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Piezoelectric Nano-materials for Energy Harvesting Application 
Jawahar M. Bodulwar, Ajay B. Lad 

Department of Physics, Amolakchand Mahavidyalaya, Yavatmal-445001, Maharashtra, India. 

Corresponding Author e-mail address: jawaharbodulwar@gmail.com 
Abstract 

In fact, piezoelectricity has its origins in many electronic applications such as sensors and actuators. The recent 

discovery of piezotronics, which combines the piezoelectric and semiconducting properties of materials, has opened 

new avenues for piezoelectric researchers worldwide. The emergence of micro- and nano-sized devices has created 

new opportunities and challenges for small-scale power generation. Nanoscale energy harvesting has applications in 

wearable and implantable medical devices, structural health monitoring sensors, and many other areas. The use of 

nanogenerators for energy harvesting is gradually improving, and there are still many opportunities to improve 

efficiency and design devices robust enough for commercial applications. There are also many exciting opportunities 

to explore nanogenerators based on new materials such as monolayer materials. This brief overview aims to explore 

some of the new piezoelectric materials that are essential for nanoscale energy harvesting and to highlight important 

milestones for energy harvesting using these materials. 

Keywords: Piezoelectric; Piezoelectricity; Energy Harvesting 

1. Introduction 

Pierre Curie and Jacques Curie were pioneers who discovered the piezoelectric phenomenon in 

1880 while studying crystals of quartz, tourmaline, and Rochelle salt. There are two types of 

piezoelectric effect: direct effect and inverse effect. In the direct piezoelectric effect, a material is 

polarized and a voltage is generated when subjected to tensile or compressive stress. Conversely, 

applying an electric potential causes a mechanical displacement in the material. 

Piezoelectric materials are commonly referred to as "smart" materials because they can convert 

applied mechanical pressure into electrical signals and vice versa. They are widely used to 

extract mechanical energy from vibration, human movement, mechanical stress, etc. and convert 

it into electrical energy for low power devices. Piezoelectric transducers offer high scalability, 

simple device design, and high-power density compared to electromagnetic/static and 

triboelectric transducers. The piezoelectric Energy Collector is a device that generates energy 

using an external force acting on a piezoelectric element. This technology is typically used to 

convert ambient waste energy into usable electrical energy. The piezoelectric energy collector 

mechanism is based on the direct piezoelectric effect. When the harvester is stressed, a 

proportional charge is generated on the material surface. When connected to an external circuit, 

the charge will cause current to flow through the load. Therefore, in this process, the 

piezoelectric material is essentially a source of voltage, current, charge, or current. Piezoelectric 

energy collectors are sometimes called energy catchers or generators. 

Traditionally, the direct piezoelectric effect was used in piezoelectric sensors such as force, 

pressure, and acceleration sensors. In recent decades, the application of the direct piezoelectric 

effect to energy harvesters has received increasing attention for several reasons. The first is the 

answer to the energy crisis. 

Piezoelectricity is a property of non-centrosymmetric crystals in which applied strain induces 

charge polarization. Piezoelectric materials also exhibit an inverse piezoelectric effect. This 

causes a voltage to be induced in the piezoelectric material by the applied bias voltage. There are 

21 non-centrosymmetric crystal classes. Of these 21 classes, the cubic class has 432 piezoelectric 
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charges, which cancel along the <111> axis, so there is no piezoelectricity. As discussed later in 

this chapter, piezoelectric materials such as zinc oxide (ZnO) nanowires have recently enjoyed 

great success in nanoscale energy harvesting applications. Recently, there has been a great deal 

of interest in monolayer MoS2. This has the potential of energy harvesting from a single atomic 

layer. Biologically inspired materials, including diphenylalanine (FF) peptide nanotubes, have 

also been studied for their striking structural and piezoelectric effects. Electromechanical 

coupling in piezoelectric materials is well suited for nanoscale mechanical energy harvesting. 

Piezoelectric materials can also have semiconducting properties that can play an integral role in 

energy harvesting performance. This combination of piezoelectric and semiconductor properties 

is known as the piezotronics effect. The semiconducting properties of nanomaterials such as ZnO 

have been instrumental in the development of nanogenerators. Nanomaterials are particularly 

well-suited for harvesting because there are a number of hitherto neglected mechanical energy 

sources, such as biomechanical energy and low-intensity vibrations from the environment [1, 2]. 

Table 1 enlist the various types of piezoelectric materials. 

 
Figure 1. Pictorial representation of piezoelectric effect. 

 

Table 1. List of materials used for piezoelectric application 

Category Typical materials 

Synthetic crystals Gallium orthophosphate, langasite, and  

di-isopropylammonium bromide 

Synthetic ceramics BaTiO3, PbTiO3, Pb(Zr,Ti)O3, KNbO3, LiNbO3, LiTaO3 

Lead-free piezoceramics BiFeO3, Bi4Ti3O12, Na0.5Bi0.5TiO3 

Polymers Polyvinylidene fluoride 
 

2. Potential Nano-materials for Piezoelectric Applications 

2.1 Zinc Oxide 

Zinc oxide is one of the potential piezoelectric and semiconducting materials which has huge 

potential to use in the developments of energy harvesting at nanoscale. Zinc oxide available in 
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three crystalline phases, which named as wurtzite, zinc blende and rock salt. All these three types 

of crystalline phases have lack inversion symmetry, which enables them for energy harvesting 

applications using piezoelectric effect. Among these three forms hexagonal wurtzite form 

blatantly been discovered for energy harvesting applications [3, 4]. Figure 2 depicts the various 

structural phases of ZnO crystal. 

Features of Zinc Oxide Crystal 

 Zinc oxide nanomaterials are available in a quasi-1D, high aspect ratio structure capable 

of generating large piezo-potentials along the length of the wire. 

 Zinc oxide exhibits the direct bandgap of the order 3.37 eV. 

 The electron affinity value associated with zinc oxide is 4.2 eV. Therefore, ZnO can form 

Schottky contacts with high work function metals. 

 The mechanical characteristics of zinc oxide nanowires show the often-promising scaling 

properties of nanostructures. 

 
Figure 2. Various structural phases of ZnO crystal. 

The experimental demo of energy harvesting from ZnO nanomaterials was explored Wang et al 

group in 2006. In this study, the researchers used an array of zinc oxide nanowires to alter 

mechanical energy from atomic force microscopy into electrical energy. Wires were grown 

on alumina substrates using a gas-liquid-solid process. Gold was used as catalyst in the reaction, 

resulting in tiny gold nanoparticles on top of each wire. Deflection of separate wires can be 

assessed from the atomic force microscopy topography. From this, the researchers calculate the 

energy required for elastic deformation of the wire and compared it with the measured energy of 

the piezoelectric discharge. Comparing these energies, the computed efficiency was 17-30%. In 

this experiment, the piezo potential arises from the lateral bending of the nanowire and the 

potential distribution [5]. 

2.2 Molybdenum Disulfide 

Molybdenum disulfide (MoS2) is another promising material for piezoelectric energy harvesting. 

Molybdenum disulfide is an inorganic transition metal dichalcogenide compound with a 

hexagonal crystal structure [6]. Figure 3 shows the molybdenum disulfide in atomically thin 

state. 

Features of Molybdenum Disulfide Crystal 
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In monatomic molybdenum disulfide, the two orthogonal crystal orientations are often referred to 

as 'chairs' or 'zigzags' for their respective appearances. The 

lattice constants are a = b = 3.16 Å and c = 12.29 Å. The indirect bandgap of 

bulk molybdenum disulfide is about 1.2 eV. However, the direct bandgap of monolayer MoS2 is 

about 1.8 eV. Since molybdenum disulfide can withstand large strains, strain techniques can be 

used to further tune the bandgap. 

 
Figure 3. Molybdenum disulfide. 

Wu et al experimentally shows that the prospect of energy harvesting based on 2 dimensional 

materials with the examination of piezoelectricity in single layer MoS2. Single layer MoS2 flakes 

were prepared by exfoliation. Once the atomic layer thickness was verified, the authors used 

single harmonic generation to identify the crystal structure orientation of a single flake. This 

information was superimposed onto an optical image of the flake so as to identify the “armchair” 

and “zigzag” directions of the lattice [7]. 

Conclusions 

Piezoelectric nanomaterials are imperative intelligent and functional materials that are used in a 

wide range of applications comprising consumer products, automobiles, medical diagnostics and 

advanced scientific instruments. Piezoelectric nanomaterial has fascinated noteworthy research 

efforts due to its small size, low power consumption, excellent mechanical robustness, and better 

performance, and has great potential in renewable energy and physical sensor applications. is 

expected to hide ZnO nanostructures are the most studied piezoelectric nanomaterials due to their 

significantly enhanced piezoelectricity further enhanced at the nanoscale.  Established synthetic 

approaches can grow ZnO nanowires on almost any substrate. Besides ZnO nanomaterials, many 

other materials have been discovered that can be used to develop piezoelectric energy harvesters. 

