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ABSTRACT
The hrgest numbcr oa antibioric and inrin,i.d)iil asents are consumed and nriliue Lr va.ious op€rirons
tl*oughort rh€*orld. Due ro rheexte snt ap fli.a rion oi th€se nred i.inal .henicals numLer ot Ar ribiori. Rcs ish r t
Minoorsaninns ({RMi) are .rohed, N , rnrlt. ir n . uajor tlrcat dur rltese orsanisDs nray spread a ki ot n.*,
nro&Lle dneases The iradirnrni I .ri u r. ftn, i:,1 i!.r 6 a rc nor etii.tnr Le.anse of Nr tarion, clri net nr ,,1 ..r1r nlr
Neclunhn and ndabolic parh.mls l)t nri.(usinNnrs Ilish lisk diseNes like various rrles oi.ancca ir \rN
connDon rnd need to uoniio. in the eirt).srises io minnnize dE daDEse. lr*nriod or cure borh l.r(,. are
neccsaty drese days ro ensne health a nd si ter ror various agen.ies. F.oN dre eiiactiE osc ofcisptadn ns an a n ri.$.er
.senr, ino.sanic nFterinls arc hiehlr ntul ,,s ir ellarnr anri,nicrcbial asens. Naf,onMrerials, !aooLU,,,r,js,r(
and n,eialore.nic conplexes .r€ rlrc n,osr !rcn,hins catrdntates and rar Nore relia[lc rhatr rtre coDvcnr!,)i] rnn
odrer aeents. Wirh dre Iaree mnber oi retaloxides, intln,te nu n$er oi Detal and nonmehlnrio, (lte e onnous
amounr oa nrerrl.lieands conrlrinarions urie,r .r drntricd)i.t asenb .rn be slndrsized and apptied ior .i.(ns,
hl)eling, inlibiiins rmN(iption i;croi idiriryaDd!l narelyto rlre dhriuction ot hannnrl n,i..abcs. h,he (trr.ni
sho* .eview nrore enphasize h eno to rhe .re.huisu, qnrhesis and .rpliqion of mer.l an<t nontrr.hl doped
artunifiobial asenrs. Vario[s aspec$ n,.l1rs size, n.rplolos, concentmrion erc. arc.Nier€d io dre.l rhe liHhr on
dre.uftenrsanN oidrese hique nkkrials. Fuirlrnn.re, nnpo a n t mshanGii. parltwa's a.c also dirl,ssed whi.h
nuy prole nnpoknr ibr lirrher sndics. O\trrll,nchl ron Detal doped an lidobial aserrs Dw open .t.. J006
I^r .rte. rn? c|| n'nidon or :hrg .n,r l''cl l\ n .r .,r r i, r ^rer,,FIr
Kel@rd$ Antit iori. resisranr hic.oorcani!nr Nanonarerial Dopinsr Nobte,netats; NonNeril.loped

INTRODUCTION

With increase in aailabiliry of tood and lubitit rher. is an
inrease in the nunber ol ktiols NicMrganisnN h obsenrd
tluough the glohe. Manyofthee miclooreaoisrns a.e beneli.iallbr
,l,e dselopn,enr o, rlfld.dl environrnenr rbr Lrins .,sinF.ns.
indudhs hu,nan beines IU. Nirrcser fncrs, decorrpseB,
ana obes.nd other imporianr mi.too+qnisms are dre nnporranr
ch$ oa li ng beins rhat op.nres at rhe hicrc larl, bui lBr a

serioos nnpact on rhe ecolosy of dre planet qrfi ll,l1. Bnr, with
beneicial n,idooBanisms rher ate many drngeious otres *lri.h
are causing serious problehs bysprading diseNcs, donri.arins and
ehninatins other inporantspecies rhese.E lDown as parhogens

Il1. To orercome rhe infllence of these parhosensarious ino.Banic
d wellas orsanic asents dftlop commonly know! asandbiotic or
antntric.obial agenrs. Mosr of dre dnentanribioriB are olorsani.,
syndreric oriein since dEse arc biocoNparibl€, hishlystalrle, easie.
to sFrlresizewith high selecriviry I4l.

