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SYNTHESIS AND X-RAY POWDER DIFFRACTION STUDIES: METAL COMPLEXES 

(Co(II), Ni(II) AND Cu(II)) OF SCHIFF BASE LIGAND 4-BROMO-2-CHLORO-6-[(1Z)-

N-(PHENYL) ETHANIMIDOYL] PHENOL 

J. G. JAISWAL1, SAHAJ A. GANDHI2, TARUNABEN J. PADARIYA3, V.M. BAROT1 AND URMILA H. PATEL3 

 
1P. G. Center in Chemistry, Smt. S. M. Panchal Science College, Talod  

2Bhavan’s Shri I. L. Pandya Arts –Science and Smt. J. M. Shah Commerce College, Dakor, Gujarat, India  
3Department of Physics, Sardar Patel University, Vallabh Vidyanagar, Gujarat 388120, India. u_h_patel@yahoo.com 

 

ABSTRACT 

Schiff bases are an important class of organic compounds, which play an important role in medicinal and pharmaceutical 

applications. Co(II), Ni(II) and Cu(II) complexes with bidentate Schiff base ligand, 4-bromo-2-chloro-6-[(1Z)-N-(phenyl) 

ethanimidoyl] phenol (BCEP)  have been successfully synthesized. The structural characterization of the synthesized metal 

complexes have been estimated by analyzing powder X-ray diffraction technique. It reveals that Co and Cu metal complexes 

crystallize in monoclinic system with P 1 21 1  and P 1 21/a space group respectively, whereas Ni metal complex crystallizes in 

triclinic system with P�̅�space group.   

Keywords: Schiff bases, metal complexes, powder X- ray diffraction study 

 

INTRODUCTION 

Schiff bases are condensation products of 
primary amines and carbonyl compounds and 
they discovered by a German chemist, Nobel 
Prize winner, Hugo Schiff in 1864. Structurally, 
Schiff base (also known as imine or azomethine) 
is an analogue of a ketone or aldehyde in which 
the carbonyl group (C=O) has been replaced by 
an imine or azomethine group. Schiff base 
ligands are essential in the field of coordination 
chemistry, especially in the development of 
complexes of Schiff bases because these 
compounds are potentially capable of forming 
stable complexes with metal ions1. The 
individual Schiff bases are considered to be 
promising antifungal medicines2. Isatin Schiff 
base ligands are marked by antiviral activity, 
and this fact is very useful in the treatment of 
HIV3. In addition, it is also found that these 
compounds have anticonvulsant activity and 
may be included in the anti-epileptic drugs4. Due 
to the presence of the imine group, the electron 
cloud of the aromatic ring and electronegative 
nitrogen, oxygen and sulfur atoms in the Schiff 
bases molecules, these compounds effectively 
prevent corrosion of mild steel, copper, 
aluminum and zinc in acidic medium5. Schiff 
bases and Mannich bases of isatin are known to 
possess a wide range of pharmacological 
properties including antibacterial, 
anticonvulsant, antifungal and antiviral 
activities6-9. Schiff's bases are also important 
compounds owing to their wide range of 

industrial applications10. As a part of our 
ongoing research on synthesis of novel 
compounds and characterization by X-ray 
diffraction studies11-13, here we report the 
synthesis and characterizations of metal 
complexes (Co, Ni and Cu) of schiff base ligand 
4-bromo-2-chloro-6-[(1Z)-N-(phenyl) 
ethanimidoyl] phenol.  

EXPERIMENTAL  

Synthesis: General Preparation of Metal 

chelates (Co(II), Ni(II) and Cu(II)) of  Schiff 

base ligand 4-bromo-2-chloro-6-[(1Z)-

N(phenyl) ethan imid oyl] phenol (BCEP) 

The appropriate methanolic solution of transition 
metals (Co, Ni and Cu) (0.01mol, 10 ml) and 
schiff base ligand (BCEP) (0.02mol, 20 ml.) are 
taken in a 1:2 (metal/ligand) ratio. PH is 
maintained during the course of the reaction by 
adding few drops of liquid N2. The reaction 
mass is refluxed for 3-4 hours on a water bath. 
After completion of the reaction, it is cooled to 
room temperature and solvent is evaporated 
naturally. Precipitated colored complex is 
filtered and washed with methanol: water (1:1) 
mixture, recrystallized from methanol and dried 
over anhydrous CaCl2 in desiccators. It is further 
dried in an electric oven at 50-70 ℃. The 
chemical diagram of synthesized metal chelates 
(Co(II), Ni(II) and Cu(II)) of Schiff base ligand 
4-bromo-2-chloro-6-[(1Z)-N-
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OPTICAL AND MAGNETIC PROPERTIES OF SCHIFF BASED TRANSITION METAL 

COMPLEXES OF (Z)-5-(METHOXYMETHOXY)-2-(1-(PHENYLIMINO)ETHYL)PHENOL) 

AND (Z)-2-BROMO-4-CHLORO-6-(1-((4-NITROPHENYL)IMINO)ETHYL)PHENOL 

DERIVATIVES 
JATIN G. JAYSWAL2, SAHAJ A. GANDHI3 , U. H. PATEL1, VIJAY M. BAROT2, MAHESH K. PATEL1, KHUSHBU K. 

LALVANI1, SACHIN B. PANDYA1, KAUSHIK P. CHAUDHARY1 AND BHAVESH N. SOCHA1 
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3Bhavan’s Shri I.L. Pandya Arts-Science and Smt. J.M. Shah Commerce Collage, Dakor, Gujarat- 388225 

ABSTRACT 

Acetophenol and aromatic amine derivatives are antibacterial agents. The biological activities of metal complexes differ from 

those of either ligand or the metal ions. An increase or decreases in biological activities have been reported for several 

transition metal complexes. Novel metal Copper (II) (B1) and Nickel (II) (M4) complexes of Acetophenol and aromatic 

derivatives have been synthesized by Schiff based method. Optical properties investigated by UV-VIS spectroscopy in the 

range 200-800 nm and the photoluminescence study of these chelates has been carried out for the emission properties. 

Moreover, the Magnetic Susceptibility study is also performed to explore the magnetic response of these chelate against 

magnetic field. 

Keywords: Antibacterial agents, Metal complexes, Optical and magnetic properties. 

 

INTRODUCTION 

Compounds with the structure of –C=N–

(azomethine group) are known as Schiff bases, 

which are usually synthesized by condensation 

of primary amines and active carbonyl groups. 

Schiff bases are an important class of 

compounds in the medicinal and the 

pharmaceutical field, including antibacterial [1, 

2], antifungal [3, 4], and antitumor activity [5, 

6].Acetophenol and aromatic amine derivatives 

have been found wider use as antibacterial 

agents. Biological activity of metal complexes 

differs from those of either ligands or the metal 

ions and increased and or decreased biological 

activities have been reported for several 

transition metallic complexes [7]. The individual 

Schiff bases are considered to be promising 

antifungal, anticonvulsant activity for treatment 

of HIV.  As a part of our ongoing research work 

novel compounds to investigate the structure 

function relationship, we report here the 

magnetic and optical properties of the novel 

metal complexes of (Z)-5-(methoxymethoxy)-2-

(1-(phenylimino)ethyl)phenol) [B1]and (Z)-2-

bromo-4-chloro-6-(1-((4-

nitrophenyl)imino)ethyl)phenol[M4]derivatives. 

METHODOLOGY 

SYNTHESIS 

The methanolic solution of transition metals 

copper (II) and nickel (II) (0.01mol, 10ml) and 

Schiff bases ligand (Z)-5-(methoxymethoxy)-2- 

 

(1-(phenylimino)ethyl)phenol) and (Z)-2-bromo-

4-chloro-6-(1-((4nitrophenyl)imino)ethyl)phenol 

derivatives have been taken in 1:2 (metal 

/ligand) ratio. The pH solution has been 

maintained during the course of the reaction by 

adding few drops of liq.NH3/glacial acetic acid. 

The reaction mass was refluxed for 2-3 hours on 

a water bath. After the end of reaction, it was 

cooled to room temperature and solvent was 

allowed to evaporate. Precipitated colored 

complexes was filtered and washed with 

methanol: water (1:1) mixture, recrystallized 

from methanol and dried over anhydrous CaCl2 

in desiccators. It was further dried in an electric 

oven at 50-70°C. The chemical structure of 

synthesized metal chelates [Cu (II), Ni (II)] of 

Schiff base ligand(Z)-5-(methoxymethoxy)-2-

(1-(phenylimino)ethyl)phenol) and (Z)-2-bromo-

4-chloro-6-(1-((4-

nitrophenyl)imino)ethyl)phenol derivatives are 

as shown in Figure 1(a)&Figure1(b). 

 

Figure: 1(a) The chemical diagram of 

compound B1. 
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Driven by the need to encouraging luminescent properties using biofriendly approach, we exclusively report, the
first attempt on a novel rod shaped new smectic ZnO/Glycine (Gly) bionanoconjugate using ecofriendly approach
which displaying luminescent properties via 4-DIACN short azomaterial bearing amine functionalities with
dielectric properties, which play a crucial role in shape control of ZnO/Gly bionanoconjugate and convey unusual
optical properties. Specifically, in our study, for the first time, we used Dynamic light scattering (DLS) is a powerful
method for the determination of small changes in particle sizes. The ZnO/Gly bionanoconjugate were synthesized
by microwave assisted method. The assembly was characterized by (Transmission electron micrograph) TEM,
(Dynamic light scattering) DLS, UV-Vis, FT-IR, and H NMR spectrometry and liquid crystalline properties has been
characterized by POM (polarizing optical microscope), DSC (differential scanning calorimeter) and high and room
temperature PXRD (powder X-ray diffraction). And also the dielectric measurements have been carried out for the
determination of real and imaginary parts of the permittivity of the newly designed scaffolds. Due to the
existence of fluxional ligands, the hybridized material presents mesomorphic behaviour even for a high content
of inorganic material. These encouraging luminescent properties of hybrid NPs using biological approach which
envisaged to gain more importance in the foreseeable future.
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Introduction
Personal Identification Using DNA

Traditionally, personal or forensic identification of human 
remains is done on the basis of fingerprint, odontology or skeletal 
evidence, facial characteristics, scars, marks, or other special 
features. In many cases, the methods available does not prove to be 
useful as the extent of putrefaction or destruction of the remains 
or decomposition is very high [1]. In the case of mass disasters, 
terrorist attacks, traffic accidents, wars, fires, explosions, airplane 
crashes defragmented body, highly decomposed body or severely 
burnt and other harrowing events personal identification or 
forensic identification become very difficult for the investigator 
from skeletal remains [2-4]. During decomposition human body 
undergoes a series of changes and the rate of degradation may vary 
due to factors like climate, bacterial growth, and insect and animal 
scavengers [1]. At this time soft tissues do often get destroyed 
and dental histories may be absent [2]. In such conditions 
Deoxyribo Nucleic Acid (DNA) can prove to be the most useful 
source of identification or a good alternative for identification 
purposes [2]. Deoxyribose Nucleic Acid (DNA) is responsible for 
the genetic inheritance and hence the discovery of double helix  

 
structure of DNA in 1953 triggered the major impact and headed to 
remarkable changes in almost all fields of science including forensic 
investigations. This understanding has been the foundation for 
development of new techniques and methodologies that permits 
characterizing each person have individually based on DNA 
sequence. DNA is composed of phosphate backbone, deoxyribose 
sugar, and nitrogenous base where the phosphate backbone and 
deoxyribose sugar remain constant across all individuals, only the 
nitrogenous bases distinguishes between each individuals. Hence, 
human DNA consists of 99.9 percent sequences approximately 
same in each individual only 0.1 percent is found to be different 
that is unique to each individual, though the possibility of having 
same DNA is about approximately 10-15 between two unrelated 
individual [5,6]. These minute differences in human DNA sequences 
can be detected and in 1984 first forensic DNA testing was done on 
the basis of these differentiations between DNA sequences [7]. 

In recent years it is largely widespread that, DNA could lead to 
personal identification of human remains, namely skeletal remains 
in the majority of the cases. DNA sample identification and profiling 
play very crucial role in mass disaster and also to identify suspect 
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Abstract

Deoxyribose Nucleic Acid (DNA) is unique to each and every individual and it remains constant throughout the life as it follows the 
laws of Mendelian inheritance. However DNA analysis is widely accepted techniques for personal identification. DNA extraction and 
isolation from ancient bone samples, degraded body parts etc. is still quite difficult and challenging task for forensic scientist. But new 
upcoming technology like nanotechnology will help for analysis of such samples for DNA. Hence, in this review article we are short listed 
some of the research articles which used the different nanoparticles for DNA extraction. Where different nanoparticles used for the DNA 
extraction were cited and explained in brief.
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Crystal structure, Hirshfeld surface analysis and energy 

frame work of 4-chloro phenyl) (p-tolyl) methyl) piperazin-

1-yl) (5H-dipyrido [3, 2-b: 2', 3'-f] azepin-5-yl) methanone, 

a novel fused di-pyrido azepin derivative  

 Sahaj A. Gandhi
1*

, Shreelatha Nair
2
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2 

1
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Abstract - The title compound, 4-((4-chloro phenyl) (p-tolyl) methyl) piperazin-1-yl) (5H-dipyrido [3, 2-b: 2', 3'-f] 

azepin-5-yl) methanone, a di-pyridine fused azepine derivative, C31H28ClN5O, comprises of a central distorted piperazin 

ring linking to fused di-pyridine azepine via carbonyl moiety on one side and to methyl phenyl and chloro phenyl rings 

assembly on other side. The dihedral angles of 29.07° and 26.29° between the plane of puckered seven membered 

azepine ring (C24-C25-C26-C27-C32-N36-C19) with those of two pyridine rings (C19-C20-C21-N22-C23-C24 & C27-

C28-N29-C30-C31-C32) force the fused bi-pyrido azepine ring system to adopt a butterfly shape. The methyl phenyl 

ring oriented almost orthogonal to chloro phenyl ring with dihedral angle of 73.57°. Collective contributions of weak 

interactions like C-H…N, C-H…Cl, C-Cl…π and along with direction specific π-π stacking interactions contribute to 

the molecular stability. The contributions of weak inter molecular interactions are explored by Hirshfeld surface 

analysis and 2d fingerprint plots. Energy associated between the molecular pairs is established using ‘Energy frame 

work’ analysis.  

Keywords — Azepin derivative, Crystal structure, X- ray diffraction, Halogen bond interactions and Hirshfeld surface 

analysis  

I. INTRODUCTION 

Azepine is the organic compound with the formula 

(CH2)6NH. It is a cyclic secondary amine, a pioneer to 

several drugs and pesticides. It is produced by partial 

hydrogenolysis of hexamethylene diamine [1]. Azepine 

derivatives, amongst the highly exploited heterocyclic 

compounds in pharmaceutical industry are an 

antidepressant and anxiolytic typically used in the treatment 

of generalized anxiety disorder [2]. Also, some derivatives 

of azepane are well known nevirapine anti-HIV drug. The 

drug nevirapine is the first human immunodeficiency virus 

type 1 (HIV-1) non-nucleoside reverse transcriptase (RT) 

inhibitor to reach regulatory approval. One of its derivatives 

is also biologically active for secretory phospholipase A2 

with anti-inflammatory activity [3-4]. Analysis of 

intermolecular interactions using Hirshfeld surface [5-7] 

provide a convenient means of quantifying the interactions 

within the crystal structure and offering considerable 

potential in crystal engineering. As a part of our ongoing 

research on  X-ray crystallographic investigations of novel 

organic molecules [8-12], the present study aims to 

investigate       

X-ray crystal structure, Hirshfeld surface analysis, 2d finger 

print plot and energy frame work analysis of (4-((4-chloro 

phenyl)(p-tolyl)methyl)piperazin-1-yl)(5H-dipyrido [3,2-b: 

2',3'-f] azepin-5-yl) methanone. The chemical structure is 

shown in Figure 1.    

 

Figure 1 Chemical structure of the molecule 
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Gel Growth Technique 
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Abstract - Eosin is a molecular organic dye particular interesting for the spectroscopic applications such as 

photovoltaic conversion devise and also used in pharmaceutics. Compounds of tartaric acid find several practical 

applications in science and technology.  In the present investigations eosin dye has been added to strontium chloride 

supernatant solution to grow strontium tartrate crystals by single diffusion reaction silica gel technique. The growth 

conditions were optimized by varying the parameters such as pH, concentration of gel, gel setting time and 

concentration of reactants. Crystals having shiny pink color and sphere-shaped morphology were grown within silica 

gel column. The functional group of the dye doped strontium tartrate crystals were found by FTIR analysis. The UV-

Vis spectrum of strontium tartrate crystals have been revealed that by adding systematically eosin dye in strontium 

tartrate, optical properties of the grown crystals changed.  

Keywords —Eosin dye, FTIR, Gel technique, Strontium tartrate, Single crystal growth and UV  

I. INTRODUCTION 

In recent years, a number of practical applications in the 

field of optoelectronics, a great deal of interest has been 

shown in the study of the optical behavior of various 

materials [1-3]. Tartaric acid work as an ignoble for the 

growth of novel materials because of the presence of two 

hydroxyl and carbonyl groups in tartaric acid permits the 

ready incorporation of monovalent, divalent or trivalent 

metal ions [4]. Tartrate single crystals show many 

interesting physical properties such as ferroelectric, 

piezoelectric, dielectric, optical and other pertinent 

characteristics. They are used for non-linear optical devices 

based on their optical second harmonic generation and 

optical transmission characteristics. They are also used for 

fabrication of crystal oscillators, resonators and controlled 

laser emission [5-9]. Among the several tartrate 

compounds, strontium tartrate has received greater attention 

on account of its ferroelectric, nonlinear optical and 

spectral characteristics [10-13]. A series of pure and mixed 

single crystals, as well as polycrystalline materials have 

been grown by several researchers with the aim of 

identifying new materials for industrial and engineering 

applications point of view. Currently, great attention has 

been developed to grow doped crystals and effects of 

dopants on various properties of single crystals with the 

aim of identifying innovative materials for application 

purposes [14]. Dyes are being used by a large number of 

industries for different purposes such as dyeing, printing, 

cosmetics, pharmaceuticals, leather and fluorescent 

pigment. These are done in order to color their products 

and make their appearance more attractive. Eosin Y is a 

pink water soluble acid dye (anionic dye) which also shows 

yellow-green fluorescence and with the wavelength of 

maximum absorbance. In the present study, single crystals 

of pure and eosin-Y dye doped strontium tartrate crystals 

were grown by the single diffusion gel technique. Optimum 

growth conditions were determined by varying gel 

concentration, pH, gel setting time and concentration of 

reactants. The grown crystals were characterized by FTIR 

spectral and UV-Vis spectrum. The results obtained are 

reported and discussed herein. 