In bulk state MoS2 crystal cannot shows the piezoelectric effect, but 2-dimentional thin layers of 

MoS2 showed piezoelectric effects. 
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ekuokf/kdkj o 'ksrd&;kaP;k leL;k 
MkW- t;ardqekj ,e- eLds] vFkZ’kkL= foHkkx izeq[k] ,l- ,u- eksj egkfo|ky;] rqelj 

(E-mail : jayantmaskey17@gmail.com, Mob. No. : 9421803327) 

lkjka’k % 
Lokra«;kph 75 o"kZ iw.kZ gksr vlrkauk vkfFkZd fodklkpk nj ok<yk vkgs- ek= ;kpk 

Qk;nk Jhear] m|kstdkauk >kyk- 'ksrdjh] loZlkekU; oxZ ek= xjhcp jkghyk vkgs- 
uSlfxZd ladVkeqGs 'ksrh mRiknukr gks.kkjh ?kV] 'ksrekykyk ;ksX; Hkko u feGkY;keqGs 
dtkZpk ok<rk Mksaxj v'kk fofo/k dkj.kkaeqGs ns'kkr 'ksrd&;kaP;k leL;k ok<Y;k vkgsr- 
'ksrd&;kaP;k ekuokf/kdkjkps j{k.k dj.ks vktph xjt >kyh vkgs- izLrqr ys[kke/;s 
ekuokf/kdkj o 'ksrd&;kaP;k leL;k ;kpk ekxksok ?ks.;kr vkyk vkgs- 
cht’kCn % ekuokf/kdkj] 'ksrdjh vkRegR;k] d`"kh- 
izLrkouk % 

ekuokf/kdkjkph ladYiuk ekuorsP;k bfrgklk’kh laca/khr vkgs- Hkkjrh; lafo/kkuke/;s 
ekuokP;k eqyHkwr vf/kdkjkauk iw.kZ lUeku feGkyk vkgs- lektkrhy fo"kerk nwj dj.;klkBh 
lafo/kkukus izkeq[;kus iz;Ru dsys vkgsr- ;ke/;s eqyHkwr vf/kdk&;kP;k lqjf{krrsdjhrk 
lkekftd] jktfd; o vkfFkZd lekurk o U;k; izLrkfir dj.;kph O;oLFkk dsyh vkgs- 
ekuo vf/kdkjkauk lqjf{kr dj.;kdjhrk Hkkjr ljdkjus dsanz o jkT; Lrjkoj ekuokf/kdkj 
vk;ksxkph LFkkiuk dsyh vkgs- Lokra«;kpk vFkZ nql&;kaP;k fopkjkapk lUeku dj.ks vkgs o 
nql&;kaP;k fopkjkapk lUeku dsY;kojp ekuokf/kdkjkps j{k.k gksbZy- tsOgk vkEgh Lor%P;k 
vf/kdkjkph xks"V djrks rsOgk vkEgh nql&;kP;k vf/kdkjkps guu rj djhr ukgh ;kojgh 
y{k ns.ks vko’;d vkgs- 

loZlk/kkj.kr% ekuoh gDdke/;s O;DrhP;k ¼ekuokP;k½ lerk] Lokra= o ca/kqrk ;k 
?kVdkaoj fo'ks"k Hkj ns.;kr ;srks- ;ke/;s dkgh 'kadk ukgh dh la;qDr jk"Vªla?kVusus 
tsOgkiklwu ekuoh gDdkP;k ladYiusyk fo'ks"k vf/kdkj çkIr d:u fnys rsOgkiklwu laiw.kZ 
txke/;s eksBîk çek.kkr yksdkae/;s ekuokf/kdkjkP;k lanHkkZr tkx:drk fuekZ.k >kyh vkgs- 
1950 uarj txke/;s fofo/k ns'kkaP;k >kysY;k vkfFkZd fodklkr ekuoh gDdkP;k ?kVdkapk 
fo'ks"k lgHkkx vkgs fdaok ;k ?kVdkadMs vkfFkZd fodklkr nqyZ{k >kys ukgh- vls vlys rjh 
tkxrhdhdj.kkP;k dkyko/khr Hkkjrke/;s mRiUu fo"kersr ok< >kyh vkgs- ekuokf/kdkj gs 
vls ewyHkwr vf/kdkj vkgsr ts çR;sd O;Drhyk rs ^ekuo* vkgsr Eg.kwu feGkysys vlrkr- 
ekuo vf/kdkj Eg.kts O;Drhyk tUekus çkIr >kysys vkf.k lUekukus thou tx.;klkBh 
vko';d vlysys vf/kdkj gks;- 1928 yk la;qDr jk"Vª la?kkP;k vkelHksr ekuoh gDd 
tkghj dj.kkjs ?kks"k.kki= laer dsys- ;k ?kks"k.kki=kuqlkj ;kiq<s dks.kR;kgh ns'kkrhy 
ljdkjpk vkiY;k ns'kkrhy ukxfjdkauk ekuoh gDdkiklwu oafpr Bsork ;sr ukgh- 
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jkT;?kVusP;k ewyHkwr vf/kdkjke/;s dye 21 e/;s tx.;kpk gDd gk Hkkjrh; ukxfjdkapk 
ewyHkwr vf/kdkj vkgs- 

Hkkjr gk —f"kç/kku ns'k vlyk rjhgh vktgh 'ksrd&;kaps ç'u lqVysys ukgh- 'ksrh 
gk O;olk; osxosxG;k vkiÙkh'kh lacaf/kr vlysyk O;olk; vkgs- nq"dkG] vfro`"Vh] 
xkjihV] vodkGh ikÅl] fidkojhy jksx ;k uSlfxZd dkj.kkcjkscjp mRiknu [kpkZbrdsgh 
mRiUu 'ksrekykP;k foØhrwu u fu?k.ks] 'ksrekykP;k fdaerhe/;s lkrR;kus p<&mrkj gksr 
jkg.ks o O;kik&;kadMwu Qlo.kwd gks.ks vknh dkj.kkeqGs 'ksrd&;kauk 'ksrh iklwu çkIr 
gks.kkjs mRiUu vfuf'pr jkgrs- 'ksrekykP;k cktkjkbrdh vfuf'prrk vU; mRiknukae/;s 
ukgh- vkt dls fidok;ps gs lkax.;kis{kk dls fodk;ps gs lkaxk vls Eg.k.kkjs 'ksrdjh 
vf/kd vkgsr- vFkkZr dls fidok;ps ;kps laiw.kZ Kku 'ksrd&;kai;aZr iksgkspys vlk ;kpk 
vFkZ gksr ukgh- i.k tj egk ç;klkus vfr'k; ntsZnkj 'ksreky fidoyk vkf.k R;kyk cktkj 
Hkko pkaxyk feGkyk ukgh rj 'ksrd&;kapk fgjeksM gks.kkj vkf.k rks rksVîkr tk.kkj gs 
m?kM vkgs- 'ksrdjh vkfFkZd ladVkr vkgs- R;kyk 'ksrhrwu iqjsls mRiUu feGr ukgh] rks 
dtZcktkjh vkgs- okjaokj vkiY;kyk 'ksrd&;kaP;k vkRegR;kP;k nq%[knk;d ckrE;k 
letrkr- o"kkZyk ns'kkae/;s ljkljh ia/kjk gtkjkgwu vf/kd 'ksrdjh vkRegR;sP;k ?kVuk 
?kMrkr- jk"Vªh; xqUgs vUos"k.k foHkkxkP;k vkdMsokjhuqlkj o"kZ 2015 e/;s ns'kkrhy —f"k{ks=kr 
12]602 O;Drhauh vkRegR;k dsyh vkgs- T;ke/;s 72-00 VDds is{kk vf/kd 'ksrdjh nksu 
gsDVjis{kk deh tehu /kkjd ¼lhekar 'ksrdjh½ gksrks rlsp jk"Vªh; —"kh o xzkeh.k fodkl 
c¡d ¼ukckMZ½ P;k vgokykuqlkj o"kZ 2018 e/;s Hkkjrkr 10-07 dksVh 'ksrd&;kaiSdh 52-05 
VDds 'ksrdjh dtZcktkjh gksrs- ;koj çHkkoh mik;;kstuk Eg.kwu l/;kP;k ljdkjus jk"Vªh; 
Lrjkojhy cktkjisB r;kj dj.;kpk ç;Ru dsyk vkgs- ljdkjP;k 'ksrhfo"k;d uohu 
dk;|kaeqGs eq[;r% cktkj lferhP;k vkokjkrhy eqBHkj i;kZ;] R;kaps lax.ker vkf.k R;krwu 
Hkko ikMys tk.ks ;k lxG;kyk i;kZ;h fuekZ.k gksbZy vls okVr gksrs i.k dk;nk ekxs 
?ks.;kr vkyk- ;k dk;|keqGs 'ksrdjh la?kVukauh dsysyk mBko nqyZf{kr d:u pky.kkj ukgh- 
'ksrd&;kaP;k fgrklkBh 'ksrdjh la?kVukaP;k jkLr ekx.;k ljdkjus ekU; d:u ;ksX; 
dk;nk vk.kk;yk ikghts gksrk- 

