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PREFACE 

The National Seminar on Medicinal Chemistry (NSMC-2017) is being organized by 
the Post Graduate Department of Chemistry, KAHM Unity Women’s College, Manjeri. It is 
co-sponsored by Kerala State Council for Science, Technology and Environment 
(KSCSTE), Thiruvananthapuram. The Department of Chemistry was started in 1991 and 
it has always maintained a good academic record. 

 The seminar is designed in such a way as to provide a platform for the students 
and teachers to discuss the role of natural and synthetic chemicals in the field of 
medicines. Medicinal chemistry is a discipline at the intersection of chemistry, especially 
synthetic organic chemistry, pharmacology and various other biological specialties, 
where they are involved with design, chemical synthesis and development for marketing 
of pharmaceutical agents. 

 We gratefully acknowledge the financial support from the Kerala State Council for 
Science, Technology and Environment (KSCSTE), Thiruvananthapuram. We sincerely 
appreciate the whole hearted cooperation of the principal, management members, 
students, non teaching staff and faculty members of various departments of our college 
in making this event a grand success.  

NSMC-2017 Team  
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MEDICINES OF PLANT ORIGIN 

 

Prof. P Mohammed Shafi 

Professor (Retd.), Department of Chemistry, University of Calicut, Kerala-673635 

E-mail: mohamedshafi989@gmail.com 

 

 Plants are the most amazing factories where a variety of chemical compounds are being 

manufactured. Ever since the birth of man plants have provided him with food, shelter and 

drugs. World Health Organisation (WHO) has estimated that approximately 65% of the world’s 

population relies mainly on plant-derived traditional medicines for their primary health care. 

Even today about 25% of the medicines used in modern medicine are plant derived compounds. 

 In this presentation only those molecules that ‘changed the world’ will be discussed in 

detail. 

Reserpine is one of the earlier plant based molecules that got incorporated into modern 

medicine. This alkaloid is isolated from Rauvolfia serpentina, a medicinal plant used in 

Ayurveda for a long time for various illnesses. In modern medicine it has been used for the 

treatment of high blood pressure. With the availability of better drugs this compound has only 

a limited use at present. However Rauvolfia serpentinais is still used in Ayurvedic 

preparations. 

mailto:mohamedshafi989@gmail.com
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Reserpine 

 Leprosy was one of the most dreaded diseases of the past. With the introduction of 

modern medical treatments this disease is under control at present. For many centuries Indian 

system of medicine used the oil of the seeds of Hydnocarpus laurifolia  or Chaulmoogra for 

the treatment of leprosy with partial relief. The chemical compound for the curative effect was 

found to be hydnocarpic acid. 

 

Hydnocarpic Acid 

 Malaria had been killing millions of people before the finding that Cinchona bark 

extract can cure this dreaded disease. The active ingredient with curative effect in this extract 

is Quinine. 

 

      Quinine 

Microbial strains causing malaria later developed resistance to quinine. During the 

nineteen seventies a very effective compound, Artemisinin, against malaria from a Chinese 

medicinal plant Artemisia annua was isolated and put into use. One of its derivatives 

Artesunate is more iffective than the original compound. 
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Artemisinin Artesunate 

Some of the wonder drugs that made the treatment of heart problems are the cardiac 

glycosides. Examples include Digoxin from Digitalis lanata and Digitoxin from Digitalis 

purpurea 

.  

Digoxin (From Digitalis lanata) 

 

Digitoxin (From Digitalis puruprea) 

 Hippocrates, the fifth century BC Greek- physician wrote about a bitter powder 

extracted from willow bark that could ease aches and pains and reduce fever. The bark of 

willow, myrtle, American teaberry or medowsweet bark extracts contain a glycoside Salicin 

which on hydrolysis and oxidation gets converted to salicylic acid which can relieve pain and 

reduce fever. Aspirin, the acetyl derivative of salicylic acid is safer than salicylic acid itself. 

  

Salicylic Acid Aspirin ( Acetyl salicylic acid) 

          

 In spite of its habit forming property morphine is a very effective pain reliever. 
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Morphine 

Morphine is extracted opium plant, Papaver somniferum  

 The vinca alkaloids Vincristine and vinblastine have made cancer treatment more 

effective and meaningful. 

 
 

Vincristine Vinblastine 

 Apart from some of the wonder drugs mentioned above many of the ingredients in our 

spices and food items also have marked curative effects. 

   

                      

  

 

DESIGN, SYNTHESIS, STEREO CHEMISTRY, BIOLOGICAL 

ACTIVITY AND MOLECULAR DOCKING STUDIES OF 

SUBSTITUTED PIPERIDINES 

 

Dr. S Ponnuswamy 

PG & Research Department of Chemistry, Government Arts College (Autonomous), 

Coimbatore – 641 018, Tamil Nadu 

E-mail: kspons2001@gmail.com 

 

 Due to increase in the number of immuno compromised hosts over the past decades, 

the incidence of microbial infection has been increasing dramatically. In recent years, there has 

been much interest in the synthesis of bioactive heterocyclic compounds in the field of 

mailto:kspons2001@gmail.com
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medicinal chemistry due to their varied biological activity. Nitrogen heterocycles enjoy a 

prominent position in natural product chemistry due to their significant physiological properties 

which resulted in numerous medicinal applications (Figure 1). Among the heterocyclic 

compounds, aza-heterocycles, such as piperidines have a great importance in biological and 

pharmaceutical chemistry due to their presence as structural motif in numerous natural 

alkaloids such as solenopsin, nicotine and coniine.  

 The development of new synthetic methods for use in organic synthesis is one of the 

areas of organic chemistry that has experienced a major renaissance during the recent past. The 

2, 6-diarylpiperidines and their derivatives have in recent years attracted considerable attention 

due to their possible bio-significance. The attachment of electron withdrawing groups like NO, 

COR, etc., at nitrogen of a 2,6-disubstituted piperidine ring has been reported by our group, as 

well by others, to exert major changes in the conformation of ring and orientation of the 

substituents. The conformational preferences of piperidine ring are largely decided by the 

magnitude of the resonance energy caused by the delocalization of nitrogen lone pair into the 

N-NO and N-C=O functions (Figure 2). The relative magnitudes of A1,3-strain (Figure 3), 

torsional strain and 1,3-diaxial interaction are also the deciding factors. Further, 

pharmacological activity of a substance is, in general, associated with its molecular structure 

and stereochemistry. Traditionally, small molecules have been a reliable source for discovering 

novel biologically active agents.  Hence the lecture will focus on the synthesis, stereochemistry, 

in-vitro and in-vivo biological activity and molecular docking studies on the substituted 2,6-

diarylpiperidines. 

 

                                                                      Paroxetine                  Femoxetine 

Figure 1: Examples of biologically active piperidines 
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N-X=Y:  NO, CHO, COMe, COPh, etc.,  R= Aryl 

Figure 2. syn & anti orientations of N-X=Y 

 

                  

Figure 3. Allylic strain 
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BIONANOCOMPOSITES TOWARDS BIOMEDICAL APPLICATIONS 

 

Dr. Alagunambi Ramasubbu 

PG & Research Department of Chemistry, Government Arts College (Autonomous), 

Coimbatore – 641 018, Tamil Nadu  

E-mail: alagunambi.ramasubbu@gmail.com 

 

Biopolymers, which are formed by any living organisms or made from biomass, are 

polymers that degrade by the action of micro-organisms, heat or moisture. Such Biopolymers 

play immense role various fields due to their advantages such as biocompatibility and 

degradability, flexibility, ease of handling, etc.  They find immense applications Biopolymers 

were classified into various categories, viz., Polysaccharides (Glycogen, Starch, Cellulose, 

Pectin, Amono sugars, Chitin, Chitosan, Heparin (Heteropolysaccharides)), Peptides, Proteins, 

Nucleic Acids, DNA, Lipids, etc. The utility of Biopolymers and their nanocomposites have 

the potential in overcoming the limitation of conventional cancer chemotherapy that are 

hampered by indiscriminate distribution of drugs in the body, and multidrug resistance in 

cancer. Hyaluronic acid (HA), a polyanionic polysaccharide is found abundant in the 

extracellular matrix (ECM) and synovial fluid. Recent studies, showed that various tumors, 

such as epithelial, colon, and ovarian cancers, are known to over-express HA-binding receptors 

(CD44 and RHAMM). Consequently, these tumor cells show enhanced binding to and effective 

internalization of HA thereby HA acts as an effective cancer drug carrier and efficient 

therapeutic delivery vessel in chemotherapy with minimal or no side effects. The targeted drug 

delivery through enhanced therapeutic efficacy were attributed to its very high rate of 

accumulation around the solid tumor cells due to its anatomical and patho-physiological 

abnormalities of the host cancer cells/tissues, hefty vascular permeability, lack of lymphatic 

drainage, etc., of the polymer matrix. In a similar fashion, Owing to its favourable biological 

activities and anti-coagulating properties, Heparin a simple biopolymer has been employed as 

an anticoagulant and antithrombotic drug for more than half a century, with growing demand 

every day, its growing current usage is around 50 Crore doses per year prior to most major 

surgeries.  

The impregnation of small quantities of inorganic materials viz., metal, semiconducting 

metal oxides and chalcogenides Quantum Dots, or SPIO, Shape Memory Alloys (SMAs), etc., 

into the Biopolymers resulted in the formation of novel materials with enhanced tailor made 

properties like enhanced stability into Biopolymer nanocomposites towards drug delivery and 

other applications (Scheme). They tend to modify the action of polymers; primarily the 

physical, mechanical and operational characteristics via ionic or co-ordination cross-linking 

through cohesion and adhesion to form nanocomposite materials of new architecture via 

synergic effects. The salient features are their higher specific surface area which leads to higher 

density, surface energy and a better bonding between the two phases. allowing sustained blood 

circulation, tissue retention, slow renal filtration, reduced / almost nil toxicity, lack of 

mailto:alagunambi.ramasubbu@gmail.com
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immunogenicity, improved target specificity, etc., find promising applications in Cancer 

Therapy, Bio-imaging diagnostic and Therapeutic applications (Scheme). 

On the other hand, our body apart from trace elements, made fully of water, bones and 

polymers, has a tendency to accept and accommodate and assimilate anything mimicking our 

body components. Hydroxyapatite that provides rigidity to bone and teeth is a major 

component of bone minerals and the matrix of teeth, and the systemic studies on 

Hydroxyapatite and its polymer nanocomposites throw light on bone tissue engineering and in 

orthodontic applications. Towards this preliminary works on bone tissue engineering 

biopolymer hydrogel encapsulated inorganic materials as scaffolds were studied. Towards this, 

this presentation will focus on the synthesis and characterization of various Bionanocomposites 

of Polysaccharides, Peptides, Proteins encapsulated with metal and metal, metal oxides, 

chalcogenides, SMAs, SPIOs, Hydroxyapatite, etc., in combination with standard drugs 

(Paclitaxel – Taxol, Daunorubicin / Doxorubicin) and their Physicochemical Characteristics, 

and Biological Applications towards Bone Tissue Engineering, Orthodontic Dental and 

Anticancer studies, etc. 

 

 

 Scheme 1: Nanoparticles based Drug Delivery: Representative Nanoparticles that can 

target specific biological process for cellular and molecular imaging1. 
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Fig. 1: Anticancer activity of Soy Protein Isolate (Top) & PECTIN (Bottom) – NC against the 

Hela Cell lines 
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Polymorphism comes from the Greek word, Polus = many and morph = shape.   

Polymorphism is defined as the ability of a substance to exist as two or more crystalline phases 

that have different arrangements or conformations of the molecule in the crystal lattice.  It is 

essentially means that in different polymorphs, the same molecule exist in different ways. 

 The pharmaceutical industry faces a deadly and swift saboteur. This attacker hits 

unexpectedly and comes under the title ‘polymorphism’. A new polymorph can be catastrophic; 

overnight a drug manufactured for market can become less soluble and less bioavailable. 

Although a compound’s polymorphs are chemically identical, their physical properties can be 

tremendously different. 

 A new polymorph can appear suddenly in a manufactured drug, with devastating 

results. Although chemically identical, the new polymorph can have very different physical 

properties. Polymorphism was first discovered in 1821 by the German chemist Eilhard 

Mitscherlich and is a widespread phenomenon in the chemical world. Polymorphs differ in 
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their outer form (habit) as well as their inner structure (form). For example, polymorphs of 

paracetamol crystals may appear as prisms or monoliths. 

 The first polymorph to form may be metastable and liable to convert to a different, more 

stable, form over time or under different conditions of re-synthesis. The most stable polymorph 

at room temperature may become metastable at another temperature; transitions between 

polymorphs may occur as the temperature is raised or lowered – a crucial consideration when 

shipping a pharmaceutical or food product. 

 It is estimated that 30–50 per cent of pharma compounds exhibit polymorphism. For 

eg. Paracetamol (acetaminophen) is widely used as antipyretic (fever suppressant) and 

analgesic (pain killer).  It has been shown to exist in two polymorphic forms; one is monoclinic 

which is marketed whereas form II is orthorhombic which can convert to form I. Similarly 

polymorphism of other important drugs has been studied with the help of various analytical 

techniques. 

 In industry, the existence of polymorphs is best discovered sooner rather than later, as 

US pharmaceutical firm Abbott Laboratories learnt to its cost. In 1998 the company found that 

it could no longer make the original form of its HIV drug Ritonavir because a second 

polymorph had taken the place of the first during manufacture. Abbott scientists had discovered 

that the drug was starting to fail dissolution tests and precipitating out of capsules. Investigation 

showed the existence of polymorph II (needles), which was more soluble and less stable than 

polymorph I (rods). Form II soon spread and form I could no longer be synthesized. 
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Curcuminoids (1,7-diaryl-1,6-heptadiene-3,5-diones), extracted from the rhizomes of 

the traditional Indian medicinal plant turmeric (Curcuma longa, Linn., Zingiberacea family), 

have been reported to possess anti-inflammatory, anti-oxidant, anti-arthritic and anti-tumour 

activities. Presence of phenolic group together with the conjugated β-diketone structure is 

responsible for their high biological activity and this led to further studies using several 

structurally related compounds. The medicinal importance of many plant chemicals are 

enhanced by complex formation with various metal ions. Metal complexation of these 

unsaturated 1,3-diketones lead to dramatic changes in their biochemical properties including 

antitumour activity. The antitumor activities of natural and synthetic curcuminoids are 

enhanced by complexation with some transition metal ions even though these metal ions 

themselves are toxic to animal body. 

The curcuminiod analogues (Fig. 1) were prepared by the condensation of aromatic 

aldehydes with acetylacetone-boric oxide complex in ethylacetate medium in the presence of 

tri(sec-butyl)borate and n-butyl amine. Their Al(III) complexes (Fig. 2) were prepared from 

Al(NO3)3.9H2O. 

 

 

Fig. 1. Structure of curcuminoid analogues: (a) 1,7-diphenyl-1,6-heptadiene-3,5-dione (HL1);  

(b) 1,7-bis(2-hydroxyphenyl)-1,6-heptadiene-3,5-dione (HL2); (c) 1,7-bis(4-ethoxyphenyl)-

1,6-heptadiene-3,5-dione (HL3) 

 

Fig. 2. Structure of the aluminium complexes of curcuminoids 

 R1 R2 
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[Al(L1)3] H H 

[Al(L2)3] OH H 

[Al(L3)3] H OCH2CH3 

 

Ehrlich ascites carcinoma cells were used for in vitro cytotoxic studies. The compounds 

were dissolved in minimum quantity of DMSO which does not enhance cytotoxicity. The 

tumour cells aspirated from the peritoneal cavity of tumour bearing mice were washed with 

PBS (phosphate buffered saline). The cell suspension (1 x 106 cells in 0.1 mL) was added to 

tubes containing various concentrations (1-50 g/ml) of the compounds and volume was made 

up to 1 ml using PBS. The mixture was incubated for 3 hours at 370C and the percentage of 

dead cells were evaluated by trypan blue dye exclusion method. The results indicate that metal 

chelation enhance the cytotoxicity of compounds considerably. Among the compounds 

subjected to short term assay the aluminium complex of HL2, with a hydroxyl group in the 

phenyl ring, is found to be the most active and HL1, which possess unsubstituted benzene ring 

system, shows low activity. 

L929 cells were used for tissue culture studies. The cells (5 x 103 cells/well) were plated 

in tarzon’s 96 well flat bottom titre plates and incubated at 370C in 5% CO2 atmosphere. After 

24 hours of incubation various concentrations (1-10 g/ml) of compounds were added to the 

wells and incubated for a further period of 48 hours. After incubation, the cells were detached 

by trypsinization (0.2%) and stained with crystal violet. The cytotoxicity was calculated by 

measuring the optical density at 570 nm after eluting the dye from the cells. The results indicate 

that the aluminium chelates are more cytotoxic than the respective curcuminoids. Compound 

HL1 is the least active and aluminium complex of HL2 is the most active. 

Groups of Swiss albino mice (6 per group) were injected intraperitonially (ip) with 

Ehrlich ascites tumour cells (1 x 106 cells/animal). The animals were injected (ip) with test 

compounds (200 moles/kg body weight) suspended in gum accasia and the injections were 

continued for 10 days. The mortality rate of mice were noted in each group and the percentage 

increase in life span (% ILS) of the treated group was calculated using the formula %ILS = 

[100(T-C)]/C, where T is the mean survival time of treated mice and C is that of control 

expressed in days. All the compounds when administered intraperitonially (ip) produced 

significant increase (p <0.001 from normal) in the life span of mice bearing ascites tumours. 

Aluminium (III) complexes produced a considerable increase in life span of tumour bearing 

mice compared with that of curcuminoids. The percentage increase in life span (%ILS) of 

tumour bearing mice was found minimum for HL1 and maximum for aluminium complex of 

HL2. The results reveal that antitumour activities of curcuminoids are enhanced more by 

complexation with aluminium than with transition metal ions. 

The effect of various compounds on solid tumour development was studied using Swiss 

albino mice. Groups of mice (6 per group) were injected subcutaneously with DLA cells (106 

cells in 0.1 ml) on the right hind limbs. One group was kept as control and other groups were 

injected (ip) with test compounds (200 moles/Kg body weight) and the injections were 

continued for 10 days. Tumour diameter was measured every third day for one month and 

tumour volume calculated using the formula, V = 4/3r1r2
2 where r1 and r2 are the minor and 

major radii respectively. Reductions of solid tumour volume in mice by the administration of 
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compounds (ip) show that compared to free curcuminoids their respective aluminium (III) 

complexes are remarkably active in reducing tumour volume in mice.  

The results clearly reveal that HL2, with hydroxyl groups on the phenyl ring, shows the 

maximum activity towards cytotoxicity on Ehrlich ascites and cultured L929 cells, percentage 

increase in life span and reduction of solid tumour volume in mice. This may be due to the 

peculiar nature of curcuminoid analogue which can yield phenolic structure upon metabolism 

as well as due to the extended conjugation.  Among the compounds studied HL1
, with 

unsubstituted benzene ring, showed least activity. Complexation with aluminium significantly 

increased the cytotoxic and antitumour activities of curcuminoids. The study suggests that the 

main group element aluminium forms stable complexes with curcuminoid analogues and 

significantly enhances antitumour activity of these compounds than in their transition metal 

complexes. This may be due to the comparatively high solubility of aluminium complexes in 

the body fluids than the transition metal complexes. Further studies have to be conducted to 

elucidate the exact mechanism of action. 

References 

1. S. Chitra, J. Sonia, K.B. Ajaikumar, A.B. Bharat. Cancer Lett., 267, 133 (2008). 

2. J. Ravindran, G.V. Subbaraju, M.V. Ramani, B. Sung, B.B. Aggarwal. Biochem. 

Pharmacol., 79, 1658 (2010). 

3. C.A. Mosley, D.C. Liotta, J.P. Snyder. Adv. Exp. Med. Biol., 595, 77 (2007). 

4.   V.D. John, K. Krishnankutty. Synth. React. Inorg. Met.-Org. Chem., 33, 343 (2003).  

5. H.J.J. Pabon. Rec. Trav.  Chim., 83, 237 (1964). 

6. G. Kuttan,  D.M. Vasudevan,  R. Kuttan. Cancer Lett. 41, 307 (1988). 

7. J.R. Anto, K.V. Dineshbabu, K.N. Rajasekharan, R. Kuttan. Cancer Lett., 94, 74 (1995). 

 

 

 

 

 

 

 

 

 

 

ANTICANCER AND ANTIMICROBIAL ACTIVITIES OF SOME 

SYNTHETIC NITROGEN HETEROCYCLICS 

 

Dr. P Jyothi 



 

Proceedings of the National Seminar on Medicinal Chemistry 2019 

 

 

25 ISBN 978-93-5279-420-1 
 

 

PG Department of Chemistry, KAHM Unity Women’s College, Manjeri-676122,  

Malappuram (DT), Kerala 

E-mail: jyothi@unitywomenscollege.in 

 

The structural diversity and biological importance of nitrogen containing heterocycles 

have made them attractive targets for synthesis over many years. They are found in various 

natural products and have been identified as products of chemical and biological importance.  

Nitrogen heterocyclics have been widely studied and used in the synthesis of numerous 

alkaloids. Their importance as precursors to many biologically active compounds has focused 

a tremendous amount of attention on developing methods to functionalize these systems. The 

synthesis of nitrogen heterocyclics and their derivatives occupy an important place in the realm 

of natural and synthetic organic chemistry due to their therapeutic and pharmacological 

properties. They have emerged as integral backbones of over seven thousand existing drugs.  

In addition to these important biological applications, nitrogen heterocyclics are ideal scaffolds 

for making libraries of drug like compounds, and to generate libraries of inhibitors of HIV-1 

protease.   

Heterocyclic compounds are very widely distributed in nature and are essential to life. 

They play a vital role in the metabolism of all living cells. The pyrimidine and purine bases of 

DNA, essential amino acids proline, histidine, trytpophane, the vitamin and co-enzyme 

precursors thiamine, riboflavin, pyridoxine, folic acids, the B12 and E families of vitamin, the 

photosynthesizing pigment chlorophylls the oxygen transporting pigment, hemoglobin and its 

breakdown products, the cute pigments are heterocyclic compounds. Majority of synthetic 

heterocycles are found widespread, used as anticancer agents, analgesics, hypnotics, pesticides, 

weedicides and rodenticides.  There are a larger number of synthetic heterocyclics with other 

practical application, as dyestuffs, co-polymers, solvents, photographic sensitizers, developers, 

antioxidants, and vulcanization accelerators in rubber industry. 

Imidazolinones, a class of heterocyclic compounds, are found to have several 

pharmacological activities. The benzylidene imidazolinone chemistry with its diverse 

biological properties like central nervous system depressant, anticonvulsant and monoamine 

oxidaze inhibitor has received importance in recent years. Novel 4-(aminoaryl)methylene-2-

aryl-2-imidazolin-5-ones were synthesized by a tandem reaction between imidic acid ester and 

glycene ester in presence of a base. Computational analysis was carried out to the druggability 

of the new molecules. In vitro anticancer screening of the aminoimidazolinones and one of 

their trichlorides were carried out using eight cancer cell lines of various origins. The results 

successfully establish the synthesized aminoimidazolinone derivatives as novel compounds 

with pronounced anticancer activity and drug like properties. 

The novel aminoimidazolines synthesized were obtained in good yield and their 

proposed structure was confirmed by spectral analysis. The newly synthesized molecules 

showed drug-like properties and their properties are similar to known drugs, used as non-

steroidal anti-inflammatory, sulphonamide antibacterial and immunosuppressive drug. 

