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Curcumin, a traditional spice component, can hold the promise against 
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A B S T R A C T   

The severity of the recent pandemic and the absence of any specific medication impelled the identification of 
existing drugs with potential in the treatment of Coronavirus disease-2019 (COVID-19), caused by severe acute 
respiratory syndrome-coronavirus-2 (SARS-CoV-2). Curcumin, known for its pharmacological abilities especially 
as an anti-inflammatory agent, can be hypothesized as a potential candidate in the therapeutic regimen. COVID- 
19 has an assorted range of pathophysiological consequences, including pulmonary damage, elevated inflam-
matory response, coagulopathy, and multi-organ damage. This review summarizes the several evidences for the 
pharmacological benefits of curcumin in COVID-19-associated clinical manifestations. Curcumin can be 
appraised to hinder cellular entry, replication of SARS-CoV-2, and to prevent and repair COVID-19-associated 
damage of pneumocytes, renal cells, cardiomyocytes, hematopoietic stem cells, etc. The modulation and pro-
tective effect of curcumin on cytokine storm-related disorders are also discussed. Collectively, this review pro-
vides grounds for its clinical evaluation in the therapeutic management of SARS-CoV-2 infection.   

1. Introduction 

An outburst of Severe Acute Respiratory Syndrome-Coronavirus-2 
(SARS-CoV-2) infection causes COVID-19 pandemic; with millions of 
cases and approximately 540 thousands of deaths (WHO, 2020). Pro-
phylactic and therapeutic measures are not yet available against 
COVID-19 (Scavone et al., 2020). Prompted responses throughout the 
world have been initiated to identify the therapeutic molecule against 
SARS-CoV-2; large number of drugs have been suggested for repurposing 
against COVID-19 (Wu et al., 2020). Several reviews have suggested a 
potential role of phytochemicals in the fight against SARS-CoV-2 
infection and the onset of COVID-19 (Mani et al., 2020; McKee et al., 
2020). Phytochemicals have been proven effective against previous 
episodes of virus outbreaks in the last two decades (Barnard and 

Kumaki, 2011; Kunnumakkara et al., 2017; Xu and Liu, 2017). Bioactive 
ingredients may offer potential candidates for the prevention and 
treatment of COVID-19. Turmeric is one of such plant products that 
provide benefits in a variety of medical ailments including respiratory 
infections (Barnard and Kumaki, 2011; Buhrmann et al., 2020; Kunnu-
makkara et al., 2019; Soni et al., 2020; Vishvakarma, 2014; Xu and Liu, 
2017). A major bioactive component of turmeric, curcumin has been 
shown to confer curative and preventive effects in the diverse forms of 
pathology and disorders, infections, and malignancies (Barnard and 
Kumaki, 2011; Kunnumakkara et al., 2019; Soni et al., 2020; Vishva-
karma, 2014; Xu and Liu, 2017). 

Various demographic factors, including dietary habits, have been 
linked with low COVID-19 case fatality rate observed in South-East Asia 
and East-Mediterranean (WHO, 2020). Turmeric is an integral part of 
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A B S T R A C T

Dendritic cells (DCs), as antigen-presenting cells, can reportedly be infected with Leishmania parasites and hence
provide a better option to trigger T-cell primary immune responses and immunological memory. We consistently
primed DCs during culture with purified recombinant cytosolic tryparedoxin (rcTXN) and then evaluated the
vaccine prospect of presentation of rcTXN against VL in BALB/c mice. We reported earlier the immunogenic
properties of cTXN antigen derived from L. donovani when anti-cTXN antibody was detected in the sera of kala-
azar patients. It was observed that cTXN antigen, when used as an immunogen with murine DCs acting as a
vehicle, was able to induce complete protection against VL in an infected group of immunized mice. This vac-
cination triggered splenic macrophages to produce more IL-12 and GM-CSF, and restricted IL-10 release to a
minimum in an immunized group of infected animals. Concomitant changes in T-cell responses against cTXN
antigen were also noticed, which increased the release of protective cytokine-like IFN-γ under the influence of
NF-κβ in the indicated vaccinated group of animals. All cTXN-DCs-vaccinated BALB/c mice survived during the
experimental period of 120 days. The results obtained in our study suggest that DCs primed with cTXN can be
used as a vaccine prospect for the control of visceral leishmaniasis.

1. Introduction

The Indian sub-continent accounts for approximately 90% of the
disease incidence of visceral leishmaniasis (VL) caused by the proto-
zoan species of the genus Leishmania. VL is otherwise endemic in 88
countries, affecting approximately 350 million people worldwide [1–4].
The disease spreads to humans through the bites of phlebotomine sand
flies, during which the parasite gains silent entry into a macrophage
(Mφ) during uptake of neutrophils or endothelial cells infected with -
Leishmania donovani (L. donovani) [5]. The Leishmania parasite has been
shown to develop a well-stratified evasion mechanism resulting in
suppression of pro-inflammatory cytokines such as interleukin-12 (IL-
12) by the activation of immune-suppressive elements such as pros-
taglandin E2. Transforming growth factor-beta (TGF-β) and platelet-
activating factor (PAF), which in tandem lead to the degradation of ATP
into ADA, ensure parasite survival by weakening the Mφ defence
against the parasite [6,7]. These parasite-provoked evasion strategies
further induce abrupt expression of MHC molecules (class I & II) on the

surface of the Mφ. The expression of such molecules (B7.1 and B7.2) is
the pre-requisite for the upregulation of host protective Th1 and Th17
types [8–10]. Such impairments in Mφs lead to the development of
clinical symptoms in patients, such as hepatosplenomegaly, pancyto-
penia, anaemia, etc., and patients become immune suppressed [11,12].
Current drugs to treat VL patients are miltefosine, paromomycine, etc.
The safety and efficacy of anti-leishmanial drugs remain a dilemma due
to continued concern based on available reports on frequent gene am-
plification in the Leishmania parasite that leads to resistance to cyto-
toxic drugs [13]. The disease still awaits a suitable, cost-effective, de-
sirable vaccine for clinical human trials. Previous attempts to develop a
vaccine involving leishmanial targets such as lipophosphoglycan (LPG),
glycoprotein (Gp63), LACK (Leishmania-activated kinase), gp46, A2
(amastigote-specific protein), P4, P8, crude soluble antigen (CSA), ki-
netoplastid membrane protein (KMP-11), Hbr or the sandfly salivary
protein LJM 19, protein disulfide isomerase (PDI), ornithine decarbox-
ylase (ODC), and Leishmania eukaryotic initiation factor (LeIF-2) could
not could not progress beyond animal pre-clinical trials [14–18].
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Theranostic Application of a Novel G-Quadruplex-
Forming DNA Aptamer Targeting Malate Synthase
of Mycobacterium tuberculosis
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The successful management of tuberculosis (TB) requires effi-
cient diagnosis and treatment. Further, the increasing preva-
lence of drug-resistant TB highlights the urgent need to develop
novel inhibitors against both drug-susceptible and drug-resis-
tant forms of disease. Malate synthase (MS), an enzyme of the
glyoxylate pathway, plays a vital role in mycobacterial persis-
tence, and therefore it is considered as an attractive target for
novel anti-TB drug development. Recent studies have also
ascribed an adhesin function toMS and established it as a potent
diagnostic biomarker. In this study, a panel of Mycobacterium
tuberculosis (Mtb) MS-specific single-stranded DNA aptamers
was identified by Systematic Evolution of Ligands by EXponen-
tial enrichment (SELEX). The best-performing G-quadruplex-
forming 44-mer aptamer, MS10, was optimized post-SELEX to
generate an 11-mer aptamer, MS10-Trunc. This aptamer was
characterized by various biochemical, biophysical, and in silico
techniques. Its theranostic activity toward Mtb was established
using enzyme inhibition, host cell binding, and invasion assays.
MS10-Trunc aptamer exhibited high affinity for MS (equilib-
rium dissociation constant [KD] �19 pM) and displayed robust
inhibition of MS enzyme activity with IC50 of 251.1 nM and in-
hibitor constant (Ki) of 230 nM. This aptamer blockedmycobac-
terial entry into host cells by binding to surface-associated MS.
In addition, we have also demonstrated its application in the
detection of tuberculous meningitis (TBM) in patients with
sensitivity and specificity each of >97%.

INTRODUCTION
Active tuberculosis (TB) affected more than 10.4 million people in
2017, whereas an estimated 1.7 billion individuals (about a quarter
of the world’s population) are estimated to harbor a latent/persistent
infection withMycobacterium tuberculosis (Mtb).1 The current treat-
ment for TB is prolonged, and drug-resistant cases are increasing,2

which together pose a significant threat to TB control in the commu-

nity.3,4 Therefore, there is an urgent need to develop new inhibitory
compounds or molecules that have the potential to work against
both the drug-susceptible and resistant TB.

Metabolic pathways of central metabolism have attracted attention in
recent times as a source of new targets for novel TB drug develop-
ment. The glyoxylate shunt pathway in particular is considered as a
prominent target pathway owing to its role in mycobacterial survival
and persistence, as demonstrated in cell and animal models of Mtb
infection.5,6 This two-enzyme pathway enables bypass of the decar-
boxylation steps in the tricarboxylic acid cycle and conserves carbon
for subsequent gluconeogenesis. Isocitratelyase, the first enzyme of
this pathway, generates glyoxylate and succinate from isocitrate,
and malate synthase (MS), the second enzyme, catalyzes the forma-
tion of malate using glyoxylate and acetyl-CoA (coenzyme A).5

Notably, these enzymes appear to be absent in mammals,5 a feature
that enhances its relevance as an anti-TB drug target. In addition to
its enzymatic activity, MS was shown to be expressed on the cell
wall of Mtb and impart host-adhering function to bacteria, thus estab-
lishing an additional role for it as an adhesin.7 Furthermore, MS is
reported as a potential biomarker for TB infections because it is
expressed in the early stage of infection and independent of HIV

Received 9 July 2019; accepted 27 September 2019;
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EFFECT OF COVID-19 ON THE MENTAL HEALTH OF 
CHILDREN IN INDIA

Dr. SANGYA TRIPATHI
Assistant Professor Department of Social Work 

Guru Ghasidas Vishwvidy laya, Koni, Bilaspur, Chhattisgarh (A Central University). India.

neuropsychiatric manifestation. This paper

explains the impact of this pandemic situation on 

normal activities and lifestyles of children. 

Abstract

Coronavirus disease has a psychological 

impact on children in India. Quarantine and 

isolation can create a psychological burden, which

has a greater impact than physical suffering caused 

by this virus. Children's usual lifestyle is disrupted 

by lack of outdoor activities, school closure, 

sleeping habits, and aberrant diet. Various 

problems are increased due to this situation such 

as distress, monotony, annoyance, impatience, and 

neuropsychiatric .manifestation. This paper 

explains the impact of this pandemic situation on 

normal activities and lifestyles of children. 

Adultered online contents, domestic violence, and 

Adultered online contents, domestic violence, and 

child abuse are increased during a lockdown. 

which is included in this paper. On the other hand 

children of frontline workers and migrant workers 

faced various kinds of problems.. However, the 

government needs to maintain the psychological

illness of children during the Covid-19 outbreak

with the involvement of various strategies.

Impact of Covid-19 on children in India 

In India, children are also getting affected

severely due to the pandemic of (COVID 19) 
coronavirus disease. According to Kumar et al. 

(2020), therefore, there are multifaceted effects 
child abuse are increased during a lockdown, 

which is included in this paper. On the other hand,

children of frontline workers and migrant workers

faced various kinds of problems. However, the 

government needs to maintain the psychological 

illness of children during the Covid-19 outbreak

with the involvement of various strategies. 

on children which can be resembled in the 

perspective of cultural, mental, psychological,

mental, and physical. India's population is about 

41% of the age group of fewer than 18 years who 

don't know how to deal with their mental health 

issues. Thus, being the Indian citizen we possess the 

responsibility not to neglect their mental health 

problems which they face during the pandemic

session and post-pandemic session. Posted by the 

national committee of (UNICEF, 2020a), such 

impacts on children due to COVID 19 bring out 

several issues related to children which are not at all 

Keywords - Coronavirus, Psychological, 

Quarantine, Isolation, Physical, Suffering 

Introduction 

Coronavirus disease has a psychological 

impact on children in India. Quarantine and 

isolation can create a psychological burden, which

has a greater impact than physical suffering caused

by this virus. Children's usual lifestyle is disrupted 

by lack of outdoor activities, school closure, 

sleeping habits, and aberrant diet. Various

problems are increased due to this situation such 

as distress, monotony, annoyance, impatience, and 

limited to health but also reflect in their well-being. 

Thus, other extensions are also there which can also 

be surveyed on many dimensions related to the lives 

of children including safety, education, and 

poverty.
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Many of the children become sad during this lockdown because they have had no idea to enjoyduring this pandemic while on the way out to enjoy with their schoolmates, peers, relatives, and friends neither can they enjoy physical accessibility for so many months. Therefore, not at all scope of the limited options for enjoying an an outdoor game and less socialization makes some of the children get bored easily where they sometimes become impulsive and some adverse situations make them frustrated also. Even though,some children are seen to be active virtually and to be busy with mobile phones. Therefore, in this detached from the study. Children of poor families manner, high probability can be raised that few of and migrant workers are mainly impacted by this them will be engrossed with online entertainment problem. The school was only one medium of within a social media platform (Kumar and Nayar study for these children, as the parents of these 2020). The overuse of digital phones is signified children were unable to help them during the study.to be reported in its Indian lifestyles where the 
media plays a vital source.

