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PREFACE 

We are delighted to publish our book entitled "Advances in 

Mathematical and Statistical Science". This book is the compilation of 

esteemed articles of acknowledged experts in the fields of basic and applied 

mathematical science. 

This book is published in the hopes of sharing the excitement found in 

the study of mathematics and statistical science. Mathematical science can 

help us unlock the mysteries of our universe, but beyond that, conquering it 

can be personally satisfying. We developed this digital book with the goal of 

helping people achieve that feeling of accomplishment. 

The articles in the book have been contributed by eminent scientists, 

academicians. Our special thanks and appreciation goes to experts and 

research workers whose contributions have enriched this book. We thank our 

publisher Bhumi Publishing, India for taking pains in bringing out the book.  

Finally, we will always remain a debtor to all our well-wishers for their 

blessings, without which this book would not have come into existence. 

- Editors 
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TEACHING-LEARNING OF LIMITS OF FUNCTIONS:  

A TEACHER-STUDENT PERSPECTIVE 

Kailas S. Borase 

Department of Mathematics, 

RNC Arts, JDB Commerce and NSC Science College, Nasik Road-422 101 

Corresponding author E-mail: ksb.ganit@rediffmail.com  

 

Abstract: 

The research can be taken up this experimental research with a view to assess an 

effectiveness of teaching-learning process in the concept of limits of functions in mathematics 

through the graphical approach in raising the overall the knowledge, skill, and attitude towards 

the mathematics. The graphical approach in understanding the mathematical concept of limits of 

functions through the Inquiry Oriented Approach (IOA)3 model can have found effective in 

enhancing the level of understanding of this concept. 

 

1. Introduction: 

Together with philosophy, Mathematics is the oldest academic discipline known to 

human being3. Currently, mathematics is a huge complex enterprise, far beyond the keen of 

anyone individual. Those of us who choose to study the subject can only choose a micro of it, 

and in the end must specialize rather drastically in order to make any contribution to the 

evolution of ideas involved.   

This research article in this chapter provides an outline of the current research in 

students’ understanding of topics in limits of functions. The intent of work is to provide an 

overview of specific difficulties based on education research in the subject communication in 

Mathematics in the context of limits of functions. 

1.1. Limits of functions 

The limits of the functions, in brief limits concept is an important part of the foundations 

of mathematical analysis and not understanding it clearly might lead to problems when dealing 

with concepts such as infinity, infinitesimals, convergence, continuity and derivatives which are 

the main aspects of Calculus. If the student grasps the concept of limits, the above connected 

concepts become easier to work with, but it is difficult for the students to make sense of this 

concept. In India, limits of functions are the main topic treated almost in all branches viz. 

graduate and undergraduate as well as Engineering, Science, Commerce, and Chartered 

Highlight



Advances in Mathematical and Statistical Science 
    (ISBN: 978-93-91768-62-1) 

101 
 

Accountants etc. Here attempts have been made the approach of students for understanding 

mathematics through geometrical one rather the conventional one for the limits. 

In fact, even many great mathematics researchers have found it hard to accurately handle 

limits through time, this is one more. 

1.2 Importance and learning of mathematics 

Learning Mathematics is the endeavor requiring a number of abilities, which may vary 

from different mathematical topics. How students learn mathematics, may also vary. 

Mathematics has several characteristic properties viz. the use of models describing the real 

world, the compact and unambiguous formulations for clear expositions, and the deductive 

reasoning in proving problem solving. Each property offers its own set of challenges for 

mathematics students as well as teachers, for example, from a model to the real world, from 

everybody language to a mathematical expression or from one step to another in mathematical 

proof.  

As mathematics is the queen of science, calculus is the soul of mathematics and limits is 

at the heart of the calculus. Hence, proper learning of mathematics is the most important part of 

mathematics in teaching-learning process of mathematics. One aspect focused on this research 

article is transition, e.g. in inquisition and replication. 

1.3 History of mathematics in context of limits of functions 

Mathematical history is exciting, and it is a significant slice of the intellectual pie. A 

good education consists of learning difficulties of the students at different methods of 

conversation, and certainly, mathematics is one of the most well developed and important 

models of conversation that the world has observed so far. 

For many centuries, the idea of a limit was confused with vague and something philosophical 

ideas of infinity i.e. infinitely large, infinitely small numbers and other mathematical entities. 

The idea of limit was also confused with subjective and undefined geometric intuitions. Here in 

this research article, the researcher’s aim is to highlight the contribution of geometrical approach 

in understanding the concept of limits. 

The history of limits of functions shows that it was not obvious how a definition of limits should 

be stated or even if limits were useful. One of the research in which the idea of limit was 

introduced to resolve three types of difficulties1: 

 Geometric problems, e.g. the calculations of area, ‘exhaustion’ and consideration of the 

nature of geometric lengths;  

 The problem of the sum and rate of convergence of a series; 
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 The problems of differentiation that come from the relationship between two quantities that 

simultaneously tends to zero. 

