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Abstract 

Sustainable development has become the “buzz word” of the present era. With increasing 

awareness and interest in environmental safety and ecological conservation, educated consumers are 
more into green and organic products. This paper attempts to present green fashion as an important 
business opportunity in the 21st century. Fabrics and textiles are key consumables in the present 
world especially by the younger generation and the executive class employees. Due to the demands 
of fashion and work culture, these two sections of the consumers are the high spending segments of 
the society on clothing. However, it is not clear whether they are fully aware of the green fashion 
products. Hence, if young entrepreneurs focus on these consumers as a target group it will be a 
productive market for them.  For the purpose of this paper, a questionnaire with 10 questions is 
framed and primary date is collected from final year (both UG and PG) business and commerce 
students. In Chennai colleges. The collected data will be used to show green fashion as an important 
business opportunity for the younger entrepreneurs in the 21st century.  
 
Key words: sustainable development, green fashion, natural sources, emerging business 
 
Introduction: 

The 21st century is unique in its own way by offering different various business ventures and 
scientific and technological developments. Despite all the developments, the recent corona lockdown 
and pandemic has shown serious setback to the world economy. However, it has also proved that at 
drastic circumstances, there are certain businesses such as food, pharma and clothing have a 
perennial interest and from common man to elite groups, all have to utilize these businesses. This 
lockdown has proved that office space is not a mandatory location for work to progress, education 
can progress via online modes and most of the business transactions could be successful with the 
help of internet. Nevertheless, wherever one is working, whether at home or at office, one has to eat, 
keep good health, wear clothing- especially when they appear in person or even for online meetings. 
Teachers too have to wear formal clothing when they appear in front of the camera for online classes.  
This paper attempts to show that clothing and fabrics is one of the evergreen businesses which has a 
huge market worldwide. However, the main focus of this paper is to establish that green fashion 
could be one of the potential business areas in the 21st century.  

Green fashion can be simply understood as fabrics made from organic and natural sources. 
Apparently, cotton, linen, silk, wool, jute and other natural sources can be considered as green 
fabrics. However, it is not just only about the sources. What is more important is how far these 
products are locally grown or available without involving transportation and what kind of colouring 
and designs are used for the production of the particular product. If a natural resource is transported 
from a long-distance location to another spot, it need not be called green fashion because 
transportation involves a lot of fuel and burning of fuel harms the environment by emitting green-
house gases. Further, in the colouring and dyeing of the fabrics, a lot of chemicals and heavy metals 
are used which harms the environment. Hence, the major conditions involved in production of green 
fabrics are: Firstly, they must be from natural sources, secondly, those sources should be locally 
grown or available, thirdly, the colouring and dyeing should also should be environmentally safe.  



ANVESAK 
ISSN : 0378 – 4568                                                                                UGC Care Group 1 Journal 

Vol. 51, No.1(II) January – June 2021                                                                                            210 
 

In the present era, there is an increased awareness about environment and ecological 
conservation. Governments and non-government organisations all over the world, are taking utmost 
efforts to create an awareness on environmental hazards caused by consumerism and toxic 
substances in our everyday products. Clothing and fabrics are one of the important basic necessities 
of life. Most of the fabrics after certain period of usage, ends as landfill. If such fabrics are synthetic 
materials and contains toxic substances, they not only spoil the quality of the soil but also pollute the 
quality of water. Hence, the fabrics which are made with natural sources and non-toxic materials 
could be the right alternative and would not harm the environment. 
Objectives: 
1. To find out if final year UG and PG students of Commerce and Business studieswant to become 

entrepreneurs, would they be interested in venturing in the business of green fashions 
2. To know whether these students have knowledge and awareness on green fashion. 

Scope of the study: 
This paper confines the study only to green fashion while so many green products are 

available. Secondly, the respondents are only final year UG and PG students of commerce of and 
business studies (Chennai colleges) who could possibly become entrepreneurs.  
Methodology: 
 Non probability convenience sampling method was used to collect primary data, from 120 
students of final year (60 UG and 60 PG) commerce and business courses through a questionnaire 
and the secondary data were collected from websites and journals. 
Statistical tools used: 
 Chi-square, Kendall’s tab-b, Correlation, Minimum, Maximum and Range. 
Review of Literature: 

A study carried out byHenninger, C.E., Alevizou, P.J. and Oates, C.J (2016), examines 
sustainable fashion from the perspectives of consumers, small organisations and experts. The study 
shows that sustainable fashion is a megatrend of the present century and has a huge market potential. 

The research of Najmul Kadir Kaikobad (2015) et al., focuses on sustainable fashion and 
its market in Bangladesh. In their research they have found that many leading brands claim that their 
products are eco-friendly and the fabrics can be recycled. Brands cited in the paper claim that they 
are environmentally safe and recyclable. Mainly, they claim that these brands are not having any 
toxic substances.  

Rachel Preuit’s (2016) Master’s dissertation attempts to provide an educational module on 

slow-fashion which is opposed to the idea of fast-fashion. In fast-fashion, consumers choose low-
priced fashionable fabrics which last for a very short period. These fabrics are non-recyclable and 
possibly having potential toxic colouring and dyeing. Contrary to fast fashion, slow fashion 
encourages consumers to carefully buy their products which are recyclable and are from natural 
resources. These fabrics are long lasting but slightly high-priced compared to fast-fashion fabrics.  
 Soundarya Preetha(2019)in her article highlights that there is an increased awareness 
among students of higher education institutions regarding business ventures and entrepreneurship. 
They are interested in various avenues of business such as health care, agriculture and 
manufacturing. Though the article is primarily focusing on Coimbatore which has a large number of 
higher education institutions, it should be the same with Chennai too. This idea is the basis of this 
research. Chennai has a large number of higher education institutions and many students must be 
willing to pursue their career in business. And green fashion industry could be one of the promising 
areas of business for the budding entrepreneurs and this paper focuses on students’ interest and 

awareness on green fashion industry as their potential business venture in the future. 
Analysis and Interpretation 
Table – 1Socio-economic profile of the respondents 

Factors Categories Numberof 
respondents 

Percentage 
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 Male 64 53.3 

(i) Gender Female 56 46.7 

 Total 100 100.0 

 Upto 2,40,000 70 58.4 

(ii) Annual family 
income (in Rupees) 

2,40,001 – 4,80,000 34 28.3 

 4,80,001 & above 16 13.3 

 Total 120 100.0 

     Source: Primary Data 
Table shows that majority of the respondents (53.3) are male and 46.7 per cent are female. Around 
58 per cent of the respondents’ annual family income is upto Rs.2,40,000. For 28.3 per cent of the 
respondents, the annual income is between Rs.2,40,001 and Rs.4,80,000. Only for 13.3 per cent of 
the respondents, the annual family income exceeds Rs.4,80,000. 
Table – 2Interested in becoming entrepreneur 

Opinion 
Number of 
respondents Percentage 

Interested 76 63.3 
Not interested 25 20.8 
No idea 19 15.9 
Total 120 100.0 

Source: Primary Data 
 Table 2 reveals that out of the total respondents, 63.3 per cent of the respondents are 
interested in becoming entrepreneurs and 20.8 per cent are not interested and 15.9 per cent have no 
idea about their career. 
 To know the association between gender and interest in becoming entrepreneur, Chi-square 
test was used. The result shows Chi-square = 4.869, df = 2, N = 120, p>0.05. Since the p value 
(0.088) is not less than 0.05, there is no association between Gender and Interested in becoming 
entrepreneur. 
 To know the relationship between annual family income and interest in becoming 
entrepreneur, Kendall’s tau-b test was used. The result shows value = -0.203, N = 120, p<0.05. 
Hence, here is a weak negative relationship between annual family income and interest in becoming 
entrepreneur. 
Table – 3People have increased concern for environment and have awareness on ecological 
conservation 

Opinion 
Number of 
respondents Percentage 

Yes 67 55.8 
No 34 28.3 
No idea 19 15.9 
Total 120 100.0 

Source: Primary Data 
 Table 3 shows that around 56 per cent of the respondents opine that people have increased 
concern for environment and have awareness on ecological conservation. Around 28 per cent state 
no and around 16 per cent do not have any idea on it. 
Table – 4Clothing and Fabrics have a perennial market 
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Opinion Number of respondents Percentage 
Yes 59 49.2 
No 8 6.7 
No idea 53 44.1 
Total 120 100.0 

Source: Primary Data 
 Table 4 shows that 49.2 per cent of the respondents opine that clothing and fabrics have a 
perennial market. Around 7 per cent state no and around 44 per cent do not have any idea on it. 
Table 5Green fashion/fabrics could be one of the emerging business in the present era 

Opinion Number of respondents Percentage 
Yes 99 82.5 
No 16 13.3 
No idea 5 4.2 
Total 120 100.0 

Source: Primary Data 
As per table 5, around 83 per cent of the respondents believe that green fashion could be one of the 
emerging business trends in the present era and 4.2 per cent of have no idea about it. 
Table 6Awareness on green fashion 

Selected Products 
Correct 
Response % 

Wrong 
Response % 

1. Meaning of green fashion 12 10.0 108 90.0 
2. Top most advantage of green fashion 81 67.5 39 32.5 
3. Essential traits of a green fashionfabric 99 82.5 21 17.5 
4. Shirt which can be called as green 
fashion/fabric 24 20.0 96 80.0 
5. Slow fashion and Fast fashion means 32 26.7 88 73.3 

Source: Primary Data 
 To know the respondents’ awareness on green fashion the above questions as stated in table 6 
were asked. Four options were given in which one is the correct option and the other three are wrong 
options.  
 The correct option for the meaning of green fashion is fabrics from organic sources and 
colouring from organic sources. As per table 6, only 10 per cent of the respondents state the correct 
option. Regarding the top most advantage of green fashion is it does not harm the environment. 
Around 68 per cent of the respondents have given the correct response. Regarding essential traits of a 
green fashion fabric, the correct option is natural resource, locally grown products and no artificial 
dye is used. For this 82.5 per cent of the respondents have given the correct response.  The correct 
option for the shirt which can be called as green fashion/fabric is Ramraj Cotton. Only 20 per cent of 
the respondents have given the correct response. Slow fashion means recyclable locally resourced 
products and fast fashion means non-recyclable low-priced fabrics. For this only 26.7 per cent of the 
respondents have given the correct response. 

Based on the above five responses, the level of awareness of the respondents on green 
fashion is assessed.   
Table 7Awareness score 

Statistical tools Results 
Mean 41.33 
Range 80 
Minimum 0 
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Statistical tools Results 
Mean 41.33 
Range 80 
Minimum 0 
Maximum 80 

         Source: Computed Data 
 To know the difference between gender and awareness on green fashion, t test was used.The 
analysis shows t = 2.801, df = 109.52, N = 120, p<0.05 (p = 0.006). Since the p value is less than 
0.05, there is a significant difference between gender and awareness on green fashion. 
 To know the relationship between age and awareness on green fashion, Pearson Correlation 
tool was used. The analysis shows r (120) = 0.071, p = 0.442. Since the p value is not less than 0.05, 
there is no significant relationship between age and awareness on Green Products. 
 For the purpose of analysis, the level of awareness is classified into Low (Up to 40 per cent), 
Moderate (Above 40 per cent and up to 70 per cent) and High (Above 70 per cent) as shown in 
table8. 
Table8Level of awareness on Green Products 

Level of awareness Number Percentage 
Low 85 70.8 
Moderate 28 23.3 
High 7 5.8 
Total 120 100.0 

 Analysis shows that 70.8 per cent of the respondents have low awareness and 23.3 per cent of 
the respondents have moderate awareness. Only 5.8 respondents have high awareness. 
Table 9To make green fashion more inclusive 

Opinion Number Percentage 
Creating awareness about the benefits of green fabrics 68 56.7 
Lowering the price 18 15.0 
Creating a brand value 34 28.3 
Total 120 100.0 

Source: Primary Data 
 Table 8 shows that 56.7 percent of respondents believe that green fashion can be made more 
inclusive by creating awareness about benefits of green fabrics, 15 percent of the respondents believe 
that by lowering price green fashion can be made more inclusive and 28.3 percent of the respondents 
believe that green fashion can be made more inclusive by creating a brand value. 
Table – 10Considering green fashion as business venture 

Opinion Number of respondents Percentage 
Yes 72 60.0 
No 28 23.2 
No idea 20 16.8 
Total 120 100.0 

Source: Primary Data 
 Table 9 reveals that, 60 per cent of the respondents are consider green fashion as their 
business venture and 23.8 per cent do not consider. 
Suggestions: 

1. Young commerce and business students should be motivated and trained to venture into the 
business world and become entrepreneurs.  

2. Green fashion being one of the promising business ventures, by creating awareness and by 
creating brand value, the market can be captured. 
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3. Entrepreneurs should get better awareness on green fashion and which age group, gender and 
income group to target for their business. 

 
Conclusion: 
 The study above shows that younger generation is really interested in entrepreneurship and in 
order to get the entrepreneurial skills they need training, guidance and motivation. Many young 
students are willing to take up green fashion as their business venture since they have an awareness 
on ecological conservation and have concern for environmental safety.  
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ABSTRACT 

Through intensifying rivalry in the market place, it aims that numerous enterprises to monitor 
and satisfying their travelers ensuring passengers with safeguarding at a maximum level of 
excellence amenity. Particularly in the great economical air company, that developed an 
additional viable owing to the development of LCCs, facility of excellence and consumer 
gratification with significance of direction to maintain consumer’s achievement and beneficial 
focus in the market. In recent times, the AIRQUAL measure has been technologically advanced 
to prevail over this problem. Air company sector undertaken certain challenges with competitors 
and endless flying deferments to evade it and efficiently used as tool for the purpose of 
transportation of voyagers. A Sample of 100 used for Convenience Sampling Methods. Survey 
forms were distributed to the customer in the exit place of Chennai Airlines. The Survey form 
framed with 5 Likert scale. This study recommends that enlightening the innumerable influences 
that regulate Facility excellence to gratify consumer in Service sector and in relationships of 
Income. 

Key Words: Passenger Gratification, Facility of Excellence Measurements. 
INTRODUCTION 

In the competitive world, Respondents Gratification are determined with the Quality of Service 
offered to them at high levels of expectations in Airline Industry. This could be measured with 
various aspects of Service Quality dimensions. Travelers may attain fulfillment and sustainable 
for a longer period of time. Service quality plays major role to get satisfied by the passengers in 
Airline industry. It provides various offers towards travelers at a reasonable price level. This 
gives a beneficial effect on service quality and customer satisfaction. This creates cordial 
relationship between Service quality as well as passenger’s fulfilment. Excellence of amenities 
starts from departure service such as handling baggage, Airline on board facilities, Flight 
schedules, claims etc. 

Service Quality: 
The dimension of facility excellence is a multifaceted substance, demanding numerous 
influences to be engaged into deliberation. SERVQUAL attempts to comprise all features of a 
facility determining its excellence, Main Aim of the study is significant to analyze further 
determined feature opinion to a certainly apparent amenity excellence. SERVQUAL 
measurements used to construct the basis for the experimentation. 

Customer Satisfaction: 
Additionally, Research conducted by Bowen and Chen (2001), they established an element 
consumer gratification has an optimistic outcome on product reliability. Bowen and Chen (2001) 
identified that the consequence converts important when consumer gratification extents great 
intensities, where consumers requirement to be particularly gratified instruction to develop 
faithful to a convinced variety. Moderately gratified consumers does not give the impression to 
encourage consumer retaining or product trustworthiness at any important level. It also 
determined that consumer gratification does not continuously lead to customers trustworthy to 
that product. As an alternative, they presumed that gratification and trustworthiness diminutive 
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result respectively.  Service quality are the aid to encourage whole gratified consumers and it 
fulfills all the 5 dimensions of the SERVQUAL model.  

Relationship between QS & CS: 
The perceptions of facility excellence and consumer gratification are carefully associated. 
Numerous changes concerning the perceptions of facility excellence and consumer gratification. 
First, observing excellence does not essentially need the knowledge of the utilization (Oliver, 
2010). The procedure for estimation on the excellence of facility, it is adequate to share the 
additional consumers’ involvements of facility. For the development of gratification, similarly, it 
is mandatory to have practiced the facility. Although excellence is the consequence of the 
assessment of relatively particular measurements, gratification can be adjudicated with any 
element. Additionally, facility of excellence and consumer gratification alteration. 

LITERATURE REVIEW: 
 Shah (2008), In this study the researcher comprehensively expresses around the time of 

magnificence that the air travel sector in India. The growth was a result of numerous prominent 
fiscal elements such as management improvements and marketplace are the main changing 
aspects. Further the articles talk about the Promotion observation of POD Argument of 
Difference which numerous air company use in order to interest the consumers to Airline 
Company with them. Air Company with methods such a numerous estimating plans, where the 
amounts of the air company receipts alteration in instants and are traded to consumer at diverse 
amounts constructed on the ease of use of the seating arrangements and the period of 
transportable. All the air company have to observe to certain obstacles such as least number of 
fleet size, equity of Airlines are the essential component to concentrate in developing their 
growth in Aviation sector.  

OBJECTIVES OF THE STUDY: 
 To determine the Association between Service Quality and Customer Gratification of Airline 

Industry in Chennai. 
RESEARCH TECHNIQUE: 

Method used under this study is Convenience Sampling technique. In this study independent 
variables of Service Quality considered as Airplane tangibles, Terminal tangible, Airport 
personnel, Responsiveness and Appearance of Airport in Chennai Airport as well as Customer 
Gratification in Airline Industry. 

SAMPLE SIZE: 
It consists of 100 participants and data’s were collected through survey form from the travelers at 
departure of Chennai Airline. 

 
 
CONCEPTUAL FRAMEWORK 

Independent Variables taken in this study for SQ are Airplane tangibles, Airport personnel, 
Responsiveness and Appearance of Airport as well as Outcome as Customer Gratification. 

 
 
 
  
 
  
 

 

Independent 
Variables 

Customer 
Gratification 

Terminal 
tangible, 
Airport 

personnel, 
Responsiveness 

of Airlines 
Appearance of 

Airport 

Outcomes  

Service 
Quality 
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   Source: Primary data 
Inter Association between Service Qualities: 

To examine the important, inter connection among self-determining adaptable of Facility 
Excellence such as Aircraft tangibles, Empathy and Image of Airport in Chennai Airport. To 
analyze these independent variables, inter associations amongst same independent variables were 
applied in this study and bi-variate correlation tools applied in this study to find out and observe 
the significant association between the variables factor. The following null hypothesis is framed. 

H0: There is no significant inter connection among the independent variables of Service 
Quality 

 
 

Table: 1 
Inter connection between independent variables of Service Quality 

 
Particulars Aircraft 

Tangible 
Airport 
Personnel 

Responsiveness Appearance 
of Airport 

Aircraft 
Tangible 

1    

Airport 
Personnel 

.546** 
 

1   

Responsiveness 
of Airlines 

.612** 
 

.905** 
 

1  

Appearance of 
Airport 

.748** 
 

.869** 
 

.878** 
 

1 

                  Source: Primary Data     ** Significant at 1% level 
The above table portrays that, Strong and beneficial association is experimental among 
independent variables such as Aircraft tangibles, Airport personnel, Responsiveness of Airlines, 
Appearance of Airport. As the p-value appearance is importance among variables in the null 
hypothesis ‘There is no important inter association between self-determining variables of Service 
Quality’ is rejected at 1% level. Therefore it is transparently shown in the table and understood 
that there is an important inter association between the independent variables of Service Quality. 
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Inter association between independent variables of Service Quality and Customer Gratification 
 To test the inter relationship between the variables of Service Quality such as Aircraft 
Tangibles, Terminal Tangibles, Airport Personnel, Empathy of Airlines, Image of Airport and 
Customer Satisfaction, bi-variate correlation was applied. The following null hypothesis is 
framed. 

H0: There is no important inter association between independent variables of Service Quality and 
Customer Gratification 

Table: 2 Inter association between independent variables of  
Service Quality and Customer Gratification 

Variables Customer Satisfaction 

Aircraft Tangible .662** 

Airport Personnel .684** 

Responsiveness of Airline .478** 

Appearance of Airport .685** 

                             Source: Primary Data             ** Significant at 1% level 
 The above table depicts that there is strong and optimistic correlation among the independent 
variables such as Aircraft Tangibles, Airport Personnel, Responsiveness of Airlines, Appearance 
of Airport as well as Customer Gratification. It is also seen that there is a reasonable and 
optimistic association between the independent variables such as Terminal Tangible, Empathy of 
Airlines and Customer Satisfaction. The p-value of all variables demonstrates that it is highly 
important at 1% level.  
Therefore the null hypothesis framed “There exists no important inter association between 
independent variables of Service Quality and Customer Gratification’ is rejected at 1% level. It is 
transparently shown in the table and understood that there is an important inter association 
between the independent variables of Service Quality and Customer Gratification. 

CONCLUSION: 
In this study it is determined that numerous of the AIRQUAL measurements possess beneficial 
effect of association with consumer gratification. Particularly the workers is a significant 
inventor of gratification, they are main interaction opinion that the customer through the secure 
are essential share of the facility creation and transport. The additional measurements and 
substances that effect consumer gratification are charge, airline tangibles, product appearance, 
safety holdings of baggage and promptness. Consumers take the Travel receipt amount into 
account for assessing the facility of excellence. If the amount is excessively great in evaluation 
with the facility they accept, they are moderately discontented influence anticipated additionally 
raised up the excellence facility for their revenue.  
The circumstance of the airplanes as well shows vital part in the amenity of eminence 
estimations for adjacent that the travelers accept their facility in and which they cannot evade for 
the period of the aircraft. Likewise, it is the tangible feature of the facility establishment and as a 
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result simply estimated. The appearance that the consumer has of the air company effects the 
outlooks of the aeronautical.  Air Company that has an appearance well-known for great 
excellence facility providing is predictable to distribute this facility excellence, or else the 
gratification of the traveler will reduce. On prompt to the terminus is too a facet of gratification. 
This determining factor of fulfilment is segment as consumers of entirely varieties of transport 
facilities anticipate to reach on time.  
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Abstract - Women employment is challenged by stress and 
work family commitment at the end of each day in 
Government hospital. Majority of women are working 
through-out week and 53% are struggling to achieve stress 
and work-life balance. Women reported that their life has 
become a juggling act as they have to shoulder multiple 
responsibilities at work and home. Government hospital 
management need to be conscious of this status of female 
health care providers and periodically review their status. 
They can create supportive environment to help these 
women achieve the positive stress work life balance. This 
article highlights the issues connected with stress work life 
balance of female health care providers in government 
hospital and the factors that determine stress and work life 
balance. 

Index Terms - Health care professionals, Public hospitals, 
female health care providers, contentment, demand factors, 
supportive factors, society’s factors. 

I.INTRODUCTION 
 

Healthcare has become one of India’s largest sectors - 
both in terms of revenue and employment. Healthcare 
comprises hospitals, medical devices, clinical trials, 
outsourcing, telemedicine, medical tourism, health 
insurance and medical equipment. The Indian 
healthcare sector is growing at a brisk pace due to its 
strengthening coverage, services and increasing 
expenditure by public as well private players. Indian 
healthcare delivery system is categorised into two 
major components - public and private. The 
Government, i.e. public healthcare system comprises 
limited secondary and tertiary care institutions in key 
cities and focuses on providing basic healthcare 
facilities in the form of primary healthcare centres 

(PHCs) in rural areas.  Today, then ever before, there 
is an increased concern about the relationship between 
work and family life and the impact each has on the 
other. Research about this area has begun way back in 
the early nineteenth century. The world of work – 
employment, the nature, the demands, and employee-
employer relations, has changed greatly over the years. 
This has seen a related change in the amount of time 
which an employee can exclusively devote to his 
family. Increased expectations of the job, the quantity 
of time at the workplace, rising competition, lifestyle 
and demographic factors, increased employment rate 
of women have all contributed to the growing need for 
a defined policy and well-designed policies to ensure 
balance in work and life. The concept of a single male 
breadwinner has changed and we can see a paradigm 
shift in the single parents, commuter marriages and 
break down of the joint family concept in Asian 
countries. While organizations are expecting 
employees to be more flexible and productive, 
employees too have exceeding expectations about 
their work life. The earlier concept of “lifetime 

employment” has vanished. It has been ravaged by 

uncertain and volatile economic conditions leading to 
unemployment and job insecurity. This has led to a 
change in the employees’ perspectives and 

expectations about work. Work-life balance requires 
creating and nurturing a supportive and healthy work 
environment, which allows employees to maintain 
equilibrium balance between their work and personal 
responsibilities. This in turn leads to improved 
employee loyalty and productivity. The employee of 
today plays several roles as a parent, as a spouse, as a 
responsible son/daughter, as a conscious citizen along 
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with his role at the workplace. These responsibilities 
consume a lot of his time and productive energy as 
well as commitment. 

II.CONCEPTUAL FRAMEWORK OF THE STUDY 

 
III. REVIEW OF LITERATURE 

 
Lua PL & Imilia I (2019) in this study, occupational 
stress and quality of working life is an important 
concern to attain the maximum job output and optimal 
quality of work life. Results indicated stress levels are 
affected by job category and specialisation, flexible 
strategies to ensure employees’ job productivity, 

contentment and personal well-being should be 
implemented.  
Keyur Parmar et al (2015) in his study, identify the 
gender differences in stress at workplace among 
doctors and nurses. Findings showed Females find 
workplace significantly more stressful than males. 
There is a need of giving importance to improve work 
environment of doctors and nurses, specifically female 
staff, which in turn can help patients and community 
at large. 
Divinakumar K J et al (2014) in his study, Perceived 
stress, psychological well-being, and burnout among 
female nurses working in government hospitals. 
Findings indicated Prevalence of Burnout in 
government employed Female Nurses in India was 
less when compared to prevalence of burnout in nurses 
reported in western countries. The perceived Stress 
and Burnout was more in Nurses of 31-50 years age 
group, and being employed in the acute wards 

K. Suganthi et al (2017) in her study, to know the 
reasons for stress among women employees. 
Increasing work pressure, financial needs and recent 
technology are some factors that increase stress for 
women. It is clearly pictures the problem of women 
employee faces at work place and causes for stress in 
women. Stress is unavoidable on the part of employees 
irrespective of the gender. 
Irfana Baba (2012) in his empirical study, workplace 
stress among doctors in government hospitals. Results 
showed that doctors are the serious sufferers of 
organizational role stress. 
Maritza Muzzi Cardozo Pawlina (2018) in his study, 
aims to evaluate the prevalence of stress in health 
workers in the context hospital, results indicated the 
work conditions inflict physical and emotional 
overload and society’s pressure to deliver efficiency 

affects both health and job satisfaction of workers, 
triggering stress and emotional pain, which has been 
generating exhaustion. 
Raga Sudha Addagabottu (2015) in her study, 
variables that Influence work life balance of Women 
Doctors and Nurses with Special Reference to 
Government and Private Hospitals. Results showed 
circumstances women because of their educational 
background, logical thinking and emotional balances 
try to balance both work and family related conflicts. 
Still the supports extend by family, society and 
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organization will gear up means women should 
become productive asset and able employees to any 
organization they belong. 
Funmilola Adenike Faremi (2019), aims to analyse the 
assessment of occupational related stress among 
nurses in two selected hospitals in a city south western 
Nigeria. Results showed nurses are susceptible to 
occupational stress because of intense daily activity. 
Nurses are not ever thought as needing help but only 
as the care givers. 
Mary Ann Yeboah (2014) in her empirical study, 
analyse the determinants of Workplace Stress among 
Healthcare Professionals in Ghana. Findings revealed 
demand factors, control factors, support factors, 
relationships factors, change factors and role factors 
that have been analysed have significant impact on 
employees’ stress though, they do not impact on 
employees in the same measure. 
G.Suguna (2017) in her study, attempts to a study on 
work life balance dilemmas faced by nurses working 
in private hospitals. Work-life balance issues have 
assumed a lot of importance in recent times due to 
increasing in single parent families, dual career 
couples and issues of elder care which create complex 
situations for the nursing staff. The factors that sustain 
or impede a healthy work life relationship are 
multifaceted and likely to differ depending on an 
individual’s life circumstances, values and priorities. 

 
IV. RESEARCH QUESTIONS 

 
When women go for employment either in govt. or 
private organisation, they add a dimension to their 
challenge. When they are married, they have to take 
care of the dependent’s children and adults [in-laws]. 
When they go for employment, they have to also 
balance their role between institution and the family. 
Often the work environment – working hours, career 
opportunities, stress in job & Family, reward factors at 
the workplace, etc. affect their efforts to balance their 
work life. Employed married women therefore 
undertake multiple roles and work life balance 
becomes a challenge. Added to this, they have to work 
towards their professional improvement which adds to 
their work pressure. Hence, in this study analyse,  

• Is there any significant difference between the 
stress and WLB among the female health care 
providers in Government hospital of Chennai 
city?  

• What are the aspects of stress and WLB that led 
to a increased productivity of the employees in the 
government hospital? 

 
V. RESEARCH OBJECTIVES: 

 

• To measure the level of stress among women 
health care providers 

• To find out the determinants of factors lead to 
work life balance. 

 
VI. STATEMENT OF PROBLEM 

 
Stress and WLB in a health care industry has been a 
major worldwide problem for quite something now. 
Coping strategies and WLB policies are increasing the 
job productivity and increased quality of work life in 
developing countries. The critical analysis of the 
literature on Stress and work life balance variables in 
selected Public hospitals illustrates the increasing job 
productivity and contentment. Questions have been 
raised about their increasing work pressure, physical 
and emotional overload, financial needs and recent 
technology, working conditions, pressure from the 
society, non-following rules, support from family, 
society and the organisation. It is noted that the 
different elements have only been studies at only 
stress. But this research intends to look beyond the 
outcomes of stress with WLB. The review concludes 
that stress and work life balance mainly related to 
demand factors, society’s factor, support factor and 

perceptions of work life balance. 
 

VII. RESEARCH GAP 
 

Earlier reviews have been done on the comparative 
study between public and private hospitals on the work 
life balance alone. However, there are no studies 
pertaining to stress and WLB contributing to increased 
job productivity and contentment. This study is 
proposed to address the research gap. 

 
VIII.RESEARCH METHODOLOGY 

 
Research design proposed for the study is 
‘Descriptive’ type of research service. This type of 

research deals with quality of responses from the 
respondents, attitudes, interests, technical skills, 
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financial needs, supporting factors, experience, 
emotions etc. Primary data was collected through 
survey method using questionnaire as the tool. 

 
IX. PERIOD OF THE STUDY 

 
The objectives set for the study required collection of 
primary data from the female health care providers in 
public Hospital. Therefore, a questionnaire was 
drafted, field tested [pilot study] and then finalized. 
The survey was conducted during February 2020 – 
April 2020. The primary data was collected by 
distributing questionnaire among the female health 
care providers belonging to different dept. of public 
Hospitals in Chennai  
 

X. SAMPLE 
 

Primary data was collected from the female health care 
providers of ESI Government Hospitals in Chennai. 
Totally there are about 400 women employees in 

various public hospital of Chennai city. Of this the 200 
women nurses belonging to different departments of 
Medical, surgery, OP and ICU with different 
background were selected. Questionnaire was 
distributed to the female nurses belonging to various 
departments. 

 
XI. LIMITATIONS OF THE STUDY 

 
This study was undertaken only among women health 
care providers of government hospital of Chennai city 
and so conclusions arrived at based on this study need 
to be placed in proper perspective before application 
elsewhere. Another limitation is that since the sample 
size is only 150 study to ascertain whether women in 
different dept.–Medical, surgery, OP and ICU in 
government hospital, face different challenges in 
reducing their stress level and balancing their work 
life. 

XII. ANALYSIS AND RESULTS 

Table 1 Demographic profile of the respondents

S. No Demographic Profile Frequency Number of respondents Percentage 
1 Age < than 30 61 41 

31-40 32 21 
41-50 55 37 
51-60 2 1 
Total 150 100 

2 Educational Qualifications UG 35 23 
PG 75 50 
Others 40 27 

 Total 150 100 
3 Marital status Married 127 85 

Unmarried 23 15 
Total 150 100 

4 Monthly Income <15000 48 32 
15001-
50000 

45 30 

>50000 57 38 
Total 150 150 

5 Type of family Joint 54 36 
Nuclear 96 64 
Total 150 100 

6 Experience <5 57 38 
6-10 21 14 
>10 72 48 
Total 150 100 

7 Spouse employment, if married Government 55  
  Private 40  
  Business 25  
  N/A 30  
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  Total 150 100 
8 No.of earners in the family <2 68 45 
  >2 82 55 
  Total 150 100 

Source: Computed Primary data 
Table1 shows the demographic background of the 
respondents selected for the study. Regarding the age 
category of respondents, it is inferred from table 1 that 
39.3 percent of respondent belong to the age category 
of less than 30, 8 percent are in the category of 51- 
60.Regarding the educational qualification of 
respondents, 46 percent of women employees have B. 
Sc Nursing background, 11.3 percent of women have 
M.B.B.S (M.D) qualifications. Table 1 also reveals the 
marital status of respondent’s 78 percent of them got 
married, 22 percent are single. Regarding the Type of 
Sector, 64 percent of them are working in private, 36 
percent are working in government Hospitals. The 
table also shows the designation of the respondents, 54 
percent are women Doctors and 46 percent are Nurses. 
The work experience of respondents, 50 percent of 
them have more than 10 years of experience, 34.7 
percent of them have below 5 years of experience and 
15.3 of the respondents have 6 - 10 years of 
experience. Regarding the monthly income of 
respondents in India, it is inferred that 42.7 percent of 
them have above Rs.50,000, 30 percent of them have 
below Rs.15,000 and 27.3 percent have Rs.15,001- 
Rs.50,000. Regarding the nature of family of 
respondents 30.7percent are living in joint family 
system and 69.3 are in nuclear family system. The 
table outlines the status of spouse employment, 34.7 
percent of employees husband are in government job, 

and 15.3 percent are in business. Regarding earning 
members in a family, 52 percent of women employees 
have more than 2 earning members and 48 percent of 
employees have less than two earning members.  
 
ANALYSIS RELATED TO OBJECTIVE 1 
Table 2: Ranking level of demand factors (Garrett) 
influence on stress and WLB of female health care 
providers 

S.No Demand 
Factors 

Total 
score 

Mean 
score 

Rank 

1 Increasing 
work pressure 

8432 52.3 2 

2 Physical and 
emotional 
overload 

6666.7 46.2 4 

3 Financial needs 
and recent 
technology 

9333 63.2 1 

4 Working 
conditions 

7341 43.7 3 

Source: Computed Primary Data 
Table 2 shows the Ranking Level of Work-Related 
Variables [Garrett] Influence on WLB of Women 
Doctors and Nurses. Among the work-related 
variables, Scope for improvement/job prospects 
variable is ranked as one with the highest mean Score 
53.3 and Workload variable is ranked as twelve with 
the least mean score 37.5 

Table 3 : ANOVA table shows influence of demand factors on their experience 
  Sum of Squares Df Mean Square F Sig 
Supervision Between Groups 34.834 2 19.340 32.234 .001 

Within Groups 72.812 147 .523   
Total 107.646 149    

Safety working environment Between Groups 16.523 2 6.810 11.319 .003 
Within Groups 86.643 147 .579   
Total 103.166 149    

Role Conflict Between Groups 1.732 2 12.260 65.832 .001 
Within Groups 122.143 147 .111   
Total 123.875 149    

Improvement in job role Between Groups 37.543 2 .820 1.132 .332 
Within Groups 53.232 147 .735   
Total 90.775 149    

Participation in decision 
making 

Between Groups 1.634 2 18.543 45.427 .022 
Within Groups 87.568 147 .432   
Total 89.202 149    
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Supportive factors Between Groups 29.281 2 14.640 65.829 .001 
 Within Groups 32.693 147 .222   
 Total 61.973 149    

ANOVA Table: 3 aims to analyse the existence of 
significant different exist among the respondents 
opinion of work conflict based on their experience. 
The significant values for close supervision, work 
safety and support from others are .001,.003,.001 
which is less than 0.05 and it shows there is a 
significant difference exists among the respondents 
regarding levels of work conflict based on their 
working sector. (Null Hypothesis is rejected). The 
significant values for multi-instructions, scope for 
improvement/job prospects, importance of decision 
making are .332, .022, .325, which is greater than 0.05 
and it shows there is no significant difference exists 
among the respondents opinion levels of work conflict 
based on their working sector.(Null Hypothesis is 
accepted). 
Table 4: Shows Ranking of Consequences of Work-
Related variables [Garrett] 

S. 
No 

Causes Total 
Score 

Mean 
Score 

Rank 

1 Occupational 
stress 

6166.667 41.11111 7 

2 Low 
involvement 
and stress 

8800 58.66667 3 

3 Physical illness 7500 50 6 
4 Psychological 

illness 
5766.667 38.44444 8 

5 Loss of 
patience 

7900 52.66667 5 

6 Poor 
relationship 
with others 

8066.667 53.77778 4 

7 Lack of 
managerial 
skill 

9933.33 66.22222 2 

8 Negative 
attitude 

11700 78 1 

Table 4 shows the Ranking of Consequences of 
Work-Related variables WLB of Women Doctors and 
Nurses. Among the Consequences, Negative Attitude 
consequence is ranked as one with the highest mean 
Score 78 and Psychological illness is ranked as Eight 
with the least mean score 38.44444. 

Table 5: ANOVA shows influence of factors influencing factors based on their educational qualification 
Source of Variation Sum of Squares Df Mean Square F Sig 
Low involvement and 
interest 

Between Groups 24.987 2 12.340 32.234 .001 
Within Groups 54.965 147 .342   
Total  149    

Poor interpersonal 
relationship 

Between Groups 40.176 2 20.083 11.319 .003 
Within Groups 42.822 147 .292   
Total  149    

Lack of managerial skill Between Groups 1.872 2 .975 65.832 .001 
Within Groups 45.523 147 .320   
Total  149    

Negative attitude Between Groups 2.634 2 1.276 45.427 .022 
Within Groups 17.568 147 .178   
Total  149    

Total 149  ANOVA Table 5 aims to analyse the 
existence of significant different between 
consequences of work conflict based on their 
educational qualification. The significant values for 
the consequences of work conflict are less 
involvement and interest, poor relationship with others 
and negative attitude are .001,.002,.002 which is less 
than 0.05 and it shows there is a significant difference 
exists among the respondents regarding consequences 
of work conflict based on their designation. (Null 

Hypothesis is rejected). The significant values for the 
consequences of work conflict for lack of managerial 
skills are 0.44, which is greater than 0.05 and it shows 
there is no significant difference exists among the 
respondents regarding consequences of work conflict 
based on their designation.(Null Hypothesis is 
accepted). Table 6 shows the Ranking Level of 
Family/Life-Related Variables [Garrett] Influence on 
WLB of Women Doctors and Nurses. Among the 
Family/Life-Related variables, Workplace issues at 
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family variable is ranked as one with the highest mean 
Score 66.88, Poor contribution to family variable is 
ranked as two with the mean score 64.66, Sources of 
Income is ranked as three with the mean score 52.88, 
Family Problems is ranked as four with mean score 
47.33, Family welfare is ranked as ten with the mean 
score 36, Family workload is ranked as Eleven with 
the mean score 33.55 and Recognition in family is 
ranked as twelve with the least mean score 26.44. 
 
ANALYSIS RELATED TO OBJECTIVE 2 
Table 6: Respondents View about Stress related 
Statements 

S. 
No 

Statements Yes(%) No(%) 

1 Women felt more pressure 
during working hours 
because of family 
responsibilities 

32 68 

2 Career development of 
female health care providers 
slow down due to family 
responsibilities 

68 32 

3 Less spent time for her kids  73 27 
4 Less spent time for her 

husband 
67 33 

5 Female health care providers 
with small kids found 
difficult to manage their work 
and personal life 

53 47 

6 Conflict between the work 
life and personal life 
preference is given to 
personal work 

46 54 

7 Childcare facilities in the 
working place will help to the 
female health care providers 
to do their better output 

87 13 

8 Flexible working 
environment and flexible 
working hours should be 
there for female health care 
providers 

87 19 

9 Post maternity leave should 
be given to female health care 
providers 

92 8 

 
32% lady doctors and nurses realised that they were 
more pressurised due to family responsibilities.  58% 
of nurses and lady doctors realised that their career 
development has slowed down due to family 
responsibilities. Majority of our respondents were of 
the view that their job leaves less time for their kids 
and husband.  67% of lady doctors and nurses found it 
difficult to manage their household and office work. In 

case of conflict between household work and office 
work, 44% of lady doctors and nurses give preference 
to household work. 81% of lady doctors and nurses 
were in the favour of flexible work arrangements that 
should be provided to every working woman to 
manage their household and office responsibilities. 
They also wanted the organisation to provide them 
childcare facilities. Further, 94% of lady doctors and 
nurses also wanted that post-maternity leave should be 
given to them. The six factors extracted for studying 
the work life balance of nurses and doctors were 
namely women work efficiency, gender biasness, 
work-life balance, women empowerment, women 
executive retention and career-oriented women. 
 

