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Mr. Kamod Dongare  

Head, Dept. of Chemistry  

(Convener) 

AATMC-2018 

Message 

 

 

 It is a matter of great pleasure for us at the Department of Chemistry, Birla College of 

Arts, Science and Commerce, Kalyan welcome you all to the „National Conference on Advance 

Analytical Tools for Material Characterization (AATMC-2018),‟ We are especially privileged to 

receive distinguished guests, speakers and invitees on this occasion. 

 

 We are in the era where every day new material is synthesized to cater the need of 

mankind.  The contribution of chemical and other sciences are amazing and stunning. There is 

need to upgrade the knowledge & analytical skills for characterization of novel materials to meet 

the future challenges. 

 

At the national level, we need to realize that we can no longer afford to treat chemistry as 

a compartmentalized subject. It will necessarily have to be interdisciplinary, if we sincerely wish 

to focus on our own national needs in order to deliver sustainable and useful technologies for 

mass consumption. The scientific community faces yet another challenge in the form of clean 

synthetic routes to create new materials and processes. There is need of quality interdisciplinary 

research which will be competitive and of international standards. PG Diploma in Bio-

nanotechnology is unique, innovative and interdisciplinary course which will be helpful in 

chemical research and other allied areas. 

 

 In this conference, we have invited talks which would focus on materials characterization 

techniques with oral and poster presentations. We believe that deliberations in the conference 

would expose the participants to the excitement and challenges in key research areas of 

Chemistry. 

 

 I take this opportunity to thank Birla College, Kalyan and Century Rayon, Shahad for 

their generous financial support towards hosting this conference. I wish all the participants a 

pleasant stay at this sprawling and beautiful campus with a confidence that you will carry 

rewarding memories of AATMC-2018. 
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Dr. Sandesh Jaybhaye  

Organizing Secretary 

AATMC-2018 

 

 

Message 

 

It gives me immense pleasure to welcome you all invitees and delegates to One Day National 

Conference „Advance Analytical Tools for Material Characterisation‟ AATMC-2018supported by 

„DBT Star Status and Century Rayon Ltd. Shahad.  I would like to thank Principal Dr. Naresh 

Chardra Birla College and College Management, Century Rayon, DBT Star status and 

administrative staff for their motivation, support and guidance to successful organization of 

National Conference AATMC- 2018.  

 

Being Organizing Secretary for One Day National Conference certainly has given me a different 

view of the depth and breadth of the Chemistry and Analytical Tools for material 

Characterisation. This Conference will make an attempt to promote research in various fields of 

Chemistry, Physics, and Biological Sciences. The researchers need a platform to express their 

research ideas and interaction with subject experts. 

 

The National Conference will mainly aim to provide a common platform for interchange of ideas 

between the scholars and subject experts.  

 

It will also be a boost to young researchers as they will get endorsement from senior researchers 

and the right analytical tool to be used for the cost-efficient problem solving and characterization 

of novel materials. 

 

Such a gathering is thus interdisciplinary in a way that is far beyond what we would normally 

even conceive.  

 

I am so honored to be the Organizing Secretary for the one day National Conference and 

welcome you all to our college to have a great time and interaction. 
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BIRLA COLLEGE OF ARTS, SCIENCE AND COMMERCE, KALYAN 

Profile 

 

Birla College of Arts, Science and Commerce, Kalyan, a multi faculty premier institution of 

higher learning, with an enrolment of more than 9,500 students (6,000 for UG, PG and Research 

Programmes) is affiliated to the University of Mumbai. The College was established in 1972, by 

Kalyan Citizens‟ Education Society with the blessings of Syt. B. K. Birla ji and Late Smt. Sarala ji 

Birla. 

 

Birla College offers several Under Graduate and Post Graduate Programmes in Arts, Science and 

Commerce and Ph. D. in Botany, Biotechnology, Physics, Microbiology, Chemistry, Zoology, 

Hindi, History and Economics. The College also conducts PG Diploma in  Bio - nanotechnology 

and PGDMLT programme. The College has started a Community College for Diploma in 

Accounting and Taxation (sanctioned by UGC) from 2015 - 16. 

 

The College is spread over an area of 20 acres of land (including Birla School) in the prime 

location of Kalyan city and developed as an eco-friendly campus. 

 

The College has been re-accredited (3rd Cycle) by NAAC and awarded „A‟ Grade with  CGPA - 

3.58 in 2014. The College has been awarded the “Best College Award” (in the Urban category) by 

the University of Mumbai (2009) and also awarded the „IMC - RBNQ Performance Excellence 

Trophy - 2011‟ in Education. The College has been certified with the ISO 9001: 2008.   

 

The College has been sanctioned funds under the FIST Programme of DST to strengthen 

Teaching and Research Facilities in all Science Departments. It also has UGC sponsored Gandhian 

Studies Centre, Women‟s Study Centre, Centre for Yoga and Philosophy, Centre for Epigraphy 

and Centre for Foreign Languages. 

 

The College has been awarded „College of Excellence‟ status by UGC (2015 - 2020). 

The departments of Botany, Chemistry, Microbiology, Physics and Zoology have been awarded 

„Star Status‟ by the Department of Biotechnology (DBT), Govt. of India, New Delhi in 2017. 

Recently, the departments of Mathematics, Information Technology and Computer Science have 

been selected for support under strengthening component of Star College Scheme by DBT,    

Govt. of India, New Delhi.     

 

Birla College has a vibrant work-culture. A holistic approach to education is encouraged. The 

teaching - learning process is supported by the use of ICT, interactive exercises, projects, 

assignments, etc. in addition to chalk and talk method. The results have always been higher than 

the University‟s average results. In extra-curricular activities including NCC, NSS and Sports, etc., 

the performance of students is excellent. Every year few students of Birla College figure in the 

University merit list. 
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Research is an integral part of teaching. 22 of our faculty members are Ph.D. Guides. Many are 

working on major / minor research projects and have published a number of research papers in 

national and international journals. 

 

The College has an International Linkages Committee. The College has signed MoU with a few 

Universities abroad, namely in USA, Italy and China for faculty exchange and collaborative 

research. Since 2015, a student exchange has also been initiated. 

 

We, at Birla College, stand committed to the cause of higher education, catering to the diverse 

needs of the students and enabling them to develop as intellectually alive and  socially - 

responsible citizens ready for continuous and professional growth.  

 

 

PROFILE OF DEPARTMENT OF CHEMISTRY 

 

Department of Chemistry, Birla College, Kalyan is recognized as Highly Rated Department by 

UGC and awarded Star Status by DBT. Department is conducting UG , PG, Ph.D. programs, 

Career Oriented UGC sponsored Add-on Course in Industrial Chemistry (Certificate and 

Diploma) and coordinating multidisciplinary PG Diploma programme in Bionano Sciences. It is 

actively involved in research activities and has well established Nanotechnology Research Lab 

with required equipments and facilities. Department has signed MoU with University of Genoa, 

Italy for Ph.D. and Post Doctoral research.  Department provides consultancy to nearby 

Industries. Department has successfully organized Research Scholars Meet - 2004, Workshop on 

Characterization and Analysis Techniques-2005, National Conference of ICC-2006, Science 

Exhibition as a part of celebration of IYC-2011, National conferences RTNS-2011, RAAT-2012 

and RTBN-2017.  

 

Department has organized one day workshop on S. Y. B. Sc revised syllabus jointly with Board of 

Studies, University of Mumbai, Mumbai. Department has also organized Department has also 

organized one day Symposium BFP- 2016, Science Exhibitions – GST- Dec. 2014, STD- Jan. 2016, 

IIST- Dec.2016 and GE –Dec. 2017. 

 

ABOUT PG DIPLOMA IN BIONANOTECHNOLOGY 

 

PG Diploma in Bio-nanotechnology is sanctioned by UGC under the innovative programme. It is 

one year full time course and sanctioned seats for this course are 20.     

 

The eligibility for this diploma course is M. Sc. in any subject from Biological Sciences/ 

Biochemistry / Chemistry with any one subject of Biological Sciences up to second year level from 

any recognized University. The admission process is as per the guidelines of the University of 

Mumbai.  
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The unique features of this course are: Innovative course supported by UGC, well equipped 

Nanotechnology laboratory and eminent scientists from IIT, BARC, TIFR, Center of Nanoscience 

& Nanotechnology and University of Mumbai are the visiting faculties.  

 

Themes of the Conference 

 
1) Analytical tools and techniques for material analysis 

2) Synthesis, characterization and applications of novel 

3) materials 

4) Chromatography and separation techniques 

5) Different Spectroscopic techniques 

6) Hyphenated techniques 

7) Nanomaterials and Bio-nanomaterials 

8) Material science and allied areas 

9) Microscopic technique 

 

Aims and Objectives  

 
The right analytical tool must be used for the costefficient problem solving and characterization of 

novel materials, (i.e., one that has the correct measurement capabilities and characteristics). The aim 

of this conference is to provide timely forum for the exchange &amp; dissemination of new ideas 

&amp; techniques among the researchers in the field of manufacture and analysis of novel materials. 

There is need to upgrade the knowledge &amp; analytical skills for characterization of these novel 

materials to meet the future challenges. This Conference will make an attempt to promote research in 

various fields of Chemistry, Physics, and Biological Sciences. The researchers need a platform to 

express their research ideas and interaction with subject experts. This conference provides 

opportunities for the delegates to exchange new ideas face-to-face, to establish business or research 

relations as well as to find partners for future collaborations. We hope that the conference results will 

lead to significant contributions to the knowledge in these up-to-date scientific fields. The focus of the 

conference is to establish an effective platform for institutions and industries to share ideas and to 

present the works of scientists, engineers, educators and students from all over the India. 
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Environmentally Friendly Synthesis and Antimicrobial Activity 

of ZnONPs  
Amrita Singh, Brijesh Gaud, Sandesh Jaybhaye 

Nanotech Research Lab, Department of Chemistry, Birla College, Kalyan, Maharashtra, India  

ABSTRACT 
 

The use of nanotechnology in the textile industry has increased rapidly. This is mainly due to the conventional 

methods used to impart different properties to fabrics often do not lead to permanent effects, and will lose their 

functions after laundering or wearing. Nanoparticles can provide high durability for treated fabrics, with 

respect to conventional materials, because they possess large surface area and high surface energy that ensure 

better affinity for fabrics and lead to an increase in durability of the textile function. Various methods have 

been employed to improve the size and property of the Zinc Oxide Nano Particles (ZnONPs) so as to enhance 

the performance of ZnONPs based material. Biological methods for nanoparticle synthesis using 

microorganisms, enzymes, and plants or plant extracts have been suggested as possible eco-friendly alternatives 

to chemical and physical methods. In this work, ZnONPs have been synthesized by reduction of Zinc Nitrate in 

plant extract and study the antimicrobial activity of synthesized ZnONPs.  FT-IR spectra peak at 483 cm-1 

indicated characteristic absorption bands OF ZnO nanoparticles. UV-Vis absorption spectrum showed a typical 

spectrum for ZnO nanoparticles. The SEM and AFM image shows that ZnONPs prepared in this study are 

spherical in shape with smooth surface have size of minimum 16nm to maximum 36 nm and it also shows 

excellent inhibition to gram positive and gram negative bacteria. 

 Keywords: ZnONPs, FT-IR Spectroscopy, Environmental friendly method, Zinc Nitrate, Gram positive and 

Gram negative  

I. INTRODUCTION 

 

Nanotechnology is the study of nanoparticles, and 

by definition, a nanoparticle is any material 

measuring lessthan 100 nanometers in at least one 

dimension. Nano sized materials have unique 

optical, thermal, electrical and/or magnetic 

properties and have been used in cosmetics and 

paints. 

 

Nanotechnology concerns with the development of 

experimental processes for the synthesis of 

nanoparticles of different sizes, shapes and 

controlled disparity. This provides an efficient 

control over many of the physical and chemical 

properties with various potential applications 

including pharmaceuticals and medicine. Most of 

the chemical methods used for the synthesis of 

nanoparticles are too expensive and are found to be 

responsible for various biological risks. But, 

synthesis of nanoparticles using plant extracts is the 

most adopted method as green, eco-friendly 

production of nanoparticles and also has a special 

advantage in such a way, that the plants are widely 

distributed, easily available, much safer to handle 

and act as a source of several metabolites rich in 

pharmacological constituents. Hence a novel 

approach for synthesizing ZnONPs using plants 

extracts. With the advent of nanoscience and 

technology, a new area has developed in the area of 
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textile finishing called Nano finishing. Growing 

awareness of health and hygiene has increased the 

demand for bioactive or antimicrobial. Nanoparticles 

have selective toxicity to bacteria but exhibit 

minimal effects on human cells. Several studies have 

reported the broad-spectrum antimicrobial activity 

for including antibacterial, antiviral, antifungal, and 

antimalarial activities. 

 

In this work, ZnONPs have been synthesized by 

reduction of Zinc Nitrate in plant extract and study 

the antimicrobial activity of synthesized ZnONPs.  

FT-IR spectra peak at 483 cm-1 indicated 

characteristic absorption bands of ZnO 

nanoparticles. UV-Vis absorption spectrum showed 

a typical spectrum for ZnO nanoparticles. The SEM 

image and AFM shows that ZnONPs prepared in this 

study are spherical in shape with smooth surface. 

 

II.  METHODS AND MATERIAL  

 

The Hibiscus rosa-sinensis (HRS) Leaves were 

washed with sterile double distilled water to remove 

the surface contamination and dried in oven to 

remove water for 60 Minutes. The dried plant 

material was cut into in small pieces. 10 g of plant 

material was taken and mixed with 100 ml of sterile 

double distilled water and kept in water bath for 

reflux at 1000C for 1 hours. The obtained reflux 

solution is then filtered by Whatman No. 1 filter 

paper. The filtered extract was stored in refrigerator 

at 200 C for further studies. 

 

The solution of   plant extract having pH 5 was 

mixed with 10mm concentration of Zinc Nitrate, 

time for sonication and temperature maintained 30 

minutes and 800C respectively. 

 

The bio-reduction of the Zinc ions in the solution 

was monitored periodically by measuring the UV–

Vis spectroscopy (200–800 nm) of the solutions. The 

formation of a yellowish brown-colored solution 

indicated the formation of the ZnONPs. The 

ZnONPs obtained was centrifuge and then obtain 

ZnONPs were purified by sterile deionized water 

three times to remove the water-soluble 

biomolecules such as proteins and secondary 

metabolites. After that dried ZnONPs were used to 

characterize the structure and composition. 

 

III. CHARACTERIZATIONS 

 

1. FT-IR Analysis: 

Two milligram of ZnO NPs was mixed with 200 mg 

of potassium bromide (FTIR grade) and pressed into 

a pellet. The sample pellet was placed into the 

sample holder and FTIR spectra were recorded in 

FTIR spectroscopy. To validate again the nature of 

the synthesized nanoparticles and their purity 

Fourier Transform Infrared spectroscopy (FTIR) 

(Jasco) studies were performed. A reports the 

typical FTIR spectrum of the pressed powder in the 

spectral range of 200-4000 cm-1. The IR 

transmission is plotted so to single out the major 

absorptions observed at lower wave numbers.  

 

An IR spectrum of synthesized zinc oxide shows 

the characteristic bands corresponding to M-O (Zn-

O) stretching at 483 cm-1. Peaks at 3404cm-1 and 

1651cm-1 may be due to presence of moisture and 

carbon dioxide present in atmosphere. The presents 

of diagnostic bands at 1384 and 1107 cm-1, related 

to the symmetrical and asymmetrical stretching 

modes of the carboxylate groups of plant extract. 

The IR spectrum of the ZnONPs powder collected 

after washing with water treatment of the original 

ZnONPs shows a slight shift and a decrease in the 

intensity of the characteristic bands shows in figure 

1. 

 
Figure 1. FT-IR spectra of ZnONPs 
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2. XRD Analysis:  

X-ray diffraction (XRD) analysis (MiniFlex) with 

Cu-Ka radiation (k = 1.54178 Å) with 40 kV, 15 mA 

was used to examine the crystalline structure of the 

products. Fig. 2 XRD patterns of all prepared 

powders. All of the diffraction peaks are well 

matched with the standard hexagonal structure of 

ZnO (JCPDS card No. 00-079-0207). Both samples 

show wurtzite crystal structure of ZnO, For three 

curves, the average crystalline sizes were calculated 

using the Debby–Scherer equation (d= kλ / βCosθ), 

where d is the mean crystalline size of the powder, k 

is the wavelength of Cu-Ka (k = 1.54178 Å), B is the 

full width at half maximum (FWHM) intensity of 

the peak in radian,   the Bragg’s diffraction angle and 

k is a constant usually equal to ~ 0.9). The average 

crystallite size of samples I and II were determined 

to be about 16, 18 and 36 nm, respectively. 

Diffraction peaks corresponding to the impurity 

were not found in the XRD patterns, confirming the 

high purity of the synthesized products.  

 

The X-Ray diffraction (XRD) pattern reveals the 

formation of ZnO NPs, which attributes to the 

crystalline nature of nanoparticle (Fig 2). XRD 

spectra showed strong diffraction peaks at 31, 34, 36, 

47, 56, 62, 66, 67 and 68 degrees of 2θ which 

corresponds to (100), (002), (101), (102), (110), (103), 

(200), (112) and (201) crystal planes, which were in 

significant agreement with the JCPDS file 361451 (a 

= b = 3.249 Å, c = 5.206 Å) and indexed as the 

hexagonal wurtzite structure of ZnO NPs. This 

indicates the crystalline nature of synthesized 

nanoparticle. 

 
Figure 2. XRDspectra of ZnONPs 

3. UV-Vis Spectroscopy analysis: 

Initially, the solution turned yellow, characteristic 

of the spherical particles, but over 30 hours the 

solution turned Yellowish brown.We observed a 

decrease in intensity of the characteristic surface 

plasmon band in the ultraviolet-visible (UV-Vis) 

spectroscopy for the spherical particles at λ max 358-

372 nm appeared. The absorption band is observed 

at 280 nm and a small but sharp peak at 380 nm for 

spherical ZnO nanostructure. In this case, the first 

and second band gaps were calculated 4.43 and 3.27 

eV, respectively. It has been concluded that both 

morphologies have nearly similar band gaps, which 

may be due to having similar particle sizes. 

 
Figure 3. UV-visible spectra of ZnONPs 

 

4. SEM  Analysis : 

The SEM image was taken at X 25,000 

magnification. The image shows ZnO particles 

are spherical in shape with smooth surface and 

the size of the particles around 16-36 nm. 

 
Figure 4. SEM Image of ZnONPs 

 

5. AFM Analysis: 

Size and shape of the nanoparticles which obtained 

directly from tip-corrected AFM measurements, and 

the shape of the nanoparticles is estimated on the 
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basis of AFM images and line scans. The ZnOPs 

obtained using green method gave size in the range 

of 20–36 nm and elongated in shape. 

 
Figure 5. AFM Image of ZnONPs 

6. Antimicrobial properties: 

The antibacterial activities of ZnONPs were 

measured by Agar well diffusion method. The test 

was done against Gram positive and negative 

bacteria. It was proved that this ZnONPs has 

excellent antibacterial activity and could be used as 

anti-microbial agents. 

 
Figure 6. (a) Antibacterial activity against E.Coli 

(b) Antibacterial activity against s.aureus 

 

IV.RESULTS AND DISCUSSION  

 

Several approaches have been employed to obtain a 

better synthesis of ZnONPs such as chemical and 

biological methods. Recently, synthesis of ZnONPs 

using plant extracts getting more popular. The 

development of easy, reliable and eco-friendly 

methods helps to increase interest in the synthesis. 

The present work addresses the synthesis and 

characterization of ZnO nanoparticles obtained 

through a homogeneous phase reaction between zinc 

nitrate and plant extract Solution having pH = 5 at 

10mm in concentration with constant sonication 

time and temperature. The particles were then 

characterized, by evaluating their chemical 

composition through FTIR spectroscopy; their 

crystallinity through X-ray diffractometryand 

partical size by AFM and SEM Analysis. 

 

V. CONCLUSION 

 

The present work shows rapid biological synthesis of 

ZnONPs using Plant extract which provides an 

environmental friendly, simple and efficient route 

for synthesis of nanoparticles and characterization of 

ZnONPs obtained through a homogeneous phase 

reaction between zinc nitrate and plant extract 

Solution having pH 5 at change in concentration 

with constant sonication time and temperature.  

 

FTIR shows that peak at 533 cm−1 is the 

characteristic absorption of zinc oxide bond which 

confirms formation of zinc oxide nanoparticles. 

 

X-ray diffraction confirms the formation of a 

hexagonal wurtzite phase which is the most stable 

form of zinc oxide at ambient conditions. . The 

average crystalline sizes were calculated using the 

Debby–Scherer equation to be about 16 nm. 

 

AFM measured nanoparticles 20–36 nm and 

spherical in shape. 

SEM image showed that most of the nanoparticles 

are spherical in shape formed within diameter range 

of 10-40 nmZnO NPs have been economically 

synthesized by Bio-Reduction of Zinc nitrate using 

plant extract. 
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Ambient Air Quality Monitoring in Vasai Virar City Municipal 
Corporation Region (Maharashtra, India) 

B. S. Pansare, G. R. Bhagure* 
Department of Chemistry, Satish Pradhan Dnyansadhana College, Thane, Maharashtra, India 

 

ABSTRACT 
 

Ambient air quality criteria or standards are concentrations of pollutants in the air (usually outdoor air but 

sometimes indoor air) specified for a variety of reasons including for the protection of human health, buildings, 

crops, vegetation, ecosystems, as well as for planning and other purposes. Ambient air quality in Vasai Virar 

City Municipal Corporation Region was monitored during the June 2014 to May 2015. Concentrations of 

Oxides of nitrogen (NOx), oxides of sulphur (SOx), suspended particulate matter (SPM) and Ammonia (NH3) 

were collected over successive periods of about 8 hour in a day. Twenty representative sites were selected over 

the whole stretch of the region for the study. Characteristics of the sites are mainly comprising of the 

residential, commercial, public places. High volume air sampler was used to measure the concentration of 

oxides of nitrogen (NOx), oxides of sulphur (SOx), suspended particulate matter (SPM) and Ammonia (NH3). 

Vasai Virar city municipal corporation region is fast urbanizing city in Maharashtra, India, thereby increasing 

population in exponential rates. Increasing population lead to burden on the administration of the region and 

thereby on various services provided by the administration namely transportation, water supply, solid waste 

disposal, sewage disposal etc. Method used for sampling and analysis of the pollutant are standard IS methods. 

Results, outcome of the analysis of the collected pollutants are compared to limits as prescribed by National 

Ambient Air Quality Standards (NAAQS), 2009. Criteria pollutants SPM, SO2 and NO2 measured are found to 

have either crossed or on the average of crossing the limits or in the permissible limits of NAAQS. Reasons 

responsible for the pollutants were observed mainly vehicular pollution and dust suspended in the air due to 

heavy traffic, transport. While transport related emissions are the major sources of air contamination, 

increasing building construction, civil infrastructure development activities also contribute to particulates. The 

exponential rise in volume of vehicles, inappropriate and unplanned traffic flow pattern and human 

interceptions deserve due attention. The value of SPM was crossing the permissible limit at number of 

monitoring locations and was exceeding the National Ambient Air Quality Standard (NAAQS). The 

concentration of SO2, NO2 and NH3 was within of National Ambient Air Quality Standard (NAAQS) at all the 

locations. SPM, dust concentrations are responsible for various lung diseases, respirable illness, and heart 

related diseases in the children as well as adult. Present study necessitating the immediate actions for 

controlling and efficient management of traffic in the region which is major source of dust and pollution in the 

region. Plantation of the trees along and sides of the road, Installation of a continuous air monitoring stations at 

different location in the city will be helpful to tackle pollution issue in the region. 

Keywords - Ambient Air Quality, Vehicular Pollution, Pollutant, Urbanization, Construction Activities. 
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I. INTRODUCTION 

 

Clean or pollution free air is need of every human and 

living being. However, human development and 

resources used for human development causes 

contamination of the natural resources especially air. 

Air pollution is nothing but contamination of the air, 

atmosphere with the solid, liquid, gaseous products, 

by products which can endanger human health and 

welfare of the plants and animals. Air pollution levels 

in cities of the developed countries is degrading 

continuously. These air pollutants can be mix with the 

air, atmosphere either through natural processes or 

even through anthropogenic sources. As urban air 

quality declines, the risk of stroke, heart disease, lung 

cancer, and chronic and acute respiratory diseases, 

including asthma, increases for the people who live in 

them [1]. Most of the world's major cities routinely 

exceed World Health Organization (WHO) air 

pollution guidelines. Following chart compares annual 

mean PM2.5 levels in 12 representative cities around 

the world with the WHO guideline value of 10μg per 

cubic meter (dotted line). PM2.5 particulates are those 

smaller than 2.5 microns and believed to be most 

closely linked with adverse health effects. Above 

chart drawn using data from Ambient air pollution in 

cities database 2016 courtesy of World Health 

Organization [2]. India’s rapidly worsening air 

pollution is causing about 1.1 million people to die 

prematurely each year and is now surpassing China’s 

as the deadliest in the world [3]. 

 

A. Adverse health Hazard of the Air Pollution:  

Continuous exposure to ambient air pollution leads to 

adverse effects on health from affecting the 

functioning of the respiratory system, cardiovascular 

system to psychological instability and even can lead 

to premature death. Risk of adverse effects on health 

is high in young children, aged people and even 

pregnant females and their foetus etc. Health related 

issues due to pollution is seems to be more common in 

the developing countries than developed countries [4]. 

Many recent studies have shown associated 

relationship between significant exposure to air 

pollution and adverse effects on health including 
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mortality and morbidity [5]. Oxides of sulphur in the 

air may harm human lungs, respiratory system and 

even may lead to acid rain. Particulate matter 

suspended in the atmosphere are responsible for 

respiratory diseases and gastric cancer etc. Continuous 

exposure to this may lead to breathing problem, cough, 

and lung diseases. Coughing and wheezing are the 

most common complication of nitrogen oxides 

toxicity, but the eyes, nose or throat irritations, 

headache, dyspnea, chest pain, diaphoresis, fever, 

bronchospasm, and pulmonary edema may also occur 

[6]. Exposure to high concentrations of ammonia in 

air causes immediate burning of the nose, throat and 

respiratory tract. This can cause bronchiolar and 

alveolar edema, and airway destruction resulting in 

respiratory distress or failure [7]. 

 

The Study Area:  

Vasai Virar City Municipal Corporation is formed 8 

years back on 3rd July 2009. VVCMC is formed by 

merging of the Vasai, Virar, Navghar, Manikpur and 

Nalasopara municipalities and 53 villages of the 

surrounding area. VVCMC has total area of 311 sq. km 

and is fifth largest city in Maharashtra as per 2011 

Census. Population of the VVCMC is 1.3 million as 

per 2011 Census. VVCMC area is bounded by Vaitarna 

River on the north, Vasai creek on south, Arab Sea on 

west and Tungar ranges on the west. Various historical 

monuments from B.C. 540 to 19th Century like Buddha 

Stupa, Portuguese forts along with religious places like 

Jivdani Mata Temple thereby contributing to tourism 

in the area. Stations which are selected for air quality 

survey are mainly characterized by public places, 

residential area, commercial as well as industrial area. 

Brief characteristics of the locations are as follows, 

1. Vasai Railway Station: Vasai railway station is 

administered by Western Railway of Indian 

Railways. It is one of the busiest railway stations 

on Western Railway. Surrounding area is consists 

of mainly commercial as well as residential like 

hotels, clinics, retail shops etc. 

2. Nalasopara Bus Stand: Located on the very outside 

of Nalasopara railway station on west side. 

Hundreds of buses travel through the bus stand 

daily. More than usual traffic on surrounding 

road. 

3. Vitthal Rukmini Temple, Valiv: Located on 

Nalasopara East. Densely populated residential 

area. Station is mostly surrounded by chowl 

system. 

4. Pelhar Tehasildar office: It is taluka administrative 

office. Station is surrounded by roads with heavy 

traffic. Number of vehicles, people travel daily. 

5. Aamchi Shala, Zilha Parishad: Surrounded by ZP 

school and residential area. There is usual traffic 

over road. Traffic is higher in the morning and 

evening. 

6. Vatar Village Road: Located nearby sea shore/ 

Navapur beach. Location is surrounded by tree 

cover. Traffic is usual. Location is characterized by 

high speed sea shore winds. 

7. Sativali MIDC: Location is surrounded by the 

MIDC industrial area. Variety of medium and 

small-scale industries are located in the 

surrounding area. Residential area is also located 

nearby. 

8. Gokhivare Road: Location is characterized by mix 

zone area i.e. residential, commercial, public 

service area etc. and high traffic. 

9. BSNL Office, Vasai: Very densely populated 

residential area with usual traffic on road. 

Location is surrounded by residential apartments, 

offices, hospitals. Municipal public garden is also 

located nearby location. 

10. Nalasopara Railway station: Busy railway station 

on Western Railway. Location is surrounded by 

heavy traffic area, roads Nalasopara bus stand is 

located nearby. 

11. VVCMC office, Virar: Very much outside of Virar 

railway station. Heavy traffic is on both side of the 

virar railway station. 

12. Hanuman Temple, Agashi: Location is mainly 

surrounded by Residential area. Lake is located on 

north east side of monitoring location. 

13. Global City, Virar: Huge residential Complex with 

usual traffic over road. Minimum or no tree/forest 

cover over surrounding open area. 

14. Navghar: Surrounding area of the location is 

densely populated. Location is surrounded by 

offices, retail shops, residential apt. etc. 
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15. Achole Road:  Heavy traffic road area surrounded 

by residential buildings, banking offices etc. 

16. Vasai Station Road, Manikpur: Location is densely 

populated with residential buildings, apartments 

etc. Traffic is usual on road surrounded by schools 

etc. 

17. Viva Super Market, Virar: Location is nearby East 

side of virar railway station. Heavy traffic, traffic 

jams are observed on the road. 

18. Arnala Beach: Located nearby sea shore/beach. 

Location is surrounded by tree cover. Traffic is 

usual. Location is characterized by high speed sea 

shore winds. 

19. Ambadi Municipal Park: Location is surrounded 

by roads having heavy traffic. Park is located on 

the east of the monitoring location. Area is mainly 

surrounded by residential area. 

20. Navghar Bus stand, Vasai: Location is mainly 

surrounded by residential area. Usual traffic on 

road.  

 

II. METHODS AND MATERIAL  

 

SPM (suspended particulate matter) concentrations 

were measured by finding the sample air volume (m3) 

through an orifice meter and the mass (μg) of 

particulate matter collected in a Watt man grade 1 

fiberglass filter paper. Concentrations of SO2   and 

NO2(μg /m3or PPM) were calorimetrically determined 

using a spectrophotometer. 5 to 20 ml of reagent 

(sodium tetra chloro mercurate for West and Geake 

method to find SO2 and sodium hydroxide for NO2) 

filled in a train of impingers of the high-volume 

sampler trap specific contaminant in air. Air flows to 

the impingers were determined using rota meters. 

 

Sampling of Suspended Particulate Matter (SPM): 

High volume air sampler was used for the monitoring 

of particulates. Before sampling, the 

whatman filter GFA (20.3cm ×25.4cm) of the high-

volume sampler was kept at 15-34 0C, 50% relative 

humidity for 8 hours and then weighed. The filter 

paper was placed into the filter holder of the high-

volume sampler and air was drawn filter at the flow 

rate of 1.80 m3/min. The filter was removed after 

sampling. The mass concentration of suspended 

particulates in ambient air, expressed in micrograms 

per cubic meter, was calculated by  

measuring the mass of particulates collected and the 

volume of air sampled. 

 

Sampling of Nitrogen Oxides (NOx): 

Ambient air was continuously drawn in 30 ml of 

absorbing reagent. Absorbing reagent is prepared by 

dissolving 4.0 gm of Sodium Hydroxide with 1.0 gm of 

Sodium Arsenite in 1000 ml of distilled water. Air was 

drawn for 8 hours at the sampling rate of 0.8 Lit/min. 

The nitrite ion thus formed is reacted with 

sulfanilamide and N-(1-naphthyl) ethylenediamine 

(NEDA) in phosphoric acid to form the highly colored 

azo dye. The absorbance of the highly colored azo-dye 

is measured on a spectrophotometer at a wavelength 

of 540 nm.    

 

Sampling of Sulphur Oxides (SOx): 

Ambient air was drawn at the in 30 ml of absorbing 

reagent. Absorbing reagent was prepared by dissolving 

10.86 g, mercuric chloride, 0.066 g EDTA, and 6.0 g 

potassium chloride in distilled water. Air suction is 

done at the rate of 1.5 Lit/min for continuous 8 hours. 

Air sample is collected using high volume sampler in 

impinger containing absorbing solution. The amount 

of SO2 is then estimated by the color produced when 

para – rosaniline hydrochloride and formaldehyde is 

added to the solution. The red-violet color is shown 

strong absorbance at 560nm. 

 

Sampling of Ammonia (NH3): 

Sampling for Ammonia is done using high volume 

sampler in impinge box containing 10 ml of absorbing 

solution. Absorbing solution is prepared by diluting 

3.0ml of concentrated H2SO4 (18M) to 1 litre with 

water to obtain 0.1N H2SO4. Ammonia in the 

atmosphere is collected by bubbling a measured 

volume of air through a dilute solution of sulphuric 

acid to form ammonium sulphate. The ammonium 

sulphate formed in the sample is analyzed 

colorimetrically by reaction with phenol and alkaline 

sodium hypochlorite to produce indophenol. The 

reaction is accelerated by the addition of Sodium 

Nitroprusside as catalyst.   
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III. RESULTS AND DISCUSSION  

 

It is observed from the outcomes of the study of 

pollutants level at 20 sites, there is remarkable 

correlation between activities at site and pollutant 

concentration observed. Locations characterized by 

heavy traffic of vehicles etc is observed with high 

concentrations of the pollutants. SPM concentration 

level is crossed the standard limit (200 µg/m3) at 

number of locations and is on the verge of crossing 

standard limit at almost all locations. Concentration of 

other pollutants i.e. SO2, NOx, NH3 is within the 

standard limit at all locations. There is also seasonable 

variation of the pollutant level at the locations. 

Concentration of the pollutants in Pre-Monsoon 

season is observed to be higher than in other seasons. 

 

Table 1 

Sr. 

No. 
Pollutant Standard Limit 

1. Suspended Particulate matter 200 µg/m3 

2. Oxide of Sulphur 80 µg/m3 

3. Oxides of Nitrogen 80 µg/m3 

4. Ammonia 400 µg/m3 

Source: National Ambient Air Quality Standards [9] 

 

 
Figure 1. Seasonal Average Concentration of the 

pollutants 

 

IV. CONCLUSION 

 

Season wise average of the SPM is seeming to be 

crossing the standard limit for that parameter. Higher 

level of the SPM concentration at location is alarming 

and this situation may further get worsen in coming 

years. Main contributors to the increasing level of the 

SPM and other pollutants is mainly addition of the 

2,3,4- wheelers on the roads of the urban city. 

Regular study of the pollutants in the city/town will 

help to understand the range pollutant level, cause 

effects, correlations, trend, pattern evaluations, 

preventive as well as strategic remedies to tackle the 

worsening air quality etc. Proper road management, 

better traffic regulations, controlling emission 

features of vehicles, proper synchronization of the 

office, school timings, tree plantation around the 

roads, creating green zones by planning gardens, 

encouraging citizens for use of public transport, 

continuously arranging awareness programmes for 

citizens etc. are some of the immediate remedies for 

upward pollution. Safety measures against poor 

ambient air quality should be analysed and 

implemented. More emphasis should be given on 

public places like bus stand, railway station, road 

junctions etc. Equal contribution of the local 

authorities, public administration along with active 

participation of the citizens is needed. 
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Synthesis of Carbon Fibers and Its Surface Area Mesurments 
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ABSTRACT 
 

Carbon fibre (CFs) are fibre about 5–10 Micrometres in diameter and composed mostly of carbon atoms. Carbon 

based materials such as graphenes, carbon black, carbon fibers (CFs), CNFs, carbon nanotubes (CNTs), carbon 

nanocoils, and carbon onions have attracted growing interest because of their low weight, small thickness, and high 

flexibility. Among various carbonaceous materials, CFs and their composites have been found to be fascinating 

candidates owing to their excellent mechanical and electrical properties, low cost, and wide availability as compared 

to CNTs and graphenes. Carbon fibres have several advantages including high stiffness, high tensile strength, low 

weight, high chemical resistance, high-temperature tolerance and low thermal expansion. In the present work, CFs is 

synthesized by using organic waste precursor obtained from plant fibre at 600
o
C in inert atmosphere of Argon. The 

surface area analysis has done using Surface area analyzer instrument. Characterisation study of CFs was done with 

the help of SEM, FT-IR and XRD. The size observed in SEM for CFs is in the range of 1-2 µm. 

Keywords: Carbon fibres, Plant Fibre precursor, Scanning Electron Microscope, FT-IR, XRD. 

 

I. INTRODUCTION 

 

The first known use of carbon fiber filaments is 

attributed to Thomas Edison in 1879 during his work 

on the incandescent light bulb through the baking of 

cotton threads or bamboo strips. 

 

Over the past few years there have been very major 

improvements in the range of properties available in 

carbon fibres. Carbon fiber is increasingly being 

utilized as a reinforcing material due to its high 

strength and high modulus, which is imparted into the 

properties of the final composite. This is a result of 

advances in carbon-fibre technology. 

 

Short discontinuous fibers are widely used to improve 

the tensile and bending performance of breakable 

materials, such as concrete and textile fibres. 

 

Currently, PAN serves as the principal precursor (~96% 

of the carbon fiber market) material for carbon fiber 

production, although other precursors such as pitch 

and Rayon are also utilized. 

Carbon fiber is a unique material to the extent that 

the material properties span a wide range of thermo-

physical properties as well as series of outstanding 

properties of high strength, high modulus, high 

temperature resistance, corrosion resistance, fatigue 

resistance, creep resistance, light weight, and electric 

conduction that can be tailored to the desired 

application, allowing for a vast range of material 

properties. 

 

Carbon fiber composites are currently utilized in the 

aerospace, athletics, automotive, construction, marine, 

and wind energy sectors, among others. 

 

Carbon fibers in particular have garnered much 

attention. Compared to the unreinforced materials, 

material composites containing carbon fibers with 

lengths on the order of millimeters to one micro meter 

have shown superior tensile strength, flexural strength 

and flexural toughness. 

 

As part of the continued push for improvements in 

specific strength and modulus, low-density electrical 

conductivity, and thermal conductivity, carbon fibers 

are being developed which possess a hollow structure.  

By increasing the final heat treatment temperature of 

carbon fibers, increases in tensile modulus, electrical 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 

 

 
11 

conductivity, and thermal conductivity can be achieved. 

This is due to the increasing structural order in the 

fiber as the carbonization temperature is increased.  

 

Xie et al. also reported that the longer fibers in the 

non-conductive matrix were more effective to conduct 

electricity than shorter ones. Thus, the dosage of fibers 

could be minimized to achieve a certain conductivity 

value.  

 

Chung compared the effectiveness of various 

electrically conductive components, including steel 

fibers, steel dust, carbon fibers, carbon nanofiber, coke 

powder and graphite, on the electrical conductivity of 

cement-based materials. It was found that steel fiber 

with 8 µm diameter was the most effective conductive 

filler for lowering the electrical resistivity.  

 

In respect to carbon-based materials, carbon fiber with 

15 µm diameter was more effective than carbon 

nanofiber, coke powder or graphite powder in 

improving the electrical conductivity. In the present 

work CFs is synthesized by using organic waste 

precursor obtained from plant fibre and its 

characterisation study was done with the help of SEM, 

FT-IR, XRD and surface area analysis. 

 

II. METHODS AND MATERIAL  
 

Synthesis of CFs by using organic waste precursor i.e 

Corn Hair was collected from market of kalyan. Then 

sample of Corn Hair 1
st
 wash with distilled water to 

remove water soluble impurity like dust and other 

ingredient and pesticide. Then sample was dried in 

oven at 120
0
C to remove the water and sample 

shocked in 10% KOH solution for 6 Hours. After 6 

Hours sample was washed with distilled water till 

neutral pH and again dried in oven at 1200C to remove 

the water. Finally sample was calcinated / pyrolysis at 

600
0
C at inert atmosphere for 2h in CVD furnace. 

Synthesized black particle i.e. CFs was collected 

and dipped into 1:1 HCl to remove the organic 

physical impurity and metal present in Corn hair after 

that sample was sonicated in 1:1 HCl solution for 30 

minutes residue was filter through what man paper of 

No. 41 and dry in air. Dried sample wash with distilled 

water and again dried in Oven at 120
0
C. 

 

 

 

III. CHARACTERIZATIONS 

 

1. FT-IR Analysis: 

2 milligram of CFs was mixed with 200 mg of 

potassium bromide (KBr) (FTIR grade) and pressed 

into a pellet. The sample pellet was placed into the 

sample holder and FTIR spectra were recorded in 

FTIR spectroscopy. To validate again the nature of the 

synthesized CFs and their purity Fourier Transform 

Infrared spectroscopy (FTIR) (Jasco) studies were 

performed. Reports the typical FTIR spectrum of the 

pressed powder in the spectral range of 400-4000 cm
-1

 

are shown in figure 1. 

 
 

Figure 1. FT-IR Spectra of CFs 

 

2. XRD Analysis:  

X-ray diffraction (XRD) analysis (MiniFlex) with Cu-

Ka radiation (k = 1.54178 Å) with 40 kV, 15 mA and 

Scan speed of Duration time 04.00 deg./minutes was 

used to examine the crystalline structure of the 

products. Fig.2 XRD patterns of prepared CFs powders. 

 
Figure 2. XRD Spectra of CFs 

 

3. SEM  Analysis :  

Fig. 3 shows the SEM image of CFs. The SEM 

image was taken at X 25,000 magnification. These 
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pictures confirm the formation of CFs having 

diameter of 1-2 µm. 

 
Figure 3. SEM image of CFs 

 

4. Surface area analyser: 

Sample exposed to Nitrogen gas at liquid Nitrogen 

temperature adsorbs Nitrogen and forms a single 

molecular layer of Nitrogen on the surface of the 

powder. Surface area can be calculated by measuring 

the volume of Nitrogen adsorbed using a modified 

single point BET equation based on theory by 

Brunauer, Emmet and Teller and using formula: 

Surface Area = 
               

 

  

              
  

                

               
   

                 

             

Sample is first regenerated to remove the adsorbed 

gases & moisture from the surface. Mixture of Helium 

gas (70%) and Nitrogen gas (30%) is passed over the 

sample in the tube. Sample is then dipped in liquid 

Nitrogen. Sample powder adsorbs Nitrogen on the 

surface at liquid Nitrogen temperature. After 

confirming that adsorption is over, sample tube is 

dipped in the water. This leads to desorption of 

adsorbed Nitrogen from sample, which is 

quantitatively determined using a Thermal 

Conductivity Detector coupled with an in-built 

Electronic Integrator and surface area was found to be 

48.69 m
2
gm

-1
. 

 
Figure 4. adsorption and desorption graph of CFs 

 

IV. RESULTS AND DISCUSSION  

 
Several approaches have been employed to obtain a 

uniform size synthesis of CFs Such as chemical and 

thermal methods. The development of easy, reliable 

and eco-friendly methods helps to increase interest in 

the synthesis. In this work CFs was synthesized using 

corn hair at 600
o
C in argon atmosphere. FT-IR analysis 

show that synthesized CFs have C-C and C=C 

strecghing witch was indicated by peak at 1651 and 

1384 cm
-1

,703,831,987 cm
-1

 also indicate the C-C 

binding straching in finger print region  and peak at 

3404 cm
-1 

indicate that presesnce of amine ((NH2) 

group on the smoth surface of CFs. In XRD Spectra 

peaks at 25.6° belong to carbon crystallographic 

structure of the carbon fibers.   

 

SEM analysis show that The average diameters of the 

CFs were measured and found to be approximately in 

between 1-2 µm having smooth surface on fibre was 

observed. 

V. CONCLUSION 

 
In conclusion, Carbon fibers were prepared From 

organic waste precursor i.e. Corn hair by optimizing 

the temperature of pyrolysis to carbonisation of 

organic content at inert atmosphere to obtain uniform  

size of  CFs. The average diameters of the CFs were 

measured and found to be approximately in between 1-

2 µm.it also show that matrix residue of the surface of 

CFs was completely removed, and a smooth fiber 

surface was observed. Synthesed CFs has high-

temperature tolerance and low thermal expansion 

because of that it can be used in athletics, automotive, 

construction industries. 
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Production and characterization of the biosurfactant 

obtained by Bacillus subtilis 
Dhiraj B Shekhawat*, Pradnya A. Josh, Maninder Dhaliwal, Raghunath Patil  

Birla College of Arts, Science & Commerce, Kalyan, Maharashtra, India 

ABSTRACT 
 

Biosurfactants are surface active amphiphilic compounds with effective surface-active and biological properties 

applicable to several industries and processes. In this study, isolation and identification of biosurfactant 

producing strain were assessed. Soil samples from petrol pumps in Kalyan and Ulhasnagar area was collected 

and 38 strains were isolated. To confirm the ability of isolates to produce biosurfactant, emulsification assay, E24 

test and surface tension measurement tests were performed. Bacillus subtilis isolated from petrol pump station, 

was used to produce biosurfactant using a modified mineral salt medium with 2% diesel as sole source of carbon. 

The chemical composition of the biosurfactant was qualitatively analyzed by thin layer chromatography. The 

FT-IR analysis revealed the lipopeptide nature of the biosurfactant. The surface tension measurement using 

Kruss processor tensiometer showed the CMC of 140 mgL-1. The biosurfactant was found to be quite stable 

under varying conditions of temperature and pH.  

Keywords: Biosurfactants, FT-IR, CMC and Bacillus subtilis 

 

I. INTRODUCTION 

 

Biosurfactants are the biologically synthesised 

surface-active agents (Nitschke and Pastore, 2006). 

They are amphiphilic compounds consisting of 

hydrophilic and hydrophobic domains. The 

hydrophilic domain can be carbohydrate, amino acid, 

phosphate group or some other compounds whereas 

the hydrophobic domain usually is a long chain fatty 

acid (Lang, 2002). The majority of known 

biosurfactants are synthesized by microorganisms 

grown on water immisible hydrocarbons,but some 

have been produced on water soluble substrate such 

as glucose,glycerol and ethanol (Abu-Ruwaida et 

al.,1991). Microorganisms have been reported to 

produce several classes of biosurfactants such as 

glycolipids, lipopeptides, phospholipids, neutral 

lipids or fatty acids and polymeric biosurfactants 

(Franzetti et al., 2010; Banat et al., 2010). Chemically 

synthesized surfactants have been used in the oil 

industry to aid clean up of oil spills as well as to 

enhance oil recovery from oil reservoirs. These 

compounds are not biodegradable and can be toxic 

to environment. Biosurfactant have special 

advantage over their commercially manufactured 

chemical surfactants because of their lower toxicity, 

biodegradable nature and effectiveness at extreme 

temperature, pH, salinity and ease of synthesis (Ilori 

and Amund, 2001; Ilori et al., 2005). This study 

describes the screening and isolation of a potent 

biosurfactant producing microorganism, the 

biochemical characterization and emulsification 

ability of the biosurfactant. 

 

II. MATERIALS AND METHODS 

 

Screening of biosurfactant producing bacteria 

Biosurfactant producing bacteria were isolated by 

successive enrichment culture technique from the 

petroleum contaminated soil using Minimal Salt 
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medium containing diesel oil (2%) as a sole source of 

carbon. The minimal salt media used consist of (g/L-

1):MgSO4:0.2, CaCl2:0.02, KH2PO4:1, K2HPO4:1, 

NH4NO3:1, FeCl3.6H2O:0.05 pH adjusted to 7.0 (Patel 

and Desai, 1997).The isolation was done on solidified 

minimal salt medium where diesel oil was 

introduced in vapour phase transfer technique as 

described by Raymond et al.,(1976). Incubation was 

carried out at room temperature for 5 days. 

Emulsification Index (E24%) - Emulsification index of 

cell free broth was determined by adding 2 ml of 

fuel oil to 2 ml cell free broth, mixing with a vortex 

for 2 min, and leaving it undisturbed for 24 h. The 

E24 index is given as percentage of height of 

emulsified layer (mm) divided by total height of the 

liquid column (mm) (Cooper and Goldenberg, 1987). 

 

Identification of biosurfactant producer-The 

biosurfactant producers were identified on the basis 

of their morphological, cultural and biochemical 

characteristics as described by Holt et al., (1994).  

 

Selection of best biosurfactant producer- The best 

biosurfactant producer was selected based upon the 

emulsification activity, biomass and biosurfactant 

yield and by measuring reduction in surface tension 

of the culture media. 

 

Emulsification activity assay- 2.0 ml cell free broth 

sample obtained from each of the isolate were added 

in a tube containing 15 ml of 0.2 M Tris buffer pH 

8.0 and 0.2 ml of fuel oil. The mixture was then 

vortexed for 10 min, allowed to rest for 1 min. Then 

extinction was read at 540 nm against blank 

containing buffer and fuel oil (Banat et al.,1990). 

Biomass determination-The culture media was 

centrifuged at 10,000 rpm for 30 min to obtain pellet. 

Six volume of a mixture of petroleum ether and 

acetone (1:3 ratio) was mixed thoroughly with the 

pellet and centrifuged at 3000 rpm for 20 min. This 

was repeated till all the unutilised oil sample was 

removed leaving the solvent layer clear. Such cell 

mass free of oil settled down even at low speed 

centrifugation. The upper solvent layer was removed 

and cell mass was further treated with acetone. The 

cell mass was then washed with distilled water and 

dried at 600C overnight in a preweighed crucible. 

The dry mass of cells was determined. 

 

Extraction of biosurfactant-The pH of the cell free 

supernatant was adjusted to pH 2 using 6 N HCl and 

kept at 40C for 24 hr. The cell free supernatant and 

chilled mixture of chloroform and methanol (2:1) in 

equal volume was added and mixed vigorously to 

obtain the biosurfactant within the organic layer. 

This layer was separated using a separating funnel 

and dried at 400C for 4-5 hours to obtain dry mass. 

The yield as g/L was recorded (Desai and Banat, 

1997).  

 

Surface tension-The surface tension of the cellfree 

broth was measured by Kruss Processor Tensiometer 

K-12 (Wilhelmy plate) method as described by 

(Singh et al., 1989, Tuleva et al., 2005).  

 

Analysis of component of biosurfactant by Thin 

layer Chromatography-The crude extract was 

separated by TLC using aluminium sheets silica gel 

plates with chloroform:methanol:acetic acid and 

water (25:15:4:2). Ninhydrin reagent was used to 

detect free amino groups. The lipid components 

were detected as brown spots after spraying the plate 

with chromosulphuric acid. The carbohydrate 

compound were detected as red spots after spraying 

the plates with α-napthol in concentrated sulphuric 

acid.  

Fourier transform infra red spectroscopy (FT-IR)- 

2.0 mg of the biosurfactant was mechanically 

blended with KBr in the ratio of 1:100 and pressed 

to form a pellet. Infra-red absorption spectra were 

recorded on a FT-IR in the 4000-400 1/cm range 

with a 16-scan speed at a resolution 2 cm-1. KBr 

pellet was used as the background reference.  

 

CMC determination-In this method, different 

concentration of biosurfactant was prepared (40 

mgL-1- 200 mgL-1) in distilled water. Surface tension 

of these biosurfactant solutions were determined 
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using Kruss K-12 tensiometer and the concentration 

at which the surface tension reduction remains 

stable i.e. no further reduction in the surface tension 

is seen is considered as CMC. The CMC was 

determined by plotting the surface tension versus 

concentration of bisurfactant in the solution. 

Stability study- For determining the stability of the 

emulsion, the biosurfactant solution and oil mixture 

were incubated under varying conditions of 

temperature from 40C  to 1000C and pH  from 2.0 to 

12.0 one hour and then the emulsification activity 

was recorded at 540 nm. The percent residual 

emulsification activity was recorded after 24 hr by 

oil emulsification assay (Banat et al., 1990) and 

emulsion stability was expressed in percentage. 

 

III. RESULT AND DISCUSSION 

 

Screening of biosurfactant producing bacteria- From 

petrol pump soil samples of Kalyan and Ulhasnagar 

area 38 isolates were obtained. 29 isolates showed 

emulsification index ranging from 10% to 30% and 9 

isolates showing emulsification index of more than 

30% were selected. Isolate B17 Kalyan petrol pump 

gave maximum emulsification index of 40%. These 9 

isolates exhibited good emulsification activity as 

shown in Table 1.1.  

Table 2. Emulsification index of the isolates 

Isolates  Emulsification 

index (E24%) 

U1 30 

K1 32 

K2 34 

K4 34 

B17 40 

B3 36 

G6 32 

G4 35 

B4 38 

 

Identification of biosurfactant producer-The 

biosurfactant producers were identified on the basis 

of their morphological, cultural and biochemical 

characteristics as described by Holt et al., (1994). 

Among these 9 isolates 5 isolates were Gram positive 

and 4 were Gram negative. The gram negative 

isolates belonged to Pseudomonas, Serratia and 

Azotobacter sp. and among the gram positive isolates 

Bacillus sp were predominant (Table 1.2) 

 

Table 2. The isolates were identified as follows- 

Isolate Name of the organism 

U1 Bacillus megaterium 

K1 Bacillus coagulans 

K2 Serratia 

K4 Bacillus polymyxa  

B17 Bacillus subtilis 

B3 Pseudomonas aeruginosa 

G6 Bacillus licheniformis 

G4 Pseudomonas sp 

B4 Arthrobacter 

 

Selection of best biosurfactant producer- The isolates 

gave a biomass yield ranging from 0.74 g/L to 1.85 

g/L and the biosurfactant yield from 0.06 g/L to 0.69 

g/L. All the isolates lowered the surface tension of 

the media from  65 mN/m  to 42 mN/m and below 

(Table 1.3). 

 

 

Table 3. Selection of best biosurfactant producer based on emulsification activity, surface tension, biomass 

and biosurfactant yield 

Isolates Biomass (gL-1) E.A(O.D˜540nm) Biosurfactant (gL-1) Surface tension(mN/m) 

U1 0.85 0.12 0.10 40.3 

K1 0.81 0.16 0.06 42.0 

K2 0.76 0.15 0.12 42.6 

K4 1.3 0.35 0.43 39.2 

B17 1.85 0.58 0.69 37.0 

B3 0.92 0.18 0.25 40.8 

G6 0.95 0.27 0.25 39.9 
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    G4 0.74 0.17 0.12 42 

B4 0.81 0.19 0.14 40.4 

 

Thin layer Chromatography of biosurfactant- The 

biosurfactant showed purple colour spot when 

sprayed with ninhydrin, indicating the presence of 

free amino groups. The lipid components were 

observed as brown spots when sprayed with 

chromosulphuric acid.  

 

FT IR analysis of biosurfactant- A broad absorbance 

peak around 3433 cm-1 was observed as aresult of C-

H stretching vibrations and N-H stretching 

vibrations. Sharp absorbance peaks are observed at 

1463cm-1, 1379 cm-1, 2955 cm-1 and 2854 cm-1 

indicative of aliphatic chains.These peaks reflects 

the presence of alkyl chains in the compound. 

Carbonyl group were indicated by bands at 1741 cm-

1, 1726 cm -1 (fig 1). 

 
Figure 1. FT-IR spectrum of biosurfactant 

 

CMC determination- The CMC of 140 mgL-1 

obtained with Bacillus subtilis B17 is very significant, 

as most of the literature reviewed showed that 

biosurfactant achieved surface tension 25 to 39 

mN/m at higher CMC values. This CMC was much 

lower when compared with some chemical 

surfactant, for instance, sodium dodecyl sulphate 

(SDS) had a CMC value of 2100 mgL-1(Chen et al., 

2006) (fig 2). 

 

 
 Figure 2. CMC of biosurafctant 

 

Stability studies- Biosurfactant was found quite 

stable over a temperature range of 40C to 1000C. A 

slight decrease in the biosurfactant activity was 

noticed at high temperature. However, biosurfactant 

was found to retain more than 60% of emulsion 

activity even at extreme temperatures of 40C and 

1000C (fig 3). Similarly, at the acidic pH of 2 and 4 

the emulsification activity and the stability was 

found to be lowest. This loss of activity at pH 2.0 

and pH 4.0 may be due to precipitation of the 

biosurfactant at low pH which hinders the emulsion 

formation. Increase in pH has a positive effect on 

emulsification activity and emulsion stability fig 4. 

