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ABSTRACT 

Indian caste system is a very complex and closed system. Many traditional, 

religious, political and ethnic theories have been given about its origin, but 

till date we have not been able to determine through which stages the 

development of this unique system took place. It is a fragmented and 

stratified division of society in which the work, position and marriage of 

man are pre-determined. In these sections there is a hierarchy of high and 

low in which the place of man is based on his birth. This is a strange 

institution, which had an impact not only on Hinduism but also on Islam 

and Christianity.  Along with the negative side of the caste system, it also 

has some positive benefits. In the present time, the effect of modernization 

and globalization is seen on the caste system, in which inter-caste 

marriage is prominent. This paper highlights the positive, negative and 

changes taking place in the caste system. 
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I. Introduction 

Today there are 3000 castes (refer book- Caste is social capital in India) and 

sub-castes in India, according to Hutton, an army is needed for the study of 

all these. There are many opinions about the origin of this institution. From 

Vedas, Puranas etc., many foreign and Indian scholars presented theories 

regarding its origin and development. There is a description of the caste 

system in the Rig-Veda, in which four castes were created from the four 

about:blank
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organs, in Manu Smriti also a detailed discussion about this institution. 

Nesfield described profession as the basis of caste system, in which he told 

that the hierarchy of caste is determined on the basis of good or bad, high or 

low of profession. Risley considered the origin of caste as the cause of race 

while Ghurye linked the arrival of Aryans to the origin of caste system. In 

this way, there are many ideas regarding the caste system, but till now we 

have not been able to draw any conclusion. The people group was divided 

into four varnas on the basis of occupation - Brahmin, Kshatriya, Vaishya 

and Shudra, but when occupation was accepted as its birth right, and then 

caste hierarchy started which led to the emergence of the depressed or Dalit 

class and the feeling of untouchability. 
 

Indian caste system is a closed system in which man gets his status innate. 

Many attempts were made to abolish or bring changes in the system, but all 

these did not have any special effect on the caste-system. The impact of the 

caste system was not only on Hinduism, but also on Islam and Christian 

religion, although the nature of the caste system in these two religions is not 

as it is in Hinduism. Even outside India, the caste system is seen in foreign 

countries like Nepal, Sri Lanka etc. The nature of the caste system in ancient 

India has been very frightening, with untouchability, high and low 

discrimination, and the mistreatment of the lower caste people by the so-

called upper caste people. All this shows the negative side of the caste 

system. The nature of the caste system in ancient India has been very 

frightening, with untouchability, high and low discrimination, and the 

mistreatment of the lower caste people by the so-called upper caste people. 

All this shows the negative side of the caste system. In the present time, due 

to modernization, many policy and rules, there has been flexibility in the 

caste system, in which any person can do every work according to his 

ability caste does not have a role for his selection of work. 
 

II. Review of Literature  

Kumar Ashwini (2005) in his research paper "Theory of Uniqueness of 

Indian Caste System" has attempted to reflect the nature of caste hierarchy 

in pre-modern India which includes characteristics of caste system such as 
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restriction in food, restriction in marriage, choice of work. Written about 

restrictions etc. While Rao, Jasmine (2010) wrote in their research paper 

"The Caste System: Effects on Poverty in India, Nepal and Sri Lanka",  the 

relationship between poverty and caste system in India, Nepal and Sri 

Lanka. She state that low castes still exist in Nepal. The people of the state 

cannot sit with the people of the upper castes. So far, they are doing less 

under bonded labor, only those with lower cast do menial jobs. Then  

Deshpande, Manali (2010) pointed out that the caste system is a closed 

system of stratification which is innate. In this arrangement the interaction 

of one group with another group is limited.  Suresh Devnath (2016) in his 

research paper “Impact of cast system in India” told the Varna system to be 

the reason for the origin of caste system. In his research paper, describing 

the rules of Manu Smriti, untouchability, described the caste system as an 

obstacle in unity, democracy and social development.  On the other hand  

Mary, S. Janet (2016) in their research paper "Shared Media Platform for 

the Eradication of the Evils of Caste Discrimination in the Education 

Institutions of India: A Case-study" describes the role of social media to 

replace caste discrimination in educational institutions.  Sankaran et al. 

(2017) in their research article "The Role of Indian Caste System 

Inconsistent Norms on Status Representation" describes caste identity as a 

social identity in which a person is identified by the group he or she 

belongs to. Similarly  Kapoor, Radhika (2018) told in their research paper 

that caste system is an integral part of society in India. Its structure, 

development, current status and changes have been described in India. 

While Gnana, Selvin Raj (2018) in his research paper "Caste system, 

Dalitization and its implications in contemporary India" mentioned the low 

economic status of pure and impure, who are considered as untouchables. 

At the same time, it was also told that in rural areas, they choose work and 

trade on the basis of birth and caste. 
 

III. Objectives:  

1. To study the views of different groups of people regarding the caste 

system. 
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2. Study of the relation of caste system with education, employment, 

area and age. 

3. Based on the conclusion, give suggestions in the context of the caste 

system.  
 

IV. Research Area & Methodology: 

The present research has been conduct in three districts of Chhattisgarh, 

namely Mahasamund, Raipur and Gariaband, in which 185 people have 

been taken under Puposive  sampling.  Interview Schedule, non-

participatory observation has been used for collection of primary data and 

internet, research papers and books have been used for collection of 

secondary data. MS Excel and SPSS16.0 versions have been used for the 

analysis of data.  
 

V. Result & Discussion  

Table No.1 

Relationship of Education with Thoughts regarding change in caste 

system 
S.N Education Thoughts regarding change in caste system  

Total 

 
Good Very Good Normal Not Good 

N % N % N % N % 

1. litrate  2 11.11 1 5.5 5 27.77 11 61.1 18 

2. Primary 4 18.18 2 9.09 6 27.27 10 45.45 22 

3. Secondary 6 31.57 4 21.05 7 36.84 2 10.52 19 

4. high school 10 55.5 4 22.22 3 16.66 1 5.5 18 

5. higher 

secondary 
2 9.52 7 33.33 11 52.38 1 4.76 21 

6 Graduate 10 33.33 12 40 6 20 2 6.66 30 

7 Postgraduate 9 28.125 11 34.37 8 25 3 9.37 32 

8. Illiterate 2 8 1 4 4 16 15 60 25 
 

Table No.-1 shows the views of different educated class groups regarding 

the change in the caste system, in which maximum 61.1% of the people 

who only know how to sign themselves, do not consider this change to be 

good, while a minimum of 5.5% of the people  considered very good. The 

maximum of 45.45% of the people who have taken primary education do 

not like the change of caste system while the minimum 9.09% of the people 
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consider this change to be very good. The thoughts of maximum 36.84% of 

the people who have taken secondary education are normal or indifferent, 

while according to the minimum 10.52% of the people, the change in this 

system is not good. This change is good for a maximum of 55.55% of the 

people who have studied up to high school, while this change is not good 

for a minimum of 5.5% of the people. Among the people who have studied 

up to Higher Secondary, maximum 52.38% of the people think about it as 

normal, whereas according to the minimum 4.76% of the people it is not 

good. Out of those who have completed graduation, maximum 33.33% is 

good for the people while the minimum 6.66% is not good for the people. It 

is very good for maximum 34.37% of the people who have completed post 

graduation while it is not good for minimum 9.37% of the people. Change 

in the caste system is not good for 60% of the illiterate people, while at 

least 4% of the illiterate people do not consider it good. As the 

anthropologist M.N.Srinivas, while describing the qualities of the 

Dominant caste, told that if a caste has a high population, economically and 

politically strong and strong socio-religious position in a particular area, 

then that caste is called Dominant caste. But later, along with the above 

qualities, higher education and administrative jobs etc. were also included 

in the characteristics of the Dominant caste. So we can say that caste hierarchy and 

untouchability can be eradicated by Higher education and Occupation.  
 

Table No.2 

Relationship of Age with Thoughts regarding change in caste system 
S.N  

Age 

Thoughts regarding change in caste system  

Total 

 
Good Very Good Normal Not Good 

N % N % N % N % 

1. 18 or 

below 18 
3 20 4 26.66 5 33.33 3 20 15 

2. 18-23 8 29.62 9 33.33 2 7.4 4 14.81 27 

3. 24-29 14 41.17 11 32.35 5 14.70 4 11.76 34 

4. 30 -35 9 32.14 4 14.28 10 35.71 5 17.85 28 

5. 36-40 6 23.07 6 23.07 5 19.23 9 34.61 26 

6. 41-50 7 25 3 10.71 8 28.57 10 35.71 28 

7. Above 50 4 14.81 2 7.40 5 18.51 16 59.25 27 
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Table No.-2 shows the views regarding change in caste system in different 

age group in which maximum 33.33% of persons in age group of 18 or less 

than 18 have common ideas for change in caste system while minimum 

20% of persons have ideas for change in caste system. This is not good in 

the age group of 18-23, maximum 33.33% people consider it very good 

while minimum 7.4% people think normal. In the 24-29 age group, 

maximum 41.17% people consider it good while minimum 11.76% people 

do not consider it good. The idea in this regard is normal for maximum 

35.71% of persons in the age group of 30-35 while very good for minimum 

14.28% of persons. It is not good for maximum 34.61% persons out of 36-

40 age group. Maximum 35.71% people out of 41-50 age group don't 

consider it good while minimum 10.71% people find it very good. For the 

age group above 50 years, maximum 59.25% of the people do not consider 

it good while minimum 7.40% people consider it very good. 
 

Table -5 

Relationship of Area with  Thoughts regarding change in caste system 
SN Area Thoughts regarding change in caste system  

Total  

 

Good Very good Normal Very good 

N % N % N % N % 

1 Urban     31  32.64  28  29.48    25  26.32  11  11.58  95  

2 Rural   14 15.56 9 10 11 12.23 56 58.95 90  

 

Table number-5  shows the thought of change in the caste system of the 

people living in urban and rural areas, in which maximum 32.64% of the 

people in the urban area consider the change in caste system to be good 

while the minimum 11.28% of the people do not consider it good. | In rural 

areas, maximum 58.95% people do not consider this change to be good, 

while minimum 10% people consider it very good. As  Ghurye said that 

there are still some people who want to bring back the old form of caste 

system, this data shows that illiterate, rural and old  people want to 

maintain the existence of caste system. 
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Table No.3 

Relationship of Employment with Thoughts regarding change in caste system 

SN Employment 

Status 

Thoughts regarding change in caste system  

Total  Good Very good Normal Not good 

 N % N % N % N %  

1 Agriculture  6 17.14 7 20 18 51.42 4 11.42 35  
2 Job  26 46.43 14 25 6 10.72 12 21.43 56  
3 Trade 15 34.09 7 15.91 8 18.18 14 31.82 44   
4 Wage 4 17.4 6 26.08 9 39.13 4 17.4 23  
5 Unemployed 11 40.75 7 25.93 5 18.52 4 14.82 27  
 

Table number-3 mentions the views of persons related to various employments 

in relation to the change in caste system, in which the  maximum 51.42% of 

the people in the farming class are normal regarding change in cast system, 

while the minimum of 11.42% of the people do not consider it good. A 

maximum of 46.43% of the people in the job profession consider this change 

to be good while the minimum 10.72% of the people have a Neutral thought  

about it. Among the business class people, maximum 34.09% people consider 

it good while minimum 15.91% people consider it very good. A maximum of 

39.13% of the working class have a Neutral thought  about this change, while 

the minimum 17.4% of the people consider it good. Maximum 40.75% 

unemployed people consider this change to be good while minimum 14.82% 

unemployed people do not consider this change good. 

 

Table No.4 
Relationship of Education with Thoughts on the essentiality of caste system 

S.N   

Education 

Thoughts on the essentiality of caste system Total 

 
Essential Not Essential Normal 

N % N      % N      %   

1. Educated 10 33.33 7 23.34 13 43.34 30 

2. Primary 8 38.09 7 33.34 6 28.57 21 

3. Secondary 11 42.3 5 19.23 10 38.47 26 

4. high school 6 33.33 9 50 3 16.66 18 

5. higher secondary 8 25.8 14 45.16 9 29.03 31 

6  Graduate 6 28.57 11 52.38 4 19.04 21 

7  Postgraduate 6 26.08 12 52.17 5 21.73 23 

8. Illiterate 10 66.6 4 26.66 1 6.66 15 
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Table number-4 shows thought about essentiality of caste system in 

different education group and uneducated people , in which maximum 

43.34% of the educated persons are considered as sane, while the minimum 

23.34% of the people do not find it necessary. A maximum of 38.09% of 

the people who have taken primary education find the caste system 

necessary while the minimum of 28.57% of the people think in this regard 

is normal. , A maximum of 42.3% of the people who have taken secondary 

education find it necessary, whereas according to the minimum 19.23% of 

the people it is not necessary. It is not necessary for maximum 50% of the 

people who have studied up to high school, while the idea of minimum 

16.66% of the people is normal. A maximum of 45.16% of the people who 

have studied up to higher secondary do not consider it necessary, whereas 

according to the minimum 25.57% of the person it is necessary. The caste 

system is not necessary for a maximum of 52.38% of the people who have 

studied up to graduation, while the views of a minimum of 21.73% of the 

people are common in this regard. The caste system is not necessary for a 

maximum of 52.17% of the people who have studied up to post-graduation, 

while the idea of a minimum of 21.23% of the people is normal. Caste 

system is necessary for 66.6% of the illiterate persons, while the idea of 

minimum 6.6% of the illiterate person is indifferent in this regard. 