Berween 2000 and 2010, cosumprio. oiaDtiLiori. d(,cs increased
by 16%. Gqall rnore than ?3 620 748 816 $and..d unib ot'
inal,i,,,Grm.h.l'atrrJandu:edwhnl'irr. .e e.,n.,ei,n$
nrosr of dr pathocens l5l. Bur, iecenr tindinss nrgses rtur Dany
olrhese anribioriG arc nor provins erli,critt asrin$.elrain sEains
oaN,roorcaoi$u, rh6e micr@rsanknB whi.h can $tshin in the
presence of ihse subsr.nces a.e Lnown d Anribiotic Resisrant
Mi..oo€anisms 16l. With an increas. in rhe use oathes. atrt,biotic
tlre resisranc. ol mic.oorsaoisrl is also increasing and k i\ rlre mosr
letltal tl,idg ro happen 16,71. Valiols uedi.in.l and honsetotd
wasre conrain an enornons.Nount oa rhese antirnicrobiat .senrs
anC .dttrdlly rhey enter inro rle nearlry Narer reserlrirs in rhe
lbrD oi mtrdicipal and mediql e*luent 181. Thes. erluentswlreo
enter inio rhe mrer bodi6 rempoarily Lill rhe ricrobial r'lora,
blt soon many oreantN deklop the capaciry ro resisr asaiGr
rhese,naterials aod mlt as Anribiori. Resisrant Mi.roorsanhms
by altering rheir Beneric Darerial, nechaniyn ol .bsorpdon, by
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ftansiaftins their genc inn) srtd-in(liscillr nri.roLes and orlrer

Once the n,idoorr.tnisnr b..orts r.:ininr tu antimicrobial
acenrsi it snrrs to reprodu.e n,rnr !r.1, orlminns and knsl;E
ir. een"rr ir,rirfl",r^r' rn.l x r'.. .,r, ..r"
nricloorsanisrs I101. Hcr., rh. (rtrantional anrirnuobul
.cent thils and instead ol Je$rcvnr! rhc nricroorsanistr it helps
to senerate inore su.h tr qr. !n... ,'i rhe .on.eniiarnm ol
anrnnl.hlial aEert nr.re{se: rlt resisnin'oi (lstrtrt nri.robiil
rlL,rx is trlso in..casn,s llll. Th,s trl). oi Li$ is nos i rl,!s rerf
rn,d, .onnron in ninv $rtcr bod,cs csfc.irth dre rnds netr.
.irics ll0,1ll. Thcse sinrr.is n,av.r,s. roul)ll. in d,e rea! tirntre
,r ^,,e.r 

_rr n,r.' 1,. {"(. .h., .- . ' .r L r1,.. .j',r rn,re.'..
ihe .isk oI ini;.iious d&!se uhich ,rtrr pro* ld1ul ro rhe lirine
orcaniso\ ard stnnklly l,unmns ll ll
To.!oid n,ch a cnd,nNtan.e, rhcrc is i nccd ro inrd onr i sr.t,le.
co$ €liecdr, bio.ompatil)lc, ccotinl\llr sLLii(rte and on. oiihe
prombins candidares is narDnaterirls ll4l. n,c Nrs( inrport.nt
+elitiesoinanonraterialsare n iscasl.iosFt|esis, lars€r€ri€r.yof
nrchloxides pecouses ir ruilable and b_vd.pn,c tsrious n\eral
and nonnrehl dopanb in !:ridl oacor.dtriion, dre prolicicnct
ol rhesc n.nonurerials cin l)e n prorcd. F rh{n,or, rlteysl,ow
!rno'h r'eJlnn,sn\ pi,l'w,r. ro d.:,ay,l.. r.ihroJrsinLrrs ro
which developn,rnr oi rcsishnce N.lrini! is ditil.uit 6r nMny
n,icrcbesll5l.Nanoscil€ rateials i r. higlrly etiiciive be.NNe leh
n,ulti dnn.nsional propefiies $(h rs $,,all sne, va.ous nlibholocl
and hore rl,,n une s!( va,'r,lHn,.,', r., d+a, L u'.. 