This research work focuses on calculus teacher’s knowledge of student thinking about 

limit and, using historical development as a lens that explores the nature of the difficulties 

associated with the concept of limit. More specifically, the research study addresses the 

following questions: 

(a) What do the teachers of calculus know of their student’s thinking of limit? and  

(b) How can the historical development of the limit help us make sense of college teacher’s 

knowledge of student thinking about limit? 

 

2. Purpose and significance of the study: 

The researcher became aware of student’s problems with the idea of the concept of limits 

in a huge branch of Calculus in vigorous subject Mathematics. The concept of limit is included 

in the curriculum of XIIth Science and undergraduate courses of Science stream at University 

level of an Indian education system. This covers the definition of a limit, formal as well as 

epsilon-delta form, a limit as x approaches to infinity and the obvious relation between limits and 

continuity in addition to these properties of the limits, continuity, problems on continuity. To 

finish the same, the little time, about four clock hours is given for its teaching-learning in 

University curriculum.         

Research in common parlance refers to search for knowledge. One can also define as a 

scientific and systematic search for pertinent information on a specific topic. Indeed, research is 

an art of scientific investigation. The advance learner’s dictionary of current English lays down 

meaning of research as a careful investigation or inquiry especially through search for new facts 

in any branch of knowledge. “All progress is born of inquiry. Doubt is often better than 

confidence, which leads to inquiry, and inquiry leads to invention and invention finally can leads 

to replication.” The said quotation is an extension of famous Hudson Maxim in context of 

significance of research. 

There are three ways to study Mathematics through the following three approaches: 

1) Analytical Approach, 

2) Geometrical Approach, 

3) Practical Approach. 

Here the researcher used to apply second approach of geometrical to better understand 

the concept of limits instead of the traditional way. Geometrical approach is nothing but the 

graphical way of understanding the concept in mathematics. As far as the concept of limit is 
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concerned, it is defined on the functions and functions can be drawn by using graphs at all times 

and once able to draw the graphs, apply the concept of understanding of limit via graphical 

approach, then you are through. Many attempts have been made to break through this dilemma 

but without much success.  

Hence, there is an urgent need to develop some Inquiry Oriented Approach (IOA) in 

Learning Difficulties of Mathematics in general and especially for limit theory. Here the 

researcher focuses on the theory of limits and hopes that this IOA can be applied to the rest fields 

of Mathematics.  

 

3. Scope of the study: 

The following limitations of the research study have been observed. 

1. The study can be limited to your own class of mathematics background students. 

2. The authenticity of the data used depends entirely on the accuracy of such data. 

3. During course of personal interviews, the prejudices or bias on part of interviews may have 

influence on the response received. 

4.  The study comprises both genders in equal numbers to overcome the gender differences. 

5. Time is the biggest constraint. 

6. Sample is randomly selected. 

7. Questionnaire tool is used for data collection. 

8. Replication Principle is used for selected students. 

 

4. Objectives of the study: 

As the main body of mathematical analysis, Calculus is mankind’s a greatest discovery in 

the 20th century, and a statue of human’s wisdom. Limit theory is the basic theory of calculus, 

and limit concept is the core concept of limit theory, henceforth it is very important for students 

to learn limit concept well. However, to teach limit concept well is a worldwide difficult job as 

far as teaching learning concerned, and this situation urgently need to be changed by times and 

calculus teaching reform.  

On the other hand, inquiry teaching has made remarkable achievements on elementary 

mathematics teaching reform, but there is not even a single progress on advanced mathematics 

teaching reform. Absolutely, the way in elementary mathematics teaching reform is not quit fit 

advanced mathematics teaching reform. Therefore, combining with improving students’ learning 

style and learning enthusiasm, limit concept inquiry teaching is a very important significant 

research subject. Here research objective itself makes a question originated in hypothesis-born 
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from individual’s experience right from the student till to a mathematics teacher and discussions 

with colleagues-which “inquiry” practices in the form of definitions, properties, examples, 

problems, curiosity, confidence, intelligence, skill etc. strongly influence what students learn 

about limits at college level. 

In order to progress this experimental research among junior college and undergraduate 

students in a class of students, it had proposed in mind the following objectives. 

 To diagnose learning difficulties along with misconceptions in the concept and applications 

in Limit Theory (Limits of Functions). 

 To raise the level of students’ living, impact of literacy of their parents and curiosity and 

confidence in their own in about this concept during the teaching-learning process. 

 To analyze gender differences and/or differences in living status and/or impact of literacy 

of the parents of students’ in their study and/or overall curiosity, confidence of the students 

for the topic considered and hence in mathematics, in general. 

 To prescribe and introduce the graphical approach, called the inquiry-oriented approach 

(IOA) of understanding the concept of limits better than the formal approach.    