The cytotoxic evaluation of aminoimidazolinone obtained from 4-cyanopyridine 

showed that the compound is inducing moderate toxicity in the cancer cell lines: HeLa, HCT 

116 and MDA-MB-231. The trichloride and aminoimidazolinone synthesized from 2-

cyanopyridine are specific to the cervical cancer cell ilne HeLa. Melanoma cell line A375 amd 
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breast cancer cell line MDA-MB-231. On comparing the anticancer activity of trichloride and 

aminoimidazolinone from 2-cyanopyridine trichloride was more potent than the 

aminoimidazolinone to the cancer cells lines: HeLa, A375 and MDA-MB-231. 

 

 

 Fig. 1. Synthesis of 4-(amino-2-pyridyl)methylene-2-(2-pyridyl)-2-imidazolin-5-one 
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         Compounds containing an azomethine group (-CH=N-), known as Schiff bases are 

formed by the condensation of a primary amine with a carbonyl compound. Schiff bases of 

aliphatic aldehydes are relatively unstable and are readily polymerizable while those of 

aromatic aldehydes, having an effective conjugation system, are more stable. These compounds 

and their metal complexes are very important as catalysts in various biological systems, 

polymers, dyes and medicinal and pharmaceutical fields.  Schiff bases appear to be an 

important intermediate in a number of enzymatic reactions involving interaction of an enzyme 

with an amino or a carbonyl group of the substrate. One of the most important types of catalytic 

mechanism is the biochemical process which involves the condensation of a primary amine in 

an enzyme usually that of a lysine residue, with a carbonyl group of the substrate to form an 

imine, or Schiff base. Several azomethines were reported to possess remarkable antibacterial, 

antifungal, anticancer and diuretic activities. The activity is usually increased by complexation. 

Therefore understanding the properties of both ligands and metal can lead to the synthesis of 

highly active compounds. The influence of certain metals on the biological activity of these 

compounds and their intrinsic chemical interest as multidentate ligands has prompted a 

considerable increase in the study of their coordination behaviour. Development of a new 

chemotherapeutic Schiff bases and their metal complexes is now attracting the attention of 

medicinal chemists.  

 

Metal complexes of Schiff base derived from 2-thiophenecarboxaldehyde and 2-

aminobenzoic acid have been recommended and/ or established a new line for search to new 

antitumor particularly when one knows that many workers studied the possible antitumor 

action of many synthetic and semi synthetic compounds. 

 

 Schiff base derived from indoline-2, 3-dione and 2-aminobenzoic acid and its tin 

complex showed antibacterial activity against Staphylococcus aureus. The results compared 

with standard drug (Imipinem) have indicated that compounds were active, but activity was 

lesser than the standard drug. This activity might be due to the presence of a hydroxyl and 

phenyl group. 
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Schiff bases and metal complexes of 4–aminoantipyrine are also known for their great 

variety of applications in the area of catalysis and biological activity ranging from antitumour, 

fungicide, bactericide, antiinflammatory and antiviral activities. Reports on drugs showed 

increased activity when administered as metal complexes rather than as organic compounds. 

Investigation on the interaction of DNA with small molecules is also important in the design 

of new types of pharmaceutical molecules. Some kinds of metal complexes interact with DNA 

that could induce breakage of DNA strands. In light of research, it have been concluded that 

the precise nature of the Schiff base ligands is of remarkable importance in the interaction of 

the complex with the DNA molecule. 
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Abstract: Effect of five heavy metal ions; cadmium, cobalt, lead, manganese and copper were 

investigated on leguminous plant species cowpea (Vigna unguiculata). The plant growth 

characters are seriously affected by a concentration of 0.3, 0.6 and 0.9 ppm of Cd(II), Pb(II), 

Co (II) and Cu(II); but the concentration of manganese favor the plant growth characters. The 

root and shoot growth of the cowpea plant is decreased by various concentration of heavy metal 

ions. The plant could not germinate in the soil containing 0.9 ppm concentration of Cd(II) and 

Pb(II). The formation of root nodules was also severely affected by the presence of heavy metal 

ions in the soil. The different heavy metals used in this study were found to vary in their 

phytotoxic effects with Cd being the most toxic and Mn the least toxic. Soils contaminated by 

heavy metals probably lead to substantial lose in dry matter and seed yield of cowpea plant. 

KeyWords: Vigna unguiculata; Cowpea plants; Heavy metal ions; Root growth; Shoot growth; 

Root nodule formation. 

 

Introduction 

Contamination of agricultural soil by heavy metal ions has become a critical 

environmental concern due to their potential adverse ecological effects1,2. Such toxic elements 

are considered as soil pollutants due to their widespread occurrence, and their acute and chronic 

toxic effect on plants grown of such soils3.  

Heavy metals with adverse health effects in human metabolism (including lead, 

cadmium, and mercury) present obvious concerns due to their persistence in the environment 

and documented potential for serious health consequences4. Acute heavy metal intoxications 
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may damage central nervous function, the cardiovascular and gastrointestinal (GI) systems, 

lungs, kidneys, liver, endocrine glands, and bones. Chronic heavy metal exposure has been 

implicated in several degenerative diseases of these systems and may increase the risk of some 

cancers5.  

Once the soil is destructed by heavy metals, metals found naturally within the soil or 

accumulated as a result of anthropogenic activities, it becomes uninhabitable for microbial 

communities or unsuitable for crop production6. On the other hand, Rhizobia among soil 

bacteria has been the organism of great interest for agronomist in general and legume growers 

in particular primarily due to their ability to provide nitrogen to plants. Considering the benefits 

of Rhizobia in nitrogen economy and the role of legumes in animal and human health, attention 

in recent times has been paid onto understanding how metals could affect the very survival of 

Rhizobia either present as free-living organism or when they are in intimate relationship with 

legumes. Heavy metals are inhibitory to rhizosphere, microorganisms, and processes mediated 

by them, like nitrogen-fixing ability of Rhizobia are lost when they are in symbiotic association 

with the legume host growing in metal-enriched7. 

Present investigation aims to analyze the effect of cadmium, cobalt, lead, manganese 

and copper on plant growth characters (root length and shoot length), crop productivity (fresh 

weight and dry weight) and nodulation parameters (total numbers of root nodules per plant 

cambered to control) of legume plant cowpea (Vigna unguiculata). 

 

Materials and Methods 

 The soil in which the experiments have been conducted was a sandy clay loam and had 

received no exogenous input of metals. The soil was sieved and homogenized and the test 

heavy metals were added as the solutions. Effect of five heavy metal ions; cadmium, cobalt, 

lead, manganese and copper were investigated on leguminous plants species cowpea (Vigna 

unguiculata). Effects of these metals were studied on 0.3, 0.6, and 0.9 ppm concentrations. For 

the test of host plant productivity, after 45 days the plants were uprooted and the number of 

nodules per plant, root length, shoot length, fresh and dry  weight were recorded in different 

concentration of heavy metal treatment.  

 

 

Heavy metals

Cd

0.3 0.6 0.9

Pb

0.3 0.6 0.9

Cu

0.3 0.6 0.9

Co

0.3 0.6 0.9

Mn

0.3 0.6 0.9
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Seed germination and preparation for sowing of seeds 

 

Results and Discussion 

Effect of heavy metals on root growth 

 The data corresponding to the root growth of the cowpea (Vigna unguiculata) and the 

dose of the heavy metal are reported in Table.1. In all doses (0.3, 0.6 and 0.9 ppm) Cd, Pb, Cu 

and Co decreased the root growth except for Mn as compared to the root growth of the control. 

The maximum effect is reported on cadmium. At 0.9 ppm concentrations no germination was 

reported in Cd. At 0.9 ppm concentrations of Pb, Cu and Co the length of root were 0, 18.5 and 

16.4 cm respectively. 

Effect of heavy metals on shoot growth  

 The effect of heavy metals on shoot growth of the cowpea (Vigna unguiculata) and the 

dose of the heavy metal ions are reported in Table.1. In all doses (0.3, 0.6 and 0.9 ppm) Cd, 

Pb, Cu and Co decreased the shoot growth except Mn as compared to the shoot growth of the 

control. In manganese maximum shoot growth was reported (116.5 cm). At 0.9 ppm 

concentrations no germination was reported in Cd. At 0.9 concentration of Pb, Cu and Co the 

length of root were 0, 12.5 and 9 cm respectively. 

Effect of heavy metals on formation and development of root nodules  

 The result showed that the presence of heavy metal ions severely affect the root nodule 

formation of leguminous plants leading to the decrease in their nitrogen fixing capacity (Table 

1). In the various doses of heavy metal ions (0.3, 0.6 and 0.9 ppm), Cd, Pb, Cu and Co show 

decreased number of root nodules as compared to control plants except manganese. At 0.9 and 

0.6 ppm concentrations of Cd, no nodules were formed (Table 1). These results indicate that 

the presence heavy metal ions in large concentration severely affect the root nodules and 

nitrogen fixing capacity of leguminous plants.  

Table 1. Effect of Different Heavy Metal ionss on Plant Growth Characters and Root 

Nodule Formation 

Heavy 

metal 

Concentration 

(ppm) 

Shoot 

Length 

(cm) 

Root 

Length 

(cm) 

Total 

(cm) 

Root 

Nodules 

(No. per 

plant) 

Fresh 

Weight 

(g) 

Dry 

Weight 

(g) 

Cd(II) 0.3 32.6 19.2 51.9 13.3 3.8 0.8 
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0.6 0 0 0 0 0 0 

0.9 0 0 0 0 0 0 

Pb(II) 

0.3 39.5 22.6 62.2 14.3 4.6 1.5 

0.6 32.1 18.7 51.0 14 3.7 0.9 

0.9 0 0 0 0 0 0 

Cu(II) 

0.3 84.5 30.5 115.1 27 6.3 1.5 

0.6 78.7 26.3 105.1 36 5.6 1.4 

0.9 12.5 18.5 31 13 2.9 0.3 

Co(II) 

0.3 65.2 27.5 92.8 20 5.4 1.5 

0.6 45.4 23.0 68.4 26 4.0 0.8 

0.9 9.0 16.4 22.4 0 0.9 0.5 

Mn(II)  

0.3 100.3 37.1 137.4 35 8.1 1.4 

0.6 108.1 52.2 160.3 40.3 9.03 1.7 

0.9 116.5 57.6 174.1 51.6 10.3 1.7 

Control 123.0 34.3 157.4 38.9 9.5 2.5 

           Each value is an average of five replicates  

Effect of heavy metals on productivity of plants  

 The data corresponding to fresh and dry weight of the cowpea (Vigna unguiculata) and 

the dose of the heavy metal ions (Table 1) show that in all doses (0.3, 0.6 and 0.9 ppm) Cd, Pb, 

Cu and Co decreased the fresh and dry weight except for Mn as compared the control. The 

maximum effect is reported with cadmium and all other heavy metal ions also affect the 

productivity of plants.  

 

 

 

 

Effect of Cd on plant growth & root nodule formation Effect of Cobalt on plant growth & root nodule formation 

No Germination No Germination 

 

Control  0.9  0.6 0.3 Control  0.9 

% 

0.6

% 

0.3

% 

Effect of Cu on plant growth & root nodule formation 

 

Effect of Pb on plant growth & root nodule formation 
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Control Copper 

No Germination 

Control  0.9  0.6 0.3 Control  0.9  0.6 0.3 

Effect of manganese on plant growth & root nodule formation 

Control  0.9  0.6 0.3 
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Fig. 1. Phytotoxic effect of heavy metal ions on the root nodule formation and plant growth  

 

Conclusions 

The plant growth characters of cowpea (Vigna unguiculata) are seriously decreased by 

a concentration of 0.3, 0.6 and 0.9 ppm of Cd, Pb, Co and Cu but the same concentration of 

manganese favors the plant growth characters. The root and shoot growth of the cowpea plant 

is decreased by various concentration of heavy metal ions. The plants did not show any 

capabilities to germinate in the soil containing 0.9 ppm concentration of Cd and Pb ions. The 

formation of root nodules was also severely affected by the presence of heavy metals in the 

soil. The ions also affect the nitrogen fixing capacity of leguminous plants like cowpea. It is 

indicated that at the time of sowing of seed, the soil testing shall be done and the quality of soil 

must be identified to help for better crop production.   
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Abstract: Increase in drug resistance among pathogenic bacteria has made the search for new 

antimicrobials inevitable. The unique physiochemical properties of the nanoparticles combined 

with the growth inhibitory capacity against microbes has led to the increase in the research on 
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nanoparticles and their potential application as antimicrobials. In this work, transition metal 

oxide nanoparticles of Cu, Zn, and Ti were prepared through aqueous route. Formation of 

monoclinic, hexagonal wurtzite and anatase phases of CuO, ZnO, and TiO2 was confirmed by 

XRD analysis. We tested the anti-microbial activities of these metal oxide nanoparticles in an 

aqueous culture medium against both Gram positive as well as Gram negative bacteria. CuO 

NPs showed strong growth inhibition against all the organisms. ZnO NPs also exhibited 

significant activity, whereas TiO2 NPs showed little antibacterial activity. The above 

observations suggest the potential application of metal oxide NPs to disinfect airborne 

pathogens. 

 

Introduction 

Metal oxide nanoparticles have a unique place among nanomaterials due to their 

characteristic electronic and optical properties making them extremely useful in applications 

ranging from optoelectronics to biomedical research.1-5 Recently, resistance to commercially 

available antimicrobial agents by pathogenic bacteria and fungi is increasing at a threatening 

rate. Treatment of bacterial infection is being increasingly complicated because of the ability 

of the pathogens to develop resistance against a broad spectrum of existing antibiotics. Bacteria 

like Staphylococci, Klebsiella pneumoniae and Pseudomonas spp. are becoming more and 

more common. To circumvent this, novel methods or novel strategies are required. The 

successful approach is the use of natural antimicrobials, combination or synergistic therapy and 

more recently use of metal nanoparticles6-10.  

The bactericidal effect of metal nanoparticles has been attributed to their small size, and high 

surface to volume ratio, which allow them to interact closely with microbial membranes. Metal 

oxide nanoparticless of Cu11-14 and Zn15-19 are found to be antimicrobial agents because of their 

effectiveness on resistant strains of microbial pathogens, low toxicity, and resistance to heat. 

To realize the potential of transition metal oxide nanoparticles to act as antibacterial agents, we 

synthesized CuO, TiO2, and ZnO nanoparticles through aqueous route. The antibacterial 

activitiy was studied against one Gram-positive bacteria (Staphylococcus aureus) and one 

Gram-negative bacteria (Escherichia coli). 

 

Experimental  

Materials and methods: Titaniumbutoxide (97%, Merck), and ethyl acetate (SigmaAldrich) 

for the preparation of TiO2 nanoparticles were used as purchased. ZnO and CuO nanoparticle 

are prepared from Zinc acetate ((SISCO, extra pure) and copper sulphate (SISCO, extra pure). 

Reagent solutions were prepared in doubly distilled water. 

In a typical procedure, 250ml Zinc acetate solution taken in a 250 mL reaction vessel 

and NaOH solution is added drop wise till the pH reached 12. The mixture is stirred 

continuously till a white precipitate of ZnO is formed. It is kept overnight at room temperature. 

The precipitate is washed with water, followed by ethanol, and calcined at 4000C for 4 hours 

in a muffle furnace. The preparation of CuO nanoparticles is carried out in a similar manner. 

About 250ml copper sulphate solution is taken in a 250mL reaction vessel and NH4OH solution 

is added drop wise in excess. The mixture is stirred continuously till a blue precipitate of 

Ca(OH)2 is formed. It is kept overnight at room temperature. The precipitate is washed with 

water, followed by ethanol, and calcined at 4000C for 5 hours in a muffle furnace. 
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For the preparation of TiO2 nanoparticles, about 12.8ml Ti(OBu)4 is taken in a reaction 

vessel and dispersed in 38.4 ml ethyl acetate with constant stirring for 5 minutes. 12.8ml of 

distilled water is added to this reaction mixture with stirring for 1hr to hydrolyses Ti(OBu)4. A 

white slurry of TiO2 was formed instantaneously and it was kept overnight at RT for drying 

followed by calcination at 400°C. The photographic images of the samples are presented in 

Figure1. The wide angle powder X-Ray Diffraction results of the catalyst samples are collected 

using Rigaku Miniflex 600 diffractometer.cu (k-alpha-0.15404nm) and are also given in Figure 

1(inset). 

Antibacterial Activity: Antibacterial activities of the prepared nanoparticles samples are 

carried out by Disc Diffusion method  

 

Results and Discussion 

Powder samples of CuO, TiO2, and ZnO are characterized using XRD analysis. The 

diffraction patterns are shown in Fig. 1. All diffraction peaks of sample correspond to the 

characteristic monoclinic, anatase, and hexagonal wurtzite structures of CuO, TiO2, and ZnO 

respectively. Absence of any additional peaks shows the single phase sample formation.  

Average particle size of these nanoparticles calculated using Scherrer equation is 16.0, 23.0, 

and 19 nm respectively.  

The objective of the present study was to analyze the growth-inhibitory effect of ZnO, 

CuO, and TiO2 on the microorganisms, Escherichia coli and Staphylococcus aureus. CuO 

nanoparticles showed remarkable antibacterial activity against both the strains. The inhibition 

zones are rather significant and are comparable to those usually given by strong 

antibiotics.Studies have also shown positive results for the ZnO nanoparticles. Interestingly, 

we did not observe any notable antibacterial activity for the TiO2 nanoparticles. A comparison 

of the zones of inhibition for the tested nanoparticle against the studied gram-positive and 

gram-negative bacteria is given in the Fig. 2 and the results are summerized in Table 1. 

  The inhibition zone is observed to be a maximum in the case of the gram-positive 

bacterium studied, Staphylococcus aureus (zone diameter = 12 mm in the case of CuO and 

8nmin thecase of ZnO). The gram-negative bacteria also responded well to both CuO and ZnO, 

although to a lesser degree. The observed difference may be attributed to their structural 

differences. It is well established that in gram-negative bacteria, the cell wall consists of a few 

layers of peptidoglycan (a polymer consisting of sugars and amino acids), which provides the 

wall shape and structural strength, whereas in gram-positive bacteria the cell wall is not 

protected as much.  
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Fig. 1: Wide angle X-ray diffraction patterns of the nanoparticles prepared: (1)CuO;  

(2)TiO2;(3)ZnO. Photographic images of the particles are also shown in inset. 

 

                        

Fig. 2. a and b: Photographic images of CuO  and ZnO nanoparticles against (a)     

Staphylococcus aureus; (b) Escherichia coli. (1) CuO; (2) ZnO; (3) Control; c and d. (1) 

Photographic image of TiO2 against (c) Staphylococcusaureus and against (d) Escherichia 

coli.(1) TiO2;(2) Control 

Table 1. Zones of Inhibition exhibited by ZnO, CuO, and TiO2 nanoparticles 

Sl No Bacteria Zones of Inhibition CuO TiO2 ZnO 

1 Escherichia coli Dia (mm) 10mm NZ 7mm 

2 
Staphylococcus 

aureus 
Dia (mm) 12mm NZ 8mm 

 

A histogram showing the diameter of the inhibition zones for the nano systems against 

various bacterial strains is shown in Fig. 3. 
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Fig. 3. Zones of inhibition (diameter, in mm) shown by CuO,TiO2,ZnO against different 

bacterial strains 

 

Conclusions 

In summary, we have demonstrated that CuO exhibited best bactericidal ability against 

two tested bacteria than TiO2 and ZnO. Nano ZnO showed considerable activity against both 

the strains. However, TiO2 samples did not exhibit any notable activity against any of the 
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bacterial strains used which may be due to some kind of deactivation on the surface of these 

particles. Thus, it is concluded that CuO and ZnO nanoparticles can be used as potent, eco-

friendly, antibacterial medicine in several cases, where conventional antibiotics fail due to the 

resistance earned by the bacteria against such drugs. These results also indicate that different 

bacteria species exhibit various toxicological responses to various nanoparticles. 
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Abstract: Pancreatic α-amylase inhibitors offer an effective strategy to lower the levels of post 

prandial hyperglycemia via control of starch breakdown. Methanolic extract of Sarcostemma 

acidum showed inhibition against α-amylase. The medicinal plant was subjected to sequential 

solvent extraction, phytochemical analysis, compound identification and tested for α-amylase 

inhibition. Phytochemical analysis revealed the presence of   Flavonoids, phenols, Reducing 

sugar, sterols, Anthraquinone as probable inhibitory compounds 

 

Introduction 

Somlata (Sarcostemma acidum) belonging to the family Asclepiadacea is grown in 

India, Europe and US is an underutilized crop. The herb is highly used by the rural and tribal 

people in curing various disorders like asthma, swelling, fever and cold, dyspepsia, inflame-

matory infection and gastric problem etc. It is found in dry rocky places in Bihar, Bengal, 

Konkan, Deccan, Tamil Nadu, Maharashtra, Madhya Pradesh and Kerala. The use of medicinal 

plants as raw materials in the production of new drugs is ever increasing because of their 

potentials in combating the problem of drug resistance in micro-organisms. Demand for 

medicinal plants is increasing in both developing and developed countries. Research on 

medicinal plants is one of the leading areas of research globally.A fraction of this plant extract 

has been reported to have larvicidal potential against larvae of the laboratory reared mosquito 

species, , antiallergic and anti-inflammatory activities. It also inhibited the contractions induced 

by acetylcholine and histamine on isolated guinea pig ileum, and produced broncho-

spasmolytic activity. It is traditionally used to reduce vitiations of pitta in the treatment of 

pyschosis, depression and fatigue. According o folklore the whole part of the plant is used in 
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the treatment of asthama, Juice given to children to get relief from cold, latex dropped in eyes 

in case of cataract for remedy. 

 

Materials and Methods 

The plant material used for this investigation was collected from Perinthalmanna, 

Malappuram, Kerala. 

Preparation of plant extract: Fresh plant was crushed and  treated with sufficient amount of 

pure methanol for six hours in a soxhlet extractor. The extract was filtered through a cotton 

plug followed by Whatman No. 1 filter paper. The filtrate was then evaporated under reduced 

pressure to give a dark green viscous mass and stored at 4 °C until use. 

Phytochemical screening: The crude methanol extract of Sarcostemma acidum underwent 

phytochemical screening to detect presence of potential phytochemical constituents like 

alkaloid, flavonoid, saponin, tannin, carbohydrate, glycoside, glucoside, fat and fixed oil, 

steroid and terpenoid. 

In vitro α-amylase inhibitory activity: This study was performed by a modified starch iodine 

protocol. In short, 1 mL of plant extract or standard of different concentration was taken in pre-

labeled test tubes. A volume of 20 µL of α-amylase was added to each test tube and incubated 

for 10 min at 37 °C. After the incubation 200 µL of 1% starch solution was added to each test 

tube and the mixture was re-incubated for 1 h at 37 °C. Then 200 µL of 1% iodine solution was 

added to each test tube and after that, 10 mL distilled water was added. Absorbance of the 

mixture was taken at 565 nm. Sample, substrate and α-amylase blank were undertaken under 

the same conditions. Each experiment was done in triplicate. IC50 value was calculated by using 

regression analysis. 

% α-amylase inhibition= [1-(SA-SBB)-SMB/AAB]X100 

SA=Sample absorbance, SMB=Sample blank, SBB=Substrate blank, AAB=α-Amylase 

blank. 