XIII. SUGGESTIONS 
 

Based on the above results  suggested that government 
hospital needs to closely monitor towards the level of 
all factors regarding their demographic, demand 
factors, stress, society and support factors and other 
benefits will improve their quality of work life and 
minimise the stress level which in turn will give 
contentment their personal and professional life. 

 
XIV.CONCLUSION 

 
From the above discussion, it is reasonable to conclude 
that government hospitals in Chennai, should address 
the stress and Work Life Balance related issues and to 
support the female health care providers to manage 
their work life balance which would add to the 
performance of these staff members. The results also 
indicated that government hospital health care 
providers the work life balance and a minimal stress is 
a challengeable one. Their need to be a periodical 
review in terms of their work and personal life 
satisfaction, otherwise, they would be subjected to 
severe stress. 

 
XV. SCOPE FOR FUTURE RESEARCH 

 
This type of study could be undertaken among both 
government and private hospital of different certain 
common departments like Medical, surgery, OP and 
ICU, so as to get a broader picture about work life 
balance among women in such departments of 
hospital.   
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Abstract 

In today's modern business climate, upgrading is important, the infrastructure of information 
technology includes the hardware, software, services management and maintenance used by the 
support of IT operations and managing a corporate IT infrastructure can be a substantial task 
requiring specific skills and knowledge. The IT tickets are the generic term to refer to a 
database of work done to address problems and solve user requests tickets can cover several 
different types of tasks or activities depending on the purpose of the IT support team. The other 
terms are called service requests problem tickets or support cases.  Tickets are usually captured 
by the very popular word "IT Ticket" in an IT Service Management ( ITSM) system where 
they are processed, handled and modified as the problem or operation is solved. In this 
proposed study of work deals with this by satisfying user requests and redirect the request to 
sub-queue and the queue separated to subject specialization and again redirect the request to 
the particular subject expert to the study of work deals with this by sending user requests and. 
In this proposed method specifically applied for the IT Ticket problem-solving method that 
tries to identify brainstorming problem-solving techniques. In this proposed work provide 
better services to customer and have an efficient method to increase the efficiency of tickets 
and easy to solve the problem the total ticket waiting time also reduced. 

 KEYWORDS: Customer Satisfaction, Data Mining, IT infrastructure, Ticket Processing, 
brainstorming, IT IS, ITSM. 

1. Introduction  

The IT infrastructure comprises the firm's hardware, software, processes, and facilities used to 
support its operations. High availability, responsiveness and efficiency of the IT infrastructure 
are critical to meeting the business' diverse needs. IT infrastructure support services to faster, 
better and cheaper deliver business goals. The IT support which is specifically tailored to user 
needs. The IT teams will work together to support the IT applications, tools, also infrastructure 
24x7x365[1]. In the Reliable IT system with ongoing maintenance of a network, constant 
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monitoring and timely troubleshooting. User can also design, enforce and manage 
improvements in the IT system to facilitate continuous flow operations, and the infrastructure 
can include different components, say Network for example[2][3]. So ITIS stands for Services 
to IT infrastructure. It refers to the hardware, software, network resources, and services 
required for an enterprise IT environment to function, operate, and manage. It helps companies 
deliver services to their customers. A ticketing system allows for the organisation, concentrate, 
quality and effectiveness of IT support. This has a direct impact on costs and revenues, 
customer retention and the image of the public brand[4]. Ultimately, ticketing systems are a 
way of aiding and assisting you in addressing any issues/incidents in any organisation from the 
moment they are detected until their resolution. 

2. Proposed Framework 

The main aim of proposed framework Fig-1 Is established to managing Call for service and 
reducing overall total waiting time and problem solving the current scenario. The users will 
raise the ticket and the user request sent is referred to as a service request or ticket when the 
customer requests the service is placed in the main queue. In the main queue minted by the 
authority of the company or otherwise, team leader at the person acts as a reviewer that person 
the main job as allocates request and analyzes to the anyone of that team members anyone can 
able to process the particular request[5][6]. The incoming tickets are stored to the main queue. 
In the main queue stored so many numbers of tickets waiting for a long time in the queue. The 
request may be stored along with the sub-queue preserves the N-number of sub-queues that are 
based on the subject specification when calculating the time-bound to the user request is 
transferred to the subject specialist. is like as domain or otherwise various work differentiation 
of the subject queue is considered thus reviewer or the team leader, other authorities review In 
the main queue, the request is moved by the specified subject expert into the sub-queue after 
assigning the request to sub queue the team leader search for the team member with the 
particular subject Experts to assign the request for the processing. Ticket will be resolved to 
apply for(SLA) service level agreement the SLA is all about implementing policies that define 
how fast a support ticket should be answered/resolved depending on the ticket priority and 
applied subject specializatio[7]. The time limit also determined by the starting date, the 
maximum and the minimum time to complete a specific process based on that time limit shall 
be moved to the priority basis of the subject-matter. In this proposed workflow to minimize 
total waiting time. It is very efficient and provides proper customer services[8].  
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Fig-1 Proposed Queue Structure 

3. The New Framework Architecture 

 In this proposed work consist of a new framework architecture Fig-2 which is applied 
brainstorming problem-solving method[9].   In this approach design, teams use to generate 
ideas to solve identified problems in this paper the IT infrastructure management in Data 
Mining is carried out to have a generic solution in any sort of domain that can be applied after 
evaluating the problems of the next system to find a ticket with a higher problem rate so that 
we can solve the brainstorm problems - Solving fare strategy and then finding the root 
cause[10]. Data mining to provide a generalized solution in any kind of domain that can be 
implemented after analyzing the problems of the next method to find a ticket with a higher 
issue rate so that we can resolve the issues applied to the brainstorming problem - solving 
strategy on the ticket and then identify the cause of the problem[12-15]. 

 

 Fig-2 Proposed Queue Framework 
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4. Implementation Algorithm  

start 

Categorize the Resource Person company, (CRPList) 

Get the Request for User Service (USR), the Key Queue user request store, 
(MQ) 

Create 3 Sub-Queues 

Q1- Priority for sub queues of subject-1 

Q2- Priority for sub queues of subject-2 

Q3-For priority sub queue with subject-3 

Get the tickets from the user 

The Reviewer Analyze the ticket with the categories to the subject wise. 

For I in categories 1 to N 

If ticket subject 1 = True then 

Assign to the ticket to the subject expert –Q1 

End if 

If subject 2 on tickets=True then 

Assign to the ticket to the subject expert –Q2 

End if 

If subject 3 on tickets=True then 

Assign to the ticket to the subject expert –Q3 

End if 

Next Brainstorming problem solving 

Cause= identify the mind mapping brainstorming method handling the issue 

If cause possible to solve then 

On the tickets apply brainstorming 
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Solution = identification of  the solution by mind mapping  

End if  

If solution minimize the problem or issues then 

Apply solution to fix this problem  

End if  

End  
   

Table -1 Company Resource Person List (CRP) 

CRP-ID SUBJECT STATUS 
CRP-5001 ACCOUNT DETAIL RESOURCE PERSON 

FREE 
CRP-5002 NET BANKING RESOURCE ALLOCATED 
CRP-5003 BALANCE ENQUERY RESOURCE ALLOCATED 
CRP-5004 NEW ACCOUNT CREATION RESOURCE PERSON 

FREE 
CRP-5005 FD DETAIL RESOURCE PERSON 

FREE 
CRP-5006 SENIOR CITISION DETAILS RESOURCE ALLOCATED 
CRP-5007 LOAN DETAILS RESOURCE PERSON 

FREE 
 

TABLE-2 TICKETS 

TICKET-NUMBER CUSTOMER-NAME USER-REQUEST 
T01 A PRE ACCOUNT 

CREATION 
T02 B ONLINE BANKING 
T03 C DEPOSIT 
T04 D BALANCE ENQUERY 
T05 E LOAN DETAIL 
T06 F RECOVERY 

PASSWORD 
 

Table 1 and Table 2 above display the proposed framework function by breaking the queue 
from the main queue into the sub-queue based on priority with the subject wise the sub-queue 
to transfer the queue to the specific subject expert so that the proposed framework is now 
performing well and the objective of successfully carrying out the research work. Table 1 and 
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Table 2 above display the proposed framework function by breaking the queue from the main 
queue into the sub-queue based on priority with the subject wise the sub-queue to transfer the 
queue to the specific topic expert so that the proposed system is now performing well and the 
objective of successfully carrying out research function [16]. 

5. Conclusion 

In this proposed research paper to control the workflow in the ITIS successfully by maintaining 
the queue and the queue management system provide user-friendly, otherwise easy to reduce 
customer time, customer satisfaction. The setup is performed to test the effectiveness of the 
proposed framework. The methodology used only to mint to the queue based on the user 
request. The user to redirect the request to sub-queue and the sub-queue separated to subject 
specialization and again redirect the request to the particular subject expert to the resource 
person shall be those who consider such request. In this proposed method specifically applied 
to IT Ticket problem-solving method which attempts to identify brainstorming problem-
solving techniques applied to mind mapping. In this proposed framework provide better 
services to the customer and have an efficient way of improving ticket performance and easy to 
solve the problem, and easy to identify the problem, customer satisfaction, the total ticket 
waiting time also reduced. 
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Abstract. The convolutional networks have been hugely successful network in today’s field of deep 

learning, the deep learning is so popular right now. This paper effectively calculated the convolutional 

routing which presents the text classification with the help of capsule network. In this research work 

illuminated that capsules are most active way of classification. Thoroughly describe about the caps network 

in Machine learning. Esteemed data sets have been utilized to prove the convolutional routing. With the help 

of convolutional technique we have reduced the computational complexity of the dynamic and static routing 

of the capsules. In addition the research work also concentrate to reduce the computational complexity using 

the text classification and new framework of K-means algorithm. 

 

Keywords: text-classification, capsule network, machine learning, convolutional routing, k-means algorithm, 

computational complexity 

1  Introduction 

 

CapsNet consist of millions of small particles called capsules. In which each capsule enclosed with small set of neurons 

that helps to detect a particular region in an image[1]. It used to produce the outputs in the form of vector, whose length 

will be expressed in probability that the object is present, then further the orientation encodes as the object’s pose 

parameters. If any of the transformation(e.g., shifted, rotated, resized, etc.) can be applied to that  image content also the 

capsule will produce the same length of vector image but that will slightly differ in orientation[4][5]. 

 

     The CapsNet is composed with multiple layers, much like to regular neural network architecture. The lowest layer of 

the capsule is called as primary capsule with used to receive a small region of image as input(called its receptive field), 

this layer used to detect the presence and pose of particular pattern, for example, a rectangle. The higher layer of 

capsule will be called as routing layer, which used to detect larger and more complex objects. 

mailto:bhuvanavr1981@yahoo.co.in
mailto:elangotesting@gmail.com
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     To convert the text into groups the widely used technique is text classification. With the help of machine 

learning[5] the text classification can be make as automate process, and it will turn as efficient and in super-fast 

manner. Artificial Intelligence and Machine learning are arguably the most beneficial technologies to have gained 

momentum in now a days. They are finding to applicable everywhere. 

     An important application in converting text into groups will be Automatic text classification[14][17]. Because of 

frequent usage of large text documents now a days text classification plays vital role. In like manner, content grouping 

incorporates two immense assortment one is the subject based content arrangement and other one is content based 

characterization. Theme based content categorization[6] characterizes the reports as per their subjects. Writings can 

likewise be written in numerous classes like logical articles, news reports, motion picture surveys, and promotions. It 

very well may be characterized in transit of content was made, the manner in which it was altered, the register of 

language it utilizes, and the sort of group of spectators to whom it is tended to. 

  

   Representing the documents in a semantic path used to improve the order and casual method for recovery process. 

The best away to accomplish it will be with the assistance of Natural Language Processing (NLP) [8][11].Semantic 

analysis[3][9]. Utilizing insights sponsored innovation, these words are then contrasted with the arrangement. 

 

 

Fig. 1 Proposed Method 
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The automated text classification[15] using machine learning techniques will be includes the 
process of eliminatingthe language dependent factors, tokenization of text, removing the stop words from 
the tokens and stemming [12][16]. 

 

1.2 Proposed Method 
 

This research work implementing the concept of text classification[19][4] by dataset selection, tokenizing 
the text, stemming them into code word, vector representation for each code word, feature extraction for 
them, finally applying the machine learning technique of convolutional routing of text with capsules with 
the help of k-means algorithm. 

     In this phase, eliminating the irrelevant inflected words from the tokens.This research work have used 
the simple stemmer approach of look-up table. This approach generally produced the result in semi –

automatic method, list all the prefix and suffix words in the table and stem them by checking for the match. 
It is very much simple and fast to implement and it can be easily handled the exceptions. But the only 
drawback inflected forms must be present in the table. 

     Further, the training classifier of machine learning will be undergone for feature extraction, we have 
applied the most simple and familiar technique of bag of words, in which the vector of classifier will be 
represented. For instant, the sample dictionary of words in this work we have defined will be followed 
{Rose, is, the, not, beautiful, worst, girl}, and then the dictionary words will be vectorize, as the tag of 
“Rose is beautiful”. 

   

     Towards to next step the machine learning algorithm will be applied to the training data set, that will be 
yield. 
 

 
Figure. 2 

 
Figure. 3 

     The predicted tags can be trained with the help of machine learning algorithm of convolutional routing 

with the capsules in K-MEANS algorithms to estimate the routing between the each frames, because of this 

application the computational complexity of traditional static and dynamic routing will be calculatedly 

reduced, the convolutional routing can be applied to frmes of predicted tags to find the similarity with the 

help of following steps : 
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1. Compositional code capsule layer (CC) is embedding layer, which chooses the private code word vector in 

each text, CC capsule layer uses all code word vectors in each text to form the word embedding. Suppose the 

vocabulary size is | V |, we create M codebooks E1, E2, ..., EM, each containing K code word vectors. For 

CC embedding layer, the embedding of a word w is computed by summing up the code words corresponding 

to all the components in the code as E(Cw) = X M i=1 Ei(C i w)--------- (i)Where Ei(C i w) is the C i wth 

code word in the text Ei . Ei(j) is the jth code word in the text Ei,C ij w is the jth code for the 

codebook Ei  

2. For CC capsule layer, the embedding of word w is computed by summing up the weighted 

codewords corresponding to all the components in the code as 

E(Cw) = X M i=1 X K j=1 softmax j (C ij w )Ei(j) (ii) From the Formula (2), we can see the code 

needn’t to be integer number. 

3. In the CC capsule layer, only M need to be designated, K is determined as follows K = d Mp |V |e , 

because KM is the total number of all the combination of code word vectors, it makes sure KM ≥ |V |, 

which means each word can be assigned with an unique combination of code word vectors.  

K-means routing the Fully Connected (FC) capsule layer receives lower-level capsules, which 

represent low-level features, then the routing algorithm clusters. 

4. Given n capsules u1, . . . ,un and the metric d, k-means clustering is to find k cluster centers v1, . . . , vk to 

minimize the following loss function:L = Xn i=1 k min j=1 d(ui , vj )(iii) We have used the following 

metric: d(ui , vj ) = −  uikuik , vjkvjk ---------------------- (iv)For obtaining vj , we need to solve the 

equations ∂L/∂vj = 0, which is non-linear mostly and cannot be solved analytically. So we introduce an 

iterative process, suppose v (r) j is the result of vj after r iterations. We can simply take v (r+1) j = Xn 

i=1 c (r) ijui --------- (v) c (r) ij = softmax j h uikuik , v (r) j kv (r) j k i , it means v (r+1) j is the 

sum of those nearest us to v (r) j . 

5. Finally, to achieve a complete routing algorithm, we need to solve these problems: 

a) how to initialize the cluster centers, how to identify capsules at different position, 

b) how to guarantee the cluster centers keep the main information of input features. 

They all can be solved by inserting transformation matrix  

Wij : v (r+1) j = Xn i=1 c (r) ijWijui--------(vii) c (r) ij = softmax j h WijuikWijuik , v (r) j kv (r) j k 

I For the simplicity of this iterative process, we assign the sum of ui averagely to each cluster 

center as v (0) j . Because we want to use the length of capsule to represent the probability that a 

category’s entity exists, a squash function has been introduced: squash(vj ) = kvjk 1 + kvjk 2 vj------

(viii) after r iterations: vj (r) ∼ squash X i e ruˆi·vjZiuˆi!  Zi = X j e uˆi·vj ,uˆi = Wijui (ix) if r → +∞, we 

find the result of softmax will be either 0 or 1. In other words, each lower capsule is linked to sole upper 

capsule. 
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1.3 The probability ratio of the feature set :Rose, is, the, not, beautiful, worst, girl 

 

Probability and Ratio K=flower K=nature K=human K=fashion 
P(k/rose) 8.9 8.1 1.7 3.0 
P(k/beautiful) 7.6 8.5 0.96 3.8 
P(k/worst) 1.2 8.1 7.5 3.0 
P(k/girl) 0.96 2.0 9.6 3.8 

Table.1 

Removal of the stemmwords : {is, the, not} 

 

Chart.1 Probability Ratio 

The research work has been processed for CapsNet K-means classification test accuracy of convolutional 
routing along with the standard dynamic routing. The MNIST average and standard deviation results 
reported for 5 trails[17][18]. 

Method Routing : Convolutional Routing : Dynamic 

 Reconstruction MNIST (%) Reconstruction MNIST (%) 

CapsNet No 0.32 Yes 0.29 

CapsNet Yes 0.34 No 0.34 

CapsNet No 0.36 Yes 0.43 

CapsNet No 0.45 No 0.21 

CapsNet No 0.47 No 0.23 

Table.2 
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Chart.2 
 

 

2. Conclusion 

In this research work proposed convolutional routing of capsules networks to the text classification, K-

means routing is similar to dynamic routing in general, but it has three differences. First of all, we don’t 

apply the squash function to capsule vj in the period of iteration, we just squash it after iteration. Secondly, 

bij is replaced by new bij , however, in dynamic routing, bij is replaced by new bij plus old bij . This is the 

biggest difference between our routing algorithm and dynamic routing. Finally, the cosine similarity is 

computed between vj and Wijui instead of dot product. According to the bij update step as described in 

dynamic routing. The research work implementing to utilization of k-means routing, we compared to 

previous model with our new methodology and justified that, this work reducing the complexity of dynamic 

routing as well as improves the similarity to words matching and increased the accuracy. The final result is 

in higher classification and accuracy, less computation and complexity. 
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Abstract 

In today's modern business climate, upgrading is important, the infrastructure of information 
technology includes the hardware, software, services management and maintenance used by the 
support of IT operations and managing a corporate IT infrastructure can be a substantial task 
requiring specific skills and knowledge. The IT tickets are the generic term to refer to a 
database of work done to address problems and solve user requests tickets can cover several 
different types of tasks or activities depending on the purpose of the IT support team. The other 
terms are called service requests problem tickets or support cases.  Tickets are usually captured 
by the very popular word "IT Ticket" in an IT Service Management ( ITSM) system where 
they are processed, handled and modified as the problem or operation is solved. In this 
proposed study of work deals with this by satisfying user requests and redirect the request to 
sub-queue and the queue separated to subject specialization and again redirect the request to 
the particular subject expert to the study of work deals with this by sending user requests and. 
In this proposed method specifically applied for the IT Ticket problem-solving method that 
tries to identify brainstorming problem-solving techniques. In this proposed work provide 
better services to customer and have an efficient method to increase the efficiency of tickets 
and easy to solve the problem the total ticket waiting time also reduced. 

 KEYWORDS: Customer Satisfaction, Data Mining, IT infrastructure, Ticket Processing, 
brainstorming, IT IS, ITSM. 

1. Introduction  

The IT infrastructure comprises the firm's hardware, software, processes, and facilities used to 
support its operations. High availability, responsiveness and efficiency of the IT infrastructure 
are critical to meeting the business' diverse needs. IT infrastructure support services to faster, 
better and cheaper deliver business goals. The IT support which is specifically tailored to user 
needs. The IT teams will work together to support the IT applications, tools, also infrastructure 
24x7x365[1]. In the Reliable IT system with ongoing maintenance of a network, constant 
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monitoring and timely troubleshooting. User can also design, enforce and manage 
improvements in the IT system to facilitate continuous flow operations, and the infrastructure 
can include different components, say Network for example[2][3]. So ITIS stands for Services 
to IT infrastructure. It refers to the hardware, software, network resources, and services 
required for an enterprise IT environment to function, operate, and manage. It helps companies 
deliver services to their customers. A ticketing system allows for the organisation, concentrate, 
quality and effectiveness of IT support. This has a direct impact on costs and revenues, 
customer retention and the image of the public brand[4]. Ultimately, ticketing systems are a 
way of aiding and assisting you in addressing any issues/incidents in any organisation from the 
moment they are detected until their resolution. 

2. Proposed Framework 

The main aim of proposed framework Fig-1 Is established to managing Call for service and 
reducing overall total waiting time and problem solving the current scenario. The users will 
raise the ticket and the user request sent is referred to as a service request or ticket when the 
customer requests the service is placed in the main queue. In the main queue minted by the 
authority of the company or otherwise, team leader at the person acts as a reviewer that person 
the main job as allocates request and analyzes to the anyone of that team members anyone can 
able to process the particular request[5][6]. The incoming tickets are stored to the main queue. 
In the main queue stored so many numbers of tickets waiting for a long time in the queue. The 
request may be stored along with the sub-queue preserves the N-number of sub-queues that are 
based on the subject specification when calculating the time-bound to the user request is 
transferred to the subject specialist. is like as domain or otherwise various work differentiation 
of the subject queue is considered thus reviewer or the team leader, other authorities review In 
the main queue, the request is moved by the specified subject expert into the sub-queue after 
assigning the request to sub queue the team leader search for the team member with the 
particular subject Experts to assign the request for the processing. Ticket will be resolved to 
apply for(SLA) service level agreement the SLA is all about implementing policies that define 
how fast a support ticket should be answered/resolved depending on the ticket priority and 
applied subject specializatio[7]. The time limit also determined by the starting date, the 
maximum and the minimum time to complete a specific process based on that time limit shall 
be moved to the priority basis of the subject-matter. In this proposed workflow to minimize 
total waiting time. It is very efficient and provides proper customer services[8].  
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Fig-1 Proposed Queue Structure 

3. The New Framework Architecture 

 In this proposed work consist of a new framework architecture Fig-2 which is applied 
brainstorming problem-solving method[9].   In this approach design, teams use to generate 
ideas to solve identified problems in this paper the IT infrastructure management in Data 
Mining is carried out to have a generic solution in any sort of domain that can be applied after 
evaluating the problems of the next system to find a ticket with a higher problem rate so that 
we can solve the brainstorm problems - Solving fare strategy and then finding the root 
cause[10]. Data mining to provide a generalized solution in any kind of domain that can be 
implemented after analyzing the problems of the next method to find a ticket with a higher 
issue rate so that we can resolve the issues applied to the brainstorming problem - solving 
strategy on the ticket and then identify the cause of the problem[12-15]. 

 

 Fig-2 Proposed Queue Framework 
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4. Implementation Algorithm  

start 

Categorize the Resource Person company, (CRPList) 

Get the Request for User Service (USR), the Key Queue user request store, 
(MQ) 

Create 3 Sub-Queues 

Q1- Priority for sub queues of subject-1 

Q2- Priority for sub queues of subject-2 

Q3-For priority sub queue with subject-3 

Get the tickets from the user 

The Reviewer Analyze the ticket with the categories to the subject wise. 

For I in categories 1 to N 

If ticket subject 1 = True then 

Assign to the ticket to the subject expert –Q1 

End if 

If subject 2 on tickets=True then 

Assign to the ticket to the subject expert –Q2 

End if 

If subject 3 on tickets=True then 

Assign to the ticket to the subject expert –Q3 

End if 

Next Brainstorming problem solving 

Cause= identify the mind mapping brainstorming method handling the issue 

If cause possible to solve then 

On the tickets apply brainstorming 
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Solution = identification of  the solution by mind mapping  

End if  

If solution minimize the problem or issues then 

Apply solution to fix this problem  

End if  

End  
   

Table -1 Company Resource Person List (CRP) 

CRP-ID SUBJECT STATUS 
CRP-5001 ACCOUNT DETAIL RESOURCE PERSON 

FREE 
CRP-5002 NET BANKING RESOURCE ALLOCATED 
CRP-5003 BALANCE ENQUERY RESOURCE ALLOCATED 
CRP-5004 NEW ACCOUNT CREATION RESOURCE PERSON 

FREE 
CRP-5005 FD DETAIL RESOURCE PERSON 

FREE 
CRP-5006 SENIOR CITISION DETAILS RESOURCE ALLOCATED 
CRP-5007 LOAN DETAILS RESOURCE PERSON 

FREE 
 

TABLE-2 TICKETS 

TICKET-NUMBER CUSTOMER-NAME USER-REQUEST 
T01 A PRE ACCOUNT 

CREATION 
T02 B ONLINE BANKING 
T03 C DEPOSIT 
T04 D BALANCE ENQUERY 
T05 E LOAN DETAIL 
T06 F RECOVERY 

PASSWORD 
 

Table 1 and Table 2 above display the proposed framework function by breaking the queue 
from the main queue into the sub-queue based on priority with the subject wise the sub-queue 
to transfer the queue to the specific subject expert so that the proposed framework is now 
performing well and the objective of successfully carrying out the research work. Table 1 and 
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Table 2 above display the proposed framework function by breaking the queue from the main 
queue into the sub-queue based on priority with the subject wise the sub-queue to transfer the 
queue to the specific topic expert so that the proposed system is now performing well and the 
objective of successfully carrying out research function [16]. 

5. Conclusion 

In this proposed research paper to control the workflow in the ITIS successfully by maintaining 
the queue and the queue management system provide user-friendly, otherwise easy to reduce 
customer time, customer satisfaction. The setup is performed to test the effectiveness of the 
proposed framework. The methodology used only to mint to the queue based on the user 
request. The user to redirect the request to sub-queue and the sub-queue separated to subject 
specialization and again redirect the request to the particular subject expert to the resource 
person shall be those who consider such request. In this proposed method specifically applied 
to IT Ticket problem-solving method which attempts to identify brainstorming problem-
solving techniques applied to mind mapping. In this proposed framework provide better 
services to the customer and have an efficient way of improving ticket performance and easy to 
solve the problem, and easy to identify the problem, customer satisfaction, the total ticket 
waiting time also reduced. 
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Abstract   

In recent years there is an extraordinary development in the Web Ontology Language 
(OWL). This makes an increase in the quantity of knowledge that is stored under 
ontologies. Specifically, to match the entities glossed with ontology concepts, semantic 
similarly has been evolved. The semantic similarity in biomedical ontologies is one of the 
recent technology which are applied in variety of applications. This helps in providing 
exact information essential for biological datasets, the biomedical literature and patient 
records . Also, several studies are available in recent years to define and assess the 
different as approaches. 

The Semantic similarity is considered the best method for interpreting the effects of biome
dical studies such as gene clustering, gene expression data analysis, molecular interaction 
prediction and validation, and prioritization of disease genes. In this paper, we reviewed 
the semantic similarity measures based on biomedical ontologies and their classifications. 
We present an outlook on biological and biomedical ontologies and focusing on the 
functionalities and its support in integrative research. 
They often concentrate on current implementations of semantine similarity measures, and i
dentify examples of biomedical research applications. This will explain how biomedical re
searchers can take advantage of semantine similarity measures and help them select the m
ost suitable method for their studies. 

 

 Keywords : biomedical ontologies, semantic similarity, synonymous words, 
information retrieval  

 

I. Introduction 

 

The equality between two concepts can be evaluated using Semantic Similarity Measures 
(SSMs).These measures are particularly useful in improved understanding of textual 
resources. 

The presence in English of semantine equality groups between lexical objects makes it hig
hly attractive to use thesauri applications with synonymous or almost synonymous words. 
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Due to serious, comprehensive needs on such IR obligations as patient group recognition,  
the matter is primarily relevant in the medical domain. 

The Measures can be mail dived into two clusters. The first variety of measure is 
Distributional based methods[1]. In this method the distributed concepts jointly with 
various knowledge resources are used to evaluate the similarity. The corpus Information 
Content (IC) and context vector methods are the two measures under this category.The 
Second variety of measure is Knowledge based methods. In this method, ontologies and 
semantic networks are used as knowledge resources. The Path-based and intrinsic IC-
based measures are the two further classifications of Knowledge based methods. Semantic 
similarity measures have been used in wide array of applications in biomedical domain, 
using biomedical ontologies [2]. Some of the applications are like to rephrasing text, to 
recommend medicine transposition, to grouping genes based on their molecular role. 
Semantic similarity measures are without doubt basic parts of numerous information based 
frameworks. These days semantic similarity is getting more consideration because of the 
developing selection of both Semantic Web and Linked Data paradigms. 

Fortunately, the field of biomedical has been exceptionally productive in making medical 
ontologies which sort out ideas in a non-questionable manner to be utilized by 
semanticmeasures.Many of the popular biomedical ontology models include Medical Subj
ect Headings (MeSH),International Disease Classification (ICD taxonomy) and Systematiz
ed Medicine Nomenclature, Clinical Terms (SNOMED-CT). [4] 

2.Ontology  

2.1 Biomedical ontologies 

Researchers have plenty of biomedical tools available, ranging from gene and protein sequ
ence databases.There has been an growing demand in recent years for the exchange and in
corporation of medical data into biomedical research. To strengthen a health care system, 
data integration must be facilitated by promoting semantine interoperability systems and p
ractices[5].  
 

2.1.1 Unified Medical Language System  

The Unified Medical Language System (UMLS) can be used as an example of jargon that 
includes multiple clinical words and integrates approximately 100 different vocabulary[6].
The Unified Medical Language System (UMLS) has attracted time , skills and  
energy from a wide variety of disciplines[7] over the past 10 years. [4] The UMLS incorpo
rates over 2 million names from more than 60 families of  
biomedical vocabulary for some 900 000 concepts, as well as 12 million relationships amo
ng these concepts.UMLS Metathesaurus vocabulary includes NCBI taxonomy, Gene Onto
logy, Medical Subject Headings (MeSH), OMIM, and Virtual Anatomist Symbolic Knowl
edge Base. UMLS is composed of three information sources and a collection of interactive
 resources that can be used to access these knowledge sources in depth. Types of informati
on include the Meta Thesaurus, the Semantic Network and SPECIALIST Lexicon[4].  

2.1.2. MeSH: A for Anatomy, B for Organisms and C for Diseases, et.,MeSH terms are 
the NLM’s controlled terminology, primarily used to organize and index information and 
manuscripts found in common databases such as Pub- Med [8]. 

2.1.3.SNOMED-CT                                         
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SNOMED-CT (Systematized Nomenclature of Medicine, Clinical Terminology), 
developed by the College of American Pathologists, was created through the integration of 
SNOMED RT and Clinical Terms Version 3 (formerly known as the Read 
Codes)[9].SNOMED CT, a clinical terminology covering the whole clinical domain is an 
emerging standard for the representation of semantically explicit, structured information in 
electronic health records by providing more than 300,000 meaning bearing 
representational units (concepts)[10]. SNOMED-CT as an internationally accepted 
standard ontology is included in the UMLS repository.[10] 

2.1.4.NCI Thesaurus (National Cancer Institute Thesaurus): A ontology vocabulary that 
incorporates expansive inclusion of the malicious growth area, including distortion related 
illness, life structures, qualities and medications 

2.1.5. ICD-10:  remain of International Classification Diseases version 10 is a standout 
amongst the most essential international therapeutic expressed frameworks; it was first 
issued in 1893.  

3. Semantic similarity measures  

Semantic similarity is a fundamental and effectiveness concept to get the most relevant 
results[12]. Semantic similarity is related to measuring the similarity of terms that are not 
lexically identical. This is an important topic in research on natural language processing 
(NLP) and information recovery (IR) have gained significant interest in the literature[13]. 
The extension of queries is one of the key applications of semantic similarity. It is a 
method of changing an initial query to boost the efficiency of retrieval of information in 
retrieval operations[14]. The aim of query expansion techniques[15] is to extend the query 
in order to add more term that suits the original terms. Semantic similarity, semantic 
correlation and semantic distance are the measures used in the semantic concept[16]. 
Different methods were designed to calculate this notion of semantic similarity. 

Here, the calculation of semantic similarity can be loosely divided into two (1) Path Based 
semantic similarity measure and (2) semantic similarity measure based on information 
quality. The First measure variety offers descriptions of the co-location of the relationships 
in an arrangement (i.e) classification. The second measure variety uses the specifics of the 
arrangement with the connections to certain definitions in addition. The two methods used 
to determine the calculation of semance similarity  

Both intrinsic and corpus based assessments are focused on knowledge 
quality.Many of the semantic similarity steps were introduced in the biomedical sector by 
adding domain in-information from clinical data or medical ontology.  

4.Results & Discussion 

4.1. Datasets 

There are no specific collections of terms / concepts concerning conceptual similarities 
and relatedness within the biomedical context, such as the M&C or general English R&G 
collections. The Pedersen, Pakhomov, & Patwardhan (2005) set of 30 pairs of ideas was 
used to compare approaches, annotated by 3 physicists and 9 experts in the theoretical 
index. Increasing pair had a 4-point scale annotated: "Practically identical, related, 
marginal, and unrelated. The average ratio between doctor and doctor is 0.68, and 0.78, 
respectively. 
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Table 1. Absolute correlation values of the five factors with respect to human 
decisions 
 

 
 

 

 
 

Figure 1. Absolute correlation values for the five tests 

 
But the second marked their approach Regarding physician decisions. Since the 
expert scores are more correct, since the expert scores correlation (0.78) is higher 
There are more experts than doctors between doctors (0.68) and doctors (3 doctors & 
9 experts). 

5.Conclusion and Future Works 

 
We contrasted a measure of semantic similarities, based on ontology. The studies 
discussed in this paper have shown the superiority of the approach used by Al-
Mubaid & Nyguan in terms of human decisions and in contrast with other ontology-
based interventions. In future work on this paper we plan to discuss studies in the 
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biomedical domain with implementations of semantine relatedness interventions for 
NLP tasks such as word sense detection, information retrieval, and spelling 
correction.  We also use the collection to compare taxonomies and calculate semantic 
similarities between and across two definitions in sources of UMLS terminology. 
Finally, we plan to develop a web-based user interface for all of these semantine 
similarity measures and make it freely accessible to researchers over the Web. This 
will be very useful for interested biomedicine researchers. 
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Abstract. The convolutional networks have been hugely successful network in today’s field of deep 

learning, the deep learning is so popular right now. This paper effectively calculated the convolutional 

routing which presents the text classification with the help of capsule network. In this research work 

illuminated that capsules are most active way of classification. Thoroughly describe about the caps network 

in Machine learning. Esteemed data sets have been utilized to prove the convolutional routing. With the help 

of convolutional technique we have reduced the computational complexity of the dynamic and static routing 

of the capsules. In addition the research work also concentrate to reduce the computational complexity using 

the text classification and new framework of K-means algorithm. 

 

Keywords: text-classification, capsule network, machine learning, convolutional routing, k-means algorithm, 

computational complexity 

1  Introduction 

 

CapsNet consist of millions of small particles called capsules. In which each capsule enclosed with small set of neurons 

that helps to detect a particular region in an image[1]. It used to produce the outputs in the form of vector, whose length 

will be expressed in probability that the object is present, then further the orientation encodes as the object’s pose 

parameters. If any of the transformation(e.g., shifted, rotated, resized, etc.) can be applied to that  image content also the 

capsule will produce the same length of vector image but that will slightly differ in orientation[4][5]. 

 

     The CapsNet is composed with multiple layers, much like to regular neural network architecture. The lowest layer of 

the capsule is called as primary capsule with used to receive a small region of image as input(called its receptive field), 

this layer used to detect the presence and pose of particular pattern, for example, a rectangle. The higher layer of 

capsule will be called as routing layer, which used to detect larger and more complex objects. 

mailto:bhuvanavr1981@yahoo.co.in
mailto:elangotesting@gmail.com
mailto:sbacathy@gmail.com
mailto:maheshwari.selvarajj@gmail.com


Dogo Rangsang Research Journal                                UGC Care Group I Journal 
ISSN : 2347-7180                                            Vol-10 Issue-07 No. 8 July 2020 

 Page | 199                                                                           Copyright ⓒ 2020 Authors 

     To convert the text into groups the widely used technique is text classification. With the help of machine 

learning[5] the text classification can be make as automate process, and it will turn as efficient and in super-fast 

manner. Artificial Intelligence and Machine learning are arguably the most beneficial technologies to have gained 

momentum in now a days. They are finding to applicable everywhere. 

     An important application in converting text into groups will be Automatic text classification[14][17]. Because of 

frequent usage of large text documents now a days text classification plays vital role. In like manner, content grouping 

incorporates two immense assortment one is the subject based content arrangement and other one is content based 

characterization. Theme based content categorization[6] characterizes the reports as per their subjects. Writings can 

likewise be written in numerous classes like logical articles, news reports, motion picture surveys, and promotions. It 

very well may be characterized in transit of content was made, the manner in which it was altered, the register of 

language it utilizes, and the sort of group of spectators to whom it is tended to. 

  

   Representing the documents in a semantic path used to improve the order and casual method for recovery process. 

The best away to accomplish it will be with the assistance of Natural Language Processing (NLP) [8][11].Semantic 

analysis[3][9]. Utilizing insights sponsored innovation, these words are then contrasted with the arrangement. 

 

 

Fig. 1 Proposed Method 
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The automated text classification[15] using machine learning techniques will be includes the 
process of eliminatingthe language dependent factors, tokenization of text, removing the stop words from 
the tokens and stemming [12][16]. 

 

1.2 Proposed Method 
 

This research work implementing the concept of text classification[19][4] by dataset selection, tokenizing 
the text, stemming them into code word, vector representation for each code word, feature extraction for 
them, finally applying the machine learning technique of convolutional routing of text with capsules with 
the help of k-means algorithm. 

     In this phase, eliminating the irrelevant inflected words from the tokens.This research work have used 
the simple stemmer approach of look-up table. This approach generally produced the result in semi –

automatic method, list all the prefix and suffix words in the table and stem them by checking for the match. 
It is very much simple and fast to implement and it can be easily handled the exceptions. But the only 
drawback inflected forms must be present in the table. 

     Further, the training classifier of machine learning will be undergone for feature extraction, we have 
applied the most simple and familiar technique of bag of words, in which the vector of classifier will be 
represented. For instant, the sample dictionary of words in this work we have defined will be followed 
{Rose, is, the, not, beautiful, worst, girl}, and then the dictionary words will be vectorize, as the tag of 
“Rose is beautiful”. 

   

     Towards to next step the machine learning algorithm will be applied to the training data set, that will be 
yield. 
 

 
Figure. 2 

 
Figure. 3 

     The predicted tags can be trained with the help of machine learning algorithm of convolutional routing 

with the capsules in K-MEANS algorithms to estimate the routing between the each frames, because of this 

application the computational complexity of traditional static and dynamic routing will be calculatedly 

reduced, the convolutional routing can be applied to frmes of predicted tags to find the similarity with the 

help of following steps : 
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1. Compositional code capsule layer (CC) is embedding layer, which chooses the private code word vector in 

each text, CC capsule layer uses all code word vectors in each text to form the word embedding. Suppose the 

vocabulary size is | V |, we create M codebooks E1, E2, ..., EM, each containing K code word vectors. For 

CC embedding layer, the embedding of a word w is computed by summing up the code words corresponding 

to all the components in the code as E(Cw) = X M i=1 Ei(C i w)--------- (i)Where Ei(C i w) is the C i wth 

code word in the text Ei . Ei(j) is the jth code word in the text Ei,C ij w is the jth code for the 

codebook Ei  

2. For CC capsule layer, the embedding of word w is computed by summing up the weighted 

codewords corresponding to all the components in the code as 

E(Cw) = X M i=1 X K j=1 softmax j (C ij w )Ei(j) (ii) From the Formula (2), we can see the code 

needn’t to be integer number. 

