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a b s t r a c t

ZnS nanostructures have been synthesized by simple wet chemical route and annealed at two differ-
ent temperatures of 50 ◦C and 180 ◦C. From the measurements of transmission electron microscopy and
contact-mode atomic force microscopy, it is found that annealed temperature changes the morphology
from nanoparticles to nanorods. The optical properties of the synthesized ZnS nanomaterial have been
vailable online 7 July 2010
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characterized by UV–visible absorption spectroscopy and photoluminescence spectroscopy. The struc-
tural and elemental analyses were carried out by powder X-ray diffraction pattern and energy dispersive
X-ray absorption spectroscopy, respectively. Absorption edge of the nanoparticles (295 nm) and nanorods
(326 nm) was shifted towards shorter wavelength compared to bulk ZnS (337 nm) due to the quantum
confinement effect.
hemical synthesis
uminescence

. Introduction

In the past decade, semiconducting nanoparticles have received
considerable attention because of their excellent size depen-

ent electrical and optical properties suitable for applications in
ptoelectronic devices [1,2]. Since the optical band gap of these
emiconductors can be tuned by varying the size of the parti-
les, these tuned optical properties of the materials have potential
pplications in the field of solar cell [3], light emitting diode [4],
elecommunications [5], etc. Among the semiconducting particles,
I–VI binary semiconductors are widely used in technological appli-
ation. In particular, ZnS has a wide band gap of 3.68 eV, it is widely
sed in cathode ray tubes and field emission display [6], electrolu-
inescent devices [7] and photodiodes [8]. Several methods have

een adopted for the synthesis of nanoparticles, such as wet chem-
cal method [9], microwave irradiation [10], micro emulsion [11],
hemical vapor deposition [12], etc. ZnS can be synthesized by dif-
erent routes, such as chemical route, microwave irradiation, etc.

In the present work, ZnS nanostructures were synthesized by

et chemical route without non toxic precursors annealed at

wo different temperatures. Surface morphology and structural
roperty have been measured by atomic force microscopy (AFM),
ransmission electron microscopy (TEM) and X-ray diffraction
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(XRD). The optical properties of the synthesized materials were
investigated by ultra violet (UV) spectrophotometer and photo-
luminescence (PL) spectrophotometer. The elemental analysis has
been performed by energy dispersive X-ray spectroscopy (EDAX).

2. Experimental

All chemicals used were of analytical grade without further purification. ZnS
nanoparticles were synthesized using zinc acetate and thioacetamide as source
materials. 0.2 M Zinc acetate and 0.2 M thioacetamide were dissolved in 50 ml of
ethanol and stirred at a constant rate for 8 h. This resulted in a milky white solu-
tion, indicating the formation of ZnS. Subsequently, the resulting milky white solid
products were centrifuged and washed using ethanol. Finally, a part of the product
(sample A) was dried at temperature of 50 ◦C for 10 h and remaining part (sample
B) was dried at 180 ◦C in hot air oven for 10 h.

AFM studies were carried out with Pico Scale SPM (Molecular Imaging, USA).
TEM images were taken with JEM 3010(JEOL) TEM with an accelerating voltage of
200 keV. X-ray diffraction (XRD) pattern was recorded using X’perPRO (PANalytical)
advanced X-ray diffractometer with CuK�1 radiation (� = 1.5406 Å), with 2� ranging
between 20◦ and 80◦ at a scanning rate of 0.5◦/s. Absorption spectrum was mea-
sured using PerkinElmer lambda 5 UV–visible spectrophotometer. PL spectrum was
obtained using Flurolog-3 spectrophotometer (Jobin Yvon) in the range 200–900 nm.
EDAX analysis was performed by Hitachi S 3400 SEM working at 25 kV accelerating
voltage. Ethanol was used as a medium to prepare the sample for UV, PL, AFM and
TEM studies.
3. Results and discussion

Fig. 1(a) shows the AFM image of sample A annealed at tem-
perature of 50 ◦C and it reveals the formation of nanoparticles. In
this image, all the particles exhibited uniform size and spherical
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Fig. 1. (a) AFM image of sample A (ZnS nanoparticles) (b) 3D view of ZnS nanoparticles (c) Roughness analysis (d) TEM micrograph of ZnS nanoparticle (inset: SAED pattern)
(e) 3D view of an individual ZnS nanoparticle (f) Size profile of an individual ZnS nanoparticle.

