzed from the FTIR 
spectra of the grown crystals and compared with each 
other. The figure 2(c) shows that the FTIR spectra of pure 
ZTS crystals. The spectrum was recorded using KBr pellet 
technique in the frequency region 400 - 4000cm-1 using 
PERKIN ELMER fourier transform infarad spectrometer. 
The FTIR spectrum contains the bands corresponding to 
different molecular groups present in the sample. The ZTS 
show a broad envelope lying in between 2712cm-1 and 
3585 cm-1 arising the symmetric and asymmetric modes of 
the NH2 group of Zinc coordinated thiourea. The absorption 
band at around 1626cm-1 in the spectra of NH2 bending 
vibration. The absorption observed at around 1508cm-1 
corresponds to the N-C-N stretching vibration. The 
absorption band at about 1400cm-1,1030cm-1,948cm-

1,746cm-1corresponds to the N-H stretching vibration. The 
presence of sulphate ion in the coordination sphere of pure 
ZTS from the peaks FTIR spectrum in the frequency region. 
 

 
 

Fig 2(c) FTIR Spectrum of ZTS 

 

Table1: Wavenumber for FTIR Spectrum of ZTS 

 
 

 

 

 

 

 

 

 

 

 

 

3.4 Microhardness Measurement: 

  

Microhardness testing is performed on single crystals to 
evaluate the mechanical properties to the suitability of the 
material by measuring the resistance of the lattice was 
applied load. The hardness measured using the leitz - 
wetzler hardness tester. The ZTS crystal shown in fig 2(d) 
grown and load P was varied between 25g to 100g by the 

Thiourea  Pure ZTS Assignment 

3585 2712 NH2 stretching 

1626 1508 Asymmetric 
N-C-N 
stretching 

1400 1030 N-H stretching 

948 746 N-H stretching 
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time of constant (10s) for the all trials and the diagonal 
length was measured. 
 

 
 

Fig 2(d) Microhardness test of ZTS 

 

3.5 THERMAL ANALYSIS OF ZTS: 

  
The thermo gravimetric analysis of pure ZTS crystals were 
analyzed of SDT Q600. In TGA/DSC figure 2(e) shows that 
the sample pure ZTS crystals are carried and between 25°C 
is stable till 240°C in nitrogen atmosphere at a heating rate 
10°C/min with 37.78% weight loss of observed from 
second endothermic peak is increasing to 347.84°C. this 
ZTS crystal due to the sulphur of thiourea from zinc 
coordination in thermo gravimetric analysis. 
 

 
Temperature°C 

 

Fig 2(e) TGA-DSC crystal of ZTS 

 

3.6 Dielectric Properties: 

  
Dielectric properties are correlated with electro-optic 
property of the crystal. The figure 2(f) shows that the relative dielectric constant (εr) for ZTS crystals. The room temperature values of εr gradually decreases as the frequency increases εr decreases upto 80 KHz with respect 

to the room temperature. These values are low frequencies 
the dipolar contribution decreases the electronic 
contribution increases at high frequencies to the total 
polarizability of ZTS temperature increases. 
 

 
 

Fig 2(f) dielectric studies of ZTS 

 

CONCLUSION: 

  
The growth and characterization of pure ZTS crystals were 
grown by slow evaporation method. The crystal is 
confirmed with X-Ray diffraction were determined to the 
orthorhombic system for PC2a1. The FTIR spectra revealed 
all the characteristic bands corresponding to different 
molecular groups present in the sample. The transmission 
spectra revealed that the crystals have an extended 
transparency down to UV-Visible spectrometer. The 
thermo gravimetric (TGA/DSC) analysis shows that the 
thermodynamically more stable than pure ZTS crystal. The 
mechanical property of the grown crystal has been studied 
by microhardness number values is increased. The 
frequency of variation dielectric constant at room 
temperature and above shows the decrease with increase 
in frequency 80 KHz is a characteristic of a normal 
dielectric in ZTS single crystal. 
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Introduction:
The energy of perfect gas is the sum of the internal energies and the transactional 
kinetic energies of the individual molecules, the intermolecular potential energy 
being zero.  The inter-atomic or vibrations have low potential energies.  How-
ever in this case also an adequate partition function can be obtained.  In a liquid 
Cohesive forces are not strong enough to present a considerable transactional 
energy to individual molecules.  A liquid shows short range ordering in space.  
Ultrasonic studies of electrolytic solutions yield valuable information about the 
nature and strength of molecular interactions.  The estimation of ultrasonic 
velocity helps to evaluate the internal pressure and free volume of solutions.

Internal pressure of liquids provides a wealth of information about the state of liq-
uid.  It explains many of the properties of liquids and solutions.  Internal pressure 
though a single factor appears to vary due to all the internal interactions such as 
hydration of solute solvent interactions.  

The effect of temperature and concentration on internal pressure and free volume 
are studied and quantitative relationships are established.  The dependence of 
internal pressure and free volume on each other is also checked. 

Experimental studies:
The aqueous solutions of Ammonium and calcium sulphate (AR Grade) is dis-
solved in double distilled water for making up different concentrations under 
study. A Mittal type fixed frequency Interferometer (2 MHz) is used for the deter-
mination of Ultrasonic velocity. A 10 ml specific gravity bottle& cannon Fenske 
Viscometer was used for determining both density & viscosity of the solutions 
respectively. A circulating thermostat to maintain the temperature of the system 
constant for temperature variation studies.

Mathematical formulas:

Intermolecular free length (L ):f

Ultrasonic Velocity (U) =λ x f

λ = wavelength f=frequency 

Where   λ=2d/n

2Relaxation time (ι) = 4η/ (3ρU )

Rao's Constant (R)= 

Wada’s Constant(W)=  

Results and Discussion
The experimentally determined values of ultrasonic velocity for Zinc Acetate 
at temperatures 303K, 313K and 323K are summarized in the table.

The measurement of ultrasonic velocity is an important tool to study the physical 
& chemical properties of the liquid.  Ultrasonic velocity and allied temperatures 
are presented graphically in figures. 

The parameters derived from ultrasonic measurements such as adiabatic 
compressibility, acoustical relaxation time, intermolecular free length, specific 
acoustic parameters  for Ammonium and calcium sulphate for various 
concentrations, at different impedance, molar sound velocity and molar 
compressibility prove a better insight into molecular environment in liquid 
mixtures and solutions.

In this the ultrasonic velocity increases with increase in both temperature and 
concentration.

The plots between the ultrasonic velocity and concentration potential shows that 
the ultrasonic velocity is found to linearly increase with temperatures. This linear 
increase suggests that there are strong solute-solvent interactions in the liquid 
solution. These interactions are both concentration and temperature dependent.  
The effects of temperature on the interactions are more than that of 
concentration. At low concentrations, the number of hydrogen bonds formed 
may be less and at higher concentrations, it may be more due to solute-solute 
interactions [Graph1].

The intermolecular free length of the liquid systems decreases with increase in 
concentration.  The free length is the distance between the surfaces of the 
neighboring molecules.  It indicates significant interactions between the solute 
and solvent molecules, due to which the structural arrangement in the 
neighborhood of constituent solute particles is considerably affected.  At lower 
concentrations, the molecules are not closer and then the intermolecular free 
length will be high [Graph 2].

The variations of molar sound velocity (Rao's constant) and molar 
compressibility (Wada's constant) show both  trend with the variation of 
temperatures as expected [Graphs 4,5]. Any modifications induced by the solute 
on the local structure of the solvent generate changes in the solutions and 
therefore it can be used to characterize solvated properties of solute in dilute 
solutions.

Acoustical relaxation time of all the systems studied here, is found to decrease 
with increase in temperatures. It is directly proportional to adiabatic 
compressibility and viscosity. These changes with respect to concentrations are 
not similar to those found in adiabatic compressibility. These changes in 
acoustical relaxation time with respect to concentrations and temperatures are 

ABSTRACT
The structure of liquids are less well established than that of gases or solids.  Despite a great deal of research in this area, we still do not have a clear picture of the way in 
which molecules are arranged in even the most common liquid, water.  We do, however, have a reasonably detailed knowledge of the average distances between atoms 
or molecules in a liquid.  Moreover, we can estimate with considerable accuracy the magnitude of the forces between particles in a liquid.  Since the molecules in a 
liquid are much closer together than those in a gas, attractive forces between molecules are considerably stronger. 

The Scientist A. PASSYANSKI gave the Signal Acquisition in Ultrasonic systems. Compressibility is explained by assuming that the molecules are fully compressed. 
The compressibility of the solution is mainly due to free solvent molecules. this was given by S.BARNARTT. W.SCHAFF HAS been engaged on the study of 
importance of Molecular interaction between the acceptor and the Donor molecules.
 
In India V.A.TABHANE worked on the Acoustical study of  organic materials. The internal pressure and free volume analysis for Aqueous solution of Pinacol  was 
given by S.Sekar and A.Dhanalakshmi. The Molecular interaction studies on liquids  by Viscometric / Ultrasonic techniques was given by J.B.THAKARE, 
D.T.DONGRE & DEOGANKAR. The measurement of Experimental Ultrasonic velocity of organic substances was given by  S.JAYAKUMAR, V.KANNAPPAN, 
S.SUBRAMANIAN and others. The study of Molecular interactions has inspired many researchers and extensive investigations have been carried out in aqueous 
solutions.

ACOUSTICAL�STUDIES�OF�ZINC�ACETATE�AND�ITS�
STATISTICAL�INTERPRETATION�
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similar to those found in viscosity[4].  This supports the view that viscous forces 
play a dominant role in the relaxation processes [Graph 3].

2From the statistical Interpretation the values of  R  for ultrasonic velocity agrees 
with the results of ultrasonic studies.

2The values of R  For the intermolecular Free length, Free volume also agrees 
better with the Results of ultrasonic studies.

Velocity (U) (m/s)

Intermolecular free length (L )mtf

-13Relaxation Time (10 sec)

Rao's Constant

Wada's constant (W) 

Free volume (V )(mt):F

Graph
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Mol/Temp 303k 313k 323k
0.1 1519 1618 1652
0.2 1570 1624 1663
0.3 1585 1613 1664

303k 313k 323k
0.006605 0.005709 0.005616
0.005864 0.005688 0.005578
0.005761 0.005498 0.005352

Mol/Temp 303k 313k 323k
0.1 6.864 3.62 3.14
0.2 8.959 3.59 3.01
0.3 9.276 4.68 3.25

303k 313k 323k

932.143 914.235 937.378
884.042 917.609 943.620
885.203 874.938 906.421

Mol/Temp 303k 313k 323k
0.1 330.32 362.50 372.10
0.2 348.90 364.23 375.29
0.3 353.61 363.17 377.77

303k 313k 323k
0.1146 0.1665 0.1697
0.2293 0.1721 0.1704
0.3440 0.1738 0.1692
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sunvag@gmail.com

The title compound, C16H17ClO4, is a derivative of 3,4-dihydro-2H-pyran-4-one

in which the root moiety forms a dihedral angle of 49.36 (5)� with the pendent

chlorobenzene ring. The crystal structure features weak methyl-C—H� � �O(ring

carbonyl) contacts, leading to an R2
2(12) ring motif, and benzene-C—

H� � �O(ester) interactions, leading to a supramolecular chain along the b axis,

to form a three-dimensional network.