3. In the CC capsule layer, only M need to be designated, K is determined as follows K = d Mp |V |e , 

because KM is the total number of all the combination of code word vectors, it makes sure KM ≥ |V |, 

which means each word can be assigned with an unique combination of code word vectors.  

K-means routing the Fully Connected (FC) capsule layer receives lower-level capsules, which 

represent low-level features, then the routing algorithm clusters. 

4. Given n capsules u1, . . . ,un and the metric d, k-means clustering is to find k cluster centers v1, . . . , vk to 

minimize the following loss function:L = Xn i=1 k min j=1 d(ui , vj )(iii) We have used the following 

metric: d(ui , vj ) = −  uikuik , vjkvjk ---------------------- (iv)For obtaining vj , we need to solve the 

equations ∂L/∂vj = 0, which is non-linear mostly and cannot be solved analytically. So we introduce an 

iterative process, suppose v (r) j is the result of vj after r iterations. We can simply take v (r+1) j = Xn 

i=1 c (r) ijui --------- (v) c (r) ij = softmax j h uikuik , v (r) j kv (r) j k i , it means v (r+1) j is the 

sum of those nearest us to v (r) j . 

5. Finally, to achieve a complete routing algorithm, we need to solve these problems: 

a) how to initialize the cluster centers, how to identify capsules at different position, 

b) how to guarantee the cluster centers keep the main information of input features. 

They all can be solved by inserting transformation matrix  

Wij : v (r+1) j = Xn i=1 c (r) ijWijui--------(vii) c (r) ij = softmax j h WijuikWijuik , v (r) j kv (r) j k 

I For the simplicity of this iterative process, we assign the sum of ui averagely to each cluster 

center as v (0) j . Because we want to use the length of capsule to represent the probability that a 

category’s entity exists, a squash function has been introduced: squash(vj ) = kvjk 1 + kvjk 2 vj------

(viii) after r iterations: vj (r) ∼ squash X i e ruˆi·vjZiuˆi!  Zi = X j e uˆi·vj ,uˆi = Wijui (ix) if r → +∞, we 

find the result of softmax will be either 0 or 1. In other words, each lower capsule is linked to sole upper 

capsule. 
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1.3 The probability ratio of the feature set :Rose, is, the, not, beautiful, worst, girl 

 

Probability and Ratio K=flower K=nature K=human K=fashion 
P(k/rose) 8.9 8.1 1.7 3.0 
P(k/beautiful) 7.6 8.5 0.96 3.8 
P(k/worst) 1.2 8.1 7.5 3.0 
P(k/girl) 0.96 2.0 9.6 3.8 

Table.1 

Removal of the stemmwords : {is, the, not} 

 

Chart.1 Probability Ratio 

The research work has been processed for CapsNet K-means classification test accuracy of convolutional 
routing along with the standard dynamic routing. The MNIST average and standard deviation results 
reported for 5 trails[17][18]. 

Method Routing : Convolutional Routing : Dynamic 

 Reconstruction MNIST (%) Reconstruction MNIST (%) 

CapsNet No 0.32 Yes 0.29 

CapsNet Yes 0.34 No 0.34 

CapsNet No 0.36 Yes 0.43 

CapsNet No 0.45 No 0.21 

CapsNet No 0.47 No 0.23 

Table.2 
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2. Conclusion 

In this research work proposed convolutional routing of capsules networks to the text classification, K-

means routing is similar to dynamic routing in general, but it has three differences. First of all, we don’t 

apply the squash function to capsule vj in the period of iteration, we just squash it after iteration. Secondly, 

bij is replaced by new bij , however, in dynamic routing, bij is replaced by new bij plus old bij . This is the 

biggest difference between our routing algorithm and dynamic routing. Finally, the cosine similarity is 

computed between vj and Wijui instead of dot product. According to the bij update step as described in 

dynamic routing. The research work implementing to utilization of k-means routing, we compared to 

previous model with our new methodology and justified that, this work reducing the complexity of dynamic 

routing as well as improves the similarity to words matching and increased the accuracy. The final result is 

in higher classification and accuracy, less computation and complexity. 
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Abstract. The convolutional networks have been hugely successful network in today’s field of deep 

learning, the deep learning is so popular right now. This paper effectively calculated the convolutional 

routing which presents the text classification with the help of capsule network. In this research work 

illuminated that capsules are most active way of classification. Thoroughly describe about the caps network 

in Machine learning. Esteemed data sets have been utilized to prove the convolutional routing. With the help 

of convolutional technique we have reduced the computational complexity of the dynamic and static routing 

of the capsules. In addition the research work also concentrate to reduce the computational complexity using 

the text classification and new framework of K-means algorithm. 

 

Keywords: text-classification, capsule network, machine learning, convolutional routing, k-means algorithm, 

computational complexity 

1  Introduction 

 

CapsNet consist of millions of small particles called capsules. In which each capsule enclosed with small set of neurons 

that helps to detect a particular region in an image[1]. It used to produce the outputs in the form of vector, whose length 

will be expressed in probability that the object is present, then further the orientation encodes as the object’s pose 

parameters. If any of the transformation(e.g., shifted, rotated, resized, etc.) can be applied to that  image content also the 

capsule will produce the same length of vector image but that will slightly differ in orientation[4][5]. 

 

     The CapsNet is composed with multiple layers, much like to regular neural network architecture. The lowest layer of 

the capsule is called as primary capsule with used to receive a small region of image as input(called its receptive field), 

this layer used to detect the presence and pose of particular pattern, for example, a rectangle. The higher layer of 

capsule will be called as routing layer, which used to detect larger and more complex objects. 
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     To convert the text into groups the widely used technique is text classification. With the help of machine 

learning[5] the text classification can be make as automate process, and it will turn as efficient and in super-fast 

manner. Artificial Intelligence and Machine learning are arguably the most beneficial technologies to have gained 

momentum in now a days. They are finding to applicable everywhere. 

     An important application in converting text into groups will be Automatic text classification[14][17]. Because of 

frequent usage of large text documents now a days text classification plays vital role. In like manner, content grouping 

incorporates two immense assortment one is the subject based content arrangement and other one is content based 

characterization. Theme based content categorization[6] characterizes the reports as per their subjects. Writings can 

likewise be written in numerous classes like logical articles, news reports, motion picture surveys, and promotions. It 

very well may be characterized in transit of content was made, the manner in which it was altered, the register of 

language it utilizes, and the sort of group of spectators to whom it is tended to. 

  

   Representing the documents in a semantic path used to improve the order and casual method for recovery process. 

The best away to accomplish it will be with the assistance of Natural Language Processing (NLP) [8][11].Semantic 

analysis[3][9]. Utilizing insights sponsored innovation, these words are then contrasted with the arrangement. 

 

 

Fig. 1 Proposed Method 
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The automated text classification[15] using machine learning techniques will be includes the 
process of eliminatingthe language dependent factors, tokenization of text, removing the stop words from 
the tokens and stemming [12][16]. 

 

1.2 Proposed Method 
 

This research work implementing the concept of text classification[19][4] by dataset selection, tokenizing 
the text, stemming them into code word, vector representation for each code word, feature extraction for 
them, finally applying the machine learning technique of convolutional routing of text with capsules with 
the help of k-means algorithm. 

     In this phase, eliminating the irrelevant inflected words from the tokens.This research work have used 
the simple stemmer approach of look-up table. This approach generally produced the result in semi –

automatic method, list all the prefix and suffix words in the table and stem them by checking for the match. 
It is very much simple and fast to implement and it can be easily handled the exceptions. But the only 
drawback inflected forms must be present in the table. 

     Further, the training classifier of machine learning will be undergone for feature extraction, we have 
applied the most simple and familiar technique of bag of words, in which the vector of classifier will be 
represented. For instant, the sample dictionary of words in this work we have defined will be followed 
{Rose, is, the, not, beautiful, worst, girl}, and then the dictionary words will be vectorize, as the tag of 
“Rose is beautiful”. 

   

     Towards to next step the machine learning algorithm will be applied to the training data set, that will be 
yield. 
 

 
Figure. 2 

 
Figure. 3 

     The predicted tags can be trained with the help of machine learning algorithm of convolutional routing 

with the capsules in K-MEANS algorithms to estimate the routing between the each frames, because of this 

application the computational complexity of traditional static and dynamic routing will be calculatedly 

reduced, the convolutional routing can be applied to frmes of predicted tags to find the similarity with the 

help of following steps : 
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1. Compositional code capsule layer (CC) is embedding layer, which chooses the private code word vector in 

each text, CC capsule layer uses all code word vectors in each text to form the word embedding. Suppose the 

vocabulary size is | V |, we create M codebooks E1, E2, ..., EM, each containing K code word vectors. For 

CC embedding layer, the embedding of a word w is computed by summing up the code words corresponding 

to all the components in the code as E(Cw) = X M i=1 Ei(C i w)--------- (i)Where Ei(C i w) is the C i wth 

code word in the text Ei . Ei(j) is the jth code word in the text Ei,C ij w is the jth code for the 

codebook Ei  

2. For CC capsule layer, the embedding of word w is computed by summing up the weighted 

codewords corresponding to all the components in the code as 

E(Cw) = X M i=1 X K j=1 softmax j (C ij w )Ei(j) (ii) From the Formula (2), we can see the code 

needn’t to be integer number. 

3. In the CC capsule layer, only M need to be designated, K is determined as follows K = d Mp |V |e , 

because KM is the total number of all the combination of code word vectors, it makes sure KM ≥ |V |, 

which means each word can be assigned with an unique combination of code word vectors.  

K-means routing the Fully Connected (FC) capsule layer receives lower-level capsules, which 

represent low-level features, then the routing algorithm clusters. 

4. Given n capsules u1, . . . ,un and the metric d, k-means clustering is to find k cluster centers v1, . . . , vk to 

minimize the following loss function:L = Xn i=1 k min j=1 d(ui , vj )(iii) We have used the following 

metric: d(ui , vj ) = −  uikuik , vjkvjk ---------------------- (iv)For obtaining vj , we need to solve the 

equations ∂L/∂vj = 0, which is non-linear mostly and cannot be solved analytically. So we introduce an 

iterative process, suppose v (r) j is the result of vj after r iterations. We can simply take v (r+1) j = Xn 

i=1 c (r) ijui --------- (v) c (r) ij = softmax j h uikuik , v (r) j kv (r) j k i , it means v (r+1) j is the 

sum of those nearest us to v (r) j . 

5. Finally, to achieve a complete routing algorithm, we need to solve these problems: 

a) how to initialize the cluster centers, how to identify capsules at different position, 

b) how to guarantee the cluster centers keep the main information of input features. 

They all can be solved by inserting transformation matrix  

Wij : v (r+1) j = Xn i=1 c (r) ijWijui--------(vii) c (r) ij = softmax j h WijuikWijuik , v (r) j kv (r) j k 

I For the simplicity of this iterative process, we assign the sum of ui averagely to each cluster 

center as v (0) j . Because we want to use the length of capsule to represent the probability that a 

category’s entity exists, a squash function has been introduced: squash(vj ) = kvjk 1 + kvjk 2 vj------

(viii) after r iterations: vj (r) ∼ squash X i e ruˆi·vjZiuˆi!  Zi = X j e uˆi·vj ,uˆi = Wijui (ix) if r → +∞, we 

find the result of softmax will be either 0 or 1. In other words, each lower capsule is linked to sole upper 

capsule. 
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1.3 The probability ratio of the feature set :Rose, is, the, not, beautiful, worst, girl 

 

Probability and Ratio K=flower K=nature K=human K=fashion 
P(k/rose) 8.9 8.1 1.7 3.0 
P(k/beautiful) 7.6 8.5 0.96 3.8 
P(k/worst) 1.2 8.1 7.5 3.0 
P(k/girl) 0.96 2.0 9.6 3.8 

Table.1 

Removal of the stemmwords : {is, the, not} 

 

Chart.1 Probability Ratio 

The research work has been processed for CapsNet K-means classification test accuracy of convolutional 
routing along with the standard dynamic routing. The MNIST average and standard deviation results 
reported for 5 trails[17][18]. 

Method Routing : Convolutional Routing : Dynamic 

 Reconstruction MNIST (%) Reconstruction MNIST (%) 

CapsNet No 0.32 Yes 0.29 

CapsNet Yes 0.34 No 0.34 

CapsNet No 0.36 Yes 0.43 

CapsNet No 0.45 No 0.21 

CapsNet No 0.47 No 0.23 

Table.2 
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Chart.2 
 

 

2. Conclusion 

In this research work proposed convolutional routing of capsules networks to the text classification, K-

means routing is similar to dynamic routing in general, but it has three differences. First of all, we don’t 

apply the squash function to capsule vj in the period of iteration, we just squash it after iteration. Secondly, 

bij is replaced by new bij , however, in dynamic routing, bij is replaced by new bij plus old bij . This is the 

biggest difference between our routing algorithm and dynamic routing. Finally, the cosine similarity is 

computed between vj and Wijui instead of dot product. According to the bij update step as described in 

dynamic routing. The research work implementing to utilization of k-means routing, we compared to 

previous model with our new methodology and justified that, this work reducing the complexity of dynamic 

routing as well as improves the similarity to words matching and increased the accuracy. The final result is 

in higher classification and accuracy, less computation and complexity. 
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Abstract. The convolutional networks have been hugely successful network in today’s field of deep 

learning, the deep learning is so popular right now. This paper effectively calculated the convolutional 

routing which presents the text classification with the help of capsule network. In this research work 

illuminated that capsules are most active way of classification. Thoroughly describe about the caps network 

in Machine learning. Esteemed data sets have been utilized to prove the convolutional routing. With the help 

of convolutional technique we have reduced the computational complexity of the dynamic and static routing 

of the capsules. In addition the research work also concentrate to reduce the computational complexity using 

the text classification and new framework of K-means algorithm. 

 

Keywords: text-classification, capsule network, machine learning, convolutional routing, k-means algorithm, 

computational complexity 

1  Introduction 

 

CapsNet consist of millions of small particles called capsules. In which each capsule enclosed with small set of neurons 

that helps to detect a particular region in an image[1]. It used to produce the outputs in the form of vector, whose length 

will be expressed in probability that the object is present, then further the orientation encodes as the object’s pose 

parameters. If any of the transformation(e.g., shifted, rotated, resized, etc.) can be applied to that  image content also the 

capsule will produce the same length of vector image but that will slightly differ in orientation[4][5]. 

 

     The CapsNet is composed with multiple layers, much like to regular neural network architecture. The lowest layer of 

the capsule is called as primary capsule with used to receive a small region of image as input(called its receptive field), 

this layer used to detect the presence and pose of particular pattern, for example, a rectangle. The higher layer of 

capsule will be called as routing layer, which used to detect larger and more complex objects. 

mailto:bhuvanavr1981@yahoo.co.in
mailto:elangotesting@gmail.com
mailto:sbacathy@gmail.com
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     To convert the text into groups the widely used technique is text classification. With the help of machine 

learning[5] the text classification can be make as automate process, and it will turn as efficient and in super-fast 

manner. Artificial Intelligence and Machine learning are arguably the most beneficial technologies to have gained 

momentum in now a days. They are finding to applicable everywhere. 

     An important application in converting text into groups will be Automatic text classification[14][17]. Because of 

frequent usage of large text documents now a days text classification plays vital role. In like manner, content grouping 

incorporates two immense assortment one is the subject based content arrangement and other one is content based 

characterization. Theme based content categorization[6] characterizes the reports as per their subjects. Writings can 

likewise be written in numerous classes like logical articles, news reports, motion picture surveys, and promotions. It 

very well may be characterized in transit of content was made, the manner in which it was altered, the register of 

language it utilizes, and the sort of group of spectators to whom it is tended to. 

  

   Representing the documents in a semantic path used to improve the order and casual method for recovery process. 

The best away to accomplish it will be with the assistance of Natural Language Processing (NLP) [8][11].Semantic 

analysis[3][9]. Utilizing insights sponsored innovation, these words are then contrasted with the arrangement. 

 

 

Fig. 1 Proposed Method 
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The automated text classification[15] using machine learning techniques will be includes the 
process of eliminatingthe language dependent factors, tokenization of text, removing the stop words from 
the tokens and stemming [12][16]. 

 

1.2 Proposed Method 
 

This research work implementing the concept of text classification[19][4] by dataset selection, tokenizing 
the text, stemming them into code word, vector representation for each code word, feature extraction for 
them, finally applying the machine learning technique of convolutional routing of text with capsules with 
the help of k-means algorithm. 

     In this phase, eliminating the irrelevant inflected words from the tokens.This research work have used 
the simple stemmer approach of look-up table. This approach generally produced the result in semi –

automatic method, list all the prefix and suffix words in the table and stem them by checking for the match. 
It is very much simple and fast to implement and it can be easily handled the exceptions. But the only 
drawback inflected forms must be present in the table. 

     Further, the training classifier of machine learning will be undergone for feature extraction, we have 
applied the most simple and familiar technique of bag of words, in which the vector of classifier will be 
represented. For instant, the sample dictionary of words in this work we have defined will be followed 
{Rose, is, the, not, beautiful, worst, girl}, and then the dictionary words will be vectorize, as the tag of 
“Rose is beautiful”. 

   

     Towards to next step the machine learning algorithm will be applied to the training data set, that will be 
yield. 
 

 
Figure. 2 

 
Figure. 3 

     The predicted tags can be trained with the help of machine learning algorithm of convolutional routing 

with the capsules in K-MEANS algorithms to estimate the routing between the each frames, because of this 

application the computational complexity of traditional static and dynamic routing will be calculatedly 

reduced, the convolutional routing can be applied to frmes of predicted tags to find the similarity with the 

help of following steps : 
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1. Compositional code capsule layer (CC) is embedding layer, which chooses the private code word vector in 

each text, CC capsule layer uses all code word vectors in each text to form the word embedding. Suppose the 

vocabulary size is | V |, we create M codebooks E1, E2, ..., EM, each containing K code word vectors. For 

CC embedding layer, the embedding of a word w is computed by summing up the code words corresponding 

to all the components in the code as E(Cw) = X M i=1 Ei(C i w)--------- (i)Where Ei(C i w) is the C i wth 

code word in the text Ei . Ei(j) is the jth code word in the text Ei,C ij w is the jth code for the 

codebook Ei  

2. For CC capsule layer, the embedding of word w is computed by summing up the weighted 

codewords corresponding to all the components in the code as 

E(Cw) = X M i=1 X K j=1 softmax j (C ij w )Ei(j) (ii) From the Formula (2), we can see the code 

needn’t to be integer number. 

3. In the CC capsule layer, only M need to be designated, K is determined as follows K = d Mp |V |e , 

because KM is the total number of all the combination of code word vectors, it makes sure KM ≥ |V |, 

which means each word can be assigned with an unique combination of code word vectors.  

K-means routing the Fully Connected (FC) capsule layer receives lower-level capsules, which 

represent low-level features, then the routing algorithm clusters. 

4. Given n capsules u1, . . . ,un and the metric d, k-means clustering is to find k cluster centers v1, . . . , vk to 

minimize the following loss function:L = Xn i=1 k min j=1 d(ui , vj )(iii) We have used the following 

metric: d(ui , vj ) = −  uikuik , vjkvjk ---------------------- (iv)For obtaining vj , we need to solve the 

equations ∂L/∂vj = 0, which is non-linear mostly and cannot be solved analytically. So we introduce an 

iterative process, suppose v (r) j is the result of vj after r iterations. We can simply take v (r+1) j = Xn 

i=1 c (r) ijui --------- (v) c (r) ij = softmax j h uikuik , v (r) j kv (r) j k i , it means v (r+1) j is the 

sum of those nearest us to v (r) j . 

5. Finally, to achieve a complete routing algorithm, we need to solve these problems: 

a) how to initialize the cluster centers, how to identify capsules at different position, 

b) how to guarantee the cluster centers keep the main information of input features. 

They all can be solved by inserting transformation matrix  

Wij : v (r+1) j = Xn i=1 c (r) ijWijui--------(vii) c (r) ij = softmax j h WijuikWijuik , v (r) j kv (r) j k 

I For the simplicity of this iterative process, we assign the sum of ui averagely to each cluster 

center as v (0) j . Because we want to use the length of capsule to represent the probability that a 

category’s entity exists, a squash function has been introduced: squash(vj ) = kvjk 1 + kvjk 2 vj------

(viii) after r iterations: vj (r) ∼ squash X i e ruˆi·vjZiuˆi!  Zi = X j e uˆi·vj ,uˆi = Wijui (ix) if r → +∞, we 

find the result of softmax will be either 0 or 1. In other words, each lower capsule is linked to sole upper 

capsule. 
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1.3 The probability ratio of the feature set :Rose, is, the, not, beautiful, worst, girl 

 

Probability and Ratio K=flower K=nature K=human K=fashion 
P(k/rose) 8.9 8.1 1.7 3.0 
P(k/beautiful) 7.6 8.5 0.96 3.8 
P(k/worst) 1.2 8.1 7.5 3.0 
P(k/girl) 0.96 2.0 9.6 3.8 

Table.1 

Removal of the stemmwords : {is, the, not} 

 

Chart.1 Probability Ratio 

The research work has been processed for CapsNet K-means classification test accuracy of convolutional 
routing along with the standard dynamic routing. The MNIST average and standard deviation results 
reported for 5 trails[17][18]. 

Method Routing : Convolutional Routing : Dynamic 

 Reconstruction MNIST (%) Reconstruction MNIST (%) 

CapsNet No 0.32 Yes 0.29 

CapsNet Yes 0.34 No 0.34 

CapsNet No 0.36 Yes 0.43 

CapsNet No 0.45 No 0.21 

CapsNet No 0.47 No 0.23 

Table.2 
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Chart.2 
 

 

2. Conclusion 

In this research work proposed convolutional routing of capsules networks to the text classification, K-

means routing is similar to dynamic routing in general, but it has three differences. First of all, we don’t 

apply the squash function to capsule vj in the period of iteration, we just squash it after iteration. Secondly, 

bij is replaced by new bij , however, in dynamic routing, bij is replaced by new bij plus old bij . This is the 

biggest difference between our routing algorithm and dynamic routing. Finally, the cosine similarity is 

computed between vj and Wijui instead of dot product. According to the bij update step as described in 

dynamic routing. The research work implementing to utilization of k-means routing, we compared to 

previous model with our new methodology and justified that, this work reducing the complexity of dynamic 

routing as well as improves the similarity to words matching and increased the accuracy. The final result is 

in higher classification and accuracy, less computation and complexity. 
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Abstract: Agriculture is the major profession in India. Some of the states in the country have agriculture as the only source of
income. This field has a wealth of data like area under production, prices, logistics, different types of crops under cultivation, soil 
conditions, pesticides etc. that needs to be collected, classified and analyzed for betterment of this field. Various statistical, time series 
and optimization tools are available to fulfill this purpose. For this study, agricultural data for the state of Tamilnadu is taken and 
statistical analysis is done. The data consists of 9 attribute and 13316 instances. These are analyzed using supervised learning 
algorithms in predicting optimum crop yield. The empirical comparison of results showed that the Random tree classifier and K- 
Nearest neighbor algorithms predicted the optimum crop yield with 99.77% accuracy. 

Keywords: Supervised learning, SVM, Naive Bayes, J48, Random Tree, k-NN, Logistic regression classifier. 

1. INTRODUCTION

      The staple food for the people of south India and Tamilnadu is rice while the staple food for north India 
is wheat. The country needs to be self sufficient in these two grains and provide the citizens as per their 
demand of the same. This can be done by increasing productivity such that supply is sufficiently greater than 
demand. However seasonal changes are found to play havoc in India with respect to agriculture produce and 
stocking. All these issues need to be addressed scientifically to help the farmers get an optimum return for 
their yields. 

        In this paper a study is made on the agricultural data for Tamilnadu. There are multiple options to select 
the crops. It is difficult for the agricultural sector to decide the crop to be selected for optimum yield for each 
season. The intension behind scientific analysis of the various factors and industries directly or indirectly 
related to agriculture is to optimize the production. Agricultural data for various types of crops, flowers, 
medicinal plants, vegetables etc is used for the study. The study was conducted on the dataset obtained from 

    https://raw.githubusercontent.com/nitinvbharti/Agriculture_Analysis/master/data_set.csv 
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                                          Figure 1.Tanjavur –Rice - Area and Production  
 
             Figure 1 shows the graph for area and production of rice under cultivation in Tanjavur district. It is 
observed from the graph that Tanjavur (a more fertile region) despite the area under cultivation nearly the 
same, the production has increased in the years 2011 and 2013. 
 

 
 
                                                          Figure 2.Cuddalore –Rice- Area and Production  

0
100000
200000
300000
400000
500000
600000
700000
800000
900000

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

TANJAVUR -RICE
AREA AND PRODUCTION

AREA

PRODUCTION

0

100000

200000

300000

400000

500000

600000

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

CUDDALORE -RICE          
AREA AND PRODUCTION

AREA

PRODUCTION

Journal of Huazhong University of Science and Technology ISSN-1671-4512

vol 50 2 issue 3



 
 
     Figure 2 shows the graph for area and production of rice under cultivation in Cuddalore district well 
known for frequent cyclones in the state. It is observed from the graph that the area and production of rice in 
the Cuddalore district has maximum production of rice during the years 2000 and 2013. Rice production in 
both Tanjavur and Cuddalore districts was less between the years 2002 and 2005. 
 
       In most of the cases it can be observed that area under production is nearly the same but production can 
vary. Optimization techniques can assist in increasing production with limited resources like area under 
production, water etc.  
   
                  

 
 

Figure 3.District wise comparison of area and production of rice -2013 
 

Figure 3 shows the district wise comparison of area and production of rice in the year 2013. It is observed 
from the graph that there is a correlation between districts with respect to area under cultivation and 
production. 

 

2. METHODOLOGY 
 
            The data set used for the study has nine attributes. These attributes are selected regarding Tamilnadu’s 
agricultural scenario for different districts and crops. The seasons are classified as Kharif, Rabi and whole 
year depending on the crops that are planted during that season. Six supervised learning classifiers used for 
the study are trained over 13316 instances. The results are compared and the best classifier is selected. 
Regression analysis of the data is done and analysis of variance is computed. Based on the computation 
results Crop_Id, year, Area and District_Id attributes are selected for prediction analysis using supervised 
machine learning algorithms.  Figure 4 shows the flow chart of study methodology. 
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Figure 4.Flow chart for Analysis of Agri- Data set 
2.1 Regression analysis of data 
 
Regression Analysis: Production versus Area, Crop_Id, Year and District_Id. 
 

Table 1. Analysis of Variance 

 
Source DF F value p- Value 
Regression 4 25.16 0.000 
Area 1 50.11 0.000 
Crop_Id 1 1.60 0.207 
Year 1 45.14 0.000 

 
                                    Model Summary 

S      R-sq   R-sq(adj)   R-sq(pred) 

20972754 0.75% 0.72% 0.55% 
 

Table 2. Regression Coefficients 
 

Term Coeff t-Value p- Value VIF 

Constant -527186528 -6.70 0.000  

Area 62.59 7.08 0.000 1.05 

Crop_Id -13521 -1.26 0.207 1.07 

Year 263495 6.72 0.000 1.04 

District_Id -23736 -1.18 0.240 1.00 

 

Journal of Huazhong University of Science and Technology ISSN-1671-4512

vol 50 4 issue 3



The VIF values for the attributes selected shows that there is no multi collinearity between them. 
 
2.2 Regression Equation 
 
Production = -527186528 + 62.59 Area -13521 Crop_Id +263495 Year - 23736 District_Id 
If the Crop _id, District _id, Year and Area are given, the production for the same can be found for this 
dataset. 
 
  2.3 Types of errors to determine accuracy of classification 
 

     RAE (Relative Absolute Error): Relative absolute error is compared for models whose errors 
are measured in different units 
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RRSE (Root Relative Mean Square Error): It is a measure of the difference between values (Sample 
and Population) predicted by the model or an estimator of the actual values obtained. 
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MAE (Mean Absolute Error): The difference between the two continuous variables is called as mean 
absolute error. This is the mean of the absolute value of the difference between predicted and actual values. 
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, where n is the number of observations. 

The formulas applied to calculate the performance measures like precision, accuracy etc. are given in 
Table 3.  

Table  3. Performance measures 
 

S.No 1 2 3 4 

Performance  Specificity/True 
Negative Rate 

 

Sensitivity/True 
Positive Rate 

Precision/Positive 
Predictive Rate 

Accuracy 

Formulae TN
SP

TN FP
=

+
  

 

TP
SN

TP FN
=

+
 

 

TP
P

TP FP
=

+
 

 

TN TP
A

TN TP FN FP

+
=

+ + +
 

 

 
The abbreviations are TP –True Positive, FN  - False Negative, FP – False Positive and TN – True Negative 
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A model's ability to predict true positives of each classification is called sensitivity measure.  
A model's ability to predict true negatives of each classification is called specificity measure. 
Precision is the ratio of the correctly +ve labeled to all +ve labeled. 
Accuracy is the ratio of the correctly labeled subjects to all of the subjects 
 

Table 4. Accuracy Measures for Classification Algorithms 
 

Classifier RAE RRSE MAE Accuracy 

SVM 92.46 99.3 0.31 62.12 

J48 8.36 28.92 0.028 96.28 

Naïve 
Bayes 

118.06 131.77 0.405 42.64 

Random 
tree 

0.44 6.61 0.0015 99.77 

Knn n=1 0.46 6.61 0.0016 99.77 

Logistic 50.04 71.02 0.1718 77.33 

 
 
The confusion matrix provides insight into the performance of a predictive model and which classes are being 
predicted correctly, which incorrectly, and the types of errors are being made. 
 

Table 5. The Confusion Matrix for KNN and Random Tree 
 
 

A b c Classification 

4671 0 0 a = Kharif 

30 7955 0 b = Whole Year 

0 0 659 c = Rabi 

 

 
 
CONCLUSION  
 

Crop yield production and its early prediction is vital conclusion which can be applied by the 
agricultural sector in selecting the appropriate crops. Prediction of crop yield using machine learning 
techniques assists in improving decisions regarding crops.  In this paper various machine learning algorithms 
like SVM, J48,Naïve Baye’s, Random tree, K-NN  and  Logistic Regression were used for datasets 
regarding Tamilnadu agricultural inputs. 
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Abstract 

In this paper, data set regarding stroke diagnosis and its variables are considered. A regression equation is 
found with Barthel index as a response variable and the other variables as continuous predictors. The 
same was analyzed for multicollinearity by calculating the variance inflation factor (VIF). The variables 
with high value of VIF were removed to give a better regression equation devoid of multicollinearity. The 
correlation matrix is calculated before and after removing multicollinear variables. The results showed the 
significant improvement in regression analysis after removing multicollinear variables. 

Keywords: Barthel Index, Stroke Diagnosis, Multicollinearity, VIF, Regression analysis. 

 

INTRODUCTION 

When the blood supply to the brain is increased (hemorrhage) or decreased to a level, it results in 
deficiency of oxygen supply to the brain leading to stroke. The different types of strokes are 
Ischemic Stroke, Hemorrhagic Stroke, Transient Ischemic Attack (Mini-Stroke), Brain 
Stem Stroke, Cryptogenic Stroke (stroke of unknown cause).Some of the symptoms include 
Dysphagia, Dysarthria, Headache etc. Barthel index scores are used to diagnose the intensity of 
stroke in patients[1]. Table 1 shows the Barthel scores and its interpretation. 
 
                                  Table 1. Interpretation of Barthel scores 

 
 
 
 
 
 
 
 

The data obtained from http://www.statsci.org/data/oz/strokeass.htmlwas used to perform the 
regression analysis. From the data set twelve variables were considered for multicollinearity 
detection and regression analysis. Among the twelve variables one variable (Barthel index) is 
taken as response variable and the remaining twelve variables are treated as continuous 
predictors. The description of the variables used for this study from the stroke data set is given in 
Table 2. 
 
 
 
 

Score Interpretation 

0-20 Total dependency 

21-60 Severe dependency 

61-90 Moderate dependency 

91-99 Slight dependency 
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                                                     Table 2. Description of the variables  

S.No. Variable Description S.No. Variable Description 

1.  Sex Male (M) or female (F) 7 Hands Wrist and hand motor 
function (max24) 

2.  Side  Side of brain affected, left (L) 
or right (R) 

8 Balance  Balance score (max 14) 

3.  Age Age of subject in years 9 Sensation   Sensation score (max 24) 

4.  Lapse Time since occurrence of 
stroke in weeks 

10 Joint Pain   Freedom from joint pain 
(max 24) 

5.  Arms Arm and shoulder motor 
function (max 36) 

11 Joint 
Motion     

Passive joint motion (max 
24) 

6.  Legs   Lower limb motor function 
(max 30) 

12 Barthel   Barthel Index (max 100) 

 
The data consists of text which was coded using their frequencies in the table taken as percentile 
score. 
 
           Table 3.Coding for sex and side obtained from frequency values as percentage. 

ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Sex 55 55 45 45 55 45 45 45 45 55 55 55 45 45 55 55 55 45 55 55 
Side 45 45 45 55 45 55 55 45 45 55 45 55 55 55 55 45 55 55 55 45 
 
 

Multicollinearity arises if two or more predictor variables are correlated[2][3]. This can be 
observed by analysing the correlation matrix and Variance Inflation Factor (VIF) (Table 4). 
 
                                            Table 4. VIF values and their interpretation 
 

VIF Values Interpretation 
1 Not correlated 
1 -5 Moderately correlated 
>5 Highly correlated 

 

Correlation of one or more predictor variables with other predictor variables results in 
Multicollinearity in regression. It increases the variance of the regression coefficients resulting in 
instability and wrong predictions of the response variable. A high (above 5) variance influence 
factor indicates multicollinearity [4].A VIF of one indicates no multicollinearity [5]. A VIF 
greater than 5 implies that the regression coefficent for that variable is wrongly estimated and 
hence errors in prediction.The ratio of the model variance to the variance of a model that includes 
only that single independent predictor variable is called VIF of the regression model. Using R2, 
(the coefficient of determination) we can find how well the given data points fit a curve [6].The 
formula for VIF in terms of R is given in equation (1). 
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2

1
VIF

1 R


                                                                                                      
(1)

 

Some methods to study and reduce the effect of multicollinearity are 
a) The correlated predictors can be removed from the regression equation by QR decomposition 

which gives the value of R2. 
b) Partial Least Squares or Principal Components Analysis can be applied to reduce the 

predictors to uncorrelated variables [7]. 
c) The correlated variables are removed from the table and a Regression equation is formed 

after analyzing the VIF of the remaining variables. 
 

Methodology 

It is proposed to find a linear regression equation between the parameters given taking the Barthel 
index as a response variable and the other variables as continuous predictors from the data.  

Regression Analysis: Barthel versus all Predictors 
 

The regression equation is 
Barthel = - 72 + 0.001 Age + 0.181 Lapse - 1.03 Arms + 1.81 Legs + 1.58 Hand + 2.58 Balance  

- 0.195 Sensation + 3.42 Joint Pain - 2.44 Joint Motion + 1.38 Sex - 0.306 Side(2) 
 
                             Table 5.VIF values for the predictors. 

Predictor                       Coeff         SE Coeff         T             p                
VIF 
Constant        -72.3    151.6  -0.48  0.650 
Age            0.0012   0.2808   0.00  0.997   2.296 
Lapse          0.1810   0.1559   1.16  0.290   4.663 
Arms           -1.032    1.193  -0.86  0.421  41.549 
Legs           1.8142   0.9673   1.88  0.110  10.115 
Hands           1.582    1.573   1.01  0.353  36.844 
Balance         2.581    1.602   1.61  0.158   8.480 
Sensation     -0.1945   0.5389  -0.36  0.731   1.954 
Joint Pain      3.416    4.575   0.75  0.483   1.485 
Joint Motion   -2.444    1.822  -1.34  0.228   4.781 
Sex            1.3827   0.6114   2.26  0.064   1.404 
Side          -0.3063   0.9432  -0.32  0.756   3.301 

 
               S = 10.9451   R-Sq = 95.3%   R-Sq(adj) = 86.6% 
 
 
 
 
 
 
              Table 6.Analysis of Variance 

Source                          DF           SS             MS               F               
p 
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Total           17  15212.5 

 
The variance inflation factor is high for arms (41.55),legs (10.115), hands (36.84) and balance 
(8.48). 
These 4 variables contribute for multicollinearity and regression equation obtained may not give 
an accurate prediction. 
The regression equation for Barthel index variable needs to improved. 

 
                          Figure 1. Residual plots for Barthel index with all predictors 
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            The residual histogram follows an approximate normal distribution and the observation 
order shows that there is no non randomness in the data and there is non correlation of 
residuals.From the normal probability plot is observed that there is not much deviation of 
residuals from the straight line indicating normalcy, The graph of fitted values and residuals 
shows that the residuals show a random pattern and constant variance. 

Regression Equation obtained without removing collinear variables 

 
Barthel = - 72 + 0.001 Age + 0.181 Lapse - 1.03 Arms + 1.81 Legs + 1.58 Hands + 2.58 Balance 
- 0.195 Sensation  
+ 3.42 Joint Pain - 2.44 Joint Motion+ 1.38 Sex - 0.306 Side 
 
 
 
 

  Age Lapse Arms Legs Hands Balance Sensation Joint Joint Sex  Side 

Regression      11  14493.7  1317.6  11.00  0.004 
Residual Error   6    718.8   119.8 
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Pain Motion 

Age 1.00 
          Lapse 0.18 1.00 

         Arms 0.12 0.12 1.00 
        Legs -0.29 0.16 0.51 1.00 

       Hands 0.19 -0.08 0.90 0.43 1.00 
      Balance -0.27 0.22 0.52 0.69 0.44 1.00 

     Sensation -0.06 0.27 0.16 0.35 0.09 0.05 1.00 
    Joint Pain 0.01 -0.03 0.00 0.03 0.05 -0.29 0.09 1.00 

   Joint 
Motion 0.31 -0.07 -0.24 -0.18 0.03 -0.25 0.07 -0.12 1.00 

  Sex  0.10 -0.28 -0.01 -0.20 0.08 -0.18 -0.21 0.10 0.15 1.00 
 Side 0.18 -0.28 -0.18 -0.21 -0.15 -0.11 0.24 -0.03 -0.08 -0.21 1.00 

 

After removingthe variables arms, legs and hands, accounting for multicollinearity, the new 
regression equation is given below (2) 

Regression Analysis: Barthel index andnew predictors 

The regression equation is 
Barthel = - 19 + 0.166 Age - 0.033 Lapse + 0.407 Sensation + 2.70 Joint Pain- 1.38 Joint Motion  
+ 1.36 Sex - 1.68 Side + 5.49 Balance(2) 
 

Table 7.VIF values after removing multicollinearity 
Predictor        Coeff SE CoeffT      p VIF 
Constant        -18.6    136.0  -0.14  0.894 
Age            0.1658   0.2438   0.68  0.514  1.503 
Lapse         -0.0331   0.1029  -0.32  0.755  1.764 
Sensation      0.4075   0.4671   0.87  0.406  1.274 
Joint Pain      2.699    4.589   0.59  0.571  1.297 
Joint Motion   -1.383    1.029  -1.34  0.212  1.325 
Sex            1.3583   0.6336   2.14  0.061  1.309 
Side          -1.6843   0.7144  -2.36  0.043  1.644 
Balance        5.4925   0.7041   7.80  0.000  1.423 

 
 

S = 11.7467   R-Sq = 91.8%   R-Sq(adj) = 84.6% 
 

Table 8.Analysis of Variance 
Source          DF       SS      MS      F     p 
Regression       8  13970.6  1746.3  12.66  0.000 
Residual Error   9   1241.9   138.0 
Total           17  15212.5 
 
All VIF ‘s are less than five and closer to 1, showing that multicollinearity is absent. 

                     
                                  Figure 2. Residual plots for Barthel after multicollinear reduction 
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The test data was input into the two equations (1) and (2). 
 
It was observed that the results given by the equation after removing multicollinearity 
were better. 
 

