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Ascending Child Sexual 
Abuse Statistics in India 
During COVID-19 Lockdown: 
A Darker Reality and 
Alarming Mental Health 
Concerns

Child sexual abuse (CSA) has been 
identified as a serious public 
health concern. This issue has 

been a global challenge. The World 
Health Organization (WHO)1 defines 
CSA as a coercive act with a child who is 
unable to comprehend or provide con-
sent, leading to serious physical or psy-
chological damage. CSA includes sexual 
activities like inappropriate touching of 
private parts or indulging the child in 
touching the private parts of the perpe-
trator, molestation, sodomy, exhibition-
ism, pornography, and cybersexual acts.2 

trition, education, and access to health 
services. Around 53% of Indian children 
reported experiencing different kinds of 
abuse, which included being forced to 
nude photography, assault, inappropri-
ate touching, and sexual abuse.6

CSA During the Lockdown: 
Challenges and Possible 
Solutions
The pandemic situation is moving fast to-
ward “an emerging social crisis.” Accord-
ing to the American Psychological Asso-
ciation, there has been a spike in cases of 
intimate partner violence and child abuse 
in the USA during this “lockdown.” The 
key risk factors include overstressed care-
givers becoming violent or abusive due 
to economic crisis and children’s restrict-
ed mobility as the schools are closed. The 
children are struggling to cope with an 
alternative lifestyle and the trauma ex-

It is considered offensive in every culture.
Prevalence rates of CSA range from 

8% to 31% for females  and 3% to 17% 
for males.3 The highest rates have been 
reported for boys (<18years) in Africa, 
i.e., 19.3% and for girls, in Australia, i.e., 
21.5%. Asia has the lowest rates both 
11.2% for girls and 4.1% for boys.4

CSA is linked with an adverse impact 
on the child’s normal development and 
maturation.5 It also affects neurobiolog-
ical systems and endocrinological pro-
files. Such trauma experienced during 
the abuse has lifetime ramifications. 
The CSA survivors are at greater risk of 
developing psychiatric disorders, such 
as personality disorders. Moreover, the 
most common sequelae for adult survi-
vors include developing into perpetra-
tors and increased risk for relational vi-
olence.5 About 37% of India’s population 
comprises children under 18, with a large 
proportion of them lacking basic nu-
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perienced due to these increasing inci-
dents.7 The Childline India Foundation 
reported a 50% increase in the phone calls 
than usual days in the last two weeks of 
the lockdown. Out of the total calls re-
ceived during the period, 30% were re-
lated to protection from abuse.8 During 
lockdown, CSA can be devastating as the 
isolation has further limited support net-
works, making it even more difficult for 
the victims to seek help or escape. When 
the data reveals that 93% of perpetrators 
are relatives or known individuals,8 this 
also exposes the possible magnitude of 
the associated helplessness and mental 
health consequences in the victims. An-
other related alarming fact is that the vul-
nerable population is among the home-
less, rag pickers,9 and those who beg on 
the streets. Thousands are being exploit-
ed in exchange for a meal or a daily wage 
just enough to sustain their livelihood. 
A more pathetic aspect of the scenario, 
as reported by The Childline India Foun-
dation, is the regularly received “silent 
calls” in the helplines where the child 
behind the call would not know “what /
how to express”.9

To combat this broader “child rights 
crisis,” UNICEF has recommended and 
emphasized the need for proper circu-
lation of information and services avail-
able for protection of children from 
violence, abuse, and neglect during 
COVID-19 via text messages, educational 
platforms, and social media. Telecoun-
selling services are also recommended 
to be made available like online class-
rooms. Positive, nonviolent parenting 
and stress management self-help guides 
are required to be provided to parents. 
Social and community workers are sug-
gested to be involved to ensure child pro-
tection services in fragile contexts and 
humanitarian crises.10 UNICEF has also 
recommended child and family courts 
and juvenile justice boards to remain 
functional as an essential service and to 

hold emergency hearings and execute 
court orders for the care and protection 
of children who are at immediate risk of 
neglect or abuse, obviously taking appro-
priate social distancing measures.10

The data are alarming, and the sce-
nario with respect to CSA is frightening. 
Children are the future of human civili-
zation. Protecting their basic rights is of 
utmost concern. When their safety is at 
stake even at home, which is supposed-
ly the safest shelter, and that too during 
this tough time, it indicates immediate 
concerns and measures for intervention 
are of paramount significance. This calls 
for the implementation of legislative 
actions and community-based interven-
tions through virtual media to prevent a 
further rise in the statistics and to ensure 
child protection. Otherwise, this would 
leave a regressive impression about the 
present and become a substantial threat 
to the future. The situation is challeng-
ing; thus, collaborative efforts may help 
to unveil a better tomorrow.
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Letter to the Editor 

Variables as Diagnostic Differentiator of Dissociative Disorder, Borderline Personality Disorder and 
SRorschach variables as diagnostic differentiator of dissociative disorder, borderline personality 
disorder and schizophrenia     

Respected Editor(s),  

Dissociative Disorders (DD), Borderline Personality Disorder (BPD), 
and Schizophrenia (SCHZ) inpatients often present themselves with 
diverse symptomatic presentations leading often posing a challenge to 
the clinician to make accurate diagnosis (Dell, 2006). In a time-limited 
inpatient setting, prognosis depends on accurate diagnoses. Patients 
with DD often receive three to four prior diagnoses, often in the psy-
chotic and personality disorder dimensions (typically BPD), prior to 
being appropriately diagnosed and treated (Ross et al., 1989). Findings 
from Rorschach profiles of these patients may be considered rich 
sources or database for evaluating underlying psychopathology and to 
aid treatment and prognosis. The Rorschach Comprehensive System 
(RCS; Exner, 1993) has been useful in assessing affective, thought, 
perceptual and ‘self’- related disturbances beyond that which can be 
obtained via self-report and symptom rating scales. The two studies 
(Armstrong, 1991; Scroppo et al., 1998) that compared Rorschach 
protocols of patients with DD and BPD had methodological limitations 
due to reliance on a single published sample of Rorschach protocols of 
BPD (Exner, 1993). Researches using the Ego Impairment Index (EII) 
(Viglione et al., 2003) have documented enough evidences as a valid 
measure of disorders of thought and perception in both children and 
adults. This was a hospital based cross-sectional study using purposive 
sampling. Total sample consisted of patients with DD (n1 = 17), BPD 
(n2 = 20) and SCHZ (n3 = 23) taking inpatient treatment. Rorschach 
Inkblot Test was administered to all the participants and the following 
variables were selected for the study based on findings on Rorschach 
Inkblot Test (The Exner’s Comprehensive System) reflecting capacity 
for working alliance, complexity of experience, ability to reason despite 
traumatic flooding and extent of impairment of ego (EII-3). The diag-
noses of the total sample were confirmed by a senior psychiatrist and 
senior psychologist who were experienced in the assessment and 
treatment of psychiatric patients and were blind about the study design. 
The results indicate that patients with DD, despite greater traumatic 
experiences demonstrate better capacity for forming working alliance 
and logical reasoning when compared with patients with BPD and 
SCHZ. The DD group’s greater ability for logical reasoning than the 
patients with SCHZ despite chronic traumatic intrusions and childhood 
histories of longstanding trauma suggest that dissociative experiences 
may confer some degree of resiliency (Armstrong, 1991). The findings 
showed that the DD group had areas of healthy as well as impaired 
object relations, moderate problems in reality ties along with logical 
thought processes which is intriguing, given the extremely high rates of 
severe childhood physical and or/sexual abuse and neglect reported by 
patients with DD (Putnam et al., 1986). Dutch samples of childhood 
sexual abuse survivors reported similar scores as the BPD patients of the 
present study, whereas the SCHZ group’s TCI score is similar to Dutch 

adults who have experienced trauma other than sexual abuse 
(Kamphuis et al., 2000). In current sample, patients with DD have 
several personality strengths that were not found in the BPD or SCHZ 
patients, although many in both the BPD and SCHZ groups likely also 
experienced abuse and neglect in childhood (Goodman et al., 2001). 
The patients with DD showed a greater interest in collaborative en-
gagement with others (greater COP) than either BPD or SCHZ groups. In 
contrast, the SCHZ patients had the highest scores compared to the 
other groups on the measures of perceptual inaccuracy, formal rea-
soning, and cognitive slippage. This was an expected finding as pre-
valence rates of childhood abuse found in various researches for these 
groups report higher rates of childhood sexual abuse, childhood phy-
sical abuse, or both with 95 %–97 % frequency among patients with DD 
(Ross et al., 1991) compared with 80 %–91 % for patients with BPD 
(Zanarini et al., 2003) and 62 %–64 % for inpatients suffering from 
severe mental illnesses (Goodman et al., 2001). The DD and the BPD 
group had greater traumatic associations (TCI responses) than did the 
SCHZ patients. Multimodal hallucinations and other first-rank symp-
toms have been viewed as classic signs of SCHZ; however, research 
indicates patients with DD show higher rates of these symptoms than do 
patients with SCHZ (Ellason and Ross, 1995). This is an important 
finding because it shows clearly that despite having high levels of ap-
parent first rank Schneiderian symptoms such as “made” feelings, im-
pulses, or acts, or voices commenting on their actions, patients with DD 
are not frankly psychotic as measured by the RCS, despite being fre-
quently misdiagnosed with SCHZ (Ellason and Ross, 1995). As pre-
sumed, patients with DD showed greater interest in forming inter-
personal relations (Sum H) than did the SCHZ patients, but they were 
not different from the BPD patients on this variable. The EII-3 variables 
represent different aspects of disturbance including impaired percep-
tion, disorganized language, impaired reasoning, and frank cognitive 
slippage, as well as the expression of contents that are normally cen-
sored and not expressed (Viglione et al., 2020). In contrast, the SCHZ 
patients had the highest scores compared to the other groups on the 
measures of perceptual inaccuracy, formal reasoning, and cognitive 
slippage. Disturbed thought and perception has long been regarded as a 
hallmark feature of SCHZ spectrum disorders (Bleuler, 1958). The EII-3 
have been shown to be effective in assessing qualitative changes in 
thought and perceptual disturbance while demonstrating a high degree 
of congruence with other scales of thought disorder. Current findings 
support the incremental validity of the EII-3 as a sensitive measure of 
thought and perceptual disturbance across the current study groups. 
BPD patients demonstrated a moderately high degree of impaired 
formal reasoning and cognitive slippage problems and produced the 
greatest number of critical contents. 

However, despite limitations, present study indicates promising 
implications in making differential diagnoses across clinical disorders. 

https://doi.org/10.1016/j.ajp.2020.102346 
Received 15 May 2020    



Efficient decision-making based on accurate diagnoses is crucial to 
outcome; hence, the current results would help clinicians to diagnose 
the patients easily and accurately and provide them their best suited 
treatment both in terms medication and psychotherapy. Further studies 
may be conducted along this new grouping of RCS variables to bring 
greater refinement of the findings. 
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§¡õyòÜ˛#Î˚

Úm®µÛ Ü˛ÌyÎ˚ xÌ≈ !ÓˆÏÓ˚yô– ÙylÓ§Ùyç G ÙylÓç#ÓˆÏl ≤Ã!ï˛!lÎ˚ï˛ ~•z m®µ °!«˛ï˛
•Î˚Óƒ!_´Ó˚ §ˆÏD Óƒ!_´Ó˚ñ Óƒ!_´Ó˚ §ˆÏD ˆày¤˛#Ó˚ ~ÓÇ ˆày¤˛#Ó˚ §ˆÏD ˆày¤˛#Ó˚– xyÓyÓ˚ñ
Óî≈ GÑ ôÙ≈àï˛ m®µñ §yÇfl,Ò!ï˛Ü˛ m®µñ Ó˚yç˜Ïl!ï˛Ü˛ m®µG xyÙyˆÏòÓ˚ §ÙyˆÏç ˛õ!Ó˚°!«˛ï˛
•Î˚– Ü˛yˆÏç•zñ ˆÜ˛Ó° ÙyÜ˛≈#Î˚ myÙ!mÜ˛ï˛y lÎ˚ñ ÙylÓ §ÙyˆÏç ≤ÃÓ•Ùyl Ó‡Ùy!eÜ˛
my!®µÜ˛ï˛y– xÓ¢ƒ m®µ ÷ô% Negative xˆÏÌ≈ lÎ˚ Positive xÌ≈G Ó•l Ü˛ˆÏÓ˚– Ó°y
Óy‡°ƒñ m®µÈüÈ!Ë˛ß¨ ÙylÓ§Ùyç G ÙylÓç#Ól x§yÓ˚ •ˆÏÎ˚ ÎyÎ˚–

Óï˛≈Ùyl §ÇÜ˛°ˆÏl §yÙy!çÜ˛ G ˙!ï˛•y!òÜ˛ ˆ≤Ã!«˛ˆÏï˛ ˆï˛y ÓˆÏê˛•z §y!•!ï˛ƒÜ˛
!lò¢≈ˆÏlÓ˚ xyˆÏ°yˆÏÜ˛ my!®µÜ˛ï˛yÓ˚ Ó‡Ùy!eÜ˛ Ó˚*˛õyÎ˚î ˛õ!Ó˚°!«˛ï˛ •ˆÏÓ–

ˆáyÜ˛ö Ü%˛üyÓ˚ Óyà
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¢yflf G §Ùyç ≠ ≤Ãyã˛#l Ë˛yÓ˚ˆÏï˛ Óî≈çy!ï˛ Ü˛yë˛yˆÏÙyÎ˚
§yÙy!çÜ˛ §ã˛°ï˛y

x!Ë˛!çï˛ §yô%áÑy

1817 !á fiê˛yˆÏ∑ ≤ÃÜ˛y!¢ï˛ ‘The History of British India’ Ó•zˆÏï˛ ˆçÙ§ !Ù°
ˆÓ¢ ˆçyˆÏÓ˚Ó˚ §ˆÏD Ë˛yÓ˚ï˛#Î˚ §ÙyˆÏçÓ˚ fliyî%ˆÏcÓ˚ Ü˛Ìy ÓˆÏ°l– x‹Tyò¢ ¢ï˛y∑#Ó˚ ˆ¢£Ï
!òÜ˛ ˆÌˆÏÜ˛•z ˛õ!Ÿã˛!Ù ˛õ![˛ï˛Ó˚y ÙˆÏl Ü˛Ó˚ˆÏï˛ ÌyˆÏÜ˛l Ë˛yÓ˚ï˛#Î˚ §Ùyç Ó,_yÜ˛yÓ˚ §ÙˆÏÎ˚Ó˚
(cyclic time) ôyÓ˚îyÎ˚ !ÓŸªy§#– xyÓï˛≈l¢#° ã˛e´yÜ˛yÓ˚ §ÙˆÏÎ˚ ˛õ!Ó˚Óï˛≈lˆÏÜ˛ !ã˛!•´ï˛ Ü˛Ó˚y
§Ω˛Ó lÎ˚– ~áyˆÏl•z my!®µÜ˛ ˛õ!Ó˚Óï˛≈ˆÏlÓ˚ §ˆÏD Î%_´ ˜Ó˚!áÜ˛ §ÙˆÏÎ˚Ó˚ ålinear timeä
§ˆÏD Ó,_yÜ˛yÓ˚ §ÙˆÏÎ˚Ó˚ ï˛Ê˛yï˛– xyÓk˛ Ó,_yÜ˛yÓ˚ §ÙÎ˚ˆÏÜ˛ ˆ§Î%ˆÏàÓ˚ ˆã˛yˆÏá á%Ó•z Úx≤Ã#!ï˛Ü˛Ó˚Û
ÓˆÏ° ÙˆÏl •ï˛– í˛z°ˆÏê˛y!òˆÏÜ˛ ˜Ó˚!áÜ˛ §ÙˆÏÎ˚Ó˚ §ˆÏD Î%_´ !SÈ° í˛z!l¢ ¢ï˛Ü˛#Î˚ Ú≤Ãà!ï˛ÛÓ˚
ôyÓ˚îy– Ë˛yÓ˚ï˛#Î˚ §ÙyˆÏç Ó,_yÜ˛yÓ˚ §ÙˆÏÎ˚Ó˚ ôyÓ˚îyÓ˚ x!hflÏˆÏc ˆçÙ§ !ÙˆÏ°Ó˚ !ÓŸªy§ !SÈ°–
ˆ§•z §)ˆÏe•z ˆçÙ§ !Ù° Ë˛yÓ˚ï˛#Î˚ §ÙyˆÏçÓ˚ fli!ÓÓ˚ï˛y !Ó£ÏˆÏÎ˚ !l!Ÿã˛ï˛ •l– !ÙˆÏ°Ó˚ !ÓŸªyˆÏ§
¢!_´ ˆçyàyÎ˚ Ë˛yÓ˚ï˛#Î˚ Óî≈çy!ï˛ÓƒÓfliyÓ˚ ¢yflf#Î˚ Ó˚*˛õ– Ü˛y°≈ ÙyÜ˛ˆÏ≈Ó˚ ˆ°áyˆÏï˛G xyÙÓ˚y
˛õy!FSÈ ~Ü˛•zÓ˚Ü˛Ù ôyÓ˚îy– !lí˛z•zÎ˚Ü˛≈ !ê˛∆!Óí˛zˆÏl 1853 §yˆÏ° ≤ÃÜ˛y!¢ï˛ ~Ü˛!ê˛ !lÓˆÏ¶˛ ÙyÜ˛≈
ˆ°ˆÏál Ë˛yÓ˚ï˛ÓˆÏ£Ï≈ Ó˚yç˜Ïl!ï˛Ü˛ Óò° •ˆÏÎ˚ ÌyÜ˛ˆÏ°G xly!ò xï˛#ï˛ ˆÌˆÏÜ˛ Ë˛yÓ˚ˆÏï˛Ó˚
§yÙy!çÜ˛ xÓfliy ~ˆÏÜ˛ÓyˆÏÓ˚ x˛õ!Ó˚Ó!ï˛≈ï˛– í˛z!l¢ ¢ï˛ˆÏÜ˛Ó˚ ÷Ó˚&Ó˚ ò¢Ü˛=!°ˆÏï˛ !Ó !ê˛¢
¢y§ˆÏlÓ˚ §)ˆÏe Ë˛yÓ˚ˆÏï˛Ó˚ §yÙy!çÜ˛ xÓfliyÎ˚ ~Ü˛ê˛y Óò° xyˆÏ§– !Ù° ~ˆÏòˆÏ¢ xyˆÏ§l!lñ
Ë˛yÓ˚ï˛ˆÏÜ˛ !ã˛ˆÏlˆÏSÈl ¢yˆÏflfÓ˚ ÙyôƒˆÏÙ– !Ü˛v ¢yflf xyÓ˚ §ÙyˆÏçÓ˚ §Çà!ï˛ !Ü˛ !SÈ° §Ó§ÙÎ˚⁄
Ë˛yÓ˚ï˛#Î˚ Óî≈çy!ï˛Ü˛yë˛yˆÏÙy Óy §ÙyçÓƒÓfliy !Ü˛ !ÙˆÏ°Ó˚ ÓÎ˚yl ÙˆÏï˛y•z fliyî%⁄ xyÙyˆÏòÓ˚
ÙˆÏl •Î˚ñ ly– Óî≈çy!ï˛Ü˛yë˛yˆÏÙyÎ˚ ã˛°yã˛°ñ Gë˛yÈüÈlyÙy Ë˛yÓ˚ï˛#Î˚ Óî≈çy!ï˛Ü˛yë˛yˆÏÙyÓ˚
!ã˛Ó˚Ü˛y°#l ˜Ó!¢‹Tƒ– ~•z Gë˛yÈüÈ˛õí˛¸yÎ˚ x!ôÜ˛yÇ¢ §ÙÎ˚ =Ó˚&c˛õ)î≈ !lô≈yÓ˚Ü˛ •ˆÏÎ˚ í˛zˆÏë˛ˆÏSÈ
xy!Ì≈Ü˛ ≤Ã!ï˛˛õ!_– ï˛y•ˆÏ° !Ü˛ Úçyï˛Û åcasteä xyÓ˚ Úˆ◊!îÛ åclassä §ÙyÌ≈Ü˛⁄ ï˛yG lÎ˚–
Ü˛yÓ˚îñ xy!Ì≈Ü˛ ≤Ã!ï˛˛õ!_Ó˚ myÓ˚y Ú!l¡¨Û ˆày¤˛#=!° ã˛yÎ˚ §yôly!ôÜ˛yÓ˚àï˛ ÙÎ≈yòy xç≈l
Ü˛Ó˚ˆÏï˛– ï˛yÓ˚ çlƒ ≤ÃˆÏÎ˚yçl ¢yflf#Î˚ Ùylƒï˛y– xy!Ì≈Ü˛ ≤Ã!ï˛˛õ!_ ÌyÜ˛ˆÏ°•z ˆÎ ¢yflf#Î˚
ÙÎ≈yòy •y!§° Ü˛Ó˚y ÎyˆÏÓ~Ùl ˆÜ˛yˆÏly §Ó˚° §Ù#Ü˛Ó˚îG Ë˛yÓ˚ï˛#Î˚ Óî≈çy!ï˛Ü˛yë˛yˆÏÙyÎ˚
xl%˛õ!fliï˛– Ê˛°ï˛ñ ¢yˆÏflfÓ˚ §ˆÏD §ÙyˆÏçÓ˚ !Ó!¢‹T my!®µÜ˛ §¡õÜ˛≈ ˜ï˛!Ó˚ •ˆÏFSÈ– ÙyÜ˛≈:#Î˚
mˆÏ®µÓ˚ ≤ÃÌyàï˛ ˆáyˆÏ˛õ ~ˆÏÜ˛ ˆÓÑˆÏô ˆÊ˛°y ÎyˆÏÓ ly– ~áyˆÏl•z Ë˛yÓ˚ï˛#Î˚ Óî≈çy!ï˛!Ë˛!_Ü˛
§ÙyçÓƒÓfliyÓ˚ !Ó!¢‹Tï˛y– ¢yˆÏflfÓ˚ §ˆÏD §ÙyçÈüÈÓyhflÏÓï˛yÓ˚ ~•z §¡õÜ˛≈!ê˛ ˆÓyV˛yÓ˚ çlƒ
ˆÜ˛Ó° !lˆÏò≈¢Ù)°Ü˛ Ó y·˛îƒ ¢yflf lÎ˚ó ˛õ%Ó˚yˆÏ°áñ §y!•ï˛ƒñ xlƒ ôÙ≈§¡±òyˆÏÎ˚Ó˚ Ó˚ã˛lyÓ˚

!òˆÏÜ˛ ï˛yÜ˛yˆÏly òÓ˚Ü˛yÓ˚– }˜Ï@ª!òÜ˛ Î%à ˆÌˆÏÜ˛ ÷Ó˚& Ü˛ˆÏÓ˚ ÚÙl%§Ç!•ï˛yÛ ˛õÎ≈hs˝ ˛õÓ≈!ê˛•z
Óï˛≈Ùyl ≤ÃÓˆÏ¶˛Ó˚ xyˆÏ°yã˛ƒ– ÚÙl%§Ç!•ï˛yÛˆÏï˛ ~ˆÏ§•z xyÙÓ˚y xyˆÏ°yã˛ly §ÙyÆ Ü˛Ó˚!SÈ
Ü˛yÓ˚î Ùl%flø,!ï˛ §Ó≈Ë˛yÓ˚ï˛#Î˚ flø,!ï˛¢yflf ˛õÓ˚¡õÓ˚yÎ˚ ≤Ãôylï˛Ù Î!ò lyG Ó!°ñ ï˛Ó% xlƒï˛Ù
Ùylƒ flø,!ï˛– Ê˛°ï˛ñ Óî≈çy!ï˛Ü˛yë˛yˆÏÙyÓ˚ ¢yflf#Î˚ Ó˚*ˆÏ˛õÓ˚ ~Ü˛≤ÃÜ˛yÓ˚ Ùylƒ ˆã˛•yÓ˚y
ÚÙl%§Ç!•ï˛yÛÈüÈˆï˛ ˛õyGÎ˚y ÎyˆÏÓ– !Ó£ÏÎ˚!ê˛ ~ÓyÓ˚ !Ó¢ˆÏò xyˆÏ°yã˛ly Ü˛Ó˚y ÎyÜ˛–

ˆÓˆÏòÓ˚ §Ç!•ï˛y xÇˆÏ¢ §yÙy!çÜ˛ hflÏÓ˚ ˆÓyV˛yˆÏï˛ ÚÓî≈Û ¢∑!ê˛ ò%ÈüÈÓyÓ˚ ÓƒÓ•*ï˛– Ú}ˆÏ@ªòÛ
å2É12É4 ~ÓÇ 3É34É9äÈüÈ~ xyÎ≈ G ò§%ƒ Óy òy§ ÓˆÏî≈Ó˚ Ü˛Ìy ˛õy!FSÈ– xyÎ≈ G òy§ˆÏòÓ˚
§¡õÜ˛≈!ê˛ !ÓˆÏÓ˚y!ôï˛yÓ˚– Ú}ˆÏ@ªòÛÈüÈ~ òy§ Óy ò§%ƒˆÏòÓ˚ lyly !ÓˆÏ¢£ÏˆÏî x!Ë˛!•ï˛ •ˆÏï˛
•ˆÏÎ˚ˆÏSÈÈüüüÈÜ,˛£ècã˛ åÜ,˛£èÓî≈àyeäñ xly§ åã˛ƒy≤Wzy lyÜ˛äñ Ù,ô ÓyÜ˛ åò%ˆÏÓ≈yôƒ Ë˛y£Ïyäñ xÜ˛Ù≈î
å!e´Î˚y•#lñ ÎK˛!e´Î˚y•#läñ xˆÏòÓ§% åˆòÓï˛yˆÏòÓ˚ ≤Ã!ï˛ !ÓÙ%áäñ xÓ ·˛î åË˛!_´•#läñ
xÓ ï˛ åÓ˚#!ï˛ Óy Ó ï˛•#läñ xlƒÓ ï˛ åxlƒ Ó˚#!ï˛Ó˚ xl%§yÓ˚#ä •zï˛ƒy!ò– Ú}ˆÏ@ªòÛÈüÈ~Ó˚ §Ç!•ï˛y
xÇˆÏ¢ åÓ˚ã˛lyÜ˛y° xyl%Ùy!lÜ˛ !á É˛õ)É 1500ÈüÈ1000 x∑ä Óî≈ ÓƒÓfliyÓ˚ xyô%!lÜ˛ ˆã˛•yÓ˚y
˜ï˛!Ó˚ •Î˚!l– ˛õ%Ó˚&£Ï§)_´ å10É89äÈüÈ~ Ó y·˛îñ «˛!eÎ˚ñ ˜Ó¢ƒñ ¢)ˆÏoÓ˚ í˛zˆÏÕ‘á ˛õyGÎ˚y
ˆàˆÏ°G xÇ¢!ê˛ ≤Ã!«˛Æ– ~•z xÇˆÏ¢ ÚÓî≈Û ¢∑!ê˛G ÓƒÓ•*ï˛ •Î˚!l– ˜Ó¢ƒ G ¢)ˆÏoÓ˚
í˛zˆÏÕ‘á ~Ü˛ÓyÓ˚•z å10É89ä Ùye ˛õyGÎ˚y ˆàˆÏSÈ §Ù@˝Ã Ú}ˆÏ@ªòÛ §Ç!•ï˛yÎ˚– Óî≈çy!ï˛ÓƒÓfliyÓ˚
xlƒï˛Ù ˜Ó!¢‹Tƒ ˆÜ˛Ô!°Ü˛ Ó,!_Ó˚ xl%§Ó˚î Ú}ˆÏ@ªòÛÈüÈ~ x!ôÜ˛yÇ¢ ˆ«˛ˆÏe•z °!«˛ï˛ •ï˛ ly–
~Ü˛!ê˛ xÇˆÏ¢ å9É112É3ä ˆòá!SÈñ ÚÚxy!Ù ÙˆÏsfyFã˛yÓ˚î Ü˛ˆÏÓ˚ Ìy!Ü˛ñ xyÙyÓ˚ !˛õï˛y !ã˛!Ü˛Í§Ü˛ñ
Ùy ˛õyÌÓ˚ !òˆÏÎ˚ ¢§ƒ ˆ˛õ£Ïy•z Ü˛ˆÏÓ˚l– lyly í˛z˛õyˆÏÎ˚ xyÙÓ˚y ôl§¡õò xç≈ˆÏl xy@˝Ã•#–ÛÛ
˛õ÷ã˛yÓ˚î!Ë˛!_Ü˛ xÌ≈l#!ï˛Ó˚ §ˆÏD §ÇÎ%_´ }˜Ï@ª!òÜ˛ §Ùyç Ù)°ï˛ ˛õ!Ó˚ÎyÎ˚# ≤ÃÜ,˛!ï˛Ó˚–
àÓy!ò ˛õ÷ ~•z §ÙyˆÏçÓ˚ ≤Ãôyl ôl§¡õò– Ü,˛!£ÏÓ˚ í˛zˆÏÕ‘á Ú}ˆÏ@ªòÛÈüÈ~ làîƒ– Ú}ˆÏ@ªòÛÈüÈ~Ó˚
≤Ãôyl ˆòÓï˛y •zˆÏwÓ˚ xlƒï˛Ù Ü˛yç ¢e&ˆÏày¤˛#Ó˚ ˆày§¡õò !SÈ!lˆÏÎ˚ xyly– àÓy!ò ˛õ÷
°%t˛ˆÏlÓ˚ ≤Ãôyl lyÎ˚Ü˛ !•§yˆÏÓ•z ˆày¤˛#˛õ!ï˛Ó˚ =Ó˚&c– °%!Z˛ï˛ oÓƒ ˆày¤˛#Ó˚ ÙˆÏôƒ ˛õ%lÓ≈!^˝ê˛ï˛
•ï˛– ~•z xÌ≈˜Ïl!ï˛Ü˛ ÓƒÓfliyÎ˚ §yÙy!çÜ˛ ˜Ó£ÏÙƒ á%Ó ≤ÃÜ˛ê˛ lyÈüÈ•ˆÏ°Gñ ï˛yÓ˚ x!gflÏc !SÈ°
lylyË˛yˆÏÓ– ˛õ%lÓ≈^˝ê˛ˆÏlÓ˚ ˆ«˛ˆÏe §Ùyl ÓÑyˆÏê˛yÎ˚yÓ˚y •ï˛ ly– °%Z˛ˆÏlÓ˚ ˆlï,˛còylÜ˛yÓ˚# Ó˚yçy
~ÓÇ ˛õ%ˆÏÓ˚y!•ï˛ ˛õ!Ó˚ÓyÓ˚=!° ˆË˛yà Ü˛Ó˚ï˛ ~•z §¡õˆÏòÓ˚ ~Ü˛ê˛y ÓˆÏí˛¸y xÇ¢– Óî≈ÓƒÓfliy
≤Ã!ï˛!¤˛ï˛ lyÈüÈ•ˆÏ°G §ã˛°ï˛yÓ˚ •z!Dï˛G ˛õyGÎ˚y ÎyˆÏFSÈ lylyË˛yˆÏÓ– ˆÎÙlÈüüüÈ

1– Ú}ˆÏ@ªòÛÈüÈ~ í˛z!Õ‘!áï˛ òy§ˆÏòÓ˚ ≤ÃˆÏï˛ƒˆÏÜ˛•z ˛õÓ˚y!çï˛ñ !l˛õ#!í˛¸ï˛ ll– xˆÏlˆÏÜ˛•z
¢y§Ü˛ ~ÓÇ ˜Ó!òÜ˛ §)_´ Ó˚ã˛!Î˚ï˛y– Ó°Ó)Ìñ ï˛Ó˚&«˛ lyÙÜ˛ òy§ÈüÈˆày¤˛#≤ÃôylÓ˚y xyÎ≈
˛õ%ˆÏÓ˚y!•ï˛ˆÏòÓ˚ ≤Ãã%˛Ó˚ òyl Ü˛ˆÏÓ˚l ~ÓÇ !Ó˛õ%° ≤Ã¢Ç§y ˛õyl– §Ω˛Óï˛ xy!Ì≈Ü˛ ≤Ã!ï˛˛õ!_Ó˚
ˆçyˆÏÓ˚•z ˜Ó!òÜ˛ ˛õ!Ó˚Ù[˛ˆÏ° ~ÑˆÏòÓ˚ ≤Ã!ï˛¤˛y°yË˛–

2– }˜Ï@ª!òÜ˛ ˆày¤˛#Ó˚ ÙˆÏôƒ ò%ˆÏê˛y ÓˆÏí˛¸y Ë˛yà ˆòá!SÈüüüÈÈ}!£Ï Óy ˛õ%ˆÏÓ˚y!•ï˛ÈüÈÜ˛!Ó ˆày¤˛#

ç%°y•zÈÙÈˆ§ˆÏ≤Wz¡∫Ó˚ñ 2020xhsü%≈á ≠ ˛õÓ≈ 10ñ §Çáƒy 1

8 Èx!Ë˛!çï˛ §yô%áÑy



This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2021 New J. Chem., 2021, 45, 7163–7173 |  7163

Cite this: New J. Chem., 2021,

45, 7163

Allylation and propargylation of aldehydes
mediated by in situ generated zinc from the redox
couple of Al and ZnCl2 in 2N HCl†

Bibhas Mondal,ab Utpal Adhikari,b Partha Pratim Hajraa and Ujjal Kanti Roy *a

A simple one pot allylation and propargylation of aldehydes mediated by zinc(0), which is in situ generated

from the redox couple of Al and ZnCl2 in 2N HCl, is demonstrated to afford the corresponding homoallyl

and homopropargyl alcohols with excellent yields.

