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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.

Force F
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N\

Metal
plate Piezoelectric material
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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 BaTiOs;, PbTiO;, Pb(Zr,T1)O3, KNbOs, LiNbO;, LiTaO;

Lead-free piezoceramics | BiFeOs;, Bi4Ti;01,, Nag sBigsTiO;3

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
e 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.
e Zinc oxide exhibits the direct bandgap of the order 3.37 eV.
e The electron affinity value associated with zinc oxide is 4.2 eV. Therefore, ZnO can form
Schottky contacts with high work function metals.
e The mechanical characteristics of zinc oxide nanowires show the often-promising scaling

properties of nanostructures.
Rocksalt Zinc blende Wurtzite

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 (MoS,) 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 A and ¢ = 12.29 A. 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 MoS,. Single layer MoS, 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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AFAISPR d Adb—ITeT T
Sf. SUTHEAR o, A%, Afure fRT u@, 9. ¢A. AR weifdeney, Juer
(E-mail : jayantmaskey!l7@gmail.com, Mob. No. : 9421803327)

ARIY :

AT 75 99 QU Bl rAai e fawramr &R areel 3. A ATl
BRI $IHd, SeUSIGET Sl AR, FaaH=I 9 7159 TR9d el 3.
Fafifs HhcHe T IURAR BRI €, UTATAAT AR 91G 7 ASTeares
HolEl ded] SRR M fAfdy BRoMges <ed Add—IrdT AH-T decdl e,
AAH—I ] AFAMIGRI &0 HROT ATl TRl SMell 3. TR olamed
AHAEGR T AdH—ATT FAAT ITaT ARTET HogTd AT 37T,

I : AFAIMEBR, AdH ATHS], Byl
IRATET :

AFAERIET Fhed=T AHaa=al sfasry! ddefid 3Me. IRy Afdum ey
AT el STEHRAT 0T A BTl MR, FASIIS [AYAdr §X HRUITAIS!
ARG U U Bl JATed. I JoMd  ASeT—ATed]  GRIEdahId
AMITS, I6Ifhd G onfdfe FHAMTT 9 = YRAId HRugrEl ARl dholl 37T,
HHa AfTDRAT GRIETT HROYTHIA AR WBRA b 9 o WRIAR DR
IRANTIE RRITUAT @il 3fTe. Ta=aral 3 §H—JIedl [daRi@r = &Rl 38
AT fIaR@ I SHedrasd AFaaRI &0 gRel. oiel el a2l
BRI T HIAT ART 3] TH—ATAT ABRA & IR B ARl ARG
et QU7 JTD AT,

HIARROG: A SFhM Fadredl (Aare)) F9dl, W@ias g 9gdr a1
Uchiqk ¥y WR QUG Il I BIEl bl Al bl Agad EHHC
SIETIRIA Al EFHTT Ahedal favy fIeR Ui oo ool demurge |got
ST AIGT AU AMhioed ATASRIT eI STRRadhdl -0 SITell 3Te.
1950 FoR SHIHeY fafder Qe sieledn onfdies fAdMK Adl sabrel gl
ORIy FEWTT AR fhar a1 Tedide Nfdie @ goler STl ATEL R 3rdel a¥
ST IEHROTT HTATRIT ARAFES S~ fIvAdd a7e 3ol 3fe. AFAIEaR
I Held JMUBR ed o UAd Filel d AFT 3fed U AdTelel 3TAN.
A BRI Failell ST UTEl Sllelel JAMOT FHFM Silas SHTvATATS!
ATGeIDH 3Aclel ARDR B, 1928 ol WIad I FHAT JAMFId AMAl Bah
SER PRUIR ENUIYS HHA dol. I HNUMUAGAR IS HIOATE] QU
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RIS HAqd ARTHRMR Hefd 21 AR SRIOYMET 89 & WRAR ARTRG T
o d SRIBHR 3=,

