
Minutes of the meeting of the Departmental Research Proiect Monitoring Committee
(DRIMC) held on 16.01.2024 at 10:00 am in the oflice of the Dean Faculry ol Sciences'

llniversitv of Jammu. Jammu.

PRESENT:

1. Prof. Anju Bhasin
2. Prof. H.N. Sheikh, HOI)
3. Prof. Kamal K. Kapoor
4. Prof. P.K. Srivastava
5. Dr. Monika Gupta
6. Prof. Satya Paul
7, Prof. D.S. Sambyal

(Convener)
(HOD Chemistry)
(Member)
(Member)
(Member)
(Special Invitee)
(Special Invitee)

Item No, 1: To considei: the progress repot of Research & Seed Grant assigned to the

following faculty members ofthe Depa(ment ofChemistry:

(i) Prof. K.K. Kapoor (Rs.2.0 lakh)

(i0 Prof. 11.N. Sheikh (Rs 2.0lakh)
(iiD Dr. N4onika Gupta (Rs. 2.0 lakh)

(iv) Dr. AshwaniKumai (Rs.2.0 lakh)

Resolution: The faculty members presented the progress repof before the commltlee members

and submitted the hard copy of the same after the discussions and delibelatiorts

l'he committee members were satisfied with the progrcss rcpofts of all lhe

projects and appreciated the scientific outcon,e. especialll'the sanction ol projecls

by JKSTIC (Pfoil K.K. I(apoor, Prof. tlN. Sheikh & Dr. Ashlvani Kunlar) and

subrnission of SERB-SUl{ti Pfoject to DS I', Gol by Dr. Monika CuDta

ItemNo.2: l'o consider the request ol'Principal Investigators (Pls) to extend tho dare ol-

submission of fi Dal utilizalion ceft ifi ca1e.

llesolutioni I'he Principal lnvestigators (Pls) requested to extend the date of slrhnissi.'n ot'

tinal utilization cenificate by two months, ie. March 20, 2024, to enable the Pls

to spend the unutilized grant. The DRPMC resolved that the request of Pls bc

kindly considered lof extension by the Deall Research StLld;es.

The meeting ended $ ith a vote ofthanks.

At",-'bl"

')5F-



office : 2453969
Universily 2435248 \Erfenson

2435259 t 2617.2618

Post Groduote Deportment of Chemistry
University of Jommu

(A+' Grade University- Accredited by Nr'|r''C )
Bobo Soheb Ambedkor Rood, Jommu - 180 006

No. PGDlCheml oqted lS-ol-Yo)'V
NOTICE

Due to unavoidable circtu'nsta.nces, meeting of the Department Research Project

Monitoring Committee (DRPMC), scheduled fbr 15-01-2024 at 4.00 pm. wiil be

held on 16-01-2024 at 10.00 am in the Office of the Dean Faculty of Science to

discuss progress reporl ofResearch and Seed Grant assigned to following faculty

members ofthe depafinent of Chemistry.

l. Prof, K.K. Kapoor
2. Prof. H.N.Sheikh

3. Dr. Monika Gupta

4. Dr. Ashwani Kumar

The concemed faculty members are requested to submit and present progress
report in the meeting

The members of the DRPMC are request to make it convent to attend the
meeling.

1. Prol Anju Bhasin (Convener)

2. Prof. H. N. Sheikh (HOD)
3. Prof. K.K. Kapoor

4. Prof. P.K. Srivastava

5. Dr. Monika Gupta

6. Prof. Satya Paul (Special Invitee)
7. Prof. D.S.Sambyal (Special Invitee)
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Prof. H.N, $heikh
Head of the bepartment

Copy tol

Proi Anju Bhasin Dean Faculty of Science for infomation please



Posl Groduote Deportment of Chemisfry
University of Jommu

(A+' Grcde Univercity- Acctedited by NAAC )
Bobo Soheb Ambedkqr Rood, Jommu - I80 006

No. PGDlchemE\[ 1) -1\ Ddred_LL=:!L:,L!-
NOTICE

As desired by Dean Faculty of Science, a meeting of the Department Reseaxch
Project Monitoring Committee (DRpMC) will be held on tS_Ot-ZOZ+ ut +,00 prn
in the Office of the Dean Faculty of Science to discuss progress report of
Research and Seed G.ant assigned to following faculty members of thc
department of Chemistry.

1. Prol K.K. Kapoor
2. Prol H.N.Sheikh
3. Dr. Monika Gupta
4. Dr. Ashwali Kumar

The concerned faculty members are requested to
report in the meeting

The members of the DRpMC are request to make it convent to attend the
meetmg.

l. Prof. Anju Bhasin (Convener)
2. Prof. H. N. Sheikh (HOD)
3. Prof. K.K. Kapoor
4. Prof. P.K. S vastava
5. Dr. Monika cupta
6. Prof. Satya paul (Special Invitee)
7. Prof. D.S.Sambyal (Special Invite€)
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Prof. H.N. $heikh
Head of the Department

Copy to:

Prof. Anju Bhasin Dean Faculty ofScience for information please
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submit and present progress



Progress Report of Research & Seed Money Grant

Amount Rs. 2 lakh

Received under

Quality Assurance Fund (DIQA)



Progress reporr of the proj ect entitled " Desig ing of tecyclable ritania based natrcmateriars
snd thefu applicqtions in slnthesis of hetercc.r,c/es" supporred by research & seed money gra.nt

assistance, cost Rs. 2 lakh. for formulation ofresearch proposal rnder eualit,v Assurance Fund
(DIQA) ofUniversity of Jammu, Jammu.

This project has following outcomes:

l) Research & Seed money grant assistance helped in the procurement of chemicals for
ca ying out primary research proposal investigation.

2) This glanr was further utilized in the preparation of recyclable titania based
nanomaterials.

3) First ofall undoped Titania (TiO2) and Copper Nickel co_doped Titania (Cu-TiO2_Ni)
are synthesized using a straightforward co_precipitation melhod. Finally, polyvinyl
alcohol and copper nickel co_doped titania nano_composite was prepared. tt was fully
characterized by various chalacterization techniques such as FEG-SEM, HR-.|EM, FTIR,
TGA, XPS, XRD. Elemental mapping, pL, UV. BEl.etc. FEG_SEM (!ig. t) indicares
morphology as 3D porous architectures. HR-TEM (Fig. 2) indicates average panicle size
to be 17 nm. EDX and elementai elements indicate the presence of different types of
elements present. (Fig. 3)

FEG-SEM images (Fig.1) HR-TFM images (Fig.2)
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Fig. 3: EDX and elemental mapping
4) Applications of the developed catalyst were explored in the synthesis of heterocycles

such as 2-aryl benzimidazoles (Schemel) & 2_aryl benzothiazoles (Scheme2).

Schemel: Synthesis of benzimidazole derivatives
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Scheme2: Synthesis of benzothlaziole derivatrves



6)

Sythesized products were also characterized using I H & 13 CNMR, IR studies.

Anotler application was studied in the optical propefties of the developed catalyst. The

results showed that the addition of Cu-TiOz-Ni to PVA improved the mat€rial's

Ultraviolet-visible spectroscopy (lJV) absorption propefies. The nanocomposite's

photoluminescent activity was evaluated. The photoluminescence (PL) spectra of the

PvA,/Cu-TiO2-Ni nanocomposite indicated that when tlle sample was excited at 425 nm,

the emission wavelength was axound 665 nrn (Fig,4)

n.rr.!SliM)

Prepaxed catalyst was found to be recyclable for five consecutive runs what made the

process cost-effective and fall in the domain ofGreen Chemistry. Recycled calalyst was

also compared with ftesh catalyst by using FTIR (Fig. 5)

Fig.5: Comparison of fresh and recycled catalyst

Papen are published in Intemational Joumal of Repute such as in Applied

Organouetallic Chemistry, ACS Sustaindble Chemistry and Engineering (Accepted),

7)
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9) Research and seedlmoney grant assistaoce also helped in preparing a complete research
proposal.

Objectives arrd resFarch methodology followed during this research proposal helped me
in developing a cqmplete research proposal and which I submitted to fi[ding agency
SERB-SURE arnormting to Rs. approx. 30 lakh in 2023.

Thanks,

Qs ot.1Y)

(Sr. Assistant Prof)
PG Departrnent of Qhemishy,
University of Jaruri!,
Jammu.



LIST OF PUBLICATIONS

INTERNATIONAL

20n

1. Ankush Mahajan, Monika Gupta, .,pVA and copper nickel co doped titania
nanocomposite: Designing, characterization, optical properties a{d catal}tic applications
in the synthesis of aryl derivatives of benzothiazole ati benzimidazole,, Applip(l
Organometqllic Chemirtry DOI:10,1002/aoc.7lgS, 2023, eTIgS [IMpACT FACTOR:
3.91.

2024

2. Ankush Mahajan, Ankit Mahajan, Aleksey Kuznetzov, Monika Gupta, .,Cu@Ag-

CeO2lChitosan Nanocomposite: Green Catalyst for synthesis of 4_Arylidene_
Isoxazolidinones & Amidoarkyr Naphthols with DFT and Antimicrobial studies,, .4cs
Sustainabte Chemistry and Ehgineefing (Accepted) UMPACT FACTOR: E. .
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DEAN RI'SEAIICI{ STLJDIES
TJNIVENSITY OF .IAMMT-]

. - r - 1o-J€
No. l)ltS/221 1- ( j e

o!1rd:;LP+2!>l-

.ll I {eads, RcctorsiDircctlr:.
Inir.eriitr' ol' Jamnu,,latnnrLt.

.r'f: -
r6.09,r!22.

ir \ladm.
ou af!'requesl{d to apprise the litculll.' nrr:ttlbers of )out Dcprrlmcnlll)irctkiri"doll'ilc (-amplts

I ud \eil lil.mulated Rescarch proposals ro rhc Assistonl l{cgisirar ll{e:ea|cit lnd ,\wardl lor

rnsideration oflhe Autho.ilies. lalcst b)'2;.10.2022 in rcspcct ol lbllou'ing: -

!t. Seed Granl {or Atsislanl P/ekss!,rs:

"Seed Ofltttl r]r rcsetsch shatl ha pt Nirel frorrt tloJ&F ortb- to Assisls'l' Pfttfessort '"t'
*t,1 4;perience uPlo Jitc !.!trr lro rtt tlulr ofiItiting in llnittrtit.t ol Jatttx'' The lssislunte

sh.tt! ht! to lhe lu,te of Rt' 1,00'{}00/- for lacult.l of Scien${Lile Sden'?s/Mdhematitol

Sciencet oral RJ. 50,0/)0/- lotJtak!l-, frot t slrcnms otlt!r lhun lhosc nt'nlio"c" lbov, lo he

tpenl in one laur, Fwthe\ lo rlr/r lltt \?41grurtr' tllc Attisutrt Prof?ssor shttll ,t requit'd

t{) suhfiil publicalio s ofatl?ttll la].l &r.!e.teo.s iloni lrith tat/be. CV rn.l,he prol}t's'tl tr|
retegrch."

b. Rtsesrcb & Ste,t ,lssociule Pro[ersor
(.r,]'ercin' af ktmm :

Reseorch Grunt shall hc troyilcl to nla.facaltt nrmh?rs 0s ,er tltt ftllon in!:: -

Fa&14 oJ ScieYet: Mnxirnum lifttit - lIs.2,0A la. (Per '4ifium lbr euch selecte.t ,a/t.rrt)
t,\:ulq' of .social Scietrccr: M.Ltirain litnil'Rs"l.s0 k,. (Per Att,tt rt ttt tuch selecl..l

O/hcr Ft,.tlliet: M&tirttm limil - Xs' !./)lt bc (Per,anrturttJt ench s(lrd!l ,e^os|\) \ al. \ - . .,. ,. ^. !Iiu:\:.1#'-
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RES EA RC I{ ARTICLtr iiiill':''" wtrev

Thc pepor {rx rDnres thc pfolotlies rnd potunlial applicalions ofa narocompo-

s:lo rnxlcrit conposcd ofpoly!inll rlcohol (PVA) rnd coptct nickcl co-doped

(i.anium dioxidc (c :::i0rNi). Th. $xrc.ial \t:rs svnthosizcd using a :rlmple

plu:ipilalroo process. irnd its prcpedics wera chilrilcterizl:d usin.q vxaior$ ana_

lfliljlll tech[iq es. itr!]uding po*dor x-rlt)' dirrncticn' 
'ouricr 

lr.|rslolm infrn-

red specltoscopy, lherrnogrrlimetry :rnnl]'sis. iield emission scanning eLcron

mic,o!,ir)ty, and ligh.rcsolutjon lunnelling clecfon inicrosctpyl Brunau{-

trmmotl-?eller (Bl:?) luikco urer |!l|s invoslig.llod. Tllt losults showcd thal

tho addition of Cu'fiorNi !d I'vA iflprovcd t:lc mnteritls ullraviolet_lisiblc

srlel-lroscop! IUV) abso.ph(rn propcnjirs. Ad.liridrailv. lle ?vA.icu'Ti0t\i
nano.nmpositc mrlerjal arhibi!€d potan(ll fot use in a ranlic ofapplicalions.

inshd;rg cr*:rlysir. lls lliliry i slnlhcsizifig ar)l dtiva[ivcs of be&othiazo]e

anal bgnl|l1idiizl]:lrs. which $! cruci.l :11lermeriixLs io Le ljne chenrical'

:tBrocbcmicrl, ilnd ph'ltlacculit!: itldusla:as rnd matcriirl scjcnce.';l ! cval$-

nlcA- ft \,ns forrd to ottet sevcftrl udvnnlagcs, incl|L(lirg t q!:ick rercliol tim'.

simplo \rorkup, dnd good lo cxccllcnl iiolated yitidr.'fhcs0 elitrdclerls{i.:s

nrtrke *lil pfolocol both practicxl lnd rcono*ically nnriglring.

