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President and Chairman’s Message 

 
I am immensely happy and proud to state that Department of Chemistry of JVM’s Degree College, 
Airoli, has organized two days Virtual International Conference on Multifunctional Advanced 
Materials (VICMAM- 2021). 
Multifunctional advanced materials are imperative to numerous technological innovations that offer 
clear benefits to society but the unique characteristics of it are not well understood. There is a lot of 
ongoing research happening in this field and bringing awareness of this new field to the new 
researchers is important. Organization of this International Conference is like another feather in the 
cap of our institution. 

I am also proud to mention that JVM has been providing quality education and services in all the 
fields with excellent infrastructure, facilities and well qualified staff. 

I extend my best wishes and congratulations to the Principal Dr. Leena Sarkar for taking the initiat ive 
in organizing this conference in collaboration with Association of Chemistry Teachers (ACT). 

 

SHRI. M.S. BHOOMRADDI 

PRESIDENT, JVM AND 
CHAIRMAN, COLLEGE GOVERNING COUNCIL 



Principal’s Message 
 

 
The path to excellence is through skill development and knowledge enhancement. Following this path, 
we, at JVM’s Degree College, always strive to promote research culture and get scientific temper in 
our students and faculty and thereby connecting Science to society. To foster this spirit, Virtual 
International Conference on ‘Multifunctional Advanced Materials’ was organized by Chemistry 
Department of our college in collaboration with Association of Chemistry Teachers on 9th & 10th 
August 2021-22. We all know that the technologies are changing at a fast pace and the old ones 
become obsolete in a very short span of time. Material is the basis of all technological innovations. 
Keeping this in mind, this year’s theme was decided as Multifunctional Advanced Materials which is 
revolutionizing around almost all the fields. The integration of different materials provides multi 
utility and functions which makes it much more desirable for the future, and can be applied to many 
areas leading to development of sustainable technologies. The future of this seems very wide due to its 
smart way of application. We expect many more breakthrough experiments and inventions in the 
future, so giving an impetus to this topic seemed right in today’s scenario. 

The College Trust upholds certain values and principles which cater to the development of the locality 
and nation’s development at large. The encouragement we get from the management of the institution 
defines their dedication to the vision and motto, that is to make the institution a centre of excellence 
and a place of quality education. I express my deep gratitude towards our management members Shri. 
M.S. Bhoomraddi, President and Chairman, College Governing Council; Shri. V.N. Hegde, Vice 
President; Shri V. K. Hunnur, General Secretary; Shri K.H. Deshpande, Jt. General Secretary and 
other members. 

We were honoured and are thankful to Dr. Ponnadurai Ramasami for accepting our invitation as Chief 
Guest. We are truly indebted to all the renowned speakers who joined us nationally and internationally 
in our endeavours to achieve our feet. Sincere thanks to all the eminent personalities who graced the 
occasion such as Prof. Dr. Rameshwar Adhikari, Former Executive Director, RECAST, Tribhuvan 
University, Kathmandu, Nepal; Prof. Dr. Thinakaran Narayanan, Higher National Youth Skill Institute 
of Sepang, Malaysia; Prof. Dr. A.H. Mijinyawa, Dr. G.M. Nazeruddin, Retd. Principal, Poona College 
of Arts, Science & Commerce and Professor Emeritus Abeda Inamdar Senior College, Pune; Prof. M. 
Swaminathan, Nanomaterials Laboratory, International Research Centre, Department of Chemistry, 
Kalasalingam Academy of Research and Education, Krishnankoil; Prof. Dr. W.B Gurnule, Kamala 
Nehru Mahavidyalaya, Nagpur. I heartly acknowledge the profound knowledge they shared with the 
participants and truly appreciate their high degree of commitment in imparting knowledge. 
I express my sincere thanks to the Advisory Committee who have done the handholding for the 
fruition of such a wonderful conference. Prof. Brijesh Pare, President, ACT, Head of the Department 
of Chemistry, Madhav Science College, Ujjain, Madhya Pradesh; Prof. D.V.Prabhu, General 
Secretary, ACT, Wilson College, Mumbai; Dr. Hemant Pande, Vice President, ACT, West Zone, 
Mumbai; Prof. A.S.Aswar, Member, ACT, S.G.B, Amaravati University; Prof. Dr. W.B.Gurnule,  
Member, ACT, Kamala Nehru Mahavidyalaya, Nagpur. 
A big salute to the organizers, teaching and non-teaching staff, participants, presenters and students 
whose wholehearted and untiring support made this International Conference a huge success. I 



congratulate Mrs. Harshada Niju, Convenor, and Mrs. Sandhya Patil, Co-Convenor of this conference 
and each and every member of my Department and Organising team for the success of this conference. 

I whole heartedly thank IARA publications for their efforts in publishing the papers of this conference. 
 

Dr. Leena Sarkar 
Principal & 

(Chairperson, VICMAM-2021) 
 

 
 

 
 

 
 

 
 

 



                                                          
 
We are glad and obliged to have been given this opportunity to host two days Virtual International 
Conference (VICMAM - 2021) in collaboration with ACT. 
This conference gave an opportunity to the participants to gain knowledge from the experience of 
eminent scientist working in the field of advanced materials. It helped the budding scientists and 
researchers to get exposed to the recent developments in advanced materials. They also got an 
opportunity to present their research work and interact with the eminent scientists. 
We thank our honorable management members for their constant support and motivation for 
conducting this conference. We thank our Principal Dr. Leena Sarkar for her valuable inputs and 
guidance while conducting this international conference.  We also thank all the members of organizing 
committee for extending their valuable help in organizing the conference. We thank the Eminent 
speakers, authors, reviewers of research papers/ Poster presenters for their active participation. 

Asst. Prof. Harshada Niju                                                      Asst. Prof. Sandhya Patil 
(Convener VICMAM- 2021)                                                  (Co-Convener VICMAM- 2021) 
 
 

 
Chief Guest: - Ponnadurai Ramasami 
Ph.D. in Physical Chemistry; University of Delhi, India 
 
He is currently teaching at 

(a) Merton College, Mauritius: Ordinary and Advance levels Chemistry 
(b) University of Mauritius: 

(i) Department of Chemistry 
(ii) Department of Chemical Engineering 

He has been awarded with Best Mauritian Scientist award in 2016. 
He has done Supervision of 60 Undergraduate projects and 10 Postgraduate projects. 

He has published  237 papers and has several books in his name. 
 



 
Prof. Dr. Rameshwar Adhikari 

(M. Sc., PhD. Chemistry) 
 
He is Former Director, Research Centre for Applied Science and Technology (RECAST), Tribhuvan 
University, Kathmandu, Nepal and also Professor of Chemistry, Central Department of Chemistry, 
Tribhuvan  University, Kathmandu. 
He is an Associate member of CHEMRAWN Committee, National Representative  for Chemical 
Education Committee  and Polymer Division of the IUPAC Secretary of Humboldt Club Nepal . He is 
also a Founder President of Nepal Polymer Institute (NPI)  and is re – elected as General Secretary, 
Nepal Chemical Society. 
 

 
Shri. THINAKARAN NARAYANAN 

Master of Science in Manufacturing Engineering, UTeM 
 
He has an experience of teaching in Heavy Machinery Mechanics (Dec 2004-2011) and Architectural 
Design (Jul 2003-Nov 2004), panel beating & spray painting (Sept 2002-June 2003). 

He had been invited as a Plenary Speaker for International Conference Polymer Processing & 
Characterization (ICPPC 2019) at Mahatma Gandhi University (MGU) Kerala and in a Symposium on 
Intelligent Manufacturing and Mechatronics (SIMM 2019). He was also invited in the proceeding of 
Mechanical Engineering Research Day 2019 (MERD 2019) and 9th National Conference in 
Education, Technical & Vocational Education & Training. 
He has been awarded Gold Medals in innovation contest PERISA 19 organized by Community 
College of Selayang, Iinnovation contest index 19 organized by UiTM Shah Alam. Gold and Bronze 
Medal of IPITEX Innovation competition 2019, Bangkok Thailand 



 
Prof. Dr. A. H. Mijinyawa 

(M. Sc., Ph.D.) 
 
He holds a First degree from Bayero University Kano, Nigeria. A Post graduation degree in Chemistry 
from Sharda University, Greater Noida, India. He was awarded a doctoral degree in Chemistry from 
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has published more than 12 research papers in National and International Journals. 
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He has published more than 200 research papers in National and International reviewed journals and 
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He is  an author of 32 Books/04 Chapters, 04 of which are of International level published by Apple 
Academic Press inc. Canada. 

He is recently honored by Best Researcher Award by Rashtrasant Tukadoji Maharaj Nagpur 
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and Allied Scientists” and bronze medal award in 2012 for research contribution in Chemical Sciences 
by Chemical Research Society of India (CRSI). He has been also awarded with Life time achievement 
award for Material Science in ‘International conference on Futuristic Materials’ held at RTM 
University and ACT P.R. Singh award for outstanding contribution to chemical education in 2019 at 
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“International Journal of Photoenergy”.  He is the member of Editorial board of “International journal 
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2016 of Association of Chemistry Teachers, Mumbai and is EC member till now. 
 

 
Dr. G. M. Nazeruddin 
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INVESTIGATION OF VOLATILE ORGANIC COMPOUNDS (VOCS) AT AN OUTSKIRTS AREA 

OF GORAKHPUR– A TERAI REGION OF NORTH INDIA 

Amit Masih
1
 and Shilpi Srivastava

*2 

1Environmental Research Lab, Department of Chemistry, St. Andrew’s College, Gorakhpur, India 
*2Department of Chemistry, Indira Ghandhi National Tribal University, Amarkantak, M.P. India 

ABSTRACT  
Volatile organic compounds (VOCs) are air pollutants of an important class and also at a low quantity; these 
have a huge potential risk to human well-being due to their carcinogenic nature. Thus, an investigation of 

ambient VOCs (benzene, toluene and xylene) was conducted at an outer edge area in Gorakhpur for a span of 

one year in order to ascertain the contamination levels. The levels of BTX were measured with the help of low 
volume sampler. Carbon disulphide was used for the extraction of samples by occasional agitation and then it 

was analyzed on GC-FID. The average concentration of total BTX in all samples was 12.7 µg/m3 and the total 

range was from 1.12 µg/m3 to 21.8 µg/m3 with the median of 8.2 µg/m3. The maximum concentration of total 

BTX was found to be 16.1 µg/m3 in winter season, followed by 12.3 µg/m3 in summer and 9.9 µg/m3 in monsoon 
season. Toluene contributed maximum (63%) followed by benzene (33%) and xylene (4%) and residential site 

(16%). The BTX concentration was in the order toluene > benzene > xylene. The hazard quotient was 3.8E-01, 

4.3E-03 and 1.3E-02 of benzene, toluene and xylene respectively. Integrated lifetime cancer risk for benzene 

was 6.9E-06. 

Keywords— VOCs, BTX, Carcinogenic/Non-carcinogenic risk, Terai region, Seasonal Variation. 

INTRODUCTION 

Volatile organic compounds (VOCs) are important tropospheric pollutants. During the recent decade’s volatile 
organic compounds (VOCs) such as benzene, toluene and xylene (BTX) have gained interest in the field of 

indoor and outdoor air quality [1]. These mono-aromatic hydrocarbons are the sources of a variety of adverse 

health effects such as asthma, dizziness, fatigue, and eye, nose, and throat irritation. Moreover, nausea and 

similar nonspecific symptoms have been also associated with BTX [2]. Among BTX compounds, xylenes are 

highly reactive and contribute to ozone formation and hence to climate change [3]. 

Humans are exposed to benzene mainly through breathing polluted air [4]. Therefore, great efforts have been 

devoted to identifying the sources of benzene in both indoor and outdoor air [5]. Benzene is emitted by 
vegetation and petroleum reservoirs [6]. However, because it is present in crude oil, natural gas, and unleaded 

gasoline, anthropogenic sources are the main contributors [7]. Vehicular exhaust, incomplete fuel combustion 

and evaporative loss are considered as the chief reasons of benzene in ambient air. Xylene and toluene are much 

copious in gasoline than benzene and both are also used in solvents widely. Therefore, outdoor levels of these 

compounds were expected to be higher than that of benzene [8]. Due to adverse effects on human health, the 

analysis of benzene, toluene, and xylene (BTX) concentrations in air is necessary [9]. 

MATERIAL & METHODS 

Site description, sampling and analysis 

Air sampling was set up for a span of one year (Nov. 2014 to Oct. 2015) at an agrarian area ‘bhathat’. The 

monitoring was achieved once in a week for 24 hrs in a planned routine and a total of forty-eight (48) samples 

were collected. BTX were sampled and analysed using a methodology based on National Institute for 
Occupational Safety and Health (NIOSH) method 1501 [10] & [11]. BTX were sampled by drawing air through 

activated coconut shell charcoal tubes (CSC, 8 mm x 110 mm, 600mg) containing two sections of (main section 

400 mg, second section 200 mg) separated by a 2 mm urethane foam (SKC Inc.), using a low-flow SKC Model 
220 sampling pump (SKC, USA) at the flow rate of 250 ml/min for 20-24 hrs. Every week the rate of air suction 

was tested using rotameters which were calibrated with an accurateness of ±1%. Sampled air was then analysed 

with an HP 6890 gas chromatography/mass spectrometer and gas chromatography/ flame ionization detector 

[10] & [12]. 

RESULTS & DISCUSSION 

The seasonal BTX levels determined at agrarian sites of Gorakhpur is shown in Figure 1. The concentration of 

benzene ranges from 3.5 µg/m3 to 34.1 µg/m3 with the mean value of 11.6 µg/m3. Toluene ranges from 9.4 
µg/m3 to 47.1 µg/m3 having an average of 21.7 µg/m3. Xylene has a mean concentration of 1.3 µg/m3 with the 

range of 0.5 µg/m3 to 3.4 µg/m3. The total mean concentration of BTX was 12.7 µg/m3 at agricultural area of 
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Gorakhpur. Figure 2 depicts that toluene (63%) had the highest contribution followed by benzene (33%) and 

xylene (4%) of the total BTX at agricultural area. 

 

The interspecies ratios of VOCs with varying reaction rates against OH provide information about the 
characteristics of air at the sampling site. Average VOC relative ratios at Gorakhpur region with respect to 

benzene, toluene and xylene (BTX) were studied. Benzene and Toluene are chief constituents of gasoline 

emitted into the environment by vehicular exhausts. 

 

Table 1 illustrates that the maximum B/T ratio was found during winter season (0.71) followed by summer 

(0.43) and monsoon seasons (0.39) indicating that increase in concentration from monsoon to winter season and 

from summer to winter season is higher for benzene as related to toluene and xylene. 

 

This fact is also supported by the X/B ratio which was found to be lowest in winter season (0.09) and increased 
during summer (0.12) and monsoon season (0.13). This may be explained on the account of prevalent usage of 

cow-dung cakes, charcoal, wood etc. for cooking throughout the year. Additionally, in winter season stubble, 

brushwood and straw are also used for heating purpose. The weather of Gorakhpur can be generally classified 

into three seasons, winter (November-February), summer (March-June) and monsoon (July-October). 
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Figure 3 depicts the seasonal pattern of measured BTX in ambient air at agricultural area of Gorakhpur. The 

concentration of benzene in during winter, summer and monsoon seasons are in the order of 17.1, 9.3 and 7.9 

µg/m3 respectively, whereas toluene (23.9, 21.3 and 19.9 µg/m3), and xylene (1.6, 1.1 and 1.0 µg/m3). Although 
the trend of seasonal variation of BTX at agricultural area is similar with nature i.e. maximum concentration of 

BTX were found to be in winter (16.1 µg/m3) followed by summer (12.3 µg/m3) and monsoon (9.9 µg/m3) 

seasons. The total BTX ratios for winter to summer (W/S) and winter to monsoon (W/M) were 1.3 and 1.5 at 
agricultural area indicating significant seasonal variations of BTX. Figure 4 shows the plot of toluene against 

benzene with R2 value 0.91, which suggests a linear relationship between toluene and benzene. Additionally, it 

also identifies that benzene and toluene may have the same source i.e. the use of biomass fuel [03]. 

 

In the present study, the non-cancer hazard quotient (HQ) and integrated lifetime cancer risk (ILTCR) due to the 

BTX exposure at their prevalent levels were assessed [13]. The (ILTCR) was determined from the given 

equation: 

ILTCR = EL (mg kg-1day-1) × CPF (mg kg-1day-1) 

Where, EL is the effective lifetime exposure and CPF is the carcinogenic potency factor or cancer slope factor. 

The inhalation cancer slope factor of carcinogenic compounds for benzene was obtained from Risk Assessment 

Information System (RAIS) as 2.73 x 10-2 mg kg-1day-1 [14]. A cancer risk of > 10-6 was considered 
“carcinogenic effect of concern;” a value ≤10-6 was considered an “acceptable level” [15]. Non-malignant risk 

assessment was denoted by hazard quotient (HQ) and it was defined as the ratio of yearly average daily 

concentration received (EY) and the reference concentration (RfC), which was determined according to 

equation: 

HQ = EY/RfC 

Where RfC - the inhalation reference concentration of the non-carcinogenic compounds toluene and xylene was 
obtained from the Integrated Risk Information System (IRIS) as 5 and 0.1 mg/m3, respectively [16] & [17]. The 

RfC of benzene for non-cancer risk is 0.03 [18]. The sum of HQs for specific pollutants gave Hazard Index 

(HI). 

 

Table 2 represents ILTCR and HQ risks (per individual residing time of 15 years). The risk of cancer estimated 

for benzene surpassed the permissible value of 1E-06 specifying further cancer risk from benzene because of its 
higher carcinogenicity. Toluene gives the highest non-cancer HQ followed by benzene and xylene. The 

individual HQs for BTX did not exceed unity anywhere indicating no serious threat of chronic non- cancer 

health effect in pollutant specific target organs for the city population [13]. 
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ABSTRACT 

"Nanotechnology" depends on the acknowledgment of the particles not exactly the size of 100 nm. It is the 

designing and assembling of materials at the nuclear and atomic scale. The utilization of nanotechnology for 
"phytotherapy" or treatment of different infections by natural prescriptions/drugs, including home grown 

medication conveyance where current and arising nanotechnologies could empower altogether clever classes of 

therapeutics has been accounted for. The analysts have prevailed with regards to utilizing nanotechnology to 
embed and at the same time enact the qualities conveyed into plant cell dividers. The nanomaterial's can 

fundamentally improve the pharmacokinetics and restorative file of plant beginning medications. Strangely, 

drug sciences are utilizing nanoparticles to decrease poisonousness and symptoms of medications. The 

scientific experts are utilizing nanotechnology for plant exploration to be applied as "phytotherapy". The 
nanoparticles, alleged "mesoporous" present the quality and enact it in an exact and controlled way and 

without poisonous eventual outcomes. The organically combined nanoparticles with plant items have better 

chemotherapeutic impacts against microbial infections. With the execution of Nano mechanical creation 
methods, it is feasible to satisfy the significant need for artemisinin for intestinal sickness therapy and disease 

chemotherapy also. Utilizing nanotechnology, the analysts tracked down that another natural medication 

compound had the option to enter disease cells without harming the solid cells of the human body. 

KEYWORDS: Cancer, diseases, herbal drugs, nanoparticles/nanotechnology, plants, research 

1.  INTRODUCTION: 

The expression "nanotechnology" was inferred by Greek word "Nano", signifying "overshadow". The Nano 

gadget and Nano technique are one billionth of a meter or 10-9 m. The nanotechnology includes the clusters of 

iotas, atoms and sub-atomic sections into the minuscule particles somewhere in the range of 1 and 100 nm, and 
advances to the associations of sub-atomic level matters and designed materials naturally. Nanotechnology is 

the new arising innovation in the medication revelation and it has the property of self-focusing as in without the 

connection of a particular ligand, the nanoparticles can be utilized for focusing, due to their unmistakably little 
size, at the tainted obsessive regions. Medication conveyance framework brought a clever medication 

conveyance framework, an original way to deal with beat the disadvantages of the customary medication 

conveyance frameworks. Therapy of persistent illnesses like malignancy utilizing designated drug conveyance 

nanoparticles is the most recent accomplishment in the drug conveyance field [1]. 

The prefix "Nano" in the nanotechnology implies a billionth (1 × 10-9). "Nanotechnology" depends on the 

acknowledgment of the particles not exactly the size of 100 nanometers (nm) bestow to nanostructures worked 

from them new properties and conduct. This happens in light of the fact that particles, which are more modest 
than the trademark lengths related with specific marvel frequently show new science and physical science, 

prompting new conduct which relies upon the size. Then again, "nanotechnology" is a cycle by which the 

capacity to control singular iotas and atoms can be created utilizing on set of exact instruments to assemble and 
work proportionately more modest set so on down to a required scale. As of late, nanotechnology has gotten 

perhaps the most significant and invigorating bleeding edge fields in science. It shows extraordinary guarantee 

for furnishing us soon with numerous leap forwards that will alter the course of mechanical advances in a wide 

scope of utilizations. Innovative work of this advanced field is coordinated towards making worked on material, 

gadgets and frameworks that abuse the new properties [2, 3] 

To emphasize more clearly, “nanotechnology” is the engineering and manufacturing of materials at the atomic 

and molecular scale. In its strictest definition, "nanotechnology" alludes to structures generally in the 1-100 nm 
size systems in somewhere around one measurement. Despite this size restriction, “nanotechnology” commonly 

refers to structures that are up to several hundred nm in size, and that are developed by top-down or bottom-up 

engineering of individual components. The emergence of nanotechnology platforms can enable development 
and commercialization of entirely new classes of bioactive macromolecules that need precise intracellular 

delivery for bioactivity. While both organic and inorganic technologies are under development, controlled-

release polymer technologies and liposomes will likely continue to have the greatest clinical impact for the 

foreseeable future [4] 
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Hence, in this paper, we focus on the use of nanotechnology for “phytotherapy” or treatment of various diseases 

by herbal medicines/drugs, including herbal drug delivery where current and emerging nanotechnologies could 

enable entirely novel classes of therapeutics. The herbal medicines are not a simple task since many factors 
influence the biological efficacy and reproducible therapeutic effect. Standardized herbal products of consistent 

quality and containing well-defined constituents are required for reliable clinical trials and to provide consistent 

beneficial therapeutic effects. Pharmacological properties of a herbal formulation depend on phytochemical 
constituents present therein. Improvement of legitimate logical strategies which can dependably profile the 

phytochemical piece, including quantitative examinations of market/bioactive mixtures and other significant 

constituents, is a significant test to researchers. The nanotechnology based herbal drugs possess improved 

solubility and enhanced bioavailability [5]. 

Ayurveda is the ancient Indian medical science based on herbal medicines/drugs and herbo-mineral 

preparations. Researchers from Lowa State University have succeeded in using nanotechnology to insert and 

simultaneously activate the genes delivered into plant cell walls, a discovery that has powerful implications for 
biotechnology. While the way toward conveying qualities into plant tissue isn't new, it has two phases. First, the 

gene is inserted into plant cell tissue and then afterwards chemicals are introduced into plant to trigger the genes 

function. The two-stage process has been imprecise as the presence of chemicals can be harmful to the plant. 
Researchers at Texas Agri Life Research are planning to use nanotechnology for detecting plant disease at an 

early stage so that tons of food is protected from the possible outbreak. Researchers of the US Department of 

Agriculture are working to find a solution for protecting the food and agriculture from bacteria, fungus and viral 

agents. As of now, the discovery method requires days to discover the plant illness and analysts are centering to 
track down a short and better recognition framework that can give results inside a few hours. Analysts are 

searching for a straightforward framework that is versatile and exact and doesn't need any convoluted strategy 

for activity, so that even a basic rancher can utilize the portable system and can address the disease. The major 
problems with plants is that unlike humans, they do not have immune system and if any new plant pathogen is 

present in the area, plants are not able to protect themselves [6]. 

Separation and extraction of normal items (or natural medications) is loaded with numerous specialized hitches. 

Inspite of this fact, the plant origin natural products have occupied lead positions as drugs in current 
pharmacopoeia and the improvement in this concern through Nano formulations using nanotechnology have 

been done. Known effects and no side effects have made natural products a powerful therapeutic solution to the 

organisms. But the delivery of plant origin therapeutic molecules as drugs is problematic due to poor solubility, 
poor permeability, low bioavailability, instability in biological milieu and extensive first pass metabolism. 

These limitations of plant origin drugs can be overcome by attaching or encapsulating them with suitable 

nanomaterial’s. The nanomaterial’s can significantly enhance the pharmacokinetics and therapeutic index of 
plant origin drugs. Designated conveyance and blend treatment can definitely work on the presentation of plant 

beginning medications [7]. 

2.  NOVEL DRUG DELIVERY SYSTEM FOR HERBAL MEDICINE: 

Ayurveda is one of the ancient medical sciences practiced in India [8]. Herbal medicines have been recognized 
by physicians and patients due to their potential therapeutic effect and also their fewer side effects as compared 

to other medicines, [9, 10] at the same time it also increases the bioavailability [11] of the medicine. For quite a 

while, home grown prescriptions were not considered for improvement of novel plans because of absence of 
logical avocation and preparing challenges. The cutting edge phyto-drug examination can tackle the logical 

necessities of natural meds in creating novel medication conveyance frameworks, for example, nanoparticles, 

miniature emulsion, grid framework, strong scattering, liposomes and solid lipid nanoparticles. The intricacy of 
dynamic constituents makes the advancement of novel medication conveyance framework for natural plans 

exceptionally testing. In the greater part of the regular measurements structures, just a restricted measure of 

controlled portion arrives at the designated site, while most of the medications get appropriated all through the 

body depending on physicochemical and biochemical properties[12,13]resulting in low therapeutic value. 

Novel drug delivery system (NDDS) for herbal medicines includes targeted drug delivery, which reduces 

dosage frequency, increases the solubility and absorption whereas decreases elimination [14]. Among all the 

NDDS, Nanoparticles are considered to be an important one. Nanoparticle can be used to target the herbal 
medicines to individual organs which improve the targeted drug delivery, effectiveness and safety of the 

medicine. Fig.1. To stress more, Nanotechnology is the designing and assembling of materials at the nuclear 

and atomic level. In spite of the size limitation Nanotechnology ordinarily alludes to structures that are up to a 

few 100 nm in size. It is the utilization and control of issue at a little scope. At this size, iotas and atoms work in 
an unexpected way, and give an assortment of astounding and fascinating outcomes. Nanotechnology and Nano 
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science examines have arisen quickly during the previous years in a wide scope of item areas. It provides 

opportunities for the development of materials, including those for medical applications, where conventional 

techniques may reach their limits [15]. 

 

Fig 1: Release of medication atoms to the designated site. 

3.  NANOPARTICLE SYNTHESIS: 

3.1  Polymer Nanoparticle: 

Polymer Nanoparticles are defined as solid, colloidal particles in the range of 10-1000 nm. Polymer 

Nanoparticle is known as Nano sphere and Nano capsules. These can be arranged either from preformed 
polymers or by direct polymerization of monomers. Different methods like solvent evaporation, salting out, 

dialysis, supercritical fluid evaporation and rapid expansion of supercritical solution are being used [16]. The 

decision of planning technique is made based on various factors like the sort of polymeric framework, space of 

use, size prerequisite and so on. The polymeric nanoparticles which are synthesized by any of these techniques 
are proved for efficient therapeutic activity. A schematic diagram represents Fig. 2 how polymeric nanoparticles 

are synthesized. 

 
Fig 2: Schematic portrayal of different methods for planning of polymeric nanoparticles. 

3.2  Metallic Nanoparticles 

Metal nanoparticle is used to describe Nano sized metals with dimension (length, width and thickness) range 

between 1-100 nm. There are various liquid phase methods for preparing metallic nanoparticles, such as 
chemical reduction, sol gel, and reversed micelle. Nobel metal Nanoparticles with spherical shaped and size, 

were produced continuously by the chemical reduction methods [17, 18]. In this schematic diagram represents 

how the metallic Nanoparticles have been synthesized by different methods shown in Fig. 3. Metal 
nanoparticles are broadly utilized because of their trademark provisions, for example, huge surface advances, 

give explicit electronic design among sub-atomic and metallic states and cycle a huge number of low 

coordination sites. These are utilized in attractive partition of named cells and other natural substances, 
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restorative medication, quality and radionuclide conveyance, radio recurrence techniques for the catabolism of 

tumors by means of hyperthermia, and contrast enhancement agents for magnetic resonance imaging. 

 
Fig 3: Schematic portrayal for readiness of metallic Nanoparticles. 

3.3  Magnetic Nanoparticles 
Magnetic Nanoparticles have been synthesized with number of different compositions and phases including 

pure metals like CO, Fe and Ni, metal alloys such as FePt, CoPt [19]. Utilizing attractive nanoparticles molecule 

size of around 3 nm can be acquired. The size of particles will be hundreds of atoms which enable us to make 

recording media of up to 1 Tb/in2 in recording density which can be achieved by correctly organizing the 
particles. Various methods are been reported few among them are coprecipitation, sonochemistry, colloidal 

method, solvothermal, combustion synthesis, hydrothermal method, micro emulsion and thermal decomposition 

methods [20]. 

The critical utilizations of MNPs are in Bio division where the formation of the objective biomolecules and 

MNPs which are functionalized with explicit receptors, structures edifices and can be without any problem 

drawn in by the applied attractive field and extricated from the immaculate combination, in this manner giving 
an advantageous and efficient methodology for bio partition when contrasted with customary technique like 

centrifugation and filtration. This technology is also used in bio sensing, drug delivery, magnetic resonance 

imaging and hyperthermia [21]. 

Fig. 4. 

 

 
Fig 4: Schematic representation for preparation of Magnetic Nanoparticles. 

4.  NANOSIZED HERBAL MEDICINES TO CURE CANCER AND OTHER DISEASES: 

Herbal drugs/medicines (or herbal remedies) and natural products are being used since ancient times to cure 

various diseases. In contrast to the current the allopathic framework, the natural medications have hundreds and 
thousands of constituents that all work together against sicknesses. The natural products produced by the 

organisms like fungi, bacteria, animals and plants act as biologically active agents. In contrast to the current the 

allopathic framework, the home grown medications have hundreds and thousands of constituents that all work 
together. Mostly, the traditional drugs or pharmacognostical items in the market are established from normal 

items and their subordinates with natural items are assuming critical part. TQDainst illnesses. Everywhere, the 

examination on such natural cures has been completed in various regions, e.g., drug store, pharmacology and 

medication. 
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Joining of these home grown concentrates into novel definition frameworks is to be done to enjoy benefits and 

to defeat their mass dosing and less assimilation which is the major problem being faced. A large number of the 

huge regular items and their determined dynamic parts present in the market are: paclitaxol, doxorubicin (both 
anticancer medications), lovastatin (anticholesterolemic), erythromycin, streptomycin, rafamycin (all anti-

toxins), cyclosporine-A and tacrolimus (both immunosuppressive), and amphotericin-B (fungicidal). Actually, 

in the context of conventional pharmaceuticals, these drugs have their existence from herbal remedies. Many 
medications (e.g., asprin, salbutamol, digoxin, quinine, morphine, atropine, colchicine, bromelain, and so on) 

had been extricated from the plants as their dynamic segments for treating different sicknesses. Morphine was 

confined as a first medication by Serturner from the plant opium popy (Papaver somniferum) as a pain reliever. 

Quinine separated from the cinchona tree (Cinchona officinalis) is utilized to treat intestinal sickness, and anti-
inflamatory medicine segregated from willow bark is utilized for the therapy of fever. The vast majority of the 

plants and details (e.g., Curcumin, Triphala, Pomegranate, Kalonji, Sariva, and so forth) have investigated the 

possibility to fix disease and aggravation [22]. 

The analysts have removed the fixings from Chinese plants to make another medication to battle against 

malignancy. By using nanotechnology, the research showed that the herbal drugs are able to enter cancer cells 

without damaging the healthy cells of the human body. The new medication was created by separating the 
malignancy battling elements of Chinese spices like milk vetch root, saltwort, cassia twigs and liquor ice root. 

The natural medication nanotechnology diminished these fixings to their littlest size, empowering them to enter 

dangerous cells without harming solid cells. It was likewise clarified that the medications first period of creature 

testing has effectively been effectively finished with the patent rights in 42 nations. This new medication enjoys 
four benefits: it just kills the dangerous cells; it has fast therapeutic impacts; it doesn't hurt different organs; and 

it tends to be ingested orally without a physician’s oversight. When taken along with western medication, the 

medication is likewise ready to bring down the measurements and diminish protection from disease drugs, 
accordingly improving generally speaking effectiveness. During tests, the home grown medication was 

allegedly observed to be viable in lightening manifestations of the diseases of lung, bosom, bone, liver, tongue, 

cervix, ovary, mind and skin, and primary or metastatic lymphoma. The Nano herbal drug was also reported to 

work well, especially against the lymphoma, where the tumor was to have softened, grown smaller in size or 

disappeared altogether after 2 months of treatment [6]. 

The profoundly steady micelles with the size of 10 to 40 nm can be ready from poly (ethylene 

glycol)/phosphatidyl ethanolamine (PEG-PE) forms. These are easily soluble and can firmly retain substantial 
quantities of various poorly soluble anticancer drugs (m-porphyrin, tamoxifen, taxol). The stable drug-loaded 

polymeric micelles may represent a convenient drug delivery system into tumours utilizing the enhanced 

permeability and retention effect [23]. Late advances in drug conveyance frameworks of camptothecin have 
further developed this drug’s proficiency in tumor because of improvement in Nano-sized dose types of 

camptothecin-determined medications. DNA topoisomerase is one of medication focuses in malignancy 

treatment. Camptothecin is a plant alkaloid got from the Chinese tree Camptotheca taper. The alkaloid 

camptothecin caused DNA damage by specifically targeting DNA topoisomerase, effectively devastating a 

broad spectrum of tumors [24]. 

Nanotechnology has drafted plant infections for drug conveyance in disease. The specialists have effectively 

altered a typical plant infection to convey sedates just to explicit cells inside the human body, without 
influencing encompassing tissue. These little "keen bombs" every one huge number of times less than the width 

of a human hair-could prompt more powerful chemotherapy medicines with extraordinarily decreased, or even 

eliminated, side effects. The researchers say that the virus is appealing in both its ability to survive outside of a 
plant host and its built-in “cargo space” of 17 nm, which can be utilized to convey chemotherapy sedates 

straightforwardly to tumor cells. The scientists convey the infection by joining little proteins, called "signal 

peptides‟, to its outside that influence the infection to "look for out‟ specific cells, like malignant growth cells. 

Those equivalent sign peptides fill in as "passwords‟ that permit the infection to enter the malignant growth 
cell, where it delivers its freight. Out of various nanoparticles as cell-focusing on vectors utilized, the plant 

infection is prevalent as far as security, simplicity of assembling, capacity to target cells and capacity to convey 

restorative payload. Calcium is the key to keeping the virus‟ cargo enclosed. 

At the point when the infection is in the circulation system, calcium is additionally bountiful. Inside the 

individual cells, be that as it may, calcium levels are a lot of lower, which permits the infection to open, 

conveying the malignancy sedates just to the designated cells. Another factor that makes the infection 

exceptional is the sturdiness of its shell. At the point when the infection is in a shut state, nothing will spill out 
of the inside, and when it opens, it opens gradually, which implies that the infection has time to enter the cell 
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core prior to conveying its payload, which builds the drug’s adequacy. The specialists accept that their 

technique will lighten the symptoms of normal chemotherapy medicines, while expanding the adequacy of the 

treatment. 

The nanoparticles can be stabilized and targeted to specific cells (such as cancer cells) by attachment of specific 

proteins to the nanoparticles. Viruses that lack a lipid envelope (i.e., they consist of a genome surrounded by a 

protein capsid and other protein structures) provide a molecularly precise container of known structure and 
organization to which targeting molecules can be attached. Encapsidation of different nanoparticles up to 17 nm 

in width by the 36 nm breadth “Red Clover Necrotic Mosaic Virus‟ (RCNMV) has been accounted for. This 

plant virus has a genome consisting of two single strand RNA molecules. 

The two genomic RNA atoms structure an intricate that ties the viral capsid protein and starts the gathering of 
the virion. A little RNA atom that imitates the site on the second genomic RNA needed to start virion assembly 

can be tethered to various nanoparticles and then serve to initiate virion gathering, shaping uniform infection 

like particles around 33 nm in distance across marginally more modest than the local infection particles-that 
encapsidate the nanoparticle inside the protein shell. The relatively small size of the virus-like particles is an 

advantage because particles in the 30 nm range can be delivered directly to the cell nucleus via the nuclear pore 

complex. The virus like particles are also sturdy enough to facilitate purification [25]. 

5.  NANOTECHNOLOGY FOR PLANT RESEARCH: 

The researchers from Iowa State University have succeeded in using nanotechnology to insert and 

simultaneously activate genes delivered into the plant cell walls, a discovery that has powerful implications for 

biotechnology. While the way toward conveying qualities into plant tissue isn't new, it has two phases. First, the 
gene is inserted into the plant cell tissue; and afterwards, the chemicals are introduced into the plant to trigger 

the genes function. The two-stage measure has been uncertain as the presence of synthetic substances can be 

hurtful to the plant. The new breakthrough solution uses what are called “mesoporous nanoparticles‟. These 
nanoparticles both present the quality and enact it simultaneously, in an exact and controlled way without 

harmful impacts. 

The scientists could potentially use this as an aid in imaging analysis of plants, which have been activated with 

the appropriate materials. The nanoparticles are artificially covered and go about as compartments for the 
qualities that are conveyed to the plants. The coating induces the herbal plants to swallow the particles, 

effectively ingesting them inside the plant cell walls where the genes could be inserted. The scientists have 

prevailed with regards to utilizing this innovation to acquaint DNA with tobacco and corn plants, among others. 
With nanotechnology, the scientists can give a few substances to the plants, at the same time and delivery them 

in a period controlled way. Having the option to enter the cell mass of plant empowers scholars to see the 

universe of plant science in the entirety of its unpredictable and multifaceted detail, opening huge new frontiers 

of discoveries for agriculture and other industries that rely on the biotechnology [6]. 

A research center examination (at University of Delaware) has shown that the plants can attempt the 

nanoparticles and amass these nanoparticles in their tissues. It shows that the nanoparticles can enter into human 

food chain. The significant disservices with these nanoparticles are that the wellbeing hazard related with these 
particles has not yet been set up. There are many concerns with the use of these nanoparticles, and even they 

can enter through breathing and can damage our vital organs. The researchers used low frequency monotone for 

vibrating the dried pumpkin plant and unique magnetic signals were able to reveal the location of nanoparticles 
inside the plants. The agents further did the exploration on pumpkin filled in sand and soil, and found that there 

is pretty much nothing and no take-up of nanoparticles in contrast with the solid take-up in pumpkin plants 

filled in watery arrangement. 

The investigators (at Texas Agri Life Research) are planning to use nanotechnology for detecting plant diseases 

at an early stage, so that tons of food is protected from the possible outbreak. Presently, the detection technique 

takes days to find plant diseases, but now the researchers are focusing to find a short detection system that can 

give results within a few hours. For accomplishing this objective, the plant pathologists are holding hands to the 
nanotechnology trained professionals, so the consolidated endeavors could prompt a superior recognition 

framework. The analysts are searching for a basic framework that is compact and exact, and doesn't need any 

confounded procedure for activity, so that even a straightforward rancher can use the portable system and can 

address the diseases [6]. 

6.  FUTURE PROSPECT OF NANO SIZED HERBAL MEDICINES: 
Nano sized herbal medicines can potentially enhance the biological activity and overcome the problems 

associated with pure herbal drugs. New challenges in the development of nanotechnology based drug delivery 



International Journal of Advance and Innovative Research   
Volume 8, Issue 4 (IV) October - December 2021 
 

11 

ISSN  2394 - 7780 

system include the feasibility of scale up process that bring innovative therapeutic techniques to the market 

quickly, and the probability of getting multifunctional frameworks to satisfy a few organic and remedial 

prerequisites. Nanoparticles might apply toxicological impact; Nano toxicology has arisen as another part of 
toxicology for examining unwanted impact of Nanoparticle. In the past, health innovations were evaluated on 

their efficacy and improved patient quality of life. Currently, health care costs must also be considered. Nano 

therapeutic products, which are more complex in structure and more expensive than conventional alternatives, 

are designed to provide an overall reduction in health care costs [26]. 

7.   CONCLUSION: 

Nanotechnology has the property of self-targeting in the sense that without the attachment of a specific ligand, 

the nanoparticles can be used for targeting, due to their distinctively small size, at the infected pathological 
areas. Treatment of chronic diseases like cancer using targeted drug delivery nanoparticles is the latest 

achievement of nanotechnology. By analyzing the relationship between nanotechnology and biological 

medicine, the application of nanotechnological methods for bioavailability enhancement of herbal drugs can be 
brought about. With the application of nanotechnology of nanomization of herbal drugs, it will make the 

development of nanoherbal drugs possessing high bioavaibility, which consequently will open the new era of 

herbal drug discovery. At present, several nano drugs are under investigation for drug delivery and more 

specifically for cancer therapy. 
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ABSTRACT 

The phosphor Zn2SiO4:Eu was prepared in the air atmosphere by using solid state reaction method. Its 

characterization was systematically analyzed by SEM, X-ray diffraction (XRD) and photoluminescence spectra 
(PL). Photoluminescence emission spectra having excitations at around 254, 268nm revealed that Mn ions were 

present in trivalent oxidation states. The emission peaks are found at 525 nm(green) are observed. Surface 

morphology of the present phosphor was analysed by scanning electron microscopy method (SEM). The 
obtained results on Zn2SiO4:Mn(1.1%) is suitable for green light source using UV light as the primary 

excitation. So that this compound is  used a t medical imaging radiation applications. 