Introduction

The construction of a C–C bond is the essence of organic
synthesis in building up the backbone of organic compounds.
Allylation and Propargylation of carbonyl compounds with allylic
and propargylic organometallic reagents are well known processes
with a broad spectrum of synthetic applications.1 For the allyla-
tion and propargylation of aldehydes and ketones, various metals
e.g. Mg, Li, Zn, B, Al, Si, Mn, Ti, Cr, Zr, Cu and Sn are used as
metallic reagents.2 The synthesis of homoallylic and homopro-
pargylic alcohols by allylation and propargylation of carbonyls has
attracted significant interest in synthetic organic chemistry
because of their use as building blocks in the synthesis of natural
products. The addition of allyl, propargyl or allenyl nucleophiles
to organic electrophiles like carbonyls, imines, and epoxides is a
well-recognized tool for the formation of a carbon–carbon bond in
the chemical society.3 Carbonyls are one of the most useful and
versatile substrates in synthetic organic chemistry due to their
high reactivity. Several techniques have been reported for the
activation of carbonyls with a variety of organometallic nucleo-
philes. Moreover, a number of methods have been reported for
the metal mediated allylation and propargylation of carbonyls.
Except a few, all these methods suffer from a lack of efficiency and
simplicity. As a result, further scope to test the reactivity of novel
reagent systems to bring about efficient and selective allylation
and propargylation of carbonyls, epoxides and imines still exists.
The development of simple and novel reagents that are more

efficient and provide convenient procedures with improved yields
remains quite a challenge for synthetic organic chemists.

Metal-mediated allylations and propargylations are well-
recognized examples of organic reactions in aqueous media.4

However, excessive metal is used in most of the cases and the
corresponding metal salt is generated as a waste material. Lots of
research has been done on developing metal mediated allylation
and propargylation reactions in aqueous media. Zinc is very cheap
and has low toxicity among the successful metals; it is also less
sensitive to air and water due to its highly negative reduction
potential (�1.216) receiving special priority both from the eco-
nomic and scientific points of view to mediate the Barbier-type
reactions.5 There are very few reports where zero or low valent
reactive metals are generated from a redox couple followed by the
in situ generation of reactive nucleophilic organometallic species.
Examples include redox reagent systems such as Indium(III)–
aluminium, tin(II)–aluminum etc.6 It is hoped that the regenera-
tion of Zn(0) from Zn(II) by aluminum or manganese (combined
with TMS-Cl) would be a useful method because they have lower
electronegativity than Zn and can easily reduce in principle a
divalent zinc to a zero valent one. Aqueous reactions have been
extensively considered to avoid flammable, toxic, or carcinogenic
organic solvents.7 Chemists are trying to synthesize various low
valent metals preferably having a particular shape and size in nano
scale because of their applications as nano catalysts. On the other
hand, organozincs also have a huge number of applications in
organometallics. Particularly, allylic and propargylic organozincs
are extremely important in organic synthesis. So far, to the best of
our knowledge, the synthesis of zero valent metallic zinc from a
bivalent one followed by the in situ generation of allylic and
propargylic organozincs is completely unknown (Charts 1
and 2).8-26 In this work our idea is to generate a zero valent
zinc metal from a bivalent, easily available, cheap, moderately
stable (to air and moisture) and commercial zinc source. We tried
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a b s t r a c t

This review aims to sum up recent developments in the synthesis of homoallylic and homopropargylic
alcohols or amines by using methods based on catalytic or stoichiometric use of metallic zinc for ally-
lation and propargylations of carbonyls or imines. These methods encompass various transformations
which are now commonly expressed as Barbier-Grignard type reactions including several chemical or
electrochemical processes.

© 2021 Elsevier Ltd. All rights reserved.
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1. Introduction

CarboneCarbon bond formation is the fundamental tool of
organic synthesis to construct the backbone of organic compounds.

Organozinc reagents are a high-priority crucial part of the synthetic
chemist's society. In modern organic synthesis, more or less every
natural product synthesis involves at least one stepwhere this class
of compounds has been utilized. As a result, there must be regular
need for the development of novel methods which is simple and
efficient for the preparation of organozinc reagents. Among various
organometallics, organozinc reagents have been established as an* Corresponding author.
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a b s t r a c t

A flexible, 2-fold interpenetrated 3D supramolecular structure [Cu(ndc2−)(1,10-phen)]n (where ndc2− =

2,6-napthalenedicarboxylate and 1,10-phen = 1,10-phenanthroline) comprising neutral 2D metal–
organic layers as the basic building block was prepared. Structural study reveals that metal ions are
bridged by ndc2− ligands to form 2D coordination layers and the coordinated 1,10-phen moieties
are hanging from the layers in the interlamellar spaces. The gliding motion of π · · · π stacked layers
through 1,10-phen moieties was found to be responsible for the flexibility of MOF and the consequent
extended conjugation also rendered semiconducting behaviour in the material. Thermal stability
studies revealed that the framework was pretty stable below 260◦C. Additionally, the MOF was
characterized by performing BET adsorption and photoluminescence studies. Further, the MOF was
calcinated at 650◦C to prepare well defined, nearly uniform and spherical shaped CuO nanoparticles
(CuO-NPs) with an average size of ∼25 nm. Interestingly, CuO-NPs showed around 16 times more
conductivity (4.8 × 10−2 S/cm) in relative to the parent MOF (3 x 10−3 S/cm). CuO-NPs induced
cross-coupling reactions of alcohols and thiols with arylhalides have been reported. A simple, general,
ligand-free and solvent-free procedure for the efficient synthesis of the cross-coupled products in high
yield was successfully demonstrated.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

In last three decades, metal–organic frameworks (MOFs) are
appeared as one of the most promising functional material due
to their inherent porous structure and modular behaviour [1].
Initially, the inception was that the implication of inert metal
ions and insulating bridging ligands makes MOFs weakly conduct-
ing or insulating in nature [2]. But, from last decade, design of
conducting MOFs has gained much attention due to their several
applications in energy storage, sensing, electrocatalysis, etc. [3].
Researchers have developed two different types of conductive
MOFs: (a) intrinsically conductive MOFs: electrically conducting

∗ Corresponding authors.
E-mail addresses: meikapnitd@yahoo.com (A.K. Meikap),

uroccu@gmail.com (U.K. Roy), sbpb2012@gmail.com (S. Bhattacharjee),
rajat.saha@knu.ac.in (R. Saha).
1 Both have equal contributions.

organic building blocks, such as 2,3-pyrazinedithiolate [4], dihy-
droxybenzoquinone [5] etc. have been used to induce conductiv-
ity in the designed framework, and (b) extrinsically conductive
MOFs: electrically conducting guests, both neutral I2, [6] (TCNQ)
[7], and charged (BF4−) [8], are incorporated in the void space
of MOFs to enhance conductivity. Intrinsically conducting MOFs
have gained much attention over its extrinsic counterpart due to
low cost production and easy synthesis [2a], [9]. Several types
of design principles have been adopted by scientists to build
intrinsically conducting MOFs: (a) use of metal ions and bridging
ligands having equivalent band structure which will help to trans-
port electrons through the framework [10], (b) use of radical gen-
erating ligands that will boost the conductivity of the designed
framework [5c,10b] (c), use of extended π . . . π conjugation be-
tween 2D coordination polymer [5b], [11]. In organic electronics,
π-interaction is used to develop conducting materials [12] and, in
similar way, several research groups have developed conducting
MOFs based on extended π . . . π conjugation using different

https://doi.org/10.1016/j.nanoso.2021.100756
2352-507X/© 2021 Elsevier B.V. All rights reserved.
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True-Photonic Strategy for Chemically Encrypted Two-Factor
Authentication with Unlimited Chemical Passwords Based on
Cascade Energy Transfer under a Single Wavelength Excitation
Provakar Paul, Arabinda Mallick,* and Tapas Majumdar*
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ABSTRACT: Here, we report a simple generalized platform for a molecular password
system based on zero- to three-step excitation energy transfer involving four readily
available commercial fluorescent dyes, Coumarin 1, Curcumin, Rhodamine 123, and
Rhodamine B, under single wavelength excitation at 360 nm in 9:1 (v/v) 1,4-dioxane−
acetonitrile. The input keys or password characters are chemically composed and defined
by the quaternary concentrations of four individual dyes, and the fluorescent readouts at
multiple wavelengths against such unique dye compositions identify each character. These
passwords could be encrypted and communicated as sets of quaternary concentration
values or sets of points on a principle component analysis (PCA) graph that would be
difficult to understand without the identities of the dyes, involved chemical process, and
solvent composition. The primary drawback of the reported chemical password systems is
the limited number of active passwords that prevents them from real applications. The
present molecular password system supports all-active 44 (256) four-character passwords
from four chemical inputs and the password length could be increased to generate 45 (1024) five-character, 46 (4096) six-character,
47 (16 384) seven-character, and 48 (65536) eight-character passwords, which have been partially demonstrated. The system retains
the scope to increase the password length further. Such a dynamic nature of chemical passwords makes the molecular security system
perfect for complex applications like two-factor authentication (2FA) that demands the simultaneous verification of long static
passwords as well as short one-time passwords. Chemical passwords, spectroscopic verification, and strong chemical encryption
eventually must make the 2FA process most secured. We present here the rationale to design a robust molecular password system as
a powerful tool for data processing and information protection through chemical encryption that would work well with another set of
molecules too.

KEYWORDS: cascade energy transfer, opto-chemical security device, true-optical two-factor authentication (2FA), molecular password,
chemical encryption

■ INTRODUCTION

There has been a rapid advancement in the field of molecular
logic devices that includes multiparameter binary logic
gates,1−9 memory elements,10,11 other complex process-
ors,12−14 and most importantly, molecular security devices or
chemical password protection systems.15−27 Development of
these molecular devices is primarily driven by dimension
minimization, efficiency maximization/enhancement, multi-
dimensional applications, etc. Among others, the molecular
password systems might find the most critical applications as
replacements of conventional electronic security devices, like in
a bank ATM. The primary requirement for a robust and
practically executable molecular password system is to
individually recognize and support an unlimited number of
passwords with unrestricted length and character composition.
The unique properties of molecular systems and their
nonlinear optical responses make the chemical security systems
most complicated. Therefore, the opto-chemical molecular
security systems are expected to be safest against counter-

feiting, cloning, or phishing. Additionally, the chemical security
devices provide an extra layer of security by incorporating
chemical encryption of data. The chemical security systems
reported so far20−26 are limited with low password density as
compared to conventional electronic locking systems. Limited
input keys with short supported character length, unfavorable
repeat-key-entry,20−26 and sometimes additional restrictions of
fixed key positions in password sequence24,26 are the primary
issues associated with these chemical security devices. As an
example, a molecular password system with four inputs should
generate at least 44 active passwords with unique final readouts
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Short Communication

Dual macrocyclic chemical input based highly protective molecular
keypad lock using fluorescence in solution phase: A new type approach
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Generally, the non-bonding interactions provide the stability to the host-guest complexes without affecting the
molecular identity of macrocyclic host and guest (probe) molecules. As a result, macrocyclic-based systems are
far more deserving candidates over the ionic systems, as the chance of chemical bleaching is suitably dodged
due to the weaker non-bonding interaction. The present article intends to highlight an unconventional and
completely innovative designing strategy to validate the operation of a highly protective opto-chemical keypad
lock driven by the macrocyclics. Herein, we have utilized the reversible photoswitching phenomenon between
two prototropic forms (cationic and neutral) of Harmine (HM) regulated by the dual macrocyclic components,
CTAB and β-CD. Most interestingly, methodology provides the choice of the selection of emission detector one
at a timebetween two available emission channels (416 and 365nm),which have been considered as the “optical
inputs”. Substantial emission intensities of the probe at the respective emission channels have been treated as the
“optical outputs”. On the basis of a cautious literature survey,we anticipate that, this kind of designing for a highly
protective opto-chemical security device driven by the macrocyclic “chemical inputs” has never explored yet.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

As representative of superior alternative of the silicon basedmodern
computing technology, numerous molecular interactions with versatile
analytes based smart molecular systems having potential to execute bi-
nary logic operations are attracting special attentions in recent times
[1–7]. Several researchers developed and utilized various small molecu-
lar systems as the multipurpose building blocks for multidimensional
digital applications like data storage [8–10] and data processing
[11–14], switches [15,16], wires [17,18], and molecular machines
[19–22]. One of the premium applications of molecular logic circuits is
its implementation for the designing of password protected molecular
security devices and specifically molecular keypad locks [23,24].

Information protections at themolecular level assisted by extremely
secure keypad locks are capable to create and process strong passwords
for separate end-users. Currently used security devices utilize silicon-
based electronic circuits that need the input of password ‘keys’ manu-
ally for protection of data against illegal information invasion. Limited
numbers of keys/digits reduce the level of security of the current

security gadgets. Compared to current silicon-based password systems
that use limited alphabets (A-Z), characters (@,%,# etc.) and numbers
(0-9) as input keys, opto-chemical molecular security devices were ex-
pected to bemore secure as they needed to be operated through optical
parameters and chemicals as input keys. These newer opto-chemical se-
curity systems are evolving as next-generation security gadgets, as
hackers require the exact information of the chemical component
(s) used in a particular device along with exact optical parameter(s).
Endless optical and chemical options and countless possibilities of
their combinations make opto-chemical security systems extremely
complex and almost impossible to crack, over the conventional
silicon-based password circuitry.

Counteracting the social stipulation, scientists engaged themselves
with enormous efforts to design keypad locks at the molecular level
based on the photo-physical responses [23–26]. These keypad locks
are generally constructed based on different optical responses received
from the interactions of probe molecules with ions/molecules. In this
context, we note that among large number of available molecular key-
pad lock reports, the use of macrocyclic component/s in molecular
logic arena are feeble [27–31]. To the best of our knowledge concern,
only one report [30] of chemical security device based on macrocyclics
as the chemical inputs is available till date.

Previously, we have studied and reported the structural switching of
the cationic and neutral forms of Harmine, HM (Scheme 1) in presence
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A New Compound for Sequential Sensing of Picric Acid and
Aliphatic Amines: Physicochemical Details and Construction of
Molecular Logic Gates
Ashutosh Ghosh,[a] Sourav Kanti Seth,[a] Arnab Ghosh,[b] Pradip Pattanayak,[a]

Arabinda Mallick,*[c] and Pradipta Purkayastha*[a]

Abstract: Picric acid (PA) at low concentration is a serious
water pollutant. Alongside, aliphatic amines (AAs) add to the
queue to pollute surface water. Plenty of reports are available
to sense PA with an ultralow limit of detection (LOD).
However, only a handful of works are testified to detect AAs.
A new fluorescent donor-acceptor compound has been
synthesized with inherent intramolecular charge transfer (ICT)
character that enables selective and sensitive colorimetric
quantitative detection of PA and AAs with low LODs in non-
aqueous as well as aqueous solutions. The synthesized
compound is based on a hemicyanine skeleton containing

two pyridenylmethylamino groups at the donor and a
benzothiazole moiety at the acceptor ends. The detailed
mechanisms and reaction dynamics are explained spectro-
scopically along with computational support. The
fluorescence property of the detecting compound changes
due to protonation of its pyridinyl centers by PA leading to
quenching of fluorescence and subsequently de-protonation
by AAs to revive the signal. We have further designed logic
circuits from the acquired optical responses by sequential
interactions.

Introduction

Picric acid (PA) or trinitrophenol (TNP) is very well known
because of its explosive nature at high concentrations and a
major and notorious surface water pollutant at very low
concentrations. Plenty of works are available to detect PA using
various types of sensors, many of them with extremely low limit
of detection (LOD). One example is the electron-rich oligofluor-
anthene class of strongly fluorescent compounds that detect
electron deficient Fe(III) ions and PA through fluorescence
quenching mechanism via photoinduced electron transfer
(PET).[1] Such polymer and PET-based mechanism was also used
to detect PA using donor-acceptor type polymer films, con-
jugated microporous polymers, lanthanide coordination poly-
mers, azo-linked covalent organic polymers and polymer
nanoparticles.[2–7] Additionally, supramolecular materials were
effectively used to detect PA with appreciable LODs. A recent

report on the use of a Tröger’s base structural motif using a 4-
amino-1,8-naphthalimide incorporated nitrogen-rich Zn(II) coor-
dination polymer yielded good results.[8] Host-guest based
competitive binding controlled aggregation-induced emission
(AIE) method came handy in detecting PA.[9–17] Even carbon dot-
based polypyrrole nanocomposites and sol-gel methods also
proved beneficial for PA detection.[18–25] Moreover, modern day
metal-organic-frameworks (MOFs)[26–38] and covalent-organic-
frameworks (COFs)[39–41] were found to provide good sensor
materials for PA in different solvents. There are numerous small
molecule sensors as well to detect PA with low LOD.[42–56] Zinc
oxide nanomaterials and fluorescent quantum dots were also
helpful in PA detection.[57,58] The fluorescent outputs due to the
sensing mechanisms were effectively used to prepare logic
based devices in some cases.[59,60]

Similarly, there are reports on the detection of aliphatic
amines (AAs) with low LODs in various samples using different
techniques. Self-stabilized micelles of fluorescent block copoly-
mers were used to detect AA in surface water.[61] An inter-
penetrated zinc-based coordination polymer could measure it
in all the states of matter,[62] and various polymer matrices were
used to detect volatile AA.[63] An armory of small molecules was
also effectively used in AA sensing. Ranging from BODIPY
fluorophores,[64] zinc-based Schiff base complex,[65] trifluoroace-
tophenone-based dyes,[66] certain diarylethenes,[67] aminonaph-
thalene anhydrides,[68] perylene derivatives,[69] extended
distyrylbenzenes[70] to bio-inspired diatoms derived from
algae[71] were used to detect AA efficiently.

In this flurry of works to detect PA and AA in different types
of samples under various circumstances, a prominent lacuna is
observed in using the same system to detect both of them
sequentially. Moreover, very few of these reports have
described the dynamics of PET or intramolecular charge transfer
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New bright sensor with logic sense to detect early onset of malignancy:
A direct observation
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a b s t r a c t

Detection of tumour at its early onset is what the most desired in medical science. Biological malfunc-
tions due to change in the cellular pH must be recognized quickly to start the appropriate treatment.
Recently, we developed a unique pH sensitive gold nanocluster based bright sensor to detect sharp
change in biological pH precisely in cellular environment. Here, we have explored the change in cellular
pH through logic device for direct visualization in a very simple way. The logical response of an INHIBIT
gate could identify the early onset of malignancy.

� 2020 Elsevier B.V. All rights reserved.

1. Introduction

The excited state processes and environmental factors are often
affected by the changes in pH, temperature, quenchers, etc. modu-
lating the emission property. A smart way to exploit this situation
evolved from the landmark publication of de Silva et al. conceptu-
alized on the ‘‘off-on” response due to photoinduced electron
transfer based chemosensors on addition of metal ions [1]. They
introduced the concept of forming an AND logic gate where the
inputs were H+ and Na+ ions and the output was the fluorescence
signal. Baytekin and Akkaya established that change in colour of
the experimental substance is extremely useful in such logic gates
[2]. Plenty of works on logic gates and their uses are reported with
several applications in biology and therapies. Complex cellular
events can be monitored from the signals of two or more cell sur-
face markers to identify the diseased cells [3,4]. A better option
includes a series of aptamer-driven Boolean logical operations
based on DNA cascade reaction [5]. Two-input ANDmolecular logic
operation is useful as regioselective biosensor with varying pH [6]
as is three input AND logic gate using pH responsive sulfonamide
fluorophores [7]. Nanoparticles were also used in preparing logic
devices as diagnosing tools [8,9]. Very recently, Trifoi et al.

reported a reconfigurable, dual-output INHIBIT and IMPLICATION
molecular logic gate based on a BODIPY skeleton [10]. To promote
logic gates for real molecular level applications, construction of
molecular integrated circuits (MICs) using logic gates is important
[11]. Hence, building multiple logic gates on the same molecule
with capability to switching logic functionality could be a possibil-
ity [12,13].

In spite of the above reports, it is hard to find a simple way to
utilize the MICs in detecting early onset of malignancy. Here we
have adopted one of our previous works that used c-cyclodextrin
(c-CD) incorporated dihydrolipoic acid (DHLA) coated gold nan-
oclusters (AucCDNCs) to precisely detect the early onset of cancer
cells from spectroscopic response through sharp change in the pH
of the medium [14]. The spectroscopic results obtained from the
experiment were methodically used here to fabricate molecular
logic gates by considering chemical inputs and optical outputs to
identify the presence of tumour cells from the logical response of
an INHIBIT gate, which is unique in its approach and application.

2. Materials and methods

All the chemicals were procured from Sigma-Aldrich, USA and
used without further purification. Two sets (Set-I and Set-II) of
solutions containing 5.2 mg a-lipoic acid dissolved in HPLC water
were prepared. 2 mM c-CD was added in Set-II followed by addi-

https://doi.org/10.1016/j.matlet.2020.129262
0167-577X/� 2020 Elsevier B.V. All rights reserved.
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A photonic multifunctional moleculator powered
by two-step energy transfer†

Provakar Paul, a Monaj Karar, a Arabinda Mallick *b and Tapas Majumdar *a

A multifunctional molecular logic system based on the differential fluorescence readouts at three

wavelengths, 415, 480 and 550 nm, with singular excitation at 360 nm in the course of the two-step

energy transfer cascade between three readily available standard fluorophores, coumarin 1 (Cou1),

curcumin (Cur) and rhodamine 123 (Rh123) has been reported here, avoiding the multi-step synthetic

reactions. The logic functionalities of all four single-input–single-output logic gates, all sixteen dual-

input–single-output logic gates, a number of combinational logic gates (half-adder, half-subtractor, 2 : 1

multiplexer, 1 : 2 demultiplexer, 4-to-2 encoder and 2-to-4 decoder), and logically reversible Feynman

and transfer gates have been executed on this molecular system. The logic outcome could be

effortlessly switched through the whole array of all-photonic logic gates simply with the switching of

chemical inputs and optical outputs under singular 360 nm excitation. The approach towards the

multifunctional opto-chemical logic system is quite simple and it is a generalized method based model

that should work well with other sets of fluorophores supporting multi-step excitation energy transfer.

Versatile logic functioning and their effortless switchability on this molecular system would certainly

contribute to the silico-mimetic molecular logic research as an alternative for putting together and

interconnecting different gates to fabricate molecular integrated circuits (MICs).

Introduction

Molecular logic systems are proposed as alternatives for the semi-
conductor based systems in terms of miniaturization, performance
enhancement and energy efficiency.1–4 Research groups have
focused on the development of multifunctional logic systems that
are able to execute multiple logic operations on a single molecular
platform and effortlessly switch the logic responses.5–21 The mole-
cular logic research started with the findings of Aviram22 in 1988
proposing small molecules as alternatives for the storage and
transmission of binary data. Another milestone was laid by de
Silva in 1993 introducing the first molecular AND gate based on
photo-induced electron transfer (PET).23 Subsequently, a remark-
able progress have been achieved in the designing of molecular
logic systems based on photochemical,5–9,18 electrochemical,24

biochemical11,19,20 and other similar interactions.25,26 The trail con-
tinues with evolution of various fundamental molecular logic
gates25–29 and security devices8,12,21 through harvesting assorted
physico-chemical phenomena27–31 such as proton transfer,27 energy
transfer,28,31 electron transfer30 etc.

In the molecular logic research, optical-chemical or simply
opto-chemical systems involving fluorophores are of special

interest due to their high sensitivity, selectivity, integrity, and
fast response for signal processing.6–8,32,33 There are molecular
logic systems performing almost all the basic,5–7,15–20,25,26,31

combinational5,6,9,12,34,35 (adder, subtractor, multiplexer, demulti-
plexer, encoder, decoder, etc.) and sequential13,14,29 (latches, flip-
flops, counters, etc.) logic gate operations for arithmetic calcula-
tions, data storage and processing on the molecular system.
Recently, molecule based logically reversible gates5,29,36 have
attracted researchers for their inherent properties of higher energy
efficiency and lower data loss rate. The current scenario focuses
on the designing of molecular integrated circuits (MICs) for the
processing, transmission and storage of binary data, through
interconnecting individual molecular logic components. Multi-
functional logic systems on the single molecular platform5–7,12,32

that could switch the logic responses un-altering the system and/
or with minimum variations in inputs and/or outputs, are more
suitable for MICs compared to the complicated connections of
individual gates. Already a decent library of multifunctional
molecular logic systems has been designed and reported on
synthetic dyes,6,9,26 photochromic molecules,5,13,29,32–35 and other
relevant systems.5–8,11,37,38 These versatile and potential molecular
logic systems, however, rely on the specific properties of asso-
ciated molecules that need to be designed and synthesized
through multi-step reactions. In this perspective, a generalized
method based approach to achieve non-linear variations in the
output with standard fluorescent molecules should be more
convenient that bypasses the lengthy syntheses.
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Photo-responsive Schottky diode behavior of a
donor–acceptor co-crystal with violet blue light
emission†

Soumen Singha,a Rajkumar Jana,ab Rituparna Mondal,ac Partha Pratim Ray,a

Partha Pratim Bag, d Kajal Gupta,e Nandan Pakhira,e Corrado Rizzoli,f

Arabinda Mallick, e Sanjay Kumar *a and Rajat Saha *ae

Herein, we report the crystal structure, supramolecular structure, electronic transport properties and

optoelectronic behaviour of a co-crystal made of tetrabromoterephthalic acid (TBTA) and quinoxaline

(QUIN) (1 : 1). The sample has been characterized using thermogravimetric analysis and spectral techniques.

Moreover, theoretical analyses of noncovalent interactions, optical properties and the band structure of the

co-crystal have been performed. The co-crystal has been crystallized in an orthorhombic system with the

Pnma space group and the constituent molecules assemble in the solid state by using O–H⋯N hydrogen

bonding, π⋯π, Br⋯π and Br⋯O interactions. The ground state geometry optimization over the hydrogen

bonded dimer by DFT method indicates that TBTA acts as the donor and QUIN as the acceptor within the

self-assembled co-crystal. According to UV-vis spectroscopic study the bandgap of the co-crystal is ∼3.18

eV. In the solid state it exhibits a broad emission band with a maximum at 405 nm while in aqueous

medium its photoluminescence emission peaks are obtained at 350 and 403 nm. The values of the average

fluorescence lifetime of the sample in aqueous medium are 3.38 ns at 352 nm and 4.94 ns at 403 nm.

Under UV-irradiation, the co-crystal emits violet-blue light. The emission spectrum in solution phase shows

a relative quantum yield of 0.018. Band structure calculation indicates that the co-crystal is a p-type

semiconductor with a bandgap of 2.835 eV. Due to its semiconducting character, the ITO/co-crystal/Al

sandwiched structured device acts as a Schottky barrier diode with rectification ratio, ideality factor, barrier

height and series resistance of 41, 1.36, 0.70 eV, and 26.97 kΩ, respectively. The current through the device

increases substantially under visible light exposure. Upon visible light illumination the values of electrical

conductivity, mobility and carrier concentration increase by 35 (±0.5), 54 (±0.5) and 6 (±0.5)%, respectively,

with respect to dark conditions. It has been shown that π⋯π and hydrogen bonding interactions can play a

crucial role in producing the donor–acceptor (D–A) type co-crystal, semiconducting behaviour can be

incorporated in the organic co-crystal utilizing π⋯π and hydrogen bonding interactions and weak

intermolecular π⋯π, Br⋯π and Br⋯O interactions can act as the pathway for electrical conduction.

Introduction

In recent times, photo-responsive organic semiconductors1

have attracted enormous attention because of their significant
application potential in photodetectors,2 optical switches,3

LED4 and photovoltaic cells.5 In this context, donor–acceptor
molecular co-crystals connected by charge transfer and weak
intermolecular interactions like hydrogen bonding6 and
π-interactions7 which also have success in crystal engineering
have emerged as the most promising material of this
category.8–11 The physicochemical properties of co-crystals are
poles apart from the sum of their components. These
properties can be tuned rationally by altering intermolecular
interactions through judicious selection of the constituents.
Recently, study of the semiconducting and optoelectronic

3510 | CrystEngComm, 2021, 23, 3510–3523 This journal is © The Royal Society of Chemistry 2021
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Hydrogen bond regulated hydrogen sulfate ion
recognition: an overview

Suvendu Paul, a Tapas Majumdar*a and Arabinda Mallick *b

Hydrogen sulfate possesses substantial biological importance, having a colossal impact on physiological

and environmental events. Therefore, several scientific groups have devoted serious effort to the develop-

ment of versatile colorimetric and fluorimetric HSO4
− sensors. Along with the scope, challenges, and sig-

nificance, this review emphasizes the advancement of the optical recognition of HSO4
− based on hydro-

gen bonding during the past two decades. Moreover, hydrogen-bond-driven proton transfer, ESIPT, ICT,

PET, CHEF, and TBET mechanisms that allow for the optical detection of HSO4
− are also discussed con-

cisely. The foundation of this review includes the key points of the sensing process, like the nature of

spectroscopic changes, selectivity and sensitivity, naked-eye color changes, the reusability of sensors, and

the in vivo detection of HSO4
−, if any. Special attention is focused on the correlation between the photo-

physical changes and the underlying interaction mechanisms that triggered the recognition aspect.