II. MATERIALS AND METHOD 

The anionic dyes used in this study were eosin Y and eosin 

B. Molecule structure of the dye is shown in Fig. 1. The 

dye eosin yellow and eosin blue were obtained from Merck, 

Germany. Stock dye solutions were prepared by dissolving 

1.00 g of dyes in 1 L of double distilled water. All working 

solutions were prepared from the stock solutions by further 

dilution.  
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Crystal structure and Hirshfeld surface analysis
of methyl 4-[(E)-2-(5-bromo-2-methoxybenzyl-
idene)hydrazinyl]-3-nitrobenzoate
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The title compound, C16H14BrN3O5, is a novel halogen (Br) substituted

hydrazine derivative. The hydrazine derivatives were the group of compounds

with the general structure, R1R2C NNH2 (Uppal et al., 2011), with the central

RC NNH2 moiety bridging two different groups on both sides. An all-trans

configuration of the backbone (RC NNH2) results in an extended molecular

conformation. The dihedral angle between the 5-bromo-2-methoxyphenyl ring

and the nitrophenyl ring is 4.4 (3)�. Intramolecular N—H� � �O interactions form

S(6) graph-set motifs, while C—H� � �O and C—H� � �N interactions form S(5)

graph-set motifs. Symmetry-related molecules are linked by C—H� � �O inter-

molecular interactions forming an R2
1(10) graph-set motif. There are nearly face-

to-face directional specific �–� stacking interactions between the centroids of

the nitrophenyl ring and the benzene ring of the 5-bromo-2-methoxy group

[centroid–centroid distance = 3.6121 (5) Å and slippage = 1.115 Å], which also

contributes to the molecular packing. The Hirshfeld surface analysis was

performed in order to visualize, explore and quantify the intermolecular

interactions in the crystal lattice of the title compound.

1. Chemical context

Hydrazine and its derivatives have attracted much attention

due to their synthetic potential for organic and inorganic

chemical reactions and diverse useful properties (Levrand et

al., 2007; Li et al., 2011). Hydrazine-based coupling methods

are used in medical biotechnology to couple drugs to targeted

antibodies, e.g. antibodies against a certain type of cancer cell

(Wu et al., 2005). Hydrazine possesses diverse biological and

pharmacological properties, such as antimicrobial, anti-

inflammatory, analgesic, antifungal, antitubercular, antiviral,

anticancer, antiplatelet, antimalarial, anticonvulsant, cardio-

protective, antihelmintic, antiprotozoal (Rollas & Küçükgüzel,

2007), antitrypanosomal and antischistosomiasis (Narang et

al., 2012). These compounds contain a C N bond, which is

conjugated with a lone pair of electrons of the functional N

atom (Corey & Enders, 1976). The N atom of the hydrazine is

nucleophilic and the C atom has both an electrophilic and a

nucleophilic nature (Corey & Enders, 1976). The �-hydrogen

of hydrazine is more potent than that of acidic ketones

(Belskaya et al., 2010). The combination of hydrazine with

other functional groups results in new compounds with unique

physical and chemical characteristics (Xavier et al., 2012).

Owing to their biological and pharmacological properties,
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Indian Literature in English has traveled far to accomplish its present magnificence and 

glory. The anecdotal worries of female writers investigate the universe of females, their 

sufferings as casualties of male authority; they likewise express social, financial and political 

changes in Indian culture. Amongst female authors, Nayantara Sahgal has earned a 

different space for their specific consideration towards mental understanding and existential 

concerns. The new age of essayists discussed the self-acknowledgment of woman. The 

high class, taught, sensible women moved toward becoming hero in her novels. Their 

women were new class of women whose lives were not pervaded by issues of share or 

neediness. Nayantara Sahgal`s women characters are the casualties of a male-commanded 

society. In her novels men are not generally heathens or oppressors. She investigates the 

character of the oppressor and demonstrates a comprehensive way to deal with the issues 

of women through her novels. An endeavor has been made through this paper about the 

status of Indian woman in the compositions of Nayantara Sahgal in which they speak to new 

ethical quality, as indicated by which female isn't to be taken as a negligible toy, a question 

of desire and passing delight, yet man's equivalent and regarded accomplice. Nayantara 

Sahgal`s female characters without a doubt uncover their women's activist belief system. 

This paper looks to analyze picture of female character in A Time To Be Happy (1957), This 

Time of Morning (1965), The Day in Shadow (1971) and Mistaken Identity (1988) 

Keywords 
Woman image, changes, self 
acknowledgement, male commanded, 
oppressors` belief 
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Nayantara Sahgal developed as a standout amongst the 

hugest voices in the domain of Indian English fiction. Women 

who are aware of their enthusiastic needs and make progress 

toward self-satisfaction dismissing the current customs and 

social set-up and ache for a more liberal and capricious 

lifestyle finds their place in the novels of Nayantara Sahgal. 

Her novels depict females trampled and abused in light of their 

reliance upon men and the nerve racking knowledge they need 

to look in their battle to leave the servitude and remain 

individually feet. The hardship and enduring engaged with 

battling against a built up request, the breaking knowledge of 

separation and the resultant distance among guardians and 

kids frame the topical worry of Sahgal's novels.  

 

Sahgal's novels: A Time to be Happy (1957), This Time of 

Morning (1965), The Day in Shadow (1971), Mistaken Identity 

(1988) depicts the sensibility of female, how a female watches 

out at herself and her issues. She feels that female should 

endeavor to comprehend and acknowledge herself as a person 

and not similarly as a member to some male life. In her novels 

females speak to various types of ideals. They don't endure yet 

keep up their position. The novels of Sahgal discuss females 

who are mistreated by marriage, by political conditions, by 

mishaps of history. The vast majority of her females characters 

have additional conjugal association with at least one than one 

individual. Her females are casualties of a regular society 

which does not allow females to attest their rights relating to 

their individual opportunity. Females who feel baffled either 

due to conjugal disharmony or depression in life is appeared to 

enjoy social or religious exercises.  

 

In Sahgal's tale A Time to be Happy (1957), Maya is a 

female who attempts to submerge her misery and 

disappointment in social work and religion. Sahgal is 

profoundly worried about the disappointment of conjugal 

connections and the depression of living; subsequently the 

vast majority of her females remarry. Maya is a quiet 

unfortunate casualty at the sacrificial table of marriage. 

Sahgal's females characters endure in light of the fact that they 

decline to submerge their uniqueness and stick to their own 

personality no matter what. Maya endures on the grounds that 

she declines to lose her personality. Sahgal demonstrates her 

intense familiarity with the reliant status of females in the public 

eye. A Time to be Happy investigates females' scan for 

independence both inside marriage as equivalent accomplices 

and without it as person.  

 

Because of lacking affection between the couple, Maya 

stays childless, which is additionally a reason for her 

despondency? Maya is a quiet casualty of the result of 

marriage. She has stood up for herself from getting to be tame 

and meek housewife. Maya as well as endure in light of the 

fact that they decline to lose their character. Ammaji is a 

delegate of the more established age while Maya has a place 

with the change time frame. Sahgal demonstrates her intense 

attention to the needy status of females in the public arena. 

She knows about the binding job of marriage as an 

organization for females. A Time to be Happy investigates 

females' scan for singularity both inside marriage as equivalent 

accomplices and without it as a person. For Maya, marriage 

was destined from the earliest starting point, primarily by virtue 

of the contradictory identities of her better half and herself. The 

accompanying statement underpins the equivalent:  

 

She had the cool virtue of the eucalyptus, as 

contrasted and his unrestrained gulmohur. She was 

the mirror - smooth lake to his surging cascade.( (A 

Time to be Happy,42)  
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Abstract  

A novel structurally simple calix[4]arene attached 1-aminoanthraquinone associated lower rim 

calix[4]arene conjugate was synthesized and has been used as turn on/off/on fluorescence probe 

for Mn
2+

, Cr
3+

 and F
-
. This chelation enhanced fluorescence - photoinduced electron transfer 

(CHEF-PET) based TAAC probe has been applied for its analytical application in real samples 

such as Mn
2+

 from blood serum, Cr
3+

 and F
-
 from industrial effluent with 94 - 99 % recovery. 

The limit of detection of this sensor is found to be 11 nM for Mn
2+

, 4 nM for Cr
3+

 and 19 nM for 

F
-
 with the concentration range of 0-120 nM. Further, we report an easy-to-use, low cost and 

disposable paper-based sensing device for rapid chemical screening of Mn
2+

, Cr
3+

 and F
-
. The 

device comprises fluorescent sensing probes embedded into a nitrocellulose matrix where the 

resonance energy transfer phenomenon seems to be the sensing mechanism. It opens up new 

opportunities for simple and fast screening in remote settings where sophisticated 

instrumentation is not always available. The MOPAC-2016 software package has been used to 

optimize the TAAC using PM7 well established method and calculates the HOMO-LUMO 

energy band gap for structure TAAC and TAAC with Mn
2+

, Cr
3+

 and F
- 
ion based structures.  

 

Key Words: calix[4]arene, PET,CHEF, paper based analytical device, computational study 

1. Introduction 

The expansion of molecular receptor for revealing of cations, anions and neutral molecules is an 

entrenched area in contemporary chemistry because of their gigantic analytical application in 
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In this article, we have reported for the first time a novel CHEF-PET fluorescence sensor L, based on calix[4]arene 

containing four pyrene groups as binding sites which is highly selective and sensitive towards Zn2+, Hg2+ and I-. This 

fluorescence probe has been synthesized, characterized by emission study, UV-vis titration, 1H NMR spectroscopy and ESI-

MS investigation. The linear concentration range at pH 7 of L for Zn2+, Hg2+ and I- is 0-135 nM, 0-140 nM and 0-120 nM 

respectively with the detection limit of 6.43 nM for Zn2+, 2.94 nM for Hg2+ and 20.93 nM for I-. The binding ability was 

determined through benesi-hildebrand equation which was found to be 7.535 × 108 M-1 for Zn2+, 9.001 × 108 M-1 for Hg2+ 

and 8.139 × 108 M-1 for I-. Further, we report an easy-to-use, low cost and disposable paper-based sensing device for rapid 

chemical screening of Zn2+, Hg2+ and I-. The device comprises luminescent sensing probes embedded into a cellulose matrix 

where the resonance energy transfer phenomenon seems to be the sensing mechanism. It opens up new opportunities for 

simple and fast screening in remote settings where sophisticated instrumentation is not always available. The MOPAC-

2016 software package has been used to optimize the L using PM7 well established method and calculates the HOMO-

LUMO energy band gap for structure L and L with Zn2+, Hg2+ and I- ion based structures. The molecular docking study has 

been carried out using HEX software.  

1. Introduction 

At present, the scientific community is taking much interest in 

a large and mature family of supramolecular chemistry having 

cyclodextrins, cucurbiturils, cryptands, crownethers and 

calixarenes as family members. Among them, calixarenes
1
,
 
a 

methylene bridged cyclic oligomer of phenol, has drawn a 

great attention due to its flexible arrangement. There are 

variety of calixarene derivatives but calix[4]arene has been 

found to be outstanding platform as the host molecule 

because it can provide the space adequate in the realm of 

host-guest chemistry and can be excellent and versatile 

ionophore. Calix[4]arene can be modified by functionalizing at 

upper and lower rim of it which turns it into an effective host 

compound for a wide variety of guest molecules such as 

cations, anions and neutral molecules with well-defined 

binding core
2-5

.  

Considerable efforts have been done on exploring efficient and 

economic artificial molecular receptor for targeted cations, 

anions and neutral molecules recognition and sensing through 

direct visual observation. To sense an ion, a chemosensor 

should be more selective, rapid and cost-effective. 

Fluorometry technique fulfills all these criteria and a 

chemosensor based on fluorescence acts as an attractive host 

molecule. The calix[4]arene based fluorescent chemosensor 

possesses mainly two parts i.e. an ionophore which is 

responsible for guest ion binding and a fluorophore 

responsible for signal transduction. The mechanism of 

fluorescence involved in calix[4]arene system is mainly 

photoinduced electron transfer (PET)
6-8

, fluorescence 

resonance energy transfer (FRET)
9-11

, photoinduced charge 

transfer (PCT)
12-13

, metal-ligand charge transfer (MLCT)
14

, 

proton transfer
15

, formation of an excimer
16

 and chelation-

enhanced fluorescence (CHEF)
17

 for the molecular recognition.      

Among various transition metals, Zn
2+

 is the second most 

abundant transition metal ion in human body after iron. It is 

very essential element in many biological processes such as 

protein synthesis, neural transduction, gene transcription, 

immune functions, brain function and pathology and 

mammalian reproduction. Failure to maintain zinc homeostasis 

causes alzheimer’s disease, epilepsy, low blood sugar, ischemic 

stroke and infantile diarrhea
18-20

. The detection of heavy 

metals is receiving ever-increasing attention by researchers 

nowadays. Mercury is considered as one of the most notorious 

toxic metals to environment which causes severe neurotoxic, 

genotoxic and immunotoxin effects and thus poses severe risk 
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Single-step fluorescence recognition of As3+,
Nd3+ and Br� using pyrene-linked calix[4]arene:
application to real samples, computational
modelling and paper-based device†

Pinkesh G. Sutariya, *a Heni Soni,a Sahaj A. Gandhib and Alok Pandyac

A new fluorescence sensor, namely, TDPC, which is composed of a pyrene group connected to

calix[4]arene as the fluorogenic unit, has been synthesized, characterized and analyzed with regard to

its selective sensing ability for As3+ (0–150 nM), Nd3+ and Br� (0–120 nM), with detection limits of

11.53 nM, 0.65 nM and 11.25 nM, respectively. The binding constant (Ks) was found to be 7.842 � 108 M�1

for As3+, 6.877 � 108 M�1 for Nd3+ and 6.311 � 108 M�1 for Br�. Furthermore, we report an easy-to-use,

low-cost and disposable paper-based sensing device for rapid chemical screening of As3+, Nd3+ and

Br�. The device comprises a luminescent sensing probe embedded in a cellulose matrix in which

resonance energy transfer seems to be the sensing mechanism. It opens up new opportunities for

simple and fast screening in remote settings where sophisticated instrumentation is not always available.

The MOPAC2016 software package was used to optimize TDPC using the well-established PM7 method,

and the HOMO–LUMO energy band gap was calculated for TDPC and TDPC with structures based

on As3+, Nd3+ and Br� ions. To determine the influence of different metal ions on TDPC, a molecular

docking study was carried out using HEX software. Furthermore, to assess its analytical applicability, the

prepared sensor was successfully used for the analysis of two different real samples (an industrial soil

sample for Nd3+ and industrial waste water for As3+ and Br�) to validate the proposed method, with

recoveries of ions of 95–99%.

1. Introduction

The design and development of a reliable and economic
molecular receptor for the detection of cations, anions and
neutral molecules by direct visual observation is an intriguing
feature of modern science. Because of the increasing use of
toxic metals in numerous fields, it is essential to manufacture a
sensor that can detect toxic metals. As arsenic compounds are
known to be toxic to humans and animals, they have proved to
be an issue of global concern. Although arsenic compounds are
present in different chemical forms in groundwater, such
as arsenite (AsO2

�, As3+) and arsenate (HAsO4
2�, As5+), As3+ is

50 times more toxic than any other form of arsenic because of

its interaction with enzymes in human metabolism. Arsenic
causes several major health hazards including dermal changes,
respiratory, cardiovascular, gastrointestinal and carcinogenic
effects, etc. and may even cause liver, bladder and lung cancer.
West Bengal (India) and Bangladesh, together with 20 other
nations worldwide, are affected by arsenic contamination,
mostly in drinking water, which is spreading rapidly through
groundwater.1–3 Although neodymium is the second most
abundant rare earth element, its content in the human body
is quite small, and it can adversely affect certain body parts.
In nature, it is found in minerals such as monazite and
bastnasite. However, although neodymium compounds are less
toxic, neodymium dust and salts are irritating to the eyes and
can affect the liver and cause lung embolisms. In addition,
neodymium is used in the development of permanent magnets
that are used in microphones, professional loudspeakers,
headphones and computer hard disks. It is used for coloring
glass to make goggles for welders and glassblowers. Furthermore,
neodymium acts as an anticoagulant, especially when given
intravenously.4 In the same way as cations, anions need to be
detected rapidly using chemosensors owing to their importance in
the fields of chemical, biological and environmental sciences.
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its selective sensing ability for As3+ (0–150 nM), Nd3+ and Br� (0–120 nM), with detection limits of

11.53 nM, 0.65 nM and 11.25 nM, respectively. The binding constant (Ks) was found to be 7.842 � 108 M�1

for As3+, 6.877 � 108 M�1 for Nd3+ and 6.311 � 108 M�1 for Br�. Furthermore, we report an easy-to-use,

low-cost and disposable paper-based sensing device for rapid chemical screening of As3+, Nd3+ and

Br�. The device comprises a luminescent sensing probe embedded in a cellulose matrix in which

resonance energy transfer seems to be the sensing mechanism. It opens up new opportunities for

simple and fast screening in remote settings where sophisticated instrumentation is not always available.

The MOPAC2016 software package was used to optimize TDPC using the well-established PM7 method,

and the HOMO–LUMO energy band gap was calculated for TDPC and TDPC with structures based
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docking study was carried out using HEX software. Furthermore, to assess its analytical applicability, the
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sample for Nd3+ and industrial waste water for As3+ and Br�) to validate the proposed method, with
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The design and development of a reliable and economic
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neutral molecules by direct visual observation is an intriguing
feature of modern science. Because of the increasing use of
toxic metals in numerous fields, it is essential to manufacture a
sensor that can detect toxic metals. As arsenic compounds are
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be an issue of global concern. Although arsenic compounds are
present in different chemical forms in groundwater, such
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2�, As5+), As3+ is

50 times more toxic than any other form of arsenic because of

its interaction with enzymes in human metabolism. Arsenic
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nations worldwide, are affected by arsenic contamination,
mostly in drinking water, which is spreading rapidly through
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is quite small, and it can adversely affect certain body parts.
In nature, it is found in minerals such as monazite and
bastnasite. However, although neodymium compounds are less
toxic, neodymium dust and salts are irritating to the eyes and
can affect the liver and cause lung embolisms. In addition,
neodymium is used in the development of permanent magnets
that are used in microphones, professional loudspeakers,
headphones and computer hard disks. It is used for coloring
glass to make goggles for welders and glassblowers. Furthermore,
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Novel luminescent paper based calix[4]arene chelation enhanced fluorescence- photoinduced 

electron transfer probe for Mn
2+

, Cr
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 and F
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Abstract  

A novel structurally simple calix[4]arene attached 1-aminoanthraquinone associated lower rim 

calix[4]arene conjugate was synthesized and has been used as turn on/off/on fluorescence probe 

for Mn
2+

, Cr
3+

 and F
-
. This chelation enhanced fluorescence - photoinduced electron transfer 

(CHEF-PET) based TAAC probe has been applied for its analytical application in real samples 

such as Mn
2+

 from blood serum, Cr
3+

 and F
-
 from industrial effluent with 94 - 99 % recovery. 

The limit of detection of this sensor is found to be 11 nM for Mn
2+

, 4 nM for Cr
3+

 and 19 nM for 

F
-
 with the concentration range of 0-120 nM. Further, we report an easy-to-use, low cost and 

disposable paper-based sensing device for rapid chemical screening of Mn
2+

, Cr
3+

 and F
-
. The 

device comprises fluorescent sensing probes embedded into a nitrocellulose matrix where the 

resonance energy transfer phenomenon seems to be the sensing mechanism. It opens up new 

opportunities for simple and fast screening in remote settings where sophisticated 

instrumentation is not always available. The MOPAC-2016 software package has been used to 

optimize the TAAC using PM7 well established method and calculates the HOMO-LUMO 

energy band gap for structure TAAC and TAAC with Mn
2+

, Cr
3+

 and F
- 
ion based structures.  

