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The powders composed of different nanostructures were investigated by X-ray diffraction, transmis-
sion electron microscopy and micro-Raman spectroscopy. The results indicate that the products have
zincblende structure and become inhomogeneous with increasing temperature. The peaks in the Raman
spectra relate to zinc selenide and impurity. In addition, the Raman spectra show that the shapes of the
Raman peaks depend on the structure and size of the zinc selenide particles in powders. It also shows
that the Raman scattering is greatly enhanced when the size of the zinc selenide particles is about 10 nm,
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. Introduction

In recent years, nanostructured zinc selenide (ZnSe) as a direct
ide-band gap II–VI group semiconductor material has gained con-

iderable attention because it has a band gap energy of 2.8–2.99 eV
t room temperature [1,2] and unique properties depending on dif-
erent structures [3–6]. For example, the hollow ZnSe microspheres
onstructed from ZnSe nanoparticles with zincblende structure via
stwald ripening show a strong near-band emission at 479 nm [3],
ut the ZnSe nanowires synthesized by thermal vaporation method
isplays a strong emission at 629 nm [4] and the ZnSe–Ag2Se
anocomposites via the high-temperature reflux route display a
trong green emission at 550 nm due to Ag doping in the ZnSe
anoparticles [5]. In addition, the ZnSe nanowires coated with
iO2 by sputtering can significantly enhance the photolumines-
ence intensity in which the emission band is at about 630 nm
ue to increases in the concentrations of deep levels [6]. The above
roperties of different ZnSe nanostructures indicate that they will
ave a broad range of potential applications for electrolumines-
ent devices, field effect transistors, sensors, light-emitting, and
olar cells [7,8]. For their applications, it is necessary to understand

heir structure variation and Raman spectroscopy is extensively
sed to characterize them [1–3,7,9]. The characterization of ZnSe
anostructures from Raman spectroscopy shows two main peaks
entered at about 205 and 253 cm−1 which are attributed to the
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scattering.
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transverse optic (TO) and longitudinal optic (LO) phonon modes of
ZnSe [1–3], respectively. However, the change of the Raman peaks
on the nanostructured ZnSe still remains completely unclear.

In this work, the ZnSe powders constructed from different
nanoparticles were synthesized and investigated by micro-Raman
spectroscopy. The Raman spectra present peaks relating to impu-
rity and interface phonon besides the two common peaks centered
around 206 and 252 cm−1. In addition, the peak located at about
206 cm−1 is very broad and it is difficult to resolve when the size of
the ZnSe nanoparticles is small enough, but the intensity of the peak
around 252 cm−1 is enhanced which is possible to result from the
resonance scattering. The results suggest that the optical proper-
ties of powder materials are influenced by the size of the particles
and the aggregation of the small particles in powders. Therefore,
we believe that our results are significant to control the synthe-
sis of the nanostructured semiconductor materials for their optical
properties and applications in the field of photoelectronic devices.

2. Experimental details

The ZnSe nanopowders were prepared from sodium hydroxide solution by
hydrothermal method at different temperatures [10]. The 0.8 g of zinc powder
(90%), 1.09 g of selenium power (99.95%) and 6.4 g of sodium hydroxide powder
(96%) were mixed in about 40 ml of deionized water in a Teflon-lined autoclave of
50 ml capacity. After the autoclave was sealed into a stainless steel tank, it was
heated at a heating rate of 5 ◦C/min in an oven for 4 h at 100, 140 and 160 ◦C,

respectively. After the autoclave was naturally cooled to room temperature, the
products were collected by pumping-filter equipment and they were washed by
deionized water. Finally, the products of light yellow powders were dried at 60 ◦C
for 6 h.

The components of the collected powders were characterized by a Bruker D-8
Advance X-ray diffractionmeter (XRD) using Cu K� radiation. The morphologies of

dx.doi.org/10.1016/j.jallcom.2010.06.201
http://www.sciencedirect.com/science/journal/09258388
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he ZnSe nanoparticles were studied by a Philips Tecnai-12 transmission electron
icroscopy (TEM). The Raman spectra were recorded by a HR-800 micro-Raman

pectroscopy in which a YAG laser at 532 nm was used as the excitation source and
ts output power is set to 0.1 mW.