 

5. Experience of the study: 

Mathematics at the higher secondary and undergraduate level in India is formally 

presented in textbooks and at lectures. An initial course in mathematics at Indian  universities 

usually comprises algebra and calculus including the notion of limits of functions, which has 

been proven to be difficult for students to learn at a formal base only.  Many different 

aspects regarding the notion of limits and the nature of learning that cause these difficulties 

are addressed in this research study. The experience, as a student and later on as a college 

mathematics teacher, implied to researcher that learning limits of functions expense time and 

effort, perhaps to a greater extent than other parts of basic calculus. Here, the expectations 

wanted to understand more about how students perceive and learn limits of functions. The 

overall research question became:  How do students deal  with the concept of limits of 

functions at the basic higher secondary and undergraduate level in India? In an attempt to 

answer this vast question, it is conducted studies at a large in five stages in a Mathematics 

class. No such study on limits probably had previously been done in In d i a  and it was 

therefore compared mostly to foreign research results. It is important that teachers who work 

with c o l l e ge  level mathematics education are aware of the learning situation of students 
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and are prepared to meet them at their levels i n  their teaching- learning p r o c e s s e s , 

m e a n i n g  t h a t  the pre-knowledge o f  students is crucial. 

6. Hypothesis: 

A statistical hypothesis is unproven statement about the distribution of the random 

variables under consideration. 

H0:- There is no significant difference in the achievement of learning ‘limit theory’ after using 

IOA in the classroom.  

H1:- There is significant difference in the achievement of learning ‘limit theory’ after using 

IOA in the classroom. 

The conclusion will be drawn according to the acceptance or rejection of the hypothesis 

H0. 

 

7. Methodology adopted: 

To carry out any type of research work an adoption of correct methodology is an art and 

way of success for that particular research. The researcher shall choose the most appropriate 

instruments procedures and methods that will provide the collection and analysis of data upon 

which hypothesis may be tested. The researcher shall a meet with mathematics teachers teaching 

mathematics especially Calculus at junior colleges and undergraduate classes to seek their 

opinion about inquisition and replication with difficulties in understanding the concept of limit in 

teaching-learning process of mathematics. 

The investigator shall assume the research work as an experimental research for assessing 

the effectiveness in enhancing the level of knowledge, curiosity level along with parents’ literacy 

in addition to the residential status of the students involved under the study. This is an 

experimental research for assessing the effectiveness of the strategy of adopting the geometrical 

approach especially graphical view in understanding of the limit concept. Much attempt may 

have been done so far with this, but this can be one more with specially covered the 

psychological attitudes among the students, together with the residential impact for their 

understanding in topic considered.   

As an example, students from Junior college and undergraduate level with mathematics 

are one of the subjects were taken as population for this research study, which is summarizing in 

the following Table 1.1. 
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Table 1.1: Distribution of the sample for the study 

Sex/Group Controlled Group Experimental 

Group 

Total 

Boys 125 125 250 

Girls 125 125 250 

Total 250 250 500 

 

8. Design of the study: 

The sample had divided into two groups namely the controlled group (CG) and an 

experimental group (EG) with equal number of boys and girls students from the sample. 

The research work was conducted at the college. The researcher lectures mathematics in 

the college. The students are enrolled for the 12th Science undergraduate students with 

mathematics is one of the subjects. The main topics are limits, continuity, differentiation and 

integration including their applications in real-life. It is multi-cultural, multi-status classroom and 

the students are taught through the medium of English, which is their second language. 

The concepts of limits under the study were to be taught in class by making use of 

discussions, problem solving tasks, viz. interviews and questionnaires etc. These tasks were to 

assessed in order to determine possible misconceptions of the limits of functions and through 

pre-test, post-test and retention-test by understanding the limit concept using graphical approach 

more better by conventional one. The same planed to analyze with the help of several statistical 

tools viz. t-test, chi-test, z-test ANOVA etc. Absolutely, might be the first time use of principle 

of replication in this research study.  

It had been prepared four tests Pre-Test, Post-Test, Retention-Test and the test for 

effectiveness of Principle of Replication in five stages accordingly with four major related topics 

of the limits of functions which is depicted in the following Table 1.2 

Table 1.2: Plan of research study 

Test Level Plan of Period Actual Action 

Period 

Concept I: Basic concept of limits of 

functions 

At the beginning of the 

research 

August 2010 

Concept II: Epsilon-delta definition of limit After Two Weeks August 2010 

Concept III: Problems of limit After Four Weeks September 2010 

Concept IV: Problems of continuity After Four Months January 2011 
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9. Variables of the study: 

In this typical research experiment, there are two types of variables used-independent and 

dependent. An independent variable is the variable that scientist manipulates (the treatment) to 

determine its effect on some research (the dependent). 

In present study, it has taken into account eight types of variables as observed from the 

specific objectives and corresponding to the null hypothesis as mentioned earlier. 

These variables are as under2: 

Pedagogical Dependent Variables (Attributes) 

 Curiosity gained 

 Confidence gained 

 Literacy status of the family 

 Residential status of the family 

Psychological Independent Variables 

 Intelligence 

 Interest 

 Attitude 

 Skill 

10. Organization of the study: 

It can be organized the plan of study as in Table 1.1 following ways, there are five stages; 

A, B, C, D, and E in which Pre-Test, Post-Test and Retention- Test was planned to conduct for 

the study in hand for both the Controlled group (CG) and the Experimental group (EG).   