 

Results and Discussion 

Class of Compounds Tests Performed Results 

Carbohydrates 
Molish’s test 

Fehlings test 

+ 

+ 

Phenols Phosphomolybdic test +++ 

Flavanoids 
Shinoida test 

Lead acetate test 

+++ 

+++ 

Tannins Braemers test -- 

Sterols Salkowski’s test +++ 

Alkaloids Draggendrof,s test - 
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Glycosides 
Legal’s test 

Brontrangers’s test 

+ 

+ 

Saponins Foam test -- 

Anthraquinones Brontrangers’s test ++ 

Aminoacid test Ninhydrin test -- 

Fixed oils and fats  -- 

+++ :  High amount, ++ : Moderate quantity + Traces -- Absence 

α-Amylase inhibitory activity: α-Amylase is one of the main enzymes in human body that is 

responsible for the breakdown of starch to more simple sugars. α-Amylases hydrolyze complex 

polysaccharides to produce oligosaccharides and disaccharides which are then hydrolyzed by 

α-glycosidase to monosaccharide which are absorbed through the small intestines into the 

hepatic portal vein and increase postprandial glucose levels. Amylase inhibitors are also known 

as starch blockers because they prevent dietary starch from being absorbed by the body and 

thereby lower postprandial glucose levels. Slowing the digestion and breakdown of starch may 

have beneficial effects on insulin resistance and glycemic index control in people with diabetes. 

In our investigation we found that methanolic fruit extract moderately inhibited α-amylase. 

From phytochemical screening we can see that presence of saponin, steroid and terpenoid 

which may be responsible for this therapeutic activity. Natural polyphenols have been reported 

to inhibit the activity of carbohydrate hydrolyzing enzymes like α-amylase, α-glucosidase. 

Terpenoids represent a promising source for biologically active natural compounds which have 

potential for research and development of new substances with pharmacologic activity. α-

Amylase inhibitory activity was related only for oleanane, ursane and lupane type terpenoids. 

In a previous study saponins have also been found to be a probable α-amylase inhibitor. 

In vitro α-amylase inhibitory activity: Methanol extract showed IC50 value 33mg/mL 

Methanol extract significantly inhibited α-amylase activity in a dose dependent manner. 

Therefore we can conclude that this extract have moderate α-amylase inhibitory activity.  

 

Conclusions 

Presence of flavanoid, steroid and terpenoid were identified in the extract. The results 

showed that methanol extract had moderate α-amylase inhibitory activity [IC50 value33 

mg/mL]. These findings suggest that the plant may be a source for the development of new oral 

hypoglycemic agent. 
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PHYSICO-CHEMICAL CHARACTERISATION OF ALBENDAZOLE 

POLYMORPHS 
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Abstract: Albendazole is a medication used for the treatment of a variety of parasitic worm 

infestations. It shows polymorphism and two polymorphic forms of albendazole were 

characterized. These are named as Form I and Form II.  Commercial albendazole tablets 

manufactured and marked by various pharmaceutical companies were collected, powdered and 

after proper clean up procedure their melting points were determined to identify its 

polymorphic form. This was further confirmed by infra red spectral analysis. It was found that 

all the commercial drug samples under study belong to the polymorphic form I. 

Key words: Albendazole; Polymorphism; melting point; infra red spectrum. 

mailto:bashpabiju@gmail.com


 

Proceedings of the National Seminar on Medicinal Chemistry 2019 

 

 

47 ISBN 978-93-5279-420-1 
 

 

 

Introduction 

 Albendazole is a medication used for the treatment of a variety of parasitic worm 

infestations. It is useful for giardiasis, trichuriasis, filariasis, neurocysticercosis, hydatid 

disease, pinworm disease, and ascariasis, among others and is taken by mouth. Albendazole is 

a broad-spectrum antihelminthic agent of the benzimidazole type. Albendazole was developed 

in 1975 and is on the World Health Organization's list of essential medicines, the most effective 

and safe medicines needed in a healthsystem. Albendazole having chemical name methyl-[6-

(propylthio)-lH- benzoimidazol-2-yl]carbamate is a member of the benzimidazole compounds. 

 

  Albendazole shows polymorphism and exists in two forms. Form I with melting point 

220 0C is used commercially as drug while the stable form II has a melting point 160 0C. 

There are lots of reports on the studies of polymorphism shown by albendazole tablets1-7. The 

extensive use of albendazole and the polymorphic properties shown by it prompted to carry 

out this work. 

 

Experimental 

 Commercial albendazole tablets manufactured and marked by various pharmaceutical 

companies have been collected from medical shops in and around Manjeri and listed below. 

1.  Bendex 400 (Cipla Limited, Mumbai) 

2. Albendol 400 ( Micro Labs Limited, Bangalore) 

3. Zentel 400 ( Glaxosmithkline Pharmaceuticals Limited, Mumbai) 

4. Albendazole 400 (Cadila Healthcare Limited, Ahmedabad) 

The collected drug samples were finely powdered and proper clean up procedure was 

carried out as in literature8-9.  The dried samples were recrystallised and the melting point was 

determined by using a digital melting point apparatus.  The obtained results were compared 

with the authentic values reported in literature. 

The infra red spectrum of drug samples was recorded by Jasco FT-IR double beam 

spectrophotometer. The obtained infra red spectrum was analysed and peaks due to various 

functional groups were identified for structural elucidation. Moreover the obtained spectrum 

was compared with the reported one in the literature. 

 

Results and Discussion 

 The polymorphic study of commercial albendazole tablets was carried out by 

determining its melting point. The melting point determination is done in triplicate and all 

results are tabulated in Table 1. 
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Table 1. Melting points of various commercial albendazole tablets 

Sl 

No: 
Trade name Manufactured by 

Melting point 

(0C) 

1. Bendex 400 Cipla Limited, Mumbai 218+ 2 

2. Albendol 400 Micro Labs Limited, Bangalore 218+ 2 

3. Zentel 400 
Glaxosmithkline Pharmaceuticals 

Limited, Mumbai 
216+ 2 

4. 
Albendazole 

400 
Cadila Healthcare Limited, Ahmedabad 216+ 2 

  

All the albendazole tablets under investigation have melting point in the range 216 -

220 0C. This shows that all drug molecules belong to polymorphic form I. Polymorphic form I 

is commonly used for commercial preparation and is reported elsewhere10-11. 

  The IR spectrum was recorded from KBr pellets using Jasco FT-IR 4100 

spectrophotometer (Japan) and is shown in Figure 1. 

The peak at 2750 cm -1 belongs to N-H stretching, peak at 1740 cm -1 shows the C=O 

stretching. A sharp peak at 3050 cm-1 indicates the presence of C-H stretching and a medium 

C=C peak at 1600 cm-1. Presence of all these peaks leads to the conclusion that the analyte is 

albendazole which was further proved on comparison the IR spectrum available in literature12-

14. 

All the albendazole tablets under investigation have melting point in the range      216-

220 0C. This shows that all drug molecules belong to polymorphic form I. This can be further 

proved by various advanced analytical techniques like XRD, SEM, TEM etc. 
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Fig. 1.   IR spectrum of albendazole (Zental) 

 

Conclusions 

Albendazole is a common drug used for the treatment of a variety of parasitic worm 

infestations. Various commercial albendazole drug samples were collected and their 

polymorphic structure is determined by melting point determination. These results clearly 

confirm that all the albendazole drugs under study belong to Form I polymorph. These drug 

samples were further analysed by infra red spectral analysis and can further be done by 

advanced techniques like NMR, XRD, SEM, TEM etc. 
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Abstract: The poly(lactic acid) (PLA) biocomposite reinforced with silane treated banana 

fibers (SiB) were prepared using melt blending technique. To improve the thermal and 

mechanical performance, Cloisite 30B (C30B) nanoclay as well as a graft copolymer (GC) 

obtained by grafting glycidyl methacrylate (GMA) onto PLA were incorporated within the 

biocomposite.  FTIR and 1HNMR characterization confirmed the successful synthesis of GC. 

The influences of C30B and GC on the mechanical properties of PLA/SiB biocomposites were 

investigated using flexural and impact tests. The mechanical result showed that the GC 

compatibilized PLA/SiB/C30B (PLA/SiB/C30B/GC) bionanocomposite significantly 

improved the flexural and impact strength as compared with uncompatibilized 

bionanocomposites (PLA/SiB/C30B). Differential Scanning Calorimetry (DSC) thermograms 

showed improvement in thermal properties as a significance of C30B whereas GC improved 

the melting behaviour of composites. Further, Dynamic Mechanical Analysis (DMA) results 

revealed an increment in storage modulus and α-relaxation temperature as a function of C30B, 

while incase of PLA/SiB/C30B/GC bionanocomposites a slight reduction was found to be in 

storage modulus due to the plasticizing effect of GC. 

Keywords:  Compatibilization, nanoclays, nanocomposites, biopolymers, fillers 

 

Introduction 

In recent years, renewable resource based polymer composites have fascinated a great 

deal of attention in polymer industry and research, because of its favourable properties and 

increasing environmental regulation [1-2]. Among renewable resource based polymer, poly 

(lactic acid) (PLA) has been studied broadly because it satisfies the environmental impact 

criteria required for replacement of conventional petroleum based product. PLA is 

manufactured from starch rich renewable resource (corn/potato) by fermentation method   and 

it is fully biodegradable to carbon monoxide and water by hydrolysis [1, 3]. The major factors 
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holding back PLA are its high cost and brittleness. Reinforcing PLA with lignocellulosic fiber 

is one of the solutions for cost reduction [4].  

The use of lignocellulosic fiber in composites has increased due to its availability, 

biodegradability, less cost, light weight, negligible health hazard and comparable mechanical 

strength and stiffness [5]. However fabrication of hydrophobic PLA and polar fiber results non-

uniform dispersion of fiber within the PLA matrix, which impairs interfacial bonding. Many 

researchers have paid particular awareness to improve the interfacial adhesion between fiber 

and matrix [6-9]. Hydrophilic character of natural fibers is the main cause of incompatibility. 

Moisture absorption through capillary action by free hydroxyl group in cellulose results 

swelling of fiber [10]. Impregnated fiber in composites starts debonding with matrix and cause 

formation of voids, which generate weak interface and hence diminution in mechanical 

properties [11]. Different chemical structure of polymer matrix and fiber is another major 

reason for poor compatibility. Chemical modification of fiber with silane is the most common 

way to reduce the hydrophilic tendency by disruption of hydrogen bonding as well as change 

in the chemical structure of fiber surface to achieve better interfacial bonding [12-13].  

Another setback of lignocellulosic fiber reinforced PLA composites is the limited 

processing temperature since the natural fiber undergoes degradation above 200ºC. Due to 

natural resources and ability to improve the thermal barrier as well as mechanical properties, 

nanoclay has attracted the attention of researchers [14]. Nowadays, nanoclays are considered 

to be vital fundamentals in various industrial sectors [15]. Many researchers have studied on 

polymer nanocomposites and reported that nanoparticle can offer enhancement to mechanical 

as well as thermal properties in an effective way [16-20]. The gas permeability of nanoclay can 

inhibit the formation and escape of volatile by-product and hence improve the thermal 

properties. 

More recently, several alternatives such as plasticizer, graft copolymer, coupling agent, 

compatibilizer and soft polymer which can attach to the polymer backbone have been used with 

PLA to limit the brittleness, which is another negative aspect of this polymer [21-24]. Many 

studies have been made to use maleic anhydride-grafted polymer as a compatibilizer for 

polymer composites [25]. Further many researches focused on use of glycidyl methacrylate-

grafted-polymer as a coupling agent to improve interfacial bonding of lignocellulosic fiber 

reinforced PLA composites [26-28]. Ya-nan et.al [29] has studied the compatibilizing effect of 

PLA-graft-glycidyl methacrylate on performance of PLA/bamboo flour biocomposites and 

Chin-San et.al [30] investigated the influence of PLA-graft-maleic anhydride on properties of 

PLA/Ganoderma lucidum fiber composites. In both the studies, the composites with graft 

copolymer exhibited, superior mechanical and thermal properties. In this work, we prepared 

70/30 wt% of PLA/SiB biocomposite with 3 wt% of Cloisite30B (C30B) nanoclay and 15 wt% 

graft copolymer (GC) by melt blending. The influence of nanoclay and GC as a compatibilizer 

on the mechanical, dynamic-mechanical and thermal properties were studied and reported. 

 

Experimental 

Materials 

PLA (4042 D) was obtained from Nature Works LLC, USA. Banana fibers (density 

1.35 g/cc) were kindly supplied by Chandra Prakash & Co, India. 3-

Aminopropyltriethoxysilane (APS) was procured from Aroma Chemical Agencies, India. 
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Methyltallow bis (2-hydrxyethyl) ammonium modified nanoclay (Cloisite 30B) was purchased 

from Southern Clay Product Inc, USA. Glycidyl methacrylate (GMA), benzoyl peroxide 

(BPO), xylene, methanol and ethanol were supplied by TCI chemicals, India. 

Methods 

Fiber modification: APS (0.6 %) was mixed with ethanol/water (6:4) mixture and stirred for 

about15 minutes. Subsequently the banana fibers were dipped into the solution for 1 hour. 

Finally, the fibers were washed with distilled water and dried in air for 1 day followed by in 

vacuum oven at 80ºC for 12 hours. The dried silane treated banana fibers (SiB) were chopped 

into 2–3mm length for composite preparation. 

Synthesis of graft copolymer: 80 wt% PLA and 20 wt% GMA mixed with BPO were melt 

blended using an internal mixer (Haake PolyLab-Rheomix600, Germany) at 165ºC temperature 

with rotor speed 80 rpm for 12 minutes. The obtained melt mix was crushed into granules and 

dissolved completely in xylene at 130ºC for 1 hour using an oil bath. Then an excess of 

methanol was added and left aside at room temperature. The pure graft copolymer was 

separated by precipitation. The precipitate was washed with methanol and finally, the 

precipitates were dried at 65ºC for 24 hours. 

Preparation of composites: PLA, GC and SiB were predried at 60ºC for 4 h, whereas the 

nanoclays were pre-dried at 80ºC for 8 hours. Batch mixer (Haake PolyLab-Rheomix600, 

Germany) was used for the melt blending of the PLA matrix with 30 wt% fibers at 180ºC 

processing temperature with screw speed of 60 rpm for 10 minutes mixing time. The melt 

mixes obtained were cooled to room temperature, granulated and conditioned at 60ºC. These 

pellets were subsequently injected within a mini twin-screw compounder (DSM 15mL xplore, 

Netherlands) at 175ºC maintained for three zones with a screw speed of 60 rpm. Melt collected 

from the compounder was moulded to samples by mini injection jet at a mould temperature of 

40ºC and melt temperature 170ºC. The PLA/SiB/C30B bionanocomposites and 

PLA/SiB/C30B/GC compatibilized bionanocomposites were also prepared using the above 

process wherein PLA/SiB (70/30) biocomposites along with 3 wt % of nanoclay and 15 wt% 

GC were taken. The modifications of fiber and volume fraction of fiber as well as nanoclay 

have been selected based on our previous findings [31]. 

Characterization 

FTIR Spectroscopy: FTIR spectra of the fibers, PLA and GC were recorded from 400 to 4000 

cm-1 with 4 cm-1 resolution using Thermo Nicolet 6700 FTIR spectrometer, Thermofisher, 

USA. 

1HNMR Spectroscopy: The 1HNMR spectrum of the PLA and GC was carried out by FT-NMR 

–Bruker-Avance (400MHz). CDCl3 and tetra methyl silane (TMS) were used as solvent and 

the internal standard respectively for 1HNMR characterization. 

Mechanical Testing: Flexural properties of composites (dimension 127x12.7x3mm) were 

performed using Universal Testing Machine (Instron, UK) in accordance with ASTM D 790 at 

a crosshead speed of 1.33 mm/min. The unnotched impact strength of specimens made from 

all composites was tested using dimension of 63.5x12.7x3mm in an Impactometer (Tinius 

Olsen, USA) according to ASTM D 256.  



 

Proceedings of the National Seminar on Medicinal Chemistry 2019 

 

 

54 ISBN 978-93-5279-420-1 
 

 

Scanning Electron Microscopy (SEM): The morphology of the impact fractured surfaces of 

the composites sputter coated with gold/palladium mixture was observed using scanning 

electron SEM (EVO MA 15, Carl Zeiss, SMT Ltd, Germany) analysis. 

Differential Scanning Calorimetry (DSC) Analysis: DSC (Q20, TA instruments USA) was 

used to evaluate the thermal transitions of composites (5-10mg) at temperature from 30ºC to 

200ºC at a heating rate of 10ºC/min. The glass transition temperature (Tg), melting 

temperature(Tm) and crystallization temperature (Tcc) were noted. The degree of 

crystallinity (χmax) of all sample are calculated as follows; where Ƒ is the weight fraction of 

PLA, ∆Hm and ∆Hm
0 are the melting enthalpy of composites and 100% crystalline PLA (93 

J/g). 

𝜒𝑚𝑎𝑥 =
∆𝐻𝑚

Ƒ∆𝐻𝑚
0 × 100                                                       (1) 

Dynamic Mechanical Analysis (DMA): DMA of composites with dimension 63.5 x 12.7 x 

3mm was tested at temperature range 30-120ºC with 1Hz frequency at heating rate of 10ºC/min 

in dual cantilever mode using DMA Q 800 M/s TA Instruments, USA. The storage modulus 

and damping factor (tanδ) of the materials were examined as a function of temperature. 

 

Results and Discussion 

Fiber characterization 

The FTIR spectra of untreated (UTB) and silane treated (SiB) banana fiber is enumerated 

in Fig. 1.  The characteristic peaks at 1620 and 3328 cm-1 are related to bending vibration of 

absorbed water molecule and stretching vibration of hydroxyl groups in  the fiber constituents 

of which were prominently observed in UTB. However, the intensity of these peaks is 

decreased significantly, after silane treatment. It can be attributed to less hydrophilic nature of 

SiB over UTB by the reaction of silanol. Silane compounds have the conceivable ability to 

reduce the amount of free hydroxyl group of fiber. During silane treatment, silanol react with 

these free hydroxyl group and form stable bonding with fiber. This results in a decrease in 

moisture absorption by the free hydroxyl group. Similarly, as compared with UTB, SiB shows 

the decrease in intensity of peaks at 1726 cm-1, corresponding to the  –C=O stretching vibration 

of carboxyl group in pectin and ester group in hemicellulose, revealing the partial removal of 

hemicellulose. In addition to these, the additional peaks at 1079 and 899 cm-1 are attributed to 

symmetric and asymmetric stretching vibration of –Si-O-Si- or –Si-O-C- and -Si-O-H group 

respectively, confirming the condensation reaction of silanol with fiber. 
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Fig.1. FTIR spectra of (a) UTB and (b) SiB 

 

Graft copolymer characterization 

Fig. 2 depicts the FTIR spectra of PLA, GMA and GC. The characteristic peaks of PLA 

appear at 2952 and 1743 cm-1 and are attributed to the C-H and –C=O stretching vibration 

respectively. Similarly, the peaks at 1720, 1637 and 911 cm-1 are associated to    –C=O 

stretching, -C=C- stretching and stretching vibration of epoxy group respectively in GMA. 

However, the grafting of GMA into PLA caused the disappearance of characteristic stretching 

vibration of -C=C-, which indicates that C=C bond was involved in grafting reaction. 

Moreover, the additional peak at 912-914 cm-1 observed in GC, which was associated to epoxy 

group which also confirms the grafting of GMA into PLA. The free radical obtained from 

initiator, BPO by homolytic scission abstract hydrogen from PLA converting it to PLA 

macroradical. Moreover, this macroradical initiate the coupling reaction with GMA. 
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Fig. 2.  FTIR spectra of (a) PLA, (b) GC and (c) GMA 

In order to confirm the grafting of GMA onto PLA, their 1HNMR spectra were studied. 

Fig. 3 represents the 1HNMR spectra of PLA and GC. It can be observed that, the characteristic 

peaks at δ=1.57 and 5.1 ppm correspond to methane proton and methyl proton of –O-CH 

(CH3)-(C=O) –which are common in both PLA and GC. However, multiple peaks between 1- 

4.3 ppm were observed in 1HNMR spectrum of GC. These additional peaks could be associated 

to proton of –CH, -CH2, -CH3 groups of GMA. In other hand, the peaks observed in GC at 

δ=2.6 and 2.8 ppm were assigned to proton of –CH2 group, while at δ=3.2 ppm, corresponds 

to –CH group of epoxy of GMA. Thus the 1HNMR peaks further, evidenced that the synthesis 

of GC was successful. 
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Fig. 3. 1HNMR of (a) PLA and (b) GC 

Mechanical properties of composites 

The flexural and impact properties of composites were systematically studied and 

summarized in Table 1. The flexural property analysis of PLA resulted that, the flexural 

strength and modulus were 94 MPa and 3818 MPa respectively, while the impact strength was 

approximately 207 J/m. It is observed that PLA has superior strength but lacks in ductility. 

However, SiB reinforced PLA biocomposites show significant improvement in flexural 

strength and modulus with respect to PLA. This behaviour is probably due to the stiffening 

effect of fiber and the addition of SiB increases the compatibility with PLA.  Moreover, it 

increases the brittleness of composites, which is evident from the decrease in impact strength 

to 151 J/m. The flexural strength and modulus of C30B nanoclay incorporated biocomposites 

increased by 5.3% and 10.6%, while the strength and modulus of PLA/SiB biocomposite are 

103 MPa and 6986 MPa respectively. This can be attributed to the stiffness brought about by 

high modulus nanoclay as well as fiber and better compatibility of fiber and PLA matrix in the 

presence of nanoclay. However, a further reduction in impact strength of PLA/SiB/C30B 

bionanocomposites was observed due to the effect of nanoclay, which minimize the polymer 

chain mobility and hence flexibility.  

Table 1. Flexural and impact properties of composites 

Composites 
Flexural properties Impact strength 

(J/m) Strength(MPa) Modulus (MPa) 

PLA 94±1 3818±16 207±5.3 

PLA/SiB 103±1 6986±11 151±1.5 

PLA/SiB/C30B 108±3 7725±36 121±3.5 

PLA/SiB/C30B/GC 126±1 7614±19 212±4.9 
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Hence, in order to improve the ductility, GC has been used as a reactive compatibilizer 

to PLA/SiB/C30B bionanocomposites. The addition of GC increased the flexural strength 

significantly while PLA/SiB/C30B/GC compatibilized bionanocomposites resulting reaction 

in flexural modulus. The PLA/SiB/C30B/GC compatibilized bionanocomposites showed 

flexural strength and modulus of 126 MPa and 7614 MPa, respectively. The compatibilization 

effect by GC may be responsible for the high flexural strength. During melt mixing GC 

produces a cross linked network with PLA, fiber as well as nanoclays, which is greatly facilitate 

to promote better interface. However, stiffening effect of fiber and nanoclays is reduced due to 

plasticizing effect of GMA as well as self aggregation effect of PLA in GC, which in turn cause 

for marginal reduction in flexural modulus. At the same time, it was interesting to note that the 

composite shows improvement in impact strength up to 212 J/m, which is attributable to the 

presence of GC as a plasticizing agent, by providing effective resistance to crack propagation 

during fracture. 

Morphology of composites 

Fig.4 represents the SEM micrographs of PLA and its biocomposites with C30B nanoclay 

and GC. In Figure 4(b), the interfacial interaction between PLA matrix and SiB is good, which 

indicates the effectiveness of silane to act as a coupling agent in biocomposites while Fig. 4(a) 
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confirms the brittle nature of PLA. However, in Fig. 4(b), some of the 

 

Fig. 4. SEM micrographs of (a) PLA, (b) PLA/SiB, (c) PLA/SiB/C30B and (d) 

PLA/SiB/C30B/GC 

dispersed fibers have been pulled out of the matrix with clean surface or without matrix on 

surface during impact fracture, indicating weakness of silane coupling agent to produce 

completely strongly bonded, void free composites. Furthermore, with the addition of C30B 

nanoclay (Fig. 4(c)), the fiber pullout mechanism disappears and shows improved interface 

owing to the effect of C30B nanoclay. The intercalated and exfoliated C30B nanoclay are 

uniformly dispersed in composites, which is the main reason behind the reduction of 

microvoids and hence increasing the interfacial adhesion significantly. Inorder to show the 

compatibilizing effect of GC, the SEM micrographs of bionanocomposite compatibilized with 

GC is depicted in Fig. 4(d). Interestingly, fracture surface of PLA/SiB/C30B/GC 

compatibilized bionanocomposites showed distinct difference as compared with that of 

PLA/SiB/C30B bionanocomposites. The plasticizing effect due to the presence of GMA in GC 

reduces the brittle tendency of PLA and its biocomposites. 

