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ABSTRACT

Jasmeet Kaur*

POVERTY AND HUMAN DEVELOPMENT : AN INTER COUNTRY ANALYSIS

The aim of the present study is to compute HPI 2010 and to analyse the position of various countries on the basis 

of their HDI and HPI. The HDI shows a country's achievements in human capabilities whereas the HPI examines 

human development from the angle of deprivation. The study shows that positions of various countries are different in 

terms of both HPI and HDI. Findings show that poverty may be defined in a better manner by HPI which is based on the 

lack of access to basic services such as health and education rather than by the HDI which is based on human 

capabilities and achievement of basic services.

Keywords : Human Development Index (HDI), Human Poverty Index (HPI), Depreviation Indicators, Ranking, Inter 

Country Analysis 

*Lecturer, MRPD Government College, Talwara

INTRODUCTION

Poverty is not a self-defining concept. Experts and 

academics have suggested many definitions over time. 

Poverty could be lack of command over commodities in 

general (Watts 1968) alternatively it could be lack of 

command over some basic goods (e.g. food and housing) 

Sen 1985 agreed that poverty is lack of “capabilities” to 

function in a given society.

The United Nations High Commission for 

Refugees (UNHCR) defines “poverty” as human 

condition characterized by the sustained or chronic 

deprivation of resources, capabilities choices, security 

and power necessary for an adequate standard of living 

and civil, cultural, economic, political as well as social 

rights (UNHCR 2004) Thus poverty can be described as 

the state of being without the necessities of daily living 

often associated with need hardship and lack of resources 

across a wide range of circumstances.

United Nations thought its Human development 

Reports since 1990 have brought into focus that the 

objective of development is to increase the capabilities of 

people to lead full productive and satisfying what is of 

basic concern is the ability of people to lead a long and 

healthy life, to have access to knowledge and sufficient 

income to buy adequate amounts of food, clothing, 

shelters and other basic amenities. Human development 

reports have identified three areas of social concern via 

education health and material wellbeing. Adult literacy 

rate for education, life expectancy at birth for health and 

per capita income for material well being are the 

indicators used in arriving at the deprivation of the 

masses.

These HDR's have advocated the use of the HDI 

(Human Development Index) to measure a country's 

achievements in human capabilities. The parameters 

constituting HDI are life expectancy at birth adult literacy 

rate and the per capita gross domestic product. While the 

Human Poverty Index (HPI) in human development 

report (1997) was an attempt to examine human 

development from the angle of deprivation. The aim of 

the present study is to compute the Human Poverty Index 

(HPI) for which Secondary data were needed. Various 

publication of World Bank, WHO and UNDP like Core 

Health Indicators, Human development indicators, world 
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development Indicators were consulted. Efforts were 

made to list maximum number of variables on Education, 

Health, Sanitation, Nutrition and Economic dimensions 

for maximum number of countries. The analysis was 

carried 110 countries in the year 2010 as per availability 

of data. The aim of the present study is to compute the 

Human Poverty Index (HPI) for the year 2010. The 

overall objective of the study is to analyze the position of 

various countries on the basis of HDI and HPI in the light 

of the experience of different countries in the past decade.

METHODOLOGY

A simple technique of ratio, percentages and 

ranking along with tabular analysis were applied to 

analyze the data for achieving desired objectives.

HUMAN POVERTY INDEX

For constructing the HPI, deprivation in health, 

knowledge and economic dimensions have been 

calculated on the basis of different variables.

The under mentioned 9 variables were used in the 

study for analysis and construction of HPI for the year 

2010. These variables are 

1. Adult mortality rate (per thousand population)

2. Infant mortality rate (per thousand live births) 

3. Adult illiteracy rate (percent)

4. Non enrollment ratio (percent)

5. Population without sustainable access to improved 

drinking water (percent)

6. Population without sustainable access to improved 

sanitation (percent)

7. One year-olds not immunized with MCV.

8. One year olds not immunized with DPT

9. Rate of unemployment (percent of labour force)

Longevity Deprivation (P ): Longevity 1

Deprivation (P ) has been captured by using infant 1

mortality rate and Adult mortality rate has been 

calculated as

Knowledge Deprivation (P ): Knowledge or 2

educational deprivation (P ) has been calculated by using 2

illiteracy rate and non-enrollment ratio, Thus, P  has been 2

calculated by giving 35% weight age to illiteracy rate and 

65% weight age has been given to combined non 

enrollment in education. The formula for calculating (P ) 2

is as follows:

P  = (illiteracy rate x 0.35) + (non-enrollment ratio x 0.65)2

Economic Deprivat ion (P ):  Economic 3

Deprivation (P ) has been calculated by using the 3

following indicators :

· Proportion of population without sustainable 

access to improved drinking water (P )31

· Proportion of population without access to 

improved sanitation (P )32

· One year olds not immunized with MCV(P )33

· One year olds not immunized with DPT(P )34

· Unemployment Rate (P )35

In order to construct Human poverty index (HPI) 

all the three deprivations viz: (P ) (P ) and (P ) were given 1 2 3

equal weight age. Thus, HPI was constructed by using 

UNDP's formula.

Where HPI is for the jth country and P  goes from 1 i

to 3 refers to the deprivations in the three above identified 

dimensions.

The ranking of HDI and HPI of 101 countries for 

the year 2010 is shown in Table No.1. Table shows that 

Canada, Iceland, Spain,  Italy, and Luxemburg were the 
thtop performers in HDI but their ranking in HPI  was 4 , 

st st rd th1 ,  51 ,  3 ,  16   respectively.  Worst performers in HDI   

were Congo, Nigeria, Mozambique, Burkina Faso, and 
rd th th stChad but their ranking in HPI was 83 ,  99 ,  96 ,  91  and 

st101   respectively. 
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Table No-1, Ranking of Countries (2010), Human Poverty Index (HPI) & Human Development Index (HDI)

Countries

 

HPI

 

Rank

 

HDI

 

Rank

 
Albania

 

8.357245

 

32

 

0.746

 

31

 
Algeria

 

8.745722

 

34

 

0.71

 

46

 
Argentina

 

4.953798

 

8

 

0.805

 

16

 
Armenia

 

8.144901

 

30

 

0.722

 

40

 
Azerbaijan

 

14.84789

 

61

 

0.734

 

35

 Bahamas

 

14.0208

 

59

 

0.79

 

18

 Bangladesh

 

15.5494

 

64

 

0.508

 

76

 Belarus

 

7.061289

 

19

 

0.785

 

20

 Benin
 

25.50469
 

90
 

0.432
 

89
 Bhutan

 
15.62454

 
65

 
0.525

 
72

 Bolivia
 

16.27991
 

67
 

0.668
 

54
 Botswana

 
15.78667

 
66

 
0.663

 
56

 Brazil
 

7.266654
 

21
 

0.726
 

39
 Bulgaria

 
6.64285

 
17

 
0.778

 
23

 Burkina Faso
 

25.52954
 

91
 

0.334
 

98
 

Burundi
 

19.17287
 

74
 

0.348
 

95
 

Cameroon  20.83568  81 0.488 78 
Canada  4.08518  4 0.909 1 
Cape Verde  10.5565  50 0.581 66 
Chad  38.12801  101 0.336 97 
Chile  4.994618  9 0.813 13 
China  9.214759  40 0.689 49 

Colombia  9.565861  42 0.714 44 

Cambodia  18.46634  72 0.532 71 

Comoros  18.663  73 0.426 90 

Congo  21.5763  83 0.295 101 

Costa Rica
 

8.2304
 

31
 

0.768
 

28
 

Croatia
 

5.624772
 

11
 

0.804
 

17
 

Cuba
 

4.22707
 

5
 

0.775
 

25
 

Cyprus
 

4.262362
 

6
 

0.849
 

8
 

Czech Republic
 

5.847524
 

14
 

0.871
 

6
 

Egypt
 

10.1975
 

48
 

0.663
 

55
 

Ecuador
 

8.793067
 

36
 

0.719
 

42
 

Estonia
 

5.7204
 

13
 

0.839
 

10
 

Ethiopia

 

30.42404

 

98

 

0.387

 

94

 

Georgia

 

8.141249

 

29

 

0.735

 

34

 

Ghana

 

19.19531

 

76

 

0.54

 

68

 

Greece

 

3.156311

 

2

 

0.866

 

7

 

Honduras

 

9.801395

 

45

 

0.629

 

59

 

Hungary

 

5.571451

 

10

 

0.829

 

11

 

Iceland

 

2.992296

 

1

 

0.901

 

2
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Indonesia

 

18.1312

 

71

 

0.62

 

60

 
Italy

 

3.54004

 

3

 

0.881

 

4

 
Jamaica

 

8.81881

 

37

 

0.721

 

41

 
Kazakhstan

 

8.94427

 

38

 

0.744

 

32

 
Kenya

 

22.47666

 

85

 

0.511

 

75

 
Kyrgyzstan

 

16.8595

 

68

 

0.615

 

61

 L P Demo.

 

19.84182

 

77

 

0.534

 

69

 Latvia

 

7.365898

 

22

 

0.805

 

15

 Lebanon

 

7.513547

 

25

 

0.743

 

33

 Lesotho
 

27.06514
 

93
 

0.452
 

87
 Libya

 
5.9385

 
15

 
0.773

 
26

 Lithuania
 

8.717858
 

33
 

0.81
 

14
 Luxembourg

 
6.461976

 
16

 
0.875

 
5

 Madagascar
 

26.7087
 

92
 

0.484
 

79
 Malawi

 
17.61461

 
70

 
0.413

 
92

 Malaysia
 

8.051007
 

28
 

0.763
 

29
 

Maldives
 

6.654912
 

18
 

0.683
 

51
 

Mali  29.68444  95 0.344 96 
Malta  8.755523  35 0.844 9 
Mauritania  32.67895  100 0.464 83 
Mauritius  8.039092  27 0.732 37 
Mexico  7.437881  24 0.77 27 
Morocco  15.5383  63 0.586 65 

Mozambique  29.74417  96 0.318 99 

Myanmar  13.81613  58 0.49 77 

Namibia  20.52268  79 0.604 63 

Nepal  19.17405  75 0.458 85 

Niger
 

32.67124
 

99
 

0.298
 

100
 

Nigeria
 

30.3468
 

97
 

0.462
 

84
 

Nicaragua
 

12.65598
 

56
 

0.593
 

64
 

Oman
 

7.5886
 

26
 

0.728
 

38
 

Pakistan
 

20.8152
 

80
 

0.512
 

74
 

Paraguay
 

11.53668
 

53
 

0.668
 

52
 

Peru
 

9.383837
 

41
 

0.733
 

36
 

Philippines
 

12.81581
 

57
 

0.649
 

57
 

Qatar

 

10.19609

 

47

 

0.827

 

12

 

Romania

 

7.192639

 

20

 

0.783

 

21

 

Russian Republic

 

9.604824

 

43

 

0.782

 

22

 

Rwanda

 

15.0259

 

62

 

0.425

 

91

 

Salvador

 

12.03643

 

55

 

0.668

 

53

 

Samoa

 

10.31846

 

49

 

0.699

 

48

 

Sao Tome Principe

 

14.58476

 

60

 

0.522

 

73

 

Saudi Arabia

 

5.633166

 

12

 

0.777

 

24

 
     

     



QUARTERLY BI-LINGUAL RESEARCH JOURNALVol. 6      Issue 24    October to December 2019 'kks/k lfjrk 262

Senegal  21.5493  82 0.47 80 
Spain  10.637  51 0.884 3 
Sri Lanka  10.12249  46 0.705 47 
Sudan  25.361  89 0.411 93 
Swaziland  21.58344  84 0.532 70 
Tanzania  23.44864  87 0.466 82 
Thailand  11.718  54 0.686 50 
Togo  27.42311  94 0.452 86 
Trinidad And 
Tobago  

17.40414  69 0.752 30 

Tunisia  11.04337  52 0.71 45 

Turkey  7.409881  23 0.715 43 

Uganda  22.76719  86 0.45 88 

Uruguay  4.799927  7 0.785 19 

Uzbekistan  8.955824  39 0.644 58 

Vietnam  9.748446  44 0.611 62 

Yemen  23.51983  88 0.466 81 

Source: UNDP, Human Development Report

Iceland, Greece, Italy, Canada, Cuba were the best 

performing countries in terms of HPI but their ranking in 
nd th th st thHDI  was 2 , 7 , 4 ,  1  and 25  respectively. On the other 

hand the worst performers in terms of HPI were Chad, 

Mauritania, Niger, Ethiopia and Nigeria, but their 
th rd th th th

ranking  in HDI  was  97 ,  83 ,  100 ,  94 ,  84 ,  

respectively.

It is further found that there were 54 countries 

where rank improved and in 46 countries ranks 

deteriorated but Philippines was the only country where 

the rank remained the same.

Of the 54 countries, Malawi, Maldives, Rwanda, 

and Burundi were the countries where ranks improved by 

more than 20 points. The ranks improved between 10 to 

20 points in Algeria, Armenia, Bangladesh, Brazil, Cuba, 

Honduras, Mauritius, Myanmar, Nepal, Sao Tome 

Principe, Saudi Arabia, Uruguay, Uzbekistan, Vietnam, 

Oman, Libya, Cape Verde, Comoros and Congo. There 

were 13 countries where ranks improved by 5 to 9 points 

namely Argentina, Bhutan, Bulgaria, Burkina Faso, 

China, Croatia, Ecuador, Georgia, Greece, Lebanon, 

Nicaragua and Egypt. Ranks improved by less than 5 

points in Belarus, Chile,  Colombia, Cyprus, Hungry, 

Italy, Iceland, Jamaica, Malaysia, Mali, Mexico,  

Morocco,  Mozambique, Niger, Romania, Sri Lanka 

Uganda and Sudan.

Of the 46 countries where ranks deteriorated by 

more than 20 points were Azerbaijan, Bahamas, Malta, 

Qatar, Russia, Spain, Trinidad & Tobago. Ranks 

improved by 10 to 20 points in Bolivia, Botswana, India, 

Indonesia, Kenya, Lithuania, Luxembourg, Mauritania, 

Namibia, Nigeria, Swaziland and Madagascar. Czech 

Republic, Ghana, Kazakhstan, Kyrgyzstan, L.P. Demo, 

Latvia, Lesotho, Peru, Togo, Tunisia, Tanzania, Yemen 

and Pakistan were the 13 other countries where the ranks 

improved by 5 to 9 points. The remaining 14 countries 

where the ranks deteriorated by less than 5 points were 

Albania, Cambodia, Chad, Cameroon, EL Salvador, 

Estonia, Ethiopia, Paraguay, Samoa, Thailand, Canada, 

Benin, Costs Rica, Senegal.

Maximum improvement was found in Maldives by 

33 points whereas minimum improvement was found in 

the case of Belarus, Hungary, Iceland, Italy, Malaysia, 

Mali, Romania and Sri Lanka by only one point.

On the other hand, the study found maximum 

deterioration in the ranks of Trinidad & Tobago and 

minimum deterioration in the case of Albania, Cambodia, 

Samoa and Benin.
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CONCLUSION :

By using HPI as a measure vis-à-vis HDI, study 

found that in the year 2010 there was an improvement in 

the ranks of 53.46 percent countries, deterioration in the 

ranks of 45.54 percent countries and in 0.99 percent 

countries ranks remained the same. Maximum 

improvement was seen in the ranks of Maldives and 

maximum deterioration was seen in the case of Trinidad 

and Tobago.

The analysis based on poverty shows that HPI is an 

alternative for countries to measure poverty based on the 

indicators of human welfare that aid in understanding the 

impact of economic investments on human development 

and poverty alleviation so HPI gives more people 

centered indicators to measure the depth of depreviation 

across the countries. 
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Abstract— The implementation measures the classification accuracy on benchmark datasets after combining 

SIS and ANNs. In order to put a number on the gains made by using SIS as a strategic tool in data mining, 

extensive experiments and analyses are carried out. The predicted results of this investigation will have 

implications for both theoretical and applied settings. Predictive models in a wide variety of disciplines may 

benefit from the enhanced classification accuracy enabled by SIS inside ANNs. An invaluable resource for 

scholars and practitioners in the fields of AI and data mining, this study adds to the continuing conversation 

about how to maximize the efficacy of machine learning methods. 

Keywords— Data Mining, Techniques, SIS, ANNs 

 

I. INTRODUCTION 

Data mining, which "mines" knowledge from data, has 

recently attracted attention from the information industry 

and society due to the availability of massive amounts of 

data and the need to turn it into meaningful 

information/knowledge. Market research, factory 

administration, basic research, and even customer retention 

might all benefit from this data. In order to glean even the 

most fundamental insights from massive datasets, data 

mining employs a set of fundamental algorithms. Statistics, 

machine learning, database systems, and pattern recognition 

are just few of the areas of study that are included within 

this multidisciplinary field. System security procedures 

must be built to prevent Organization access to 

resources/data, and because data mining enables data 

analysis applications, this is a need. Protecting applications 

and networks against intrusion in highly interconnected 

systems is the job of an intrusion detection system. 

Password/biometric user authentication, avoiding 

programming errors like buffer overflow, and encrypting 

sensitive data on computers are all initial lines of defense. 

When systems get complex, intrusion prevention alone isn't 

enough to keep them safe. As the number of people with 

access to the internet grows, the number of cyber threats 

faced by businesses also grows. 

II. LITERATURE REVIEW 

Kumar et al. (2016) The neural network approach has also 

been shown for automatic tumor detection in liver CT scans. 

Because the input may include noise introduced during 

acquisition, the CT input image is first pre-processed using 

a Median Filter based on expert opinion. The next step 

involves using first-order statistics and the gray-level matrix 

to extract local and textural features. Pixels in the gathered 

data sets are used to determine whether they are associated 

with the liver or not using a neural network. Tumor 

boundary detection using an active contour model of the 

targeted region 32 is possible, and the study's findings are 

both effective and timely. 

J. Peter Campbell (2020) To provide an introduction to 

contemporary techniques of machine learning, with a focus 

on selected machine-learning methodologies, best practice, 

and deep learning, and their application in medical research. 

The literature on artificial intelligence techniques in 

medicine, particularly ophthalmology, was searched 

extensively in PubMed.a summary of machine learning for 

those who aren't familiar with the ins and outs of 

programming. However, there are still several obstacles that 

must be overcome before AI may be widely used in the 

medical field. This review article aims to provide an 

accessible overview of current machine learning 

https://ijaems.com/
https://dx.doi.org/10.22161/ijaems.98.6
http://www.ijaems.com/
http://creativecommons.org/licenses/by/4.0/
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applications in healthcare for readers who are not experts in 

the field. The goal is to help readers understand the potential 

and challenges of AI in healthcare. 

Jonathan Schmidt (2019) There have been many 

fascinating new additions to the materials science toolset in 

recent years, but machine learning ranks among the highest. 

Previous research has shown that this statistical toolkit may 

significantly speed up both basic and applied research. 

Studies focusing on applying machine learning to solid-

state electronics have recently proliferated. Here, we survey 

and evaluate the most recent studies addressing this topic. 

Here, we lay out the foundations of machine learning by 

introducing key concepts including algorithms, descriptors, 

and databases for the study of materials science. We proceed 

to detail further methods in which machine learning may be 

used to locate stable materials and predict their crystal 

structure. Here, we provide findings from studies 

investigating various strategies for using machine learning 

to supplant first principles in design, as well as quantitative 

relationships between structures and their attributes. Using 

examples from the fields of rational design and related 

applications, we investigate how active learning and 

surgical optimization may be used to improve the process. 

There are always major issues with the interpretability and 

physical understanding of machine learning models. For 

this reason, we discuss the different facets of interpretability 

and their importance in the study of materials. In 

conclusion, we provide solutions to a variety of 

computational materials science problems and suggest 

directions for further study. 

Pita Jarupunphol (2022) In order to find the most reliable 

classification model for predicting dengue illness, this 

research investigates a wide variety of feature selection and 

classification combinations. Dengue fever prediction 

parameters based on association patterns were investigated. 

In order to get the most effective classification model, 

several feature selection procedures have been categorized 

and studied with the use of popular classifiers. Many 

models' measurements were compared graphically. The 

three-layer neural network model is the most effective. One 

hundred ReLu-enabled nodes make up each tier. Accuracy 

of 64.9%, F-measure of 71.8, accuracy of 65.7%, accuracy 

of 66.0%, and recall of 79.0% were achieved in the 

identification of five qualities. In addition to the Naive and 

information gain combination, the Naive and Relief neural 

network combination, and the Naive and FCBF 

combination are all competing machine learning 

approaches with fairly equivalent efficiency. However, if 

specific feature selection procedures are investigated, SVM 

is seen as the weaker model. 

Saima Anwar Lashari (2018) In this research, we 

investigate how medical data is currently being categorized 

and where future prospects may lie by applying data mining 

techniques. It explains major modern approaches to 

classification that have been shown to significantly raise the 

bar for classification precision. Past research has provided 

literature on the subject of medical data classification 

through data mining techniques. Extensive research shows 

that data mining methods excel at the task of classification. 

This article evaluated and contrasted the current state of 

medical data classification. The study's findings suggested 

that the current system for classifying medical data had 

room for improvement. However, further research is needed 

to identify and eliminate the uncertainties associated with 

classification in order to increase precision. 

 

III. DATA MINING ALGORITHM 

Without a priori knowledge of the structure of the data 

points, clustering labels and distributes them to groups of 

similar objects. The instances of a cluster are unique, but its 

members are consistent. Organizationa's clustering 

techniques include the partition algorithm, the hierarchical 

algorithm, the grid algorithm, and the density algorithm. 

Recursively separating cases, hierarchical methods produce 

clusters from the top down or the bottom up. The following 

may be further broken down into: 

Clusters are initially items, according to agglomerative 

hierarchical clustering. Once a suitable cluster architecture 

has been reached, more clusters are fused. 

Distinctive hierarchical clustering - Initially, all data points 

are assigned to a single cluster. After then, a cluster is 

divided into even smaller clusters. This process is repeated 

until the cluster is properly structured. 

KDD99 DATASET  

Third International Competition for Knowledge 

Discovery and Data Mining Tools produced the data 

mining technique known as the KDD99 data detection 

data set. A data set may be thought of as a collection of 

inferred characteristics of a network link. When it comes 

to intrusion detection datasets for data mining, the KDD99 

IDS dataset has been widely used. Connection records for 

each link in the Annie George network are among the 42 

primary features that make up the KDD99 dataset 

benchmark. 

The KDD 99 is based on five million logs representing 

seven weeks of network activity, extracted from four 

gigabytes (GB) of compressed TCP binary dump data. 

Two million connection records were gathered from two 

weeks of test data. Using three servers housing computers 

belonging to the victims, the network mimicked a military 

http://www.ijaems.com/
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network, revealing several attacks and routine network 

activity. 

There are a total of 65 features in the training and testing 

data sets, with 24 types of assaults used in training and 14 

in testing. Here are a few examples of names for attributes: 

● Duration: continuous, 

● protocol_type: symbolic, 

● Service: symbolic, 

● Flag: symbolic, 

● src_bytes: continuous, 

● dst_bytes: continuous, 

● Land: symbolic, 

● wrong_fragment: continuous, 

● Urgent: continuous, 

● Hot: continuous, 

● num_failed_logins:continuous, 

● logged_in: symbolic, 

I Bayes (Nb) 

In the simplest type of Bayesian network, I Bayes (NB), all 

characteristics are treated as unrelated to the value of the 

class variable. Conditional autonomy describes this 

situation. In practice, conditional independence almost 

never holds. Adding the ability to represent attribute 

dependency is a simple method for expanding Bayes 

beyond its naive restrictions. 

The class node in an Augmented I Bay expands the original 

I Bay by pointing out direct nodes with links between 

attribute nodes. I Bayes classification does this by assuming 

conditional independence to drastically reduce the number 

of modeling parameters. 

𝑃𝑋|𝑌, from original to just 2n 

𝑃𝑋|𝑌22𝑛𝑙 

In real-world settings, including as text categorization, 

medical diagnosis, and system performance monitoring, I 

Bayes has been shown to be useful. It works well when 

there are interdependencies between features because... 