YRA BT POVLN QT AT aRIel 3foTe! Aded—drd U Jeolel ATSL. cl
B FIAR dATRAT AR HERT eIl A 3. gEhles, A,
TRUIE, THIST UTed, fUdrald I IT A9fife HRUMERERT SdET Wdigddsl
S YTt fawiqa 9 e, AaArere fRAdme) Aaee 9e—SdR - ald
RIEU G AMU—Ylhgd HHEIU[DH B0 TGl BRUMHS AUdb—AT Tl II_gA U1
BRSO IIR¥Td 8. AqHTe=T SeTRISAd!T IfMREdar s SareHel
R 3N Y fUdaad ® ARTOgel 9 f9hd § AT 3N RUUIR S
At red. fiid HA Ubdrd are dYol S Ade—IdT0id Ut I Jrr
31 B ATl U9 SR HEl WA IIfRR SolaR AaHTel fAdmadtr STfoT —relm o
g IRTAT BT AR TR Ideh—dien @RArs BoR 3for a1 dicard SR ©
JUS AR, YABY MNP Feherd AR, T g Y I~ Hesd A8l ar
FHOENINT 3R, IRAR U™l AAG—ATAT  AHEATA SRR  JIawIl
FAGIAT. Il QeHed RN YERT BOIRIET 3ff¥dh Dbyl ATl Tl
TS, TSR 2 A9 [T JTheaRITHR 99 2015 Hed Qi HiversTd
12,602 I JHASAT Dell AE. AWM 7200 TIDh Ul ARFH AddY &I
AT BHI THIF ORS (AHIT ad) Bidl avrd e HY1 g arior e
d% (FETS) =T JfBATAAR 99 2018 HEJ WRAT 10.07 HICl Udh—IUdh! 52.05
THD AD BOIFISINI B, ATAR YA SURIAIST] U AT FRBRA TS
IRMRIA IOIRUS TR HRUITET T dell 3. WRGRAT AATIH T
HIAGHS &I ok AT MRS oWk YA, Fid HI0Rd 30T 1A
T qrSel S0 AT ATesaTell Uiyl fAeior 88 3y ared 81T U9 SRl AR
YU 3TN, IT BIYEFD UdD] HISH Dbelell IS Gatfald hia ATAVR Tal.
AdH—TTIT fRAS! IYdHN HESAIAT IR AN WRBRA AR Hod A
BHRICT AT UTerol gIal.

AMA! EFhI Fhed-He qdd WRIIT AlbIel 8dmiel AReToTl FH1aer
gIAL AT O SEoid NI, AURI STl AIGNGR Nl a UdH Il Faredn
EIHIT T ARTHR Al U [AHMr= ThRA Sl TSR Sl Jarg
AADH—Thgd Jellold 9 SeUGIGIhST Hdl SAA dlbids Sl d@l IS
I HISI IR & JoWR dlldbichs Sl Bl R WAAMNI adl &IF daded]
STAUTATS! ST AT, JTToTe! YRAMEY STABURT 23 b ol SIRGINYZT WTefl fRi7a+
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TSIl BTE! qUIUT AdHdl 81 e HdhcHs AMe Asavid AT
3ME. HHl I TR AT SATidgd ddh—aial BRI fUsdud derd aar
ATH—AHT ASATS! ATl BAggT FE0T ST BN 3. VA ST S dol
ARG AR d@ e Skl e 9gaiel Adeb—ai1 WAl Araasie
Al TRIA S XTBIA AN, ATAR AT AT AT ABSRI AT ATb
qad dTed STl Ul ARclell g€l fdhdl @, di—{dam0), dHieh-mere sardin
dIeHe a3 FTEl. AT dHY! Bdadl Bldl. §ed, AR, efreal REomn ww
AMIBUl AAH—AAT T[0T BId. WA AAGR Hol Gl HRUATAGS] Adh—ATe]
HAFCIER 9 37Hal. 372 Refefid edes] Srbrdl ATcHgdr Moy od srdedrd
feg I, ad 2021 #&Y ARAIA 10,881 TUADN, UTHGRII IMCHASAT Dol MG
AERTS IAADBY JMHEIAT MBSIRIT UfgedT HHIBIAR AT EahIarId Al
IS T2 AUl 7gardlid FHR 3fTell. ay 2021 Hed HERTGIA |died 4,064
AR —UTHGRI] AT B Sildd Fudel 6. AT HHABAR HACH
RISATT 2,169 TR [rA—AT SHHAIBIAR AT TR AT ISIME 1,065 DRI ATAGRIA!
3BT HedT 3.