DSC analysis of composites 
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Crystallization behaviour, which is influenced by the arrangement of amorphous/ 

crystalline phase and consequently thermal properties have been studied by DSC. Incorporation 

of fillers, reinforcement as well as compatibilizing effect could change the above mentioned 

behavior of PLA. The thermal behaviour of PLA/SiB biocomposites with both C30B nanoclay 

and GC was investigated by DSC in the temperature range of 30-200ºC at 10ºC/min. The DSC 

thermograms depicted in Fig. 5 have been used to estimate the glass transition temperature 

(Tg), cold crystallisation temperature (Tcc), melting temperature (Tm) and degree of crystallinity 

(χ) of PLA, PLA/SiB biocomposites as well as compatibilized and uncompatibilized 

bionanocomposites from the first heating cycle. The first endo thermic peak gives the Tg value 

of composites, while first exothermic peak denotes the Tcc and the Tm determines from the 

second endothermic peak. The resulting parameters are registered in Table 2. The mechanical 

properties of PLA, PLA/SiB biocomposites and PLA/SiB/C30B bionanocomposites were well 

correlated with the obtained DSC parameters, while DSC parameters of PLA/SiB/C30B/GC 

compatibilized bionanocomposite are in opposite agreement with its mechanical properties. 

GC compatibilization did not significantly alter the Tg and Tm of composites, however, Tcc and 

degree of crystallinity of composites were reduced. 

 

Fig. 5. DSC curves of (a) PLA, (b) PLA/SiB, (c) PLA/SiB/C30B and (d) PLA/SiB/C30B/GC 

Fig. 5 shows an endothermic transition on the DSC curves of PLA at 59.45ºC, which is 

recognized as the Tg, corresponding to relaxation of polymer chain segments on heating. 

However, the incorporation of SiB causes negligible decrease of Tg in PLA biocomposite, 

which provides evidence for increase of mobility of PLA chain as a function of added fiber. 

However, nanoclay reinforcement of PLA/SiB biocomposite resulted improvement in Tg 

(59.34ºC) as compared with PLA/SiB. It suggests that, there is decrease in mobility of polymer 

chain and free volume between fiber and matrix after incorporation of nanoclay. Fully 

exfoliated C30B nanoclay is able to disperse uniformly within the composite, which limited 

the polymer chain mobility. Moreover, the better adhesion along with plasticization effect 

occurred in GC compatibilized PLA/SiB/C30B bionanocomposites, resulted marginal drops in 

Tg. It results very less reduction in Tg to 59.05ºC.This result is oppositely correlated with the 

tensile strength observed in previous sections. 
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  The cold crystallization peak, an exothermic peak obtained during heating, which is 

revealed the reorganization of amorphous phase to crystalline due mobility and flexibility upon 

increasing temperature. However, PLA is not able to form crystalline structure at a rate of 

10ºC/min, which describes the fact that at a heating rate of 10ºC/min was not sufficient to 

generate crystallization peak, since it is a semicrystalline material. Poor crystallisation is one 

of the demerits of PLA. As compared with PLA, a cold crystallisation (Tcc) peak is observed 

for PLA/SiB biocomposites at 105.42ºC. It can be attributed that crystallization ability of PLA 

was boosted by SiB as a nucleating agent in composites [32]. In general, the low Tcc value 

obtained during heating cycle and high value for cooling cycle indicates fast crystallization 

[33]. On other hand, Tcc of PLA/SiB/C30B bionanocomposites was observed at 101.81ºC, 

which is less than that of PLA/SiB. It might be due to nucleating capacity of nanoclay, which 

can reduce the activation energy for crystallization. Addition of C30B tends to decrease the 

mobility and force for faster crystallization. Nevertheless GC increased the crystallization peak 

to 106.43ºC, revealing the plasticizing effect of GC despite the slow crystalline character of 

PLA in GC. In addition to, the crystallinity calculated for all samples are in good agreements 

to the Tcc results. The introduction of fillers affected crystallinity of PLA. More clearly the 

crystallinity increased from 36.6 % for PLA to 41.5 % for PLA/SiB biocomposites, due to 

crystalline nature of cellulose. After C30B addition, the crystallinity significantly improved to 

45.9 %. However, GC compatibilization led to depression of the crystallinity of composites. 

This trend was in good agreement with the crystallization temperature observed for composites. 

Table 2. DSC analysis of PLA and its composites 

Composites Tg(ᵒC) Tcc(ᵒC) 
Tm(ᵒC) 

χmax(%) 
Tm1 Tm2 

PLA 59.45   152.81 36.56 

PLA/SiB 58.02 105.42 147.12 153.83 41.47 

PLA/SiB/C30B 59.34 101.81 147.63 155.35 45.92 

PLA/SiB/C30B/GC 59.05 106.43 149.19 156.92 37.46 

Tg: glass transition temperature, Tcc: cold crystallisation temperature, Tm: melting temperature 

and χmax: maximum crystallinity 

As observed in figure, a double endothermic peak was detected for all composite, 

whereas PLA results only one melting peak at 152.81ºC. PLA/SiB biocomposite possessed 

double melting points at 147.12and 153.83ºC, whereas the primary melting point at 147.12ºC 

and secondary melting peak at 153.83ºC are corresponds to the melt crystallisation and 

remelting of PLA in PLA/SiB biocomposites. This indicates that, the heterogeneous nucleation 

as a function of fiber addition. On other hand it can be due to the presence of more than one 

crystal structure in composites as compared with PLA. Hence, the less perfect crystal melts 

first and reorganizes into crystals which remelt at high temperature. Further, incorporation of 

C30B to the tune of 3 wt% does show appreciable increase in melting temperature, which is 

probably due to the formation of genuine interface in PLA/SiB/C30B bionanocomposites. 

However, in case of PLA/SiB/C30B/GC compatibilized bionanocomposites, the melting 

temperatures were observed at 149.19 and 156.92ºC. The higher melting temperatures were 

observed from the DSC thermogram of PLA/SiB/C30B/GC compatibilized 
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bionanocomposites, which is probably ascribed to the confinement of compatibilization of GC 

within the bionanocomposites. 

 Dynamic mechanical analysis 

Dynamic mechanical analysis has been used to investigate the viscoelastic properties of 

composites. Fig. 6 (a) illustrates, the storage modulus curves of composites as a function of 

temperature. The storage modulus of all composites are higher than those of PLA and above 

60ºC, the modulus of all composites decreased with increasing temperature, which is due to the 

softening of composites upon heating [33]. 

 

 

Fig. 6(a). Storage modulus and (b) Tan delta curves of PLA and its composites 

The storage modulus of PLA was 2671 MPa at 30ºC, while were 4928 and 5367 MPa for 

PLA/SiB biocomposite and PLA/SiB/C30B bionanocomposites, respectively. This result 

indicates that both SiB and C30B nanoclay improved the stiffness of PLA matrix. More 

importantly, it was also noted that the PLA/SiB/C30B bionanocomposites have higher modulus 

that those of PLA/SiB/C30B/GC compatibilized bionanocomposite (5191 MPa). The reduction 

trend in storage modulus of PLA/SiB/C30B/GC compatibilized bionanocomposite is similar 

with the change noticed in flexural modulus. The lower storage modulus may be associated 

with the plasticizing effect of GC, and it suppresses the modulus imparted by fiber and 

nanoclay. In other words, the higher modulus observed for PLA/SiB/C30B bionanocomposite 

due to enhanced interfacial adhesion was offset by flexibilizing effect of GC in 

PLA/SiB/C30B/GC. This is also believed to be the cause of minute reduction in Tg of 

composites. Moreover, the storage modulus of composite except PLA again start to increase at 

temperature ranging from 100-110ºC, which is the typical effect of cold crystallisation 

observed in composites as described previously in DSC results. 
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Tan δ (damping factor), which is related to dissipation energy, of all samples are 

illustrated in Figure 6(b). The magnitude of tan δ peaks of all composites was lower than the 

PLA matrix. It has also been described that C30B nanoclay is well adhered to the PLA/SiB 

biocomposite, hence the mobility of polymer chain is reduced, resulting in less intensity. At 

the same time, PLA/SiB/C30B/GC composites also exhibit improved tan δ. Moreover, tan δ 

curves shows relaxation around 60-80ºC, which corresponds to α-relaxation temperature of 

composites. The α-relaxation temperature at 69.04ºC for PLA shifted to 72.99ºC by addition 

of SiB. Further addition of C30B results higher relaxation temperature at 75.91ºC, which is 

associated with the decreased PLA chain mobility. Further, GC compatibilized composites also 

shifted the tan δ peak to higher temperature (81.24ºC). This may be due to the effective 

crosslinking of GC in bionanocomposites which decreases the mobility of polymer chain 

segment. The obtained result is in good agreement with flexural data, but opposite in trend to 

that noticed from DSC. 

 

Conclusions 

In this study, the biocomposite, PLA/SiB were prepared with nanoclay as well as graft 

copolymer by melt blending. Graft copolymer was synthesized from PLA and GMA using BPO 

as an initiator which acted as a compatibilizing agent in bionanocomposites. FTIR spectra have 

been used to elucidate the chemical structures of SiB and GC and the graft copolymerization 

was further confirmed by 1HNMR. The effect of C30B and GC on the mechanical, thermal and 

dynamic-mechanical behaviour of PLA/SiB biocomposite has been investigated. Mechanical 

studies indicated that incorporation of C30B nanoclay increased the flexural strength and 

modulus and failed to reduce the brittleness of PLA. Further, addition of GC improved the 

ductility of PLA, while retaining the flexural strength. However, PLA/SiB/C30B/GC 

compatibilized bionanocomposites are resulted reduction in flexural modulus. DSC 

thermograms revealed that C30B nanoclay decrease the PLA chain mobility and hence resulted 

improved Tg and Tm. whereas due to dual role of GC as a compatibilizer and plasticizer, there 

was reduction in Tg and improvement in Tm. The storage modulus and relaxation temperature 

connected to tan δ obtained from DMA confirmed the above results. 
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Abstract: In the present workthe synthesis, characterization and antifungal activities of a Schiff 

base derived from anthranilic acid and acetoacetanilide and its Co (II), Ni (II), Cu (II) and Zn 

(II) complexes are discussed. The synthesized compounds were characterized by elemental 

analyses, magnetic susceptibility measurements, IR, HNMR and mass spectra. The complexes 

were found to be penta coordinate with the general formula [ML (H2O) (CH3COO)], where M 

is the metal and L is the mono anion of the ligand.  These compounds were also screened 

against A. niger to assess the antifungal activity. Anthranilic acid since it contains both carboxyl 

as well as amino group is similar to amino acids. The work is intended to extend to amino acids 

and develop medicines which are less toxic. 

 

Introduction 

Developments in Coordination chemistry, over the years have led to the synthesis of an 

important class of bases known as Schiff bases. Coordination compounds including Schiff base 

ligands play a pivotal role in industry(Hamon J and Saillard J 2010), technology (Matsunaga S 

and Shibasaki M2014), and biological processes (Kostova I  and Saso L 2013). The 

condensation products of primary amines with carbonyl compounds are often referred to as 

Schiff bases. These are compounds containing azomethine group (>C=N) and have the general 

structure R-N=C-R' where R and R' are aryl, alkyl, cycloalkyl or heterocyclic groups which 

may be variously substituted. Often they are referred to as anils, imines or azomethines.A 

Schiff base can  nitrogen analog of an aldehyde or ketone in which the C=O group is replaced 

by C=N-R group. It is usually formed by condensation of an aldehyde or ketone with a primary 

amine according to the following scheme:  

 
 

Scheme 1. Formation of Schiff base 

 
R may be hydrogen, alkyl or aryl group. Schiff bases that contain aryl substituents are 

more stable and more readily synthesized, while those which contain alkyl groups are relatively 

unstable. The formation of chelates gives extra stability to the complexes especially when the 

ring is five or six membered. Hence the presence of a functional group with replaceable 

hydrogen atom near to >C=N will be additional factor of stability. The investigators in the area 

of Schiff base ligands are concentrating on their biological activity as potent inhibitors and 

ability in variable bonding.While the C=N linkage is essential for biological activity, there has 
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been increasing emphasis on the screening of new and more effective antimicrobial drugs with 

low toxicity (Trujillo A, et al 2013). Various Schiff bases have been found to posses 

pharmacological activities such as antitubercular, anticancer (Cheng J et al2014), antitumor, 

antibacterial (Karmakar I, Mandal S, Mitra A 2015), fungicidal etc. Considering these 

properties of Schiff bases, in the present work the antifungal activities of Schiff bases derived 

from anthranilic acid and acetoacetanilide and its Co (II), Ni (II), Cu (II) and Zn (II) complexes 

are studied. 

 

Materials and Methods 
All the metal salts used were E. Merk, analar grade, and were used as such. For the 

synthesis of Co (II), Ni (II), Cu (II) and Zn (II) complexes, corresponding metal acetates were 

used.The ligand was synthesized by mixing 0.68g (0.005mol) of anthranilic acid in methanol 

with 0.88g(0.005mol) of acetoacetanilide in methanol and stirring for 20 minutes. The 

precipitate formed was washed with benzene, filtered and dried under IR lamp. Yield was 

noted.   Metal complexes were synthesized by adding aqueous methanolic solution of the metal 

salt to a boiling solution of the ligand in 1:1 ratio and refluxing the resulting solution for 1h. 

The precipitated complexes were filtered, washed with water and methanol and dried. Metal 

Complexes were analyzed by independent pyrolysis to determine the metal content. 0.1g of the 

complexes was accurately weighed and converted them into their oxide by thermal 

decomposition.Carbon, Hydrogen and Nitrogen percentages were obtained by microanalysis 

from CDRI, Lucknow.  Magnetic susceptibility measurements were done from Calicut 

University by using a MagwaySharewood MSB employing Hg[Co(NCS)4]as calibrant. 

Diamagnetic corrections were made using Pascal constants and corresponding effective 

magnetic moments were calculated.Mass, IR and1H NMR spectra were obtained from SAIF, 

CDRI-Lucknow. Molar conductance of the Schiff base ligand and their metal complexes were 

determined in methanol at room temperature by using a conductometer at 20 µS. Fungal strain 

used in the present study is Aspergillus Nigerin Potato agar medium. A 2000ppm solution of 

Amphotericin B in ethanol was used as control drug.The growth of the fungiwas observedafter 

24 hours and the inhibition zone diameter was measured. A triplicate was also conducted.  

 

Results and Discussion 
The elemental percentages of C, H and N reported by microanalysis showed close 

agreement with the molecular formula C17H16N2O3 for the ligand.The metal complexes on 

thermal decomposition yield their oxides.ie, Co (II) and Cu (II) gives black colored oxides 

(Co2O3and CuO), Ni (II) gives brown colored oxide (NiO) and Zn (II) gives white oxide (ZnO).  

The elemental percentage and other physical data of the ligand and its complexes are included 

in the Table 1. The elements of the first transition series form complexes with magnetic moment 

values in close agreement with Bose-Stoner spin only formula, µ=[n(n+2)]1/2 BM, where n is 

the number of unpaired electrons in the system. The Co (II), Cu (II) and Ni (II) complexes are 

found to be paramagnetic in nature, where as the Zn (II) complex is diamagnetic as expected. 

The magnetic moment values of complexes indicated high spin geometry. Thus the magnetic 

moment values obtained for these complexes were within the range expected for the proposed 

geometry.The molar conductance of the Schiff base in methanolic and its complexes in DMSO 

solutions suggested that all the complexes were non-electrolytes in the roomtemperature. 

The IR spectra of the ligand shows almost all bands expected for Schiff base. The strong 

absorption in the 1603.58 cm-1 region is assigned as the azomethine group present in theSchiff 

base. Other bands and corresponding vibrations are given in the Table 2.  

http://pubs.acs.org/action/doSearch?ContribStored=Cheng%2C+J
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Table1.Physico-chemical data of the synthesized compounds 

 

Compound 

 

Yield 

% 

 

Colour 

Elemental analysis 

Calculated(found) 

Magnetic 

moment(µ 

eff) 

BM 

Conducta

ncex 

20µs C H N M 

Ligand 71.54 
Light 

brown 

68.92 

(68.02) 

5.41 

(5.01) 

9.46 

(9.20) 

- 

 
D 9.1 

Co complex 55.69 
Light 

pink 

52.91 

(51.95) 

6.49 

(6.12) 

6.49 

(6.05) 

13.67 

(13.50) 
5.1937 19.6 

Ni complex 81.26 
Light 

green 

52.94 

(52.12) 

6.50 

(6.04) 

6.50 

(6.16) 

13.63 

(13.36) 
3.5387 4.7 

Cu complex 64.29 Green 
52.35 

(51.88) 

4.59 

(4.23) 

6.43 

(6.12) 

14.59 

(14.38) 
2.1114 19.5 

Zn complex 45.73 White 
52.13 

(51.56) 

4.57 

(4.12) 

6.40 

(6.08) 

14.95 

(15.26) 
D 8.1 

 

Table 2.Important IR spectral bands of the ligand 

Wave number (υ in cm-1) Assigment 

1603.58 -C=N- 

1668 >C=O 

3369 O-H  of  COOH 

3019 N-H of amide 

1496 C-C in aromatics 

1320 C-O  of COOH 

667.42 -CH  aromatics 

1410.75 -CH of CH3 

762.09 -CH rock of CH3 

1218.31 -CN of amide 

1325.88 -CH of CH2 

 The 1HNMR spectrum of the ligand showed all the peaks expected.The 1HNMR 

spectrum of the complex is given in table3. The disappearance of OH peak of COOH group 

indicates thecoordination of the group to the metal. Additional peaks at 1.544 and 1.430indicate 

the coordination of water and acetate to the metal atom respectively. In the mass spectra of 

ligand, the base peak is found to be at 137.94m/e corresponds to molecular weight of anthranilic 

acid.The M+1 peak was at 297.02 m/e. 

Table 3.Chemical shift of the ligand and the Zinc complex 

Ligand Zn(II) Complex 

Chemical shift Assignment Chemical shift Assignment 

2.301 -NC-CH2-CO- 1.544 H2O 

9.179 Ar-COOH 1.430 CH3 of acetate 

7.086-7.944 m Ar-H Benzenoid 6.909-7.606 m Ar-H Benzenoid 

6.672 Ar-NH-CO- Amide 6.661 Ar-NH-CO- Amide 

1.717 CH3-CN- 1.687 CH3-CN- 
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Peak corresponding to acetoacetanilide moiety was obtained at 178.06.In the mass 

spectra of Cu complex (Fig.1), the base peak is found to be at 297.05 m/e. Molecular weight 

of a structure involving one molecule each of the ligand, water, acetate and Cu atom is found 

to be 435.88. But M+2 peak is obtained at 437.96 instead of the corresponding M+ ion peak. 

This indicates penta coordination around the metal atom, since molecular ion peaks 

corresponds to other coordinations were absent in the spectra.  

 

Fig.1. Mass spectrum of copper complex 

The ligand forms stable complexes with Co(II), Ni(II), Cu(II) and Zn(II). All complexes 

are colored solids. The close agreement between the calculated and observed metal percentages 

and also evidences from the spectral studies shows that the general formula of the complexes 

to be [ML(H2O)(CH3COO)], where M is the metal and L is the mono anion of the ligand.The 

fungal studies detailed in table4 indicate that the Schiff base and Cu complex are very active 

against the fungus Aspergillus Niger while Co, Ni and Zn are less active against them. The 

photograph of the fungal activity after 24 h is depicted as Fig.2. Methanol as well as DMSO 

which are used as the solvents shows moderate activity. 
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Fig.2. Image showing the inhibition zone of ligand and its complexes 

Table 4.Antifungal activity measurements of the compounds 

Compound 
Diameter of inhibition zone (mm) 

1 2 3 

Amphotericin B 30 30 30 

Methanol 15 15 15 

DMSO 25 25 25 

Schiff base 30 29 29 

Co complex 24 25 24 

Ni complex 20 20 21 

Cu complex 27 28 27 

Zn complex 24 23 23 

 

Conclusions 

The structure of the ligand has been confirmed by the physico-chemical methods. The 

ligand and complexes were characterized by spectral technique, molar conductance and 

magnetic measurements. All the evidences shows that the ligand acts as tridentate neutral 

ligand coordinated through N of azomethine (-CH=N-) and also by the oxygen’s of CO and 

COOH group. A penta coordinate Geometry has been assigned for all the four 

complexes.Antifungal activity of the Schiff base and its complexes developed were checked 

and found that the Schiff base and Cu (II) complex are very active against the fungus 

Aspergillus Niger and Co(II), Ni (II) and Zn(II) complexes shows moderate activity.On the 

basis of the available data, the following structures (Fig. 3 and Fig. 4) are assigned for the 

ligand and complexes. 

 

 

 

 

Fig.3. Structure of the ligand2-[2-imino-N-phenylbutanamido]benzoic acid 
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Fig.4. Tentative structure of the metal complexes; M= Co, Ni, Cu, Zn 
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Abstract: Numerous applications of polymers like packaging of foods and beverages, 

protective coating and membrane separation process are critically dependent on the rate at 

which various molecular species permeate. So the study of transport phenomena through 

polymeric membrane is very important in recent days to achieve significant improvement in 

this area . In this project The diffusive migration in the vapour phases of three volatile organic 

compounds (VOC’s: benzene, toluene, and xylene) through the samples of different cellulose-

EVA-Cellulose blend polymers (1%,5%,10%) were compared based on both sorption and 

diffusion tests. The effects of structure and morphology of the blend membranes on the 

permeability were investigated. The permeability was found to decrease with increase in the 

percentage of cellulose content which has been attributed to the semicrystalline nature of 

cellulose. The permeation process has been observed to be controlled mainly by the molecular 

mass of the penetrants. 

  

Introduction 

         Diffusion and permeation in polymeric materials is of fundamental importance in many 

applications and is the subject of considerable scientific interest. The applications of polymeric 

films as protective coating in membrane separation process, in food packaging etc depend on 

its permeation properties [1, 2, 3].  Many aromatic vapours exist in food, medicine, cosmetic 

and diverse daily chemicals such as flavor snack food, flavor, perfume, soap, shampoo and so 

on. Dissipating or adding of aromatic vapor will affect the quality and marketing of products 

directly. Polymers, during their life time are exposed to a variety of hostile chemical 

environments. The use of polymer membranes as liners and storage tanks for hazardous liquids 

is increasing [4, 5].  So the knowledge of the performance of polymers in the environment of 

hazardous solvents, vapours and temperature is essential for their successful applications. 

Vapour permeation is one of the most prospective routes used in industries related to membrane 

technology. It is both widely employed to separate azeotropes and in the dehydration of 

solvents/alcohols [6]. It is considered as an attractive alternative to per vapouration in which 

the component to be separated from a liquid feed mixture has to be vapourized through a 

membrane [7]. In addition, the vapour permeation method promises greater simplicity in 

technical design and significant opportunities for energy savings [8–9].  So, an understanding 

of the transport phenomena of the polymers and their interaction with different penetrants  plays 
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a vital role in the various applications  in chemical and food industries [10, 11]. Conversely, 

the vapor permeation technique is a good tool for the thermodynamic characterization of 

polymer blends. Analysis of equilibrium sorption of a vapour by the solid polymer blend can 

provide useful information regarding the polymer-polymer interactions. 

              The vapour permeation through different polymeric films has been studied by several 

researchers [12–15]. On the basis of the permeation data of benzene and cyclohexane vapours 

by poly (urethane urea) (PUU), Wolinska-Grabczyk et al. [16] predicted the pervaporation 

performance of PUU-based membranes for the separation of benzene/cyclohexane mixtures. 