2-aD't t$zini.hu otc, ]-xryl bcnzdthilz.lc, eoPF xnd niclicl' Dopcd tilania, l'vl

of polllrlcri. urnocomposiles.''' Sccruseo[lhcar.biliq'
lo conbi . thc bcrrcfils of 9o:yrncrs xld lillof cornpo

cuLs. polyncr-bNcd nanoca'$posiics hxvt lcccived a lot

ol aucrrtion.'' " llccauso ol lheir oplical, clt.(ical
rrruhr.rr.rl. rrr.r n g tr-( rrufe'i('. r,,llmcr;j r:J)o

romposito; livo n wid{ iangc ol-lpplicrtir;ns-"' "
Polyvinyl alcolol (PV^) is a \raler'loluble ply]l}c.

wi$ numefous tcchnologic l, Fhxrmateu1ilrl and bi{f
rncdi.:rl rppli.:allorN-- " 11 is I iynlhetic po]]:ner lhat

un bc uscd in rrno.omposites .rs rl'speis.trtt ot

PolyVinyl alcohol and copper nickel co-doped titaaia
nanocomposite: Designing, characterizatio^, optical
properties, and catalytic application in the sSmthesis of aryl
derivatives of benzothiazole and benzimidazole

A:rkush Mi*rajan I Monika Gupta

De!xd$cnt of Clnrr is1ry, U ni!.!siry or

tbnill O$tr!, t.prnnerl ol chcn$rt.
I iiv.r sirr of JnN.u, J.d!! 1s(r|,.,,

Irnnnrrnd Kaslhir.lnnii.
Irni:li !r trrLr.t.f117rO redi$ rJil io[i
a'doritig.rihOir..ft nrit.d!.r. nr

1I]NTRODUCTION

NanocrJuposiles are a ncw typc ofctmposile lh.tL co laln

x! lcirsr or(: phase \ri1h dimer'Jions rangirlg irom I &)

100 rrrn.r-: Nanoco}rposites hr!! gnirrt.l signilil:rm!

rttcnli{}n duc to lhcir impluv]rd nctiant incc chzlraclcrls'

Lics conparcd wilh Lrudilional comlositc ix|1!!irls.r-/
lhlymcr nandjomposilcs sho\v lnlmcnle polellllill ds

Ii.ehrweight f|rnctiullll in.tlcriel:i for {hc lu1!irc.' "' I.or'
ganic nnt1otillcrs nrc nlw widoly used in thf lrb.itrtiul

rrtl u.3drrr.r !r,l,n 1]:r!;:ej
I (inir]o'.;!il. rur.l,p.1ie5

{,ir\.:rl,:lilrrj :.,r.1...;.'r'l !. L:r r.:. wrt.! r srs. nn.



biriicr.j'' r' :'v.\, whcn u-.*r.1:t1 a dirpcrs:lnl, aids irr lhc
c\,cr disribulion of nanolurllcles wiltl[ ! malrix m {c-

rial suah as pllstic or resin.! PvA. as I binder. !'nn belp

b hold nrooprliclos bgcllrcr in{l improvc the olcrirll
srrenglh aftl prcp!(1e! of lhe nanocornp{rsi1t.r'J1 PVA-

hxsc{l nxroconpoiiLs havc bcen int.rili:lal||l for i var:-

ctI ol irpplications. includirg caLllysis.'' J'

Tilirniuln oriidr, af !il3oia. is r subsulcc th:tl hi:pp!!s
to c,\:sr nilrirlly. lt ir. whilt, ll.ivou.lcss powctijr that ls

iLsaiublc jn most acids .ind wa!r{.r'r" lltaniit is { popu

lir maleriNl us.d in mnny difio:ctl upp:icirlions. includ

ing UV prctecljur.'" s.ll'cl{a i g suriaces.'' $llor
trcdmcst," and ds Nn aclivo innrc.liell in pxinb- ao:rl

ings. rrrcl ccnmics.lr-:itania is i pholoci!:rlys! lfhich
In!:nx it rlry spcod up chtnric.rl pfo.essL\ Nhcn e\p.,i.d
10 light. ln nroy dlllilrenL scclo6, ilrldirrg papcr,*
phsrics. and L\:rlnelics, it is cxLonslvcly utiliscd as a \\hilc
pigrnent.i'a'' Morcover, tilnl}lum is r6ed as a etalyst ir .t

lariely of alrrmiral processes, inch.tdilU photo'Irnlal
rexcrlol1s,'l hydrogcnalion." and scletaivc oxidnlion.'"

As a cnk!)st in lhc malufxcluring of line clcmicals tr d
lhe pud,ication of exhtxst cnissions. flo, is usctl t(r

selocti\,cil orktisc alcohols, !rrnirrg th.I]1 into iLhi.lirdes

lnd kctones. " ' Mo|.ovcr, i1 stfvcs iL\ ) txlrLllsl in lhe

marllrf:tctLrre oi lrydrcgen fucl eclls tnd llo biofo€l con

version ol biom:Lss.'r'!r

Doping a melal :s rhe process oi lddiog irtrpur;lils t!)

i! in oftlcr lo ch:rnge ils chafeclerisli{:s,! 'r Mclrls char_

aalarjslics nlay be enhancod LLsing il tor a vlrisry {Jf pr'r.

poscs-!!J! Dopirlg, foa inslantc, mrJ br uscd to inc|riisc
ru rrorat'J co:)ductivity lirr irsc ln rlcclricrl d!!;ccJ or rls
oplical chrrnctcrislior tor us. in opticri dovic{:5."" M.rro

ovcr, rcw cl€carical tnd o!:icnl .harlctclisici lhxl xrc
no( l{t:Jcnt in thc undopcd metal mxy :r .rcnted by dop-

irg.or'o'11 is also crucirl to rernembcr lhsl doping mry tlc

|Lsc.l to modif] t!! {:orductilit of nonmelals likc s.mi
c{rl]ducrors.''' lhc c.ralltic }cliyil), .rl I1lelals ilnd n!li|1
o;irl.s is also enh ced by doping.'"" :1 nrelrl or

nlflil odde n:Ly hr\,e ils elrc{ri{:rl sliuctLtfc chitrrgcd b!
dopiig ir $,irh addilional clelnon$, Nhicli crn rhcn rltcr
thc nrdtcfi:rl s calnl!1ic rclivill.''" Tlhnir (TiOr).loPhg
\\'irh nrlr{l iolls lii<c iron, nickci, or loiralt is oirc

inslaucc.(t ?'Thc photociulylic tclivity of l'ior nr y be

irlcr!.sed rs a resull ol lhe dopants'crcnlion ol additiorrrl

tclivr siLes or il! st|flace." A l1laxt durilble sLrrlhcc lblrl
is lc$s ptunc 1() sinlsring o. d."clivnli1,l uuy bc prcdrc|d
llrrorgh dopirg, which can also bc nlilisld 1(l intfcrt!
L " r,rh.lrrl ',1 .r.,1).1.. ll' BJ.,(r,. rrr- .($ ' r r
siLcs thrt uc sd(lLjtive for crrulir kinds of rerctants. dop

i!l:l my also bc lrrililcd 1, modily thc selctrili.' oi eura-

ly*s ibr particultr plrccsscs.T"i
C:rl:rlFis phys x vital rr-r1! in many ar.eas:' f? inctud-

ing cn|]rg) ptodlclion. cnvirorn.n|nl rcmedialion.'"

xrd ph.LrmacLruticirl syntbcsis-t') 31 ll onirbles n1(}ft elJi-

cia:l| und srLshirl:tble glrrmical trall:;iofrnnlions by

rcdnciog eneryl consumplion, jncrciLsing aurLl,on Ialqs,

and irrrpror,ing scl:ttivi ty.3r "i cthlysis lor c c ci{ru_

pl;rg rc crions rcfefs to lhe rrse of L?1alls1s lo fitcililak
rhe formr{ion of c.rbon..ca.b.]r1 btrrcls. C C co$i$i:r:
rc4ction\ &t crucarl i 0fgillric synthcsir Ns lhay nllolv
lhe rolstrueriur of conplcr organit untccLrlcs. ll :s

.xtroncly lrcqucrrl !o find |ot ro.).elc skelet.'ns in
r anf llitLural praducts, such as ph:rr*race*ticals.' A
grdul of slbslanaes known xs bcnzothiitzolcs incllrcies

th! thlmical mol.eirlt 2 phenylbetrzoldlLhiitzolc.': ll i\
mrde up of r phe yl group, a six-memtrored ritg vilh
onc riirbon ir()m,:rn!l i benzoldllhiarlle dng, e n!c-
ncmbtrcd ring wilh ono sLlpbur atonr.n"r' ft is ;r {lexi-

b]. rn(trcrlo $'itir t vari.ly ira possiblt usos.'' ll is 1r

llcriib1t) ]nolecule wi{L n v&ricl! of po$siblc uscs e.g. ln
organic clcctronics xnd oprocleclroni$. i.o. jrt llto aae3

oi orgirric field lffcct transislors'! ertrl orgr i. lighl
cI rrrr ,i, .lirJ..' lr L.' rLLn Jmpl").0 ir. d .cnri.Ji)
dultor nulerirl in org:ltic ficldcilcct lransistors sinc! il
wiis dis.ovcrcd 1o hnvo slrong clectrcn nobjlily. S;]'|cc

iL hiL! bccn clisco!.roll to h c a:r!ica:rcer'"r"r properties

in rcrrain srudies and lo li.lrnl lhc proliiefatio:r ot
.;:rcr! r!lls,e' it aiso ha:i prolpeiJlile Llscs in nledicinit

The dr.Inic.rl lnolecuir -2'ph!nyf ul'bel]zoldlimidxz-
olc (l)lll) is a orcmbcr oa &e imidnzolc cl[$ ot
lu s.rn..\ lL .\ rlal( -l of a phcr,)l;ruup..t .;\
nrnrt'ored ri.r:l $jlh onc carbon atom. und a bcnzolll]
jnri.iaroL .,rg. r fivo membcr€d dng wilh lwo nilrogen
xt(nns." l,l]1 an.l ils dcrivrtivos !ru adxplxblc a{bslarccs

wilh scvoral pL'ssiblc uscs. ll l$ !o.rl reserrched borh

lls.r Iig.rnd io the li( uclior ot rreul nanopatlicles ard
ln thc arcx ol ;r-l'lnnrolric calalysis. lt has bten discov

{rcd Lhat lttir ligiBd enhanecs tbc cnantioseieclivilJ tnd
catrlylic .lclivil.}. ol csrtain procrsses due to i!s clealron'
dor|rirg chrr ircrciislits. Optr)ciccforjcs xnd oryrnrc
clcctronics p.ofe(ies l,f th. mrlcrial havc b€cn

c-rpl;.td." 1n oqaric solar ctlls, orrrnic Iitld-.r.ct
L|.tnsistors, rn.l orgxtric lightcmillnrg diodlrs. PBI hrs
bccn lmploycd .ts )1) .rcrivc jrgtldlcnt.'Jr'': In p!'Iovsklts

solir cclls, l'Ill hirs irlso batn ernployed i\s:t l:olc

lrarstortinli substrntc.'" Duc lo lheir clrparily lo inler-
iicr with lridogical systcrns and prospecliv! lppiictliolis
in m.dicirrrl chemisl+.":|' rt!), :rre xlso beiog

tuscirchcd r\ possiblc dfug candir:al.s-
\'lolivatod t'ry *r.sc ircLors. wc h.rcil report thc

synthcsis and chrntlfrization oi I'YA and copptr
nickrl co-dopcd lilrtia {Cu-TiOr 

^";) 
|1:r*{Jcomposilc Anri,

rhcre ltcr, lhelr .rpplicdtion :|li a nxnocltllys( in thc

slnlh$js of !ryI dtrilaliles of benzodlazoles lnd



2:EXPERIMENTAL

2.1 | Synthesis of PVAICU-TiOr-Ni
nartocomposite

2..1.1 I ?rcpara{ion oI Cu-TiOr-Ni

llrre, undop.d Tihniir fTio, xnd Colpcr Nickci co dopcd

Titania (cu TiO]-Ni) art ryrllhcsiscd usin.q d st|.jghlla.

wId copecipila(ion l11tlhod. llldrolysjs of Lhc i$lrofo;
idc chain wls .rccomplislrcd b! addirrg llrc propcr amomLs

of $alcr. '\t a snrtinq precursor. liloc I l(Ct tr)rll tilanittrn

iw) isopropoxidc wls usxd- lo dissolvc 5 ml, oi TilQcll
(CIt )rjr, li]orni- of iso:''opyl alc'oirol {C Jicl:Ou \\t's

usu,rlly uscd- Tl)r Ti0r precrrrsor solrLim w:rs rddo.l'

rl g lvith 4't CuCl:.tnd,l,i NiCl). artd thc nrirlrfo was

coDliruous\' slilrlJ al l|)r,m tompcrit!(rc lbr i h ll,lll
hlLudrcd nilLilii rcs cf dc iodz.d \valcr wcr. r!.uplly ndd.d

to th. slock solr'li(nl atlrr slirring. The *sullnrg solutron

was ltged for 3 !. lenlrifrLged. dnd rep€aledly washcd wilh

clhanol r d deio.iT-.d wale. :l \vtls lher . lowcd to d.r'.. al

r-lro lonrpcfalurc ovemight. Aftel-txtd, Cu TiOr Ni ntt o'

pu(icics wer! ca(jiiltxl whllt lit po\\d€r wi$ hci{ed aL

450"C l-0r 2 h in I mumt luI:lace.

2. t.2 I ?fcpal.alion of PVA a d Curl'io2-Ni
narocomposile (PVA/Cu-TiOr-Ni)

Cu Ti()r\i nanqunicles (i00 mg) \,verc inili:tl:: dis'

poaed in 100 nll of dcionizcd wrlcr lol a |l"w in!:tts

usi g sorilrdon. Ihey wcro lhtn forctftllly rijilale{l lbr

I h to xchicvc r tri&iltlrl srtspal:sion. ItVA rqutous solu_

r:!rN (s m:.) rvith I Cu TiO, Nirl'V  wsighl rnLio of

L.l r50 $crL .hcn ,JLlJ.l l,' rh' C- lr('r \r r.r:lr'r'i,r's.
followed by t h ofmagrrlJtic stlrrirg *l room rcmperilLrde.

lollowing ltul. 5 mL.felhanol wds progrelrirely addcLl

o $e mixluac,'fhe phrsc sepnralion haiplrrs when e*ia-

nol is &oarped. Tlrt snmples wcre washcd nrulliple !jrnes

wilh clhanol Lo .cmov. exccss IJVA bclb:'c brin-ra dfisd

undor vilcirum :rt it lbicrrl tcnlpcrrtufr. fht dr'cd l']VA

co:ircci Cu TiOr-Ni ll :lofarLicles $'trc tiren ther|.rllJ'
Lre}led in a rrulllc ltrnacr al i80'C lor 2 h-

2,2 I ?rocedule fo. the prep:rration of
2-ary1 benzothi&zoles

'\ mi\Lurt oi 2 lllblltErlol (i35 lllg, l 0 mlrl) turd berz'

ltdchld! {106 mg. l.o Inrrxrl) {nd IVAIU|I-TIO]-Ni n.rlo-

composile (10 mg) was muglotitally m;xctl aL 60"C for

fte appropriate 1t:le. Thlr l.r.:r chronrlography was

used lo monitor &e progrcrs oI th! ri]:tclaon. ,1liar

:.i.::i::rr" "-Wr lev
corr\picrioD, llc rtilcliot is qt0nchad with wilLer. and thc

r$tll! r1l solid prudLrcl wrs litlered dfied' illd .ecryslrl

liscd lyirh Ltlranol llllotl) to yieid conrpoun.ls

2,3 Procedure for the prepar.tign of
2-ffyl bcnzothiazoles

.\ nrirtur. tll l.l ph.rlltncciia ine (103 ng, l 0 Itrlol)
and Ljcnzirldrhydt (106mg. 1.0 ntmol) in fielhanol
(3.0 lrlI.) wrs nri-{od. nd I'V,\lCu TiOr_Ni nandcd:nlo'
sitlr (10 mg) wx! added. Th. rritction s'iis itgilltLed for in
adeqi:al! rmounl of lil'r. :rt 80'C. Folld!ing lhe coi]lple-

lior oi lhe rcaciiirn ($ monilued by lhin layor thmma'
togrnph!), the solvenl wrs olapotaled nndcr vitcuum nnd

thcn d.ied to ptovid. crud. proliuct. tvhilh \!.rs purificd

bt rolumn chro rtogHphy Llsin-e hexalc,/ctltl at!$to
rs th! clucnr to ]icld puf! prodr.l!.