The quality of the fit to a probability distribution (the 

suitability of the independence assumption) is unrelated to 

the optimality of a zero-one loss (classification error). 

Certain deterministic or low-entropy dependencies result 

in strong performance on I Bayes, as shown by the effect 

of distribution entropy on classification error. As entropy 

decreases toward zero, the I Bayes error disappears. NB is 

easy to understand and compute. 

𝑎𝑟𝑔𝑚𝑎𝑥 (𝑝(𝑐𝑖)∏𝑝(𝑎𝑗|𝑐𝑖)

𝑛

𝑗=1

) 

 

NB classifies I by selecting 

Random Tree 

The decision-making bodies in the random decision tree 

classification are selected at random. When classifying a test 

instance, the posterior probability is calculated as the sum of 

the weighted probability outputs of the individual trees. 

Generating a random tree has less memory requirements and 

reduces training time. There are two primary settings to 

adjust in this ensemble method: 

(i) height h of each random tree, and  

(ii) number N of base classifiers. 

Database analysis, computer science search methods, and 

even biological models (evolutionary family trees) all make 

use of random trees in some capacity. As the number of 

vertices increases indefinitely, the spectrable distributions of 

the neighboring matrices of the random trees converge on 

the line of deterministic probability measures, demonstrating 

a topology of weak convergence. 

The average height and average diameter of a random tree is 

the subject of a large body of literature. The height/diameter 

enumeration dilemma holds true for both labelled and 

unlabeled trees, with the anticipated height of a randomly 

labelled rooted tree being 1 2n. There is a large but scattered 

body of work on exact/asymptotic results for various 

models, and many other random tree models have emerged 

to meet the needs of certain applications. Deep searching in 

a particular random treeline pattern is reflected here: the 

"uniform ordered trees" combinatorial model is the model 

CBP(n) with a shifted geometric (1/2) offspring distribution. 

When you build on n nodes, you get a random Tn tree. It is 

easy to calculate the center of the star graph t with vertex 1. 

Neural Network  

In mathematics and computers, an Artificial Neural Network 

(ANN), often known as a "Neural Network" (NN), is a 

model inspired by biological NNs. Information is processed 

utilizing a network of artificial neurons and a connectionist 

approach to computing. During the training phase, an ANN 

adapts its structure in response to information from the 

network and the outside world. A NN is a widely dispersed, 

massively parallel processor with easy access to stored 

accumulated wisdom. In two aspects, it resembles a brain: 

1. One acquires information by way of a networked 

learning procedure. 

2. Synaptic weight information is stored as intensities of 

connections between neurons. 
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An algorithm for learning describes the method used to 

carry out the learning process. Neuro-computers (NNs) are 

a kind of a distributed parallel processor also known as a 

neuro-network or a connection network. 

Advantages: 

▪ In contrast to linear programs, neural networks are 

able to. 

▪ When an element of a NN fails, the network as a 

whole keeps running because to its parallel design. 

▪ It is not necessary to retrain a neural network since 

it is self-learning. 

▪ It's adaptable enough to use in any scenario. 

▪ Its implementation poses no difficulties. 

Disadvantages: 

▪ NN needs training to operate. 

▪ Since NN architecture varies from that of 

microprocessors, the latter needs to be modeled 

after the former. 

▪ Significant time for processing is required for 

rganiz. 

 

IV. INVESTIGATION OF FEATURE 

SELECTION TECHNIQUES FOR 

INTRUSION DETECTION SYSTEM 

One common method for streamlining businesses is called 

Feature Selection (FS). It improves learning performance 

(higher classification accuracy), reduces computational 

costs, and enhances model interpretability by selecting a 

small subset of relevant features from the original, based on 

predefined relevance evaluation criteria. Based on whether 

or not a training set is labeled, FS algorithms are categorized 

as supervised, unattended, or semi-supervised. FS is a 

method for identifying, within a collection of data, the 

subset of features that is optimal for processing according 

to a certain set of criteria. The method through which an FS 

may to find a subset Aopta1,opt,a2,opt,...,am,optof A,which guarantees 

accomplishment of a processing goal by reducing a defined FS criterion 

JfeatureAfeature_subset.  Optimal FS solutions are not need to be 

unique. The faster computation speed and more accurate 

predictions are made possible by using fewer characteristics 

in the learning process. Filters and wrappers are two types 

of FS procedures. First, there is agnostic classification, 

which does not include any specific methods of 

categorization. Instead, the wrappers evaluate the quality of 

a set of features and, from a statistical and computational 

standpoint, create an efficient filter based on the 

performance of a classifier type. The relevance of qualities 

is analyzed using filter techniques by looking just at the 

data's fundamental properties. The importance of each item 

is assigned a value, and those with low scores are omitted. 

Several FS methods are used in this data gathering process. 

accuracy values depend on the base rates of different 

classes, therefore in practice, the percentage of accuracy is 

not preferred for classification. The accuracy of a predictor 

may be evaluated by calculating its ROC or F-Measure 

value. Feature ratings evaluate the importance of an 

individual trait while disregarding the effects of other traits. 

The output functions of classifiers or statistical methods 

provide the basis for many ranking systems. 

IDS has the potential to mitigate or prevent attacks in the 

event of updated signatures or improved attack 

recognition/response capabilities. Intruder detection 

systems are now distributed real-time component networks 

rather than batch-oriented monolithic systems. Monolithic 

IDS either combines all these features into a single system 

or splits them out into several procedures and applications. 

Feature Selection Techniques For Ids 

FS is an essential and popular tool for IDS data pre-

processing. It has direct repercussions on IDS because of 

the decreased functionality and the elimination of 

irrelevant/redundant/noisy data. Many experts recommend 

using wrapper, filter, or hybrid methods for feature 

detection in feature selection. In order to evaluate the 

features' (or feature set's) quality, the wrapper method 

employs a learning algorithm. The Filter method relies on 

the central characteristics of the training data to evaluate the 

relevance of features and feature sets using objective 

metrics like distance, correlation, and consistency rather 

than any machine learning methodology. 

Feature Selection Based On Correlation (Cfs) 

CFS is an efficient FS method, and it selects, using gene 

expression data, a set of properties that are important to 

some class. It often reduces the dimensionality of data by 

over 60% without sacrificing precision. 

On the other hand, CFS is able to establish a link between 

features and classes, as well as features. CFS is a 

correlation-based rapid filter used in continuous/discrete 

circumstances. The CFS algorithm ranks a collection of 

criteria based on their worth or quality. CFS takes use of the 

best search by using a correlation measure to evaluate a 

subset's quality, with each feature's predictive power and 

inter-feature correlation taken into account. 

Analysis Of Independent Components (Ica) 

Since many ICA features are predetermined at the primary 

data processing component analysis (PCA) stage, the ICA 

approaches do not provide such feature selection 

opportunities. The only feature selection technique used in 
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ICA face recognition literature to yet to account for this is 

the percentage of variance (PoV). 

Since the original ICA facial recognition architecture 

provides local features, we've also been working to 

determine which of these traits are most useful for 

identifying specific people. In the ICA method, we know 

nothing about the mixing matrix or the distribution of 

sources beyond what is gleaned from the data. 

Information Gain (Ig) 

Word IG measures the data we learn about a category from 

the presence/absence of a certain word in a text. 

Let me be the class number. The IG of a word t must be 

defined as 

𝐼𝐺(𝑡) = −∑ 𝑝(𝑐𝑖)
𝑚

𝑖=𝑙
𝑙𝑜𝑔𝑃(𝑐𝑖)

+ 𝑃(𝑡)∑ 𝑝(𝑐𝑖|𝑡)𝑙𝑜𝑔𝑃(𝑐𝑖|𝑡)
𝑚

𝑖=𝑙

+ 𝑃(�̆�)∑ 𝑝(𝑐𝑖|𝑡)𝑙𝑜𝑔𝑃(𝑐𝑖|𝑡)
𝑚

𝑖=𝑙
 

The error rate for the test set is substantially higher (13.5 

percent) than it is for the training set (for which the stated 

functions constitute an IG filter). This second discovery 

suggests that a redundancy reduction approach, such a 

Markov blanket filter, is necessary for feature selection 

beyond a simple "relevance check." 

This section discussed the feature selection strategies that 

were put to use in this investigation. 

 

V. CONCLUSION 

This research takes a look at how normal/abnormal traffic 

is currently classified using data mining methods and 

makes recommendations for improvement. The KDD 99 

dataset was mined for UDP data streams, and from there a 

multi-class dataset was created to emphasize the many 

threats inherent to UDP data streams. Naive Bayes 

Algorithm, Random Tree, and NN were all shown to be 

accurate in classifying the dataset's signatures. The 

random tree-based methods were 99.88% accurate in their 

classifications. In this study, we compare PCA to the 

Fisher Score for dimensionality reduction. PCA is a data-

minimization technique for discovering and articulating 

patterns in order to highlight similarities and differences. 

Fisher Score is a model-based statistical method that may 

be used to make distinctions. It's a quick and easy 

approach to evaluate your ability to distinguish between 

label and trait. 
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Abstract— The implementation measures the classification accuracy on benchmark datasets after combining 

SIS and ANNs. In order to put a number on the gains made by using SIS as a strategic tool in data mining, 

extensive experiments and analyses are carried out. The predicted results of this investigation will have 

implications for both theoretical and applied settings. Predictive models in a wide variety of disciplines may 

benefit from the enhanced classification accuracy enabled by SIS inside ANNs. An invaluable resource for 

scholars and practitioners in the fields of AI and data mining, this study adds to the continuing conversation 

about how to maximize the efficacy of machine learning methods. 

Keywords— Data Mining, Techniques, SIS, ANNs 

 

I. INTRODUCTION 

Data mining, which "mines" knowledge from data, has 

recently attracted attention from the information industry 

and society due to the availability of massive amounts of 

data and the need to turn it into meaningful 

information/knowledge. Market research, factory 

administration, basic research, and even customer retention 

might all benefit from this data. In order to glean even the 

most fundamental insights from massive datasets, data 

mining employs a set of fundamental algorithms. Statistics, 

machine learning, database systems, and pattern recognition 

are just few of the areas of study that are included within 

this multidisciplinary field. System security procedures 

must be built to prevent Organization access to 

resources/data, and because data mining enables data 

analysis applications, this is a need. Protecting applications 

and networks against intrusion in highly interconnected 

systems is the job of an intrusion detection system. 

Password/biometric user authentication, avoiding 

programming errors like buffer overflow, and encrypting 

sensitive data on computers are all initial lines of defense. 

When systems get complex, intrusion prevention alone isn't 

enough to keep them safe. As the number of people with 

access to the internet grows, the number of cyber threats 

faced by businesses also grows. 

II. LITERATURE REVIEW 

Kumar et al. (2016) The neural network approach has also 

been shown for automatic tumor detection in liver CT scans. 

Because the input may include noise introduced during 

acquisition, the CT input image is first pre-processed using 

a Median Filter based on expert opinion. The next step 

involves using first-order statistics and the gray-level matrix 

to extract local and textural features. Pixels in the gathered 

data sets are used to determine whether they are associated 

with the liver or not using a neural network. Tumor 

boundary detection using an active contour model of the 

targeted region 32 is possible, and the study's findings are 

both effective and timely. 

J. Peter Campbell (2020) To provide an introduction to 

contemporary techniques of machine learning, with a focus 

on selected machine-learning methodologies, best practice, 

and deep learning, and their application in medical research. 

The literature on artificial intelligence techniques in 

medicine, particularly ophthalmology, was searched 

extensively in PubMed.a summary of machine learning for 

those who aren't familiar with the ins and outs of 

programming. However, there are still several obstacles that 

must be overcome before AI may be widely used in the 

medical field. This review article aims to provide an 

accessible overview of current machine learning 
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applications in healthcare for readers who are not experts in 

the field. The goal is to help readers understand the potential 

and challenges of AI in healthcare. 

Jonathan Schmidt (2019) There have been many 

fascinating new additions to the materials science toolset in 

recent years, but machine learning ranks among the highest. 

Previous research has shown that this statistical toolkit may 

significantly speed up both basic and applied research. 

Studies focusing on applying machine learning to solid-

state electronics have recently proliferated. Here, we survey 

and evaluate the most recent studies addressing this topic. 

Here, we lay out the foundations of machine learning by 

introducing key concepts including algorithms, descriptors, 

and databases for the study of materials science. We proceed 

to detail further methods in which machine learning may be 

used to locate stable materials and predict their crystal 

structure. Here, we provide findings from studies 

investigating various strategies for using machine learning 

to supplant first principles in design, as well as quantitative 

relationships between structures and their attributes. Using 

examples from the fields of rational design and related 

applications, we investigate how active learning and 

surgical optimization may be used to improve the process. 

There are always major issues with the interpretability and 

physical understanding of machine learning models. For 

this reason, we discuss the different facets of interpretability 

and their importance in the study of materials. In 

conclusion, we provide solutions to a variety of 

computational materials science problems and suggest 

directions for further study. 

Pita Jarupunphol (2022) In order to find the most reliable 

classification model for predicting dengue illness, this 

research investigates a wide variety of feature selection and 

classification combinations. Dengue fever prediction 

parameters based on association patterns were investigated. 

In order to get the most effective classification model, 

several feature selection procedures have been categorized 

and studied with the use of popular classifiers. Many 

models' measurements were compared graphically. The 

three-layer neural network model is the most effective. One 

hundred ReLu-enabled nodes make up each tier. Accuracy 

of 64.9%, F-measure of 71.8, accuracy of 65.7%, accuracy 

of 66.0%, and recall of 79.0% were achieved in the 

identification of five qualities. In addition to the Naive and 

information gain combination, the Naive and Relief neural 

network combination, and the Naive and FCBF 

combination are all competing machine learning 

approaches with fairly equivalent efficiency. However, if 

specific feature selection procedures are investigated, SVM 

is seen as the weaker model. 

Saima Anwar Lashari (2018) In this research, we 

investigate how medical data is currently being categorized 

and where future prospects may lie by applying data mining 

techniques. It explains major modern approaches to 

classification that have been shown to significantly raise the 

bar for classification precision. Past research has provided 

literature on the subject of medical data classification 

through data mining techniques. Extensive research shows 

that data mining methods excel at the task of classification. 

This article evaluated and contrasted the current state of 

medical data classification. The study's findings suggested 

that the current system for classifying medical data had 

room for improvement. However, further research is needed 

to identify and eliminate the uncertainties associated with 

classification in order to increase precision. 

 

III. DATA MINING ALGORITHM 

Without a priori knowledge of the structure of the data 

points, clustering labels and distributes them to groups of 

similar objects. The instances of a cluster are unique, but its 

members are consistent. Organizationa's clustering 

techniques include the partition algorithm, the hierarchical 

algorithm, the grid algorithm, and the density algorithm. 

Recursively separating cases, hierarchical methods produce 

clusters from the top down or the bottom up. The following 

may be further broken down into: 

Clusters are initially items, according to agglomerative 

hierarchical clustering. Once a suitable cluster architecture 

has been reached, more clusters are fused. 

Distinctive hierarchical clustering - Initially, all data points 

are assigned to a single cluster. After then, a cluster is 

divided into even smaller clusters. This process is repeated 

until the cluster is properly structured. 

KDD99 DATASET  

Third International Competition for Knowledge 

Discovery and Data Mining Tools produced the data 

mining technique known as the KDD99 data detection 

data set. A data set may be thought of as a collection of 

inferred characteristics of a network link. When it comes 

to intrusion detection datasets for data mining, the KDD99 

IDS dataset has been widely used. Connection records for 

each link in the Annie George network are among the 42 

primary features that make up the KDD99 dataset 

benchmark. 

The KDD 99 is based on five million logs representing 

seven weeks of network activity, extracted from four 

gigabytes (GB) of compressed TCP binary dump data. 

Two million connection records were gathered from two 

weeks of test data. Using three servers housing computers 

belonging to the victims, the network mimicked a military 
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network, revealing several attacks and routine network 

activity. 

There are a total of 65 features in the training and testing 

data sets, with 24 types of assaults used in training and 14 

in testing. Here are a few examples of names for attributes: 

● Duration: continuous, 

● protocol_type: symbolic, 

● Service: symbolic, 

● Flag: symbolic, 

● src_bytes: continuous, 

● dst_bytes: continuous, 

● Land: symbolic, 

● wrong_fragment: continuous, 

● Urgent: continuous, 

● Hot: continuous, 

● num_failed_logins:continuous, 

● logged_in: symbolic, 

I Bayes (Nb) 

In the simplest type of Bayesian network, I Bayes (NB), all 

characteristics are treated as unrelated to the value of the 

class variable. Conditional autonomy describes this 

situation. In practice, conditional independence almost 

never holds. Adding the ability to represent attribute 

dependency is a simple method for expanding Bayes 

beyond its naive restrictions. 

The class node in an Augmented I Bay expands the original 

I Bay by pointing out direct nodes with links between 

attribute nodes. I Bayes classification does this by assuming 

conditional independence to drastically reduce the number 

of modeling parameters. 

𝑃𝑋|𝑌, from original to just 2n 

𝑃𝑋|𝑌22𝑛𝑙 

In real-world settings, including as text categorization, 

medical diagnosis, and system performance monitoring, I 

Bayes has been shown to be useful. It works well when 

there are interdependencies between features because... 

The quality of the fit to a probability distribution (the 

suitability of the independence assumption) is unrelated to 

the optimality of a zero-one loss (classification error). 

Certain deterministic or low-entropy dependencies result 

in strong performance on I Bayes, as shown by the effect 

of distribution entropy on classification error. As entropy 

decreases toward zero, the I Bayes error disappears. NB is 

easy to understand and compute. 

𝑎𝑟𝑔𝑚𝑎𝑥 (𝑝(𝑐𝑖)∏𝑝(𝑎𝑗|𝑐𝑖)

𝑛

𝑗=1

) 

 

NB classifies I by selecting 

Random Tree 

The decision-making bodies in the random decision tree 

classification are selected at random. When classifying a test 

instance, the posterior probability is calculated as the sum of 

the weighted probability outputs of the individual trees. 

Generating a random tree has less memory requirements and 

reduces training time. There are two primary settings to 

adjust in this ensemble method: 

(i) height h of each random tree, and  

(ii) number N of base classifiers. 

Database analysis, computer science search methods, and 

even biological models (evolutionary family trees) all make 

use of random trees in some capacity. As the number of 

vertices increases indefinitely, the spectrable distributions of 

the neighboring matrices of the random trees converge on 

the line of deterministic probability measures, demonstrating 

a topology of weak convergence. 

The average height and average diameter of a random tree is 

the subject of a large body of literature. The height/diameter 

enumeration dilemma holds true for both labelled and 

unlabeled trees, with the anticipated height of a randomly 

labelled rooted tree being 1 2n. There is a large but scattered 

body of work on exact/asymptotic results for various 

models, and many other random tree models have emerged 

to meet the needs of certain applications. Deep searching in 

a particular random treeline pattern is reflected here: the 

"uniform ordered trees" combinatorial model is the model 

CBP(n) with a shifted geometric (1/2) offspring distribution. 

When you build on n nodes, you get a random Tn tree. It is 

easy to calculate the center of the star graph t with vertex 1. 

Neural Network  

In mathematics and computers, an Artificial Neural Network 

(ANN), often known as a "Neural Network" (NN), is a 

model inspired by biological NNs. Information is processed 

utilizing a network of artificial neurons and a connectionist 

approach to computing. During the training phase, an ANN 

adapts its structure in response to information from the 

network and the outside world. A NN is a widely dispersed, 

massively parallel processor with easy access to stored 

accumulated wisdom. In two aspects, it resembles a brain: 

1. One acquires information by way of a networked 

learning procedure. 

2. Synaptic weight information is stored as intensities of 

connections between neurons. 
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An algorithm for learning describes the method used to 

carry out the learning process. Neuro-computers (NNs) are 

a kind of a distributed parallel processor also known as a 

neuro-network or a connection network. 

Advantages: 

▪ In contrast to linear programs, neural networks are 

able to. 

▪ When an element of a NN fails, the network as a 

whole keeps running because to its parallel design. 

▪ It is not necessary to retrain a neural network since 

it is self-learning. 

▪ It's adaptable enough to use in any scenario. 

▪ Its implementation poses no difficulties. 

Disadvantages: 

▪ NN needs training to operate. 

▪ Since NN architecture varies from that of 

microprocessors, the latter needs to be modeled 

after the former. 

▪ Significant time for processing is required for 

rganiz. 

 

IV. INVESTIGATION OF FEATURE 

SELECTION TECHNIQUES FOR 

INTRUSION DETECTION SYSTEM 

One common method for streamlining businesses is called 

Feature Selection (FS). It improves learning performance 

(higher classification accuracy), reduces computational 

costs, and enhances model interpretability by selecting a 

small subset of relevant features from the original, based on 

predefined relevance evaluation criteria. Based on whether 

or not a training set is labeled, FS algorithms are categorized 

as supervised, unattended, or semi-supervised. FS is a 

method for identifying, within a collection of data, the 

subset of features that is optimal for processing according 

to a certain set of criteria. The method through which an FS 

may to find a subset Aopta1,opt,a2,opt,...,am,optof A,which guarantees 

accomplishment of a processing goal by reducing a defined FS criterion 

JfeatureAfeature_subset.  Optimal FS solutions are not need to be 

unique. The faster computation speed and more accurate 

predictions are made possible by using fewer characteristics 

in the learning process. Filters and wrappers are two types 

of FS procedures. First, there is agnostic classification, 

which does not include any specific methods of 

categorization. Instead, the wrappers evaluate the quality of 

a set of features and, from a statistical and computational 

standpoint, create an efficient filter based on the 

performance of a classifier type. The relevance of qualities 

is analyzed using filter techniques by looking just at the 

data's fundamental properties. The importance of each item 

is assigned a value, and those with low scores are omitted. 

Several FS methods are used in this data gathering process. 

accuracy values depend on the base rates of different 

classes, therefore in practice, the percentage of accuracy is 

not preferred for classification. The accuracy of a predictor 

may be evaluated by calculating its ROC or F-Measure 

value. Feature ratings evaluate the importance of an 

individual trait while disregarding the effects of other traits. 

The output functions of classifiers or statistical methods 

provide the basis for many ranking systems. 

IDS has the potential to mitigate or prevent attacks in the 

event of updated signatures or improved attack 

recognition/response capabilities. Intruder detection 

systems are now distributed real-time component networks 

rather than batch-oriented monolithic systems. Monolithic 

IDS either combines all these features into a single system 

or splits them out into several procedures and applications. 

Feature Selection Techniques For Ids 

FS is an essential and popular tool for IDS data pre-

processing. It has direct repercussions on IDS because of 

the decreased functionality and the elimination of 

irrelevant/redundant/noisy data. Many experts recommend 

using wrapper, filter, or hybrid methods for feature 

detection in feature selection. In order to evaluate the 

features' (or feature set's) quality, the wrapper method 

employs a learning algorithm. The Filter method relies on 

the central characteristics of the training data to evaluate the 

relevance of features and feature sets using objective 

metrics like distance, correlation, and consistency rather 

than any machine learning methodology. 

Feature Selection Based On Correlation (Cfs) 

CFS is an efficient FS method, and it selects, using gene 

expression data, a set of properties that are important to 

some class. It often reduces the dimensionality of data by 

over 60% without sacrificing precision. 

On the other hand, CFS is able to establish a link between 

features and classes, as well as features. CFS is a 

correlation-based rapid filter used in continuous/discrete 

circumstances. The CFS algorithm ranks a collection of 

criteria based on their worth or quality. CFS takes use of the 

best search by using a correlation measure to evaluate a 

subset's quality, with each feature's predictive power and 

inter-feature correlation taken into account. 

Analysis Of Independent Components (Ica) 

Since many ICA features are predetermined at the primary 

data processing component analysis (PCA) stage, the ICA 

approaches do not provide such feature selection 

opportunities. The only feature selection technique used in 
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ICA face recognition literature to yet to account for this is 

the percentage of variance (PoV). 