1. Introduction

The development of efficient sensors for the sensing of bio-
logically, environmentally, and industrially important anions
is highly desirable in modern chemistry and biology.1–3 The

selective recognition of environmentally important anions is
truly a challenge to address for the safe survival of living
beings in defense against ever-increasing environmental pol-
lution that is being created in tandem with the advancement
of civilization and population growth.

Hydrogen sulfate (HSO4
−) demands extra attention over

other anions as far as its biological, environmental, and cata-
lytic behaviors are concerned.4 SO4

2− and HSO4
− are very

important components of human plasma and are found to
steer cell growth and the development of organisms.5 HSO4

−
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Sulphido bridged dinuclear quadruple bond cleavage product from the 
reaction between Re2(µ-O2CCH3)4Cl2 and dithiocarbamate: An 
experimental and theoretical study 

Suman Mallick a, Purnananda Garu a, Jagannath Chowdhury a, Rajat Saha b, 
Swarup Chattopadhyay a,* 

a Department of Chemistry, University of Kalyani, Kalyani, Nadia 741235, WB, India 
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A R T I C L E  I N F O   

Keywords: 
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Quadruple-bond cleavage 
Density functional theory 

A B S T R A C T   

Sodium salts of dimethyldithiocarbamate, diethyldithiocarbamate and pyrrolidinedithiocarbamate react with the 
quadruply bonded dirhenium(III,III) complex [Re2(μ-O2CCH3)4Cl2] (1) in ethanol to afford the sulphido bridged 
dinuclear quadruple-bond cleavage products of the type [Re2(μ-S)(LR)4(OH2)2] (2(LR)) where LR represents the 
dithiocarbamato ligands [LR = S2CNMe2, 2(LMe); S2CNEt2, 2(LEt) and S2CN(CH2)4, 2(LPyr)]. Complexes 2(LR) are 
the first example of sulphido bridged dinuclear Re(III) complexes containing the chelating dithiocarbamato li-
gands. The spectral (IR, UV–vis, NMR) and electrochemical properties of this series of complexes are reported. 
The identity of 2(LEt) has been established by single-crystal X-ray structure determination. The electronic 
structure and the absorption spectra of the complexes are scrutinized by the density functional theory (DFT) and 
time-dependent DFT (TD-DFT) analyses.   

1. Introduction 

The study of multiple bonded dimetal complexes has attracted the 
interest of several research groups and thousands of such complexes 
have been synthesized [1,2]. Recent reports show that these complexes 
not only useful in molecular devices [3], molecular wire [4], single 
molecule junctions [5] and electron transfer studies [6], but also have 
biological applications [7]. Several decades ago the dirhenium(III,III) 
paddlewheel complex [Re2(μ-O2CCH3)4Cl2] (1) with a σ2π4δ2 electronic 
configuration was prepared [8]. Since then efforts have been made to 
develop the chemistry of the quadruple bond and a flurry of compounds 
were prepared using this useful synthon 1 [1]. The substitutional lability 
of the μ-O2CCH3 ligand in 1 has been established by its extensive reac-
tion chemistry with different bidentate ligands (Scheme 1). The reaction 
of 1 with molten 2-hydroxy-6-chloropyridine (chp) ligand furnished the 
complex [Re2(μ-chp)2(η-chp)Cl3] in which two bridging chp ligands are 
in a trans position and one chelating chp ligand is bound through its 
nitrogen atom in the axial position [9]. The anion of N6,N6-dimethy-
ladenine (dmad) and 1 have been used to prepare the quadruply bonded 
complex [Re2(μ-dmad)4Cl2] [10]. The reactions of 1 with diphosphine 

ligands such as Ph2PCH2PPh2 (dppm) [11] and Cy2PCH2PCy2 (dcpm) 
[12] have been reported in the literature. While the reaction between 1 
and dppm produces cis-[Re2(μ-O2CCH3)2Cl2(μ-dppm)2] exclusively, the 
reaction with dcpm gives a mixture of trans-[Re2(μ-O2CCH3)2Cl2(μ- 
dcpm)2] and mononuclear Re(III) complex [ReOCl(η2-dcpm)2]. The re-
action chemistry of 1 with amides [13,14] and amidinates [15,16] has 
been studied most thoroughly. Cotton and co-worker reported the first 
example of diarylformamidinate containing dirhenium(III,III) complex 
[Re2(DTolF)4Cl2] [15] that was obtained by the reaction of molten di-p- 
tolylformamidinate (DTolF) with 1. The reaction of 1 with triphe-
nylguanidine has also been documented in the literature [17]. The 
substitutional lability of the chloride ligands in 1 has been demonstrated 
by its reaction with R2Mg reagents (R = CH2C(CH3)3, CH2C(CH3)2Ph, 
CH2Ph or CH2Si(CH3)3) in diethyl ether that produces mixed alkyl- 
carboxylato complex [Re2(μ-O2CCH3)2R4] [18]. When bis-2- 
methoxyphenylmagnesium is made to react with 1, the complex 
[Re2(2-CH3OC6H4)6] is formed replacing all the acetate and chloride 
ligands [19]. 

The above cited reactions show that the substitutionally labile 
μ-O2CCH3 and chloride ligands in [Re2(μ-O2CCH3)4Cl2] have been 
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Defect enriched hierarchical iron promoted Bi2MoO6 hollow spheres as 
efficient electrocatalyst for water oxidation 
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A B S T R A C T   

The manipulation in crystal structure as well as electronic structure of material apart from the morphology play 
important role in determining electrocatalytic activity. Bismuth molybdate with its special layered structure in 
orthorhombic phase and hollow sphere morphology performed as potential electrocatalyst for oxygen evolution 
reaction in alkaline medium. The activity can further be enhanced by promoting iron in the crystal structure. The 
strain as well as dislocation developed in the crystal structure of Bi2MoO6 upon iron incorporation are well- 
studied. The presence of optimum amount of iron and thereby creating oxygen vacancies have been found to 
be beneficial, though higher concentration turns out to be detrimental for the electrocatalytic performance. The 
optimum iron promoted Bi2MoO6 leads to achieve overpotential value of 286 mV at 10 mA cm− 2 current density 
with Tafel slope of only 44 mV dec-1 for OER. The experimental results are well-supported by the density 
functional theory simulations, which demonstrate that iron incorporation lowers the energy barrier by promoting 
the adsorptions of OER intermediates, most distinctly the oxygen adsorption.   

1. Introduction 

Development of efficient, cost effective, environment friendly and 
sustainable energy conversion technologies are one of the most intense 
research efforts these days owing to scarcity of fossil fuel and ever 
growing universal energy demand. Hydrogen has been considered as an 
alternative ecofriendly energy sources that can be generated from 
electrochemical water splitting on the basis of energy conversion prin-
ciple i.e. electrical energy to chemical energy [1]. However, the profi-
ciency of water splitting is resisted by kinetically sluggish anodic 
Oxygen evolution reaction (OER) with high overpotential value due to 
multistep electron transfer process. The Hydrogen evolution reaction 
(HER) mechanism at cathode is comparatively easy because of its two- 
electron transfer process. Therefore, it is very important to develop 

stable and highly effective electrocatalyst to facilitate OER reaction 
mechanism accelerating the reaction kinetics. In this regard, noble metal 
electrocatalyst, such as, RuO2 and IrO2 are recognized as most efficient 
and active OER electrocatalyst in alkaline and acidic medium with low 
overpotential values [2]. However, expensive nature and low natural 
abundance restricted their commercial applications. Hereafter, to 
replace the expensive noble elctrocatalyst, researchers endeavor 
designing and development of alternative OER electrocatalysts, which 
are economic, earth abundant but highly active and durable [2–10]. 

In this regard, mixed metal oxides have attracted quite an attention 
owing to their favourable surface chemistry involved during OER. 
Further manipulation in their crystal as well as electronic structures can 
be done by incorporation of 3d transition guest metals into the mixed- 
metal oxides, creating multiple active sites and defect sites in order to 
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Organozinc hydrazides and their derivatives:
synthesis, structural diversity and applications

Surajit Jana *a and Rajat Saha b

Organozinc hydrazides have gained considerable interest in current research for their significant

applications as single source molecular precursors in chemical science as well as their versatile

structural diversity. Various hydrazide derivatives are normally prepared from a ‘one-pot’ synthesis

protocol by reacting dialkylzinc and hydrazine in the presence of secondary ligands at an appropriate

ratio, and the reaction proceeds via successful replacement of one or more hydrazide units by

secondary ligands through alkane elimination. Due to the polydentate binding nature of the N–N moiety

of the hydrazine ligand, these organozinc hydrazides adopt a great variety of structures such as four-

membered heterocycles, polycyclic frameworks and cages. The hydrogen storage properties of selected

hydrazides and their derivatives are also discussed in this review.

1. Introduction

Organometallic hydrazides have attracted much interest in
recent research for their use as single source precursor (SSP)
materials to produce metal nitrides by organometallic chemical
vapour deposition (OMCVD) techniques. These organometallic
hydrazides are present as molecular aggregates with different
metal ions. Hydrazides are particularly interesting as they offer

two N–N linked binding sites with the inherent lability of N–N
bonds. In this context, aluminium and gallium hydrazides have
been studied extensively to develop semiconducting AlN or GaN
films using the respective SSPs.1 Several research groups
have explored the diverse structural motifs of such Group 13
hydrazides (Scheme 1) and also studied their reactivities. These
compounds range from simple mononuclear units to complex
multinuclear geometries. Due to the difficulties in synthesis
and the necessity of using the Schlenk line method, only a few
research groups have attempted to explore this field. Uhl et al.,
Kim et al., Nöth et al., and Silverman et al. have worked to
develop the chemistry of Group 13 organometallic hydrazides.
They have synthesized: (a) type A: a mononuclear compound
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Abstract
Three mononuclear copper(II) complexes, viz.  [CuL1] (1),  [CuL2] (2),  [CuL3] (3), and one nickel(II) complex, viz.[NiL3] 
(4) where  H2L1 = 3,3′-{(methylazanediyl)bis[(propane-3,1-diyl)azanylylidenemethanylylidene]}bis(4-bromophenol), 
 H2L2 = 2,2′-[1,2-phenylenebis(azanylylidenemethanylylidene)]bis(4-bromophenol) and  H2L3 = 3,3′-{(methylazanediyl)
bis[(propane-3,1-diyl)azanylylidenemethanylylidene]}bis(4,6-dibromophenol), have been prepared. The syntheses have 
been carried out by the reaction of copper perchlorate (for 1–3) or nickel perchlorate (for 4) with the corresponding Schiff 
base in the molar ratio of 1:1. The complexes have been characterized by several physicochemical techniques including 
single-crystal X-ray diffraction. Structural studies reveal that the complexes 1, 3 and 4 adopt distorted trigonal bipyramidal 
structures, while 2 adopts a distorted square planar geometry. The antibacterial activity of the complexes and the constituent 
Schiff bases has been tested against two Gram(+) and two Gram(−) bacteria.

Introduction

Schiff bases possess the azomethine group and represent 
one of the most widely studied classes of ligands in coordi-
nation chemistry. Schiff bases are extensively used mainly 
due to their structural variety, selectivity and sensitivity 
toward various metal ions. In recent years, there has been 
enhanced interest in the preparation and characterization of 
metal–Schiff base complexes due to their varied use and 
applications. Such complexes of the first row transition met-
als are known to show interesting catalytic, magnetic and 
biological properties. Schiff base complexes of copper(II) 
and nickel(II) are very important in these respects [1–11]. 
Although numerous copper(II) and nickel(II) complexes 
have been widely studied, reports on such complexes of 
Schiff base derived from 3,3′-diamino-N-methyldipro-
pylamine or 1,2-diaminocyclohexane are rather less [12–18]. 
Besides structural studies, importance of these metals in 

bioinorganic chemistry supports the reason to study the 
antibacterial activity of the complexes.

In this article, we describe the syntheses of four com-
plexes of copper(II) (1–3) and nickel(II) (4). All the com-
plexes have been characterized by microanalytical, spectro-
scopic and other physicochemical studies. Besides various 
physicochemical studies, antibacterial activities of the Schiff 
bases and their complexes have been evaluated against some 
Gram(+) and Gram(−) bacteria and compared with those of 
ciprofloxacin.

Experimental

Physical measurements

Percentage of carbon, hydrogen and nitrogen was determined 
using a PerkinElmer 2400-II analyzer. The infrared spectra 
were recorded on a PerkinElmer FT-IR spectrophotometer 
with KBr discs (4000–400 cm−1). Room-temperature solid 
phase magnetic susceptibilities were measured by Gouy’s 
method using Hg[Co(NCS)4] as the calibrant. The diamag-
netic corrections were calculated from Pascal’s constants. 
Molar conductance of the complexes in dry methanol was 
measured using a Systronics (Type 304) direct reading con-
ductivity meter.
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Indium(I)/CuFe2O4 Reagent for Allylation of Carbonyls  
and Epoxide Rearranged Carbonyls
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Abstract—Indium(I)/CuFe2O4  reagent for carbonyl allylation and epoxide rearranged carbonyl allylation is pro-
posed for formation of homoallylic alcohols. The In(I) reagent in combination with catalytic amount of CuFe2O4 
support in situ formation of nucleophilic allylic indium from allyl halide in THF medium. Nucleophilic allylic 
indium species react with carbonyls to form homoallyl alcohols in good to excellent yields. Under the presented 
reaction conditions arylepoxides undergo smooth rearrangement into aldehydes that are also allylated with forma-
tion of homoallyl alcohols. The process is highly efficient and tolerates different functional groups.

Keywords: indium(I)chloride, catalyst, copper ferrite, carbonyl allylation, arylepoxides, homoallylic alcohols

DOI: 10.1134/S107036322010????

INTRODUCTION

Allyl indium compounds bearing the C-In bond are the 
most widely used indium compounds in organic synthesis 
[1]. Among their unique properties is tolerance towards 
water. Allyl indium derivatives in situ were generated 
by reductive transmetallation of allyl transition metal 
complexes that could be accumulated from allyl bromide 
and transition metal catalysts in combination with In(0) 
and In(III) chloride. These are efficient nucleophilic 
partners in different multicomponent allylation reactions 
with a variety of electrophilic reagents [2, 3]. Such 
reactions lead to the new C–C bonds formation with the 
desired regio- and stereo-selectivity, that are of particular 
importance in synthesis of various natural compounds 
[4–7].

Allyl halides, their derivatives, as well as allenes and 
dienes are easily activated by a reactive Tm(0) catalyst 
(Tm = Pd, Ni) to give rise to the corresponding π-allyl-
Tm(II) intermediates. Allyl transfer from the latter to In(I) 
or In(0) generates reactive allylindium intermediates, 
that are utilized in situ for the subsequent C–C bond 
formation. The allylindium species react with carbonyl 
compounds to give the corresponding homoallyl alcohols. 
Oxidative addition of allyl halides, esters, carbonates, 
ethers, cyclic amines, and alcohols to Pd(0) leads to well-
known π-allylpalladium(II) intermediates (Scheme 1).  
Subsequent insertion of In(I) halides provides the 
corresponding π-allyl-PdII–InIII intermediates. The 

follow-up reductive elimination affords allylindium(III) 
derivatives. The overall reaction may be interpreted as 
a redox transmetallation. It is noteworthy that indium(I) 
halide (In-Xʹ) may be used directly or generated in situ 
by mixing indium metal and an indium trihalide.

The above strategy for the Barbier allylation of 
aldehydes using InI and catalytic amount of Pd(PPh3)4 in 
organic solvent leads to formation of homoallylic alcohols 
with high regioselectivity and varying diastereoselectivity 
[8, 9]. Such strategy has been extended to the regioselective 
allylation of aldehydes in aqueous-organic medium using 

Scheme 1. Generation of allylindium.
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Reactivity of electrochemically synthesised zinc nanofiber in facile  

reduction of nitro and azide compounds 
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Electrochemistry is used in generation of metallic nano zinc wire from aqueous zinc chloride. For this electrochemical 

process we have designed a unit galvanic cell. During the electrochemical process both aliphatic and aromatic nitro and 

azide compounds undergo facile reduction to the corresponding amines. ZnCl2 is used as stoichiometric reagent and causes 

electrochemical deposition of zinc in cathode. During the process wire shaped nano zinc architecture has been formed in 

cathode which is supposed to be the active reagent for reduction. The cathode deposited material has been characterised by 

powder XRD, XPS, FESEM, HRTEM, EDX, SQUID etc. The corresponding amines are prepared in good yields. Both zinc 
salts and aqueous solution can be recycled. 

Keywords: Electrochemistry, Nano zinc, ZnCl2, ITO glass, FESEM, SQUID, Nitro/Azide/Amine Reduction 

With respect to sustainability electrochemical 

methods are well accepted because waste materials 

are eliminated and metal reagents can be reused
1
. On 

the other hand, aqueous reactions have been widely 

studied in order to reduce the use of flammable, toxic, 

or carcinogenic organic solvents
2
. A combination of 

aqueous and electrochemical conversion will be an 

excellent green synthetic approach
1,3

. 

Nanomaterials are deposited on cathode during 

the electrochemical process. Due to higher surface 

area nanomaterials show higher reactivity compared 

to bulk
4
. Synthesis of nanoarchitectures of different 

metals of a particular shape and size is always 

important because of their applications in 

nanotechnology. Metallic nanofibers have a huge 

number of technological applications. Perhaps the 

most obvious use for nanofibers is in electronics. 

Some nanofibers are very good conductors or 

semiconductors, and could fit millions more 

transistors on a single microprocessor. As a result, 

computer speed would increase dramatically. 

Nanofiber networks exhibit precisely the properties 

required for MIS silicon solar cells. Closely spaced 

and conductive metal fibers induce a junction for 

homogenous carrier extraction, and simultaneously 

a high optical transparency. Electrochemically 

synthesized fiber like nanoarchitecture was known 

in literature because of its wide application in 

nanotechnology
5
. Here we wish to report the 

temperature and agitation effect on electrochemical 

synthesis of metallic zinc nanofiber from aqueous 

zinc chloride solution (pH 2-2.5). The use of in situ 

generated zinc nanofiber for the facile reduction of 

nitro and azide functional groups was also 

explored. Process is efficient and a range of 

functional groups are stable in these mild reaction 

conditions. Cathode deposited zinc nanofiber was 

characterization by XRD, XPS, FESEM, HRTEM, 

EDX, SQUID. 

Transformations of organic nitro and azide 

compounds to corresponding amines are very 

important processes in synthetic point of view 

because of their use as building blocks in natural 

products or multi step synthesis. Metal-mediated 

reductions are well-known examples of organic 

reactions in aqueous media
6
. But metal salts have 

been used in over stoichiometric ratio in many cases 

and subsequently end metal salts were generated as 

junk products. These junk metal by-products are also 

difficult to separate. In this respect zinc metal is very 

useful because of its low toxicity and cost. On the 

other hand lots of methods have been developed in 

aqueous medium because of its green nature
7
. But, 

activation of zinc is necessary by physical or chemical 

methods. In many cases addition of acidic co-reagent 

is necessary for chemical activation.  
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Circumstantial Overdose Management of an Efficient Cancer Cell
Photosensitizer with Preclinical Evidence: A Biophysical Study
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ABSTRACT: In this article, pharmacological management of circumstantial overdose of an
anticancer drug, Harmine (HM), under in vitro and in vivo conditions is described and further
validated by employing in silico methods. HM, an efficient cancer cell photosensitizer, interacts
extensively with nontoxic β-cyclodextrin (β-CD). Steady-state fluorescence studies and molecular
docking analysis established differential nature of molecular inclusion depending on the relative
concentrations of β-CD. Presently, β-CD is commonly used as a standard drug-delivery vehicle but
its application for controlled drug withdrawal is rarely explored. Flow cytometric results and in vivo
investigations on a zebrafish model showed that conditional overdose of preadministered drug
molecules can be efficiently removed by encapsulating successfully within nontoxic β-CDs, albeit
by controlled application of the same. This is an approach to manage the cytotoxicity of a drug in a
safe way that is already administered. We believe that this β-CD-mediated withdrawal of drugs may
find possible applications in controlled capturing of excess or unused drug inside living systems and
reducing the unwanted toxicity associated with chemotherapeutics.

KEYWORDS: Harmine, β-cyclodextrins, HeLa cells, molecular docking, steady-state anisotropy, zebrafish

■ INTRODUCTION

As of now, modern treatment regimen against the deadly
malady, cancer, largely comprises of chemotherapeutic agents
for its intervention and requires the use of combination of
drugs that are characterized by steep dose−response curves
and low therapeutic indexes. Each dose response involves wide
variations, and in most practice, supplementary drugs are
required to treat drug toxicity.1 The presence of other
medications, in most cases, hardly causes changes in the
pharmacokinetics or pharmacodynamics of a chemotherapeutic
agent and alters its efficacy or toxicity.1,2 Improvements in in
vitro and in vivo methods and early clinical tests have made
possible to assess the interaction behavior of clinically
important drugs. With complex treatment procedures, the
risk of unintended drug-related toxicity is always a menace and
it is increasing day by day. The low therapeutic index of a
particular drug replicates its limited efficiency to differentiate
between healthy and cancerous cells.2 The problem of
medication safety comes to public consideration and is
primarily related to chemotherapy errors, high toxicity, and a
low therapeutic index of anticancer drugs.1,2 Another serious
concern related to cytotoxic drugs is the risk of accidental
overdose and the postadministration management of the excess
drug. Unfortunately, despite a lot of efforts from the scientific
fraternity, at present there are few clinically proven antidotes to
address cytotoxicity inflicted by drugs. Theoretically, com-
pounds that accelerate biotransformation of cytotoxic drugs
into inactive metabolites may be administered to overdosed

patients. However, the pharmacokinetics of active agents must
be taken into consideration in designing such protocols.
Several models have been proposed for the molecular
management of efficacy and toxicity of drug molecules that
include targeted controlled delivery and extraction.3−8

Tricyclic Harmine (7-methoxy-1-methyl-9H-pyrido[3,4-b]-
indole) (HM), an important member of the β-carboline family,
originally isolated from the seeds of the medicinal plant,
Peganum harmala, can exist in neutral, anionic, cationic, and
zwitterionic forms (Scheme 1).6,7 According to the literature,
HM has been found to be effective as a potential anticancer
agent for several cancers including human gastric8 and thyroid
cancer.9 The proposed mechanisms include: blocking of
homologous recombination,10 inhibition of telomerase activ-
ity,11 inducing prodeath autophagy and apoptosis,8 inhibition
of tumor specific neovessel formation,12 inhibition of tumor
cell proliferation, and migration and invasion.13 Besides the
anticancer activities, diverse pharmacological activities of HM
have been observed such as it enhances GABAergic trans-
mission14 and short-term memory,15 promotes degradation of
alpha-synuclein16 and osteoblast differentiation,17 inhibits
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Dual macro-cyclic component based logic diversity 
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A R T I C L E  I N F O   
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Keypad lock 
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Molecular logic gate 

A B S T R A C T   

In continuation of our recent studies on the photophysics of a photodynamic therapeutic agent, harmine (HM) in 
model membrane, the present contribution highlights a new model to design multiple logic circuits, a memory 
device and a molecular lock regulated by dual macrocyclic components as chemical inputs. The unique reversible 
photoswitching regulated by macrocyclic components plays decisive role in the manifestation of the final outputs 
for the logic functions. Inspired by this phenomenon, herein, we are reporting the use of a photosensitizer 
molecule for designing of various logic circuits at molecular level with the intention to escalate the next gen-
eration molecular logic arena. For these desired outsets, fluorescence spectroscopic changes of HM upon addition 
of macrocyclic components (CTAB and β-CD) were utilised. Beyond the simple single input single output logic 
gates (NOT, YES, PASS 0 and PASS 1), we were also able to design IMPLICATION and INHIBIT gates. In addition 
to different logic functions, the modulations of the optical responses of HM driven by the macrocyclic compo-
nents were employed to design “Erase-Read-Write-Read” and “Write-Read-Erase-Read” type memory units. 
Moreover, considering the optical responses of HM we proposed a supramolecular keypad lock operated through 
unique sequential entry of opto-chemical passwords.   

1. Introduction 

Depending on the pH of the aqueous medium, most of the photo-
sensitizer molecules might exist in four different prototropic forms 
(neutral, cation, anionic and zwitterion) in the electronic ground and 
excited states [1]. Use of photosensitizer molecules for the treatment of 
neoplastic diseases, generally known as photodynamic therapy (PDT), 
has become a topic of growing medical interest. PDT produces singlet 
oxygen that damages the cancer cells. This is a standard method for 
cancer treatment [2,3]. Over the last few decades, extensive preclinical 
and clinical research established HM (Scheme 1) as a potential anti-
cancer agent [2–6]. In addition, HM exhibits strong medicinal activities 
towards tumour proliferation and inducing apoptosis [3]. Efficacy of the 
phototherapeutic action mainly depends on the bio-distribution of the 
probe molecule in the cytoplasmic and mitochondrial membranes, its 
retention and the nature of binding inside the target cells. Studies in 
living cells revealed that molecules belonging to this class exist both in 
neutral and protonated forms in the cytoplasm, whereas only in its 

protonated form inside the nucleus. 
As a matter of fact, the functions of these biologically active mole-

cules are very much correlated with their structural forms [1,7]. 
Recently, studies on HM by Varela et al. [7] revealed that the neutral 
form of HM shows significant triplet state yield and this long-lived triplet 
state might play important role in their in vivo photosensitization re-
actions in presence of oxygen. This phenomenon could be accounted for 
strong anti-cancer activities of the neutral form of HM. Under this sit-
uation, it is very much logical to assume that, there must be some in-situ 
molecular mechanism to promote a particular prototropic form of 
probes like HM to achieve better biological efficacy in a specific 
environment. 

Logic gates evolved with a variety of applications that transformed 
the world through digitization. In many such logic gates, two binary 
inputs are converted to a single binary output and might be extended to 
develop a third logic gate by accepting the outputs as inputs. de Silva 
et al. [8] first proposed the idea of photonic logic device on the mo-
lecular platform. Till date, excellent researches came up with the 
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Selective Metal−Ligand Bond-Breaking Driven by Weak
Intermolecular Interactions: From Metamagnetic Mn(III)-Monomer
to Hexacyanoferrate(II)-Bridged Metamagnetic Mn2Fe Trimer
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Carlos J. Goḿez García,* Antonio Frontera, Sanjay Kumar,* and Rajat Saha*
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ABSTRACT: Metal−ligand coordination interactions are usually much stronger
than weak intermolecular interactions. Nevertheless, here, we show experimental
evidence and theoretical confirmation of a very rare example where metal−ligand
bonds dissociate in an irreversible way, helped by a large number of weak
intermolecular interactions that surpass the energy of the metal−ligand bond. Thus,
we describe the design and synthesis of trinuclear Mn2Fe complex {[Mn(L)-
(H2O)]2Fe(CN)6},

2− starting from a mononuclear Mn(III)-Schiff base complex:
[Mn(L)(H2O)Cl] (1) and [Fe(CN)6]

4− anions. This reaction implies the
dissociation of Mn(III)-Cl coordination bonds and the formation of Mn(III)-NC
bonds with the help of several intermolecular interactions. Here, we present the
synthesis, crystal structure, and magnetic characterization of the monomeric
Mn(III) complex [Mn(L)(H2O)Cl] (1) and of compound (H3O)[Mn(L)(H2O)2]-
{[Mn(L)(H2O)]2Fe(CN)6}·4H2O (2) (H2L = 2,2′-((1E,1′E)-(ethane-1,2-diylbis-
(azaneylylidene))bis(methaneylylidene))bis(4-methoxyphenol)). Complex 1 is a
monomer where the Schiff base ligand (L) is coordinated to the four equatorial positions of the Mn(III) center with a H2O molecule
and a Cl− ion at the axial sites and the monomeric units are assembled by π−π and hydrogen-bonding interactions to build
supramolecular dimers. The combination of [Fe(CN)6]

4− with complex 1 leads to the formation of linear Mn-NC-Fe-CN-Mn
trimers where two trans cyano groups of the [Fe(CN)6]

4− anion replace the labile chloride from the coordination sphere of two
[Mn(L)(H2O)Cl] complexes, giving rise to the linear anionic {[Mn(L)(H2O)]2Fe(CN)6}

2− trimer. This Mn2Fe trimer crystallizes
with an oxonium cation and a mononuclear [Mn(L)(H2O)2]

+ cation, closely related to the precursor neutral complex
[Mn(L)(H2O)Cl]. In compound 2, the Mn2Fe trimers are assembled by several hydrogen-bonding and π−π interactions to frame an
extended structure similar to that of complex 1. Density functional theoretical (DFT) calculations at the PBE1PBE-D3/def2-TZVP
level show that the bond dissociation energy (−29.3 kcal/mol) for the Mn(III)-Cl bond is smaller than the summation of all the
weak intermolecular interactions (−30.1 kcal/mol). Variable-temperature magnetic studies imply the existence of weak
intermolecular antiferromagnetic couplings in both compounds, which can be can cancelled with a critical field of ca. 2.0 and
2.5 T at 2 K for compounds 1 and 2, respectively. The magnetic properties of compound 1 have been fit with a simple S = 2
monomer with g = 1.959, a weak zero-field splitting (|D| = 1.23 cm−1), and a very weak intermolecular interaction (zJ = −0.03
cm−1). For compound 2, we have used a model with an S = 2 monomer with ZFS plus an S = 2 antiferromagnetically coupled dimer
with g = 2.009, |D| = 1.21 cm−1, and J = −0.42 cm−1. The metamagnetic behavior of both compounds is attributed to the weak
intermolecular π−π and hydrogen-bonding interactions.

■ INTRODUCTION

Selective bond making−bond breaking is the finest art of
chemistry and has tremendous significance in molecular and
supramolecular chemistry.1−4 After a prolonged research over
centuries, chemists have gained mastery over covalent and
metal−ligand coordination bond breaking−bond making
processes, whereas control over the supramolecular inter-
actions is still a daunting task. Several catalytic processes5−9 are
well-known for the selective bond activation, bond breaking,
and bond making in organic chemistry. In coordination
chemistry, the so-called trans effect,10,11 the HSAB princi-

ple,12,13 etc. can successfully explain the selective metal−ligand
bond breaking−bond making process. In supramolecular

chemistry, molecular recognition and aggregation constitute

Received: March 27, 2020
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Mono and tri-nuclear cobalt(III) complexes with sterically constrained
phenol based N2O2 ligand: Synthesis, structure and catechol oxidase
activity
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a b s t r a c t

Mono and tri- nuclear Co(III) complexes, [Co3(OMe)4L2]ClO4 (1) and [CoL(acac)] (2) have been synthe-
sized using sterically constrained tetradentate ligand N,N/-dimethyl-N,N/-bis(2-hydroxy-3,5-dimethyl-
benzyl)-ethylenediamine (H2L) with varying reaction condition. All complexes have been characterized
by single crystal X-ray diffractometer and various spectroscopic tools. Complex 1 is tri-nuclear methoxo
and phenoxo bridged cobalt complex with CoIII – CoIII – CoIII linear core, whereas complex 2 is mononu-
clear mixed ligand octahedral Co(III) complex. Both complexes show catechol oxidase activity in metha-
nol as monitored by the UV–Vis spectroscopy of the aerial oxidation of 3,5-DTBC to 3,5-DTBQ. The kinetic
parameters have been determined using Michaelis–Menten approach. The complexes are efficient cata-
lysts with high turnover numbers 3.32 � 103 h�1 and 2.19 � 103 h�1 for 1 and 2, respectively. Mechanistic
investigations of the catalytic behaviour by ESI-MS spectra and estimation of hydrogen peroxide forma-
tion indicates that the catalytic reaction occurs through the reduction of Co(III) to Co(II).

