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Abstract

In this study, the ant colony optimization (ACO) algorithm is modified with the K-Opt operation to solve the covering salesman

problem (CSP) under one restriction in crisp and imprecise (fuzzy, rough) environments. A CSP involves two phases—the

division of cities into groups with the selection of the visiting cities and searching of the Hamiltonian circuit through the

visiting cities. But, none of the studies in the literature is made following the direct approach. Also, none of the studies in the

literature gives attention to reduce the total travel distance of the unvisited cities from the visited city of a group. Moreover,

there is no algorithm in the literature which provides the solution of a CSP with the specified coverage range r . Also, none has

introduced any algorithm to solve CSPs in imprecise environments. Though algorithms are available to solve the Traveling

Salesman Problems in the imprecise environments, the approach cannot deal with the problems involving fuzzy data with

nonlinear membership functions or the problems involving rough data where the rough estimation can not be done using

Lebesgue measure. The well-established algorithm for any routing problem is the ACO, but not much attention has been paid

to solve the CSP using ACOs. To overcome these limitations on the studies of the ACO on the CSPs, here, an algorithm is

proposed for the division of groups of the set of cities depending upon the maximum number of cities in a group and the total

number of groups. Then, ACO is used to find the shortest/minimum-cost path of the problem by selecting only one visiting

the city from each group without violating the restriction of the specified coverage range r of the location of the unvisited

cities. K-Opt operation is applied periodically at the end of ACO operation to improve the quality of the best found solution

so far by the ACO algorithm and to arrest any premature convergence. For the restricted problems, paths are searched in such

a manner that the total distance/travel cost of different unvisited cities of a group from the visited city of the group should not

exceed a predefined upper limit. To solve the problem in an imprecise environment, some approach is followed so that the

tour is searched without transferring the imprecise optimisation problem into an equivalent crisp optimisation problem. Also,

the simulation approaches in fuzzy and rough environments are proposed to deal with the CSPs with any type of estimation

of the imprecise data set. Algorithm is tested with the standard benchmark crisp problems available in the literature. To test

the algorithm in the imprecise environments, the imprecise instances are derived randomly from the standard crisp instances

using a specified rule. Test results imply that the proposed algorithm is efficient enough in solving the CSPs in the crisp as

well as in the imprecise environments.

Keywords Covering salesmen problem · Ant colony optimization · K-Opt operation · Fuzzy simulation · Rough simulation
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1 Introduction

A covering salesman problem (CSP) is a complete weighted

graph, consists of a set of vertices, called cities, and a weight

matrix, called distance (cost) matrix which consists of the

distance (travelling cost) between any two cities. The goal

of the problem is to find the different clusters (groups) of

the cities and then find a minimum cost Hamiltonian circuit

visiting only one city in each cluster so that each unvisited

city in a cluster should be located in a predefined cover-
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Abstract

Using the features of shuffle, re-generation, and 4-opt operation, a novel heuristic has been proposed based on the

decomposition approach for the multi-objective generalized traveling salesman problems. A three-layer solution updating

mechanism, namely, a shuffle layer, a layer for re-generation, and a layer for 4-opt operation, has been designed for the same.

The shuffle and re-generation operations are specially designed to solve this problem. The shuffle operation is applied to a

solution sequence (complete path/tour) to improve the corresponding objectives. The re-generation operation consists of two

phases- in the first phase, the objectives are improved by interchanging a few portions of the groups/clusters sequence, and

in the second phase, the same is done by replacing some cities from the corresponding groups. Finally, the solution and the

corresponding groups are rearranged using the 4-opt operation for the betterment of the same. Problems with varying sizes

from the generalized traveling salesman problem library are solved using the proposed approach to verify its performance

and for the illustration. Some widely used performance metrics for multi-objective solution methodologies have been applied

to the proposed heuristic to measure its performance. Various well-established heuristics have been modified according to

this problem and are implemented to compare the efficiency of the proposed heuristic. Based on the performance metrics

values of the computational outputs, a conclusion can be drawn that the proposed heuristic, named SR4-MOEA/D, is the

best compared to the other heuristics implemented for the same. Also, every test instance of the proposed algorithm provides

the best pareto optimal front, which is distributed over the whole true pareto front of the respective problem.

Keywords Multi-objective generalized traveling salesmen problem · Shuffle operation · Re-generation operation · 4-Opt

operation · Decomposition approach on multi-objective heuristics

1 Introduction

A significant portion of the research work on NP-hard

combinatorial optimization problems is captured by the
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Traveling Salesman Problem (TSP) due to its applicability

in the areas of applied sciences [22]. An extension of

TSP, the generalized traveling salesman problem (GTSP),

was proposed by Henry-Labordere [1], Saksena [36], and

Srivastava [40] in the 1960s and has received gradual

attention in the social welfare services, like, rural health

care, disaster management, rationing system, etc. A

standard GTSP involves a node set that is divided into

some disjoint subsets, and a weight is associated with

each pair of nodes. The objective of the problem is to

search a Hamiltonian circuit with minimum weight by

visiting one and only one node of each subset. Normally, a

node represents a destination or city, and weight represents

the travel length between the two associated cities. So,

a GTSP can be described as a complete weighted graph

(V, E, W), where a member of V = {1, 2, .., N} defines

a destination/city, the member eij ∈ E is associated with

the destination i and the destination j indicates the path

between the destination i and the destination j , the member

dij ∈ W = (dij )N×N is associated with eij and indicates

/ Published online: 29 January 2022
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Abstract

A random-permutation technique and the features of the genetic algorithm (GA) are combined together to develop a novel 

heuristic for solving generalized travelling salesman problem. Here, the random-permutation technique is used to find the 

sequence of clusters of a probable solution in which a complete tour to be commenced. The features of GA are used to 

select the cities from different clusters of the sequence. The algorithm has the ability to solve the problems in both the crisp 

as well as in the imprecise environments. A fuzzy membership-based selection process is proposed to select a solution for 

the mating pool. A general comparison rule of the solutions is proposed to rank the potential solutions of the population in 

imprecise environments. In the crisp environment, the efficiency of the proposed approach is tested against a set of different 

benchmark test problems from GTSPLIB having sizes up to 226 cities with 26 clusters. It is observed from the experimental 

results that the algorithm produces 100% accurate results for all the benchmark test problems under consideration. Imprecise 

test problems are generated from different benchmark crisp test problems of TSPLIB and are used to test the algorithm in the 

imprecise environments. It is also observed from the experimental results that the proposed approach finds multiple optimal 

paths (i.e, more than one path), if exists, for the problems in the crisp as well as in the imprecise environments.

Keywords Traveling salesmen problem · Genetic algorithm · Randomness · Triangular fuzzy number · Rough set

1 Introduction

A generalized form of the classical Traveling Salesman 

Problem (TSP), the generalized TSP (GTSP) was introduced 

by Henry-Labordere [11], Saksena [31], and Srivastava [33] 

in the context of computer record balancing and of visit 

sequencing through welfare agencies in 1960s. The problem 

consists of a set of n cities and a cost matrix (cij)n×n , where, 

cij is the cost of travelling from city i to city j. The n cities are 

grouped into several clusters- cl1, cl2,… , cl
k
 , where k is the 

number of clusters. Every city must belongs to at least one 

cluster. So, a city may belongs to more than one clusters. A 

salesman starts from a city of a cluster, visits one and only 

one city of every cluster and returns to the starting city with 

the minimum expenditure. So, the goal of the problem is to 

find the path/route of the salesman with the minimum cost 

covering all the clusters exactly once. There are several real-

life applications of GTSP, such as, mail delivery [17], wel-

fare agency routing [31], material flow system design [17], 

vehicle routing [17], and computer file sequencing [11], etc. 

The GTSP belongs to the class of NP-hard problems.

In most of the above-mentioned studies it is implicitly 

assumed that the travel cost, cij between any two cities i and 

j, is fixed and crisp in nature. But cij depends on the several 

factors, like, the quality of the vehicle used, condition of 

the roadways, duration of the travel, weather condition, etc. 

The travelling cost between any two cites mainly depends 

on the quality of transport used for the purpose. Sometimes 

it depends on the availability of the vehicle, condition of the 

road ways, etc., though its value normally lies in an interval. 
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A MULTI-ITEM SUPPLY CHAIN WITH MULTI-LEVEL TRADE CREDIT POLICY

UNDER INFLATION: A MIXED MODE ABC APPROACH

Abstract. In this study, a multi-item supplier-wholesaler-retailer-customers supply chain with partial

trade credit policy at each level under inflationary effect for a fixed planning horizon is developed and

analysed. Here the wholesaler receives a partial credit period from the supplier, i.e., a credit period

on a portion of the amount of units purchased. Wholesaler also offers a partial credit period to its

retailer and in turn the retailer also offers a partial credit period to its customers to boost the base

demand of any item. Here, credit period induced base demand of any item decreases linearly with time.

Demand of the items are also influenced by the respective selling prices. The retailer introduces some

promotional cost against advertisement and price discount to improve the demand of the items. Here,

it is established that if the wholesaler shares a portion of this promotional cost then the profits of both

the retailer and the wholesaler improve. Model is formulated as a mixed-integer profit maximization

problem and is analysed in crisp as well as in imprecise (fuzzy/rough) environment and some managerial

insights are outlined. To find the marketing decision of such a real-life supply chain model, here, a new

variant of ABC is proposed for mixed-integer optimization problems. The algorithm is tested against

a set of benchmark test problems available in the literature and its efficiency to solve such problems is

well established.

Key words : Supply chain; Partial trade credit period; Inflation; Promotional cost sharing; Artificial

Bee Colony.

1. Introduction

In any supply chain, profit of each party mostly depends on the market demand of the items involved

in the chain, though, each party offers some sort of credit period to its purchaser to improve his/her sale

amount. In reality, sale of each party mainly depends on the base demand of the item to the customers.

This phenomenon as well as the credit opportunity from the wholesaler influences the retailer to offer

some sort of credit facility to its customers. But the customers are basically floating in nature and there is

no guarantee that all the customers will obey the business ethics. A portion of the customers may not pay

the credit amount at the end of the credit period. This credit risk forces the retailer to offer only partial

credit period to its customers, i.e., credit opportunity is offered on a portion of the amount purchased by

any customer. On the other hand, to improve the demand, the retailer uses some promotional activities,

like, local advertisement, offering price discount, free gift, etc., and the cost of these activities is known

as the promotional cost. During the last decade, several research papers have been published reflecting
1

REVISED Manuscript (text UNmarked)
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A DETERIORATING FOOD PRESERVATION SUPPLY CHAIN MODEL WITH

DOWNSTREAM DELAYED PAYMENT AND UPSTREAM PARTIAL

PREPAYMENT

Prasanta Kumar Ghosh1,4, Amalesh Kumar Manna2,

Jayanta Kumar Dey3 and Samarjit Kar1,∗

Abstract. This paper investigates a food supply chain model consisting of the supplier, food producer
and multi-retailer of a deteriorating item under fully delay-in-payment and partial advance payment
scheme. The deterioration rate of raw material is dependent on temperature and other environmental
factors with respect to time. Here, the food producer prepares food after collecting the raw material
from the supplier and then storing it in cold storage. The refrigeration cost is dependent on the occupied
volume in the cold storage (where the products are preserved for freshness) and power consumption.
The supplier offers delay-in-payment to stimulate the food producer to buy more raw material (which
minimizes the holding cost and earns more revenues), whereas the food producer takes the partial
advance payment on purchase cost from the retailers to ensure the order quantity. A mathematical
model is developed to obtain optimal production time and the optimal number of deliveries so that the
average profit of the food producer is maximum. Finally, a numerical example and sensitivity analysis
of the key parameters are provided to illustrate and test the feasibility of the proposed model.

Mathematics Subject Classification. 90B05, 90B15, 90B25, 90B30, 90B50.
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1. Introduction

In this world, food deterioration is a common phenomenon in developing countries and may cause economic
loss. In many countries, food supply chain management affronts a huge challenge of food quality, food safety,
public health, demand, price variability and weather-related variability etc. On the other hand, perishable prod-
ucts are important in inventory management because customers strive for quality. According to Ferguson and
Katzenberg [11], 15% (approximately) of foods deteriorates in the food retailing sector. Also, more than 25%
of fruit and vegetables are deteriorated in China during transportation, at wholesale markets and in shops
(cf. [22]). Food products are the most delicate goods on the market due to insufficient storage, the wrong

Keywords. Supply chain, deteriorating items, delay-in-payment, advance payment.
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Abstract: In the inventory theory, to treat the uncertainty, the fuzzy set concept is used in order to

provide a feasible approach to deal with the uncertainty problem. In this research work, a fuzzy

economic production quantity model with interactive fuzzy demands is proposed. In a production

process, in the beginning, the system is assumed to be in a controlled state in which only perfect items

are manufactured. Later, the manufacturing production process shifts to be an out-of-control-state

system; producing both perfect and imperfect items simultaneously, this is considered as a fuzzy state.

The defective production rate is also taken into account as a fuzzy state. Here, the selection process

of produced items is realized during the production period. With the aim of studying the practical

feasibility of the fuzzy economic production inventory model along with a sensitivity analysis of

some parameters, different numerical examples are illustrated.

Keywords: fuzzy economic production quantity; fuzzy imperfect production process; fuzzy integral

method; fuzzy demand; fuzzy programming technique

1. Introduction

It is well known that the fuzzy set concept is applied into the inventory models
to treat the uncertainty. The fuzzy set theory was introduced by (Zadeh 1965) with the
aim of providing a feasible approach to deal with the fuzzy uncertainty problem. In the
literature, the fuzzy set theory, also known as uncertain sets, has attracted attention for
treating uncertainty in a variety of circumstances. For example, fuzzy inventory costs in
the economic order quantity model are used in (Park 1987; Priyan and Uthayakumar 2016).
Obtaining the economic production quantity when the quantity of demand is uncertain is
analyzed in (Chang 1999). To treat the inventory problem considering all the parameters
and variables being fuzzy numbers, a fuzzy economic production model is established
by (Chen and Hsieh 2000). Different types of production inventory models for fuzzy
environments are proposed by studies such as (Dey et al. 2005; Hsieh 2002; Lee and Yao
1998; Lin and Yao 2000; Manna et al. 2014, 2017a). Furthermore, other, different research
works solve uncertainty issues using fuzzy set theory, such as (Das et al. 2015; Soni and
Joshi 2015). Bera and Jana (2017) developed an imperfect production inventory model for
multi-items under bi-fuzzy environments. (Dey 2019) introduced an imperfect production
inventory problem under a fuzzy random environment. Recently, (Maiti 2021) incorporated
the demand-dependent production rate into an inventory model with imperfect production
process under a cloudy fuzzy environment.