A
ge 

Lap
se 
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nce 
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ion 

Joi
nt 
Pai
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Join
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on 

Se
x 

Si
de 

Bart
hel 

Barthel 
without 
removi
ng 
multi 
collinea
rity 

Barthel 
after 
removi
ng 
multi 
collinea
rity 

79 18 36 19 14 9 24 24 24 55 55 70 51.9 66.3 
64 6 25 2 10 9 8 22 24 55 45 65 23.3 69.6 

 
Coefficient of Variation table after removing multicollinearity 
 

  Age Lapse Legs Hands Sensation Joint Pain Joint Motion Sex  Side 

Age 1.00 
        Lapse 0.18 1.00 

       Legs -0.29 0.16 1.00 
      Hands 0.19 -0.08 0.43 1.00 

     Sensation -0.06 0.27 0.35 0.09 1.00 
    Joint Pain 0.01 -0.03 0.03 0.05 0.09 1.00 

   Joint Motion 0.31 -0.07 -0.18 0.03 0.07 -0.12 1.00 
  Sex  0.10 -0.28 -0.20 0.08 -0.21 0.10 0.15 1.00 

 Side 0.18 -0.28 -0.21 -0.15 0.24 -0.03 -0.08 -0.21 1.00 
           The above table shows no correlation between the variables. 
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Results 

Data set regarding stroke diagnosis and its variables are considered for multicollinearity detection 
and regression analysis. A regression equation is found with Barthel index as a response variable 
and the other variables as continuous predictors. The same was analyzed for multicollinearity and 
the variables with high VIF were removed to give a better regression equation devoid of 
multicollinearity.Correlation matrix before and after removing multicollinear variable were 
computed. The resultant correlation matrix showed no significant correlation between the 
variables. The comparison of results of test data with regression equation before and after 
removing multicollinear variables showed better results after removal. 
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Abstract 

        COVID-19 a novel corona virus originated from Wuhan China. It turned into a pandemic resulting in 
a large number of deaths and loss of livelihood. It is vital to determine the manner in which the number of 
cases propagates so that future pandemics can be tackled scientifically. However the pandemic can be 
controlled systematically using efficient health care systems. It is difficult to predict the pandemic 
propagation over a large period of time due to various factors. In this paper an analysis is made for short 
periods using statistical tools like predicting the probability curve, probability density function. Forecasting 
of Covid-19 cases is done using time series trend analysis and ARIMA models. The test of hypothesis for 
difference of means and standard deviations of the actual and forecasted values with 99% CI showed no 
significant difference between them. 
Keywords:  COVID-19, Probability distribution function, Time Series, Trend analysis, ARIMA, and 
Hypothesis testing. 

1. Introduction

     The pandemic of COVID-19 originated in Wuhan, 
China and has caused a heavy loss in lives, lockdowns 
and loss of livelihood etc. Data sets are available for this 
pandemic in the official website of Johns Hopkins 
University. Data set for India is considered for statistical 
analysis for this pandemic to predict the propagation of 
the disease and control the same scientifically. This 
must be modeled scientifically to assist policy makers 
and healthcare community to be prepared for future 
consequences to help control the problem. 

2. Methodology

2.1 Dataset 

        For this analysis Data set for India for a period 
of first April 2020 to fifteenth June 2020) was 
obtained from the official website of Johns Hopkins 
University 
(https://gisanddata.maps.arcgis.com/apps/opsdashboar
d/index.html).  From this the 1st April 2020 to 31st 
May is data is analyzed statistically to predict the 

number of cases for the period from June 1 to June 
15, 2020 and compared with the actual data. 

2.2 Model development 

The data for India for the above period is 
considered. A probability distribution is fitted to the 
data, which is a best fit based on Kolmogorov Smirnov 
ranking test. Time series trend analysis is used to find 
the parameters of various models like MAPE, MAD 
and MSD values. An efficient model is the one which 
has the lowest value for the above measures. For 
forecasting a time series, ARIMA modeling is an 
efficient method. ARIMA procedure analyzes and 
forecasts equally spaced univariate time series data, 
transfer function data, and intervention data using the 
Auto Regressive Integrated Moving-Average 
(ARIMA) or autoregressive moving-average 
(ARIMA) model. An ARIMA model forecasts future 
values as a linear combination of Auto regressive 
terms, moving average terms and a constant.  

  The model for forecasting future confirmed Corona 
cases is given below, 

  Forecasting equation Yt (Predict) = AR terms – MA 
terms + Constant        

= 1 1 2 2 1 1 2 2......... ...t t p t p t t q t qy y y e e e      − − − − − −+ + − − − + (1)
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Figure 1.  Flow chart for Model Development 

2.3  Measures of Accuracy 

     The accuracy of fitted time series values as a 
percentage is given by the Mean Absolute Percentage 
Error (MAPE).The accuracy of fitted time series values 
is given by Mean Absolute Deviation (MAD). Mean 
Squared Deviation (MSD) is applied to determine the 
overall deviation of data set from the mean. 

3. Statistical Analysis

3.1  Probability Distribution 

The given data is input into Math wave software to 
predict the best fit distribution and its parameters. 
It was found that the Johnson SB distribution was the 
best fit by Kolmogorov Smirnov and χ 2 ranking test 
(Table 1).

 Table 1. Ranking for Best Fit Distribution 
Distribution Kolmogorov Smirnov Anderson Darling χ 2  test

Statistic Rank Statistic Rank Statistic Rank 

Johnson SB 0.0273 1 0.05606 1 0.10843 1 

Beta 0.05472 2 0.7337 2 1.0656 2 

The probability distribution function for Johnson SB distribution is given by 
21

ln
2 1

( ) ,
2 (1 )

z

z x
f x e z

z z

  

 

  
 +   −  

−
= =

− (2) 
 Z is a standard normal random variable,  and   is the shape parameters; λ is a scale parameter and   
is a location parameter. The parameters for this data set are given in Table 2. A prediction can be 
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attempted for future cases applying the parameters obtained. Figure 2 gives the probability distribution 
function. 

Table 2. Parameters for the distribution obtained

  Λ   
0.77518 0.52552 2.2204E+5 811.58 

Figure 2.  Probability distribution function for the COVID data 
3.2. Time series trend analysis 

Table 3. Measures of Accuracy and Formulae

time 

Ya is actual value at t Yp is forecasted value  n is number of observations 

     Table  4.  Measures of Model Accuracy 
It is evident from the table above that MSD, MAPE and MAD have the least value for Double exponential 
Smoothing. (Table 4.). 
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Figure 3. Plot for Double Exponential Method 

3.2. ARIMA Method 

    The data for the months of April and May were normalized using the Box Cox plot method. 

543210-1-2
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Estimate 0.92
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Rounded Value 1.00

(using 95.0% confidence)

Lambda

Box-Cox Plot of Trans 2

Figure 3. Box –Cox Plot  

In Box-Cox plot a rounded value of λ =1 was obtained after two transformations as shown in figure 
3. Table 5 shows the measures of ARIMA. It was found that the types AR (2) and MA (2) gave the least
values for measure of accuracy. 

3.3. Final Estimates of Parameters 

Table 5. Measures of ARIMA

Type Coeff SE Coeff T P 
AR (1) -0.6955 0.5058 -1.37 0.175 
AR (2) -0.4642 0.2596 -1.79 0.079 
MR (1) -0.1489 0.5146 -0.29 0.773 
MA (2) -0.3163 0.2671 -1.18 0.242 
Constant 306.82 90.88 3.38 0.001 



  PSYCHOLOGY AND EDUCATION (2021) 58(2): 6621-6628  ISSN: 00333077 

6625 
www.psychologyandeducation.net 

Table 6. Modified Box-Pierce (Ljung-Box) Chi-Square Statistic 

Lag 12 24 36 48 
Chi-Square 2.7 21.4 29.3 47.3 
DF 7 19 31 43 
p-Value 0.909 0.314 0.556 0.301 

Analysis of the Modified Box-Pierce (Ljung – Box) χ2 statistic for Differencing: Two regular 

differences.  Table 6 shows that different values of lag (12, 24, 36 and 48), the p –value is greater than 

the significant level of 0.05 when compared to Chi-Square and DF values. 

Figure 4. Residual Plot 

      From figure 4. it is observed that there is not much deviation of residuals from the straight line 
indicating normalcy. The histogram shows no outliers and shows near normal curve. The graph of fitted 
values and residuals shows that the residuals show a random pattern and constant variance. The versus 
order plot doesn’t display any non random pattern implying that the data can be used to predict time related 
events. It shows the non correlation of residuals. 

 Table 7. Forecasts from Period I June to 15 June at 95% Limits

June 2020 Actual Predicted Lower Limit Upper Limit 
1 198370 199387 198453 200321 
2 207191 208392 206744 210040 
3 216824 217548 214958 220137 
4 226713 226800 223041 230559 
5 236184 236222 231227 241217 
6 246622 245788 239433 252142 
7 257486 255482 247643 263321 
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8 265928 265327 255919 274734 
9 276146 275314 264242 286385 

10 286605 285439 272611 298267 
11 297535 295709 281044 310374 
12 308993 306121 289538 322703 
13 320922 316674 298095 335252 
14 332424 327369 306722 348016 
15 343091 338207 315419 360995 
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Figure 5. Time Series Plot for Actual and Predicted Value 

3.4. Test of Hypothesis 

      Test of hypothesis was conducted for the 2 
samples actual and forecasted. It was found that there 
was no significant difference in means of the two. If 
it is not possible to compare the two values of 
predicted and actual for a large prediction, this 
method can be applied to infer that the means of 
actual and predicted values are not significantly 
different. An average prediction may be sufficient. 

      The two samples consisting of actual and 
predicted values are tested for significant difference 
between means and standard deviations using test of 
hypothesis. 

Ho: No significant difference between two means. 
H1: The two means differ significantly. 

The null hypothesis is accepted. It is evident from 
Figure 6 and Figure 7.that there is no significant 
difference in the two means and standard deviations 
at 99% confidence intervals. 
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Figure 6. Hypothesis Test for Mean 
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standard deviations differ at the 0.01 level of significance.

-- Test: There is not enough evidence to conclude that the

Sample size 15 15
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Figure 7. Hypothesis Test for Standard 
Deviation. 

Conclusion 

Data related to number of cases of COVID-19 was 
taken for India for the months of April and May for 
time series trend analysis and ARIMA forecasting 
analysis from the official website of Johns Hopkins 
University. A probability distribution was fitted and the 
best fit parameters found using Kolmogorov Smirnov 
ranking method. Time series trend analysis and 
ARIMA methods were applied to forecast data for the 
first half of the month of June using the best fit 
parameters. The actual and predicted values were 
compared using test of hypothesis for significant 

difference in mean and standard deviation and found 
that there is no significant difference. 
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Abstract 

Equity Market is the place of shares and stock trading system which collection of buyers and sellers.  

In this domain, diverse public or private shares are traded by the listed companies. The Stock market places 

an important role in predicting the growth of a country's economy.  The prediction of the stock market 

becomes a difficult task due to its non-linear scenario. The Machine Learning algorithm handles previously 

logged data as training samples and makes supports for forecasting the stock price for future trends. 

Supervised Learning is a powerful Machine Learning task.  The basic idea of Supervised Learning is to 

classify and process data using Machine Learning.  This paper denotes the survey and usage of Supervised 

Learning in a stock market application.  This survey expresses the various aspect of the stock market then 

describes Supervised Learning and its algorithm for future prediction of the stock market.  This paper shows 

a detailed idea about the supervised learning techniques and future scope of developing new features 

Keyword: Prediction, Classification, Regression, Optimization, Propagation, Volatile  

 

                                                               I.INTRODUCTION 

   Many traders trade their equities by many indices. The Financial System of any country depends 

on Stocks.  Most of people like to get a good return in the stock market.  The Stock market holds important 

pillars of policymakers’, buyers, Investors, sellers, markets. Investors investing money in the stock market. 

They are watching stock prices regularly. But in nature, the stock price is messy and unstable.  To forecast 

the daily stock price is a more complicated task. Researchers are giving more effort to find Stock market 

prediction. Even though several ranges of methods are existing for forecasting stock price, but anyone has 

touched particular correctness of price movements. Fundamental and Technical Analysis is used by market 

researchers to get approximate results. The fundamental analysis uses future growth, revenues, return on 

equities, profit margin to forecast the stock price.  Technical analysis uses some indicators such as 

Exponential Moving Average (EMA), Moving average (MA), Relative Strength Index (RSI) to forecast the 

stock price. Historical data are supported by price prediction for both analysis techniques. 

                                                                II. Literature Review 

         In [5] the author compares the performance of Bidirectional and stacked LSTM and results show 

BiLSTM networks show a better output for both short and long-term predictions.  

         In [1] the author has pointed out that in earlier days forecasting financial analysis is handled by various 

statistical tools.  But nowadays, we have many numbers of Neural Network models to find the exact solution 

of financial data.  ANN is combined with a statistical model is given a better result. 
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         In [12] the author has tried to compare the Machine Learning algorithms such as SVM, Perceptron, 

Logistic regression for good prediction. Here, the author expressed that by using historical data of the stocks 

Machine Learning Algorithms are trained to predict future data.  

          In [3] the author has evaluated a model for short term stock prediction.  Here the author used the 

LSTM model. This algorithm is evaluated by root-mean-square and mean absolute percentage. Recurrent 

neural network along with Long Short-Term Memory competent of good prediction with lower error rate 

approximately.  

         In [10]  the author has tried to predict stock price by candlestick pattern direction and regression 

method.  Based on the candlestick graph, the author predicts market movement with the best level of 

accuracy. Market trend prediction using the Knn regression algorithm shows greater accuracy over other 

supervised learning algorithms. 

          In [6] the author has proposed combining two methodologies EMD-SVM and implemented them in 

the stock market to predict future trends.  Here the author split the financial data into several regions with 

the help of the EMD Model.  Then the author used various SVMs functions to get the desired predictions.  

         In [2] the author has tried to compare LSTM with BiLSTM and says that the BiLSTM model gives 

accuracy in forecasting stock price than LSTM & ARIMA.  Then the author says that the BiLSTM model 

support one or more training by traversing the input data twice so that accuracy is getting more. 

         In [4] the author has promoted economic news and ending value of stock scrutinize as input. In the 

usage of the text mining approach, the author processed the economic news. By using some of the indicators 

find closing values of the stock price. By applying the feature extraction method, and classifier algorithms, 

the author finds a correlation between economics news and stock market values. 

         In [14] the author has to determine stock prediction by different deep learning models.  He suggests 

that some limitations in every model.  He declared Convolutional Neural Network takes a long learning 

time, Support Vector Machine becomes slower when we give more input. Training time needs to increase 

if the size of the machine is increased in the Deep Belief Network. 

    III. SUPERVISED LEARNING  

Machine learning is split into two categories, namely Supervised, Unsupervised learning. Here the 

Supervised learning existing data is given for training samples for an algorithm.  This type of learning is a 

kind of predictive model. The predictive model is using past data to predict the feature output. Here the input 

and output are well known. Input data is called features(v), respective output (w) which are compared by its 
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real prediction among their output value for seeking out errors, finally it modifies the model according to it. 

Different types of Learning methods are illustrated in the figure.1 

A.  Applications 

 In statistical data analysis, to recognize patterns and regularities in data. 

 In computer speech recognition, to recognize and translate spoken language into text by the 

computers 

 In airports, OCR is used for passport recognition and information extraction. 

 In Database Marketing, to generate personalized communications to promote a product. 

 In Stock Market, to predict the stock price of the next day. 

B. Supervised Learning Algorithms 

1. Support vector machine 

    The optimal methodology in machine learning is the Support Vector Machine. It is mainly supported for 

classification and regression analysis. It is very easy to learn because of its simple structure. An SVM 

algorithm trained from samples and allocate label to the object. It may differentiate the samples into 

categories. In n-dimensional space, every data element is plotted. In the fig. 2 SVM shows A binary 

classification. 

 

  

 

 

 

 

 

 

 

 

 

 

 

The algorithm includes the following steps:  

1. Find hyperplane. It can be defined mathematically as: 

                             f(y)=b+wTy 

                   here y is the training sample closest to the hyperplane, b is called bias, w is the weight vector. 

2. Find distance (D). It is calculated between training samples y & hyperplane 
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                                       D=b+wTy 

3. To make training samples yi correctly, Dirichlet L-function L(w) is used as:  min�,� ��	
 = 12‖	‖� 

                     

In this way, we can understand that forecast stock prices with SVM. 

  

2.  K nearest neighbors regression (K-NN regression)  

It is the modest learning Algorithm under the category of supervised. It is mainly focused on classification. 

In[10] Knn classifies its data with its neighbors' orientation. Based on similarity measure Knn stores all 

available data set and classifies new cases. The Distance formula is used for finding the weight of the data 

set. At last nearest distance is identified and c classified [17].  

         

The algorithm includes the following steps:  

1. Loading and Initializing the training and test data 

2. From the training, data choose the opt k values 

3. Testing data for every point is calculated as follows: 

          - Euclidean distance is calculated to all training data points by   

���, �
 = ����� − ��
��
���  

  

- keep follow the list of Euclidean distances and make them to sort it. 

- select the first k points 

- Final selected points of the testing data are measured by the majority of the classes of the data 

set. 

4.  Stop. 

 

Knn-Regression can be used in the financial sector and also used in time series prediction to forecast the 

financial market. 

  

3.Random Forest 

          It is one of the algorithms which is mainly used for classification and regression problem of machine 

learning. This model formed with the decision tree along with separating the model data according to the 

features. This model is depending on a number of features [16]. The number of branch nodes will be 

increased if the feature increases. 

Guidelines for building a decision tree as follows: 

1. Fixing root by collecting all training data and then derive all features, and optimal features are 

filtered out. Finally, existing samples are split into a number of the subset. 

2. Assigning an optimal dataset as a leaf node. 

3. To create a new subset, divide the existing subset of data by traversing all features, and choose the 

best one. 

Creation of decision tree model by continuing step b & c up to their condition stops the split.   

until the conditions for stopping the split are met. A structure of Random Forest is represented in the figure.3  
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                                                      Fig. 3 Random Forest 

Predictive analysis in Radom forest having many applications for an especially optimal way of stock 

prediction.   

4.  Multiple Linear Regression  

    The Regression technique is one of the most analytical tools for stock markets in the present scenario. 

It is widely used past values to predict the future [8]. Multiple Linear Regression (MLR) is the process of 

connecting a single to a more experimental variable which is calculated by the subsequent equation. 

 

                   yi=β0+β1xi1+β2xi2+….βpxip+Є 

 

         yi=dependent variable 

         xi = experimental variable 

         β0=y-intercept 

         βP=slope coefficient for each independent variable 

         Є=the models error term 

 

       5.  Long Short-Term Memory   

LSTM Model is a semi-supervised learning algorithm that makes memory cells with an information 

loop. Time series problems are solved efficiently with a large storage capacity of memory and permit 

feedback of stock information at various levels which accumulates knowledge of forecasting tasks [3]. The 

main idea of the financial series prediction problem can store long term data for their various levels of real-

time data. Long term availability outlines the LSTM neural Network with graphic analysis for stock and 

financial securities are justified by their tracking record [2] supports for predicting financial behavior. 

Dramatize the data by arithmetic operations of multiplications and additions flows through its cell states by 

an active selection or not [15]. The cell state can derive a piece of information by its dependencies of stock 

prices such as the previous cell state contains the information of the previous timestamp, hidden State 

consists of output for the previous cell, current Time Stamp having information new updates of data for 

predicting factors and trend of stocks. 

 LSTM Network is represented in Figure. 4 
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IV. COMPARATIVE ANALYSIS AND FUTURE TRENDS 

 

   TABLE: 1.    COMPARATIVE ANALYSIS 

Name of the 

Supervised 

Learning Models 

Compared 

with 

Dataset used Advantages Future Trends 

K Nearest 

Neighbor 

regression[10] 

Linear 

Regression 

SVM 

NSE Better Accuracy This Model  can be expanded 

by combining sentiment 

analysis to make better action 

in the market prediction 

Random 

Forest[7] 

SVM 

ANN 

China stock 

market 

Highly 

predictive 

model for long 

term stock price 

The feature selection algorithm 

needs to expand to achieve new 

predictable features. 

Support Vector 

Machine [12]. 

Perceptron 

model with  

Logistic 

Regression 

NSE’s 

NIFTY50 

Index 

Higher accuracy 

& Lower error 

rate 

This model can be 

enhanced and applied by 

former data  with technical 

indicators. 

Multiple Linear 

Regression  

 [8] 

Neural 

Network 

BSE Higher 

Accuracy 

This model  can be 

implemented Neural Network 

with backpropagation to get a 

good result. 

Long Short-Term 

Memory [3] 

Neural 

Network 

Euro–Dollar 

assets, 

Period 

between  

September 

2018 to July 

2019 

Greatest 

potential for 

short term 

investment 

This model can be expanded by 

planning to add other tactics 

and finding financial activities 

in the short term with numerous 

periods. 
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V. Conclusion 

 

  This paper shows the elementary awareness and ideologies of Supervised Machine Learning. Also, 

shows the basic algorithm of supervised machine learning including RF, Knn, SVM, MLR, etc. From this 

survey, we conclude that various supervised machine learning algorithm produces more optimized results.  

Finally, we describe a comparative study of current Supervised Machine Learning methods along with 

future patterns. 
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Abstract 

DNA (deoxyribonucleic Acid) tends to be the core essential component in every living organism. 
Specifically, the DNA sequencing expansion surpasses the expansion in storage capacity. The pre-
requisite of reducing the DNA size calls out for additional storage. With the help of DNA 
Compression, the DNA size reduction can be minimized. And this can be achieved by adopting 
the recommended algorithm that results in DNA successions for bigger genome. The novel 
Position Based Encoding (PBE_DNA) compression algorithm significantly enhances 
implementation of rest of the previous DNA compression algorithms. Similarly, the approach of 
assigning binary bits (Unique BIT CODE) for certain segments of DNA arrangement has proven 
quite successful for computing of DNA compression. The proposed method yields 90% 
compression ratio, which is a better than the early work in this field. 

Keywords 

DNA sequence compression, Encryption, Data compression 

1. INTRODUCTION 

With the improvisation in second and the third era sequencing innovations, researchers have 
arranged colossal genomes that comprises of innumerable nucleotide bases. The core component 
in forming such medicines is DNA (Deoxyribonucleic Acid), which being a biomolecule residing 
in all cells. This biomolecule comprises of hereditary data required for upliftment of all the 
humans.  A monomer is a nucleotide formed with the following nitrogenous base viz, adenine (A), 
cytosine (C), guanine (G) or thymine (T). For past few years, analysts have been exploring the 
domain of DNA sequence compression. The researchers are exploring these DNA successions that 
can be useful in various domains. Hence while exploring the DNA arrangements, there must be 
storage of DNA groupings which can be there after transmitted as required.  Though compression 
of genomic successions is quiet challenging in accord with numerous scientific tools and 
approaches for making them effective in human lives according to [1]. Prevailing compression 
techniques tends to be ineffective in carrying out compression and search since they are incapable 
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Abstract 
 

During the big data era, there is a continuous occurrence of developing the learning of 

imbalanced data gives a pathway for the research field along with data mining and machine 

learning concepts. In recent years, Big Data and Big Data Analytics having high eminence 

due to data exploration by many of the applications in real-time. Using machine learning will 

be a greater solution to solve the difficulties that occur when we learn the imbalanced data. 

Many real-world applications have to predict the solutions for highly imbalanced datasets 

with the imbalanced target variable. In most of the cases, the target variable assigns or having 

the least occurrences of the target values due to the sort of imbalances associated with things 

or events strongly applicable for the users who avail the solutions (for example, results of 

stock changes, fraud finding, network security, etc.). The expansion of the availability of data 

due to the rise of big data from the network systems such as security, internet transactions, 

finance manipulations, surveillance of CCTV or other devices makes the chance to the critical 

study of insufficient knowledge from the imbalance data when supporting the decision 

making processes. The data imbalance occurrence is a challenge to the research field. In 

recent trends, there is more data level and an algorithm level method is being upgraded 

constantly and leads to develop a new hybrid framework to solve this problem in 

classification. Classifying the imbalanced data is a challenging task in the field of big data 

analytics. This study mainly concentrates on the problem existing in most cases of real-world 

applications as an imbalance occurs in the data. This difficulty present due to the data 

distribution with skewed nature. We have analyses the data imbalance and find the solution. 

mailto:josephineisabella@yahoo.co.in
https://mail.yahoo.com/neo/b/compose?to=ashoksuja08@gmail.com
mailto:E-mail:%20suseendar_1234@yahoo.co.in
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This paper concentrates mainly on finding a better solution to this nature of the problem to be 

solved with the proposed framework using a hybrid ensemble classifier based on the Binary 

Cross-Entropy method as loss function along with the Gradient Boost Algorithm. 

 
Keywords 
 

Machine Learning, Imbalance, Preprocessing, Ensemble Classifier, Binary-cross-entropy 

Method, Sigmoid Function, Gradient Boost. 

 
Introduction 
 

The pattern recognition having an important task is classification. There are many 

classification algorithms such as decision trees, nearest neighbor, SVM, Logistic 

Regression that have been developed and applied successfully in numerous applications. 

But, the imbalanced nature of a data set will lead to concentrate on difficulties that occur 

during the learning process of the classifiers. In the class distribution, the occurrence of 

many more instances of a particular class than other classes is called an imbalanced 

dataset. Due to the presence of rare instances, the classification rules may predict to 

ignore or not discover the tiny classes[1]. Classification is the supervised learning method 

and is used to classify the new unknown data instances based on the generated classifier. 

Classification is used in various domains having their applications practically in the 

research field. There are more imbalanced datasets that occur in real-world 

applications[2]. The availability and growth of raw data are explored at the highest rate 

due to the developments of science and technology in recent years. This created an 

opportunity for gathering the information also known as knowledge discovery and the 

research with data engineering leads to a variety of applications from a low level to a high 

level. Recently, the class imbalance problem was raised from industry and academia 

domains. The basic issue of the class imbalance problem is that it has to adjust to the 

existing algorithms significantly[3]. In many real-world applications, the distribution of 

data skewed with the appearance of classes with much more frequent samples called the 

majority class and the rare occurrence of samples known as a minority class. But there is a 

possibility of gaining useful and important knowledge from minority class too. To 

overcome this difficulty, there is a necessity to create a machine, learning-based 

intelligent model. This study is known as imbalanced data learning. Such a development 

more widely explored from the past two decades. This can be achieved through improving 

the classifiers at the algorithm level and even in the preprocessing stage by applying the 

concept of balancing data through sampling methods[4].  
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This paper coordinated as follows,related works are discussed in Section 2. Section 3 

dictates that finding a solution to the binary class imbalanced problem and the proposed 

algorithm Binary Cross Entropy-Gradient Boost Hybrid Ensemble Classifier (BCE-

GBHEC) organized and building ofthe proposed models using BCE-GBHEC are 

discussedin Section 4. Section5shows the experimental results and discussions in detail. 

Finally, Section 6presents the conclusion and future work.  

 
Related Works 
 

The authors like Z. Wu.et al. proposed an ensemble algorithm for handling the 

imbalanced data of insurance business and was found to be more suitable in the 

recommendation of an insurance product or customer analysis than the traditional 

classifiers SVM, Logistic Regression, etc. They gave a pathway for the researchers to 

explore the proposed algorithm to improve the accuracy value[5].Wang et.al proposed a 

model for fraud detection in credit cards based on the training data set using the C4.5 

algorithm as a base evaluator and solves the imbalance nature of the dataset by 

partitioning the dataset and clustering them as majority class and minority class using the 

nearest neighbor of each class center. [6].  

 

Sohony et al. presented an ensemble method by keeping the best of both random forest 

and neural networks which predicted the new sample with high accuracy and confidence 

level. This method experimented with the European cardholders dataset, the imbalanced 

one. They used two types of classification methods namely Random forests and Feed-

forward Neural Networks - 3 feed-forward neural networks and 2 random forest - 

ensemble methods to achieve their goals as to minimize the fraudulent sample's 

misclassification and also the normal sample's misclassification. They aggregated the 

results of individual classifiers and presented the final classifiers. They wanted to extend 

their future work is to improve the accuracy and handle the dataset with a text 

value[7].Huda et.al proposed an ensemble model for software defect prediction 

considering the real software class imbalance datasets from PROMISE Repository 

Software Engineering databases. Developing an accurate and fast system for fault 

detection as their future work[8]. Ren et al. proposed an oversampling technique with 

Entropy-based Wasserstein Generative Adversarial Network (EWGAN) to produce more 

minority samples of data in imbalanced learning. This method experimented with two 

highly imbalanced datasets namely vowel0 and page-blocks from keel repository [9].  
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Le et al. made an effort to solve the bankruptcy dataset with the occurrence of the class 

imbalance problem. The experiments resulted in that the RFCI framework produced better 

performance than the existing GMBoost algorithm. The future work will be concentrated 

on the investigation of finding the optimal bankruptcy model that finds the method to 

normalize the feature values and method for feature selection method and solving the 

class imbalance problem with the cost-sensitive method[10]. Wang et al.developed a 

hybrid model using XG-Boosting and Logistic Regression and is verified with the 

German Credit dataset to find the accuracy and compare the AUC value with other 

baseline models like SVM, Naive Bayes, Random Forest, XGBoost, LR and GLR. [11]. 
 
Finding a Solution to Binary Class Imbalanced Problem 
 
1) Problem Definition and Objectives of the Study 
 

The imbalanced data distributions lead to achieving an effective approximation of the 

given function y=f(x1, x2, …,xq) that the values of predictable values mapped into the 

target variable values based on the training set Td, i=1 to n. The mapping function used is 

given in (1), 

 
Φ(y): y → [1,0]      (1) 

 
Where y is the target variable which assigns ‘1’ for minority class and ‘0’ for majority 

class. We can also use the threshold relevance which gives the frontier and the target 

variable above that are relevant.  

 
The imbalanced classification problem is defined as the highly skewed data distribution of 

classes. i.e., the class has a highly unequal number of samples leads to an imbalanced 

classification nature. When a class having significantly fewer samples called a minority 

class and the other class having more samples called the majority class. This type of class 

imbalance distribution is known as a binary classification problem. In this study, we 

develop a framework for handling this type of datasets having binary classification[12]. 

 
Our contributions are given by, 

 
i. The given samples to be checked for the missing values 

ii. The verification of the imbalanced nature of the dataset to be carryout in order to 

find the number of minority class samples as well as majority class samples. 

iii. The imbalance ratio has been found. 
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iv. The given samples to be preprocessed with the sampling techniques(random 

sampling and oversampling). 

v. The main objective of the study is that finding a solution to the imbalanced 

classification problem by applying the proposed algorithm to an imbalanced dataset and 

the evaluation metrics would be calculated.  

vi. After applying the existing algorithms to that imbalanced dataset and 

experimented with the various evaluation metrics and the results are analyzed. 

 
2) Architecture Diagram of Proposed Model 
 

In Figure 1, the architecture diagram of the newly developed model is shown. The 

proposed model the imbalanced data set for doing the classification. During the 

preprocessing step, it has to check the presence of null values and checking the occurrence 

of class imbalance. Finding the imbalance ratio leads to apply the oversampling technique 

to prepare the balanced dataset. Then the proposed model BCE-GBHEC will be generated 

to process the data and validating the model with 70% of training samples and 30% 

testing samples. Finally, we will get the evaluated results successfully. 

 
3) Methodology - Binary Cross Entropy-Gradient Boost Hybrid Ensemble Classifier  
(BCE-GBHEC) 
 

Boosting is the machine learning method that has to find a single strong prediction rule by 

combining the weak thumb rules which are produced by the base learning algorithm 

rather than each of the weak rules[13]. Gradient Boosting is a robust machine learning 

algorithm that gives an ensemble of decision trees in a stage-wise arrangement as the 

predictive model. This produces a new weak learner to get less information from the 

existing one. This algorithm has to optimize the loss to reduce the error. Usually, in the 

Gradient Boost technique, the optimization can be done by mean squared error loss, log 

loss, or cross-entropy loss for regression and classification problems. The proposed 

algorithm used binary cross-entropy as a loss function and is to be optimized[14]. 
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Figure 1 Architecture Diagram of BCE-GBHEC 
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Proposed Algorithm: BCE-GBHEC 
 

The proposed algorithm BCE-GBHEC is defined as follows, 

Input: Number of samples 𝑠1,𝑠2, 𝑠3, … . . 𝑠𝑛 
Output: Improved Accuracy found in given ‘n’ samples 
Begin 
1. Collect 𝑠1(𝑦), 𝑠2(𝑦), 𝑠3(𝑦) … . . 𝑠𝑛(𝑦) ∈ 𝑅 
2. For each sample𝑠𝑖(𝑦) 
3. Check for Null Values 
4. Select the features 
5. Construct Weak Learner {𝑊𝐿1(𝑦), 𝑊𝐿2(𝑦), 𝑊𝐿3(𝑦) … . . 𝑊𝐿𝑛(𝑦)} using 

CART //Ensembled classifiers 
6. Compute the split 
7. Combine all Weak Learner as 𝑋 = ∑ 𝑊𝐿𝑖(𝑦)𝑛

𝑖=1  
8. for each 𝑾𝑳𝒊(𝒚) 
9. Compute the loss ‘L’ using the Binary Cross-Entropy method 

a).Compute the gradients 
b). Compute the predictive probabilities 
c) Fit the model 

10. classify the samples as Fraud/Genuine based on the probabilities of the loss 
function 

11. Detect the classifier with minimum loss𝑎𝑟𝑔 min 𝐿[𝑥, 𝑊𝐿𝑖(𝑦)] 
12. End for 
13. Produce the Strong classifier 
14. End for 
End  

 
1) Study of Proposed Algorithm 
 

Gradient Boosting trains many models in a gradual, additive, and sequential manner. The 

proposed ensemble classifier uses the CART as a weak learner to construct a decision tree 

for classification.  

 
CART is a statistical classifier to create binary trees by selecting the attributes and 

threshold that gives maximum information gain at each node of the binary tree [15]. The 

proposed method trains the weak learner to predict the samples based on the computation 

of negative gradients along with the learning rate to fit the new predictors.The ensemble 

classification process is illustrated in Figure2. 

 
Let the number of samples as 𝑠1, 𝑠2, 𝑠3, … . , 𝑠𝑛 as training data from 

𝑠1(𝑦), 𝑠2(𝑦), 𝑠3(𝑦), … . , 𝑠𝑛(𝑦)𝜀𝑅. 
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For each sample,𝑠𝑖(𝑦), we have to check the null values and select the features by using 

the CART.  

 
Constructing the Weak Learners(WL) using CART as ensemble classifiers. They compute 

the split based on the greater information gain using the Gini index defined in (2), 

 
𝐺𝑖𝑛𝑖 𝑖𝑛𝑑𝑒𝑥 = 1 − ∑ 𝑝𝑖

2𝑛
𝑖=1       (2) 

 

 
Figure 2 Ensemble classification 

 
Then combine all Weak Learner as,  

 
∑ {𝑊𝐿1(𝑦), 𝑊𝐿2(𝑦), 𝑊𝐿3(𝑦) … … , 𝑊𝐿𝑛(𝑦)}     (3) 

 
Compute the Loss using Binary Cross-Entropy method by using, Eq.(4),  

 

(𝑦, �̂�) = Minus
1

𝑁
∑ 𝑦 ∗ 𝑙𝑜𝑔(𝑁

𝑖=0 �̂�𝑖 {)+ (1 − 𝑦) ∗ 𝑙𝑜𝑔 (1 − �̂�𝑖))}(4) 
 

where�̂� is the predicted value and𝑦 is the observed value. 

Calculates the distance that how far away from the actual value (either ‘0’ or ‘1’). 
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Find the prediction is for each class and take the average of class-wise errors to give the 

final loss. 

 
To find the optimization gradient of the loss function, the sigmoid function used Eq. (5).  

 

 𝑠(𝑥) =
1

1 + 𝑒−𝑥
  (5) 

 
Obtain the probabilities for the predicted values. Then fit the proposed model with the 

train and Test split of 70% - 30%. 

Based on positive or negative probabilities of loss function predicts that,  

 
  𝑦𝑖= 1 =>log (𝑝(𝑦𝑖))    (6) 

 
Classified as Positive classes – Class’1’ 

 
𝑦𝑖= 0 =>log (1 − 𝑝(𝑦𝑖))   (7) 

  
Classified as Negative classes- Class’2’ 

Finally, find the negative gradient of the classifier to fit the model as,  

  
arg min 𝐿[𝑥, 𝑊𝐿𝑖 (𝑦)]    (8) 

  
as steepest gradient. 

This ensemble classifier framework, having a set of classifiers, each of which mapping to 

an instance vector y Ԑ R in the set of binary classes either ‘0’ or ‘1’.  

This ensemble does the primary tasks of constructing the classifiers individually and 

producing the classification rule that assigns the class label for y based on the results of 

the above classifiers.  

The strong classification rule obtained is given in Table 1, 

 
Table 1 Strong Classification Rule 

If (attribute1=value-1) then Result=null // Terminal node 
Else  
If(attirbute2)= =value-2 and if(attribute3=value-3) then // Next node to check 
….. 
Else if(attribute n) =value-n then  
Result = class ‘1’ // Final Node that predicts the sample in class ‘1’ 
Else 
Result = class ‘0’ // Final Node that predicts the sample in class ‘0’. 
End if 
End if  
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2) Build the Proposed Models Using BCE-GBHEC 
 

Both K-fold cross-validation and hold-out method are used to do the evaluation 

performance of the predictor in classification and regression[16]. 

 
a) Creating A Hybrid – Model Using BCE-GBHEC with K-Fold Method 
 

k-Fold cross-validation is used as a standard method to evaluate the performance of the 

classifier. This method having an ability to split the given dataset into k divisions known 

as 'folds'. It uses k-1 divisions for training and one fold for the testing process. That is 

each of the instances getting the chance for individual testing. After the last iteration, we 

could consider the average performance measures for our research work[17][18]. Ahybrid 

model is created with BCE-GBHEC along with k-fold method to handle the imbalanced 

datasets. 

 
b) Creating A Hybrid-Model Using Bce-Gbhec With Hold – Out Method 
 

We have utilized the 'hold-out' method as the validation technique. This method splits the 

data into two mutually exclusive subsets. They are called as 'Train dataset'  andTest 

dataset'[19]. This method training machine learning method by train data set and the 

model evaluation is carried out by the test dataset. Most of the universal applications use 

this method to find the evaluation measures to verify the performance of the applied 

classifier[17]. The proposed method BCE-GBHEC along with the k-fold method 

givesanother new model to classify the imbalanced data. 

 
Experimental Results and Discussions 
 

The proposed algorithm experiments with both the proposed models namely, hybrid-

model using BCE-GBHEC with K-Fold Method and hybrid-model using BCE-GBHEC 

with Hold – Out Method.Themodel specification is defined in Table 2. 

  
Table 2 Model Specification 

➢ Proposed Algorithm: BCE-GBHEC-Binary Cross Entropy-Gradient Boost Hybrid 
Ensemble Classifier 

➢ Base Learner: CART 
➢ Loss Function Used: Binary Cross Entropy Loss 
➢ Max-depth=3 
➢ Treshold Value=0.5 
➢ Rate at which the model learn=0.1 
➢ Number of estimators=100 
➢ Model build Validation checked: Number of Iterations as10- Iterationsm 
➢ Number of Folds in K-Fold : 10 - Folds 
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1) Application of the Proposed Framework 
 

Applying the proposed framework in “Fraud Detection System”(FDS). The fraud 

detection is an example of a classification problem of binary values with unbalanced data 

having more number of normal transactions(majority values) exceeds with fraudulent 

transactions(minority values)[20]. The FDS is an method which is used to identify the 

transactions which are fraudulent when the people made the transactions and must be 

intimated to the system administrator[21]. 

 
2) Dataset Description 

 
The information about the dataset is described in Table 3. 
 

Table 3 Dataset Detail 
Name of the dataset credit card fraud 
Taken from https://www.kaggle.com/mlg-ulb/creditcardfraud 
Origin  Real-Time European cardholders in the year, September2013 
Number of instances 2,84,807 instances 
Number of attributes 30 
Nature of the dataset Binary classification-Imbalanced dataset(genuine class or Fraud class) 

 
a) Checking for Class Imbalance 
 

Streams of credit card transactions give that the classes are extremely unbalancedsince 

frauds are typically less than 1% of genuine transactions. The imbalancedataset becomes a 

balanced one by replicating the minority class (fraud cases) called oversampling. Figure 

3 shows class imbalance clearly and thisimbalance leads to an incorrect prediction of the 

result due to the presence ofmore samples in the majority class.This imbalance can be 

solved usingoversampling with the Adasyn technique. 

