Trade Science Inc.

ISSN : 0974 - 7494 Volume 5 Issue 3,4

Nano Science and Nano Technology

A Tndéian Journal

—= U] Peper

NSNTAIJ, 5(3,4), 2011 [171-174]

L ow temperature synthesis of spherical zinc sulphide
nano particles doped with M n?*

D.C.Dekal", U.Baishya?, S.Bardaloi!
1Department of Instrumentation & USIC, Gauhati Univer sity, Guwahati-781014, Assam, (INDIA)
2Department of Physics, Gauhati Univer sity, Gauhati-781014, Assam, (INDI A)
E-mail-dipakcdeka@r ediffmail.com
Received: 1% November, 2011 ; Accepted: 1% December, 2011

ABSTRACT

Spherical Zinc sulphide nanoparticles with good photoluminescence have
been successfully fabricated using a simple chemical precipitation method
doped with Mn?* at low temperature. An emission peak at around 590nm
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confirmsthe presence of Mn?". TEM picturerevealsthe formation of spheri-
cal nano particles. Thislow cost fabrication process for spherical Zinc sul-
phide nanoparticles with good photoluminescence can be applied to opto-

electronic devices.

INTRODUCTION

Luminescent I1-V 1 semiconductor nanocrystaslike
CdS, Zns, ZnSeetc haveattracted alot of attentionin
the past two decades due to their unique properties
and potential applicationsin nonlinear opticsY, elec-
tronic devices? and biotechnology™®. Inadditiontother
fundamental interest, doped semiconductor
nanoparticleshavetremendouspotentia for useinlight
emitting applications. ZnS doped with manganese (or-
angered emission at around 590nm)™, copper (green
emission at around 510nm)® and silver (blueemission
at around 440nm)® have potentia applicationinfield
emission devices (FED)!". Doped semiconductor
nanoparticlesZnS:Mn* isused asphosphorsand a so
inthin film el ectroluminescence devices®. Consider-
able efforts have been made towardsthe preparation
of doped ZnS nano. Various synthesis methods have
already been reported. Organometallic method of syn-
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thesisMn doped Zns nanoparti cal eshas been described
by!® 19, Synthesized nanoparticles of ZnS: Mn?* in
methanol by using sodium polyphosphate asthe cap-
ping agent!™. Inthisarticle, wedescribean easy, smple
and low cost chemicd precipitation method for the syn-
thesisof ZnS: Mn? spherical nanoparticlesat low tem-
peréture.

EXPERIMENTAL DETAILS

Materials used in the present synthesis are Zn
(CH,CO0Q), (aszinc source), Na,S (assul phur source),
Mn (CH,COO0), (as manganese source), ethanol and
deionized water. Zn(CH,COO),, Na,S, and
Mn(CH,COO), wereobtaned from E Merck, Ranbaxy
FineChemicdsLtd., and LOBA Chemie, respectively
and wereused without any further purification. Here,
50 ml of 1M zinc acetate, 10 ml of 0.1M manganese
acetateand S0ml of 1M sodium sulphidesolutionswere
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prepared in del onized water and weremixed using mag-
netic stirrer at 75°C. During stirring 50 ml of ethanol
wasa so added to the solution. The processof heating
and stirring was continued for two hours. After that the
solution was cooled at room temperature. Then the
colloida samplewasfiltered out, washed with distilled
water and ethanol for removing the additional impuri-
tiesformed during the process. Thefiltratewasdriedin
hot air oven and set for various characterizations, viz
XRD for crystallinity and particlesize, TEM for mor-
phology and particle size, FTIR spectroscopy and PL
for optica properties.

XRD spectraare recorded by Philips X-pert pro
diffraction, (Modd - PW 1830) with CuK ot (0.154 nm)
radiation. TEM picturesaretaken by JEM 100CXIl,
JEOL Japan at accelerating voltage of 100KV, FTIR
spectraarerecorded by Perkin Elmer Spectrum RXI1
FTIR System, photol uminescence spectraarerecorded
by Hitachi F-2500 Fluorescence spectrometer.