Traditional economic production quantity (EPQ) models assume that in manufacturing
systems, all items are made of perfect quality. However, in the real world, due to many
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Abstract

We study higher-order antibunching of light and the possibility of observing it in all modes in two
and three-photon absorption seven-photon interaction processes. We solve the generalized interac-
tion Hamiltonian for several particular cases in the Heisenberg picture and investigate the possibility
of observing antibunching using the short-time approximation technique. We demonstrate that the
antibunching of light in the initial pump field is directly dependent on coupling of the field between
the modes and short-time interaction, as well as the quantity of photons. With the same number of
photons, we find that the third-order antibunching is more prominent, followed by the second-and-
first-order antibunching. In these systems, we discover that antibunching is not observed for the Stokes
and signal modes in this process. We show that a higher-multiphoton-absorption technique is the best
for producing optimum antibunched light.

Keywords: higher-order antibunching, seven-photon interaction process, photon number operator,

short-time approximation.

1. Introduction

A nonclassical phenomenon [1,2], such as photon antibunching [3–12] of the field, is currently of great

interest in the context of quantum teleportation [13, 14], quantum computation [15–19], and quantum

cryptography [20–22], using a single-photon source as unconditional security [23–25]. Single-photon

sources are light sources that emit light as single particles or photons and give rise to an effectively

one-photon number state, i.e., the probability of emitting a single photon is larger than the probability

of emitting two, three, four, or more photons simultaneously. The rate of simultaneous emission of two

or more photons is lower in the antibunched state than it is in the single-photon state, indicating that

the likelihood of detecting a single-photon source is larger than the probability of detecting a two or

more-photon source in a bunch. Antibunching arises in pump modes, which lose energy, while bunching

appears in signal modes, which absorb energy from the pump. In other words, as energy increases, more

noise increases, and vice versa, as energy decreases, noise decreases [26–29].
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As a result, we found that a higher multiphoton absorption method is the best for producing optimum

antibunched light.

6. Summary and Conclusions

In this paper, we investigated antibunching of light in two and three-photon absorption seven-photon

interaction processes.

The quantity of pump photons and the coupling of the field between the modes and interaction

time were demonstrated to be strongly related to the first, second, and third-order antibunching of light

of the initial pump field. As a result, the maximum degree of antibunching that can be achieved is

determined by the interaction time, which is limited by short interaction times. When comparing the

first, second, and third-order antibunching of light, we deduced that the third-order antibunching had

the most antibunching, followed by the second and first-order antibunching; all with the same amount of

pump photons. Higher-order antibunching (photon number squared and photon number cubed) is thought

to be more effective than ordinary antibunching in terms of achieving the depth of nonclassicality. We

showed that the number of photons present in the pump mode appeared to be a good way to regulate

the depth of nonclassicality.

It is inferred that in both two and three-photon absorption seven-photon interaction processes, ordi-

nary and higher-order antibunching of light is absent for the Stokes mode over the pump mode and for the

Stokes mode over the Stokes mode and the signal mode, respectively. We found that the three-photon

absorption seven-photon interaction process had more antibunching than the two-photon absorption

seven-photon interaction process, despite the fact that both processes had the same amount of photons.

As a result, it is clear that a higher multiphoton absorption technique is the best for producing optimum

antibunched light.

The findings of this paper are simple and straightforward to replicate in most physical systems in

laboratories, paving the way for the experimental observation of higher-order antibunching and the de-

velopment of suitable probabilistic single-photon sources for quantum teleportation and quantum cryp-

tography. Finally, in addition to these important conceptual and foundational aspects, the realization of

larger and better multiphoton nonclassical states should open up new possibilities and perspectives for

quantum optic realizations of quantum information and communication processes, which are currently

underexplored [39].
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A naphthalene-based azo armed molecular
framework for selective sensing of Al3+†

Subhabrata Mabhai,abc Malay Dolai, d Surya Kanta Dey,e Sujata Maiti Choudhury,e

Bhriguram Das, bf Satyajit Dey, *b Atanu Jana *g and Deb Ranjan Banerjee*c

An azo armed Schiff base chemosensor was synthesized based on a naphthalene fluorophore, which

transduces greenish-yellow emission by complexing with Al3+. It emits greenish-yellow fluorescence

through restricted CQN isomerization, chelation-enhanced fluorescence, and the photo-induced

electron transfer mechanism. The clear visible transformation of the achromatic ligand to a chromatic

ligand by the 1 : 1 complexation with Al3+ is substantiated by ESI-MS spectra. 1H NMR, 13C NMR, and FTIR

spectroscopies are used to characterize the HL. The selectivity of the HL for Al3+ in the presence of

other metal ions was investigated through absorbance and fluorescence spectroscopies. The average

lifetimes of HL and L–Al3+ have been evaluated using a time-resolved photoluminescence experiment

to explore the sensing mechanism. The Al3+ sensing mechanism was also established by density

functional theory calculations. A reversibility experiment was performed, demonstrating that Al3+ binding

to HL is reversible. The pH variation on luminescence affirms that the HL can survive in physiological

pH. Finally, the lower limit of detection of 5.4 � 10�7 and a good response in a cytotoxicity and cell

imaging study confirm the usability of the ligand as an indelible signature of an effective biosensor for

target Al3+.

Introduction

In supramolecular chemistry, one of the challenging areas of

development is developing a photochromic compound that can

detect ions under the influence of external stimuli via photo-

induced switching.1 Although there are many analytical tech-

niques for detecting ions, their operation demands skilled

operators, high equipment costs, and complex preparatory

processes.2–6 A transition metal is an integral part of an enzyme

that regulates biological activity, yet it can be detrimental to the

environment and human life; thus, it is a real paradox of the

environment.7 Aluminium, when absorbed in our body from

various sources such as aluminium-based utensils and medi-

cines, circulates to almost all tissue, reaches plasma through

iron-binding protein, and is stored in the brain. Alzheimer’s

disease due to aluminium-induced oxidative deterioration in

the CNS (central nervous system) can happen even with a

minimum dose of chronic exposure to aluminium from drink-

ing water.8 It is also believed to be the causative factor of

smoking-related diseases, bone softening, chronic renal failure,

and Parkinson’s disease.9 Therefore, to understand the mecha-

nism of aluminium-induced adverse effects and to determine

the concentration of Al3+ according to the WHO, researchers

have been spurred to track aluminium more efficiently.10

Because of their operational simplicity in detecting metal ions

via chromogenic and fluorogenic sensing, chemosensors based

on Schiff bases have piqued the interest of researchers in

environmental and biomedical fields.11 The most common

mode of sensing operation in a chemosensor is that the photon

interacting fluorophore site forms a communication with the

receptor site after being attached with a metal ion and produces

a ‘turn-on’ signal. Azomethine (CHQN) Schiff base derivatives

armed with a suitable fluorophore moiety are considered

classical ligands for detecting metal ions due to their elite

coordination toward target metal ions, and ease of synthesis in

combination with good photophysical properties.12,13 A large

number of sensory probes have been developed, taking
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a b s t r a c t

In this study, a novel rhodamine-phenolphthalein derivative (RBPF) was designed, synthesized, and char-
acterized. RBPF exhibited the selective and sensitive colorimetric detection of Cu2+ and Fe3+ and fluoro-
metric detection of Al3+ and Cr3+, thus functioning as a multiple-channel probe in MeOH-H2O (v/v = 9/1,
5 mM HEPES, pH 7.2) in the presence of other cations. A strong enhancement of the absorbance at around
555 nm was observed for the four mentioned cations. In contrast, in the presence of Al3+ and Cr3+, emis-
sions were intensified within the red region of the spectra (583 and 586 nm, respectively). The RBPF sen-
sor was found to bind to the metal ions at a 1:2 stoichiometric ratio. The proposed mechanism for the
observed sensing behavior is the opening of the spirolactam ring of the rhodamine core in the presence
of the four mentioned metal ions. The detection limits for Cu2+, Fe3+, Al3+, and Cr3+ were calculated to be
1.21 mM, 1.75 mM, 2.27 mM, and 1.29 mM, respectively. To test the practical use of the probe, TLC-based
paper strips were fabricated. In addition, cell-imaging analysis of Al3+ and Cr3+ ions in the A549 cancer
cell line produced promising concentration and time-dependent detection results.

� 2022 Elsevier B.V. All rights reserved.

1. Introduction

Ions are required for the development, growth, and functioning
of living systems [1,2], but the presence of high levels of non-
biodegradable ions can have deleterious effects [3]. For example,

when the ion balance in living cells is disturbed, the electrolytic
equilibrium is disrupted, individual organs can be damaged, and
essential enzymatic mechanisms are affected. Trivalent cations,
including Al3+, Cr3+, and Fe3+, and divalent Cu2+ have a particularly
strong impact on the body [4-7]. Al3+ is a common pollutant of
drinking water and at high levels is toxic to humans in the long
term. Aluminum damages the central nervous system (CNS) and
is known to cause Alzheimer’s disease, Parkinson’s disease, neu-
rodementia, encephalopathy, and breast cancer [8,9]. In contrast,
Fe3+ plays several crucial roles in processes such as cellular meta-
bolism and enzyme catalysis, including electron transfer reactions
[10,11]. Fe3+ also conjointly transports oxygen within all tissues via
haemoprotein [12,13]. However, Al3+ and Fe3+ interact competi-
tively, and iron-binding proteins can transfer Al3+ to the brain
and other organs, while the dysregulation of Fe3+ contributes to
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a b s t r a c t 

Monitoring of excess Al 3 + and its selective detection in biological and environmental samples are impor- 

tant tasks for researcher due to its harmful effects. Herein, we present a phenolphthalein-aminophenol 

derived sensor ( PFAP ) for the selective fluorescent response of Al 3 + in an "OFF-ON" mode over a pool of 

analytes including eighteen cations with striking greenish emission. It has a prominent limit of detection 

(LOD) value (1.5 µM), fast response time (10 s) for Al 3 + detection. The complexation properties of PFAP 

with Al 3 + ions were clarified by UV–vis, 1 H & 13 C NMR, HRMS, and FTIR spectroscopic experiments. The 

recognition mechanism of PFAP for Al 3+ working with chelation enhanced fluorescence (CHEF) and is ver- 

ified with two model compounds PF and PFAN in the light of UV–vis, PL, TRPL, and NMR experiment. To 

check its applicability, easily prepared test paper and TLC strip of PFAP was produced for rapid and selec- 

tive onsite detection of Al 3 + ions. Bio-imaging application of PFAP in human lung cancer cell lines A549 

demonstrated excellent results with negligible cytotoxicity and as an excellent marker to detect traces 

of Al 3 + ion in a time-dependent as well as concentration-dependent manner. Actual sample analysis for 

Al 3 + with the probe PFAP produces fruitful result. 

© 2021 Elsevier B.V. All rights reserved. 

1. Introduction 

The sensing and recognition of cationic analytes have attracted 

much attention due to their environmental and biological impor- 

tant role [1–3] . Aluminum is imperatively a significant ion which 

assumes to play essential role in biochemical processes [4] . It is 

regularly found in nature as silicate, hydroxide, sulfate, and cry- 

LOD, Limit of detection; PET, Photoinduced elctron transfer; CHEF, Chela- 

tion enhanced fluorescence; ESIPT, Excited state intramolcular proton transfer; 

RET, Resonance energy transfer; ICT, Intermolecular charge transfer; AIE, Aggrega- 

tion induced emission enhancement; WHO, World health organisation; HEPES, 4- 

(2-hydroxyethyl)-1-piperazineethanesulfonic acid; DFT, Density functional theory; 

TDDFT, Time-dependent density functional theory; TRPL, Time-resolved photolumi- 

nescence; TLC, Thin layer chromatography; BODIPY, 4,4-difluoro-4-bora-3a,4a-diaza- 

s-indacene. 
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Dey), ajay@mail.vidyasagar.ac.in (A. Misra). 

olite. It has the biggest offer after iron on the planet’s econ- 

omy. However, high quantities of aluminum can generate a va- 

riety of biological and environmental issues [5] . Central nervous 

system, skeletal-muscle system, and hematopoietic framework may 

go through harmfulness with over exposure to aluminum [6] . Par- 

ticularly, Alzheimer and Parkinson’s dementia are the case of alu- 

minum toxicity [ 5 , 7 , 8 ]. Aluminum-rich meals, foods stored in alu- 

minum containers, drinking water, and pharmaceutical products 

are the most common dietary sources of aluminum. Potable wa- 

ter is one of the most major uses for aluminum [9] . According to 

the World Health Organization (WHO), aluminum compounds used 

in drinking water treatment should be used in moderation and 

should not surpass 0.2 ppm after treatment [ 10 , 11 ]. Accordingly, 

the foundation of new strategies for the fast, simple, and precise 
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phy, and electrochemistry have been developed for metal ions de- 

https://doi.org/10.1016/j.molstruc.2021.132295 

0022-2860/© 2021 Elsevier B.V. All rights reserved. 

https://doi.org/10.1016/j.molstruc.2021.132295
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.132295&domain=pdf
mailto:atanujanaic@gmail.com
mailto:satyajitdeyoc@gmail.com
mailto:ajay@mail.vidyasagar.ac.in
https://doi.org/10.1016/j.molstruc.2021.132295


B. Das, A. Ghosh, S. Yesmin et al. Journal of Molecular Structure 1253 (2022) 132295 

[11] J. Lyons-Weiler , R. Ricketson , Reconsideration of the immunotherapeutic pedi- 
atric safe dose levels of aluminum, J. Trace Elem. Med. Biol. 48 (2018) 67–73 . 

