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Greetings to all our contributors and readers...

The year 2014 marks the 10th year of publication of Scientia (ISSN: 0976-

8289), an annual science journal from Mercy college, Palakkad. We are happy 

to bring out this issue of Scientia which features 17 articles from various areas 

of science. In this issue we bring to introduce Synthesis and Characterization 

of CuInS2 Films for Solar Cell Applications, Knot Theory, and Biodiesel 

production from low cost non edible oils using microwave irradiation, 

Cryptography and its applications as reviews. Scientia is interested in 

publishing a wide range of manuscripts presenting original research and 

reviews in all areas of science. For original research, the common thread is that 

the work should reveal novel concepts of broad importance to the scientific 

community. This area covers topics like study of cadmium sulphide thin films 

prepared using CBD, Hardness estimation for Ruthenium Carbides based on 

semi-empirical models , Scope of natural electrolytes in DSSC, A study on the 

sintering temperature and dielectric properties of TiO2 .Statistical problems 

like Marshall-Olkin   Generalized Weibull Distributions and Processes, 

Descriptive statistics of water quality variables in Coimbatore district of 

Tamilnadu. Life science covers diverse arena of topics like Olfactory 

discrimination and transitive inference in mice, The stability of purified 

Invertase enzyme from Anacardium occidentale L. , Spider Assemblages of 

Marthoma College Campus, Thiruvalla, Pathanamthitta Dt., Kerala.and  

Phytochemical analysis and antibacterial activity of Aristolochia indica L. 

Categories of papers include reviews and full papers. Scientia covers frontier 

areas like Physics, Chemistry, Mathematics, Statistics, Botany, Zoology and 

Life sciences. Let the 10th volume of Scientia nurture the diversity with 4 

review papers, 13 full papers. Scientia congratulates all our contributors and 

readers for your achievement of 2014 Phytochemical analysis and antibacterial 

activity of Aristolochia indica L. and wishes all of you a Happy New Year.
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2 3 3Ambily Jacob K.*, Anjaly Jacob K. , Anas S.  and S. Ananthakumar

*1 Department of Chemistry, Mercy college, Palakkad-678006

2 Department of Pure and applied chemistry Cochin university 

3 Materials DivisionNational Institute for Interdisciplinary Science and Technology, 

CSIR Trivandrum-695019, Kerala, India

Abstract

As the environmental and energy resource concern, great efforts have been put in the development of renewable 

energy resources, among which photovoltaic solar power is the most desirable one and holds great potential and 

promise. The silicon supply shortage arising from the recent boom in the demand for photovoltaic modules, thin-

film photovoltaic modules using CuInS  are entering the market in significant quantities. Thin-films have the 2

potential to revolutionise the present cost structure of photovoltaics by completely eliminating the use of the 

expensive silicon wafers that alone account for 40-50% of total module manufacturing cost.

Key Words: Solar Cell; CuInS ; Semiconductors; Optical properties; Thin film2

Introduction

The fossil fuels and nuclear power are the main sources of energy in today's energy system and they supply 

about 78% of the energy demand. It has also been recognized that a massive consumption of fossil fuels in 

order to fulfil the present energy demands has a negative impact on the environment. They emit tons of 

harmful gases to the atmosphere every second. This many lead problems being faced today as ozone 

depletion. In addition, there has also been a great concern on the role of fossil fuels in global warming. 
thIntergovernmental Panel on Climate Change observed that the global temperature is increasing since 20  

century. This is due to the increasing concentrations of greenhouse gases in the atmosphere resulting from 

human activity, such as fossil fuel burning and deforestation. This is the reason why the attention is turning 

to the renewable energy sources.

Sun provides a reliable, sustainable and long-term supply of energy, in contrast to conventional resources 

such as coal and fossil fuels. All wind, fossil fuel, hydro and biomass energy have their origins in sunlight. 

Solar energy is rapidly becoming one of the most promising renewable energy sources available to us. 

Direct harvesting of the immense and never-ending power brought by the sun is not new, this was the 

elegant way of generating electricity in satellites and space stations. Today, Germany generates 50 % of its 
1electric power from photovoltaic (PV) energy during mid-day hours on a sunny day .

First generation solar cell consist of high quality and single junction silicon solar cells. Silicon based solar 
2cells have an 85 % market share and absolutely dominant technology in photovoltaic (PV) devices . The 
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manufacturing costs of single Crystalline Silicon based solar cell are still relatively high. Because they 

are cut from cylindrical ingots, do not completely cover a square solar cell module without a substantial 
3waste of refined silicon . Although single-crystalline Si-based solar cells are successfully used to harvest 

solar energy, inexpensive production of photovoltaic (PV) devices at a cost comparable to the energy 
4production cost of fossil fuels has become a critical issue to meet the global energy crisis . 

Low cost solar cells can be synthesized by reducing the production costs. Photovoltaic designs based on 

thin film nanostructure semiconducting materials offer an interesting route towards inexpensive, reliable, 

solar-based renewable power. These materials are applied in a thin film to a supporting substrate such as 

glass or ceramics reducing material. Now a days solar cells based on thin film semiconductors in the nano 
5level are quite common . Figure 1.shows the schematic drawing of the TiO / CuInS (CIS) nanostructure 2 2 

solar cell. It consist of nanostructured n-type TiO  and p-type CuInS  (CIS). n- type semiconductor was 2 2

deposited on transparent conductive glass slides(TCO). Like most chalcopyrite solar cells, an interfacial 

monolayer is typically required between the n-type and p-type regions to control the effective charge 

separation at semiconductor/absorber interface. In the figure, a thin layer of In S  interface layer is used 2 3

6between the TiO  and CIS layers .2

The operating principle of the nanostructured TiO /CIS solar cell is analogous to a traditional thin-film 2

solar cell. Photons in sunlight hit the solar panel and are absorbed by semiconducting material. Electrons 
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Fig. 1. Shows the schematic diagram of the TiO /CIS nanostructured solar cell2



are excited from their atom and allowing them to flow through the external circuit to produce electricity. 

CuInS2

Nanocrystalline inorganic semiconductor absorbers can be prepared in a relatively simple way and they 

have many other attractive advantages, such as tuneable band gaps, high extinction coefficients, large 
7intrinsic dipole moments etc . The most commonly used inorganic absorbers are II- VI, III- V, and 

I- III- IV semiconductors, such as CdSe, CdS, PbSe, PbS, InAs, Bi S , and CuInS  (copper indium sulfide, 2 3 2

CIS). In particular, CuInS  is of great interest because of many attractive features including (i) nontoxicity 2

5(ii) a high absorption coefficient (6 × 10  cm- 1) and a direct band gap of 1.5eV well matched to the solar 

spectrum and (iii) appreciable photo electrochemical stability in polysulfide electrolytes, which are 

widely used as hole-transport materials. Several approaches have been employed to deposit inorganic 

photosensitizers on TiO  films, including chemical bath deposition, successive ionic layer absorption 2

reaction (SILAR), electrophoresis deposition, electrochemical deposition, spray pyrolysis, sputtering 
8, 9, 10method, and thermal decomposition etc .

Different methods for the preparation of CuInS  thin film 2

1. Preparation of CuInS -sensitized TiO  electrodes using SILAR process.2 2

A dense film of anatase TiO  (100 nm thick) is deposited onto transparent conducting oxide (TCO) glass 2

substrates. On the top of this compact layer, a transparent mesoporous TiO  film composed of 20 nm was 2

prepared using the doctor blade method. The films were then sintered at 450°C for 30 minutes. The 

electrodes were sensitized with CIS via in situ deposition of In S followed by Cu S. The precursor x y

solutions for In, Cu, and S were 0.01M CuCl, 0.075M Na S, and 0.1M InCl  aqueous solutions, 2 3

respectively.TiO  electrodes were immersed in aqueous solution of InCl  followed by Na S solution .This 2 3 2

process was repeated for several time to form In S. Cu S layer was deposited by immersing above slides x y

into aqueous solution of CuCl followed by Na S solution.The sensitized electrodes were annealed at low 2

opressure and 550 C in sulfur atmosphere .

2. Deposition of CuInS  sensitizers on TiO  photoanodes using dip coating2 2

Mesoscopic TiO  films were prepared by screen printing of a TiO  slurry on the conducting glass slides. 2 2

TiO  photoanodes was dipped in mixture of solution (1) 0.10M In(NO ) , (2) 1.25 × 10- 3 M Cu(NO )  , and 2 3 3 3 2

(3) 0.135M Na S in a 50 mL solvent of methanol. Then electrodes were rinsed with pure methanol and 2

dried with nitrogen gas. This procedure was repeated for six times until the desired CuInS -based TiO  2 2

ophotoanodes were created. The sensitized electrodes were annealed at 550 C in sulfur atmosphere.

3. Thin film deposition of CuInS  using spray pyrolysis.2

A dense film of anatase TiO  (100 nm thick) is deposited onto transparent conducting oxide glass 2

substrates by using spray pyrolysis. Nanocrystalline anatase-TiO  coating is applied using the doctor-2
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blade technique. After doctor blading, all samples are annealed at 450 ?C for 6 h in air.The samples are then 

coated with a spray-deposited n-type In S . All samples are spray coated with p-type CuInS .2 3 2

4. Preparation of CuInS  thin film using chemical bath deposition2

The syntheses of the CuInS2 thin films were performed with three steps. At the first step copper sulfide 
 owas deposited on the conducting glass substrates at 70 C using 5mL of 0.5 mol/L CuSO  and 50 ml of 0.2 4

 omol/L Na C H O  . Then the indium sulfide thin film was deposited on the Cu S thin films at 85 C using 20 3 6 5 7 x

ml of 0.2 mol/ L indium chloride solution and 100 ml of 0. 2 mol/ L thioacetamide solution. The deposition 

of Cu S and In S  Finally, the CuInS  thin films were synthesized by heating the Cu S andIn S  in sulfur x 2 3 2 x 2 3

atmosphere.

5. Preparation of CuInS  nanostructures using sonochemical method2

The copper salicylate [Cu(Hsal) ] precursor was prepared from reaction of 1 mmol of copper sulphate  2

penta hydrate and 2mmol of sodium salicylate. CuInS  nanoparticles was prepared by the reaction of 2

Cu(Hsal)  and InCl  with sulfur source in propylene glycol (PG) as solvent. 50 mg of Cu(Hsal)  and 20 mg 2 3 2

of InCl  were dissolved in 60 mL of PG and was irradiated under ultrasound waves. Different sulphur 3

sources (2mmol) such as ;sodium sulphite (Na S O ), thiourea (Tu), thioacetamide (TAA), 2 2 3

thiosemicarbazide (TSC), L cysteine (L-Cyst) and carbon disulfide (CS ); were added dropwise to the 2

solution. The black precipitate was washed with ethanol and deionized water. The product was dried at 60 

°C for 3 h under vacuum. The precipitates were annealed under argon atmosphere at 450 °C for 2 h. The 

annealing converted mixture of In2S3 and CuS to CuInS . 2

6. Synthesis of CuInS  nanostructures using colloidal method2

Copper (I) acetate (01. mmol), indium(III) acetate (0.1 mmol) and myristic acid (0.4 mmol), together with 
36.2cm  of 1-octadecene (ODE) were introduced into a two-neck reaction flask. The flask was immersed in 

an oil bath at 170 °C and maintained at this temperature for 30 min under an Ar flow. Then, the flask was 

heated to 300 °C after attaining the temperature, 2 ml of ODE containing bis(tri- methylsilyl) sulphide 

TMS (0.30 mmol) was injected in order to obtain CuInS  . The reaction mixtures were kept at 300 °C for 30 2

min and then allowed to cool spontaneously to room temperature. The obtained precipitates were washed 

three times with methanol and then dispersed in benzene.

 Analysis of Some properties of CuInS2 thin film solar cell

The X-ray diffraction (XRD) pattern for the TiO /CIS film was recorded and analysed for the 2

identification of the crystal structure. Figure 2 depicts XRD pattern of the TiO /CIS film obtained after 2

annealing at 550 °C. Besides those existing interfacial monolayer peaks from SnO  (2θ: 26.6°, 33.8°, 2

37.8°,51.7°, 61.8°, 65.8°; from FTO substrate) and TiO  film (2θ:25.3°, 37.8°, 48.0°), the diffraction peaks 2

at 27.8°,32.38°,46.5° and 55.1° are assigned to (112), (200), (204)/(220), and (312)/(116) planes of CIS, 



respectively. The strong and sharp diffraction peaks confirm good crystallinity of the product. Pattern of 

the CuInS  show a pure tetragonal structure with suitable agreement to literature value Space group: 1-2

42d, lattice constants: a=5.5170, b=5.5170 and c=11.0600. The crystallite size (D) of the as-prepared 

CuInS , was calculated using the Debeye–Scherrer equation (1),2

Where β is the breadth of the observed diffraction line at its half intensity maximum, K is the shape factor, 

which usually takes a value of about 0.9, and (0.154 nm), is the wavelength of X-ray source used in XRD.

Morphology of the TiO  film was analysed by Scanning electron microscopy. Figure 3shows the SEM 2

image of TiO  . SEM images confirm the formation of a dense TiO  layer on FTO glass, and this TiO  layer 2 2 2

has a thickness of about 300 nm. The particles are homogenously distributed in film. Figure 4 gives the 

typical morphologies of CIS films prepared with different InCl  concentration. When InCl  concentration 3 3

is low, a large amount of high-ordered potato chip-shaped CIS nanosheet arrays are densely packed and 

uniformly covered over the entire surface of FTO/nanoporous-TiO  film (Figure 4a,c). More detailed 2

nanostructure about CIS film can be observed using high-magnification SEM images (Figure 4b,d), where 

individual CIS nano sheet displays a crooked shape with a thickness of approximately 10 nm and length of 

approximately 2 µm. As InCl  concentration increased CIS flower-shaped superstructures with an average 3
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diameter of 3 µm spread over the whole

FTO/compact-TiO2/nanoporous-TiO2 film (Figure 4e).

Fig. 3. SEM images of nanoporous TiO  film: (a) cross-sectional, (b) low-, and (c) high-magnification 2

SEM images of the surface

Fig. 4 SEM images of CIS layer on TiO  film with different InCl  concentration:2 3

a,b at low; c,d Medium ; e,f high concentration .Photoluminescence (PL) measurement of CuInS  2

nanoparticles at room temperature with excitation wavelength at 418 nm was recorded. The PL 

spectrum consists of one strong peak at 554 nm that can be ascribed to a high level transition in CuInS  2

Taniya Antony: Electrospinning
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semiconductor crystallites. It is reported that this kind of band edge luminescence arises from 

recombination of trapped electron–hole pairs. 

Mechanism
3+ 2+ -2The In  and Cu  ions reacted with the S  ions to form the sulfide compounds of CuS and In S  according to 2 3

Eq. (1) and (2). The reaction for the formation of stoichiometric CuInS  during annealing process might be 2

given in Eq.(3).

Conclusion 

In summary, an in situ growth of CIS nanocrystals on the mesoporous TiO  films has been demonstrated by 2

various methods. Morphology of CIS was analysed by SEM image .crystalline nature was studied by 

using XRD analysis. Optical properties of CIS was analysed using PL spectra.
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Introductory knot theory
*Asha Sebastian

Department of Mathematics, Mercy College, Palakkad- 678007

Abstract
3Knots are subsets of R , homeomorphic to the circle. Some of the basic concepts in knot theory are introduced. A 

discussion on basic definitions of knots and links has been made along with the brief history of knots. Basic 

questions in knot theory are posed and a study on some of the available knot invariants is made. Applications of 

knot theory in physics, molecular biology and synthetic chemistry is quite interesting.

Keywords: Knot Theory, Knot Invariants

Introduction

Knots are familiar objects which are appearing in various forms throughout our daily life. From tying the 

shoe laces to wrapping the packages it shows up. Modern knot theory is the tale of a magnificent failure. To 

create an exact model for the elusive atomic theory, P.G.Tait created a table of knots on the request of Lord 

Kelvin. They proposed a model of atom which was knotted vortex tubes in ether in 1860. Their model was 

incorrect as Michaelson-Morley experiment denied the existence of ether.  By the end of 19th century 

Mendeleev proposed the modern periodic table and knots lost its significance. By the mean time 

mathematicians were fascinated by knots and a century of work on mathematical theory of knots followed. 

The knots again caught the attention of vibrant researchers when Jones polynomial was introduced in 

1985. Biochemists discovered knotting in DNA and chemists realised that it might be possible to create 

knotted particles. A mathematical field existing from Neolithic age and which lost its momentum many 

times throughout the history has turned out to have applications in quantum mechanics, molecular biology 

and chemistry. A study is made into the mysterious, aesthetic and vibrant theory of knots.

A knot, mathematically speaking, is a closed curve sitting in three dimensional space that does not 

intersect itself. Intuitively if we were to take a piece of string, cord, or the like, tie a knot in it and then glue 

the loose ends together, we would have a knot. It should be impossible to untangle the knot without cutting 

the string somewhere. The use of the word 'should' here is quite deliberate, however. The central problem 

of knot theory is to distinguish the equivalent and the non-equivalent knots from a collection of knots. 

Given any knot how do we tell that they are really knotted? What if, they are not even knotted and we have 

been asked to determine its properties? Is there any specific algorithm to help us?

Scientia Jan- Dec. 2013
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Fig. 1. Two different knots

It might be surprising to find out that the four images in Fig.1 only show two different knots. The question 

is which ones are the same? Are three of them the same and one different, or are there two pairs of identical 

knots? A better question is how can we work out which are the same and which are different? The biggest 

problem however, with both these methods and others as well, is that they are subject to circumstance. 

Maybe we can see the answer, or maybe we cannot. Maybe we are clever or lucky enough with the string to 

get an answer, or maybe we are not. There is no mathematical pattern to this, just circumstance. 

Furthermore, if we have two knots and, using whatever techniques we find appropriate, not succeed in 

turning one into the other, then we have no useful information. We have not shown that the two knots are 

different, but only that we cannot make them be the same. This puts a new light on our previous questions 

of telling knots apart. We at least have a chance of showing that two knots are the same, but how do we 

conclusively show that two tangled messes can never be manipulated to be the same?

We will formalize how we describe and present (i.e., draw) knots and how we manipulate them. But most 

importantly, we will introduce the tools that allows us to show that knots are different, the knot invariants, 

and will examine and discuss several of these.

 Brief history of knot theory 

Why should anyone be interested in knots? What is so important about being able to tell whether a tangled-

up loop of strings is truly tangled or can in fact be untangled without cutting and gluing?

Much of the early interest in knot theory was motivated by chemistry. In the 1880s, it was believed that a 

substance called ether pervaded all of space. In an attempt to explain the different types of matter, Lord 

Kelvin hypothesized that atoms were merely knots in the fabric of this ether. Different knots would then 

correspond to different elements. This convinced the Scottish physicist Peter Guthrie Tait that if he could 

list all of the possible knots, he would be creating a table of the elements. He spent many years tabulating 

knots. At the same time an American mathematician named C.N.Little was working on tabulation for 

knots. Unfortunately Kelvin was wrong. In 1887, the Michelson-Morley experiment demonstrated that 

there was no ether to knot. A more accurate model of atomic structure appeared at the end of the nineteenth 

century and chemists lost interest in knots for the next 100 years. But, in the mean time, mathematicians 
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had become intrigued with knots. A century of work on the mathematical theory of knots followed. 

Interestingly enough, in the 1980s, biochemists discovered knotting in DNA molecules. Concurrently, 

synthetic chemists realized it might be possible to create knotted molecules, where the type of knot 

determined the properties of molecules. A mathematical field that was born out of a misguided model for 

atoms has turned out to have several significant applications to chemistry and biology.

Knots 

Definition 1

A knot K ⊂ R3 is a subset of points in R3 which is homeomorphic to circle 

Examples

Fig.2. Unknot and Trefoil Knot

We know that knots are three dimensional objects and it is always difficult to model. So while looking at 

the knots we use a two dimensional image to model. Inorder to learn them, we have to replicate them to 

paper. One solution is that we can project them. But if there are multiple points it will put the learner into a 

dilemma. Let's restrict this multiple point being double, but not more than that. Such a projection is called 

regular projection. Here we rule out all the questions which may stop us from making an effective model 

on a two dimensional space. Knots have points where it crosses each other. Some strings go over the other 

and while some go under. Inorder to incorporate this information, we formulate knot projections.

Definition2: Let us denote by P the map that projects the point (x, y, z) in R 3 onto the point (x, y, 0) in the x-

y plane, Fig.3

Fig.3. Knot Projection
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2
Definition :

A knot has an irregular projection if it has any edges parallel to the z-axis, if it has three or more points 

lying above each other, or any vertex lying above or below another point of K as in Fig.5. Thus, a regular 

projection of a knot consists of a polygonal circle drawn in the plane with only transverse double points as 

self-intersections.

Fig.5. Regular and irregular projections

Crossings

Note the break in some of the lines in the trefoil projection in Fig.6. These are not, in fact, breaks in the 

string making up the knot, but a way of showing that the string goes under another string. This is how we 

differentiate between the string that is above and the string that is below. Such a point on the knot is known 

as a crossing. So the trefoil projection shown above has, as the name might have implied, three crossings. 

Each entire unbroken line of a projection is known as a strand of the knot projection.
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Fig.6. Regular projection of unknot and trefoil knot

See Fig.7 for some examples of strands. The strands are marked in grey, but they are not the only strands of 

the projection in question.

Fig.7. Strands in a regular projection

If we were to trace our finger around the projection in a single direction, we would pass through every 

crossing twice, once by tracing the uppermost string (the overstrand) and once, later on, when tracing the 

undermost string (the understrand). When tracing the knot this way, we call a crossing an overcrossing if 

we are traveling on the overstrand, and an undercrossing if we are traveling on the under strand. 

 Reidemeister moves

If we are given a ball of loops, how do we say that it is in fact knotted? A German mathematician, Kurt 

Reidemeister worked on it and found three basic moves which were named after him as Reidemeister 

moves. Any equivalent knots are obtained after applying Reidemeister moves on the other. One of the 

fundamental results in knot theory is that two equivalent knots are related by a sequence of Reidemeister 

moves i.e., when two knots are equivalent, one can be deformed to other using these moves. There are 

three moves- twist, poke and slide, Fig 8. In twist move, we twist the knot and it doesn't change the knot 

whereas in poke move we move one strand over/under the other. Poke move increases or decreases the 

number of crossings by 2. The slide move is to slide a strand completely over the other.
3 Definition 

I. Twist and untwist in either direction.

II. Move one strand completely over another.

III. Move a strand completely over or under a crossing.
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In each of these examples, it is assumed that the knot projection presented is only a small part of a larger 

projection, and that the rest of that projection remains unchanged. In 1926, the German mathematician 

Kurt Reidemeister proved that if we have two distinct projections of the same knot, we can get from one 

projection to the other by a series of Reidemeister moves and planar isotopies.

Links

Definition2: A link is a finite disjoint union of knots:                             Each knot Ki is called a component 

of the link. The number of components of a link L is called the multiplicity of the link, and is denoted by

A link is trivial if all of its components are trivial knots and they are 'unlinked'. A knot will be considered a 

link of one component. Examples of hopf link with two components and Borromean link with three 

components are given in Fig.9.

Fig. 9. Hopf Link and Borromean Link

Knot invariants

Knot invariant is a property of a knot which does not change even if the knot is deformed. We know that 

equivalent knots are obtained only through these moves. So if we show that an invariant does not change 

on any Reidemeister move, it implies that the property remains invariant on all equivalent knots. If the 

property changes on any Reidemeister move, then it is not an invariant. This is the significance of 

Reidemeister moves.

Linking number  
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One of the simplest invariants that can actually be computed easily is the linking number of an oriented 

link.  It is computed by using a diagram of the link, so we then have to use Reidemeister's theorem to prove 

that it is independent of this choice of diagram, and consequently really does depend only on the original 

link..

 Definition2:

Assume that we have a link with k components. We assign the value ±1 at the crossing where the 

components cross each other ignoring the crossings of components with it. Linking number is half the total 

sum of values assigned at the crossings. The value +1 will be assigned if the under strand lines up with the 

over strand when rotated clockwise and -1 if it lines up only when it's rotated anticlockwise, Fig.10

 Fig. 11. Evaluation of linking nuber

We consider the effects of the three Reidemeister moves. Twist moves also do not contribute to the linking 

number, since they affect only self crossing of two components of the link, and these are not counted.

Tricolourability

Till now we have not proved that there is other knot besides unknot. To prove the existence of knots we use 

the concept of tricolouring. It is a combinatorial colouring method whose generalisation is p-colouring.

Tricolouring is a method of colouring the strands in such a way that either there are three colours near the 
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crossing or only one colour is used. Any colouring of knot projection which meets these criteria is called 

valid tricolouring. This is illustrated below in Fig.12

Fig.12. Valid tricolouring

Any colouring of a knot projection that meets these criteria is called a valid tricolouring or just a 

tricolouring. An example of a tricolouring of the trefoil knot is shown below.