Structure description

4H-Pyran-4-ones and their various derivatives are known for their significant biological

and pharmacological activities, and are structurally similar to biologically active 1,4-

dihydropyridines (1,4-DHPs) (Zonouz et al., 2014). They act as calcium antagonists

(Súarez et al., 2002) and serve as potent apoptosis inducers (Zhang et al., 2005). As a

continuation of structural investigations of a series of 4H-pyran-4-one derivatives, we

report herein on the crystal structure determination and the geometry optimization of the

title compound, (I).

A perspective view of (I) with the atomic numbering scheme is illustrated in Fig. 1. The

3,4-dihydro-2H-pyran-4-one moiety (C7–C11/O1/O2) forms a dihedral angle of

49.36 (5)� with the benzene ring. The bond distances and angles are essentially equivalent

compared to those in the previously reported structure ethyl 2,2-dimethyl-4-oxo-6-

phenyl-3,4-dihydro-2H-pyran-5-carboxylate (II) (Sharmila et al., 2016). However, the

benzene group has rotated about the C6—C7 bond as evident from the change in torsion

angles namely, C1—C6—C7—C11 and C5—C6—C7—C11 of �133.37 (15) and

50.56 (19)�, respectively, cf. 138.6 (2) and �43.3 (3)� in (II). Also, a fragment overlay
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Edited by E. R. T. Tiekink, Sunway University,

Malaysia

Keywords: crystal structure; pyran-4-one; C—

H� � �O interactions.

CCDC reference: 1526174

Structural data: full structural data are available

from iucrdata.iucr.org

ISSN 2414-3146

electronic reprint

352 / 519



2 of 3 Sharmila et al. � C16H17ClO4 IUCrData (2017). 2, x170034

data reports

(Gans & Shalloway, 2001) analysis of (I) with (II) gives an

r.m.s. deviation of 2.91 Å (Fig. 2). These observations indicate

that the structural changes could be attributed to the substi-

tution of the heavier Cl atom at C3 and the involvement of C2

in making a hydrogen bond with O4 viaH2 (Table 1). Another

superposition analysis of (I) but, with 4-(4-fluorophenyl)-6-

methylamino-5-nitro-2-phenyl-4H-pyran-3- carbonitrile (III)

(Vishnupriya et al., 2013) gives an r.m.s. deviation of 1.57 Å,

which confirms the effect of relatively heavier Cl substitution

at C3 resulting in the small conformational changes in the

molecule.

The pyran ring of (I) is puckered (puckering parameters: Q

= 0.4539 (16) Å, q2 = 0.378 (15) Å, q3 = �0.2512 (15) Å, � =

123.61 (19)� and ’ = 91.6 (2)�, with atom C8 showing the

maximum deviation of 0.2946 (16) Å from the plane defined

by O1/C7/C11–C8.

Theoretical calculations of the molecular structure were

performed using MOPAC20160s PM7 geometry optimization

algorithm (Stewart, 2016). This shows satisfactory agreement

with the results of the X-ray crystal structure analysis. The

HOMO and LUMO energy levels were found to be �9.829

and �1.127 eV, respectively. The total energy and dipole

moment values of (I) are �3643.34886 eV and 5.235 Debye,

respectively. In the geometry optimized structure of (I), a

decrease in bond distances seems to be observed for the bonds

O1—C8 (1.46 Å) and C6—C7 (1.47 Å) when compared to

those in the crystal, i.e. 1.4732 (16) and 1.4832 (16) Å. The

O1—C7—C6 bond angle decreased from 110.78 (11) to 110.2�,

and the O1—C8—C9 bond angle increased from 108.65 (11)

to 110.5�. The relative conformation about the bond joining

the 3,4-dihydro-2H-pyran-4-one moiety with the chloro-

benzene group of (I) is defined by the torsion angles C1—

C6—C7—O1 and C5—C6—C7—O1 of 47.68 (17) and

�128.38 (13)� in the crystal, i.e. show (+) syn-clinal and (�)

anti-clinal conformations, respectively, and compare with 49.9

and �130.8� in the optimized structure. A superimposed fit of

(I) with its energy-minimized molecule gives an r.m.s. devia-

tion of 0.152 Å (Fig. 3).

Figure 2
A superimposed fit of (I) (green) and related structure (II) (black).

Table 1
Hydrogen-bond geometry (Å, �).

Cg is the centroid of the C1–C6 ring.

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C2—H2� � �O4i 0.93 2.66 3.3694 (18) 134
C15—H15B� � �O2ii 0.96 2.66 3.553 (2) 156
C13—H13B� � �Cgiii 0.97 2.96 3.6463 (17) 129

Symmetry codes: (i) �xþ 1; y� 1
2;�zþ 1

2; (ii) �xþ 2;�yþ 1;�z þ 1; (iii)
x; yþ 1; z.

Figure 3
A superimposed fit of (I) (red) and its energy-minimized counterpart
(blue).

Figure 1
The molecular structure of (I), with displacement ellipsoids for the non-H
atoms drawn at the 30% probability level.
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One of the methyl carbons, C15, is involved in hydrogen

bond with O2 of a symmetry-related molecule via H15B to

form a R2
2(12) ring motif. The phenyl carbon C2 is involved in

an interaction with O4 of a symmetry-related molecule via H2

to form a chain along the b axis (Table 1 and Fig. 4). These

combine to give a three-dimensional architecture. Further, a

weak C—H� � �� interaction between C13 and the centroid

(Cg) of the C1–C6 ring via H13B, provides additional stabi-

lization to the crystal (Table 1).

Synthesis and crystallization

To a solution of ethyl 3-(4-chlorophenyl)-3-oxopropanoate

(226 mg, 1.0 mmol), CaCl2 (11 mg, 0.1 mmol), triethylamine

(278 mL, 2.0 mmol) and 3-methylbut-2-enoyl chloride

(112 mL, 1.0 mmol), dichloromethane (4 ml) was added at

ambient temperature. After completion of the addition, the

reaction mixture was subjected to stirring at room tempera-

ture for 3 h. The progress of the reaction was monitored by

thin-layer chromatography. The organic layer was separated,

filtered and concentrated. The crude product was purified by

silica gel column chromatography (EtOAc/hexane = 2:8 v/v as

eluent). The product was a colourless solid (yield 90%,

277 mg) and was crystallized in hexane/EtOAc (6:4 v/v (m.p.

354–356 K).

Refinement

Crystal data, data collection and structure refinement details

are summarized in Table 2.
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Figure 4
Molecular packing of (I), showing the C—H� � �O interactions as dashed
lines. Other H-atoms are omitted for clarity.

Table 2
Experimental details.

Crystal data
Chemical formula C16H17ClO4

Mr 308.74
Crystal system, space group Monoclinic, P21/c
Temperature (K) 296
a, b, c (Å) 10.4412 (3), 7.6959 (2), 20.2651 (5)
� (�) 102.311 (2)
V (Å3) 1590.94 (7)
Z 4
Radiation type Mo K�

� (mm�1) 0.25
Crystal size (mm) 0.25 � 0.17 � 0.12

Data collection
Diffractometer Bruker Smart CCD Area-detector
Absorption correction Multi-scan (SADABS; Bruker,

2008)
Tmin, Tmax 0.746, 0.845
No. of measured, independent and

observed [I > 2�(I)] reflections
15125, 3995, 2978

Rint 0.018
(sin �/�)max (Å

�1) 0.670

Refinement
R[F 2 > 2�(F 2)], wR(F 2), S 0.037, 0.108, 1.03
No. of reflections 3995
No. of parameters 193
H-atom treatment H-atom parameters constrained
�	max, �	min (e Å�3) 0.28, �0.26

Computer programs: SMART and SAINT (Bruker, 2008), SHELXS97 (Sheldrick, 2008),
SHELXL2014 (Sheldrick, 2015), QMOL (Gans & Shalloway, 2001), Mercury (Macrae et
al., 2008), ORTEPIII (Burnett & Johnson, 1996),WinGX publication routines (Farrugia,
2012) and PLATON (Spek, 2009).
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full crystallographic data

IUCrData (2017). 2, x170034    [https://doi.org/10.1107/S2414314617000347]

Ethyl 6-(4-chlorophenyl)-2,2-dimethyl-4-oxo-3,4-dihydro-2H-pyran-5-carboxyl-

ate

N. Sharmila, T. V. Sundar, P. Sakthivel and P. Venkatesan

Ethyl 2,2-dimethyl-4-oxo-6-phenyl-2,3-dihydro-4H-pyran-5-carboxylate 

Crystal data 

C16H17ClO4

Mr = 308.74
Monoclinic, P21/c
a = 10.4412 (3) Å
b = 7.6959 (2) Å
c = 20.2651 (5) Å
β = 102.311 (2)°
V = 1590.94 (7) Å3

Z = 4
F(000) = 648

Dx = 1.289 Mg m−3

Melting point: 356 K
Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 3995 reflections
θ = 2.0–28.4°
µ = 0.25 mm−1

T = 296 K
Block, colourless
0.25 × 0.17 × 0.12 mm

Data collection 

Bruker Smart CCD Area-detector 
diffractometer

Radiation source: fine-focus sealed tube
Graphite monochromator
phi and ω scans
Absorption correction: multi-scan 

(SADABS; Bruker, 2008)
Tmin = 0.746, Tmax = 0.845

15125 measured reflections
3995 independent reflections
2978 reflections with I > 2σ(I)
Rint = 0.018
θmax = 28.4°, θmin = 2.0°
h = −13→13
k = −10→10
l = −24→27

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.037
wR(F2) = 0.108
S = 1.03
3995 reflections
193 parameters
0 restraints
Primary atom site location: structure-invariant 

direct methods

Secondary atom site location: difference Fourier 
map

Hydrogen site location: inferred from 
neighbouring sites

H-atom parameters constrained
w = 1/[σ2(Fo

2) + (0.0484P)2 + 0.3683P] 
where P = (Fo

2 + 2Fc
2)/3

(∆/σ)max < 0.001
∆ρmax = 0.28 e Å−3

∆ρmin = −0.26 e Å−3
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data-2IUCrData (2017). 2, x170034    

Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq

Cl1 0.43713 (4) 0.28175 (7) 0.02231 (2) 0.06956 (16)
O1 0.76719 (10) 0.25784 (13) 0.33513 (5) 0.0475 (2)
O2 1.03226 (13) 0.63993 (19) 0.40015 (6) 0.0736 (4)
O3 0.96413 (11) 0.71077 (17) 0.24439 (7) 0.0670 (3)
O4 0.76146 (10) 0.76716 (13) 0.25811 (5) 0.0494 (3)
C1 0.56401 (14) 0.3304 (2) 0.22085 (7) 0.0476 (3)
H1 0.5298 0.3190 0.2594 0.057*
C2 0.48338 (14) 0.3058 (2) 0.15815 (7) 0.0515 (4)
H2 0.3950 0.2802 0.1541 0.062*
C3 0.53638 (14) 0.3198 (2) 0.10154 (7) 0.0451 (3)
C4 0.66627 (14) 0.3583 (2) 0.10654 (7) 0.0464 (3)
H4 0.7003 0.3669 0.0678 0.056*
C5 0.74647 (13) 0.38433 (18) 0.16963 (7) 0.0420 (3)
H5 0.8347 0.4102 0.1733 0.050*
C6 0.69542 (12) 0.37183 (17) 0.22726 (6) 0.0368 (3)
C7 0.78238 (12) 0.39149 (17) 0.29499 (6) 0.0374 (3)
C8 0.83024 (15) 0.2695 (2) 0.40731 (7) 0.0498 (4)
C9 0.96580 (15) 0.3470 (2) 0.41366 (7) 0.0524 (4)
H9A 1.0057 0.3629 0.4611 0.063*
H9B 1.0200 0.2667 0.3948 0.063*
C10 0.96159 (14) 0.5182 (2) 0.37801 (7) 0.0486 (3)
C11 0.86698 (12) 0.52417 (18) 0.31346 (6) 0.0391 (3)
C12 0.87223 (13) 0.67511 (18) 0.26829 (7) 0.0415 (3)
C13 0.75166 (17) 0.9164 (2) 0.21306 (9) 0.0601 (4)
H13A 0.8384 0.9637 0.2147 0.072*
H13B 0.6989 1.0060 0.2279 0.072*
C14 0.6913 (2) 0.8648 (3) 0.14272 (10) 0.0745 (5)
H14A 0.7470 0.7826 0.1269 0.112*
H14B 0.6805 0.9657 0.1142 0.112*
H14C 0.6072 0.8128 0.1416 0.112*
C15 0.74350 (17) 0.3815 (3) 0.44129 (8) 0.0685 (5)
H15A 0.7383 0.4966 0.4226 0.103*
H15B 0.7800 0.3869 0.4889 0.103*
H15C 0.6573 0.3319 0.4339 0.103*
C16 0.8362 (2) 0.0834 (3) 0.43209 (10) 0.0813 (6)
H16A 0.7490 0.0372 0.4255 0.122*
H16B 0.8768 0.0801 0.4793 0.122*
H16C 0.8866 0.0149 0.4072 0.122*
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Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

Cl1 0.0693 (3) 0.0924 (4) 0.0396 (2) −0.0122 (2) −0.00473 (17) −0.0057 (2)
O1 0.0577 (6) 0.0468 (6) 0.0350 (5) −0.0092 (5) 0.0030 (4) 0.0070 (4)
O2 0.0762 (8) 0.0824 (9) 0.0531 (7) −0.0320 (7) −0.0067 (6) −0.0001 (6)
O3 0.0486 (6) 0.0729 (8) 0.0846 (9) −0.0020 (6) 0.0258 (6) 0.0254 (7)
O4 0.0498 (6) 0.0426 (5) 0.0581 (6) 0.0033 (4) 0.0169 (5) 0.0065 (5)
C1 0.0446 (7) 0.0631 (9) 0.0370 (7) −0.0032 (6) 0.0127 (5) 0.0018 (6)
C2 0.0396 (7) 0.0701 (10) 0.0439 (7) −0.0049 (7) 0.0067 (6) 0.0000 (7)
C3 0.0495 (7) 0.0482 (8) 0.0343 (6) −0.0006 (6) 0.0015 (5) −0.0007 (6)
C4 0.0531 (8) 0.0531 (8) 0.0347 (6) −0.0021 (6) 0.0137 (6) −0.0010 (6)
C5 0.0416 (7) 0.0468 (8) 0.0391 (7) −0.0037 (6) 0.0120 (5) −0.0007 (6)
C6 0.0403 (6) 0.0359 (6) 0.0338 (6) −0.0003 (5) 0.0067 (5) 0.0016 (5)
C7 0.0396 (6) 0.0408 (7) 0.0326 (6) 0.0016 (5) 0.0095 (5) 0.0020 (5)
C8 0.0545 (8) 0.0584 (9) 0.0336 (7) −0.0035 (7) 0.0025 (6) 0.0105 (6)
C9 0.0478 (8) 0.0663 (10) 0.0393 (7) 0.0017 (7) 0.0009 (6) 0.0076 (7)
C10 0.0435 (7) 0.0632 (9) 0.0377 (7) −0.0068 (7) 0.0057 (6) −0.0012 (6)
C11 0.0382 (6) 0.0442 (7) 0.0347 (6) −0.0014 (5) 0.0075 (5) 0.0008 (5)
C12 0.0397 (7) 0.0428 (7) 0.0416 (7) −0.0057 (6) 0.0079 (5) −0.0018 (6)
C13 0.0657 (10) 0.0389 (8) 0.0749 (11) 0.0025 (7) 0.0134 (8) 0.0102 (8)
C14 0.0836 (13) 0.0675 (12) 0.0673 (11) 0.0038 (10) 0.0047 (10) 0.0165 (9)
C15 0.0616 (10) 0.1026 (15) 0.0442 (8) 0.0000 (10) 0.0179 (7) 0.0050 (9)
C16 0.0993 (15) 0.0726 (13) 0.0627 (11) −0.0121 (11) −0.0035 (10) 0.0308 (10)

Geometric parameters (Å, º) 

Cl1—C3 1.7401 (13) C8—C9 1.516 (2)
O1—C7 1.3415 (16) C8—C15 1.518 (2)
O1—C8 1.4732 (16) C9—C10 1.498 (2)
O2—C10 1.2177 (19) C9—H9A 0.9700
O3—C12 1.1954 (17) C9—H9B 0.9700
O4—C12 1.3343 (17) C10—C11 1.4622 (18)
O4—C13 1.4571 (18) C11—C12 1.4871 (19)
C1—C2 1.3795 (19) C13—C14 1.484 (3)
C1—C6 1.3876 (19) C13—H13A 0.9700
C1—H1 0.9300 C13—H13B 0.9700
C2—C3 1.380 (2) C14—H14A 0.9600
C2—H2 0.9300 C14—H14B 0.9600
C3—C4 1.371 (2) C14—H14C 0.9600
C4—C5 1.3854 (18) C15—H15A 0.9600
C4—H4 0.9300 C15—H15B 0.9600
C5—C6 1.3866 (18) C15—H15C 0.9600
C5—H5 0.9300 C16—H16A 0.9600
C6—C7 1.4832 (16) C16—H16B 0.9600
C7—C11 1.3498 (18) C16—H16C 0.9600
C8—C16 1.515 (2)
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C7—O1—C8 118.01 (11) H9A—C9—H9B 107.9
C12—O4—C13 117.26 (11) O2—C10—C11 123.09 (14)
C2—C1—C6 120.99 (12) O2—C10—C9 123.08 (13)
C2—C1—H1 119.5 C11—C10—C9 113.82 (13)
C6—C1—H1 119.5 C7—C11—C10 120.09 (12)
C1—C2—C3 118.74 (13) C7—C11—C12 121.88 (11)
C1—C2—H2 120.6 C10—C11—C12 117.96 (12)
C3—C2—H2 120.6 O3—C12—O4 124.04 (13)
C4—C3—C2 121.41 (13) O3—C12—C11 124.53 (13)
C4—C3—Cl1 119.33 (11) O4—C12—C11 111.43 (11)
C2—C3—Cl1 119.24 (11) O4—C13—C14 110.47 (14)
C3—C4—C5 119.57 (12) O4—C13—H13A 109.6
C3—C4—H4 120.2 C14—C13—H13A 109.6
C5—C4—H4 120.2 O4—C13—H13B 109.6
C4—C5—C6 120.13 (12) C14—C13—H13B 109.6
C4—C5—H5 119.9 H13A—C13—H13B 108.1
C6—C5—H5 119.9 C13—C14—H14A 109.5
C5—C6—C1 119.15 (12) C13—C14—H14B 109.5
C5—C6—C7 120.20 (11) H14A—C14—H14B 109.5
C1—C6—C7 120.54 (11) C13—C14—H14C 109.5
O1—C7—C11 124.54 (11) H14A—C14—H14C 109.5
O1—C7—C6 110.78 (11) H14B—C14—H14C 109.5
C11—C7—C6 124.68 (11) C8—C15—H15A 109.5
O1—C8—C16 104.45 (13) C8—C15—H15B 109.5
O1—C8—C9 108.65 (11) H15A—C15—H15B 109.5
C16—C8—C9 111.84 (14) C8—C15—H15C 109.5
O1—C8—C15 107.56 (12) H15A—C15—H15C 109.5
C16—C8—C15 111.90 (15) H15B—C15—H15C 109.5
C9—C8—C15 112.02 (14) C8—C16—H16A 109.5
C10—C9—C8 111.96 (12) C8—C16—H16B 109.5
C10—C9—H9A 109.2 H16A—C16—H16B 109.5
C8—C9—H9A 109.2 C8—C16—H16C 109.5
C10—C9—H9B 109.2 H16A—C16—H16C 109.5
C8—C9—H9B 109.2 H16B—C16—H16C 109.5

C6—C1—C2—C3 1.2 (2) C16—C8—C9—C10 169.65 (14)
C1—C2—C3—C4 −0.4 (2) C15—C8—C9—C10 −63.80 (16)
C1—C2—C3—Cl1 177.82 (13) C8—C9—C10—O2 141.88 (16)
C2—C3—C4—C5 −0.2 (2) C8—C9—C10—C11 −39.47 (18)
Cl1—C3—C4—C5 −178.35 (12) O1—C7—C11—C10 7.7 (2)
C3—C4—C5—C6 −0.2 (2) C6—C7—C11—C10 −171.07 (12)
C4—C5—C6—C1 1.0 (2) O1—C7—C11—C12 −175.43 (12)
C4—C5—C6—C7 177.14 (13) C6—C7—C11—C12 5.8 (2)
C2—C1—C6—C5 −1.6 (2) O2—C10—C11—C7 −173.28 (15)
C2—C1—C6—C7 −177.69 (14) C9—C10—C11—C7 8.07 (19)
C8—O1—C7—C11 10.50 (19) O2—C10—C11—C12 9.8 (2)
C8—O1—C7—C6 −170.55 (11) C9—C10—C11—C12 −168.88 (13)
C5—C6—C7—O1 −128.38 (13) C13—O4—C12—O3 2.3 (2)
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C1—C6—C7—O1 47.68 (17) C13—O4—C12—C11 −178.24 (12)
C5—C6—C7—C11 50.56 (19) C7—C11—C12—O3 −115.07 (17)
C1—C6—C7—C11 −133.37 (15) C10—C11—C12—O3 61.8 (2)
C7—O1—C8—C16 −160.72 (14) C7—C11—C12—O4 65.43 (17)
C7—O1—C8—C9 −41.22 (17) C10—C11—C12—O4 −117.67 (13)
C7—O1—C8—C15 80.23 (16) C12—O4—C13—C14 91.59 (17)
O1—C8—C9—C10 54.88 (17)

Hydrogen-bond geometry (Å, º) 

Cg is the centroid of the C1–C6 ring.