 

 
Figure 3 Class imbalance checking 
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b) Class Balancing - Oversampling Using Adasyn 
 

Adasyn is used to generate minority samples based on their distributions adaptively that 

is, it easily generates synthetic data which is not easier to learn for the minimal class 

samples by shifting the decision margin to mainly aim at those specific hard to learn 

samples. This algorithm is suitable for the binary class imbalanced problem[22]. 

 
In Table4, the count of data samples of the original dataset and the oversampled samples 

are given. The imbalance ratio is defined by,  

 

𝐼𝑚𝑏𝑎𝑙𝑎𝑛𝑐 𝑅𝑎𝑡𝑖𝑜 (𝐼𝑅) =
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑢𝑛𝑡 𝑜𝑓 𝐿𝑎𝑟𝑔𝑒 𝐶𝑙𝑎𝑠𝑠 𝑆𝑎𝑚𝑝𝑙𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑢𝑛𝑡 𝑜𝑓 𝑀𝑖𝑛𝑖𝑚𝑎𝑙 𝐶𝑙𝑎𝑠𝑠 𝑆𝑎𝑚𝑝𝑙𝑒𝑠
 (15) 

 
The proportion between the total count of total samples in the superior class and the count 

of total samples in the minimal class[23]. 

 
Table 4 Original Dataset vs. Oversampled Dataset 

Dataset Total 
count of 
samples 

Count of 
fraud 

samples 

Count of 
genuine 

instances 

Imbalance 
Ratio(IR) 

Original Dataset 284807 492 284315 577.876 
Oversampled using 

Adasyn 568555 284240 284315 1.000264 
 

From the results of the imbalanced ratio (IR), the highly imbalanced data set becomes 

balanced by efficiently applying the ADASYN oversampling technique. 

 
3) Results Obtained Using BCE-GBHEC with K-Fold Method 
  

By applying the k-fold cross-validation method, our study took the consideration of k=10 

folds to evaluate theBCE-GBHEC, and finally, we found that the performance accuracy 

for each fold and the final result produced with the average of 10-Folds. In random 

sampling, we got the average accuracy as 92.83% and having the performance timing as 

2706.511 seconds. In the case of oversampled data, we found that the accuracy was 

97.4931% and 2927.032 seconds as performance timing. 
 

4) Results Obtained Using BCE-GBHEC with Hold – Out Method 
  

We have applied the 'hold-out' method as the validation technique in this case of study. 

Usually, the standard split is to divide the entire dataset into the two-third portion of the 

data (approximated to 60% - 70%) as the train data and the remaining portion 
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(approximated to 30%-40%) as test data. Therefore we applied the hold-out method with a 

70% -30% split of data[19] as validation. This experimentation produced 92.74% of 

accuracy and 283.494 seconds of performance timing for random sampling instances and 

the oversampling instances resulted in 97.23% of accuracy and 600.85 seconds of 

performance timing. 

 
Table 5 K-Fold cross-validation vs. Hold out method 

Validation Method Sampling Type Accuracy (%) 
Performance Timing 
(in Seconds) 

K-Fold Cross-Validation 
(Average of K=10) 

Random Sampling 92.833745 2706.511 
Over Sampling 97.4931184 2927.032 

Hold-Out Method 
(70%-30% of Split) 

Random Sampling 92.74 283.494 
Over Sampling 97.22881 600.851 

 
Table 5 shows the comparative status of both the k-fold and hold-out method along with 

random sampling instances and oversampling data. From the results, we observed that the 

k-fold method produced, the accuracy is more in case of oversampling and having a 

difference of 0.09% than random sampling data. But the performance timing is having the 

worst case. The oversampled data require more than 9 times than that of random sampling 

instances. Similarly, the hold-out method resulted in, the difference between the accuracy 

produced for random sampling data and oversampling data as 0.26%. The performance 

timing has the major difference as more than 4 times of performance timing is required by 

k-fold than that of the hold-out method. In both the sampling methods, the k-fold method 

having very mere improved variation in accuracy when compared with the hold out 

method.But the holdout method having a significant difference in performance timing 

than that of k-fold.Therefore we consider the hold-out method results for further 

experiments and doing the performance measures as well.  

 
Initially, during the learning phase, the decision trees are more too sensitive to learn and 

in the training phase, they have disturbed due to the variance. To overcome these 

disturbances, the experiments were attained ten runs and the results are taken as average 

and used for the study[24]. The results obtained by running the model for 10 iterations to 

check the validation of the model and average values are obtained and are used to study 

with other classifiers, and finally, we have the accuracy as 97.22881 % ~ 97.23%.  
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5) Comparing Proposed Ensemble Classifier (BCE-GBHEC) vs. Other Classifiers 
 
a) Accuracy Comparison 
 

Accuracy is a common and most important measure of the predictive model that shows 

how the algorithm efficiently performed in overall studies.The accuracy values are 

tabulated in Table7.The proposed framework produces the highest accuracy of 97.23%. 

The KNN predicts the accuracy as 96.89% whereas Adaboost and AdaBoost and SVM 

produce 96.87% and 96.81% respectively. The graph is visualized in Figure 4.  
 

Table 7 Results of Accuracy 
Classifier Accuracy 

Adaboost 96.87% 
KNN 96.89% 
Adaboost+SVM 96.01% 
BCE-GBHEC 97.23% 

 
 

 
Figure 4 Comparison of Accuracy 

 
The proposed classifier algorithm produces the 97.23%of accuracies improved 0.36% 

with Adaboost, 0.34%with KNN classifier and 1.22% that of Adaboost and SVM. 

 
b) Comparison of Performance Timing of Proposed Model  
 

When we classify the instances the time duration is the most important key factor and 

istaken for considerationin this study. The time duration for classification done by 
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different classifiers is given in Table 8. The proposed model has the time duration to 

dothe classification is 600.851 seconds. 

  
Table 8 Comparison of Time Duration 

Classifier 
Time 

(in seconds) 
Adaboost 605.952 
KNN 604.357 
Adaboost+SVM 602.952 
BCE-GBHEC 600.851 

The visualization of time duration is given in Figure5. 

 
The proposed model having the least time duration when compared with other classifiers. 

 
Figure 5 Comparison of Execution Time 

 
The proposed model has the time duration as 5. 10 seconds less than that of Adaboostand 

3.506 seconds less than that of the KNN classifier and 2.101 seconds lesser than Adaboost 

+ SVM. 

 
Conclusion and Future Work 
 

In this paper, we have discussed that the more challenging problem occurred in the area of 

big data and big data analytics due to data exploration is the imbalanced data 

classification. Real-world problems such as medical diagnosis, customer retention, credit 

card fraud detection, churn prediction, and many more experience the class-imbalance. 
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This study found the impact of class imbalance and takes an opportunity to solve this 

problem with help of developing a hybrid ensemble classifier named BCE-GBHEC.We 

have learned a lot of lessons from the experiments of proposed work and make 

suggestions to do the possible things when we scrutinize the future work as well. This 

proposed framework has a limitation that it processes the binary class imbalance data set 

successfully and is suitable to find the results efficiently but not the multiclass imbalanced 

data.  
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Abstract 

The REE (rare-earth-elements) cerium (Ce) is the most abundant earth-crust element and 
their oxides have great attention in the form of nanocrystalline nature with superior 
physical and chemical properties. Pure and Co (1%, 3% and 5%) doped CeO2 
nanoparticles (NPs) synthesized by co-precipitation technique were characterized 
through X-ray diffraction (XRD), high-resolution transmission electron microscopy 
(HRTEM), UV-visible spectroscopy. XRD shows face-centred-cubic (FCC) crystal 
symmetry with average crystallite size 6-12 nm. HRTEM exhibits almost identical cubical 
shaped particles with average size 4-10 nm. Tuned band-gap may be observed from UV-
visible spectrum of CeO2-NPs upon Co (1%, 3% & 5%) incorporation. Enhancement of 
the photocatalytic activity observed for Co-doped (1%, 3% & 5%) to the degradation of 
methylene-blue (MB) dye under visible-light absorption. 

INTRODUCTION 

Now-a-days, much attention has been paid to the discharge of industrial dye 
containing waste water, which is a major source of problem in industrial environments. 
There are many conventional treatments available, but it leads to secondary pollutant. One 
of the alternative methods is the semiconductor photocatalytic oxidation and it can be 
used for mineralization of organic dyes without producing any secondary pollutants. 
Cerium oxide or ceria (CeO2) NPs has been known for its many scientific, technological 
and biomedical potential applications [1]. CeO2 NPs is the maximum responsive rare earth 
oxide having face centered cubic (FCC) unit cell structure. It has drawn attention to lots of 
importance in the scientific community due to its large energy gap (Eg ~ 3.19 eV) and 
static dielectric properties (ε ~ 26) [2]. Owing to its significance, CeO2 NPs is very much 
appreciated for its energy and environmental applications, medicine and photocatalytic 
systems etc., [3-7]. Several methods such as co- precipitation [6], hydrothermal [7], sol 
gel method [8,9] etc., have been employed to synthesize nanostructured ceria using either 
surfactants or any other elements as dopants. Transition-metal ions doped with CeO2 
materials could be led the exciting properties of potential technological applications 
especially in the design of photovoltaic devices, magnetic storage and photocatalytic 
activity. Therefore, to improve the physical properties of CeO2 NPs, we have chosen Co 
ions as the dopants, because it is one of the stable elements. The Ceria is a key material in 
a number of catalyst formulations designed for applications in the environment and 
energy sector. These applications benefit from the outstanding redox properties of ceria, 
which are, in turn, associated with the surface properties as well as the shape and 
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INTRODUCTION

Crystal engineering, the promptly flourishing versatile
terrain, with ample purview for primitive research and auspi-
cious applications. The knowledge about the framework of
disparate intermolecular interaction in inorganic solids swayed
the perception on supramolecular chemistry by means of non-
covalent interactions [1,2]. The π-π interaction and hydrogen
bonding are intermittently engaged explicit in supra molecular
framework [3]. Triazine and its derivatives are inter linked array
of hydrogen bonding sites, can establish explicit non-covalent
supra molecular framework by the way of multiple hydrogen
bonds [4]. Conjugated structures of triazine derivatives are
drawing attention by virtue of its chemical flexibility and acquire
prevalent applications in organic synthesis, medicinal chemistry
and materials science. It is well known that organic materials
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with high stability and great electron infusion and
transportation capacity are desirable for optoelectronic
applications. Zhong et al. [5] prepared few new conjugated
triazine based molecular materials and studied its properties
for suitability in opto-electronics application.

1,3,5-Triazine derivatives are biologically active and acknow-
ledged as anti-protozoal agents, anticancer agents, estrogen
modulators, antimalarials, cyclin-dependent kinase modulator
and antimicrobial agents. Further, they show applications in
distinct environment, along with the manufacturing herbicides
and polymer photo stabilizers. In the interest of discriminating
the knowledge of systems having O-H···O and N-H···O hydrogen
bonding interactions in compound, in this work, we choose
2,4-diamino-6-methyl-1,3,5-triazine (DMT) as the subject of
investigation. The asymmetric unit of DMT with trichloroacetic
acid was reported by Sangeetha et al. [6] and DMT dinitramide



was synthesized and characterized by Xiao et al. [7]. The presence
of C-N and N-N bonds illustrates that it possess high thermal
stability and density, besides the explosives, pyrotechnics and
propellants which are nitrogen based materials extensively used
in military. 2,4-Diamino-6-methyl-1,3,5-triazine (DMT) with
various aliphatic dicarboxylic acids were studied by Xiao et al.
[8]. Similarly, Chen et al. [9] examined 2,4-diamino-6-methyl-
1,3,5-triazine with different salts of silver element. The existence
of donor hydrogen bond and carboxylic group acceptor repre-
sents its significance in crystal engineering. The development
of supramolecular structure of compounds under the array of
hydrogen bond interactions are formed because of the comp-
ounds of N-heterocyclic group. The IR spectroscopic and
quantum chemical investigation of DMT with 4-cyanobenzoic
acid was studied by Mary et al. [10].

Perpetuo and Janczak [11] reported the structure of 2,4-
diamino-6-methyl-1,3,5-triazine with trifluoroacetic acid. There
are various reports available for the trifluoroacetic acid with
various amino acids and other organic bases [12-18]. In contin-
uation of findings on hydrogen bond formation in s-triazine
derivatives in solid state, in the present study it is aimed to prepare
the complex of 2,4-diamino-6-methyl-1,3,5-triazine (DMT)
with trifluoroacetic acid to understand the physico-chemical
properties. Thus, the experimental and theoretical studies of 2,4-
diamino-6-methyl-1,3,5-triazin-1-ium trifluoroacetate (DMTFA)
by using B3LYP calculations were carried out. With the guide
of DFT computations utilizing B3LYP/6-311++G(d,p) basis
set, vibrational frequencies, electronic properties, bonding inter-
actions and hyperpolarizability calculations have been predicted.
In extension to the above mentioned studies, Hirshfeld surface
analysis has also been carried out to known in depth about the
intermolecular interactions between the synthesized compound.

EXPERIMENTAL

2,4-Diamino-6-methyl-1,3,5-triazin-1-ium trifluoroacetate
(DMTFA) compound was synthesized by the chemical reaction
of commercially available 2,4-diamino-6-methyl-1,3,5-triazine
(DMT) with 10% trifluoroacetic acid (Sd. Fine) taken in the
1:1 ratio. Solution of trifluoroacetic acid was added dropwise
to the hot aqueous solution of DMT and stirred well to get a
consistent solution using a magnetic stirrer. The solution was
then allowed to evaporate at room temperature to yield a crystal-
line material salt. The solution was filtered and kept in a petri-
dish. It was covered with perforated polythene cover to control
the rate of evaporation. Slow evaporation of the solvent yielded
many crystals (Scheme-I).

Fig. 1. Photograph of as-grown crystal of DMTFA

Quantum chemical calculations: All computations were
calculated by using Gaussian 09 package with the single crystal
XRD structural data as input file [19]. The optimized structure
of 2,4-diamino-6-methyl-1,3,5-triazin-1-ium trifluoroacetate
(DMTFA) had been obtained by the DFT/B3LYP-6-311++G
(d,p) basis set. Vibrational studies has also been done with the
aid of DFT approach with 6-311++G(d,p) basis set. The absence
of imaginary wavenumbers on the calculated vibrational spectrum
confirms the optimized structure with minimum energy. The
harmonic frequencies, infrared and Raman intensities were
estimated and all frequencies are scaled by 0.9665. Natural bond
orbital (NBO) investigations were performed by NBO 5.1 program
built in Gaussian 09 program for the equilibrium structure.
Based on this result, the NBO charges and inter and intra mole-
cular interaction between the molecules has been studied [20].
The graphic interpretation of above mentioned properties was
made by Gauss View [21] program. In the case of HOMO,
LUMO analysis graphic illustrations of the isosurface with value
equal to 0.001 was used [21].

RESULTS AND DISCUSSION

Structural geometry: A four circle KUMA KM-4 single
crystal X-ray diffractometer was used to collect the structural
data of DMTFA. Single crystal XRD study reveals that the grown

Scheme-I: Synthetic route of 2,4-diamino-6-methyl-1,3,5-triazin-1-ium trifluoroacetate (DMTFA) compound

Vol. 32, No. 10 (2020) Determination of Aripiprazole in Rat Plasma Using Liquid-Liquid Extraction by UPLC-MS/MS Method  2661



crystal crystallizes in monoclinic system with centro symmetric
space group P21/c with primitives a = 10.384(2) Å, b =  8.1870
(10) Å, c = 13.013(3) Å and interfacial angles α = γ = 90º and
β = 111.75(2)º. Fig. 2 shows the ORTEP diagram of DMTFA.
The structural geometry of DMTFA attained by B3LYP/6-
311++G (d,p) with atom numbering is shown in Fig. 3. DFT
computed structural parameters were compared with X-ray
data of reported DMTFA [11]. It is observed that the nitrogen
atom (N3) in triazine ring get protonated, which has two fold
crystallographic and half of the triazinium (2+) ring is indepen-
dent and get hexagonal form from planar. The DFT/B3LYP
calculated bond lengths of triazine ring C-N varies from 1.310
to 1.373 Å. The protonation of N5; the ring nitrogen atom
lead to the decrease in C2-N5 bond length when correlated with
other ring C-N bonds. The protonation leads to extension of
C1-N1; C1-N2 and side chain C-NH2 bonds. The computed
internal C-N-C bond angles of C1-N2-C2 (116.19º) and C3-
N1-C1 (115.79º) at the protonated N atoms are larger than the
C2-N3-C3 (119.66º), which correlates well with the earlier report
[11]. The variation in C-N-C angles leads to the enhancement of
C1-N1 and C2-N3 bond lengths when correlated with other
ring C-N bond. The internal N-C-N angle which involves in
protonation i.e. N2-C2-N3 (120.85º) is significantly smaller
than the N3-C3-N1 (121.78º) [22-24]. Due to steric effect, the
lone pair electrons on the ring N atoms contributes a wider
region and the internal angle is larger than that at the non-
protonated ring N atoms [17,18]. The presence of disorder in
CF3 group in trifluoroacetate anion is observed [25]. The bond
length of the C-F atoms are observed as C6-F1 (1.267 Å); C6-
F2 (1.294 Å) and C6-F3 (1.29 Å). The mean C-F bond length
is 1.2836 Å due to the results from the interaction with the

Fig. 2. ORTEP diagram of DMTFA

Fig. 3. Optimized structure of DMTFA

neighbouring cation [26]. The N-C-N bond angles are determined
by B3LYP/6-311++G (d,p) agree with the experimental values
and are listed in Table-1. The CF3COO− ion and water molecule

TABLE-1 
SELECTED EXPERIMENTAL AND CALCULATED [B3LYP/6-311++G(d,p)] BOND DISTANCES (Å) AND BOND ANGLES (°) 

Bond distance (Å) Bond angle (°) 
Atom 

Expt. DFT 
Atom 

Expt. DFT 
C1-N1 1.373 1.364 N1-C1-N2 125.53 126.309 
C1-N2 1.332 1.334 C1-N2-C2 116.19 117.795 
C2-N2 1.329 1.335 N2-C2-N3 120.85 120.982 
C2-N3 1.362 1.372 C2-N3-C3 119.66 120.921 
C2-N5 1.310 1.324 N3-C3-N1 121.78 122.485 

N5-H5B 0.86 1.007 C3-N1-C1 115.79 117.374 
N5-H5A 0.86 1.043 H3-N3-C2 120.16 120.861 
C1-N4 1.315 1.324 H3-N3-C3 120.24 120.068 

N4-H4A 0.860 1.006 C1-N4-H4A 120.00 119.353 
N4-H4B 0.860 1.006 C1-N4-H4B 120.00 120.863 
C3-N1 1.302 1.312 H4B-N4-H4A 120.00 121.815 
C3-N3 1.356 1.352 C2-N5-H5A 120.00 121.815 
C3-C4 1.484 1.495 C2-N5-H5B 120.00 120.957 

C4-H4A 0.96 1.094 H5B-N5-H5A 120.00 120.957 
C4-H4B 0.96 1.090 C3-C4-H4C 109.47 109.545 
C4-H4C 0.96 1.088 H4B-C4-H4A 109.47 111.494 
N3-H3 0.904 1.099 H4A-C4-H4C 109.47 107.761 
C5-O1 1.243 1.260 H4C-C4-H4B 109.47 108.052 
C5-O2 1.227 1.232 O1-C5-O2 128.43 128.778 
C5-O6 1.533 1.559 C6-C5-O1 117.19 117.428 
C6-F1 1.267 1.350 C6-C5-O2 114.32 113.791 
C6-F2 1.294 1.353 F1-C6-F2 106.76 107.371 
C6-F3 1.290 1.340 F2-C6-F3 99.69 107.471 

– – – F3-C6-F1 113.02 111.089 
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forms N-H···O and O-H···O bonds with NH2 and NH of triazi-
nium cations.

Vibrational band analysis: The vibrational spectra of
DMTFA were computed by B3LYP with basis set 6-311++G
(d,p) level. The computed values are contrasted with the observed
peaks to facilitate the assignments of the peaks. Table-2 provides
the theoretical and experimental values for the computed freq-
uencies. The vibrational spectrum of the grown compound is
as shown in Fig. 4, while the theoretically predicated FT-IR
and FT Raman spectrum is shown in Fig. 5. The internal vibra-
tions of the amino groups, triazine ring and trifluoroacetate
anions contribute its signature in the region between 4000-400

Fig. 4. FT-IR spectrum of DMTFA
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Fig. 5. Theoretical FT-IR and FT Raman spectrum of DMTFA

cm-1. The lattice vibrations are observed in the Raman spectrum
bands below 200 cm-1.

Amino group vibrations: The symmetric stretching vibra-
tions of the NH2 groups are in general electron donating group
and lie in the range of 3450-3250 cm-1 [27]. The free and inter-
acting NH stretching vibrations of triazine cation give sharp
peaks at higher wave numbers [28]. Theoretically NH2 asym-
metric stretching oscillations are calculated at 3617 and 3537

TABLE-2 
WAVENUMBERS (cm–1) AND RELATIVE INTENSITIES OF OBSERVED AND  

CALCULATED FOURIER INFRARED AND RAMAN SPECTRA OF DMTFA 

Unscaled 
frequency 

Scaled 
frequency 

Expt. IR (cm-1) IR intensity Raman 
activity 

Band assignment description 

3743 3617  81.1206 51.8838 NH2 asymmetric stretching 
3660 3537  109.0026 94.2559 NH2 asymmetric stretching 
3609 3488 3497 134.9033 178.2596 NH2 symmetric stretching 
3155 3049 3168 0.5087 50.272 CH2 asymmetric stretching 
3112 3007  3.0716 72.1033 CH2 symmetric stretching 
3044 2942 2954 2.6376 204.5353 CH2 symmetric stretching 
3005 2904 2854 2115.254 225.1193 N-H···O stretching 
2168 2095 2044 2906.357 81.7083 N-H···O stretching 
1755 1697 1712 781.3971 2.7866 C-N-H asymmetric stretching 
1707 1650 1668 78.0327 11.6908 NH2 bending 
1664 1608 1630 659.3197 1.0418 C-N-C/C-N stretching 
1658 1603  550.4645 3.6601 NH2/C-N/C-O-C bending vibration 
1635 1581 1567 397.1842 1.0486 NH2/COO- bending vibration 
1560 1508 1518 163.7084 7.3134 NH2/C-N-C/C-NH2 in-plane bending vibration 
1513 1462 1461 86.6736 3.4311 NH2/C-N-C/N-H···O in-plane bending vibration  
1490 1440 1439 245.6985 7.264 C-H/N-H stretching 
1486 1436  14.889 3.3631 CH2 in-plane bending 
1460 1411  33.2662 2.5526 CH3 in-plane bending  
1441 1393  177.159 9.7738 C-C/COO triflouroacetic acid 
1426 1378 1366 90.8526 21.9205 CH3/C-N-C ring vibration 
1397 1350 1317 23.325 5.4752 CH3/C-N-C ring vibration 
1315 1271 1290 9.6988 8.4265 C-N-C/C-NH2/C-CH3 bending vibration 
1209 1168  23.0736 0.7365 NH2 rocking 
1199 1159 1194 550.3901 2.5921 CF3/C-C/COO (trifluroacetic) ring vibration 
1171 1132 1152 128.8561 0.7371 C-F asymmetric bending 
1169 1130 1115 237.545 2.1088 CF3 asym/C-C trifluroacetic bending 
1120 1082 1074 257.3847 1.3663 CF3 asym bending 
1105 1068  6.8137 1.1574 NH2/CH3 in ring/C-NH2/C-CH3 outplane bending 
1093 1056  31.6056 1.4604 CH3/NH3 ring distorsion 
1060 1025 1015 3.9925 0.365 CH3 out-plane bending 
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cm-1 and symmetric stretching vibrations are at 3488 cm-1. Experi-
mentally this peak is obtained in infrared spectrum at 3497
cm-1 with medium intensity. Fernandez-Liencres et al. [29]
observed this peak at 3328 cm-1 in 1,3,5-triazine derivatives.
The intramolecular repulsive nature of amino groups results
in protonation further enhanced by trifluoroacetate ion i.e. the
distance of N-H is 0.86 Å in N-H···O interaction. A strong IR
band at 1668 cm-1 is designated to the NH2 bending type of
vibration and theoretically this peak is detected at 1650 cm-1

[30]. The computed NH2 bending type of vibration occurs at
1168, 1068 and 974 cm-1. The twisting and wagging modes of
NH2 appear below 700 cm-1, theoretical and experimental band
at 585, 571/599 cm-1 is ascribed to NH2 wagging [30].

C-N vibrations: The carbon and nitrogen bond distance
in triazine ring has appreciable effect in protonation and involves
in ring stretching vibrations even N-H bond distance has high
frequency vibration [30-32]. The infrared bands at 1461 cm-1

is due to ring semicircle and C-N stretching vibration. Theore-
tically this peak is detected at 1462 cm-1. The out-of-plane
C-N-C bending vibrations in the experimental IR spectra of
DFTMA appeared at 797 cm-1 and theoretically this peak is
attained at 781 cm-1. The other computed peaks of bending
and ring stretching well agree with the experimentally observed
as well as reported values of similar compounds [33].

Ring vibrations of triazine: The protonation causes ring
vibrations in triazine ring considerably. The carbon and nitrogen
stretching and exogenous carbon and nitrogen bands contracts
peaks are observed at 1439 and 1461 cm-1. DFT compute these
peaks at 1508 and 1462 cm-1. The peak obtained at 599 cm-1 in
FT-IR is designated to the side chain in-plane C-N bend while
the band at 577 cm-1 belongs to the side chain in-plane C-N-H
bend [31]. The IR band obtained at 1056 cm-1 is due to the ring
breathing [30].

C-F vibrations: In general halide atoms are persuaded
by the adjoin atom and which results in the strong characteristic
absorption bands owed to the carbon-halides. Basically, the
carbon-fluorine bond is the strongest one due to its short and
partial ionic nature. The three fluorine atoms connected to the
same carbon atom increases the strength of the bond increases
by shortening its length. The mean C-F bond distance in DMTFA
is determined to be 1.27 Å. Commonly this value is 1.35 Å
and contributes its signature in the range 1360-1000 cm-1 [34].
C-F stretching vibrations of trifluroacetic acid are recorded at
1159 and 1194 cm-1 by Sun et al. [35]. Infrared bands at 1194,
1152, 1115, 1074, 764, 667 and 569 cm-1 are assigned to C-F
stretching vibration. DFT calculated the above mentioned
corresponding peaks at 1159, 1132, 1082, 811, 781, 770, 697
and 572 cm-1 [36,37].

1008 974 961 53.9366 1.2451 C-N-C/C-CH3/C-NH2 bending 
983 950  6.0108 0.3353 C-N/C-NH2/C-CH3 bending 
966 933  133.3939 21.8579 N-H···O stretching/C-N stretching 
917 887 889 52.7487 0.1065 N-H···O stretching 
839 811 838 98.4547 6.3798 O-C-O/CF3 asymmetric bending 
808 781 797 27.8906 0.112 C-N-C/CH3 asymmetric bending 
797 770 764 17.317 0.2226 COO/CF3 asymmetric bending 
737 713 724 3.0163 0.0247 C-N bending 
722 697 667 73.0145 2.7417 CF3/COO trifluroacetic 
665 643 639 4.6089 28.9217 Ring vibration 
605 585 599 1.5046 0.6056 C-CH3/C-NH2 vibration 
592 572 569 9.9914 1.3657 CF3/COO trifluroacetic 
590 571  1.1046 0.2386 NH2 out plane bending 
570 551 555 41.0006 5.6767 Ring vibration 
558 540  54.5875 4.0638 Ring vibration/N-H…O stretching 
546 528  0.5166 0.5969 Ring vibration/NH2/CH3 bending 
539 521 517 132.8573 0.3389 N-H···O stretching 
516 498  0.3742 0.7686 CF3 asymm bending 
451 436  30.7821 0.9675 CF3 asym/COO bending 
430 416 424 15.3337 1.2433 CF3 asym/COO 
361 349  6.0073 3.2084 NH2 ring vibration 
311 301  1.1383 0.7926 NH2 ring vibration 
294 284  207.4592 0.0153 NH2 ring vibration 
287 278  8.1665 0.0803 CF3/COO trifluroacetic 
266 257  1.852 0.9936 CF3/COO trifluroacetic 
194 187  0.9497 0.0719 C-NH2 bending 
192 185  6.1039 0.1633 C-NH3 bending 
170 164  34.2006 0.9107 Lattice vibration 
167 162  19.3521 0.3503 Lattice vibration 
106 102  4.9756 0.4421 Lattice vibration 
77 75  2.7927 0.2978 Lattice vibration 
71 69  0.1395 1.6102 Lattice vibration 
60 58  0.1817 0.7599 Lattice vibration 
55 53  0.0831 0.5105 Lattice vibration 
26 25  0.5076 2.1603 Lattice vibration 
16 16  0.0015 1.0884 Lattice vibration 
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C-O and C-C vibrations: The most extensively studied
oscillations in the infrared spectroscopy is the C-O mode of
stretching vibration. The IR absorption of the C-O in the carboxyl
group observed around 1780-1700 cm-1. Experimentally this
peak is obtained at 1567 cm-1 with medium intensity. DFT
computed this peak at 1581 cm-1. The stretching mode of COO−

symmetric vibration is observed in the frequency range of
1450-1300 cm-1. The peak at 1393 cm-1 is attributed COO−

vibrations of trifluoroacetate anion. The IR absorption peaks
due to deformation of COO- are usually obtained around 780-
660 cm-1. Here it is noticed at 764 cm-1 and the peak at 961 cm-1

in the IR is designated to C-C stretching vibrations. The computed
value for the same is observed at 950 cm-1 [38]. The other peaks
assignment is listed in Table-2.

C-H vibrations: C-H vibrations are usually observed at
higher frequencies in number in infrared spectrum. In general
the prominent bands of aromatic compounds usually occurs
at five regions of the infrared spectrum viz. 3100-3000 cm-1

(C-H str.), 2000-1700 cm-1 (overtones and combinations), 1650-
1430 cm-1 (C=C str.), 1275-1000 cm-1 (in-plane C-H def.) and
900-690 cm-1 (out-of-plane C-H def.) [27-31]. Infrared peak
at 3168 and 2954 cm-1 is ascribed to CH2 asymmetric and symm-
etric stretching vibration, respectively. Theoretically these peaks
are calculated 3049, 3007 and 2942 cm-1. The C-H in-plane ben-
ding vibrations are observed at 1436 and 1411 cm-1 with medium
intensity, while the C-H out-plane bending vibrations are obtained
at 1015 and 961 cm-1. Other peaks are presented in Table-2.

O-H and Hydrogen bond vibrations: The O-H group
vibrations observed near the 3600-3400 cm-1 confirms the O-H
stretching band. The stretching vibrations are commonly obtained
around 3500 cm-1 is due to hydroxyl ions. There are many
hydrogen bonds of N-H···O and O-H···F types of interactions in
the title compound. Amidst of them, the O-H···O bonds have an
equal bond length of 2.8 Å and shows its contribution at 3005
cm-1 in infrared spectrum. The identical vibration in all aspects
occurred at 2954 cm-1 in the theoretical spectrum [28].

NBO analysis: The intra- and inter-molecular interactions
among bond of the grown crystals can be effectively and effici-
ently studied by NBO analysis [20]. If the interaction between
electron donors and acceptors is the more intensive the stabili-
zation energy “E(2)” is large, The donating tendency is more
for the electron donors than that of the electron acceptors and
greater the extent of unification of the whole system. Delocali-
zation of electron density between occupied Lewis-type (bond
or lone pair) NBO orbitals and formally unoccupied (antibond
or Rydgberg) non-Lewis NBO orbitals correspond to balance
donor-acceptor interaction [24,26].

The second order perturbation Fock-matrix theory is applied
to calculate the selected donor-acceptor interactions of the title
complex and the values are as indexed in Table-3. The delocali-
zation of electron from filled Lewis type NBO to non-Lewis
type NBO results in hyper conjugation effect.

For each donor (i) and acceptor (j), the stabilization energy
(E2):

2 ij i
i j

F(i, j)2
E E q

E E
= ∆ =

− (1)

TABLE-3 
SECOND-ORDER PERTURBATION THEORY  

ANALYSIS OF THE FOCK MATRIX IN NBO BASIS 
CALCULATED AT B3LYP/6-31G(d.p) LEVEL 

 Acceptor (j) E(2) (Kj 
mol–1) 

E(j)-E(i) 
(a.u) 

F(i.j) 
(a.u) 

Within Unit 1 
BD(2)C1-N7 BD*(2)C2-N5 48.51 0.26 0.111 
BD(2)C2-N5 BD*(2)C3-N9 39.22 0.34 0.106 
LP(1)N6 BD*(2)C2-N5 97.63 0.20 0.132 
LP(1)N7 BD*(1)C1-N9 12.17 0.83 0.091 
LP(1)N7 BD*(1)C2-N5 11.48 0.80 0.086 
LP(1)N8 BD*(2)C1-N7 64.58 0.25 0.119 
LP(1)N9 BD*(1)C1-N 7 11.17 0.88 0.090 
LP(1)N9 BD*(1)C3-N5 12.22 0.83 0.091 
BD*(2)C1-N7 BD*(2)C3-N9 158.17 0.02 0.071 
BD*(2)C2-N5 BD*(2)C3-N7 101.44 0.04 0.076 
BD*(2)C2-N5 BD*(2)C3-N9 40.90 0.05 0.061 

From Unit 1 to Unit 2 
BD(1)H-N5 BD*(1)C18O19 0.06 1.24 0.008 
BD(1)H4-N5 BD*(1)C18-O20 0.32 1.20 0.018 
BD(1)N6-H13 BD*(1)C18-O19 0.09 1.26 0.010 
LP(1)N6 BD*(2)C18-O19 0.06 0.29 0.004 
BD*(1)H4 -N5 BD*(1)C18-O19 0.06 0.25 0.012 
BD*(1)H4-N5 BD*(1)C18-O20 1.58 0.21 0.052 
BD(1)N6-H13 BD*(1)C18-O19 0.09 1.26 0.010 
LP(1)N6 BD*(2)C18-O19 0.06 0.29 0.004 
BD*(1)H4-N5 BD*(1)C18-O19 0.06 0.25 0.012 
BD*(1)H4-N5 BD*(1)C18-O20 1.58 0.21 0.052 

From Unit 2 to Unit 1 
LP(2)O19 BD*(1) N6-H 13 22.30 0.69 0.113 
LP(1)O20 BD*(1)H4-N5 10.30 0.94 0.090 
LP(2)O20 BD*(1)H4-N5 59.75 0.69 0.183 

Within Unit 2 
LP(2)O19 BD*(1)C18-O20 13.93 0.83 0.098 
LP(2)O19 BD*(1)C18-C21 22.48 0.59 0.103 
LP(2)O20 BD*(1)C18-C21 15.61 0.66 0.092 
LP(3)O20 BD*(2)C18-O19 95.03 0.27 0.143 
LP(3)F22 BD*(1)C21-F23 12.14 0.66 0.080 
LP(3)F22 BD*(1)C21-F24 7.85 0.67 0.065 
LP(3)F23 BD*(1)C21-F22 11.84 0.66 0.079 
LP(2)F24 BD*(1)C18-C21 7.29 0..72 0.066 
LP(3)F24 BD*(1)C21-F22 10.38 0.66 0.074 
LP(3)F24 BD*(1)C21-F23 11.01 0.65 0.076 

 
where qi is the occupancy of donor orbital, Ei and Ej are energies
of donating and accepting orbitals and F(i,j) is the NBO Fock
matrix elements.

In the title compound, all the hydrogen atoms attached to
the carbon, oxygen and nitrogen atoms carry positive charge
of around 0.4e . Hydrogen atoms (4H) and (13H) which take
part in protonation carry the positive charges of 0.459e and
0.447e, respectively. The carbon atom 14C and 7C, which are
attached to the hydrogen atoms 15H, 16H and 17H have negative
charge -0.630e whereas the carbon atom 2C attached with the
nitrogen atoms 5N,6N and 7N have positive charge of 0.543e;
3C attached to the carbon atom 14C, nitrogen atoms 5N and 9N
have positive charge of 0.543e.The carbon atom 21C attached
with the fluorine atoms 22F,23F and 24F has a positive charge
of 0.986e. The carbon atom 18C attached with the 21C, 19O
and 20O bears a negative charge of 0.726e. All the nitrogen
atoms are having negative charge around 0.6e; whereas the
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nitrogen atom 18N attached to 1C, 10H and 11H carries a negative
charge of 0.736e. All the other nitrogen and oxygen atoms
present in the complex carries negative charges of around 0.6e
and 0.7e, respectively. The strongest intra molecular interaction
energy is found to be 158.17 kJ mol-1, which is due to the
electrons donated from π*(C1-N7) to π*(C3-N9) results in
resonance. This shows that electron cloud can accumulate at
nitrogen anion, which is further confirmed by electrostatic
potential studies. The next stabilization energy is 101.44 kJ mol-1 is
due to interaction between π*(C2-N5) and π*(C3-N7),
respectively. The next stabilization energy is 59.75 kJ mol-1

due to strong interaction is due to high intra molecular hyper
conjoining interaction of lone pair of oxygen atom O20 and
anti-bonding orbital interaction of 5H*(H4-N5). The next stabili-
zation energy 95.05 kJ mol-1 is due to high intramolecular hyper
conjoining interaction of lone pair of oxygen atom O20 to
π*(C18-O19). The stabilization energy 48.51 kJ mol-1 is due
to high hyper conjugative π*(C2-N5) and π(C1-N7). The next
stabilization energy 40.90 kJ mol-1 is due to interaction between
π*(C2-N5) and π*(C3-N9), respectively. The next stabilization
energy is 39.22 kJ mol-1 due to the interaction between hyper
conjugative π*(C3-N9) and π(C2-N5), respectively. The stabili-
zation is energy is around 22.30 kJ mol-1 is due lone pair of
LP(1)O19 and anti-bonding orbital interaction 5H*(N6-H13).
The stabilization is energy is around 12.14 kJ mol-1 is due
lone pair of F22 and anti-bonding orbital interaction 5H*(C21-
F23), respectively. Other data are given in Table-3. Thus, it is
openly observed that N-H···O, O-H···O and N-H···N intermole-
cular interactions important in influencing the crystal packing
and vibrational frequencies in this molecule (Fig. 6).

Fig. 6. NBO of DMTFA

Chemical reactivity descriptor and frontier molecular
orbitals: The frontier molecular orbitals play more important
role within the electric and optical properties, also as in UV-
visible spectra and chemical reactions [39]. Fig. 7 shows the
highest occupied molecular orbitals (HOMO) and lowest unocc-
upied molecular orbitals (LUMO) energy level calculated at
B3LYP/6-31++G(d,p) level for the synthesized compound
DMTFA. As seen from Fig. 7, both the HOMO and LUMO
are localized on the DMT fragments. The p-antibonding type
orbitals are mostly HOMOs and LUMOs type. The energy gap
between HOMO and LUMO is the most significant parameter
to determine molecular electrical transport properties. The energy

Fig. 7. HOMO-LUMO plot of DMTFA

gap is calculated to be = 4.928eV. This large HOMO-LUMO
gap means high excitation energies for many of excited states,
and shows the good stability and a high chemical hardness for
the title compound [40].

From HOMO and LUMO energy values for a molecule,
the chemical reactivity descriptors of molecules such as hard-
ness, chemical potential, softness, electro negativity as well
as electrophilicity have been calculated [41-43]. Hardness (η),
softness (S), electronegativity (χ) and chemical potential (µ)
are defined follows [43]:

I A

2

−η = (1)

S = 1/2 η (2)

I A

2

+χ = (3)

I A

2

+µ = − (4)

where A and I are the ionization potential and electron affinity
of the molecules, respectively. Through HOMO and LUMO
orbital energies as I = -EHOMO and A = -ELUMO [43], one can
express the ionization energy and electron affinity of the synthe-
sized compound DMFTA. It is well known that the chemical
hardness (η) and softness (S) are important properties to measure
the molecular stability and reactivity. A hard molecule has a large
HOMO-LUMO gap and a soft molecule has a small HOMO-
LUMO gap. Soft molecules are more reactive than hard ones
because they could easily offer electrons to an acceptor. For
the simplest transfer of electrons, adsorption could occur at
the part of the molecule where (S) has the highest magnitude
whereas (η) has the lowest [44].

