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Chemical Synthesis of Non-hazardous ZnO and Potassium Doped

ZnONanoparticles for Optoelectronic Devices.

L [tl. Mrlrjrn
Dcpanmcnt of Electronics, K V N Naik Arls' Comn€rcc and Scicncc Collcgc, Nashik

(

Absfrct:
Zina Oxide nanoparticles with energy etlicient, cost efTeclivc and nontoxic rnat€dal has opened the

uu-ucs ofi*ot""trotogy. Zinc oxidc nanopanicles have advantages 6ecause of the €xtra ordinery physical

and chanical properties. -hcmical synthesis m€thod has been caried out for lh€ d€po.ition of pure zno and

K dmcd ZnO nano films. Thc strucmral, opric.lend el€.trical properti€s ofthe filrns have bcen invcsligsted

using X-ray drffraction (XRD), UV-Vis spcclroscopy, I-v charact€ristics, Photoluminescence (PL), and

Ficld Effect Scanning Elctlron Microccopy (FESEM).

Cryslal iize of-undopcd and K dop.d ZnO mr|o filrns were deduccd to bc 20 7lnm and 15 62nm

rcsoectivelv. Frlrrs exhtbits avera8e transmillarrc more lhan E0/o. I'V ch.rachslics show increase in

condrrctlviiy wirh doping ofpolassium FESEM rcvcals thc uniform chrolhosomc typc strucNre'

Kcywords: Chemical synthcsis; Nano filmsi K doped ZnO; sol-8el

lntrod ction:
Bulk Zinc oxide is cost-cffeclive, nontoxic and cenire symmetric slruclure rnalcrial' Eecaus€ of

fi6a ad\antag€s it is thc highesl tcnsof anDng all scmicondlclors fo. fabfication of optocleclronic dcvic€s.

zoo iano pariicl€s arc II-vl SrouP semiconducto. wilh widc band gap ofl.lev snd high cxcitalion cncrgy

of Ocv. lt can be made rnorc conduclivc by doPing. h is having uniquc slructural and photoluminescence

oroocrtics IIl. Indiurn rin oJ de (lTo) is mosr invesrigated r.gion by the rcsearchefs, bul due lo lhe cost ot
irtit.arion'una its totic nature is haz.rdo,s lo h*mn and cnvitonmenl: lh6. is ncccssiiy to atle,rpt new

combinaionofTCo.zlloisabestahenlali!.etotirroridearrdlndiumoxideductoitsnonloxicityandlou
cosl-

Thc sludy of nanornatdials belongs lo morPhological features of rmtcrials on the nanoscale The

oroDrnres ofnanomaterials are a subject of rccenl nano lechnological rascarch. lo nanotcchnoloSy. reducliorr

;f iizc otparticle c.(hibils grcal change in cleclrical optical properlies- When lhc dimcnsion of malerial is

continuously reduced below lol)nm, its proP.nics show dtastic changes. Ttr g€omctrical struclure. chemical

bonds, ionizarion polentiat. nrechanical strength. lhennal alld optical ptoPefli.s get affected by reduced

panicle size.

The eleclronic and optical properties of zim o\idc nirrcDmlerial are altnctive for oploeleclrcnic

aoohcatron such rs electrolic rulerral irr hghl emitling diode. solar cells. flal panel display and transpnre l

fitla effetr rransrsror 12. 11. ll rs Possrble to elalurle optical conslrnls by analfzing transnriltance speclrnrr

I4]. ZnO is semiconduclor nuterial having rtype ele.hical conduclivity. duc to inlrinsic del'e.ls such as

orygen rtcancies and zinc inl.rstitials. Doping ofdiffer.nl elenleols from group I (Li, Na & K) for Zn site

ani-sroun V elernen$ (antimony, bisrnulh) for oxygen siles forn]s Plype ZnO. Croup I elenlenls are better

dopaits materials than group V elernents tn lerrls of the shalklv acceptor levels [5] Conrparative study of

thi effects of group I elenrenls on the strucluml and optical propenier of the ZnO 
'mnopalticlc 

is reporled

I6t.
ZnO thin lilms have been dePosited using diff.rerl lechniques such as spmy pyrolysis. lllolecular

beam epitaxy (MBE). puh.d laser deposilioo (PLD) alld sol-gcl J7-lll. In dre present irrvcslr!:rliorr,

chenri;l synlheiis malhod such as sol-gel lcthniquc is nscd to Drepare lhir lllnts of ZrO heca(se lhc

tcrchniquc is simplc and low cost- Morcovcr. lhc dcposiliorl rillc, lhickncss of the filnrs carr hc carily

cortoilcd ovcr a wadc rangc by changing dcpmitioo Paranrclcr:i sol_gcl lcchniquc is also hlvinS advantagcs

likc homogeNily, simplicity alld largc arca filnrs can bc prcparcd at lower lcmpcraturc.

