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Synthesis of nanocrystalline zinc sulphide and
preparation of its self-assembled thin films
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We have synthesized ZnS nano-crystalline (n-ZnS) powder using zinc acetate and thiourea from chemical route at different
pH. The average crystal size is determined as 3-5 nm with the help of X-ray diffraction. The formation of ZnS has been
confirmed with the help of infrared (IR) spectroscopy by observing bands corresponding to the multi phonon absorption. IR
spectrum also confirms presence of the capping agent on ZnS. Thin films of ZnS have also been deposited on glass and
quartz substrates from the solution using self-aggregation approach. Refractive index (n) of the films is also determined.
The optical band gap is calculated from the Tauc’s extrapolation and is found to be dependent on pH of the bath solution.
Electrical conductivity measurements have been done on these thin films and the activation energy has been calculated.
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1. Introduction

In recent years, properties of nanosized materials have
generated a great deal of interest because of the science
involved in these studies and technological applications of
these materials. As the physical dimensions of the particle
approach to the nanometer scales, quantization and surface
effects begin to play an important role, leading to drastic
changes in the measured properties [1]. Semiconductor
nanoparticles have attracted much attention because of
their novel electric and optical properties originating from
surface and quantum confinement effects [2-5]. ZnS is a
II-VI semi conducting material with a wide direct band
gap of 3.65 eV in the bulk. It has potential applications in
optoelectronic devices such as blue light emitting diodes
[6], electroluminescence devices and photovoltaic cells
which enable wide applications in the field of displays [7-
8], sensors and lasers [9]. In recent years, nanocrystalline
ZnS attracted much attention because the properties in
nanoforms differ significantly from those of their bulk
counterparts. Therefore, much effort has been made to
control the size, morphology and polycrystallinity of the
ZnS nanocrystals with a view to tune their physical
properties. Hence, there has been growing interest in
developing techniques for preparing semiconductor
nanoparticles and films. The wet chemical synthesis
method is a simple and inexpensive alternative to more
complex chemical vapor deposition (CVD) and physical
techniques. The physical methods [10], which are
commonly used for the fabrication of nanomaterials, have
some resolution limits that restrict these techniques from
reaching the nanometer scale. On the other hand, the wet
chemical technique offers a simple means to synthesize
such particle with good control of size and size
distribution [11]. Therefore, the authors have decided tp
prepare the n-ZnS powder and thin films with varying

deposition parameter such as pH of the bath solution.
Section 2 describes the experimental details. The results
have been presented and discussed in section 3. The last
section deals with the conclusion of this work.

2. Experimental

We have synthesized ZnS nano-crystalline powder
from chemical route at different pH (= 7, 10,12) with
capping agent (tri-sodium citrate). Aqueous solution of
ZnS has been prepared by dissolving a nominal amount of
zinc-acetate, capping agent (tri-sodium citrate) and
thiourea for sulfide ion source in 50 ml deionized water
and the resultant mixture has been stirred at elevated
temperature. The solid phase is isolated by filtration and
finally dried in hot bath, from the residue solution. This
solid phase consists of ZnS nano-crystals. Thin films have
been deposited on cleaned glass, quartz substrates and KBr
pallets for the optical, electrical and structural
measurements.

Crystallographic study has been carried out using a
Phillips PW-1610 X-ray diffractometer using CuK,
radiation in the 20 range from 10° to 70°. The IR spectrum
is determined on a Perkin-Elmer PE-Rx 1 FTIR
spectrophotometer. The spectral resolution of the IR
spectrophotometer was 1 cm™ throughout the experiment.
To study the optical properties of n-ZnS thin films, the
transmission spectra are recorded using a double beam
UV/VIS/NIR  spectrometer  [Hitachi-330] in  the
transmission range 300-1000 nm for all samples. The
electrical measurements of these thin films were carried
out in a specially designed metallic sample holder. A
vacuum of about 10~ mbar is maintained throughout these
measurements. Planar geometry of the films (length ~ 1.0
cm; electrode gap ~ 8x107 cm) is used for the electrical



Synthesis of nanocrystalline zinc sulphide and preparation of its self-assembled thin films

2467

measurements. Thick In electrodes were used for the
electrical contacts. Thickness of the film is measured as ~
615 nm with a profile meter. The electrical conductivity is
noted manually from a digital picoammeter (DPM-11

Model). The accuracy in current measurements is typically
1 pA.

3. Results and discussion

Fig. 1 shows the XRD pattern of n-ZnS film deposited
on the glass substrates (pH = 12). The spectrum in figure 1
shows the diffraction peaks at 20 values of 29.5°, 48.7°
and 57.5° on the film deposited at pH = 12. The highest
intensity reflection peak is at 26 = 29.5° [111], with two
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Fig. 1. XRD plot of n-ZnS at pH = 12.
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Fig. 2. Plot between ((cos0)/) vs (sin 6)/ for n-ZnS film
atpH = 12.

another small intensity peaks at 20 = 48.7° [220] and 57.5°
[311] indicating that [111] is the preferred direction. The
intensity of these peaks increases as the pH value
decreases (results not shown here). The comparison of
observed 'd' values with standard ‘d' values [12,13]
confirms the sphalerite cubic (zinc blende type)
nanocrystalline structure of ZnS thin films.