 

Key Words: calix[4]arene, PET,CHEF, paper based analytical device, computational study 

1. Introduction 

The expansion of molecular receptor for revealing of cations, anions and neutral molecules is an 

entrenched area in contemporary chemistry because of their gigantic analytical application in 
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Abstract 

The term ethnicity has its own values and importance in literature and society. It is debated and used with 

different dimensions. It is also used in a large scale in fictions in English literature. United States of 

America is a continent where authors used ethnicity in their works. One of them, is Bharti Mukherjee, an 

Indian origin who also wrote on ethnic issues through her fictions. This article intends to study literary 

aesthetics and ethnicity in context to selected fictions of Bharati Mukherjee. Jasmine, The Tigher`s 

Daughter,Wife and Darkness are mainly studied with a view to assess the level of literary aesthetics and 

ethnicity for the purpose of this study. The method of study is critical literary analysis of aspects concern 

to the selected fictions.  To conclude, the power conflict operating between different ethnic groups, 

change of attitudes towards ethnicities, rhetoric of ethnicity, self-repositioning, travel as a metaphor, 

autobiographical elements, deterritorialization, realism, violence and aesthetics of the ethnic female 

literary tradition are evaluated in her fictions. 

Key Words: Literary aesthetics, ethnicity, self-repositioning, deterritorialization, realism. 

Introduction  

The critical theorists agree with connection between literature and aesthetics. These two disciplines are 

some times observed as indirectly associated with each other in literature. It is also argued that aesthetic 

of literature one must avoid emphasizing only incentre textual properties such as figurative language, 

imagery and so forth. The surface meaning should also not be given priority and, finally, the debate about 

literary aesthetics should never be reduced to mere perspectives of plot and character.  These areas can be 

congenial to the literary critics but one has to admit that there exists an overlapping of critical views over 

aesthetic ones. One possible connection between literature and aesthetics is when literary works are 

treated as objects of aesthetic appraisal and such appraisal is promoted through them. This idea helps to 

resist the reduction of literature to something else such as ethics or pure philosophy. But if literature rests 

within the limits of the idea of literature as art and adheres to the conception of literary works as having 

distinctive characteristics in contrast with other art works, then an aesthetics of literature is possible.  

The word 'ethnicity’ is derived from the older adjective and noun form 'ethnic," which in turn can be 

traced to the Greek word"Ethnikos". In the Greek Bible, ethnikos refers to non-Israelites orgentiles. In the 

Christian era (after the fourteenth century) 'ethnic"came to be defined as "pagan, heathen or non- 

Christian." Only in the mid - nineteenth century did the more familiar meaning of ethnic as 'peculiar to a 

http://www.ijrar.org/
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a b s t r a c t

Co (II) Complex of 1-(2-hydroxy-4-methoxyphenyl)ethanone has been synthesized and crystallized as
solvates. The crystallization solvents used are b-picoline and pyridine. However, from b-picoline the
metal complex crystallized without solvent as Co[(C9H9O3)]2(A) in monoclinic space group P21/c with
lattice parameters a¼ 6.576(1)Ǻ, b¼ 11.6897(18)Ǻ, c¼ 10.8788 (17)Ǻ, b¼ 97.124 (2)� and Z¼ 4. From
pyridine, complex crystallizes with two solvent molecules as Co[(C9H9O3)2(C5H5N)2](B) in the monoclinic
space group C2/c with Z¼ 4 and lattice parameters as a¼ 17.698(2)Ǻ, b¼ 14.4312(16)Ǻ, c¼ 10.8803(12)Ǻ,
and b¼ 116.94(2)�. In both unsolvated (A) and solvated (B) complexes Co occupies the special position
(000). In solvated complex (B) the nitrogen (N1, N2) and carbon (C12, C15) of both the solvent pyridines lie
on symmetry axis along with Co thereby generating other half of both the pyridines symmetrically. In
unsolvated complex (A), molecular geometry around Co is distorted tetrahedral with Co coordinating to
all four oxygens of bidentate ligand (Paeonol) forming a pseudo square planer configuration where as in
the solvated complex (B) Co forms a pseudo square planer configuration along with nitrogens of the
solvent pyridines occupying apexial position to complete the octahedral sphere. Similarities and dif-
ferences in the molecular packing of unsolvated and solvated Co complex are established through the
investigation of qualitative and quantitative contribution of intermolecular interactions using Hirshfeld
surface and energy frame work analysis. The quantitative contributions of each intermolecular interac-
tion towards molecular stability reveals comparatively higher value of energy (negative) for the solvated
complex (B) than those of unsolvated complex (A) highlighting the significant contributions of solvent
molecule in molecular stability.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

The presence of solvent in the lattice drastically influences the
molecular packing. Different crystallographic environments
enforce the molecule to crystallize in different space group leading
to different packingmode. Paeonol, a herbal medicine found a place
in medicine in Asian countries since ancient times, due to its
analgesic, anti-pyretic, anti-inflammatory, antihypertensive and
antibacterial properties and also used in the treatment of arthritis
and collagen-induced human blood platelet aggregation in a dose-

dependent manner [1]. The use of transition metal complexes of
organic ligand molecule as promising therapeutic compounds has
become more and more pronounced due to the wider and diver-
sified biological spectrum of the metal complex compare to free
ligand [2e4]. In this paper, we focus to the geometry of Co complex
of a novel Paeonol derivative in two different unsolvated and sol-
vated crystallographic environments. In unsolvated complex, metal
Co observed to form a distorted tetrahedral geometry whereas the
presence of solvent in the lattice of solvated complex, directly
participating in coordination with metal Co, thereby compelling
metal Co to form a stronger octahedral coordination sphere
resulting in comparatively stronger packing of solvated complex
than the unsolvated one. Both the structures are worked out by X-
Ray crystallography. Differences in themolecular structure in terms

* Corresponding author. Department of Physics, Sardar Patel University, Vallabh
Vidyanagar - 388 120, Anand, India.
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Abstract: The title molecule, 1-[3-(6-bezyloxy-2-hydroxy-4-methyl-cyclohexa-2, 4-dienyl)-5-phenyl-4, 5-dihydro-pyra-

zol-1-yl]-propan-1-one was synthesized and characterized by FTIR, 1H NMR, 13C NMR and single-crystal X-ray

diffraction technique. The optimized geometry is calculated using density functional theory (DFT). A good linear cor-

relation was observed between experimental data and theoretical structural parameters (DFT). Predicted vibrational fre-

quencies were assigned and compared with the experimental IR spectra and they support each other. To determine

conformational flexibility and hence to predict the stable geometry, potential energy scan of the molecule was obtained

with respect to selected degree of freedom about O18–C19 torsional angle varied from - 180� to ? 180� in steps 20�.
NBO analysis was carried out for the molecule to check possible hydrogen bond interactions to correlate with those of

X-ray data. Molecular stability is mainly due to weak but collective contributions of significant nonconventional C–H…p,

p–p and C–H…O-type hydrogen bond interactions and those interactions also quantified by Hirshfeld surface analysis. The

thermal stability of the compound was determined with the aid of thermo-gravimetric analysis and differential thermal

analysis. The molecular docking study was carried out against the title molecule with 5DBM protein receptor active sites.

Keywords: Pyrazol; Single-crystal XRD; DFT; Conformational analysis; Hirshfeld surface; Molecular docking

PACS Nos.: 07.85.Tt; 61.72.-y; 68.35.bg; 68.35.bj; 31.15.E

1. Introduction

Pyrazoline derivatives, prominent nitrogen containing

heterocyclic compound, found to possess antidepressant

[1], antioxidant [2], anti-inflammatory [3], anticonvulsant

[4], antimicrobial [5], antiviral [6], monoamine oxidase

(MAO-A and MAO-B) inhibitors [7] and anticancer [8]

activities. Current literature reveals that some of aryl-

pyrazoline possess non-nucleoside HIV-1 reverse tran-

scriptase inhibitory activity and used in formation of pes-

ticide products, intermediates as industrial products and in

the development of drug enhancement [9–17]. Pyrazoline

derivatives with a phenyl group possess good film-forming

properties and exhibit excellent characteristics of blue

photoluminescence, fluorescence and electroluminescence

properties. Looking toward the significance of pyrazoline

derivatives and as a part of our ongoing research work on

X-ray crystallographic investigations and quantum chemi-

cal computational studies and their theoretical calculations

[18–22] prompted us to synthesize a novel significant

pyrazoline derivative, 1-[3-(6-Bezyloxy-2-hydroxy-4-

methyl-cyclohexa-2,4-dienyl)-5-phenyl-4, 5-dihydro-pyra-

zol-1-yl]-propan-1-one and characterized spectroscopically

using IR, NMR technique and by single-crystal X-ray

diffraction study.

Literature survey revealed that the degree of accuracy of

DFT methods is comparatively higher in reproducing the

experimental values in terms of geometry, dipole moment,

vibrational frequency, etc. [23–29], than the other methods.

The present study aims to investigate the optimized*Corresponding author, E-mail: sahajg7@gmail.com

Indian J Phys
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A B S T R A C T

A calix[4]arene conjugate bearing 1-aminoanthraquinone with amide linkage (L) has been synthesized and
characterized, and its ability to recognize three most important essential ions, viz., La3+, Cu2+ and Br− has been
addressed by fluorescence technique. L shows a minimum detection limit 0.88 nM for La3+, 0.19 nM for Cu2+

and 0.15 nM for Br−. The sensor based on (L) exhibits the working concentration range 5–120 nM for (La3+,
Cu2+ and Br−) with their binding constant(Ks) 10.21×108M−1(La3+), 7.04×108M−1(Cu2+),
7.96×108M−1 (Br−). Further, we report an easy-to-use, low cost and disposable paper-based sensing device for
rapid chemical screening of La3+, Cu2+ and Br−. The device comprises luminescent sensing probe embedded
into a nitrocellulose matrix where the resonance energy transfer phenomenon seems to be the sensing me-
chanism. The MOPAC-2016 software package has been used to optimize the L using PM7 popular method,
analysed heat of formation which is −262.5572 kcals/mole and also determined the HOMO-LUMO energy band
gap for L and composite of La3+, Cu2+ and Br− with L. Furthermore, to assess its analytical applicability the
prepared sensor was successfully applied for determination of three different real samples (soil samples for La3+,
blood serum for Cu2+ and industrial water for Br−) for validation of proposed method by recovery of ions with
94–99%.

1. Introduction

The recognition of cations, anions and molecular species has be-
come the exciting areas of modern-day research significant to the re-
ceptor strategy and development. Among all lanthanoids metals, lan-
thanide has characteristic photo physical and electronic properties
which, coupled with the inadequacy of these rare earths in living sys-
tems, can afford new insights in the biological and therapeutic fields
[1,2]. Transition metal ions play a very important role in many fun-
damental biological processes. Copper is the third most abundant
transition metal of the human body which assist as a cofactor by taking
an active part in a large range of enzymes and its importance may be
recognized to its redox nature [3–7]. Anions play many important roles
in biological systems, the environment and in industrial applications.
The biological essentiality of bromide for basement membranes as-
sembly and tissue development have been recently revealed [8].
Moreover, several studies have been demonstrated its low degree of
toxicity and reduced toxicological concern in nutrition [9]. However, it

has also been reported in the literature that bromide, which is ubiqui-
tously found in water, is a key matrix component in oxidative water
treatment processes as it can promote the formation of undesired
compounds [10]. Numerous methods have been established for the
detection of La3+, Cu2+ and Br− individually but none of these tech-
niques are amenable to real-time analysis, also they are expensive in
terms of reagent consumption, cost of instrumentation, and time-con-
suming procedures with high detection limits. In contrast, fluorescent
chemical sensors provides real-time analysis, no expensive reagents,
low cost of instrumentation and accessibility. The mechanism of
fluorescent chemical sensor depends upon binding with molecular ions
which can be either fluorescence quenching or fluorescence enhance-
ment. Designing of molecular receptor is a crucial aspect of this tech-
nique. The more number of aromatic fluorophores in the locality, the
more they come adjacent enough to create van der waals contact with
Π– Π stacking. This route of recognition comprises an ion sensing unit
(ionophore) which is allied with a fluorophore whose photophysical
properties are disturbed during the recognition process, producing

https://doi.org/10.1016/j.jlumin.2019.04.029
Received 18 September 2018; Received in revised form 9 April 2019; Accepted 15 April 2019

∗ Corresponding author.
E-mail address: pinkeshsutariya@gmail.com (P.G. Sutariya).

Journal of Luminescence 212 (2019) 171–179

Available online 22 April 2019
0022-2313/ © 2019 Elsevier B.V. All rights reserved.

T



Journal Name  

ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 1  

Please do not adjust margins 

Please do not adjust margins 

Received 00th January 20xx, 

Accepted 00th January 20xx 

DOI: 10.1039/x0xx00000x 

www.rsc.org/ 

Luminescent behavior of pyrene-allied calix[4]arene for highly pH 
selective recognition and determination of Zn2+,Hg2+ and I- via 
CHEF-PET mechanism: Computational experiment and paper 
based device    

Pinkesh G. Sutariya
a*

, Heni Soni
a
, Sahaj A Gandhi

b
, Alok Pandya

c
 

In this article, we have reported for the first time a novel CHEF-PET fluorescence sensor L, based on calix[4]arene 

containing four pyrene groups as binding sites which is highly selective and sensitive towards Zn2+, Hg2+ and I-. This 

fluorescence probe has been synthesized, characterized by emission study, UV-vis titration, 1H NMR spectroscopy and ESI-

MS investigation. The linear concentration range at pH 7 of L for Zn2+, Hg2+ and I- is 0-135 nM, 0-140 nM and 0-120 nM 

respectively with the detection limit of 6.43 nM for Zn2+, 2.94 nM for Hg2+ and 20.93 nM for I-. The binding ability was 

determined through benesi-hildebrand equation which was found to be 7.535 × 108 M-1 for Zn2+, 9.001 × 108 M-1 for Hg2+ 

and 8.139 × 108 M-1 for I-. Further, we report an easy-to-use, low cost and disposable paper-based sensing device for rapid 

chemical screening of Zn2+, Hg2+ and I-. The device comprises luminescent sensing probes embedded into a cellulose matrix 

where the resonance energy transfer phenomenon seems to be the sensing mechanism. It opens up new opportunities for 

simple and fast screening in remote settings where sophisticated instrumentation is not always available. The MOPAC-

2016 software package has been used to optimize the L using PM7 well established method and calculates the HOMO-

LUMO energy band gap for structure L and L with Zn2+, Hg2+ and I- ion based structures. The molecular docking study has 

been carried out using HEX software.  

1. Introduction 

At present, the scientific community is taking much interest in 

a large and mature family of supramolecular chemistry having 

cyclodextrins, cucurbiturils, cryptands, crownethers and 

calixarenes as family members. Among them, calixarenes
1
,
 
a 

methylene bridged cyclic oligomer of phenol, has drawn a 

great attention due to its flexible arrangement. There are 

variety of calixarene derivatives but calix[4]arene has been 

found to be outstanding platform as the host molecule 

because it can provide the space adequate in the realm of 

host-guest chemistry and can be excellent and versatile 

ionophore. Calix[4]arene can be modified by functionalizing at 

upper and lower rim of it which turns it into an effective host 

compound for a wide variety of guest molecules such as 

cations, anions and neutral molecules with well-defined 

binding core
2-5

.  

Considerable efforts have been done on exploring efficient and 

economic artificial molecular receptor for targeted cations, 

anions and neutral molecules recognition and sensing through 

direct visual observation. To sense an ion, a chemosensor 

should be more selective, rapid and cost-effective. 

Fluorometry technique fulfills all these criteria and a 

chemosensor based on fluorescence acts as an attractive host 

molecule. The calix[4]arene based fluorescent chemosensor 

possesses mainly two parts i.e. an ionophore which is 

responsible for guest ion binding and a fluorophore 

responsible for signal transduction. The mechanism of 

fluorescence involved in calix[4]arene system is mainly 

photoinduced electron transfer (PET)
6-8

, fluorescence 

resonance energy transfer (FRET)
9-11

, photoinduced charge 

transfer (PCT)
12-13

, metal-ligand charge transfer (MLCT)
14

, 

proton transfer
15

, formation of an excimer
16

 and chelation-

enhanced fluorescence (CHEF)
17

 for the molecular recognition.      

Among various transition metals, Zn
2+

 is the second most 

abundant transition metal ion in human body after iron. It is 

very essential element in many biological processes such as 

protein synthesis, neural transduction, gene transcription, 

immune functions, brain function and pathology and 

mammalian reproduction. Failure to maintain zinc homeostasis 

causes alzheimer’s disease, epilepsy, low blood sugar, ischemic 

stroke and infantile diarrhea
18-20

. The detection of heavy 

metals is receiving ever-increasing attention by researchers 

nowadays. Mercury is considered as one of the most notorious 

toxic metals to environment which causes severe neurotoxic, 

genotoxic and immunotoxin effects and thus poses severe risk 
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A B S T R A C T

A calix[4]arene conjugate bearing 1-aminoanthraquinone with amide linkage (L) has been synthesized and
characterized, and its ability to recognize three most important essential ions, viz., La3+, Cu2+ and Br− has been
addressed by fluorescence technique. L shows a minimum detection limit 0.88 nM for La3+, 0.19 nM for Cu2+

and 0.15 nM for Br−. The sensor based on (L) exhibits the working concentration range 5–120 nM for (La3+,
Cu2+ and Br−) with their binding constant(Ks) 10.21×108M−1(La3+), 7.04×108M−1(Cu2+),
7.96×108M−1 (Br−). Further, we report an easy-to-use, low cost and disposable paper-based sensing device for
rapid chemical screening of La3+, Cu2+ and Br−. The device comprises luminescent sensing probe embedded
into a nitrocellulose matrix where the resonance energy transfer phenomenon seems to be the sensing me-
chanism. The MOPAC-2016 software package has been used to optimize the L using PM7 popular method,
analysed heat of formation which is −262.5572 kcals/mole and also determined the HOMO-LUMO energy band
gap for L and composite of La3+, Cu2+ and Br− with L. Furthermore, to assess its analytical applicability the
prepared sensor was successfully applied for determination of three different real samples (soil samples for La3+,
blood serum for Cu2+ and industrial water for Br−) for validation of proposed method by recovery of ions with
94–99%.