Table 1.3: Stages of research study 

Test Teaching-Learning and 

Questionnaire Schedule 

Groups Stages 

Pre-Test - CG+EG A 

- About limits of Functions EG B 

Post-Test - CG+EG C 

Retention-Test - CG+EG D 

- Proposition Type 

Questionnaires 

Randomly Selected 

100 respondents from 

EG 

E 
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11. Population and sample for the study: 

An experimental research cannot be done without the population. Here, the sample is a 

group of students, which will evaluate the applicability of   an Inquiry Oriented Approach (IOA) 

technique. 

Total Population  :  5000 

Sample Size   :  500 

Geographical Area  :  Local College 

Sampling Procedure  :  Random Sample 

The sample was taken randomly from local colleges of the city to achieve the goal of the study.    

 

Conclusions:  

This covers a research work that presents a research investigation into the effect on 

student conceptual understanding of the central topics in the limit concepts, and overall 

achievement, with incorporation of an Inquiry Oriented Approach (IOA) with the attributable 

variables under study. There can be several significant differences between the groups of 

students who completed limit concepts without the IOA. The IOA group can score significantly 

higher in conceptual understanding and achievement. 
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sCIENTIFIC WRITING: TECHNICAL WRITING TO cOMMUNICATE S 

Dr. Meenakshi V. Rathi 

Department of Chemistry, RNC Arts, JDB Commerce, NSc Science College, Nashik 
Road, Nashik. (Maharashtra) India Affiliated to Savitribai Phule Pune University 

ABSTRACT 

It is well acknowledged that widely sharing scientific information is crucial. This type 
of dissemination ensures that crucial scientific knowledge reaches other researchers, 

and the general public. Scientific writing is one approach to policymakers, 

communicate with others. It is the technical writing that scientists do to share their 
research through proper communication of data, figures, research methodologies, and 

results with others. It is the goal of a research article to provide a novel finding, explain 
its Televance, and situate it in a cohesive manner within the current body of 
knowledge. For non-scientists, the scientific style is defined by its stance on problems 

such as truth and presentation; scene; cast; and thought and language. The result is 
a technical report or scientific paper that examines current information, presenting it 
logically and orderly, with evidence supporting statements and citations. Peer review 
is also common in the scientific community. Scientific research requires references. 
Citation guidelines for scientific publications help authors increase their manuscript's 
reputation, minimise plagiarism difficulties, and appropriately link readers to sources. 
The most crucial aspect of scientific writing is adhering to ethical research and writing 

guidelines. 
Key Words: Scientific Writing, Research Publication, Citation guidelines, References 

INTRODUCTION 

Although writing is essential to the scientific process, it is usually taught as an 
afterthought to concepts and is only rarely taught prior to the scientific process. No 

doubt you can think of other students who devoted weeks to lab or class assignments, 
then put together the written report the day before it was due. Many consider this a 

typical resut because, even though we place a high value on the scientifñic process, we 
gnore the writing process in favour of it. Many students find scientific writing tough 

and tedious. It deviates from the structure and manner in which weve been trained 
to write in various academic disciplines When you're contronted with new, 

sophisticated knowledge, it might make the 

Overwhelming.(Day, R. A., & Gastel, 1995) On the other hand, excellent writing is 

apaDie of prornpting one to provide a logical and consistent narrative that is grounded 
prior research and fresh findings. Clear scientific writing often includes sections for 

ntroduction, hypotheses to be tested, methodology, and results, as well as a 

COnclusi1on piece to tie everything together. (Boice & Jones, 1984) This is a standard 
SLructure that occurs in most scientific writing, making knowledge easier to pass from 

author to reader if some basic rules are followed. (Booth, 1984). Writing science is more 

an eling people about research results: it is telling stories about how science works. 

SCenufic style produces a distinctive method of writing that is mainly unfamiliar 

the students. Well-documented scientific and engineering reports synthesise peer 

scientific writing process teel 

reviewed work. 

necessary to follow a concise step-by-step approach that outlines tactics for 

RCellent scientific writing, with the goal of increasing the focus on writing in scientific 

S addition to the fact that there are no hard and fast rules when it comes to 

ic writing, following principles will help researchers to overcome the early 
nurdles involved with writing scientific articles. (Schimel, 2012) 
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References must be accurate and thorough. Citation guidelines for Sei 
publications help authors increase their manuscript's reputation, minimise plagiars ris 

difficulties, and appropriately link readers to sources. (Riordan, 2012) 

The utmost important point in scientific writing is adhering to ethical princini 

for research and scientific writing. (Roig, 2006). Research has the greatest benefit whe 

its findings are published in scientific journals so that others can study and bui 

upon them. Adhering to ethical principles is essential for fostering scientific growt 

(Carver et al., 2011) Scientific misconduct is regarded a violation of ethical rul 

related to plagiarism and authorship (Lorés-Sanz, 2011). 