'oJrEini.r,
l16l. Smaller sue is eenerallv rlE eisentiai lr.tor in tlre rchrdarion
ol r,i.robes since, rnall sized nanonuterials cNilr Dcneftire inro
the cell oreobmne and alter drc iianspon.rnrn! inrenct qnh
biomolceles ot' ,ni$obi.l .rll. di$urb drc connnoricition @en
at genoDic led to lbm courn,U cell constiruenr tlut lcad m
srnnhlde,rl,or,.,r,ob,. IlTl VJpl,,l.A b,,"fr.,,'1i,,o,,ny
mi.@ s.ale narcdalbec Ne as n,orpholo8y dMn8es die properries
oa nanornaterial also chanses cspecialyin an rntini.robial marerial
sn€ plars an nnponantrole ro indease tlrc proicienLr. Forinstance
Nanolibelsao.nanorods ae mote ellednr tlmn snnple spherical
nanopa icles and dre i.terestins point h tlMr nroryholoey on be
e.silycontiolled by lriious tr,efiods ll8l.

Nin6de ft.nsirion nretal .ouplexes are also ainonEsr recent
naterials whi.h .an b€ applied ,or tlte eftctir€ dcsh,crion of
Erious resisiances Nic.obes try riftrre ol dreir van nunrber oa
prope.ties and Nodes oi applications Jl9,lol. Metal orcanic
hamwork especial rqnsiriotr Netnl .enie.cd .onrplexes are
,r'onerr ,oJ i,,'porhn,,'lis he"e daE,u 4.1r. ,nonronrc o,
inhibirins qrious diseNes ery effe*ilrly 12l l. I n n, ines.ent tuetal
coNplexs intehct with ma.rcmolescules, hh.tions as a lable a.d
hichlight rhe alG.red cells 1221, meel co'npl.xcs oi C., Cr, Pt,
k, RI,.( ,r prdine,heir rcflh s,nl,ib .,s.t ,,,n.criprion
hcror.ctiviry which dire.tly contul rbe sen$ic iniarnaiion and
egulate dre disturb .onnnunicarion and help ro lo.m heakht
celhlar conponan6 instead of co..ul,i cellular.onrponanb I2J1,
Pr sin e ihe rnne ofcisphri^ anJ ie.enrly Ru meml conrpleres are

sainios arcntioh as Dodulato6 olintlannnarory and rutonnmune
respooks 124-251. Non ineral tased naiedals, especially irom
gaphene o.igin is also a majo! class oa n,aiernl wlich are easy

to srnihesize, cheap end eliediR asiosr mosr ol d:e parhos.nic
and resiritance orsanhan$ specili.ally bacrernun, eilictiEnes
a8ai6rvirus, fungi and alsae is).rrio esrablislt bot lh€ h,m.ndus
posibilitics I261.

I Nrn.mdlin Bit,heFpfun. Di{!"1 vi.9 ts. tNo,161
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Metal.lopnr8 is rh. nnrr tro,trisnre nrihod dr rlt plepaRrion oa
etlicdrt anriuri.Nbirl .,s.nr ririons dopanrs inrprcr rh. ph,si.al
prope!ties, a nd anrinr i.nib ul ).r i! i$.ol trr ronm rcrials. M [pholor,-
is rery nnpoihnt (, sh,s i\c icrlvn.r ror instan.c nanorods and
nanoNircs are n!r. .ll!.tnt rs .oDparcd (o orlE r,orophologies
srhNhollowo.sphcLi.ilrlr,istliesizeoln,onurerialdereases
anrimicrobi.l acririrr rlso in.reasc 1271. Mo.pholos' and ihe she
oi these nanomatuf1. $n l,e e.sily conftollcd y.]rh tl:e help ol
n,an, freparattr re.lnriq|.s Fu lwrrre, n is obsesd drar nor
onlynon.,,chldoprn,.oniriliute b the sizc rd rxnpl)olosy rhef
ilso dedease tl,e re.onnlnitn .i photu ind!.€d durse .ariies
(eledron,holc pair) trhi.l) is in,poftanr tu senc.are oxidizins specles
like .OIl, O... IlOO. 1,.. ridi.il wl,id, nw Le utilned b
breik LLe.ell mcnnnin. ol ,isol,es in aqucons nredfttr,II5,27].
AllrlBe,,n(l,',,\,". r.tr 1v..p.,rJopins.,"pi e p,rnenFs5

to $€ dopcd nanooar.ri,l b :hoq.high.r .^rimi.ioLial acriviry
tl8l.