D—H···A D—H H···A D···A D—H···A

C2—H2···O4i 0.93 2.66 3.3694 (18) 134
C15—H15B···O2ii 0.96 2.66 3.553 (2) 156
C13—H13B···Cgiii 0.97 2.96 3.6463 (17) 129

Symmetry codes: (i) −x+1, y−1/2, −z+1/2; (ii) −x+2, −y+1, −z+1; (iii) x, y+1, z.
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The asymmetric unit of the title cystosinium salt derivative, 2C4H6N3O
+
�-

C4H4O62-

\cdot-

�H2O, contains two cytosinium cations, one tartaric acid anion and a water

molecule. The two cytosinium cations are almost planar (r.m.s. deviations of the

fitted atoms are 0.0151 and 0.0213 Å). The crystal structure features C—H� � �O,

N—H� � �O and O—H� � �O interactions. Further C—O� � �� and �–� interactions

are observed along the ab plane, contributing to the crystal stability.

Structure description

Pyrimidine-based derivatives have attracted a great deal of attention in terms of their

hydrogen-bonding patterns. Cytosinium is one of the naturally occurring base molecules

found in DNA and RNA (Portalone et al., 2009). Many cytosinium salts of organic acids

have been reported previously, viz. cytosinium hydrogen sulfate, cytosinium perchlorate

(Bensegueni et al., 2009), cytosinium dihydrogen phosphite (Messai et al., 2009), cytosi-

nium hydrogen chloranilate monohydrate (Gotoh et al., 2006) and cytosinium zole-

dronate trihydrate (Sridhar & Ravikumar, 2011). As part of our investigations on the

growth and characterization of semi-organic crystals containing the nucleic acid

component cytosine, we report herein the crystal structure determination and the

geometry optimization of the title compound.

A perspective view of the title compound with the atomic numbering scheme is

illustrated in Fig. 1. It crystallizes in the orthorhombic space group P212121 with two

cytosinium cations, a tartarate anion and one water molecule. The two cystosinium
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cations are almost planar, the r.m.s deviations of the fitted

atoms C1–C4/N1–N3/O1 and C5–C8/N4–N6/O2 being 0.0151

and 0.0213 Å, respectively. An overlay analysis of the two

cations gives an r.m.s. deviation of 1.128 Å. Bond distances

and angles in the cations are comparable to those in the cation

of cytosinium zoledronate trihydrate (Sridhar & Ravikumar,

2011).

The crystal structure features C—H� � �O, N—H� � �O and

O—H� � �O interactions. The interaction between N4 and O8

through H4A, N6 and O7 through H6B and N1 and O3

through H1A, N3 and O4 through H3A occur alternately as

chain links and form a three-dimensional network enclosing

R2
2(8) ring motifs. The interaction between N3 and O7 through

H3B and N6 and O6 through H6C form parallel chains along

the a- and c-axis directions, respectively (Fig. 2). Similarly the

interactions between N2 and O3 through H2A and N5 and O8

through H5A form infinite parallel chains along the c- and a-

axis directions, respectively. The O6—H6A� � �O9 interaction

encloses parallel chains along the ab plane (Fig. 3). Also the

interactions of C4, C11 with O1 through H4, H11 form infinite

parallel chains along the b- and c-axis directions, respectively

(Fig. 4). The O9 interactions with O2, O5 through H9A, H9B

Figure 2
Crystal packing of the title compound, showing the N—H� � �O inter-
actions in the R2

2(12) motif along the c axis and in parallel chains along the
a and c axes as dashed lines. Other H atoms have been omitted for clarity.

Figure 4
Crystal packing of the title compound, showing the C—H� � �O inter-
actions enclosing parallel chains along the b and c axes as dashed lines.
Other H atoms have been omitted for clarity.

Table 1
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

C4—H4� � �O1i 0.93 2.53 3.098 (2) 120
C10—H10� � �O2ii 0.98 2.33 3.312 (2) 175
C11—H11� � �O1iii 0.98 2.38 3.361 (2) 179
O5—H5� � �O4 0.82 2.12 2.6140 (19) 118
O6—H6A� � �O9 0.82 1.87 2.688 (2) 172
N1—H1A� � �O3 0.86 (2) 1.80 (2) 2.656 (2) 171 (3)
N2—H2A� � �O3i 0.86 (2) 1.91 (2) 2.768 (2) 175 (3)
N3—H3A� � �O4 0.84 (2) 2.04 (2) 2.873 (2) 171 (2)
N3—H3B� � �O7iv 0.83 (2) 2.04 (2) 2.865 (2) 172 (2)
N4—H4A� � �O8 0.85 (2) 1.90 (2) 2.748 (2) 173 (3)
N5—H5A� � �O8v 0.86 (2) 1.93 (2) 2.766 (2) 166 (3)
N6—H6B� � �O7 0.85 (2) 1.96 (2) 2.808 (2) 179 (3)
N6—H6C� � �O6vi 0.83 (2) 2.01 (2) 2.812 (2) 163 (2)
O9—H9A� � �O2i 0.83 (2) 2.24 (3) 3.040 (3) 162 (4)
O9—H9B� � �O5vii 0.84 (2) 2.00 (3) 2.812 (2) 161 (3)

Symmetry codes: (i) �xþ 1; y� 1
2;�z þ 1

2; (ii) �xþ 2; y� 1
2;�zþ 1

2; (iii)
�x þ 1; yþ 1

2;�zþ 1
2; (iv) x� 1

2;�y þ 1
2;�zþ 1; (v) �xþ 2; yþ 1

2;�zþ 1
2; (vi)

x þ 1
2;�yþ 3

2;�zþ 1; (vii) x� 1; y; z.

Figure 1
The molecular structure with displacement ellipsoids for the non-H atoms
drawn at the 30% probability level.

Figure 3
Crystal packing of the title compound, showing the N—H� � �O inter-
actions enclosing parallel chains along the c and a axes and O—H� � �O
interactions enclosing parallel chains along the ab plane, as dashed lines.
Other H atoms have been omitted for clarity.
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and the interaction between C10 and O2 through H10 forms

an R3
3(7) ring motif along the ab plane (Fig. 5). A short contact

is observed in the tartarate anion between atoms O4 and O5.

Details are given in Table 1.

C—O� � �� interactions are observed along the ab plane

[C9� � �Cg2(x, �1 + y, z) = 3.876 (2) Å, C9—O3� � �Cg2(x,

�1 + y, z) = 15�; C12� � �Cg1(x, 1 + y, z) = 3.497 (2) Å, C12—

O8� � �Cg1 = 2�; Cg1 and Cg2 are the centroids of the N1/C1/

N2/C4/C3/C2 and N4/C5/N5/C6/C7/C8 rings, respectively]. In

addition, weak �–� interactions are observed between the two

symmetry-related cytosinium rings, with Cg1� � �Cg2(�1 + x,

�1 + y, z) = 3.401 (2) Å.

Synthesis and crystallization

A hot supersaturated water solution of cytosine (0.111 g, from

Spectrochem) and tartaric acid (0.150 g, from Loba Chemie,

India) were mixed in a 1:1 molar ratio and the solution was

allowed to evaporate slowly, resulting in the formation of

transparent plate-like crystals of cytosinium tartrate mono-

hydrate in 15 days (m.p. 491–493 K).

Refinement

Crystal data, data collection and structure refinement details

are summarized in Table 2.
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Figure 5
Crystal packing of the title compound, showing the C—H� � �O and O—
H� � �O interactions enclosing an R3

3(7) ring motif and parallel chains
along the ab plane as dashed lines. Other H atoms have been omitted for
clarity.

Table 2
Experimental details.

Crystal data
Chemical formula 2C4H6N3O

+
�C4H4O6

2�
�H2O

Mr 390.32
Crystal system, space group Orthorhombic, P212121
Temperature (K) 296
a, b, c (Å) 7.6932 (8), 10.1152 (8),

20.9336 (17)
V (Å3) 1629.0 (3)
Z 4
Radiation type Mo K�

� (mm�1) 0.14
Crystal size (mm) 0.25 � 0.25 � 0.20

Data collection
Diffractometer Bruker Kappa APEXII CCD
Absorption correction Multi-scan SADABS

Tmin, Tmax 0.705, 0.746
No. of measured, independent and
observed [I > 2�(I)] reflections

22011, 4920, 4299

Rint 0.024
(sin �/�)max (Å

�1) 0.713

Refinement
R[F 2 > 2�(F 2)], wR(F 2), S 0.036, 0.087, 1.11
No. of reflections 4920
No. of parameters 284
No. of restraints 13
H-atom treatment H atoms treated by a mixture of

independent and constrained
refinement

��max, ��min (e Å�3) 0.32, �0.22
Absolute structure Flack x determined using 1669

quotients [(I+)�(I�)]/[(I+)+(I�)]
(Parsons et al., 2013)

Absolute structure parameter 0.1 (3)

Computer programs: APEX2 and SAINT (Bruker, 2009), XPREP (Bruker, 2014),
SHELXS97 (Sheldrick, 2008), SHELXL2014 (Sheldrick, 2015), Qmol (Gans &
Shalloway, 2001), Mercury (Macrae et al., 2008), ORTEPIII (Burnett & Johnson,
1996), WinGX (Farrugia, 2012) and PLATON (Spek, 2009).
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full crystallographic data
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Hydrogen-bonding patterns in bis(cytosinium) tartarate monohydrate

P. Jaikumar, T. V. Sundar, N. Sharmila, T. Balakrishnan and K. Ramamurthi

Bis(cystosinium) tartarate monohydrate 

Crystal data 

2C4H6N3O+·C4H4O6
2−·H2O

Mr = 390.32
Orthorhombic, P212121

a = 7.6932 (8) Å
b = 10.1152 (8) Å
c = 20.9336 (17) Å
V = 1629.0 (3) Å3

Z = 4
F(000) = 816

Dx = 1.592 Mg m−3

Melting point: 493 K
Mo Kα radiation, λ = 0.71073 Å
Cell parameters from 7834 reflections
θ = 2.8–28.9°
µ = 0.14 mm−1