1. Introduction

The recognition of cations, anions and molecular species has be-
come the exciting areas of modern-day research significant to the re-
ceptor strategy and development. Among all lanthanoids metals, lan-
thanide has characteristic photo physical and electronic properties
which, coupled with the inadequacy of these rare earths in living sys-
tems, can afford new insights in the biological and therapeutic fields
[1,2]. Transition metal ions play a very important role in many fun-
damental biological processes. Copper is the third most abundant
transition metal of the human body which assist as a cofactor by taking
an active part in a large range of enzymes and its importance may be
recognized to its redox nature [3–7]. Anions play many important roles
in biological systems, the environment and in industrial applications.
The biological essentiality of bromide for basement membranes as-
sembly and tissue development have been recently revealed [8].
Moreover, several studies have been demonstrated its low degree of
toxicity and reduced toxicological concern in nutrition [9]. However, it

has also been reported in the literature that bromide, which is ubiqui-
tously found in water, is a key matrix component in oxidative water
treatment processes as it can promote the formation of undesired
compounds [10]. Numerous methods have been established for the
detection of La3+, Cu2+ and Br− individually but none of these tech-
niques are amenable to real-time analysis, also they are expensive in
terms of reagent consumption, cost of instrumentation, and time-con-
suming procedures with high detection limits. In contrast, fluorescent
chemical sensors provides real-time analysis, no expensive reagents,
low cost of instrumentation and accessibility. The mechanism of
fluorescent chemical sensor depends upon binding with molecular ions
which can be either fluorescence quenching or fluorescence enhance-
ment. Designing of molecular receptor is a crucial aspect of this tech-
nique. The more number of aromatic fluorophores in the locality, the
more they come adjacent enough to create van der waals contact with
Π– Π stacking. This route of recognition comprises an ion sensing unit
(ionophore) which is allied with a fluorophore whose photophysical
properties are disturbed during the recognition process, producing
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Abstract 

Local self-Government is an integral and inalienable part of democratic government. It completes the 

three-tier system of a country's federal governmental structure.  Which includes, sovereign national government, 

quasi-sovereign state governments, and intra-sovereign local governments. All three are working as partners in the 

great enterprise of securing a decent level of existence for the entire nation’s citizen. Local government, created 

either by a national or state enactment, acts as an agent of development and provides certain services of immense 

importance to the people living under its jurisdiction, with a strong emphasis on popular initiative and 

participation. The importance of the subject of local finance follows logically and essentially from the growing 

importance of government activity in the modern world. Finance may be described as the lubricant for the smooth 

functioning of the local government machinery. The study is an assessment of income and expenditure of the 

Nadiad Municipality in Gujarat state, to suggest suitable strategies to sustain and improve its financial 

management. The performance is measured through a relative comparison of the various components of income 

and expenditure in terms of the logarithm. All the major heads of income and expenditure have been analyzed 

through descriptive and correlation analysis. Total Revenue is correlated with Total Expenditure positively and 

significantly. Surprisingly Loan is not correlated with any of the components of Expenditure and Revenue. 

 

Key Word: Urban Finance, Nadiad Municipality, Total Revenue, Total Expenditure 
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Introduction  

Local self-Government is an integral and inalienable part of democratic government. It completes the 

three-tier system of a country's federal governmental structure.  Which includes, sovereign national government, 

quasi-sovereign state governments, and intra-sovereign local governments.  All three working as partners in the 

great enterprise of securing a decent level of existence for the entire nation’s citizen. Local government, created 

either by a national or state enactment, acts as an agent of development and provides certain services of immense 

importance to the people living under its jurisdiction, with a strong emphasis on popular initiative and 

participation. 

India is experiencing an accelerated growth rate of urbanization. The urban population has been growing at 

a rate of 30-40 % per decade since 1961. The urban population is increasing from a stable decadal growth rate of 

10% to the total population at the beginning of the 20th Century to the current decadal growth rate of around 

30%.3 

Growth of urbanization leads to the need for better communication, migration, floating population and 

mushrooming of slums. Thus, there is a need to provide housing, health, water supply, sanitation, and education. 

Urbanization is a job-creating process and contributes to the economy and overall growth of the country. The 

urban share of GDP was estimated at 62-63 per cent in 2009-10 by the 12thFive Year Plan. Also, increased demand 

for urban infrastructure is related to growing urbanization. 

The importance of the subject of local finance follows logically and essentially from the growing 

importance of government activity in the modern world. Finance may be described as the lubricant for the smooth 

functioning of the local government machinery. The relation between local functions and local finance are 

inseparably intertwined. They are concurrent to each other, and one exists for the other. Local functions cannot be 

performed without local finance, and without functions, the need for finance does not arise.4 Local finance, which 

is a branch of public finance, deals with the income and expenditure of the local government and with the 

adjustment of one to the other. Local finance deals with the process and principles of raising and spending money 

essential for the support of the local government in satisfying the collective wants of the people under its 

jurisdiction. 

The study is an assessment of income and expenditure of the Nadiad Municipality in Gujarat state, to 

suggest suitable strategies to sustain and improve their financial management. 

‘Sudhrai’ was established in Nadiad in 1866. Much of the development has been observed after the 

establishment of Sudhrai in this city. Nadiad Sudhrai was replaced by ‘Municipality’ on 1st April 1883. 

                                                           
3 Census of India (1991) gives a distilled picture of the growth of cities, further details and analysis on urbanization patterns and trends can be found in 

Kundu (2006).   
4 Bardoli U. N., Local Finance in Assam, Dutta Branch & Co., Gauhati, 1972 p.1  
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Afterwards, this Municipality has been growing exponentially. The first survey of this town was completed during 

1820-'26.   

Nadiad, is located in Gujarat state, in India. It is not a city, but it is the administrative centre of Kheda 

district. The city has roots that go to the glorious past and stands as the epitome of well-administered cities in 

Gujarat. The city is also alternatively known as Sakshar Bhumi or the Land of the Educated. The town has 

historical importance in terms of freedom struggle, has an impressive literary and scholarly history and is an 

ancient place that has been ruled by various rulers.  

Review of Literature  

There have been very few attempts made to analyze the finances of local bodies. Jha (2002) has examined 

it in the context of rural local bodies, while Mathur and Thakur (2004) have done it in the urban context. There 

were more other isolated attempts by Pethe and Lalvani (2006), Bagchi and Chttopadhyay (2004), and are limited 

in their scope and approach for evaluating local governments.   

A  good amount of research is available so far as municipal finances of Gujarat are concerned. They 

distinguished on the basis and of the methodology used, the time period considered and the regions taken for the 

study. Important researches are from Joshi (1994), Parekh (2004), Oddedara (2005) and Joshi (1999) specifically 

for Gujarat Municipalities. These are the studies mainly deals with the income and expenditure analysis of the 

local bodies. 

 

 

Data and Methodology  

This paper is based on published secondary data and research materials, budgets of relevant urban 

governments, various reports, and discussion with concerned people in the Nadiad municipality. 

For the present study, the detailed absolute data for the last twenty-one year relating to the financial 

condition of the Nadiad Municipality ( NMC) is considered. The data on revenue and expenditure for the 21 years 

between 1996-97 and 2016-17 was obtained from the various annual accounts and annual budgets the 

municipality. Some information was not available with their sources and was obtained through discussions with 

officers of the account section and other departments of the NMC. To find the accuracy of data and association 

among the various components of Revenue and Expenditure of NMC, descriptive statistics and correlation 

analysis are used. 
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Limitations: 

The major limitation of the study is that, all the statistical information required for intensive research on local 

finance which is not readily available.  So, the study cannot be extended in many directions. This study is a case 

study for the finances of the Nadiad Municipality, so it is not a General study. The other limitation of the study is 

that it accounts for only twenty-one years of data. The analysis has been done keeping in mind the form in which 

data are available. All this may be considered as limitations of the study.  

Table-1 

Description of the Abbreviated Terms used in the Analysis 

Sr. No. Variable  Description  

1. LNTR Total Revenue of Municipality 

2. LNNTR Non-Tax Revenue of Municipality 

3. LNOTHRE Other Receipts of Municipality 

4. LANSSR Assigned Revenue of Municipality 

5. LNGRAN Gran in Aid Received by Municipality 

6. LALOAN Loan Taken by Municipality 

7. LNTOTR Total Tax Revenue of Municipality 

8. LNEST Establishment Expenditure of Municipality 

9. LNCA Capital Expenditure of Municipality 

10. LNADM Administrative Expenditure of Municipality 

11. LNOM Operational and Maintenance Expenditure of Municipality 

12. LNOTHER Other Expenditure of Municipality 

13. LNTOTEX Total Expenditure of Municipality 

 

Table-2 

 Descriptive Statistics of Total Revenue and Its Components (Log Value) 

 LNTR LNNTR LNOTHRE LNASSR LNGRAN LNLOAN LNTOTR 

 Mean  17.96032  15.84943  17.56890  12.18784  18.52732  13.65167  19.37448 

 Median  17.96993  15.54006  17.59132  10.05750  18.76683  13.14326  19.28637 

 Maximum  18.58502  16.94043  18.78153  17.38844  19.97096  17.38092  20.36067 

 Minimum  16.95830  15.16526  16.64173  5.831882  16.60884  10.19839  18.01718 

 Std. Dev.  0.417286  0.603959  0.647731  3.799921  1.116209  2.373362  0.688490 

 Skewness -0.518208  0.516303  0.125267  0.199402 -0.413741  0.101648 -0.101269 

 Kurtosis  2.758439  1.626059  1.879772  1.495044  1.867258  1.592228  1.897202 

        

 Jarque-Bera  0.990945  2.584741  1.152969  2.120945  1.721852  1.770259  1.100037 

 Probability  0.609283  0.274619  0.561870  0.346292  0.422770  0.412661  0.576939 

        

 Sum  377.1667  332.8381  368.9468  255.9447  389.0737  286.6851  406.8641 

 Sum Sq. Dev.  3.482552  7.295331  8.391121  288.7880  24.91846  112.6570  9.480368 

        

 Observations  21  21  21  21  21  21  21 
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Graph – 1  

Line Graph of Total Revenue and Its Components 
 

 

 

The above table no.2 provides a descriptive analysis of the Total Revenue and Its components in 

log value for the year 1996-97 to 2016-17 of Nadiad Municipality (NMC).  It accounts for Mean, Median, 

Standard Deviation and Skewness for various components of Revenue of NMC. The table also provides 

information on the normality of the data. The value of Jarque-Bera statistics showed acceptance of the null 

hypothesis- the data are normally distributed. The graph of all the components of Revenue depicts the 

variability of various components. It is evident from the graph that the Grant-in-Aid received by the NMC 

accounts for the highest share in the total revenue. 
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Table -3 

Correlation and Covariance Analysis 

Covariance Analysis: Ordinary      

Correlation       

Probability LNTR  LNNTR  LNOTHRE  LNASSR  LNGRAN  LNLOAN  LNTOTR  

LNTR  1.000000       

 -----       

        

LNNTR  0.763986** 1.000000      

 0.0001 -----      

        

LNOTHRE  0.686053** 0.692574** 1.000000     

 0.0006 0.0005 -----     

        

LNASSR  0.739244** 0.857512** 0.623979** 1.000000    

 0.0001 0.0000 0.0025 -----    

        

LNGRAN  0.602897** 0.760139** 0.603410** 0.840433** 1.000000   

 0.0038 0.0001 0.0038 0.0000 -----   

        

LNLOAN  -0.435807* -0.556369** -0.303913 -0.544000* -0.697480* 1.000000  

 0.0483 0.0088 0.1805 0.0108 0.0004 -----  

        

LNTOTR  0.811742** 0.863500** 0.817606** 0.880020** 0.915513** -0.604227** 1.000000 

 0.0000 0.0000 0.0000 0.0000 0.0000 0.0037 ----- 

(** and * indicate significant level at 1 % and 5 % respectively) 
 

 

The table number 3 is on the Correlation analysis of various components of revenue. It is revealed from the 

table that Grant in Aid and Assigned Revenue are correlated, and it is statistically significant at a 5 % significant 

level. Total Revenue is significantly and positively correlated with Assigned Revenue, Grant in Aid and Tax 

Revenue. Nearly 96 % variation in the Total Revenue has been due to the Grant-in-Aid component of NMC. Tax 

Revenue is also significantly and positively correlated with Grant in Aid component of Revenue of NMC. 

 

Table- 4 

Descriptive Statistics of Total Expenditure and Its Components (Log Value) 

 
 LNEST LNCA LNADM LNOM LNOTHER LNTOTEX 

 Mean  15.36036  18.08459  18.33954  17.33236  16.49690  19.34655 

 Median  15.36170  17.95023  18.34225  17.36769  16.59424  19.27971 

 Maximum  16.68514  19.35172  19.05929  18.80275  19.80799  20.45893 

 Minimum  13.83106  16.80546  17.71375  16.55173  12.33135  18.46303 

 Std. Dev.  0.819686  0.643120  0.417804  0.553895  2.298224  0.644735 

 Skewness -0.068653  0.018690  0.149911  0.782605 -0.239004  0.237197 

 Kurtosis  2.091275  2.213980  1.851047  3.486162  1.824862  1.615277 

       

 Jarque-Bera  0.739054  0.541821  1.233737  2.350457  1.408261  1.874694 

 Probability  0.691061  0.762685  0.539632  0.308748  0.494538  0.391666 

       

 Sum  322.5677  379.7764  385.1304  363.9796  346.4348  406.2776 

 Sum Sq. Dev.  13.43770  8.272064  3.491205  6.135985  105.6367  8.313656 

       

 Observations  21  21  21  21  21  21 
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Graph – 2 

Line Graph of Total Expenditure and Its Components 
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The above table provides a Descriptive analysis of the Total Expenditure and Its components in absolute 

value for the years 1996-97 to 2016-17 of Nadiad Municipality (NMC).  It accounts for Mean, Median, Standard 

Deviation and Skewness for various components of Revenue of NMC. The table also provides information on the 

normality of the data. The value of Jarque-Bera statistics showed acceptance of the null hypothesis- the data are 

normally distributed. The graph of all the components of Expenditure depicts the variability of various 

components. It is evident from the graph that the Other Expenditure by the NMC accounts for the highest share in 

the total expenditure. 
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Table No -5 

Correlation Analysis 

Covariance Analysis: Ordinary     

Correlation      

Probability LNEST  LNCA  LNADM  LNOM  LNOTHER  LNTOTEX  

LNEST  1.000000      

 -----      

       

LNCA  0.732733** 1.000000     

 0.0002 -----     

       

LNADM  0.828579** 0.684757** 1.000000    

 0.0000 0.0006 -----    

       

LNOM  0.751657** 0.513299* 0.743378** 1.000000   

 0.0001 0.0173 0.0001 -----   

       

LNOTHER  0.832582** 0.657918** 0.851979** 0.803868** 1.000000  

 0.0000 0.0012 0.0000 0.0000 -----  

       

LNTOTEX  0.877329** 0.807224** 0.928043** 0.842154** 0.913984** 1.000000 

 0.0000 0.0000 0.0000 0.0000 0.0000 ----- 

 

(** and * indicate the significant level at 1 % and 5 % respectively) 

 

Table no. 5 is on the correlation analysis of various components of the total Expenditure of NMC. 

Administrative Expenditure, Establishment Expenditure,  Other Expenditure and Operational and Maintenance 

Expenditure are significantly and positively correlated with Total Expenditure of NMC. Nearly 90 % of the 

variability in total expenditure is due to Other Expenditure of NMC. 
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Table -6 

Correlation Analysis of Total Income and Expenditure 
Covariance Analysis: Ordinary            

Correlation             

Probability LNADM  LNASSR  LNCA  LNEST  LNGRAN  LNLOAN  LNNTR  LNOM  LNOTHE
R  

LNOTHR
E  

LNTOTEX
  

LNTOTR  LN
TR  

LNADM  1.000000             

 -----              

LNASSR  0.820865 1.000000            

 0.0000** -----             

LNCA  0.684757 0.773767 1.000000           

 0.0006** 0.0000** -----            

LNEST  0.828579 0.795469 0.732733 1.000000          

 0.0000** 0.0000** 0.0002** -----           

LNGRAN  0.864062 0.840433 0.653725 0.876444 1.000000         

 0.0000** 0.0000** 0.0013** 0.0000** -----          

LNLOAN  -0.696633 -0.544000 -0.294283 -0.651026 -0.697480 1.000000        

 0.0005** 0.0108* 0.1954 0.0014** 0.0004** -----         

LNNTR  0.822506 0.857512 0.677129 0.753985 0.760139 -0.556369 1.000000       

 0.0000** 0.0000** 0.0007** 0.0001** 0.0001** 0.0088** -----        

LNOM  0.743378 0.805835 0.513299 0.751657 0.826199 -0.575040 0.794465 1.000000      

 0.0001** 0.0000** 0.0173* 0.0001** 0.0000** 0.0064** 0.0000** -----       

LNOTHER  0.851979 0.732086 0.657918 0.832582 0.869481 -0.727201 0.741018 0.803868 1.000000     

 0.0000** 0.0002** 0.0012** 0.0000** 0.0000** 0.0002** 0.0001** 0.0000** -----      

LNOTHRE  0.656346 0.623979 0.730091 0.660586 0.603410 -0.303913 0.692574 0.733622 0.746908 1.000000    

 0.0012** 0.0025** 0.0002** 0.0011** 0.0038** 0.1805 0.0005** 0.0002** 0.0001** -----     

LNTOTEX  0.928043 0.861327 0.807224 0.877329 0.878379 -0.657991 0.859505 0.842154 0.913984 0.823094 1.000000   

 0.0000 0.0000** 0.0000** 0.0000** 0.0000** 0.0012** 0.0000** 0.0000** 0.0000** 0.0000** -----    

LNTOTR  0.887567 0.880020 0.814522 0.908135 0.915513 -0.604227 0.863500 0.869627 0.890324 0.817606 0.968562 1.000000  

 0.0000** 0.0000** 0.0000** 0.0000** 0.0000** 0.0037** 0.0000** 0.0000** 0.0000** 0.0000** 0.0000** -----   

LNTR  0.688119 0.739244 0.765553 0.708081 0.602897 -0.435807 0.763986 0.629360 0.612521 0.686053 0.785477 0.811742 1.00 

 0.0006** 0.0001** 0.0001** 0.0003** 0.0038** 0.0483* 0.0001** 0.0022** 0.0032** 0.0006** 0.0000** 0.0000** -----
  

(** and * indicate significant level at 1 % and 5 % respectively) 
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The above table no. 6 shows the correlation matrix for all components of Total Revenue and Total 

Expenditure of NMC. So far as Total Revenue is concerned, it positively and significantly associated with 

Administration Expenditure, Assigned Revenue, Establishment Expenditure, Grant in Aid, Non-Tax Revenue, 

Other Expenditure, Operational and Maintenance Expenditure, Tax Revenue, and Total Expenditure. The 

majority variation in Total Revenue is due to Total Expenditure.  

 

While, considering Total Expenditure of NMC, it is positively and significantly associated with 

Administration Expenditure, Assigned Revenue, Establishment Expenditure, Grant in Aid, Non-Tax Revenue, 

Other Expenditure, Operational and Maintenance Expenditure, Tax Revenue and Total Revenue. The majority 

variation in Total Expenditure is due to Total Revenue. 

 

Looking to the correlation of Administration Expenditure with the various components, it is observed, 

that it is positively and significantly correlated with Establishment Expenditure, Grant in Aid, Other Expenditure, 

Tax Revenue, Total Expenditure, and Total Revenue. Assigned Revenue is significantly and positively correlated 

with Establishment Expenditure, Grant in Aid, Operational and Maintenance Expenditure, Total Expenditure and 

Total Revenue. Capital Expenditure is correlated with Non-Tax Revenue and Other Revenue significantly and 

positively. 

 

Establishment Expenditure is correlated positively and significantly with Grant in Aid, Other 

Expenditure, Operational and Maintenance Expenditure, Tax Revenue, Total Expenditure, and Total Revenue. 

There is a significant and positive correlation observed between Grant in Aid and Other Expenditure, Operational 

and Maintenance Expenditure, Tax Revenue, Total Expenditure and Total Revenue. 

 

Non Tax Revenue is significantly and positively correlated with Other Revenue and Total Revenue. Other 

Expenditure is significantly and positively correlated with Operational and Maintenance Expenditure, Total 

Expenditure and Total Revenue. Tax Revenue is correlated with Total Expenditure and Total Revenue with 

positively and significantly. 

Surprisingly Loan is not correlated with any of the components of Expenditure and Revenue. 