MEC}IANISMS OF ANTIMICROBIALACTIVITY
OF NANOMATERIAL

There arc n,any aDriDwol)iil n.nonfterhls ire slniluned and
appli.d ib. the reo\oralor resisranr nrirrcorsanisnN, but rhe nrost
nDloitant .spe.r ro sndy and understand is dre Drechanisn by
whicL d,.l.-' perhnn rh risk Manr s.ienrili. .ooNrniry d.Lar..t
onedous nreclunisnN brwhi.lr a Nirobe can be kill€d d}!cti\tl!:
FollNinc are the nrost con,tr,on m€.hanisnN wlrich are discu$ed
in may reseaich ptrbli.atlons

ROS eeneration

Reacti\e Oxlren Sl,Jcies rlrOS) nie dle tr,osi.uNnon orecharisn
bvqhicha uic!obe ca q Le etli.tnrly desroyed or leNrdeactivate
by eeneratins dre oxidDins spe.ies in dre ibm oadioxrEen radnal
(O, '), fiese oxidii.s iadi.als ire hishly lea.rive and senelrlly
leact wirh the nr.ron,ole.L,lcs n,ch as DNA, EnzlDes (p!otein),
lipids etL. Il91 as s\own nr Fieure l. When nanonnierirls are
i@diare wirh a deiinii. nn,onnt oa mdiarion the pardal absorbs
tlt Rdiarion and e is eje.ted ircn VB ro CB due to rlis photo
induced charce.aiiieE are lbnn (e and h'paii) ahd € .educes
oxrEen to senerar rhc highlv oxid izine dioxygen .adi.al (O._') Il0l.
Ihi, pro..s h re,v.r.n,',.n .,nd etr;,,,vc isih$ nrini rrres Jr
mi.roorsanisDrs in \arious lila sr.ges.

Metal cation rele6€

MGi oflhe mer.lsetreriEs rsionicspecies in warer and ihesources
oa m.tah are merai oxide ninoparricles. These carions ae postikly
cha.aed and hak .. a$iniry rowal* rhe cell Der)bane and doe
ro smaller size and lrislr penneability drey .nt r inro cell via c.ll
membnne aod int€itire \arious membolic proce$6 by ra.gering
ploreNe enrlnes and lihcrioMliticssuclt as sulltvdryl, aNinoand
bdrcxylgroups, to chanse theshcn,re and perlbrftance olotrall
nroleole. Ttis leads ro toxi. products or proces which dentually
|rNs tatal tbr the mi.r.bc l:ll l

Membrane dystunction

MenbEne dystun.don n a k.r ac&e Dedrod since nosr of fie
inetalli. marrhls.re oipositive.haqe and rhe have ele.nosbric
aiimcrion rowards dle.cll"a11. T1E arrachNenr ot'smallsize itretal
pa.ticles blocls rhe essential pores and c.viries oa.ell hemb.anes,
which is semi penneaLle and tiacile, due io rhe trlockase th€
tiaNporradon and absorprion poce$ is interupted and



lrrn{s (lcioftr[nlrs .l L:clls de.MiieJ out which rrc kno*! is
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Nanoparti.le irternalization

Narola(l.l.s. rt,r.i,,llr snElhr r rorinrerills ar€ hishly a.dre
be.ause d,er. lil,rc !,rh.e ter and hislt pcnncabiliq senerillv
how selrn, .r,e(r on thc ..11 s"U oi riri(obes. Hish strA.c are
.lDs I;r h,!h trd!,I),tor ol pr.els on..ll Nmbmre d rrli.r
nroslo frnnr in(l .rfs.s rrlhnr.rionins oldeli. . D.nnrme,
h.! trlso.nr., ir,(, ,1tr. ,r.fuL,olirD tlroush pe.ersrion { !ho$
oxi. elle.$ b\ utnrg ncgrtnrlr on exdlinee ofnu(d an.t erer$
'l1l.s sh!s0 i,, l:irurr l