. Results

Fig. 1(a)–(c) show the XRD patterns of ZnSe nanopowders pre-
ared at 100, 140, and 160 ◦C, respectively. The peaks at about
7.3◦, 45.2◦, 53.6◦ and 65.9◦ are from the diffraction of ZnSe with
incblende structure (JCPDS card, No. 37-1463) and other peaks at
bout 36.3◦, 39.1◦ and 43.2◦ are related to the diffraction from zinc
hich indicate that there is excessive zinc in the synthesis process

f ZnSe powders (JCPDS card, No. 04-0831).
Fig. 2(a)–(c) are the TEM images of the ZnSe nanopowders syn-

hesized at 100, 140, and 160 ◦C, respectively. Fig. 2(a) shows that

he ZnSe grains synthesized at 100 ◦C are homogeneous and their
ize is about 10 nm. However, Fig. 2(b) and (c) show that the
nSe grains synthesized at 140 and 160 ◦C are inhomogeneous and
heir size ranges from 25 to 60 nm and 20 to 73 nm, respectively.
herefore, the ZnSe grains become inhomogeneous with increased

Fig. 1. XRD patterns of the ZnSe nanopowders prepared at different temperatures:
(a) 100 ◦C, (b) 140 ◦C, and (c) 160 ◦C.

Fig. 2. TEM images of the ZnSe nanopowders prepared at different temperatures: (a) 100 ◦C, (b)140 ◦C, and (c) 160 ◦C.



H. Li et al. / Journal of Alloys and Com

F
(

t
Z
t

a
fi
2
4
Z
[
t

4

t
g
R
c

4

n
u
o
n
s
t

4

r
s
c
f
s
s
m
s
[

ig. 3. Raman spectra of the ZnSe nanopowders prepared at different temperatures:
a) 100 ◦C, (b) 140 ◦C, and (c) 160 ◦C.

emperature. In addition, Fig. 2(a) also shows aggregation of the
nSe nanoparticles, which is due to high surface energy of the par-
icles with small size.

Fig. 3(a)–(c) are the Raman spectra of the ZnSe powder prepared
t 100, 140, and 160 ◦C, respectively. As shown in Fig. 3, there are
ve peaks in every spectrum which are centered about 116, 123,
06, 252 and 493 cm−1. The peaks located at about 206, 252 and
93 cm−1 are attributed to the TO, LO and 2LO phonon modes of
nSe [1–3,11], the peaks at about 116 cm−1 is related to selenium
12] and the peak located at about 123 cm−1 possibly results from
he interfaces [13].

. Discussion

The above results indicate that the growth of the ZnSe nanopar-
icles from solution is inhomogeneous and the inhomogeneous
rowth mechanism was studied in our previous work [10]. Here the
aman spectra of the ZnSe nanopowders were analyzed emphati-
ally.

.1. Analysis of the impure peak

In the Raman spectra, there is the weak signal related to sele-
ium, which we call the impure peak. The selenium is due to the
ncompleted reaction of zinc with selenium. However, the amount
f selenium might be too less to be detected by XRD, thus there is
o diffraction from selenium in Fig. 1. The Raman spectroscopy is
ensitive to the unpolarizable materials, therefore the peak related
o selenium can appear in the Raman spectra.

.2. Confirmation of the peak located at 123 cm−1

In Fig. 3, there is a peak located at about 123 cm−1, which is
elated to the interface between the ZnSe and Zn particles. As
hown in Fig. 1, there exists residual zinc in every reaction pro-
ess, thus the interface between the ZnSe and Zn particles can be
ormed because ZnSe nucleates on the surface of a zinc particle in

odium hydroxide solution [10]. Zhang et al. studied the Raman
cattering on CdSe/ZnTe superlattice to find an interface vibration
ode between the CdSe and ZnTe layers, which is attributed to the

tretching of a localized Zn–Se bond in the interface [13]. In Ref.
13], the Raman spectrum at 293 K shows a Raman peak located at
pounds 506 (2010) 327–330 329

about 121 cm−1 which is caused by the interface phonon. Thus, the
peak centered at about 123 cm−1 in Fig. 3 is attributed to the inter-
face phonon mode between the ZnSe and Zn particles. Although
the interface phonon modes usually occur at the interface in AB/CD
type superlattices [13], the interface phonon mode of ZnSe was
observed in our powder samples, which is possible from the effect
of the aggregation of zinc particles in the interfaces among the ZnSe
particles.