T = 296 K
Plate, colourless
0.25 × 0.25 × 0.20 mm

Data collection 

Bruker Kappa APEXII CCD 
diffractometer

Radiation source: fine-focus sealed tube
Graphite monochromator
ω and φ scan
Absorption correction: multi-scan 

SADABS
Tmin = 0.705, Tmax = 0.746

22011 measured reflections
4920 independent reflections
4299 reflections with I > 2σ(I)
Rint = 0.024
θmax = 30.5°, θmin = 2.2°
h = −10→10
k = −14→14
l = −29→29

Refinement 

Refinement on F2

Least-squares matrix: full
R[F2 > 2σ(F2)] = 0.036
wR(F2) = 0.087
S = 1.11
4920 reflections
284 parameters
13 restraints
Primary atom site location: structure-invariant 

direct methods
Secondary atom site location: difference Fourier 

map

Hydrogen site location: mixed
H atoms treated by a mixture of independent 

and constrained refinement
w = 1/[σ2(Fo

2) + (0.0394P)2 + 0.2224P] 
where P = (Fo

2 + 2Fc
2)/3

(∆/σ)max < 0.001
∆ρmax = 0.32 e Å−3

∆ρmin = −0.22 e Å−3

Absolute structure: Flack x determined using 
1669 quotients [(I+)-(I-)]/[(I+)+(I-)] (Parsons et 
al., 2013)

Absolute structure parameter: 0.1 (3)

Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes.
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å2) 

x y z Uiso*/Ueq

C1 0.5157 (3) −0.12312 (19) 0.28216 (8) 0.0271 (4)
C2 0.4512 (2) −0.13171 (17) 0.39524 (8) 0.0227 (3)
C3 0.3533 (3) −0.24948 (18) 0.38552 (9) 0.0280 (4)
H3 0.3003 −0.2928 0.4195 0.034*
C4 0.3402 (3) −0.29593 (18) 0.32550 (10) 0.0302 (4)
H4 0.2755 −0.3721 0.3182 0.036*
C5 1.0040 (3) 0.91530 (19) 0.27540 (9) 0.0282 (4)
C6 1.1517 (3) 1.09471 (19) 0.32643 (10) 0.0311 (4)
H6 1.2200 1.1700 0.3220 0.037*
C7 1.1029 (3) 1.05652 (18) 0.38512 (9) 0.0279 (4)
H7 1.1340 1.1050 0.4211 0.033*
C8 1.0018 (2) 0.93903 (17) 0.39043 (8) 0.0228 (3)
C9 0.6955 (2) 0.21335 (16) 0.40007 (8) 0.0223 (3)
C10 0.7829 (2) 0.34860 (16) 0.39920 (8) 0.0205 (3)
H10 0.8548 0.3549 0.3607 0.025*
C11 0.6476 (2) 0.45940 (16) 0.39747 (8) 0.0191 (3)
H11 0.5796 0.4511 0.3581 0.023*
C12 0.7400 (2) 0.59383 (15) 0.39722 (8) 0.0203 (3)
N1 0.5288 (2) −0.07644 (15) 0.34392 (7) 0.0244 (3)
N2 0.4183 (3) −0.23531 (17) 0.27525 (8) 0.0313 (4)
N3 0.4693 (3) −0.07353 (16) 0.45057 (8) 0.0303 (4)
N4 0.9555 (2) 0.87599 (16) 0.33577 (7) 0.0245 (3)
N5 1.1043 (3) 1.02646 (17) 0.27297 (8) 0.0327 (4)
N6 0.9557 (3) 0.88801 (16) 0.44485 (8) 0.0303 (4)
O1 0.5847 (2) −0.06662 (17) 0.23794 (7) 0.0443 (4)
O2 0.9624 (2) 0.85238 (17) 0.22833 (7) 0.0438 (4)
O3 0.6214 (2) 0.17628 (13) 0.34904 (7) 0.0366 (4)
O4 0.7027 (2) 0.14814 (14) 0.44995 (7) 0.0347 (3)
O5 0.89220 (18) 0.36252 (13) 0.45351 (7) 0.0308 (3)
H5 0.8871 0.2952 0.4752 0.046*
O6 0.53350 (18) 0.44816 (13) 0.45043 (6) 0.0276 (3)
H6A 0.4348 0.4328 0.4376 0.041*
O7 0.74807 (19) 0.65974 (12) 0.44753 (6) 0.0273 (3)
O8 0.8050 (2) 0.63023 (14) 0.34462 (6) 0.0348 (3)
O9 0.2191 (3) 0.4089 (3) 0.39776 (10) 0.0725 (8)
H1A 0.569 (4) 0.003 (2) 0.3477 (12) 0.051 (8)*
H2A 0.403 (3) −0.258 (3) 0.2363 (9) 0.038 (7)*
H3A 0.529 (3) −0.004 (2) 0.4530 (11) 0.037 (7)*
H3B 0.411 (3) −0.094 (2) 0.4827 (9) 0.026 (6)*
H4A 0.902 (3) 0.802 (2) 0.3369 (11) 0.041 (7)*
H5A 1.138 (4) 1.046 (3) 0.2351 (10) 0.044 (7)*
H6B 0.895 (3) 0.8185 (19) 0.4459 (11) 0.036 (7)*
H6C 0.986 (3) 0.921 (2) 0.4795 (9) 0.037 (6)*
H9A 0.190 (5) 0.401 (4) 0.3598 (11) 0.096 (14)*
H9B 0.134 (4) 0.397 (4) 0.4223 (14) 0.088 (12)*
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Atomic displacement parameters (Å2) 

U11 U22 U33 U12 U13 U23

C1 0.0325 (9) 0.0277 (8) 0.0211 (8) 0.0014 (8) −0.0023 (7) −0.0016 (7)
C2 0.0259 (8) 0.0190 (7) 0.0232 (7) 0.0033 (7) 0.0007 (7) 0.0005 (6)
C3 0.0308 (10) 0.0211 (8) 0.0323 (10) −0.0018 (7) 0.0024 (8) 0.0032 (7)
C4 0.0320 (10) 0.0210 (8) 0.0377 (10) −0.0018 (8) −0.0044 (8) −0.0034 (8)
C5 0.0304 (10) 0.0314 (9) 0.0227 (8) 0.0018 (8) 0.0024 (7) 0.0013 (7)
C6 0.0324 (10) 0.0222 (8) 0.0387 (10) −0.0020 (8) 0.0023 (8) 0.0040 (8)
C7 0.0318 (10) 0.0217 (8) 0.0302 (9) −0.0028 (8) −0.0024 (8) −0.0028 (7)
C8 0.0237 (8) 0.0209 (7) 0.0237 (8) 0.0025 (6) −0.0011 (6) 0.0002 (7)
C9 0.0280 (9) 0.0174 (7) 0.0217 (8) −0.0007 (7) 0.0011 (7) −0.0019 (6)
C10 0.0232 (8) 0.0177 (7) 0.0205 (7) −0.0020 (6) 0.0006 (6) −0.0020 (6)
C11 0.0228 (8) 0.0187 (7) 0.0158 (7) −0.0018 (6) −0.0009 (6) −0.0026 (6)
C12 0.0235 (8) 0.0166 (7) 0.0209 (7) 0.0004 (6) −0.0016 (6) 0.0001 (6)
N1 0.0330 (8) 0.0200 (7) 0.0202 (7) −0.0036 (6) 0.0005 (6) −0.0011 (6)
N2 0.0410 (10) 0.0278 (8) 0.0250 (8) −0.0017 (7) −0.0048 (7) −0.0077 (6)
N3 0.0435 (10) 0.0264 (8) 0.0210 (7) −0.0037 (7) 0.0051 (7) −0.0014 (6)
N4 0.0287 (8) 0.0225 (7) 0.0223 (7) −0.0036 (6) 0.0004 (6) −0.0009 (6)
N5 0.0414 (10) 0.0311 (8) 0.0256 (8) −0.0027 (7) 0.0056 (7) 0.0065 (7)
N6 0.0422 (10) 0.0278 (8) 0.0210 (7) −0.0083 (7) −0.0002 (7) −0.0018 (6)
O1 0.0591 (11) 0.0519 (10) 0.0219 (6) −0.0129 (9) 0.0033 (7) 0.0021 (6)
O2 0.0543 (10) 0.0535 (10) 0.0235 (6) −0.0138 (9) 0.0041 (7) −0.0069 (7)
O3 0.0632 (11) 0.0226 (6) 0.0241 (6) −0.0123 (7) −0.0124 (7) 0.0010 (5)
O4 0.0496 (9) 0.0285 (7) 0.0261 (6) −0.0091 (7) −0.0056 (6) 0.0074 (6)
O5 0.0306 (7) 0.0262 (6) 0.0355 (7) −0.0010 (6) −0.0120 (6) −0.0019 (6)
O6 0.0240 (6) 0.0311 (6) 0.0277 (6) −0.0020 (6) 0.0056 (5) −0.0044 (5)
O7 0.0398 (8) 0.0208 (6) 0.0212 (6) −0.0040 (5) −0.0013 (5) −0.0042 (5)
O8 0.0563 (10) 0.0249 (6) 0.0233 (6) −0.0100 (7) 0.0110 (6) −0.0027 (5)
O9 0.0402 (10) 0.137 (2) 0.0409 (10) −0.0349 (13) 0.0010 (9) −0.0080 (13)

Geometric parameters (Å, º) 

C1—O1 1.211 (2) C9—C10 1.524 (2)
C1—N2 1.367 (3) C10—O5 1.421 (2)
C1—N1 1.380 (2) C10—C11 1.530 (2)
C2—N3 1.307 (2) C10—H10 0.9800
C2—N1 1.350 (2) C11—O6 1.419 (2)
C2—C3 1.424 (3) C11—C12 1.534 (2)
C3—C4 1.345 (3) C11—H11 0.9800
C3—H3 0.9300 C12—O7 1.248 (2)
C4—N2 1.358 (3) C12—O8 1.264 (2)
C4—H4 0.9300 N1—H1A 0.86 (2)
C5—O2 1.216 (2) N2—H2A 0.857 (18)
C5—N5 1.364 (3) N3—H3A 0.842 (18)
C5—N4 1.377 (2) N3—H3B 0.834 (17)
C6—C7 1.341 (3) N4—H4A 0.854 (19)
C6—N5 1.365 (3) N5—H5A 0.857 (19)
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C6—H6 0.9300 N6—H6B 0.846 (18)
C7—C8 1.425 (3) N6—H6C 0.833 (17)
C7—H7 0.9300 O5—H5 0.8200
C8—N6 1.300 (2) O6—H6A 0.8200
C8—N4 1.358 (2) O9—H9A 0.83 (2)
C9—O4 1.236 (2) O9—H9B 0.84 (2)
C9—O3 1.267 (2)