Fig. 13. A Tricolouring of Trefoil

Some thoughts should lead us to the conclusion that the definition given above allows any knot at all to be 

tricolourable, since we can colour every strand of a given knot the same colour and have a valid 

tricolouring. In order to prevent this, an extra stipulation is added that at least two colours must be used for 

a knot to be called tricolourable.

Applications

Ever since the late 20th century, knot theory has had many applications to the applied sciences. It was only 

in the 1980s, a century after Kelvin's hypothesis proved false, that scientists' interest in knot theory was 

renewed. Geneticists discovered that the structure of deoxyribonucleic acid (DNA) was that of a double 

helix, with the twists being the result of enzymes at work, and that the DNA structure could vary from one 

organism to another, resulting in a different type of knot altogether . Molecular biologists apply knot 

theory and other branches of mathematics in their studies.  In 1990, Vaughan Jones established a relation 

between knot theory and statistical mechanics, which is a branch of physics mainly dealing with 

subatomic particles, specifically between knot invariants and quantum field theory. A 1989 New York 

Times article describes another application of knot theory: In July of 2009, Michael Atiyah, a 

mathematician at Oxford University in England, “asserts that the mathematics of the Jones polynomial is 
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exactly the mathematics of elementary particle physics”. Edward Witten, a particle physicist at Princeton, 

investigated Atiyah's assertion and found the relation to be indeed true, meaning that “knot theory results 

can apply even when there is no knot at all”. Judging from these recent applications of knot theory, it is 
4logical to infer that there may be more applications waiting to be discovered .

Conclusions

Knot theory remains vibrant and mysterious till date. Effective classification of knots and an easily 

calculated complete invariant are the major questions occurring during the study of knots. Even though we 

have many braid invariants, topological invariants, numerical invariants and polynomial invariants, they 

are insufficient to meet the requirements. The journey of knots from knotted vortices in ether to Jones 

polynomial was with many sudden brainstorms, dazzling advances and dramatic failures, but still it was 

motivated by intellectual curiosity. The story of its development and the diversity of topics which came 

through its course is always a charm for the researchers around the globe.
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Abstract

Due to rapid development, the worldwide demand for biodiesel as an alternative to the conventional transport 

fuel, petro diesel for diesel engines, is increasing because of the limited reserves of fossil fuels, increasing prices 

of crude oils and environmental concerns. The use of edible vegetable oils for biodiesel production is not feasible 

as the demand for edible vegetable oils is tremendously increasing. Prime importance is given to alternative 

biodiesel feed stocks like non-conventional seed oils as these oils will not cause food crisis leading to economic 

imbalance. In this review paper, an attempt is being taken to identify non-conventional oils with their oil contents 

for future biodiesel industries. Recent laboratory scale microwave applications in biodiesel production proved 

the potential of the technology to achieve superior results over conventional techniques. Short reaction time, 

cleaner reaction products, and reduced separation-purification times are the key observations reported by many 

researchers. This review also provides principles and practices of microwave energy technology as applied in 

biodiesel feedstock preparation and processing.

Key Words: Biodiesel; non edible-oils; transesterification; microwave irradiation.

Introduction

 The worldwide worry about the protection of environment and the conservation ofnon-renewable natural 

resources, has given rise to alternate development of sources of energy as substitute for traditional fossil 

fuels. The major part of all energy consumed worldwidecomes from fossil sources (petroleum, coal and 

natural gas). However, these sources arelimited and will be exhausted in the near future. Thus, looking for 

alternative sources of newand renewable energy such as hydro, biomass (better  sources  of  energy), 

wind, solar,geothermal, hydrogen and nuclear is of vital importance. Alternative new and renewable 

fuelshave the potential to solve many of the current social problems and concerns, from airpollution and 
1global warming to other environmental improvements and sustainability issues .

Manufacturing biodiesel from used vegetable oils and non-edible is relatively easy and possesses many 

environmental benefits. The use of vegetable oils as frying oils produces significant amounts of used oils 

which may present a disposal problem. The use of waste cooking oils and non-edible oil for biodiesel 

production has the advantage of their low price. Used vegetable oil is described as a 'renewable fuel' as it 

does not add any extra carbon dioxide gas to the atmosphere, as opposed to fossil fuels, which cause 
2changes in the atmosphere .

The application of biodiesel to our diesel engines for daily activities is advantageous for its environmental 

friendliness over petro-diesel which is currently in use. The main advantages of using biodiesel is that it is 
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biodegradable, can be used without modifying existing engines, and produces less harmful gas emissions 

such as sulfur oxide. Biodiesel reduces net carbon-dioxide emissions by 78% on a lifecycle basis when 
3compared to conventional diesel fuel. . Of the various alternate fuels under consideration, biodiesel, 

4derived from vegetable oils, is the most promising alternative fuel to conventional diesel fuel .These 

biofuels are being looked to provide employment generation to rural people through plantation of plants 
2which produce non-edible oils .

Recently, microwaves have received increased attention due to their ability to complete chemical 

reactions in very short times. Few advantages with microwave processing can be listed as: rapid heating 

and cooling; cost savings due to energy, time and work space savings; precise and controlled processing; 

selective heating; volumetric and uniform heating; reduced processing time; improved quality 
5,6,7,8 (“reportedly”) and properties; and effects not achievable by conventional means of heating .Due to 

these advantages, microwaves provide for tremendous opportunities to improve bio-diesel conversion 

processes from different feedstock and oils. The aim of this review paper is to assess biodiesel production 

from non-edible oil with a view to determine its performance in Internal Combustion engine and 

investigate the fuel properties of bio-diesel. Additionally, factors affecting biodiesel production were 

discussed. In this,we are also providing the basics of microwave energy applications specific to biodiesel 

preparation and processing, preliminary understanding and explanation of microwave effect on the 
9,10,11chemical re-actions (extraction and transesterification), for biodiesel production  .

Biodiesel

Biodiesel is an alternative fuel made from renewable biological sources such as vegetable oils both (edible 
12and non edible oil) and animal fats . It can be defined as basically monoalkyl esters of fatty acids 

produced from animal fats or vegetable oils by transesterification or other methods with small chain 

alcohols, using different kinds of catalysts. Currently, more than 95% biodiesel are produced from edible 

oil feedstock (soya bean oil, sunflower oil, niger oil, rapeseed oil, palm oil, linseed oil and sesame oil), due 

to this there is a huge imbalance in the human nutrition chain versus fuel. This will make biodiesel 

economically unfeasible as compared to petroleum-derived fuels. To avoid these situations, non-edible oil 

seeds need to be used for commercial production of biodiesel. Many researchers have initiated work on the 

use of low cost non-edible oils as alternative feedstock for biodiesel production. Among non-edible oil 

feedstock, seeds of castor and jatropha, and microalgae oil are proved to be a one of the highly promising 
13reliable source having high seed oil content . Algae are an economical choice for biodiesel production, 

14because of its availability and low cost .

Biodiesel, is advised for use as an alternative fuel for conventional petroleum-based diesel chiefly because 

it is a renewable, domestic resource with an environmentally friendly emission profile and is readily 
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biodegradable. Biodiesel, a promising substitute as an alternative fuel has gained significant attention due 

to the predicted shortness of conventional fuels and environmental concern. The amount of greenhouse 

gas emissions, generating energy from renewable resources is being possessed a high priority gradually to 
15decrease both over-reliance on imported fossil fuels .

Production of biodiesel

Vegetable oils are chemically complex esters of fatty acids. These are the fats naturally present in oil seeds, 

and known as tri-glycerides of fatty acids. The molecular weight of these tri-glycerides would be of order 
3of 800 kg/m or more. Because of their high molecularweights these fats have high viscosity causing major 

problems in their use as fuels in CI engines. These molecules have to be split into simpler molecules so that 

they have viscosity and other properties comparable to standard diesel oils. Modifying the vegetable oils 

(to make them lighter) can be achieved in many ways, including; Pyrolysis, Micro emulsification, 

Dilution and Transesterification. Among these, transesterification is the most commonly used commercial 
12process to produce clean and environmentally friendly light vegetable oil fuel i.e. biodiesel .

Transesterification

Biodiesel, an alternative diesel fuel is derived from a chemical reaction called transesterifcation of plant-

derived oil. It is the chemical conversion of oil to its corresponding fatty ester in the presence of a catalyst. 

The reaction converts esters from long chain fatty acids into mono alkyl esters. Chemically, biodiesel is a 

fatty acid methyl ester. Transesterification process helps reduce the viscosity of the oil. The process 

proceeds well in the presence of homogenous catalysts such as sodium hydroxide (NaOH), 
16potassiumhydroxide (KOH), sulphuric acid . The formation of fatty acid methylesters (FAME) through 

transesterification of seed oils requires raw oil, 15% of methanol & 5% of sodium hydroxide on mass 

basis. However, transesterification is an equilibrium reaction in which excess alcohol is required to drive 
17the reaction very close to completion . 

Transesterification transform the large  branched  molecule  structure  of  the  oils  intosmaller, straight 

chained molecules similar to the standard diesel hydrocarbons. Transesterification is the process of 

exchanging the organic group R" of an ester with theorganic group R' of an alcohol. These  reactions  are 

often  catalyzed  by  the  addition  of an acid or base. Transesterification is common and well-established 

chemical reaction in which alcohol reacts with triglycerides of fatty acids (non-edible oil) in the presence 
18of catalyst. The transesterification reaction scheme is shown below .

Methanol and ethanol are used most frequently; especially methanol is preferred because of its low cost 

and its physical and chemical advantages (polar and shortest chain alcohol). It can quickly react with 
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triglycerides and NaOH gets easily dissolved in it. Ethyl ester and methyl ester almost has same heat 
18content .The two methods preferred for the industrial production of biodiesel from non-edible oils are 

base catalyzed and acid catalyzed transesterification.

12Fig.1.Transesterification Reaction Scheme

Edible versus non-edible oils

There are two types of oils; edible and non-edible oils. Edible oils are the major sources to produce 

biodiesel fuel like sunflower, soybean, and palm oils. Due to higher prices of edible vegetable oils 

compared to diesel fuel, waste vegetable oils and non-edible crude vegetable oils are now being used as 

biodiesel sources. There are disadvantages of using edible oil such as: higher viscosity, lower volatility, 

the reactivity of unsaturated hydrocarbon chains. Due to these disadvantages, vegetable oils are not used 

directly as biodiesel, so there are methods to enhance the vegetable oil's characteristics for biodiesel 
19production .

To evaluate for materials that are more suitable for biodiesel production, there are three important points to 

consider:

? Availability of these materials. 

? Properties closer to the standard diesel. 

? Economic value of biodiesel in comparison with fossil diesel. 

Also, in comparing edible and non-edible materials, that is oil palm and soyabean oil as edible oil with 

jatropha and waste cooking oil as non-edible oil, it could be seen from the result that non edible oils are 

more suitable to produce biodiesel because they are not competitive with the food material, this will 

preserve the food sources alone even though biodiesel from edible oils have properties closer to standard 

diesel properties. Also, biodiesel from edible oils are not economical compared with non-edible oils. 

Jatropha oil and waste cooking oil are more readily available than edible oils. Jatropha appears to have 
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several advantages as a renewable diesel feedstock, because it is non-edible and can be grown on marginal 

lands; it is potentially a sustainable material for biofuel production. The high oil content of Jatrophacurcas 

indicates that Jatrophacurcas is suitable as non- edible plant oil feedstock in oleo chemical industries. 

Jatropha has been planted in several arid regions, in these regions it only yields about 0.5 ton per hectare. 

The seeds contain about 30% oil. Biodiesel from Jatrophacurcas so obtained is found to be comparable to 
19those of fossil diesel conforming to the American and European standards .

20Table.1.Annual Production of Non-edible Oil Seeds in India  .

Major non-edible tree borne oilseeds (tbos) 

Soapnut (SapindusMukorossi)

Soapnut is a fruit of the soapnut tree generally found in tropical and sub-tropical climate areas in various 

parts of the world including Asia, America and Europe. Two main varieties (S. mukorossi and S. 

trifoliatus) are widely available in India, Nepal, Bangladesh, Pakistan and many other countries. The oil 

content in S. trifoliatus which is very similar to S. mukorossi seed kernels, was on average 51.8% of seed 

weight. The oil from soapnut has been considered a nonedible oil having significant potential for biodiesel 

production from the material which otherwise is a waste material .A comprehensive study on the uses of 

various parts of the soapnut tree.Soapnut has several applications from medicinal treatments to soap and 

surfactant. Soapnut fruit shells have been in use as natural laundry detergents from ancient times for 
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washing fabrics, bathing and traditional medicines. The recorded external use of saponin does not cite any 

toxic effects on human skin and eyes .These application all make use of the pericarp shell and the seeds are 

usually waste. Hence, the use of soapnut seeds as a biodiesel source becomes the “waste-to-energy” 

scheme. Furthermore, planting soapnut trees in community forestry and in barren lands provides sink for 

carbon sequestration as well as feedstock for biodiesel production . The total value of exports of soapnut as 

medicinal use including other four species made up to 52% of the total non timber forest products export to 

India from Nepal. The totals of 32 non-timber forest products are exported with a total value of 8.1 million 

US dollar for the year 1997/1998. Recently it was reported that the glycerol, a by-product of biodiesel 

production, can be used to produce organic acids such succinic acids by bacterial fermentation .Hence, the 

economics of biodiesel from soapnut oil can easily be realized on community scale as it can be integrated 
20in the community forestry plan .

20Table.2.Fatty acid composition of Soapnut oil .

Mahua (MadhucaIndica)

Bio diesel from mahua seed is important it is found abundantly in tribal areas . The annual production of 

mahua is nearly 181Kt(Kilotonnes). Mahua is a nontraditional,& non edible oil also known as Indian 

butter tree. Mahua seed contain 30-40 percent fatty oil called mahua oil.Mahua is a medium to larger 
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tree.In India the mahua plant is found in most of the state e.g. Orissa, Chatishgada, Jharkhand, Bihar, 

Madhya Pradesh ,Tamilnadu. It can be sucessesfully grown in waste land & dry land. The tree is a strong 

light demander and gets readily suppressed under shade. The tree has potential of enhancing rural income. 

The tree may attain a height of upto 20 meters and is well adapted to varied weather conditions it has wide 

spreading branches and circular crown which presents a visually appealing structure. The tree has a large 

spreading root system, though many of them are superficial. The fruit is a kind of berry, egg shaped. 

Mature seeds can be obtained during June to July. The mahua tree starts bearing seeds from seventh years 

of planning. Commercial harvesting of seeds can be done only from the tenth year. Seed yield ranges from 

20 -200 kg per tree every year, depending on its growth and development . As a plantation tree, Mahua is an 

important plant having vital socioeconomic value. This species can be planted on roadside and canal 

banks on commercial scale and in social forestry programs, particularly in tribal areas. Wood can be used 

as timber, making pulp and paper. Mahua flowers are rich in sugar, minerals, vitamins and calcium.
20Table.3.Fatty acid composition of Mahuaoil  .

Jatropha (JatrophaCurcas)

Jatrophacurcus is a drought-resistant perennial, growing well in marginal/poor soil. It produces seeds with 

an oil content of around 37%. The oil can be combusted as fuel without being refined. It burns with clear 

smoke-free flame, tested successfully as fuel for simple diesel engine. The by-products are press cake a 

good organic fertilizer, oil contains also insecticide. It is found to be growing in many parts of the country, 

rugged in nature and can survive with minimum inputs and easy to propagate .Medically it is used for 

diseases like cancer, piles, snakebite, paralysis, dropsy etc. Depending on soil quality and rainfall, oil can 

be extracted from the Jatropha nuts after two to five years. It grows on well drained soils with good 

aeration and is well adapted to marginal soils with low nutrient content. Jatrophacurcas grows almost 

anywhere, even on gravelly, sandy and saline soils. It can thrive on the poorest stony soil. The leaves shed 

during the winter months form mulch around the base of the plant. Its water requirement is extremely low 

and it can stand long periods of drought by shedding most of its leaves to reduce transpiration loss. 

Jatropha is also suitable for preventing soil erosion and shifting of sand dunes  .



20Table.4.Fatty acid composition of Jatrophaoil  .

Karanja (PongamiaPinnata)

The botanical name of Karanja seed Oil and is Pongamiaglabra of Leguminaceae family. Pongamia is 

widely distributed in tropical Asia and it is nonedible oil of Indian origin . It is found mainly in the Western 

Ghats in India, northern Australia, Fiji and in some regions of Eastern Asia. The plant is also said to be 

highly tolerant to salinity and can be grown in various soil textures viz. stony, sandy and clayey. Karanja 

can grow in humid as well as subtropical environments with annual rainfall ranging between 500 and 2500 

mm. This is one of the reasons for wide availability of this plant species. The tree bears green pods which 

after some 10 months change to a tan colour. The pods are flat to elliptic, 5-7 cm long and contain 1 or 2 

kidney shaped brownish red kernels. The yield of kernels per tree is reported between 8 and 24 kg. The 

kernels are white and covered by a thin reddish skin. The composition of typical air dried kernels is: 

Moisture 19%, Oil 27.5%, and Protein 17.4%. The present production of karanja oil approximately is 200 

million tons per annum. The time needed by the tree to mature ranges from 4 to 7 years and depending on 

the size of the tree the yield of kernels per tree is between 8 and 24 kg. The oil content extracted by various 

authors ranges between 30.0 to 33% .The oil is used by common people due to its low cost and easy 

availability.
20Table.5.Fatty acid composition of Karanjaoil
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Neem (MelliaAzadirachta)

Neem (Melliaazadirachta) is of Meliaceae family. The other names of neem are Margosa, Veppam, Vepun, 

Nimba and Vepa (Telugu) etc. It is one of the two species in the genus Azadirachta, and is native to India 

and Burma, growing in tropical and semi tropical regions. Neem is a fast growing tree and can reach upto a 

height of 15 – 20 to 35 – 40 m. It bears an ovoid fruit, 2cm by 1cm and each seed contains one kernel. The 

seed kernels, which weigh0.2g, constitute some 50-60% of the seed weight and 25% of the fruit. The fat 

content of the kernels ranges from 33-45% .The fruit yield per tree is 37-55 kg. Neem oil can be used as 

Soaps, medicinal and insecticide. Neem oil isusually opaque and bitter but it has recently been shown that 

it can be processed into non bitter edible oil with 50% oleic acid and 15% linoleum acid. The bitter cake 

after extraction of oil has no value for animal feeds although it has been reported that after solvent 

extraction with alcohol and hexane a meal suitable for animals is produced. Neem seeds are usually 

crushed prior to extraction in ghanis. Whole dried fruits may be directly passed to expellers. Good quality 

kernels (50% oil) yield 40% oil in ghanis. In expellers whole dried fruits, depulped seeds and kernels, 

yield 4-6%, 12-16% and 30-40% oil respectively (Bring). The cakes, which contain 7-12% oil are sold for 

solventextraction. Major fatty acid composition of oil are Palmitic acid 19.4%,Stearic acid 21.2%,Oleic 

acid 42.1%,Linoleic acid 14.9%,Arachidic acid 1.4% .

Neem oil is unusual in containing non-lipid associates often loosely termed as "bitters" and organic 
20sulphur compounds that impart a pungent, disagreeable odour .

20Table.6 . Fatty acid composition of Neemoil . 

Microwave assisted biodiesel production

Microwave characteristics

Microwave irradiation is the electromagnetic irradiation with frequency range of 0.3-300 GHz. They lie in 

the electromagnetic spectrum between infrared waves and radio waves with wavelengths between 0.01 

and 1 m. Commercial microwave ovens approved for domestic applications operate at a frequency of 2.45 

GHz to avoid interference with telecommunication and cellular phone frequencies. Most of the reported 

microwave chemistry experiments are conducted at 2450 MHz (the corresponding wavelength is 12.24 
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cm) since this frequency is approved worldwide and used in currently available commercial microwave 

chemistry equipment. One reason is that near to this frequency, the microwave energy absorption by liquid 

water is maximal. Interaction of dielectric materials with microwaves leads to what is generally described 
21,22,23,24as dielectric heating due to a net polarization of the substance  .

Microwave energy

Energy associated with microwaves is lower than the energy of Brownian motion which is not strong 

enough to even break chemical bonds as such microwaves cannot induce chemical reactions. The 

influence of microwave energy on chemical or biochemical reactions is both thermal and non-thermal. 

The microwave energy quantum is given by the well-known equation, W = hν. Within the frequency 

domain of microwaves and hyper-frequencies (300 MHz - 300 GHz), the corresponding energies are 1.24 
-6 -3× 10  -1.24 × 10  eV, respectively. These energies are much lower than ionization energies of biological 

com-pounds (13.6 eV), of covalent bond energies such as OH-(5 eV), hydrogen bonds (2 eV), van der 

Waals inter-molecular interactions (lower than 2 eV) and even lower than the energy associated with 
-3 25,26,27Brownian motion at 37°C (2.7 10 eV) .Microwaves, as an energy source, produce heat by their 

28,29interaction with the materials at molecular level without altering the molecular structure .Microwave 

heating offers several advantages over conventional heating such as non-contact heating (reduction of 

overheating of material surfaces), energy transfer instead of heat transfer (penetrative radiation), reduced 

thermal gradients, material selective and volumetric heating, fast start-up and stopping and reverse 

thermal effect, i.e. heat starts from the interior of material body. In terms of biodiesel production, the 

resultant value could include: more effective heating, fast heating of catalysts, reduced equipment size, 

faster response to process heating control, faster start-up, increased production, and elimination of process 
27steps .

Microwave heat transfer mechanism

Microwave heating mechanism is complex.In conventional heating as well as supercritical methods, heat 

transferred to the sample volume is utilized to increase the temperature of the surface of the vessel 

followed by the internal materials. This is also called “wall heating”. Therefore, a large portion of energy 

supplied through conventional energy source is lost to the environment through conduction of materials 

and convection currents. Heating effect in the conventional method is heterogeneous and dependent on 

thermal conductivity of materials, specific heat, and density which result in higher surface temperatures 

causing heat transfer from the outer surface to the internal sample volume.

Microwave-enhanced transesterification

Microwave effect on the transesterification reaction can be two-fold: 1) enhancement of reaction by a 
30,31thermal effect, and 2) evaporation of methanol due to the strong microwave interaction of the material  

The microwave interaction with the reaction compounds (triglycerides and methanol) results in large 
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32reduction of activation energy due to increased dipolar polarization phenomenon . This is achieved due to 

molecular level interaction of the microwaves in the reaction mixture resulting in dipolar rotation and 
33,34,35ionic conduction . The amount, by which the activation energy is reduced, is essentially dependent on 

the medium and reaction mechanism  Methanol is a strong microwave absorption material and in general, 

the presence of an -OH group attached to a large molecule behaves as though it were anchored to an 

immobile raft and the more localized rotations result in localized superheating which assists the reaction 
36to complete faster . For this reason, methanol is preferred over ethanol for microwave-assisted 

31transesterification process . 

Catalyst and alcohol-oil ratio

Among the most commonly used alkaline catalysts in the biodiesel industry are potassium hydroxide 

(KOH) and sodium hydroxide (NaOH) flakes which are inexpensive, easy to handle in transportation and 

storage, and are preferred by small producers. Alkyl oxide solutions of sodium methoxide or potassium 

methoxide in methanol, which are now commercially available, are the preferred catalysts for large 

continuous-flow production processes. However, both NaOH and KOH catalysts cause separation and 
37, 38, 39. purification a difficult process due to their high solubility in the both biodiesel and glycerin Biodiesel 

with the best properties was obtained using sodium hydroxide as catalyst in many studies. On the other 

hand, many other studies achieved best results using potassium hydroxide .Refaat used 500 mL reactor at a 

reaction temperature of 65°C with a microwave power of 500 W controlled by microprocessor. A 

methanol/oil molar ratio of 6:1 was employed, and potassium hydroxide (1%) was used as a catalyst. 

Barium hydroxide was also used a homogeneous catalyst. The range of homogeneous catalysts applied 
40was between 0.1 and 5% (Table  7) . Slightly higher concentrations of KOH will be required compared to 

NaOH catalyst due to its higher molecular weight. For feedstock containing high free fatty acid content 
40such as animal fats and used vegetable oils, KOH proved to be a better performer . Transesterification 

reaction depends on the type of oil and catalyst applied and the effects of catalysts vary with types of oils.