� 2020 Elsevier Ltd. All rights reserved.

1. Introduction

Multinuclear transition-metal complexes are of current interest
due to their wide range of applications in various fields such as
catalysis, adsorption, storage, magnetism, molecular recognition,
fluorescence, nonlinear optics, and sensors [1]. Bridging capability
of phenolate donor site will be exploited judiciously to synthesize
multinuclear metal complexes with aesthetically pleasing struc-
tural frame works [2]. Using phenol-based ligands, we would like
to assemble more metal ions in close proximity. Inspired by the
above knowledge, we would like to synthesize new type of ligands
having pre-organized donor set with biological relevance. We
design ligand in such a way so that the ligands possess flexibility
character. Flexibility in ligand environment introduces structural
diversity in metal complexes giving interesting property.

Coordination complex with catecholase like activity plays a
pivotal role for the development of new bio-inspired catalyst [3].
Catechol oxidase is a copper containing type III active site protein

which catalyzes the oxidation of catechol to the corresponding qui-
none. The generated quinones are highly reactive compounds that
undergo auto polymerization to produce melanin which is a brown
polyphenolic pigments. Melanin may be responsible for protecting
the tissues from damage against pathogens and insects [4]. The
crystal structure of catechol oxidase, isolated from sweet potatoes
was determined in 1998 which revealed that the active center of
the catechol oxidase consists of a hydroxo bridged dicopper (II)
center in which each copper(II) center is coordinated to three his-
tidine ligands [5].

The ability of di-copper complexes to oxidize phenols and cate-
chols is a topic of recent interest for the development of new bio
inspired catalyst [6]. From the report of various research group,
catechol oxidase activity of metal complexes with other metal
ion such as Co(III), Fe(II), Ni(II), Mn(III) and Zn(II) is well estab-
lished in recent time [7].

With the above mentioned two fold aims, namely, development
of multinuclear transition metal complexes and catechol oxidase
activity of cobalt(III) complexes derived from flexible phenol-based
ligand, we have isolated two new cobalt complexes of composition
[CoIII

3 (OMe)4L2]ClO4 (1) and [CoIIIL(acac)] (2). These complexes are

https://doi.org/10.1016/j.poly.2020.114429
0277-5387/� 2020 Elsevier Ltd. All rights reserved.

⇑ Corresponding author.
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z Analytical Chemistry

Addressing Multiple Ions Using Single Optical Probe: Multi-
Color Response via Mutually Independent Sensing
Pathways
Nilanjan Dey,[a] Subham Bhattacharjee,[b] and Santanu Bhattacharya*[a, c]

Multiresponsive smart optical probe based on p-phenylene
vinylene backbone is designed for simultaneous sensing of
multiple ions, such as Cu2+, Zn2+ and F � at pH 7.4. A rapid
color change from colorless to deep yellow is observed upon
addition of both Cu2+ and Zn2+ ion. However, under long UV
lamp, the green-colored emission of the probe is specifically
quenched in the presence of Cu2+, while Zn2+ induces change
in the emission color from green to yellow. On the contrary, F � ,
unlike Cu2+ and Zn2+, does not render any change in visible
color, however, an emission quenching, similar to that of Cu2+

addition, was noticed. The binding of metal ions to the central
bipyridine core diminishes the ‘conformational flexibility’ and
facilitates ‘ligand to metal ion’ charge transfer. On the contrary,

addition of fluoride triggers the cleavage of silyl ether groups
and results in the photo-induced electron transfer from free
hydroxyl groups to the core aromatic unit. Thus, we can detect
as well as discriminate these three ions (Cu2+, Zn2+ and F� )
simultaneously by comparing the respective output signals.
Further, a sustainable strategy has been developed for on-site
detection of toxic ions using reusable, low-cost paper strips.
Most importantly, the current method is found to be fairly
effective in quantifying (as evident by relatively smaller
standard deviation values) the presence of toxic metal ions,
above permissible levels, in a wide range of natural water
samples. Further, estimation of fluoride is achieved in commer-
cially available toothpaste and mouthwash products.

Introduction

Transition metal ions, at recommended levels are essential for
human due to their active involvement in a wide range of
biological redox processes. For instance, copper plays impor-
tant role in functioning of various metalloenzymes, like
cytochrome c oxidase, tyrosinase, and superoxide dismutase
etc.[1,2] However, the presence of excess Cu2+ is highly toxic and
can result in oxidative-stress-related health problems by
generating free radicals inside cells.[3,4] Considering this, EPA
has restricted the maximum permitted limit of Cu2+ in drinking
water as below 1.3 ppm.[5] Similarly, zinc is known to participate
in the metabolism of cells, regulation of metalloenzymes, gene
expression, apoptosis etc.[6] Deficiency of zinc causes severe
health problems like impaired liver, malfunctions of kidney
etc.[7] However, Zn2+ ion assists the formation of β-amyloid
structure during the onset of Alzheimer’s disease.[8] Similarly,
for Zn2+, according to EPA the maximum allowed level should
be < 5 ppm. There are numerous reports in the literature

depicting detection of either Cu2+ or Zn2+ involving various
signaling moieties, such as pyrene, rhodamine, coumarin,
fluorescein and perylene etc.[9,10] However, simultaneous detec-
tion of both these ions in water via distinguishable optical
signals is still rare.[11–14] At the same time, fluoride, among the
anions, is also essential for human as it deposits on the
developing teeth of the infants and discourage the solubility of
minerals and growth of acid forming bacteria (EPA recom-
mended tolerance level < 4 ppm).[15] However, the presence of
excess fluoride can cause fluorosis, nephrotoxic changes,
urolithiasis etc.[16] Most of the reports present in the literature
on fluoride sensing are in organic medium using hydrogen
bonding motifs. Owing to its high hydration energy (ΔHhyd =-
505 kJ/mol), detection of fluoride in pure water or water-rich
environment is rather difficult task.[17,18] Considering this,
recently a few reports have appeared in the literature where
fluoride-induced desilylation reaction has been exploited for
sensing purpose.[19–23] But most of these probes suffered from
delayed response time as well as poor sensitivity. So, there
exists a genuine need for developing a highly sensitive probe
for fluoride in water with less response time. Notably, p-
phenylenevinylene based molecules have been widely appre-
ciated over the years in designing efficient optoelectronic
devices and energy harvesting materials due to good photo
stability, high quantum yield and large stoke shifts.[24,25]

However, the presence of huge aromatic residue often restricts
solubility of these probes in aqueous medium, which even-
tually limits their applications as optical biosensor.

As a continuation of our on-going endeavor in the field of
molecular sensor,[26–31] herein we have designed an p-phenyl-

[a] N. Dey, S. Bhattacharya
Department of Organic Chemistry, Indian Institute of Science, Bangalore-
560012
E-mail: sb@iisc.ac.in

sb23in@yahoo.com
[b] Prof. S. Bhattacharjee
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Supporting information for this article is available on the WWW under
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Abstract
This article proposes a multi-objective ring tree problem with secondary sub-depots 
(MORTPSSD), which focusses on the problems of telecommunication and logistics 
networks. In this problem, we have considered a fixed node as the main depot. Other 
nodes are divided into primary sub-depots, secondary sub-depots, and left-out nodes 
referred to type 1, type 2, and type 3 customers. The first objective of the proposed 
model MORTPSSD is to minimize the circuits’ total routing cost through type 1 
and type 2 customers added by the minimal spanning tree cost of type 3 customers. 
The second objective is to minimize the total number of type 3 customers, which 
influences the first objective. The model is solved by a discrete multi-objective ant-
lion optimizer (DMOALO) with a ternary encoding. The proposed algorithm is 
also tested on some instances derived from TSP benchmark problems. Statistical 
analyses are performed to compare the convergence and the diversity of the pro-
posed DMOALO against NSGAII and MOPSO, which yields a better efficiency of 
DMOALO for most instances.

Keywords Network optimization · Ring tree problem · Multi-objective 
optimization · Multi-objective antlion optimizer
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Abstract
This study proposes a multi-objective model of the capacitated vehicle routing problem to envisage delivering perishable 
items. The main objectives of the model are to minimize the quality degradation of the perishable items to be delivered, and 
delivery costs. Here we consider the m-ring star type of distribution network to match the real-world scenario perfectly. To 
establish a trade-off between the quality of the items and the delivery cost, we consider both the refrigerated and general 
vehicles. The customers are categorized into two types based on their position and the vehicle type by which the items are 
served. The demands of the cities are known in advance. It is also considered that the refrigerated vehicle’s capacity is homo-
geneous and higher than the capacity of the general type of vehicle. The proposed model is solved using a non-dominated 
sorting genetic algorithm and Strength Pareto evolutionary algorithm.

Keywords Capacitated vehicle routing problem · Multi-objective optimization · NSGAII · SPEA2 · Perishable items

1 Introduction

An efficient plan of product distribution can significantly 
reduce transportation costs and survive in the competitive 
market. This planning is inherently multi-objective in nature. 
Quality and safety are the two prime factors of transporta-
tion in the food sector (Akkerman et al. 2010) as the items 
are perishable. Therefore, a freshness-keeping effort is to be 
adopted in the delivery process to maintain the quality of the 
product and customer satisfaction. The logistics cost of the 
perishable product is significantly higher than the one those 

which are non-perishable. As mentioned by Hertog et al. 
(2014), the temperature is one of the essential factors that 
aggravate the perishable item’s degradation. Hence, tem-
perature control is one of the crucial factors to be considered 
so as to keep the freshness of those products.

Temperature can be controlled with a proper cold chain 
in the delivery network using refrigerated vehicles. The 
refrigerated vehicles control the temperature variation dur-
ing delivery of the products, but it incurs significantly higher 
cost and environmental impact. The general vehicles fail to 
control the temperature during the delivery process. As a 
result, the product’s quality degrades faster in these types 
of vehicles than refrigerated vehicles. On the other hand, 
the general type of vehicles incur less cost and put less 
environmental impact. The primary goal of this study is to 
determine the customers who are served by the refrigerated 
vehicles as well as by the general vehicles. Customers are 
categorized as types 1 and type 2, respectively. All the type 1 
customers are served by refrigerated vehicles, whereas type 
2 customers are associated with any type 1 customers. These 
type 2 customers are served by the generalized vehicles that 
collect the product from the related type 1 customers. There-
fore, the efficient use of refrigerated vehicles and general 
vehicles can significantly reduce the transportation costs 
and the environmental impact. When perishable items are 
delivered to many customers, it becomes a challenging task 
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Himalaya and its foreland acted as a coupled system

that responded to the climate variability and evolved as

a thrust and fold belt. The river systems draining the

Himalaya, the Ganga foreland act as an artery that helps

registering climate and tectonic signals into its

geomorphology and sedimentary history. The paper

discusses the late Quaternary landscape evolution of the

mountain and its foreland and reviews the published

literature in the context. It mainly focusses on the alluvial

landscape and compiles the chronological data to

decipher the evolution of mountain, the Ganga foreland

and the delta. The review suggests that rivers in Himalaya

largely aggraded during the climatic transition between

the dry glacial and wet interglacial. The incision of the

river valleys took place during peak of the warm

interglacial periods when Indian Summer Monsoon

strengthened. The Ganga plain rivers exhibit varied

geomorphology that depended on the proximity to the

mountain, forebulge of the foreland and type of drainage

(transverse or axial). The rivers in the west are incised

while those in the east are shallow and avulsive. The

sedimentary history of the Ganga plain implies being

forced from N-S movement of monsoon front and foreland

dynamics over the past 120 ka. The delta region of Ganga

has been responding to the fluctuating sea level and delta

progradation (retro-gradation).

Introduction

The Himalaya and its foreland were formed due to collision of

the Indian and Asian plates and the subsequent crustal shortening

by Anil Kumar1, Yogesh Ray2, Rupa Ghosh1, Sujay Bandyopadhyay3, Vimal Singh4,

Pradeep Srivastava1*

Late Quaternary sedimentation history of the Himalaya

and its foreland
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(Molnar, 1984). Soon after the collision, a forearc basin was formed

at the leading edge of the Indian Plate where molassic sedimentation

took place from Oligocene to early Miocene (Parkash et al., 1980,

Burbank et. al., 1996a). These sediments are called as Indus molasse;

the fossil record suggests that the elevation of the basin was ~600 m

above the sea level (asl) (Paul et al., 2007). The ongoing northward

push of the Indian Plate led to a southward progressive deformation

and formation of Himalayan fold and thrust belt that now touches a

maximum elevation of >8.5 km. The thrust sheet loading in Himalaya

later led to the formation of a peripheral foreland basin that extends

E-W parallel to the Himalayan ranges. The Himalayan mountain (or

the northern hinterland), the craton (or the southern hinterland), the

Himalayan foreland, and the Indus and Ganga-Brahmaputra deltas

are the major geomorphic domains.

During summer, differential heating of the elevated Himalaya-

Tibet landmass develops a low-pressure zone which creates the

necessary pressure gradient to drive the Indian Summer Monsoon

(ISM). This relationship is known to exist since ~10 Ma. It is the

orographic structure of the Himalaya that decides the pattern of rainfall

distribution for a large part of the Indian sub-continent. The southern

Himalayan front receives full spectrum (100 mm/a in the NW and

~3500 mm/a in the NE) of the ISM rainfall, whereas the northern

part of the Himalaya remains a rain shadow zone of the ISM.

Therefore, the interaction between the precipitation-driven climatic

perturbations, surface processes and the geology of the Himalaya result

in varied landscapes. The river valleys that drain the Himalaya, deliver

a large volume of sediments to intermittent depocenters along its

course (such as wide valleys, the dun or intermontane valleys, and

the Indo-Gangetic-Bramhaputra plains) and eventually to their

ultimate sinks, viz., the Bay of Bengal and the Arabian Sea. The

sediment load, tectonics, ISM, and eustatic sea-level changes govern

the zones of deposition and river erosion/incision in the continuum

of the Himalaya-Ganga-Brahmaputra Foreland-Delta system.

In the last decade, several researches focused on the understanding

of the Himalayan river response to the tectonic and climatic changes

(Bookhagen et al., 2006; Hodges et al., 2004; Kumar et al., 2007,

Srivastava et al., 2008, 2009; Ray and Srivastava, 2010; Dutta et al.,

Article
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Abstract
This brief report examines the origin of the Western veterinary medical science and development of various veterinary medi-
cal Institutions in India during the colonial period. The veterinary science has been in existence in India since the ancient 
period. During the medieval period, the animal husbandry was also paid attention. But, with the expansion of British rule, 
the whole scenario of animal husbandry practices changed in India. The cattle diseases such as Cattle Plague (Rinderpest), 
Foot and Mouth Disease, Anthrax, Haemorrhagic Septicaemia, Blackquarter etc. were widespread and these had an adverse 
effect on the economy and public health in India There were no veterinary schools and colleges to control the animal diseases 
during the pre and early colonial period. The Indian Cattle Plague Commission (1869) recommended the establishment of 
veterinary institutions under the colonial management. As a result, Imperial Bacteriological Laboratory was established at 
Poona (1890); further, shifted to Mukteshwar in 1893 with a branch of Izatnagar (1913). Within a decade of its introduction 
nearly half a million doses were being administered annually. The introduction of the Western veterinary science was an 
important landmark in the history of the Indian animal husbandry. The beginning of animal vaccination was an important 
milestone which ushered in the process of immunization for the animals.

Keywords Anthrax · Bacteriology · Immunization · Rinderpest · Vaccination · Veterinary

1 Introduction

Veterinary Science was in existence since ancient period. 
The development of veterinary science had been influ-
enced by economic and social condition. In ancient India, 
animal husbandry was considered as a profitable profes-
sion even by the kings and feudal lord of the society. Even 
Emperor Asoka (269–232 BCE) made efforts to encour-
age veterinary medicine as it was linked to wealth of the 
empire. The evolution of modern veterinary science and 
profession has taken place during colonial period in India. 
As a part of the East India Company’s interest to improve 
the quality of horses and bullocks for the military pur-
poses; modern veterinary science in India was introduced 
with the establishment of horse breeding farm in 1774. 

Latter British Civil Veterinary Department was estab-
lished for the improvement of animal health. Then there 
were established numbers of veterinary colleges, schools, 
experimental stations, and laboratories about the veteri-
nary science in all presidencies. By 1892, a Civil Veteri-
nary Department was established to control disease and 
improve breeding of civil livestock in India.

With the advent of colonialism in India, the cattle and 
human relations and the condition of human health had 
been affected. The cattle diseases such as Cattle Plague 
(Rinderpest), Foot and Mouth Disease, Anthrax, Haem-
orrhagic Septicaemia, Blackquarter etc. were widespread 
and these had an adverse effect on the economy and pub-
lic health in India. In the 1860’s Rinderpest was ravaging 
the countryside on a wide scale and was responsible for 
the loss of nearly 10 lakhs cattle every year. More than 
one million cattle and buffaloes had died in India in 1870. 
Within the space of sixteen years at the end of nineteenth 
century, the province of Berar lost nearly eleven million 
cattle to disease, which was almost equivalent to the cat-
tle population of the province. So a large number of ani-
mal diseases proliferated and cattle were unfit for plowing 
during that period. According to the Imperial Gazetteer 

The project was accomplished under the sponsorship of Indian 
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This article seeks to investigate the mutual relationship between embankment and ecology 
and colonial policy in the changing dynamics of rivers and land in northern Bengal during 
the colonial period. Rainfall, floods and economy seem to be the most essential components in 
the history and politics of embankments in the area, a peripheral region intersected by numer-
ous rivers originating in the Himalayas. The article sets colonial hydrology in North Bengal 
against the ecological vulnerabilities created by shifts in courses of rivers and by floods as 
well as embankments.

Keywords: Rivers, floods, embankments, northern Bengal, railways, colonialism

Introduction

Colonial policies regarding embankments and their subsequent impact on the 
ecology, economy and public health in India have received only limited attention 
from historians. Tirthankar Roy has written on how the ‘new scholarship’ in this 
subject ‘recognises’ the paradox of ‘how much water one can control’ rather than 
‘how much land one has in possession’.1 Colonial policy on embankments involved 
both land and water, and this relationship should be addressed with their mutual 
‘hybridity’ instead of any ‘water-land binary’, in the words of Kuntala Lahiri-Dutt.2 
The advent of colonialism dislocated riverine ecology through the implementation 
of new water-blocking works which in due course changed the system of water 
drainage in many parts of the Indian subcontinent. Rohan D’Souza has demonstrated 
how colonial intervention in Eastern India transformed the ‘flood-dependent agrar-
ian regime’ into a ‘flood-vulnerable landscape’.3

1  Tirthankar Roy, Natural Disasters and Indian History (New Delhi: Oxford University Press, 
2014), 5. 

2  Cf. Kuntala Lahiri-Dut, ‘Beyond the Water-Land Binary in Geography: Water/Lands of Bengal 
Re-Visioning Hybridity’, ACME: An International Journal for Critical Geographies, 13, no. 3 (2014): 
505–29.

3  Rohan D’ Souza, Drowned and Dammed: Colonial Capitalism and Flood Control in Eastern India 
(New Delhi: Oxford University Press, 2016 [paperback]), xii. 
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a b s t r a c t

In reality, to deal with uncertain information, researchers have introduced several extensions of fuzzy
sets. But, in most cases, two-dimensional fuzzy sets (considering elements with their membership
degree) are considered. However, it fails to capture all types of incomplete information. Occasionally,
the inadequacy of the data depends upon the large span of source or time or both. In that case,
two-dimensional fuzzy sets or type-1 fuzzy sets (T1FSs) are not sufficient to portray the situation.
Type-2 fuzzy set (T2FS), a three-dimensional extent of the fuzzy set, appears here to bridge this
gap. Type-2 intuitionistic fuzzy set (T2IFS) is a novel extension of T2FS. It can express the fuzzy
preference of the decision-makers toward their decisions under different parameters. It also considers
both the acceptance and non-acceptance of decision-makers. In the present study, we aim to develop
matrix games in T2IF environment. To do this, we first define Hamacher aggregation operators in T2IF
environment with their properties. We also propose the Minkowski distance of T2IFSs based on the
Hausdorff metric. Then a similarity measure of T2IFS is formed. Next, we solve the matrix games by
utilizing the proposed distance measure. The proposed methodology has been delineated with the
biogas-plant implementation problem to check the applicability and validity.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Game theory [1] is a very efficient tool to express any con-
flicting phenomenon with strategic interaction. In earlier, the
pay-offs of the matrix game took only real numbers. But, it failed
to capture the inadequacy of data. So the researchers [2,3] paid
their attention to promote the game theory in fuzzy environment.
Li [4,5] introduced different methodologies to solve matrix games
with fuzzy pay-offs to obtain the fuzzy value of the games. Seikh
et al. [6] solved the fuzzy matrix games through an α−cut based
approach. Qiu et al. [7] explored the solution approach of the
fuzzy matrix game utilizing a ranking value function method.

Aiming to consider both the acceptance and non-acceptance
toward decision-makers’/ players’ attitude, game theory has also
experienced its extension in intuitionistic fuzzy [8] environment.
Based on the notion of Archimedean triangular-norm (t-norm)
and triangular-conorm (t-conorm), Xia [9] developed a solution
methodology of I-fuzzy matrix games. Seikh et al. [10–13] intro-
duced different approaches to build up the matrix games with
pay-offs of intuitionistic fuzzy number (IFN). Bhaumik et al. [14]

∗ Corresponding author.
E-mail addresses: shuvasreekarmakar53@gmail.com (S. Karmakar),

mrseikh@ymail.com (M.R. Seikh), ocastillo@tectijuana.mx (O. Castillo).

proposed a ranking methodology of IFS and applied it to solve
matrix games in an intuitionistic fuzzy environment.

Recently, utilizing the notion of similarity measure of dual
hesitant fuzzy sets (DHFSs), Jana and Roy [15] explored the so-
lution procedure of matrix games with pay-offs of DHFSs. Seikh
et al. [16] applied the Lexicographic method to solve fuzzy ma-
trix games with hesitant fuzzy entries. Bhaumik et al. [17] dis-
cussed the human-trafficking problem in the light of the Prison-
ers’ dilemma in the hesitant interval-valued intuitionistic fuzzy
environment. Seikh et al. [18] defined a new defuzzification func-
tion of dense fuzzy lock set and applied it to resolve the matrix
games under dense fuzzy environment. Xue et al. [19] solved ma-
trix games with hesitant fuzzy pay-offs applying Ambika method
and applied it to resolve counter-terrorism issue.

In reality, decision-makers face difficulties to figure out the
actual membership degree of the input data due to the lack of
intentness or time, or both. To avoid such obstructions, T2FS is
used instead of T1FS to formulate decision-making problems. As
an extension of the T1FSs, Zadeh [20] introduced the notion of
T2FS in 1975. The originality of T2FSs is its fuzzy membership
degree. This membership degree lies in the interval [0, 1]. Since
then, so many researchers [21–23] made their notable works
on T2FSs. Mizumoto and Tanaka [24] defined algebraic sum and
algebraic product of T2FS. John and Coupland [25] developed
the theory of type-2 fuzzy logic. Castillo et al. [26] studied the

https://doi.org/10.1016/j.asoc.2021.107357
1568-4946/© 2021 Elsevier B.V. All rights reserved.
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A production inventory model with interval-valued carbon emission 
parameters under price-sensitive demand 
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a Department of Mathematics, Sonamukhi College, Bankura 722 207, India 
b Department of Mathematics, Kazi Nazrul University, Asansol 713 340, India 
c Department of Mathematics, Midnapore College(Autonomous), Midnapore 721 101, India   
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A B S T R A C T   

As environmental pollution has become a serious problem in recent years, production firms have now shifted 
their attention to lower the carbon emission level along with their financial goal. Now, one major drawback of 
the available models is that they consider the amount of carbon emission associated with various inventory 
processes like setup process, production process, inventory holding process, etc. as fixed numbers. However, 
these quantities may not be fixed in reality due to several factors, like the condition of the carbon filtrating 
apparatus in the production firm, machine breakdown, quality of the raw material, nature of the fuel or energy 
used, etc. The parameters may vary in between some certain ranges. This paper aims at developing an imperfect 
production inventory model under the various carbon emission regulatory policies where the various carbon 
emission parameters are interval numbers. The various inventory cost parameters are also represented as interval 
numbers to reflect the practical situation. The demand of the product is assumed to be a linearly decreasing 
function of the selling price of the product. Also, the idea of a new inventory cost component, referred to as the 
‘development cost’ is introduced. Four different policies- simple tax policy, cap and purchase policy, cap and 
reward policy and strictly under permitted cap policy are discussed, and based on those policies four different 
inventory models are developed. The Quantum behaved Particle Swarm Optimization(QPSO) algorithm has been 
applied to find the optimal profit of the manufacturer. The optimal profit obtained here is also an interval 
number which is quite realistic. The traditional fuzzy or probabilistic approach to represent impreciseness fails to 
find such kind of solution. A numerical example for every case has been given to illustrate the applicability of the 
models. Finally, sensitivity analysis of the optimal feasible solution due to variation in some key parameters has 
been provided with the key managerial insights.   

1. Introduction 

One of the toughest concerns that the world is facing in the current 
century is global warming and climate change. The key factor behind 
this global warming is emission of greenhouse gases(GHGs), like carbon 
dioxide(CO2), ozone(O3), methane(CH4), nitrous oxide(N2O), etc. 
Among these GHGs, CO2 is the most dangerous and prevalent GHG 
considering its role in global warming. It can linger in the atmosphere 
for thousands of years. Since the last two decades, the enormous burning 
of coal, oil and gases in the industrial sector and deforestation are the 
primary reasons behind the increased CO2 concentration in the atmo-
sphere. India is the third-largest GHG emitter, after the USA and China. 
According to a report by Gupta, Biswas, Janakiraman, and Ganesan 

(2019), almost one-fourth amount of India’s total greenhouse gas 
emission occurs only from the industry sector. So clearly, these kinds of 
statistics and awareness about its deep impact on our globe in the near 
future, have brought people all over the world to take the commitment 
of limiting GHG emissions. In the twenty-first yearly session of the 
Conference of the Parties (COP 21) held in Paris, on 12th December 
2015, representatives from more than 170 countries (parties to the 
UNFCCC), reached a landmark agreement to cut down greenhouse gas 
emissions and to restrict the global temperature rise within 2 degrees 
Celsius higher than pre-industrial levels, by the year 2100. It also rec-
ommended for investment by the leaders of the various countries for 
sustainable low carbon futures. Carbon emissions from industry can be 
reduced by suitable managerial decisions and efficient inventory 
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Iranian Journal of Fuzzy Systems
Volume 18, Number 5, (2021), pp. 155-172

Original paper

A novel defuzzification approach of type-2 fuzzy variable to solving matrix

games: An application to plastic ban problem

M. R. Seikh1, S. Karmakar2 and O. Castillo3

1,2Department of Mathematics, Kazi Nazrul University, Asansol-713 340, India
3Tijuana Institute of Technology, Tijuana, Mexico

mrseikh@ymail.com, shuvasreekarmakar53@gmail.com, ocastillo@tectijuana.mx

Abstract

The novelty of the type-2 fuzzy variable (T2FV) is its fuzzy secondary possibility distribution. Here, we aim to
formulate a new defuzzification model of triangular type-2 fuzzy variables (TT2FVs) based on type reduction. We also
show its superiority compared to other existing models by providing some numerical examples. Later, we develop a
matrix game problem in the type-2 fuzzy environment to show the applicability of the proposed defuzzification method
in a real-world situation. Based on this defuzzification method, two crisp linear programming models are derived,
which are subsequently solved by the simplex method using LINGO 17.0 software. Also, the expected pay-off for the
maximizing player is calculated as TT2FV, which is desirable. Finally, to show the validity and applicability, the
proposed methodology is illustrated with the plastic ban problem.

Keywords: Matrix game, triangular type-2 fuzzy variable, type reduction, ranking function, plastic ban problem.

1 Introduction

In many real-life situations, due to lack of concentration or time or both, we face to the irregularities of input data. Also,
finding the actual membership degree of that data become very difficult at that time. In this situation, to formulate
the problem by avoiding all such complexity type-2 fuzzy variables (T2FVs) plays a significant role in decision-making
problems. Type-2 fuzzy variable(T2FV) was defined by Liu and Liu [29] as a function from the fuzzy possibility space
to the real space. Qin et al. [31] extended the concept of T2FV and gave the definitions of three different kinds of
T2FV: Triangular type 2 fuzzy variable(TT2FV), Normal type-2 fuzzy variable(NT2FV) and Gamma type 2 fuzzy
variable(GT2FV). Based on the theory of fuzzy integral, Qin et al. [31] defined three types of critical value (CV)
reduction formulae of a TT2FV, namely, optimistic CV reduction, pessimistic CV reduction and CV reduction. They
also gave a concept of the generalized credibility of the reduced T2FV.

Moreover, several extensions and applictaions of T2FV can be found in the literature in different directions. Chen
and Zang [10] introduced the trapezoidal type-2 fuzzy variable(TrT2FV), another extension of T2FV. Das et al. [12]
proposed the defuzzification method of a TrT2FV utilizing the nearest interval approximation of a fuzzy number based
on the defuzzification procedure proposed by Grzegorzewski [16] and applied it to solve a green solid transportation
problem. Kundu et al. [22, 23] used T2FV in the fixed charge transportation problem and a multi-criteria group
decision-making problem. Biswas and De [5] proposed a unified method to defuzzify the type-2 fuzzy set and applied
it to a multi-objective decision-making problem. Debnath et al. [14] also designed a sustainable fuzzy economic
production quantity inventory model with type-2 fuzzy demand. Das et al. [13] discussed solid transportation problems
with T2FVs. Castro et al. [9] parameterized the general type-2 fuzzy set. Castillo et al. [8] studied the application of
type-2 fuzzy sets in the area of image processing. Roy and Bhaumik [34] discuss intelligent water management through
a triangular type-2 intuitionistic game-theoretic approach. Roy and Maiti [35] performed a reduction procedure of
T2FV and applied it to discuss stackelberg game.

Corresponding Author: M. R. Seikh
Received: May 2020; Revised: February 2021; Accepted: May 2021.
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A production‑repairing inventory model considering 
demand and the proportion of defective items as rough 
intervals

Subhendu Ruidas1 · Mijanur Rahaman Seikh1,2  · Prasun Kumar Nayak3
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Abstract
This paper explores a production inventory model in an imperfect production system 
under a rough interval environment. The occurrences of shortages are allowed and 
are fully backlogged. In this paper, two models are presented. In the first model, the 
demand of the product is considered as a rough interval. In the second model, both 
the demand and the defective rate are considered as rough intervals. In reality, these 
two factors cannot be assessed exactly due to a lack of available data. Moreover, 
there are few scenarios where the demand of the product is assessed in two-layer 
information. The inner layer demand is obvious, and it may extend up to the outer 
layer depending on the situation. Also, the same thing may happen for the defective 
rate of the product. In those cases, it is more reasonable to express the demand and 
the defective rate as rough intervals instead of fuzzy or interval numbers. Based on 
the expected value of rough intervals, the necessary and sufficient conditions are 
determined analytically to obtain the optimal inventory policies. The main advan-
tage of this method is that the optimal profit and the optimal lot size are determined 
as crisp numbers rather than rough intervals. Obtaining a precise value for these 
two quantities is desirable for any production manager. Numerical examples for both 
models are provided to illustrate the solution methodology. Sensitivity analysis of 
the optimal solutions concerning the key parameters is conducted for identifying 
several managerial implications.