1558 Overview of Mental health impact on children The lifestyle of many people is disrupted due to the outbreak of Covid-19 across the world. TThe sense of uncertainty and anxiety is increased during the Coronavius pandemic. Saurabh and Ranjan (2020) stated that, along with this, the whole world is unable to predict and prepare for this critical situation. Stress level is increased among children and adolescents, which directly has an impact on their mental health. Due to the closure of the school, many children were 

With the help of this information, it is easy to 
understand that the education system is badly Apart from it, such issues can be depicted such disrupted by the Covid-19 outbreak and lockdown. 

Various undesirable adverse effects are increased 
as to have functioned all across every house of 
children mentioned by. Digital connections are 

also raised and as an outcome they need to face 
emotional contagion' where they can't be out of development of anxiety, and other mental
distress and they are secared of being severely disorders (Sahoo and Biswal 2020). 

affected while communicating with other people

in children due to stress, these effects are 

depression, panic attack, mood disorder, 

Few children are affected by observing as such diseases can be disseminated on air. critically ill family members or passing of close
Children are also suspected to be the victim of a relatives due to Covid-19. This factor can increase 
novel coronavirus in a general perception the psychological illness of children. Along with 

this fear about the virus has a detrimental impact (Mukherjee 2020). Though, it is already 

mentioned in the reports that those children who on the mental health of children. Covid-19

infected. Somehow, in comparison to other age 

groups very few get to be infected by COVID 19 

mentioned in (The New Indian Express, 2020).

In children. some of the agencies also served their 

concern by speaking about them that problems

related to the children can be raised as heightened 

are belowl2 years of age, in India, are also getting outbreak and lockdown can leave an effective 

impact on the healthy daily routine of children. 

Hiremath et al. (2020) stated that mental wellbeing 

can face significant threats by this pandemic 

situation. With the help of a survey, it is observed 

that children are faced with problems regarding 

additional stress and sleeping difficulties. 

Uncertainties about future ambition, personalanxiety where that could be because of the distress

to be seen among their family members because

of COVID-19. Thus. it may become an 
reiationships, and academics are nursed during this 

pandemic situation. The risk of drug abuse is also 

ds sugri uergi uioas plj arorer6 i ) pe 9. ds. 1 ae- 2021 ISSN 2321-994X
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EFFECT OF COVID-19 ON THE MENTAL HEALTH OF CHILDREN IN INDIA 1559 

increased widely in India during the lockdown. 

The mental health of children is effectively

impacted by Covid-19, as well as few effective 

factors are increased by Copvid-19 such as post-

traumatic stress order and a higher rate of 

depression. However, few effective strategies and 

processes are used to maintain the mental health 

of children (Singh and Adhikari 2020).

numerous concerns can be categorized to face 

variable mental health problems. 
Effect of school closure

Covid-19 outbreak directly has an impact on 
the education infrastructure of India. To maintain

the practice of social distancing all schools
colleges, and universities are closed. 
Balasubramanian et al. (2020) stated that school
can provide an effective free space for children 

along with education. Along with this window of 
freedom and scope of interaction is provided by 

Impact of COVID-19 on children's emotion in 

India 

Because of the pandemic, children who have 
lost their parents which can be variably different the school towards children. Various 

psychological factors of children are maintained 

by schools. Along with this personal hygiene 
healthy food, physical activity, and body habits,

related information is provided by schools.

However, schools are closed to maintain social 

distancing that can control the spreading of 

COVID-19 in India. Due to this problem children

situations for them are to be forced to be that 
distressed. In some cases, some kind of 

bereavement reactions is also experienced by 

children where they find complicated factors to 

deal with or connect an ill relative who is before 

handed passed away. This happens because of 

peculiar quarantine restrictions. According to 

Dubey et al. (2020), fear about loved ones' health 

and financial security can take an emotional toll 

on children. So, the children may face trouble 

dealing with numeric ranges of psychological 

problems associated with loss of appetite, anxiety, 

insomnia, and low mood. (Jacob et al., 2020)
stated that traumatic bereavement, isolation, and 

are unable to interact with their friends and others, 

which directly has an impact on their mental state 
The environment of the school is missed by 

children (Patel 2020). 

The sense of normalcy is shattered in this 

situation, as well as the physical and mental health

of children is disrupted due to lack of social

interaction. Long-term physical inactivity, 

irregular sleeping patterns, and improper diet plan 
can increase various problems such as childhood 
obesity and cardio-respiratory problems (Murthy 

2020). Due to lockdown and school closure, the 
use of smartphones and television has increased 
rapidly, which is not useful for children. Closure

of school can increase various problems for 

Quarantine may lead to post traumatic distress 

disorders in children (Unni 2020). 

Three categories are also presented in 

representing adversities which affect children may 

be divided into the segments mentioned below: 

(a) Isolation did to the cOVID positive patients 
and are considered under the same; 

(b) COVID positive parents' children and those

who either lost their both parents or one of them 
children such as fear of infection, frustration, lack 

of-person contact with peers and teachers, and 

insufficient information. The psychological state 

of children is affected mostly by these problems. 

because of the infection; 

(c) Because of general lockdown, some of the 

children who are shielded for quarantine, thus 

become isolated. So, different children with 
Children can learn about financial problems

in the family, which directly has an impact on their
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mental state. This factor can increase the stress are increased in India. To maintain food, water, 
and shelter child marriage is observed between the 
poor part of India. As the schools are closed online 

platforms are used widely by children. Online 
platforms are used by children with excessive and 

level for children. Along with this lack of personal 
space in this house can increase various problems 
for children. Educat ion and educational 

inequalities are impacted by this pandemic 
situation. However, various schools are trying to 

conduct education via virtual platforms with the 

help of smart phones, laptops, PC, and other

related devices. Roy et al. (2020) stated that this 
homeschooling process is conducted with the of cyber-crime have increased during Covid-19
involvement of good internet connection and 

uncensored time to maintain their loneliness. 
Harmful and abusive contents are provided by 
various online sites and platforms, which directly 
has an impact on the mental state of children. Rates 

audio-visual systems. Children of poor manly and 
migrant workers are unable to grab this facility
due to lack of proper medium. Due to this problem
drop out of formal education is observed in India.

outbreaks; excessive use of online platforms is 
beneficial for cyber-attacker. Various kinds of 
Child-abuse materials are provided by various 
online platforms. Cyber cells need to control 

psychosexual aberrancy (Kanojia 2020).
Child abuse, domestic violence, and teenage Impact of Covid-19 on children whose parents 

are frontline workers and migrant workers.promiscuity: increasing threats of lockdown. 

During lockdown health finance and partial 
activity, related anxieties are increased rapidly. In 

this period all industrial fields, educational fields, 
and others are closed, as well as to maintain the 

Lockdown can provide effective opportunities 
for employees of various fields to maintain their

children properly and helps to provide time for 

their children. However, whose parents are in 

health services and defense services they are 
unable to grab this opportunity (Jena 2020). These

outbreak of Covid-19 all people are staying at 
home (Ramteke 2020). Due to this problem

domestic violence is increasing in India, which 

directly has an impact on the mental state of 

children. Children are faced with physical 
punishment, psychological aggression, and abuse

by caregivers. This factor can be left a permanent 

frontline workers are involved in tireless and hard-

pressed work, they are unable to find time for their

families and children. Along with this, fear and 
guilt of contamination of the Coronavirus are 

observed in these workers. During this period 

children are missing their parents too much. 

However, they are trying to maintain the basic 

requirements of children such as breastfeeding. if 
the mother is a frontline worker. However, children 

wound on children's minds. Due to these

problems, multiple substance cases of abuse,

improper development of the brain, higher rates

of psychosomatic and neuropsychiatric disorders, 
tendency of suicide, and addiction to the drug are 

increased. On the other hand, it is also observed 
that financial deadlock, lack of affection, and care 

feel proud of the contribution of their parents
Kumar et al. (2020) stated that long-term 

physiological impacts such as anger generalize 

disgraced and aggression for the society is 

observed in children during this situation. 
from parents, and school discontinuation can 

increase the psychological illness of children.

John et al. (2020) stated that, during the Covid- 
19 epidemic, teenage pregnancy, sexual

exploitation, and child marriage related problems

On the other hand, migrant workers are faced 
with economic problems, which directly has an 

impact on her children. Children's growth of bran 
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s prevented by this situation. Due to the lack of 

financial support risk of roping out is increased 
during this pandemic situation. With the help of a 
few effective reports. it is noticed that a 12-year-

old child died after walking 100 kilometers. Verma 
and Prakash (2020) stated that food and shelter
were critical problems for children, whose parents
are migrant workers. Along with this, it is observed

that children are living in an unhygienic and 

hazardous condition that can have an impact on 
their physical and mental health. With the help of 

this information, it is observed that the Covid-19

while checking them what they are going through 
and listening to their thoughts and deeds.
(UNICEF, 2020b) passed that monitoring their
(parents) own views can reflect in their children's 

behavior. Therefore, it is suggested along with that 
the child's mental health care should be stable and 
relaxed. Though, essentiality can be seen to 
improvise in developing public health
interventions in the case of children. In India, 
reflected stigma can be related to mental health

issues which can be shown to be strong. It might
leave such an impression within the children's 

vulnerability under long term distress (Banerjee 
and Rao 2020). So, the government is ready to 

take appropriate steps for mitigating the mental 

health impact in children. So, being the Indian 

citizen we do carry some responsibilities towards
children without avoiding their mental health

problems during the pandemic session.

outbreak has a long-lasting impact on children's 
mental and physical health. The educational 

structure of children diminishes properly during 
this pandemic situation. 

How to control the impact of Covid-19 on 

Children 

Such kind of scenario can be alarming to work 
out with the mental health deterioration which can Conclusion 

be handled by the service providers analyzed by 
the immediate caregivers or the parents. In distress, 
some of the service providers' major responsibility 
becomes to guide children who are distressed due 
to COVID 19. Some of the parents, at home, should
know to form a sense of normalcy while planning
it as a holiday package. According to Ghosh et al. 

(2020), it should be composed of playing games, 

interacting with family members while making them 
busy in academic activities which may include some 

kind of creative writing, doing video calls to their
friends by socializing through mobile phone and 
communicating with the relatives. Reassurance can 
be gained by The Indian Association for Child and 

Adolescent Mental Health' for the children that they 
need to be aware of the fact that this pandemic

Based on this paper it is concluded that the 
outbreak of COVID-19 has an effective impact 
on children. However, it is important to maintain 

this impact, as well as this situation can decrease 

the mental state of children. A healthy diet and 

other routine lifestyles of children are impacted
properly by the Covid-19 outbreak and lockdown. 
Based on this paper it is concluded that to maintain 
the impactof Covid-19 on children's lifestyle it is 

important to understand the emotional needs. A fter 
the announcement on lockdown all schools are 

closed, due to this problem children are anable to 
conduct social-interaction. During the lockdown, 
children are attracted excessively to the internet, 
smart phones, and television, which is concluded 

in this paper. Child abuse and domestic violence 

are increasing widely in this period. session will pass soon. 

Thus, it becomes vital for the caregivers as 

well as parents that they need to be proactive and 

calm and allow the child to express their emotions 
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Gita Mehta in her A Riuer Sutra focuses an the rich heritage of Indian culture and other 

related aspects with outmost care and sincerity. Mehta shows the current cultural and 

religious practices which are contrary to the Indian sensibility. She does not advocate

any particular religion but rather gives more attention to spirituality and humanity. Like 

a postmodern writer, she fuses the grand narratives into one single narrative and gives 

a carnivalesque presentation of life. Here all the characters come to the bank of Narmada. 

River Narmada plays a great role in the novel to make the lives of the characters more 

meaningful Most importantly the novel mixes tradition with contemporary, life and 

death, love and hate, region and spirituality. 
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Neither being Object nor being Subject: a Backward 
Movement from Lacanian Symbolic Stage to 

Pre-oedipal Stage in Han Kang's Novella 
The Vegetarian 

Prasenjit Panda 

am much more open about categories of gender, and my feminism has been 
about women's safety from violence, increased literacy, decreased poverty and 
more equality. I was never against the category of men.-(Judith Butler "As 
a Jew,Iwas taught it was ethically imperative to speak up" in Haaretz. February 
24, 2010) 

Gender, sex and sexuality have become hot cake for any debate concerning feminism 
or gender studies. Female body has been seen as a metaphor of weakness and feminine
quality by the world of dominating masculine patriarchy. This suppressive phalogocentrism 
becomes one of the major ideologies by which female body is constructed, evaluated and 
measured ever since the human eats the fruit of knowledge. The very essence of a female 
body is wiped out by rational patriarchy as it is believed that female bodies are defective 

male bodies, marked by lack, the lack which forms the necessity and negative opposite to 
the plentitude of masculinity and stamped with imaginary associations in which female 
bodies are experienced chaotic, formless and threatening. Hence female body is termed as 
Achilles heel for the women world until and unless the advent of postmodern feminists 

starts seeing the body as no longer a weakness for them rather as a strong weapon to resist, 
to revolt and to retaliate against the stereotypes presentation of female body in any narratives
constructed by the patriarchy. Post modern feminists like Elaine Showalter, Helene Cixous, 

Luce Irigaray and others have tried to demystify the myth of the patriarchy and its episteme 
by relating female body with creativity and power. Though not powerful like Laugh of the 
Medusa or not as radical like Mad woman in the Attic, Han Kang's The vegetarian, a novella 
which is translated into English by Deborah Smith is the true portrayal of a journey from 
objectification of body to subjectification of body. The novel echoed a lot about how women 

were treated at that time after the colonial period, and that is the reason why this novel had 
a really good local impact at first. The writing encounters a system of severe principles of 
Korean culture, which demands devotion to the family and conformism. Kang belongs to a 
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Direct Oxidative Azo Coupling of Anilines Using a Self-Assembled
Flower-like CuCo2O4 Material as a Catalyst under Aerobic Conditions
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Anjaneyulu Putta, and Subhash Banerjee*
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ABSTRACT: Herein, we report the synthesis of a self-assembled flower-
like CuCo2O4 material by the oxalate decomposition method. The
crystalline structure and morphology of the material have been analyzed
by powder X-ray diffraction, Raman spectroscopy, field-emission scanning
electron microscopy, transmission electron microscopy, and energy-
dispersive X-ray measurement techniques. The self-assembled flower-like
CuCo2O4 material showed remarkable catalytic activity in the direct
aerobic oxidative azo coupling of anilines under oxidant and other additive-free reaction conditions. The mechanistic insight of
CuCo2O4 in the oxidative azo coupling reaction has been established by density functional theory calculations, which disclosed that
the absorption and dissociation of areal oxygen preferentially take place at the Cu site and dissociation of aniline takes place at the
Co site. Thus, the Cu and Co sites of CuCo2O4 exert a cooperative effect on the direct oxidative azo coupling reactions through the
selective activation of anilines and aerobic oxygen. The CuCo2O4 material was recovered from the reaction mixture and reused for at
least eight runs without appreciable loss of catalytic activity.