The chemical stability and reactivity behaviour of the title
compound, the hardness, softness, electronegativity and chemical
potential have been calculated and the results are presented in
Table-4. To investigate the solvent effect for the chemical reac-
tivity descriptors of the title compound, based on B3LYP/6-
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311++G(d,p) model was selected and calculated values were
also listed in Table-4. As seen from Table-4 that the softness
decreases solvent increasing polarity, whereas hardness, electro-
negativity and chemical potential will increase with the increase
of the solvent polarity.

TABLE-4 
HOMO-LUMO ENERGY VALUE AND RELATED PROPERTIES 
OF DMTFA CALCULATED BY B3LYP /6-31++G(d,p) METHOD 

EHOMO (eV) -9.773 
ELUMO (eV) -4.845 
Energy gap, ∆E (eV) 4.928 
Ionization potential, A (eV) +9.773 
Electron affinity (I) +4.845 
Global softness (S) 0.203 
Global hardness (η) 2.464 
Chemical potential (µ) 7.309 
Global electrophilicity (ω) 10.840 

 
Electrostatic potentials: From the theoretical studies of

the hydrogen bonding interactions [45,46], one can predict
the electrophilic and nucleophilic reactive sites of DMTFA. The
MEP of this compound has several possible sites for electro-
philic attack. Negative regions were observed around the carbonyl
groups of oxygen atoms due its electron affinity and establish
the existence of intermolecular N-H···O, O-H···O and N-H···N
non-covalent interactions in the structure [47,48].

The colour code of the maps, i.e. the electrostatic potential
of the molecule is in the range -2.370e × 10-2 (deep red) to
+2.370e × 10-2 (deep blue) where blue colour indicates the
strongest attraction and red indicates the strongest repulsion.
The electrostatic potentials contour map is shown in Fig. 8 .
The range of total electron density of the molecule DMTFA
lies in between +4.062e × 10-2 to -4.062e × 10-2 (Fig. 9).

Hirshfeld surface analysis: Hirshfeld surface investiga-
tions and 2D fingerprint plots are appropriate tools to describe
the surface. The Hirshfeld surface analysis is applied to compute
the intermolecular interactions of the title compound. It is an
exclusive analysis for a distinct crystal structure by Crystal
Explorer 3.0 [49]. Fig. 10 depicts the 100% fingerprint of DMTFA.
The separations from the nearest atom inside (di) and outside
(de) the surface depicts the normalized contact distance (dnorm).
The red spots on the surface demonstrate the inter contacts
made by the hydrogen atoms. The 2D Finger print plotted in

-2.370e-2 2.370e-2

Fig. 8. Electrostatic potential map of DMTFA

-4.062e-4 4.062e-4

Fig. 9. Total density spectrum of DMTFA

Fig. 10. Fingerprint of DMTFA (100%)

Fig. 11 depicts the inter contacts contributions. It explains that
among all, the H-F interaction (26.9%) shows the major contri-
bution. Besides H-H (16.2%), O-H (15%), N-H (14.2%), N-F
(7.5%), F-F (6.5%), C-F (5.3%), C-H (3.0%), C-O (1.8%), N-O
(1.7%), N-C (0.7%), O-F (0.5%) contacts also makes immense
contributions to the Hirshfeld surface investigations. The inter
contacts of the grown compound DMTFA is clearly seen in
3D form that have been mapped for shape index and curvature
as shown in Fig. 12.

Conclusion

In this work, 2,4-diamino-6-methyl-1,3,5-triazin-1-ium
trifluoroacetate (DMTFA) crystals were grown from slow solvent
evaporation technique and crystallized in the centrosymmetric
space group of monoclinic system (P21/C). They are theore-
tically optimized using B3LYP method with 6-311++G (d,p)
basis set. The FT-IR vibrational spectra of DMTFA have been
recorded and the computed vibrational wave numbers were
calculated at B3LYP/6-311++G(d,p) basis set. The electronic
structure and properties were calculated using molecular orbital
analysis. The HOMO-LUMO energy gaps have been calculated
to analyze the charge interaction. Besides, the NBO provide
the information about the intermolecular charge transfer between
the bonding and anti-bonding orbitals. An analogy between
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Fig. 11. Relative contributions to the percentage of Hirshfeld surface area for the various intermolecular contacts in DMTFA
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the experimental and calculated structure reveals a good conne-
ctions. Electrostatic potential map well establishes the possible
nucleophilic and electrophilic reactions of the compound. The
Hirshfeld surface analysis with finger plots and electrostatic
potential map shed more light on the percentage of intermole-
cular contacts and distribution of electrostatic potential of the
DMTFA compound.
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a b s t r a c t

The science of advanced materials needs true computational prediction of material behaviour before
experimentation. It is well known that Tert-butylamine and N-acetylglycine organic chemicals have
versatile applications in the field of drug research and pharmaceutical industry. In the present study, the
new crystalline organic complex - tert-butylammonium N-acetylglycinate monohydrate (TBANAG) has
been grown and it’s structural, spectral and other properties are studied by both experimental and
theoretical approach. The tert-butylammonium N-acetylglycinate monohydrate (TBANAG) crystallizes in
centro symmetric space group P-1 with lattice parameters a ¼ 6.2096(7)Å, b ¼ 9.8831(11)Å,
c ¼ 10.1408(12)Å and interfacial angles a ¼ 76.514(10)o; b ¼ 87.013(9)o; g ¼ 75.484(10)o. The detailed
vibrational and electronic properties have been studied with the help of Gaussian 09 program by using
B3LYP/6-311þþG(d,p) basis set. The obtained vibrational wave numbers and optimized geometric pa-
rameters were seen to be in good agreement with the experimental data. From the frontier molecular
orbital analysis, the chemical reaction of the grown compound is studied. Natural bonding orbital studies
reveal the bonding pattern of electron pairs in the molecule. It also let out the charge transfer and various
hyper conjugative intermolecular hydrogen bonding interactions in the molecular system. The inter-
molecular interactions such as O-H/O, N-H/N and N-H/O has significant impact on crystal packing of
the molecule. Molecular electrostatic potential inculcate the knowledge of charge distribution in the
molecule. Thus the present study aimed to analyse the molecular as well as electronic properties of the
obtained compound in detail.

© 2020 Published by Elsevier B.V.

1. Introduction

Amino acid derivative has attracted many researchers for
investigation due to its commercial importance. These amino acid
derivatives act as starting materials and applicable for large scale
industrial preparation of intermediates in the pharmaceutical in-
dustry and drug research [1]. The ammonium salts of many drugs
are more stable and less prone to oxidation than amine [2]. N-

Substituted glycine analogs are widely used in peptidomimetics
and drug research. N-acetyl glycine is one such organic chemical
and intermediate pharmaceutical product and is the smallest N-
acetylated derivative of the chiral proteinogenic amino acid glycine.
These derivatives can be biosynthesized in the human body with
the help of enzymes starting from serine and tetrahydrofolate [3].
N-Acetyl peptidoamides are useful model compounds for the
investigation of peptide interactions and the preferred conforma-
tions in polypeptide chains [4]. 35% of Glycine is incorporated in
most proteins, except for collagen and metal complexes with li-
gands contained glycinate moieties exhibits molecular architec-
tures with various intermolecular interactions [4,5]. The structural,
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dielectric and ferroelectric properties of N-Acetyl glycine phosphite
were reported by Vızhı et al. [6]. The infrared spectra of N-acetyl-
glycine oligomers have been reported by Etori et al. [7]. The density
functional theory calculations of b-N-acetyl-L-Asp-L-Glu and
vibrational spectroscopic studies have been reported by Kausar
et al. [8]. Similarly tert-butylamine is also an eco-friendly organic
chemical intermediate finds its suitability in the synthesis of dyes,
pesticides (Terbutryn, Terbacil) and rubber additives etc. It is also
used to enhance vulcanization rate of rubber in the production of
accelerator compounds. In addition to its industrial application,
tert-butylamine has medical applications also. This organic com-
pound is an intermediate chemical for the production of antihy-
pertensive drugs. Tert-butylamine can form strong and directional
hydrogen bonds with other organic compounds, may lead to vari-
able hydrogen-bonding fashions and architectures [9]. These su-
pramolecular aggregates often possess specific and useful chemical,
physical, optical properties due to the collective behaviour of these
weakly bound molecules. The structural and hydrogen bonding
properties of N-tert-butylamine was reported by Payam Kolhar
et al. and Iman Khosravi et al. [10,11]. Iman Khosravi also studied
the binding sites as well as the strength of the molecule by using
molecular docking studies. Theoretical and experimental investi-
gation of an atmospheric amine degradation of tert-butylamine
with free OH substituent is studied by Wen Tan et al. [12]. Many
reports about vibrational, structure and other properties of both the
compounds were already studied by many researchers [5e16]. The
increase in demand for the production of N-acetylglycine and tert-
butylamine in medical and health care and other industrial related
applications have a great impact on the global market. There always
been a keen interest among researchers to enhance the quality of
the pharmaceutical product. One such pharmaceutical intermedi-
ate N-acetylglycine and tert-butylamine has been taken as the
subject of investigation in this communication. We synthesized a
new organic crystalline complex - tert-butylammonium N-acetyl-
glycinate monohydrate (TBANAG). In the present investigation,
since the parent compounds have great industrial and biological
applications, it is aimed to combine N-acetylglycine and tert-
butylamine to study the molecular as well as electronic proper-
ties of obtained compound. Single crystal X-ray data reveals that
the compound crystallizes in Centro symmetric space group P-1
with triclinic crystal system. The detailed vibrational and electronic
properties has been studied with the help of Gaussian 09 program
by using B3LYP/6-311þþG(d,p) basis set. The prediction about the
chemical reaction is given by frontier molecular orbital analysis.
Natural bonding orbital studies reveal the bonding pattern of
electron pairs in the molecule. Molecular electrostatic potential
inculcate the knowledge of charge distribution in the molecule.
Thus the present study aimed to analyse the molecular properties
of the obtained compound in detail. The structural, vibrational and
electronic properties have also been discussed in detail.

2. Experimental procedure

High purity AR grade samples of N-acetyl glycine (Sigma-
Aldrich-99%) and tert-butylamine (Sigma-Aldrich-99%) were pur-
chased and used without any purification. N-acetyl glycine and
tert-butylamine taken in 1:1 molar ratio were dissolved in double
distilled water separately to get clear transparent solution. To the
transparent tert-butylamine solution, N-acetylglycine solution is
added dropwise gently. After that both the solutionwere allowed to
mix and stir well continuously for 6 h to get the homogenous so-
lution. Then the solution was filtered and allowed to evaporate at
room temperature, which yielded whitish crystals within a period
of 25e30 days. The formation of tert-butylammonium N-acetyl-
glycinate monohydrate is given by the following chemical reaction.

C4H7NO3 þ (CH3)3CNH2 / [(CH3)3CNH3] þ. [C4H6NO3]-. H2O

N-acetylglycineþ Tertiary Butylamine/ tert-butylamonium N-
acetylglycinate monohydrate.

3. Quantum chemical calculations

All calculations were performed by using the single crystal XRD
structural data with the Gaussian 09 program [17]. The optimized
structure for TBANAG had been calculated by the DFT/B3LYP-
6e311þþG(d,p) basis set. The harmonic frequencies, infrared and
Raman intensities were calculated and all frequencies are scaled by
0.9665. The absence of imaginary wavenumbers on the calculated
vibrational spectrum confirms the optimized structure with mini-
mum energy. Natural Bond Orbital (NBO) analysis was performed
by NBO 5.1 program built in Gaussian 09 program for the equilib-
rium structure. Based on this result, the NBO charges and inter and
intra molecular interaction between the molecules has been stud-
ied [18]. HOMO and LUMO properties were obtained. The graphic
interpretation of above mentioned properties was made by Gauss
View [19] program. In the case of HOMO, LUMO analysis graphic
illustrations of the iso surface with value equal to 0.001 was used
[19].

4. Results and discussion

4.1. Single crystal X-ray diffraction analysis

Single crystal X-ray diffraction analysis is donewith the help of a
four circle KUMA KM-4 single crystal X-ray diffractometer equip-
ped with a two-dimensional area CCD detector. SHELXL-97 direct
program is used to solve the structure [20] and the structure was
refined with isotropic thermal parameters initially then all non-
hydrogen atoms were refined with anisotropic thermal parame-
ters by full-matrix least-squares method [21]. The structural
refinement parameters are listed in Table 1. The tert-
butylammonium N-acetylglycinate monohydrate (TBANAG) crys-
tallizes in centrosymmetric P-1 space groupwith lattice parameters
a ¼ 6.2096(7) Å, b ¼ 9.8831(11)Å, c ¼ 10.1408(12) Å and interfacial
angles a ¼ 76.514(10)o; b ¼ 87.013(9)o and g ¼ 75.484(10)o. The
primitive cell consists of 2 molecules (Z ¼ 2). Figs. 1 and 2 depicts
the ORTEP and packing diagram of the grown crystal. The mole-
cules are connected to each other by the hydrogen bonding in-
teractions. The entire atoms i.e all 3 molecules connected by
hydrogen bonds are lie in general position. These atoms arranged in
patterns and described by the summation of elementary graph-set
descriptors using the Etter’s notation [22,23]. The set of the
elementary graph-set descriptors for water molecule and ammonia
group is GH2O ¼ {2E01(1); E10(1); E02(3); 2E11(2)} and
GNH3 ¼ {3E01(1); 3E02(3)} [24,25]. Elementary graph-set for N-
acetylglycinate anion are given in Table 2. The summation of
elementary graph-set descriptors refer to the atomic pathways
describes hydrogen bonding patterns found in particular molecule
[23]. In the crystal structure of the studied compound, two
important hydrogen bonding patterns are created (Fig. 3) and their
intersecting chains C1

1(5) and C3
3(11) propagated along a and c axis,

respectively. As a result of intersection, the ring patterns are
created, R4

4(12), R4
4(18) and R6

6(16), and lie on three different
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inversion centers at (0,1/2,1/2), (1/2,1/2,0) and (1/2,1/2,1/2). The
chains and rings are derived from the following summations of the
elementary graph-set descriptors:

E11(5)anion þ E00(0) ¼ C11(5), where E00(0) is a “zero element”
used to construct unitary graph-set descriptor,

E20(6)anion þ E11(2)H2O þ E02(3)cation ¼ C33(11)

2$[E20(3)anion þ E02(3)cation] ¼ R4
4(12)

2$[E20(6)anion þ E02(3)H2O] ¼ R4
4(18)

2$[E20(3)anion þ E11(2)H2O þ E02(3)cation] ¼ R6
6(16)

It is seen that the chains create layered structure of hydrogen
bonds in ac plane and the other interaction exists along b direction.
C11eH111/O3 interaction is weak in comparison to the other N

(O)eH/O hydrogen bonds and the crystals of the studied com-
pounds can be easily cleaved in (010) plane. The atomic numbering
scheme and the theoretically drawn optimized geometric structure
of the title compound are shown in Fig. 4. Binding energy or
interaction energy is basically the energy difference between the
optimized structures of initial (before adsorption) and final (after
adsorption) state. Quantum chemical calculations yield the inter-
action energy of the three components in gas phase and it is
calculated to be 20.5164266 kcal/mol.

Hydrogen bond geometry (Å,o), Atomic displacement parame-
ters (Å2), Fractional atomic coordinates and isotropic or equivalent

Table 1
Crystal data and structure refinement for TBANAG.

Empirical formula (CH3)3CNH3
þ C4H6NO3

�. H2O
Formula weight (g mol�1) 208.26
Temperature (K) 293(2)
Wavelength (A) 0.71073 Å
Crystal system Triclinic
Space group P �1
a 6.20960(10)
b 9.88310(10)
c 10.1408(2)
a 76.514(4)
b 87.012(5)
g 75.484(3)
V 585.85(2)
Z 2
Absorption coefficient (mm�1) 0.093
F(000) 228
Crystal size (mm) 0.30 � 0.25 � 0.18
Theta range for data collection (o) 3.389e29.309
Index ranges h ¼ �7/8; k ¼ �12 / 13;

l ¼ �13/13
Completeness to q 100%
Refinement method Full-matrix least squares on F2
Data/restraints/parameters 2890/0/208
R indexes [I � 2<sigma> (I)] 0.2209
Final R indexes [all data] 0.0343
Goodness of fit on F2 0.682
Extinction coefficient 0.0204(10)
Largest differences peak and hole

(e.Å�3)
0.132 and �0.142

Fig. 1. ORTEP diagram of TBANAG.

Fig. 2. Packing diagram of TBANAG.

Table 2
Elementary graph-sets found in the N-acetylglycinate anion.

Atom O1 O2 O3 H1(eN1)

O1 E10(1) E20(3) E20(6) E11(5)
O2 E10(1) E20(6) E11(5)
O3 E10(1) E11(4)
H1(eN1) E01(1)

K. Senthilkumar et al. / Journal of Molecular Structure 1220 (2020) 128764 3



isotropic displacement parameters (Å2) are listed in Tables 3e5. The
optimizedmolecular parameters (bond lengths, bond angles) of the
compound have been calculated using B3LYP/6-311þþG(d,p)
method. These results are listed in Table 6 and are compared
with the experimental data.

The C-H bond length of the title compound is approximately
equal to 0.9 Å. The C-N bond length in tert. butylamine is equal to
1.503 Å whereas the C-N bond length of n-acetylglyine has 1.441

and 1.342 Å. The O-C bond lengths are observed around 1.25 Å.
There are seven N-H/O, three O-H/O and eight C-H/O inter and
intra molecular interactions are observed in the grown compound.
The two (N11-H1N2; N11-H1N3) N-H bond length of tertiary
butylamine is around 0.9 Å whereas N11-H1N1 distance is 1.012 Å
which has an interaction with oxygen (O1) atom. This intermolec-
ular interaction N11-H1N1/O1 comprises an angle 122.4� and the
corresponding donor-acceptor interaction is found to be have the
bond length of 3.4108 Å. There is a remarkable intermolecular
interaction O-H/O is noticed between n-acetylglycine and water
molecule. The donor e acceptor interaction of O1H-HO2/O2 and
O1H-HO1/O3 is 2.7194 and 2.7843 Å respectively and have bond
angle around 175�. All C-N-C bond angles are in the range 107-113�

in tert-butlyamine, whereas in n-acetylglycine, the carbon atom C3
attached to the nitrogen atom N1 describes an angle 120.70� with
C2 atom [26]. The corresponding theoretically computed value is
121.89�. The crystal structure is stabilized by intra and intermo-
lecular NeH/O, C-H/O and OeH/O hydrogen bonds which
generate a two dimensional network. Few significant variation in
N1-H12 bond length (0.001 Å) of amino group and bond angles of
compound i.e C2-N1-C3 ¼ 121.89�; HO1-O1H-HO2 ¼ 112.90�; O2-
C1-C2 ¼ 119.95�; C3-N1-C2 ¼ 120.70� confirms the occurrence of

Fig. 3. Hydrogen bonding pattern in TBANAG.

Fig. 4. Optimized structure of TBANAG.

Table 3
Hydrogen bond geometry (Å,

ͦ

).

D-H$$$A D$$$H H$$$A D$$$A D-H$$$A

N1-H1/O1c 0.877(6) 2.108(7) 2.9728(8) 168.5(6)
O1H-HO2/O2d 0.952(8) 1.770(9) 2.7194(8) 174.6(10)
N11-H1N1/O2 1.012(8) 1.771(8) 2.7823(9) 176.1(6)
N11-H1N2/O1Hb 0.934(6) 1.86696) 2.7948(80 172.8(5)
O1H-HO1/O3 0.801(8) 1.985(8) 2.7843(8) 175.0(8)
N11-H1N3/O1a 0.971(7) 1.892(7) 2.8355(8) 163.2(7)

Symmetry Codes:
a -x, 1-y,1-z.
b -x,1-y,2- z.
c 1þ x, y, z.
d 1- x, 1-y, 2-z.
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protonation. The C-N bond length in the N-acetylglycinate anion is
1.342 Å in X-ray structure, whereas the corresponding value in
optimized geometry is 1.354 Å for B3LYP. The C-O bond lengths of
the COO-group are slightly different [C1-O1 ¼ 1.260 Å and C1-
O2 ¼ 1.254 Å] in X-ray while these bond lengths have been calcu-
lated at 1.331 Å and 1.212 Å for B3LYP, respectively. Methyl group
attached C3 atom with O3 bond length is 1.240 Å whereas theo-
retically this value is computed to be 1.232 Å. The exocyclic CNH2
(C10-N11) bond is observed as 1.503 Å in the crystal structure,
whereas the corresponding value in optimized structure is calcu-
lated to be 1.491 Å. As seen from Table 6, most of the calculated
bond lengths and bond angles are slightly different from the
experimental results. To quantify the discrepancies between

experimental and theoretical results, correlation graph has been
plotted between observed and calculated structural parameters
(bond distance and bond angle). Figs. S1 and S2 depict the corre-
lation studies between experimental and theoretical results of
bond distance and bond angle respectively. Calibration parameters
obtained for bond distance and bond angle yield R2 value of

Table 4
Atomic displacement parameters (Å2).

Atom U11 U22 U33 U23 U13 U12

O1 0.0379(3) 0.0756(4) 0.0417(4) �0.0020(3) 0.0055(3) �0.0174(3)
O2 0.0535(4) 0.0432(3) 0.0575(4) 0.0041(3) �0.0105(3) �0.0192(3)
O3 0.0504(4) 0.0748(4) 0.0482(4) �0.0193(3) 0.0064(3) �0.0043(3)
O1H 0.0601(4) 0.0707(4) 0.0413(4) �0.0072(3) 0.0072(3) �0.0009(3)
N1 0.0339(4) 0.0535(4) 0.0405(4) �0.0096(4) 0.0030(4) �0.0143(3)
C1 0.0439(5) 0.0466(5) 0.0262(5) �0.0142(4) 0.0063(4) �0.0125(4)
C2 0.0411(5) 0.0495(5) 0.0335(5) �0.0008(4) �0.0008(4) �0.0144(4)
C3 0.0498(5) 0.0403(5) 0.0441(5) �0.0097(4) 0.0012(5) �0.0163(4)
C4 0.0500(6) 0.0898(7) 0.0637(6) �0.0219(6) �0.0175(5) �0.0169(5)
N11 0.0402(4) 0.0432(4) 0.0359(4) �0.0035(3) 0.0040(4) �0.0126(3)
C10 0.0437(5) 0.0346(5) 0.0387(5) �0.0026(4) 0.0009(4) �0.0101(4)
C11 0.0552(6) 0.0499(6) 0.0672(7) �0.0151(5) �0.0036(5) �0.0222(4)
C12 0.0528(6) 0.0635(6) 0.0724(7) �0.0101(6) 0.0241(5) �0.0152(5)
C13 0.0697(6) 0.0566(6) 0.0518(6) 0.0024(5) �0.0144(6) �0.0149(5)

Table 5
Fractional atomic coordinates and isotropic or equivalent isotropic displacement
parameters (Å2).

Atom x Y z U iso or equi

O1 0.06028(8) 0.61552(6) 0.58099(5) 0.0528(2)
O2 0.31637(9) 0.44420(6) 0.71130(6) 0.0523(2)
O3 0.38292(9) 0.69344(6) 0.85592(6) 0.0592(2)
O1H 0.32654(9) 0.70614(7) 1.12733(6) 0.0614(2)
N1 0.59891(10) 0.63433(7) 0.68360(7) 0.0423(2)
C1 0.25046(13) 0.56638(8) 0.63524(8) 0.0379(3)
C2 0.40983(13) 0.66430(9) 0.59544(8) 0.0423(3)
C3 0.57174(13) 0.65396(8) 0.81059(9) 0.0438(3)
C4 0.77983(15) 0.62450(11) 0.89263(10) 0.0665(4)
N11 0.03772(10) 0.26669(7) 0.69842(7) 0.0404(2)
C10 0.14787(13) 0.10888(9) 0.73555(8) 0.0399(3)
C11 �0.02131(14) 0.02636(9) 0.72151(9) 0.0556(3)
C12 0.34004(15) 0.08113(10) 0.63808(10) 0.0645(4)
C13 0.23111(15) 0.07634(10) 0.87985(9) 0.0614(4)
H21 0.3179(10) 0.7652(6) 0.5820(6) 0.044(2)
H22 0.4659(10) 0.6556(7) 0.5044(6) 0.048(2)
H1N1 0.1430(12) 0.3278(8) 0.7063(8) 0.077(3)
H1N2 �0.0880(9) 0.2837(6) 0.7526(6) 0.041(2)
H111 0.0461(11) �0.0780(8) 0.7478(7) 0.074(3)
H121 0.4184(11) �0.0206(8) 0.6653(8) 0.086(3)
H131 0.3410(11) 0.1213(8) 0.8938(8) 0.078(3)
H113 �0.0840(12) 0.0574(8) 0.6221(8) 0.094(3)
HO1 0.3374(11) 0.6995(8) 1.0499(8) 0.074(3)
H1N3 �0.0147(12) 0.2944(8) 0.6051(8) 0.081(3)
H123 0.2862(13) 0.1091(9) 0.5427(8) 0.096(3)
H1 0.7366(11) 0.6158(7) 0.6550(7) 0.057(2)
H41 0.9178(14) 0.5877(10) 0.8439(10) 0.121(3)
H132 0.2995(11) �0.0207(7) 0.9091(7) 0.068(3)
H122 0.4524(11) 0.1333(8) 0.6434(8) 0.0675(3)
H112 �0.1457(11) 0.0509(7) 0.7784(7) 0.068(3)
H42 0.7834(14) 0.6982(9) 0.9050(9) 0.121(4)
H43 0.7832(16) 0.5552(11) 0.9712(10) 0.152(4)
HO2 0.4520(14) 0.6487(10) 1.1813(10) 0.127(4)
H133 0.0957(11) 0.1070(8) 0.9432(8) 0.082(3)

Table 6
Selected bond parameters of TBANAG.

Atom Bond distance (Å) Atom Bond distance (Å)

Expt. Calculated Expt. Calculated

C13-H133 1.057 1.093 C1-O1 1.260 1.331
C13-H132 0.930 1.094 C1-O2 1.254 1.212
C13-H131 0.935 1.094 C1-C2 1.528 1.518
C10-C13 1.513 1.539 C2-H21 0.999 1.094
C10-N11 1.503 1.491 C2-H22 0.985 1.094
N11-H1N3 0.934 1.018 C2-N1 1.441 1.451
N11-H1N2 0.971 1.020 N1-H1 0.877 1.008
C10-C12 1.522 1.534 N1-C3 1.342 1.354
C10-C11 1.513 1.535 C3-O3 1.240 1.232
C12-H121 0.981 1.092 C3-C4 1.502 1.513
C12-H122 0.976 1.094 C4-H41 0.997 1.091
C12-H123 0.993 1.092 C4-H43 0.919 1.091
C11-H111 0.988 1.092 HO1-O1H 0.801 0.960
C11-H112 0.956 1.092 O1H-HO2 0.952 0.976
C13-H133 1.048 1.094

Atom Bond Angle (o) Atom Bond Angle (o)

O2-C1-O1 124.89 124.44 C10-C11-H111 110.16 111.05
O2-C1-C2 119.95 121.51 C10-C11-H112 109.47 110.47
O1-C1-C2 115.07 114.04 H111-C11-H112 109.57 108.06
N1-C2-H21 113.29 111.92 C10-C11-H1113 109.94 110.99
C1-C2-H21 106.92 107.75 H111-C11-H113 111.58 111.05
N1-C2-H22 107.92 110.78 H112-C11-H113 106.02 108.27
C1-C2-H22 107.08 107.85 C10-C12-H122 113.37 111.10
H21-C2-H22 104.50 106.04 C10-C12-H123 111.02 111.10
O3-C3-N1 120.61 121.32 H122-C12-H123 107.20 107.66
O3-C3-C4 122.83 122.09 C10-C13-H132 110.58 110.90
C1-C2-H22 107.08 107.85 C10-C13-H133 109.10 110.96
H21-C2-H22 104.50 106.04 H131-C13-H133 107.47 107.86
N1-C3-C4 116.56 116.57 H132-C13-H133 110.50 108.08
C3-C4-H41 113.13 113.22 C3-N1-C2 120.70 121.89
O2-C1-O1 124.89 124.44 C3-N1-H1 115.79 117.21
O2-C1-C2 119.95 121.51 C2-N1-H1 122.84 120.89
O1-C1-C2 115.07 114.04 C10-N11-H1N1 112.29 109.98
N1-C2-C1 116.33 113.16 C10-N11-H1N3 110.18 110.70
N1-C2-H21 113.29 110.92 H1N1-N11-H1N2 112.36 110.40
C1-C2-H21 106.92 107.75 H1N2-N11-H1N3 106.65 106.40
H41-C4-H42 108.38 109.53 N11-C10-C13 106.63 107.52
H41-C4-H43 104.49 106.92 N11-C10-C11 108.59 107.52
C13-C10-C11 112.12 110.20 N11-C10-C12 107.34 107.49
C13-C10-C12 111.09 110.25
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0.96361and 0.92947 respectively indicates that the calibration fit of
good quality however we found that calculated [DFT-B3LYP-6-
311þþG(d,p)] geometries possess significantly larger variation
from the experimental structure. It can be noted that the experi-
mental results belong to the solid phase are related to molecular
packing and theoretical calculations belong to the gas phase
considered isolated molecule. The biggest difference between
experimental and predicted bond lengths is about 0.0257 Å and the
root mean square error (RMSE) is found to be 0.0112 Å, indicating
that the bond lengths obtained by B3LYP method show strong
correlation with the experimental values. Despite the few differ-
ences observed, the calculated geometric parameters are, in gen-
eral, in good agreement with the X-ray structure.

4.2. Vibrational spectroscopic analysis

Vibrational spectra together with quantum chemical computa-
tion have an added advantage of knowing the entire information
about the structure of the compound. Vibrational analysis has been
carried out to analyse the grown compound qualitatively for the
presence of functional groups in the molecule. Room temperature
powder infrared spectra were taken with a Bruker IFS-88 spec-
trometer in the region 4000-80 cm�1 using KBr pellet technique
with a resolution of 4 cm�1. Experimental FT-IR spectrum of TBA-
NAG is shown in Fig. 5. Theoretically predicted vibrational spec-
trum is given in Fig. 6. The observed frequencies of tert-
butylamonium N-acetylglycinate monohydrate along with their
relative intensities and probable assignments are presented in
Table 7. The assignments made in the present study are in good
agreement with the earlier assignments as well as theoretical re-
sults proposed by several investigators on some similar type of
molecules. The interpretation of vibrational spectra of tert-
butylamonium N-acetylglycinate monohydrate is presented and
discussed in detail in this research work.

4.2.1. The vibrations of water molecule and hydrogen bonds
Water molecule forms a hydrogen bond interaction with tert-

butylamine cation and n-acetyl glycinate anion. According to the
single crystal XRD data, there are six different N-H/O and O-H/O
type of interactions are noticed which includes the bond length of

range 2.720e2.973 Ao. The free hydroxyl OH group are sensitive and
observed in the region 3700-3550 cm�1 with broad intensity in
infrared spectrum [27]. The asymmetric stretching vibrations of
these hydroxyl (OH) bands are computed at 3759 and 3476 cm�1.
The symmetric stretching O-H vibration is calculated at 3462 cm�1.
These peaks may not observed in the experimental spectrum due to
O-H/O hydrogen bond present in the grown crystal [27]. The
infrared spectrum at 2537 cm�1 with strong intensity is due to N-
H/O stretching vibration between cation and anion. This peak is
theoretically computed at 2582 cm�1. Bending vibration of N-H/O
occurs at 1712 cm�1 with weak intensity and theoretically this peak
is computed at 1698 cm-1 B3LYP give its water contribution at 1592
and 610 cm�1 which is assigned to in-plane bending and out plane
bending vibration respectively. The peak computed at 1497 and
1477 cm�1 is assigned to N-H/O type of interaction. The corre-
sponding experimental peak is observed at 1560 cm�1 with strong
intensity. The peak at 1152 cm�1 is due to H-N/H/N-H/O inter-
action between cation and anion. Experimentally this peak is

Fig. 5. Experimental FT-IR spectrum of TBANAG.

Fig. 6. Theoretical FT-IR and FT-Raman spectra of TBANAG.
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Table 7
Observed and calculated vibrational spectral data of TBANAG.

Expt IR Unscaled Frequency Scaled Frequency IR intensity Raman activity Band assignment description

3890 3759 73.251 76.712 O-H asymmetric stretching vibration (H2O)
3597 3476 15.275 22.172 N-H asymmetric stetching vibration of NAG
3583 3462 823.597 319.459 N-H symmetric stretching vibration of NAG/O-H symmetric stretching vibration (H2O)
3531 3412 6.040 43.125 N-H asymmetric stretching vibration(TBA)

3282s 3456 3340 3.490 98.803 N-H symmetric stretching vibration(TBA)
3080 m 3126 3021 11.113 53.569 C-H asymmetric stretching vibration (NAG)

3115 3010 6.352 60.592 C-H asymmetric stretching vibration (NAG)
3107 3002 49.136 110.729 C-H asymmetric stretching vibration (TBA)
3102 2998 0.342 9.839 CH3 symmetric stretching in Fermi resonance with CH3 asymmetric stretching in TBA
3093 2989 47.973 128.579 CH3 symmetric stretching in Fermi resonance with CH3 asymmetric stretching in TBA
3088 2984 30.888 73.065 combination bands of CH3 asymmetric stretching
3085 2981 7.823 27.186 combination bands of CH3 asymmetric stretching
3081 2977 12.852 24.675 combination bands of CH3 asymmetric stretching
3068 2965 4.672 46.130 C-H asymmetric stretching vibration (NAG)

2953s 3046 2943 7.230 140.661 CH3 symmetric stretching vibration in NAG
3043 2941 15.257 149.671 CH2 symmetric stretching vibration in NAG
3030 2928 1.604 376.610 CH3 symmetric stretching in fermi resonance with CH3 asymmetric stretching in TBA

2924s 3023 2921 32.997 25.146 CH3 symmetric stretching in fermi resonance with CH3 asymmetric stretching in TBA
2853 m 3016 2914 21.212 47.921 CH3 symmetric stretching in fermi resonance with CH3 asymmetric stretching in TBA
2537 m 2672 2582 3115.691 367.270 N-H/O stretching
1712w 1757 1698 218.773 17.501 COO vibration; C-O-H in-plane bending vibration
1653s 1702 1644 461.308 13.9248 COO vibration; C-O-H in-plane bending vibration

1654 1598 37.757 2.913 NH2 deformation (scissoring)
1596s 1647 1591 78.618 7.501 O-H deformation
1560s 1549 1497 272.170 1.557 C-N stretching vibration

1528 1476 86.340 3.655 CH3 asymmetric stretching of TBA
1463s 1517 1466 10.317 0.171 CH3 asymmetric stretching of TBA

1508 1457 16.959 5.216 CH3 asymmetric stretching of TBA
1503 1452 10.863 9.079 CH3 asymmetric stretching of TBA
1491 1441 39.332 2.760 CH2 and CH3 in-plane bending vibration of NAG
1488 1438 3.719 11.772 CH3 asymmetric vibration in TBA
1483 1434 0.509 9.854 CH3 asymmetric vibration in TBA
1481 1431 19.340 5.159 CH2 and CH3 (NAG)
1480 1431 0.208 0.074 CH3 stretching (TBA)

1421 m 1471 1422 12.825 6.252 CH3 stretching (NAG)
1396s 1433 1385 3.514 0.072 CH3 stretching (TBA)
1378s 1408 1361 34.054 1.980 CH2 and CH3 in both cation and anion
1370s 1407 1360 106.808 2.301 CH2 and CH3 in both cation and anion

1402 1355 19.957 0.221 CH3 stretching (TBA)
1316s 1393 1347 215.422 1.090 C-C; C-H (NAG)
1294 m 1344 1299 4.826 4.081 C-C4 skeletal stretching and NH2 twisting in TBA
1275 m 1291 1248 140.193 13.174 C-O-H; C-N-H (NAG)

1269 1226 22.832 11.857 C-C4 skeletal stretching and NH2 twisting in TBA
1212 m 1252 1210 118.992 12.322 CH2 and NH2 out plane bending in NAG

1240 1199 142.239 4.616 C-C4 skeletal stretching and NH2 twisting in TBA
1238 1196 1.039 4.734 CH2 out plane bending in NAG

1168 m 1192 1152 102.257 1.901 H-N/H/N-H/O bending vibration
1120 m 1152 1113 9.640 1.465 C-N stretching vibration/C-O/C-O-H deformation

1123 1085 9.730 3.631 CH3 and NH2 in tertiary butylamine
1038 m 1071 1035 35.152 1.091 CH3 and NH2 in tertiary butylamine
1003w 1059 1024 7.392 0.082 CH3 rocking; C-C stretching
975w 1016 982 2.164 0.304 CH2 rocking; C-C stretching; C-O stretching

1013 980 15.432 1.244 CH3 and NH2 in tertiary butylamine
1012 979 8.159 4.148 CH3 rocking, C-N-C deformation
998 965 26.291 10.629 CH3 rocking, C-N-C deformation
974 942 100.407 2.658 CH3 and NH2 in tertiary butylamine
965 932 0.209 0.038 CH3 and NH2 in tertiary butylamine

918mw 931 900 0.268 5.162 C-CH3; C-NH2 in tertiary butylamine
894w 925 894 28.941 6.877 C-CH3; C-NH2 in tertiary butylamine
876w 916 885 22.657 6.008 C-CH3; C-NH2 in tertiary butylamine

898 868. 0.674 1.889 C-C stretching/C-N-C deformation
749 m 739 714 6.070 16.488 C3C-N symmetric stretching mode
693 m 683 660 7.078 3.777 u(C]O);t(N-C);r(CH3)
645 m 652 630 6.504 0.527 u(C]O);t(N-C); r(CH3)

631 610 119.001 1.091 O-H/O
597 m 628 607 15.662 2.415 u(C]O); t(N-C); r(CH3)
559 m 586 566 15.270 1.29 C-C-N scissoring, C-O rocking

540 521 19.432 3.448 u(C]O); t(N-C); r(CH3)
511 m 532 514 33.947 0.483 C-N-H, C-C-H, O-H..O

504 487 4.063 0.146 C-CH3; C-NH2 in tertiary butylamine
461 m 46 453 5.387 1.435 C-C-N deformation
426 m 427 413 0.807 0.094 C-CH3; C-NH2 in tertiary butylamine

409 396 81.514 0.403 H17-O15-H16; C-CH3; C-NH2 (TBA)

(continued on next page)
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observed at 1168 cm�1 withmedium intensity. The other computed
peaks are observed at 610, 409, 396, 392, 88 and 64 cm�1.

4.2.2. Vibrations of tert-butylammonium cations
Most of the observed and calculated peaks in the vibrational

spectrum arise due to methyl group vibrations of stretching,
wagging and rocking modes of tertiary butylamine cation. The
calculated peak at 3412 and 3340 cm�1 is ascribed to NH2 asym-
metric and symmetric stretching respectively. Experimentally this
peak is observed at 3282 cm�1 with weak intensity. The computed
peaks at 2998, 2989, 2984, 2982, 2978,2928,2922 and 2915 cm�1

are assigned to CH3 symmetric stretching in Fermi resonance with
asymmetric CH3 stretching vibration [16]. Experimentally this peak
is attributed to 2924 and 2853 cm�1 with medium intensity.
Asymmetric stretching of methyl groups attached to the centre
carbon atom C10 contributes its vibration at 1477, 1466, 1457 and
1452 cm�1. Experimentally this peak is observed at 1463 cm�1 with
strong intensity. CH3 asymmetric bending vibrations of tertiary
butyl amine contribute its peaks at 1438, 1434 and 1355 cm�1. DFT
computed peaks at 1299, 1226, 1199, 980, 942, 932, 900 and
894 cm�1 are due to C-C4 skeletal stretching and NH2 twisting vi-
bration. The corresponding experimental frequencies are observed
at 1294, 918, 894 and 876 cm�1. The peak computed at 714 cm�1 is
ascribed to C3C-N symmetric stretching mode in tertiary butyl-
amine molecule. Experimentally this peak is observed at 749 cm�1

with medium intensity. Methyl as well as amine group attached to
centre carbon atom (C10) shows its bending vibration at 426 cm �1.
B3LYP calculated this band at 413 cm�1. The other computed peaks
are listed in Table 7 with band assignment description.