      

 
Figure 2. Effect of temperature on stability of 

emulsion 

 
Figure 3. Effect of pH on stability of biosurafactant 
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IV. CONCLUSION 

 

In the present study, biosurfactant producing 

organisms were enriched and isolated from 

petroleum contaminated sites. The potent 

biosurfactant producer Bacillus subtilis B17 was 

selected as it showed strong emulsification ability 

and low CMC. These studies suggest that the 

biosurfactant obtained from Bacillus sp. can be 

efficiently used in environmental remediation 

remediation strategies. 
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chromatography in fresh water sponges (S.lacustris) 
D.N. Shinde 

Department of Chemistry, BNN College, Bhiwandi, Thane, Maharashtra, India 
 

 

ABSTRACT 
 

Accumulation of the pesticides varies as per the target tissue in the victim. The amount of pesticidal residue 

accumulated by an organism via oral or other routes of entry.In the present study the accumulation of 

organophosphate (dimethoate) expose to fresh water sponge at sub lethal concentrations. As sponges has canal 

system for incurrent and excurrent. Accumulation of dimethoate was estimated by gas liquid chromatography 

with standard concentration of pesticide andexperimental S.lacustris. The GLC results showed that 

accumulation of dimethoate in the fresh water sponge (S.lacustris). 

Keywords :  S.Lacustris, Phylum Porifera, Organophosphate, Accumulation, GLC. 

 

I. INTRODUCTION 

 

One of the prime factors for the degradation of the 

biosphere is a synthetic organic chemical, which 

include pesticide, polychlorobiphenyls, and 

polyaromatic hydrocarbon. The use of pesticides in 

agriculture and other areas is not resent but prior to 

1940s. The insecticides like lime, sulphur, nicotine, 

pyrethrum, kerosene and rotenone were extensively 

used. In the progress of time with increasing 

population the demand of the food has increased, as a 

result used of chemicals in agriculture sector has 

increased for maximum food production.   

 

The amount of pesticidal residue accumulated by an 

organism via oral or other route of entry ,results in 

increased concentration of pesticide in the specific 

body tissues[1].The pesticide level can be determine 

by up take or elimination which in terms as the 

concept ,translocation, accumulation, and  behaviour 

of pesticide residues among the biological 

system[2].Accumulation occurs when ever the 

amount of uptake is larger than elimination[3].Some 

reports about the concentration of organochlorine 

compound in different species of fishes[4].At least 25% 

of the insecticide used for agricultural an pest vector 

control are expected to reach water reservoirs[5]. 

 

In the present study accumulation of organophosphate 

in S.lacustris exposed to sub-lethal concentration were 

studied.Spongilla is a group of filter feeder organism 

and considered as an excellent for bio-monitoring 

purpose [6]. Fresh water sponges can tolerate a minor 

amount of pollution [7]. Keeping the perspectives in 

mind the Spongillalacustris were selected as an 

experimental organism and the pesticide 

organophosphate (dimethoate) were used. 

 

Study area—S.lacustris were brought from Latipada 

Dam, at Pimpalner, Tal,Sakri, Dist.Dhule(M.S.).Dam is 

located at the latitude 20055’N and longitude at 

7405’30”E at 532 MSL 
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II. METHODS AND MATERIAL [ Page Layout  ] 

 

The test organism S.lacustris was brought in the 

laboratory for acclimatization then it was subjected to 

sub lethal concentration of dimethoate for thirty days. 

The method used for estimation of pesticide by GLC 

for pesticidalanalysis [8]. A stock solution of 

dimethoate 5ppm were prepared with chloroform and 

used as a standard. After thirty days adoption 

S.lacustris were brought to about one gm of weight 

and homogenized in pestle and mortar with 10 cm3 of 

chloroform and filtered by watmann no.1 filter paper. 

The pesticide residues were extracted by chloroform 

followed by the method [9]. The extract was 

evaporated about 1cm3 and further analysis by gas 

liquid chromatography (GLC). Operating conditions 

for estimation as below, 

GLC model--- Nucon-5700 

Column--------1/8 inches,packing OV-17 

Carrier--------Nitrogen@30ml/min. 

Oxidant------Oxygen@300ml/min 

Fuel----------Hydrogen@30ml/min 

Sample concentration-------5ppm 

Injected volume-------5.00ul 

Injector temp.-------2600C 

Detector temp.-----2600C 

Oven initial temp.-------1800C 

Oven final temp.-------2500C 

Detector---------FID. 

 

III. RESULTS AND DISCUSSION  

 

The results estimated by GLC indicate that the 

accumulation of dimethoatewas 87.68% than the 

standard concentration of dimethoate.Few reports are 

available to state the bio-monitoring role of sponges 

for heavy metals[10]. In fresh water sponges 

E.fluviatillis, E.muelleri and S.lacustris accumulates 

the pollutants [11].Some reports [6] were showed that 

S.lacustris is the excellent species for monitoring 

chlorinated hydrocarbon pesticides. Similar studies on 

toxicity have shown the accumulation in the tissues of 

aquatic organisums.[12] 

The pesticide  residues are known to bio-accumulate 

in the lipid tissues of the fish and via food chain to the 

human bodies[13]. 

 

In the present study the lipid content present in the 

tissues of S.lacustris developed by secreted cells in the 

form of droplets.Theaccumulation of dimethoate in 

the tissues observed in the 

gemmules,ameobytes,lodedvesicals etc. were 

disrupted to certain extent. 

 
Figure 1 

 

IV. CONCLUSION 

 

Pesticides  are added in the aquatic environment 

mainly through agricultural activities affects on fresh 

water sponges.The accumulation of  pesticides was 

observed in the tissues estimated by GLC 

technique.Preservation and conservation of sponges is 

important due to their environmental value. Sponges 

are able to tolerate wide range of pollutants. Hence a 

group of spongilla can be consider as a pollution  

indicator. 
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ABSTRACT 
 

Nanotechnology is an emerging branch of science. Nanoparticles have unique physical and chemical properties 

and thus used in diverse applications. In present study copper oxide nanoparticles were used to determine their 

effect on seed germination and root elongation.  5ppm and 10ppm concentrations of CuO NP prepared in 

distilled water. 20 seeds were treated with 5ppm and 10ppm concentration respectively for 30 min. 10 treated 

seeds were transferred aseptically per sterilized petriplates containing moist filter paper and labeled respectively.  

Similar experiment was carried out using distilled water as control.  The experiment was carried out in 

duplicate. The plates were kept in dark for 7 days.  5ppm, 10ppm as well as distilled water treated seeds showed 

100 % germination. The highest mean root length 16.93 cm was observed in 5ppm CuO NP treated seeds 

followed by 13.69 cm in 10ppm CuO NP  treated seeds. While in control the root length was found to be 

11.93cm. The current experiment reveled that these concentrations of CuO NP does not affect the germination 

but enhance the root elongation mechanism. 

Keywords: Copper Oxide Nanoparticles, Cicer arietinum , Seed germination .  

 
I. INTRODUCTION 

 

Nanoparticles occur naturally as well as synthesized 

artificially having at least any one dimensions 

between 1-100 nm. Nanoparticles possess unique 

properties like high surface area to volume ratio, high 

reactive distinct properties [1-2].  Since nanoparticles 

have distinct properties are used in many industries 

for production of energy, transportation, 

pharmaceutical, antimicrobial, cosmetics and 

agriculture [3-5]. Nanoparticles of Gold(Au), Copper 

(Cu), Aluminum (Al), Silica(Si), Zinc(Zn), Zinc 

Oxide(ZnO), Titanium (Ti), Magnesium Oxide (MgO) 

have found applications in agriculture [6] . 

Nanoparticles are used in agriculture for enhancing 

crop production, protection, improvement in 

fertilizers and irrigation management. Copper is one 

of the essential micronutrient for the proper growth 

of plants. Copper deficiency in plant is expressed as 

curled leaves, petioles bend downwards and high 

chlorosis with permanent turgor loss in leaves, while 

the higher doses of Copper can cause toxicity, growth 

inhibition, photosynthesis interference, oxidative 

stress in plants   [7-9]. The purpose of this study was 

to analyze the effect of CuO NP (synthesized using 

green technology) on germination and growth of 

Cicer arietinum. The Cicer arietinum is the Worlds' 

most consume pulses since it is rich in protein. It is 

believed that it was reached to Mediterranean region 

by 4000 BC and 2000 BC in India [10]. India produced 

64% of the world total of chickpeas in 2016 [11]. 
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II. METHODS AND MATERIAL   

 

Seeds of Chickpeas (Cicer arietinum) were collected 

from a local farmer from Koravle village, Taluka 

Murbad, District Thane, Maharashtra India. CuO NP’s 

were synthesized in laboratory of size the between 

range of 30-50 nm and used for the study.  5ppm and 

10 ppm concentrations of Copper Oxide nanoparticles 

were prepared in sterilized distilled water. The seeds 

were transferred aseptically into these concentration 

solutions and rotated thoroughly and allowed to stand 

for 30 minutes. The seed germination and root 

elongation was studied using modified Top of paper 

method [12] The seeds were transferred aseptically in 

sterilized petriplates containing moist Whatman filter 

paper no. 1 and labelled respectively. The experiment 

was carried out in duplicate. Control was also 

maintained using seeds treated with distilled water. 

The plates were allowed to incubate at room 

temperature for 7 days. The seeds were observed daily. 

The results were recorded after 7 days. 

 

III. RESULTS AND DISCUSSION  

 

Results of the study were depicted in table no 1 and 

shown in fig no. 1. In current study findings showed 

100% germination in 5ppm , 10 ppm CuO NP treated 

seeds as well as distilled water treated seeds also. The 

100 percent seeds germination may be because of 

seeds were disease free and well preserved and stored 

which helps to maintain its germination quality. The 

highest mean  root length 16 cm.93 was observed in 

5ppm CuO NP   treated seeds.   In 10 ppm CuO NP 

treated seeds showed moderate root length i.e. 13.69 

cm but found more mean root length than of distilled 

water treated seeds. This clearly indicate that CuO NP 

played an important role in seed growth. 

Khodakoyaskaya et. al. 2012 reported that 

nanoparticles have tendency to replicate plant seed 

coats and enhance seed germination and growth [13].  

CuO NPs possess property to enhance water 

imbibition process. Ajey Singh et. al. 2017 reported 

reduced trend of plumule length, radicle length of 

Vigna radiate (L.) with increase in Nanoparticle 

concentrations [6]. The results of present study 

showed the same pattern but the root length of 

experimental seeds were found to be higher than root 

length of control seeds. This indicates that both CuO 

NPs concentrations were non-toxic to the seeds and 

root length promoting. 

 

Table 1. Effect of CuO NP on  Cicer arietinum seeds 

             germination and root elongation   

Test DW 5ppm 

Cuo 

NPs 

10ppm  

Cuo 

NPs 

 

Mean seed 

germination  

100% 100% 100% 

Mean root 

elongation  in cm 

11.93 16.93 13.69 

 

IV.CONCLUSION 

 

 The current experiment reveled that 5ppm and 

10ppm concentrations of CuO NP prepared in distilled 

water did not show any adverse effect on seeds 

germination. When root elongation parameter was 

considered, 5 ppm CuO NP treated seeds found more 

effective than 10 ppm CuO NP treated seeds.   
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Figure 1.  Effect of CuO NP on Cicer arietinum seeds 

            germination and root elongation  . 
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ABSTRACT 
 

Rancidity is the process which causes a substance to have unpleasant smell or taste. It is a biochemical reaction 

between fats and oxygen which causes oxidation of fats turning the substance rancid. There are three types of 

rancidity namely oxidative, ketonic, and hydrolytic rancidity. Consuming rancid substances may be slightly 

toxic and the harmful free radicals may cause cellular damage and digestive distress. In this analysis 30 samples 

were collected from different stores of KalyanTaluka and studied for oxidative rancidity using method 

prescribed by International Fragrance Association IFRA.  The result showed oxidative rancidity values for 30 

oil samples were between 0.11 to 1.66 mEq/Kg range which is considered under the lower oxidative rancidity 

range i.e.<10mEq/Kg. Mustard oil showed highest mean peroxide value i.e. 1.028 mEq/Kg followed by 

sunflower oil with 0.636 mEq/Kg. where as palm oil and Castor oil showed least peroxide values which was 

0.13 mEq/ Kg. This study concluded that all oil samples collected from KalyanTaluka were less rancid and 

within permissible limit. 

Keywords:Rancidity, oil, toxic, oxidation, fats 

 

I. INTRODUCTION 

 

The term “lipid” has been frequently used as any of a 

group of organic compounds that areinsoluble inwater 

but soluble in organic solvents [1]Lipid is  known as 

the collective name for fats, oils, waxes and  fat-like 

molecules (such as steroids) found in the body [2]. It is 

found in the tissues of plants and animals and is 

broadly classified as: a) fats, b) phospholipids, c) 

sphingomyelins, d) waxes, and e) sterols. [3]Lipids are 

versatile biomolecules in living organisms performing 

various important functions like  structural - element 

of biological membrane, hydrophobic anchor for 

proteins, “chaperones” to assist membrane folding ; 

chemical – cofactor for enzymes, electron carriers, 

light absorbing pigment;physical – amphipathic , 

hydrophobic barrier; chemical messenger – hormones 

and steroids[4],[5] . It also plays an important role in 

transport of biomolecules and delivering drugs and 

toxins across the biological membrane[6-8].Kauzelet. 

al. reported GlycosphingolipidGSLs Receptors from 

humancolonepithelial cell lines Caco-2 and HCT-8 

and ,determined the Shiga toxins (released by Stx-

producing Escherichia coli)   mediated cellular damage 

of Caco-2 and HCT-8 [9]. It is also an energy rich 

biomolecule. As per ICMR guidelines Fats are a 

concentrated source of energy providing 9 Kcal/g. 

[10]According to the Report of the Expert Group of 

the Indian Council of Medical Research recommend 

dietary allowances (RDA) of fat for Indian is between 

15-30 %E [11].  
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Report of Commodity Profile of Edible Oil for October 

– 2017 mentioned that production of edible oils in 

2016-17 is 10.97 MT which is more than the actual 

production last year in 2015 -16 (i.e. 9.18 MT) while 

total import of edible oil is 12.63 MT [12] The 

globalvegetable oil production for 2016/17 was 185.75 

million metric tons  [13]. 

 

Oils or fats are an important part of the diet of   people 

across the world hence its quality is an important 

parameter and need to assess regularly. Factor which 

may affect the quality of oils or fats are impurities, 

oxidation during processing and storage via 

autoxidation and photosensitized oxidation, 

contamination with various microorganism, 

adulteration etc. [14-15] The oil may spoil because of 

rancidity. Rancidity is the process which causes a 

substance to have unpleasant smell or taste. The 

oxidation is responsible for decrease in nutritional and 

sensory quality of lipids like vegetables oils, animal fats, 

or even meat product etc. [16].  The degradation and 

reduction in shelf life of lipid are subjected to auto-

oxidation, insufficient or improper storage [17]. There 

are three types of rancidity namely oxidative, ketonic, 

and hydrolytic rancidity. Oxidative rancidity involves 

oxygen attack of glycerides and subdued by careful 

choice and maintenance of oil [18]. When the 

unsaturated fats and oils breakdown it is because of 

their chemical structure and the reaction which takes 

place is called free radical chain reaction that abstracts 

the hydrogen from the fatty acid chain which is 

followed by reaction with oxygen causing 

rearrangements and cleavages and the end product 

being rancid oil or fat [18]. 

 

Initiation 

RH + O2 →R. +.OH 

Propagation 

R. + O2 →ROO. 

ROO. + RH →ROOH + R. 

Termination 

R. + R.→RR 

R. + ROO. → ROOR 

ROO. + ROO. → ROOR + O2 

 

There are many chemical and physical methods that 

have been developed to determine the oxidative 

change in oils and fats [19]. The two most popular 

methods of indicating the quality of fats and oils are 

peroxide and thiobarbituric (TBA) value 

determination. The peroxide value of <2meq/kg 

considered to be low for fats and oils [20]. In India 

packed and unpacked oils and fats are sold in markets 

with  predominance of sale of unpacked oils among 

the people below poverty line. Unpacked oils and fats 

may undergo rapid oxidation and the way it in 

handled, stored and hygienic practises also a matter of 

concern in many part of  India. 

 

The present study was carried out to check the 

peroxide rancidity of various edible and non-edible 

oils of KalyanTalukaas it has a combination (loose and 

packed) of buyers for oils or fats.  

 

II. METHODS AND MATERIAL 

 

30 packed and loose samples of fats and oils  were 

collected randomly from various shops of 

KalyanTaluka. Oxidative rancidity of fats and oils was 

determined as per the analytical modified method 

prescribed by International Fragrance Association 

(IFRA)[21]. 1g of sample oil or fat was taken into a 

clean dry 100ml beaker. To this sample 1g of 

powdered potassium iodide and 20 ml solvent mixture 

(2Glacial acetic acid: 1chloroform) was added.  Beaker 

was place in boiling water bath and allowed it to boil 

vigorously for 30 sec. The content was transferred 

quickly to a conical flask containing 20ml of 5%KI 

solution. 2-3 drops of starch indicatorwas added to the 

flask and titrated against N/500 sodium thiosulphate 

till blue colour disappears. The experiment was carried 

out in triplicate and mean reading was recorded. 
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III. RESULTS AND DISCUSSION  

 

The results for the mean peroxide value of various oils 

and fats was showed in table no. 1. Mustard oil showed 

highest mean peroxide value i.e. 1.028 mEq/Kg 

followed by sunflower oil with 0.636 mEq/Kg.where as 

palm oil and Castor oil showed least peroxide values 

which was 0.13 mEq/ Kg. The peroxide values for non-

edible hair oil was 0.885mEq/Kg  which was also high. 

This experiment showed oxidative rancidity values for 

30 oil samples were between 0.11 to 1.66 mEq/Kg.The 

mean peroxide value for all 30 samples was 0.426 

mEq/Kg.The reason behind highest peroxide value for 

mustard oil because it was stored for longer time and 

less consumption since it is not used frequently in 

daily food preparation. The palm oil showed less 

rancidity because it is preferably used among poor 

community in this area and hence shelf storage of 

palm oil is shorter in as compared to mustard oil. 

 

Table 1. Showing results for peroxide value of various 

oils/fats samples 

Name of oil/ fat Number 

of 

samples 

Mean 

Peroxide 

Value 

mEq/Kg 

Mustard  10 1.028 

Sunflower 5 0.636 

Soybean 4 0.475 

Peanut 2 0.385 

Ayurvedic hair oil 2 0.885 

Almond 1 0.13 

Castor  1 0.13 

Coconut  1 0.22 

Ghee 1 0.44 

Palm  1 0.13 

Sesame 1 0.22 

Mixed oil  1 0.44 

Total oil samples  30 Mean 

peroxide 

value =0.426 

Figure showing results for peroxide value of various 

oils/fats samples 

 
Figure 1 

 

Rancid oil creates harmful free radicals in bodywhich 

are associated with diabetes, Alzheimer’s disease, 

Atherosclerosis and obesity. These free radicals are 

known to cause cellular damage .  The rancidity of oil 

or fat reduces taste and odour, along with increased 

toxic levels of aldehydes, epoxides and 

hydroperoxidesin body [22]. According to Dr. Andrew 

Weil rancidity can also cause damage to DNA, 

accelerate aging, promoting tissue degradation, and 

foster cancer development[23]. 

 

IV.CONCLUSION 

 

In this study all samples were found to be rancid as it 

has some peroxide value. The peroxide values for all 

samples remain in low range of peroxide value i.e. <10 

mEq/ Kg. The study strongly recommendsfurther 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 

 

 
29 

investigations on long term effect of use of less rancid 

oils on human health.  
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ABSTRACT 

 

Fly ash is a waste product generated from various sources in very large quantities around the globe. Effective 

utilization of fly ash which not only reduces disposal problems but also leads to sustainable development. In 

this study, characterization of five different fly ash samples was performed using Brunauer–Emmett–Teller 

(BET), X-Ray Fluorescence (XRF), Scanning Electron Microscopy (SEM), Fourier Transform Infrared 

Spectroscopy (FTIR) and Thermo-gravimetric Analysis (TGA) techniques. The presence of SiO2, Al2O3 and 

CaO as the major constituents and irregular surfaces of fly ash support adsorption process. The comparative 

study of fly ash samples showed various characteristics depending on the source of the sample and 

environmental conditions. Sample collected from sugar factory was found to have comparatively more 

surface area and good adsorption property. Hence it can further be utilized for the pre-clean up treatment of 

samples having diverse nature.   

Keywords: Fly ash, Sustainable development, Characterization, Adsorption 

 

I. INTRODUCTION 

 

Coal is the major source of energy in India and 

nearly hundred million metric tons of fly ash is 

generated annually by burning of coal from 

factories and several thermal power plants. Hence, 

the disposal of such a huge quantity of fly ash is 

the major environmental concern. Ash produced 

from such factories and thermal power plants is 

dumped in landfills and ash ponds. Due to the 

shortage of landfill sites, increasing costs of the 

land and strict environmental regulations, the 

disposal of fly ash has become a major issue. This 

also creates many environmental hazards if not 

managed well and causes soil pollution and 

ground water pollution [1]. In the recent few 

years, many studies have investigated effective 

ways to utilize fly ash for valuable applications 

such as manufacturing of bricks and building 

blocks, sintered aggregates, pozzolana cement, 

concrete, filler material for reclamation of low 

lying waste lands, filling of mines, improvement 

of foundation soils, asphalt concrete, as a stabilizer 

of sub-grade and sub-bases in pavement 

construction and zeolite synthesis for waste water 

treatment [2,3]. Fly ash has potential use in waste 

water treatment as it fulfils the physical properties 

of adsorption like porosity, surface area and 

particle size distribution. The presence of major 

chemical components like silica, alumina, calcium 

oxide, magnesium oxide and carbon also 

contribute towards its use as a good adsorbent [4]. 

Now a days sustainable development and natural 

resources preservation have gained significant 

importance. Hence, utilization of fly ash not only 

alleviates the disposal problem but also converts a 

waste material into a marketable commodity [5,6]. 

Characterization of fly ash in terms of 

composition and surface chemistry is of 

fundamental importance in the development of 

various applications of fly ash related to its 

adsorption property [7]. A comparative analysis of 

characteristics of fly ash collected from different 

sources could generate more information 
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regarding its utilization in areas other than its 

regular applications. This paper describes a 

comprehensive study of five different samples of 

fly ash, with the intention of elucidating their 

chemical and physical properties as an incentive 

to their sustainable utilization of adsorption 

property.  

II. METHODS AND MATERIAL 

 

A. Fly ash collection and adsorbent preparation:  

1) Samples: 

1. Sugar Factory Sample 1 (SF1) 

2. Sugar Factory Sample 2 (SF2) 

3. Thermal Power Plant (TPP) 

4. Wood Ash (WA) 

5. Foundry (FOU) 

All the fly ash samples were sieved through 

ASTM 45 mesh, treated with distilled water to 

remove all adhering dust particles and organic 

matter, dried in an oven at 110⁰C and were stored 

in labelled polyethylene terephthalate (PET) 

bottles at room temperature. 

 

B. Characterization of Fly ash: 

Proximate analysis which includes pH test (DBK 

Digital pH meter), specific gravity (Using 

Pycnometer), Bulk density, Moisture content, 

Loss on Ignition (LOI) were performed. 

 

In order to characterize and compare the utility of 

the fly ash samples they were subjected to 

Scanning Electron Microscopy (SEM) (FEI 

QUANTA 200), to study the morphological 

features and characteristics, Brunauer–Emmett–

Teller (BET) (Smart Sorb 92/93), for specific 

surface area calculations, X-Ray Fluorescence 

(XRF) (Shimadzu,EDX 7000), for knowing the 

composition, Fourier Transform Infrared 

Spectroscopy (FTIR) (Shimadzu IRAffinity-1), for 

functional group study and Thermo-gravimetric 

Analysis (TGA) (METTLER STAR⁰SW 12.10) to 

check the thermal stability of the samples. 

 

 

 

C. Batch adsorption study:  

To analyse adsorption property and effectiveness 

of fly ash, a representative batch adsorption study 

was performed by considering Indigo carmine dye 

(supplied by Molychem) as an adsorbate. The 

parameters such as dye concentration, amount of 

adsorbent, pH, temperature and contact time, 

were optimized by varying all the conditions 

within a defined range using the One-FactorAt-

A-Time approach. Known amount of adsorbents 

with 25 cm3 of known concentration of dye 

solution was taken in 50 cm3 of Erlenmeyer flasks. 

These flasks were agitated in orbital shaker. (Pooja 

lab equipments orbital shaker cum incubator OSI-

200) The pH of the solution was adjusted by 0.1 N 

NaOH or HCl. Once the equilibrium was 

established, supernatant liquid was filtered off 

using Whatman filter paper no. 41 and the 

filtrates were analyzed for the residual 

(unadsorbed) dye, spectrophotometrically. 

(Shimadzu UV-1650 PC) Calibration curve was 

plotted of absorbance Vs. concentration of 

standard dye solutions. 

 

The amount of dye adsorbed at time t, qe (mg/g), 

was obtained by calculating the difference 

between the initial and the final dye 

concentration as shown in equation 1: 

qe=(C0-Ce)×V/W                                                   (1)                                                                                                                                  

 

Where qe is the amount of dye adsorbed (mg/g) 

and C0 is the initial dye concentration (mg/L), 

while Ce is the concentration of dye in solution at 

equilibrium (mg/L), V is the volume (L), and W is 

the weight of adsorbent(g).  

 

The percentage removal of the dye was computed 

using the following equation   

Percentage of removal (%) = (C0-Ce)×100/C0          

(2)                                                                                        



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 

 

 

32 

Where C0 and Ce are the initial and equilibrium        

concentration of dye (mg/L) in solution [8]. 

 

III. RESULTS AND DISCUSSION 

 

A. Proximate analysis: The results of proximate 

analysis are mentioned in Table 1. The specific 

surface area and LOI of SF1 was high when 

compared with the other samples. The presence of 

unburned carbon in fly ash changes its color to 

black and appears to be responsible for the 

adsorption process [9]. The specific gravity values 

for fly ash range between 1.70 and 2.43. In 

general, the bulk density, pH and moisture 

content values recorded did not show significant 

variations. 

 

Table 1.Proximate analysis of Fly ash samples 

Samples SF1 SF2 TPP WA FOU 

Color Tan Grey Grey Grey Brown 

Bulk 

density 

(gcm-3) 

1.224 1.213 1.308 1.021 1.332 

Specific 

gravity 

(gcm-3) 

1.804 2.285 1.706 2.290 2.430 

Moisture 

content 

(%) 

0.027 0.004 0.001 0.009 0.004 

pH 8.6 9.2 7.5 10.9 8.6 

LOI 

 (%) 

1.039 0.231 0.079 1.199 0.466 

BET   

(m2g-1) 

51.96 10.94 2.04 29.15 2.77 

 

B. Scanning Electron Microscopy (SEM): In the 

present study, majority of particles were found to 

be of irregularly shaped. The surface tends to be 

more rough and uneven, which is 

favours/beneficial for adsorption (Fig 1) [10]. 

 
Figure 1. Representative SEM image. 

 

C. X-Ray Fluorescence (XRF): The details of the 

chemical constituents in the samples determined 

by XRF are provided in Table 2. It shows the 

presence of major constituents as SiO2, Al2O3 

Fe2O3, MgO, CaO and K2O. Similar constituents 

of fly ash were obtained by others [4,8]. 

 

Table 2. XRF Analysis 

Analyte SF1(%) SF2(%) TPP(%) WA(%) FOU(%) 

SiO2 75.821 81.518 61.230 23.805 54.892 

Al2O3 0.538 0.578 26.088 1.500 19.031 

MgO 2.399 3.207 0.711 7.434 2.659 

SO3 2.030 0.222 0.088 1.723 4.237 

CaO 4.829 3.867 1.412 28.262 6.272 

Fe2O3 1.734 1.172 6.553 2.852 7.982 

TiO2 0.259 0.163 2.113 0.404 1.923 

K2O 6.766 6.162 1.280 25.175 1.172 

CuO 0.035 0.012      ---- 0.046 0.787 

ZnO 0.017 0.026 0.010 0.069 0.348 

MnO 0.080 0.076 0.076 0.139 0.176 

PbO       ----      ----      ----      ---- 0.111 

V2O5 0.015      ---- 0.069      ---- 0.096 

ZrO2 0.003 0.002 0.065      ---- 0.066 

SnO2      ----      ----      ----      ---- 0.058 

Cr2O3 0.012 0.009 0.024 0.297 0.056 
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SrO 0.026 0.021 0.037 0.080 0.056 

P2O5 2.258 2.963 0.239 3.663 0.051 

NiO      ----      ----      ----      ---- 0.026 

NbO      ----      ---- 0.004      ----      ---- 

Cl 3.181      ----      ---- 4.552      ---- 

 

D. Fourier Transform Infrared Spectroscopy 

(FTIR): The FTIR technique is an important tool 

to identify same characteristic functional groups. 

By comparing the observed frequencies with 

available literature, following interpretation could 

be drawn. A strong peak in the region 1200-900 

cm-1 is typical of the glassy phase in fly ash which 

is the main provider of Si and Al sources. This 

vibration band in this region varies with different 

Si to Al ratios and Ca content. The presence of Si–

O–Si stretching vibration in this region was 

observed in all the samples. The peaks between 

794-777 cm-1 in SF1, SF2 and TPP samples could 

be assigned to the presence of quartz with Si–O 

symmetrical stretching vibrations. The peaks in 

WA sample at around 711 cm-1 and 873 cm-1 could 

be assigned to carbonate group (C-O bending) of 

calcite. The midinfrared region (1500–1400 cm-1) 

of the spectra of WA sample is dominated by the 

vibrational modes of carbonate ions (C-O 

stretching) (Figure 2) [11,12].  

 
Figure 2. FTIR Spectra 

 

E. Thermogravimetric Analysis (TGA): The initial 

loss in all the samples is related to the loss of 

adsorbed moisture. The weight loss between 

550⁰C to 650⁰C in WA and FOU samples could be 

due to the thermal decomposition of Acetate. 

There is a presence of broad peak between750⁰C 

to 950⁰C in the WA sample and that could be of 

CaCO3 [13]. Rest all other samples did not show 

any major loss (Figure 3). 

 
Figure 3. Representative TGA 

 

F. Sorption study: 

1) Effect of contact time:  

Various contact times ranging from 20 to 60 

minutes were considered to study the effect of 

contact time. The amount of dye adsorbed on to 

the sample was calculated at each time interval 

and it was found that as the contact time increases 

the amount of dye adsorbed increased up to 30 

minutes. The optimal contact time to attain 

equilibrium was experimentally found to be 30 

minutes. Beyond that, saturation of active sites 

was observed which do not allow further 

adsorption (Figure 4) [8]. 

 
Figure 4. Effect of contact time 

 

2) Effect of pH:  

A range of 3.0 to 10.0 was selected for the 

optimization of pH and it was adjusted using 0.1 N 

HCl or 0.1N NaOH. The dye removal efficiency 

was found to be maximum at pH 7 (Fig 5) [14]. 
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Figure 5. Effect of pH 

 

3) Effect of adsorbent dosage:  

Adsorbent dose is the important parameter in the 

adsorption studies which determines the capacity 

of an adsorbent for a given initial concentration of 

the adsorbate [10]. To investigate the effect of 

mass of adsorbent on the adsorption of dye, a 

series of different adsorbent dosage ranging from 

0.2 to 2.5g for 25mL was taken. An increase in the 

percentage removal efficiency up to 1.0g for 25mL 

of dye dosage is observed, beyond which it attains 

saturation/ shows less efficient removal of dye 

(Figure 6).  

Figure 6. Effect of Adsorbent dosage 

 

4) Effect of concentration of dye:  

Concentrations ranging from 50 to 250 mgL-1 

were selected and it was observed that with the 

increase in concentration, there is a decrease in 

the percent removal of the dye [15]. However, 

100 mgL-1 was chosen as the optimized 

concentration of the dye for the further analysis 

as the amount of dye adsorbed on to the adsorbent 

from the initial dye concentration was found to be 

maximum with the selected concentration (Fig 7). 

 
Figure 7. Effect of Dye concentration 

 

5) Effect of temperature:  

The temperature range of 25oC to 60⁰C was 

investigated for all the samples. A very high 

temperature i.e beyond 45⁰C was not found to be 

favourable for the adsorption process. This may be 

due to the weakening of adsorptive forces 

between the active sites of the adsorbent and 

adsorbate with the temperature condition as 

mentioned above [8]. The ideal temperature of 

45oC was selected for the further study (Figure 8). 

 
Figure 8. Effect of Temperature 

 

G.  Optimized Parameters: 

Table 3. Optimized parameters 

Sr.No Parameters studied Optimized 

Parameters 

1 Contact time 30 minutes 

2 pH  7 

3 Adsorbent dosage 1g 

4 Dye concentration 100mgL-1 

5 Temperature 45⁰C 
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H. Possible use of adsorption property of fly ash 

for sustainable development: 

The bulk utilization of fly ash in adsorption 

process is highlighted to achieve sustainable 

solution. The role of fly ash samples as good 

adsorbents, generated from the experimental data 

signifies the utility of these samples for a 

sustainable method development. Fly ashes, 

considered as major industrial waste materials, 

with its good adsorption properties could find 

enormous applications in reducing the issues 

specially in the areas of environmental pollution 

to a large extent. Apart from the known 

applications of fly ash, the current work has given 

a scope to identify the applications for the pre-

treatment of samples having diverse nature which 

can further be analysed using techniques like 

HPTLC, HPLC etc. Samples can have many 

interfering agents which interfere in the analysis 

and hamper the performance of results. Most of 

the times activated charcoal is used for the 

removal of such interfering components but now-

a-days focus has been shifted towards developing 

a low-cost adsorbent. The utilization of fly ash 

will create new revenues as well as business 

opportunities while protecting the environment. 

 

IV. CONCLUSION 

 

In the characterization study, the morphology of 

the samples indicates that the surface is rough and 

irregular which supports adsorption. BET surface 

area was observed in the range of 

SF1>WA>SF2>FOU>TPP. WA and SF1 showed 

comparatively high LOI value which could be the 

result of unburnt carbon present in the sample. 

Carbon helps in the adsorption process. XRF 

analysis depicts the presence of SiO2 in all the 

samples as a major component which is a known 

adsorbent. SF1 showed comparatively high 

specific surface area, LOI and presence of SiO2 

which helps in the process of adsorption hence 

amongst all five samples SF1 showed maximum 

dye removal from aqueous solution after the 

optimization of all the parameters. Percentage dye 

removal from aqueous solution using SF1 was 

found to be 97.82%. Fly ash is a potent adsorbent 

which can be used for the treatment of samples 

having many interfering agents. Hence, such new 

technologies will extend and enhance the 

usefulness of fly ash as renewable resource for 

value added products and for ways of making 

industrial process more sustainable. There is a 

good scope of research to extend the applications 

of various fly ash as an effective adsorbent for 

sustainable development. 
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ABSTRACT 
 

Present investigation is performed on comparative study of antibacterial potential of two plants viz., 

Glycyrrhiza glabra and Emblica officinalis commonly known as Mulethi and Amla respectively, against the 

gram negative bacteria Escherechia coli. E.coli is a well-known and a commonly used bacterium which is a 

useful tool for genetic research because of its relatively small size, easy availability and ability to grow rapidly 

under conducive situations. Glycyrrhiza glabra is commonly used as condiment in sweets, teas, soft drinks and 

tobacco products. It not only acts as a good flavouring agent but is also widely used home remedy because of its 

medicinal properties. This medicinal herb has wide reaching health benefits in naturally treating sore throat, 

chest congestion, rheumatoid arthritis, strengthening of bones and muscles, kidney problems, mouth ulcers, etc. 

According to Ayurveda, Emblica officinalis balances all the three fundamental bio-elements of the body (viz., 

pitta, vatta and kapha). Apart from its ability to soothe digestion, Amla may be used as a rejuvenating agent, 

anti-inflammatory agent, and anti-diabetic agent, helps to reduce fever, stimulate hair growth and enhance 

intellect. Aqueous and crude extracts of these plants were prepared to find their antibacterial efficacy.  The 

crude extracts of Mulethi and Amla -exhibited greater antibacterial properties against the bacteria, as confirmed 

with the help of antibacterial assays. The growth inhibition of bacteria was studied using growth curve assay at 

660 nm using Elico CL63 photometer. Well diffusion assay was performed for 1%, 10% and 100% crude 

extracts for either plant materials and it was found that 100% extract had maximum antibacterial effect.  

Keywords: E.coli, Glycyrrhiza glabra, Emblica officinalis, antibacterial assay, growth curve, well diffusion, 

crude extract, Photometer. 

 

I. INTRODUCTION 

 

Indian subcontinent and India in particular is 

known for its rich wealth of medicinal plants, spices, 

ornamental plants as well as the plants of 

agricultural importance. In the vastness of dense 

Indian forests many tropical medicinal herbs are 

hidden some with known ethnic uses and some, yet 

to be explored. 

 

„Green medicines‟ obtained from these plants has 

high curative ability and gaining the importance 

around the globe as they are considered as very 

good alternatives with lesser known side effects 

over the synthetic drugs.  

 

Glycyrrhiza glabra also called liquorice is known for 

many medicinal uses. It is also known for its other 

uses as confectionary and in preparation of tobacco. 

Studies over the past 50 years have yielded 

information about pharmacological and 

physiological effects of liquorice on the intact 

adrenal gland. Earlier studies suggested that 

G.glabra is useful in treatment of Addison‟s disease 

due to the presence of chemicals which mimic 

corticosteroids secreted by healthy adrenal gland; 
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however, wide information is available about its 

role in treating diabetes as its inherent sweetness is 

thought to reflect its medicinal use to treat high 

sugar levels. G.glabra is sweet in taste due to the 

presence of a sugar glycyrrhizine (a demulcent 

starch) in its roots1. It has also been reported to have 

various pharmacological applications like Anti-

tussive & expectorant, Antioxidant, Skin lightening 

and skin tightening, Anti-bacterial, Anti-malarial, 

Anti-inflammatory, Anti hyperglycaemic, 

Immunostimulatory effects2  

 

Emblica officinalis also known as Amla or Indian 

gooseberry is native to India and is believed to have 

the capacity to increase the defence against diseases. 

It has its curable and beneficial role in treating 

cancer, diabetes, heart trouble, ulcer, anaemia and 

various other diseases. It shows a variety of 

applications as antioxidant, immunomodulatory, 

antipyretic, analgesic, cytoprotective, antitussive 

and gastroprotective. Additionally, it is useful in 

enhancing memory, curative on ophthalmic 

disorders and effective in lowering cholesterol level3. 

Previous studies have shown that these plants had 

been of great medicinal use. Stems and roots of GG 

are used in the treatment inflammation, ulcers and 

allergies as it contains certain active components 

which are said to be responsible for anti‐ulcer, 

anti‐inflammatory, anti‐diuretic, anti‐allergic and 

antioxidant properties4. EO plays a major role in the 

treatment of Diabetes mellitus, hepatomegaly, 

leucorrhoea, inflammations, skin diseases, greying 

of hair and also has an antisenescent activity5,6. 

Studies have shown different properties of GG and 

EO. Both of these herbs are well known for its anti-

microbial and anti-bacterial property.    Present 

investigation is based on the antibacterial property 

of both G.glabra and E.officinalis. 

 

II. METHODS AND MATERIAL  

 

Collection of Sample: 

Fruits of E.officinalis and stems of G.glabra were 

collected from the local market. 

 

Preparation of Extracts: 

The cleaned and cut samples were oven dried over 

37℃ for 2 days. The dried samples were powdered 

using clean grinder and were stored in sterile 

containers at room temperature before extraction. 

Soxhlet Apparatus was used for extraction of 

Mulethi and Amla. Extract was stored at room 

temperature in sterile containers. For crude aqueous 

extraction, decoction process was done by boiling 

dried powder of the plant with sterile water in 1:1 

proportion.   

 

Preparation of bacterial suspension: 

Pure isolated colonies of E.coli were obtained from 

the Department of Microbiology, Birla College, 

Kalyan. E.coli was sub-cultured by growing the 

colonies on nutrient agar slants and preserved in 

refrigerator. 

 

Preparation of nutrient broth: 

25ml of sterile nutrient broth was prepared using 

distilled water, and stored at 4℃ 

 

Preparation of nutrient agar plates: 

20ml of sterile nutrient agar was poured on sterile 

plates. 

 

ANTIMICROBIAL ASSAY: GROWTH CURVE: 

24ml of sterile autoclaved nutrient broth was 

inoculated with 1ml of soxhelated mulethi stem 

extract and 1ml of E.coli culture in triplicate.  It was 

then inoculated in Remi Orbital shaking inoculator 

at 37℃ for 24h, growth was determined at regular 

intervals of 1hr using Elico CL 63 Photometer at 660 

nm. Similar methods were followed for dry and wet 

Amla extract. Experimental control group was also 

studied for comparison.   

 

ANTIMICROBIAL ASSAY: WELL DIFFUSION 

METHOD: 

Sterile Agar plates were used as medium for 

screening antibacterial activity. About 15 to 20 ml 

of agar was poured in the sterile petridishes which 

were allowed to solidify. Wells of 1cm were dug out 

using a sterile cork borer in solidified agar medium. 

1ml of 24hr old cultures of E.coli was inoculated 

evenly using a sterile spreader. Dilutions were made 

from the crude extract that was used for inoculation. 

Dilutions of 1%, 10% and crude extract that is 100% 

of solutions were used. The plates were incubated at 
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37℃ for 24hrs and observed for inhibition zone of 

growth around the wells7. 

 

III. RESULTS AND DISCUSSION  

 

 
Figure 1. Growth curves of E.coli for Control. 

 

 
Figure 2. Growth curves of E.coli for Mulethi 

aqueous extract. 

 

 
Figure 3. Growth curves of E.coli for Mulethi crude 

extract. 

 
Figure 4. Growth curves of E.coli for Amla aqueous 

extract. 

 

 
Figure 5. Growth curves of E.coli for Amla crude 

extract. 

 

 
   

Figure 6. Inhibition zones (mm) for the wet extract 

of Amla, dry extract of Amla and dry extract of 

Mulethi obtained by a well diffusion method 
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Table. 1. Inhibition Zones (Mm) For The Wet Extract Of Amla Obtained By A Well Diffusion Method 

 

Extract used Control Dry extract of 

Mulethi 

Dry extract of Amla Wet extract of Amla 

% Dilution 100% 1% 10% 100% 1% 10% 100% 1% 10% 100% 

Average 

Diameter of 

Zone of 

Inhibition in 

mm 

 

 

0 

 

 

1 

 

 

6 

 

 

 

14 

 

 

2 

 

 

8 

 

 

17 

 

 

7 

 

 

9 

 

 

15 

  

Comparison of control bacterial culture with that 

of Soxhlet aqueous extract (Pure extract) yielded 

expected outcome. Although very little difference 

was seen in the growth curve, it is noticeable that 

the stationary phase arrived slightly earlier in case 

of pure extract “Fig.2” than that of the control 

“fig1” on the other hand it can be commented from 

the growth curve prepared after using crude extract 

“Fig.3” that the stationary phase arrived much 

earlier than control as well as pure samples. Time 

taken by the culture to arrive at stationary phase in 

case of crude sample is nearly half to its other 

counter parts. 

 

Results produced by well diffusion method are in 

corroboration with those shown by growth curve 

as it can be seen from the “Fig.6” and table.1 that 

the zone of inhibition is much larger when crude 

extract is incorporated in nutrient agar. 

 

Two separate samples of Amla were prepared as 

given in the methodology where one sample was 

prepared using wet Amla and the other using dry 

Amla. In both cases a general comment can be 

made that the stationary phase arrived much latter 

than their control counter parts. When compared 

among them it can be commented that the extract 

made out of dry Amla was less effective than the 

wet amla as again the arrival of growth curve was 

slower in former than the latter “Fig.4 and 5”. 

 

Growth curve obtained using crude extract showed 

contradictory results as it was found that extracts 

made using wet sample were more effective than 

the one made out of dry sample confirmed as the 

stationary phase appeared late in the former than 

the latter.  

Results obtained from well diffusion “Fig.6” assay 

showed nearly similar results and hence on that 

basis it is difficult to comment which sample is 

more effective.  

 

Plants have formed the basis for traditional 

medicine system and natural product make an 

excellent and wide way out for any new drug 

development8. Approximately 80% of the world‟s 

population rely on the natural remedies as their 

primary health care system9. The World Health 

Organization (WHO) is encouraging, promoting 

and facilitating programs based on herbal 

medicines and their uses10. Bacteria have the 

genetic ability to transmit and acquire resistance 

against the drugs which are utilised as the 

therapeutic agents.11 

 

Glycyrrhiza glabra (GG) (licorice, 

Fabaceae/Papilionaceae) is a plant with a rich 

ethnobotanical history12.The active components are 

triterpene saponins, glycyrrhizin and glycyrrhetic 

acid, which makes this plant more effective in 

treating many diseases and thus becoming one the 

best home remedy due to its antioxidant property 

which also helps to fight against low blood 

pressure13. Studies on GG extracts have been shown 

to possess antidepressant‐like, memory‐enhancing 

activities and produce antithrombotic effects. On 

the other hand, the root extracts are reported to 

exhibit anti androgenic and antitumor activities 

and radio‐protective effects. Besides that, the 

extracts from GG roots viz. glabridin (an isoflavan) 

and isoliquiritigenin (a flavonoid), are known to be 
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pharmacologically active compounds2. Glabridin is 

reported to be a potent antioxidant towards LDL 

oxidation, whereas isoliquiritigenin is known to 

exert anti‐platelet, anti‐viral, estrogenic activities 

and has the protective potential against cerebral 

injury.14  

 

Inhibition zone for Methanolic extract of GG was 

found to be 9mm, 11mm and 25mm15 when 

compared with the results after  investigation it can 

be clearly seen that the zone of inhibition with 

crude aqueous extract arrived much earlier 

(Table.1). Therefore, crude aqueous extract of GG 

shows more potency against E.coli than the 

methanolic extract.  

   

Emblica officinalis (EO) is a good source of 

polyphenols, flavones, and tannins and other 

bioactive compounds16. It contains many alkaloids 

like phyllantine, phyllembein, phyllantidine, 

flavonoids like kaempferol, quercetin, citric acid, 

and phenolic compounds like gallic acid, methyl 

gallate, ellagic acid & trigallayl glucose as its active 

components and Chebulagic acid, Emblicanin-A, 

Gallic acid, Emblicanin-B, Punigluconin, 

Pedunculagin as its few chemical compounds3.(3). 

The major components like tanins, citric acid, 

phyllembein; pectin smoothens the digestion and 

also helps in other digestion related problems. EO is 

one of the important ingredients of Chyavanprash 

and a constituent of Triphala powder17. It is 

reported to be one of the important constituent in 

many of the ayurvedic tonics, as the active 

compounds helps in reducing nausea, excessive 

salivation, giddiness, regurgitation, and 

spermatorrhea. EO also helps in maintaining the 

body homeostasis and menstrual cycle in women.18, 

19. 

 

Earlier studies showed that the inhibition zone for 

both methanolic extract and aqueous extract were 

found to be more or less similar20. However, when 

compared with results it was found to be similar, 

but, significant differences can be seen for the 

crude extract of Dry and Wet Amla“Fig.6”. 

 

IV. CONCLUSION 

 

The present study concludes that the crude extract 

is more effective than that of pure aqueous extract 

prepared using Soxhlet in both cases such as 

Mulethi as well as Amla. When compared among 

them it can be said that Mulethi is more potent as 

antimicrobial agent than Amla.  
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ABSTRACT 
 

We report the synthesis of copper oxide (CuO) nanoparticles from Cu(NO3)2 through wet chemical 
precipitation method. Characterization was done by X-ray diffraction (XRD) analysis, scanning electron 
microscopy (SEM), particle size analyzer and Fourier transform infra-red spectroscopy (FTIR). Two most 
prominent peaks in XRD profile, around 2 = 35.9° and 39.2°, which are combinations of double-reflections 
{(002) and (-111)} and {(111) and (200)}, respectively, are characteristics of monoclinic CuO. Unit cell 
parameters determined through Reitveld analysis of XRD data under FullProf Software Suite were: a = 4.6927, b 
= 3.4283 and c = 5.137 Å, with  =  = 90° and  = 99.546° for monoclinic Cc space group. Moreover, crystallite 
size estimation from XRD data using Debye-Scherrer formula produced average size of 34 nm for the 
nanoparticles. However, the particle size analyzer measured the average grain-size as 86 nm. Therefore, it was 
concluded that each grain of the nano-sized CuO seemed to be made up of roughly 16 crystallites. SEM pictures 
showed uniform distribution of ice-glass like crystalline particles, which are agglomeration of smaller particles. 
FTIR results showed expected peaks corresponding to Cu-O stretching. As a potential application as carbon 
paste electrode (CPE) modifier, the electrocatalytic efficiencies of CuO nanoparticles are being investigated. 
Keywords: Copper oxide; Nanoparticles; Wet chemical precipitation; X-ray diffraction 

 
I. INTRODUCTION 

 

In the past few decades, nanoparticles of a variety of 
shapes, sizes and compositions, have been discovered. 
Many of them are with excellent conductivity and 
fascinating catalytic properties that make them 
suitable for constructing novel electrochemical 
sensors. Nanostructured transition metal oxides have 
attracted considerable attention from researchers in 
the recent years. Copper (II) oxide, CuO, also known 
as cupric oxide is a p-type semiconductor with a 
bandgap of 1.2 – 1.9 eV. It is a black transition metal 
oxide with monoclinic crystal structure and many 
interesting characteristics, e.g., high thermal 

conductivity, photovoltaic properties, high stability 
and antimicrobial activity. Because of such useful 
properties, CuO has been investigated extensively for 
its wide range of potential applications, such as, in 
electrochemical cell, gas sensors, magnetic storage 
devices, field emitters and in catalysis [1]. 
Nanocomposites are known for significantly 
improving the electrocatalytic properties of substrates, 
decrease the overpotential, increase the reaction rate 
and improve reproducibility of the electrode response 
in the area of electroanalysis [2,3,4]. 
 
In this report we present the synthesis of CuO 
nanoparticles using wet chemical precipitation (WCP) 
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method, using Cu(NO3)2 and 1,10-phenanthroline as 
precursors, and ethanol/water mixture and NaOH as a 
reducing agents. Characterization of the synthesized 
CuO nanoparticles have been done by X-ray 
diffraction (XRD), Fourier Transform Infra-Red 
spectroscopy (FTIR), thermogravimetric analysis 
(TGA) and particle-size analysis. 
 

II. METHODS AND MATERIAL 
 
Synthesis of CuO nanoparticles: 

NaOH was obtained from ACE (South Africa), 1,10-
phenanthroline from Saarchem (South Africa), 
ethanol from Laboratory & Analytical Suppliers Co. 
(Pty) Ltd (South Africa). All reagents were used as 
received and ultra-pure water was used throughout. 
Phosphate buffer of pH 7 (supporting electrolyte was 
prepared from stock solution of 0.1 M disodium 
hydrogen phosphate and 0.1 M HCl. Cu(NO3)2 3 mM 
and 1,10-phenanthroline 6 mM were prepared in 1:1 
ethanol/water mixture. 2 M NaOH aqueous solution 
was then added to the solution under magnetic 
stirring and heating. The alkaline solution was 
transferred into an autoclave. The autoclave was then 
sealed and maintained at 160 oC for 24 h. The solution 
was then cooled to room temperature; the black 
precipitates were filtered, washed with water and 
absolute ethanol for several times and then dried in an 
oven at 50 °C. 
  
Figure 1 shows the synthesis route and reactions for 
the preparation of CuO nanoparticles. In reaction R1, 
water displaces the nitro group because it is a stronger 
ligand, resulting in a blue complex of Cu(H2O)62+. The 
same is true for reaction R2 [7]. 1, 10-phenanthroline 
is an organic compound that enhances formation of 
individual nanowires, a flower of nanowires 
agglomerated together would otherwise result if it was 
not used. It does not take part in the chemical 
synthesis of the reaction.  

 

 

Figure 1. Synthesis route of CuO nanoparticles and 
chemical reactions. 

 
Characterization and measurements: 

X-ray diffraction measurements were executed with a 
Shimadzu D6000 Diffractometer (from Shimadzu, 
Japan) using Cu Kα radiation (λ = 1.5406 Å) in the 2θ 
range from 20° to 60°. Scanning electron microscopy 
(SEM) was carried out on a Zeiss crossbeam series 
with Gemini FESEM unit. Fourier transform infra-red 
(FTIR) spectroscopy was carried out with Shimadzu 
FTIR, run from 400 cm-1 to 4000 cm-1 using diffuse 
reflection method, and KBr pellet was used for 
background measurement. Thermogravimetric 
analysis (TGA) was carried out with SDT 2960 
Simultaneous DSC-TGA, TA Instruments from 24°C to 
700°C at a ramp of 10°C/min. Particle size analysis was 
performed using Microtrac/Nanotrac TM150, which 
employs optical light scattering of particles suspended 
in water. 
 

III. RESULTS AND DISCUSSION 
 

X-ray diffraction analysis of CuO nanopowder: 

X-ray diffraction pattern of nano-sized CuO is shown 
in Figure 2. A detailed Reitveld analysis of XRD data 
to determine the crystal structure was also performed 
using FullProf Software Suite [4]. The two most 
prominent peaks around 2 = 35.9° and 39.2°, which 
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were identified as combinations of double-reflections 
{(002) and (-111)} and {(111) and (200)}, respectively, 
are characteristics of CuO. Further the acceptable 
FullProf solution after several trails produced 
monoclinic unit-cell with Cc space group and cell 
parameters: a = 4.6927 Å, b = 3.4283 Å, c = 5.137 Å,  
= 90,  = 99.546 and  = 90. These results are in 
very good agreement with the already reported single 
crystal data for CuO [5]. It is also noteworthy that the 
actual peaks recorded for the CuO nanopowder are 
apparently shifted approximately by +0.3° of 2 value, 
which may be tentatively attributed to the strains 
within the crystallites. 

 
Figure 2. X-Ray Diffraction spectrum of CuO nano-

powder. 
 
Particles size analysis: 

Average crystallite size of 34 nm for the CuO 
nanoparticles was estimated using Debye-Scherrer 
method. FWHM of the Gaussian best-fit to prominent 
peaks in the XRD data was used in the formula. 
Though this method has its own limitations, it 
immediately gives a rough estimation of the size 
without much effort. Since the X-rays penetrate 
through the surface of the particles, what is measured 
here is the size of small crystallites within the grains 
that diffract X-rays coherently [8]. 
 
On the other hand, the grain-size was measured on a 
particle size analyzer. A solution of copper oxide was 

prepared with pure water and agitated in an ultrasonic 
bath to obtain an evenly dispersed solution. 
Instrument was set to zero using the solvent (water) 
then the CuO solution was filled in the cell and 
measured. Distribution of grain-size obtained is 
shown in Figure 3. The mean grain size of CuO 
nanoparticles was determined to be 86 nm by the 
particle size analyzer, which measures the average 
diameter of the grains using light as a probe. 
Obviously, light cannot penetrate through the surface 
and therefore, this method gives the size of individual 
grains that could possibly be made up of several 
crystallites. 
 
A comparison of volumes created by the two sizes 
reveals that apparently each grain consists of 
approximately 16 crystallites, on an average. 

 
 

Figure 3. Particle size distribution of CuO 
nanoparticles. 

 
Scanning electron microscopy: 

SEM pictures at two different magnifications are 
shown in Figure 4. Highly crystalline, broken glass 
like structures are clearly visible in the pictures. The 
observed white spots in the SEM pictures are 
presumably traces of 1,10-phenanthroline left after 
washing. Moreover, the energy dispersive X-ray 
spectroscopy (EDX) carried out on the same machine 
established the composition of the nanoparticles as 
CuO. 
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Figure 4. SEM pictures of CuO nano-particles. 

 
FTIR and TGA: 

FTIR spectrum of CuO nanoparticles is shown in 
Figure 5. Characteristic peaks of CuO range from 
around 400 cm–1 to 1000 cm–1. Peaks around  420 cm–1, 
500 cm–1 and 610 cm–1  can be assigned to Cu–O 
stretching along [–202] Cu–O direction. Small sharp 
peak around 450 cm–1 is attributed to Cu–O stretching 
along [202] direction. The peak around 2300 cm–1 can 
be assigned to CO2 stretching, which could have been 
entrapped in the sample holder during packing. The 
broad peak around 3500 cm–1 is due to O–H stretch 
and bending from adsorbed water. 
 
Thermogravimetric analysis of 8.4 mg of CuO 
nanoparticles was run from 24 °C to 700 °C at a ramp 
of 10 °C/min (picture not shown). It shows that in the 
temperatures range of 80 – 140 °C, the percentage 
weight loss with temperature is about 1.0 %. This can 
be attributed to loss of adsorbed water and ethanol, 
2.0 % weight loss around 260 – 340 °C with is 
attributed to loss of hydroxyl ions. Weight percentage 
remains fairly constant above 500 °C, thus most 
impurities were lost at this temperature. The total 

weight loss is about 3 %. It can therefore be concluded 
that CuO nanoparticles are stable at elevated 
temperatures. 
 