 

VI. Conclusion & Suggestion: -  In the present research, it has come to 

the fore that people’s education, employment and area  are related to the 

caste system and  the idea of change in it, to understand. Whether it is 

necessary  in the society or not. Especially of education, because those who 

get higher education consider it necessary to change the caste system. Due 

to various elements of modernization, westernization, globalization and 

administrative rules, the complexity of caste system is gradually 

decreasing. The complexity and rigidity  in the caste system led to the rise 

of untouchability, which is being eradicated at present due to the effects of 

higher education and urbanization. On the basis of the facts obtained, it can 

be said that the present young generation is in favour of change in caste 
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system due to the effect of constitutional and administrative law and higher 

education. Hence; In India, caste hierarchy and untouchability can be 

eradicated with proper education and awareness of equality. 
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ABSTRACT 

The day-by-day rise in the total amount of solid waste is becoming one of the major global 

environmental issues. Solid waste production is coupled with the different sectors like wastewater 

treatment plants, municipality, industrial, medical and pharmaceutical, domestic, agriculture, mining and 

other community activities. It is strongly associated with the increase in the air, water and soil pollution. 

It contaminates the environment, disturbs the ecosystem, and also influences the overall health of the 

human population. Hence, proper disposal, and treatment of solid wastes are essentially required. 

Degradation by the living systems/or biodegradation has helped in the proper management of the 

accumulated wastes to a certain extent. Further, developments in the technologies have introduced 

various new and effective methods for safer degradation of solid wastes. One such type is the application 

of enzyme extracts (known as enzymatic bioremediation) for the treatment of solid wastes. This Chapter 

emphasizes the types of solid waste, its disposal, fate in the environment, and toxicity. It also explores 

the different treatment methods and more specifically the enzyme-based degradation. The different types 

of enzymes involved in the degradation, their mechanisms of action, and case studies of few of the 

successfully treated wastes are also discussed. 
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Abstract 

Log in 

The excessive amount of pesticides and heavy metals 

residues in the environment nowadays has become a 

threat to global health. From a long time, pesticides 
have been used in crops, plants, and vegetation for 

pest-protection purposes in every step of the 
agriculture field. At the same time, heavy metals are 

used by numerous factories and industries for the 

manufacturing process. In this modern era of 

Cart 

urbanization, we cannot even imagine a single thing 
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Chapter 6 

Carbon dots in 
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6.1 Introduction 
Carbon is the most abundant element present in nature. Recently, there is a great interest in using carbon at the nano scale (nanocarbons) such as carbon nanotubes (CNTs), fullerenes, graphene, nanodiamonds, and carbon dots (CDs) for various technological and potential applications. CDs are a zero-dimensional nanocarbon recognized for their small size (1-10 nm) with unique and unusual fluorescence features. Generally, the research areas of CDs family comprise of car bon quantum dots (CQDs), carbon nanodots, graphene quantum dots (GQDs), and polymer dots [1,2]. They are chemi cally inert with large surface areas, and their surface can be easily functionalized with functional groups (3-5]. There is a wide range of applications of CDs in several fields, such as biosensing, drug delivery, clinical assay, and catalytic reactions [6-8]. In addition, CDs have been employed to separate chemical substances from various samples using chromatography, capillary electrophoresis (CE), and magnetic extraction and separation technologies. 

Many researchers, industries, and scientists face the challenges of separating active medicinal compounds from plants, valuable chemicals from wastewater, toxic chemicals from environmental samples, etc. Especially, resource recovery, waste management, nuclear wastes separation, and separation of toxic and hazardous materials are the major challenges for the separation prOcess. Some commonly used separation processes are solvent extraction, chromatography, electropho resis, ion exchange, cell separation, electromagnetic separation (mass spectrometry (Ms)], etc. (9]. Solid-phase extraction (SPE), dispersive SPE (DSPE), magnetic SPE (MSPE), magnetic DSPE (MDSPE), etc., are involved in sample prepara tion, separation and preconcentration of target analytes from aqueous samples. The mean of sample preparation is to sepa rate the analyte from complex sample matrixes to prevent the interference of other chemical substances present in the sample. However, the analyte content is very low in the matrix sample, and it is very time-consuming to separate. Thus it is essential to explore an efficient sample preparation method for separation and analysis. Generally, extraction and recov ery of analytes are due to the electrostatic interaction, van der Waal forces, T-7 interaction, and hydrogen bonding between analytes and functional materials used for the extraction [10). Nowadays, nanomaterials in separation science have emerged as a solution and boon for all the above issues concerned. Specifically, nanocarbons-based materials have been extensively used to improve the efficiency of separation process and to reduce the consumption of more soBvent and enhance selective separation, extraction efficiency, reproducibility, and recovery process. In analytical chemistry, the separation process plays a crucial role in the method development. This chapter aims to study the use of CDs in various separation techniques, which help in the removal of heavy metals, biomolecules, and 
environmental toxicants, as given in Fig. 6.. Here the use of CDs in the future is also summarized. 

6.2 Properties of carbon dots related to separation processes 
The applicability of CDs is versatile due to unique characteristics, high surface-to-volume ratio, chemical inertness, and 
less toxicity, which are responsible for improving sorption efficiency and good dispersion capability. Many functional groups are present on its surface, which attaches with adsorbents through selective coordination, hydrogen, covalent, 
etc., bonding for chromatographic separation |9]. Similarly, new reagents with higher efficiency and greater selectivity 
Carbon Dots in Analytical Chemistry. DOl: httpss/doårg/10.1016/B978-0323-98350-1.00X0*9-8 
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Chapter 10

Cognitive IoT sensors for smart industrial and
biomedical applications

Shruti Sharma1, Prafulla Vyas2, Kavita Thakur3

and Ashutosh Sharma4

Abstract

Cognitive Internet of Things (IoT) sensors are advanced sensing devices that incor-
porate artificial intelligence (AI) and machine learning (ML) algorithms to process
and analyze real-time data from various sources. These sensors are widely used in
smart industrial and biomedical applications for their ability to provide real-time
information and improve operational efficiency. In industrial applications, cognitive
IoT sensors can be used to monitor production processes and provide predictive
maintenance. In biomedical applications, they can be used to monitor patient health
and improve diagnosis and treatment. With the continued growth of the IoT and
advancements in AI and ML, the use of cognitive IoT sensors is expected to increase
in both industrial and biomedical applications in the coming years. This book chapter
presents the innovative approach to decision making in healthcare and industrial
settings, focusing on the handling of data transmission, trade, and record keeping
through a cost-effective preservation method. The chapter serves as an overview of
cognitive sensors and the current state of IoT in smart industries. It also delves into
the impact of cognitive sensors on the operations of hospitals and industrial organi-
zations, and explores the use of these sensors to understand the reasons behind
resistance to AQ1smart products among both producers and consumers.

10.1 Introduction

Cognitive Internet of Thing (IoT) sensors are smart sensors designed to improve the
efficiency and performance of industrial and biomedical applications. These sen-
sors use artificial intelligence (AI) and machine learning (ML) algorithms to

1Department of Electrical and Computer Engineering, Ajou University, South Korea
2Disha College, India
3School of Studies in Electronics and Photonics, Pt. Ravishankar Shukla University, India
4Department of Materials Science and Engineering and Department of Energy Systems Research, Ajou
University, South Korea

Sinha-PBCE1350-6990629 15 May 2023; 12:59:2

shrut
Inserted Text
Keywords : Artificial Intelligence,  Cognitive Sensors, Health Monitoring, IoT Devices, Machine Learning, Predictive Maintenance,  Smart Industry, Wireless Sensor Networks



process and analyze data, and can be integrated into IoT systems to provide real-
time monitoring and control. Applications of cognitive IoT sensors in industry
include predictive maintenance, quality control, and process optimization, while in
biomedicine, they can be used for patient monitoring, disease diagnosis and treat-
ment, and telemedicine [1–4]. Cognitive IoT is an advanced form of IoT that uses
AI and ML to process and analyze the data generated by IoT devices. The goal of
cognitive IoT is to create smart, self-learning, and autonomous systems that can
interact with their environment, learn from it, and make decisions based on that
knowledge [5–7]. Cognitive IoT enhances the traditional IoT by incorporating
cognitive computing capabilities, such as speech recognition, image and pattern
recognition, and natural language processing (NLP), to improve the intelligence,
efficiency and performance of IoT systems. Applications of cognitive IoT can be
found in various domains such as smart homes, industrial automation, transporta-
tion, and healthcare [8–11].

The basic function of cognitive technology is to enhance human intelligence by
simulating human thought processes and decision-making abilities. This is achieved
by using AI techniques such as ML, NLP, computer vision, and expert systems
[12–15]. Cognitive technology helps automate complex and repetitive tasks, provides
insights from large amounts of data, and makes more informed decisions. It can also
learn from experience and continuously improve over time, enabling it to adapt to
new situations and perform increasingly complex tasks. A machine starts producing
data for analysis once it is connected to a cognitive computing system. A computing
scheme is a set of instructions and procedures that dictate how a computer or network
of computers should process, store, and manage data. The computing scheme can
determine how data is organized, how algorithms are executed, how data is trans-
mitted, and how different components of the system interact [16–20]. There are
several types of computing schemes, including: Centralized computing: this scheme
involves a single, central computer that manages all data and processing in the sys-
tem. Distributed computing: this scheme involves multiple computers working
together in a network, each processing a portion of the data and communicating with
each other to reach a common goal. Client–server computing: this scheme involves a
central server that manages data and processing and a number of client computers that
request data and services from the server [15–17,21]. Cloud computing: this scheme
involves remote servers that provide data and processing resources over the Internet,
allowing users to access the resources they need without having to manage their own
infrastructure [19]. Each computing scheme has its own advantages and dis-
advantages, and the best scheme for a particular application depends on the specific
requirements and constraints of the system. Basic function of cognitive machinery is
represented in Figure 10.1.

A. Architecture of cognitive sensor
The architecture of a cognitive sensor is a layered structure consisting of three
main classes: Sensory class system: This class is responsible for capturing raw
data from the physical environment using various sensory modalities such as
cameras and microphones [20–22]. Preprocessing class system: This class
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performs initial processing on the raw data obtained from the sensory class
system. This includes tasks such as noise reduction, data normalization, and
feature extraction. Logical class system: This class processes the preprocessed
data and performs higher-level tasks such as object recognition, scene under-
standing, and decision making. This class is responsible for creating a semantic
representation of the data and making inferences based on that representation.
Each class in the architecture is designed to perform specific tasks and the overall
system is designed to perform complex cognitive tasks. The three classes work
together to provide a complete and integrated solution for capturing, processing
and making decisions based on sensory data represents the various components
and processes involved in the technology [23–27]. Some common elements that
may be included in a visual illustration of cognitive technology are: Sensors:
represented as input devices that capture data from the physical environment.
Data processing: represented as a series of blocks that perform various data
processing tasks such as data normalization, feature extraction, and semantic
representation. Machine learning models: represented as decision making blocks
that use statistical models to make predictions based on the processed data.
Knowledge base: represented as a database of knowledge that is used by the
cognitive technology to make inferences and decisions. Output devices: repre-
sented as devices that present the results of the cognitive technologies processing
to the end-user, such as a display or a speaker [28–31]. Overall, the visual
illustration of cognitive technology aims to provide a clear and concise repre-
sentation of the various components and processes involved in the technology,
and how they interact with each other to perform complex cognitive tasks.
Cognitive work refers to the process of using cognitive technology to perform
tasks that require human-level intelligence, such as decision making, problem
solving, and pattern recognition [32–36]. Flexibility: cognitive work is highly
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Figure 10.1 Basic function of cognitive technology [14]
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flexible, allowing the technology to perform a wide range of tasks, and adapt to
changing conditions and requirements. Fully automatic: in many cases, cog-
nitive work is performed fully automatically, without the need for human
intervention, allowing for increased efficiency and accuracy. Accuracy: cog-
nitive technology is designed to perform tasks with high accuracy, by using
statistical models and machine learning algorithms to process data and make
predictions. Intelligence: cognitive work is performed with human-level
intelligence, by using models that capture the underlying patterns and rela-
tionships in the data. Adaptability: cognitive technology is highly adaptable,
allowing it to learn and improve over time, based on new data and experience
[37,38]. This enables the technology to continuously improve its performance,
and stay up-to-date with the latest advancements in the field. Overall, cognitive
work provides a highly efficient and accurate solution for performing tasks that
require human-level intelligence, by leveraging the power of advanced
machine learning algorithms and statistical models. Figure 10.2 shows the
visual illustration of cognitive technology.