■ INTRODUCTION

Recently, spinel structures (AB2O4) having binary and ternary
mixtures of metal oxides have been established as promising
redox catalysts.1−6 The presence of two mixed valence metal
cations offers an opportunity for transporting electrons very
easily between multiple transition-metal cations with relatively
low energy of activation. Among the spinel structure, spinel
cobaltites (MCo2O4), particularly CuCo2O4, are fascinating
due to their low cost, nontoxicity, higher stability, higher
electronic conductivity, and electrochemical properties. To
date, CuCo2O4 has been widely used in the fabrication of
supercapacitors,1 Li-ion batteries,2 electrodes for oxygen
evolution reaction,3 electrochemical sensors for glucose4/
acylcholin,5 and catalytic oxidation of isopropanol.6 However,
the catalytic activities of spinel type MCo2O4 in useful organic
transformations have not been investigated. Here, we
speculated that the spinel cobaltite will be very effective as a
catalyst for oxidation reactions, and we have taken the initiative
to explore the catalytic activity of CuCo2O4 in the direct
oxidation of anilines to aromatic azos.
Synthesis of aromatic azo compounds is essential as these

moieties have found wide industrial applications for the
preparation of dyes, pigments, indicators, radical initiators, and
additives for food. Azos have also been used as therapeutic,
diagnostic, and pro-drug agents as well as building blocks of
various polymers and natural products.7 These molecules have
also been frequently applied in electronics and optics.8 Several
strategies have been reported in the literature for the
manufacture of azo compounds due their abovementioned

widespread applications. The conventional methods include
diazotization of anilines,9 reduction of azoxybenzenes,7a

reductive coupling of nitroaromatics, etc.10 Besides these
methods, direct oxidative coupling of anilines using stoichio-
metric oxidants, such as HgO,12a12b/Pb(OAc)4

12/Mn-based
reagents13/tbutyl hypoiodite,15 is also reported. Later, metal-
catalyzed azo coupling reactions using O2 or air as the oxidant
have been developed.15 However, most of these methods have
serious drawbacks such as lower yields, longer reaction times
(∼24 h), use of very toxic oxidants (HgO, Pb(OAc)4,

tbutyl
hypoiodite)11−14 and flammable (O2 gas) or biohazardous
reagents (CO gas), and use of metal salts as homogeneous
catalysts in combination of nitrogen-containing base, additives,
etc. Thus, development of an efficient and sustainable protocol
for direct synthesis of azos by oxidative azo coupling of anilines
is considerably anticipated.
In continuation of our previous research on developing

sustainable organic transformations using heterogeneous
nanocatalysts,16,17 we have previously synthesized Cu2O−
RuO2

18 and Cu0.9Fe0.1@RCAC18 materials for the oxidative
azo coupling of anilines.17 In this paper, we report the
synthesis of self-assembled flower-like CuCo2O4 and its
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a b s t r a c t

Herein, we have demonstrated the semitransparent organic solar cell (OSC) devices in inverted architec-
ture with TiO2 as an electron transport layer (ETL). A comparative study is performed with widely used
ZnO ETL based devices. The devices with TiO2 ETL exhibits better device efficiency (2.44%) in comparison
to ZnO counterparts (1.94%). The transfer matrix calculations finding indeed validate the experimental
results. Furthermore, the large area OSC devices of size 1 cm2 have been fabricated. The device stability
is investigated under operational conditions by measuring time dependent device performance in biased
condition at maximum power point. Our findings suggest that the devices fabricated using TiO2 ETL is
much more durable as compare to ZnO based devices.

� 2020 Elsevier B.V. All rights reserved.

1. Introduction

In the last few decades, organic solar cell (OSC) technology has
witnessed a significant breakthrough in the field of photovoltaics
by achieving the power conversion efficiency (PCE) of ~17.3% in
tandem solar cell architecture. Note that this value (PCE ~17.3%)
in OSCs is very close to commercially available photovoltaic
devices. Not only the efficiency, the OSCs have many other techno-
logical advantages such as mechanical flexibility, large-area fabri-
cation, ease in processing which makes OSCs superior contender
as compared to existing Si-based photovoltaic technology. Many
reports are available on solution-processed high performance
OSC devices. However, the large-area device integration is the cur-
rent global demand. In order to realize the large-area devices, sev-
eral device architectures are proposed. Hong et al. has
demonstrated large-area modules with PCE ~7.5% using slot die
coating technique [1]. Moreover, the issues related to the opera-
tional device stability in the ambient atmosphere needs yet to be
solved along with a clear understanding of degradation is the
utmost necessary for the development of commercial grade OSC

devices. It is a well-accepted fact that device stability and effi-
ciency is significantly dependent on the electron and hole trans-
port layer. The quest for an alternative of electron transport layer
for inverted device architecture leads to the application of a large
number of metal oxides such as Zinc Oxide (ZnO), Titanium Oxide
(TiOx), Tungsten Oxide (WOx), Nickel Oxide (NiOx), Molybdenum
Oxide (MoOx) and Vanadium Pentoxide (V2O5), etc [2].

Among all these metal oxides, ZnO attracted a lot of attention
due to its suitable optoelectronic properties. Despite interesting
properties, ZnO shows some issues due to the chemisorbed oxygen
(O2) which strongly affects the electrical properties of the material.
Furthermore, in the case of semitransparent OSCs, light coupling
near the ZnO interface is comparatively low which limits the pho-
ton absorption within the photoactive layer. In order to overcome
these issues, many-electron and hole transport layers with differ-
ent types of transparent electrodes have been explored. Cho et al.
have reported ~2.35% PCE in solar cells fabricated in inverted the
architecture of indium tin oxide (ITO)/cesium carbonate (Cs2CO3)/
P3HT: PCBM/transparent multilayer (MoO3/Ag/MoO3) [3]. Huang
et al. fabricated a semi-transparent plastic solar cell by a lamina-
tion process using a Cs2CO3 buffer layer and achieved the PCE of
~3.2% [4]. Schmidt et al. demonstrated efficient semitransparent
inverted organic solar cells with ITO as a top electrode, TiO2 as

https://doi.org/10.1016/j.matlet.2020.128725
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ABSTRACT

Crystalline Si films incorporated with Al are important for applications in microelectronics and solar cells. In this paper, we report on the
morphology of crystalline Si surfaces in Al/amorphous-Si bilayer thin films under ion beam irradiation at 100 °C. Micro-Raman and trans-
mission electron microscopy studies show that best crystallization is achieved at a fluence of 1 × 1012 ions cm−2. The contact angle of Si sur-
faces (after chemically etched unreacted Al), referred to as absorber surfaces, decreases with increasing ion fluence. These surfaces are
hydrophobic in nature and the hydrophobicity decreases with increasing ion fluence. Fractal and multifractal analysis of atomic force
microscopy images, along with system energy/unit cell and Laplace pressure calculations, supports our observations. Moreover, the calcu-
lated multiple scattering cross sections of light, along with reflectivity measurements, indicate that absorber surfaces of best crystalline films
have the lowest reflectivity. The present results suggest that such surfaces having low optical reflectance and a hydrophobic nature can be
used as photon absorber layers for advanced solar cell devices.

Published under license by AIP Publishing. https://doi.org/10.1063/5.0023474

I. INTRODUCTION

Crystalline-silicon (c-Si) films and their alloys with some
metals have been the focus of extensive research due to their
applications in photovoltaic devices as absorber layers and in
microelectronics.1–14 Al incorporated Si layers fabricated by
the process of aluminum induced crystallization (AIC)15–25

have been successfully utilized for the fabrication of solar cells with

efficiencies ranging from 3% to 11%.26–31 In the AIC process,
amorphous-Si (a-Si) is normally crystallized by thermal annealing
at around 200 °C.15–31 Recently, ion beam irradiation has been
demonstrated as an effective tool to synthesize such layers at
slightly above room temperature due to its highly precise spatial
and local controls.32,33 However, for the effective use of c-Si layers
as absorbers in solar cells, it is essential that c-Si films possess
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A B S T R A C T   

Nickel mono-silicide (NiSi) is considered as a promising material for developing low resistance contacts in 
complementary metal-oxide-semiconductor technology. In the present work, we report the effect of Ni film 
thickness on orientation control of low resistive Nickel mono-silicide (NiSi) phase formation using low energy ion 
irradiation at room temperature. In order to study the effect of Ni film thickness on NiSi phase formation, the Ni 
films of thicknesses 30 nm and 60 nm were deposited on Si (111) substrate using thermal evaporation technique 
in a high vacuum chamber. The as prepared Ni/Si samples were then irradiated via 120 keV Si ions with different 
fluences of 7 × 1014, 1 × 1015, 3 × 1015 and 7 × 1015 ions-cm− 2 at room temperature. The x-ray diffraction and 
transmission electron microscopy measurements clearly confirm the formation of mono-silicide phase. The 
composition of the NiSi phase is determined by Rutherford backscattering spectrometry measurements. The 
crystallinity of NiSi phase has been observed to be better for 60 nm Ni film as compared to the 30 nm Ni film on 
Si substrate. Most of the NiSi crystallites are found to be oriented in (103) lattice plane. The resistivity and sheet 
resistance of the NiSi/Si films are found to be very low. The role of composition of Ni and Si in NiSi phase on 
resistivity and sheet resistance of the films has been investigated carefully. The detailed mechanisms behind the 
above observations have been discussed in the paper.   

Introduction 

The application of metal silicides as materials for source, drain and 
gate resistances in submicron-level metal-oxide-semiconductor (MOS) 
devices triggered a tremendous research activity aiming to understand 
the Nickel-Silicide (Ni-Si) system and develop efficient ways to synthe-
size it [1-3]. Since several years, TiSi2 and CoSi2 have been extensively 
used to reduce the source, drain and contact resistance in semiconductor 
devices, including complementary-metal-oxide-semiconductor (CMOS) 
devices [4-6]. However, as the device dimensions decrease, the resis-
tance has been found to increase disproportionately due to several 
material-specific reasons. For instance, when the dimension are reduced 
below 350 nm, the low nucleation density of the desired C54 TiSi2 phase 
was found to be responsible for the increase in the resistivity in TiSi2. 
The use of transition elements to increase the nucleation density was 
found insufficient for low contact resistance below 200 nm. The use of 

CoSi2 somehow helped the manufacturers to develop gates with low 
contact resistances for dimensions to 100 nm, but as the dimensions 
went further down, the contact resistance was found to again increase 
dramatically [5]. Nickel mono-Silicide (NiSi) has been found to be a 
promising substitute for developing low resistance contacts beyond 100 
nm because of several factors. However, there are several challenges 
that must be addressed to realize the full potential of NiSi: for example, 
avoiding the formation of high resistance phases such as NiSi2 and 
ensuring the stability of NiSi phase over the operational regime of the 
device. 

The conventional schemes to fabricate NiSi may be categorized into 
either thermal annealing or ion implantation schemes. Thermal 
annealing has been most popular [7-14], in which a thin film of Ni is 
deposited on a Si substrate by various methods such as electronic-beam 
evaporation [7-9, 11], high vacuum evaporation [10], sputtering [12], 
and chemical vapor deposition [13-14]. The Ni film on Si substrate is 
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Abstract. In this paper, we have synthesized the Cerium oxide Nanoparticles (Ceria NPs) by Co precipitation (CPT) method 
using Cerium tri -nitrate hexahydrate and also potassium carbonate solutions. Then synthesized precipitate was heated at 
70 ̊C for 20 hour. Slow grinding of the precipitate and calcined for 3 hours at different temperatures viz. 700 ̊ C, 850 ̊ C to 
form fine Cerium oxide powder- Ceria NPs. The characterization of Ceria NPs calcined at temperatures viz 700 ̊ C, 850 ̊ C
have been done through X-ray diffraction and Raman Analysis. EDS, Scanning Electron Microscopy (SEM), The X-Ray 
diffraction pattern shows the  nature of the Ceria NPs crystal ,with a cubic structure and lattice parameters 5.392 Å for 
samples calcined at  temperature of 700 ̊ C and 5.357 Å at  850 ̊ C which shows decreasing trend in lattice parameter with 
calcination temperature. The intensity of Raman peaks is shifted upwards with a rise in temperature. This intensity 
difference could be because of the rise in vibrational amplitudes of the closest neighboring bonds because of the increase 
in particle size 11.3 ± 1.0 to 15.6 ± 1.0 nm calcination temperatures at 700 ̊ C and 850 ̊ C and therefore the Raman peak of 
peak I,  461 cm-1& peak II, 463 cm-1 respectively. Other peaks were not observed in this Raman pattern.  The EDS analysis 
confirms the presence of the Ce and O atoms in the synthesized samples. The morphology and microstructures were studied 
using SEM analysis. Spherical shapes and homogeneously distributed Ceria NPs and a rather tendency for agglomeration 
were confirmed. 