Vapor transport also offers one of the unique ability to study the structure property relationships 

in polymers. The sorption characteristic of water and ethanol vapors in poly (vinylalcohol) 

(PVA) membranes of different crystallinity was investigated by Perrin et al. [17]. They reported 

that higher the crystallinity of the membranes, the lower the values of limiting diffusion 

coefficient and plasticization coefficient.  

 The goal of this study was to examine the solvent vapour permeation properties of 

EVA-cellulose blend membranes using different organic solvents. The organic solvents used 

for study were benzene, toluene and xylene Particular attention has been given to the effects of 

blend ratio and nature of penetrants on the permeation behavior and the correlation of the 

results with the morphology of the matrices. 

 

Materials and Methods 

Materials: The polymeric materials used for study were the samples of different EVA- 

cellulose blend polymers, viz., 1%, 5%,10% and the solvents used were benzene, toluene and 

xylene.      

Vapor Permeation study: The vapour permeability was determined at room temperature by 

measuring the weight loss from small vials containing organic solvents such as benzene, 

toluene and xylene, which were closed tightly by using the blend membranes. The experiments 

were triplicates in most cases and the deviation was within ± 0.001 to 0.003 mole percentage. 

The results of the vapor permeation experiments were expressed by plotting the amount of 

vapor permeated, Mt, versus time, t. [18] 

Blend Morphology: The blend samples for scanning electron microscopy (SEM) were 

prepared by cryogenically fracturing them in liquid nitrogen. These samples were sputter 

coated with gold and SEM examinations were performed on a Cambridge Instrument (S360). 

 

Results and Discussion 

Effect of filler 

Fig.1 shows that the amount of vapour permeated through 1% and 4% cellulose loaded 

to EVA system. It has been observed from the figure that 1% EVA-cellulose membrane showed 

higher permeability than 4% EVA-cellulose system. The higher permeability in the former 

membrane may be due to more volume of matrix. Adding cellulose to EVA phase improves 

barrier property. The incorporated cellulose in the matrix fills in the normally pores structure 

of the EVA membrane. Thus, the gases passing through the matrix must travel a tortus path 

created by the added cellulose particle hence the permeability of the vapour decreases.  
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Effect of Amount of filler 

Fig.2 shows the amount of vapour permeated through composite membrane with 

varying amount of cellulose. 5% and 10% loaded cellulose shows almost comparable 

permeabilities. It can be seen that the 10% loaded cellulose system has very low rate of 

permeability due to dispersion of the filler in the matrix. This study shows the importance of 

blending natural polymers like cellulose to synthetic polymers (EVA) which decreases the 

permeability of the membrane. This property of the membrane is useful to make biopolymers 

and can be applied in food packages which will preserve aroma and flavor naturally.  

 

Fig. 1. The amount of vapour permeated through 1% and 4% cellulose loaded to EVA system 

 

 

Fig.2. The amount of vapour permeated through composite membrane with varying amount 

of cellulose 

Effect of Solvents 
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Fig.3 shows the rate of permeation in different solvents. From the figure it is obvious 

that the three different organic solvents showed different permeability which was time 

dependent. Benzene has low molecular size, which can pass through the free volume of the 

membrane easier than the larger molecules (toluene, xylene). So the rate of permeation is more 

through benzene. The order of permeation according to penetrant size for given membrane has 

been found to be benzene > toluene > xylene  

 

Fig. 3. The rate of permeation in different solvents, benzene, toluene and xylene 

Comparative morphological study of filler loaded in different systems  

 

Fig. 4. SEM of pure EVA 
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Fig. 5. SEM of EVA + 5% cellulose loaded          Fig. 6. SEM of EVA + 10% cellulose loaded 

 

Fig. 4 shows the pure EVA system, it is not loaded with any substance. But in Fig.5, 

5% cellulose is loaded to pure EVA system, it fills some of the porous structure of the 

system.10%cellulose is loaded to EVA in Fig.6 It has been found more particles in this system, 

it fills most of the porous sites. 
 

Conclusion 
Permeation of three aromatic solvent vapors viz. benzene, toluene, xylene through 

different samples of EVA-cellulose blend polymers has been studied with reference to the 

effect of blend ratio. The decrease in the permeability of aromas through these membranes with 

increase in the cellulose content has been attributed to the semicrystalline nature of cellulose. 

The   morphological analysis of these membranes again confirmed the observed fact. Of the 

three aromatic vapors used, the trend is in the order: benzene> toluene > xylene. This is in 

accordance with their molecular size. 
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Abstract: Chitosan based coatings considered as green alternative for the corrosion protection 

of mild steel mainly due to its barrier property and affinity towards metal. In this study Chitosan 

and Chitosan/SiO2 nanocomposite film developed on mild steel surface via sol gel method and 

dip coating techniques. Films so formed were characterized by FTIR-ATR, X-ray diffraction 

(XRD), scanning electron microscopy (SEM), and energy dispersive X-ray fluorescence 

spectroscopy (EDX). The hydrophobicity of these surfaces is measured by contact angle 

studies.  Corrosion protection behavior of these films for mild steel in 0.5 N HCl solutions was 

evaluated by potentiodynamic polarization (Tafel) and impedance studies (EIS). The result 

showed that Chitosan/SiO2 film is superior in several respects to pure chitosan film particularly 

in its corrosion protection behavior, which can be correlated with its hydrophobic nature. 

 

Introduction 

Metals corrode, and this electrochemical process has a huge implication on their end-

use and consequently, the economics of maintenance and repairs for industrial applications. 

The rate of metal corrosion is greatly influenced by substrate and surface chemistries as well 
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as some environmental influences, and by understanding these factors, adequate control 

methods can be employed to revert its degradation kinetics [1]. Chitosan (deacetylated chitin) 

obtained from the outer shell of crustaceans (crabs, lobsters, krills and shrimps). Chitosan 

primarily consists of β linked 2-amino-2-deoxy-β-D-glucopyranose units. Chitosan shows 

biocompatibility, low toxicity, biodegradability, osteoconductivity and antimicrobial 

properties. Modified chitosan are less susceptible to moisture and prevent the penetration of 

corrosive electrolyte species, providing good corrosion protection to the substrate [2,3]. In 

addition to its biodegradability and biocompatibility, this polymer can form various chemical 

bonds with transition metals and heavy metal components of composite materials and, thus, 

can enhance the stability of the nanoparticles [4]. Chitosan, a biowaste, can be used as an eco-

friendly candidate for coating purposes because of its excellent film forming ability, low cost, 

biodegradability and non- toxic nature. Chitosan-silica hybrids were homogeneous transparent 

film-forming glassy materials that are compatible through a certain composition range [5]. 

 

Materials and Methods 

Materials: The Chitosan (CS) with a degree of polymerisation 75-80% was obtained from 

Sigma Aldrich pvt.ltd (India).Tetra ethyl orthosilicate (Teos)(Otto), Acetic acid and all other 

reagents of Analar grade were used as such. 

Methods of synthesis: SiO2 nanoparticles were synthesized using Teos, acetic acid and water 

as per the procedure reported elsewhere [6]. Chitosan biopolymer (1gm) was dissolved in 1% 

acetic acid solution. The synthesized SiO2 nanoparticles were dispersed in water and then 

magnetically stirred with the chitosan solution for about 8 hours. The Cs and Cs/SiO2 films 

were made by drying 10 ml of the solution at 700C and neutralized using NaOH. 

Preparation of chitosan coating on mild steel: Mild steel coupons were abraded with 

different grades of emery papers, degreased with acetone and finally washed with distilled 

water. Mild steel coupons were coated by the Cs and Cs/SiO2 film by dip coating technique 

with a velocity of 15cm/sec. Then the coated substrates were dried in a fume hood for 12 hrs 

Electrochemical measurements: EIS measurements and Tafel plots were carried out at room 

temperature in a three-electrode corrosion cell consisting of a saturated calomel reference 

electrode, a platinum counter electrode and chitosan coated steel coupons as the working 

electrode. 0.5 N HCl solution was used as the electrolyte. All measurements were carried out 

using Gill AC computer controlled electrochemical work station (ACM, U.K, model no: 1475) 

 

Results and Discussion 

FTIR-ATR: FTIR-ATR spectra of Cs and Cs/SiO2 film are shown in Fig.1. Cs spectra show 

an intense and broad band between 3500 and 3150 cm−1, associated with the axial stretching 

vibrations of the O-H and N-H bonds, a band at 2934cm−1, corresponding to the symmetric or 

asymmetric C-H (of the pyranose ring) stretching vibration and bands centered at 1646 and 

1548 cm−1, assigned to the amide I and amide II vibrations, respectively, a band at 1057cm-1 

corresponding to the C-O stretching vibration. All these bands are also present in the ATR 

spectra of Cs/SiO2 film, but the intensity of the interaction between Si-O on silica and 

functional groups on chitosan decreases in the N-H region. Also the characteristic bands of 
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Chitosan (2934 cm−1) and of silica (893 cm−1 and 647 cm−1) retains in SiO2–Chitosan 

nanocomposite film confirms the formation of the composite. 

 

Fig.1. FTIR-ATR spectra of Cs and Cs/SiO2 film 

Surface wettability of the coated surface: In order to understand the water-film surface 

interaction, water contact angle of the Cs and Cs/SiO2 film were measured which are shown in 

Fig.2. The highly hydrophilic chitosan possesses a contact angle of 89 which is due to the free 

–OH and –NH2[7]. Upon loading SiO2 to the chitosan matrix, water contact angle became 1200, 

which indicates that the hydrophilic Cs film is modified to hydrophobic Cs/SiO2 film. 

 

Fig 2. Water contact angles for Cs and Cs/SiO2 film 

SEM and EDX: Scanning microphotographs of the surfaces of pure Cs and Cs/SiO2 composite 

film are shown in Fig.3a-c. Compared with the surface of pure CS membrane (Fig. 3b), the 

composite film possesses a network structure was attributed to the homogeneous dispersion of 
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SiO2 nanoparticles within Cs (Fig. 3c) matrix. EDX spectrum (Fig.4) also proved the dispersion 

of SiO2 into the Cs matrix. 

     

 

  

 

 

 

Fig.3. FESEM image of A) 

bare mild steel B) Cs  C) Cs/SiO2 

Fig 4. EDX spectra of A)bare mild steel B)Cs  C) Cs/SiO2 

 

Potentiodynamic polarization studies 

The tafel plots obtained from PDP studies shown in Fig.5 suggested that Cs/SiO2 hydrophobic 

film has the lowest corrosion current and corrosion rate. The various electrochemical 

parameters obtained by Tafel extrapolation method are tabulated in Table.1.the inhibition 

efficiency can be calculated using the relation 

𝐼𝐸 =
𝐼𝑐𝑜𝑟𝑟 − 𝐼𝑐𝑜𝑟𝑟

∗

𝐼𝑐𝑜𝑟𝑟
                                       (1) 

 where Icorr and I*
corr  are the corrosion current densities of blank and coated mild steel. 
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Fig. 5. Tafel plots for the mild steel, Cs and Cs/SiO2 

Table.1. Different electrochemical parameters obtained by Tafel extrapolation in 0.5N 

HCl 

Sample name Ecorr(mV) Icorr(mA/cm2) βa(mV/dec) βc(mV/dec) IE % 

Blank -462.5 1.2903 133.89 223.01  

CS -469.8 0.4730 136.09 118.13 63.3 

CS/SiO2 -465.4 0.2588 113.3 244.69 80.0 

 

Electrochemical impedance studies 

Corrosion Inhibition efficiency was calculated from impedance measurements as 

𝐼𝐸 =
𝑅𝑐𝑡

∗ − 𝑅𝑐𝑡

𝑅𝑐𝑡
∗                                              (2)            

where RCt  and 𝑅𝐶𝑡
∗  represents the charge transfer resistance for the bare and coated mild steel 

samples. From the nyquist plot fig.6 and from table 2 the Rct value of Cs/SiO2 film is higher 

compared to pure Cs which confirms the better inhibition efficiency of the modified 

nanocomposite film. 
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Fig.6. Nyquist plots for mild steel, Cs and Cs/SiO2 

Table 2. Different electrochemical parameters obtained by EIS measurements in 0.5N HCl 

Sample name Rs(Ωcm2) Rct(Ωcm2) Cdl(ϻF/cm2) 
Corrosion 

Rate(mm/yr) 
IE % 

Blank 6.25 8.41 737 35.94  

CS 4.16 40.99 438 7.37 79.5 

CS/SiO2 3.10 109.6 384 2.75 92.3 

 

Conclusions 
New Chitosan based anticorrosion film was developed with the addition of SiO2 as filler 

via sol gel method. Electrochemical parameters obtained by Tafel polarization and impedance 

studies in 0.5N HCl showed that deposited hitosan/SiO2 film significantly improved the 

corrosion resistance of mild steel. The corrosion protection performance by Chitosan/SiO2 

nanocomposite film could be due to its hydrophobic nature.  
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Abstract: Copper(II) and zinc(II) complexes have been synthesized by the reaction of copper 

acetate and zinc acetate with  3,5-dichloro-2-hydroxybenzaldehyde benzoylhydrazone and 

characterized by analytical and spectral studies. 

Keywords: CuII complexes; ZnII complexes, 3,5-dichloro-2-hydroxybenzaldehyde   

benzoylhydrazone. 

 

Introduction 

 Coordination chemistry, the chemistry of metal complexes, is one of the most active 

areas of research in inorganic chemistry. The field of coordination chemistry has been explored. 

The importance of coordination complexes is increasing due to their complex structures and 

interesting magnetic, electronic and optical properties. Coordination complexes show diversity 

in structures depending on the metal ion, its coordination number and the denticity of the 

ligands used and therefore, the selection of ligand is crucial in determining the properties and 

structures of coordination compounds and their biological and medical applications. 

   Metal complexes of hydrazones have been found to have biological and therapeutic 

activity. Many hydrazone derivatives have been found to possess anti-inflammatory activities 

[1]. The biological results revealed that some of the hydrazones have prominent anti-convulsant 

activity. [2,3]. Recently Affan et al. have reported the cytotoxicity and anti-termitic property 

of thiophene-2-carboxaldehyde benzhydrazone and its tin complexes[4].  Metwally et al. 

(2006) synthesized a new series of hydrazones and evaluated. 6-Chloro-2-(4-methoxyphenyl) 

quinoline-4-carboxylicacid(4nitrobenzylidene)- hydrazide was found to be most potent against 

Staphylococcus aureus, Escherichia coli and Candida albicans.  Hydrazone complexes show  

catalytic activity in various organic reactions [5].  Many Zn2+ fluorescent sensors have been 

reported, exhibiting high selectivity and sensitivity over other biologically essential metal ions 

in specific ranges of concentration [6,7].   

Here we report the syntheses and spectral characterization of coppe and zinc complexes 

of 3,5-dichloro-2-hydroxy benzaldehyde benzoylhydrazone (H2DHB).  Structure of the 

hydrazone is shown in Fig. 1. 
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Fig. 1. Structure of the hydrazone 

Experimental 

Synthesis of copper complexes: To a solution of 3,5-dichloro-2-hydroxy benzaldehyde benzoic 

hydrazone, H2DHB (1 mmol, 0.287 g) in  methanol, Cu(CH3COO)2·4H2O (0.199 g, 1 mmol) 

was added.  The brown solution was  refluxed for 3 hours and green product was separated out 

was  filtered, washed with methanol  and dried in vacuo. 

Synthesis of zinc complexes: Methanolic solution of nickel(II) acetate (0.219 g ,1 mmol) was 

added to a stirred mixture of H2DHB(0.287 g, 1 mmol) in methanol.  The resultant yellow 

solution was refluxed for 3 hours and product separated out was filtered, washed with methanol 

and dried in vacuum. 

 

Results and Discussion 

            Copper and zinc complexes were characterized by elemental analysis, IR and electronic 

spectra. All the four complexes are coloured and soluble in DMF. The results of elemental 

analysis (Table 1) show that the complexes have the molecular formulas [Cu(DHB)H2O] and 

[Zn(DHB)H2O]. 

Table 1. Elemental analysis 

Compound Colour 
Elemental Anal. Found (Calcd) % 

C N H 

[Cu(DHB)H2O] Black 42.66 (43.26) 7.71(7.21) 3.19 (2.59) 

[Zn(DHB)H2O] Shiny green 43.65 (43.05) 7.67(7.17) 3.00(2.58) 

 

Infrared spectra: IR spectra in the range 4000-50 cm-1 were recorded for complexes and 

assignments were done in comparison with that of the respective free ligand.  The selected IR 

bands of the hydrazone and complexes are represented in Table 2.  

Table 2. IR spectral data of the hydrazones and their copper(II) and zinc(II) complexes. 

Compound ν(C=O) ν(N–H) ν(C=N) ν(C=N) ν(C–O) ν(N–N) ν(O–H) 

H2DHB 1680 3065 1575 --- --- --- --- 

[Cu(DHB)H2O]   1500 1600 1370 1131 3395 

[Zn(DHB)H2O] ---- ---- 1505 1595 1357 1143 3223 
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A comparison of the IR spectra of ligands and the metal complexes showed that 

significant variations have occurred in the characteristic frequencies upon complexation. 

             IR spectral analysis of the ligand (Fig. 2) confirms the presence of characteristic groups 

present in the compound. Strong bands due to the ν( N–H) and ν(C=O) modes at 3065 and 

1680 cm-1 are observed in the spectrum which suggest that the hydrazone exists in the amido 

form in the solid state [8, 9]. A prominent band at 1575 cm-1 due to azomethine ν(C=N) linkage 

is observed in the spectrum  indicating that condensation between ketone moiety of carbonyl 

compound and that of the hydrazide has taken place resulting into the formation of the desired 

ligand . 

                                      

Fig. 2.  IR spectrum of H2DHB 

            A comparison of the IR spectra of ligand and copper complex shows that significant 

variations have occurred in the characteristic frequencies upon complexation. In this complex, 

it was found that the characteristic spectral bands for  ν( N–H) and ν(C=O) stretches of the 

hydrazone appearing  at 3065 cm-1 and 1680 cm-1 respectively disappear on complexation, 

which supports the coordination  via enolate  form instead of amido form, formed during 

tautomerization process [10, 11]. A new band appears at 1370 cm-1 due to the coordination of 

the ν(C–O) enolic mode [12].  The strong absorption band at 1575 cm-1 ascribed to the imine 

stretching frequency of the uncoordinated ligand, shifts towards lower frequency on 

complexation with the metal, suggesting coordination to the metal through imine nitrogen [13, 

14]. On complexation a new band appeared at 1600 cm-1 due to ν(C=N) [15, 16]. 
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                                                 Fig. 3. IR spectrum of the copper complex 

In the IR spectrum of zinc complex (Fig. 4), the bands at 3065 and 1680 cm-1 are absent, 

which indicate the coordination is via enolate form of the ligand. The azomethine band appears 

at 1505 cm-1.  On complexation a new band appeared at 1595 cm-1. A band at 1357 cm-1 

indicates the coordination of C–O group.  ν(N–N) stretching appears at 1143 cm-1. The IR 

spectrum exhibits a strong peak at 3223 cm-1, which indicates the presence of coordinated water 

molecule. 
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Fig. 4.  IR spectrum of the zinc complex 

Electronic spectra: The electronic spectra of prepared hydrazones were taken in DMF (Fig. 5). 

Important bands observed are listed in Table 3.  Bands in the range 30070-33400 correspond 

to π-π* and n-π* transitions of the hydrazones. 

                                           

Fig. 5. Electronic spectrum of ligand 

 The electronic absorption bands of the complexes were recorded in DMF. The 

electronic transitions found in free ligands were slightly shifted on complexation. The presence 

of broad band in the complex in the range 14850 cm-1 can be assigned to d-d transition.  The 

bands observed in the region 24540,24900 cm-1 are mainly due to the charge transfer 

transitions.  The remaining bands correspond to the intraligand transitions (Fig. 6&7).      

Table 3. Electronic spectral assignments (cm-1) of Cu(II) and Zn(II) complexes 
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Compound Intraligand transitions LMCT/MLCT d-d 

H2DHB 33400, 32200, 30000   

[Cu(DHB)H2O] 35500 24540 14850 

[Zn(DHB)H2O] 31500, 36600 24900 ----- 
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                                      Fig. 6. Electronic spectrum of the copper complex 
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                                   Fig. 7. Electronic spectrum of the zinc complex 

Conclusions 
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         The thesis deals with the synthesis and characterization of copper and zinc complexes of 

3,5-dichloro-2-hydroxybenzaldehyde benzhydrazone. The thesis is divided into three chapters. 

First chapter includes introduction, tautomerism, coordination modes and importance of 

acylhydrazones. It also includes the scope of the work. Chapter 2 deals with preparation of  

ligand  and its copper and zinc complexes.  Also it contains different physicochemical 

techniques. The ligand acts as a tridentate ligand. 

                   The elemental analyses clearly show that the complexes have the empirical  

formula [Cu(DHB)H2O]and [Zn(DHB)H2O] , where DHB stands for deprotonated ligand. 

These complexes are characterized by IR and UV-visible measurements. 
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Proposed structure for the copper complex; [Cu(DHB)H2O] 
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Proposed structure for the zinc complex; [Zn(DHB)H2O] 
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Abstract: The corrosion behaviour of mild steel in H2SO4 solution in the absence and presence 

of Lawsonia inermis extract was investigated using weight loss measurement. It was found 

that, the inhibition efficiency of the extract depends on their concentration. The inhibitive 

action of this extract was discussed in terms of blocking the electrode surface by adsorption of 

the components through the active centres contained in their structure.  

 

Introduction 

Corrosion is a natural process, defined as the deterioration of a material that results 

from a chemical or electrochemical reaction with its environment, ie. , it converts a refined 

metal to a more chemically stable form, such as its oxide, hydroxide or sulphide. It is a gradual 

destruction of materials (usually metals), by chemical and other electrochemical reaction with 

their environment [1].  

Many structural alloys corrode merely from exposure to moisture in air, but the process 

can be strongly affected by exposure to certain substances. Corrosion can be concentrated 

locally to form a pit or crack, or it can extent across a wide area more or less uniformly 

corroding the surface. Because corrosion is a diffusion-controlled process, it occurs on exposed 

surfaces [2].  

Due to corrosion there are indirect costs associated with plant shut down, lower 

efficiency of equipments, contamination and over design, parts and labour to replace corroded 

equipments are often minor compared to the loss of production while the plant is 

nonoperational. Thus leaks in a pipelines and tanks result n loss of costly products and this 

leaks can also pose a serious environmental problems. Soluble corrosion products can 

contaminate a system and decontamination is costly. In the absence of adequate corrosion rate 

information over design is required to ensure reasonable service life. This leads to wastage of 

resources and for moving parts, greater power requirements. 

Iron and its alloys exhibit high electrical and thermal conductivity, high formability, 

machinability and strength. Because of these favourable properties they are extensively used 

in a industrial fields. 

The first step in effective corrosion control, however, is to have a thorough knowledge 

about the type of corrosion, the mechanism involved, how and why they occur. In virtually all 

situations, metal corrosion can be managed, slowed or even stopped by using the proper 



 

Proceedings of the National Seminar on Medicinal Chemistry 2019 

 

 

91 ISBN 978-93-5279-420-1 
 

 

techniques. Corrosion prevention can take a number of forms depending on the circumstances 

of the metal being corroded [3].  

Corrosion inhibitors are either organic or inorganic chemicals that are added in small 

amounts (parts per million) to corrosive environment in order to delay or decrease the corrosion 

process of the substance to be protected. Due to the fact that equipment constructed with 

materials resistant to corrosion is very expensive, it is common to use corrosion inhibitors as a 

practical, economical and a simple alternative. The effectiveness of a corrosion inhibitor 

depends on fluid composition, quality of water and flow regime [4].  