As a potential application, electrochemical responses 
of carbon-paste electrodes modified with CuO 
nanoparticlesare being investigated for the detection 
of ascorbic acid, atenolol, diclofenac, dopamine, 
hydrazine and glucose using the method of cyclic 
voltammeter. The results will be published elsewhere. 

 
Figure 5. IR spectrum of CuO nanoparticles. 

 
IV. CONCLUSION 

 
Synthesis and characterization of nano-sized copper 
oxide (CuO) powder has been reported. Prominent 
XRD peaks around 2 = 35.9° and 39.2°, which are 
combinations of double-reflections {(002) and (-111)} 
and {(111) and (200)}, respectively, have been 
identified as the characteristics of monoclinic CuO, 
with unit-cell parameters estimated as: a = 4.6927, b = 
3.4283 and c = 5.137 Å;  =  = 90,  = 99.546. 
Moreover, the crystallite size calculated from XRD 
data through Debye-Scherrer method produced 
average size of 34 nm for the nanoparticles. The 
average grain-size measured on particle size analyzer 
however 86 nm was. Therefore it was concluded that 
each grain of the nano-sized CuO was apparently 
made up of nearly 16 crystallites. Uniform distribution 
of ice-glass like crystalline particles was visible in 
SEM pictures, which were agglomerations of smaller 
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particles. FTIR results showed stretching of Cu-O 
bonds as expected.  
 
Electrochemical properties of CuO nanoparticles as 
carbon paste electrode modifier are being investigated 
against electrochemical oxidation of ascorbic acid, 
atenolol, diclofenac, dopamine, hydrazine and glucose 
using cyclic voltammetry. The initial results seem to 
be very promising. 
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Inhibition of Mild Steel Corrosion Caused by Sulphate 

Reducing Bacteria by Using 2-Methylimidazole 
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ABSTRACT 

  

In this study, the inhibitive performance of 2-methylimidazole derivative as a corrosion inhibitor of mild steel 

was examined in Barr’s medium inoculated with sulphate reducing bacteria (Desulfovibrio desulfuricans). The 

coupons were exposed with different concentrations of 2-methylimidazole in Barr’s medium inoculated with 

sulphate reducing bacteria. The corrosion behaviour of mild steel was measured by weight loss, corrosion 

potential and polarization techniques. The surface analysis has been performed by scanning electron 

microscopy (SEM). The inhibitor exhibits their best performance at 500 ppm solution. The inhibitor obeys the 

Langmuir adsorption isotherm phenomenon since it obtained a straight line graph.  

Keywords : SRB, Mild Steel, SEM. 

 
I. INTRODUCTION 

 

Though the serious consequence of corrosion can 

be controlled to a great extent by selection of 

highly corrosion resistant materials, the 

phenomenon of corrosion remains a major 

concern to industries around the world. 

Microbiologically Influenced Corrosion (MIC) is a 

major problem in many industries such as oil and 

gas, as well as water utilities. Sulphate Reducing 

Bactria (SRB) is often found to be the cause of 

MIC [1–8]. 

 

Microbiologically influenced corrosion (MIC) has 

been estimated to account for 20% of annual 

corrosion damage of metallic materials, of which 

sulphate-reducing bacteria (SRB) are commonly 

considered to be the principal culprits among the 

causative organisms of corrosion [9-11]. SRB are 

strict anaerobes that gain their biochemical 

energy for growth by oxidizing certain organic 

compounds or hydrogen (H2) with sulphate or 

other sulphur compounds such as sulphite, 

thiosulphate or sulphur as terminal electron 

acceptors and reducing these compounds to 

sulphides (H2S and HS_) [12-15]. 

 

The purpose of this paper is to study inhibition 

performance of 2-methylimidazole as corrosion 

inhibitor for mild steel in Barr’s medium 

inoculated with sulphate reducing bacteria. It has 

been studied through different corrosion 

monitoring methods and surface analytic 

techniques.  In addition, adsorption performance 

and mechanism at mild steel surfaces are also 

discussed. The study confirms that the imidazole 

derivative protect mild steel from microbiological 

influenced corrosion due to its antimicrobial 

properties and by adsorption on metal surface. 
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II. EXPERIMENTAL DETAILS 

 

2.1. Metals and Alloys  

Mild Steel coupons having composition (C – 

0.16%, Si – 0.10%, Mn – 0.40%, P - 0.013%, S -

0.02% and remaining as iron) have been used as 

working electrode in the present study. 

 

2.2. Chemicals 

Chemicals used in corrosion test solutions and 

corrosion inhibitors were obtained from Merck  

(India), Loba chemie (India). All these chemicals 

were of AR grade and were used without any 

further purification.  

 

2.3. Bacteria 

The bacteria used in the present study were 

obtained from National collection of Industrial 

Micro-organisms (NCIM), Biochemical Science 

Division, National Chemical Laboratory, Pune-

411088, Maharashtra. 

The bacteria used in the present study were 

Desulfovibrio desulfuricans. Composition of the 

culture medium is given below, 

Table 1 

Name of 

the Organism 

NCI

M No. 
Medium used 

Desulfovibr

io 

desulfuricans. 

2047 

Barr’s medium 

(sulfur bacteria)                        

K2HPO4 0.05g, NH4Cl 

0.19, CaSO4 0.29, 

Sodium Lactate 0.79, 

MgSO4.7H2O 0.29, 

Ferrous Ammonium 

Sulfate 0.05g, Distilled 

Water 100 cm3 

(medium is sterilized 

for three consecutive 

days at 121oC for 20 

min and the final pH is 

adjusted to 7.0-7.5). 

 

 

 

2.4. Biocide:- 

The biocide 2-methylimidazole is added in to the 

test solution.  The chemical structure of 2-

methylimidazole is as follows,  

Table 2 

Inhibitor Molecular Structure. 

 

        2-

methylimidazole 

  

 

2.5. Sample Preparation: 

For weight loss experiments, rectangular shaped 

coupons (1 cm X 3 cm) were sheared from sheets 

of mild steel and flag shaped specimens with 1 

cm2 working area were used for electrochemical 

experiments. The surface of specimens was 

prepared by sequential polishing with 1/0, 2/0, 3/0, 

4/0 grade emery papers, it was polished with the 

next higher grade in a right angle to the 

first .During the polishing of mild steel surface, 

the emery paper was impregnated with a dilute 

solution of paraffin wax in kerosene oil. All 

specimens were washed with triple distilled water 

and degreased with 95% ethyl alcohol. Specimens 

were dried and stored over silica gel in vacuum 

desiccators. 

 

2.6. Immersion Test 

Specimens were weighed on an electronic balance 

(Shimadzu Type BL22OH, least count 0.001g) 

before and after immersion tests. After removing 

the specimens from the test solution the corrosion 

products were removed from the surface with the 

help of brush. Generally duplicate experiments 

were performed in each case and the mean value 

of the weight loss was recorded. 

 

2.7. Electrochemical Measurements 

The variation of corrosion potential of mild steel 

was measured against saturated calomel electrode 

in absence and presence of various concentrations 

of inhibitors. The time dependence of OCP for 

different experiments was recorded for one hour 
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exposure period. Then same sample was used for 

potentiodynamic polarization (PD) experiments. 

Different electrochemical results obtained from 

potentiodynamic polarization are reported. The 

polarization studies were carried out in unstirred 

solutions. For electrochemical polarization studies 

(corrosion potential and potentiodynamic 

polarization) flag shaped specimens with 

sufficiently long tail were cut from the mild steel 

sheet. These samples were polished as described 

earlier leaving a working area of 1 cm2 on one side 

of the flag and a small portion at the tip for 

providing electrical contact. Rest of the surface 

was coated with enamel lacquer including side 

edges. The test specimen was connected to the 

working electrode holder through the tip of the 

tail. About 50 ml of the corrosive medium was 

taken in a mini corrosion testing electrochemical 

cell. 

 

Electrochemical measurement system, DC 105, 

containing software of DC corrosion techniques 

from M/S Gamry Instruments Inc., (No. 23-25), 

Louis Drive, Warminster, PA- 18974, USA has 

been used for performing corrosion potential and 

polarization experiments. The electrochemical 

studies were performed in a three electrodes 

Pyrex glass vessel with mild steel coupons as 

working electrode, saturated calomel electrode as 

reference electrode and spectroscopic grade 

graphite rod as counter electrode. 

 

2.8. Scanning Electron Microscopic Analysis 

The composition and surface morphology of 

corrosion product on mild steel sample after 240 

hours (10 days) immersion in the Barr’s medium 

in the absence and presence of 2-methylimidazole 

was studied by a scanning electron microscopy 

(SEM). 

III. RESULTS AND DISCUSSION 

 

3.1. Weight Loss Measurement- 

Weight loss data of mild steel in Barr’s medium 

inoculated with Desulfovibrio desulfuricans  in 

the absence and presence of various 

concentrations of inhibitor were obtained and are 

given in Table-1. Inhibition efficiencies (IE %) 

were calculated by formula as: 

                        (IE %) = [W0-W]/W0 X 100 

 

Where  W and Wo are the weight loss of mild 

steel in the presence and absence of inhibitor, 

respectively. The results show that the inhibition 

efficiencies increase with increasing inhibitor 

concentration. The results obtained from the 

weight loss measurements are in good agreement 

with those obtained from the electrochemical 

methods. 

 

Table 3. Weight loss data for inhibition of 

corrosion of mild steel exposed to Barr’s medium 

inoculated with Desulfovibrio Desulfuricans with 

different concentration of 2-methylimidazole. 

 

Inhibitor 

Conc. 

(ppm

) 

Weigh

t 

Loss 

(mg) 

Surface 

Coverage 

( ) 

Inhibitio

n 

Efficienc

y 

(IE %) 

Blank (Barr’s 

medium 

inoculated with 

Desulfovibrio 

Desulfuricans) 

 

----- 

 

210 

 

-----------

- 

 

--------- 

2-

methylimidazole 

100 138 0.34 34% 

300 96 0.54 54% 

500 42 0.80 80% 

 

3.2. Open Circuit Potential Measurement (OCP) 

The electrochemical behavior of mild steel in 1M 

HCl was studied by monitoring change in 

corrosion potential (Ecorr) with time. The change 

in open circuit potential of mild steel in absence 

and presence of various concentrations of 

inhibitor 2-methylimidazole in Barr’s medium is 

shown in figure 3. 
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The change in open circuit potential of mild steel 

in absence and presence of inhibitors were 

measured after 10 days exposure in Barr’s medium 

inoculated with Desulfovibrio Desulfuricans for 

period of 1h with sample period of one data per 

second. The potential attains steady state after 

exposure of 0.5h. The steady state potential is an 

equilibrium state at which Iox. is equal to Ired. In the 

presence of various concentrations of inhibitors 

the steady state potential of mild steel shifts more 

towards positive value. This is due to adsorption 

of inhibitors on metal surface resulting in 

passivation of metal. 

 

The influence of various concentration (100, 300, 

and 500 ppm) of 2-methylimidazole on open 

circuit potential of mild steel in Barr’s medium is 

given in fig .3 . It is obvious from figure that, it 

exhibit good inhibition performance at 100 ppm 

and above. Inhibition efficiency increases with 

increase in concentration of 2-methylimidazole.  

 
Figure 1. Corrosion potential of mild steel exposed 

to the solution of Barr’s medium with different 

concentrations of 2-methylimidazole.   

 

3.3. Potentiodynamic Polarization Measurement 

Figure 4 depicts typical potentiodynamic 

polarization curves for mild steel in Barr’s 

medium solution in the absence and presence of 

different concentrations of 2-metylimidazole at 

300C. 

It could be observed that extent of damage to mild 

steel surface is very less, the rate of corrosion was 

reduced considerably in the presence of 

inhibitors, it revealed that there was a good 

protective film adsorbed on metal surface, which 

acted as a barrier and was responsible for the 

inhibition of corrosion. 

 
Figure 2. Potentiodynamic polarization curve of 

mild steel exposed to Barr’s medium inoculated 

with Desulfovibrio Desulfuricans with different 

concentrations of 2-methylimidazole.  

 

Table 4. Electrochemical Parameters for 

Inhibition of corrosion of mild steel exposed to 

1M HCl with different concentration of 2-

methylimidazole. 

Conc. 

(ppm) 

βa 

(V/dec.) 

e-3 

βc 

(V/dec.) 

e-3 

Icorr 

(µA.cm2

) 

Ecorr 

(mV) 

%IE 

 

Contro

l 
231.4 113.0 15.10 -897.0 - 

2-methylimidazole. 

100 160.7 128.7 8.52 -881.0 43.57 

300 106.0 176.6 5.45 -768.0 63.90 

500 104.3 175.2 3.12 -765.0 79.33 
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3.4. Adsorption Isotherm 

The surface coverage values,  , (defined as  =IE 

%/100), increases with increasing inhibitor 

concentration as a result of adsorption of more 

inhibitor. The corrosion inhibition efficiency was 

calculated by using the following equation: 

Inhibition efficiency (IE %) =  
         

  
 , Where Io and 

I are the corrosion current densities in the absence 

and presence of inhibitor in the solution, 

respectively.  

Table 5. Adsorption parameters of 2-

methylimidazole. 

C (PPM)      θ   IE% 

100 0.4357 43.57 

300 0.6390 63.90 

500 0.7933 79.33 

It is observed that the adsorption behavior of 2-

methylimidazole obeys the Langmuir’s adsorption 

isotherm as it gives straight line when graph of C 

(ppm)/ θ is plotted against C (ppm) as shown in Fig 1. 

It was proposed that adsorption of 2-methylimidazole 

occurs by physisorption and chemisorptions. Thus 

the surface of inhibitor layer formation on the mild 

steel is the combination of both, physisorption and 

chemisorptions.           

    
 Figure 3. Adsorption Isotherm of 2-methylimidazole. 

 

 

 

 3.5. Scanning Electron Microscopic (SEM) Analysis 

SEM micrographs obtained from unexposed and 

exposed specimen coupons in Barr’s medium  

inoculated with Desulfovibrio Desulfuricans for 240 

hours in the absence and  presence of 500 ppm 2-

methylimidazole  which are shown in Fig. 2, 

respectively. The accelerating voltage for SEM 

scanning was 10KV. The results obtained from 

weight loss and electrochemical measurements were 

further supported by SEM analysis. 

 
Figure 4. SEM of mild steel: a) Polished and without 

inhibitor. 

 
Figure 4.b) After immersion in Barr’s medium 

inoculated with Desulfovibrio 

desulfuricans without inhibitor. 

 
Figure 4. c). After immersion in Barr’s medium 

inoculated with Desulfovibrio  

desulfuricans with 500 ppm of inhibitor. 
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IV. CONCLUSION 

 

On the basis of above results following conclusions 

are obtained: 

1] The result obtained by gravimetric analysis, hold 

good agreement with the result obtained by 

electrochemical studies; revealed that 2-

methylimidazole is acting as a very good corrosion 

inhibitor of mild steel in Barr’s medium. 

2] The inhibition efficiency increases with the 

increasing concentration of inhibitor. 

3] In the present investigation, 500 ppm solution of 

2-methylimidazole shows nearly 80% inhibition. 

4] 2-methylimidazole is mixed type of inhibitor.  

5] The SEM examination shows the formation of 

protective surface film of inhibitor molecules on the 

surface of mild steel and obeys the Langmuir 

adsorption isotherm. 
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ABSTRACT 
 

Thick films of glassy carbon were synthesized at 8000 C using natural oil vapour deposition of Pongamia glabra 

oil. Scanning electron microscopy, X-ray diffraction, and micro-Raman spectroscopic study of the sample 

showed the disordered graphitic nature of films. Study of magnetic behaviour with hysteresis loop has shown a 

ferromagnetic nature.  

Keywords: Glassy Carbon, Natural Oil Vapour Deposition, Magnetic Behaviour 

 

I. INTRODUCTION 

 

Films of glassy carbon (GC) are an interesting form of 

disordered carbon, having physical and chemical 

properties similar to those of diamond like carbon 

(DLC) [1]. It is a mixture of amorphous and nano 

crystalline carbon, commonly having sp3 and sp2 

chemical bonds. These carbon materials have a variety 

of potential applications due to their characteristics 

similar to those of DLC films and additional properties 

of higher conductivity and thermal resistance than 

DLC. The physical properties of GC including low 

density, chemical inertness, closed porosity, thermal 

stability, electrical conductivity and glass-like 

isotropic properties allow its application in the 

aerospace, medical, mechanical, chemical, 

semiconductor industries [2-10]. As an interesting 

material, we have performed some magnetic 

measurement on GC films and reporting the 

experimental evidences of its ferromagnetic behaviour. 

  

 

II. METHODS AND MATERIAL  

 

Natural oil of Pongamia glabra seeds was used for 

synthesis of thick films of glassy carbon with natural 

oil vapour deposition method. Here, the crude oil of 

pongamia glabra seed was pyrolised and deposited on 

quartz substrate at reaction temperature of 8000 C.  

Hydrogen was used as carrier gas to carry the oil 

vapours in the reaction zone of the furnace and 

deposited as a film. Samples were annealed for 45 

minutes in hydrogen atmosphere.  

 

III. RESULTS AND DISCUSSION  

 

Micro-Raman Spectrum of GC film shows three broad 

peaks at 1356 cm-1, 1600 cm-1 and 1930 cm-1. Here, 

Raman shift Peak  located at 1356 cm–1 corresponds to 

sp3 carbon bond of multi-crystalline graphite[11] and 

is designated as the D-peak that means disordered[12, 

13] allowed zone edge, A1g mode of graphite. Such 

peak is due to the breathing modes of A1g symmetry 

involving phonons near the K-zone boundary [13-16] 
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and has contributions from both highly defective sp3 

carbon and disordered sp3 carbon. This mode is 

forbidden in perfect graphite and only becomes active 

in the presence of disorder r[17] .The second peak at 

1600 cm-1 is more intense and related to the sp2 carbon 

bond, designated as G-peak , zone centre E2g phonon 

mode at around 1580 cm−1 to 1600 cm−1. The peak 

located at 1930 cm-1 of Raman spectra (figure 1), 

indicates that GC film can have a significant fraction 

of carbon-carbon sp chains and peak  assigned to a 

stretching vibration of the sp carbon chain, normally 

located at about 1900-2000cm-1 [18]. The decrease in 

intensity of this peak may be a result of destruction of 

sp phase due to its exposure to air [19]. 

 

Ratio of intensity of D- peak (ID) and G-peak (IG) for 

film was calculated to be ~ 0.95. This ratio correlates 

with the in-plane graphite crystallite size La, 

according to the relationship, La=4.4IG/ID (in nm) 

[13].The calculated value of La is 4.6 nm, implying the 

microcrystalline graphite planar crystal size is about 

4.6 nm in the formed GC film. By using the 

polynomial equation [20] developed on the basis of 

data presented in the references [17, 21],  

sp3content = 0.24 − 48.9(ωG − 0.1580)   (1) 

 

Here, unit of ωG has taken as inverse of micrometre 

unit [22]. Using the shift in G-peak position in the 

above equation, the changes in sp3 content in the films 

can be calculated. In our GC film ~ 15 % of sp3 type of 

carbon was found for 1600 cm-1. SEM image of GC 

film (figure2) shows that the film is made of a 

continuous amorphous carbon layer.  

 
Figure 1 .Raman spectra of GC film    

 
Figure 2. SEM image of GC film 

 

In the XRD data spectrum, which is analogous to the 

spectrum [3] given by Z. Zeng etal for glassy carbon 

[23], two broad peaks at (002) and (101) was observed. 

These broad peaks were the indication of a disordered 

material, where the crystallinity of the sample was far 

from the crystal material [24].     

 

A hysteresis for the GC film (figure 3) at 

comparatively low field H=1kOe, clearly gives the 

evidence of ferromagnetic behaviour. Moreover, the 

curve asymptotically tends to a quite large positive 

value possibly due to the presence of ferromagnetic 

impurities [24].To confirm such ferromagnetic 

behaviour magnetization hysteresis loops were 

measured   in the field range between -50kOe to 

+50kOe . A typical ferromagnetic like hysteresis loop 

was observed for GC films (figure 4) which provides a 

relation between the magnetization (M) and applied 

field (H). The saturation magnetization (Ms) was 

observed ~ 4.4 kOe at 0.000618emu/g. It is a main 

characteristic of the hysteresis loop, which is normally 

observed, when all the magnetic moments are aligned 

along a common direction that results in the largest 

value of the magnetization. 
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Figure 3. M–T curves for GC film under zero-field-

cooling (ZFC) and field cooling (FC) 

 

 

 

 

 

 

 

 

 

 

Figure 4. Hysteresis loop for GC films  

 

Remnant magnetization, which is the leftover 

magnetization, has value 0.000121 emu/g. From the 

above data of SQUID measurement, it is clear that, the 

GC films synthesized from Pongamia glabra oil have 

ferromagnetic property. Here, the ferromagnetism 

may couple the   paramagnetism of common 

amorphous carbon with some ferromagnetic clusters 

formed by defects during the formation of film. This 

possibility is supported by the micro-Raman spectrum 

of GC film (figure 1), as the film is made of disordered 

sp2 and sp3 network along with some carbon-carbon sp 

state. It means, such ferromagnetic behaviour of 

material can be ascribed to the structural instability 

that can coexist during the process of graphitization. 

 

 

 

 

IV. CONCLUSION 

 

Carbon films with glassy surface can synthesized from 

pongamia glabra oil by vapour deposition method. 

Study of its morphology as well as reasonable 

magnetic response reveals occurrence of 

ferromagnetic response in accordance with applied 

field, if we take into account that the structural 

changes have a great impact on this magnetic 

behaviour evolution. However, further study is 

necessary to explain the magnetic behaviour of such 

films.  
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ABSTRACT 
 

Euphorbia tirucalli has a number of medicinal uses along with toxic effects attributed to the plant. This plant is 

mainly used for its fish stupification and piscicidal activities by tribals of Gond tribe of Kawal Wild Life 

Sanctury, Andra Pradesh, southern Rajasthan, southern Maharashtra in India and Africa [2][3][4][5]. The 

present study aims to identify the effect of E. tirucalli extracts on skeletal muscles and brain protein 

composition, as the contraction and relaxation of skeletal muscles is responsible for normal swimming 

movements of the fish.  The altered swimming movements are indicative of effect of plant extracts on these 

proteins. For the current study three different extracts of E. tirucalli were prepared and their effects were 

observed on the fish, Tilapia. Protein samples were prepared from skeletal muscles and brain tissues. These 

samples were separated with the help of SDS-PAGE and Agarose Gel Electrophoresis. The results indicated 

denaturation of certain protein bands in the plant extract treated muscle and brain proteins of the fishes. 

Keywords: Euphorbia tirucalli, Piscicidal activity, Stupification of Fish, Protein, SDS-PAGE, AGE 

 

I. INTRODUCTION 

 

Fish catching with the aid of plants is an ancient 

practice. Plants have been used in various parts of the 

world by people from times immemorial for poisoning 

or stupifying fish. This practice is one of the great 

biological and ethnological interest. All parts of the 

plants are used; but in most cases a certain part such as 

the bark or root in which the toxic principles are 

located are utilized. Such plants contain different 

phytochemicals like alkaloids, coumerins, resins, 

saponins, diosgenin etc. [1] [2][4][5] 

 

Family Euphorbiacae has a reputation of having 

incredibly toxic plants. Some of the Euphorbia plants 

are used in folk medicine to cure skin diseases, 

gonorrhoea, migraines, intestinal parasites, and warts. 

The genus Euphorbia has been the source of large 

number of biological active compounds. Tannins, 

flavonoids, unsaturated sterols/triterpenes, 

carbohydrates, lactones and proteins/amino acids were 

reported as major active constituents of some 

Euphorbia species [6]. Euphorbia tirucalli L. (Family: 

Euphorbiacae) is a succulent cactus-like plant growing 

to a height of about 10 M. It was introduced from 

Africa as a garden plant. E. tirucalli grows in arid 

zones as well as zones that are more mesophytic, the 

species makes a good living fence post. E. tirucalli is 

also called petroleum plant because it produces a 

hydrocarbon substance similar to gasoline [6]. Whole 

plant harvesting is worthwhile from energy point-of-

view with rubber, petroleum, and alcohol as energy 

products and resins, which may find use in the 

linoleum, oilskin and leather industries.  The charcoal 

derived from plant can be used in gunpowder[7][8]. 

The dried latex contains resin which is a principle 

constituent (75.8-82.1%). The stem contains 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 

 

 
59 

hentriacontene, hentriacontanol, the antitumor 

steroid 4-deoxy-phorbol ester, beta-sitosterol, 

caoutchouc, casuariin, corilagin, cycloeuphordenol, 

cyclotirucanenol, ellagic acids, euphorbins, euphol, 

euphorone, euphorcinol, gallic acids and 

glucosides[9][10]. A variety of diterpenoids with 

antibacterial, anticancer, prostaglandin E2-inhibitory, 

antifeedant, anti-HIV, and analgesic activity have also 

been isolated from different Euphorbia species [22]. 

They include jatrophane, ingenol and myrsinane 

diterpenoids. These diterpenoids are reported to act in 

diverse ways; they are found to be skin- irritants, 

tumour-promoters [11]. In addition to anti-tumour 

activity, several species of this genus have been 

investigated for their immunomodulatory activity and 

some immunotoxic, immunosuppressive and immune-

stimulatory effects. These broad range and diversity of 

biological activities in the Euphorbia genus, is perhaps 

due to the presence of various components with 

different modes of action in the plants [13][14][15][16]. 

Adverse effect of aqueous extracts of Euphorbia 

tirucalli on respiratory pathway of fish is studied. The 

extract also cause energy crisis during stress by 

suppressing ATP level [17][18].  

 

Many workers in India have documented their work 

on piscicidal effect of various plants and plant parts 

including Euphorbia tirucalli.  Piscicidal effect of 

some common plants were studied against target 

animals of fresh waterbodies in India by Digvijay 

Singh and Ajay Singh in 2002 [19]. In 1995, Poisonous 

effects of Euphorbia tirucalli on fish was studied by 

Kamat and Muthe [20].  Effects of Euphorbia tirucalli 

latex on blood calcium and phosphate of the 

freshwater air-breathing catfish Heteropneustes 

fossilis was studied by Abhishek Kumar et al(2010) 

[18].  In 2003, Toxicity of Euphorbia tirucalli plant 

against fresh water target and non-target organisms 

were studied by Tiwari et al.[21] 

From literature survey it is evident that though 

piscicidal effect of Euphorbia tirucalli is studied, toxic 

effects of Euphorbia tirucalli on skeletal muscles and 

brain protein of fish are not investigated. The current 

study gives an insight on the effects of various extracts 

of Euphorbia tirucalli on fish muscles and brain, 

which are required for swimming action and its co-

ordination. During the current investigation proteins 

from muscles and brain are analyzed using 

electrophoretic technique so as to observe any 

degenerative changes. 

 

II. METHODS AND MATERIAL 

 

A. Extraction of Plant material and Treatment Given 

to Tilapia Fish: 

A plant material of Euphorbia tirucalli was collected 

from college campus.  The twigs and stem of plant 

Euphorbia tirucalli were dried in shade and were 

powdered.  Extractions were prepared using dried 

plant powder as well as fresh plant materials. Three 

types of extracts were prepared as follows- 

1. Extract 1: Crude aqueous extract: Fresh stem 

and twigs were macerated in 3 ml of distilled 

water using mortar and pestle and filtered using 

muslin cloth.  

2. Extract 2: 100% Ethanolic Soxhlet extract: Fresh 

stem and twigs of the plant were macerated and 

then extracted using ethanol in Soxhlet 

apparatus for 8hrs.  The ethanolic extract thus 

obtained was dried using flash evaporator. A 

dried extract was dissolved in 10 ml of ethanol. 

This extract was used as ethanolic plant extract 

for estimation of change in protein profile 

(Kamath &Muthe, 1995) [7]. 

3. Extract 3: Alkaloid extract: Plant alkaloids are 

major fraction playing important role in 

piscicidal activity; hence alkaloids were 

extracted  from the stem and twigs of  E. 

tirucalli.  

These extracts were used for the study of stupification 

and piscicidal activity on commonly available fresh 

water fish Tilapia.  The fishes were divided in four 

groups and each group containing six fishes.  They 

were acclimatized for a period of 24 hrs to the 

laboratory conditions and the doses of above 

http://www.tandfonline.com/action/doSearch?action=runSearch&type=advanced&result=true&prevSearch=%2Bauthorsfield%3A(Kumar%2C+Abhishek)
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mentioned extracts were prepared as mentioned in 

table 1  

 

Table 1 

EXTRAC

T 

CONCENTRATI

ON 

QUANTIT

Y 

TIME 

PERIO

D 

1 

2 

3 

2ppm 

2ppm 

2ppm 

100 µl 

100 µl 

100 µl 

 

6 hrs 

6 hrs 

6 hrs 

1 

2 

3 

 

10 ppm 

10 ppm 

10 ppm 

 

100 µl 

100 µl 

100 µl 

 

6 hrs 

6 hrs 

6 hrs 

1 

2 

3 

 

20 ppm 

20 ppm 

20 ppm 

 

100 µl 

100 µl 

100 µl 

 

6 hrs 

6 hrs 

6 hrs 

 

Control-

1 

Control-

2 

Ethanol 

Distilled Water 

100 µl 

100 µl 

6 hrs 

6hrs 

 

During the treatment period of 6hrs, the fishes were 

observed for behavioural and physiological changes. 

After the treatment period, fishes from all four groups 

were sacrificed and skeletal muscles and brain tissue 

was procured. The tissues thus procured were then 

used for analysis of proteins.  

 

B. Extraction Of Protein From Fish and Quantitative 

Protein Estimation by Barfords’ Method: 

 

Fishes were dissected to obtain muscle and brain 

tissue at 4-6 0C. 

 

Muscle and brain tissue were taken in separate petri-

plates containing 1X Phosphate buffer (pH 7.4) 

 

Homogenize the tissues with chilled 1X phosphate 

buffer (pH 7.4) 

 

The homogenized tissue sample was cold centrifuged 

at 

 

4 0C at 3000 rpm for 10 minutes (Gupta & Mullins, 

2010) [23] 

 

Supernatant was collected in pre-chilled centrifuge 

tube and was used as protein sample. 

 

Fishes from control group were used for quantitative 

protein estimation by Barfords’ method.   

 

The protein samples extracted from all four groups 

were separated by SDS-PAGE and Agarose gel 

electrophoresis. 

 

C. Electrophoresis of Fish Brain and Muscle protein:  

1. SDS-Polyacrylamide Gel Electrophoresis was 

performed by using standard HIMEDIA SDS-

PAGE Kit (HTP001) for all four groups with 

brain and muscle proteins extracts. The gels thus 

obtained were stained with Coomassie Brilliant 

Blue R (CBB-R) stain and Silver Stain. Silver 

staining is the most sensitive protein staining 

method available for gel electrophoresis. It can 

efficiently detect minute quantity such as 5 ng 

protein in a 2.5 mm wide band in 0.75 mm thick 

gel. Different proteins give different intensity of 

the staining. [22] 

2.  Agarose Gel Electrophoresis was performed for 

separation of muscle and brain protein samples 

from fish. 

 

It was carried out using HIMEDIA Genomic DNA 

isolation AGE kit. A standard procedure of gel 

preparation was followed. 

 

III. RESULTS AND DISCUSSION  

 

The fishes were exposed to 2ppm, 10ppm and 20ppm 

concentrations of crude aqueous extract, 100% 
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ethanolic Soxhlet extract and alkaloid extract for a 

period of 6hrs as mentioned in the Table II.1. 

The results indicated that on exposure to low 

concentration of 2ppm of all three extracts, fishes   

survived the treatment period of 6 hrs without any 

signs of discomfort or irritation. When the fishes were 

treated with 10ppm concentration of all three extracts, 

they exhibited primary irritation for 15min. to 20 min. 

Redness near gills region was also observed. After 

exposure to 20ppm concentrated extracts, fishes 

showed increased levels of discomfort and irritation. 

There was a prominent redness near gills. Fishes were 

also observed to gasp for air. For crude extract and 

ethanolic extract, these symptoms lasted for 30mins. 

But the fishes eventually recovered. In case of 20 ppm 

alkaloid extract, these symptoms persisted for almost 

40 mins and fishes also exhibited stupification. 

Surfacing of the fishes was seen with no swimming 

activity.  

Muscle and brain proteins were extracted from treated 

and control fishes. Proteins from muscles and brain 

were quantified calorimetrically by Barford’s Method. 

The amount of protein in muscle was found to be 

0.3194 % and in brain it was 0.8429 %. The protein 

quantity was observed to be sufficient to carry out 

protein separation by SDS-PAGE and Agarose gel 

electrophoresis (AGE). 

 
Figure 1. Brain Protein Separation By SDS- PAGE 

 

Lane 1- Protein Marker. 

Lane 2- Control Muscle Protein. 

Lane 4- Muscle Protein Treated with Extract 1. 

Lane 5- Muscle Protein Treated with Extract 2. 

Lane 6- Muscle Protein Treated with Extract 3. 

Lane 7- Muscle Protein Treated with Extract 3 

 

Figure 2. Brain Protein Separation By SDS- PAGE 

              Lane 1- Protein Marker 

              Lane 3- Control Fish Brain Protein 

              Lane 4- Treated Fish Brain Protein 

 

Figure 3. Silver Staining of SDS-PAGE of Muscle 

Protein 

Lane 1- Control Fish Muscle Protein. 

Lane 2- Extract 3 Treated Fish Muscle Protein. 

Lane 3- Protein Marker. 

 

 
Figure 4. AGE Separation of Fish Muscle and Brain 

Protein By CBB Staining 

97.4 

68.0 

43.0 

 

28 

20 

9 

97.4 

    68.0 

    43.0 

 29.0 

 20.0 

 14.3 

1   2         3         4          5         6         7          8 
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Lane 1- Protein Marker. 

Lane 2- Control Brain Protein. 

Lane 3- Extract 2 Treated Brain Protein. 

Lane 4- Extract 3 Treated Brain Protein. 

Lane 5- Extract 1 Treated Muscle Protein. 

Lane 6- Control Muscle Protein. 

Lane 7- Extract 2 Treated Muscle Protein. 

Lane 8– Extract 3 Treated Muscle Protein. 

 

Muscle and brain protein samples extracted from 

treated and control fish were separated by SDS- PAGE 

and Agarose Gel Electrophoresis 

 

Separation of Muscle Protein:  

 Muscle protein separation carried out using SDS-

PAGE, resulted in an altered protein behavior 

between 97.4 KDa and 68.0 KDa molecular weight 

region. Hence, it can be concluded that protein in this 

region is sensitive to the phytochemical constituents 

of Euphorbia tirucalli extract. 

 

Silver Staining Evaluation of Muscle Protein: 

Silver staining of muscle protein showed alteration 

pattern in protein, where in it was observed that a 

single band of molecular weight 68.0 KDa was absent. 

This also indicates alteration of protein structure of 

fish under the influence of phytochemical fractions of 

the Euphorbia tirucalli extract.  

 

Separation of Brain Protein: 

When brain protein samples were separated on SDS-

PAGE, it showed a single band from control protein 

sample. Treated protein samples did not show any 

band separation on electrophoresis. These type of 

results may be observed due to denaturation of brain 

proteins under the influence of phytochemicals of the 

extracts or due to unfavourable laboratory conditions.  

 

Separation of Proteins By Agarose Gel Electrophoresis 

(AGE): 

When muscle and brain protein samples were 

separated by agarose gel electrophoresis, it showed 

following results-   

When alcoholic and alkaloid extracts treated fish 

muscles and brain proteins were separated on AGE; it 

was observed that there was absence of bands situated 

at position 97.4 KDa, 68.0 KDa and one more band at 

43.0 KDa molecular weight region. This indicated that 

fish muscle and brain contains proteins which are 

sensitive to phytochemicals of Euphorbia tirucalli. 

This result was more prominent in alkaloid extract of 

E. tirucalli.  

IV. CONCLUSION 

 

The present study, thus reveals the protein 

denaturation from muscles and brain of fish Tilapia 

under the influence of extracts of Euphorbia tirucalli. 

The alkaloid fraction of plant extract was observed to 

show degenerative effect on muscle protein of 

molecular weight 97.4 KDa to 68.0 KDa as these bands 

were absent in the separated brain and muscle 

proteins by SDS-PAGE and AGE of treated fishes. It 

was also observed that one more band of protein 

situated at 43.0 KDa region was absent, when brain 

and muscle proteins were separated by Agarose gel 

electrophoresis. All these results thus indicate that the 

piscicidal and stupification activities exhibited by 

Euphorbia tirucalli are due to denaturation of certain 

proteins which are required for normal swimming 

behavior of the fish. The contraction and relaxation of 

skeletal muscles is responsible for normal swimming 

movement. The degeneration of brain proteins lead to 

loss of control and co-ordination. The altered 

swimming movement was indicative of effect of 

Euphorbia tirucalli extracts on these proteins. It was 

also observed that alkaloid extract (Extract 3) was 

most effective in denaturation of these proteins as 

compared to other two extracts. The alkaloid 

component was also observed to cause air grasping 

problem which leads to redness near gill region of 

Tilapia. 
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EPR Study of Nickel Doped Mn-Zn Ferrite Nanoparticles 
L. N. Singh, F. A. Ahmed 

Department of Physics, Dr. Babasaheb Ambedkar Technological University, Lonere, Raigad, Maharashtra, India 
 

 

ABSTRACT 
 

In the present work we have synthesized Mn0.5-xNixZn0.5Fe2O4(x=0.0, 0.1, 0.2, 0.3) ferrite nanoparticles by sol-

gel method. The XRD patterns confirm the synthesis of single crystalline nanoparticles. The effective g-factor, 

geff , linewidth ΔHPP, resonance field have been investigated at room temperature. Scanning electron microscopy 

(SEM) was used to characterize the surface morphology of the samples. 

Keywords: Ferrite nanoparticles; sol-gel; XRD; SEM 

 

I. INTRODUCTION 
 

Ferrites are ferromagnetic materials having a spinel 

structure. The general chemical formula of ferrites is 

MFe2O4 where M represents divalent metallic ion like 

Fe, Mn, Ni, Zn, or a mixture of these. The spinel 

structure predicated on a face centred cubic lattice in 

which the sites fascinated by the cations are of two 

types, tetrahedral and octahedral sites [1]. This type of 

compounds having spinel structure exhibit a diversity 

of new properties which depend on the character of 

the cations and their site distribution through 

tetrahedral and octahedral sites. The electrical and 

magnetic properties of ferrite nanoparticles have 

attracted significant concentration in recent years. 

The properties of ferrite nanoparticles depend on 

method of preparation and particle size [2]. Various 

preparation methods have been used to synthesize 

ferrite nanoparticles such as sol-gel method [3], 

hydrothermal technique [4], ball milling [5], 

coprecipitation method [6]. Among these methods sol-

gel method is attractive because it is simple, fast, needs 

cheap raw materials which consequence good 

homogeneity and morphology of the prepared 

material [7]. 

 

The properties of manganese ferrite and nickel ferrite 

can be changed by substitution of nonmagnetic Zn2+ 

ions which replacing Mn2+ ions in the A site and Ni2+ 

ions in the B site. In the substituted ferrites, Mn-Zn 

and Ni-Zn ferrites are commercially important class of 

magnetic material. Mn-Zn ferrites are the one of the 

most important soft ferrite which have high initial 

permeability, saturation magnetization and low core 

losses. Mn-Zn ferrites are widely used in various 

electronic applications such as transformers, chock 

coils, noise filters, recording heads, medical diagnosis 

etc. [8]. Ni-Zn ferrites are inexpensive magnetic 

materials which are useful for various technological 

application [9]. Ni-Zn ferrites have been used in radio 

frequency circuits, filters, microwave devices, 

antennas and transformer cores due to its high 

resistance and low eddy current losses [10]. Mn-Ni-Zn 

ferrites are technologically important materials for 

scientific and industrial applications. These ferrites are 

widely used in high frequency applications. To 

synthesize the ferrites with high resistivity and 

permeability Ni has been substituted in Mn-Zn ferrite. 

In this work, we investigate the influence of Ni2+ ions 

substitution on Mn0.5-xNixZn0.5Fe2O4 (x=0.0, 0.1, 0.2, 

0.3) ferrite nanoparticles.       
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II.  METHODS AND MATERIAL  

 

Nickel substituted Mn-Zn ferrite nanoparticles were 

synthesized by sol-gel method. Analytical grade 

manganese chloride, nickel chloride, zinc chloride 

and iron chloride were used as a starting materials. In 

the first, calculated amount of metal chlorides were 

weighed accurately and dissolved in distilled water. 

The solution was then heated with constant stirring 

and appropriate amount of ammonia solution was 

added to preserve the pH between 6 and 7. We added 

citric acid to remove the insoluble residue and 

ethylene glycol for homogeneity. After getting gel, it 

was then heated in an oven at 2500C for instinctive 

ignition and the slack powders were then crushed 

adequately. The obtained powders were then annealed 

at 8000C for 3 hours and sintered at 11000C for 1 hour. 

The prepared samples were characterized for phase 

identification, crystallite size, lattice parameter, 

crystallite density resolution by using x-ray 

diffractometer. EPR spectra were recorded by using 

X-band Varian’s (E-112) spectrometer. For 

morphology analysis of the samples scanning electron 

microscope (Hitachi-48000) was used. 

 

III. RESULTS AND DISCUSSION  

 

A. Structural Characterization 

The sol-gel prepared ferrite nanoparticles were 

characterized by XRD for structural studies. The X-

Ray Diffraction patterns for the samples  Mn0.5-

xNixZn0.5Fe2O4 (x=0.0, 0.1, 0.2, 0.3) is shown in figure 1. 

This XRD patterns exhibit the configuration of single 

phase cubic spinel structure and the diffraction peaks 

were indexed by using JCPDS. All the experimental 

peaks were in good agreement with the theoretically 

generated one. The peaks indexed to (220), (311), 

(222), (400), (422), (511), (440), (531) and (622) planes 

correspond to cubic spinel structure.  Besides the 

ferrite peaks, extra peaks comparable to the haematite 

phase has been observed in XRD pattern of the 

samples, haematite phase forms with large particle 

size [11]. The SEM photograph of the samples is 

shown in figure 2. The morphology of the samples is 

porous and agglomerated. 

 

Figure 1. The X-ray diffractograms of Mn0.5-

xNixZn0.5Fe2O4 (x=0.0, 0.1, 0.2, 0.3 ). 

 

  

  

Figure 2. SEM photographs of Mn0.5-xNixZn0.5Fe2O4 

ferrite nanoparticles, (a) x=0.0, (b) x=0.1, (c) x=0.2, (d) 

x=0.3. 

B. EPR Study 

The EPR spectra of Mn0.5-xNixZn0.5Fe2O4 (x=0.0, 0.1, 0.2, 

0.3) were recorded at 9.1 GHz at room temperature. 

The EPR is important for exploring the magnetic 

properties of ferrite nanoparticles at high frequency 

since the resonance arises from the interaction among 

spin and electromagnetic waves. All the EPR spectra 

were analysed to acquire the values of different 

parameters such as linewidth (ΔHPP), resonance field 

(B) and g-value using Lorentzian distribution function 

and the values are presented in table 1. The g-value is 

deliberated by the relation [12]. 

  g = h𝜐/βH 

a b 

d c 
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Where, h is a Planck’s constant, 𝜐 is the microwave 

frequency, β is Bohr magneton and H is the magnetic 

field at the resonance.  

 

Table 1.  EPR parameters of Mn0.5-xNixZn0.5Fe2O4 

(x=0.0, 0.1, 0.2, 0.3) 

Ni 

Content 

(x) 

Linewidth 

(ΔHPP) 

Gauss 

Resonance 

Field (B) 

Gauss 

g-value 

0.0 1180 2930 2.22 

0.1 1680 2340 2.78 

0.2 1780 2190 2.97 

0.3 1820 2230 2.92 

 

G. S. Shane et al. [13] reported the decrease in spin-

spin relaxation time constant with increase in nickel 

ion concentration. The decrease in spin- spin 

relaxation time is accredited to the decrease in 

electron motion and weakening of superexchange 

interaction and strengthening dipole interaction with 

increase in nickel ion substitution. The strong dipole 

interactions contribute a large linewidth (ΔHPP) and g-

value. It has been observed that the linewidth (ΔHPP) 

increases with the increase in nickel substitution. This 

is probably due to increasing dipolar interaction 

through cations and oxygen ions [14]. 

 
Figure 3. Variation of Resonance Field with Ni 

content. 

 

 
Figure 4. Variation of Linewidth (ΔHPP) with Ni 

content. 

 
Figure 5. Variation g-value with Ni content. 

 

IV. CONCLUSION 

 

We have investigated structural and magnetic 

properties of sol-gel prepared Mn0.5-xNixZn0.5Fe2O4 

(x=0.0, 0.1, 0.2, 0.3) ferrite nanoparticles. The 

linewidth increases with increase of nickel ion 

concentration which is due to leading dipole-dipole 

interactions. It has been observed that g-value 

increases by Ni substitution from 2.22 to 2.97. This 

can be interpreted by spin-spin and spin lattice 

relaxation.    
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ABSTRACT 
 

EuF3: Gd nanoparticles have been synthesized in the presence of α- glycine via chloride route at room 

temperature. The synthesised nanoparticles shows hexagonal phase with lattice parameters a = b = 6.920 Ao 

and c = 7.085 Ao (JCPDS No. 32-0373). The average size of nanoparticles calculated with Debye- Scherer 

equation was found to be 51 nm. Thermal characteristics were studied from TGA/DTA spectrum and it 

shows decomposition in two stages. UV-VIS studies show three wavelengths which find applications in 

optoelectronic devices. Dielectric studies explained d.c conduction process.  

Keywords: Glycine, Chloride Route, Hexagonal Phase, Decomposition, Optoelectronic.  

  

I. INTRODUCTION 
 

Dielectric material plays vital role in the 

construction of microcircuits. Because of the high 

permittivity and stable thermal as well as chemical 

properties rare earth materials have attracted 

researcher and are widely used as dielectric 

materials [1.2]. Literature review tells us that there 

are fewer reports on dielectric properties of EuF3 

nanoparticles. Because of sharp emission lines, rare 

earth material also finds application in the field of 

optoelectronic devices. Water solubility limits the 

use of rare earth material in biological fields. 

Surface modification makes it water soluble that 

can be done by adding organic ligands.  

 

II. EXPERIMENTAL 
 

EuF3 nanoparticles were synthesised via chloride 

route and to reduce agglomeration microwave 

drying was employed. The solution of EuCl3.6H2O 

(0.064 mol, 1.65 gm), GdCl3.6H2O (0.064 mol, 

0.8435 gm), Glycine C2H5NO2 (0.064 mol, 0.0480 

gm) and NH4F (0.576 mol, 3.200 gm) was prepared 

in distilled water. Ammonium fluoride forms three 

parts and the other reagents forms one part (molar 

ratio of 1:3). A mixture of 7 ml of europium 

chloride (EuCl3.6H2O), 1.5 ml of gadolinium 

chloride (GdCl3.6H2O) and 1.5 ml of glycine 

(C2H5NO2) is taken in a clean beaker. 10 ml of 

Ammonium fluoride (NH4F) is then swiftly injected 

into the mixture using a syringe. The white 

precipitate appears instantly which is dried in 

microwave oven for 30 minutes. The nanocrystals 

thus obtained are washed with distilled water 

several times and kept for drying each time in the 

oven. The finished product is stored in sealed tubes 

for further characterisation. 

 

III. RESULTS AND DISCUSSION 
 

A. Thermal Studies 

The TGA analysis of α- glycine modified EuF3:Gd 

nanoparticles can be divided in to two stages in 

temperature range from room temperature to 



IJSRSET185415 | Published : 28 February 2018 | January-February-2018 [(5) 4 : 69-71 ] 

National Conference on 'Advanced Analytical Tools for Materials Characterization' (AATMC-2018) 

© 2018 IJSRSET | Volume 5 | Issue 4 | Print ISSN : 2395-1990 | Online ISSN : 2394-4099 

Themed Section: Science and Technology 

 

 
 

70 

830oC. The first stage shows prominent 

decomposition occurring at 270oC with nearly 50% 

weight loss. This is seen as a sharp endothermic 

peak in the DTA curve. A small endothermic peak 

at around 530 oC marks the second stage where 

there is liberation of NH4, Cl2 etc from the sample. 

Thus heating the sample removes the surface 

attachments making EuF3:Gd nanoparticles water 

insoluble.  The TGA/DTA profile is shown in Figure 

1. 

 

 
Figure 1. TGA/DTA plot of EuF3: Gd @ glycine 

 

B. Optical Studies 

The UV-VIS spectra EuF3: Gd @ glycine is shown in 

Fig. 2. The spectra shows absorption edges at 460 

nm, 580 nm & 625 nm corresponding to band gap 

energies (Eg = hc/λ) E1 = 2.70 eV, E2 = 2.14 eV & E3 

= 1.98 eV respectively. These multiple absorption 

edges indicate quantum dot like nature of the 

synthesized nanoparticles. Beyond 400nm a wide 

transparent window suggests that the synthesized 

nanoparticles can be used in optoelectronics 

devices. 

 

 
Figure 2. UV-VIS spectra of of EuF3: Gd @ glycine 

 

C. Dielectric Studies 

The variation of dielectric constant and dielectric 

loss as function of frequency (log F) in range 1 KHz 

to 5 MHz is studied and shown in Fig. 3. The 

dielectric constant has highest value at low 

frequency which gradually decreases when the 

frequency changes to 10 KHz. This decrease in the 

value of dielectric constant is due to space charge 

polarization taking place in the dielectric material. 

For higher frequency values the dielectric constant 

and dielectric loss remains constant which means 

for higher frequencies dielectric constant is 

independent of frequency.  

 
Figure 3.  Variation of dielectric constant and 

dielectric loss as function of log F 
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The variation of dielectric loss as function of 

frequency also studied in the frequency range 1 

KHz to 5 MHz for synthesised nanoparticles which 

is shown in Fig. 4. For low value of frequency the 

dielectric loss is constant. For higher frequency the 

dielectric loss gradually decreases. This is due to the 

fact that at higher frequencies dipole follows the 

variation in the field the dielectric loss decreases.  

 
Figure 4.  Variation of tan δ as function of 

Frequency (log F) 

 

IV. CONCLUSION 
 

Gadolinium doped EuF3 nanoparticles have been 

synthesised in the presence of glycine as modifier 

with subsequent drying in microwave to obtain the 

final finished product. The synthesised 

nanoparticles shows hexagonal phase with particle 

size of 51 nm. The TGA/DTA shows two stage 

decomposition at around 270 oC (sharp) and 530 oC 

(weak).  The UV-VIS spectra shows presence of 

three absorption edges are obtained at 460 nm, 580 

nm & 625 nm corresponding to band gap energies 

(Eg = hc/λ) E1 = 2.70 eV, E2 = 2.14 eV & E3 = 1.98 eV 

respectively. The dielectric study shows sharp 

decrease in value at lower frequency which is 

independent at higher frequencies. The dielectric 

loss gradually decreases as observed in graph. This is 

due to the fact that at higher frequencies dipole 

follows the variation in the field and dielectric loss 

decreases.  
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ABSTRACT 

Azadirachta indica commonly called neem is a plant known for its medicinal value all over the world. In India 

it has been used as antibacterial, antifungal, anti- inflammatory agents in Ayurveda and unani medicine. Neem 

leaf extracts in specific are used to cure digestive problems and disturbances, intestinal parasites and also reduce 

discomfort. Trachyspermum ammi commonly known as ajwain is another plant material used to improve the 

digestion and the flavor of food. It is commonly added in those recepies which are difficult for digestion and 

lead to acidity and gas troubles. Aqueous extract of neem leaves and ajwain seeds were prepared to demonstrate 

their antimicrobial efficacy using pure culture of E.coli.  Escherichia coli popularly abbreviated as E.coli is a 

common bacterial flora of human intestine, which helps in preventing the entry of pathogenic microorganisms. 

Thus it can serve as a better experimental model for bacteriological and anti-microbial studies. Growth curve 

was studied with the help of optical density with the help of Elico CL63 photometer.  Growth curve and well 

diffusion were the methods used for the study. In comparative analysis of dry and fresh neem sterile aqueous 

extract it was found that fresh neem was more effective in inhibiting the growth of E.coli; whereas in further 

investigation with ajwain and fresh neem it was found that neem is more potent in inhibiting the E.coli growth. 

Keywords : Escherichia Coli, Trachyspermum Ammi, Azadirachta Indica, Growth Inhibition. 

 

I. INTRODUCTION 

 

India is well known for its deep-rooted traditional 

medicinal knowledge and values. Ayurveda, Siddha, 

and Unani are some of the greatly known fields [1, 3-6, 

8]. Before the development of science and 

technology the age old traditional methods were 

the only ones for the rescue of human race. 

Countries like India has rich array of herbal 

diversity. Many of them are widely used for various 

medicinal purposes [2].  Medicinal properties of 

these plants were explored and put to use under our 

indigenous field of medicine called Ayurveda in 

Vedic Period between 2500 and 500 BC in India [1]. 

Ayurveda is also called the “science of longevity” 

because it offers a complete system to live a long 

healthy life. It offers programs to revitalize the 

body through proper diet and nourishment [1]. It  

not only includes treatment methods to cure 

commonly found  diseases like cough, cold, fever, 

headache, but also the cancer, cardio vascular 

diseases, asthma, kidney stones, etc., which are 

considered to be deadly[3-6]. In comparison with the 

modern allopathic medicines they are highly cost 

effective, easily available and also efficient to cure 

the diseases with minimum side effects [1]. 

 

List of the herbs having medicinal properties grown 

in Asia would be enormous but incomplete without 

adding the two plants of immense importance as far 
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as their known medicinal properties are concern. 

Azadirachta indica and Trachyspermum ammi 

commonly called neem and amla are the plants 

known for their medicinal values easily availability 

and sustainability in tropical conditions. 

 

Azadirachta indica commonly known as neem, nim 

tree or Indian lilac or Margosa, is a tree in 

the mahogany family Meliaceae. It is one of two 

species in the genus Azadirachta, and is native to 

the Indian subcontinent, 

i.e. India, Nepal, Pakistan, Bangladesh, Sri Lanka, 

and Maldives. It is typically grown in tropical and 

semi-tropical regions [7]. Neem trees also grow in 

islands located in the southern part of Iran. Its fruits 

and seeds are the source of neem oil. Neem 

products are believed by siddha and Ayurveda 

practioners to be antibacterial [10], antifungal [11], 

anti- inflammatory, anti-viral, anthelminthic, 

antidiabetic, and sedative [7]. Neem leaves are also 

proved to be effective in treating skin diseases and 

disorders [9]. 

 

Trachyspermum ammi also known 

as ajowan, ajwain, or carom is an annual herb in the 

family Apiaceae. Ajwain is a plant primarily found 

in countries like India Pakistan, south east and near 

east of Iran, where these seeds are predominantly 

used as a spice [17]. In Asian countries these seeds 

hold an important place in cuisines. They are better 

to taste, with a flavor similar to anise and oregano. 

Even a small amount can add great flavor to the 

dish. Ajwain is efficiently used in 

traditional Ayurvedic medicine primarily for 

stomach disorders such as 

indigestion, flatulence, and diarrhea. 

In Siddha medicine, it is used as a cleanser, detox, 

and antacid. The indigenous Indian system of 

medicine uses ajwain as an antimicrobial, anti-

hypersensitive, antispasmodic, bronchodialating 

and antilithiasis [19].  Ethanol and acetone extract 

of ajwain seeds possessed an antibacterial activity 

against two Gram negative food spoilage bacteria 

Pseudomonas aeruginosa and Escherichia coli [3, 

18]. 

 

Escherichia coli being the commonly present 

bacterium in the human intestine, helps in 

preventing the entry of pathogenic microorganisms. 

E. coli are non-pathogenic in normal conditions, 

but if present in excess, can turn out to be a 

causative agent of various diseases like urinary tract 

infection, diarrhoea, vomiting etc. With increasing 

resistance of microorganisms to antibiotics, people 

have spun their way towards herbal medicines. 

 

II. METHODS AND MATERIAL  

 

Collection of Sample: Fresh Neem leaves were 

collected from Birla College campus and Ajwain 

seeds were procured from the local market. 

 

Preparation of Extracts: 

Aqueous soxhlet extract of neem: 

 

The neem leaves were washed and divided in two 

parts. One part was used directly as fresh leaves to 

prepare the aqueous extract and the other part was 

kept at 40ºC for drying. The aqueous extracts of 

fresh as well as dried neem leaves were prepared 

using the soxhlet apparatus. 25 Gms of fresh as well 

as dried neem leaves powder was used for preparing 

100 ml of extract separately using distilled water. 

The extracts were further concentrated to 25 ml, 

autoclaved and stored in sterile condition at 4ºC till 

further use. 
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Aqueous soxhlet extract of ajwain seeds: Sterile 

aqueous extract of ajwain seeds was prepared as 

explained above. 