3 I RESUI?S AND DISCUSSION

3.1 I characteriza:isn

3.1.1 | louricr lranstorm intar0d analysis
(FTIR)

!ol:.i!: rra slbrrn ;nfuared spe.ttosoopy (FflR) is a lcch'

niquo (:)l}]ploled !o ! nint lhc moleclLlar vif:rllions and

ch.micill composition of { subslancc ln tbc itn:!r!, oi
lVAr'Cu TiOr-Ni nanoconrrosile, iflll mxy be lrsed lo

identify rhe diifuronl ftntti{rnal gro:lp! prcsenl ill lhc

rr:rLlfirl rd |(] ils\css ils pufi(\r- Tit?rnla Pctks llrkld
lrilh fi-(] bonds.tnd vibrtld{rtr ol h}droxyl groups are

rwo ollhs nrost previ\l,rnt pcxks dele.ted in lr:IR spectrx

Thc fl]R spocl* ol LLndoped. Cu'Tior Ni aod PV /cu
TiorNi mrtrri.rls r shown in Flgure I Thc sp.crrom

Jr.'L. nr.nr .n:n"tli('r h:lnJ' $.11, di.linir 'rrt-n\iL) \ir
ll]li{rns. T|. x.cr ti(t'n ::53 cm 1 broad ibsoryljon bund

mry corfcl:rle kJ 011 strclohirll librit{io]]r llnkcd to f:1a-

ri;r s anirl:rs! pl]ds.. Molrhrfc .tl^orpliorr is lh! pfLmrr)

bxsis of lhesc OII bdds. The peak .tL 2921 crrr I lllav bc

a(fibul.d lo Cllr nsynmclr;! slrelchili-c ir I'VA l1rc

abs.ftlion bln.lr sil!:tbd al 1635 cm I are asrtibed lo

lh. C-O and al-C strllrhing modts. Th! txisl.nce oI a

well .i!firred signnl .rL 145E lJin ' con{:rms tllc in|!!-:nlr.rl
of thr n&rp.rrLicles sLrrancc wi1:r lhe O-Il gtuLrps of lhc

l,v^. Moreover, i:re signal rt 1i28 cm I might bc ttlrib-
ut.d () Lht rooftlirrulion of l'VA moi*jLrlos wilh T:O:: sur-

t,,r. T'r. bi -,u|T.-f, l.r,j u lr( CIl r:yrr In-rriL

stfcroling dbrltllon 0mergts at nrctlnd 969.1n ' Thc

int rx.rin.e rbsorplion barrds al 783 oul ' torresporld to

tha strclchiog vibrNliol}s oI lhe C-0-C group rn.l lhe
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ilcxion vibrnliotls of lhe xr:Llasc p:l?${r- lvloraorar. 1hc

absorplloir brnd in |hc,lo0 lo 600.m ' r.rBgr is,s(ib.d
to thc lran\\,crsc optic libr?Lion ol lhc nnnl|sc TiLxniir

Ti-O borlds .ts wcll as trlndi|lg vibr.rtjon. llowcler' no

distincl rbsorptiur band altr;blttirble lo Clr or \"i i\ !!on

This fioding suppofts lhc presenc! ol C a(onrs rn lhc

host Tiiaria malnx.

-1000 2500 :000 l50tl 1000

WeYeirlrnbcr (cm-I)

3.r.2 Porvdcr X-ray diffrac:ior {PXRD)

t:igurc :,] sh.ws lhe X-rrt diff.l.tiot palterns ., .ano

Tior powdc. befoie rr1odilication. The i(]]lo\ring signals

al (r0l), (103).(t)O:r), (112i. (200). (105), (211), (101).

(220), (:15), nnd {22,1} tltnc} confirm lhitl o:: y dre .roa-

txse crystai phasc is formcd, \\rhich conlit1]r! *ilh lhc
JCPD 39-.1921 st:rndnrd. ,\dditloudly, ttc !!aks of C,
and Ni *!rc rot delcclcd o\\,ing 11 lho bw cor)lcol .tnd

irdicltc thc complete xssinilalion of Cu nd Ni. h addi_

i:on Lo rhis, r smnll shil-l:n 2ll i\ obst]1ild in rlr. plart
(101) ol pu.. fior (25.29') rnd Cu. Ni .o doptd TiOl
(25.51"). this slrall shifling tiray bt consid0rcd ils x con

lirinalion llrl c$ atd Ni are incorfori|ted ii: *re crysl,
laalics ol purc li0r. Il may lllo bc concl(lcd thnl lht
lnuorpora,ion oi hoth j{xrs, lhxl is, Clu :rrd Ni. di.l nol

alror rhc crysl.l slruclriru of synlhcsizcd nano-Ti0: lana_

taic) to rulik. trlorcover, Lilg tfyst.rl slrullu( ottryA./CN-
'IiO:-Ni is foL!:d t() bc similrr Lo thrl ofC!:Ijo: \i

'lhe parLtclt size ol &c ilanoplrriioics w:ts crlcnhlt.l
uslng Lhe Dcbyc.srherer cqutlkn"'r:

o.9)D ..-'-.
lJcostl

/l i\ rhc lidl llne *idlh at hxllmnxnnum. D is lho crys"

Lrllire \izc, // is rh! Ilragg s .lillitr.(ion angl.. od , is |l}e

wxrelr glh 1.s406 A.
'Ihe avcrrge a1a of lht l']VA/Cu_TiO'Ni flowder io.

2, 25.303" ;s eslinl ted to b| uould 15 nln

3. L3 : Tl0.rmoglav:metry analysili (TCA)

Thlroogravimclry aualysis (TC^) is:l !i':de:y ulilized le!:h

riqn. lor polyrr.r-blsed rltorornposiles, sp.litcal'y for

cxlmining ltreir $el1rrxl stibilily. The.mog.avimtq_

involves monitorirg tho s"mplo'.! mltss as ir fuNlion ol
tompr.irlu!1r. ThcnnogI?vimelry amlysis of lhc stnthc

sizNd ranocorr|)lxiLr nrilalu TiO, Ni hns bc.r givc[ in

li8uf. L Thc .ul$iis liltds tho degradrlion ol *rc ]]itno

cornposilc wilh lcrnper:rlurc (thc.ral iubility). Thc nalra_

cL,Lnp!si(' ls quilc tubir up lo rl00"C hari g bs! ol o!$
l0r which hxs bl\:rr rccordcd ir1 iwo slcPs ha\ing 3.1% loss

up ro 400"C iurd 7ti loss from 400'C !. 100'C

3.1.4 I Ficld emission scarnirg slcc:]?]l
m;croscopy (fE-sEM)

ljiguf..l showr lht ilekl clnission se.ronirg eicc(Ion

n croscop) ([ES:iM) strd! of lh. fVA/Cu Tio'ili

- 
PVA/Cu_Tio,-!i

_ cu-.tior\i

-Ti{)l
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nlnoc.nr9osi1.. $'hich sln)$'s Lhal lhc pirticlt's hllc ir

spbcricallikr shape, f{orcovcr. llls particLas \tcre r1l1y

rnd {ggl()mcralcd ilr a regulx. pal|irrd. IIc C]u'lior'Ni
trrppld ill LL. polyrncr araLrix,tppcucd rs r h!ir!il!
agglorrrc.{tcd tore of PVf. wilh a shell oi Cu-"f1{)r \i i!
&. S[\1 pjclurc. ]hcr. wls nlso !o loro b.rr.'.u lhc prf'

ti.1cs. IrI] S[\1 cc'nfirns thc nano()mposiLt is in a rirll
mixcd nunnlr and al\o hllps b i:ubslaulir|e ?i I g.rd
crldlsi. Cu-TiOLNi p.rrliclcs wcrc lound to l? t]!:rr rod

Ir..ly bound by PVA, prdviding l! lr::lh surlxcf ilre.r' Tht
strlrcttnl propcrli(ls of Tior (nn bt ;nprcved by th(
i{ccrpoftrtior oi rlickcl and coppef. cxhibiting go.d dis

pc|lion and urilirl,lnily on thr sLLrInc. oi lh. {)bl,lncd

ranoromp.slt! by be.o:ring roughcr and Lnorc poforrs-

Thc syncrgislic eiaects oi pol}.ln.r srpporl irltcrfaccs, torl
!'I1arg! ! osfcr bclweco nol&l n:1!i nd(l oxidc ma]-, laad

to c hxlcad crL:tl]1ic prope|1ir's. Thcsc ltxuop rucl.s

xgqfcgrtc rlr(l eoonoct to e|ch orhlf lo buikl lll torous
archilecturrs, wlic:r is quilt f:r!or.!r:rble iix thc dijTusion

3.1.5 | lDX Jrld clcmcnlal lr|apping

r\ll thc rcllrir,Jd tlemen1:i (fi. C!r, Ni, C, :rn.l 0) confirm

tho p..senc-- oloea njr l\,1 in Pvi/Cu Tior_Ni :rs lvell

I]VA/C{--{iO2-Ni

( I t,(t) \i

- 
Tio:

- 
cu_Ti(),-It

e P\/?\/Cu-ri(t?-Ni
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f!i; t:l! ! ii.ltl t.riilioD s.anning

cistrcn mi.bsco$ inRg$ ol I'v^/cr
't io: \1 al dilt rc.t magniti.a.j. r!
(.1:r.$0:. (b) i0.00o:. (c) 65,000:,

ud Gtl 100.000\.

l:latltl 3 arc'r.J dispcsilc x taY

s|..tnnn 01 l'vj/Cn 'l'ior Ni.

:.1:lLi'i [ncrg! iLisPc.siYc \ n) an.lts! nlfv^/Cu'LO] Ni,

glc.mictrt vcigLt l. AtorDrc % lrmr %

c K 59.25 ?1.-i5 963

|l.! of liidria, copp.:, and nickcl as ihtwo b! cn.ry)

disp.rsive X'rat (EDx) in ligure 5.

Txblc I prcridcs a lj:|1)I rqtull'i oI lhc clemcnlal nnal-

I'sis oi l\Ai Cu Tio:'\i nlnocomarosilo Tht prcsencr

and djstributior olelcmerts oi !h. pirpxrccl na,r{rL^o11po

si|e was also c,tllirt1lcd bt Lh. llcrtcnLrl r:lppillg lech_

niquc. the imlrgcs conlirntd lhc ul}iibir disl.:bttlior .I'
Cu, Nj, find Tior over thc lVA. Fig.rc n shows clcmentnl

finps ior C, O, Ni, C!. a.td Ti.

3.1.6 lligh-rasolutiontunnellingclcctron
microscopy (lIR-TEM)

liigh-resolulion lunncllin.q clcclron Inicrcstpy
(llR-]nM) im.tges of lhe nr|ocomposrll al varrcus nrg
nifici|tiorl! xre $iven it figurc T Tlre \izc di|f.tonccs

o ( 26.',/6

ti ( ll.:19

21.25 10.81

Jn6 r.80

Nr( Dl! 0or

Lu,\ 411 0,07 9.611

bclwcl'n lhc rtrnoparlltlcs irc rcadiiy app:lrcnL Dut lo
lhc edge\ of olo lrlnoprrliclc boiry {u\cd wilh lhc edclx

of other nn.opa atlo. lhey'rrt nol prcciscl]' sphcrical.

This is brc:rus! (rf tht anncalirrg process:r OsLwt\ld tlprn
ing.'t| corc ol I'VA wifi tht silell of Ctt_-iiorNr uet b.
.lelrly *cll. I! wa!.dso obscNcd that the lvetxge parlicle

siz! $ns rfouud l7 rn (Flguru s).

i'r'hta r, ,! rrr: ,i,:
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3.1.? I lJroDaucr Emmetl'l'ellcr (BaT)
analysls

The Nr .rdsorplion/cllsorpli{rn iso*rernr of Tio:
(Figu.! 9a). C|l-TiOr'N i (Figure 9b), :rt)d lryAlclrr'Tior-Nj
n:1jrocon1!6i1c (Figuro tr) \v.rs inwstig:rl|d Tho iso-

|hcl.llls lverc idcntificd lo bc .|s Typc lv hyslr'rcsrs luop

\.hich rlo ll1! ohifacreristic ol me$porous m:rtcrinls. rcp

rcsc lalile of lr0tto], sll:_likc pores. parLiclcs \fi{h ilrlcr_

nxl \,oicis of irregldrr shilpe dnd btoad sizr distribulio[
(i.e., slr'rrU panictg\ filled in the gaps between l1.ger partr

cl€-s llxaling 10 ir nore u i&rrm trld smoollltr surl::aa).

Thc illlT surf&c :rfcis oiTiOr. Cu_TiOr \i, and I'V,A/(]|!

Tio2 Ni wcr. ril.lsured lo be 10, 30. :uxl :]9 m' g ,

rospecdvely. Thc lotd porc \:ollunt of fior. Cil"l'iorN!.
and I'VAlCu-TiOr_Ni niinocomposi!: was lbut)d to l,c
0.01. 0.06, ind li.li cEl' li 1, r.spccl've:y. rlrd lho Ine.llr

dlanelcrollhc polt wrs 6-:,8 7, and 8.2 nm, idlpcc1i\,elt,

for TiO:, Cu'TlO2-Ni, :n.l I'VA/C.'TiOr-Ni (Trble 2)

3.2 I Op:ical properties

3.2.1 Photolurnitescercc

Thr nnnocomporite's ph.lolLrI]ljncscorl activity r']l e!'al'

uilted. Thc phololulnirtcsc'.rr.c spcc{ra oa thc l\'r^lcu-
'aiorNi :rxnocrxrposilt indicnlell llr.lt whcn ahc sdnp:c

wns rxcired 0t "125 nm. lhe cLni*sion Nnvclong(h wrs

around 665 Dm (l:rgr.rc 10).

3.2.2 L (ry Vis spectr m

Irigufo 1i shows Llr. Ultrrviolcfvisiblo (UV Visi sprllros-
rop) DRS spcct|n of the !!:rx TiOr, Cu_TiOr Ni' n]rrl

fVAlCr-liOr-Ni snmples. As c]rr be olxc.lcd ftonr lhc

spcclrn, x slrong lbsofplnrrr perk .tl roun{l jio rlnr rs

ascrjbed !o Lhe TiOr slsirilt which doc.ea$rs afler nnrio'

cornposile io!l]]a(ion. ir addilion. lhe rarlrcomPosile

:
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Fi(iU!a I ttigh'.csoluibn
rurnelli.g cl..trcn nrilr.$opy inlglt
ol ?v.{;curfior Ni at {:l l{,0, (b) 50.

