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Growth of ZnS Nanotowers with ZnQO Core by Thermal Evaporation
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Abstract: Zinc sulfide (ZnS) of wurtzite structure nanotowers with a ZnO core has been grown using a simple

catalyst-free thermal evaporation technique. The ZnS nanotowers are as long as to several tens of micrometers.

The high-magnification TEM image of a single nanctower reveals clear ZnS/ZnQ interface. The ZnO core is
likely formed at the first stage due to the residual O2. The PL spectrum mdicates that the nanotowers have a

visible emission peak centered at 409 nm.
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INTRODUCTION
Low dimensional systems, such as quasi
one-Dimensional (1D) (nanotubes, nanowires,

nanobelts, ...), have been successfully synthesized and
represent one of the most important frontiers in advanced
materials research due to their peculiar optical, electrical,
thermoelectric properties and potential application in
nancdevices!' . Recently, much attention has been
devoted to develop the controlled growth of 1D
semiconductor with homogeneous structures and
compositions. The Vapor Liqud-Selid (VLS) and the
Vapor-Solid (VS) and other mechanisms for the growth of
1D nanostructures at high temperature are well recognized
and have been used to synthesized various compound
M Properties  of
may depend sensitively
structures, morphologies and sizes. Considerable efforts

semicenductor nanostructures

nanostructures on their
have been devoted to develop the controlled growth of
various one-dimensional semiconductor nanostructures
with homogeneous structures and compositions using

[41

laser ablation™ as well as template-induced™, solution'®

and thermal evaporation methods™.

ZnS, an important II-VI semiconductor compound
with direct wide band-gap energy of 3.6 eV at 300 K, has
prominent application in many fields including thin film
electroluminescence, phosphor m cathode-ray tube,
flatpanel displays, ultraviolet light-emitting diodes,
injection lasers and nonlinear optical devices™. Much
effort has been made to fabricate and characterize Zn3
nanostructures®¥. However, in comparison with Zno,
mvestigations on the syntheses and properties of ZnS
nanostructures are quite limited. In the past few vears,

ZnS nanostructures have been studied extensively and
reported to have different characteristics from the bulk.
ZnS has two kinds of crystal structures: Wurtzite ZnS
{(hexagonal phase) and zinc blende ZnS (cubic phase). In
addition to nanowires"™'" and nanoparticles"”, some
fascinating morphologies have been reported. Ma et al.
have synthesized wuratestructured ZnS nanobelts and
nanowindmills by thermal evaporation of ZnS powders'™.
Zhu et al. have fabricated ZnS tetrapod nanocrystals by
thermal evaperation of ZnS and carbon mixed powders!"®.
M.Y. Lu ef al. have synthesized self-assembled ZnS of
wurtzite structure nanocomb with ZnO sheath using
evaporation!'?. In this study, we report the
growth of ZnS nanotowers with ZnO core using thermal

thermal

evaporation method. In the present study, ZnS tower-like
with ZnO core, which were fabricated via sunple thermal
evaporation, are.reported as a new example of 1D

nanostructures. Morphology, crystal structure  and
luminescent properties of the nanotowers were
investigated.

MATERITALS AND METHODS

ZnS tower-like with ZnO core nanostructures were
synthesized in a horizontal tube furnace by a thermal
evaporation method. ZnS powders mixed with graphite
(1:1) were chosen as source materials. Silicon wafers were
cleaned ultrasomcally using hydrofluoric acid and
distilled water several times and employed to collect the
deposited products. The evaporation process was carried
out in quartz tube, which was located m the horizontal
tube A quartz boat loaded with ZnS and
graphite powders, which serve as the source material, was

fumnace.
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transferred into the center of tube furnace. The silicon
wafer was located next to the center along the
downstream side of the flowing gas. After being purged
by high-purity argon gas 99.99%, the furnace
temperature was raised to 800°C at a heating rate of 30°C
per minute under a constant flow of Ar 80 standard cubic
centimeters per minute (sccm). After 30 min, the
temperature was raised to 1100 °C and held for 90 min.
When the temperature was raised to 800 °C , hydrogen
gas was introduced into the system through a mass-flow
controller at rates of 16 sccm. The temperature of the
substrate area was about 700-750°C due to the
temperature gradient in the tube furnace. After
evaporation and deposition, the flow of hydrogen turned
off and the quartz tube was drawn out of the furnace
when it was cooled down to 250- 300°C .

The morphology and composition of the product
were examined using Scanning Electron Microscopy
(SEM), Energy Dispersive X-Ray Analysis (EDXA) X-Ray
Diffraction (XRD) patterns measured with Cu K a radiation
and High-Resolution Transmission Electron Microscopy
(HRTEM).