Crude extract preparation of fresh neem leaves and 

ajwain seeds: 

 

Crude extract was prepared by boiling 25 Gms of 

sample (fresh neem leaves, ajwain seeds) in 50ml of 

distilled water and condensed to 25 ml by 

evaporation, cooled and preserved at 4ºC till further 

use. 

 

Preparation of bacterial culture: 

 

Pure isolated colonies of the E.coli were obtained 

from the Department of Microbiology, Birla College 

Kalyan.  E.coli was sub-cultured by growing the 

colonies on nutrient agar slants and Preserved in 

refrigerator. 

 

Preparation of nutrient broth: 

 

25 ml of sterile nutrient broth was prepared using 

distilled water, and stored at 4ºC. 

 

Preparation of nutrient agar plates: 

20 ml of sterile nutrient agar was poured on sterile 

plates. 

 

ANTIMICROBIAL ASSAY BY GROWTH CURVE 

METHOD: 

 

A. Growth curve analysis using sterile aqueous 

extract: 

24 ml of sterile nutrient broth was inoculated with 

1ml of sterile fresh neem leaves extract and 1ml of 

E.coli culture, and  was incubated in Remi Orbital 

shaking incubator at 37ºC for 24 hrs. The growth 

was analyzed at regular intervals of 1 hr. similarly 

growth analysis of E.coli was studied using ajwain 

extract. Parallel study was performed using 0.5ml of 

neem and ajwain extract separately. All the studies 

were performed in triplicates. Control was 

maintained similarly using sterile distilled water. 

 

B. Growth curve analysis using crude extract: 

24 ml of sterile autoclaved nutrient broth was 

inoculated 1ml of E.coli culture and 1ml of crude 

fresh neem leaves extract. Parallel study was also 

carried out using 0.5ml extract, and incubated in 

shaker incubator at 37ºC for 3hrs. The growth was 

analysed at regular intervals of 10 min. Similar 

study was  performed using 0.5ml  and 1ml of 

ajwain extract individually. All the studies were 

performed in triplicates. Control was maintained 

similarly using sterile distilled water. 

 

ANTIMICROBIAL ASSAY BY AGAR DITCH 

METHOD: 

 

Sterile nutrient agar plates were used as medium for 

screening antibacterial activity.100µl of E.coli 

culture was uniformly spread on sterile plates using 

a sterile spreader. Wells of 1cm were dug using a 

sterile cork borer in solidified pre inoculated agar 

medium. The plates were divided into 3 quadrants I, 

II, and III, each having 100µl of 1%, 10% and 100%   

individual crude extract of fresh neem leaves and 

ajwain seeds .The plates were incubated at 37℃ for 

8hrs and observed for clear inhibition zone formed 

around the wells. 
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III. RESULTS AND DISCUSSION  

 

Fig.1 

 

Fig.2 

 

Fig.3 

 

Fig.4 

 

Fig.5 

 

Fig.6. 

 

Fig.7 Control inhibition zone on agar plate 
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Fig.8. Inhibition zone of crude fresh neem extract 

at different concentrations. 

 

Fig.9 Inhibition zone of crude ajwain extract at 

different concentrations 

 

 

Table 1: showing the inhibition zone of crude extract of fresh neem leaves and ajwain seeds at three different 

concentrations 

 

 Crude extract of fresh neem 

leaves. 

Crude extract of ajwain seeds. Control 

Concentration. 1% 10% 100% 1% 10% 100% 100µl E.coli. 

Inhibition 

zone.(cm) 

1.2cm 1.4cm 3.4cm 1.2cm 1.4cm 3cm 0 cm 

 

 

Fig. 1 represents the growth curve of control 

sample which was not exposed to any herbal extract 

while the Fig. 2 represents the growth curve of E. 

coli where the sterile aqueous extract of fresh neem 

leaves was incorporated with the culture medium at 

the concentration of 0.5 ml/25 ml of nutrient broth 

and dry neem leaf sterile aqueous extract at the 

same concentration. It was found that sterile 

aqueous extract of fresh neem leaves was more 

effective in inhibiting the growth of E.coli. Studies 

carried out using 1ml of sterile aqueous extract of 

fresh neem and dry neem leaves / 25ml of nutrient 

broth also shows similar results indicating that 

fresh neem leaves extract is more effective than dry 

neem leaves, as seen in Fig 3. Fig 4 represents that 

in comparative analysis of sterile aqueous extract of 

ajwain seeds, 1ml extract /25 ml of nutrient broth is 

more effective than 0.5ml of extract. From Fig 5 it 

is evident that sterile aqueous extract of ajwain seed 

is effective than neem leaves extract. On similar 

lines on comparing fig 3 and fig .4,  it is observed 

that ajwain seed extract is much effective in 

inhibiting the bacterial growth in less time in 

comparison to fresh neem leaves extract at the 

concentration of 0.5ml as well as 1ml /25ml NB. 

Fig.6 indicates the potential growth inhibition 

obtained using crude extract of fresh neem leaves 

than in comparison to crude extract of ajwain seed. 

The agar ditch method primarily focus on the 

inhibition zones formed using three different 

Crude Fresh  Neem extract. 
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concentrations of   crude extracts of  fresh neem 

leaves and ajwain seeds respectively. As seen in 

fig .7 no inhibition zone is seen in control agar 

ditch filled with sterile distilled water. Whereas the 

inhibition zones formed around the neem leaves 

extract and ajwain seed extract increases with an 

increase in concentration used (fig 8, 9, table 1).   

Margosa that is Azadirachta Indica is well known 

plant for the wide range of medicinal uses it has. It 

is possible that the medicinal properties of the plant 

are due to the different active components present 

in the plant. The most important active constituent 

is azadirachtin and the others are nimbolinin, 

nimbin, nimbidin, nimbidol, sodium nimbinate, 

gedunin, salannin, and quercetin. Leaves contain 

ingredients such as nimbin, nimbanene, 6-

desacetylnimbinene, nimbandiol, nimbolide, 

ascorbic acid, n-hexacosanol and amino acid, 7-

desacetyl-7- benzoylazadiradione, 7-desacetyl-7-

benzoylgedunin, 17-hydroxyazadiradione, and 

nimbiol. Quercetin and ß- sitosterol, polyphenolic 

flavonoids, were purified from neem fresh leaves 

and were known to have antibacterial and 

antifungal properties and seeds hold valuable 

constituents including gedunin and 

azadirachtin[21]  .In past many workers have assessed 

the antimicrobial properties of this plant using 

various extraction solvents such as ethanol, 

methanol etc[20,21,23]. As stated above in this 

investigation water was used as solvent when 

compared with the earlier literature where 

methanolic samples were used [20]. It was found that 

results obtained using aqueous crude extract were 

less effective than methanolic extract [20]. 

Ajwain also known as Trachyspermum ammi is a 

commonly used across India in various Indian 

cuisines. It is used to add flavor as well to help in 

digestion of food. Apart from these values it is also a 

fundamental remedy on acidity problems, stomach 

ache, and other problems related to indigestion. 

Ajwain seeds contain several phytochemicals such 

as, tannins, glycosides, saponins, flavones and 

mineral matter like calcium, phosphorus, iron and 

nicotinic acid. Essential oil present in the ajwain 

contains the major constituent thymol. The 

remainder non-thymol fractions called thymene 

contains p-cymene, β-pinene, limonene with γ-

pinenes and β-pinene. Alcoholic extract contains 

highly hygroscopic saponin. It has been reported 

that minute amount of camphene, myrcene and 

D3-carene is also present. A yellow crystalline 

flavone and steroid like substance have been 

isolated from the fruit of ajwain and it also contains 

a glucoside 6-O-β- glucopyranosyloxythymol. The 

major constituents of T. ammi are carvone, 

limonene and dillapiole [24]. Ajwain was studied in 

the past and was reported that it has antimicrobial 

properties and a great pharmacological use [24]. In 

the current investigation it was found that ajwain   

seeds aqueous soxhlet extract shows better 

antimicrobial activity than neem in growth curve 

assay.   

 

IV. CONCLUSION 

 

The growth curve experimental set up for 24hrs 

proved that ajwain seeds are more effective in 

inhibiting the growth of gram negative bacteria 

E.coli.  Whereas the agar ditch   method indicated 

that the crude extract of neem leaves was more 

effective than the ajwain extract in inhibiting the 

E.coli growth. 
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Protease Production Using Solid State Fermentation 
Dhaliwal MK*, Patil RN, Sambare S 

 

Department of Microbiology, Birla College, Kalyan, Maharashtra, India 
ABSTRACT 

 

Proteases are enzymes that break down protein molecules through peptide bond hydrolysis. Microbial proteases 

are the most important industrial enzymes with considerable applications in food, medicines and pharmacy. 

They are extracellular enzymes that can be produced by both submerged and solid state fermentation (SSF). 

Aspergillus sp. are known to produce various types of proteases.  Solid state fermentation processes generally 

use natural raw materials as carbon and energy source. Different agro-industrial waste products will be 

evaluated to check possibility of potential utilization of substrates in SSF. The production of enzymes by 

bioprocesses is a good value added to agro industry residues. A comparative study was carried out on the 

production of protease using Wheat bran and Rice bran as substrates in solid state fermentation by Aspergillus 

niger ATCC 16404. Among them Wheat bran produced higher activity protease as 1.785 U/ml than Rice bran 

1.487 U/ml activity under solid state fermentation conditions. The optimized conditions for producing 

maximum yield of protease were incubation at room temperature (28±2)°C, 120hours, pH 6, concentration of 

nitrogen source 0.5% and additional carbon source is 1% sucrose. The protease production from agricultural 

waste products can be commercially used in detergents and leather industry and it adds great value to agro-

industrial wastes. 

Keywords: Bioprocess, Protease, Solid State Fermentation, Bran, Optimization. 

 

I. INTRODUCTION 

 

Enzymes are biocatalysts that determine the patterns 

of chemical and energy transformations. The most 

striking characteristics of enzymes are their catalytic 

power and specificity Proteolytic enzymes are 

included in a sub-class of the enzymes hydrolases. 

These enzymes hydrolyse proteins into smaller 

peptides and amino acids by cleavage of peptide 

bonds (Munawar et. al., 2014). Their involvement in 

the life cycle of disease-causing organisms has led 

them to become a potential target for developing 

therapeutic agents against fatal diseases such as 

cancer and AIDS (Sawant et. al., 2014).  

 

 

A. Classification of proteases 

On the basis of the site of action on protein 

substrates, proteases are broadly classified as 

endopeptidases or exopeptidases enzymes (Sawant 

et. al., 2014). The endopeptidases are divided into 

four subgroups based on their catalytic mechanism, 

serine protease, aspartic protease, cysteine protease, 

and metalloproteases (Rawlings and Barrett, 1993). 

Several species of strains including fungi (Aspergillus 

flavus, Aspergillus melleus, Aspergillus niger, 

Chrysosporium keratinophilum, Fusarium 

graminarum, Penicillium griseofulvin, Scedosporium 

apiosermum) and bacteria (Bacillus licheniformis, 

Bacillus firmus, Bacillus alcalophilus, Bacillus 

amyloliquefaciens, Bacillus proteolyticus, Bacillus 

subtilis, Bacillus thuringiensis) are reported to 
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produce proteases. Fungi elaborate a wide variety of 

proteolytic enzymes than bacteria and also offer an 

advantage as the mycelium can be grown on cheaper 

substrate, broad range of pH and the mycelium can 

also be easily removed from the final product (Sri 

lakshmi et. al., 2014).  

 

Protease production under solid-state fermentation 

has been investigated using Bacillus sp. (Prakasham 

et. al., 2005; Akcan et. al., 2011, Imtiaz et. al., 2013, 

Mukhtar et. al., 2013; Sathyavrathan et. al., 2014; 

Pant et. al., 2015; Ortiz et. al., 2016). Solid state  

 

fermentation 

Solid-state fermentation has been defined as the 

process with solid materials as substrate with near-

absence of water content, generally using natural 

raw materials as carbon and energy source. Solid-

state fermentation has many advantages including 

superior volumetric productivity, use of inexpensive 

substrate, simpler downstream processing, lower 

energy requirement and low wastewater output 

(Özkan et. al., 2011; Sri lakshmi et. al., 2014). Solid-

state fermentation is especially suited for the growth 

of fungi because of their lower moisture (30 to 80%) 

requirements compared with the bacteria 

(Sankeerthana et. al., 2013; Mukhtar et. al., 2009). 

Rice bran was used as the substrate for screening 

nine strains of Rhizopus sp. for neutral protease 

production by Solid state fermentation (Alagarsamy 

et. al., 2006; Chutmanop et. al., 2008).  

 

The growth and production of protease by 

Aspergillus has been studied by using rice bran, rice 

mill waste, vegetable waste, oil cakes, wheat bran, 

fruit waste (Mukhtar et. al., 2009; Paranthaman et. 

al., 2009; Madhumithah et. al., 2011; Kranthi et. al., 

2012; Sankeerthana et. al., 2013; Dutta et. al., 2014; 

Munawar et. al., 2014; Santhi, 2014).  

 

Protease production by Fusarium oxysporum on rice 

bran under solid-state fermentation was studied (Ali 

et. al., 2013).  

Protease production by a thermophilic fungus 

Humicola grisea was evaluated in solid state 

fermentation (SSF) with different substrates and also 

under the influence of different activators and 

inhibitors. The environmental conditions of the 

fermentation play a vital role in the growth and 

metabolic production of microbial population (Sri 

lakshmi et. al., 2014). Optimization of different 

media components can greatly affect the enzyme 

production cost (Joo et. al., 2003; Wang et. al., 2008; 

Schrickx et. al., 1995).  

 

Applications of proteases 

Viral proteases have gained importance due to their 

functional involvement in the processing of the 

proteins of viruses that cause diseases such as AIDS 

and cancer (Rawlings and Barrett, 1993). All of the 

virus-encoded peptidases are endopeptidases. 

Retroviral aspartyl proteases that are required for 

viral assembly and replication are homo-dimers and 

are expressed as a part of the poly protein precursor. 

The mature protease is released by autolysis of the 

precursor (Kuo et. al., 1994). 

 

Besides extended application for nutritional and 

pharmaceutical purposes, proteases from natural 

sources are also widely used tools in biotechnolgical 

practices. Their degradative properties make them 

useful for general protein digestion in tissue 

dissociation, cell isolation, and cell culturing. The 

specificity and the predictability of cleavages by 

proteases enables their use for more specific tasks 

such as antibody fragment production, the removal 

of affinity tags from recombinant proteins and 

specific protein digestion in the proteomics field 

mainly for protein sequencing (Mótyán et al., 2013). 

Due to their key role in the life-cycle of many hosts 

and pathogens they have great medical, 

pharmaceutical, and academic importance (Li et al., 

2013; Gupta and Khare, 2007). In view of the recent 

trend of developing environmentally friendly 

technologies, proteases are envisaged to have 

extensive applications in leather tanning industries 

and in several bioremediation processes (Gupta et 
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al., 2002). Proteases that are used in the food and 

detergent industries are prepared in bulk quantities 

and used as crude preparations; whereas those that 

are used in medicine are produced in small amounts 

but require extensive purification before they can be 

used (Bholay and Niranjan, 2012). 

 

In the present work we have studied the production 

of protease by solid-state fermentation using 

different agro-industrial waste products like rice 

bran and wheat bran as cheap substrates and the 

effect of physico-chemical parameters like pH, 

temperature, concentration of nitrogen and different 

carbon sources on protease production. 

 

II. MATERIALS AND METHOD 

 

The organism used in the present study was 

Aspergillus niger ATCC 16404 obtained from 

Microbial Type Culture Collection & Gene Bank and 

maintained on potato dextrose agar slants. 

 

1. Collection of substrates:  

Different agro-industrial waste residues- rice bran 

and wheat bran were used.  Rice bran was collected 

from rice-mill from the area nearby Kalyan, India in 

polythene bag. The sample was grounded in dry 

blender until the size of the particles reached the 

desired size and stored at ambient condition for 

further use. Wheat bran was purchased from online 

store amazon.in and used as it is as substrate. 

 
 

 
Figure 1: Substrates used for solid state fermentation 

 

2. Inoculum Preparation: 

The inoculum was prepared by dispersing the spores 

from a week-old fungal slant culture in 0.1 % 

Tween-80 solution with a sterile inoculation loop 

(Paranthaman et. al., 2009).  

 

3. Solid-State Fermentation:  

 Ten grams of each substrate (rice bran and wheat 

bran) was taken in a 250 ml Erlenmeyer flask 

separately, moistened with 15 ml of the salt solution 

(Ammonium chloride-0.5g; Sodium nitrate-0.5; 

Potassium dihydrogen orthophosphate-0.2g; 

Magnesium sulphate-0.2mg;   Sodium chloride-0.1g 

per 100ml distilled water). The flasks were plugged 

tightly with cotton wool, sterilized at 121.5°C for 15 

min, cooled, inoculated with 1 ml of fungal spore 

suspension (100 spores/ml) and incubated at 37°C for 

120 hr (Paranthaman et. al., 2009).  

 

4. Extraction of Crude Enzyme:  

A solution of Tween-80 (0.1 %) was added in to the 

100 ml of distilled water. 50 ml, of this water was 

added to the fermented substrate and homogenized 

the substrate on a rotary shaker at 120 rpm for 12 h. 

The content of flask was filtered with help of 4-fold 

muslin cloth. The suspended solids were removed by 

centrifuging the homogenate at 8000 x g at 4°C for 

15 min and the resultant supernatant was used for 

analytical studies (Paranthaman et. al., 2009).  

 

5. Protein Estimation in Crude Enzyme 

Amount of protein in crude enzyme was determined 

by Lowry’s method of protein estimation, in which 

0.5ml of crude enzyme, 0.5ml of distilled water was 

reacted with 5ml of Lowry’s reagent C (Folin-

Wheat Bran 

 

Rice Bran 
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Ciocaltaeu reagent) and 0.5ml of Reagent D (0.5N 

NaOH) and the absorbance was read at 660nm. 

Absorbance was compared with the standard graph 

prepared by reacting known concentration of 

protein ranging from 50 µg/ml to 250 µg/ml with the 

Lowry’s reagents and plotting a graph between 

concentration of protein Bovine Serum Albumin 

and OD at 660 nm (Lowry et.al., 1951). 

 

6. Measurement of enzymatic activity 

Protease activity in the culture supernatant was 

determined according to the method of Tsuchida et. 

al., (1986) using casein as a substrate. A mixture of 

500 μl of 1% (w/v) of casein in 50 mM phosphate 

buffer, pH 7 and 200 μl crude enzyme extract were 

incubated in a water bath at 40°C for 20 minutes. 

After 20 minutes, the enzyme reaction was 

terminated by the addition of 1 ml of 10% (w/v) 

trichloroacetic acid (TCA) and was kept at room 

temperature for 15 minutes. Then, the reaction 

mixture was centrifuged to separate the unreacted 

casein at 10,000 rpm for 5 minutes. The supernatant 

mixed with 2.5 ml of 0.4M Na2CO3 and 1 ml of 3-

fold diluted Folin Ciocalteau reagent. The resulting 

solution was incubated at room temperature in the 

dark for 30 minutes and absorbance of the blue color 

developed was measured at 660 nm against a reagent 

blank using a tyrosine standard. One international 

unit (IU) of protease activity is the amount of 

enzyme, which liberates 1 μmol of tyrosine per min. 

(Mohapatra et. al., 2003).  

 

7. Optimization of fermentation conditions 

Production of protease from Aspergillus niger was 

optimized by controlling different physico chemical 

parameters like pH, temperature, carbon source and 

concentration of nitrogen source. 

 

8. Initial pH  of medium  

The effect of initial pH on protease production was 

studied by changing the initial growth medium pH 

from 2, 3 and 6 with 1N Lactic acid/ NaOH before 

sterilization at 121°C for 15 min. and optimum pH 

for protease production was determined. 

9. Incubation temperature: 

The effect of temperature was studied by incubating 

the inoculated flasks at different temperatures viz. 

room temperature (28±2)°C, 37°C and 55°C. 

 

10. Effect of concentration of supplementary 

nitrogen sources 

Whether the addition of supplementary nitrogen 

sources could enhance the production of protease 

was tested by supplying an inorganic nitrogen 

source (NaNO3 and NH4Cl) at a level of 0.5% w/w in 

the medium. The flasks were then incubated for 5 

days at room temperature. At the end of the 

incubation period, protease production in cell free 

supernatant was determined. Further, nitrogen 

source was optimized with different concentrations 

[0.3, 0.5, 0.7% (w/v)].  

 

11. Effect of carbon sources 

The effect of carbon sources on enzyme production 

was investigated by supplementing the basal salt 

solution, pH 7, with 1% (w/v) of different carbon 

sources, viz., maltose, lactose, and sucrose. The flasks 

were then incubated for 5 days at room temperature. 

At the end of the incubation period, protease 

production in cell free supernatant was determined. 

 

12. Partial purification of Protease: 

About 20 ml of the crude enzyme extract prepared 

was brought to 80% saturation by adding solid 

ammonium sulphate salt with continuous stirring. 

The mixture was left overnight at 4°C. The mixture 

was centrifuged at 10,000 rpm for 20 minutes and 

the pallete was dissolved in 30ml of 50mM 

phosphate buffer (pH 7) which was then subjected 

to dialysis (Shanmugapriya et. al., 2012). 

 

The precipitate dissolved in phosphate buffer at pH 

7 is dialyzed against the same buffer overnight at 4°C 

(Immanuel et. al., 2006). The partially purified 

sample was assayed for enzyme activity and protein 

content. 
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III. RESULT AND DISCUSSION 

 

1. Protease production by solid state fermentation  

The production of protease by the standard culture 

Aspergillus niger ATCC 16404 in solid state 

fermentation using solid substrates that have been 

moistened with a salt solution is done. The enzyme 

activity of protease produced was calculated using 

tyrosine standard by Folin-Lowry method. 

 

The selection of an ideal agro-biotech waste for 

enzyme production in solid state fermentation 

process depends upon several factors, mainly related 

with cost and availability of substrate material 

(Paranthaman et. al., 2009).  

 

2. Effect of different substrates on protease 

production 

Two different agro-waste substrates were used for 

solid state fermentation viz., wheat bran and rice 

bran. Five grams of each substrate were weighed and 

hydrated with 10 ml of basal salt solution containing 

(g): NaCl; 0.1g, MgSO4.7H2O; 0.2g, KH2PO4; 0.2g, 

NH4Cl2; 0.5g and NaNO3; 0.5g dissolved in 100ml of 

distilled water (Coral et al. 2003). Flasks containing 

fermentation medium were autoclaved, cooled and 

inoculated with 1.0ml of Aspergillus niger ATCC 

16404 spore suspension prepared in 0.1% Tween 80 

solution, incubated for 120 hrs at 30°C. Rice bran 

and Wheat bran were used as substrate. Wheat bran 

was the suitable substrate for production of protease 

at pH 6 and (28±2)°C, enzyme activity 0.850 U/ml. 

When grown on rice bran, the fungus produced 

protease showing 0.799 U/ml enzyme activity [Table 

1]. The protein content of wheat bran (14-16%) is 

higher compared to rice bran (7-8%). This could be 

the factor for lower production of protease when 

rice bran was used as a substrate. 

 

 

 

Table 1: Enzyme activity of protease produced by 

the culture on rice bran (RB) and wheat bran (WB) 

by SSF 

Substrate Extinctio

n  at 

670nm 

Tyrosine 

formed 

(µmole) 

Enzy

me 

activit

y 

(units/

ml) 

RB 1 0.34 0.95 0.20 

RB 2 0.30 0.85 0.18 

RB 3 0.35 1.00 0.21 

WB 1 0.59 1.65 0.35 

WB 2 0.62 1.75 0.37 

WB 3 0.68 1.90 0.40 

3. Optimization of fermentation conditions for 

protease production by SSF 

Different fermentation conditions that may affect 

production of protease from A. niger were optimized 

as follows:  

 

Production of the enzymes by mold culture mostly 

depends on the pH of medium. Therefore, the effect 

of different pH values on the production of protease 

by A. niger was studied. Production of the protease 

has increased with pH. Maximum enzyme activity 

[0.439units/ml] was observed at pH 6 for wheat bran 

and [0.255U/ml] (Table 2). Generally, protease 

production by microorganism depends on the 

extracellular pH because culture pH strongly 

influences many enzymatic processes and transport 

of various components across the cell membranes, 

which in turn support the cell growth and product 

production (Paranthaman et al., 2009). Changes in 

the pH may also cause denaturation of enzyme 

resulting in loss of catalytic activity. It may also 

cause change in the ionic state of substrate which 

may result in the formation of charged particles 

which may not correspond with the ionic active 

sites of enzyme (Karuna and Ayyanna, 1993). 
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Table 2: Enzyme activity of protease using different 

substrates at different pH values 

Substrate pH 2 pH 4 pH 6 

Enzyme 

activity WB 
0.323 0.429 0.439 

Enzyme 

activity RB 
0.17 0.201 0.255 

 

Maximum protease production was obtained at room 

temperature (28±2)°C and protease activity was 

found to be 0.850 Units/ml for wheat bran and 0.799 

Units/ml for rice bran (Table 3). In contrast, by 

reports of Paranthaman et. al., (2009), fermentation 

carried out at 35°C was best suited for protease 

production. Protease activity was decreased with 

increase in temperature. Higher temperature (55°C) 

is found to have some adverse effect on metabolic 

activities of microorganisms and cause inhibition of 

growth of the fungus. The enzyme is denatured by 

losing its catalytic properties at high temperature 

due to stretching and breaking of weak hydrogen 

bonds within enzyme structure. 

Table 3: Enzyme activity of protease using different 

substrates at different temperatures 

Substrate (28±2)°C 37°C 55°C 

Enzyme 

activity WB 
0.850 0.828 0.00 

Enzyme 

activity RB 
0.799 0.733 0.00 

 

The effect of the concentration ammonium chloride 

and sodium nitrate on the protease production was 

studied using the range of 0.3-7.0% of nitrogen 

sources. A gradual increase in protease activity was 

observed with the increment of nitrogen source 

concentration and it declines after 0.5% (Table 4). 

 

Table 4,  Enzyme activity of protease using different 

concentrations of nitrogen sources                                         

during SSF 

Substrate 
Concentration of 

nitrogen source 

0.3% 0.5% 0.7% 

Enzyme activity WB 1.615 1.402 1.36 

Enzyme activity RB 1.402 1.44 0.977 

 

The highest protease activity (1.8Units/ml) was 

obtained when sucrose was used as a carbon source 

while the least protease activity (1.59Units/ml) was 

produced when maltose was used (Table 5).  Madzak 

et al. (2000) also recorded that sucrose was a good 

substrate for production of extracellular proteases.  

 

Table 5: Enzyme activity of protease using different 

carbon sources during SSF 

Substrate 
Carbon source 

Sucrose Maltose Lactose 

Enzyme 

activity WB 
1.785 1.46 1.657 

Enzyme 

activity RB 
1.487 1.402 1.326 

  

IV. CONCLUSION 

 

Proteases are specialized proteolytic enzymes that 

are widely distributed nearly in all plants, animals 

and microorganisms. Proteases from microbial 

sources are preferred to those from other sources 

since they possess almost all the characteristics 

desired for their biotechnological applications. 

Fungal proteases are more preferred by researchers 

due to high diversity, broad substrate specificity, and 

stability under extreme fermentation conditions. In 

this study, the conditions for protease production by 

A.niger in solid state fermentation medium were 

optimized.  

 

Wheat bran is a promising substrate for the 

production of protease by A.niger under solid state 

fermentation conditions. Optimum conditions for 

protease production by A.niger under solid state 

fermentation were: pH 6.0, 0.5% of a nitrogen 

source, (28±2)°C temperature during 120hrs 

incubation  period. 
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ABSTRACT 
 

In the present study dye was extracted from Butea monosperma (Lamk.) Taub. flowers using solvents like 

methanol and water. LC-MS analysis was carried out to identify major phytochemicals responsible for colour in 

Butea monosperma (Lamk.) Taub. flowers. The preparative HPTLC plate of methanolic dye was analysed. The 

three visible bands were further scraped and reconstituted in methanol for LC-MS analysis to obtain mass to 

charge ratio. Dye extracted form Butea monosperma (Lamk.) Taub. flowers exhibited several noticeable peaks 

and numerous small peaks. This showed butrin, isobutrin, butein and lanceoletin are some phytoconstituents 

which may be responsible for the yellow colour in Butea monosperma (Lamk.) Taub. flowers. 

Keywords : Butea monosperma, LCMS, HPTLC, Flavonoids 

 

I. INTRODUCTION 

 

The plant kingdom is a treasure house of potential 

drugs and in the recent years there has been an 

increasing awareness about the importance of 

medicinal plants. Colour is one of the element of 

nature that made the human living more aesthetic and 

fascinating in the world. They are supposed to be 

associated with emotions, human qualities, seasons, 

festivals and passion in our life. In the past, at dawn of 

the civilization, people tried to ornament their 

surroundings similar to that of natural colours 

observed in the plant, soil, sky and other sources. This 

gave birth to the new science of colours from natural 

origin (Vankar, 2007). Colours in flowers are 

adaptations that attract insects and other animals that 

in turn pollinate and help the plants to reproduce. 

Flavonoids are one of the most important 

phytochemical in some plants and they can be easily 

recognised as flower pigment (Mishra et al., 2012). 

 

Butea monosperma (Lamk.) Taub. commonly known 

as Flame of forest, belongs to the family Fabaceae. It is 

said that this tree is a form of Agnidev, God of Fire. 

Butea monosperma (Lamk.) Taub. showed anti-

inflammatory, anti-stress, anti-diarrhoeal and anti-

cancer property.  In the present study dye was 

extracted from Butea monosperma (Lamk.) Taub. 

flowers using various solvents. HPTLC and LC-MS 

analysis was carried out to identify major 

phytochemical responsible for colour in Butea 

monosperma (Lamk.) Taub. flowers. 

 

II.  METHODS AND MATERIAL 

 

Material 

Dried powder of Butea monosperma (Lamk.) Taub 

flowers. 

Methods 

1) Preparation of dye 

The extract was prepared for dye using 2g of 

dried powder of Butea monosperma (Lamk.) Taub. 
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flowers in 20ml methanol and water(aqueous). The 

dye was extracted in various solvents under 

optimized condition of extraction, by heating it in 

water bath for 30 minutes (Samanta and Konar, 

2011). 

 

 

The extracts were filtered to obtain 40% clear 

extracts of coloured solution using Whatmann paper 

42 and observations were noted. Methanolic and 

aqueous dye showed intense colour so further 

analysis of only these dye was carried out by 

studying absorption spectra by using UV-

spectrophotometer at different wavelengths (400nm 

to 620nm) (Plummer, 2003). 

 

2) HPTLC analysis and LC-MS analysis 

Methanolic and aqueous dye extracted from Butea 

monosperma (Lamk.) Taub. flowers was further 

analysed by HPTLC. The samples were loaded on 

TLC plate and simultaneously mobile phase was 

saturated in the saturation chamber for 20 minutes. 

TLC plate was kept in the chamber and the mobile 

phase was allowed to run upto 3/4
 

length of TLC 

plate. Then the plate was removed and dried to 

observe and scan. 

 

10µl of the extract of Butea monosperma (Lamk.) 

Taub. flowers was loaded  on  TLC  plates  60F254    

using  Camag  Linomat  V  and  were developed 

using ethyl acetate-formic acid-glacial acetic acid-

water (100:11:11:26) as a solvent system for 

flavonoids separation. After drying the plates were 

observed under UV light at 254nm and 366nm and 

520nm, using the UV cabinet and the separated 

spots were visualized. The plates were scanned by 

Camag TLC scanner at 520nm. The images were 

captured with Camag photo documentation at 

254nm, 366nm and white light (without 

derivitisation).  

 

The preparative HPTLC plate of methanolic dye 

was prepared for further analysis. The three 

visible bands were further scraped and 

reconstituted in methanol for LC-MS analysis to 

obtain mass to charge ratio. The equipment used in 

the LC-MS study was of AB SCIEX make with 

model API 2000 with Q1 tuning mode. 

 

III. RESULTS AND DISCUSSION 

The methanolic and aqueous dye extracted from Butea 

monosperma (Lamk.) Taub. flowers showed yellow 

dye as compared to other solvents. Methanolic and 

aqueous dye were further analysed to study maximum 

absorption using UV spectrophotometer. Maximum 

absorption of methanolic dye was observed at 520nm 

and aqueous dye was observed at 490nm as showed in 

(Figure 1). 

 
Figure 1. Absorption spectra of methanolic and 

aqueous dye extracted from Butea monosperma 

(Lamk.) Taub. flowers at different wavelengths 

HPTLC analysis of 10µl methanolic dye extracted 

from Butea monosperma (Lamk.) Taub. flowers at 

520nm showed 10 spots with Rf value 0.02, 0.14, 0.32, 

0.42, 0.50, 0.75, 0.82, 0.84, 0.90, 0.91 (Table I). In 10µl 

aqueous dye of Butea monosperma (Lamk.) Taub. 

flowers at 520nm showed 10 spots 0.02, 0.06, 0.10, 

0.31, 0.41, 0.75, 0.84, 0.86, 0.89, 0.91(Table I). As 

observed in Plate 1 in white light. 

 

The methanolic dye extracted from               

Butea monosperma (Lamk.) Taub. flowers with Rf 

value 0.32 and aqueous dye extracted from Butea 

monosperma (Lamk.) Taub. flowers with Rf value 

0.31 at 520nm showed dark yellow visible band, 

which may corresponds to butrin. While Rf value 
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0.42 at 520nm in methanolic dye extracted from 

Butea monosperma (Lamk.) Taub. flowers and 0.41 

at 520nm in aqueous dye showed light yellow 

visible band, which may correspond to isobutrin 

and Rf value 0.91 at 520nm in methanolic and 

aqueous dye extracted from of Butea monosperma 

(Lamk.) Taub. flowers showed yellow visible band, 

which may corresponds to butein. This showed that 

flavonoids were the major phytochemical 

responsible for the colour in Butea monosperma 

(Lamk.) Taub. flowers. These bands of methanolic 

dye extracted from Butea monosperma (Lamk.) 

Taub. were visible when separated from 

preparative HPTLC fingerprint, so these bands were 

scraped using scalpel and reconstituted in methanol 

for further analysis by LC-MS (Plate 2). Dye extracted 

from Butea monosperma (Lamk.) Taub. flowers 

exhibited several noticeable peaks and numerous 

small peaks.  

 

In the present study the molecular mass 597.8 may 

correspond to butrin (596) in spot 1 with Rf 0.32, 

597.5 may correspond to isobutrin (596.17) in spot 2 

with Rf 0.42 and 273.5 may correspond to butein 

(272) in spot 3 with Rf 0.91 (high intensity peak). It 

was observed that the molecular mass 302.50 may 

correspond to lanceoletin (302) in spot 3 with Rf 0.91. 

This showed that butrin, isobutrin, butein and 

lanceoletin are some phytoconstituents which may 

be responsible for the yellow colour in Butea 

monosperma (Lamk.) Taub. flowers. Many other 

flavonoids may be in combination or pure forms are 

present in Butea monosperma (Lamk.) Taub. flowers. 

 

 

 

 

 

 

 

 

 

Table 1. Hptlc Fingerprint Of Methanolic And 

Aqueous Dye Extracted From Butea Monosperma 

(Lamk.) Taub. Flowers 

Peak No. 
Methanolic dye Aqueous dye 

Max Rf at 520nm 

1 0.02 0.02 

2 0.14 0.06 

3 0.32 0.10 

4 0.42 0.31 

5 0.50 0.41 

6 0.75 0.75 

7 0.82 0.84 

8 0.84 0.86 

9 0.90 0.89 

10 0.91 0.91 

Further investigation is necessary for standardising 

the other flavonoids and extraction of other 

compounds from Butea monosperma (Lamk.) Taub. 

flowers. In the earlier study it was observed that 

Butea monosperma (Lamk.) Taub. flowers contains 

phytoconstituents butrin, isobutrin and butein as 

suppressor of tumour cells (Rasheed et al., 2010). A 

flavone was isolated from the flowers of Butea 

monosperma (Lamk.) Taub. identified for the first 

time as lanceoletin (Oberoi and Ledwani, 2010). 

Similar work was observed in flavonoids extracted 

from marigold flowers which were investigated 

for their dyeing potential. Patulitrin and patuletin 

were isolated and their structures established using 

HPLC-MS (Guinot et al., 2008). Standard 

extraction procedure for examining chromophoric 

substances of turmeric was investigated. Acetone 

and methanol were used as extracting solvents with 

different extraction procedures and pH levels. GC-

MS analysis identified curcumin (6.7 min), 

feruloylmethane (8.3min), coumaran (6.09min), 

vanillin (6.2min), and zingiberene (10.5min) as the 

major products. Curcumin which has been known 
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as the major chromophoric substance of turmeric 

was not detected in any samples (Cheunsoon and 

Obendorf, 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 1. HPTLC fingerprint of methanolic and 

aqueous dye extracted from Butea monosperma 

(Lamk.) Taub. flowers at white light 

Keywords: A – Methanolic dye, B – Aqueous dye 

 

Plate 2 .  Preparative HPTLC fingerprint of 

methanolic dye extracted from Butea monosperma 

(Lamk.) Taub. flowers 

 

 

Figure 2. Q1-MS observation for methanol 

 

Figure 3. Q1-MS  observation  for  methanolic dye  

extracted  from Butea monosperma (Lamk.) Taub. 

flowers for spot 1 
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Figure 4. Q1-MS  observation  for  methanolic dye  

extracted  from Butea monosperma (Lamk.) Taub. 

flowers for spot 3 

IV. CONCLUSION 

It was observed from the present study that the 

methanolic and aqueous dye extracted from Butea 

monosperma (Lamk.) Taub. flowers showed intense 

yellow colour. The HPTLC and LC-MS analysis 

confirmed the presence of flavonoids responsible for 

the yellow colour in Butea monosperma (Lamk.) 

Taub. flowers. The flowers are good source of 

flavonoids which can be used as natural colour. 

Flavonoids also have many medicinal properties and 

can be used in therapeutic treatment. 

 

 

 

 

 

 

Table 2. Q1-MS observation for methanolic dye 

extracted from Butea monosperma (Lamk.) Taub. 

Flowers 

Q1 MS of 

MeOH 

Q1 MS of 

Spot 1 

Q1 MS of 

Spot 2 

Q1 MS of 

Spot 3 

74.10 74.30 74.10 74.20 

85.30 85.30 - - 

130.30 130.10 130.30 - 

149.10 149.10 - - 

155.40 155.40 155.40 - 

167.30 167.10 - - 

201.10 - - - 

- 251.40 - - 

- 274.10 - 273.50 

301.10 301.40 301.50 - 

- - - 302.50 

305.50 - - - 

- - - 318.50 

- 353.50 353.50 - 

367.50 - - - 

369.50 369.50 369.50 - 

- 381.60 381.50 - 

383.50 - - - 

- 413.80 - 413.50 

- - 437.40 - 

- - - 464.60 

485.40 485.50 - - 

531.50 - - - 

- 540.80 - - 

- 568.70 - - 

- 597.80 597.50 - 

- - 619.80 - 

634.00 634.00 - - 

661.80 661.80 - - 

- 685.50 - - 

- 690.00 - - 

- 717.80 - - 

- - 739.80 - 

- - - 803.70 

 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 
 

94 

V. REFERENCES 

 

[1] Vankar, P. S. (2007). Natural Dyes for 

Industrial  Applications. Publisher: National 

Institute of Industrial Research, 1. 

[2] Mishra, G. J.; Reddy M. N. and Rana J. S. 

(2012). Isolation of flavonoid constituent 

form Launaea procumbens Roxb. by 

preparative HPTLC method. IOSR Journal of 

Pharmacy. 2(4): 05-11. 

[3] Samanta, A. K. and Konar, A. (2011). Dyeing 

of textiles with natural dyes. Dr. Emriye 

Akcakoca Kumbasar edition. 978-953-307-783-

3. 

[4] Plummer, D. T. (2003). An introduction to 

Practical biochemistry. Tata McGraw- Hill 

Publishing Company Limited. Twentieth 

reprint. 122-130 

[5] Oberoi, S and Ledwani, L. (2010) Isolation 

and characterization of new plant pigment 

along with three known compounds from 

Butea monosperma petals. Archives of applied 

science research. 2(4): 68-71. 

[6] Rasheed, Z.; Akhtar, N.; Khan, A.; Khan, K. 

A. and Haqqi, T. M. (2010). Butrin, isobutrin 

and butein from medicinal plant Butea 

monosperma  selectively  inhibit  nuclear  

factor-kappa  B  in  activated human mast 

cells: suppression of tumour necrosis factor-

alpha, interleukin (IL)-6 and IL-8. J. Pharmacol 

Exp Ther. 333(2):354-63. 

[7] Guinot, P.; Annick, G.; Gilles, V.; Alain, F. 

and Claude, A. (2008). Primary flavonoids in 

marigold dye: extraction, structure and 

involvement in the dyeing process. Phytochem. 

Anal. 19: 46-51. 

[8] Cheunsoon, A. and Obendorf, S. K. (2006). 

GC-MS analysis of dye extracted from 

turmeric. Fibres and Polymers. 7(2): 158-163. 
 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rasheed%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Akhtar%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Khan%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Khan%20KA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Khan%20KA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Haqqi%20TM%22%5BAuthor%5D


IJSRSET185419 | Published : 28 February 2018 | January-February-2018 [(5) 4 : 95-102 ] 

National Conference on 'Advanced Analytical Tools for Materials Characterization' (AATMC-2018) 

© 2018 IJSRSET | Volume 5 | Issue 4 | Print ISSN : 2395-1990 | Online ISSN : 2394-4099 

Themed Section: Science and Technology 

 

 

95 

 

Study of 1,2,4-Triazole As Effective Corrosion Inhibitor For 

Mild Steel Used In Oil And Gas Industries In 1M HCl 
Pratap  Kamble , R. S. Dubey  

Department of Chemistry, R. Jhunjhunwala College, Ghatkopar (W), Mumbai, Maharashtra, India 

 
ABSTRACT 

 

The corrosion inhibition effect of 1,2,4-triazole on mild steel in 1 M HCl solution has been investigated by 

weight  loss, open circuit potential (OCP) and potentiodynamic  polarization methods. The experimental results 

revealed that the compound having significant inhibiting effect on the corrosion of mild steel in 1M HCl 

solution. The inhibition efficiency was found to increase with increasing concentration of inhibitor and attain 

maximum value of 93% at 500 ppm concentration. Potentiodynamic polarization studies have shown that the 

compound acted as mixed-type inhibitor retarding the corrosion of mild steel by blocking the active sites of 

metal surface. The values of inhibition efficiency obtained from weight loss and polarization measurements are 

in good agreement. The adsorption of the inhibitor on mild steel surface followed Langmuir adsorption 

isotherm with negative value of the free energy of adsorption G0ads.The surface morphology of the mild steel 

specimen was evaluated by using scanning electron microscopy(SEM)and energy dispersive x-ray 

analysis(EDAX) techniques. 

Keywords: Triazole, Mild Steel,  Inhibitor, Surface Morphology. 

 
I. INTRODUCTION 

 

Mild steel is an important category of material due to 

wide range of industrial applications[1-4]. 

Hydrochloric acid solutions are widely used for 

pickling, descaling, acid cleaning and oil well 

acidizing industry which leads to electrochemical 

corrosion. Among the various methods available, use 

of corrosion  inhibitor is one of the most practical and 

economical method for corrosion protection of steel 

especially in acid media[4-8].An organic corrosion 

inhibitor is a chemical material applied to a liquid or 

gas within industrial processes to decrease the 

corrosion rate of metal or its alloy[9].Organic 

inhibitors containing heteroatom such as O,N,S and P 

are frequently used in order to minimize the 

corrosion attack on metal in acid media [10-15]. 

Organic inhibitors are generally adsorbed on metal 

surface and forms protective film which acts as 

barrier between the metal and aggressive solutions. 

The efficiency of organic compounds as an inhibitor 

depends on its ability to get adsorbed on the metal 

surface by replacing water molecule from metal 

surface. Nitrogen containing heterocyclic compounds 

are found very effective and efficient corrosion 

inhibitor of mild steel in acidic media. Persual of 

literature reveals that many N-heterocyclic 

compounds such as pyrazole, bipyrazole, 

benzimidazole, triazole, tetrazole, quinoline, 

isoquinoline,indole and quinoxaline have been used 

for corrosion inhibition of mild steel in acidic media 

[16-20]. Triazole and its derivatives are important 

constituents of pharmacologically active compounds. 

They possess wide spectrum of activities ranging from 

antibacterial, anti-inflammatory, anticonvulsant and 
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anti-neoplastic[21].A few triazole have been reported 

as corrosion inhibitor in different corrosive 

environment. 

 

The present study was undertaken to investigate the 

inhibition of corrosion of mild steel in 1M 

hydrochloric acid by 1,2,4-triazole.The study was 

conducted by using weight loss, electrochemical 

technique, Scanning electron microscopy (SEM) and 

energy dispersive X-ray spectroscopy (EDX) 

techniques.   

 
II.  METHODS AND MATERIAL  

 

2.1. Material and sample preparation 

The weight loss and electrochemical experiments 

were performed on mild steel specimen having 

chemical composition, C-0.16%, Si-0.10%, Mn-0.40%, 

P-0.013%, S-0.02% and remaining iron. The exposed 

dimensions were 1cm x 3cm x 0.025cm and 1cm2 for 

the weight loss and electrochemical experiment 

respectively. Before exposure to test solution exposed 

areas were polished successively with different grades 

of metallographic emery paper,1/0,2/0,3/0 and 4/0, 

washed with doubled distilled water, degreased with 

acetone and finally dried and stored in desiccators. 

 

2.2. Test solution 

1 M HCl was prepared by dilution of 36% HCI 

(analytical grades) in bi-distilled water. 

 

The characterization data, IUPAC name, structure 

and abbreviation used for the studied compound are 

given below in Table 1.   

 

Table 1. IUPAC name, molecular structure, melting 

point and analytical data of studied inhibitor. 

Inhibitor Molecular 

Structure 

Analytical data 

1,2,4-

Triazole 

 

MP- 120-122 °C 

 

2.3. Weight loss measurement: 

The weight loss experiment was performed by 

immersing mild steel specimen in 50 ml of test 

solution with and without different concentration of 

inhibitors. After 24 h immersion time, the mild steel 

specimens were taken out, cleaned with distilled 

water, dried and accurately weighed. Each 

experiment was performed in triplicate to obtain good 

result and the mean value is reported. The inhibition 

efficiency was calculated by using the following 

relation: 

    

 

Where W0 and Wcorr are the weight loss in absence 

and presence of inhibitors .The surface coverage is 

given by following relation 

θ=η%/100. 

 

2.4 Electrochemical measurement: 

Polarization studies were carried out using 

electrochemical measurement system, DC 105, 

containing software of DC corrosion technique from 

M/S Gamry instrument, 734, Louis Drive, 

Warminster, PA, USA. For polarization studies, mild 

steel specimens having surface area of 1cm2 were 

exposed to acid solution .Mild steel as working 

electrode, saturated calomel (SCE) as reference 

electrode and graphite as auxiliary electrode were 

used for all electrochemical measurement. Before 

each measurement the specimen were allowed to 

corrode freely, and their OCPs were measured as a 

function of time to obtain a steady-state potential. 

The anodic and cathodic Tafel curves were obtained 

by changing the electrode potential automatically 

from - 0.5 to 0.5 V at the scan rate of 5mv/s. 

Polarization study was done with and without 

inhibitors in 1M HCI.  

 

2.5 Surface measurement: 

The surface film formed on the metal specimen was 

evaluated by SEM-EDX analysis. This was carried out 

by using SEM/EDX model PHENOM PROX from the 
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Netherlands. The spectra were recorded for a sample 

exposed for 24 hours in 1M HCl in the absence and 

presence of 500 ppm inhibitor. The energy of 

acceleration beam employed was 20 kV. 

  

III. RESULTS AND DISCUSSION  

 

3.1 Weight loss measurement: 

Weight loss data of mild steel in 1 M HCl in the 

absence and presence of various concentrations of 

inhibitor were obtained and given in table 2. 

Inhibition efficiencies were calculated according to 

following equation: 

      

Wcorr and W0 are weight loss of mild steel in presence 

and absence of inhibitors respectively. The results 

showed that the inhibition efficiency increases with 

increasing the concentration of inhibitors. The results 

obtained from the weight loss measurement were in 

good agreement with those obtained from 

electrochemical measurements. 

 

Table 2.The weight loss parameter obtained for mild 

steel in 1 M HCl containing different concentrations 

of 1, 2, 4-triazole. 

Inhibit

or 

Concentrati

on 

(ppm) 

Weig

ht loss 

(mg) 

Surface 

coverag

e 

Inhibitio

n 

efficienc

y (%E) 

Blank - 235 - - 

1,2,4-

triazole

. 

100 42 0.8212 82.12 

200 30 0.8723 87.23 

300 28 0.8808 88.08 

400 21 0.9106 91.06 

500 16 0.9319 93.19 

 

 

3.2 Adsorption isotherm 

The surface coverage values θ, (defined as θ 

= %IE/100), increased with increasing inhibitor 

concentration as a result of adsorption of more 

inhibitor molecules on the steel surface (Table-2). If 

molecular adsorption at the metal/solution interface is 

the mechanism through which the corrosion 

inhibition occurs, several adsorption isotherms can be 

tested. The simplest, being the Langmuir isotherm, is 

based on the assumption that all adsorption sites are 

equivalent and that molecular binding occurs 

independently from nearby sites being occupied or 

not. Under these circumstances, the proportionality 

between surface coverage θ and bulk concentration C 

of the adsorbing compound is as follows [22]: 

KC = θ / (1-θ)                                               ----- (2) 

Here K is the equilibrium constant. It is convenient to 

rearrange the equation, yielding: 

C / θ = C + 1/K                                            ----- (3) 

 

The graph of C/θ vs C obtained straight line with R
2
 

value obtained varied close to unity confirming the 

validity of this approach .The slope of the straight line 

was almost close to unity, suggesting that adsorbed 

molecule formed monolayer on mild steel surface.  

Free energy of the adsorption (∆G
0
ads) can be calculated 

by using the following equation: 

∆G
0

ads =-RT ln (55.5 kads)  ----- (4) 

 

Figure 1. Langmuir isotherm plot for adsorption of 

1,2,4-triazole on mild steel surface in 1 M HCl. 
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Generally, value of ∆G
0

ads up to -20 kjmol
-1

 are 

associated with physisorption while those around -40 

kjmol
-1

 or higher are associated with chemisorptions. In 

present case the value was -31.05. This was lower than -

40 kJ mol
-1

 but higher than -20 KJmol-1 indicating that 

the adsorption was neither typical physisorption nor 

chemisorption but it is mixed type. Thus in the present 

case adsorption of inhibitor molecule on the mild steel 

involved both physisorption and chemisorptions but 

physisorption was the predominant mode of adsorption. 

The negative value of ∆G
0
ads indicated the spontaneous 

adsorption of inhibitors on the surface of the metal 

[23,24] 

 

3.3 Open circuit potential (OCP) measurement  

The electrochemical behaviour of mild steel in 1M HCl 

was studied by monitoring change in corrosion potential 

(Ecorr.) with time. The change in open circuit potential 

of mild steel in absence and presence of various 

concentrations of inhibitors is shown in Figure 2.  

 

Figure 2. Open circuit potential diagram for mild steel 

in 1 M HCl without and with different 

concentrations of 1,2 , 4-Triazole. 

 

The change in OCP of mild steel in absence and 

presence of inhibitors were measured for period of 

one hour with sample period of one data per second. 

The potential attains steady state after exposure of 

approximately 30 minutes. The steady state potential 

is an equilibrium state at which Iox.  equal to Ired. It 

has been observed that OCP of mild steel from 

moment of immersion in 1M HCl tends towards more 

negative value in absence of inhibitor. This shows 

corrosiveness of medium which is due to breakdown 

of pre-immersion, air formed oxide film on the metal 

surface. In the presence of various concentrations of 

inhibitors the steady state potential of mild steel shifts 

more towards positive value. This is due to adsorption 

of inhibitors on metal surface resulting in passivation 

of metal. 

 

3.4 Potentiodynamic polarisation studies 

The polarization behaviour of mild steel in 1 M HCl 

in the absence and presence of different 

concentration of inhibitors are shown in Figure 3. 

 

Figure 3. Polarization curve of mild steel in the 

absence and presence of 1,2,4-Triazole. 

  

Electrochemical parameters such as corrosion current 

(Icorr), corrosion potential (Ecorr), and Tafel slopes 

constant βa and βc calculated from Tafel plots are given 

in table 3. From the evaluated Icorr value, η% can be 

calculated using the relation η%      .where i0 

and icorr are the corrosion current densities in the 

absence and presence of inhibitors. From the data of 

table3 and figure 2, it is clear that in the presence of 

tetrazole there was remarkable decrease in icorr value by 

shifting both anodic and cathodic Tafel slopes towards 

low current densities [25]. It was further confirmed that 

the shape of polarization curves were similar in absence 

and presence of inhibitors, suggesting that 1,2,4-triazole 

inhibited mild steel corrosion by simply adsorbing on 

the mild steel surface without changing the mechanism 
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of mild steel dissolution[26]. An inhibitor can be 

classified as anodic, cathodic or mix type depending 

upon the displacement in Ecorr value. If the displacement 

in Ecorr for the inhibited and uninhibited solution is more 

than 85mV it can be classified as cathodic or anodic 

type. But the displacement in Ecorr is less than 85 mV 

then it can be classified as mixed-type. Since the 

maximum displacement for studied compound was 23 

mV indicating that tetrazole is mixed type of inhibitor 

[27]. 

Table 3.  Tafel polarization parameters for mild steel 

in 1 M HCl in absence and presence of 1,2,4-triazole. 

 

 

IV. SURFACE STUDIES 

4.1 SEM studies 

To support our conclusion that the 1, 2, 4-triazole 

form protective surface film, SEM micrograph of the 

mild steel surface were recorded in the absence and 

presence of 500 ppm concentration of triazole. The 

result shows that the surface of polished mild steel 

coupon (Figure 4a) was considerably smoother with 

minimum undulation or pitting. (Fig-4b) shows the 

surface of coupon immersed in 1 M HCl solution 

which is strongly damaged due to acid corrosion. 

However the coupon immersed in the solution 

containing 500 ppm of 1,2,4-triazole was relatively 

smooth compared to free acid solution(Figure 4c). 

 

Figure 4(a). SEM micro graphs of mild steel surface 

before immersionin 1 M HCl 

 
Figure 4(b). SEM micro graphs of mild steel surface 

after one  day immersion in 1 M  HCl 

 

 
Figure 4(c). SEM micro graphs of mild steel surface 

after one day  of immersion in 1 M HCl+500 ppm of 

1,2,4-Triazole. 

 

 

 

Aci

d 

Med

ium 

Conc

entra

tion 

(ppm

) 

-Ecorr  

(mv) 

Icorr 

(A/cm

2
) 

βa 

(v/dec) 

βc 

(v/dec) 

IE 

% 

1 M 

HCl 

- 
-

470.0 
704.0 

103.3 

e
-3 

196.4 

e
-3

 
- 

100 
-

475.0 
128.0 

71.50 

e
-3

 

144.3 

e
-3

 

81.

81 

200 
-

473.0 
90.90 

68.30 

e
-3

 

133.6 

e
-3

 

87.

08 

300 
-

475.0 
84.00 

69.70 

e
-3

 

164.5 

e
-3

 

88.

06 

400 
-

483.0 
63.40 

83.00 

e
-3

 

169.3 

e
-3

 

90.

99 

500 -

493.0 

36.90 93.1 e
-3

 154.6 

e
-3

 

93.

89 
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4.2 EDX studies 

To further support our weight loss and 

electrochemical finding that 1, 2, 4-triazole inhibit 

mild steel corrosion by forming a protective film on 

surface, we recorded a the EDX spectra in absence 

and presence of 500 ppm of 1, 2,4-triazole. 

 

The spectral profile of the polished mild steel sample 

before immersion in 1M HCl shows the signal for Fe, 

C and O. On immersion in 1M HCl, the signal for O is 

disappeared due to breaking of preimmersion air 

formed oxide film. Signal for Fe and carbon also 

slightly decreased. The profile in presence of 1, 2, 4-

triazole shows additional signal for nitrogen atoms. 

This is due to adsorption of inhibitor on the mild steel 

surface. 

 
Figure 5. EDX of (a) polished mild steel surface 

 

 
Figure 5. EDX of (b) after one day immersion in 1 M 

HCl 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. EDX of  (c) after one day of immersion in 1 

M HCl  +500 ppm of 1,2,4-Triazole. 