INTRODUCTION

Ceria (CeO2) Nano Particles is an oxide, used in the sector of Catalysis, Electro chemistry, Photo-chemistry, and 
Materials science, Biomedical, Luminescent etc.[1-5]. ,extremely prompt ultraviolet (UV) absorbent ,an oxidation 
agent and  electrochemical devices counter electrode  and LPG sensor ,Solid fuel cells electrolyte materials [6-11] 
.Ceria NPs part Cerium -Ce ,which may be a rare earth element, Lanthanide group(La group) element , whose 
electronic configuration 4f15d16s2, can exist both free or within the oxide form [12-14],excellent semiconductor 
material that has two valence states of Ce3+ (Ce2O3) and Ce4+ (CeO2) and also the space group is (Fm3m), fluorite  and 
important quality to modify very easily and reversibly between these oxidation states, and forming, filling, and moving 
oxygen vacancies within samples [15–17], these two characteristic forms, Ceria NPs are considered because the most 
stabilize with a fluorite cubic structure, which contains centers of eight coordinate Cerium  enclosed by a cube of eight 
oxide ions . Ce4+ ion which contain oxygen vacancies and distortion of the local symmetry [18]. Ceria NPs may be 
either intrinsic or extrinsic defects. Intrinsic defects are due to thermal disorder in the crystal and between the solid 
and surrounding atmosphere, whereas the extrinsic defects are due to an impurity or appearance of a foreign dopant 
Point defects consist of vacant lattice sites, several properties (e.g. conductivity, luminescence and diffusion) in this 
Ceria NPs are often enhanced or reduced by the existence of those defects .One of important characteristic within the 
case of intrinsic defects, the CN of Ce4+ to O2− to reduce at temperatures (>650ºC). This in turn to reduce the Ce4+ to 
the Ce3+ ions as two electrons from an oxygen atom, a vacancy site is created. So this paper is especially focused on 
temperature of 700 ̊ C, 850 ̊ C of this ample Ceria NPs.The synthesis of Ceria NPs, surface morphology, and dominated 
size are significant interest in Materials Science [1-5].  Most Ceria NPs materials were produced at high temperatures 
(>300ºC), over long periods (24h), because of the necessity to get reliability and nanoparticles with the physical and 
chemical properties.It is difficult to synthesize very small Ceria NPs and have a narrow distribution sizes. For the little 
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Abstract. Effect of Cerium doping on cobalt-ferrites has been synthesized by the solid state reaction method. The 
sintered samples of CoCexFe2-xO4 (x = 0.05 and 0.10) were characterized by X-ray diffraction (XRD) and vibrating 
sample magnetometer. The XRD spectra shows the cubic spinal structure (space group Fd3m). The lattice parameter 
decreased with increasing Ce concentration. Increasing amount of Cerium causes little change in the magnetic 
parameters namely saturation magnetization, coercivity and remanence.

1. INTRODUCTION

Recently metal-oxide has been the subject of much interest because of their unusual optical, electronic and 
magnetic properties. Cobalt ferrite (CoFe2O4) is a well-known hard magnetic material with high coercivity and 
moderate magnetization. It has a high coercivity of 5000 Oe, a moderate saturation magnetization of about 80 
emu/g, a high Curie temperature (TC) of 520 C, and a high anisotropy constant of 2.65 × 106 to 5.1 × 106

erg/cm3 [1-2]. Moreover, cobalt ferrite exhibits good insulation, and excellent chemical stability and physical 
hardness [1–5]. Hard magnetic cobalt ferrite has been widely used as a high-density magnetic recording medium 
in magnetic recording [6]. The properties of CoFe2O4 can be altered by substitution of different divalent and 
trivalent metal ions. Due to this much more work has been conducted on CoFe2O4 doped with metals and rare 
earth (RE) metals [7]. Anu et al observed significant effect of Zn substitution on Magnetic and electrical 
conductivity of CoFe2O4 nanofluids [8]. Xavier et al. indicates that saturation magnetization decreased with an 
increase in Sm contents in CoFe2O4 nanoparticles [9]. Melikhov et al. have investigated the temperature 
variation of magnetic anisotropy and coercive field of magnetoelastic Mn substituted cobalt ferrites (CoMnxFe2-

xO4 with 0 ≤ x ≤ 0.6) [10]. Wu et al. have reported infrared radiation properties of CoFe2-xCexO4 (x = 0, 0.01, 
0.05, 0.1 and 0.15) via the sol-gel autocombustion method [11]. In this paper, we report X-ray diffraction and 
magnetization measurements on two samples with substitution of 5 atomic% and 10 atomic% of cerium for Fe 
in CoFe2O4, viz., CoCe0.05Fe1.95O4 and CoCe0.10Fe1.95O4.

2. SAMPLE SYNTHESIS AND CHARACTERIZATION

Cerium substituted cobalt ferrite, CoCexFe2-xO4 (x = 0.05 and 0.10), powders were prepared by a solid state 
reaction. Accurately weighed powders of Fe2O3, Co3O4 and CeO2 were mixed together and then milled for 2 
hour using mortar. The milled powder was sintered at 850˚C for 8 hrs. All sintering processes are carried in 
open air. The X-ray powder diffraction patterns of the samples were collected on Rigaku Smart Lab powder 
diffractometer using Cu K-Alpha radiation. Vibrating sample magnetometer (VSM) is used for the magnetic 
measurement.
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a b s t r a c t

Gingers are improper in shape, so the peeling process is very time consuming. Gingers of equal weight
(approximate) were taken and washed in tap water and then were drained to remove the excess water
and done for the primary trials. We have studied the impact of infrared heating and microwave heating
parameters on physical and peeling properties of ginger and done the comparative study of infrared and
microwave assisted ginger peeling. ANOVA represents that both MW power and MW time had a impor-
tant (p < 0.01) effect on moisture loss, peel loss and peelability. The moisture loss, peel loss and peelabil-
ity increased with the increased in MW power but at high power peel loss and peelability decreased. The
peel loss and moisture loss increased with the increase in MW time. Peelability decreased at high MW
time. In infrared assisted peeling ANOVA represents that distance had a important (peelabilty is
<0.01), effect on moisture loss, peel loss and peelability. The peel loss showed no important (p > 0.05)
changes with change in treatment time. Peel loss and peelability were significantly (p < 0.05) affected
by treatment time. The moisture loss, peel loss and peelability decreased with increase in distance
between heating source and sample. The moisture loss increased with increase in treatment time but
peelability decreased with the same. Microwave heating showed the minimum (0.46%) moisture loss,
and minimum (0.46%) peel loss whereas infrared heating gave the (35.5%) maximum peelability.
� 2021 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Multifunctional Nanomaterials.

1. Introduction

Gingers, important spicery cash crop of the world, obtained
from the rhizomes of Zingiber officinale. Tropical family group,
derived from the Sanskrit word Singabera i.e. shaped as Ginger
and its products have varied applications in different fields. Dried
ginger is used both as a spice and medicine and comprises an
essential oil, which imparts an aroma, an oleoresin responsible
for the pungent smell, many important nutrients .Ginger can be
grown both under rain fed and irrigated conditions. India
accounted for 30% of the world overall production, followed by
other countries. Ginger has staring potential for treating a number
of ailments. It also has anti-inflammatory and anti-oxidative prop-
erties. The bioactive molecules of ginger like gingerols have shown
antioxidant activity in various modules [1,2]. The major compo-
nent in ginger rhizomes are carbohydrates, lipids (3–8%), terpenes,

and phenolic compounds [3]. Besides these, amino acids, raw fiber,
ash, protein, phytosterols, vitamins and minerals are also present
[4]. Ginger plays an important role in different diseases. Ginger
consumption before exercise might reduce naturally occurring
quadriceps muscle pain [5].

Peeling is an important step in the processing of fruits, vegeta-
bles and spices. Infrared radiation (IR) energy is in the electromag-
netic wave form and can be used for thermal processing of
foodstuff Enzymatic peeling, ohmic peeling, and ultrasonic peeling
have been studied..Microwave heating is generally performed by
locating the sample within a container, can show absorb or trans-
mit microwaves based on the dielectric properties. Keeping in view
the above facts, the following objectives were undertaken in this
paper.

� To study the impact of infrared heating and microwave heating
parameters on physical and peeling properties of ginger.

� Comparative study of infrared and microwave assisted ginger
peeling.
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A B S T R A C T

Control of carrier density and shifting of Fermi level provides an approach to tune the physical properties of two-
dimensional graphene. Here, we report the modulation in electrical properties of chemical vapor deposition
(CVD) grown single-layer graphene (SLG) and titanium dioxide (TiO2) nanoparticles (NPs) decorated SLG by
nitric acid (HNO3) molecules. The Raman spectroscopy and charge transport measurement confirmed HNO3

treatment leads to p-type doping in both i.e. pristine graphene and TiO2 coated SLG. The shift and relative
intensity ratio of G and 2D peaks are analyzed after HNO3 treatment. For HNO3 doped without and with TiO2

NPs coated CVD grown SLG, a substantial Dirac point shift is observed in transfer characteristic, reveal p-type
doping of CVD grown SLG through charge transfer and HNO3 molecule interaction. The change in carrier density
and Fermi level is also calculated after HNO3 treatment for all the samples. Our results demonstrate chemical
modification is an effective approach to modulate the electrical properties CVD grown SLG for diverse appli-
cations.

1. Introduction

Graphene, an allotrope of sp2 bonded carbon forming the basal
planes of graphite, has been the subject of investigations and researches
due to its unique electronic, physical and chemical properties.
Graphene has shown potential in various applications such as elec-
tronic/optoelectronic devices, sensors, displays, and energy devices
[1–5]. Graphene synthesized by mechanical exfoliation exhibits ex-
cellent electronic properties, whereas production efficiency is low for
industrial application [6], epitaxial growth on crystal substrate (SiC)
and chemical vapor deposition (CVD) on the desired metal substrate has
been proposed for graphene production [7–9]. With the help of CVD
and wet transfer method, high quality and large-area graphene sheets
with low defects have been successfully produced, which offers better
transparency, high mechanical strength and relatively low cost
[10–12]. A contact electrode with very low resistance is an essential
requirement for electronic/optoelectronic devices. Single-layer gra-
phene (SLG) with low contact resistance is often used as source/drain
contact for MoS2 field-effect transistors, which showed better electrical
performance than metal electrodes [13]. Due to its excellent transpar-
ency (∼97 %) in the visible light, high stability and flexibility, gra-
phene used as a transparent conductive electrode (TCE) in photonic and

flexible devices [8].
Although graphene shows high carrier mobility and low carrier

concentration which is related to its zero bandgap structure. To increase
carrier concentration in graphene, there are few approaches such as the
substitution of atoms in the lattice [14–16], adsorption of the gas mo-
lecules [17,18], bonding of organic molecules [19], as well as surface
functionalization [20,21], have already been reported. The electrical
behavior of an atomically thin (∼0.345 nm) graphene surface is sen-
sitive to molecules or foreign atoms because all the carbon atoms easily
exposed by an ambient environment [22]. It has been previously re-
ported that chemical doping is an effective and easy approach to
modulate the electronic structure and Fermi level relative to Dirac point
[23]. In recent years, chemical doping by various agents including
metal chlorides (e.g. AuCl3, MoCl3) and molecular acids SOCl2, HNO3,

and H2SO4 has been studied and proven a way to improve the electrical
properties of graphene [24–26]. It has already been reported that HNO3

imposes p-type doping in graphene, which significantly improves the
electrical properties as well as charge transfer efficiency of graphene
[27]. Kasry et al. reported the effect of HNO3 doping in graphene at a
variable temperature, afterward graphene shows low sheet resistance
and high transparency at high temperatures [28]. It is also reported that
chemical doping of HNO3 over graphene does not cause harmful
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A B S T R A C T

The present paper compiles, the substrate driven nano-morphology of fluorescent semiconducting poly 3-hex-
ylthiophene (P3HT) polymer films and their effects on photophysical, spectral, and electronic behaviour. Surface
morphological study reveals regular long sized aggregation and large crystalline structure of polymer thin film in
liquid surface grown (LSG) film as compared to hard surface grown (HSG) film. Experimentally observed and
computationally simulated Raman spectra show that HJ coupling dominates in LSG film compared to HSG film.
LSG film yields the structured electronic absorption and emission spectra with increased radiative decay time, in
comparison to HSG film. These indicate a decrease of non-radiative transitions in LSG film and support more
crystalline nature of the P3HT film as well as improve intrinsic mobility and device parameters in the sand-
wiched structure of Schottky diode configuration. The findings show that LSG based electronic/photonic devices
have a high potential for enhanced performance at a little cost.