METIiODS TO EN}L{NCE ANTIMICROBIAL
ACTIVITY

i .aD br .or.L1(].(l tioD dre nr$mirn disobsion rhar rhe
ssenrnl .rnerh hr rlrc hlghlr idnt anrnniclobial naron,ateiiJ
(e tht ge {ation ol pl,oio irdu.ed chtse erriers drar is.n
le.Eonlnrle pan (. nd h and r.ondly drc sne of narotrrrerial
orh d,ese pn,tMie: ,,lti.t tlrcdesrn,.tion oip lrceen pLvsi..Ut
s welL as .hcn,imlh iDd borh rd oiher i,nporranr properries ol
atroDureri.ls cu Lre.onirolled Lv $lious synth€sis processes

Doping metals

Dapids t.ansition rn€ra\' Transiriod nebls are dre nrost
n)potani and ictnt dopans in nuny Netal oxides ia! thcir
rrengrh, ruiable v,Jen.ics, av,ihbiliry and otlE. propciti.s Jl4i.
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n. ol rlrc kc! adlrnraees oadopin8 rhesc meraldopanh n, rl'!r
c.r..N. (he b{ilsap between VB and CB and cok.r lou elll.icnI
iglr rbntrLcr into hishly et'tlcieit UV- visible licht abs)runr
ir(if r ll5l Jrey also r*icr dre Doqrholosy and stri'i.e rr.i ol

uill nri.ine uieial oxide 116l. The declease in tlrc l)ind lip
ercmtes ploro induced charce.aftieh e*irtnrly ind 6rrnnllv
clp i, ceneiate hishly cidiu€d species such as H, L)
OO qhnh ar. dnecrly attackins on cell nen,ba.e and lillrlr
iso(trlmiln Lr pla nollsis 1371. )idi' et nl. Irroducd I:e nl

o iio inJ ir q?s d.idenr lioN dr sn,dv dM he antnnicn)l)iil
hiri.(eii$i.s ol TiO n.rcased in iluoles.ent lighr nn,ch nx{c
l,le.icnrlr rlun undoped TiO 151, Nxir c( .i doped Co nr ,hO

bv .o-pre.ipiration n,(hod and ir es hishly etecr(t asan,r
ol, lrl,lrlir! l,nunmia., Siigdb alptrdd., S. ry,rii, P dd!!,mr,
.rlb.iir nds. a!p6 b.cre.ialstrains Il8l, Kan,n.karar et al ilso
s€d TiO rd doped Cu tor fie disini'ecrioA oa n:icrobes ud*

visible lish: irFdiatioD a.d Nas Nore nnpre$nr rlu,' b,,re TiO
l9l rlN. rnd orher ftinsiiion n-als like Ni, Mn, Zn and rtrrnr

ore ur tJe etr,ployed lbr dr saDe and an prot! .lt'ecrilt rgiins,
any snms of mi.rob6.

Dopi.s noble merals, Notle matals (Ar, Ac .nd Pr) are the
N!o!trnr.h$ of ,ne$ls nsed enofl nouslyas an anrnnicrcLJial asdr
401 Br nsnc drse qpensn€ n,ehls as a dopanr the olcrall.o$
s reduced and eile(nuess can be achiatd I411. riqo.! et al us.d

Ag as a dopanrand imptegnared to prepar€ TiO coatineandsndy
e\ealed tlredesm*ionot'rhecellmembraneol ..nl,b.crerial4ll.
erni er al. rcpo ed light acrivated anrnnicrobial polyoreB dol]ed

wirh An l)! sirtrple smll€n.xp lario!^hrink r,efiod and i$ wN

lnrerupllon in ei€.fto.

ar
!Ii, ':t-

d) Ribo,oma,denabi,iz i-,1"ifur{.,}

lnte.a.iaotr with enzyme5
Ros''.,,,r,,.rro" --=:r_-_:i-::- &__:--r5 >:1?-,11^r

kuE l: A ftdMnnn for dE Antimifobi.l etivty Reprntr d fron (R.( 5l) cop,isht lol? .pplied nidobiology