Although homogeneous catalysts are advantageous in terms of fast reaction rates, the drawback of this 

application is that the reaction products require longer separation and purification times. Use of 

heterogeneous catalysts can be advantageous in microwave-enhanced transesterification reactions since 

the catalyst can provide locations for hotspots for rapid heating. In addition, they are recyclable and 

reusable with acceptable performance. Patil et al. employed heterogeneous catalysts such as BaO, CaO, 

MgO, and SrO for transesterification of CamelinaSativa oil into biodiesel. They reported the kinetic rate 

constants for different catalysts. Two orders of magnitude of difference in the kinetic rate constants 
40between the conventional heating method and micro-wave heating methods were reported in their study . 

Sol gel type catalysts were also developed and tested by the same group of researchers. 
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Table.7.Summary of microwave enhanced bio-diesel production studies40.

Note: FAEE/FAME-Fatty Acid Ethyl Ester/Fatty Acid Methyl Ester

Table.8. Comparison between microwave irradiation and conventional techniques39.

Conclusion

The high consumption of diesel fuels and limited sources of the others are reasons for an enormous rise in 

price of petroleum fuels. The Vegetable oils hold special promise in this regard since they can be produced 

from plants grown in waste lands like Jatropha, Mahua, Neem. These are clean burning, renewable, non-

toxic, biodegradable and environmentally friendly transportation fuels that can be used in neat form or in 

blends with petroleum derived diesel in diesel engines. The production of biodiesel from edible oil is 

currently much more expensive than diesel fuels due to relatively high cost of edible oil. Utilization of 

edible oil like vegetable oils as fuel actualized the competition between human needs in food and non -

Ambily Jacob et al: Study of Photocatalytic activity of ZnO

34



food applications. There is a need to explore non-edible oils as alternative feed stock for the production of 

biodiesel from non-edible oils like Karanja, Neem, Jatropha, Mahua, Soapnut etc. owing to big climatic 

diversity, there are numerous oil bearing seed plants/trees available. Extraction of the oil from these plants 

and its conversion to bio-diesel involves energy consumption at various stages starting from the plantation 

to the end use in the compression ignition engine. In addition, slow and relatively inefficient heating in 

conventional heating methods bring the production cost of biodiesel higher, thus an alternative method, 

“microwave irradiation” was applied for the production of this alternative fuel source. The results showed 

that microwave assisted irradiation is one of the best methods to reduce the reaction time and separation 

time as well.
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Abstract

Today's world , for secure data transmission via internet or any public network , there is no alternative to 

cryptography. The role of cryptography is most important in the field of network security. The main goal of 

cryptography is Confidentiality, Integrity, Authentication, Non repudiation. Cryptography is widely used by 

governmental and intelligence agencies around the world to safe transmission of any format of messages online 

or offline. In this the basic idea of cryptography , its classification, usage of mathematics in encryption and 

decryption, and its application in every day life are dealt.

Key words:  Cryptography, plain text, cipher text, encryption, decryption.

Introduction
1Cryptography  is the science of using Mathematics to encrypt and decrypt data. Cryptography enables you 

to store sensitive information or transmit it across insecure networks (like internet) so that it can be read by 

anyone except the intended recipient. Cryptography is the science and art of transforming message to 

make them secure and immune to attack.

Fig.1. Encryption and decryption

From past to present 

The history of Cryptography begins where many old tales do in ancient Egypt with hieroglyphics. These 

were not meant to hide messages so much as to give a formal and ceremonial touch to stories of everyday 

events. The earliest form of cryptography was the simple writing of a message, as most people could not 

read . In fact, the very word cryptography comes from the Greek words kryptos and graphein, which mean 

hidden and writing, respectively.

As early as 1900 B.C., Egyptian scribes used hieroglyphs in a non-standard fashion, presumably to hide 

the meaning from those who did not know the meaning. The Greek's idea was to wrap a tape around a stick, 

and then write the message on the wound tape. When the tape was unwound, the writing would be 
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meaningless. The receiver of the message would of course have a stick of the same diameter and use it to 

decipher the message. The Roman method of cryptography was known as the Caesar Shift Cipher. It 

utilized the idea of shifting letters by an agreed upon number (three was a common historical choice), and 

thus writing the message using the letter-shift. The receiving group would then shift the letters back by the 

same number and decipher the message.

Fig. 2. Old era techniques to encrypt message

The art and science of cryptography showed no major changes or advancements until the Middle Ages. By 

that time, all of the western European governments were utilizing cryptography in one form or another. 

Keeping in touch with ambassadors was the major use of cryptography. One Leon Battista Alberti was 

known as “The Father of Western Cryptology,” most notably due to his development of polyalphabetic 

substitution. His method was to use two copper disks that fit together. Each one of them had the alphabet 

inscribed on it. After every few words, the disks were rotated to change the encryption logic, thereby 

limiting the use of frequency analysis to crack the cipher. Polyalphabetic substitution went through a 

variety of changes and is most notably attributed to Vigenere, although Rubin claims that he in fact had 

nothing to do with its creation. Rubin further points out that the use of the cipher disks continued in the 

Civil War, with the South using brass cipher disks, although the North regularly cracked the messages

Modern computing gave Cryptographers vast resources for improving the complexity of cryptosystems1 

as well as for attacking them.And with the spread of personal computing,electronic commerce,and 

personal privacy concerns ,use of encryption has spread beyond its traditional use in military and 

government applications.Modern Cryptography is heavily based on mathematical theory and 

computerscience practice. 

Cryptanalysis 

While cryptography is the science of securing data , cryptanalysis is the science of analyzing and breaking 
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secure communication. Classical cryptanalysis involves an interesting combination of analytical 

reasoning, application of mathematical tools, pattern finding, patience, determination and luck.

Strength of Cryptography 

Cryptography can be strong or weak. Cryptography's strength is measured in the time and resources it 

would require to recover the plain text. The result of strong Cryptography is cipher text that is very 

difficult to decipher without possession of the appropriate decoding tool. 

Key

In cryptography , a key is a variable value that is applied using an algorithm to a string or block of 

unencrypted text to produce encrypted text, or to decrypt encrypted text. The length of the key is a factor in 

considering how difficult it will be to decrypt the text in a given message.

Working of Cryptography 

A Cryptographic algorithm ,or cipher, is a mathematical function used in the encryption and decryption 

process. A cryptographic algorithm works in combination with a key (which can be a word, number or  

phrase) to encrypt the plain text. The same plain text encrypts to different cipher text with different keys. 

The security of encrypted data depends on:

I. The strength of cryptographic algorithm. 

II. The security of  the key.

Cryptosystem 

A cryptographic algorithm with all possible keys and all the protocols that make it work comprise a 

cryptosystem.

Types of Cryptography 

Cryptography is classified in to two as :

1. Conventional cryptography (or symmetric cryptography)

2. Public key Cryptography (or asymmetric cryptography)

Conventional Cryptography 

In conventional cryptography one key is used both for encryption and decryption.

Fig.3. Conventional cryptography

Fig.3. Conventional cryptography

The Data Encryption Standard (DES) is an example of a conventional cryptosystem that is widely 
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employed by the Federal government. Simple example of conventional cryptography is a substitution 

cipher. Asubstitution cipher substitutes one piece of information for another. For example ,if we encode 

the word “SECRET “ using Caesar's key value of  3 , we offset the alphabet so that the third letter down (ie 

D) begins the alphabet.So starting with “ABCDEFGHIJKLMNOPQRSTUVWXYZ”

and sliding everything up by 3, we get “DEFGHIJKLMNOPQRSTUVWXYZABC”, where “D=A”, 

“E=B”, “F=C”  and so on. Using this scheme, the plain text “SECRET” encrypts as “VHFUHW”. To 

allow someone else to read this cipher text you tell them that the key is 3.

Advantage of conventional encryption 

? It is very fast.

Disadvantage of conventional encryption 

? It is expensive, due to the difficulty of secure key distribution.

Public key Cryptography

The problems of key distribution are solved by Public key cryptography , the concept of which was 

introduced by Whitfield Diffie and Martin Hellman  in 1975. Public key cryptography  is an asymmetric 

scheme that uses a pair of  keys for encryption,a public key which encrypts data ,and a corresponding 

private or  secret key  for decryption.

Fig.4. Public key Cryptography

The public key is kept published to the world while the private key is kept secret. Anyone with a copy of the 

public key can then encrypt information that only the sender can read. It is computationally infeasible to 

deduce the private key from the public key. Anyone who has a public key can encrypt information but 

cannot decrypt it. Only the person who has the corresponding private key can decrypt the information. The 

primary benefit of public key cryptography is that it allows people, who have no preexisting security 

arrangement to exchange messages securely. The need for sender and receiver to share secret keys via 

some secure channel is eliminated; all communications involve only public keys, and no private key is 
1 1 1ever transmitted or shared. Example of public key cryptosystems are Elgamel , RSA , Diffie –Helman  

and DSA(Digital Signal Algorithm).
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?
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?

?

Advantages of public key cryptography 

Increased security and convenience.

They can provide a method for digital signatures.

Disadvantages of public key cryptography 

The speed for encryption using public key is slow.

Methods

Mathematics and cryptography 

An early use of modular arithmetic in encryption was the Caesar Cipher,  in which, each letter of a message 

is encrypted by replacing it with the letter three places further along in the alphabet. So “IBC” would be 

encrypted as “LEF”.

Modular arithmetic as a one-to-one mapping 

We do not want encryption to have a big effect on the size of a message. Making a message smaller is the 

domain of compression, while making it bigger is the domain of error protection. In encryption, we would 

like a reversible  mapping between the message (plaintext) and its encrypted version(ciphertext) and we 

don't want to add too much redundant information. When we come to multiplication and exponentiation 

using integers, the problem with ordinary arithmetic is that the range of outputs from fairly small 
7inputnumbers can be huge. The nice thing about modular arithmetic  is that everything is kept within the 

range of the chosen modulus.

Modular multiplication
2Again, modular multiplication  is just like ordinary multiplication with the added step of dividing the 

result by the modulus and taking the remainder. For example, in modulo-7 arithmetic, 3 x 6 = 4, because 4 

is the remainder on dividing 18 by 7.

Modular multiplication could be the basis of a slightly more sophisticated version of the Caesar cipher in 

which we modulo- 26 multiply the numbers by a key. But we have to be careful when we consider how this 

is decoded. Just as the inverse of modular addition is modular subtraction, so the inverse of modular 

multiplication is modular division. Unfortunately, modular division does not always work.

Modular division 

Dividing an even number by 2 has two possible results, while dividing an odd number by 2 isn't possible. 

This does not fit our need for a one-to-one mapping. We need a unique result for every division, and we 
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don't want to start introducing fractions to deal with the odd numbers. It turns out that we don't get this 
2problem if the divisor and the modulus are relatively prime  . It's even better if the modulus is prime, 

because then the condition will be met for all divisors. When we meet this condition, we can do modular 

division. This is one reason why modular arithmetic for encryption is done using prime or relatively prime 

numbers.

We are now in a position to see how the maths we have looked at so far can be used in a public-key 

encryption system. The goal of a public-key system is to find a pair of functions, represented by numerical 

keys, that are inverses of each other and where the second function (decryption) cannot easily be deduced 

from the first function. The most celebrated and practically useful public key encryption system so far 

developed is the RSA algorithm, named after its inventors Rivest, Shamir and Adelman.

The RSA algorithm 
1The RSA algorithm  works in modulo-pq arithmetic, where p and q are large prime numbers. If Alice is 

2 2sending a message to Bob  , Alice  uses Bob's public key e (and pq, which is actually part of Bob's public 

key) to encrypt her message which has been expressed as a number m < pq. The encryption is very simple; 
eit's just raising m to the power e (modulo pq,). When Bob receives the message m , he raises it to the power 

edof his private decryption key d to obtain a result “m ”. In order for this to work as an encryption system, 

two conditions have to be met. First, it must be “very difficult” to calculate the private decryption key d 
edfrom knowledge of the public encryption key e and pq. Second, the decrypted result m  must of course be 

equal to the original message m. The public key e is selected so that it is relatively prime to (p- 1)(q-1). This 

makes it possible to find a private key d which is the “reciprocal” of e, i.e. ed = 1 in modulo-(p- 1)(q-1) 

arithmetic. The actual calculation of this reciprocal can be done using a version of Euclid's algorithm, and 

is easy provided that p and q are known. However, it is very difficult if only the product pq is known; this 

number would first have to be factorized and we are working on the assumption that it is very difficult to 
edfactorize large numbers. So we have met our first condition. It remains to show that  m  = m. Choosing d as 

the reciprocal of e means that there must be an integer t with ed = 1 + t(p - 1)(q - 1) (in normal arithmetic). 
ed 1+t(p-1)(q-1) t (p-1)(q-1)So “m  = m = m(m ) “.

2 t (p-1)(q-1) t (p-1)(q-1)Now in modulo-p arithmetic, Fermat's Little  Theorem says that(m )  = 1, so m(m )  = m. This will 

also be true in modulo-q arithmetic, and it is then not hard to show that it will be true in modulo-pq 

arithmetic. So we have shown that decryption is the inverse of encryption. 

Here's a simple example using ridiculously small numbers. Suppose p = 5, q = 11, so pq = 55. We just have 

to pretend that 55 is hard to factorize! Then (p-1)(q-1) = 40. The public key e must be selected to be 

relatively prime to 40, for example 27. Then the private key d will be equal to 3 (because 27 x 3 = 81 which 
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gives a remainder of 1 when divided by 40). 

Suppose the message is represented by a number m = 6. By the repeated squaring process, we can encrypt 

this “message” in our modulo-55 arithmetic:

62 = 36

64 = 362 = 1,296, remainder = 31

68 = 312 = 961, remainder = 26

616 = 262 = 676, remainder = 16

So 627 = 616+8+2+1 = ((16 x 26) x 36) x 6) = (31 x 36) x 6 = 16 x 6 = 41, taking remainders whenever we 

need to. So the ciphertext is the number 41, and we decrypt it by raising it to the power of 3, again in 

modulo-55 arithmetic:  (41 x 41) x 41 = 31 x 41 = 6. This is our original message. Not only the modular 

arithmetic and prime numbers but also the probability theory is used in cryptography.

Discussions

Applications in daily life

Authentication/Digital Signatures 

 Authentication and digital signatures are a very important application of public-key cryptography. For 

example, If a message has to be sent from the sender to the receiver, then the sender will encrypt the 

message using the private key and if the receiver is able to decrypt the message then he/she will understand 

that the message has come from the right source. The only requirement is that public keys are associated 

with their users by a trusted manner, for example a trusted directory. To address this weakness, the 

standards community has invented an object called a Certificate. A certificate contains, the certificate 

issuer's name, the name of the subject for whom the certificate is being issued, the public key of the 

subject, and some time stamps. You know the public key is good, because the certificate issuer has a 

certificate too.

Pretty Good Privacy (PGP) is a software package originally developed by Phil Zimmerman that provides 

encryption and authentication for e-mail and file storage applications. Zimmerman developed his 

freeware program using existing encryption techniques, and made it available on multiple platforms. It 

provides message encryption, digital signatures, data compression, and e-mail compatibility. PGP uses 

RSA for key transport and IDEA for bulk encryption of messages. Zimmerman ran into legal problems 

with RSA over his use of the RSA algorithm in his program. PGP is now available in a couple of legal 

forms: MIT PGP versions 2.6 and later are legal freeware for non-commercial use, and Viacrypt PGP 

versions 2.7 and later are legal commercial versions of the same software. 
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Time Stamping 
6Time stamping  is a technique that can certify that a certain electronic document or communication 

existed or was delivered at a certain time. Time stamping uses an encryption model called a Blind 

Signature Scheme. Blind signature schemes allow the sender to get a message receipted by another 

party without revealing any information about the message to the other party. 

Time stamping is very similar to sending a registered letter through the U.S. mail, but provides an 

additional level of proof. It can prove that a recipient received a specific document. Possible applications 

include patent applications, copyright archives, and contracts. Time stamping is a critical application that 

will help make the transition to electronic legal documents possible.

Electronic Money/ Electronic Cash/ Digital Cash

It includes transactions carried out electronically with a net transfer of funds from one party to another, 

which may be either debit or credit and can be either anonymous or identified. There are both hardware 

and software implementations.

Anonymous applications do not reveal the identity of the customer and are based on blind signature 

schemes. Digicash's Ecash, Identified spending schemes reveal the identity of the customer and are based 

on more general forms of signature schemes. Anonymous schemes are the electronic analog of cash, while 

identified schemes are the electronic analog of a debit or credit card. There are also some hybrid 

approaches where payments can be anonymous with respect to the merchant but not the bank (CyberCash 

credit card transactions) ; or anonymous to everyone, but traceable (a sequence of purchases can be 

related, but not linked directly to the spender's identity). 

Encryption is used in electronic money schemes to protect conventional transaction data like account 

numbers and transaction amounts, digital signatures can replace handwritten signatures or a credit-card 

authorizations, and public-key encryption can provide confidentiality. There are several systems that 

cover this range of applications, from transactions mimicking conventional paper transactions with values 

of several dollars and up, to various micropayment schemes that batch extremely low cost transactions 

into amounts that will bear the overhead of encryption and clearing the bank.

Secure Network Communications 

Secure Socket Layer (SSL)
6Netscape has developed a public-key protocol called Secure Socket Layer (SSL) for providing data 

security layered between TCP/IP (the foundation of Internet-based communications) and application 
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protocols (such as HTTP, Telnet, NNTP, or FTP). SSL supports data encryption, server authentication, 

message integrity, and client authentication for TCP/IP connections.

The SSL Handshake Protocol authenticates each end of the connection (server and client), with the second 

or client authentication being optional. In phase 1, the client requests the server's certificate and its cipher 

preferences. When the client receives this information, it generates a master key and encrypts it with the 

server's public key, then sends the encrypted master key to the server. The server decrypts the master key 

with its private key, then authenticates itself to the client by returning a message encrypted with the master 

key. Following data is encrypted with keys derived from the master key. Phase 2, client authentication, is 

optional. The server challenges the client, and the client responds by returning the client's digital signature 

on the challenge with its public-key certificate. 

SSL uses the RSA public-key cryptosystem for the authentication steps. After the exchange of keys, a 

number of different cryptosystems are used, including RC2, RC4, IDEA, DES and triple-DES.

Kerberos 
6Kerberos  is an authentication service developed by MIT which uses secret-key ciphers for encryption and 

authentication. Kerberos was designed to authenticate requests for network resources and does not 

authenticate authorship of documents. 

In a Kerberos system, there is a site on the network, called the Kerberos server, to perform centralized key 

management and administrative functions. The server maintains a key database with the secret keys of all 

users, authenticates the identities of users, and distributes session keys to users and servers who need to 

authenticate one another. Kerberos depends on a trusted third party, the Kerberos server, and if the server 

were compromised, the integrity of the whole system would be lost. Kerberos is generally used within an 

administrative domain (for example across a companies closed network); across domains (e.g., the 

Internet), the more robust functions and properties of public-key systems are often preferred. 

Disk Encryption 
6 Disk encryption programs encrypt the entire hard disk so that there in no worry about leaving any traces 

of the unencrypted data on your disk. PGP can also be used to encrypt files. In this case, PGP uses the user's 

private key along with a user-supplied password to encrypt the file using IDEA. The same password and 

key are used to unlock the file. Thus cryptography plays a major role  in everyday life and scientists are 

still trying to invent new techniques so that the messages could be read only by the intended recipient.
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Abstract

This paper   generalizes the Weibull distributions to obtain a wider class of distributions using Marshall-Olkin 

method by introducing a new parameter. We consider the reliability properties and obtain various 

characterizations. We extend it to develop a more general class called Marshall-Olkin semi-weibull distributions 

and construct a first order autoregressive model with these stationary marginal distributions. Applications are 

also discussed along with simulation studies.

Key words: regressive process, bivariate case, hazard rate functions, reliability properties, Weibull distribution.

Introduction

 The need for developing time series models having non–Gaussian marginal distributions has been long 

felt from the fact that many naturally occurring time series are non–Gaussian with Markovian structure. In 
1 2 3 4 5 6 7recent years Tavares , Arnold , Arnold and Robertson , Anderson and Arnold , Sim , Yeh et al. , Pillai et al , 

8 9 10,11,12,13,14,15Jose and Alice , Alice and Jose ,  and others have developed various autoregressive models with 
16 17 minification structure. Jose et al , Krishna et al introduced and discussed various forms of Marshall-
18Olkin distributions. Dewald et al  introduced an additive first order autoregressive bivariate exponential 

process. The Weibull distributions, including exponential distributions play a central role in the modeling 

of survival or lifetime data and time series data of non-negative random variables such as hydrological 
19 20data and wind velocity magnitudes. Johnson and Kotz , Galmbos and Kotz  discussed various properties 

21 22of Weibull distributions and Hanagal  deals with estimation of reliability. Lewis and McKenzie , Brown 
23et al   note that although studies have shown that Weibull marginal distribution have been found adequate 

for wind velocity magnitudes, unfortunately 'no time series models have been rigorously developed for 

random variables possessing a Weibull distribution'. Wind power data are even more likely to need very 

long tailed marginal distributions. Again in reliability studies, sequences of times between failures are 

correlated and models with non-constant marginal hazard rate are needed to model them adequately.

In the present chapter we generalize the family of semi-Weibull distributions to obtain a wider class of 
24distributions using the method of Marshall and Olkin  by adding a parameter. In section 2, we derive the 

probability density function of the new generalized family of distributions. The hazard rate function is also 

obtained. Some properties of Marshall-Olkin semi-Weibull (MO-SW) distributions are considered. In 

section 3, we construct an AR (1) model with the new generalized Weibull family as the stationary 

marginal distribution and innovations distributed as semi-Weibull. We also extend it to kth order In section 
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4, we derive the probability density function and hazard rate function. Graphs of the probability density 

function and hazard rate function are obtained with respect to different combinations of the parameters. 

The hazard rate function is increasing, decreasing and constant with respect to different parameter values 

showing that this distribution has wider scope for modeling in reliability contexts with respect to different 

types of reliability data. Also it is shown that this distribution is geometrically extreme stable so that the 

geometric maximum and geometric minimums are belonging to the same family. In section 5, we 

construct an AR (1) model with new generalized Weibull family as the stationary marginal distribution 

and innovations distributed as Weibull and study the sample path behaviour of the process in detail. It is 

evident from the graphs that the new process is capable to model different types of time series data from 

reliability, hydrology and financial contexts. 

2. Marshall-Olkin semi-Weibull distributions and properties

The Weibull distribution is named after the Swedish physicist Waloddi Weibull. He used this 

distribution to model the breaking strength of the materials, fatigue life of steel etc. This distribution 

includes the exponential and the Rayleigh distributions as special cases. This distribution offers wide 

scope in reliability studies as it can model constant, increasing as well as decreasing hazard rates. Now we 

consider the generalization of the Weibull distribution namely semi-Weibull distribution.
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Abstract

Cadmium sulphide (CdS) is a wide band  gap semiconductor which has emerged as an important material due to 

its applications in optical filters , multilayer light emitting diodes, photo detectors, thin film field effect transistors 

and photovoltaic cell as window layers. CdS is naturally an n-type material with an optical band gap of 2.41 eV. In 

the present work cadmium sulphide thin films were prepared by chemical bath deposition technique (CBD) on 

Fluorine doped tin oxide (FTO) glass and plain glass substrates. To get good CdS films we have chosen two 

methods of preparations. In first method a chemical bath containing cadmium chloride (CdCl_2), triethanol 

amine (TEA), ammonium hydroxide (NH_4 OH) and thiourea was used. The deposition was carried out at 70?   

for 15min.  In the second method TEA was avoided under altered deposition condition. The morphological study 

of the film was done with scanning electron microscopy (SEM) and elemental analysis was done with Energy 

dispersive X- ray spectrometer (EDS/EDX). The absorption spectra were recorded using a UV-visible double 

beam spectrophotometer and structural characterization was done by X-ray diffraction spectrometer (XRD). 

Using Keithley source measuring unit electrical resistance of CdS thin films was measured. Modification of 

morphology, structural, and optical properties of these thin films were achieved by annealing. It was found that 

the first method maintains cadmium to sulphur ratio near to unity both before and after annealing. But the 

stoichiometry is poor in second method. Comparison of CdS film prepared by these two different procedures 

reveal that first method will be more appropriate for solar cell fabrication. Solar cell was tried by using 

FTO/TiO_2/CdS as photo anode and platinum as cathode .The efficiency of these cells were found to be very less 

and it may be due to high resistance of CdS layer. 

Key words: CdS, Chemical bath deposition, DSSC.