4.2.3. Vibrations of N-acetylglycinate anions
The asymmetric and symmetric stretching vibration of N-H vi-

bration is computed at 3476 and 3463 cm�1 respectively. N-H and
C-H stretching vibrations are usually higher in frequency number
than C-O and C-N vibrations. Decrease in dipole moment results in
very weak intensity C-H vibrations due to the reduction of negative
charge on the carbon atom [26]. Theoretically predicted asym-
metric C-H stretching vibrations contribute its mode at 3021, 3010
and 2965 cm�1. Experimentally this peak is observed at 3080 cm�1

with medium intensity. Methyl group attached to carbon atom C3

contributes its peak at 2943 cm�1. Experimentally such peak is
observed at 2953 cm�1 with strong intensity. CH2 group symmetric
vibration is computed at 2941 cm�1. The peak at 1702 and
1698 cm�1 is attributed to COO� and C-O-H in-plane bending vi-
bration respectively. Experimentally this peak is observed at 1712
and 1653 cm�1 with strong intensity. Usually C-N stretching vi-
brations are observed in the region between 1650 and 670 cm �1

and it is very difficult to identify as mixing of many bands may
possible in this region [27]. Upon ionization of tert-butylamine, C-N
bond length get lengthened (~0.033 Å) which is 1.503 Å due to
protonation effect and significant variation of C-N bond length
(1.441 Å) of N-acetylglycine is noticed. In the case of C-N bond
length of methylamine this value was found to be 0.079 Å [28].
Experimental spectrum records its C-N stretching contribution at
1560 cm �1 with strong intensity whereas theoretically this peak is
calculated at 1497 cm�1. Methyl group as well as CH 2 in-plane
bending vibration peaks are computed at 1441, 1431, 1422, 1361
and 1360 cm�1. The experimental and theoretical peak at 1316/
1347 cm�1 is assigned to C-C and C-H in-bending vibration. The
rocking and torsion bending mode of vibration of C-O-H and C-N-H
occurs at 1275 cm �1. B3LYP computes this peak at 1248 cm�1. CH2
and NH2 out plane bending mode of vibration experimentally
found at 1212 cm�1 and 1196 cm�1 respectively with medium in-
tensity. Theoretically computed peaks at 660, 630, 607 and
521 cm�1 are assigned to CH3 rocking mode of vibration, C]O
wagging, C-N torsion mode of vibration. Experimentally the above
mode of vibration contributes its peaks at 690,645 and 597 cm�1

respectively. The other computed and recorded peaks are listed
with band assignment description in Table 7.

4.3. NBO analysis

NBO analysis is an effective and efficient method for studying
intra and intermolecular bonding interaction among molecules.
Also it provides a convenient basis for investigating the charge
transfer or conjugative interaction in molecular systems [29]. The
larger the stabilization energy “E(2)” value, the more intensive is
the interaction between electron donors and electron acceptors,
i.e., the more donating tendency from electron donors to electron
acceptors and greater the extent of conjugation of the whole

Table 7 (continued )

Expt IR Unscaled Frequency Scaled Frequency IR intensity Raman activity Band assignment description

406 392 58.037 0.187 O3-H17/O16; C-N-H (TBA)
373 360 72.907 2.826 C-N-H; C-H-O; O-H..O(NAG)
345 333 0.520 0.575 C-CH3 (NAGþTBA)
330 319 2.723 0.929 C-CH3; C-NH2 (TBA)
301 291 4.407 2.101 C-C-N; C-C-O,C-H-O; C-O-H (TBA)
281 271 0.068 0.001 CH3 twisting (TBA)
270 261 0.223 0.027 CH3 twisting (TBA)
221 214 1.238 0.011 CH3 twisting (TBA)
196 189 60.407 0.304 CH2 and CH3 (NAGþTBA)
194 187 33.354 0.613 N-CH2; N-CH3 (NAG)
166 160 1.762 0.043 N-H/O; O-H/O stretching
109 105 7.928 0.097 N-H/O; O-H/O; H-C-H; stretching
98 94 8.992 0.091 N-H/O; O-H/O stretching
91 88 97.243 0.284 O-H/O; C-CH3 bending
82 79 2.157 0.093 C-C-N; O-H-O-H bending
73 71 4.772 0.353 C-O-O; C-O-H; O-H/O bending
66 64 25.292 0.257 C-CH3; O-H/O bending
44 42 4.685 0.531 C-CH3; O-H/O; C-C-C bending
41 40 3.148 0.145 L
30 29 1.217 0.855 L
23 22 1.193 0.069 L
15 14 0.112 0.503 L
10 9 0.049 0.042 L
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system. Delocalization of electron density between occupied Lewis-
type (bond or lone pair) NBO orbitals and formally unoccupied
(antibond or Rydgberg) non-Lewis NBO orbitals correspond to a
stabilizing donor-acceptor interaction [30].

The selected donor-acceptor interactions of TBANAG were
calculated on the basis of second order perturbation Fock e matrix
theory and the values are listed in Table 8. The delocalization of
electron from filled Lewis type NBO to noneLewis type NBO results
in hyper conjugation effect.

For each donor (i) and acceptor (j), the stabilization energy E(2)

E2 ¼DEij ¼qi
Fði; jÞ2
Ei� Ej

(1)

Where qi is the occupancy of donor orbital, Ei and Ej are energies of
donating and accepting orbitals and F(i,j) is the NBO Fock matrix
elements.

In the title complex, it is seen from Fig. 7, that all the carbon
atoms have negative charge except 19C has a positive charge of
0.107 e which is attached to the other three carbon atoms 20C, 21C
and 22C (approximately �0.58e) and 18 N (�0.863e) in a tertiary
butylamine group. Similarly, all the hydrogen atoms attached to the
carbon atom in tertiary butylamine carry positive charge of around
0.2e whereas the hydrogen atoms attached to the nitrogen atom
carry ~0.37e. Hydrogen atoms (29H) which take part in protonation
carry the positive charge of 0.503e. The carbon atoms 5C and 7C
which are attached to the oxygen atoms have positive charge
0.802e and 0.590e respectively whereas carbon atom 6C and 8C
attached to the hydrogen atoms has negative charge �0.278e
and�0.661e respectively. The hydrogen atoms have positive charge
of around (0.23e) except 11H (0.414e) which is attached to nitrogen
4 N have negative (�0.625e) charge. In water group, the hydrogen
atoms are having positive charge (0.45e). The remaining oxygen
atom 15O has negative charge (�0.959). The strongest intra mo-
lecular interaction energy is found to be 56.97 KJmol-1 which is due
to the electrons donated from lone pair of oxygen atoms O1 to
p*(O2-C5) results in resonance. This shows that electron cloud can
accumulate at carbon atom which is further confirmed by electro-
static potential studies [31,32]. The next stabilization energy is

Fig. 7. NBO of TBANAG.

Table 8
Second-order perturbation theory analysis of the Fock matrix in NBO basis calcu-
lated at B3LYP/6-31G(d.p) level.

Donor (i) Acceptor (j) E(2) (Kj.mol�1) E(j)-E(i) (a.u) F(i.j) (a.u)

Within unit 1
s (C6- H10) p* (O 2 - C5) 4.66 0.52 0.047
p (C 7- C 8) s (N 4- C6) 4.60 0.99 0.060
LP (2)O1 p* (O2- C5) 56.98 0.32 0.122
LP (2) O 2 s *(O1 - C5) 27.26 0.68 0.124
LP (2) O2 s *(C5-C6) 18.31 0.64 0.099
LP (2) O 3 s *(N 4-C7) 23.07 0.75 0.119
LP(2)O3 s *(C7-C 8) 15.64 0.65 0.092
LP(1)N 4 p*(O3-C7) 39.33 0.38 0.110
LP (1)N 4 s*(C6-H9) 6.23 0.65 0.061
LP(1)N 4 s *(C 6-H10) 5.94 0.65 0.060
s*(O -H29)/ s *(O1-C5) 5.44 0.04 0.045
p*(O3-C7) s*(O3-C7) 29.09 0.36 0.223
from unit 1 to unit 2
LP(1)O3 s*(O15-H 17) 2.87 1.18 0.052
LP(2)O3 s *(O15-H17) 8.34 0.75 0.072
from unit 3 to unit 1
s (N18-H23) s *(O1-H29) 1.56 1.00 0.036
LP (1) N18 s *(O1-H29) 41.97 0.71 0.155
within unit 3
(N18-C19) s *(C20-H25) 1.41 1.14 0.036
s (N18-C19) s *(C21-H26) 1.41 1.14 0.036
s (N18-C19) s *(C22-H31) 1.18 1.13 0.033
(1N18-H23) s *(C19-C20) 2.74 1.00 0.047
(N18-H24) s *(C19-C21) 2.75 1.01 0.047
(1)C19-C20 s *(N18-H23) 2.40 1.02 0.044
s (C1-C20) s *(C21-H32) 1.74 1.02 0.038
(C19-C20) s *(C22-H27) 1.76 1.02 0.038
s (C19-C21) s *(N18-H24) 2.45 1.01 0.045
s (C19-C21) s *(C20-H33) 1.78 1.01 0.038
s (C19-C21) s*(C22-H34) 1.77 1.01 0.038
s (C19-C22) s *(C20-H28) 1.70 1.03 0.037
s (1C19-C22) s *(C21- H30) 1.69 1.03 0.037
(C20-H25) s *(N18-C19) 4.17 0.81 0.052
s (C20-H28) s *(C19-C22) 3.49 0.87 0.049
s (C20-H33) s*(C19-C21) 3.52 0.88 0.050
s (C21-H26) s *(N18-C19) 4.17 0.81 0.052
s (C21-H30) s *(C19-C22) 3.47 0.87 0.049
s (C21-H32) s *(C19-C20) 3.53 0.87 0.050
s (C22-H27) s *(C19-C20) 3.44 0.88 0.049
s (C22-H31) s *(N18-C19) 4.69 0.81 0.055
s (C22-H34) s *(C19-C21) 3.43 0.88 0.049
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39.33 and 27.26 KJmol-1 is due to intra molecular hyper conjugative
interaction of lone pair of nitrogen atoms N4 to p*(O3-C7) and lone
pair of O2 to p*(O1-C5). The stabilization energy is 29.09KJmol-1 is
due to hyper conjugative p*(O3-C1), and anti bonding orbital
interaction of s*(O3-C7). The stabilization energy is around 41.97
KJmol-1 which is due to lone pair of LP(1)N18 and anti bond orbital
s*(O1-H29) interaction. Other data are given in Table 8. All these
cleared that the compound exhibit strong stabilization energy and
N-H/O intermolecular interactions influence the crystal packing of
TBANAG compound.

4.4. Frontier molecular orbital analysis

Molecular orbital analysis plays an important role in electrical,
optical properties and chemical reactions of the compound. For the
present compound, the HOMO-LUMO energy is calculated at DFT/
B3LYP-6-311þþG(d,p) method. HOMO and LUMO orbital is
shown in Fig. 8. Owing to the interaction between HOMO and
LUMO orbital structure of a molecule, it is seen that HOMO elec-
trons are mainly delocalized on N-acetylglycinate anion and LUMO
electrons are delocalized on the N-acetylglycinate anion and partly
on tert.butylamine cation. Both the highest occupied molecular
orbital (HOMOs) and the lowest-lying unoccupied molecular
orbital (LUMOs) are mostly the p-antibonding type orbitals ac-
cording to molecular orbital theory [33]. The energy gap between
HOMO and LUMO is a critical parameter to determine molecular
electrical transport properties. HOMO energy is calculated to be -
9.916 eV and LUMO energy is calculated to be �3.889 eV. The en-
ergy gap is calculated to be ¼ 6.027 eV which clearly shows the
charge transfer occur within the molecule. By using HOMO and
LUMO energy values for a molecule, the chemical reactivity de-
scriptors of molecules such as hardness, chemical potential, soft-
ness, electro negativity as well as electrophilicity have been defined
[34e38]. Hardness (h), softness (S), electro negativity (c) and
chemical potential (m) are calculated follows [32]:

h¼ðI�AÞ=ð2Þ (2)

S¼1=2h (3)

c¼ðIþAÞ=2 (4)

m¼ � ðIþAÞ=2 (5)

where A and I are the ionization potential and electron affinity of
the molecules, respectively. The ionization energy and electron
affinity can be expressed through HOMO and LUMO orbital en-
ergies as I ¼ -EHOMO and A ¼ -ELUMO [38]. It is well known that the
chemical hardness (h) and softness (S) are important properties to
measure the molecular stability and reactivity. A hard molecule has
a large HOMO-LUMO gap and a soft molecule has a small HOMO-
LUMO gap. Soft molecules are more reactive than hard ones
because they could easily offer electrons to an acceptor. For the
simplest transfer of electrons, adsorption could occur at the part of
the molecule where softness (S) has the highest magnitude and
hardness (h) has the lowest magnitude [36]. The calculated
chemical reactivity descriptors of TBANAG values at B3LYP/6-
311þþG(d,p) model are listed in Table 9.

Table 9
HOMOeLUMO energy value and related properties of TBANAG
calculated by B3LYP/6-31þþG(d,p) method.

EHOMO (eV) - 9.916
ELUMO(eV) - 3.889
Energy gap DE (eV) 6.027
Ionization potential (A) eV þ9.916
Electron affinity (I) þ3.889
Global softness (S) 0.165
Global hardness (h) 3.014
Chemical potential (m) 6.903
Global electrophilicity (u) 8.374

Fig. 8. HOMO-LUMO plot of TBANAG.
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4.5. Molecular electrostatic potential

Electrostatic potential is the total charge distribution correlates
with dipole moment, electronegativity, partial charges and site of
chemical reactivity of a molecule. It provides a visual method to
understand the relative polarity of a molecule and well suited for
identifying sites for inter and intra molecular interactions. The
molecular electrostatic potential (MEP) is the potential energy of a
proton at a particular location near a molecule. It is related to the
electronic density and is a very useful descriptor for determining
sites for electrophilic and nucleophilic reactions as well as
hydrogen-bonding interactions which is indicated by a colour
grading [39,40].

The electrostatic potential V(r) is also well suited for analyzing
processes based on the ‘recognition’ of one molecule by another
[41]. The 3D plot of molecular electrostatic potential calculated by
using the optimized molecular structure is shown in Fig. 9. The

colour code of the map in the electrostatic potential map lie in the
range from �3.570e x 10�2 (deep red) to þ3.570 e x 10�2 (deep
blue). From Fig. 9, it is seen that this molecule has several possible
sites for electrophilic attack. Negative regions in the investigated
molecule are found around the O1, O2 and O3 atoms of N-acetyl
glycinium anion and the O4 atom of water molecules. The total
electron density of themolecule is in the range from�9.501 e x10�2

to þ9.501 e x10�2 which is given in Fig. 10.
According to these calculated results, the MEP map shows that

the negative potential sites are on oxygen and nitrogen atoms as
well as the positive potential sites are around the hydrogen atoms.
These sites give information concerning the region fromwhere the
compound can have N-H/O, N-H/N and O-H/O intermolecular
interactions [42]. When an intra- or intermolecular interaction
takes place, the electrostatic potential of the negative atom be-
comes less negative and the positive region on the other atom
becomes less positive as there are possible interacting atoms

Fig. 9. Molecular electrostatic potential map of TBANAG.

Fig. 10. Total density spectrum of TBANAG.
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among molecule within close proximity.

5. Conclusions

Single crystal X-ray diffraction study confirms the triclinic sys-
tem of tert-butylammonium N-acetylglycinate monohydrate
(TBANAG) with centro symmetric P-1 space group. The lattice pa-
rameters are a ¼ 6.2096(7) Å, b ¼ 9.8831(11)Å, c ¼ 10.1408(12) Å
and interfacial angles a ¼ 76.514(10)o; b ¼ 87.013(9)o and
g ¼ 75.484(10)o. The most stable optimized geometry of the
structure is obtained by B3LYP/6-311þþG(d,p) basis set. Also an
attempt is made for the theoretical calculation of frequency
assignment for TBANAG by using Gaussian 09 program with DFT-
B3LYP/6-311þþG(d,p) basis set. It is found that the predicted and
experimental structural parameters as well as vibrational fre-
quency wavenumbers agreed well with each another. Natural
bonding orbital analysis reveal that the compound exhibit strong
stabilization energy and N-H/O intermolecular interaction influ-
ence the crystal packing of TBANAG compound. HOMO-LUMO en-
ergy gap is calculated to be 6.027 eV and explains the substantial
influence on the intermolecular charge transfer within the mole-
cule. The electrostatic potential of the grown crystal is in the range
from�3.570e x 10�2 (deep red) to þ3.570 e x 10�2 (deep blue). The
total electron density of themolecule is in the range from�9.501e x
10�2 toþ9.501 e x 10�2. Thus the present investigation reported the
complete and precise information about structural, spectral,
vibrational, charge transfer and reactivity aspects of the grown tert-
butylammonium N-acetylglycinate monohydrate.

CRediT authorship contribution statement

K. Senthilkumar: Data curation. N. Kanagathara: Conceptual-
ization, Methodology, Writing - original draft, Writing - review &
editing. V. Natarajan: Supervision. V. Ragavendran: Software. T.
Srinivasan:Writing - review& editing.M.K. Marchewka:Writing -
review & editing.

Declaration of competing interest

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Acknowledgement

The authors are highly thankful to Dr.V.Viswanathan, National
Post-Doctoral Fellow, Department of Bio Physics, All India Institute
of Medical and Sciences (AIIMS), Delhi for his fruitful suggestions
towards crystallographic part of this research work.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.molstruc.2020.128764.

References

[1] Branko S. Jursic, Sarada Sagiraju, Dusin K. Ancalade, Traneil Clark, Edwin
D. Stevens, Practical preparation of Z-a-(N-Acetylamino)-and Z-a-(N-Ben-
zoylamino)-a,b-unsaturated acids, Synth. Commun. 37 (2007) 1709e1714.

[2] R.J. Ouellette, J.D. Rawn, Amines and amides, Principles of Organic Chemistry
(2015) 315e342, https://doi.org/10.1016/b978-0-12-802444-7.00012-4.

[3] Rafael Notario, María Victoria Roux, Ana Filip L.O.M. Santos, Maria
D.M.C. Ribeiro da Silva, Experimental and computational study on the ener-
getics of N-acetyl-L-cysteine, J. Chem. Thermodyn. 73 (2014), 57-6.

[4] H. Tanak, K. Pawlus, M.K. Marchewka, Molecular structure, vibrational spectra
and DFT computational studies of melaminium N-acetylglycinate dehydrate,

J. Mol. Struct. 1121 (2016) 142e155.
[5] Jin-Bao Wu, Yaw-wen Yang, Yi-Feng Lin, Hsin-Tien Chiu, Adsorption and

decomposition studies of t-butylamine, diethylamine and methylethylamine
on Si(100)-(2x1), J. Phys. Chem. B 108 (2004) 1677e1685.

[6] R.E. Vızhı, R.A. Kumar, D.R. Babu, K. Sathıyanarayanan, G. Bhagavannarayana,
Synthesis, crystal growth, structural, dielectric and ferroelectric properties of
N-acetyl Glycine phosphite (AGPI) single crystals, Ferroelectrics 413 (2011)
291e300.

[7] H. Etori, K. Taga, H. Okabayashi, K. Ohshima, Vibrational spectra of N-acetyl-
glycine oligomers Part 2.dRaman scattering study of selectively C-deuteriated
oligomers with polyglycine I- and II-type structures, J. Chem. Soc. Faraday.
Trans. 93 (1997) 313e319.

[8] N. Kausar, B.D. Alexander, T.J. Dines, R. Withnall, B.Z. Chowdhry, Vibrational
spectroscopy and DFT calculations of di-amino acid peptides: a- and b-N
-acetyl-L-Asp-L-Glu in the solid state, J. Raman Spectrosc. 40 (2009) 661e669.

[9] X.L. Zhang, B.H. Ye, X.M. Chen, Infinite water chains trapped in an organic
framework constructed from melamine with 1,5-naphthalenedisulfonic acid
via hydrogen bonds, Cryst. Growth Des. 5 (2005) 1609e1616.

[10] Payam Kalhor, Yu Zhi-Wu, Structural and hydrogen e bonding properties of
neat t-BuNH 2 and its binary mixtures with CCl4, CHCl3 and DSO, J. Mol.Struc.
1215 (2020) 128257.

[11] Iman Khosravi, Farnaz Hosseini, Mahsa Khorshidifard, Mehdi Sahihi, Hadi
Amiri Rudbari, Synthesis, characterization, crystal structure and HAS binding
of two new N,O,O-donor Schiff-base ligands derived from dihydrox-
ybenzaldehyde and tert-butylamine, J.Mol.Struc. 1119 (2016) 373e384.

[12] Tan Wen, Liang Zhu, Tom�a�s Mikoviny, J. Claus, Armin Wisthaler Nielsen,
Philipp Eichler, Markus Müller, Barbara D’Anna, Naomi J. Farren, Jacqueline
F. Hamilton, Jan B.C. Pettersson, Mattias Hallquist, Simen Antonsen,
Yngve Stenstrøm, Theoretical and experimental study on the reaction of tert-
butylamine with OH radicals in the atmosphere, J. Phys. Chem. 122 (18)
(2018) 4470e4480.

[13] Saba Bee, Neetu Choudhary, Archana Gupta, Poonam Tandon, Molecular
structure and vibrational spectra of N-acetylglycine oligomers and poly-
glycine I using DFT approach, Biopolymers 101 (2013) 795e813.

[14] C. Bruyneel, Asit K. Chandra, T. Uchimaru, Th Zeegers-Huyskens, Theoretical
and experimental study of the vibrational spectrum of N-acetyl-L-alanine,
Spectrochim. Acta A 56 (2000) 591e602.

[15] Harsh Kumar, Singla Meenu, Heena Mittal, Volumetric, acoustic and visco-
metric behaviour of dipotassium hydrogen phosphate and disodium
hydrogen phosphate in aqueous solution of N-acetyl glycine at different
temperatures, J. Chem. Thermodyn. 94 (2016) 204e220.

[16] Pius K. Kipkemboi, Paul C. Kiprono, Jackson J. Sanga, Vibrational spectra of t-
butyl alcohol, t-butylamine and t-butyl alcohol þ t-butylamine binary liquid
mixtures, Bull. Chem. Soc. Ethiop. 17 (2) (2003) 211e218.

[17] M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb,
J.R. Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G.A. Petersson,
H. Nakatsuji, M. Caricato, X. Li, H.P. Hratchian, A.F. Izmaylov, J. Bloino,
G. Zheng, J.L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, R. Fukuda,
J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven,
J.A. Montgomery Jr., J.E. Peralta, F. Ogliaro, M. Bearpark, J.J. Heyd, E. Brothers,
K.N. Kudin, V.N. Staroverov, R. Kobayashi, J. Normand, K. Raghavachari,
A. Rendell, J.C. Burant, S.S. Iyengar, J. Tomasi, M. Cossi, N. Rega, J.M. Millam,
M. Klene, J.E. Knox, J.B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts,
R.E. Stratmann, O. Yazyev, A.J. Austin, R. Cammi, C. Pomelli, J.W. Ochterski,
R.L. Martin, K. Morokuma, V.G. Zakrzewski, G.A. Voth, P. Salvador,
J.J. Dannenberg, S. Dapprich, A.D. Daniels, O. Farkas, J.B. Foresman, J.V. Ortiz,
J. Cioslowski, D.J. Fox, Gaussian, Inc., Wallingford CT, 2009.

[18] F. Weinhold, E.D. Glendening, NBO Version 3.1, TCI, University of Wisconsin,
Madison, 1998.

[19] Dennington Roy, Todd Keith, John Millam, Semichem inc., shawnee mission
KS, Gauss View, 2009. Version 5.

[20] G.M. Sheldrick, X.L. Shel, Program for Crystal Structure Refinement, University
of Gottingen, Germany, 1993.

[21] G.M. Sheldrick, A short history of SHELX, Acta Crystallogr. A 64 (2008)
112e122.

[22] M.C. Etter, J.C. MacDonald, J. Bernstein, Graph-set analysis of hydrogen-bond
patterns in organic crystals, Acta Crystallogr. B 46 (1990) 256e262.

[23] M. Daszkiewicz, Complex hydrogen bonding patterns in bis(2-
aminopyrimidinium) selenate monohydrate. Interrelation among graph-set
descriptors, Struct. Chem. 23 (2012) 307e313.

[24] M. Daszkiewicz, Crystal structure, vibrational and theoretical studies of
bis(1,4-H2-1,2,4-triazolium) hexachloridostannate(IV) monohydrate, J. Mol.
Struct. 1032 (2013) 56e61.

[25] M. Daszkiewicz, Elementary graph-set descriptors in crystal structure com-
parison of 2-methyl-4-nitroanilinium hexachloridostannate(IV), bromide and
two noncentrosymmertic chlorides. X-ray, vibrational and theoretical studies,
Gryst. Growth Des. 13 (2013) 2277e2285.

[26] N. Kanagathara, M.K. Marchewka, M. Drozd, P.R. Rajakumar, S. Gunasekaran,
G. Anbalagan, Structural and vibrational spectroscopic studies on charge
transfer and ionic hydrogen bonding interactions of melaminium benzoate
dihydrate, Spectrochim. Acta A 145 (2015) 395e409.

[27] R.M. Siverstein, F.X. Webster, Spectrometric Identification of Organic Com-
pounds, sixth ed., Wiley, 1998, p. 102 (Chapter 3).

[28] Hiroyuki Ishida, Protonation effect on C-N bond length of Alkyamines studied
by molecular orbital calculations, Z. Naturforsch. 55 (2000) 769e771.

K. Senthilkumar et al. / Journal of Molecular Structure 1220 (2020) 12876412

https://doi.org/10.1016/j.molstruc.2020.128764
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref1
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref1
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref1
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref1
https://doi.org/10.1016/b978-0-12-802444-7.00012-4
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref3
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref3
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref3
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref4
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref4
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref4
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref4
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref5
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref5
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref5
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref5
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref6
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref6
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref6
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref6
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref6
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref6
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref6
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref6
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref7
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref7
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref7
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref7
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref7
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref7
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref8
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref8
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref8
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref8
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref9
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref9
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref9
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref9
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref10
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref10
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref10
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref10
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref10
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref10
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref10
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref11
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref11
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref11
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref11
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref11
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref12
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref12
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref12
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref12
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref12
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref12
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref12
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref12
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref12
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref13
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref13
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref13
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref13
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref14
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref14
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref14
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref14
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref15
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref15
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref15
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref15
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref15
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref16
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref16
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref16
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref16
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref16
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref17
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref17
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref17
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref17
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref17
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref17
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref17
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref17
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref17
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref17
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref17
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref17
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref17
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref18
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref18
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref19
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref19
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref20
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref20
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref21
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref21
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref21
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref22
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref22
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref22
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref23
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref23
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref23
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref23
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref24
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref24
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref24
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref24
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref25
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref25
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref25
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref25
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref25
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref26
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref26
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref26
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref26
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref26
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref27
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref27
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref28
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref28
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref28


[29] F. Weinhold, Natural bond orbital methods, in: P.V.R. Schleyer, N.L. Allinger,
T.J. Clark (Eds.), Encyclopedia of Computational Chemistry, 3 Chichester, John
Wiley & Sons, 1998, pp. 31792e31833.

[30] V. Balachandran, K. Anitha, B. Narayana, M. Karunanidhi, B. Revathi, Spec-
troscopic investigation, molecular orbital studies, frequency and solvent
dependent NLO properties of (2E)-1-(4-bromophenyl)-3-phenylprop-2-en-1-
one 23 (2018) 385e396.

[31] F. Mary Anjalin, N. Kanagathara, M.K. Marchewka, V. Mohan Kumar, Crystal
structure, Hirshfeld surface analysis and vibrational spectral studies on P-
nitroanilinium p-toluene sulphonate single crystal, J. Mol. Struct. 1183 (2019)
78e86.

[32] N. Kanagathara, M.K. Marchewka, G. Anbalagan, A. Ben Ahmed, H. Feki, Mo-
lecular structure, vibrational spectra and first order hyperpolarizability of
anilinium L-tartrate monohydrate (ALTM), J. Optoelectron. Adv. Mater. 19 (3-
4) (2017) 251e265.

[33] K. Fukui, Role of frontier orbitals in chemical reactions, Science 218 (1982)
747e754.

[34] R.G. Parr, L. Szentpaly, S. Liu, Electrophilicity index, J. Am. Chem. Soc. 121
(1999) 1922e1924.

[35] P.K. Chattaraj, B. Maiti, U. Sarkar, Philicity: a unified treatment of chemical
reactivity and selectivity, J. Phys. Chem. A107 (2003) 4973e4975.

[36] R.G. Parr, R.A. Donnelly, M. Levy, W.E. Palke, Electronegativity: the density
functional viewpoint, J. Chem. Phys. 68 (1978) 3801e3807.

[37] R.G. Parr, R.G. Pearson, Absolute hardness: companion parameter to absolute
electronegativity, J. Am. Chem. Soc. 105 (1983) 7512e7516.

[38] R.G. Parr, P.K. Chattraj, Principle of maximum hardness, J. Am. Chem. Soc. 113
(1991) 1854e1855.

[39] S. Sebastin, N. Sundaraganesan, The spectroscopic (FT-IR, FT-IR gas phase, FT-
Raman and UV) and NBO analysis of 4-Hydroxypiperidine by density func-
tional method, Spectrochim. Acta A 75 (2010) 941e952.

[40] E. Scrocco, J. Tomasi, Interpretation by means of electrostatic molecular po-
tentials, Adv. Quant. Chem. (1979) 111e115.

[41] P. Politzer, M.C. Concha, J.S. Murray, Density functional study of dimers of
dimethylnitramineInt, J. Quant. Chem. 80 (2000) 184e192.

[42] H. Tanak, M.K. Marchewka, M. Drozd, Spectrochim. Molecular structure and
vibrational spectra of Bis (melaminium) terephthalate dihydrate: a DFT
computational study Spectrochim, Acta Part A 105 (2013) 156e164.

K. Senthilkumar et al. / Journal of Molecular Structure 1220 (2020) 128764 13

http://refhub.elsevier.com/S0022-2860(20)31089-9/sref29
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref29
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref29
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref29
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref29
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref30
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref30
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref30
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref30
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref30
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref31
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref31
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref31
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref31
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref31
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref32
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref32
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref32
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref32
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref32
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref33
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref33
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref33
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref34
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref34
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref34
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref35
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref35
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref35
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref36
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref36
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref36
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref37
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref37
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref37
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref38
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref38
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref38
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref39
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref39
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref39
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref39
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref40
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref40
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref40
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref41
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref41
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref41
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref42
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref42
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref42
http://refhub.elsevier.com/S0022-2860(20)31089-9/sref42


Ostracization and Marginalization: Unequal Social 
Patterning of Homosexuals in India
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Abstract

Homosexuals often conceal their identity in the fear of being socially excluded. The lack of familial support that could possibly arise upon 
disclosing their sexual preference could bring in detrimental effect on the Individual, Family and the Society. In a country like India where 
the culture is strongly conservative with minimum families adopting modern-liberal outlook, family and social support is seen as the biggest 
source of strength and it does act like a protective factor in unexpected times of turbulence. However disclosing one’s own sexual preference 
may not benefit the Individual as there is a constant fear of social rejection. Since there is no or limited freedom for them to express their 
orientation despite the legislation passed in their favor facilitating for an inclusive society, the situation still remains grave and all this 
consequently leads to emotional repression leading to depression. Previous researchers have given insights on the correlates of 
repressed emotions on a person's Well-being. Mental health-related classification systems of the World Health Organization and American 
Psychiatric Association also do not deem homosexuality as a disorder. Unfortunately, homosexuality continues to be stigmatized. The 
family and social support provides greater self-esteem and psychological strength that is also reflected in the overall general health. On 
the contrary no support makes them vulnerable to could lead to suicidal ideation. In addition to this the discrimination faced in the society and 
stigmatized by the very own family can be catastrophic. Undoubtedly Perceived social support is a consistent predictor of well-being Ability to 
express one’s emotion on the sensitive issues without the fear of being judged indicates social acceptance. Self – acceptance and self 
love is supported and built partly by the constructs of the support received and the rest stems from the emotional regulative behavior 
adopted by oneself. This paper aims to understand on the effects of social exclusion on the self, family and society and also explores on the 
possible solutions for a more holistic society.

Keywords: Social exclusion • Interpersonal discrimination • Stigma impacted interactions

Introduction
Homosexuality can refer to both attraction and sexual behavior

between people of the same sex, or to a sexual orientation [1,2].
When describing the latter, it refers to enduring sexual and romantic
attraction towards those of the same sex, but not necessarily to
sexual behavior. Homosexuality is contrasted with heterosexuality,
bisexuality and asexuality.

Sexual orientation, determined early in life, may or may not match
sexual identity, which can change over time.

Sexual orientation focuses on the biological sex of the person who
an individual is sexually attracted to. Sexual orientation can be
classified as heterosexual, bisexual, and homosexuals Heterosexuals
are attracted to people of the opposite biological sex, homosexuals
are attracted to those of the same biological sex, and bisexuals report
being equally attracted to both sexual orientations is influenced by

biological, genetic, or hormonal factors during critical stages of
development. From a social, religious – cultural

and political elements an individual expresses his or her sexual
orientation is associated with the type of environment he or she was
raised in Sexual orientation describes patterns of sexual, romantic,
and emotional attraction-and one's sense of identity based on those
attractions.

Homosexuals facing social exclusions tries to mitigate the same by
adopting the approach of social invisibility and thus believe that it
helps them with a strategic defense against the hate, crime and
violence perpetrated.

The very fundamental aspect of this decision could be because of
the Institutionalization of social structures of marriage, economy,
religion, governance and education that grapples them with no
inclusions on all the realms. These institutions have a pre-determined
function and structure and thus any disruption leads to chaos. This
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rigid frame work makes inclusion highly impossible as behaviors
outside normative spread is reportedly highly rebellious. An attitudinal
change in this regard seems more difficult because of the interplay
with other social structures of religion and education which condemns
homosexuality and associates it to the context of disobedience to
God which would invoke severe punishment and subsequently the
fear psychosis associated with the curse from the spirits leading
towards victimization. Education on the other hand provides a
stringent curriculum which is conservative and upholds the religious
practices as there is a constant interface to the educational
institutions bearing religious identity. It is worth to mention that India,
being a motherland to people from all diversified backgrounds show
greater inclination to the cultural identity and continue to support the
institutions run by their tribes [3]. One inference of this behavior could
be for the very reason that they don’t want the identity to diminish
rapidly as out of sight can be out of mind too, too many cultures and
too many languages, their ideas, thoughts and perspectives should
be passed on to the next generation unravel the subtle fantastic
attitude and its cognitive dispositions. Although there are a number of
schools and universities mushrooming it doesn’t come with a liberal-
Outlook. In India, identity is closely related to religious and cultural
practices, educational platforms have also gained a significant
community preference. For Instance, there are schools following
Hindu, Christianity, Islam, Sikh religious beliefs and the mere
existence could be for protecting and safe-guarding their community
rights, beliefs and this system makes them immune towards the
younger generation adopting a different path It is worth mentioning
that religious inclinations are taught with emotional index. A child that
witnesses the parents and immediate family displaying high emotions
has the tendency to learn and exhibit the same at a similar forum.
When grown up they display the ingested information and act on that
basis. when this is blended into the syllabus that shuts down the
chances of being open and welcoming and thus there is a mental
blocking that doesn’t encourage rationality

The religious practices and the stories narrated gets strengthened
through continuous exposure to rituals practiced at schools which
strives to imbibe devotion and encourages students to be God-
fearing citizens to uphold societal laws, rules and norms. According
to the universally regarded social structure homosexuality is
considered abnormal and this thought has a deeper infestation in
people’s mind [4]. This plagued understanding allows people to
generously associate it with mental illness and thus exclusion has
become quite inevitable.

Sexual orientation threatens the basic psychological affiliations
need for an individual to be functioning and that could aid his survival.
The basic needs for a functioning life has been questioned or
thwarted. Subsequently the concept of “Self” has taken a hit which
results in their Self- esteem and self-concept are distorted. Being
Ostracized threatens basic psychological needs (belonging, control,
meaningful existence, and self-esteem; Receiving no
acknowledgment, response, or involvement from others, the
ostracized individual loses his or her sense of belonging. Self esteem
declines for the fact they have been treated as third class citizens
and society’s attitude towards their behavior is intriguing

Control is stripped away because of the lack of responsiveness .no
matter what the individual does to provoke attention and inclusion.

Finally, existential needs are threatened because the ostracism
experience evokes the feeling of non-existence and worthiness. It is
being supplemented with no education that is linked to the job and
finally end up in government shelter homes, concentration camps or
in slum dwelling as they don’t have resources to pay for the survival.
The following headers assess the theoretical correlates of
homosexuality and its effects on day-day living.

Theoretical Inferences
Classical theories from Psychology and sociology argue and

hypothesize on the causes of such behavior. The researchers
conducted throw insights but it is very un likely that sexual orientation
has stemmed from one aspect that could be psychological or
environmental. Discrimination not only denies LGBT people equal
access to key social goods, such as employment, health care,
education and housing, but it also marginalizes them in society and

makes them one of the vulnerable groups who are at risk of
becoming socially excluded. Some of the stressors identified are
Psycho-Social in nature

Freudian theory assumes that sexual life does not begin at
puberty, but starts with clear manifestations soon after birth. He
emphasizes on the pleasure zones and Freud stressed that the first
five years of life are crucial to the formation of adult personality. The
id must be controlled in order to satisfy social demands; this sets up a
conflict between frustrated wishes and social norms. According to
him, all human beings are polymorphous perverse and child hood
gender non conformity poses a strong correlate of adult sexual
orientation [5]. childhood gender nonconformity is characterized as
cross- dressing, desiring to have long hair, playing with dolls, disliking
competitive sports and rough play, preferring girls as playmates,
exhibiting elevated separation anxiety, and desiring to be or believing
that one is a girl. In girls, gender nonconformity comprises dressing
like and playing with boys, showing interest in competitive sports and
rough play, lacking interest in conventionally female toys such as
dolls and makeup, and desiring to be a boy.

In relevance to identity development, Erikson’s life-span theory of
personality development the roles of social and cultural factors are
accountable of psychological well-being Erikson’s notion that
subjective experiences of growth often occurred as a result of
understanding of the stressful episodes. For example, conflicts of the
identity crisis developed during teen age (identity vs. role confusion)
can be accomplished through developing a personal and social
identity. As a result, strengths related to identity and sense of
belongingness become inevitable dimensions that make the core of
adult’s personality. Erikson’s postulated links between Subjective
wellbeing and perceived social support.

Sexuality is influenced by people's social environment according to
the postulates of Social Learning theory. This theory asserts that
sexual attitudes and behaviors is learned through observation of role
models such as parents and media figures, as well as through
positive or negative reinforcements for behaviors that match or defy
established gender roles.

Social structure theories study the macro level causes of crime (for
instance, poverty, unemployment, racism, and poor education).it
describes homosexuality as a form of sexual deviance rooted in
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environmental causes: (1) society, (2) families, (3) peer groups, and
(4) social movements.

Social alienation describes that non conformity aroused due to the
differences in thought, perspectives and interpretation leads to
severing the ties with the specific individual. Those who have been
subjected to the gradient of alienation faces backlashes and thus not
integrated into the society resulting to be vulnerable.

Conflict theorists, mentions on the dimensions over same-sex
marriage-that could stem from ideological or economic differences.
Being in Patrilineal or Matrilineal dominant groups might have led to
frustration and the internal drive not letting the other sex members to
exert control which gets strengthened with more liberty towards the
economy.

The dimensions concerning Legal, health and culture has the
ability to penetrate into other macro-micro aspects that are still being
impartial to the community.