The term “green inhibitors” or “eco-friendly inhibitor” refers to the substances that have 

biocompatibility in nature. The inhibitors like plant extracts presumably possess 

biocompatibility due to their biological origin. Similar to the general classification of 

inhibitors, 'green inhibitors' can also be grouped into two categories, namely organic green 

inhibitors and inorganic green inhibitors [5].  

Lawsonia inermis belonging to family Lyrthaceae, is a medium sized herb with many 

branches. The leaves, barks, roots and fruits are useful parts of henna plant. Henna has anti-

bacterial, anti-fungal, aromatic and cooling properties. Lawsone is the active constituent of 

henna leaves, which is the main colouring constituent of henna obtained by degradation of 

hennosides A, B and C. Apart from having medicinal properties, water extracts of henna leaves 

powder were evaluated as corrosion inhibitors for steel and commercial aluminium in saline, 

acidic and alkaline medium. 

Lawsonia inermis leaf have the components, gallic acid, 2-Hydroxy-1,4-

naphthoquinone etc., which contains aromatic rings and high electron density. All this may 

make Lawsonia inermis leaf extract a good corrosion inhibitor. 

 

Experimental  

Inhibitor: Lawsonia inermis (henna) leaf extract. 

Preparation: Lawsonia inermis's leaves were dried under shade for several days. After the 

complete dehydration of leaves, it was crushed into very fine powder. A mixture of 10g 

Lawsonia inermis (henna) and 100ml ethanol was taken in a round bottomed flask and was 

refluxed at 100oC for about 2-3 hours and filtered. The obtained filtrate was concentrated to 50 

ml using a water bath. Varying the concentration of the extract, it was subjected to further 

corrosion studies. 

Medium for corrosion: The medium for the study was 1N. H2SO4 prepared from reagent grade 

Sulphuric acid from E. Merk and distilled water.All the tests were done at room temperature 

and normal atmospheric pressure. 

 

Results and Discussion 

Weight loss and corrosion rate: The weight loss experiments were carried out under total 

immersion conditions in test solutions maintained at room temperature. Iron specimens (mild 

steel) of required dimensions are initially rubbed with different grades of emery papers. The 

experiments were carried out in 100 ml beaker containing the solutions. The metal coupons 

with freshly prepared surfaces were then fully immersed in a corrodent. 1N H2SO4 and 0.5 N 
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H2SO4 inhibitor for 24 hr, 48 hr and 72 hr. All solutions were opened to air. After the exposure 

period, the specimens were removed , washed initially under running tap water to remove the 

loosely adhering corrosion products. Then is dried and weighed. From the weight loss each 

experiment, corrosion rate was calculated in millimetre per year (mm yr-1). The mean corrosion 

rate (CR) and inhibition efficiency (IE) were calculated from the following equation, 

 

CR = 87.6 x Wi  in mm/yr 

            D A T                           or         CR =534X Wi     in miles/yr 

                                                                      D A T 

Where, CR= Corrosion rate, Wi = Weight loss in milligram, D = Density of the metal in g/cm3 

(iron = 7.86), A = Area of metal coupon, T = Time in hours. 

The inhibition efficiency values are calculated as follows 

IE =Wb – Wi   x 100 

Wb 

Wb = Weight loss in blank; Wi = Weight loss in presence of inhibitor. 

The result indicated that the introduction of Lawsonia inermis leaf extract into the 

corrosive medium causes a significant reduction in the corrosion of iron. The corrosion 

inhibition efficiency increased with a corresponding increase in the concentration of the 

inhibitor. This may have resulted due to the sufficient adsorption and wider coverage by the 

inhibitor molecule. The calculated values of corrosion rate of mild steel in the corrodent 

medium were reduced on addition of different concentrations of the inhibitor. It has also been 

observed that the weight loss increases as the time of exposure increased. It was noted that the 

Corrosion Rate increases with increase in acid concentration.  Results are given in the Tables 

1-6.  

 

Table 1. Corrosion rate and inhibition efficiency of mild steel in 1N H2SO4 at different 

concentration of Lawsonia inermis leaf extract for 24 hours 

Concentration 

of the 

inhibitor (ml) 

Weight of 

metal before 

immersion (g) 

Weight of 

metal after 

immersion 

(g) 

Weight 

loss 

(g) 

Inhibitio

n 

efficiency 

(%) 

Corrosio

n rate 

Blank 3.378 2.447 0.931  0.731 

1 2.457 2.345 0.112 87.97 0.0880 

2 3.424 3.371 0.053 94.31 0.0416 

3 3.648 3.596 0.052 94.41 0.0408 

5 3.592 3.532 0.060 93.55 0.0471 
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Table 2. Weight loss of mild steel in different concentrations of H2SO4 for 24 hours 

Concentration of 

acid (N) 

Weight of metal 

before immersion 

(g) 

Weight of metal 

after 

immersion (g) 

Weight loss 

(g) 

Corrosion 

rate 

0.5N 3.522 2.929 0.593 0.4659 

1N 3.378 2.447 0.931 0.731 

 

Table 3. Corrosion rate and inhibition efficiency of mild steel in 1N H2SO4 at different 

concentrations of Lawsonia inermis leaf extract for 48 hours 

Concentratio

n 

of the 

inhibitor 

(ml) 

Weight of 

metal before 

immersion 

(g) 

Weight of 

metal after 

immersion 

(g) 

Weight 

loss 

(g) 

Inhibition 

efficiency 

(%) 

Corrosion 

rate 

Blank 2.507 0.449 2.058  0.8085 

1 3.468 2.852 0.616 70.07 0.2420 

2 2.152 1.875 0.277 86.54 0.1088 

3 3.441 3.087 0.354 82.80 0.1390 

5 3.279 3.236 0.043 97.91 0.0168 

 

Table 4. Weight loss of mild steel in different concentrations of H2SO4 for 48 hours 

Concentration of 

acid (N) 

Weight of metal 

before 

immersion (g) 

Weight of metal 

after 

immersion (g) 

Weight loss 

(g) 

Corrosion 

rate 

0.5N 3.554 2.439 1.115 0.438 

1N 2.507 0.449 2.058 0.808 

 

Table 5. Corrosion rate and inhibition efficiency of mild steel in 1N H2SO4 at different 

concentrations of Lawsonia inermis leaf extract for 72 hours 

Concentration 

of the inhibitor 

(ml) 

Weight of 

Metal before 

immersion 

(g) 

Weight of 

Metal after 

immersion 

(g) 

Weight 

loss 

(g) 

Inhibitio

n 

efficiency 

(%) 

Corrosio

n 

rate 

Blank 2.429 0.253 2.176  0.569 

1 3.516 2.685 0.831 61.81 0.2176 
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2 2.331 2.160 0.171 92.14 0.0448 

3 3.570 3.451 0.119 94.53 0.0312 

4 3.358 3.304 0.054 97.52 0.0141 

 

Table 6. Weight loss of mild steel in different concentrations of H2SO4 for 72 hours 

Concentratio

n 

of acid (N) 

Weight of 

metal before 

immersion (g) 

Weight of 

Metal after 

immersion(g) 

Weightloss 

(g) 

Corrosion 

rate 

0.5N 2.920 1.810 1.110 0.290 

1 N 2.429 0.253 2.176 0.569 

Conclusions 

                     The following observations are drawn from the present project on co-ordination 

ability and corrosion inhibition measurements of Lawsonia inermis leaf extract derivatives. 

Lawsonia inermis leaf extract is acting as a ligand with Oxygen as the coordinating atom. The 

results of experimental investigations of the studies Lawsonia inermis leaf extract show that, It 

reduces the corrosion rate of mild steel in acid medium remarkably. The corrosion rate of mild 

steel reduces remarkably as the concentration of inhibitor increases. Inhibition efficiency of the 

studied inhibitor decreases with increasing the concentration of the corrodent, H2SO4. The 

study at different exposure time gives the result that the corrosion inhibition efficiency of the 

inhibitor decreases as exposure time increases. 
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Abstract: Aspirin shows polymorphism and two polymorphic forms of aspirin were 

characterized. These forms are named as Form I and Form II. Various commercial aspirin 

tablets were collected, powdered and after proper clean up procedure, their melting points were 

determined to identify its polymorphic form. This was further confirmed by infra red spectral 

analysis. It was found that all the commercial drug samples under study belong to the 

polymorphic form II. 

Key words: Aspirin; Polymorphism; melting point; infrared spectrum. 

 

Introduction 

Aspirin, also known as acetylsalicylic acid (ASA), is a medication used to treat pain, 

fever, and inflammation. Aspirin is one of the most widely used medications globally with an 

estimated 40,000 tonnes (50 to 120 billion pills) being consumed each year. It is on the World 

Health Organization's list of essential medicines, the most effective and safe medicines needed 

in a health system. 

The synthesis of aspirin is an esterification reaction. Salicylic acid is treated with acetic 

anhydride, an acid derivative, causing a chemical reaction that turns salicylic acid's hydroxyl 

group into an ester group (R-OH → R-OCOCH3). This process yields aspirin and acetic acid, 

which is considered as a byproduct of this reaction. Small amounts of sulfuric acid (and 

occasionally phosphoric acid) are almost always used as a catalyst.  
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Proceedings of the National Seminar on Medicinal Chemistry 2019 

 

 

96 ISBN 978-93-5279-420-1 
 

 

 

  Aspirin shows polymorphism and two polymorphic forms of aspirin were 

characterized. These forms are named as Form I and Form II. Polymorph I was prepared by 

slow crystallization at room temperature from a saturated solution of commercial aspirin 

(U.S.P.) in 95 percent ethanol. The melting point was 143 0C to 144 0C, a value which is in 

agreement with the monoclinic crystal structure. Polymorph II was prepared by slow 

crystallization from a saturated solution of commercial aspirin (U.S.P.) in n-hexane at room 

temperature and melted at 123 to 125 0C. Both forms meet the U.S.P. specifications. X-ray 

diffraction (powder method) with nickel-filtered copper radiation and infrared spectra (Nujol 

mull) were used to characterize the two crystalline forms. Differences in x-ray diffraction 

patterns and in absorption spectra indicated different arrangements of aspirin molecules in the 

crystal lattice of each forms. There are lots of reports on the studies of polymorphism shown 

by aspirin tablets1-8.  

 The extensive use of aspirin, the polymorphism shown by it and commercial 

preparation of these drugs by various pharmaceutical companies prompted us to carry out this 

work.  

 

Experimental 

 Commercial aspirin tablets have been collected from various medical shops in and 

around Manjeri and listed below. 

1. Ecosprin 75 (USV Limited, Bangalore)  

2. Aspirin (Unicure India Limited, Noida)  

3. Loprin 75 (Unichem Laboratories Limited, Mumbai) 

4. ASA 50 (Cadila Healthcare Limited, Ahmedabad) 

The collected drug samples were finely powdered and proper clean up procedure was 

carried out as in literature 9-10.  The dried samples were recrystallised and the melting point was 

determined by using a digital melting point apparatus. The obtained results were compared 

with the authentic values reported in literature. 

The infra red spectrum of drug samples was recorded by Jasco FT-IR double beam 

spectrophotometer. The obtained infra red spectrum was analysed and peaks due to various 

functional groups were identified. Moreover the obtained spectrum was compared with the 

reported one in the literature. 

 

Results and Discussion 

 The polymorphic study of commercial aspirin tablets was carried out by determining 

its melting point. The melting point determination is done in triplicate and all results are 

tabulated in Table 1. 
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Table 1. Melting points of various commercial aspirin samples 

Sl. 

No. 
Trade name Manufactured by 

Melting point 

(0C) 

1. Ecosprin 75 USV Limited, Bangalore 122+ 2 

2. Aspirin  Unicure India Limited, Noida 125+ 2 

3. Loprin 75 
 (Unichem Laboratories Limited, 

Mumbai) 
123+ 2 

4. ASA Cadila Healthcare Limited, Ahmedabad 122+ 2 

  

 All the aspirin tablets under investigation have melting point in the range 122-125 0C. 

This shows that all drug molecules belong to polymorphic form II.  

The IR spectrum was recorded from KBr pellets using Jasco FT-IR 4100 

spectrophotometer (Japan) and is shown in Fig. 1. 

 

Fig. 1.   IR spectrum of aspirin (ASA) 

The IR spectrum gives the following information. It has three functional groups. A 

benzene ring (aromatic group), a carboxylic acid (COOH) group and an ester (R-C=O--O-R) 

group. In the IR spectrum a very broad peak at 3100 to 3200 cm-1 proves the presence of COOH 

group. A sharp peak at 3050 cm-1 indicates the presence of C-H stretching and a medium C=C 

peak at 1600 cm-1. The peak at 1740 cm-1   shows the presence of C=O group stretching. 

Presence of all these peaks leads to the conclusion that the analyte is aspirin which was further 

proved on comparison the IR spectrum available in literature11-12. 

All the aspirin tablets under investigation have melting point in the range 122-1250 C. 

This shows that all drug molecules belong to polymorphic form II. This can be further proved 

by various advanced analytical techniques like XRD, SEM, TEM etc. 
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Conclusions 

Aspirin is the common analgesic and antipyretic drug used today. Various commercial 

aspirin drug samples were collected and their polymorphic form is determined by melting point 

determination. The results obtained clearly confirm that all the aspirin drugs under study belong 

to Form II polymorph. These drug samples were further analysed by infra red spectral analysis 

and can further be done by advanced techniques like NMR, XRD, SEM, TEM etc. 
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Abstract: Identify or recognize a medical plant from a set of plants is a kind of task which 

needs high professionalism and expertise. Here we conduct a study and investigation about the 

various possibilities of automated identification of medicinal plants. Detecting or recognising 

the plant by the image of the leaf is actually a challenging task. We study and evaluate the 

present techniques used for plant identification. We also discuss relevant issues such as data 

collection, evaluation, benchmarking, etc. After analysing present methods we conclude with 

promising directions for the future. 

Keywords- Leaf Identification; Pattern Recognition; Automated medicinal plant 

identification. 

 

Introduction 
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Medicines are the second most essential requisite after food for mankind. For medicines, 

medicinal plants are the important sources of raw drugs. According to WHO report, over 80% 

of the world population relies on traditional medicine largely on plants based for their primary 

health care needs. 

Identifying a medicinal plant and its medicinal value by looking at its leaves is actually a 

challenging task, which requires some specialised knowledge. Most of the people may be 

unfamiliar with the medicinal plants and hence they cannot identify most of the medicinal 

plants even if some of these plants are present in their near by localities. To manually recognise 

a medicinal plant from a set of plants, some may need a good amount and knowledge and 

experience.  

An efficient automated system for medical plant identification will be very much useful for 

recognising the presence of medicinal plants. This may be very much helpful for botanical 

researchers, medical field, and even for those who study about plant taxonomy. This may even 

lead to the identification of new species of plants because any non- professionals can also start 

identify and classify the plants by taking the images of leaves, which in turn gives a wide reach. 

 

Review of Literature 

 Leaf image recognition methods have recently received a good importance among the 

researchers of pattern recognition and computer vision. There are several methods proposed 

and many of them having high accuracy in the testing environment. But it is still have scope 

for more research and innovation as its having huge demand and most of the methods are not 

working accurately in the real world scenarios. 

A. Geometric Features 

 Many of them are making use of the geometrical measurements. A major line of such 

work includes those measuring geometric features. For instance, Wu et al. [1] used aspect ratio, 

rectangularity and narrow factor as features, and employed Neural Network as the classifier. 

They achieved up to 90.3% recognition rate on a 10-species dataset. Pahalawatta et al. [2] used 

a different set of features – stem-to- blade ratio and compactness. A common downfall of these 

approaches is that the geometric features are difficult to be accurately extracted under imperfect 

measurements, and weighting between them is also problematic. Therefore, they cannot 

differentiate a large number of species. 

B. Shape Description 

 Another line of work makes use of shape descriptors. Soderkvist [3] combined 

Curvature Scale Space, Fourier descriptor and Hu's moments in building a tree-structured 

classification system, and tested on the Swedish dataset including 15 species. Very recently, 

several researchers realized the unsuitability of using shape-matching for leaf image 

recognition, and proposed to use curvature histograms [4] and linear subspaces [5]. However, 

these methods either needed special treatment of leaf petiole or could not achieve good results. 

C. Combination of Visual features  

 Several efforts have also been found using flowers [6] for plant recognition. Their 

method combined many visual features together, and was able to classify 102 categories with 

a recognition rate up to 72.8%. 
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Computer-Aided Plant Species Identification Technique (CAPSI) [7] method is 

proposed for fruit tree recognition using the chain code method. Based on the image matching 

technique of leaf shape, It identifies different biometric features like width factor, diameter, 

major axis, minor axis, area, perimeter and aspect ratio of the leaf image are extracted. 

D. Statistical Parameters 

 Recognition by using statistical parameter [8] in leaf images, methodology achieved 

93.75% accuracy. The three major phases are pre-processing, feature extraction and 

classification. Pre-processing highlights the relevant features as well as to reduce unwanted 

noise from the input image, which reduces the chance of getting optimal feature values. In 

feature extraction phase, different morphologic features such as mean, standard deviation, 

convex hull ratio, iso-perimetric quotient, eccentricity and entropy are extracted from the pre-

processed leaf image.  

 Vijay Satti et.al [9] describes how features are extracted after pre-processing. The 

procedure involved are pre-processing, RGB to Gray scale and then Gray scale to binary 

followed by smoothing and filtering. Finally the colour shape and geometric features are 

extracted. The paper deals with the disease detection in paddy leaves by the approach of 

histogram processing mechanism. The original disease free leaf is stored in the database and 

whenever a disease affected leaf image is given as input to the system, it predicts the amount 

of disease infected in the leaf by analyzing the histogram. 

 Ji-Xiang Du et.al [10] proposed a new classification method called Move Median 

Centres (MMC) hyper sphere classifier. From the experimental results of this paper, the 

methodology save both storage space and reduces the classification time. From the above 

review of literature it is very clear that no effective methods were proposed for Ayurvedic plant 

species recognition and hence this proposed system addresses the Ayurvedic plant recognition 

E. Other Methods 

 Abdul Kadir et.al [11] proposed a method to identify the plants and various features 

like texture, vein, shape and colour of the leaves are extracted. The vein feature is extracted 

using the morphological opening operation and probabilistic neural network is used for 

classification. The paper limits in achieving reliability with respect to color feature. 

 Principal Component Analysis Algorithms (PCA) and Gray Level Co-occurrence 

Matrix (GLCM) given 78 percentage accuracy in texture feature extraction in leafs, by the 

study conducted by Abdolvahab Ehsanirad et.al [12] 

 Another methodology proposed by A.J. Pérezet.al [13] used the colour and shape 

feature of leaf . It deals with different shape features like ratio of the major axis length squared 

to the area, first invariant central moment, major axis length, ratio of the perimeter squared to 

the area, minor axis relation, distance to the crop row are used to discriminate soil and weeds. 

K-Nearest Neighbor (KNN), bayes rule and heuristic approaches are used in classifying the 

leaf image. An accuracy of 89.7% is acquired from the proposed method. 

 Another interesting innovation in the field is identification of leafs using contour in 

leaves.[14] both leaf teeth and global structure of leaf is calculated in this method. The leaf is 

identified using hierarchical method in classification. 

 Kue-Bum Lee et.al [15] proposed a Methodology to extract the features of the leaf vein. 

This work is carried out by finding the contour of the leaf. Firstly by converting the colour 
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image into a gray scale and then to binary image and hence outline of the leaf is extracted. To 

extract the veins of the leaf, opening operation is done on the grayscale image and the 

difference in the final image and gray scale image is obtained to get the features extracted. 

 Sandeep Kumar E[16] proposed a system with devised methodology which gives the 

identification of medicinal plants based on its edge features. The colour image is converted to 

its gray scale equivalent image. From this gray scale image edge histogram is calculated. Canny 

edge detection algorithm is implemented in this work. The process includes the stages of Image 

acquisition, feature extraction and comparing the image with those images that are previously 

stored on the database and the area of leaf is determined by taking one Rupee coin’s area as the 

reference, which is comparatively effective since the photograph taken may vary from person 

to person. This work is limited to detect only the mature leaves since the tender leaves changes 

slightly when it became mature. 

 

Conclusions 

 We should develop a digital database of images of leaves to promote the researchers in 

the process of automated identification of plant leaves are as follows. It actually includes 

collection of digital images of plant leaves. Then we should focus on developing good 

algorithms to detect the leaf and its boundary from the image, which includes preprocessing. 

This preprocessing will eliminate the noise in the images. The Feature extraction needs to be 

performed. Researchers need to design and development methods for feature extraction based 

on neuro-fuzzy pattern recognition methods. A digital database of medicinal plant leaves will 

be very much helpful for the researchers for future use.  
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AN UNUSUAL SPECTRAL FEATURE OF CATIONIC NEAR INFRA-

RED ABSORBING SQUARAINE DYES 
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Abstract: Two novel cationic squaraine dyes CATSQ2 and CATSQ3 have been synthesized 

and their spectral features in different solvents were investigated. These compounds show 

unusual spectral behavior in which they show sharp absorption around 800 nm regions in 

dichloromethane and chloroform whereas in acetonitrile and in protic solvents like methanol, 

ethanol n-butanol and isopropanol they show a broad and blue shifted absorption band. These 

compounds show dual fluorescence in non-protic solvents like acetonitrile, dichloromethane 

and chloroform where they show two emission maxima around 820 nm and 660 nm regions. 

In protic solvents, a fluorescence maximum around 660 nm region only observed. It has been 

noted that solvent polarity doesn’t significantly influence quantum yield of fluorescence (Φf) 

of these compounds.  
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Introduction 

Squaraine dyes have attracted much attention because of their unusual electronic 

structures as well as their potential application in photogeneration materials in 

electrophotographic photoreceptors,1 optoelectronic media,2 and organic solar cells,3 on 

account of their special properties such as photoconductivity and sharp and intense absorption 

in the visible or near-infrared (NIR) regions.4 Commonly, squaraine dyes are 1, 3- or 1, 2- 

disubstituted squaric acid derivatives.5 The use of squaraine dyes as molecular probes in 

biological applications has also attracted attention in recent years, due to the strong absorption 

and emission of these dyes in the near infrared (NIR) region. 

Although a number of such dyes possessing strong absorption at wavelength greater 

than 600 nm regions are known, those possessing absorption in the region, 780-840 is limited. 

Recently, Nakazumi et al. 6 have reported the formation of a cationic squaraine dye (CATSQ1) 

which have an absorption maximum around in addition to the symmetrical dye bis- (3-methyl 

benzothiazole-2-ylidine) squaraine during the reaction of N-ethyl-2-methyl benzothiazolium 

iodide with squaric acid. This dye is found to be an extended - electron system, whose two 

squaric acid substituents are stabilized by the formation of intramolecular H-bond which leads 

to an effective delocalization of -electrons over the polymethine sub unit. These dyes exist in 

acid-base equilibrium in aqueous and other protic solvents. The pKa of this equilibrium in 

water-acetonitrile mixture was estimated as 4.9.7  The absorption spectrum of the cationic 

squaraine dye in a water:acetonitrile mixture (4:1) was found to be highly sensitive to the 

presence of trace amounts of transition and lanthanide metal cations. On complexation with 

these metal cations, a new absorption band characteristic of the metal ion used is formed. The 

potential application of these type of cationic squaraine dyes for sensing trace amounts of 

transition metal ions like Hg2, Pb2+, Mn2+ and Zn2+ in aqueous solutions have been reported.8 

In the present study, I have been successful in synthesizing a new variety of cationic squaraine 

dyes (CATSQ2 and CATSQ3) by the reaction of 1, 3-substituted symmetrical squaraine dyes 

with the semi squaric acid derivative, 1-(p-N, N-dioctyl aniline)-2-hydroxy-3, 4-dione in the 

presence of p-toluene sulphonic acid and sodium tetraphenyl borate. Moreover, we report the 

dual luminescence properties of CATSQ2 and CATSQ3, in very low polar solvents like 

acetonitrile, dichloromethane and chloroform. Second emission of these dyes is attributed to 

the second excited state S2 to the S0 state. 

