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Semiconductor ZnTe nanowire arrays have been synthesized by the pulsed electrochemical deposition from
agueous solutions into porous anodic alumina membranes. X-ray diffraction analyses show that the

as-synthesized nanowires have a highly preferential orientation. Scanning electron microscopy, transmission
electron microscopy, and high-resolution transmission electron microscopy indicate that high-filling, ordered,

and single-crystalline nanowire arrays have been obtained. The optical absorption spectra of the nanowire
arrays show that the optical absorption band edge of the ZnTe nanowire array exhibits a blue shift compared
with that of bulk ZnTe. The growth mechanism and the electrochemical deposition process are discussed

together with the chemical compositions analysis.

Introduction 200 nm) was sputtered onto one side of the AAM to serve as
the working electrode in a two-electrode plating cell, and a
graphite plate was used as the counter electrode. The pulsed
electrochemical deposition was carried out at a constant current
density of 10 mA/crdat 330 K. During the pulsed time, species
were reduced on the pore ground. The delayed time provided
time for the recovery of the ion concentrati&n3® Here both

One-dimensional (1D) semiconductor nanostructures have
received much attention due to their novel properties and
potential applications in nanoscale electronics and optoelec-
tronics! Among these semiconductor systems, theMll family
of the compound semiconductors, including ZnO, ZnSe, CdSe,

and CdTe, has been widely studied because of their potential h lsed ti d delaved fi he el |
applications in solar cells, photodetectors, and light emitting the pulsed time an aelaye time were 100 ms. The electrolyte
' ' was prepared by dissolving 10 mM Zng@®.15 mM TeQ,

diodes?”” Many attempts have been made to fabricate 1D :
nanostructures, such as high-temperature chemical vapor deposi?Nz l\éi%Z'_l'-?OO?) F:ﬁové;z(?'t'gag)j[:r:ﬁeo'évv gofgli_:ii()?osz'lggp
tion (CVD)2*® solvothermal routé? and template-assisted & 2 y y

method!'-14 Among these methods, the anodic alumina mem- continuous heating and stirring for several hours is required.

brane (AAM)-based synthesis is a widely used route for The pH of the final electrolyte was adjusted to 3.5 with
fabricating 1D nanostructures, because the AAMs possess aHZFS)O“' X diffraction (XRD. D/MAX-rA). field-emissi
uniform and parallel porous structure, which can be used as " OWer -lra); iffraction ( (FE SEI\/I-r J)I’E(IDGL ET/IISGS;%%F
templates to assemble high-quality nanowire and nanotubeSCa1NINY €lectron microscopy (FE- ’ - ),
arraysts2L transmission electron microscopy (_TEM, H-SQO), selecte_d area
Zinc telluride (ZnTe), one of the important semiconductor electron dl_ffractlon (SAED), and high-resolution transmission
materials with a direct optical band gap of 223 eV at room electron microscopy (HRTEM, JEOL-2010) were used to study
the crystalline structure and morphology of nanowire arrays.

temperature, has potential applications in optoelectronic and The chemical compositions of the nanowires were determined
thermoelectric deviceZ.Various techniques have been reported . P
by energy dispersive spectrometer (EDS). The band structure

for the fabrication of ZnTe thin films, such as thermal vacuum . . : ;
evaporatior3 vapor-phase epitax#,molecular beam epitaxéy, of the [hanowires was thalned by measuring the optical
and electrochemical depositiét28 Because the Fé is difficult ahsorption spectra on UWisible spectrophotometer (Cary-5E).
: L . .. For XRD and optical absorption measurements, the overfilled
issolve an recipi lectrochemical ition . ’ .
to dissolve and easy to precipitate, electrochemical depositio nanowires on the surface of the AAM and the back Au film

of compounds of T& is very difficult in agueous solution. To were mechanically polished away using,@4 nanopowders
o o )
the best of our knowledge, there are no reports of the fabrication For SEM observation, the AAM was partly dissolved with

of the ZnTe nanowire arrays. . : : -
. : . 0.5 M NaOH solution and then carefully rinsed with deionized
In this paper, large-scale, ordered, and single-crystalline ZnTewater several times. For TEM and HRTEM observations, the

nanowire arrays have pgen fabrpated in AAM using the pulsgd AAM was completely dissolved wit1 M NaOH solution and
electrochemical deposition technique from an aqueous solution . :
then rinsed with absolute ethanol.

for the first time.