Keywords Production inventory model · Imperfect production system · Rough 
interval
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Abstract

A novel notion of dense fuzzy lock set was introduced

as an extension of fuzzy sets. Learning experiences

have a vital role in this fuzzy lock set instigation. The

novel fuzzy lock set reduces the fuzziness of the si-

tuation. Occasionally, the players are bound to make

little changes in their game strategies to reach their

goal for some matrix game problems. It may lead to

some changes in payoffs. In this scenario, a matrix

game's payoffs are chosen as dense fuzzy lock sets to

make the problem more realistic. This paper's prime

intent is to develop a mathematical model of a matrix

game that represents payoffs by triangular dense fuzzy

lock sets. Initially, a new defuzzification function

MagD(.) is defined to find a ranking order relation of

the dense fuzzy lock sets. Then a pair of auxiliary dense

fuzzy programming problems is established for two

players. These two problems are transformed into two

equivalent crisp linear programming problems apply-

ing the proposed defuzzification function and its line-

arity property. The reduced problems are solved using

LINGO 17.0 software to determine each player's opti-

mal strategies and the game values. One surprising fact

of this approach is that the value of the game increases

with the increment of the player's learning experience.

The validity, applicability, and superiority of this pro-

posed methodology are illustrated by considering a

real‐life media share problem.

KEYWORD S

defuzzification function, matrix game, triangular dense fuzzy set,
triangular dense fuzzy lock set

Int J Intell Syst. 2021;36:1770–1799.wileyonlinelibrary.com/journal/int1770 | © 2021 Wiley Periodicals LLC

https://orcid.org/0000-0003-4746-5369
mailto:mrseikh@ymail.com


11/12/2021, 23:51 Web of Science Master Journal List - Search

https://mjl.clarivate.com/search-results 1/2

Master Journal ListSearch Journals Match Manuscript Downloads Help Center Login

Refine Your Search Results

Sort By: 

Search Results

Found 1 results (Page 1)

Exact Match Found

1 – 1 of 1

1098-111X Search  

Title (A-Z) 

 Share These Results

INTERNATIONAL JOURNAL OF
INTELLIGENT SYSTEMS

Publisher: WILEY , 111 RIVER ST, HOBOKEN, USA, NJ,
07030-5774

ISSN / eISSN: 0884-8173 / 1098-111X

Web of Science Core
Collection:

Science Citation Index
Expanded

Additional Web
of Science
Indexes:

Current Contents Engineering, Computing
& Technology | Essential Science
Indicators

 * Requires free login.

 Share This Journal

View profile page

Already have a
manuscript? 

Use our Manuscript Matcher to find
the best relevant journals! 

Find a Match

Filters

Web of Science Coverage

Open Access  

Category

Country / Region

Language

Frequency

Journal Citation Reports

  Clear All

5



Fe
ed

ba
ck

https://mjl.clarivate.com/home
https://mjl.clarivate.com/home
https://mjl.clarivate.com/collection-list-downloads
https://mjl.clarivate.com/help-center


Credibility equilibrium strategy for matrix games with payoffs
of triangular dense fuzzy lock sets

MIJANUR RAHAMAN SEIKH* and SHUVASREE KARMAKAR

Department of Mathematics, Kazi Nazrul University, Asansol 713 340, India

e-mail: mrseikh@ymail.com; shuvasreekarmakar53@gmail.com

MS received 18 September 2019; revised 20 April 2021; accepted 26 May 2021

Abstract. Dense fuzzy lock set (DFLS) is one of the special extensions of fuzzy sets. It includes learning

frequencies that have a significant function to reduce the fuzziness of information. In a matrix game, occa-

sionally the players are urged to change their strategies to manage the circumstances. In such a situation, players

may estimate the payoff values as DFLSs to make the problem more realistic. Here our prime intent is to find the

credibility equilibrium strategies of matrix games with payoffs of triangular dense fuzzy lock sets (TDFLSs). To

do this, we define the possibility, necessity, and credibility measures of TDFLSs along with their properties.

Then we introduce the possibility, necessity, and credibility expectations of TDFLSs. Utilizing the credibility

expectation we develop two linear programming models to find the credibility equilibrium strategies for the

players, and the value of the game. One remarkable point of this methodology is that with the increment of the

player’s learning frequencies the value of the game rises gradually. Finally, two real-world problems: a market

share problem and strike policy problem are illustrated to verify the cogency and applicability of the rendered

methodology.

Keywords. Matrix game; dense fuzzy set; dense fuzzy lock set; credibility equilibrium strategy.

1. Introduction

Neumann and Morgenstern [1] originated the idea of game

theory to capture the conflicting situation. Initially, the

payoffs were assumed to be real numbers. However, later

inspired by the great achievements in fuzzy set theory,

game theorists promoted matrix games to the fuzzy envi-

ronment. Dubois and Prade [2] present fuzzy matrix games

where the payoffs are assumed to be fuzzy sets but the

strategies are taken as crisp numbers. Later, Nishizaki and

Sakwa [3] developed fuzzy matrix games having fuzzy

goals. To resolve the fuzzy matrix game, Campos [4]

transformed the fuzzy matrix games into two linear pro-

gramming (LP) models. Campos et al [5] introduced a

ranking-based solution approach of fuzzy matrix games.

Bector and Chandra [6] resolved fuzzy matrix games by

introducing fuzzy mathematical programming model. Vijay

et al [7] rendered a generalized fuzzy relation approach to

resolve matrix games. Li [8, 9] rendered different

methodologies for solving fuzzy matrix games. To deter-

mine the optimal solution Seikh et al [10] developed a

different type of solution approach based on the concept of

a-cut set of the fuzzy payoffs. For resolving the matrix

games having trapezoidal fuzzy numbers, Jana and Roy

[11] performed a different approach. Qiu et al [12]

developed a different solution approach utilizing the lower

limit of possibility degree to resolve the multi-objective

fuzzy game.

However, fuzzy set theory only considers the belong-

ingness of an element in the universal set, and the non-

belongingness is counted as the complement of the

belongingness. To consider both the belongingness and the

non-belongingness of an element a new extension of fuzzy

set, viz. intuitionistic fuzzy sets (IFSs) [13], was introduced

in literature. This can expose the real-world scenario more

precisely. Influenced by the magnificent performances of

IFSs, many researchers employed the notion of IFSs in

game theory to get results more fruitful. Li and Nan [14]

resolved non-linear programming models (NLPM) for

solving intuitionistic fuzzy (IF) matrix games. Li [15]

analyzed management problems in light of matrix game

theory having IFS entries. Seikh et al [16–18] performed

several methodologies to resolve matrices having entries of

intuitionistic fuzzy numbers (IFNs) [19]. Employing the

robust ranking approach, Bhaumik et al [20] solved IF

matrix games. For solving multi-criteria zero-sum matrix

games having IF goals Basir et al [21] established a novel

methodology. In the recent past, matrix games experienced

their extensions [22–28] in different inadequate situations.

Bhaumik and Roy [29] discussed management problems in

light of matrix games with intuitionistic interval-valued

hesitant fuzzy payoffs. Adopting the indeterminacy*For correspondence
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Some Picture Fuzzy Aggregation Operators Based on Frank t-norm and
t-conorm: Application to MADM Process
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In this paper, we develop some new operational laws and their corresponding aggregation operators for
picture fuzzy sets (PFSs). The PFS is a powerful tool to deal with vagueness, which is a generalization of a
fuzzy set and an intuitionistic fuzzy set (IFS). PFSs can model uncertainty in situations that consist of more
than two answers like yes, refusal, neutral, and no. The operations of t-norm and t-conorm, developed
by Frank, are usually a better application with its flexibility. From that point of view, the concepts of
Frank t-norm and t-conorm are introduced to aggregate picture fuzzy information. We propose some new
operational laws of picture fuzzy numbers (PFNs) based on Frank t-norm and t-conorm. Further, with the
assistance of these operational laws, we have introduced picture fuzzy Frank weighted averaging (PFFWA)
operator, picture fuzzy Frank order weighted averaging (PFFOWA) operator, picture fuzzy Frank hybrid
averaging (PFFHA) operator, picture fuzzy Frank weighted geometric (PFFWG) operator, picture fuzzy
Frank order weighted geometric (PFFOWG) operator, picture fuzzy Frank hybrid geometric (PFFHG)
operator and discussed with their suitable properties. Then, with the help of PFFWA and PFFWG operators,
we have presented an algorithm to solve multiple-attribute decision making (MADM) problems under the
picture fuzzy environment. Finally, we have used a numerical example to illustrate the flexibility and
validity of the proposed method and compared the results with other existing methods.

Povzetek: Prispevek se ukvarja z operatorji mehkih množic na osnovi Frankove t-norme in t-konorme.

1 Introduction

In real-life situations, the fuzzy set theory [48] plays a vital
role in handling the vagueness of human choices. Then
continuous efforts are paid for further generalization of
fuzzy set theory. The IFS theory is one of such general-
izations, introduced by Atanssov [2]. IFS is characterized
by a degree of membership and degree of non-membership
such that their sum does not exceed one. However, IFSs are
insufficient to handle the possibility with more than two an-
swers as just yes-no type. Consider the case of usual voting
where one has the choices like a vote for, vote against, ab-
stain from voting, and refusal. To deal with such situations
with high accuracy, Cuong and Krienovich [8] conveyed a
novel concept of picture fuzzy set (PFS). PFS is character-
ized by a membership degree, a non-membership degree,
and a neutrality degree such that their sum is less than or
equal to one. Cuong [9] examined few properties of PFSs
and introduced distance measures between PFSs.

Recently, some research models have been developed on
the picture fuzzy (PF) environment. Dinh and Thao [10]
introduced some distance measures and dissimilarity mea-
sures between PFSs and applied them to MADM problems.
Wang and Li [33] proposed a hesitant fuzzy set in the PF
environment and developed picture hesitant fuzzy aggre-
gation operators. Wei [39] extended the TODIM method

to MADM problems under the PF environment. Wei [40]
developed some similarity measures between PFSs such
as cosine measure, set-theoretic cosine similarity measure,
grey similarity measure and applied these to building ma-
terial recognition and mineral field recognition. Dutta and
Ganju [11] introduced decomposition theorems of PFSs
and defined the extension principle for PFSs. Wei [35]
introduced PF cross-entropy as an extension of the cross-
entropy of fuzzy sets. Xu et al. [45] developed some aggre-
gation operators for fusing PF information. Dutta [12] ap-
plied distance measure between PFSs in medical diagnosis.
Singh [27] proposed correlation coefficients for PFSs and
gave the geometrical interpretation for PFSs. Son [28] and
Thong [29] introduced several clustering algorithms with
PFSs. Le et al. [21] proposed some dissimilarity measures
under PF information and applied them to decision-making
problems. Wei et al. [36] introduced the projection mod-
els for the MADM problem with PF information. Wei and
Gao [42] developed the generalized dice similarity mea-
sure under PF environment and applied them to building
material recognition. Zeng et al. [50] proposed the ex-
ponential Jensen PF divergence measure and applied it in
multi-criteria group decision making. Several researchers
proposed information aggregation operators under the PF
environment [3, 16, 17, 22, 30, 32, 43, 51]. Garg [14] pre-
sented some PF aggregation operators and applied them to
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Q-rung orthopair fuzzy Frank aggregation operators and its
application in multiple attribute decision-making with unknown
attribute weights
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Abstract
In decision-making problems, q-rung orthopair fuzzy sets are considered as a more effective tool than intuitionistic fuzzy

sets and Pythagorean fuzzy sets. This article develops some aggregation operators based on Frank t-norm and t-conorm for

fusing q-rung orthopair fuzzy (q-ROF) information. Then a multiple attribute decision-making (MADM) approach is

introduced based on the proposed operators. The Frank operations of t-norm and t-conorm can have the advantage of good

flexibility with the operational parameter. From that point of view, in this paper, we extend the ideas of Frank t-norm and

t-conorm to the q-ROF environment and introduce some aggregation operators. Moreover, we illustrate the compatible

properties of the proposed operators. Generally, the attribute weights are unknown in the MADM problems. The analytical

hierarchy process and entropy methods are efficient tools to handle such MADM problems with unknown attribute weights.

So, we present an MADM approach with unknown attribute weights under q-ROF environment using proposed operators.

Then to elaborate the flexibility and validity of the proposed model, we discuss and solve a numerical problem concerned

with a government project of choosing the best way of industrialization. Next, we show how the involvement of the

parameters in our proposed model affects the decision-making results. Finally, to exhibit the superiority of our proposed

methodology, the obtained results are compared with the existing ones.

Keywords Q-rung orthopair fuzzy sets � Frank operations � Q-rung orthopair fuzzy Frank aggregation operator �
q-ROF entropy method � MADM

1 Introduction

Nowadays, due to the availability of so many choices,

finding the most promising alternative is a challenging task.

MADM is the latest method of finding the best/most suit-

able choice from the set of available choices. Therefore,

the decision-makers generally prefer to use the MADM

technique to make their decisions. However, it is necessary

to assess attribute values more accurately and conveniently

in a decision-making problem. But, due to insufficiency of

information and proper knowledge of real-world scenarios

the decision-makers face the challenges of vagueness and

uncertainty. To deal with such kind of vagueness and

uncertainty of the decision-making it becomes convenient

when the attribute values are expressed by fuzzy sets.

However, the fuzzy set is not always sufficient to express

vague information because it consist of membership degree

only. In many situations, the decision-makers provide the

degree of membership (DM) along with the degree of

nonmembership (DNM) of the attribute concerning the

alternative. Atanassov (1986) introduced intuitionistic

fuzzy set (IFS), consisting of DM and DNM such that their

sum is bounded by one. During the last four decades, the

IFS received a few achievements with the introduction of

several aggregation operators. Seikh and Mandal (2021)

proposed an intuitionistic fuzzy Dombi aggregation oper-

ator and applied it to solve MADM problems.
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Abstract

Rough interval (RI) is an appropriate generalization of the

crisp interval and is very much useful to express uncertain

parameters or partially unknown variables when they

contain dual‐layer information. In real‐life problems, there

are many situations where players of a matrix game can-

not assess their pay‐offs by using fuzzy sets/intuitionistic

fuzzy sets or ordinary intervals. RIs are used as an ex-

cellent tool to handle such situations. This paper explores

matrix games with RI pay‐offs and investigates two dif-

ferent solution methodologies to solve such a game. In the

first approach, a pair of auxiliary linear programming

problems with RI coefficients for the players has been

constructed. Then each of the two auxiliary programming

problems is converted into two linear programming pro-

blems with interval coefficients (LPPICs) using lower and

upper approximation intervals of the RI. Finally from each

LPPIC, two classical linear programming problems (LPPs)

are constructed. In the second approach, the expected

value technique for RI is used for transforming auxiliary

mathematical programming models under the RI en-

vironment to crisp LPP. A case study on the telecom

market share problem is considered to show the applic-

ability of the proposed approaches and results are com-

pared and analyzed with an existing method.

KEYWORD S

expected value, linear programming problem, matrix game,
rough interval
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Abstract
Single-valued neutrosophic numbers (SVNNs) are very much useful to express uncertain environments. In real-life problems,
there are many situations where players of a matrix game can not assess their payoffs by using ordinary fuzzy sets or
intuitionistic fuzzy sets. In these situations, single-valued trapezoidal neutrosophic numbers (SVTNNs) play a vital role in
game theory, as it includes indeterminacy in the information besides truth and falsity. The objectives of this paper are to
explore matrix games with SVTNN payoffs and to investigate two different solution methodologies. To solve such games, a
pair of neutrosophic mathematical programming problems have been formulated. In the first approach, the two neutrosophic
mathematical programming models are converted into interval-valued multi-objective programming problems by using a new
ranking order relation of SVTNNs. Finally, the reduced problems are solved using the weighted average approach and utilizing
LINGO 17.0 software. It is worth mentioning that the values of the game for both the players are obtained in SVTNN forms,
which is desirable. In the second approach, each neutrosophic mathematical programming model is transformed into a crisp
one by using the idea of α-weighted possibility mean value for SVTNNs. A market share problem and another numerical
example are illustrated to show the validity and applicability of the proposed approaches.

Keywords Matrix game · Neutrosophic set · Single-valued trapezoidal neutrosophic numbers · Weighted average approach ·
Weighted possibility mean value

1 Introduction

Matrix game theory Owen (1982) gives a mathematical
framework to conceive strategies that help to overcome
real-life conflicting situations. There are various kinds of
mathematical games Roy and Mula (2016); Das and Roy
(2013); Roy and Maiti (2020); Seikh et al. (2021); Bhau-
mik and Roy (2021) which have been extensively studied
and successfully applied in many fields. Many of the real-
life situations are uncertain due to the imprecision of data,
asymmetric information, and conflict of interest between
opponents in the same field of business. The fuzzy set (FS)
was the first to successfully encounter the uncertainty which
is not due to the randomness of an event. FS represents each

B Mijanur Rahaman Seikh
mrseikh@ymail.com

Shibaji Dutta
dutta.shibaji@gmail.com

1 Department of Mathematics, Kazi Nazrul University, Asansol
713340, India

element with a grade of belongingness, called membership
value which lies in between 0 and 1. In the literature, matrix
games with fuzzy pay-offs have been extensively studied and
analyzed by numerous researchers. Campos et al. (1992) used
a linear programming approach to solve fuzzy matrix games
by defining a ranking function of fuzzy numbers. Bector and
Chandra (2005) used fuzzy linear programming duality to
solve matrix games with fuzzy goals and fuzzy pay-offs. Li
(2012) explored a fast approach to find fuzzy values of fuzzy
matrix games. Li (2013) designed an effective approach
to solving fuzzy matrix games. Li (2016) evolved several
methods to solve matrix games with payoffs as triangular
fuzzy numbers. Xia (2019) presented a solution methodol-
ogy with cross-evaluated payoffs. Verma and Kumar (2020)
proposed the Mehar method for fuzzy matrix games. Seikh
et al. (2015c) implemented an α-cut based approach to solve
fuzzy matrix games. Recently, Jana and Roy (2018) ana-
lyzed the solution approach of matrix games with generalized
trapezoidal fuzzy payoffs. Very recently, Seikh et al. (2020)
developed a methodology to solve matrix games with hesi-
tant fuzzy payoffs. Some recent references on fuzzy matrix
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Solution of interval-valued matrix games using
intuitionistic fuzzy optimisation technique:
an effective approach
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Abstract: In most of the cases in the real world scenario, there are many
situations where the payoffs of a matrix game may vary within specific ranges
and may be considered as interval numbers. In this paper, we developed
an effective solution concept of the interval-valued matrix game using
intuitionistic fuzzy optimisation technique (IFOT) with nonlinear membership
and non-membership functions. In this proposed approach, we first convert
the formulated game problem into a deterministic model by splitting the
single interval type objective function into multi-objective functions. Then,
IFOT with nonlinear membership and non-membership functions is used to
solve the reduced model. Finally, we consider one numerical example to
illustrate the methodology. A comparative study implies the fact that the
proposed approach gives a better result and is more effective than the results
obtained previously by the existing methods.

Keywords: matrix game; interval number; intuitionistic fuzzy optimisation
technique; multi-objective optimisation.

Reference to this paper should be made as follows: Seikh, M.R. and
Dutta, S. (2021) ‘Solution of interval-valued matrix games using intuitionistic
fuzzy optimisation technique: an effective approach’, Int. J. Mathematics in
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Abstract
A depth-averaged model, based on energy integral method (EIM) has been
employed to capture the steady-state free surface profiles in a gravity-driven thin
film flow of a viscous, incompressible fluid over inclined substrates with topo-
graphical features. The model incorporates inertial effects, energy balance and
is consistent up to O(𝜀), where 𝜀 ≪ 1, is the film thickness parameter. The gov-
erning equations are solved using a meshless numerical scheme based on radial
basis functions. The predictions of the effects of inertia, inclination of the sub-
strate, and aspect ratio of the topographical features are comparedwith the avail-
able finite-element solutions and experimental observations. The steady-state
profiles generated using the EIM equations are in close agreement with the
experimental observations. Being a consistentmodel, EIMmodel predictions are
expected to be more reliable and accurate than the results based on the depth
averaged form of the momentum equations, which are known to be not consis-
tent. This feature is themotivating factor for the presentworkwhich is also a first
attempt in implementing the meshless numerical scheme to free surface prob-
lems. The analysis paves a way for similar investigations on three-dimensional
flows related to film flow over chemically patterned substrates.

KEYWORD S

energy integral formulation, meshless method, radial basis functions, substrate featuring
topography, thin film flow

1 INTRODUCTION

The flow of liquids in thin films exists in a wide variety of naturally occurring phenomena as well as in practical operat-
ing situations of importance. In particular, problems involving gravity-driven liquid film flows over substrates featuring
topographies are encountered in numerous applications1-14 and development of flow in such films displays interesting
dynamical features.15-25 This has led to a number of investigations and there has been increased interest in understanding
the potential strategies for controlling free surface disturbances (either to promote or suppress depending on applications)
induced by topographic features on substrates.2,26-29

Although few related numerical solutions of finite or boundary element type9,18,21,30 and experimental results2,26,27,31,32
have appeared, much of the theoretical contributions are based on modeling approaches coupled with efficient numeri-
cal solution of the associated governing equations. The developed models are based on the application of the long-wave
approximation (viz., the undisturbed asymptotic film thickness is small compared to the characteristic in-plane length

Int J Numer Meth Fluids. 2021;1–23. wileyonlinelibrary.com/journal/fld © 2021 John Wiley & Sons Ltd. 1
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A NEW NOTION OF ORTHOGONALITY

INVOLVING AREA AND LENGTH

Anirban Kundu*, c — Tarapada Bag* — Sk. Nazmul**

(Communicated by Marcus Waurick )

ABSTRACT. In this paper, a space called geometric space, involving both the notions of area and
length, is introduced in general setting. The interplay, between these two ideas, is studied. As a result,

a new notion of orthogonality, called area-length orthogonality or A-L orthogonality, is demonstrated.

It is shown that A-L orthogonality coincides with the standard notion of orthogonality for inner product
spaces. Finally, it is proved that A-L orthogonality implies Birkhoff orthogonality, but not conversely.

c©2021
Mathematical Institute

Slovak Academy of Sciences

1. Introduction

In 1964, Gähler [7] introduced the idea of 2-normed spaces. Topological properties of this space
have been studied in [7, 8]. For further study, Diminnie, Gähler and White [3] introduced the
notion of 2-inner product. As an obvious consequence, notion of orthogonality came into play. It
has been observed that not all 2-normed spaces are normable (see [16]). Thus, existing notions of
orthogonality in normed linear spaces may not be useful here, and so a different notion of orthog-
onality involving 2-norm is necessary. Khan and Siddiqui [15] introduced Birkhoff orthogonality
in 2-normed spaces as a higher dimensional analogue of Birkhoff orthogonality in normed linear
spaces. Later, Godini [9] modified this definition to rectify some defects.

As an alternative approach, the notion of G-orthogonality was introduced by Cho and Kim [2] for
2-inner product spaces. They showed that the notion of Birkhoff orthogonality and G-orthogonality
coincide for 2-inner product spaces. However Gunawan et al. [11] noticed that for standard
2-normed spaces, any two non-zero vectors are not orthogonal. For this reason Gozali and Gu-
nawan [10] called this notion ‘too tight’. To fix this problem Gunawan et al. [11] tried to it.
However, they could not come up with a definition to cover up all the cases. They mentioned this
fact and concluded that some differnt techniques are needed to define an appropriate notion of
orthogonality in this field of study. Recently, Nur and Gunawan [17] have introduced a new kind
of orthogonality involving semi-inner products. This approach is good, but does not involve the
notion of 2-norms.

In this article, we have applied some new techniques to open the path for a new notion of orthog-
onality. Instead of considering 2-norm alone, both norm and 2-norm are brought into play to define

2020 M a t h e m a t i c s S u b j e c t C l a s s i f i c a t i o n: Primary 46A19, 46A99, 46B20, 46B99, 46C05, 46C99.
K e y w o r d s: 2-normed space, 2-inner product space, orthogonality, area-length orthogonality, A-L orthogonality.
The research of first author is funded by UGC, New Delhi, India under NET-JRF scheme (Sr. No. 2061441028,

Ref. No.: 22/06/2014(i)EU-V). The research of second author is partially supported by the Special Assistance

Programme (SAP) of UGC, New Delhi, India [Grant NO. F 510/3/DRS-III/ 2015 (SAP-I).
c Corresponding author.
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ORIGINAL RESEARCH

Some fixed soft point results on soft S‑metric spaces

Utpal Badyakar1 · Sk. Nazmul2 

Received: 22 September 2020 / Accepted: 4 January 2021 
© Islamic Azad University 2021

Abstract
In the present paper, we have established some fixed soft point results on soft S-metric and soft complete S-metric spaces. 
Instead of contraction or contractive soft mappings, we have considered two arbitrary soft mappings to prove the fixed-point 
results of soft complete S-metric spaces. We have also show that if the above two soft mappings are coincided, then these 
results are equivalent to the results formed by the other researchers.

Keywords Soft set · Soft point · Soft mapping · Soft S-metric spaces · Fixed soft point

Mathematics Subject Classification 47H10 · 54E50 · 06D72 · 54E99

Introduction

The theory of fixed point is a significant content in metric 
spaces which is an important area in analysis as well as dif-
ferent branches of applied mathematics. So, works on these 
theories are going on continuously and several modifica-
tions, generalizations are coming up with different perspec-
tives by various researchers viz. 2-metric space by Gähler 
[9] in 1963, D-metric space by Dhage [8] in 1992, G-metric 
space by Mustafa and Sims [14] in 2006, D*- metric space 
by Sedghi et al. [16] in 2007 and S-metric space by Sedghi 
et al. [17] in 2012. Some results on S-metric spaces are also 
found in [12, 15, 18].

In the meantime, Molodtsov [13] in 1999, commenced 
an unprecedented concept “soft set” to deal uncertainties 
involved real life situations. Thereafter, researchers have 
attempted to formalized the classical mathematical concepts 
in this setting and to construct different structures individ-
ually as well as their hybridization. Recently in analysis, 
researchers have worked on the areas of soft topological 

spaces, soft metric spaces, soft normed liner spaces, soft 
real sets, etc. [6, 7, 19].

Nowadays, in 2018, Aras et al. [1, 2] induced soft S-met-
ric spaces, sequential compact soft S-metric spaces, soft 
complete S-metric space, etc. and some of its important 
properties are discussed. They also introduced soft contrac-
tive mapping (a soft mapping with a contractive condition) 
and showed that in some conditions, this mapping has a 
unique fixed point on the above soft S- metric spaces. As a 
continuation, our aim to extend and generalized the above 
fixed point results. For this, we consider two arbitrary soft 
mappings and with a condition involving these two soft map-
pings some emergent fixed point results on soft complete 
S-metric spaces are consecrated. It is to note that the con-
ditions we used is not a contractive or contraction but in 
particular if we take the same soft mapping instead of two 
then the fixed soft point results are equivalent to the fixed 
soft point results in [2].

Preliminaries

In this section, some definitions and results are given which 
we used in our main section.

Definition 1 [13] Let X be a non-empty set, E be the set 
of parameters and P(X) denotes the power set of X. Then, 
the pair (F,  A) is said to be a soft set over X,   where 
F ∶ A → P(X) be a mapping and A ⊆ E.

 * Sk. Nazmul 
 sk.nazmul_math@yahoo.in

 Utpal Badyakar 
 ubmath16@gmail.com
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JOURNAL OF INDUSTRIAL AND doi:10.3934/jimo.2021098
MANAGEMENT OPTIMIZATION

A THREE ECHELON SUPPLY CHAIN MODEL WITH

STOCHASTIC DEMAND DEPENDENT ON PRICE, QUALITY

AND ENERGY REDUCTION

Chandan Pathak, Saswati Mukherjee and Santanu Kumar Ghosh∗

Department of Mathematics, Kazi Nazrul University

Asansol, West Bengal-713340, India

Sudhansu Khanra

Department of Mathematics, Tamralipta Mahavidyalaya
Tamluk, West Bengal-721636, India

(Communicated by Burcu Gürbüz)

Abstract. While developing supply chain models, many researchers have

shown great interest on how to reduce the consumption of non-renewable
sources of energy, as non-renewable sources of energy is limited. The pur-

pose of this paper is to formulate a three echelon supply chain model when the
demand of items is assumed to be stochastically dependent on price, quality

and reduction of energy. In the centralized model, suppler, manufacturer and

retailer are the three members of the supply chain. The model is solved an-
alytically to obtain optimal values of order quantity, unit price, promotional

effort and amount of energy consumption which maximizes the profit function

of the supply chain. Two decentralized models namely MR-Nash and MS-Nash
have also been considered in a separate section. These two models have also

been solved analytically to obtain the optimal solution of the decision vari-

ables. Three proposed models have been illustrated with a numerical example
by considering exponential distribution of customer’s demand. The sensitivity

of the optimal solution revealed the appropriate channel strategy in case of

decentralized scenario. It is speculated that when the manufacturer and the
supplier collaborates, the profit difference is reduced by 39% than that of the

MR-Nash.

1. Introduction. Now industries are showing more interest on efficiency and prof-
itability. Hence it is the responsibility of the entrepreneurs and the corporales to
devise such methods which offers sustainable energy consumption and and steady
profit margins. India harnesses a major part of its energy requirements from the
fossil fuels. Recent studies have revealed that it is high time to reflect upon our
energy consumption rates. Researchers and supply chain managers are constantly
envisaging methods to reduce the consumption of non-renewable sources of energy
recognizing alternative sources. However, harnessing alternative energy requires
ample amount of investments for setup and maintenance. Thus, our objective re-
mains to design a model that will suffice the for the methods of energy conservation

2020 Mathematics Subject Classification. 90B15.
Key words and phrases. Three-layer supply chain, energy reduction, stochastic demand, Nash

strategies, buy-back contract.
∗ Corresponding author: Santanu Kumar Ghosh.
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Co-ordination Among the Manufacturer and Duopoly
Retailers with Recycling Factors Under Price and
Service-Sensitive Demand

Santanu Kumar Ghosh1 · Palash Goswami2

Accepted: 4 February 2021
© The Author(s), under exclusive licence to Springer Nature India Private Limited 2021

Abstract
The objective of the paper is to examine channel co-ordination between the tier members of a
closed loop supply chain which comprises of a manufacturer and duopoly retailers in the co-
operative and non-co-operative scenarios, which is very essential for the improvement of the
performance of the Supply Chain.In the non-cooperative case, the duopoly retailers compete
under Cournot and Collusion cases. Here, the demand function of customers is assumed to
be price, recycling factor and service sensitive. Recycling is very important for protecting
our environment and there are literatures regarding this but we have added the service facility
with it which is not treated earlier.The manufacturer and the retailers share the cost invested
in service facilities. The model is solved analytically and a numerical example is given in
support of the model. It is found that the profit has greatly enhanced by including the service
and the recycling facility which also reduces the environmental pollution.