It's fairly typical for unethical mistakes in writing and publishing to occur. The 

are numerous existing policies that institutions might change to meet their uniq 

needs. Both students and professors should have access to policies linked 

plagiarism, and there should be recommendations that help students and teache 

avoid and identify plagiarism. It is possible to define roles on projects, which can al 

help establish authorship order on manuscripts before the writing process has ev-

begun Teams of scientists can support ethical publishing by encouraging cooperati 

and clearly defining authorship and publishing guidelines. 

cONCLUSsION 

Impending technical report or scientific article analyses current knowledge, preser-

it logically and orderly, with evidence supporting statements and references. We ho-

to have offered a wide overview of contemporary 
advancements and understandin 

of science writing from the standpoint of students and researchers. 
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CHAPTER 9 

India: Educating 
the Population via Online Tools 

Mernakshi I Rathi 

Abstract 

Omim educaton and skills are becoming popular among milions of 
students ancd teachers in India in the previous fifteen to eighteen months 

tures that are being delivered via online technologies are being given to 
studens who ae situated outside of the classroom. With the widespread 
us of oni1nc education and skills in India, we Te in a pivotal time. Learn 

mor abour the coliection of online learning portals on this page: here. 
Onian icarn1ng and teach1ng is a signiticant paradigm shift for the Indian 

cducattor svstem. Despite these steps, the country is still some way off 
trom mpiemenung it One step such institutions can take is to allow their 
degrees to be offered wholly online under the automatic route, and these 
schoois are permtted to do so according to the University Grants 
AISSuon's recent decision. 

Keyworde: Oninc education, skill based learning, educational tools, 
icartang piattorms 

Introduction 
We Te the madst of a transition in which the domain of sklls and cducato sshafung from face-to face to online learning and digita toois, (ockec 20) wth the added benefit of eliminating the nced to brcaks in icarning Some vocational raining schools have movca to 

gve oniinc sessions with pracucal hands on training at the corc their Currculun (MQuirter 47) There have been initiatives undertaken by the tederal government, colleges, a 
and even 

corporauons like IBM and TCS to deliver instructional co 
colleges, 

nt 

through online learning portals. There are over 10 digital i portals, rang1ng from secondary and post-secondary institu 
rning 

research and development organisations (Taylerson 170). 
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sfactual, bibliographies, citations, etc. for higher education. 
CShodhSindhu: Consortium for Higher Education Electronics"). 
aCademic institutions ike Central and state universities and 

olleges 
can avail of the services 

Conclusion 

1 ahoye online courses give learners access to resources, meet and 
ammunicate with others on the go, and join 
iCuSsions. Ensure that excellent educational outcomes are being 
cncouraged by all-encompassing methods that are both creative and 

in on online 

secure. 

These classes provide both video lectures, class materials, quizzes, 
examinations, and other supplemental materials for an exciting learning experience. The majority of these portals provide a mix of 
free and paid courses. Certification information is available on the 
individual course pages and varies depending on the course. 

Furthermore, the majority of the portals are mobile-friendly, which 
means they include an app that students and teachers can use on their 

phones 
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Abstract 

The efficacy of Ionic Liquids (ILs) for the environmentally benign 

synthesis of heterocyclic compounds found important for due to their unique 

chemical and physical properties viz. low vapor pressure, recyclability, 

controlled miscibility, high thermal and chemical stability. The synthesis of 4-

amino-2-oxo/thioxo-6-(substituted phenyl)-1, 2-dihydropyrimidine-5-

carbonitriles were successfully synthesized from aromatic aldehydes, 

malononitrile and urea or thiourea by using triethylamine hydrogen sulphate 

[Et3NH] [HSO4] as ionic liquid catalyst under solvent free and microwave 

irradiation method. It was observed that the reaction was best finished when 

20 mol% of [Et3NH] [HSO4] ionic liquid catalyst, solvent free and MWI 

conditions are utilized. Our method represents highly efficient, cheap reusable 

catalyst and environmentally benign greener protocol for the 4-amino-2-

oxo/thioxo-6-(2-substituted phenyl) -1, 2- dihydropyrimidine-5-carbonitriles 

under solvent-free conditions.  

Keywords: [Et3NH] [HSO4], environmentally benign, Solvent Free, oxo-

pyrimidine thioxo-pyrimidine Microwave irradiation 
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Graphical Abstract: 

 

Scheme 1: Synthesis of 4-amino-2-oxo/thioxo-6-(substituted phenyl)-1,2- 

dihydropyrimidine-5-carbonitriles 

Introduction  

Ionic liquids (ILs) have taken the attention of the chemical community all 

over the globe as a green substitute option to traditional eco-friendly media 

for synthesis, catalysis, separation, and other several chemical tasks [1−7]. ILs 

include abundant exclusive properties, such as, nonvolatility, low toxicity, 

extensive liquid range, non-combustible, high thermal stability, excellent 

solubility, and recyclability [8]. ILs act as “neoteric solvents” for a wide range 

of industrial and chemical processes. In recent times, ILs have been 

formulating to be appreciated as environment friendly media for infinite 

organic revolutions [9, 10]. Moreover, multicomponent reactions (MCRs) are 

one of the more leading and practical challenges in organic synthesis for the 

formation of pharmacologically applicable frameworks from the point of view 

of green chemistry. MCRs give benefits of high yields, target specificity, atom 

economy, flexibility and specifically one-pot operation [11−13]. 