Findings and Conclusion 

The analysis of the income and expenditure of the NMC for the past twenty-one years under Revenue, 

(Taxes, rents, fees, fines, etc. and grants) and expenditure (Salaries, wages, electricity charges, fuel charges, 

street lighting, etc.) revealed that the expenditure is increasing considerably. The trend growth in all major 

expenditure found significantly growing year after year. 
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While analysing Total Revenue and Total Expenditure of NMC,  Total Revenue is positively and 

significantly associated with Administration Expenditure, Assigned Revenue, Establishment Expenditure, Grant 

in Aid, Non-Tax Revenue, Other Expenditure, Operational, Maintenance Expenditure, Tax Revenue, and Total 

Expenditure. The majority variation in Total Revenue is due to Total Expenditure. Tax Revenue is correlated 

with Total Expenditure, and Total Revenue are correlated positively and significantly. Surprisingly Loan is not 

correlated with any of the components of Expenditure and Revenue. 
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a b s t r a c t

Herein, the synthesis and evaluation of a novel CHEF-PET fluorescence sensor L, based on calix[4]arene
comprising two 1-Naphthoicacid groups as binding sites, is described. The selective nature of this
fluorescence probe towards Pr3þ and As3þ has been investigated by emission titration, UVevis titration,
1H NMR spectroscopy, FT-IR, PXRD and ESI-MS investigation. The linear concentration range at pH 3.5 of
L for Pr3þ and As3þ is 0e120 nM and 0e145 nM respectively with the detection limit of 1.45 nM for Pr3þ

and 1.91 nM for As3þ. Through Benesi-Hildebrand equation, the binding ability was found to be
7.377� 108M�1 for Pr3þ and 7.842� 108M�1 for As3þ. The MOPAC-2016 software package has been used
to optimize the L using PM7 and the molecular docking study has been carried out using HEX software.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

The family of macrocycles has drawn much attention of many
researchers in past few years for developing different effective
molecular sensors. In the 70s, calixarene [1], a new family member
of macrocycles was isolated and characterized by Gutsche [2] et al.
apart from other members such as cyclodextrins, cucurbiturils,
cryptands and crownethers. Though calixarenes have variety of
derivatives like calix [4]arene, calix [6]arene and calix [8]arene;
calix [4]arene has been counted as the most relevant framework for
constructing ion-selective sensors. By functionalizing calix [4]arene
at its upper and lower rim, the power of encapsulating many
different ions is increased and it works as very effective host
molecule [3e11].

Metals such as Fe2þ, Cu2þ, Mn2þ and Zn2þ are present in human
body while Pr3þ, La3þ and Nd3þ exist in different soil samples
whereas water contains As3þ and Hg2þ as impurities. In short,
metals subsist in different forms with different quantities every-
where. This has been inspiring for researchers to develop such
molecular sensors which can detect metal ions easily with its well-
defined binding core. Fluorescence signalling is one the most

appropriate techniques to recognize metal ions through tangible
fluorescence signals. The combination of calix [4]arene and fluo-
rescence signalling technique results into edifice simple, selective
and affordable fluorescence probe.

In photoinduced electron transfer (PET), the energy of the
HOMO of the free host lies between those of the HOMO and LUMO
of the excited fluorophore and then electron transfer from the
HOMO of the Host to the hole in the HOMO of the fluorophore takes
place. PET process always follow quenching of emission intensity
when guest molecular ions bind to host. Photoinduced charge
transfer (PCT) mechanism has been involved in those fluo-
roionophore which contain electron withdrawing and electron-
donating substituents, this charge transfer may arise over long
distances and be connected with major dipole moment changes,
making the process particularly sensitive to the microenvironment
of the fluoroionophore. Another class of fluoroionophores, where
intramolecular interaction between a pair of different fluorophores
in which one acts as a donor of excited-state energy to the other
(acceptor). As a result that the donor returns to its electronic
ground state and emission may then occur from the acceptor
center. This process is known as fluorescence resonance energy
transfer (FRET). There are also few other mechanism in calix [4]
arene system such as metal-ligand charge transfer (MLCT), proton
transfer, formation of an excimer and chelation-enhanced fluores-
cence (CHEF) for the molecular recognition [12e22].* Corresponding author.
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The family of macrocycles has drawn much attention of many
researchers in past few years for developing different effective
molecular sensors. In the 70s, calixarene [1], a new family member
of macrocycles was isolated and characterized by Gutsche [2] et al.
apart from other members such as cyclodextrins, cucurbiturils,
cryptands and crownethers. Though calixarenes have variety of
derivatives like calix [4]arene, calix [6]arene and calix [8]arene;
calix [4]arene has been counted as the most relevant framework for
constructing ion-selective sensors. By functionalizing calix [4]arene
at its upper and lower rim, the power of encapsulating many
different ions is increased and it works as very effective host
molecule [3e11].

Metals such as Fe2þ, Cu2þ, Mn2þ and Zn2þ are present in human
body while Pr3þ, La3þ and Nd3þ exist in different soil samples
whereas water contains As3þ and Hg2þ as impurities. In short,
metals subsist in different forms with different quantities every-
where. This has been inspiring for researchers to develop such
molecular sensors which can detect metal ions easily with its well-
defined binding core. Fluorescence signalling is one the most

appropriate techniques to recognize metal ions through tangible
fluorescence signals. The combination of calix [4]arene and fluo-
rescence signalling technique results into edifice simple, selective
and affordable fluorescence probe.

In photoinduced electron transfer (PET), the energy of the
HOMO of the free host lies between those of the HOMO and LUMO
of the excited fluorophore and then electron transfer from the
HOMO of the Host to the hole in the HOMO of the fluorophore takes
place. PET process always follow quenching of emission intensity
when guest molecular ions bind to host. Photoinduced charge
transfer (PCT) mechanism has been involved in those fluo-
roionophore which contain electron withdrawing and electron-
donating substituents, this charge transfer may arise over long
distances and be connected with major dipole moment changes,
making the process particularly sensitive to the microenvironment
of the fluoroionophore. Another class of fluoroionophores, where
intramolecular interaction between a pair of different fluorophores
in which one acts as a donor of excited-state energy to the other
(acceptor). As a result that the donor returns to its electronic
ground state and emission may then occur from the acceptor
center. This process is known as fluorescence resonance energy
transfer (FRET). There are also few other mechanism in calix [4]
arene system such as metal-ligand charge transfer (MLCT), proton
transfer, formation of an excimer and chelation-enhanced fluores-
cence (CHEF) for the molecular recognition [12e22].* Corresponding author.
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Fluorescence sensor L designed around a calix[4]arene scaffold, bearing two fluorogenic aminoquinoline moities,
has been synthesized. It is found to be selective and sensitive towards Sr2+ and CN− over a wide range of cations
and anions in a spectrofluorometric study in acetonitrile. The ion-binding property of L was monitored by fluores-
cence spectroscopy, UV–vis spectroscopy, ESI-MS, 1H NMR, FT-IR investigation and PXRD study. The host L shows a
minimumdetection limitwhich is 1.36nM for Sr2+ and 1.23 nM for CN−having concentration range 5–120nMand
5–115 nM respectively. The calculated binding constants for L:Sr2+ and L: CN− are respectively 8.859 × 108 M−1

and 8.574 × 108 M−1. Our host L has been utilised in formation of a user-friendly, affordable, and disposable
paper-based analytical device (PAD) for rapid chemical screening of Sr2+ and CN− ion via single strip. Moreover,
the optimization of probe L has also been done by the MOPAC-2016 software package using NM7 popular method
resulting−21.71 kcals/mol heat of formation and also determined the HOMO-LUMO energy band gap for L, L:Sr2+

and L: CN−. Further,molecular docking score has been calculated usingHEX software. The applicability of our probe
in real samples containing Sr2+ and CN− has also been checked by emission study with 94–99% recovery.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Detection of cations, anions and neutral molecules is currently stint
of major consideration in the modern research work due to their
prevalent applications in chemical, biological and environmental
assays. Though Sr2+ is broadly used in optical industry, painting in-
dustry and military industry, it is considered as a major component
of ‘dirty bomb’. Besides, the Department of Energy entails a field
instrument that can contrivance the real-time characterization and
observation of radioactive Sr-90 inside high levelwaste tanks [1–2]. De-
spite of acute toxicity, CN− is used in many industries such as synthetic
fibres and resins, herbicides, gold extraction, etc. and also can be found
in many fruits and plants. Consequently, any fortuitous release of the
extremely toxic cyanide certainly leads to water and environmental
corruptions [3–6]. The homeland security and antiterrorist activities
with the help of Sr2+ and harmfulness of CN− have elicited substantial
attentiveness in developing a convenient and easy-to-use molecular
sensor.

There is a wide range of instrumental techniques for the trace iden-
tification of molecular ions but the real-time use of these techniques is

limited due to their expensive instrumentation, not easy to operate
them on-site and lack of portability. Simultaneously, one tactic which
draws the attention of researchers is fluorometry technique. The interest
has been directed towards the making of simple π-electron-rich mole-
cule as a fluorescence sensors. In fluorescence-based sensing method,
fluorophore is tethered with an ionophore to build fluoroionophore in
order to detect molecular guest ions. The ionophore acts as a binding
site for the analyte whereas the fluorophore serves as a signalling unit
which provides optical response after detection of a recognition event.
It has emerged as one of the most robust method due to its high effi-
ciency, simplicity and ultra-sensitivity to construct an effective and eco-
nomic chemosensor.

Calixarenes [7–8], produced by the condensation of p-substituted
phenols with aldehydes, a part of macrocyclic family, paves new
avenues in diverse areas. The popularity of calixarenes, especially
calix[4]arene, arises owing to their amphiphilic nature, existence of
platform for appropriate substitution at lower and upper-rim, pres-
ence of arene core and flexible arms to provide suitable and selective
coordination environment. To broaden the area of sensing molecular
ions, the architecture of functionalized calix[4]arene [9–11] and
fluorometry technique are used. Different motifs are appended at
the upper rim as well as lower rim of calix[4]arene which act as
tweezers and chelate the guest ions. Due to this, the efficiency of

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 238 (2020) 118456

⁎ Corresponding author.
E-mail address: pinkeshsutariya@gmail.com (P.G. Sutariya).

https://doi.org/10.1016/j.saa.2020.118456
1386-1425/© 2020 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy

j ourna l homepage: www.e lsev ie r .com/ locate /saa



Turn on fluorescence strip based sensor for recognition of Sr2+ and
CN− via lowerrim substituted calix[4]arene and its
computational investigation

Pinkesh G. Sutariya a,⁎, Heni Soni a, Sahaj A. Gandhi b, Alok Pandya c

a Department of Chemistry, Bhavan's Shree I.L.Pandya, Arts-Science and Smt. J.M.Shah Commerce College, Sardar Patel University, V. V. Nagar 388120, Gujarat, India
b Department of Physics, Bhavan's Shree I.L.Pandya, Arts-Science and Smt. J.M.Shah Commerce College, Sardar Patel University, V. V. Nagar 388120, Gujarat, India
c Department of Physical Sciences, Institute of Advanced Research, Gandhinagar 382426, Gujarat, India

a b s t r a c ta r t i c l e i n f o

Article history:
Received 15 March 2020
Received in revised form 4 May 2020
Accepted 6 May 2020
Available online 08 May 2020

Keywords:
Calix[4]arene
Paper-based sensing device
Computational study

Fluorescence sensor L designed around a calix[4]arene scaffold, bearing two fluorogenic aminoquinoline moities,
has been synthesized. It is found to be selective and sensitive towards Sr2+ and CN− over a wide range of cations
and anions in a spectrofluorometric study in acetonitrile. The ion-binding property of L was monitored by fluores-
cence spectroscopy, UV–vis spectroscopy, ESI-MS, 1H NMR, FT-IR investigation and PXRD study. The host L shows a
minimumdetection limitwhich is 1.36nM for Sr2+ and 1.23 nM for CN−having concentration range 5–120nMand
5–115 nM respectively. The calculated binding constants for L:Sr2+ and L: CN− are respectively 8.859 × 108 M−1

and 8.574 × 108 M−1. Our host L has been utilised in formation of a user-friendly, affordable, and disposable
paper-based analytical device (PAD) for rapid chemical screening of Sr2+ and CN− ion via single strip. Moreover,
the optimization of probe L has also been done by the MOPAC-2016 software package using NM7 popular method
resulting−21.71 kcals/mol heat of formation and also determined the HOMO-LUMO energy band gap for L, L:Sr2+

and L: CN−. Further,molecular docking score has been calculated usingHEX software. The applicability of our probe
in real samples containing Sr2+ and CN− has also been checked by emission study with 94–99% recovery.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Detection of cations, anions and neutral molecules is currently stint
of major consideration in the modern research work due to their
prevalent applications in chemical, biological and environmental
assays. Though Sr2+ is broadly used in optical industry, painting in-
dustry and military industry, it is considered as a major component
of ‘dirty bomb’. Besides, the Department of Energy entails a field
instrument that can contrivance the real-time characterization and
observation of radioactive Sr-90 inside high levelwaste tanks [1–2]. De-
spite of acute toxicity, CN− is used in many industries such as synthetic
fibres and resins, herbicides, gold extraction, etc. and also can be found
in many fruits and plants. Consequently, any fortuitous release of the
extremely toxic cyanide certainly leads to water and environmental
corruptions [3–6]. The homeland security and antiterrorist activities
with the help of Sr2+ and harmfulness of CN− have elicited substantial
attentiveness in developing a convenient and easy-to-use molecular
sensor.

There is a wide range of instrumental techniques for the trace iden-
tification of molecular ions but the real-time use of these techniques is

limited due to their expensive instrumentation, not easy to operate
them on-site and lack of portability. Simultaneously, one tactic which
draws the attention of researchers is fluorometry technique. The interest
has been directed towards the making of simple π-electron-rich mole-
cule as a fluorescence sensors. In fluorescence-based sensing method,
fluorophore is tethered with an ionophore to build fluoroionophore in
order to detect molecular guest ions. The ionophore acts as a binding
site for the analyte whereas the fluorophore serves as a signalling unit
which provides optical response after detection of a recognition event.
It has emerged as one of the most robust method due to its high effi-
ciency, simplicity and ultra-sensitivity to construct an effective and eco-
nomic chemosensor.

Calixarenes [7–8], produced by the condensation of p-substituted
phenols with aldehydes, a part of macrocyclic family, paves new
avenues in diverse areas. The popularity of calixarenes, especially
calix[4]arene, arises owing to their amphiphilic nature, existence of
platform for appropriate substitution at lower and upper-rim, pres-
ence of arene core and flexible arms to provide suitable and selective
coordination environment. To broaden the area of sensing molecular
ions, the architecture of functionalized calix[4]arene [9–11] and
fluorometry technique are used. Different motifs are appended at
the upper rim as well as lower rim of calix[4]arene which act as
tweezers and chelate the guest ions. Due to this, the efficiency of
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ABSTRACT

AN ASSESSMENT OF NADIAD MUNICIPALITY- A TREND 
ANALYSIS OF   INCOME AND EXPENDITURE

JEL Code: H7, H710, H72

 The foremost objective of any government in modern society is not restricted up to looking after law 
and order but has to work for more egalitarian society. Accordingly, the spread of functions and working of 
government has been increased very much. A very large number of these functions are local in nature so 
would be better performed by local government. It is statutory responsibility of local governments in India to 
perform all these functions from “womb to tomb.” Local authorities are expected to provide minimum 
infrastructural facilities like health, education, welfare and environmental services for all the local citizens. 
Under the three tier federal government system, local government generally observes many responsibilities 
of higher government. In most of the local affairs, the local government turns out to be economical for 
managing many functions of higher government. The importance of the subject of local finance follows 
logically and essentially from the growing importance of government activity in the modern world. Finance 
may be described as the lubricant for the smooth functioning of the local government machinery. This study 
proposes the assessment for expenditure and income of pattern of Nadiad Municipality (NMC) of Gujarat 
state for the time period of 1996-97 to 2016-17. It also intends to provide sustainable strategies to improve 
financial health of the Municipality. The results of this exercise are robust as the income elasticity which 
shows the percentage change in income due to unit change in the expenditure of NMC remains same which is 
indication of balance budgeting of NMC throughout the whole time period of the present study. It also 
indicates exponential growth of almost all the variables of Income and Expenditure components of NMC.     

Keywords: Urban Finance, Nadiad Municipality, Total Revenue, Total Expenditure
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Introduction 

 The foremost objective of any government in 
modern society is not restricted up to looking after 
law and order but has to work for more egalitarian 
society. Accordingly, the spread of functions and 
working of government has been increased very 
much. A very large number of these functions are 
local in nature so would be better performed by local 
government. It is statutory responsibility of local 
governments in India to perform all these functions 
from “womb to tomb.” Local authorities are 
expected to provide minimum infrastructural 
facilities like health, education, welfare and 

environmental services for all the local citizens. 
Under the three tier federal government system, 
local government generally observes many 
responsibilities of higher government. In most of the 
local affairs, the local government turns out to be 
economical for managing many functions of higher 
government. The importance of the subject of local 
finance follows logically and essentially from the 
growing importance of government activity in the 
modern world. Finance may be described as the 
lubricant for the smooth functioning of the local 
government machinery.

The present day local governments have to observe 
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In pursuit of these functions can be further classified 
in two broad categories like social developmental 
functions and economic developmental functions. 
They are discussed in detail as below.

Social Development

Economic Development

The urban local bodies promote social development 
in various ways, firstly through education, health, 
welfare and community developmental services 
known as social overhead services and facilities for 
enjoying leisure. Secondly, they create conditions 
for social, cultural adoption on account of migration 
to the cities, thereby creating inequalities of income 
opportunities. In this respect, the urban governments 
have to identify the needs of the different segment of 
the urban community and strive for reduction of such 
inequalities, provision of social relations lead to 
social development. 

The town and cities were centers of economic 
activities, and therefore, the governments have to 
create conditions conducive to the expansion of 
these activities. They have to provide economic and 
social overheads, which are significant for attracting 
economic activities. The urban governments have to 
participate in the capital projects within their own 
jurisdiction, keeping with the broad national 
objectives, priorities, and policies. Hence, the urban 
government has to provide public utilities such as 
water, transport, power, and housing, infrastructures 

more complex and multifaceted responsibilities in 
varied forms. On the one hand they are expected to 
provide urban civic amenities and on the other hand 
they have to build up the efficient infrastructure for 
growing urban population. Local governments are 
also expected to provide economic means for 
growing urban population. They have to act as an 
"instrument of economic activity" and the engine of 
economic development. Generally, they have to 
undergo following functions- (a) at grass-root level, 
promoting life with more democratic way, (b) to 
ensure social development by integrating local 
social and cultural life, (c) To ensure and enhance the 
local economic development by implementing 
strategic planning and administration, and (d) to 
adopt cautious fiscal management in pursuit of 
stabilization objective of central government. 

Review of Literature

Nadiad, is located in Gujarat state, in India. It is not a 
city, but it is the administrative centre of Kheda 
district. The city has roots that go to the glorious past 
and stands as the epitome of well-administered cities 
in Gujarat. The city is also alternatively known as 
Sakshar Bhumi or the Land of the Educated. The 
town has historical importance in terms of freedom 
struggle, has an impressive literary and scholarly 
history and is an ancient place that has been ruled by 
various rulers.