 

V. MECHANISM OF INHIBITION 

 

Corrosion inhibitors are believed to act by adsorption 

on metal surface by either physical or chemical 

means. The physical adsorption occurs via 

electrostatic interaction between the oppositely 

charged inhibitor molecule and metal surface, 

whereas chemical adsorption take place via donor 

acceptor interaction between lone pair electrons of 

heteroatom (N,S,O),π electrons of aromatic rings and 

polar functional groups with vacant d orbital of metal. 

The compound inhibits corrosion by controlling both 

anodic as well as cathodic reactions. In acid solution, 

inhibitor can exist as protonated species. The nitrogen 

atom present in the molecule can be easily protonated 

in acidic solution which can get adsorbed onto the 

cathodic sites of the mild steel and decrease the 

evolution of hydrogen. The adsorption on the anodic 

sites occurs through pi electrons of triazole ring and 

lone pairs of electrons of nitrogen atoms which 

decrease the anodic dissolution of mild steel.  

 

VI. CONCLUSION 

 

The corrosion behaviour of mild steel in 1 M HCl in 

absence and presence of tetrazole compound was 

investigated using the weight loss, open circuit 

potential and potentiodynamic polarization technique 

and surface analytical techniques. From the result 

obtained the following conclusion can be drawn: 
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1. 1, 2, 4-Triazole acted as a good and efficient 

corrosion inhibitor for the corrosion of mild 

steel in 1M HCl solution. 

2. The inhibition efficiency increased with an 

increase in the concentration of inhibitor.  

3. The adsorption of the inhibitor on mild steel 

surface obeyed Langmuir adsorption isotherm. 

The negative Gibbs free energy value indicated 

that the adsorption of inhibitor on surface is 

spontaneous process. 

4. Polarization studies showed that 1,2,4-triazole 

acts as mixed inhibitor 

5. The surface morphology techniques revealed 

the formation of smooth uniform surface on 

mild steel in presence of inhibitor. 
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Inhibitive effect of 8-hydroxy Quinoline on the corrosion 

of mild steel in 1M HCl 
R. S. Dubey, Pratap Kamble  

Department of Chemistry, R. Jhunjhunwala College, Ghatkopar (W), Mumbai , Maharashtra, India 

 

ABSTRACT 

 

The inhibitive action 8-Hydroxy quinoline on corrosion of mild steel in 1 M HCl was investigated by weight 

loss, open circuit potential (OCP) and potentiodynamic polarization  technique. The results showed that the 8-

hydroxy Quinoline inhibited mild steel corrosion and    inhibition efficiency increased with increase in 

concentration of inhibitor. The adsorption is spontaneous and followed Langmuir’s adsorption isotherm.  

Polarization study indicated that the inhibitor acted as mixed-type. The protective film formed on surface is 

confirmed by scanning electron microscopy (SEM) and energy dispersive analysis by X-ray (EDX).Result 

obtained from weight loss technique are in good agreement with electrochemical and surface analytical results.    

Key words: Mild Steel, Corrosion, HCl, SEM, EDX. 

 

I. INTRODUCTION 
 

Corrosion is the deterioration of a metal as a result of 

chemical reaction between it and the surrounding. 

Corrosion causes heavy economic losses. In India 

with GDP of amount 2 trillion, loses as much as 100 

billion dollar every year on account of corrosion. 

Mild steel is widely used as construction material in 

most of major industries due to its excellent 

mechanical properties and low cost. The major 

problem of mild steel is its dissolution in acidic 

medium [1–6].Acids is widely used for acid pickling, 

descaling, oil well acidizing and other applications. 

Due to their high corrosive nature acid may cause 

damage to the system components. Thus it is 

necessary to develop some effective corrosion 

inhibitors .The use of organic inhibitor is the most 

effective and most economic method for protection 

of metal from corrosion. Generally, organic 

inhibitors inhibit metallic corrosion by adsorbing on 

the surface and thereby forming a protective barrier 

[7-14].The adsorption of an inhibitor is influenced 

by various  factors such as electron density of donor 

site, presence of functional groups, electronic 

structure of inhibiting molecule, molecular area and 

molecular weight of inhibitor. Organic compounds 

containing heteroatoms including nitrogen, sulphur, 

and/or oxygen with polar functional groups and 

conjugated double bonds have been reported as 

effective corrosion inhibitor [14-20]. 

 

The aim of present work is to study the inhibition 

effect of 8-hydroxy Quinoline on mild steel in 

presence of 1 M HCl by using various techniques 

such as weight loss measurement, open circuit 

potential (OCP), and potentiodynamic polarization. 

Surface analytical techniques such as SEM AND EDX 

were also used to characterize corrosion product 

formed.  

 

II. EXPERIMENTAL PROCEDURE 
 

2.1. Material and sample preparation 

Mild steel of commercial grade in sheet form having 

composition as follows: C-0.16%, Si-0.10%,  Mn – 
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0.40%, P - 0.012%, S - 0.02%, and Iron- balance, 

were used in the present investigation. For 

electrochemical polarization, samples of 1cm x 3cm 

were sheared from the commercial grade sheets.  

The surface of these samples was successively 

polished by using the Emery papers of grades 1 / 0, 2 

/ 0, 3 / 0, and 4 / 0 obtained from Signor, Switzerland 

to obtain a scratch free mirror finish surface. The 

polished samples were washed with detergent 

solution, rinsed with distilled water and finally 

degreased with acetone. The specimens were dried 

and stored in a desiccators containing silica gel as a 

dehydrating agent. The test solution of 1M HCl was 

prepared by diluting analytical grade HCl (MERCK, 

37%) in double distilled water. 

 

2.2. Synthesis of inhibitor 

The 8-hydroxy quinoline used in present study was 

synthesized according to a previously described 

procedure [21].The completion of the reaction was 

verified by the disappearance of starting material on 

TLC plate. The IUPAC name, chemical structure and 

analytical data for synthesized compound given 

below. 

Table 1. IUPAC name, molecular structure, melting 

point and analytical data of studied inhibitor. 

Inhibitor Molecular 

Structure 

Analytical data 

8-

Hydroxy 

quinoline 

 

MP – 740C - 760C. 

FT-IR-max/cm3.  

3500,1680,1400,1550, 

1360,1150 1080. 

 

2.3weight loss measurements 

Weight loss measurements were carried out in a 

glass vessel with 100 ml of 1M HCl solution with 

and without concentration of inhibitor ranges from 

100-500 ppm. The immersion time for weight loss 

was 24 h at 27 0C.After dilution the mild steel 

specimens were withdrawn, rinsed with double 

distilled water, washed with acetone, dried and 

weight. The experiments were carried out in 

duplicate and the average value of weight loss was 

noted. 

 

2.4 electrochemical measurements 

The variation of corrosion potential of mild steel in 1 

M HCl was measured against saturated calomel 

electrode in absence and presence of various 

concentrations of inhibitors. The time dependence 

of OCP for different experiments was recorded for 1 

hours exposure period .Then the sample was used for 

potentiodynamic polarization experiments .The 

potential was swept between -0.5V to 0.5 V at the 

scan rate 5mV/second. Electrochemical 

Measurement System, DC 105,containing software of 

DC corrosion techniques from M/S Gamry 

Instruments Inc., 734, Louis Drive, Warminster, PA-

18974, USA has been used for performing corrosion 

potential and polarization experiments. For 

electrochemical polarization studies (corrosion 

potential, and potentiodynamic polarization) flag 

shaped specimens with sufficiently long tail were cut 

from the stainless steel sheet. These samples were 

polished as described earlier leaving a working area 

of 1cm2 on both sides of the flag and a small portion 

at the tip for providing electrical contact. Rest of the 

surface was isolated from the corroding solution by 

coating with enamel lacquer including side edges. 

The test specimen was connected to the working 

electrode holder with the help of a screw. About 

50ml of the corrosive medium was taken in a mini 

corrosion testing electrochemical cell. This volume 

was appropriate to permit desired immersion of 

electrodes. The electrochemical investigation was 

carried out using microprocessor based corrosion 

measurement system (CMS-105, Gamry Instruments 

Inc., USA.). The three-electrode system cell i.e. 
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working electrode, reference electrode (Saturated 

Calomel Electrode), and counter electrode (Graphite 

rod), was used throughout the electrochemical 

measurements. Open circuit potential measurements 

and potentiodynamic polarization experiments were 

carried out at the concentration of 100, 200,300,400 

and 500 ppm of the inhibitor. 

                            

2.5 SEM AND EDX STUDIES 

The composition and surface morphology of 

corrosion product on mild steel sample after 

immersion for 24 hours in 1 M HCl in the absence 

and presence of 500 ppm of 8-hydroxy Quinoline 

was studied using a scanning electron microscope 

and EDX examination using energy dispersive 

spectrometer. The accelerating voltage for SEM 

picture was 20.0 kv. 

 

III. RESULTS AND DISCUSSION 
 

3.1. Weight loss measurement 

Weight loss data of mild steel in 1M HCl in the 

absence and presence of various concentrations of 

inhibitor were obtained and are given in Table 1. 

Inhibition efficiencies (%IE) were calculated 

according to [46]: 

                         (W0 ― Wcorr) 

      (% IE) =----------------------    X    100           ----- 

(1)                                                      

                                 W0 

     Where, Wcorr and W0 are the weight loss of mild 

steel in the presence and absence inhibitors, 

respectively. 

 

The results show that the inhibition efficiencies 

increase with increasing inhibitor concentration. 

The results obtained from the weight loss 

measurements are in good agreement with those 

obtained from the electrochemical methods. 

 

Table 2. The weight loss parameter obtained for mild 

steel in 1 M HCl containing different  concentrations 

of  8-hydroxy quinoline. 

Inhibit

or 

Conce

ntratio

n 

(ppm) 

Weigh

t              

loss 

(mg) 

Surface 

coverage 

Inhibition 

efficiency 

(%E) 

Blank - 431 - - 

8-

Hydrox

y 

quinoli

ne 

100 280 0.350 35.03 

200 185 0.570 57.07 

300 146 0.661 66.12 

400 99 0.770 77.03 

500 77 0.821 82.13 

 

3.2 Adsorption isotherm 

Fundamental information on the adsorption of 

inhibitor on metal surface can be provided by 

adsorption isotherm. The weight loss temperature 

results were used to calculate the adsorption 

isotherm parameters. The most frequently used 

isotherms are Langmuir, Frumkin, Temkin, Florry-

Huggins and thermodynamic /kinetic model of El-

Awady isotherm. It is found that the adsorption of 

studied inhibitor on mild surface obeys Langmuir 

adsorption isotherm. Langmuir adsorption isotherm 

is given by following equation: 

      C/θ=1/Kads                       --------- (2)                                                              

 

Where θ is the degree of surface coverage, C is the 

molar inhibitor concentration in the bulk solution 

and Kads is the equilibrium constant of the process of  

adsorption. Plot of C/θ versus C  of 8- hydroxyl 

quinoline presented in fig.(4).The obtained plots are 

almost linear with correlation coefficient (R2=0.999) 

for Langmuir adsorption isotherm .Kads can be 
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calculated from intercepts of the straight lines in 

figure 1 

 
Figure 1. Langmuir adsorption isotherm for mild 

steel in 1 M HCl at various temperatures. 

 

The standard free energy of adsorption (∆Gads) is 

calculated from equation [22]. 

Kads= (1/55.5) exp (-∆Gads/RT)     ------- (3)                                                                                                                  

 

Where the constant 55.5 is the molar concentration 

of water in solution in mol L-1 .R is universal gas 

constant and T is absolute temperature. The negative 

values of ∆Gads ensured the spontaneity of the 

adsorption process and stability of the adsorbed layer 

on the steel surface [23 ].Generally ,values of  ∆Gads, 

around -20 KJ mol-1or lower are consistent with the 

electrostatic interaction between the charged 

molecules and charge metal, such as physisorption. 

When it is around -40 KJ mol-1 or higher values it 

involves charge sharing or charge transfer from 

organic molecules to the metal surface to form 

coordinate type of bond that is chemisorptions 

[24].In the present work the calculated value of ∆Gads 

is 25.53kJ/mol, which indicate adsorption of 

inhibitor on mild steel surface involves both physical 

and chemical adsorption. 

 

3.3. Open Circuit Potential Measurement (OCP)  

Inherent reactivity of the metallic materials in a 

particular environment is determined from its open 

circuit potential (corrosion potential). The influence 

of the corrosive and inhibitive species present in the 

electrolyte may be predicted by analysing the nature 

of the OCP curve. The variation of open circuit 

potential of Mild Steel exposed to 1M HCl solution 

containing inhibitor i.e.8-hydroxy quinoline in the 

concentration range 100-500ppm is shown in Figure 

2 .The steady state potential is obtained after 3600 

seconds of the exposure period. In the presence of 

different concentration of inhibitors, OCP is shifted 

towards the positive potential direction in 

comparison to without inhibitor and get stabilized 

thus indicating the adsorption of the inhibitors on 

the metal surface. The magnitude of shift of 

polarization curve towards positive direction was 

found proportional to the concentration of the 

inhibitor. 

 
Figure 2. Open circuit potential diagram for mild 

steel in 1 M HCl without and with different   

concentrations of 8-hydroxy quinoline. 

 

3.4. Potentiodynamic polarization curves  

Potentiodynamic  polarization curves of mild steel in 

1 M HCl in the absence and presence of 8-hydroxy 

Quinoline are illustrated in fig.3.The presence of 8-

hydroxy quinoline caused a clear decrease in both 

anodic and cathodic current densities with increase 

in inhibitor concentration, probably due to the 

adsorption of at the active sites of the electrode 

surface, retarding both metallic dissolution and 

hydrogen evolution reaction [25].The 
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electrochemical kinetic parameters,i.e.,corrosion 

current densities(icorr),  

corrosion potential (Ecorr), cathodic  Tafel slop (bc) 

anodic Tafel slope (ba) are presented in table (6). 

Here, the IE% is defined by following 

equation:                             

  IE%=              ---------- (4)               

Where icorr and icorr are the corrosion current density 

values without and with inhibitor respectively. The 

corrosion current density decreased with increasing 

the concentration of the inhibitor, which indicates 

that the presence of 8-hydroxy quinoline retard the 

dissolution of mild steel in 1 M HCl solution and 

degree of inhibition depends on the concentration of 

inhibitor. It can also be observed that the corrosion                                          

 
Figure 3. Potentiodynamic Polarization curves of 

mild steel in 1 m HCl in the absence and presence of 

different concentration of 8-hydroxy quinoline 

 

Potential values remained almost constant in 

presence of inhibitor, suggesting that 8-hydroxy 

quinoline acted as mixed-type inhibitor. 

Furthermore ,it is observable that the shape of 

polarization curves are similar in the absence and 

presence of 8-hydroxy quinoline, suggesting that the 

inhibitor inhibits mild steel corrosion by simply 

adsorbing on mild steel surface without changing the 

mechanism of mild steel dissolution[26]. 

 

 

 

Table 3. Polarization data of mild steel in 1M HCl solution in absence and presence of different concentration 

of 8-hydroxy quinoline. 

Acid 

Medium 

Concentrati

on (ppm) 

-Ecorr 

(mv) 
Icorr (A/cm2) 

βa 

(v/dec) 

βc 

(v/dec) 
IE % 

1 M 

HCl 

- 475.0 133.0 76.90 e-3 134.4 e-3  

100 472.0 85.10 65.70 e-3 127.0 e-3 53.84 

200 481.0 54.10 90.40 e-3 126.0 e-3 68.15 

300 503.0 40.20 85.30 e-3 140.1 e-3 72.77 

400 508.0 35.20 86.90 e-3 146.2 e-3 79.65 

500 463.0 26.64 85.30 e-3 125.20 e-3 85.42 
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IV. SURFACE STUDIES 
 

4.1.SEM studies 

In order to evaluate the condition of metal surface 

in contact with acid solution in absence and 

presence of inhibitor, a surface analysis is carried 

out using scanning electron microscope and Energy 

dispersive X- ray spectrometer.  

 

The surface morphology of the mild steel specimens 

immersed in1M HCl for 24 h without and with 

optimum concentration of the 8-hydroxy Quinoline 

is shown in following figure. A micrograph  of the 

polished mild steel surface before immersion in 1M 

HCI is shown in figure 4(a).The micrograph shows 

the surface was smooth and without pits.Fig.4(b) 

represents SEM micrograph  of mild steel surface 

immersed in 1M HCl without 8-hydroy Quinoline 

which appears to be highly corroded and damaged 

due to free acid attack.Fig.4(c) represents SEM 

micrograph of mild steel in the presence of 

optimum concentration of the 8-hydroxy Quinoline 

in acid solution causes significant improvement  in  

the surface morphology. Thus it can be concluded 

that8- hydroxyl Quinoline forms protective surface 

film on the metal surface through adsorption which 

protect the metal from acid solution. 

 
Figure 4.(a). SEM micro graphs of mild surface 

before immersion in 1 M HCl 

 

 
Figure 4.(b). SEM micro graphs of mild surface  after 

one day immersion in 1 M HCl and 

 

 
Figure 4(c). SEM micro graphs of mild surface after 

one day of immersion in 1 M HCl+500 ppm of 8-

nitro quinoline. 

4.2 EDX studies 

Figure 5 (a) shows spectra of mild steel specimen 

before immersion in 1 M HCl which shows a signal 

for Fe and oxygen. Figure 5(b) shows EDX spectra of 

mild steel specimen immersed in 1 M HCl in the 

absence of 8-hydroxy Quinoline which is 

characterized by signal corresponding only for Fe. 

However, Figure 5(c) shows EDX spectrum in the 

presence of 8-hydroxy Quinoline with additional 

signal for nitrogen (N) which attributed due to 

adsorption of 8-hydroxy Quinoline on mild steel 

surface. 
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Figure 5(a). EDX spectra of polished mild steel 

surface 

 
Figure 5 (b). EDX spectra of mild steel after one day 

immersion in 1 M HCl 

 
Figure 5(c). EDX spectra of mild steel after one day 

of immersion in 1 M HCl +500 ppm of 8-hydoxy 

Quinoline. 

 

V. MECHANISM OF INHIBITION 
 

Corrosion inhibition of mild steel in acid solution 

can be described on the basis of adsorption 

phenomenon.8-hydroxy Quinoline contains various 

functional groups such as –OH,C=C and C=N 

through which it can adsorb on metal surface. The 

adsorption can be chemisorption or physisorption 

and some time both processes can take place. 8-

hydroxy Quinoline can absorb onto metal surface by 

three different ways. 

1. Sharing of electrons of nitrogen and oxygen with 

iron surface. 

2.  Interaction between pi electrons of benzene ring 

of 8-hydroxy Quinoline with the metal surface. 

3.  It is also possible that the N atom of 8-hydroxy 

Quinoline can be easily protonated in acid 

medium. This protonated N atom can show 

electrostatic interaction with negatively charged 

metal surface.   

N
H

OH

mild steel
Figure 6. Pictorial representation of adsorption 

behaviour of the 8-hydroxy quinolone on mild 

steel in 1M HCl 

 

VI. CONCLUSION 
 

On the basis of the above results the following 

concision can be drawn. 

1. 8-hydroxy Quinoline acted as an effective 

corrosion inhibitor for mild steel in 1M HCl 

solution. 

2. The corrosion process was inhibited by 

adsorption of inhibitor molecule on the mild 

steel surface. 

3. The inhibition efficiency increased with increase 

in the concentration of the inhibitor. 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 
 

106 

4. Adsorption study showed that the inhibition 

mechanism obeyed Langmuir adsorption 

isotherm. 

5. The negative value of free enegy of adsorption 

indicated strong and spontaneous adsorption of 

inhibitor on mild steel surface. 

6. Potentiodynamic polarization studies shown that 

inhibitor retards both the anodic and cathodic 

partial reactions. Thus 8-hydroxy Quinoline 

acted as mixed type inhibitor. 

7. SEM/EDX studies revealed that corrosion 

inhibition is due to the adsorption of 8-hydroxy 

Quinoline at mild steel/acid solution interface.   
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ABSTRACT 

Roha is a small city & taluka in the Raigad District of the Maharashtra State of India and is situated on the 

banks of river Kundalika. Ground water is major source of drinking water & In Roha taluka availability of 

ground water is much more. Samples at Raigad District were collected during Pre-Monsoon Season i.e. from 

March 2016 to May 2016. The 10 sampling Sites were  selected for sampling that are located in Roha, Killa, 

Tambdi Khurd,Muthavde, Furgarewadi, Ghosale, Muthawali, khari, Pingalsai, and Tareghar. 27 water quality 

parameters were determined as per the standard procedure as prescribed by APHA AWWA and BIS. It was 

found that the physical parameters like pH, Colour, odour, Turbidity, were Acceptable. The presence of 

chloride  may be due to discharge of sewage, industrial water in water body, Chloride values are in well within 

the limits. Also Higher concentration of TDS was found which may cause heart & kidney diseases, TDS 

concentration In Ground water of Roha & nearby villages are within the standard limits.  

Key words: Roha, Water quality, TDS, Industrial water  

 

I. INTRODUCTION    

                          

Groundwater is the water found underground in the 

cracks and spaces in soil, sand and rock. It is stored in 

and moves slowly through geologic formations of soil, 

sand and rocks called aquifers. Ground water is the 

Most Major source of fresh water for drinking, 

Agriculture & Industrial desires, Groundwater is often 

cheaper, more convenient and less vulnerable 

to pollution than surface water. Therefore, it is 

commonly used for public water supplies. For 

example, groundwater provides the largest source of 

usable water. Many municipal water supplies are 

derived solely from groundwater. Polluted 

groundwater is less visible, but more difficult to clean 

up, than pollution in rivers and  

 

lakes. Groundwater pollution most often results from 

improper disposal of wastes on land. Major sources 

include industrial and household chemicals and 

garbage landfills, excessive  fertilizers and pesticides 

used in agriculture, industrial waste lagoons, tailings 

and process wastewater from mines, industrial 

fracking, oil field brine pits, leaking underground oil 

storage tanks and pipelines, sewage sludge and septic 

systems. 

II. STUDY AREA & PERIOD  

 

The samples were collected around the Roha town. 

Roha is a small city & taluka in the Raigad District of 

the Maharashtra State of India and is situated on the 

banks of river Kundalika. Ground water is major 

source of drinking water & In Roha taluka availability 

of ground water is much more. Samples at Raigad 

District were collected during Pre Monsoon Season 

i.e. from March 2016 to May 2016. The ten sampling 

Sites are located in 1.Roha 2.Killa 3.Tambdi Khurd 

https://en.wikipedia.org/wiki/Water_pollution
https://en.wikipedia.org/wiki/Groundwater_pollution
https://en.wikipedia.org/wiki/Groundwater_pollution
https://en.wikipedia.org/wiki/Fertilizer
https://en.wikipedia.org/wiki/Wastewater
https://en.wikipedia.org/wiki/Sewage_sludge
https://en.wikipedia.org/wiki/Septic_tank
https://en.wikipedia.org/wiki/Septic_tank
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4.Muthavde 5.Furgarewadi 6.Ghosale 7.Muthawali 

8.khari 9.Pingalsai 10.Tareghar. 

 

The Map of RAIGARH District Roads, Rivers Railway 

Tracks,  Taluka. 

 

Figure 1 

 

III. METHODOLOGY 

 

The samples were collected in Pre- Monsoon. the 

samples were collected in Plastic (polypropylene) 

container (capacity: 2 litre ). The collection, 

transportation and preservation were done as per the 

Standards & as per CPCB guidelines. The various 

water quality parameters such as, Colour, Odour, pH, 

TDS, Iron, Sulphate, Fluoride, Nitrate, Salinity, 

Hardness, EC, Boron, Free Residual Chlorine, 

Turbidity, Phenolic compounds, cyanide ) & heavy 

metals Cu, Zn, Cr+6, Nickel, Lead, Cadmium. 

 

Instruments : 

3.1 Atomic Absorption Spectrophotometer (Make 

Chemito now takeover by Thermofisher) Model No. 

AA203: For Heavy metals  

3.2 UV-Visible Spectrophotometer (make Chemline): 

For Sulphate, Nitrate, Fluoride, Boron, Phenolic 

compounds.  

3.3   Methods used: APHA 22nd Edition & IS 3025. 

 

Depth to Water Level :Premonsoon (Average Level) 

The Average depth to water levels in the district 

during premonsoon ranges between 0.55 m bgl 

(Nagothan) and 8.60 m bgl (Chinchwad). Depth to 

water levels during Pre monsoon is Shallow water 

levels i.e., less than 2 m bgl are seen in the central part 

of the district. The water levels5 to 10 m bgl are seen 

in the southern part of the district i.e. around 

Poladpur and Mahad and also as scattered patches 

across the district. In the major part of the district 

water level ranges from 2 to 5 m bgl. 

 

Ground Water Development 

Physiographic, geology and rainfall of the district 

plays a major role in the  Ground water resource 

availability and sustainability. The high, steep hill 

ranges, isolated hillocks, undulation etc give rise to 

high run off. The predominance of hard rock 

formation in the form of basaltic lava flows facilities 

the run off rather than natural recharge due to the 

poor ground water storage and transmission 

capabilities. The formation due to poor storage and 

transmission characteristics gets fully saturated during 

monsoon and a situation of rejected recharge is 

resulted. These aquifers then are drained naturally due 

to slopping and undulation topography. 

 

The district despite of high rainfall of (1500 – 3500 

mm) faces water scarcity situation following January 

or February month. Development of ground water has 

taken place on a limited scale in Deccan Trap Basalt 

area. However, ground water development for 
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irrigation purpose has taken place on a good scale in 

the alluvial area of coastal tract. 

 

IV. METHODS 

 

Methods used for analysis of samples are as per APHA 

22nd Edition & IS 3025  

Table 1 

 

V. RESULTS AND DISCUSSION  

 

The suitability of ground water for drinking purpose is 

determined keeping in view the effects of various 

chemical constituents in water on the biological 

System of human being. The classification of water 

was carried out as per the Bureau of Indian Standards 

(BIS) for drinking water to assess the suitability of 

Ground water. 

a. pH value :  

The pH value of water is indication of its quality. pH
 

values usually changes due to contamination from 

industrial waste, carbonate and bicarbonate. The pH 

values for the samples Collected at Ten Locations the 

Minimum pH was Recorded 6.63 at GW 10 and the 

maximum value recorded was 7.28 at GW1. 

 b. Electrical Conductivity:  

It indicates mineral, geological effect and organic 

pollution. It increases as              dissolved salt 

concentration increases. The minimum conductivity 

in the Study region was 0.125 mS/cm recorded at 

GW8 and the Maximum Value 0.493 mS/cm was 

recorded at GW9. 

 

c. Total Hardness:  

The total Hardness value of water is due to the 

calcium and magnesium salts. The   total Hardness 

values for samples are within the range of permissible 

limit. Minimum Value Observed was 72mg/l at GW8 

and the Maximum Value was 179mg/l at GW6  

 d. Total Dissolved Solids:  

Total dissolved solids values does not cause harm to 

human but higher concentration may cause heart and 

kidney diseases. Total dissolved solids values for all 

sampling sites are within the range of permissible 

limit. The lowest value observed was 111mg/l at GW8 

and the maximum value 433mg/l at GW4. 

e.  Turbidity:  

The turbidity is due to existence of many types of 

pathogenic organisms. It is an indicator of pollution. 

All samples were within the Standards. 

f.   Chloride:  

The presence of chloride is an indicator of organic 

pollution. The presence of chloride in water body is 

mainly due to discharge of sewage, industrial effluents 

and agricultural fertilizers .The values for all samples 

are well below the standard limit. The minimum 

value recorded was 32mg/l at GW1 and the Maximum 

Value was 54mg/l at GW10 

Sr.

N

o 

Name of 

the Water 

Quality 

Parameter 

Bureau of 

Indian 

Standard 

(IS-

10500:1994) 

Pre Monsoon  

march 2016 to 

may 2016  

(Parameters 

Range) 

1  pH  6.5 - 8.5 6.63 – 7.28 

2 Total 

Hardness 

mg/l 

200 72 - 179 

3 TDS  mg/l 500 111- 433 

4 Chlorides 

(as Cl)  

mg/l 

250 32 - 54 

5 Sulphates 

(as SO4)  

mg/l 

200 19 - 51 

6 Nitrates as 

(NO3)  

mg/l 

45 

0.22 – 0.46 

7 Fluorides 

(as F)  mg/l 
1.0 

<0.2 – 0.75 

8 Cu  mg/l 0.05 0.030 -0.037 

9  Fe  mg/l 0.3 0.23 – 0.28 

10 Zn  mg/l 5 0.31 – 0.58 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 

 

 
111 

g.  Sulfate:  

The sulfate in water is due to leaching of gypsum 

and other minerals. The values of the present study 

lie below the standard limit. The minimum value 

recorded was 19mg/l at GW8 and the maximum 

Value recorded was 51mg/l. at GW4. 

h.  Heavy Metals: 

Heavy Metals are also the important factor, at all the 

ten locations the parameters analyzed were. Heavy 

metals Cu, Zn, Cr+6, Nickel, Lead, Cadmium. Fe, 

Cyanide, Boron, Aluminum, Arsenic & Mercury. So 

all the Heavy Metals in the Study region were below 

the detectable limits.  

VI. CONCLUSION 

 

The presence of chloride may be due to discharge of 

sewage, industrial water in water body, Chloride 

values are in well within the limits. Also Higher 

concentration of TDS may cause heart & kidney 

diseases, TDS concentration In Ground water of 

Roha & nearby villages are within the standard 

limits.  

 

Ground water quality for 10 locations for Roha & 

villages coming under Roha Block were analyzed for 

physical & chemical parameters. It was observed 

that ground water quality is satisfactory in Roha.  

Ground water Collection at Industrial  Area. 

The ground water sample was collected at MIDC 

Industrial area, at Dhatav Village, Roha, Raigad 

District. The physical parameters like pH, Colour, 

odour, Turbidity, were Acceptable. Being Chlorides 

with in limit but at the higher side of 104.7mg/l 

when compared to the ground water collection at 11 

locations during the pre-monsoon period. Also the 

Total dissolved solids was Beyond the limits 1586 

mg/l which was on a higher side. The calcium was 

also crossing the limits with a value of 87.13 mg/l. 

Magnesium with a value of 56.1 mg/l was crossing 

the limits. Heavy metals were not detected at this 

location. 

Micro Biological Parameters like MPN (Most 

Probable Number) & E.coli were analysed but were 

not detected. 
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ABSTRACT 
 

As far analytical evaluations are concerned, today's advanced pharmaceutical organizations are facing increased 

number of challenges starting from raw materials right upto the finished product.  The challenges are related to 

the accuracy, sensitivity, ease of laboratory demands, the purity, composition and performance of various drugs. 

Nowadays there is a vast array of scientific techniques available to the analytical scientists that enable this 

characterization. But the available analytical techniques are lacking to fulfill the increased demand of 

pharmaceutical analysis. In such contradictory environment, hyphenated technique had opened window of 

opportunities to the analytical scientists.  Hyphenated techniques refer to combination of two or more 

analytical techniques to characterize the pharmaceutical drugs. These hyphenated techniques offer shorter 

analysis time, higher degree of automation, higher sample throughput, better reproducibility, reduction of 

contamination because it is a closed system, Enhanced combined selectivity and therefore higher degree of 

information. This review discusses the current trends in analytical evaluations of various types of materials 

which will provide unique path to the researchers to move a step forward. 

Keywords : Analytical tools, Hyphenated techniques, Drugs analysis, Pharma Drugs 

 

I. INTRODUCTION 

 

In the past two decades, demands on analytical 

support for pharmaceutical drugs have intensified. As 

a result, new technology is continually evolving to 

meet these challenges. In addition, the use of more 

established methodologies is being enhanced by 

incremental improvements in technology and 

protocol. Hyphenation (combination) of analytical 

techniques [1, 2] is one such approach adopted by 

modern pharmaceutical analysts in meeting the needs 

of today’s industry.  

 

A hyphenated technique is combination (or) coupling 

of two different analytical techniques with the help of 

proper interface.  The term hyphenated techniques 

range from the combination of separation -separation, 

separation-identification & identification- 

identification techniques [3].  

 

The term “hyphenation” was first adapted by Hirsch 

Feld in 1980 to describe a possible combination of two 

or more instrumental analytical methods in a single 

run (Hirschfield, 1980). The aim of the coupling is to 

obtain an information-rich detection for both 

identification and quantification compared to that 

with a single analytical technique [3].  

 The new dimension in the area of hyphenated 

techniques that offers some very significant benefits in 

pharmaceutical analysis is that of multi-dimensional 
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chromatography. Various set-ups involving coupling 

GC, HPLC and CE systems together in different 

configurations have been studied for analyzing many 

different sample types [4]. Examples include Size 

exclusion chromatography coupled with RP-HPLC, 

CE and GC coupled with LC. Since, RP-HPLC and CE 

techniques are capable of high resolution separation 

with orthogonal separation mechanism, combining 

both techniques in a two-dimensional mode can 

produce very high peak capacities and extremely high 

resolving power, particularly useful for complex 

mixtures [5]. This hyphenated technique not only 

provides appropriate sensitivity but also unique 

capabilities for identification and confirmation of the 

species of interest.  

 

In Pharmaceutical analysis mass spectrometric 

detection is always preceded by some kind of 

separation that enables the qualitative and 

quantitative analysis of the different species by 

separating them from each other and also from matrix 

interferences [6]. They consist of two main parts: a 

separation technique (GC, HPLC or Electrophoresis) 

and a detector (UV, AAS, ICP-MS or ESI-MS) that are 

connected by an interface. The most frequently 

applied coupled analytical techniques are HPLC-ICP-

MS, HPLC-ESI-Q-TOF-MS and HPLC-Orbitrap-MS 

[7].  

 

Among the spectroscopic techniques available to date, 

NMR is probably the least sensitive, and yet it 

provides the most useful information toward the 

structure elucidation of pharmaceutical products. 

Technological developments have allowed the direct 

parallel coupling of HPLC systems to NMR, giving rise 

to the new practical technique HPLC-NMR or LC-

NMR, which has been widely known for more than 

last 15 years [8]. Combined CE–NMR can offer the 

separation capability of CE and the superior detection 

of NMR [12]. GC-NMR provides the structural 

information of molecule from the separated 

components [13, 14]. 

 

The FTIR is a useful spectroscopic technique for the 

identification of organic compounds, because in the 

mid-IR region the structures of organic compounds 

have many absorption bands that are characteristic of 

particular functionalities, e.g., –OH, –COOH but the 

hyphenation of HPLC with FTIR spectrometry is 

again brain-storming [9]. Gas chromatography 

coupled with transform Fourier infrared spectrometry 

is capable of obtaining Infrared spectra from the peaks 

as they elute from the capillary columns thus 

combining the separation power of gas 

chromatography with the identification power of 

infrared spectrometry [10]. 

 

TLC combined with mass spectrometry is most 

efficient analytical tools for structural elucidation. 

TLC-MS technique is used for indirect and direct 

characterization of analytes on the surfaces of TLC 

plates [11]. 

 

The combination of a Thermogravimetric Analyzer 

(TGA) with an Infrared Spectrometer (TG-IR) is the 

most common type of Evolved Gas Analysis (EGA) in 

use today. The combination of TGA with a Mass 

Spectrometer (TG/MS) is becoming increasingly 

popular due to its ability to detect very low levels of 

impurities [15]. 

 

Combining Differential Scanning Calorimetry (DSC) 

with Raman spectroscopic technique (DSC-Raman) 

allows us to apply the precise temperature control of 

the DSC with the ability of Raman to detect the 

different polymorphic structures, and obtain precise 

characterization of the material [16]. 

 

II. APPLICATIONS OF HYPHENATED 

TECHNIQUES 

 

1. Identification of drug degradation products 

2. Isolation and identification Low-level impurities 

into drugs  

3. Differentiation of isomers and identification 

without reference compounds 
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4. Drug metabolism to analyze biofluids such as 

plasma or urine 

5. Separation and characterization of peptide libraries 

6. Identification and separation of chiral compound 

7. Detection & characterization of bulk drug 

impurities obtained during drug stability study 

8. Analysis of unstable compounds or compounds 

formed in situ 

9. Composition profiling to analyze the content and 

structure of components in a mixture, thus 

providing valuable insights of molecular back-bone 

10. Identification and quantification of polymorphic 

forms of drug substance and drug products 

 

III. TYPES OF HYPHENATED TECHNIQUES 

 

1. Double hyphenated techniques 

2. Triple hyphenated techniques 

 

1. Double Hyphenated Techniques 

 LC-MS  

 GC-MS  

 TLC-MS 

 LC-NMR  

 GC-NMR 

 CE-NMR 

 LC-FTIR  

 GC-FTIR  

 CE-MS  

 TG-MS 

 DSC-Raman  

 

2. Triple Hyphenated Techniques 

 LC-MS-MS 

 GC-MS-MS 

 LC-ICP-MS 

 GC-ICP-MS 

 GC-FTIR-MS 

 

IV. REVIEW OF HYPHENATED TECHNIQUES 

 

1. LC/MS: 

Liquid Chromatography/Mass Spectrometry (LC/MS) 

is a powerful analytical technique that combines the 

resolving power of liquid chromatography with the 

detection specificity of mass spectrometry. Liquid 

chromatography (LC) separates the sample 

components and then introduces them to the mass 

spectrometer (MS). The MS creates and detects 

charged ions. The LC/MS data may be used to provide 

information about the molecular weight, structure, 

identity and quantity of specific sample components 

[17]. A typical automated LC-MS system (Figure 1) 

consists of double three-way diverter in-line with an 

auto sampler, LC system, the Mass spectrometer. The 

diverter generally operates as an automatic switching 

valve to divert undesired portions of eluting from the 

LC system to waste before the sample enters the MS 

[18]. LC-MS is highly selective and sensitive 

technique. The flow rate of HPLC is around 1ml/min 

which is difficult to accommodate in mass 

spectrometry vacuum system also the diluent which is 

used has to be vaporized which leads to damage of the 

thermally labile compounds by excessive heating 

[19]. By hyphenation of these two techniques 

capabilities of both the techniques are improved.  

 
Figure 1. Schematic presentation of LC/MS 

 

The ionization techniques used in LC-MS are 

generally soft ionization techniques that mainly 

display the molecular ion species with only a few 

fragment ions. Nowadays, various types of LC-MS 

systems incorporating different types of interfaces are 

available commercially. The interfaces are designed in 

such a way that they offer adequate nebulization and 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 

 

 
115 

vaporization of the liquid, ionization of the sample, 

removal of the excess solvent vapour, and extraction 

of the ions into the mass analyser. The two most 

widely used interfaces are electrospray ionization (ESI) 

and atmospheric pressure chemical ionization (APCI). 

The latter is considered as “the chromatographer's LC-

MS interface” because of its high solvent flow rate 

capability, sensitivity, response linearity, and fields of 

applicability [20]. 

 

2. GC/MS: 

Gas Chromatography/Mass Spectrometry (GC/MS) is 

the first of its kind hyphenated technique which 

became inevitable for pharmaceutical analysis [21]. 

Mass spectra obtained by this technique offer more 

structural information based on the interpretation of 

fragmentations. Compounds that are adequately 

volatile, small, and stable in high temperature in GC 

conditions can be easily analyzed by GC-MS. 

Sometimes, polar compounds, especially those with a 

number of hydroxyl groups, need to be derivatized for 

GC-MS analysis. In GC-MS, a sample is injected into 

the injection port of GC device, vaporized, separated 

in the GC column, analyzed by MS detector, and 

recorded. The equipment used for GC-MS (Figure 2) 

generally consists of an injection port at one end of a 

metal column (often packed with a sand-like material 

to promote maximum separation) and a detector (MS) 

at the other end of the column. A carrier gas (argon, 

helium, nitrogen, hydrogen etc.) propels the sample 

down the column. The GC separates the components 

of a mixture in time and the MS detector provides 

information that aids in the structural identification of 

each component. 

 

 
  Figure 2. Schematic presentation of GC/MS 

 

The GC-MS columns can be of two types: capillary 

columns, macrobore columns and packed columns. 

The process of ionization not only ionizes the 

molecule but also breaks the molecule into the 

fragments and detect these fragments with the help of 

electron impact ionization and chemical ionization. 

The molecular ion of analyte forms a finger print 

spectrum which is different from other analytes. The 

advantage of this technique is sometimes two different 

analyte will have same mass spectrum but the 

retention time of both the analytes is different so such 

type of analytes can be separated or analyses with the 

help of GC-MS.  

 

Two widely used Ionization techniques in GCMS are 

the electron impact ionization (EI) and the alternative 

chemical ionization (CI) in either positive or negative 

modes [22]. 

 

3. TLC/MS: 

Many different Thin Layer Chromatography/Mass 

Spectrometry (TLC/MS) techniques have been 

reported in the literature. According to differences in 

their operational processes, the existing TLC/MS 

systems can be classified into two categories: Indirect 

mass spectrometric analyses, performed by scraping, 

extracting, purifying, and concentrating the analyte 

from the TLC plate and then directing it into the mass 

spectrometer's ion source for further analysis; Direct 

mass spectrometric analyses, where the analyte on the 

TLC plate is characterized directly through mass 
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spectrometry without the need for scraping, 

extraction, or concentration processes. Direct TLC/MS 

analysis is performed under vacuum, but the 

development of ambient mass spectrometry has 

allowed analytes on TLC plates to be characterized 

under atmospheric pressure.  

 

4. LC/NMR: 

The first on-line LC/NMR experiment using 

superconducting magnets was reported in the early 

1980s. However, the use of this hyphenated technique 

in the analytical laboratories started in the latter part 

of the 1990s. LC/NMR promises to be of great value in 

the analysis of complex pharmaceutical mixtures. 

LC/NMR experiments can be performed in both 

continuous-flow and stop-flow modes. A wide range 

of bio analytical problems can be addressed using 500, 

600, and 800 MHz systems with 1H, 13C, 2H, 19F, and 

31P probes. The main prerequisites for on-line 

LC/NMR, in addition to the NMR and HPLC 

instrumentation, are the continuous-flow probe and a 

valve installed before the probe for recording either 

continuous-flow or stopped-flow NMR spectra [8]. 

The analytical flow cell was initially constructed for 

continuous-flow NMR acquisition. However, the need 

for full structural assignment of unknown compounds, 

especially during research & development of novel 

pharmaceutical products, has led to the application in 

the stopped-flow mode. 

 

Generally, in LC/NMR system, the LC unit comprises 

(Figure 3) auto-sampler, LC pump, column, and a non-

NMR detector (e.g., UV, DAD, EC, refractive index, or 

radioactivity). From this detector, the flow is guided 

into the LC-NMR interface, which can be equipped 

with additional loops for the intermediate storage of 

selected LC peaks. The flow from the LC/NMR 

interface is then guided either to the flow-cell NMR 

probe-head or to the waste receptacle. Following 

passage through the probe-head, the flow is routed to 

a fraction collector for recovery and further 

investigation of the various fractions analyzed by 

NMR. In most of the LC/NMR operations, reversed-

phase columns are used, employing a binary or 

tertiary solvent mixture with isocratic or gradient 

elution. To enhance the potential of LC/NMR, it is 

recommended to use eluents that have as few 1H NMR 

resonances as possible (e.g., H2O, Acetonitrile or 

Methanol), at least one deuterated solvent (e.g., D2O), 

buffers that have as few 1H NMR resonances as 

possible (e.g., TFA or ammonium acetate), ion pair 

reagents that have as few 1H NMR resonances as 

possible (e.g., ion pairs with t-butyl groups create an 

additional resonance).   

 

The major applications of LC/NMR tools are the 

identification of drug degradation products and 

isolation and identification of low level impurities. 

 
Figure 3. Schematic presentation of LC/NMR 

 

 

5. GC/NMR: 

In GC/NMR technique, NMR perform the 

identification of the components and GC is used for 

the separation of the components. A special processing 

technique was developed to handle the recorded NMR 

spectrum in the gas phase with very low sample 

amounts. The chromatographic and spectroscopic 

conditions were optimized with respect to the 1H 

NMR detection. The identification of volatile 

cis/trans-stereoisomers can be accomplished by 

employing a hyphenated GC-NMR system [23]. The 

separation of constitutional and configurational 

isomers is also the major application of GC/NMR 

technique in pharmaceutical analysis. Also during 

GC/NMR evaluation of chiral compounds, the 
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enantiomers show the same spectra at different 

retention time. 

 

6. CE/NMR: 

The low-mass sample requirements with high 

separation efficiencies and fast separations are keys to 

the success of CE/NMR technique. Analyte peaks in 

CE/NMR typically contain low nano-litre volumes. 

High resolution CE electro-pherograms and NMR 

spectrum can be obtained using nano-litre volumes. 

The CE/NMR experiments histidine in phosphate 

buffer. The NMR microcoil probe can be coupled to 

the capillary CE system with no major modification to 

the existing CE instrumentation. 

 

Figure 4 illustrates novel CE–NMR instrumentation 

with a dual microcoil probe to record continuous flow 

NMR data under stopped-flow conditions [24].     

 

Using CE–NMR technique the major metabolites of 

paracetamol in human urine has been demonstrated  

[25, 26]. In this study CE–NMR successfully analyzed 

two major metabolites, paracetamol glucuronide and 

paracetamol sulfate conjugates, as well as endogenous 

material (hippurate). CE/NMR has been designed and 

shown to be a promising tool to analyze complex 

mixtures [27]. Capillary techniques are especially 

useful for analyzing mass limited samples as required 

in pharmaceutical analysis. 

 

 
Figure 4. Schematic presentation of CE/NMR 

 

7. LC/FTIR: 

The recent developments in LC/FTIR technology have 

incorporated two basic approaches based on interfaces 

applied in LC/FTIR. One is a flow-cell approach and 

the other is a solvent-elimination approach. The 

approach used with the flow cell in LC/FTIR is similar 

to that used in UV/Visible and other typical HPLC 

detectors. In this case, absorption of the mobile phase 

induces the interference of the detection of sample 

component absorption bands, but some transparent 

region of the mid-IR range produces detection 

possibility. Generally, KBr or KCl salts are used for the 

collection of sample components in the eluent, and 

heating up the medium before IR detection eliminates 

the volatile mobile phase solvents. 

 

Since FT-IR is an absorbance process, the geometry of 

sample during the measurement process matters. For a 

fixed mass or volume of the analyte, reducing the 

diameter by a factor of two creates a deposit with four 

times the thickness and four times the optical density. 

Further as the IR detector is total light limited, this 

deposit diameter reduction of two improves the 

signal-to-noise ratio by four times. Therefore, to 

achieve a useful instrument that produces full mid-

infrared spectrum, the LC/FTIR hyphenation process 

must [28]. 

 

 
Figure 5. Schematic presentation of LC/FTIR 

 

8. GC/FTIR: 

This technique is very sensitive and sample recovery 

is also possible because IR is non-destructive 

technique. In this technique the GC does the 

separation part where as IR perform the function of 
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identification. The analyte components separated by 

Gas chromatography travel through the column. 

These two techniques are linked through glass column 

or vacuum tubes. Interface used in this technique is 

internally gold coated small glass pipe connected to 

column by narrow tubing [29]. Light pipe is heated in 

order to rid condensation and maximize path length 

for enhanced sensitivity. Effluent from GC is directly 

forwarded into the heated pipe of IR at atmospheric 

pressure. Infrared red spectroscopy identifies the 

compound by identifying the functional groups.  

 

GC/FTIR technique is particularly useful for 

distinguishing between structural isomers, such as 

ortho-, meta- and para-xylene, whose electron-impact 

and chemical-ionization mass spectra are identical. 

 
Figure 6. Schematic presentation of GC/FTIR 

 

9. CE/MS: 

Capillary Electrophoresis coupled with Mass 

Spectrometry is an online separation technique in 

which molecules are distinguished according to their 

differences in electrophoretic mobilities and structural 

information [30]. This technique is speedy, efficient 

and low solvent and sample is required for the analysis. 

The CE is connected to the MS with the help of the 

long capillaries which increases the analysis time for 

better sensitivity. The detectors used for the CE 

analysis are UV and DAD. The electrolytes used in 

this technique are inorganic and non-volatile. 

Ionisation interfaces used are electrospray; fast atom 

bombardment interface and ion spray ioniser. 

Detectors used in mass spectroscopy are TOF, ion trap 

and Quadrupole. Main advantage of quadrupole 

detector is sensitivity [31]. 

The major pharmaceutical applications of this 

technique include the identification of basic and 

acidic compounds using non-aqueous CE/MS, the 

analysis of complex arabino oligosaccharides and drug 

bioanalysis & biomarker discovery. 

 

10. TG/MS: 

Heating a sample on the TGA causes a sample to 

release volatile materials or generate combustion 

components as it burns. These gases are then 

transferred to MS for identification. Hyphenating 

TG/MS is a powerful approach for analysis of an 

unknown mixture to determine its primary 

components and identify additives or contaminants. 

This information may be needed, for example, to 

evaluate a competitor’s product or to determine 

compliance with regulations [15].  

 

TG/MS technique basically consists of a take-off tube 

placed very close to the specimen crucible in the TGA, 

a narrow and heated passage tube for gas transfer 

without condensation. This tube terminates with a 

micro metering valve connected to a rotary pump. 

This acts as the first stage of pressure reduction and 

gives the desired viscous flow required for faster 

transfer. The second stage of pressure reduction is 

achieved through a molecular leak valve. This ensures 

both a clean sample entry and the low operating 

pressure at the mass spectrometer [32]. 

 

This system is used to study temperature programmed 

decomposition of many oxyanion based inorganic salts. 

In conjunction with off-line analytical techniques, the 

chemical, structural evaluation of the intermediates/ 

products with complete kinetic/reaction pathways is 

determined. 
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Figure 7, Schematic presentation of TG/MS 

 

11. DSC/Raman: 

DSC allows scientists to see the transitions between 

crystalline forms in a drug but but the forms must be 

determined by another method. Simultaneous 

DSC/Raman technique solves this problem. One of the 

great strengths of DSC/Raman is that a spectroscopist 

is able to determine structural information from the 

spectrum. For example, in semicrystalline sample, 

where the drug exists in mixtures of crystalline and 

amorphous forms, the ability to understand 

crystallinity is an obvious advantage.    

The Raman spectrometer can collect data during the 

rapid heating of the material to the melt, although the 

fast heating will limit the number of spectra collected, 

and then on both the cooling and isothermal hold 

stages. After this experiment, the data are more 

conclusive in the Raman and in the DSC. In other 

words, DSC/Raman complements each other because 

Raman spectra can provide qualitative information to 

supplement the quantitative information from DSC. 

In this technique, Raman Station allows the use of a 

remote probe for collecting spectrum. This makes an 

optical fibre connection between the spectrometer 

and the DSC. The lid of the DSC is modified to hold 

the focusing and collecting optics, with adjustment to 

align the laser beam with the sample. These 

modifications serve to protect the remote probe from 

high temperatures in the DSC, as well as to protect 

and maintain the controlled thermal environment 

required for proper DSC operation. The laser 

illuminates a spot approximately 200 μm across. The 

sample will normally be in an open pan, although a 

quartz window can be used for volatile materials [33].  

 

 

12. LC/MS/MS: 

LC-MS/MS can detect the sample components of 

different class by low injection volume. Minimal 

sample pre-treatment is required and it also reduces 

the time of analysis. LC-MS is the first step of 

LC/MS/MS. This technique is more sensitive and 

specific than that of the LC/MS. It is around 20-100 

times sensitive than        LC/-MS. More specific 

because in this technique second filtering process is 

also involved. 

 

13. GC/MS/MS: 

This technique is sensitive as well as specific and can 

be used for ultra-trace analysis. For qualitative 

identification with MS/MS, product ion scan, 

precursor ion scan and neutral loss with a triple 

quadrupole or product scan with an ion trap can be 

used. In recent years the sensitivity of the quadrupole 

is increased instead of loss. Also the scanning speed is 

high [22]. 

V. CONCLUSION 

 

The hyphenated techniques, in which separation 

techniques are coupled with diverse selective and 

sensitive detection methods, are widely used in 

pharmaceutical drug analysis. These techniques create 

new and ever greater possibilities. Their main 

advantages include extremely low limits of detection 

and quantification, insignificant influence of 

interferences on the determination process, as well as 

very high precision and repeatability of 

determinations. Nevertheless, the hyphenated 

techniques have been constantly developing and 

gaining more and more importance in pharmaceutical 

research & development, which is corroborated by the 

rising number of works pertaining to the subject. 

Further, the regulatory agencies are also encouraging 

the pharmaceutical organizations to best utilize the 

hyphenated techniques. 
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ABSTRACT 

 

The mixed amino-nitrate (GSA) crystals were grown from saturated solutions by slow evaporation 

technique with molar ratio (3:0.5:0.5), Transparent, elongated crystals of appreciable sizes (16 x 11 x 5 mm) 

were obtained in about 3-4 weeks time. The solubility of GSA has been determined in water. The grown 

crystal belongs to orthorhombic system with cell a= 18.478 a.u, b= 12.739 a.u and c= 5.015 a.u. with unit 

cell volume 1180.69 A.U3. The presences of chemical components/ groups have been identified by CHN 

and EDAX analysis. Comparative IR and Raman studies indicate a molecule with a lack of centre of 

symmetry. A wide transparency window useful for optoelectronic applications is indicated by the UV 

Studies. Using Nd- YAG laser (1064nm), the optical second harmonic generation (SHG) conversion 

efficiency of GSA have been carried out. Also photoconductivity, I-V characteristics, dielectrics studies, 

and Vickers micro hardness measurement have been carried out.  

Keywords: Crystal Growth, Structure, Optical Properties, SHG efficiency, Hardness 

 

I. INTRODUCTION 

 

The field of non-linear optics is based on the 

development of new materials which have strong 

interaction with the light beam. Semi-organic 

compounds have been recently recognized as 

potential candidates for such second harmonic 

generation (SHG). Amino acid complexes with 

variety of ionic salts are found to be suitable as non 

linear optical materials [1, 2]. The basic amino acid 

alpha glycine has been employed to synthesize 

many organic and semi organic materials exhibiting 

dielectric, ferroelectric, non linear optical and light 

sensing behavior [3, 4]. The molecular arrangement 

with large inter-atomic distances however leads to 

poor thermal and mechanical properties. The 

presence of inorganic element in the organic matrix 

is seen to enhance mechanical strength of the 

material making it suitable for applications. 

 

These materials are promising element for feature 

photonic technologies, which involves application 

for information, image processing, frequency 

conversion and optical switching etc. The large 

NLO coefficients of organic molecules have been 

combined with mechanical strength imparted by 

the inorganic component. Varieties of amino acids 

like glycine, L-arginine, L-histidine etc. have been 

used [5, 6]. Glycine is found to exist in three 

polymeric crystalline forms namely α, β, γ, the 

simplest being the alpha form. α -glycine has been 

combined with NaNO3 [7], AgNO3 [8] and CaNO3 [9] 

to produce interesting non linear optical compounds. 

In glycine sodium nitrate molecule the zwitterion of 

glycine is retained. The Na atom is seen to exhibit 

eight fold coordination and the polyhedron assumes 

the shape of a distorted hexagonal bipyramid. 

Moreover the glycine molecules are found to link 

through head-to-tail hydrogen bonds which are 

‘sandwitched’ between the layers [10]. 
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The organic matrix of glycine is found to be flexible 

to a variety of organic and inorganic components. In 

the present investigation single crystals of glycine 

barium- calcium nitrate (GSA) were grown and 

have been characterized by X-ray diffraction, FTIR, 

UV, SHG studies, I-V characteristics. 

 

II. GROWTH AND SOLUBILITY 

 

GSA crystals were grown by slow evaporation 

technique from saturated solution in doubled 

distilled water at 30oC with a pH of 4.6. The A.R 

grade α-glycine, sodium nitrate (NaNO3), 

ammonium-nitrate (NH4NO3) supplied by Merck 

(India) with molar ratios 3:0.5:0.5. Transparent 

crystals of about 16 x 11 x 5 mm3 were obtained in 

four weeks time (Figure 1). The size of a crystal is 

found to depend on the amount of the material 

available in the solution. The solubility was 

determined by dissolving the known amount of 

substance in distilled water at various temperatures 

(300-350K) using constant temperature bath. 

[NH2CH2COOH]3+[NaNO3]1/2+[NH4NO3]1/2    

 [NaNO3]1/2.[NH2CH2COOH]3. [NH4NO3]1/2  

The size of a crystal was found to be depending on 

the amount of the material available in the solution 

which in turn is decided by the solubility of the 

material in solvent. The solubility of the 

synthesized material (GSA) was determined in 

distilled water at four different temperatures using 

constant temperature bath (Figure 2). The solubility 

is found to increased with temperature from 300-

350K. 