 

Experimental  

Materials 

Bis-(3-methylbenzothiazole-2-ylidine)squaraine and bis-(3-methyl benzoselenazole-2-

ylidine)squaraine were synthesized according to the very versatile  procedure reported by 

Sprenger et al.8 Squaric acid, 2-methylbenzothiazole and 2-methylbenzoselenazole were 

purchased from Aldrich and used as such without further purification. Other chemicals and 

reagents obtained from local chemical suppliers were used after purification. The cationic 

squaraine dyes CATSQ2 and CATSQ3 were synthesized according to the following 

procedure. 
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Synthesis of CATSQ2  

1-(p-N, N-dioctylaniline)-2-hydroxycyclobutene-3, 4-dione, (165 mg, 0.4 mmol) and 

p-toluene sulphonic acid (mol) were added to a mixture (1:2) of toluene and n- butanol (30 mL) 

and the solution was refluxed for 60 min at 110 0C. After cooling to room temperature, bis (3-

methylbenzoselenazole-2-ylidine) squaraine (200 mg, 0.4 mmol) was added to the reaction 

mixture and further refluxed for 20 h at 110 0C, accompanied by azeotropic distillation of water 

using Dien-Stark condenser. The reaction mixture was cooled to room temperature and sodium 

tetraphenylborate (137 mg, 0.40 mmol) was added and the solution was stirred at 60C for 3 h. 

This mixture was then concentrated to 1 mL by removing the solvent under reduced pressure. 

To this concentrated solution, excess hexane (20 mL) was added to precipitate out the product. 

The crude product was filtered and purified by column chromatography using neutral alumina 

as the stationary phase and a mixture (3:97) of methanol and chloroform as eluent to give 18 

mg (3.6%) of the pure product. mp 230C (decomp.).  

IR max (neat): 3394, 2360, 1605, 1268, 834 cm-1. 1H NMR (300 MHz, MeOD),  0.88-1.1 (m, 

6H, CH3), 0.9-1.3 (m, 24H, CH2), 3.1-3.9 (m, 10H, NCH2, NCH3), 6.1-8.1(m, 33H, aromatic) 

Anal. Calcd for C48H54N3O4Se2
 : C,64.42; H, 6.08; N,4.7; Found: C,64.07; H, 6.43; N,4.46.  

 

Synthesis of CATSQ3 

The cationic squaraine dye CATSQ3 is prepared in a similar manner to that of 

CATSQ2. Reaction of 1-(p-N, N-dioctylaniline)-2-hydroxycyclobutene-3, 4-dione, (217 mg, 

0.52 mmol) and bis (3-methylbenzothiazole-2-ylidine) squaraine (200 mg, 0.52 mmol) after 

purification using column chromatography over neutral alumina as the stationary phase and a 

mixture (3:97) of methanol and chloroform as the eluent gave 50 mg (8.5%) of pure product, 

mp 175C (decomp.). 

 IR max (neat): 3415, 1590, 1263, 781 cm-1; 1H NMR (300 MHz, MeOD)  0.88-1.1 (m, 6H, 

CH3), 0.9-1.3 (m, 24H, CH2), 3.1-3.9 (m, 10H, NCH2, NCH3), 6.1-8.1(m, 33H, aromatic). Anal. 

Calcd for C48H54N3O4S2
: C, 71.97; H, 6.79; N, 5.25; S, 8.01. Found: C, 71.59; H, 6.49; N, 5.42; 

S, 8.31. MW calcd for C48H54N3O4S2 (M+H): 800.3556. Found: 800.3582 (High-resolution 

mass spectrometry, FAB). 

General Techniques 

All new compounds unambiguously characterized on the basis of analytical results and 

spectral data. All melting points are uncorrected and were determined on a Mel-Temp II 

melting point apparatus. 1H NMR spectra were recorded on Bruker 300 MHz NMR 

spectrometer. IR spectra were recorded on a Nicolet Impact 400D Infrared Spectrophotometer. 

Mass spectra were measured on a Shimadzu 2401 or 3101PC Spectrophotometer. Elemental 

analyses were done using a Perkin-Elmer series II 2400 CHN Analyzer. Absorption spectra 

were recorded on a Shimadzu UV-3101 PC UV-Vis-NIR Scanning Spectrophotometer. 

Fluorescence spectra were recorded on SPECTRACQ spectrofluorimeter and corrected using 

the program supplied by the manufacturer. The fluorescence quantum yields were determined 

by the relative method using optically dilute solutions with Nile blue A perchlorate (Φf =0. 23 

in ethanol) 9 and IR-125 (Φf =0.13 in DMSO) 10 as standards. Fluorescence lifetimes were 

measured using a Tsunami Spectra Physics Single Photon Counting System using LED as 

exciting source and decay data is further analyzed using IBH software library, which includes 

an iterative shift of the fitted function as a part of chi-squared goodness of the fit criterion. 
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Results and Discussion 

Absorption and emission properties of CATSQ2 and CATSQ3 are summarized in 

Table 1. Fig. 1 shows absorption spectra of CATSQ2 in different solvents. CATSQ2 and 

CATSQ3 show two or more than two absorption maxima in all solvents. Both the compounds 

show very sharp absorption at around 800-nm region in non-protic solvents like chloroform 

and dichloromethane. Whereas in acetonitrile and protic solvents like methanol, butanol and 

isopropanol absorption is extraordinarily blue shifted and broadened. 

 

Fig 1. Absorption spectra of CATSQ2 in a) Chloroform b) Dichloromethane c) Acetonitrile 

d) Isopropanol e) Butanol f) Methanol. 

Table 1. Absorption and fluorescence data of CATSQ2 & CATSQ3 in different solvents 

 

Solvents 

CATSQ2 CATSQ3 

Abs. max 

max, nm 

Em. max 

max, nm 

f x 

102 

Abs. max 

max, nm 

Em. max 

max, nm 
f x 102 

Chloroform 
786 662 

823 

5 

1 

792 673 

833 

1.2 

12 

Dichloromethan

e 

771 654 

824 

3 

16 

773 672 

824 

1.9 

14.6 

n-Butanol 660 667 1.8 656 663 3.8 

Isopropanol 658 666 1.7 656 663 2.6 

Acetonitrile 
662 675 

821 

2 

9 

662 

 

671 

819 

0.8 

1.5 

Methanol 650 662 1.2 650 653 1 

 

It can be seen that both the dyes (CATSQ2 and CATSQ3) show dual luminescence in 

less polar solvents like acetonitrile, chloroform and dichloromethane, in which they fluoresce 

around two distinct peaks around 820 nm and 660 nm regions, which is not reported hitherto. 
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They show only single hypsochromic fluorescence around 660-nm region in protic solvents 

like methanol, isopropanol and butanol as depicted in Fig. 2.  

It is noted that solvent polarity doesn’t significantly influence Φf of these compounds. 

(Table1). Slight increase in Φf of CATSQ 2 in butanol among protic solvents and for 

dichloromethane among non-protic solvents was observed. CATSQ 3 shows same changes 

akin to CATSQ 2.  

 

 

Fig. 2. Emission spectra of CATSQ2 in a) Chloroform b) Dichloromethane c) Acetonitrile  

d) Isopropanol e) butanol f) Methanol. 

One of the proposed reasons for unusual absorption changes in different solvents is due 

to the existence of two different conformations of the dyes, a fully conjugated planar state and 

a half conjugated twisted form in which one of the fluorophore is twisted out of the plane (Fig. 

3). In non-polar solvents like chloroform and dichloromethane these dyes exist in fully 

delocalized planar state (Fig. 3a) due to the intramolecular hydrogen bonding between two 

squarate moieties as reported by Nakazumi6. So conjugation extends through out the molecule, 

correspondingly longer wavelength absorption maxima observed. In protic solvents like 

methanol, butanol and isopropanol, due to intermolecular hydrogen bonding, the 

intramolecular hydrogen bonding between squarate moieties break and a twisted structure is 

favored (Fig. 3b). In this confuguration there is lesser conjugation throughout the molecule 

compared to the other planar confuguration since the conjugation is extended only through two 

benzoselenazole moieties and hence a blue shifted absorption is observed. 
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Fig 3. Conformation changes of CATSQ2 in a) non-protic solvents b) protic solvents 

Fig. 4 depicts changes in absorption and emission properties in different ratio of 

chloroform/methanol. It was found that as the ratio of methanol to chloroform increases, longer 

wavelength absorption hypsochromically shifted. This spectral shift suggests that planarity of 

the compound disturbed as the ratio of hydrogen bonding solvent increases. Also dual emission 

observed in chloroform disappeared slowly and fluorescence at shorter wavelength region only 

observed. This suggests that CATSQ2 exhibits two conformations planar, fully conjugated or 

longer wavelength emitting species and twisted, half-conjugated or short wavelength emitting 

species at the same tame in non-protic solvents. Equilibrium of these two conformations is 

shifted more towards non-planar twisted state as the amount of hydrogen bonding solvent 

increases and only twisted conformation is possible in protic solvents. 

Fig. 4. Absorption and emission changes of CATSQ2 in a) CHCl3 b) 3:1 CHCl3 /MeOH           

c) 1:1 CHCl3 /MeOH d) 1:3 CHCl3 /MeOH e) MeOH. 

Fig. 5 shows temperature effects of CATSQ2 on fluorescence properties. The 

fluorescence spectra of CATSQ2 in acetonitrile at room temperature show two pronounced 

emission maxima at 821 nm and 675 nm. These both maxima decreased intensity by increasing 

temperature from 1000K to 1450K. The intensity of shorter wavelength emission maximum get 

decreased more than longer wavelength emission. By cooling, both emission maxima 

increased. Relative increase is more for shorter wavelength maximum. Same observation akin 

to CATSQ2 underwent in the case of CATSQ3 also. Equilibrium of above two conformation 

of the compound changes from one state to another upon heating or cooling. Effects of 

temperature on fluorescence properties of CATSQ3 in protic solvent (butanol) have been 

carried out. Compound shows one prominent emission at room temperature. These emissions 

at 665 nm get decreased upon heating from 980K to 1480K. The intensity of emission at 665 

nm gets increased upon cooling from 1480K to 880K. 
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Fig. 5. Temperature effect on CATSQ2 a) heating cycle b) cooling cycle in acetonitrile 

 

Fig. 6 shows effect of addition of trifluoroacetic acid TFA on CATSQ2 in acetonitrile. 

CATSQ2 possesses two peaks centered at 666 nm and 456 nm in acetonitrile. On addition of 

57.5 mM amount TFA into solution the peak centered at 666 nm decreases and peak centered 

at 456 nm shifted to 572 nm by a clear isosbestic point 529 nm. Changes in fluorescence upon 

TFA addition in the same solvent also observed. The peak centered at 821 nm decreases and 

concomitant appearing of new band at 610 nm increases by a clear isoemissive point 746 nm. 

Protonation studies demonstrated that dual fluorescence is not due to the protonated species of 

the compound, since protonated species is emitting in different region. Protonation studies in 

dichloromethane were also carried out. It possesses two peaks in absorption spectra centered 

at 765 nm and 470 nm. The peak at 765 nm decreases on adding 120 mM TFA and a new blue 

shifted maximum centered at 541 nm observed by a clear isosbestic point at 591 nm and 

corresponding fluorescence changes also observed. The fluorescence emission maximum at 

825 nm decreases and broad blue shifted maximum at 558 nm increases and new emission 

maximum at 606 nm is observed. Protonation studies of CATSQ3 in acetonitrile were carried 

out. In acetonitrile, absorption band at 662 nm decreases along with the formation of new band 

at 530 nm upon addition of 29.3-mM trifluoroacetic acid (TFA).  Correspondingly fluorescence 

at 820 nm decreases and a new broad blue shifted peak centered at 596 nm increases. Finally a 

new fluorescence maximum at 551 nm observed.  

The molecular modeling calculation of CATSQ2 was carried out using Titan software. 

The equilibrium geometry was estimated using AMI calculation. The energy-minimized 

conformation obtained through molecular modeling calculation is shown in Fig. 7. Calculation 

suggests that the whole molecule is not planar due to steric hindrance. Two benzothiazole are 

in the same plane. Calculation also supports intramolecular H-bonding makes the aniline 

nucleophiles to come to the same plane of the benzothiazole. This also augments evidence for 

different conformational changes. 
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Fig. 6. Effect of addition of 57.5 mM TFA in a) absorption and b) emission spectra on 

18.4µM CATSQ2 in acetonitrile 

           

 

 

 

 

 

              

                          7a                                                                      7b 

Fig. 7.  Minimum energy configuration of CATSQ3 obtained using molecular mechanics 

calculation b) with and a) without intramolecular H-bonding 

Conclusions 

The photophysical properties of two novel classes of unsymmetrical cationic squaraine 

dyes CATSQ2 and CATSQ3 have been investigated. Both the dyes show two or more than 

two absorptions in all solvents and dual fluorescence in non-protic solvents like acetonitrile, 

dichloromethane and chloroform. While only one prominent blue-shifted fluorescence 

observed in protic solvents like methanol, n-butanol and isopropanol. Stoke’s shift in 

absorption and fluorescence of these two dyes is sensitive to the polarity of the solvent. As the 

polarity of solvent increases, dramatic hypsochromic shift observed. This different spectral 

behavior of these two dyes CATSQ 2 and CATSQ 3 is due to existence of two states due to 

molecular constraints by bulky group present in the molecule. One state of molecule is planar, 

fully conjugated due to intramolecular hydrogen bonding between two squarate moieties. 

Another state is non-planar, twisted or half conjugated due to breaking of intramolecular 

hydrogen bonding between two squarate moieties, hence one of the fluorophore became out of 

plane. These both states are in equilibrium in non-protic solvents, while only twisted state of 

molecule can be seen in protic solvents. So we can induce dual fluorescence in squaraine dyes 

by introducing bulky groups with molecular constraints into a molecule. Further examinations 

of these classes of dye underway in our laboratory.  
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Abstract: Filler reinforced rubber composites are of immense importance both in the industrial 

field and in the area of research and development. Particulate filling has been used extensively 

in rubber industry to improve various properties because it is effective yet inexpensive. The 

properties like tensile strength, elasticity, ductility, impact strength, abrasion resistance etc. of 

rubber can be improved by the incorporation of particulate fillers.  Acrylonitrile butadiene 

rubber (NBR) is a special purpose synthetic rubber having exceptional resistance to most of 

the oils and solvents, which makes it one of the apt candidates in industry for making oil hoses. 
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The nutritive reserves of cassava is made up of starch, which is one of the most important 

products synthesized by plants that is consumed as food and used in industrial processes. The 

present work deals with the development and characterization of green composites of NBR 

containing different loading of cassava starch.  The properties of NBR have been found to 

improve upon the incorporation of cassava starch. The studies show that with increase in the 

loading of cassava starch in NBR, the tensile strength increases progressively up to 25 phr. The 

tensile modulus value is increased with the amount of filler loading.  The tensile strength 

decreased after the soil burial for one month due the biodegradability of cassava starch and 

palm oil which was used as plasticizer. The swelling characteristics of NBR/Cassava starch 

composites have been studied which indicated improved solvent resistivity of the composite.  

Keywords: Composites, NBR, starch. 

 

Introduction 

Polymer composites are heterogeneous structural materials which are made up of a 

polymeric matrix containing reinforcing agents and are often better suited for specific 

applications than any of the original components. They have a premier role among engineering 

materials with the advantages such as light weight, corrosion resistance, high fatigue strength 

and faster assembly. Growing environmental and social concern and the high rate of depletion 

of petroleum resources have forced the search for new composites and green materials, 

compatible with the environment. In the context of eco–friendly materials, recyclability of the 

material is one of the major problems. Recyclability of the composites will lead to cost effective 

products as well as a remedy for the increased amount of waste materials. Green composites 

can replace all hazardous and waste producing counterparts. Life cycle analysis should be done 

for all newly synthesized materials and thus the biodegradability can be measured. This will 

help us to develop eco–friendly and acceptable materials. 

In recent years bio-based polymer composites have been the subject of many scientific 

and research projects, as well as many commercial programs [1-3]. Biodegradable polymers 

are designed so that degradation happens by the enzymatic action of living micro-organisms 

such as bacteria or fungi to produce carbon dioxide, water and nontoxic biomass [4]. Polymer 

blends and composites with natural polymers as one of the components have been developed 

by many researchers [5, 6].  

Starch, obtained from renewable resources, has many advantages, such as low cost, 

abundant supply, and environmental amity, and it is widely used in food, paper-making, fine 

chemicals, packing material industry, etc. Ways to find out its other potential applications on a 

big scale have attracted much interest. To reduce dependence on synthetic polymers made from 

oil, much effort has been made on developing starch based biocomposites [7-13]. Chin-San 

[14] studied improving polylactide/starch biocomposite by grafting polylactide with acrylic 

acid characterization and biodegradability assessment. Mohammad et. al [15]   studied essential 

work of fracture of low-filled poly (methyl methacrylate)/starch composites. Thermo 

gravimetric analysis showed that the thermal stability increased as the starch content increased 

in the composites. The biodegradability of the PMMA/starch composites was studied with a 

soil burial test. The degradability was measured in terms of mechanical strength, which 

increased as the starch content increased. 
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Shogren et. al.[16] studied biodegradation of starch/polylacticacid /poly (hydroxyester 

ether) composite in soil. Rates of weight loss increased in the order pure PLA < starch/PLA < 

starch/PHEE/ PLA and increased with increasing starch and PHEE contents. Some 

formulations containing PHEE and lower starch levels had higher tensile strength after initial 

exposure to soil than those without PHEE. 

Soykeabkaew and Supaphol [17] studied preparation and characterization of jute- and 

flax-reinforced starch-based composite foams (SCFs). Both the flexural strength and the 

flexural modulus of elasticity appeared to be markedly improved with addition by weight of 

the fibers. The improvement in the mechanical properties of SCFs was attributable to the strong 

interaction between fibers and the starch matrix. Srithongkham et.al.[18] investigated 

starch/cellulose bio composites prepared by compression molding.  It was found that starch bio 

composites made from cassava starch and glycerol provided good results on shape stability 

with relatively high modulus and tensile strength. Adding cellulose nanofibers increased tensile 

strength and modulus of bio composites. More recently, in the patent literature [19-21], starch 

has been creatively used as filler in tyre compounds in order to lower the rolling resistance and 

reduce the use of carbon black made from natural gas or oil resource. With anticipated low 

cost, light weight and good comprehensive performance, starch/rubber composites will be 

applied not only in rubber tyres, but also in other kinds of rubber products. 

The present work deals with the preparation and characterization of composite materials 

of acrylonitrile butadiene rubber (NBR) with cassava starch. The effect of starch on mechanical 

properties, biodegradability and swelling characteristics of NBR composites has been studied. 

The aim of developing composite materials by reinforcing polymers with suitable fillers is to 

achieve commercially viable products having unique properties at lower cost. 

 

Experimental 

NBR used in the present work was of commercial grade and obtained from Apar Industries, 

Mumbai, India. It is reported to contain 35% acrylonitrile. 40% activated Dicumyl Peroxide 

(DCP) used as vulcanizing agent and cassava starch were of commercial grade. Palm oil used 

as the plasticizer for the present work was manufactured by M/s. Parrisons Liberty, Kozhikode, 

Kerala. 

The formulations of the mixes used in the present work are given in Table 1.  A, B, C 

and D, E and F represent mixes containing NBR and cassava starch with dicumyl peroxide as 

vulcanizing agent. Mix A is the gum sample. B, C, D,E and F are mixes containing 5, 10, 15, 

20 and 25 phr of starch respectively.  

Table 1.  Formulation of NBR composites (phr*) 

 

Components (phr)* 

Mix 

A B C D E F 

NBR 100 100 100 100 100 100 

DCP** 0.5 0.5 0.5 0.5 0.5 0.5 

Palm oil 1.25 1.25 1.25 1.25 1.25 1.25 

Cassava starch 0 5 10 15 20 25 
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* phr: parts per hundred rubber. ** DCP: Dicumyl Peroxide 

The composites were prepared by using a laboratory two roll mixing mill. Initially NBR 

was masticated on the mill for 2 minutes followed by the addition of the ingredients. The nip 

gap, mill roll speed ratio and the number of passes were kept the same for all the mixes. The 

samples were milled for sufficient time to disperse the filler in the matrix. The cure 

characteristics of the mixes were measured by using a Goettfert elastograph rheometer. 

Vulcanisation of the mixes was done at 160C using a hydraulic press having electrically 

heated platens to their respective cure times as obtained from the rheographs. The sheets were 

kept for 24 hours. Tensile properties of different mixes were examined using an Instron 

Universal Testing Machine (Model 4411; Instron Ltd. Buckinghamshire, U.K) at crosshead 

speed of 500mm/ min. The tensile tests were conducted according to the ASTM D 412-06A 

test procedures using dumb bell – shaped test pieces. The hardness (Shore A) of samples was 

measured by using Durometer (Modex India Pvt. Mumbai, India) according to ASTM 2240 – 

86. Surface morphology of fracture surfaces of tensile bars of feather fiber reinforced NBR and 

NR composites were imaged using Hitachi SU – 6600 Scanning Electron Microscope. 

Diffusion and sorption of organic solvents through the composite has been studied by 

conventional equilibrium swelling technique. Swelling coefficient [22] is index showing the 

extent to which the sample swells. The reinforced composites were swollen in the suitable 

solvent at room temperature and the swelling coefficient was evaluated by the equation. 

Swelling coefficient = s1

12

ρ

1

W

WW


−

  

Where W1 is the initial weight of the sample, W2 is the final or swollen weight of the 

sample and ρs is the density of the solvent used. The direct involvement of micro-organisms in 

rubber can be studied by a method known soil burial test. Effect of soil burial on the rubber 

was primarily followed by quantitatively observing the change in their mechanical properties. 

 

Results and Discussion 
Mechanical properties 

Table 2 shows the mechanical properties of NBR/Cassava starch composite with 

different amount of starch. 

Table 2. Mechanical properties of composites 

 Filler loading (phr) 

Mechanical Properties 0 10 15 20 25 

Tensile Strength 2.73 2.84 2.87 4.14 4.15 

Elongation    at Break 585.21 661.62 664.86 724.47 754.6 

Modulus at 100% 0.63 0.67 0.68 0.69 0.87 

 

It can be seen from the table that as amount of the cassava starch increase the tensile 

strength increases. Tensile values are increased due to the interaction between NBR and 
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cassava starch. Tensile values reach an optimum value at 25 phr of starch in the composite. 

The elongation at the break (Eb) is the strain on the sample when it breaks. From the result in 

Table 1, it clear that as the loading of cassava starch increases the elongation at break increases. 

Modulus values of mixes increase with increase the amount of cassava starch and attain an 

optimum value at filler loading 25 Phr. The modulus is increased due to the increasing 

interaction between the NBR matrix and the reinforcing filler. 

Biodegradability 

Mechanical properties of the composite before and after ageing under soil burial were 

compared. Table 2 shows that the mechanical properties of composite before and after ageing 

under the soil burial test. 

Table 3. Mechanical properties of NBR/Cassava starch composite before and after 

ageing under soil burial test. 