INTRODUCTION 

Willemite possesses a wide Willemite (α- Zn2SiO4), with phenacite structure occurs naturally and belongs to 

the group of orthosilicates. According to willemite theory the glass ceramic materials behave different 
properties like electric insulator, pigments and glazes. Mn-activated willemite (Zn2SiO4 :Mn) is an efficient 

green phosphor, and it has attracted many researchers for its potential applications to various types of display 

panels such as plasma display panel ~PDP!, vacuum fluorescent display ~VFD!, and field emission display 
~FED!. For enhancing the brightness and resolution of these displays, it is important to synthesize phosphors 

with high quantum efficiency, controlled morphology and small particle sizes either amorphous or crystalline in 

nature.Zinc silicate   compounds haven been utilized as host materials of lamp phosphors for many years, thanks 
to their relatively low material cost,  and reasonable stability in lamp application. The development of thefirst 

synthesized aluminates  phosphor canbe traced back to 1970. In the 1980’s rare-earth- activated aluminate  

phosphors were practically used in (BAM:Eu) fluorescent  lamps. This was the first application of rare-earth- 

activated aluminates in tri band fluorescent lamps and represented a landmark in this history of fluorescent 

lamps developed. 

Experimental: The starting materials were as follows: Zinc Oxide and Silicon dioxide and the molar ratio  of 

rare earth Manganese oxide MnO (National Chemicals, Baroda, 99.999%)  was used to  prepare the phosphor 
.The mixture of reagents was ground together to obtain  a  homogeneous powder in acetone base. To ensure the 

best homogeneity we use the stoichiometric ratios by using an agate mortar , powder was transferred to alumina 

crucible, and then heated in a muffle  furnace  at 120  °C for 2 hr. The phosphor materials were cooled to room 

temperature naturally. All   samples were found out to be white which are studied for photoluminescence. PL 

spectra    were recorded at room temperature using spectrofluorophotometer. 

S.No 

Sample 

λex 

nm Emission Intensities of different peaks(arb.u) 

525 nm 

1 Zn2SiO4:Mn(1.1%) 254 841 

2 Zn2SiO4:Mn(1.1%) 268 886 

 

 

 

 

 

Table-1: Intensities of different emission peaks for different excitations of   Zn2SiO4:Mn(1.1%) phosphor 

S.No 

 

Sample 

 

λex 

nm 

Emission Intensities of different peaks(arb.u) 

525 nm 

1 Zn2SiO4:Mn(1.1%) 254 841 

2 Zn2SiO4:Mn(1.1%) 268 886 
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.  

Fig.2: SEM of Zn2SiO4:Mn2+ (1.1%) 

CONCLUSIONS: 

Zinc silicate doped with Mn2+  phosphors were prepared via high temperature solid state reaction in air 

medium. Overall results show that the PL intensity monitored at 525nm   with 254 nm excitations displays a 
good green emission from Zn2SiO4:Mn2+ phosphor system. The 4T1(4G)→6A1(6S) transition, is directly 

responsible for the green light emission at 525nm Zn2SiO4:Mn2+ is suitable for Green light source  using UV 

light as the primary excitation. The morphological investigation of  Mn doped Zn2SiO4 was carried out by 

scanning electron microscopy (SEM). The typical SEM image is shown in Fig. 2. SEM image reveals that the 
particles size and shape is irregular and size varies from 2-5μm.The phosphor was used at cathode ray tubes and 

luminescent lamp materials. because of its luminescent efficiency and chemical stability. It has also been tested 

in thin film electroluminescent ~EL! Devices, medical imaging radiation detectors, medical physics, health 
physics, radiology, or radiation oncology library. It is also used  for scientists and engineers interested in 

learning about the current state of the art in radiation detectors and their applications in medical imaging. 
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ABSTRACT 
An organic light emitting diode (OLED) also known as organic electroluminescent diode is a light emitting 

diode in which the emissive electroluminescent layer is a film of organic compound that emits light in response 
to an electric current. This organic layer is situated between two electrodes; typically at least one of these 

electrodes is transparent. The organic molecules have conductivity levels ranging from insulators to 

conductors, and are therefore considered as organic semiconductors. Organic semiconductors were synthesised 
by the method of Friedlander condensation reaction. Originally, the basic polymer synthesised organic material 

is Diphenylquinoline (DPQ) which consisted of a single organic layer for OLED. The family members of DPQ 

organic polymers were synthesised by attaching chlorine- methyl, bromine, methyl, methoxy, P- hydroxyl, P-

Acetyl-biphenyl and P- Acetyl bi-chlorine to the structure of DPQ at various positions. All the synthesised 
polymers show crystalline in nature and emits blue colour under UV in various acidic as well as basic solvents 

like acidic acid, formic acid, chloroform, dichloromethane, tetrahydrofuran etc. The synthesised phosphors 

were characterised by different techniques, e.g. Fourier Transform infra-red (FTIR), UV- Visible absorption 
and photoluminescence spectra, X-Ray diffraction spectra (X-RD), Thermo gravimetric analysis (TGA) and 

Differential thermal analysis (DTA). All The blue emitting organic phosphors has generated considerable 

interest owing to their good photoluminescence efficiencies. 

Keywords— OLED’s, Solid state lighting, Friedlander condensation reaction, Organic Phosphors. 

INTRODUCTION 

Organic light emitting diodes (OLEDs) have gained considerable attention in the last two decades. The field of 

organic and polymeric light emitting diodes (PLEDs) has progressed rapidly since the initial reports by Tang 

and VanSlyke and Burroughes et al [1, 2]. Although researcher are trying to improve the quantum efficiency of 
both photoluminescence (PL) and electroluminescence (EL) OLEDs, the challenges still remain[3].Commonly, 

the blends of three primary (red, green and blue) or complementary colours (yellow and orange) entail white 

emission. Among all, the luminous efficiency of blue OLEDs still needs to be improved [4]. Hence it’s an 
urgent task to design novel blue light emission materials which matches with their counterpart with respect to 

luminous efficiency, lifetime so as to design a stable white emission from them. In this regards, organic 

phosphors based on quinoline constitute an important class of heterocyclic group and thus generated 

considerable interest among the researchers globally. Poly (quinoline) s was first reported in the 1970s by Stille 
and co-workers [5] by employing Frielander condensation as a polymerization step, in order to increase the 

demands for thermally stable and mechanically strong polymers. The characteristic features make them 

interesting for electronic and/or electro-optical devices. Prior state of art revels that the researchers have 
extensively investigated the optical and electronic properties of poly (quinoline) s including photo-conductivity 

[6], optical nonlinearity [7-10], photoluminescence [11-13], electroluminescence [14-17], Charge transfer [18] 

and electron transporting properties [19] for their potential applications in OLEDs, organic photovoltaic devices 

[20]. 

SYNTHESIS PROCESS 

Organic semiconductors were synthesised by the method of Friedlander condensation reaction [21]. The DPQ 

polymer and their family members were synthesised by taking proper chemical compositions in a three neck 

flask placed in a oil bath maintained at 90 0C for one hour and then at 1400 C for four hours as shown in figure- 1. 

 
Fig.1 Synthesis process 
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After completing the heating and stirring process, the flask was taken out of the oil bath for cooling up to eight 

hours. Organic samples were purified by proper method to get yellowish organic powder. All the derivatives of 

DPQ couldn’t emit light but they are tested for the emission of light in various solvents and they emit blue light 

under UV source. The structure of synthesised organic material Diphenylquinoline (DPQ) is shown in figure-2. 

 
Fig: 2- Chemical structure of DPQ 

The synthesised derivatives of DPQ obtained by above mentioned method are chlorine – methyl- 
Diphenylquinoline, bromine-Diphenylquinoline, methyl-Diphenylquinoline, methoxy- Diphenylquinoline, P-

hydroxyl- Diphenylquinoline, P-Acetyl-biphenyl-Diphenylquinoline and P- Acetyl bi-chlorine-

Diphenylquinoline. 

CHARACTERIZATION 
Physical, chemical and optical properties of the synthesized organic phosphor were studied using X-ray 

diffraction (XRD), Thermo gravimetric and differential thermal analysis (TGA/DTA), Fourier Transform 

Infrared (FTIR) and photoluminescence (PL) spectra. Well resolved distinct peaks in the XRD pattern of the 
sample confirm its crystalline nature. The TGA curve infers that the complex maintains its properties with 

greater stability. DTA curve displays sharp melting point of the samples. FTIR spectra of all the organic 

derivatives shows proper peaks showing the element attached to the original structure of DPQ with type of 

bonding. The PL spectrum illustrates strong excitation and emission in the visible range showing blue colour 
wavelength in the range 365 -460 nm, which lie in the blue region of the electromagnetic spectrum. Figure -3 

shows some of the characterization of the organic samples. 

 
Fig: 3- X Ray diffraction spectra. 

 
Fig: 4- FTIR Spectra. 
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Fig: 5- Emission & Excitation Spectra. 

 
Fig: 6- TGA & SDTA Curve. 

RESULT 

We have synthesised organic phosphor material DPQ and its derivative by attaching various compounds at 

different positions to the original structure of DPQ. All the organic compounds shows good thermal stability, 

sharp melting point in the curve, crystalline in nature. The elements present in the sample was also confirmed 
from FTIR spectra and shows peaks as per the bonding of the elements. All the samples emits blue colour under 

UV in various solvents. 

CONCLUSION 
These results reflect that the synthesised organic phosphor materials can be used as tenable emissive materials 

in the visible range of blue colour emission in the fabrication of solid state devices and flat panel display. 
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ABSTRACT 
Spinel nano-ferrites with the general chemical formula Ni(1–x)CuxFe2O4 (x = 0.0, 0.2, 0.4, 0.6, 0.8, and 1.0) 

were synthesized  by sol-gel microwave-assisted auto-combustion method. Samples were calcined at 800 oC for 

4 hours in the air.  X-ray diffraction (XRD) study was carried out to establish phase and structural analysis. A 
phase transformation from cubic to tetragonal was observed for x = 0.8 and x = 1.0 of Cu2+ ion substitution. 

The particle size of the ferrites samples was calculated using Scherrer’s formula and Williamson-Hall’s (W-H) 

Method. For the concentration of Cu2+ ion on lattice parameter, X-ray density bulk density, and dislocation 

density, lattice strain, and hopping radius was calculated for the samples.  Nelson-Riley (N-R) Functions were 
plotted for the accurate estimation of lattice parameters. The optical nature of the samples was studied from 

ultraviolet-visible (UV-vis) spectroscopy. Tauc’s plots were employed to estimate the optical band gap for the 

samples. FTIR study was used to confirm the presence of tetrahedral and octahedral sites and to determine 
force constants and investigate the elastic properties. The study shows the structural, optical, and elastic 

properties of Nickel ferrites are highly influenced by Cu2+ substitution. 

Keywords— Copper-Nickel ferrite, Sol-gel synthesis, X-ray diffraction, Jahn-Teller effect, Elastic properties, 

Debye Temperature 

INTRODUCTION 

Copper ferrites have been of special interest in the recent past. Cu2+ (3d9)  is John–Teller active ion and results 

unexpected properties [1,2]. It is different than other spinel ferrites in two ways (i) it has distorted tetragonal 

structures at low temperatures and (ii) its inability to have a cation to oxygen ratio higher than 0.75 [3,4]. 
Properties of copper ferrites are highly dependant on synthesis methods and heat treatment given to them [5,6]. 

It has a stable tetragonal structure with space group I41/amd (141) at room temperature and changes into cubic 

phase around 400 oC temperature due to cooperative John-Teller distortion [7]. Study of crystalline field 
symmetry indicates that if John-Teller active cation is present at the tetragonal site then the tetragonal ratio, 

c a⁄ < 1 and if John-Teller active cation is present in the octahedral site then, c a⁄ > 1 [6]. The tetragonal phase 

in copper ferrite evolves due to distortion along one of the axes of the octahedron, originated due to the 

occurrence of Cu2+ ions (3d9), inducing the cooperative Jahn-Teller (J-T) deformation as an elimination of the 
eg orbital degeneracy [8,9]. As Cu2+ and Fe3+ cations occupy the B-sites (i.e. same sites) in the distorted 

tetragonal CuFe2O4, the unit cell is often represented having, Fe3+ ions same distortion, even though the 

crystal-field stabilization energy (CFSE) is related with the distortion at the Fe3+ (3d5) sub-lattice is zero [10–
12]. The conventional high-temperature synthesis with maintained stoichiometry and slow cooling favours a 

tetragonal structure like hausmannite with space group I41/amd (141) containing four formula units of 

CuFe2O4 (Z = 4) with unit cell parameters 𝑎 = 𝑏 =  0.581 𝑛𝑚 and 𝑐 =  0.868 𝑛𝑚 so that tetragonal ratio, 

c a⁄ ~1.50. If the value of the tetragonal ratio, c a⁄ > 1 then, the majority cation distribution of Cu2+ ions 
resides in octahedral sites [11,13]. For convenience, often this unit cell is represented by tetragonally distorted, 

non-standard face-centered spinel unit cell with space group F41/ddm with lattice constant, 𝑎′ = 𝑎(2)0.5 =
0.822 𝑛𝑚  and c′ = c = 0.868  nm so that, c a⁄ ~1.056 [1,13–15]. The tetragonal 𝑐 𝑎⁄  ratio is strongly 
influenced by Cu2+ distribution, sintering temperatures, and rate of cooling. Quenching of Cu ferrites compels 

to freeze some of the Cu2+ ions in tetragonal sites resulting in less tetragonal distortions promoting a more 

cubic phase [1,16]. Copper ferrite has an almost entirely inverse spinel structure. In the cubic phase, there are 
more cupric ions at the tetrahedral site than in the tetragonal phase and hence cubic phase possess a greater 

magnetic moment than the tetragonal [17,18]. Nickel ferrite is inverse spinel ferrites with nickel ions (Ni2+) are 

located in the B-sites and ferric ions (Fe3+) occupying both A-sites and B-sites. Ni-ferrites possess high 
electrical resistivity and low eddy current, large magnetic permeability at high frequencies, low dielectric loss, 

and good chemical stability at relatively low cost [19–22]. Cu2+  being J-T active as well as its possible to 

occupy either of the two available sites, tetrahedral or octahedral, replacement of  Ni2+ and Fe3+  with Cu2+  in 

Ni ferrite may favorably cause structural phase transition, influencing structural, physical, magnetic, electrical, 
and optical properties useful in fundamental science and technological applications [23–28]. One important 
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observation is seen that copper ferrite CuFe2O4, which has a tetragonal structure, acquires a cubic structure 

with the substitution of Ni2+ due to the cooperative J-T effect i.e. more structural symmetry is achieved with 

the addition of nickel [29]. Copper-doped nickel ferrites exhibit an important role amongst magnetic 
materials owing to their high electrical resistance, high saturation magnetization, and high 

magnetic permeability. Although Cu substituted Ni ferrites have been investigated extensively by many 

researchers employing different synthesis methods, according to the author, the elastic and optical properties of 
Cu-Ni ferrites by sol-gel with microwave-induced auto-combustion synthesis method with CO(NH2)2 as fuel is 

not reported in detail. Nickel ferrite doped with different copper content is expected to have properties of mixed, 

copper-nickel ferrites. Some interesting new properties with the advantages of both the ferrites may be useful in 

many scientific and technological applications [30–32]. And,  therefore the present paper focuses on the 
synthesis of nanostructured nickel ferrites with different compositions of copper (x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0) 

by microwave-assisted sol-gel auto-combustion method with urea as fuel. Here we discuss the substitution of 

Cu2+ in Ni ferrite matrix and its effect on structural, optical, and elastic properties. 

EXPERIMENTAL 

The samples of spinel ferrite with formula CuxNi1-xFe2O4 (x = 0.0, 0.2, 0.4, 0.6, 0.8, 1.0)  were synthesized by 

microwave-assisted sol-gel auto-combustion technique[33,34].  The preparation of the nano-ferrites method 
involved the auto-combustion reaction of redox mixture, in which metal nitrates worked as an oxidizing and 

urea as a reducing reactant [35,36]. The composition of precursor nitrates and fuel, CO(NH2)2 was based on the 

total oxidizing and reducing valency of the oxidizers using the chemistry of propellants [36,37]. The 

stoichiometric amounts of AR grade Ni(NO3)2.6H2O, Cu(NO3)2.3H2O, Fe(NO3)3·9H2O, and CO(NH2)2   
dissolved in a minimum quantity of de-ionized water at room temperature in a beaker. The solution was 

continuously stirred for 15 minutes and then heated on a magnetic stirrer with a hot plate at 70 oC for about 4 

hours to get a viscous gel. The gel was then exposed to microwaves in an oven operating at 2.45 GHz. 
Spontaneous self-combustion of the gel starts within 1-2 minutes and starts to burn spontaneously at a 

temperature above 10000C releasing a high amount of heat and a large number of gases (N2, NH3, and CO) and 

converts into floppy ash [36].  The complete combustion process, which produces nanostructured nickel-copper 

ferrite powders in a microwave oven, requires about 4 min [36,38–40]. This burnt ferrite was then crushed and 
milled for 4 hours in an agate mortar into a fine powder.  Milling also promotes the homogeneous mixing of any 

un-reacted oxides and reduces the particle size [41]. The ferrite powders were then sintered at 8000C for 4 hours 

in a muffle furnace. Sintered powder samples were then mixed with polyvinyl alcohol (PVA) as a binder and 
palletized to the size of 13mm diameter with a Hydraulic Press Machine at 30-ton pressure. The pallets were 

then heated at 400 oC for 2 hours to remove the binder. 

CHARACTERIZATION 
The X-ray diffraction measurement of the nano ferrite samples was carried out on Bruker AXS D8 advanced X-

ray diffractometer operating at 35KV, 15mA with a monochromatic X-ray source at CuKα-radiation (λ =

 1.54056 Å) .  The measurement was done in the range of the Bragg angles 10° to 80° with step size 0.020o.  

The 2θ vs. intensity data is as shown in XRD figures. All Bragg reflections have been indexed using MDI JADE 

5.0 and X- powder software. The optical nature of the sample was studied by UV-Vis analysis study. FTIR 

analysis was carried out to confirm the presence of tetrahedral and octahedral sites and to study the elastic 

properties of the samples. 

RESULT AND DISCUSSION 

Structural Analysis 

The  Bragg reflections of all the samples,  obtained in X-ray diffraction (XRD) patterns have been indexed 
which included (111), (220), (311), (400), (511) or (333) and  (440) planes, which confirm the formation of 

spinel structure with space group  Fd3̅m (227) for samples x = 0.0, 0.2, 0.4, and 0.6 were matched to ICDD card 

# 00-010-0325. The strongest Bragg reflection comes from the (311) plane of all the cubic samples and (211) 

plane in tetragonal structures (for samples x = 0.8, 1.0). The sample with composition x = 0.8 i.e. 

Cu0.8Ni0.2Fe2O4 showed mixed-phase i.e. tetragonal and cubic phase, with space groups, I41/amd (141), 
which matched to ICDD card # 00-034-0425 of tetragonal CuFe2O4 and cubic Nickel ferrite (Trevorite), ICDD 

card # 00-010-0325 with space group 3 (227)Fd m . Also, a small third phase of CuO has been observed for 

sample x = 0.8. In sample (x = 1.0) i.e. CuFe2O4 has a single-phase distorted tetragonal structure with body-
centered space groups, I41/amd (141), which matched to ICDD card # 00-034-0425 of tetragonal CuFe2O4. 

The strongest reflection in samples x = 0.8 and x = 1.0 were observed to originate from (211) planes. The 

distorted tetragonal structures for samples x = 0.8 and x = 1.0, are considered due to cooperative John-Teller 
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distortion which is believed to be an order-disorder phenomenon whose exact nature is still to be completely 

explored [1,42]. 

Fig. 1(a) 

 

Fig 1(b) 

 
Fig. 1: X-ray diffraction patterns of CuxNi(1-x)Fe2O4 for  (a) x = 0.0, (b) x = 1.0 

The X-ray diffraction patterns of CuxNi(1-x)Fe2O4 are shown in figures  (a)  for x = 0.0, 0.2, 0.4, 0.6, 0.8 and  

in figure 1(b)  for x = 1.0 .The average crystallite size of the samples was calculated from the most intense 

peaks (311) for cubic samples x = 0.0, 0.2, 0.4, 0.6) using Scherer’s formula[43], 

0.9

cos
D



 


    (1) 

while taking into account the instrumental broadening [44,45]. Here 1.54056A
o

   is the wavelength of 

monochromatic X-ray of CuKα radiation, 2Ө is Bragg’s diffraction angle and   is full width at half maxima 

(FWHM) in radian of most intense Bragg’s diffraction peak. 

To take into account the lattice strain of the sample, Williamson–Hall (W-H) method was employed. In the W-

H method, the integral breadth of the diffraction peak is used for the estimation of crystallite size. The integral 

breadth of a peak is the integrated intensity divided by maximum intensity [46]. The observed peak broadening, 

Bo, maybe written as, 

o i CSB B B 
 

Here Bi is the instrumental broadening, already explained above, and CSB
is the broadening due to the small 

size of crystallites and lattice strain. This equation is only true for a diffraction peak with a purely Cauchy 
profile. If we consider the diffraction peak consists of partly Cauchy profile and partly Gaussian profile, the 

following equation provides a better estimate [47], 
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  
1/2

1/2
2 2 2

CS o i o i       
    

The peak broadening due to the fine size of crystals, C  according to Scherrer’s formula is, 

cos
C

K

D







 

Where K is the shape factor also known as Scherrer’s constant, K = 0.94 for spherical shape with cubic 

symmetry nanoparticles. 

The broadening of the peak due to lattice strain ( S ), according to Wilson [48] may be expressed as 

tanS  
 

Here   is the lattice strain in the material. The net peak broadening CS
 is, therefore, 

CS C S   
 

tan
cos

CS

K

D


  


 

 

cos sinCS

K

D


    

             (2) 

A graph of 
cosCS 

 against  sin  for all the diffraction peaks of the samples plotted gives an equation of the 

straight line of the form, y = mx + c with a slope equal to micro-structural strain, m = ε  and intercept,
C

K

D




, from which average crystallite size D, can be estimated [49,50]. The W-H plots are shown in figure 2.  The 

crystallite size for different samples is summarized in table 1. The samples x = 0.2 and x = 0.4 show negative 

slopes or negative microstrain in W-H plots indicating the elastic contraction of crystal lattice [51]. The 

crystallite sizes obtained by the W-H method and Scherer formula for the (311) plane are listed in table 1. It is 

seen that the crystallite size obtained from the W-H method is larger than Scherrer’s formula. 

LATTICE PARAMETER 

Lattice parameters were estimated from inter-planer spacing d for all samples. For the synthesized materials, 
x=0.0, 0.2, 0.4, 0.6 having cubic symmetry and   inter-planer spacing, d and lattice constant, a are related by the 

relation, 

2 2 2

2 2

1 h k l

d a

 


    (3) 

For most intense (311) plane above expression of lattice constant reduces to 
2 2 23 1 1 11a d d   

 . Volume 

of unit cells for these cubic sample, x = 0.0, 0.2, 0.4, 0.6 is calculated by using relation 
3V a . The samples, x 

= 0.8 and x = 1.0 exhibit tetragonal structures, inter-planer distance d and lattice parameter a are related by 

relation 

2 2 2

2 2 2

1 h k l

d a c


 

   (4) 

The volume of the unit cell with tetragonal symmetry was estimated by using relation,
2V c a   in the case of 

tetragonal samples. The volume of the unit cell decreases as lattice constants decrease with the increment of 
copper. The indexed d–values and lattice parameters and volume of unit cell V of samples are summarized in 

table format (Table 1). In general, in a solid solution of spinel ferrites within miscible limits, a linear variation 

in lattice parameters with the concentration of the Cu components is seen [52]. The lattice parameter a was 
observed to increases as the concentration of copper increases except for x = 0.6 and follow Vegards’ law as 

reported by others [53]. The linear increase in lattice constant is due to the replacement of the Ni2+ cations 

having a smaller ionic radius (0.069 nm) by Cu2+ cations which has relatively larger ionic radius (0.073 nm) 
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and due to the replacement of some Fe3+ ions from tetrahedral A site to octahedral B site [54–56].  To estimate 

the precise lattice parameters of the unit cell for samples, the Nelson-Riley extrapolation technique was 

employed. The values of lattice parameter, calculated, from each crystal plane are plotted against Nelson-Riley 

(N-R) function, 

 
2 21 cos cos

2 sin
F

 


 

 
  

      (5) 

The corrected value of lattice parameter is obtained with extrapolation for   0F  
 or 0   [57,58]. The N-R 

functions for the samples x = 0.0, x = 0.2, and x = 0.6 are shown in the figure 4 and the extrapolated values of 

the lattice parameter are listed in the table 1. 

X-ray diffraction study and lattice parameter analysis of the 

samples x = 0.8 and 1.0 indicates a tetragonal unit cell with space 

group I41/amd (141). For convenience, the Jahn-Teller distorted tetragonal unit cell of the samples x = 0.8 and 
x = 1.0 can be represented by tetragonally distorted, non-standard face-centered spinel unit cell with space 

group F41/ddm with a ' 2 a 1.414213 a     and c ' c  which yields a’ = 8.2652 A
o

and c = 8.6304 A
o

for the 

sample x = 0.8 and a’ = 8.2753 A
o

 and c’ = 8.6854 A
o

 for x = 1.0 sample. The corresponding unit cell volumes 

for x = 0.8 and x = 1.0 are 589.57 ( A
o

)3 and 594.78 ( A
o

)3 respectively. The tetragonal ratio for the unit cell, c/a 

for the sample x = 0.8 and 1.0 are 1.0442 and 1.0496 respectively. The ratio c/a >1 indicates John-Teller 

distortion in these samples x = 0.8 and 1.0 are accompanied by an expansion in the structure at octahedral 
positions and most of the Cu2+ ions are present in the octahedral sites [13]. Due to the structural phase 

transition of the John-Teller effect in the lattice, the Oxygen framework at the octahedral sites gets distorted and 

the orbital degeneration of electron states is removed by the system to attain the minimum total energy state 

[59]. 

Specific surface area (SSA) of nano-materials belongs to a property of solids defined as the total surface 

area per unit of mass. Assuming the particles to be spherical, the specific surface area in m2/g of the ferrite 

powdered sample was  evaluated by using the Sauters’ relation, 

6000

x

SSA
D



   (6) 

Where, ρx is the X-ray density in g/cm3, D is the crystallite size in nm. The variation of specific surface area 

and dislocation density with Cu content is shown in figure 4.5. 

The length of dislocation lines per unit volume gives the number of dislocation density or defect in the crystal 

lattice is estimated using relation [60]. 

2

2

1 cos

0.9D

 




 
   

     (7) 

Dislocation density is maximum for sample with x = 0.8  and least for the x = 0.2 

Fig 2(a) 
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Fig 1(b) 

 

Fig 2(e) 

 

 

Fig 2(c) 
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Fig 2(d) 

 

Fig 2(f) 

Fig 2  Plot of crystallite size of synthesized nanoparticles vs Cu content 

 

Fig 2: Williamson-Halls’ plots for CuxNi(1-x)Fe2O4 for  2(a) x=0.0, 2(b) 0.2, 2(c) 0.4, 2(d) 0.6, 2(e) 0.8 and 

2(f) x = 1.0 
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Fig 3(a) 

 

 

Fig 4(b)                                                         Fig 4(c) 

 

Fig 4(d) 

Figure 4: N-R Function for (a)x = 0.0,  (b) x= 0.2, (c) x = 0.4 and (c) x= 0.6 

 

Figure 4: N-R Function for (a)x = 0.0,  (b) x= 0.2, (c) x = 0.4 and (c) x= 0.6 
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TABLE 1 STRUCTURAL AND PHASE PARAMETERS OF THE SAMPLES CuxNi(1-x)Fe2O4 

Parameter / Sample x = 0.0 x = 0.2 x = 0.4 
x = 

0.6 
x = 0.8 

x = 1.0 

 

2- theta 35.307 35.415 35.435 
35.44

3 
35.620 35.984 

Interplaner spacing d (Ao) (311) 

plane 
2.5400 2.5325 2.5311 

2.530

6 
2.5184 2.4937 

FWHM (degree)  (311) plane 0.450 0.387 0.448 0.510 0.567 0.410 

Space group 
Fd3̅m 

(227) 

Fd3̅m 

(227) 

Fd3̅m 

(227) 

Fd3̅m 

(227) 
I41/amd (141) 

I41/amd 

(141) 

Lattice 

Constants 

( Ao) 

By usual Method 8.3390 8.3867 8.4150 
8.395

0 

a=b=5.8444 
c = 8.6304 

c/a = 1.477 

a=b= 5.8515 
c = 8.6854 

c/a = 1.484 

By NR-Function 8.3677 8.3653 8.4157 
8.370

4 
--- ---- 

Volume of unit cell    ( A3) 579.89 589.89 595.89 
589.7

7 
294.79 294.27 

Crystallite 

size 
D (nm) 

Scherrer’s Method 19.6 23.4 19.8 17.1 15.3 21.0 

W-H Technique 21.90 25.1 20.6 18.2 17.3 22.4 

Density and Porosity 

Density and porosity play a significant role in deciding the properties of the spinel ferrites the two quantities are 
related inversely [61]. The porosity of the magnetic material is an important micro-structural aspect that affects 

the movement of the domain wall and the pores which form pin the domain wall resulting in their motion. 

Actual density (X-ray density) ρX of the synthesized samples was estimated using relation given by Smit and 

Wijn [62], 

x

A

Z M

N V
 

      (8) 

Where M is the molecular weight of the sample, NA is the Avogadro’s number (6.023 x 10-23), Z is the number 

of chemical formula units in the unit cell of spinel ferrites, Z = 8   for cubic samples (x = 0.0, 0.2, 0.4, 0.6) and 

for tetragonal samples i.e. for (x = 0.8 and x = 1.0), Z = 4 formula units. X-ray density of the samples initially 
decreases up to x = 0.4 and is then found to increases with increment in Cu content. An increase in X-ray 

density with Cu content can be attributed to the higher density of Cu (8.95 g/cc) than Ni (8.09 g/cc). The bulk 

density (ρB) of the samples were calculated by relation, 

2B

m

r h





    (9) 

Measuring mass (m) using precision electronic balance and volume by measuring height (h) and radius (r) using 

electronic screw gauge of the samples in the form of cylindrical pallets.  It was found that bulk density increases 

with the increase of Cu up to x = 0.8 beyond which, the Cu bulk density is observed to decrease which is 

expected due to structural phase transition from cubic to tetragonal due to cooperative Jahn-Teller effect.  The 

variation of X-ray density and bulk density with Cu content is shown in figure 7. 

The porosity of nanomaterials is quantified by the void fraction in a material. Percentage porosity of the nano 

ferrites samples was determined using relation, 

1 100x

B

P




 
   
    (10) 

The variation of % porosity and strain with the Cu content is shown in figure 8. 

The bulk density (ρB) of the samples were calculated by relation, ρB =
m

πr2h
 , measuring, mass (m) using 

precision electronic balance and volume by measuring height (h) and radius (r) using electronic screw gauge of 

the samples in the form of cylindrical pallets.  It was found that bulk density increases with the increase of Cu 
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up to x = 0.8 beyond which, the Cu bulk density is observed to decrease which is expected due to structural 

phase transition from cubic to tetragonal due to cooperative John-Teller effect.  The variation of X-ray density 

and bulk density with Cu content is shown in figure 6. The porosity of nanomaterials is quantified by the void 

fraction in a material. Percentage porosity of the nano ferrite samples was determined using relation, 

1 100B

x

P




 
   
    (11) 

The variation of % porosity with the Cu content is shown in the graph 5. 

Average lattice strain was calculated by Stoke-Wilson’s equation [63,64], 

1

2 tan

FWHM



 

    (12) 

The estimated values of strain with Cu2+ substitution is listed in table 2. The strain is minimum −0.646 × 10−4 

for the sample x = 0.2. Negative strains for all the samples indicate the contraction in the lattice. The hopping 

length is the distance among the centers of adjacent magnetic ions. The hoping lengths for tetrahedral A- site 

(LA-A), and octahedral B-site (LB-B) was determined using relations,   𝐿𝐴𝐴 =
√3

4
 𝑎,   𝐿𝐵𝐵 =

√2

4
 𝑎 and  𝐿𝐴𝐵 =

√11

8
 𝑎.The variation of hoping length with Cu composition is shown in figure 9. 

Fig 4  Variation of lattice constant a with composition for cubic samples 
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Fig 5 Specific surface area and dislocation density vs. Cu composition 
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Fig 6  X-ray density and Bulk density vs. composition 
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Fig 7 Porosity and strain vs. composition for CuxNi(1-x)Fe2O4 
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Figure 8 Variation of hopping lengths LAA , LBB  and LAB with Cu composition for cubic Ni(1–

x)CuxFe2O4  samples 

TABLE 2 MICRO-STRUCTURAL PARAMETERS OF THE SAMPLES CuxNi(1-x)Fe2O4 

Parameter / Sample x = 0.0 x = 0.2 x = 0.4 x = 0.6 x = 0.8 x = 1.0 

Strain 

ε 

Scherrer’s Method (x 10-3) 6.167 5.29 5.30 6.96 7.70 5.51 

W-H Method   (x10-3) -8.21 -0.646 -5.43 -7.22 -8.17 -6.01 

Dislocation Density (
1

D2)  x1015 2.603 1.83 2.55 3.42 4.27 2.268 

Density 
X-Ray Density, ρX      g/cc 5.368 5.30 5.27 5.36 5.37 5.40 

Bulk Density  ρB  g/cc 3.127 3.28 3.318 3.33 3.368 3.21 

%     Porosity P 42.46 38.20 36.79 37.69 37.26 40.5 

Hoping Length LAA   (Ao) 2.9780 2.9676 2.9615 2.9624 -- -- 

Hoping Length LBB   (Ao) 3.6473 3.6346 3.6271 3.6282 -- -- 

Hoping Length LAB   (Ao) 3.4920 3.4798 3.4726 3.4737   

SSA  m2/g 93.9273 58.9734 90.5367 74.211 89.3473 52.9199 
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Optical Analysis ( UV-Visible Study) 

UV-Visible spectra of all the samples show strong absorption in the wavelength range 700nm-230nm which 

decreases with the wavelength as can be seen in figure 10. The absorption in the visible region by the ferrite is 
attributed to electron excitation from the O-2p level into the Fe-3d level which is observed for the spinel-type 

compound [34,65,66]. A broad range of optical absorption indicates a quantum confinement effect due to the 

wide variation in the size of nanoparticles [67]. From the spectra, it is observed that the edge shifted towards the 

higher frequency side indicating a blue shift with the substitution of Cu2+. The optical band gap energy,  of 

the nano-ferrites were obtained by Tauc’s model  by extrapolation of the absorption edge given by the equation, 

   
n

gh C h E   
     (13) 

Here  is the photon energy,  is the absorption coefficient, C is a constant, and n is another constant which 

depends on the nature of the transition of the electron. As Cu-Ni ferrite posseses direct band gap, n = 2 [68,69]. 

The Tauc’s plot for the sample x = 0.2 is shown in figure 11. The extrapolated   and its variation with the Cu 

content is listed in table 3 and is shown in figure 12.   is maximum for the sample with x = 0.0 which can be 

attributed to the absence of metal cation Cu2+ and is minimum for the sample with x = 0.4.  According to Al-

Hazmi, Al-Ghamdi et al. [70] study of x 1-x 2 4Cu Ni Fe O
 synthesized via mechano-chemical root the optical 

bandgap of the samples decreases sharply from 2.62eV to 1.95 eV for 0 0.5x   with Cu2+ substitution and 

it decreases slowly from 1.95 to 1.57eV for 0.5 0.9x  . In our study, there are sharp decreases in  from 

2.14eV to 1.77eV with Cu2+ substitution can be attributed to the cation migration from octahedral to tetrahedral 

sites which causes single-phase cubic structure of Ni(1–x)C uxFe2O4 whereas, there is a slite increase in  

from 1.77eV to 1.87 as the Cu2+ is increased from x = 0. to x = 0.8 which is expected due to phase transition 
from cubic to tetragonal structure. The estimated values of the optical bandgap for different samples are listed in 

table 3. 

FTIR Study 
A Fourier Transform Infrared spectrum of the samples was recorded in the range 400 to 4000 cm-1 and is 

shown in the figure16. Absorption bands in the range 400 to 700 cm-1 are the characteristic bands of the spinel 

ferrites. There are two main bands of frequencies, stretching vibrational frequencies,  around 600 cm-1 

corresponding to tetrahedral site and relatively lower stretching vibrational frequencies,   around 400 cm-1 

corresponding to octahedral site. The shorter stretching vibrational frequencies of the octahedral site than the 
tetrahedral site is attributed to the smaller bond length of the tetrahedral site than octahedral sites. The variation 

in bond lengths of the ions occupying the sites has resulted in the change in vibrational frequencies [81,82,87]. 

The frequencies 1628.6 cm-1 and 1521.17 cm-1 indicates the small presence of stretching vibrations due to 
moisture (H–O–H) in the sample x = 0.8 and the frequency 3445.31 cm-1  indicates bending vibrations due to 

small O-H molecules [83,84]. 

The absence of other peaks confirmed the organic sources were removed from the calcined samples [86]. To 
determine the strength of bonding at higher and lower stretching vibrational frequencies the force constant at 

tetrahedral and octahedral lattice sites were calculated using the relation  224 cF  , where c is the speed of 

light 
101099.2 c  cm/s,  υ is the vibrational frequency of stretching vibrations corresponding to tetrahedral 

or octahedral sites, and 


 is reduced mass of Fe3+ and O2- ions (˜ ) [85]. The tetrahedral 

and octahedral vibrational frequencies ,   and the corresponding calculated values of the force constants of 

these samples are listed in table 3. 
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Fig 9 UV-Visible absorption of Ni(1–x)CuxFe2O4 samples, x = 0.0, 0.2, 0.4, 0.6 , 0.8 

Elastic Properties 

Infrared (IR) spectroscopic analysis of the solid samples can be extended to obtain the elastic and thermal 

properties of the spinel ferrites. The conventional method to study the elastic properties of solids is the 

ultrasonic (US) technique which requires the large quantity of samples (about 10 mm thickness) through which 
ultrasonic waves are passed to measure the velocity of the wave. In most cases, the synthesized sample quantity 

is very little. IR method provides reliable elastic properties with advantages over ultrasonic (US) technique [71]. 

The Debye temperature is an essential property of a solid material that co-relates its elastic properties to thermal 
characteristics such as specific heat [17,18]. It is the temperature at which lattice vibrations occur with the 

highest amplitude and sets the limit below which the quantum effects are effective.  According to Waldron, the 

Debye temperature of the samples can be calculated from the relation [19] 

1.438
2

t O

D tO

B

hc

k


 


 

       (14) 

where is the average wave number corresponding to the stretching vibration of the tetrahedral and octahedral 

sites, 

1 2

2
t O

 





, c is the speed of light in free space (c =
83 10 m/s, Bk

 is the Boltzmann constant 
231.38 10 /Bk J K 

, h is Planck’s constant 
346.624 10h J s  

. 

 

Fig 10(a) 
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Fig 11(b) 

 

Fig 11(c) 

 

Fig 11(d) 

 

Fig 11(e) 
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Figu 11:  Tauc’s plot for Ni(1–x)CuxFe2O4 sample x = 0.0, 0.2, 0.4, 0.6 and 0.8 

 

Figure 11 Variation of Energy band gap Eg for Ni(1–x)CuxFe2O4 

Composition 

 

 
x 

 

Eg 

 
Eg 

(eV) 

Tetrahedral 

wave number 

 

Octahedral 

wave 

number 

 

Force 

constant for 

tetrahedral 
site 

Ft ( ) 

dyne/cm 

Force 

constant for 

octahedral 
site 

Fo( ) 

dyne/cm 

Debye 

temperature    

D  
(K) 

0.0 2.14 599.78 410.78 3.307 1.551 726.59 

0.2 1.95 595.92 406.9 3.264 1.522 721.03 

0.4 1.77 601.71 399.21 3.328 1.465 719.66 

0.6 1.84 595.9 401.14 3.264 1.479 719.75 

0.8 1.87 524.57 424.28 2.530 1.655 682.22 

 

The Debye temperature of the samples was observed to decrease with the Cu2+ substitution. The estimated 

values of the Debye temperatures are listed in table 4. The decreased  indicates the there is a decrease in 

rigidity of the synthesized nano ferrites and lattice vibrations. The decrease in  implies an increase in the 

conduction electron (increase in n-type charge carriers). These conduction electrons are responsible for the 
absorption of heat causing a decrease in Debye temperature. The decreased Debye temperature indicates the 

increased electrical conductivity due to the enhanced number of electrons in these samples [72]. 

Relation (2) given above assumes Uniform Deformation Model (UDM) which considers uniform strain in all 
directions in a crystal. From well known Hooks law of elasticity within the elastic limit, the average force 

constant  2

t o
av

F F
F




  is the product of stiffness constant  (C11) and lattice parameter (a) estimated from XRD 

data and therefore, 

11
avF

C
a


                   (15) 

The Poisson’s ratio ( ) is related to pore fraction or porosity (P) and is given by 
 0.324 1 1.043P  

.   

lies within range -1 to 0.5. Another stiffness constant C12 is given by, 

11
12

1

C
C






                (16) 

The different elastic moduli of cubic structures, Young’s Modulus (E), Bulk modulus (B), and rigidity modulus 

(G) is given by 

11 12 11 12

11 12

( )( 2 )C C C C
E

C C

 



          (17) 
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Figure 12 FTIR transmittance spectrum vs. wave number 

TABLE 3 STRETCHED VIBRATIONAL FREQUENCIES, FORCE CONSTANT OF TETRAHEDRAL 

AND OCTAHEDRAL SITES, OPTICAL BAND GAP (EG) OF SAMPLES AND DEBYE 

TEMPERATURE. 