ATH—A] BRI FHEIT HAAl TFBIIT GRIBIVNG THR 916 37T ATell
Adh—IIT A I BTG UMl Iscl. O UAh—IMT HSIH UG bR
e, ARAN AAH—ATAT ATHSAT JGUIMNGT AT AT=AT AT BRI
REUIET BIEl QU B4 ATqeID  3Me. Sl Eudrel HAfedR  Hardr 3iTe.
IIAIST HETH MG HeTuTd IR baelMl Sgd I HRUATl T
T8, M Wdb—IredT AT ST Ao G Dedl el ISl ag gid
3 P17 SR & We Favefid el TR UAH—IF AR AGAT THTONER ST
BT DHegl AL HER, Tellel JAMOT IR ekdlell AT A fdaR = Bl
AT GBI Adb—Irdl AT HFAT 841, ARDR SENIAAT ST JHTOM
HIST—HI3AT Aig GiaeT YRIGAd. T Aqh—IAT ST ST I&T BHI TTERIER
Bol, AATAT AN FOR A6, AdH—IAT  ATHSAT AGUITAS]  ARBRAD
AIe—HIGAT Udordl IRAR HYUT HRUA I R JdH—Iqdd AFIIGR digad
TESIT DRI BITIGIS BIdd. ATATS! WA WRTARe- S UTdel Ideel] Sirdrd.
fepy :

D NI ARIRTEAR ATIVT S (IR Yoy WA= AT
ST RTafdel 318, QMY 3MUel dbRid, RIS g e fauddr 3 HRugr
4% UST G2 Wbl 17 Ird IR APREIE Ud. Ielc & TS qured] WA= 3
ABIcAd Aol IRUATA] Fleid Af¥dd TR Siefel  fAAard. I9med 8oy
Adh—IME FHSAT Uh THR d19 TR, THA AdDh—IATT I IHAT TS JATHE]
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JIIUIR AR X =l fAprarar deuid Il JIRgul Heard 3. I
Rigarer Wgar faen, fam, @[, $ ArdEr &% SRR 6RO ARG Hul
TR U] % QU OR 3 ol d) Adep—IJdl e afauar
Aqd Blsdl 9 AT HMd JARBRI RETUTGET Blgal.
GECEGCIE
1. 91, el (2012) A AHAEHR — Sa@id ¥ Ud THE  Faveiy”,
2. Sl M@dbe YARI, UL ORI Hbs, U O S OEd, dMd AR —
faRedIa=aT g yITaRUII=aT FAAT, 3120d UfedTde™, €.
3. 7RG &< 9 JAIRTN A (2018), ARG NIRRT, TH. Tg UM, Tdl
faeetl.
a- yama R v (2014), “FHHT srRiNRA", faaMRdl ufeaayd, w8 faeel.
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Sf. A& Sl YU, 3R 39T UHw, 3ifey dicdl, RiERT, I8, AR, . 9SrT
(E-mail : pradhan.madan277@gmail.com, Mob. No. : 8668382649)

AR :