Fig. 2. (a) AFM image of sample B (ZnS nanorods) (b) 3D view of ZnS nanorods (c) Roughness analysis (d) TEM micrograph of an individual ZnS nanorod (inset: SAED pattern)
(e) 3D view of an individual ZnS nanorod (f) Width profile of an individual ZnS nanorod.
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this image. Also the height of the ZnS nanorod in the Z-direction was
Fig. 3. XRD pattern of ZnS nanoparticles and ZnS nanorods.

n shape without agglomeration. All the particles were easily dis-
inguishable. Sizes of the synthesized ZnS nanoparticles (sample
) were in the order of 35–55 nm with uniform distribution. The
D view of the ZnS nanoparticles is shown in Fig. 1(b); it revealed
hat the growth direction of all particles was same. Fig. 1(c) shows
he roughness analysis of the synthesized ZnS nanoparticles, it was
bserved that the roughness of the particles was in uniform dis-
ribution of few nanometers. The height of the particles from the
ubstrate was found to be 0.4–1.2 nm and maximum number of
ounts is around 0.9 nm. Fig. 1(d) shows the TEM micrograph of
nS nanoparticles, it shows that all the particles were free from
gglomeration with the size of 30–50 nm. This is well consistent
ith the AFM results. Ring patterns were observed in the SAED
attern of ZnS nanoparticles (inset of Fig. 1(d)), which clearly indi-
ated the formation of polycrystalline nature of ZnS nanoparticles.
D view of an individual ZnS nanoparticle is shown in Fig. 1(e). It is
learly seen that the size of an individual nanoparticle was 40 nm
s shown in Fig. 1(f).

Fig. 2(a) shows the AFM image of sample B. It is clearly indi-

ated that the formation of rod like structures. Also the shape and
ize of the nanorods were easily distinguishable. In order to know
he shape evolution in three directions of the ZnS nanorods (sample
), the typical 3D projection view of the ZnS nanorods is depicted in

Fig. 4. UV–visible absorption spectra of ZnS nanoparticles and ZnS nanorods.
Fig. 5. Bandgap plot h� vs (˛h�)2 of ZnS nanoparticles and ZnS nanorods.

Fig. 2(b). The formation of nanorods is as follows: Due to the thermal
heating, the self-aggregation has taken place between the nanopar-
ticles and it leads to the formation of nanorods [13]. Further the
Ostwald ripening may cause the random oriented self-aggregation
in the nanoparticles because the free energy is reduced by decreas-
ing the number of small nanoparticles [14]. The similar results were
observed by Ghosh et al. [15]. The roughness analysis of the ZnS
nanorods is shown in Fig. 2(c). The roughness of the nanorods was
around 0.4–0.8 nm. The maximum numbers of the rods were in
the height of 0.6 nm. It shows that the roughness of the nanorods
was less than that of nanoparticles (sample A) due to their sur-
face changes from the nanoparticles to nanorods. Fig. 2(d) shows
TEM micrograph of an individual ZnS nanorods. Diameter of the
nanorod is around 150 nm. The formation of the self-aggregated
particles was clearly seen in the marked area. Further, this is well
consistent with AFM results. SAED pattern of ZnS nanorods (inset
of Fig. 2(d)) clearly indicates the formation of polycrystalline ZnS
nanorods. Fig. 2(e) shows the 3D projection of an individual ZnS
nanorods. The domains of the nanoparticles were clearly seen in
well consistent with the roughness analysis of the ZnS nanorods
shown in Fig. 2(c). The width profile of an individual ZnS nanorod
is shown in Fig. 2(f) and its width is found to be 80 nm.