[12] F. Scholz , Voltammetric techniques of analysis: the essentials, ChemTexts 1 
(2015) 17 . 

[13] A. Shrivastava , J. Sharma , V. Soni , Various electroanalytical methods for the 
determination of uranium in different matrices, Bull. Fac. Pharm. Cairo Univ. 
51 (2013) 113–129 . 

[14] J. Docherty , S. Mabbott , W.E. Smith , J. Reglinski , K. Faulds , C. Davidson , D. Gra- 
ham , Determination of metal ion concentrations by SERS using 2,2 ′ -bipyridyl 
complexes, Analyst 140 (2015) 6538–6543 . 

[15] M. Pesavento , G. Alberti , R. Biesuz , Analytical methods for determination of 
free metal ion concentration, labile species fraction and metal complexation 
capacity of environmental waters: a review, Anal. Chim. Acta 631 (2009) 
129–141 . 

[16] K.P. Carter , A.M. Young , A.E. Palmer , Fluorescent sensors for measuring metal 
ions in living systems, Chem. Rev. 114 (2014) 4564–4601 . 

[17] I.I. Ebralidze , N.O. Laschuk , J. Poisson , O.V. Zenkina , Chapter 1 - colorimetric 
sensors and sensor arrays, in: Micro and Nano Technologies, Elsevier, 2019, 
pp. 1–39 . 

[18] B. Liu , J. Zhuang , G. Wei , Recent advances in the design of colorimetric sensors 
for environmental monitoring, Environ. Sci. Nano 7 (2020) 2195–2213 . 

[19] Z. Gryczynski , I. Gryczynski , J.R.B. TM , E. Lakowicz , in: Fluorescence-sensing 
Methods, Biophotonics, Part A, Academic Press, 2003, pp. 44–75 . 

[20] S. Suganya , S. Naha , S. Velmathi , A critical review on colorimetric and fluo- 
rescent probes for the sensing of analytes via relay recognition from the year 
2012–17, ChemistrySelect 3 (2018) 7231–7268 . 

[21] Y. Tong , X. Jiao , H. Yang , Y. Wen , L. Su , X. Zhang , Reverse-bumpy-ball-type- 
-nanoreactor-loaded nylon membranes as peroxidase-mimic membrane reac- 
tors for a colorimetric assay for H 2 O 2 , Sensors 16 (2016) 465 . 

[22] A. Gupta , N. Kumar , A review of mechanisms for fluorescent ‘“turn-on”’ probes 
to detect Al 3 + ions, RSC Adv. 6 (2016) 106413–106434 . 

[23] H.N. Kim , M.H. Lee , H.J. Kim , J.S. Kim , J. Yoon , A new trend in rhodamine-based 
chemosensors: application of spirolactam ring-opening to sensing ions, Chem. 
Soc. Rev. 37 (2008) 1465–1472 . 

[24] P. Kaur , K. Singh , Recent advances in the application of BODIPY in bioimaging 
and chemosensing, J. Mater. Chem. C 7 (2019) 11361–11405 . 

[25] A.N. Kursunlu , E. B , E. Guler , Importance of BODIPY-based chemosensors for 
cations and anions in Bio-imaging applications, Curr. Anal. Chem. 17 (2021) 
1–13 . 

[26] H. Lu , Z. Shen , Editorial: BODIPYs and their derivatives: the past, present and 
future, Front. Chem. 8 (2020) 290 . 

[27] S. Kim , J.Y. Noh , K.Y. Kim , J.H. Kim , H.K. Kang , S.W. Nam , S.H. Kim , S. Park , 
C. Kim , J. Kim , Salicylimine-based fluorescent chemosensor for aluminum ions 
and application to bioimaging, Inorg. Chem. 51 (2012) 3597–3602 . 

[28] D. Diamond , M.A. McKervey , Calixarene-based sensing agents, Chem. Soc. Rev. 
25 (1996) 15–24 . 

[29] R. Ludwig , N.T. Dzung , Calixarene-based molecules for cation recognition, Sen- 
sors 2 (2002) 397–416 . 

[30] Z. Kowser , U. Rayhan , T. Akther , C. Redshaw , T. Yamato , A brief review on novel 
pyrene based fluorometric and colorimetric chemosensors for the detection of 
Cu 2 + , Mater. Chem. Front. 5 (2021) 2173–2200 . 

[31] X. Meng, S. Wang, M. Zhu, Quinoline-based fluorescence sensors, molecular 
photochemistry - various aspects, Satyen Saha IntechOpen (2012), doi: 10.5772/ 
31771.2012 . 

[32] Y. Chen , T. Wei , Z. Zhang , T. Chen , J. Li , J. Qiang , J. Lv , F. Wang , X. Chen , A ben- 
zothiazole-based fluorescent probe for ratiometric detection of Al 3 + in aqueous 
medium and living cells, Ind. Eng. Chem. Res. 56 (2017) 12267–12275 . 

[33] C. Chang , F. Wang , T. Wei , X. Chen , Benzothiazole-based fluorescent sensor for 
ratiometric detection of Zn(II) ions and secondary sensing PPi and Its applica- 
tions for biological imaging and PPase catalysis assays, Ind. Eng. Chem. Res. 56 
(2017) 8797–8805 . 

[34] B.K. Momidi , V. Tekuri , D.R. Trivedi , Selective detection of mercury ions us- 
ing benzothiazole based colorimetric chemosensor, Inorg. Chem. Commun. 74 
(2016) 1–5 . 

[35] S. Das , M. Dutta , D. Das , Fluorescent probes for selective determination of trace 
level Al 3 + : recent developments and future prospects, Anal. Methods 5 (2013) 
6262–6285 . 

[36] O. Alici , D. Aydin , A Schiff-base receptor based on phenolphthalein derivate ap- 
pended 2-furoic hydrazide: highly sensitive fluorogenic “turn on” chemosensor 
for Al 3 + , J. Photochem. Photobiol. A Chem. 404 (2021) 112876 . 

[37] S. Erdemir , S. Malkondu , Dual-emissive fluorescent probe based on phenolph- 
thalein appended diaminomaleonitrile for Al 3 + and the colorimetric recogni- 
tion of Cu 2 + , Dye. Pigment. 163 (2019) 330–336 . 

[38] A. Gul , M. Oguz , A.N. Kursunlu , M. Yilmaz , A novel colorimetric/fluorometric 
dual-channel sensor based on phenolphthalein and Bodipy for Sn (II) and Al 
(III) ions in half-aqueous medium and its applications in bioimaging, Dye. Pig- 
ment. 176 (2020) 108221 . 

[39] X. yu Kong , L.J. Hou , X. qing Shao , S.M. Shuang , Y. Wang , C. Dong , A phenolph- 
thalein-based fluorescent probe for the sequential sensing of Al 3 + and F − ions 
in aqueous medium and live cells, Spectrochim. Acta Part A Mol. Biomol. Spec- 
trosc. 208 (2019) 131–139 . 

[40] D. Aydin , S. Dinckan , S.N. Karuk Elmas , T. Savran , F.N. Arslan , I. Yilmaz , A novel 
phenolphthalein-based fluorescent sensor for Al 3 + sensing in drinking water 
and herbal tea samples, Food Chem. 337 (2021) 127659 . 

[41] B. Das , M. Dolai , A. Dhara , A. Ghosh , S. Mabhai , A. Misra , S. Dey , A. Jana , Sol- 
vent-regulated fluorimetric differentiation of Al 3 + and Zn 2 + using an AIE-active 
single sensor, J. Phys. Chem. A 125 (2021) 1490–1504 . 

[42] H.A. Benesi , J.H. Hildebrand , A spectrophotometric investigation of the inter- 
action of iodine with aromatic hydrocarbons, J. Am. Chem. Soc. 71 (1949) 
2703–2707 . 

[43] B. Das , M. Dolai , A. Dhara , S. Mabhai , A. Jana , S. Dey , A. Misra , Acetate ion 
augmented fluorescence sensing of Zn 2 + by Salen-based probe, AIE character, 
and application for picric acid detection, Anal. Sci. Adv. 2 (2021) 447–463 . 

[44] G. Weber , F.W.J. Teale , Determination of the absolute quantum yield of fluo- 
rescent solutions, Trans. Farad. Soc. 53 (1957) 646–655 . 

[45] J.B. Birks , Fluorescence quantum yield measurements, J. Res. Natl. Bur. Stand. 
Sect. A Phys. Chem. 80A (1976) 389–399 . 

[46] V. Shcheslavskiy , P. Morozov , A. Divochiy , Y. Vakhtomin , K. Smirnov , W. Becker , 
Ultrafast time measurements by time-correlated single photon counting cou- 
pled with superconducting single photon detector, Rev. Sci. Instrum. 87 (2016) 
53117 . 

[47] J.R. Lakowicz , Principles of Fluorescence Spectroscopy, 3rd ed., Springer, 
Boston, MA, 2006 . 

[48] M.Y. Berezin , S. Achilefu , Fluorescence lifetime measurements and biological 
imaging, in: Chem. Rev., 110, 2010, pp. 2641–2684 . 

[49] V. Kumar, S. Schlücker, E. Hasselbrink, Chapter 16 - Ultrafast time-resolved 
molecular spectroscopy, in: V.P. Gupta, Y.B.T.-M. and L.S. Ozaki (Eds.), Elsevier, 
2020: pp. 563–594. 

[50] R.G. Parr , Density-functional theory of atoms and molecules, Horiz. Quantum 
Chem. (1980) 5–15 . 

[51] V. Barone , M. Cossi , Conductor solvent model, J. Phys. Chem. A 102 (2001) 
1995–2001 . 

[52] M. Cossi , N. Rega , G. Scalmani , V. Barone , Energies, structures, and electronic 
properties of molecules in solution with the C-PCM solvation model, J. Com- 
put. Chem. 24 (2003) 669–681 . 

[53] A.D. Becke , Density-functional thermochemistry. III. The role of exact exchange, 
J. Chem. Phys. 98 (1993) 5648–5652 . 

[54] C. Lee , W. Yang , R.G. Parr , Development of the Colle-Salvetti correlation-en- 
ergy formula into a functional of the electron density, Phys. Rev. B 37 (1988) 
785–789 . 

[55] M.E. Casida , C. Jamorski , K.C. Casida , D.R. Salahub , Molecular excitation ener- 
gies to high-lying bound states from time-dependent density-functional re- 
sponse theory: characterization and correction of the time-dependent lo- 
cal density approximation ionization threshold, J. Chem. Phys. 108 (1998) 
4 439–4 4 49 . 

[56] M.J. Frisch , G.W. Trucks , H.B. Schlegel , G.E. Scuseria , M.A. Robb , J.R. Cheese- 
man , G. Scalmani , V. Barone , B. Mennucci , G.A. Petersson , H. Nakatsuji , M. Car- 
icato , X. Li , H.P. Hratchian , A.F. Izmaylov , J. Bloino , G. Zheng , J.L. Sonnenberg , 
M. Hada , M. Ehara , K. Toyota , R. Fukuda , J. Hasegawa , M. Ishida , T. Nakajima , 
Y. Honda , O. Kitao , H. Nakai , T. Vreven , J.A. Montgomery , J.E. Peralta , F. Ogliaro , 
M. Bearpark , J.J. Heyd , E. Brothers , K.N. Kudin , V.N. Staroverov , R. Kobayashi , 
J. Normand , K. Raghavachari , A. Rendell , J.C. Burant , S.S. Iyengar , J. Tomasi , 
M. Cossi , N. Rega , J.M. Millam , M. Klene , J.E. Knox , J.B. Cross , V. Bakken , 
C. Adamo , J. Jaramillo , R. Gomperts , R.E. Stratmann , O. Yazyev , A.J. Austin , 
R. Cammi , C. Pomelli , J.W. Ochterski , R.L. Martin , K. Morokuma , V.G. Za- 
krzewski , G.A. Voth , P. Salvador , J.J. Dannenberg , S. Dapprich , A.D. Daniels , 
Ö. Farkas , J.B. Foresman , J.V. Ortiz , J. Cioslowski , D.J. Fox , Gaussian 09, Revision 
D.01, Gaussian Inc, Wallingford CT, 2009 . 

[57] N.M. O’boyle , A.L. Tenderholt , K.M. Langner , CHARMM: the biomolecular sim- 
ulation program B, J. Comput. Chem. 29 (2008) 839–845 . 

[58] S. Guria , A. Ghosh , K. Manna , A. Pal , A. Adhikary , S. Adhikari , Rapid detection 
of aspartic acid and glutamic acid in water by BODIPY-based fluorescent probe: 
live-cell imaging and DFT studies, Dye. Pigment. 168 (2019) 111–122 . 

[59] S. Guria , A. Ghosh , P. Upadhyay , M. kumar Das , T. Mishra , A. Adhikary , S. Ad- 
hikari , Small-molecule probe for sensing serum albumin with consequen- 
tial self-assembly as a fluorescent organic nanoparticle for bioimaging and 
drug-delivery applications, ACS Appl. Bio Mater. 3 (2020) 3099–3113 . 

[60] Y. Guo , F. Huo , C. Yin , J. Kang , J. Li , A highly selective and sensitive turn-on 
fluorescent probe for the detection of holmium ion and its bioimaging, RSC 
Adv. 5 (2015) 10845–10848 . 

[61] X. Hu , C. Li , X. Song , D. Zhang , Y. Li , A new Cu 2 + -selective self-assembled flu- 
orescent chemosensor based on thiacalix[4]arene, Inorg. Chem. Commun. 14 
(2011) 1632–1635 . 

[62] A. Kumar , V. Kumar , K.K. Upadhyay , An Al 3 + and H 2 PO 4 −/HSO 4 − selective con- 
formational arrest and bail to a pyrimidine-naphthalene anchored molecular 
switch, Analyst 138 (2013) 1891–1897 . 