Since the original ICA facial recognition architecture 

provides local features, we've also been working to 

determine which of these traits are most useful for 

identifying specific people. In the ICA method, we know 

nothing about the mixing matrix or the distribution of 

sources beyond what is gleaned from the data. 

Information Gain (Ig) 

Word IG measures the data we learn about a category from 

the presence/absence of a certain word in a text. 

Let me be the class number. The IG of a word t must be 

defined as 

𝐼𝐺(𝑡) = −∑ 𝑝(𝑐𝑖)
𝑚

𝑖=𝑙
𝑙𝑜𝑔𝑃(𝑐𝑖)

+ 𝑃(𝑡)∑ 𝑝(𝑐𝑖|𝑡)𝑙𝑜𝑔𝑃(𝑐𝑖|𝑡)
𝑚

𝑖=𝑙

+ 𝑃(�̆�)∑ 𝑝(𝑐𝑖|𝑡)𝑙𝑜𝑔𝑃(𝑐𝑖|𝑡)
𝑚

𝑖=𝑙
 

The error rate for the test set is substantially higher (13.5 

percent) than it is for the training set (for which the stated 

functions constitute an IG filter). This second discovery 

suggests that a redundancy reduction approach, such a 

Markov blanket filter, is necessary for feature selection 

beyond a simple "relevance check." 

This section discussed the feature selection strategies that 

were put to use in this investigation. 

 

V. CONCLUSION 

This research takes a look at how normal/abnormal traffic 

is currently classified using data mining methods and 

makes recommendations for improvement. The KDD 99 

dataset was mined for UDP data streams, and from there a 

multi-class dataset was created to emphasize the many 

threats inherent to UDP data streams. Naive Bayes 

Algorithm, Random Tree, and NN were all shown to be 

accurate in classifying the dataset's signatures. The 

random tree-based methods were 99.88% accurate in their 

classifications. In this study, we compare PCA to the 

Fisher Score for dimensionality reduction. PCA is a data-

minimization technique for discovering and articulating 

patterns in order to highlight similarities and differences. 

Fisher Score is a model-based statistical method that may 

be used to make distinctions. It's a quick and easy 

approach to evaluate your ability to distinguish between 

label and trait. 
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Abstract— In daily applications, the composites may also be found. The most prevalent kind of life is 

concrete. Concrete is a gravel, sand and cement composite material. The main aim of the study is 

Characteristics of Murta Bast Fiber Reinforced Epoxy Composites. Epoxy resin and HV953U Hardensin 

from a nearby supplier were purchased and used in accordance with the provision. Bisphénol A diglycidyl 

ether (BADGE) of the araldite AW106 has an epoxy of the same weight as the eq-1 (203–222 g). Increasing 

assembly of innovation alone is not enough, especially for composites, to overcome the cost barrier. For 

composites to be cut through with metals, it is crucial that an integrated application be made in plan, 

material, measure, tooling, quality verification, production and even programming. 

Keywords— Composite, Reinforced, Epoxy, Cost, Barrier, programming. 

 

I. INTRODUCTION 

In daily applications, the composites may also be found. The 

most prevalent kind of life is concrete. Concrete is a gravel, 

sand and cement composite material. It also creates another 

kind of composite when used with steel to build structural 

components. The other is wood, a combination of lignin and 

cellulose. One of the most sophisticated wooden 

composites kinds is Plywood. These may be composites 

with particles bound, or combines wooden boards or blocks 

with the suitable binding substance. The furnishings and 

building materials nowadays are extensively utilized. 

Muscles are a good example of a natural composite in the 

human body. The muscles exist in a tiered structure of 

fibers in various directions and concentrations. The results 

are extremely powerful, efficient, flexible and adaptive. 

The muscles give bones strength and vice versa. Both create 

a distinct structure. The bone itself is a composite structure 

and includes a substance of a mineral matrix that connects 

the collagen fibers. The remaining examples are bird wings, 

fish fins, trees and grass. An example of a composite 

structure is also a tree leaf. The veins in the leaf not 

only carry food and water, which also provide the leaf its 

power to keep the leaf stretched over a large surface. This 

assists the plant in the photosynthesis to obtain more energy 

from the sun. 

1.2 POLYMER COMPOSITES 

Synthetic polymers are attractive materials because they 

have a high strength-to- weight relationship and need little 

surface treatment. The mechanical characteristics of 

polymers are lower than the metals and not chosen for 

structural purposes, although the adding of fillers and fibers 

may enhance their capabilities. Their comparative easy 

processing, low density, corrodance resistance, desired 

electric characteristics and thermal qualities has attracted 

considerable interest from polymer matrix composites. 

Thermosetting or thermoplastic may be these polymers. 

Polymers like epoxy and polyester do not soften when 

heated, while thermoplastics like polyvinyl and polymides 

are not softened. Thermoplastics are used in thermoplate. 

Therefore, they are stronger, tougher, more fragile and 

more stable than thermoplastics. 

 

II. LITERATURE REVIEW 

Haina (2020) - Haina (2020) - In the context of the cutting-

edge sustainable materials, this study effectively addresses 

the development in the investigation of polymer 

biocomposites. More recently, curiosity with the bio-

composite frameworks was attracted by its potential as a 

replacement for conventional materials in major assembly 
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sectors. From late on, it has been a major achievement to 

prepare biocompatible and biodegradable polymer 

composites as an alternative for limitless petrochemical 

products. Instead of included fibers like carbon and 

orchestrated saps, polyvinyl alcohol, epoxy etc.. Effective 

manufacture of eco-friendly bio-materials has been 

achieved using natural fibers such as jute, bamboo, hair, 

flex, wool, silk and many more products. In addition, 

natural fibers dispersed within the natural matrix have been 

produced using biomaterials such as natural elastic or 

polyester for limitless human uses. Their simple removal 

and sustainability is attributed to the use of these materials 

for the well well of mankind. The last but not least, is that 

bio- unusual composite's mechanical characteristics 

superior than many other conventional materials. The audit 

study focuses on novel patterns, mechanical and compound 

characteristics, summarization and application in the New 

Year of bio-composites. 

Rajak, et al (2019) - Dipen Kumar Rajak. The most 

encouraging and knowing substance available this century 

has been found to be composites. Based on current needs 

for lightweight materials with high strength for specific 

applications, composites with fiber reinforced from 

manufactured or natural materials acquire importance. 

Composite fiber-reinforced polymer provides a high weight 

to strength ratio but also reveals good characteristics such 

as high durability, rigidity, damping capabilities, flexural 

strength and consumption resistance, wear, effect and fire. 

These broad ranges of features have led to composite 

materials being found in mechanical, building, aerospace, 

car, biomedical, marine and many other assembly sectors. 

Composite materials are largely manufactured by their 

components and assembling strategies, so practical 

characteristics, orders and assembly procedures for various 

fibers worldwide accessible for the production of combined 

materials should be concentrated to sort out the upgraded 

standard for the material ideal for use. To find out the 

improved fiber-reinforced composite material for 

enormous applications, an overview of a diverse range of 

fibers, their characteristics, usefulness, group and various 

fiber composite assembly methods is provided. Their 

unusual presentation of composite fibers has become a 

tempting alternative over lonely metals and/or mixtures in 

many applications. 

Prosenjit Ghosh & Narayan Ch. Das (2019) - Tushar Kanti 

das, Prosenjit Ghosh & Narayan Ch. The superior strength 

to weight ratio of carbon fibers, above conventional 

hardwearing materials like steel, has made it an appealing 

energy savings material. In many strong applications, the 

high weight steel is being replaced by low weight and 

consumption safe carbon fiber composites. The PMC has 

therefore become the frontline material in the field of 

aircraft, cars, sports goods and other applications requiring 

high strength and a high module. In addition, its gradual 

reduction in cost has opened up its market in different 

building applications since late on in the wide exploratory 

area of carbohydrate innovation. This study covers a range 

of polymer matrix composites layered in carbon fibers, 

where the structural importance of these composites is 

stressed. The aim of this discussion is to provide information 

on all types of polymer composites based on carbon fiber. It 

also includes a short discussion with the processing, 

manufacturing and structural uses of these carbon fiber-

based polymers, on the preparation and characteristics of 

carbon fibers. 

Nagaraju B and Bhanutej B (2019) – Nagaraju J and V 

Since its inception, Additive Manufacturing is well known 

for being flexible in materials and easy to utilise with 

complicated calculations in manufacuring components. The 

work identified with FFF, explicitly pushed polymer 

composites and the effects of different operating 

boundaries on their sustainability, has become a major 

factor in additive production during recent few years due to 

the improvements made to advanced materials such as 

composites. Additive fabrications have acquired a broad 

importance. 

Yubo Tao et al (2019) – Contextual survey on the 

optimisation of polymer composites by FFF Mechanical 

Modeling. In this study compression was investigated using 

restricted component reproductions and compression tests 

for FDM printed circles, squares and voronoi WPCs 

cellular structures. The findings demonstrated the 

enormous variations between leisure and trial outcomes in 

the circular cell design. Furthermore, the cavity porosity 

increased as the printing line width was expanded. In 

addition, cavity porosity is conceived in the cellular 

buildings while altering the models to enhance the accuracy 

of the recreations. Square cell models, followed by circular 

and voronoi models, packed the least after the 

modification, as might be predicted from exploratory 

results. Furthermore, it may decrease cavity porosity by 

reducing the print line width. However, the wider printing 

line and the smaller the size of the wood fibers in fiber are 

likely to increase production costs and problems. 

 

III. METHODOLOGY 

Characteristics of Murta Bast Fiber Reinforced 

EpoxyComposites 

➢ Materials 

Epoxy resin and HV953U Hardensin from a nearby 

supplier were purchased and used in accordance with the 

provision. Bisphénol A diglycidyl ether (BADGE) of the 
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araldite AW106 has an epoxy of the same weight as the eq-

1 (203–222 g). The HV953U hardener includes 1,3-

propylenediamine-N-(3-dimethyaminopropyl). The 

BADGE and hardener structures are shown. The NaOH 

grade laboratory reagent has been used for the treatment of 

fibers (S. D. Fine Chemicals, India). 

 

IV. RESULTS 

4.1 CHARACTERISTICS OF MURTA BAST 

FIBER REINFORCED EPOXY COMPOSITES 

In this specific chapter we repeat again the advantages of 

natural fibers for polymer matrix reinforcement. The 

increasing global problem of the negative effects of human 

activities on earth has led to the thought that natural fiber 

enhanced polymer composites constitute one of the 

substitutes for earth friendly and cost-effective products for 

use in various sectors such as the automotive, construction, 

electricity, sports, packaging, houses etc. It has stimulated 

the research into polymer composites and scientists are 

facing the challenge of producing much superior 

composites. Therefore, several natural fibers for the 

reinforcement of polymer matrices have been investigated. 

The use of natural fibers, including easy accessibility, 

renewability, biodegradability, low density, considerable 

strength, non-corrosive nature and low- cost reinforcing, 

offers many advantages. We showed that fibers from 

centres of the murta (schumannianthus dichotomus) stems 

may be used for reinforcement and characterization of the 

mechanical characteristics of murta core polymer enhanced 

by AW106 epoxy resin and HV953U hardness. polymer 

enhanced by the murta core fiber (in the ratio of 2:1 by 

volume). 

In West Bengal and Assam India, in North Eastern 

Bangladesh's, Vietnam's, Thai, Philippine's, Myanmar's, 

and Malaysia, murta crops were really grown in Chapter 

Three. Murta fibers are used exclusively to produce various 

artisanal products, and the mat is quite well known for these 

things in Bangladesh and India. It may be noted that the 

outer-level fibers of murta trunks, which we will call murta 

bast fiber, are used for manufacturing artisanal solutions. 

The only thing that the authors have studied is the effect of 

the talc on the properties of a polyester resin reinforced by 

murta bast fiber, which is insaturated in a ball. 

 

 

 

 

 

 

4.1.1 Characteristics of Fiber and Density 

 

Fig.4.1 Density of the composite as a function of weight 

% of fiber of different lengths 

 

 

Fig.4.2 SEM images of (A) untreated and (B) treated fiber 

 

 

Fig.4.3 FTIR spectra of the fiber, polymer and composite 

(containing 30 % fiber) 

 

Table 4.1 records the characteristics and the chemistry of 

murta bast fiber which are contrasting with those of 

murta primary element and a few other natural fibers. 

Figure 4.4 presents the experimental density values of the 

composites. With weight percentage increase, the density 

of the composites increased. When the fiber load 

exceeded 20 percent by weight, the composite density 

was even more than that of the fivers (1,06 g cm-3) which 

showed a smaller fiber compound with an irrelevant 

vacancy. The composites had a greater density than 

polymers (1,06 g cm-3). The smallness of composites 

indicates thus that fibers and polymers are permanently 

associated with a chemical treatment that may be 
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attributed to them. As seen by the SEM image (Figure 

4.5), the therapy of the fiber is asymmetrical to the 

surface and provides for a better union of the fiber and 

matrix in a specific field. In Figure 4.5, the strong 

communications between the fiber and the polymer are 

also apparent from the IR spectra. In the fiber, the IR-

band extends at 3490 cm-1, whereas the IR-band extends 

at 3450 cm-1 with OH and NH-. Increased power and the 

expansion of the IR band on fiber stacking to 3450 cm-1 

of the polymer confirm that hydrogen retaining 

improvements occur throughout composite growth. 

Table 4.1 Composition and properties of murta and other 

fibers 

 

4.1.2 Water Absorption 

 

Fig.4.4 Amount of water absorbed by the composites as a 

function of weight % of fibers of different lengths 

 

Figure 4.4 shows the conduit of water absorption in 

composites and the results of the measurement in percent 

of the water swallowed are shown in Table 4.6. With 

weight percent expansion of the fiber and fiber lengths, 

the measurement of water consuming the composite will 

generally increase. The composite with 35% weight of 

45mm fiber consumes approximately 14% of the largest 

intake. This means that the hydrophilic idea of 

lignocellulose fibers is not particularly great. For 

example, jute-reinforced polyester composite has a water 

absorption of about 25%. 

Table 4.2 Amount of water absorbed by the composite as 

functions of fiber load and fiber length 

 

 

4.1.3 Thermal Behaviour 

 

Fig.4.5 Thermograms of the fiber, polymer and 

composites obtained from the TGA 

 

Figure 4.7 shows thermogram from TGA and illustrates the 

response to heat energy of the fiber, polymer and 

composites. Before the initial phase of heat deterioration, 

the fiber loses approximately 7 percent. This underlying 

loss of weight is regarded as the evaporation of the fiber 

surface water, which, due to its hydrophilic nature, is a 

characteristic element with natural fibers. A weight loss of 

about 53 percent is the main phase of thermal deterioration 

of the fibers to around 350 °C. Yang et al. isolated from 

palm oil spraying samples hemicellulose, cellulose and 

lignin by their independent TGA pyrolysis turns. 

Considering these details of the three important 

components of natural fibers, the aim here is to calculate 

the total weight loss of murta fibers towards the completion 

of the first degradation stage. Detailed thermogram results 

show that hemicellulose, cellulose and lignin weight losses 

are 63, 50 and 25 percent individually at a temperature of 

350°C. In view of the nature of murta bast fiber, at 350°C 

the fiber is anticipated to lose 12, 28 and 4% of weight due 

to hemicellulose degradation (63% by 19%), cellulose 
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(50% by 56%) and lignin (25% by 16%). The expected 

total fiber loss is equal to 51 percent at 350°C (44 percent 

because of degradation of hemicellulose, cellulose and 

lignin and 7 weights percent because of water evaporation). 

Strangely, we have a weight loss at 350°C, which is equal 

to 53 percent in acceptable competition with the expected 

value, from the experimental thermograms in the figure4.7. 

The second phase of thermal fiber breakdown is occurring 

gradually above 350°C. According to the aftereffects of 

Yang et al.,26 cellulose in the TG AG, it deteriorates 

quickly, somewhere within a phase of 315 and 400°C, to a 

decrease of 95%, from 240°C onwards and to a degree of 

220 to 315, followed by a slow decline (<.15% /°C) and a 

slow degradation of hemicellulose (< 0.1% /°C) Then the 

lethargic thermal breakdown of murta fiber is due to the 

slow destruction of hemicellulose and lignin. The thermal 

degradation characteristics of the polymers and the 

composites are similar. The polymer is heat stable (epoxy 

resin to hardness = 1:1), up to 325 °C, which is more than 

the thermal safety of the epoxy resin polymer to a hardness 

of 1:2 (293 °C). 24 Although natural fiber support reduces 

Polymer Matrix's thermostatic stability, the thermal 

strength of the composites is nearly 300°C with between 

30% and 35% fiber weight. 

4.1.4 Tensile Strength and Modulus 

 

Fig.4.6 Variation of (A) tensile strength and (B) tensile 

modulus of the  compositeas a function of weight % of 

fiber at fixed fiber lengths 

 

The polymer and composites' purposeful tensile strength 

(TS) are shown in Table 4.7 in Figure 4.18A. The TS 

of a composite is administered via a number of 

variables such as fiber length, fiber measurement, matrix 

orientation of fibers, matrix fiber conveyor, fiber matrix 

adhesion etc. During the present study, the composites 

are formed by random fiber orientations and the only 

variables that may detect the characteristics of the 

composite are length and measurement of the fiber. The 

TS of the composite is the highest in the basic length and 

measurement of the fiber. The TS is a characteristic 

component of natural fiber-enhanced composites with 

this type of fiber length and sum dependency. The TS is 

determined to be the most severe at the time where the 

composite includes 30 percent fiber weight and 74.9 

MPa, which adds up to an expansion of 124 percent in 

comparison to the TS of a clean polyp. The composite 

with 30 percent by weight of 25 mm fiber has almost the 

highest TS equal to 74,3 MPa. After 30% weight of fiber 

stacks, TS is starting to decrease and this is attributed to 

the fiber trap producing composite and weakening 

irregularities in fiber – matrix adherence. The SEM 

images shown in Figure 4.7 show the composite 

morphological adjustment including 35% fiber by seeing 

the fiber traps. 

 

Fig.4.7 SEM images of composites containing (A) 20 

%, (B) 25 % and (C) 35 %fibers of 35 mm length 

 

V. CONCLUSION 

Increasing assembly of innovation alone is not enough, 

especially for composites, to overcome the cost barrier. For 

composites to be cut through with metals, it is crucial that 

an integrated application be made in plan, material, 

measure, tooling, quality verification, production and even 

programming. The company Composites has become clear 

that, because of the sheer scale of the transport sector, the 

commercial usage of composites offers far more business 

opportunities than aviation. This means that composite uses 

have recently changed unmistakably from an aircraft to 

other companies. The entry of these high-level materials 

has witnessed a steady growth in employment and volume 

gradually strengthened by the introduction of more current 

polymer resin matrix materials and elite support fibers, 

including glass, carbon, aramid. The increased volume led 

to a typical cost reduction. In a range currently of uses 

including composite protection against harmful effects, 

natural gas fuel chambers, windmill-sharp edges, 

mechanical drive shafts, light emission connectors and even 

paper manufacturing rolling machines, the Elite FRP may 

be found. The use of composites as opposed to metals in 

particular applications effectively has resulted in both 
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expenses and weight in reserve funds. Some models include 

engine bending, bending and bended fillets, metallic 

replacements, chambers, tubes, pipes, belt control units, etc. 

In addition, composite requirements have placed a high 

degree of emphasis on the use of innovative and advanced 

materials that reduce dead weight as well as absorb shock 

and vibration via personalised micro-structures. 
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Abstract— Composite isn't a new word, it's a long time around. Due to its usage in several applications, it 

has risen in prominence over the last four to five decades. The main aim of the study is Effects of Fiber 

Length and Loading on the Qualities of Fiber Reinforced Epoxy Composites from Schumannianthus 

Dichotomus (Murta). The polymer matrix is made of Araldite AW106 epoxy resin and HV953U hardener. 

Bisphenol A Diglycidyl Ether with the same epoxy weight as 214 – 221 g eq-1 is included in Araldite AW106. 

The HV953U hardener includes 1,3-propylenediamine N-(3-dimethaminopropyl)-. Composite materials 

have a very adaptable component lay out above normal materials due to their clear strength, strength, and 

exhaustive characteristics. 

Keywords— Composite, Fiber, Reinforced, Strength, Adaptable. 

I. INTRODUCTION 

Composite isn't a new word, it's a long time around. Due to 

its usage in a number of applications it has risen in 

prominence over the last four to five decades. In 10000 BC 

the pavement brichs had been a prominent building 

composite material. Fibrous composite material was then 

used in preparing written materials in Egypt about 4,000 

BC, and these papyrus plant laminated written material was 

produced. In addition, Egyptians made containers and tins 

from heat softened glass made of raw fibers. 

The Mongolians used composites again about 1200 BC. 

The Mongols have created the so-called contemporary 

composite arch. The oldest proofs of the presence of 

composite bows, according to Angara Dating, date from 

3000 BC. The bow was constructed of various materials 

such as wood, horn, sinew (tendon), leather, bamboo and 

antler. Since horn and antler are very flexible and robust, 

the primary body of the bow has been made. For connecting 

and covering the horn with the antler, sinews were 

employed. Clue is formed of a fish's bladder and serves as a 

holding unit. Sinew, horse hair, and silk were fashioned of 

the bow string. It was anticipated that the composite bow 

would last over a year. The bows were so strong that over 

1.5 kilometres from the arrows could be fired. The 

composite bow was a highly deadly weapon before the 

discovery of gunpowder since it was short and convenient. 

1.1 COMPOSITE MATERIALS 

Due to developments in the next generation, the need for 

technology has risen in recent days. A good product which 

fulfils customers' requirements should thus be of excellent 

quality and affordable pricing. The industry now dominates 

engineering materials such materials, intelligent materials, 

and materials. In recent years, a multitude of novel materials 

have developed. Examples of these include polymers, 

metals, ceramics and composites. In the area of materials 

science significant progress has been achieved. The latest 

developments in material technology are composite 

materials, which show substantial progress. They are 

regarded highly and have a great influence on industry. 

Their strength and matrix characteristics are both. A hybrid 

construction has many more benefits and is lightweight, 

sturdy, and ecological. Polymers are utilised in a broad 

variety of applications including aramid fibers, glass, and 

carbon. The fibers are usually uniformly, bi- and multi-

directionally arranged. The main classification of polymers 

is two kinds. They are plastics for thermoplastics and 
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plastics for thermoplastics. Thermoplastic materials have 

been used in various areas because of their significant 

structural characteristics. Examples include acrylics, 

nylons, polycarbonates, polyvinylchloride, etc. Examples of 

such products include polyester, phenolics, polyamides, 

vinyl esters, bismaleimides, epoxies, etc. 

1.1.1 Composites Classification 

Composites are ranked based on pure reinforcement 

geometry, whether in particles, flakes or fiber materials – 

polymers, metal, ceramics or carbon, in a matrix type. 

Particulate composites consist of particles submerged in 

matrices like metals or ceramics. Due to random particle 

accumulation, they are typically isotropic. The benefits of 

certain composites include greater strength, higher working 

temperature, resistance to oxidation, and so on. Examples 

include the application of rubber aluminium particles, the 

use of gravel, sand and cement in aluminium particles and 

the use of cement. Flake composites consist of flat 

reinforcements of matrices. The common materials include 

glass, mica, aluminium and silver. The high outdoor 

bending module, high strength and cheap cost outcomes of 

flake composites offer excellent performance. Flakes 

cannot, however, be organised readily, and only a few 

elements may be utilised. In fiber composites, matrix 

reinforcement may be short or long (discontinuous) or long. 

 

II. LITERATURE REVIEW 

Mr. Tolessa Berhanu (2020) The industrial methods of 

reducing carbon emissions and recyclable materials that 

limit waste play a significant significance in natural fibers. 

Added flexibility may be achieved in fiber composites by 

producing hybrid composites, when more than one kind of 

fiber is used. Cost efficiency may be improved by 

employing various reinforcing types carefully and 

selectively to get the greatest strength in highly stressed 

places and orientations. The cost of hybrid composites may 

be reduced by decreasing the amount of carbon fiber while 

optimum positioning or orientation of the fiber maximises 

performance. As an alternate approach for fiber reinforced 

composites, natural fibers have lately become interesting for 

researchers due to their properties. This study reviewed the 

uses and different characteristics of natural fibers such as 

hemp, jute, sisal kenaf and was used for glass fiber 

replacement. 