1. Introduction

Controlled and proper selection of the nano-morphology in the
conjugated semiconducting fluorescent polymer film is the key factor
for enhancing and optimizing their performance of electronic and op-
toelectronic devices [1–4]. Fluorescent nanomaterials formed by ag-
gregation of highly fluorescent organic molecules or polymers point out
dramatically different spectroscopic properties, which are affected by
the micro-environmental factors [5–9]. The thermal/solvent annealing
or the use of processing additives can be engineered/manipulated to
attain selective solubility in a controlled way. Effective controls may
favorably attribute the crystallization and orientation of the polymer
[10–14]. Meanwhile, the discovery of crystalline semiconducting
fluorescent polymer films, specifically P3HT, has created significant
interest in this direction with high field-effect mobility of 0.1–0.3 cm2/
Vs [15,16]. The thin film of P3HT formed by the self-assembly/ag-
gregation process offers a fairly broad range of crystalline structures,
and the higher degree of crystallinity and less number of boundaries
generally result in higher mobility. The broad range crystalline struc-
ture of P3HT is due to interchain and intrachain interactions (H- and J-
aggregation), which depend on several intrinsic factors such as

molecular weight, regioregularity, and solvent processing conditions,
etc [17–20]. Spano et al. [21] estimated the order/disorder parameter
using intensity ratios of vibronic peaks in either photoluminescence or
absorption spectra which lead to H-type aggregate or J-type aggregates.

Further, Niles et al. [19] reported that the J-aggregated chains
adopt a high-degree of main-chain planarization, whereas the thio-
phene units of H-aggregates are non-coplanar. Subsequently, Moulé’s
group [10] reported the side-chain packing distance in both aggregates
either H or J aggregate based on the observation that the [100] re-
flections of the samples lie at the same angle in the X-ray profiles.
Further, Yamagata and Spano [22] proposed the hybrid HJ coupling
between polymer chains, which suggests that the charge-transfer (CT)
interactions depend on the alignment of adjacent chains within a π-
stack due to an increase in dipole–dipole coupling. The charge-transfer
interaction is associated with energy shifts of the highest occupied
molecular orbital (HOMO) according to the spatial alignment between
adjacent chains. It unravels the competitive effects of intra-chain (J-
favouring) versus inter-chain (H-favouring) interactions and their im-
pact on the photophysical response. In the HJ model, a pair of co-facial
polymer chains was considered with Coulomb interactions between
adjacent repeated units on neighboring chains. Thus, the P3HT
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Investigation of electronic properties of chemical
vapor deposition grown single layer graphene via
doping of thin transparent conductive films†

Anand Kumar Singh, a Vivek Chaudhary, b Arun Kumar Singh *c

and S. R. P. Sinhaa

It is a crucial challenge to obtain the desired electronic properties of two-dimensional materials for various

ubiquitous applications and improvements in the existing technology. In this article, we have demonstrated

the modulation in electronic features of the chemical vapor deposition (CVD) grown single-layer graphene

(SLG) via wet doping of poly (3,4-ethylenedioxythiophene) polystyrene sulfonate (PEDOT:PSS). The

PEDOT:PSS is well known as conducting polymer and used as transparent conducting electrode in

flexible organic electronic devices. The effect of doping on SLG samples were examined by Raman

spectroscopy, electrical transport measurement, atomic force microscopy (AFM), and Kelvin probe force

microscopy (KPFM). The Raman peaks position of doped samples provided sought evidence of p-type

doping of SLG after the deposition of PEDOT:PSS films. The electrical measurement confirmed the p-

type doping of SLG and also revealed enhanced carrier density and mobility of SLG after the deposition

of PEDOT:PSS films. AFM micrographs revealed the homogeneous loading of PEDOT:PSS particles over

the SLGs. Further, KPFM technique was used to estimate the work function modulation of SLG after

PEDOT:PSS film deposition. Our investigation will be useful for understanding the device physics as well

as improvement of photovoltaic devices based on PEDOT:PSS coated graphene.

Introduction

In the recent past, a surge has been observed in the develop-
ment of exible and stretchable electronic devices in various
applications including solar cells, touch screen displays, light-
emitting diodes, exible batteries, sensors, and spintronic
devices.1–5 The essential components of such devices are elec-
trodes, which should be thin, lightweight, and highly trans-
parent so that they can be stretched and exed without
compromising their electrical and optical assets. In recent
years, indium tin oxide (ITO) has been most frequently used as
transparent conducting electrodes (TCEs) in solar-cell applica-
tion, because it exhibits low sheet resistance and high trans-
parency in visible-light spectrum.6 Although, it is quite
unsuitable for exible electronics due to their low exibility,
high cost, limited source of indium and inconsistency in the
transparency near the ultraviolet region. Among the available

alternatives, graphene has attracted signicant interest as TCEs
for various optoelectronic devices due to its high transparency
and exibility.1,7 Graphene is a network of sp2 hybridization of
carbon atoms arranged into a hexagonal structure and is
semimetal in nature. Recently, graphene has received consid-
erable interest due to its remarkable properties, including
atomically thin, high mechanical strength, thermally stable,
and highly transparent two-dimensional sheets as well as high
carrier mobility along the sheets.8,9 Single-layer graphene (SLG)
shows high optical transparency (�98%), electrical conductivity
and exibility, which makes SLG is highly suitable for the
TCEs.10 Among the various synthesis approaches, chemical
vapor deposition (CVD) technique is the most effective
synthesis approach for large-scale production of graphene due
to its various advantages such as high-quality, large-area, low
cost, and easily transfer on the desired substrate.11,12

The tuning of charge carrier and doping type of graphene is
a potential step for the realization of multifunctional use in
current electronic/optoelectronic devices. In addition, shi of
the Fermi level (EF) position of graphene directly depends on
charge carrier doping, and moves upwards or downwards with
relative to Dirac point. As reported previously, the electrical
properties of pristine graphene can be modulated by various
techniques.13–16 In this context, chemical doping easily modu-
lates the doping type, carrier concentration and work function
of graphene.17 According to previous studies, two types of
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Abstract—Here, we report the enhanced optical and electrical properties of graphene oxide-silver nanoparticles 
(GO-AgNPs) nanocomposite due to thermal annealing in air at diff erent temperatures (150, 250, and 350°C). Our 
fi ndings show that the optical properties of the GO-AgNPs fi lm strongly depend on the annealing temperature. 
With an increase in annealing temperature, the optical absorption band and photoluminescence (PL) band are 
monotonically shifted towards a longer wavelength with a slight increase in absorbance. Interestingly, annealing 
of the nanocomposite fi lm at 350°C in the air results in the nitrogen-doping from air into GO lattice. Unlike the 
PL bands in the near-ultraviolet (UV) range in cases of GO-AgNPs annealed at 150 and 250°C, this fi lm exhibits 
pronounced multiple PL bands in the visible range, which are attributed to optical transitions associated with the 
localized nitrogen defects incorporated from air under thermal annealing and charge transfer between AgNPs and 
carbon. Mechanisms of the observed optical properties are also discussed. Furthermore, thermal annealing of the 
fi lm also aff ects its electrical properties. The sheet resistance of the fi lm reduces with the increase of annealing 
temperature and its lowest value ~ 21 Ω/□ with transmittance ~ 82% at 550 nm is achieved at 350°C. 
Keywords: Thermal annealing in air, nitrogen-doped graphene oxide-silver nanoparticles,    transparent conductive 
electrode,  photoluminescence 
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INTRODUCTION

Graphene has been recognized as a promising ma-
terial that could be utilized in many areas that include 
electronics, optoelectronics, energy, and biochemistry 
[1–10]. However, experimentally synthesized pure gra-
phene has some limitations such as lack of band gap in 
sp2 hybridized structure, high sheet resistance [1], and 
less pronounced luminescence [11]. Modifi cation of 
graphene structure is therefore needed to extend its ef-
fective utilization in various application sectors. Chemi-

cally synthesized graphene oxide (GO), in this scenario, 
has been an attractive and basic material. GO consists 
of sp2 bonded carbon atoms with a large fraction of sp3 
hybridized carbon atoms bound to oxygen-related func-
tional groups. GO is an insulator and reduction of GO is 
demanded to make it conductor or semiconductor which 
are key materials used in electronic and optoelectronic 
devices. The reduction of GO indicates the increase of 
sp2 contents and materials tend to transform from in-
sulating GO to conducting graphene structure [12]. Ag 
nanoparticles (AgNPs) have been widely used to fab-
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Abstract: This  paper  presents  the  fabrication,  characterization  and  numerical  simulation  of  poly-3-hexylthiophene  (P3HT)-
based  bottom-gate  bottom-contact  (BGBC)  organic  thin  film  transistors  (OTFTs).  The  simulation  is  based  on  a  drift  diffusion
charge  transport  model  and  density  of  defect  states  (DOS)  for  the  traps  in  the  band  gap  of  the  P3HT  based  channel.  It  com-
bines two mobility models, a hopping mobility model and the Poole–Frenkel mobility model. It also describes the defect dens-
ity  of  states  (DOS)  for  both  tail  and  deep  states.  The  model  takes  into  account  all  the  operating  regions  of  the  OTFT  and  in-
cludes sub-threshold and above threshold characteristics of OTFTs. The model has been verified by comparing the numerically
simulated results with the experimental results.  This model is also used to simulate different structure in four configurations of
OTFT e.g. bottom-gate bottom-contact (BGBC), bottom-gate top-contact (BGTC), top-gate bottom-contact (TGBC) and top-gate
top-contact (TGTC) configurations of the OTFTs. We also present the compact modeling and model parameter extraction of the
P3HT-based OTFTs. The extracted compact model has been further applied in a p-channel OTFT-based inverter and three stage
ring oscillator circuit simulation.

Citation: S Dadhich, A D D Dwivedi, and A K Singh, Fabrication, characterization, numerical simulation and compact modeling of
P3HT based organic thin film transistors[J]. J. Semicond., 2021, 42(7), 074102. http://doi.org/10.1088/1674-4926/42/7/074102

 

1.  Introducation

Organic  electronics  have  received  great  attention  since
the  initial  discovery[1],  due  to  the  range  of  exotic  mechanical
properties  of  the  organic  semiconductor  materials  and  tech-
nologies  that  they  offer  in  contrast  to  prevalent  inorganic
semiconductor technologies. For example, plastics can be flex-
ible[2],  stretchable  and  processed  from  solution-phase  over
large areas in roll-to-roll  newspaper-style printing[3, 4].  Plastics
can  also  be  processed  at  lower  temperatures[5],  and  hence
have lower economic costs than silicon. Another benefit of syn-
thetic  polymeric  materials  is  that  their  properties  can  be
tailored via the introduction of different chemical groups that
vary  overall  molecular  structures,  giving  rise  to  the  idea  of
“Make  to  Order”  (MTO)  electronics.  Applications  for  organic
thin  film  transistor  (OTFT)  include  light-emitting  devices[6−32],
bioelectronics  sensing  devices  and  applications[6] that  would
require low amounts of computing, such as electronic tags or
memory  devices[7−9].  One  of  the  primary  focuses  for  organic
electronics  research  over  the  past  few decades  has  been  the
organic  field-effect  transistors  (OFETs)[10−32].  OTFTs  are  a  key
element  of  organic  electronics[1−32].  Whilst  solution-pro-
cessed  OTFT[11−13] with  desired  mobility  values  have  started
to enter the realm of industrial  application, they can’t be util-
ized  unless  the  other  critical  parameters  are  also  addressed.
For example, TFTs can be used as switches in both voltage-driv-
en  and  current-driven  applications.  Voltage-driven  applica-
tions, such as liquid crystal displays or e-paper, require a con-

trolled voltage to be applied. On the other hand, display tech-
nologies  used  active  matrix  organic  light  emitting  diode
(AMOLED)  commercially  for  smart  phones,  laptops,  tablets,
games  consoles,  smart  watches,  digital  cameras,  media  play-
ers  and  televisions  are  current-driven.  In  the  development  of
TFT, the mathematical  model of device represents an import-
ant  bridge  between  manufacturing  of  semiconductor  and
circuit  design.  In  past  years,  some  mathematical  models  of
OTFT  were  developed[14].  All  these  models  describe  dc  cur-
rent–voltage  characteristics.  These  models  are  developed  by
slight  modification  in  classical  MOS  transistor  models.  But
these  are  not  able  to  describe  complete  behaviour  and  uni-
que features of  OTFTs.  During the design process to evaluate
the circuit  performance,  compact  model  is  necessary[12, 28−32].
Therefore,  technology  computer  aided  design  (TCAD)  simu-
lation  and  compact  modeling  of  organic  thin  film
transistors[13−32] become  very  important.  The  researchers
have put an extensive research effort into OTFT compact mod-
eling  for  circuit  simulation  as  in  Refs.  [28–32].  Further  re-
search efforts by various researchers are going on in this direc-
tion.  In  current  scenario,  a  physical  model  based  on  organic
semiconductor  is  required for  analog and digital  circuits.  The
developed model should have these qualities: (i) consistent be-
haviour,  (ii)  having parameter  variable  that  can be put  easily,
(iii)  symmetrical  to  OTFT  structure,  (iv)  easily  derivable  and
simple  calculation,  (v)  reducible  and  upgradable,  (vi)  tunable
for bad experimental data, and (vii) all the relations can be jus-
tified  by  physics.  So  in  this  work,  we  try  to  achieve  all  these
qualities.  The  model  based  on  fundamental  semiconductor
equations  and  drift  diffusion  charge  transport  model  has
been  utilized  for  TCAD  based  numerical  simulation.  This  ap-
proach and model has been successfully examined on experi-
mental  data  and  also  extracted  the  performance  parameters
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Abstract
Self-powered photodetectors have grown as inevitable members of the optoelectronic device
family. However, it is still challenging to achieve self-powered photodetection with good
responsivity in the visible spectrum region. Herein, we report solution-processable poly(3-
hexylthiophene) (P3HT)-molybdenum disulfide (MoS2) organic–inorganic hybrid material,
which can be used as the active layer in self-powered photodetectors. The morphological and
structural properties of the synthesized P3HT-MoS2 hybrid material has been discussed using
atomic force microscopy and transmission electron microscopy, respectively. The hybrid
material loaded with 1 wt% MoS2 has shown an enhancement in the self-assembly of polymer in
the form of fibrillar formation and excellent structural features in terms of π-conjugation. The
self-powered photodetectors have been fabricated in indium tin oxide (ITO) coated
glass/P3HT-MoS2/Al configuration. The merit of P3HT-MoS2 hybrid photodetectors is
measured under the illumination of 470, 530, and 627 nm light in ambient conditions.
P3HT-MoS2 photodetectors show significantly higher responsivity and detectivity. The photo
responsivity and detectivity in P3HT-MoS2 devices are found to be 271.2 mAW−1 and
4.4×1010 jones at zero bias, respectively, for 470 nm light with the optical power density of
74.1 μW cm−2. Furthermore, the photocurrent switching behaviour at periodic illuminations of
1 Hz has also been examined for P3HT-MoS2 self-powered photodetectors.