9 YOY B Uh GUE-IRI [RP ARd. Hed ddw Jouded d gl
E—gHY T QS FdT T Hedlg FATS g9l U, TS AFd AT AHTTD
FARIAT [dpd HRFAT AT 8. FANIET JFgT AR [T A=
HAFATIHRI SecieF Bl JFeIrd fadd. AR A=l Al AABRMAT T
afeiep g AiRpfae Uredydl FH0T STell el Ao <ema fafder wiRtear Afeer
ARG RI Iected B 372, U oT@mel Afeli™ AMAIeR Imfaud) faweryor
HRUATT 3ATel AR,
dIoT9ss (Keywords) : HIHATEIAR, Afeell fRHreR, gorgdr, foffT Uik, drefadre.
EESICEINE
ST JAEIRTR HSHAYY JGER DAl Sl T HEHAYY] FIeRMS AHASIHR]
AR G e AMAIEGRIG Ieae 8ld. AMA®R ool IS Fadlel
AR A Herd IRPR. B ABHR Il STHa-d Hedd. e JaTer
Pl e AUGSER Bl 3. FATSITAT AJSTH Nl Afd Jedre Ure HRo]
TROTD 318, SI@T YEIal &R IT Al Hedld Uleld R ATel. deal dl FRaAER
GSI| UM BIdl. FAARIRUG: A9dl gdbiHed gadied] FHdl, W@asd g §gdr A
TChHaR ARy "R QUIId YAl HYAd I FHSHH  SI@UNgT  AFAIEh R
HAbeuTell faRy PR I dod fdol deURE dY0l SHed A16dT YT
DIVATE! BN Fiad HGHd Dl SIal deel dl S T Jd T AaIeih R
T RT8d. IRATAT WiAEETT Al AFanSBRIE HHEe BRI Tl IATe.

ARSI PIE A STEBR WTATTIHN e,

1. ¥AfeaEr 29 A1 faRiaR mnRa ¥d d—2=m ol 9 RuRiAT U
TS AT FAT RO e SeHaren Rifga wruar I,

2. W B AT AT Siigarll fFaevl, sued W=l deqd-d fdare
JEPR JIIHRET I Haa qradid Jerld f&ad Haled oRydl. Jelrel
gEdld AU AR g hawd GAN il JlElEdd i
TFHTATS! I HRUITd sl

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Quarterly Journal Peer Reviewed Journal ISSN No. 2394-8426 Page 12
Indexed JournalReferred Journal http://www.gurukuljournal.com/




Gurukul International Multidisciplinary AR e-ISSN No. 2394-8426

Research Journal (GIMR])with / Jan-2023
International Impact Factor 6.305 Issue-IV(I), Volume-X

Peer Reviewed Journal

T T e T e T T e e T e e e e e e e e T e e e e e e W e e e e e e e W e e e W e e e W e e e e

3. Higerdr faRend Fon—a] WRoux, d-Rare, v, b, 9 9 Zagr
AT FHIG HROGMAST IR AT Ul IAAvATT Icilel. THe AT gFbTAIo!
qIT BT GReT0T UM sl
4. AR UD &30 JOUERIER FHM JADBR QUATH Adilel. SR BIo IIRATST
AR, STATER, =AY 9 HITGT A0 Rl Yeb AURTY AT Tgol.
AEAlaR bl SUM—AT AATART] [l HiRFHg Afgdl WRd
WHR 6 HATAGR XY TR Dol ST, AT AT AER ARAT Al
TR [IAR FAd 16 Bid A A I, ay 2010 #ed WAl Algell
IAMRM TR [w 213549 BT O ¥ 2018 ol 3,78277 SADI SIell 3.
TRV T 371G ANl DHIBMHed AR Dol STOM—IT JATARTT [=hiFed 77.13
I dIe Sclell IMe. ARaNId dllchR, YSRY 4 gSH! 3. =g JHI
TSV T HET fhaldy] IS el 31Ad. HRUT IUcITdR Sllelell A=
IRCITR A I TUH GhICIH T HRUT—IT Azl HAT BR A TS,
AiE T Bl Sofld T e T A ARTDHRE &0 B 2Ahd
IR IMe Ay FEerER qvard Jon—a GREGIURT T IMME ST,
SO JIUId URd iR BT 48+ JTAdrd. Afgerreal gRIga=ar g
3P PhQ AR, AUV YRAML Afger=al Ui YD &l We9d Dol S,
IS BIgH Nbis R WISl AMHSANITAR, YRAd Ui 54 &1 AICTel
TR SR gohR, Uit 51 =7 A gaEn SMed geers avd Ufd 102
@ e vaEn Sl gsuMe §g Bld J9edrd fagd Ad. B 3Mdhsand
BN JAMBHSART 3G dTKIldds HIT Tl 37ferdh Yo 13, b,