ekuoh gDdkaP;k ladYiuse/;s loZp Lrjkrhy yksdkaP;k gDdkaP;k laj{k.kkpk lekos'k 
gksrks- ex rks m|kstd vlks] O;kikjh vlks] ukSdjnkj vlks ok 'ksrdjh vlks lokZP;k 
gDdkauk leku vf/kdkj vlrks- ijarw fodklkP;k çØh;se/;s tsOgk jk"Vªh; mRiUukpk çokg 
'ksrd&;kadMwu m|kstd o m|kstdkdMwu lsok {ks=krhy yksdkadMs tkrks- rsOgk jk"Vªh; 
mRiUukpk eksBk Hkkx gs eqBHkj yksdkadMs tek gksrs rj loZlkekU; O;Drh nksu osGsP;k 
tso.kklkBh >xMrks- vktgh Hkkjrke/;s toGikl 23 VDds yksd nkfjæ;js"ksP;k [kkyh ftou 
txr vkgs- R;kaP;k ekuokf/kdkjkpk fopkj Ogk;yk ikfgts- 
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xsY;k dkgh o"kkaZiklwu 'ksrdjh gk uSlfxZd ladVkaeqGs vkfFkZd vMp.khr lkiMyk 
vkgs- —"kh mRiUu cktkj lferhe/;s nykykadMwu 'ksrd&;kaph gks.kkjh fiGo.kwd y{kkr ?ksrk 
'ksrd&;kauk 'ksrhlkBh ykoysyk [kpZlq)k fu?k.ks dBh.k gksr vkgs- ,su gaxkekr c¡dsrwu dtZ 
feGsi;aZr 'ksrhisj.khph osG fu?kwu tkrs- R;keqGs cgqrka'k 'ksrd&;kauk [kklxh lkodjkaP;k 
vlrks nkjkr mHks jkgkos ykxrs- ;kuarj vLekuh vkf.k lqyrkuh ladVka'kh vlY;k 'ksrdjh 
lrr y<r vlrks- ikolkus ekjysyh nMh fdaok [krs] ch&fc;k.ks] dhVduk'kds bR;knhapk 
rkGesG clr ukgh- R;keqGs 'ksrdjh grcy gksrks- dqVqac] lalkj] eqykaP;k f'k{k.kkpk [kpZ 
lkaHkkG.ks 'ksrd&;kauk MksbZtM gksrs- [kklxh lkodkj dtZ olwy dj.;klkBh 'ksrd&;kaP;k 
ekuxqVhoj clwu vlrks- v'kk fLFkrhr 'ksrdjh Vksdkpk vkRegR;spk fu.kZ; ?ksr vlY;kps 
fnlwu ;srs- o"kZ 2021 e/;s Hkkjrkr 10]881 'ksrdjh] 'ksretqjkauh vkRegR;k dsyh vlwu 
egkjk"Vª 'ksrdjh vkRegR;sP;k vkdMsokjhr ifgY;k Øekadkoj vlY;kph /kDdknk;d ekfgrh 
jk"Vªh; xqUgs uksan.kh vgokykrwu leksj vkyh- o"kZ 2021 e/;s egkjk"Vªkr lokZf/kd 4]064 
'ksrdjh&'ksretqjkauh vkRegR;k d:u thou laioys vkgs- nql&;k Øekadkoj dukZVd 
jkT;kr 2]169 rj frl&;k Øekadkoj vka/kz çns'k ;k jkT;ke/;s 1]065 'ksrdjh&'ksretqjkauh 
vkRegR;k dsY;k vkgsr- 

'ksrd&;kaph gks.kkjh vkRegR;k ekuoh gDdkP;k –"Vhdks.kkrwu xaHkhj ckc vkgs ;kyk 
'ksrd&;kaP;k ekuoh gDdkps guulq)k Eg.krk ;sbZy- ts 'ksrd&;kauk vkRegR;sl ço`Ùk djr 
vkgs- Hkkjrh; 'ksrd&;kaP;k vkRegR;k jks[k.;klkBh vkf.k R;kP;k ekuoh vf/kdkjkP;k 
j{k.kklkBh dkgh mik; djus vko';d vkgs- thohr jkg.;kpk vf/kdkj lokZapk vkgs- 
R;klkBh egÙke lkekftd dY;k.kkps mfÌ"V dsanzLFkkuh Bsowu iz;Ru dj.;kph vko’;drk 
vkgs- 'kklu 'ksrd&;kaP;k fgrklkBh T;k ;kstuk lq: dsY;k R;kaph vaeyctko.kh ;ksX; gksrs 
vkgs dk\ tj gs lxGs O;oLFkhr vlys rj 'ksrd&;kauh brD;k eksB;k çek.kkoj vkRegR;k 
dk dsY;k vlR;k- e/;LFk] nyky vkf.k cktkj 'kDrhyk vkiY;k ykHkkpkp fopkj u djrk 
ekuorsP;k –"Vhdks.kkrwu 'ksrd&;kaph fpark djk;yk goh- ljdkj m|ksxirhauk T;k çek.kkr 
eksBîk&eksB;k lksbZ lqfo/kk iqjforkr- R;k 'ksrd&;kauk fnY;k tkO;k- mnk- deh O;ktnjkoj 
dtZ] ekykyk ;ksX; cktkj Hkko- 'ksrd&;kaP;k vkRegR;k jks[k.;klkBh ljdkjrQsZ 
eksB&eksB;k iWdstph okjaokj ?kks"k.kk dj.;kr ;srs ijarq 'ksrd&;kai;Zar ;ksX;izdkjs iksgpr 
ulY;kus 'ksrdjh gokynhy gksrkr- ;klkBh 'kklu Lrjko:u Bksl ikoys mppyh tkohr- 
fu"d"kZ % 

vk/kqfud vFkZ’kkL=kP;k vk/kkjkoj vki.k ts fodklkps izk:i Lokra«; feGkY;kiklwu 
vkÙkki;Zar jkcfoys vkgs- R;kusrjh vkiys csdkjhps] xjhchps o vkfFkZd fo"kerk deh dj.;kps 
eqG iz’u lqVw 'kdys dk\ ;kps mÙkj udkjkFkhZp ;srs- myV gs iz’u ns’kkP;k Lokra«;kpk vèr 
egksRlo lktjk dj.;kP;k dkGkr vf/kdp xaHkhj >kysys fnlrkr- ns'kke/;s gks.kkjh 
'ksrd&;kaph vkRegR;k ,d xaHkhj ckc vkgs- uqlrs 'ksrd&;kauk jks[k jdek nsÅu vkRegR;k 
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Fkko.kkj ukghr rj 'ksrhP;k fodklkP;k lanHkkZr ;kstuk vk[k.ks egRokps vkgs- ;ke/;s 
flapukpk lksbZpk fodkl] fc;k.ks] [krs] —"kh ekykpk nj tkghj dj.ks- ;ksX;osGh —"kh 
lalk/kukaph miyC/krk d:u ns.ks- tj vls dsys rj 'ksrd&;kaph vkRegR;k Fkkacfo.;kl 
enr gksbZy o R;kaP;k ekuo vf/kdkjkaps j{k.klq)k gksbZy- 
lanHkZ lwph % 

1- ekS;Z] 'kSysaæ ¼2012½ ^^efgyk ekuokf/kdkj & Toyar eqís ,oa çeq[k O;oLFkk,W**] 
vfo"dkj ifCy'klZ] fMLVªhC;wV~lZ] t;iwj- 

2- M‚- fuGdaB Hkqlkjh] çk- x.ks'k ekdMs] çk- ts- ts- tk/ko] ekuo vf/kdkj & 
foLFkkihrkaP;k o i;kZoj.kkP;k leL;k] vFkoZ ifCyds'ku] /kwGs- 

3- xkSjo nÙk o vfLouh egktu ¼2018½] Hkkjrh; vFkZO;oLFkk] ,l- pan çdk'ku] uoh 
fnYyh- 

4- izrki flag fojsUnz ¼2014½] ^^d̀"kh vFkZ’kkL=**] fo’oHkkjrh ifCyds’ku] ubZ fnYyh- 
5- nSfud yksdlRrk] fn- 9 lIVsacj 2022-  
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efgykaps ekuokf/kdkj 
MkW- enu th- iz/kku] vFkZ'kkL= foHkkx izeq[k] vkWVZl~ dkWyst] flgksjk] rg- rqelj] ft- HkaMkjk 

(E-mail : pradhan.madan277@gmail.com, Mob. No. : 8668382649) 
 

lkjka’k % 
L=h o iq:"k gs ,d nql&;kjk iqjd vkgsr- dqVaqc dsoG iq:"kkeqGsp u curk 

L=h&iq:"k ;k nks?kkaeqGs curks rlsp dqVaqckrqu lekt curks- ijarw vkt ekuo ;k lkekftd 
O;oLFksyk fodr̀ djk;yk ykxyk vkgs- lektkpk v/kkZ Hkkx vl.kk&;k efgykaP;k 
ekuokf/kdkjkps mYya?ku gksr vlY;kps fnlrs- Hkkjrkr efgykaP;k ekuoh vf/kdkjkauk lUeku 
ns.;kph laL—rh vtwugh fodflr >kyh ukgh fdaok ;klkBh dks.kR;kgh çdkjph lkekftd] 
vkfFkZd o lkaL—frd ik'oZHkweh fuekZ.k >kyh ukgh- R;keqGs ns'kkr fofo/k Lrjkoj efgyk 
ekuokf/kdkjkps mYya?ku gksr vkgs- izLrqr ys[kke/;s efgykaps ekuokf/kdkj ;kfo"k;h fo’ys"k.k 
dj.;kr vkys vkgs- 
cht’kCn ¼Keywords½ % ekuokf/kdkj] efgyk fgalkpkj] Hkzq.kgR;k] fyax xq.kksÙkj] ckyfookg- 
izLrkouk % 

vkt lkekftd U;k; euq"; thoukph vko';drk vkgs- lektke/;s tkrh] /keZ] fyax 
bR;knhaP;k vk/kkjkoj HksnHkkoiw.kZ O;ogkj dsyk tkrks- ;k HksnHkkoiw.kZ O;ogkjkeqGs lektke/;s 
oSeuL; ok<wu O;DrhP;k ekuokf/kdkjkps mYya?ku gksrs- ekuokf/kdkj Eg.kts çR;sd O;Drhyk 
vl.kkjs uSlfxZd eqyHkwr vf/kdkj- gs vf/kdkj R;kyk tUer%p feGrkr- lektkps lapkyu 
dkgh uSfrd ekinaMkoj gksr vlrs- lektkP;k larqyukdfjrk uSfrd ewY;kaps ikyu dj.ks 
xjtsps vkgs- tsOgk ,[kknk O;Drh ;k uSfrd ewY;kaps ikyu djr ukgh- rsOgk rks fu;ekuqlkj 
naMkl ik= gksrks- loZlk/kkj.kr% ekuoh gDdkae/;s O;DrhP;k lerk] Lokra«; o ca/kqrk ;k 
?kVdkoj fo'ks"k Hkj ns.;kr ;srks- la;qDr jk"Vª la?kVusus tsOgkiklwu ekuokf/kdkjkP;k 
ladYiusyk fo'ks"k vf/kdkj çkIr d:u fnys rsOgkiklwu laiw.kZ txke/;s eksB;k çek.kkr 
yksdkae/;s ekuokf/kdkjkP;k lanHkkZr tkx`drk fuekZ.k >kyh- fyaxkP;k vk/kkjkoj tsOgk 
dks.kR;kgh L=h lkscr HksnHkko dsyk tkrks rsOgk rh L=h ,d ekuo Eg.kwu ekuokf/kdkjkiklwu 
oafpr jkgrs- HkkjrkP;k lafo/kkukr efgyk ekuokf/kdkjkpk lekos'k dj.;kr vkyk vkgs- 