Pyrimidine derivatives have a great importance due to their different 

biological properties such as anticancer [14, 15] antitumor [16] analgesic [17] anti-

inflammatory [18, 19] etc. The method commonly used for the synthesis of 

pyrimidines is the Biginelli reaction, which is a direct condensation of an 

aldehyde, keto ester, and thiourea/urea. This condensation is usually done by 

using heat in different solvents and in the presence of a catalyst [20–25]. Thus, 

the introduction of inexpensive, mild, dynamic and environmental friendly 

catalyst for significant MCRs superior to analogues of pharmaceutical and 

biological importance is in demand. In this paper, we have established 

[Et3NH] [HSO4] as ionic liquid catalysed the efficient Synthesis of 4-amino-

2-oxo/thioxo-6-(substituted phenyl)-1,2-dihydropyrimidine-5-carbonitriles 

derivatives via one-pot multicomponent reactions under eco-friendly reaction 

conditions (Schemes 1) 
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Fig 1: Chemical structure of active pharmaceutical ingredients having pyrimidine 

pharmacophore 

A vast number of titled heterocycles with significant pharmaceutical 

potential have been derived from usual sources. Few of them are currently 

used in clinical trials or as effective drugs. (Fig.1) & (Fig2) 
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Fig 2: Chemical structure of active pharmaceutical ingredients having pyrimidine 

pharmacophore 

Results and Discussion 

To achieve optimized conditions protocol based on the reaction of 

aromatic aldehydes, (1) (1 mmol) malononitrile (2) (1 mmol) and urea or 

thiourea (3) (1 mmol) as model substrates, we checked different catalysts, 

solvents and, temperatures, and the results of this study are summarized in 

Table 1.  

Table 1: Optimization of solventa 

Entry Solvent Time Yield (%) b 

1 Acetonitrile 40 min 50 

2 DMF 40 min 62 

3 Water 25 min 74 

4 Ethanol 20 min 81 

5 Solvent free 7 min 90 

https://en.wikipedia.org/wiki/HIV/AIDS
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aReaction conditions: Aldehyde (1mmol), malononitrile (1mmol), 

Urea/Thiourea (1mmol), and 20 mol% [Et3NH][HSO4] in MW at 850C. 
bIsolated yield.  

Table 2: Optimization of catalyst amount 

Entry Solvent Time Yield (%) b 

1 Acetonitrile 40 min 50 

2 DMF 40 min 62 

3 Water 25 min 74 

4 Ethanol 20 min 81 

5 Solvent free 7 min 90 
 

Reaction conditions: Aldehyde (1mmol), Malononitrile (1mmol), 

Urea/Thiourea (1mmol), and 20 mol% [Et3NH][HSO4] in MW at 850C. 

The model reaction was performed in various solvents to optimize the 

solvent model reaction. It was observed the excellent yield of products formed 

under solvent-free condition (Table 2). 

Preliminary investigations showed that reaction best finished when 20 

mol% [Et3NH] [HSO4] catalyst was used under MWI. The model reaction was 

tried with 5, 10, 15, 20 and 25 mol% of catalyst and it was found that 20 mol% 

of catalyst sufficient to afford product in good yield (Table 2). 

Moreover, we also studied the temperature effect on model reactions 

conferring to these study better results of the desired product when reaction 

carried at 85 °C (Table 3, entry 4). Detailed reaction conditions are shown in 

Table 3. 

Table 3: Effect of temperature on the synthesis of 4 under solvent-free conditiona 

Entry Solvent Time Yield (%) b 

1 70 15 62 

2 75 12 70 

3 80 8 87 

4 85 7 90 

aReaction conditions Aldehyde(1mmol), Malononitrile(1mmol), 

Urea/Thiourea(1mmol), and 20 mol% [Et3NH][HSO4] in MW at 850C. bReaction 

progress monitored by TLC. cIsolated yield. 
 

A really excellent method to economic and greener preparation is 

recovery and recyclability of an ionic liquid. Therefore, we have to check the 

efficiency of catalyst after recover from the reaction media during the work-

up procedure. When reaction is completed, then reaction mass was poured on 

ice cold water to obtained fine crystal of final 4-amino-2-oxo/thioxo-6-
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(substituted phenyl)-1,2-dihydropyrimidine-5-carbonitriles derivatives. In the 

last step removal of H2O from filtrate using reduced pressure to give viscous 

liquid, which is on cooling to give pure ionic liquid. Recovered catalysts were 

recycled for next four frequent cycles without significant loss in catalytic 

efficiency (Table 4). 