Pri:sent work fo.uscd on cffect of K_d()Pan! ZnO thirr I'ilnN preparcd by sol-gc,t chemical syolhq\is

rnctlmd. By keeping post annealing lcmpcralurc corrstrrrrl cfftll ofK doping on thc cllltrical ar opliul
propertics ofd(])osilcd lilnN is invq\tiSatcd

E\perimentel:
ZnO aod K ilopcd ZnO nnno llltrN wcrc dcposittd on gllss rubstr.rt$ usirS chemical synlhqis sol-

gcl ncthod. Zinc ircclalc dihydr:rlc {Zn (CH,COO)] lHlo) lnl(1hory cthanol (CtlrO(CH:) OH). Ntassitrtrt

acetatc, were uscd as a startinS prccursor. All lhc nralcr rls $crc pu[chilscd from sigrna-Aldrich 9"; K Zrro
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solution was prepared for 0.4 moles. The mixlure of the solution was vigorously stirred on hot magnctic
plateal60 I c for I hour. This prepared solulion was used for spin coating after the aging ofthe solution for
24hours.

The glass substrates were cleaned sequentially by cl[omic acid, iabolean and acetone. Deposilion of
the films was carried out oo spin coater maintaincd at constant rolation. The samples were coaled repealcdly
for ten times to get desired thickness. Preheating treatrnent is given to samples after each coating and coolad
down at room temperaturc. Preheating keatment is given to samples for evaporalion ofthe orgaruc conleob
io the film. The depositcd sampl€s were post annealed at 350 I c temperature in open ail for onc hoor.
Annealed samples were characterized for strucoml,optical and clectrical prop€rties. The crystal stncDrc of
ZnO nano films werc investigated by Rigaku X+ay. Diffractometer (XRD) with cu-ku radiation sourcc
having wavelength of I.5405 A r, and the scanning range of20 was berween 20 I to60t.

Thc optical transmittancc of tha samplcs u/as invcstigated by using double beam Shintadzu UV-
2600 sp€ctropholometer in thc UV visible range. Uv-sFcctra of samptes were r€corded in the rangc 400 ro
?00 nm. The op(ical ibsorptio, ofthe films was carricd out by the ssme inslrument. The room lertperatu.c
photoluminescence spectrum was measured by spccrofluorometer in the range rvith excitalion w.vclangth
of 130 nm. Samples have be.n characterized by currcnl verses voltage curve. Surface morphologyof the
deposited films were examined with field emission scanning electron microscope (FESEM)

Resulti and discussion:
ZnO and K doped ZnO nano 6lnr shows the significanr results. whach has been reported in thc

present study to inv6ligat. effccl ofdoping on strucaural, clectrical and optical prop.flic!.
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Fig.l: XRD pattern of undoped 7,nO and K doped ZnO neno fitms. (Inso(: Shifting ofpcrk)
Fi8. I rereient the XRD pattern ofundoped ZrO and K doped ZrO nano filN.Accoding to JCPDS card
no 36-I45I II2]dimaction peak 1002)of rhe hexagonal -"rrrzile ZnO ar 14.08 r nrdicating that urdoped a d
K doped ZnO nano filnrs were Srown alo0g prcferenrial c axis orienhtior (002). pdassiu rons
incorporarcd in ZnO inlpruv8 the crystallinl:\rruclrrc[13]. Thc doping of potassitnl docs not dcr$roralc thc
crystal structurc. Howcvcr, thc porassiu[] hclorogcmous [uclultion is facilitalcd duc to ioos in thc ZrO
Slr cturcl4].Crystallite sizc and lattice strain nllccl tfic Bragg pcak lry incrersin! pcak width.irtensiry anl
shining of pc.rk posilion accordinglyl I 5 ]. Thc t'lcrage cr]a,lalliDc sizc of undopcd an,] K dopcd ZnO has
t)cen c:itirnatcd froN Dcbyc Sch€rrcr cquirtionll(r.

