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ABSTRACT
In this work we report on the growth of ZnS semigctor nanocrystals with different
ratio of reducing agent using chemical reductiomedn THF medium. Reducing agent
takes an important role in the growth of nanophlsias it determines the reaction rate in
the formation of ZnS nanoparticle. With increasetbants of sodium borohydride as a
reducing agent, the sizes of the nanoparticles dgereased. The samples are
characterized using XRD, electron diffraction, &lee micrograph, EDAX, optical
absorption, photoluminescence techniques. XRD aB Bhows that particle size is
reduced with increase of reducing agent ratio. @ptibsorption study shows that band
gap increases with decrease of particle size. Riminescence study shows that there is
band edge luminescence as well as luminescencesiioizace states. Photoconductivity
and conductivity of the films composed of ZnS naartiples are studied. Relaxation time
is measured and is found to be dependent on the&the nanoparticle.

Keywords: ZnS nanoparticles, Reducing agent, Microstructysedperties, Optical
properties, Photoluminescence Photoconductivity.

1. Introduction
Nanocrystalline semiconductor particles have atconsiderable interest over the past
few years, because of their novel properties, sgdarge surface-to-volume ratio and the
three dimensional confinement of the electrons][IFBe degrees of confinement of the
electrons are changed due to the change of theokitbe particles and hence affects the
electronic structure of the solid especially thadgap edges. When the particle radius
falls below the excitonic Bohr radius, the band gamergy is widened, leading to a
blueshift in the band gap, emission spectra, etcth® other hand, the surface states will
play a more important role in the nanoparticleg ttutheir large surface-to-volume ratio
with a decrease in particle size (surface effects).

Among the family of II-VI inorganic semiconductor&nS are the foremost
candidates because of their favorable electronicagtical properties for optoelectronic
applications especially in nanocrystalline formrtlele size reduction has a tremendous
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effect on the properties of the ZnS such as blfteshthe optical absorption spectrum,
increased luminescence, enhanced oscillator strengbnlinear optical effects,

geometrical structure, chemical bonds, ionizatioteptial, mechanical strength, melting
point, etc. ZnS can have two different crystal dntes zinc blende and wurtzite[4-5],
both have the same band gap energy (3.68 eV) andithct band structure. ZnS has
been extensively used for the cathode ray tublg, émission display,and scintillators as
one of the most frequently used phosphors[6-8f-tifin electroluminescent devices [9],

infrared windows [10], flat panel displays[11], sers[12], lasers [13], bioanalytical

labeling [14] and memristor applications[15], n dinv layers for solar cells[16-17],

large area OLED [18].

Nanocrystalline ZnS can be prepared by various oustHike sputtering[19],
evaporation[20] , wet chemical[21] , sol-gel[22dnschemical method[23], Solid state
[24], micro-wave irradiation[25-26] or synthesisden high-gravity environment[27].

This paper discusses the preparation of zinc sulfidnocrystals via a simple chemical
reduction route[28] in room temperature.In thisqess Sodium borohydride is used as
reducing agent to initiate the reaction betweerc zthloride and sulphur at room

temperature. Amount of reducing agent are variestudy the effect of reducing agent.

The used method is cost effective and free fromesrpental hazards. The structural,
optical and photoluminescence properties of as greamples are characterized by XRD,
TEM, SAED, EDAX, optical absorption and photolurmoence techniques. Nanofilm is

also grown from the dispersed medium on glass mtbstnd is used for photorelaxation
study. An attempt is made to correlate the resith rmatio of reducing agent.

2. Experimental methods

Anhydrous ZnC{ (99.999%) (1360.8mg), sulfur powder (99.999%) (8&ty) and
stochiometric amount of sodium borohydride (98%j83mg, 1134.9mg, 1891.5 mg)
were purchased from Alfa-Aesar to prepare differsamples. To prepare different
samples the amount of ratio for ZnCIS and NaBH are in 1:1:1, 1:1:3, 1:1.5
respectively. Tetrahydrofuran (99%) used as cappigent. Sodium borohydride were
taken to ini-tiate the reaction at°@The stirring was continued for three hours at a
particular speed. For microstructural study, apared ZnS nanoparticles were dispersed
in ethanol by ultrasonification. A small drop big dispersed samples were placed on a
thin carbon film supported on the carbon grid aeg@tikfor some time for drying. The
transmission electron micro- graph (TEM) of thepamed nanoparticles was acquired
using JEOL-JEM-200 operating at 200 kV. The SAERgra and EDAX analysis of the
said nanoparticles were also carried out. The XRiftepns of the said samples are
obtained by using Rigaku MiniFlex-1l X-ray difframneter. The optical absorption
spectrum of the samples was taken by using ShimRtdammaspec-1700 UV-VIS after
ultrasonification in ethanol. The photoluminesceapectrum of the as prepared samples
was obtained by using Hitachi-F7000-FL spectropmatier. Nanofilms corresponding to
samples of different reducing agent ratio are growrglass. The samples are dispersed
in ethanol using ultrasonicator. The glass slidesdipped into the dispersed medium for
at least six hours. Film of ZnS is grown on thesglaubstrate. Graphite paint is used as
ohmic contact for measurement of Conductivity amdtpconductivity of nanofilms.
Conductivity and photoconductivity is measured gsiiKeithly Electrometer -
6514.Intensity of ultraviolet light falling on tleample is measured by a luxmeter.
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3. Results and discussic

3.1. Structural determination (XRD)

The powder Xray diffraction (XRD) pattern on the samples wesgearded by «X-ray
diffractometer (miniflex Il,desktc-X-ray diffractometer) using Cu-kiradiation of wave
length) = 1.54 A for 20 ranging from 2Bto 8. The diffraction peaks of the XR
pattern of as prepared the samples are shown umd-ig The XRD pattern @s prepared
nanoparticles exhibit the peaks at scattering affe28.62°, 48.07°, 56.72° correspor
to (111), (220), (311) planes respective
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Figure 1:

Diffraction peaks of the XRD pattern of the as bg@#ized samples show cul
phase. The peak broadening in th-ray diffraction (XRD) patterns of the samp
shown in Figurelclearly indites that nanocrystal size is reduced with increaf
reducing agent ratio.