Bhattacharya Somnath (2020) For researchers in recent 

years, polymer composites have become one of the most 

significant fields. It is because polymer composites have a 

higher resistance to weight ratio than most traditional 

metals and composites now used for structural purposes. In 

addition, the researchers are also developing new hybrid 

composites to attain the mechanical characteristics required. 

This review of hybrid polymer composites therefore focuses 

on mechanical properties such as impact, bending and 

tensile strengths of hybrid polymer composites in order to 

show that their mechanical behaviour, influenced by crucial 

factors such as type selection, orientation and the 

arrangement of reinforcement in polymer matrix 

composites, is essential. This comprehensive study is an 

attempt to reveal the key elements of this field as 

unexplored research gaps. The research indicates that there 

is a restricted usage of fillers in hybrid polymer composites 

(such as red mud and fly ash) and natural fibers (abaca, 

bamboo, ramie and coir). The study also reveals a lack of 

research that has been carried out in order to model, forecast 

and optimise mechanical features such as hardness, bending 

strength, tensile strength and impact strength of hybrid 

composites. It also reveals that 

Brostow Witold (2020) Although universities and industry 

concentrate mostly on material characteristics, wear 

generates losses in the industry at least not less than 

mechanical deformation fractures. We talk about the 

significance of polymer based materials for tribology 

(PBMs). For at least two reasons, traditional tribology 

initially established for metals could not be used to PBMs. 

Their characteristics — unlike to metals and ceramics – 

vary on time, and PBMs are viscoelastic. Second, PBMs 

readily absorb external liquid lubricants, which are 

successful for other types of materials; the consequence is 

swelling. Taking into account viscosity, materials fragility 

defined in 2006 and the linkages between frailty and 

recuperation when determining sliding wear, the relation of 

friction and surface resistance to scratch tension and the 

impacts of magnetic fields on polymer tribology, both of us 

develop tribology of PBMs. Traditional wear assessment 

techniques based on the quantity of debris produced do not 

work for PBMs since often there is no debris - yet the 

material movement is considerable (top ridge formation, 

densification). There is discussion about more suitable test 

methods. Computer simulations of scratching polymers are 

also addressed in the results of molecular dynamics. In 

addition, we explore techniques for improving scratch and 

wear resistance to PBMs. The above-mentioned techniques 

include modification of surface pressure, microhybrid 

creation, forming of nanohybrids and irradiation. Based on 

the overall findings and ideas and models from experiments 

and simulations, several suggestions have been given 

for addressing PBM tribology, both in instructional and 

industrial as well as research environments. 

Huang Ming (2020) - Composites are materials composed 

of two single components at least. While polymers relate to 

various materials it will be possible to enhance the 

characteristics of each polymer, such as the mechanical 

strength, surface quality and biocompatibility. The 
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composites are normally used in the aerospace, car, 

military, and sports industries, and are used in biomedicine 

gradually in tissue engineering, wound dressings, drug 

release, regenerative treatment, composites in the dental 

pitch, and operations. The research topics in this area 

include specific questions on how best various materials 

and material characteristics may be coordinated. 

Isiaka Oluwole Oladele et al (2020) - Isiaka Oluwole 

Oladele et al. Polymer materials have directly been found to 

be helpful for many purposes from the earliest days, but 

their usage has not been fully understood. Nevertheless, 

polymer materials have gradually dislodged other materials 

in a number of applications by adjusting this pattern. 

Polymer-based materials are the best choice for a few 

applications recently, thanks to better inspection and 

information, and are now supplying various materials 

rapidly. Even in areas where polymers have been deemed 

not to be suitable in previous times, more materials from 

polymers are cultivated each day as a replacement for other 

materials. Most of the time in industries like building, 

aircraft, cars and medical, polymers are used to substitute 

metals and ceramics. It is no doubt that due of the innate 

characteristics of polymers and the management capacity, 

this pattern will continue. Today, in the composite materials 

strategy, most of the limitations of polymers are addressed. 

Researchers and analysts are also responsible for the 

transition to positive ecological effect. This study now 

unlocks the areas in which polymer-based composites are 

used and the significance of these materials for human 

progress. 

 

III. METHODOLOGY 

PROPOSED METHODOLOGY 

The study has been divided into following sections: 

Part A - Impact of Fiber Length and Loading on the 

Properties of         Schumannianthus Dichotomus (Murta) Fiber 

Reinforced Epoxy Composites 

➢ Materials 

The polymer matrix is made of Araldite AW106 epoxy resin 

and HV953U hardener. Bisphenol A Diglycidyl Ether with 

the same epoxy weight as 214 – 221 g eq-1 is included in 

Araldite AW106. The HV953U hardener includes 1,3-

propylenediamine N-(3-dimethaminopropyl)-. Figure 3.1 

shows BADGE's molecular structures and hardeners. The 

resin and hardener were purchased and used as required by 

a local supplier. The NaOH grade laboratory reagent has 

been used for the treatment of fibers (S. D. Fine Chemicals, 

India). 

 

Fig.3.1 Molecular structures of BADGE (top) and the 

hardener (bottom) 

 

IV. RESULTS 

4.1 DATA ANALYSIS ON PART A 

Natural fiber reinforced polymer composites are being 

discovered as a result of the increasing environmental 

impact, energy shocks and production pricing issues as 

increasing uses in most manufacturing industries such as 

automotive components, sports systems, electrical 

components and packaging materials. The most utilised 

natural polymer enhancement fibers, such as bamboo, 

wood, cotton, coir, sisal, flax, kenaf, hemp and jute. Other 

natural Lignocellulosic Fibers were also utilised, such as 

curaua, nettle, aloevera, abaca, palm oil, wheat straw, 

banana, bagasse, pine aple, rice husk, olive shell, henequen, 

etc. The research has continuously being evaluated to 

enhance the quality of natural fiber-reinforced polymer 

composites. Natural fibers gain from the easy accessibility 

of their components, the renewability of them, their 

biodegradability, their light density, their considerable 

strength (force/density ratio), their minimum cost and their 

non- corrosive nature. The main disadvantage in the usage 

of natural fibers is that it is not compatible with polymer 

matrix because of hydrophobicity and polymer fibers 

which, however, may be addressed by chemical treatments 

modifying the areas of the fibers. 

This chapter continues to make use of the polymer 

composite in which a novel natural fiber is used from a plant 

whose scientific name really is Schumannianthus 

dichotomus Gagnep. Murta is grown in western Bengal and 

assam India and Bangladesh's northeast regions. In 

Myanmar, Thailand, Cambodia, Vietnam, the Philippines 

and Malaysia, murta plants are found on the basis of the 

Wikipedia. Figure 4.1 shows the image of murta plant life. 

Many handcraft items such as mat (sometimes called local 

sitalpati), handbag, cap, handfan, etc., are produced from 

murta fiber, which means that many typical people in 

BangLadesh and India survive on it. This means that they 

are made of murta fiber. Details of the murta plant and of 

small-scale murta fiber companies are registered. There is 

just one study on the analysis of the polyster composite 

reinforced murta mat. The inner (so-called maji) portion of 
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the murta stem was used in the existing work for 

reinforcement of the polymer matrix and this interior part of 

the murta stem was often thrown during the creation of the 

murta mat. 

 

Fig.4.1 Murta plants 

 

4.1.1 Characteristics of Fiber, Density, SEM images 

and IR spectra 

Table 4.1 records the characteristics and chemical makeup 

of the murta central element. Table 4.1 also gives 

comparisons of the characteristics and chemical 

compositions of a number of realised natural fibers. 29 The 

fiber's typical diameter and density have been calculated to 

be 0.14 ± 0.01 mm and 0.94 ± 0.01 g cm-3, respectively. 

The density of the polymer matrix exploratory value is 1.05 

± 0.01 g-cm and that of the composites is shown in Figure 

4.2 

Table 4.1 Composition and properties of murta and other 

fibers 

 

 

There has been discovered that the density of composites is 

unimportant dependent on the fiber's length, but the fiber's 

weight percent has grown. Composites have a greater 

density than polymers and fibers and the most notable 

density is 1.22 g cm-3, which is 35 percent weight. Density 

expansion indicates that there is no void and that 

composites are minimum because to strong connections 

between the fibers and polymers. The fiber's antiacide 

treatment should result in a particularly strong link between 

the fiber and the polymer. Figure 4.3 shows the SEM images 

of the non- treated and processed fiber and it is very obvious 

that the external side of the treatment fiber with fillers and 

splitting is uneven and unpleasant. The hard surface of the 

processed fibers is used to limit the fiber to the polymer. 

 

Fig.4.2 Density (± 0.01 g cm-3) of the polymer composite 

as a function of weight %of fiber of different lengths 

 

 

Fig. 4.3 SEM images of (a) untreated fiber and (b) treated 

fiber. 

 

 

Fig.4.4 FTIR spectra of the fiber, polymer and 

composite (containing 5 weights %fiber). The inset shows 

expanded view of the band near 3460 cm-1 

 

The strong partnership of the fiber and the polymer from the 

IR spectrum in Figure 4.4 is also apparent. The IR band in 

the fiber is 3450 cm-1 with the OH band while the IR band 
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in the polymer is 3 460 cm-1 with the OH band exactly as 

the NH band is in the polymer. In addition, the IR belt with 

3455 cm-1 compared to the OH and NH extension in the 

polymer composite. The expanded and expanded belt force 

in the composite polymer shows that hydrogen retention 

between fibers and polymers is improved throughout the 

composite development. 

4.1.2 Thermal Behaviour 

 

Fig.4.5 Thermograms of the fiber, polymer and composites 

obtained from the TGA 

 

Figure 4.5 displays the thermograms of the TGA-acquired 

fiber, polymer and composites. Two stages of thermal fiber 

corruption occur. The main decay of fiber occurs rapidly 

and starts from 228 °C to 357 °C. 62% of the fiber weight 

at this stage is corrupted, due to cellulose, hemicellulose and 

less lignin thermal degradation. The second phase is a result 

of the slow thermal degradation of hemicelluloses and 

lignine, which begins when temperature exceeds 357 °C. At 

6000C the fiber corruption is 80 percent in weight. This 

debasement is a little bit lethargical. Somewhere between 

293 and 485°C, the polymer corruption occurs in one rapid 

step. The amount of polymer corrupted at 485 °C is 93 

percent weight. The concept of composite thermograms 

resembles that of the polymer and the bulk of the corruption 

occurs quickly. The bribery starts at approximately 305°C 

and continues to 460°C in both compositional products with 

15 and 25 percent fiber. Therefore the composite is slightly 

more thermal than the polymer. The thermal sounds of the 

polymer matrix may thus be improved by murta fibers; in 

the present instance, 293 to 305°C. The heat degradation is 

almost insignificant in the composites above 460 °C 

because of the polymer. As the fiber weight percentage 

increases, in general the composite decrease is because the 

lignin total increases in a composite with the expanding 

fiber. 

4.1.3 Tensile Strength 

The intentional strength of the fiber's tensile strength (TS) 

is equal to 242 ± 24 MPa and the strength of the polymer 

and composites in Table 4.2 are shown in Figure 4.6. Figure 

4.6 shows that both the fiber length and the measurement of 

the TS in the composite are susceptible. TS is common in 

natural fiber-reinforced composites with a fiber total and 

length. The composite TS is administered by a couple of 

variables such as matrix fiber selection, the matrix fiber 

orientation, fiber length measurement, fiber matrix 

adhesion measurement, and so on. The sum, length, and 

compatibility of the fiber surface are thus restricted to these 

amount of variables in order to ensure homogeneous 

compound and advancement of the fiber-matrix-Interfaces 

pressure move instrument. The largest TS is achieved with 

a fiber load of 25 percent weight and a fiber length of 25 

mm on the composite being investigated. The highest 

extreme of the TS is 57.6 MPa, an expansion of 145% 

compared to the clean polymer TS. At 25% fiber loads, the 

growth of TS is about 19% by extending the fiber length 

from 5 to 25 mm, while by increasing the fiber longitudinal 

from 25 to 35 mm TS has decreased by roughly 14%. The 

base fiber length is 25 mm along these lines and the main 

fiber charge for the present composite is 25 percent by 

weight. At the time of the expansion of fiber load above 25 

percent TS the load started to decrease. This is attributed to 

fiber aggregation creating interruptions in fiber adhesion 

and weakening. The SEM photos in Figure 4.7 show that 

the fibers are more than 25 weights percent agglomerated. 

 

Fig.4.6 SEM images of (a) neat polymer, (b) 5 % fiber 

composite and (c) 35 % fibercomposite 

 

Table 4.2 Tensile strengths of the composite as functions of 

fiber load and fiber length 

 

4.1.4 Strength 

Like TS, when the composite includes 25 percent weight of 
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25mm fiber it is anything but an important factor to get a 

flexural strength (FS) of the polymer by constructing the 

fiber (Table 4.3 and Figure 4.8). As with TS, therefore, the 

optimal FS for the polymer composite is both the length and 

the fiber measurement. The highest FS value is 64.8 MPa, 

which is around 126% more than the FS of clean 

polymer. FS starts to decrease by about 25 percent, and by 

around 6 percent, the fiber load falls at 35 percent of FS of 

the composite. In Figure 4.9, the FS-Ts ratio (force ratio) 

was compared to the fiber total. Most FS is greater than TS, 

such that the bending force is larger than the extending 

force. The FS comes out to not be precisely the TS if the 

fiber length exceeds the basic length which shows that the 

characteristics of the stacked fiber below or below the base 

length are differentiated. The SEM images in Figure 4.7 

show the buildup of 35 mm long fibers effectively revealed. 

Table 4.3 Flexural strengths of the composite as functions 

of fiber load and fiber length 

 

 

Fig.4.8 Variation of flexural strength of the composite 

with weight % of fiber  at fixed fiber lengths 

 

Fig.4.9 The ratio of flexural strength to tensile 

strength as a function of  fiber amount at fixed fiber 

lengths 

 

V. CONCLUSION 

Composite materials have a very adaptable component lay 

out above normal materials due to their clear strength, 

strength, and exhaustive characteristics. Composite 

materials consist of at least two components having truly 

split phases. However, it is regarded as comparable to a 

composite material only when composites exhibit 

significantly distinct real characteristics. 

Composites are materials that include material with solid 

loads (known as supports) (known as matrix). Composite 

materials, plastics and ceramics were the predominant 

materials over the past thirty years. Composite material 

volume and quantity of applications have continuously 

evolved, entering and overcoming new economic areas. 

Current composite materials provide a wide rise from 

common goods to refined specialised applications on the 

designed material market. While composites have proved 

their worth as weight saving materials, they are 

financially knowledgeable.  The present test. Several 

innovative assembly methods have lately been used for the 

composite industry in the attempts to create financially 

attractive composites. 
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Densities and speeds of sound measurements have been done for the amino acids (AAs) L-serine and L-
leucine in aqueous diammonium hydrogen phosphate (DAP) solution at different temperatures with a
specific interval of temperature. Thermophysical parameters including apparent molar volume (V/), par-
tial molar volume (V0

/), apparent molar isentropic compression (K/;s), partial molar isentropic compres-
sion (K0

/;s) and transfer volumes like partial molar volumes of transfer (DV0
/) and partial molar isentropic

compression of transfer (DKo
/;s) were determined using the measured experimental data. The co-sphere

overlap model was used to interpret the sort of interactions dominating in the system. The obtained
transfer quantities are positive which indicates the dominance of ion-hydrophilic and hydrophilic–hy-
drophilic interactions existing among the amino acids and diammonium hydrogen phosphate salt solu-
tion in aqueous medium. Pair and triple interaction coefficients calculated for the system of amino acids
and phosphate salt in aqueous medium. Overall results have been elaborated in terms of the solute-
solvent or solute-solute interactions prevailing in the system.

� 2021 Elsevier B.V. All rights reserved.
1. Introduction

Due to numerous specific interactions, it becomes onerous to
recognize the interaction behavior of large biomolecules such as
hormones, enzymes, and especially proteins. The stabilization or
destabilization of the proteins is communicated by the addition
of specific or external molecules to protein solutions [1,2]. Amino
acids are well known versatile constituents and these are the
fundamental substances for building proteins [3]. Conformational
appearances of proteins depend upon the properties and the
interaction with the surrounding environment [4]. The interac-
tions are mostly taking place among the protein molecules and
the ions of solvent. Therefore, one useful approach is to investi-
gate interactions of the model compounds of proteins i.e. amino
acids, in aqueous and mixed aqueous solutions. Hydrophobic
group or charged atomic groups and ions are components of
almost every biologically important system [5]. It is generally
recognized that the hydration of such atomic groups plays an
important role in the conformational stability of biopolymers
[6]. Consequently, characterization of the hydration properties
of both hydrophobic and charged groups should provide insights
into the role of solute-solvent interactions associated with funda-
mental protein phenomena such as folding/unfolding transitions,
solubility, and denaturation [7,8]. Because proteins are large
complex molecules, the direct study of protein– electrolyte inter-
actions is difficult. It is therefore, useful to investigate the inter-
action of model compounds such as amino acids, peptides, and
their derivatives that constitute part of the protein structures
[5,9]. Thermodynamic variables like temperature and pressure
affect the proteins in aqueous medium and play a key role in
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establishing a complete interpretation of the physical immutabil-
ity. Thus their thermodynamic properties in a variety of media
can provide valuable information about the stability and denatu-
ration of proteins [10–13]. Amino acids, the biologically impor-
tant compounds are of immense importance as their behavior
in aqueous and mixed aqueous solutions is different. There are
intensive work reported in the literature for the amino acids in
various solutions like ionic liquids [9,14–22] salts [23–26] drugs
[29–31], carbohydrates [10,11,31]. Along with this the amino
acids are also utilized in different field [22,32–38]. In this paper
we are using the amino acids in combination with the diammo-
nium hydrogen phosphate salt solutions in aqueous media. The
densities and speeds of sound measurement have been done
are further values utilized to acquire the thermodynamic proper-
ties. Experimental data of the densities and speeds of sound of
amino acids L-serine and L-leucine in aqueous solution of salt
diammonium hydrogen phosphate at different molal concentra-
tions and different temperatures have been recorded. The
obtained data of densities and speeds of sound have been uti-
lized to know about the thermodynamic properties and reviewed
in terms of solute-solute and solute-solvent interactions in the
current system of amino acids and salt. These properties are fur-
ther helpful in explaining the structure making/breaking nature
of solutes and the dominance of the sort of interactions prevail-
ing in the system.

2. Materials and methods

2.1. Chemicals

The chemicals taken for the study are amino acids L-Serine, L-
leucine and salt diammonium hydrogen phosphate were procured
from different sources. The amino acid L-Serine was procured from
Merck, Germany and the amino acid L-leucine and salt diammo-
nium hydrogen phosphate were purchased from HiMedia Chemi-
cals. Pvt. Ltd., India. All the chemicals were vacuum dried and
stored in desiccators over P2O5 for at least 48 h before their use.
Specification of the chemicals has been mentioned in the Table 1.

2.2. Apparatus and procedure

All the samples were prepared by weighting mass on a Sartorius
CPA225D balance having precision of ± 0.00001 g. The densities
and speeds of sound of the mixtures were measured at different
temperatures with a Anton Paar DSA 5000 M densimeter with pro-
portional temperature control that kept the samples at working
temperature within ± 1 � 10�3 K by a built-in Peltier device. The
Anton Paar DSA 5000 M densimeter was calibrated before each
measurement. The details of calibration of the densimeter and pro-
cedure for measurements are already reported in our earlier study
[14]. The relative uncertainty in molality for the compounds with
purity 99% is ur(m) = 0.01. The speeds of sound measurements
were carried out at a frequency of 3 MHz’s. As per the instrument
sensitivity, densities and speeds of sound can be measured
to ± 1 � 10�3 kg m�3 and 1 � 10�2 m s�1, respectively. The density
and speed of sound measurements have a standard uncertainty
of ± 0.15 kg m�3 and 0.8 m s�1, respectively.
Table 1
Specification of studied chemicals.

Chemical CAS number Source

L-serine 56–45-1 Merck, German
L-leucine 61–90-5 Hi Media Chem
Diammonium hydrogen phosphate 7783–28-0 Hi Media Chem

a As declared by supplier

2

3. Results and discussion

3.1. Density measurements

The experimental values of densities, q for both the AAs L-
leucine, L-serine in (0.5, 1.0, 1.5, 2.0) mol kg�1 aqueous solu-
tions of diammonium hydrogen phosphate DAP at temperatures
range from 288.15 K to 318.15 K measured at the interval of
10 K. The experimental values of densities for amino acids in
aqueous solutions of DAP has been mentioned in Table 2. It is
observed that the obtained values are positive for each mea-
surement of density and increases with the rise in the concen-
tration of the amino acids. The obtained values of densities for
the AAs and for the salt have been compared with the literature
[39–45]. It is obtained that the values of amino acids measured
experimentally are in good agreement with the literature as
mentioned in Table 2 and graphically shown in the Figs. 1–4.
The densities values for aqueous solutions of salt DAP at differ-
ent concentration and different temperatures are also reported
in the Table 2. The obtained densities values are compared with
the literature [46–48] and found in good agreement. Also the
graphical representation for the same have been done and men-
tioned in the Fig. 5. In Fig. 5 the plots 5(a)–5(d) are represent-
ing the temperature wise comparison of the densities data with
literature.