Keywords Supply chain · Duopoly retailers · Recycling · Service- sensitive demand

Introduction

The most fruitful way of maximizing profit is to increase the demand by several methods.
Among all other factors, the retail price is the most crucial factor that directly influences
demand. It is conventional that the consumers are inspired to buy more when price is less.
There are many other factors such as quality of the product and its abundance in the market,
various promotional efforts provided by the manufacturer and retailers also amplifies demand.
Service facilities offered by the manufacturers or retailers can also act as a catalyst to elevate
the customers’ purchasing behavior. For example free servicing and repairing through a fixed

B Santanu Kumar Ghosh
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Abstract
The present paper analyzes the channel coordination in a three-echelon supply chain. The
supplier supplies raw materials to the manufacturer, the manufacturer manufactures items
supplied by the supplier using the raw materials and delivers them to the retailer. The retailer
finally sells the items to the customers. The demand is dependent on retail unit price, quality
of the product and advertising or promotional effort of the manufacturer and the retailer. The
quality of the finished product of the manufacturer and the raw materials of the supplier are
interdependent. The model is developed for centralized as well as decentralized systems. In
the decentralized system, two separate sub-supply chains and a two-level retail fixed markup
(RFM) strategies were considered. On the other hand, in the case of the two-level RFM
strategy, the manufacturer and the retailer use fixed mark ups over the supplier’s wholesale
price. The proposed models are solved analytically and illustrated with the help of a numerical
example. The comparative study for the strategies has been done analytically in support for
the numerical example.

Keywords Supply chain and sub-supply chain · Price · Quality and advertising sensitive
demand · Retail fixed markup · Deterministic and stochastic demand
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This paper analyzes the study of convergence in intuitionistic fuzzy pseudo normed linear
space (IFPNLS) in two different directions. First, we study the weaker (more general)
concept of convergence in IFPNLS called w-convergence and characterize the princi-
pal IFPNLS in which w-convergence and convergence are equivalent. Then we study a
stronger concept of convergence said to be s-convergence in IFPNLS and investigate the
properties of s-convergence.

Keywords: w-convergence; s-convergence; principal; intuitionistic fuzzy pseudo normed
linear space.

1. Introduction

After Zadeh’s introduction of fuzzy set,1 researchers have applied the fuzzy set
in different branches of mathematics. In particular, fuzzy norm was swotted by
many researchers, namely, Katsaras,2,3 Cheng–Moderson,4 Bag–Samanta,5,6 Golet,7

etc. Fuzzy metric and convergence in fuzzy metric were investigated by George–
Veeramani,8,9 Gregori et al.,10,11 etc.

Saadati and Park12 defined a more generalized concept of fuzzy norm as intu-
itionistic fuzzy norm on a linear space. The study of intuitionistic fuzzy norm
received a lot of interest in the past years. Motivated by the work of Bag–Samanta5,6

∗Corresponding author.
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Abstract

The objective of this paper is to develop matrix games with pay-offs of triangular hesitant fuzzy elements (THFEs).
To solve such games, a new methodology has been derived based on the notion of weighted average operator and score
function of THFEs. Firstly, we formulate two non-linear programming problems with THFEs. Then applying the
score function of THFEs, we transform these two problems into two non-linear multi-objective programming problems
with triangular fuzzy numbers (TFNs). Finally, the Lexicographic method is used to solve these two multi-objective
programming problems. A market share problem is considered to show the validity and applicability of the proposed
methodology.

Keywords: Matrix Game, triangular hesitant fuzzy set, score function, multi-objective optimization, lexicographic
method.

1 Introduction

A game is a mathematical tool that can conceive a conflicting circumstance, arises in the real world and to conclude
such a situation. Actually, it is a study of some mathematical models which deal with the strategic interaction among
the decision-makers. In reality, due to the lack of information and ambiguity of players, the decision may be imprecise.
To handle such an environment, researchers use the notion of fuzzy sets and its various extensions.

Initially, the fuzzy set was introduced by Zadeh [44] in 1965, where every element of a set was defined along with their
membership values. In 1980, Dubois and Prade [10] applied the concept of fuzzy set in game theory. Refining the model
of Bector et al. [5] on game theory, Campos[9] proposed a fuzzy linear programming model to solve the matrix game.
Li [13] solved the fuzzy matrix game through the fuzzy multi-objective approach. Vijay et al. [33] studied a generalized
fuzzy relation approach to solve matrix games with fuzzy goals and fuzzy pay-offs. Li [14] implemented a lexicographic
method to solve the matrix game with pay-offs represented by triangular fuzzy numbers. Seikh et al. [26] introduced
an α−cut based approach to find the solution of matrix games with fuzzy pay-offs. Li [15, 16] also proposed different
methodologies to compute the fuzzy value of matrix games with fuzzy pay-offs. Qiu et al. [21] solved a multi-objective
fuzzy game using the lower limit of possibility degree. Xu et al. [39] discussed the possibility-necessity strategy of a
matrix game with fuzzy pay-offs. Assuming the entries of the pay-off matrix as a trapezoidal fuzzy number, Krishnaveni
[12] provided a new solution procedure to obtain the fuzzy optimal solution without converting to the classical version
of the game. Jana and Roy [11] solved the matrix game with trapezoidal fuzzy pay-offs. Moradi and Limaei [20] utilized
the fuzzy game-theoretical approaches for setting the balance between economic development and the environmental
impact. Bigdeli et al. [8] proposed the solution procedure of a multi-objective game with fuzzy pay-offs. Alkahras [1]
used the notion of fuzzy game theory to solve a green supply chain.

However, the fuzzy set uses only the membership degree, which measures the degree of belongingness, and the
degree of non-belongingness is easily calculated as the complement of the belongingness to 1. But after introducing the
intuitionistic fuzzy set (IFS) and intuitionistic fuzzy number (IFN) by Atanassov [2, 3], the mode of description of a
fuzzy set experienced a little change with great significance. In IFS, the elements of the set are described along with

Corresponding Author: M. R. Seikh
Received: May 2019; Revised: October 2019; Accepted: January 2020.
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Analyzing a stochastic dual-channel supply chain under consumers’ low
carbon preferences and cap-and-trade regulation
Santanu Kumar Ghosh, Mijanur Rahaman Seikh ∗, Milan Chakrabortty
Department of Mathematics, Kazi Nazrul University, Asansol 713 340, India
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A B S T R A C T

Environmental contamination has become a serious issue for the health and survival of living things. Also,
how to decide the marketing strategy under low carbon regulation is a significant and realistic problem for
enterprises. This paper analyzes a two-echelon dual-channel supply chain model by considering emission
sensitive stochastic demand under governments’ mandatory cap-and-trade regulation and consumers’ low
carbon preferences. By considering the products’ compatibility, the proposed model illustrates some key
channel strategies to gain more managerial insights for the members of the chain. The results show that
the arrival pattern of the consumer affects significantly the economic order quantity of the members and
profit of the supply chain. The compatibility of the product is proved to be a key factor in determining the
optimal channel strategy for the members of the supply chain. The proposed model identifies two regions of the
compatibility parameter which is preferable to all the members of the supply chain. When the compatibility of
the product in an online channel is extremely high, the addition of the online channel can be accepted by the
manufacturer and the whole supply chain with a retailer is disadvantageous. The analytical results assure that
under the emission sensitive stochastic demand, the decentralized dual-channel strategy can be coordinated
successfully by adopting buyback contracts and reduction task-sharing contract to originate a win–win outcome
for all the members of the supply chain. Finally, the numerical results show that the introduction of a dual-
channel strategy is profitable when consumers’ low carbon preference is higher and the product has lower
initial emissions.

1. Introduction

In recent years, the effects of greenhouse gas and global warming
have gradually become a critical international concern for environ-
mental protection. Global warming is mainly related to the greenhouse
effect, particularly carbon emissions (Jiang & Shao, 2014). In 1995, the
Intergovernmental Panel on Climate Change (IPCC) pointed out that the
increase of greenhouse gas (GHG) concentrations in the atmosphere is
the main reason for global warming (IPCC, 1995). Now, among all the
sources of GHG emissions, supply chain activities are getting priority.
Supply chain activities produce a large amount of carbon dioxide gas
which directly harms the environment. IPCC reported that human
activity interferes with the climate due to the rapid development of
the economy (IPCC, 2014). They also proposed that we should globally
achieve a 50% reduction in carbon emissions by 2050 (Parry, Canziani,
Palutikof, Van der Linder, & Hanson, 2007). To serve these purposes
of environmental protection, many organizations and countries, like
European Union, United Kingdom, China, United Nations and most
recently India have also adopted policies like cap-and-trade, carbon tax

∗ Corresponding author.
E-mail addresses: santanu_96@yahoo.co.in (S.K. Ghosh), mrseikh@ymail.com (M.R. Seikh), milanchak93@gmail.com (M. Chakrabortty).

and carbon-emission capacity (also known as carbon cap) to control the
carbon emissions.

Generally, a product emits carbon during its whole life cycle. To
restrict the carbon emissions, different economist prefers different poli-
cies but among those the carbon tax and cap-and-trade regulation
are popular. The study of Wittneben (2009) on the European Union
Emission Trading System (EU-ETS) pointed out that a cap-and-trade
policy has more certainty in reducing greenhouse gas emissions. The
cap-and-trade policy is different from any other carbon policy as there
are opportunities for income or offsets. Implementation of the cap-and-
trade policy not only decreases the emission of carbon but also helps to
incur extra profit as there are options for trading excess carbon. Now,
cap-and-trade regulation has been implemented widely in sustainable
economic development (Xu, Chen, & Bai, 2016). The EU-ETS is the first
example of broad implementation of cap-and-trade regulation and it
becomes affirmative to apply all over the world (Chan, Li, & Zhang,
2013). Recently in India, the state government of Gujrat has initiated
cap-and-trade regulation, namely ‘emission trading scheme’ to win the
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Pricing Strategy and Channel Co-ordination in a Two-Echelon
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Abstract
The proper coordination among the members of the supply chain is one of the greatest
challenges among the supply chain managers and researchers. It is also experienced by the
supply chain managers that, only the effective coordination among each entity of the chain
can lead to more profit of members of the chain. In the proposed model, we have developed a
two-echelon supply chain model considering one manufacturer and one retailer. The demand
for items has been assumed to be stochastic since, in most of the cases, it is unpredictable. A
part of the demand function has been assumed to be dependent on the unit selling price of the
retailer which is sensitive to the recommended retail price of the manufacturer and another
part is dependent on a random variable of market potential. According to the characteristics of
the product, the manufacturer sometime offers buyback policy to the retailer but not always.
For this reason, we investigate each case of the model where two decentralized decisions and
one centralized decision are employed to explore the optimal behaviours in the corresponding
circumstance. In the situation of demand uncertainty, the most profitable pricing strategy for
the members of the supply chain is derived from this model. The numerical examples and the
sensitivity of the key parameters show that the prevalent power of the decentralized decisions
increases the selling price of the product and decrease the total profit of the supply chain.
Also, the results ensure the fact that the joint decision taken by the manufacturer and the
retailer leads to the maximum profit for the supply chain.

Keywords Stochastic demand · Buyback contract · Selling price dependent demand ·

Recommended retail price · Two echelon supply chain
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Abstract The motto of this paper is to develop a produc-

tion inventory model in real life situation. In reality,

demand of a certain product becomes highly effected by

on-hand stock level in stores and the selling price of the

product. In the proposed model, demand of the product is

dependent on these two vital deceive factors. In real life

production systems, always there are some defective

products which requires reworking in order to make them

useful. The possibility of producing some defective items

in regular production process and their reworking has been

taken into account in the model. In case of inventories of

highly demandable products, it is observed that production

rate is proportional to demand. The situation also arises in

case of launching a new product or in a multi-stage pro-

duction system. In this model, production rate is a variable

and it varies with the demand rate. Shortages are allowed

and it is backlogged fully. Based on these assumptions,

several researchers worked on but they considered that the

associated inventory cost parameters are fixed real num-

bers. However, these are not fixed in reality and may vary

time to time depending upon some scenario. Main objec-

tive of the paper is to develop a production inventory

model under those assumptions considering various cost

parameters as interval numbers. As a result the corre-

sponding optimization problem is also interval valued.

Quantum behaved particle swarm optimization technique

has been applied to find the maximum profit in a single

cycle. Numerical example and sensitivity analysis are

given to illustrate the proposed inventory model.

Keywords Production inventory model � Stock dependent

demand � Interval number � Ranking of interval numbers �
Particle swarm optimization technique

1 Introduction

Over the last few decades, researchers have extended the

classical economic production quantity (EPQ) model in

many ways by introducing various concept so that the

model can represent real life situations. In classical

inventory model demand of a particular commodity is

assumed to be fixed. However, this is not always true as

demand of a product depends upon some factors. It has

been observed that a higher stock level of a product dis-

played in the stores has a positive influence on the cus-

tomer’s mind. It attracts customers to buy the product more

and more. Considering this issue, a number of inventory

models in which the demand is stock-dependent have been

proposed. Levin et al. (1972) pointed out that large piles of

consumer goods displayed in a supermarket attract the

customer to buy more. A details review of inventory

models is available in Urban (2005). Generally, two types

of stock-dependent demand are considered: (1) the linear

form aþ bqðtÞ and (2) the power form aqb where a, b are

constants, a[ 0, 0\b\1 and q(t) is current stock level.

The parameters a is called the scale parameter and b is

called the shape parameter. Urban (1992), Giri and

Chaudhuri (1998), Mandal and Maiti (1999), Datta and Pal

(1988) and Sarkar (2012a) dealt with an inventory model
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Abstract: The effect of unreliable players on the supply chain management with a single-setup-multi-
unequal-increasing-delivery-policy (SSMUID) along with a service-dependent demand and
investment is discussed in this model. The manufacturer is unreliable which causes an increase of lead
time and shortage. For solving the shortage problem and reducing lead time crashing cost (LTCC),
an investment is utilized with the variable backorder price discounts. The number of transportation
increases due to the new transportation policy and it causes pollution. Besides the fixed transportation
and carbon emission cost (FTCEC), a container dependent carbon emission cost is applied. Some
investments for setup cost reduction (SCR), ordering cost reduction (OCR), and quality improvement
(QI) are considered. The lead time demand follows a normal distribution. The total cost of the supply
chain is optimized and the model is tested numerically. The main intent of this study is to solve the
shortage problem which occurs due to unreliability of the manufacturer. The study helps to reduce
the unreliability issue of the manufacturer. The objective function is solved by using the classical
optimization technique. Numerical results show that the discount for partial backorder enhances
the profitability of the manufacturer. The sensitiveness of the parameters are discussed through the
sensitivity of analysis and some special cases. Managerial insights provide the applicability of this
study among different sectors.

Keywords: supply chain management; service; quality; transportation; production; carbon footprint

1. Introduction

Unreliability of players within a supply chain is a big issue to run a supply chain smoothly. In the
traditional supply chain, the players of the supply chain are honest, but now there are some players
who are opportunistic and they hide information about products, prices, delivery times, qualities,
and services. In the present marketing trends, the customer wants quick and on-time delivery, but due
to unreliability issue of the manufacturer, the retailer faces a shortage problem. Hence customers
may not get their products at the required time and they move to the different retailers to buy similar
products. As a result, the retailer loses faith. For this reason, the company losses the reputation and as
a result, the demand of the product decreases which creates trouble for the production house. Thus,
it is a big headache for the industry to control the unreliable player problem and run the supply chain
smoothly. In this proposed study, the shortage problem which arises due to the unreliability of the
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Abstract: Considering the increasing number of end-of-life goods in the context of improving the
ambience and health of a population and their destructive impacts, recycling strategies are important
for industries and organizations. In this article, a closed-loop supply chain management containing
a single manufacturer, a single retailer, and a third party is introduced in which the manufacturer
first propagates newly finished goods and then dispatches some of the finished goods to the retailer
considering a single-setup multi-delivery policy. Due to shipping, carbon emission is taken into
account as well as a carbon emission trading mechanism to curb the amount of carbon emissions by
the retailer. For recycling through collection, inspection, remanufacturing, and landfill, the third party
collects the end-of-life goods from its customers and ships perfect products to the manufacturer after
a two-stage inspection. In this model, major sources of emissions such as shipping, replenishment
orders, and inventory have been taken care of. The minimizing of the total cost relating to the
container capacity, shipment numbers, and replenishment cycle length is the main objective of the
closed-loop supply chain management for making the system more profitable. Expository numerical
explorations, analysis, and graphic representations are conferred to elucidate this model, and it is
observed that this model saves some percentage of the cost compared to the existing literature.

Keywords: supply chain management; reverse logistics; remanufacturing; inventory control; production

1. Introduction

A sustainable supply chain (SSC) gives maximum profit and reduces both the expenditure of
resources and the environmental impact by using smart technology (Tayyab et al. [1]). Tiwari et al. [2]
developed a sustainable ordering policy under trade credit. Due to careless use of smart technology,
the life cycle of many products decreases the recyclability of end-of-life (EOL) goods. To lessen the
environmental and atmospheric impact, much contemplation has been made of reverse logistics (RL)
for waste management. Although reverse operations reduce EOL waste through remanufacturing,
helping to contribute to a SSC (Cárdenas-Barrón et al. [3]) there must be reimbursement for the costs of
collection, inspection, landfill, buying used products, remanufacturing, and inventory handling.

Thus, shipping costs must be added into closed-loop supply chain management (CLSCM), which
is conventionally introduced as a component of the ordering or setup cost in a traditional supply chain
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Original article

Nanomechanical behaviour of ZrO2

dispersed sisal-based polymeric
composites

Bhabatosh Biswas1, Biplab Hazra2, Nillohit Mukherjee3 and
Arijit Sinha4

Abstract

Alkali-treated sisal fibre-incorporated silanized ZrO2 dispersed unsaturated polyester composites were fabricated with a

filler loading of 5, 15, 25, 35, 45wt%, respectively. The mechanical characterization of the composites was suitably

executed at the sub-micron scale using the nanoindentation technique. Various mechanical properties were derived

from the standard nanoindentation measurements namely, nanohardness, reduced modulus, recovery index, residual

depth, wear rate and indentation creep, respectively. A marked improvement in the mechanical properties of the

unsaturated polyester matrix due to the incorporation of the fillers (sisal and/or ZrO2) was observed through

indentation-derived parameters namely, nanohardness (�186%), reduced modulus (�175%), recovery index (�62%),

wear rate (�63%) and indentation creep (�33%), respectively. A simulated dynamic mechanical analysis was performed

using the sinus mode of the nanoindentation technique. A similar enhancement in the dynamic mechanical properties

of the matrix was further observed through dynamic mechanical analysis as storage modulus (�71%), loss modulus

(�60%), loss factor (�150%) and specific damping coefficient (�200%), respectively.

Keywords

Sisal, ZrO2, polymer matrix composites, mechanical properties, nanoindentation
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Introduction

Natural fibre-based composites are a well-researched

endeavour throughout the developed and developing
countries.1,2 Natural fibre composites have become a

potential candidate in the industrial sector due to

many advantages over its synthetic fibre counterpart
namely, low density, economical, easy availability,

bio-degradability as well as good specific properties.

These types of composites are used especially in
building, construction and automobile industries.3

Interfacial bonding between fibrous dispersoids and

polymer matrix is poor as natural fibres are generally

hydrophilic in nature, whereas polymers are hydro-
phobic.4,5 So the fibre and the polymer are not com-

patible and the wettability of fibre in polymer is very

poor. The wettability and compatibility can be
improved significantly by suitable chemical treatment

namely, alkali treatment for the natural jute

fibre. The polymeric-based composites dispersed
with chemically treated fibre possess very good

mechanical properties and have a good interfacial

bonding. The superior wettability plays a substantial

role in the enhancement of the mechanical properties
of polymeric composites.6–11

Both ZrO2 and Al2O3 are not responsive with the
unsaturated polyester (UP) matrix. The compatibility
and bonding between the particles and matrix can be
improved by silane treatment of the latter and thereby
enhancing the mechanical properties of such type of
composites.12,13 The nanocomposites based on UP/
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Mechanical behavior of cellulosic
fiber-incorporated modified fly
ash-dispersed polymeric composites

Bhabatosh Biswas1, Biplab Hazra2, Subhabrata Chakraborty3,
Nillohit Mukherjee1 and Arijit Sinha4

Abstract
Alkali-treated discontinuous cellulosic fibers (jute and sisal)-based heat-treated silanized fly ash-dispersed hybrid polyester

composites were fabricated using a compression molding technique. The morphological features were observed using a

scanning electron microscope and a high-resolution transmission electron microscope. The bulk mechanical testing

namely, microhardness, tensile, flexural as well as Izod impact was successfully executed. The significant effect of the filler

(cellulosic fibers as well as modified fly ash) dispersion within the polymeric matrix with respect to mechanical properties

was thoroughly examined in this present investigation.

Keywords
Cellulosic fiber, fly ash, tensile property, flexural property, impact property

Date received: 8 September 2020; accepted: 4 July 2021

Introduction

Incorporation of metal and or metal oxide particles within
a polymeric matrix can significantly enhance its mechan-
ical properties.1,2 Fly ash (FA) is a major part of coal com-
bustion waste by-product of a power plant, which is a big
environmental concern that can only be disposed through
land filling.3 The loss on ignition value plays an important
role for its performance as the dispersing phase by suita-
ble removal of the residual carbon content.4 FA mainly
comprises various metal oxides namely, SiO2, Al2O3,
Fe2O3, TiO2 and CaO that can be suitably utilized to
enhance the various properties of the polymeric matrix.
The mechanical properties of the polymeric matrix can
be improved significantly by incorporating modified FA
within it.5 Kumar et al. have reported a significant
improvement in the tensile strength of alkali-treated and
mercerized kenaf fabric/epoxy composite by the incor-
poration of 10 wt.% FA. Silane-treated FA has influenced
the mechanical properties of general purpose unsaturated
polyester resin significantly as documented by
Guhanathan.6 Chemically modified FA severely affects
the mechanical properties of orthophthalic unsaturated
polyester (UP) resin as reported by Reyes.7 A few
studies have been reported whereby dispersing natural
fibers along with the metal or metal oxide particles can
significantly improve the mechanical and thermal proper-
ties of the polymeric matrix.8,9 The low-density bamboo
and jute fiber-filled FA-reinforced epoxy hybrid
composites improved the mechanical properties of the

matrix.10 FA-reinforced woven jute fiber dispersed com-
posites have been fabricated by a hand lay-up technique.
It was observed that with increases of the FA content
within a polymer matrix the hardness and tribological
properties improved significantly.11 The flexural and
tensile properties of micrometer and nanometer FA
particle-filled jute/glass hybrid epoxy composites were
studied and compared with the conventional fibers
(glass) composites. The experimental result shows that
due to micro- and nanofiller addition, the strength of all
composites improved noteworthily.12 The use of eco-
logical materials for building and industrial applications
contributes to minimizing the environmental impact of
new technologies. In this context, the cement and geopo-
lymer sectors are considering alkali-treated natural fibers
as sustainable reinforcement for developing composites.13
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Indentation behavior of cellulosic fibers/fly
ash-incorporated polymer composites at
sub-micron scale

Bhabatosh Biswas1, Nillohit Mukherjee2 and Arijit Sinha3

Abstract
Chemically treated short cellulosic fibers (jute and sisal) reinforced heat-treated silanized fly ash-dispersed hybrid poly-

mer composites were synthesized by a compression molding technique. The 35 wt.% filler loading unsaturated polyester

matrix-based composites were fabricated. The mechanical behavior of the unsaturated polyester matrix and unsaturated

polyester-based composites was successfully assessed at the sub-micron length scale using the nanoindentation or depth-

sensing instrumented indentation technique. It was observed that along with filler addition, the mechanical properties at

the sub-micron scale improved significantly. A successful attempt to investigate the effect of filler inclusion within the

unsaturated polyester matrix through various nanoindentation-derived parameters, namely, nanohardness, reduced

modulus, elastic recovery, residual depth, wear rate as well the dynamic mechanical properties was also executed in

the current investigation.

Keywords
Cellulosic fibers, fly ash, unsaturated polyester, nanoindentation, wear rate

Date received: 24 February 2021; accepted: 12 June 2021

Introduction

The incorporation of metal and/or metal oxide particles
within a polymeric matrix can significantly enhance its
mechanical properties.1,2 Fly ash (FA) is a major part of
coal combustion waste by-product of power plants,
which is a big environmental concern that can only be dis-
posed of through dumping.3 The loss of ignition value
plays an important role regarding its performance as a dis-
persing phase by suitable removal of the residual carbon
content.4 FA mainly comprises various metal oxides,
namely, SiO2, Al2O3, Fe2O3, TiO2, and CaO that can be
suitably utilized to enhance the various properties of the
polymeric matrix. The mechanical properties of the poly-
meric matrix can be enhanced significantly by incorporat-
ing modified FA within it.5 Kumaar et al.6 have reported a
significant improvement in the tensile strength of alkali-
treated and mercerized kenaf fabric/epoxy composite by
incorporation of 10 wt.% FA. Silane-treated FA has influ-
enced the mechanical properties of general purpose unsat-
urated polyester (UP) resin significantly as documented
by Guhanathan et al.7 Chemically modified FA severely
affects the mechanical properties of orthophthalic UP
resin as reported by Reyes et al.8 A few studies have
reported that dispersing natural fibers along with the
metal/metal oxide particles can significantly improve the

mechanical and thermal properties of the polymeric
matrix.9,10 The low-density bamboo and jute fiber-filled
FA-incorporated epoxy hybrid composites significantly
enhanced the mechanical properties of the matrix.11 In
this context, it is worthwhile to mention here that previous
studies by the same authors reported that the different
filler (cellulosic fibers and metal oxide particles) content
as 5, 15, 25, 35, and 45 wt.% were incorporated within
UP-based composites and it was observed that the com-
posite with a filler content of 35 wt.% displays the best
possible results.12–14 So in the present investigation, com-
posites with 35 wt.% filler content were used for nanoin-
dentation measurements. The primary objective of the
current investigation is to utilize the waste-modified FA
along with jute and/or sisal fiber as the reinforcements
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Tribological Characteristics of
Thermomechanically Processed 7075 Al
Alloy Through Nano-scratch
Characterization

Souriddha Sanyal1, Ashoktaru Chakraborty2, Angshuman Sarkar3,
Susanta K Pradhan4, Utpal Madhu5, Sumit Chabri6, Apurba Das7

and Arijit Sinha8

Abstract
Age-hardenable Al–Zn–Mg–Cu (AA 7075) alloys can be fortified by precipitation solidifying because of precipitation of

the MgZn2 intermetallic stages. Furthermore, grain refinement and high dislocation density can also be opted for

strengthening purposes. A low-temperature deformation enhances the dislocation density and also facilitates the grains

recovery to strengthen the component. The present study combines artificial aging (at 120 °C) and sub-zero (∼−20 ˚C)

temperature rolling to achieve strengthening. Various sequences and combinations of these mechanical and thermal treat-

ments are performed and the effects of these treatments on the tribological characteristics of the alloy are studied by

nano-scratch measurements. The tribological characteristics are indicated by coefficient of friction (μ), plastic energy

(PE), recovery index (η), recovery resistance parameter (Rs), etc. of each sample. The widths of the scratch are further

utilized to calculate the scratch hardness values (Hs), wear resistance coefficients (Rw) and the coefficient of wear (K ) with
the help of Archard’s equation.

Keywords
7075 Al alloy, sub-zero temperature rolling, aging, wear, nano-scratch

Date received: 12 April 2021; accepted: 25 July 2021

Introduction

Aluminium alloys are the second most used metallic alloy
materials as a structural material, after steel. Despite
having much lower strength as compared to steel, the
low density of Al (around 2.6 g/cm3) provides very
good specific strength to these alloys. The low specific
strength and good formability of these alloys have
opened up possibilities of application of these alloys in
automobiles, aviation industries as well as microelec-
tronic devices, automated small devices and so on.
Al–Zn–Mg–Cu (AA 7075) alloy finds its use in structural
purposes mostly due to its higher strength than most other
Al alloys. However, there is still scope for improvement
of the ductility as well as the strength by proper use of
thermo-mechanical processing.

Age-hardenable Al–Zn–Mg–Cu (AA 7075) alloys can
be strengthened using precipitation hardening where the β
phase (MgZn2 phase)1 precipitates in the Al matrix. A
strengthening phenomenon occurs due to the interactions
of the β precipitate phase with the moving dislocations
during deformation. Strengthening of such an alloy can

also be improved by increasing the grain boundary area
and number of dislocations in the material if proper
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Effect of alkaline treatment on mechanical
properties of composites: Unsaturated
polyester reinforced ZrO2/jute and sisal

Bhabatosh Biswas1, Nil Ratan Bandyopadhyay1, Gurudas Mandal2 and Arijit Sinha2

Abstract
Alkali treated (5 wt. % alkali was used on the total weight of the alkali solution and the treatment time was 2 h) discontinuous
cellulosic fiber (jute and sisal were used as cellulosic fibers and 35 wt. % filler content was incorporated) reinforced chemically
modified ZrO2 (ZrO2 was used as 10 wt. % of total filler content. In this context, it is worthwhile to mention that when both
fillers were used, the fiber content was taken in the weight ratio of 1:1.) dispersed hybrid unsaturated polyester composites
were fabricated by a compression molding technique. The mechanical behavior of the fabricated composites was evaluated at
the sub-micron scale by nanoindentation (indentation with an applied load on the composites surface at the nano-metric
range) or depth-sensing instrumented indentation technique. The significant effect of incorporation of the dispersing phases
within the unsaturated polyester matrix with respect to mechanical properties at microstructural length scale was observed.
A marked improvement in the nanoindentation-derived parameters viz., nanohardness, reduced modulus, elastic recovery,
and indentation creep was observed which may be attributed due to the influence of fillers inclusion within the unsaturated
polyester matrix. An extensive effort was laid to analyze the dynamic mechanical properties using the sinus indentation mode
associated with nanoindentation measurements to further correlate the influence of fillers addition with the indentation-
derived parameters.

Keywords
Unsaturated polyester, cellulosic fiber, ZrO2, nanoindentation, indentation creep, nano dynamic mechanical analysis

Received 7 November 2019; accepted 29 June 2021

Introduction

Polymeric matrix–based composite reinforced with fiber and particulate is a quite established research area. A significant
improvement in properties of the composites has been achieved by incorporating multiple dispersing phase(s) viz., cellulosic
fibers along with particle within the polymeric matrix. Natural fibers possess several outstanding properties viz., low density,
high flexibility, eco-friendly, abundance, and economical that make it as a best alternative when compared with synthetic fiber
for it is used as reinforcement. Such composites display superior mechanical properties which make them a suitable candidate
for use in the automotive sector.1 A superior mechanical and thermal property of the unsaturated polyester (UP) resin, epoxy,
and cement matrix can be achieved by reinforcing it with natural fiber as well as metal oxide particle (in some cases carbon
nanotube) for it is used in structural applications.2-5 Apart from the bulk mechanical property, the estimation of the same at the
sub-micron scale to access the effect of the dispersing phase on the matrix has drawn special attention. Such estimation of
mechanical properties at the sub-micron scale can be obtained through nanoindentation or depth-sensing instrumented
indentation technique that measured the quantitative force versus displacement data and formative the elastic modulus (E) and
hardness (H) of the materials even beyond their elastic limit.6 The effect of various loading of nanoclay dispersoids on the
nanomechanical properties of layered silicate nanoclay reinforced unsaturated polyester (UPE) composites has been in-
vestigated by nanoindentation. The results display that these systems reveal significantly superior mechanical properties than
unreinforced UPE.7 In this context, it is worthwhile to mention that few previous literatures have been devoted toward the used
of multiple reinforcements within the polymeric matrix. A significant improvement in mechanical strength has been reported
after the addition of red mud along with sisal and banana fiber within unsatuated polyester matrix.8 Moreover, Manikandan
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Abstract In this present investigation, the thermal and

swelling behaviour of cellulosic fibre reinforced ZrO2-

dispersed unsaturated polyester composites is evaluated.