[63] B. Sen , M. Mukherjee , S. Banerjee , S. Pal , P. Chattopadhyay , A rhodamine-based 
‘turn-on’ Al 3 + ion-selective reporter and the resultant complex as a secondary 
sensor for F − ion are applicable to living cell staining, Dalton Trans. 44 (2015) 
8708–8717 . 

[64] D. Zhang , J.R. Cochrane , A. Martinez , G. Gao , Recent advances in H 2 PO 4 – fluo- 
rescent sensors, RSC Adv. 4 (2014) 29735–29749 . 

12 

http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0011
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0011
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0011
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0012
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0012
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0013
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0013
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0013
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0013
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0014
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0014
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0014
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0014
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0014
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0014
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0014
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0014
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0015
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0015
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0015
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0015
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0016
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0016
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0016
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0016
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0017
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0017
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0017
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0017
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0017
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0018
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0018
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0018
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0018
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0019
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0019
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0019
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0019
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0019
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0020
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0020
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0020
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0020
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0021
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0021
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0021
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0021
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0021
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0021
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0021
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0022
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0022
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0022
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0023
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0023
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0023
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0023
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0023
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0023
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0024
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0024
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0024
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0025
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0025
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0025
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0025
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0026
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0026
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0026
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0027
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0027
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0027
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0027
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0027
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0027
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0027
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0027
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0027
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0027
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0027
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0028
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0028
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0028
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0029
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0029
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0029
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0030
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0030
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0030
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0030
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0030
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0030
https://doi.org/10.5772/31771.2012
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0032
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0032
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0032
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0032
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0032
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0032
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0032
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0032
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0032
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0032
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0033
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0033
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0033
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0033
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0033
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0034
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0034
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0034
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0034
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0035
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0035
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0035
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0035
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0036
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0036
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0036
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0037
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0037
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0037
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0038
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0038
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0038
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0038
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0038
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0039
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0039
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0039
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0039
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0039
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0039
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0039
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0040
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0040
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0040
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0040
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0040
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0040
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0040
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0041
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0041
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0041
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0041
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0041
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0041
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0041
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0041
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0041
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0042
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0042
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0042
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0043
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0043
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0043
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0043
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0043
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0043
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0043
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0043
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0044
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0044
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0044
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0045
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0045
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0046
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0046
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0046
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0046
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0046
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0046
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0046
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0047
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0047
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0048
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0048
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0048
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0050
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0050
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0051
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0051
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0051
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0052
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0052
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0052
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0052
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0052
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0053
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0053
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0054
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0054
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0054
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0054
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0055
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0055
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0055
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0055
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0055
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0056
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0057
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0057
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0057
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0057
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0058
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0058
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0058
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0058
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0058
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0058
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0058
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0059
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0059
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0059
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0059
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0059
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0059
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0059
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0059
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0060
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0060
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0060
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0060
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0060
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0060
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0061
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0061
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0061
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0061
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0061
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0061
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0062
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0062
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0062
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0062
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0063
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0063
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0063
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0063
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0063
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0063
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0064
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0064
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0064
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0064
http://refhub.elsevier.com/S0022-2860(21)02415-7/sbref0064


20806 |  New J. Chem., 2021, 45, 20806–20817 This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2021

Cite this: New J. Chem., 2021,

45, 20806

Combined theoretical and experimental
investigation of a DNA interactive poly-hydroxyl
enamine tautomer exhibiting ‘‘turn on’’ sensing
for Zn2+ in pseudo-aqueous medium†‡

Urmila Saha, §
a Subhabrata Mabhai,¶b Bhriguram Das, ¶c

Gopinatha Suresh Kumar, a Paula Brandão d and Malay Dolai *e

Crystallographically established (solid state structure at 150 K temperature) enamine ligand 2-((1,3-

dihydroxy-2-(hydroxymethyl)propan-2-ylamino)methyl)-4-bromo-6-methoxyphenol (H4L) was prepared,

which showed interconvertible equilibrium (DE = 7.37 kcal) of its tautomers and also found to exhibit DNA

binding activity at the minor groove of double-stranded (ds) DNA. Spectroscopic and calorimetric

methods were employed to explore the interaction of H4L with DNA. Further, the competitive Hoechst

33258 displacement assay indicated the specific binding site of H4L to be at the minor grooves of DNA.

Thermodynamic evaluation from isothermal titration calorimetry (ITC) experiments suggested the

association of H4L with DNA to be an enthalpy driven process with an equilibrium binding affinity (K) of

(2.50 � 0.11) � 104 M�1. Molecular docking studies were found to be in good agreement with the

experimental results of the DNA interaction of the probe in groove binding mode. The poor emission of

H4L in the excited state was due to excited state induced proton transfer (ESIPT), but in the presence of

Zn2+, the ESIPT was blocked an chelation-enhanced fluorescence (CHEF) was initiated to exhibit ‘turn on’

fluorescence upon the coordination of Zn2+. The H4L probe was found to detect Zn2+ selectively among

various metal ions and the LOD was calculated to be B1.13 mM. The coordination of the Zn(II) bound

complex and the relative stability of the tautomers of H4L were investigated in detail via spectroscopic and

computational studies.

Introduction

As a well-established phenomenon, the Schiff bases prepared

from salicylaldehydes and aromatic/aliphatic amines exist in

different tautomeric forms, i.e., (i) enamine or keto tautomer1

(ii) imine or enol2 and (iii) zwitterionic forms.3 However, it is

very difficult to consider the particular structures of Schiff base

adducts where they may exist in the enamine form in the solid

state and convert to the imine form in the solution state,

although the complication in assessing tautomeric structures can

be removed by knowing the exact structures of the compounds.

Many research studies have involved determining the structures of

the same compounds in recent years using 15N and 13C solid-state

nuclear magnetic resonance (NMR) spectroscopy.4 However, the

phase-to-phase inter-conversion of structures is so rapid that it

cannot be unequivocally determined in this way. Moreover, single-

crystal X-ray structures can give an accurate solution to the puzzling

problems in the solid state. Again, there is a possibility of the

temperature-dependent interconversion of tautomers in the solid

state, known as thermochromism,5 which adds some extra

complications in perfectly assigning structures in this context.
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33 A. Gómez, P. Borrachero and J. Bellanato, Carbohydr. Res.,

1984, 135, 101–116.

34 U. Saha, A. Y. Khan, S. Bhuiya, S. Das, G. Fiorillo,

P. Lombardi and G. Suresh Kumar, J. Biomol. Struct. Dyn.,

2019, 37, 1375–1389.

35 U. Saha, S. Chatterjee, M. Dolai and G. Suresh Kumar, ACS

Appl. Bio Mater., 2020, 3, 7810–7820.

36 M. Dolai, U. Saha, G. Suresh Kumar and M. Ali, Chemistry-

Select, 2018, 3, 6935–6941.

37 U. Saha, M. Dolai and G. Suresh Kumar, J. Mol. Struct., 2020,

1220, 128690.

38 H. A. Benesi and J. H. Hildebrand, J. Am. Chem. Soc., 1949,

71, 2703–2707.

39 P. E. Pjura, K. Grzeskowiak and R. E. Dickerson, J. Mol. Biol.,

1987, 197, 257–271.

40 U. Saha, B. Das, M. Dolai, R. J. Butcher and G. Suresh

Kumar, ACS Omega, 2020, 5, 18411–18423.

41 A. Y. Khan, U. Saha, G. Fiorillo, P. Lombardi and G. Suresh

Kumar, J. Therm. Anal. Calorim., 2018, 132, 623–630.

42 U. Saha, M. Dolai, G. Suresh Kumar, R. J. Butcher and

S. Konar, J. Chem. Eng. Data, 2020, 65, 5393–5404.

43 U. Saha, M. Dolai and G. Suresh Kumar, New J. Chem., 2019,

43, 8982–8992.

44 Z. Zhao, J. Zhang, S. Zhi, W. Song and J. Zhao, J. Inorg.

Biochem., 2019, 197, 110696.

45 M. Dolai, U. Saha, S. Biswas, S. Chatterjee and G. Suresh

Kumar, CrystEngComm, 2020, 22, 8374–8386.

46 A. Jana, B. Das, S. K. Mandal, S. Mabhai, A. R. Khuda-

Bukhsh and S. Dey, New J. Chem., 2016, 40, 5976–5984.

47 S. Mabhai, M. Dolai, S. K. Dey, A. Dhara, S. M. Choudhury,

B. Das, S. Dey and A. Jana, Spectrochim. Acta, Part A, 2019,

219, 319–332.

48 B. Das, A. Jana, A. Mahapatra, D. Chattopadhyay, A. Dhara,

S. Mabhai and S. K. Dey, Spectrochim. Acta, Part A, 2019, 212,

222–231.

49 B. Das, S. Dey, G. P. Maiti, A. Bhattacharjee, A. Dhara and

A. Jana, New J. Chem., 2018, 42, 9424–9435.

50 M. Shahid and A. Misra, J. Photochem. Photobiol., A, 2017,

335, 190–199.

Paper NJC

Pu
bl

is
he

d 
on

 1
2 

O
ct

ob
er

 2
02

1.
 D

ow
nl

oa
de

d 
by

 N
at

io
na

l I
ns

tit
ut

e 
of

 T
ec

hn
ol

og
y,

 D
ur

ga
pu

r 
on

 8
/4

/2
02

3 
7:

03
:3

4 
PM

. 
View Article Online

https://doi.org/10.1039/d1nj03510j


A bio-compatible pyridine–pyrazole hydrazide
based compartmental receptor for Al3+ sensing and
its application in cell imaging†

Bhriguram Das, ab Malay Dolai, c Avijit Ghosh, d Anamika Dhara,e

Ananya Das Mahapatra,f Debprasad Chattopadhyay,fg Subhabrata Mabhai,h

Atanu Jana, *i Satyajit Dey *b and Ajay Misra *a

For practical applications, the development of bio-compatible organic molecules as p-block ion

chemosensors is critical. Herein, we report the single crystal (SC) of new pyridine–pyrazole derived Al3+

sensor H2PPC [(Z)-N'-(2,3-dihydroxybenzylidene)-5-methyl-1-(pyridin-2-yl)-1H-pyrazole-3-

carbohydrazide] as well as its Cu-complex SC. The probe exhibits an “off–on” fluorescence response

towards Al3+ ions, and this has been modulated with different solvents. For selective detection of Al3+

ions, a special coordination pocket in the structural backbone is advantageous. The chemosensor

exhibits a submicromolar detection level (LOD ¼ 4.78 mM) for Al3+. The density functional theory (DFT)

and time-dependent DFT (TD-DFT) calculations of H2PPC and [Al(HPP)2]
+ (1) reveal that a change of the

structural conformation of probe H2PPC upon complexation causes the pyrazole and pyridine units to

create a specific cavity to tether Al3+, and consequently H2PPC proves to be a promising molecule for

Al3+ detection. Furthermore, the probe has been successfully used to evaluate Al3+ as a low-cost kit

using filter paper strips, and the in situ Al3+ ion imaging in Vero cells as well as A549 cell lines shows the

sensor's nuclear envelope penetrability, indicating that it has great potential for biological and

environmental applications.

1. Introduction

Aluminum compounds are used in various items, including

household appliances, construction materials, transportation

systems, and communication, and advanced medical devices.1

Aluminum has a high level of exposure due to its widespread

use in everyday life. Aluminum is well-known to be highly

harmful to human health as well as the plant kingdom.2,3

Because of the possible connection to the brain, doctors refer to

Al3+ as the “silent killer” in the human body. Dementia,

myopathy, Alzheimer's disease, and Parkinson's disease are all

neurodegenerative disorders caused by it.4–8 Overexposure to

aluminum dust has a detrimental effect on dialysis encepha-

lopathy, lung functions, tumors, cough, and asthma in industry

staff.9 Due to aluminum toxicity, studies on aluminum (Al3+)

detection are crucial for controlling its concentration levels in

the biosphere and have attracted more attention from

researchers. In this context, sensitive and dependable uores-

cent molecular sensors appear to be the most appropriate tool,

as they have advantages in terms of selectivity, sensitivity,

response time, and cost, and thus have piqued the interest of

chemists.10–12 The non-transition metal ion Al3+ lacks spectro-

scopic characteristics because it lacks d electrons. As a result,

the d–d electronic transition for colorful, complex generation is

an ambiguous way to detect Al3+ ions with the naked eye.

Instead, an alternative route involving appropriate ligand

design that results in a successful LMCT (ligand–metal charge

transfer) will solve the problem. To t the coordination prefer-

ences of the metal ion, suitable donor atoms should be posi-

tioned at strategic positions in the ligand cavity. It should be

noted that, in comparison to other transition metal ions, Al3+
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AgriStick: An IoT-Enabled 

Agricultural Appliance to  

Measure Growth of Jackfruit  

Using 2-Axis JoyStick
Anirbit Sengupta, Anwesha Mukherjee, Abhijit Das, and Debashis De

I
n the field of agriculture, growth monitoring and mea-

surement are two important factors used specifically 

to evaluate the influence of the environmental condi-

tions on productivity. The change of circumference of parts of 

plants like their trunks, branches and fruits is one way to mon-

itor plant growth. In this paper, we developed an Internet of 

Things (IoT)-based growth measurement and monitoring sys-

tem using a 2-Axis joystick. In the case study, we measured 

the growth of Jackfruit which is a tropical fruit and widely 

cultivated in tropical areas like India, Bangladesh, Thailand, 

Brazil, and Malaysia. The developed appliance is referred to as 

AgriStick. The IoT appliance utilizes a 16-bit ultra-low power 

consuming microcontroller. We used RS485 protocol to make 

our appliance work for long distance range. The sensor was 

utilized for the purpose of monitoring the growth of horticul-

ture crops as well as natural ecosystem plants.