Al AFAGRT Seotad forear S0 vogret ydfa SAfelT i gan
P& G Dol S 0 T 6 FINICIII SRESR el [N ITAURT Heila! AT HIo[
foRT IUIRR Pleel SRl ARAM g Uik feqdfead fawq 8 afe. 2011 =
STVFETER 0 O 6 GANTCRIA ol UIRR 918 8. 2001 T SITIVHIAR &

TOIRR 927 . QM fIER, SIRES 9 €dl TR SMdbSaRal faaR &
aRRe TR e e I, SIRESHR 9y 2001 #ed Helidl AT 965 B,
T 2011 WEY ©CH 948 STl SITSTHEY 2001 HEJ AT 960 BIAL o €S 2011 #eY
956 Sl dUd f98R 7 & WA 942 I/ BHI BIHA 935 SIleil. STRIBR
RERITET STogET STReR BRI dell S TR, ST el AT YOIy d arddrd
A qof S JATIeIT AFATEhRIIT UTh Rl Udh Fuy g9d 379, FHT 7]
Do A dNUh Ao A8, DI Sl T Al Hed 3. IR
HeaHeE]  Helld A1 YA WHTd B, IYE0 qeld  8id ATl S
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FAARIROYUT GoY 9 R go707 101 R QMUfdrd ordfel R UAd QT ©
UIRR dRTaRTes 3fTe. WIRAT R S faaR &Rl REdiEl geuR] drha
il 919 Srell M8, 2011 TAT SRIUET ABATATTAR AR 1,000 JRUMENT 940
R 3ed. IRarde T argurd REgiaR i J¥eled] T el 38, Wil
J YN T TP U R M. Ggd $Hds Yhedl JOuMe ad _H, S—Joy
e g0 IAd. S g YBY UP GH—IAR IfAciqr JFUATA] Ytiges BHed
gd] 9 HSAUTGA FHTST g9 3TAd. S—JoudT UK FR G
AT HJAATBRAT MMTLID A6, UG AT A AT AMITD qdeiel g
FRUGATS] ARTAT TS,

Higell AR g Afee AT f3Hol B Hrd T f3hol ARIRG
HAFARAS JAE TS HRUGT Id d8d Sl T GO FAT BHETGRAT FH dd A
QATE! DRUATT Id. DAGAd ATh GRReNgeS AZAT B B IaRIAIE DRI
ST, STHTFRIAES RS He9RTHET &) RO BH1 edrd fage Id. qurdiet
TR il AGEEAT Jerd drem JaNediad A U &HI ST 31T,
RATT S R We9Rar &) 2011—12 A& 312 Tap sldl dl
2017—18 WTell 23.3 THRIYAT Wl ATl 3L, UHIOT 9N 8T &% Afdb YA
HH ST M. RFAT ARG IR USd M. Alet™T el YfHeT uR uresrd!
ST, A Ul drofell el Jaard dHRdl danTal a) §9—dT diofell SR\
BT SATAT IROTH =T TRING T AFRIG SRR BIcl.