The importance of the subject of local finance 
follows logically and essentially from the growing 
importance of government activity in the modern 
world. Finance may be described as the lubricant for 
the smooth functioning of the local government 
machinery. Local functions and local finance are 
inseparably intertwined. By nature they are 
concurrent and exist for each other. Local finance is 
prerequisite for local functions, while in absence of 
local functions, local finance becomes irrelevant 
(Bardoli, 1972). Under the public finance, local 
finance is a sub-branch of it which deals with the 
local income and local expenditure of local 
government. It works with the process and principles 
of raising and spending money essential for the 
support of the local government in satisfying the 
collective wants of the people under its jurisdiction 
(Bardoli, 1972).

such as roads, sewage, and effluent disposal. This 
range of activities affected the life pattern in urban 
areas and contributed largely towards the economic 
development of the urban community and, 
ultimately, to national development.

There have been a very few attempts made to 
analyze the finances of local bodies. While referring 

This study proposes to study trend analysis of 
income and expenditure of the Nadiad Municipality 
(NMC) of Gujarat state for the suggestions of 
sui table policies to sustainable f inancial 
management at local level. 'Sudhrai' was established 
in Nadiad in 1866. Much of the development has 
been observed after the establishment of Sudhrai in 
this city. Nadiad Sudhrai was replaced by 

st
'Municipality' on 1  April 1883. Afterwards, this 
Municipality has been growing exponentially. 
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Good amount of research is available so far as 
municipal finances of Gujarat are concerned. They 
distinguished on the basis and of the methodology 
used, the time period considered and the regions 
taken for the study. Important researches are from 
Joshi (1994), Parekh (2004), Oddedara (2005) and 
Joshi (1999) specifically for Gujarat Municipalities. 
Most of these studies dealt with analysis of income 
and expenditure of local government with varied 
objectives and methodologies for Gujarat state.

Data and Research Methodology

to finance, Mathur and Takur (2004) have analysed it 
for urban local bodies. Jha (2002) has studies 
finances of rural local bodies. Regarding the 
evaluation of local government with respect to the 
scope and approach, attempts have been made by 
Bagchi & Chattopadhyay (2004), and Pethe & 
Lalvani (2006). 

This research exercise is on secondary data 
published by local government in its annual reports 
and various other information collected in 
discussions with office bearers of Nadiad 

The limitation of the study is that, all the statistical 
information required for intensive research on local 
finance which is not readily available.  So, the study 
cannot be extended in many directions. This study is 
a case study for the finances of the Nadiad 
Municipality and it deals with only income and 
expenditure data. The other limitation of the study is 
that it accounts for only twenty-one years of data. 
The analysis has been done keeping in mind the form 
in which data are available. All this may be 
considered as limitations of the study. 

Municipality. For the present study, the detailed 
absolute data for the last twenty-one year relating to 
the financial condition of the Nadiad Municipality is 
considered. The data on revenue and expenditure for 
the 21 years between 1996-97 and 2016-17 was 
obtained from the various annual accounts and 
annual budgets the municipality. To find the 
accuracy of data and association among the various 
components of Income and Expenditure of Nadiad 
Municipality, trend analysis, growth rate analysis 
and elasticity tools are used.

Limitations

Trend Analysis of Income and Expenditure

Table-1 Income and Expenditure of Nadiad Municipality 

Years Income (in lakh Rs.) Expenditure (in lakh Rs.) 

1996-97 1105.52 1184.61 

1997-98 1218.15 1132.30 

1998-99 1316.12 1334.48 

1999-00 2012.61 2014.08 

2000-01 1501.28 1546.52 

2001-02 1312.98 1043.26 

2002-03 1340.56 1291.57 

2003-04 1591.03 1483.49 

2004-05 1864.65 1542.31 

2005-06 2966.23 2020.09 

2006-07 2184.49 2429.47 

2007-08 2376.65 2503.70 

2008-09 3030.59 2361.31 

2009-10 3940.44 4106.14 

2010-11 4480.48 3664.86 

2011-12 5509.33 5141.13 

2012-13 6958.66 7677.16 

2013-14 6640.47 5476.99 

2014-15 4635.22 5523.15 

2015-16 5684.19 5355.30 

2016-17 6357.26 5797.31 

Sources: NMC’s Annual Accounts 
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Table 1 is showing the changing picture of income 
and expenditure over 21 years from 1996-96 to 
2016-17 of NMC. The data of the present table is 
indicating the increasing trend of income throughout 
table 1 is showing the changing picture of income 
and expenditure for 21 years from 1996-96 to 2016-
17 of NMC. The data of the present table is 
indicating the increasing trend of income throughout 
the study excepting some period. Also, the manual 

data obtained for expenditure, which is reflecting the 
increasing trend presence within the expenditure 
data over the total study period, i.e., 1996-96 to 
2016-17, except for some period.  Also, the manual 
data obtained for expenditure, which is reflecting the 
increasing trend presence within the expenditure 
data over the total study period, i.e., 1996-96 to 
2016-17, except for some period.

Graph: 1 Trend of Income and Expenditure

Sources: NMC's Annual Accounts

Graph 1 reflecting that as the income is increasing 
the expenditure of the NMC is also increasing; 
hence, it has been analyzed that the increasing trend 
is present within the income and expenditure data. 
The above trend line only makes clear that which 
kind of tendency has been revealed by the data. It has 
also clarified at first glance that the same trend was 
present within the Income and Expenditure during 
1996-97 and the amount of income is slightly more 
than Expenditure in 2001-02. Overall Income and 
Expenditure pattern is linear with some exceptional 
points on a graph at 2006-07, 2007-08, 2010-11, 
2012-13, 2014-15, and 2016-17.These six year's data 
are indicating the significant variation in the income 
versus expenditure pattern. During years of 2012-13 
and 2014-15 NMC was in loss due to high 

expenditure and low income but the picture had been 
changed in 2013-14 and 2015-16 significantly. 
There was a sharp increment in the income due to 
grant component of income of NMC, which 
indicates the strength of the NMC. Then the NMC 
a lso  increased  the  expendi ture  over  the 
infrastructure and the basic civic amenities. Both 
Income and Expenditure are highest over the year 
2012-13 within the data of 21 years. Then again, the 
income and expenditure had reduced significantly 
during the year 2014-15, and the NMC was in loss. 
The trend and pattern of income and Expenditure 
have been continuously increased and upward slop 
during 1996-97 to 2016-17 with exceptional years 
2013-14 and 2014-15. The data was collected in the 
annual account form the NMC. 
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Growth Rates of Income and Expenditure 

Table -2 Income, Expenditure and Annual Growth Rate of Income and Expenditure 

Years 

Income (in 

lakh Rs.) 

Expenditure (in 

lakh Rs.) 

Annual Growth 

Rate of Income 

(%) 

Annual Growth Rate 

of Expenditure (%) 

1996-97 1105.52 1184.61 --- --- 

1997-98 1218.15 1132.30 10.19% -4.42% 

1998-99 1316.12 1334.48 8.04% 17.86% 

1999-00 2012.61 2014.08 52.92% 50.93% 

2000-01 1501.28 1546.52 -25.41% -23.21% 

2001-02 1312.98 1043.26 -12.54% -32.54% 

2002-03 1340.56 1291.57 2.10% 23.80% 

2003-04 1591.03 1483.49 18.68% 14.86% 

2004-05 1864.65 1542.31 17.20% 3.96% 

2005-06 2966.23 2020.09 59.08% 30.98% 

2006-07 2184.49 2429.47 -26.35% 20.27% 

2007-08 2376.65 2503.70 8.80% 3.06% 

2008-09 3030.59 2361.31 27.52% -5.69% 

2009-10 3940.44 4106.14 30.02% 73.89% 

2010-11 4480.48 3664.86 13.71% -10.75% 

2011-12 5509.33 5141.13 22.96% 40.28% 

2012-13 6958.66 7677.16 26.31% 49.33% 

2013-14 6640.47 5476.99 -4.57% -28.66% 

2014-15 4635.22 5523.15 -30.20% 0.84% 

2015-16 5684.19 5355.30 22.63% -3.04% 

2016-17 6357.26 5797.31 11.84% 8.25% 

Sources: Annual Accounts of NMC. 

Table 2 depicts the annual growth rate of income and expenditure for the period 1996-97 to 2016-17. The 
above data, clearly identifying that the maximum growth rate of income which was 59.08 percent during the 
year 2005-06 and minimum during the year 2014-15 i.e. -30.20 percent. The growth rate of expenditure was 
maximum for the year 2009-10 with a value of 73.89 percent and minimum for the period 2014-15, i.e., 28.66 
percent.
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Sources: Annual Accounts of NMC.

Graph No: 2 Growth Rates of Income and Expenditure

Graph 2 is explaining the data at a single glance and 

showing the trend present within the growth rate of 

income and expenditure. It is clear from the above 

graph that the pattern followed by the growth rate of 

income and expenditure is erratic. Graphically it is 

clear that the periods of 1997-98, 2000-01, 2001-02, 

2006-07, 2008-09, 2010-11, 2013-14, 2014-15, for 

which graph lines are below the baseline, i.e., 

negative. It is further seems that the growth rate of 

income and expenditure are nearly equal for the year 

1999-00. The growth rate of expenditure is higher 

The Relation between Income and Expenditure

Income elasticity can clarify the relationship 

between revenue and expenditure in real terms. 

Income elasticity shows unit change in change in 

Income to Expenditure. The income elasticity is 

defined the ratio of percentage change in the 

expenditure with respect to the percentage change in 

the income of NMC. 

than the growth rate of income during 2002-03, 

2006-07, 2009-10, 2011-12, 2012-13, and 2014-15.

Where,

q= Actual NMC's Expenditure

∆q= Change in the NMC's Expenditure

There are five types of Income Elasticity, 

which are as follows: (a) Perfect Elastic (E =∞),       y

(b) Perfect Inelastic (E =0), (c) Unitary Elastic y

∆y= Change in the NMC's Income 

y= Actual NMC's Income

In this section, income elasticity of expenditure is a 

measure of the relationship between a change in 

expenditure and change in Income. It is calculated 

mathematically with the use of MS Excel. The 

income elasticity of expenditure is calculated by 

using above mentioned formula (1).

(E =1), (d) Relatively Elastic (E >1), (e) Relatively y y

Inelastic (E <1)y

Mathematically it can be expressed as:
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Table-3 Income, Expenditure and Income elasticity for Nadiad Municipality

Sources: Annual Accounts of NMC.

Above table 3 shows the income elasticity of 
expenditure over the whole period of study from 
1996-97 to 2016-17. It is clear from the above Table 
that the income elasticity of expenditure was higher 
than one for eight years, less than a unit for six years 
and negative for six years. The income elasticity of 
expenditure was highest for 2004-05 (3.85), which 
was more than unity; it means that the high 
fluctuation in the expenditure generates a more than 
higher changes into the income. The income 

elasticity for 2011-12 is 0.65, which means one 
percent change in expenditure shall generate less 
than unit percent change in the income.

Similarly, the high positive value of income 
elasticity is of 2004-05, which is 3.85, which is 
higher than unity and implies that one percent 
change in the expenditure generated 3.85 percent 
change in the income. This year data is highly 
sensitive. The income elasticity is fluctuating 
throughout the study with maximum variation 
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It can be concluded that the linear and increasing 
trend was followed by the income and expenditure of 
the NMC with exceptional during the periods of 
2006-07, 2007-08, 2010-11, 2012-13, 2014-15, and 
2016-17. Besides, it had been observed that both 
income and expenditure were maximum during the 
financial year 2012-13 throughout the whole period 
of research. The growth rate of income and 
expenditure has reflected the irregular pattern, and 
no particular trend has been followed by the growth 
rates of both revenue and expenditure. The reason 
behind irregularities in growth rate pattern of 
expenditure is that the expenditure by the NMC was 
not made through any policy. 

Findings and Conclusion

It observed that the overall value of income elasticity 
is negative, which reflects that the total percentage 
change in expenditure of NMC generates roughly the 
negative change in the income of the NMC. This 
result also explains the lack of balancing budget of 
the NMC throughout the whole period of the present 
study. 

Overall value of income elasticity is approximately 

less than one, which reflects that the total percentage 

change in expenditure of NMC generates roughly the 

less change in the income of the NMC. This result 

during 2004-05. In the year 1999-00 income 
elasticity of expenditure is 1.03, which shows that 
the ratio of percentage change in expenditure due to 
the percentage change in income is approximately 
equal. Negative income elasticity of NMC found 
negative for six years, 1997-98, 2006-07, 2008-09, 
2010-11 and 2014-15. These years the growth rate of 
income was less than compare to the previous years. 
It was found highest for 2014-15 with value -51.79, it 
show the high gap between percentage change for 
income and expenditure compare to the previous 
year. It inferred a one percent change in expenditure 
reduce income by 51.76 percent. The next year 2015-
16 also shows second highest negative income 
elasticity of expenditure, for this year it found to be -
5.89. it means one percent change in expenditure 
reduce in income 5.89 percent. 
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A new and dual-response calix[4]arene based fluorescence sensor; 5, 11, 17, 23-tetra t-butyl-25, 26, 27, 28

tetracarboxylate naphthalene calix [4]arene (C4N) has been designed and developed for the recognition of

Zr  and Fe . The fairly linear range of C4N for Zr  and Fe  is 5−205 nM and 5–210 nM respectively. This

sensor exhibits favourable selectivity towards Zr  and Fe  with the detection limit of 1.98 nM and 4.05 nM

respectively via ligand to metal charge transfer (LMCT). This interesting supramolecular architecture has

been exploited by UV–vis spectroscopy, voltammetry, electrospray ionization mass spectroscopy (ESI-MS),

powder x-ray diffraction (PXRD) study and fourier transform infrared spectroscopy (FT-IR). The binding

constant of C4N with Zr  and Fe  is calculated to be 8.139 × 10  M  and 8.430 × 10  M  respectively. The

quantum mechanical study of C4N, C4N: Zr  and C4N: Fe  has been implemented using Gaussian 09 W
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MICROFINANCE: A STUDY ON SEWA BANK 
DR. VIRAL.  H.  KACHHIA PATEL* 

  

ABSTRACTS: 

The biggest accomplishment in microfinance in the past 10 years has been that the poor and low income 

women have led the way, shown that they are the world’s best bankers. They built their bank balance through 

tiny savings from their hard earned money and use financial services to build income, assets and raise the 

quality of life of their family. Present study makes an endeavor to understand and evaluate the savings 

behavior of the poor women. Savings is relevant for poor people as it is their first step in the process of 

coming out of poverty by breaking through the vicious cycle and giving themselves a chance to move ahead 

in life. 

Key Words: Microfinance, Poor Women, Savings, SEWA 

INRODUCTION 
Many people in the developing world are often denied access to banking and   financial services. India is no 

exception. Constrained by State Directives the number of   banking institutions in India is higher than that of 

other countries with a similar   income per head.  Access to financial services is limited to the formal sector. 

In developing countries the presence of informal sector is omnipresent. This is due partly to the cultural 

inheritance of a country (which may differ from one country to the other) and partly to recent innovative 

break-through brought about by specific needs of commoditization .However, despite their strength (mainly 

flexibility, low transaction cost), these alternative financial services do not meet the requirements of the 

population .Based on small and short term transaction, often  oriented towards social consumption or, in the 

case of micro enterprises, circulating capital, they ,don’t meet all financial needs, especially in terms of 

investments .In addition here again the poorest may be excluded from these services. 

The concept of Microfinance have emerged broadly under three categories: 

SEWA BANK 

Historical background of  SEWA Bank:: 

SEWA bank is an offshoot of the SEWA movement and an important part of a family of SEWA organization: 

the union has its members also as the account holders of the bank. SEWA Bank was established in 1974 with 

the initiative of 4,000 SEWA members, whom of each contributed 10 rupees as share capital. All low-income 

working women, the founding shareholders wanted a secure place to deposit savings as well as a source for 

loans. They also wanted their own bank in which they would not be made to feel inferior and unwanted as 

they had been by commercial banks. The Bank is a registered cooperative bank subject to the banking laws 

of the Reserve Bank of India and the cooperative banking laws of Gujarat State. SEWA Bank ( Shri Mahila 

SEWA Sahkari Bank) was established in 1974 by 4,000 members of the Self –employed Women’s 

Association (SEWA) a trade union that first started organizing self employed women in the slums of 

Ahmedabad in the state of Gujarat, but now has over 9,00,000 members in Ahmedabad , rural Gujarat and 

elsewhere in India. SEWA bank is in fact a cooperative bank owned by 60,000 women holding over Rs 3.3 

crore (33 million) in shares, who elect a board of 15 directors each representing members in a different trade. 

SEWA bank, has always focused more on saving products than micro loans and it had had more than 3, 

00,000 depositors at the end of 2007(Refer table 2.1). It is obvious that within such a context SEWA Bank is 

not just a provider of micro credit; its mission is to assist poor self employed women in their overall struggle 

to live a life of dignity, while providing at least a minimum level of social and economic security. It was set 

up because commercial banks were not helpful in dealing with illiterate, poor women unfamiliar with banking 

procedures. While the women found those procedures complex and inflexible, with significant collateral 

requirement and inconvenient hours of business. 

GROWTH PROFILE OF THE SEWA BANK 

Year 2019-20 2018-

19 

2017-

18 

2016-17 2015-16 

Number of shares 96921 88167 82327 67883 67756 

Share Capital(Rs.) 755 605 530 453 400 

                                                 
*
 Assistant Professor, Department Of Commerce & Business Management, Faculty Of Commerce, The M. S. 

University Of Barod, Vadodara (Gujarat) 
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Member 448434 371108 361639 328636 318594 

Total deposits(Rs.) 11411 11126 11948 10505 9615 

Working Capital 17671 16184 16494 14568 12919 

No. of  loans 

&Advances 

accounts 

7042 5622 5169 4665 4400 

Profit 161

  

94 83 79 52 

Dividend % 9 9 9 9 9 

Net NPA % 2.40 1.63 3.03 4.98 4.12 

 

Profile of the Members: 

The average monthly income of a member of SEWA Bank is Rs.1,500 where as the average income of her 

whole family of 5-7 members is Rs3,000 per month. The urban female depositors of SEWA Bank are engaged 

in three predominant activities: 

   Hawkers and vendors, for example, vegetable and fruit vendors, small shopkeepers, vendors of 

flowers, fish, household goods and clothes. 

 Home based workers like weavers, carpenters and others artisans which also include bidi rollers, 

garment workers and women who process agricultural produce. 

 Manual laborers and service providers like agricultural laborers’, constructions workers, head 

loaders, papers pickers and domestic workers. 

 Small producers like artisans, agricultural farmers. 

Given that 93 per cent of the workforce in India is in the informal or unorganized sector a union for such 

workers, especially women; it was deemed essential to fight for their economic rights. However, economic 

rights are not sufficient in themselves. Women members also needed access to services, from health – care 

through financial services to business development.    

Objectives Of Sewa Bank: 

 Providing facilities for savings and deposits, thus, inculcating       thrift in the women, managing 

their savings and ensuring safe    custody of the cash the women receive as loans    

 Providing credit to further the productive, economic and income generating activities of the poor 

and self employed. 

 Extending technical and management assistance in production, procuring, designing and sale of 

goods and services. This includes services to buy raw materials, equipment, tools and establishing 

direct links with industries , wholesalers and procedures from where the borrowers buy rags ,scrap 

iron ,wood, vessels, bamboo, yarn, vegetables, and waste paper; guidance in marketing their goods; 

accounting services to members individually and to women’s groups. 