(.) 10. lnd (d) 5 Dn (lnsct*lstcd drcr

cieclrod di,trr.tior Ptlllcrn.
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lbflnrtion irlso resdls in a shift of adsorplion cdgc lo

bighcr {:lvclength lcgiot {r!d shift). which is.harxcLcr'

islic lor tho TiO? s!:Jlclll nfler nclal doping- The bAnd

gllp energy is calculaled. Iht xblorptiol. l{fi), ls relalcd

10 the le{lrtunce fi i djilirse lc{lccta[.. tpcctrosloly
(DRs) mode 5y lhe Kubclkir_Munl equalion"'r $+rich is

grver Dy

(1 .-fi)'
I.{.R) :;,

whorc.q is the &flcclaoct o[ tht samp]c

ligure 12 dgpicls l!r! Krbelkt-Mu k plol- lof djrucl

ban.1 gap dllcrninnrion, Ll'lR) .trl' is plolred rg$inst

f:c u ttr 8 .tv..rge prra(lc sizc

oncrgy, and lho lin..rt pl( of ll1e curvc was.xtupolale.l
|() l(R) + t,lr 0 (flgtrrc ll), whcre i is. Pl.ntkr ron-

stant itl1d D is Lhc rildo ot tpc&l of tiglt {t) !o thc tcalc-

lcnglh (t).
this givcs rise lo a lrand gap vaili1J oi 2.6sv tor

PvAlcu-Ti0:'lti. wlt!i.2!s band gap c'o.r..ilondlng lo

cu-TiO,'Ni g.lve a b1llld gap of 2 s which is (ftaua llran

llrc b nd gap oiTio, (2.9 cv).

3.2.3 I Syn$esis of 2-uyl S.lzothi&olc

trltlall)'. tbe reaclion belw*r 2'.rnl:nolhioph.nol and

bcnztd.hyde wJ]i sdectcd for thlr synthesis tIz_phenyl-
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I ,taLE : BUlr.-IL\'.i.u..L. 1i{),\r 'r.l r{ \,iu1'rt \i

BE surf@ dc3 (m-g )

10.?

lo.2

29.0

atar por wlumc (orr g !)

0.nl

MRrr?orc atdctc! ('d)

a():
Ctr-TiorNi

1.3-a$zolhirzole .ts ir modcl toirctior for oplimizjng tnc

rcaclion conditionJ (Schemc l) Thc rolc ![ L txta]ys!,

reacror] tcrlperature. solvtnl, itnd tcirctor lilnc were :lll

thorougLly inv$ligi:*d Tho rnodel rc cliol u's 
'xrrlcu

olil wilh vaqi]1g atuoln1s of cnta]ysL (j. 10. 1J. alrd

20 mg of lvAlc!-Tio:-Ni): i! was discovcfed lhtrr l5 mg

of calalyst wils sumcicnt Wilh lnorc ca|lllysl. tllcrc w:rs

no subslxndal increasa in yield. Thc model rdrcL:ol

war c&ricd oua soivcnl-frce rl room ltnrporalure, 40 C.

60"c.st)"c, rr*l i00'"C Lrsi.g 1'VA/Cu'TiO:-\i 'rs thc

nalllr calirlysl, dnd it was discovercd lhll 
'he 

rstclion

crrnpiet&l rvilhl)rtt any solven: at 60"!^, yicLling 95% ol

the requiied pruduct tiler rccrlshlliatio l,r'ilh ctharol

M^Llr^r nd cufr)1 ttt-di!..rr:.-wl LEYJjj=

,

RCh'h ! p1.3.,fu tl,,')

.rc!Rsr.) Adqrrylirn dsrpdd srcrtutn ot (a) l i0:, (b) c! I iorN!, rnd (o) l'v^lcu- lior Ni

Alrbftvinrion{ Cu no,\i.copt{ ni.ktl.'rloFdl rrrnnium doxidti PvA poll illi alrottl: TiOr' nianilB 
'r:rde

in 15'nb. I! was irvtstigacd wh.lhtr solvcnls could

play.tn imporl.ull.ole in lhis tcnctiorr.

Ir was obseh_ed lllit tlc solvollt lrca taxctjon g:rte d]c

highest yicLd (9:%) in 15 mh comparsd \tith frc olher

sollcnls used lll the actNton (fo! tloff inlb:malion see

T blcs s1 s,r). I'ir]ally. tfter oplimising ronelion aondi_

rionr. dre syrrtlresis ol 2_artl halrlothiazole derivalivls

uslng a virricly of srbs(rales, including rroma|,c alde'

hyd$, \!||t perfonncd ro s|||dy Lhc sropc ol latalysLs as

showo hr Tnbie l- Arcnrilic nldctlydqi wi(h di1Icrclll

liurc[oral groups on dre phen]l ing, as wcll a"s holcrocy'

cLic aldehldcs, garc good lo sxcellsnt amouti! or proo-

Lr.!! (spe.llal dxh .rre given it I'igurcs S1-Sl)'
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A plx.sibic renclion mlchanism tor 2-:lminothioph'nol

synthesis is gi!,en it1 Sch.rnc 2 ln lhc iirst !|ep'

2-xminrhiophcnol (l) nnd bcnzal.ichldt 12).tnrt tu t'n
sralc a *hifl ba:ic jttlmlcdixtc. Thc rmino,{aftnlp ol

l-.rmirrlhiophenol rnd ltre .arbonyl group oi bdrzxldc

lrydc aofm lk jninr in*.rgc 1n llr! prcscn!.'ol 'n oca

lallsl l\iJCu-TiOr-N:. -lhis rculls in irn ! slxbl!

irlerm.di le SctLiff b.tsc (3) thnt is vdrenblc lo ri s clo'

sure. the ne)il sLF is llro fjng ck,surc of thc intelnledixte

S.hi1l basd, whi.h lcads lo ll1e lbamnton of ir thiazolc

dog. Thr tlli,tzolc ring is fonntd by llc a(xck of ile sul_

phu| a&)m of th! (hioi gtoup on llle ca.bol arom of lhc

idrjnc grcup.'fhis lorms I cyclic inlermgdiate, rlhich

u.dcrgocs prcton lransfcr to form fi. thi'tzolc ring

\\'lnch rlrln rcxds wi& *Ic llriolgfi)Lip and rn!:ergo rycll'

l1llion to crcirtc tlt iokrnr(rdiuto bcrvrrthinzoline l4). Tnc

ilnAl st p ilrvohcs !L. aru*lrlizalion of lh. lhiazolc riLrll

ro tofi th{'2'phctylbe zothiazole (5) Thc aro$rtic:ly ol

the ]*r:zene .iog is :cst{Jr€d b! i r. elinl:nalion oi a pnt

l('r lrom llrt lhiar)lc ting.

tlCti{l 1{ l'holotumncscrco

spNlr. ol tjo:, C!-fiOrNi nnd

670660

f; ti tin t it llillusr r.llcchD.c

spclt.dn of I ir:), Cn Iior\i, and

3.2.,1 I Plausible mecilalism

- 

P\,A/ctr-I.io:-Ni

\vavelength (nrr)
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Plo( oi fio:. curfiorNr and

0-5

FICU R! 1l Pd<l gilP (dirccL)

&lmtnatl.n by ploling ll'14) ' ft,1

2 vc6us c.l1crgj oIn(t, Cu 
-iiotr N',

3.0

1-lt
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3.2.5 I Syilthcsis ol2-4ry1 bcnzimidazole

lnilially. lhe ieaclion belw€lJn o'phgnylditmirrc a d
b.nzaldehyde \!as sele.led fof lhe syn(hesls of 2_a!-!l

banzimidazole as a model rexclion 1. r optmising l:lc

rcaclion .onditio::s in a mo&anol -r'i solvcn: al 80"C

(Scklric J).

The .ole oi l!€ cn|allsl, rc&lion ternperalurc, so!

verl, iind reaclio:l lano |tcre all tholoughly inv'sli_

ga1ed. The modcl reactlon $/ils et{lecl orll wltn

varyirg .mountt of cdallst (5, 10' 15, lnd 20 rng 01

PVAIC*-T!O2-Ni); il wxs disiovcred thal l0 g ol cala-

lys! tlns suflicicnL. lvilh moic calalys!, lhort |vas no

subslaillal ircre.$c in yjatd Ttle mo&ll leaclion wa3

la.ried !u1 in nelhanol (al room &mperalurc. 4a'g'
60'C,80"C, and 100"C) using PVA/al'TiOjNi as lbe

lr no catalysl. .Lod it wrs discovercd thnt lhc rcrdiorr

{r)nplcLd with nrcltta.ol ds !!c solv!:rl lt sB"C' yi.ld'

ing 9l}; ot tirc rcql:rrd prodlrct after purification in

:lO nru.
ll w::s fotLnLl {ral sol*nLs play an imporlan! fole in

rltla fenelion. wc i:lvesligak! llxi rllect ofsolvenl on ltrl}

W1rYclcrgth (ntn)

"-..i.,.--i
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'r@de@rdilim$ 3ddldel!/d. (r mil i2rsiddtliolit-ool (1 M.l), lnd $t"rlalF1 {15 E g) ar 6{fc
\rt*, $dd r&t b trcld oalai.cd sat . stsrilietjon.

SCqanaB 3 Pl&sible m€cir.im
tu: the sy{*is of z-ntyl

bezothirtote catalYs.d bY WA/cu_
fio2-Ni.

syal]lsis of ?.4ry1 berzimidalale$ using wA/Crl{iot
Ni nan(.xraly!| tt stro!!ts tiat oqly m.$unol gave rhe

h8hr$ yield {90%) ir1401l1ia corlr{ed with the olhei

soh"nts used in tL reactian (see fables S5{8). Fitauy,

afrer aptimisidg reaclion condilions, the Aothe3is
of 2-at, betn*ida?ote derivafves using a vatiely of
s{txtmles, inchdrng atorl]atlc aldohyder rJlrs perlormed

to sludy tle scoPe of catalysts, ss sho${l in Table 4.

Aroma:ic atdeMes wi& diferenl fu$clional grorlPr or
&e pLelryl {!'$ as wel as helq(&yciig aldehydes' gnvc

good ta, excekn! a'tt3ultts oi p$d{cts (speckal dala are

pr.sided it :igures S9-sl6)

3.2.6 I Plalsible slecbanis::I

Scirme 4 describ€! tbe pla{sible $€c!at:!xtr Ior the

p.actical and envirolment4lly kietdly way 10 sydthes:re

2-artl benzimialaro:es :]y $ddensatiol oI
2'phen),ldiamin€ (1) wiah benzald€hyde (2). x scht$ base

int€rmediate (3) is gener.rt€d in ihe l'::9 steF abe Sch;tr

base i!|t]rmcdiaa a:rcn uad€rgoes ;ntrnmoleculxr c)|cliza-

tion to form the ttmzimidazole iing (4). This cycliz{tiod

ocaur! througit nuclslgiilic alack 9l il€ oitrogetr atom

in the aruino g.oup on the carbod atom of lhe imhe

g:onp. Tbe lmine .}il.og€t lone p{1. {tacl$ the csrb$'
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afltLrtr: J S)$ rlrcsis cl 2 itryl
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Itiading lo lhe forrnalio. ol a ctclic inLuirredialc (4).

Fil|lly, widr lhc loss.t a w?ler molec.l(, lhe i'lcmlcdi_

ule (4) ! s readily oxklizcd by ai.: lhc Pfodrcl is lo.mcd

bv the clir)rinallon o!: llo{on &on lhlr C_l posil;t,l! ol

the inridazoh ring.lcndirg lo thc fornralion oilhc doubl.

bond bllw€an the ciubolr rd rilrogen at(rrns. \lnrcn

Iicld thc dcsitcd P.oducl {5)

3.3 I TON a]1d TOf ofthe catalys:

Thc calrlyst tl]moler rumber (TON) dnd tlt!' lutnovsr

k.qrrency ('aor) nro 1wo il]lpoftilnl qlnntiti.s usod for

cornparing {:tlal}sl elficjcncy ir hc'(efo.lcntous c:r1nllsis

The TON is del3rnlirliid as Llte rur btr of nxrlrcule! th:tl

crpoJi0oct larosibrnalion bI r.Itio ol aclivc silos to piod-

ucrs io th. pr.scncc ol i g cnLalysl- ilso, lhc TOI: is til_

clllnlrd as ToN / d.!:.lldalicr lime r': llcnce. 10\ for

** synthen;! of 2-pacnyl bcnzolhiazol. and 2 phcnyl

hen/.:mjd:rzol. with lhc Llmount of the ki:iding PvAlcu
TiO? i'i nano.atnllir is cnicllalod to bc 32 ' 1{} t .rrrd

3.1 : l0 ', respcclivoly- Thc toli of lY,\,'Cu Tior Ni

n: rocrlllfsl u'lls lirunll 1o bc up |o 1.1 i l(l " rnd

7.1 i 10 : $in I tor th! strlhcsis of 2-phcl! | bcnzodlin_

zol.,r.J.lph '. b, nzirr,.dJ,oL .crprcli\cl\'

3.4 | llot filtrltion test

Thc ho1 iillrilion tlst is erlrplor.l $ dclc.rnilrc whrtlrcl

&c nrno$Qlyst I'VA/Ctalior Ni is required lirf th! r)n-

drclis of rr!.1 defiralilcs ot benzolhixzolc and bcnzinitl-

|zdlt tr not. Dllting lhis lesl, llc cahlyst was rcrlrovcd

liom lhe Erod.l r.rclions ol benznldcllydc vil]]
.l.rmirrol'riophenli lo gi\'€ 2 aryl lreJraLhi.tzole and illso

otller reircliou of beizaldehydc \'ith o- phenylenedia'

mir. !o givc 2-nryl b(Jr:zimidx,ade nfter I and:!11man

rcsplclivcly, by fiLlerlng i! vhiie ir is slitt hol' a.d lhe

fcnclbr wils lroLlilorclj lbf conliLrued actit:ay. Il w.ls

fLruncl rh.lt lhc rcr.tion comts io ar crxl afler filtratln'
whic| prcves lh.l lhc ninocr tir'tsl w|rs i lfor|arlt fot llrc

3.5 RecyclabilityofPVA/Cu-TiOr/Ni
naltocomposite

Rlcycl{bjlily rnd reusabilily itrc otto ot dl. nost imptr'
tirnl rrillriir fcr thc rcrlilion !o bt in thc doffaln of
'Cflcr) Chcr islrr'. Io clenxrrsltirl. rhe rlrlttbili!y and

reo:rlability of lhe nluocrlalysl. mode: f.acln)ns ofbcnz_

aldchldc \!'i& 2-aminolhiophetol to gjve 2'aryL ben-

zothixzole rnd lls(r othtr rcacLiorl of berzrldehvde \.!ill1

o phcry[nedi.r ilr! 1o g]!c 2-a.y:bcnzimi.lnzole lvere

invLrs(igiucd altcfnalcl! tot filc cyales: the reaclon mlx-

lurr was d;ssolvcd in cthll ncelalc, and thc c.toly{ \'ias

s.prratod by fillration :&cr eadl clulc, w:Lshtd

Nith tthanol. xnd drleli irr in ovcn nl 7u"c lbr 60 rnin

priof to usc. Thc nnxlcl fcaclioo pro.ecdod widr ..cov'

crcd IVA/Cu TiOj:-Ni cr.n aritcr live cyelcs wjlboul anl
cxlcnsio of the rsaclion dmc or [:rrLed losi in yi!]d,

lnfrared speclRrnl oi recycl.d catlrl)'la is given id

Figure 1;t-

3.6 Comparison of catal]tic altivity

Corlfrri.son ot $e calalylic :tclivily of t'VAlCu IiO2_Ni

v;$ thc rei"cntly published work lras bl.,en desc.ibed i.
T:lble 5.
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4ICONCLUSIONS