IRAME dIAfadTe € Udh S IATARME BU 378, WRATd UTM  HIsTITRIA
qrelfdarerel v faedE e, drdfddede Jelldk dde) A dleedl Sd d
TIYOT BRI HHARTGS T AR M O RIBR B6l. e 9
fegd sfear a1 wIAdl HRH ufg dolcdl IABAEER, HRArAT M0
AT STcfaareTa YAl el fRIdmd R, 15 o 19 ¥ JaRIeKRie Jefrar
faare BIUAT YATOT IO 4RI 14.1 I 9 TN AR 6.9 TID TR,

T SRR Afe™ad QUgTd Jo—T JATERITE! WEHd Dol S,
geTiedl ger-id A=l UIveT B8R HH Qugrd Idl. @aies g fquRa qRemd ferean
JIRIATER BIAl. L. 3 W= U0T Uyl Jearedl J9Targes Bl Rigen Jaer sreid
AT T Bl 3R, T DA BT Fd — 4', GV 2015—16 T JEATATTAR
QU HUIYOME &R 55 Cadb 3o, QU] Jolledl Al Yh—gaidier gell
U YK ATRd. 9RA U qURITeId ezl Jogo A0 Jeuer 3rieisd
AT AYdd LT ‘S Josd diHd 2015 AT JEATA Facel 3z, ATl
qIefAvaEe]  IS[el UV ANHE BRD Dol Sl diedbred] oo s
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JUIIAT DIl Fe<drdl Al U IT DI el fQell SURT BN,
AR TSR ool SIUIR SU=R, ©dell SURT Blool dlbs A-hal golel el
SIId A UM quiEieilel geliedl qogd AT 3t arfedrd fagd A,
AUl 3Maed difted 9 Wdfeld MR 1 fAdeums oMoy AR 3F®
SININEIESIEICICRSIHR)

YRAME] FERTAT S0 16 el T2, A QUi AleeHed AeRe JH1o7
JoY WIERAUET DAl 3ATE. 2011 AT STATUFTAR QU AfelHed HeRad YA 65.
46 3. Td YA SRS, [d8R 9 HERIYE [SUME] 31hH 59.00 Tb, 54.00 CID
T 67.51 TID AR, RIEA0T fIHRIT=AT MBS aRIFAR HeliHed WM ASUIMET TR AfeTH
3re. o1y R Rerefl =rivwel ame gl wfoin e g1d s fage I,
HigA=T AFAIEOGREET S0 SRl & dde ReondTa FEor 8% .
B 94 R S R 9@ 81 Sl QAR BHl HRuATE Ui Sxdl. a9
2014 R Bg AR QAT 100 FTegard &l a=msf, 9t s & Aol o
Bl B, ST STegard elid ST/ JHI0T BT 3fTe, T STear@ed &1 Jier an]
FHRUGTT 3Tl 31TE.
fepy :