  

 

 

 

 

 

  

  

 

Maharashtra As grown GSA crystal  

 

     

 

 

 

 

 

  

 

Figure 2. Solubility curve for GSA crystal 

 

III. CHARACTERIZATION  

 

The grown crystal were subjected to X-ray powder 

diffraction using JEOL JDX–8030 Series, a highly 

sophistsicated X-Ray diffractometer system with 

characteristic Cu-Kα radiation (λ =1.541 A.U). The 

sample was scanned in range from 10o-70o at rate of 

5o per min [11, 12]. Density of GSA crystals was 

determined using the flotation method and a value 

of 1.251 g/cc was recorded. The melting point was 

found to lie at 145oC and the sample was found to 

finally decompose at 265oC. Heated sample showed 

effervescence near to decomposition temperature 

their by leading to bumping as also recorded in 

thermal (TGA/DTA) measurements. The FTIR 

spectra of sample were recorded in KBr phase in the 

frequency range from 400-4500cm-1 using Perkin 

Elmer 1600 series infrared spectrometer with 

resolution of 4cm-1 and scanning speed of 2 mm/s 

[13, 14]. Laser Raman Spectra was recorded in solid 

form using Ramanor HG-2S, Jobin Yvon 

spectrometer with Argon ion laser source ( λ= 

5145A.U) in range 200cm-1-3500cm-1. The 

absorption spectrum UV-Vis was recorded using U-

2900, Hitachi system in range 100-1200 nm 

covering the entire ultraviolet and near visible 

region [15]. The nonlinear optical conversion 

efficiency was tested using a modified Kurtz and 

Perry setup [16-17]. A Q-switched Nd:YAG laser 

beam of wavelength 1064 nm was used for SHG  

measurements with an input power 2.69 mJ/pulse. 

The pulse width was maintained at 8 ns at a 

repetition rate of 100Hz/pulse. The crystal of GSA 

were ground to a uniform particle size of about 125-



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 

 

 
124 

0

5

10

15

20

25

30

35

40

45

40080012001600200024002800320036004000

%
 T

ra
n

sm
it

ta
n

ce
 

Wavenumber (cm-1) 

GSA 

150 µm and then packed in a capillary of uniform 

bore and exposed to laser radiations. The second 

harmonic signal generated in crystalline sample was 

confirmed from the emission of green radiation 

(532nm) from the crystal. The intensity of green 

light was measured using photo multiplier tube and 

CRO. The I-V characteristic and photoconductivity 

was recorded using digital pico ammeter Model 

DPM 111. Polished crystals of thickness 4mm were 

silver plated on the opposite faces Silver coating was 

applied on the opposite sides of polished crystal and 

was placed between two copper electrodes forming 

a parallel plate capacitor. The dc input was 

increased from 0 to 30V in steps and the 

corresponding readings were recorded. A 100 Watt 

Tungsten filament lamp with iodine vapors’ was 

used to expose the samples for photoconductivity 

measurements. The dark characteristics were 

recorded by covering the sample with a black cloth.  

 

A. X-ray diffraction 

The new GSA crystal was characterized by powered 

X-ray diffraction to confirm the phase. The analysis 

of the observed spectra was carried out using 

POWD- Interactive powder diffraction data 

interpretation and indexing software program, 

Version 2.2 (Australia). The XRD peaks were 

indexed and the grown crystal was found to have 

orthorhombic symmetry with lattice parameters a= 

18.478 a.u, b= 12.739 a.u and c= 5.015 a.u. and the 

unit cell volume 1180.69 A.U3. The intense peaks 

were recorded at 2 = 20o to 40o with maximum 

intensity of around 7128 on plane (4 2 1) as shown 

in spectrum (Figure 3) 

 

 

 

 

 

 

 

 

 

 
Figure 3. XRD Profile of GSA Crystal 

 

B. FTIR and Raman Studies 

Figure 4 shows FTIR spectrum of the grown GSA 

crystal. The characteristic absorption peaks have 

been observed in the range 400 cm-1 to 3200 cm-1 

and active IR peaks were found to lie in region from 

400 cm-1 to 1800 cm-1.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4. FTIR Spectrum of GSA Crystal 

        

 

 

 

 

 

 

 

 

 

    

Figure 5. Raman Spectrum of GSA Crystal 

 

A broad characterization peak appears between 
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zwitterion in which the carboxyl group is present as 

carboxylate ions and amino group exist as 

ammonium ion. The absorptions due to carboxylate 

group of free glycine are observed between 501 and 

690 cm-1. In the IR spectrum CH2 stretching occurs 

at 2962.4 cm-1. Amino acid combination band is 

found at 2166.9 cm-1.The strong NH3+ deformation 

occurs between 1499 cm-1- 1637.3 cm-1 and NH3+ 

stretching occurs between 2609 cm-1 & 2798.3 cm-1. 

The CH2 stretching is found to be weak in FTIR at 

2966.3 cm-1. The NO3- symmetric stretch appears at 

1048.2 cm-1 and NO3- asymmetric stretching 

frequency lying at 1338 cm-1. The Raman profile for 

the GSA crystals is shown in Figure 5. The both 

spectrum shows prominently COO– rocking/ 

wagging/bending, CCN symmetric stretching, CH2 

wagging/twisting, CH2-Scissor, NH3+ 

deformatio,Amino acid combination bond,NH3+ 

deformation ,CH2 stretching and the presence of 

NO3- symmetric/asymmetric stretching etc. 

 

C. UV Studies 

The UV absorption spectrum for GSA crystal was 

recorded in the UV-vis region (Figure 6).The peak 

at 200-221 nm is due to n-π* transition [18-19]. The 

cut off wavelength λmax lies at 221.5 nm with 

corresponding energy gap of 5.61 eV. A wide 

transparent window is present between 265 nm- 

1200 nm suggesting its use in optoelectronics 

devices. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. UV-Vis-NIR Spectrum of GSA Crystal 

 

 

D. Powder SHG measurement 

The grown GSA crystals were subjected to second 

harmonic generation test for NLO property. Using 

Nd:YAG Q-switched laser source, the crystal was 

ground into powder with particle size is about 125-

150 µm and densely packed into two transparent 

slide was illuminated by pulse-laser beam with a 

wavelength of 1064nm . The SHG signal generated 

in the crystalline sample was collected and 

displayed as green light radiation (λ =532nm) on a 

cathode ray oscilloscope. A SHG signal of 5 mV was 

obtained compared to 185 mV of that of standard 

KDP crystal for the same input energy of 2.69 

mJ/pulse. The SHG efficiency is found to depend 

upon the method and conditions during growth, 

composition and size of crystallites exposed during 

measurements.  

 

E. I-V and Photoconductivity Studies 

The I-V and photoconductivity characteristic (dark 

and bright current) of the GSA crystals with applied 

field is as shown in Figure 7. The voltage (V) was 

found to increase with current (I) linearly up to 

voltage of 100 V/cm. On exposure to light radiation 

bright current is found to be greater than dark 

current (positive photoconductivity). This 

enhancement of field dependent conductivity of the 

sample is due to the generations of mobile charge 

carrier caused due the absorption of photons [20].  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. I-V and Photoconductivity plot 
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IV. CONCLUSION 

 

Transparent crystals of acid mixed glycine -sodium-

ammonium nitrate (GSA) crystal was successfully 

grown using slow evaporation method at room 

temperature from the aqueous solution and 

characterized by various techniques. The solubility 

was found to vary linearly in temperature range 

300K-350K. The presence of fundamental groups 

has been verified by the comparative FTIR and 

Raman spectroscopic studies. The close match 

between the IR and Raman peaks indicate a 

molecule with lack of center of symmetry. The 

optical studies showed that the crystal have wide 

transparent window in the region 265 nm- 1200 nm 

useful for optoelectronic applications. The optical 

SHG efficiency of GSA crystal was carried out with 

respect to standard KDP. The I-V characteristics 

found to be linear upto100 V/cm and on exposures 

to light sample show positive photoconductivity 

which may be attributed to due to the enhancement 

of charge carrier through absorption of photons.  
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ABSTRACT 

 

The mixed amino-nitrate (GSA) crystals were grown from saturated solutions by slow evaporation 

technique with molar ratio (3:0.5:0.5), Transparent, elongated crystals of appreciable sizes (16 x 11 x 5 mm) 

were obtained in about 3-4 weeks time. The solubility of GSA has been determined in water. The grown 

crystal belongs to orthorhombic system with cell a= 18.478 a.u, b= 12.739 a.u and c= 5.015 a.u. with unit 

cell volume 1180.69 A.U3. The presences of chemical components/ groups have been identified by CHN 

and EDAX analysis. Comparative IR and Raman studies indicate a molecule with a lack of centre of 

symmetry. A wide transparency window useful for optoelectronic applications is indicated by the UV 

Studies. Using Nd- YAG laser (1064nm), the optical second harmonic generation (SHG) conversion 

efficiency of GSA have been carried out. Also photoconductivity, I-V characteristics, dielectrics studies, 

and Vickers micro hardness measurement have been carried out.  

Keywords: Crystal Growth, Structure, Optical Properties, SHG efficiency, Hardness 

 

I. INTRODUCTION 

 

The field of non-linear optics is based on the 

development of new materials which have strong 

interaction with the light beam. Semi-organic 

compounds have been recently recognized as 

potential candidates for such second harmonic 

generation (SHG). Amino acid complexes with 

variety of ionic salts are found to be suitable as non 

linear optical materials [1, 2]. The basic amino acid 

alpha glycine has been employed to synthesize 

many organic and semi organic materials exhibiting 

dielectric, ferroelectric, non linear optical and light 

sensing behavior [3, 4]. The molecular arrangement 

with large inter-atomic distances however leads to 

poor thermal and mechanical properties. The 

presence of inorganic element in the organic matrix 

is seen to enhance mechanical strength of the 

material making it suitable for applications. 

 

These materials are promising element for feature 

photonic technologies, which involves application 

for information, image processing, frequency 

conversion and optical switching etc. The large 

NLO coefficients of organic molecules have been 

combined with mechanical strength imparted by 

the inorganic component. Varieties of amino acids 

like glycine, L-arginine, L-histidine etc. have been 

used [5, 6]. Glycine is found to exist in three 

polymeric crystalline forms namely α, β, γ, the 

simplest being the alpha form. α -glycine has been 

combined with NaNO3 [7], AgNO3 [8] and CaNO3 [9] 

to produce interesting non linear optical compounds. 

In glycine sodium nitrate molecule the zwitterion of 

glycine is retained. The Na atom is seen to exhibit 

eight fold coordination and the polyhedron assumes 

the shape of a distorted hexagonal bipyramid. 

Moreover the glycine molecules are found to link 

through head-to-tail hydrogen bonds which are 

‘sandwitched’ between the layers [10]. 
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The organic matrix of glycine is found to be flexible 

to a variety of organic and inorganic components. In 

the present investigation single crystals of glycine 

barium- calcium nitrate (GSA) were grown and 

have been characterized by X-ray diffraction, FTIR, 

UV, SHG studies, I-V characteristics. 

 

II. GROWTH AND SOLUBILITY 

 

GSA crystals were grown by slow evaporation 

technique from saturated solution in doubled 

distilled water at 30oC with a pH of 4.6. The A.R 

grade α-glycine, sodium nitrate (NaNO3), 

ammonium-nitrate (NH4NO3) supplied by Merck 

(India) with molar ratios 3:0.5:0.5. Transparent 

crystals of about 16 x 11 x 5 mm3 were obtained in 

four weeks time (Figure 1). The size of a crystal is 

found to depend on the amount of the material 

available in the solution. The solubility was 

determined by dissolving the known amount of 

substance in distilled water at various temperatures 

(300-350K) using constant temperature bath. 

[NH2CH2COOH]3+[NaNO3]1/2+[NH4NO3]1/2    

 [NaNO3]1/2.[NH2CH2COOH]3. [NH4NO3]1/2  

The size of a crystal was found to be depending on 

the amount of the material available in the solution 

which in turn is decided by the solubility of the 

material in solvent. The solubility of the 

synthesized material (GSA) was determined in 

distilled water at four different temperatures using 

constant temperature bath (Figure 2). The solubility 

is found to increased with temperature from 300-

350K. 

  

 

 

 

 

 

  

  

 

Maharashtra As grown GSA crystal  

 

     

 

 

 

 

 

  

 

Figure 2. Solubility curve for GSA crystal 

 

III. CHARACTERIZATION  

 

The grown crystal were subjected to X-ray powder 

diffraction using JEOL JDX–8030 Series, a highly 

sophistsicated X-Ray diffractometer system with 

characteristic Cu-Kα radiation (λ =1.541 A.U). The 

sample was scanned in range from 10o-70o at rate of 

5o per min [11, 12]. Density of GSA crystals was 

determined using the flotation method and a value 

of 1.251 g/cc was recorded. The melting point was 

found to lie at 145oC and the sample was found to 

finally decompose at 265oC. Heated sample showed 

effervescence near to decomposition temperature 

their by leading to bumping as also recorded in 

thermal (TGA/DTA) measurements. The FTIR 

spectra of sample were recorded in KBr phase in the 

frequency range from 400-4500cm-1 using Perkin 

Elmer 1600 series infrared spectrometer with 

resolution of 4cm-1 and scanning speed of 2 mm/s 

[13, 14]. Laser Raman Spectra was recorded in solid 

form using Ramanor HG-2S, Jobin Yvon 

spectrometer with Argon ion laser source ( λ= 

5145A.U) in range 200cm-1-3500cm-1. The 

absorption spectrum UV-Vis was recorded using U-

2900, Hitachi system in range 100-1200 nm 

covering the entire ultraviolet and near visible 

region [15]. The nonlinear optical conversion 

efficiency was tested using a modified Kurtz and 

Perry setup [16-17]. A Q-switched Nd:YAG laser 

beam of wavelength 1064 nm was used for SHG  

measurements with an input power 2.69 mJ/pulse. 

The pulse width was maintained at 8 ns at a 

repetition rate of 100Hz/pulse. The crystal of GSA 

were ground to a uniform particle size of about 125-
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150 µm and then packed in a capillary of uniform 

bore and exposed to laser radiations. The second 

harmonic signal generated in crystalline sample was 

confirmed from the emission of green radiation 

(532nm) from the crystal. The intensity of green 

light was measured using photo multiplier tube and 

CRO. The I-V characteristic and photoconductivity 

was recorded using digital pico ammeter Model 

DPM 111. Polished crystals of thickness 4mm were 

silver plated on the opposite faces Silver coating was 

applied on the opposite sides of polished crystal and 

was placed between two copper electrodes forming 

a parallel plate capacitor. The dc input was 

increased from 0 to 30V in steps and the 

corresponding readings were recorded. A 100 Watt 

Tungsten filament lamp with iodine vapors’ was 

used to expose the samples for photoconductivity 

measurements. The dark characteristics were 

recorded by covering the sample with a black cloth.  

 

A. X-ray diffraction 

The new GSA crystal was characterized by powered 

X-ray diffraction to confirm the phase. The analysis 

of the observed spectra was carried out using 

POWD- Interactive powder diffraction data 

interpretation and indexing software program, 

Version 2.2 (Australia). The XRD peaks were 

indexed and the grown crystal was found to have 

orthorhombic symmetry with lattice parameters a= 

18.478 a.u, b= 12.739 a.u and c= 5.015 a.u. and the 

unit cell volume 1180.69 A.U3. The intense peaks 

were recorded at 2 = 20o to 40o with maximum 

intensity of around 7128 on plane (4 2 1) as shown 

in spectrum (Figure 3) 

 

 

 

 

 

 

 

 

 

 
Figure 3. XRD Profile of GSA Crystal 

 

B. FTIR and Raman Studies 

Figure 4 shows FTIR spectrum of the grown GSA 

crystal. The characteristic absorption peaks have 

been observed in the range 400 cm-1 to 3200 cm-1 

and active IR peaks were found to lie in region from 

400 cm-1 to 1800 cm-1.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4. FTIR Spectrum of GSA Crystal 

        

 

 

 

 

 

 

 

 

 

    

Figure 5. Raman Spectrum of GSA Crystal 

 

A broad characterization peak appears between 
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zwitterion in which the carboxyl group is present as 

carboxylate ions and amino group exist as 

ammonium ion. The absorptions due to carboxylate 

group of free glycine are observed between 501 and 

690 cm-1. In the IR spectrum CH2 stretching occurs 

at 2962.4 cm-1. Amino acid combination band is 

found at 2166.9 cm-1.The strong NH3+ deformation 

occurs between 1499 cm-1- 1637.3 cm-1 and NH3+ 

stretching occurs between 2609 cm-1 & 2798.3 cm-1. 

The CH2 stretching is found to be weak in FTIR at 

2966.3 cm-1. The NO3- symmetric stretch appears at 

1048.2 cm-1 and NO3- asymmetric stretching 

frequency lying at 1338 cm-1. The Raman profile for 

the GSA crystals is shown in Figure 5. The both 

spectrum shows prominently COO– rocking/ 

wagging/bending, CCN symmetric stretching, CH2 

wagging/twisting, CH2-Scissor, NH3+ 

deformatio,Amino acid combination bond,NH3+ 

deformation ,CH2 stretching and the presence of 

NO3- symmetric/asymmetric stretching etc. 

 

C. UV Studies 

The UV absorption spectrum for GSA crystal was 

recorded in the UV-vis region (Figure 6).The peak 

at 200-221 nm is due to n-π* transition [18-19]. The 

cut off wavelength λmax lies at 221.5 nm with 

corresponding energy gap of 5.61 eV. A wide 

transparent window is present between 265 nm- 

1200 nm suggesting its use in optoelectronics 

devices. 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. UV-Vis-NIR Spectrum of GSA Crystal 

 

 

D. Powder SHG measurement 

The grown GSA crystals were subjected to second 

harmonic generation test for NLO property. Using 

Nd:YAG Q-switched laser source, the crystal was 

ground into powder with particle size is about 125-

150 µm and densely packed into two transparent 

slide was illuminated by pulse-laser beam with a 

wavelength of 1064nm . The SHG signal generated 

in the crystalline sample was collected and 

displayed as green light radiation (λ =532nm) on a 

cathode ray oscilloscope. A SHG signal of 5 mV was 

obtained compared to 185 mV of that of standard 

KDP crystal for the same input energy of 2.69 

mJ/pulse. The SHG efficiency is found to depend 

upon the method and conditions during growth, 

composition and size of crystallites exposed during 

measurements.  

 

E. I-V and Photoconductivity Studies 

The I-V and photoconductivity characteristic (dark 

and bright current) of the GSA crystals with applied 

field is as shown in Figure 7. The voltage (V) was 

found to increase with current (I) linearly up to 

voltage of 100 V/cm. On exposure to light radiation 

bright current is found to be greater than dark 

current (positive photoconductivity). This 

enhancement of field dependent conductivity of the 

sample is due to the generations of mobile charge 

carrier caused due the absorption of photons [20].  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. I-V and Photoconductivity plot 
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IV. CONCLUSION 

 

Transparent crystals of acid mixed glycine -sodium-

ammonium nitrate (GSA) crystal was successfully 

grown using slow evaporation method at room 

temperature from the aqueous solution and 

characterized by various techniques. The solubility 

was found to vary linearly in temperature range 

300K-350K. The presence of fundamental groups 

has been verified by the comparative FTIR and 

Raman spectroscopic studies. The close match 

between the IR and Raman peaks indicate a 

molecule with lack of center of symmetry. The 

optical studies showed that the crystal have wide 

transparent window in the region 265 nm- 1200 nm 

useful for optoelectronic applications. The optical 

SHG efficiency of GSA crystal was carried out with 

respect to standard KDP. The I-V characteristics 

found to be linear upto100 V/cm and on exposures 

to light sample show positive photoconductivity 

which may be attributed to due to the enhancement 

of charge carrier through absorption of photons.  
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ABSTRACT 

Nanoparticles are used widely due to its small size, orientation, physical properties, which are reportedly shown 

to change the performance of any other material which is in contact with these particles. Silver nanoparticles 

have received substantial attention in the field of antimicrobial research due to the antimicrobial activity of 

silver. These particles can be synthesized easily by different chemical, physical, and biological approaches. The 

biological approach is the most emerging approach of preparation, as this method is easier than the other 

methods, ecofriendly, non toxic and less time consuming. In the present study green synthesis of silver 

nanoparticles was carried out using the plant extracts of Neem (Azadirachta indica), Tea (Camellia sinensis), 

Peels from kitchen waste and the mixture of all the three extracts. Silver was of a particular interest for this 

process due to its evocative physical and chemical properties. The reduction process of Ag+ to Ag0 was observed 

by formation of brown colour within 24 hours of incubation period and synthesized SNPs showed an absorption 

peak at around 450 nm in the UV-visible spectrum. The reaction was followed by the characterization of the 

silver nanoparticles using UV-Vis and FTIR. The antimicrobial activity was tested using agar well method with 

Gram positive and Gram negative microorganism. It was observed that the antimicrobial activity was higher 

against Gram negative bacteria. Local plants such as tea leaves and waste is an alternative to a safer, more eco-

friendly alternatives of synthesizing silver nanoparticles. This environment friendly, method provides simple, 

easy and cost effective faster synthesis of nanoparticles than chemical method and can be used in several areas 

such as catalysis, medical application etc. 

Keywords: Silver nanoparticles, UV-Visible Spectroscopy, FTIR, Antimicrobial activity 

  

I. INTRODUCTION 

 

Nanotechnology is the branch of technology that 

deals with dimensions and tolerances of less than 100 

nanometers, especially the manipulation of individual 

atoms and molecules. They exhibit novel and 

significantly improved physical, chemical and 

biological properties, phenomena and processes 

because of their size [1]. Nanoparticle may or maynot 

exhibit size-related properties that differ significantly 

from those observed in fine particles or bulk materials 

[2]. Some of the applications of nanoparticles to 

biology or medicine are in tissue engineering, cancer 

therapy, multicolour optical coding for biological 

assays, manipulation of cells and biomolecules, 

protein detection, drug and gene delivery, bio 

detection of pathogens, probing of DNA structure, 

tumour destruction via heating (hyperthermia), MRI 

contrast enhancement and phagokinetic studies. 

 

Among the various metal nanoparticles, silver (Ag) 

nanoparticle has received substantial attention in the 
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field of antimicrobial research. Silver 

has long been recognized as having an inhibitory 

effect towards many bacterial strains and 

microorganisms [3]. Synthesising silver nanoparticles 

by plants is a major advantage that they are easily 

available, safe and nontoxic in most cases, have a 

broad variety of metabolites that can aid in reduction 

of silver ions and are quicker than microbes in the 

synthesis Biosynthesis of nanoparticles is a kind of 

bottom up approach, where the main mechanism of 

action is redox reaction. The need for biosynthesis of 

nanoparticles arises from the fact that the physical 

and chemical processes became costly and the use of 

hazardous  chemicals in various steps [4]. 

Phytochemical mediated metal nanoparticle 

syntheses are effective, economical and 

environmental friendly. Plants are considered as 

biosynthetic laboratories of wide spectrum of 

phytochemicals such as phenolics, alkaloids and  

flavonoids. These phytochemicals are expected to self 

assemble and cap the metal nanoparticles formed in 

their presence and thereby induces some shape 

control during metal ion reduction [5]. Metallic 

nanoparticles obtained by biosynthesis employing 

plant extracts have been reviewed and reported by 

different authors [6,7]. 

In this work we have synthesized and characterized 

the silver nanoparticles from plant sources like leaves 

of Tea, Neem, Peels from kitchen waste and also from 

the combination of all three extracts and have 

checked the antibacterial activity of the synthesized 

silver nanoparticles 

II. MATERIALS AND METHODS 

 

Test chemicals  

AgNO3were purchased from SD Fine Company, India 

and used without further purification. The purity was 

atleast 99.5%. The solutions for the metal salts were 

prepared in deionised water. The media for bacterial 

growth was obtained from Himedia, India.  

 

Sample Collection: 

The sample sources for synthesis of nanoparticles 

were dried Tea leaves (Camellia sinensis)from local 

market,fresh Neem leaves (Azadirachtaindica)from 

Ambivili area and Peels of mango, sweet potato, 

drumstick, tomato, carrot, pumpkin, snake gourd 

collected from normal kitchen waste. 

 

Preparation of extract: 

Samples used were fresh leaves of Neem 

(Azadirachtaindica), dried leaves of Tea (Camellia 

sinensis) and Peels of mango, sweet potato, 

drumstick, tomato, carrot, pumpkin, snake gourd.The 

solvent used was deionized water. 

The samples were weighed 1g each and added to 50ml 

of deionized water in a flask. These flasks were kept 

in boiling water bath for 15min with inverted funnel. 

After cooling, the solution was filtered using 

Whatmanfilter paper no. 1. 2ml each of the filtrates 

were mixed in a conical flask and used as the fourth 

sample. The samples were named Tea, Peel, Neem 

and Mix [8]. 

Synthesis of Silver nanoparticles: 

1 ml of freshly prepared 5mM Silver nitrate solution 

was added to 5ml of the sample solutions respectively. 

This mixture was kept in boiling water bath for 

10min until visible colour change (brown colour) was 

observed. The mixtures were kept in incubator at 

370C for 24hrs [8]. 

UV-Vis spectral analysis 

The reduction of pure Ag+ ions was monitored by 

using UV-Vis spectrum of reaction medium after 24 
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hrs. Sample was prepared by diluting 

the solution in deionized water in the ratio 1:10. 

Deionized water was used as blank.The analysis was 

carried out on a UV – Vis spectrophotometer (Jasco v-

630 Spectrophotometer) from range 350-600nm.  

FTIR analysis of silver nanoparticles 

The chemical composition of synthesized silver 

nanoparticles was studied by using FTIR spectrometer 

(JASCO FT/IR 4100 type A). The liquid samples were 

mixed with KBr and pellets were made. The solution 

were characterized in the range 4000-650 cm-1  

 

Study of antimicrobial activity 

The antibacterial activity of the synthesized silver 

nanoparticles was checked using Agar Well Diffusion 

method. 1 ml of the 24 hrs old grown bacterial 

culture was seed inoculated in molten sterile Nutrient 

agar butt and poured into petriplates. All the four 

samples (Neem, Tea, Veg peels, Mix) were tested 

against the five cultures - Staphylococcus aureus, 

Escherichia coli, Klebsiella pneumoniae, 

Corynebacterium diphtheriae and  Pseudomonas 

aeruginos. 

After the incubation period, the plates were examined 

for zone of inhibition. The diameter of the zones of 

clearance was measured and the mean value was 

calculated. 

III. RESULT AND DISCUSSION 

The mixture showed colour change to brown colour 

at 37°C, after addition of plant extract to aqueous 

solution of AgNO3. The colour is characteristic of the 

Surface Plasmon Resonance (SPR) of silver 

nanoparticles. The reduction of silver ion to silver 

nanoparticle was reflected in spectral data obtained 

by using a UV-Vis spectrophotometer. Absorbance 

was found to be in range of 350-450nm which is 

specific for silver nanoparticles (Table 1, Figure 1) [9].  

Table 1: Absorbance of the AgNPs 

 

Neem is found to exclude addition of external 

stabilizing agent during synthesis of silver 

nanoparticles and to offer synergistic effects to 

enhance the antimicrobial properties of the 

synthesized silver nanoparticles [10]. 

 

 

 

 

 

 

Figure 1. Colour change during synthesis of AgNPs 

before and after 

Silver 

nanoparticles 

Maximum 

wavelength 

Absorbance 

Neem 443.8nm 0.477 

Green tea 369.6nm 0.997 

Vegetable Peels 431.6nm 0.556 

Mixture of all 

three 

447nm 0.791 

Before 
After 
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The UV–Vis spectra confirmed the 

formation of Ag nanoparticles as the colour change 

occurred to reddish brown and maximum absorbance 

was found at 443.8nm for Neem AgNPs which lies in 

the range of earlier reported biosynthesized silver 

nanoparticles, 350-550nm [10] and 350-450nm [9] 

Other studies stated its range to be mostly around and 

at [11,12]. 

The Green tea leaves which were used for synthesis 

of silver nanoparticles showed peak at 369nm [13,14] 

The peels from kitchen waste also proved to be a good 

source for synthesis of nanoparticles. The UV-Vis 

spectral analysis showed its maximum absorbance at 

431.6nm which was found to lie near the previously 

observed peak of 430nm with similar peels [15] 

 

FTIR Analysis 

FT-IR was carried to determine the functional groups 

responsible for reduction present in the plant sample 

and the synthesized   nanoparticles. The FT-IR 

spectrum obtained for extracts displays a number of 

absorption peaks, reflecting its complex nature. 

Strong absorption peaks at 3263 to 3331 cm−1 result 

from stretching of the –NH band of amino groups or 

is indicative of bonded –OH hydroxyl group. The 

absorption peaks at about 2929.87 cm−1 could be 

assigned to stretching vibrations of -CH2 and -CH3 

functional groups. The intense band at 1585 cm−1 

could be assigned to the aromatic C=C bending. FT-IR 

study indicates that the hydroxyl (−OH), and amine 

(N-H) groups in the extracts are mainly involved in 

reduction of Ag+ ions to Ag0 nanoparticles. For the 

plant extract, the FTIR results confirmed the presence 

the presence of –NH, -OH, C=C, and –CH group, 

which indicates that the plant extract containing the 

hydroxyl and amine group substituted flavonoids. It is 

observed that flavonoids act as a reducing agent, 

which reduces Ag+ to Ag0 and the amino group as 

stabilizing agents in the green synthesis of silver 

Nanoparticles. The FT-IR spectroscopic studies have 

also showed that the leaf extracts not only acts as 

reducing agent but as a stabilizer also, which prevents 

the agglomeration of AgNPs. The carbonyl group of 

amino acid residues has a strong binding ability with 

metal, suggesting the formation of a layer covering 

silver nanoparticles which act as a stabilizing agent to 

prevent agglomeration in the aqueous medium [16]. 

The observed intense band were compared with 

standard values of identify the functional groups.  

 

The groups assisting reduction were found to be in 

the range of1400-1600, 1640-1690, 2850-3000 and 

1000-1300cm-1. Thus the reduction of plant extracts 

by AgNO3 was confirmed by FTIR analysis and the 

flavonoids present were found to be responsible for 

reduction. 

The characterization of Neem silver nanoparticles by 

FTIR showed the presence of alcohols and phenols, 

alkenes, aromatic group and ether which matched 

with the previously reported groups alkenes, alcohols 

and phenols with an additional primary amine group 

at 1634.90cm-1 [11]. In Peel AgNPs presence of 

aromatic groups, ketone groups and alcohols and 

phenols were observed indicating presence of 

flavonoids and other phytochemicals which were 

previously reported with an additional amine group 

at 3403.99cm-1 [15] The antimicrobial activity of the 

silver nanoparticles was studies against five different 

organisms viz. Gram positive organisms 

(Staphylococcus aureus and Corynebacterium 
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diphtheria)and Gram negative 

organisms (Escherichia coli, Klebsiella pneumoniae 

and Pseudomonas aeruginosa)(Figure 2, Table 2). 

 

 

 

Figure 2. Antimicrobial activity of AgNP’s prepared 

from [A] neem leaves, [B] tea leaves, [C] vegetable 

peels and [D] mixture of all. 

 

 

Table 2. Zone of inhibition for the AgNPs 

Organisms Zone of inhibition(mm) 

Neem 

AgNP 

Tea 

AgNP 

Peels 

AgNP 

Mixture 

 

Control A 

(1mM AgNO3) 

Control B 

(Plant extract) 

Escherichia coli 13 14 12 13 - - 

Klebsiella pneumonia 12 14 15 16 - - 

Pseudomonous aeruginosa 11 11 13 12 - - 

Staphylococcus aureus 11 11 13 14 - - 

Corynebacterium 

diphtheriae 

13 18 19 19 - - 

The figures show clear zone of inhibition in the well 

treated with silver nanoparticles whereas the well 

treated with only plant extract and silver nitrate did 

not show any inhibition. It was observed that the 

antibacterial activity of Mix AgNPs was more 

compared to Neem, Tea and Peels AgNPs against 

Staphylococcus aureus, Escherichia coli, Klebsiella 

pneumoniae and Corynebacterium diphtheria. All the 

four nanoparticles showed maximum activity against 

Corynebacterium diphtheria and minimum against 

Pseudomonas aeruginosa. 

The Neem nanoparticles showed inhibitory action 

against Staphylococcus aureus, Escherichia coli and 

Pseudomonas aeruginosa which was previously 

reported [10]. In addition, antibacterial action against 

Klebsiella pneumoniae and Corynebacterium 

diphtheria was also observed. Considerably good 

antibacterial activity of Peel nanoparticles was 

observed against Escherichia coli and Klebsiella 

pneumoniae as earlier stated [15]. 

 

 

IV. CONCLUSION 

 

The research work suggests that plants extract made 

from Neem, Tea and Peels from Kitchen waste and 

mixture of all capable of producing silver 

nanoparticles extracellular. The use of plant in 

synthesis of nanoparticles is advantageous in many 

ways in terms of production, economic viability and 

safety. The samples were environmental friendly, 

simple and efficient route for synthesis of benign 

nanoparticles. The characterization of silver 

nanoparticles was carried out using UV-Vis 

spectrometer and FTIR. The characterization by FTIR 

C 

Mix 
A 

Tea 

leaves 
B 

D 
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showed the presence of aromatic 

groups, ketone groups and alcohols and phenols 

indicating presence of various phytochemicals 

including flavonoids which aid in reduction of silver. 

Plant extract can be used efficiently in synthesis of 

silver nanoparticles as greener route. Control over 

physical dimensions seems to be very easy with the 

use of plants. Nanoparticles produced from plants 

have various applications. The above silver 

nanoparticles revealed to have an effective 

antimicrobial property against Staphylococcus aureus, 

Corynebacterium diptheria, Escherichia coli, 

Klebsiella pneumonia and Pseudomonas aeruginosa. 

The present study emphasizes the use local plants and 

waste part for synthesis of silver nanoparticles with 

potent antibacterial effect. This green synthesis 

method has many advantages such as eco-friendly, 

cost effective and easily scaled up to large scale 

synthesis. The further characterization of the silver 

nanoparticles can be done by SEM analysis preferably 

to find its size and shape. Various parameters 

including pH, temperature and concentration of 

AgNO3 can be altered to obtain better results. 

Further, the checking of its antioxidant property may 

give new applications for the use of silver 

nanoparticles. 
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ABSTRACT 
 

Carbon Nanotubes exhibit many unique intrinsic physical and chemical properties and have been intensively 

explored for biological and biomedical applications in the past few years. The presented work is a prelude in the 

direction of using Carbon Nano tubes as a vehicle for drug delivery to the desired sites. Anti cancer drug, 

Doxorubicin is loaded on functionalized Multiwalled Carbon Nano tubes at different pH conditions. Analysis 

done was FTIR, ATR, TEM, and UV Visible spectroscopy. 

 

I. INTRODUCTION 

 

Carbon Nano-tubes (CNT) are concentric shells of 

graphite formed by one sheet of conventional graphite 

rolled up into a cylindrical form. The lattice of carbon 

atoms of graphite sheets remains continuous around 

the circumference of the Nano tubes. Hence, Carbon 

nanotubes are fullerene-related structures closed at 

either end with caps containing pentagonal rings.  

CNTs are of two types Single Walled Carbon Nano 

Tubes (SWCNT) and Multi Walled Carbon Nano 

Tubes (MWCNT) (Figure 1) 

 

In SWCNT there are only tubules and no graphitic 

layers around them. Diameter of SWCNT is up to 2 

nanometer where as length varies as per production 

procedure from 3 to 10 m. The arrangement of 

carbon in a SWCNT can be of the arm-chair, zigzag, 

or chiral pattern. SWCNT are mostly produced in a 

bundle and then are separated by chemical or physical 

methods. 

 

MWCNTs are stacks of graphene sheets rolled up into 

concentric cylindrical structures. Their diameter is in 

the range of 10 – 50 nm and length can be up to or 

more than 10 m. The individual graphene sheets are 

separated by about 0.34 nm. 

 
Figure 1. Single Walled (Left) and Multi Walled 

(right) Carbon Nanotube. 

 

Whenever one thinks about loading any material to 

Carbon Nano tubes(CNTs), the thought that comes 

into the mind that (i) is it filling the lumen with the 

desired material or (ii) chemically attaching them 

onto the surface of the CNT.  

 

Filling CNTs with metal like materials are easy as it 

can be done during the synthesis of CNT. However 

unloading them still remains a bigger task, as it is 

difficult to push out something from the 2-3 nm 

diameter lumen. Moreover, drugs are often 

temperature sensitive, hence their loading at higher 

temperature, at which CNT synthesis takes place is 

not possible. 

 

So far as the attachment to the CNT surface is 

concerned, there are many possibilities (a) adsorbing 
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them on to the surface (b) attaching them to dangling 

bonds or (c) attaching through a linker or 

functionalized molecule. 

 

Scientists have tried all such methods. Some of them 

are mentioned below. 

 

Small drug molecules can be covalently conjugated to 

CNTs for In vitro delivery. Fluorescent dyes and drug 

cargoes were simultaneously linked to 1,3-dipolar 

cycloaddition functionalized CNTs via amide bonds 

for the delivery of an anti-cancer drug (Pastorin et al 

2006) or an antifungal drug (Wiecowski et al 2005) 

into cells. Feazell and Lippard used non-covalently 

PEGylated SWNTs as a longboat delivery system to 

internalize a platinum (IV) complex, a pro-drug of the 

cytotoxic platinum (II), into cancer cells. The inert 

platinum (IV) pro-drug compounds developed by the 

Lippard’s group are activated only after being reduced 

to the active platinum (II) form. SWNTs tethered with 

the platinum (IV) complexes through peptide linkages 

are taken into cancer cells by endocytosis and reside 

in cell endosomes, where reduced pH induces 

reductive release of the platinum (II) core complex, 

thus killing the cancer cells. The cytotoxicity of the 

platinum (IV) complex increases over 100-fold after 

attachment to SWNTs. They have also conjugated 

paclitaxel, a commonly used anti-cancer drug, to 

branched PEG-coated SWNTs via a cleavable ester 

bond (Liu et al 2008). The SWNT-PTX conjugate was 

tested both In vitro and in vivo.  

 

Noncovalent conjugation; beside covalent conjugation, 

novel noncovalent supramolecular chemistry for 

loading aromatic drug molecules onto functionalized 

SWNTs by π - π stacking has been uncovered by (Liu 

et al 2007). Doxorubicin, a commonly used cancer 

chemotherapy drug, can be loaded on the surface of 

PEGylated SWNTs with remarkably high loading, up 

to 4 g of drug per 1 g of nanotube, owing to the 

ultrahigh surface area of SWNTs. The loading/binding 

is pH dependent and favorable for drug release in 

endosomes and lysosomes, as well as in tumor micro- 

environments with acidic pH. Similar drug loading 

behaviors have been reported for MWNTs (Ali 

Boucetta et al 2008), single-walled carbon nanohorns 

(Murakami et al 2006) and nano-graphene oxide (Sun 

et al 2008 and Liu et al 2008). The supramolecular 

approach of drug loading on CNTs opens new 

opportunities for drug delivery. 

 

π - π stacking; for the delivery of aromatic drugs such 

as doxorubicin, which are directly loaded on the 

nanotube surface via π - π stacking, the functional 

groups on the SWNT coating molecules (e.g., PL PEG 

amine) can be conjugated with targeting molecules 

such as Arg – Gly - Asp (RGD) peptide for targeted 

delivery  ( Liu et al 2007).  

 

Encapsulation of drug molecules inside nanotubes; 

apart from drug conjugation and loading on the 

external surfaces of nanotubes, the lumen of CNTs 

may allow the encapsulation of drug molecules inside 

nanotubes for drug delivery. Fullerene balls (Kataura 

et al 2001), metal ions (Jeong et al 2003), small 

compounds such as metallocenes (Li et al 2005), and 

even DNA molecules (Kaneko et al 2007) have been 

encapsulated inside CNTs. Although a number of 

theoretical modeling studies predicted the insertion of 

biomolecules including chemotherapy drugs (Hilder 

et al 2007 and Hilder et al 2008) into CNTs, drug 

delivery by encapsulation of drugs inside CNTs has 

been rarely reported. Further experimental studies are 

still needed to examine the possibility of utilizing the 

encapsulation strategy in CNT-based drug delivery. 

 

II. METHODS AND MATERIAL 

 

Loading Doxorubicin on functionalized CNT 

Drug Used:  

 Doxorubicin 

 Structure:  

 Molecular formula: C27H29NO11.  

 Mol. Wt. : 579.99 

 M.P.: 204°C 
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 Appearance: Orange red crystalline Powder, 

hygroscopic 

 Solubility: Soluble in water, slightly soluble in 

methanol. 

 Storage: In air tight container 

 

10 mg of f-MWCNT was suspended in 25ml of 0.2 

mg/ml concentration of Doxorubicin in three different 

pH buffer solutions and kept overnight. 

Calibration graph was plotted using the absorbance of 

6 different dilutions of Doxorubicin (10, 20, 30, 40, 50 

& 60 ppm) solutions. λ max was determined by 

scanning 0.05mg/ml solution of Doxorubicin from 400 

to 580 nm using Spectrophotometer 169 of Systronics 

make.  

 

To know whether Doxorubicin is loaded on f-

MWCNT, FTIR, ATR and TEM was done. 

Surface adsorption study was done by plotting a 

Calibration graph using 5 different concentrations of 

Doxorubicin (100,200,300,400,500 ppm) solutions.  

 

5mg of f-MWCNT was added to 10ml of each 

concentration and absorbance of supernatant was 

taken after 24 hrs.  

Graph of amount adsorbed Vs concentration of 

Doxorubicin was plotted and type of adsorption of 

drug on to the Carbon nano tubes was studied.  

  

 

 

Figure  2 .Schematic diagram of Doxorubicin loaded 

on to the CNT surface 

 

 

 

 

 

Figure  3. (Left) CNT in water and (Right)  CNT + 

Doxorubicin in water 

 

The loading capacity of Doxorubicin on CNT was 

determined by UV visible spectroscopy at 490 nm, 

which was calculated by the difference of 

Doxorubicin concentrations between the original 

Doxorubicin solution and the supernatant solution 

after loading. 

CNT shows distinctly different loading capacity 

toward Doxorubicin at different pH values.  

 

Table 1. Effect of pH on loading of Doxorubicin on F-

MWCNT as recorded at 490 nm by measuring 

remaining amount of Doxorubicin in water 

(the amount of Doxorubicin was calculated using 

standard calibration graph) 

pH Absorbance 

At 490 nm 

mg/ml 

Doxorubic

in  

remaining 

in waterin  

Concn 

loaded 

(0.2-

Concn) 

 

(mg/ml) 

Amo

unt 

load

ed 

(mg) 

% 

lo

ad

in

g 

4 0.152 0.045 0.155 3.87 77

.5 

7 0.121 0.036 0.164 4.10 82 

9 0.140 0.0415 0.1585 3.96 79

.2

5 

To know Doxorubicin is loaded on f-MWCNT, FTIR, 

ATR and TEM was done 

FTIRs 

 

 

 

 

(a) (b) 

  

 

 

 

 

                                           (c) 

Figure  4. FTIR of (a) Doxorubicin and (b) f-CNT (c) f-

CNT loaded with Doxorubicin 
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      ATRs 

                            

 

 

(a)                               (b) 

 

 

 

 

 

(c) 

Figure  5. ATRs of (a) f-CNT (b) Doxorubicin (c) 

Doxorubicin loaded on F-MWNT 

TEM 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  6. TEM of Doxorubicin 

TEM of Doxorubicin shows that it cannot withstand 

high electron volt of transmission electron microscopy, 

as the images reveals that the drug degrades on the 

exposure of high electron volt. Therefore it was 

difficult to locate the drug on CNT by TEM.   

 

 

 

 

 

 

Figure  7. TEM of Doxorubicin on CNT 

 

 

 

 

III. RESULTS AND DISCUSSION  

 

FTIR of drug loaded on F-MWNT reveals the 

following facts: 

• Peak at 1630.86 cm-1 in FTIR of MWNT loaded 

with Doxorubicin is shifted from 1633.82 cm-1 in 

FTIR of MWNT is due to the change in the 

environment of C=O group. 

• Peak at 1066.39 cm-1 in FTIR of Doxorubicin is 

due to C-O stretching of ether group which is 

also seen in the in FTIR of MWNT loaded with 

drug (peak at 1066.38 cm-1). 

• Peak at 2923 cm-1 is due to C-H stretching.  

 

ATR (Attenuated total reflection) of F-MWNT loaded 

with drug shows a broad peak at 3000-3500 cm-1 

which is also seen in the ATR of Doxorubicin. This 

further proves the loading of drug onto the MWNT. 

TEM of MWNT also shows the loading of drug, 

Doxorubicin onto the nanotube. 

 

The FTIR spectra of CNT, Doxorubicin (Doxo), and 

CNT-Doxo nano hybrid show the following evidences. 

The peak at 1633.82 cm-1 corresponding to ν(C=O) in 

the spectrum of CNT and the C=O peak (1720.23 cm-1) 

for Doxo shift to a lower position at 1630.36 cm-1 

after forming CNT- Doxo nano hybrid. This also 

indicates that Doxo be loaded onto CNT and the shift 

of characteristic peaks may be due to the hydrogen 

bonding between these two components. The -OH 

and -COOH groups on the CNT can form a strong 

hydrogen-bond with -OH and -NH2 groups in Doxo. 

Therefore, Doxo was non-covalently loaded on CNT 

simply by mixing them in aqueous solution with the 

aid of slight sonication. 

 

The highest loading capacity is observed at the neutral 

condition, rather than acidic or basic conditions. The 

pH-dependent loading may be due to the different 

degree of hydrogen-bonding interaction between 

these two species under different pH conditions. –

COOH of CNT and the  
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-OH of Doxo, -COOH of CNT and the –NH2 of Doxo, 

-OH of CNT and the -OH of Doxo, and 

 -OH of CNT and the -NH2 of Doxo (Table 2). Under 

acidic conditions, -NH2 of Doxo forms 

 -NH3+ with H+ and therefore cannot participate in 

hydrogen bonding. In this case, two kinds of 

hydrogen bonding can occur between -COOH of CNT 

and the -OH of Doxo, and -OH of CNT and the -OH 

of Doxo. Furthermore, the H+ in solution would 

compete with the hydrogen- bond- forming groups 

and then weaken the above hydrogen-bonding 

interaction. Under basic conditions, -COOH of CNT 

exists as -COO- and cannot form a hydrogen bond 

with -OH or -NH2 groups of Doxo. Two kinds of 

hydrogen bonding interaction can occur between -OH 

of CNT and the -OH of Doxo, and -OH of CNT and 

the -NH2 of Doxo. Therefore, the strongest hydrogen-

bonding interaction between CNT and Doxo  is 

expected under neutral conditions, and the highest 

loading of Doxo on CNT is obtained. 

 

Table 2. Groups That Can Form Hydrogen Bonds with 

CNT and Doxo at Different pH Conditions 

pH conditions CNT Doxo 

Acidic -OH, -COOH  -OH,  

Neutral -OH, -COOH -OH, 

-NH2 

Basic -OH -OH, 

-NH2 

 

 

ADSORPTION STUDY: 

To know how many layers of Doxorubicin has been 

loaded on to CNT, graph of  different concentrations 

of Doxorubicin against amount of doxorubicin 

adsorbed was plotted. 

 

 

 

 

 

Table 3. Amount of Doxorubicin loaded on CNT at 

different concentrations. 

Conc

n + 5 

mg 

CNT 

Absorban

ce 

Corr. 

Concn 

(mg/m

l) 

Concn 

Adsorb

ed 

Amoun

t 

adsorb

ed 

(mg) 

100 0.098 0.025 0.075 0.75 

200 0.233 0.070 0.130 1.30 

300 0.418 0.125 0.175 1.75 

400 0.577 0.170 0.230 2.30 

500 0.590 0.175 0.325 3.25 

 

 

 

 

 

 

Figure  8. Graph of amount of Doxorubicin adsorbed 

Vs Different Concentration 

 

The nature of graph shows adsorption of drug is 

multilayered adsorption which may be possible due to 

interactions within doxorubicin molecules also. 

 

IV. CONCLUSION 

 

With the advent of nanomaterials; interdisciplinary 

research has taken a big leap. The present work was a 

small effort to enter in this magnificent field of 

science having immense possibilities. 

It was envisaged that the attachment of drug to the 

CNT surface could be by 

(a) getting adsorbed to the surface  

(b) or attached to the dangling bonds of CNT or  

(c) may be by attaching through a linker or 

functionalized molecule. 

 

FTIR of functionalized CNT showed the introduction 

of –COOH   and –OH group on the surface of CNT; 

which was thought to be suitable for Doxorubicin 

attachment by non-covalent bonding. 

Amt adsorbed

0
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pH was considered as important parameters for 

Loading of  Doxorubicin and UV-VIS Spectroscopy, 

ATR, FTIR and TEM assessment was chosen as the 

method for assessing the loading. 

 

When Doxorubicin was added to f-MWCNT 

suspended in water a change in color from black (of 

CNT) to orange red was noticed, this was due to the 

Doxorubicin.  After attachment procedure, the 

Doxorubicin remaining in the solution was assessed by  

UV-VIS spectrum taken at 490 nm was taken, which 

revealed that loading occurred at all the 3 tested pH 

viz. 4, 7 and 9 maximum being at neutral pH of 7 (i.e. 

82%) and minimum at pH 4 (i.e. 77.5%).  The pH-

dependent loading may be due to the different degree 

of hydrogen-bonding interaction between these two 

species under different pH conditions.  

 

Both ATR and FTIR spectra indicated the loading of 

Doxorubicin onto CNT. Moreover, the shift of 

characteristic peaks that appeared in FTIR spectrum 

suggested it to be due to the hydrogen bonding 

between these two components. The -OH and -COOH 

groups on the CNT can form a strong hydrogen-bond 

with -OH and –NH2 groups in Doxorubicin. 

Therefore, it can be concluded that Doxorubicin was 

non-covalently loaded on CNT simply by mixing 

them in aqueous solution with the aid of sonication. 

TEM Analysis of Doxorubicin Loaded on CNT was not 

a suitable technique because during  TE Micrography 

of Doxorubicin showed deterioration of drug molecule 

due to electron beams of TEM were bombarded on to 

them. While taking the TEM micrograph, the 

structure started to bubble and eventually bursted.  

 

To find out whether adsorption of Doxorubicin on to 

MWCNT was single layered or multi-layered due to 

possible interactions within Doxorubicin molecules , 

Langmuir adsorption isotherm  graph was plotted, 

which  showed that adsorption of drug is Multi-

layered. 
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ABSTRACT 

 

India is second major producer of fruits and vegetables in the world. Fruits and vegetables form the rich source 

of bioactive molecules.Due to the high consumption of vegetables and fruits, peel waste are generated in large 

quantities.  Peel waste is a serious problem to processing industries and pollution monitoring agencies. Waste 

utilization is the one of the important and challengeable job around the world. The effect of resources depletion 

and environmental concerns have triggered new regulations and growing awareness throughout the world, 

thus promoting use of more and more fruit and vegetable waste to obtain by-products with health benefits.Thus, 

in present study an attempt was made to bring utilization of peel of Luffa cylindrica (L.) M.Roem.The aim of 

the study was to investigate the presence of different compounds from the methanolic extract of Luffa 

cylindrica (L.) M.Roem. peel by GC-MS method. 14 bioactive compounds were identified in the methanolic 

peel extract of Luffa cylindrica (L.) M.Roem. The identification of phytochemical compounds is based on the 

peak area, retention time molecular weight and molecular formula. Various bioactive compounds identified 

were found to possess biological and pharmacological activity such as antimicrobial, antifungal, anticancer, 

antioxidant properties. Recycling of fruit and vegetable waste is one of the most important means of utilizing it 

in a number of innovative ways yielding new products.  

Keywords: Luffa cylindrica (L.) M.Roem. peel and GC-MS analysis 

 
I. INTRODUCTION 

 

“Let food be thy medicine and medicine be thy food” 

was the famous dictum proclaimed by Hippocrates 

about 2500 years ago. Recently many scientific 

studies supported the above fact. It appears that diet 

containing some phytochemicals also termed as 

bioactive molecules, can provide protection against 

various chronic diseases like cancer, atherosclerosis, 

thrombosis, etc and also impart other health benefits 

(Wildman, 2001). Food of plant origin is capable of 

contributing appreciable quantities of nutrients, 

including proteins needed by both children and 

adults (Okaka et al., 2002). Fruits and vegetables form 

the rich source of bioactive molecules. Over 10,000 

bioactive phytochemicals have been identified in 

different fruits and vegetables which are integral part 

of the human diet (Wise, 2001).  

 

India is the second major producer of fruits and 

vegetables in the world. It contributes 10% of world 

fruit production. According to India Agricultural 

Research Data Book 2004, the total waste generated 

from fruits and vegetables comes to 50 million tons 

per annum (Uchakalwar et al., 2014).  

 

Due to the high consumption of vegetables and fruits, 

peel waste are generated in large quantities in big 

cities.  Peel waste which are highly perishable and 

seasonal, is a problem to the processing industries and 

pollution monitoring agencies (Chacko et al., 2014). 

These wastes if not disposed correctly are seen to 
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cause serious environmental problems such as water 

pollution, unpleasant odors, explosions and 

combustion and greenhouse gas emissions (Roy et al., 

2014). Thus, in the present study an attempt has been 

made to bring about the utilization of the vegetable 

peel waste for mankind. 

 

II. MATERIAL AND METHODS 

 

Collection of sample 

The vegetable of Luffa cylindrica (L.) M.Roem. used 

in the present study was collected from the local 

market of Kalyan. It was identified from the 

Department of Botany, Agharkar Institute, Pune. The 

peels were washed properly under running tap water 

to remove dust particles. The peels were then shade 

dried for 5 days and once the moisture was reduced 

the peels were then completely dried in an oven at 

50°C.The dried peels were then powdered using 

grinder and stored in air tight bottles. 

 

Preparation of sample for GC-MS study  

About 5 grams of the peel powder of Luffa cylindrica 

(L.) M.Roem. was soaked in 50 ml methanol. 

Extraction was done in orbital shaker at 100 rpm 

(25°C) for 24 hours, followed by filtering of the 

extract using Whatman filter paper No.1. The residue 

was removed and supernatant was used for further 

analysis. 

 

GC-MS analysis 

The dried peel powder of Luffa cylindrica (L.) 

M.Roem. was analyzed using GC-MS (Shimadzu 

capillary GC-quadrupole MS system QP 5000). The 

sample was injected into the GC-MS on a 30 m glass 

capillary column with a film thickness of 0.25 µm (30 

m × 0.25 mm) with helium as carrier gas at 1 ml/min 

constant flow mode. GC temperature programme was 

50˚C - 300˚C at 10˚C/min. The mass spectra were 

recorded in electron ionization mode at 50 eV.  

 
III. RESULT AND DISCUSSION 

 

GC-MS analysis of methanolic extract of Luffa 

cylindrica (L.) M.Roem. peel 

Gas Chromatography and Mass spectroscopy analysis 

results of methanolic peel extract ofLuffa cylindrica 

(L.) M.Roem.are shown in Table-1. GC-MS analysis of 

methanolic peel extract of Luffa cylindrica (L.) 

M.Roem. revealed the presence of 14 bioactive 

compounds. The identification of phytochemical 

compounds is based on the peak area, retention time 

molecular weight and molecular formula. 

 

In the present investigation a variety of compounds 

have been detected including D-Limonene (8.81), 1-

Hexadecanol (3.38), Stearic acid (0.48), 1-

Monolinoleoylglycerol trimethylsilyl ether (1.12), 

Spirost-8-en-11-one (1.97), Glucopyranoside (1.24), 

7-methyl-z-teradecen-1-ol acetate (0.59), 9,10-

Secocholestra-5,7,10 (19)-triene-1,3-diol (1.75), Ethyl 

iso-allocholate (0.28), Cis-11-Eicosenoic acid (1.04), 

Estra-1,3,5 (10)- trien-17-ol (0.38), Pentadecanoic 

acid (8.43), Oleic acid (0.64) and Heptadecanoic acid 

(2.69) with retention time 6.47, 7.22, 7.48, 9.19, 9.87, 

10.25, 10.99, 11.25, 11.98, 12.57, 12.70, 14.32, 15.39 

and 15.64 respectively. Irrespective of the amount or 

concentration (high or low) in which these 

compounds were found to be present, almost all these 

compounds have been reported to possess some 

pharmacological or the other biological activity.  

Table 1. GC MS analysis of methanolic extract of Luffa cylindrica (L.) M.Roem. vegetable peel 

Sr. 

No.  

Name of Compound  RT (min)  Area 

(%)  

Formula  Molecular 

weight  

1.  D-Limonene  6.47  8.81  C10H16  136  

2.  1-Hexadecanol  7.22  3.38  C17H36O  256  

3.  Stearic acid, 2-hydroxy-1-methylpropyl ester, 2-

Hydroxy-1-methylpropyl stearate  

7.48  0.48  C22H4403  356  
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Figure 1. Mass spectrum of different compounds identified in methanolic extract of Luffa cylindrica (L.) 