3.1.1. Apparent molar volume
The apparent molar volumes (V/) are calculated from the exper-

imental values of density (q) using the equation (1) given as follow

Vf ¼ ½ðM =rÞ � fðr � r0Þ = ðmArr0Þg� ð1Þ
where M is the molar mass of the solute (kg�mol�1), mA is the
molality (mol�kg�1) of the amino acids, i.e., the amount of solute
(amino acids) per kilogram of solvent (mixture of water and
DAP), and q0 and q are the densities (kg�m�3) of the solvent
and solution, respectively. Apparent molar volumes signify the
sort of interactions favored in the system. The positive values
of apparent molar volumes (V/) values signify solute-solvent
interactions between amino acids and ions of salt which undergo
dissociation in aqueous medium. The experimental values of den-
sities along with apparent molar volume values obtained by
equation (1) are reported in Table 2. It is determined from Table 2
the obtained values are positive for the apparent molar volumes.
The apparent molar volumes values signify the sort of interac-
tions prevailing in the system [4,14]. Obtained values are positive
which demonstrate that the solute-solvent interactions existing in
the ternary system of amino acids, DAP and aqueous. The values
are rising with the increase in temperature shows that solute-
solvent interactions are more dominating with the temperature.
The graphical representations of the values of V/ for both the
amino acids have been done and represented in the supplemen-
tary file as Figure S1 to S3. Figure S1 and S2 showing the values
of V/ for L-serine and Figure S3 representing the same for L-
leucine. These figures demonstrate that the all the values are pos-
itive and rises with the temperature which causes a greater affin-
ity for solvent and therefore intensifies the pronounced solute-
solvent interactions occurring among the zwitterions of amino
Purification method aMass fraction purity

y Drying over P2O5 � 0.99
. Pvt. Ltd., India Drying over P2O5 � 0.99
. Pvt. Ltd., India Drying over P2O5 � 0.99



Table 2
Densities, q and apparent molar volumes,V/of amino acids in aqueous solutions of DAP at different temperatures and experimental pressure, p = 0.1 MPa.

amA/ (mol�kg�1) q � 10�3 / (kg�m�3) V/ � 106 / (m3�mol�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

L-serine + aqueous 0.5 mol�kg�1 DAP
0.00000 1.032460 1.030238 1.026598 1.022501

1.032480b 1.030218b 1.026633b 1.022480b

1.032884c 1.030119c 1.026582c

1.032626d 1.030712d 1.026097d 1.022846d

0.10030 1.03681 1.03455 1.03088 1.02675 60.82 61.24 61.60 61.96
0.20033 1.04115 1.03885 1.03515 1.03099 60.57 60.99 61.34 61.71
0.29859 1.04542 1.04308 1.03935 1.03516 60.32 60.74 61.10 61.46
0.39885 1.04977 1.04739 1.04363 1.03941 60.07 60.49 60.84 61.21
0.47751 1.05318 1.05077 1.04699 1.04275 59.87 60.29 60.65 61.02
0.59662 1.05835 1.05589 1.05207 1.04780 59.58 60.00 60.36 60.72
0.69108 1.06245 1.05995 1.05611 1.05180 59.35 59.77 60.13 60.49
L-serine + aqueous1.0 mol�kg�1DAP
0.00000 1.066201 1.063979 1.060019 1.055685

1.066233b 1.063997b 1.060051b 1.055717b

1.066397c 1.064032c 1.060217c 1.055590c

0.09037 1.066201 1.063979 1.060019 1.055685 61.05 61.45 61.81 62.27
0.198196 1.070033 1.067775 1.063787 1.059417 60.79 61.19 61.55 62.01
0.29959 1.074605 1.072303 1.068284 1.063870 60.55 60.95 61.31 61.77
0.39727 1.078904 1.076562 1.072512 1.068058 60.32 60.72 61.08 61.54
0.49680 1.083045 1.080664 1.076585 1.072092 60.08 60.49 60.84 61.30
0.59755 1.087265 1.084845 1.080736 1.076203 59.85 60.25 60.61 61.06
0.69784 1.091537 1.089076 1.084937 1.080364 59.62 60.02 60.37 60.83
L-serine + aqueous 1.5 mol�kg�1DAP
0.00000 1.097287 1.095067 1.09078 1.086289

1.097301b 1.095097b 1.09076b 1.086332b

1.097529c 1.095182c 1.090108c 1.086187c

0.10001 1.101397 1.099147 1.094820 1.090289 61.41 61.72 62.16 62.63
0.19962 1.105491 1.103211 1.098845 1.094274 61.18 61.49 61.93 62.39
0.29714 1.109499 1.107190 1.102784 1.098175 60.96 61.27 61.71 62.17
0.39659 1.113587 1.111248 1.106802 1.102153 60.74 61.04 61.49 61.95
0.49608 1.117676 1.115307 1.110822 1.106132 60.52 60.82 61.27 61.72
0.59518 1.121749 1.119350 1.114825 1.110096 60.30 60.60 61.05 61.50
0.70098 1.126097 1.123667 1.119100 1.114328 60.06 60.37 60.81 61.27
L-serine + aqueous2.0 mol�kg�1DAP
0.00000 1.125765 1.123499 1.119175 1.114703

1.125824b 1.123553b 1.119143b 1.114667b

0.10000 1.129725 1.127399 1.123035 1.118543 61.89 62.43 62.87 63.16
0.20028 1.133696 1.131310 1.126906 1.122394 61.67 62.21 62.65 62.94
0.29871 1.137594 1.135149 1.130705 1.126173 61.46 62.00 62.44 62.73
0.40167 1.141671 1.139164 1.134679 1.130127 61.24 61.78 62.22 62.51
0.49460 1.145351 1.142788 1.138267 1.133696 61.04 61.59 62.03 62.31
0.59858 1.149469 1.146844 1.142280 1.137688 60.83 61.37 61.81 62.09
0.69012 1.153094 1.150414 1.145814 1.141204 60.63 61.18 61.62 61.90
L-leucine + aqueous 0.5 mol�kg�1DAP
0.00000 1.032460 1.030238 1.026598 1.022501

1.032480b 1.030218b 1.026633b 1.022480b

1.032884c 1.030119c 1.026582c

1.032626d 1.030712d 1.026097d 1.022846d

0.01084 1.032645 1.030421 1.026781 1.022685 110.98 111.38 111.72 112.00
0.02061 1.032812 1.030586 1.026946 1.022851 110.97 111.36 111.70 111.99
0.03833 1.033115 1.030886 1.027246 1.023153 110.93 111.33 111.67 111.95
0.05913 1.033471 1.031237 1.027597 1.023506 110.90 111.29 111.63 111.91
0.08001 1.033828 1.031590 1.027950 1.023861 110.86 111.25 111.59 111.87
0.09961 1.034163 1.031921 1.028281 1.024194 110.82 111.22 111.55 111.84
0.12119 1.034532 1.032286 1.028646 1.024561 110.78 111.18 111.51 111.80
L-leucine + aqueous 1.0 mol�kg�1DAP
0.00000 1.066201 1.063979 1.060019 1.055685

1.066233b 1.063997b 1.060051b 1.055717b

1.066397c 1.064032c 1.060217c 1.055590c

0.00999 1.066331 1.064109 1.060149 1.055815 111.58 111.79 112.16 112.57
0.01962 1.066456 1.064234 1.060274 1.055940 111.56 111.77 112.15 112.56
0.03947 1.066714 1.064492 1.060532 1.056198 111.54 111.75 112.12 112.53
0.05947 1.066974 1.064752 1.060792 1.056458 111.51 111.72 112.09 112.50
0.07910 1.067229 1.065007 1.061047 1.056713 111.48 111.69 112.06 112.48
0.09875 1.067485 1.065263 1.061303 1.056969 111.46 111.66 112.04 112.45
0.11938 1.067753 1.065531 1.061571 1.057237 111.43 111.64 112.01 112.42
L-leucine + aqueous 1.5 mol�kg�1DAP
0.00000 1.097287 1.095067 1.09078 1.086289

1.097301b 1.095097b 1.09076b 1.086332b

1.097529c 1.095182c 1.090108c 1.086187c

(continued on next page)
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Table 2 (continued)

amA/ (mol�kg�1) q � 10�3 / (kg�m�3) V/ � 106 / (m3�mol�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

0.01002 1.097380 1.095160 1.090873 1.086382 111.81 112.02 112.43 112.94
0.01968 1.097470 1.095250 1.090963 1.086472 111.80 112.01 112.42 112.89
0.03994 1.097658 1.095438 1.091151 1.086660 111.78 111.99 112.40 112.85
0.05979 1.097843 1.095623 1.091336 1.086845 111.76 111.97 112.38 112.83
0.07963 1.098028 1.095808 1.091521 1.087030 111.74 111.95 112.36 112.80
0.09977 1.098215 1.095995 1.091708 1.087217 111.72 111.93 112.34 112.78
0.11934 1.098397 1.096177 1.091890 1.087399 111.70 111.91 112.32 112.76
L-leucine + aqueous 2.0 mol�kg�1DAP
0.00000 1.125765 1.123499 1.119175 1.114703

1.125824b 1.123553b 1.119143b 1.114667b

0.00997 1.125820 1.123553 1.119229 1.114757 112.17 112.47 112.89 113.32
0.01969 1.125873 1.123605 1.119281 1.114809 112.17 112.46 112.88 113.32
0.03998 1.125985 1.123715 1.119391 1.114919 112.15 112.45 112.87 113.30
0.05996 1.126095 1.123823 1.119499 1.115027 112.14 112.44 112.86 113.29
0.07977 1.126204 1.123930 1.119606 1.115134 112.13 112.43 112.85 113.28
0.10010 1.126316 1.124040 1.119716 1.115244 112.12 112.42 112.84 113.27
0.11948 1.126422 1.124144 1.119820 1.115348 112.11 112.41 112.83 113.26

a mA is the molality of amino acids in aqueous DAP solutions. b, c, d values of densities from reference [46–48] respectively. Standard relative uncertainties in molality are ur
(m) = 0.5 %, Standard uncertainties u (T) = 0.001 K, u (q) = 0.15 kg∙m�3, and u (p) = 0.01 MPa (0.68 level of confidence).
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Fig. 1. Plots of comparison of densities values of L-serine in aqueous [39–40] and
experimental density values for L-serine in aqueous solution of DAP (Diammonium
hydrogen phosphate) at different concentrations (a) 288.15 K (b) 298.15 K.
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Fig. 2. Plots of comparison of densities values of L-serine in aqueous [39] and
experimental density values for L-serine in aqueous solution of DAP at different
concentrations (a) 308.15 K (b) 318.15 K.
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acids and ions of the salt [3,14]. It is also observed that the
values of apparent molar volumes are more for the L-leucine
compared to L-serine, which signifies the predominance of
solute-solvent interactions in L-leucine with the DAP solution in
aqueous medium.
4

3.1.2. Partial molar volume at infinite dilution
Partial molar volume at infinite dilution Vo

/is free from the
solute-solute interactions and depends upon the solute-solvent
interactions. Partial molar volume at infinite dilution V0

/gives
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Fig. 3. Plots of comparison of densities values of L-leucine in aqueous [41–45] and
experimental density values for L-leucine in aqueous solution of DAP at different
concentrations (a) 288.15 K (b) 298.15 K.
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concentrations (a) 308.15 K (b) 318.15 K.
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information about the structural volume of solute in solvent and
also volume change of solvent in the process of the shell formation
around the ion [23,24]. Partial molar volume at infinite dilution V0

/

is free from solute-solute interactions and depends on solute-
solvent interactions. Because it is assumed that at infinite dilution
solute particles are surrounded by the solvent molecules, so the
property partial molar volume gives the information of solute-
solvent interactions. Partial molar volume at infinite dilutionV0

/is
calculated by employing the least-squares fit of V/ values using
equation (2)

V/ ¼ V0
/ þ S�VmA ð2Þ

where S�V the experimental slope is the volumetric pairwise interac-
tion coefficient or semi empirical solute-solute interaction [49–50]
parameter and mA is the molality of amino acids in aqueous DAP
solution. The obtained values of V0

/ and S�V calculated by least-
squares fitting of V/ values by equation (2) are revealed in Table 3
along with standard error deviations. It is observed that obtained
values of partial molar volume at infinite dilutionV0

/ are positive
for both amino acids. It is analyzed that values are larger for L-
leucine than for L-serine. The large values of partial molar volume
at infinite dilutionV0

/for L-leucine are due to the more hydration
of the ions which undergoes greater interaction [3,23,43]. The val-
ues increase with the rise in temperature as well as with the rise
in the concentrations, whereas in the case of L-leucine, the values
increase with temperature but following an uneven trend with
the rise in the concentration of the DAP. The change of partial molar
volume at infinite dilution with temperature is due to different
parameters such as thermal expansion, weakening of H-bond net-
5

work, and release of molecules from solvation layers [15,49]. Along
with the values of partial molar volume at infinite dilution the val-
ues of experimental slope S�V are also given in Table 3. It is noticed
from Table 3 the obtained values of the experimental slope are neg-
ative. The values of experimental slope provide useful information
about the solute-solute interactions [50,51]. The positive sign of
the slope indicates that the solute-solute interactions existing in
the system, while the negative sign leads to the solute-solvent
interaction [52]. The obtained negative values of S�V indicates that
the solute-solute interactions are less dominating as compare to
solute-solvent interactions. So, from above discussion it is analyzed
that the solute-solvent interactions are more dominating as com-
pare to solute-solute interactions.
3.1.3. Partial molar volume of transfer
Partial molar volume of transfer at infinite dilution is the

change in volume observed at infinite dilution and have been
determined using the following equation (3)

DV0
/ ¼ V0

/ðin aqueous DAP solutionsÞ � V0
/ ðin waterÞ ð3Þ

The values of V0
/ for amino acids in water have been taken from

already published work [39,53]. The positive values of Partial
molar volume of transfer at infinite dilution demonstrate the
strong ion–ion interactions existing in the system. It also favors
the structure maker of promoter nature of the which is due to
the solvophobic solvation as well as the structural interaction for
two co-spheres as given by co-sphere overlap model [38,54–56].
These values of DV0

/ have been reported in Table 4. The obtained
values of partial molar volume of transfer at infinite dilution are
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Fig. 5. Plots of comparison of densities values of DAP in aqueous experimental and literature [46–48] (a) 288.15 K (b) 298.15 K (c) 308.15 K (d) 318.15 K.

Table 3
Partial molar volumes, Vo

/and experimental slopes, S�V of amino acids in aqueous solutions of DAP at different temperatures.

amB/(mol kg�1) Vo
/ � 106 / (m3 mol�1) S�V � 106 / (m3 kg mol�2)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

L-serine
0.5 61.06 (±0.004) 61.48 (±0.003) 61.84 (±0.003) 62.21 (±0.002) �2.48 (±0.008) �2.48 (±0.008) �2.49 (±0.008) �2.49 (±0.005)
1.0 61.26 (±0.004) 61.66 (±0.003) 62.02 (±0.003) 62.48 (±0.003) �2.36 (±0.007) �2.36 (±0.007) �2.37 (±0.007) �2.37 (±0.007)
1.5 61.63 (±0.003) 61.94 (±0.003) 62.38 (±0.003) 62.84 (±0.003) �2.24 (±0.006) �2.24 ±0.006) �2.24 (±0.006) �2.26(±0.009)
2.0 62.10 (±0.002) 62.64 (±0.002) 63.08 (±0.002) 63.37 (±0.002) �2.13 (±0.006) �2.12 (±0.006) �2.12 (±0.005) �2.13 (±0.005)
L-leucine
0.5 111.00 (±0.003) 111.40 (±0.003) 111.74 (±0.003) 112.02 (±0.003) �1.83 (±0.004) �1.82 (±0.004) �1.84 (±0.004) �1.86 (±0.004)
1.0 111.59 (±0.002) 111.80 (±0.002) 112.17 (±0.002) 112.59 (±0.002) �1.36 (±0.002) �1.36 (±0.002) �1.37 (±0.002) �1.38 (±0.002)
1.5 111.82 (±0.001) 112.03 (±0.001) 112.44 (±0.001) 112.93 (±0.012) �0.95 (±0.001) �0.95 (±0.001) �0.96 (±0.001) �1.53 (±0.017)
2.0 112.18 (±0.003) 112.47 (±0.003) 112.89 (±0.003) 113.33 (±0.003) �0.55 (±0.003) �0.54 (±0.003) �0.54 (±0.003) �0.55 (±0.003)

Table 4
Partial molar volume of transfer, DV0

/of both the amino acids in aqueous solutions of DAP at different temperatures.

amB/ (mol�kg�1) DV0
/ � 106 (m3�mol�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

L-serine
0.5 3.04 2.66 2.97 1.34
1.0 3.24 2.84 3.15 1.61
1.5 3.61 3.12 3.51 1.97
2.0 4.08 3.82 4.21 2.50
L-leucine
0.5 4.28 3.81 3.14 2.64
1.0 4.87 4.21 3.57 3.21
1.5 5.10 4.44 3.84 3.55
2.0 5.46 4.88 4.29 3.95

H. Kumar, V. Kumar, S. Sharma et al. Journal of Molecular Liquids 344 (2021) 117780
all positive. It has been observed that the values of transfer volume
do not follow any regular trend in the case of L-serine, and in the
case of L-leucine, the values increase with increase in the concen-
tration of DAP. The co-sphere overlap model [38,54–56] plays a
6

vital role in determining the sort of interactions occurring in the
system. According to this model, various kind of interactions arise
in the system of AAs in aqueous DAP solutions are ion-hydrophilic
interactions, hydrophilic-hydrophilic interactions, ion-
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hydrophobic interactions and hydrophobic-hydrophobic interac-
tions. A negative contribution of transfer volume is carried by
ion-hydrophobic interactions and hydrophobic-hydrophobic inter-
actions, whereas ion-hydrophilic and hydrophilic-hydrophilic
interactions show opposite contributions toward DV0

/values. In
present work the obtained values of transfer volumes are positive
which indicates that the ion-hydrophilic or hydrophilic-
hydrophilic interactions are dominating in the ternary mixtures.

3.1.4. Temperature dependent partial molar volume at infinite dilution
The use of general polynomial equation (4) leads to the study of

variation of V0
/ with temperature.

V0
/ ¼ Aþ B T ��Tref

� � þ C T ��Tref

� �2 ð4Þ
where T is the temperature in Kelvin, and A, B, and C are empirical
constants. The values of empirical constants for amino acids in
aqueous DAP solutions are given in Table 5. The value of empirical
constants for both the amino acids in aqueous solutions of DAP was
determined using weighted regressions and are listed in Table 5.

The ARD (r) deviations are calculated using equation (5) given
as follows

r ¼ ð1=nÞR½absððYexptl: � Ycalc:Þ=Yexptl:Þ� ð5Þ
where Y = V0

/(apparent molar volume at infinite dilution). From
Table 5, it is observed that small values of deviations have been
obtained, which indicates that the polynomial equation fits well
in the current study of AAs and DAP in aqueous solution. The tem-
perature dependence of partial molar volume at infinite dilution is
expressed in terms of the absolute temperature (T).

The limiting apparent molar expansibilities are calculated using
the following equation (6)

/0
E ¼ @V0

/=@T
� �

p
¼ Bþ 2C T ��Tref

� � ð6Þ
Table 5
Values of empirical parameters of Eq.(4) for amino acids in aqueous DAP solutions.

amB / (mol�kg�1) a � 106 / (m3 mol�1) b x106 / (m3 mol�1 K�

L-serine
0.5 61.47 0.0393
1.0 61.64 0.0388
1.5 61.95 0.0370
2.0 62.64 0.0487
L-leucine
0.5 111.40 0.0366
1.0 111.82 0.0285
1.5 112.04 0.0305
2.0 112.49 0.0352

a mB is the molality of aqueous solutions of DAP

Table 6
Limiting apparent molar expansibilities Eo

/for amino acids in aqueous DAP solutions at dif

amB / (mol�kg�1) Eo/ � 106 / (m3 mol�1 K�1)

T = 288.15 K T = 298.15 K T

L-serine
0.5 0.0421 0.0393 0
1.0 0.0360 0.0388 0
1.5 0.0291 0.0370 0
2.0 0.0611 0.0487 0
L-leucine
0.5 0.0419 0.0366 0
1.0 0.0184 0.0285 0
1.5 0.0163 0.0305 0
2.0 0.0283 0.0352 0

a mB is the molality of aqueous solutions of DAP

7

Limiting apparent molar expansibilities at infinite dilution, Eo
/=

(oV0
//oT)p, is convenient to recognize that solute-solvent interac-

tions predominate in the solution. Hepler [57] derived the thermo-
dynamic equation (7) to determine the structure-making or
structure-breaking nature of the solute, as given

@/0
E=@T

� �
p ¼ ð@2Vo

/=@T
2Þ

p
¼ 2C ð7Þ

The calculated values of Eo
/ for amino acids at different temper-

ature are given in Table 6. The obtained values of Eo
/ and (o/0

E / oT) p

are positive. The positive Eo
/values signify the existence of solute-

solvent interactions between amino acid zwitterions and solvated
ions of DAP in aqueous medium. The sign of (o/0

E / oT) p determines
the tendency of a dissolved solute as a structure maker or structure
breaker in a solvent. It recommends that positive and small nega-
tive (o/0

E / oT) p values are obtained for solutes having structure
making capacity, whereas negative (o/0

E / oT) p values for structure
breaking solutes [57,58]. The positive values of (o/0

E / oT) p depict
the structure making ability of amino acids in aqueous DAP solu-
tions. Hence from above explanation it is revealed that the
solute-solvent interactions are occurring in the system and also
the values of limiting apparent molar expansibilities further help-
ful to determining the structure-making nature of the solute.

3.2. Speeds of sound measurements

The experimental measurement of speeds of sound, u of L-
serine and L- leucine in (0.5, 1.0, 1.5, 2.0) mol kg�1 aqueous solu-
tions of DAP at temperatures T = (288.15, 298.15, 308.15, 318.15)
K have been done. The experimental values of speeds of sound
for amino acids in aqueous solutions of DAP has been mentioned
in Table 7. It is observed that the obtained values are positive for
each measurement of speeds of sound and increases with the rise
1) c � 106/ (m3 mol�1 K�2) R2 ARD(r)

�0.0001 0.9999 0.00011
0.0001 0.9999 0.00024
0.0004 0.9999 0.00020
�0.0006 0.9999 0.00009

�0.0003 0.9999 0.00004
0.0005 0.9999 0.00011
0.0007 0.9999 0.00010
0.0003 0.9999 0.00009

ferent temperatures.

ð@Eo/=@TÞp/ (m
3 mol�1 K�2)

= 308.15 K T = 318.15 K

.0364 0.0336 0.0003

.0417 0.0445 0.0003

.0448 0.0527 0.0008

.0363 0.0239 0.0012

.0313 0.0260 0.0005

.0387 0.0489 0.0010

.0446 0.0588 0.0014

.0422 0.0491 0.0007



Table 7
Values of speeds of sound, u and apparent molar isentropic compression, K/;sof amino acids in aqueous solutions of DAP at different temperatures and experimental pressure,
p = 0.1 MPa.

amA / (mol�kg�1) u / (ms�1) K/;s � 106 / (m3�mol�1�GPa�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

L-serine + aqueous 0.5 mol�kg�1 DAP
0.00000 1518.07 1545.27 1563.85 1582.08

1517.47b 1544.86b 1564.56b 1581.15b

1517.08c 1544.36c 1564.22c 1517.08c

1517.70d 1544.30d 1564.83d 1581.30d

0.10030 1524.52 1552.04 1570.42 1588.37 �43.20 �41.68 �40.67 �39.77
0.20033 1531.41 1558.95 1576.83 1595.24 �43.59 �42.05 �41.04 �40.13
0.29859 1538.18 1565.74 1583.14 1602.00 �43.83 �42.28 �41.27 �40.36
0.39885 1545.09 1572.67 1589.57 1608.88 �44.05 �42.49 �41.47 �40.55
0.47751 1550.51 1578.11 1594.62 1614.29 �44.21 �42.65 �41.62 �40.70
0.59662 1558.72 1586.34 1602.26 1620.47 �44.45 �42.87 �41.84 �40.91
0.69108 1565.23 1592.86 1608.32 1626.96 �44.63 �43.04 �42.01 �41.08
L-serine + aqueous1.0 mol�kg�1 DAP
0.00000 1573.06 1598.13 1615.41 1628.39

1572.99b 1597.11b 1614.09b 1628.34b

1572.00d 1597.90d 1614.10d 1628.30d

0.09904 1579.29 1603.36 1620.44 1634.42 �40.20 �38.98 �38.16 �37.51
0.19820 1585.52 1609.30 1626.48 1640.56 �40.56 �39.33 �38.50 �37.84
0.29959 1591.90 1615.37 1632.65 1646.83 �40.78 �39.54 �38.71 �38.05
0.39727 1598.04 1621.22 1638.60 1652.88 �40.97 �39.72 �38.89 �38.22
0.49680 1604.30 1627.18 1644.66 1659.03 �41.14 �39.89 �39.05 �38.38
0.59755 1610.64 1633.21 1650.79 1665.27 �41.32 �40.06 �39.22 �38.54
0.69784 1616.94 1639.22 1656.90 1671.48 �41.49 �40.22 �39.38 �38.70
L-serine + aqueous 1.5 mol�kg�1 DAP
0.00000 1629.88 1650.87 1665.43 1677.69

1629.80b 1650.73b 1664.95b 1676.87b

1629.60d 1650.40d 1664.40d 1676.60d

0.10001 1637.80 1657.79 1672.15 1684.11 �37.48 �36.53 �35.90 �35.38
0.19962 1645.68 1664.68 1679.04 1691.00 �37.77 �36.82 �36.18 �35.66
0.29714 1653.40 1671.42 1685.78 1697.74 �37.96 �37.00 �36.36 �35.84
0.39659 1661.27 1678.30 1692.66 1704.62 �38.13 �37.16 �36.52 �36.00
0.49608 1669.15 1685.18 1699.54 1711.50 �38.28 �37.31 �36.67 �36.14
0.59518 1676.99 1692.04 1706.40 1718.36 �38.44 �37.46 �36.81 �36.28
0.70098 1685.37 1699.36 1713.72 1725.68 �38.59 �37.61 �36.96 �36.43
L-serine + aqueous 2.0 mol�kg�1 DAP
0.00000 1689.58 1708.27 1718.45 1728.5