4.3. Explanation of the Raman scattering enhancement and the
change of the peaks depending on the particle size of ZnSe

From Fig. 3, it is obvious that the peak at about 206 cm−1 in (a) is
broader than that in (b) and (c) and it is difficult to resolve, however
the peak at about 252 cm−1 in (a) is the strongest in the peaks at
about 252 cm−1 of Fig. 3, which the similar results were observed
in ZnSe film by Nesheva et al. [14]. We think they are related to the
structures and size of the ZnSe particles.

Fig. 1 shows that the ZnSe powders are mainly composed of
(1 1 1) ZnSe and (1 0 0) ZnSe and the intensity of the peak from the
diffraction of (1 1 1) ZnSe in (a) is much lower than that in (b) and
(c), which indicate that the content of the (1 1 1) ZnSe grains in
the powder grown at 100 ◦C is much lower than that in the pow-
der grown at 140 and 160 ◦C. According to the symmetry selection
rules for backscattering from zincblende type semiconductors, the
TO mode is forbidden in backscattering configuration on (1 0 0) face
and the LO mode is allowed on (1 0 0) face, and both the TO and LO
modes are allowed in backscattering configuration on (1 1 1) face
[15]. In addition, the scattering intensity increases with enhance-
ment of the scattering volume [16]. Thus, the intensity of the TO
band in Fig. 3(a) should be much lower than that in Fig. 3(b) and
(c). It is possible that the intensity of the TO band is enhanced due
to the Frölich interaction (see following analysis), but it is broad-
ened by the reduction of ZnSe particle size so that it is difficult to
resolve.

From Fig. 3, it is obvious that the intensity of the peak centered
at bout 252 cm−1 in Fig. 3(a) is stronger than that in Fig. 3(b) and
(c). The peak in Fig. 3(a) should be the weakest because the ZnSe
particles are smallest, but it is the strongest, which is possible to
result from the resonant behavior. The phenomenon was observed
by Nesheva et al. [14] when they used the 442 nm (2.8 eV) line of
the He–Cd laser as the excitation source to measure Raman spec-
tra of ZnSe thin films with different thicknesses (30–100 nm). They
found that the scattering peak on the 30 nm ZnSe is the strongest
and believed that it resulted from the resonant behavior because
the band gap energy of ZnSe particles approached the exciting
energy. In our experiment, the samples were excited by 532 nm
(2.22 eV) line, in which the exciting energy does not approach the
optical band gap of 10 nm ZnSe particles (∼2.8 eV [14]). So, it is
impossible to produce the resonance enhancement in Raman spec-
troscopy by this resonance mechanism. But, the Frölich interaction
can lead to strong resonance of the LO mode in confined semi-
conductors [17]. Because ZnSe is polar semiconductor, the dipoles
generate in it when it is irradiated by laser. As a result, an elec-
tric field is produced. The field interacts with electrons, i.e., the
Frölich interaction occurs. For the powder synthesized at 100 ◦C,
the aggregation of the ZnSe particles results in the dipolar inter-
action [16] to improve the Frölich interaction, thus the resonance
scattering can occur and the scattering peak is the strongest. For
the powders synthesized at 140 and 160 ◦C, the ZnSe particles
become large and Fig. 2 shows that their aggregation is weak-

ened so that the Frölich interaction becomes weak. As a result,
the resonance scattering cannot occur. But, there are more large
particles in the powder synthesized at 160 ◦C than the powder syn-
thesized at 140 ◦C so that the peak in Fig. 3(c) is stronger than that
Fig. 3(b).
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. Conclusions

In summary, ZnSe nanopowders with different structures were
repared by hydrothermal method at different temperatures and
hey were investigated by XRD, TEM and micro-Raman spec-
roscopy. It is found that the Raman peaks is related to selenium
nd interface phonon besides two common peaks of ZnSe centered
t about 206 and 252 cm−1 and the intensities of the common peaks
epend on the size, structure and aggregation of the ZnSe particles.

t is important to find that the resonance scattering occurs when the
nSe particles are about 10 nm. The analyses of the experimental
esults indicate that these phenomena are due to the uncompleted
eaction and the Frölich interaction.
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