In concluiion, \rc havc suc*sslilily syrrhciiTr! ind
sh.rrrclerizrd {r.rr rll:cicrr poL),mcr basod l1r:tocom[xilc
usirg \nrlo s |ecllniqurs iuch &s lTlR, I)XRD, ta-StM.
tDX, elemcnLal .!appi1g. u:d l1R-'fElvl. The surltcc rrcir
of the nxlrocrrirpdsitcs has bcet drlcfitrincd, rl:d its opti
url properlics, inchrdilg Lh. b:rnd gap. brvc bcer invlsti
galed. The ninoconp(rsitc has belr rllce\sfull) appli.d
!s a catal).sl lbr lho synlhcsis oi:-rryl b.lzothiIzoir lnd
2'3ryl hcnzimi(lirzolc, delrlott.rlriitin!,: ima]Ned .iiicielcy-
Nolably. rhc caial)sr is cosfcflocliv!. rcldily aviilablr,
and yiclds excollenl fcsuhs. lr irligns wilh lhr prnrdllss
01 Crec{ Chenirtry' duc to iL\ recyclabiliLy, $,hirh llirs
bctn tested lbr ug lo five coN.ranlivc ru.ls.
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Cu{@:\g-CeO1/Chitosll \anocomposiJe: Gleen Catal-lsl iol syltlesis of 4-

.{rtidene-Isotazolidinones & Amidoall,rl \aphthols rrith DFT and

Antirnierobial Studies

Alku5h lhhnjrn', Ankit \Irhaj:rn!, -\lekseJ Kuznetsov' ind \loriktr Gilptrr"u

o De?d\ r tctCIp lirr\ t-,'|nets \'afJo|tlu. Jltuu)rti

t Scioal af Biate.t\.log t:,i\ et xatl of Ja'n,lt/ Lltnrll

'Deparme*a-fChe isr),, U)i\:e/si(hd Ti.rica Fetlal.a snrxt )ttana 61tt. nnru'lt 
'65a1)l 

Sa\itlgo Ct'le

-{bstract

lvluhil'rulctioDal iarlocoDtposite iras beel clel,qlopsd corrfaiiilg po]]ruel ch:agsal! nauo silver doped

ce|ia aud cogper. taio!.rticies. cu-ceo: cataiysts lial,e beerr $ idell' Llsed as actlle cotal-Ysts 1!l}9:e?J

doprog of Ag to CeO: is lil}o$'rl lo ell]raDce dre oxygelt storase capacity (oSC) ol Ceo: \''alious

claracterizaiioD tools such as Po$'cler X-Ral Diftiactiot (P\RD)' loruie| tr'linstbfl}l i'1inted

spect|oscopy (FTIR). ThernogroriDeh-ic atalysis (TGA). Field enljssior S.aroil]g Elect3il

N{icroscop-v (FR-SEI{). EDX E}e1l}ertal \{appirtg. Higil Resohrtjorl TransrDission Eleltron

Irlie|oscop-r. |HR-TElI). ha\'e beel ued lbr the lalocotuposite chalncterizalio. S|dhce afea was

1'ouud usilg Btlulz|rer Er]utett Teller {BET). OPli.|tl Propefiier b) t,\'' lis Diiirse rellecta1]ce

spectlosco!) (DRS). Pltotoluulillesce|ce (PL) spectroscopy l]as beer glrell. Alelalle llalrocr]ll]poslte

palticie srze was for*d to be J 1r1n. Tlle lianocon}l)olite uptical llLlpe ies $ere repore.l as \rell :he

syiergistic eff'ects ofmelal,J ppo|t illlerl'aces. ilotg \\'ith.ltnrlle tlnnsle! llet\\'eerr rtletal oxide atd

1lteta1. h.\,e flle capacitt lo,\teld 1!ole$.r1it,"- catal)1ic plope ies. Tlte uartocotnposite rvas llse{l as a

crtal) st tbt the sJltrhesii of the .1-aryiidene-iso:<azolidi]ro1les ard anidoalkyl taphthols wh:ch are the

uroietles rrsed irr rLe var-ious tsefirl oroleclles lts arrtibacierial aclivijf lor ![ar[ positive arrd gan-

11esalir,e bacterla was e\.aluated. ,\lso, )ellsitl Fuctio]ia1 Theor)' (DfT) strld)' 1\as perlol$ed \ Iicli

srpported t[e experimeltrl lirnliugs.

lieyrrords: a:eria, Dopitg- Sih er- Copper. Isorazoles. AuudoalLll rraPlrthoh. Altibac:er-ial activiry-.

DF:

Supportil5r i*bnuariol available

l.Intro.htlioB

Tlle deveiopment ofpolymeric nanr::o'ipositeJ. cliutai nlt lol),Dlel l:}alti.er arrd in whicir at

iertt oue ofthe liller rilalelid pafiicle clial1reters is ofthe ordel ofa tanomeiel. :Ias received a lot of

2ltlelltlol} in tbe hst yeaLs. 1'r Poll n eL la:rocolrposites are cor:u}re|ciall-r s1llthesized for 3 \t_icle ra[-se

oi uses. iicluding catalysisl. a}rtirnicrobial ageltsj, tissle errgi:ree:irrg.6 ] fecreatioral goodsr.

serospace co po[e1]ts9. vehicleslc. ald so ol. ( aral1-sis plal s I pivolal to]e iu cherDical reacttor1s aod

coltst;tutes a liucla]]]ettal alDect of tu]l]eroils s\.1ltlielic Dloces;es acloss acadenia. resealch
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ty o cri9!rcern'g

3

pluilicatioD of iite|olediate pfoductt. nnllticon$(]telll ]escliorls heve r'eceived sPecial allel}iio1r 1rr

greell syrlhesis.]:rr

lsorazole and jls tlerii ath'es are jnipottsllt lieterocl'cles tlnt are utilised to nalie syt{leiic

tlerapeuticsrj r'. Because of thei arltir*1annr1a1or1'19. frurgiciclall!- antioxidaotj0. alaigesicjl.

alti$ilrobia:j:. ir{iliral properties:r, etc.. tlley .te } ell-1il1o\1'o r1l lDedicjDe .n.l orgaoic clerlistry.

S]'otlet;c lltelhocls ailned a! crea:iug tllis hetetOcvcle core ate a aoltslarrt :oafce of intefest, ar}d llar)'

plocedlues liave beer delelopedto atlain tlis goal i'A ralge olbioloslical1y esseltial tatual prcdricts

l1Dd strolg rlledic:nei. :uch as rtrcleoside attibiotics atld Hlv pfo:ease it libilors like litol]avi] snd

lopirrar'ir. coltairr cotupourrr{s Nith l,l-rmrrro oxtgerrrred firrrctroLul cr'otrps:i 91 [sing al a:nide

h-l drolysis p:ocedrue. I -aridoallyl-2-naphtlols can be tl.rlstir red 1c ph-rsiologitslly aclile 1-

a:Li:iouretir1,l-2-uaplrth,ol deri!ati!es.'6 is These sllbstn|]ces' i1}lote:lsive al1al bri(l)'cardic tctlons

have beel snidied.:e \ftitico|tfotreot eoldensatiol of iti11 aicleh-rdes. 2-tiaphtlol. and arrricle i[ fie

preserice of rarocatall tts c:lr be used tc-r r:take I -alrrido alkJl - 2 -lrapblhols 6! 61

\aropaficies erhibit a \tide-tallgilltr antibacterial et't''ect agaiusr b'otlt gtan-pcsitive aud €{m'

negatiYe bactelia.66 '' Despite uot firll] tudelst.rldtlg tlte speciic arltitlactefial processes ot

llalloparticles. variols gpes Of llauoparlicles Bpicall) produce ditfefelt et.1ecls. TLe al]dbaclar.l

ec6&tisrls of:tallrpafiicles c.i be caiestorizecl iuro three uraitt groLtl]s: inductio. oloxidative stress.

release of q-.11! iols. aod rron-o\idatlve rlechanisli':! 'r'l Tli*e rueclralisttlt rlla\ occllt

si]rrlrltaneo1lsl,y. Lr sole studier, lilver llasopattlcles. t'or insl:itrce. ate Fpoited :o ler*a]ize lhe

sr:rtirce elechic charge of the bacler.ial uieDrbrane ltlrd alte! its Per$eabilil. uit;]ratel) lead:lg to

bactedal rnort|llt!'.'r "
Tins. notir.:rtEcl b] t1e .!ote colsicietation \\'e lxve sJllthesize{l a1}d illly cliaracterized lhe

lovel ( l1C.-Ag-C eo]'chi:osall rnll..colllposite ancl tested iis catai)1ic a.tivit ;1r the sl'othesis of tll€

1-arylide:re-isoxazolidiuories arrcl amicioalhl1 ulphthols .totg \titl] ils l:T str}dies and arldbaclelial

acl1\:rry.

2. Experir|renlnl Prrt

2.1. Slnthesi,t of Clu(4lAg-Ceo:/chitos:r!] nailocoDlPosite

2.1.1. ?reparatiol of chitosan solnilon

Clitosal porvder'(lg) r.r?s iliofoughlt ciisserh'ed irt a l0r,'t \',i! rqtleous ace'tic acid sol'11ou lil:ougll

overriglrt stit:iag ir a 100 n[ roluld-Soltomed llask

2.1,2. Svnthetis oI silver doped Ced:r (-{g-{ eo:)

The s]:rliesis oi silver<lopetl ceria (.{g-CeO:) ulilized the co-pfecipitati'n n}ethod A lr]lxluie

ofcelic arll1|rorriuDr uihale ((NH.):ce(N0r)"' 10 g-) arrd:ilr'er lritrnte (Ag\o; 5 19' 0 3 llrol eq) u'1rs

i1)troducecl iD.io distilled 1\,ntef (101 !1Ll anld sliued al s0'( tbf 5 houfii. rollo\!'rlis tlils, lu aqueolls
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alpro\ilratel). 10.0 $.as achrelec1. Tlie reaclion uri:rture was dren heated ;rt 80'f ibr 3 hottr:. rhe

resultinEr suspelrsiol rllde11vellt liltlatlor! ioliorved b-r. ruuhiple fhses u'ith deionized $atet- and

etiranol. The prepar.ed s$:rple rvas dried oveuight at 110'c ald sltljected lo calcinatioa fnr 3 houls

at 100'c.

2.1.3. Preprratio! of silver doped ceria-chitos{n r?roconposite (-\g-Ce02/chitosnl)

A 2 \atq o clitos.! sohr:1olr \\,a s i troduced ittto a 1 0 Q ]rrl ror|rd-botllrm flask. al)cl a g { 10 $1 !'ir)

olrrano Ag-dopecl ceor ivas adcled to it il] delodzed watel. T[e Drixtue was slit-!^e(l co[aluousi)- iot

3 hor:rs io s)'lthesize t]re cltilosarr-silver-doped ceria riarlocorrlposile (-1.g-C'eo]/chitosan) lLe

resl tilg Ag-Ceo:ichilo;aD lrixlure n'as sl:bseqrteltl.r: dispelsecl il a colceltr"ed NaOH aqtleolls

sohtiol. filtered_ alrtl snl).jected to mrltiple washes Nitb later" Fi1raily. 0ie composite lvas ilied af

r'oonl lernpelalu:e.

2.1,4. Sl-nthesis of coDler ntBoi':rrticles {ri sil'er doged ceria ard chitotu (Ctl@Ag-

CeO?/cbitosar)

A 0.1 N'I sohttion of copper srtlphate (Cu5O1) rvas pfepar'ed ii deiodzed tater' The Ag-

Ceot:chltosa! alatocotuposite selved es tLe slrP!.'rl lllatelial The dlled Ag-{ eO]"clitosarr

li:urocoulposite \\:as stirred ti.r'3 holus in a 100 rrrl :iolutior of (nso,: (0 I \{)' {u: io[s u'ere

adso|bed sDlo the Ag-ueot,eilitosaD snploft. -A.lier fiibatiotl ard di-vittg at tootl te1rlperattl]e. the

prepal.ed nar1ocolllposite rvas irnuersed for 1 ioru il a 100 :IL 0.1 \'I equeoris sodiuru borohl<1ride

sohltiollto convell the l|eiai ious irrto allo.r Da1lolarticles. Tle shili it coio to black q)oll rlluerston

in ttre J{:rBHtr solrtiol iNlicate.l tl}e complete rerloval ofc1lr-. signll-\ing tbe for:nation ofcu@Ag-

Ceo::clitosar nanoao:r4rosite. Horver'et. $herr esposed lo aipell ait. flie reduced (\l l]a:roPaltlcles

rrru:r.I.:rhzed ur tlte \g'Ceo: c.Lilo.al) o\l(l.leo

2,2. Ploceriure for. tlte Preparntion of 'l-ilrylidene-isoxlzolitlrones

A solutiol ofeth)'l .cetoaceaate (i rmnol), hy&'oxylaruirie irydl ocl ollde(1 lrrtrloi). and aronatic

aldeh-vde (l Dr:rol). Crr(iAg-C eO: cL;iosao (10 mg) t; c:rtalJ'sl ilt EthaDol I $'nter (10:L) was

rir agrleti.all] stil fed at sli 'C: ibr l1!e required period. TLC ( ll-hexa1re' eilyl acet ate: I 0:3 ! :\') $is usetl

to sloDitof tbe eutle colsuiptiorl of the rt.fiil]g rlgfedierls. .{ftet the ploress \\?5 corDple:ed, the

catal-yst rvas telDove.L{ionl dle :eactiorl niixtr! e by dissolvilg it in hot Eto:l.rd iilieri|rg it out. A:leI

acldilg 10 rd ofcold water to dle t-rltrare- dre precipitate rvas colleeted b,! iltratioD a11d ri$ed rcith a

coll eiLalol-rvater ni)iture. The prre proclu.t \ras.lried anrl ideltit'ied u;ilg spectroscopic data alld

b1 cooparing meltiug poillls lo re!o!1e(l \'a llres

2.3. Pro.eduI e lor the PreltrlrJitt of {mido:rlkvl r:aphthols

To a rr i:ittue of alcleb.vrle (1 rlrrrrol). 2-rraplitirol (l lr l1ol) ard auide'ruea (1 muol)' Ct@Ag-

ceo l,/clifosar as caial-vst ( 1 0 r:rg) rvas adcled- Tbe res.iiol] uri\ture stirred tnagaeticalll at 1 00 't 1bI

"..'mri"t.;i.l:T]'pmn..ac<^f.r]rA.F'.ri.nx'o...^.il^'F.]ll'lhi'.lar'"."1.--."nld',.111'1*.|



acelirle \\rashed *;th waler. Tlie catalyst was separa'te(l i'lolD the lilttele. Tlte residrte rvas dried a:rd

recrl.slellized llorr etltartol or'!y ccir.urur cluomala3r.!11y (ElOAcuerale '10:60).