TABLE 4 STIFFNESS CONSTANTS C11,  C12 , POISSON RATIO ,  YOUNG’S MODULUS (E), 

BULK MODULY (B) AND SHEAR MODULUS (G), RIGIDITY MODULUS WITH ZERO POROSITY 

(GO) 

x C11 C12  
Elastic Modulii (in GPa) 

E B G Go 

0.0 291.28 64.34 0.181 268.0 139.99 113.47 787.13 

0.2 285.33 69.24 0.195 258.29 141.27 108.05 460.74 

0.4 284.79 71.21 0.200 256.30 142.40 106.79 404.18 

0.6 282.49 69.30 0.197 255.18 140.37 106.59 434.61 

0.8 252.86 62.60 0.199 228.01 126.02 95.13 374.05 

TABLE 5 LONGITUDINAL WAVE VELOCITY (VL) , TRANSVERSE OR SHEAR WAVE 

VELOCITY (VS) AND MEAN ELASTIC VELOCITY (VM)  AND LAME’S CONSTANT ( ) 

 

x 

Elastic wave velocities (in  m/s)   
kg/m-s2 Vl VS Vm 

0.0 7366.32 4252.95 5502.89 97.09 

0.2 7337.33 4236.21 5481.23 95.11 

0.4 7351.17 4244.20 5491.57 94.93 

0.6 7259.70 4191.39 5423.24 94.16 

0.8 6862.05 3961.81 5126.18 84.29 

 

Figure 13 Variation of elastic parameters C11, C12 and Poisson ratio σ with Cu composition 
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Figure 14Variation of elastic parameters E , B, G and Vm with Cu composition 
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Figure 15 Variation of elastic parameters Vm ,  and   with Cu composition 

For isotropic materials with cubic symmetry like spinel ferrites, C11  C12  so that bulk modulus is 

approximately equal to the stiffness constant (i.e.B  C11). 

And 

 

 
112 1

2 1

C
G









  (19) 

Rigidity modulus with zero porosity (Go) is given by 

1 1 15 (1 )
1

7 5o

P

G G





 
                        (20) 

The longitudinal elastic wave velocity (Vl), transverse or shear wave velocity (VS), and the mean elastic wave 

velocity (Vm) are given by 

1 2

11
l

x

C
V



 
  
             (21) 

1 2

o
s

x

G
V



 
  
                             (22) 

1 3

3 3

1 2 1

3
mV

s lV V



  
   
   
          (23) 

And Lame’s constant was calculated [73] from the relation L
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 
2 2

2L xl SV V  
           (24) 

The estimated values of the stiffness constants C11, ,  E, B, G,  and Go are presented in table (5) and Vl, VS,  

6. It can be seen that the Poisson ratio  has values between 0.181-0.200 Vm and are presented in table 

which are in a well-consistent range of -1 to 0.5 indicating the validity of the theory of elasticity for isotropic 

solids. The variation of C11, C12, and Poisson ratios is shown in figure 17. The stiffness constants C11 
decreases whereas C12 increases with the Cu increment. In general stiffness, constants indicate the tightness of 

atomic boding in a solid. A decrease in C11 with an increment of Cu indicated a weakening of atomic bonding. 

The variation of Vm, E, B, and G with the Cu composition is shown in figure 18. Young’s module (E) and shear 

or rigidity modulus (G) decrease with the Cu substitution. The decrease in E and G is with Cu is small till x = 
0.6 and is rapid for the sample x = 0.8 which can be attributed to the J-T structural phase transition from cubic 

to the tetragonal structure. 

For estimating the elastic parameter for an isotropic solid like spinels and garnets with cubic symmetry 

Ravinder et al. [74,75] and Mazen et al. [76] have used the assumption C11 C12 which leads to a relatively 

larger error. Anupama et al. [77] suggested an improvement to the calculations by considering C11 3C44  and 

C12  C13  C44. The average force constant was then, 

2

3

t o
av

F F
F




. The average stiffness constant in 

terms of the average force constant is given by 

av
av

F
C

a


. The stiffness constants C11 and C12  are obtained 

using relations 
 11 9 / 5 avC C

 and 
 12 3/ 5 avC C

. The bulk modulus B is obtained using approximation, 

avB C
 .The longitudinal and shear wave velocities are obtained using relations 

11
l

x

C
V




 and 

12
S

x

C
V




 

respectively [78]. The mean elastic wave velocity (Vm) is estimated using equation (23). 

TABLE 6 AVERAGE FORCE CONSTANT (FAV’),  AVERAGE STIFFNESS CONSTANTS (CAV’), 

STIFFNESS CONSTANTS  (C11’,  C12’ ), POISSON RATIO ,  YOUNG’S MODULUS (E’), BULK 

MODULY (B’) AND SHEAR MODULUS (G’), RIGIDITY MODULUS WITH ZERO POROSITY 

(GO’), LONGITUDINAL WAVE VELOCITY (VL’) , TRANSVERSE OR SHEAR WAVE VELOCITY 

(VS’) , MEAN ELASTIC VELOCITY (VM) AND LAME’S CONSTANT ( L ) BY ANUPAMA ET. AL 

METHOD. 

Parameter 
Sample 

x = 0.0 x = 0.2 x = 0.4 x = 0.6 x = 0.8 

Fav  ( ) (dyne/cm) 2.14 2.10 2.09 2.07 1.95 

Cav  (GPa) 256.19 250.71 247.89 247.05 235.24 

C11 (GPa) 461.13 451.29 446.20 444.69 423.43 

C12 (GPa) 153.71 150.43 148.73 148.23 141.14 

Vl   (m/s) 9268.46 9227.58 9201.55 9108.52 8879.80 

VS  (m/s) 5351.15 5327.55 5312.52 5258.81 5126.75 

Vm  (m/s) 5940.79 5914.59 5897.90 5838.27 5691.67 

B (GPa) 256.19 250.71 247.89 247.05 235.24 

G  (GPa) 153.71 150.43 148.73 148.23 141.14 

E  (GPa) 363.04 359.61 356.97 354.87 338.31 

  0.25 0.25 0.25 0.25 0.25 

L  (GPa) 153.71 150.43 148.73 148.23 141.14 

The Young’s modulus (E) and shear modulus (G) are estimated using equations 

2

xG
sV  

                   (25) 

L
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 2 1E G  
            (26) 

With Poisson’s rati 

3 2

6 2

B G

B G





                 (27) 

The estimated values of the Fav’, Cav’, C11’, C12’, Vl’, VS’,  Vm’, B’, G’, E’,  ’ and L ’ are presented in 
table 6. The values obtained are much higher than the Ravinder et. al. method. The variation of elastic 

parameters however is more systematic in this method. In case of Modi et. al method the bulk modulus increase 

slightly initially with Cu2+  till x = 0.4 and then decrease for the samples x  = 0.6 and x  = 0.8. However, in the 
present method, the values of B decrease systematically. The trend of variation in other elastic parameters is 

also more systematic. The values     remain constant at 0.25 for all the samples, indicating better results. 

CONCLUSIONS 

Copper substituted Nickel nano-ferrites with the general chemical formula Ni(1–x)CuxFe2O4 (x = 0.0, 0.2, 0.4, 
0.6, 0.8, and 1.0) were synthesized successfully by sol-gel microwave auto-combustion method, using urea as a 

chelating agent. X-ray diffraction study of the synthesized nano ferrites had shown that mean crystallite size 

between 15-25 nm. The samples x = 0.0, 0.2, 0.4, 0.6 exhibited cubic phase with space group (space group 

Fd3m (227). The lattice parameter increases with the substitution of Cu2+. The samples x = 0.8 and x = 1.0 

exhibited mixed tetragonal and cubic phases with space group I41/and (141) due to John-Teller distortion. The 
ratio c/a >1 confirmed that majority of the Cu2+ ions occupy octahedral sites in tetragonal phase of the sample 

x = 0.8 and x = 1.0. An optical study by UV-Visible spectroscopy suggested the semiconducting behavior of the 

Ni(1–x)CuxFe2O4 with optical band gap 1.77-2.14 eV. FTIR analysis confirmed the existence of tetrahedral 
and octahedral sites in the samples. The infra-red study enabled estimation of the elastic properties which were 

interpreted in terms of tightness of atomic boding in samples. 
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ABSTRACT 

The novel transition metal ion complexes were synthesized by refluxing the ethanolic solutions of Metal 

Acetates with Schiff base in 1:2 ratios. The Structure & Characterization of synthesized complexes of  Mn (II), 
Co (II), Ni (II),Cu (II) & Zn (II) with Schiff Base (E)-2-((7H-purin-6-ylimino) methyl)-4-bromophenol were 

elucidated by using 1H NMR, FT-IR, UV-Vis, & X-Ray spectroscopic techniques. The synthesized Schiff Base & 

complexes were screened against the bacteria. The novel compounds were further carried out for the study of 

magnetic susceptibility. 

Keywords - Schiff Base; transition Metal ion complexes; Antibacterial Screening; Magnetic Susceptibility. 

I.  INTRODUCTION 

Schiff-Base macro ligands synthesized from reaction of dialdehydes and amino compounds [1-3] form stable 

complexes, perhaps selective to specific metallic ions with applications in electrochemistry, bioinorganic, 
antimicrobial activity, fluorescence properties, catalysis, metallic deactivators, separation processes, and 

environmental chemistry among others [3]. In asymmetric catalyst systems, small changes in donating ability of 

the ligand or the size of its substituents can have a dramatic effect on catalyst efficiency and enantioselectivities 
[3-4]. In continuation of our research on preparation of Schiff bases [4-5] and their complexes [6–9], we 

decided to prepare new Schiff bases containing electronwithdrawing and donating substituents. This article 

describes the synthesis and spectroscopic characterization of several Schiff bases and their complexes with 

transition metal ions. The corresponding materials were characterized by spectroscopic (IR, UV-Vis, 1H- NMR) 

and physical (melting point, Magnetic Susceptibility) data. 

II.  MATERIALS AND METHODS 

Preparation of Schiff Base (L1) Derived From Adenine and 4-Nitrosalicylaldehyde: 

Synthesis of (E)-2-((7H-purin-6-ylimino) methyl)-4-bromophenol. (ABS-3) (L3) 

The Schiff base (ligand ABS-3) was synthesized by taking adenine (0.01 M) and 4-Bromosalicylaldehyde (0.01 

M) in ethanolic medium followed by the addition of 2-3 drops of conc. sulphuric acid in a catalytic amount and 

poured it in a round bottom flask connected with a reflux condenser. The above given reaction mixture was 
reflux for 7-8 hrs. Water formed during the reaction was collected through Deane Stark funnel. The solvent was 

removed under sunlight irradiation. The chemical reaction mentioned below in figure 2.1. The resulting pale 

yellowish solid was recrystallized from ethanol. Color - (Pale yellow), M.P.–124.0 0C, Yield- 60%. 

 

Figure 2.1: Preparation of (E)-2-((7H-purin-6-ylimino) methyl)-4-bromophenol .(ABS-3) from Adenine 

and 4-bromosalicylaldehyde. 

Synthesis of Transition Metal-Ligand Complexes of Schiff Base (L3) Derived From Adenine and 4-

Bromosalicylaldehyde. 

The Metal-Ligand mole ratio was taken in 1:2 proportions. Metal Acetate salt (0.01M) and (E)-2-((7H-purin-6-

ylimino) methyl)-4-bromophenol (ABS-3) (0.02 M) was dissolved in 50 ml ethanolic solutions with vigorous 

stirring and warm it until the solution will not become clear. Then the solution was poured in round bottom 
flask equipped with refluxed condenser and refluxed it for 4 to 5 Hrs. The Solid complex with characteristic 
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colored was formed within few minute after cooling at room temperature. The resultants filtered off by using 

whatman-41 filter paper and wash it with ethanol. The product was dried by irradiation with sunlight. The 

synthetic route of formation of complex is mentioned below in Figure. 

Reaction: 

 

Figure 2.2: Preparation of Bis ((E)-2-((7H-purin-6-ylimino) methyl)-4-bromophenol) Metal (II) complex. 

III.  RESULTS AND DISCUSSION 

Instrumentation:  FTIR spectra in the range, 4000-400 cm−1, were recorded on Agilent Technology 

Spectrophotometer; Uv-visible spectra were measured by using Shimadzu 160 spectrophotometer in the range 

200-800 nm. The magnetic susceptibility values of the prepared complexes were obtained at room temperature 
using Magnetic Susceptibility on Bruker Magnet B.M.6, The 1H nuclear magnetic resonance spectra were 

recorded on a Bruker Advanced-II 400 MHz spectrometer the DMSO solvent was used, Tetramethylsilane 

(TMS) was used as an internal standard. Melting points were recorded on a Tanco Laboratory melting point 

apparatus. 

(E)-2-((7H-purin-6-ylimino) methyl)-4-bromophenol. (ABS-3) (L3): 

Solid, M.P.-124.0oC, UV (λ max) in ethanol: 290 nm, (IR) υ max (KBr/cm
-1

): 3630.05 (Ar-OH), 3290.30 (Ar-

N-H), 3088.15 (Ar-C-H), 1670.55 (Ar-C=C), 1590.63 (Ar-C=N), 1315.10 (C-C), 1244.26 (C-N), 1110.21 (C-
O), 932.22 (Trans disubstituted C=N), 760.56 (Ortho disubstituted aromatic), 670.48 (C-Br). 

1
H-NMR (δ-

ppm): 5.00 (s, 1H, Ar-O-H), 6.70 (d, 1H Ar-H), 7.25(d, 1H Ar-H), 8.40 (s, 1H Ar-H), 8.50 (s, 1H, Ar-N=C-H), 

8.30 (d, 1 H Ar-N=C-H), 9.30 (s, 1H, Ar-N=C-H), 10.35 (d, 1H, Ar-N-H). 

Bis((E)-2-((7H-purin-6-ylimino)methyl)-4-bromophenol)Manganese(II)complex. (ABSM-1): 

Solid, M.P.-150.20C, UV (λ max) in ethanol: 288 nm, (IR) υ max (KBr/cm
-1

): 3295.36 (Ar-N-H), 3095.14 (Ar-

C-H), 1665.58 (Ar-C=C), 1555.10 (Ar-C=N), 1335.47 (C-C), 1252.66(C-N), 1095.53(C-O), 935.89 (Trans 
disubstituted C=N), 795.12 (Ortho disubstituted aromatic), 717.45 (Mn-O (Stretching)) 675.22 (C-Br). 

1
H-

NMR (δ-ppm): 6.30 (d, 1H Ar-H), 7.00 (d, 1H Ar-H), 8.20 (s, 1H Ar-H), 8.40 (s, 1H, Ar-N=C-H), 8.10 (d, 1 H 

Ar-N=C-H), 9.10 (s, 1H, Ar-N=C-H), 10.15 (d, 1H, Ar-N-H). 

Bis((E)-2-((7H-purin-6-ylimino)methyl)-4-bromophenol)Cobalt(II)complex. 

(ABSC-2): 

Solid, M.P.-161.40C, UV (λ max) in ethanol: 285 nm, (IR) υ max (KBr/cm
-1

): 3293.22 (Ar-N-H), 3115.78 (Ar-

C-H), 1655.15 (Ar-C=C), 1560.56 (Ar-C=N), 1335.22 (C-C), 1248.89 (C-N), 1090.18 (C-O), 940.14 (Trans 
disubstituted C=N), 790.23 (Ortho disubstituted aromatic), 722.86 (Co-O (Stretching)) 672.98 (C-Br). 

1
H-NMR 

(δ-ppm): 6.35 (d, 1H Ar-H), 7.00 (d, 1H Ar-H), 8.25 (s, 1H Ar-H), 8.35 (s, 1H, Ar-N=C-H), 8.15 (d, 1 H Ar-

N=C-H), 9.20 (s, 1H, Ar-N=C-H), 10.20 (d, 1H, Ar-N-H). 

Bis((E)-2-((7H-purin-6-ylimino)methyl)-4-bromophenol)Nickel(II)complex. 
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(ABSN-3): 

Solid, M.P.-140.50C, UV (λ max) in ethanol: 280 nm, (IR) υ max (KBr/cm
-1

): 3296.54 (Ar-N-H), 3118.96 (Ar-

C-H), 1645.47 (Ar-C=C), 1555.89 (Ar-C=N), 1325.78 (C-C), 1242.45 (C-N), 1088.53 (C-O), 930.78 (Trans 
disubstituted C=N), 790.64 (Ortho disubstituted aromatic), 725.78 (Ni-O (Stretching)), 668.89 (C-Br). 

1
H-NMR 

(δ-ppm): 6.92 (d, 1H, Ar-H), 6.24 (d, 1H, Ar-H), 8.32 (s, 1H, Ar-N=C-H), 8.10 (s, 1H, Ar-H), 8.00 (d, 1 H, Ar-

N=C-H), 10.10 (d, 1H, Ar-N-H), 9.10 (s, 1H, Ar-N=C-H). 

Bis((E)-2-((7H-purin-6-ylimino)methyl)-4-bromophenol)Copper(II)complex. 

(ABSC-4): 

Solid, M.P.-153.90C, UV (λ max) in ethanol: 295 nm, (IR) υ max (KBr/cm
-1

): 3289.41 (Ar-N-H), 3125.16 (Ar-

C-H), 1659.55 (Ar-C=C), 1573.33 (Ar-C=N), 1341.28 (C-C), 1300.48 (C-N), 1080.56 (C-O), 936.32 (Trans 
disubstituted C=N), 791.26 (Ortho disubstituted aromatic), 732.59 (Cu-O (Stretching)), 671.70 (C-Br). 

1
H-

NMR (δ-ppm): 6.35 (d, 1H Ar-H), 7.10 (d, 1H Ar-H), 8.25 (s, 1H Ar-H), 8.40 (s, 1H, Ar-N=C-H), 8.15 (d, 1 H 

Ar-N=C-H), 9.15 (s, 1H, Ar-N=C-H), 10.25 (d, 1H, Ar-N-H). 

Bis((E)-2-((7H-purin-6-ylimino)methyl)-4-bromophenol)Zinc(II)complex. (ABSZ-5): 

Solid, M.P.-162.30C, UV (λ max) in ethanol: 282 nm, (IR) υ max (KBr/cm
-1

): 3290.44 (Ar-N-H), 3117.16 (Ar-

C-H), 1660.19 (Ar-C=C), 1600.33 (Ar-C=N), 1322.55 (C-C), 1244.59 (C-N), 1070.22 (C-O), 937.29 (Trans 
disubstituted C=N), 789.63 (Ortho disubstituted aromatic), 729.58 (Zn-O (Stretching)), 672.16 (C-Br). 

1
H-

NMR (δ-ppm): 6.25 (d, 1H Ar-H), 7.50 (d, 1H Ar-H), 8.10 (s, 1H Ar-H), 8.25 (s, 1H, Ar-N=C-H), 8.00 (d, 1 H 

Ar-N=C-H), 9.25 (s, 1H, Ar-N=C-H), 10.10 (d, 1H, Ar-N-H). 

Table: Magnetic Moment, Conductivity measurements in DMF solvent 

Symbol Conductivity  ohm
−1

cm
2 

mol
−1

 Magnetic moment (B.M) 
Suggested structure 

 

(ABS-3) (L3) - - - 

(ABSM-1) 16 4.25 Tetrahedral 

(ABSC-2) 12 4.20 Tetrahedral 

(ABSN-3) 15 4.30 Tetrahedral 

(ABSC-4) 30 1.88 Square planner 

(ABSZ-5) 14 3.90 Tetrahedral 

IV.  PHARMACOLOGY 

Antibacterial activity 

The titled compounds were screened for their antibacterial activity using disc diffusion method. The bacterial 
organisms used included both gram positive and gram negative strains like Staphylococcus aureus, Escherichia 

coli, Salmonella enteric Ser para typhi, Klebsiella Pneumonia and Pseudomons aeruginosa. 

For antibacterial susceptibility testing of title compounds, the sterile disc of 6 mm diameter (SD067, Hi-Media, 

Mumbai) was loaded with 20µl of title compound solution (1000 µg/ml) in DMF. The discs were then placed at 
centre on the Mueller-Hinton agar seeded with bacterial inoculums approximately 106 CFU/ ml, incubated at 

37° C for 24 hrs and growth inhibition zone formed around disc was measured. Test was done in triplicate and 

mean value was considered as inhibition zone. Solvents do not showed inhibitions in initial studies. Copper & 
Nickel complexes showed best activities against the respective bacteria and rest of the complexes showed 

moderate activity [7]. 

Table: Antimicrobial Activity 

Compound Gram  positive bacteria Gram  negative bacteria 

 S. aureus S. enterica S. Typhi E. Coli K. Pneumonia P. aeruginosa 

AS-1(L1) ++ + ++ - + 

ASM-1 - ++ - ++ + 

ASC-2 + - ++ + + 
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ASN-3 ++ + + + - 

ASC-4 +++ ++ ++ ++ ++ 

ASZ-5 ++ +++ +++ ++ ++ 

+++ = Zone size 16-22 mm; ++ = Zone size 9-15 mm; + = Zone size 6-8 mm;   ― = No inhibition. 

Infra-red spectroscopy: The above given data of FT-IR spectrum of the ligand ABS-3, shows the 

characteristic bands at 3630.05 cm−1, 3290.30 cm−1 & 1590.63 cm−1  which are assigned to Ar-O-H, Ar-N-H & 

C=N stretching respectively. These bands reveal the formation of Schiff Base. The formation of complexes of 
Schiff Base with Mn (II), Co (II), Ni (II), Cu (II) and Zn (II) acetates was confirmed by the disappearance of –

O-H band in the region of 3200-3600 cm−1 and occurrence of Metal-Oxide bands at 717.45 cm−1, 722.86 cm−1, 

725.78 cm−1, 732.59 cm−1 and 729.58 cm−1 for Mn-O, Co-O, Ni-O, Cu-O, Zn-O stretching respectively. In the 

free ligand, the band at 1590.63 cm−1 was assigned to the stretching of C=N bond. On complexation this band 
was shifted to a lower frequency region. This shift is due to the metal-ligand electron sharing effect. The IR data 

of the compounds are shown in the table lists the stretching frequency (υ) for some of the characteristics groups 

exhibited by the ligand and complexes. 

Ultraviolet-visible spectroscopy: The ultraviolet visible electronic spectrums of the compounds were recorded 

in DMSO solvent. The bands at wavelengths (290, 288, 285, 280, 295 and 282 nm) these transitions are 

attributed to π→π* electronic transition [11]. The electronic spectra of complexes showed, as expected, 

different absorptions from that of the free ligand. In the complexes these bands were shifted to different 
wavelength than the corresponding bands in the ligand as shown above, which appears in the wavelength range 

between 280-300 nm. The ligand field electronic transitions between the metal d orbital’s appear in Ni (II) and 

Cu (II) bands located in the visible region at 460 nm for Ni (L)2  assigned to the transition 3A2→3T1 (p) and 
610 nm for Cu (L)2 assigned to the transitions 2B1g→2A1g. The other complexes were diamagnetic as 

expected for d10 ions so that no (d-d) transition can be expected in the visible region. 

NMR spectroscopy: The data of proton NMR of the ligand (ABS-3) and its complexes displayed good 
solubility in DMSO. The proton nuclear magnetic resonance spectral data gave additional support for the 

composition of the complexes. The observed changes are the evidences of complexation had happened because 

the chemical shift of a compound is heavily depended on its electronic environment. The 1HNMR spectrum of 

the complexes confirmed the disappearance of O-H signal at 5.00 ppm in the free ligand. The δ 6.25-8.50 ppm 
resonance signal protons of the aromatic ring shifted to the higher field upon complexation. It is most likely that 

shift is due to the decrease of electron density at 1H protons when oxygen is bonded to metal ion. 

Magnetic susceptibility and conductivity measurements: The experimental magnetic moments for metal 
complexes are listed in Table. Magnetic measurements are widely used in studying transition metal complexes. 

The magnetic properties are due to the presence of unpaired electrons in the partially filled d-orbital in the outer 

shell of these elements. This magnetic measurement gives an idea about the electronic state of the metal ion in 
the complexes. The magnetic moment for Ni (II) in any complex is approximately 4.30 B.M., this value refers 

to a high spin tetrahedral structure, while the value of Cu (II) is approximately 1.88 led to suggest the square 

planar  structure which can become in a good agreement with the data of electronic transitions. Other complexes 

have no magnetic moment because it’s diamagnetic. Molar conductivity measurement in DMF solvent at 25ºC 

showed that the complexes were non-electrolyte [11]. 

V.  CONCLUSION 

The ligand (E)-2-((7H-purin-6-ylimino) methyl)-4-bromophenol (ABS-3) was successfully synthesized by 
condensation method. The ligand (ABS-3) was treated with  Mn(II),Co(II),Ni(II),Cu(II),Zn(II) metal acetate 

salts to afford the corresponding complexes. The Characterization data of 1H NMR, IR & UV-Vis reveals the 

successful formation of ligand and their complexes. The Magnetic susceptibility data was attributed to the 

Square planar geometry of Cu (II) complex and Tetrahedral geometry of other complexes. The Antibacterial 
Study reveals that Cu(II) & Zn(II) metal ion complex showed best inhibition activity towards all the strains of 

bacteria where as other complexes showed good activity against the gram positive and gram negative bacteria. 
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ABSTRACT-  

Copolymer 2-H, 4-MBP-1,5-DANF-I has been synthesized from 2-hydroxy, 4-methoxybenzophenone, and 1,5-
diaminonaphthalene with formaldehyde by polycondensation method in acidic medium with 1:1:2 molar ratios 

of reacting monomers. The copolymer has been characterized by elemental analysis, UV-visible, FT-IR and 1H-

NMR spectra. Electrical conductivity measurement has been carried out to ascertain the semiconducting nature 
of the copolymer resin. The electrical conductivity of the copolymer has been found to be 1.212×10-11 to 

1.701×10-7 ohm-1cm-1 in the temperature range 313-428 K. The activation energy of electrical conduction has 

been found to be 16.37 × 10-20 J/K.  The plots of log σ Vs 103/T are found to be linear over a wide range of 

temperature, which obeyed the Wilson’s exponential law σ = σ0 exp(−∆𝐸/𝐾𝑇) and  the copolymer can be 

ranked as semiconductor. 

Keywords - Resin, condensation, synthesis, electrical conductivity semiconductors, 

INTRODUCTION 

Polymer offers versatility and novelty hence they inhabit the main roll in semiconductor. The polymer scientists 
are trying to improve the properties of polymeric resins such as thermal stability, high chemical resistivity, 

durability, conductivity in the domain of desired applicability. Semiconducting polymers have been the subject 

of study for many decades for day to day application in modern electronics including antistatic coating, 

corrosion protection, in biosensors for coupling of electron transfer, fabrication of electrochemical windows, 
gas sensors, radio, computers, telephones, and many other electronic devices. Such devices include transistors, 

solar cells, the light-emitting diode, the silicon controlled rectifier, and digital and analog integrated circuits [1-

4]. 

Chinchamalatpure and coworker have reported the electrical conductivity of some copolymers and its 

polychelates [5]. Gabal et al. have reported the synthesis, characterization and electrical conductivity of 

polyaniline-Mn0.8Zn0.2Fe2O4 nano-composites [6]. Gupta has studied the electrical conductance behaviour of 
terpolymer resin-II derived from p-hydroxybenzaldehyde, urea and ethylene glycol [7]. Electrical conductivity 

study of thermally stable newly synthesized terpolymer has reported by Niley and coworker [8]. Khedkar et al. 

[9] have studied the electrical conducting behaviour of newly synthesized m-cresol-hexamine-formaldehyde 

terpolymeric resin and its polychelates. Thakre [10] has synthesized the resins of 4-hydroxybenzoic acid, 
adipamide and formaldehyde and also studied the electrical conductance properties. Electrical conductivity 

measurement of salicylic acid hexamethylene-diamine- formaldehyde resin has studied by Masram et al. [11]. 

Electrical conductivity of salicylidene - anthranilic acid - schiff base formaldehyde resin (R-AASA) was 
reported by Abbas and coworker [12]. The present study deals with synthesis, characterization of a new 2-

hydroxy, 4-methoxybenzophenone and 1,5-diaminonaphthalene with formaldehyde copolymer resin and its 

electrical conductivity measurement. 

II.   EXPERIMENTAL 

The chemicals, like 2-hydroxyl, 4-methoxy benzo-phenone (Sigma Aldrich, India), 1,5-diaminonaphthalene 

(Himedia, India) and formaldehyde (S. D. Fine Chemicals, India) were procured from market and were of 

chemically pure grade. 

A)  Synthesis of 2-H, 4-MBP-1, 5-DAF-I copolymer 

The  copolymer 2-H, 4-MBP-1, 5-DANF-II was synthesized by condensing 2-hydroxy, 4-methoxy benzo-

phenone  and 1, 5-diaminonaphthalene with formaldehyde  in 1:1:2  molar ratio of reacting monomers in the 

presence of 2M, 200 ml HCl as a catalyst at 126 ± 2 0C for about 5 hrs. in an oil bath with occasional shaking. 

The separated brown color copolymer was washed with hot water and methanol to remove unreacted starting 

materials and acid monomers. Properly washed resin was dried powdered and then extracted with diethyl ether 

to remove 2-hydroxy, 4-methoxy benzophenone formaldehyde copolymer along with 2-H, 4-MBP-1, 5-DANF-I 
copolymer. It was further purified by dissolving in 8% NaOH and then filtered. The purified copolymer resin 

was finely ground to pass through 300-mesh size sieve and kept in a vacuum over silica gel. The yield of the 
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copolymer resin was found to be 82% .The reaction and suggested structure of 2-H, 4-MBP-1, 5-DANF-I has 

been presented in Figure 1. 
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Fig. 1 Synthesis of 2-H, 4-MBP-1, 5-DANF-I copolymer resin 

B)  Analytical and Physico-Chemical Studies 

The elemental analysis was carried out on Elemental Vario EL III Carlo Erba1108 elemental analyzer 

instrument. The electronic absorption spectra of the copolymer in DMSO was recorded on double beam 
spectrophotometer in the range of 200-800 nm. Infrared spectra of copolymer was carried out in najol mull on 

Perkin-Elmer-Spectrum RX-I, FT-IR spectrophotometer in KBr pellets in the range of 4000-500 cm-1. Proton 

NMR spectrum was recorded on Bruker Advance –II 400 MHz NMR spectrophotometer using DMSO-d6 as a 
solvent. SEM has been scanned by a JEOL JSM-6380, an analytical scanning electronic microscope. All the 

analytical and spectral studies were carried out at Sophisticated Analytical Instruments Facility SAIF, Cochin 

University, Cochin, India. 

C)  Electrical Conductivity 

To prepare the pellet, the copolymer resin was thoroughly ground in agate pestle and mortar. The well powered 

copolymer was isostatically in a steel die at 10 tones /inch with the help of hydraulic press. On both sides of 

pellet, a thin layer of colloidal graphite in acetone was applied to ensure a good contact with the electrode. A 
typical sample holder was designed for the purpose of resistivity measurement and pellet is mounted on it. For 

measurement of resistivity at different temperature, a suitable electrical furnace was used.  Auto LCR-Q meter 

4910 was used to measure the electrical conductivity of copolymer resin. The temperature variations of resin 
were studied by placing the sample holder along with the pallet in the electric furnace that was then heated 

slowly. The resistances of the sample pallets were measured by two probes (terminals) method. 

Resistivity (ρ) was then calculated using the relation: 

ρ = R. x A/l 

The DC resistivity were measured from 313 to 428 K. The electrical conductivity (σ) varies exponentially with 

the absolute temperature. According to the well-known relationship: 

σ = σ0 exp( –Ea/kT) 

The relationship has been modified as: 

log σ = logσ0 + (-Ea/2.303kT) 

According to this relation, a plot of log σ Vs 1/T would be linear with negative slope. From the 

Slope of the plots, the activation energy was calculated [13, 14]. 

III.  RESULTS AND DISCUSSION 

The synthesized copolymer was found to be brown color and soluble in solvents such as dimethyl formamide 

(DMF), Dimethyl sulphoxide (DMSO), Tetrahydrofuran (THF) and conc. H2SO4 but insoluble in almost all 

organic and inorganic solvents. 

A)  Elemental Analysis 
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The 2-H, 4-MBP-1, 5-DANF-II copolymer was analyzed for the carbon, hydrogen and nitrogen content. The 

composition of copolymer obtained on the basis of elemental analysis data was found to be in good correlation 

which is presented in Table I. 

Table I. Elemental analysis and empirical formula of copolymer resin 

 

 

 

 

 

 

B)  UV-Visible Spectra 

The electronic spectra of 2-H, 4MBP-1, 5-DANF copolymer sample has been recorded in pure DMSO in the 

region 190-800 nm and shown in Figure 2. The spectra displayed two characteristics broad band at 280 nm and 
330 nm. These observed position for absorption bands indicate the presence of a carbonyl (>C=O) group having 

a carbon oxygen double bond which is in conjugation with the aromatic nucleus. . The appearance of former 

band can be accounted for π→π* transition while the letter band may be due to n→π* electronic transition.  The 
shift from basic value may be due to conjugation effect and presence of phenolic hydroxyl group is responsible 

for hyperchromic effect [15, 16]. 

 

Fig. 2 UV-visible spectra of 2-H, 4-MBP-1, 5-DANF copolymer resin 

C)  FT-IR Spectra 

 

Infrared spectra of 2-H, 4-MBP-1, 5-DANF copolymer resin is shown in Figure 3. A  broad and strong band 

appeared at 3325 cm⁻¹ may be due to the stretching vibration of the phenolic hydroxyl group exhibiting 

intramolecular hydrogen bonding with –NH group. A sharp and strong band at 1619 cm⁻¹ may be assigned to 

the stretching vibration of >C=O group. The strong band observed at 2936 cm⁻¹ may be due to the stretching 
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vibrations of –NH (imide) group. The strong band obtained at 1107 cm⁻¹ region may be due to the Ph-O-CH3 

ether linkage. The weak band at 1343 cm⁻¹ is attributed to –CH2 methylene bridge. [17-19]. 

 
Fig. 3 FT-IR spectra of 2-H, 4-MBP-1,5-DANF copolymer resin 

D)  ¹H-NMR Spectra 

The ¹H-NMR spectra of 2-H, 4-MBP-1,5-DANF copolymer is presented in Figure 4. The weak multiplet signal 

(unsymmetrical pattern) in the region at δ  7.6  ppm, which may due to proton of  aromatic ring (Ar-H). The 
weak signal in the region δ 7.2 ppm is attributed to phenolic –OH proton in intramolecular hydrogen bonding 

(Ar-OH). The presence of singlet at δ 3.4 ppm reveals the presence of Ar-O-CH3 proton. The methylenic proton 

of Ar-CH2-N linkage may be recognized from signal which appears in the region of  δ 3.8 ppm. The triplet 

signal in the region δ 6.7 ppm may be due to proton of –NH bridge [20-22]. 

 

Fig. 4 1H-NMR spectra of 2-H, 4-MBP-1,5-DANF-I copolymer resin 

E)  Electrical Conductivity of 2-H, 4-MBP-1, 5-DANF Resin 
The temperature dependence of the electrical conductivity of the copolymer is shown in Figure 5.The electrical 

conduction of polymeric material depends upon incalculable parameters such as pressure, method of 

preparation, porosity, atmosphere etc;  energy of activation (Ea) is not affected by these parameters and, 

therefore, it is fairly reproducible. The magnitude of activation energy depends on the number of electrons 
present in semiconductor materials. The more the number of π– electrons lowers the magnitude of activation 

energy and vice versa. Generally polymers containing aromatic nuclei in the backbone exhibit lower activation 

energy than those with aliphatic system. 

Fig. 5 Electrical Conductivity Plot of 2-H, 4-MBP-1,5-DANF Resin 

The 2-H, 4-MBP-1,5-DANF copolymer shows the electrical conductivity in the range of 1.212×10-11 - 

1.701×10-7 ohm-1cm-1 and the plots of log σ versus 1/T is found to be linear in the temperature range under 

study, which indicate that the Wilson’s exponential law σ = σo exp (−∆E/kT) is obeyed. The activation energy 
(Ea) of electrical conduction calculated from the slopes of the plots is found to be in the range of 16.37 × 10-

20J/K. Thus, the low magnitude of activation energy may be due to the presence of large number of π-electrons 

in the polymer chain. This is in good agreement with the most probable structure proposed for the newly 

synthesized resin under investigation [22-25]. 

IV.  CONCLUSION 

The data of elemental analysis, UV-Visible, FT-IR spectra,1H - NMR spectra, supports to the above tentative 
structure of 2-H, 4-MBP-1,5-DANF resin. Electrical conductivity of the copolymer resin increases with increase 

in temperature (1.212×10-11 - 1.701×10-7 ohm-1cm-1). The low activation energy of conduction (16.37 × 10-20 

J/K) of resin may be due to presence of large number of delocalized π-electrons in the polymer chain. The plot 

of log σ versus1/T is found to be linear in the temperature range 313-428 K, which indicates that the Wilson’s 
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exponential law is obeyed. Hence this copolymer may be ranked as semiconductor for temperature range under 

study. 
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ABSTRACT  
In the present work, antimicrobial activity of nanoparticles of maltosyl thicarbamates and maltosyl 

thiocarbamides  is compaired with bulk one. Which completely states that maltosyl nanoparticles shows 
effective zone of inhibition against all the bacterial strains listed in observation table. Because of such 

properties of n-linked sugar derivatives provided a very facile and easy way to increase its potency and 

enhanced the route for biomedical analysis. On the basis of experiences gained recently from work being 
carried out in the laboratory , it appeared quite interesting to carry out the synthesis of nanoparticles of new N-

linked Maltose Thiocarbamates and their  derivatives by the reaction between  Maltosyl isothiocyanate and 

various alcohols. The characterization of new compounds and biologically made  nanoparticles has been 

carried out by Melting point, antimicrobial activity, usual chemical transformation, NMR, IR and Mass spectral 

studies. 

Keywords— Maltose, Thiocarbamates, Thiocarbamides, Nanoparticles. 

I.  INTRODUCTION 

Nanotechnology has been the most explored and extensively studied area in recent times. Nanoparticles play 
very important role in the development of novel diagnosis methods and in the advanced design of drug delivery 

system1,2. Silver nanoparticles and Gold nanoparticles particularly, shows an excellent anti-microbial properties 

and hence are rapidly being used in to medicines etc. to increase the lifestyle of human being and beneficial for 
mankind and environment3,4. Glyco-nanoparticles shows several advantages such as their synthesis can be 

performed under biomimetic conditions result in nanoparticles without traces of chemicals responsible for 

adverse cellular responses and carbohydrates which are on the surface can act as targeting molecules and trigger 

cellular uptake via specific receptors or mediate specific cellular responses5. Derivatives of Carbohydrate have 
been reported as inflammatory, analgesic, fungicidal, herbicidal & pesticide agents6-8. Because of the 

tremendous biological importance, carbohydrates are very essential to our daily lives. They have more 

importance in synthesis and medicinal chemistry9,10. Maltose is the second member of an important biochemical 
series of glucose chains. Maltose, or malt sugar, is a disaccharide formed from two units of glucose joined with 

an α (1→4) linkage. Maltose is not common in food, but can be formed from the digestion of starch and is 

heavy in the sugar in malt, the juice of barley and other grains. 

Isothiocyanates and isocyanates are a group of very reactive chemical compounds. Once they have reacted, the 
resulting product is usually less harmful than the chemical itself. This chemical is used in the manufacture of 

carbamates and thiocarbamates. Due to high reactivity towards compounds containing active hydrogen atom 

isocyanates and isothiocyanates are one of the most versatile classes of functional groups. They are important 
intermediates; the chemistry of these molecules is dominated by the nucleophilic addition reaction. Reactions 

with carbon nucleophiles provide a useful synthetic access to substituted amides and other derivatives.  

II.  EXPERIMENTAL 
The prepared Compounds and their nanoparticles have been screened for antimicrobial activity using Cup plate 

agar diffusion method. By measuring zone of inhibition in mm antimicrobial activity has been studied. By using 

DMSO as a solvent the concentration of compound were 1 mg/ ml. Amikacin (100 μg/ml) was used as a 

standard. Compounds were screened for antimicrobial activity against microbes (listed in table 2) in nutrient 
agar medium. Determining the difference between melting point of  compounds and their nanoparticles is one 

way to test if the nanoparticle is prepared or not. So the M.P. of compounds and their nanoparticles has been 

taken using melting point apparatus. H1 NMR data of the compounds were measured using CDCl3 solvent on 
300 MHz frequency. And their chemical shift values are in (ppm) units using TMS as a reference. IR spectral 

data of the compounds were recorded on FTIR-RXI spectrophotometer. Confirmation of products and reaction 

progress carried out by TLC using Hexane : Ethyl acetate solvent system and identification of spots carried out 

by using iodine chamber and KMnO4 spray. 

III.  METHOD OF PREPERATION 

Step 1 : preparation of Maltose Octabenzoate: 55 ml dry Pyridine and 55 ml dry Chloroform were taken in a 1 

lit. tight cork glass bottle and cooled in an ice-salt bath. To this solution previously prepared cooled solution of 
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55 ml Benzoyl Chloride in 55 ml dry Chloroform was added with constant stirring. To this mixture 20 gm. of 

dry powder of Maltose was added in small instalments with constant stirring by maintaining the temperature 

below 5 oC. After 24 hrs. mixture was washed several times with dil. Aq. Sulphuric acid, followed by aq. 
Sodium Bicarbonate and lastly with water. By using separating funnel Chloroform layer was separated which 

contains desired product. Product was triturated several times with petroleum ether until white powder obtained 

with M.P. 112 o C. 

Step 2 : Synthesis of hepta-O-benzoyl-α-D Maltosyl Bromide: 

10g fine powdered of maltose octabenzoate was added to the brominating agent (mixture of Red Phosphorus,  

Glacial Acetic acid &  molecular Bromine). After that flask was kept for 2 hrs at  room temperature, finally 70 

ml Chloroform was added to the reaction mixture with vigorous shaking. The resultant mixture was poured in 
an ice cold water to separate Chloroform layer. It was washed several times with aq. Sodium bicarbonate  to 

remove excess of acetic acid followed by aq. Sodium metabisulphite to remove excess of bromine and finally 2-

3 times with water. By using separating funnel the solution was removed and addition of petroleum ether results 

a solid mass. 

Step 3: Synthesis of hepta-O-benzoyl-β-D-maltosyl isothiocyanate: Lead thiocyanate was prepared by mixing 

aq. Solution of lead nitrate and  ammonium thiocyanate. To a suspension of hepta-O-benzoyl-α-D-maltosyl 
bromide (15gm) in sodium, dried xylene (60 ml) & lead thiocyanate (5 gm) was added. The reaction mixture 

was refluxed for 3 hrs, gentle shaking. After cooling liberated lead bromide was removed by filtration. The 

xylene filtrate was treated with petroleum ether with stirring, finally a white solid mass obtained.  