O1—C1—N2 123.44 (18) C11—C10—H10 108.5
O1—C1—N1 121.52 (18) O6—C11—C10 110.11 (14)
N2—C1—N1 115.04 (17) O6—C11—C12 111.12 (13)
N3—C2—N1 118.14 (17) C10—C11—C12 109.52 (14)
N3—C2—C3 124.05 (17) O6—C11—H11 108.7
N1—C2—C3 117.81 (16) C10—C11—H11 108.7
C4—C3—C2 117.74 (18) C12—C11—H11 108.7
C4—C3—H3 121.1 O7—C12—O8 124.04 (15)
C2—C3—H3 121.1 O7—C12—C11 119.58 (15)
C3—C4—N2 122.18 (18) O8—C12—C11 116.38 (15)
C3—C4—H4 118.9 C2—N1—C1 124.84 (16)
N2—C4—H4 118.9 C2—N1—H1A 118.0 (18)
O2—C5—N5 123.37 (18) C1—N1—H1A 115.5 (18)
O2—C5—N4 121.41 (18) C4—N2—C1 122.35 (16)
N5—C5—N4 115.20 (17) C4—N2—H2A 123.5 (17)
C7—C6—N5 122.05 (18) C1—N2—H2A 113.8 (17)
C7—C6—H6 119.0 C2—N3—H3A 119.2 (16)
N5—C6—H6 119.0 C2—N3—H3B 123.3 (15)
C6—C7—C8 117.66 (18) H3A—N3—H3B 117 (2)
C6—C7—H7 121.2 C8—N4—C5 124.52 (16)
C8—C7—H7 121.2 C8—N4—H4A 121.0 (16)
N6—C8—N4 118.70 (16) C5—N4—H4A 114.1 (16)
N6—C8—C7 123.27 (17) C5—N5—C6 122.51 (17)
N4—C8—C7 118.01 (16) C5—N5—H5A 113.3 (18)
O4—C9—O3 125.05 (17) C6—N5—H5A 124.2 (18)
O4—C9—C10 117.97 (16) C8—N6—H6B 120.2 (16)
O3—C9—C10 116.98 (15) C8—N6—H6C 121.8 (16)
O5—C10—C9 109.89 (14) H6B—N6—H6C 118 (2)
O5—C10—C11 110.42 (13) C10—O5—H5 109.5
C9—C10—C11 110.95 (14) C11—O6—H6A 109.5
O5—C10—H10 108.5 H9A—O9—H9B 111 (3)
C9—C10—H10 108.5

N3—C2—C3—C4 177.53 (19) O6—C11—C12—O8 −160.68 (16)
N1—C2—C3—C4 −1.9 (3) C10—C11—C12—O8 77.45 (19)
C2—C3—C4—N2 0.9 (3) N3—C2—N1—C1 −177.22 (18)
N5—C6—C7—C8 1.4 (3) C3—C2—N1—C1 2.3 (3)
C6—C7—C8—N6 175.8 (2) O1—C1—N1—C2 177.9 (2)
C6—C7—C8—N4 −2.5 (3) N2—C1—N1—C2 −1.4 (3)
O4—C9—C10—O5 13.0 (2) C3—C4—N2—C1 0.1 (3)
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O3—C9—C10—O5 −166.62 (16) O1—C1—N2—C4 −179.1 (2)
O4—C9—C10—C11 −109.38 (19) N1—C1—N2—C4 0.1 (3)
O3—C9—C10—C11 71.0 (2) N6—C8—N4—C5 −176.22 (18)
O5—C10—C11—O6 −65.06 (17) C7—C8—N4—C5 2.2 (3)
C9—C10—C11—O6 57.03 (17) O2—C5—N4—C8 177.85 (19)
O5—C10—C11—C12 57.41 (17) N5—C5—N4—C8 −0.6 (3)
C9—C10—C11—C12 179.50 (14) O2—C5—N5—C6 −179.1 (2)
O6—C11—C12—O7 19.7 (2) N4—C5—N5—C6 −0.6 (3)
C10—C11—C12—O7 −102.17 (18) C7—C6—N5—C5 0.2 (3)

Hydrogen-bond geometry (Å, º) 

D—H···A D—H H···A D···A D—H···A

C4—H4···O1i 0.93 2.53 3.098 (2) 120
C10—H10···O2ii 0.98 2.33 3.312 (2) 175
C11—H11···O1iii 0.98 2.38 3.361 (2) 179
O5—H5···O4 0.82 2.12 2.6140 (19) 118
O6—H6A···O9 0.82 1.87 2.688 (2) 172
N1—H1A···O3 0.86 (2) 1.80 (2) 2.656 (2) 171 (3)
N2—H2A···O3i 0.86 (2) 1.91 (2) 2.768 (2) 175 (3)
N3—H3A···O4 0.84 (2) 2.04 (2) 2.873 (2) 171 (2)
N3—H3B···O7iv 0.83 (2) 2.04 (2) 2.865 (2) 172 (2)
N4—H4A···O8 0.85 (2) 1.90 (2) 2.748 (2) 173 (3)
N5—H5A···O8v 0.86 (2) 1.93 (2) 2.766 (2) 166 (3)
N6—H6B···O7 0.85 (2) 1.96 (2) 2.808 (2) 179 (3)
N6—H6C···O6vi 0.83 (2) 2.01 (2) 2.812 (2) 163 (2)
O9—H9A···O2i 0.83 (2) 2.24 (3) 3.040 (3) 162 (4)
O9—H9B···O5vii 0.84 (2) 2.00 (3) 2.812 (2) 161 (3)

Symmetry codes: (i) −x+1, y−1/2, −z+1/2; (ii) −x+2, y−1/2, −z+1/2; (iii) −x+1, y+1/2, −z+1/2; (iv) x−1/2, −y+1/2, −z+1; (v) −x+2, y+1/2, −z+1/2; (vi) 
x+1/2, −y+3/2, −z+1; (vii) x−1, y, z.
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Evaluation of antiovulatory activity of Thespesia populnea 

(L.) bark in albino rat model
Priya Ganesan, Saravanan Kaliyaperumal*

INTRODUCTION

Ancient literature mentions the use of a number of 

plants/preparations for fertility regulation. Some plant-

based contraceptive agents have also been described in 

various traditional texts including Ayurveda.[1]  In the 
modern system of medicine, about 25% of prescriptions 
contain active principle derived from plants. Plant 

kingdom, therefore, holds a great promise for the 

discovery of new and effective antifertility agents.[2] In 
recent years, there has been a considerable interest in 

plant with possible antifertility effect.[3] Several animal 

studies have revealed antizygotic, blastocytotoxic, 

anti-implantation, and abortifacient properties of many 

commonly used medicinal plants.[4] 

Thespesia populnea is a small evergreen tree; the 

bark is corrugated with scaly twigs. It inhibits the 
female reproduction regulating herbs widely used in 

south Asian countries.[5]  However, no scientific study 

is available. Thus, the present study was aimed at 

evaluating the antiovulation activity of bark extracts 

of T. populnea (L.) in female albino rats.

MATERIALS AND METHODS

Extraction of Plant Material

T. populnea bark was cut out from an old tree in and 

around villages of Puthanampatti. Bark pieces were 

dried under room temperature and powdered with the 

help of mechanical grinder.

Animal Model

The healthy female albino rats Rattus norvegicus 

(150–200 g body weight) with normal estrous cycle 
were used for the study. The rats were obtained from 

Tamil Nadu Veterinary and Animal Science University, 

Chennai, and brought to the laboratory and maintained 

under controlled environment. The rats were 

maintained as per animal care (Ethical Committee’s 

Approval No.BDU/IAEC/2014/NE/32/dt.18.03.2014) 
were followed throughout the experimental period. 

All animals were fed with standard pellet feed (Sai 

Durga Feeds and Foods, Bangalore).

Experimental Design

Rats were divided into four groups. In each group 
consisted of four rats.

Group I: Control;
Group II: Ethanol extract of T. populnea bark treated 

rats (6.6 mg/kg/bwt/day);
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Group III: Ethyl acetate extract of T. populnea bark 

treated rats (6.6 mg/kg/bwt/day); and

Group IV: Aqueous extract of T. populnea bark treated 

rats (6.6 mg/kg/bwt/day).

Extract Administration

Experimental rats (Group II, III, and IV) were treated 
with ethanol, ethyl acetate, and aqueous of T. populnea 

extracts (6.6 mg/kg/bwt) by oral administration. 

Extract administration was started before commence 

of estrous cycle. The extracts treatment was done for 

15 days to cover three regular estrous cycles.

Effect of T. populnea Treatment in the Duration of 

Estrous Cycle and Ovulation

Determination of estrous cycle stages

Effect of T. populnea extracts on the estrous cycle 

was determined by measuring the duration of each 

stage of estrous cycle. The stage of estrous cycle was 

confirmed by vaginal smear analysis.[6]  Vaginal smear 

samples were collected by the aspiration technique. 

Vaginal secretion was collected with a plastic pipette 

filled with 10 µl of normal saline by inserting the tip 
into the rat vagina but not deeply. Vaginal fluid was 

placed on glass slides. A different glass slide was 

used for each animal and observed under microscope 

and noted the stage of estrous cycle based on the cell 

types (cornified cells, epithelial cells, and leukocytes). 

The presence and absence of these cell types and the 

relative proportion of each cell type, stages of the 

estrous cycle were determined. The duration of the 

estrous cycle in rats is normally 4–5 days. Vaginal 
smear from the experimental rats was observed on 

each morning between 8.00 am and 9.00 am; and 
evening between 5.00 pm and 6.00 pm to know the 
stage of estrous cycle. The estrous cycle was studied 

by stained preparation of vaginal smear of the animals. 

The stages of estrous cycle and its duration were 

determined as described by Desta.[7] 

Effect of T. populnea on ovulation

Production of ova by the albino rats after treatment 

with T. populnea extracts was determined by counting 

the ovum present in the oviduct. After 24 h of last 
dose (i.e. 16th day), the rats from each group were 

anesthetized and sacrificed. Then, the oviduct was 

dissected out, suspended in normal saline and placed 

on slide, observed under microscope, and count 

number of ova found in the oviduct.

Collection of Blood

Blood was collected by heart punching method and 

prepared serum for hormonal analysis.

Hormonal Analysis

The quantitative determination of hormones, namely, 

follicle-stimulating hormone (FSH), luteinizing 

hormone (LH), progesterone, prolactin, and estradiol 

was done by enzyme immunoassay method using the 

ADVIA Centaur(R) system.