Measuring Agricultural Indicators
Real-time information collection and analysis are essen-

tial in recent agricultural systems to properly use fertilizer, 

pesticide, water, etc. The growth rate monitoring or growth 

measurement is a significant attribute of the horticulture and 

regular ecosystem. The crop growth depends on various fac-

tors like environmental and physiological conditions and a 

plant’s genetic endowment. The growth monitoring is signif-

icant for timely harvesting of crops for better yield, from the 

economical perspective of the farmers. We generally use the 

radius-wise growth of stems or tree branches as pointers of the 

vigor of a plant, while the growth of fruit gives us an essential 

functional factor in gardening production. Usually, in growth 

measurement, strain gauges and Linear Variable Differential 

Transformers (LVDT) are used [1]. Though the LVDT-based 

systems are more expensive than the strain gauge-based sys-

tems, the former provide information with better accuracy and 

resolution.

The storage of growth-related information is also vital for 

analysis. In [2], multispectral images were collected for higher 

output phenotyping of tomato spot wither disease confronta-

tion among 20 peanut genotypes. For growth measurement of 

tree parts and fruits, there are tools like dendrometers [3], [4]. 

Though they offer benefits such as temperature compensa-

tion and fine resolution, there are few disadvantages such as 

cost, large size, and additional support required for the sen-

sors, and recalibration of the sensor when moved from one 

tree to another. The disadvantages led to the development of 

an alternative sensor which is an optoelectronic sensor-based 

measurement tool [5]. Practically, this appliance is cost-ef-

fective and has proven as an alternative solution for growth 

measurement. Our research is based on the development of an 

IoT-based appliance that can perform the monitoring and mea-

surement in an adjusting manner for both remote places and 

test areas using the Internet.

The authors in [6] have highlighted the use of IoT in smart 

precision agriculture and farming. The researchers have pro-

posed in [7], an IoT device for monitoring fruit growth. In [8], 

the authors have discussed the application of Radio Frequency 

Identification sensing technology in environmental monitor-

ing, soil monitoring, plant growth monitoring, and harvest 

quality monitoring. The use of IoT in growth monitoring has 

several advantages, such as the surveillance is continuous 

even in real-time, and the data fetched through the sensor node 

can be stored in the cloud for future use. Growth monitoring 

of crops is a significant area of research interest in the field of 

smart agriculture. In [9], the authors have developed a system 

to monitor the growth of apple plantations. In that work, the 

authors have used a deep learning-based edge network, and 

performed the remote estimation of apple size during the en-

tire growth period.

The existing growth measurement systems [1], [5] used the 

mouse or sensor as the sensing unit, Bluetooth as the commu-

nication protocol, and stored the collected data inside the SD 

card. However, there are two major issues: Bluetooth provides 

short-distance communication, and the SD card is not able to 

contain a huge volume of data. To deal with these challenges, 

a system is required that will be able to provide comparatively 

long-distance communication, and can store high volume of 

data for further analysis. In this paper, we propose an IoT-

based growth measurement system named as AgriStick, that 
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the cloud. This will help to reduce the network traffic and stor-

age overhead of the cloud. Blockchain plays an important role 

in agriculture and food supply chain management [12] and is 

especially for security purposes. In our system, we also could 

use blockchain for security purposes and in crop supply chain 

management. Therefore, the use of blockchain is another fu-

ture research scope of AgriStick.

Conclusions
We developed the Internet of Growth Measuring Things - 

AgriStick using a 2-Axis joystick and used it to measure and 

monitor the growth of Jackfruit. We installed the developed 

sensor node in the field for 24 days, during which time, the 

sensor node showed good performance, indicated with high 

accuracy of ~99%, with low power consumption and battery 

life of approximately two months. We use this IoT appli-

ance for monitoring and measurement of the radial growth of 

plants in the agricultural industry. The system will give a new 

dimension to the modern-day IoT-based precision agriculture. 

The developed system will help to understand the right time 

to harvest the fruit from the tree, depending upon the radial 

growth data analysis.
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Abstract

The outbreak of 2019 novel coronavirus (COVID-19) has triggered unprecedented challenges and put the whole world in a

parlous condition. The impacts of COVID-19 is a matter of grave concern in terms of fatality rate, socio-economical condition,

health infrastructure. It is obvious that only pharmaceutical solutions (vaccine) cannot eradicate this pandemic completely,

and effective strategies regarding lockdown measures, restricted mobility, emergency services to users—in brief data-driven

decision system is of utmost importance. This necessitates an efficient data analytics framework, data infrastructure to store,

manage pandemic related information, and distributed computing platform to support such data-driven operations. In the

past few decades, Internet of Things-based devices and applications have emerged significantly in various sectors including

healthcare and time-critical applications. To be specific, health-sensors help to accumulate health-related parameters at

different time-instances of a day, the movement sensors keep track of mobility traces of the user, and helps to assist them

in varied conditions. The smartphones are equipped with several such sensors and the ability of low-cost connected sensors

to cover large areas makes it the most useful component to combat pandemics such as COVID-19. However, analysing

and managing the huge amount of data generated by these sensors is a big challenge. In this paper we have proposed a

unified framework which has three major components: (i) Spatial Data Infrastructure to manage, store, analyse and share

spatio-temporal information with stakeholders efficiently, (ii) Cloud–Fog–Edge-based hierarchical architecture to support

preliminary diagnosis, monitoring patients’ mobility, health parameters and activities while they are in quarantine or home-

based treatment, and (iii) Assisting users in varied emergency situation leveraging efficient data-driven techniques at low-

latency and energy consumption. The mobility data analytics along with SDI is required to interpret the movement dynamics

of the region and correlate with COVID-19 hotspots. Further, Cloud–Fog–Edge-based system architecture is required to

provision healthcare services efficiently and in timely manner. The proposed framework yields encouraging results in taking

decisions based on the COVID-19 context and assisting users effectively by enhancing accuracy of detecting suspected

infected people by ∼24% and reducing delay by ∼55% compared to cloud-only system.

Keywords Health service provisioning · Health data analysis · Cloud–Fog–Edge framework · COVID-19
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1 Introduction

The widespread of infectious coronavirus disease (COVID-

19) due to Severe Acute Respiratory Syndrome Coronavirus

2 (SARS-CoV-2) virus has affected more than 150 million

people (positive case) and resulting over 35,00,000 deaths

all over the world (as of last week of May, 2021). This pan-

demic has brought substantial changes in all aspects of our

lifestyle. The healthcare sector of all countries were sig-

nificantly affected and several strategies such as restricted

mobility, isolating regions, lockdown measures have been

adapted. All though these measures have reduced the spread

of the disease, however, there is a great impact on socio-
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Abstract

Recent computational analytics in the domain of the Internet of Things pro-

vides crowd-sourced reviews for decision assistance for innumerable aspects

of our living standards and socio-entertainments. However, one of the most

significant tasks for obtainable online music libraries and websites is the

demand for personalized and professionalized courses of action for music lis-

teners and composers to elect suitable musical performances. In this paper,

we illustrate a hybrid matrix factorization-based content-sensitive music rec-

ommender schema on the Internet of Music Things. Emerging orange com-

puting technology offers a harmonic fusion framework for psychological care

and happiness-concerned computing. We elucidate the projected music rec-

ommender paradigm in the domain of Internet of Music Things, titled as

OrangeMusic. The OrangeMusic schema differs from the earlier contributions

in the following aspects: (a) Orange computing-based information fusion frame-

work is applied on the Internet of Music Things; (b) Provided musical content

revisions can be exposed by listeners9 rating metrics and be exploited to amend

original listener-provided ratings; (c) Music listeners9 preferences and musical

items are incorporated into the standard matrix factorization mechanism. The

performance metrics flourish that our proposed OrangeMusic presents a profi-

cient rating prediction and intensifies the accuracy of content-sensitive music

recommendation expressively.

KEYWORD S

hybrid matrix factorization, internet of music things, music recommender system, Orange

computing

1 INTRODUCTION

Musicians can compose knowledge-basedmusic for listeners and can circulateworldwide through Internet-driven live-streamedperformances.
Internet of Things (IoT) in Music has provided an evolving schema that enables remotely accessible musicians, multiple instruments, and
music-making technologies into a solitary platform. In,1 the authors have provided the opportunistic crowdsensing-oriented Internet of Music
Things (IoMT) system architecture and evaluated the system performances in terms of the time for data transmission, power dissipation,
and energy consumption. IoMT has been elucidated in diverge contexts to fix music composition and generation perspectives, such as ubiq-
uitous music retrieval, remote performance monitoring, and auto-tuning of musical instruments. Acceptance of the IoT-inspired musical
performances depends on the audiences: how they feel according to their present emotion and recommend to the future listeners.2,3

Numerous strategies exist for movies recommendation, product recommendations, etc. In,4 the authors illustrated an Ensemble-based sys-
tem with the Particle Swarm Optimization that boosts towards intelligent recommendation frameworks. In,5 emerging Capsule Network and

Internet Technology Letters. 2022;5:e331. wileyonlinelibrary.com/journal/itl2 © 2021 John Wiley & Sons, Ltd. 1 of 6
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of EVS, MAE, and RMSE. The OrangeMusic has conceivable applications in the real world which comprise the wide-network interactive and
distributed music performances, wearable smart instruments, dynamic rhythmic tuning, and multi-user-based virtual music composition and
reconstruction systems. As Orange computing refers to a humanistic care-inspired framework, the association of Orange computing and Inter-
net of Music Things, that is, OrangeMusic has the potential impacts on the music-therapeutic applications. Music therapy is yet unscathed
by the emerging technologies of OrangeMusic. However, this schema recommends impressive capability for the devices that may perhaps be
concerned with the assistive-living consequences that offer a non-invasive, individually accustomed, outline of psychological and humanis-
tic treatment which is forever accessible. In future work, we shall try to incorporate multifaceted multiple intelligent computing strategies to
enhance the music recommendation efficiency and to design more humanized and personalized humanistic care frameworks in the contexts
of the IoT and Orange technology convergence.

ACKNOWLEDGMENTS
The authors are grateful to the University Grants Commission (UGC), Govt. of India, for sanctioning research fellowship. Authors are also
grateful to the Department of Science and Technology (DST) for sanctioning a research project and the TEQIP-III, India.

PEER REVIEW
The peer review history for this article is available at https://publons.com/publon/10.1002/itl2.331.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are openly available in Mendeley at https://doi.org/10.17632/9v76rdd4gz.2.

ORCID
Samarjit Roy https://orcid.org/0000-0002-7874-8348

REFERENCES

1. Roy S, Sarkar D, Hati S, De D. Internet of music things: an edge computing paradigm for opportunistic crowdsensing. J Supercomput.

2018;74(11):6069-6101.

2. Roy S, BiswasM,DeD. iMusic: a session-sensitive clustered classicalmusic recommender systemusing contextual representation learning.

Multimed Tools Appl. 2020;79(33):24119-24155.

3. Wen X. Using deep learning approach and IoT architecture to build the intelligent music recommendation system. Soft Comput.

2021;25(4):3087-3096.

4. Gupta G, Katarya R. EnPSO: an AutoML technique for generating ensemble recommender system. Arab J Sci Eng. 2021;46:8677-8695.

5. Katarya R, Arora Y. Capsmf: a novel product recommender system using deep learning-based text analysis model.Multimed Tools Appl.

2020;79(47):35927-35948.

6. Gupta G, Katarya R. Recommendation analysis on item-based and user-based collaborative filtering. In 2019 International Conference on

Smart Systems and Inventive Technology (ICSSIT) 2019; pp. 1-4, IEEE.

7. Katarya R. Reliable recommender system using improved collaborative filtering technique. In: Anand A, Ram M, eds. System Reliability

Management. Boca Raton, FL: CRC Press; 2018:113-119.

8. Katarya R, VermaN. Automatically detection and recommendation in collaborative groups. In 2017 International Conference on Intelligent

Sustainable Systems (ICISS). IEEE; 2017; pp. 218-222.

9. Katarya R, Verma OP. Recommender system with grey wolf optimizer and FCM. Neural Comput Appl. 2018;30(5):1679-1687.

10. Katarya R, Verma OP. Efficient music recommender system using context graph and particle swarm. Multimed Tools Appl.

2018;77(2):2673-2687.

11. Wang J-F, Chen B-W, Fan W-K, Li C-H. Emotion-aware assistive system for humanistic care based on the Orange computing concept.

Appl Comput Intell Soft Comput. 2012;2012:1-8.

12. Wang HY, Chen BW, Bharanitharan K, Wu JS, Tseng SP, Wang JF. Human-centric technology based on orange computing. In: ICOT 2013

- 1st International Conference on Orange Technologies, IEEE, 2013; pp. 250-251.

13. Zhang Y, Chen M, Huang D, Wu D, Li Y. iDoctor: personalized and professionalized medical recommendations based on hybrid matrix

factorization. Fut Generat Comput Syst. 2017;66:30-35.

14. Koren Y, Bell R, Volinsky C. Matrix factorization techniques for recommender systems. Computer. 2009;42(8):30-37.

15. Dutta A, Sil D, Chandra A, Palit S. CNN based musical instrument identification using time-frequency localized features. Internet Technol

Lett. 2021;e191:1-6. https://doi.org/10.1002/itl2.191

16. Mangla P, Arora S, Bhatia MPS. Intelligent audio analysis techniques for identification of music in smart devices. Internet Technol Lett.

2021;e268:1-6. https://doi.org/10.1002/itl2.268

17. Pedregosa F, Varoquaux G, Gramfort A, et al. Scikit-learn: machine learning in Python. J Mach Learn Res. 2011;12:2825-2830.