Experimental Procedures Results and Discussion
Figure 1 shows the XRD pattern of the as-prepared ZnTe

nanowire array. All the peaks can be indexed to the cubic ZnTe

structure (JCPDS No. 75-2085). The intensity of the (220)

diffraction is much higher than all the other peaks, indicating
* Corresponding author. Fax:+86-551-5591434. E-mail address: that the ZnTe nanowires have a preferential orientation along

ghli@issp.ac.cn. the [220] direction, which will be further conformed by HRTEM

The AAM templates were prepared using a two-step ano-
dization process as described previoud8iy? The pore size of
the AAM used was about 60 nm. A layer of Au film (thickness,
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Figure 1. XRD pattern of ZnTe nanowire array.
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Figure 3. SEM images of empty AAM (a) and ZnTe nanowire
- 84 arrays: (b and c) top views of the ZnTe nanowire array after etching
p for 3 and 10 min, respectively; (d) cross-sectional view of ZnTe
5 61 nanowire array after etching for 15 min.
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Figure 2. Relative intensity of the (220) peak of ZnTe nanowires as
a function of (a) current densityt)(and (b) pulsed timet), keeping
the delayed time at 100 ms.

200nm

Figure 4. TEM image of the ZnTe nanowire array.

analysis. In addition, no diffraction peaks from the elemental
Zn and Te can be detected.

Figure 2 shows the dependence of the (220) peak intensity
of XRD patterns of the ZnTe nanowires on the current density
and pulsed time. One can see that the peak intensity first
increases, after reaching a maximum value at the current density
of 10 mA/cn?, and then decreases with further increasing of
the current density. The reduction in the peak intensity might
be due to the hydrogen evolution at larger current densities,
which suppresses the growth of the nanowires along the (220)
orientation. Keeping the delayed time at constant 100 ms, the
(220) peak intensity always decreases with increasing pulsed
time. This result indicates that the best crystallinity of the ZnTe
nanowires can be obtained at the current density of about
10 mA/cn? and the pulsed time of about 100 ms.

Figure 3 shows SEM images of the as-prepared AAM and
the ZnTe nanowire array. Figure 3a is a typical image of the
as-prepared empty AAM. One can see that the AAM has a
highly ordered pore array with an average pore size of about o
60 nm. The morphologies of the ZnTe nanowire arrays after Figure 5. (a) TEM image of a single ZnTe nanowire and its SAED
different etching times are represented in Figure- 8bParts b patterns along the nanowire length. (b) HRTEM image of the nanowire
and c of Figure 3 are the surface images of the nanowire arraysin a.
after etching for 3 and 10 min, respectively. Apparently, the
nanowires are high filling (nearly 100%) and the exposed parts  Figure 4 shows a typical TEM image of the ZnTe nanowires.
of the nanowires increase with increasing etching time. Figure It is evident that the ZnTe nanowires with a smooth surface
3d shows the cross-sectional image of the ZnTe nanowire arrayand a high aspect ratio still inside the nanochannels of AAM
with a length as long as about 4B after etching for 15 min. can be clearly seen. The diameters of the nanowires are uniform
The length of the nanowires is the same as the thickness of theand equal to the pore size of the AAM used.

AAM used, because the deposition of the nanowires starts at Figure 5 shows the SAED patterns and HRTEM image of a
the Au cathode on the bottom of the pores, and then the segment of a randomly selected ZnTe nanowire. One can see
nanowires grow along the pores until the top of the AAM. Itis that the nanowire is dense and uniform in diameter correspond-
noted that all the ZnTe nanowires have the same length,ing to the pore size of the AAM. It is noticed that there are
implying that the electrodeposition process is well-controlled some contrast variations along the nanowires. The SAED
and all the nanowires grow along the pores at the same rate patterns taken along the nanowire (Figure 5a) do not change
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interband transitions obeys the following formdfa:
Te
(alw)? = A(w — E,) 1)
21 zn whereA is the parameter that related to the effective masses
o associated with the valence and conduction bands,hand
the photon energy. Hence, the optical band gap for the
absorption edge can be obtained by extrapolating the linear
l 7n portion of the plot (hv)? versusa. = 0. The two insets (top-
e M, A Zn right corner in Figure 7a,b) show thel{r)? versushv plots for
-~ N o, the two samples. For all samples, the optical absorption in the
0 2 4 6 8 10 12 edge region can be well-fitted by the relatiath¢)2 0 hv - Eg,
Energy (KeV) which shows that the ZnTe nanowires embedded in the AAM
Figure 6. EDS spectrum of the ZnTe nanowire array. have a direct band gap. The band gap of nanowires with
diameters of 60 and 40 nm is about 3.43 and 3.52 eV,
TABLE 1: Atomic Percentages of ZnTe Nanowires as a respectively. The shift of 40 nm nanowires is higher than that
Function of Zn Concentration in the Solution of 60 nm nanowires. This result indicates that the optical band
Zn concn (MmM) Te concn (MM) Zn:Te edge of the ZnTe nanowires embedded in AAM exhibits a
20 0.15 52:48 marked blue shift with respect to that of the bulk and thin-film
15 0.15 51:49 ZnTe (2.2-2.3 eV)23-28 The blue shift could be attributed to
10 0.15 50:50 the quantum size effect, which has also been observed in other
S 0.15 49:51 semiconductor nanosysteris42