Introduction

Cadmium sulphide (CdS) is a II–VI compound semiconductor which has gained attention due to its 
1,2various applications and capability of large-area deposition in the form of thin films  .  Different 

techniques for the deposition of CdS thin film includes electrostatic deposition, spray pyrolysis, pulsed 
3laser deposition, chemical bath deposition (CBD), etc  . Among these techniques, CBD process is more 

attractive due to simplicity and low cost. This technique can yield homogeneous, adherent, transparent 
4and highly stoichiometric CdS films . One of the interesting properties of this material is its 

5 6photoconductivity  and the polycrystalline CdS films have been used to produce thin film solar cells . 
7 6Other applications of CdS films include various photoconductive devices , image intensifiers  and 
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electroluminescent devices. CdS was also one of the first semiconductor materials to be used for thin-film 
8transistors (TFTs)  .  In the present work, CdS thin films are prepared using two slightly different chemical 

bath deposition methods. The structural, surface morphological, compositional, electrical and optical 

properties of as-deposited and annealed thin films prepared through both methods are studied. 

Materials and methods

Cadmium sulphide thin films are prepared by chemical bath deposition technique (CBD) on plain glass 

substrate and Fluorine doped tin oxide (FTO) coated glass substrate. Two slightly different methods of 

preparation is adopted which is hereby referred to as 'method a' and 'method b'. In 'method a' chemical bath 

containing

Fig .1 Experimental set up for chemical bath deposition of   CdS thin film

The crystallographic nature of these thin films was studied using X-ray diffractometer. The diffraction 

spectra were obtained for 2θ in the range of 20-80°. SEM pictures were taken to view the surface 

morphology of the films. The elemental analysis were done using Energy dispersive X-ray spectrum 

(EDAX). A double beam UV-visible spectrometer was used to study absorption spectrum. Resistance 

measurements were done using Keithley source measuring unit.

Results and Discussion 

Structural Studies  

The XRD spectra of as-deposited and annealed CdS films prepared by the two methods are shown in Fig: 

2, Fig: 3, Fig: 4 and Fig: 5 respectively. Fig: 2 shows the XRD pattern for as-deposited CdS film prepared 

by 'method a'. Here the diffraction peaks corresponds to the (002) and (110) lattice plane of hexagonal 

phase. When this CdS film was annealed at 200 in air for 40 minutes, XRD spectrum revealed 

improvement in crystallinity with new preferred planes of (101) and (201) of hexagonal structure [Fig: 3]. 
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This was confirmed with the standard data card (JCPDS 80-0006). Similarly XRD spectra of as-deposited 

CdS thin film prepared by 'method b' [Fig: 4], shows strong lines of (002), (101) and (201) orientations of 

hexagonal structure. Fig: 5 shows annealed CdS film prepared by 'method b'. The diffraction peaks   in 

Fig: 4 completely disappeared and new orientations (102), (200), (103) and (220) are found to appear. 

Formation of new phase of CdO with (200) and (220) planes were confirmed (standard JCPDS data (75-

1529)). In both methods annealed films show well resolved peaks and also their peak widths are found to 

decrease slightly when compared with that of the as prepared CdS films, justifying improvement in 

crystalline nature.

Fig. 2   XRD pattern of as-deposited CdS film prepared by method a

Fig. 3 XRD pattern of annealed CdS film prepared by method a

Fig. 4   XRD pattern of as-deposited CdS film prepared by method b

Fig. 5   XRD pattern of annealed CdS film prepared by method b
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The average crystallite size has been calculated by using Scherer's equation, D=Kλ∕βcosθ where,  the 

constant K is the shape factor (0.94), λ the wave length of X-ray (0.15418 nm), β the FWHM in radians and 

θ is the Bragg's angle. It has been observed that the grain size of the CdS film prepared by 'method a' 

increases from 28 nm to 50 nm and 'method b' from 50 nm to around 58 nm when annealed at 200°C.

Surface morphology 

SEM yields microscopic information of the surface. This technique is helpful to identify the growth mode, 

determining the effect of complexing agent on the film morphology. Here the micrographs reveal the 

homogeneity of film prepared through both methods.

Fig. 6 SEM images of CdS films prepared by 'method a' (a) as-deposited (5000 magnification) (b) as-

deposited (10000 magnifications) (c) annealed (5000 magnification)                    
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Fig.7 (a) & Fig. 7(b) shows SEM image of as-deposited CdS film prepared by 'method b' of different 

magnifications. They are having granular structure. Gaps seen in-between the grains suggest that this film 

is not so continuous in nature. Fig. 7 (c) Fig.7 (d) and F

Energy Dispersive X-ray analysis (E-DAX)

 In material characterization, it is important to determine the stoichiometry. Here this was performed with 

EDAX analysis where a focused probe of x-rays is scanned over a small surface area and the characteristic 

elemental signals are used to produce an elemental map of the surface. The presence of cadmium, sulphur 

and other elements of substrate (silicon, sodium, calcium etc…) were detected in the E-DAX spectrum. 

To understand the composition between cadmium and sulphur, Cd/S ratio was calculated.

Table .1 Composition of CdS thin filmsig.7 (e) shows the SEM image of annealed CdS films prepared 

by 'method b'. They develop flowery structure.

From the above tabulation it is observed that, CdS film prepared by 'method a' maintains Cd: S ratio near to 

unity in both as-deposited and annealed films. Whereas in 'method b' the annealed sample has very low 
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sulphur content when compared to cadmium. This indicates poor stoichiometry of 'method b'.

Optical Studies

The optical properties of CdS films were determined from absorbance measurement in the range 300-900 

nm. For a direct band-gap material like CdS the absorption coefficient has the relationship

where, K is a constant of proportionality and E_gis the band-gap energy.The energy gap values depend on 

the crystal structure and composition. The energy gap value is calculated by extrapolation of the straight 

line portion of the plot of square of absorbance versus photon energy for CdS films prepared by two 

methods.   The energy band gap of CdS films prepared by ‘method a’ and ‘method b’ was observed to be 

2.41 eV and 2.28 eV respectively and these values reduced to 2.37 eV and 2.08 eV when the films were 

annealed. 

Fig: 8 Plot of  (ah?)^2  versus (hv) of film from method a (a) asdeposited film with band gap 2.41 eV (b) 

annealed film with band gap 2.37 eV

Fig. 9 Plot of  (ah?)^2  versus (hv) prepared by method b (a) as-deposited film with band gap 2.28 eV (b) 

annealed film with band gap 2.08 eV 
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The decrease in band gap due to annealing may be due to increase in grain size on annealing and this can be 

attributed to the improvement in crystallites size 

Resistance measurement 

The electrical resistivity of CdS films was measured using Keithley source measuring unit. The electrical 

resistance was calculated for as-deposited and annealed CdS film deposited on glass and FTO substrate. 

Good ohmic contact was achieved by using silver. 

Table 2.Resistance of CdS film prepared by 'method a' and 'method b'

Resistance of CdS film deposited on glass substrate is many orders greater than the film deposited on FTO. 

Hence CdS film grown on TCO (transparent conducting oxide) can be chosen for photovoltaic 

applications. It is found that resistance of film prepared by 'method a' decreases on annealing, while film 

from 'method b' shows an increase in resistance due to annealing. This can be interrupted as a result of 

formation on impurity phase of cadmium oxide in the film from second method.

Table 3. Comparative study between 'method a' and 'method b'

From the above table it can be concluded that film prepared by 'method a' is superior to that prepared by 
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'method b'

I-V characteristics 

I-V characteristics of dye sensitized solar cell of the structure FTO/CdS/Dye/electrolyte/Pt/FTO were 

studied. Here FTO/CdS act as photo anode and platinum/FTO act as cathode. Pomegranate and eosin are 

the two types of photo sensitizer used in this study. Iodine redox system is used as electrolyte. Efficiency, 

short circuited current, open circuit voltage and fill factor are the some important parameters that are 

tabulated below. 

Table.4 Parameters of solar cell

Fig. 10 and Fig: 11 show the I-V curve of ITO/TiO_2/CdS –Pt solar cell with Pomegranate and Eosin as 

photo sensitizer. All the solar cells are having fill factor in the range of 0.35-0.37.The efficiency of cells 
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based on both dyes are found to be more or less of the same order .but it was observed that eosin based cells 

had poor photo stability.

Conclusions

CdS film was prepared by chemical bath deposition technique using cadmium chloride as source of 

cadmium and thiourea as the source of sulphur. CdS film was deposited on FTO and plain glass substrates. 

Two slightly different methods of preparation was adopted, where the main difference between the two 

methods is the presence of additional complexing agent in first method. Moreover the concentration of 

cadmium is 10 times greater than sulphur in the reaction bath of first method, while in second method they 

are equimolar in ratio. From XRD spectra it is observed that CdS films exhibits hexagonal structure and 

the grain size of the CdS film prepared by ‘method a’ was found to increase from 28nm to 50nm on 

annealing, whereas in ‘method b’ the increase was from 50nm to 58nm. XRD spectrum reveals that 

‘method a’ maintains its pure phase both in as-deposited and annealed film, while ‘method b’ incorporates 

cadmium oxide (CdO) impurity on annealing. This may be one of the reasons for the transfer of granular 

morphology to flowery structure as well as variation in band gap energy on annealing. From the elemental 

analysis it is observed that CdS film prepared by ‘method a’ maintains Cd: S ratio near to unity in both as-

deposited and annealed films. But in ‘method b’ the annealed sample has very low sulphur content 

compared with cadmium. This hints to the formation of cadmium oxide impurity, leading to poor 

stoichiometry of ‘method b’. From all above results it can be inferred that CdS prepared by ‘method a’ is 

much suitable for solar cell fabrication. Using FTO/ TiO2 /CdS as a photo anode, and platinum/FTO as 

cathode, Dye sensitized solar cell was constructed and cell parameters was measured.  
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Abstract

For the three dynamically stable structures of Ruthenium Carbides yielded by computational structure search, hardness values are 

estimated using semi-empirical macroscopic models based on Debye temperature and on Pugh's ratio, both derived from elastic 

constants. The values obtained are contrasted with the ones from a semi-empirical microscopic model based on bond strength. 

The hardness model based on Pugh's ratio is able to predict the decrease in hardness with the increase in metallic components in 

Ruthenium Carbides. Both macroscopic hardness models based on elastic properties fail to predict the high hardness of one 

predominantly covalent system RuC-Zinc blende. It is established that the microscopic model based on bond strength is more 

comprehensive and reliable in estimating the hardness of Ruthenium Carbides..

Keywords: Density Functional Theory, Evolutionary algorithm, Debye temperature, Pugh's ratio, Hardness

Introduction

A major class of potentially hard materials consists of the compounds formed by the transition metal atoms 

with atoms of B, C or N1-3. There are two reasons for the potential high hardness of borides, carbides and 

nitrides of transition metals. One is the p–d hybridized strong covalent bonds formed between B, C or N 

atom and transition metal atom and the other is the high charge density of valence electrons supplied by the 

transition metal atom. Transition metal carbides and nitrides have many industrial applications such as 

cutting and polishing tools, wear-resistant coatings etc. because of their high melting point, high hardness, 

good thermal conductivity and high resistance to wear and corrosion4. Their strategic importance has 

motivated various electronic structure studies to investigate their stability and structural properties5-11.

Two reported synthesis of Ruthenium Carbide gave tungsten carbide (WC) type hexagonal structure with 

the space group P6 ̄ m2 (187) in RuC stoichiometry12 and Fe2N type hexagonal structure with the space 

group P3 ¯m1 (164) in Ru2C stoichiometry13. The computational studies on Ruthenium Carbide had so 

far been concentrating exclusively on RuC stoichiometry14-19. Only the zinc blende structure of RuC 

was found to be dynamically as well as mechanically stable17,18. Though tungsten carbide structure was 

mechanically stable, it lacked dynamical stability. From the electronic energy band calculation, RuC–zinc 

blende system was found to be a semiconductor and it was estimated to have a Vickers hardness of 42.8 

GPa17,18. Z.M. Guang et al.19 made a structure search for RuC stoichiometry using particle swarm 
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optimization algorithm and they reported R3 ̄ m structure as the lowest energy one, with mechanical and 

dynamical stability and metallic in nature. We undertook an exhaustive structure search of Ruthenium 

Carbides using evolutionary algorithm with no assumptions about the possible outcomes20. We 

investigated the possible structures of three stoichiometry, Ru1C1, Ru2C1 and Ru3C1. For the five 

distinct structures yielded by our structure search, we analyzed the mechanical stability through the 

computation of elastic constants and the dynamical stability through the phonon spectra. Consequently we 

got three dynamically stable systems. For these three stable systems we also calculated electronic energy 

bands and density of states, hardness and thermodynamic properties, these estimates being the first 

attempt for the systems belonging to Ru2C1 and Ru3C1 stoichiometries20. 

With the growth of interest on novel super hard materials over the past several decades, it has become 

necessary to understand the microscopic features that control the hardness of materials. Many empirical 

models have been developed that aim to correlate hardness with different properties of materials. Some of 

these, which can be classified as macroscopic models, attempt to correlate hardness with different 

combinations of elastic properties. One such macroscopic model of hardness in terms of Debye 

temperature has been proposed by Abrahams and Hsu21 and modified by Deuss and Schneider22. 

Another model by Chen et al.23 that was subsequently modified by Tian et al.24 expresses hardness in 

terms of Pugh's ratio G/B. In the present work, we undertake to calculate the hardness of the three stable 

systems yielded by the structure search using these two semi-empirical macroscopic models of hardness 

and compare the results with those previously obtained20 from a semi-empirical microscopic model of 

hardness based on bond strength25-27 to investigate the applicability of these models to transition metal 

carbides. 

Materials and Methods

Computational Methods

The evolutionary algorithm based tool USPEX (Universal Structure Predictor: Evolutionary 

Xtallography)28,29 was used to investigate the possible crystal structures of Ruthenium Carbides. Vienna 

Ab initio Simulation Package (VASP)30,31, employing electronic density functional theory, was used 

along with USPEX for the local optimization and energy calculation. Further stages of relaxation and the 

calculation of properties were done using VASP. Charge density and other quantities were evaluated by 

integrating over the Brillouin Zone (BZ) and the integrals were approximated by sums over a suitable 

discrete k–grid. Projector augmented wave (PAW) pseudopotentials32,33 as supplied with VASP were 

used, with 4p, 4d and 5s as the valence states for Ru, and 2s and 2p for C. They were tested for convergence 

of both ENCUT and the k-grid.  Monkhorst–Pack k–point meshes34 were used except for hexagonal 

systems for which Gamma centered k-meshes were used. The Perdew–Burke–Ernzerhof (PBE)35 

Godan et al: Cytogenetic biomonitoring in betel quid chewers

73



generalized gradient approximation (GGA) to the exchange–correlation functional was used. The states 

were smeared using Methfessel–Paxton  scheme36 with a smearing parameter of 0.1 eV. The convergence 

of plane wave energy cutoff and that of k–points were achieved to a precision of 0.1 meV/atom. The value 

of ENCUT used was 900 eV which was 2.25 times the default value as per the POTCAR files of Ru and C. 

Both the lattice parameters and the atomic coordinates of all the structures were relaxed until energies 

converged to a precision of less than 10-10 eV/atom and Hellmann–Feynman forces to less than 10-5 

eV/A0. Two semi-empirical macroscopic models based on elastic properties21-24 are employed in this 

work for the estimation of hardness of the Ruthenium Carbide systems. In our previous work20 the semi-

empirical microscopic model based on bond strength 25-27 has been employed to estimate hardness

Table  1. Structural Data of Ruthenium Carbides

Thermodynamical stability has to be determined with respect to the formation energy. If it is negative, it 

means that the system can be spontaneously formed from its constituent elements. The formation energies 

of these Ruthenium Carbide systems are calculated with reference to crystalline Ruthenium and Graphite. 

All the structures have positive formation energies that show that they are not thermodynamically stable, 

i.e. they cannot be spontaneously formed under ambient conditions. In order to synthesize them, sufficient 

energy should be supplied and possibly high temperature and pressure. The synthesis of Ruthenium 
12,13Carbide  under high pressure and high temperature testify to this result. 
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Elastic properties 

As the elastic constants tensor is symmetric, there are at most 21 independent elements for the 6 x 6 matrix  

C_αβ, for the triclinic crystal. As the symmetry of the crystal increases, some of the matrix elements would 

be connected by symmetry relations and the number of independent matrix elements would be further 

reduced. Thus, rhombohedra has 6 independent elements, hexagonal has 5 and cubic has only 3. By 

applying small specific elastic strains ?_i(i = 1–6) to the equilibrium unit cell, a set of elastic constants Cij 

can be obtained from the corresponding change in energy. From the independent elastic constants of a 

system, bulk modulus (B) and shear modulus (G) are calculated using the standard formulae for the 

relevant crystal classes39-41 in Voigt42 and Reuss43 approximations. 

Cubic [Independent elastic constants : C11, C12, C44]:
20The elastic constants and the average values of B, G, Y and ν (in GPa) are tabulated in Table 2 .



Calculated values of Debye temperature from previous computational works have also been given for 

comparison. The values of Θ  are consistent with the observed trends in bulk, shear and Young's moduli D

for the two systems of Ru C  stoichiometry. Together these values imply that rhombohedral system could 1 1

be mechanically more stable. 

The Madelung–Einstein formula for Debye temperature was modified by incorporating hardness by 
21 22Abrahams and Hsu  and further improved for fitting with the data by Deus and Schneider  into the form:

The calculated values of B/G ratio for the given systems (Table 2) are larger than 1.75, the critical value to 
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45separate brittleness and ductility, according to Pugh's criterion . This indicates that these systems are all 

ductile. 

Hardness model based on Debye temperature

46The Debye temperature (Θ ) can be calculated from the average sound velocity v , which, in turn, is D m

obtained from the elastic constant data. 
3where Θ  is Debye temperature in K, H is Vickers hardness in GPa, ρ is the density of the system in kg/m , D

M is the molar mass of the system in g and a and b are the fitting parameters. The parameter b should be of 

the order of Θ  (Table 3). With the fitting parameters a=2500 and b=200 and data from table 3, the hardness D

values (H ) obtained from Eqn.(19) are given in table 4. As the Debye temperature of RuC–Zinc blende D

system is significantly smaller than the values of other systems, any level of fitting based on this model 

will yield only a relatively small value of hardness for it. 

Gracy : Distribution of ABO blood groups and Rh factor
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Table  4. Hardness values of Ruthenium Carbides from models based on bond strength (Hb), Debye 

temperature (HD) and Pugh's ratio (HP)

Ru3C-Hexagonal system has higher molar mass and higher density compared to the systems of Ru1C1 

stoichiometry (Table 3). This causes an increase in hardness as given by the above formula for 

Ru3C–Hexagonal system. However, this trend is against the expectation that an increase in metallic 

component should result in a decrease in hardness, and such a variation is observed in the case of the 

hardness values obtained from the model based on bond strength (Table 4).

Hardness model based on Pugh's ratio

Using the Pugh's ratio (k = G/B) and the shear modulus (G), Chen et al.23 derived a semi-empirical 

formula of hardness, H=〖2(k^2 G)〗^0.585-3. However, as this formula sometimes yields negative 

values of hardness, Tian et al.24 modified it with new fitting parameters :

                                                   H=0.92k^1.137 G^0.708                                                                    (20)

Substituting G in GPa yields the hardness in GPa from this formula. Using this modified formula and the 

data from table 2, the hardness of the Ruthenium Carbide systems are estimated and the values (HP) are 

given in table 4. Except for the RuC–Zinc blende system, the hardness values obtained from the 

microscopic model based on bond strength and the macroscopic model based on Pugh's ratio are of the 

same order. As RuC–Zinc blende system is a semiconductor (Fig.8), and since the model based on bond 

strength by Šimunek et al. is better suited for covalent crystals, the value of hardness from that model 

could be a better estimate of hardness for this system, compared to the value from the model based on 

Pugh's ratio. It can also be noted that another microscopic model based on the valence electron density48 

has yielded a value17 close to the one from the model based on bond strength (Table 4). The hardness 

values from the model based on Pugh's ratio reflect the expected trend that an increase in metallic 

component should result in a decrease in hardness, going from Ru1C1 to Ru3C1 stoichiometry. In table 4, 
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HP decreases from RuC–Rhombohedral to Ru3C–Hexagonal though not in the same order as the values 

given by the hardness model based on bond strength. As both Pugh's ratio and Debye temperature are 

derived from the elastic constants [Eqns.9–12], the hardness values obtained from these two models can 

be expected to correspond to each other. Their predictions match with each other except in the case of the 

increase in metallic component (Table 4).

Conclusions

Between the hardness model based on Debye temperature and that based on Pugh's ratio, the latter predicts 

the decrease in hardness as the metallic component increases. Both models fail to predict the high hardness 

of the strongly covalent system like RuC-Zinc blende. It is concluded that the semi–empirical microscopic 

model based on bond strength by  Šimunek et al.25-27 gives better estimates of hardness for Ruthenium 

Carbide systems compared to the two macroscopic models derived from elastic constants. 
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Abstract

Dye-sensitized solar cell (DSSC) is a promising device to convert solar energy to electrical energy, with relatively 

low production cost compared to those of conventional semiconductor solar cells.  DSSC comprise of a dye-

adsorbed nano crystalline TiO  layer fabricated on a transparent conducting oxide (TCO) as the working 2

electrode, platinum (Pt) as the counter electrode and an electrolyte solution with iodide/ triiodide redox reagents. 

The TiO  coated films were characterized by UV-Visible, XRD and SEM studies. In this work focus is on DSSC 2

based on natural electrolytes. The effect of combination of natural as well as organic electrolytes on the efficiency 

of the DSSC is studied.  The combination of some natural electrolytes with Ethylene glycol is found to enhance 

the efficiency of DSSC.  The results indicate that there is scope for highly efficient DSSCs which will work in 

harmony with nature.

Keywords: DSSC, Natural Electrolyte, Organic Electrolyte.

Introduction

The growth of global population along with industrial developments will pose an enormous challenge in 

meeting the rising energy demand in future. The global electricity generation is projected to grow by 2.2% 
[1]per annum from 2008 to 2035 . Renewable energy resources such as solar, hydropower, wind, biomass, 

etc have the potential to meet the rising energy demand to a great extent. Human efforts to energize the 

world have much expectation on solar cells. Electricity production without the exhaust of greenhouse 

gases or nuclear waste as byproducts is the attractive feature of solar cells. Dye sensitized solar cell is a 

third generation solar cell invented by Michael Gratzel and Brian O'Regan in 1991. It promises a less 

inexpensive method for conversion of solar energy to electrical energy. Record conversion efficiencies of 

DSSCs up to 12% have been achieved in DSSC using Acetonitrile based electrolytes. Though Ruthenium 

based complex dyes are the most successful dyes they are very expensive and poisonous. In the present 

work we have replaced ruthenium dye with natural dye extracted from pomegranate. This study attempts 

to enhance the efficiency of DSSC by altering the electrolyte composition using natural electrolytes.

Materials and methods

Electrode preparation
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 1.5 g of TiO  nano powder (Degussa, size: 25nm) is blended with 9 ml glacial acetic acid and 3 drops of 2

Triton X-100 (surfactant). The aggregated TiO  powder is dispersed by grinding in a mortar till the 2

colloidal paste is formed. Surfactants are added to lower the surface tension of the colloid in order to 

facilitate easier spreading on to the conducting glass plate by doctor blade technique. After spreading the 
0TiO layer on FTO glass slide, it is annealed at 450 C for one hour in order to remove the organic additives 2 

2and enhance continuity of the film . Pomegranate (Punica granatum) fruit is used as the source of dye and 

Anthocyanin is the major pigment in it. The TiO  film is immersed in pomegranate dye sensitizer solution 2

for 24 hour to absorb the dye on the porous film. This treatment produce intense colouration of thin film 

and the photo anode is ready to be used. Commercially available Platinum coated FTO was used as the 

counter electrode. 

Preparation of electrolytes

Acetonitrile based electrolyte is prepared by dissolving 2.075g (0.5M) potassium iodide (KI) to 25 ml 

acetonitrile. The mixture is stirred using a magnetic stirrer for 20 minutes. 1.3g of iodine (0.05M) is added 
- -  [3]to this solution and stirring is continued until a rich solution of I /I oxidation reduction pair is formed . 3

Ethylene glycol based electrolyte is prepared by dissolving 0.83g (0.5M) potassium iodide (KI) in 10 ml 

Ethylene glycol. After stirring for 15 minutes, 0.127g (0.05M) iodine is added and further stirred. Water 

based iodine electrolyte is prepared by adding 0.01N iodine solution to equal amount of 0.01M potassium 

iodide to form the final electrolyte.  

Preparation of natural electrolytes-The rich solution extracted from turmeric, tamarind and ginger was 

centrifuged to obtain clear solution and then filtered. ORS (Oral Rehydrate Solution) solution, lemon 

extracts and coconut water are directly used as electrolytic solutions. 

DSSC fabrication 

The DSSC was assembled by filling the liquid electrolyte between the photo anode and platinum counter 

electrode which are clipped together. Electrical contacts were taken out from the TCO layer of both 

electrodes. The photovoltaic measurements were done   under diffused natural sunlight. The intensity of 

light falling on the cell were measured using power meter. I-V characteristics were plotted by means of 

solar cell application software and Source Measuring Unit (Keithley). The open circuit voltage (Voc), 

short circuit current (Isc), fill factor (FF) and efficiency of the cell were analyzed.