18. Roy S, Mukherjee A, De D. Data for: contextual music rating prediction. Mendeley Data V2 2021.

How to cite this article: Roy S, Mukherjee A, De D. OrangeMusic: An orange computing-inspired recommender framework in
internet of music things. Internet Technology Letters. 2022;5(3):e331. doi: 10.1002/itl2.331

https://publons.com/publon/10.1002/itl2.331
https://doi.org/10.17632/9v76rdd4gz.2
https://orcid.org/0000-0002-7874-8348
https://orcid.org/0000-0002-7874-8348
https://doi.org/10.1002/itl2.191
https://doi.org/10.1002/itl2.268


Received: 10 July 2021 Revised: 29 December 2021 Accepted: 3 February 2022

DOI: 10.1002/spe.3078

RE S EARCH ART I C L E

RESCUE: Enabling green healthcare services using
integrated IoT-edge-fog-cloud computing environments

Jaydeep Das1,2 Shreya Ghosh3,4 Anwesha Mukherjee5

Soumya K. Ghosh3 Rajkumar Buyya6

1Advanced Technology Development

Centre, Indian Institute of Technology

Kharagpur, Kharagpur, West Bengal, India

2School of Computer Engineering, KIIT

Deemed to be University, Bhubaneswar,

Odisha, India

3Department of Computer Science and

Engineering, Indian Institute of

Technology, Kharagpur, West Bengal,

India

4College of Information Sciences and

Technology, The Pennsylvania State

University, State College, Pennsylvania,

USA

5Department of Computer Science,

Mahishadal Raj College, Garh Kamalpur,

Mahishadal, West Bengal, India

6School of Computing and Information

Systems, The University of Melbourne,

Victoria, Melbourne, Australia

Correspondence

Jaydeep Das, Advanced Technology

Development Centre, Indian Institute of

Technology Kharagpur, Kharagpur, West

Bengal 721302, India.

Email: jaydeep@iitkgp.ac.in

Abstract

Internet of Things (IoT) has a pivotal role in developing intelligent and compu-

tational solutions to facilitate varied real-life applications. To execute high-end

computations and data analytics, IoT and cloud-based solutions play the most

significant role. However, frequent communication with long distant cloud

servers is not a delay-aware and energy-efficient solution while providing

time-critical applications such as healthcare. This article explores the possibili-

ties and opportunities of integrating cloud technology with fog and edge-based

computing to provide healthcare services to users in exigency. Here, we propose

an end-to-end framework named RESCUE (enabling green healthcare services

using integrated iot-edge-fog-cloud computing environments), consisting effi-

cient spatio-temporal data analytics module for efficient information sharing,

spatio-temporal data analysis to predict the path for users to reach the desti-

nation (healthcare center or relief camps) with minimum delay in the time of

exigency (say, natural disaster). This module analyzes the collected information

through crowd-sourcing and assists the user by extracting optimal path post-

disaster when many regions are nonreachable. Our work is different from the

existing literature in varied aspects: it analyses the context and semantics by aug-

menting real-time volunteered geographical information (VGI) and refines it.

Furthermore, the novel path predictionmodule incorporates suchVGI instances

and predicts routes in emergencies avoiding all possible risks. Also, the design

of development of a latency-aware, power-aware data-driven analytics system

helps to resolve any spatio-temporal query more efficiently compared to the

existing works for any time-critical application. The experimental and simu-

lation results outperform the baselines in terms of accuracy, delay, and power

consumption.

KEYWORD S

cloud computing, edge computing, geospatial query processing, green computing, healthcare

service, internet of things, spatio-temporal data
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Abstract

This paper addresses three prime issues of fifth generation mobile network: frequency 

allocation, power efficiency and communication while computing. This paper proposes a 

power-efficient micro-femtolet/macro-femtolet network based on soft fractional frequency 

reuse. Macrocell/microcell base stations are used in the network, and for providing good 

signal strength and offloading facilities to indoor and edge region users’ femtolets are allo-

cated inside the macrocell/microcell. The power transmission in the proposed heterogene-

ous network (HetNet) is estimated. The analytical evaluation presents that use of SFFR 

reduces the power transmission of the network by 10.87% approximately. This is also 

observed that the signal-to-interference-plus-noise ratio (SINR) of the network is improved 

using the proposed strategy. For experimental evaluation we have used vector signal gen-

erator (VSG) and vector signal analyzer (VSA). The simulation analyses performed using 

network simulator Qualnet shows that femtolet provides ∼(2–34)% reduction in energy 

consumption than the cloud based offloading.

Keywords Soft fractional frequency reuse · Femtolet based HetNet · Power reduction · 

SINR improvement
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Abstract—GrowFruit is an Internet of Things 

(IoT)-based low-cost real-time radial growth-

rate measurement device for fruit or stem. The 

working principle is measuring the growth of 

multiple crops up to 128 different inputs 

utilizing a single Texas Instrument-based 32-bit 

ultra-low-power microcontroller. The system 

utilizes Flex sensors, each of 4.5 inches to 

measure the change of circumference of the 

crop. The bending angle of the Flex sensor 

generates voltage, and via Analog to Digital 

Converter (ADC), is fed to the microcontroller 

in the form of a digital signal. With the help of 

the Quectel M95 GSM modem, the 

microcontroller sends the signal to the cloud for 

storage and analysis of the growth rate data. As 

the system measures the perimeter changes of 

fruits or stems, more precise growth 

information is obtained.   

 

I. INTRODUCTION 

The recent agricultural aspects require a real-

time crop growth rate monitoring system. The crop 

growth rate depends on various factors such as the 

plant's genetic endowment and physiological and 

environmental conditions. The growth rate 

monitoring is an essential factor in plant studies for 

horticulture and natural ecosystem-grown crops. 

The growth measuring systems usually are 

supported by direct contact with the test sample 

and the mechanical structure that has to be updated 

depending on the size and shape of the sample [1]. 

In the growth measurement systems, Linear 

Variable Differential Transformers (LVDT) and 

strain gauges are used [1]. The strain gauge-based 

systems are economical compared to the LVDT-

based systems. However, the LVDT-based systems 

provide precise, accurate, and high-resolution 

information regarding growth rate, whereas in 

strain gauge-based systems, specific electronic 

circuitry and flexible frames are required. The crop 

growth-related information storage is also 

significant for proper monitoring. This paper aims 

to design a device that will collect growth-related 

information and store the collected data for better 

growth monitoring. Our research work has 

designed an IoT-based device that utilizes a 32-bit 

ultra-low-power-consuming microcontroller that 

will process up to 128 inputs. The device utilizes 

the RS485 protocol for long-distance 

communication. We have used 4.5-inch Flex 

sensors to monitor the growth of horticulture crops 

and natural ecosystem plants. The bending angle of 

the Flex sensor, which has an analog output, is fed 

to the microcontroller via ADC for processing the 

data. Our system stores the processed data inside 

the EPROM and, after every one hour, sends the 

data to the cloud using the Quectel M95 GSM 

modem and the Rest API protocol. We plot the 

data in the X-Y plane in the form of the day and 

circumference of the crop, trunk, or branches, 

measured using the sensor. The proposed system 

obtains the sleep mode through Real-Time Clock. 

The proposed low-power consuming system works 

in a 12V, 1A rating. We may deploy solar panels 

for natural ecosystem radial growth measurement 

to power the cell, thus, making it a green or 

energy-efficient device.  
 

II. RELATED WORK 

Improving the productivity and growth rate of 

fruits is an emerging and significant research trend. 

In [2], the authors have discussed a low-cost fruit 

diameter monitoring device. The authors have 

discussed on multi-color driving algorithm 

concerning Pulse Width Modulation duty cycles 

and spectral power distributions [2]. To optimize 

the color correlation temperature and index for 

color rendering, multi-colour plant-growing light 

signals can significantly exploit photosynthetic 

radiant effectiveness [2]. On the other hand, in [3], 

the authors have discussed fabrication, calibration, 
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A B S T R A C T

Many studies have investigated the negative impacts of microplastics on teleost fishes with very little or no evi-

dence of their mechanism of action. This scenario entreats us to investigate the toxicities of nanopolystyrene in

zebrafish oocyte with emphasis on the mechanism of action. In the present study, the cellular levels of mRNA

transcripts of different genetic markers (such as: sod, gpx, nrf2, inos, ucp2, and atp6 (redox-sensitive markers);

nfkβ, tnfα, il-10, ikβ, gdf9, and bmp15 (immune markers); gadd45, rad51, p53 and bcl2 (DNA damage and apop-

totic)) have been quantified by real-time PCR after 6 h of incubation of isolated oocyte with different doses of

nanopolystyrene viz. P0 (control i.e. no polystyrene in culture medium), P1 (100 ng/ml), and P2 (400 ng/ml).

Results showed that both the treatment concentrations of nanopolystyrene induce oxidative stress with %

DPPH = 30.75, 31.61, and 32.43% for P0, P1, and P2, respectively. Increase in oxidative stress in oocytes with

increasing doses of nanopolystyrene was also observed in TBARS assay with MDA content 0.12 and 0.21 μM for

P1 and P2, respectively as compaired to the control 0.08 μM. This increased oxidative stress can regulate the ex-

pression pattern (upregulation/downregulation) of selected genes leading to different toxic effects like – oxida-

tive stress, immunotoxicity, and apoptosis in oocytes, which suggests the impairment of reproductive functions

by nanopolystyrene.

1. Introduction

Plastic pollution represents a major global concern due to their ele-

vated production and environmental disposal with a low rate of recy-

cling. Regular monitoring of micro/nanoplastics into the environmen-

tal samples and their toxicity assessment is important for their environ-

mental risk assessment. Polyethylene (PE), polypropylene (PP), poly-

styrene (PS), polyethylene terephthalate (PET), and polyvinyl chloride

(PVC) are some most widely used forms of thermoplastics. Plastic waste

can impose severe negative impacts on the wildlife in an aquatic system

(Vegter et al., 2014). Micro/nanoplastics, formed by the biotic and abi-

otic degradation of large plastic waste, are ubiquitously distributed in

all ecosystems (Besseling et al. 2013; Obbard et al., 2014). The aquatic

system may serve as a large sink for the environmental accumulation of

nanoplastics, where they can induce severe toxicities to the aquatic or-

ganisms.

Recently, many studies have reported the negative impacts of mi-

croplastics in fishes such as - oxidative stress (Zhao et al. 2013, Brun et

al., 2019), reproductive impairments (Sharifinia et al., 2020;

Sarasamma et al., 2020; Yin et al., 2021), disrupted glucose metabolism

(Brun et al., 2019), neurotoxicity (Kim et al., 2021), DNA breakage, and

the increased mortality rate (Zhou et al. 2013). Microplastics can bio-

accumulate into different organs like - liver, kidney, gut, gills, brain,

and gonads. Different anti-oxidants provide the first line of defense

against oxidative stress (Jin et al., 2010) and therefore play a pivotal

role in the regulation of oxidative stress (Dong et al., 2018). Zhou et al.

(2013) reported the oxidative damage with increased SOD (superoxide
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A B S T R A C T   

The phenomenon of eutrophication leads to the global occurrence of algal blooms. Cyanotoxins as produced by 
many cyanobacterial species can lead to detrimental effects to the biome due to their stability and potential 
biomagni昀椀cation along food webs. Therefore, understanding of the potential risks these toxins pose to the most 
susceptible organisms is an important prerequisite for ecological risks assessment of cyanobacteria blooms. 
Fishes are an important component of aquatic ecosystems that are prone to direct exposure to cyanotoxins. 
However, relatively few investigations have focused on measuring the toxic potentials of cyanotoxins in teleost 
昀椀shes. This review comprehensively describes the major toxicological impacts (such as hepatotoxicity, neuro-
toxicity, immune toxicity, reproductive toxicity and cytogenotoxicity) of commonly occurring cyanotoxins in 
teleost 昀椀shes. The present work encompasses recent research progresses with special emphasis on the basic 
molecular mechanisms by which different cyanotoxins impose their toxicities in teleost 昀椀shes. The major 
research areas, which need to be focused on in future scienti昀椀c investigations, have also been highlighted. 
Protein kinase inhibition, transcriptional dysregulation, disruption of redox homeostasis and the induction of 
apoptotic pathways appear to be the key drivers of the toxicological effects of cyanotoxins in 昀椀sh. Analyses also 
showed that the impacts of cyanotoxins on speci昀椀c reproductive processes are relatively less described in teleosts 
in comparison to mammalian systems. In fact, as compared to other toxicological effects of cyanotoxins, their 
reproductive toxicity (such as impacts on oocyte development, maturation and their hormonal regulation) is 
poorly understood in 昀椀sh, and thus requires further studies. Furthermore, additonal studies characterizing the 
molecular mechanisms responsible for the cellular uptake of cyanotoxins need to be investigated.   
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Abstract

Some recent studies have reviewed the occurrence and phytotoxicity of micro/

nanoplastics, but their distribution in the soil environment, mechanisms of uptake by

roots and the mode of action are unclear. Thus, this review comprehensively re-

presents the relative abundance of micro/nanoplastics in different soil types and

their toxicities in plants with insights into their partitioning to different soil matrices,

uptake mechanisms, and the mode of action. Partitioning of micro/nanoplastics to

different soil matrices (like—soil particles, naturally occurring soil organic matters,

pore waters and soil fauna) could modify their bioavailability to plants. The small

micro/nanoplastic particles can be taken up by roots through the apoplastic and

symplastic pathways. In this regard, cellular endocytosis and aquaporin might play a

significant role. The shape of the polymers can also regulate their uptake, and the

polymers with spherical shapes are more easily absorbed by roots than the polymers

with other shapes. Bioaccumulation of micro/nanoplastic induces oxidative stress,

which, in turn, causes alterations of gene expressions and different metabolic

pathways responsible for plant growth, biomass production and synthesis of sec-

ondary metabolites.

K E YWORD S

bioavailability, oxidative stress, partitioning, plant uptake, toxicity

1 | INTRODUCTION

Since the 1950s, the worldwide production of different plastic

polymers has been increasing very rapidly. According to Plastic

Europe (2020), ~370million tonnes and ~58million tonnes of plastics

have been produced in 2019 as total global and European production,

respectively. Packaging, construction, building, and automotive in-

dustries are some of the important sectors heavily liable for the

consumption of a large fraction (viz. 39.6%, 20.4% and 9.6%, re-

spectively) of total European production. Polyethylene (PE), poly-

ethylene terephthalate (PET), polypropylene (PP), polystyrene (PS)

and polyvinylchloride (PVC) are the most common forms of ther-

moplastic to be used widely.