 Providing facilities to rescue their jewellery from pawnbrokers and private moneylenders and giving 

loans against jewellery. 

 Adopting procedures and designing schemes suitable to poor self-employed women, like collecting 

daily savings from their places of business or houses, or providing saving boxes and giving training 

and assistance in understanding banking procedures. 

SAVING SCHEMES OFFERED BY SEWA BANK 

Jivan Asha      Daily Savings Scheme  

Chinta Nivaran Yojana    Worry Riddance Scheme 

Mangal Prasang Yojana     Special Occasion  Scheme 

Ghar Fund Yojana      House Fund Scheme 

Kishori Gold Yojana     Buying Gold Scheme 

-Scheme I, which is currently being withdrawn, still has deposits of Rs 22.750 held by 91 women. The 

scheme provides cover for the women life (both accident and natural deaths) .Each member deposited Rs 250 

as a fixed deposits, which is withdraw able in any given year. 
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-Scheme 2 has deposits of Rs 6.53,150, held by 200 men. The scheme is for husbands of members and covers 

death due to accidental and natural causes. The deposit required for this policy is Rs 200 shortly to be 

increased to Rs 650. 

-Scheme 3 has deposits totalling Rs13,280,350 held by 21.319 women .This scheme providers 

comprehensive insurance coverage including natural and accidental death (up to age 58) loss of property or 

equipment due to fire, theft ,cyclone, earthquake and so on (up to age 70): health Insurance and maternity 

benefits . The deposit required for this was initially Rs 500 and is being increased to Rs.1000/-. 

-Scheme 4 has deposits of Rs.3,345,700 held by 3,639 women. This scheme is the same as the third, except 

that both the woman and her husband are covered for the same risks listed under Scheme 3. The deposit 

needed was initially Rs. 700 but has been raised to Rs. 1,150, and is to be increased further to Rs. 1650. 

RESEARCH METHODOLOGY 

OBJECTIVE OF THE STUDY 

 The main objectives of this study are: 

First, to make an inquiry into the savings behavior of the women in poverty, while doing so it also makes an 

effort to capture the perspective of these women and their access and control over their own savings and 

incomes. 

Second, it is to understand the microfinance concepts, its framework and structure.  

Third, it is to seek clarifications with regard to the savings behaviours of the clients of MF in India. 

HYPOTHESIS 

Microfinance Interventions are making inroads in the sector for improving the financial behaviour of the 

poor. In order to understand the financial behaviour of the poor women of MF sector, the first component, 

savings, of the financial behaviour must be understood and evaluated. Because, it is the only that can help 

then to come out of the debt trap and help them in capital formation. SEWA Bank a pioneering and premier 

institution of MF was chosen to see if their women members are responding favorably in their savings 

behaviour. Hypothesis is that the savings behaviour of the members of the SEWA Bank has positively 

improved. 

APPROACH AND METHODOLOGY 

Sample Design: 

The study uses a combination of random and purposive sampling procedure to select the sample or 

respondent, who is the member of SEWA Bank. In the first step, three areas namely Ahemdabad, Anand and 

villages of Anand district are purposively selected for the study so as to consider urban, semi urban and rural 

population of the Gujarat state. Using proportional allocation method 30 members each was selected for this 

study. 

Therefore to study the impact on financial behavior for savings of the members would be more effective. 

Data Collection Process: 

The sources of data are primary data and secondary data. Secondary data is collected from annual reports and 

web sites of SEWA and NABARD. Primary data is collected and tabulated on the basis of personal in-depth 

interview. 

Occupation: 

About 20 working members of surveyed households are working in factories and offices in various capacities. 

30 workers fall in category of daily wage & their income depend on number of working man days. 10 women 

in surveyed areas are working as maid servants. Business category includes business on regular basis and 

having permanent establishment which include owning grocery shops, automobile garage, ironing, hair 

saloon etc. 3 women of working population of surveyed area are self-employed having their own small 

business. 

OCCUPATION CATEGORIES 

Sr. No. Occupation Persons 

1 Monthly Wage (Service)  27 

2 Daily Wager  30 

3 House Wife (Home Maker) 11 

4 House Servant 10 

5 Business   3 

6 Petty Business   8 

7 Animal Husbandry   1 

8 Piece Rate Worker (Job Work)    1 

9 Unemployed     9 



121 

 

 

Current Journal (April to June, 2022) 

                                  (Source: Primary survey)  
The unemployed category, 9 persons during the survey, also includes those women members who are not 

economically employed and are financially dependent on their spouses or other members of their family, 

these women members voiced out their desire to learn and begin with some home-based activity which can 

fetch them some income.  

Household Monthly Income: 

 The income level decides capacity to save of the households. The table 42 given below describes the various 

income categories & number of household in each category. During the survey, in the surveyed area earnings 

of maximum households were between Rs. 2000 to Rs. 5000 in a month.   

MONTHLY INCOME LEVEL OF HOUSEHOLD 

Sr. No Monthly Income (Rs.) Household 

1 Up to 1000 01 

2 1001 to 2000 09 

3 2001 to 3000 17 

4 3001 to 4000 15 

5 4001 to 5000 21 

6 5001 to 6000 12 

7 6001 to 7000 08 

8 7001 to 8000 04 

9 8001 to 9000 05 

10 9001 and above 09 

                            (Source: Primary survey) 

The figures above show the monthly household income which also includes the income earned by the women 

member as many of them were financially dependent on their spouses or other family members. The income 

source is not only from the occupations which are permanent in nature but also from those which can be 

defined as seasonal businesses which are taken up during few months. Nearly 38 households have income 

more than Rs. 6000 a month which is quite feasible due to availability of earning opportunities in Ahemdabad 

however, the number of households having such income is comparatively much less in Anand. As also the 

capacity to save of those having income over Rs. 5000 is more.  

Monthly Income of Women Members: 

Comparison of total household income and income of women shows vast difference. Out of the total sample 

of 100, only 45 women are earning members in their families. Only 26 of them earn up to Rs 1000.   

MONTHLY INCOME OF WORKING WOMEN 

Sr. No Income Women 

1 Up to 1000 45 

2 1001 to 2000 33 

3 2001 to 3000 12 

4 3001 to 4000 04 

5 4001 to 5000 03 

6 5001 to 6000 0 

7 6001 to 7000 0 

8 7001 to 8000 0 

9 8001 to 9000 0 

10 9001 and above 0 

                            ( Source: - primary survey)  

Initial Decision to Start Savings: 

 This section becomes very important to understand the dynamics in a household and the extent of decision 

making power of a woman member in her household. However, it should be noted that if the decision is joint, 

it may not completely negate the decision making power of a woman member.  

DECISION TO START SAVING 

Sr. No. Decision By HHS 

1 Yourself 45 

2 Spouse 03 

3 Joint Decision by Spouse and yourself 39 
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4 Joint decision – Family Members 11 

5 Any Other 00 

6 No Response 02 

                     (Source: Primary survey)  

The statistics are very interesting giving us figures favorable to women members, with 45 of households, 

essentially, women members taking the initial decision to start saving. This is followed by 39 households 

where the woman member and her spouse have made joint decision to start saving but this will certainly not 

negate the decision by the woman member. There are cases, around 11 households where all the family 

members take joint decision to start saving. 3 of households are such where only the spouse of the woman 

member has taken individual decision to save. However, it has to be again noted here that the cases taken 

here are even those where the husband individually saves somewhere else. It would be interesting to note 

that those women, 45 persons, who save individually, out of these, 78 percent of women are those who are 

working and earn an income for their living. The income of majority of women, around 97 percent, who save 

individually is to a maximum of Rs. 5000 a month. There are very few women, only 3 percent who earn more 

than Rs. 5000 a month. The table below shows the various income categories of women members who have 

taken initial decision to save individually.   

Mode of Saving: 

 47 women are saving jointly with their spouse and 39 are saving individually. 14 are saving jointly with 

family members.   

MODE OF SAVING 

Sr. No Saving HHS 

1 Separately – Individually 39 

2 Jointly with spouse 47 

3 Jointly with family members 14 

4 Any other 00 

(Source: Primary survey) 

Place of Saving: 

This survey was organized with the help of SEWA Bank employees, “Bank Saathis” and sample households 

were selected from SEWA Bank members list and introduced by them. 90 women interviewed are saving 

with Self Help Groups and 4 percent women are saving with SHG as well as in the house. As far as savings 

in the house is concerned, there are a few members who save at home in a “matki” which works as a piggy 

bank for them. They save for a specific period, say 6 months or an year and they may save for a purpose say 

either for a festival or some specific reason.  

PLACE OF SAVING 

Sr. No Place HHS 

1 Self Help Group (SHG) 90 

2 In house & SHG 4 

3 Bank 1 

4 SHG & Bank 2 

5 In house 2 

6 Employer 1 

7 Any  Other 0 

(Source: Primary survey) 

There are also some interesting views of the women members on savings. According to them, savings is not 

money left after expenses. Savings is also money put into expenses to build relationships since they feel it 

will come back to them when they need it. Many of them do not keep savings at home, rather they loan it to 

friends or relatives in need and take it back when they are in need of money. According to them, in this way 

social bonds are being built and money is saved since money that is kept in hand can be easily spent.  

Although, it was also discovered during the informal discussion that around 50.0 percent of women members 

save in the various savings groups, including SEWA only to get loan. It was observed during the survey, that 

poor women do have the capacity to save provided their savings are collected or they are able to deposit their 

savings on a timely and regular basis else the money that they keep aside for savings gets spent.  

Decision on Place of Saving: 

The decision on the place of savings is as important as the initial decision to begin savings. 51 households 

are such where the husband and wife have decided jointly on the place to save. 38 households are such where 

the women member herself took the decision on where to save. 11 households were such where all the family 
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members took joint decision on the place of saving. The joint decision with spouse or family members would 

not mean that the women do not have a voice.   There are many women members earning an income who do 

make the decision on their own on decision to save and the source of saving. 

 DECISION ON PLACE OF SAVING 

Sr. No Decision maker HHS 

1 Yourself 38 

2 Spouse 4 

3 Joint decision – with spouse 51 

4 Joint decision – family member 11 

                              (Source: Primary survey) 

Monthly Saving Pattern:  

 This section inquires about the respondents’ ability to save on a monthly basis. The table below shows that 

majority of households, 93 households, are able to save up to Rs. 200 a month. Within this, 74 of households 

are being able to save only up to Rs. 100 a month. 5ouseholds are able to save between Rs. 200 to Rs. 500 

and only a small number of households, 2, are able to save more than Rs. 500 a month.   

The monthly savings are done essentially with the SEWA Co-operative bank and other savings groups. The 

savings which are done up to Rs. 200 a month are mainly done by those whose earnings are below Rs. 7000 

a month. The women earning more have the capacity to save more and they do so in many other formal 

sources besides SEWA and that is the reason why a very small percentage of households saving more than 

Rs. 500 reflected in the table below.   

MONTHLY SAVING PATTERN 

Sr. No SAVING (Rs.) HHS 

1 1 to 100 75 

2 101 to 200 18 

3 201 to 300 2 

4 301 to 400 2 

5 401 to 500 1 

6 501 and above 2 

(Source : Primary Source) 

Average Saving In Last Twelve Months: 

To understand fluctuation in saving, an attempt was made to accumulate data on savings done during the last 

twelve months from each respondent. The table below shows that 42 household were able to save between 

Rs. 51 to 100 per month in last one year. 18 were able to save between Rs. 100 to 150 per month. A good 

amount of households, 14t were able to save more Rs. 251 per month.  

AVERAGE MONTHLY SAVING IN LAST ONE YEAR 

Sr. No SAVING (Rs.) HHS 

1 1 to 50 14 

2 51 to 100 42 

3 101 to 150 18 

4 151 to 200   8 

5 201 to 250 14 

6 251 and above   4 

                                                  (Source: Primary Survey)                                                                                          

Fluctuation in monthly income is also one of the reasons for fluctuation in savings done on a monthly basis. 

Maximum workers in surveyed are daily wager or involve in petty business where they do not get a fixed 

amount which results in the fluctuation in saving. 

Awareness Level and Total Amount Saved: 

This was an important inquiry which was made to find out whether the members were aware about the savings 

amount which they have made so far. There were very few people, 18 women were aware about their savings 

amount and majority, 80 respondents were not aware about total amount saved.   

In fact, the study team had to look into the respondent’s pass book to see the figures of their saved amount.   

On the total amount saved till date, 55 households have been able save upto Rs. 1000 and 22 have saved 

between Rs. 1000 to 2000 it is to be noted here that these respondents had started saving since less than 2 

years. There is once again a very small, 14 respondents who have saved Rs 3000 and above.  

AWARENESS ON TOTAL SAVING 
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Sr. No Amount HHS 

1 1 to 1000 55 

2 1001 to 2000 22 

3 2001 to 3000 9 

4 3001 and above 14 

 Decision Maker on Utilization of Saving Amount:  

 This section looked into the decision maker for utilization of savings amount to which, 55 households said 

that they take joint decision on the utilization. There are 30 households wherein the women member would 

take the decision on utilization herself. However, it needs to be noted that joint decision does not necessarily 

mean that the voice of the woman is not heard as the decisions are also taken on priority basis and whether it 

is a joint family or nuclear, these decisions would always be need based.   

DECISIONS ON UTILISATION OF SAVING 

Sr. No Decision Maker HHS 

1 Yourself 31 

2 Spouse 2 

3 Joint decision with spouse 55 

4 Joint decision with family members 12 

Problems in Saving and Reasons:  

 Since savings was done with an effort by the respondents, they were asked whether they faced any problem 

in saving from their income. 46 responded they are facing problems in savings. The possible reason for this 

came out in the informal discussion & through survey and are listed in the table below.   

51 percent responded that low income and fluctuation in income as one of the major reasons for their 

irregularities in saving and 33 percent responded that expenditure on health emergencies are responsible for 

irregular saving. 15 percent responded that due to high household expenditure they are not able to save 

regularly. It is mainly due to the routine fluctuation in income due to the unexpected expenses that they are 

unable to save or save on a regular basis.    

PROBLEM IN SAVING  

Sr. No Reasons HHS (%) 

1 Low Income 51 

2 High Household Expenditure 15 

3 Expenditure on Health Emergencies 33 

4 Natural Disasters 11 

                 (Source: Primary survey) 

CONCLUSION: 

Microfinance has again demonstrated that its impact goes beyond providing individuals with access to 

capital; it also helped to protect, diversify and increase their sources of income and assets that enable them 

to make their way out of poverty. Microfinance is being largely routed through women, as they are believed 

to be more responsible, this intervention has indeed helped them to build and own financial, social and human 

assets. This has given them space to enhance their negotiating abilities and develop confidence.  

Understanding the lives of the poor woman in terms of their understanding and acceptance of savings, 

amongst other things, building assets is important for poor people as it is the basis for economic security. 

Access to appropriate financial products and services, along with financial skills to manage these resources 

will, and are key to the process of asset accumulation and the role of financial literacy become crucial at this 

point. 
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Abstracts:
CRM stands for Customer Relationship Management. Mahatma Gandhi
propounded the importance of customer and he pointed that the customer is not
a hurdle or an outsider but an important person, an asset and a part of an
enterprise. It is an opportunity for an enterprise to serve him. The objective
behind the CRM is to improve their relationships and to build a long lasting
relationship, the process deals with the use of technology so as to organize and
run the existing business processes. It also points the marketing activities,
customer service. CRM also involves an enterprise to find, acquire, attract the
new customer while to retain the old one. Retaining diminishes the marketing
cost.
Key Words: CRM, Hero Honda, Satisfaction, Customer, Sales and Services.
Introduction: - Customer
Relationship Management [CRM] is
one of the most important thing and
customer’s problems are solve in this
service. It is the powerfully tool of
the management. Sweeny Group
defined, CRM as “All the tools
technologies and procedures to
manage improve or facilitate sales,
support and related interactions
with customers, prospects and
business partners throughout the
enterprise. In other words CRM is a
process which highlights some
organization strategies for the
purpose to improve the loyalty and
hence the corporate profitability.
“Here, with the help of CRM,
management can know the
experience of customers about the
We have also tried to evaluate a
mode of relationship based buying

which refers to those motivate of the
customers. The CRM is depends
upon the customers loyalty and their
lifelong goodwill or equity. CRM is
the understanding of this segment
relationship and the help of
customer. The biggest management
challenge in the new millennium of
liberalization and globalization for a
business is to serve and maintain
good relationship with the king - the
customer. In the past, producers took
their customers for granted because
at these time customers were not
demanding nor had many
alternatives sources of supply or
supplies, since has was a passive
customer, the product dictated
terms and had little customer. But
today, there is radical
transformation; the changing
business environment is
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characterized by economic
liberalization, increasing
competition, high consumer choice,
enlightened and demanding
customer, more emphasis on quality
and value of purchase. All these
changes have made today’s producer
sniff from traditional marketing to
modern marketing. Here we are
taking up the case of Hero Honda
Motors Ltd. As to how they
implemented their CRM
programmes and what success they
got from them.
2. Objectives of the Study:
The main objectives of the study are
as follows:-

 To study the role of customer
relationship management in post-
sales maintenance needs of two
wheeler industry.

 To study the factors influence the
consumer to select Honda Two
Wheeler.

 To know the popular model of Honda
Two Wheeler.

 To study about the sources of
awareness to buy Honda Two
Wheeler.

 To find the problems faced by the
consumers with the Honda Two
Wheeler.

 To study what impact customer
relationship management has on the
satisfaction of Honda Two Wheeler.

 To study what impact customer
relationship management has on the
satisfaction of Honda Two Wheeler
users.
Hypotheses:
H1: Use of customer relationship
management has an impact on
getting the new customers for after
sales service.
H2: Use of customer relationship
management is highly significant in

enhancing the satisfaction level of
customers
H3: Availability of company
authorised after sales service is
significant to increase the company
sales.
Research Methodology: It consists
of Sources of data, Research design,
Sampling Plan, Research Area etc.
Data Sources: The study is based
on both primary and secondary data.
Primary Data: Primary data is
collected from the customers of Hero
Honda motors through Telephonic
interview, Questionnaires.

 Research approach: Survey
method
Research instrument: Personal
Interview, Telephonic interview,
Questionnaires
Sampling Plan:

 Sampling unit: Customers of Hero
Honda bikes, Anand district,
Gujarat.