Legal significance
The judgment passed by the apex court of India decriminalizing

same-sex relationship has certainly done by keeping in mind the
International human rights and the right to live, right to choose and
practice their ideas freely that the constitution has promised [6].
Though the judgment has focused on the fabric of the Indian
constitution justice, liberty, equality, and fraternity assuring the dignity
of the individual it is saddening to record that it exists only in the
books. There still remains an anti”Homosexual propaganda” adopted
by religious and community leaders which is affecting normalcy.
Perhaps this prejudice makes them to lobby with their own tribe and
clan. Due to the repercussions of social rejection and isolation the
entire family might have to grapple upon deciding to include their
family member who apparently is a homo-sexual.

The cultural context
Anti-LGBT attitudes once considered the norm, have changed

over time in many social and institutional settings in the west.
However, heterosexism is also common; it idealizes heterosexuality
and considers it the standard while stigmatizing all non-heterosexual
forms of behavior, identity, relationships, and communities [7,8].
Religious and social orthodoxy and patriarchy complicate the issues
in many conservative and tradition-bound societies. This is
particularly true in India, making it difficult for LGBT people to be
accepted as equals in society. Such a state of affairs calls for a
clearer understanding of the relationship between medicine and law
on one hand and society on the other hand.

Effects of social exclusion on psychological
Parameters: Well-being as a complex construct which concerns

optimal experience and functioning. “the situation where young
people have the necessary support, resources and opportunities to
choose to live independently, to run their own lives and to have full
social and political participation in all sectors of everyday life, and to
be able to take independent decisions.

Marginalization and social exclusion: Marginalization is at the
core of exclusion from fulfilling and full social lives at individual,
interpersonal and societal levels. People who are marginalized seem

to have no control over their lives and inadequate availability of
resources makes them more vulnerable members [9]. No inclusion
into the society makes them socially alienated and hereby restrict
their social contributions resulting in low self- confidence and self-
esteem which are considered to be the key indicators for Subjective
wellbeing. The impacts of marginalization, is linked to the rigid
psycho-social attitude developed (such as towards impairment,
sexuality, ethnicity and so on) or social circumstances (such as
closure of workplaces, absence of affordable housing and so on).

Sexual minorities may experience exclusion which is reflected in
their multiple forms of marginalization-such as racism, sexism,
poverty or other factors alongside homophobia or trans phobia that
negatively impact on mental health.

Dealing with rejection: Higher rates of family rejection during
adolescence were significantly associated with poorer health
outcomes. young adults who reported higher levels of family rejection
are more susceptible to suicidal Ideation and has more exposure to
drugs, unprotected sexual intercourse compared with peers from
families that reported no or low levels of family rejection.

The tremendous harm of family rejection, even if parents think they
are well-intentioned, following deeply held beliefs or even protecting
their children has been undoubtedly strenuous.

Persecution in schools: Outside the home, schools are the
primary means for educating, socializing, and establishing social
relationships. Schools provide difficult environments for students on
the basis of sexual orientation or gender Identity. A cold, unfriendly
climate with no positive inclusion can be a bad precedent as the
students at young age learn predominantly through observational
learning. A lack of clear policies and practices that affirm and support
LGBT youth-and a failure to implement protections means that LGBT
students nationwide continue to face bullying, exclusion, and
discrimination in school, putting them at physical and psychological
risk and limiting their education.

Desolate and deserted: LGBT (Lesbian, Gay, Bisexual,
Transgender) individuals face a particular set of challenges, both in
becoming homeless as well as when they are trying to avoid
homelessness. LGBT persons face social stigma, discrimination, and
often rejection by their families, which adds to the physical and
mental strains/challenges that all homelessness persons must
struggle with.

Frequently, homeless LGBT persons have great difficulty finding
shelters that accept and respect them. LGBT individuals experiencing
homelessness are often at a heightened risk of violence, abuse, and
exploitation compared with their heterosexual peers. Transgender
people are particularly at physical risk due to a lack of acceptance
and are often turned away from shelters; in some cases signs have
been posted barring their entrance.

Abuse and addiction: The LGBTQ community suffers from higher
rates of substance abuse than the population as a whole. This is due
in part to a number of societally imposed obstacles that they face,
often on a daily basis, that those who identify as heterosexual
typically don’t.
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Victims of hate crimes and violence
Lesbian, Gay, Bisexual and Transgender people and those

perceived to be LGBT are regularly targeted as victims of hate crimes
and violence. LGBT people experience stigma and discrimination
across their life spans, and are targets of sexual and physical assault

harassment and hate crimes. Additional factors that may impact on
mental health and well- being for LGBT people include the process of
-coming out‖ (sharing one‘s LGBTQ identity with others), gender
transition, internalized oppression, isolation and alienation, loss of
family or social support, and the impact of HIV and AIDS[10,11].
However, LGBT individuals ‘experiences of violence and
discrimination differ depending on a number of factors including race,
gender, income, immigration status and language barriers. LGBT
immigrants are more likely to face violence based on race and
ethnicity and/or sexual identity and/or gender identity.

Discussion
Support the most marginalized of the LGBT community-people of

color, low- income, young, elderly and transgender people.

Establish collaborations on cross-issue work that includes LGBT
issues affecting low- income and people of color populations.

Engage foundation staff in public education around issues
affecting LGBT low-income people and LGBT people of color,
especially as they relate to transgender issues.

Schools and teacher education programmers are crucial sites
where LGBT issues and concerns need to be addressed. To help
promote health and safety among LGBT youth, schools can
implement the following policies and practices

Legal funds need to be created that can take on Public Interest
Litigation on LGBT issues.

Training needs to be conducted for health professionals to
increase their understanding of LGBT identity as potential risk factor
for self-harm suicidal behavior and depression. Respective
authorities should ensure that health, mental health and social care
services are provided in a way that is accessible and appropriate to
LGBT people.

National as well as state government should develop initiatives to
support employers in making workplace and workplace culture more
supportive and inclusive of LGBT people.

To check the violence that is perpetrated in the home as well as in
the public sphere, the domestic violence law has to be expanded to
include non-spousal and parental violence as well

Conclusion
The unique findings presented here highlight that public policy

needs to change in order to reflect the needs of, and positively
engage LGB persons across the distribution.

Sexual orientation effects both psychological wellbeing and life
satisfaction. Gender plays a significant role in the effect of sexual
orientation on wellbeing. Partnership reduces the impact that sexual

orientation has on wellbeing. We cannot be deciphering whether this
is due to partnered sexual minorities being happier before becoming
partnered, or if partnership itself improves wellbeing. o Controlling for
fixed personality traits highlights that previous analyses have been
upward bias. Quintile analyses have highlighted that the effect sexual
orientation has is, in general, negative across the distribution. Mean
based findings are a result of significant gaps at the bottom of the
distribution of wellbeing.

The ability to participate fully in economic, social and cultural life
as well as in decision- making is another integral part of the process
of social inclusion However; young people tend to be less
empowered and represented, and are often unable to have their
voices heard in policy-making and in society at large. This is
especially true for young people who belong to a social minority.
“young people all over the world face the danger of being excluded
from full participation in society because of their gender, ethnic origin,
disability, employment status, sexual orientation and many other
reasons”.
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ஆய்�ச�்�க்கம்

       � என்ப� பஞ்ச�தங்க�ள் ஒன்�. கற்கால மனிதன் �க்� �க்�க் கற்கைள
உராய்வதனால் ெந�ப்ைபக் கண்� ��த்தான். கம்பராமாயணத்�ல் � என்ற�டேன
இலங்ைகைய அ�மன் எரித்த�ம்,இராமன் �ைதைய அக்னிப்�ரேவசம் ெசய்ய
ைவத்த�ம் தான் ெப�ம்பா�ம் நிைன�ற்� வ�ம். அைதெயல்லாம் கடந்�, யாகத்�,
ேவள்�த்�,ேஹாமத்�, ஈமத்�, சக்�, �க்�, ச�, �க்�, பக்�, ப�பக்�, சரணாக�, ம�,
�� என்� பல இடங்களில் � பற்�ய ெசய்�கைளக் ��த்� இக்கட�்ைர எ�த்�
இயம்��ற�.

�ற�செ்சாற்கள்

      யாகத்�, ேவள்�த்�, ேஹாமத்�, ஈமத்�, சக்�, �க்�….

�ன்�ைர

      இயற்ைகயாகக் �ைடத்தைத, அப்ப�ேய உண்�வந்த கற்கால மனிதன், �ன்
ெந�ப்ைபக் கண்���த்� உண� சைமத்தான். தன்ைன தாக்க வ�ம் �லங்�கைள,
ெந�ப்ைப ைவத்� பய��த்�னான். ெந�ப்� என்ப� ெவப்பத்ைத உ��ம்
ெசயலா�ம். ெந�ப்� எரிவதற்� �ராணவா� எனப்ப�ம் ஆக்�ஜன் ேதைவப்ப��ற�.
ெந�ப்ைப ‘அக்னி’ என்�ம் ெபயரில் கட�ளாக வணங்�னர.் ெந�ப்� பஞ்ச�தங்களில்
ஒன்றாகக் க�தப்ப��ற�. கம்பராமாயணத்�ல் � பற்� காண்ேபாம்.

கம்பராமாயணத்�ல் �

     அஸ்வேமதயாகம், �த்�ரகாேமஷ்�யாகம் ெசய்ய “யாகத்�”, ��வா�த்�ரர,்
ஜனகன், இந்�ர�த் ெசய்த “ேவள்�த்�”, �ைத, ைகேக� ��மண “ேஹாமத்�”,
தசரதன், சடா�, வா�, இராவணன், மண்ேடாதரி, அரக்கரக்�க்� ெசய்யப்ப�ம்
“ஈமத்�”, அ�மன் இலங்ைகைய எரித்த “சக்�”, தசரதனின் அ�ப�னா�ரம்
மைன�யர ்இறந்த “ச�” (உடன்கடை்ட ஏ�தல்), ைகேக��ன் “�க்�” (தாம்
��ம்�யைதப் ெபற ெசய்யப்ப�ம் தந்�ரம்), �ரகலாதனின் “பக்�”, சரவங்க �னிவர,்
ேவதவ��க்�, �ைத�ன் “ப�பக்�” (அக்னிப்�ரேவசம்), பரதன் இராமனிடம் ெகாண்ட
“சரணாக�”, தசரதன் �ைத�டம் ேப�, இராமன் ேமல் தவ�ல்ைல என்� ேப�ம் “ம�”,
இராவணன் ஏ�ய அக்னி அஸ்த்�ரத்�ற்� இராமன் ஏ�ய நீர ்அஸ்த்�ரம் எ�ரத்்த
“��” என்� ப��ன்� வைகயாக � ��த்� காணலாம்.

இலக்�யங்களில் பஞ்ச�தங்கள்

     உலகம் என்ப� நீர,் நிலம், ெந�ப்� (�), காற்�, ஆகாயம் ஆ�ய ஐந்�ம்
உள்ளடக்�ய�. இதைன

     “நிலம் � நீர ்வளி ��ம்ெபா� ஐந்�ம்

     கலந்த மயக்கம் ஆத�ன்”

- (ெதால்காப்�யம் - மர�யல் �86)

     “நீர ்நிலம் � வளி ��ம்ேபாைடந்�ம்”

- (ப�ற்�ப்பத்� 24 : 15)

     “� வளி ��ம்� நிலன் நீர ்ஐந்�ம்”

- (பரிபாடல் 3 : 4)

     “மண் �ணிந்த நில�ம் நிலன் ஏந்�ய ��ம்�ம்
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MOBILE GAMES AND CHILDREN’S 

WELLBEING ^ 
 

1Bharath Yuvaraj R, 2Dr. Jayaprakash D 

 

ABSTRACT— Video gaming is one of the main free time physiomental exercises often performed by 

people to get away from boredom. Though it is the activity done by people of all age groups but mostly children 

practice it a lot compared to their elders. As per the report of statistica.com, the daily time users spend on their 

devices grew drastically to 215 minutes in 2018 which was just 152 minutes in 2014. This daily device time is 

expected to grow 234 minutes in 2021. The same report states that 50% of the time spent on the internet was 

through mobile phones [1]. There is a huge percentage of users who are children as mobile phone users. Mobile 

gaming is the 50 billion$ industry. Far bigger than Hollywood’s worldwide box office revenue of 40 billion$ as 

per the survey of medium.com [2]. Children play an important role in revenue growth. The maximum percentage 

of game users are children. Games have a huge psychological effect on the body, mind, and soul. Games are 

designed to perform the tasks which are not possible, righteous, or mostly unethical in intellectual social 

structure. The killing law and authority disrespect, sexual exploitation, foul language, and gesture, racial 

stereotypes are quite common and performed with great comfort in mobile gaming [3]. Recently several Hindu 

religion god and goddesses were used in games performing immoral acts in games. All these works are done to 

make the games look much violent, realistic and thrilling. Compared to grownups, youth and children are way 

susceptible to such thrills so they are mainly the prime target to such obscene gaming experience. Our paper 

deals with brief research over such issues as per children’s context. We examine the real-time parameters with 

special consideration on children about the mental standing with the games' perspective. The mental physical and 

social aspects are planned to be reviewed extensively. We also plan to take necessary remedial actions to aware 

of the children and their parents against the threat of gaming which is considered underrated worldwide. 

Keywords— Physiomental, static.com, racial stereotype 

 

I. INTRODUCTION 

There used to be the time when the full family used to sit together to discuss different experiences and spent time 

qualitatively. In the current scenario each member of the family is equipped with digital connections and 

equipment. Every day is busy with themselves and their sittings. The biggest victim of digital disturbance in 

society are children. With a lack of guidance, time, care, and warmth they tend to find the mobile phones 
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their true friends. This led them to gaming which further becomes addictive. There was the time when 

games were simple, adequate, and knowledge full but today the situations are far away from practicality. 

Games are specially designed considering children to be more violent, destructive and anti-social. There are 

several studies which state that playing video games can sometimes help peoples to release stress,   anxiety, 

and loneliness but it depends on the nature of games content. Games are of different types like action games, 

adventure games, and role-playing games, simulation games strategy games, sports game s, puzzle games, 

and ideal games [4].  

 

            

Figure 1 : Gaming: A Common  

 

 It deepens on the nature of games and duration of play how it affects the human mental and social aspects.  We 

research the extensive community to check how the games affect children. Recently a video game called blue 

whale became worldwide popular negatively when it started to kill children by its weird tasks. Worldwide moral 

panic was experienced due to it and most of the countries took action against it and parents were alarmed about 

the situation. The effect was great and the people got awarded in no time. Soon after the problem was restored 

people started to do the same negligence and started their children to spend huge time over the internet with their 

smartphones. Mobile gaming. There are several parameters which can be designed to provide the surety of safe 

digital space of children. Gaming can be allowed in many cases if it is to enhance knowledge, skills, empathy, 

learning culture, and technology. We do deep research on all the above topics in our paper. There are mostly the 

issues considered about gaming and its effect on children’s development. There are several other parameters also 

which remained untouched. In most of the internet gaming there are players from every nook and corner of the 

world who compete with each other to get their name on top in the scoreboard. This drives them to play games 

continuously avoiding educational and socioeconomic necessities. The regressive social awareness considering 

this issue an underrated problem is the key cause of degrading productivity and efficiency on educational and 
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health grounds. We research all these issues essence of the research. In our next selection we deal with the 

different literature reviews to discuss extensively about previous works and outcomes.   

   

II. 2. LITERATURE SURVEY 

 

[1] Nobuko Ihori and team explained briefly in their paper “Effect of Video Games on Children’s Aggressive 

Behavior and Pro-social Behavior: A Panel Study with Elementary School Students” about a brief study on 

elementary school students to examine the effect of games on their mind. Their panel study was dependent on 

two surveys based on the amount of time sent on games and measures of aggressive behavior and prosocial 

behavior. As a result they found for boys the prosocial behavior was suppressed more as they used the video 

games more. Their preferences were for more violent games which further found by promoting and exposing 

prosocial behavior. Eight public school students from the fifth elementary section were considered in japan for 

this study. Out of eight four schools were from cities and four from regions. Approx. the same number of children 

participated in the surveys.  

  After excluding unwanted entries a total number of 780 students with almost with equal number of 

participant’s entries were analyzed for the result. To check the authenticity of data the survey was conducted 

twice in the year of 2001 and 2002. As per the survey boys used games four times a week and girls used games 

twice a week. Boys played games one hour or more on weekday but girls played less than that. This result was 

found common in both the surveys.  In both the survey the genre of the game “to beat the opponent” which was 

under the category of violence was chosen maximum. The overall result showed that children are choosier 

towards violent game s. virtual gaming does affect the behavior of the children and boys are at higher risk of 

gaming addiction compare to girls.[4] 

[2] Craig A. Anderson and Karen E. Dill studied the connection of video gaming and aggression in their paper 

titled “Video Games and Aggressive Thoughts, Feelings, and Behavior in the Laboratory and Life”. They 

examine two studies about violent games and their relation to aggressive behavior and delinquency. The 

connection was given to the aggressive people. There was a negative relation concerning the academic 

achievements as per the study.  The laboratory exposures of violent games posed to enhance aggressive behavior 

and thought processes. Compare to women, men were found more susceptible to Aggression extension and 

exposures. They’re both experiments advocated the fact that exposures to violent games posed a threat against the 

mental calm and piece of the experimented subjects.  

 The paper thoroughly explained the short and long term effects of video gaming. The long term run of violent 

gaming i.e. for 20 minutes itself shown a sudden rise in the mental imbalance and aggressiveness. The long term 

rum of violent gaming i.e. for repeated gaming for years which could cause aggressive belief, perception, and 

desensitization. The paper thoroughly deals with the relation between aggression and gaming.  This can help 

young researchers to reach many reliable results for sure. [5] 

[3] Anna T. Prescotta, James D. Sargentb and team conducted a metaanalysis in their paper titled “Metaanalysis 

of the relationship between violent video gameplay and physical aggression over time” to evaluate the 

connection between video game violence and the physical aggression. For a time lag and ranging from 3 months 

to 4 years, 24 studies were conducted for seventeen thousand individuals. The last subject was the age growly 

children of 9-19 years and citizens of various nations. The aggression parameter was mainly evaluated for 
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different people to study how the video game aggression affects the people globally. It was obtained from the 

research that the effect was maximum for whites, moderate for Asians, and significant among his panic. 

 The effect might affect differently to these categories based on their origin, lifestyle, culture, or habits. The 

research conducts that violent gaming is associated with violent aggressive behavior over time. This approves 

that and could lead to total physical aggression. This research very well answers the question of why, when, and 

who gets affected by video game aggression and its association with human unease and violence. [6] 

 

 

III. 3. RESEARCH ANALYSIS AND SURVEY CONTENTS 

The analysis was conducted to obtain the general behavior analysis of children and how they get connected 

with the gaming and their maximum leniency is towards a genre. 

 

3.1. ANALYSIS DURATION 

The survey was first conducted during February-March month when students are generally occupied with 

examinations and usually they get less or no time to play games. The second survey was during May-June when 

they are comparatively free and have enough time to play games. 

 

3.2. PARTICIPANTS 

Participants of our survey were students from the fourth standard of South Indian schools. We took the same 

students for both the surveys to compare their resultants during free and busy schedules. The total number of 20 

participants from 2 different schools were taken for the observation.  

 

3.3. METHODOLOGY 

We made the 2 groups of 10 students each from different schools but from the same standard (Std. 5) and age 

group. We asked them to answer a questionnaire of 5 questions each.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Participants Selection 

10 Participants 2 Groups (10x2=20) 

Questionnaire 

5 Questions from different testing perspectives 

Scoring 

5 Questions 0-5 Scores Each (0-25 Scores) 

Average 

Total Scores / No. of Questions  

Result 

Graphical Representation and Conclusion 
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Figure 1: The questionnaire is as follows. 

 

Name:  

Institution Name:                                                        

Participants: Students 

Standard: Five 

 

Q. 

No. 

Questions 

 

Score 

1. How much do you like playing games? 

Rate in the range (0-5) 

 Don’t like at all                                                                             

 Casually                                                                 

 Good to play                                                          

 Very much fond of                                                

  Hamper works to play                                     

 Addicted to play                                               

 

 

 

 

 0 

 1 

 2 

 3 

 4 

 5 

 

2. How much time do you get generally to play games per day? 

Rate in the range (0-5). 

 

 Not at all                                                            

 Casually   (Less than 10 Minutes)                      

 Often (10 minutes- 30 Minutes)                         

 Very much fond of   (30 minutes- 1 Hr.)                                                                  

  Hamper works to play (1 Hr. – 1.5 Hr. )                                                                                                       

 Addicted to play   (1.5 Hr. – 2 Hr. )                                                                                                                                                    

 

 

 

 0 

 1 

 2 

 3 

 4 

 5 

 

3. Which is your favorite game genre? Rate in the range (0-5). 

 

 I don’t have any 

 Puzzles                                                                

 Simulator Games                                               

 Strategy Games                                                  

 Racing Games                                                     

 Action Games                                                     

 

 

 

 0 

 1 

 2 

 3 

 4 

 5 

4. After playing the game, how do you feel about playing the next level?  
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Rate in the range (0-5). 

 

 Not at all     

 Not sure                                                          

 Sometimes                                                           

 Often                                                                    

 Very Much                                                           

 Must                                                                     

 

 

 

 

 0 

 1 

 2 

 3 

 4 

 5 

5. How do you rate playing games compared to your other favorite 

activities like playing outdoor games, painting, etc? 

Rate in the range (0-5). (If you don’t like games than 0 if like then 1-5) 

 Don’t like at all                                                    

 It’s OK                                                                 

 Good to play                                                         

 Very much fond of                                            

  It’s great to play                                                  

 Addicted to play                                              

 

 

 

 0 

 1 

 2 

 3 

 4 

 5 

 

3.4. EXPLANATION 

 

Question 1 represents how much the child likes to play the game. 

Question 2 represents that how much time the child gets to play the game. 

Question 3 represents that which type of game is popular among children. 

Question 4 checks the level of likelihood. It’s normal or addictive. 

Question 5 cross-checks the level of likelihood and involvement to the game. 

 

 

 

 

 

 

4. DATA ANALYSIS  

The answers obtained from the participants are as follows. C stands for Child. 

 

4.1. ANALYSIS ANSWERS 1  

Answers for month February-March 

Group 1 

 C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 C-10 

Q.1 2 3 2 2 1 2 3 3 3 3 

           The answers were collected for 10 Children of 5 Schools and tested for its 
graphical representation. The graphical representations gave us the clear pictures 
which we demonstrate in our next section of Results.  
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Q.2 1 2 3 3 2 3 4 4 3 4 

Q.3 3 5 4 4 4 5 4 5 5 4 

Q.4 3 3 2 3 4 3 4 4 4 4 

Q.5 1 3 2 2 1 3 4 4 3 3 

 

     Group 2 

 

 C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 C-10 

Q.1 

 

3 2 3 3 2 1 4 3 2 1 

Q.2 2 3 2 3 2 3 2 2 3 3 

Q.3 4 4 4 2 2 5 3 4 3 2 

Q.4 4 3 3 4 4 3 3 3 3 4 

Q.5 3 4 3 2 3 4 3 3 2 3 

 

4.2. ANALYSIS ANSWERS 2  

Answers for month May-June 

Group 1 

 C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 C-10 

Q.1 

 

3 3 3 2 2 3 3 3 3 3 

Q.2 3 3 3 4 3 3 3 3 3 4 

Q.3 3 5 3 4 4 5 4 5 5 4 

Q.4 2 2 2 4 3 4 3 4 4 3 

Q.5 2 3 3 2 2 4 4 3 3 3 

 

     Group 2 

 C-1 C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 C-10 

Q.1 

 

3 3 3 3 3 3 4 3 3 2 

Q.2 3 3 2 3 3 3 2 2 3 2 

Q.3 4 4 3 2 2 5 3 4 2 3 

Q.4 3 2 4 3 3 2 3 3 4 4 

Q.5 4 3 4 4 2 4 3 4 3 3 

 

4.3. ANALYSIS ANSWERS 1 – GRAPHICAL REPRESENTATION 
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IV. RESULT AND CONCLUSION

 

Thus we researched the issues related to gaming and its effect on children. Our research was mainly focused on 

50 children of 5 groups of 10 members each. The research was obtained during 2 timespan to check the effect 

with time. We considered two time spans when children are usually very busy or free. This makes the result 

fluctuation much reliable and justifiable. Considering the overall values we found that, first during the free time 

children were much attracted to games. That might be due to leisure or parents less consideration towards 

children gaming time during holidays. Overall liking towards game increased almost for everyone. Second. This 

we observed by comparing the graphs obtained from considering first answer entries. From the second answer 

entries graph we obtained almost every child started to give more time towards the game. From the third answer 

entries graph we observed their interest towards more complex and aggressive gaming gradually increased when 

they start giving more time to gaming. From the fourth answer entries graph we examined that their zeal towards 

playing the next level increased with increasing interest, time, and exciting games. From the fifth answer entries 

graph we found that their interest to play virtual games dominated over enjoying outdoor games and other 

hobbies. This leads to addiction. Parents, whose children filled 3, 4, 5 in most of the entries should be alarmed 

and start considering how to avoid chances of dangerous gaming effects. This could seriously cause permanent 

personality degradation. Parents with 1, 2 entries should be considerate. The most shocking observation was, no 

children entered 0 in any of the questions means everyone likes to play virtual games. We should continuously 

observe children against the ill effects of virtual gaming. 
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Abstract - The COVID-19 pandemic has disrupted the balance in all the spheres of the world. Certainty of normalcy 

is a question far beyond. Any sector be it on land, water or air is severely affected. Agriculture, logistics, education, 

manufacturing, entrepreneurship, blue economy, aviation and the rest are all shattered by a single word CORONA 

2020. In this paper we would like to study one among the very few industries which was greatly looked upon during 

the time of pandemic. The Pharmacy industry was the  only industry which attracted all the nations of the world. Be 

it the invention of a yet to be introduced VACCINE or the basic paracetamol or the hydroxychloroquine which were 

offered to the victims of the disease are the only relief available. Through this paper we have made a comparative 

study among the established nations in this field namely Germany, Switzerland, Belgium, France, United States along 

with INDIA which have tried to show how this industry has been exceptionally useful during the time of needs.  Last 

year India stood in the tenth position among the other nations exporting drugs and medicines. Its position has been 

significantly rooted this year and India has proved to be a pillar of strength and support to the other nations of the 

world. Thus is the impact of this sector in the world economy. 

 

Keywords: Global perspective, Economic Impact, COVID-19, CORONA 2020, Pharmacy   Industry. 

 

I.  INTRODUCTION 

 The citizens Health of a country is a key factor denoting the social and economic stability of the 

country. This statement can be very well understood by the current scenario evident worldwide. The 

pharmaceutical industry is one of the fastest growing sectors in the country. It is a high performance knowledge 

based segment of the manufacturing sector. This industry has undergone many evolutions from time immortal. 

This industry projects India as the third nation for drug manufacturing by volume in the world.[3]   The industry 

is among the top five contributing sectors in the nation which adds a  value of about USD 11 Billion in fighting 

to reduce India's trade deficits.[4] Almost 23 percent share of the Indian Health care system is devoted to the 

developments in the pharmaceutical industry.[5] The total revenue from the sales of pharmaceuticals in the 

emerging market is  USD 232.[8] 
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 The pharmaceutical industries period can be divided broadly into the pre-patent and post-patent 

eras. The pre-patent period helped in process innovations and the post-patent period contributed to innovations 

of many new generic drugs. Alost 70 percent of market revenue in India is contributed from the sale of generic 

drugs. 

 
Fig. 1 Indian Pharmaceutical Industry Value Chain 

 

 

 The industry provides for two major types of production units for its manufacturers namely bulk 

manufacturers and formulation manufacturers. The domestic segment of the formulation industry contributes to 

only 40-50 percent consumption while the remaining is exported. In contrast, the domestic requirement of the 

bulk drugs manufacturers is only 10-20 percent, whereas the rest are exported. Hence the major junk of the 

production is send for exports whereby this industry contributes a lot for the growth of the economy. India 

exports drugs to around 200 countries. 

For the global industry giants to enter India opportunities are exciting and potential is tremendous. 

Factors which attract the MNC are : 

 Low cost of production 

 Big market 

 Potential for conducive research atmosphere 

 A number of manufacturing industries 

 100% FDI support policies 

According to the WHOs affirmation the earlier models of the pharmaceutical industry are fast 

evolving. The industry is emerging dynamically to the demands of the global market and to the access of 

medicines for both infectious and chronic conditions. Research based giants are seeking partnership with generic 

manufacturers in developing countries.[1]  

II. THE ECONOMIC BOOSTER OF THE WORLD 

   
Fig. 2 The various types of drugs manufactured in India 
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 The total  revenue worldwide generated from the Pharmaceutical market in 2019 is  USD 

1250. (9) API is the largest sector in the Indian Pharmaceutical sector. The economic growth pattern indicate the 

CAGR of this sector is 15.92 percent which would amount to USD 55 billion by 2020. Improvements in the 

medical infrastructure and penetration of health insurance in the country also contributed drastically for the 

growth of the industry. The Generic drugs contributes to 70 percent of the market revenue followed by OTC 

drugs with 21 percent and Patented drugs with 9 percent.[6] 

 
Fig.  3 The various categories of the revenue generating drugs 

 

The pandemic has shifted all the assumptions of the previous scenarios. Manufactures 

throughout the world have intensified in the production of epidemic control products like sanitizers, face 

masks, protective gears, immediate medical help kits, ventilators, test kits development, etc,. The logistics 

on the availability of these drugs is of great concern. 

TABLE I 

 THE IMPORT AND EXPORT DATA IN THE PHARMACEUTICAL SECTOR IN BILLIONS. [7] 

INDIA IMPORT in Indian 

Rupees EXPORT in USD 

2012 248.43 10.1 

2013 297.36 12.6 

2014 316.61 14.5 

2015 332.11 14.9 

2016 355.7 16.9 

2017 335.2 16.8 

2018 353.3 17.3 

2019 444.29 19.1 

2020 (till the first 

quarter) 234.77 10.8 

  

 

III. THE GLOBAL SCENARIO 

 The WTOs Director General Roberto Azevedo words are " Whether to safeguard public 

health or to revive economic activity, it is only through collective action that we can respond effectively 

to the COVID-19 crisis" in the WTO report 2020. The general trade figures throughout the world has 

reduced tremendously during the first quarter of the year 2020.  
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Fig. 4 World merchandise trade volume, 2005Q1-2021Q4 

(Index, 2015=100) 

Source: WTO/UNCTAD and WTO Secretariat estimates. 

 Similarly impact is also reflected in the Pharmaceutical Industry. WTO identifies the Drug and 

Pharmacy industry trade activities under four categories: 

 i) Medical Equipments 

ii) Medical Supplies 

iii) Medicines 

iv) PP products , including hand sanitizers and face masks.[10] 

  

 With the  current shortage of medicines and sanitary products caused by the COVID-19 pandemic, 

the report projects the data of import and export of these commodities among the RTA partners and the rest of 

the world. 

 

 

Fig. 5 Medical Supplies Export Details of the Top 10 countries during the time of COVID-19 

Source: WTO Secretariat based on data from the RTA Database and UNSD Comtrade 
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TABLE II 

EXPORT DETAILS WITH RESPECT TO THE FOUR CATEGORIES OF MEDICAL SUPPLIES DURING THE TIME OF COVID-19 IN PERCENT 

SOURCE: WTO SECRETARIAT BASED ON DATA FROM THE RTA DATABASE AND UNSD COMTRADE 

Top 10 
Exporting 
Countries 

Medical 
Equipments 

Medical 
Supplies 

Medicines 
Protective and 

Cleaning 
Products 

Export 
to RTA  

Export 
to rest 

Export 
to RTA  

Export 
to rest 

Export 
to RTA  

Export 
to 

rest 

Export 
to RTA  

Export 
to 

rest 

Germany 50 50 76 24 65 35 74 26 

United States 29 71 25 75 16 84 60 40 

Switzerland 60 40 65 35 60 40 80 20 
The 
Netherland 69 31 73 27 75 25 93 7 

Belgium 82 18 79 21 60 40 84 16 

Ireland 40 60 49 51 69 31 92 8 

China 25 75 23 77 38 62 28 72 

France 63 37 69 31 67 33 79 21 

Italy 68 32 67 33 77 23 82 18 
United 
Kingdom 58 42 58 42 56 44 74 26 
 

 . 

 

Fig. 6  Medical Supplies Import Details of the Top 10 countries during the time of COVID-19 

Source: WTO Secretariat based on data from the RTA Database and UNSD Comtrade. 
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TABLE III 

 EXPORT DETAILS WITH RESPECT TO THE FOUR CATEGORIES OF MEDICAL SUPPLIES DURING THE TIME OF COVID-19 IN PERCENT 

SOURCE: WTO SECRETARIAT BASED ON DATA FROM THE RTA DATABASE AND UNSD COMTRADE. 

Top 10 
Importing 
Countries 

Medical 
Equipments 

Medical 
Supplies 

Medicines 
Protective and 

Cleaning 
Products 

Import 
from 
RTA  

Import 
from 
rest 

Import 
from 
RTA  

Import 
from 
rest 

Import 
from 
RTA  

Import 
from 
rest 

Import 
from 
RTA  

Import 
from 
rest 

United States 36 64 22 78 16 84 27 73 

Germany 55 45 75 25 82 18 72 28 

China 15 85 18 82 10 90 20 80 

Belgium 62 38 64 36 83 17 79 21 
The 
Netherland 47 53 55 45 93 7 65 35 

Japan 45 55 45 55 73 27 28 72 
United 
Kingdom 70 30 71 29 89 11 68 32 

France 62 38 70 30 83 17 78 22 

Italy 85 15 73 27 94 6 82 18 

Switzerland 68 32 55 45 90 10 90 10 
 

 

IV. CONCLUSIONS 

 Among the countries worldwide Germany, United States and Switzerland supply 35 percent of 

medical products. [11] 

 Countries like China , Germany and US export major part of personal productive products.[11]  

 Face masks primarily exported from China.[11] 

 Respirators and Ventilators are mainly exported from Singapore, US, Netherland and China.[11] 

 Protective spectacles and visors, Hand soap, Hand sanitizer, Face masks are transacted duty-free in 

many countries.[11] 

 The table below shows some important metrics value in USD with respect to India.[12] 

WTO Member 
All 
products 

Medicines 
Medical 
Supplies 

Medical 
equipment 

Personal 
protective 
products 

India (MFN Tariff) 11.6 10 15 9 12 

Export Value 20 B 15 B 1 B 800 M 
 

1.4 B 
 

Import Value 8 B 2 B 2 B 3 B 1.5 B 
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 India may rank in the top position with 232 percent growth in this sector. It is likely to be followed by 

China with 230 percent growth , Indonesia (196 % ), Saudi Arabia and Brazil.[9] 

 Some of the key issues and challenges in the Pharma Industry for the Indian sub-continent are in 

activities related to Promotion and Advertisement, Price Control, Labelling, Clinical Trials and 

Environmental Diligence.[13] 

 Agility, Resiliency and Optimal utilisation of the available resources are the most required 

characteristics for the Pharmaceutical Industry in the near future. 

 Factor like abundance of knowledgeable manpower, infrastructure for promoting manufacturing and 

the availability of domestic market makes India a convenient ground for the growth of this 

industry.[14] 

 Indian pharma companies spend 8-13 percent of their total turnover on R & D 

 Multinational companies are collaborating Indian Pharma firms to develop new drugs. 

 India's generic drugs account for 20 percent of global exports in terms of volume, making it the 

largest provider of generic medicines globally. 

 India's biotechnology industry comprising biopharmaceuticals, bio-services, bio-agriculture, bio-

industry and bioinformatics is expected grow at an average growth rate of around 30 per cent a year 

and reach USD 100 billion by 2025.[15] 

 India's expertise in the fields of biotechnology, bioinformatics and clinical testing definitely has 

brighter scope in the future. 

 Be it the world of COVID-19 or not the growth of the country in this field is unshakable with it 

preparedness to uncertain world. 

 

 

 

 

 

 

 

 

 

The International journal of analytical and experimental modal analysis

Volume XII, Issue VII, July/2020

ISSN NO:0886-9367

Page No:1304



REFERENCES 

[1]  WHO | Trends in the Pharmaceutical Industry and Potential Impact on Future Innovation and Access to 
Medicines.https://www.who.int/phi/trends_innovation/en/ Accessed on2020-06-22  
 
[2] https://shodhganga.Inflibnet.Ac.in/Bitstream/10603/91572/9/09.%20chapter%201.Pdf, Accessed on 2020-06-22 
 
[3] https://www.Ipa-India.Org/Static-Files/Pdf/Publications/Position-Papers/2019/Ipa-Way-Forward.Pdf, Accessed on 2020-06-22 
 
[4] Realising “Make in India”–  Journey to Become the Most Preferred Manufacturer of High Quality Affordable Medicines, Accessed on 
2020-06-23 
 
[5] India Pushing The Right Levers | IBEF, https://www.ibef.org/India-Pushing-the-right-levers/index.html#Healthcare_page75 Accessed on 
2020-06-22 

[6]https:://www.brandindiapharma.in/Uploads/Documents/Pharmaceutical-%20January%202016.Pdf, Accessed on 2020-06-21 

[7] India - Value of Medicine and Pharmaceutical Products Import 2020, https://www.statista.com/statistics/625811/import-value-of-
medicine-and-pharmaceutical-products-india/ Accessed on 2020-06-22 

 [8] Pharmaceuticals in India, https://www.statista.com/topics/5456/pharmaceuticals-in-india/ Access on 2020-06-22 

[9] Pharmaceutical Sector Growth Forecast by Country U.S. 2017-2030, https://www.statista.com/statistics/783145/pharmaceutical-sector-
growth-forecast-worldwide-by-country/ Accessed on 2020-06-24 

[10]https://www.wto.org/english/tratop_e/covid19_e/medical_products_report_e.pdf Accesses on 2020-06-22 

[11]https://medtrade.herokuapp.com/ Accessed on 2020-06-22 

[12] https://www.wto.org/english/news_e/news20_e/rese_03apr20_e.pdf Accessed on 2020-06-22 

[13]The-Indian-Pharmaceutical-Industry.Pdf, https://www.ibef.org/archives/industry/indian-pharmaceuticals-industry-analysis-
reports/indian-pharmaceuticals-industry-analysis-january-2020 Accessed on 2020-06-09 

[14] https://www.ris.org.in/sites/default/files/RIS%20Policy%20Brief-66.pdf Accessed on 2020-06-22 

[15] Indian Pharmaceuticals Industry Analysis October 2019 | IBEF , https://www.ibef.org/archives/industry/indian-pharmaceuticals-
industry-analysis-reports/indian-pharmaceuticals-industry-analysis-october-2019 Accessed on 2020-06-22 

 

The International journal of analytical and experimental modal analysis

Volume XII, Issue VII, July/2020

ISSN NO:0886-9367

Page No:1305

https://www.wto.org/english/tratop_e/covid19_e/medical_products_report_e.pdf
https://www.wto.org/english/news_e/news20_e/rese_03apr20_e.pdf
https://www.ris.org.in/sites/default/files/RIS%20Policy%20Brief-66.pdf

	Dr.L.V.Nandakishore1, Dr.S.Aruna2
	INTRODUCTION
	Table  3. Performance measures
	Table 4. Accuracy Measures for Classification Algorithms
	REFERENCES

	Dr.L.V.Nandakishore1,Dr.S.Aruna2
	Abstract
	Single crystal X-ray diffraction, spectral characterization, evaluation of electronic and chemical reactivity of tert-butyl ...
	1. Introduction
	2. Experimental procedure
	3. Quantum chemical calculations
	4. Results and discussion
	4.1. Single crystal X-ray diffraction analysis
	4.2. Vibrational spectroscopic analysis
	4.2.1. The vibrations of water molecule and hydrogen bonds
	4.2.2. Vibrations of tert-butylammonium cations
	4.2.3. Vibrations of N-acetylglycinate anions

	4.3. NBO analysis
	4.4. Frontier molecular orbital analysis
	4.5. Molecular electrostatic potential

	5. Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgement
	Appendix A. Supplementary data
	References

	Ostracization and Marginalization: Unequal Social Patterning of Homosexuals in India
	Abstract
	Introduction
	Theoretical Inferences
	Legal significance
	The cultural context
	Effects of social exclusion on psychological
	Victims of hate crimes and violence

	Discussion
	Conclusion
	References