B. Briefly on decision theory
Decision theory is a branch of mathematics and economics that deal with the
study of decision making under uncertainty. It provides a framework for
modeling and analyzing decisions, by taking into account the uncertainty and
risk associated with different outcomes. The theory defines a set of formal
methods for representing and analyzing decision problems, including methods
for determining the optimal decision, given the available information and
constraints. The goal of decision theory is to help individuals and organizations
make better decisions, by providing a systematic and scientific approach to
decision making. Decision theory covers a wide range of topics, including

Intelligence Robustness
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automatic

Cognitive
Work Flexibility

Accuracy Adapt-
ability

Figure 10.2 Visual illustration of cognitive technology
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decision under uncertainty, risk assessment, utility theory, game theory, and
multi-criteria decision analysis. It is widely used in a variety of fields,
including finance, engineering, medicine, and operations research. Overall,
decision theory provides a valuable tool for improving decision making in
complex and uncertain environments, by helping individuals and organizations
make informed and rational decisions [39]. A decision often involves selecting
one of two or more possibilities. Since it is simpler for an individual to move
from a choice to action than for an organization, decision-making theories have
tended to be formed from studies of individual behavior rather than organiza-
tional behavior [40–42]. In [43], Brunsson and Hansson provide an example of
a decision in their book, “Organizing Reason: Decisions, Bounded Rationality,
and Organizing.” The example they provide is a simple decision problem,
where a manager is faced with the choice between two alternatives: investing
in a new product line or not. The manager must consider the potential benefits
and costs of each alternative, and make a decision based on the information
available to them. In this example, Brunsson and Hansson illustrate how
decision theory can be used to analyze and evaluate the different options,
taking into account the uncertainties and risks involved. They show how the
manager can use decision theory to determine the optimal decision, based on
the available information and constraints, and how they can use it to evaluate
the potential outcomes of each alternative. The example provided by Brunsson
and Hansson demonstrates the power of decision theory in improving decision
making, by providing a structured and systematic approach to decision making
under uncertainty. It highlights the importance of considering the different
factors that influence a decision, and the role of decision theory in helping
individuals and organizations make informed and rational decisions [45–48].
Brunsson, a Swedish organization theorist, provides several explanations in his
work on organizations and decision making. Some of the key explanations
provided by Brunsson include: the role of rules and routines in organizations:
Brunsson argues that rules and routines play a crucial role in shaping organi-
zational behavior and decision making. He shows how rules and routines can
both facilitate and constrain decision making, and how they can influence the
way that organizations approach decision problems. The concept of organiza-
tional rationality: Brunsson introduces the concept of “organizational ration-
ality,” which refers to the way that organizations make decisions based on the
available information and constraints. He argues that organizations are not
always rational in the traditional sense, but instead have their own unique form
of rationality that is shaped by the rules, routines, and practices that they have
developed over time. The importance of symbolic actions in organizations:
Brunsson highlights the role of symbolic actions in shaping organizational
behavior and decision making. He shows how symbolic actions can be used to
convey meaning and influence decision making, and how they can play a
crucial role in shaping the way that organizations perceive and respond to
decision problems [49–51]. Overall, Brunsson’s work provides valuable
insights into the dynamics of organizational decision making, and the role of
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rules, routines, and symbolic actions in shaping organizational behavior and
decision making. His explanations help to deepen our understanding of the
complexities of decision making in organizations, and the ways in which
organizations approach decision problems.

10.2 IoT outline

A. The significance of the Internet
The progress of the Internet has been significant since its inception in the late
1960s. The following are some key milestones in the evolution of the Internet
[52]. The creation of ARPANET in the late 1960s: ARPANET was the first
computer network and the precursor to the modern Internet. It was created by
the US Department of Defense and was designed to allow researchers to share
information and collaborate on projects. The development of TCP/IP in the
1970s: Transmission Control Protocol/Internet Protocol (TCP/IP) was devel-
oped in the 1970s and became the standard communication protocol for the
Internet [27,29,53–56]. It allowed computers to communicate with each other,
regardless of their location or operating system. The creation of the World Wide
Web (WWW) in the 1990s: WWW was created in the 1990s and transformed
the Internet from a network of computers into a global network of information.
The WWW allowed users to access and share information using a web browser,
making it much easier to navigate the Internet. The rapid growth of the Internet
in the 2000s: the early 2000s saw a rapid increase in the number of Internet
users, as well as the development of new technologies and services, such as
broadband, social media, and e-commerce. The Internet became an increasingly
important part of everyday life, as people used it for communication, enter-
tainment, and business. The rise of mobile Internet in the 2010s [57–60]. The
rise of smartphones and tablet computers in the 2010s has dramatically changed
the way that people access and use the Internet. Mobile Internet has become
increasingly widespread, making it possible for people to access the Internet
from anywhere, at any time [60,61]. Overall, the progress of the Internet has
been rapid and transformative, and has had a profound impact on society,
commerce, and communication. The Internet continues to evolve and grow, and
it is likely that it will continue to play a central role in our lives for many years
to come.

B. IoT sensing
IoT sensing refers to the use of sensors in IoT devices to collect data about the
physical world and transmit it over the Internet. IoT sensing allows devices to
interact with their environment, gather data, and share that data with other
devices and systems. Examples of IoT sensing include: Environmental sensors:
these sensors measure temperature, humidity, air quality, light levels, and other
environmental factors, allowing devices to respond to changes in their envir-
onment. Motion sensors: these sensors detect movement, allowing devices to
respond to physical activity and respond accordingly. Location sensors: these
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sensors use GPS, Wi-Fi, or other technologies to determine the device’s loca-
tion, allowing it to respond to its location. Biometric sensors: These sensors
measure biometric data, such as heart rate, blood pressure, and other physio-
logical parameters, to provide health monitoring and wellness tracking. Image
and audio sensors: These sensors capture images and audio, allowing devices to
respond to visual and auditory information. IoT sensing enables a wide range of
applications, such as smart homes, wearable devices, industrial automation, and
connected vehicles. It also plays a crucial role in the development of smart
cities, allowing cities to monitor and respond to changes in their environment in
real-time [62]. There are three types of the primary technologies that integrate
“Things” into IoT ecosystems: Radio Frequency Identification (RFID): RFID is
a wireless technology that uses radio waves to communicate between a tag and
a reader. It enables devices to identify and track items in real-time, making it a
key technology for supply chain management, inventory management, and
other applications [48–50]. Wireless Sensor Networks (WSN): WSNs are net-
works of interconnected sensors that communicate wirelessly. They enable
devices to collect and transmit data about their environment, providing valuable
insights for applications such as industrial automation, smart homes, and smart
cities [51,52]. Mobile computing: Mobile computing technology enables devi-
ces to connect to the internet and communicate with other devices and systems
using wireless networks. Mobile computing is a key enabler for the IoT, as it
provides a platform for IoT devices to access cloud services, process data, and
interact with other devices and systems [53–56]. IoT sensing plays a crucial role
in various industries, including: Manufacturing: IoT sensors can be used to
monitor production lines, collect data on machine performance, and track
inventory levels in real-time. This helps manufacturers optimize their produc-
tion processes and improve overall efficiency [27,29,57]. Healthcare: IoT
sensors can be used to monitor patients’ health conditions and track vital signs
such as temperature, heart rate, and blood pressure. This helps healthcare pro-
viders make informed decisions about treatment and improve patient outcomes
[58–60]. Agriculture: IoT sensors can be used to monitor soil moisture levels,
crop growth, and weather conditions, providing farmers with valuable insights
into the health of their crops. This information can be used to optimize irriga-
tion and other agricultural processes [60–63]. Energy and utilities: IoT sensors
can be used to monitor energy usage in buildings, track energy consumption.
These technologies are critical for building an IoT ecosystem, as they provide
the connectivity and communication capabilities required for devices to interact
with each other and share data [63–66]. Development of the IoT for industry is
represented in Figure 10.3. There are several ways in which the IoT can be
improved for the industry: Security: as more and more devices are connected to
the IoT, security remains a major concern. Improving the security of IoT sys-
tems is crucial to protect against hacking and other cyber threats. This can be
achieved through the use of encryption, secure communication protocols, and
regular software updates. Interoperability: ensuring that IoT devices and sys-
tems can communicate and work together seamlessly is crucial to the success of
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the IoT in industry. Improving interoperability will make it easier for organi-
zations to integrate IoT solutions into their operations and realize the full
potential of the IoT. Scalability: as the number of IoT devices continues to
grow, it is important that IoT systems are scalable and can handle the increased
load. Improving scalability will ensure that IoT systems can continue to func-
tion effectively as more devices are added. Data management: collecting,
storing, and analyzing large amounts of IoT data requires a robust data man-
agement infrastructure. Improving data management will ensure that organiza-
tions can effectively harness the power of IoT data to drive business value [67–
69]. Cost-effectiveness: IoT solutions can be expensive, and reducing costs is
crucial to ensure that they are accessible to organizations of all sizes. Improving
cost-effectiveness will make it easier for organizations to adopt IoT solutions
and realize the benefits of the IoT. By addressing these areas, the IoT can be
improved and become even more valuable for the industry.

10.3 Smart industrial

Smart industrial refers to the application of advanced technologies, such as AI,
ML, IoT, and robotics, in the industrial sector to increase efficiency, pro-
ductivity, and competitiveness. The term “SMART” refers to the ability of these
technologies to make operations more “intelligent,” that is, more automated,
connected, and data-driven. The goal of smart industrial is to create a more
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flexible, adaptive, and sustainable industrial system [70,71]. “Towards Smart
Factory for Industry 4.0” refers to the trend towards the integration of advanced
technologies in manufacturing processes to achieve greater efficiency, flex-
ibility, and responsiveness. The concept of the smart factory is a key aspect of
Industry 4.0, the fourth industrial revolution, which aims to create a more
automated, connected, and data-driven industrial system [72–75]. A smart fac-
tory leverages technologies such as the IoT, AI, ML, and robotics to create a
fully integrated, real-time system for monitoring and controlling production
processes. This results in a more agile and responsive manufacturing system,
capable of quickly adapting to changing market conditions, customer demands,
and supply chain disruptions [76–79]. The goal of a smart factory is to create a
more flexible, adaptive, and sustainable industrial system, one that can respond
quickly to changing market conditions and customer demands, while reducing
costs, increasing efficiency, and improving product quality.

The industrial IoT (IIoT) with ML refers to the integration of ML algorithms
into the IIoT ecosystem. The IIoT is a network of connected devices and machines
that communicate with each other to automate industrial processes. By combining
the power of machine learning with the IIoT, organizations can create more intel-
ligent, adaptive systems that can improve efficiency, productivity, and competi-
tiveness [80,81]. ML algorithms can analyze vast amounts of data generated by
connected devices and machines to identify patterns and make predictions about
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future events. This can help organizations to optimize production processes,
improve quality control, and reduce downtime. In a smart factory, for example, ML
algorithms can be used to predict maintenance needs based on sensor data, optimize
production schedules based on real-time demand and supply chain data, and
improve energy efficiency by adjusting processes based on real-time energy con-
sumption data [82–85]. By integrating ML into the IIoT ecosystem, organizations
can gain a competitive advantage by leveraging the power of data and analytics to
create a more intelligent, adaptive, and efficient industrial system.

10.4 Biomedical

Cognitive computing in biomedical refers to the use of AI and ML algorithms to
process and analyze large amounts of biomedical data to support decision making
and improve healthcare outcomes [86–89]. Applications of cognitive computing in
biomedical include: (1) drug discovery and development. (2) Predictive analytics
for patient outcomes. (3) Medical imaging analysis. (4) Electronic medical records
management. (5) Clinical trial design and optimization. (5) Personalized medicine
and precision health.

These applications help to identify new targets for drug development, predict
patient outcomes, improve medical imaging analysis, and optimize the delivery of
care to patients.

10.5 Issues and challenges

Issues and challenges in cognitive technologies include (1) bias and fairness:
ensuring that AI systems do not perpetuate existing biases and discrimination.
(2) Explainability: understanding how AI systems make decisions and ensuring
accountability. Data quality and privacy: ensuring that data used to train AI sys-
tems is accurate, diverse, and respects privacy rights. (3) Regulation: navigating the
complex regulatory landscape around AI and ensuring compliance with relevant
laws and ethical principles. (4) Security: protecting AI systems from cyber-attacks
and ensuring the privacy and security of sensitive data [90]. Talent and skills:
attracting and developing the necessary talent and skills to build, deploy, and
manage AI systems. Integration with existing systems: integrating AI systems with
existing processes, technologies, and organizational structures. Ethical considera-
tions: ensuring that AI systems are aligned with ethical and moral values, such as
transparency, accountability, and respect for privacy. (5) Scalability and sustain-
ability: ensuring that AI systems can handle increasing amounts of data and com-
putational complexity over time.

(A) Requirements for intelligent equipment
The ability to learn from data and improve over time. Real-time processing:
the ability to process large amounts of data in real-time and make decisions
quickly. Data integration: the ability to integrate data from multiple sources
and formats, such as sensors, databases, and the cloud [91–94]. The ability to
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communicate and share data with other systems and devices. The ability to
handle increasing amounts of data and computational complexity over time.
Human–machine interface: a user-friendly interface that enables human
operators to interact with the equipment and monitor its performance. Security
and privacy: the ability to protect sensitive data and ensure the privacy and
security of users. The ability to function reliably and consistently, even in
challenging environments or under adverse conditions. The ability to provide
value for money, taking into account both the initial cost of the equipment and
its ongoing operational expenses. The ability to comply with relevant stan-
dards and regulations, such as safety standards, data privacy laws, and ethical
guidelines.

(B) Nanotechnology-based method
Nanotechnology-based cognitive sensors are advanced sensors that utilize
nanotechnology to enhance their capabilities. These sensors have the ability to
self-learn, adapt, and process information in real-time, making them useful in a
range of applications, such as smart homes, wearable devices, and robotics. They
can detect, analyze, and respond to changes in their environment and make
decisions based on that information [95–98]. The miniaturization of these sen-
sors enables them to be integrated into smaller and more complex systems,
resulting in more efficient and effective sensing capabilities. Nanotechnology-
based smart industries are industries that utilize nanotechnology to improve their
processes, products, and overall operations [99–101]. Some examples of nano-
technology applications in industries include: Healthcare: nanotechnology is
used in the development of advanced medical devices, such as nanoscale sensors
for monitoring vital signs and targeted drug delivery systems. Energy: nano-
technology is used in the development of solar panels, fuel cells, and batteries, to
increase their efficiency and storage capacity. Manufacturing: nanotechnology is
used to enhance product performance, improve material strength, and reduce
production costs. Information technology [102–106]: nanotechnology is used to
improve the performance and functionality of computer components, such as
hard drives, processors, and memory chips. Environmental protection: nano-
technology is used to develop more efficient and effective water filtration sys-
tems, air purification systems, and to clean up toxic waste sites [107,108].
Overall, nanotechnology is helping smart industries to increase efficiency,
reduce costs, and improve sustainability.