Supplementary material for this article is available online
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1. Introduction

Optical signal conversion to an electrical signal is essential in
modern society for numerous applications such as image
sensing, safety/security systems, military/intelligence

surveillance, chemical/biological detection, and optical
communication [1, 2]. Since their origin, photodetectors have
gone through the evolution of several generations in the past
few decades. Emerging low dimensional materials (e.g. gra-
phene, hBN, CNTs, and dichalcogenides etc) and
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ABSTRACT

The polycrystalline M-type barium hexaferrite (BaFe12-xAlxO19) with x = 0.0,

1.0, 2.0, and 3.0 have been prepared by the sol–gel Method. The crystal structure

of all the samples is found to be in hexagonal symmetry with P63/mmc space

group. The impedance was studied over a range of frequencies (1 Hz–1 MHz)

for all the compositions. Direct current (DC) electrical resistivity measurements

of all the samples were carried out in the temperature range of 303–775 K. All

the samples exhibit the semiconducting behavior. The resistivity increases with

the increase in Al3? substitution. The impedance along with DC resistivity

results established the electron hopping conduction mechanism in the Al3?

substituted barium hexaferrites. The electrical conductivity has been well

explained by the Mott variable-range hopping mechanism of localized polarons.

The dielectric dipoles are frozen at low temperature and activated at high

temperature as observed two transition temperatures in temperature versus

impedance plot. A correlation between ac impedance and DC resistivity has

been established in the M-type hexaferrite magnetic semiconductor.

1 Introduction

The M-type hexaferrites, have a huge commercial

impact due to its technological applications including

microwave devices, high-speed recording media,

ferrofluids, catalysis and magnetic refrigeration sys-

tems [1–5]. These materials are considered better than

other magnetic materials because of low eddy current

losses, which is due to their high resistivity [6]. The

combination of magnetic and dielectric properties of

ferrite materials make them very useful for

microwave applications such as; microwave fre-

quency antennas and components for microwave

applications. For microwave application, it is desired

to have low magnetic loss [7–10]. The resonant fre-

quencies of spinel and garnet based ferrite materials

in the range from Hz to hundreds of mega hertz. It is

due to the limit of Snoek effect, which can be over-

come by using hexaferrite in the microwave fre-

quency range [11, 12]. Therefore, it is expected to use

spinel or garnet ferrite for low-frequency applications

and hexaferrite for microwave requirements. Barium
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The low-lying positive-parity structures of 82Kr have been investigated following their population in the
76Ge(9Be, 3n) reaction at Elab ≈ 31 MeV and using a large array of Compton suppressed HPGe clovers as the
detection setup. Apart from other spectroscopic measurements, level lifetimes of the states have been extracted
using the Doppler shift attenuation method. The level energies and the associated transition probabilities exhibit
superlative overlap with the calculations in the framework of the interaction boson approximation and the E(5)
model. The 82Kr nucleus, thus, exemplifies the critical point of phase (shape) transition from the U(5) (spherical
vibrator) to the O(6) (γ -soft rotor) paradigms of nuclear structure.

DOI: 10.1103/PhysRevC.104.L031302

The investigation of the phase-transitional properties of
physical systems is known to be of pertinence in natural
science. One of the challenges in such pursuits pertains to
the rapid change in the order parameter with variation in
the control parameter at the point of phase transition that
makes it obscure to unambiguously identify the latter. In nu-
clei, the phase transitions will occur at zero temperature and
correspond to the change in the equilibrium deformation or
ground-state symmetry of the system with variation in the
number of nucleons that acts as the control parameter [1,2].

As far as shapes or deformations of nuclei are concerned,
they can principally be a spherical harmonic vibrator [3], an
axially symmetric deformed rotor [4], or a γ unstable (axially
asymmetric) rotor [5]. These constitute the idealized limits
of nuclear shapes that have been encoded in the framework
of the interacting boson approximation (IBA) and have been
identified to correspond to different dynamical symmetries:
The spherical vibrator is associated with U(5), the axially
symmetric rotor with SU(3) and the γ -soft rotor with O(6)
[6]. Each of these symmetries has characteristic experimental
signatures, such as the ratio of the excitation energies of the
first 4+ and 2+ states R4/2, that is 2.0 for U(5), 3.33 for SU(3),
and 2.5 for O(6).

*subhphy@gmail.com
†rraut@alpha.iuc.res.in

Furthermore, the (phase) transition from one of these
paradigms into another is characterized by critical point
symmetries (CPS) as invoked by Iachello for a simple
parameter-free analytical treatment of transitional nuclei
[7,8]. The CPS associated with the transition from the spheri-
cal vibrator to the axially symmetric rotor is X (5) [7] whereas
that with a spherical vibrator to a γ -soft rotor is E(5) [8].
The transitional character is typically quantified through ex-
perimental observables, such as the aforementioned ratio of
excitation energies as well as the ratio of transition prob-
abilities, eventually elaborated in this paper. Recently, the
relativistic mean-field theory has been applied to probe the
X (5) symmetry in 148,150,152Sm [9] and E(5) in Ti isotopes
[10] whereas, most proximal manifestations of E(5) symmetry
has been identified in 134Ba [11], 130Xe [12], 104Ru [13], and
102Pd [14]. These investigations have not reported the levels
above the first excited 0+ state which is crucial for the under-
standing of the E(5) behavior in nuclei. The position of this
excited 0+ state vary along with the U(5) to O(6) transition
[15–17]. For U(5), this state has a two-phonon character with
high B(E2) rate to the one phonon 2+

1 level. In the O(6) limit
this level becomes very high in excitation energy and the
B(E2) transition strength to the 2+

1 state is forbidden. In con-
trast, the second excited 0+ level preserves its three-phonon
character across the entire U(5) to O(6) path [15].

It may be noted that all the above-mentioned findings on
E(5) symmetry are for stable nuclei with A > 100. The lone
exception is the proposition of E(5) symmetry in 58Cr [18]
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Abstract
In the present study attempts have been made to improve the adsorption performance of Fe-
Benzene dicarboxylic acid metal organic framework for the removal of methylene blue dye
from waste waters through cobalt doping. The removal efficiency of Co doped Fe-BDC MOF
improved from 8.56 to 23.92 mg/g. Batch and column methods have been used to evaluate
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a b s t r a c t
Iron-benzene dicarboxylic acid (BDC) metal-organic framework (MOF) has been synthesized by 
solvothermal method at room temperature and tested for the adsorptive removal of the organic dye 
crystal violet from aqueous solution. Dye removal efficiency and adsorption characteristics were 
determined to investigate factors such as the effect of dye concentration, contact time, temperature, 
dose, and pH. Maximum dye removal efficiency was recorded to be 100% with an initial dye con-
centration of 5 mg/L. Langmuir, Freundlich, and Temkin adsorption isotherm models were used to 
investigate the adsorption process. The adsorption isotherm of crystal violet onto Fe-BDC-MOF can 
be described by Freundlich isotherm model and Langmuir isotherm model. Pseudo-second-order 
kinetic model with rate constant 1.22 × 10–2 g/mg.min is found to be the best fit for the adsorp-
tion. Thermodynamic parameters viz. free energy; enthalpy, and entropy have been calculated with 
the help of adsorption isotherm data. The values of enthalpy and entropy have been obtained as 
0.0947 kJ/mol and 0.325 kJ/mol/K, respectively, indicating an endothermic process with an increase 
in randomness at the solid-solution interface during adsorption. Negative value of ∆G illustrates 
the process to be spontaneous. Column adsorption capacity of Fe-BDC-MOF has been recorded 
26.65 mg/g.

Keywords: MOF; Crystal violet; Adsorption; Kinetics; Thermodynamics
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ABSTRACT 
 

The present study reveals the seismic hazard analysis of 

district headquarter Ambikapur, in the state of Chhattisgarh. 

Usually, seismic hazard study attempts to analyze two 

different kinds of anticipated ground motions, “the 

Deterministic Seismic Hazard Analysis (DSHA)” and “the 

Probabilistic Seismic Hazard Analysis (PSHA)”. The 

maximum Peak Ground Acceleration (PGA) has been 

estimated by using Iyengar and Raghu Kanth (2004) 

attenuation relationship. The regional recurrences relation is 

obtained by using available historical data and 33 numbers of 

seismic sources (liner faults) that are likely to cause ground 

motion, around the study area. The probabilistic seismic 

hazard analysis has been applied over Ambikapur, to assess 

the probability of exceedance for various PGA(g)values the 

seismic hazard curve has been developed  by using Raghu 

Kanth and Iyengar (2007) attenuation relationship. The 

probability of exceedance for PGA(g) values as 

0.01g,0.05g,0.10g,0.15g for their corresponding return 

periods have also been assessed. The liner seismic source 

having length 46kM, produced maximum peak ground 

motion as 0.15259g for recurrence period of 100 years. For 

Ambikapur district headquarter the probability of exceedance 

for 0.1g with a return period of 8788 years is estimated as 

63.22%. Maximum Peak Ground Acceleration value and % 

probability of exceedance reflects that the seismicity of 

Ambikapur district headquarter is found to have exceeded 

from 0.1g as recommended by IS:1893 (Part 1): 2016 (Sixth 

Revision) for Chhattisgarh. Hence, it is recommended from 

present study that, Ambikapur should be included in zone III 

instead of zone II. 

 

Key words : Ground Motion Attenuation, Peak Ground 

Acceleration, Uncertainty, Seismic Hazard Curve. 

 

1. INTRODUCTION 
 

Since the dawn of human civilization, seismic tremor is 

known to be one of the primary complex phenomenon that the 

 
 

present world is facing. Efforts are being made to develop 

realistic and probabilistic models, for determining the 

location and time of  

upcoming earthquakes. It is indispensable that the after 

effects can be reduced to some extent. Regional seismic 

hazard maps that are developed, give an idea of seismic 

hazard vulnerability of an area. So various researchers have 

carried out seismic microzonation of different Indian cities 

and states using probabilistic approach.   In seismic map of 

India Chhattisgarh state is located in “low” seismically  active 

region  Ambikapur, is said to be one of the oldest but 

prominent city there, the name being derived from the Hindu 

Goddess worshipped in that area. The location can be traced 

towards the east of central India, at 23º 12' N 83º 2' E. The city 

is said to be a proud owner of many valuable heritage 

structures, outlining the precious constituents of history, 

culture and human evolution. There are many evidences 

existing to the olden construction technology, aesthetics, 

civilizing practices, arts, defenses and governance of the 

region. These ancient masonry structures were constructed 

based on empirical acquaintance of structural behavior by 

trial-and-error processes, essentially taking into 

consideration dead loads only. Not overlooking their bulky 

mass due to masonry walls, poor connections between 

structural elements and structural distress due to deteriorated 

material properties they are often found to undergo 

destruction. Conservation of such historical buildings from 

natural disasters like an earthquake becomes a paramount 

responsibility of the modern society, so that it may be 

conserved for the future generations. 
 

2. PIONEER RESEARCH IN INDIA  
 
As Peninsular India (PI) lies within intra-plate setting (a 

region far from well-defined plate boundaries) very little 

crustal deformation is expected [1]. When compared to the 

foothills of mighty Himalayas, earthquakes are generally less 

likely to occur near the plate boundaries. Although the 

frequency of occurrence of large earthquakes is low, their 

impact on civilization is high. Thus, it becomes imperative to 

compute the seismic hazard for Peninsular India for future 
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Abstract:
Introduction: The entire world is shifting towards electronic communication through Email for fast and
secure communication. Millions of people, including organization, government, and others, are using Email
services. This growing number of Email users are facing problems; therefore, detecting phishing Email is a
challenging task, especially for non-IT users. Automatic detection of phishing Email is essential to deploy
along with Email software. Various authors have worked in the field of phishing Email classification with
different feature selection and optimization techniques for better performance.