Cellulosic fibres (jute and sisal) with chemical treatment

and ZrO2 particles are dispersed within an unsaturated

polyester matrix with a filler loading of 5–45 wt.% by

compression moulding technique. The electronic thermal

insulation tester, differential scanning calorimeter, thermo-

gravimetric analyser, and limiting oxygen index analyser

are used for thermal analysis of the composites. Various

solutions with different pH values are used for the inves-

tigation of the swelling tendency of the composites. A

marked enhancement in thermal and swelling properties is

noticed along with the inclusion of fillers within the

unsaturated polyester matrix. The fabricated composites

displayed optimum results for filler content with 35 wt.%

followed by saturation in properties with the dispersion

above the same.

Keywords Cellulosic fibre � ZrO2 �
Polymeric composites � Thermal properties � Degradation

Introduction

Applications of hybrid polymer composites have gained

much attention in various industries over traditional

materials because it is light in weight as well as possesses a

better stiffness-to-weight ratio. Hybrid composites are

those that are composed of multiple fillers, viz., fibres, and/

particulate with a view to enhance the properties of the

matrix. Specially designed properties of laminated com-

posites can be achieved by hybridization techniques. Two

or more types of fibers are incorporated in a laminated

composite to fabricate the hybrid composites. Mechanical

properties in the hybrid composites are enhanced compared

to single-type fiber-reinforced composites after the

hybridization technique. The advantages of various fibers

can be leveraged by hybridizing techniques while it can

help to eliminate the weaknesses of those fibres. Fracture

toughness and fatigue resistance were improved with

hybridization methods while the total cost or weight of

composite laminates can be reduced [1–3]. It was well

reported that the thermal properties of UP (Unsaturated

Polyester) and epoxy composites remarkably improved

with the introduction of both banana as well as sisal fibres

[4–6]. Hybrid composites are gaining wide application as it

possesses better corrosion resistance, excellent surface

profile, enhanced fatigue resilience. The hybrid composites

are mechanically robust and thermally stable as they have

silane-treated particles and jute fibre [7]. Mechanical and

thermal behaviors of polyester improved significantly with

the addition of glass fibre and micro-sized ZrO2 particles.

The ZrO2 particle reduces the void contents present in the

polymeric matrix that enhances the performance of the

composites [8].

Based on the available literature, it is revealed that the

thermal and swelling characteristics of UP and UP-based
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Abstract: In the present article spinel phase magnesium aluminate was synthesized using Magnesium nitrate, Al-
nitrate precursors in 1:2 molar ratio using urea and thiourea as fuel and reducing agent. Nitrate salts were mixed 
in a stoichiometric ratio in distilled water with three different molar ratios of two different fuels: urea and 
thiourea. The temperature of crystallization was obtained after thermal analysis followed by annealing at a fixed 
temperature, fixed soaking period for urea as fuel while variable temperature and soaking period were required 
for thiourea as fuel. FTIR analyses were carried out of the samples to verify the M-O co-ordinations for the 
phase formation. Prominent octahedral M-O stretching was noted at about 609 cm-1 while that of Al-Mg-O 
stretching was noted at about 1100 cm-1 for thiourea based samples. Using Urea as fuel Al-O stretching was 
noted at about 539cm-1 while that of Al-Mg-O vibration was noted at about 677cm-1. Morphological features of 
the synthesized samples were observed by SEM. Agglomeration was noted for both urea and thiourea as fuel 
having irregular polygon shape. Using thiourea as fuel, a bit of porous structure was noted while for urea as fuel 
negligible porosity was noted.   

 

Keywords: Magnesium Aluminate; Thermal analysis; Phase analysis; M-O co-ordinations; Morphology 

 

 

باستخدام  عن طریق حرق المحلولالومینات المغنیسیوم  تحضیر معدن السبینیل ذو
 یا كوقودیا والیوریوالثیور

 ، وساثي بنرجي*سریناث جوش، سومیا مخرجي

 

تصنیع ألومینات المغنیسیوم في طور اإلسبنیل باستخدام نترات المغنیسیوم وسالئف النترات  خالل ھذه الدراسة تم الملخص:
بنسب متكافئة في الماء اختزال. تم خلط أمالح النترات  ریا كوقود وعواملیوكال من الیوریا والثیو باستخدام یةموالر 2: 1بنسبة 

اسفرت الدراسة بعد التحلیل الحراري والتلدین للیوریا . لنوعي الوقود المذكورین اعالهالمقطر مع ثالث نسب موالریة مختلفة 
ة ریا وجود درجة حرارة وفتریوالثیووقود بینما تطلب استخدام ثابتتین، ریا إلى أن فترة نقع الیوریا ودرجة حرارة تبلوره یووالثیو

ثماني السطوح  M-Oلتشكیل الطور. لوحظ تمدد  M-Oوتم إجراء التحلیل الطیفي للعینات للتأكد من تنسیقات  ،نقع متغیرتین
ریا. وفي حالة یوللعینات القائمة على الثیو 1-سم 1100عند حوالي  Al-Mg-Oبینما لوحظ امتداد  1-سم 609البارز عند حوالي 

سم  677عند حوالي  Al-Mg-Oبینما لوحظ استخدام اھتزاز  1-سم  539عند حوالي  Al-O استخدام الیوریا كوقود لوحظ تمدد
 من نتائج التجارب أن لوحظ. تمت مالحظة السمات المورفولوجیة للعینات المركبة بواسطة المجھر المسحي األلكتروني. كما 1-

كان للیوریا بینما  تؤخذ بعین اإلعتبار ریا بنیة مسامیةیولثیول أنكما  ،ریا لھ شكل مضلع غیر منتظمیوتكتل كل من الیوریا والثیو
 .بنیة أقل مسامیة

 .وقود، ریایوثیو، یوریا، تحلیل حراري، الومینات المغنیسیوم الكلمات المفتاحیة:
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Bandgap and PL Spectra of Bismuth 
Ferrite-Nickel Ferrite Nanocomposites 
Synthesized by Wet Chemistry
Soumya Mukherjee1

Abstract: Perovskite bismuth ferrite and spinel nickel ferrite of the bismuth ferrite-nickel ferrite 
nanocomposite was synthesized using nitrate salts, glycerol and citric acid. Thermal analyses of 
mixed precursors were carried out to determine crystallization followed by annealing and phase 
analysis by XRD to determine the crystal structure of the sample. Optical properties of the 
synthesized samples were determined by UV-ViS spectra and PL spectra analyses. The bandgap was 
measured by a Tauc plot, while luminescence properties were measured from PL spectra analyses. 

Keywords: perovskite, spinel, bandgap, PL spectra

1. Introduction
Single-phase multiferroic materials are a 
challenge in modern science and technology. 
Multiferroics are phenomena that include 
multiple overlapping of ferroic orders, like 
ferroelectricity, ferromagnetism ferro-
toroidicity for single-phase or composite 
materials. Bismuth ferrite is a prominent 
material that possesses a distorted octahe-
dral structure and weak magnetism due to 
the spin cycloid magnetic moment, while 
oxygen vacancies are noted due to reductions 
at the B site of ABO3 perovskite from Fe3+ to 
Fe2+ states. Reduction of Fe states cause oxy-
gen vacancies, leading to current leakage, 

and thus restraining the application of bis-
muth ferrite for device fabrication. Opti-
mized doping of rare-earth and transitional 
metal ions is carried out at the A and B sites 
of perovskite bismuth ferrite to overcome the 
current leakage and make the material fit for 
possible device fabrication [1]. Ceram-
ic-based composite materials were recently 
noted to have versatile applications in differ-
ent domains, like coatings, insulation, optics, 
catalysts, memory devices, semi-conductors 
and others. Properties of the composites are 
influenced by both matrix and filler or rein-
forced material since the resulting property 
is the sum or product of properties of constit-

uent phases. The resulting property for the 
composite is different from the constituents’ 
properties, which leads to the newer develop-
ment of physical and chemical properties. 
This is due to the fact that individual phase 
contribution is noted to be about their 
weighted sum and also proportional to the 
volume fraction of phases. For composite 
materials, the magnetoelectric effect is a 
product tensor property and is found to be 
applicable for devices like switches, actua-
tors, magnetic field sensors, electronic mem-
ory devices, microelectronics, spintronics 
and others [2, 3]. The magnetoelectric effect 
is found to be more pronounced in compos-
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Figure 1 (a) UV-VIS spectra and 
(b) bandgap of 0.4BFO-0.6NFO 
composites synthesized after an-
nealing at 550 °C for 4 h (© Mukher-
jee)
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ite multiferroics than in single phases due to 
the product effect of two or more ferro-or-
ders from constituent phases [3]. Several 
composite materials, like NiFe2O4–BaTiO3 
[4], Ni0.8Zn0.2Fe2O4–Ba0.6Sr0.4TiO3 [5], (x)
Co0.5Zn0.5Fe2O4+(1-x)PLZT [6], multilayer 
c omp o site s  of  PZ T/ Ter fenol-D [7], 
BiFe0.5Cr0.5FeO3–NiFe2O4 [8] CuFe2O4- 
PZT [9], BiFeO3-PT [9, 16], NiFe2O4-PZT 
[10], BaTiO3–CoFe2O4 [11], BiFeO3–CoFe2O4 
[11, 13–15] and BiFeO3 BaTiO3 [12], are in the 
focus of magnetoelectric and multiferroic 
developments. There are still few research 
articles on composite materials based on bis-
muth ferrite nickel ferrite. The present arti-
cle focusses on the optical property of the 
perovskite-spinel composite as analyzed by 
estimation of the bandgap from the UV-VIS 
scan range by means of a Tauc plot. Further-
more,PL spectra analyses from the emis-
sion-excitation curve after wet synthesis of 
the composites with varying amounts of per-
ovskite-spinel were performed.  

2. Experimental
High purity AR grade precursors, like Bi-ni-
trate and Fe-nitrate (1:1 molar ratio), 2 moles 
of citric acid, Ni-nitrate, Fe-nitrate and eth-
ylene glycol were used for synthesizing the 
composite of bismuth ferrite-nickel ferrite. 
Initially, bismuth ferrite was prepared after 
heating the resulting solution of Bi-Fe 
nitrate, citric acid and ethylene glycol fol-
lowed by sintering at 450 °C for 2 h. Next, the 
spinel component nickel ferrite was pre-
pared using Ni-Fe nitrate and ammonium 
hydroxide solution as precursors. The Ni-Fe 
hydroxide obtained after precipitation was 
mixed with perovskite in a molar ratio of  
0.6:0.4 and 0.4:0.6 and, finally, heated in air 
atmosphere at 550 °C, 600 °C and 700 °C for 
4 h to obtain the composite material. The 
details of the synthesis were clearly stated in 
a previous article by the author [19]. The 
details of the thermal analysis phase devel-
oped along with the strain induced due to 
composite formation and the M-O coordi-
nated bond, morphology and chemical anal-
yses of the synthesized sample were dis-

cussed in a previous article by the same 
author [19]. The finely ground mixture was 
then heated in a tube furnace at tempera-
tures of 550 °C, 600 °C and 700 °C for 4 h in 
normal air atmosphere. The analysis of the 
PL spectra was carried out in the 250–
500 nm scan range with a standard normal 
scanning rate, while the UV-VIS analysis 
was carried out in absorbance mode within 
a scan range of 200–700 nm. Both optical 
properties were in the UV-visible region of 
electromagnetic radiation.  

3. Results and discussion
Initially, thermal analysis of the mixed pre-
cursors was carried out to determine the 
crystallization temperature for phase forma-
tion. The thermal analysis aids in selecting 
the annealing or sintering temperature of 
the composite for proper phase formation. 
XRD analysis confirmed the required phases 
formed along with the planes of orientation, 
crystallite size estimation and strain induced 
due to the multiphase component by a 
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Figure 2 (a) UV-VIS spectra and (b) bandgap of 0.6BFO-0.4NFO composites synthesized after annealing 
at 550 °C for 4 h (© Mukherjee)
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Figure 3 (a) UV-VIS spectra (a) and (b) bandgap of 0.6BFO-0.4NFO composites synthesized after anneal-
ing at 700 °C for 4 h (© Mukherjee)
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Abstract
The impact ionization rate of electrons and holes in (0001)-oriented 4H-SiC has been measured under steady oblique mag-
netic field and hence, the influence of magnetic field on the breakdown characteristics of 4H-SiC diodes has been investi-
gated. A set of three diodes having p+–n–n+ structure and another set of three diodes having n+–p–p+ structure have been 
grown on (0001)-oriented n+ and p+ 4H-SiC substrates using chemical vapor deposition (CVD) technique with different 
epitaxial layer thicknesses for carrying out the measurements within the electric field range of 2.5 × 108–4.0 × 108 V  m−1. 
The ionization rate data are extracted from the photomultiplication measurements using ultra-violet light source of 260-nm 
wavelength. The ionization rates are found to be decreased with the increase of the magnetic field strength, especially at low 
electric fields; this decrement is found to be more pronounced in the ionization rate of electrons than the same of holes. A 
theoretical model developed by the authors is used to calculate the breakdown voltage of the 4H-SiC diodes. The numerical 
results are compared with the experimentally measured breakdown characteristics and those are found to be in good agree-
ment within the externally applied magnetic field strengths of 0–1500 Gauss. Breakdown voltage of a diode is found to be 
increased due to the presence of magnetic field; the maximum values of these said increments are found to be around 5% 
and 2.6% in p+–n–n+ and n+–p–p+ diodes, respectively. Better magnetic field sensitivity is observed in the diodes having 
broader epitaxial layer widths.

Keywords Ionization rate · Magnetic field · Photomultiplication · SiC

1 Introduction

Some extraordinary electronic properties such as high 
carrier mobility, wide bandgap, high critical electric field 
strength, etc. as well as a lucrative thermal property, i.e., 
high thermal conductivity of silicon carbide (SiC), espe-
cially of its 4H-polytype are recently attracting the attention 

of researchers for fabricating high-voltage, high-power semi-
conductor devices with considerably high operating speed 
[1]. High-voltage semiconductor diodes, Schottky barrier 
diodes, p–i–n diodes, MOSFETs, bipolar devices and switch-
ing devices-based 4H-SiC have been demonstrated in recent 
past and some of those have already been commercialized 
for ultra-high-voltage applications [2–4]. The breakdown 
voltage is an important parameter which determines the high 
voltage rating of a power semiconductor device; whereas the 
breakdown voltage strongly depends on impact ionization 
rate of electrons and holes in the base semiconductor mate-
rial. Several researchers have measured the ionization rate of 
charge carriers in 4H-SiC by utilizing different experimen-
tal measurement techniques. Electron and hole ionization 
rates (αe and αh) in epitaxial 4H-SiC were first measured 
by Konstantinov et al. in the year 1997; they used the pho-
tomultiplication technique for measuring the electric field 
dependence of αe and αh in 4H-SiC at the room temperature 
(300 K) [5]. In the same year, Raghunathan et al. adopted the 
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Utility of the reverse double-drift region (DDR) structure has been studied for fabricating the gallium 

nitride impact avalanche transit time (IMPATT) diode operating at 1.0 terahertz (THz). Static and large-

signal simulations have been carried out in order to verify the THz capabilities of conventional (normal) 

and reverse DDR structures. It is revealed that IMPATT operation is only possible in a reverse GaN DDR 

structure due to the lower value of series resistance of it as compared to the normal GaN DDR structure. 

Normal DDR GaN IMPATT cannot be operational at THz regime. Earlier, the authors had calculated the 

series resistance of conventional GaN DDR IMPATT diode designed to operate at 1.0 THz, however. They 

did not take into account the current crowing and spreading resistance at the ohmic metal contacts. That is 

why, the results were misleading. Those results lead to the conclusion that conventional THz GaN DDR 

IMPATT may produce sufficient effective negative resistance since the series resistance of it remains with-

in the range of 1.5-2.0 Ω. In this paper, authors have proposed a reverse DDR IMPATT structure exclusive-

ly for GaN material and THz frequency bands. By using this reverse DDR structure, p+-GaN ~ Ni/Au con-

tact can obtain a sufficient contact area, so that the anode-contact resistance can be minimized. A non-

sinusoidal voltage-excited large-signal model developed by the authors has been used to study the static 

(DC) and large-signal properties of conventional and reverse DDR structures at 1.0 THz. The present study 

on the evaluation of THz source seems to open a new horizon for THz researchers and scientists. 
 

Keywords: Double-drift region, GaN, IMPATT, Reverse DDR, Terahertz. 
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1. INTRODUCTION 
 

Several researchers have already explored the te-

rahertz (THz) proficiencies of gallium nitride (GaN). 

Especially, the potentialities of impact avalanche 

transit time (IMPATT) diodes based on GaN as THz 

sources are already well known [1-4]. The IMPATT 

diode can produce very small magnitude of negative 

resistance (|Rd| < 10 Ω) at THz regime. Therefore, the 

positive parasitic series resistance of the THz diode 

must be very small (Rs < |Rd|) in order obtain signifi-

cant output power at THz frequencies. The primary 

components of Rs are un-swept depletion layers, n+- 

and p+-contact layers and contact resistances due to 

anode and cathode ohmic metal contacts [5]. Very low 

resistivity of n+-GaN and Ti/Al/Ti/Au ohmic contact can 

be achieved (~ 10 – 8-10 – 6 Ωcm2) [6]. But sufficiently 

low resistivity of p+-GaN and Ni/Au ohmic contact is 

very difficult to achieve; the minimum achievable resis-

tivity remains of the order of 10 – 3-10 – 2 Ωcm2 [7]. 

Therefore, in order to keep the overall series resistance 

sufficiently low, the area of p+-GaN ~ Ni/Au contact 

must be as high as possible. In conventional n+-n-p-p+ 

DDR structure having p+-layer at the top may not pro-

vide sufficient contact area to the p+-GaN ~ Ni/Au con-

tact, especially at the THz frequencies. For this study, 

the material parameters of GaN are taken for the sim-

ulation from recently published literature [8-15]. 

 

2. REVERSE DOUBLE-DRIFT STRUCTURE 
 

A conventional GaN based DDR IMPATT structure 

is shown in Fig. 1a [8]. 

The initial substance is a p-type GaN substrate. An 

n+-buffer layer of around 10 m thickness can be grown 

on the p-GaN substrate; the donor concentration of n+-

buffer layer is 2.0×1024 m – 3. Next, the n+, n, p, and p+-

layers are successively grown on the n+-buffer layer in 

order to form a conventional DDR structure; thickness 

and doping concentration of each layer are shown in 

Fig. 1a. Anode is formed by depositing Ni/Au on p+-

layer, and similarly the cathode is formed by depositing 

Ti/Al/Ti/Au on n+-buffer layer (a ring-shaped cathode 

structure is elaborately described in an earlier paper 

[8]). In the reverse DDR IMPATT structure, the order 

of layers of conventional DDR is reversed; it is shown 

in Fig. 1b. Here, the initial substance is n-type GaN 

substrate over which a p+-buffer layer can be deposited. 

http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
http://sumdu.edu.ua/
https://doi.org/10.21272/jnep.13(3).03014
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ভানফতা, বফৌদ্ধ ধভম  অম্বেদকয: একটি টফম্বেলণ 

ড. করযাণ ফযানার্মী 
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Abstract 

It is needless to say that, the Philosophy of Gautama Buddha and Dr B.R. Ambedkar is the burning 

example to establish humanism as the basic identity of the human being.  We can see that in any 

religion humanism gets the first priority as the basic identity of the human being. Gautama Buddha 

and Dr B.R. Ambedkar, both the Philosophers of two different eras put much emphasis to construct 

some procedures by which human being can be completely released from religious struggles. The 

main objective of the both Philosophers is to humanize the human being. We may say Philosophy of 

Buddha and Ambedkar is a process of humanization of the human being. In this regard it can be 

said that, Dr B.R. Ambedkar has established the ethical standpoint of Gautama Buddha regarding 

humanism through constitutional rules and regulations. This paper mainly focused on this 

discussion regarding Humanism in the light of the Philosophy of Gautama Buddha and Dr B.R. 

Ambedkar.  
 

    ভানুল ভানটফক উাদান টনম্ব র্ন্মগ্রণ কযম্বফ এিাআ স্বাবাটফক, তম্বফ ভানুলম্বক কখম্বনাআ াটফকতা গ্রা কম্বযনা এভন 

ন। এপ্রম্বঙ্গ ফরা বমম্বত াম্বয বম, ভানুলম্বক শুয াটফকতা গ্রা কম্বযনা ফযং ভানুলআ তায স্বকীতা টযতযাগ কম্বয 

টনম্বর্ম্বক াটফক কম্বয বতাম্বর। ব বুম্বর মা বম, ব ভানুল, ভানটফকতা তায প্রধান অশ্র। অম্বর ভানটফকতা বকান 

চাদম্বযয ভত অফযণ ন, মা মখন খুট গাম্ব র্ড়াম্বনা মা অফায খুম্বর বপরা মা। টফজ্ঞানম্মত বাম্বফ এিা প্রটতটিত বম, 

অত্মটফস্মৃত া ভানফর্াটতয এক স্বাবাটফক ধভম, মায পম্বর ভানুল ভাম্বে ভাম্বে টনর্ ঐটতয বুম্বর ভানটফকতাম্বক গাম্বয 

চাদম্বযয ভম্বতা ফযাফায কম্বয এফং নয-শু ম্ব ম্বে। তখন ভানুল বম শুধু ভনুম্বলযতয প্রাণীম্বক বালণ কম্বয, তযাচায কম্বয 

এভন ন, ভানুম্বলয দ্বাযা ভানুল বাটলত, টনীটড়ত ম্বত থাম্বক। ভানুল তায টনম্বর্য ততটয কযা তনটতক  ভানটফক টফটধ-

টনম্বলম্বধয গুটরম্বক না-বদখায বান কম্বয, একথা ফরা বমম্বত াম্বয উম্বক্ষা কম্বয। এভতাফস্থা ব ফুেম্বত ক্ষভ  বম, তায 

দ্বাযা নয ভানুম্বলয বালণ অম্বর স্ব-বালণ। এআ বাম্বফ ধীম্বয ধীম্বয ব টনম্বর্য কফয টনম্বর্আ খুুঁড়ম্বত থাম্বক। ভানুল উচ্চ, নীচ, 

ফণম-র্াত-াত প্রবৃটত ীভাম্বযখায দ্বাযা টনম্বর্ম্বক এফং নযম্বক ীভাীত কযম্বত থাম্বক, পরতঃ টনম্বর্য দ্বাযাআ টনম্বর্ম্বক 

ীভাটত কম্বয এফং শুয াটফকতায কাম্বে ায ভানম্বত ফাধয  ফা ফযতা স্বীকায কম্বয। নযম্বক টনীড়ন কম্বয উল্লা 

কম্বয, ম্বনযয উন্নটতম্বত ফাধা টদম্ব টনম্বর্ ুখী ায বচষ্টা কম্বয। পরতঃ ভানটফকতায ম্মুম্বখ এক ভানটফক বচাযা 

উস্থান কম্বয শু দৃ ভানুল (মাম্বক বগাদা ফাংরা ভানুল ফম্বর) ম্ব একটদন ৃটথফী বথম্বক টচয টফদা বন, নটিত 

ায ফদম্বর টনটিত । এযআ াাাট অয এক যকভ টচত্র অভাম্বদয াভম্বন প্রটতবাটত  ফা ম্বত বদখা মা, 

বমখাম্বন ভানুল টনম্বর্য ভগ্র র্ীফন ম্বনযয র্নয টনম্বফদন কযম্বেন টনঃস্বাথম বাম্বফ, শুধু ভানফতা প্রটতষ্টায রক্ষযম্বক াভম্বন 

বযম্বখ। ভানফম্বফাম্বক াম্বথ কম্বয ম্বফমাতবাম্বফ ম্বনযয করযাম্বণ টনম্বর্ম্বক টনম্বাটর্ত কম্বযম্বেন এক যভ অদম প্রটতিায 

উম্বেম্বয। দমন টচন্তায আটতা মমাম্বরাচনা কযম্বর উক্ত বাফনায প্রটতপরন টযরটক্ষত  ম্বনক দমন ম্প্রদা ফা 

দামটনম্বকয দামটনক উরটিয ভম্বধয। বগৌতভ ফুদ্ধ  অম্বেদকয দুআ মুম্বগয এআ দুর্ন দামটনক ম্বফমাতবাম্বফ ম্বনযয করযাম্বণ 
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INDIAN PHILOSOPHICAL TRADITION AND WAY OF LIFE: AN 

EXPLORATION 

Dr Kalyan Banerjee 

Associate Professor of Philosophy, Kazi Nazrul University, Asansol, West Bengal. 

Abstract 
Different schools of Indian philosophy appeared and responded to social needs at 

different times and had been developed complying with the nature of the need. In Indian 
philosophy, it can be claimed that a spiritual attitude towards the world and life have always 

been reflected and no dissatisfaction to the world and life prevailed. The discussion of worldly 

sorrows and suferings has not been neglected but it has been discussed by presenting various 

worldly sorrows and sufferings and has discussed the way to liberation from spiritual, ethical
and practical point of view. Indian Philosophy is not a platform only for the practice of theory; 

it's a platform for the analysis of deep thinking and perseverance with explanation of every 

question of the world and life. It can be said that, Indian philosophy is linked with life and 

every aspects of life are reflected here. In philosophical tradition of India practice of good 

conducts, exercise of moral attitudes, practice of yoga, analysis of deep thinking etc. are 

included as inalienable or integral path to have an enlightened life. Indian philosophy is 

accompanied by the practice of way of life, and placed as a spiritual and ethical guide to make 

us realize the meaning of life, awakened us to sacrifice and to serve. This paper seeks to 

analyze the discussion of different schools of Indian philosophy regarding the positive and 

practical approach towards the life and reality in accordance with the ideology of 

philosophical traditions of India. 

Keywords: Sorrows and Sufferings, Life and Reality, Ethics, Spiritual thought, Realization. 

India is an ancient place of disciplined and excellent intellectual thought. In fact, 

the geographical location of India paved the way for India to create a conducive environment 

for the practice of philosophy and culture. Productive and exquisite nature, leaves and flowers 

of different colors and classes, different trees, well-arranged forests have made the Indians in 

high spirits. It seems that because of this they were able to face spiritual and higher thoughts. 

Many years before the various questions about life and the world were borm in the soil of this 

country. Various sages have pursued and cared for all those various questions about life and 

the world through their intellectual insight and self-consciousness. The resut of which is 

today's Indian philosophy or Bh�ratiya Dar[ana. Indian philosophy is associated with the 

highly intellectual skills supported by a way of life. It aims to provide the livelihood guided 

by spiritual, ethical and practical outlook. Indian philosophy is a comprehensive system for 

attaining experience of the supreme realty. Though we can see that there are devotional hours 

of worship, prayer, meditation ete. are included, but it is not a religion, for it has nothing to 

do with the confines ritual or dogma, rather we can see practice of good conducts, exercise of 

moral attitudes, practice of yoga etc. as pathway to enlightened life. Indian philosophy is 

accompanied by the practice of way of life, and placed as a spiritual and ethical guide to make 

us realize the meaning of life, awakened us to sacrifice and to serve. Indian Philosophy carries 

Volume-27, No.1(I) : 2020-2021 15 

my pc
Highlight



Highlight

Highlight

Highlight

Highlight

Highlight



my pc
Highlight

my pc
Highlight



my pc
Highlight



R Auwaa N UGC-CARIE IA) 

R 

.cPT 



, SOO FRJT 

. THCARA AA 

. MACATRA AAT, **inFI

CAT , CB-aÍRA3,1Do>.cTaT-1.Cafnata, *.a71 

CAT.-Ddos99ucto 

Highlight



t INGG..******** ** .. 

: AIN.. 

: AR.. **** 

...20 

:TCORIa AA.. .. 

.. 

..85 

8 

..8 

:6TTTY... 

:CT11TU... 

R.. .br . 

8.5PT (JI14JTCHE IJE:CON 
.0 

my pc
Highlight

my pc
Highlight

my pc
Highlight



.So 
A A..... 

: CttAN H33 MCF: TG 7.....S 
... .SS 

. 

: AA.. 

... .So 

84 

....... .>CA 

: b C. ....SL** **** 

8. -aF UTCMIT ($d89-99) : IRT TG 

*** .. ....1d 

.S 

.. ....SdU

: AI..... 

...S 

..d 

:1aR15 (R).... 
. 

..8 



:3 B@qd1.... . ...2KU 

S ..... 
.. 

A ASPOT........Ab 

T. .oS . 

::T CAN.... 
...009 

8 MT TE: COTRAII 5ONTUI; FRTTH

. 

....0O 

..99 

itfoTa fafaafet: . a RA.... ..985

:. AAN.... 
8r R : 9P6 AIPP::G.(TIU ARI. 

:. ( E5.... 00 

: . TR R.... .95 

TPTH 3yRI:: . 1G SM... ....bS 

my pc
Highlight

my pc
Highlight



98 

:. ENORIO A......... .. 80 
* 

Pta CabT:: . RR . 8 

TStsT: U. ATT ....... 8 

::. oT 7..... .....89 

... . .89 

::. RM... 889 

..84 

:. T CTT... 8 

:. f 5t811O... ...8 

.8A9 

:. 7n FAT 1DRT.. 819 

::. ls A.. ..8b8 

.. .80 

ooFTRATbfo.. 
oooUGC--CARE list. 

. 8db 

.&O 

my pc
Highlight

my pc
Highlight



(common structure of world)4MA UTfbu A IKAA, RAPT A,ATATA 

HEID u , ceCbI , sPGb fe, 

my pc
Highlight



. q AHT 

, , aY, a, AUA-TR, CeUI, *7, , UTRAUT, 

(nihilism) 7 aaCE THTC79TTTT (indescribable) 

my pc
Highlight

my pc
Highlight



. tt ajas 

1RT 

, R 7R, I, YaRPII, PII, TIII, AI5J1R, aTN 

-ACR-7RTSN, ACR-RTAY, TA, 7arA, 791A613, 2ta14, AC1 YART, 

80 

my pc
Highlight

my pc
Highlight



FRT 

.T.80 
CTRFHIE, Cg. 