F(gE 2: Mdunisnr of nehllic rDopri.ks .situt the drus 6isdr ba.ieria repri:red fron (tuf. l2). CoBrisht 2Ol4 Adqn..d drus delirr, ..{eN
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lisc^ld rl,t drc .oahs was elia.tir€ ro prcdu.e hr!. .,nxn,nr
r ROS iluoush which lislr anrnnicrobial adin s.. .bsen<l
.d gold L,hyed an nlpo.ianr role to ernerar ROS l4]1 T:rns .t
l. dcrelol &l a lisiblelisht rcspolsilr plarimnHonrann,s rirrnia
.,. i f')"\, pJ I',g1,pe,rJr,'.n.,,,.r1'{i,,.'lp..rar^,q,,..
.ilb.rtre parhosens 6rn in soil hirl:ll. .onraNinfted s.atur and
l,e n)o$ Nsenrial Npect Ms irs eft'ccriEne$ in *illc mnse or
&lirrn , l44l ir is .lideni lioor tl:e discu$ior rlr he:. nol)lc
chls.in phyan ntrporranr rolc nr Aurher de\rlopncnr ot lngi,lv
lli.rirt anrinricrobial doped nnterials. Furrh{truc. rlrv rt
.,, \,. ,,. .".,. ,r .,n,",.n, u,,t, e|L ..Le.t.in \,,..

sl,iJ, is appli.ablc 6. antnli(obial coarins and drnr ril,ns

Dopinc oon-m.iaL: Nonutetal dopins is rlE .nrert ,,sr).d us.
or thc deeelopNest oa nanonurerials be.ause oa rlreil r,rridN
tr,'liries. Loadins oanonlnetik like B, C, N, S, halosen, ctc .
n,ongst mny nonneral used as doprnt i.on snnple Dre.!For!
ike !rea, dlourea, nino iiids and orhe! orcini. n,arcnrls 145)

Thc inftoduce inlo d,e .r)ssl laftice be.auf dry Dinirli:e itN
lc.rro xne rc.on{,harion and shiii fic.bsorprion in tJvn.isnne
rnselrdef l"hsrhebardsap. Fudrennoe, thev l \r erjadi't
onrrololrlr sne aswellas rhe molplrolosy of Na.onm r.rirls

tunni,ation ol electronlole recoNbi.arion and parti.lc si:e n
hc n,osr e$enrial requiEm€nr tbr an inoreanic Narenal ro slbw
ir ,,,:ri, i.r.bial adiviq phrsiqlly an.l .5.nica1br M rr truteE
,,,,.d'.,, J r 

'no',. n!,,.,'e,rl dolrn, ind pr-\cd i,. e,1,, 
' 
rp',e..,

specially in TiO {61 El-Chen Ny et aL. .epolred a boron{op.d
iatr,ond (BDD).rode and astainless sreelcatlbde ior rhc el'lecr,!e
ntnnifiobial asembly whi.h ws lrighly dli.iile in Benrrarion ot
OII iadi.alwhich sennl.lly dest oyed tlr.riroorcanknN 14?l
hnn et al. srntltesized c dop.d Tio by snnpl. sol-c.l tnetl(d

^d 
enplortd lbr the accelemte inactimrion ol L,,.i..nr!\ L.

onolrtoseoes in visible light 1481. These i nmnr exanrples
rc lvailat,le which slNw rhe iinpoftan.c ol d,ese .o$ etridivc
onaneral dopanr. 'nle furure pGsiLiliry h rlst ih€ combnrarion
i rhese Neral and nomeral Nrlridoped rn niclol'irl asenr
ay pro'ide an esnrial breakrh.ough tbr rhe renot?l oa hishtr

.sisrance ori.roo.canisN. TIe various applicaaons ol diliareni
rles olnanoDraEriali a.e sltom by fi€ flowchart in Fisure l.

Methods for the synthesis of metal, non metal doped

ollowing tabledepict our oflnany iirethods tiw conlnonly known
nd less comnron merhods for ihe prcprmrion oihehl, nonnErat
nd na,lridoped nadon, erials. Since, size is oD. ol the nrost

opEN A^ccEss.reery avarlabre ontire

nrponant hcto$ in decnlins ih€ out..Ie t,t ir]rnni.nrl)ialictilit]
s coDsidered by aloi.lin8 oih.r aspr.rs lirrih{tru., ,trehl and
ornetal dopani pr.(rso.. .re rlso dndNlt nrl, tr riw nor so
.pula, mterirls in thc larer se.tnr oithc Til,le I