efgykalkBhps dkgh ekuo vf/kdkj [kkyhyçek.ks vkgsr- 
1- efgykauk fgu eku.kk&;k fopkjkaoj vk/kkfjr loZ r&gsP;k çFkk o ijaijkauk laiowu 

iwoZxzgkauk lekIr dj.;kP;k fn'ksus tuerkyk f'kf{kr dj.;kr ;sbZy- 
2- [kkl d:u efgykauk vkiyk thoulkFkh fuoM.ks] vkiY;k Lor%P;k lgerhusp fookg 

dj.;kps iq#"kklkj[ks Lokra«; vl.ks] fookgkP;k osGh fdaok fookgkuarj efgykaps 
vf/kdkj iq#"kklkj[ksp vlrhy- loZp ckcrhr eqykaps fgr loksZPp vlsy- eqykaP;k 
ckcrhr ekrk&fiR;kps vf/kdkj o drZO; leku vlrhy- ;kckcrhr R;kaP;k 
gDdklkBh iz;Ru dj.;kr ;sbZy- 
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3- efgykaP;k fojks/kkr vl.kk&;k ijaijk] jhrh&fjokt] çFkk] dk;ns] fu;e o O;ogkj 
;kauk lekIr dj.;klkBh ;ksX; rh ikoys mpy.;kr ;srhy- rlsp R;kaP;k gDdklkBh 
i;kZIr dk;|kps laj{k.k ns.;kr ;sbZy- 

4- efgykauk çR;sd {ks=kr iq#"kkcjkscj leku vf/kdkj ns.;kr ;srhy- tj dks.kh ;klkBh 
fojks/k] vR;kpkj] vU;k; o e;kZnk vk.kY;k rj rks ,d vijk/k ekurk ;sbZy- 
efgykaoj dsY;k tk.kk&;k vR;kpkjkP;k xqUg;klaca/khph lkaf[;dh; ekfgrh Hkkjr 

ljdkj x`g ea=ky;k}kjs njo"khZ çdkf'kr dsyh tkrs- ;k ekfgrhP;k vk/kkjs Hkkjrkr efgyk 
vR;kpkjkP;k xqUákae/;s lrr ok< gksr vlY;kps fnlwu ;srs- o"kZ 2010 e/;s ns’kkrhy efgyk 
vR;kpkjkph ,dw.k xqUgs 2]13]549 gksrs rs o"kZ 2018 yk 3]78]277 brdh >kyh vkgsr- 
,dw.kp ;k vkB o"kkZP;k dkGke/;s efgykaoj dsY;k tk.kk&;k vR;kpkjkP;k xqUákae/;s 77-13 
VDds ok< >kysyh vkgs- efgykaojhy cykRdkj] vigj.k o gqaMkcGh b- xqUg;kaps çek.k 
ok<ysys fnlwu ;srs- efgykaP;k fgalkpkjkP;k lanHkkZr uksanfoysY;k rØkjh vkf.k çR;{kkr 
?kM.kk&;k ?kVukaph la[;k fdrhrjh iVhus vf/kd vlrs- dkj.k vkiY;koj >kysyk vU;k; 
pOgkV;koj ;sÅ u;s Eg.kwu eqdkV;kus lgu dj.kk&;k efgykaph la[;k Qkj eksBh vkgs- 
efgykauk dk;|kph tk.kho ux.; vlY;keqGs R;k vkiY;k vf/kdkjkps j{k.k d: 'kdr 
ukgh- R;keqGs fofo/k dk;|k}kjs ns.;kr ;s.kk&;k lqjf{krrsiklwu R;k vufHkK vlrkr- 
tUekiklwu e`R;wi;aZr çR;sd O;DRkhoj dk;|kps ca/kus vlrkr- efgykaP;k lqjf{krrsP;k gsrwus 
vusd dk;ns vkgsr- rjhi.k Hkkjrke/;s efgykaP;k çfr çR;sd {ks=kr HksnHkko dsyk tkrks- 
uW'kuy ØkbZe jsd‚MZ C;qjksus lkafxrysY;k vkdMsokjhuqlkj] Hkkjrkr çfr 54 O;k feuhVkyk 
,[kk|k L=hoj cykRdkj] izfr 51 O;k fefuVkyk ,[kk|k L=hlkscr NsMNkM rlsp izfr 102 
O;k fefuVkyk ,[kk|k L=hpk gqaM;keqGs e`R;q gksr vlY;kps fnlwu ;srs- gh vkdMsokjh 
ljdkjh vkdMsokjh vlwu okLrfod la[;k ;kis{kk vf/kd i.k jkgw 'kdrs- 

efgykaP;k ekuokf/kdkjkps mYya?ku frP;k tUe ?ks.;kP;k iwohZp L=hfyax xHkkZph gR;k 
d:u lq: dsys tkrs- 0 rs 6 o;ksxVkrhy njgtkj eqykaekxs vl.kkjh eqyhaph la[;k ekstwu 
fyax xq.kksÙkj dk<ys tkrs- Hkkjrke/;s gs xq.kksÙkj fnolsafnol fo"ke gksr vkgs- 2011 P;k 
tux.kusuqlkj 0 rs 6 o;ksxVkrhy fyax xq.kksÙkj 918 vkgs- 2001 P;k tux.kusuqlkj gs 
xq.kksÙkj 927 gksrs- ns'kkrhy fcgkj] >kj[kaM o caxky jkT;krhy vkdMsokjhpk fopkj djrk 
ifjfLFkrh xaHkhj vlY;kps fnlwu ;srs- >kj[kaMe/;s o"kZ 2001 e/;s eqyhaph la[;k 965 gksrh- 
rh 2011 e/;s ?kVwu 948 >kyh- caxkye/;s 2001 e/;s la[;k 960 gksrh- rh ?kVwu 2011 e/;s 
956 >kyh- rlsp fcgkj e/;s gh la[;k 942 o:u deh gksÅu 935 >kyh- v'kkçdkjs 
fL=;kapk tx.;kpk vf/kdkj fgjkowu ?ksryk tkr vkgs- T;k eqyh ;k Hkzq.kgR;kiklwu okprkr 
R;kaps iw.kZ thou vkiY;k ekuokf/kdkjkP;k çkIrhdfjrk ,d la?k"kZ cur vlrs- R;kauk R;kaP;k 
dqVqacke/;s lUekukph okx.kwd feGr ukgh] dh th R;kaP;k Hkkokauk feGr vlrs- Hkkjrh; 
dqVqacke/;s eqykps T;k çek.kkr Lokxr gksrs] R;kçek.ks eqyhps gksr ukgh- txkr 
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loZlk/kkj.ki.ks iq#"k o fL=;kaps çek.k 1%1 vls visf{kr vlys rjhgh çR;sd ns'kkr gs 
xq.kksÙkj osxosxGs vkgs- Hkkjrkr fL=;kaP;k la[;spk fopkj djrk fL=;kaph ?kV.kkjh yksdla[;k 
fparsph ckc >kyh vkgs- 2011 P;k tux.kuk vgokykuqlkj Hkkjrkr 1]000 iq#"kkaekxs 940 
fL=;k vkgsr- Hkkjrkrhy fyax vuqikr fL=;kaoj gksr vlysY;k vU;k;kps |ksrd vkgs- L=h 
o iq#"k gs ,d nql&;kauk iqjd vkgsr- dqVqac dsoG ,dV;k iq#"kkeqGs cur ulwu] L=h&iq#"k 
nksUgheqGs cur vlrs- L=h o iq#"k ,d nql&;kaoj voyacwu vl.;kP;k çòÙkheqGs dqVqac 
curks o dqVqackiklwu lekt cur vlrs- L=h&iq#"kkaP;k xq.kksÙkjkrhy lkE; lkekftd 
O;oLFksP;k larqyukdfjrk vko';d vkgs- ijarq vkt ekuo ;k lkekftd O;oLFksyk fo—r 
dj.;klkBh ykxyk vkgs- 

efgyk ekuokf/kdkjkaps guu efgyk T;k fBdk.kh dke djrs R;k fBdk.kh 'kkjhfjd o 
ekufld =kl nsÅu dj.;kr ;srs rlsp L=h o iq#"kkaP;k leku dkekdfjrk leku osru u 
nsrkgh dj.;kr ;srs- dedqor vkfFkZd ifjfLFkrheqGs efgykauk dke d:u mnjfuokZg djkos 
ykxrs- Je'kDrhe/khy fL=;kapk lgHkkxkpk nj Hkkjrkr deh vlY;kps fnlwu ;srs- ns’kkrhy 
,dw.k L=h yksdla[;sP;k rqyusr dk;Z{ke o;ksxVkrhy fL=;kaps xq.kksÙkj deh >kys vkgs- 
Hkkjrkr Je'kDrhe/khy fL=;kaP;k lgHkkxkpk nj 2011&12 e/;s 31-2 VDds gksrk- rks 
2017&18 lkyh 23-3 VDD;kai;aZr [kkyh vkyk vkgs- xzkeh.k Hkkxkr gk nj vf/kd çek.kkr 
deh >kyk vkgs- fL=;k Je'kDrhrwu ckgsj iMr vkgsr- efgykauk nqgsjh Hkwfedk ikj ikMkoh 
ykxrs- ;ke/;s ,dk cktwyk fryk O;olk; djkok ykxrks rj nql&;k cktwyk ?kjkae/;s 
dkSVqafcd tckcnkjh lkaHkkGkoh ykxrs- v'kkçdkjs L=h nqgsjh r.kkoke/;s thou O;rhr djrs 
dh T;kP;k ifj.kke frP;k 'kkjhfjd o ekufld vkjksX;koj gksrs- 