(C) Data-driven fabrication
Data-driven fabrication refers to a manufacturing process where data, such as
CAD models, simulation results, and sensor readings, is used to drive the
production of a product. This technology allows for the integration of data into
the production process, enabling real-time adjustments and customization of
products based on data analysis [109]. In industry, data-driven fabrication has
the potential to revolutionize manufacturing by improving efficiency, reducing
waste, and enabling mass customization. Some examples of its applications
include: Additive manufacturing (3D printing): using data from CAD models,
3D printers can produce complex parts and structures with high accuracy and
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minimal waste [110]. Precision manufacturing: data from sensors and simu-
lation results can be used to guide the production process, ensuring high pre-
cision and consistent quality. Smart factories: data from sensors and
production equipment can be analyzed to optimize production processes and
identify areas for improvement. Personalized products: data from customer
preferences and usage patterns can be used to produce customized products
that meet individual needs. Overall, data-driven fabrication is enabling indus-
try to produce high-quality products faster and more efficiently, while redu-
cing waste and improving sustainability.

10.6 Conclusions

In conclusion, cognitive sensing is playing a critical role in the development of
smart industries. By utilizing advanced sensors that can self-learn, adapt, and pro-
cess information in real-time, smart industries are able to improve efficiency,
reduce costs, and enhance their overall operations. With the integration of nano-
technology and data-driven fabrication, smart industries are able to produce high-
quality products faster and more efficiently, while reducing waste and improving
sustainability. Cognitive sensing is a rapidly growing field with immense potential,
and its continued development will likely bring about numerous new applications
and advancements in the future. As such, smart industries that embrace and
incorporate cognitive sensing technology will likely be well-positioned for success
in the coming years. By utilizing advanced sensors that can self-learn, adapt, and
process information in real-time, the biomedical field is able to improve patient
outcomes and advance the field of medicine. Cognitive sensors are being used to
develop innovative medical devices, such as nanoscale sensors for monitoring vital
signs, targeted drug delivery systems, and implantable devices. These devices are
helping to provide continuous monitoring and treatment, reducing the need for
invasive procedures and improving patient comfort. In addition, cognitive sensing
technology is enabling the development of personalized medicine, where treat-
ments are tailored to the unique needs and characteristics of each patient. This is
accomplished by using data from sensors and other sources to better understand
patient conditions and make informed treatment decisions. Overall, cognitive sen-
sing technology is helping to advance the biomedical field and improve patient
outcomes, and its continued development will likely bring about numerous new
applications and advancements in the future.
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ABSTRACT   

Research of lead-free perovskite solar cells has gained speedy and growing attention with urgent intent to eliminate toxic 

lead in perovskite materials. The environmental friendliness and excellent thermal stability proves of stable perovskite 

Cesium Tin Iodide (CsSnI3) as one of the promising materials for their potential application in solar field. In this paper, 

fabrication and characterization of CsSnI3 perovskite layer has been reported. Fabrication of CsSnI3 perovskite layer was 

made by spin coating method. One step coating processed CsSnI3 layer have characterized by X-ray diffraction (XRD) 

and field-emission scanning electron microscopy (FESEM). Optical properties of layer have investigated by Vis-NIR 

spectrophotometer. It reveals that CsSnI3 perovskite layer possess good absorption in the visible spectrum. XRD result 

confirms the crystal structure of orthorhombic phase with dominating peak at 27.5
0
 (2*ϴ) corresponding (202) planes. 

Dense distributions of polycrystalline CsSnI3 perovskite layer were recorded by FESEM images.   

Keywords: Perovskite solar cells, fabrication, characterization, XRD, FESEM 

 

1. INTRODUCTION  

Perovskite solar cells (PSCs) have surpassed the power conversion efficiency (PCE) of 25%, marking a significant 

advancement in the conversion of solar energy to electricity
1
. Modern high PCE cells based on a perovskite photon 

absorber with lead incorporation have a structure of ABX3 [A = Cs, MA (CH3NH3, methylammonium), or FA 

(NH=CHNH3, formamidinium); X = I, Br, Cl. In ABX3 structure, B indicates Pb metal which is widely used. But due to 

toxicity concerns for both humans and the environment, the exclusion of the heavy metal Pb is the essential task. 

However, when it is removed the effectiveness of these high-performing PSCs decreases. Pb-based halide perovskites 

are also being investigated for use in other applications, such as light-emitting diode (LED), photodetectors, solar cells, 

and transistors, because of their excellent optical and electrical qualities
2
. However, due to its toxicity, the usage of the 

Pb element could seriously hinder large production and commercialization. Additionally, the band gap (Eg) values of Pb-

based halide perovskites are larger than the ideal Eg (1.34 eV) calculated from the Shockley-Queisser limit for single-

junction solar-cell applications, ranging from 1.5 to 2.4 eV. As a result, it is essential to continue developing Pb-free 

halide perovskite materials with lower Eg. Many Pb-free halide perovskite derivatives have recently been investigated as 

alternatives, including ordered double perovskites (A2(I)(III)X6), layered Sb-based halide perovskites, molecular halide 

perovskites, and divalent Sn
-
, Mn

-
, and Ge

-
 based halide perovskites (A(Sn, Mn, Ge)X3).. They are direct analogues of 

Pb-based halide perovskites with a three-dimensional crystal structure, and they also have narrower Eg values ranging 

from 1.2 to 2.2 eV. Among these, Sn-based halide perovskites is a particularly interesting alternative
3,4,5

. Moreover, 

among all the Pb-free halide perovskite materials, Sn-based halide perovskite solar cells have the greatest PCE of nearly 

9%
6,7

. Due to the oxidation of Sn
2+

 to Sn
4+

 ions under an ambient-air condition, the stability and PCE of these PSCs are 

lower.  

 

2. METHODOLOGY 

Perovskite films can be synthesized by the solution method, vapor deposition method, compositional method, or crystal 

growth method. In the solution method, perovskite material is spin-coated by the one-step or two-step method.  
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Making a perovskite layer is easier and less expensive with the solution approach. We utilized the following procedure to 

make the light-absorbing perovskite layer in a single step. In the one-step method, perovskite layers like a CsSnI3 

precursor solution is obtained by dissolving CsI and SnI2 in suitable solvents at a certain stoichiometric ratio. The CsSnI3 

solution is directly spin-coated on a FTO/ glass substrate and annealed at a certain temperature to obtain a perovskite 

layer/FTO/glass substrate. The performance of the device would be impacted by crystal defects. The solvent employed, 

annealing temperature, and annealing time may affect the perovskite layer's crystal quality and characteristics. In the 

one-step deposition method, it is difficult to control the morphology and thickness of the perovskite crystal layer
8
. Liang 

et al. developed a two-step sequential deposition method in which a saturated methanol solution of PbI2 was spin-coated 

onto the TiO2/substrate
9
. A PbI2-coated substrate was immersed in a 2-propanol solution containing MAI for a suitable 

length of time and dried at a suitable temperature to get a perovskite layer onto the substrate. The reaction between the 

PbI2 and MAI produced the perovskite layer. The duration of the time spent dipping and the amount of MAI solution 

used to create the perovskite layer affect its morphology and optoelectronic characteristics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic diagram of solution method for preparation of CsSnI3 perovskite layer 
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3. RESULTS AND DISCUSSION 

Figure 2 shows the optical absorption characteristics of the plain CsSnI3 perovskite film fabricated with CsI and SnI2 

precursors. The data indicate that an enhanced optical absorption is obtained for nearly the whole absorbing region of 

visible spectrum, which benefits the photocurrent density enhancement of the CsSnI3 based PSCs. The bandgap of the 

CsSnI3 is estimated as ∼1.5 eV, as shown by the Tauc plots of optical absorption spectra in Figure 2. 

 

 

 

 

 

 

 

 

 

 

Figure 2. Absorbance Spectra and Tauc plot of CsSnI3 perovskite film for the determination of bandgap (indirect method)  

 

 

 

 

 

 

 

 

 

Figure 3. FESEM images of the CsSnI3 perovskite layer 

 

Figure 4. XRD patterns of the CsSnI3 Perovskite thin layer 
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The surface morphologies of the perovskite films have been checked with FESEM characterization as shown in Figure 3. 

A good crystallinity recorded in the perovskite samples. Typical characteristic peaks of the B-γ CsSnI3 structure can be 

found in the samples
10

. XRD result confirms the crystal structure of orthorhombic phase with dominating peak at 27.5
0
 

(2*ϴ) corresponding (202) planes. 

4. CONCLUSION 

CsSnI3 perovskite thin film was successfully fabricated using one step coating process. Surface morphology, 

crystallization and absorbance spectra were characterized by XRD, FESEM and Vis-NIR spectrophotometer, 

respectively. CsSnI3 perovskite layer absorbance spectra showed good absorption in the visible region of solar spectrum. 

The fabricated CsSnI3 perovskite active layer has bandgap ∼1.5 eV with orthorhombic phase crystallinity, suitable for 

solar cell application.  
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Traditional to Modern: A Journey of
Academic Libraries

Monika Triputhi Sharma
Santu Rum Kashyap

Abstract

Existence of Libraries in any academic institution is not a
new thing but in ancient time also libraries were associated with
academic institutions. This poper deals about the transition of
libraries ,fro* traditionol to modern. This transition occurred in
almost everywltere i.e., in libraty resources, seryices and users' need
also. Now the information seeking behaviour of users ls also
changed. This paper mainllt focuses on academic libraries.
Academic Libraries include school libraries, college libraries and
university libraries and these libraries provide facilities to their
students, staff, faculty and institutional members only.

Keywords: Modern Libraries, Traditional Libraries, Academic
Libraries, E-resources, Modern Library Services.

Introduction
As we know that information is a very powerful weapon of

today's society. In every sphere of life latest information is very
essential. Libraries are now no more treated as store house of books

or information. Now Libraries are known with new names as

information centre, knowledge centre, knowledge hubs, digital
library, electronic library, virtual library and so more. In recent times

just storing information and keeping it safely is not the primary goal

of libraries. Now libraries are focused to provide desired information

to every user to promote its academic, research related or other
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CHAPTER 14

CeRA- Consortium for e-Resources in
Agriculture: An Introduction

Monika TriPatlai S harma
Santu RamKashYo7

Abstract

Libraries are lcnown as heart of any institution. To fulfil the

information dernands of user community librarian must update their

resources. Resource sharing is a process by which libraries can

share their resources and fulfil the demands of users in a cheaper

cost. Library cooperation, collaboration, coordination are not the

newer terms. Ever-growing information demands of users as well as

hike in prices of library resources has given birth to the new concept

consortia. In this paper we have discussed dffirent consortia

running in India and we have specially focused on ceRA

(C ons ortium for e- Re s our c e s in Agr i cttlture) .

Keywords: Library consortia, ceRA, Consortium 
'for 

e-

Resources, Agriculture libraries

Introduction
Journals are meant for nascent and current information'

Journals are considered as primary source of information when they

publish information about any new research. Any new research

publishes firstly in the journal. Journals are main information

resource of Library. with the help of journals libraries can update

their users with new information. Users are also very eager to see the

current issues of journals. Journals are very important source for

researchers to know the latest trends and developments in their

subjects. Utilization of every library depends upon its resources' Due

to advent of Information technology the form of library resources has

been changed. To provide better services and meet out the ever-
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ABSTRACT

Medicinal Plants possesses diverse groups of secondary metabolites which are
the key source of antimicrobials conferring ameliorative bio-efficacy for microbial
diseases. In current prospects, owing to the profuse implication of antibiotic therapy
to combat several microbial infections have made the antibiotic resistance a global
issue. The situation has turned on the vision of scientific community to look inwards
for the alternative mode of healing. Recently, the medicinal plants as a potent and
vital source of therapeutics have gathered the interest of academia and scientific
communities across the world. The immense bio-efficacy of medicinal plants as healing
agents has proved to be a landmark for researchers to investigate the potential bioactive
compound conferring antimicrobial activity. The need of hour is to harness good
number of medicinal plants with the specific objectives to unlock their potential as
antimicrobials by extraction, characterization and investigating the possible mode of
action of bioactive secondary metabolites which will definitely lay a strong foundation
of herbal therapy in years to come. Thus, in context with the present scenario the
active research on the antimicrobial activity of the secondary metabolites from
medicinal plants is very rewarding for the elucidation of new drug discovery and
expands the horizon of novel and alternative source of antimicrobials for a better
tomorrow.

Keywords: Medicinal Plants, Bio-efficacy, Secondary Metabolites and
Antimicrobial Activity.
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INTRODUCTION

The therapeutic power of medicinal plants had been recognized since
ages and botanic medicine is one of the oldest practiced professions by
humanity (Kambizi and Afolayan, 2001). Medicinal plant can be the best
source of obtaining a variety of newer drugs as secondary metabolites are
more specific, biodegradable and supposed to have fewer side effects
(Tomoko et al., 2002). They also offer unique platform for biological
functionality and structural diversity that is indispensable for novel drug
discovery (Verpoorte et al., 2002). Medicinal Plants are widely explored in
the traditional system of medicine and their curative potentials are well-
documented (Dubey et al., 2004). Microbiologists, natural product chemists
and ethno botanists are in search of bioactive compounds from medicinal
plants for curing several infectious diseases (Tanaka et al., 2006). Some
important biological and pharmacological activities from various parts of
plants species were reported as antimicrobial, antimalaria, antisickling,
antihelminthic, anticonvultant, antihypertensive, antischistosomal,
antitumour, antiviral, antiinflammatory, cardiotonic, contraceptive,
antiplatelet, wound healing and prostaglandin inhibitory properties (Sharma
and Kumar, 2009; Mahima et al., 2012; Prescott et al., 2002; Rahal et al.,
2014). The documentation of the plant materials to treat and prevent
infectious diseases has attracted the attention of scientist’s worldwide
(Falodun et al., 2006). Therefore, in light of present context an effort to
further explore the medicinal or natural products towards improving health
care delivery deserves attention.