FFECT OF MORPHOLOGY, SIZE ANI)
ONCENTRATION

Motphology

Morpholos)- rh rsnano.ods, nrnorl,e(!. nn.ro+rhrrcs,
urrn!tr Dob.nd nuny riktre xrc in.ri..tn. Lunrr.ier toi

he cnLancenrent oi anrnni.robiat a.tn.iry oi nan.ruterials and
re lmniseable b, prorer syndresis r sroqih k(lhqu.s. For
nshn.., no.nal ZnO NP\ arc le$ e|i.tnr tlrn th. oaro.oads
nd nanolibem and ZnO nanoilo*rrs aE hisl,lr.irecrire
nrnnkrobial asenrs tlmnilrc naroloads and Dinoiibers t49tso. is
he nrorplolosy .hanee i.dviq, ako .1$ nces

Particle sia

aticle ste can lx conrolled and as dis.ussc.l in r!e,h:nisn)
ection, .an play a cri,cirl role ro increise eril.ien.v oa ant
nrinicrobi.l acenrs Le. s. sne derennines rlt fcrsftrion and
uria.e area ofany nmomaterhl, N rlr rr icle sile ilcreases rhe
roliciency ofrhe n.nopariicl. also nr.reases ind its no, nece$a.v
o haE lery sMll size fie size in nricromercrs g is enonah ro
onlpa.. rhe acrNiryl50,511.

.n.entr,ron oa Nl, o ii,ll r,.

.ftrial and ro micrcorcanisms g.ncell), as rhe .oD.enftation
f NP's h sohtion incr.ases rrre lroli.ien.r also iur€Ns I2'l1.

NP .oncent arioo in dre range of l0l M h Ntii.ient b Lilt Dany
csr mic.ot,es asd es ih€ .oncenrmrion de.rcas.s d,e eriiciency x
crcentage of totrl temoval also dedeases 1521. nr rpproach to
enerate an eilicdE proces whi.h wo.k o^ les .oD.€nrration is
lE prnne chatlenge since, low .on.enriaiion dhinta(ion will be
.ciiiendly and cosr e*ictiw proce$ Various coNlnrarions ol
trhi doped cata\6ts harc rhe porenrial to sohr dris pi(Jblem.

APPLICATION OF DIFFERENT T\?ES OF
DOPED MATERIAIJ AS AN ANTIMICROBIAL
AGENTS

ollowing is cne of rhe lbw oa rnany anrin icrobial igents !.po!red
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Tabh l, l\,lctlbds ror dre srndresiJ ofunons nrehl, no&nretil doB\l r: (t,mides.

S. No Method for synth6i6 Matenal Staninc marerial

l. Hrdrodrnnil rEtlb.l C, N, S doped TiO. TiCl.

l. Sol{iet Metlod k, L, S, N {l.F.l TiO Tihrn n

I Cqprecipknon M.thod I r (lop€d ZrO Znr. .cerar

4 GRetr SrltiEti. Apprr.h C"loNd TLO, Ti (SOi)l

5. l4i.renuliionl\4erhod ClolTLo.co!'posite Tefta
409',',

(fLtP l4w%.1) 441

45
(tor lu'%tu) l1'l

?.6 inr
_. (orN,/T,=0.0b)

ta6 L{Ll

(rbr Ci.TF 0 06 )

]4B,
( tr,obills)

Nnn mcDl

, l{j\rcin.

Feclr TlJourr

l4ot

14rl

l4?)

14l1

. llL"r"irtrprelnr "',

On. pot nri.rdat-
7. isisred l$drodHnil

\)ralii r\n ,cdH' o.*l'..,.,1u'.,1'.,1
Merallic rnd Birctalli.
C,NeLn k€d PoU\ iill

9. aLohol)Naroonrpdi,er
unde. Mi.r@ i\t

IRdi.tior

lo Th(n,rki o, etr

SNo
1.

2.

l.
4.

t.

6.

7,

8.

10.

i\opropdide soluBn

A€ {loFd TiO, C\o kTiO.Pl5 &NO,

n (so4),

zn (No!).

Lr(NO,),

Cu (NO,).