Results and discussion

Optical characterisation

UV-VIS-NIR spectrophotometer (U-3410 model - Hitachi make) was used for optical studies in the range 

200 nm to 900nm. Optical characterisation was done to understand the nature of (i) absorption of TiO thin 2 

film (ii) absorption region of dye (iii) adhesion of dye on TiO . Fig 1 shows absorption spectrum of TiO  2 2

nanopowder. The band gap of TiO  was calculated to be 3.17eV. Fig 2 shows absorption spectrum of dye 2
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and Fig 3 shows absorption spectrum of dye coated on TiO . The red shift observed in the absorption 2

spectrum of dye when coated on TiO suggests chemical bond formation between dye and TiO . 2 2

Absorption edge of pure dye is found to be in the in visible region.

Fig1. Absorption spectrum of TiO nanopowder2  

The absorption spectra of extract from pomegranate and its spectra when coated on TiO  shows two 2

absorption edges, one in the violet region and other in the middle region of visible spectrum. When 

pomegranate is coated on TiO , the absorption edge of TiO  shows a red shift and this can make the 2 2

photo anode more active in the visible region of solar spectrum.

Structural characterization of TiO2
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X-ray diffraction is the most convenient tool for crystallographic structural analysis. This analysis was 

done using Rigaku (D.Max.C) X-ray diffractometer. The XRD analysis was used to confirm the crystalline 
onature and the actual phase of TiO . X-ray source used was 1.5A  Cu-Kα. The grain size was determined 2

from the Scherr's formulae. It relates wavelength

Fig.4. XRD of TiO  on a glass plate2

Table 2. Evaluation of grain size- TiO  filmon a glass plate2  

Fig 4 shows XRD spectrum of TiO  film on a glass plate. It was found to be highly crystalline and the 2

grain size was calculated from the FWHM of the peaks. On comparison with standard JCPDS data 

(card no: 21-1272) the phase was identified as anatase. 

Morphological characterization of TiO2

Scanning electron microscope image of TiO  electrode was taken to confirm the uniformity. Fig.5 and 2

Fig.6 shows the SEM of TiO  film before annealing and after annealing. The morphological characteristics 2

of both samples are the same with good uniformity. 

Electrical characterization of solar cell
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The photo response of the cell was studied in natural sunlight as well as under halogen lamp using solar 
- 3- cell application software. In this work we have tried first to find out the best base for I /I redox electrolyte 

used in DSSC. Among the four different bases tried viz. Acetonitrile, Ethylene glycol, water and 

Triethanol amine, the best performance was obtained for the cell with Ethylene glycol. Efficiency 

obtained was around 0.244%.  As a second stage of trials we tried pure natural electrolytes without using 

redox couple. Among the various natural electrolytes used for the study, lemon extract resulted in best 

efficient cell with an efficiency of 0.0163%. Pure natural electrolytes are found to be less efficient than 

iodine redox electrolyte. As a third stage, iodine redox electrolyte in ethylene glycol was selected for the 

combination study with natural electrolytes. The electrolytic combination of lemon and ethylene glycol 

resulted in the best efficient cell with an efficiency of 0.336 % (Fig 7).

The combination of some natural electrolytes like lemon, turmeric and ORS with Ethylene glycol is found 

to enhance the efficiency of DSSC while electrolytes like tamarind, tomato, ginger and coconut water 

showed a negative effect on efficiency. 

In order to know the photo response of the cell under halogen lamp (50 watt), all the above studies were 

repeated under this source. The cells studied under diffused light as well as in halogen lamp have shown 

similar performance.

Table 3. Different bases tried with iodine redox couple
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Table 4. Different natural extracts as electrolytes

But the limitation of the analysis with halogen lamp was that it was difficult to get constant irradiation for 

the cell since the intensity changed considerably with slightest change in position of the cell relative to the 

lamp. This problem of radial source could be overcome with diffused sunlight, as the test cell and the 

power meter can be exposed to constant irradiation conveniently. For this reason, the results obtained from 

direct natural sunlight are considered more authentic.  The data given below shows solar cell parameters 

of DSSC under diffused sunlight.

Table 5. Combination of natural extracts and iodine redox couple in Ethylene Glycol base

Conclusions
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TiO nano films were prepared using doctor blade technique. The absorption spectrum of the TiO nano 2 2 

film and dye was studied using U-V visible spectrophotometer and the absorption edge of samples was 

determined. The red shift observed in the absorption spectrum of TiO  and dye confirmed the formation of 2

chemical bond between dye and TiO . The anatase phase of TiO was confirmed and its grain size  was 2 2 

calculated using XRD analysis. The surface morphological nature of annealed sample was verified using 

SEM. 

The photo response of the DSSC cell was studied in diffused sunlight and in halogen lamp using Keithley 

source meter unit and 24xxx solar cell software. Ethylene glycol, Acetonitrile, Water and Triethanol amine 
- - were the various bases tried for I /I redox system. Results show that Ethylene Glycol is the best organic 3

base to produce an efficient DSSC with Pomegranate extract. Among the various natural electrolytes tried 

lemon extract resulted in the most efficient cell in diffused light. The electrolytic combination of lemon 

and ethylene glycol is confirmed to be the best combination to produce most efficient cell with an 

efficiency of 0.336%. The studies conducted in halogen lamp have also given a similar performance as in 

diffused light. But the results were less dependable. The results show that there is scope to produce highly 
- - efficient DSSCs using a combination of natural electrolytes and I /I redox system leading to low cost solar 3

cell.
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Insecticidal activity of Phyllanthus maderaspatensis L. on 

the larvae and pupae of Culex quinquefasciatus (Lis.)

Mary Fabiola

Department of Zoology, Nirmala College for Women Coimbatore - 641018, Tamil Nadu, India

Abstract

A preliminary study was conducted to investigate the effects of Phyllanthus madraspatensis L. extract against the 

larval and pupal activity of Culex quinquefasciatus under various concentrations. The 50 ppm plant extract 

stexhibited the larval mortality of about 65.43% in the 1  instar larvae and it was reduced to 55.60%, 35.76% and 

nd rd th27.61% in 2 , 3  and 4  instar larvae respectively. The pupal mortality in the case of Culex quinquefasciatus was 

ranging from 27.61% to 89.65% after treated with 50 to 300 ppm over the period of 24 h. The results suggest that 

the methanol extract of Madras patensis have the potential as larvicidal and pupicidal agent against Culex 

quinquefasciatus

Keywords: Culex quinquefasciatus, Phyllanthus madraspatensis L., methanol extract

Introduction

The mosquito is the principal vector of many of the vector borne diseases affecting human beings and 

other animals. Culex quinquefasciatus, a vector of lymphatic filariasis and its widely distributed tropical 

diseases with around 120 million people infected worldwide and 44 million people have common chronic 
1manifestation . Traditionally, plants and their derivates were used to kill mosquitoes and other household 

and agricultural pests. Now a day, chemical control methods using synthetic insecticides are in practice 

due to their speedy action and ease of application. Repeated use of synthetic insecticides for mosquito 

control has disrupted natural biological control systems and led to resurgences in mosquito populations. It 
2has also resulted in the development of resistance , undesirable effects on non – target organisms, and 

fostered environmental and human health concern. 

In the light of earlier literature, it is known that larvicidal agents play a vital role in controlling mosquitoes 

in their breeding sites, but still vectors bio control measures are in vogue, their effective control of larval 

mosquitoes has not been hither to highlighted, whereas possibilities of plant extract and isolation of active 

components have been fragmentally documented. Hence, an attempt has been made to evaluate the role of 

Phyllanthus madraspatensis L. leaf extracts against Culex quinquefasciatus.

Materials and Methods

Selection of plant species 

The plant species Phyllanthus madraspatensis L. belongs to Euphorpiaceae family is widely found in the 
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Coimbatore District Tamil Nadu. It was collected from foot hills of Maruthamalai, Coimbatore District 

Tamil Nadu.

Laboratory rearing of mosquitoes

Culex quinquefasciatus eggs were obtained from National Institute of Communicable Diseases, 

Mettupalayam, Coimbatore, Tamil Nadu. To start the colony the larvae were reared in plastic and enamel 

trays containing tap water. Larvae were fed a diet of Brewer's yeast, dog biscuits and algae in the ratio of 

3:1:1 respectively. Pupae were transferred from the trays to a cup containing tap water and were 

maintained in our insect cage (45x45x40 cm) where adult emerged. 

Adults were maintained in glass cages and were continuously provided with 10% sucrose solution in a jar 

with a cotton wick. On day 5 the adults were given a blood meal from chicks placed in cages overnight for 

blood feeding by females. Glass Petri dishes with 50 ml of tap water lined with filter paper was kept inside 

the cage for oviposition.

Preparation of Phyllanthus madraspatensis L. leaf extract

Twenty gram of Phyllanthus madraspatensis L. leaf powder was placed in the pouch made by Whatmann 

No. 1 filter paper and placed in the sohxlet's apparatus, mixed with 250 ml of 80% methanol and soxlet's 

for 6h. It was poured in petriplates and made to get dry at room temperature. The dried material was 

weighed and dissolved by using the suitable emulsifying agent. The stock solution was prepared by 

dissolving 1.00 gm of dried material with 1ml of emulsifier (1000rpm). Different concentrations of plant 

extract were prepared from the stock solution by using distilled water. The concentration of 50, 100, 150, 

200, 250 and 300 ppm were selected on the basis of killing range minimum to maximum larval mortality 

after 12h duration.

Bioassay 
stLarvicidal activity was evaluated by following WHO method with slight modifications. 30 numbers of 1 , 

nd rd th2 , 3 , 4 , instars of P. madraspatensis were placed in a separate 500ml petri disc with 249ml of 

dechlorinated water and 1.0ml of the desired plant extract concentrations. Five replicates were maintained 

for each concentration. Mortality rate was observed at 24h of the exposure time. The mortality was 
3calculated by Abbots method  for computing effectiveness of an insecticide.

Pupal mortality was evaluated by following WHO method. Pupae of P. madraspatensis (30 numbers) 

were placed in 500 ml petri dish with 249 ml of dechlorinated water and 1.0 ml of the desired plant extract 

concentrations. Five replicates were maintained for each concentration. Mortality rate was observed at 
324h of the exposure time. The mortality was calculated by Abbots method  for computing effectiveness of 

an insecticide.
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Results and Discussion

The larval mortality of Culex quinquefasciatus larvae when treated with the extract of P. madraspatensis 
st(Table 1) the 50 ppm plant extract exhibited the larval mortality 65.43% in the 1  instar larvae and it was 

nd rd threduced to 55.60%, 35.76% and 27.61%  against 2 , 3  and 4  larval stages respectively. The pupal 

mortality in the case of Culex quinquefasciatus was ranging from 27.61% to 89.65% after treated with 50 
4to 300ppm over the period of 24h. Khanna and Kannabiran  reported the role of tannin compounds 

extracted from Hemidemus indicus, Gymnema sylvstre and Eclipta prostrate showing effective mortality 
5in Culex quinquefasciatus larvae. Sivagnaname and Kalyanasundaram  showed the methanolic extract of 

Atlandia monophylla was effective against fourth instar larvae of Culex quinquefasciatus.

Table 1. Effect of methanol extract of P. madraspatensis on the larvae and pupae of Culex 

quinquefasciatus after 24h

This investigation revealed that P. madraspatensis is very effective in the mortality rate of Culex 

quinquefasciatus. The results also revealed that there is a possibility of further investigation of efficacy on 

the larvicidal and insecticidal properties of natural product extracts. These results will be useful in 

promoting research aim at the development of new agent for mosquito control based on bioactive 

chemical compounds from indigenous plant source.
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their activity against third instar larvae of Helicoverpa armigera

Nithyasree G. and Sajani Jose
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Abstract

Indiscriminate use of synthetic insecticides has resulted in problems like pest resurgence, environmental 

pollution, destruction and toxicity to non-target organisms including, human beings. Some of these insecticides 

are still used for its control due to non-availability of alternative insect control agent. These problems have led to 

the search for more sustainable, cost-effective and eco-friendly alternatives like phytochemicals as potential 

insecticides particularly against phytophagous insects. Helicoverpa armigera, a polyphagous pest, plays an 

important role in reducing the crop yields. Hence, this study shows that the leaf extracts of Adathoda vasica Nees. 

and Hibiscus rosa-sinensis can be used as bio-insecticides control Helicoverpa armigera.

Keywords: Helicoverpa armigera, phytochemical analysis, medicinal plants

Introduction

Indiscriminate use of synthetic insecticides has resulted in problems like pest resurgence, environmental 
1pollution, destruction and toxicity to non-target organisms including human beings . This resulted in 

greater attention on bioactivity of pytochemicals as potential insects particularly against pytophagous 

insects.  Helicoverpa armigera is a polyphagous pest that plays an important role in reducing the crop 

yield. The hot and humid climate is conducive to the proliferation of insect pests, especially the American 
2bollworm; H. armigera that causes considerable losses . In recent years, H. armigera became the major 

cause of cotton yield reduction. Tomato is the one of the most important vegetable crops, especially in the 

Indian sub continent where the diet only predominantly vegetarian in nature. Tomato is extensively 
3damaged by the lepidopteron insect Helicoverpa armigera, also called as tomato fruit borer . In the 

present study, the response of H. armigera to different phytochemicals was studied. 

Plants produce a range of chemical compounds to protect themselves from various insect pests. These 

include alkaloids, terpenoids, flavonoids and acetogenins, such as azadirachtin, isolated from the foliages 

of some medicinal plants. Secondary metabolites from microbes are also known to kill various insects 

including H. armigera. Hence, an attempt was made to determine the efficacy of certain medicinal plant 
rdproducts against resistant to 3  instar larvae of the American bollworm, H. armigera. 

Materials and Methods

The present study were undertaken to assess the feeding preference and damage potential of this pest to 

some promising  genotypes and a hybrid in the laboratory as well as under field conditions so that a better 
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assessment of losses in relation to the severity of this pest could be made.

Test insect and source 

Third instar larvae of Helicoverpa armigera of the Order, Lepidoptera was collected from Tamil Nadu Agricultural 

University Farm, Coimbatore. 

Collection of medicinal plants

The fresh medicinal leaves of selected medicinal plants such as Adathoda vasica Nees. (extract of the 

plant possess significant insecticidal, nematicidal, anti-feedent, anti-fungal, anti-plasmodial, anti-

ulcerogenic, anti-inflammatory and analgesic activities) and Hibiscus leaf (known for several potential 

therapeutic activity) were collected from in and around Coimbatore District. The leaves were 

authenticated, washed and were allowed to shade dry for about 9 hours every day for 3-4 days until they 

became crispy while retaining the greenish colouration. The dry leaves were powdered separately. About 

30gms were taken for phytochemical analysis and the rest were amended with vermicompost for plant 

growth in pot culture.

Preparation of medicated tomato foliage

Earthern pots of uniform size (3 Nos.) were selected for pot culture study with Tomato. Two different pot 

set up were arranged. Two pots were amended with soil, compost and medicinal plant powder in the ratio 

3:2:1 and one pot as control with soil and compost. The seeds of tomato, obtained from Tamil Nadu 

Agricultural University Coimbatore were sowed in each pot with proper spacing. From the day of sowing 

the pots were watered regularly. The germination and growth of the seedlings were observed every day 

after one week of sowing. The larvae of H. armigera feed mainly on flower buds, flowers, developing 

seed, and fruits, and also on foliage. Hence, the leaves of tomato were given as feed for the larvae. 

Test for foliage protection

For this test, 3 sterile petri dishes were obtained and 4 leaves from each treatment pot were placed in each petri dish 

separately and five test larvae were transferred. Moistened filter papers were spread onto the plate to avoid 

desiccation of leaves. Control was maintained with 4 untreated leaves. Each treatment was replicated 3 times along 

with an untreated control under complete randomized design. Activity of worm was assessed after 24 hrs, few worms 

showed less response to stimulation by touch. Few were not so active by stimulation of touch. Consumption rate of 

leaves by the larvae were recorded by percentage.

Result

The result is based on phytochemical analysis of certain medicinal plant product and the feed utilization (Table 1) by 

the third instar larvae of H. armigera.

Adathoda vasica Nees.



thIn tomato at 24 hrs, third instar larvae of H. armigera has utilized only 1/4  of the leaves given from tomato 

plant grown in Adathoda leaf extract mixed with soil and vermicompost. From the weight loss of H. 

armigera it was examined that it has only consumed 30% of total leaves.

Hibiscus rosa-sinensis

All most every leaves were utilized by third instar larvae of H. armigera from the tomato leaves from 

tomato plant grown in Hibiscus leaf extract mixed with soil and vermicompost. The maximum 75% of 

leaves were consumed by H. armigera this was inferred by its weight gain.

Control

The third instar larvae utilized all the leaves given from tomato plant grown Control mixed with soil and 

vermicompost. At 24 hrs of observation third instar larvae of H. armigera showed the maximum (90%) of 

leaf consumption showing highest weight gain from other experimental treatment. The other treatment 

groups expect control showed significance on feeding rate.

Table 1. Utilization of tomato leaves by third instar H. armigera larvae against different treatments 

Phytochemical analysis of medicinal plants

The Phytochemical investigation of Adathoda leaf showed the presence of methanol solvent contains 

alkaloids, amino acids, antroquinones, flavonoids, saponins, steroids and tannins extraction. The 

Phytochemical screening of Hibiscus showed the presence of carotin, chlorophyll, flavonoids, phenols, 

sugar and tannins in the methanolic extraction.

Fig. 1. Weight changes (gm) of H. armigera larva after feeding medicated tomato leaves 
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Discussion

The chemical composition of host plants significantly affects survival, growth, and reproduction of 

pytophagous insects. Food consumption and utilization link plant attributes with insect performance. For 

polyphagous insects, the availability of different host plants plays an important role in triggering population 

4outbreaks . Growth, development, and reproduction of insects are strongly dependent on the quality and 

quantity of food consumed.

The extracts contain alkaloids, amino acids, antroquinones, flavonoids, saponins, steroids and tannins in high 

concentration. But, carotin, chlorophyll and sugar are lacking. So the rate of consumption of the feed by the 

larvae is reduced 30% may be due to the antimicrobial activity found in Adathoda vasica  Nees. which has been 

5, 6reported by Simpson et al. and Wagh et al. . Feed utilization by 75% was observed in treated larvae against 

Hibiscus. This may be due to positive responses of plant based natural products reacts with certain cells of the 

7larvae and which act as toxins .Compared to the treatments the feed utilization in the control seems to be higher 

90%. 90% of the feed (tomato leaf) is utilization by the third instar larvae of H. armigera. All the treatments 

showed a positive result in controlling the pest by using certain medicinal plant product extract.

Conclusion

Plant derived extracts and phytochemical have been intensively investigated for the past 30 years in an effort to 

develop alternatives to conventional insecticides but with reduced health and environmental impacts. Synthetic 

insecticides can leave potentially toxic residues in food products and can be deleterious to non-target organisms in 

the environment. Several workers have explored the utility of plant products as one of the potential source of 

managing agricultural pests in search for effective, ecofriendly and economically viable options. This work explains 

the rational for the use of the plant in control the pest. The plant could be a veritable and cheaper substitute for 

conventional drugs since the plant is easily obtainable and the extract can easily be made via a simple process of 

maceration or infusion. It is essential that research should continue to isolate and purify the active components of this 

natural herb and use in controlling certain pest.
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Abstract

Water quality is recognised as the foundation for any health improvement strategy, accompanied by programmes 

for increased water quality and sanitation. However, in the absence of changes in personal behaviour and hygiene 

practices, the incidence of water related diseases especially diarrhoeal illness is likely to remain high in 

contaminated environments. The present study deals with the descriptive statistics of water quality parameters in 

Coimbatore district, Tamilnadu for the period 2000 to 2009. The water quality variables namely turbidity, 

electrical conductivity, total alkalinity, total dissolved salts, pH, Ferrous, manganese, ammonia, nitrite, nitrate, 

chloride, fluorine, sulphate, phosphate, faecal coli and residual chlorine were obtained from the Tamilnadu Water 

supply and Drainage Board, Government of Tamilnadu for a period of ten years from 2000 to 2009.Descriptive 

statistics was analyzed using SPSS 12.0 (Statistical package of socialsciences). Most of the variables show 

significant magnitude of percentage of co-efficient of variation. Coimbatore South showed high values for 

Electrical conductivity, total dissolved solids, total alkalinity, total hardness, fluorine and sulphate. Tiruppur 

showed high concentrations of nitrite, nitrate, phosphate and alkaline pH. Ammonia, chlorides, faecal coli and 

Residual chlorine was high in Mettupalayam while Coimbatore North showed high values for ferrous and 

manganese. Turbidity was high in Avinashi. There are considerations to be taken into account when evaluating the 

relationship between health outcomes and exposure to changes in rainfall, water availability and quality.

Keywords: water quality, descriptive statistics, co-efficient of variation, variables, health outcomes.

Introduction

Water quality is recognised as the foundation for any health improvement strategy, accompanied 

by programmes for increased water quality and sanitation. However, in the absence of changes in 

personal behaviour and hygiene practices, the incidence of water related diseases especially 

diarrhoeal illness is likely to remain high in contaminated environments. Poor water quality 

continues to pose a major threat to human health. Diarrhoeal disease alone amounts to an 

estimated 4.1 % of the total daily global burden of disease and is responsible for the deaths of 1.8 
1million people every year . It was estimated that 88% of that burden is attributable to unsafe water 

supply, sanitation and hygiene and is mostly concentrated on children in developing countries.

A retrospective study of drinking water related outbreaks of acute gastroenteritis illness in the 
2United States  revealed that 20% and 40% of ground water and surface water outbreaks 
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respectively between 1971 and 1994 were statistically associated with extreme percipitation. El 

Niño–southern oscillation connection to rates of enteric illness in South America has been 
3, 4demonstrated  and the levels of entire microorganisms in Coastal areas of South Florida, United 

5 6States  and Cholera in Bangladesh . In Bangladesh, post flood increases in rotavirus diarrhoea 
7, 8have been reported . Floods adversely affect water sources and supply systems as well as 

sewage and waste disposal systems. Sewage which is known to contain large number of 

infectious rotavirus particles may be disposed of in raw forms and infectious rotavirus can be 
9recovered from sewage polluted surface waters . Since water used for bathing and for washing 

utensils was suspected of being involved in virus spread in the outbreak of rotavirus 
10gastroenteritis in Brazil . Faecal contaminated water supply was the primary vehicle in an 

11outbreak of rotavirus gastroenteritis with 1200 cases in China .The present study deals with the 

descriptive statistics of water quality parameters in Coimbatore district, Tamilnadu for the period 

2000 to 2009.

Materials and Methods

The water quality variables namely turbidity, electrical conductivity, total alkalinity, 

total dissolved salts, pH, Ferrous, manganese, ammonia, nitrite, nitrate, chloride, fluorine, 

sulphate, phosphate, faecal coli and residual chlorine were obtained from the Tamilnadu 

Watersupply and Drainage Board, Government of Tamilnadu for a period of ten years from 

2000 to 2009.

The collection of data forms the fundamental basis for all statistical analysis. It is necessary to 

verify and check whether the data collected are reliable and useful for the purpose inquiry. The 

data are collected to draw a conclusion after the analysis using descriptive statistics such as mean 

(x), standard deviation (SD) and the variance (σ). The mean, median and mode measure the 

central tendency. The SD and variance are the dispersion parameters of the mean. The measure of 

the slope of the distribution is the skewness and kurtosis.

In probability theory and statistics, the coefficient of variation (CV) is a measure of dispersion of 

a probability distribution. It is defined as the ratio of the standard deviation σ to the mean µ;

CV = σ / µ

The co-efficient of variation is a dimensionless number. For the distribution of positive valued 

variables, it allows comparison of the variation of populations that have significantly different 

mean values. It is often reported as a percentage (%) by multiplying the above calculation by 100.

When the mean value is near zero, the co-efficient of variation is sensitive to change in the 
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standard deviation, limiting its usefulness. The co-efficient of variation is also common in 

applied probability fields. The standard deviation of an exponential distribution is equal to its 

mean, so it's co-efficient of variation is equal to 1. Distributions with CV<1 (Ehrlang distribution) 

are considered as low variance, while those with CV >1 (Hyper-exponential distributions) are 

considered as high variance.

The percentage co-efficient of variation using the standard deviation and mean values of nine 

taluks are calculated and presented in the tables. The descriptive statistics are  analyzed using the 

SPSS 12.0 (Statistical package of socialsciences). Most of the variables show significant 

magnitude of percentage of co-efficient of variation. The co-efficient of variation is used to 

compare the relative variability in different distributions. It is otherwise called as signal-to-noise 

ratio.