2.,1. Computationd d€tiils

DIT nrdrei rili prrloil]nd {ilh the lifluxrfir 16 sofitaLe,'u h tru ltudy \{B tiffid tk
Cel(\rAgOr ort del. rvlicl was courecled tiutngli the oro-bridgre to t$,o chitosa[ monoure.ruxls used

to llrodel the chltosan polyr:rer. TLe calctlations q'ele pelfo[ued $'i11] lire h,vbrid density frrlrcliolai

B3LYP'9 *'i{} the SDD basis set. rvliich is the DruniugtHuzinaga litll double zeta basis set up to Arsc

atd Stuttga ,Dresder ECPS or lbe rerraitder of dre periochc tablet: sr, the apploach ftuthennore

refetred 1.] as B3LYPjSDI). We did tire coDiputationai studies al}d tbe alaiyses listed beloir, rvitL lhe

B3LYP,SDD approach n the gas pluse. Belo\l \'e .olside. the ..lc.lared structlual palameters-

X{r{like! .lialges. tuld tio}rtier n}olell]lNr .lrbnals (Ftrlos) lirt ihe n1ode1 5ll].li.ed- Alosadlo- \'e1s:o8

1 l. L. rras rlsecl to visualize tLe sirilcture. lXlos. ald l}rolecrdar eiectrostatic poteltial (MEP) plot]r'

si

3. ?esu:as nrrd Discu3sioL

3.1. Clhirltrleriza:ion ol(iu(i Ag-CaO:/chilos:rn

3.1.1. PoFder Xr':r.r DiffrnctioD

figue 1 ilhrstrates the XRD patterls olihe C ua,1l,Ag-Ceo:/chitosarr c?tnl) sls. Tlie l]picai ?ealis

of ihiofite CeOt qystal rtrlchre iD 20 degrees at 223.6, 33.1. J7.5. a6.3. 59 1. alld 69.1 wllch ca1]

be assigled to rhe (1ll). (200). (::0), (l1l). (::2). 1100). (331) ard (:120.1 Planes. fespectilely

(IC?DS 3J-03 9 1)- \ ere obse['ed i|} tlle patterD The peak olchilosart is also sho\'r iri tlte Fig i,atld

a broad peak \ra: obsel\ ed at tlle :-llieta value of l0-ll' that cntt be asctrbed to tle cltaracteristic

pealc of chito;an. Tlte peaks of Cu cor d not be (ietecled. sugge!l:t41 drat C u nartoparticles u'ere rvell

disperecl ot{e snpgott. Additiolail-Y. the pealis ofAg $ele rot detected owi[ll to t]re loN Ag colfel1|

of the catal;st.36 TIie particle size of tLe :ralopartrcles rvas calcrtlated Bsilq the )ebye-Scherer

equatioll3:(equalior 1).

0.9 )
D : N;;E

B is tLe lirll lile widt[ at ]ralf axilnr:m:

D is the cr:sl.liite size:

e is tire Bra$r's difiisclror angle:

i. is the wareletgth = 1.5,106 ,{.

t lystallite 3rze rvas tbrurd to be irl a11 escellertt raige of ltl-
Additio*lly, dre skuprress of tLe red peak (XRD peaks of Ag-dopecl aleor uarlopafiiciesJ as

courpared io blscL fRD peaks ofCeO2 raropadilles) a,1 be a*ibrrted to the dopirg o{Ag ir the

ceria. lattice due to \yhich the cryslallile tunile of the lanoco:lposite $'as fon:ted arrd tbqreSy

lql]atiorr 1
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to tbe clitl'efetce in the elec,a3. delrsities ofdre dop.ol aDd the hott aloDrs, rvhic! nai:rl-v depelds o|i

rLe.( )Ferutg lirctor..mrcrlre lhclol. erc

et

cu4 {g Ceo. cLltosso

I sO

-.Lg ( cO)

1B 20 30 .10 50 6r} 10 80

20 (degree)

Figr.e l. PIRD results ior (tr) C:litos.n (b) CeOr, (c) -\g-CeO:, Gl) Cu@ Ag-Ceollchitosar'

3-1.2. FT;R studr

The u*l frurcticlal gloupi alld lheir iotefacliolls \vele rclerltilied sirg Ff-lR arralylis of pure

CeOl. -{g-CeO]. elld lbe CILOAg-a eO] cllito5llr lnlccinlpo"rte: tlie reiulls ite Sliven ]r] li€tue- 2

Ia CeOlabsorptiou peakr cau be fi]Ltrcl at -1553 163.1. 1116. 725. arid 19'1c1iri The peak al355'l clD

1 is dite to stretcLiitg vibrBtios oto-H bo[ds iI H:o rno]ecules, wheteas t:re bald at 1632 co!'t is dtle

to i1l-pl.ne ancl orti-of-plarle beu<liug of O-H borlds itr the adsofbed waier lilolecule The shrry peak

:t.l9,l co.l cruespollds to :1te smtlce-bridgil|g o\ide's a irlll]ltleulc ce-o-ce strelelitg. TlIe FT-

IR liadurgs ol Ollli -\g-CeO: clilos.ur reveile.l selell prrrDlirleDt ebs']|tiolr Peaks at i-li0 :9:l'

Ilie productiol ,.rf ( e-o bo[tls is respousiLrle fol rhe larSe peats deleeteci ar 1.]9 and 769 tD] 1. Tlie

absorptio, peak al l0f+ c!11-r !s itttjib]tfed to a \r'eali stretclr oi f o0- le.tin aid t- =o a:r:ide.

indicatiig the preSellce otchifosan- -{t l3J9 cntl. llte slletchig YtLualioi r,ltlle rDalor'chails ofthe

C:O .nd C O-C gror:ps Nas a:signecl. Tlle shetch:rl€t f ibr.ri.u of lhe ( =C bo:rd was reco|ded at

1653 crrl- 1. The strelcliitg libradol .rf t-H.=C H. and O-H grolils ir c[ilosal is Iespoosib]e for

the peaks at :921 ard 3,110 cu !. These re:lults \lere colsisrelt tith ear'liet ltldngs Er e!
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4000 3500 3000 2:0, 2ooo 1500 1000 500

'rYnverurrlber (.m'1)

Pigure 2. FTIR specJr! of(B) CeOr, (b) .{g-Ceor, (c) Cra4r-Ag-( e02;cbitosin.

3.1.3. t:!€rf:ogralinretric lrlt:sis OG-{)

Figue 3 depicts a co1.paisolr amolg CeOr. ,A.g-CeO:, alld al{4.\g-C'eo:/c]ritosa[ Tbe

Tlien[ogavir:retric A:nlysis (TGA) lnaph revea]ed the slabilil of the moocolr']potile up to 800'C

lvitL urirfi:ral 1oss. I! the TGA :i-apll of Cuai-{g-c eo:.:c}itosar. tle mitial loss [ta,r'be ratti]Ilted to

r'esia.htal Nater, and 8i6r'o olthe catallsl leuaills ltudecoruposed Nluclt oftliis loss o\:er 109'0_ ocerus

r:? :o 100'C. ildicatitg that the obse 'ed dec]ir}e l]rigit be dre to tire p.eseDce of lesidual water il
tl€ catall'st. :!t:her deg*dalion ofthe xnoconposile frotrl300-300 "i cal be drre to the chitosau-

110

100

90

too 200 -100 100 530 600 700 800

Ternp:atrue ("( )

a:gure 3. TG.{ r'esults of (.) Clitosan (b) CeO1, (c) .{g-CeO:. id) Cu@Ag-Ceo:/chitolar'

3.1.3. FE-SEM study
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slluctule rs e-iraleln Iite lar.ljcle: arr,l asis|ltertcrl 11 lltN|t _<lto\\uts rlaccltlinitr thrt rue qrrite

ulit'.rr':rlv l olgl.oeIareti.

3.1.-1. lDX ra!d!

-1,11 e))e1lilal ejeueNs {.{g. t e. t il. L . \. &}iilll ire de:ecled. intllilllrnlg dte lrLe\ellr e n- r,r!'1llj.

1!rri?cul3! ilolt rlurnsal li { r:,a -\e-[ eO1 cltiirtsar. a: l ei. ls the j)leset1.e (]1.\!l Nt](l ceriii. Preseirce

ol toppei \r'rs rlio aoni'lr'ured r: ilru\111 iD Figure i Tlbie 1 p:il ialai le.uit. at ilie elenre lnL tl)itivs\

.,l a ua,,i \g-Ce()t cl:iio:;al taroctuposite. Il cil: be seer: rltat a!)o o olpntiiclei, \reigltt is o: celia aud

-\t |irge:hel The pleserrce oi corper rrl1nclarLcles L r i 
'Lrocl 

]0 i l :s clear l| rrrcliciled ai \\ a1l t T:Lrle l ).

3.1.5. aielllert:rl |r1*ltpiug

Tl:e el;metmi rurppile lec[r'Lrtp,. ..v;Lr ,pp1tecl to r1]e preprred:ranicoutporire io:t:!tsr ll':e

pr'e:relc: a:r.i dl:tr:rirulrrra ol e1:[reu1. l:ee itgL:te 6 . Ihe i])rrue' 'i:b.talf:na: t]1e el en dritrib0t:.r1r lf
Clraild-\q-f eot acloss tle cliilosill Fllllre 5 presetrt: elernerltal map5 ii]l a. O.\. {s ('e intl ait.

lespectr\'e1).

Figur. L Field emission scanlriDg electror! rnicl'os.r'p:'

-\q-ale(J'/.hito\:in, ic) Cu., {g-a'eO:/chiro\irn it 2 |lm.

Itrll.

(FE-SEll) inlxge! of i.l) -Lg-( rOr. (b)

rrnd (d) a u'?. {g-{ eol/chito\An :r. 503
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Table 1. nDX analpis of Cr:@jg-CeO2/ clribsar.

rtsig!, % Atomic 9/o arro!: o/o

?1,6X,

19?{

168(.

!q.{,(

1a{l{.

'* f l
rx:,C'
.t8(. l: a

ld
11( LJ,
q0(, &

t0 11.1 l].0

tigure 5. Energy dislersive X-ray (ElE rl3ctrum af a!@Ag-Ceor/clitosa..
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Figure 6, Ele}nentnl rnspping tf Cu(l)-{g-Ce01lchi:os:rR.
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3.1.6. ItR-TlM studt

Higl-resohttiol tralsmissiol electrol microscop.v (HR-TEy) substaltiatecl tire tbr.rlation oftle
ra:rocomlosite. Ulfuatirre particles are obsen able ir: !isrue ;. lereallig t\ro lyles of1raloparticles.

'.'uel.y 
c. ard Ag-( eor. enbedded ir ilre riiirolrll]. The average size dts*ibutior of these

ml}opar1icle! $rs deterrDined lo be J t]:]:. .olisistert with rhe lirdilgs ti:oru porvcler X-rrv clit]ractiorr

(?-XRD) shor.n ia Figrue E_ The selecie(l area difi.actioo (SAE ) pafte|ll. as shor\1r h tlre i1rset of
Figale 7. revealed the antorpllorrs characteristics oftle catah,st.

Figure 7. HR-TEX images of C t @-{g-Ceo:/chitosan xt (rJ 50 nlu, (b) 20 nlll, (c) 10 nlrl, (d)

5hl11 (inse1) SAED patte.r-
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Figure 8. -lrernge size diltribr..iion.

3.1.7. B:T stuay

The N] adsorptiorr:desollltior is.riheDrs ofCeO: (Figule 9.). -{g-C eO. (Figure 9b)- ard CjlaAAg-

Ce0:,cllitosar rarlocorposite (Frgrue 9c) \re1e hvestigated. The isother*s obtairred for Ce():. Ag-

CeO:. and a u(i.Ag-Cle0:/.hirosan displayerl a T],pe 1\' ll stetesis lorrp. ildicetive of mesoporors

mate|ials. T|is characteristic pnfiem signilies larlorv :lif-like pc.'es. p.r.ticles \,:i:i ilegularly shaped
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belwear la:ger particles. conhibutilg to a more unifor:n and slrroother sllrface. Additiooally, the

isotlems ildicated the presence oi lollow spheres with walls composed of ordered messpotous

cena,

Tle BET suface ar€a fieasurme]}ts lbr CeOz, Ag-CeO2, and Cu@,.{g-Ceollchitosan were

dete:rrrircd to be 47 m: g', 51 srr g-!, and 61 *. g-:. respectively. The total pore voluue for Ce02,

Ag-CeO2, alrd Cu@Ag-Ceo2ldttosas was fornd t be0.03cmrg-,,0.1lcm,g1,atrd0.10cr):,g!.

respectively- The :xean diameter ofthe potes was tneasrued al2.6 nm,8.5 n, atd6.8 urr for CeO2,

Ag-CeO2, and Cu@Ag-Cao:lchito6an. respectively.

r ovegall pore grzo,

t!]!!9$Si{*,s*!r.e,i'|i&*i,tts€lrardcieristf.ics.

Table 2. BXT aralysis-

{d t't
47

5t

tl

CeOt

Ag-CeOz

C'@,A8- C.Olcht .soa

8.5

6,3

6

t

F/4 "a?"t-4"t.tttA

Rernr|t pr..rurriP/r.)

l'ioure 9- Adsorntion-d::orniion rn.rlrnm of rr\ ae{r. l:r'l Ao-aef}" rr\ ara.da-
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3.1.8. Oltical prsperties of Cu@ Ag-Ceo2/clitos:.n nalocomlosite
3.1-8.1. Uv^yis rpectrum

Figure t0 d;llays dF dit.lise relefiance specfr. ofthe Cu(a_{g_CteOz/Chitosan 1laDocon}poste. I.he
ba:rd gap euer'gry u,as calcuiated usilg the Kubelka trIu* equatiol. wbete lhe absor?ttnl (F(R)) is
relaled to t:te rellectance (R) in DRS nocle {equafion 2)

Frp\ -
(1 - R)r

Eqlatior 2

In dte equatioD. R represe!:s the reflectance of tLe sarlple.

Ficlue 11 il1r:srr"tes tlle Ktbelka-Vnnk plot. reveaiing absou)tioll leaks at ,i00 rrr]1 il] the tn rcgion.
These peaks steu fion charg€ lraos1'e1 ior' or' 2! valerlce barii 1., cea- f-b.rd. r. ceoz. ::.re varerce
band bas n rvidii of 'r e1''. and ttre co:rductioll bard is at ihe ce 5d relel. r'it! the ce,lflevel si,uated
belweeB llese tlvo states andjrst above the Ferni level.