Nbcl,,
cicq, cucl,,

Nic!

cu O,lo)l

- ri)
cL,H..o" l0

(

(

crlNi,/cu,/Nh N

PEI{e6,n 886e(.
b' IDI(PlDio t\nrnic LD(ienon)

sarN/Tiolhdi,,ire
znolAu I \'brid N ,osrnctures

ZnOl$rpl,he .ompGnes

SnO. ind TiO. d,in lilnN

t' \/ A*Pt/ PtF./ Nr,Pt1]L,lrCl,,
. ..1,r/ P,.P ld. AsNu re,NLr \.

L.dreor,Ddid PdcI

As Nps

kur AlNpr{l,.d ..rakl€r,pl,iF lsvn,herTjlw l,
n.Le. .i,ehdr ot(odl

Ciri.)

'tr,r 
ro pr acoordhs ro 

l48l

rerS tru l49l

Table 2, Dilfer-r t)IEs doptd mDondEri.l! sar ti'tri.rcl,irl rs.nr

Maicnd Tars€t Mi.No.j.nnn
co doD.d ZnO ! &m.m.4 5. qrhi. V. choLrd drd E. eli
cu-Dop€d Tiq E oli.olonies jnd (b) s. a!1%

Ta<loFd aro P d.fls,id, B. $b.il'r. S. noru, E mli

N dorEd ZnO E coli, S. amr.
As anb€dded sRplitic carbr dide E, .oti, S .r.6.

l51t

154l

155l

1561

I57l

158l

I59l

{601

t6ll

162t

S a!rd, GnNnegtn! E.lE .l n .rli ald fLursil }?sr CiMid.
rlbi.ins

.iproflNcnr and S. rueN
gm pcitire S. aftr and snrn Nslti! E. oii

S a[.u, E .ol], P ad,,s'ne

E. .oi'. I er.r, S. &ra liaq A nis6 spores

Ly mrious workers. The meuioned N reri.ls h.\t r Qriery in whi.h the problenr. Doped na noDa t.rial slnrhesized by .oNrnriona I
som€ e.om'non and extens tly iound ooi in fie ln nn,.e, tlw m.rhod can provide m eiLctive sotution Lyviltue oarheir variety
are loique and seldomly ibund TI. rable irself is rhe eviden.e and infinire con:positions. The nnportanraspecrs like nrorpholosy,
oi rhe mriety in ino.sanic i. ni.robial aBen6. Coiieni tbcus pari.lc snc and concenft. rioo trtrNr tre cotuidercd. Fufihenrore,
.s elident aroN Table I is on soNe connnon srarr posirive and rhe echanhD Ly s,hidt rlrv in.orporate and pe.rbnn rhen
negatiE micrcorganisns, L,ut n,any rcrker are shiftine thei! drncrion has ro Lre kepr ii nrind ro desisn ideal marerhl. The
arention on hish rcsisrance nriclobes t5l-621. toxicity n,edMnism of nanor,.reri.ts renunrs poorly unde.stood,

CONCLUSION 
rlre.eli,E, nN Nerhods ind apprcad, ro sndy rbe eliacrs on
midoh€s is requned. The !a rosftucrue dertlopmenr by tbllowine

Mulridns .esinance Ninobes can enrcrs. as x porenret drrear 'lnosed,a'peo :n rh ' rorew u'ill be lrelplirl to dtrlop lons lire

in iutur€. Th€ conEnrioDal mtntri.iobial "*".,' '.r."..Jhy 
niilrcrcblal 

'8eiL^ $hrlr a'" b€ e'Gliiendlx etlt'tilt' low

anthrcpogenic activiries, m2king,1,"," ,.,..."", ";;;;;; ,; -*'11"1" "l'"'-:it'rtre Reliltd points arc jlsan atteorpt

suonget as the time is prcgre"i.e ,h**-., *. p,"*s ;I *",i,1 o so t. h tlre su r h G oi rh is r n onnons iield and many possibilnies

and there is a need io lind our ,t," ,.,t,,,i.. ,t,i:i, .:; ;.k1. 'i n be sPlorcd 
'Io ' 

ncE+e 
'|Itr 

{BtainaLle exisience ol a ll of us .n
rliis Dliner

J NrnomJin. Bidh.nueunr Di{.r V.l s ls lNoi 16l
lssN ?l5t.93lx
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