A RS gelel deol S 38 g AT 3 ThRAT HewTa e
BRG] ANl IYRT AR, ARG o RAETOMURYA dferd Savl, sufdddiel aeqrrr
Bl X T ARG gl AUGSMe AR T W@as  qrdRond  XgoarEn
AFAMESGR gl fRRIEAT el R, AT Siiaqriia Agw@yul [oig gor &1 89,
b AR, AT 8O g8l g HIaredl, o= Jdredl g UdiHar gl
HARETUHE S Feild BRI SN, FAFT, =1 G AAIEBRI] Tarear TR
HATSITE IO HRUGATS! fdbrarear Ulshamed Afgelel FeqnT a1efdul Jraedd
31TE. Afell AMATHRIE BI0TR Socte F&lld Bl Alel GRITIAT  HerHIHRoma
IET e HROGIHRAT MG Agayol uiael Iactell el Rd. W& Yol
RIGUATHRAT UG THIRUYd g Y9qyd  Femda—fefHasa  fdeaes
DIIST 1994 IMMOT Gk HRIGT 2003 IUTL 3fTed. dod Heolredr fReromeir
faRly AT =rAfdedr WA Sfed. Hes 2001 W1 Joltid 2011 A AR
AR YA 11.79 IR geg] Sl 378, brared] el Afeet = wia=y g
RIS aTTaReT Ui ®Td a9 BArT SHoN R e o erfefduarare
HTS FAQUITT ATel 3MMed. BRI Uo7 S A R BH WHRA  DIAH
fEArR gfddgd PHrRIET 2005 I AR, AT BRI Ydd STegrd dReT
SIfABT—AAT AHUITT ATet M. T FUied AR T RIeRrar el Hsrar =oE
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BIIET T8, AT FREADBRAT ISl 31 BRI AR 3Med. YU Had BRI
IRATT IRGA ATeAd ATEl, TR T BT YTes 810 &1 JMaeTd e, IS
AT Y ki FAHRICHD [daR B FAR Iid AN, AT Fd BRIE
qTe™ ARTITIGR T4 U ST, AHIfoih gaeed REg SIRd SiRd
HEINT STEL. Sl & FATSI] e D el 3d. A0—AT Bl FeRUITH R
arTSTeaT Afgerrear RedIMed GURUIT HROT e 3MTe. ATHRAT ATITAT IRIRIT
St IIo[ell SgA T AFadrEre] gied WIbRIEl ANl
e

2. Crime in India, 2018, Statistics volume — 1, National Crime Records Bureau,

Ministry of Home Affairs.
R. Census of India 2001 and 2011.
3. AR, Seig (2012) ‘AR AMGMOGR — SIoid He U4 U FaweIy”

IfaepR gfeeterd, feEdieqed, gy
4. AR, YHRT AR (2004) “AZAT Ud I OB & AT A-E, JR-T

5. SURYME, UH. Wl (1997) " AMh 994 39 Sfear’, A ufedame™, =
faeetl.

6. ARR, PV HAEF (2000) “WARRR YRA H AFAMEOGR’, M Ui
g4, g el

7. W, X . (2009) MR FHIS AT AN FHART', fUUsgR 3Hvs .
gfeeterd, ARTYR.
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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. |. 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.

P S S
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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: 145°C

Molecular formula C17H12NOs Molecular weight: 342

IR (KBr) in cm1:3045 (Ar,C-Hstr);2937(Aliph,C-Hstr);1787(C=0str);1651(C=Nstr);1596(C=Cstr);1311(C-0
bend);1263(C-N bend);1028(S-0 Asymmetric str);981(S-0 symmetric str).

1H-NMR(0) : 8.27(d,2H,Ar-H);8.11(d,2H,Ar-H);7.66-7.68(t,1H,Ph-CH);7.58-7.6 1(t,2H,Ar-H);7.60(d,2H,Ar-

H);3.87(s,3H,-OCH3). Elemental
analysis for C17H12NOs (342)
Calculated %C=59.64 %H=3.50 %N=4.09 %5=9.35
Found  %C=59.60 %H=3.48 %N=4.02 %5=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: 235°C

Molecular formula C23H16N2SCI104 Molecular weight: 451

IR (KBr) :3030cmt(Ar,C-Hstr);2925cm1(Aliph,C-Hstr)1710cm-

1H-NMR(0) : 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,0CH3)

Elemental analysis for C23H16N2SC104 (451.5)

Calculated %C=61.12 %H=3.54 %N=6.20 %S=7.08 % C1=7.86
Found % C=61.05 %H=3.50 % N=6.18 %S5=7.02 % Cl1=7.78
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HSC_O H3C
%
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0 N\ Vi
—_— 0 C|-C5H4'NH2 N\ N\@\
—
N Et-OH(Zeolite) a
O2
So,
2a
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 HSO4 confirming the presence of (2a). It showed absorption bands at 2925cm-
1due to Aliphatic ,C-H str;1710cm-1due to C=0Ostr;1639cm C=N str;1035-1025cm1S-0 Asymmetric str and
symmetric str 690 C-Cl str similarly 'H-NMR spectrum of 2 (a) showed the following chemical
shift(0)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,0-CH3) Which tallies with Molecular formula of target
compound 2a C,3H16N2SCl04 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. Compounds %Yield Melting
No. Point
(in °C)
1 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4-methoxy 60 235
benzylidene) - 5-Imidazolone.
2 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4- 65 290
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nitrobenzylidene) - 5-Imidazolone.