According to the World Health Organization (WHO, 2001) a medicinal
plant is any plant which contains substances useful for the therapeutic
purposes in one or more of its organ and are the precursors for the synthesis
of useful drugs. Medicinal plants possess a vast variety of organic
compounds that have antimicrobial activity (Lai and Roy, 2004). These
compounds are found in different part of the plants viz., stems, roots, leaves,
bark, flowers or fruits and seeds such as allicins, isothiocyanates, plant
pigments, hydrolytic enzymes, proteins, essential oils and phenolic
compounds (Cutter, 2000; Jalalpure et al., 2004). The medicinal properties
of plants are due to their antimicrobial, antioxidant and antipyretic effects
of the secondary metaboloites present in them (Adesokan et. al., 2008).
Medicinal plants are considered as clinically effective and safer alternatives
to the synthetic antibiotics (Modi et al., 2012). Several reports have
documented the effective activity of medicinal plants as antimicrobials, so
plants are one of the bedrocks for the modern medicines (Evans et al.,
2002). Therefore, systematic studies on the bioactive compounds of medicinal
plants should be investigated and explored to understand their safety,
properties and bio-efficacy.
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Antimicrobial Secondary Metabolites

One of the special features of higher plants is their capacity to produce
a large number of organic chemicals of high structural diversity referred
as secondary metabolites (Naqri et al., 1991). These phytochemicals are
synthesized by the plants during physiological process known to inhibit
microbial growth (Chopra et al., 1992; Bruneton, 1995) and are the source
of many potent and powerful drugs (Srivastava et al., 1996). They are used
in traditional system of medicine, modern medicines, nutraceuticals, food
supplements, folk medicines, pharmaceutical and chemical entities for
synthetic drugs (Hammer et al., 1999). Nowadays, much attention has been
paid to the biologically active compounds from plant species used in herbal
medicines (Essawi and Srour, 2000). These metabolites are present in
different parts of the plants such as root, stem, leaves, bark, flower and
seeds (Ezeifeka et al., 2004). The bioactive constituents of plants are alkaloids,
flavonoids, glycosides, tannins, phenols, steroids, saponins, resins, fatty
acids, gums, anthraquinones and triterpenoids conferring antimicrobial
activity (Edeoga et al., 2005; Santhi et al., 2006; Arokiyaraj et al., 2009;
Shymala and Vasantha 2010; Kumar et al., 2010).

Van Vuuren et al. (2007) reported slight fluctuation in the levels of the
two major constituents viz., 1,8-cineole and limonene from hydro distilled
extracts of Heteropyxis natalensis collected from different regions of
Johannesburg Botanical Garden. There was insignificant variation in the
antimicrobial activity of seasonally collected plants. Okwu et al. (2007)
reported quantitative phytochemical analysis of five varieties of citrus
species viz., C. aurantifolia, C. limonum, C. reticulata, Citrus sinensis, C. vitis
and showed the presence of alkaloids (0.22-1.60%), tannins (0.23-1.45%),
saponin (0.30-0.98%), flavonoids (0.30-0.89%) and phenols (0.02-0.64%). The
peels extract of C. sinensis, C. reticulata and C. aurantifolia showed respectively
83.55%, 68.14% and 17.10% inhibition of Fusarium oxysporum which causes
damping-off disease in Hibiscus esculentus. The chemical profile showed the
active constituents as geranoxycumarine, triclosan, benzetonine, limonin
and nomilin in C. vitis and C. sinensis.

Aliyu et al. (2008) evaluated five ethno-medically important plants from
northern Nigeria, such as, Anchomanes difformis, Anisopus mannii, Pavetta
crassipes, Stachytarpheta angustifolia and Vernonia blumeoides for their
phytochemical analysis. The detailed investigation revealed that S.
angustifolia possessed higher concentrations of flavonoids (18.23%) and
alkaloids (7.27%). A. mannii had high saponins (2.50%) and total phenols
(1.25%) whereas, A. difformis contained least amounts of alkaloids, saponins
and total phenolics. Koche et al. (2010) analyzed the phytochemicals of eight
medicinal plants viz., Cleome viscose, Croton tiglium, Galphimia glauca, Hyptis
suaveolens, Malachra capitata, Ocimum sanctum, Physalis minima and Tephrosia
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villosa from Akola district and reported the presence of alkaloids, flavonoids,
saponin, steroid, tannins, phlobatannin, cardiac glycosides and terpenoid
in aqueous leaf extracts.

Hussain et al. (2011) quantitatively estimated phytochemicals (alkaloids,
flavonoids saponins and total phenols), vitamins and protein content in
four medicinal plants viz., Carathamus lanatus, Equisetum ravens, Fagonia critica
and Ranunculus arvensis from Peshawar, Pakistan and revealed variable
amounts of different phytochemicals, vitamins and protein contents in the
plants. Saponin and flavonoids were dominant in these plants followed by
phenols and alkaloids.

Nwokocha et al. (2011) reported phytochemicals of root, stem, leaf
and seed of four Jatropha species viz., J. curcas, J. gossypifolia, J. multifida and
J. padagrica from Niger Delta. The qualitative analysis revealed the presence
of alkaloids, flavonoids, saponins and phenols in all the tissues in varied
concentration. The concentration of tannins in the leaves was found to be
highest in J. curcas (7.43%) followed by J. padagrica (6.79%), J. multifida
(5.16%) and J. gossypifolia (5.14%). However, the concentration of saponins
in leaf and seed of the species were as J. curcas (4.89%, 2.33%), J. gossypifolia
(4.15%, 2.37%), J. multifida (3.15%, 2.44%) and J. padagrica (3.15%, 2.44%).
The saponin concentration in the leaf and seed of J. multifida and J. padagrica
was recorded to be same suggesting close affinity. The tannins were most
abundant in plant parts followed by saponins, alkaloids, flavonoids and
phenols. The results revealed the relatedness of these species. However,
variations observed in their concentrations confer individuality of the species.

Kumar and Bhardwaj (2012) reported presence of flavonoids, tannins,
phenols, saponins, phytosterols and carbohydrates in methanol extract of
Tribulus terrestris collected from six different localities in north India. The
quantitative determination revealed highest percentage of saponins with
variations in the content in different regions. Prohp and Onoagbe (2012)
analyzed the phytochemical properties of Triplochiton scleroxylon stem bark
aqueous and ethanol extracts and revealed the presence of saponins,
steroids, tannins, flavonoids, carbohydrate, and phlobatannins. The
quantitative data revealed the highest yield of tannins (12.67%). Saponin
(2.23%), flavonoid (0.69%) and phenols (0.06%) were next in order.
Interestingly they did not record presence of alkaloids in the plant.

Gupta et al. (2013) reported the qualitative and quantitative
phytochemical analysis of four plants belong to different families viz., Acacia
catechu, A. concina, Emblica officinalis and Hibiscus rosa sinensis. The qualitative
analysis revealed that alkaloids, flavonoids, saponins, tannins and terpenoids
were present in all the plants. Phlobatannins was only present in Acacia
catechu. However, the quantitative analysis of phytochemicals showed that
all the four plants contains higher amount of alkaloids followed by tannins,
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flavonoids, saponins and phenols. Sathya et al. (2013) reported presence of
alkaloids, flavonoids, phenols, saponins and sterols in butanol, chloroform
and water extracts of Bauhinia tomentosa flower with high flavonoid content
(15.80%) exhibiting antibacterial activity against Enterobacter aerogenes and
Salmonella typhi. Saxena et al. (2014) reported presence of alkaloids,
flavonoids, steroids, terpenoids, phenols, saponins, tannins and cardiac
glycosides in the root of Uraria picta, a Dashmul species.

Dutta (2015) studied six species of genus Curcuma viz., C. amada, C.
angustifolia, C. caesia, C. leucorrhiza, C. longa and C. zedoaria for the presence
of secondary metabolites. The qualitative phytochemical screening of ethanol
extracts of each species detected the presence of flavonoids, phenols, tannins,
alkaloids, terpenoids and saponins. The quantitative estimation of curcumin,
an bioactive compound, contents varied within species of the same genus
and was found to be highest in case of C. longa followed by C. zedoaria, C.
angustifolia, C. leucorrhiza, C. amada and C. caesia.

Antimicrobial Activity of Medicinal Plants

The first plant compound possessing antimicrobial activity was reported
in 1930s (Rall and Scleifer, 1991). The screening as tool in discovering new
biologically active molecules has been most productive in search of novel
antimicrobials (Kroschwitz and Howe-Grant, 1992; Tomoko et al., 2002).
Many reports are available on the antiviral, antibacterial, antifungal,
antihelmintic, antimolluscal and anti-inflammatory properties of medicinal
plants (Samy and Ignacimuthu, 2000; Palombo and Semple, 2001;
Kumaraswamy et al., 2002; Stepanovic et al., 2003; Bylka et al., 2004; Behera
and Mishra, 2005; Govindarajan et al., 2006). Several researchers have
documented the therapeutic efficacy of medicinal plants as antimicrobials
in different parts of the world (Reddy et al., 2001; Erdogrul, 2002; Sharma
and Kumar, 2009; Thenmozhi et al., 2013).

Rabe and Staden (1997) screened the antimicrobial activity of the
twenty one traditionally used South African medicinal plants against Gram-
positive bacteria. Twelve plants were effective against B. subtilis. The
methanol extract of Warburgia salutaris was found to be bioactive against E.
coli while none of the extracts was effective against K. pneumoniae. The
highest antimicrobial activity was recorded in case of methanol extracts of
Artemisia afra, Bidens pilosa, Psidium guajava and Warburgia salutaris. Ahmad
and Beg (2001) tested alcoholic extracts of 45 traditionally used Indian
medicinal plants against multi-drug resistant bacteria and C. albicans of
clinical origin. Forty plants extract documented varied levels of antibacterial
activity against one or more test bacteria whereas anticandidal activity
was observed in twenty four plant extracts. The broad-spectrum
antimicrobial activity was observed in 12 plants viz., Camelia sinensis, Casuarina
equistifolia, Emblica officinalis, Eucalyptus sp., Hemidesmus indicus, Holarrhena
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antidysentrica, Lawsonia inermis, Punica granatum, Syzgium aromaticum,
Terminalia belerica and T. chebula. The TLC-bioautography revealed the
presence of phenols, tannins and flavonoids as major bioactive constituents.

Rajakaruna et al. (2002) screened antimicrobial activity of methanol
extracts of thirty-two plants collected from serpentine soils in Sri Lanka
against three Gram-positive and two Gram-negative bacteria, a non-acid
fast bacterium and C. albicans. Twenty nine species belonging to 12 family
exhibited antimicrobial properties at lease against one organism. Locality
variations in the antimicrobial activity were observed with few plant species
suggesting climatic and ecological influence on the phyto-constituents
produced by the plants. Janovska et al. (2003) analyzed antimicrobial activity
of crude ethanol extracts of ten medicinal plants used in traditional Chinese
medicine against B. cereus, E. coli, S. aureus, P. aeruginosa and C. albicans.
The results revealed that five plants showed antimicrobial activity against
one or more species of the test microorganisms.

Onyeagba et al. (2004) reported in-vitro antimicrobial activity of aqueous
and ethanol extracts of Allium sativum L., Zingiber officinale Roscoe. and
Citrus aurantifolia L. juice against Bacillus sp., E. coli, Salmonella sp. and S.
aureus. The aqueous and ethanol extracts of Allium sativum L. and Zingiber
officinale Roscoe. showed no activity against test organisms. However, the
maximum zone of inhibition (19 mm) was recorded with a combination of
extracts on S. aureus whereas, Salmonella sp. were found to be resistant to
all the extracts except lime.

Aqueous and solvent extracts of the leaf of nine medicinal plants viz.,
Dictyota sp., Colocasia esculenta, Gracilaria corticata, Hibiscus rosasinensis, Mirabilis
jalapa, Nyctanthes arbortristis, Pulicaria wightiana, Rheo discolor and Sapindus
emarginatus were screened against six bacterial strains such as B. subtilis, K.
pneumoniae, Micrococcus flavus, Proteus morganii, Pseudomonas sp. and S.
epidermidis. Methanol extract showed more activity than aqueous extract.
The results revealed that extract of S. emarginatus showed strong activity
against the tested bacterial strains. However, K. pneumoniae and Pseudomonas
sp. were the most resistant bacterial strains (Nair et al., 2005). Mangifera
indica and Psidium guajava are generally used for herbal preparations in the
treatment of toothache, dysentery, gastrointestinal disorders, diarrhea, sore
throats and sore gums in Nigeria. Fifteen bacterial isolates comprising of
Gram-positive and Gram-negative against the extract of M. indica and P.
guajava exhibited antimicrobial activity at the concentration of 20 mg/ml
(Akinpelu and Onakoya, 2006).

Abdolkarim et al. (2007) suggested that garlic and onion possess
antibacterial activity. The antibacterial activity of aqueous extracts of six
native Allium species was examined against six bacterial isolates comprising
of both Gram-positive and Gram-negative. The maximum zone of inhibition
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was exhibited by the extract of A. atroviolaceum. The bulb extracts of garlic
exhibited stronger antibacterial activity and the flower extract of onion
were more effective against B. cereus and B. subtilis while K. pneamoniae
was resistant to both the extracts.