M.Roem. vegetable peel by GC-MS analysis 

 
Figure 1.1. GC MS Spectrum of  D-Limonene     Figure 1.2. GC MS Spectrum of 1-Hexadecanol 

 
Figure 1.3. GC MS Spectrum of Stearic acid    Figure 1.4. GC MS Spectrum of 1-Monolinoleoylglycerol 

trimethylsilyl ether 

 
Figure 1.5. GC MS Spectrum of Spirost-8-en-11-one Figure 1.6. GC MS Spectrum of Glucopyranoside 

 

4.  1-Monolinoleoylglycerol trimethylsilyl ether  9.19  1.12  C27H54O4Si2  498  

5.  Spirost-8-en-11-one  9.87  1.97  C27H40O4  428  

6.  Glucopyranoside  10.25  1.24  C18H32O16  504  

7.  7-methyl-z-teradecen-1-ol acetate  10.99  0.59  C17H32O2  268  

8.  9,10-Secocholestra-5,7,10 (19)-triene-1,3-diol  11.25  1.75  C30H52O3Si  488  

9.  Ethyl iso-allocholate  11.98  0.28  C26H44O5 436  

10.  Cis-11-Eicosenoic acid  12.57  1.04  C20H38O2  310  

11.  Estra-1,3,5 (10)- trien-17-ol  12.70  0.38  C18H24O  256  

12.  Pentadecanoic acid  14.32  8.43  C17H34O2  270  

13.  Oleic acid  15.39  0.64  C39H76O3  592  

14.  Heptadecanoic acid  15.64  2.69  C19H38O2  298  
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Figure 1.7.GC MS Spectrum of 7-methyl-z-teradecen-1-ol acetate Figure 1.8. GC MS Spectrum of 9,10-

Secocholestra-5,7,10 (19)-triene-1,3-diol 

 

 
Figure 1.9. GC MS Spectrum of Ethyl iso-allocholate Figure 1.10. GC MS Spectrum of Cis-11-Eicosenoic acid 

 
Figure 1.11. GC MS Spectrum of Estra-1,3,5 (10)- trien-17-ol Figure 1.12.GC MS Spectrum of Pentadecanoic 

acid 

 
Figure 1.13. GC MS Spectrum of Oleic acid Figure 1.14. GC MS Spectrum of Heptadecanoic acid 

 
IV. CONCLUSION  

 

Recycling of fruit and vegetable waste is one of the 

most important means of utilizing it in a number of 

innovative ways yielding new products. The 

secondary metabolites (phytochemicals) and other 

chemical constituents of medicinal plants account for 

their medicinal value. Thus, the GC-MS analysis of 

methanolic extract of Luffacylindrica(L.) M.Roem. 

peel showed a highly complex profile, containing 14 

bioactive constituents. This study further may be 

useful to explore the pharmacological and 

biosynthetic activity of the peel. 
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ABSTRACT 
 

A new non-linear optical potassium sulphate crystal (LAKS) has been grown from aqueous solution by the slow 

evaporation technique at room temperature. Orthorhombic structure has been estimated as per XRD studies. 

CHNS, SEM and EDAX analysis were carried out for determining the chemical composition and surface 

morphology. Vibrational characterization, thermal studies and linear and non-linear optical studies were also 

done. 

Keywords: Crystal Growth, Xrd, Vibrational, Thermal And Non-Linear 

 

I. INTRODUCTION 

 

Among the 20 essential fundamental amino acids, L-

arginine (C6H14N4O2) is widely distributed in 

biological substances. The α-carbon atom is attached 

with four groups, viz.; amino group, carboxyl group, 

guanidino group and hydrogen atom. Since all the 

carbon atoms in the L-arginine molecule are optically 

active, its related compounds are mostly non-

centrosymmetric and exhibit second harmonic 

generation property. The long, linear carbon chain 

incorporates the character of flexibility in the l-

arginine molecule. It has a catenarian structure at two 

ends of which carboxyl and guanidyl group form a 

dipole moment of about 2.4 x 10-8 esu. Thus l-arginine 

is a polar amino acid with positive guanidine group. 

Due to the highly basic nature of guanidine group l-

arginine forms a number of salts with organic and 

inorganic acids viz L-arginine phosphate monohydrate, 

L-arginine diphosphate, L-arginine perchlorate, L-

arginine nitrate, L-arginine maleate dihydrate, L-

arginine formate, L-arginine acetate, L-arginine 

oxalate, L-arginine fluoride [1] which are interesting 

NLO materials.  

 

Present work reports the growth and characterization 

studies of L-arginine Potassium Sulphate (LAKS) 

crystals synthesized for first time in our laboratory. 
                  

II.  METHODS AND MATERIAL  
 

AR grade L-arginine (C6H14N4O2) and Potassium 

sulphate (K2SO4) was used for the synthesis of L-

arginine potassium sulphate (LAKS) crystals in the 

ratio 3:1. The crystals were obtained from aqueous 

solution (volume=200ml and pH=8.5) by slow 

evaporation method at room temperature (28ᵒC). 

Optically good quality crystals of dimension 0.8 cm x 

0.6 cm x 0.1cm were collected from the gel-like 

solution in about eight weeks of time (figure 1).  
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Figure 1. LAKS crystal 

 

Since L-arginine is rich in nutrients, microbes 

formation is frequent during the growth of L-arginine 

crystals [2]. In our case the fungus formation may 

have been avoided as the solution was preheated to 

about 35ᵒC and also the presence of sulphur in the 

compound may have further helped in this direction.  

For structure determination the crystal was subjected 

to powder x-ray diffraction using Panalytical Xpert  

MPO PRO which is highly sophisticated X-ray 

diffractometer system with characteristic CuK-α 

radiation (λ=1.5410A.U). All the major reflection lines 

in the XRD spectra were indexed and the unit cell 

parameters were calculated using the computer 

program POWD-interactive powder diffraction data 

interpretation and indexing software program. 

Version 2.2 (Australia). The chemical composition of 

the LAKS crystal was determined by CHNS analyzer 

(THERMO FINNIGAN, FLASH EA 1112 series). SEM 

and EDAX analysis was done with a scanning electron 

microscope (ZEISS Ultra FESEM). For identifying the 

various functional groups present in the grown 

crystals FTIR and FT-Raman spectroscopic studies 

were carried out. FTIR spectra were recorded in the 

range 4000 - 400cm-1 using a Nicolet MAGMA550 FTIR 

spectrometer with reference to a potassium bromide 

pellet. FT-Raman spectra were recorded in the 

spectral range 4000 – 100cm-1 using BRUKER RFS27: 

stand alone FT-Raman spectrometer. The laser source 

used was ND: YAG 1054nm. Thermogravimetric 

analysis(TGA) and Differential thermal analysis(DTA) 

was carried out simultaneously for determining the 

thermal stability of the material in the temperature 

range 50 - 500ᵒ C in air atmosphere at a heating rate 

10ᵒ C per min. The instrument used was PERKIN 

ELMER, DIAMOND TG/DTA thermal analyzer. 

Linear optical properties of the grown crystals were 

studied using a Perkin Elmer model No.Lamda35 UV-

Vis Spectrophotometer in the range 200nm – 1100nm. 

To confirm the non-linear optical property Kurtz 

powder SHG test was performed on the grown crystal. 

 

III. RESULTS AND DISCUSSION  

 X-ray diffraction studies  

 

                        

 

                          Figure 2. XRD of LAKS crystal  

 

Powder XRD studies of grown LAKS crystal confirms 

the single phase formation with orthorhombic 

symmetry. The estimated crystal parameter are 

a=17.614Aᵒ, b=8.661Aᵒ, c=4.183 Aᵒ with unit cell 

volume=632.87Aᵒ3. The intense xrd peak were 

recorded at 29.70ᵒ C with maximum intensity of 1107 

on (0 2 1) plane (figure 2). 

 

CHNS, SEM and EDAX Analysis 

The chemical composition of the synthesized crystal 

was determined by CHNS analysis. The approximate 

empirical formula is thus established as C3H10N4.K2SO4 

for the crystal. SEM images of figure 3 shows layers 

with formation of crystallites sprinkled over the 

surface layers. Voids are clearly visible making the 

surface uneven. Crystalline formations of aggregates 

have been noted. EDAX spectrum shows peaks for 

potassium, oxygen and sulphur, suggesting thereby 

that the potassium sulphate has formed salt with l-

arginine. 
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Figure 3. SEM and EDAX analysis of LAKS crystal 

 

FT-IR and FT-Raman Analysis 

An attempt has been made to correlate the IR and 

Raman peaks and discuss the vibrational spectra of 

LAKS system (figure 4). It reveals that in the 

crystalline state, the l-arginine molecule is 

deprotonated at the carboxyl group (1605.22cm-1) [1, 3 

4] and protonated at the guanidyl and amino groups 

(1682.56cm-1) [5,6].  An extensive system of hydrogen 

bonding extends throughout the molecule leads to 

deformation of stretching frequencies of NH3+ and 

COO- groups. Hence, LAKS crystal consists of an 

arginine molecule in the ionized form and a sulphate 

ion (982.06cm-1, 983.42cm-1). Lack of any strong IR 

band at 1700cm-1 clearly indicates the existence of the 

COO- ion in zwitterionic form. In the high frequency 

region there is broad band between 3700-2700cm-1. In 

this broad band there are peaks at 3347.76cm-1  due to 

N-H stretching vibrations of amino group and 

2955.42cm-1, 2934.56cm-1, 2870.90cm-1 due to C-H 

stretching vibrations of amino group. The protonation 

of amino group attached to α- carbon atom can be 

proved because of the bands at 1558.87cm-1(NH3+ 

symmetric deformation) at 1682.56cm-1(NH3+ 

asymmetric deformation). The bands at 2085.10cm-1 is 

due to the combination of NH3+ deformation and NH3+ 

torsion and is a very good indicator band for the 

identification of the charged NH3+ group. And a band 

at 454.31cm-1 is due to NH3+ torsion mode. The 

numbers of IR bands arise due to the presence of the 

charged NH3+ group confirm the protonation of the 

amino group in the LAKS crystal. Symmetry 

stretching of SO4 group appears at 1114.47cm-1, 

1106.80cm-1. The frequency bands observed at 

617.27cm-1, 619.28cm-1 are assigned as asymmetric 

bending of the SO4 groups. No bands above 3500cm-1 

indicates the absence of water molecule in the crystal 

which also remains confirmed from the thermal study. 

Raman spectra are seen to be active in region up to 

about 1100cm-1. Most of the IR and Raman peaks in 

region between 600cm-1 to 1100cm-1 show one to one 

match indicating non-centrosymmetric nature.  

     
Figure 4. IR and RAMAN spectra of LAKS crystal 

 

Thermal Analysis 

From the TGA curve of LAKS crystal (figure 5), it is 

observed that the material starts decomposing above 

210ᵒC. No weight loss up till 200ᵒC indicates the 

absence of any physically absorbed or lattice water in 

the grown crystal [7]. Absence of water molecule is 

infact responsible for the long range stability of the 

grown crystals and is also evident from FTIR and FT-

Raman studies. The DTA curve shows endothermic 

broad curve. Thus the grown  crystal are highly stable 

as compared to LAP(111ᵒC),  L-ADP(173.9ᵒC), 
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LAHClBr(92ᵒC), LA-HCl(70ᵒC), LAHBr(110ᵒC), 

LAF(200ᵒC) and LAAC(200ᵒC). 

   

 
Figure 5. TGA and DTA curve              Figure 6.  UV-

VIS spectrum 

of LAKS crystal                       of LAKS crystal 

Linear and Non-linear optical Studies 

The optical absorption spectrum of LAKS crystals of 

figure 6 shows a sharp UV cut-off at 239.57nm and the 

absorption is nearly zero in the entire visible region. 

The observed cut-off wavelength is may be due to 

weak n-п transitions in carboxylate (-COO-) or 

guanidyl (NHC(NH2)-) ions. Wide transparency 

window makes the material useful for NLO studies. To 

check the nonlinear optical property of the grown 

crystal, Kurtz and Perry technique was used [8]. A 

high intensity Nd:YAG laser (λ = 1064nm) with a 

pulse duration of 10ns and beam energy 24mJ per 

pulse was passed through the powdered sample. The 

generation of second harmonic was confirmed by the 

emission of green radiation. SHG efficiency of LAKS is 

found to be 0.39 times that of KDP crystal. 

 

IV. CONCLUSION 

Optically good quality crystals of l-arginine potassium 

sulphate (LAKS) have been grown from aqueous 

solution by slow evaporation technique in about eight 

weeks. XRD studies confirm the crystalline nature 

with orthorhombic structure. SEM and EDAX analysis 

confirms the presence of potassium and sulphur in the 

crystal lattice of l-arginine. The study of FTIR and FT-

Raman spectrum confirms the presence of amino, 

carboxyl and sulphate group in grown crystal. 

Thermal analysis revealed that the compounds are 

thermally stable upto 210ᵒC. Linear optical property 

study revealed a good transparency of 100%. Kurtz 

powder SHG test confirmed the non-linear optical 

behaviour of the LAKS crystals 
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Groundwater near Solid Waste Dumpsite in Kalyan (MS) 
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ABSTRACT 
 

Solid wastes are useless, unwanted or discarded materials that arise from man‘s activities and cannot be 

discarded through sewer pipe. A designated place for dumping of refuse is known as dumpsite. The municipal 

solid waste into our environment has contributed greatly to the increase in levels of heavy metals in soil and 

vegetations grown in dumpsites. Health risks of heavy metals include reduced growth and development, cancer, 

organ damage, nervous system damage, and in extreme cases, death. Dump sites have been identified as one of 

the major threats to groundwater resources. This leachate accumulates at the bottom of the dump site and 

percolates through the soil. Areas near dump sites have a greater possibility of groundwater contamination 

because of the potential pollution source of leachate originating from the nearby site. In the present study, the 

impact of leachate percolation on groundwater quality is estimated from an unlined dump site at Kalyan, 

Maharashtra. Heavy metals are analyzed in well water samples in different seasons to understand the possible 

link of groundwater contamination. The concentrations of heavy metals were determined by ICP OES. 

Keywords: Solid Waste, Dumpsite, Leachate, Percolation, Ground water, Heavy Metals, ICP OES. 

 

I. INTRODUCTION 

 

Water plays an important role for existence of 

mankind. The demand of water is rapidly increasing 

for drinking, irrigation and industrial uses.  Large 

geographical area of Maharashtra State is occupied by 

hard rock.  Kalyan city is nowadays suffering from 

availability of drinking water due to increase in 

population. If water from selected sources, is potable 

then the load on municipal water supply can be 

reduced. According to [11], solid wastes are useless, 

unwanted or discarded materials that arise from man‘s 

activities and cannot be discarded through sewer pipe. 

The non-flowing or sticky nature of solid waste gives 

rise to the accumulation of solid waste on some 

habitable parts of the earth surface. The soil and 

plants on these dumpsites will constitute a serious 

threat to the health of people living around such areas 

[2]. 

  

The placement and compaction of municipal in 

landfills facilitates the development of facultative 

anaerobic conditions that promotes biological 

decomposition of land filled wastes. Hence, leachates 

of diverse composition are produced, depending on 

site construction and operational practices, age of the 

land filled [5]. Solid waste management has become a 

major environmental issue in India. The growth in 

Municipal Solid Waste (MSW) in urban centers has 

outpaced the population growth in recent years. The 

unsanitary methods adopted for disposal of solid 

wastes is, therefore, a serious health concern. Dump 

sites have been identified as one of the major threats 

to groundwater resources [10, 18]. The dumped solid 
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wastes gradually release its initial interstitial water 

and some of its decomposition by-products get into 

water moving through the waste deposit. Such liquid 

containing innumerable organic and inorganic 

compounds is called ‗leachate‘. The impact of dump 

site leachate on the surface and groundwater has 

given rise to a number of studies in recent years [1, 6, 

8, 12, 14, 17]. The disposal of heavy metals is a 

consequence of several activities like chemical 

manufacturing, painting and coating, mining, 

extractive metallurgy, nuclear and other industries. 

Those metals exert a deleterious effect on fauna and 

flora of lakes and streams [9]. The extent of soil 

pollution by heavy metals and base metal ions some of 

which were soil micronutrients is very alarming. It 

has been observed that the larger the urban area, the 

lower the quality of the environment [9]. Heavy 

metals may enter the human body via food, water, air, 

or absorption through the skin in agriculture, 

industrial or residential settings [7, 13].  

 

Kalyan city now a days suffering from availability of 

drinking water. Municipal Corporation of Kalyan is 

not able to supply drinking water for 24 hrs. for the 

city. Kalyan area is rich in ground water level. From 

olden times there are large number of wells which 

were in use. Water from wells near the dumpsite was 

used for various purposes including drinking. There 

are some sources, wells and bore wells which are still 

used by local people.  

 

The present study is aimed at analyzing ground water 

samples at different dumpsites for their heavy metals 

concentration. In the present study, the impact of 

leachate percolation on groundwater quality is 

estimated from an unlined dump site at Kalyan, 

Maharashtra. Heavy metals are analyzed in leachate 

and in well water samples to understand the possible 

link of groundwater contamination. The objective of 

this study is to evaluate the groundwater pollution 

due to the dump site leachate. Such study could aid in 

quantifying information on the environmental impact 

of these metals. The data generated will serve as 

baseline data for future studies which will help in 

suggesting various techniques that could be used to 

clean-up these metals from such harsh environment. 

 

II.  METHODS AND MATERIAL  

 

The quality of the ground waters from wells of five 

areas near Adharwadi Dumpsite of Kalyan where 

ground water is used at a considerable quantity were 

assessed for heavy metals using ‗Standard methods for 

water and waste water treatment‘ [3]. The water 

samples were collected in summer and monsoon 

seasons. Leachate samples were collected from 

dumpsite at Adharwadi, Kalyan, Maharashtra State. 

Five groundwater wells within proximity of 1(one) 

Kms. from dumpsite which are used for drinking were 

selected as representative wells. Three samples were 

obtained from each well at different times. The 

samples were transported to the laboratory for 

analysis. In the determination of the availability and 

composition of heavy metals in the leachates and 

ground water from each sampling station, the 

digestive method, as recommended by [15] was used. 

The procedure was repeated for all the samples. The 

concentrations of heavy metals were determined by 

ICP OES (Agilant Technologies 700 series ICP OES). 

The samples were then analyzed for the metals Lead, 

Iron, Nickel, Cadmium, Chromium and Copper. Each 

sample was analyzed three times and the results are 

expressed as mean ± SD (SD: standard deviation). 

 

III. RESULTS AND DISCUSSION  

 

For the observations Refer Table 1. The graphs 

obtained from the analysis of metal concentrations are 

depicted in the figures 1, 2, 3, 4, 5, 6, 7 and 8 

respectively. 
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Figure 1. Estimation of Lead (Permissible Limit: 

0.01ppm) 

 

The drinking water standard (0.01 ppm) for Lead 

indicates that the water in the wells is highly 

contaminated in terms of Lead Pollution. The Lead 

levels are higher in the summer season than the 

monsoon season indicating dilution of well water in 

monsoon. When compared to lead present in leachate, 

the lead is more in summer as well as monsoon than 

the leachate. Out of the five wells only Well No. 3 and 

Well No.5 show high lead concentrations in monsoon. 

In Well No. 2 the lead levels are below detectable 

limits.  

 

The risk of Lead poisoning through the food chain 

increases as the soil lead levels. [16]  

 
Figure 2. Estimation of  Iron (Permissible Limit: 0.3 

ppm) 

 

The drinking water standard (0.3 ppm) for Iron 

indicates that the water in the wells is contaminated 

in terms of Iron Pollution. The Iron levels are higher 

in the summer season than the monsoon season 

indicating dilution of well water in monsoon. When 

compared to iron present in leachate, the iron present 

in well water is more or less of similar concentration 

as the leachate, except in Well No. 5 where the iron 

concentration is extremely high. Out of the five wells 

only Well No. 3 and Well No.5 show lesser iron 

concentrations in monsoon. In Well No. 2 the iron 

levels are below detectable limits. 

 

Iron may be hazardous to the environment; special 

attention should be given to plants, air and water. It is 

strongly advised not to let the chemical enter into the 

environment because it persists in the environment.  

 
Figure 3. Estimation of Nickel (Permissible Limit: 0.02 

ppm) 

 

The drinking water standard (0.02 ppm) for Nickel 

indicates that the water in the wells is highly 

contaminated in terms of Nickel Pollution. The Nickel 

levels are higher in the summer season than the 

monsoon season indicating dilution of well water in 

monsoon. When compared to nickel present in 

leachate, the Nickel concentration is more in leachates 

as compared to well water except in Well No. 4, 

where the concentrations are similar in both. Out of 

the five wells, only Well No. 3 and Well No.5 show 

higher nickel concentrations in monsoon. In Well No. 

2 the nickel levels are below detectable limits both in 

summer and monsoon. The highest concentration of 

nickel is more in Well No. 4. Acid rain increases the 

mobility of nickel in the soil and thus might increase 

nickel concentrations in groundwater [13]. 
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Figure 4. Estimation of Cadmium (Permissible Limit: 

0.003 ppm) 

The concentration of cadmium in all wells is below 

detectable limits and permissible limits in all seasons 

with an exception. Only in Well No. 3 the cadmium 

limits are higher and reach 0.006 ppm in the summer 

season. The cadmium limits in leachates is also below 

detectable levels. 

 

Cadmium (Cd) leaching to water from contaminated 

soil is very low although it varies from soil to soil 

depending upon the textural and chemical properties 

which is evident in the above result showing 

concentrations below detectable levels. 

 
Figure 5. Estimation of Chromium (Permissible Limit: 

0.05 ppm) 

 

The drinking water standard (0.05 ppm) for 

Chromium indicates that the water in the wells is 

highly contaminated in terms of Chromium Pollution. 

The Chromium levels are highest in the summer 

season in Well No. 4. Out of the five wells, the 

chromium concentrations above permissible limits in 

monsoon are found only in Well no. 3 and Well no. 5. 

Comparing the concentrations in summer and 

monsoon, in Well No. 3 the concentrations in 

monsoon are slightly higher than in summer.  When 

compared to chromium present in leachate, the 

chromium is more in leachates in summer and 

monsoon, except in well no. 4. In Well No. 2 the 

chromium levels are well below detectable limits both 

in summer and monsoon. 

 

Soluble and un-adsorbed chromium complexes can 

leach from soil into groundwater. This can be 

indicated in increased levels of chromium in the 

ground water which may be possible due to leaching 

from the dumpsite leachates. 

 

 
Figure 6. Estimation of Copper (Permissible Limit: 

0.05 ppm) 

The drinking water standard (0.05 ppm) for Copper 

indicates that the water in the wells is highly 

contaminated in terms of Copper Pollution. The 

Copper levels are higher in the all wells except Well 

No. 2, the highest concentration being in Well No. 4. 

Out of the five wells, the Copper concentrations above 

permissible limits in monsoon are found only in Well 

No. 3 and Well No. 5. When compared to Copper 

present in leachate, the Copper is more or less similar 

to the summer concentration levels except in Well No. 

4 where it is highest. In Well No. 2 the chromium 

levels are well below detectable limits both in summer 

and monsoon. 
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In the soil, Cu strongly complexes to the organic 

fraction implying that only a small fraction of copper 

will be found in solution as ionic copper, Cu(II).

  

 
Figure 7. Comparison of all metals in Summer 

 

 
Figure 8. Comparison of all metals in Monsoon 

 

The overall analysis of metals indicates that Iron is 

present in higher concentrations compared to other 

metals. Cadmium is below detectable limits in all 

wells. Well No. 3 and 5 are more contaminated than 

the other wells as contamination is observed even in 

monsoon season indicating lesser dilution. Well No. 2 

does not show any metals contamination indicating its 

usefulness. The metal contamination is observed more 

during summer than in monsoon for the wells. The 

percolation of metals from the leachates of the 

dumpsite to the wells is a possible reason for increase 

in metal concentrations. 

 

IV. CONCLUSION 

 

All the wells are being used for water usage by the 

local people. Presence of these heavy metals in ground 

water is showing the serious toxic risks of 

contamination due to percolation of leachate.  

 

From the groundwater monitoring it is clearly evident 

that the leachate generated from the dumping site is 

affecting the groundwater quality in the adjacent areas 

through percolation in the subsoil. Therefore, some 

remedial measures are required to prevent further 

contamination. This can be achieved by the 

management of the leachate generated within the 

dumping site. Leachate management can be achieved 

through effective control of leachate generation, its 

treatment and subsequent recycling throughout the 

waste. 

 

Adharwadi dumping site will soon be closed for MSW 

disposal since it has already received waste beyond its 

capacity. Remedial measures should be considered by 

taking this into account. Adharwadi dumping site is 

non-engineered landfill. It is neither having any 

bottom liner nor any leachate collection and 

treatment system. Therefore, all the leachate 

generated finds its paths into the surrounding 

environment. In such conditions only feasible options 

that could be followed are to limit the infiltration of 

the water through the landfill cover by providing  

impermeable clay cover. Due to this less water will 

enter and subsequently less leachate will be generated, 

thereby reducing the amount of leachate reaching the 

landfill base. 
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Table 1. Concentrations of Metals analyzed from water of the five wells and three sampling points of leachate 

collected from the Dumpsite. 

 

 

 

Summer 

  

Well 

No. Conc. of Pb  Conc. of Fe  Conc. of Ni  Conc. of Cd  Conc. of Cr  

Conc. of 

Cu  

Well 1 0.78 ± 0.02 

3.43 ± 

0.026 0.06 ± 0.011 0.0006 ± 0 0.22 ± 0 0.2 ± 0.025 

Well 2 

0.004 ± 

0.002 

0.01 ± 

0.002 

0.0049 ± 

0.0002 0.0006 ± 0 

0.002 ± 

0.0002 

0.002 ± 

0.001 

Well 3 0.68 ± 0.03 

6.47 ± 

0.026 0.06 ± 0.02 0.006±0.001 0.19 ± 0.005 0.13 ± 0.02 

Well 4 0.87 ± 0.02 5.73 ± 0.06 0.1 ± 0.057 0.0006 ± 0 0.25 ± 0.023 0.49 ± 0.02 

Well 5 0.72 ± 0.02 

14.64 ± 

0.23 0.07 ± 0.02 0.0006 ± 0 0.21 ± 0 0.2 ± 0.1 

 

 

Monsoon 

  

Well 1 

0.004 ± 

0.002 

0.007 ± 

0.002 

0.0049 ± 

0.0005 

0.0006 ± 

0.0001 

0.002 ± 

0.0002 

0.002 

±0.0007 

Well 2 

0.004 ± 

0.002 

0.006 ± 

0.002 

0.0049 ± 

0.0009 0.0006 ± 0 

0.002 ± 

0.001 

0.004 ± 

0.002 

Well 3 0.52 ± 0.03 

4.79 ± 

0.055 0.05 ± 0.02 0.0006 ± 0 0.2 ± 0.057 0.13 ± 0.01 

Well 4 

0.004 ± 

0.002 

0.008 ± 

0.002 

0.0049 ± 

0.0009 

0.0006± 

0.0001 

0.002 

±0.00048 0.03 ± 0 

Well 5 0.75 ± 0.21 

3.35 ± 

0.158 0.05 ± 0.025 

0.0006 ± 

0.0002 0.14 ± 0.02 0.15 ± 0.02 

 

Leachate 

  

Point 1 0.49 ± 0.02 9.88 ± 0.79 0.11 ± 0.037 

0.0006 ± 

0.0001 0.19 ± 0.02 

0.17 ± 

0.015 

Point 2 0.69 ± 0.09  7.08 ± 0.74 0.12 ± 0.02 0.0006 ± 0 0.23 ± 0.02 0.19 ± 0 

Point 3 0.49 ± 0.05 7.56 ± 0.46 0.1 ±0.03 

0.0006 ± 

0.0001 0.2 ±  0 

0.17 ± 

0.0057 
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ABSTRACT    

 

The thermophiles are adapted to the environment containing sulfate and other heavy metals, its potential use in 

bioremediation will be significant. There are various compounds or substances that are responsible for 

bioremediation. Depending upon the microorganisms, the bioremediation processes can be due to proteins and 

enzymes that are responsible for carrying out this process or other factors like extracellular polymeric 

substances (EPS).  Quantitative and qualitative determination of biomolecules and microbial assisted 

phenomena by spectroscopy is a pioneer approach.  This research presents the features of protein and EPS from 

thermophiles with a view to establish their role as central elements in bioremediation of heavy metals. A 

coordinated physicochemical analysis of water and molecular survey of microbes was conducted for 

Vajreshwari and Ganeshpuri hot springs. The results of this study expands the current understanding of the 

microbiology in Vajreshwari and Ganeshpuri hot springs and provide a basis for comparison with other 

geothermal systems around the world. The study will aid in engineering the extracellular polymeric substances 

with enhanced characteristics of metal sorption for effective bioremediation of heavy metals of environmental 

concern. 

Keywords: Thermophiles, Extracellular Polymeric Substances, Spectroscopic Techniques, Metal Ions. 

 

I. INTRODUCTION 

Microbes are the most fascinating group, with huge 

diversity devising myriad functional applications in 

the field of medicine, pharmaceuticals, environmental 

remediation, and industries. Quantitative and 

qualitative determination of biomolecules and 

microbial assisted phenomena by spectroscopy is a 

pioneer approach. It facilitates the study of atomic and 

molecular geometries, energy levels, chemical bonds, 

and interactions between molecules and microbes.  

The thermophiles are adapted to the environment 

containing sulfate and other heavy metals, its 

potential use in bioremediation will be significant. 

There are various compounds or substances that are 

responsible for bioremediation. This research presents 

the features Extrapolymeric substances (EPS) from 

thermophiles with a view to establish their role as 

central elements in bioremediation of heavy metals. 

Most of the strains are able to produce extracellular 

polymeric substances (EPS) mainly of polysaccharidic 

nature comprising polysaccharides, proteins, nucleic 

acids, uronicacids, humic substances, lipids, etc (De 

Philippis & Vincenzini, 2003; Pereira et al., 2009).  A 

coordinated physicochemical analysis of water and 

molecular survey of microbes was conducted for 

Vajreshwari and Ganeshpuri hot springs. The study 

will aid in engineering the extracellular polymeric 
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substances with enhanced characteristics of metal 

sorption for effective bioremediation of heavy metals 

of environmental concern. 

 

II. METHODS AND MATERIAL  

 

1. Sampling and media for isolation of                

thermophiles: 

Water samples were collected from seven different 

hot springs (fromVajreshwari&Ganeshpuri, Thane) 

Mumbai. Surface water samples were taken from the 

Hot Springs using a grab sampler. A 500-ml plastic cup 

attached to a 2-m pole was dipped into the water 

twice to rinse it. The sample was then transferred to a 

clean, new, polyethylene container with a snap-on lid. 

The temperature of the sample was taken with a 

laboratory thermometer and recorded. All samples 

were taken on the same day to prevent discrepancies 

due to sample date. Samples were kept cool during 

transport to the laboratory and processed within 12 h 

of collection (Vieille C. 1996). 

Bacillus Medium described by Postgate (1969) was 

used for routine stock maintenance and all 

enrichment culture studies. 

Bacillus Medium contained (g/ Lit.: Soluble starch – 

30.0 g, Agar – 20.0 g, Peptone – 5.0 g, Yeast Extract – 

5.0 g, Distilled Water – 1000 ml, pH 7.5 ± 0.2 (45°C). 

Colonies were isolated from anaerobic roll tubes 

(Hungate et. al. 1969) containing Medium and 4% 

(w/v) purified agar. Stock cultures of all strains were 

prepared from single isolated colonies that 

proliferated on transfer in Media. All stock cultures 

were incubated at 50°C. Cultures were routinely 

checked for contamination (Zeikuset, al. 1979). 

2. Screening for Maximum Tolerance capacity for 

Bioremediation: 

All Strains isolated during the course of study were 

investigated for their maximum tolerance capacity 

towards bioremediation. The screening was done by 

using 500ppm of heavy metals containing 5 specific 

heavy metals i.e. Cd, Cr, Cu, Fe, Zn (5 heavy metals 

were chosen as these are common pollutant in 

industrial wastewater).  

3. Bioremediation efficiency by Atomic Adsorpption 

Spectroscopy: 

 

100 ml Sterile Nutrient broth containing 500 ppm of 

Cd2+,Cr2+,Cu2+,Fe2+and Zn2+were prepared and were 

inoculated with 24 hour old culture suspensions of all 

the five bacterial isolates namely SZP 16 and SZP 18. 

The inoculated flasks were kept at 45oC±2oC for 24 hrs. 

After that, the broths were centrifuged at 6000 rpm 

for 20 minutes (Sinha and Khare, 2012). The 

supernatant was analyzed for residual heavy metal by 

ICP-AES (At SAIF,IIT, Powai, Mumbai, M. S.). 

4. Strain identification by 16s rRNA Method: 

The isolated colonies showing high tolerance to heavy 

metals were sequenced for its conserved sequences 

and analysed for partial 16s rRNA by geneOmbio, 

Pune, Maharashtra. The predicted 16S rRNA 

sequences from this study were compared with 16S 

rRNA sequences in a BLASTable database constructed 

from sequences downloaded from the Ribosomal 

Database Project (release 8.1; 

http://rdp8.cme.msu.edu). Comparisons were made 

using the program BLAST 

(ftp://ftp.ncbi.nih.gov/BLAST/executables/LATEST/) 

and a FASTA-formatted file containing the predicted 

16S rRNA sequences. All the sequences were 

deposited into NCBI database. 

5. Application of FTIR Spectroscopy for studying 

mechanism  involved in Bioremediation : 

 

The effects of different heavy metals in the 

growth/survival of the selected isolates leads to 

production of  EPS. The qualitative and quantitative 

analysis of EPS and their functional group can be 

easily studied by FTIR. 
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The thermophiles isolated from hot water springs of 

Vajreshwari and Ganeshpuri, Thane, Maharashtra, 

were studied for the effect of heavy metals on the EPS 

production. And comparison of EPS production from 

control and treated isolates were studied qualitatively 

and quantitatively by FTIR analysis. 

The protein contents of EPS and total neutral- 

carbohydrate content were confirmed by FTIR 

analysis. FT-IR analysis of the bacteria is required to 

know and to confirm the chemical bonds that played a 

role in the Bioremediation of metal.  

 

III. RESULTS AND DISCUSSION  

 

1. Characterization of in situ Bioremediation: 

Microbial heavy metal reduction at high temperatures 

was studied at several sites in Vajreshwari & 

Ganeshpuri hot springs. Enrichment cultures were 

initiated with Bacillus Medium. After incubation of all 

enrichments for 6 d at in situ temperature, the 

cultures formed a dense colonies (table 1). 

 

 

2. Bioremediation 

The MTC for both the strains for bioremediation of 

heavy metals were found to be above 1000 ppm (Table 

2), 

 

3. Bioremediation efficiency: 

The bioremediation of heavy metals were determined 

by ICP-OES, at SAIF, IIT, Powai, Mumbai, M. S. 

(Table 3). The data from statistical analysis at 95% 

confidence limit showed that there is no significant 

difference in heavy metal (Cd2+,Cr2+,Cu2+,Fe2+and Zn2+) 

bioremediation potential of all the selected isolates 

(SZP 16 and SZP 18). Thus, either of the isolate can be 

used for bioremediation of heavy metals 

(Cd2+,Cr2+,Cu2+,Fe2+and Zn2+). 

 

Table 1: Colony characteristics of selected isolates 

 

Isolate Size Shape Colour Consistency Opacity Gram nature Motility 

SZP 16 Pin point Irregular Colourless Butyrous opaque Gram Positive 

Bacilli   

NM 

SZP 18  3 mm Irregular Dull 

white 

Butyrous Transparent Gram Positive 

Cocci  

NM 

 

Isolate Table 2: Analysis of Maximum Tolerance Capacity for Heavy metals  by 

AAS (concentration in ppm) 

   Cd  Cr  Cu  Fe  Zn  

SZP 16  3990 4380 3454  2944  4290  

SZP18  2777 3908  3889  2789  4209 
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Table 3. Heavy metal reduction by selected isolates for 

standard 

Me

tal 

Metal removal (%) after 24 hrs.  

 SZP 4 SZP 8 SZP 12 SZP 16 SZP 18 

Cd B66.00

c±1.8 

B64.00

c±2.8 

A54.00

e±2.6 

A59.30

e±2.8 

A44.00

d±1.2 
Cr A45.80

d±3.0 

A78.20

e±1.8 

A41.30

d±2.3 

B78.60

e±1.3 

B61.60a

±2.9 
Cu C57.40

e±1.5 

D51.00

e±2.8 

B64.20a

±1.4 

A51.00

e±2.6 

A52.20

e±2.2 
Fe A50.20

c±1.2 

C29.00

b±2.8 

B60.80

d±2.4 

A58.80

c±1.2 

B53.60

c±2.0 
Zn B64.00a

±2.4 

A44.60

a±1.4 

C32.00

b±2.2 

C58.60

a±1.8 

A37.40

b±1.2 
Key : Values are mean ± S. D. (n=3) 

 

4. Identification of selected thermophiles by 16s 

rRNA :  

The selected five strains were sequenced for 16s rRNA 

(Table 4.4). After comparing the sequence using 

BLAST database, genus and species were confirmed. 

These sequences were deposited in NCBI database and 

has been given specific strain name (Table 4).  

 

5. FTIR analysis of EPS: 

Qualitative and quantitative analysis of protein and 

carbohydrate was carried out by biochemical method 

and was confirmed by FTIR (Table 5 and 6, fig. 1, 2, 3 

and 4). FT-IR analysis of extracted EPS was carried 

out and intensity of peaks was compared with that of 

control spectra (Table 7). The most remarkable 

difference between the control and test spectra was at 

intensity of 1600-1700 cm-1 and 2500 cm-1 

representing hydroxyl (-OH) and amine (-NH2) group 

respectively. This signifies the involvement and 

changes that occurs during Bioremediation of heavy 

metals by EPS isolated from the selected isolates (Fig. 

5 and 6).   

 

 

Table 4: NCBI Accession Number of identified strains: 

Thermophile Strain name Accession number 

Geobacillus  stearothermophilus (SZP 16)  BHALPRAVIN  KM527211 

Streptococcus  thermophiles (SZP 18)  ROHANMANALI  KM527213 

 

Table 5: Protein concentration (µg /ml) Before and after exposure of each heavy metal  

Isolate  Contr

ol  

Cd+2  Cr+2  Cu+2  Fe+2  Zn+2  Mixed  

SZP 16  28±1.5  35±1.6 39±1.3  35±2.0  41±1.9  30±1.0 35±2.0 

SZP 18  27±2.8  32±1.1  40±1.8  32±1.5  38±2.1 32±2.6 38±2.1 
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Table 6: Carbohydrate concentration (µg /ml) Before and after exposure of each heavy metal  

Isolate  Contr

ol  

Cd+2  Cr+2  Cu+2  Fe+2  Zn+2  Mixed  

SZP 16  25±2.8  35±2.8  38±2.8  35±2.8  39±2.8  31±2.8  31±2.5  

SZP 18  29±2.8  30±2.8  38±2.8  30±2.8  36±2.8  30±2.8  36±2.8  

 

Table 7: Summary of involvement of EPS in Bioremediaition of heavy metal analysed by 

FTIR 

Isolate Cd Cr Cu Fe Zn 

SZP 16 Yes Yes Yes Yes Yes 

SZP 18 Yes Yes Yes Yes Yes 

 

 

 

 

 
Figure  1. Protein Concentration before and after 

treatment for SZP 16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figuer 2. Carbohydrate Concentration before and after 

treatment for SZP 16 
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Figure 3. Protein Concentration before and after 

treatment for SZP 16 

 

 
 

Figure 4. Carbohydrate Concentration before and 

after treatment for SZP 18 

 

 
Figure 5. Protein Concentration before and after 

treatment for SZP 18 

 
Figure 6. FTIR analysis of EPS production by SZP 18 

 

IV. CONCLUSION 

Above studies on tnteractions between metal and 

EPS produced by selected isolates have established 

the phenomenon of bioremediation of toxic heavy 

metal by EPS which plays a central role. Study has 

developed a simple model system which will provide 

an insight into the basic mechanism(s) of EPS-metal 

binding, highlight the specific role of each EPS 

component including proteins and carbohydrates 

and justify the interaction(s) amongst the 

components thereof. The study will aid in 

engineering the extracellular polymeric substances 

with enhanced characteristics of metal sorption for 

effective bioremediation of heavy metals of 

environmental concern. The  research  summarizes 

traditional spectroscopic techniques used for the 

study of microbes and microbial-assisted products as 

well as illustrates its application in the field of 

microbial diversity and remediation.  

 

V. REFERENCES 

[1]. Baptista, M. S., Vasconcelos, M. T. 

Cyanobacteria metal interactions: 

requirements, toxicity, and ecological 

implications. Crit. Rev Microbiol, 2006. 

32:127–137. 

[2]. Buchanan RE, Gibbons N.Bergey’s manual of 

determinative bacteriology. (Eighth edition), 

The Williams and Wilkins Co., Baltimore, 

1974, 747-842. 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 
 

168 

[3]. Burnat, M., Diestra, E., Esteve, I., Sole, A. In 

situ determination of the effects of lead and 

copper on cyanobacterial populations in 

microcosms. PLoS ONE 4, 2009. e6204. 

[4]. C. Selle, W. Pohle, H. Fritzsche, Progress in 

Fourier Transform Spectroscopy, J. Mink, G. 

Keresztury, R. Kellner (Eds.), Mikrochim. 

Acta. 1997. 14 449-450 Supplimentry issue. 

[5]. De Philippis, R., Paperi, R., Sili, C., 

Vincenzini, M. Assessment of the metal 

removal capability of two capsulated 

cyanobacteria, Cyanospira capsulata and 

Nostoc PCC7936. J. Appl. Phycol. 2003. 15: 

155–161. 

[6]. Fabienne, F., Carine, L., Jean-Michel, G., 

Paul, S., Florence Brian-Jaisson, Grégory M., 

Manon, Daniel G., Anne-Laure M.,David, P., 

Jean, P., Séverine, Z., Sylvie, R. Isolation and 

Characterization of Environmental Bacteria 

Capable of Extracellular Bisorption of 

Mercury. Applied and Environmental 

Microbiology. 2011. 1097–1106. 

[7]. Fiore, M. F., Trevors, J. T. Cell composition 

and metal tolerance in cyanobacteria. 

Biometals. 1994. 7:83–103. 

[8]. Gadd G M. Micrbiol. 2010, 156: 609-643. 

[9]. Heng, L. Y., Jusoh, K., Ling, C. H. M., Idris, 

M. Toxicity of single and combinations of 

lead and cadmium to the cyanobacteria 

Anabaena flos-aquae. Bull Environ Contam 

Toxicol. 2004. 72:373–379. 

[10]. Nies, D. H. c. Microbial heavy-metal 

resistance in prokaryotes. FEMS 

Microbiologcal Reviews. 1999, 27: 313-339. 

[11]. Patil Sonali, Geetha Unnikrishanan. 

“Isolation, characterization and 

identification of heavy metal tolerating 

thermophiles from hot water spring”, 

European Journal for Biotechnology and 

Biosciences. 2015, Volume: 3, Issue: 7, 17-22. 

[12]. Patil Sonali. “Factors responsible for 

bioremediation in thermophiles”. Photon 

Journal of Microbiology, 2017, Photon, 110, 

283-286. 

[13]. Pereira, S., Ernesto, M., Andrea, Z., Arlete, 

S., Pedro, M., Paula T.,De Philippis R. Using 

extracellular polymeric substances (EPS) 

producing cyanobacteria for the 

bioremediation of heavy metals: do cations 

compete for the EPS functional groups and 

also accumulate inside the cell? 

Microbiology, 2011, 157:451–458. 

[14]. Roy, S., Ghosh, A. N., Thakur, A. R. 

Uptake of Pb2+ by a cyanobacterium 

belonging to the genus Synechocystis, 

isolated from East Kolkata Wetlands. 

Biometals. 2008. 21:515–524. 

[15]. W. Babel, A. Steinbuochel (Eds.), Advances 

in Biochemical Engineering/Biotechnology 

Biopolyesters, 2001. Vol. 71, Springer, 

Berlin, Heidelberg, pp. 51-79 See also pages 

81-123, 125-135 

 



IJSRSET185431 | Published : 28 February 2018 | January-February-2018 [(5) 4 : 169-174 ] 

National Conference on 'Advanced Analytical Tools for Materials Characterization' (AATMC-2018) 

© 2018 IJSRSET | Volume 5 | Issue 4 | Print ISSN : 2395-1990 | Online ISSN : 2394-4099 

Themed Section: Science and Technology 

 

169 

 

Cauliflower Leaves, an Agro waste : Characterization and its 
Application for the Biosorption of Copper, Chromium, Lead 

and Zinc from aqueous solutions 
Vandana Gupta*1, Sandesh Jaybhaye2. Naresh Chandra3 

*1  Department of Biotechnology, B.K. Birla College of Arts, Science and Commerce, Kalyan, Maharashtra, India 
2Department of Chemistry, B.K. Birla College of Arts, Science and Commerce, Kalyan, Maharashtra, India  

3 Department of Botany, B.K. Birla College of Arts, Science and Commerce, Kalyan, Maharashtra, India 

 

 

ABSTRACT 
 

Cauliflower leaves being non-edible, is frequently discarded from vegetable markets and it forms a part of 

Municipal Solid Wastes. The present study focuses on using the cauliflower leaves as a biosorbent for the 

removal of heavy metals Copper, Chromium, Lead and Zinc from spiked solutions of known concentrations as 

well as from industrial effluents using batch method. The pH, bulk density, ash content, and iodine index of the 

cauliflower leaves powder were calculated and further characterizations of the leaves like surface morphology 

and functional groups present on the surface of the biosorbent were carried out using E-SEM and FT-IR 

respectively. The heavy metal concentrations in the solutions were found out using ICP-AES analysis. After the 

biosorption process, the removal of heavy metals was found to be 80.43%, 57.26%, 99.39% and 69.91% for 

Copper, Chromium, Lead and Zinc respectively from spiked solution at pH 7 after adding 1% adsorbent dose at 

30oC temperature for 60 minutes. The biosorption was also carried out for effluents collected from industries 

like powder dusting, chemical, electroplating, paper mill and textile industry and removal of all four metals 

were found to be in the range of 26% to 100% after biosorption process. Characterization of the biosorbent by 

FTIR showed the presence of various functional groups like hydroxyl, aliphatic methylene group, aromatic 

groups, etc. which might have involved in interacting/ binding to metal ions. The SEM images of the material 

showed distinct changes in the surface morphology after interacting with the metal solutions which may be due 

to metal stress on the biosorbent.  

Keywords: Biosorption, pH, bulk density, Ash content, Iodone Index, ICP-AES, FT-IR, SEM 

 
I. INTRODUCTION 

 

 

 

Most of the industries in India are situated along the 

banks of the river for easy source of water and also for 

discharge of their effluents. According to Central 

Pollution Control Board (CPCB) report, Maharashtra 

state has the largest number of polluted river water 

stretches in the country. The industries contributing 

to such pollution include petrochemical industries, 

sugar mills, distilleries, leather processing industries, 

paper mill, agrochemicals and pesticides 

manufacturing industries and pharmaceutical 

industries. The wastes often contain a wide range of 

contaminants such as petroleum hydrocarbons, 

chlorinated hydrocarbons, toxic metals, various acids, 

alkalis, dyes and other chemicals. Hence there is a 

need for extensive monitoring of discharged industrial 

effluents which has the potential to pollute the nearby 

water bodies like rivers or creeks [1]. Environmental 

pollution particularly from heavy metals and minerals 
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in the wastewater is the most serious problem in 

India. Due to extensive anthropogenic activities such 

as industrial operations particularly mining, 

agricultural processes and disposal of industrial waste 

materials; their concentration has increased to 

dangerous levels [2]. In most wastewaters, the 

concentration of heavy metals present is much larger 

than the safe permissible limits [3]. The heavy metals 

from waterbodies may accumulate in the body of flora 

and fauna and later on may pass through the food 

chain into the plants, fishes and human beings. These 

toxic metals enter the human body mostly through 

food and water. However, it also enter through 

inhalation of polluted air, use of cosmetics, drugs, 

poor quality herbal formulations (herbo-mineral 

preparations) and Unani formulations. In humans, 

heavy metal toxicity can cause chronic degenerative 

diseases like mental disorders, pain in muscles and 

joints, gastro intestinal disorders and vision problems. 

Genotoxicity and cancer can also occur. Sometimes 

the symptoms are vague and difficult to diagnose at 

early stage [4]. 

Over the decades, several methods have been devised 

for the treatment and removal of heavy metals. The 

commonly used procedures for removing metal ions 

from aqueous streams include chemical precipitation, 

lime coagulation, ion exchange, reverse osmosis and 

solvent extraction. But all these methods show 

disadvantages like incomplete metal removal, high 

reagent and energy requirements, generation of toxic 

sludge or other waste products that require careful 

disposal [5]. The search for new technologies 

involving the removal of toxic metals from 

wastewaters has directed attention to biosorption, 

based on metal binding capacities of various biological 

materials.  Biosorption can be a cost-effective 

treatment method that is capable of removing heavy 

metals from aqueous effluents [6]. Several researchers 

have reported the removal of heavy metal through 

algae, marine algae, bacteria, yeast and higher plants 

in immobilized as well as in free state [7][8]. The fins 

of Catla catla fishes were found to be successful in 

adsorbing copper, chromium, lead and zinc from 

different industrial effluents [9]. The present work 

focusses on using one of the commonly discarded 

vegetable wastes, cauliflower leaves for the 

biosorption of heavy metals from industrial effluents. 

 

 

II.  MATERIALS AND METHODS  

 

A. Preparation of Biosorbent 

The Cauliflower Leaves (CL) was collected from local 

vegetable market situated in Andheri, Mumbai, M. S. 

India. The CL was washed with tap water for multiple 

times followed by thrice washing with distilled water 

to remove adhering dust particles. The washed leaves 

were then oven dried at 80oC till crispy. The dried 

materials were grounded into fine powder using 

kitchen mixer grinder. The powdered CL was then 

stored in polythene bags till further use. 

 

B. Preparation of metal solutions 

Stock solutions (1000 mg/l) of heavy metals were 

prepared by dissolving analytical grade of respective 

metal salts like CuSO4.5H2O, K2CrO4, Pb(NO3)2 and 

ZnO, in deionized water. The working standard 

solution (50 mg/L) was prepared by diluting stock 

solution to appropriate volumes. 

 

 

C. Treatment of metals solutions with CL powder  

The biosorption process was carried out for four toxic 

heavy metals (Copper, Chromium, Lead, Zinc). 100 ml 

of 50 mg/L solution of each metal concentration were 

treated with 1% of biosorbent at pH 7 for 60 minutes 

at 30oC with occasional stirring. The solution was then 

filtered using Whatmann filter paper No. 1. The metal 

concentration of the filtrate was then carried out 

using ICP-AES at SAIF Dept. IIT Bombay.  

 

D. Treatment of industrial effluents with CL powder 

The effluents samples were collected from different 

industries like paper mill, chemical industry, 

electroplating industry, powder dusting industry and 

textile industry situated in the Navi Mumbai MIDC 
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areas. The effluent samples were stored in polythene 

bottles till further use. The metal concentration in the 

industrial effluents was found out using ICP-AES at 

SAIF Dept. IIT Bombay.  

 

E. Calculation of efficiency of biosorption  

Percentage of metal removal was calculated as follows: 

Metal Removal (%) = 100 (Co-Ce) 

                                    Co 

Where Co is the initial metal concentration (mg/l), Ce 

is the final metal concentration after biosorption 

(mg/l). 

 

F. Characterization of Cauliflower Leaves 

The pH, bulk density, ash content and iodine index of 

cauliflower leaves were calculated as per protocols 

mentioned in [10].  

1) pH of the biosorbent: One gram of biosorbent 

was added to 100ml of deionized water in a conical 

flask. The mixture was stirred for 15-20 minutes and 

filtered. The pH of the filtrate was determined using 

pH meter. 

 

 

2) Ash Content: The ash content was determined 

by heating one gram of each sample in muffle furnace 

set at temperature of 500oC for two hours. The 

materials were allowed to cool in desiccators for 

several minutes. Then ash content (%) was estimated 

using following formula:  

Ash Content = W2 – W0   x 100 

                     W1 – W0 

Where W0 – Weight of empty crucible (gm) 

           W1 – Weight of empty crucible + biosorbent 

(gm) 

           W2 – Weight of empty crucible + ash (gm) 

 

 

3) Bulk Density: The bulk density was 

determined by measuring the 10ml capacity of dried 

cylinder and sample was packed inside the cylinder 

and weighed. The difference in the weights gave the 

mass of the biosorbent. Bulk density of the sample was 

calculated using the following formula: 

Bulk density (gm/l) = M2 – M1 

                                         V 

Where M2 – mass of cylinder + sample 

           M1 – mass of empty cylinder 

            V – Volume of cylinder 

 

4) Iodine number (or iodine index): 0.1 g of 

biosorbent was placed with 25 mL of iodine solution 

in a 250 mL conical flask and was shaken for 1 min. 

After that the solution was filtered and 10 mL of the 

filtrate was taken in a conical flask. The solution was 

titrated with 0.01 N sodium thiosulfate solution until 

it become clear. The iodine number of the biosorbent 

was determined by using the formula as follows. 

Iodine number = V * (Ti – Tf) * Ci * Mi 

                                         Ti * g 

Where V- The volume of iodine solution (25 mL)  

            Ti-The volume of sodium thiosulfate solution 

used for the titration of 10 mL iodine solution  

             Tf -The volume of sodium thiosulfate solution 

used for the titration of 10 mL filtrate 

             g- Represents the weight of adsorbent (0.1 g) 

             Mi- the molar weight of iodine (126.9044 

g/mol) 

             Ci is the concentration of iodine solution (0.01 

N)  

 

5) Fourier Transformed InfraRed (FT-IR) 

Spectroscopy: The FTIR study was carried by using 

potassium bromide (KBr) disc method over the 

wavelength region 4,000cm−1 to 400cm−1 to determine 

the presence of functional groups present on the 

biosorbent. The ratio of sample: KBr was maintained 

as 1:10. The FTIR spectra were recorded on a FTIR 

spectrophotometer – FT/IR – 4100 type A 

(C208161016) using a standard light source and TGS 

detector at Department of Chemistry, Birla College, 

Kalyan. 

 

6) Environmental Scanning Electron Microscopy 

(E-SEM): The surface morphology of the biosorbent 
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before and after heavy metals adsorption were 

observed using Environmental Scanning electron 

microscopy (E-SEM) at IIT-Bombay. The powdered 

samples were placed on the sample stubs. The samples 

were then dried under IR light for 2-3 minutes 

followed by platinum coating for 600 seconds using 

JEOL JFC-1600 Auto fine Coater. Samples were then 

scanned using FEI QUANTA 200 E-SEM operating at 

15 kV. The image analysis of the biosorbents were 

carried out under 2500x magnification. 

 

III. RESULTS AND DISCUSSION  

The cauliflower leaves (CL) as a biosorbent showed 

adsorption of all four metals (Cu, Cr, Pb and Zn) 

under the given conditions. The efficiency of CL for 

biosorption varied for all four metals which was 

calculated in the form of percent removal (Table 2). 

Also, the characteristics of Cauliflower leaves were as 

follows: 

Table 1. Characterisitics Of Cauliflower Leaves 

Characteristics Cauliflower 

leaves 

pH 7 

Ash content (%) 10.5263 

Bulk density 

(gm/ml) 

0.2887 

Iodine Index 

(mg/gm) 

368.9081 

     

Table 2. Percent Removal Of Heavy Metals From 

Spiked Samples And Industrial Effluents 

Industry % Removal of Heavy Metal 

Copp

er 

Chromi

um 

Lea

d 

Zinc 

Spiked 

Sample 

52.03 47.84 72.0

8 

47.3

1 

Powder 

Dusting 

-- 100 18.9

3 

99.2

9 

Electroplatin

g 

40.84 31.23 55.8

2 

53.6

5 

Paper Mill 100 -- 19.6 84.0

8 2 

Textile 100 97.44 54.1

2 

44.5

4 

Chemical 99.22 59.9 5.77 26.4

2 

 

 
Figure 1.  Figure showing percent removal of heavy 

metals from spiked solution and industrial effluents 

 

The functional groups present on the surface of CL 

were found out using FT-IR (Table 3). Figure 2a shows 

the FTIR spectrum of biosorbent before the 

biosorption of heavy metals. The appearance of a 

broad peak at 3434.6- 3450.99 cm−1 is due to the 

stretching vibration of free-OH or -NH (str.) on the 

adsorbent surface. The peaks at 2924.52 cm−1 to 2852.2 

cm−1 indicate the C-H stretching mode of aliphatic 

compounds. Peaks detected at 1639-1640cm−1, and 

1412-1414 cm−1 correspond to aromatic C=C bending, 

C-C stretching (in ring) aromatic respectively. The 

peak at 1020 cm−1 might be due to C-O stretching of 

alcohols, carboxylic acids, esters, and ethers present 

on the surface of the biomass. Figure 2b shows the 

spectra of biosorbent after the adsorption of heavy 

metals. The spectra of CL did not show considerable 

changes in the frequencies of functional groups after 

the adsorption of heavy metals at the surface of 

biosorbent which indicates that it is due to their 

involvement in sorption process through physical 

Vander Waals forces. Hence, shifting in the peaks at 

was not noticeable.  This study indicates that there are 

functional groups viz. carboxyls, hydroxyl, phosphate, 

amino and amide, present on the biosorbent which 

may facilitate heavy metal binding on the cell surface. 
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Table 3. Ft-Ir Spectra Of Cauliflower Leaves 

Sr

. 