Hkkjrke/;s ckyfookg gs ,d L=h vR;kpkjkps :i vkgs- Hkkjrkr çkphu dkGkiklwu 
ckyfookgkph çFkk fo|eku vkgs- ckyfookgkeqGs eqyhaoj yodj ekr`Ro yknY;k tkrs o 
iks"k.k vkgkjkP;k derjrseqGs ^,fufe;k* lkj[;k jksxkph rh f'kdkj gksrs- ;qdsfLFkr ^lsOg n 
fpYMªu bafM;k* ;k Lo;alsoh laLFksus çfl) dsysY;k vgokykuqlkj] HkkjrkP;k xzkeh.k 
Hkkxkrhy ckyfookgkps çek.k v|kigh fparktud vkgs- 15 rs 19 o"ksZ o;ksxVkrhy eqyhpk 
fookg gks.;kps izek.k xzkeh.k Hkkxkr 14-1 VDds o 'kgjh Hkkxkr 6-9 VDds vkgs- 

fyaxkP;k vk/kkjkoj efgykalkscr ns.;kr ;s.kk&;k vkgkjkrgh HksnHkko dsyk tkrks- 
eqykaP;k rqyusr eqyhauk iks"k.k vkgkj deh ns.;kr ;srks- R;keqGs R;kpk foifjr ifj.kke frP;k 
vkjksX;koj gksrks- izks- veR;Z lsuus i.k iks"k.k rRokP;k vHkkokeqGs L=h f'k’kqpk e`R;qnj vf/kd 
vlY;kps Li"V dsys vkgs- ^uW'kuy QWfeyh gsYFk losZ & 4*] o"kZ 2015&16 P;k vgokykuqlkj 
ns'kkr dqiks"k.kkpk nj 55 VDds vkgs- ns'kkrhy eqyhaP;k la[;srhy ,d&rr̀h;ka'k eqyh 
dqiks"k.k xzLr vkgsr- Hkkjrkr ikp o"kkZ[kkyhy eqyhaP;k èR;wps çek.k eqykais{kk vf/kd 
vlY;kps la;qDr jk"VªkP;k ^n oYMZ~l ohesu 2015* ;k vgokykr EgVys vkgs] eqyk&eqyhauk 
ok<fo.;ke/;s vtwugh xzkeh.k Hkkxkae/;s Qjd dsyk tkrks- ckydkP;k ok<hlkBh nksu 
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o"kkZi;aZrpk dkyko/kh egÙokpk vlrks- ijarq ;k dkyko/khr eqyhauk fnyk tk.kkjk vkgkj] 
vktkjh iMY;kuarj fnys tk.kkjs mipkj] ?ksryh tk.kkjh dkGth ;kdMs vusdnk nqyZ{k dsys 
tkr vlY;kus ikp o"kkZ[kkyhy eqyhaP;k e`R;wps çek.k vf/kd vlY;kps fnlwu ;srs- 
ygkui.kh vko';d ikSf"Vd o larqfyr vkgkj u feGkY;keqGs yXukuarj efgykauk vusd 
vktkjkauk lkeksjs tkos ykxrs- 

Hkkjrke/;s lk{kjrsP;k njkr ok< >kyh vkgs- ek= ns'kkrhy efgykae/;s lk{kjps çek.k 
iq#"k lk{kjrsis{kk deh vkgs- 2011 P;k tux.kusuqlkj ns'kkr efgykae/;s lk{kjrsps çek.k 65-
46 vkgs- gsp izek.k >kj[kaM] fcgkj o egkjk”Vª jkT;ke/;s vuqØes 59-00 VDds] 54-00 VDds 
o 67-51 VDds vkgs- f'k{k.k foHkkxkP;k vkdMsokjhuqlkj eqyhae/;s 'kkGk lksM.;kpk nj vf/kd 
vkgs- ftFks f'k{k.kkph fLFkrh pkaxyh vkgs frFksgh xHkZfyax funku gksr vlY;kps fnlwu ;srs- 
efgykaP;k ekuokf/kdkjkckcr tkf.ko tkxr̀h gh dsoG f'k{k.kkrwup fuekZ.k gksÅ 'kdrs- 
Eg.kwu loZ Lrjkrhy L=h f'k{k.kkr ok< gk L=h vR;kpkj deh dj.;kpk mik; Bjrks- o"kZ 
2014 iklwu dsaæ 'kklukus ns'kkrhy 100 ftYg;kr ^csVh cpkvks] csVh i<ko* gh ;kstuk lq: 
dsyh vkgs- T;k ftYg;kr eqyhaps tUekps çek.k deh vkgs] R;k ftYákae/;s gh ;kstuk ykxw 
dj.;kr vkyh vkgs- 
fu"d"kZ % 

lektke/;s fL=;kadMs nqyZ{k dsys tkrs vkgs o R;kauk vusd çdkjpk HksnHkko lgu 
djkok ykxrks- viqjk vkgkj] vkjksX; o f'k{k.kkiklwu oafpr Bso.ks] Je’kfDrrhy lgHkkxkpk 
deh nj ;k lektkrhy nqgsjh ekinaMkeqGs efgykauk Lora= okrkoj.kkr jkg.;kpk 
ekuokf/kdkj i.k fgjkoyk xsyk vkgs- R;kP;k thoukrhy egÙoiw.kZ fu.kZ; i.k R;k ?ksÅ 
'kdr ukghr- R;kauk ygkui.kh oMhy o HkkokP;k] yXukuarj irhP;k o irhuarj iq=kP;k 
laj{k.kke/;s thou O;rhr djkos ykxrs- lekurk] U;k; o ekuokf/kdkjkP;k rRokoj vk/kkjhr 
lektkph LFkkiuk dj.;klkBh fodklkP;k çfØ;se/;s efgykapk lgHkkx ok<fo.ks vko';d 
vkgs- efgyk ekuokf/kdkjkps gks.kkjs mYya?ku y{kkr ?ksrk efgyk lqjf{krrk o l{kehdj.kkP;k 
ç;Rukauk vkrk osx vkyk vkgs- Hkkjrke/;s efgykalkscr gks.kkjs HksnHkko jks[k.;kdfjrk rlsp 
R;kauk l{ke dj.;kdfjrk vusd egÙoiw.kZ ikoys mpyyh xsyh vkgsr- L=h Hkqz.kgR;k 
jks[k.;kdfjrk 'kklukekQZr ^xHkZ/kkj.kkiwoZ o çloiwoZ funkura=&fyaxfuoMhl çfrca/kd 
dk;nk 1994* vkf.k lq/kkfjr dk;nk 2003 miyC/k vkgsr- rlsp eqyhP;k f'k{k.kkdjhrk 
fo'ks"k ;kstuk pkyfoY;k tkr vkgsr- R;keqGs 2001 P;k rqyusr 2011 e/;s efgyk 
lk{kjrsP;k izek.kkr 11-79 VDD;kauh o`)h >kyh vkgs- dkekP;k fBdk.kh efgykauk Lokra«; o 
lqjf{kr okrkoj.k çkIr Ogkos rlsp dkekP;k fBdk.kh gks.kkjs ySafxd 'kks"k.k Fkkacfo.;klkBh 
dk;ns cufo.;kr vkys vkgsr- ?kjkr i.k L=h lqjf{kr ukgh Eg.kwu ljdkjus ^dkSVqafcd 
fgalkpkj çfrca/kd dk;nk 2005* cufoyk vkgs- ;k dk;|kvarxZr çR;sd ftYákr laj{k.k 
vf/kdk&;kauk use.;kr vkys vkgs- rlsp laiÙkhe/;s efgykauk cjkscjhpk okVk feGkok Eg.kwu 
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dk;nk vkgs- efgykaP;k lqj{ksdfjrk vkt vusd dk;ns vfLrRokr vkgsr- i.k QDr dk;ns 
vfLrRokr vlwu pkyr ukgh] rj R;k dk;|kps ikyu gks.ks lq)k vko';d vkgs- R;klkBh 
lektkrhy çR;sd O;Drhus ldkjkRed fopkj d:u leksj ;kos ykxsy- ;k loZ dk;|kps 
ikyu pkaxY;kçdkjs Ogkos Eg.kwu jktdh;] lkekftd O;oLFkse/;s fL=;kauh tkLrhr tkLr 
lgHkkx ?;kok- L=h gh lektkph jpukRed 'kDrh vlrs- ;s.kk&;k dkGkyk lq/kkj.;kdfjrk 
vktP;k efgykaP;k fLFkrhe/;s lq/kkj.kk dj.ks vko';d vkgs- R;kdfjrk vkiY;kyk ijaijkxr 
–f"Vdksu cktwyk Bsowu uohu ekuorkoknh –f"Vdksu Lohdkjkok ykxsy- 
lanHkZ % 
1- Crime in India, 2018, Statistics volume – 1, National Crime Records Bureau, 

Ministry of Home Affairs. 

2- Census of India 2001 and 2011. 

3- ekS;Z] 'kSysaæ ¼2012½ ^^efgyk ekuokf/kdkj & Toyar eqís ,oa çeq[k O;oLFkk,W**] 
vfo"dkj ifCy'klZ] fMLVªhC;wV~lZ] t;iwj- 

4- ukVk.kh] çdk'k ukjk;.k ¼2004½ ^^efgyk ,oa cky fodkl ds uwru vk;ke**] ek;k 
çdk'ku eafnj] ukxiqj- 

5- mik/;k;] ,l- lh- ¼1997½ ^^LVsV v‚Q foesu bu bafM;k**] vueksy ifCyds'ku] U;w 
fnYyh- 

6- ekFkqj] —".k eksgu ¼2000½ ^^Lokra«;ksÙkj Hkkjr es ekuokf/kdkj**] Kku ifCyf'kax 
gkÅl] ubZ fnYyh- 

7- yksVs] jk- t- ¼2009½ ^^Hkkjrh; lekt vkOgkus vkf.k leL;k**] fiaiGkiqjs vW.M da- 
ifCy'klZ] ukxiwj- 
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Synthesis Of 1-(4-Chlorophenyl)-2-(3-Sulphoxyphenyl-4-(4-Substituted 

Benzylidene)-5-Imidazolones 

Dr Suraj A Deshmukh 

Department of Chemistry, Indira Mahavidyalaya. 