RESULTS AND DISCUSSION

Figure 1 shows the XRD patterns of the
product. All the peaks could be attributed to ZnS
(wurtzite ZnS: a= 0.382098 nm, ¢ = 0.62573 nm) and ZnO
(wurtzite ZnO: a= 0.324982 nm, ¢ = 0.520661 nm). Figure 2
a and b show the low magnification and high
magnification SEM images of the tower-like
nanostructures. From these images, the length of the ZnS
tower-like with ZnO core is about several tens of
micrometers. Figure 3a shows the corresponding bright-
field TEM image of a single nanotower. The diameter of
the nanotower varied from the base to the head. Figure 3b
is the bright and dark TEM images of the nanotowers
taken with the ZnS and ZnO diffraction spots. The
bright and dark diffraction contrast images correspond
to the ZnS shell and ZnO core, respectively. This
high-magnification TEM image of a single nanotower
reveals clear ZnS/ZnO interface. Analysis of spectra
obtained by EDS indicated that regions A and B in
Fig. 3b are composed mainly of Zn/S and Zn/O,
respectively. The EDS spectra are shown in Fig. 3¢ and d.
The Selected Area Electron Diffraction pattern (SAED)
taken from the area including both regions A and B is
shown in Fig. 3e indicating that the diffraction spots,
corresponding to ZnS and ZnO. The HRTEM images of
the regions A and B representing ZnS shell and ZnO
core are shown in Fig. 3f That growth direction of
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Fig. 1: XRD pattern of the as-synthesized ZnS tower-like
with ZnO core

ZnS shell with ZnO core nanototower was analyzed to be
along [0 0 0 1]. The result is in agreement with those
reported previously™ ™.

The thermal evaporation of ZnS powders in the
ambient including H2 at high temperature can be
expressed in the following chemical reaction equations:

ZnS,, — ZnS O

®

ZnS(g) +H2 (g) — ZnS (g) tH2S (g) @

The ZnS (g), Zn (g) and H2S (g) were then
transported to the substrate at 700-750°C to form the
nanostructures. The residual O2 (g) in the furnace may
react with Zn to form ZnO:

Zn(g)+ 702 (g) = ZnO (5) S

Zng, +H, S, — ZnS, + H, @

The Gibbs free energy (AG) for Eq. 3 and 4 at
700-750°C are positive and negative, respectively™”.
Therefore reaction of Eq. 4 can proceed. Only when the
temperature is lowered to about 600-800°C before H2 gas
is introduced in the system, the reaction of Eq. 3 can be
effective. Then, the residual O2 (g) is expected to react
with Zn (g) to form ZnO core. It is therefore considered
that ZnO core was formed early during the first stage.
Then covered with ZnS as a shell, to form finally ZnS
tower-like with ZnO core.

Finally, the photoluminescence (PL) spectra of the
sample were measured at room temperature using a He-Cd
laser with an excitation wavelength of 325 nm. The PL
peak for the ZnS tower-like with ZnO core synthesized in
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Fig. 2: SEM images of the as-synthesized ZnS tower-like with ZnO core structure (a) shows the general SEM image of
the tower-like structure, (b) SEM image of the single tower-like structure
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Fig. 3: TEM images of the as-synthesized ZnS tower-like with ZnO core structure (a) Shows the corresponding bright-
field TEM image of a single nanotower, (b) The bright and dark diffraction contrast images correspond to the
ZnS shell and ZnO core, (¢) and (d) The EDS spectra of the ZnS shell and ZnO core, (¢) SAED taken from the
area including both regions A and B, (f) The HRTEM images of the regions A and B representing ZnS
shell and ZnO core
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Fig. 4: Room-temperature PL spectrum of the as-
synthesized ZnS tower-like with ZnO core
structure

the temperature range of 700-750°C shows visible
emission. As shown in Fig. 4, The spectra exhibit a
strong emission centered at 409 nm. This visible
emission may originate from some self-activated
centers,vacancy states, element sulfur species on the
surface, or interstitial states associated with the peculiar
nanostructures as in previous reports™**? The new
ZnS-ZnO. composite nanostructures may have useful
applications for advanced luminescence materials.

CONCLUSION

Zinc Sulfide (ZnS) of wurtzite structure nanotowers
with a ZnO core has been grown using a thermal
evaporation and catalyst-free condensation method. The
as synthesized nantowers were found to grow along
[0001] direction. During the first stage of growth, Zn
vapor react with residual O2 to form ZnO core. The
growth of a ZnS (shell)/ZnO (core) structure was never
reported previously. The PL spectra indicate that
the nanotowers have avisible emission peak centered
at 409 nm.
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