Table 4. Reusability of [Et3NH][HSO4] ionic liquid for model reaction 

Entry Run Timea (min) Yieldb 

1 fresh 7 90 

2 2 7 90 

3 3 7 87 

4 4 7 85 

5 5 7 82 

aReaction progress monitored by TLC. bIsolated yield. 
 

Table 5: Synthesis of 4-amino-2-oxo/thioxo-6-(substituted phenyl)-1,2- 

dihydropyrimidine-5-carbonitriles 

Compound Aldehyde Urea/Thiourea Product 
Yield 

% 
M.P.(0C) 

4a 

 

CHO

Cl

 

H2N NH2

O

 

HN

N

CN

NH2O

Cl

 

89 
220-222 

[21] 

4b 

CHO

Cl

 

H2N NH2

S

 

HN

N

CN

NH2S

Cl

 

90 218-220 

4c 

CHO

 

H2N NH2

S

 

HN

N

CN

NH2S

93 190-192 
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4d 

CHO

 

H2N NH2

O

 

HN

N

CN

NH2O

 

90 212-214 

4e 

CHO

OCH3

 

H2N NH2

O

 

HN

N

CN

NH2O

OCH3

 

91 228-230 

4f 

CHO

OCH3

 

H2N NH2

S

 

HN

N

CN

NH2S

OCH3

 

87 206-208 

4g 

CHO

Me

 

H2N NH2

O

 

HN

N

CN

NH2O

Me

 

88 208-210 

4h 

CHO

Me

 

H2N NH2

S

 

HN

N

CN

NH2S

Me

 

87 220-222 
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4i 

CHO

Cl

 

H2N NH2

O

 

HN

N

CN

NH2O

Cl

 

82 190-192 

 

aReaction conditions: Aldehyde(1mmol), Malononitrile(1mmol), 

Urea/Thiourea(1mmol), and 20 mol% [Et3NH][HSO4] in MW at 850C. 
bReaction progress monitored by TLC , cmelting points. 

Experimental Section 

Materials and Methods. All of the reagents used were of laboratory grade. 

Melting points of all of the synthesized analogues were taken in an open 

capillary tube and are uncorrected. The progress of the reaction was monitored 

by thin-layer chromatography on Merck’s silica plates, and imagining was 

accomplished by iodine/ultraviolet light. 1H NMR spectra were recorded with 

a Bruker AvIII HD-400 MHz spectrometer operating at 400 MHz using 

DMSO solvent and tetramethyl silane (TMS) as the internal standard and 

chemical shift in δ ppm. Chemical shifts (δ) are reported in parts per million 

using TMS as an internal standard. The splitting pattern abbreviations are 

designed as singlet (s); doublet (d); double doublet (dd); bs (broad singlet), 

triplet (t); quartet (q); and multiplets (m). 

General Procedure for Preparation of Triethylammonium Hydrogen 

Sulfate [Et3NH][HSO4] 

Sulfuric acid (98%) (9.8 g, 0.1 mmol) was added dropwise into the 

triethylamine (10.1 g, 0.1 mmol) at 60 °C in 1 h. After the addition, the 

reaction mixture was stirred for an additional period of 1 h at 70 °C to ensure 

that the reaction had proceeded to completion. Then, the traces of water were 

removed by heating at 80 °C in a high vacuum until the weight of the residue 

remained constant. The yield of [Et3NH] [HSO4] was 99% (19.8 g).1H NMR 

(DMSO): δ (ppm) 1.17 (t, 3H), 3.11 (m, 2H), 8.90 (s, 1H). 

General Procedure for Synthesis 4-amino-2-oxo/thioxo-6-(substituted 

phenyl)-1,2-dihydropyrimidine-5-carbonitriles 

A mixture of Aldehyde (1mmol), Malononitrile (1mmol), Urea/Thiourea 

(1mmol), and 20 mol% [Et3NH] [HSO4] in MW at 85oC. under microwave 

irradiations; the progress of reaction was supervised by thin-layer 

chromatography [ethyl acetate/n-hexane (3:7)] as a solvent after a stirring 

reaction mixture was cooled for 15 min and a poured on crushed ice. (Table 
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Abstract:  

Natural products have played an important role in the development of the 

current level of knowledge about drugs used in medicine with the help of 

chemical sciences. Ayurveda is an ancient science of medicine which mainly 

uses natural products as medicine. Like medicinal chemistry, Ayurveda also 

believes that action of drug is completely dependent on its constitutional 

structure. Without any advanced technology, Ayurveda is able to treat a 

variety of conditions with the method of drug selection with only limited 

knowledge resources. Ayurveda also uses methods to change the action of 

drug positively to enhance the action and to minimise the adverse effects. 

Though a lot of work has been done regarding the action of natural products, 

some areas remain untouched. Hence it is an effort to review drug action as 

per Ayurveda. 