3 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4- 68 220
hydroxybenzylidene) -5-Imidazolone.

4 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4- 62 310
dimethylaminobenzylidene)-5-Imidazolone.

5 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(3, 4,5tri 64 170
methoxybenzylidene)-5-Imidazolone.

6 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4- 69 230
chlrobenzylidene) - 5-Imidazolone.

7 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(2-nitro 69 210
benzylidene) - 5-Imidazolone.

8 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4-hydroxy3- 70 160
methoxybenzylidene)-5-Imidazolone.

9 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4-benzylidene) - 63 195
5-Imidazolone.

10 | 1-(4-chlorophenyl)-2-(3-sulphoxyphenyl)-4-(4-furanylidene) 65 200
- 5-Imidazolone.

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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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
Em-electron. For a molecule with n = 2k atoms the total Emelectron energy can be shown to beE
=2 Zif:l/li where Ai, 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 ¢(vi) is the color of vi, then

ajj= 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) <
\2n(m + mc).
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 K, , is a star graph of order n, then Ex(K1,n—1) =2(n— 1).
5. Theorem:If K, n is the complete bipartite graph of order n + m, then
Ex(Kn,m) =2(n + m— 1).
6. Theorem:If Cy, is a cycle of order 2n, thenthen Ex(Czn) = |3 —n/ + 1 +n+X20t |14+
cos(mm/n)|.
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). Thendl > A2...... > An then Ec(G)< 41| +/(n — 1)[2(m + mc) — 21].
2. Theorem: If G is a graph of order n, size m and A1max is the largest absolute
value of eigenvalue of the color matrix of G, thenEc(G)> (2(m+mc/A1max)).
3. Theorem:If G is a colored graph of order n, size m and mOcs the number
of pairs of non-adjacent vertices receiving the same color, then

V2(m + mc) <Ec(G) <2(mtmc) .

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 oo.

* 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 o 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 oo, 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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« [fa 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 co 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 oo.
2. Ifan 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 cos then the corresponding graph is the star graph or cycle
graphC3.
4. Ifall elements of RHBCM of planar graph H are oo then H is the perfect HB map.
References:
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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 Godel, 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 ‘v’ for disjunction, ‘~’ for
negation, and ‘A’ 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 x = 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 x A 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 Lukasiewicz logic, which is its extension by the
divisibility axiom (BL4) [12]. Like in Lukasiewicz 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: (TL1), (TL3), (TL4), (TLS), or (TL6) of Theorem 1.2.8. Note, however, that
the Wajsberg axiom (TL2) is not provable in IMTL, and adding it to MTL in fact yields
Lukasiewicz logic.
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THEOREM 1. Lukasiewicz logic can be equivalently axiomatized by adding any of the
following L-provable formulae to the axioms of BL:

(= = =) > (p > ¥) Converse contraposition law
(p=>P)->P) > (- 9) > @) Wajsberg axiom
P &Y < (g - ) definability of &
(¢ =) & (e &—y) definability of —
AP o a(meVY) De Morgan law
P VY o (= Ay) 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 x in A is called A(x).
DEFINITION 1. A’s height, abbreviated h(A), corresponds to the upper bound of its
membership function’s codomain:
h(A) = supfa(x)jx 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 x is strictly positive). To put it another way, the set is the
support.
supp(A) = fx 2 X j a(x) > 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) = fx 2 X j A(x) = 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) =fx 2 X j A(x) > 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.
S. 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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