Step 4: Synthesis of N-maltosylated Thiocarbamates: Reaction of hepta-O-benzoyl-β-D-maltosyl isothiocyanate 
and various alcohols has been refluxed for 5 hrs. On cooling and mixing with water most of the alcohols gave a 

white granular solid was purified by Chloroform-Petroleum ether.  Melting point ranges from 140-170 o C for 

all alcohol derivatives. 

Step 5: Synthesis of N-maltosylated Thiocarbamides: Reaction of hepta-O-benzoyl-β-D-maltosyl isothiocyanate 

and various aryl amines has been carried  out in boiling benzene for 3 hrs. The solvent benzene was 

distilled off  and sticky mass was isolated as residue. Then triturated several times with  petroleum 

ether was  converted to granular solid. Crystallized from chloroform-ether. 

Step 6 : Preparation of Nanoparticles (Biologically) : Small pieces of potato was boiled in little amount of 

water in a beaker for about 10 min. Filtered the semi hot  solution through filter paper, remaining filtrate 

obtained called  potato extract. 1 gm. of compound was dissolved in 2 ml of DMSO, clear solution was  
obtained.  Then 2,3 drops of potato extract was added to the clear solution, suddenly white precipitate of 

nanoparticles was obtained. 
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IV.  SCHEME 

O

O
O

HO

HO
OH

HO

OH

OH

OH
OH

C6H5COCl

O

O
O

BzO

BzO
OBz

BzO

OBz

OBz

OBz

N=C=S

R1-OH

O

O
O

BzO

BzO
OBz

BzO

OBz

OBz

OBz
OBz

O

O
O

BzO

BzO
OBz

BzO

OBz

OBz

OBz

NH-C-OR1

S

O

O
O

BzO

BzO
OBz

BzO

OBz

OBz

OBz
Br

DMSO

O

O
O

BzO

BzO
OBz

BzO

OBz

OBz

OBz

NH-C-NHR2

S

CHCl3, Pyridine

alpha-D-maltose Maltose octabenzoate

Brominating

agent

hepta-O-benzoyl-alpha-D-maltosyl 

bromide

Pb(NCS)2, Xylene

Reflux for 3 Hrs.

hepta-O-benzoyl-beta-D-maltosyl 

isothiocyanate

 Reflux 5 Hrs.

hepta-O-benzoyl-beta-D-maltosyl-3-aryl-

thiocarbamates

potato extract

Nanoparticles

hepta-O-benzoyl-beta-D-maltosyl-3-aryl-

thiocarbamides

Reflux

Benzene, 3 Hrs
R2-NH2

 

R1=  a) ethyl b) methyl c) n-propyl d) isopropyl e) n-butyl f) t-butyl 

R2=  a) Phenyl b) o-tolyl c) m-tolyl d) p-tolyl e) o-Cl-phenyl f) m-Cl-phenyl g) p-Cl-phenyl 

V.  RESULT AND DISCUSSION 

Antimicrobial activity (Thiocarbamates)  (Table 1) 

Antimicrobials Bulk Nanoparticles 

E. coli 10 mm 13 mm 

S. aureus 11 mm 13 mm 

S. typhi 11mm 14 mm 

P. vulgaris 09 mm 12 mm 

Amikacin 10 mm 17 mm 

Clandamycine 12 mm 14 mm 

DMSO 26 mm 20 mm 

Antimicrobial activity (Thiocarbamides)     (Table 2) 

Antimicrobials Bulk Nanoparticles 

E. coli 09 mm 12 mm 

S. aureus 11 mm 14 mm 

S. typhi 12mm 15 mm 

P. vulgaris 10 mm 13 mm 

Amikacin 09 mm 18 mm 

Clandamycine 11 mm 14 mm 

DMSO 28 mm 21 mm 
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*Including the well diameter of 8 mm. **Zone of inhibition in mm (15 or less) resistance, (16-20 mm) moderate 

and ( > 20 mm) sensitive. 

The prepared Compounds and their nanoparticles have been screened for antimicrobial activity using Cup plate 
agar diffusion method. By measuring zone of inhibition in mm antimicrobial activity has been studied. By using 

DMSO as a solvent the concentration of compound were 1 mg/ ml. Amikacin (100 μg/ml) was used as a 

standard. Compounds were screened for antimicrobial activity against microbes (listed in table 1) in nutrient 
agar medium. Zone of inhibition of nanoparticles were more than bulk, which confirms better antimicrobial 

activity of nanoparticles in comparison to bulk one. 

(Table 3) 

Sr. No. Aryl 

amines 

1-hepta-O-benzoyl-β-D-

maltosyl-3-aryl 

thiocarbamates 

Yield 

% 

Melting point 

of Bulk 
o
C 

Melting point of 

Nanoparticles 
o
C 

1. Ethyl O-ethyl thiocarbamate 71 121-123 90 

2. Methyl O-methyl thiocarbamate 82 124 109 

3. n-propyl O-n-propyl thiocarbamate 85 146 124-126 

4. Isopropyl O-isopropyl thiocarbamate 81 146-149 123-129 

5. n-butyl O-n-butyl thiocarbamate 69 141 121 

6. t-butyl O-t-butyl thiocarbamate 76 149-155 119-123 

(Table 4) 

Sr. No. Aryl amines 1-hepta-O-benzoyl-β-D-

maltosyl-3-aryl 

thiocarbamides 

Yield 

% 

Melting point 

of Bulk 
o
C 

Melting point of 

Nanoparticles 
o
C 

1. Aniline -3-phenyl thiocarbamide 70 120-125 87 

2. o-Cl-Aniline -3-o-Cl-phenyl 

thiocarbamide 

85 125 112 

3. m-Cl-Aniline -3-m-Cl-phenyl 

thiocarbamide 

80 143 123-128 

4. p-Cl-Aniline -3-p-Cl-phenyl 

thiocarbamide 

82 145-150 125-130 

5. o-toluidine -3-o-tolyl thiocarbamide 71 138 115 

6. m-toluidine -3-m-tolyl thiocarbamide 80 150-155 120-125 

7. p-toluidine -3-p-tolyl thiocarbamide 72 128-130 110 

The characterization of compounds have been confirmed by IR spectroscopy which shows  C=S, N-H, C-N, 

C=O, C-O stretching  frequencies at different absorption bands. H1 NMR shows signal due to N-H proton at 

8.07 ppm and maltosyl protons at 5.58 – 3.79 ppm. and benzoyl protons at 6.78 – 3.90 ppm. The 
Characterization of nanoparticles have been carried out by UV visible spectroscopy. The band gap difference 

increases as the size of nanoparticles decreases. The decrease in melting point confirms the nanoparticles were 

prepared. 

VI.  CONCLUSION 

The synthesised nanoparticles were characterized by antimicrobial activity, UV spectroscopy, X-Ray diffraction 

and melting point determination. Antimicrobial activity of Maltosyl nanoparticles shows better result as 
compared to the bulk one. That means , maltosyl nanoparticles  shows effective zone of inhibition against all the 

bacterial strains listed in observation table. Because of such properties of n-linked sugar derivatives provided a 

very facile and easy way to increase its potency and enhanced the route for biomedical analysis. N-linked  

nanoparticles have found interesting applications in a wide spectrum of biomedical utilities like imaging, 

sensing, drug delivery and gene targeting. On the basis of which nanoparticles obtained was confirmed. 
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ABSTRACT 

The seed germination activity of 4-(n-octyloxy) benzoic acid and its Cr (III) and Cu (III) complexes on Brassica 
nigra L. (black mustard) have been studied at pH 6.5 and 9.5 in order to clarified whether this ligand and its 

ternary complexes of can be used as seed germination activity  by measurement of parameters like percentage 

of germination, survival, seedling height, soot length, root length, root/soot ratio and width of young leaf. The 
average values of these parameters have been used to make a justification about seed germination activity of 

ligand and its ternary complexes. 

KEYWORDS Plant   regulator, seed germination, ligand, metal, shoot length, root length, root/shoot ratio. 

INTRODUCTION 

Plants though they come into view common place and reactive, proved to be complex and attractive functions of 
systems and accepting them is difficult task, for both the students and scientists. Of course, the job is beyond 

anyone creature and scientists have busy on it. The study becomes mainly passionate in current years. Plants are 

autotrophic in nature, they produce their acquire food. But we are 

completely and extremely dependent on plants for the requirements of life. So that it is essential to do 

agricultural research is the making of novel and better character and variety of harvest plants, the enhancement 

of plant growth ,defense against insects, diseases and weeds, the manage of soil fertility. The biological action 
of metal chelate presented.1-3 Deosarkar et al4have been study of plant growth regulating activity of (2-

chlorophenyl) (5-(2-hydroxyphenyl)-3-(pyridin-3-yl)-1h-pyrazol-4-yl) methanone and its Fe(iii) and cu (ii) 

complexes on trigonella foenum-graecum. Ligands and its metal ions complexes have been studied to be useful 

in agriculture as plant growth regulating.5-15 

To study the germination and growth pattern cost-effective plants Brassica nigra L. (black mustard) is preferred 

economical significance of this plant by its broad use for the species purposes. Benzoic acid derivative have 

been found to play an important role in a number of biological processes. They operate in plants as antioxidants, 
antimicrobials, photoreceptors, visual attractors, feeding repellants, and for light screening. Therefore, the 

present work is carried out to study the plant growth regulating activity of like 4-(n-octyloxy) benzoic acidand 

its Cr(III) and Cu (III) complexes on Brassica nigra L. (black mustard )have been studied at pH 6.5 and 9.5. 

EXPERIMENTAL METHODS 
The entire chemicals are analytical reagent (AR) grade with were obtained from Sd Fine chemicals, India which 

is worn as such without further purification. Water which was used in the experiment, distilled and degassed 

prior to manufacture solutions. The solution of 4-(n-octyloxy) benzoic acid ligand of 0.01 mol/dm3 
concentration was prepared in distilled water. The selective biological applications were deliberate at pH 6.5 

and 9.5 and at 0.1mol/dm3 ionic strength of KNO3 solution. Fertilized soil was composed from agricultural 

land. Stones and other unwanted materials were kept out. Two parts of this finely powdered soil was uniformly 
mix with one part of filtered pink-stone-sand. This soil was full in wooden trays having compartments of 

identical size. The soil in the tray was moistened with distilled water. After one hour passed the sowing of seeds 

was done in this soil. The well seeds of black mustard haing equal size were selected. 250 seeds were soaked in 

distilled water and kept back in refrigerator for 3 hours. The healthy seeds of equal size were preferred out of 
which 50 seeds each were soaked in distilled water, ligand solution, and ternary complex solution with Cr (III) 

and Cu (III) of pH 6.5and 9.5for 6 hours. The pH was maintained using ELICO-pH meter-L1-10 (accuracy 

±0.05 units). The seeds soaked were free out of each solution and washed with distilled water. The seeds were 
sowed in the wooden trays. Effect of Cr (III) and Cu (III) complexes deliberate at different pH (6.5 and 9.5), the 

seeds being immersed in experimental solution for 6 hours. Germination and survival were distinguished after 7 

days and 10 days respectively. By noting survival of the plants after 10 days, they were taken out of the soil. 
The properties such as seedling height, shoot length, root length, root/shoot ratio, and thickness (width length) 

of young leaf of survived plant were calculated. 
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RESULTS AND DISCUSSION 
Parameters such as percentage of germination, survival, seedling height, shoot length, root length, root/shoot 

ratio, and thickness of young leaf was monitored on the basis of seed germination or plant growth regulator .The 
mean values of these parameters are shown in following table. The plant regulator like root/shoot ratio is one of 

the method of overall health of the plants and it was found by using equation (1). 

root/shoot ratio = dry weight for roots/dry weight for top of  plant…………….(1) 

The dry weight was evaluated by keeping 50 fresh plantlets in oven first at 70°C and later at 100°C to find a 

constant weight. It can be shown from table that there is change in the root: shoot ratio over control (water) 

which indicates the change in overall growth of the plant. In this work the root: shoot ratio has greater than 

before for both Cr(III) and Cu (III) complex at pH 6.5 and 9.5 as compared to control action, this remarkable 
growth is a indication of a in good health plant compared to other treatments. Boost in this ratio came from 

bigger root size and not from a reduce in shoot weight. 

Vigor index was determined using equation (2). 

Vigour index = % germination X (root length in mm + shoot length in mm)……..(2) 

The higher rate of vigor index at pH 6.5 and 9.5 are revealed for the treatment of Cu (III) complex solutions. 

The vigor index rates for various treatments are increased as compared to control. 

The order of plant growth regulators found at various pH is shown below: 

At pH 6.5 and 9.5, Cu (III)-Ligand complex solution > Cr (III)-Ligand complex solution > Ligand > Control 

(water). 

The Cu (III) - 4-(n-octyloxy) benzoic acid  complex solution is proposed as a plant growth regulator at pH 9.5 

for Brassica nigra L. (black mustard )plant. 

Table : Effect of ligand and its complexes with Cr (III) and Cu (III) on growth parameters of Brassica 

nigra L. (black mustard ) plant (I=0.1 mol/dm
3
 KNO3) 

Parameters Effect of following solutions on different growth parameters 

Control Ligand Ni (III)-Ligand complex Cu (III)-Ligand complex 

pH 6.5 

Germination seed number 50 50 50 50 

% Germination after 10days 63 68 83 76 

% Survival after 12 days 75 79 86 99 

Seedling height (cm) 6.8 7.3 7.8 8.5 

Root length (cm) 2.6 2.9 3.6 3.6 

Shoot length (cm) 4.9 5.5 5.9 6.5 

Root/shoot 0.39 0.48 0.59 0.68 

Vigor index 4027 4747 6789 6468 

Width of young leaf (cm) 0.5 0.6 0.7 0.7 

pH 9.5 

Germination seed number 50 50 50 50 

% Germination after 10days 64 65 72 79 

% Survival after 12 days 77 81 87 95 

Seedling height (cm) 7.9 8.5 8.5 8.7 

Root length (cm) 2.7 3.4 3.9 4.0 

Shoot length (cm) 4.7 5.1 5.8 6.2 

Root/shoot 0.49 0.56 0.65 0.73 

Vigor index 4335 4746 6034 7282 

Width of young leaf (cm) 0.5 0.3 0.6 0.7 
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ABSTRACT  

Copolymer (DAPGF) has been synthesized utilizing the monomers 2,4-Dihydroxyacetophenone, guanidine and 

formaldehyde by the condensation polymerization reaction in the presence of 2M HCl as a catalyst using 1:1:2 
molar ratios of reacting monomers. The structure of DAPGF copolymer has been elucidated on the basis of 

elemental analysis, and various physicochemical techniques, i.e., UV-Visible, FT-IR and 'H-NMR spectroscopy. 

Detailed thermal degradation study of the new copolymer has been carried out to determine its thermal 
stability. Thermal degradation curve is discussed which shows various decomposition steps. The activation 

energy (Ea.) and thermal stability calculated by using the Sharp-Wentworth and Freeman-Carroll methods. 

Thermodynamic parameters such as entropy change (ΔS), apparent entropy change (S*) and frequency factor 

(z) have also been evaluated on the basis of the data of Freeman-Carroll method. The order of reaction (n) is 

found out to be 0.8. 

Keywords - Synthesis; Polycondensation; Thermal; Kinetic parameter; Spectral methods. 

INTRODUCTION 

For the progression in the field of material science, copolymers found by numerous scientists have amazingly 
extraordinary applications. A large number of copolymers have been synthesized by various chemists in large 

amounts and discover huge applications like cement, bundling, covering in electrically stable materials, 

impetus, thermally stable materials [1,2], ion-exchangers [3,4], high dielectric constant for energy storage 
capacitors [5] and semiconductors which have many applications.[6]. A remarkable effort has been made to 

work on the nature of copolymer either by monomers or by changing different strategies. The thermal properties 

of various copolymers have been studied by utilizing the method of thermogravimetric analysis (TGA) by a 

wide range of scientists. S. Ullah et al had studied the Synthesis and thermal degradation studies of melamine-
formaldehyde resin [7]. The thermal properties and behavior of newly synthesized copolymer derived from 

salicylic acid and thiosemicarbazone have been investigated by Kamlakar et al [8]. The thermal degradation and 

kinetics of terpolymer resin derived from p-hydroxybenzaldehyde, succinic acid with ethylene glycol were 
examined by A. Gupta and co-workers [9]. Thermogravimetric analysis of terpolymer resin derived from 

salicylic acid, hexamethylenediamine with formaldehyde was studied by D.T. Masram [10] and thermal 

analysis of 8-hydroxyquinoline and formaldehyde was done by P. E.P. Michael et al [11]. The thermal 

decomposition reaction of salicylic acid, diaminonaphthalene with formaldehyde was investigated by D.T. 
Masram [12]. S. Butoliya et al have taken interest in the study of non-isothermal decomposition and kinetic 

analysis of 2,4-dihydroxybenzoic acid, the melamine-formaldehyde copolymer [13]. A thorough study of 

literature survey reveals that copolymer derived from substituted hydroxyl or acetyl group, propionyl group, and 
methoxy group with formaldehyde shows improved thermal resistance, electrical property, antimicrobial 

property, light-emitting property, and morphology. 

The current study deals with the preparation of 2,4-dihydroxyacetophenone-Guanidine hydrochloride-
formaldehyde copolymer in 1:1:2 molar extents. The structure of 2,4-DAPGF copolymer has been drawn based 

on elemental analysis and various physicochemical techniques, such as ultraviolet-visible spectroscopy, Fourier 

transforms infrared spectroscopy,1H-NMR spectroscopy. To study the thermal stability of DAPGF copolymer, 

detailed thermal degradation analysis has been carried out. The thermal degradation curve is discussed, which 
shows four decomposition steps. By using Freeman–Carroll method and Sharp–Wentworth methods, the 

activation energy (Ea) and thermal stability are calculated. 

Materials: 
Entire synthetic substances such as 2,4-Dihydroxyacetophenone and guanidine hydrochloride were purchased 

from Central Scientific Company, Dharampeth, Nagpur, was of A.R. grade. The chemicals like Hydrochloride, 

formaldehyde, and dimethyl sulphoxide were used from the Post Graduate Department of chemistry, Kamla 

Nehru Mahavidyalaya, Nagpur, India. 

Synthesis of DAPGF Copolymer Resin 

2,4-Dihydroxyacetophenone[0.1mol], and Guanidine hydrochloride [0.1mol], were weighed properly using the 

electric weighing machine. The mixture of these two was taken in round bottom flask and 37%formaldehyde 
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[0.2 mol] in the presence of 2M hydrochloric acid (200 ml) was added to flask and heated in an oil bath at 

124°C ± 20°C for 5 h with occasional shaking [10-12]. The separated resinous product (DAPGF) was washed 

with hot water to remove untreated monomers. The resin was purified. The purified copolymer resin was finally 
ground well to pass through a 300-mesh size sieve and kept in a vacuum over silica gel for 24 hours. The yield 

of DAPGF copolymer resin was found to be 80-82%. The reaction taking place is as shown in Fig. 1 

 

Fig. 1: Synthesis of 2,4-DAPGF Copolymer resin 

Characterization of Copolymer 

The elemental analysis of DAPGF copolymer resin was recorded on the Elemental Vario EL III Carlo Erba 

1108 elemental analyzer instrument. The UV-Visible spectra of the copolymer were carried out at room 
temperature in DMSO on a double beam spectrophotometer fitted with an automatic pen chart recorder in the 

range of 200nm – 800nm. Infrared spectra of copolymer have been scanned indanol mull on Perkin-Elmer-

Spectrum RXI, FT-IR Spectrophotometer in KBr pellets in the range of 4000-500 cm-1. The surface analysis of 

the sample was examined by scanning electron microscope (SEM)using JEOL-JSM-6380 at different 
magnifications. The proton NMR spectrum of the copolymer was carried out using DMSO-d6 as a solvent on 

Bruker Advance -II400 MHz NMR spectrophotometer. The TGA has been scanned by using a Perkin Elmer 

diamond TGA/DTA analyzer. All the spectral and detailed analytical studies for the newly synthesized 
copolymer were carried out at Sophisticated Analytical Instruments Facility (SAIF), STIC, Cochin University, 

Cochin, India. 

Thermal Studies 
The thermal analysis method is based on the change in weight of the sample per degree change of temperature. 

Heating is performed under highly systematic and controlled conditions and degradation of various functional 

groups was studied. The non-isothermal thermogravimetric analysis was performed in an air atmosphere with a 

heating rate of 10°C min-1using 5-6 mg of samples from the temperature range 40°C to 750°C and a 

thermogram was recorded. 

Theoretical Consideration 

The thermogram of the DAPGF copolymer was examined and interpreted to obtain information regarding the 
percentage weight loss of copolymer samples at different temperatures which gives information about sample 

composition, the product formed after heating, and kinetic parameters. Thermodynamic and kinetic parameters 

have been calculated and analyzed using Sharp-Wentworth and Freeman-Carroll methods as follows. 

A] Freeman-Carroll Method (FC): In this the kinetic parameters are determined by the formula, 

∆ log(dw/dt)/∆ logWr = [-Ea/2.303R] x ∆(1/T)/∆ log Wr +n. 

Where, 

dw/dt =Rate of change of weight with time, 

Wr =Difference between weight loss at the completion of the reaction and at time t, 

Ea=activation energy, n=order of reaction. 

B] Sharp-Wentworth method (SW): Following expression is used to evaluate the kinetic parameters, 

Log (dα/dt)/(1-α) n   =log A/β   -  Ea/2.303 RT 

Where dα/dt is the fraction of weight loss with time, n is the order of reaction, A is frequency factor, 
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Β is linear heating rate and α is the fraction of amount of reactant. 

RESULTS AND DISCUSSION 

Elemental and Physico-chemical Analysis 
Elemental analysis is a technique that determines the molecular structure of all substances. DAPGF copolymer 

has been analyzed for carbon, hydrogen, and nitrogen content present in it. The empirical formula and empirical 

formula weight have been calculated which is presented in table 1. The % of carbon, nitrogen, and hydrogen 
element of the copolymer DAPGF determined by elemental analysis is found to be in accord with the calculated 

values. 

Table 1: Elemental analysis and empirical formula of the copolymer resin 

Copolymer 
Empirical 
formula of 

repeated unit 

Empirical 
formula 

weight 

%C (found/cal.) %H (found/cal.) %N (found/cal.) 

DAPGF (1:1:2) C11H13N3O3 235 57.94(55.93) 4.16(5.9) 15.55(16.61) 

 

The non-aqueous conductometric titration in DMF against KOH in 50% (v/v) DMF/ alcohol mixture using 100 

mg of resin sample was carried out to determine the molecular weight of the copolymer resin. A plot of specific 

conductance against the milliequivalents of potassium hydroxide required for neutralization of 100 g of 

copolymers was done. The study of such a plot affirms that there are many breaks in this plot. From this plot, 
the first break and the last break were noted to calculate the degree of polymerization Dp (Fig.2). The 

calculation of molecular weight by this method is based on the following consideration. From the graph the first 

and the last break was observed. The first break corresponds to the neutralization of the more acidic phenolic 
hydroxy group of all the repeating units and it is the break in the graph beyond which a continuous increase in 

conductance is observed which represents the stage at which the phenolic hydroxy group of all repeating units 

are neutralized [14]. 

On the basis of the above observation, the average degree of polymerization ( Dp )and ( Mn ) is calculated by 

using the following formulae: 

Mn = Dp x repeat unit weight 

Total Meq. of base required for complete neutralization i.e., last break 

Dp  = 

Meq. of base required for smallest interval i.e., first break 

 

Fig.2: Non-aqueous Conductometric titration of DAPGF copolymer. 

Table 2: Determination of number average molecular weight 

Polymer 1st phase of 

neutralization 

Final phase of 

neutralization 

Degree of 

polymerisation 

Emperical 

weight 

Number 

average 
molecular 

weight 

DAPGF 

(1:1:2) 

93 1361 14 235 3453 
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UV-Visible Spectra 

 
Fig.3 UV-visible spectra of DAPGF copolymer 

The UV-visible spectra of DAPGF copolymer resin are presented in figure 3. UV-visible spectra of copolymer 

samples have been recorded in pure DMSO in the region of 200 to 800 nm. The spectrum exhibits two 
absorption maxima i.e., two peaks which are observed in the region 270 nm and 330 nm. This position of the 

absorption band which is observed for copolymer DAPGF indicates the presence of the ketonic group 

(carbonyl) having a carbon-oxygen double bond which is in conjugation with the aromatic nucleus. The 
appearance of the first band which is more intense can be accounted for π→π* transition while the second band 

which is less intense may be due to n→π* electronic transition. The shift from the basic value (viz. 240 nm and 

310 nm respectively) may be due to the conjugation effect and the presence of phenolic hydroxyl group 

(auxochrome) is responsible for hyperchromic effect i.e., the higher value of ∈ max is indicated. 

FT-IR Spectra 

The FT-IR spectra of the DAPGF copolymer are presented in figure 4 and spectral data are specified. A broad 

and strong band has appeared in the region 3295cm-1 which may be due to the stretching vibration of the 
phenolic hydroxyl group. The strong band at 1626 cm-1 may be assigned due to the stretching vibration of the 

Ar-CO- group. A sharp band appearing at 1478 cm-1 describes the presence of>C=C< (aromatic) group. The 

sharp and strong band observed at 1372.4cm-1 suggests the presence of -CH2- methylene bridge in the 

copolymer chain. Weak bands appearing in the region 905-860 cm-1may be due to the presence of 1,2,3,4and 5-

pentasubstituted aromatic rings [15]. 

 

Fig.4 FT-IR spectra of DAPGF copolymer 

Table 3: FT-IR spectra of DAPGF copolymer 

Observed band frequencies(cm
-1

) Assignment of groups Expected band frequencies(cm
-1

) 

3295 -OH phenolic 3500-2800 

1626 Ar-CO- group 1670-1630 

1478 Aromatic ring 1445-1485 

1372.4 -CH2- bridge 1380-1350 
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803.55 -NH group 900-650 

1051.62 Substituted benzene ring 1058 

 

1H-NMR Spectra 

The 1H-NMR spectra of DAPGF copolymer are depicted in figure 5 and spectral data are assigned below. The 

spectrum reveals a different pattern of peaks since each of them possesses a set of protons having a different 

proton environment. The weak multiplicity signals (unsymmetrical pattern) in the region δ 7.1 ppm are due to 
the aromatic protons (Ar-H). A significant signal appearing at δ 6.4ppm is attributed to the phenolic -OH proton 

in intramolecular hydrogen bonding. The medium triplet signal observed at δ7.6 ppm may be due to the amido 

proton Ar-CH2-NH- of copolymer chain. The proton of methylene bridge Ar-CH2- NH- may be recognized 
from the doublets signal which appears in the region δ 2.6 ppm. A peak appeared in the region δ 1.2 ppm may 

be due to methyl proton of the Ar-COCH3 group [16]. 

 

Fig.5. Proton NMR spectra of DAPGF copolymer 

Table 4:1H-NMR spectra of DAPGF copolymer resin. 

 

Scanning Electron Microscopy 

scanning electron micrograph DAPGF copolymer resin was analyzed at different magnification to study the 

surface morphology which is presented in figure 6. It gives information about surface topography and defects in 

the structure.  At lower magnification, it shows spherules in which the crystals are arranged more closely in 
smaller surface areas. At higher magnification, it shows a more amorphous character with a less close-packed 

surface having deep pits. Thus, the resin is crystalline as well as 
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Fig 6 scanning electron micrograph DAPGF copolymer amorphous or transitions between crystalline and 

amorphous in structure and character [17]. 

Thermogravimetry Analysis of the Copolymer 

The copolymer DAPGF has been subjected to thermogravimetric analysis and data used to access the 
degradation pattern. The thermal decomposition behavior curve for the resin is depicted in figure 7 which 

exhibits four-stage decomposition and its ranges are incorporated in the table4. The first stage decomposition 

was slow and ranged between 40- 260°C, corresponds to mass loss of 6.55% found and 7.11% calculated which 

may be due to entrapped water molecules. The second stage decomposition starts from 260 °C to 370 °C, 
corresponding to the gradual mass loss of 39.92% found and 40.11 % calculated which represents the 

degradation of two hydroxyl groups and –COCH3 group attached to an aromatic benzene ring. The third stage 

decomposition at370-570 °C, corresponding to 70.35% rapid mass loss of aromatic nucleus against calculated 
70.55%. The fourth stage starts from 570 °C to 620 °C corresponding to the removal of the entire acetophenone 

moiety with an observed mass loss of 99.88% against calculated 100%. The half decomposition temperature for 

DAPGF copolymer is found to be480°C. 

 

Fig.7: Thermogravimetric analysis of DAPGF copolymer 

Table 4: Degradation of copolymer at different temperature range 

 

Thermoanalytical Data 

For the copolymer DAPGF, a plot of percentage mass loss versus temperature is presented in Figure 6. To 
obtain the relative thermal stability of the copolymer, the method described by Sharp-Wentworth and Freeman-

Carroll was adopted. The thermal stability of copolymer, based on the initial decomposition temperature, has 

also been used here to their relative thermal stability, neglecting the degree of decomposition. By applying the 
above methods, the activation energy (Ea) is calculated which is not perfectly in agreement with each other. But 



International Journal of Advance and Innovative Research   
Volume 8, Issue 4 (IV) October - December 2021 
 

68 

ISSN  2394 - 7780 

the ‘average Ea’ calculated by Freeman-Carroll and Sharp-Wentworth methods is nearly the same. A 

representative thermal activation energy plot of Sharp-Wentworth (Figure 8) and Freeman-Carroll (Figure 9, 

10) method for the copolymer has been shown. Thermodynamic parameters such as entropy change (ΔS), free 
energy change(ΔF), frequency factor (Z), apparent entropy change (S*), calculated based on thermal activation 

energy (Ea) using equations (3), (4), (6) and (7). These values are incorporated in Table 5. 

Entropy change 

Intercept=log KR/hфEa +∆S/2.303R                     (3) 

Where, 

K=1.3806x10-16 erg/deg/mole      R=1.987 cal/deg/mole, 

h=6.625 x10-27 erg sec, ф=0.166,   ∆S=change in entropy, 

Ea=activation energy from graph 

∆F=∆H-T∆S                                                                  (4) 

Where, 

∆F=free energy change ∆H=activation energy, T=temperature in Kelvin 

∆S=entropy change from equation (3) 

Frequency factor 

B2/3=log ZEa/R  ………… (5) 

B2/3= log (3) +log [1-3√1 − 𝛼] − 𝑙𝑜𝑔𝑝(𝑥) … … (6) 

Where, 

Z = Frequency factor, B=Calculated from……… (6) 

B = Calculated from ………... (6), 

Log p(x) = Calculated from Doyle table corresponding to activation energy 

Apparent entropy change 

S* = 2.303 Rlog Zh/RT*………... (7) 

Where, 

T∗ = Temperature at which half of the compound decomposed from its total loss 

Fairly good straight-line plots are obtained using the two methods. This indicates the decomposition of 

copolymer does not obey the first-order kinetics perfectly. Due to the abnormally low value of the frequency 
factor, it may be concluded that the decomposition reaction of DAPGF copolymer can be classed as a ‘slow 

‘reaction. The slow reaction is also predicted by negative values of entropy change. The negative values mean 

the disorder is less and the reaction is carried out in a more orderly manner, making it slower.[30]. 
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Fig.8 Sharp-Wentworth Plot of DAPGF copolymer   Fig.9 Freeman-Carroll Plots of DAPGF copolymer 

Table 5 Results of thermogravimetric analysis of DAPGF (1:1:2) copolymer resin 

 

CONCLUSIONS 

DAPGF copolymer resin was prepared from 2,4-dihydroxyacetophenone, guanidine hydrochloride with 
formaldehyde in the presence of acid catalyst by condensation polymerization technique. The proposed 

structure of the synthesized copolymer has been confirmed from the elemental analysis, FTIR and1H-NMR 

spectral studies. The Thermogram of the copolymer shows four stages of decomposition. The values of 

activation energy evaluated by both Sharp-Wentworth and Freeman-Carroll methods are in good agreement 
with each other. Positive values of activation energy corresponding to the energy of activation due to the 

oxidation-reduction process of the copolymer in the higher temperature range. The negative values for entropy 

indicate that the activated polymer has a more ordered structure than the reactants. A low value of frequency 
factor may be concluded that the decomposition reaction of the copolymer can be classified as a slow reaction. 

Thermogravimetric study reveals that DAPGF copolymer resin isothermally stable even at high elevation 

temperature. 
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ABSTRACT 

The present study removal of Se (IV) ion on Bentonite clay from aqueous solution under different experimental 
conditions. Lagergren’s first-order, pseudo-second-order kinetic equation and Langmuir’s and Freundlich 

adsorption isotherm has been used to discuss the adsorption capacity of bentonite clay to removal of Se (IV)  

Ion. Thermodynamic parameter such as free energy change, enthalpy change and change entropy have been 
evaluated and discussed and an idea process are spontaneity and feasibility of the adsorption process and also 

study adsorption capacities are effected different pH, different concentration, different temperature and contact 

time of shaking. This study was focused on the use of bentonite clay as an alternative adsorbent for the removal 

of Se (IV) from wastewater. The maximum adsorption 86.00% was found at pH 2 with initial metal ion 
concentration 100 mg/L. Adsorption of Se (IV) ions depend upon the pH of metal ions. The value of R2 ≈ 0.997 

and R2 ≈ 0.994 for Freundlich and Langmuir plots respectively suggested that adsorption of Se (IV)  by 

bentonite clay obey Freundlich model more appropriately than Langmuir model. Kinetic models plotted for the 
obtained results showed that the adsorption of Se (IV) by bentonite clay is of second order reaction. Kinetic 

studies showed that experimental data was best described by pseudo second order model. 

Keywords:  Effect of pH, Adsorption Capacity of Bentonite Clay, Removal of Toxic Heavy Metal Ion, Kinetic, 

Equilibrium and Thermodynamic Study, Removal of Se (IV) Ion. 

1. INTRODUCTION 

In nature, selenium is an essential element for humans and animals so as that it is used as a nutritional additive 

element. It should be controlled with regard to both toxicity and decencies in humans and livestock. Therefore, 

adverse effects on human health occur from both too much and from too little exposure to selenium. Selenium is 
also known to be mutagenic and teratogenic. Selenium is introduced in the environment from different sources, 

both natural and anthropogenic. Selenium mobility in the environment, availability for biota and toxicity 

depends on its oxidation state and so its speciation is necessary. In the environment, selenium can exist in 
different oxidation states, elemental selenium (Se), selenite (SeO32−), selenide (Se2−), selenate (SeO42−) and 

organic selenium. Selenite and selenate are found to be thermodynamically stable under the pH and Redox 

conditions that are found in most aqueous media and are the predominant chemical forms. Selenite is present in 

mildly oxidizing, neutral pH environments and typical humid regions. Selenate is the predominant form under 
ordinary alkaline and oxidized conditions. The presence of selenium in waste and surface waters is becoming a 

severe environmental and public health problem. A variety of treatment technologies have been reported for 

selenium removal from contaminated waters. Aqueous environment is a source media for selenium. Because of 
the toxicity of selenium and its inorganic compounds generally ought to necessary remediation from the 

different media. The most widely used methods for removing selenium from wastewaters include ion-exchange, 

chemical precipitation, reverse osmosis, evaporation, membrane filtration, adsorption, and biosorption. Among 
these technologies, adsorption onto bentonite is one of the most effective and reliable technologies for 

wastewater treatment. In general, bentonite is broadly applied effective adsorbents for wastewater treatment. In 

this study, organic pillared bentonite was prepared and adsorption of selenium from aqueous solution was 

studied as a function of the initial selenium concentration, pH and shaking time. The speciation of Se (IV) 
includes H2SeO3, HSeO3

- and SeO3
2- , but under the typical pH conditions of clay pore water the oxyanion 

HSeO3
- is predominant (Torres et al., 2011). It is the most important species for the safety assessment of a 

repository because of its low retention in clays and the resulting high mobility in the geo sphere. Many 
researchers have reported that anions diffuse through the free pore space and cations diffuse through the 

interlayer space of bentonite. In this study, the effect of the concentration and other parameter on the adsorption 

of Se (IV) on bentonite was investigated using a kinetic, equilibrium and thermodynamic method. 

1. REGARDED REAGENT & METHODS 
All chemical used our investigation of analytical reagent (A.R.) or laboratory reagent (L.R.) greed. Selenium 

oxide  (98.20%), Sodium hydroxide and sulphuric acid (99%w/w) supplied by molly chem. Limited Mumbai by 

help of Javed Trading raigarh (C.G.)  Product code 17120, distilled water used in preparation of bentonite clay 
supplied by Titan biotech ltd. Bhiwandi. 1.0 g of bentonite clay was in 25 ml aqueous solution of Se (IV) ion of 
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given Different concentration in eight different glass bottles was shaken in shaking machine at Different time 

interval (20 to 160 min.) after shaken solution centrifuged, filter and analysed for liquid part by AAS. Initial 

Conc. Se (IV) metal ion (50, 100, 150, 200, 250 mgL-1), pH (2.0, 4.0, 6.5, 8.0, 10.0) and temperature (303K, 
313K, 323K) initial Conc. Se (IV) ion used were 25, 50, 75, 100, 125, 150, 175, 200, 225, 250 mgL -1 for the 

equilibrium study. 

The following mass balance equation was used to calculate the amount of Se (IV) ion adsorbed:- 

qe = 
(Ci − Ce)V

𝑚
 , 

% removal = 
(Ci − Ce)

𝐶𝑖
 100 

where Ci are before adsorption Se (IV) ion concentration, Ce are after adsorption Se (IV) ion concentration, V 

is volume of adsorbate in litre and m is weight of the adsorbent in grams. The % of removal of Se (IV) ion was 

calculated from the equation. 

2. RESULT AND DISCUSSION 

3.1 Effect of Initial Se (IV) ion Concentration 

Fig.-1 Represents % removal of Se (IV) ion versus initial metal ion concentration. Graph study Initial metal ion 

concentration increase from 50mgL-1 to 250mgL-1. The % removal Se (IV) ion decrease from 68.48 % to 56.24 
%. Because adsorption possesses a limited number of active sites and theses active sites become saturated at 

certain concentration. 

Fig-2 Represents increase metal ion concentration the amount of adsorbent at equilibrium qe mgg-1 increase as 
initial metal ion concentration increase from 50 mg/L to 250 mg/L the amount of adsorbent increase from 0.856 

mgg-1 to 3.515 mgg-1.  Because due to the fact that mass transfers resistance of Se (IV) ion between aqueous 

phase and solid phase is possibly overcome by the initial metal ion concentration. 

 
Fig-1:- Effect of initial concentration of Se (IV) ion adsorption 

 
Fig-2:- Effect of initial concentration of Se (IV) ion adsorption 

1. Effect of Contact Time 

Fig-3 Represents the effect of contact time on the adsorption of Se (IV) ion on Bentonite clay the Fig-3 

evidence that amount adsorption increase with increase Time in minute. Initial the rate of adsorption if fast 

which gradually slows down till equilibrium is reached. 

2. Effect of pH 

Fig-4 Represents effect of pH on adsorption increasing pH from 2.0 to 10.0 the amount of adsorption decrease 

from 2.15 mg g-1 to 1.186 mg g-1 because decrease pH negative Se (IV) ion absorption is easily. 
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Fig-3:- Effect of contact time on Se (IV) adsorption 

 
Fig-4:- Effect of pH on Se (IV) adsorption 

3. Effect of Temperature 
Fig-5 The temperature effected adsorption of Se (IV) from west water temperature increasing from 303K to 

313K processor to endothermic amount of adsorption is also increases from 1.618 mgg-1 to 1.910 mgg-1 at 

303K, 313K and 323K are increase temperature with respect indicate the amount of adsorption  increase. 

 
Fig-5:- Effect of temperature on Se (IV) adsorption 

4. Effect of Particle Size 
The effect of particle size of bentonite clay on adsorption of Se (IV) ion has been shown in figure-6. The 

particle size of bentonite clay increase from 45μ to 150 μ by amount of adsorption of Se (IV) decreasing 

from1.618 mgg-1 to 1.011mgg-1 this decreases in amount of Se (IV) ion on bentonite is due to decreases surface 

area of bentonite clay particle with increasing particle size. 

 
Fig-6:- Effect of particle size on Se (IV) adsorption 

3. KINETIC STUDIES 

In order to clarify the adsorption kinetics, Lagergren’s pseudo-first-order and pseudo-second-order kinetic 

equation will be applied to the experimental data the linearized form of the well known Lagergren equation for 

adsorption kinetic at different concentration is as below:- 
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Log (qe-qt) = log qe – 
𝑡.𝑘1 

2.303
 

Where qe and qt are the amounts of the metals sorbent at equilibrium and time “t” respectively and k1 is the rate 

constant of sorption can be determined experimentally by plotting of log (qe-qt) versus t. 

 

Fig:-7 Lagergren’s pseudo-first-order kinetic adsorption of Se (IV) ion on bentonite clay The pseudo-

second-order kinetic equation is given as 

𝑡

𝑞𝑡
 = 

1

𝑘2𝑞𝑒
2 + 

𝑡

𝑞𝑒
 

Where k2 is the rate constant of the second order equation, qt the amount of adsorption after time t and qe is the 

amount of adsorption at equilibrium k2 can be determined experimentally by plotting of t/qt versus t. 

