Trade Science Inc.

ISSN : 0974 - 7494 Volume 4 | ssue 2

Nano Science and Nano Technology

A Tndéian Journal

=== Shosrt Commumnication

NSNTAIJ, 4(2), 2010 [68-70]

Effect of potassium doping on the optical properties of zinc oxide
nanoparticles grown by sol-gel method

M .Balasubrahmaniyam, Gincy Sunny, E.I.Anila*
Department of Physics, Union Chrigtian CollegeAluva- 683 102, Kerala, (INDIA)
E-mail: anilaei@gmail.com
Received: 13" July, 2010 ; Accepted: 239 July, 2010

ABSTRACT

We report the synthesisand optical characterization of ZnO:K nanocrystals
of size ~3nm prepared using wet chemical method. The crystals prepared
for different pH were characterized by X -ray diffraction, absorption analy-
sisand photoluminescence (PL) measurements. In the photoluminescence
spectrum a weak near band edge emission at about 400nm and a strong
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emission at about 570nm dueto K* center at Zn sitein ZnO:K quantum dots

were observed.

INTRODUCTION

Semiconductor nanoparticeshavebeen under con-
tinuous scientificinterest because of their uniquequan-
tum nature, which changesthe materia solid-state prop-
erties. ZnOisawideand direct band gap (3.37eV) 11—
V| semiconductor with many applications, such asa
trangparent conductivecontact, thin-film gassensor, solar
cel, luminescent materiad, surfacedectro acousticwave
device, heterojunction laser diode, ultraviolet | aser etc.
Although laser diodeor light emitting diodeusing GaN
wasaready reported, ZnO isadvantageousover GaN
because of it’s high free excitonic binding energy (60
meV), higher resistanceto radiation damageand easier
processing using wet chemical method. Pure ZnO
nanoparticlesexhibitaUV emissionat 370nmand a
broad green emission at 520nm. Peak of the broad
emissioninvisibleregion can beshifted by intentiona
incorporation of impuritieseither at cationicSiteor an-
ionic site. Inthispaper wereport the synthesis of potas-
sium doped ZnO nanocrystal s by wet chemica method
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with specid attention given to the effect of pH onthe
band gap and photol uminescence of thesecrystals.

EXPERIMENTAL

50ml of 0.1M Zinc acetate dihydrate was pre-
paredin methanol and 25ml of KOH solutionin metha
nol wasaddedto it to attain adesired pH. Thissolu-
tion was stirred for one hour at room temperature.
Theexperiment wasrepeated for different pH by vary-
ing the concentration of KOH. Thisprocessintroduces
potassiumion (K*) substitution at Zn sitefor theZnO
Quantum dots.

The powder extracted from acolloid of large par-
ticle sizewas characterized by x-ray diffraction using
Rigaku x-ray diffractometer with CuK _ x-ray. Absorp-
tion spectraof different colloidal samplesprepared for
different pH were recorded using Jasco V500 spec-
trophotometer. Huorol og-3 spectrofl uorimeter wasused
for the photoluminescence (PL) measurementsof col-
loiddl samples.
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RESULTSAND DISCUSSION

XRD pattern ZnO:K nanocrystals prepared for
11.86 pH isshowninFigure 1.
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Figurel: X-ray diffraction pattern of ZnO:K nanocrystals
prepared for 11.86 pH

The peaksobtained fromthe XRD analysiswasin
agreement with that of bulk ZnO wurtzite structure.
Grain size of the samples cal culated using the Debye-
Scherrer formulawasfound to be2.9nm.

Absorption spectraof different samples prepared
for different pH isshowninFigure 2. Blueshiftinthe
absorption edgewasfoundtill apH of 12.16 and there-
after decreased. Thedirect band gap of ZnO:K quan-
tum dotswere estimated by plotting (hv) versus(ahv)?
and extrapol ating thelinear portion near the on set of

absorption edgetotheenergy axis.
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Figure?2: Absor ption spectraof ZnO:K colloidsprepared for

different pH

Themaximum band gapwasfound tobefor ZnO:K
guantum dots prepared for apH of 12.16 (TABLE 1).
Blueshiftinthe Band gap meanstheparticlesizeisde-
creasing as predicted by effective massagpproximation.
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TABLE 1: pH versusband gap of ZnO:K quantumdots

pH Band gap (eV)
8.66 3.38
11.86 3.45
12.16 3.56
12.76 34

The PL studies giveinformation on the effect of
doping in phosphors. The PL spectra of ZnO:K
nanocolloid samplesfor excitation a 340nmisshown
inFigure 3. Generally ZnO nano crystals exhibit two
kindsof emissions. oneisultraviolet near band-edge
emission at approximately 380 nmiz9 and the other a
visbledeepleve emissonwithapesk intherangefrom
450t0 730 nm for excitation around 340nm{1%4,
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Figure3: PL spectraof ZnO: K nanocolloidsprepared for
different pH

Theemissonspectraof al samplesmainly containa
narrow band around 400nm and abroad band around
570nm.The broad visible emission a 570nm may be
thought of as the superposition of three emissions at
520nm, 570nm and 700nm. Trangition from ashallow
donor level tothevaenceband causestheemisson at
400nmi*3, Zhao et al. attributed emission at 413nmto
be due to Zn vacancy™®. Therefore, the emission at
400nm inthiswork may bedueto transition from Zn
vacancy tovaence band. Therearedifferent explana-
tionsfor theorigin of green luminescencebut the most
widely accepted oneisthat dueto singly ionized oxygen
vacancies®*1, Different sudiessuggested theorigin of
red-NIR (700nm) emission to bedueto excess oxygen
or Zninterstitia*. The prominent emissionin potas-
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sum doped ZnO nanocolloidswastheemissonaround
570 nmwhich may bedueto recombination at K* cen-
ter. Kshirsagar et d. attributed theemissona 570 nmin
ZnO:Nananocrystalsto Na' center at Zn site*¥. The
emission peak shiftsfrom 549nmto 589nmasthepH is
changed from 8.66t0 12.76. Thiscan beexplained as
duetothegreater incorporation K* center into thehost
| atticethereby increasing the emission dueto thiscenter
compared to that dueto singly ionized oxygen vacan-
ces Alsowithincreasein pH interdtitid Znwill incresse
thereby enhancing emission at 700nm. ThePL emission
intensity wasfoundtoincreasewithincreasing pH upto
12.16 pH and thereafter decreased. Thismay bedueto
concentration quenching. Thedefect respongiblefor green
emissionislocated on the surface but not for theyellow
emission%8, Fgure4 showsthe excitation spectraof
ZnO:K nanaocolloidswith different pH for emission at
565nmwhichisin agreement with abbsorption spectra
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Figure4: PLE spectraof ZnO: K colloidsfor different pH

CONCLUSIONS

Green and yellow emitting ZnO: K quantum dots
of size~3nm were prepared by wet chemical method
for different pH. Blue shift in absorption edgeand a
further increaseis observed with increasein pH. PL
emission consists of two peaks around 400nm and
570nminwhichformer isnear band edgeemissionand
thelatter isabroad emissiondueto K+ at Zn site (yd-
low), singly ionized oxygen vacancies (green) and Zn
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interdtitids(red). Emisson shiftsfromgreentoyellow
withincreasein pH dueto greater incorporation of K+
at Zn site. PLE spectrashowsband to band excitation
In agreement with absorption spectra
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