1689.62b 1707.04b 1718.38b 1727.84b

0.10000 1696.14 1713.83 1724.71 1734.11 �34.88 �34.16 �33.71 �33.34
0.20028 1702.71 1720.40 1730.98 1740.18 �35.14 �34.41 �33.97 �33.59
0.29871 1709.16 1726.85 1737.14 1746.14 �35.31 �34.58 �34.13 �33.75
0.40167 1715.91 1733.60 1743.58 1752.37 �35.46 �34.72 �34.27 �33.89
0.49460 1722.00 1739.69 1749.39 1758.00 �35.59 �34.85 �34.39 �34.01
0.59858 1728.82 1746.51 1755.90 1764.30 �35.73 �34.98 �34.52 �34.14
0.69012 1734.82 1752.51 1761.62 1769.84 �35.84 �35.09 �34.63 �34.25
L-leucine + aqueous 0.5 mol�kg�1 DAP
0.00000 1507.4 1535.1 1556.0 1571.1

1507.20b 1534.68b 1555.74b 1570.81b

1507.3d 1534.9d 1555.9d 1570.9d

0.01084 1519.70 1547.01 1565.88 1583.33 �39.68 �38.26 �37.32 �36.47
0.02061 1521.58 1548.71 1567.58 1585.00 �41.47 �40.00 �39.02 �38.15
0.03833 1525.00 1551.81 1570.68 1588.03 �42.40 �40.89 �39.91 �39.02
0.05913 1529.01 1555.45 1574.32 1591.58 �42.78 �41.27 �40.28 �39.38
0.08001 1533.04 1559.10 1577.97 1595.15 �42.98 �41.46 �40.46 �39.57
0.09961 1536.82 1562.53 1581.40 1598.50 �43.09 �41.57 �40.57 �39.67
0.12119 1540.98 1566.30 1585.17 1602.18 �43.18 �41.65 �40.65 �39.76
L-leucine + aqueous 1.0 mol�kg�1 DAP
0.00000 1544.5 1569.6 1588.8 1602.4

1544.35b 1569.47b 1588.63b 1602.26b

1544.3d 1569.7d 1588.9d 1602.6d

0.00999 1574.87 1599.26 1616.04 1629.87 �36.87 �35.74 �34.96 �34.34
0.01962 1576.62 1601.03 1617.62 1631.40 �38.62 �37.44 �36.64 �36.00
0.03947 1580.23 1604.67 1620.86 1634.55 �39.54 �38.34 �37.53 �36.88
0.05947 1583.86 1608.35 1624.14 1637.72 �39.85 �38.64 �37.83 �37.18
0.07910 1587.42 1611.95 1627.35 1640.83 �40.01 �38.80 �37.98 �37.33
0.09875 1590.99 1615.55 1630.56 1643.95 �40.11 �38.89 �38.08 �37.42
0.11938 1594.73 1619.34 1633.93 1647.22 �40.18 �38.96 �38.15 �37.49
L-leucine + aqueous 1.5 mol�kg�1 DAP
0.00000 1579.6 1602.7 1619.7 1632.0

1579.46b 1602.24b 1619.54b 1631.66b

1579.0d 1602.4d 1619.9d 1631.1d

H. Kumar, V. Kumar, S. Sharma et al. Journal of Molecular Liquids 344 (2021) 117780

8



Table 7 (continued)

amA / (mol�kg�1) u / (ms�1) K/;s � 106 / (m3�mol�1�GPa�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

0.01002 1632.00 1652.69 1667.05 1679.01 �36.68 �35.60 �34.84 �34.29
0.01968 1634.05 1654.44 1668.80 1680.76 �38.38 �37.27 �36.48 �35.92
0.03994 1638.34 1658.12 1672.48 1684.44 �39.26 �38.13 �37.33 �36.76
0.05979 1642.55 1661.72 1676.08 1688.04 �39.57 �38.43 �37.63 �37.06
0.07963 1646.76 1665.32 1679.68 1691.64 �39.73 �38.59 �37.78 �37.21
0.09977 1651.02 1668.97 1683.33 1695.29 �39.84 �38.69 �37.88 �37.31
0.11934 1655.17 1672.52 1686.88 1698.84 �39.91 �38.76 �37.95 �37.38
L-leucine + aqueous 2.0 mol�kg�1 DAP
0.00000 1613.5 1634.1 1649.6 1660.5

1613.60b 1634.12b 1649.64b 1660.38b

0.00997 1690.80 1708.33 1719.43 1729.03 �34.54 �33.65 �33.05 �32.55
0.01969 1692.00 1709.36 1720.38 1729.98 �36.07 �35.15 �34.54 �34.03
0.03998 1694.49 1711.51 1722.37 1731.97 �36.88 �35.95 �35.32 �34.81
0.05996 1696.95 1713.62 1724.32 1733.92 �37.15 �36.21 �35.58 �35.07
0.07977 1699.38 1715.72 1726.26 1735.86 �37.28 �36.34 �35.71 �35.20
0.10010 1701.88 1717.88 1728.25 1737.85 �37.37 �36.42 �35.80 �35.28
0.11948 1704.26 1719.93 1730.15 1739.75 �37.43 �36.48 �35.85 �35.34

a mA is the molality of amino acids in aqueous DAP solutions; b, d Values of ultrasonic speed taken from reference [46–48]. Standard relative uncertainties in molality are ur
(m) = 0.5%, Standard uncertainties u (T) = 0.001 K, u (u) = 0.8 m�s�1 and u (p) = 0.01 MPa (0.68 level of confidence).
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Fig. 6. Plots of comparison of speeds of sound values of L-serine in aqueous [39]
and experimental speed of sound values for L-serine in aqueous solution of DAP at
different concentrations (a) 288.15 K (b) 298.15 K.
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Fig. 7. Plots of comparison of speeds of sound values of L-serine in aqueous [39]
and experimental speed of sound values for L-serine in aqueous solution of DAP at
different concentrations (a) 308.15 K (b) 318.15 K.
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in the concentration of the amino acids. The obtained values of
speeds of sound for the AAs and for the salt have been compared
with the literature [39,42,44]. It is obtained that the values of
amino acids measured experimentally are in good agreement with
the literature as mentioned in Table 7 and graphically shown in the
Figs. 6-9. The speeds of sound values for aqueous solutions of salt
DAP at different concentration and different temperatures are also
reported in the Table 7. The obtained speeds of sound values are
9

compared with the literature [46–48]and found in good agree-
ment. Also the graphical representation for the same have been
done and mentioned in the Fig. 10. In Fig. 10 the plots 10(a)–10
(d) are representing the temperature wise comparison of the
speeds of sound data with literature.
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Fig. 8. Plots of comparison of speeds of sound values of L-leucine in aqueous
[42,44] and experimental speed of sound values for L-leucine in aqueous solution of
DAP at different concentrations (a) 288.15 K (b) 298.15 K.
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Fig. 9. Plots of comparison of speeds of sound values of L-leucine in aqueous
[42,44] and experimental speed of sound values for L-leucine in aqueous solution of
DAP at different concentrations (a) 308.15 K (b) 318.15 K.
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3.2.1. Apparent molar isentropic compression
Apparent molar isentropic compression for amino acids in

aqueous solutions of DAP is obtained by utilizing equation (8)

Kf ;s ¼ ½ðMjS=rÞ � fðjSr0 � jS;0rÞ= ðmArr0Þg� ð8Þ
whereM is the molar mass of the solute (kg�mol�1),mA is the molal-
ity (mol�kg�1) of the amino acids, i.e., the amount of solute (amino
acids) per kilogram of solvent (mixture of water and DAP), q0 and q
are the densities (kg�m�3) of the solvent and solution, respectively,
and jS,0 and jS are the isentropic compressibility’s of pure solvent
and solution, respectively. Using the following equation (9), the
isentropic compressibility is calculated as

jS ¼ 1 = ðu2rÞ ð9Þ
where u is speed of sound and q is density of solution. Apparent
molar isentropic compression demonstrates the ordering of water
molecules around the solute. The calculated values ofK/;sas well
as speeds of sound values for molal concentrations (mA) of amino
acids in (0.5, 0.1, 1.5, 0.2) mol kg�1) DAP solution at different tem-
peratures are outlined in Table 7. From Table 7, it is observed that
all of the values K/,s are negative at all temperatures. The negative
values ofK/;s predict that the molecules in the bulk solution are
more compressible than water molecules surrounding the ionic
charged groups of amino acids. This additionally indicates the
strong solute-solvent interactions between zwitterions of amino
acid and salt molecules attributing the ordering of water molecules
around solute [4,59,60]. So the negative values of the apparent
molar isentropic compression demonstrate the solute-solvent inter-
actions and favor the volumetric data.

3.3. Partial molar isentropic compression

The partial molar isentropic compression at infinite dilution K/;s

can be calculate by using equation (10) given as follows

K/;s ¼ K0
/;s þ S�KmA ð10Þ

where K0
/;sthe partial molar isentropic compression at infinite dilu-

tion,S�K is the experimental slope, and mA is the molality of amino
acids in aqueous DAP solutions. The values of experimental slope,S�K
indicates the solute-solvent interactions and values of partial molar
isentropic compression at infinite dilution,K0

/;s reveal the type of
interactions existing in the mixtures. Negative values of partial
molar isentropic compression at infinite dilution for amino acids
are attributed to the strong attractive interactions between amino
acids and salt solution[61,62]. The obtained values of K0

/;sand S�K
from equation (10) along with the standard error are reported in
Table 8. From the Table 8 it is observed that the values are more
negative for partial molar isentropic compression and less negative
Table 8
Partial molar isentropic compression, Ko

/;s and experimental slopes,S�K for amino acids in aq

amB / (mol�kg�1) Ko
/;s � 106 / (m3�mol�1�GPa�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15

L-serine
0.5 �43.08(±0.059) �41.56(±0.057) �40.56(±0.056) �39.66(±0
1.0 �40.10(±0.056) �38.89(±0.054) �38.07(±0.053) �37.42(±0
1.5 �37.38(±0.045) �36.44(±0.044) �35.81(±0.044) �35.30(±0
2.0 �34.80(±0.040) �34.08(±0.039) �33.64(±0.039) �33.26(±0
L-leucine
0.5 �40.66(±0.558) �39.21(±0.541) �38.25(±0.531) �37.39(±0
1.0 �37.84(±0.540) �36.68(±0.526) �35.89(±0.519) �35.26(±0
1.5 �35.38(±0.473) �34.48(±0.463) �33.87(±0.459) �33.37(±0
2.0 �33.02(±0.421) �32.33(±0.414) �31.90(±0.412) �31.53(±0

a mB is the molality of aqueous solutions of DAP.

11
for the experimental slope, which elucidate that the solute-solvent
interactions are stronger and solute-solute interactions are weak
[3,63]. The negative values ofK0

/;s decrease with an increase in tem-
perature and concentration of DAP in aqueous medium.

3.4. Partial molar compressibility of transfer at infinite dilution

Using the equation. (11), we have calculated the partial molar
isentropic compressions of transfer

(DKo
/;s) of amino acid from water to aqueous DAP solutions at

infinite dilution.

DKo
/;s ¼ Ko

/;s in aqueous DAP solutionsð Þ � Ko
/;s in waterð Þ ð11Þ

The values of partial molar isentropic compressions of transfer
DKo

/;sat different concentrations of DAP in aqueous medium, are
reported in Table 9. It is observed from the Table 9 the obtained
values are positive for both the amino acids except some values
for L-serine at DAP concentration 0.5 mol�kg�1 in aqueous. The
positive values of DKo

/;sindicate the prevalence of interactions
between the zwitterionic center of amino acid and DAP solution,
indicating the structure-making tendency of the ions. The positive
values of DKo

/;sindicate the release of water molecules from the sec-
ondary solvation layer of AAs into the bulk. The release of water
molecules indicates the prevalence of hydrophilic � hydrophilic
interactions in AAs.

3.5. Pair and triplet interaction coefficients

According to McMillan–Mayer theory [64] of solutions, the pair
and triplet interaction coefficients have been calculated which per-
mits the separation of effects due to interaction between the pairs
of solute molecules and those due to its interaction between more
than two solute molecules. Further discussed by Friedmann and
Krishnan [65] the solute-solvent interactions can be included in
the solvation spheres.

Partial molar volume of transfer and partial molar isentropic
compression of transfer can be expressed by

DV0
f ðwater to aqueous DAP solutionÞ
¼ 2 VABmB þ 3 VABBm2

B ð12Þ

DK0
/;SðWater to aqueous DAP solutionÞ
¼ 2 KABmB þ 3 KABBm2

B ð13Þ
where A denotes amino acid, B denotes DAP and mB is the molality
of aqueous DAP solutions. The pair and triplet interaction coeffi-
cients are described by the corresponding parameters VAB, VABB for
partial molar volume and KAB, KABB for isentropic compression.
ueous solutions of DAP at different temperatures.

S�K � 106 / (kg�m3�mol�2�GPa�1)

K T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

.055) �2.32(±0.133) �2.23(±0.129) �2.17(±0.127) �2.12(±0.125)

.053) �2.06(±0.125) �1.98(±0.122) �1.94(±0.120) �1.90(±0.119)

.043) �1.79(±0.101) �1.73(±0.099) �1.70(±0.098) �1.67(±0.098)

.039) �1.57(±0.090) �1.52(±0.088) �1.50(±0.088) �1.48(±0.087)

.524) �25.51(±7.724) �24.71(±7.483) �24.28(±7.356) �23.94(±7.252)

.514) �24.26(±7.545) �23.62(±7.347) �23.30(±7.247) �23.09(±7.183)

.456) �21.13(±6.582) �20.68(±6.441) �20.49(±6.381) �20.36(±6.342)

.411) �18.61(±5.847) �18.29(±5.750) �18.20(±5.719) �18.14(±5.701)



Table 9
Partial molar isentropic compression of transfer DKo

/;sof amino acids in aqueous solutions of DAP at different temperatures.

amB / (mol�kg�1) DKo
/;s � 106 (m3�mol�1 GPa�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

L-serine
0.5 �0.64 �0.84 �1.10 �0.97
1.0 2.34 1.83 1.39 1.27
1.5 5.06 4.28 3.65 3.39
2.0 7.64 6.64 5.82 5.43
L-leucine
0.5 2.79 2.55 2.21 2.17
1.0 5.61 5.08 4.57 4.30
1.5 8.07 7.28 6.59 6.19
2.0 10.43 9.43 8.56 8.03

a mB is the molality of aqueous solutions of DAP

Table 10
Pair and triplet interaction coefficients of amino acids in aqueous solutions of DAP at different temperatures.

T / (K) VAB � 106 / (m3 mol�2 kg) VABB � 106 / (m3 mol�3 kg2) KAB � 106 / (m3 mol�2 kg GPa�1) KABB � 106 / (m3 mol�3 kg2 GPa�1)

L-serine
288.15 2.59 �0.55 �0.05 0.68
298.15 2.19 �0.43 �0.28 0.68
308.15 2.45 �0.49 �0.54 0.69
318.15 1.12 �0.18 �0.49 0.64
L-leucine
288.15 3.89 �0.87 2.95 �0.11
298.15 3.36 �0.74 2.67 �0.11
308.15 2.79 �0.60 2.35 �0.07
318.15 2.43 �0.50 2.26 �0.08
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The obtained values of transfer parameters DV/
0 and DK0

/;S were fit-
ted to above equations (12) and (13). The values of pair and triple
interaction coefficients determined from these equations are
reported in Table 10. The positive values have been observed for
pair interaction coefficients VAB, KAB whereas triplet interaction
coefficients VABB and KABB are negative at all temperatures. The pos-
itive value of VAB, KAB predicts that the pair wise interaction
between AAs and DAP and occurs due to the overlap of hydration
spheres of solute-cosolute molecules [24,35]. The positive values
of pair interaction coefficient for volumetric and compressibility
measurements signify that pair wise interactions are dominating
in the (amino acid + DAP + water) mixtures.
4. Conclusion

The densities and speeds of sound measurements of L-serine
and L-leucine in aqueous diammonium hydrogen phosphate solu-
tions have been carried out in the present study. Thermodynamic
properties like apparent molar properties and partial molar prop-
erties computed from densities and speeds of sound data indicates
that strong solute-solvent interactions dominating in the mixture
of amino acids and DAP in aqueous media. The interactions
between amino acids and DAP molecules are evident from the
interpretation of the data. The apparent molar volume, partial
molar volume at infinite dilution are calculated, which were found
to be positive and increase with the temperature of the DAP solu-
tion. This indicates greater solvation and interaction between the
amino acid and aqueous DAP solutions. The transfer properties
indicate that the ion–hydrophilic and hydrophilic–hydrophilic
interactions are dominion over hydrophobic– hydrophobic and
ion–hydrophobic interactions. Negative values of partial molar
isentropic compression conclude that hydrophilic interactions are
prevailing in the mixtures. Also the structure making property of
amino acids in DAP solution is shown by the second derivative of
temperatureð@2Vo

/=@T
2Þ

p
. The positive values of pair interaction
12
coefficient for volumetric and compressibility measurements sug-
gest that pair wise interactions are dominating in the (amino
acid + DAP + water) mixtures due to the overlap of hydration
spheres of amino acids and ions of phosphate salt. The considered
mixture provides significant fundamental experimental data and
theoretical supports for further exploring interactions of various
amino acids with different additives.
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The physicochemical properties of amino acids like L-Leucine and L-Serine in aqueous solution of ammo-
nium dihydrogen Phosphate (ADP) at different temperature analysed by volumetric and acoustic meth-
ods. By using density data, apparent molar volume V/, partial molar volume V0

/ and standard partial
molar volume of transfer DV0

/ have been evaluated. From speed of sound data, apparent molar isentropic
compression K/;s apparent partial molar isentropic compression K0

/;s and partial molar isentropic com-
pression of transfer DKo

/;s have been calculated. The pair and triplet interaction coefficient have also been
calculated. The results have been interpreted in terms of solute–solute and solvent–solvent interactions.

� 2020 Elsevier Ltd.
1. Introduction

Amino acids and proteins are the building blocks of life which
have great impact that elevated the conformation of proteins and
solvation [1,2]. Because proteins are large complex molecules,
the direct study of protein–electrolyte interactions is difficult. It
is therefore, useful to investigate the interaction of model com-
pounds such as amino acids, peptides, and their derivatives that
constitute part of the protein structures [3]. Amino acids are bioac-
tive organic compounds containing amine and carboxylic acid
group with side chains in all organism on earth. Amino acids differ
from each other in size, charge, hydrogen-bonding capacity,
hydrophobicity and chemical reactivity. Because of their biological
significance amino acids are important in nutrition and are com-
monly used in nutritional supplements, fertilizers and food tech-
nology. Therefore, protein model compounds such as amino acids
and peptides, which are basic components of proteins, have been
investigated in detail with respect to their thermodynamic proper-
ties in aqueous and mixed aqueous solutions [4–10].Thermody-
namic properties of amino acids, as fundamental structural units
of proteins in aqueous electrolyte solutions provide important
information about solute – solvent and solute – solute interactions
that can be of great help in understanding several processes, such
as protein hydration, denaturation, and protein aggregation
[11,12]. Amino acids, the biologically important compounds is of
immense importance as their behaviour in aqueous and mixed
aqueous solutions in different temperature range determines
how the proteins tends to behave in living cells and this leads to
open field of curious research [13–15]. The solution structure of
amino acids/peptides is because of the intermolecular interactions
and the understanding of these intermolecular interactions have a
decisive role for determining the outcome in biological systems
and even these are in close contact with the thermodynamic prop-
erties of liquids, solids and gases. Research has been carried out on
thermodynamic properties of amino acids in aqueous electrolyte
solutions, carbohydrates, surfactants, etc. but the phosphates salts
are still found in limited study. The phosphates are biologically and
industrially important salts which are employed in food, cosmetics,
and pharmaceutical industries and also in numerous biochemical
studies. The present work is just a continuation of our earlier lab-
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oratory work on the volumetric and ultrasonic properties of amino
acids and peptides with phosphate salts of biological importance.

Amino acids are charged molecules which show a very high sol-
ubility in aqueous medium. Because of solvent effects of their
direct binding the protein conformation is sometimes influenced
by these added co-solutes [16–20]. The interactions of water with
various functional groups of amino acids play a crucial role.
Ammonium dihydrogen phosphate (ADP), NH4H2PO4 commonly
called mono ammonium phosphate (MAP) is a chemical com-
pound. It is a white crystalline solid. It is a water-soluble salt which
is used as fertilizer, dry chemical fire extinguisher and in building
materials. On studying thermodynamic properties of biological
molecules in aqueous solution are important as many biochemical
processes occur in aqueous solution. Valuable information on
solute – solute and solute – solvent interactions is furnished by
physicochemical and thermodynamics properties of amino acids
in aqueous solutions [21–26]. Our study is mainly focused on the
measurement of densities and ultrasonic properties of amino acids
in aqueous ADP as a function of different molal concentration at
different temperatures (288.15, 298.15, 308.15 and 318.15) K and
atmospheric pressure. The density and speed of sound data has
been used to determine different physical parameters such as
apparent molar volume V/, partial molar volume V0

/, partial molar

volume of transfer DV0
/ ,apparent molar isentropic compression

K/;s, partial molar isentropic compression K0
/;sand partial molar

isentropic compression of transfer DKo
/;sthat will be inspected in

terms of solute – solvent and solute – solute interactions which
are operative in ternary mixture.

2. Material and methods

2.1. Chemicals

The chemicals used in our study L-Leucine, L-Serine and ammo-
nium dihydrogen phosphate (ADP) were of high pureness (˃0.99
mass fraction). They were used without further purification. How-
ever before use, the amino acids were stored over P2O5 in a desic-
cator for at least 48 h. The detailed description of chemicals is
specified in Table 1.

2.2. Apparatus and procedure

For measuring the density and speed of sound, the samples
were prepared using Sartorius CPA225D balance having precision
of ± 0.00001 g. Freshly prepared triple distilled and degassed water
(specific conductance < 10�6 S�cm�1) was used for the preparation
of solutions. Anton Paar DSA 5000 M densimeter was used for the
measurements of densities and speeds of sound of the mixtures.
The details of calibration and other procedures have been specified
in our earlier paper [27]. Standard relative uncertainty in molality
for samples as per stated purities of the compounds is ur(m) = 2%.
The speed of sound measurements was carried out at a frequency
of 3 MHz Both the density and speed of sound are extremely sen-
sitive to temperature, so it was controlled to ±1 � 10�3 K by built
in Peltier Device. The sensitivity of instrument of instrument corre-
Table 1
Specification of studied chemicals.

Chemical CAS number Source

L-Serine 56-45-1 Merck, German
L-Leucine 61-90-5 HI Media Chem
Ammonium dihydrogen phosphate 7722-76-1 HI Media Chem

a As declared by supplier.

2

sponds to a precision in density and speeds of sound measure-
ments of 1 � 10�3 kg∙m�3 and 1 � 10�2 m∙s�1..The standard
uncertainty of density and speed of sound at a confidence level
of 0.68 are 1 kg∙m�3 and 1.6 m∙s�1 respectively.

3. Results and discussion

3.1. Density measurements

The experimental value of solution densities, q of L-Leucine, L-
Serine in (0.5, 1.0, 1.5, 2.0) mol∙kg�1 aqueous solutions of ADP were
measured at temperatures T (288.15, 298.15, 308.15 and 318.15) K.
The experimental values of density for amino acids in aqueous
solutions of ADP have been compared graphically with literature
density values of aqueous solutions of amino acids [28–34] at dif-
ferent temperatures as shown in Figs. 1–4 and values are found to
follow the regular trend with respect to each other. The values of
density for all the solutions at different temperatures are listed
in Table 2. It is observed that density of solution increases with rise
in concentration of amino acids and decreases slightly with
increase in temperature of solution. The experimental values of
density for aqueous solutions of ADP at different temperatures
have been compared with the literature [35–40] values. Out of
these, Refs. [35 and 37] are our previous publications. The graphi-
cal comparison has been represented in Figs. 5 and 6 at different
temperatures. The values reported in references [38–40] are not
the same as the studied compositions and temperatures in pre-
sented study. To avoid confusion, the graphical comparison com-
prising of these references are presented in Figs. S1 of supporting
information. Figs. 5 and 6 represent the graphical comparison of
aqueous solutions of ADP on the molality scale at different temper-
atures. The collective comparison of density values of the aqueous
ADP solutions in terms of molality units at different temperatures
is represented in Fig.. S1(a), whereas the literature comparison of
the density values of aqueous ADP solutions in mass fraction units
is given in Fig. S1(b) of supporting information. It is observed from
Fig. S1(a) that the density values are in good agreement with liter-
ature values [35–37]. On the other hand, He et al., Xie et al. and
Yang et al. have made studies on the solid–liquid phase equilibria
comprising of the ADP as one of the component and reported the
density values for the aqueous ADP in mass fraction units [38–
40]. So, for graphical comparison of density values we have con-
verted the molality units to mass fraction units and plotted the
density values at different temperatures as presented in Fig. S1
(b). From Fig. S1(b) it is observed that deviations between the
experimental values and literature values have been noticed.