Based on the size of plastic particles, they can be categorised as

macroplastic (>25mm), mesoplastic (5–25mm), large microplastic

(1–5mm), small microplastic (1 μm–1mm), and nanoplastic (<1 μm)

(Kim et al., 2021). But it is generally accepted that the plastic particles

with diameter <5mm are microplastics and those with diameter

<100 nm are nanoplastics (He et al., 2018; Song et al., 2017). Plastics

in the environment can exist in various forms including fibres, films,

beads and foams. Micro/nanoplastics may have two types of origin in

the natural environment. Firstly, they can be directly released from

manufactured products (Guo et al., 2020); and secondly, different

environmental processes such as: photo‐oxidation (UV mediated),

thermo‐oxidation (temperature mediated), mechanical forces, biode-

gradation, and hydrolysis can break up the large plastic fragments

Plant Cell Environ. 2022;1–18. wileyonlinelibrary.com/journal/pce © 2021 John Wiley & Sons Ltd. | 1

http://orcid.org/0000-0003-1822-4646
mailto:kousik.dbs@presiuniv.ac.in


Zhao, T., Lozano, Y.M. & Rillig, M.C. (2021) Microplastics increase soil pH and

decrease microbial activities as a function of microplastic shape, polymer

type, and exposure time. Frontiers in Environmental Science, 9, 235–548.

Zhou, C.Q., Lu, C.H., Mai, L., Bao, L.J., Liu, L.Y. & Zeng, E.Y. (2021)

Response of rice (Oryza sativa L.) roots to nanoplastic treatment at

seedling stage. Journal of Hazardous Materials, 401, 123412.

Zhou, Q. & Hu, X. (2017) Systemic stress and recovery patterns of rice

roots in response to graphene oxide nanosheets. Environmental

Science & Technology, 51(4), 2022–2030.

Zhou, Q., Zhang, H., Fu, C., Zhou, Y., Dai, Z., Li, Y. et al. (2018) The

distribution and morphology of microplastics in coastal soils adjacent

to the Bohai Sea and the Yellow Sea. Geoderma, 322, 201–208.

Zhu, F., Zhu, C., Wang, C. & Gu, C. (2019) Occurrence and ecological

impacts of microplastics in soil systems: a review. Bulletin of

Environmental Contamination and Toxicology, 102(6), 741–749.

Ziajahromi, S., Neale, P.A., Silveira, I.T., Chua, A. & Leusch, F.D. (2021) An

audit of microplastic abundance throughout three Australian

wastewater treatment plants. Chemosphere, 263, 128294–128749.

Zimmerman, R.P. & Kardos, L.T. (1961) Effect of bulk density on root

growth. Soil Science, 91(4), 280–288.

How to cite this article: Maity, S., Guchhait, R., Sarkar, M.B. &

Pramanick, K. (2021) Occurrence and distribution of micro/

nanoplastics in soils and their phytotoxic effects: a review.

Plant, Cell & Environment, 1–18.

https://doi.org/10.1111/pce.14248

18 | MAITY ET AL.

View publication stats

https://doi.org/10.1111/pce.14248
https://www.researchgate.net/publication/357993582


REVIEW ARTICLE

Interaction of plastic particles with heavy metals and the resulting
toxicological impacts: a review

Sukhendu Maity1 & Chayan Biswas1 & Sambuddha Banerjee1
& Rajkumar Guchhait2 & Madhuchhanda Adhikari1 &

Ankit Chatterjee1
& Kousik Pramanick1

Received: 13 January 2021 /Accepted: 5 September 2021
# The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

Interactions of plastic particles with different organic/inorganic pollutants including heavy metals impact their ecotoxicological

potential, and proper understanding in this regard is important for their ecological risk assessment. However, many studies have

reported the interactions between micro-/nanoplastics (MNPs) and heavy metals (HMs), but the most prevalent interactive forces

and factors monitoring their interactions are still not clear. So, the present review represents the mechanisms of interactions with

special emphasis on major interactive forces and biophysicochemical and environmental factors influencing trace element’s

adsorption onto the surface ofMNPs. Electrostatic interaction and pore-fillingmechanism can best explain the HMs adsorption to

MNPs. A number of biophysicochemical factors (such as biofilm, size, crystallinity, and surface charge) and environmental

factors (such as pH, salt, and temperature) act together for mediating interactions and ecotoxicities of MNPs and HMs in the real

environment. From a toxicological point of view, the synergistic mode of action may be more active in animals, whereas the

antagonistic activity may be prevalent in plants. Besides polymer density, biofilm formation and agglomeration property of

MNPs can control the vertical distribution of MNPs along the water column. Finally, the ecotoxicological potential of MNPs in

the natural environment can be considered as a function of spatiotemporal variation in abiotic (including MNPs and heavy

metals) and biotic components. This review will be helpful in the detail understanding of ecotoxicological risk assessment of

MNPs in relation to their interaction with heavy metals.
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Introduction

Since last few decades, the concern of plastic pollution has

been growing up very rapidly (Browne et al. 2007; Eerkes-

Medrano et al. 2015; Galloway et al. 2017; Campanale et al.

2020) due to their scaled-up global production, inadequate

waste management, and toxic behaviors. The ubiquitous dis-

tribution of MNPs in every environmental compartment and

their trophic level transfer can impose threats to the ecosystem

and public health (Eerkes-Medrano et al. 2015; Thompson

2015; Vethaak and Leslie 2016; Horton et al. 2017; Chae

and An 2017; Hodson et al. 2017; Chae and An 2018;

Zhang and Liu 2018). Many studies have already reported

different toxicological effects of MNPs including develop-

mental toxicity, reproductive toxicity, neurotoxicity,

immunotoxici ty, cytotoxici ty, and phytotoxici ty

(Supplementary table 1). MNPs induce toxic effects by

disrupting redox homeostasis (oxidative stress) and modulat-

ing gene expression (Alomar et al. 2017; Espinosa et al. 2017;

Yu et al. 2018). The increased surface area of MNPs and

surface chemistry enable them to interact with organic/

inorganic pollutants (Turner and Holmes 2015; Wang et al.

2019; Tang et al. 2020; Mao et al. 2020; Singh et al. 2020).

Thus, MNPs can act as vectors for a large number of organic/

inorganic pollutants including HMs due to their sorption
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  Anorexia nervosa is a serious mental disorder with a characteristic appearance. It can affect people of all ages, genders, 

sexual orientations, races, and ethnicities, but it is especially dangerous for adolescent girls and young adult women. Anorexia is 

caused by a combination of psychological, societal, and biological variables, and there is no single cause. Anorexia nervosa 

affects about 0.531.0 percent of women over the world. Previous research suggested that anorexia nervosa is a condition that 

exclusively affects women in Western countries; however, recent research has showed that it is more common in boys than 

previously assumed.The higher rate of anorexia nervosa in western countries compared to non-western countries was explained 

by cultural differences, as western culture places a high priority on thinness in young women. Being skinny, on the other hand, is 

socially unacceptable in most non-western cultures. Although anorexia nervosa is primarily a problem in Western countries, 

current data suggests that it is spreading to non-Western countries in both genders. This phenomenon was explained by a number 

of factors, including Western media attention, social and parental pressure, genetic and biochemical variables, and other 

psychological problems including such sexual abuse and poor self are also contributors. 

 

KEYWORDS: eating disorder, Western media attention, social and parental pressure, genetic and biochemical variables, 

Depression, anxiety 

1. INTRODUCTION 

Eating disorder is a psychological condition 

characterised by food avoidance, excessive 

consumption, or purging. It's also been stated that 

eating disorders are a form of dependency. Eating 

becomes a source of reliance, disrupting everyday life's 

equilibrium(Arceluset al., 2011). Others define eating 

disorders as a disease that leads to the adoption of 

unhealthy eating behaviours. Teenage girls and young 

women are more likely to suffer from these diseases. 

Psychologists define an eating disorder as a psychiatric 

condition that interferes with normal eating 

behaviour(Smith, 2012).  

Characteristics of Eating Disorder 

Extremes characterise this illness. It appears when a 

person's eating behaviour is severely disrupted, such as 

intense distress or concern over body weight or shape. 

Unlike hysteria, an eating disorder involves 

manipulating one's food intake and being obsessive 

about one's own body's shape and weight(Attia, 
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It is evident that luteinizing hormone (LH) secretion 

pattern slows down which ultimately leads to reduced 

ovarian stimulation, cessation of menstruation and 

amenorrhea(Steinhausen, 2002). 

Thus, patients having anorexia nervosa exhibits a wide 

range of symptoms, associated with hypothyroidism, 

cold intolerance, hypothermia, constipation, reduced 

basal metabolic rate (BMR), bradycardia, and 

hypercholesterolemia(Mitchell & Crow, 2006). 

 

3. CONCLUSIONS: 

Although, anorexia nervosa is the issue of 

Western-countries; however recent evidence suggests 

its spread in both gendersamong non-Western 

countries. Many factors explained this phenomenon, of 

which Westernmedia exposure, peer and family 

pressure,genetic and molecular factors and other 

psychological factors as sexual abuse and low 

self-steam. 
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Malnutrition and immunity: A review 
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Abstract 
Malnutrition, which includes both lack and overnutrition, is a major cause of disease and mortality 

around the world. Malnutrition is caused by dietary absorption problems, but it is also marked by 

recurring infections and persistent inflammation, signaling an underlying immunological problem. 

Defects arise in the immunoepigenome of impoverished parents before birth, and these may lead to 

intergenerational malnutrition cycles. Immune dysfunction is both a cause and a consequence of 

starvation, according to this review, which includes major recent data from experimental animals, in vitro 

models, and human cohorts. We emphasize gaps in existing understanding of immune- physiological 

dysfunction in malnutrition, with the goal of therapeutically addressing immunological pathways as a 

novel strategy to reduce morbidity and death in children. 

 

Keywords: Immunoepigenome, low of protein diet, malnutrition cycles, immune dysfunction, dietary 

absorption 

 

Introduction 

Malnutrition as an Immunodeficiency Syndrome 

Malnutrition, which includes both under- and over-nutrition, causes a huge health burden 

worldwide (Rahman and Adjeroh, 2015; Black et al., 2013) [35, 6]. Nutritional aspects have 

always found to be very instrumental with the physiological attributes not only that various 

nutritional changes input various physiological changes projecting the deficiency and 

sufficiency of the key factors responsible for the particular nutrient markers. 

Despite being usually described as poor nutritional digestion, malnutrition is not solely caused 

by a lack of food intake. Obesity can develop without a poor diet and continue even if a 

healthy diet is adopted (Clemente et al., 2012; DeBoer et al., 2012; Godfrey et al., 2011; 

Gregor and Hotamisligil, 2011; van der Klaauw and Farooqi, 2015) [8, 11, 17, 19, 48], while 

intensive feeding therapies only marginally reduce stunting prevalence (Bhutta, 2008). Despite 

the fact that under- and overnutrition manifest as separate physical defects, several studies 

suggest that they share etiological pathways: early-life undernutrition increases the risk of 

obesity later in life (DeBoer et al., 2012; Roseboom, 2006) [11, 38], altered metabolism (Bartz et 

al., 2014; Kong et al., 2014; O’Keefe et al., 2015) [3, 24, 29], chronic inflammation (Kong et al., 

2014; Prendergast et al., 2014; Kosek et al., 2013) [24, 32, 25], and gut dysfunction (enteropathy) 

(Kong et al., 2014; O’Keefe et al., 2015; Subramanian et al., 2014) [24, 29, 46], in overweight 

people, excessive calorie and macronutrient intake is commonly linked to micronutrient 

deficiencies. Malnutrition is increasingly being recognized as a complex condition with 

overlapping and poorly understood comorbidities (Humphrey, 2009; Prendergast et al., 2014; 

Ahmed et al., 2014) [21, 33, 2]. In order to create novel therapeutic diet (Therapeutic diet is a diet 

which is given to the patient who is suffering from any type of disease condition (Tewari, 

2019) [47] to support international aims to increase nutrition, health, and well-being, 

pathogenesis across the malnutrition spectrum must be characterized. 

 

Malnutrition affects immunity 

A primary immunodeficiency is an immune system condition caused by a genetic or 

developmental defect. Secondary or acquired immunodeficiency is the loss of immunological 

function caused by a range of external factors. Although infection with the human 

immunodeficiency virus (HIV) is the most well-known cause of secondary immunodeficiency, 

acute malnutrition is the most prevalent cause of immunodeficiency worldwide, affecting up to 

50% of the population in some underprivileged communities (Geraix et al., 2008) [15]. Both 

innate and adaptive immunity are affected by immune system abnormalities. 

http://www.thepharmajournal.com/
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Human/Non-human Interface and the Affective Uncanny in Amitav Ghosh’s Gun Island 

Asis Dei 

 

Abstract 
Postcolonial fiction depicting transnational human mobility across landscapes and cultural 

spaces often represents the variable <structure of feeling= in a human being with continuous 

8de-9 and 8re-territorialization9 (Grossberg 313) from the familiar space to the unfamiliar. 

Experiences of lived realities and relationships alter with time and space, simultaneously 

affecting human understanding of logic and thereby leaving a scope to interpret newer 

experiences on multiple levels such as the mysterious, uncanny, or the exotic. It is not just the 

fictional character/s in literary narratives but also the reader/s who feel affected by the 

relationality between the rational and the mysterious as emotional affect <arises in the midst of 

in-between-ness= (Seigworth and Gregg 1). The epistemic lens of affect theory has been used 

in this essay to explore the human/non-human relationships in Amitav Ghosh9s novel Gun 

Island (2019). I would show how, in Ghosh9s narrative, the human/non-human interface has 

been perceived by inventories of belonging and migration, and often represented with an 

interplay of the corporeal and the uncanny, mainly aiming at emotional affect sandwiched 

between anxiety and hope4 both conditions of postcoloniality and ecological engagement. 