Statistical Analysis

Values were represented as mean ± standard deviation. 

Analysis of variance (one-way ANOVA) and post 

hoc multiple comparisons test (Student-Newman-

Keuls test) was performed at necessary places. All the 

statistical analyses were made using Windows-based 

SPSS software.[8] 

RESULTS AND DISCUSSION

Antiovulation activity of T. populnea was evaluated 

by studying changes in estrous cycle, number of egg 

production, and reproductive hormonal levels.

Changes in Duration of Estrous Cycle

Cyclic changes in the vaginal smear observed in 

the estrous cycle gives a reasonable index of the 

ovarian activity and its hormonal synthesis of 

estrogen and progesterone. In the present study, 
treatment with extracts of T. populnea bark caused 

a significant decrease (P < 0.005) in the estrus and 
metestrus with concomitant increase (P < 0.005) 
in the duration of diestrus and proestrus phases 

[Figure 1 and Table 1]. Among the extracts, 

ethanol and ethyl acetate extracts highly altered 

the duration of different stages of estrous cycle 

compared to aqueous extract of T. populnea 

[Figure 1 and Table 1]. The prolongation of diestrus 

phase may explain the remote chance of the rats to 

get pregnant.[9]  The prolongation of the proestrus 

phase indicates that maturation of the follicles in 

the preovulatory phase was delayed leading to 

nonmaturation of Graafian follicles.

Changes in Ovulation in the T. populnea Extracts 

Treated Rats

Ovulation in rat is known to be correlated with 

the appearance of estrus phase, manifested by the 

presence of almost 100% cornified cells in the 
vaginal smear in every 4–5 days.[10]  In the present 
evaluation, the T. populnea bark extracts treatment 

caused severe reduction in egg production. Ethyl 

acetate and ethanol extracts treatment significantly 

(P < 0.005) reduced the production of eggs compared 
to control rats (15.8 ± 1.71). Average production of 
eggs (per cycle) by the ethanol, ethyl acetate, and 

aqueous extracts of T. populnea treated rats was 

3.0 ± 0.82, 1.8 ± 0.96, and 9.0 ± 1.83, respectively 
[Table 2 and Figure 2]. It might be due to the 
prolongation of the proestrus phase which might be 

the maturation of the follicles in the preovulatory 

phase was delayed leading to nonmaturation of 

Graafian follicles.
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Changes in Reproductive Hormonal Levels

Ovarian hormones are produced by different cell 

types of the ovary like granulosa cells of the mature 

follicles and the corpus luteum.[11] Present results 

exhibited that treatment with T. populnea extracts 

caused significant reduction in the LH, progesterone, 

and estradiol levels, and produced a significant 

increase in the prolactin hormone. Imbalance in these 
hormones leads to irregularity in the ovarian functions 

and duration of the estrus cycle.[12-14]  Reduction in the 

estrus and metestrus phases indicates nonavailability 

of the matured Graafian follicles or nonmaturation of 

secondary follicles. Therefore, ovulation was inhibited. 

Present results showed a significant reduction in the 

FSH level in T. populnea extracts treated rats. Ethanol 

and ethyl acetate extracts caused severe reduction in 

FSH level compared to aqueous extract. FSH is the 

central hormone of mammalian reproduction, essential 

for gonadal development, and maturation at puberty as 

well as gamete production during the fertile phase of 

life. It stimulates the growth and maturation of ovarian 
follicles by acting directly on the receptors located on 

the granulosa cells. The reduction in the level of FSH 

by the extracts may hamper folliculogenesis and delay 

maturation of the follicle in the preovulatory phase. 

It is possible that the extracts might have exerted its 
effect on the anterior pituitary or the hypothalamus 

since the secretion of stimulating hormone is regulated 

by the gonadotrophic-releasing hormone secreted by 

the hypothalamus. Evans et al.[15] have shown that the 

0

0.2

0.4

0.6

0.8

1

1.2

0

5

10

15

20

25

30

35

40

45

E
s
tr

u
s
 1

M
e
te

s
tr

u
s
 1

D
ie

s
tr

u
s
 1

P
r
o

e
s
tr

u
s
 1

E
s
tr

u
s
 2

M
e
te

s
tr

u
s
 2

D
ie

s
tr

u
s
 2

P
r
o

e
s
tr

u
s
 2

E
s
tr

u
s
 3

M
e
te

s
tr

u
s
 3

D
ie

s
tr

u
s
 3

P
r
o

e
s
tr

u
s
 3

P
e
r
c
e
n
ta

g
e
 

Duration of estrous cycle in control albino rats
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Duration of estrous cycle in ethanol extract treated albino rats

Duration of stage in Percentage Duration of stage in days
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Duration of estrous cycle in ethylacetate extract treated albino 

rats
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Duration of estrous cycle in aqueous extract treated albino rats

Duration of stage in Percentage Duration of stage in days

Figure 1: Changes in duration of estrous cycle in the Thespesia populnea extracts treated female albino rats. Group I: Control. 
Group II: Ethanol extract of T. populnea treated rats (6.6 mg/kg/bwt/day). Group III: Ethyl acetate extract of T. populnea treated 

rats (6.6 mg/kg/bwt/day). Group IV: Aqueous extract of T. populnea treated rats (6.6 mg/kg/bwt/day)
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ovarian androgen and inhibin secretion by follicles 

may play an important part in the regulation of 

FSH secretion and follicular dynamics. The integral 

role in the control of ovarian function is played by 

the hypothalamopituitary unit. Functioning in a 

coordinated manner with appropriate signals provided 

by ovary through pituitary gland is responsible for 

the synthesis and storage of gonadotrophins (LH and 

FSH).

Administration of T. populnea extracts (except 

aqueous extract) significantly increased the prolactin 

hormone. Prolactin helps to stimulate lactogenesis 

by inducing lobuloalveolar growth of the mammary 

gland. High prolactin level tends to suppress the 

ovulatory cycle by inhibiting the secretion of both 

FSH and gonadotropic-releasing hormone which are 

necessary for ovulation. Such increase in prolactin 

may inhibit ovulation and promote the loss of estrus 

cycles which will hinder conception.[16]  Enhanced 

prolactin secretion was suppressed LH secretion 

due to prolongation of estrous cycle.[17] However, 

administration of the T. populnea bark extracts to the 

female rats showed a remarkable decrease in the level 

of estradiol hormones. Estradiol is the most potent 

naturally occurring ovarian and placental estrogen in 

mammals. It prepares the uterus for implantation of 
the fertilized ovum and promotes the maturation and 
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Figure 2: Changes in number of ova in the oviduct and levels of reproductive hormones in the Thespesia populnea extracts 

treated rats at the end of antiovulation study
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maintenance of the female accessory reproductive 

organs and secondary sexual characters. Plants with 

estrogenic property can directly influence pituitary 

action by peripheral modulation of LH and FSH, 

decreasing secretion of these hormones, and blocking 

ovulation.[18]  Thus, the reduction in the serum 

concentration of estradiol observed in the low-dose 

group may be attributed to a decreased aromatase 

activity or substrate supplementation during estrogen 

synthesis.[19]  Consequently, such decreased in 

estradiol levels may hamper ovulation, preparation of 

the reproductive tract for zygote implantation, and the 

subsequent maintenance of pregnancy state.[19] 

CONCLUSION

Treatment of T. populnea extracts remarkably 

reduced the duration of estrus and metestrus stages, 

especially in ethanol extract treated rats. However, 

the extract treatment extremely increased the 

duration of diestrus and proestrus stages. They were 

extraordinarily prolonged in ethanol extract treated 

rats. Further, they decreased the FSH and LH levels 

and increased prolactin level and led to the stoppage 

of ovulation. The present study agreed that synergy 

effect of all reproductive hormones, the ovulation 

was stopped. The synergy effect may be due to the 

presence of bioactive compounds such as flavonoids, 

alkaloids, saponin, and tannin in the T. populnea bark 

extracts.
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Table 1: SNK post hoc test shows the effect of T. populnea extracts on the duration of estrous cycle of 

female R. norvegicus

Parameters Subset for alpha = 0.05
Group

Estrus (duration in %) (one-way 
ANOVA; f

3,44
=29.77; P<0.05)

11 (0.11)
(Group II)

12 (0.12)
(Group III)

13 (0.14)
(Group IV)

15 (0.15)
(Group I)

Metestrus (duration in %) (one-way 
ANOVA; f

3,44
=9.21; P<0.05)

26 (0.26)
(Group III)

26 (0.26)
(Group II)

27 (0.28)
(Group IV)

29 (0.28)
(Group I)

Diestrus (duration in %) (one-way 
ANOVA; f

3,44
=9.06; P<0.05)

30 (0.31)
(Group I)

32 (0.31)
(Group IV)

32 (0.32)
(Group III)

33 (0.34)
(Group II)

Proestrus (duration in %) (one-way 
ANOVA; f

3,44
=11.9; P<0.05)

27 (0.28)
(Group I)

28 (0.28)
(Group IV)

29 (0.30)
(Group II)

30 (0.31)
(Group III)

Mean values are arranged in ascending order (values in the parentheses are arcsine value of respective mean). Horizontal lines connect similar means. 

SNK: Student-Newman-Keuls, T. populnea: Thespesia populnea, R. norvegicus: Rattus norvegicus, ANOVA: Analysis of variance

Table 2: SNK post hoc test to know the effect of T. populnea extracts on ovulation and reproductive hormones level 

of female R. norvegicus

Parameter Subset for alpha=0.05
Groups

Number of ova (one-way 

ANOVA; f3,12=84.13; P<0.05)
1.8

(Group III)
3.0

(Group II)
9.0

(Group IV)
15.8

(Group I)

FSH (mIU/ml) (one-way 
ANOVA; f3,12=24.89; P<0.05)

2.6
(Group III)

3.9
(Group II)

6.2
(Group IV)

8.4
(Group I)

LH (mIU/ml) (one-way 
ANOVA; f3,12=95.16; P<0.05)

0.1
(Group III)

2.1
(Group II)

3.0
(Group IV)

4.4

(Group I)

Progesterone (ng/ml) (one-way 

ANOVA; f3,12=62.62; P<0.05)
22.0

(Group II)
24.5

(Group III)
32.8

(Group IV)
49.8

(Group I)

Estradiol (pg/ml) (one-way 

ANOVA; f3,12=51.69; P<0.05)
17.5

(Group II)
21.7

(Group IV)
25.5

(Group III)
36.0

(Group I)

Prolactin (ng/ml) (one-way 

ANOVA; f3,12=9.11; P<0.05)
61.5

(Group IV)
64.6

(Group I)
70.8

(Group III)
74.5

(Group II)

Mean values are arranged in ascending order. Horizontal lines connect similar means. SNK: Student-Newman-Keuls, T. populnea: Thespesia populnea, 

R. norvegicus: Rattus norvegicus, ANOVA: Analysis of variance, FSH: Follicle-stimulating hormone, LH: Luteinizing hormone
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Effect of chlorpyrifos on biochemical changes in 

freshwater mussel Lamellidens marginalis 

 
Stalin A, Gokula V and Amanullah B 

 
Abstract 

The freshwater mussel Lamellidens marginalis was exposed to sub-lethal concentration (5ppm) of an 
organophosphorus insecticide, chlorpyrifos for 30 days and allowed to recover for seven days. Alanine 
aminotransferase (ALAT), aspartate aminotransferase (AAT), and acetylcholinesterase (AChE), were 
assayed in plasma and different tissues at regular intervals of day and after recovery period of seven 
days. The ALAT and AAT activities were increased in plasma and muscle, where as hepatopancreas 
and gill showed decrease. AChE activity was observed in gill, muscle and hepatopancreas, and 
reduction of 73% was observed in hepatopancreas. There was a significant recovery in all the above 
biochemical parameters studied in plasma and different tissues, after seven days recovery period. These 
results revealed that chlorpyrifos affects the intermediary metabolism of Lamellidens marginalis and 
that the assayed enzymes can work as good biomarkers of organophosphorus contamination. 
 