_ o } ] o The exciton Bohr radiuso@) plays an important role in
except for a slight variation in the intensity of the individual  guantum confinement effect. Rlag < 4 (R is the radius of
spots, which indicates that the nanowire is single-crystalline. particle), the quantum confinement is very obvious. The exciton
The variation in the intensity of the individual spots might come  Bohr radius can be estimated by the following formutss =
from slightly structural deformation along the length in the ch/47 2,e? where is the static dielectric constatitjs Planck’s
release process of the nanowires from the membrane. The sam@onstanty is the reduced mass of an electron hole paijr, =/
phenomena were also observed in other nanosystems, such agm, + 1/m,, me andm, are the effective mass of electron and
nanowire, nanobelt, and nanosh&et: 38 The lattice-resolved  hgle, respectively, and is the electronic charg®.For ZnTe,
image of the nanowire further reveals that the nanowire is m, = 0.09m, m, = 0.6my, € = 10.1%4thusog can be calculated

structural uniform and single-crystalline, with an interplanar g pe about 6.2 nm. In the present stuBgg is smaller than
spacing corresponding to the (220) plane of cubic ZnTe (Figure 4 for 40 nm ZnTe nanowires and that is slightly larger than 4
5b). This result indicates that the growth direction of ZnTe for 60 nm nanowires. Therefore, ZnTe nanowires have a relative
nanowire is along the [220] direction, which is in agreement strong quantum confinement effect and exhibit a marked blue
with the XRD result. shift. The shift for 40 nm ZnTe nanowires is larger than that
The EDS spectrum of ZnTe nanowires is shown in Figure 6, for 60 nm ZnTe nanowires.

which proves that the nanowires consist of only Zn and Te.  sjmple electrochemical calculation indicates that the forma-
The quantitative analysis of the EDS spectrum indicates that tion of ZnTe alloy can be realized by using present experimental
the atomic ratio of Zn to Te is close to 1:1. It is well-known  conditions. The basic electrochemical reactions for the simul-

that a high ZA* concentration in the electrolyte is necessary taneous co-deposition of Zn and Te and their corresponding
for the deposition of ZnTe thin films in order to bring the Nernst relations are as follows:

electrode potentials of the Zncloser to Té". To confirm the
feasibility for nanowire growth, the electrolytes with different  HTeQ} + 3H" + 4™ = Te+ 2H,0
Zn?* concentrations were used to grow ZnTe nanowires. The

resulting EDS analyses are shown in Table 1. From this table Ere= ETeO — 0.0443 pH+ 0.0148 Iog[HTeQ]
one can see that the compositions of the nanowires are
stoichiometric in despite of a wide range of the?Zoncentra- Er.=0.351V (2)

tion in the electrolytes, which indicates that we can use a high

Zm?* concentration in the electrolyte to co-deposit a ZnTe Zn(Cit)," + AH +2e =Zn+ 2H,Cit~
nanowire array. It is worthy to note that the potential has a very

important influence on the compositions of ZnTe nanowires. It E,,= EZnO — 0.118pH— 0.0591 log[HCit ] +
was found that the ZnTe nanowires deposited at ab@.i0 V oA
exhibited a stoichiometric composition with Zn/Te ratio of 50: 0.0295 log[Zn(City™ ]

50, and that deposited at more negative potentialsZ.3 V) (2.98< pH < 4.35)
exhibited a Zn-rich phase, while that deposited at more positive
potentials & —1.6 V) revealed a Te-rich phase. EZnO =-0.542V (3)

Figure 7 shows the optical absorption spectra of the blank
AAM and the ZnTe nanowires/AAM assembly system with the where,Ez,° and Er are the standard reduction potentials of
diameter of 60 nm (Figure 7a) and 40 nm (Figure 7b). It can be Zn and Te (Ag/AgCl), respectivelyEz, and Ere are the
seen that the absorption spectrum of the ZnTe nanowires/AAM equilibrium potentials of Zn and T&;, is calculated from the
assembly system is quite different from that of the blank AAM, complex formation constant of Zn and citrdte.
which is due to the absorption of ZnTe nanowires. It is known It is known that underpotential deposition of the less noble
that the relationship between the absorption coefficieahnear constituent (in this case, Zn) of a compound (i.e. ZnTe) is
the absorption edge and the optical band gag) (or direct brought by the gain of free energy caused by its formation. The
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Figure 7. Optical absorption spectra of the empty AAM (dash lines) and ZnTe/AAM nanowire arrays (solid lines) with different diameters:
(a) 60 and (b) 40 nm. The insets are the plotsadi)? vs hv.

negative free energyAG, occurring due to the formation of that of bulk ZnTe due to quantum size effect. We believe that
ZnTe leads to a positive shift in the deposition potential of Zn, the ZnTe nanowire arrays will find interesting applications in

AE, as given b{f optoelectronic and thermoelectric nanodevices in the future.
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