D = -!-11 rt)
0(os0

Whcrc, D is lhc avcragc crystallinc srzc ofthc lihn. ).islh.wa\clcDgrhot X-'t'ysourcc(1.54059 A).e is lhc
Braggdiffraction angle andp is fic full widfi at llttlf nuximum irrrcNiry (FWHN,l)iI radians.
Avcrugc cryslallinc sizc cslimated fionr XRD paircrn arxl found k, bc l0 7l nrr x .l 15.62 nlll lilr undopcd
and K doped ZnO resp6:.tively.Grain sizc dccrcascd wirh K doping. fhc diffr;rction ,rglc ofp,:.,k {00:) is

52484038363432 50 54 56 58 60

RESEARCH JOURNEY r"r"'n"tionat Munidisc.prinary r.Re'earch,ournat
hp.ctFa.ror'ls\,rFl-5.25r, lcrr) 3.452i (6tr) 0.576 spe(ial tteoe, 113
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14 12and 14.429 for undoped and K doped ZnO nanofrlms resPetrively' lnsei offi8 1 shows the shifling of

;i*;"iil;;'n; ;d;;iil," -sr1-"r5 a"1J1oz;3*:TllTr'*11'"ff'H'.'llT"sidc wlrich suggests

that the lattice constant in c-axis of Zno cryslal

The srriin of the films can be obt'inta u"ng- wilti"'ton-tlall (W_H) method w_H equalion can be

expressed in the form Il?]'

Table l: SlrNtur.l prrrmelcrs of undoped rnd K doped ZrO nrnolilms .. .-, -
undoDed and K doped ZnO nano films were srudiid by L1v_vis 

'pectrophctomeier 

for lhe oflical prop€rnes'

;;"S-,;;;";;:;;, 
"onducr'ne 

oxiac' 'r.is-;i*;"1'::iX?;["'# l:'#*rT.'Tl#"Il:;,t;*;:
doloras lhc oplical lransmittancc ol lJndop€

;1#;:; fi;;;rmnce varuc or,undoPeJ,ill,:-l"li1ri:",#Jl,l:I.1i:"t"J:',,1';:J"#
85.33% respcclivety. Thc potassrum 0ope0-znr

film dua to smoolher and more unllormsurlacc'

ai" Lli"l"r",ri","o, "r 
undoped and K dooed zrro naDo films usrng FESEM uere explored in fig !

lnurcs of lhe nanofilms were laken rl lt't "ut" 
oiS"' t"'rtt 

'""gnificaiion 
of IO O0O fcr undoped rnd X

#:;;ir';;';i;::rniio'' 't"o'o'on'' 'vp' 
st''rt:rure '' 'ci"'ncd 

ro' both rhe ntrns turh crtance irr

:*f:**,t;*Tii'$#lri..i;i'::{r:'rr#:,ix4.4i;*",-;*vrili'r:
::;:ll;i ;;,",1";;J;na r aop"a z,o n,no rirrrr<- rhe saph siowcd rhe olrrcal band 

'ap 
enerPv value

:;:i ";,i';:r;;;'r; 
,rnaoped a"a r a'pejzrro ** nr.n' respecrrverv' Doprtrg t't poms(iurrr shJtt'J

br$dening in lhe band gaP

(2)

**",r*T'[,'"." u.,n associared with thenan'p'n]"$. fi^Tl'.Tlj'L"j"':i:]:'"?11":iJi':"i"?wh.'e e is thc mrclo slrar" """*'*" -- "* i;i""i,"rry irt" '*t*,"t 
paramelers of undoped and K

nanofiims was found rc be I 84e-l *9.11"- 
, , ,

ZnO nanollms wtre Gain size

unm)
Micro

tompound 20( l) FWHM
f) IntensitY

D€posited

sar'rples

Undoped ZnO 34.12 0.24 2845 20.11 t.84*t0"

-K 
riopcd ZnO 14.429 0.25s 2713 15.62

Avg Transm(tace
KZrlO= 86.33

Zno=83 41

0

nanofil summarized in thc table I

350 400 500

Wavelength(nm)

Iig.l: Tr.nsnrittarce ofundopcd and K doped Z-nO thin lihns

100

E60

P10
F

.i--xzno
l--z"o

20

450

neseAncu JoURNEY'","'""r""r M'rtidis.idin",y.:

t);EJ""l"'" g"i'll"u'-ltt
""*;; ;;..; ;.-;w.wu",,o*r'tl-a'-'"'*uu'*
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fl RESEARCH JOURNEY r"t"-.t1"".t rruhtdts.tpttn.ry €-aeie.rch lourn l
lmp tFrdd-lslrr)-5.161, loF) 3.452, (Gtr)-{616 Spe.irl ltsu€- 118