To deten rre 1lte dire$ band gap. t|e plof ol [FS.) hu], agaiNt erer-sy is plotted, :rnd flIe ljrea.
seg:!e't of the cll]ve is erterded tq lF(R)* hD]: = 0 (ei'er to Figue i 2). Ilr t]|is colrtext, h re?lesenas

Plarck's co8tart. ard y derotes ll:e raiio of tie speecl of li-uirt (c) to the wavelerrgrh (/). The
extrapolation lesr ts ir a bard eap value of2.7 eV- rvhicL is srnaller.&ari the bancl gap ofCeoz (3.1

eV). A co:rparisoa betu.ee' the bald gap of CeO: aDd the CuoAg_Ce0:lcllitosa! sa.ocorllrostte
rrdicates a red s:li1].

l,l.aielength {rlm)

Figure lt. Diffise leflec:arce speclruu of (a) CeOr, (b) Ag-CeO), (c) Cu @Ag-Ceo2].iitosrn.
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Figure 11. Kubelka-Murk plot of (a) CeO2, (b) .4.g-CeO;, (e) Cr(a-{g-CeO2/chitosar.

Er€rgy (€\:)

Figlre 12. Band gr! (direct) dete.minatior |}r: plotting lF(R)* h0 l'? r's. e}eryy- {o: (a) CeOr, {b)

Ag- ceor, (c) Cu? Ag-Ceolchitosan.

3.1.8.2. Photolamin€scence s:ualy

The phoiohlnillescent (PL) slectm ol the Cu@Ag-CeOz/chitosat ltalocourposite reveal drat

Ipor exciaatiou at .125 rrru, tLe e:rrifted wavelengtir cetrtrei ruoluld ,127 n::r. Tlis euitled peak

corlesporids to vioiel lighl. as depicted h Figure 13.
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Figure 13. Paoto:rninescence spectra (a) (le0:, (b) -{g-CeOr, (c) Cuflr'-{g-Ceol/chitostrtr.

3 3.2, Syn:heses of.l-artlidere-isorazo:idinones ard:rrfidonlk]l nxphthol'i

< 3.2-l.Svnthesisoil-arvlidene-isoxuolidinones

'] Schenrel.S!ntlre.l\ofl-rrt1lidene-i.o\rlzolldinone..

9 The illvestigatior lbcllled {'1i tire leacrio:r iuvoh,ilrg akleh.vdes, eti],vl aceloacetate. .l1d
,
I hydror!'lal]}i1]e h.vcLochloride ii llie preset]ce of tLe Leterogeleous cafalyst Cna{,,\g-C eor'ch:tosa[

3 iSclerne l). lie catalyst's role, alolg with lacl,-rr'; such as reaclior tellperatue- soil,eut. a1rd rearl;.x

I rrur.. * .,. ,, 'terNrtr..lh e\Dlnred. hr a lroclel reactitu 1ri:h berzakleirl'de ( i rnrnol. I06.I 1l1g), elh.\'l

5 acetoacetate (l lrrllol. 130.i mg). aucl l:1 cu-orr1:iurue h,'''d|t-chloride ll lurol. 69.-19 r!3). varyittg
7

3 amcrrurts of cr:al1st (5 nig. 10 rag, 1j rDg. arld 20 ilg) uere tested \otnbl) 10 rt:g of Cuagl-L-s-

I C"O,t"litr..,.al prored to be sufiicier:t. as higilel amolrlls did lot si-eniiicaltl.v itpror,e tlte yieLd.

Fr\la3r o\nl-.dti,in -an'. -.^n-l --^^ri^- l-rl^.r., rl'-t --.-l^-;-^ a\,/t1^ a-^-r^l.ir.-'"' ""
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in 95% yield of the deste<1 produci. Anoag varioru solre:rls tesld. etlasol ploved !o be the most

dlciel}t, achieving product founa:ioa in ju3t 10 $i:)trtes (refer to Tables Sl-S4 i:t sttpponiry

icfomratio0)- With rhe optimized reaction conditioos. the synthesis of 4-arylideoe-isoxazolidirone

derivatives \,as expatd€d to b.lude variorB s b:trates, such as amlr1ttis aldebydes. Tlie catalyst

showcssed its velsatil:ry by producng :i3nifica:rt quantities of prcducts with arorutic aldohydes

exhibitin-e diveise i.ll.aioaal gnrups on the pletyl dng, as well as lFterocyclic aldehydes. (Spectrai

data can be fo1lnd ir supportilg Figues S 1-S8).

Tslrie 3. S.bstrete scope for tle s''.&esis of 4-ar.y::d3ne-iso:azolidinohes. catallzed by

CL@Ag-Ceoz/chitosal

Er1ry

, g^)

fd5

Olrs. Ivl. pt fC)
/Llr M. ft.

2r2.2t41
1!J') 1A91'

193-195/
189-19 irl

122-r24/

196-t98/
198-201%

193-t941
194 196er

BeDz{ldehlde Timr (mlu) Yield (0/0.)b Prod!.t

l-=4"
3 {ac) 981',

6l4t

7 {49 o:a 0t1l
til

1',

10 95
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l1

11 (4k)

\"
a-\'

8015

142-1441
143-144er

-N

rR€..tior @udirie:g.lzldelr& i I adoj,.ta.l !.soace!.rtt mol). b).d,!:r,tani!e!s,&el ede(l ll]ftt,mocdtyr:{10ds),a:dlrrel
(? sl) n 80c.
tt .laa€n rield r.EB ro ,Eld obird.d alht rry3LlLz.rid sd' .rlrloL

3.2.1.1- Proposed mecharis4 for lls slatlesis of 4-berzyud*:,3-mea:rylisoxazot_S(4fl)_'lre

The poposed raochaaism lor *he sFtlresis of 4-l€nrylideoe-3-me&ylisoxazol_5(414_or€ ca*alyzed

by &e Cu@Ag-Ceolclitosaq nanocoraposite is illust$ted itl ScLeme 2. Io the initial phase of tfe
rc.ction. Cu@,-4g-Ceo2tcbiipsan aelivates lhe ear.bonyl grroups withir ethyl aaeaoacetate.

SubsequeatJy. the eliminaliorl of a watel molec'le resr.la io the for:l]atiol of oxime (A) througlr the

condelsatiol of etlyl acetate ar:d hydroxylarli!€. Tlle nsriocatalyst aacilitaGs &e activatioa of oxime

(A), ie.dirg to th€ .yclizatiot of the istennediate (A) to fo*r rnoiery @). Io iLe subseque* st?,
Kloevenagel condecsaiioa oqors lxtween inle$uediate $) and aldd.:yde ilr the ;xsence of &e
catalyst followed by dre eliminatioo ofI{2O to yield 4,lenzylidere-3-methylisoxazol-5(4I+otre.

Sch€ae 2, Proprsed tr€.h& sm fsr,ae rynthesis of 4-bsnzylidene,3-me&ylb3x5zo:-5(414-ote
{sing Crr@Ag-Ceolciitosst.

3.?.2, Synthesis of .mirtoqltltl traphthols
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,r",x: - fll,r: - 1) .r,r,n':1l),*,: a
cl

rg' a'=i.).: :n = CI

a\o:

o

tot: Q
11, p: - r11l :R: :

+c: pr =.- p: = |i-)
rrr 1r = .-) , e:

Br

=il -l :li R: 'Hr:R:=- \o.

o
.lj j R] - \e: iRl:
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The slrrtlesrs of auidoalk\,I irlllllthol del r'atrves rr.as used to exaitite tlie ratalJ'tic aciir'iq. of

Cra(, ,{s-Ceot/cbitosarr ialoco:nposite. As substrates. i-iraplrthol. arourat]c aldelildes ald anide

uere rsed {ScLeure 3J. The ruodel leactiol was catliecl ollt u,itir r,ar]ilg amolurts of calab.sl artd

reaclarts tieozaklehrde (1 ultrl. 106.1 mg). 2-laphtliol (1 ulol. ill.l urg). aud belzanide (l
rmol, 121.I mg). Tire purpose oftbis ieactioD t\as to iNes:ig.te tlle el'fecl ofreactior1 pll.a{reters

sncS as leactio[ teuperaaae. reactiol] tilue- aud soh'ellt. lite catal]'st alDorut lvas also tested. al]d 5

m-q. l0 1ug. li ]1}e. ald 20 rug of ( rl(-.\g-(ieOl ciritosal },ere choseA to sftd-v tlte reactiot. it $,as

discoleled llut 10 ng of catal,ysl $as slriiciellt to nchieve a 1igli pr-odtct fielcl. The reactlol uas

calriecl o|lt at several t*:rperalures. itcluditg toolt] teDiper.lrre. :t0. 60. 80. 100. aud 120 "C. with

tire gfeatelt yielcl of d:e p:-il}larJ product obrailecl at 100 'C r:tider soivent-aee coDditiors. TLe

IeactioD time was tleo exllored by nrollitorillg the rcactio' wlth TLC: it \\,as discoveled t1111t the

reaclrou co:Dlieted nlie]. l5 uri:ru:es. W1ierl lhe ideliiicai reactarts were testeal rvith dilGrent solvelts

tulder dillerert cordrtrotls. it sas reveaied drat i[e reacfior] !rogressecl clrite rr,e1l solvent iee- rrid]

93 percelt plodtcl achieved ia 15 :::ioltes whel conpared to other solrents reG: to {Tables S5-S8

il snpponirrg illformation). Uitinatel.!. fbllonirrg the olti1rizatlolt of reacliol co:rclitiorr, the

sylrtllesis of amkloalk)"I uaphdrol der:vatives rvas qrried out usilg a rarlge oi snbsLates,

elcoDpxssil|g nrom.riic aldehydes anti airides. The goal rvas to erplore the catnl.vsl's applieabiliry. as

depicteci ir Table .]. Aror|1atlc aldelvdes t'eatrlrr:rg <1i.;ere liurctional grouls 01] ihe phenyl ri1]g, along

rvitL heteroclclic aldehydes ald dilfereut arui(les, co[sisterll] produced satisiirctorJ' to e\celleDt

I'ields (Table 1). (Spectual dnfa can be fou:rcl ill suppodirg ligrnes 59 516).

Scheme 3. Sl nthesis of 1-x:uido.rlkl'l-2-traphlholt,
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T*ble 4. Slbstrrte scope for lhe syrtlesis of l-imidoaikyl-2-nrphthols catalyzed by C!@Ag-

CeO2/chitosan,

Eltry Senzaldeiiyde {R ) Attriai {R'?) Titar

(nftr)

Obr. M. pt (C)

tl,it. }.. ?1.

30

t6 rt
234_236rc4

t90-192/

19?-193t6

:78-180/

17?-17886

1€2-184;

183-l84ro?

241-2431

212113.v3

265-261'

264-26661

t74-176t

95

8815

o
/,V6(40 \)

I
NO:

9020

'7 6ti

-'-Or

o o
11

Hnlr'-\,I{:

.RactioD €oditiod: bt@ld.trF. (i nml,. 2*apl$hoi ( 1 
'mol), 

did. (1 nmol), l]asd.ltlt i10 n8), at liOC
tlbl.!€d yi6:d r€tss b rrld ddin.d .id ,wili.d:d'-

82

106) tiYt 8$
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Schen1e 4, Prolosed *ecll:rnisn1 for prepr:n:ion of 1-:rrrridoalkvl nrphtho:-

3.2.:,1. Prlposed nieclrlrisru for prepnlatio! al ntaidoalkyl n^phlhot

The reacliol 1r]echadsn fo| the sr.lthesi; oi l-arnicioallill-1- lraplrthol is depicted irl Scherue 4.

-tr irossible reactioli riechalisu u:as prcposed. To begiu. Lreualdelll.cle \\as actirirted \dtli Cu@-A.g-

Cleo::cll1tosan. The be:rzaldehyde earbonyl gorp.,vas thel attacked by Lretza:ride, givilp:

btelmediales (A). lrfihenrofe. the inte tediafe (A) rvas enpio-ved fo artack and coldetse :-
laphi[o1 to eive (B). Deprotol]trlior; ofilrlerrrediates @) I iekled the (lesired product.

3.J. Rec--ychbitity of Cu(4lAg-CeO:/clitosar

Tiie essential iiclols ir) llle alo]ltaxl olgfeen chenurtl lnclde the.LrllilJ olthe |larocetrh st to

be leclcled alld reuseal. To denrollstlate i1s sustarled el'fectileless. \1€ e](altined model teretiotls

illolr,rug beozaldeh-.,de rd$ et|-vl .cetoacetate arrcl l.vchox-vlarr iue lrydlochioride (resuiting ir 4-

berz-ylidelre-l{retl.vlisox?zo]-5(,114-one). as rvell as |eactiou \jth berzaltleh; de. 2-rapltLo:, atd

ber'rzamide iresrlrllg ir I -atiiidoallq.l-l-iiaphtlrol). over'lll'e c\cles. In each c-rcle. the te.lt:orr

nixllue ri'as dissolr,ed irl etl11 acetate. ard ihe c:rtrh'st tis sepetateLl tluongli fihatiol, rrasired qitli

etharol. a d driecl il a[ o\er at 70oC lbr 60 milllrtes lbr subseqreut rLse. lll]port:tl1l1y. the iroclel

,e?ctio:i proceeded slDoothly u,ith dre |ecovered Crl@-\g-Ceot,cliitosall eren a1ler fir'e cy'cles.

de:lolstratiDg llo prolonsatior iftl]e reactiol time or sigrilica[t eiltctioi ir,rield (Fig 1.1). Catal]'si

rr.s chesked \!i1b IR f.rr aoy sttltcnrral el]'ects $'hich shorvs r]o charlse fFis 1:).
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Fig.re lil. RecyclabiSl diagr.nm of Cu@-A.g-Ce0rlglitossa. Reaction couditions (1)

lerzrldebyde (1 mlr|o]}, ethy: ncetotcetat€ (1 mnol), Lyarilril'lamine hydrochloride {1 :tl|1o1),

ranocatalfst '(1.:0'19),. r:rd ethanol (2 ml) at 80 C (2) lrenz:rldeh\-de (l mn:ol), 2-nap:*lrtl {1
mmo:}, *:nide (1 mrnol), rarr.xt llst (10 mg), .1 lr0C.

3500 3000 ?500 :o00 1500 1000 i00

\\-arereDgth (!!B)

F:gur-e t5. IR datr for recychbilitl ol C:r@-\g-CeO?,i chitosa!.

3.4. Syrergiltic effects itl Cu@,{g-CeO?/c!itosan

Tire IE-SElvl aDal-vsis .eveals a wellblended oaooconrposite :iat sigrifirarltly e: urces eatalytic

perfo|rr arlee. Ciear a0cl evelly dispersed Cr aDd Ag-CeO] pa*icles wete obseNed tiuougho}t tl]e

clttorari lnai1.iri. c.eating a substaffial suriace area. Tire illtloductiol oicoppet a:rd,{g-Ceor eltl*11ces

the st ct|l'.l fe$res ofclitosalr. eYidef iir increased lori:dlrless !uc1 por osil-r' ot ahe stulhce ofthe

resullara naro.oulposite. This ilr'rlxovernettt siglrilies beililitered dislersion aud lruifolr]1it!. The

s)uetgies orcrJ ill!! at the iDterl'ace betweer the rletal ard suppoi. .lotg with the ericha$ge ol

cir.rges betn€e!1 the metal ald rletai oxide. could poterrtially enLa[ce catalytic perfolllalre.
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Tle aatibaci*ial effectivene$i o: ceria {CeO?), silver-doped ceria (Ag-CsO:)- silver-doped

ceria/clitosar (Ag-CeorLhi:osnl!), alrcl copper phs silver-doped cedathitosan {Cu@)Ag-

Ce(J)lclitosal) oa ocotDposife agaillst Escherichia coli (Eaur-positive) and Klebsielia ?leunoriae
(gran-lagative) bacteia tvar assessed rlnougl] tire agar well diil'usrol techriique. Bacterial plates

wele prepared osilg the stalid0rd polr plate procedu:e. $ltir glycer-ol stock culh[es of bicteri.

revived aod ilocuL:rted ooto nrta|iena .gat. The agtu l'edra, autoclat'ed lor eac1! e:rpednieot_ w"s

irroeulaled. and porxed iato pei:i plates. I-eLl! rrere cleated, filled rvlth various colceDiralioDs oJ

:ratogorticle samples. .!d cottrols (autoclaled distillecl r.r,ater and chlolalrphedcol) were ilcluded.