Doughari et al. (2007) screened antimicrobial activity of the aqueous
and organic solvent extracts of root of Carica papaya L. against pathogenic
bacteria. The results revealed that organic solvents were more effective
with the methanol extracts showing the highest activity whereas, the aqueous
extracts did not show any significant activity against the tested bacteria.
Hot extraction gave better results as compared to cold extraction. The
extracts showed broad spectrum antimicrobial potentiality with highest
activity against Salmonella typhi. Increase in temperature enhanced the activity
of the extracts, while alkaline pH decreased the activity. The MIC and
MBC of the extracts ranged between 50-200 mg/ml. The phytochemical
analysis revealed the presence of alkaloids, saponins, phenols, tannins and
glycosides as the major bioactive compounds in the extracts conferring
antimicrobial activity.

Vaghasiya and Chanda (2007) screened the antimicrobial activity of
acetone and methanol extracts of fourteen medicinal plants from Gujarat
region against five Gram-positive bacteria, viz., B. cereus, B. subtilis, S. aureus,
S. epidermidis, Micrococcus flavus and seven Gram-negative bacteria, viz.,
Citrobacter freundii, E. coli, K. pneumoniae, P. aeruginosa, Proteus mirabilis, P.
vulgaris, Salmonella typhimurium as well as three fungi viz., C. albicans, C.
tropicalis and Cryptococcus luteolus. The percentage yield and antimicrobial
activity was more in case of methanol than acetone extracts. The most
susceptible bacterium was K. pneumoniae and the most resistant were E.
coli, P. aeruginosa, P. vulgaris and S. typhimurium. The phytochemical analysis
revealed the presence of tannins, steroids, cardiac glycosides and saponins.
Among the different plants, Aristolochia indica (Family: Aristolochiaceae)
showed the best antimicrobial activity.

Khan et al (2007) assessed the antibacterial, antifungal and cytotoxic
ability of tuber of Amorphophallus campanulatus from Bangaldesh. The ethanol
extract exhibited higher antibacterial activity as compared from antifungal
activity. Four Gram-positive (B. subtilis, B. megaterium, S. aureus, Streptococcus
haemolyticus) and six Gram-negative (E. coli, P. aeruginosa, Salmonella typhi,
Shigella dysenteriae, S. flexneri and S. sonnei) bacteria were significantly
inhibited by the extract. The MIC value ranged between 16-128 µg/ml
against all the bacteria.

El-Mahmood and Doughari (2008) analyzed antimicrobial activity and
phytochemicals in root and leaf of Cassia alata and revealed the presence of
bioactive compounds conferring antimicrobial activity to them. The effects
of water, methanol and chloroform extracts on pathogenic bacteria viz., E.
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coli, Proteus mirabilis, P. aeruginosa, S. aureus and Streptococcus pyogenes and
showed that the plant parts can be used to treat infections caused by these
bacteria. The result revealed that P. mirabilis, S. aureus and S. pyogenes were
more susceptible to these extracts than E. coli and P. aeruginosa.

Mahesh and Satish (2008) assessed the antimicrobial activity of
methanol extracts of leaf of Acacia nilotica, Sida cordifolia, Tinospora cordifolia,
Withania somnifera and Ziziphus mauritiana against B. subtilis, E. coli, P.
fluorescens, S. aureus and Aspergillus flavus, A. malvacearum, Dreschlera turcica
and Fusarium verticillioides. The results revealed that methanol leaf extract
of A. nilotica and S. cordifolia showed maximum antibacterial activity against
B. subtilis whereas, Z. mauritiana leaf extract showed significant activity
against A. malvacearum. The root and leaf extracts of S. cordifolia showed
better activity against all the bacteria tested. Bark and leaf extracts of A.
nilotica showed antifungal activity against A. flavus. Z. mauritiana and T.
cordifolia also recorded significant antifungal activity against D. turcica.
However, the methanol extract of S. cordifolia exhibited antifungal activity
against F. verticillioides.

Alam et al. (2009) evaluated the methanol, ethanol, ethyl acetate and
chloroform leaf and stem extracts of two medicinal plants namely,
Achyranthes aspera and Cassia alata for their antibacterial activities against B.
subtilis, E. coli, S. aureus, S. typhi and V. cholerae. The organic solvent extracts
of leaf and stem of A. aspera exhibited no significant antibacterial activity
whereas, the methanol extracts of both leaf and stem of C. alata showed
antibacterial activity, against B. subtilis & S. typhi and the corresponding
MIC values of the leaf extracts were 1.25 and 1.5 mg/ml respectively. The
ethanol extracts of stem and leaf were found equally effective to S. aureus
(1.25 mg/ml). Ashafa and Afolayan (2009) assessed the antimicrobial efficacy
of the root extracts of Chrysocoma ciliata L. against 10 bacteria and 4 fungi.
The methanol and acetone root extracts exhibited broad-spectrum inhibition
against Gram-positive and Gram-negative bacteria at MIC of < 1.0 mg/ml.
The acetone, methanol and aqueous extracts exhibited complete growth
inhibition of Aspergillus flavus and A. niger and at minimum inhibitory
concentration of 0.5 mg/ml. All the extracts inhibited the growth of C.
albicans at MIC of 5.0-10 mg/ml. The results revealed that root extracts
from C. ciliate possess strong antimicrobial activity.

Jeyachandran et al. (2009) assessed the antibacterial activity of
plumbagin (2-methyl-5-hydoxyl-1, 4-naphthoquinone) and methanol,
chloroform and aqueous root extracts of Plumbago zeylanica L. against several
pathogenic bacteria and their minimum inhibitory concentration was
determined. The highest antibacterial activity was recorded for Plumbagin
and chloroform root extract of P. zeylanica L. against E. coli, S. aureus and
S. typhi. However, the inhibition was moderate against B. subtilis, K.
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pneumoniae and S. marcescens and lowest against P. aeruginosa and P. vulgaris.
The methanol extract showed moderate and the aqueous extract weak
antibacterial activity. The activity was more with plumbagin as compared
from the crude extract. The bioactive compound plumbagin and root extract
of P. zeylanica exhibited broad-spectrum antibacterial activity.

Kumar et al. (2009) assessed the antimicrobial activity of the fruit extract
of Terminalia chebula against B. subtils, E. coli, P. aeruginosa, S. aureus, S.
epidermidis and S. flexineria. The results revealed that the fruit extract
exhibited antimicrobial activity against Gram positive, B. subtils, S. aureus
and S. epidermidis and Gram negative, E. coli, P. auriginosa and S. flexineria.
Okigbo et al. (2009) screened African tuber Curcuma longa, Dioscorea bulbifera
and Zingiber officinale ethanol and cold water extracts against three human
pathogenic microorganisms’ viz., E. coli, S. aureus and C. albicans. The ethanol
extracts exhibited more inhibitory activity than aqueous extract. The
minimum inhibitory concentration for ethanol ranged from 0.5-1.0 mg/ml
on E. coli, S. aureus and C. albicans. However, the MIC of aqueous extract
was 1.0 mg/ml on E. coli and ranged between 0.5-1.0 mg/ml on S. aureus
and C. albicans. The result revealed that S. aureus was more susceptible to
the extract while C. albicans was least inhibited. The phytochemical analysis
revealed the presence of alkaloids, flavonoids, saponins, steroids, tannins,
phenols and triterpenoids. The quantitative estimation revealed significant
variations in the levels of phytochemicals in different plants under
investigation.

Swarnkar and Katewa (2009) studied thirteen plants viz., Ampellocissus
latifolia, Asparagus racemosus, Costus speciosus, Crinum asiaticum, Curculigo
orchiodies, Curcuma amada, Dioscorea bulbifera, Dioscorea pentaphylla, Gloriosa superba,
Puearria tuberose, Sauromaticum venosum, Urgenia indica, and Withania somnifera
belonging to nine families collected from different localities from tribal area
of Rajasthan for their antimicrobial activity against E. coli, K. pnuemoniae, P.
aeruginosa, S. aureus and C. albicans. The methanol and aqueous extract of A.
racemosus exhibited antimicrobial activity against all the microorganisms tested
whereas, A. latifolia extracts showed no significant activity.

Kaladhar et al. (2010) made a comparative assessment of antimicrobial
activity of tuber extract of Dioscorea hamiltonii and stem extract of Azadirachta
indica against B. subtilis, Enterococcus faecalis, E. coli, Lactobacillus delbrueckii,
P. aeruginosa, P. vulgaris, Saccharomyces cerevisiae, Streptococcus pyogenes,
Streptococcus thermophilus, Vibrio parahaemolyticus, A. niger and Penicillium
chrysogenum. The results revealed that the methanol and ethyl acetate
extracts from D. hamiltonii and A. indica exhibited highest antimicrobial
activity. The activity was found to be higher in case of Gram-positive than
Gram-negative bacteria followed by fungi. Sumathi and Parvathi (2010)
reported the antimicrobial activity of the extracts of Andrographis paniculata
Nees, Phyllanthus niruri Linn., Terminalia bellerica Roxb., Terminalia chebula
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Retz. and Vitex negundo Linn., against one Gram-positive and four Gram-
negative bacteria. The minimum inhibitory concentration of P. niruri leaf
extract against Salmonella typhi and S. aureus was 50 µg/ml whereas, the
MIC of T. bellerica fruit extract against E. coli was 50 µg/ml and for S.
aureus was 200 µg/ml. However, the leaf extracts of the A. paniculata, T.
chebula and V. negundo did not exhibit any significant antimicrobial activity.

Periyasamy et al. (2010) assessed the antibacterial activity of five Indian
medicinal plants viz., Achyranthes aspera, Aristolochia bracteolate, Cassia senna,
Rauvolfia tetraphylla and Wrightia tinctoria leaf extracted in methanol, ethyl
acetate, aqueous and chloroform against B. subtilis, E. coli, K. pneumoniae,
M. luteus, P. aeruginosa and S. aureus. The results revealed that methanol
extract showed highest antibacterial activity and moderate activity was
recorded with aqueous, ethyl acetate and chloroform extracts. A. aspera
exhibited maximum antibacterial activity as compared from other plants
against all the tested bacteria. The methanol extracts were found to be
more effective in inhibiting all the bacteria than other organic solvent
extracts. The phytochemical screening revealed the presence of alkaloids,
flavonoids, tannins, saponins, anthroquinones, glycosides and volatile oils.

Valarmathy et al. (2010) investigated the ethanol extracts of leaves of
Alternanthera sessilis, Anisochilus carnosus, Azardiratica indica, Cynodon dactylon,
Moringa oleifera, and Musa paradisiacal for their antimicrobial activity against
B. subtilis, E. coli, K. pneumoniae and Vibrio cholerae. The ethanol extract of
Azardiratica indica exhibited highest activity against E. coli than other extracts
and penicillin.

Alagesaboopathi (2011) analyzed antimicrobial activity of the aqueous,
acetone and petroleum ether extracts of root, stem and leaf of Andrographis
ovata, Aristolochia indica, Eclipta prostrata and Gloriosa superba against four
human pathogens, viz., E. coli, K. pneumoniae, P. aeruginosa and P. vulgaris.
All the extracts were found to be effective against E. coli, K. pneumoniae, P.
aeruginosa and P. vulgaris. The study revealed that the plant part possesses
potential broad spectrum antimicrobial activity. The antimicrobial activity
of acetone extracts was found to be higher than that of aqueous extracts.
However, the root extract exhibited more inhibitory effect than the stem
and leaf extracts. Grover et al. (2011) reported the antimicrobial activity of
petroleum ether, methanol and aqueous leaves extracts of Azadirachta indica
(Meliaceae), bulbs of Allium cepa (Liliaceae) and methanol extract of gel of
Aloe vera (Liliaceae) against two Gram-positive bacteria viz., B. subtilis and
S. aureus and four Gram-negative bacteria viz., E. coli, P. aeruginosa, P.
vulgaris, S. typhi and two fungi viz., A. niger and C. albicans. The methanol
extract of A. indica and A. cepa exhibited highest activity against B. subtilis.

Jayalakshmi et al. (2011) evaluated the antibacterial activity of some
medicinal plants against human pathogenic bacteria viz., B. cereus, B. subtilis,
E. aerogenes, E. coli, K. pneumoniae, S. aureus and S. typhi with respect to
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streptomycin and gentamycin. The methanol extracts of Anacardium
occidentale L., Clerodendrum inerme L., Curcuma amada Roxb., Duranta repens
L., Eucalyptus camaldulensis Dehnh., Euphorbia cotinifolia L. and Terminalia
chebula Retz showed maximum activity. The petroleum ether extract of C.
amada, P. betel and T. chebula also showed better efficacy. The phytochemical
analysis of different extracts showed the presence of flavonoids, terpinoids,
tannins, steroids, alkaloids and glycosides.

Rahman et al. (2011) documented the in-vitro antimicrobial activity of
hexane and methanol extracts of fresh aerial parts of ten wild medicinal
plants collected from El-Hammam, Burg El Arab and Bahig regions located
along the Western Mediterranean coast of Egypt viz., Alhagi maurorum,
Arthrocnemon glaucum, Atractylis carduus, Atriplex halimus, Blackiella aellen,
Carduus getulus, Echinops spinosissimus, Mesembryanthemum crystallinum,
Nicotiana glauca and Thymelaea hirsute against fifteen Gram-positive and
Gram-negative pathogenic bacteria. The results revealed that both methanol
and hexane extracts showed strong antibacterial activity against at least
two pathogenic microorganisms tested. However, hexane extracts showed
lower activity against microorganisms as compared from methanol extracts
under investigation.