Kalamb, 445001 (M.S) INDIA. 

E-mail:- surajdeshmukh1001@ gmail.com 

ABSTRACT 

Now a day imidazolones have attracted great attention of chemists due to interesting properties shown by 

them. They are believed to be associated with several pharmacological activities. Their significance lies in the 

fact that they show diverse biological activities. Which include anticancer, anticonvulsant, antiparkinsonian, 

CNS depressant, antimicrobial, antihelmintic, anti HIV, anti-inflammatory etc.However no work is reported on 

imidazolone from substituted benzoyl glycine.Therefore it was thought interesting to attempt synthesis of 

imidazolones containing new substituent. In the proposed work, we have reported eight newly synthesized 

sulphoxy substituted imidazolones from oxazolones and 4-chloroaniline in presence of zeolite as a catalyst. 

The oxazolones were obtained from 3-sulphoxy benzoyl glycine and variedly substituted aromatic aldehydes 

in presence of anhydrous sodium acetate and acetic anhydride. The characterisation of these compounds was 

made by chemical properties, elemental analysis and spectral data like IR, 1H-NMR.The use of zeolite as a 

catalyst enabled us to reduce reflux time and increase percentage yield of the products.  

Keywords: Sulphoxy benzoyl glycine,oxazolones,Zeolite catalyst ,5-imidazolones. 

INTRODUCTION  
Ruhemann and Cunnington [1]reported the first synthesis of 5-imidazolone in 1889 by the condensation of 

ethyl phenyl propiolate with benzanidine hydrochloride in the presence of sodium ethoxide and obtained  2-

pheyl-4-benzylidene-5(4H)- Imidazolone. Imidazolones form an important class of heterocyclic compounds 

since they can be converted into amino acid [2-3],used in drugs[4],pigments and electrodes[5].They have also 

shown diverse bioactivities including  anticancer[6 ], anti HIV[ 7], antiparkinsonian[8-9], CNS depressant[10],  

antihelmintics[11]. Gabillet S, et al reported A Phosphine-Catalyzed Preparation of 4-Arylidene-5-

imidazolones [12]. Snehalatha P and Subhashini N. J. P carried out, “Synthesis, characterization and biological 

evaluation of novel imidazolones derived from azlactones[13].Ming and coworkers[14] synthesized 2-alkoxy 

4H-imidazole-4-ones from aza-witting reaction of iminophosphorane with phenyl isocyanate to form 

carbodiimide which on subsequent reaction with ROH in presence of RONA gave the target compounds. Kedar 

and Dehmukh[15]reported "synthesis of 1-(-4-methyl phenyl)-2-(3-bromo phenyl) -4-(4-substituted 

benzylidene ) -5-imidazolones. Chopra et al [16] carried out Microwave assisted synthesis of some 5-

substituted imidazolone analogues as a new class of nonpurine xanthine oxidase inhibitors. However no work 

is reported on imidazolones synthesized from substituted benzoyl glycine. Thus, due to their diverse 

applications and also part of our study, it was thought interesting to synthesize some new imidazolones 

containing different substituents. 

MATERIALS AND METHOD 

Aromatic aldehydes, benzoylglycine, 4-chloroaniline,sodium acetate, acetic anhydride and zeolite are required 

chemicals purchased from sd fine chemicals. All the chemicals used were of AR grade. Melting points were 

measured in open capillary tube. The purity of the compounds were checked by TLC on silica gel in petroleum 

ether and ethyl acetate (80:20).The IR spectra were recorded on Agilent Technologies cary 630 FTIR.1H-NMR 

spectra were recorded on Brucker AVANCE 400MHz spectrometer using TMS as internal standard. This work 

involved condensation of 3-sulphoxy benzoyl glycine with substituted aldehyde in acetic anhydride in 

presence of anhydrous sodium acetate to obtain variedly substituted oxazolones.Oxazolones were further 

reacted with  4-chloro aniline in presence of zeolite as a catalyst to obtain the target compounds 1-(4-

chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4-substituted benzylidene)-5-imidazolones. 

 Step-I: Synthesis of 2-(3-sulphoxyphenyl)-4-(4-methoxybenzylidene)-5-oxazolone. 
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To the solution of 3-sulphoxy benzoyl glycine 2.14gm(0.01mol)in acetic anhydride ,added 1.36gms of 

anisaldehyde(0.01mol)and then .0.7gms anhydrous sodium acetate (0.01mol).The contents were dissolved in 

ethyl alcohol .The solution was refluxed under water condenser for 3-hours It was poured to ice cold water 

when an yellowish solid was obtained. Washed it 2-3times with ice cold water and recrystallised from 

ethanol. 

Yield: 65%       melting point: 1450C 

Molecular formula C17H12NO5             Molecular weight: 342 

IR (KBr) in cm-1:3045 (Ar,C-Hstr);2937(Aliph,C-Hstr);1787(C=Ostr);1651(C=Nstr);1596(C=Cstr);1311(C-O 

bend);1263(C-N bend);1028(S-O Asymmetric str);981(S-O symmetric str). 
1H-NMR(∂) : 8.27(d,2H,Ar-H);8.11(d,2H,Ar-H);7.66-7.68(t,1H,Ph-CH);7.58-7.61(t,2H,Ar-H);7.60(d,2H,Ar-

H);3.87(s,3H,-OCH3).                                                                                                                                                        Elemental 

analysis for C17H12NO5 (342)  

          Calculated   %C=59.64  %H=3.50   %N=4.09 %S=9.35 

  Found       %C=59.60  %H=3.48   %N=4.02 %S=9.30 

Step-II: - Synthesis of 1-(4-clorophenyl)-2-(3-sulphoxyphenyl)-4-(4-methoxybenzylidene)-5-imidazolone 

To the ethanolic solution of oxazolone(3.42gm,0.01M) obtained in step-I, added 4chloro aniline 

(1.27gm,0.01M)and zeolite (1gm) as a catalyst followed by 1ml of 2%aq NaOH solution. The reaction mixture 

was reflux under water condenser for two and half hours it was allowed  to cool and poured to ice cold water 

obtained colourless solid on acidification with dil HCl Washed it 2-3times with cold water and recrytalised 

from ethanol 

Yield: 60%       Melting point: 2350C 

Molecular formula C23H16N2SClO4                            Molecular weight: 451 

IR (KBr) :3030cm-1(Ar,C-Hstr);2925cm-1(Aliph,C-Hstr)1710cm- 
1H-NMR(∂) : 8.04(d,2H,Ar-H);7.74(d,2H,Ar-H);7.56-7.61(m,3H,Ar-H);7.48.-7.52(t,1H,Ph-CH);7.29(d,2H,Ar-H); 

7.14(S,1H,Ar-H);6.92(d,2H,Ar-H);3.78(S,3H,OCH3) 

 

Elemental analysis for C23H16N2SClO4 (451.5) 

Calculated %C=61.12  %H=3.54   %N=6.20 %S=7.08          % Cl =7.86 

   Found     % C=61.05  %H=3.50   % N=6.18 %S=7.02          % Cl =7 .78 
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RESULTS AND DISCUSSION  

The oxazolones required for the synthesis of imidazolones were prepared by condensation of newly 

synthesied 3-sulphoxy benzoyl glycine with variedly substituted aldehydes in presence of anhydrous sodium 

acetate in acetic anhydride Their formation was confirmed by physical and chemical tests. Thus eight variedly 

substituted oxazolones were obtained from different aldehyde and 3-sulphoxy benzoyl glycine. The target 

compounds 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-substituted arylidene)-5-Imidazolones were 

synthesized by reacting each of these oxazolones with p-chloroaniline in ethanolic medium in presence of 

zeolite as a catalyst. It offered easy to workout methodology and also reduced reflux  time to two and half 

hours. The compound (2a) gave positive test (orange colour)with ethanolic solution of 2,4dinitrophenyl 

hydrazine in presence of cone H2SO4 confirming  the presence of (2a). It showed absorption bands at 2925cm-

1due to Aliphatic ,C-H str;1710cm-1due to C=Ostr;1639cm-1 C=N str;1035-1025cm-1S-O Asymmetric str and 

symmetric str 690 C-Cl str similarly 1H-NMR spectrum of 2 (a) showed the following chemical 

shift(∂)8.04(d,2H,Ar-H);7.74(S,1H,Ar-H);7.56-7.61(m,3H,Ar-H);7.48-7.52(t,1H,Ph-CH);7.29(d,2H,Ar-

H);7.14(S,1H,Ar-H);6.92(d,2H,Ar-H);3.78(s,3H,O-CH3) Which tallies with Molecular formula of target 

compound 2a C23H16N2SClO4 Elemental analysis also supported this formula experimental value of which are 

comparable with calculated ones all these evidences support the formation of 2(a) similarly other target 

compounds were synthesized by employing above mentioned procedure.         

Table-1: List of synthesized compounds, their % yield and melting points. 

Sr. 

No. 

Compounds %Yield Melting 

Point 

(in 0C) 

1 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4-methoxy 

benzylidene) - 5-Imidazolone. 

60 235 

2 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4- 65 290 
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CONCLUSION 

Hence we could synthesize a new series of imidazolones by introducing sulphoxy group as one of the new 

substituents. Use of zeolite as a catalyst afforded us increase in percent yield and reduction in reflux time. 