Results and Discussion

 Turbidity

Maximum mean turbidity is 5.88 in Avinashi and minimum of 3.72 in Pollachi. The range is from 

1.58 to 5.38 (Fig.1). The values are negatively skewed for Avinashi and Coimbatore North and 

leptokurtic for Palladamtaluk. The % CV ranges from 11.01 to 36.57.  The temporal analysis shows 

maximum turbidity of 5.98 in 2006 and a minimum of 4.09 in 2008.

Fig. 1.  Turbidity in Coimbatore district of Tamilnadu (2000 to 2009)

Electrical Conductivity

Maximum electrical conductivity of 199.08 was observed in Coimbatore South and minimum of 

42.19 in Valparai. The range is from 6.08 to 57.44 (Fig.2). The values are negatively skewed in 

Avinashi, Mettupalayam, Palladam and Tiruppur. All the taluks are platykurtic. The %CV ranges 

from 3.16 to 11.73. The temporal analysis shows maximum electrical conductivity in 2006 
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(106.61) and minimum in 2002 (98.37).

Fig. 3.  Total Dissolved Solids in Coimbatore district of Tamilnadu (2000 to 2009)

pH
The mean pH varies from 7.64 in Tiruppur to 7.44 in Pollachi. The range extends from 0.10 to 
1.34. Positive skewness is seen in Palladam, Udumalpet and Valparai while the other taluks are 
negatively skewed. Kurtosis value is leptokurtic for Coimbatore South and platykurtic for the 
other taluks (Fig.4). The %CV ranges from 0.42 to 5.27. The temporal trend shows maximum pH 
of 7.62 in 2000 to a minimum of 7.42 in 2004.

Fig. 4.  pH  in Coimbatore district of Tamilnadu (2000 to 2009)

Total Alkalinity
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The mean total alkalinity ranges from a maximum of 64.91 in Coimbatore South to a minimum 

of 12.08 in Avinashi. The range is from 2.17 to 28.29. The values are negatively skewed for 

Coimbatore North and Udumalpet and platykurtic for all the other taluks (Fig.5.). The % CV is 

from 4.07 to 15.44. The temporal trend shows maximum total alkalinity in 2006 (4.71) and 

minimum in 2008 (27.30).

Total Hardness

The maximum mean total hardness occurs in Coimbatore South (72.12) and minimum at 

Valparai (13.67). The range varies from 1.62 to 26.38(Fig.6). The skewness is negative for 

Coimbatore North, Palladam and Valparai and positive for the rest of the taluks. Coimbatore 

South is leptokurtic while the other taluks are platykurtic. The %CV ranges from 3.54 to 14.38. 

The temporal analysis shows maximum total hardness in the year 2006 (39.27) and minimum in 

2008.

Fig. 6.  Total Hardness in Coimbatore district of Tamilnadu (2000 to 2009)

Ferrous
The maximum mean concentration of ferrous is observed in Coimbatore North (0.37) and the 
minimum in Pollachitaluk (0.19). The range is from 0.20 to 1.50 (Fig.7). The values are 
negatively skewed for Avinashi and Coimbatore North and positively skewed in the other taluks. 
The value for Coimbatore South is leptokurtic while the other taluks are platykurtic. The %CV 
ranges from 24.47 to 122.88. The temporal trend shows maximum concentration of ferrous in 
2006 (34.44) and minimum in 2008 (33.92). 

Fig. 7.  Ferrous in Coimbatore district of Tamilnadu (2000 to 2009)
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Manganese

The maximum mean concentration of manganese is found in Coimbatore North (0.006) and no 

traces observed in Coimbatore South and Udumalpet. It is negatively skewed in Avinashi and 

Valparai and the values are platykurtic for all the taluks (Fig.8). The %CV ranges from 0 to 210.0. 

The temporal trend shows 0.003mg/lit of manganese in2001, 2005 and 2007 and no traces in 

2000, 2008 and 2009.

 Ammonia

No traces have been observed in Coimbatore South and Udumalpet while the maximum mean 

concentration of ammonia (0.012) was observed in Mettupalayam. The range is from 0 to 0.12 

(Fig.9.). The values are positively skewed in all the taluks and kurtosis shows peak value for 

Mettupalayam. The temporal trend shows maximum value of ammonia 0.018 in 2006 and no 

traces in 2000, 2008 and 2009.

Fig. 9.  Ammonia in Coimbatore district of Tamilnadu (2000 to 2009)
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Nitrite

The maximum mean concentration of nitrite was found in Tiruppur (0.061) and minimum concentration at 

Avinashi and Coimbatore North (0.002). The range varies from 0.001 to 0.192.(Fig.10.) The values are 

positively skewed in all the taluks. The value is leptokurtic in Mettupalayam and platykurtic in all the other 

taluks. The %CV ranges from 13.05 to 153.99. The temporal analysis shows maximum nitrite 

concentration in 2006 (0.055) and minimum in 2000 (0.004).

Nitrate

Tiruppur taluk showed the maximum concentration of nitrate (6.501) and the minimum was found in 

Avinashi (1.219). The range varies from 0.390 to 34.780 (Fig.11.). The values are negatively skewed for 

Avinashi, Combatore North and Mettupalayam and positively skewed for other taluks. Tiruppurtaluk 

shows peaked value for kurtosis. The % CV is from 10.59 to 167.66. The temporal trend shows a high 

value in 2005 (6.23) and a low value in 2009 (2.26).
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Fig. 11.  Nitrate in Coimbatore district of Tamilnadu (2000 to 2009)

Chloride

The maximum mean concentration of chlorides was found in Mettupalayamtaluk (14.37) and 

minimum at Valparai (5.83). The range is from 0.610 to 5.150. The values are negatively skewed 

for Avinashi, Coimbatore North, Tiruppur and Udumalpet (Fig. 12). All the taluks show 

platykurtic values. The %CV ranges from 2.85 to 14.50. The temporal analysis shows maximum 

concentration of chloride in 2004 (9.64) and minimum concentration in 2006 (8.72).

Fig.12.  Chloride in Coimbatore district of Tamilnadu (2000 to 2009)

Fluorine

Coimbatore South was observed to have the maximum concentration of fluorine (0.22) and the 

minimum was found in Valparai (0.002). The range varies from 0.001 to 0.720. The values are 

negatively skewed for Coimbatore north and South, Mettupalayam, Palladam and Valparai (Fig.13.). The 
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kurtosis is peaked in Udumalpet and Valparai and platykurtic in other taluks. The %CV is from 2.24 to 

125.67. The temporal trend shows maximum concentration in 2001 (0.129) and minimum in 2008 (0.109).

Fig. 13.   Fluorine in Coimbatore district of Tamilnadu (2000 to 2009)

Sulphate

The maximum concentration of sulphate was observed in Coimbatore South (19.01) and minimum in 

Avinashi (2.029). The range varies from 0.75 to 93.71. (Fig.14.) The values are negatively skewed for 

Coimbatore North, Mettupalayam, Palladam and Tiruppur. Kurtosis values are peaked for Coimbatore 

South. The %CV ranges from 9.11 to 152.51.The temporal trend shows maximum concentration in 2009 

(15.58) and minimum in the year 2008 (4.57).

Fig. 14.  Sulphate in Coimbatore district of Tamilnadu (2000 to 2009)

Coimbatore South. The range varies from 0 to 0.23. Negative skewness is seen in Avinashi, Coimbatore 

Phosphate

Tiruppur taluk shows the maximum concentration of phosphates (0.07) and no trace is seen in 
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North and Valparai. Kurtosis is peaked in Valparai. The %CV ranges from 0 to 210.81. The temporal trend 

shows the maximum value of 0.054 in 2002 and 2005 and minimum value of 0.001 in 2000 and 2009.

Fig. 15.  Phosphate in Coimbatore district of Tamilnadu (2000 to 2009)

Faecal coli

The maximum faecal coli was found in Mettupalayam (534.92) and minimum in Valparai (115.90). The 

range varies from 89.76 to 692.91. The values are negatively skewed in Coimbatore North and South, 

Mettupalayam, Palladam and Tiruppur (Fig.16) . The values are peaked in Coimbatore South and 

Valparai. The % CV ranges from 15.13 to 70.43.The temporal trend shows maximum concentration of 

faecal coli in 2003 (387.82) and minimum in 2009 (147.21).

Fig. 16.  Faecal coli in Coimbatore district of Tamilnadu (2000 to 2009)

Residual Chlorine

The maximum mean residual chlorine was found in Mettupalayam (1.86) and minimum in Valparai 

(0.34). The range varies from 0.06 to 6.72. All the taluks are positively skewed and platykurtic. The %CV 

ranges from 5.92 to 149.61. The temporal trend shows maximum concentration in 2009 (1.266) and 
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minimum in 2006 (0.417) (Fig.17.).

Fig . 17.  Residual Chlorine in Coimbatore district of Tamilnadu (2000 to 2009)

Water is an elixir of life. It is an important component to human survival. Water should be purified 

for a better life style. It is the basic duty of every individual to conserve water resources. The pH 

value of drinking water is an important index of acidity or alkalinity. A number of minerals and 

organic matter interact with one another to give the resultant pH value of the sample. In the 
14present study, pH ranges from 6.6-7.9, which lies in the range prescribed by WHO. The EC 

values for most samples range between 1020-2910(µ mho/cm). The EC value is directly 

proportional to the Total dissolved matter. All the samples show higher EC values than the 

permissible limit. When EC value exists at 3000 µ mho/cm, the generation of almost all the crops 
15would be affected and it may result in much reduced yield.  Alkalinity of water is defined as the 

ionic concentration, which can neutralize the hydrogen ions. The phenolphthalein alkalinity 

value is zero indicating absence of any carbonate and hydroxyl ions. The bicarbonate alkalinity is 

expressed as a total alkalinity, which ranges between 218-460mg/L. The alkalinity value of all the 

samples are within the permissible limit of 600ppm. However, little abnormal value of alkalinity 
16 is not harmful to human beings . The maximum tolerance range for sulphate is 200-400 mg/L. 

The excess amount of sulphate causes diarrhoea. All samples are free from sulphate problems. 
17Sulphate produces an objectionable taste at 300-400 mg/L and bitter taste at 500 mg/L . chloride 

is normally the most dominant anion in water. According to ICMR the maximum permissible 
18limit for chloride in drinking water is 250- mg/L .

The four main considerations to take into account when evaluating the relationship between 

health outcomes and exposure to changes in rainfall, water availability and quality (IPCC, 2007) 
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is : To be aware of linkages between water availability, household access to improved water, and 

the health burden due to diarrhoeal diseases. To know the role of extreme rainfall (intense rainfall 

or drought) in facilitating water-borne outbreaks of diseases through piped water supplies or 

surface water. Knowledge of coastal, recreational and surface waters.
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Abstract

An investigation was carried out to evaluate the effect of selected plants (Coleus aromaticus and Solanum 

verbasifolium) supplemented feed on the growth parameters such as weight, specific growth rate and feed 

utilization on total feed consumed, feed efficiency ratio, protein efficiency ratio and survival rate of Oreochromis 

mossambicus. The fishes were fed with these supplemented feed for 45 days and the results were obtained. The 

data were subjected to one way analysis of variance and the means were separated using least significant 

differences. The fishes fed with supplemented feed showed maximum increase in weight gain, specific growth 

rate, feed consumed, feed efficiency ratio, protein efficiency ratio and survival rate than the control fishes. This 

study indicated that inclusion of plant ingredients in fish feed resulted in superior growth performance and the 

formulation of plant based diet for fish will provide new opportunities.

Keywords: tilapia, plant supplemented feed, growth.

Introduction

Fish is a vital source of high-quality protein, providing approximately16% of the animal protein 
1consumed by the world's population . It is particularly an important protein source in the regions 

where livestock is relatively scarce. Fish supplies less than 10% of animal protein consumed in 
2North America and Europe, but 17% in Africa, 26% in Asia and 22% in China . The FAO 

estimates that about one billion people world-wide rely on fish as their primary source of animal 
2protein  . 

According to the UNO food and agricultural organization, aquaculture is growing more rapidly 
3than all other animal food production sectors . Indian agricultural has demonstrated six and half 

fold growth over the last two decades where fresh water aquaculture contributing over 95% of 

total aquaculture production. Variety of fishes were farmed and it includes carps (Catla, Rohu, 

Mirgal), Tilapia, Salmon, Channa etc.
rdAmong these fishes, tilapia is one of the main economical fresh water fish that constitutes the 3  

largest group of farmed fin fish, right after carp and salmonids, with annual growth rate around 

11.5%, much of the rapid increase in aquaculture production has come from the increasing of 
4existing systems . Tilapia is a unique fish in the inland fish production. There are possibilities to 

enhance tilapia culture further through other systems of aquaculture practices. However the feed 

cost is the highest operating cost in the aquaculture practices and an economically efficient feed 

would play major role in stimulating feed based aquaculture of tilapia. 
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In fish culture, nutrition plays an important role in the maintenance of a healthy and marketable 

product. Therefore, uses of functional feed are novel to the aquaculture industry. There are large 

numbers of feed additives available to increase fish growth performance. Some of the additives 

used in feed meal are chemical products especially hormones and antibiotics which may cause 

unfavorable side effects. To keep a sustainable growth pattern and health management, strategies 

must go beyond antibiotics and chemotherapeutics which create resistant bacteria and immune 
5supplement in host .  Herbs have been used as a medicine and as an immune booster for humans 

for thousands of years. Throughout the world, as many of them are rich sources of volatile oil, 

saphonins, phenolics, tanins, alkaloids, polysaccharides and polypeptides which are responsible 
6,7for various activities like anti stress, tonic, antimicrobial and immunostimulant . Some plants 

are found to have natural affects for example, tonics, antiparasitic, antibacterial, stimulant, 
8carminative, antifungal, antimicrobial and antiseptic . Recently in aquaculture numerous 

medicinal plant extract have been tested in good results for the growth of fishes. Therefore, in the 

present study an attempt was made to evaluate the supplementation of selected plant leaves as 

growth promoter.

Materials and Methods 

An investigation was carried out in our laboratory to evaluate the effect of formulated feed on the 

growth of Tilapia fish (Oreochromis mossambicus). The materials and methods used for the 

present study are described under the following headings.

Collection and Acclimatation of Experimental Animal

The experimental animal selected for present study was tilapia fish (Oreochromis 

mossambicus).The fish was collected from Aliyar dam near Pollachi were acclimatized to fresh 

water condition for 2-3 weeks in laboratory. Care was taken to avoid contamination.

Collection of plants 

Fresh leaves of Coleus aromaticus and Solanum verbasifolium were collected.

Preparation of plant powder 

Fresh leaves of selected plants were collected, washed, shed dried and ground into fine powders 

and used for preparation of feed.

Preparation of fish feed 

Fish feed were prepared by adding equal proportions of soya bean powder, wheat flour and 

coconut oil cake in the ratio of 1:1:1 and corn flour as a binder. These substances were mixed thoroughly 

with hot water and it was boiled for 25-30 minutes and then cooled at room temperature for 30 minutes and 
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the multi vitamin and mineral tablets were added and pellets were prepared by using domestic appliances 

with 0.5mm diameter. It was dried as a small pellet by keeping in the sun. Five experimental diets were 

prepared by adding 5 grams of plant powders were added separately and the feed without plant powder 

was kept as control (Table.1).

Experimental Set Up 

The laboratory experiment was laid in completely randomized design (CRD). Three replications 

from each concentration and control were maintained simultaneously. The experiment was 

conducted using 15 liter plastic troughs. The troughs were stocked with 5 fishes with mean initial 

body weight of 5grams in uniform size. The fishes were starved for a night prior to the 

experiment. The experiment was conducted for 45 days and the fishes were fed with experimental 

diets. The medium was changed daily in order to remove the faecal and unconsumed wastes.

Growth Parameters  

After 45 days feeding trail the following observations were recorded for each treatment and 

control every 15 days once.

1. Weight Growth Rate (gm/day) = Final weight of the fish – Initial weight of the fish/No. of days                                            

2. Specific growth rate (%/day) = (Final weight of the fish – Initial weight of the fish/ No. of. 

Days) x100

3. Total feed consumed (gm/day) = (Weight of the dry feed given – Dry weight of the unconsumed 

feed) x100

4. Feed efficiency ratio (gm/day)    =   (Average total weight gain/ Total dry feed weight) x 100

5. Protein efficiency ratio (gm/day) = W weight Gain (gm)/ protein intake) x No. of fish 

6. Survival rate (%/day) = final no. of fish – initial no. of fish/100

Statistical Analysis

The data on growth parameters were transformed into arc sine values before subjecting into 
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ANOVA. To find out the significance of comparative efficacy of different leaf extract on weight, 

specific growth rate, total feed consumed, feed efficiency ratio, protein efficiency ratio and 

survival rate. One way analysis of variance was used. Mean differences of each variable were 

further analyzed using least significant differences.

Results and Discussion

The growth parameters using plant powder feed on weight, specific growth rate, feed efficiency 

ratio, total feed consumed, protein efficiency ratio and survival rate of Oreochromis 

mossambicus were described below. The statistical analysis of the data revealed highly 
thsignificant between the control and different treatments. After 45  day of observation, 

supplemented feed showed maximum increase in all the parameters (Table 2.).

This study indicated that the appetite of hybrid Tilapia is influenced by the concentration of feed 

attractants. The inclusion of leaf extract in the experimental diet resulted in improvement in body weight 

gain, length gain and specific growth rate. This result suggests that hybrid Tilapia was chemo reaction as 

well as olfaction to detect and select its feed. This pattern is similar to that observed by several researchers 

reported that appetite is a good criterion for testing effectiveness of feed attractants 9,10,11. Coleus 

aromaticus belongs to family Lamiaceae is known as a must have plant in medicinal herb garden. The 

plant is well known for its antimicrobial and pharmacological activities. It is also reported to possess 

antioxidants and food additive property.

Table 2.  Effect of supplemented feed on growth parameters after 45 DaysIt is a good source of 

nutritious compounds and can be used as food supplement. It consists of methanolic extract 
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which act mainly as an antibacterial form of activity. It is considered to be immunostimulant and a 

growth promoter.

Conclusion

The results of present study indicate that inclusion of plant ingredients in the fish feed results in 

superior growth performance compared to control feed. The formulation of plant based diets for 

fishes will provide new opportunities for regionally available plant materials in fish feed use.
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Abstract

Female mice are able to discriminate the social status of males based on the pheromone content of the urine. We 

tested whether this ability of female mice is innate or whether it develops through learning during contact with the 

male urine. Further we tested the ability for transitive inference of the mice by pairing the male urine with odorous 

edible oil.  The results showed that without prior contact with male urine, virgin females were able to discriminate 

urine of dominant male from that of the subordinate male and thus, it is an innate ability of female mice. It was 

found that virgin females exhibit significant preference to the odour of oil paired with the dominant male urine as 

compared with that of the odour of the oil paired with the subordinate male urine.  The preference shown by virgin 

females to the oil associated with dominant male urine was not significantly different from response shown to the 

urine of dominant male urine. The present study shows that the virgin female mice are able to transfer the value of 

dominant male urine to odour of the edible oil through associative memory. It was found that this associative 

memory lasts for two oestrous cycles and then fades off.  

Keywords: Keywords: Dominant male urine, subordinate male urine, pheromone, olfactory discrimination, transitive inference

Introduction

Olfactory information is essential for a wide range of mouse behaviors, including navigating, foraging, 
1,2,3,4,5,6avoiding predators, kin recognition, bond formation, mate selection, sexual and parental behaviors . 

7The onset of estrus and successful fetal implantation in female mice are both modulated by male odors . 
8Mice have the ability to discriminate conspecifics that differ in MHC odor type  and can determine 

whether others of their species are infected by viruses or parasites, presumably a skill useful in selecting a 
9,10healthy mate . Females of several species of mammals exhibit preference for dominant male and 

olfactory signals have been shown to be involved in this type of identification in hamsters, lemmings, mice 
11and European rabbits . In common with many species, male house mice advertise their location, 

successful territory ownership and dominance through scent marks continually deposited around their 
12defended territory . Such social odors are typically produced in urine or secreted from scent glands 

13,14,15,16distributed over the body. Both volatile and nonvolatile cues are known to be produced . Olfactory 

memory refers to the recollection of odors. Studies have found various characteristics of common odor 

memory including persistence and high resistance to interference.  Recently several tests have been 
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17,18,19,20adapted to assess olfactory memory in mice . Among different laboratory tasks used to investigate 

recognition memory in rats and mice, the social recognition/social discrimination task has several 

advantages. For instance, this task does not require the application of additional stimuli in order to provoke 
21,22the behavioral response used as an index for the memory performance . More specifically, the task takes 

advantage of the innate drive of an adult animal to investigate nonfamiliar over familiar conspecifics. Both 

rats and mice are macrosmates for which store and recall of information acquired by olfaction and this is a 
23,24prerequisite for a successful interaction with the living and nonliving world . Performance on the social 

recognition/social discrimination task requires olfactory information and male mice are able to store the 
25“olfactory signature” of a given conspecific for at least 7 days . 

It has been demonstrated that female mice are able to identify its stud male based on olfactory cues and the 

presence of the stud male or its urine protects the female from alien male induced implantation failure (The 
26Bruce effect) . Further it has been shown that when implantation blocked females are re-exposed to the 

stud males the majority of the females exhibited pseudo pregnancy, indicating that the activation of the 

olfactory memory by pheromones of the stud male releases the hormones essential for the maintenance of 
27pregnancy in this species .

  

Transitive inference (TI) is a form of deductive reasoning that allows one to derive a relation between 

items that have not been explicitly compared before. In a general form, TI is the ability to deduce that if 

Item B is related to Item C and Item C is related to Item D, then Item B must be related to Item D.TI 

assumes that the animal assigns each stimulus with a value. The stimulus gets its own value, independent 

of the other stimuli. According to the theory of value transfer, in any simultaneous discrimination task, 

some of the value associated with the S+ is transferred to the accompanying S- The value transfer theory, 
28predicts that the animal solves the TI task by assessing the value of the items being presented . These 

values are acquired through training. The positive value of an item is transferred to the other item with 
29which it is being presented . Previous studies on mice have reported mixed results on whether this species 

30 31is capable of associative inference ,  and one study has reported that mice show transitive inference in the 
32hierarchical series variant of the task . 

The present study is designed to evaluate the ability of the oestrous female to discriminate the social status 

(dominant/ subordinate) of the male through pheromones present in the urine and whether the  female is 
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able to transfer the value of information they gained to any other substances through associative memory 

and transitive inference.

Materials and Methods

All studies were conducted in Balb/c mice purchased from Veterinary College, Mannuthy, Trissur, Kerala. 
oAnimals were housed under standard laboratory conditions of constant temperature of 23 C; 12:12 reverse 

light/dark cycle (lights on at 5 p.m.) and food and water were provided ad lib. Estrous cycle of female mice 

was assessed using standard vaginal smear method. Selected females were grouped into four, GP I, GP II, 

GP III and GP IV. Discrimination test was done in the first three sets. Associative memory test was 
thconducted in the remaining GP IV. There were 3 mice in each group except the IV  group which had 8 

mice. All tests were done during the estrous day (cornified+leucocyte cells in the smear) of females.  

Study of the estrous cycle by examination of the vaginal smear

Stages of oestrous cycle of the mice are reflected in the changes in appearance and composition vaginal 

cells. The oestrous cycle of the animal can very easily be determined by examining the vaginal cells under 

a microscope. Vaginal smears are obtained by gentle scraping of the dorsal wall of the vagina with a steel 

spatula with smooth edges. The female is held in head down position and the tip of the spatula moistened 

with water is introduced into the vagina and the vaginal wall is gently scraped to obtain the smear. The 

technique will not cause any injury to the vagina or cervix. A small sample of the cells from the vaginal 

epithelium was spread on a clean glass slide, dried and examined without staining under a microscope. 

The approximate proportion of each cell type in the smear was recorded.

Y-maze Tests for olfactory discrimination

Dominant and subordinate status of the male mice is determined through a dyadic encounter across a 

Plexiglas partition. Male showing higher aggressive behaviour indicated by higher frequency of 

aggressive postures and tail rattling is assumed to be the dominant male.

The maze consisted of a Plexiglas box (120 x 90 x30cm) plus two goal boxes and one start box (45 x30 x 

30cm).  A Plexiglas triangle at one end of the box divided it into a Y-shaped maze. The top edges of the Y-

maze were covered with Plexiglas panels. Stimuli were placed in goal boxes, separated from the rest of the 

maze by perforated, opaque doors. The maze and start box were washed with a dilute soap solution and 

70% ethanol between subjects.  