Khan (2012) investigated the antibacterial efficacy of chloroform,
ethanol and aqueous extracts of Allium cepa, Allium sativum and Zingiber
officinale against Enterococcus faecalis, E. coli, K. pneumoniae, Proteus mirabilis,
P. aeruginosa, Salmonella sp. and S. aureus and observed maximum
antimicrobial activity in chloroform extract of A. sativum against E. coli and
minimum antimicrobial activity in aqueous extract of A. cepa against E.
faecalis. Priyavardhini et al. (2012) evaluated antibacterial activity, qualitative
and quantitative phytochemical analysis of hexane, petroleum ether,
chloroform, acetone and methanol extracts of Corallocarpus epigaeus tuber,
stem and leaf against E. coli, K. pneumoniae, P. aeruginosa, S. aureus and S.
marcescens. The tuber methanol extracts of C. epigaeus exhibited higher
efficacy against all the tested pathogens. The phytochemical analysis revealed
the presence of alkaloids, flavonoids, phenols, tannins, steroids, saponins,
glycosides and terpenoids. Selvamohan et al. (2012) evaluated the in-vitro
antimicrobial activity of methanol, ethanol and aqueous extracts of seven
medicinal plants against E. coli, Klebsiella sp., Pseudomonas sp. and Staphylococcus
sp. The methanol extract of Phyllanthus niruri showed the maximum activity
against Staphylococcus sp. The ethanol and aqueous extracts showed minimum
antimicrobial activity when compared to methanol extracts.

Singh and Jain (2012) extracted curcuminoids (curcumin,
bisdemethoxycurcumin and demethoxycurcumin) from Curcuma longa for
antimicrobial efficacy evaluation against B. subtilis, Enterobacter aerogenes, E.
coli, K. pneumoniae, P. aeruginosa, Proteus mirabilis, S. auresus, A. niger and C.
albicans with kanamycin and fluconazole as standard antibacterial and
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antifungal agents respectively. The results revealed that out of three
curcuminoids, curcumin showed highest antibacterial as well as antifungal
potentiality. Yadav and Khan (2012) assessed the antimicrobial activity of
eleven ethnomedicinal plant extracts against B. subtilis, Enterococcus facalis,
Ervinia sp., E. coli, K. pneumoniae, P. vulgaris, P. aeruginosa, S. aureus, S.
epidermidis, and C. albicans. The evaluated plants were used in folk medicine
in the treatment of skin diseases, venereal diseases, respiratory and nervous
disorders. The results revealed that ten plants exhibited antimicrobial
activity against one or more of the tested microorganisms at three different
concentrations of 1.25, 2.5 and 5 mg/disc. The medicinal plants viz., Acalypha
fruticosa, Cassia auriculata, Peltophorum pterocarpum, Punica granatum Syzygium
lineare and Toddalia asiatica were found to be most active. However, the
maximum antifungal activity against C. albicans was exhibited by methanol
extract of P. pterocarpum and P. granatum.

Chandra (2013) reported the antimicrobial activity of two medicinal
plants viz., Annona reticulata and Lagerstroemia indica methanol and aqueous
leaf extracts against human pathogens viz., K. pneumoniae, S. auerus, S. typhi,
P. aeruginosa and P. vulgaris. The results revealed the presence of broad
spectrum antibacterial activities. The maximum zone of inhibition was
recorded in methanol extract as compared to aqueous extract for S. typhi
(12 mm), K. pneumoniae (13 mm), P. vulgaris (20 mm), P. aeruginosa (12 mm)
and S. aureus (12mm). The phytochemical screening showed the presence
of varied phytochemicals such as flavonoids, saponins, tannins, terpenoids,
deoxy sugars and phenolic compounds which may contribute for the
antimicrobial activity of these medicinal plants. Jha et al. (2013) assessed
the antimicrobial activity of ethanol and aqueous rhizome extracts of four
Curcuma variety, i.e. Curcuma longa, C. caesia, C. amada and C. aromatica against
two Gram-positive, S. aureus and B. subtilis, one Gram-negative, P. aeruginosa
and two fungal species C. albicans and A. flavus vis-a-vis tetracycline and
fluconazole. The ethanolic extract of C. longa and C. aromatica were found
to exhibit both antibacterial and antifungal efficacy. The aqueous extract of
all the plants showed no significant antimicrobial activity.

Kumar et al. (2013) reported twelve species of Dioscorea as the leading
medicinal food sources among rural and tribal population of Odisha. Except
Dioscorea alata all are wild types. D. alata is the cultivated species known
for its food, medicinal and economic values. It has therapeutic values,
antimicrobial properties, diversity and food potentiality for sustainable use
by the tribal communities in amelioration of several infectious diseases.
Malini et al. (2013) screened antibacterial activity in aqueous and ethanol
extracts of Aloe vera and Coleus aromaticus against waste water borne
pathogens viz., Bacillus sp., E. coli, Klebsiella sp., Pseudomonas sp., and
Staphylococcus sp. The ethanol extract of A. vera exhibited better antimicrobial
efficacy as compared to other plants and aqueous extracts.
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Senthilkumar (2013) assessed in-vitro antibacterial activity of Gloriosa
superba seeds and tubers extracted through various solvents against five
Gram-positive bacteria viz., B. cereus, B. subtilis, S. aureus, Streptococcus
cremoris, Streptococcus fecalis and five Gram-negative bacteria viz., E. coli, K.
pneumoniae, P. aeruginosa, P. vulgaris and S. typhi. The methanol extracts
exhibited higher antibacterial activity followed by chloroform extract. The
methanol extract exhibited maximum antimicrobial activity against Gram-
positive than Gram-negative organisms. The methanol extract showed
maximum zone of inhibition in B. cereus followed by E. coli, Streptococcus
fecalis, K. pneumoniae, S. aureus, P. aeruginosa, S. cremoris, P. vulgaris, B. subtilis
and S. typhi. The preliminary phytochemical screening revealed the presence
of alkaloids, glycosides, steriods, terpenoids and tannins.

Thenmozhi et al. (2013) reviewed antimicrobial efficacy of the methanol
root extracts of Emilia sonchifolia (family: Asteraceae) against B. cereus, B.
subtilis, K. pneumoniae, P. aeureginosa, Salmonella typhi, Shigella dysenteriae, S.
aureus and Streptococcus faecalis and fungi such as A. niger, Azospirillum
lipoferum, C. albicans, Mucor racemosus and Tricoderma viride. The methanol
root extracts was reported to have significant antimicrobial activity. The
minimum inhibitory concentration of the extracts ranged from 400-1000
µg/ml. Sahu et al. (2014) investigated the ethno medicinal plants in healthcare
systems based on interviews from the tribal community belonging to Bhatra,
Madiya, Muriya and Gond tribes in Geedam block of Dantewada. The
tribals of this region mainly depend on forests for their livelihood and
traditional medicine as a primary healthcare source. The study documents
some new and less explored ethno medicinal uses of 104 plants used by
tribes of this region in curing several dreadful diseases since long.

Islam et al. (2014) investigated antimicrobial activity of Zingiber officinale
extracted in Soybean oil against 24 isolates of food borne pathogenic bacteria
viz., E. coli, Klebsiella sp., P. aeruginosa, Salmonella sp., S. aureus and V. cholerae.
The study revealed that ginger extract showed highest activity against
Salmonella sp. and lowest activity against E. coli and S. aureus. Mehta et al.
(2014) assessed the methanol root extract of Phyllanthus fraternus against
eleven bacterial and three fungal strains. The result exhibited maximum
antibacterial efficacy against P. aeruginosa followed by S. typhi B and
minimum against S. typhi A. However, the maximum antifungal activity
was recorded against A. niger. They attributed the antimicrobial activity to
the presence of secondary metabolites.

Prakash et al. (2014) assessed the phytochemical analysis and
antibacterial activity of petroleum ether, chloroform, ethyl acetate and
methanol root extracts of Decalepis hamiltonii against Gram-positive pathogen
viz., B. subtilis, B. cereus, S. aureus and Gram-negative bacteria, as E. coli, K.
pneumoniae, P. aeruginosa, S. typhi using different concentrations of extracts.
Among different solvent extracts, methanol extract was found to be more
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active against most of the tested pathogenic bacteria as they showed the
presence of higher phytochemical constituents such as, glycosides, steroids,
flavonoids, phenols, terpenoids, saponins and tannins. Among all the
organisms tested K. pneumoniae was found to be more resistant towards all
the extracts. However, E. coli, P. aeruginosa and S. typhi showed moderate
resistant and S. aureus, B. cereus and B. subtilis showed least resistant against
all the extracts under investigation.

Gupta et al. (2015) evaluated antimicrobial potentiality of rhizome
extract of Curcuma longa against clinical and standard strain of S. aureus.
The clinical isolates were more sensitive than standard strains towards
extracts showing its broad spectrum efficacy. The results were also
confirmed by scanning electron microscopic observations which revealed
that test pathogen treated with C. longa extract showed morphological
deformity, with partial lack of the cytoplasmic membrane leading to cell
disruption of the pathogens.

Sharma et al. (2015) analyzed antimicrobial activity of Cassia alata against
eight MTCC and seven clinical isolates viz., B. cereus, B. subtilis, E. coli, K.
pneumoniae, P. aeruginosa, P. vulgaris, S. aureus and S. epidermidis. Acetone
extract of root showed highest antibacterial activity against B. subtilis
(MTCC 441) and clinically isolated P. vulgaris while least activity was
observed in case of acetone extracts of stem and leaf against K. pneumoniae
(MTCC 3384) and clinically isolated S. aureus. The activity index was higher
in Gram-positive bacteria in acetone root extracts for B. subtilis (MTCC
441) and clinically isolated B. subtilis with reference to streptomycin whereas,
the activity index for chloroform extract of root with reference to
tetracycline was found to be high in B. subtilis (MTCC 441) and clinically
isolated S. aureus. The phytochemical profile of different parts of C. alata
showed presence of alkaloid, flavonoid, phytosterol, tannin, saponin,
glycoside, terpanoid, cardio glycoside, oils, gum and mucilage, quinine and
resin.

Kowero et al. (2016) evaluated the antibacterial activity of five selected
medicinal plants based on its traditional usage for curing bacterial infections
in Tanzania viz., Conyza floribunda, Embelia schimperi, Maerua decumbens,
Ocimum gratissimum, and Plectranthus barbatus. The plant extracts showed
antibacterial activity with MIC range (1.56 mg/ml to > 25 mg/ml). Out of
22 extracts under study 8 extracts demonstrated antibacterial activity with
MIC (1.56 mg/ml) against E. coli, K. oxytoca, P. aeruginosa, P. mirabilis and S.
typhi. The C. floribunda extracts exhibited a narrow range antibacterial activity
with MIC range (1.56 to 6.25 mg/ml) compared to the rest of plant species.
The antibacterial activity of the evaluated plant species was in order of C.
floribunda followed by P. barbatus, M. decumbens, E. schimperi and O.
gratissimum.
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CONCLUSION

Medicinal Plants contains several secondary metabolites which are the
valuable sources of new and biologically active molecules possessing
antimicrobial bio-efficacy. A sense of urgency accompanies in the search for
new antimicrobials as the pace of species extinction continues. Laboratories
along the globe have well documented the diverse groups of secondary
metabolites conferring antimicrobial activity in-vitro. Several of these
bioactive compounds were studied to determine their activity in whole
organism systems, including toxicity studies and examination of their effects
on beneficial normal micro biota as well. Researchers have correlating the
botanical properties of the medicinal plants with their pharmacological
activity. In future multi-dimension research aimed at correlating
phytochemical and botanical properties to specific pharmacological
potentiality is also expected. Thus, it would be rewarding to standardize
methods of extraction and in-vitro testing so that the search for
antimicrobials could be more systematic and the interpretation of results
would be facilitated. Efficient collaborations with pharmacologists and
medical doctors, plant pathologists and microbiologists are crucial to see
the complete development of an interesting lead bioactive compound.
Therefore, there is an urgent need of in depth investigation in the arena of
medicinal plants research with the pin pointed objective of exploring their
bio-efficacy and subsequently the screening, extraction, characterization and
mode of action of the bioactive compounds which will definitely lay the
strong foundation of phytoscience and herbal therapy in near future.
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Abstract
The field of nanotechnology has brought in a giant revolution and nanomedicine has emerged as a key player in offering cross-
sectoral and cross-technological solutions for various treatment modalities. The domain of nanomedicine includes the nanocarriers
and the nanomaterials themselves. The new generation of nanomaterials with their unique properties (acoustic, electrical,
mechanical, optical) has unique interactions in the biological milieu. This has undoubtedly opened up new clinical perspectives for
better management of various diseases and disorders. Over 50 formulations based on nanotechnology have reached the market and
are approved as anesthetics, anti-cancer therapies, anti-fungal, and iron-replacement therapies among others. But, the development
of nanomedicine that has the desired and reproducible functionalities, and can successfully transit from bench to bedside is a
tedious, rigorous, and arduous pursuit. The Fourth Paradigm of scientific research including rational design, high throughput
experimental techniques, process automatization, artificial intelligence technology, and machine learning has immense potential to
be integrated with nanomedicine/nanomaterial research to achieve smart products having the desirable features. The chapter would
cover the concepts, historical evolution, and application of these smart nanomaterials, implementation of AI in healthcare,
biosensors/smart sensors in neurodegenerative diseases, telemedicine, and its fine-tuning to generate nano pharmaceuticals with
requisite profiles to enable their successful clinical translation.
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1. Targeting autoimmune disorders through metal nanoformulation in overcoming the fences of 

conventional treatment approaches. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2. Macrophage associated disorders: pathophysiology, treatment challenges and possible 

solutions. 

