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ABSTRACT

ZnS nanocomposite nanorods have been prepared by chemical bath depo-
sition technique taking Zinc acetate and Sodium sulphide as the source of
Zinc and Sulphur respectively. The composite thin filmis characterized by
XRD, TEM, UV-Visible, PL and FTIR. Nanocrystalline thin film prepared
under optimum growth condition shows band gap of 3.7eV as observed
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from optical absorption data. XRD shows peaksat 20 values of 28.50°, 47.58°
and 56.39°for (111), (220), and (311) planesrespectively. TEM micrograph of
the film reveals the formation of ZnS nanorods of diameter ranging from
15nmto 20nmand length from 20nmto 220nm. Along with therodsthere are
some quasispherical small clusters also. Photoluminescence (PL) measure-
ment showed blue emission centered at 413.5nm and green emission at 561nm.
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INTRODUCTION

During therecent decade, much attention hasbeen
focused on the preparation of one- dimensiona (1D)
nanostructures, such as nanorods, nanowires?,
nanobd ts® and nanotubes becausethey exhibit physi-
cal and chemical propertiesdifferent fromtheir bulk
counterpartsand a so from those of two-dimensional
(2D) andthree-dimensiond (3D) structures. Thegrowth
of specid shaped nanostructuresin acontrollable man-
nerisacritica issuein nanoscience. Zinc Sulphide(ZnS)
isanimportant 11-V1 semiconductor. It hasawideband
gap of 3.6eV at 300K initsbulk form®. Itisoneof the
most important semiconductor material used in elec-
tronicsindustry. Also, it has other variety of applica-

tions covering € ectroluminescence, nonlinear optical
devices, light emitting diodes, flat panel displays, IR
windows, sensorsand lasersetd®. ZnSformstwo struc-
tura polymorphs, hexagona wurtziteand cubic sphaer-
ite. Controlled and reproducible growth of one-dimen-
siona nanostructureshasbeen achieved by various syn-
thetic methods™. Themethods utilized aremostly sol-
gel, sonochemical, using surfactant/micelleetc. Tothe
best of our knowledge, chemica bath deposition (CBD)
method isnot used for thefabrication of ZnSnanorod.
In thiscommunication, we report the success of syn-
thesizing ZnSnanorodsby thissmpleand inexpensive
technique of CBD and alongwith wereport its proper-
tiesasreveaed by various studies, viz, XRD, TEM,
UV-Visibleabsorption, PL and FTIR.
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EXPERIMENTAL SECTION

Materials used for the present study are Zinc
acetate] Zn(CH,COO0),] as Zinc source, Sodium Sul-
phide (Na,S) as Sulphur Source, Polyvinyl alcohol
(PVA) as capping agent and dispersing agent, NH, as
reducing agent and deionized water asmedium. All
the reagents and solvents are purchased from E.
Merck, Ranbaxy FineChemicasLtd., LOBA Chemie
and Merck respectively and used asreceived. To pre-
pare nanocomposite ZnS films, 1.33x10° mol
(0.9985gm) PVA isstirred in 75ml distilled water at
70°c for oneand half an hour with temperature con-
trolled magnetic stirrer. Thenthe solutionisleft toit-
self for 2hrs. After ageing this solution for 2hrs, as
prepared Zinc acetate solution (0.005mol or 1.0974
gmin5ml NH,) ismixedtoit. Next asolution pre-
pared by taking 0.01mol (0.7804gm) Na,Sin 25ml
distilled water isadded to the above solution. There-
sulting mixtureis heated at 100°c under continuous
stirring for 20 minutes. NH, is used as compl exing
agent. ThepH of theresultant solutionismaintained
at 10.5.After 20 minutes clean glass substrates are
used for the deposition of thefilms.

Crystdlinity of the ZnS-PVA nanocompositefilm
isconfirmed using X-ray Diffractrometer (Philips X-
pert prodiffraction, PW 1830 with Cuka. 1.54A°).
The morphology of the productsis observed using
Transmission electron microscope (JEM 100 CXII,
JEOL. JAPAN) (Accelerating voltage 100KV), Op-
tical absorption spectraat 300K are obtained using
UV visible spectrometer (Hitachi U-3210 spectrom-
eter). Photoluminescence spectra are recorded on
(Hitachi, F-2500, and Fluorescence spectrophotom-
eter). An IR spectrum is recorded on Perkin EImer
Spectrum RXI FTIR system.