Objective: This paper attempts to build a model for the detection of phishing Email using data mining
techniques. This paper's significant contribution is to develop and apply Feature Selection Technique (FST)
to reduce features from the phishing Email benchmark data set.

Methods: The proposed Pruning Based Feature Selection Technique (PBFST) is used to determine the
rank of feature based on the level of the tree where feature exists. The proposed algorithm is integrated
with already developed Bucket Based Feature Selection Technique (BBFST). BBFST is used as an internal
part to rank features in a particular level of the tree.

Results: Experimental work was carried out with open source WEKA data mining software using a 10-fold
cross-validation technique. The proposed FST was compared with other ranking based FSTs to check the
performance of C4.5 classifier with Phishing Email data set.

Conclusion: The proposed FST reduces 33 features out of 47 features which exist in phishing Email
dataset and C4.5 algorithm produces remarkable accuracy of 99.06% with only 11 features and it has been
found to be better than other existing FSTs.

Keywords: Phishing e-mail detection (https://www.eurekaselect.com/search/aws_search.php?
searchvalue=Phishing e-mail detection), Pruning Based Feature Selection Technique (PBFST)
(https://www.eurekaselect.com/search/aws_search.php?searchvalue= Pruning Based Feature Selection
Technique (PBFST)), classification (https://www.eurekaselect.com/search/aws_search.php?searchvalue=
classification), Decision Tree (DT) (https://www.eurekaselect.com/search/aws_search.php?searchvalue=
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Abstract
Face detection often plays the first step in various visual applications. Large variants of
facial deformations due to head movements and facial expression make it difficult to
identify appropriate face region. In this paper, a robust real-time face alignment system,
including facial landmarks detection and face rectification, is proposed. A facial land-
marks detection model based on regression tree is utilized in the proposed system. In face
rectification framework, 2-D geometrical analysis based on pitch, yaw and roll move-
ments is designed to solve the misalignment problem in face detection. The experiments
on the two datasets verify the performance significantly improved by the proposed
method in the facial recognition task and outperform than those obtained by other
alignment methods. Furthermore, the proposed method can achieve robust recognition
results even if the amount of training images is not large.

Keywords Face alignment . Facial feature localization . Head pose estimation . Face recognition

1 Introduction

In an automatic visual system, face detection plays a vital role as the first step to locate the face
region in the target image for potential applications. A face recognition system usually consists
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Abstract: To handle the fuzziness and spatial uncertainties 

among pixels entailed in color images, this paper proposes a 

novel fuzzy entropy function for multi-threshold image 

segmentation based on the energy curve concept and 

minimum fuzzy entropy criterion. The proposed energy curve 

based new fuzzy entropy function (ECFE) considers intensity 

distribution and spatial contextual information among the 

pixels. To improve efficiency and threshold selection process 

of the method, cuckoo search algorithm is employed. For 

comparison, backtracking search algorithm, and Lévy flight 

based firefly algorithm included. Comparison with recent 

color image multilevel segmentation techniques presented to 

test the effectiveness of the proposed algorithm. The 

performance of the proposed technique is evaluated using 

different satellite and natural color images. Quantitative and 

Qualitative results demonstrate that the proposed algorithm is 

highly accurate, robust, and efficient for color image 

multilevel segmentation. 

 

Keywords: Multi-level thresholding, Energy curve, 

minimum fuzzy entropy, Cuckoo search algorithm, 

Optimization algorithms  

1 Introduction 

Segmentation is a classic example of multichannel 

information processing. Multichannel information 

processing is very important owing to evolution of the 

fields of remote sensing (RS), multispectral data 

management, geographical information system (GIS), 

biomedical imaging, etc. [1-4]. In satellite imaging, 

segmentation is one of the most important processes to 

retrieve important and useful information or to detect 

the region of interest.  Satellite images contain large and 

dense information which is used for processing and 

analysis. But, these images normally have ill-defined 

features and ambiguous regions, very low spatial 

resolution, poor illumination, and high dependency 

over environmental conditions [5]. Therefore, proper 

segmentation of satellite images is demanded in many 

practical applications including forest-type 

classification, sea-ice-type classification, soil moisture 

and vegetation, measurement, land cover classification, 

etc. [6]. Currently, various image segmentation 

techniques are presented in the literature [7,8]. 

In the field of image segmentation, information 

entropy theory-based thresholding is most popular area 

in theoretical research and applications as it is fit for the 

images exhibiting distinct gray levels of objects and 

background. The advancements in the information 

theory have intensified the scope to investigate 

different entropy models for efficient thresholding 

based segmentation [9, 10]. Various entropy models 

such as Shannon Entropy, Kapur’s entropy, Otsu 
method, Rényi entropy, Tsalli’s entropy, and minimum 

cross entropy (MCE) reported in [11], [12] have been 

proposed. The goal of thresholding is to select the 

single pixel (bi-level thresholding) or multiple pixels 

(multilevel thresholding) which can distinguish the 

region of interest from its background.  

Due to the development of multi-object technology 

such as multi-object tracking and multi-object 

optimization, multilevel image thresholding (MIT) is 

an appropriate method to fulfill the requirements of 

most machine vision and pattern recognition 

applications. MIT segmentation techniques can be 

broadly categorized into: (a) classical approach [13, 14] 

(b) Swarm Intelligence (SI)/Evolutionary Algorithms 

(EA) based approach [15, 16]. In past few decades, 

large amount of techniques have been developed in the 

field of image segmentation, and it has been noticed 

that multilevel thresholding based on classical 

implementations is computationally complex and time 

inefficient as they optimize the objective function by 

exhaustively searching for the optimum values. To 

determine acceptable sub-optimal thresholds quickly, 

applications of some well-known meta-heuristics can 

be found in literature meant for thresholding based 

segmentation of Satellite images and other color images 

[5], [13-21] this paper, a new fuzzy based entropy 

function is proposed using minimum fuzzy entropy 

criterion. Histogram based thresholding techniques has 

been unable to consider the contextual and local 

information for selecting an optimum threshold. As a 

consequence, the images of different characteristics 

may have very similar 1-D histogram to yield close 

thresholding results, which may lead to inaccurate 

satellite image segmentation. To mitigate these 

limitations, MFE has been proposed to search optimal 

thresholds based on information derived from energy 
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ABSTRACT

One of the main problems in K-means clustering is setting of initial centroids which can cause 
misclustering of patterns which affects clustering accuracy. Recently, a density and distance-based 
technique for determining initial centroids has claimed a faster convergence of clusters. Motivated 
from this key idea, the authors study the impact of initial centroids on clustering accuracy for 
unsupervised feature selection. Three metrics are used to rank the features of a data set. The centroids 
of the clusters in the data sets, to be applied in K-means clustering, are initialized randomly as well 
as by density and distance-based approaches. Extensive experiments are performed on 15 datasets. 
The main significance of the paper is that the K-means clustering yields higher accuracies in majority 
of these datasets using proposed density and distance-based approach. As an impact of the paper, 
with fewer features, a good clustering accuracy can be achieved which can be useful in data mining 
of data sets with thousands of features.

KEywoRdS

Centroid,+Classification,+Feature+Selection,+Information+Gain,+K-Means+Clustering,+Laplacian+Score,+Ranking+
Methods+of+Features+in+Data+Sets,+Variance

1.,INTRodUCTIoN

The curse of dimensionality is a major problem in large datasets. A dimension is commonly known 
by names like feature or attribute or property or even column in a dataset. In order to save more and 
more information, many irrelevant features are also preserved in a dataset and these features can be 
contributing nothing while classifying the dataset for taking some inference out of it and sometimes 
even adding to misclassification of patterns. A dataset with large dimensionality may increase the 
time and space complexity wile classifying it. More specifically, the performance of a classifier 
depends on several factors: i) number of training instances. ii) Dimensionality, i.e., number of 
features, and iii) complexity of the classifier (Saxena et al., 2010). Feature selection is an important 
component in pattern recognition (Duda et al., 2001). Feature Selection can be done in supervised 
or unsupervised manner. When feature selection techniques use the knowledge of class given in the 
data sets, it is called supervised feature selection. Feature selection without using class information is 
called unsupervised feature selection. For unsupervised feature selection, Mitra (Mitra et al., 2010), 
proposed a method that partitions original feature set into distinct subsets or clusters so that features 
in one cluster are highly similar while those in different clusters are dissimilar. A single feature is 
then selected from each cluster to form a reduced feature subset. Feature Selection for clustering is 
discussed in (Dash et al., 2000). Dy and Brodley (2000) presented a wrapper framework for feature 
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Abstract
The present study is an effort to examine the capability of a differential evolution based radial basis function neural 
network (RBFDE) to model weekly reference evapotranspiration  (ET0) as a function of climatic parameters in different 
agro-climatic zones (ACZs) of a moist sub-humid region in East-Central India. The  ET0 computed using the empirical equa-
tion of Penman–Monteith suggested by the Food and Agricultural Organization (FAO56-PM) is considered as a target 
variable for investigation. The performance of the proposed RBFDE model is compared with particle swarm optimization 
based radial basis function (RBFPSO), radial basis function neural network (RBFNN), multilayer artificial neural network 
(MLANN) models and conventional empirical equations of Hargreaves, Turc, Open-Pan, and Blaney-Criddle. Weekly  ET0 
estimates that are obtained using RBFDE, RBFPSO, and RBFNN and MLANN are observed to be more consistent than 
equivalent empirical methods. For a critical analysis of simulation results, mean absolute percentage error (MAPE), root 
means square error (RMSE), determination coefficient  (R2) and Nash–Sutcliffe efficiency factor (NSE) is computed. Low 
MAPE and RMSE values along with higher  R2 and NSE close to 1, obtained with soft computing models exhibit that, soft 
computing models produce better estimates of  ET0 than empirical methods. Among the soft computing models, RBFDE 
provides improved results as compared to RBFPSO, RBFNN, and MLANN models. This method can be extended for  ET0 
estimation in other ACZs.

Keywords ET0 estimation · FAO56-PM · RBFNN · RBFDE · RBFPSO · MLANN · Empirical methods

1 Introduction

In response to atmospheric demand, soil surface evapora-
tion and transpiration from plant occurs simultaneously 
in a cropping field and is termed as evapotranspiration 
(ET) in a combined manner [1]. Approximately two-thirds 
of the total precipitation is consumed by the atmosphere 
in the form of ET [2]. Therefore, ET is considered one of 
the most important water balance components for the 
determination of crop water requirement, length of the 
crop growing season, and associated agro-climatic stud-
ies. Hence, accurate measurement or estimation of ET is 

essential for the planning and effective implementation 
of irrigation and water management practices for prac-
tical applications. Accurate measurement of ET by volu-
metric and gravimetric lysimeter is practically very diffi-
cult because various factors affect the ET process, which 
includes climatic parameters, crop characteristics, soil 
properties, and management practices. Therefore, con-
sumptive use of water from a uniformly distributed grass 
reference crop under nonlimiting conditions is estimated 
for practical purposes and termed as  ET0 [3]. In general,  ET0 
is computed employing empirical equations as climatic 
parameters being the only factor affecting the ET process. 

 * Diwakar Naidu, dnaidu1971@gmail.com | 1Department of CSIT, Guru Ghasidas Vishwavidyalaya, Central University, Bilaspur 495009, 
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Solar radiation, temperature, humidity, wind speed, and 
sunshine are the most influential climatic factors which 
contribute to the ET process [1]. Precise estimation of  ET0 is 
vital for the efficient utilization of available water resources 
for agricultural purposes.

Several physicals, empirical equations based on radi-
ation, temperature, mass transfer, and water budget 
methods have been derived in the past to determine 
 ET0 with different input combinations of meteorological 
parameters. Among these empirical methods, the Pen-
man–Monteith equation is recommended by the Food 
and Agricultural Organization for  ET0 estimation (FAO56-
PM) because of its preciseness [1]. FAO56-PM equation 
requires meteorological parameters such as maximum 
and minimum temperatures, relative humidity, sunshine 
hours, wind speed, and solar radiation to determine  ET0. 
In developing countries, like India, it is invariably very dif-
ficult to obtain long term meteorological parameters to 
compute  ET0 using the FAO56-PM model [4]. Therefore, 
other empirical models like Hargreaves [5], Turc [6], Open 
Pan [7], Blaney-Criddle [7], and Christianson [8], etc., are 
also in use. These empirical equations involve fewer com-
plex variables as compared to FAO56-PM to compute  ET0. 
However,  ET0 estimates obtained using these models are 
not comparable with FAO56-PM as these methods yield 
more errors and hence their practical applications become 
limited [9].