 

Fig:-8 Pseudo-second-order kinetic adsorption of Se (IV) ion on bentonite clay 

Table-1 (a) Kinetic Parameter for Adsorption of Se (IV) ion on bentonite clay 

Con. 
mgL-1 

Lagergren-first-order 

K1 
(min-1) 

qcal 

(mgg-1) 
qexp 

(mgg-1) 
R2 

50 3.45 X 10-2 1.074 0.856 0.997 

100 3.22 X 10-2 2.113 1.618 0.997 

150 2.99 X 10-2 2.924 2.327 0.998 

200 2.99 X 10-2 3.548 2.949 0.999 

250 2.99 X 10-2 4.426 3.515 0.998 

Table-1 (b) Kinetic Parameter for Adsorption of Se (IV) ion on bentonite clay 

Con. 

mgL-1 

Pseudo-second-order 

K2 
(gmg-1min-1) 

qcal 
(mgg-1) 

qexp 

(mgg-1) 
R2 

50 3.129 X 10-2 1.043 0.856 0.994 
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100 1.440 X 10-2 2.016 1.618 0.992 

150 0.078 X 10-2 3.021 2.327 0.990 

200 0.067 X 10-2 3.774 2.949 0.991 

250 0.049 X 10-2 4.608 3.515 0.990 

4. EQUILIBRIUM STUDIES 

The Langmuir adsorption isotherm model 

Experimental equilibrium data obtained will be discussed using Langmuir adsorption isotherm modal assumes 

adsorption on a homogeneous surface by monolayer adsorption without interaction between adsorbed molecule 

the linear form of Langmuir isotherm which is as below- 

𝐶𝑒

𝑞𝑒
 =  

1

𝑄.𝑏
 +  

𝐶𝑒

𝑄
 

Where qe is the amount of Se (IV) ion adsorbed per gram of the adsorbent at equilibrium, Ce (mgL-1) is 

equilibrium concentration of Se (IV) ion in the solution, Q and b are Langmuir constant representing the 
adsorption capacity and adsorption energy respectively. The value of Q and b slope and intercept of the straight 

line graph plotting between Ce/qe Vs Ce. 

The Freundlich adsorption isotherm model 
For sorption on heterogeneous surface this model is used. It’s linearized from is represent as 

Log qe = log kf + 
𝑙𝑜𝑔𝐶𝑒

𝑛
 

“Where kf and n is freundlich constant related to sorption capacity and intensity of the sorbent”14 the value of kf 

and n calculate slope and intercept of the straight line graph plotting between log qe verses log Ce is linear. It 

indicates the applicable of the above model. 

 

Fig 9:- Langmuir isotherm for the adsorption of Se (IV) ion on bentonite clay 

 

Fig 10:- Freundlich isotherm for the adsorption of Se (IV) ion on bentonite clay 

Table-2 Isotherm constant for adsorption of Se (IV) ion on bentonite clay 

Temp. (K) 
Langmuir Isotherm Parameter Freundlich Isotherm Parameter 

Q B R2 n kf R2 

303 7.30 0.083 X 10-2 0.993 1.30 10.05 X 10-2 0.995 
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313 7.41 0.111 X 10-2 0.999 1.32 13.27 X 10-2 0.990 

323 7.46 1.455 X 10-2 0.993 1.36 17.38 X 10-2 0.989 

5. THERMODYNAMIC PROCESS 

The Gibb’s free energy (ΔG0), the entropy (ΔS0) and the enthalpy (ΔH0) will be calculated for study different 

temperature from 303K to 313K using following equation 

Log Kc = 
ΔS0

2.303R 
  –  

ΔH0

2.303RT
 

Were Cs is the equilibrium concentration of adsorbent in mgL-1, Ce is equilibrium concentration of adsorbate in 

solution in mgL-1 and Kc is the equilibrium constant.  ΔG0 has been calculated from the above equation. Plot 

graph between logKc verses 
1

𝑇
 gives strait line. Slope and intercept of this line give the value of ΔH0 and ΔS0. 

Figure 11 give various graphs between logKc verses  
1

𝑇
  and show in fig-11. The value of ΔHo and ΔSo all value 

listed table -3 

Table-3 Thermodynamic study for adsorption of Se (IV) ion bentonite clay 

Tem

. K 

ΔG
0
 k 

Jmol
-1

 

ΔH
0
 k 

Jmol
-1

 

ΔS
0
 J 

mol
-1

 

Ea kJ 

mol
-1

 

S* 

JKmol
-1

 

303 -1.53 

23.11 

 

81.39 
 

16.36 
5.35 X 10-

5 
313 -2.38 

323 -3.15 

 

Figure 11 give various graphs between LogKc verses  
𝟏

𝑻
 

 

Fig.12 gives various graphs between Log (1-θ) verses  
𝟏

𝑻
 

6. CONCLUSION 

In the different parameter best evidence the initial concentration of Se (IV) ion effect of adsorption on Bentonite 
clay are best adsorbent under specific condition. Experimental equilibrium data Se (IV) ion effect of pH, initial 
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concentration, temperature and contact Time are best evidence by Langmuir and Freundlich adsorption 

isotherm, Lagergren first and pseudo second order equation thermodynamic parameter also favour the 

adsorption and kinetic studies showed that experimental data was best described by pseudo second order model. 
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ABSTRACT 

2-amino 6-nitrobenzothiazole melamine-formaldehyde (BMF-I) copolymer has been synthesized by 
condensation polymerization method utilizing monomers 2-amino 6-nitrobenzothiozol (B), and melamine (M) 

with formaldehyde (F) in presence of 2M HCl as an acid catalyst in 1:1:3 molar ratios. The structure of the 

incorporated BMF-I copolymer has been interpreted and confirmed based on elemental analysis and various 
spectral techniques like UV-visible, FTIR, and 1H-NMR methods. The surface morphology of copolymer was 

studied by scanning electron microscopy (SEM). The molecular weight of the BMF-I copolymer was dictated by 

the non-aqueous conductometric titration method. The TGA analysis of synthesized copolymer has been done by 

non-isothermal thermogravimetric technique in which sample is subjected to the condition of continuous 
increase in temperature at a heating rate of 100C/min in a nitrogen atmosphere, and which is used to study 

decomposition rate and thermal stability of newly synthesized copolymer.  The activation energy (Ea) and the 

thermal stability have been calculated by using Sharp-Wentworth and Freeman-Carroll methods. The 
thermodynamic parameters such as entropy change (∆S), free energy change (∆F), apparent entropy (S*), 

frequency factor (Z) were calculated by using data obtained by Freeman-Carroll and TGA curves. The thermal 

activation energy determined with the assistance of those methods was in good agreement with one other. The 

order of the decomposition reaction was found to be 1.21. 

Keywords- Copolymer, melamine, polycondensation, thermogravimetric, kinetic parameter, activation energy. 

INTRODUCTION 

The copolymer is a type of polymer formed when two or more different types of monomers are combined, they 

are known for their adaptable uses and are discovered to be amorphous, crystalline, or resinous. Presently days, 
the utilization of copolymer has been expanded due to high thermal stability and electrical conductivity 

properties. Copolymers are utilized in a wide scope of uses, for example, high energy materials [1], ion 

exchangers [2], semiconductors [3], fireproofing agents [4], antioxidants [5], etc. Ion exchange properties of a 
copolymer were studied by W.B.Gurnule et al. resulting from o-aminophenol, urea, and formaldehyde. [6] and 

shows that o-APUF copolymer acts as an astounding and promising cation exchanger to eliminate the poisonous 

and unsafe metal ions from the wastewater bodies and mechanical effluents. Chelation ion-exchange application 

of copolymer resin was revealed by M.M.Yeole et al [7] which was synthesized by condensation polymerization 
of p-hydroxybenzaldhyde and oxamide with formaldehyde and suggested that synthesized copolymer showed 

higher selectivity for Fe+3, Cd+2, and Co+2 than for Cu+2 and Pb+2 ions. 

Benzothiazole-based aromatic polymers contain nitrogen, oxygen, and sulfur donor atoms [8] [9] which are 
utilized to synthesized thermally stable [10], biologically active polymers [11], and pharmacological 

applications [12] [13]. M.A.R. Ahamed et al. have reported antimicrobial application of transition metal 

complexes of benzothiazole-based copolymer [14]. Thiazole-based novel copolymer ligand and its transition 
metal complexes have been accounted for by M.A.R. Ahamed and co-workers [15]. Cation exchange properties 

have been reported by A.R. Burkandeen et al. derived from 2-amino 6-nitrobenzothiazole and 

thiosemicarbazide with formaldehyde [16]. 

Because of the high thermal stability of copolymer, a unique consideration has been engaged to investigate the 
synthesis of the copolymer. Thermogravimetric investigation gives the data about the degradation and thermal 

stability of materials and in this way, numerous analysts combined copolymer to improve the thermal stability 

[17] [18] [19]. The kinetic parameter i.e. activation energy (Ea) and thermodynamic parameter such as entropy 
change (∆S), free energy change (∆F), apparent entropy (S*), frequency factor (Z) can be determined by 

analyzing the thermoanalytical information [20] [21] [22] from Sharp-Wentworth [23], Freeman-Carroll [24] 

and Phadnis-Deshpande techniques [25]. Pratik et al. considered the thermal degradation of the copolymer from 
salicylic acid, guanidine, and formaldehyde [26], Velmurugan and co-worker [27] examined the thermal 

behavior of terpolymer and its composites. Thermodynamic parameters of copolymer blended from salicylic 

acid and thiosemicarbazide with formaldehyde were accounted for by Nandekar et al. [28]. Thermokinetic 

parameters of resin got from m-cresol and hexamine with formaldehyde have been announced by Hiwase et al. 
[29]. Subsequently, the current examination was focused on the synthesis of 2-amino 6-nitrobenzothiazole-
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melamine-formaldehyde copolymer and characterized by elemental, physico-chemical method, and spectral 

studies. 

MATERIALS AND METHODS 

Materials 

The chemically pure and analytical grade the chemicals and solvents are used for the synthesis. 

Synthesis of BMF-I copolymer 

2-Amino 6-nitrobenzothiazole (1.95gm, 0.1mole) and melamine (1.26gm, 0.1mole) with formaldehyde 

(11.25ml, 0.3mole) was taken as a monomer in a clean round bottom flask and refluxed water condenser using 

2M HCl (200ml) in 1:1:3 ratio. The homogeneous mixture was refluxed in an oil bath at 1220C ± 20C with 

constant stirring for 5Hrs. The reaction mixture was equilibrated overnight. A pale yellow colored precipitate 
was thus obtained which was separated by filtration method and washed with cold water to remove unreacted 

monomer, then it was air-dried and powdered. The dried copolymer was further purified by dissolving in 

8%NaOH and regenerated in1:1 (v/v) HCl/H2O. The procedure was repeated several times to urge the pure 
copolymer. The resulting copolymer was washed with boiling water, air-dried, powdered, and kept in a vacuum 

desiccator with silica gel. Scheme 1 shows a schematic representation of the synthesis of BMF-I copolymer. 

CHARACTERIZATIONS 

Elemental Analysis 

The elemental analysis has been disbursed from STIC Cochin by using Vario EL III (Elementar, Germany) to 

seek out the proportion of elements, like carbon (C), hydrogen (H), nitrogen (N), and sulfur (S) present within 

the BMF-I copolymers. 

Molecular Weight Determination by Non-aqueous Medium 

The non-aqueous conductometric titration method is used to determine the number average molecular weight of 

the BMF-I copolymer in DMSO medium by using 50mg of BMF-I copolymer sample and ethanolic KOH as the 
titrant, then a graph of the specific conductance against the milliequivalents of KOH has to neutralize 100gm of 

the copolymer was plotted and it shows that numbers of breaks within the plot and from it, the primary and last 

break within the plot were determined. The number average molecular weight should be determined by the 

subsequent equation which the based on the average degree of polymerization. 

DP = Total meq. of base required for complete neutralization 

Meq. of base required for smallest interval 

Mn = Dp X Repeat unit weight 

UV-visible spectroscopy 

UV-visible spectra of BMF-I copolymer were studied by using Shimadzu spectrophotometer UV-1800 in 

DMSO solvent in the range 200-800 nm at Shivaji Science College, Nagpur. 

1H-NMR Spectroscopy 

The 1H-NMR spectra were recorded from SAIF Chandigarh, on a Bruker Avance-II 400 MHz NMR 

spectrometer (USA) using DMSO-d6 as a solvent. 

SEM analysis 

The surface morphology of the BMF-I copolymer was examined at different magnifications by using Jeol 6390 

LV which is carried at STIC, Cochin. 

Thermogravimetric Analysis 

The non-isothermal thermogravimetric analysis of BMF-I copolymer was performed in an air atmosphere with a 

heating rate of 200C.min-1 from a temperature range of 40 to 8000C using DTG-60, Shimadzu under nitrogen 

purging using platinum crucible. The thermograms were scanned at RUSA Centre for Bio-Actives and Natural 

Products, Rashtrasant Tukadoji Maharaj Nagpur University, Nagpur. 

RESULTS AND DISCUSSION 

Solubility Test 
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The newly blended BMF-I copolymer was found to be yellow. The copolymer is soluble in solvents such as 

DMF, DMSO, THF, and conc. H2SO4 while insoluble in almost all inorganic and organic solvents. The yield of 

the copolymer was found to be 82 %. 

Elemental analysis 

The results of the elemental analysis which are accustomed analyze the percentage of carbon, nitrogen, sulfur, 

and hydrogen in the sample are shown in Table: 1. The composition of the copolymer obtained based on 
elemental analysis data was found to be in good correlation with the calculated values which shows that, 

empirical formula and empirical weight of a repeated unit of BMF-I copolymer were found to be 

C13H12N9O2S and 359 respectively. 

Molecular weight by non-aqueous conductometric titration 

The non-aqueous conductometric titration method in DMSO medium using standard potassium hydroxide 

(0.05M) in absolute ethanol as a titrant has been used to evaluate the number average molecular weight (Mn) of 

this copolymer. Each copolymer's specific conductance was plotted against the milliequivalents of ethanolic 
KOH requisite to neutralize 100g of each copolymer. A plot revealed the number of breaks within the plot. The 

first break at 112 milliequivalents of base and the last break at 1008 milliequivalents of the base were noted and 

which has been depicted in Fig 1. Multiplying the average degree of polymerization (DP) by the formula weight 
of the repeating unit yields the number average molecular weight (Mn) of the copolymer. The number average 

molecular weight determination by non-aqueous 
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Scheme 1: Schematic representation of the synthesis of BMF-I copolymer 

conductometric titration method is a simple and effective method that has been demonstrated by previous 

workers [30] [31]. Conductometric titration curve results are presented in Table 2. 

 
Fig 1: Conductometric titration curve of BMF-I copolymer 

UV-visible Spectroscopy 
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The UV-visible spectrum of the BMF-I copolymer is depicted in Fig 2 which is recorded in DMSO in the 200-

800nm range. The newly synthesized BMF-I copolymer exhibits two characteristic bands at 286nm and 363nm. 
The absorption band shown by copolymer have two different intensities, these observed positions of two 

absorption bands indicate the presence of chromophore group like NO2, >C=N, C=C which are in conjugation 

with the aromatic nucleus i.e. benzothiazole ring and –NH groups respectively. The absorption band at 286nm is 
less intense due to π →π* allowed transition and the band at 363nm are because of n→π* transition which is 

more intense. Hence, the presence of aromatic nucleus is confirmed by π →π*transition and –NH groups by n 

→π* transition [32]. 

TABLE 1: THE PHYSICOCHEMICAL AND ANALYTICAL DATA OF THE BMF-I COPOLYMER 

 
Fig 2: UV-visible spectra of BMF-I copolymer 

1H-NMR Spectroscopy 

The 1H-NMR spectrum of BMF-I copolymer was scanned in DMSO-d6 solvent which is shown in Fig 3. The 
signals observed in the 1H-NMR spectra of BMF-I copolymer were interpreted based on the literature [15] [32]. 

The singlet signal appearing in the region of 8.72 ppm is due to the -NH proton of the benzothiazole ring. The 

singlet signal at 4.49ppm is assigned to the –NH proton of the melamine ring. The signal that appeared at 2.50 
ppm is attributed to methylene protons of the copolymer. The weak multiple signals that appeared in the region 

of 7.18-8.29 ppm are due to all the protons of the aromatic ring. 

 

Polymer 

1st phase of 

neutralization 

The final phase of 

neutralization 
(Meq/100g sample) 

Degree of 

polymerization 

(Dp) 

Empirical 

weight 
(gm) 

Number average 

molecular weight       

(Mn) 

BMF 112 1008 9 359 3231 

TABLE 2: MOLECULAR WEIGHT DETERMINATION OF BMF-I COPOLYMER 

 

Copolymer The empirical 

formula of 

repeating unit 

Empirical 

formula 

weight 

%C                         

Found (Cal.) 

% H                         

Found 

(Cal.) 

% N                        

Found (Cal.) 

% S                         

Found 

(Cal.) 

 
BMF-I 

 

 
C13H12N9O2S 

 
359 

 
43.15(43.57) 

 

 
3.12(3.37) 

 

 
35.04(35.57) 

 

 
8.34(8.94) 
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Fig 3: 1H-NMR spectra of BMF-I copolymer 

Scanning Electron Microscopy 

The SEM micrograph of the BMF-I copolymer obtained in x3000 and x3500 magnification is used to 
understand the surface morphology of the copolymer which is shown in Fig 4. The BMF-I copolymer shows the 

irregular granular particles-like appearance and it exhibits a closed packed arrangement with deep pits and more 

active sites. From the SEM photograph, it is quite clear that the copolymer is porous and the surface 

morphology of the BMF-I copolymer depicted a fringed model of the semicrystalline structure. The fringes in 
the micrograph show that copolymer exhibit transition state between amorphous and crystalline state. During 

the polymerization crystalline structure of the monomer is converted into the amorphous phase of the 

copolymer. There are some holes and cracks are seen which may be because of air voids. 

 
Fig 4: SEM images of BMF-I copolymer 

Thermogravimetric analysis 

The thermogram of BMF-I copolymer Fig 5, portrays three stages in decay response (120-3200C, 320-5400C, 

and 540-8000C), after the loss of water molecule in the temperature range 40-8000C. The first disintegration 
happens between 40-1200C compares to 4.35% calculated which might be credited to loss of water molecule 

against determined 4.77% present per repeat unit of the polymer. The principal stage decay from 120-3200C 

may be because of loss of benzothiazole ring (noticed 51.11% and determined 51.98%). The second step of 

disintegration begins from 320-5400C comparing to 78.98% loss of the disposal of basic molecules like –NH 
and –CH2 group present in the copolymer against determined 79.31%. The third step begins from 540–8000C 

affirming the degradation of the melamine from the copolymer (98.79% noticed and 100% determined). The 

half decomposition temperature for copolymer is discovered to be 3100C. 
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Fig 5: Decomposition pattern of BMF-I copolymer 

With the assistance of thermogravimetric information the kinetic parameters like activation energies (Ea) and 

order of reaction (n)  and   thermodynamic parameters such as entropy change (ΔS) apparent entropy change 
(S*), and frequency factor (Z) are resolved and detailed in Table 3 which was determined by examining the 

strategies depict by Sharp-Wentworth and Freeman-Carroll. 

Sharp-Wentworthmethod: 

By using the Sharp and Wentworth equation, 

log[(dc/dT)/(1-c)]=log(A/β)–[Ea/2.303R].1/T…………..(1) 

Where, 

dc/dT is a rate of change of weight with change in temperature 

β=linear heating rate dT/dt. 

By plotting the  graph between (logdc/dt)/(1-c) vs1/T obtained the straight line  which  gives activation energy 

(Ea)  calculated from its slope (Fig 6) 

Where, 

β is the conversion at time t, 

R = Gas constant (8.314 J mol-1 K-1), 

T is the absolute temperature. 

 
Fig  6: Sharp-Wentworth plot of BMF-I copolymer 
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Fig 7: Freeman –Carroll plot of BMF-I  copolymer 

 
Fig 8: Thermal activation energy plot of BMF-I copolymer 

Freeman-Carroll method: 

The equation derived by Freeman and Carroll is: 

[Δlog(dw/dt)]/ΔlogWr=(-E/2.303R).Δ(1/T)/ΔlogWr+n----(2) 

Where, dw/dt=rate of change of mass with time. 

Wr=Wc-W 

Wc=weight loss after the reaction. 

W=fraction of weight loss at time t. 

Ea=energyof activation 

n=order of reaction. 

The plot of [log (dw/dt)] / log WrVs (1/T) / log Wr yields a straight line, and we calculated the energy of 
activation (Ea) and the intercept on the Y-axis as the order of reaction (n) from the value of the slope (Fig 7 and 

8). The change in entropy(S), frequency factor (Z), apparent entropy(S*) also can be calculated by further 

calculations [23][24]. 

Change of Entropy: 

Intercept = [log KR/hфE] + S / 2.303 R ----------------- (3) 

Where, K = 1.3806 x 10-16 erg/deg/mole, 

R = 1.987 Cal/deg/mole 
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h = 6.625 x 10-27 erg sec, 

ф = 0.166 

S = Change in entropy, 

E = Activation energy from graph. 

Free Energy Change: 

ΔF=ΔH–TΔS-------------------------------------(4)                   Where, 

ΔH = Enthalpy Change = activation energy 

T = Temperature in K 

S = Entropy change from (i) used. 

Frequency Factor: 

Bn= Log ZEa / фR -------------------------------- (5) 

B1=log [ln1/1-α]-log P(x) --------------------------- (6) 

Where, Z = frequency factor, 

B = calculated from equation (6) 

Log P(x) = calculated from Doyle’s table corresponding to the activation energy. 

Apparent Entropy Change: 

S* = 2.303logZh/KT*-------------------------- (7) 

Z = from relation (5) 

T* = half disintegration temperature 

The Ea values calculated by SW and FC methods are in good agreement with each other which are presented in 
Table 3. Based on the initial deterioration temperature, the thermal stabilities of the copolymer have additionally 

been utilized here to characterize thermal stability, ignoring the degree of disintegration. The decomposition 

reaction of BMF-I copolymer takes place in a slow phase because of the abnormally low value of frequency 
factor (Z), and the negative value of the entropy change simply adds to the evidence. Straight-line plots are 

obtained using the two methods shown in Fig 7 and from the plot, the order of reaction (n) of BMF-I copolymer 

was found to be 1.21. From the above data, it is quite clear that the decomposition reaction approximately 

follows first-order kinetics. 

CONCLUSION 

The BMF-I copolymer was synthesized by polycondensation polymerization with good yield. The proposed 

structure of copolymer resin has been elucidated by elemental analysis, FTIR, 1H-NMR, and UV–visible 
spectral studies. The surface morphology confirmed the semicrystalline nature of copolymer. The non-

isothermal thermogravimetric analysis shows that the synthesized copolymers were thermally stable and from 

the values of activation energy calculated by using SW and FC methods, are in close agreement with each other. 
Degradation of the copolymer is slow reaction is explained based on the low value of frequency factor and from 

the value of the order of reaction, copolymers approximately follow first-order kinetics. 
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ABSTRACT 
Ultrasonic Velocity (U), Density (ρ) and Viscosity (ƞ) values for the binary mixture system of 1-butanol and 3- 

methyl, 1-butanol with O-Nitro toluene including those of pure liquids were measured over entire mole fraction 

range at 298.15 K and 308.15 K .The related parameters of molecular interaction and sound velocity were 
studied in present work. From experimentally determined values excess molar volume (V E), Viscosity deviation 

(Δƞ) and deviation isotropic compressibility (ΔKs), excess free length (LfE), available volume (VaE) and Gibb’s 

free energy (G*E) have been calculated. These results have been explained on the basis of intermolecular 

interaction between the components in the liquid mixture and correlations among the parameters are discussed. 

Keywords— Ultrasonic Velocity, Density, Viscosity, Excess molar volume, Excess free length, Gibb’s free 

energy. 

INTRODUCTION 

Ultrasonic velocity investigations along with viscometric and volumetric studies of liquid and liquid mixture are 
considerable of importance. They play an impotent role in understanding intermolecular interaction among the 

different component molecules. It also findings extensive application in industrial and technological process 

[1,2]. Several researchers [3-8] have measured viscosity, Density and Ultrasonic velocity for different binary 
mixture, containing alcohols as one of the components and these properties were discussed in term of specific 

and non-specific interaction. Generally alcohols are strongly associated in solution because of its dipole-dipole 

interaction and hydrogen bonding. They play important role in Chemistry, Biology and Studies in hydrogen 

bonding in liquid mixture. Alcohols are widely used are solvents. Alcohols play an important role in 

understanding the behavior of hydrogen bonding with other functional groups. 

Aromatic group is highly non-polar and can associate with any other group having same degree of polar 

attractions. In present work has been reported on alcohols as one of the component in binary mixture of 1-
butanol and 3- methyl, 1-btanol with O-Nitro toluene at 298.15 K and 308.15 K. The investigations of 

thermodynamic properties of multi component liquid mixture and data in term of various models are important 

for pharmaceutical and industrial application [9]. The excess thermodynamic functions [10, 11] are dependent 

on difference in intermolecular force and difference in size of the molecules. The magnitude and signs of these 
excess values can throw light on the strength of intermolecular interactions. So from the experimentally 

determined values of speed of sound, density and viscosity and other parameters like excess isotropic 

compressibility, excess molar volume (VE), excess free length (LfE) have been calculated. In present work, is 

to determine thermodynamics and transport properties of binary mixtures (12-15). 

In present investigation we report the result and discuss excess parameter using data at two different 

temperatures. 

MATERIALS AND METHOD 

The chemicals 1-butanol, 3- methyl, 1-btanol and O-Nitro toluene used were of analytical grade (A.R) 

minimum assay of 99.9% obtained from s. d. fine chemicals India. Which are used as such chemical without 

further purification.  The densities of pure components and binary mixtures were measured by using a Bi-
capillary pycnometer.  The purities of the above chemicals were checked density determination. The binary 

liquid mixtures of different known concentration were prepared in stopper measuring flask. The weight of the 

sample was measured using electronic digital balance with an accuracy of  ± 0.1mg.  The viscosity was 
measured using Ubbelohde viscometer (20ml) and the efflux time was determined using a digital clock to 

within ± 0.015. The ultrasonic velocities (U) in liquid mixtures have been measured using an ultrasonic 

interferometer (Mittal type, model F-81) working at 2 MHz frequency The accuracy of sound velocity was ±0.1 

ms-1. 

Theory and  calculation 

Following equations been used to calculate different parameters in binary solutions 
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1) The excess molar volume (V𝐸) 

V𝐸 =
𝑀1𝑋1+𝑀2𝑋2

ρ12
−

𝑀1𝑋1

ρ1
−

𝑀2𝑋2

ρ2
       (1) 

(2) The viscosity deviation  (Δη𝑚) 

lnη𝑚 = 𝑋1lnη1 + 𝑋2lnη2       (2)                                      Δη𝑚 =
η12 − 𝑋1η1 − 𝑋1 η2   (3) 

3) Deviation in isentropic compressibility   (ΔkS) 

ΔkS = kS − Ф1kS1 − Ф2kS2                      (4) 

Where kS1, kS2 and kS are isentropic compressibility of liquid mixtures and Ф is volume fraction of pure ith 

component in the mixture and is defined as 

 =
(Xi Vi)

( Xi Vi)
  (5) 

Where x1 and Vi are mole fraction and molar volume of ith component in the mixture. 

4) The excess free length ( LfE ) 

LfE=Lfmix-x1Lf1–x2Lf2          (6) 

AE=Aexp–Aid                       (7) 

Where Aid = ∑ Ai Xi, Ai is any acoustical parameters and Xi the mole fraction of the liquid component. 

5) Available volume (Va) 

Va = (Vm-V0) = Vm (1-U/Um)                                                                                   (8) 

Where Vm = M/ρ, is the molar volume, U=Velocity, V0=M/ρ0 = molar volume at absolute zero temperature 

and Um = Schaaf’s limiting value taken as 1600m/s for liquids. 

6) The excess Gibbs free energy of flow ( G*E) 

G*E=RT[In(ƞV) - x1In (ƞ1V1)- x2In(ƞ2V2)                                                         (9) 

Where Vi is the molar volume of ith component. 

7) Internal pressure  (πi ) 

πi  = bRT (K  / U)1/2 (  2/3 / M7/6)             (10) 

Where b is packing factor, K is a constant independent of temperature having value of 4.28 x 109, 

R is gas constant and M is molecular weight the other symbols have their usual meaning. 

RESULT AND DISCUSSION 
In pure  state , the self association of alcohols          decreases with increasing  chain length , when alcohols 

mixed with O-Nitro toluene then  there is interaction between their individual functional groups (-OH and –

NO2 ) . The presence of electron withdrawing group on benzene ring decreases electron densities. The polarity 

of alcohols is less hence there is a degree of self association is less than compare to O-Nitro toluene. 

The measured volumes of ultrasonic velocity, density, viscosity, excess molar volume (VE), viscosity deviation 

(Δn) and deviation in isentropic compressibility (ΔKs) parameters for the binary liquid mixtures 1-butanol and 
3- methyl, 1-btanol with O-Nitro toluene including those of pure liquids were measured over entire mole 

fraction range at 298.15 K and 308.15 K are reported in table 1 and table 2 respectively while  Excess free 

length(LfE), Internal pressure (πE) ,available volume (VaE) and Gibbs free energy(G*E) are given in Table-3 

and Table-4 respectively. Figure :- 1, A,and B shows  Excess molar volume (VE), Viscosity deviation (Δ ) 

against mole fraction for binary system of 1-butanol and 3- methyl, 1-butanol  at 298.15 K respectively. All 

these parameters shows negative deviations with minima at about X2= 0.4 for excess molar volume and X2 = 

0.6-0.8 for deviation in viscosity.  And Figure:-2, A and B shows available volume (VaE) and Gibbs free 
energy(G*E) against mole fraction for binary system of 1-butanol and 3- methyl, 1-butanol at 298.15 K 

respectively The parameters Gibb’s free energy are negative but available volume was positive this may be due 

to presence of stronger solute solvent interactions in between highly polar functional groups Nitro and -OH. 
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Ultrasonic velocity and viscosity measurement of alcohols with O-Nitro toluene gives reliable information 

about molecular interaction between the components of mixtures. Alcohols in pure state get associated. The 

association of alcohols decreases with increase in chain length and substituent. 

The excess parameters of alcohols become less negative with increased of temperature. The negative values of 

excess parameters shows that the existence of dispersion and dipole-dipole interaction between unlike 

molecules. 

V.  RESULT AND DISCUSSION 

The experimental data of ultrasonic velocity, density and viscosity are reported for binary system of  1-butanol 

and 3- methyl, 1-butanol with O-Nitro toluene including those of pure liquids were measured over entire mole 

fraction range at 298.15 K and 308.15 K. Calculated excess molar volume deviation in viscosity and deviation 
in isentropic compressibility shows large negative deviation for most of binary mixtures these concluded that 

the existence of molecular interaction exist in above binary mixture which may be due to presence of more 

chain length and methyl substituent.  It is well notified that most of values are negative due presence of polar 
functional group on aromatic ring alcoholic –OH group which increases salvation effect in solution so it shows 

that structure making interaction between solvent and solute. 

TABLE-I: Values of densities viscosities, ultrasonic velocity, excess molar volumes and deviation in 

viscosity and deviation in isentropic compressibility for binary system of 1-butanol and O-Nitro toluene 

at 298.15 and 308.15 K. 

Temp K X1 ρ             (gm 

/cm3) 

ƞ103 (Nsm-2) U(MS-1) VEx106 

(m3/mole) 

Δ ƞx103 

(Kg m-1s-1) 

Δksx1011 

(m2N-1) 

298.15 0.0000 0.80540 2.52940 1499.6 0.0000 0.000 0.000 

 0.1156 0.83310 2.35250 1515.8 -0.8195 -14.302 -6.34 

 0.2019 0.85980 2.11890 1548.9 -1.4049 -33.919 -19.52 

 0.3188 0.89320 2.00670 1531.8 -2.5991 -41.017 -25.48 

 0.4265 0.92540 1.93240 1566.9 -3.4923 -43.822 -31.19 

 0.5251 0.95760 1.87980 1599.5 -4.2497 -43.923 -44.38 

 0.6048 1.05690 1.82200 1662.4 -6.4269 -43.890 -49.80 

 0.7257 1.07230 1.73500 1682.9 -6.3425 -46.003 -30.72 

 0.8283 1.11090 1.78750 1682.7 -7.2998 -33.194 -27.89 

 0.9129 1.14890 1.83100 1715.1 -3.0733 -20.098 -16.53 

 1.0000 1.06920 1.92950 1932.0 0.0000 0.000 0.000 

        

308.15 0.0000 0.79800 1.99670 1401.4 0.0000 0.000 0.000 

 0.1156 0.82500 1.84770 1441.1 -0.7698 -12.706 -31.44 

 0.2019 0.85150 1.70580 1467.2 -1.3594 -24.468 -45.34 

 0.3188 0.88360 1.60400 1516.5 -2.4488 -31.975 -50.40 

 0.4265 0.91660 1.55200 1517.4 -3.4626 -34.175 -64.69 

 0.5251 0.94880 1.53910 1532.5 -4.2493 -32.119 -65.27 

 0.6048 1.04710 1.49980 1566.6 -5.4740 -32.278 -80.87 

 0.7257 1.06250 1.40870 1598.2 -6.3805 -29.116 -69.71 

 0.8283 1.10080 1.47670 1603.4 -8.3379 -25.413 -60.98 

 0.9129 1.13800 1.51100 1633.3 -8.0581 -16.310 -48.90 

 1.0000 1.06030 1.60760 1665.8 0.0000 0.000 0.000 

Table2. Values Of Densities Viscosities, Ultrasonic Velocity, Excess Molar Volumes And Deviation In 

Viscosity And Deviation In Isentropic Compressibility For Binary System Of 3-Methyl,1-Butanol And O-

Nitro Toluene At 298.15 And 308.15 K. 

Temp K X1 ρ             (gm 
/cm3) 

ƞ103 (Nsm-2) U(MS-1) VEx106 
(m3/mole) 

Δ ƞx103 
(Kg m-1s-1) 

Δksx1011 
(m2N-1) 

298.15 0.0000 0.80660 3.74590 1488.6 0.0000 0.000 0.000 

 0.1066 0.83550 3.36850 1499.7 -1.1321 -25.644 -13.44 

 0.2138 0.86450 2.82450 1525.5 -2.1086 -67.057 -23.52 

 0.3212 0.88920 2.60070 1545.6 -2.3422 -75.269 -33.18 

 0.4301 0.95330 1.95640 1601.2 -3.0904 -104.459 -46.97 
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Temp K X1 ρ             (gm 

/cm3) 

ƞ103 (Nsm-2) U(MS-1) VEx106 

(m3/mole) 

Δ ƞx103 

(Kg m-1s-1) 

Δksx1011 

(m2N-1) 

 0.5091 0.96100 2.32250 1610.0 -5.0368 -91.284 -35.24 

 0.6149 0.99590 2.13420 1630.7 -5.9413 -72.022 -27.94 

 0.7159 1.08460 2.08160 1642.0 -6.3053 -57.520 -24.64 

 0.8203 1.10090 1.96870 1687.8 -5.8342 -46.922 -20.59 

 0.9128 1.11900 1.92200 1694.5 -4.3612 -27.525 -11.98 

 1.0000 1.06920 1.92950 1832.0 0.0000 0.000 0.000 

        

308.15 0.0000 0.79940 2.79410 1449.2 0.0000 0.000 0.000 

 0.1066 0.82790 2.59620 1450.2 -1.1181 -11.892 -10.08 

 0.2138 0.85640 2.16230 1516.7 -2.0672 -46.799 -14.29 

 0.3212 0.88090 2.03580 1538.3 -2.3002 -85.194 -28.36 

 0.4301 0.94430 1.49470 1597.0 -4.0742 -94.349 -37.92 

 0.5091 0.95230 1.79070 1600.2 -5.0371 -73.928 -46.73 

 0.6149 0.98660 1.64660 1619.2 -5.9090 -56.521 -52.31 

 0.7159 1.07570 1.70020 1633.0 -12.4484 -38.252 -40.82 

 0.8203 1.09120 1.67040 1667.9 -10.8883 -26.934 -38.54 

 0.9128 1.10940 1.61370 1678.3 -9.4195 -16.883 -24.62 

 1.0000 1.06030 1.60760 1719.2 0.0000 0.000 0.000 

Table.3. Values Of   Excess Free Length (Lfe), Internal Pressure  (Πe) ,Available Volume (Vae) And Gibbs 

Free Energy(G*E)  For Binary System Of 1-Butanol  And O-Nitro Toluene At 298.15 And 308.15 K. 

Temp. 
K 

X1 
LfE  x 10-10 

m 
VaEx10-6 m3mol-1 

πE  x 106 
Nm-1 

G*E 
Jmol-1 

298.15 0.0000 0.000 0.000 0.000 0.000 

 0.1156 -0.004 0.977 -3036.9 -156.3 

 0.2019 -0.011 1.118 -7074.8 -380.9 

 0.3188 -0.014 4.416 -7717.9 -492.6 

 0.4265 -0.016 4.840 -8921.1 -549.4 

 0.5251 -0.021 5.627 -9789.3 -572.0 

 0.6048 -0.022 11.955 -8895.1 -756.3 

 0.7257 -0.021 10.008 -7003.6 -767.9 

 0.8283 -0.018 8.915 -3755.8 -626.9 

 0.9129 -0.010 5.176 -2429.4 -485.7 

 1.0000 0.000 0.000 0.000 0.000 

      

303.15 0.0000 0.000 0.000 0.000 0.000 

 0.1156 -0.014 0.222 -3746.6 -180.7 

 0.2019 -0.022 0.566 -6786.0 -358.3 

 0.3188 -0.026 1.290 -9023.3 -498.6 

 0.4265 -0.034 1.953 -9226.4 -558.8 

 0.5251 -0.044 2.337 -8805.3 -645.3 

 0.6048 -0.050 4.946 -6729.4 -735.0 

 0.7257 -0.045 3.021 -7609.6 -797.5 

 0.8283 -0.036 2.239 -4549.2 -624.6 

 0.9129 -0.029 1.133 -1789.2 -500.2 

 1.0000 0.000 0.000 0.000 0.000 

14)  M. Gowrisankar, P. Venkateswarlu, K. Siva Kumar and S. Sivarambabu, J. Mol. Liq., 173, 172 (2012). 

15)  M. Gowrisankar, P. Venkateswarlu, K. Siva Kumar and S. Sivarambabu, J. Soln. Chem., In press (2012 
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Figure1. 

(A) Excess molar volume (VE) against mole fraction for 1-butanol and 3-methyl, 1-butanol at 298.15 K 

(B)  Deviation in viscosity (Δn) against mole fraction for 1-butanol and 3-methyl, 1-butanol at 298.15 K 
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Figure :-2 

(A) Available volume ( VaE ) against mole fraction for 1-butanol and 3-methyl, 1-butanol at 298.15 K 

(B) Gibbs free energy (G*E) against mole fraction for 1-butanol and 3-methyl, 1-butanol at 298.15 K 

TABLE.4. VALUES OF   EXCESS FREE LENGTH (LFE), INTERNAL PRESSURE  (ΠE) 

,AVAILABLE VOLUME (VAE) AND GIBBS FREE ENERGY(G*E)  FOR BINARY SYSTEM OF 3-

METHYL, 1-BUTANOL  AND O-NITRO TOLUENE AT 298.15 AND 308.15 K. 

Temp. 

K 
X1 

LfE  x 10-10 

m 
VaEx10-6 m3mol-1 

πE  x 106 

Nm-1 

G*E 

Jmol-1 

298.15 0.0000 0.000 0.000 0.000 0.000 

 0.0668 -0.001 1.536 -2751.6 -178.1 

 0.1383 -0.011 2.236 -7530.4 -516.9 

 0.2163 -0.022 3.567 -8801.9 -596.3 

 0.3002 -0.021 4.582 -13887.0 -608.7 

 0.3914 -0.025 5.085 -13935.0 -644.3 

 0.4910 -0.018 11.030 -12903.9 -707.8 

 0.5998 -0.015 10.070 -9072.6 -730.4 

 0.7203 -0.014 9.885 -7082.3 -633.8 

 0.8528 -0.010 6.714 -4249.0 -441.4 

 1.0000 0.000 0.000 0.000 0.000 

      

303.15 0.0000 0.000 0.000 0.000 0.000 

 0.0668 -0.004 1.283 -1454.8 -118.5 

 0.1383 -0.020 1.853 -7098.5 -505.4 

 0.2163 -0.022 2.739 -7952.1 -552.5 

 0.3002 -0.042 3.178 -13479.8 -633.1 

 0.3914 -0.032 4.570 -8392.9 -691.0 

 0.4910 -0.031 7.926 -8011.6 -782.3 

 0.5998 -0.026 5.635 -4112.7 -693.3 

 0.7203 -0.023 4.769 -2869.1 -528.3 

 0.8528 -0.019 3.954 -2121.1 -394.3 

 1.0000 0.000 0.000 0.000 0.000 
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ABSTRACT 

Copolymer(2,4-DHBEDF) was synthesized by the condensation of 2,4-Dihydroxybenzaldehyde [2,4-DHB] and 
ethylene diamine [ED] with formaldehyde [F] in presence of acid catalyst using varied molar ratios of reacting 

monomers. A copolymer composition has been determined on the basis of their elemental analysis and the 

number average molecular weight of this copolymer was determined by conductometric titration in non- 
aqueous medium. Viscosity measurement in Dimethyl sulphoxide have been carried outin order too ascertain 

the characteristic functions and constantsof 2, 4 DHBEDF copolymer resin. The newly synthesized copolymer 

resin was characterized by IR spectra and HNMR spectra. The electrical properties of (2, 4-DHBEDF 

copolymers were measured over a wide range of temperature (303-423 K). From electrical conductivity of  
these copolymers, the activation energies of electrical conduction have been evaluated and values lies in the 

range of13.24× 10-23 – 10.80× 10-23 J. The plots ofof log σ vs. 1/T has been found to be linear   temperature 

range under study which indicates that the Wilsons exponential lawσ = σ0 exp(-Ea/ K)1/T is obeyed. On the 
basis of above studies, these copolymers can be ranked as semiconductors. When a voltage is applied to a thin 

film of this copolymer resin then it emitted light. This property of 2,4-DHBEDF copolymer resin may be used to 

make a semiconducting and electronic devices such as transistors, light emitting diodes, solar cells. 

Keywords: Resin, Synthesis, Electrical conductivity. 