Prior to the experiment, subjects were placed in the empty Y-maze for five min to familiarize them with the 

apparatus. Each testing session began by placing the subject in the start box for 30 seconds and then raising 

the door, allowing the animal to approach a goal box (free trial). A choice was recorded when the subject 

touches one of the goal box doors with her nose or front paw and the time spent near the goal box and 

latency to approach the goal box was recorded. If the subject failed to make a choice within 120s, it was 
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returned to the start box and the trial was repeated.

After completion of a free trial, the subject was placed back into the start box, the arm of the Y-maze 

leading to the previously chosen goal box was blocked off using a wooden block and the start box door was 

raised, forcing the animal to approach the goal box not chosen on the previous trial (guided trial). In this 

way subjects were reminded of which stimulus lay behind each goal box door. Each day's testing session 

consisted of eight free trials alternating with seven guided trials. The locations of the stimuli were 

alternated on each test. The tests were done as follows; 

Discrimination test

GP I     – Urine of dominant male/ Urine of subordinate male (D/S)

GP II    – Urine of dominant male + Groundnut oil/ Urine of subordinate male + Gingili oil  

               (D+GN/S+GG)

GP II a – Groundnut oil/ Gingili oil (GN/GG)

GP III   – Urine of dominant male+ Gingili oil/ Urine of subordinate male+ Groundnut oil 

               (D+GG/S+GN)                

GP III a - Gingili oil/ Groundnut oil (GG/GN)

GP IV   - Urine of Dominant male+ Groundnut oil/ Urine of Subordinate male + Gingili oil         

(D+GN/S+GG

 GP IV a- Groundnut oil/ Gingili oil (GN/ GG)

  GP IV b- GN/GG 

 GP IV c- GN/ GG

 GP IV d- GN/GG

Virgin female mice of 30-32g body weight were tested for their preference to approach Y-maze goal boxes 

containing the stimulus (Fig.1). In GPI the preference of the subjects to urine of dominant/subordinate 

male urine is tested. In GII one drop of the urine of dominant male was paired with ground nut oil and urine 

of the subordinate male was paired with gingili oil and tested their preference. One drop of male urine 

(Dominant/subordinate male) is placed on one end of a glass slide and one drop of oil was placed on the 

other side to avoid mixing up. In order to test the associative memory and value transfer ability  of the 

females GP II were exposed to one drop of ground nut oil/gingili oil  and tested their preference (GPII a). It 

is assumed that if the animal is able to associate the smell of the oil with that of the male urine paired with 

it, the subjects will exhibit preference to the respective oil in the absence of the urine of the male. To rule 

out the possibility of any natural preference of the animals to the oil, in GP III,  urine of dominant male is 

paired with  gingili oil and the urine of the subordinate male is paired with ground nut oil (D+GG/S+GN) 

and tested the preference of the subjects. In GP IIIa the same subjects were exposed to oil alone and their 
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preference is tested. Frequency of visits to the stimuli, latency to approach the stimuli and the time spent 

near the stimuli were recorded. Proportion of equality test was used to assess statistical significance of the 

preference of the female mice.

Fig.1.Test for duration of  associative memory

The eight mice in the GP IV were initially exposed to the urine of Dominant male+ Groundnut oil/ urine of 

Subordinate male+ Gingili oil and tested their preference. All tests were conducted during the oestrous day 

of the female mice in a Y maze, as explained earlier. They were then divided into four sub groups (GP IV a, 

GP IV b, GP IV c and GP IV d) consisting of two mice in each group. In order to test the duration of 

associative memory of the four subgroups, olfactory preference of the subjects were tested by presenting 

only oil, in the absence of male urine. Test was done 6 days after first exposure in the case of GP IV a. In GP 
thIV b, the experiment was done on the 12  day, leaving one oestrous day in between. In GP IV c, test was 

th done on the 18 day after leaving two consecutive oestrous days without experiment.  In GP IV d, the test 
thwas done after leaving three consecutive oestrous days without test ie., on 24  day after the first exposure. 

Here also the frequency of visits, latency to reach the stimuli, and the time spent by the subjects near the 

stimuli during the free trials were noted. Proportion of equality test was done to analyse the statistical 

significance. 

Result and Discussion

The results demonstrate that given a choice between urine of dominant and subordinate male, virgin 

female mice preferred the urine of dominant male. This is indicated by the fact that the frequency of visit of 

the female and time spent near the stimulus containing the urine of dominant male was significantly higher 
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than that of the stimulus containing urine of subordinate male (Fig.2and 4) and the latency to reach the 

preferred stimuli was lower in all cases (Fig. 3). It is evident that virgin female is able to discriminate 

dominant male urine from that of the subordinate male and exhibited preference to it. Individual 

recognition is very crucial among social species in which each member depends on the identity of the 

other. It is suggested that one of the important functions of vertebrate pheromones is to designate the 
33identity of the emitter . These urinary scents provide a broad range of individual-specific information on a 

male's genetic compatibility and quality that is used by female mice in mate selection, influencing the 
34,35relative attractiveness of individual males and their scents . Female mice range over several male 

territories under natural conditions, strongly preferring to mate with dominant territory owners, and 
36,37,38approach selected males when ready to mate . In Syrian hamsters given a choice between dominant 

39and subordinate males the females always preferred the dominant male . In the house mouse (Mus 

musculus), where females were allowed free movement between confined dominant and subordinate 

males, they accepted more intromissions and ejaculations from the dominant than from the subordinate 
40males . In mice it has been shown that difference in the H-2 major histocompatibility locus and Tla 

41regions of chromosome 17 is the basis for the individual odour difference . Laboratory evidences suggest 

that female house mice choose males based on variation in traits such as the major histocompatibility locus 
42,43,44,45and t alleles . 

Fig. 2. Showing the frequency of visits by the female mice towards the stimuli during free trials.Fig.
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Fig. 3. Showing the time taken by the female mice to reach the stimuli during free trials. 

Fig. 4. Showing the time spent by the female mice near the stimuli during free trials 

(The table value for proportion of equality test is 1.645 and if we get values greater than table value means 

that the proportions are not equal and has significant variation. If the calculated values are lower or equal 

to table value means that the proportions are equal or has no significant variation. Calculated values for 

fig.2, GP I=5.55, GP II=4.38, GP II a=7.385, GP III=5.55 and GP III a=7.385, for fig.3, GP I=1.88, GP 

II=1.94, GP II a=1.94, GP III=2.08 and GP III a=2.04 and for fig.4, GP I=2.86, GP II=2.88,   GP II a=2.72, 
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GP III=2.73 and GP III a=2.76. The result shows that all values are greater than the table value means that 

proportions are not equal and have significant variation).  

The present study shows that naive oestrous females always preferred dominant male urine and its 

associated stimuli, edible oil to that of the subordinate male and also take lesser time to reach the preferred 

stimuli. Likewise, time spent near the goal post presented with the urine of dominant male or oil associated 

the urine of  dominant male indicates that the female associates the smell of the edible oil with olfactory 

signals emanating from the dominant male urine. The discrimination tests revealed that, preference 

towards groundnut oil or gingili oil is based on their association with the urine of dominant male and not 

depended on the quality of the oil (Fig. 2, 3 and 4).

Fig. 5. Showing the frequency of visits by the female mice towards the stimuli during free trials.
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(Table value is 1.645. Calculated values for fig.5, GP IV=4.53, GP IV a=7.2295, GP IV b=2.31, GP IV 

c=0.5039 and GP IV d=.0.5039. Result shows that there is significant variation in the proportions of 

GP IV, GP IV a and GP IV b but variation in the proportions are not significant in the case of GP IV c 

and GP IV d. For fig.6, GP IV=2.07, GP IV a=1.99, GP IV b=2.17, GP IV c=0.21 and GP IV d=0.18 

indicates that GP IV c and GP IV d shows insignificant variation in their proportions but others shows 

significant variation in their proportions. For fig.7, GP IV=2.93, GP IV a=3.13, GP IV b=2.81, GP IV 

c=0.12 and GP IV d=0.09 shows that variation in the proportions are not significant in GP IV c and GP 

IV d but significant in the remaining groups).

The test for the duration of retention of associative olfactory memory shows that the female preferred the 

smell of the edible oil associated with the dominant male urine till the end of second oestorus cycle (about 

12-18 days). The sub groups of GP IV (Fig. 5,6 and 7) showed that, from the third oestrous day onwards, 

there is no significant difference in the frequency of visits, and duration of time spent near the associated 

oil of urine of both males. Moreover, there is no significant difference in the latency to reach the stimuli 

from the third oestrous day onwards, indicating that the olfactory memory of the female mice is higher 

during the early days of exposure and decrease significantly as the time passes on. The results indicate that 

female mice retains the memory of the urine of dominant male and the associated oil, only up to the third 

oestrous day.   

     

Selecting dominant male as the mate provides several advantages to the female. In wild baboons (Papio 
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ursinus) the age structure of MHC-DRB heterozygosity suggested higher longevity for heterozygotes, 
46which should favour preferences for MHC dissimilarity . It has been shown that female house mice 

accrue viability benefits for their offspring when they mate with males they prefer versus with males they 
47 48do not prefer . In another study in deer mice, Peromyscus maniculatus,  has shown that through four 

generations, the sons of dominant males generally were dominant to the sons of subordinate males. 

It is interesting to note that the female mice have the ability to form associative memory of olfactory 

signals of the edible oil paired with the male urine and exhibit differential response to the oil paired with 

male urine even in the absence of male urine. It has been shown that neonatal mice, as young as 3 days old 

exhibit associative learning ability and learned preference for the conditioned odorant over a novel control 

odorant after removal of the dam from the home cage for 2 h, pre-`weanling CD-1 mice of ages 3, 5, and 10 
49days postnatal . One of the interesting findings of the present study is that odour of edible oils can be 

conditioned by pairing with biologically important olfactory signal of urinary pheromone from a male and 

through this learned association; same odour can elicit situation specific and appropriate behavioural 

responses. Further studies are needed to elucidate the role of associative memory in individual recognition 

and mate choice in mammals.
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Abstract

The success of chemotherapy lies in the continuous search for new drugs to counter the challenge posed by 

resistant strains. Aristolochia indica L. is an important medicinal plant belonging to the family Aristolochiaceae. 

In this experiment hexane, petroleum ether, chloroform, acetone and methanol extracts of Aristolochia indica L. 

were investigated for in vitro antimicrobial activity against pathogens namely, Pseudomonas aeruginosa 

,Escherichia coli and Serratia marcessens by disc diffusion method. The extracts showed antimicrobial activity 

against these bacteria. Secondary metabolites are responsible for different medicinal activity in plants. Hence in 

the present study phytochemical screening of hexane, petroleum ether, chloroform, acetone and methanol 

extracts of Aristolochia indica leaves were carried out. Qualitative phytochemical analysis revealed the presence 

or absence of various phytochemicals such as alkaloids, flavonoids, aminoacids, glycosides, terpenoids, 

anthroquinones, steroids, and saponins from various solvent extracts. The phytochemical analysis is very 

important commercially as well as it has great interest in pharmaceutical companies for the production of the new 

drugs for curing of various diseases. It is expected that the important phytochemical properties recognized by our 

study in Aristolochia indica will be very useful in curing of various diseases. 

Key words: Aristolochia indica L., antibacterial activity, phytochemical analysis, secondary metabolites.

Introduction

Aristolochia indica is a creeper plant belonging to the family Aristolochiaceae. The plant is traditionally 

acknowledged as a divine herb which can fight against any poisonous bite. It reaches a height of several 

meters on trees and covers the branches with thick foliage. It flowers once a year to produce seeds. It can 

also be propagated by roots. The plant has a number of historical medicinal uses. Various Aristolochia 
1species have been used traditionally for the treatment of snakebite , leprosy, cough, diarrhea, fever, 

2festering wounds, tumors and they remain in use particularly in Chinese herbal medicine . A significant 
3amount of research have been reported involving different species of Aristolochia viz. A. bracteolata , 

4 5 6 6 7 8A.cymbifera , A. chamissonis , A.cucurbitifolia . A. elegans , A. fimbriata , A. indica  etc. Aristolochia 
9indica was used by the tribes like Siddis and Gowlis for the treatment of skin diseases . 

This plant contains aristolochic acid which is reported to possess various biological activities such as 
10antibacterial, anti-inflammatory, anti-tumor and antiviral activities . The present study aims to analyze 

the antibacterial efficacy of this plant. Identification of antibacterial property in plants gives additional 
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source for antibacterial compounds. Confirmation of antibacterial property in plants leads to isolation and 

purification of the bioactive principles present in the plant. Antibacterial activity is due to the presence of 

various secondary metabolites in the plants. Secondary metabolites are chemical compound (flavanoids, 

alkaloids, terpenoids, quinines, saponins etc.) synthesized by plants. The phytochemical screening of 

A.bracteata revealed the presence of alkaloids, triterpenoids, steroids and sterols, flavonoids, saponin, 
11phytosterols, carbohydrates, proteins, phenolic compounds and cardio glycosides .

In the present work was aimed to carry out the antibacterial activity of Aristolochia indica against 

pathogenic bacteria using disc diffusion method and to identify the secondary metabolites present in the 

leaf extracts.

Materials and Methods

Collection of the plant sample & preparation of extracts 

Freshly collected samples of Aristolochia indica leaves from the Mercy College campus were washed 2-3 

times with water followed by distilled water and shade dried. The dried leaves were pulverized by 

mechanical grinder to get the powder through 100-mesh sieve and then stored in a refrigerator. The shade 

dried powdered plant material (250g) was extracted first with hexane, petroleum ether, acetone, methanol 

using a soxhlet apparatus. Then the extract was evaporated to remove the excess solvent. 

Bacterial strains tested 

The test organisms were collected from the culture collection of the Institute of Microbial Technology 

(IMTECH), Chandigarh, India. Pseudomonas aeruginosa, Escherichia coli, Serratia marcessens was the 
12 0bacterial strains tested. The bacteria were sub cultured on nutrient agar slants , incubated at   37 C for 24 

0h. and stored at 4 C in the refrigerator for further experiments. The cultures were maintained by periodic 
 0subculture in nutrient agar slants. The nutrient broth cultures of the bacterial strains, grown at 37 C 

incubation conditions for approximately 3 to 4 hours were used as the inocula. 

In vitro antibacterial assay  

Antibacterial activity of the extracts of Aristolochia indica was evaluated using the disc diffusion method 

and determination of Minimum Inhibitory Concentration. The procedure adopted is that of Barry and 
9Thornsberry . Muller Hinton agar medium was used for the disc diffusion method. Dehydrated medium 

supplied by Hi Media Laboratories Ltd. Bombay was used for these tests. 
5To initiate bacterial culture for antibacterial screening, the bacteria (1 ml bacterial broth of 10  cells) were 

swabbed with sterile cotton swab on the sterile medium in the petridish, already prepared and kept, under 

the aseptic conditions of the inoculation chamber. Blank sterile discs (Hi- media Laboratory Pvt. Ltd. 

Bombay) of 6 mm diameter were used in the study. Each disc was impregnated with 25 µl of the extract 
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solution containing about 100-500µg (0.1-0.5 mg) of plant extract. For each set of experiments, controls 

were maintained where pure solvents were used instead of the extracts.

Streptomycin discs (25µg/disc)) were used as negative control so as to compare the degree of inhibition 

exhibited by the extracts. The dried discs were carefully placed over the spread cultures. The cultures were 
0incubated overnight at 37 C. On completion of the required period of incubation, the plates were examined 

for the presence of zone of inhibition. The result was obtained by measuring the zone diameter. The 

experiment was done three times. 

Qualitative phytochemical analysis of leaf extracts

The condensed extracts of different solvents were used for preliminary phytochemical screening using 
13, 14standard procedures to test the presence of bioactive compounds .

Test for alkaloids

2 ml of HCl was added to 5ml of the extract. To this acidic medium, 1 ml of Dragendroff's reagent was 

added. An orange or red precipitate produced immediately indicates the presence of alkaloids.  

Test for flavonoids

To 1 ml of the extract, a few drops of dilute sodium hydroxide was added. An intense yellow colour was 

produced in the plant extract, which become colourless on addition of a few drops of dilute acid indicates 

the presence of flavonoids.

Test for amino acids

1ml of the extract was treated with few drops of Ninhydrin reagent. Appearance of purple colour shows the 

presence of amino acids. 

Test for glycosides

The extract was hydrolysed with HCl for few hours on a water bath. To the hydrolysate,1ml of pyridine 

was added and a few drops of sodium nitro prusside solution was added and then it was made alkaline with 

sodium hydroxide solution. Appearance of pink to red colour shows the presence of glycosides. 

Test for terpenoids

An amount of 0.8 g of the sample was taken in a test tube, then 10 ml of methanol was added to it, shaken 

well and filtered to take 5 ml extract of plant sample. Then 2 ml of chloroform were mixed with the extracts 

and 3 ml of sulphuric acid was added. Formation of reddish brown color indicates the presence of 

terpenoids.

Test for anthraquinones

5ml of the extract solution was hydrolysed with diluted conc. H SO  extracted with benzene. 1 ml of dilute 2 4

ammonia was added to it. Rose pink coloration suggested the positive response for anthraquinones.
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Test for steroids

1 ml of the extracts were dissolved in 10 ml of chloroform and equal volume of conc. H SO  was added by 2 4

sides of the test tube. The upper layer turns red and H SO  layer showed yellow with green fluorescence. 2 4

This indicated the presence of steroids. 

Test for saponins

The extract was diluted with 20 ml of distilled water and it was agitated in a graduated cylinder for15 

minutes. The formation of 1cm layer of foam showed the presence of saponins. 

Results and Discussion

When the different extracts of Aristolochia indica namely hexane, chloroform, acetone and methanol 

where tested against the pathogenic bacterial strains of Pseudomonas aeuroginosa, E. coli and Serratia 

marcessens, it indicated the presence of antibacterial activity. The activity of the extracts were compared 

with that of the standard antibiotic streptomycin and the results were found to be rather comparable with 

the activity of antibiotic disc as it was used as negative control. The results showed that maximum zone of 

inhibition was noted in the hexane and chloroform extracts against E.coli bacterial strain followed by 

hexane and chloroform extracts against Pseudomonas aeuroginosa bacterial strain. The next maximum 

zone of inhibition was shown by acetone and methanol extracts against E.coli bacterial strain (Table1). 

Table1. Antibacterial activity of leaf extracts of Aristolocha indica

Further the preliminary phytochemical analysis of hexane, petroleum ether, chloroform, acetone and 

methanol extracts of Aristolochia indica leaves have revealed the presence of various bioactive 

compounds such as alkaloids, glycosides, terpenoids, anthroquinones, steroids, and saponins. At the same 

Table2. Phytochemical analysis of leaf extracts of Aristolochia indica  
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time it also revealed the absence of flavonoids and aminoacids in all the extracts. Glycosides were present 

in all the extracts whereas terpenoids were found to be absent in chloroform and acetone extracts. 

Alkaloids were present in the petroleum ether, acetone and methanol extracts. Anthraquinones were 

absent in hexane and chloroform extracts. Steroids were present in all extracts except chloroform. 

Saponins were found to be present in only acetone and methanol extracts (Table 2). 

The results in our study showed that hexane and chloroform leaf extract of Aristolochia indica exhibited 

bioactive potentiality against the bacteria Escherichia coli. In the present study the observations 

highlighting the medicinal importance of this plant as a rich source of antibacterial compounds. The 

results obtained in this study also suggest that the identified phytochemical compounds may be the 

bioactive constituents responsible for the efficacy of the leaves of the plant studied. Hence it could be 

inferred that the plant extracts could be a source for the industrial manufacture of drugs useful in the 

chemotherapy of some microbial infection.
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Abstract

Anacardium occidentale L. belongs to Anacardiaceae is popularly known as the cashew tree. Invertase, the 

enzyme involved in the breakdown of sucrose to glucose and fructose. Invertase was purified from mature resting 

cotyledons of Anacardium occidentale using ammonium sulphate precipitation and Sephadex G-200 column 

st th th th th thchromatography. The fractions were stored in refrigerator and assayed on 1 , 10  ,20  ,25  ,35   and 40  days. 

Stability and retention of enzyme activity of invertase from A. occidentale.L is good under storage conditions up 

to 35 days of storage.

Key words: Anacardium occidentale L., invertase, stability, enzyme purification.

Introduction

Anacardium occidentale L. (Anacardiaceae) commonly called as the cashew tree is one of the popular 

crop trees found in Kerala. Invertase is an enzyme that catalyses the hydrolysis of sucrose to glucose and 
1, 2 , 3fructose. The nature and properties of invertase has been described.  Invertases could be distinguished 

into the following classes: those with pH optima in the range of 3.5-5.1are  called acid invertases, those 

with pH optima in the range of 7.0-7.8 are called alkaline invertases and neutral invertases with pH optima 
4 5around 6.0- 7.0. Study on invertase has been carried out in different plants such as Sugarbeet , Sugarcane , 

6 7 8 9Potato  ,Maize , Tomato , and Coconut . Invertase is important during seed germination as it mobilizes 

stored sucrose to glucose and fructose required by the germinating tissue. The seed is derived from the 

fertilized ovule. It has testa, perisperm and embryo. The embryo consists of embryo axis and cotyledons. 
10In cotyledons of non-endospermic seeds are bulkier and count over 90% of seed mass .  Invertases show a 

11maximum storage life of 20 days . The aim of the present study is to purify invertase from mature resting 

cotyledons in A. occidentale L. and find out the stability under storage conditions.

Materials and Methods

Mature resting seeds were collected from a single tree during March-April season of the year to ensure 

uniformity. To ensure uniformity of maturity, the seeds were collected when cashew apple was fully ripe 

and either dropped off from the tree or were manually plucked. After removing the pseudo fruit, seeds 

were washed thoroughly under tap water and completely wiped free of water and sun-dried for three days. 

Dried seeds were kept in closed containers, with silica gel packets to prevent humidity during storage. 

Seeds of nearly uniform size and weight were used for the present study; abnormal sand deformed seeds 

were discarded.
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The whole seed was weighed before each analysis using Shimadzu ELB300 electronic balance. The seeds 

were cut open longitudinally and the cotyledons were scooped out of the shell using stainless scalpel 

blade. The adhering seed coats as well as the embryonic axis were carefully separated from the cotyledons. 

After blotting between the folds of filter paper to remove adhering water, the cotyledonary tissue was cut 

into small pieces and randomized. The weighed samples were kept frozen and used on the same day for the 

experiment.

Homogenate (10% w/v) was prepared by grinding the cotyledons using chilled mortar and pestle. During 

grinding the mortar was kept surrounded with crushed ice. Glass powder was used as abrasive. The 

homogenizing medium employed 20mM citrate phosphate buffer with pH 7.2, 5mM each of 2-

Mercaptoethanol and EDTA. The homogenate (10% w/v) was centrifuged in Plastocrafts Rota 4R-V/FM 
Oat 11,200 x g for 20 minutes at 4 C and the supernatant was used for purification. Ammonium sulphate 

concentration was first brought to 25%. The suspension was kept in ice for 30 minutes for flocculation. 

Centrifugation of flocculated homogenate was carried at 13200x g for 30 minutes.The precipitate 

(Fraction I) was suspended in a cold medium containing  Citrate-phoshpate buffer pH 7.6, 2mM EDTA, 

2mM 2- Mercaptoethanol and stored in ice. The supernatant was brought to 55% ammonium sulphate 

concentration for precipitation to obtain Fraction II. Fraction III was obtained by 100% saturation of 

ammonium sulphate. All three fractions were assayed for enzyme activity as per methods standardized 
12earlier . The active fraction was kept for overnight dialysis followed by Sephadex G-200 column 

ochromatography in a cold-room at 4  C. The first 18 ml of effluent was discarded as 'void volume”. 

Following this 15 fractions of 4ml each were collected in tubes and tested for enzyme activity. The assay 

system consisted 0.6ml 200mM McIlvaine's buffer (pH 7.6), 0.2ml 500mM Sucrose, and 0.2ml enzyme. 

At the end of 30 minutes incubation, the reaction was stopped and colour was developed according to the 
13 th th thmethod of Somogyi(1952) . The assays were repeated on 10th, 20 , 25  and 35  days after purification to 

study the stability of the enzyme under storage.

After the enzyme assay protein estimation was followed. The protein estimation was carried out according 

to Lowry et al (1951) as modified by Khanna et al (1969). Proteins were precipitated using trichloroacetic 

acid (TCA) at a final concentration of 5% (w/v) The tubes were kept in ice for a period of 30 minutes, to 

flocculate the protein precipitate and centrifuged for 5 minutes, at room temperature. The supernatant was 

discarded and the residue was washed twice with 2% TCA. After centrifugation, the residue was washed 

with diethyl ether to remove lipids, as the seed had rich lipid content, followed by washing once with 

anhydrous acetone the final washing was done with 80% acetone. The residue obtained was suspended 

0.1N NaOH and the tubes were heated in a bath of boiling water for 5 to 10 minutes. After cooling under 

tap water, the tubes were centrifuged and the aliquots from the supernatant were taken for colorimetry, 
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using Folin-Ciocalteu phenol reagent. Bovine serum albumin (BSA, 100µg/ml) was used as standard. 