Artoclaved .distiilgil iidiel alld :r{pleriicol were er:rployecl as aegative aud positive ioiiirols,

fetp4tively. The assess[ent of alrtibacte al efticac.v iavolveil the ca]eulatio:l of ilhibitiot zo:tes

(ZOl). lvhieh rvere u:easw-ed arouud tlte wells follo*ilEi a 21-]:ou: iLcirbatiolr leriod at 37"4.

.A.ll foru nanoparlicles exhibited toxicily against fLe siudied baetejal pathogerb at differeo:

corcertratio$, as evideneed bl tire ZOI agailst Eschericlia coli (Table 5) arrd Klebsiella ptreruroriae

(Tiitile 6). Arlo1lg tlteu- Ag-CeOl deruoNtrated the st|otgest inhibitorl et'fect aqaiist Esclericl:ia

coh. u,'rtll a ZOI of 16 nlrr at the highesr comcertratior (0.: mtrJ) [Figue 16). FLuther investigario0

ir1lo the rrril]ilr]ll]D ir ribitory colceltafior] (\.IIC) re\:ealed tlnl Ag-CeO) was r]rost loteir: agoiusl

Esche chia coli, rvitL a NIIC of2.5%. Interestil.sl)'- dre etleac]' decreased *hen Ag-CeO: nas added

into chiaosar (.{g-CeO.lclilosao)" haviag a 109,i \ilIC. Copper and Ag-CeOz,thitosarr (Cu@Ag-

CeOlrclitosal) showed lo ar:ii-Eschelichia coli acliliq' F:gt.re 1?).

Agairst Klebsielia pDeunoliae. CeOl cloped {,ith si]ver 1.4.g-CeOr) exhibited tlie suo1l-eesl

iohibitory activity - rvitl a ZO: of 15 tluu (Figue I i). The ?o:ercy ir:creased upol dopiog ceria r.vith

.{9, resl{tll]g iD Ag-CeO2 havilg a \.IIC of 2.50./0. Holverer. :Le M]C i|rther decreased to :09; and

100%

lt.0

16.0

l5.0

l5'lo on addin€r.{g-Ceor to .litosar (Ag-{ e0],rchitosall) and C!@Ag-Ceo/cliitosal. r'espectively-

' Posiaive co{txo

Ceol
' 

Ag-ieo1

-{g-Cei)]'chitosan

ar@A&tEO:lchirosal]

Table 5. ZOI of differelt :ral1opIrrticles ng irrtt Eschericria coli.



\L't ! r,19"'re,,1,9

Po'lire ccdtrol

tl

TaLrle 6. ZOI of diffelel1i tlrrroprtrticlr! :1g,rit(f Iileb\iellir pnetn:0ri:1e.

t :l]:
Ag-C eO:

A1-l;Ot .lult'!.ll

{ \17.-{!-C aO: c[ilolall

l lir
150

-tc.t:

:9 {l

l00oo

:l i
li 1l

L.r. lr

..,1. -:..: :':.
tjDr 50oo 25oc

ILJ I l.rl

1: it t:.0 i:0
16 ii t:.t_r tlo

l
l

5

/

)

i
l

5

I
3

l

1

I

7

)

.'

1

5

I

)

5

3

Figure 16. {ntib:lclerirl ircti\ itr .rf (:1) { eor. (L) lg-C ror, (c) -\g-( eor chif0!rn. (d) ( ult -{S-
CeOr..hito\xD irgitin\t Etclttri: h iit aoli.

Figure 17. -\Dtibiclelitll .cti\it\-of(ir) i) (e('}r. {1,) -\g-(leor. (c) ,\g-C e{lrrchitosirn Claa.\g-
( eO: Llrilo'rr t!nt't KltL\kl!., !. ,.tutoiitt?.

3.6- C o llrri!oL of tle cilrh tic :rcti!it\' of f u ( {g-( eO:. chi!o\.n

C or:rprr'i;c,! t'ltire ci::r:) frc .r!:l\'rI rr: a ui -\g-C.O] ahLtJ:.'!i r\'ill: 1€:ertl\ pltLrli.lleal il ofk hns
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:l
-1,:l

2.3.1
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:.8

Figure I7. Structure of the model :or the Clu(4Ag-{leol/chitostl nrno.omposite o}tinlized nt

the B3LY?/SDD leyel in the gas llLnse. Selected bond distances are girel in angstrorns. Color

crdirg: red for O, light grey lor H, dark grey |.r {1. dark blue lor N, light l.ellorr Jo} Ce, sih.er-

grel'for -L9, :rnd orir[ge for a]u.

h FigI:e 17 tlie gas-ghase 33LYP SDD ofriDize{l lrodel stlxehue ]bl ti:e Cu(riA!1-

CeOliqli1q53r nal}ocollllosite is p'ovidecl. \\'"e c1]ose lbr the Ciu(a Ag-{ eO; \} rhe C e,rCiAgO,

lnodel, Rhicb w.s couecte.l tluougb tbe oxo-bidge to t\\o chitola, ltonorer ruits used to rrodel

tlle cliitosar !olJ.rte.. TLe glorutd srate fo: t[is model sttctru-ei ar tbund io be do blet. ffom :he

ollilLized slruchue. it .a1r be :ee! U]?t itr the llretal,o\o la[ociustel both C1i and Ag, a:oog \tith the

O-celters. are lighiy accessillle fo: nte:"ct;ons r.;ith aul urolecules appfonchirs the raoocoDposite,

thur suppofirrg iie obser.;ed ligli cata!11.ic activift rrl the larocoqposite. Frou the optllttzed

stlt!.trre. it calr be s[ggested rlso dtat alol5r with the O-bjdges the C u(l-\g-Ceor NP cor:id be

con:recled to the cl tosan atrix Lt diptrle-dipole ir:eractiols (exeulplified br prob:L:le

( e. .OH(clulosau) r{elactions) aod hj\-d.o:tel: bor:ds (exelnplifiecl bl probabie O$)...H0(clutosan)

irteiactior]sJ. 5ee also discussiol'i of\'tlrllikel cliarges il} iire r:rotlel stlllctue belo$.

3.7.2, Ilul:iker c:rarges

Ilt Figue 18 ihe Muliiken chai-ges and spits oli selectecL aioltrs of the mode] shricnlre of:t]e

rranoconlposlle are provided (it \!as rrot possible to pe.lbru Natrual Bood Oibital annllsis due to

tecluricd ploblems). .\s cal be seel. tle or,vge* ol tLe CesCi:.{gO: NP car:y sig:liicart regalive

chalses. -0.i59- -0.610e, \rherers dle C e-certers caln sigrriiicart lositil e cha€es- 0.9.12---0.998e.

bril the Ag- a:ld Cr-celile:s have qtite lot positile clulges. 0.083e artd 0.005e. respectively.

hulherr}]ore. ox-vgen alld dtrager a:or]s ofdre chitosar nrat|ix ca!ry sigDiiicarrt rregatir,e charges.

wlich rvorld facilitate dreir ilteractiols.
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Figufe t8. }]|rllikell cha].ges, e: {regular t'ont) nnd spils (it:rlics) on Jh€ se:ected a,orl1s of :ie
.nodel fof lhe cuarl-r-{g-ceo2'/chi!osau nanoco'uporite optimized at ahe B3Lyp/SDD lel er in the
gas phase.

wii! rhe a'.l(alAg-ceol \P:. as rverl ns tbmrarioD ol ri-vd.os:eri boncrilig nirh these \?s via H-ato*r
oi the OH ard. possib\'. NHl goL:ps ot:!e ll}at:.|\. As e\peeted. :rll urrpn,red :pil deusitr, is

cotceutraled at tl}e CerCrAgO, \?. \,it1i one Ce-center. berriug ahDost all o-spiu. l.0l6e- rrith t*,o
oaiel f:e-.eDte.s llaljrrg rregllgrble a[rorurts ofcr-spi delrsity.0.00le aad 0.005e. Nher.ers the Ag-

ce'tef does 110r luve aq rupai'ed spirr oi ir it all. t1]e cu-ceuter has negligible a.'ror,,.t ol q-spiir

de$itl. 0.00Ie. arrd tie oxyee* calv ione or Ierl little of p-spir desiq. -0.009e al1d _0.01ge.

These res.ltii surgest tNite higir potemial catal:tic nrtivir),- of the C'A,{g-CeO: \ps.lettativeh.witll
tLe {:e-cerlte(;) pial,ire uior.e sigui{leali r.ole t:}a' lhe.{g- and Cu-cenrets. Ho*.e.,er. this issrr
reqrires iulhel irl estigaiiol nhicli t'as lol tlte stb.ject of ih€ crl.etrt stu.l).

3.7.3. F.ontier molecular. or.bit:tls :.D(1 lDolecal.rr elecarostrtic potebti:!l (:VIEP)

Figlue 19 presefis the tioutier rlolecular orbitals (IIO' (Fig. l!)a) and ploi ol.ruolecular
electl osf.fic poterltial (Fig. | 9b) for dre rl.rdel 

'ial:ocorlposire 
st uci.n e. As cnu be seelr fi.ou fig. l9a.

both HOI,IO ard Lli\IO are dorin.red by rle CelCuigo. Np. rvhich inplies the Cu./a;.{g-CeOl Np
particlpatror irl the oxidaliorr-redrtctior e'td oll]er ehe'ical processes au(l thr's :tr catablic.l ectiviq'-

Fru6efilore. close: co'sideratio' of r[e Ao'tier' \.los slto*.r thal dre HOi.IO is coDuibuted b.!

elserliallt all netal celters al'tdruo;t ofthe o\yqer ce'|rets- \\tereas aie L]-]}lo is l}rostl! colitdb$ed
b-\ fhe detal a',d o\vgeri celriers locarei filrthe. anav l'fo'r rhe cliirosar nroierres. \dlic! rilcrt suqgest

ideas about space localization of oxidatiou-redrrcti,.rn processes occtll]jDs ori :le Cu3)Ag_CeO: fip
relative to ihe chjlosan rn.ttix. Fufiher. rhe \'lEp ptot {Fig. i9b) sho\\,s ooticeable accrur.rlation of
posriive elerlrostatic potelrti.rl (as i:rdicated b,r- blue color') or dre c erclrAgt), N?. especially o,r irs

sde Located frulhe. anly liolr tLe clliiosar nutri\. inchrilirg tlle.lg-ceDter. This acc..mrdatiou

rerders alie Da:Nlarticles electrophilic ploperties. qlich suppois sucgeste.l meclulrsns of tLe

0-Lt

-{).:-0.:

t:).0-0.1

0.0
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\\:as su€rqested to occru. Ho\i;e1er. lbis issle elso requires

be dre suLiect o:tle iolloN-np sirdl:.

. r.e Jetarled role"tisltror.. rrlrrcl. Jrould

G)

Iigure 19. Frontier ruoleeular orbitnls (.).nil IIEP p:ot (b) for ahe model ior tbe Cl(rlLg-

Ce02/.hitrs.l nanocorufosile optin1ized .t:he B3LY?ISDD leve] in the gas pbase.

Col|clusiors

\1,'e have reported tLe {:fhesis attd characte zatiol of the el}icient polymer-based

lra1rocolrposite r.dric[ lus beeu strrdied usiDg a varieq il tecluiques. hcltdil]g FllR. PXRD. FE-

SE\'I. EDX. elene*d rxppiDg. arrd HRTEII. al.rtg rvirh dre conprtational aPprLradr. TLe

llalrocatallst surface area \"iar calculated. lts applicatir,.n as a lratlocalah sT for the multicourpoteot

sylthesis of .l-arllidene-isoxazolitll:ro:res nd 1-anicloalkl'l rraphthol ba,s been deilortstrated

successful!-. The rarious rarrocomposiie properties, bcludirrg the baldgap. were s*died i:r details.

ll \yas sliow! to be cost-ef1'ecti\e aDcl ia.lls ruder tlle catg-sory of "!j-..een chenlistry" leca:tse tlle

rar':ocatalyst rec.vclability $a! teste.l over ahe coulse ofnf to file corseclllive l1$. TLe DFT:esults

provided significalt ar:d cnapreheasive support lbr the e\perirteiltal iildilgs.

,{ssocirted contert

N'iderials ard ch&acterizatior of s].11thesized nanocompoljle. Tabies, Specttal clat.. rHNX{R,

llCNtr'IR. lvlass a*d lR stec!! ofsl'rrtliesized conlporuds

,lcknorYledgmen:5

The audrors expr*s drei| gatirude to ile Depaitlient oi C heDristif, L:D;versit of Janrlllu, Jalrliltt,

ard tle furdi[g agercres suploilirig nist!-rmreotal lesou|ces- ilcludilg NX'iR (DST-PURSa), BET

(RUSA :.0). TGA (|IGC-SAP). ard PL (RUSA 2.0). ,{uthors als(r thalrkill to finiversify of .'l.llrt!t

lor p:oridilg Research alld Seed \'{ooe)' Grart. -{dc1iti,r:ra1l-r.. the au'thors achtorvledge IIT Roor'tee

LLl\,IO

!lOlvlO



be the subject ofthe follow-up study.
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was suggested io occur. However, this issue also requires more detajled investigation, which should

HOMO

Figure 19. Frontier molecular orbitals (a) and MEP plot (b) Ior the model for the Cu@Ag-

Ceor/chitosan nanocomposite optimized at the B3LYP/SDD level in the gas phase'

Conclusions

We have repo ed the synthesis and characterization of the efficient polymer_based

nanocomposite which has been studied using a variely oftechniques, including FTIR, PXRD, FE-

SEM, EDX, elemental mapping, and HRTEM, along with the computational approach. The

nanocatalyst surface area was calculated. Its application as a nanocatalyst for the multicomponent

synthesis of 4-arylidene-isoxazolidinones and l-amidoalkyl naphthol has been demonstrated

successfully. The various nanocomposile properties, including the bandgap, were sfudied in details.

It was shown to be cosleffective and falls under the category of "grecn chemistry" because the

nanocalalyst recyclability was tested over the course olup to five consecutivc runs The DFT results

provided signilicani and comprehensive suppofi fof the experimental findings

Associated cont€nt

Materials and characte zation of synthesized nanocomposite, Tables, Specffal data, 'HN\4R,
lrCNMR, Mass and IR spectra ofsynthesized compounds
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