3.1.1. Apparent molar volume
The volumetric behaviour of solutions provides useful informa-

tion about the solute – solvent and solute – solute interactions.
Property like apparent molar volume has proved to be very useful
in the study of molecular and ionic interactions occurring in solu-
tions [31]. The important relevance is regarding the nature of the
interactions of water with solute molecules, especially with that
effect the structural properties of water. So, the volumetric param-
eters like the apparent molar volume, partial molar volumes and
Purification method aMass fraction purity

y Drying over P2O5 �0.99
. Pvt. Ltd., India Drying over P2O5 �0.99
. Pvt. Ltd., India Drying over P2O5 �0.99



Fig. 1. Plots of comparison of density values of L-serine in aqueous [28,29] and
experimental density values for L-serine in aqueous solution of ADP (Ammonium
dihydrogen phosphate) at different concentrations (a) 288.15 K (b) 298.15 K.

Fig. 2. Plots of comparison of density values of L-serine in aqueous [28] and
experimental density values for L-serine in aqueous solution of ADP at different
concentrations (a) 308.15 K (b) 318.15 K.
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partial molar expansibilities of solute are found to be very useful in
predicting and elucidating the structural interactions occurring in
solutions [41].

The values of apparent molar volume (V/) are calculated from
experimental values of density (q) by using following equation.

V/ ¼ ½ M =qð Þ � fðq� q0Þ = mAqq0ð Þg� ð1Þ
where M is molar mass of solute (kg∙mol�1), mA is molality
(mol∙kg�1) of amino acids i.e. amount of solute (amino acids) per
one kilogram of solvent (mixture of water + ADP) and q and q0

are densities (kg∙m�3) of solution and solvent respectively. The val-
ues of apparent molar volume are reported in Table 2. The magni-
tude of the apparent molar volumes predicts about the nature of
interactions prevailing the mixtures. The positive values of apparent
molar volumes V/ indicate strong solute – solvent interactions. The
calculated values of apparent molar volume are graphically pre-
sented in Figs. S2 and S3 of Supplementary information. From
graphical representation it is observed that apparent molar volumes
for L-Leucine and L-Serine are positive and the values are rises with
the rise in the temperature. The increase in the values of apparent
molar volume with the rise in temperature causes greater affinity
for the solvent hence the solute – solvent interactions enhance.
The positive values of V/ are indicative of greater solute – solvent
interactions present in the system. It is also noticed that the values
of apparent molar volumes are more for corresponding L-Leucine as
compared to L-Serine, which signifies the predominance of solute –
solvent interactions in case of L-leucine as compared to L-serine.
3

The rise in the volume occurs due to the increase in surface of solute
to interact with solvent [27].

3.1.2. Partial molar volume
Partial molar volume or the apparent molar volume at infinite

dilution calculated by using equation (2), partial molar volume
V0

/ is calculated by means of least squares fit of V/ values. The val-
ues of the apparent molar volume at infinite dilution are an impor-
tant property because each ion is surrounded only by the solvents
molecules and the ions are infinitely distant from each other. So
the values of partial molar volume signify the presence of ion–sol-
vent or solute – solvent interaction and it is unaffected by solute –
solute or ion-ion interactions [42,43]. The infinite dilution thermo-
dynamic quantities reflect the solute – solvent interactions and the
concentration dependence of these properties provide information
about solute – solute interactions. The V0

/ is very sensitive to solute
salvation as it reflects structural volume change of solvent in the
process of shell formation around the ion [44,45]. The utilized
equation for the determination of the values of partial molar vol-
ume V0

/ s given as following.

V/ ¼ V0
/ þ S�VmA ð2Þ

The S�V the experimental slope is the volumetric pairwise inter-
action coefficient or semi empirical solute – solute interaction
[35,36] parameter andmA is the molality of amino acids in aqueous
ADP. The values obtained for V0

/ and S�V also helps in predicting the



Fig. 3. Plots of comparison of density values of L-leucine in aqueous [30–34] and
experimental density values for L-leucine in aqueous solution of ADP at different
concentrations (a) 288.15 K (b) 298.15 K.

Fig. 4. Plots of comparison of density values of L-leucine in aqueous [31–33] and
experimental density values for L-leucine in aqueous solution of ADP at different
concentrations (a) 308.15 K (b) 318.15 K.
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solute – solvent interactions, solute – co-solute interactions and
solute–solute interactions. Partial molar volume at infinite dilution
V0

/ depends on solute – solvent interactions not on solute – solute
interactions. Because at infinite dilution, solvent molecules sur-
round each ion goes infinitely apart so, the value of V0

/ by definition
are free from solute – solute interaction and therefore provides
information regarding solute – solvent interactions as explained
earlier. The Values of V0

/ and S�V together with standard errors
derived by least squares fitting of V/ values to equation (2) are
defined in Table 3 along with standard error deviations. The
obtained values of the partial molar volumes are positive for both
the amino acids. It is also noticed that the values of V0

/ are more at
the lower concentrations of the salt as mentioned in the Table 3.
For the lower concentration of ADP, the large values of the partial
molar volume are attributed to the attractive interactions which
may be due to the hydration of the ions. As the concentration of
the ADP increases, the small volumes have been recognized which
are responsible for the strong attractive interactions. According to
co-sphere overlap model if the overlap occurring among the ionic
species the positive rise in the volume take place and negative vol-
ume obtained during the overlap of hydrophobic-hydrophobic spe-
cies. Obtained values of the partial molar volume employ the
solute – solvent or ion-hydrophilic interactions dominating in the
ternary mixtures of amino acids, salt and water. The increase in
V0

/ values with an increase in temperature for all amino acids
may be explained as release of some solvation molecules from
the loose solvation layers of the solutes in solution. The change
in V0

/ with temperature may involve many reasons such as thermal
4

expansion, weakening of H-bond network and molecules being
loosened from the solvation layers [46,47]. In simple terms, an
increase in temperature reduces the electrostriction and which
leads to the increase in the V0

/values. The positive sign of the slope
indicates that the two hydrophilic groups interact in solution,
while the negative sign leads to the hydrophobic cospheres [48].
The positive values of experimental slopeS�V employ the presence
of solute – solute interactions in the system and the obtained
experimental values for the same have been mentioned in the
Table 3. It is observed that the negative values have been obtained
for the experimental slope which indicates that the solute – sol-
vent interactions are more dominating than the solute – solute
interactions.
3.1.3. Partial molar volume of transfer
The partial molar volume of transfer for both the amino acids

has been calculated by using the values of partial molar volume
of the amino acids in aqueous solution of the ADP and partial molar
volume of amino acids in water. The following equation has been
utilized to determine the values of partial molar volume of transfer
at infinite dilution.

DV0
/ ¼ V0

/ in aqueous ADP solutionð Þ � V0
/ in waterð Þ ð3Þ

The calculated values of partial molar volumes of transfer are
reported in Table 4. The values of V0

/ for amino acids in water have
been taken from already published work [28,49]. From the Table 4
it is observed that the values of DV0

/ are positive as well as nega-
tive. The values of partial molar volume of transfer at infinite dilu-
tion are positive for the L-serine and negative for the L-leucine. To
know the sort of interactions occurring in the solutions, co-sphere



Table 2
Densities, q and apparent molar volumes, V/ of amino acids in aqueous solutions of ADP at different temperatures and experimental pressure, p = 0.1 MPa.

amA/(mol�kg�1) q � 10�3/(kg�m�3) V/ � 106/(m3�mol�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

L-Serine + aqueous 0.5 mol�kg�1ADP
0.00000 1.02986 1.02700 1.02369 1.02002

1.029895b 1.026926b 1.023680b 1.019889b

1.029605c 1.026684c 1.023344c 1.019518c

1.029999d 1.026452d 1.023325d 1.019736d

0.10024 1.03362 1.03076 1.02744 1.02378 66.45 66.53 66.63 66.74
0.20083 1.03739 1.03454 1.03122 1.02755 66.21 66.29 66.39 66.50
0.29877 1.04106 1.03821 1.03489 1.03122 65.97 66.06 66.15 66.26
0.40147 1.04491 1.04206 1.03874 1.03507 65.73 65.81 65.91 66.01
0.49696 1.04850 1.04564 1.04232 1.03865 65.50 65.59 65.68 65.79
0.59791 1.05228 1.04943 1.04611 1.04244 65.27 65.35 65.44 65.55
0.70029 1.05612 1.05327 1.04995 1.04628 65.03 65.11 65.20 65.31

L-Serine + aqueous1.0 mol�kg�1 ADP
0.00000 1.05723 1.05419 1.05069 1.04679

1.057212b 1.054111b 1.050638b 1.046759b

1.056922c 1.053869c 1.050302c 1.046388c

1.057615d 1.054224d 1.050982d 1.046479d

0.09981 1.06053 1.05749 1.05399 1.05008 69.66 69.78 69.91 70.06
0.19972 1.06382 1.06078 1.05728 1.05338 69.45 69.56 69.69 69.84
0.30100 1.06717 1.06413 1.06063 1.05672 69.23 69.34 69.47 69.62
0.39698 1.07033 1.06729 1.06379 1.05989 69.02 69.14 69.27 69.41
0.50020 1.07374 1.07070 1.06720 1.06330 68.81 68.92 69.05 69.19
0.60235 1.07711 1.07407 1.07057 1.06667 68.59 68.70 68.83 68.97
0.70168 1.08039 1.07735 1.07385 1.06994 68.38 68.49 68.62 68.76

L-Serine + aqueous 1.5 mol�kg�1 ADP
0.00000 1.08244 1.07936 1.07568 1.07170

1.082488b 1.079387b 1.075632b 1.071692b

1.082198c 1.079145c 1.075296c 1.071321c

1.082555d 1.079601d 1.075845d 1.071755d

0.10012 1.08635 1.08327 1.07958 1.07561 63.57 63.66 63.76 63.87
0.19998 1.09024 1.08716 1.08348 1.07950 63.35 63.43 63.53 63.64
0.30470 1.09433 1.09125 1.08756 1.08358 63.11 63.19 63.29 63.40
0.40108 1.09808 1.09500 1.09132 1.08734 62.89 62.98 63.08 63.18
0.49786 1.10186 1.09878 1.09510 1.09112 62.68 62.76 62.86 62.97
0.59962 1.10583 1.10275 1.09906 1.09509 62.45 62.54 62.63 62.74
0.69758 1.10965 1.10657 1.10288 1.09891 62.24 62.32 62.42 62.52

L-Serine + aqueous2.0 mol�kg�1 ADP
0.00000 1.10570 1.10243 1.09867 1.09468

1.105650b 1.102498b 1.098679b 1.094705b

1.105360c 1.102256c 1.098343c 1.094334c

0.10001 1.10955 1.10628 1.10252 1.09853 63.34 63.43 63.54 63.65
0.19933 1.11338 1.11010 1.10634 1.10236 63.12 63.21 63.32 63.43
0.30181 1.11732 1.11405 1.11029 1.10630 62.89 62.99 63.09 63.20
0.40105 1.12114 1.11787 1.11411 1.11012 62.68 62.77 62.88 62.99
0.50100 1.12499 1.12172 1.11796 1.11397 62.47 62.56 62.66 62.77
0.60163 1.12887 1.12559 1.12183 1.11785 62.25 62.34 62.44 62.55
0.70424 1.13282 1.12954 1.12578 1.12180 62.03 62.12 62.22 62.33

L-Leucine + aqueous 0.5 mol�kg�1 ADP
0.00000 1.02986 1.02700 1.02369 1.02002

1.029895b 1.026926b 1.023680b 1.019889b

1.029605c 1.026684c 1.023344c 1.019518c

1.029999d 1.026452d 1.023325d 1.019736d

0.01001 1.03010 1.02724 1.02393 1.02026 104.62 104.85 105.11 105.41
0.01980 1.03034 1.02748 1.02417 1.02050 104.60 104.82 105.09 105.38
0.03988 1.03082 1.02796 1.02465 1.02098 104.55 104.77 105.04 105.33
0.06007 1.03131 1.02845 1.02514 1.02147 104.50 104.72 104.99 105.28
0.08034 1.03180 1.02894 1.02563 1.02196 104.45 104.67 104.94 105.23
0.09930 1.03225 1.02939 1.02608 1.02241 104.40 104.63 104.89 105.19
0.12018 1.03276 1.02990 1.02659 1.02292 104.35 104.58 104.84 105.13

L-Leucine + aqueous 1.0 mol�kg�1 ADP
0.00000 1.05723 1.05419 1.05069 1.04679

1.057212b 1.054111b 1.050638b 1.046759b

1.056922c 1.053869c 1.050302c 1.046388c

1.057615d 1.054224d 1.050982d 1.046479d

0.00996 1.05747 1.05443 1.05093 1.04703 102.48 102.72 102.99 103.29
0.01961 1.05770 1.05466 1.05116 1.04726 102.46 102.70 102.96 103.27
0.04004 1.05820 1.05516 1.05166 1.04776 102.41 102.65 102.92 103.22
0.05971 1.05867 1.05563 1.05213 1.04823 102.37 102.60 102.87 103.17
0.07973 1.05915 1.05611 1.05261 1.04871 102.32 102.55 102.82 103.12
0.09977 1.05963 1.05659 1.05309 1.04919 102.28 102.51 102.78 103.08

(continued on next page)
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Table 2 (continued)

amA/(mol�kg�1) q � 10�3/(kg�m�3) V/ � 106/(m3�mol�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

0.12012 1.06013 1.05709 1.05359 1.04969 102.23 102.46 102.73 103.03

L-Leucine + aqueous 1.5 mol�kg�1 ADP
0.00000 1.08244 1.07936 1.07568 1.07170

1.082488b 1.079387b 1.075632b 1.071692b

1.082198c 1.079145c 1.075296c 1.071321c

1.082555d 1.079601d 1.075845d 1.071755d

0.01000 1.08268 1.07960 1.07592 1.07194 100.59 100.82 101.09 101.39
0.01980 1.08292 1.07984 1.07616 1.07218 100.57 100.79 101.07 101.37
0.03977 1.08340 1.08032 1.07664 1.07266 100.52 100.75 101.02 101.32
0.06012 1.08389 1.08081 1.07713 1.07315 100.48 100.70 100.98 101.27
0.08019 1.08437 1.08129 1.07761 1.07363 100.43 100.66 100.93 101.23
0.10023 1.08486 1.08178 1.07810 1.07412 100.39 100.61 100.89 101.18
0.12057 1.08535 1.08227 1.07859 1.07461 100.34 100.57 100.84 101.14

L-Leucine + aqueous 2.0 mol�kg�1 ADP
0.00000 1.10570 1.10243 1.09867 1.09468

1.105650b 1.102498b 1.098679b 1.094705b

1.105360c 1.102256c 1.098343c 1.094334c

0.01003 1.10594 1.10267 1.09891 1.09492 98.90 99.13 99.40 99.69
0.01485 1.10606 1.10279 1.09903 1.09504 98.89 99.12 99.39 99.68
0.01889 1.10616 1.10289 1.09913 1.09514 98.88 99.11 99.38 99.67
0.02501 1.10630 1.10303 1.09927 1.09528 98.86 99.10 99.37 99.66
0.02852 1.10639 1.10312 1.09936 1.09537 98.86 99.09 99.36 99.65
0.04012 1.10667 1.10340 1.09964 1.09565 98.83 99.07 99.34 99.63
0.05941 1.10713 1.10386 1.10010 1.09611 98.79 99.02 99.29 99.58

a mA is the molality of amino acids in aqueous ADP solutions. b, c, d values of densities from reference [35–37]. Standard relative uncertainties in molality are ur (m) = 2%,
Standard uncertainties u (T) = 0.001 K, u (q) = 1 kg∙m�3, u(V/) = ±(0.03–0.05) � 106/(m3�mol�1) and u (p) = 0.01 MPa (0.68 level of confidence).

Fig. 5. Plots of comparison of density values of ADP experimental and literature
[35–37] (a) 288.15 K (b) 298.15 K. Reference 35 and 37 are our previous
publications.
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overlap model play a significant role to explain these interactions.
Depending upon the co-sphere overlap model regarding the values
of DV0

/, there is negligible contribution from solute – solute inter-
actions and hence they provide information regarding solute – sol-
vent interactions. The various interactions that occur between
amino acids and ADP molecules can be categorized as: (i) ion-
hydrophilic interactions (between zwitterionic centres of amino
acids and polar groups of ADP) (ii) hydrophilic-hydrophilic interac-
tions (between polar groups of amino acids and polar groups of
ADP) (iii) ion-hydrophobic interactions (between zwitterionic cen-
tres of amino acids and non-polar groups of ADP) and (iv)
hydrophobic-hydrophobic interactions (between non-polar groups
of amino acids and non-polar groups of ADP). According to co-
sphere overlap model, ion-hydrophobic interactions and
hydrophobic-hydrophobic interactions contribute negatively
whereas ion-hydrophilic and hydrophilic-hydrophilic interactions
contribute positively to the DV0

/values. Therefore, in our present
study of (amino acid + water + ADP), it is deduced that ion–hy-
drophilic and hydrophilic– hydrophilic interactions are dominating
over the last two interactions. Positive values of the transfer
parameters indicate that ion–hydrophilic and hydrophilic – hydro-
philic interactions are dominating in case of L-serine. In case of L-
leucine negative values of the transfer volume employ that the
domination of the hydrophobic-hydrophilic and hydrophobic-
hydrophobic interactions. Because the addition of co-solute to
the aqueous solution of ADP destroys the cage structure of the sol-
vent and solute. Hence the positive data for the partial molar vol-
ume of transfer reflect that ion-ion or solute – solute interactions
are dominating in the (L-serine + ADP + water) system and have
the structure-making nature. Whereas the negative contribution
of the transfer volume for the (L-leucine + ADP + water) system
indicates the hydrophobic-hydrophilic and hydrophobic-
hydrophobic interactions and structure breaker nature.



Fig. 6. Plots of comparison of density values of ADP experimental and literature
[35–37] (a) 308.15 K (b) 318.15 K. Reference 35 and 37 are our previous
publications.
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3.1.4. Temperature dependent partial molar volume at infinite dilution
Temperature dependent partial molar volume at infinite dilu-

tion was evaluated for the present system of (amino acids + ADP
+ water). Study of the variation of the V0

/with temperature made
use of equation (4) as noted below

V0
/ ¼ aþ b T ��Trefð Þ þ cðT ��TrefÞ2 ð4Þ
where T is temperature in Kelvin, Tref = 298.15 K, and a, b and c

are empirical constants. Temperature dependence of partial molar
property provides information on (solute + solvent) interactions i.e.
Table 3
Partial molar volumes, Vo

/ and experimental slopes, S�V of amino acids in aqueous solution

amB/(mol�kg�1) Vo
/ � 106/(m3�mol�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15

L-Serin
0.5 66.68(±0.03) 66.77(±0.03) 66.87(±0.03) 66.98(±0.
1.0 69.87(±0.02) 69.99(±0.02) 70.12(±0.02) 70.27(±0.
1.5 63.79(±0.03) 63.88(±0.03) 63.98(±0.03) 64.10(±0.
2.0 63.55(±0.03) 63.64(±0.03) 63.75(±0.03) 63.87(±0.

L-Leuci
0.5 104.64(±0.0006) 104.87(±0.0006) 105.14(±0.0006) 105.43(±0
1.0 102.51(±0.0005) 102.74(±0.0005) 103.01(±0.0005) 103.31(±0
1.5 100.61(±0.0005) 100.84(±0.0005) 101.11(±0.0005) 101.41(±0
2.0 98.92(±0.0001) 99.15(±0.0001) 99.42(±0.0001) 99.71(±0.

a mB is the molality of aqueous ADP solutions. Standard relative uncertainties in molali
(m3�mol�1) (0.68 level of confidence).
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(ion + solvent) or (zwitterions + solvent) interactions present in
solutions, as, (solute + solute) interactions like (ion + ion) or (zwit-
terion + zwitterion) interactions at infinite dilution are negligible.
The obtained values of the empirical constants have been reported
in Table S1 of supporting information. The obtained values of the
empirical constants are positive except two values of parameter c
for L-leucine. The empirical constants are utilized to calculate the
theoretical V0

/ values, and the obtained deviations from experi-

mental V0
/and theoretical V0

/ values have been reported in
Table S1 of supporting information along with the empirical con-
stants. Deviations were obtained by utilizing the values of experi-
mental V0

/and theoreticalV0
/by using the Eq. (5) given as follows:

r ¼ ð1=nÞR½absððYexptl: � Ycalc:Þ=Yexptl:Þ� ð5Þ

where Y = V0
/ apparent molar volume at infinite dilution or partial

molar volume. From Table 5 it is noticed that small values have
been obtained for the deviations which indicate that the equation
fits well in the present system of amino acids in aqueous ADP
solution.

The temperature dependence of partial molar volume at infinite
dilution (V0

/) is expressed in terms of the absolute temperature (T).
Also, the partial molar expansibilities at infinite dilution have been
evaluated. The partial molar expansibilities at infinite dilution
Eo
/have been calculated by differentiating equation (4)

/0
E ¼ ð@=@TÞp ¼ Bþ 2C T ��Trefð Þ ð6Þ

ð@/0
E =@TÞp ¼ ð@2Vo

/=@T
2Þ

p
¼ 2C ð7Þ

The calculated values of Eo
/ for both the amino acids in aqueous

ADP solutions at different temperature are given in Table S2 of sup-
porting information. The values of Eo

/ are positive at all tempera-

tures and concentration of ADP. From positive values of Eo
/

signify the presence of interactions between amino acid zwitteri-
ons and solvated ions of phosphate salt in these mixtures. The Eo

/

values rise with the rise in the temperature. With the rise in the
concentration of ADP, values are not following any regular trend.
The values of the partial molar isobaric expansivity Eo

/ are an
important indicator of solute – solvent interactions. These values
are also employed in interpreting of the structure making or break-
ing properties of various solutes. Positive expansivity (i.e. increas-
ing volume with increasing temperature) is a characteristic
property of non-aqueous solutions of hydrophobic solvation [50].
The packing effect [51,52] point towards the positive Eo

/values indi-
cating the interactions between amino acids and ADP molecules.
s of ADP at different temperatures.