Keywords: Ayurveda, Chemistry, Drug Action, Guna 

Introduction 

Chemistry has made major contributions to the modern health care system 

as the activity of any compound is reflected in their molecular structure. We 

can see that similar molecules have similar activities. Medicinal chemistry has 

passed the long journey from the retrospective study of natural products to 

development of completely new target specific molecules. Throughout our 

evolution, the importance of natural products for medicine & health has been 

enormous. Ayurveda, the ancient Indian system of medicine, is well known 

for its use of natural products. Ayurvedic texts describe hundreds of drugs of 

different origins like plants, animals, mineral & marine [1]. Their medicinal 

uses, properties, uses, toxicology are also described in some details. Ayurveda 

also has also tried to describe the rationale behind their properties. It is 

interesting to see that Ayurveda also believes that properties of drugs are a 

product of its constitutional structure [2]. 
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Basic principle of Drug action: 

The most basic principle for drug action as per Ayurveda is Samanya 

Vishesha Sidhanta [3] (Principle of similarity and difference). It simply says 

that when two same substances come together they will increase the effective 

volume. Similarly when two different substances with same property or 

function come together, it will result in an increase in the effective property or 

function. On the other hand, when two opposite substances come together it 

will result in decrease in effective volume and when two different substances 

with opposite properties or function come together, it will result in a complete 

or partial loss of effective property or function. So on what basis similarity 

and difference are calculated? 

Ayurveda says that all substances including living and non-living things 

in the universe are made up of only 5 basic elements. Those are Aakash, Vayu, 

Teja, Jala, Prithvi. They all have their particular properties and functions. 

Hence when two or more substances merged, similarity or difference in their 

elements, properties and functions will be altered accordingly. 

Constitution of substance according to Ayurveda: 

Five subtle particles, come together to form five elements i.e. 

Panchamahabhuta namely Aakash, Vayu, Teja, Jala, Prithvi. These five 

elements again combine together to form the basic unit of any object or drug. 

The proportion of elements is different in different drugs. The drug shows 

properties of element or elements which are present in larger amounts. Infinite 

permutation & combinations of elements can produce infinite drugs with 

different properties [4]. 

Like drugs, our body is also composed of these five elements only [5]. 

Hence due to this similarity drugs can affect the body positively or negatively 

depending on the use. Hence it is advised to use drugs judicially to avail 

positive effects only or with minimum adverse effects. The combination of 

elements gives rise to unique physical and biological properties of the drug. 

For example, drugs with Prithvi Mahabhuta as a major constituent show 

heavy, hard, dry, properties And will increase similar properties in the body. 

In a way the drugs will target the organs or systems that are made of mainly 

Prithvi Mahabhuta like muscles & bones. Below chart will give more details 

about what properties each element can show and body parts with similar 

elemental constitution. 
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Table 1: Mahabhuta, their properties, body constituents and functions: 

Mahabhuta Properties [6] Body Constituents and Functions [6, 7] 

Akash 
Clear, light, subtle, soft, 

smooth 

Sound, auditory sensation, lightness, 
fineness and space, hollow parts, Vaata 

Dosha 

Vayu 

Light, Cold, Dry, Rough, 

Non-slimy, Fine, subtle, 

Unstable 

Tangibility, sense of touch, roughness, 

impulsion, structuring of body tissues and 

maintaining of movements of the body, 

Vaata Dosha 

Teja 
Hot, Sharp, Subtle, Light, 

Dry, Rough, non-slimy, 

Visible form, vision, brightness, digestion 

and heat, Pitta Dosha 

Jala 

Liquid, Cold, Unctuous, 

Slow, Soft, thick, Slimy, 

Flowy 

Taste, sense of taste, coldness, softness, 

unctuousness and moisture, Kapha And 

Pitta Dosha 

Prithvi 
Heavy, Hard, Rough, 
Stable, Thick, Gross 

Odor, sensation of smell, heaviness, 
steadiness and material form, Kapha Dosha 

 

Tridosha Theory 

For some reasons Ayurveda does not directly talk in the language of 

Mahabhuta while describing disease process or drug action. It mainly speaks 

in the Language of TriDosha (Three Offenders of Body). They are namely 

Vaata Dosha, Pitta Dosha, Kapha Dosha. These are again made up of 

combinations of Mahabhuta only. They also show properties similar to their 

constitution only. 

Table 2: Mahabhuta Constitution and properties of Dosha 

Dosha 
Mahabhuta 

constitution [8] 
Properties [9] 

Vaata Akash and Vayu Dry, Light, Cold, Rough, Subtle, Unstable 

Pitta Agni and Jala 
Hot, Sharp, Some Slimy, Flowy, Subtle, 

Stinky, Light, Liquid 

Kapha Prithvi and Jala Slimy, Cold, Heavy, Slow, Smooth, Stable 
 

Guna (Properties) Theory: 

In the above discussion we already see that properties play an important 

role in understanding action of substance, because only properties are 

perceptible. And we know or identify any substance only through its 

properties like color, shape and other physical and chemical properties. Hence 

understanding the constitution of a drug is only possible with the knowledge 

of its properties. So we mainly relate properties with their functions which are 

solely dependent on the constitution of the substance.  

For diagnosis and etiopathogenesis also Ayurveda uses language of Guna 
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