The representation of the human/non-human relationships in literary narratives depends 

heavily on imaginative correspondence, where the affective exceptional may find its easy 

place. Examining several episodes in the novel, I would discuss how the corporeality of a snake, 

spider, shipworm, or even a wildfire affects the incorporeal cognitive dimensions like trauma 

or anxiety in Dinanath4 the central character, and reshapes his <structure of feeling.=  
 

Keywords 

human/non-human interface, affect, uncanny, corporeal, sensorial  

 

Introduction         

One of the exclusive twenty-first-century cultural phenomena is the ever-increasing use 

of digital and computational technology and devices, where space for the imaginative and the 

emotional requires, quite naturally, a new reconfiguration. The visible emergence of the 

interdisciplinary research network of affect studies in the last two decades can be seen as a part 

of this process of cultural reconfiguration. While the application of digital and computational 

technology demonstrates the relatedness of corporeal organic matters with logical and 

mathematical precision, the critical lens of Affect theory <accumulates across both relatedness 

and interruptions in relatedness= (Seigworth and Gregg 2). In the 8Introduction9 to The Affect 
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Notes 

1 In the book launch event of Gun Island in Delhi on 19 June 2019, Ghosh admits that the novel is not just about 

climate change, it9s much more: <I wouldn9t say it9s climate change, it9s not just that…it9s something much more 
complicated, it9s the reality that we live in, and the reality that we live in today is so fractured, is so sort of strange 

that there9s something so uncanny about the way the world is changing.= See the full interview here: 

https://www.youtube.com/watch?v=r5RbdChKMv4 (accessed 25 January 2021).  

2 In both the post-publication book launch events in Delhi and Kolkata, Ghosh claims that in no way, Gun Island 

should be seen as the sequel of The Hungry Tide, which he wrote fifteen years back in 2004. However, there are 

some conceptual connections between the two novels. The Delhi book launch event could be accessed here: 

https://www.youtube.com/watch?v=r5RbdChKMv4 (accessed 25 January 2021); For the Kolkata event, see: 

https://www.youtube.com/watch?v=lr41o6qNl1g  (accessed 25 January 2021).  

3 In the medieval Bengali literature entitled Manasamangal Kāvya authored by Khemananda and in some other 

Bengali folkloric legends, one may notice such merchant figures that stand as powerful and ruthless men, mostly 

Shaivaites by religion and without any reverence for the <subaltern= deities like Manasa. Like the Gun Merchant 

in Ghosh9s Gun Island, the most well-known of such traders is Chandradhar or Chand Sadagar. See 
Manasamangal Kāvya for details.   
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Ruminations (2018) (co-edited), <The lost years of a nomad: Exploring Indian experience in 

Nuruddin Farah9s literary oeuvre= in TYDSKRIF VIR LETTERKUNDE, 57(1) 2020, and 

<The Great Derangement= in The Literary Encyclopaedia. 05 April 2021. His forthcoming 

volume on Amitav Ghosh awaits publication by Brill in 2021. 
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SUBJECTIVITY, TRANSGRESSION AND RESISTANCE: RETHINKING THE IDEA OF FEMALE DOMESTIC SPACE 
OF INDEPENDENT BENGAL 

 
Shyamal Mondal 

Mahishdal Raj College 
West Bengal, India 

 
Abstract:  

Subjectivity, Transgression and resistance are the perpetual conditions in human existence. The construction of individual 
identity as a defense mechanism to get a space in patriarchal hegemony is vividly portrayed by Mahasweta Devi in her renowned seminal 
work Mother of 1084 (Hazard Churasir Maa). In this Independent system, Virginia Wolf’s A Room of One's Own has become ' No 
Room of One's Own' where any attempt to break it, challenge it, question it, or speak the truth against the status quo is violently 
suppressed, dominated and subdued.  Importantly Foucault’s idea of Transgression establishes a scenario for the analysis of the 
oppressive and transgressive women under a patriarchal hegemony in the literary text, Mother of 1084. Mahasweta Devi’s Mother of 
1084 sets the situation with transgression and its representation in theatrical performance and in Indian English literature. 
 
Keywords: Subjectivity, Transgression, Indigenous Identity, and Hegemony. 
 
Introduction 

“The history of men's opposition to women's emancipation is more interesting perhaps 
than the story of that emancipation itself.”.  (P- 46) 

 
      The modernist twentieth century prolific writer Virginia Wolf does not hesitate to talk about woman's emancipation in her seminal 
extended essay 'A Room of One's Own’.’ Actually the idea of uprising of the subjugated woman is crystal clearly portrayed in the 
writings from all over the world- in the writings of once colonized nations like Africa, the Carribeans, south east part of Asia and of 
colonizing nation’s like England (Virginia Wolf, Emily Bronte) France (Simon De Beauvoir) and America (Judith Butler). They have 
consistently showed through the lens of unimpeachable realism the status of woman as a questioning subjects. In this established power 
structure of gender  binary system, Virginia Wolf’s A Room Of One's Own has become a 'No Room Of One's Own' where any attempt 
to break it, challenge it, question it or speak against the status quo is violently suppressed, and dominated. The historical, social and 
existential questions of woman is represented not only in the western Culture and literature but in Indian/Bengali Literature as well. The 
works of Bankimchandra, Tagore, Sarat Chandra have established the convention of portraying woman in literature as a Self sacrificing 
Devi or ‘Other' and the witch or dinner. Asapurna Devi focuses on one the  common Indian phenomenon in the 19th century- widowhood. 
The Hindu window now occupies a crucial place in the canonical texts of modern Indian Literature. Similarly, Mahasweta Devi 
picturizes the Indian politics of domesticity and the social attitudes towards women with their extraordinary literary effort. In my paper 
I would like to reconceptualize the idea of Female Domestic space in Independent Bengal through Mahasweta Devi's watershed literary 
work Mother of 1084. 
 
      The issues of power, identity and the female domestic space and the history of gender injustice are efficiently expressed in 
Mahasweta Devi’s Mother of 1084. In September 1973 for the October issue of the Periodical ' Prasad' Devi wrote the first version of 
Hajar Churasir Maa (Mother of 1084). The narrative predominantly points out the psychological and emotional trauma of a mother who 
gets a horriable news in the morning that her beloved son Brati is lying dead in the police morgue, reduced to a mere number: corpse no 
-1084. This situation moves her to a journey of discovery in the course of which she tries to understand her Naxalite son's revolutionary 
commitment and her own alienation as a woman, wife and mother in the so called bourgeoisie ‘bhadralok’ society. 
 
      Women's subjectivity, Transgression and resistance are the perpetual condition in human existence. It is quite evident in the 
construction of individual identity as a defense mechanism to get a space in the patriarchal middle class society may be seen a beginning 
of a social revolution. In the story, Sujata Chatterjee, mother of Brati, is a traditional apolitical upper middle class educated lady. She 
starts the revolution by educating herself and pursuing B.A. degree in a conservative family. Interestingly the members of the family 
thinks that education benefits her marriage proposal and finally married to Dibyanath Chatterjee, a chartered accountant belonging to a 
'bhadralok' bourgeois Calcutta family. In the 34 years of marriage life, Sujata becomes mother of four children, two sons (Jyoti and 
Brati) and two daughters (Nipa and Tuli). So women in a domestic household of Independent Bengal is fit only for marriage and 
reproduction. The only aim of mother of a mother is to look after the household and bring up children efficiently. But after Brati's death, 
Sujata goes on to discover her life again with a vision of new Ideology. She emerges throwing all the pretensions to hypocritical social 
respectability and challenging the hegemonic notions of 'bhadralok’ domestic family and she claims a space for her own. According to 
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      As she returns from her day long Odyssey and confronts Dibyanath for the first time courageously breaking the silence, ' Her Words 
hit him like a whiplash. Dibyanath went out tamely wiping the nope of his neck”( P-16) . The idea of breaking the silence is reminiscent 
of a great Postcolonial writer’s canonical text, 'Can The Subaltern Speak'? where Spivak presents a complex concept of the subaltern 
woman who are unable to utter words for themselves. Here Sujata becomes brave enough to talk about her dead son and for herself. 
Nadini's political and ideological commitment and analytic understanding give her encourage to face the harsh reality of 'bhadralok’ 
consciousness. The ideas of rebellion, power, betrayal and also revolutionary optimism have become obvious to Sujata only because of 
another rebellious and transgressive woman, Nandini. In this context, it is necessary to mention Foucault's idea of Transgression in “ A 
Preface to Transgression” in the book Language, Counter-memory, Practice: Selected Essays and Interviews (1977). He writes,  
       “ Transgression is an action which involves the limit, that narrow zone of line where it  
        displays the flash of its passages, but perhaps also it’s entire trajectory, even it’s origin;      
        it is likely that Transgression has its entire space in the line it crosses…. Transgression  
       incessantly crosses and re-crosses a line which close up behind it in a short duration, and  
      thus. It is made to return one more right to horizon of the un-crossable”.(P-33-34) 
 
      Foucault points out that limit and Transgression are related to each other for if the limit was not crossable it would not be a 
transgressive act and vice versa. Transgression is an affirmation of the existence of limitless zone where an individual can get freedom 
to move ahead.  
 
      Yes, Sujata moves ahead to get her freedom of inner self. But unfortunately she loses all her hope to live a domestic life due to tragic 
death of Brati. She says, “Now Brati is dead, I too wouldn't like go on living.”(P-127 ) The moment she screams and collapses on the 
ground, Dibyanath simply says that her “ appendix has burst”( 128). It is the death that unites Sujata and Brati who stands against the 
complacent hypocritical bourgeois society and it’s rituals, customs, and thoughtless social tyranny. 
 
      Mahasweta Devi's social realism and observation of Sujata as She-hero is significantly noteworthy because she represents Sujata’s 
emancipation from a suppressed, marginalized and  mechanical woman in a domestic household to one who desires to have a voice 
amidst the silences of the voiceless women and their world. 
 
References 
 

 Devi, Mahasweta Mother of 1084, trans. Samik Bandyopadhay, Calcutta; Seagulls book, 1997 
 Butler, Judith, Gender Trouble, feminism and the Subversion of Identity. New York; Routledge, 1990 
 Adichie Ngozi Chimamanda, We Should All Be Feminists. London; Fourth Easte,2014. 
 Irigaray, Luce. This Sex is Not One, New York; Cornell University Press, 1981. 
 Kundu, Tanmoy and Srirupa Mahalanabis. Off the Line Transgression and it’s Representation in Literature and Culture, New 

Delhi; Atlantic, 2020. 
 Wolf, Virginia. A Room of One’s Own. New York: Harcourt, Brace and Company, 1929. 

 



 

 

International Journal of Engineering, Management and Humanities (IJEMH) 
Volume 3, Issue 3, pp: 61-67                                                           www.ijemh.com       

                                     

 

 

 

 

 

 

www.ijemh.com                                        Page 61 

A Discourse on Patachitra Art with narratives and 

songs in religious and cultural Scenario of West 

Bengal. 
 

Shyamal Mondal 
 
--------------------------------------------------------------------------------------------------------------------------------------- 

Date of Submission: 10-06-2022                                                                        Date of Acceptance: 25-06-2022 

--------------------------------------------------------------------------------------------------------------------------------------- 

 

Abstract: India, with its colonial history and 

contemporary postcolonial culture offers an 

elaborate arena for the interpretation of the 

Patachitra art form of different states- Odisha, Bihar, 

Jharkhand and most importantly west Bengal. 

Although through the rise of Edward Said9s 
<Orientalism=, it was India which first exercised 

literary influence on the west, similarly Indian Rural 

Cultures like patachitra, miniature painting, pottery 

and other crafts have spread on a global scale. 

Especially the patachitra of west Bengal with its 
ethnographic reflections is like to leave a permanent 

and positive mark on the world.In some historical 

narratives, miscellaneous studies are conceptualized 

to reveal the significance of the Patachitra art of 

Bengal, particularly the Patachitra of East and West 

Medinipur. 

Keywords: Postcolonial culture, ethnographic, 

orientalism and Patachitra 

 
< Culture is a means of communication, 

language carries culture and culture carries , 

particularly through orature and literature, the entire 

body of values by which we come to perceive 

ourselves and places in the world.=( Thiongo P-16)         

The kenyan writer Ngugi wa Thiongo in 

his canonical essay 8 Decolonising the Mind: the 

politics of Language in African Literature (1986) 

precisely explains the co-existence of language, 

culture and communication. Culture and language 

are intimately connected to each other. Patachitra art 
form is supposed to be the byproduct of the 

indistinguishable relationship of language and 

culture.Patachitratradition in Indian socio-cultural 

scenario is the most significant platform where 

various modes of communication have merged 

including visual messages, oral traditions and music. 

It portrays nature, society and culture with 

narratives of social transformation, migrations and 

socio-political and religious reflections through the 

folk songs. And their identity as Patausbelongs to 

one particular culture and ethnicity. In this discourse 
of identity formation, it is often associated with the 

idea of self conception and self perception. So the 

term cultural identity obviously refers to an 

individual sense of self derived from formal or 

informal membership in a group which transmit and 

inculcate knowledge, beliefs, values, attitudes and 

ways of life. 

In this perspective, it is noteworthy to 

mention the ideas expressed in < Modernity An 

Introduction To Modern Societies” edited by the 

Jamaica-born British Marxist sociologist, cultural 

theorist  Stuart Hall who explores some questions 
about the cultural identity and a crisis of identities. 

Cultural identity is passing through some 

transformations. It is shifting from the individual 

consciousness to collective identity and social 

identity. The concept of collective identity was first 

introduced by Freud in his essay Group Psychology 

and the Analysis of the Ego(1921). Freud argues that 

the individual is always a part of a group. It is also 

important to note that when a given group is formed 

, no matter whether it is an ethnic group , a nation or 

just a crowd the individuals behave uniformly to 
tolerate the peculiarities of the members of the 

group and feel themselves to be equal. The 

difference between social and cultural identity could 

be made much easier, if the first is related to society 

while the second is used to refer to culture. So the 

artists of Patachitra art form consists of a collective 

identity of a specific culture in West Bengal. The 

8Pataus9 together form a cultural identity that is 

highly significant to prove existence in the world of 

globalization and commercialization.  

Therefore, language as culture is the 

collective memory bank of a people9s experiences in 
history, values and aesthetics that is quite 

interestingly visible in the creative works of 

Paatachitra art form. The choice of language and the 

use of language is important to identify the 

definition in relation to the entire universe. Thiongo 
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