Results and Discussion

Ammonium sulphate Fraction II showed highest enzyme activity (Table.1). In Sephadex G -200 

purification process, fractions II, III and IV had enzyme activity of which Fraction III had highest enzyme 

Table 1:  Ammonium sulphate fractionation of invertase from the mature resting seeds of

 A. occidentale L.

Fig.1. Stability of invertase under storage

oActivity  (Table. 2). The stability of invertase under storage at 4  was found good till 35 days. The enzyme 

activity declined only after 35 days of storage as shown in the figure (Fig.1). 

Table 2: Sephadex G-200 column chromatography of invertase from the cotyledons of A. occidentale

Enzymes are widely used in industrial processes. Invertase is used as a biocatalyst in sugar industry to 
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breakdown glycosidic bond in sucrose. The resulting mixture of glucose and fructose is sweeter than 
14sucrose, hence important in confectionary processing . In the present study, the stability of the purified 

invertase is found to be exceeding more than a month in storage. This may be explained from the fact 

that the enzyme was isolated from resting cotyledons of A. occidentale. L. The seeds of plants have the 
15ability to survive various conditions of adversities .  The seeds of Anacardium germinate after a few 

months of seed dispersal. It is quite evident that the enzyme isolated from the seed cotyledons of this 

plant shows higher stability under storage conditions and thereby making this enzyme gather special 

attention for industrial applications.
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Abstract

Conservation actions require a measure of biodiversity, the assessment of which is difficult even for small areas 

and therefore the search for indicators of biodiversity has emerged as an active research topic. Spiders represent 

easily measured indicators of environmental changes and community level diversity. In this article, we provide 

qualitative and quantitative data on the spider assemblages in Mar Thoma College Campus which includes a 

preliminary checklist, alpha diversity, beta diversity across three microhabitats, response of spider assemblages 

to selected ecological parameters and guild information. Sampling, collection and preservation of specimens and 

data analysis was done during the period of March to June 2009 following standard protocols. Thirty seven 

species of spiders were recorded of which, three were unidentified. This is about 9% of Kerala's spider diversity. 

Eleven families (Araneidae, Clubionidae, Hersilidae, Lycosidae, Oxyopidae, Psecheridae, Salticidae, 

Sparassidae, Tetragnathidae Theridiidae and Pholcidae) were present in the study area which is 18.64% of 

documented spider families from India. Araneidae and Salticidae were most dominant and diverse. Guild 

structure analysis revealed seven feeding guilds. The three habitats (walls, arboreal and litter) showed minimum 

species turnover. Maximum species richness was found in the arboreal habitat followed by walls whereas 

maximum individuals were found in the walls followed by arboreal habitat. Both species diversity (S) and 

abundance (N) was higher in mornings than evenings. As rains increased both diversity and abundance decreased. 

This study highlights the promising potential in studying the ecological aspects of spider communities in a human 

inhabited environment offering complex and derived niches.

Key words: Spider, diversity, conservation, urban habitats, indicator species.

IntroductionThe conservation of biodiversity has gained prominence in ecological research for the last 

decades. Conservation actions require a measure of biodiversity such as species richness, but its 

assessment is very difficult even for small areas and therefore the search for surrogates (i.e. indicators) of 
1biodiversity have emerged as an active research topic .

Spiders represent easily measured indicators of environmental changes and community level diversity, 
2being exclusively predatory  and can be located with minimum effort as they are an abundant and 

widespread group of polyphagous predators in ephemeral and disturbed habitats, including cultivated 
3land . Studies have shown that spiders can categorize environmental conditions in habitats such as distinct 
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plant architecture, litter depth and complexity2,4,5,6. Thus spiders can be considered as a reliable 

environmental indicator7,8. 

While there are many recent studies on Arachnids from Kerala and Western Ghats9,10,11,12,13  most of 

these studies have focused on specialized ecosystems and neglected the varied microhabitats available in 

and around human habitations. Since in-depth studies on spiders and their ecology have not been 

conducted it is almost impossible to formulate scientific management and conservation plans for spiders 

in urbanized environments or even utilize spiders as ecological indicators.

In this paper, we provide qualitative and quantitative data on the spider assemblages in Mar Thoma 

College Campus which includes a preliminary checklist, alpha diversity, comparison of diversity across 

three microhabitats (beta diversity), response of spider assemblages to selected ecological parameters and 

guild information.

Materials and Methods

Study area

The study area was the 15 acre Marthoma College Campus, Thiruvalla and included the nearby. Principal's 

quarters, Old Hostel, Canteen and Store sections. New hostel, Arts Block and Sports' Stadium were not 

included (Fig. 1). Marthoma College is situated in Thiruvalla taluk, Pathanamthitta District, Kerala State, 

India. Temperatures range between 34.4°C and 18.5°C. Rainfall averages 304 cm. Though clear divisions 

between seasons are absent, March to May can be classified as pre-monsoon dry spell, June to October as 

South West monsoon, November to February comprises of the post monsoon dry spell though a few 

showers attributed to the North West monsoons are present.\

Fig. 1. Study Area (not to scale) 09.23.828 °N to 09.23.961 °N and 76.35.821°E to 76.35.187°E

146

Sheeba: Macrobenthic community structure in Cochin backwaters



(1- Principal's Quarter's, 2- Old Hostel (Enclosed Courtyard), 3- Old Hostel Gate,4- Canteen and Store, 5- 

College Main Gate, 6- College Main Block,7- Behind Zoology Block, 8- Behind Waiting Room, 9 and 10- 

Stadium Ground and Arts Block (Not in Study Area)

Water bodies in the study area are manmade wells and tanks. The Kuttapuzha Canal, which is the 

continuation of Kaviyoor Punja (paddy field), flows near the College campus. Many plants, both 

introduced and native are found in the study area. They have not been listed in this study but since the 

relationship between plants and spiders are not being examined here. 

Spider sampling

Sampling was done during the period of March to June 2009. The study area was visited every day during 

early morning and late evening. Time taken per visit was half an hour. There was no habitat wise restriction 

for sampling time. Spiders were collected by leading them into jars or bottles or by covering them with 

bottles. The specimens were transferred in clear polypet jars, photographed and preserved in 70% alcohol 

and labeled. Voucher specimens are at present in the Department of Zoology, Mar Thoma College, 

Thiruvalla. Spiders were identified by taking expert opinion and perusal of literature15,16,17,18 

Quantitative data was collected by time constrained visual encounter survey (VES) along randomly 

selected zigzag linear paths19.The number of each species sighted per visit was recorded along with all 

relevant details19. Temperature, presence or absence of rainfall was recorded using standard methods. 

Sunset and sun rise time was compiled from newspapers. Spider guilds (functional groups) were identified 

by perusal of literature 20, 21.

Data analysis

Appropriate statistical methods 22, 23 were adapted to analyze the various aspects of diversity. The Data 

collected was tabulated in Excel. Species richness (S) was calculated with respect to families and months. 

The number of species and genus per family was computed. To study the differences in the morning and 

evening population patterns, data from morning and evening sampling was compared using paired 

samples student t test. To test the completeness of sampling collector’s curve (cumulative number of 

species against cumulative number of individuals) was plotted.

Alpha diversity measures  (Dominance index D=?((n_i/n)^2 ),where, ni is number of individuals of taxon 

i;Shannon index H=?((n_i/n)  ln? (n_i/n) ),where, ni is number of individuals of taxon i;Margalef's richness 

index R=((S-1))/ln? (n) , where, S is the number of taxa, and n is the number of individuals and Eveneness 

(Buzas and Gibson's evenness) E2=e^(H/S),where, S is the number of taxa and H is the Shanon Index) 

were calculated.

Sorenson index [C_S= 2j/((a+b) ), where, j is the number of species recorded in both sites, a is the number 

of species recorded in Site A and b is the number of species recorded in Site B] was calculated to 
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understand the similarities between the spider communities sampled in different sites. Data collected from 

the study area was used for analyzing relationships between species abundances and selected 

environmental variables using two tailed Spearman’s correlation test. Data analysis was done using MS 

Excel 2007, PAST and SPSS 10.

Results and Discussion

Thirty seven species of spiders were recorded from the study area of which, three were unidentified. Of the 

identified 34 species, five were identified till family level, five till genus level and 24 till species level 

(Table 1). Of about 1442 species reported from India24, 37 species have been recorded from the study area 

which is about 2.57% of the documented spider diversity in India and about 9% percentage of spider 

diversity in Kerala.

Out of the 59 families24 reported from India, 11 families were present in the study area which is 18.64% of 

documented spider families from India. These are Araneidae, Clubionidae, Hersilidae, Lycosidae, 

Oxyopidae, Psecheridae, Salticidae, Sparassidae, Tetragnathidae Theridiidae and Pholcidae. The family 

Araneidae had nine species; Salticidae had eight species; Tetragnathidae had four species and Pholcidae 

had 3 species each.. Theridiidae, Lycosidae and Clubonidae had two species each. All the other families 

were represented by one species each (Fig. 2).

Fig. 2. Diversity within spider families
25,26Many previous workers  have suggested that this concentration of biodiversity is not because of any 

superior habitat quality present in the study area, but because of intensive studies in unprotected 

forests/human habitations etc. Biodiversity in man- made habitats may be richer than in undisturbed 

natural habitats because disturbance can lead to the creation of new microhabitats which about may 

sustain more species.
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The most dominant species were 

Species Carhottus vidus, Pardosa 

birmanica and Hersilia savignyi with 

35, 26, 17 individuals respectively. All 

species were found in maximum 

numbers during the month of March 

except for species Heteropoda 

venatoria and Oxyopes javanus. These 

were the only two species which were 

absent in March. Oxyopes javanus was found only in the month of June. 

The collector's curve was plotted with number of species against their respective abundances (Fig. 3). The 

species accumulation curve has not yet formed an asymptote with the x axis indicating that there are many 

more species to be sampled in the area. . Even though a plateau has not been reached the upward trend of 

the curve seems to slow down and stabilize which indicates that most of the species may have been 

sampled. It has been universally accepted by ecologists that collector's curves for invertebrates never 

reach a plateau. This is basically because of the lack of taxonomic data, inadequate sampling methods, 

human errors and fixed time intervals allotted to studies. Even if all these factors were removed it would be 

a mammoth task to locate, identify and record the enormous number of invertebrates.

Guild structure analysis of the 34 species identified till family level revealed seven feeding guilds 20, 21. 

These were orb web weavers, stalkers, ground runners, foliage hunters, irregular web builders, scattered 

line weavers and tube web spiders. Orb Web Weavers (38.24%) followed by Stalkers (26.48%) and 

Foliage Hunters (11.76%) were the dominant guilds (Fig.4).

Fig. 4. Guild structure of identified spiders in the study area
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In the three habitats studied namely, walls, arboreal (including trees till 2m height, shrubs, and associated 

places) and litter , maximum number of species were found in the arboreal habitat (19) followed by walls 

(12). The least richness was found in litter (5). In the case of abundance it was observed that maximum 

individuals were found in the walls (79) while minimum individuals were found in the arboreal habitat 

(41). Similarity between different habitats were very less when measured on a scale of 1. Maximum 

similarity was shown between walls and litter followed by walls and arboreal habitat. Arboreal habitat and 

litter habitat showed least similarity (Table 2). Species turnover between two habitats can be generally 

explained as the amount of species being exchanged between habitats. Greater the species turnover 

between habitats lesser the uniqueness of species composition in the each habitat. Also turnover is a 

biological indicator of environmental parameters in a habitat. As species will have unique abiotic 

requirements, turnover between two species will only be sustained if two habitats have similar 

environmental characters. The three habitats in the study area gave very low similarity indice values. This 

indicates minimum overlap between the three habitats and presence of different environmental conditions 

in these habitats. 

Table 2. Similarities between different habitats

Both the species diversity and number of individuals showed a steady decline from the month of March 

(when the sampling started) towards the month of June (when sampling ended). Maximum number of 

species and abundance was observed in March (S-36, N- 85) and the least values were observed in June (s= 

8, N- 17) (Figs.5 and 6).

The study shows that while diversity (S) was maximum in arboreal habitat and minimum in litter, 

abundance (N) was maximum in wall habitat but minimum in the arboreal habitat. The increase in 

diversity may be due to the heterogeneity found in the arboreal habitat. Heterogeneity factors would 

include species diversity of plants and plant spider diversity; gradients of environmental factors such as 

light, wind humidity, temperature, etc. But abundance of species in this habitat would be automatically 

less because each microhabitat would be limited in terms of space. There would be more exposure to 

predators and environmental fluctuations. Sighting efficiency of the observer too would diminish with 

variations in the background (Figs.5 and 6).
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Applying the same to litter habitat the reduced species diversity is attributed to sampling inadequacy and 

also to the homogeneity in the upper surface of the habitat. In the case of walls though there was high 

homogeneity in the overall habitat, small variations could lead to the formation of specialized niches both 

in terms of food and space. The factors attributing to such differences are  basically distance from man-

made light source and duration of the light being on, crevices in the walls; man-made microhabitats like 

wall hangings, cloth hangers, etc. There would also be more insect food especially near man made light 

sources and less exposure to predators, hence, high diversity and relatively medium abundance of species 

(Figs.5 and 6).

The alpha diversity indices calculated for different months show that the month of March had the 

maximum values for diversity indices such as Shanon's H, Evenness and Richness. Dominance was least 

in the month of March. The diversity indices declined along the gradient of months starting with March 

and ending with June while dominance increased (Table 3).  

Table 3. Alpha diversity indices

In general, the pooled values 

for different diversity indices 

indicated medium diversity 

a n d  l o w  d o m i n a n c e  

( D = 0 . 1 0 6 4 ,  H = 2 . 8 0 2 ,  

e^H/S=0.4452, R=7.156). 

General observations and 

alpha diversity indices show 

that there was more diversity during the drier months. As rains increased both diversity and abundance 
27decreased. This observation follows Rajashekar and Raghavendra  that the density and diversity of 

spiders corresponded to the occurrence of prey and that spiders are observed less during monsoons. As the 
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number of species decreased, dominance increased. This was mainly because lesser the number of species 

more equal the proportioning of resources. For all months both species diversity (S) and abundance (N) 

were significantly higher in mornings when compared to evenings (Figs. 7 and 8). 

Response to selected environmental parameters (temperature range, presence absence of rainfall, time of 

sunset and sunrise and photoperiod) was calculated using Spearman's rho. Species distribution was 

significantly positively correlated with the time of sunrise (r=-0.269; p=0.01; 2tailed;N=109) and 

significantly negatively correlated with photoperiod (r=-0.290,p=0.01; 2tailed;N=109 ). Further studies 

for longer periods of time are necessary to draw interpretations on the response of spiders to various 

ecological factors.

Studies have shown that spiders can categorize environmental conditions in habitats such as distinct plant 
2, 4, 5, 6architecture, litter depth and complexity . Hence study of spiders is both taxonomically and 

ecologically rewarding. It can also help in formulating land management practices and in measuring the 

ecological health of a habitat.
28Our study which is the second  of its kind from the study area indicates promising potential in studying the 

ecological aspects of spider community organisation in a human inhabited environment which may offer 

complex and derived niches. That this time bound, short term study documented the presence of above 9% 

of Kerala's spider biodiversity shows the importance of intensive study in small study areas. Irrespective 

of natural or man-made habitats, awareness about biodiversity has to be generated and spread to design 

scientific conservation and management plans. Long term studies in small study areas which focus on the 

change in species composition especially in the face of climate change is the need of the hour.
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Abstract

Dense samples of TiO  were prepared by solid state sintering technique. Sintering temperature has been optimised by 2

studying the variation of density with temperature. Phase identification has been performed with the help of powder X-ray 

diffraction technique. The dielectric properties at radio frequencies were measured using a LCR meter by the capacitor 

method. It was observed that sintered TiO  have high dielectric constant and poor loss coefficient. The conductivity of 2

sintered TiO  measured suggest that TiO  might be in the semiconducting state. 2 2

Key words: solid state sintering, XRD, dielectric constant, dielectric loss, porosity.

Introduction 

Materials having different dielectric constant (ε ) have a wide range of application in the field of wireless r

communication. Low dielectric constant materials are essential for substrate applications, whereas very 

high dielectric constant is useful for applications as gate dielectrics and passive components in 
1,2microelectronic technology.  Medium dielectric constant materials are needed for dielectric resonators 

(DRs) for applications as filters, duplexers, oscillators and antennas in highly miniaturized electronic 
3,4devices.  There are also other important parameters like dielectric loss tangent (tan δ) and temperature 

coefficient of dielectric constant (τ ). tan δ indicates the energy loss in a dielectric medium when an ε

alternating electric field is applied. τ  indicates the variation of dielectric constant of the material with ε

5,6temperature.  

Several dielectric resonator materials containing Ti such as Ba Ti O , MgTiO –CaTiO , (Zr, Sn)TiO , 2 9 20 3 3 4

BaO–PbO–Nd O –TiO  etc. with ε values ranging from 20 to 150 have been developed for use in various 2 3 2 r 

5applications.  Therefore TiO  is an important material in the field of electronic and wireless 2

communication industry. TiO  exists in three forms: rutile, brookite, and anatase. Brookite and anatase 2

convert irreversibly to rutile in the temperature range of 700°–920°C. Rutile has a tetragonal structure and 

also is a semiconductor under certain oxidation states. Sintering temperatures of up to 1500°C are required 

to attain dense samples of rutile for powders with particle sizes of 0.2–3 µm, although lower sintering 

temperatures are possible in much-finer powders. In this study, the sintering behaviour of TiO  is 2

investigated along with its dielectric properties at radio frequency range. If sintering occurs in an air 

atmosphere or under low oxygen partial pressure, a slight reduction of TiO  occurs. Problems that are 2

associated with titanium-containing ceramics (including reduction) have been highlighted in various 
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publications.7-12

Materials and methods

Dense samples of TiO2 were prepared using solid state sintering technique, starting from TiO2 powder 

(Aldrich Chemicals). The powder is mixed with 6wt% of PVA (molecular weight 22,000, BDH Lab 

Suppliers), and were pressed into disks of about 11 mm in diameter and ~1 mm in height under a pressure 

of about 100 MPa. The green compacts were initially fired at a rate of 3 ?C/min up to 600 ?C and then at a 

rate of 12 ?C/min up to the sintering temperature. An intermediate soaking at 600 ?C for 30 minutes was 

given to expel the binder. After cooling from the sintering temperature to 1000 ?C at a rate of 2?C/min, the 

ceramics were cooled inside the furnace naturally. The sintering was carried out at different temperatures 

in the range 800 – 15000C for 2 h in order to attain maximum density for all the pellets. The temperature 

corresponding to maximum density has been chosen as the optimized sintering temperature of the sample. 

The density of the samples was measured by Archimedes method. The structure of the powdered sample is 

studied by X-ray diffraction using CuKα radiation (Philips X-Ray Diffractometer). The radio-frequency 

(upto 3 MHz) dielectric properties were measured by a LCR meter (Hioki 3532-50, Japan). This is done by 

the capacitor method, in which the sample is made into a parallel plate capacitor by pasting Ag on both 

sides and by connecting Cu leads.

Fig. 1. Powder X-ray diffraction pattern of heat treated TiO2

The x-ray diffraction pattern of TiO  is shown in Fig. 1. The diffraction pattern of TiO  is indexed based on 2 2

ICDD file card no 89-4920. All recognizable reflection peaks could be readily indexed to the tetragonal 

structure of rutile having lattice parameters of a=4.584(2) ? , c=2.953(1) ? , and belonging to the space 

group P4 /mnm (136). Using the lattice parameters, the theoretical density can be calculated, which, in this 2
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3case, is found to be 4.276 g/cm . The most intense reflection is obtained from the (110) plane and the next 

one from (211) plane.

Optimization of sintering temperature

Fig.2. Variation of density of sintered TiO  with sintering temperature2

Fig. 2 represents the variations of the density with sintering temperature. The density of TiO  is found to be 2

increased with sintering temperature. The increase in sintering temperature enhances grain growth, which 

results in the elimination of porosity and hence an improvement in density. 
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Fig. 3. Variation of porosity with sintering temperature

The highest density is achieved of TiO2 is 4.1159 g cm-3, when sintered 1450 0C/2h. It corresponds to a 

densification of 96.25% of the theoretical value. Further increasing in sintering temperature causes a 

decreasing density of TiO2. Fig. 3 shows the variation of porosity as a function of sintering temperature. 

The porosity in the material was calculated by the following expression 

where  ? and  ?_m are theoretical and measured densities, respectively. The theoretical density of rutile 

TiO2 is 4.276 g cm-3.The porosity of TiO2 decreases from 44.8% at 800 0C and reaches a minimum value 

of 3.74% at a sintering temperature of 1450 0C. Therefore the optimized value of sintering temperature of 

TiO2 is 1450 oC/2h. Further increase in sintering temperature, however, increases the porosity.

Dielectric properties at radiofrequencies

The dielectric constant of TiO2 as a function of temperature is shown in Fig.4. The dielectric constant 

increases with sintering temperature and reaches a maximum value of 154.3 at a sintering temperature of 

1450oC and thereafter it decreases. The increase in the dielectric constant with sintering temperature can 

be related to the decrease in the porosity of the samples at 1450oC. Air has r =1, which is very low 

compared to the dielectric constant of TiO2 phase. Therefore minimum value of porosity corresponds to 

maximum value of dielectric constant. Usually it is very difficult to obtain the TiO2 samples with 100% 

densification and hence a correction for porosity is always necessary. Here it is assumed that the material 

consists of two phases (TiO2 and air) with different values of dielectric constant. The following equation 

is used for porosity correction of dielectric constant of material

where ?_m is the measured ?_r , ?_c is the corrected ?_r and P is the fractional porosity.13 The corrected 

value of dielectric constant at a sintering temperature of 1450 oC is 162.74. The frequency dependence of 

dielectric constant (dielectric constant) of sintered TiO2 is shown in Fig. 5. The dielectric constant 

decreases with frequency as shown in the figure. Relaxation effects are associated with permanent and 

induced molecular dipoles.5 At low frequencies the field changes slowly enough to allow dipoles to reach 

equilibrium before the field has measurably changed. Hence the polarization and corresponding dielectric 

constant will be high. For frequencies at which dipole orientations cannot follow the applied field due to 

the viscosity of the medium, the polarization will decrease, which decreases the dielectric constant. The 

absorption of the field's energy also leads to energy dissipation. The mechanism of dipoles relaxing is 

called dielectric relaxation and for ideal dipoles is described by classic Debye relaxation.
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Fig. 4 Variation of dielectric constant with sintering temperature

At low frequencies the effect of interfacial polarization is dominant, which is due to the polarization of free 

charges accumulated at the interfaces of the samples. As frequency increases, the effect of interfacial 

polarization decreases leading to an overall degradation of dielectric constant.

0Fig.5. Variation of dielectric constant with frequency of sintered sample at 1450 C
oThe dielectric loss tangent of the sample sintered at 1450 C is found to be 0.13, whereas the loss tangent of 

-2 -3 odielectrics is of the order of ~10  to 10 . The conductivity of TiO  sintered at 1450 C is found to be 5.8 × 2

-510 S/cm, which is of the order of semiconductors. If sintering occurs in an air atmosphere or under low 

oxygen partial pressure, a slight reduction of TiO  occurs. Using standard Kroger–Vink notation, this 2
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reduction can be described principally in terms of either the formation of oxygen vacancies (reaction (1)), 
4+ 3+ 3+Ti  interstitials (reaction (2)), Ti  interstitials (reaction (3)), or oxygen vacancies and Ti  species in 

octahedral lattice sites (reaction (4)):

Therefore the TiO  samples prepared in this case shows the conductivity of semiconductors. It is reported 2

14,15that metal oxides, such as TiO , NiO, and Cr O , have semiconducting properties.2 2 3

Conclusions
-3The sintering temperature of TiO  was optimized to get maximum density of 4.12 g cm , which 2

corresponds to a densification of 96.25 %. The optimized sintering temperature was found to be 1450 
oC/2h. The X-ray diffraction pattern indicates that, the material has a tetragonal structure of rutile and 

belongs to the space group P4 /mnm (136). The dielectric constant at 1 MHz has a maximum value of 2

o154.3 at the optimized sintering temperature of 1450 C/2h. A correction for porosity has also been 

performed, which is 162.7. It represents the dielectric constant of a 100% dense sample. The dielectric loss 

tangent of the sample at 1 MHz is found to be 0.13, which is quite unusual for a dielectric material. The 

conductivity of the sample measured suggests the possibility of a semiconducting phase formation.
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