DISCUSSIONAND RESULTS

XRD study

Figure 1(a) and Figure 1(b) show the XRD pat-
terns of the undoped ZnS particles and Mn?* doped
ZnSparticlesrespectively. These patternsshow diffrac-
tion peaks at 20 = 28.910, 48.119 and 57.1070 cor-
responding to the (111), (220) and (311) planes, re-
spectively for cubic phase ZnS (JCPDS N0.80-0020).
The particlesizesof nanocrystalline ZnSisestimated
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Figurel(a) : XRD of undoped ZnSparticles
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Figurel(b) : XRD of doped ZnSparticles

by using Debye-Sherrer formula:
t = KA/Bcosd 1)
where, K is a constant of value 0.9, A is wave-
length of X-ray used, whichis CuKa radiationandis
equa t00.154 nm and 3 isFull width at half maximum
(FWHM) of thediffraction peak correspondingto a
particular crystal plane. Broadening of thepeak indi-
catesthenanocrystdlinenatureof thematerid. Thecrys-
taliteszeiscd culated fromthe FWHM diffraction pesk
(111) as 2.59 nm for ZnS nanoparticles doped with
M2,

TEM study

.
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Figure2(a) : M or phology of undoped particles
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Figure2(b): M orpholog of doped particles

Figure 2(a) and Figure 2(b) show the morphology
of the undoped ZnS and doped (ZnS: Mn?#")
nanoparticlesrespectively. Fromthemicrographsitis
clear that ZnSgrainsarenot uniformly distributed. Also,
the grain sizesare not same. The average grain size
estimated from the histograms of frequency of occur-
rence versus particles sizeisfound to be 28 nm for
undoped ZnS and 15nm for doped ZnS. It ishowever
to be noted that the average grain size determined by
TEM are comparatively larger than the particlesize
measured by XRD. Thislarger valueof grainsizesmay
be dueto the agglomeration of graing*2.

Photoluminescence (PL) study
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Figure3: PL spectraof undoped and ZnS:M n doped samples
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Photol uminescence (PL) spectraof undoped (ZnS)
and doped (ZnS: Mn?*) nanoparticleswerecarried out
at room temperaturewith excitation wavel ength 280nm
and areshownin Figure 3. Emission spectrashowed a
smdll broad peek at 447.5nmwhichiscomparablewith
theother group™. Photoluminescenceinthisregionis
dueto the presence of sulphur vacanciesinthelattice,
aspreviously found for ZnS colloidg*#¢, On doping
zinc sul phidewith manganese, the PL spectrarevealed
orange red emission peak at around 585nm with one
weak peak at 443.5nm. Mn?* based emission hasaso
been observed by other workersin the photolumines-
cence of doped ZnS: Mn?* nanoparticles at about
585nmi® 14 17 gnd 588nmi*&19, Theemission at around
443.5nmistypical luminescence of undoped ZnSre-
sulting from thetransition of electronsfrom shallow
states near the conduction band to sul phur vacancies
present near the valance band®!.
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Figure4: FTIR spectrum of ZnS:M n doped sample

IR Spectraof doped ZnSnanoparticlesisshownin
Figure4. IR peaks are assigned to the sample at room
temperature.

Our measurement of the spectrum of powder
sampleyieldsthe bands, which arein good agreement

with thereported values. Theband at 3430.9cm cor-
s Paterioly Science
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respondsto valance vibrations of the occluded water.
Bandsaround 900-1474 cmt aredueto oxygen stretch-
ing and banding frequency. Weak additiona band was
observed at 924.9 cmrt. Thismodeindicatesthe pres-
ence of resonance interaction between vibrational
modes of sulphideionsinthe crystal™. The peak at
615.8.4cntisassigned to ZnSband (i.e. correspond-
ing to sulphides), whereas the presence of peak at
540.1cm* represents either manganese-oxygen or
sulfer-oxygen interaction. Again the bands around
493.2cm* and 439.2cm* are assigned to the Mn-O
band which confirmsthe presence of manganese.

CONCLUSION

Undoped and doped ZnS spherical nanoparticles
have been successfully synthesized by asmple chemi-
ca precipitation method at |ow temperature. X-ray dif-
fraction sudiesreveded that thesynthesisparticleshave
cubic zincblende structure. ZnS spherica nanoparticles
with emission represent good candidatesfor usein op-
toelectronic devices.
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