Most of these compounds are expected to show antimicrobial activity. Therefore, it may be suggested that 

more series of compounds are needed to be synthesized by introducing new substituents on benzylidene 

moiety in order to enhance its value as a drug.  
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nitrobenzylidene) - 5-Imidazolone. 

3 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4-

hydroxybenzylidene) -5-Imidazolone. 

68 220 

4 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-

dimethylaminobenzylidene)-5-Imidazolone. 

62 310 

5 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(3, 4,5tri 

methoxybenzylidene)-5-Imidazolone. 

64 170 

6 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4-

chlrobenzylidene) - 5-Imidazolone. 

69 230 

7 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(2-nitro 

benzylidene) - 5-Imidazolone. 

69 210 

8 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4-hydroxy3-

methoxybenzylidene)-5-Imidazolone. 

70 160 

9 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4-benzylidene) - 

5-Imidazolone. 

63 195 

10 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4-furanylidene) 

- 5-Imidazolone. 

65 200 
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Abstract :   Graph Coloring is a chief element in graph theory with tremendous applicability in 

Computer science like data mining, clustering, networking, image segmentation etc. And a 

Variety of implementations in aircraft scheduling, register allocation, Sudoku, mobile 

Networking, etc. Various algorithms were contrived for vertex coloring. In this paper, survey on 

different color energy of graph with respect to different color matrix is done. 

 Introduction:  The concept of energy stems from chemistry to approximate the total � -electron 

energyof a molecule. In chemistry the conjugated hydrocarbon can be represented by a graph 

calledmolecular graph according to the rule: every carbon atom is represented by a vertex and 

everycarbon-carbon bond by an edge, hydrogen atoms are ignored. The eigenvalues of the 

moleculargraph represent the energy level of the electron in a molecule. An interesting quantity 

in H¨uckeltheory is the sum of the energies of all the electrons in a molecule, the so called total 

E�-electron. For a molecule with n = 2k atoms the total E�electron energy can be shown to beE 

= 2 ∑ ���
���  where ��, i = 1, 2, 3, ..., k are the top k eigenvalues of the adjacency matrix of 

thegraph of the molecule. The first results on energy of a graph was obtained as early as 1940’s. 

In 2013, Chandrashekar Adiga, E. Sampathkumar, M.A. Sriraj, Shrikanth A. S. defined the color 

matrixAL(G)are as follows: 

 

  

If c(vi) is the color of vi, then 

 

aij =  1 if vi and vj are adjacent with c(vi) 
c(vj ), 

−1 if vi and vj are non-adjacent with c(vi) = c(vj ), 

0 otherwise. 

Theeigenvalues of Ac(G) are called color eigenvalues. We define the energy of a graph with 

respectto a given coloring as the sum of the absolute values of the color eigenvalues of G. We 

call thisas energy of colored graph or color energy of a graph. 

They study some basic properties of energy of colored graph, Also 

they determine an upper and a lower bound for color energy. They establish energies ofcolored 

graph of few classes of graphs with minimum number of colors. The color energy of thosegraphs 

which they were compute  complete graph, null graph, some class of bipartite graphs, evencycle, 

cocktail party graph. Also they introduce a concept called complement of a colored graphand 

examine its energy for the same class of graphs as above. They discuss conceptsof color co-

spectral, color hyperenergetic, color equienegetic, color energy equal to the numberof vertices 

and finally we give a comparison between usual energy and color energy of some classof graphs 

discussed. 
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They found result: 

1. Theorem: Let G be a colored graph with n vertices, m edges, and mc 

be number of pairsof non-adjacent vertices receiving the same color. Then Ec(G) �

�2��� � ���. 

2. Theorem:If Kn is the complete graph of order n, then Ex(Kn) = 2(n − 1). 

3. Theorem: If G is a null graph of order n, then its color energy Ex(G) = 2(n − 1). 

4. Theorem:If K1,n−1 is a star graph of order n, then Ex(K1,n−1) = 2(n − 1). 

5. Theorem:If Kn,m is the complete bipartite graph of order n + m, then 

Ex(Kn,m) = 2(n + m− 1). 

6. Theorem:If C2n is a cycle of order 2n, thenthen Ex(C2n) = |3 − n| + 1 + n +∑ |1 �����
���,���

cos ���/��|. 
In 2017, P. B. Joshi and M. Joseph obtained some results on color energy of graphs. 

In thisarticle, they obtained some new bounds for the color energy of graphs establish 

relationship between color energy Ec(G) and energy E(G) of agraph G. Further, they construct 

some new families of graphs in which oneis non-co-spectral color-equienergetic with some 

families of graphs andanother is color-hyperenergetic. Also they derive explicit formulas for 

theircolor energies. 

They found some results: 

1. Theorem:Let G be a colored graph of order n, size m. Let be the color eigenvalues of 

Ac(G). Then�1  �2…… �� then Ec(G)� |�1| + ��� ! 1�"2�� � ��� ! �1#. 
2. Theorem: If G is a graph of order n, size m and �1max is the largest absolute 

value of eigenvalue of the color matrix of G, thenEc(G)  (2(m+mc/�1max)). 

3. Theorem:If G is a colored graph of order n, size m and m0cs the number 

of pairs of non-adjacent vertices receiving the same color, then 

�2�� � ��� �Ec(G) �2(m+mc) . 

 

In 2020,A A Bhange and H R Bhapkarobtained some results on colouring of graphs by HB 

colour matrix. 

Properties of Vertex HB colour matrix 

• Every Vertex HB Colour Matrix (VHBCM) is a symmetric matrix. All diagonal 

elements of this matrix are ∞. 

• The number of zeros in each column or row is equivalent to the number of vertices that 

are non-adjoint to the corresponding vertex. 

• The number of ∞ in every column or row is equal to the ai + 1 , where ai is the number 

vertices adjoint to the corresponding vertex. 

• If all elements of a row are ∞, then the corresponding vertex or node is adjoint to all 

remaining vertices or nodes of that graph. 

• If all elements of a row are zeros except the diagonal element, then the corresponding 

vertex is not adjacent to all remaining vertices of that graph. Such vertex is either a null 

vertex or a vertex with loops only. 
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• If a VHBCM with n vertices contains all zeros except diagonal elements then the 

corresponding graph is either a Null graph or a disconnected graph. Such a graph is one 

colourable. 

Conclusion  

  If a VHBCM with n vertices contains all ∞ then the corresponding graph is the completegraph 

on n vertices (Kn). 

1. The VHBCM of a wheel graph with p vertices contains a row with all elements ∞. 

2. If an EHBCM is a diagonal matrix then all components of G are either K1 or K2 or vertex 

       with loops. 

3. If all elements of C(E) are ∞s then the corresponding graph is the star graph or cycle 

graphC3. 

4. If all elements of RHBCM of planar graph H are ∞ then H is the perfect HB map. 
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Abstract 

The fuzzy logic does not foresee the error of affirming the consequent; it can be recreated 

without any theoretical difficulties: the confusion between logical implication and equivalence 

cannot be kept unless the designer system purposefully creates it. The ability to generate other 

beliefs or information about one's surrounds (conclusions) from primitive knowledge of the real 

or hypothetical condition of one's environment based on rudimentary knowledge of the real or 

hypothetical condition of one's environment (premisses). In this research we have discussed the 

basic concept of fuzzy sets and fuzzy logics. The components and working of any kind of expert 

system has been discussed. This paper also contains the different application area of fuzzy logic 

with describing role and features of fuzzy sets and logics. 

Keywords: fuzzy, fuzzy set, set theory, application, fuzzy logics 

1. Introduction 

The concept of truth-functional interpretation of connectives across a set of degrees of truth is 

crucial in (mainstream) mathematical fuzzy logic. During the first decades of the twentieth 

century, David Hilbert’s efforts to show the consistency of fundamental theories had a major 

impact [1]. In addition to Gödel, Gentzen, and other academics’ results, their findings contributed 

to a partial resolution of the problem and highlighted the difficulties in proving consistency. 

However, scholars have discovered that practically everything of regular mathematics can be 

expressed in sets, although some theorems can’t be proved using typical axiom systems for set 

theory. Mathematical fields such as statistics, probability, and probability theory could benefit 

from this research. When it comes to math, current research in the fundamentals is often focused 

on finding out which portions of mathematics may be expressed in specific mathematical systems 

(such as in reverse mathematics) (as is the case in classical mathematics) [2]. 

Logic is the process of deducing conclusions. The argument might be in the form of a legal 

judgement or a mathematical validation. When it comes to mathematics, we use a specific logic. 

The fundamental logics of mathematics are the negation, the conjunction, and the disjunction. 

The symbolic form of mathematical logic is represented by the letters ‘˅’ for disjunction, ‘~’ for 

negation, and ‘˄’ for conjunction. In this post, we will go through the fundamentals of 

mathematical logic, including the truth table and several practical applications [3]. 

A mathematical strength is provided by fuzzy logic theory to encapsulate the uncertainty inherent 

with human cognitive processes. As a result, standard knowledge representation methods do not 

have a way to express fuzzy notions. Due to its imprecise and noncategorical nature, common 

sense knowledge cannot be adequately represented by first-order logic or classical probability 

theory. Fuzzy logics have the solution of each any every non-linear problem of this real world. 
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Fuzzy sets are used to create the fuzzy logics and by using fuzzy logics we can design fuzzy 

experts systems [4]. 

The usability of fuzzy is going to increase day by day. The solutions which are given by fuzzy 

expert systems are very optimal and easy to use. The ease of using the fuzzy systems adds the 

importance of this in each and every field of life. Any kind of nonlinear problem can be solved 

by embedding fuzzy with any other technology or hardware problems [5]. 