_-Kzno
-.- ZnO

Band Gap
KZn,O=3.27 7 er
ZnO=3.25ev

3,10 3.t5 3,20 3.2t 3.t0 3,!5 3.aO 3.45 3,50

Photon !nlrgy(€Y)

Fig.4: Plol ofsbsorption co€mcient V! photor encrgy.
The electrical behaviour ofundoped and K doped ZnO nano films tlas invdligaled by cuneni-vohage (l-V)
measuremenls, which is realized in fig. J. Forward bias and rcverse bias srudy arc canicd out and it wss
found to exhibit ohmic nature. The lincar. ohmic naturc showed thc good qualiry of drposited filn6.
Max imurn current of 0.20 I FA was obtained for K dopcd ZnO neno film. The porassium conc enrration was
an important frctor ro inlluence the currcnt density rvrrh rEpect lo bias vokage. Thc re$llts revealed that
conduclivity of K doped ZnO llano lilms is higher rhan undoped ZnO nano films due ro decreasing grain
srze and ilcr ('asir)g nu rnbo o f grain boundar ra

Fig. 5: l-V charactcristics ofondoped and K doped ZnO nano lilnrs

: 1.0n0'

; ior10'
,;

c

150 !75 ano 425 a50 ars 500 525 550

wav.lens{r{ml

nig. 6: PL Spectra ofundoped and K doped ZnO nano rilus
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;.r F*r-. ttrttl -616r" loF ) lrsr' lcrrl_{ 675 sf"i'l B$' _ 1r8'.*..'.ar.e..o.*

I

photolumincscenc€ spectra is studied for inveslicatlon of the offe.ls of potasslurn dopinE on the optical

l]I_,- ^i-i"o "':no materials. h is expecrid fial lhe dop€d zno rnalerials havc drffer€nt optrcal

:::5;i: ; ;;;;;; ;; ;;6.J znir t'gur' 6 shows rh' roorrr Ierrrperarurc PL specta or the

::"i^l.,l-,J;;ffi;;b *nJt,*.pr- .rouu Jrundoped and K doped zno neno lilm shows rhe skons

Hffi;ffi:"fi;"". Lp.t'*i-" "'i r,r"" cmis5ron low in*nsrtv peak at 46unm' Porassiunr dop.il

|n'ti""no f,fr.r,"*. ".lronger 
peak than nd't(d rndical. that de doped Zno lilns havc hrgl(r oflical

o.tl,ariliililffir"" na-nop"'rict"s' rt'"t i*ulr5 d'c in sood agrcemcnr 
'"'th 

thosc obrirned liorn rhe

liili"';;;il""-.,er. srn e K { l.l8A) has brgger ionic ridius than Zn (0 744) causes lanrce drsrorrion

iil1 iffiril['i;ffi; ii. .*'gv'u""a it"'"ti" of thc zno nanoparticles oxvsen vacanci€s can be

rntroduccd by the new band structue delormallon'

Concloaiont:-""''-ri'"ir.r*.y, 
,rt" undo?ed and K doped zoo nano film were chemicalty synthesized by simple and

ir"roen;; ;-;;i .ern coating techntque on glass subslratc The xRD spectra reveals the cryslalline

ffiffi;'i il:;z;6 nrno ni* *irt'o'r unv a'tsradation of the wurnire srrucrure of rhc zinc oxidc' The

",..^fmin<wesfoundtodc(€asewltnrlncorp"orationrnthefitms,Theln(orpolaiionofxinZnoand
#;r:'"'.1;;;;;i,..J ir".gh resev, *hich refl€cts uniform chromosome r)?e srrucrurc. Film

;;;-;"; tun 80% optrcal transparency in the visible range' Little incr€asc in lhe band gap was

il:;;ffi ;;;,; iJpine or r in znd nanopanrcles l-v c haracterrstics 
,analvsrs. 

revea ls increase in

ilil"i"'ii, i*,it lr pokssi; in zno nanopa'riiles' rhc PL sFcrra of ihe Undoped and K doped 7no

'r,," iir"t 
**"irri*" l.rssion peaks donrinated by a strong lurnrnscence pcak at 39?nm followed by blue

li$: #;;;i;;;iii,. n. n*tv'is 
"na 'nvestigation 

lcad successrtrl rmorpcrarrcn of K dopa in

ZnO for transparint electrod6 in oPlo€lectronic devices
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