I.  INTRODUCTION 

The copolymer resins showssemiconducting property. This type of discovery has led to emergency of not only 

new types of materials capable of replacing metals but also new concept to explain their high conductivity. In 

fact, the electrical conductivity and other properties such as thermo-conduction, photoconduction, luminescence 
etc. are in close connection with their physical and chemical structure. Semiconducting polymers have been the 

subject of study for many decades for day to day application product for example, uses in electrical sensors and 

electronic devices.[1] 

Bakr et al studied the optical and electrical conductivity investigation of Fe3+-(acrylonitrile-butadiene-styrene) 

terpolymer complex system[2]. Gupta et al have measured the electrical conductivity of p-

hydroxybenzaldehyde- adipic acid- ethylene glycol[3].Pancholi et al studied the electrical resistivity of 2-

hydroxyacetophenone-thiourea-trioxane and these polymers ranked as semiconductors.Urade et al have studied 
the nature of resin derived from 2,6-Diaminopyridine and terphthalic acid[4].Kapse et al have studied 

semiconducting behavior of the terpolyligand derived from p-hydroxyacetophenone,quinhydrone and 

melamine[5].Masram et al studied the electrical conductivity of resin derived from salicylic 
acid,butylenesdiamines and formaldehyde[6].Gurnule et.al have reported semiconducting studies of 8-

hydroxyquinoline-melamine/biuret-formaldehyde terpolymer resin[7,8]. Borkar et al. studied electrical and 

optical properties of conducting polymer[9.10] 

The present study deals with the synthesis and characterization of like 2,4-dihydroxybenzaldehyde, ethylene 

diamine and formaldehyde [2,4-DHBEDF ] terpolymer resin by spectral methods for the first time. The 

synthesized terpolymer was characterized by elemental analysis, UV-VIS, FT-IR,1H-NMR, intrinsic viscosity 

and number average molecular weight. The electrical conductivities of four 2,4-DHBEDFcopolymer resins are 

studied over wide range of temperature. 

II. EXPERIMENTAL 

The important chemicals like 2,4-dihydroxybenzaldehyde, adipamide and formaldehyde used in the preparation 
of various new 2,4-DHBAF terpolymer resins were procured from the market and were of chemically pure 

grade. 

A. Synthesis of 2,4-DHBEDF  Copolymer resin 
The 2,4-DHBEDF-Iterpolymer resin was prepared by condensing 2,4-dihydroxybenzaldehyde(1.3812gm, 

0.1mol), ethylene diamine(0.601gm, 0.1mol), formaldehyde(7.5ml, 0.2mol) in the mole ratio of 1:1:2 in the 

presence of 2MHCl as a catalyst at 122+2oC for 6h in an oil bath  with occasional shaking to ensure through 

mixing. The separated cream colourterpolymer resin was washed with hot water to remove unreacted starting 



International Journal of Advance and Innovative Research   
Volume 8, Issue 4 (IV) October - December 2021 
 

96 

ISSN  2394 - 7780 

materials and acid monomers. The properly washed resin was dried, powered and then extracted with diethyl 

ether to remove 2,4-dihydroxybenzaldehyde - formaldehyde copolymer which might be presentalong with 2,4-

DHBEDF terpolymer. The terpolymer resin was purified further by dissolving in 8% aqueous sodium hydroxide 
solution, filtered and reprecipited by gradual drop wise addition of ice cold 1:1 (v/v) concentrated hydrochloric 

acid/distilled water with constant and rapid stirring to avoid lump formation. The process of reprecipitation was 

repeated twice. theterpolymer  sample 2,4-DHBEDF-I thus obtained was filtered, washed several times with hot 
water, dried in air, powered and kept in vacuumdesicator. The reaction and suggested structure of 2,4-

DHBEDF-I is given in Fig. 1. 

 
Fig.1: Preparation of2, 4-DHBEDF-1 Copolymer Resin 

In the same way the other terpolymer resin viz.2,4-DHBEDF-II, 2,4-DHBEDF -III, 2,4-DHBEDF -IV were 

prepared with the molar ratios 2:1:3, 3:1:4, 4:1:5. 

III.  CHARACTERIZATION OF2,4-DHBEDFTERPOLYMER RESIN 

A. Physicochemical and Elemental Analysis 
The terpolymer resin was subjected to micro analysis for C, H and N on an ElementalVario EL III Carlo Erba- 

1108 elemental analyzer. The number average molecular weight was determined by conductometric titration in 

DMSO medium using ethanoic KOH as the titrant by using 25 mg of sample. A plot between specific 
conductance vs the miliequivalents of KOH required for neutralization of 100 gm of copolymer resin was made. 

Inspection of such plot revealed that there were many breaks in the plot. From this plot first break and last break 

were noted. On the basis of average degree of polymerization the average molecular weight has to be 

determined by following eq 

=   x Repeat unit weight 

The intrinsic viscosity was determined using a Tuan-Fuoss viscometer at six different concentrations ranging 

from 0.3% to 0.05% wt % of resin in DMSO at 30oc. Intrinsic viscosity was calculated by the Huggins eq. and 

Kramer’s eq. 

B. Spectral and surface analysis 

Electronic (UV-Visible) spectra of terpolymer resin in DMSO was recorded with a double beam 

spectrophotometer in the range of 200-850 nm at Kamla Nehru  Mahavidyalaya, Nagpur.FT-IR spectra of 2,4-
DHBEDFterpolymer resin was recorded in najol mull with Perkin –Elmer Spectrum RX-I,FT-IR 

spectrophotometer in KBr pallets in the range of 4000-500 cm-I at SAIF , Punjab University, Chandigarh.1H 

NMR spectra was recored with Bruker Advance-II 400 NMR spectrophotometer  using DMSO as solvent at 
SAIF , Punjab University, Chandigarh.The surface analysis was performed using scanning electon microscope 

at different magnification at VNIT Nagpur. 

C. Electrical Conductivity Measurements 
The electrical conductivity of 2,4-DHBEDF copolymer resin was measured over a wide range of temperature 

(303-423K)  in their pellets form using Auto LCR-Q meter 4910. To prepare the pellet the copolymer resin was 

thoroughly ground in pestle and mortar. The well powered copolymer was palatalized isostatically in a steel die 

at 10 tones/inch with the help of hydraulic press. The pellet was hard and crack free. On both sides of pellet, a 

thin layer of colloidal graphite in acetone was applied to ensure a good contact with the electrode. 

IV. RESULTS AND DISCUSSION 

A. Spectral and surface studies 
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The UV-Visible spectrum of all four 2,4-DHBEDF terpolymer resin has been shown in Fig. 2. All the four 2,4-

DHBEDFterpolymer resin displayed two broad bands at 280-290 nm and 240-250 nm. The observed position of 

the absorption bands indicates the presence of a carbonyl group and hydroxyl group which is in conjugation 
with the aromatic nucleus. Theband at 240-250 nm is more intense which is accounted for a π-π* transition 

while the less intense band at 280-290 may be due to n-π*transition[11,12] 

 
Fig. 2 UV-visible Spectra of 2,4-DHBEDF Terpolymer Resins 

B. Infrared Spectra 

The IR spectra of all four 2, 4-DHBEDF terpolymer resins are presented in fig 3. IR spectrarevealed that all four   

2,4-DHBEDF terpolymer resin give rise to nearly same pattern of spectra. A broad band appeared at the region 
3750-3749 cm-1 may be assigned to stretching vibration of phenolic –OH group exhibiting intramolecular 

hydrogen bonding [13]. A peak at 1465-146 cm-1 may be ascribed to aromaticskeletal ring. The band at 1556-

1557 cm-1 is due to –NHstretching. .  A band at 856-857cm-1indicates the presence of tetrasubstituted aromatic 

ring.1, 2,3,5 substitution in aromatic ring was confirmed. 

 
Fig. 3.Infra  Red Spectra of 2,4-DHBEDF Terpolymer Resins 

C. Nuclear Magnetic Resonance spectroscopy 
1H NMR spectra of all 2,4-DHBEDF  terpolymer resin are shown in fig 4. The signal in the region of 4.65-4.68 

ppm may be due to methylene proton of Ar-CH2-N. The signal in the region 5.37-5.38 ppm may be due to 

proton of –NH bridge. The weak multiplate signal in the region signal in the range of 7.30-7.38 ppm may be due 

to aromatic proton(Ar-H). The signal in therange of 9.5-9.56 may bedue to phenolic hydroxyl group [14]. 

 
Fig. 4 1H NMR Spectra of 2,4-DHBEDF  Terpolymer Resin 
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D. Scanning electron microscopy (SEM) 

Surface analysis is generally used in understanding the surface features of the materials. The morphology of the 

reported sample was investigated by scanning electron micrograph at different magnification which is shown in 
fig 5.for 2,4-DHBEDF. It gives the information of surface topography and defects in the structure. The 

morphology of polymer resin shows spherulites and fringed and scattered model. The spherulites are complex 

polycrystalline formation having as good as smooth surface and having deep pits in the photograph. This 
indicates the crystalline nature of 2, 4-DHBEDF terpolymer resin sample. Thus by SEM micrograph 

morphology of the resin shows the transition between crystalline and amorphous nature, when compared to 

other resin, the 2,4-DHBEDFterpolymer resin is more amorphous in nature, hence shows higher metal ion 

exchange capacity. 

 
Fig. 5. SEM Micrograph of 2,4-DHBEDF-I Terpolymer resin 

E.  Electrical Conductivity for 2,4-DHBEDF copolymer 
The electrical conductance of polymeric material depends on porosity, pressure, method of synthesis and 

atmosphere. Activation energy is not affected by these parameters and therefore it is fairly reproducible. The 

magnitude of activation energy depends on the number of loosely bound electrons present in semiconducting 

materials. Resins are well known for their behavior as semiconductors. The electrical conductivity varies 

exponentially with the absolute temperature according to well-known relationship ……………….(1) 

Where, =Electrical conductivity at temperature T 

o=Electrical conductivity at temperature T∞ i.e. 

constant (Pre-exponential conductivity) 

Ea = Activation energy of electrical conductance 

K = Boltzmann constant = 1.38 x 10-23 J/K/molecule 

T = Absolute temperature 

The logarithmic form of equation (1) is written as 

A plot of log σ vs1/T is plotted which is shown in fig. The plots are linear with negativeslope. 

This indicates the semiconducting nature of resin. The values of activation energy and electrical conductivity 

for 2,4-DHBEDF copolymer resin are given in Table1. 
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Fig- 6 Electrical conductivity plots of 2,4-DHBEDF copolymers 

The sequence of electrical conductivity is found to be 2,4-DHBEDF-I < 2,4-DHBEDF-II < 2,4-DHBEDF-III < 
2,4-DHBEDF-IV, As the number of rings increases in the structure of repeat unit of copolymer, increase theπ 

electrons, conjugation and delocalization which may increase the electrical conductivity due to increase in 

forbidden energy gap between valence and conduction band. The order of thermal activation energy is just 
reverse of electrical conductivity 2,4-DHBEDF-I > 2,4-DHBEDF-II > 2,4-DHBEDF-III >2,4-DHBEDF-

IV.[15,16], The temperature dependence of the electrical conductivity (Fig 6) is found to be linear in the 

temperature range under study showing thereby that Wilson’s exponential law is obeyed. 

V.  CONCLUSIONS 

1.  A copolymer 2,4-DHBEDF, based on the condensation reaction of2,4-Dihydroxybenzaldehyde and 

ethylene diaminewithformaldehyde in the presence of acid catalyst was prepared. 

2.  Electrical conductivity of all the four 2,4- DHBEDF copolymer resinSincreaseS with the increase in 

temperature. Hence these copolymers may be ranked as semiconductors. 

3.  The energy of activation is found to be in the order 2,4-DHBEDF-I > 2,4-DHBEDF-II >2,4-DHBEDF-III > 

2,4-DHBEDF-IV and electrical conductivity 2,4-DHBEDF-I < 2,4-DHBEDF-II < 2,4-DHBEDF-III < 2,4-

DHBEDF-IV 

TABLE 1-ELECTRICAL CONDUCTIVITY DATA OF 2,4-DHBEDF TERPOLYMER RESINS 
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ABSTRACT 

The given method introduces the ionic liquid perspectives in synthesis of 3-aryl-4-substituted coumarins from o-

hydroxy carbonyl compounds. Method includes the intramolecular cyclization of the esters of substituted 
aldehyde and 2-hydroxyaromatic ketones which used to the synthesis of 3-aryl-4-substituted coumarins by using 

ionic liquid in PEG-400 as a green solvent at room temperature. The advantages of this method are short 

reaction time, avoiding harsh reaction conditions, high yield and ease of easy work up and reuse of ionic liquid. 

Key-words- 3-aryl-4-substituted coumarins, o-hydroxy carbonyl compounds, ionic liquid, PEG-400, room 

temperature. 

INTRODUCTION: 

Coumarins represent a class of organic compounds, which occurs naturally in a number of plants. It is 

heterocyclic compound possessing phenolic and heterocyclic ring with oxygen heteroatom. Coumarins are 
simple or having substituents in the phenolic nucleus and  in the heterocyclic ring. Coumarins are also well 

known for their considerable biological and medical activities as they form a family of active compounds. 

Coumarin (2H-1-benzopyran-2-one) (1a) moiety has following structure and is a widely occurring secondary 

plant metabolite. Coumarin is isomer of chromone (1b) 

O O O

O1a
1b  

Coumarin derivatives exists widely in nature especially in plants and many of them show a   wide range of 

biological activities, coumarins play an important role in the reaction natural  and synthetic organic chemistry. 

Coumarins and their derivatives are used in the fields of biology, medicine and polymer science. They are also 

present or used in perfumes, cosmetics, cigarettes, [1-5], alcoholic beverages [6] and laser dyes [7]. Coumarins 
have been found to be connected with a number of cases of homicide and suicide in Korea [8]. Coumarins were 

first synthesized using Perkin reaction in 1868, and many simple coumarins are still prepared through this 

method. In the early 1900s, the Knoevenagel reaction emerged as an important synthetic method to synthesize 
coumarin derivatives with carboxylic acid at the 3-position [9,10]. To date, many other synthetic methods for 

coumarins have been reported, including the Pechmann [11], Reformatsky [12] and Wittig reactions [13, 14]. 

Coumarin derivatives are readily synthesized by the above mentioned reactions; however, they usually require 
harsh reaction conditions and non-environmentally friendly solvents. Recently some good methods for synthesis 

of coumarin have developed[15-17]. For instance, ionic liquids have attracted extensive interest as 

environmentally benign reagent to their favorable properties, and a variety of catalytic reactions have been 

successfully conducted using ionic liquids as solvent      [18-20]. 

Many reported methods [21-28] suffer from strong acidic conditions, prolonged reaction times, low yields and 

high cost of the reagents. This obviously warranted further investigation into finding an alternative method to 

afford mild reaction conditions, short reaction times, and better yields. Our experiments using ionic liquids (ILs) 
as green catalyst provided the answer. In recent times, the use of ionic liquids (ILs) as green solvents in organic 

synthesis process has gained considerable significance because of their negligible vapor pressure, solvating 

ability and easy recyclability, Additionally, some ILs possesses inherent Lewis/Bronsted acidity which 

promotes and catalyzes organic transformations in excellent yields. On the basis of the findings of 
advantageous, herein we report a mild and efficient protocol promoted by ionic liquid, 1-hexyl-3-methyl-

imidazolium chloride ([hmim]Cl) in excellent yield and short reaction times. The literature survey for synthesis 

of coumarins and perspective of ionic liquid promote to develop this method. Thus, the non-volatile ionic 
liquids were effectively recovered and reused. The process does not require any additional catalyst (Scheme 

01). 



International Journal of Advance and Innovative Research   
Volume 8, Issue 4 (IV) October - December 2021 
 

102 

ISSN  2394 - 7780 

OH

R1

R3

R4

O

+

OH

O

1) py ,POCl3 ,r.t.

R1

O O

R4

R2

R3

R5

R2

[Hmim]Cl, PEG-400 R.T2 )
R5

O-Hydroxy carbonyl 

          compound,

R4 = Methyl/ethyl/phenyl

1 2

Phenyl acetic acid/
Phenyl acetoacetic acid/

-ketoacetic acid

3

3-aryl-4-substituted coumarins

 

Present work: 
1]  Materials and Method: All the chemicals were purchased from Aldrich, Spectro-chem, sd fine chemicals 

and were used without further purification, unless otherwise stated. All melting points were measured on 

Veego digital melting point apparatus and are uncorrected. IR spectra were measured as KBr pellets on a 

Perkin Elmer Spectrum RX FTIR spectrophotometer. The NMR spectra were recorded on a Brucker 
Avance II spectrometer with TMS as internal standard 1H NMR were run in deuteratd chloroform (CDCl3). 

Chemical shifts ( ) are referred in terms of ppm. 

2]  General Procedure for synthesis of ester precursor: In 100 ml round bottom flask substituted 2-

hydroxyaromatic ketones (1 mmol) and substituted phenylacetic acid (1.5mmol) dissolved in sufficient 
amount of pyridine. To this mixture phosphorus oxychloride (POCl3, 1.5mmol) was added drop wise under 

cooling with continuous stirring at room temperature for 5-10 minutes. Progress of reaction is monitored. 

After completion of the reaction water is poured and washed well with 10% HCl and then 10% NaHCO3 

organic layer is separated and dichloromethane is evaporated. The product obtained as ester. 

3]  General procedure for synthesis of 3-aryl-4-substituted coumarins derivatives: An ester 1mmol 

dissolved in 5ml of PEG-400and 1mmol [Hmim]Clwas added reaction mixture was stirred at room 
temperature for two hours. After the reaction was completed, it was carefully poured into crushed ice and 

neutralized with dilute HCl. The precipitate was filtered, washed with water, and dried. The crude product 

was recrystallized from methanol and the product thus isolated were subjected to further purification by 

column chromatography of silica 20% ethyl acetate in petroleum ether as eluent and fully characterized. 
On the other hand, concentrated mixture of ionic liquid is collected from filtrate along with PEG-400. 

Results are recorded in the 
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Scheme 01: Synthesis of of 3-aryl-4-substituted coumarins from o-hydroxy    carbonyl compounds by 

using ionic liquid at room temperature. 

Table 01:Synthesis of 3-Aryl-4-Substituted Coumarins. 

Sr. no. R1 R2 R3 R4 R5 Yield (%) Mp. 
o
C) 

1 H H CH3 CH2CH3 4-Cl 87 185 

2 H H CH3 CH2CH3 H 88 150 

3 H H Cl CH2CH3 H 91 172 

4 H H Cl CH2CH3 4-Cl 91 189-191 

5 Cl H Cl CH2CH3 4-Cl 92 180 

6 Cl H Cl CH2CH3 H 72 140 

7 Cl H Cl CH3 3-OCH3 75 158-160 

8 Cl H Cl CH3 H 92 176-178 

9 Cl H Cl CH3 4-OCH3 92 170-172 

10 Cl H Cl CH3 4-Cl 94 190-191 

11 H H Cl CH3 H 94 193 

12 H H CH3 CH3 H 92 172 

13 H H H CH3 H 92 156-157 

14 H OH H CH3 H 93 225-228 

15 H H Br H H 90 170-171 

16 H H H H H 92 125-126 

17 H H H H 4- OCH3 94 140-141 

18 H H H H 4-Cl 94 185-186 

19 H H Cl CH2CH3 4-OCH3 93 158-160 
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RESULT AND DISCUSSION: 

In recent times, the use of ionic liquids (ILs) as green solvents in organic synthesis process has gained 

considerable significance because of their negligible vapor pressure, solvating ability and easy recyclability, 
Additionally, some ILs possesses inherent Lewis/Bronsted acidity which promotes and catalyzes organic 

transformations in excellent yields. On the basis of the findings of advantageous, herein we report a mild and 

efficient protocol promoted by ionic liquid, 1-hexyl-3-methyl-imidazolium chloride  ([hmim]Cl) in excellent 
yield and short reaction times. The literature survey for synthesis of coumarins and perspective of ionic liquid 

promote to develop this method. Thus, the non-volatile ionic liquids were effectively recovered and reused. The 

process does not require any additional catalyst (Scheme 01). 

To check the efficiency and scope of given process, phenyl acetic acid were treated with various substituted o-
hydroxy carbonyl compounds. The resultant synthesized coumarine derivatives are summerized in Table-1, 

which shows that all reactions runs very smoothly and the desired substituted coumarine derivatives were 

produced at excellent yields in short reaction times. As shown in Table-1, electron withdrawing group had 
major effect on the reaction time and yields of the products. However, electron donating groups slightly 

increased reaction time and decreased the yields of corresponding products. The reusability of ionic liquid was 

tested in the synthesis for coumarine derivatives.  The given reaction smoothly carried with phenyl acetoacetic 

acid and -ketoacetic acid (Scheme 02 & 03). 
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Scheme 02 

The resultant synthesized coumarine derivatives are summerized in Table-02. 

Table 2:  Synthesis of 3-Aryl-4-Phenyl Coumarins. 

Product R1 R2 R3 Yield (%) Mp. 
o
C) 

1 H Cl H 93 152-153 

2 H CH3 H 89 208-209 

3 H CH3 4-OCH3 93 200-202 

4 Cl Cl H 75 220-222 
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Scheme 03 

The resultant synthesized coumarine derivatives are summerized in Table-03. 

Table 03: Synthesis of Coumarins from gamma ketoacid. 

Product R1 R2 R3 R4 R5 Yield (%) Mp. 
o
C) 

1 H H CH3 CH2CH3 4-OCH3 91 139 

2 Cl H Cl CH3 4-OCH3 93 218-219 

CONCLUSION: 

The protocol offers advantages in terms of simple and easy procedure, fast reaction rate, mild reaction 
conditions and excellent yields of the product, the used ionic liquid was recovered and reused for three times 

gives satisfactory yield of the products. Reuse and simplicity for the ease of products are effective perspectives 

of the ionic liquid used for synthesis of 3-aryl 4-substituted coumarin compounds. 
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Spectral Data of Some selected compounds: 

 
Fig. 1:  IR spectra 6,8-dichloro-3-(4-methoxyphenyl)-4- methyl-2H-chromen-2-one 

 
Fig. 2: 

1
H NMR spectra of 6,8-dichloro-4-methyl-3-phenyl-2H- chromen-2-one 
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THIOCARBAMATES 
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ABSTRACT 

Antimicrobial activity address the crucial problem of increasing microbial resistance against antibiotics. The 

study includes the comparison of synthesized  nanoparticles of Lactosyl thiocarbamates & Lactosyl 
thiocarbamides with its bulk. It appeared interesting to carry out the antimicrobial activity, which shows the 

improvement   in Lactosyl nanoparticles than bulk one. The characterization of new thiocarbamates and 

biologically made nanoparticles has been carried out by usual chemical transformation, NMR, IR and Mass 
spectral studies and the characterization of prepared nanoparticles were done by antimicrobial activity, melting 

point difference, X-ray diffraction and U. V. spectroscopy. 

Keywords— Thiocarbamates, thiocarbamides, nanoparticles, lactose 

I. INTRODUCTION 

In recent years, there has been a considerable interest in the field of Nanotechnology.  As defined by size is 
naturally very broad, including field of  science as diverse as surface science, organic chemistry, molecular 

biology, semiconductor physics, energy storage, micro fabrication, molecular engineering etc. Highly reactive 

nature of N-linked sugar isothiocyanate and isocyanate appears to promise its great applicability in the synthesis 
of thiocarbamates and carbamates which find the wide spread use  in pharmaceutical industries. Has the 

potential to make a great impact on human health, ranging from prevention to diagnosis and treatment of 

disease. Antimicrobial activity tests confirms how effective a drug is. The application of nanotechnology in 
medicine Isothiocyanates and isocyanates are a group of very reactive chemical compounds. Once they have 

reacted, the resulting product is usually less harmful than the chemical itself. This chemical is used in the 

manufacture of carbamates and thiocarbamates. Due to high reactivity towards compounds containing active 

hydrogen atom isocyanates and isothiocyanates are one of the most versatile classes of functional groups. The 
high yields and lack of byproducts with this type of reaction have led to their commercial exploitation in the 

polymer field, agrochemicals and pharmaceuticals. Reactions with carbon nucleophiles provide a useful 

synthetic access to substituted amides and other derivatives. 

Sugar isothiocyanates rank among the most versatile synthetic intermediates in carbohydrates chemistry1-3. 

They plays a vital role in the preparation of a broad series of functional groups such as thioamides4, isonitrile, 

carbodiimide and N-thiocarbonyl derivatives5-7 allowing, simultaneously, the covalent coupling of a quite 

unrestricted variety of structures to the saccharide part. More ever, isothiocyanates are important reagents in 
heterocyclic chemistry8-9 which may be exploited in the synthesis of nucleosides10 and other N-glycosyl11-12 

structures. Dialdehyde starch nanoparticles are useful carrier for anticancer drug because of their small size, 

good thermal stability, low biological toxicity and slowly anticancer drug releasing to strengthen drug effect13. 

II.  EXPERIMENTAL 

Determining the difference between melting point of  compounds and their nanoparticles is one way to test if 

the nanoparticle is prepared or not. So the M.P. of compounds and their nanoparticles has been taken using 
melting point apparatus. The prepared Compounds and their nanoparticles have been screened for antimicrobial 

activity using Cup plate agar diffusion method. By measuring zone of inhibition in mm antimicrobial activity 

has been studied. By using DMSO as a solvent the concentration of compound were 1 mg/ ml. Amikacin (100 

μg/ml) was used as a standard. Compounds were screened for antimicrobial activity against microbes (listed in 
table 2) in nutrient agar medium. H1 NMR data of the compounds were measured using CDCl3 solvent on 300 

MHz frequency. And their chemical shift values are in (ppm) units using TMS as a reference. IR spectral data of 

the compounds were recorded on FTIR-RXI spectrophotometer. Confirmation of products and reaction progress 
carried out by TLC using Hexane : Ethyl acetate solvent system and identification of spots carried out by using 

iodine chamber, UV chamber and KMnO4 spray. 

III.  METHOD OF PREPERATION 
Step 1 : preparation of Lactose Octabenzoate: 55 ml dry Pyridine and 55 ml dry Chloroform were taken in a 1 

lit. tight cork glass bottle and cooled in an ice-salt bath. To this solution previously prepared cooled solution of 

55 ml Benzoyl Chloride in 55 ml dry Chloroform was added with constant stirring. To this mixture 20 gm. of 

dry powder of Lactose was added in small instalments with constant stirring by maintaining the temperature 
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below 5 oC. After 24 hrs. mixture was washed several times with dil. Aq. Sulphuric acid, followed by aq. 

Sodium Bicarbonate and lastly with water. By using separating funnel Chloroform layer was separated which 

contains desired product. Product was triturated several times with petroleum ether until white powder obtained 

with M.P. 112 o C. 

Step 2 : Synthesis of hepta-O-benzoyl-α-D Lactosyl Bromide 

The fine powdered of lactose octabenzoate (10gm) was added to the brominating agent (4g Red Phosphorus + 
40 ml Glacial Acetic acid + 15 ml molecular Bromine). Then flask was kept for 2 hrs at room temperature. Then 

70 ml Chloroform was added to the reaction mixture followed by vigorous shaking. The resultant mixture was 

poured in an ice cold water to separate Chloroform layer. It was washed several times with aq. Sodium 

bicarbonate to remove excess of acetic acid followed by aq. Sodium metabisulphite to remove excess of 
bromine and finally 2-3 times with water. By using separating funnel the solution was removed and addition of 

petroleum ether results a solid mass (20 gm). 

Step 3: Synthesis of hepta-O-benzoyl-β-D-lactosyl isothiocyanate: To a suspension of hepta-O-benzoyl-
α-D Lactosyl bromide (15gm) in sodium, 60 ml dried xylene and 5g lead thiocyanate was added. The reaction 

mixture was refluxed for 3 hrs, gentle shaking. Solution was then cooled and liberated lead bromide was 

removed by filtration. The xylene filtrate was treated with petroleum ether with stirring, a white solid mass 

obtained. This solid was expected hepta-O-benzoyl-β-D-lactosyl isothiocyanate. M. P. 116-120 o C. 

Step 4: Synthesis of N-lactosylated Thiocarbamates and : Reaction mixture of hepta-O-benzoyl-β-D-lactosyl 

isothiocyanate with various alcohols has been refluxed for 5 hrs. On cooling and mixing with water most of the 

alcohols gave a white granular solid was purified by Chloroform-Petroleum ether. 

Step 5: Synthesis of N-lactosylated Thiocarbamides: Reaction of hepta-O-benzoyl-β-D-lactosyl isothiocyanate 

and various aryl amines has been carried out in boiling benzene for 3 hrs. The solvent benzene was distilled off 

and sticky mass was isolated as residue. Then triturated several times with petroleum ether was converted to 

granular solid. Crystallized from chloroform-ether. 

Step 6 : Preparation of Nanoparticles (Biologically) : Small pieces of potato was boiled in little amount of water 

in a beaker for about 10 min. Filtered the semi hot  solution through filter paper, remaining filtrate obtained 

called  potato extract. 1 gm. of compound was dissolved in 2 ml of DMSO, clear solution was  obtained.  Then 
2-3 drops of potato extract was added to the clear solution, suddenly white precipitate of nanoparticles was 

obtained. 

IV.  SCHEME 

R1=  a) ethyl b) methyl c) n-propyl d) isopropyl e) n-butyl f) t-butyl 

R2=  a) Phenyl b) o-tolyl c) m-tolyl d) p-tolyl e) o-Cl-phenyl f) m-Cl-phenyl g) p-Cl-phenyl 

V.  RESULT AND DISCUSSION 

(Table 1) 

Sr. 

No. 

Alcohols 1-hepta-O-benzoyl-β-D-

lactosyl-3-aryl 

thiocarbamates 

Yield 

% 

Melting point 

of Bulk 
o
C 

Melting point of 

Nanoparticles 
o
C 

1. Ethyl O-ethyl thiocarbamate 76 125-130 152-155 

2. Methyl O-methyl thiocarbamate 74 143 144-149 

3. n-propyl O-n-propyl thiocarbamate 75 158-160 1142-144 

4. Isopropyl O-isopropyl thiocarbamate 78 132-137 143-145 

5. n-butyl O-n-butyl thiocarbamate 63 128 159-161 

6. t-butyl O-t-butyl thiocarbamate 67 145 167-170 

 

(Table 2) 

Sr. 

No. 

Aryl amines 1-hepta-O-benzoyl-β-D-

lactosyl-3-aryl 

thiocarbamides 

Yield 

% 

Melting point 

of Bulk 
o
C 

Melting point of 

Nanoparticles 
o
C 

1. Aniline -3-phenyl thiocarbamide 72 125-130 97-99 

2. o-toluidine -3-o-tolyl thiocarbamide 76 143 122 

3. m-toluidine -3-m-tolyl thiocarbamide 88 158-160 131-135 
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4. p-toluidine -3-p-tolyl thiocarbamide 78 132-137 107-110 

5. o-Cl-Aniline -3-o-Cl-phenyl 

thiocarbamide 

88 128 102-105 

6. m-Cl-Aniline -3-m-Cl-phenyl 
thiocarbamide 

84 145 128-131 

7. p-Cl-Aniline -3-p-Cl-phenyl 

thiocarbamide 

87 148-152 130-133 

The characterization of compounds have been confirmed by IR spectroscopy which shows  C=S, N-H, C-N, 
C=O, C-O stretching  frequencies at different absorption bands. H1 NMR shows signal due to N-H proton at 

8.06 ppm and Lactosyl protons at 5.58 – 3.79 ppm. and benzoyl protons at 6.8 – 3.9 ppm. The Characterization 

of nanoparticles has been carried out by UV visible spectroscopy. The band gap difference increases as the size 

of nanoparticles decreases. The decrease in melting point confirms the nanoparticles were prepared. 

Antimicrobial activity (Thiocarbamates) (Table 3) 

Antimicrobials Bulk Nanoparticles 

E. coli 11 mm 15 mm 

S. aureus 11 mm 14 mm 

S. typhi 10 mm 14 mm 

P. vulgaris 12 mm 15 mm 

Amikacin 10 mm 17 mm 

Clandamycine 12 mm 18 mm 

DMSO 31 mm 24 mm 

Antimicrobial activity (Thiocarbamides) (Table 4) 

Antimicrobials Bulk Nanoparticles 

E. coli 10 mm 14 mm 

S. aureus 11 mm 16 mm 

S. typhi 11mm 15 mm 

P. vulgaris 11 mm 16 mm 

Amikacin 10 mm 17 mm 

Clandamycine 12 mm 16 mm 

DMSO 32 mm 23 mm 

*Including the well diameter of 8 mm. **Zone of inhibition in mm (15 or less) resistance, (16-20 mm) moderate 

and ( > 20 mm) sensitive. 

The prepared Compounds and their nanoparticles have been screened for antimicrobial activity using Cup plate 
agar diffusion method. By measuring zone of inhibition in mm antimicrobial activity has been studied. By using 

DMSO as a solvent the concentration of compound were 1 mg/ ml. Amikacin (100 μg/ml) was used as a 

standard. Compounds were screened for antimicrobial activity against microbes (listed in table 2) in nutrient 
agar medium. Zone of inhibition of nanoparticles were more than bulk, which confirms better antimicrobial 

activity of nanoparticles in comparison to bulk one. 

VI.  CONCLUSION 

Nanoparticles shows better antimicrobial activity than bulk. The study includes the comparison of synthesized  
nanoparticles of Lactosyl thiocarbamates & Lactosyl thiocarbamides with its bulk. Data observed in the 

observation table shows that nanoparticles of both thiocarbamates and thiocarbamides have improved 

antimicrobial activity than the bulk one. Carbohydrate nanoparticles are beneficial for the medicinal purposes 

like anti-cancer, drug delivery system, recognition of antigens and many other pharmacological applications. 
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AMINOBENZALDEHYDE WITH SUBSTITUTED 2-AMINOBENZOTHIAZOLE& THEIR 

ANTIBACTERIAL SCREENING 
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ABSTRACT 

A series of substituted 2-aminobenzothiazole were incorporated with 4-N,N dimethyl amino benzaldehydeunder 
acidic condition. The novel synthesized imine products have been elucidated by H1 NMR, IR and mass spectral 

data. The prepared compounds were screened for Antibacterial activity. In particular, chloro and Nitro 

substituted compounds showed the best activities in the series. 

Key-words: Substituted 2-aminobenzothiazole, 4-N,N dimethyl aminobenzaldehyde, Schiff bases, Antibacterial 

Screening. 

INTRODUCTION 

Synthesis and antimicrobial activity of 2-aminobenzothiazole and its derivatives is reported [1].  Further, their 

other pharmacological activities such as anticancer, antiulcer, antihistaminic, anti-inflammatory activity and 
analgesic activities also reported [2-6]. It was envisaged that the compounds containing these moieties in their 

molecular frame work might show enhanced biological activity. Increasing physiological importance of oxygen 

donor organic compounds [7] and active role played by coordination certain metal ions to them [8] is of interest 
towards use in synthesizing and studying structural aspects of metal complexes with some oxygen, sulphur and 

nitrogen donor ligands [9]. The aromatic benzothiazole nucleus is associated with a variety of antihistamine 

activity [10], pharmacological actions [11] such as fungicidal [12] and leishmanicides activities [13]. The 
complexes of the ligand 2- amino acetate, 6-chloro benzothiazole with some transition metal ions have been 

studied [14]. In the present study we now report the synthesis of complexes of 4, 6-dinitrobenzothiazole-2-

amine acetateand their study of magnetic properties for the wide range of applications. 

MATERIALS AND METHODS 
Synthesis of Schiffbase of Substituted 2-Aminobenzothiazole: A mixture of substituted 2-

aminobenzothiazole (0.1 mol) and 4 - N,N Dimethyl aminobenzaldehyde (0.1 mol) and 2 to 3 drops of H2SO4 

has been refluxed for 3 hrs. The resultant yellow precipitate is filtered and crystallized from ethanol. The steps 

in the synthesis of schiff base of  substituted 2-aminoacetic benzothiazole are shown in 

figure 1. 

 



International Journal of Advance and Innovative Research   
Volume 8, Issue 4 (IV) October - December 2021 
 

111 

ISSN  2394 - 7780 

Instrumentation: FT-IR spectra in the range, 4000-200 cm−1, were recorded on 8300 Shimadzu 

Spectrophotometer, UV-visible spectra were measured by using Shimadzu 160 spectrophotometer in the range 

200-1000 nm. The magnetic susceptibility values of the prepared complexes were obtained at room temperature 
using Magnetic Susceptibility on Bruker Magnet B.M.6, The 1H nuclear magnetic resonance spectra were 

recorded on a BRUKER ADVANCED II 400 MHz spectrometer in DMSO as a solvent, relative to the internal 

standard Tetramethylsilane (TMS). Melting points were recorded on a Tanco Laboratory melting point 

apparatus. 

4-(N,N-(dimethylamino)benzylidene)-4,6-dinitro-2-amino benzothiazole (SB-1): 

Solid, mp 195oC, UV (λmax) in ethanol: 258 nm, (IR) υmax (KBr/cm-1): 3375.66 (NH), 3181.24(Ar=C-H), 

1538(C=N), 1244.85(CN), 1265.12 (C-S), 1387.75 and 1517.84 (NO2). 
1
H-NMR (δ-ppm): 3.46 (s, 2H, NH2), 

7.77 (d, aryl H, adjacent to sulphur), 8.88 (d, aryl H, adjacent to NO2). 

4-(N,N-(dimethylamino)benzylidene)-4,6-dichloro-2-aminobenzothiazole (SB-2): 

Solid, mp 186oC, UV (λmax) in ethanol: 255 nm, (IR) υmax (KBr/cm-1): 3300.20 (NH), 3100.24(Ar=C-H), 

1538(C=N), 1244.85(CN), 1256.12 (C-S), 

1
H-NMR (δ-ppm): 3.46 (s, 2H, NH2), 7.77 (d, aryl H, adjacent to sulphur), 8.88 (d, aryl H, adjacent to Cl). 

4-(N,N-(dimethylamino)benzylidene)-4,6-dibromo-2-aminobenzothiazole(SB-3): 

Solid, mp 200
o

C, UV (λmax) in ethanol: 258 nm, (IR) υmax (KBr/cm-1): 3375.66 

(NH), 3181.24(Ar=C-H), 1538(C=N), 1244.85(CN), 1265.12 (C-S), 

1

H-NMR (δ-ppm): 3.46 (s, 2H, NH
2
), 7.77 (d, aryl H, adjacent to sulphur), 8.88 (d, aryl H, adjacent to Br). 

4-(N,N-(dimethylamino)benzylidene)-4,6-dimethyl-2-aminobenzothiazole(SB-4): 

Solid, mp 189
o

C, UV (λmax) in ethanol: 258 nm, (IR) υmax (KBr/cm-1): 3375.66 (NH), 3181.24(Ar=C-H), 

1538(C=N), 1244.85(CN), 1265.12 (C-S), 

1

H-NMR (δ-ppm): 3.46 (s, 2H, NH
2
), 7.77 (d, aryl H, adjacent to sulphur), 8.88 (d, aryl H, adjacent to CH3). 

4-(N,N-(dimethylamino)benzylidene)-4,6-difluoro-2-aminobenzothiazole(SB-5): 

Solid, mp 189
o

C, UV (λmax) in ethanol: 258 nm, (IR) υmax (KBr/cm-1): 3375.66 (NH), 3181.24(Ar=C-H), 

1538(C=N), 1244.85(CN), 1265.12 (C-S). 

1

H-NMR (δ-ppm): 3.46 (s, 2H, NH
2
), 7.77 (d, aryl H, adjacent to sulphur), 8.88 (d, aryl H, adjacent to CH3). 

RESULTS AND DISCUSSION 

Infra-red spectroscopy: The above given data of FT-IR spectrum of the ligand, shows a characteristic 

stretching absorption bands at 3375.66 cm
−1

 (NH), 3181.24 Cm
−1

 (Ar=C-H), 1538 Cm
−1

 (C=N), 1244.85 Cm
−1

 

(C-N), 1265.12 cm
−1

 (C-S). The reaction between this ligand with Ni (II), Cu (II), Zn (II) and Cd (II) gave 

different types of complexes. In the free ligand, the bands at 1730 and 1057 cm
−1

 were assigned to the stretching 
of C=O and C-O of the hydroxyl in the carboxyl ate group. On complexation these bands were shifted to a 

lower frequency region. This shift is probably due to the complexation of  the metal to the ligand through 

oxygen of the carbonyl  group, the disappearance of the hydrogen from hydroxyl group on complexation 

indicate the complexation is through the oxygen atom. Stretching of metal-oxygen bands of the complexes 

appeared in low frequency region (400-600) cm
−1

. 

NMR spectroscopy: The 1H NMR data of the 4, 6-dinitrobenzothiazole-2-amine; 4, 6-dinitrobenzothiazole-2-

amine-acetic acid (LH) and its complexes were soluble in DMSO. The spectral data gave support for the 

interpretation of composition of the complexes, as explain above. The changes observed are the evidences of 
complexation had happened because the chemical shift of a compound is heavily depended on the environment 

of proton. The 1HNMR spectrum of the complexes confirmed the disappearance of OH signal at 11.69 ppm in 
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the free ligand. The δ 7.24-8.92 ppm resonance signal protons of the aromatic ring shifted to the higher field 

upon complexation, while the proton of the -CH2 aliphatic group shifted to higher field also. It is most likely 

that shift is due to the decrease of electron density at carbon atoms when oxygen is bonded to metal ion. 

Antibacterial activity: The titled compounds were screened for their antibacterial activity using disc diffusion 

method. The bacterial organisms used included both gram positive and gram negative strains like 

Staphylococcus aureus, Escherichia coli, Salmonella enteric Serparatyphi, Klebsiella Pneumonia and 

Pseudomonsaeruginosa. 

For antibacterial susceptibility testing of title compounds, the sterile disc of 6 mm diameter (SD067, Hi-Media, 

Mumbai) was loaded with 20µl of title compound solution (1000 µg/ml) in DMF. The discs were then placed at 

centre on the Mueller-Hinton agar seeded with bacterial inoculums approximately 106 CFU/ ml, incubated at 
37° C for 24 hrs and growth inhibition zone formed around disc was measured. Test was done in triplicate and 

mean value was considered as inhibition zone. Solvents were used as controls and showed no inhibitions in 

preliminary studies. All the synthesized complexes exhibited moderate to good activity against the test 

organisms. 