To address this issue, in recent decades, researchers 
have successfully demonstrated the application of a vari-
ety of computational intelligence based conventional and 
hybrid soft computing techniques for modeling extremely 
complex and non-linear relationship between climatic fac-
tors and  ET0 [10–19]. Improved predictions of FAO56-PM 
 ET0 are obtained by Wen et al. [20] using a support vector 
machine (SVM) as compared to the artificial neural network 
(ANN) and empirical methods in extremely arid regions 
of China. Partal [21] has developed a hybrid model com-
bining wavelet transformation and radial basis function 
neural network (W-RBF) that outperformed conventional 
RBF, wavelet-multi-linear regression (W-MLR) and empiri-
cal methods of Hargreaves and Turc for daily  ET0 estima-
tion with improved accuracy. Kisi and Demir [22] have 
evaluated the potential of multi-layer perceptron (MLP) 
with six different weight update algorithms for modeling 
 ET0 and found MLP with the Levenberg-Marquard algo-
rithm produced a better estimate of  ETo. In a recent study, 
Dou and Yang [23] have recommended hybrid extreme 
learning machine (ELM) and adaptive neuro-fuzzy infer-
ence system (ANFIS) based models that are more robust 
and flexible in comparison to traditional ELM and ANFIS. 
Adamala [24] has reported improved generalized perfor-
mance of wavelet neural network (WNN) and ANN model 
for estimation of  ET0 as compared to linear regression (LR), 

wavelet regression (WR) and Hargreaves (HG) methods for 
the studied locations in different agro-ecological regions 
of India. Sanikhani et al. [25] have applied several artifi-
cial intelligence models including multi-layer perceptron 
(MLP), generalized regression neural network (GRNN), inte-
grated ANFIS systems with grid partitioning (ANFIS-GP) 
and subtractive clustering (AFNIS-SC), radial basis neural 
network (RBNN) and GEP for modeling  ET0 in a cross-sta-
tion scenario for different locations in Turkey and dem-
onstrated that AI-based models performed better than 
the empirical equation of Hargreaves-Samani (HS) and its 
calibrated version (CHS).

It is also observed from the literature review that 
researchers have successfully implemented various types 
of hybrid soft computing models combining conventional 
neural networks along with evolutionary computing algo-
rithms for estimation of  ET0. Application of nature-inspired 
algorithms such as genetic algorithm (GA), particle swarm 
optimization (PSO), artificial bee colony (ABC), etc., in com-
bination with conventional neural networks like ANN and 
RBNN are investigated in some research publications for 
 ET0 estimation [26–30]. A study conducted by Feng et al. 
[31] for estimating FAO56-PM  ET0 in a humid region of 
Southwest China reveals that ELM and ANN optimized by 
genetic algorithm (GANN) has resulted in better  ET0 esti-
mates than WNN and empirical approaches of Hargreaves, 
Makkink, Priestley–Taylor and Ritchie models. Gocić et al. 
[32] have analyzed the potential of genetic programming 
(GP), support-vector machine-firefly algorithm (SVM-FFA), 
ANN, and SVM-Wavelet soft computing approaches and 
found SVM-Wavelet resulted in improved FAO56-PM  ET0 
estimates in Serbia. Mehdizadeh et al. [33] have evaluated 
the performance of gene expression programming (GEP) 
and MARS along with two SVM based hybrid models, SVM-
Polynomial and SVM-RBF for estimation of monthly mean 
 ET0 and reported SVM-RBF and MARS outperformed GEP 
and SVM-Poly and also performed better than 16 other 
empirical equations considered for comparison. How-
ever, Mattar and Alazba [34] have confirmed that the GEP 
model performed better than the conventional multilin-
ear regression (MLR) approach in Egypt. Most of the soft 
computing models discussed above are developed under 
a given scenario in terms of study location, the combina-
tion of available input climatic parameters, time scale and 
duration of climatic data, model structure, learning param-
eters, and an optimization algorithm, etc. Therefore, practi-
cally it becomes very difficult to employ these models in a 
new location without proper calibration and validation of 
the model parameters.

To examine the potential of an evolutionary optimized 
soft computing technique, RBFNN in combination with the 
differential evolution algorithm (RBFDE) is introduced here 
for the estimation of  ET0 under three different ACZs in the 
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Chhattisgarh region of East-Central India. Differential evo-
lution (DE) is considered because it is a simple algorithm 
in comparison to GA which requires intensive calculations. 
Due to its simplicity, DE is used in various applications 
[35–37]. Technical analysis of DE parameters, hybridization 
of DE with other soft computing techniques, and its practi-
cal applications have been discussed by Das et al. [38]. Dif-
ferent variants over state-of-the-art DE have also been pre-
sented in the literature. Among these, Hui and Suguntham 
[39] suggested ensemble and arithmetic recombination-
based speciation DE for multimodal optimization of com-
mon benchmark problems. Ramdas et al. [40] developed 
a reconstructed mutation strategy for DE and applied the 
same with multilevel image thresholding for improved 
weather radar image segmentation [41]. A DE variant with 
multi-donor mutation strategy and annealing-base local 
search has been developed by Ghosh et al. [42] for optimi-
zation of Lennard-Jones potential function-based molecu-
lar clustering. The effect of DE-based constraint handling 
techniques has been evaluated by Biswas et al. [43] for the 
optimization of power flow systems. One of the authors of 
this investigation has also been engaged in DE based train-
ing of adaptive autoregressive moving average (ARMA) 
model for exchange rate forecasting [44] and development 
of a hybrid system using functional link artificial neural 
network (FLANN) and DE for Odia handwritten numeral 
recognition [45]. The proposed evolutionary optimized 
hybrid structure of RBFDE is developed and used for the 
first time to model FAO56-PM  ET0, and therefore it may be 
considered as a novel scientific approach for such applica-
tion. Conventional soft computing techniques like MLANN, 
RBFNN along with empirical methods of Hargreaves, Turc, 
Open Pan, and Blaney-Criddle are considered for compari-
son purposes. Results obtained with RBFDE is also com-
pared with RBFPSO under similar condition. This paper 
is organized into different sections. Section 1 introduces 
the problem formulation, literature reviews, and motiva-
tion behind the investigation. The detailed description of 
the data sets, soft computing techniques, and empirical 
methods are described in the Materials and methods of 
Sect. 2. Simulation results and comparative performance 
evaluation of different models are outlined in the results 
and discussion of Sect. 3. The salient findings of the study 
are summarized in the conclusion section.

2  Materials and methods

2.1  Study area and dataset

This investigation is carried out to model weekly  ET0 using 
soft computing techniques. Long term weekly mete-
orological data (2001 to 2019) of maximum temperature 

 (Tmax), minimum temperature  (Tmin), bright sunshine hours 
(BSS), wind speed (WS), morning relative humidity dur-
ing  (RH1), afternoon relative humidity  (RH2) and weekly 
cumulative pan evaporation (EP) are collected from Raipur, 
Jagdalpur and Ambikapur stations located in three dis-
tinct ACZs of Chhattisgarh region in central India (Fig. 1). 
The climate of Chhattisgarh is moist sub-humid in gen-
eral with an average annual rainfall of 1200–1400 mm and 
annual  ET0 losses between 1400 and 1600 mm in different 
ACZs. Data sets are collected from the India Meteorologi-
cal Department (IMD) (https ://mausa m.imd.gov.in/) certi-
fied observatories located in these stations. These surface 
meteorological observatories follow the World Meteoro-
logical Organization (WMO) guidelines for data collection 
[46]. WMO guidelines for the observational procedure 
and quality control are adopted uniformly in these sur-
face meteorological observatories while data acquisition, 
tabulation, and computation. The online data entry sys-
tem, itself has an inbuilt quality control mechanism to test 
the errors like data format, duplicate records, and incorrect 
units of measurement, impossible values, extremes, and 
outliers.

Descriptive statistics of different meteorological 
parameters in terms of mean, high, low, range, standard 
deviation (SD), and coefficient of variation (CV) are also 
computed to understand data patterns and to ensure the 
quality check of data (Table 1). To measure the strength 
and direction of a linear relationship between two vari-
ables, correlation coefficient (R) between meteorologi-
cal parameters  (Tmax.  Tmin, BSS, WS,  RH1,  RH2, and EP) with 
FAO56-PM  ET0 are also computed (Table 1). Weekly totals 
of  ET0 are computed using the FAO56-PM equation which 
is considered as the target output for model development 
[1].

The pattern of different meteorological parameters con-
sidered as input variables for model development along 
with target variable FAO56-PM  ET0 in selected stations is 
represented as box plot arrangements in Fig. 2. The middle 
line of the box plot signifies the median value while the 
upper and lower edges signify 75% and 25% of the data 
set respectively. The highest and lowest limits of the upper 
and lower vertical lines indicate the highest and lowest 
values respectively. The square depicts the simulated 
mean, and the straight-line shows the observed mean.

2.2  Design of soft computing models

2.2.1  Radial basis function neural network (RBFNN) based 
estimator

RBFNN is a category of feed-forward neural network with 
a single hidden layer and an output layer formulated by 
Broomhead and Lowe [47]. Pictorial representation of the 

https://mausam.imd.gov.in/
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RBFNN is given in Fig. 3. The processing units termed as 
neurons in the hidden layer are associated with centers, 
c = c1, c2, c3, ., ., ch, and their width � = �1, �2, �3, ., ., .�h, 
where h is the number of neurons in the hidden layer. Each 
neuron in the hidden layer receives the same set of input 
data 

(
X = x1, x2, x3, ., ., ., xn

)
. The centers of every hidden 

neuron have the same dimension as that of the input data, 
i.e. ci ∈ Rn, X ∈ Rn. The output of hidden layer neurons (
�1,�2,�3, ., ., .,�h

)
 are associated with synaptic weights 

(
w1,w2,w3, ., ., .,wh

)
. Output, ∅i of ith hidden layer neuron 

is basically a Gaussian function and is represented by:

where z = ||||x − ci
||||, represents the Euclidian distance 

between input data and the corresponding centers and 
�i = �

(||||X − ci
||||
)
 . The Gaussian function used in each 

hidden layer neuron is a category of radial basis function. 

(1)�i(z) = e
−z2

2�2
i

Fig. 1  Location map of the 
study area
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Finally, the response of the RBFNN at the output layer, for 
a given set of input data is linear in terms of weights and 
computed using the following expression.

Development of the RBFNN for each instant of input data 
and its corresponding output {X, y} is obtained recursively 
by updating the network parameters 

{
wi , ci , �i

}
 to mini-

mize the instantaneous error cost function given as.

The weight update rules to optimize the network param-
eters 

{
wi , ci , �i

}
 at time t are given by following equations 

which are derived using gradient descent algorithm [48].

(2)y =

h∑
i=1

wi�i

(3)e =
1

2

(
yd − y

)2

(4)wi(t + 1) = wi(t) + �1
(
yd − y

)
�i

where yd desired output or target value, cij j
th element of 

the ith center, η1, η2, η3 learning rates for network param-
eters 

{
wi , ci , �i

}
 respectively.

2.2.2  Differential evolution based RBF neural network 
estimator

Differential evolution (DE) [49, 50] is a simple and effi-
cient global optimization technique based on a heuristic 
method for minimizing a nonlinear function. Using this 
efficient heuristic approach a hybrid structure, RBFDE is 
developed in which total d number of network param-
eters, represented by a parameter vector, x⃗i =

{
wi , ci , 𝜎i

}
 , 

is optimized by the differential evolution algorithm (DE). 

(5)cij(t + 1) = cij(t) +
�2

�2

i

(
yd − y

)
wi�i

(
xj − cij

)

(6)�i(t + 1) = �i(t) +
�3

�3

i

(
yd − y

)
wi�iz

2

i

Table 1  Descriptive statistics 
of weekly meteorological 
parameters (2001–2019) at 
different locations

Parameters Mean High Low Range SD CV R

Raipur (21.14°N, 81.38°E, 289 m)
Tmax (°C) 32.9 46.0 22.0 24.0 4.9 14.8 0.95
Tmin (°C) 20.4 31.5 6.6 24.9 5.8 28.6 0.62
BSS (hours) 6.7 11.1 0.0 11.1 2.6 39.5 0.33
WS (Kmph) 4.9 14.9 0.5 14.4 3.1 62.7 0.44
RH1 (%) 79.5 96.4 25.9 70.5 16.5 20.7 − 0.87
RH2 (%) 43.8 91.0 6.7 84.3 22.2 50.6 − 0.47
EP (mm week−1) 38.0 127.2 10.5 116.7 22.0 58.0 0.97
FAO56-PM ET0 (mm week−1) 29.7 68.7 11.0 57.7 12.2 41.1 1.00
Jagdalpur (19.08°N, 82.01°E, 564 m)
Tmax (°C) 31.0 42.6 23.3 19.3 4.0 12.8 0.93
Tmin (°C) 18.1 28.1 4.3 23.8 5.7 31.2 0.47
BSS (hours) 6.2 11.0 0.0 11.0 2.8 44.9 0.43
WS (Kmph) 4.5 11.6 1.0 10.6 2.0 44.3 0.36
RH1 (%) 86.9 97.7 34.0 63.7 9.4 10.8 − 0.83
RH2 (%) 51.1 95.7 7.4 88.3 20.5 40.1 − 0.56
EP (mm week−1) 29.1 93.4 3.8 89.6 14.6 50.0 0.91
FAO56-PM ET0 (mm week−1) 26.8 61.2 13.0 48.2 8.9 33.3 1.00
Ambikapur (23.12°N, 83.20°E, 604 m)
Tmax (°C) 30.4 43.6 18.9 24.7 5.12 16.9 0.931
Tmin (°C) 17.8 28.9 3.1 25.8 6.32 35.5 0.647
BSS (hours) 7.2 11.1 0.2 10.9 2.59 36.1 0.351
WS (Kmph) 3.5 10.4 0.3 10.1 1.79 50.6 0.616
RH1 (%) 78.8 98.9 25.7 73.2 17.12 21.7 − 0.837
RH2 (%) 46.6 91.6 9.6 82.0 21.62 46.4 − 0.452
EP0 (mm week−1) 31.7 92.5 8.8 83.7 16.19 51.0 0.909
FAO56-PM ET0 (mm week−1) 26.7 61.8 11.5 50.4 10.52 39.4 1.000
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Fig. 2  Box plot of input meteorological parameters and FAO56-PM ET0 in different stations
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