Keywords: Chlorpyrifos, Lamellidens marginalis, Marker enzymes, AChE 
 
1. Introduction 

Responses to OP insecticides by aquatic organisms are broad ranged depending on the 
compound, exposure time, water quality and the species [5, 9]. Acetylcholinesterase (AChE, 
E.C: 3.1.1.7) enzyme is widely used for rapid detection to predict early warning of pesticide 
toxicity [4]. The enzyme acetylcholinesterase (AchE) is responsible for hydrolyzing the 
neurotransmitters acetylcholine into choline and acetic acid [10]. The enzyme control ionic 
currents in excitable membrance and plays an essential role in nerve conduction processes at 
the neuromuscular junction. The inhibition on the AchE is liked directly with the mechanism 
of toxic action of organophosphate pesticides. Viz., irreversible or reversible binding to the 
catalytic site of enzyme and potentiation of cholinergic effect as an indicator of exposure to 
these compounds acetylcholinesterase and non-specific cholinesterase activities in blood and 
tissues emerged as a diagnostic tool in the biomedical area. The quantification of this enzyme 
has been applied to laboratory and field studies with both vertebrates and invertebrates to 
assess exposure to organophosphorus and carbamate insecticides.  
The inhibitory effects of OP insecticides are dependent on their binding capacity to the 
enzyme active site and by their rate of phosphorylation in relation to the behavior and age 
[12]. The alanine aminotransferase (ALAT) and aspartate aminotransferase (AAT) are liver 
specific enzymes and they are more sensitive measure of hepatotoxicity and histophathalogic 
changes and can be assessed within a shorter time [2]. The increase in ALAT and AAT 
indicate the tissue damages in liver, kidney and gill [8, 11]. In toxicological studies of sub acute 
exposure, the alterations in the enzymatic activities directly reflect the metabolic 
disturbances and cell damage in specific organs [3]. Hence, the present study is designed to 
study the sub-lethal effects of chlorpyrifos on biochemical parameters of plasma, gill, 
hepatopancreaes and muscle tissues of freshwater mussel, Lamellidens marginalis. 
 
2. Materials and methods 

2.1. Animal maintenance 

All the reagents used in the present study were of analytical grade and were used without 
further purification. The freshwater mussel, Lamellidens marginalis were collected from 
Cauvery River (Tamilnadu), which is relatively free from pollutants, and were brought to the 
laboratory in a large aerated drum. 
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Later, they were acclimatized for 30 days in a cement tank 
(800mm length, 300mm width, and 400mm height) were set 
up each containing 50 mussels. The mussels were fed with 
dried green algae (Spirulina), weighing 10 g were 
transferred to a glass aquarium (60 X 30 X 30 cm) of 40-l 
water capacity for a further period of seven days and were 
fed with dried green algae for conditioning. The water in the 
aquarium was renewed daily and was aerated mechanically. 
The natural photoperiod of 13:11 L: D hours was 
maintained. The average values for water quality data 
holding in exposure tanks was temperature 26 ± 2 oC, pH 
7.10 ± 0.05, dissolved oxygen 8.15 ± 0.064 mg l-1, total 
hardness 634.69 ±0.88 mg l-1 asCaCO3, alkalinity 298.75 ± 
2.06 mg l-1 (as CaCO3), and chlorides 276.785 ±0.92 mg l-

1[1]. 
 

2.2. Sub-lethal studies 

During sub-acute studies a total of 45 mussels (15 mussels 
per aquarium) were exposed to 5ppm (1/10 of the LC50) for 
a period of 30 days. The required concentration was 
maintained by adding the toxicant directly in 40 l of water 
and renewed daily with out aeration. The control 
experiments were also performed without toxicant. The 
biochemical changes in the freshwater mussel, plasma, gill, 
hepatopancreas and muscle were studied at regular intervals 
i.e., on day, 5, 15, 30 and the recovery levels of various 
enzymes were studied after the day 7, of the post exposure 
period. 
 
2.3. Biochemical studies 

AAT (E.C. 2.6.1.1) and ALAT (E.C. 2.6.1.2) activity in 
plasma, gill, hepatopancreas and muscle were estimated 
according to the standard procedure of [13]. The enzyme 
activity was expressed as µmol of pyruvate formed/mg 
protein/h. AchE (E.C. 3.1.1.7) activity (µmol /mg 
protein/min) was determined by the method of [14]. 
 

2.4. Statistical analysis 

The experiments were repeated on three different occasions 
in triplicate and that data were analyzed by Student’s t-test. 
Statistical comparisons were done between control and 
exposure data from the same species. Significant differences 
from control values P < 0.05, P < 0.01 and P < 0.001 were 
accepted as levels of statistical significance. 
 
3. Results and discussion 

In the present study significant changes of AAT, ALAT and 
AChE was observed and were time dependant and are 
presented in Table 1 & 2. Mussel exhibited higher AAT and 
ALAT activities in plasma and muscle and significant 
reduction was observed in gill and hepatopancreas tissues. 
Plasma activity concentrations of AAT and ALAT are the 
most commonly used biochemical markers of hepatocellular 
necrosis [6, 7]. The AChE activity in the gill, muscle and 
hepatopancreas showed a continuous decrease as the 
exposure progressed. The maximum reduction in AChE 
activity of the gill, muscle and hepatopancreas of exposed 
mussels were 65%, 66% and 73% respectively by the end of 
exposure. At the end of recovery period hepatopancreas 
AChE value was still 13% below controls whereas the gill 
and muscle AChE were 9% and 32% below control. 
 

4. Conclusions 

The present biochemical alterations in the freshwater 
mussel, Lamellidens marginalis, sub-lethal intoxicated with 
chlorpyrifos suggests that the treated mussels faced a serious 
metabolic crisis. The results revealed that chlorpyrifos 
affects the intermediary metabolism of Lamellidens 

marginalis and that the assayed enzymes can work as good 
biomarkers of organophosphorus contamination. 
Fortunately, most of the metabolic disorders did not persist 
when the freshwater mussels were allowed to recover in 
clean water for less than a week. 
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Table 1: Changes in AATA and ALATA levels in different organs of Lamellidens marginalis after treatment with Chorpyrifos 
 

Days Plasma Hepatopancreas Gill Muscle 

Aspartate aminotransferases (AAT)    

Control 2.51 ± 0.06 0.697 ± 0.031 0.402 ± 0.003 0.101 ± 0.005
Day-5 2.91 ± 0.03c (16) 0.637 ± 0.054 (_8) 0.381 ± 0.004b (_5) 0.122 ± 0.003b (21)

Day-15 3.54 ± 0.08c (41) 0.253 ± 0.052c (_64) 0.289 ± 0.003c (_28) 0.164 ± 0.006c (62)
Day-30 3.66 ± 0.07c (46) 0.015 ± 0.006c (_77) 0.241 ± 0.002c (_40) 0.185 ± 0.004c (83)

Recovery 2.88 ± 0.05b (15) 0.644 ± 0.047 (_8) 0.397 ± 0.003 (_1) 0.109 ± 0.003 (8)
Alanine aminotransferases (ALAT)    
Control 1.45 ± 0.03 0.292 ± 0.002 0.209 ± 0.004 0.038 ± 0.002 
Day-5 1.53 ± 0.03a (6) 0.211 ± 0.004c (_28) 0.193 ± 0.003 (_8) 0.047 ± 0.003a (24) 

Day-15 1.77 ± 0.02c (22) 0.127 ± 0.002c (_57) 0.320 ± 0.005a (53) 0.061 ± 0.001c (61) 
Day-30 1.91 ± 0.03c (32) 0.101 ± 0.002c (_65) 0.345 ± 0.004a (65) 0.065 ± 0.001c (71) 

Recovery 1.51 ± 0.04 (4) 0.258 ± 0.003c (_12) 0.213 ± 0.002 (1) 0.042 ± 0.002 (11) 
Significant differences from control values a(P < 0.05), b(P < 0.01) and c(P < 0.001).  
Values in the parenthesis indicated as percent induction or percent reduction (indicated as negative). 
 A µmol pyruvate formed/mg protein/h. Each value is the mean ± SE of three individual observations. 

 
Table 2: Effect of chlorpyrifos on acetylcholinesterase (AChE)A activity in different tissues of Lamellidens marginalis 

 

Days Gill Hepatopancreas Muscle 

Control 0.14 ± 0.002 0.10 ± 0.002 0.07 ± 0.003 
Day-3 0.11 ± 0.003c (24) 0.06 ± 0.001b (45) 0.05 ± 0.002c (27) 
Day-15 0.07 ± 0.001c (59) 0.04 ± 0.003 (63) 0.03 ± 0.003c (65) 
Day-30 0.05 ± 0.001c (65) 0.03 ± 0.003a (73) 0.03 ± 0.002c (66) 

Recovery 0.13 ± 0.003a (13) 0.09 ± 0.004 (9) 0.05 ± 0.003c (32) 
Significant differences from control values a(P < 0.05), b(P < 0.01) and c(P < 0.001).  
Values in the parenthesis indicate percent reduction. 
A lmol acetylcholine hydrolysed/min/mg protein. Each value is the mean ± SE of three individual observations. 

 
Highlights 

 Effect of chlorpyrifos on biochemical changes in 
freshwater mussel lamellidens marginalis. 

 Sublethal concentration creates alteration, but not 
physiology or lethality.  

 Self regulating mechanisms might have prevented from 
Lethality. 

 Biochemical altered with increasing dose levels of 
chlorpyrifos 
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