 



 



 



3. Nanobiomaterials as novel modules in the delivery of artemisinin and its derivatives for 

effective management of malaria. 

 

 

 



 

 

 

 

 

 

 

 

 

 



 



 

4. Worldwide health scenario from the perspective of herbal medicine research 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



5. Lipid-based particulate systems for delivery of plant actives and extracts: Extraction, 

prospective carriers, and safety issues. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 



6. Novel drug delivery approaches for improving therapeutic applications of berberine and 

berberine-rich herbal preparations. 
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8. Commercial aspect and market potential of phytoactive products 
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Abstract

The delivery system plays a vital role in managing the pharmacokinetics and
pharmacodynamics of a drug. The size of the carrier system contributes to its pharmacological
action. Lipid-based carriers refer to the formulations containing a dissolved or suspended drug
in lipidic excipients. Lipoidal systems as carriers are achieving heights due to their signi�cant
lipid nature and the size of particles in the delivery system. The micro/nano-sized lipid-based
carriers possess versatility in improving the physic-chemical properties of drugs. Also, they are
biocompatible and can be administered through all possible routes. Lipid-based drug delivery
carrier systems of new and existing formulations can be commercialized to achieve the
desired range of product speci�cations. Solubility of the drug in various lipids is a key factor in
the development of the delivery system. Lipids as functional excipients are compatible with
solid, liquid, and semi-solid dosage forms. Besides improving/enhancing the solubility and
bioavailability, lipids provide multiple broad-based applications in the pharmaceutical delivery
system.

Keywords: Bioavailability, BCS Class, Cancer, Carriers, Delivery system, Lipids, Micro/nano,
Pharmacokinetics, Pharmacodynamics, Solubility, Liposomes, Solid Lipid Nanoparticles,
Nanostructured lipid carrier, Lipid-drug conjugate, Liposphere, Topical, Oral, Parenteral,
Pulmonary, Protein/peptide.
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Abstract

Plants are constantly exposed to biotic stress in their natural surroundings. A wide variety of pathogens, viz. bacteria, fungi, and

viruses repeatedly attack plants, which leads decline in their ability to survive. Plants are the primary source of energy for most of

the creatures on the earth and have developed different types of defense mechanisms that are triggered in response to pathogen

attacks. Plants have evolved molecular mechanisms for detecting infections as well as activating disease resistance.

Phytohormones are chemicals that act in a complex network to govern many aspects of plant development and reproduction and

their response to abiotic stress. Recent studies have been developed in studying the molecular mechanisms of hormonal

networking. Major progress has been accomplished in recognizing the chief components as well understanding defense

hormones, viz. salicylic acid, jasmonic acid, and ethylene. Other hormones, viz. abscisic acid, auxins, gibberellins, cytokinins, and

brassinosteroids, are also linked with plant defense signaling pathways. However, very less is known about their functions. This

chapter encompasses the latest developments in understanding the function and regulation of these hormones, molecular

mechanisms, and their synergistic and antagonistic interactions against various disease-causing pathogens.
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Abstract

Phytohormones are small low molecular weight signal compounds synthesized by plants that have crucial functions in growth,

development, and physiological processes of the plant as well as defense response toward different stress conditions. The major

phytohormones are auxins, cytokinins, gibberellins, abscisic acid, ethylene, salicylic acid, jasmonates, and brassinosteroids. The

hormone signaling pathway triggered depends upon the type of stress. These signaling pathways are interlinked and controlled in

such a complex manner that the crosstalk between different hormonal pathways is important to determine the type of response.

Phytohormone cytokinins contribute to the development of shoot, regulation of nitrogen metabolism, and delaying senescence as

well as in combating pathogen infection by triggering signaling pathways. Whereas, another hormone abscisic acid, which plays a

pivotal role in dormancy and senescence, shows antagonistic action with cytokinin in regulating developmental processes and

makes the plant prone to the pathogen attack. In this chapter, the roles of cytokinin and abscisic acid in developmental processes

and regulating defense response against abiotic and biotic stresses have been discussed. Moreover, the chapter presents the recent

studies focused on crosstalk among these hormones.

Keywords

Abscissic acid; Crosstalk; Cytokinin; Gibberellins; Phytohormone; Plant defense

Recommended articles

Cited by (0)

View full text

1 1 2 3 4 5 6

Share Cite

https://www.sciencedirect.com/science/article/pii/B9780323953757000033
https://www.sciencedirect.com/science/article/pii/B9780323953757000070
https://www.sciencedirect.com/science/book/9780323953757
https://doi.org/10.1016/B978-0-323-95375-7.00015-X
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=B978032395375700015X&orderBeanReset=true
https://www.sciencedirect.com/science/article/pii/B978032395375700015X
https://www.sciencedirect.com/


6/28/23, 2:00 PM Carbon Allotropes in Waste Decomposition and Management - Carbon Allotropes and Composites - Wiley Online Library

https://onlinelibrary.wiley.com/doi/epdf/10.1002/9781394167913.ch11 1/13

Carbon Allotropes and Composites: Materials for Environment Protection and Remediation

Chapter 11

Carbon Allotropes in Waste Decomposition and Management

Book Editor(s):

First published: 25 May 2023
https://doi.org/10.1002/9781394167913.ch11

 Get access to this single chapter. View access options below.

Swati Sahu, Gajendra Singh Rathore, Sanjay Tiwari

Chandrabhan Verma, Chaudhery Mustansar Hussain

Log in

Institutional Login

Loading institution options...
(or click to choose manually)

Log in to Wiley Online Library
If you have previously obtained access with your personal account, please log in.







Check out

Purchase single chapter

Details

Details

Details

48-Hour online access $10.00

Online-only access $18.00

Single Chapter PDF Download $42.00

https://onlinelibrary.wiley.com/doi/book/10.1002/9781394167913
https://doi.org/10.1002/9781394167913.ch11
https://onlinelibrary.wiley.com/authored-by/Sahu/Swati
https://onlinelibrary.wiley.com/authored-by/Rathore/Gajendra+Singh
https://onlinelibrary.wiley.com/authored-by/Tiwari/Sanjay
https://onlinelibrary.wiley.com/authored-by/Verma/Chandrabhan
https://onlinelibrary.wiley.com/authored-by/Hussain/Chaudhery+Mustansar
https://onlinelibrary.wiley.com/action/showLogin?uri=/doi/full/10.1002/9781394167913.ch11
https://onlinelibrary.wiley.com/action/ssostart?redirectUri=%2Fdoi%2Fepdf%2F10.1002%2F9781394167913.ch11%3Fsaml_referrer
https://onlinelibrary.wiley.com/action/addToCart?id=PPV-BOOKS-PURCHASE-TIER1-NOT-PPV-EXCLUDE-PURCHASE-ELECTRONIC-USD-10.1002%2F9781394167913.CH11-100054


 

 
 

 

 

 

Fabrication and characterization of CsSnI3 perovskite layer for solar 

cell applications 
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ABSTRACT   

Research of lead-free perovskite solar cells has gained speedy and growing attention with urgent intent to eliminate toxic 

lead in perovskite materials. The environmental friendliness and excellent thermal stability proves of stable perovskite 

Cesium Tin Iodide (CsSnI3) as one of the promising materials for their potential application in solar field. In this paper, 

fabrication and characterization of CsSnI3 perovskite layer has been reported. Fabrication of CsSnI3 perovskite layer was 

made by spin coating method. One step coating processed CsSnI3 layer have characterized by X-ray diffraction (XRD) 

and field-emission scanning electron microscopy (FESEM). Optical properties of layer have investigated by Vis-NIR 

spectrophotometer. It reveals that CsSnI3 perovskite layer possess good absorption in the visible spectrum. XRD result 

confirms the crystal structure of orthorhombic phase with dominating peak at 27.5
0
 (2*ϴ) corresponding (202) planes. 

Dense distributions of polycrystalline CsSnI3 perovskite layer were recorded by FESEM images.   

Keywords: Perovskite solar cells, fabrication, characterization, XRD, FESEM 

 

1. INTRODUCTION  

Perovskite solar cells (PSCs) have surpassed the power conversion efficiency (PCE) of 25%, marking a significant 

advancement in the conversion of solar energy to electricity
1
. Modern high PCE cells based on a perovskite photon 

absorber with lead incorporation have a structure of ABX3 [A = Cs, MA (CH3NH3, methylammonium), or FA 

(NH=CHNH3, formamidinium); X = I, Br, Cl. In ABX3 structure, B indicates Pb metal which is widely used. But due to 

toxicity concerns for both humans and the environment, the exclusion of the heavy metal Pb is the essential task. 

However, when it is removed the effectiveness of these high-performing PSCs decreases. Pb-based halide perovskites 

are also being investigated for use in other applications, such as light-emitting diode (LED), photodetectors, solar cells, 

and transistors, because of their excellent optical and electrical qualities
2
. However, due to its toxicity, the usage of the 

Pb element could seriously hinder large production and commercialization. Additionally, the band gap (Eg) values of Pb-

based halide perovskites are larger than the ideal Eg (1.34 eV) calculated from the Shockley-Queisser limit for single-

junction solar-cell applications, ranging from 1.5 to 2.4 eV. As a result, it is essential to continue developing Pb-free 

halide perovskite materials with lower Eg. Many Pb-free halide perovskite derivatives have recently been investigated as 

alternatives, including ordered double perovskites (A2(I)(III)X6), layered Sb-based halide perovskites, molecular halide 

perovskites, and divalent Sn
-
, Mn

-
, and Ge

-
 based halide perovskites (A(Sn, Mn, Ge)X3).. They are direct analogues of 

Pb-based halide perovskites with a three-dimensional crystal structure, and they also have narrower Eg values ranging 

from 1.2 to 2.2 eV. Among these, Sn-based halide perovskites is a particularly interesting alternative
3,4,5

. Moreover, 

among all the Pb-free halide perovskite materials, Sn-based halide perovskite solar cells have the greatest PCE of nearly 

9%
6,7

. Due to the oxidation of Sn
2+

 to Sn
4+

 ions under an ambient-air condition, the stability and PCE of these PSCs are 

lower.  

 

2. METHODOLOGY 

Perovskite films can be synthesized by the solution method, vapor deposition method, compositional method, or crystal 

growth method. In the solution method, perovskite material is spin-coated by the one-step or two-step method.  
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Abstract

The delivery system plays a vital role in managing the pharmacokinetics and
pharmacodynamics of a drug. The size of the carrier system contributes to its pharmacological
action. Lipid-based carriers refer to the formulations containing a dissolved or suspended drug
in lipidic excipients. Lipoidal systems as carriers are achieving heights due to their signi�cant
lipid nature and the size of particles in the delivery system. The micro/nano-sized lipid-based
carriers possess versatility in improving the physic-chemical properties of drugs. Also, they are
biocompatible and can be administered through all possible routes. Lipid-based drug delivery
carrier systems of new and existing formulations can be commercialized to achieve the
desired range of product speci�cations. Solubility of the drug in various lipids is a key factor in
the development of the delivery system. Lipids as functional excipients are compatible with
solid, liquid, and semi-solid dosage forms. Besides improving/enhancing the solubility and
bioavailability, lipids provide multiple broad-based applications in the pharmaceutical delivery
system.

Keywords: Bioavailability, BCS Class, Cancer, Carriers, Delivery system, Lipids, Micro/nano,
Pharmacokinetics, Pharmacodynamics, Solubility, Liposomes, Solid Lipid Nanoparticles,
Nanostructured lipid carrier, Lipid-drug conjugate, Liposphere, Topical, Oral, Parenteral,
Pulmonary, Protein/peptide.
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Abstract

Plants are constantly exposed to biotic stress in their natural surroundings. A wide variety of pathogens, viz. bacteria, fungi, and

viruses repeatedly attack plants, which leads decline in their ability to survive. Plants are the primary source of energy for most of

the creatures on the earth and have developed different types of defense mechanisms that are triggered in response to pathogen

attacks. Plants have evolved molecular mechanisms for detecting infections as well as activating disease resistance.

Phytohormones are chemicals that act in a complex network to govern many aspects of plant development and reproduction and

their response to abiotic stress. Recent studies have been developed in studying the molecular mechanisms of hormonal

networking. Major progress has been accomplished in recognizing the chief components as well understanding defense

hormones, viz. salicylic acid, jasmonic acid, and ethylene. Other hormones, viz. abscisic acid, auxins, gibberellins, cytokinins, and

brassinosteroids, are also linked with plant defense signaling pathways. However, very less is known about their functions. This

chapter encompasses the latest developments in understanding the function and regulation of these hormones, molecular

mechanisms, and their synergistic and antagonistic interactions against various disease-causing pathogens.
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Abstract

Phytohormones are small low molecular weight signal compounds synthesized by plants that have crucial functions in growth,

development, and physiological processes of the plant as well as defense response toward different stress conditions. The major

phytohormones are auxins, cytokinins, gibberellins, abscisic acid, ethylene, salicylic acid, jasmonates, and brassinosteroids. The

hormone signaling pathway triggered depends upon the type of stress. These signaling pathways are interlinked and controlled in

such a complex manner that the crosstalk between different hormonal pathways is important to determine the type of response.

Phytohormone cytokinins contribute to the development of shoot, regulation of nitrogen metabolism, and delaying senescence as

well as in combating pathogen infection by triggering signaling pathways. Whereas, another hormone abscisic acid, which plays a

pivotal role in dormancy and senescence, shows antagonistic action with cytokinin in regulating developmental processes and

makes the plant prone to the pathogen attack. In this chapter, the roles of cytokinin and abscisic acid in developmental processes

and regulating defense response against abiotic and biotic stresses have been discussed. Moreover, the chapter presents the recent

studies focused on crosstalk among these hormones.
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