Mechanical Properties 

 Before Ageing After Ageing 

Filler 

loadin

g 

Tensile 

Strength 

Elongation 

at Break 

Modulus 

at 100% 

Tensile 

strength 

Elongation 

at Break 

Modulus 

at 100% 

0 2.73 585.21 0.63 2.08 516.88 0.50 

10 2.84 661.62 0.67 2.35 637.70 0.59 

15 2.87 664.86 0.67 2.56 643.33 0.62 

20 4.14 724.47 0.69 3.80 711.89 0.62 

25 4.15 754.47 0.87 3.89 722.92 0.74 

 

From the table it can be seen that, tensile strengths of composite are decreased after the 

soil burial test when it is compared to the tensile values of mixes before ageing. The decrease 

in tensile values is due to the degradability of cassava starch and the palm oil. The Elongation 

at break value is decreased after the ageing under the soil burial, due to decrease in elasticity 

of composite by the biodegradability of cassava starch and palm oil. It can also be seen from 

the table that the modulus values of composites at 100% elongation are decreased after one 

month under the soil burial test due to the biodegradability of reinforcing filler and the 

plasticizer palm oil.  

Fig. 1 shows the percentage decrease in mechanical properties of the composites after 

soil burial test.  
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Fig. 1. Percentage decrease in mechanical properties after soil burial test 

The graph clearly shows that the gum sample has maximum degradation than other 

mixes. It can be seen that at higher filler loadings the decrease in modulus values are more than 

that at lower loadings.  

Swelling Characteristics 

Table 4 shows the swelling coefficient values of NBR/starch composites in N,N-

dimethyl formamide (DMF). From the Table, it is clear that the swelling coefficients of 

composite are comparatively lower than that of the gum compound when DMF is used as the 

solvent which indicates improved resistance to swelling on adding starch. It can be seen that 

composite containing 25 phr loading of starch has the highest resistance to swelling.  

Table 4.  Swelling Coefficient of NBR/Cassava starch mixes in DMF 

Filler loading (phr) Swelling Coefficient 

0 2.8752 

5 1.1261 

16 1.482 

15 2.2865 

20 1.9372 

25 0.9338 

 

Surface Morphology of the Composites 

The SEM photograph of NBR/Cassava starch composite with 25 phr filler loading         (mix 

F) is shown in the Fig. 2(a) and 2(b). The figure shows the particles have globular like 

structures. The black particles in the photographs represent NBR rubber and the other particles 

seen in white are the cassava starch and the chemical DCP etc. The figure also shows the 

interaction between the NBR matrix and the reinforcing filler cassava starch. 
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Fig. 2(a) and (b).   SEM Photograph of MIX F in different magnifications 

 

Conclusions 

From the studies on NBR/cassava starch composites, it has been found that with 

increase in the loading of cassava starch in NBR, the tensile strength increases progressively 

up to 25 Phr loading. Tensile values increased due to the increase in interaction between NBR 

matrix and the filler. The tensile values decreased after the soil burial test for one month due 

the biodegradability of cassava starch and palm oil. The solvent resistivity has been found to 

be increased with the filler loading. The SEM result of composites shows that the mechanical 

properties of NBR/Cassava starch composite is higher due to its miscibility. 
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Abstract: Sophorolipids as a body care products, therapeutic agents for cancer and immune 

disorders, oil recovery agents etc. In this study C14-COOH-SL prepared and checked its 

efficiency as a capping and reducing agent for silver nanoparticles. We found that this new 

sophorolipid is indeed capable of reducing Ag ions in to silver nanoparticles. Metal 

nanoparticles are known to be very important for many important applications. Preparing them 

and capping them with active molecules like SLs can enhance their utility and open new 

avenues for research and applications. 

 

Introduction 

Sophorolipids (SL) formerly named sophorosides is found and excreted into the culture 

medium by Candida or related yeast species and is a good surfactants. They were first described 

by Tulloch AP and found to be composed of a disaccharide moiety linked to one hydroxyl 

group of one ω or (ω -1)-hydroxy fatty acid (saturated or monounsaturated). The sugar 

(sophorose or 2-O-glucopyranosyl--D-glucopyranose) may further show mono- or 

diacetylation at the 6' and 6" positions. The nature of the hydroxy fatty acid is characteristic, 

with the hydroxyl group being located on the n or n-1 carbon atom. In general, fatty acids of 

carbon chain length of 16, 17 or 18 are used and subjected to modification to lead to different 

SLs by the composition of the growth medium. Sophorosides with unsaturated C18 fatty acids 

have been recognized in Candida bogoriensis. Sophorolipids exhibit surfactant activity because 

of their amphiphilic structure. Among the sophorolipid producers, Candida bombicola is the 

most studied species because it produces sophorolipid molecule in large quantities.  Products 

yields up to 300 g of sophoroses per liter of culture medium have been reached. The 

composition of the hydroxylated fatty acid varies depending on the culture conditions. 

Furthermore, lactonization frequently occurs between the carboxyl group and the 4" OH group 

of the sophorose. Sophorolipids are used as bacteriocides in the formulation of skin and body-

care products (deodorant, anti-acne ingredient, from Soliance) but these emerging 

biosurfactants may have many other application potentials such as use as a capping agent for 

providing stability to nanoparticles. Hydroxy fatty acids may be released from sophorolipids 

and lactonized into macrocyclic esters; they are used in the perfume and fragrance industry. 

 

Materials and Methods 

Chemicals used:  Synthesis of sophorolipids [Malt extracts (Hi-media chemicals),   Glucose 

extracts (Hi-media chemicals), Yeast extracts (Hi-media chemicals), Peptone (Hi-media 

mailto:shabshabana@gmail.com
http://www.soliance.com/
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chemicals), Ethyl acetate, Sodium sulphate, Precursors: Oleic acid (Aldrich chemicals)], Pure 

culture of yeast; Synthesis of SL-Ag [Silver nitrate, Sophorolipids, Sodium borohydride, 

Potassium hydroxide]. 

Methods:  MGYP broth (Composition of 100ml MGYP broth) Maltose extract:  0.3 g,      

Glucose extract: 2 g, Yeast extract: 0.3 g, Peptone:   0.5g, Millipore water: 100 ml 

Organism: The fungal culture, Candida bombicola was used for the sophorolipid synthesis.  

Synthesis of sophorolipids : Two to three weeks old culture of Candida bombicola grown on 

MGYP slant was used for the pre-inoculum preparation. Colonies were transferred to 20ml 

MGYP broth in a test tube and kept at room temp for 18 hrs, 2ml of this culture were added to 

each of 100 ml and 20 0ml MGYP broth in 500ml and 1000ml conical flask respectively and 

kept it on rotary shaker for 2 days. The biomass of culture grown for 2 days were separated by 

centrifugation at 5000 rpm for 10 minute at 20C and these cells were redispersed in 100ml of 

10% glucose solution and 10‾³M precursor (oleic acid, C14-1-OH, C12-1-OH ) were added in 

each flask and kept on rotary shaker for 24hrs (All precursors are dissolved in 1ml ethanol). 

After 1day, 10‾²M of precursors in ethanol was again added to the respective flask and kept on 

rotary shaker for 3-4 days followed by addition of 50ml of 10% glucose in each flask and kept 

on shaker for 8-10 days till complete conversion of precursor to sophorolipid occurred. 

Separation of sophorolipid: Sophorolipid formed was taken out and was collected in a test 

tube. Remaining sophorolipid along with biomass was collected as a pellet by centrifugation at 

5000 rpm for 10 minute and supernatant was discarded. The pellet was redispersed in 100ml 

of 10% glucose and with 10‾²M respective precursor and kept on rotary shaker for 10-15 days 

until the formation of sophorolipid. The sophorolipid formed was then extracted by mixing 

with equal volume of ethyl acetate in a separating funnel, organic layer was dried over 

anhydrous sodium sulphate and the excess solvent was removed using rotary evaporation. A 

yellowish brown, honey like viscous liquid was obtained. This is the sophorolipid. The yield 

for a flask of 250ml of sophorolipid was approximately 1.045g. A minimum of three batches 

were required to make sufficient amount of sophorolipid enough for further analysis. 

Synthesis of silver nanoparticles: The set of experiment performed are given in Table 1. 

Table 1. Effect of capping and reducing agents on the formation of silver nanoparticles 

Sl. 

No

. 

Capping agent Substrate 
Reducin

g agent 
Result 

Time taken 

for reduction 

1 C14-COOH  (10‾4M) AgNO3 (10‾4M) Nil No colour Nil 

2 C14-COOH (10‾4M) AgNO3 (10‾4M) NaBH4 Yellow Instantaneous 

3 C14-COOH (10‾4M) AgNO3 (10‾4M) KOH Yellow 
After 10   

minutes 

4 C14-COOH-SL (10‾4M) AgNO3 (10‾4M) Nil No colour Nil 

5 C14-COOH-SL (10‾4M) AgNO3 (10‾4M) NaBH4 Yellow Instantaneous 

6 C14-COOH-SL (10‾4M) AgNO3 (10‾4M) KOH Yellow After 5 hrs 
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Results and Discussion 

1. UV-VISIBLE Analysis of Silver (Ag) nanoparticles and Sophorolipid capped Silver 

nanoparticles 

Fig. 1.  UV-VISIBLE spectrum of Ag 

nanoparticle synthesized using C14-COOH 

of concentration 10-4M with NaBH4 (curve 1) 

and KOH (curve 2) 

Fig. 2. UV-VISIBLE spectrum of Ag 

nanoparticles synthesized using C14-COOH-

SL of concentration of 10-4M with NaBH4 

(curve 1) and KOH (curve 2) 

 

 In Fig. 1,Curve 1 represent the silver nanoparticles synthesized using C14-COOH 

(10ֿ4M) as capping agent and NaBH4 as reducing agent (C14-COOH+AgNO3+NaBH4), curve 

2 represent the silver nanoparticles synthesized using C14-COOH (10ֿ4M) in presence of KOH 

(C14-COOH+AgNO3+KOH) and curve 3 corresponds to C14-COOH (10ֿ4M) and AgNO3 

without any reducing agent (C14-COOH+AgNO3). Curve 1 shows sharp peak at 380nm, which 

indicate the formation of Ag nanoparticles. Curve 2 shows peak positioned at 438nm, which 

indicate the formation of Ag nanoparticles and which also indicate the reduction can also occur 

with C14-COOH in presence of KOH. Curve 3 shows monotonous increase and no peak is 

observed, which implies that, when Ag+ ions are exposed to C14-COOH alone there is no 

reduction.  

              In Fig. 2, curve 1corresponds to Ag nanoparticles synthesized using C14-COOH-SL 

(10ֿ4M) and AgNO3 in presence of NaBH4 (C14-COOH-SL+AgNO3+NaBH4), curve 2 

represent the silver nanoparticles synthesized using C14-COOH-SL (10ֿ4M) and AgNO3 in 

presence of KOH (C14-COOH-SL+AgNO3+KOH) and curve 3 corresponds to C14-COOH-

SL (10ֿ4M) and AgNO3 in absence of reducing agent (C14-COOH-SL +AgNO3). Curve 1 

shows sharp peak at 390 nm, which indicate the formation of Ag nanoparticles. Curve 2 shows 

peak centered at 412nm, which indicate the formation of Ag nanoparticles and which also 
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indicate that the reduction can also occur with KOH. Curve 3 shows monotonous increase and 

no peak is observed, which implies that in absence of reducing agent no formation of silver 

nanoparticles take place. 

2. TEM Analysis 

The TEM images (Fig. 3) for sophorolipid capped Ag nanoparticles of a concentration 

of 10ˉ4M show that the particles were observed to be irregular in shape, polydisperse in nature 

and well separated from each other having an average particle size of 25nm. 

 

 

 

 

 

 

 

 

 

 

 

Fig.  3. TEM images of Ag nanoparticle synthesized using C14-COOH-SL with NaBH4. 

                 

Conclusions 

In this study, we have described the synthesis of C14-COOH-SL and its application as 

a capping and reducing agent on silver nanoparticles. It is characterized by using UV-VISIBLE 

Spectra. The TEM images indicate the presence of spherical, polydisperse silver nanoparticles 

capped with sophorolipids with average particle size of 25nm. 
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Abstract: Dumping of solid wastes on land is a common waste disposal method and practiced 

almost by all the cities around the globe. Precipitation that infiltrates through the municipal 

solid waste leach the constituents from the decomposed waste mass and while moving down 

cause the subsurface soil to be contaminated by organic and inorganic solutes. In the present 

study an attempt has been made to evaluate the impact of municipal soild waste on the 

properties of soil at a landfill site of Manjeri Municipality at Vettekode. We have studied and 

made a comparison in properties of soil from dump site and non dump site area. The physical 

and chemical parameters such as pH, electrical conductivity, total organic matter, moisture 

content, available nitrogen, phosphorus, potassium in the soil samples were studied using 

various analytical techniques. The findings show that pH  values are slightly higher in the 

polluted area than in the control. The electrical conductivity values are found to be very high 

for soil samples from polluted area when compared to control soil. Other parameters such as 

organic matter, total nitrogen, available potassium and available phosphorus are also found to 

be higher in the polluted area than the control. 

 

Introduction 

               Solid waste land filling is the most common method of solid waste disposal. The 

landfill site at Vettekode is an open dumpsite, because the open dumpsites are low operating 

costs and lack of expertise and equipment provided no systems for leachate collections [1]. 

Open dumps are unsightly, unsanitary, and generally smelly. They attract scavenging animals, 

rats, insects, pigs and other pests. Surface water percolating through the trash can dissolve out 

or leach harmful chemicals that are then carried away from the dumpsites in surface or 

subsurface runoff [2, 3]. The Municipal Solid Waste (MSW) includes commercial and 

residential waste generated in municipal areas, in either solid or semi-solid form, excluding 

industrial hazardous waste, but including treated biomedical waste. The dumping of MSW 

without proper segregation adds to the complexity of the issue. The most commonly adopted 

method to manage solid waste in developing countries is to dispose in open dumps which 

causes serious environmental problems including health hazards [4]. Dumping of solid waste 

on land is a common waste disposal method, and practiced almost by all the cities around the 
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globe.  In the last 200 years, world population has increased six times, and the urban population 

has multiplied 100 times [5]. Population growth and industrial revolution contribute to 

enormous amount of solid waste generation.             

               The solid waste dumping plant existed in Vettekode of Manjeri municipality has a 

capacity of two tonnes per day and run successfully by Socio economic unit foundation and 

was closed down three years back on account of public protest. This study involves the soil 

quality analysis in the Vettekode solid waste dumpsite nearer area. The aim of the study is to 

understand how the soil gets polluted due to the dumping of solid waste. The ten samples were 

selected for analysis Samples 1-4 were taken from dumpsite area and samples 5-10 were taken 

from less polluted areas.  

 

 

                     The Municipal Solid Waste dumping plant at vettekode 

 

Experimental 

Sampling 

           For routine soil testing the field is divided to proportions according to variations. 

Separate samples are collected from different portions .These samples are mixed thoroughly 

and spread on a clean sheet of paper and divided into a 4 equal parts . Two opposite quarters 

are rejected and samples from the other two are mixed and the procedure is repeated till the 

desired quantity of the samples is obtained (1-2 kg). The final sample must be dried before 

collecting care has to be taken in to avoid contamination. The bag or the box must be properly 

labelled and taken to laboratory for analysis.    

Laboratory Determinations 

             The soil pH was measured using a pH meter in 1:2.5 soil to water ratio. The electrical 

conductivity (EC) is used to measure the ability of an aqueous solution to carry an electric 
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current. The EC was determined using a conductivity cell containing a platinized electrode.For 

the determination of percentage organic matter the sample is made into fine powder by sieving. 

Take 10g of each ten soil samples. After pouring it in the separated crucible weight-out the ten 

samples. Then they are heated in a muffle furnace to 6000C and again weighed.  Total organic 

matter is calculated from the difference between the two weights. Total Moisture content is 

determined by heating a known weight of the soil sample to constant weight in an electric oven 

at 700c and finding the loss in weight. A known weight of the soil sample is oxidized using 

K2Cr2O7 followed by the determination of nitrogen present in the soil sample by using digital 

balanced cell colorimeter. Potassium present in the soil is extracted with neutral ammonium 

acetate of 1M. This is considered as plant available K in the soil and it is estimated with the 

help of flame photometer. The readily soluble Phosphorus is extracted by combination with 

HCl and NH4F phosphate in the extract is determined calorimetrically with ammonium 

molybdate and ascorbic acid as reducing agent 

 

Results and Discussion 

            Experimental results obtained on effect of municipal solid waste Lechate on the 

characteristics of soil on both contaminated and uncontaminated soil were presented in Table 

1. The pH of all the 10 samples lies in the acidic range, (i.e., <7). We can conclude that, pH 

value of uncontaminated soils is higher than the contaminated soils. The pH of the soil samples 

taken from dumping site signifies that it is slightly acidic in nature compared to uncontaminated 

soil which may be due to the presence of the solid waste [6]. The electrical conductivity of 

samples taken from less polluted areas have the value less than one and the samples taken from 

dumpsite have value greater than one [7]. The highest and lowest value of electrical 

conductivity is 0.183 and 1.839. All samples except sample 6, which is taken from a less 

polluted area, has a moisture content greater than five (5.8337) . The total organic matter 

present in the soil is higher for samples taken from dumpsite. The nitrogen availability in the 

soil is greater than one for highly polluted soil samples and that of samples from less polluted 

areas is less than one. The phosphorus present in soil for sample 6 and 9 is less and sample 10 

is moderate (15.7), that of other samples are much high (32). The potassium present in the soil 

for all samples is greater than 200 and samples taken from dumpsite have value around 450. 

The results are consolidated in the in Fig. 1.  

 

Table 1.  Soil Parameters estimated in contaminated and uncontaminated soils 

Samples pH EC 

(ds/m) 

Moisture 

(%) 

Organic 

Matter 

(%) 

Nitrogen 

(N in 

Kg/Ha) 

Phosphorus 

(P in 

Kg/Ha) 

Potassium 

(K in 

Kg/Ha) 

Sample 1 5.09 1.040 2.8808 22.3584 1.25 32 448 

Sample 2 6.4 1.350 2.6950 28.2302 1.25 32 448 

Sample 3 5.4 0.194 2.4976 23.0736 0.63 32 296 

Sample 4 6.4 1.839 2.1002 16.6119 1.25 32 448 
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Sample 5 5.8 0.278 3.8093 11.1443 0.66 32 448 

Sample 6 6.1 0.459 5.83377 16.4313 0.26 5.8 264 

Sample 7 5.0 0.183 2.8037 11.5409 0.48 32 448 

Sample 8 5.6 0.326 1.6519 11.1410 0.95 32 448 

Sample 9 5.1 0.231 0.9869 10.8682 0.96 1.3 340 

Sample 10 4.8 0.253 2.7884 20.3651 0.78 15.7 305 

 

 

 

 

Fig. 1. Consolidated result of soil parametrs 

 

Conclusions 

              The present investigation gives an insight into the probable impact of municipal solid 

waste on soil properties in comparison to control soil. It is apparent from experimental results 

that physicochemical properties of soil differ for municipal solid waste treated soil collected 

from different locations of dumpsite. The presence of large amount of ionic substances and 

soluble salts may have resulted in increased value of electrical conductivity in municipal solid 

waste treated soil in comparison to control samples. The samples from dumpsite show high 

organic content than samples from outside buffer zone [8, 9]. The values of NPK measurement 

also show a higher value for samples from dumpsite.  After analysing data obtained from 

pH
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studies of various parameters we should bear in mind that wastes should be sorted and wastes 

should be treated if possible [10]. When it comes to dumping of wastes a properly designed 

and engineered landfill should be constructed. 
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Abstract: Nanoparticles of copper and silver are prepared using Eucalyptus leaf extract from 

copper sulphate, and silver nitrate. It is observed that Eucalyptus leaf extract is more effective 

in copper nano particle synthesis. Small amounts of silver nano particle are obtained by the 

reduction of silver nitrate solution. On the other hand, zinc sulphate solution did not yielded 

any zinc nano particle. The morphological studies of the synthesized nano particles revealed 

that copper nano particles are having cubic morphology. 

Keywords: Eucalyptus leaf extract, nano particle, cubic morphology.  

 

Introduction 

Nanoscale particles of nanostructures1, including nanoparticles, nanorods, nanowires, 

nanotube and most recently the graphenes2 have been drawing much attraction and recognized 

as the technology for the future due to optical and electronic properties of these structures. 

Nanoparticle systems have also shown self-healing3 properties. 

Among the metal nanoparticles, copper nanoparticlesare potentially attractive due to 

their good catalytic4, optical, electrical, and thermal properties. Sub-10-nm5copper 

nanoparticles can be used as a low-cost replacement for silver and gold nanoinks that are used 

in inkjet printing of conductive patterns.Silver nanoparticles have unique optical electrical and 

thermal properties and are being incooperated in to products that range from photovoltaic’sto 

biological and chemical sensors.  
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Synthesis of well-dispersed copper nanoparticles was earlier achieved by reduction 

using NaBH4. Instead of copper oxide produced in aqueous solution, metallic copper particles 

are formed in w/o microemulsions because of the high local copper concentration in water 

pools of the microemulsions6. Silver nanocubes were obtained by reducing silver nitrate with 

ethylene glycol in the presence of poly (vinyl pyrrolidone) (PVP)7. The presence of PVP and 

its molar ratio (in terms of repeating unit) relative to silver nitrate both played important roles 

in determining the geometric shape and size of the product. 

The present report discusses the synthesis and characterization of cubic copper and 

silver nanoparticles using Eucalyptus leave extract as a reduction medium. 

 

Experimental 

Preparation of Eucalyptus Leaf Extract: Eucalyptus leaves were collected from Farook 

College, washed well, and dried in shade. 50g of leaves were cut in to small pieces and washed 

with distilled water. It is taken in a 400 ml beaker; 200ml of distilled water was added and 

boiled for 40 minutes when the colour of the extract was brown. The extract obtained was 

stored in refrigerator.  

Preparation of Copper, Silver, and Zinc nanoparticles: 10 ml of Eucalyptus leaf extract was 

added to 50ml of 0.01 molar aqueous copper sulphate silver nitrate and zinc sulphate solutions 

separately. The colour of salt solution changes to pale yellow. The solutions were then stirred 

for homogenous mixing.   

 UV spectra of the prepared particles were taken using Cary50 instrument from 200 nm 

to 800 nm with a data interval of 5 nm. SEM images were obtained from Hitachi SU6600 

Variable Pressure Field Emission Scanning Electron Microscope (FESEM) with an 

accelerating potential of 5 KV with a magnification of 15000. 

 

Results and Discussion 

Ultra-violet spectrum of the prepared nano particle system is given in Fig. 1-3. It is seen 

from the spectra that copper sulphate solution forms copper nano particles in large amounts as 

evident from the intensity of Surface Plasmon Resonance peak at 540 nm7.  

 

 

Fig. 1. UV Spectra of copper nanoparticles Fig. 2. UV spectra of silver nanoparticles 
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Fig. 3. UV spectra of zinc nanoparticles 

 

Silver system shows a small peak in the area of 380 nm owing to the further aerial 

oxidation to silver oxide particles. Zinc system, on the other hand, does not show any Surface 

Plasmon Resonance peaks, and hence does not get reduced to form zinc nano particles. 

The SEM image of copper nano particles show that the particles are agglomerating in 

nature. The morphology of the particles is more or less cubic. The SEM image of silver particle 

shows fewer amounts of dispersed particles. There is no regular morphology for the particles. 

 

  

 

Fig. 4. SEM image of copper and silver nano particles 

 

Conclusions 

Eucalyptus leaf extract were prepared and used to prepare nano particles from copper 

sulphate, silver nitrate and zinc sulphate solutions. It was found that Eucalyptus leaf extract 

were more effective in copper nano particle synthesis. Small amounts of silver nano particle 

were only obtained by the reduction of silver nitrate solution. On the other hand, zinc sulphate 

solution did not yielded any zinc nano particle. The morphological studies of the synthesized 

nano particles revealed that copper nano particles were having cubic morphology. 
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