 Sample size: 400
 Sampling method: It refers how

sampling units are selected.
o Types of sampling – Non

Probability Sampling.
 Method of Non Probability

Sampling: Convenience Sampling
 Secondary Data: Secondary data is

collected from the company records
publications of National &
International Journals, Text Books,
Newspapers and Websites.
3. Seven Guidelines for Effective
CRM
1. Changes in process, people, and
technology should be evaluated and
the business impact should be
quantified and prioritize supported
by a solid business case and tangible
return on investment.
2. Develop and an iterative and
incremental approach focused on
addressing the highest value
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opportunities first think big star
small, and deliver results quickly.
3. Align to corporate strategy,
ensuring that CRM initiatives are in
complete alignment with the
organization overall business goals.
4. Measure the effectiveness of your
initiatives and create accountability
for customer and results. What are
your baseline performances and
what key performance indicators will
you measure to know that you are
getting results from your CRM
Initiatives?
5. Create an overall CRM vision to
the company develop and
communicate the CRM vision to the
organization and key constituents,
such as customer, employees and
partners.
6. Secure the commitment and buy
in of senior management to the
overall project vision, project
objectives and measurement of the
sustain the future state of
organizational readiness. 7.
Recognize the organization change
and motivations required to active
full benefits, and create the action
plans to achieve and sustain the
future stat of organizational
readiness. These seven types will
not guarantee your CRM success.
However, if your organization has a
plan to address these areas you will
improve your chances of success and
reap the rewards of profitable,
customer focused strategies.
4.1 Company profile: “Hero” is the
brand name used by the Munjal
brothers in the year 1956 with the
flagship company Hero Cycles. The
joint venture between India's Hero
Group and Honda Motor Company,
Japan. During the 80s, Hero Honda
became the first company in India to
prove that it was possible to drive a

vehicle without polluting the roads.
The company introduced new
generation motorcycles that set
industry benchmarks for fuel thrift
and low emission. A legendary 'Fill it
- Shut it - Forget it' campaign
captured the imagination of
commuters across India, and Hero
Honda sold millions of bikes purely
on the commitment of increased
mileage. Hero Honda has
consistently grown at double digits
since inception; and today, every
second motorcycle sold in the country
is a Hero Honda. Every 30 seconds,
someone in India buys Hero Honda's
top -selling motorcycle - Splendor.
Hero Honda bikes currently roll
out from two globally
benchmarked manufacturing
facilities based at Dharuhera and
Gurgaon in Haryana. These plants
together are capable of churning out
3.9 million bikes per year. A third
state of the art manufacturing
facility at Hardwar in Uttranchal
will soon be commissioned to cope
with sustained customer demand.
Hero Honda's extensive sales and
service network now spans over 3000
customer touch points. These
comprise a mix of dealerships,
service and spare points, spare
parts stockists and authorized
representatives of dealers located
across different geographies. Hero
Honda values its relationship
with customers. Its unique CRM
initiative - Hero Honda Passport
Program, one of the largest programs
of this kind in the world, has over 3
million members on its roster. The
program has not only helped Hero
Honda understand its customers and
deliver value at different price
points, but has also created a
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loyal community of brand
ambassadors.
The success of Hero Honda has not
been smooth sailing through calm
waters. The company has been
through a lot storms and rough
weather. Over dependence on the
Japanese partner Honda for R&D
paralyzed the company more than
once. Many a times HHML had to sit
on the side lines while its
competitors roared past. Thus,
the lack of R&D make the
company a cripple, especially when
the competition began to intensify in
the late 90s and other foreign joint
ventures (like Kawasaki and
Yamaha) helped their local
companies mount a credible assault
on Hero Honda.
4.2Growth: Hero Honda
experienced great growth throughout
its early days. The Munjal family
started a modest business of bicycle
components. By 2002 Hero Group
had sold 86 million bicycles
producing 16000 bicycles a day.
Today Hero Honda has an assembly
line of nine different models of
motorcycles available. It holds the
record for most popular bike in the
world by sales for Its Splendor
model. Hero Honda Motors Limited
was established in joint venture
with Honda Motors of Japan in
1984, to manufacture motorcycles.
It is currently the largest
producer of Two Wheelers in the
world. It sold 3 million bikes in the
year 2005-2006. Recently it has also
entered in scooter manufacturing,
with its model PLEASURE mainly
aimed at girls. HUNK is the latest
offering from the HHML stable.
4.3 Just-in-Time Manufacturing:
The Hero Group through the
Hero Cycles Division was the

first to introduce the concept of
just-in-time manufacturing. The
Group boasts of superb operational
efficiencies. Every assembly line
worker operates two machines
simultaneously to save time and
improve productivity. The fact that
most of the machines are either
developed or fabricated in-house, has
resulted in low inventory levels. In
Hero Cycles Limited, the just-
in-time inventory principle has
been working since the beginning of
production in the unit. This is the
Japanese style of production. In
India, Hero is probably the only
company to have mastered the art of
the just-in-time inventory principle.
4.4 Supplier Relationship
Management: With the Indian
motorcycle market opening up to
overseas competitors and more fierce
domestic competition, HHML
decided to create a single
Integrated IT system to integrate
business operations such as product
planning, materials resource
planning, financials and sales
and distribution. It was also looking
to automate its internal supply
chain, reduce overall costs, and
create a transparent information
system that
would help managers make
decisions more quickly. To do all
this it teamed up with SAP in 2000
to implement the system, and went
live in February 2001. HHMLs IT
team along with SAP technicians
implemented an entire Supplier
Relationship Management (SRM)
system for a better connected and
transparent business process. HHML
was among the first in
India to setup the MySAP SRM
version 3.0 and ended up with a
Computer Associates Intelligent
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Enterprise Award in the
manufacturing vertical category.
4.5 Dealer Relationship
Management: At the same time, for
effective dealer relationship
management, HHML has brought
innovation through application of
progressive technology into its
authorized dealerships. To
reduce the amount of manual
labour involved in repairs and
maintenance, it has introduced
pneumatic tools to replace hand
tools, while hydraulic ramps now
position bikes for easy inspection. It
has also installed automatic
ventilation systems in repair shops
to remove engine exhaust fumes.
4. 6 Labour Relationship
Management: A striking feature
within HHML in particular and the
Hero Group in general is the
commitment and dedication of
the workers. Efficient labour
relationship management is evident
since there is no organized labour
union and family members of
employees find ready employment
within Hero. The philosophy with
regard to labour management is
Hero is growing, grow with Hero.¡  
When it comes to workers benefits,
the Hero Group is known for
providing facilities, further ahead
of the industry norms. Long
before other companies did so,
Hero was giving its employees a
uniform allowance, as well as House
Rent Allowance (HRA) and Leave
Travel Allowance (LTA). Extra
benefits took the form of medical
check-ups, not just for workers,
but also for the immediate
family members. An enlightened
labour policy and a keen sense of fair
play have contributed to the
tremendous sense of dedication and

commitment on the part of everyone
associated with Hero.
4.7 Employee Relationship
Management: Effective employee
relationship management is also
evident. The vice president of
Information Systems at HHML
believes in exposing people to IT for
personal benefit to heighten its
acceptance. To this end, he has set
up a touch-screen kiosk at HHML
that addresses HR queries for
employees on matters such as salary
and leaves. Clearly, the importance
behind understanding employee
needs and creating a user-friendly
environment is taken into account.
Such strategic decisions are crucial
in retaining and attracting talent at
HHML.
4.8 Customer Relationship
Management: Some of the CRM
initiatives of the Hero Honda
Motorcycles Ltd. are:
•The Hero Honda passport
programme.
• SBI-Hero Honda Credit Card.
• Implementation of mySAP CRM.
4.2 The Hero Honda passport
programme: The Hero Honda
passport programme is one of the
first of its kind in India. The
company has secured over 1 million
members in the last three years with
the Passport Programme, which
involves offering members a small
card/booklet that looks like the
Indian passport, complete with
''visa'' stamps for points, similar to
those offered by credit card
companies and airlines. The only
difference in this programme is that
the member need not always spend
money to obtain points. With the
passport programme, each time a
Hero Honda customer visits a service
centre, he gets points and depending
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on the profile submitted by the
customer, he gets benefits like
free passes to a cricket match
sponsored by the company.
In 2001, HHML was the first two-
wheeler company to initiate a
customer relationship programme,
christened the Hero Honda Passport
Programme. It was a massive
success, signing up over half a
million customers within eight
months. Under the programme, a
customer gets a passport booklet at a
nominal fee. This entitles owners to
all the benefits, such as free
insurance cover, prizes, and tickets
for events sponsored by the company
and other discounts for three years.
More than that, a Passport member
can accumulate points for each
transaction at the company’s
retail outlets. Every referral that
they generate earns bonus points
which can be redeemed at regular
intervals for gifts or discounts.
Today, Passport is the
largest CRM initiative in India with
close to 3 million members. In tune
with effective management of
relationships, it has given HHML a
huge connects with consumers and a
opportunity to peep into their minds.
HHML has fine-tuned its process for
finding out just what a diversified
customer base across the length and
breadth of India wants. It does this
by regularly conducting vast market
surveys that question up to 70,000
people at a time. Then the
specific customer requirements
and preferences are translated by
the marketing and R&D teams into
basic specifications, which are sent
on to Honda`s R&D group in Japan.
Honda
comes up with a prototype design
and HHML takes this back into the

market to sound out customers for
possible further refinement, until a
winning design is eventually arrived
at for HHML to build. Through such
effective management of customer
relationships, confidence and trust
are the two enduring values
associated with the brand of Hero
Honda. These values define the
bond that Hero Honda
establishes with customers cutting
across geographic locations, income
levels and market segments.
The reliability and durability of this
relationship has resulted in positive
word-of-mouth from satisfied
customers, working to the
brands advantage.
4.3 More Value added services: In
tune with effective customer
relationship management, HHML
has come up with the fresh idea of
mobile service workshops: a complete
workshop incorporated into trucks
that travel predetermined routes,
visiting small towns and villages
where existing customers reside.
Customers are informed that a
workshop will be coming, so that
they don’t have to travel hundreds of
kilometres to an authorized
workshop for servicing or repairs.
These mobile workshops also double
as sales outlets and spare-part
distributors. The concept has
been so successful that some of
HHMLs largest distributors have
adopted the idea and send out their
own workshops to supplement
HHMLs efforts Another notable
improvement on the customer front
is that customers can wait in air-
conditioned waiting rooms where
TVs and water coolers have been
installed, while in a few key
dealerships, they can enjoy a cup of
tea and surf the Internet in Hero
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cyber cafes. In certain larger
dealerships, customers can
actually watch ongoing repairs
through glass-fronted workshops.
This gives customers more
confidence in HHMLs service and
support. After the emphasis paid by
Hero Honda on the factors called 3S
(Sales, Service and Spares), the
company has now a fourth added to
the list:
Safety. At select dealerships, a safety
corner has been created, where the
customer, who has come to take
delivery of his bike, is explained the
nuances of safe riding. The company
plans to extend this concept to its
entire dealer network.
4.4 Benefits of Passport Program
to customers:
• 4 Winners of the Month Each
Month, 4 Hero Honda Passport
Programme Members get a chance to
win 1 Hero Honda Splendor+ or Rs
40,000 each.
• SPECIAL PRIVILEGES ...ALL
THE WAY
Special discounts on spares and free
services for Hero Honda motorcycle
along with attractive gifts at various
milestones. This is company’s way of
making sure that every time
customer come to showroom for
servicing the motorcycle, they take
away more than just the benefit of
world class servicing in their
automated workshops.
•KEEPING IN TOUCH...ALL YEAR
THROUGH : An effort to be in
constant touch with the customers
through quarterly newsletter,
"Suhana Safar" .The newsletter gives
an insider's view to the company,
Hero Honda Motors Ltd. Along with
the latest happenings in the HHPP
family.

• SPECIAL OFFERS: From time to
time exclusive offers for customers
with the best brands in the country.
• SPECIAL INVITATIONS: For
active members of the Hero Honda
Passport Program the chance of
being invited to special events like
Musical nights, Movie screenings,
Award shows, etc.
• SECURITY FOR CUSTOMERS
AND FAMILY: The moment
customers apply for Hero Honda
Passport they are automatically
covered for a free Rs.100, 000
Personal Accident Insurance policies
for one year or for three years, as
applicable.
REWARDS AND POINTS: All these
amazing rewards and benefits come
to the customer as they earn points
in the Hero Honda Passport
Programme. Once become a
member, they earn points for a host
of regular transactions that they
conduct at their local Hero
Honda authorized Dealership or
Service Center. These include:
• Purchase of Hero Honda genuine
spares
• Purchase of accessories
• Servicing of motorcycle Bonus
points on :
• Free Service
• Paid Service
• Referrals i.e. recommending a
friend to purchase a Hero Honda
motorcycle
More Attractions:
• Star Club and Treasured Rewards
This unique club has been
introduced for those members who
get their bikes serviced regularly
from authorized Hero Honda Service
Centres. The Star Club membership
not only identifies the member as
special for the HHPP family, but also
brings in some added benefits like:
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30% discount on labour
 7.5% discount on spares, till
the validity of the Passport
•Treasured Reward:
For Passport Programme members
who have crossed the 1 lakh point
mark in the Hero Honda
Passport Programme.
The HHPP Treasured Rewards
available at 8 prescribed milestones
beginning from 1.25 lakh points and
ending at 3 lakh points, with each
milestone at a gap of 25,000 points.
In other words, the milestones are
placed at 1.25 lakhs, 1.5 lakhs and so
on till 3 lakhs. Each time a member
reaches a milestone a Motorcycle
Privilege Voucher of Rs. 1250/- will
be given to him. This voucher may be
used to avail a discount on the
purchase of a new Hero Honda
motorcycle. This voucher is
transferable and can be given to
friends or relatives who may be
planning to buy a new Hero Honda
motorcycle.
4.6 Post CRM benefits:
After implementing the Passport
Program across India the Hero
Honda Motorcycles Ltd achieved
instantaneous success. Over half
a million customers signed up
within eight months.
4.7Some of benefits are
summarized below:
• The company secured over 1
million members in the last three
years.
• Recorded a 25-per cent increase in
its net profits to Rs 581 crore and a
14-per cent higher turnover at Rs
5,195 crore within a year of launch of
the passport programme.
• More satisfied customers (58%)
than any other motorcycle brand in a
survey conducted by Mckinsey in
2004.

• A clear and personalized
record of customers which
helped in planning more CRM
activities in future for the customers.
• 30 % Reduction in overall
advertising and promotion budget as
a company target which was
successfully achieved in 2005.
4.8 SBI-Hero Honda Credit Card:
Another customer service initiative
launched jointly by Hero Honda and
State Bank of India is a co-branded
credit card. This time SBI Cards &
Payment Services (SBI Card) has
teamed up with Hero Honda Motors
to offer the Hero Honda SBI Card,
the first card for the two-wheeler
industry in India. SBI card is said to
be India''s No 1 Visa card-issuer with
over 11 lakh cards issued. The co-
branded card is designed to
strengthen Hero Honda''s Passport
Programme. The co-branded
initiative will allow SBI Card to
reach out to Hero Honda customers
(a vast middle-class segment and
possibly first-time users of credit
cards). In the first phase of rollout,
the co-branded card team,
comprising executives from both
Hero Honda and SBI Card, will
target four cities - Delhi, Kolkata,
Chennai and Pune. In the second
phase 66 cities will be covered and in
the third phase 100 cities.
5. Implementation of my SAP
CRM:
In India’s highly competitive
motorcycle manufacturing sector,
streamlined operations and effective
business relations are essential. To
improve information exchange
with its many partners, Hero
Honda decided to introduce
leading-edge supplier and
customer relationship management
capabilities. “We wanted to enable



IJAAR Vol.2 No.23 ISSN – 2347-7075

Dr. Viral. H. Kachhia Patel
9 

our dealers and suppliers to perform
online transactions, “explains S.R.
Balasubramanian (Bala), vice
president of information systems
at Hero Honda, “and this was
something that our legacy solution
could not support.”
Hero Honda opted for the
powerful self-service features of
mySAP™ Supplier Relationship
Management (mySAP SRM), plus
the e-commerce capabilities of
mySAP Customer Relationship
Management (mySAP CRM).
The project was completed in a
record three months’ time in 2004.
End-to-End Process Integration Hero
Honda also implemented a customer
portal, as a feature of mySAP CRM.
With the two portals now in place
the company benefits from end-to-
end process integration. Dealers
place their orders once a month;
typically a dealer might order
several hundred motorcycles, as well
as spare parts so every Friday the
company get orders in, consolidates
them on Saturday, and on Monday
morning suppliers are all receiving
delivery schedules, directly from
production planning system.”
Because the ordering process is now
fully automated, Hero Honda saves
approximately three days over the
time it used to take to complete this
process. That translates into an
inventory savings of about 10%,
which in turn translates into a
substantial cost savings. And they
know that the portal’s information is
both accurate and up to the minute.
Since the advance shipping
notification created by the supplier is
derived from the purchase order, the
chance of a delivery mismatch with
the order is almost zero.

The Company is more responsive
than ever before to the dealers and
other customers, thanks to mySAP
SRM and mySAP CRM.
Faced with growing market demand
and inefficiencies in its supplier and
dealer order processes, HeroHonda –
the world’s largest two-wheeler
manufacturer –chose the mySAP™
Supplier Relationship Management
(mySAP SRM) solution to integrate
and automate its large and complex
supply chain.
Key Challenges: Supplier order
processing not well synchronized
with production planning,
proprietary supplier portal provided
no transactions, only information.
Project Objectives:
• Speed up and automate supplier
order processing
• Synchronize customer orders with
supplier schedules
Solutions and Services :
• mySAP SRM
• mySAP Customer Relationship
Management (mySAP CRM) solution
Implementation Highlights.
Three-month initial rollout covered
15 of the top 125 strategic suppliers;
over 50 suppliers have since been
covered
• Implementation included
training Hero Honda suppliers
as well as buyers Implementation
Partner
SAP® Consulting
Existing Environment
mySAP ERP
Database
Oracle
Hardware
IBM
Operating System
AIX.
Key Benefits achieved after my SAP
CRM implementation:
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• Faster supply chain order
processing – cut three days from old
schedule
• Improved accuracy of deliveries
from 98% to 100%
• Better responsiveness to customer
changes
• Online communication with
suppliers integrated and traceable
• Inventory planning improved –10%
reductions in inventory carrying cost
• Transaction costs reduced because
of fewer discrepancies to handle
• Overall lower process and
transaction costs
6. AMBITIOUS PLANS FOR THE
FUTURE: Building on the success of
the project, Hero Honda is now
planning arange of new SAP
initiatives. These include
addingadditional mySAP SRM and
mySAP CRM functionality,
implementing the SAP Strategic
Enterprise Management application
of mySAP ERP Financials and
integrating it with SAP Business
Information Warehouse (SAP
BW), and rolling out SAP
Enterprise Portal (SAP EP) to all
users. The SAP BW component is
provided in SAP Business
Intelligence (SAP BI). SAP BI and
SAP EP arecomponents of the SAP
NetWeaver™ platform.
Awards and Recognition for
CRM:
• IndiaTimes Mindscape and Savile
Row (A Forbes Group Venture)
Loyalty Awards - “Customer and
Brand Loyalty Award” in
Automobile (two-wheeler) sector,
2008.
• Asian Retail Congress Award for
Retail Excellence (Strategies and
Solutions of business innovation and
transformation) - Best Customer

Loyalty Program in Automobile
category, 2008.
• “Most Trusted Company”, by TNS
Voice of the Customer Awards 2006.
• Best in its class awards for each
category by TNS Total Customer
Satisfaction Awards 2006
CONCLUSION: It has been
undoubtedly proven that retaining
customers is the only way to succeed
in business. The study on the
customer’s satisfaction of Honda two
wheelers among the customers
within the Anand District was
conducted in Gujarat. The study
tries to reveal the factors responsible
for preferring a particular brand. A
study was useful in understanding
the customer relationship
management of Honda Bikes among
a various customers launching new
formulations can make Honda to the
pioneer in many market segments.
Honda was inferred that most
customers of high-income group
preferred the supply of Honda Bikes.
About 70% of customers are aware of
Honda Bikes. Most of the customers
agree that Honda is best quality with
reasonable price the attitude 50% of
customers towards price of Honda
Bikes is reasonable. But 10% of the
customers are asking for
improvement in the quality.
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