N

o 

Location wave 

number (cm-1) 
Vibrati

on 

Functional 

group 
Before 

Biosorpti

on  

After 

Biosorpti

on 

1 3434.6 3450.99 0-H str. 

Bonded and 

non bonded 

hydroxyl 

groups and 

water 

2 2924.52 2924.52 

C-H 

str. 

asymm

etrical 

Aliphatic 

methylene 

group 

3 2853.17 2852.2 

C-H 

str. 

symme

trical 

Aliphatic 

methylene 

group 

4 2347.91 2336.06 
N-H 

Str. 

Ammonium 

ions 

5 1639.2 1640.16 

C=O, 

COO- 

str. 

C=O 

str. 

Amide I, 

carboxylates 

aromatic ring 

modes, 

alkenes 

6 1561.09 1562.06 
-NO2 

groups 
Nitrogroups 

7 1414.53 1412.6 

C-C str. 

(in 

ring) 

aromatic 

8 - 1339.32 S=O sulfone 

9 1020.16 1020.12 

-C-H 

plane 

bendin

g 

Aromatic 

10 802.242 801.278 
=C-H 

bend 
Alkenes 

11 644.108 643.144 

S-O 

bendin

g 

sulphate 

 

 

 

 

Figure 2.  FT-IR Spectra of Cauliflower leaves 

(a)before treatment with heavy metals (b) after 

treatment with heavy metals 

 

The SEM image of cauliflower leaves before 

biosorption shows longitudinal filaments which got 

circular after biosorption process. This may be due to 

heavy metal stress. Tubular pores and cavities increase 

the surface area of the biosorbent. Hence, SEM study 

showed that there is distinct change in surface 

morphology of the biosorbent after treatment with 

heavy metals. 

(a) 

(b) 
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      Figure 3.  SEM Images of Cauliflower leaves (a) 

before treatment     with heavy metals (b) after 

treatment with heavy metals 

 

III. CONCLUSION 

 

The cauliflower leaves powder was found to be 

efficient in adsorbing heavy metals from spiked metal 

solutions as well as from different industrial effluents. 

The characteristics of the CL powder like iodine 

number showed good value (i.e. 368.9081 mg/g) which 

may lead to its application as a commercial adsorbent 

of heavy metals. The FTIR spectra of the adsorbent 

did not show much difference before and after 

treatment with adsorbent which may indicate that 

adsorption is mostly physical in nature via Vander 

Waals force of attraction. This may lead to easy 

desorption of adsorbed metals and may help in 

recovery of metals. Hence, the cauliflower leaves 

which is discarded as wastes from markets can be 

considered as a good adsorbent for removal of heavy 

metals from industrial effluents. 
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ABSTRACT 

 

Spices are predominantly used for their flavour, and aroma in foods and beverages. Since decades they are 

known to have diversified uses. The nutritional, anti-oxidant, anti-microbial and medicinal properties of spices 

have far-reaching implications. Clove is aromatic flower buds of a tree Syzygium aromaticum a commonly 

used spice. All over the world Clove has been used successfully   since ages as it is one of the most effective 

antibacterial agent .Ginger (Zingeiber officinale) a member of family zingerbeceae is also known for its 

medicinal use. It is prescribed for treating headache, nausea, rheumatism and cold etc. It also has a capacity to 

eliminate harmful bacteria responsible for diarrhoea. Growth curve and well diffusion were the methods used 

for the study. In comparative study of clove and ginger it was found that both are equally effective in inhibiting 

the growth of E.coli. Escherichia coli commonly known as E.coli are the most common bacteria in human 

intestine, which helps in preventing the entry of pathogenic microorganisms. Thus it serves as a better 

experimental model for bacteriological and anti-microbial studies. Growth curve was studied with the help of 

optical density with the help of Elico CL63 Photometer. Growth curve method indicated that the sterile 

aqueous extract of clove was more effective than the sterile aqueous extract of ginger, whereas well-diffusion 

method also indicated that crude extract of clove is more effective than wet ginger extract. 

Keywords : Syzygium aromaticum, Zingeiber officinale, Escherichia coli, Inhibition zone. 
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I. INTRODUCTION 

 

Microbiome plays a major role in healthy living of an 

organism [1]. A healthy, balanced and proper diet is 

one of the key factors for healthy living.Gut encloses 

several types of bacteria including E.coli. 

Contaminated food and water are the main sources 

of this microflora that enters our gut. Few E.coli 

species help in preventing diseases as well as building 

up the immune response of living organisms, while 

others can be a causative agent for various diseases [1]. 

Healthy and proper diet comprises of the food rich in 

nutritional value as well as taste. Taste being the key 

factor of raised appetite is brought about by the 

addition of spices to the food. Spices not only adds 

flavor to food but also gives it a rich aroma that 

enhances the craving for food [2].  Spices not only 

hold a vital place in food industry but also in 

pharmacology. Spices such as cardamom, cinnamon, 

black pepper, asafoetida, bay leaves, clove, cumin 

seeds garlic, ginger, onions etc are been used in every 

kitchen since ages. Apart from its use in kitchen they 

are been widely used for various medicinal 

properties [7,8]. 

 

Clove is aromatic flower buds of a tree Syzygium 

aromaticum has been used for its antiseptic and 

analgesic effects and has been studied for use as an 

anticoagulant and anti-inflammatory effects [6]. Clove 

has a long history of culinary and medicinal use. The 

oil was used as an expectorant and antiemetic with 

inconsistent clinical results [7,8]. Clove tea was used to 

relieve nausea. Use of the oil in dentistry as an 

analgesic and local antiseptic continues today. 

 

Clove buds yield approximately 15% to 20% of a 

volatile oil that is responsible for the characteristic 

smell and flavor. The bud also contains a tannin 

complex, a gum and resin, and a number of 

glucosides of sterols. The principal constituent of 

distilled clove bud oil (60% to 90%) is eugenol (4-

allyl-2-methoxyphenol). Clove oil is applied for the 

symptomatic treatment of toothaches and is used for 

the treatment of dry socket (post extraction alveolitis) 
[7,8,9].Clove oil is reported to have antihistaminic and 

antispasmotic properties, most likely due to the 

presence of eugenyl acetate.  Cloves are also said to 

have a positive effect on healing stomach ulcers.  A 

15% tincture of cloves is effective in treating topical 

fungal, ringworm infections. As with many other 

volatile oils, clove oil inhibits gram-positive and 

gram-negative bacteria [10]. 

 

Ginger scientifically known as Zingeiber officinale) a 

flowering plant, is widely used as a spice or a folk 

medicine. It has been used for its antibacterial, 

antifungal, pain-relieving, anti-ulcer, anti-tumor and 

other properties. Ginger is originated in the tropical 

rainforests from the Indian subcontinent to southern 

Asia where ginger plants show considerable genetic 

variation.it is well advised to use as it is cheap and 

have large effective cure [15].  

 

II.  METHODS AND MATERIAL  

 

Collection of Sample: clove was collected from the 

local grocery shop and fresh ginger was also collected 

from local market Kalyan. 

 

Preparation of Extracts: 

Aqueous soxhlet extract: 

The powdered form of clove was used for the 

experiment.  The aqueous extract of   clove was 

prepared using the soxhlet apparatus. 25 Gms of   

clove powder was used for preparing 100 ml of 

extract   using distilled water.  This extract was 

further concentrated to 25 ml by evaporation. The 

extract was then autoclaved and stored in sterile 

condition at 4ºC. 

 

The ginger   were washed and dived in two parts. 

One part of the ginger was used for the aqueous 
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extract preparation and the other part was kept at 

40ºC for drying. The aqueous extract of fresh as well 

as dried ginger   was prepared using the soxhlet 

apparatus. 25 Gms of fresh ginger and dried ginger   

powder was used for preparing 100 ml of extract 

separately using distilled water. The extract was then 

autoclaved and stored in sterile condition at 4ºC. 

Crude extract preparation: 

Crude extract was prepared using 25 gms of clove  in 

50 ml of distilled water and was further evaporated 

to 25 ml separately cooled and preserved at 4ºC till 

further use. 

Crude extract  of  ginger was prepared using 25gms   

of wet ginger and dried ginger in 50ml distilled 

water  separately and was evaporated to 25ml, cooled 

and preserved at 4ºC till further use. 

 

Preparation of bacterial suspension: 

Pure isolated colonies of the E.coli were obtained 

from the Department of Microbiology Birla College 

Kalyan. Colonies of E.coli were sub-cultured on a 

nutrient agar slant and was further preserved in 

refrigerator. 

 

Preparation of nutrient broth: 

25 ml of nutrient broth was prepared using distilled 

water, autoclaved and stored at 4ºC. 

 

Preparation of nutrient agar plates: 

20 ml of nutrient agar was poured on sterile plates 

 

ANTIMICROBIAL ASSAY BY GROWTH CURVE 

METHOD: 

 

Growth curve analysis using sterile aqueous extract: 

24 ml of sterile autoclaved nutrient broth was 

inoculated with 1ml of soxhelated clove extract and 

1ml of E.coli culture. It was then incubated in shaker 

incubator at 37ºC for 11 hrs. , and the growth was 

analyzed at regular intervals of 1 hr. similarly growth 

analysis of E.coli was studied using ginger extract. 

All the studies were performed in triplicates. Control 

was also maintained similarly using sterile distilled 

water. 

 

Growth curve analysis using crude extract: 

24 ml of sterile autoclaved nutrient broth was 

inoculated 1ml of E.coli culture and 1ml of crude 

clove extract  separately and was incubated in shaker 

incubator at 37ºC for 3hrs. , and the growth was 

analyzed at regular intervals of 10 min. similarly 

growth curve analysis of E.coli was studied using 1ml 

of E.coli culture and  24 ml of  clove and ginger 

extract individually, was also All the studies were 

performed in triplicates. Control was also maintained 

similarly using sterile distilled water. 

 

ANTIMICROBIAL ASSAY BY WELL DIFFUSION 

ASSAY: 

Nutrient agar plates were used as medium for 

screening antibacterial activity.100µl of E.coli 

culture was spread on culture plates uniformly using 

a sterile spreader. Wells of 1cm were dug out using a 

sterile cork borer in solidified agar medium. The 

plates were divided into three quadrants I, II, III. 

Dilutions of 1%, 10% and 100% solutions of crude 

extracts were used. The plates were incubated at 

37℃ for 24hrs and observed for inhibition zone of 

growth around the wells. 

 

III. RESULTS AND DISCUSSION  

 

 

Figure 1 
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Figure 2 

 

Figure 3 

 

Figure 4 

 

Figure 5 

 
Figure 6. Inhibition zone of control sample. 

 
Figure 7. Inhibition zone of crude clove extract at 

different concentrations. 
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Figure 8.  Inhibition zone of crude fresh ginger 

extract at different concentrations. 

 

 
Figure 9. Inhibition zone of crude dry ginger extract 

at different concentrations. 

 

Table 1. Showing the inhibition zone of crude extract of clove, crude extract of fresh ginger and crude extract 

of dry ginger   at three different concentrations. 

 Crude extract of 

clove. 

Crude extract of fresh 

ginger. 

Crude extract of dry 

ginger  

Control 

Concentration. 1% 10% 100

% 

1% 10% 100% 1% 10% 100% 100µl E.coli. 

Inhibition 

zone.(cm) 

1.6cm 1.8c

m 

2.2c

m 

1.2c

m 

1.4cm 1.6cm 1.2cm 1.4cm 1.4cm 0 cm 

 

Figure  1 represents the growth curve of control 

sample which was not exposed to any herbal extract 

while the Figure  2 represents the growth curve of E. 

coli where the sterile aqueous extract of clove was 

incorporated with the culture medium at the 

concentration of 1 ml/25 ml of nutrient broth. It was 

found that sterile aqueous extract of clove was more 

effective in inhibiting the growth of E.coli as 

compared to control. Figure 3 represents the 

comparative analysis of sterile aqueous extract of dry 

and fresh ginger which proved that fresh ginger was 

more effective than dry ginger extract. Fig 4 

represents that in comparative analysis of sterile 

aqueous extract of clove, 1ml extract / 25 ml of 

nutrient broth is more effective than fresh ginger 

extract. From Fig 5 it is evident that crude aqueous 

extract of clove is effective than fresh ginger extract. 

Figure 6 indicates the control growth of E.coli on 

nutrient agar plate.  

The agar ditch method primarily focus on the 

inhibition zones formed using three different 

concentrations of   crude extracts of  clove and 

ginger extracts  respectively, as seen in fig .7,8, and 9. 

no inhibition zone is seen in control agar ditch filled 

with sterile distilled water. Whereas the inhibition 

zones formed around the crude extracts of clove and 

ginger increases with an increase in concentration 

used (fig 7, 8, 9, table 1).  

 

Clove also well known as Syzygium aromaticum has 

various phytochemicals identified and extracted 

using various extraction solvents. Sixteen volatile 

compounds were identified from the n-hexane 

extract of the buds of Syzygium aromaticum by using 

gas chromatography-mass spectroscopy (GC-MS). 

Fresh ginger crude extract . 
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The major components were eugenol (71.56 %) and 

eugenol acetate (8.99 %). The dichloromethane 

extract of the buds yielded limonin and ferulic 

aldehyde, along with eugenol. The flavonoids 

tamarixetin 3-O-b-D-glucopyranoside, ombuin 3-O-

b-D-glucopyranoside and quercetin were isolated 

from the ethanol extract [4]. In past the antimicrobial 

properties of these componds are been studied using 

various extraction solvents [4]. As stated above in this 

investigation water was used as an solvent .when 

compared with the earlier literature it was found 

that clove possess antibacterial properties and thus 

was able to inhibit the growth of E.coli. [5]  

 

Ginger, the rhizome of the Zingeiber officinale, plays 

an important role in prevention of diseases. 

Numerous active ingredients are present in ginger 

including terpenes and oleoresin which called ginger 

oil. Ginger also constitutes volatile oils 

approximately 1% to 3% and non-volatile pungent 

components oleoresin [18]. The major identified 

components from terpene are sesquiterpene 

hydrocarbons and phenolic compounds which are 

gingerol and shogaol [18] and lipophilic rhizome 

extracts, yielded potentially active gingerols, which 

can be converted to shogaols, zingerone, and paradol.  

It is reported that ginger extract has antimicrobial 

properties these extracts are been prepared using 

numerous extraction solvents. The current 

investigation primarily focuses on the detection of 

antibacterial properties using aqueous extracts. It was 

found that fresh ginger extracts were more effective 

in inhibiting the E.coli growth than dry ginger 

extracts but in comparison to clove, clove was found 

to me more effective.    

 

IV. CONCLUSION 

 

The antimicrobial studies on Clove and fresh Ginger 

indicated that fresh Ginger was more effect than the 

dry Ginger. Whereas in further investigation using 

sterile aqueous extracts it was observed that fresh 

Ginger was more effective than Clove. In agar ditch 

method it was observed that crude extract of clove 

was more effect than Ginger in inhibiting the growth 

of E.coli.
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ABSTRACT 

With the energy demands all over the world, resulting in energy crises and environmental pollution, the 

need for alternative sources of energy has arisen. The dependence on fossil fuel is unsustainable because of 

its exhausting supplies and impact on environment. As a result focus is on alternative, renewable and carbon 

neutral energy sources which are necessary for environmental and economic sustainability. Microbial Fuel 

Cells (MFCs) are bioreactors that convert chemical energy present in the organic or inorganic compound 

substrates to electrical energy through catalytic reactions of microorganisms. Electricity generation from 

MFC using sugarcane molasses and kitchen waste as fuel was investigated in this study. A dual chambered 

MFC was made using readily available and cheap material. The electrodes used in the MFC were made up of 

aluminium mesh having a thickness of 2mm.  The  bacteria  present  intrinsically  in  the  molasses and 

kitchen  waste  were  used  for  the  MFC operation. Samples were subjected to BOD and organic matter 

content analysis to determine the efficiency of the MFC with respect to waste treatment. It was observed 

that as the time increased, the BOD and organic matter content decreased. The nature of the microbial 

population seen in the waste also changed.  The maximum potential established was 365 mV in the case of 

molasses and 260 mV in the case of kitchen waste. The MFCs  using the kitchen garbage  has  proved  to  be  

a  good  way  to  green  electricity  generation  as  well  as  the  recycle  of organic  waste  to  maintain  a  

healthy  and  pollution  free  environment. 

Keywords: Microbial fuel cells, kitchen waste, molasses, organic matter, BOD 

 

I. INTRODUCTION 
 

Every year the global energy demand increases. 

Approximately 86% of the world energy production 

comes from fossil fuels. Fossil fuels especially 

petroleum. Coals are being exhausted, leading to an 

energy crisis in the near future [1-4]. Furthermore 

the combustion of the fossil fuels adds CO2 to the 

atmosphere and causes global warming. 

Consequently there is a need to develop a new type 

of energy source as alternative to fossil fuels [5-7]. 

To overcome this energy requirement mankind has 

been exploring the possibility of alternative  sources 

of energy and has been trying tapping the energy 

resources of all origin; solar power, nuclear power, 

water power, wind power, geothermal power, tidal 

power, wave and ocean currents etc. One of the 

emerging technologies of interest in this regard is 

microbial fuel cells (MFCs).  

 

Bioelectricity production is production of 

electricity by organisms. This is due to release of 
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electrons during their metabolism. These electrons 

produced can be captured so as to maintain a stable 

or continuous source of energy production. 

Bacterial cells when provided a suitable substrate 

can metabolize the components producing electrons 

which can be harvested and utilized by connecting 

them through a circuit. These components can be 

packed into an assembly called a ‗microbial fuel cell‘ 

(MFC) proving to be a source of energy [8].  

 

A MFC consists of several components primarily 

divided into two chambers- anodic and cathodic 

chamber containing the anode and cathode, 

respectively. These chambers are separated by a 

proton exchange membrane (PEM) (Figure 1). The 

microbes present in the anodic chamber are 

provided with a favourable substrate which is 

anaerobically degraded to release electrons which 

are transported from the anode to the cathode via 

external circuit and the protons generated are 

selectively passed through the exchange membrane. 

Both these products produced due to the action of 

the microbes in the anodic compartment travel to 

the cathode and react with oxygen to produce 

water [9] 

 
 

Figure 1.  Schematic of a dual chamber microbial 

fuel cell 

 

Massive attention is being given to this technology 

as a novel approach aimed at bioelectricity 

production along with simultaneous wastewater 

treatment [10,11]. MFC may be best described as a 

bioreactor, where microbes act as biocatalyst in 

metabolizing the organic substances containing the 

organic carbon to generate electricity [12, 13]. 

 

The aim of this research is to take the inward 

assents of waste materials, like molasses and kitchen 

household waste using double chamber MFC for 

electricity generation and thus help in waste 

disposal. The gains to be made from doing this are 

that MFCs are a very clean and efficient method of 

energy production. 

 

II. MATERIALS AND METHODS 
 

Setting up the MFC 

The dual chambered MFC was setup using readily 

available materials, two transparent polyacrylic 

plastic containers with lid having a capacity of one 

litre, two PVC pipes with coupler, Aluminium 

mesh, Paper clips, Copper wire, Electrical tape, 

Duct tape, Milli voltmeter and  Egg shell membrane 

as a proton exchange membrane (PEM) [14]. 

 

A hole was drilled for copper wire on the lids of 

containers. In the anode chamber, holes were 

drilled for the sampling to be done at intervals and 

one small hole for ventilation on the cathode 

chamber. One hole precisely of the size of a PVC 

pipe was drilled on one side of both containers for 

the salt bridge.  Electrodes were prepared by 

folding aluminum mesh a few times over and bound 

with large paper clips. Ends of the copper wire were 

stripped and attached to both electrodes. Copper 

wire was inserted into the drilled holes on lids and 

the holes were sealed with electrical tape.  The 

copper wires were attached to a  millivoltmeter  to 
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detect the potential difference that will be 

established in the MFC (Figure 2). 

 

To  prepare the  salt  bridge,  two  PVC  segments  

were  fed  through  the  holes  in  the  sides  of  the 

chambers and secured using tape and a bonding 

material like Bondtite to form a watertight seal. The 

egg shell membrane (PEM) was stretched over one 

end of the PVC segment and then both segments 

were attached to each other using the coupler, thus 

locking the PEM in place. 

 

 
Figure 2. The Chambers Connected with the Salt 

Bridge 

Organic raw material 

The organic waste matter used for this work was 

molasses which was obtained from a  local  

sugarcane juice centres  in Kalyan and kitchen 

waste (orange  peels,  banana  peels,  vegetable  

peels,  leftover vegetables etc.) which was obtained  

from  a  number  of households.  

The  organic  waste  was  blended  properly  in  a  

mixer  by  adding  water.  A slurry was formed of 

proper consistency and poured into the anode 

chamber. The chamber was filled with the slurry 

till the brim. The pH of the slurry was checked. 

Samples were taken for  organic matter content [15] 

and BOD [16]. The electrodes were submerged in 

the respective chambers and the lids were closed. 

The anode chamber was made airtight. The bacteria 

in the anode chamber were exposed to as little 

oxygen as possible.  The  bacteria  present  

intrinsically  in  the  organic  waste  were  used  for  

this MFC operation, thus no external inoculum was 

added. The collected samples were subjected to 

BOD and organic matter content analysis to 

calculate the performance of the MFC with respect 

to  waste treatment. This analysis also estimated  

the effect of the different waste content, as molasses 

largely contains sucrose as its substrate  whereas 

kitchen waste will contain a more diverse nature of 

organic matter. 

 

III. RESULT AND DISCUSSION 
 

Performance of MFC 

The performance of the MFC was analyzed by 

observing the readings on the millivoltmeter which 

showed the potential difference established 

between the two electrodes and thus, the current 

established. The anode chamber was maintained in 

anaerobic conditions.  

As it can be observed from the readings, the 

electricity output of the MFC increased with time 

for 4 days after the beginning of the operation of 

MFC. But after 4 days, the electricity output 

decreased until the 7th day (Figure 3, Figure 5). In 

their research, Moqsud et al., (2013) [8] have gone 

on record and have had similar results regarding the 

current output in their MFC using organic waste. In 

their research, the current output increased for the 

first week, reached a peak and then it gradually 

decreased. 

This decrease in current output maybe attributed to 

the decrease in organic matter, as the organic 

matter gets used up by the microbes present in the 

waste. As the organic matter serves as the food for 

the microbes in the MFC, their respiration rate will 

decrease as the organic matter decreases. This will 

in turn cause less electrons and protons to be 

produced and thus less current output. 
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Figure 3. Milli voltmeter readings at different time 

intervals. (Molasses) 

Kitchen Waste:  

The kitchen waste (orange  peels,  banana  peels,  

vegetable  peels,  leftover vegetables etc.) was taken 

for the MFC operation and blended well to form a 

slurry and poured into the anode chamber. The 

milli voltmeter readings were taken over a period of 

7 days. The conditions were maintained identical as 

when the MFC was operated using molasses. The 

kitchen waste also has a large amount of organic 

matter. 

The electricity output increased gradually until the 

4th day, similar to the case when the MFC was 

operated with molasses. But the peak of the 

electricity output was not as high as molasses. After 

the 4th day, the electricity output gradually 

decreased until the 7th day (Figure 4, Figure 5). 

Moqsud et al., (2013) [8] work on a MFC operated 

using kitchen garbage had similar results with 

respect to the trends of the electricity output. In 

their research they have reported that the organic 

waste of can be recycled as Bio-electricity 

generation. The MFCs by using the kitchen garbage 

is proved to be a good way to green electricity 

generation as well as the recycle of organic waste to 

maintain the healthy and pollution free 

environment. The by-product of the electricity 

generation in MFC by composting method can be 

used as soil conditioner after further treatment 

which is another way to serve agricultural based 

countries. 

 

 

 

 

 

 

 

Figure  5. Millivoltmeter readings over the period of 

7 days for MFC with kitchen waste 

BOD analysis [16] of molasses and kitchen waste 

showed that the BOD of the sample decreased from 

day 1 to day 7 (Figure 6). A decrease of 54.55% was 

observed in molasses while only 5.7% decrease was 

seen in kitchen waste. It has been observed that the 

BOD of the sample decreases over a period of time 

with MFC operation. Ghangrekar and Shinde 

(2003) [17] have reported in their research that the 

MFC demonstrated its effectiveness for the 

treatment of wastewater with BOD removal of 

about 90%. Most pristine rivers have BOD of less 

than 2ppm. Although, such low BOD is almost 

impossible to achieve in wastewaters, it is of a very 

high significance that we are able to lower the BOD 

using MFCs. The BOD of untreated sewage varies, 

but averages around 600 ppm [18]. Thus, the results 

that have been achieved in this work are promising 

as the BOD of the waste water was almost halved. 

Although the BOD removal was low in the kitchen 

waste, it is a promising aspect as the MFC worked 

on kitchen waste from homes with no externally 

added components. 
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Figure  6. Comparison of BOD levels of molasses 

and kitchen waste after using in MFC 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Comparison of organic matter content of 

molasses and kitchen waste after using in MFC 

 

The organic matter content [15] of the sample 

decreased over the period of 7 days of the MFC 

operation. The percent decrease was 41.67% for 

molasses whereas for kitchen waste, the decrease 

was 21.31% (Figure 7). This was expected as the 

organic matter was being utilized by the 

microorganisms for their metabolism. This decrease 

in organic matter content also justifies the decrease 

in the current output. The depletion of organic 

matter proves that the MFC technology may be the 

potential answer for the wastewater treatment 

problem as it produces electricity simultaneously. 

As observed from the results, the kitchen waste 

powered microbial fuel cell did not show much 

decrease (21.31%) in the percent of organic matter. 

It might be the case that the microorganisms 

present intrinsically in the kitchen waste were not 

able to utilize the organic matter present in the 

kitchen waste. 

The MFCs were considered to be used for treating 

waste water early in 1991 [19]. Municipal 

wastewaters, containing a multitude of organic 

compounds, could be used to fuel MFCs. The 

amount of power generated by MFCs in the 

wastewater treatment process can potentially halve 

the electricity needed in a conventional treatment 

process that consumes a lot of electric power 

aerating activated sludges. Furthermore, organic 

molecules such as acetate, propionate, butyrate can 

be thoroughly broken down to CO2 and H2O. MFCs 

using certain microorganisms have a special ability 

to remove sulfides as required in wastewater 

treatment [20].  

 

The available sources of organic matter and 

substrate probably change the type of microbial 

population in the organic matter after the working 

of MFC. Gram‘s staining before and after the MFC 

operation showed an overview of the microbial 

population in the organic matter. Gram staining of 

the molasses samples revealed that before the MFC 

operation the overall microbial population in 

molasses had Gram positive as well as Gram 

negative bacteria along with yeast. After 7 days of 

MFC operation, the Gram stain showed majority of 

Gram negative bacteria and the formation of 

biofilms. Similar case was seen in kitchen waste. On 

7th day, Gram negative bacteria were the majority.  

The bacterial community at the anode is mainly 

affected by the type of substrates used and 

ultimately influences the current generation [21].  

Also, it is important to know that there are a 

number of bacteria in MFCs which may not be 

Day 1 Day 7

336.73 
153.06 

1603.78 1512.24 

Biological Oxygen Demand (ppm) 

Molasses Kitchen waste
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directly involved in the current production. 

Instead, they are involved in the degradation of 

complex organic substrates to simpler ones which 

are then used by exoelectrogens [22]. 

 

IV. CONCLUSION 
 

The organic waste can be recycled as Bio-electricity 

generation. The MFCs by using the kitchen garbage 

has proved to be a good way to green electricity 

generation as well as the recycle of organic waste to 

maintain a healthy and pollution free environment. 

Many works in this field have reported that the by-

product of the electricity generation in MFC by 

composting method can be used as soil conditioner 

after further treatment which is another way to 

serve the agricultural based country. 

The maximum potential established was 365 mV in 

the case of molasses and 260mV in the case of 

kitchen waste. It is a common belief that the 

electricity output of a MFC depends upon the 

amount of organic matter present. But as observed 

in this work, the organic matter content was seen to 

be more in the case of kitchen waste with respect to 

molasses, but even then the electricity output was 

more in molasses powered MFC. As it is known that 

molasses contains a large amount of sucrose which 

forms the major part of its organic matter. Also, 

sucrose is utilized by many microbes readily. On 

the other hand, the organic matter in kitchen waste 

is not necessarily of one type, and it may have 

many different constituents which may hinder the 

growth of some bacteria. Overall, the performance 

of the kitchen waste powered MFC was not as good 

as molasses powered MFC. The BOD removal was 

minimal and so was the organic matter content 

lowering. The molasses powered MFC is a 

promising aspect as molasses is also a waste and is 

readily available. The kitchen waste MFC has to be 

further looked into as to find out what other factors 

might be affecting it. Parameters such as distance 

between the electrodes, surface area of the 

electrodes, catholytic composition, etc. need to be 

studied further to check the efficiency of the same. 
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ABSTRACT 

 

We report synthesis and characterization of rod shaped SbSI crystals that exhibit semiconducting and metallic 

properties as well.  The shiny crystals of SbSI were synthesized using powders of antimony, sulphur and iodine 

as the precursors by an indigenously developed chemical vapour deposition (CVD) technique. The as-obtained 

crystals were characterized through the SEM, EDS, XRD, micro Raman analysis and electrical conductivity 

techniques. The crystal composition was determined by an EDS technique and is found to be very nearly 

stoichiometric. Surface morphology by SEM showed needle shaped crystallites of 50-100 µm in size. The X-ray 

diffraction studies gave crystalline nature with a good match of interplaner distances (d), reflected intensities 

(I/Imax) and lattice constants revealing orthorhombic phase structure of SbSI. Micro- Raman analysis showed 

characteristics peaks at 12 cm-1, 70 cm-1, 81 cm-1, 90 cm-1, 118 cm-1, 151 cm-1, 226 cm-1 and 331 cm-1 

confirming the crystal to be SbSI. SbSI showed semiconducting behaviour in the range of temperature from 

300K to 525K whereas it behaves as Metallic in the 300K to 4K temperature range.  

Keywords: Orthorhombic, SbSI, CVD, electrical conductivity, semiconductor to superconductivity transition. 

 

I. INTRODUCTION 

 

SbSI is a ferroelectric material with the Curie point 

at about 20oC and has the highest Curie temperature 

in the class of compounds of V-VI-VII series. It 

crystallizes in orthorhombic rod like structure with 

the lattice constants: a = 8.49 Å, b = 10.1 Å and c = 

4.16 Å  [1,2]. The typical crystal structure of SbSI is 

shown in fig. 1.  

Its rod shaped crystals are composed of double 

chains of (Sb2S2I2)n (fig. 1A) having covalent bonds 

and weak Vander Waals forces between the 

neighbouring chains. These rods are usually grown 

in bunches along c- axis coinciding with the 

ferroelectric (polar) c-axis (fig. 1B) [2]. 

 
Fig. 1 (A) Orthorhombic structure of SbSI showing 

the proposed direction of flow of electron in c-
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direction and (B) SEM Image of SbSI obtained by a 

CVD method. 

This structure has some similarity with bismuth and 

thallium based superconductors. SbSI is a 

ferroelectric semiconductor [3-6] and has attracted 

the attention of physicists for its large number of 

interesting properties such as pyroelectric [7-9], 

photoconductive [10-11], piezoelectric [12-14], 

electro-optic  [15] and other nonlinear dielectric 

effects [16-17]. However, to the best of our 

knowledge no study has been reported with SbSI for 

its electrical conductivity properties in the 

temperature range below 300K. In the present paper, 

we report our efforts on the synthesis of SbSI by an 

indigenously developed chemical vapor deposition 

method and its characteristic properties thorough 

the XRD, SEM, micro Raman analysis and electrical 

conductivity measurements in the 4K to 550K 

temperature range. 

 

II. METHODS AND MATERIAL  

 

II.1 Synthesis of SbSI by a chemical vapour 

deposition technique 

In a CVD setup, vapours of the three constituent 

elements (antimony, sulphur and iodine) are to be 

produced at some suitable temperature and 

transported to one place where recombination 

reaction takes place to form SbSI.  This requirement 

needs a provision to interconnect three furnaces 

such that, from each furnace, the vapours of the 

individual element are transported to one common 

place for reaction to take place. A CVD unit 

consisting of three furnaces each  controlled with a 

separate temperature controller, three quartz tubes 

containing three constituents (i.e. Sb, S and I), Ar 

gas to carry the vapours of elements into the quartz 

tube containing Sb and a gas flow controller was 

developed in our laboratory  [18]. Fig. 2 shows its 

block diagram . 

  
 

Fig. 2. Block diagram of a CVD unit 

 

Known quantity of powdered Sb (2 gm) was kept in 

a quartz boat (X) and was placed inside the quartz 

tube having two inlets and one outlet openings. 

Powders of other two elements were placed in the 

two interconnected quartz tubes having two 

openings placed in two furnaces (A). The known 

quantities of sulfur (Y) (2 gm) and iodine (Z) (2 gm) 

were kept in the respective quartz tubes. To carry 

the vapours of sulfur and iodine, Ar gas was allowed 

to carry the vapours from two quartz tubes (A) to 

quartz tube (X) which contains Sb. Flow rate (0.5 

cc/min) of carrier gas was controlled by a flow meter 

(F). Care was taken to allow equal flow rate of 

carrier gas into the two quartz tubes (A). A gas 

bubbler (B) was also introduced at the outlet of the 

quartz tube. The gas coming out of the reaction tube 

was bubbled into flask (W) containing water. 

Initially the quartz tube was flushed with Ar to 

make entire tube free of oxygen. Thereafter, the 

furnace (C) was switched ON to attain the set 

temperature. Two quartz tubes containing Sulfur 

and iodine were heated to attain the melting points 

of the respective elements. Care was taken so that 

the carrier gas from furnace (A) could flow to 

furnace (C) only when the temperatures of the 

furnaces (A) and (C) had attained the melting point 

of the respective materials kept in each furnace.  

Thus, vapours of S and I were transported by the Ar 

gas to the quartz tube containing molten Sb.  The 

reaction time of the process was optimized to 6 hrs. 

The reaction amongst these three elements takes 

place in the quartz tube (X) at its set temperature. 

We tried three temperatures typically, 650oC, 750oC 

and 850oC. It was observed that crystals were grown 
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nicely at 650oC. At the end of the experiment, rod 

shaped SbSI was taken out and characterized by the 

XRD, Raman, surface morphology and electrical 

conductivity measurement techniques. 

Known quantity of powdered Sb (2 gm) was kept in 

a quartz boat (X) and was placed inside the quartz 

tube having two inlets and one outlet openings. 

Powders of other two elements were placed in the 

two interconnected quartz tubes having two 

openings placed in two furnaces (A). The known 

quantities of Sulfur (Y) (2 gm) and iodine (Z) (2 gm) 

were kept in the respective quartz tubes. To carry 

the vapours of Sulfur and Iodine, Ar gas was allowed 

to carry the vapours from two quartz tubes (A) to 

quartz tube (X) which contains Sb. Flow rate (0.5 

cc/min) of carrier gas was controlled by a flow meter 

(F). Care was taken to allow equal flow rate of 

carrier gas into the two quartz tubes (A). A gas 

bubbler (B) was also introduced at the outlet of the 

quartz tube. The gas coming out of the reaction tube 

was bubbled into flask (W) containing water. 

Initially the quartz tube was flushed with Ar to 

make entire tube free of oxygen. Thereafter, the 

furnace (C) was switched ON to attain the set 

temperature. Two quartz tubes containing sulfur and 

iodine were heated to attain the melting points of 

the respective elements. Care was taken so that the 

carrier gas from furnace (A) could flow to furnace 

(C) only when the temperatures of the furnaces (A) 

and (C) had attained the melting point of the 

respective materials kept in each furnace.  Thus, 

vapours of S and I were transported by the Ar gas to 

the quartz tube containing molten Sb.  The reaction 

time of the process was optimized to 6 hrs. The 

reaction amongst these three elements takes place in 

the quartz tube (X) at its set temperature. We tried 

three temperatures typically, 650oC, 750oC and 

850oC. It was observed that crystals were grown 

nicely at 650oC. At the end of the experiment, rod 

shaped SbSI was taken out and characterized by the 

XRD, Raman, surface morphology and electrical 

conductivity measurement techniques.  

 

 

II.2. Characterization of SbSI crystals 

 

The SbSI crystals were analysed compositionally by 

an EDAX attached to the SEM. A JEOL-6360 SEM 

with a probe current of 1 nA was used for this 

purpose.  The SEM images were also obtained by this 

machine. The energy range for sample scanning was 

0-20 KeV. The XRD was recorded for a good quality 

sample by Phillips PW 3710 X-ray diffractometer 

using CuKα  line. The range of 2θ values was from 

10o  to 80o. The Raman spectrum was also obtained 

using Horiba Jobin-Yvon Lab Raman 

spectrophotometer for the powdered sample. He-Ne 

laser source (632.88 nm wavelength) was used for 

this purpose. The electrical conductivity was 

measured for a pallet sample in the temperature 

range from 4K to 300K by a four probe method and a 

two probe method was also used to measure the 

resistivity in the 300K to 550K temperature range.  

 

III. RESULTS AND DISCUSSION  

 

The chemical composition of the as-synthesized SbSI 

crystal was determined by the EDAX technique. The 

as-grown crystal had 1:1.04:1.5 stoichiometry. 

Iodine was found to be in little higher percentage 

compared to other two elements. This may be 

because the quantity of vapours of iodine carried by 

the Ar gas was in slightly excess due to its high 

vapour pressure. The X-ray diffraction pattern was 

obtained for this powdered sample in the 2θ range 

from 100  to 800 and is shown in fig. 3. It appears 

that the sample is crystalline with sharp and highly 

intense peaks. All the reflections matched with the 

orthorhombic phase for SbSI and the cell constants 

are found to be: a=0.851 nm, b=1.015 nm and 

c=0.424 nm.  

  

Figure 3. X-ray diffractogram of SbSI powder 

The micro Raman spectrum of powdered SbSI was 

obtained in the 0 to 500 cm-1 range [19]. The 

measurements were performed using a 50X objective 

lens, D 0.3 filter and randomly at 10 different 

positions. The spectrum was taken at room 
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temperature (270C) i.e. in paraelectric phase and is 

shown in fig. 4. SbSI is known to undergo phase 

transition from ferroelectric to paraelectric at 200C. 

The characteristic peaks (fig. 4) obtained at 12 cm-1, 

70 cm-1, 81 cm-1, 90 cm-1, 118 cm-1, 151 cm-1, 226 cm-

1 and 331 cm-1 are in good consonance with the 

results reported by Agrawal (1971) [20] and 

Gommonai (2003) [21] confirming the crystal to be 

SbSI. Since no peaks have been reported beyond 500 

cm-1, no spectrum was taken for higher wave 

numbers.  

 
Figure 4. Raman spectrum of  the SbSI crystal (at 

R.T.) 

The electrical conductivity was measured for the 

pellets of this crystal by a four probe method. The 

range of temperature was from 4K to 300K. Figure 5 

shows variation of electrical resistance as a function 

of temperature.   

 

 

 

 

 

 

 

Figure 5 (A). Resistivity of SbSI versus temperature 

in the temperature range of 0K to 300K [19] 

 

SbSI shows a transition temperature at 20K where its 

resistance falls down to almost zero i.e. 1.3 X 10-4 Ω. 

The resistance remains constant thereafter.  To the 

best of our knowledge no efforts have been made till 

today to study the resistivity of this material below 

300K.  Resistance of this pellet sample was also 

measured by a two probe technique in the 300K-

525K temperature range. This is shown in fig. 6 .  

 
Figure 6 Electrical resistance of SbSI in the 300K to 

525K temperature range. 

 

When the nature of plots of electrical resistivity vs 

temperature in the 4K to 300K and 300K to 550 K 

temperature ranges are examined, it suggests that 

the ferroelectric phase of SbSI is metallic below 

300K whereas paraelectric phase is semiconducting 

in 300K to 525K temperature range, because it is 

reported that below 220C it shows ferroelectric and 

above this temperature it is pyroelectric [22-24]. 

To the best of our knowledge, we have not come 

across any report on SbSI showing phase transition 

from metallic to semiconducting behaviour. Such 

behaviour needs in-depth studies as to why 

transition from metallic to semiconducting 

behaviour occurs in SbSI crystals. 

 

We believe that there may be structural changes 

occurring in SbSI at different temperatures those 

need to be examined below 20K, above 50K, below 

293K and around 500K and clarified. The structural 

changes at this temperature may be able to throw 
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some light on its special behaviour at 20K, phase 

transition at 293K and reasons for transition from 

metallic to semiconducting behaviour. 

 

IV. CONCLUSION 

 

SbSI crystals were grown by utilizing elemental 

components of the compound and using a simple 

chemical vapour deposition technique designed and 

developed in our laboratory. The material is 

characterized to be of the composition equal to 

1:1.04:1.5. Iodine content is observed to be slightly 

higher in the material. The material was 

characterized by the XRD, Raman and surface 

morphology and has been observed to be rod shaped. 

Electrical conductivity was measured by the four 

probe technique in the temperature range of 4K to 

300K and by the two probe technique in the 

temperature range of 300K to 525K. SbSI crystals 

exhibit metallic properties in 4K to 300K range and 

semiconducting 300K to 525K range, that is a dual  

electrical nature. The transition of metallic to 

semiconducting behaviour takes place at around 

room temperature.  
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ABSTRACT 

 

This document Carbon nanomaterials (CNM’s) synthesized from castor oil by direct pyrolysis at 750°C in an 

inert atmosphere. CNMs was then characterized by (XRD) X-ray diffraction, SEM (Scanning Electron 

Microscope) and FTIR (Fourier Transform Infra-Red Spectroscopy)The specific surface area measurement of 

CNMs was done by using adsorption of methylene blue dye(MB). In this method a fixed concentration of 

aqueous methylene blue solution was allowed to adsorb on fixed quantity of carbon nanomaterial. The amount 

of adsorbed methylene blue dye was determined by UV spectrophotometer. It was found that the concentration 

of adsorbed methylene blue corresponds to the surface area of test sample. The surface area of CNM was found 

to be 32m2/g. The obtained data was correlated with that of BET surface area measurement and found to be 

comparable.  

Keywords : Castor Oil, Surface Area, Carbon Nanomaterial. 

 

I. INTRODUCTION 

 

A carbon nanotubes discovery in 1991 [1] was a 

microscopic wonder, due to the porosity with 

nanometer size and large surface area. The synthesis 

of carbon nanomaterials from natural precursors 

receiving the interest because of its unique 

characteristics of utilization of waste material in 

different applications via synthesis of different 

CNM’s. from it. Most of the researchers are using 

petroleum products for the preparation of carbon 

nano materials; sandesh Jaybhaye et al [2] at NTRC is 

able to produce these materials from plant derived 

precursors. There are various physical and chemical 

properties of  CNM has been studied for different 

applications like hydrogen storage [3] super capacitor 

[4] solar cell applications [5] micro wave absorption 

for lithium ion battery [6] etc. has been carried out. 

Specific surface area is one of the important property 

of carbon nanomaterials that can be related to their 

physical or chemical behaviour. The most commonly 

used methods to evaluate the specific surface area of 

carbon nanomaterials are based on adsorption of 

nitrogen [7], water vapour [8], ethylene glycol mono 

ethyl ether [9] or colour dye [10]. A very simple 

adsorption of methylene blue hereafter will be called 

as MB is used in lab to determine the specific surface 

area of the carbon nanomaterials which is 

synthesized in laboratory using a castor seed oil. In 

this method MB is used to adsorb on CNM and is 

then evaluated by using a UV-Vis spectrophotometer. 

  

 

 



International Journal of Scientific Research in Science, Engineering and Technology (ijsrset.com) 
 

194 

II.  METHODS AND MATERIAL  

 

PREPARATION OF CATALYST 

The catalyst is necessary for the synthesis of Carbon 

nanomaterials. The diameter of the catalyst particals 

should be in nano range ~ 40 to 60 nm. Particle of         

such size can be produced by the urea decomposition 

method [11].  

 

A mixture of Nickel nitrate and urea; 5g and 10g each 

respectively was taken in a beaker and kept on heater 

with continuous stirring. A homogeneous liquid 

mixture was formed then this mixture was kept in 

muffle furnace in presence of air at 300°C till 

completely dry. As a result, urea gets decomposed 

and burned off, nickel was oxidized to form nickel 

oxides which was left in the form of residue. 

 

Then this residue of Nickel oxide was collected and 

reduced in Hydrogen atmosphere at 650°C for 2 

hours. This gave Nickel catalyst of nano size. 

 

SYNTHESIS OF CNM 

The CNM was synthesized from castor oil using a 

Nickel catalyst by chemical vapour deposition 

method(CVD).In this CVD synthesis method two 

electric furnaces A and B (vaporizing Furnace A and 

Pyrolising Furnace B) and one meter long quartz tube 

kept inside both the furnaces was used. The 

schematic representation of arrangement of all the 

apparatus was as represented in fig-1. Weighed 4 g of 

castor oil in quartz boat (C) and 200 mg of Nickel 

catalyst in other quartz boat (D) and kept both the 

boats in furnace A and B respectively.  

 

The Hydrogen gas was allowed to pass through a 

quartz tube (Q) for five minutes with constant flow 

rate so as to remove the oxygen from tube. The 

temperature of  pyrolysis furnace (B) was set to 

750°C. Once the furnace B reaches a desired 

temperature. The furnace A was turned on and the 

temperature was set to the boiling point of castor oil 

(i.e.   350°C). The heating of furnace A was continued 

till all oil gets vaporized. The heating of furnace B 

was continued for one Hour. The furnace B was 

allowed to cool at room temperature and the material 

was collected from boat D. 

 

  
Fig 1.Schematic representation of CVD furnace  

 

PURIFICATION OF CNM 

 

The obtained CNM was treated with HNO3 and HCl 

so as to dissolve the traces of metal impurities and  

amorphous carbon.   The purified CNM was then 

dried in furnace at 200°C for 1Hr.    

 

III. RESULT AND DISCUSSION  

 

The purified CNM was characterized by using a SEM, 

FTIR and powder XRD. 

 

SEM STUDY  

Scanning Electron Microscopy study of CNM 

represents the morphology of CNM as shown in fig 

below 

 

 
Fig.2 SEM image of CNM obtained from castor oil 
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FTIR STUDY 

FTIR spectrum  of CNM  is  as shown below. It shows 

a characteristics band of carbon at 1218 cm-1 which 

represents the presence of carbon only and the 

absence of any other impurities. 

 
Fig.3: FTIR spectra of CNM obtained from castor oil 

 

XRD STUDY 

 The diffractogram of CNM shows two peaks one at 

26.46° and another at 44.38° which are the 

characteristics peaks of CNM. 

 
Fig.4.XRD diffractogram of CNM obtained from 

castor oil 

 

SURFACE AREA MEASUREMENT OF CNM  BY 

METHYLENE BLUE 

 

CNM prepared by pyrolysis of castor oil is directly 

used for this experiment. Surface area of this CNM is 

measured using methylene blue adsorption method. 

Methylene blue solution was prepared in distilled 

water and the concentration of methylene blue 

solutions was analyzed by measuring its absorbance 

at 662 nm on UV/Vis spectrophotometer. This 

wavelength corresponds to the maximum absorption 

peak of the Methylene blue. First of all a calibration 

curve of O.D. of methylene blue against its standard 

concentration (1 to 5 ppm) is  plotted and is shown in 

fig.5. The regression factor is found to be 0.99 

 
Fig.5. Calibration Curve of Absorbance Vs conc. 

0.050 g of CNM is taken in 50ml conical flask 

containing 5 ppm solution of methylene blue. The 

mixture is stirred until all the CNM gets submerged 

into the solution. This mixture is kept at room 

temperature and shaken periodically for 10 mins and 

allowed to settle the small particals. After 10mins, the 

methylene blue uptake onto carbon was calculated 

from the difference between the methylene blue 

concentration before and after adsorption onto the 

carbon and difference corresponds directly to the 

active surface area of carbon. 

The Specific surface area measured by using this 

technique is found to be 30.03M2/g 

     

IV. CONCLUSIONS 

 

Adsorption of methylene blue allows the 

determination of the specific surface area of Carbon 

Nanomaterial. This work has shown that the method 

was simple and requires less elaborate apparatus and 

time than other methods. Using this technique, we 

have shown that the CNM obtained from castor oil 

have different specific surface areas. Consequently, 

this finding makes it possible to use specific surface 

area measurements directly as a characteristic in 

quality control, much like other mechanical 

properties of CNMs. This method was found to be 

comparable to that of existing BET surface area 

measurement technique. 
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Table 1 : Surface Area Results 

 

    Surface Area m2/g 

Sr.No. Sample Details 

BY  

BET  

Methylene 

blue 

1 

CNM from Castor 

Oil 30.69 32.0 
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ABSTRACT 

 

The Industries which are using hazardous chemicals have the potential to pollute water resources through the 

discharge of the effluent to rivers and other water bodies. Thus the demand for developing technologies leading 

to an effective removal of this effluent has become a great challenge. Advancements in nanoscience and 

engineering are giving new opportunities to develop more cost-effective and environmentally acceptable water 

treatment technologies. Carbon nanotubes (CNTs) are emerging as potential adsorbents because of its well 

defined cylindrical hollow structure, large surface area, high aspect ratios, hydrophobic wall and easily 

modified surfaces. Large scale and Low cost synthesis of CNTs using Acacia Concinna (mimosaceae) at 7000C in 

an inert atmosphere using chemical oil vapour deposition method (COVD) is reported. The morphology of 

CNTs was studied using SEM, XRD, FTIR etc and are used for the effluent treatment. 

Keyword: Multi Walled Carbon nanotubes, Acacia Concinna, Effluent treatment, Chemical Vapour Deposition 

 

I. INTRODUCTION 

 

Now days, due to stringent environmental rules [1] 

and regulations, most of the Mineral processing and 

Metal finishing industries are facing severe problems 

in the disposal of waste water produced at large scale. 

There is a possibility of formation of complex ions 

with waste waters containing ammonia, fluoride, or 

cyanide ions along with heavy metals. Carbon 

nanotubes (CNT) adsorption technology has potential 

to remove the bacterial pathogens, natural organic 

matters (NOM), and cyanobacterial toxins from water 

systems [2]. By using filters made of carbon 

nanotubes, pollutants could be removed more 

effectively from contaminated water as compared to 

common charcoal filters. CNTs have a very large 

surface area [3] that gives them a high capacity to 

retain pollutants such as water-soluble drugs. A team 

at the University of Vienna found that at 

concentrations likely to occur in the environment, 

the tubes removed 13 tested Polycyclic Aromatic 

Hydrocarbons (PAHs) from contaminated water. It is 

very useful in Environmental Science Technology 

[4]. 

 

Plant based oils are an important source for large 

scale [5] and low cost synthesis of Multi walled 

carbon Nanotubes (MWCNTs) using Chemical Oil 

Vaporization technique. The present study is aimed 

to synthesize low cost bio-adsorbent materials [6,7] 

in the form of MWCNTs and study its ability to 

purify wastewater. 

 

II. METHODS AND MATERIAL 

 

Preparation of MWCNTs: 
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The low cost production of MWCNTs was obtained 

by heating Acacia Concinna (mimosaceae) at 7000C 

for about 4 hrs in an inert atmosphere of nitrogen by 

using Chemical Oil Vapour Deposition (COVD) 

method. The schematic diagram of indigenously 

developed apparatus to synthesize the desired 

material is shown in Fig.1 

 

                                        

 

 

 

 

 

 

 

 

 

 

Fig. 1 Schematic diagram of CVD furnace used for 

synthesis of CNT 

 

The catalyst plays an important role in the synthesis 

and has a large impact on the diameter of MWCNTs. 

Iron nano particles obtained by urea decomposition 

method using Ferric Nitrate are used as catalyst for 

the synthesis of MWCNTs. 

 

 Purification: 

As grown MWCNTs was purified using dilute 

Hydrochloric acid and Nitric acid by reflux method. 

The purified MWCNTs are used for effluent 

treatment. 

 

Characterizations:  

The obtained materials were analysed 

compositionally by SEM. A JEOL-6360 SEM with a 

probe current of 1 nA was used for this purpose.   

The energy range for sample scanning was 0-20 KeV. 

The XRD was recorded for a good quality sample by 

Phillips PW 3710 X-ray diffractometer using CuKα 

line. The range of 2θ values was from 10o-80o.  To 

confirm the nature of the synthesized nanoparticles 

and their purity Fourier Transform Infrared 

spectroscopy (FTIR) studies were performed. FTIR 

analysis was done on Jasco 4100.  

 

Effluent treatment: 

The column has been packed with MWCNTs. The 

packing materials consists of a height of 15cm and 

diameter 4 cm of the Pyrex glass tube (column) with 

a length of 46 cm (Fig. 2). The different parameters 

such as pH, Conductivity and TSA have been studied. 

The parameters which affect the rate of adsorption 

such as MWCNTs, temperature, pH, ionic strength, 

metal ion concentration etc, were also studied and 

optimized.  

 
Fig 2 Experimental column packed with MWCNTs 

 

III. RESULTS AND DISCUSSION 

 

The SEM image shows an existence of Carbon nano 

tube which is Multi walled in nature [8, 9]. The 

effective diameter of the tube appears to be 36.6 nm 

as seen in the following image [Fig. 3]. 
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 .  

Fig 3 SEM Image of MWCNT obtained from Acacia 

Concinna oil by CVD method 

 

The Characteristic peaks in the XRD plot correspond 

to the Crystalline Caron material. The obtained plot 

matches with the plots reported by the researchers 

for the Multi Walled Carbon nano Tubes.  

 

 
Fig 4 XRD Image of CNT obtained from Acacia 

Concinna by CVD method 

 

From FTIR analysis it is evident that MWCNTs 

obtained from oil shows that wave numbers ranging 

between 3551-1021cm-1, it indicates presence of 

several functional groups such as Hydroxide (3428 

cm-1), Carbonyl (1573 cm-1), C-N str (1420 cm-1) C-H 

str. (2921 cm-1) . 1420 cm-1 is also attributed to 

MWCNTs vibration mode. (Fig.5) 

 
Fig. 5 FTIR Spectra of the obtained MWCNT  

 

The pH of effulent is found to 5.9, Therefore, it is not 

potable for drinking purposes (as per the BIS – 10500 

(2004-2005) 6. 5 to 8.5 desirable limit for drinking 

water) [10]. The pH of CNTs treated effluent water 

sample was found to be 7.35 which are within the 

limits of the expected pH for the drinking water. 

 

According to BIS 10500 (2004-2005), desirable limit 

the dissolved solids in drinking water is 500 mg/l.  

The amount of dissolved solids in the sample before 

filtration was found to be 0.028 mg/l  whereas after 

dissolving the Carbon nano materials in the water 

and subsequent filtration the amount of dissolved 

solids in the sample was found to be  0.012 mg/l. 

Hence, it can be said that the purified water sample 

can be used for drinking purpose and does not 

require further treatment. Conductivity of waste 

water sample is 0.170 ms/cm and CNTs treated 

effluent water sample is found to be 0.164 ms/cm. 

The table 1 shows a comparison of several parameters 

of effluent before and after CNTs treated.  

 

Table 1 Comparison of parameters of effluent before 

and after treatment 

 

 Parameter 

studied 

Effluent sample CNTs treated 

effluent 

sample 

PH 5.9 7.35 

Conductivity 0.170ms/cm. 0.164 ms/cm. 

Total Solids 0.028 mg/l 0.012 mg/l 
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Fig 6 Colour comparison of the effluent before and 

after treatment 

 

IV. CONCLUSION 

The low cost production of multi walled carbon Nano 

tubes (MWCNTs) using plant based oil is an 

important source for large scale synthesis. MWCNTs 

using Acacia Concinna oil were pyrolysed at 700oC in 

an inert atmosphere of nitrogen by using Chemical 

Vapour Deposition method (CVD). The catalyst used 

in this large scale production plays an important role 

in the diameter of MWCNTs. Fe catalyst obtained by 

co precipitation method gave the uniform diameter of 

MWCNTs. The MWCNTs as prepared by can be used 

as the adsorbent for the treatment of effluents from 

water sample.  

 

The pH of CNTs treated effluent was found to be 

within the limits of the expected pH for the drinking 

water. The amount of dissolved solids in the sample 

was found to be 0.012 mg/l and the Conductivity of 

CNTs treated effluent sample was found to be 0.164 

ms/cm. From the above results we conclude that 

MWCNTs are can be most suitable material for the 

effluent treatment. 
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