RESULTSAND DISCUSSION

XRD study

Infigure 1 we show the XRD pattern of the com-
positefilm on glass subtract. Thisclearly showsthe
peaks at 20 value of 28.50°, 47.58° and 56.39° cor-
responding to the planes of (111), (220) and (311)
respectivelyd,
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Figurel: XRD pattern of ZnSnanocompositethin film
TEM study

Infigure 2 we show the HRTEM micrographs of
the compositefilm coated on borax grid. Thisshows
straight but non uniform and randomly distributed rods.
Their diameter lyingin therange of 15-20 nm andthe
length 20-220nm. Also d ongwith these prominent rods
there are some stray quasispherical clustersof much
small dimension around. Neverthel essin thefew rods
present the aspect ratio issubstantialy high (nearing a
maximum val ue of ~20) compared to that obtained by
someearlier groupsby different processes**2.
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Figure 2 : HRTEM micrograph of ZnS nanocomposite
nanorods.

UV-Visblestudy

Theoptica property of thecompositefilmisdeter-
mined from the UV-Vis ble absorbance measurement.
Figure 3 (a) showsthe absorption spectraof the com-
positethinfilm. Thisshows appreciable absorption of
the composite film in the wavel ength range of 230-
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350nmi*3, Transmittanceplotisshowninfigure3(b).  higher than the bulk value of ZnS (3.6eV), whichis
From thiswe determinethe bandgap for direct transi-  conventionaly ascribed to quantum confinement inthe

tion usingtheredation*4 ZnSnanocrystallites®®,
0 A(hv-E,)" @ |
ho

WhereA isaconstant, Eg isthe band gap of the mate-
rial and the exponent n dependsonthetypeof thetran-
gtion.
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Figure3(c) : Plot to deter minethedir ect bandgap of ZnSthe
nanocompodtethin film.

Ahsorbance

Photolumilescence study

Infigure 4 we show the PL spectraof thecompos-

= 3w = @ = 500 ite film taken at 300K for excitation wavelength of

_ _ Wavelangth (nm) 280nm. This shows a broad peak centered at 413.5

Eﬁgﬁég;téag]sorptlon vs. wavelength plot of ZnS nmwith hump at 344 nm and avery sharp peak cen-

tered at 561 nm. Thehump at 344 nmishbeievedtobe

duetothesmall sized quasispherical cluster (<10nm)

] formedin ZnSY. Thepresence of such cluster isevi-

] / ] dent from TEM picture. The broad peak at 413.5 nm

isdueto small sized particlesinassociation with trap,

defect or vacancy related emission(*®l, The sharp peak

at 561 nm may be assigned to be dueto emissionfrom

therod shaped clustersfor excitation beamfalinginthe
direction of length of rod™.
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Figure 3(b) : Transmittance vs. wavelength plot of ZnS

nanocompositefilm Z 2]
From transmission dataabsorption co-efficient (o) % ]
can becalculated by therelation ]
a=%|n(1/T) @) °
Wheredisthethickness of thefilmswhichis 1800A0 o W e e

Wawvelangth (nm)

for the present case. Thevalueof theoptical band gap Figured: PL spectrum of ZnSnanorod.

isfound by extrapolating the straight line portion of
(ahv)2vs hv graphtohv axisasshowninFigure3(c). FTIRstudy
The direct band gap is found to be 3.7eV, which is FTIR spectrum of the compostethinfilmisshown
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infigure5. Thisshows peaksat 1655.8 cmr* for N-O
interaction. Bands around 900-1500 cm™ aredueto
O-H dretching and bending frequency. Week additiond
bands are observed at 925.9 and 846.4 cm. These
modesindicate the presence of resonanceinteraction
between vibrational modesof sulphideionsinthecrys-
tal'. The peak at 625.7 cm isassigned to ZnS band
(i.e. corresponding to sulphides).
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Figure5: FTIR spectrum of ZnSnanocomposite nanor od.
CONCLUSION

ZnS nanorods have been prepared successfully by
smplemethod of chemical bath deposition. Bandgap
for direct optical transitionisfoundtobe3.7 eV. These
nanorodsshow very sharp greenemissonaongwitha
broad blueemission. IR spectragivetheindication of
presenceof sulphidespeciesand interlinkingwith PVA.
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