2. Fuzzy Sets and Logics 

Fuzzy sets are the classes of objects with a continuum of grade of membership. The membership 

grade from zero to one is allocated to each set of objects. The annotation of union, intersection, 

inclusion, complement etc. are extended to these kind of sets, moreover, the properties of the 

annotations are substantiate in fuzzy set domain. Fuzzy sets are used by fuzzy controllers and 

crisp sets are used by digital designs [6]. 

It could be incontrovertible fact currently that fuzzy logic is having the capability to solve the 

problems in different like industrial management, consume natural philosophy, management, 

medicine, skilled systems and data technology. It provides an easy way to get definite results 

from inaccurate and incomplete data. Like human beings fuzzy system can think and can take the 

decisions [7]. 

The fuzzy logics are utilized while designing any fuzzy logic expert framework. In contrast to 

expert system, which are for the most part symbolic reasoning engines, FES are arranged toward 

numerical preparing. It is situated towards dealing with unverifiable or loose data and utilized in 

the spaces where the information factors don’t have settled qualities [8]. One example of fuzzy 

expert system which can solve the incorrect and irrational problems faced while selecting the test 

cases at system level. The use of fuzzy logics makes it possible to solve non-linear and complex 

issues quickly and easily. There are so many applications of fuzzy logics in the real world [9]. 

3. Features of Fuzzy Logics for number of applications 

It can be shown that Rasiowa-implicative logics share an important common feature of 

core fuzzy logics: namely that in their natural algebraic semantics there is always just a 

single element which is designated (i.e., is regarded as ‘fully true’ in the definition of the 

logic’s consequence relation), and this element can be defined as the one satisfying the 

equation � � 1 [10]. 

This is no longer true in UL (which is clearly not Rasiowa-implicative), where the designated 

truth values are those bigger than 1; nevertheless, we can still define these truth values as those 

satisfying the equation � ˄ 1 = 1. To encompass also logics like UL together with their ‘natural’ 

algebraic semantics we define a broader class of algebraically implicative logics where the 

designated truth values are equationally definable [11]. 

The logic IMTL shares many features with Łukasiewicz logic, which is its extension by the 

divisibility axiom (BL4) [12]. Like in Łukasiewicz logic (see Theorem 1), the implication and 

strong conjunction are mutually interdefinable and the contraposition law holds in IMTL. It can 

be shown that IMTL is equivalently axiomatized by adding any of the following IMTL-provable 

formulae to MTL: (TŁ1), (TŁ3), (TŁ4), (TŁ5), or (TŁ6) of Theorem 1.2.8. Note, however, that 

the Wajsberg axiom (TŁ2) is not provable in IMTL, and adding it to MTL in fact yields 

Łukasiewicz logic. 
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THEOREM 1. Łukasiewicz logic can be equivalently axiomatized by adding any of the 

following Ł-provable formulae to the axioms of BL: 

    ��� → �
� → �
 → ��     Converse contraposition law 

((
 → �� → �� → ��� → 
� → 
�   Wajsberg axiom 


 & � ↔ ��
 → ���     definability of & 

�
 → �� ↔ ��
 & ���     definability of → 


 ∧ � ↔ ���
 ∨ ���     De Morgan law 


 ∨ � ↔ ���
 ∧ ���     De Morgan law 

The conventional features of classical sets in order to define the characteristics of fuzzy 

sets. Assume X is a set, A is a fuzzy subset of X, and A is the membership function 

describing it. The membership degree of � in A is called A(�). 

DEFINITION 1. A’s height, abbreviated h(A), corresponds to the upper bound of its 

membership function’s codomain: 

 h(A) = supf A(�) j � 2 Xg. 

DEFINITION 2. If and only if h(A) = 1, A is considered to be normalised. Working with 

non-normalised fuzzy sets is extremely unusual in practise. 

DEFINITION 3. The set of X elements that belong to at least some A is the support of A. 

(i.e., the membership degree of � is strictly positive). To put it another way, the set is the 

support. 

 supp(A) = f � 2 X j A(�) > 0g. 

DEFINITION 4.The kernel of A is the set of X components that are wholly owned by A. 

To put it another way, noy(A) = f � 2 X j A(�) = 1g. By definition, noy(A) supp(A). 

DEFINITION 5. To be considered a part of A, you must have a membership degree 

greater than or equal to: -cut(A) = f � 2 X j A(�) > g. 

We are updating conventional set theory operators to meet the fuzzy logic's particular 

membership functions for values between 0 and 1, in order to facilitate the manipulation of fuzzy 

sets. Operators on fuzzy sets, like membership functions, can be defined in a variety of ways, 

unlike fuzzy set attributes. 

4. Applications of Fuzzy Logics 

Based on the features and definitions of fuzzy logics, it has number of applications in current 

scenario. According to the degree of validity of the premise, or the membership degree of the 

fuzzy set ‘delicious’ to which ‘tip’ belongs, ‘high’ is a fuzzy set [13]. The essential principle is 

that the more claims in the premises that are checked, the more output actions that are suggested 

must be applied. To evaluate the degree of truth of the premise “fuzzy” “tip will be high,” we 

must first denote the fuzzy implication [14]. 

Image processing is the m research area for the researchers in the field of computer science 

engineering. By applying fuzzy logic to extract meaningful information from an image or a 

video, researchers are continually looking for the best solutions [15]. Fuzzy logic control systems 

have been employed by researchers to solve a variety of image processing issues. Using two 

separate models, a new face detection technique explored. The faces in the image may be located 
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by using the Takagi-Sugeno (T-S) fuzzy model and the Hue, Saturation, and Value (HSV) colour 

models [16]. 

Robots are highly versatile machines capable of incredible motions, but are simply too difficult 

to use and hard to setup. A Fuzzy Logic Based Control for Autonomous Mobile Robot 

Navigation approach. The author used two fuzzy logic controllers in the robot i.e. navigation 

fuzzy controller to enhance the navigation performances and second fuzzy controller is used to 

avoid the obstacles [17]. 

To manage the things in banks, business or any kind of field the fuzzy logic is playing very 

important role. Online internet branches can use these techniques to improve the quality of the 

projects. The authors have tested these fuzzy techniques to check the performance. The concept 

of selecting staff for production tasks with the employment of fuzzy logic. This Mamdani-type 

fuzzy deduction technique was utilized to structure a controller whose undertaking was to help 

the basic leadership process [18]. 

The fuzzy logic techniques are used to enhance the fertility and to analysis the environmental 

parameters like light, temperature and humidity which can affect the crops. A fuzzy logic based 

expert system was created to strengthen basic decision making on the kind of creation process 

thinking about factors for example, weight, pellets, green aspect and the level of minor and major 

abandons, this data got from organoleptic examination [19]. A Mandani-Fuzzy logic model to 

wind up a help apparatus for choosing the most fitting procedure on a dry factory as indicated by 

client necessities and all together to manage the production of coffee by avoiding delays in 

production [20]. 

The use of fuzzy logic approaches is becoming increasingly popular as a means of discovering 

new ways to evaluate student and instructor performance and determining the root causes of low 

performance. An incorporated methodology of fuzzy MULTIMOORA and multi choice conic 

programming is introduced to think about the criteria in picking the best understudies and 

characterize the ideal assignments among the predefined projects to expand both the aggregate 

inclination esteem and aggregate positioning worth [1]. The fuzzy MULTIMOORA is used to 

determine the rankings of the students. 

In many home appliances like television, washing machines, microwaves and refrigerators the 

fuzzy logic techniques has been used to provide the advancement in the field. A lot of 

electronically controlled keen things must be intellectualized utilizing human-type thinking. It 

has discussed a tale approach and new calculations for the various levelled fuzzy preparing, 

retraining, and self-training for intellectualized home situations. Imperativeness and effectiveness 

of the proposed philosophy was tried and reproduced on a specific virtual software/hardware 

framework [21]. 

Diagnosing any disease in medical field is very difficult for a medical expert. They need to 

perform different task for find out the cause of problem. To help the medical experts so many 

fuzzy expert systems have been introduce till date In 2015 Gayathri, et al. has introduced one 

fuzzy expert system to detect the risk of breast cancer. The main motive of this system to reduce 

the time for diagnosing the breast cancer. Mamdani is used to evaluate the results for the same. 

An application of utilizing Fuzzy FMEA, meant to build up the type of prioritization and 

evaluation on the failures for the working procedure in emergency by examine and recognizing 
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proof of the failures as indicated by the philosophy of Failure Mode and Effects Analysis 

(FMEA). Besides, the prioritization and evaluation of the issues are enhanced with the usage of 

Fuzzy technique. The emergency department can easily adopt this application [22]. 

Fuzzy logic is playing a vital role in the field of software engineering to solve the problems of 

software development process. Constructive Cost Model (COCOMO) with the fuzzy logic. The 

investigated study explains the process of implementing the fuzzy logic with given model to 

estimate the size, efforts and cost drivers of any project [23]. Four membership functions are 

used to estimate the efforts while developing a software. One model by using fuzzy logic, which 

can help to predict the defects in the requirement analysis phase of SDLC. The results of this 

validation process are satisfactory. 

5. Conclusion 

Fuzzy logic has number of applications but it is not applicable to the psychology of 

concepts, at least in its current state of development. One must find a convincing 

justification to this effect. Another approach is to show that fuzzy logic is necessary or 

even superior to classical logic in some cases. It is our opinion that neither of these 

methods of reworking the problem can succeed unless psychologists and mathematicians 

working together are involved. As part of this collaboration, psychologists and 

mathematicians should explain to each other those notions for which no mathematical 

treatment exists and challenge each other to find solutions. They should also push 

mathematicians to examine any new arguments they want to make against the usage of 

fuzzy logic. It has been applied to a wide range of fields in mathematics such as calculus 

esoterique and algebraic topology. Along with, it has been used in several fields, such as 

control and data processing; decision support; engineering; management; logistics; and 

medicine, to name just a few. Nonstochastic uncertainty can be modelled using it as a 

“bridge” between language and formal models. 
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