Table: Antimicrobial Activity 

Compound Gram  positive bacteria Gram  negative bacteria 

 
Staphylococcus 

aureus 
Salmonella 

entericaSerparaTyphi 
Escherichia 

Coli 
Klebsiella 
Pneumonia 

Pseudomons 
aeruginosa 

(SB-1) ++ +++ ++ + ++ 

(SB-2) ++ ++ + ++ + 

(SB-3) + - ++ + + 

(SB-4) + + + + - 

(SB-5) ++ + ++ + ++ 

 

+++ = Zone size 16-22 mm; ++ = Zone size 9-15 mm; + = Zone size 6-8 mm; 

― = No inhibition. 

CONCLUSION: 
The compounds4-(N,N-(dimethylamino)benzylidene)-4,6-substituted-2-amino benzothiazolewere successfully 

synthesized by condensation method and confirmation of formation of compounds were done by 1H NMR, IR, 
UV-Vis & Mass. All the compounds showed good yield. The compoundswere further proceeds for Antibacterial 

activity in which all the compounds showed good results against gram positive and gram negative bacteria 

especially nitro and chloro substituted schiffbases showed a remarkable activities. 
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ABSTRACT  
In the last few years, hydrogen fuel has gained more importance due to its environmentally friendly nature. 

Hydrogen production from renewable sources is more focused by researchers for a carbon dioxide-free 
environment. To produce hydrogen, water splitting is an effective method and it can be done by Solar based 

methods like Electrolysis, Photo electrochemical method, some Biological methods, etc. An effective photo 

catalyst is needed for all these solar-based water-splitting methods. This short review combined some recent 
water splitting experiments. The main focus of this article is to split water using Molybdenum Dioxide with 

some other additives as a catalyst. 

Keywords— Molybdenum Dioxide, Solar based water splitting methods, Hydrogen evolution, Oxygen evolution. 

INTRODUCTION 

Energy is one of the most important aspects of modern life for sustained development. Energy sources are 
divided into two types: renewable and non-renewable sources. For some centuries we are using non-renewable 

sources and became highly dependent on them. This high dependency leads them to depletion. Also, Climate 

change is a serious issue of concern and for the long-term existence of life on earth, we need to think more 
about clean and renewable energy sources for the future. For some decade’s world is using renewable energy 

sources and in past few years, it gained more significance due to global warming. The population of the world is 

assumed to be tripled by the year 2030[1]. The report issued by the international energy agency states that the 

energy demands of the world will be twofold by the year 2030[2]. 

Hydrogen fuel is a clean source of energy and it is one of the best alternatives to fossil fuels to fulfill the high 

demand for energy in the future. Previously, several studies focused on hydrogen fuel as the most significant 

solution for a better environment and sustainability [3, 4]. Hydrogen fuel has many advantages some of them 
can be listed as high energy conversion efficiencies, abundance, production from water with no emissions, 

different forms of storage (e.g. gaseous, liquid, or in together with metal hydrides), long-distance transportation, 

ease of conversion to other forms of energy, etc. But the main disadvantage is, most of the hydrogen production 
methods are with high production costs [4, 5]. Several methods are available to produce hydrogen, some of 

them are Natural Gas Reforming, Bio-Derived Liquids Reforming, Coal and Biomass Gasification, 

Thermochemical, Water Electrolysis, Biological, Photo-electrochemical, etc. Among them, Natural gas steam 

reforming is the most commonly used process for hydrogen production that results in heavy greenhouse gas 
emissions. Around 50% of the global hydrogen demand is met by natural gas steam reforming, 30% comes from 

oil reforming, 18% from coal gasification, 3.9% from water electrolysis, and 0.1% from other sources [7] 

 
Fig. 1  Distribution of global Hydrogen Energy demand from various methods. 

Hydrogen production from clean and abundant sources with environmentally benign methods is called “green 

hydrogen production” and is very important to avoid the harmful impacts of fossil fuel utilization on human 
health, climate, and on the environment [4, 8, 9]. Water splitting is one of the best renewable ways to produce 

hydrogen because water is abundantly available on our Earth. Solar energy has been considered promising since 

it is independent of location in comparison to hydropower and wind power. The combination of abundant 
sunlight and water resources provides a reasonable scope for hydrogen generation by solar water splitting [10].  
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Photobiological water splitting, photocatalytic water splitting, and thermochemical water splitting are the 

simplest Solar based hydrogen production approaches but, require large solar concentrators making this method 

highly expensive and less preferred [11]. Biophotolysis is depending on the method of microorganism and it is 
divided into water biophotolysis and organic biophotolysis [12]. Water biophotolysis is superior to organic 

biophotolysis regarding CO2 emission [13], toxic effects of enzymes along with yield of hydrogen, and 

limitations of scaling up the process [14]. 

Overall water splitting can be achieved by electrochemical, photochemical, photo electrochemical as well as 

thermochemical water splitting by using catalysts [15]. Electrochemical hydrogen evolution is efficient and can 

produce hydrogen or oxygen in high purity (≈ 100%). Water splitting by electrolysis needs considerable effort 

in developing electrodes and electrolytes with low-cost catalysts and long-term durability. The electrodes 
include cathodes for the hydrogen evolution reaction (HER) and anodes for the oxygen evolution reaction 

(OER) [15, 16]. Traditional water electrolysis is usually carried out under either acidic conditions with a proton 

exchange membrane (PEM) or in alkaline media with a diaphragm. Under standard conditions, a 
thermodynamic potential of 1.23V is required to drive electrochemical water splitting, which corresponds to an 

energy input of ΔG = 237.1 kJ mol-1 .[36]. 

In Acidic solution: 

Two half reactions are- 

2H2O → O2 + 4H+ + 4e-                           E0  = 1.23 V 

4H+ + 4e- → H2                                        E
0 = 0 V 

As a result: 2H2O → 2O2 + 2H2              E
0  = 1.23 V 

And In Alkline solution: 

Two half reactions are- 

4OH- → O2  + 2H2O + 4e-                                       E0 = 0.40V 

2H2O + 4e-  → 2H2O + 4OH-                  E0 = 0.83V 

As a result:  2H2O → 2O2 + 2H2E
0 = 1.23 V 

Where, E0 is Thermodynamic Potential vs. Normal     Hydrogen Electrode. 

 
. Fig. 2  Scheme of traditional water electrolyzers for Hydrogen and Oxygen evolution [36]. 

ROLE OF NANOMATERIALS IN WATER SPLITTING 

An active catalyst is required to achieve the efficient hydrogen evolution reaction (HER) and high conversion 

efficiency. Different nanomaterials have been studied as a photocatalyst for Electrolysis and 
Photoelectrochemical water splitting methods. Nanoparticles are the building block for photocatalyst as their 

mass and charge transfer is fast and they exhibit increased light absorption and reduced light scattering [17, 18]. 

The bandgap of nanomaterials can be tuned to absorb in a particular wavelength by varying size and, in 

principle, cover the whole solar spectrum. The electronic band structure can be controlled by doping. Bottom-up 
growth approaches, which use smaller components to produce larger and more complex structures which allow 
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scalable synthesis of single-crystal nanostructures on flexible substrates under mild conditions, leading to 

lightweight and low cost. The electrode coated with nanoparticles suspended/dispersed in the reaction medium 

(water) shows improved photocatalytic activities [19]. 

.NANOMATERIALS FOR WATER SPLITTING 

TiO2 has potentially been used in water separation as a photocatalyst since the 1970s due to its low cost, 

abundance, and stability on Earth. But the bulk TiO2 has a large bandgap (3.03-3.18 eV) so it shows weak 
performance in solar light absorption [20, 21]. ZnO nanomaterials have been extensively discovered in the 

water segment with a bandgap of ~ 3.3 eV. But the photocatalytic efficiency of ZnO is low because its band 

structure is similar to that of TiO2, showing poor visible light absorption and low photocatalytic quantum 

efficiency [22, 23]. Semiconductor quantum dots such as CdS [21], CdSe, CdTe [26], Ag2S, have some unique 
properties for water splitting such as tunable absorption properties, high stability, suitable for solar spectrum 

and, multiple bandgap sensitizations [24].  Hematite (a-Fe2O3) has a bandgap of ~2.1 eV, which facilitates it to 

absorb about 40% of solar light [16].WO3 nanomaterials also show good performance in PEC water splitting 
with a bandgap ~2.5-2.7eV [26, 27]. Bismuth vanadate (BiVO4) has bandgap 2.4-2.6 eV [22]. Earth-abundant 

transition-metal dichalcogenides (TMDs) with general formula MX2 (M = transition metal; X = chalcogen) 

including two-dimensional (2D) layered materials, such as MoS2 , WS2 , MoSe2 , WSe2 , TaS2 and TiS2 etc., 
and pyrite phase structured TMDs (CoSe2 , CoS2 ,   NiS2 , NiSe2 , FeS2 and so on) are being developed at 

rapid pace for water splitting [19]. Platinum is one of the most efficient electrocatalysts for hydrogen evolution, 

but it is not suitable at a large scale, due to its high cost and scarcity [28-30]. 

MOLYBDENUM DIOXIDE WITH ADDITIVES FOR WATER SPLITTING 
Molybdenum dioxide (MoO2) has recently been tested as a good material for water splitting. Nanometric MoO2 

has attracted technical interest due to its interesting physicochemical properties [32]. It also has important 

properties such as energy storage, soft magnetic and optical materials [31]. The MoO2 film is highly absorbent 
and shows a direct band-to-band transition where the bandgap energy (e.g.) depends on the thickness of the film 

and is in the range of 2.38-2.53 eV. Both its amorphous appearance and direct bandgap with high absorption 

coefficient make MoO2 film an ideal candidate as an electrode for photovoltaic and photoelectrochemical solar 

cells [31]. 

Vivek Ramakrishnan et al. in 2018, presented, in situ growth of metallic MoO2 films on fluorine-doped tin 

oxide (FTO) and MoO2 powder in a solution that was achieved simultaneously by a simple hydrothermal 

process employing citric acid as the surfactant.  H-MoO2 film/FTO displays a low on-set overpotential of 72 
mV with a Tafel slope of 84.1 mV dec-1, and the powder form exhibits an onset overpotential of 46 mV with a 

Tafel slope of 71.6 mV dec-1. They observed the film on FTO was disc-shaped nanostructures, whereas the 

powder form contained microspheres formed by disc-shaped NSs. Interestingly, both FTO and solution-phase 
MoO 2 NSs were devoid of any other polymorphic forms [33].  Weijun Ye et.al prepared sub-5 nm MoO2 

/graphene composites by the one-step hydrothermal method in 2019. They uses the combined action of ascorbic 

acid and graphene to achieve an ultra-small scale through a simple, efficient and environmentally friendly one-

step hydrothermal method. For phase structure characterization they used X-ray diffraction, transmission 
electron microscopy, and energy dispersive spectrometer. The report concluded that ascorbic acid could reduce 

molybdate ions to MoO2, while graphene could prevent the agglomeration of nanocrystals. Galvanostatic 

charge-discharge cycling, cyclic voltammetry, and electrochemical impedance spectroscopy were used. The 
initial reversible specific capacity was 1072.8 mAh∙g-1  with coulombic efficiency of 65.4% and remained 579.6 

mAh∙g −1 after 100 cycles. The combination of sub-5 nm MoO2 particles and graphene effectively improved the 

electron/ion transport and buffered the volume expansion of electrodes [34]. In 2020, Osama Rabi et.al 
published a review on the synthesis of molybdenum carbide and its hybrids as catalysts for electrochemical 

water splitting. He reported recent research progress on the Mo2C for HER mechanism. Transition metals 

carbides are formed by inserting carbon atoms in the lattice of the transition atoms. They discussed the 

application of Mo2C related to its activity, durability, activation, and deactivation mechanism of the catalyst. 
They concluded the physicochemical properties of Mo2C and its hybrids can be enhanced by optimizing the 

synthesis route and carbon precursor that affects the size, shape, surface area, crystal structure, and surface state, 

higher surface area Mo2C with good crystal structure can be obtained through the solid-state reaction method. 
The comparison of pure Mo2C with metal loaded Mo2C, showed that the lower temperature activity and 

stability were increased by loading another transition metal on molybdenum carbide, (i.e carbon-based materials 

like graphene and materials like nitrogen-doped Mo2C have shown significant results for HER mechanism [35]. 

Ideal band gap of semiconducting material for water splitting is 1.23eV. Molybdenum Dioxide has band gap in 
the range of 2.38-2.53 eV and it depends on the thickness of the film.  For electrochemical water activation the 
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hydrogen-annealed MoO2 is good hydrogen evolution reaction (HER) catalyst with good stability. HER 

catalytic activity also the onset potential, current density and Tafel slope of MoO2 nanostructures are improved 

by hydrogen annealing. In the experiment of MoO2 with graphene, the combination of substitute of 5 nm 
Molybdenum Dioxide particles and graphene effectively improved the electron/ion transport and bufferd the 

volume expansion of electrodes. It is reported by many researchers that the Mo2Cexhibits higher durability and 

high active sites also producing hydrogen at 20mA cm-2 for almost 20 to 30 h. Molybdenum Dioxide with 

additives shows good electrocatalytic performance to split the water. 

Water splitting is one of the best way to store renewable enrgy. Presently, we have some inexpensive 

semicoconducting materials as a good catalysts to split water but they have stability and durability limitations. 

This study presented review of some recent water splitting experiments for hydrogen and oxygen evolution. In 

future, for more stability and durability, more combinations of these additives with MoO2 will be investigated. 

CONCLUSIONS 

Solar based water splitting methods are the best ways to split water into hydrogen and oxygen. For that we need 
semiconducting materials with some fascinating characteristics. Ideally, we need catalyst that can show a good 

accomplishment of absorption of light, separation of the photo-generated charge carriers, it must be highly 

stable. Molybdenum is earth abundant transition metal and its oxide, Molybdenum Dioxide is recently 
investigated as a good catalyst for solar based water splitting application. It is inexpensive as compared to 

Platinum. By adding some additives with Molybdenum Dioxide we can improve it's electrocatalytic 

performance. 
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ABSTRACT 

Synthesis of inorganic polymer is an emerging field that covers a wide range of disciplines including the 

frontiers of chemistry, materials, medicine, electronics, optics sensors, information storage, energy conversion, 
environmental protection aerospace and many more. Chelate polymers have important applications in medical 

sciences like controlled drug delivery, artificial organs and protein synthesis. Some polymers can be made to be 

electrically conductive and offer potential for the semiconductor industry and as lightweight electrodes and 
electrolytes for batteries for automotive and aerospace applications. Newly developed polymers exhibit unusual 

optical properties that have attracted significant interest from the defense industries. Besides the synthesis of 

chelate polymers and examination of their thermal stability, present work describes structural characterization 

of these chelate polymers on the basis of elemental analyses infrared and reflectance spectra, magnetic and 
thermal studies. Since polymeric chelates are thermally resistant and have a large number of practical 

applications. Recently some chelate polymers have been synthesized, characterized and their thermal stability 

has been studied.      Ligands of hydroxamic acid with adipic acid, azelaic acid, succinic acid, sebasic acid and 
subaric acid have been prepared in benzene medium by condensation process Now a day’s proton NMR 

technique can be used for determination of stereochemical structure and conformational analysis of polymer 

compounds. The chemical shift in NMR spectrum, indicates that what type of hydrogen atoms are present e.g., 

methylene, methyl groups, olefins, ethers, esters and aromatic compounds. 2D-NMR methods have been used as 
a powerful and reliable techniques for determination of compositional and configurationally structure of co-

ordination polymer. Polyvinyl pyridine and its copolymers have important applications as polyelectrolyte, 

polymer regents and in electrical applications. These ligands have been synthesized and characterized by 

various instrumental techniques. 

Keywords –complexes, polymeric ligands, IR studies, spectral studies. 

EXPERIMENTAL 

Chemicals: All the chemicals used were AR grade (Merck). The solvents used were doubled distilled before 

used. 

Instrumentions: 1H-NMR (CDCl3, DMSO-d6) spectra were recorded on Bruker model DRX-30 NMR 

Spectrophotometer using TMS as internal reference ( ppm)Carbon, Hydrogen and Nitrogen contents were 

analyzed on an EA 1108 Carlo Erba Elemental analyzer instrument at CDRI Lucknow. FTIR spectra were 

recorded on a Bruker IFS 66V Germany, spectrometer using the KBr technique at Regional Sophisticated 
Instrumentation Center, IIT Chennai.  Reflectance spectra of the chelate polymers in solid state were recorded 

on a single beam Karl-Zeiss Jena, specord M-400 spectrophotometer, finely powdered barium sulphate was 

used as a reference material in the studies of reflectance spectra. Magnetic susceptibility of chelate polymers 
was determined by the Gouy's method at room temperature using mercury tetrathiocyanatocobaltate (II) as 

standard.  The non-isothermal measurement of Mn (II), Co (II), Ni (II) and Zn (II) were carried out using a 

TGS-2 thermogravimetric analyzer along with a TADS computer system at the Regional Sophisticated 

Instrumental Center, Nagpur University, Nagpur. The thermocouple used was Pt-Pt-Rh with a temperature 
range of 20-10000C, 12mg sample was taken and the heating rate 150C/min was employed. The thermal 

analyses were carried out in air atmosphere and mass loss was recorded continuously on the recorder. 

Preparation of dichloride of adipic, azelaic, succinic, sebasic and subaric acid:  A quantity of (0.1m mol) 
dry acid and (0.25m mol) double distilled thionyl chloride was taken in 100ml dry round-bottomed flask fitted 

with water condenser provided   with guard tube containing unhydrous calcium chloride. Flask was heated on a 

water bath for about 2-3 hours, till clear solution was obtained. The reaction mixture was then refluxed under 

reduced pressure for 30 min. to remove sulphur dioxide, hydrogen chloride and unreacted thionyl chloride. 



 HCl22SO2O

Cl
|
Cn)2CH(

Cl
|
CO2SOCl2O

OH
|
Cn)2CH(

OH
|
CO  
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(1) n=4 for adipic acid (2) n=7 for azelaic acid (3) n=2 for succinic acid (4) n=8 for sebasic acid (5) n=6 for 

subaric acid. 

Preparation of ligand: In present investigation, a modified method Priyadarshini and Tandon[6] based on 
Schotten Baumann reaction, was used for the preparation of hydroxamic acid. In this procedure hydroxylamine 

hydrochloride and vacuum distilled acid chloride in stoichiometric ratio were reacted at low temperature 00C or 

lower in diethylether medium containing aqueous suspension of sodium bicarbonate. Hydroxamic acid was 
prepared by the reaction of acid dichloride with excess of hydroxylamine hydrochloride in aqueous ethanol 

medium containing suspension of sodium bicarbonate, (0.25M) hydroxylamine hydrochloride A.R. grade, 

ethanol (50 ml) and sodium bicarbonate (0.5 M) and distilled water (25 ml) were placed in 500 ml beaker and 

acid dichloride was added (0.1 M) dissolved in 100 ml diethyl ether by dropping funnel during a period of 45 
minutes with constant stirring. Mechanical stirrer was used for this. The stirring was further continued for 15 

minutes. A granular solid mass was separated which was filtered and triturated with saturated solution of 

sodium bicarbonate in a porcelain mortar to remove any acidic impurities present and was then filtered and re-
crystallized out in ethanol: DMF mixture. This ligand is reported first time in the present work and hence 

characterized by elemental and infrared spectral analyses[1-4]. The reaction of ligand formation has shown in 

Fig.1 
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Fig. 1 - Synthesis of hydroxamic acid (ABHA) 

Synthesis of chelate polymers of ligand 

Chelate Polymers of with Mn (II), Co (II), Ni (II) and Zn (II) have been prepared by dissolving metal acetate 

(0.01M) separately in minimum amount of DMF and was added to a solution of hydroxamic acid (0.01 M) in 
(25 ml) DMF. The reaction mixtures were heated on an oil bath with constant stirring at 120 0 C temperature. 

The chelate polymers generally appeared after 24-hrs heating on an oil bath. These chelate polymers obtained 

were filtered, washed thoroughly first with hot DMF and then with absolute alcohol and dried. 

RESULTS AND DISCUSSION: 

The 1H-NMR Spectrum of hydroxamic acid ligands with adipic acid, azelaic acid, succinic acid, sebasic acid 

and subaric acid in acetone solvent along with complete assignments of resonances signals for aliphatic and 

aromatic protons are shown[5-6]. The NMR signal around (chemical shift) 2.05-2.40 ppm is assigned to the 

over laps of –CH2-protons of Ligands [7]  . The aromatic protons of two phenyl groups are appeared at  7.48-

7.63 ppm due to the presence of(-NHC=O) amide groups attached directly to benzene ring [8] and other 

resonance signal around  7.35-7.47 ppm is assigned due to two protons of benzene ring at which bromine 

attached[9-10]  . 

The resonance weak signal around  4.54-5.64 ppm is assigned to –NH-region of ligands and other weak signal 

around  8.24-8.27 ppm is assigned two protons of amide group (-NHC=O) [11]  . In the infrared spectrum of the 

ligands a weak bands appeared from 3427-3480 cm-1 due to the presence of stretching vibration of the NH group 
[12]. Another sharp bands observed from 1606-1700 cm-1 may be assigned due to the C=0 stretching vibration[13]  

. A weak band appeared from 2882-2940 cm-1 may be assigned due to stretching vibrations of –CH2– groups. 

|
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Composition of the polymeric unit: the composition of the polymeric unit was assigned on the basis of detailed 

study of elemental analyses. The presence of water of crystallization was ascertained on the basis of thermal 

studies. The composition of polymeric unit is   [M(II)L]n ,  {[ M’(II) (L) 2H2O]H2O}n whereas ( M= Zn(II ), (  
M’= Mn(II), Ni (II ) and Co(II) ) (L = ABHA ligand).On the basis of elemental analyses, infrared spectra, 

reflectance spectra, magnetic measurements and thermal studies, the proposed structure of these chelate 

polymers . 

Infrared spectral studies:  In infrared spectra, a broad band appears at 3257 cm–1 in ABHA ligand may be 

assigned to the O-H stretching vibration [ 14]. A band appears at 1664 cm-1 in ABHA may be due to the 

resonating structure of the N-N-(C=O)-OH moiety. A band appears at 968 cm-1 may be assigned to the N-O 

stretching vibration. 

The hydroxamic acids generally form five membered chelate ring with a metal ion and coordination takes place 

through >N-O and >C=O oxygen. As is anticipated, a band due to the O-H group disappears in polymers.  

Whereas a band due to the carbonyl group is shifted towards lower frequency side indicates that there is the 
formation of C=O  M coordinated bond. The N-O band in polymers found to have been shifted slightly to 

higher frequency side with increase in its intensity. A medium band appears in the region of lower frequency 

may be assigned to the M-O bonding in chelate polymers. Thus, from the above discussion and from the 
consideration of potential donor atoms of the polyligands, it can be concluded that the substituted-bis-

hydroxamic acids act as bidentate ligands and participated in bonding through the phenolic oxygen and the 

oxygen of the C=O group to give neutral linear chain chelate polymers. 
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ABSTRACT 
Technology has advanced tremendously and this advancement in technology is being incorporated in the 
education sector as well. Blooming technologies like Artificial Intelligence, Cloud Computing Machine 

Learning, Blockchain, etcetera will change conventional education to make it a better platform. Data on the 

blockchain is immutable. It has a wide range of applications in various fields where security is of prime 
importance. Degree certificates of the students can be stored on the blockchain which can be accessed or shared 

by students to their employers. This is a very secure method and there is no worry of loss of data. There are 

various learning algorithms in machine learning which can predict the future based on experience. The 

incorporation of machine learning in the educational sector will be of great help as better outcomes can be got 
with the present conditions. When Blockchain Technology is incorporated with Machine Learning then certain 

predictions can be made beforehand through Machine Learning and they can be stored in the blockchain in a 

secured manner. In this study, the use of blockchain technology and machine learning in the education sector is 

discussed. 

Keywords— Artificial intelligence, Blockchain, Machine learning, security, education sector, Smart Contracts 

I. INTRODUCTION 

Blockchain is a system of recording information in such a way that it is impossible to change, hack or delete 
from a blockchain system. Blockchain is a type of database in which data is stored in chronological order in 

form of blocks. Data stored in blockchain systems are immutable. Data cannot be deleted or altered. [3] 

Machine learning is a major branch of Artificial Intelligence that is based on the notion that systems can learn 

from data, experience, and patterns. It is the study of various computer algorithms that improve with experience 

and data. [2] 

A) Blockchain in Education System 

Blockchain is decentralized distributed database system.[11] Blockchain technology can be used in the education 
system. Blockchain technology can change the way in which records of degrees, certificates, diplomas, 

academic papers and students’ credentials are kept in the educational institution. Blockchain eliminates the need 

of intermediary verification of the documents. Using blockchain technology, accreditation process of the 

institution can also be made hassle free. It will be an easy process to verify the quality of education institution 
has to offer. Use of Blockchain technology in education system can also reduce the cases of fraud. Documents 

entered on blockchain system are verified, hence there is no chance any forged documents will be entered in 

blockchain. Proper use of blockchain can ensure honesty in education qualification of the students. Blockchain 
technology can also be used to create and maintain the Curriculum Vitae of students. These Curriculum Vitae 

will be digital documents and they can be shared by the Universities to the employers. Blockchain technology 

can also be used to keep records of students’ identity which will be uniform across all the institutions. This will 
ease the process wherein student wants to enroll in multiple courses in different institutions or universities. [8] It 

will also reduce paper-based processes in the campus or university. Blockchain also can be used within the 

institution for the attendance purposes of the students. It can also be used to keep records of assignment 

completion by the students. Blockchains can also be made smart contract capable. Programming of courses can 
be made on blockchain and these courses will be activated when certain conditions will be met. For example, 

students can be assigned tasks related to their courses. These tasks will be automatically verified on blockchain 

by smart contracts on completion. Students will be awarded credits based on their tasks. [5] 

B) Machine Learning in Education System 

Machine Learning is an important branch of Artificial Intelligence. The use of Machine Learning in the 

education system can positively influence education. A huge amount of data is generated through existing 
Learning Management Systems and various other E-Learning platforms. Analysis of this data is done using 

various analytical tools. Current analytical tools can be replaced with machine learning algorithms. [2] These 

algorithms will not only analyze the current data but will also predict future data. It sometimes becomes difficult 

for teachers to understand and address the educational needs of the students. One approach of teaching may not fit 
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all students. Artificial Intelligence can collect, compile and analyze data of every student from all the platforms 

and sources. This analysis can be used by teachers to create personalized content for every student. Machine 

learning can examine students’ educational data and develop a pattern of the way of his learning. For example, 
Artificial Intelligence can analyze and tell the method of learning which a student particular student understands 

better. Artificial Intelligence can examine student’s educational data and tell whether a student’s understanding 

and performance are better when he reads or solves assignments or listen to lectures or watch a video. Artificial 
Intelligence can also identify if a student is struggling with any particular or particular type of concept. This will 

help the teachers to design course material according to the student. Artificial Intelligence can also be used to 

predict future jobs for students. Based on the analysis of data collected of their courses, curricular and extra-

curricular activities, prediction can be done about the interest of the student by using various artificial 

intelligence algorithms. Also, the type of jobs in which the student can excel can be predicted. 

II. INTEGRATION OF BLOCKCHAIN AND ARTIFICIAL INTELLIGENCE 

Integration of Blockchain Technology and Artificial Intelligence can be done in three phases. The first phase 
will be the implementation of Artificial Intelligence especially machine learning. This phase will analyze the data 

of the students. It will predict the pattern of studying of the individual students. It will also predict future jobs 

which are suitable for the student based on his capability and interest. The Implementation of Blockchain 
technology will be the second phase. It will act as a database. It will store students’ identity, certificates, degrees, 

diplomas, etc. in a very secure manner. Courses of the curriculum can also be developed and evaluation can also 

be done on the blockchain. Smart Contracts can be used for the purpose of evaluation of students based on 

completion of assignments. In the third phase, machine learning and blockchain integration take place and they 
work in harmony. Machine learning will predict suitable jobs for the students; their education records are available 

in the blockchain which can be shared with employers. In this way, machine learning and blockchain can work 

together in the educational system. 

III. CHALLENGES 

A major challenge in using Artificial Intelligence and Blockchain technology is the immaturity of the 

technologies. Artificial Intelligence especially Machine learning offered by Microsoft, IBM, Amazon has not yet 

reached large masses. They have certainly not reached the education sector. The cost of implementation of 
Blockchain is more. Incorporation of Blockchain and Artificial Intelligence in the existing systems will be a 

tedious task initially. Once it is done it can have great positive changes in the education system. 

IV. CONCLUSION 
The future of the education system depends on the smart use of blooming technologies like Blockchain 

technology and Artificial Intelligence, especially Machine Learning. Using these technologies will bring about a 

positive change in the existing conventional method of teaching by integrating smart technologies. Blockchain 
and Artificial Intelligence will play a major role in bringing a revolution to the education sector. It has an 

intensive implementation in cryptocurrency. Now, blockchain is proving to be an important asset in other sectors 

as well. Blockchain offers security, transparency, the immutability of data, integrity due to which it can be used 

in the educational sector to enhance educational standards. On the other hand, artificial intelligence has proved its 
efficiency in many fields. As built-in algorithms can be easily included in applications, the use of artificial 

intelligence has also increased in various fields including the education sector. Online education will benefit a 

lot from the integration of blockchain technology and artificial intelligence in the education sector. 
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ABSTRACT 

Monoculturalism is the policy of allowing the expression of the culture of a single social group in a specific 
area. certain multi-ethnic societies, dominant groups believe that their cultural practices are superior to those 

of minority groups, similar to the concept of ethnocentrism which involves judging another culture, based on 

the values and standards of one's own culture. Instead a suppression of different ethnic groups within a given 
society, sometimes monoculturalism acts as the active preservation of a country's national culture via the 

exclusion of external influences. Market economy is a disembedded economy in fact comprises two main 

statements: (1) disembeddedness means the predominance of transactions and social interactions that are not 

submerged in social relationships but are based on economic self-interest and (2) disembeddedness also means 
the absence of social control over the economic process of production and distribution. This paper attempts a 

reality check on the challenges and opportunity that International marketing presents for the current and future 

and identifies the key points for a country strategy that will take full advantage of the potential offered by parent 

company to create and forge more ‘personal’ and ‘ immediate’ relationships with their customers. 

Keywords – Monoculturalism, Disembedded, International marketing, Mumbai 

I. INTRODUCTION 

International marketing means marketing activities in between different countries. All countries participate in 
international marketing and secure certain benefits such as availability of goods urgently needed, earning of 

foreign exchange and acceleration in the process of economic growth. Large scale exporting acts as an engine of 

economic growth. Expansion of business is a natural need and expansion is necessary for survival and growth. 

There are various factors that encourage companies to expand business beyond national boundaries. Such 

factors are also called motivators of international marketing. 

II. FACTORS 

This paper adopted five essential factors for end user satisfaction which are categorized into 1)convenience 

2)functionality 3)price 4)reliability and 

5)visibility. Convinces refers to the degree to which customers considers navigating through m- commerce 

transaction free of efforts. Functionality represents the simplicity and frequency of using mobile technologies 

regardless time and place. Price factor refers to the degree of perceived level of possible expenses to m-
commerce adoption. Reliability represents the degree to which customers perceives the quality of goods and 

channels, while visibility shows the perceived customers satisfaction to visual information and site design. 

III. OBJECTIVE 

 To study aspects of influencing end user satisfaction. 

 To study international marketing. 

 To Study monoculture & disembedding 

IV. MONOCULTURALIZATION TO DISEMBEDDING 

1. Finding a niche in an established market 

Carving out a niche market is an effective way of gaining and retaining popularity, since advertisments and 

products can be targeted at a specific group of consumers. 

2. Give the customers a voice 
A huge social media presence and worldwide sensation on social media platform is important key. Regular use 

of social media to share about happening, sharing and commenting on how they embrace the daily grind. 

3. Organising consumer focused events 

To bring different communities together and introduce them to the product or brand at the event then connect 

with them digitally and socially to keep the bond continued. 
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4. Cultural difference 

In order to remain competitive in a globalized world, it is critical to develop product that are able to satisfy a 

very diverse customer base. Culture is one of the most effective yet complicated elements that organisation need 

to understand in order to provide great product in accordance with the customers’ needs. 

TABLE 1: DISTRIBUTION OF RESPONDENTS BY GENDER, AGE AND USAGE. 

Questions asked 

to 380 people 

 Frequency % Diagrammatic representation 

1. Gender 
Female 

Male 

Male 200 52.63  

 

Female 180 47.36 

2.Age 18-24 150 41.66 

 
 

25-40 100 26.31 

41-55 70 18.42 

Above 55 60 15.79 

3.Education Primary 20 52.63  

 

Secondary 30 78.94 

Graduation 280 73.68 

Illiterate 50 13.18 

4.Time spend on Mobile/tablet < 2 hours 140 36.84  

 

2-4 hours 150 39.47 

4-6 hours 40 10.53 

>6 hours 50 13.16 

 

TABLE 2: CHANGES IN USAGE 

 

 

 

 

 

 

 

 

 

 

 

 

Questions Before 2019 In 2020 

 YES NO YES NO 

1.M-commerce usage for purchase 71.02% 28.98% 80% 20% 

2.Payments via apps 56% 44% 60% 40% 

3.Online Shopping 58% 42% 64% 36% 

4.Banking services 61.35% 38.65% 65.75% 34.25% 

5.Receiving pre-discount coupons from physical 
stores 

32.02% 67.98% 45.45% 54.55% 

6.Receiving pre-discount coupons from M-

commerce 

35.52% 64.48% 40.53% 59.47% 

7.Improvement in Quality Product/Service 40% 65% 52% 48% 

8.Satisfaction as a user 49% 51% 58% 42% 

9.Satisfaction as a consumer 43% 57% 51% 49% 

10. Is product/service user friendly? 46% 54% 53% 47% 

11. Is product/service consumer focus 60% 40% 71% 29% 

12. International product is trustworthy. 38% 62% 49% 51% 
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V. ANALYSIS 

As the survey has been done among 400 people from whom only 380 responded. Among them approx. 52% 

were male and 47% were female. The larger section was between 18-24 years. 

The relevant changes can be seen in the table 2. As the usage of international product has increased by 8.98% . 

The user of online shopping has been increased by 6%. The daily activity of banking handling online has 

increased by 4.4% .The relatively big changes can be seen in the pre-discount coupons provided by the physical 
store i.e. 16.98%. As from the competition fear or so the physical stores are giving discount coupons to the 

customers as to attract more. Which in turn is beneficial for the consumers. On the other hand the pre coupons 

provided by the physical stores has increased by 5.01%. There is a relatively slight change in the improvement 

of product quality also which is margined by 12%. Moreover, the satisfaction of users has increased by 9% and 
of consumer has been increased 8%. Products/Services has became more user friendly as compared to previous 

year with that it has also increased quality, goodwill, performance by 11%. It can also be analysed that it 

became more trustworthy 9%. From the overall we can see that, there is a visible influence of international 

products on the habits, preference and taste of consumer. 

Because of improving technology and access now people are more prone to the foreign products/brands. 

VI. CONCULSION 
There are various factors considered for study and it was found that there is need to focus on the customer’s 

satisfaction. Firstly the quality of service plays an important factor for meeting customer satisfaction. Almost 

50% of the respondent is satisfied with the quality which is positive sign and there is rise in consumer 

satisfaction as compared to previous year. Secondly the factor of trust is important people are not much in 
favour of international products for monetary transaction for which the quality, safety and security needs to be 

taken care of. The area requires attention which will help to gain customer satisfaction. All said and done, with 

the growth in E-Commerce & Physical stores the future is bright, provided the product/service providers 

convince the users that it is a safe, handy and cost-effective for end user. 
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ABSTRACT  

Blockchain Technology is a very secure system of recording information. Information stored on a Blockchain 

system aims to ensure high transparency, data security, and integrity as it is very difficult to hack or cheat a 
blockchain system. A blockchain is basically a decentralized digital ledger of transactions that is duplicated and 

distributed across the entire network of computer systems that are on the blockchain system. Blockchain 

technology can bring about significant changes in the business environment as well as other sectors. This 
technology can change the way the business is perceived and it can transform the economy. The main 

application of Blockchain Technology is for cryptocurrencies such as Bitcoin. There are several other 

applications of Blockchain Technology such as in Government sectors, banking and finance industry, 

accounting and business process management, Heath Care sector, Education sector, etc. This study attempts to 

explore applications of blockchain, its opportunities and challenges, and also future applications of blockchain. 

Keywords:- Blockchain Technology, Ledger, Transactions, Smart Contracts, Database, cryptography 

I INTRODUCTION 

Blockchain technology is a computer protocol. It is used for recording and storing digital information on 
multiple computers in a secure way. An important element in Blockchain technology is Ledger which is similar to 

a relational database. A block in a blockchain is a list of digital records. These digital records are stored in an 

encrypted manner. Using a cryptographic signature, each block is chained to the next block in a linear order. A 
copy of the last transaction since the last block was added is also stored in the blocks [4]. The share block which 

is also called a ledger is linked to all the participants on 

the Blockchain system. Any update in the transactions is validated and confirmed by these participants, hence 

there is no need for third-party validation [4]. Blockchain stores and distributes data in a very secure manner. 
Blockchain can solely be updated by an accord between participants and a transaction cannot be changed or 

deleted [2]. 

Blockchain is a system which is decentralized and distributed. It cannot be hacked, altered, or disrupted as a 
traditional database with a user access control system. Data in the blockchain system is immutable. Even the 

system administrator cannot alter or delete the data on the blockchain ledger since the data stored in the 

blockchain is time-stamped and is stored in a chronological order using a cryptographic signature. 

A. Characteristics of Blockchain Technology 

Following are the characteristics of Blockchain:- 

1. Blockchain is distributed ledger. 

2. It is decentralized data management system. 

3. Blockchain aims at data security, transparency, and data integrity. 

4. Data on the Blockchain system cannot be tempered. 

5. Data on Blockchain cannot be forged. 

6. There is no risk of centralized data failure. 

7. Blockchain has high efficiency and low cost. 

B. Types of Blockchain 

There are many types of Blockchains, out of which three important types are:- 

1. Public Blockchain 

2. Private Blockchain 

3. Consortium Blockchain which is also called Hybrid Blockchain 
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1) Public Blockchain 

In a public blockchain, anyone can do transactions on the system. These transactions are transparent and 

anonymous. Bitcoin is the best example of a public blockchain. Public Blockchain is decentralized. Since the 

transactions are anonymous, this type of blockchain is vulnerable to attacks.[4] [8] 

2) Private Blockchain 

In Private Blockchain, all the members in the system are known. Participants cannot read or write in the 
blockchain system unless they have permission or an invitation from the other participants to join the network. 

Transactions in private blockchain are secret. Private blockchains are used by large companies. For example, 

there can be a private blockchain for a bank wherein there can be restricted access to its various stakeholders.[4] 

[8] 

3) Consortium Blockchain 

Consortium Blockchain is a hybrid of both Private and Public Blockchain. If consortium blockchain is chosen 

by an enterprise then it can have its own private blockchain network to share among the participants.[4] [8] 

II APPLICATIONS OF BLOCKCHAIN 

A. Smart Contracts 

Smart Contract is a computerized protocol that acts like any ordinary contract. It is written in computer code 
and it is executed in Blockchain environment. [3] The most important implementation of Blockchain 

technology is creating fully automated smart contracts. These types of contracts do not have any human 

involvement. Smart Contracts are used in Entertainment industries to ensure that royalties of music or film are 

transferred to everyone involved in a transparent way. Smart Contracts are used in Healthcare sector to maintain 
synchronization between payers, providers and drug manufacturers. Smart contracts are also used in Insurance 

sectors. Insurance products can be automated by use of Smart contracts. Error or fraud in insurance sector can 

be minimized using Smart Contract. 

B) Implementing e-Government 

Blockchain is a very secure system. It records all the transactions on a distributed ledger which increases 

transparency, it also prevents fraud, has data integrity. Hence, blockchain has an important application in 

Government. The use of blockchain in government operations will increase efficiency which will lead to an 
increase in trust in the public sector. Thus, using a distributed ledger in the government sector is a way to 

improve the transparency of the budget process, and also it reduces corruption factors. 

C) Financial industry 
Blockchain technology has great potential to reduce the cost of transactions. It can reshape the economy. 

Blockchain was developed for Bitcoin. Bitcoin is the most popular decentralized digital currency.[5] Blockchain 

when used in the banking sector can solve lots of problems related to exchanging of data and money. [8] 
Blockchain provides services in a secured manner and in a low cost. Hence, if blockchain is used in financial 

settlements then it will also increase the reliability of financial statements. 

III ADVANTAGES OF BLOCKCHAIN TECHNOLOGY 

Data integrity: - Data in the Blockchain system is immutable. Once the data is stored, it cannot be altered or 

deleted by individual participants. It can only be done with consensus from all the participants. [7] 

Reliability: - There is no single point of failure in blockchain due to which it is highly reliable.[8] 

Security: - All the transactions on the blockchain system are time-stamped with a cryptographic digital 

signature. This signature is a unique 64-digit alphanumeric hash code. [7] 

High Availability: - Since blockchain technology is a decentralized system, the data is highly available and 

accessible. Decentralization: - Blockchain is a decentralized system. It eliminated the involvement of any third 

party which reduces the overhead cost. [6] 

Transparency: - All the transactions done on the blockchain systems are transparent. 

IV CHALLENGES IN BLOCKCHAIN TECHNOLOGY 

Cost:- Blockchain has an initial setup cost. The users have to pay for tall transactions taking place on Blockchain. 

Latency issue:- Blockchain has a complex verification process. It is not appropriate for massive transactions, as 

these transactions will take a lot of time to complete. 
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Integration issues:- Blockchain is a completely new technology. It requires a lot of changes in the existing 

system to incorporate blockchain. 

V CONCLUSION 
Blockchain technology has high potential in solving problems related to data integrity, data security, 

transparency. The use of blockchain in various fields can enhance security and prevent fraud. Blockchain has a 

wide range of applications in the health sector, entertainment industry, insurance sector, financial sector, 
education sector. If properly used, blockchain can bring about a revolution in these sectors. Blockchain can give 

innovative solutions to the problems faced in these fields. However, the implementation of blockchain can be 

costly as well as time- consuming. Integration of blockchain with the existing system can also be challenging. 