Information of the strain and the particle size are
obtained from the full width at half maximum (FWHMs)
of the diffraction peaks. The FWHMs () can be
expressed as a linear combination of the contributions
from the strain (¢) and particle size (L) through the
following relation [14]

ﬂcosé’:lJrgsmH )
A L A

Fig. 2 shows the plot of (fcosf)/A versus (sin #)/A for
n-ZnS film at (pH = 12) which is a straight line. The
reciprocal of intercept on the (fcosf)/A axis gives the
average particle size as ~ 4 nm. The particle size increases
(4.6 nm and 5.4 nm) as the pH value decreases from 12 to
10 and 7 respectively.
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Fig. 3. IR spectrum of n-ZnS in wavenumber region
4000-450 cm™.

Fig. 3 shows the IR spectrum of n-ZnS film deposited
at the KBr pallet. The presence of the band in the spectrum
at 714 cm™ confirms the formation of ZnS. Further bands
at 1396 cm” and 1560 cm’ confirms the presence of
capping agent trisodiumcitrate used for above study. The
former band can be assigned to symmetric stretching of
COO, while the later band can be assigned to the
asymmetric COO™ [15]. Another band at 3322 cm™ can be
assigned to OH stretching of trisodium citrate. The
presence of the above mentioned bands indicate that
trisodium citrate is bounded to the ZnS nanocrystals and it
is arresting the growth of bulk crystals of ZnS.

Optical properties are studied by recording the
transmission spectra of the films. Figure 4 shows the
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transmission data of n-ZnS thin films deposited at different
pH. The value of refractive index has been calculated
using the relation [16]:

n=[{2ns (1-T)"* + ng 2-T)}/T]" 2

Fig. 5 shows the plots of refractive index (n) vs hv for
all three thin films deposited at different pH values of the
bath solution. It is clear from the figure that the value of n
increases as the value of hv increases. It is also clear from
these plots that the value of n increases as the value of pH
increases (as the particle size decreases). This increase in
the value of n may be due to the quantum confinement
effect due to the decrease in the particle size.

From the transmission data (see figure 4), nearly at the
fundamental absorption edge, the values of absorption
coefficient (a), are calculated in the region of strong
absorption using the relation

a= éln[%j ?3)

The fundamental absorption, which corresponds to the
transition from valence band to conduction band, can be
used to determine the band gap of the material. The
relation between a and the incident photon energy (4v) can
be written as [17]

o Anv-E,) "
hv

where A4 is a constant, E, is the band gap of the material
and the exponent n depends on the type of transition. The
n may have values 1/2, 2, 3/2 and 3 corresponding to the
allowed direct, allowed indirect, forbidden direct and
forbidden indirect transitions, respectively.
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Fig. 4. Transmission curve of n-ZnS thin films.
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Fig. 5. Plots between n vs ho.

The value of optical gap is calculated by extrapolating
the straight line portion of (ahv)"" vs hv graph to hv axis
taking n = 0.5. Fig. 6 shows the plots of (ahv)® vs hv for
the films deposited at different pH values. The correct
values of the optical gap calculated from the figure are
(3.40 £ 0.01) eV, (3.68 = 0.01) eV and (3.80 + 0.01) eV
for the films deposited at different pH i.e. 7, 10 and 12
respectively. The value of optical gap is found to decrease
with the increase in the pH value. These values of optical
gap are inserted in Table 1. Clearly, the observed values of
E, are higher than the value of bulk optical gap of n-ZnS
[(3.3 £0.01) eV] [18] due to quantum confinement in the
n-ZnS nanocrystallites.
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Fig. 6. Plots of (ahv)’ vs hv at different pH.
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Fig. 7. Plots of In o, vs 1000/T of n-ZnS thin films at
different pH.

Table 1.The electrical and optical parameters of n-ZnS powder.

E, | Particle | og (Q'em™) E,
pH (eV) | size (eV)
(= (nm) (£0.01)
0.01)
(19+0.02) | 0.87
12 3.80 | 4.0 x10®
(1.6+0.02) | 0.80
10 3.68 | 4.6 x107
(5.7+£0.02) | 0.76
7 340 |54 x10°

3.2 Electrical Properties

Fig. 7 shows the temperature dependence of dark
conductivity (64) of n-ZnS thin films deposited at different
pH (12, 10 and 7). The electrical conductivity shows
typical Arrhenius type of activation

o, =0, em(#j 5)

where 4E is the activation energy for dc conduction and &
is the Boltzmann’s constant. The values of o, calculated
using Eq. (6), are (1.9 + 0.02)x10® Q'em™, (1.6 +
0.02)x107 Q'em™ and (5.7 + 0.02)x10° Q'cm™ for the
films deposited at different pH values 12, 10 and 7
respectively. The value of 6, increases as the particle size
of n-ZnS increases. The increase in electrical conductivity
and decrease in the activation energies as the value of pH
decreases may be due to the change in structural
parameters, improvement in crystallite and grain size,
decrease in inter-crystallite boundaries (grain boundary
domains) and removal of some impurities (adsorbed and
absorbed gases).

4. Conclusions

n-ZnS powder as well as thin films have been
deposited at different pH values of the deposition bath
solution. These films have been deposited at different
substrates. The particle size has been calculated using
XRD data and found to be 4-6 nm. FTIR data confirm the
formation of ZnS nanoparticles. The optical band gap has
been calculated using optical data and it is found that the
band gap increases as the pH value increases which is due
to the quantum confinement effect. Electrical conductivity
measurements have been done and it is found that the dark
conductivity increases and dark activation energy
decreases as the particle size increases.
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