Fig. 6. Photoluminescence spectra of ZnS nanoparticles and ZnS nanorods.



252 M. Navaneethan et al. / Journal of Alloys and Compounds 506 (2010) 249–252

nano

i
t
p
w
i
p
Z
i
s

s
a
e
“
n
o
w
r
t
a
w
c
i
e
a
T
t
a
(
s
o
p
c
i
p
t
p
s
p
t
w
d
p

[

[

[

[

[14] Chun Lan, Kunquan Hong, Wenzhong Wang, Kunquan Hong, Guanghou Wang,
Fig. 7. EDAX analysis of ZnS

XRD pattern of ZnS nanoparticles and ZnS nanorods are shown
n Fig. 3. Both the samples exhibited similar peaks corresponding
o (1 1 1), (2 2 0) and (3 1 1) planes with cubic phase of ZnS. XRD
attern of the synthesized ZnS nanoparticles was well matched
ith the standard JCPDS data (Card No. 05- 0566). Broaden-

ng of the peaks indicates the formation of nanoparticles. The
eak broadening of ZnS nanoparticles was higher than that of
nS nanorods. It shows the particle size increased during heat-
ng. These results were consistent with the AFM results of the
amples.

UV–visible spectra of ZnS nanoparticles and ZnS nanorods are
hown in Fig. 4. Absorption edge of ZnS nanoparticles is 295 nm
nd that of ZnS nanorods is 326 nm. It indicates that absorption
dges of ZnS nanoparticles and ZnS nanorods were shifted towards
blue” compared to ZnS bulk (337 nm). The bandgap plots of ZnS
anoparticles and ZnS nanorods are shown in Fig. 5. The bandgap
f ZnS nanoparticles was 4.2 eV and the bandgap of ZnS nanorods
as 3.8 eV. Bandgap of the ZnS nanorods was shifted towards the

ed side compared to that of ZnS nanoparticles due to aggrega-
ion of the particles. It indicates that the size of the particles was
ssociated with the bandgap and the size increase on annealing
as confirmed through the AFM and TEM studies. Photolumines-

ence spectra of ZnS nanoparticles and ZnS nanorods are shown
n Fig. 6. Photoluminescence emission peaks were obtained for the
xcitation wavelength of 250 nm. The emission peak was observed
t 333 nm for ZnS nanoparticles and 345 nm for ZnS nanorods.
he significant blue shift of nanoparticles was observed due to
he quantum confinement. The difference between the absorbance
nd emission peaks was around 38 nm (nanoparticles) and 19 nm
nanorods). This is due to the trap state emission of the smaller
ize particles. Also the defects could be attributed to the vacancy
f sulfur in the nanoparticles [16]. The intensity of the emission
eak of nanorods was comparatively less than that of nanoparti-
les, and the peak was shifted towards the longer wavelength. The
ntensity of the emission peak was strongly affected by the tem-
erature. The luminescence quenching of the sample B was due to
he self-aggregation of the particles. Typical EDAX analysis of sam-
le A and sample B are shown in Fig. 7(a) and (b), respectively. The
trong peaks of Zn and S were clearly seen in the spectrum. No other

eaks related to impurities were observed in the sample A. But, in
he case of sample B, a low intensity peak related to oxygen atom
as observed. It may be due to oxidation of surface of the sample
uring the annealing process in hot air oven. However, no other
eaks related to the formation of ZnO were observed in XRD pat-

[

[

particles and ZnS nanorods.

tern of sample B. Further it confirms that the synthesized material
was composed of ZnS.

4. Conclusion

ZnS nanoparticles and nanorods have been synthesized by
wet chemical route. Higher annealing temperature influenced the
change in morphology due to aggregation of the nanoparticles.
The temperature dependent optical properties were investigated.
Absorption edge of nanoparticles (295 nm) and nanorods (326 nm)
were shifted towards shorter wavelength compared to bulk ZnS
(337 nm) due to the quantum confinement effect. ZnS nanopar-
ticles exhibit high photoluminescence intensity than that of ZnS
nanorods annealed at 180 ◦C.
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