Highlight



G 

A 

my pc
Highlight

my pc
Highlight



1 

G 
A 

A 
A 

A 

my pc
Highlight



Sambodhi 
UGC Care Listed Journal ISSN No: 2249-6661

Vol-43, No.-4, (0) October-December (2020) 

Editor-in-Chief 

Dr. J.B Shah 

VDAIR ALPATBH MUSEUM

UGC Care Approved International Indexed and Referred Journal 

IMPACT FACTOR: 5.80 

Published By: Lalbhai Dalpatbhai Institute of Indology 



1
3

. T
H

E
 R

E
L

A
T

IO
N

S
H

IP
 B

E
T

W
E

E
N

 W
O

M
E

N
 A

N
D

 E
N

V
IR

O
N

M
E

N
T

 A
N

D
 T

H
E

 R
O

L
E

 O
F

 w
O

M
E

N
 F

O
R

 

E
N

V
IR

O
N

M
E

N
T

A
L

 P
R

O
T

E
C

T
IO

N
 IN

 IN
D

A
 

84-90 
S

a
n

jib
 S

a
rd

a
r 

1
4

. R
O

L
E

 O
F RU

RA
L T

O
U

R
IS

M
 E

N
T

R
E

P
R

E
N

E
U

R
S

H
I
P

 IN
 E

C
O

N
O

M
I
C

 D
E

V
E

L
O

P
M

E
N

T
 O

F
 IN

D
IA

 

IM
P

A
C

T
, C

H
A

L
L

E
N

G
E

S
 A

N
D

 O
P

P
O

R
T

U
N

I
T

I
E

S
 

91-99 
D

r. A
nil S

h
arm

a 

15. 
B

U
S

IN
E

S
S

 E
T

H
C

S
: T

H
E

 N
E

X
T

 F
R

O
N

T
IE

R
 F

O
R

 G
L

O
B

A
L

IZ
IN

G
 IN

D
IA

N
 C

O
M

P
A

N
IE

S
 

100-107 
D

r. A
n

il S
h

a
rm

a
 

1
6

. A
N

 A
P

P
R

O
A

C
H

 T
O

 B
R

A
N

D
IN

G
 S

E
R

V
IC

E
S

 A
N

D
 IT

'S
 R

O
L

E
 IN

 S
E

R
V

IC
E

 S
E

C
T

O
R

 

D
r. A

nil S
h

arm
a 

108-113 

1
7

. 
U

N
D

E
R

S
T

A
N

D
IN

G
 S

O
U

T
H

 A
S

IA
N

-S
O

U
T

H
K

O
R

E
A

N
 C

U
L

T
U

R
A

L
I
N

T
E

R
F

A
C

E
 A

T
 

w
O

R
K

 P
L

A
C

E
 IN

 S
O

U
T

H
 K

O
R

E
A

 

M
a
n

ish
 K

uam
ar B

arm
w

al 
114-125 

1
8

. E
F

F
E

C
T

 O
F

 S
P

O
R

T
S

 A
C

C
O

M
P

L
IS

H
M

E
N

T
S

A
N

D
 G

E
N

D
E

R
 O

N
 P

S
Y

C
H

O
L

O
G

I
C

A
L

 B
U

R
N

O
U

T
 

A
M

O
N

G
 N

A
T

IO
N

A
L

 K
A

B
A

D
D

I P
L

A
Y

E
R

S
 

Jite
n

d
ra

 K
u

m
ar, D

r. Y
u

w
raj S

h
riv

a
sta

v
a

126-131 

1
9

. A
 C

O
N

T
E

M
P

O
R

A
R

Y
M

U
S

L
IM

 W
O

M
A

N
 S

C
H

O
L

A
R

 L
A

IL
A

 B
A

K
H

T
IA

R
'S

C
O

N
T

R
IB

U
T

IO
N

T
O

 

IS
L

A
M

IC
 L

A
W

 

D
r. N

azir U
l Islam

 
1

3
2

-1
3

5
 

2
0

. L
IB

E
R

A
T

IO
N

A
S

 IN
T

R
IN

S
IC

V
A

L
U

E
: IN

 T
H

E
 L

IG
H

T
 O

F
 IN

D
IA

N
 P

H
IL

O
S

O
P

H
IC

A
L

P
E

R
S

P
E

C
T

IV
E

D
r. K

alyam
 B

an
erjee 

1
3

6
-1

4
5

 

2
1

. A
 C

O
M

P
A

R
A

T
IV

E
O

V
E

R
V

IE
W

 O
F

 C
R

IM
E

 A
G

A
IN

S
T

 W
O

M
E

N
 IN

 A
R

U
N

A
C

H
A

L
P

R
A

D
E

S
H

 

M
s. L

ham
u Y

angchin 
1

4
6

-1
6

5
 

my pc
Highlight

my pc
Highlight



Sa
m

bo
dh

i 
ISS

N:
 2

24
9-6

66
 

(U
GC

 Ca
re 

Jo
ur

na
l) 

Vo
l-4

3, 
No

.-4
, (

0)
 O

cto
be

r- r-D
ece

mb
er (

202
0) 

L
IB

E
R

A
T

IO
N

 A
S

 I
N

T
R

IN
S

IC
 V

A
L

U
E

: 
IN

 T
H

E
 L

IG
H

T
 O

F
 I

N
D

IA
N

 

P
H

IL
O

S
O

P
H

IC
A

L
 P

E
R

S
P

E
C

T
IV

E
 

D
r. 

K
al

ya
n 

B
an

er
je

e 
A

ss
oc

ia
te

 P
ro

fe
ss

or
 o

f 
P

hi
lo

so
ph

y 
K

az
i 

N
az

ru
l 

U
ni

ve
rs

it
y,

 A
sa

ns
ol

, 
W

es
t 

B
en

ga
l 

A
bs

tra
ct

 
T

hi
s 

pa
pe

r 
se

ek
s 

to
 a

na
ly

ze
 t

he
 n

ot
io

n 
o

f 
li

be
ra

ti
on

 i
n 

th
e 

li
gh

t 
o

f 
In

di
an

 p
hi

lo
so

ph
ic

al
 

tr
ad

it
io

n.
 I

n 
th

is
 r

eg
ar

d 
it

 i
s 

an
 a

tt
em

pt
 t

o 
sh

ow
 t

h
e 

po
si

ti
ve

 a
nd

 p
ra

ct
ic

al
 a

pp
ro

ac
h 

o
f 

th
e 

In
di

an
 S

ch
oo

ls
 o

f 
ph

il
os

op
hy

 t
ow

ar
ds

 t
he

 l
if

e 
an

d 
re

al
it

y.
 T

h
e 

sc
ho

ol
s 

o
f 

In
di

an
 p

hi
lo

so
ph

y 

pu
t m

uc
h 

em
ph

as
is

 to
 c

on
st

ru
ct

 a
 l

if
es

ty
le

 a
nd

 a
ls

o 
m

en
ti

on
 s

o
m

e 
pr

oc
ed

ur
es

 b
y 

w
hi

ch
 h

um
an

 

be
in

g 
ca

n 
b

e 
co

m
pl

et
el

y 
re

le
as

ed
 f

ro
m

 s
or

ro
w

s 
an

d 
su

ff
er

in
gs

 o
f e

ve
ry

da
y 

li
fe

. 
In

 t
hi

s 
ar

tic
le

 

I 
ha

ve
 t

ri
ed

 t
o 

sh
ow

 t
he

 a
tte

m
pt

s 
o

f 
th

e 
In

di
an

 S
ch

oo
ls

 o
f 

ph
ilo

so
ph

y
to

 s
ho

w
 t

he
 p

at
h 

to
 

ov
er

co
m

e 
so

rr
ow

s 
an

d 
su

ff
er

in
gs

 o
f 

hu
m

an
 l

if
e 

an
d 

th
e 

w
ay

 t
o 

un
de

rs
ta

nd
th

e 
ac

tu
al

 n
ot

io
n 

o
f 

li
be

ra
ti

on
as

 i
nt

ri
ns

ic
va

lu
e.

 T
he

 p
ap

er
 a

ls
o 

fo
cu

se
s 

o
n

 t
he

 d
is

cu
ss

io
n

o
f 

fo
ur

 f
ol

d 
sc

he
m

e 

o
f 

co
nv

en
ti

on
al

va
lu

es
 

w
hi

ch
 

is
 k

no
w

n 
in

 
In

di
an

 p
hi

lo
so

ph
y

as
 

pu
ru

_�
rt

ha
.

T
he

se
 a

re
 

ar
th

a,
 k

äm
a,

 d
h

ar
m

a 
an

d
 m

ok
sa

. 
m

ok
sa

 w
hi

ch
 

is
 

tr
an

sl
at

ed
in

 
E

ng
li

sh
 a

s 
li

be
ra

ti
on

is
 

co
ns

id
er

ed
as

 t
he

 h
ig

he
st

 e
nd

 o
f 

li
fe

 o
r p

ar
am

a-
pu

ru
s�

rt
ha

. 
I 

ha
ve

 t
ak

en
 t

h
e 

op
po

rt
un

it
y

to
 

ex
pl

ai
n 

th
e 

di
vi

si
on

 b
et

w
ee

n 
in

st
ru

m
en

ta
l

va
lu

e 
an

d 
th

e 
in

tr
in

si
c

va
lu

e 
in

 t
h

e 
li

gh
t 

o
f 

bo
th

 

as
ti

ka
 (

th
ei

st
) 

an
d 

n�
st

ik
a 

(a
th

ei
st

)
sc

ho
ol

s 
o

f 
In

di
an

 p
hi

lo
so

ph
y.

I 
ha

ve
 a

ls
o 

tr
ie

d 
to

 s
ho

w
 

w
hy

 li
be

ra
ti

on
 o

r
 m

ok
sa

 is
 c

on
si

de
re

d
a
s
 in

tr
in

si
c

va
lu

e.
 

K
ey

w
o

rd
s:

 
In

di
an

 p
hi

lo
so

ph
y,

 L
ib

er
at

io
n,

 
m

ok
_a

, 
pu

ru
s�

rt
ha

,
S

or
ro

w
s 

an
d 

su
ff

er
in

gs
,

V
al

ue
.

A
ll

 t
he

 h
u

m
an

 b
ei

ng
 f

ro
m

 t
he

 f
ir

st
 c

ry
 t

o 
th

e 
la

st
 g

ro
an

 f
ac

es
 d

if
fe

re
nt

ty
pe

s 
o

f 
un

w
an

te
d 

si
tu

at
io

ns
. 

T
h

at
's

 w
hy

 h
um

an
 b

ei
ng

 a
ls

o 
in

vo
lv

ed
 in

 f
in

di
ng

 o
u

t t
he

 w
ay

s 
or

 m
ea

ns
 b

y 
w

hi
ch

 

he
 c

ou
ld

 t
ra

ns
ce

nd
 h

im
 f

ro
m

 t
ha

t 
un

w
an

te
d 

si
tu

at
io

ns
. 

T
hi

s 
ty

pe
 o

f 
id

ea
 i

s 
ve

ry
 c

om
m

on
 to

 

ev
er

yd
ay

 l
if

e 
o

f 
ev

er
y 

hu
m

an
 b

ei
ng

. 
It

 m
ay

 b
e 

sa
id

 t
ha

t 
th

is
 i

de
a 

le
ad

s 
to

 t
he

 c
on

ce
pt

 o
f 

li
be

ra
ti

on
 o

r 
fr

ee
ne

ss
. 

A
ll

 th
e 

hu
m

an
 b

ei
ng

 w
an

ts
 to

 l
ib

er
at

e 
h

im
se

lf
 fr

om
 h

is
 d

is
sa

ti
sf

ac
ti

on
s.

 

U
nw

an
te

d 
si

tu
at

io
n 

o
r 

th
e 

di
ss

at
is

fa
ct

io
n 

o
f t

he
 h

um
an

 b
ei

n
g

 is
 t

er
m

ed
 a

s 
pa

in
 o

r 
so

rr
ow

 a
nd

 

su
ff

er
in

g
in

 I
nd

ia
n 

ph
il

os
op

hy
.

In
 t

hi
s 

re
ga

rd
 i

t 
is

 v
er

y 
in

te
re

st
in

g 
to

 s
ee

 t
ha

t 
th

e 
In

di
an

 

ph
il

os
op

hi
ca

l
S

ch
oo

ls
 h

av
e 

a 
po

si
ti

ve
 a

nd
 p

ra
ct

ic
al

ap
pr

oa
ch

 to
w

ar
ds

 t
he

 h
um

an
 l

if
e 

an
d 

w
e 

ca
n 

al
so

 s
ee

 th
at

 th
e 

sc
ho

ol
s 

o
f I

nd
ia

n 
ph

il
os

op
hy

ha
ve

 d
ea

lt
 a

 l
ot

 r
eg

ar
di

ng
th

e 
w

or
ld

ly
 p

ai
n 

o
r 

so
rr

ow
s 

an
d 

su
ff

er
in

gs
w

it
h 

a 
fo

re
m

os
t 

im
po

rt
an

ce
.

T
h

e 
sc

ho
ol

s 
o

f 
In

di
an

 p
hi

lo
so

ph
y 

pu
t 13
6 

C
op

yr
ig

ht
 ©

20
20

A
ut

ho
rs

 

my pc
Highlight



ISSN: 0022-3301 

THE 

JOURNAL 
OF 

ORIENTAL RESEARCH 
MADRAS 

(Founded by Mm. Prof. S. Kuppuswami Sastri, M.A.) 

Vol. XCII-I February 2021 

THE KUPPUSWAMI SASTRI RESEARCH INSTITUTE, MYLAPORE 

MADRAS 



Members 1944-49 
Rao Bahadur GANatesan 1944-69 
Rao Bahadur Prof.D.S.Sarma 

1944-69 
Dewan Bahadur KS.Ramaswami Sastri 

1944-56 
Prof. P.N.Srinivasachariar 

1944-82 
Sri N Raghunatha lyer 

1944-51 
Prof. T Chandrasekharan 

1951-62 
Sni T.V.Viswanatha lyer 

1951-56 
Sri T.KRajagopala lyer 

1962-83 
Sri R Rangachari 

1962-78 
Sri D.Ramalinga Reddy 

1962-81 
Sri M. M.Gurunath 

1944-51 Prof. T Chandrasekharan 

1979-83: 1992-05 Dr. K.K Raja 

Dr. N. Veezhinathan 1979-83 

Sri P.V.Sivarama Dikshitar 1983-92 

Dr.S.S.Janaki 1983-99 

Smt Indira Ramadurai 1983-92 

Sni M.Ganapathi 1989-99 

Dr.C.S. Sundaram 1999-2021 

The Joumal of Oriental Research Madras 

Started by Mm. Prof. Kuppuswami Sastri in 1927, it was entrusted with the Institute 

from 1944. Till now 90 volumes have been published. The Journal, admittedly reputed 
for original research and scientific investigation, caries general, critical and research

articles on diverse indological subjects. Also critically edited rare texts, serially appear 
as supplementary to the volumes and later get published as independent books. The 
Jounal of Oriental Research is an Interdisciplinary Multilingual UGC Care Listed 
Jounal bearing an ISSN Number of 0022-3301. 



L.ASTUDY OF GROWTH AND DEVELOPMENT OF SECONDARY EDUCATION IN URBAN 

PUNJAB WITH SPECIAL REFERENCE TO PATIALA CITY 
441-447

By: Mandeep Kaur 

L. IMPACT OF PERFORMANCE APPRAISAL ON JOB SATSFACTION AT AVIATION SECTOR 

448-452 

By: Asima Aziz, L. Sudhakar Reddy 

LI. THE RELIGIOUS IDEOLOGY OF SWAMI VIVEKANANDA AND THE FORMATION OF SOCIETY 

453-459 
By: Dr Kalyan Banerjee 

LII. ADJUSTMENT OF PUBLIC AND PRIVATE SECONDARY SCHOOL LEARNERS IN MANIPUR 

By: Caroline Ngailiankim 
460-470 

LIV. POLITICAL AND GEOGRAPHICAL GLIMPSES OF THREE REGIONS OF ERSTWHILE STATE 

OF JAMMU AND KASHMIR 

By: Dr. Gh Mohd Sheikh 471-476 

LV. CUSTOMER INSIGHTS APPROACH BASED ON LOCATION INTELLIGENCE 

By: Praveen Kumar, Prof. (Dr.) Mohit Gangwar 477-486 

LVI. PROBLEMS AND CHALLENGES FACED BY WORKING wOMEN IN TAMILNADUU 

By: Dr. B. Vijayalakshmi 487-493 

LVI. BRITISH SOCIAL LIFE IN MADRAS PRESIDENCY 

By: Dr.I. Princes 494-503

my pc
Highlight

my pc
Highlight



THE JOURNAL OF ORIENTAL RESEARCH MADRASS ISSN:0022-3301 |FEBRUARY 2021453 

THE RELIGIOUS IDEOLOGY OF SWAMI VIVEKANANDA AND THE 

FORMATION OF SOCIETY* 

BY 

Dr Kalyan Banerjee* 

Associate Professor of Philosophy 

Kazi Nazrul University, Asansol 

West Bengal. 

ABSTRACT 

Swami Vivekananda was a spiritual guide of modern India. He wanted to build a new social 

order and tried to construct a new civilization in which the best spiritual traditions of India would be 

combined. Vivekananda's message of reform filled the stream of social life with a new abundance, 

when the stream of social reform was being hampered by various customs and various rituals. 

Vivekananda considers religion as a special part of society and according to him religion is the only 

tool to move the whole human race forward on the path of truth, beauty and welfare. The image of 

religion that he has emerged is full of honest, moral and spiritual purity. Vivekananda preached the 

ideals of humanity, sacrifice and service all over the world. Swami Vivekananda raised his voice for 

this universal religion. He wanted to establish a new reformed society. The basis of which would be 

religion. To him to establish a new reformed society, religious reform is necessary, but it would not 

be possible if we think social reform is drastically different from religious reform. Swamiji's constant 

research was on how the ideology of social reform is established through religious reform or how the 

ideal society is formed. He thought that the first need for religious reform is to develop spiritual 

consciousness in the life of the people. However, this consciousness is not a miraculous 
consciousness; it is an extreme real and moral consciousness. According to him spiritual 
consciousness is nothing new to establish but to motivate people by his humanity through morality 
which is fully based on love, sacrifice and service for others. Social reform is impossible without this 
awakening part of religious motivation in the minds of the people. This work is an attempt to focus on 
the role of religion in the formation of a healthy society in the light of religious ideology and 

understanding of the universal religion of Swami Vivekananda. 

Keywords: Society, Religion, Humanity, Service, Reform. 
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Raja Rammahun Roy, Maharshi Debendranath Tagore, Ishwar Chandra Vidyasagar, Swami 
Vivekananda carried the message of a social reform that has made Bengal and India a unique place on 
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Abstract
Earthquakes have been the most well-known and commonly occurring geophysical disaster on Earth. The causes of their 
occurrences have been deduced by the exploration of various geological phenomena. Global temperature is a major climate 
variable that has a wide impact on the Earth’s ecology and civilization. Global temperatures have also progressively risen as 
a result of the industrial revolution and urbanization. The correlation between earthquakes and rising global temperatures has 
been proposed before but has not been empirically verified. An investigation has been made to find the correlation between 
the two dynamics using the most popular deep learning-based tools. The magnitude of globally occurring earthquakes and 
global temperature fluctuations are used as the experimental dataset for this study. The dataset has been fed into neural net-
works with four types of recurrent units: simple recurrent neural networks, gated recurrent units, long short-term memory 
units, and bidirectional long short memory cells. These models have been validated using well-known metrics, namely, 
mean absolute error (MAE), mean squared error (MSE), mean absolute percentage error (MAPE), and log-cosh loss. The 
value of these cost functions converges to a small value for the long short-term memory model (MAE = 0.31, MSE = 0.19, 
MAPE = 0.63, and log-cosh loss = 0.14), which signifies the existence of a strong correlation between the magnitude of 
earthquakes and global temperature fluctuations.

Keywords Earthquake occurrences · Global temperature · Deep neural network (DNN) · Recurrent neural network (RNN)

Introduction

An earthquake is the trembling felt on the Earth’s surface 
that occurs due to the unanticipated release of energy into 
the lithosphere. The intensity of earthquakes can range from 
almost unnoticeable to the intensity where they can uproot 
trees and cause huge destruction to civilization. An earth-
quake causes a wide-scale disruption of regular activities 

and demands immediate attention to casualties. Seismic 
activity is the number of tremors or vibrations experienced 
in the lithosphere of an area that developed the earthquakes. 
Seismic waves are generated from the energy released by 
tectonic plates under the crust. They are the most common 
around faults and occur due to a fracture or slip produced 
beneath the Earth’s surface. The sudden breakage or dis-
integration of rock along a fault causes seismic waves. It 
makes the ground tremble. Friction is caused by rocks that 
slide across one another along tectonic plates. The move-
ment of the rocks against one another creates pressure and 
tension between them. When the pressure reaches a certain 
threshold, the rocks break, and earthquakes are triggered. 
The focus of an earthquake is the location beneath the crust 
where the rocks break. The epicenter is the location on the 
crust directly above the focus. Tectonic plate boundaries may 
be clearly distinguished on a map by a substantial number of 
faults along their edges. Earthquakes can cause disruptions, 
such as surface rupture, ground displacement, soil liquefac-
tion and landslides. If it is generated near the seabed, then it 
can also cause tsunamis. Volcanic eruptions can be caused 

Responsible Editor: Longjun Dong

 * Bikash Sadhukhan 
 bikash.sadhukhan@tict.edu.in

 Shayak Chakraborty 
 shayak.chakraborty.2017@cse.tict.edu.in

 Somenath Mukherjee 
 nitsom10@gmail.com

1 Department of Computer Science and Engineering, Techno 
International New Town, Kolkata, West Bengal, India

2 Nazrul Center of Social and Cultural Studies, Kazi Nazrul 
University, Asansol, India

http://orcid.org/0000-0001-5469-0711
http://orcid.org/0000-0003-1729-0502
http://crossmark.crossref.org/dialog/?doi=10.1007/s12517-021-09229-y&domain=pdf


Vol.:(0123456789)1 3

https://doi.org/10.1007/s12517-021-08946-8

ORIGINAL PAPER

Impact of climate change on seismicity:a statistical approach

Chiranjit Maji1  · Bikash Sadhukhan2  · Somenath Mukherjee3  · Saroj Khutia1  · Hirok Chaudhuri1 

Received: 20 July 2021 / Accepted: 11 November 2021 
© Saudi Society for Geosciences 2021

Abstract
Earthquakes are the shaking of the Earth’s crust, making quick energy discharge in the Earth’s lithosphere by creating seismic 
waves. The global temperature is a significant climate variable that affects the Earth’s ecosystem and civilization. The global 
temperature record indicates the average temperature of various periods across all locations in the globe. It is dependent on 
the amount of energy Earth absorbs from the Sun and emits back into space. The earthquake has always been a challenging 
exploration topic for the last few decades. Finding its association with global temperature fluctuations is also popular nowa-
days. This work aims to investigate the correlation and causal relation between rising global temperature and earthquake 
occurrences. In this regard, two dynamics, namely global temperature anomalies and the occurrence of earthquakes, have 
been taken from the Intergovernmental Panel on Climate Change (IPCC) and US Geological Survey (USGS), respectively. 
An endeavour has been taken to determine the degree of association between earthquake occurrence and global temperature 
fluctuation through the temporal variation analysis and correlation analysis for the Alaska region and global consequences. 
The results show that the global temperature anomalies strongly influence the earthquakes of minor magnitudes, specifically 
magnitude of 2.0 to 4.9 M. The study further investigates the causal relationship between earthquake occurrences and global 
temperature fluctuations by using the Granger causality test, which reveals bidirectional causality exists between the two 
dynamics. These results will help future researchers to create a suitable mathematical model to predict the future values of 
each dynamics using other's previous records.

Keywords Earthquake · Temperature anomalies · Correlation coefficients · Glacier melting · Linear regression

Introduction

Earthquakes are caused by the sudden displacement of tec-
tonic plates along fault lines on the Earth’s crust. The move-
ment releases energy from the accumulated “elastic strain” 
as seismic waves that propagates through the Earth and 
shake the ground surface. Such movement of faults is usually 
a reaction to long-term deformation and stress accumulation. 

Seismic waves are generated from the energy released by 
the tectonic plates under the Earth’s surface. They are the 
most prevalent around faults and happen due to a fracture or 
slip caused under the Earth’s surface. The significant faults 
located along the fringes of the tectonic plates are easily 
demarcated on a map.

Earthquakes can range in intensity from almost imper-
ceptible to powerful enough to uproot trees and cause the 
destruction of civilization. The earthquake is responsible 
for widespread interruption of daily operations and requires 
prompt attention to the sufferers. Earthquakes have been 
responsible for more than half of all deaths caused by natural 
catastrophes in the last two decades. For example, the North 
American San Andreas fault line that extends up to more 
than 1200 km across California is an active contact between 
the North American Plate and the Pacific Plate. This fault 
line has been known to cause substantial death and devasta-
tion during the past decades (Schulz & Wallace, 2016). The 
level of damage in each quake is greatly influenced by the 
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Abstract
The Stock Market is one of the most active research areas, and predicting its nature is an
epic necessity nowadays. Predicting the Stock Market is quite challenging, and it requires
intensive study of the pattern of data. Specific statistical models and artificially intelligent
algorithms are needed to meet this challenge and arrive at an appropriate solution.
Various machine learning and deep learning algorithms can make a firm prediction with
minimised error possibilities. The Artificial Neural Network (ANN) or Deep Feed‐
forward Neural Network and the Convolutional Neural Network (CNN) are the two
network models that have been used extensively to predict the stock market prices. The
models have been used to predict upcoming days' data values from the last few days' data
values. This process keeps on repeating recursively as long as the dataset is valid. An
endeavour has been taken to optimise this prediction using deep learning, and it has given
substantial results. The ANN model achieved an accuracy of 97.66%, whereas the CNN
model achieved an accuracy of 98.92%. The CNN model used 2‐D histograms generated
out of the quantised dataset within a particular time frame, and prediction is made on that
data. This approach has not been implemented earlier for the analysis of such datasets. As
a case study, the model has been tested on the recent COVID‐19 pandemic, which caused
a sudden downfall of the stock market. The results obtained from this study was decent
enough as it produced an accuracy of 91%.

KEYWORD S
artificial neural network, convolutional neural network, nifty, stock market

1 | INTRODUCTION

The stock market refers to the collection of markets and ex-
change centres where economic activities like buying, selling,
and deploying shares of publicly held companies take place.
Such financial practices are conducted through institutionalised
formal exchanges through over‐the‐counter marketplaces that
function under a defined set of regulations. The stock market is
a very dynamic and uncertain field, so the stock market's
prediction naturally becomes a burning topic. Due to the
advancement of computational power in recent times, pre-
dicting the stock market has been much faster and accurate.
Artificial Intelligence and machine learning models play a

crucial role in predicting the stock prices and, hence, deter-
mining an accurate result.

A large portion of the Indian stock market trading occurs
on two stock exchanges: the Bombay Stock Exchange (BSE)
and the National Stock Exchange (NSE). Both the exchanges
pursue the same trading method, trading hours, and settlement
process. BSE has more than 5000 listed firms, whereas its
counterpart NSE has about 1600 enlisted firms. Out of all the
listed firms on the BSE, only about 500 firms constitute more
than 90% of its market capitalisation; the rest consists of highly
illiquid shares. Almost all the major and giant trade firms of
India are enlisted on both exchanges. Both exchanges compete
for the order flow that results in reduced costs, market
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original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.
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Abstract
Earthquakes have long been studied as a geological phenomenon, and the nature of their occurrences has been investigated by
examining various geological events. Global temperature has been changing since the eighteenth century. A correlation between
these two dynamics has been suggested but has not been experimentally verified. This unprecedented work aims to consider the
magnitude of globally occurred earthquakes as a time series and analyse its nature using statistical signal processing tools. The
trends in global temperature have also been analysed similarly. This was done by primarily classifying the time series as fractional
Brownian motion or fractional Gaussian noise based on their power spectral density. The Hurst exponent for the time series was
computed using four standard methods, which exhibit that both dynamics are self-similar, anti-persistent, and fractional
Brownian motion in nature. Continuous wavelet transform–based semblance analysis of both the signals clearly shows the co-
relationship between the two dynamics. Finally, the Granger causality test has been implemented, which reveals that both
dynamics are caused by one another, and one is predictable using the other’s previous data.
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Introduction

The Earth’s crust is made up of tectonic plates that move over a
heated mantle layer. Earthquake usually occurs when these tec-
tonic plates rub against each other along their contact zones.
Earthquakes occur along fault lines, cracks in the Earth’s crust

where tectonic plates meet. Earthquakes produce four significant
types of elastic waves; two, termed body waves, traverse inside
the earth’s inner layers; while the other two, called surfacewaves,
travel across the Earth’s surface. Seismographs record the ampli-
tude and frequency of seismic waves and offer information about
the Earth and its subsurface structure. However, when dealing
with seismological problems related to geology, the geometry of
faults and the wave velocity structure of concerned areas are very
crucial. Therefore, it is an excellent choice to determine the ge-
ometry and velocity by tomography. Dong et al. adopted P wave
inversion considering active measurements and passive acoustic
emission data to detect complex geological structures (Dong
et al. 2020). The North American San Andreas fault line that
extends up to more than 1200 km across California is an active
contact between the North American Plate and the Pacific Plate.
This fault line has been known to cause substantial death and
devastation during the past (Wallace 2016). It is evident that
human-induced amendments to the earth-atmosphere system
are the main reason for climate change in the twentieth and
twenty-first centuries. The Intergovernmental Panel on Climate
Change (IPCC) recently reported that there had been unanticipat-
ed warming of both the oceans and the atmosphere since 1950
(Stocker 2013). The last three decades have seen most of this
warming. The temperature in the Northern Hemisphere has
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Abstract
Earthquake is a major geographical phenomenon being investigated for a long time using the examination of various geological
events. Since the beginning of the eighteenth century, there has been a gradual change in global temperature, which has affected
the Earth’s atmosphere and crust. A correlation between these two dynamics has been suggested but not experimentally verified.
This unique work aims to consider the magnitude of globally occurred earthquakes and global temperature as a monthly time
series, analyze its characteristics, and determine the co-relationship. The multifractal detrended fluctuation analysis (MFDFA)
and wavelet transform modulus maxima (WTMM) have been carried out for the two signals, which reveals Generalized Hurst
component h(q) < 0.5 that signifies both the dynamics are complex nonlinear and nonstationary. Further investigation has been
made to find the degree of nonlinearity, quantified by RMSE value using delay vector variance (DVV) analysis. The analysis
indicates that the global temperature time series (RMSE = 0.55) exhibit more nonlinearity than the magnitude of the earthquake
time series (RMSE = 0.27). Further study shows the deterministic chaotic feature of both dynamics using information entropy
(where I(n) > 0 ) and zero-one test (where K➔ 1). To find the casual relationship, Granger causality test has been applied, which
reveals that both the dynamics are interrelated. Finally, Pearson correlation analysis establishes the degree of association between
global temperature fluctuation and the frequency of global earthquake occurrences. A small case study of Alaska region has been
considered to validate the experimental results.
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Introduction

Earthquakes are well-known geological phenomena, usually
triggered when two pieces of the Earth’s crust, called tectonic
plates, rub against each other along fault lines, which are the
plates’ contact zones. This causes an abrupt discharge of en-
ergy and activates the seismic waves that make the crust trem-
ble. Earthquakes are caused due to sudden rupture of tectonic
plates. The place beneath the Earth’s surface where the rock
collapses are known as the focus of the earthquake. The place
directly above the focus on crust is known as the epicenter.
The occurrence of earthquakes results in the release of heat
into the atmosphere. Underground explosions can also cause
seismic waves. These explosions may be ignited to break
down the rock while preparing tunnels for motorways, rail-
ways, or collieries. Generally, these explosions do not produce
very sharp seismic waves. The most massive underground
explosions, from nuclear bombs’ tests can generate seismic
waves similar to a huge earthquake. This fact imposed a global
ban on atomic tests as all nuclear weapon generates seismic
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