First peak shows maxima at valued28.6° and is very close to the bulk vall
Nanoparticles grown with increase of ratio of radgagent gives maxima at higheb]:
value This clearly shows that there is increase ofkatacfault probability with decreas
of particle sizeShift of all the Bragg peaks means that there ssibdity of increase c
dislocationwith increase of reducing agent ra

3.2 Morphological Study (TEM)
Morphologies of the products synthesized at fixedctional time at concentration °
different molar ratio of reducing agent are showfigure 4.

The TEM images clearly show that the particle siepends on the ratio
reducing agent. The file sizes of the as prepared samples decreaseragse in th
ratio of reducing agent shown in table 1. The sesaiparticle size has observed 5 nr
case of ratio 1:1{Figure 4)

Figure 5 shows typical EDX of ZnS nanoparti grown at ratiol:1:: EDAX
analysis show that the Zn:S ratio increases withreiase of the ratio of reducing age
This is probably due to the increased reductiosutfhur with increase of reducing ag
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which opposes the agglomeration of the pees. As a result particle size is reduced
ratio of sulphur is decreas
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3.3.Optical Properties of ZnS— Nanostructure
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Figure 6 shows the variation of optical absorbanite wavelength of the as prepai
nanoparticles. Optical absorption coefficiens been calculated in the wavelength reg
200700 nm. Optical absorption coefficiend (s calculated at each wave leng

The band gaps of the-prepared nanoparticles are determined from théaa [29]

(ahv)? = C(hv-Ey)

where Cis a constantEgy is the band gap of the material andis the absorptio

coefficient.
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Fig. 7 shows the plot dixhv ? vs. energytfy) and it is used to determine band
gap in each case. The band gap of as preparedeminpteases as ratio increases. This
means that quantum confinement takes place.

3.4. Photoluminescence
The PL spectra of the ZnS sample products were unegisvith excitation wavelength
266 nm.

The figure 8 shows PL spectra of the ZnS samplepgred at different ratio.
With increase of reducing agent ratio PL spectearty indicates the appearances of new
peak around 409 nm. Also peak intensity is redweithl the decrease of reducing agent
ratio & finally disappears at the ratio 1:1:1. Tpeak around 409 nm is attributed to the
surface state .The peak around 332 nm correspotaiagergy 3.73 eV gives emission
from a state which is closer to the band edge. pbiak shifts to the higher wavelength
with increase of reducing agent ratio.

3.5. Photoconductivity study

The growth of photocurrent is shownfigure 9 -11. After the steady current is reached
the light is switched off. Relaxation time is meslifrom long time photodecay graph.
The corresponding graph is displayed by the figdnEL. Relaxation time is measured
using the relatiomn =Ans exp (- tf). This relation can be correlated to experimewntall
measurable parameter hyp/Ans =Alph(s)Alph(t) =exp(tt),whereAlph(s) is the change
of steady photo current with respect to dark curvatue andAlph(t) is the change of
photo current at any arbitrary time t with respgedhe dark.
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The plot of In Alph(s)Alph(t)) vs. t gives the straight line and is diggld in figure 9-
11(inset). From the slope, the long time relaxatisnestimated. Relaxation time
decreases with increase of reducing agent rati@ iShprobably due to the decrease of
the particle size which results in the increaseswface area. As a result the surface
recombination is increased and thereby relaxatine ts reduced.

The slow photoconductive decay is attributed herethie reconstruction of
recombination barrier which has spatially separatexl photogenerated electron-hole
pairs by trapping minority carriers. The dark coctiltity is established only after
equilibrium filling of the recombination barrierases.The exponential decay shows that
recombination barrier height does not change atrader illumination & this is the case
under weak illumination.

4. Conclusions

ZnS is prepeared in a cost effective way and cheniaed structurally, optically and
electrically. The effect of reducing agent i.e NaBikl prominent in the formation of
nanoparticles. XRD and TEM indicate that with irage of reducing agent particle size is
reduced. As a result band gap is blue shifted. péictsa clearly show the appearance of
the peak due to surface state for samples growminitreased reducing agent ratio. The
effect of particle size on long time relaxatioreigdent due to the involvement of surface
recombation. Variation of characteristics of ZnS\oparticles with change in reducing
agent are shown in table 1.

Tablel: Summarisation table

Sample PL Peak (hm) | Band Gap | Particle Size EDAX %
Name (eV) (nm)
Zns 1:1: 333.6° 3.8¢ 10 Zn- 51.5¢
S- 48.44
ZnS 1:1: 344.6( | 40¢ 4.2¢ 7 Zn- 60.0z
S---39.98
ZnS 1:1:! 346.0¢ | 40¢ 4.52 5 Zn-72.91]
S- 27.08
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