S�V � 106/(m3�kg�mol�2)

K T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

e
03) �2.36(±0.007) �2.37(±0.007) �2.38(±0.007) �2.39(±0.007)
02) �2.13(±0.005) �2.14(±0.005) �2.15(±0.005) �2.16(±0.005)
03) �2.23(±0.006) �2.24(±0.006) �2.25(±0.006) �2.27(±0.006)
03) �2.15(±0.006) �2.16(±0.006) �2.17(±0.006) �2.18(±0.006)

ne
.0006) �2.44(±0.0008) �2.45(±0.0008) �2.47(±0.0008) �2.48(±0.0008)
.0005) �2.33(±0.0007) �2.34(±0.0007) �2.36(±0.0007) �2.37(±0.0007)
.0005) �2.23(±0.0007) �2.25(±0.0007) �2.26(±0.0007) �2.27(±0.0007)
0001) �2.15(±0.0003) �2.16(±0.0003) �2.18(±0.0003) �2.19(±0.0003)

ty are ur (m) = 2%, Standard uncertainties u (T) = 0.001 K. u(V/) = ±(0.03–0.05) � 106/



Table 4
Partial molar volume of transfer, DV0

/ of amino acids in aqueous solutions of ADP at different temperatures.

amB/(mol�kg�1) DV0
/ � 106 (m3�mol�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

L-Serine
0.5 8.68 7.95 7.01 6.11
1.0 11.87 11.17 10.26 9.40
1.5 5.79 5.06 4.12 3.23
2.0 5.55 4.82 3.89 3.00

L-Leucine
0.5 �2.08 �2.69 �3.46 �4.70
1.0 �4.21 �4.82 �5.59 �6.82
1.5 �6.11 �6.72 �7.49 �8.72
2.0 �7.80 �8.41 �9.18 �10.42

a mB is the molality of aqueous solutions of ADP. Standard relative uncertainties in molality are ur (m) = 2%, Standard uncertainties u (T) = 0.001 K, u(V/) = ±(0.03–0.05) �
106/(m3�mol�1) (0.68 level of confidence).
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3.2. Speed of sound

The experimentally measured speed of sound, u of L-Serine and
L-Leucine in (0.5, 1.0, 1.5, 2.0) mol�kg�1aqueous solutions of ADP at
temperatures (288.15, 298.15, 308.15, 318.15) K are listed in
Table 5. It is observed that speeds of sound of amino acids in aque-
ous solutions of ADP increases with increase in temperature and
concentration of ADP and with increase in concentration of amino
acids. The experimental values of speed of sound for amino acids in
aqueous solutions of ADP solution are compared graphically with
speed of sound values of aqueous amino acids solutions
[28,31,33] as shown in Figs. 7–10. From these figures it is observed
that speeds of sound values follow the regular trend and are in
good agreement with literature values [28,31,33]. The experimen-
tal values of speeds of sound for aqueous solutions of ADP at differ-
ent temperatures have also been compared with literature values
[35,37,53] and are graphically represented in Figs. 11 and 12. It
is hereby noted that references [35,37] are our previous publica-
tions. From the comparison it is observed that values are in good
agreement with literature values except for values reported in ref-
erence [53] where the values shows some deviations from the
experimental values.

3.2.1. Apparent molar isentropic compression
The apparent molar isentropic compression for amino acids in

aqueous and mixed aqueous solutions of ADP at different temper-
atures was determined by using equation (8):

K/;s ¼ MjS=qð Þ � f jSq0 � jS;0qð Þ= mAqq0ð Þg½ � ð8Þ
where M is molar mass of solute (kg∙mol�1), mA is molality
(mol∙kg�1) of amino acids i.e. amount of solute (amino acids) per
one kilogram of solvent (mixture of water + ADP) and q and q0

are densities (kg∙m�3) of solution and solvent respectively, jS,0

and jS are isentropic compressibility of pure solvent and solution
respectively. The isentropic compressibility is calculated by utiliz-
ing equation (9):

jS ¼ 1= u2q
� � ð9Þ

Here u is speed of sound and q is density of solution.
The calculated values of K/;sas well as speeds of sound values

for molar concentrations (mA) of amino acids (0.5, 1.0, 1.5, 2.0)
mol�kg�1 ADP at different temperatures have been outlined in
Table 5 The K/;s values are negative at all temperatures and con-
centrations of ADP as marked from Table 6. The negative K/;svalues
show that water molecules around the solute are less compressible
than water molecules in the bulk because it is assumed that amino
acids and ions are not pressure dependent and electrostricted
8

water molecules are already compressed to its maximum extent
by the charge on the ions and the amino acids. Therefore, the com-
pressibility of a solution is mainly due to pressure on the bulk
water molecules. The K/;svalues become less negative with
increase in temperature. The water molecules in the bulk solution
are more compressible than water molecules surrounding the ionic
charged groups of amino acids as predicted by negative K/;svalues.
This indicates the strong solute solvent interactions between ions
of amino acids and salt molecules. The negative K/;svalues indicate
greater loss of structural compressibility of water involving a
greater ordering effect by solute on solvent [54,55]. More negative
values of K/,S at lower temperatures imply that the water molecule
around amino acid molecules are less compressible than the water
molecules in the bulk solution [56,57] due to the hydrophobic
interactions of a non-polar group resulting in the tightening of
the water molecules around it. This further supports the conclu-
sion that there are strong solute – solvent interactions and weak
solute – solute interactions in these mixtures. The hydrophilic-
hydrophilic group interactions between the groups of amino acids
and ADP dominate in these mixtures.

3.2.2. Partial molar isentropic compression
The variation of apparent molar isentropic compression

K/;swith molar concentration of amino acids can be represented
by using Eq. (10).

K/;s ¼ K0
/;s þ S�KmA ð10Þ

where K0
/;s is the partial molar isentropic compression and S*K is the

experimental slope indicates solute - solute interactions, mA is
molality of amino acids in aqueous ADP solutions. The values of
K0

/;sand S*K values are described along with standard errors deter-
mined using by least squares fit in Table 6. The small S*K values pre-
dict that solute – solute interactions are negligible in comparison to
solute solvent interactions [50].

The values of K0
/;s are found to become less negative with

increase in temperature as well as increase in concentration of
ADP. The values of K0

/;s for amino acids in aqueous ADP solutions
are less negative than their corresponding values in pure water.
The negative values of K0

/;s suggest that water molecules around
amino acids are less compressible than that the water molecules
in the bulk solution [56,58] and less negative values of K0

/;s at
higher temperatures indicates the lesser electrostriction of water
molecules around amino acids. The K0

/;s values can be expressed
as the extent to which hydration around the solute molecule can
be compressed. The negative values of K0

/;s (loss of compressibility



Table 5
Values of ultrasonic speed, u, and apparent molar isentropic compression, K/;s of amino acids in aqueous solutions of ADP at different temperatures and experimental pressure,
p = 0.1 MPa.

amA/(mol�kg�1) u/(m�s�1) K/;s � 106/(m3�mol�1�GPa�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

L-Serine + aqueous 0.5 mol�kg�1ADP
0.00000 1507.4 1535.1 1556.0 1571.1

1507.20b 1534.68b 1555.74b 1570.81b

1507.3d 1534.9 d 1555.9 d 1570.9 d

0.10024 1513.3 1540.7 1561.2 1576.0 �43.76 �42.20 �41.07 �40.28
0.20083 1519.2 1546.3 1566.4 1580.9 �44.13 �42.55 �41.41 �40.62
0.29877 1524.9 1551.8 1571.5 1585.7 �44.36 �42.77 �41.63 �40.83
0.40147 1531.0 1557.5 1576.8 1590.7 �44.56 �42.96 �41.82 �41.02
0.49696 1536.6 1562.8 1581.8 1595.3 �44.73 �43.13 �41.98 �41.18
0.59791 1542.5 1568.5 1587.0 1600.3 �44.91 �43.30 �42.15 �41.34
0.70029 1548.5 1574.2 1592.3 1605.3 �45.08 �43.47 �42.31 �41.51

L-Serine + aqueous1.0 mol�kg�1ADP
0.00000 1544.5 1569.6 1588.8 1602.4

1544.35b 1569.47b 1588.63b 1602.26b

1544.3d 1569.7 d 1588.9 d 1602.6 d

0.09981 1549.7 1574.8 1594.0 1607.0 �41.68 �40.35 �39.38 �38.72
0.19972 1554.9 1580.0 1599.2 1611.6 �42.00 �40.66 �39.69 �39.02
0.30100 1560.5 1585.2 1604.3 1615.5 �42.19 �40.85 �39.87 �39.20
0.39698 1565.2 1590.3 1609.4 1620.6 �42.35 �41.01 �40.02 �39.35
0.50020 1570.5 1595.6 1614.8 1625.4 �42.50 �41.16 �40.17 �39.49
0.60235 1575.8 1600.9 1620.1 1630.1 �42.65 �41.30 �40.31 �39.63
0.70168 1581.0 1606.1 1625.3 1634.6 �42.79 �41.43 �40.44 �39.76

L-Serine + aqueous 1.5 mol�kg�1ADP
0.00000 1579.6 1602.7 1619.7 1632.0

1579.46b 1602.24b 1619.54b 1631.66b

1579.0d 1602.4 d 1619.9 d 1631.1 d

0.10012 1585.6 1608.3 1624.8 1636.9 �39.89 �38.74 �37.93 �37.36
0.19998 1591.7 1613.8 1629.8 1641.7 �40.20 �39.05 �38.23 �37.66
0.30470 1598.0 1619.7 1635.1 1646.8 �40.41 �39.25 �38.44 �37.86
0.40108 1603.8 1625.0 1640.0 1651.5 �40.58 �39.41 �38.59 �38.02
0.49786 1609.7 1630.4 1644.9 1656.2 �40.74 �39.57 �38.74 �38.16
0.59962 1615.8 1636.0 1650.0 1661.1 �40.89 �39.72 �38.90 �38.31
0.69758 1621.8 1641.5 1654.9 1665.9 �41.04 �39.87 �39.04 �38.45

L-Serine + aqueous 2.0 mol�kg�1ADP
0.00000 1613.5 1634.1 1649.6 1660.5

1613.60b 1634.12b 1649.64b 1660.38b

0.10001 1618.6 1639.0 1654.2 1664.9 �38.24 �37.28 �36.58 �36.10
0.19933 1623.6 1644.1 1658.7 1669.2 �38.53 �37.57 �36.86 �36.37
0.30181 1628.8 1649.3 1663.4 1673.7 �38.72 �37.75 �37.04 �36.56
0.40105 1633.8 1654.3 1667.9 1678.0 �38.87 �37.91 �37.19 �36.71
0.50100 1638.9 1659.4 1672.5 1682.4 �39.02 �38.05 �37.34 �36.85
0.60163 1644.0 1664.5 1677.1 1686.8 �39.17 �38.20 �37.48 �36.99
0.70424 1649.2 1669.7 1681.8 1691.3 �39.31 �38.34 �37.62 �37.13

L-Leucine + aqueous 0.5 mol�kg�1ADP
0.00000 1507.4 1535.1 1556.0 1571.1

1507.20b 1534.68b 1555.74b 1570.81b

1507.3d 1534.9 d 1555.9 d 1570.9 d

0.01001 1508.5 1536.2 1557.0 1572.0 �39.88 �38.43 �37.38 �36.64
0.01980 1509.7 1537.2 1557.9 1572.8 �41.94 �40.43 �39.34 �38.57
0.03988 1512.0 1539.3 1559.8 1574.5 �43.02 �41.47 �40.36 �39.58
0.06007 1514.3 1541.5 1561.8 1576.3 �43.39 �41.83 �40.71 �39.93
0.08034 1516.7 1543.6 1563.7 1578.0 �43.59 �42.02 �40.90 �40.11
0.09930 1518.9 1545.6 1565.5 1579.6 �43.70 �42.14 �41.01 �40.22
0.12018 1521.3 1547.8 1567.5 1581.4 �43.80 �42.23 �41.10 �40.31

L-Leucine + aqueous 1.0 mol�kg�1ADP
0.00000 1544.5 1569.6 1588.8 1602.4

1544.35b 1569.47b 1588.63b 1602.26b

1544.3d 1569.7 d 1588.9 d 1602.6 d

0.00996 1545.8 1570.8 1589.9 1603.3 �38.18 �36.94 �36.03 �35.40
0.01961 1547.0 1571.9 1590.9 1604.2 �40.04 �38.76 �37.82 �37.17
0.04004 1549.5 1574.3 1593.0 1606.2 �41.05 �39.74 �38.78 �38.12
0.05971 1552.0 1576.5 1595.1 1608.1 �41.39 �40.07 �39.10 �38.45
0.07973 1554.4 1578.8 1597.2 1610.0 �41.57 �40.25 �39.28 �38.62
0.09977 1556.9 1581.1 1599.3 1611.9 �41.70 �40.37 �39.40 �38.74
0.12012 1559.5 1583.5 1601.4 1613.8 �41.79 �40.46 �39.49 �38.83

L-Leucine + aqueous 1.5 mol�kg�1ADP
0.00000 1579.6 1602.7 1619.7 1632.0

1579.46b 1602.24b 1619.54b 1631.66b

(continued on next page)
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Table 5 (continued)

amA/(mol�kg�1) u/(m�s�1) K/;s � 106/(m3�mol�1�GPa�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

1579.0d 1602.4 d 1619.9 d 1631.1 d

0.01000 1581.1 1604.0 1621.0 1633.1 �36.68 �35.60 �34.84 �34.29
0.01980 1582.5 1605.2 1622.2 1634.1 �38.38 �37.27 �36.48 �35.92
0.03977 1585.5 1607.7 1624.7 1636.2 �39.26 �38.13 �37.33 �36.76
0.06012 1588.6 1610.3 1627.3 1638.4 �39.57 �38.43 �37.63 �37.06
0.08019 1591.6 1612.8 1629.8 1640.5 �39.73 �38.59 �37.78 �37.21
0.10023 1594.7 1615.3 1632.3 1642.6 �39.84 �38.69 �37.88 �37.31
0.12057 1597.7 1617.9 1634.9 1644.8 �39.91 �38.76 �37.95 �37.38

L-Leucine + aqueous 2.0 mol�kg�1ADP
0.00000 1613.5 1634.1 1649.6 1660.5

1613.60b 1634.12b 1649.64b 1660.38b

0.01003 1614.5 1635.0 1650.6 1661.6 �35.29 �34.40 –33.73 –33.26
0.01485 1615.1 1635.5 1651.2 1662.1 �36.31 �35.40 �34.72 �34.25
0.01889 1615.5 1636.0 1651.6 1662.5 �36.77 �35.84 �35.16 �34.69
0.02501 1616.1 1636.6 1652.2 1663.1 �37.18 �36.25 �35.56 �35.08
0.02852 1616.5 1637.0 1652.6 1663.5 �37.34 �36.40 �35.71 �35.23
0.04012 1617.7 1638.2 1653.8 1664.7 �37.67 �36.73 �36.03 �35.55
0.05941 1619.8 1640.2 1655.9 1666.8 �37.94 �36.99 �36.29 �35.81

a mA is the molality of amino acids in aqueous ADP solutions; b, d Values of ultrasonic speed taken from reference [35,37]. Standard relative uncertainties in molality are ur
(m) = 2%, Standard uncertainties u (T) = 0.001 K, u (u) = 1.6 m�s�1, u(K/,s) = ±0.60 � 106/(m3�mol�1�GPa�1) and u (p) = 0.01 MPa (0.68 level of confidence).

Fig. 7. Plots of comparison of speed of sound values of L-serine in aqueous [28] and
experimental speed of sound values for L-serine in aqueous solution of ADP at
different concentrations (a) 288.15 K (b) 298.15 K.

Fig. 8. Plots of comparison of speed of sound values of L-serine in aqueous [28] and
experimental speed of sound values for L-serine in aqueous solution of ADP at
different concentrations (a) 308.15 K (b) 318.15 K.
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Fig. 9. Plots of comparison of speed of sound values of L-leucine in aqueous [31,33]
and experimental speed of sound values for L-leucine in aqueous solution of ADP at
different concentrations (a) 288.15 K (b) 298.15 K.

Fig. 10. Plots of comparison of speed of sound values of L-leucine in aqueous
[31,33] and experimental speed of sound values for L-leucine in aqueous solution of
ADP at different concentrations (a) 308.15 K (b) 318.15 K.
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of medium) indicate that the water molecules surrounding the
amino acid molecules present greater resistance to compression
than water molecules present in the bulk. The negative K0

/;s values
of amino acids in aqueous ADP solution re-indicate the dominance
of hydrophilic-hydrophilic interactions in the solutions. These
interactions lead to the formation of compact primary solvation
shell of amino acids. The increase of K0

/;s values with increase in
temperature indicates the release of more water molecules from
the secondary solvation layer of amino acids into the bulk, which
in turn make the solutions more compressible [59,60]. In the pres-
ence of ADP, stronger attraction of ions of ADP and water mole-
cules induce dehydration of saccharide molecules. Therefore, at
higher concentration of ADP, water molecules around saccharides
are much more compressible than at lower concentration which
may be responsible for lesser negative and even positive values
of K0

/;s at higher concentration and temperature. Moreover, the
experimental slope S�K which indicates solute – solute interactions
is influenced by number of effects [61]. This behaviour shows the
existence of solute – solute interactions in these systems.

3.2.3. Partial molar isentropic compression of transfer
Partial molar compressions of transfer at infinite dilution have

been evaluated for the present system of amino acids and salt in
aqueous media by using the given Eq. (11).

DKo
/;s ¼ K0

/;s in aqueous ADP solutionð Þ � K0
/;s in waterð Þ ð11Þ
11
Using the above relation we have evaluated the partial molar
isentropic compressions of transfer DKo

/;sof amino acid from water
to aqueous ADP solutions at infinite dilution. We have taken the
values of K0

/;sfor amino acids in water from earlier work [28,49].

The values of DKo
/;s at all concentrations of ADP as reported in

Table 7 and all the values are positive for each amino acid except
one value of L-serine. The DKo

/;svalues increase with increase in
concentration of ADP as well as with the rise in the temperature.
The positive values obtained for the partial molar compressions
of transfer at infinite dilution reveal predominance of interactions
between the zwitterionic centre of amino acid and ADP which are
responsible for the structure-making tendency of the ions [27,62].
From the obtained values it is concluded that with increase in con-
centration of ADP and temperature the structure making tendency
of ions increases leading to interaction between zwitterionic centre
of amino acids and ADP.
3.3. Pair and triplet interaction coefficients

The pair and triplet interaction coefficients permit the separa-
tion of effects due to interaction between the pairs of solute mole-
cules and due to its interaction between more than two solute
molecules on the basis of the McMillan – Mayer theory [63]. The
solute – co-solute interactions can be included in solvation spheres
as discussed by Friedmann and Krishnan [64].

Partial molar volume of transfer and partial molar isentropic
compression of transfer can be expressed by



Fig. 11. Plots of comparison of speed of sound values of ADP experimental and
literature [35,37,53] (a) 288.15 K (b) 298.15 K.

Fig. 12. Plots of comparison of speed of sound values of ADP experimental and
literature [35,37,53] (a) 308.15 K (b) 318.15 K.
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DV0
/ðwater to aqueous ADP solutionÞ
¼ 2 VABmB þ 3 VABBm2

B ð12Þ
. . .DKo
/;s . . . Water to aqueous ADP solutionð Þ

¼ 2 KABmB þ 3KABBm2
B ð13Þ

where A denotes amino acid, B denotes ADP and mB is the molality
of aqueous ADP solutions. The corresponding parameters VAB, VABB

and KAB, KABB for isentropic compression denote pair and triplet
interaction coefficients. These constants were calculated by using
the DV/

0 and DKo
/;svalues to the above equations and are reported

in Table S3 of supporting information. The positive values have
been observed for pair interaction coefficients VAB, KAB whereas tri-
plet interaction coefficients VABB and KABB are negative at all tem-
peratures. The higher positive values of pair interaction
12
coefficients VAB as compared to negative values of VABB for amino
acids conclude the overlap of hydration spheres of solute – co-
solute molecules which may lead to interactions. The positive val-
ues of VAB and KAB suggest that interactions occur due to the overlap
of hydration spheres of amino acids and ions of phosphate salt,
which again supports the molecular interpretation drawn from
the co-sphere overlap model. According to this model, when non-
bonding favourable interactions occur, water molecules are
released to the bulk from the hydration co-sphere because of their
overlap. Because of the different structural organization of water in
these two domains, the volume change would be negative when
water is released from a co-sphere to the bulk that is more struc-
tured than bulk and positive when the bulk is more structured.
When groups of amino acids interact in pair wise manner, the over-
lap of hydration co-sphere results in a positive volume change, as
some electrostricted water molecules return to the bulk solvent
that is more structured.



Table 6
Partial molar isentropic compression, Ko

/;s and experimental slopes, S�K for amino acids in aqueous solutions of ADP at different temperatures.

amB/
(mol�kg�1)

Ko
/;s � 106/(m3�mol�1�GPa�1) S�K � 106/(kg� m3�mol�2�GPa�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

L-Serine
0.5 �43.66

(±0.059)
�42.10
(±0.058)

�40.97
(±0.057)

�40.19
(±0.056)

�2.10(±0.133) �2.03(±0.130) �1.99(±0.127) �1.96(±0.125)

1.0 �41.60
(±0.054)

�40.28
(±0.053)

�39.31
(±0.052)

�38.65
(±0.051)

�1.76(±0.120) �1.71(±0.117) �1.68(±0.115) �1.65(±0.114)

1.5 �39.79
(±0.049)

�38.65
(±0.048)

�37.84
(±0.047)

�37.27
(±0.047)

�1.86(±0.110) �1.81(±0.108) �1.78(±0.106) �1.76(±0.105)

2.0 �38.15
(±0.045)

�37.20
(±0.044)

�36.49
(±0.044)

�36.01
(±0.043)

�1.71(±0.101) �1.68(±0.099) �1.65(±0.098) �1.64(±0.097)

L-Leucine
0.5 �41.01(±0.63) �39.53(±0.61) �38.45(±0.60) �37.70(±0.59) �28.31(±8.730) �27.44(±8.464) �26.88(±8.292) �26.55(±8.192)
1.0 �39.20(±0.57) �37.94(±0.56) �37.01(±0.55) �36.37(±0.54) �26.42(±7.943) �25.73(±7.735) �25.28(±7.600) �25.10(±7.528)
1.5 �37.61(±0.52) �36.52(±0.51) �35.74(±0.50) �35.19(±0.49) �24.94(±7.184) �24.35(±7.017) �24.00(±6.918) –23.81(±6.865)
2.0 �35.63(±0.39) �34.74(±0.38) �34.06(±0.38) –33.60(±0.37) �45.91

(±12.036)
�45.04
(±11.806)

�44.49
(±11.663)

�44.22
(±11.594)

a mB is the molality of aqueous solutions of ADP. Standard relative uncertainties in molality are ur (m) = 2%, Standard uncertainties u (T) = 0.001 K, u(V/) = ±(0.03–0.05) �
106/(m3�mol�1) and u(K/,s) = ±0.60 � 106/(m3�mol�1�GPa�1) u(Ko

/;s) = ±0.75 � 106/(m3�mol�1�GPa�1) u(S�K ) = ±0.85 � 106/(m3�mol�2�GPa�1). (0.68 level of confidence).

Table 7
Partial molar isentropic compression of transfer DKo

/;s of amino acids in aqueous solutions of ADP at different temperatures.

amB/(mol�kg�1) DKo
/;s � 106 (m3�mol�1.GPa�1)

T = 288.15 K T = 298.15 K T = 308.15 K T = 318.15 K

L-Serine
0.5 �1.22 0.34 1.47 2.25
1.0 0.84 2.16 3.13 3.79
1.5 2.65 3.79 4.60 5.17
2.0 4.29 5.24 5.95 6.43

L-Leucine

0.5 2.44 3.92 5.00 5.75
1.0 4.25 5.51 6.44 7.08
1.5 5.84 6.93 7.71 8.26
2.0 7.82 8.71 9.39 9.85

a mB is the molality of aqueous solutions of ADP. Standard relative uncertainties in molality are ur (m) = 2%, Standard uncertainties u (T) = 0.001 K, u(V/) = ±(0.03–0.05) �
106/(m3�mol�1) and u(K/,s) = ±0.60 � 106/(m3�mol�1�GPa�1) u(Ko

/;s) = ±0.75 � 106/(m3�mol�1�GPa�1) (0.68 level of confidence.
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4. Conclusion

The density and speed of sound measurements provide infor-
mation regarding the interactions that may occur in mixtures.
The apparent molar volume, partial molar volume at infinite dilu-
tion and transfer volumes show positive values. The apparent
molar properties and partial molar properties anticipate that there
exists strong solute – solvent interactions between amino acids
and ADP molecules. The magnitude of solute – solvent interaction
increases with increase in concentration of ADP solution and with
increase in the molar mass of amino acids. The partial molar
expansibilities at infinite dilution give information regarding the
size of solute and its hydrophobicity. The values of partial molar
properties V0

/ increase with increase in concentration of ADP.

K0
/;sValues become less negative with increase in temperature.

Negative K0
/;svalues conclude that hydrophilic interactions are

dominant in the mixtures.
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