Blockchain won't replace the existing system anytime soon but it can be a complementary application to the 

existing system. 
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ABSTRACT 
The learners of today are different and digital learning is the key to students' long-term success. Variety of 

reasons might be the cause. When we understand below and get your classroom in order for this new wave of 

education, Digital learning is appearing as the panacea for all sorts of problems that ail the education sector. 
By embracing digital devices and connected learning, colleges can not only connect to one another to boost 

learning or share insights, experience, and communications skills, but it also lets teachers enjoy a level playing 

field, where all types of colleges have access to the same learning and opportunities. Digital mode of 
assessments provides students fast feedback on their understanding, permitting both students and instructors 

focus their efforts on where further understanding is most required. 

Keywords— Digital learning, education, digital Devices 

INTRODUCTION 

Digital curriculum is not one time investment. The syllabus content also must be regularly upgraded when 
technologies change. Technology change will have an important impact on existing content. This situation is 

similar to what corporate had to deal with when device manufacturers stopped supporting their flash-based e-

Learning content, and HTMLS came to the foray. Digital learning in colleges is going to rise in future as more 
and more colleges adopt it, but it has its fair share of challenges. Colleges that adopt digital learning and new 

technology need thorough information on challenges they can face. 

EMERGING TRENDS OF DIGITAL EDUCATION 

2.1 DIGITALIZED CLASSROOM/FLIPPED CLASS ROOMS A GROWING TREND 

A complete revolution is needed to see the new change. Teachers teaching in the classroom can capture the 

students and the fall strength in the class by digital screens. Thus, facilitating each child to get the same has 

come and input from the teachers. This digital technology has increased the student involvement as it involves 
the various instructional styles. Each madent gets it ca to world-class education, which is not easy to impart by 

the traditional white chalk and black board teaching. This new way of learning environment is compiled more 

personalized interest of student and giving more joy in the learning. With this technological inclusion in the 
college teaching the students study as enjoyable, easy, competent and above all interesting. The aim of a teacher 

however should be to create such an atmosphere which makes every student wants to study. 

2.2 Video based learning. 

Video-based learning has compounding with digital marketing has setup in Indian Education Sector and has 
made education engaging, entertaining and exploring. This system provides students learning leisure period 

with flexible timings as per the suitable timing enabling his creativity, fun using very interesting Apps, 

podcasts, videos, interactive software, e books and online interactive electronic boards. Children are excited and 
operative with interest to manage the showcase via their intelligence, exploring the weak teacher skills of 

teachers and assist them in public with pride and honour and recognition 

2.3 Massive open online course (MOOCS) & other distance learning programs. 
A huge amount of open online course (MOOC) is a web-based system enabled huge participation and open 

access via the online. India is taken into account to be the most important mark for MOOCs within the world 

after the USA. If we consider the population of India which is massive and availability of large open online 

course (MOOC) have opened the gateways for tons of Indians in terms of bringing an academic revolution. 
Online distant learning programs provides a great opportunity to avail top quality learning with the assistance of 

internet connectivity 

III -ADVANTAGES OF DIGITAL LEARNING 
Digital Learning has become very popular with time. The following are the advantages of Digital Learning: 

Physical Boundaries Digital Learning has to locational and time restrictions. In case of face-to-face learning, the 

location limits the group of learners to those who have the ability to participate in the area. But this is at the case 
in digital learning. In digital learning, there is no physical restriction and the learner can attend the sessions 

anytime, anywhere according to his/her comfort.  Digital learning enabling the involvement of students more as 

compared to traditional learning method. Through digital learning, a course is often designed during 
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a way that creates it interactive and fun through the utilization of multimedia. Even, the more recently 

developed methods of gamification are often wont to enhance the engagement factor. 

3.1 Cost Effective Digital learning is cost effective way of education as compared to traditional learning. 
In digital learning, here is a god chance that you don't have to pay exorbitant amounts of money to acquire 

textbooks for college or college. As textbooks often become obsolete after a certain period the time, e-

learning is definitely a cost-effective way of learning because of the reduced cost. It can be established in 
digital learning as you can study at the time that suits you. In digital education, the student can study at 

the time of own comfort. 

CONCLUSION: 

Using Digital Learning based technology has never that easy to improve learning in all levels and all for all 
people of different areas. By use of technology, new changes in licensed educational resources has improved, 

and by using tools it removed difficulties in all time learning process Improved class room teaching and 

learning standards thus allowing all learners to access resources with sufficient expertise in planning tools to 
execute them thoroughly. Teachers who are well familiar with teaching learning system can play a lot bigger 

role in development of such tools. These tools will add the knowledge, skills, and competencies of educators. 

With aid of such tools like learning dashboards and collaboration and communication helps to connect teachers 
and families with more ease. All this is possible only by a strong dedication and inclination to learning for 

change. It also helps every stack holder in the teaching and learning system to improve learning for students. 

Overall, the use of technology gives the good outcome to support in teaching and learning process. 
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ABSTRACT 

In Indian economy a new plant took root i.e., Corporate Social Responsibility. From last Century Indian 

Companies engaged in such activities. Private organizations & Government also try to collaborate for social 
benefits. Social Responsibility activities are initiated to earn trust & goodwill in Society. Still social Responsibility 

is just a welfare scheme launched by firms. Many Public ltd. companies are profoundly engaged in such 

activities & try to fulfil their responsibility towards society. There Applicability in accounting system is rare. 

As per Companies Act 2013 section 135, Companies fulfilling eligibility criteria must spend at least 2% of their 

net profit of three preceding financial years towards corporate social responsibility activities. It is found that 

their applicability in financial statements is still confusing. This research paper tries to clear the idea about 

accounting applicability of social responsibility perform by Indian companies & also Challenges faced by firm 

in accounting applications. 

Keywards: Corporate Social Responsibility, Responsibility Accounting Philanthropy, Company Act 2013 

I. INTRODUCTION 

Every business is an important part of the society, Business depends on society for the resources required to them 
hence they must understand the responsibilities towards the society. From last century, many organizations try to 

initiate in social responsibility of their firm by handling some of the social issues of Indian society. 

Corporate social responsibility of the companies is philanthropic in nature but with the changing scenario the 
nature of CSR is also changing. It has many folds like Economic, social cultural& charitable. The meaning of 

social responsibility is also changing day by day. Now we can say that it is continue commitment of business firm 

to behave ethically & contribute toward economic development keeping social responsibility in mind. 

Social responsibility accounting is a framework created to analyze the companies’ social performance. It is 
mandatory for every company to contribute towards social responsibility through various activities. India is one 

of the countries in the world who make it compulsory. Still, some of the companies are unaware about it. 

A per company Act 2013, section 135 it is mandatory for Indian companies as well as foreign companies who 
have branch or project in India spend at least 2% of their average Net profit in every financial year preceding to 

three financial years towards CSR & also disclose it in their accounting reports like Profit & loss account, cash 

flow statement etc. 

II. DEFINATION Corporate social responsibility 
CSR means companies sense of responsibility towards the community & environment (both social & ecological) 

in which it operates. It is also called as corporate conscience, corporate citizenship or responsibility business. It 

is a form of corporate self- regulation integrated into a business model. It is based on four-fold economic, social 

cultural & philanthropy. 

Responsibility accounting 

It is a practice of integrating non-financial measures into financial reporting. It is also called as sustainability 
accounting. It consists various enclose terms like social accounting & auditing, environmental accounting, 

social responsibility reporting, non-financial reporting. It can be disclosing as per prescribed manner in accounts 

too. 

Philanthropy 
It means the love & humanity in the sense of caring, nourishing, developing, enhancing, what it means to be 

human. In business terms it is a initiative for material gain for society in terms of charity. But not all charity is 

philanthropy because charities aim to relieve pain but philanthropy address the root cause of problem. 

Company Act 2013 Section 135 Schedule vii 

The company act 2013 lay down a framework for all companies meeting the prescribed criteria to contribute 2% 

of their average net profit made during three immediately preceding financial year for CSR 
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CSR Activities In cash Yet to be paid total 

1.construction/acquisition of any asset    

2.on purpose other than above    

CSR in India 
Among other countries, India has one of the oldest purpose. This CSR rule will be for companies including 

foreign companies having branch or project in India meeting criteria like turnover exceeding to 1000 crore, their 

net worth more than 500 crore & annual net profit exceeding 5 crores. This will start effecting from 1st April 

2014. 

Disclosure in accounts 

CSR can be disclosing in Profit & loss account debit side as CSR expenditure. Break up should be shown in note 

as follow: 

Disclosure to be made in notes to the cash flow statement (where applicable) 

Details of related partly transactions 

e.g., Contribution to trust controlled by company in relating to CSR expenditure as per section 18 related partly 

disclosure. 

III. SIGNIFICANCE 

It is found that social responsibility cannot be properly elaborated by companies. Many companies perform 

corporate governance or business ethics in business & think that they fulfill their responsibilities towards society. 
Many companies still in confuse state about applicability in their accounting system. They also unaware about 

the disclosure of CSR in accounting reports. This paper may help them to overcome their confusion. It will help 

to measure the performance at different parameters. 

CSR in World 

World aware about the CSR from last century. In early 50’s many European countries try to promote green 

consciousness in society. They also develop green movements for the people. Whereas in western in countries 
CSR is restrict up to business ethics, they look after their workforce care about them. Many US & European 

companies dismissed CSR as imperialist construct as much as luxury. Asian & Latin American countries awake 

thereafter. 

In recent decade, India & Brazil have taken lead in making business which adopts policies based on social 
responsibility & environmental consciousness. United Nations play a significant role in CSR. They create 

universal acceptance of idea of CSR. 

Traditions of CSR. Indian companies aware about social responsibility from late 18th centuries in India have 
five phases. The FIRST PHASE diverges by charity & philanthropy. The SECOND PHASE will be 

influenced by Mahatma Gandhi’s Trusteeship theory. The THIRD PHASE of CSR is from 1960-80 where 

mixed economy found. Various law relating to labour & environmental standards came into existence. The 
FOURTH PHASE starts from 1980 till 2013.Indian companies started CSR as integrated business strategy. The 

term like Globalization, economic liberalization was undertaken whereas close attention towards CSR activities 

growing. In Current Phase industries like TATA, Mahindra & Mahindra, Infosys, Coca cola contribute in 

society through various activities like Trust, NGO’s, Maternal & child health, Diseases like AIDS, sports & 

academic like arts & cultural education to children in society. 

IV. OBJECTIVES 

1. To understand the term social responsibility accounting briefly. 

2. To study various changes in regulatory framework lay down by Company Act 2013. 

3. To aware Indian companies towards applicability as social responsibility accounting & their disclosure in 

accounting system. 

4. To provide information about framework of SRA. 

5. To examine whether the selected companies disclosing CSR expenditure under report. 

6. To examine the funding mobilization for responsibilities by companies. 

7. To compare the CSR practices of selected companies in India. 
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V. METHODOLOGY 

The research is a descriptive in nature based on secondary data. The annual reports of selected companies used 

for the data required for research. Financial year 2015-16 have been considered for it. A sample of 5 companies 

has been chosen for the study. Random sampling method has been used. 

VI. HYPOTHESES 

1. All selected companies are not disclosing environment expenditure under CSR report. 

2. CSR expenditure has been varied depending on Net Profit/loss of the company. 

VII. ANALYSIS AND INTREPRETATION OF DATA: 

CSR and Environment Expenditure for 2019-20 

(  In Crore) 

Name of the Company Net Profit CSR 

Exp to be 

incurred 

CSR 

exp actually 

spent 

Bharat Heavy Electricals Ltd. 1649.80 Nil 15.27 

Bharat Petroleum Corporation Ltd (BPCL) 11940 238.8 925.9 

Coal India Ltd. 11280.88 225.62 194 

Hindustan Petroleum Corporation Ltd. 2637.26 52.75 182.84 

Indian Oil Corporation Ltd. 21762 435.24 5433.78 

(Source-Compiled through Annual Report) 

Table shows that Bharat Heavy Electricals Ltd. had spent more on CSR expenditure than budgeted 

CSR expenditure whereas Net Profit was be negative still they spent on CSR expenditure i.e., Rs.15.27 crore. In 

case of Bharat Petroleum Corporation Ltd (BPCL) the budgeted CSR expenditure is Rs.238.8crore still company 
has spent Rs. 925.9 crore. The budgeted CSR expenditure of Coal India Ltd is Rs.225.62 crore & in actual they 

spent Rs. 194 crore. and Hindustan Petroleum Corporation Ltd. spentRs. 182 crore which is more than 

budgeted. Indian Oil Corporation Ltd. spendRs. 5433.78 crore which is way more than budgeted. 

VII. RESULT OF HYPOTHESES 

1. All selected companies disclosing CSR expenditure in their annual report. 

2. Annual report of the all-selected companies and analyses and on that basis, hypothesis is accepted.  

3. After comparing CSR report of selected companies, it shows that companies had spent more on CSR as 

compare to budgeted CSR. 

VIII. CONCLUSIONS AND FINDINGS 

CSR is a developing process in country like India. Companies is aware about The CSR & their spending. Still 
companies try to disclose in their accounting system properly. Government & private firms’ collaboration is the 

necessity of the current scenario of CSR initiatives. It found difficult for the single firm to bring changes in 

society. It is collaborative work where all take initiatives in it. 

The selected companies are disclosed their CSR activities to the activities referred to in Schedule VII of 
Companies Act. 2013. All eligible companies included CSR expenditure in the specified format in their annual 

reports. All companies spend more for the CSR against their budgeted CSR whereas they have Net profit or net 

loss. 

Corporate social responsibility accounting is an effective tool to communicate company’s social responsibility 

practices to interested and connected parties. The findings of the study show that more than 70% companies out 

of selected companies have initiated some good social projects and disclosed CSR expenditure under annual 

report. 
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ABSTRACT 

All very much familiar with using complex valued functions during process of expansion in day to day life. In 

this research paper ,we will see the importance of elementary complex valued functions like trigonometry 
function, exponential function and logarithmicfunction. However, we will see how one can make multiple 

trigonometry formulae using least number of formulae.  Also, we will try to understand relationship between 

trigonometry functions and hyperbolic functions. Trigonometry function and hyperbolic function play a very 

energetic role while establishing their relationship. 

Keywords:“i”, Complex variable, Trigonometric function. 

I INTRODUCTION 

In this paper, we try to understand how the relation between different complex valued functions which are used 

for analyticity. Here, we are going to establish relation between trigonometry function, hyperbolic function and 
also we will try to understand hyperbolic function and logarithmic function. Trigonometry functions are most 

beautiful complex valued and essential functions for understanding any concepts of complex analysis.  

Also one can construct all factorisation and De-factorisation formulae of a trigonometric functions . 

II PROBLEM/STRUCTURE 

A. A. Trigonometric function: 

We‘ve very fruitful Euler’s formula as 

𝑒𝑖𝜃=(𝑐𝑜𝑠𝜃 + 𝑖 𝑠𝑖𝑛𝜃) and 𝑒−𝑖𝜃 = (𝑐𝑜𝑠𝜃 − 𝑖 𝑠𝑖𝑛𝜃)     (1) 

Therefore we ‘ve  𝑒𝑖𝑧=(𝑐𝑜𝑠𝑧 + 𝑖 𝑠𝑖𝑛𝑧)     and  𝑒−𝑖𝑧=(𝑐𝑜𝑠𝑧 − 𝑖 𝑠𝑖𝑛𝑧)                 (2) 

After adding equations of (2) we get  𝑐𝑜𝑠𝑧 =
(𝑒𝑖𝑧+𝑒−𝑖𝑧)

2
and subtracting equations of (2) we get  𝑠𝑖𝑛𝑧 =

(𝑒𝑖𝑧−𝑒−𝑖𝑧)

2𝑖
  

. 

𝑠𝑖𝑛𝑧 =
(𝑒𝑖𝑧−𝑒−𝑖𝑧)

2𝑖
    is called as complex sine function and 𝑐𝑜𝑠𝑧 =

(𝑒𝑖𝑧+𝑒−𝑖𝑧)

2
   is called as complex cosine 

function.Complex sine and cosine functions yield following identities: 

 sin2(z) + cos2(z) = 1,for all z∈ ℂ.(3) 

1+tan2 (z) = sec2(z), for all z∈ ℂ.          (4) 

1+cot2(z) = cosec2(z), for all z∈ ℂ.        (5) 

B. Hyperbolic function: 

Complex sine hyperbolic function given by 

sinh (𝑧) =
(𝑒𝑧−𝑒−𝑧)

2
      (6) 

And Complex cosine hyperbolic function given by cosh (𝑧) =
(𝑒𝑧+𝑒−𝑧)

2
   (7) 

By replacing “𝑧” of equation (6) by “𝑖𝑧”  we get relationship 𝑠𝑖𝑛(𝑖𝑧) = 𝑖. 𝑠𝑖𝑛ℎ(𝑧) and also replacing “𝑧” of 

equation (7) by “𝑖𝑧” we get relationship 𝑐𝑜𝑠(𝑖𝑧) = 𝑐𝑜𝑠ℎ(𝑧) . 

C.Exponential function: 

Let 𝑧 = 𝑎 + 𝑏𝑖 be any complex variable where “𝑎” is real part of 𝑧 and “𝑏” is an imaginary part of z . 

𝑒𝑧  is called as complex exponential function,where “z” is a complex variable. 

𝑒𝑧 = 𝑒(𝑎+𝑏𝑖)=𝑒𝑎.𝑒𝑏𝑖=𝑒𝑎( 𝑐𝑜𝑠𝑏 + 𝑖𝑠𝑖𝑛𝑏) from equation (1). 

We have following properties of exponential functions: 
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Let 𝑧1=𝑎1+𝑏1𝑖 and 𝑧2 = 𝑎2 + 𝑏2𝑖 be complex variables. 

(a) 𝑒𝑧1.𝑧2=𝑒(𝑧1+𝑧2), for all 𝑧1 ,𝑧2 ∈ ℂ. 

(b) 
𝑒𝑧1

𝑒𝑧2
= 𝑒(𝑧1−𝑧2),for all 𝑧1 ,𝑧2 ∈ ℂ. 

(c) The modulus of complex exponential function 𝑒𝑧  is equals to 𝑒𝑎 . 

(d) An argument of complex exponential function 𝑒𝑧  is equals to(𝑏 + 2𝑘𝜋), 𝑓𝑜𝑟 𝑘 = 0, ±1, ±2, … … . 

i.e  arg(𝑒𝑧)= (𝑏 + 2𝑘𝜋), 𝑓𝑜𝑟 𝑘 = 0, ±1, ±2, … … . 

D. Logarithmic function: 

A logarithmic function of non-zero complex variable 𝑧 = 𝑟𝑒𝑖𝜃 ,where (-𝜋 < 𝜃 ≤ 𝜋) is given by 

𝑙𝑜𝑔(𝑧) = 𝑙𝑛(𝑟) + 𝑖(𝜗 + 2𝑘𝜋) , for  𝑘 = 0, ±1, ±2, … … . 

We’vefollowing properties related to logarithmic function as follows: 

Let 𝑧1=𝑎1+𝑏1𝑖 and 𝑧2 = 𝑎2 + 𝑏2𝑖 be complex variables. 

(a) 𝑙𝑜𝑔(𝑧1. 𝑧2) = log(𝑧1) + log (𝑧2) 

(b) 𝑙𝑜𝑔(
𝑧1

𝑧2
) = log(𝑧1) − log (𝑧2) 

(c) The modulus of non-zero complex variable 𝑧 =r𝑒𝑖𝜃 is equals to r. 

(d) 𝑎𝑟𝑔(𝑧1. 𝑧2) = arg(𝑧1) + arg (𝑧2) . 

RESULTS 

For trigonometric function we are having following results as follows: 

Let 𝑧1=𝑎1+𝑏1𝑖 and 𝑧2 = 𝑎2 + 𝑏2𝑖 be complex variables in ℂ. 

a) 𝑠𝑖𝑛(𝑧1 + 𝑧2) = sin(𝑧1) cos(𝑧2) + cos(𝑧1) sin (𝑧2) 

b) 𝑠𝑖𝑛(𝑧1 − 𝑧2) = sin(𝑧1) cos(𝑧2) − cos(𝑧1) sin (𝑧2) 

c) 𝑐𝑜𝑠(𝑧1 + 𝑧2) =  cos(𝑧1) cos(𝑧2) − sin(𝑧1) sin (𝑧2) 

d) 𝑐𝑜𝑠(𝑧1 − 𝑧2) =  cos(𝑧1) cos(𝑧2) + sin(𝑧1) sin (𝑧2) 

e) 𝑡𝑎𝑛(𝑧1 + 𝑧2) =
tan(𝑧1)+tan (𝑧2)

1− tan(𝑧1)tan (𝑧2)
 

f) 𝑡𝑎𝑛(𝑧1 − 𝑧2) =
tan(𝑧1)−tan (𝑧2)

1+ tan(𝑧1)tan (𝑧2)
 

g) 𝑠𝑖𝑛(2𝑧) =  2 𝑠𝑖𝑛(𝑧) 𝑐𝑜𝑠(𝑧),for all z∈ ℂ. 

h) 𝑐𝑜𝑠(2𝑧) = cos2(z) −  sin2(z) , for all z∈ ℂ and many more formulae can be formulated using these 

formulae. 

For hyperbolic function we are having following results as follows: 

Let 𝑧1=𝑎1+𝑏1𝑖 and 𝑧2 = 𝑎2 + 𝑏2𝑖 be complex variables in ℂ. 

a) 𝑠𝑖𝑛ℎ(𝑧1 + 𝑧2) = sin ℎ(𝑧1) cos h(𝑧2) + cos ℎ(𝑧1) sinh(𝑧2) 

b) 𝑠𝑖𝑛ℎ(𝑧1 − 𝑧2) = sin ℎ(𝑧1) cos h(𝑧2) − cos ℎ(𝑧1) sinh(𝑧2) 

c) 𝑐𝑜𝑠ℎ(𝑧1 + 𝑧2) =  cos ℎ(𝑧1) cos h(𝑧2) − sin ℎ(𝑧1) sinh(𝑧2) 

d) 𝑐𝑜𝑠ℎ(𝑧1 − 𝑧2) =  cos ℎ(𝑧1) cos h(𝑧2) + sin ℎ(𝑧1) sinh(𝑧2) 

e) 𝑡𝑎𝑛ℎ(𝑧1 + 𝑧2) =
tan h(𝑧1)+tanh(𝑧2)

1− tanh(𝑧1)tanh(𝑧2)
 

f) 𝑡𝑎𝑛ℎ(𝑧1 − 𝑧2) =
tanh(𝑧1)−tanh(𝑧2)

1+ tanh(𝑧1)tanh(𝑧2)
 

g) 𝑐𝑜𝑠ℎ2(𝑧) − 𝑠𝑖𝑛ℎ2(𝑧) = 1,for all z∈ ℂ. 
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h) 𝑠𝑒𝑐ℎ2(𝑧) + 𝑡𝑎𝑛ℎ2(𝑧) = 1,for all z∈ ℂ. 

i) 𝑐𝑜𝑡ℎ2(𝑧) − 𝑐𝑜𝑠𝑒𝑐ℎ2(𝑧) = 1,for all z∈ ℂ. 

Moreover, the complex exponential function 𝑒𝑧  is a periodic function with a period of 2𝜋𝑖 that is 

𝑒(𝑧+2𝜋𝑖)= 𝑒𝑧  ,as 𝑒2𝜋𝑖 =cos2𝜋+ isin2𝜋=1+i× 0 = 1 + 0 = 0. 
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ABSTRACT 
Day by day, preparation of the data becomes very fast and is kept at place called database. This data is 

processed easily and efficiently. In Database management system different operations like manipulation and 

maintenance are performed. It is important to secure the data for organization. If data has been protected from 
any database attack then it will be a secure data. Some security models have been developed for securing 

database and these databases are dealing with different issues. It is very difficult for securing database for 

selecting an appropriate model. In this paper I have made discussion on some of the attack and methods for 

avoiding it. To protect a database and maintain the security is very complicated task for companies. 

Keywords— Threats, Attacks, Security, Database, DBMS, Security 

INTRODUCTION 

We can define database as a collected work of processed data which is gathered on the system. Legitimate users 

are allowed to use saved data and analyze fast. It is may have a set of views, tables and queries. Within 
database, the stored data are organized which support the process that requires information storing and retrieval. 

To interact with database by using user interface we have  database management system. As per many IT 

experts, many peoples from industries doesn’t know which tables and columns has sensitive data as they might 
have handling any other application. Though we have complete knowledge of the database, it will be very hard 

to protect our data. Hence we can say that database security means securing data against any internal or external 

attack. It involves different types of controls regarding to administrative, technical and physical control. 
Protecting confidential data stored in database comes under database security. There are many layers of security 

in database as system administrator, database administrator, security officer, developers and employee and 

security can be broken at any of these levels only 

II. DATABASES THREATS 
Now a days technologies are being developed so different kind of attacks are existing for the databases. Firstly 

we will discuss about the existing attacks on databases and then will focus on techniques to secure our 

databases. 

Excessive privileges- 

In this technique the authorized user may misuse the privilege for unauthorized task. Misuse of privileges may 

comes as Excessive privilege abuse, unused privilege abuse and legitimate privilege abuse. This type is more 

dangerous as authorized user are making misuse of data and creates  more risk. These authorized peoples may 

be company employee or ex-company employee 

Countermeasures- 

1. It can be stop by providing proper audit trail. 

2. By using access control  policy do not grant unnecessary privileges to all users 

SQL Injection- 

In most of the cases the data supplied by user as an input is used to dynamically build sql statements and it 
directly affects the databases.  In SQL injection the original intent of any application is manipulated  by the 

attacker and supplied to database directly. We can divide SQL Injection in two ways as- 

SQL Injection and NOSQL Injection 

Countermeasures- 

i. Try for implementing MVC architecture 

ii. Instead of direct queries make use of stored procedure. 

Malware- 

Different types of malwares, spear phishing emails can be used to penetrate organization and steal data. Without 

knowing of malware attack the legitimate user becomes a medium for these groups to access network and data 

of organization. 
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Countermeasures- 

To avoid malware we have to enable firewall protection and install antivirus. 

Weak audit trail- 

Organization having weak database audit mechanism will increase risk in all levels. Most of this audit 

mechanism are unaware of the end user as all activities are associated with the users account name. Visibility, 

reporting and forensic analysis are vulnerable as there is no proper link to specific user. And finally with 
knowing or unknowingly the legitimate user with administrative access to database can turn off native database 

auditing to hide his fraudulent activities. 

Countermeasures– 

Always offer granular data collection and use network based audit appliances. 

Weak Authentication- 

In this attackers can assume the identity of legitimate database users. In this a specific attack includes brute 

force attack, social engineering attack etc. 

Unmanaged Sensitive Data- 

Many times the company employees may forget the passwords for old backup databases. This may contain any 

sensitive information. In such case this will exposed to threats  if specific controls and privileges are not 

implemented properly 

Countermeasures of unmanaged Sensitive Data 

i. The sensitive data in the database must be encrypted. 

ii. Controls and permissions to the databases must be required to implement. 

G. Denial Of Service- 

It is a general type of attack which contains denial of access to network application or data to intend user. 

Countermeasures- 

Apply a network Intrusion Detection System (IDS) as it can automatically detect and respond to SYN attacks. 

III.CONTROL METHODS FOR DATABASE THREATS 

To protect and remove the threats every organization should have certain security policy which must be 

implemented. In this policy the authentication is important because if it is proper then the threats will be 

minimum. Following are some methods by which we can secure our database. 

A. Access control- It is basic fundamental services which any database should have. It is used to protect the data 

from unauthorized read and write operations. This policy ensure that all communication to the database and 
other system objects must follow this policy. Controlling includes file permission, program permission and data 

rights. 

B. User Identification /Authentication- in this technique it is required that you should identify your users and 
this identification must be done prior to their privileges and access rights determination by you. It is very basic 

method since it ensures the security of identification process of definite set of peoples who access the data. This 

identification helps to secure the sensitive data and protect it from being modified by unauthorized user.  

Attacker can take different approaches like bypass privilege escalation, Default Password, authentication, 

Password Guessing by brute force and rainbow attack . 

C. Accountability and auditing- it is used to monitor and record actions related to configured database. It is also 

used to maintain an audit trail for user action performed in system. It is used to ensure the physical integrity of 

the data so that database is handled through auditing and for keeping the records. 

D. Encryption- in this the information is converted into a cipher text so that nobody can read it except those 

people who has it’s key for cipher text. This cipher or encoded text is called as encrypted data. 

IV. CONCLUSION 

Finally summarizing all this, access protection starts with user who can access data and what type of data 

attackers want to access.  The topics discussed here gives the information of different threats and it’s security 
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issues of databases. This paper focused on threats and its possible counter measures that can be possible to 

secure data in databases. 
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ABSTRACT 
As of late, Bitcoin has acquired exceptional attention both from industry and the scholarly community. The 

fundamental technology that empowers Bitcoin (or all the more for the most part cryptographic money) is 
called blockchain. At the center of the blockchain innovation is a datastructure that keeps record of the 

exchanges in the network.The uncommon component that recognizes it from existing technology is its 

permanence of the put away records. To accomplish immutability,it utilizes agreement and cryptographic 

systems. 

Keywords:- Blockchain, Distributed Database, Implementations of  Database 

I INTRODUCTION 

A blockchain is really a data set since it is a computerized record that stores data in information structures called 

blocks. A data set in like manner stores data in information structures called tables. Be that as it may, while a 
blockchain is a data set, an information base isn't a blockchain. They are not compatible it might be said that 

however the two of them store data, they contrast in plan. There is additionally a distinction in reason between 

the two, which is maybe what isn't obvious to the individuals who need to comprehend why blockchains are 

required and why data sets are more qualified for putting away certain information. 

Database 

A conventional data set is an information structure utilized for putting away data. This incorporates information 
that can be questioned to assemble bits of knowledge for organized revealing utilized by substances to help 

business, monetary and the executives choices. Government additionally utilize information bases to store huge 

arrangements of information which scale to a great many records. 

Blockchain 
A blockchain stores data in uniform estimated blocks. Each square contains the hashed data from the past 

square to give cryptographic security. The hashing utilizes SHA256 which is a single direction hash work. This 

hashed data is the information and advanced mark from the past block, and the hashes of past blocks that goes 
right back to the absolute first square delivered in the blockchain called a "beginning square". That data is gone 

through a hash work that then, at that point focuses to the location of the past block. A blockchain information 

structure is an illustration of a Merkle Tree, which is utilized as a proficient method to confirm information. 

Blockchain Database : 
A blockchain information base uses blockchain innovation to make an unchanging record of exchanges. 

Blockchain innovation depends on shared decentralized exchanges implying that it is a dispersed record. This 

offers more noteworthy security and eliminates the requirement for any single controlling element that holds 

organization rights over the data set. [4] 

The information structure includes information being recorded in blocks. As each new square or exchange is 

recorded, it is added to the past one to shape a chain of information records or a blockchain. Subsequently, a 
blockchain contains each exchange recorded since the record was begun.A blockchain as a data set can contain 

any data, be that as it may, blockchains are not actually acceptable at putting away immense measures of 

information because of organization constraints and cost, and so forth On account of the open-source digital 

currency Bitcoin, just data like proprietorship, a timestamp, and other little subtleties are recorded in the 

record.[5] 

II  HOW TO  IMPLEMENT A BLOCKCHAIN  DATABASE 

A) Operational  Blockchain  Data Store With Enterprise 
An operational data store (ODS) is utilized for functional announcing and in deciding.In our joined 

circulated/blockchain stack data set, the functional information will address all    the data being gotten from 

business measures that are not associated with the blockchain   data set. To consolidate the blockchain highlight 
of decentralization, the information base  should be constrained by at least two directors, every one of whom is 

working from an  alternate area.  On account of an organization situated in a solitary country, these heads could 
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be situated in  two separate workplaces, while on account of a worldwide, they could be situated in various  

nations.[1] 

B) Non-Operational Blockchain Data With Enterprise 
To work with customer admittance to the information base, a non-functional methodology is  required. This 

methodology includes setting up mediators who can get to the data hung on  the blockchain data set and send it 

to clients.While customers would not have the option to get to the data set itself, they would in any case have 
the option to get the data contained in  the information base. A vital advantage of this methodology is the short-

idleness time frames when contrasted with a standard blockchain information base.]2] 

C) Operational Blockchain Data With Consortium 

The consortium approach is more in accordance with customary blockchain philosophy. A  consortium could be 
comprised of however many people or organizations as is required.  This would guarantee that the information 

base was totally decentralized and that nobody individual or organization kept up with control. Every one of the 

organizations would go  about as individual hubs and subsequently be needed to keep up with the data set. Such 

a  methodology is ideal for store network the board and so forth.[3] 

d) Non-Operational Blockchain Data With Consortium 

Indeed, delegates would be set up to permit customers to get to the information held in the  data set. 
Organizations that hold individual information or deals data that may be needed  by   outside gatherings and 

subsidiary associations, who are not approved to get to the data set  straightforwardly, would profit with such a 

data set execution model. 

IV  CONCLUSION 
We are seeing the growth of blockchain applications reaching far beyond the initial craze of Bitcoin. A 

consequence of the fast adoption of the technology is that, in many cases,a blockchain is often used as an 

architectural component in a large-scale distributed software system to store data, which not only vary widely in 
both format and content, but also express a range of complex application domain requirements.Therefore, 

carefully examining blockchains to understand and assess its capabilities and issues as a data store is a timely 

and relevant topic to the academic and industry communities who are looking to use the technology. 
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ABSTRACT 
The entire world is going through COVID pandemic situation. There is a need to have understandable and 

accurate display of related information. The conception can be implemented using interactive maps. Working 

on existing stages and planning easy to use and intelligent are among the significant undertakings to play out a 
precise representation of the data. Existing APIs are used to implement important resources of individuals. 

Equipment has been created which cautions the client at whatever point new cases, passing and recuperation 

happen. The deceivability of the information will be made available around the world.  It would help individuals 
to analyze data, take action, recognize errors in data and understand the trends. It would assist the authorities 

to drive their emergency reaction like imposing restrictions. This would help the public authority specialists to 

force a time limit or force explicit limitations on the concerned locale. Through this paper it is intended to 

decrease the spread of rumors. 

Keywords— Internet of Things, Conception, Real-time systems, styling, Data visualization, User interfaces, 

Application programming interfaces 

INTRODUCTION 

A new virus named Novel Corona virus which was first found in China. This virus has a family of extensive 
family of viruses. Common symptoms found in patients are cold, fever, cough and respiration problem. This 

virus gets transmitted from human to human through sneezing or coughing. Governments have set up 

emergency helpline numbers and spread awareness about it through social media. Officials are continuously 
updating Corona virus related information like affected population, deaths, hospital bed availability etc. through 

websites.[1] No cure, vaccine or synthesized drug is ready to fight this virus completely. 

A specific treatment approved by the World Health Organization (WHO) is not available to cure the 

novel coronavirus. Infected individuals should ensure that they take supportive care and improve 
their immune power to obtain symptom relief. If a person comes in contact with an infected person with positive 

symptoms of Corona virus, then health must be monitored for 4 weeks from the day of occurrence of the 

symptoms[2]. WHO has recommended quarantine period of 2 to 4 weeks, maintain minimum 1 meter distance 
between each other, avoid using common facilities, prefer well ventilated and sanitized room [3]. A picture 

means thousands of words, hence visuals captured by human brain lasts for a longer time. If a picture is created 

with relevant information then it can seek upto 65% of human attention. Hence pictures, videos, infographics 

plays a vital role in spreading awareness through webpages, social media handles etc.[4] 

Corona virus is continuing to spread globally with now more than 6000000 plus cases worldwide. The global 

death toll has surpassed 400000 plus. Hence, a dashboard was developed that would display real-time data. 

Hardware will send alerts as per updated activity. 

Block Diagram 

Dashboard 

 

Fig. 1 Web based dashboard 

A web based APP demands data via internet from the API and receives information at real time against the 

demand. 
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Hardware Scheme for alerts 

 

Fig. 2 Hardware Scheme 

The API is designed to post data on open source cloud like Thing Speak service. ESP 8266 (Node MCU) 

captures data from the API. An alert via E-mail is generated when new cases are reported. 

Case studies 

Some dashboards which exists and widely used are 

o World Health Organization Dashboard 

It represents WHO data in a user-friendly way to help keep communities safe, alert, and informed. The 

dashboard, which is interactive, is available in a desktop and mobile-friendly version. The dashboard’s beautiful 

and clean interface maps confirmed cases and deaths and highlights how the corona virus is spreading over time 

to provide an update on a community’s risks and to empower people to make knowledgeable decisions [5]. 

o COVID 19 India 

They are using state bulletins and official handles like Twitter and government websites to upgrade their 

numbers. Volunteers verify the data and push a Google sheet and an API [6]. 

Technology used 

For the development of real time dashboard, group of technologies and frameworks are used. It helps in 

developing WebApps, Apps and other related products. 

Dashboard 

ReactJS (JavaScript): React is a virtual Document Object Model that is properly structured and quite a user 

interactivity is handled by it. It has the final say on performance[7]. It helps in loading the web pages fast. 

REST API: Representational state transfer, called REST API (application program interface), is a set of rules for 

implementing Web services with a proper architectural style defined. It works as an interface between HTTP 

protocol systems to manage data handling. 

The system deployment requires few other APIs and libraries. 

Hardware 

A microcontroller board with WiFi feature suits best for this application like Node MCU. It is a 32 bit 

microcontroller board which can be easily connected to open source cloud and IFTTT. Arduino IDE is preferred 

to be used for programming it[8][9]. 

System Working 

The useEffect hook is used to retrieve the data from an API with Axios. Then it is stored in the local state 
variable with the state hook’s update functionality. Since state variables are updated after every change, the 

component automatically upgrades itself and the effect is called once more in action. It retrieves the data again 

and again. Thus, it automatically upgrades on the change of values in the API. 

 The data from the state variables are then passed to the region allocated by the map. Hence, vital 

information such as active death and recovery are accurately displayed onto the map. By clicking on the 

state, the district level view is visible along with the zone colour. As soon as the API is updated, it is 

automatically reflected. API used are 

 Total cases info API - corona.lmao.ninja/v2/all 

 Country-wise info API - 

 corona.lmao.ninja/v2/countries/ 

 India state wise info API covid19india.org/data.json 



International Journal of Advance and Innovative Research   
Volume 8, Issue 4 (IV) October - December 2021 
 

147 

ISSN  2394 - 7780 

 Indian district wise info API covid19india.org/state/ district wise.json 

 Indian district zone wise info API covid19india.org/zones.json 

 Indian resources district wise info API covid19india.org/resources/resources.json 

Algorithm1: 

a. Initialize the Node MCU module. 

b. Establish internet connection via WiFi. 

c. Check the connection established 

i If NO, go back to a 

ii If yes, then 

d. Retrieve data from cloud (worldometer.info) cases, deaths, recovery etc. 

e. Repeat after fixed interval 

 

Algorithm2: 

a. Initialize hardware setup (Node MCU). 

b. Establish internet connection via WiFi. 

c. Check the connection established 

i. If NO, go back to a 

ii. If Yes, then 

d. Trigger IFTTT WebHooks 

e. Push email to registered Email ID with cases, deaths and recovery. 

f. If values updated, go back to e else wait. 

IFTTT employs a simple trigger-event logic and works with a variety of services for triggers and events. 

Webhooks support GET and POST requests, with POST requests allowing for the sending of JSON data for 
more complicated events. The GET request is used in this scenario. The data that has been fetched onto node 

mcu is now available. IFTTT webhooks are triggered and notifications are sent when new cases, deaths, or 

recoveries occur. These notifications are sent via IFTTT's Webhooks service, which involves sending an email 

to the user with updates on cases, deaths, and recoveries. 

Advantages 

- Improved analysis 

• Areas can be labelled as COVID-19 hot spots or containment zones based on the number of cases and their 

frequency in a certain area. Longer lockdowns and more aggressive testing would be preferable in these regions. 

As a result, these studies can be carried out using the current configuration. 

- Immediate action 

• Given the current situation, government officials could order a complete lockdown or lift or relax some 

restrictions in some areas. 

- Recognizing patterns 

• Mathematical and data modelling tools may be able to provide genuine evidence and insights on the disease's 

transmission, severity, and intensity, which could aid in disease-fighting decision-making. 

• The patterns will aid in modelling disease transmission projections as well as assessing and designing control 

tactics. 

- Error detection 

• Errors can be identified by comparing the numbers to other sources and references. 
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• Transparency would be improved, and the storey would be more accessible to the general public. 

- Recognizing Current Trends 

• The trend, similar to working from home, will continue in the next months, and adopting will enable the 

company achieve exponential growth. 

- Receive notifications 

• Emails would be sent out in response to notifications, keeping users informed. 

Results 

 

Fig. 3 Statistical Data 

 

Fig  4. Demographic Page 

 

Fig. 5. Cases reported (Statewise data can be captured) 



International Journal of Advance and Innovative Research   
Volume 8, Issue 4 (IV) October - December 2021 
 

149 

ISSN  2394 - 7780 

Figure Fig.3 indicates the recent statistical data collected from website through API shows number of cases 

reported, active cases, recovered and deceased numbers. Figure Fig. 4 shows demographic representation of a 

country. The circles indicate the affected areas. Figure Fig.5 shows number of cases per state or union territory 

within India. 

In the similar way, information about the entire world or specific country and its states can be obtained. This 

retrieved information can be used to do analysis towards number of cases registered, recovered and deceased 
from a particular state/country per hour/day/week/month. The statistical data obtained can further be used for 

many other relevant disease analyses. 

CONCLUSION 

In the present scenario, we need a dashboard which assists or directs us by sending emails, visualising through 
the dashboard, and receiving information about nearby important resources to keep the user informed and 

transparent. As a result, the user-friendly dashboard would assist users of various backgrounds in learning more 

about the places most affected by the pandemic's expansion. Customize your views and gain granular insights 
by filtering by location. During the COVID-19 situation, making a good impact. The worldwide health crisis 

would eventually lead to the proliferation of disease-related rumours. It urges governments and scientists to take 

decisive action to fully inform global citizens about the corona virus. As a result, hardware would be used to 
initiate updates. The resources would assist those who are ignorant, uninformed, or stranded in obtaining 

accurate information. 
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