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The fabrication of large-scale ZnO ordered pore arrays by the
potentiostatic electrochemical deposition method based on a
two-dimensional ordered colloidal monolayer template is re-
ported. The pore morphology evolves from hemispherical to a
well-like structure by controlling the deposition potential.

Two-dimensional (2D) ordered pore arrays (films) have a high
specific surface areaand an ordered arrangement of pores, and they
may have novel applications in catalysis, gas sensors, opto-
electronic devices, membrane and cell culture.24 Many methods
such as electron-beam lithography,> nanosphere lithography,6
microcontact printing,” and aluminatempl ating® have been adopted
to fabricate nanopore/nanoring arrays. However, control of the pore
morphology is still achallenge. A 2D ordered colloidal monolayer
has been used as a new template for this purpose. Yi and Kim have
demonstrated its use as a template to fabricate 2D titania
honeycomb structures® and trigonal polymer nanostructures!® by
sintering rheology and selective dissolution of self-assembled
colloidal crystals. Kanungo and Collinson have reported the
fabrication of silica nanocavities by mixing the silica sol and
polystyrene latex spheres via spin-coating.1! The size and depth of
the nanocavities can be controlled by the ratio of silica sol to
polystyrene sphere (PS) latex. But this method cannot achieve
large-scale ordered nanocavities because silica sol will influence
the self-assembling process that isimportant for the preparation of
large-scale colloidal template.12 Recently, we have demonstrated a
simple and universal morphology-controlled growth of large-scale
2D ordered pore arrays based on solution-dipping®3 by changing
the precursor concentration.

In this communication, we report a more precise method for
synthesizing large-scale (cm?2) ZnO ordered pore arrays based on a
2D colloidal monolayer template and one-step €electrochemical
deposition (ECD) technique, in which the pore morphology can be
controlled from hemispherical to a well-like structure by control-
ling the deposition potential.

A circular 1 wm PS monolayer colloidal crystal with cm2 size
was prepared on a glass slide by spin-coating and transferred to a
conducting ITO—glass substrate, as previously described.13 The
ITO—glass substrate with the monolayer was heated at 350 K for
about 3 min to sinter the PSs on the ITO before it wasimmersed in
the eectrolyte aqueous zinc nitrate solution (0.05 M) as the
working electrode for ECD. A zinc sheet (99.99% purity) acted as
the counter electrode. A saturated calomel electrode (SCE) was
used as the reference electrode. The deposition device is schemat-
icaly illustrated in Scheme 1. The deposition temperature was
fixed at 355 K in awater bath. The deposition time was 2 h for all
samples. Our experiment showed that electrodeposition is very
sensitive to the potential and can not occur below 0.8 V (relative to
the SCE), which is in agreement with previous reports.24 When the
potential is higher than 1.4 V, the deposition is too fast to be used
in our case. In this work, a deposition potential from 1.0to 1.4 V
was applied.

After deposition, the samples were washed with distilled water
and then ultrasonically washed in methylene chloride (CH,Cl,) for
about 1 min to dissolve and remove the PSs, followed by washing
with distilled water again and drying before further character-
izations.
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Fig. 1 isthe field-emission scanning electronic microscope (FE-
SEM) image of atypical 2D colloidal monolayer template, which
has been transferred to an I TO—glass substrate and heated at 350 K
for 3 min. After electrodeposition and removal of PSs, we can
obtain ordered pore arrays. Fig. 2 indicates this structure for the
sample under a deposition potential of 1.0 V. The pores are
hemispherical in shape and orderly arranged. Further experiments
show that the array morphology depends on the deposition
potential. With an increase of the potential, the pore skeleton
evolvestowardsathin wall. When the potential wasincreased up to
1.4V, we found that the morphology of the porous film assumes a
well-like structure, which is similar to that found in the carbon
nanotubes and ZnO nanowire growth processes,1516 as illustrated
inFig. 3.

Fig. 4 shows the XRD patterns for such ordered porous films
prepared at different ECD potentials of 1.0 V and 1.4 V. The
standard data of ZnO is also presented. All diffraction peaks can be
identified as hexagonal wurtzite ZnO (JCPDS 36-1451, a, = 3.253
A co = 5.209 A) with the measured | attice constants a and ¢ of 3.25
and 5.21 A, respectively (c/a = 1.60), which indicatesthe purity of
the sample. In addition, ZnO crystal growth exhibits significant
preferential orientation along the [001] crystal axiswith increase of
the potential.

Recently, the one-step method to el ectrochemically deposit ZnO
film17 and nanowires'8 has been reported, but the mechanism is not
very clear. According to previous disscusions,® we suggest that the

SCE

Counter
Electrode

Working
Electrode

Template on ITO Electrochemical deposition
Scheme 1 Illustration of electrodeposition.
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Fig. 1 A typical FE-SEM image of a 2D colloidal monolayer crystal.
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Fig. 2 FE-SEM image of pore arrays under the potential of 1.0 V. Inset: a
magnified area.

Fig. 3 FE-SEM image of pore arrays under the potential of 1.4 V. Inset:
ultrasonic washing for a shorter time, (see text).
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Fig. 4 XRD patterns for the samples at different potentials.
reduction of the nitrate (NOs— to NO,~) in mild acid solution of

Zn2+, which results in increase of the pH value near the electrode
surface, iscrucial. With increasing concentration of OH—, Zn(OH),

will form and deposit on the cathode electrode. The deposited
Zn(OH), will subsequently decompose and form ZnO on the
substrate at the temperature of the water bath. The morphology
evolution of the ZnO ordered pore array with deposition potential
could be attributed to the different deposition rate or the growth rate
of crystallites when the applied potential was changed. As we all
know, the high potential should correspond to a high deposition
rate. At a low electrodeposition potential the crystallites on the
substrate grew slowly and sufficiently filled the interstices among
PSsin the monolayer, leading to hemi-spherical hollow arrays after
2 h deposition and removal of PSs. On the contrary, at a higher
potential the crystallites grew rapidly and could not fully fill the
interstices, resulting in a nanowall-like structure. Because of the
high deposition rate, PSs were completely buried in the deposited
film before the interstices were fully filled. Subsequent dissolution
of PSsin CH.Cl, solution and ultrasonic washing induced the upper
part of the film to disconnect at the contact area between adjacent
PSs. This has been confirmed in the inset of Fig. 3, which
corresponds to the sample in Fig. 3 but with ultrasonic washing for
ashorter time (only partially removing the upper film). We can see
that the upper part of thefilmin someareasisstill not disconnected.
Also, the preferred growth of crystals at the higher potential may be
attributed to the rapid deposition rate.

In summary, we have described a simple and more precise
strategy for the preparation of large-scale 2D pore arrays with
controllable morphology. ZnO is an important semiconductor and
this nanostructured ZnO may have potential practical applications
inwaveguide ring laser,2° energy storage or conversion, gas sensor,
field emission and biomedical devices.15 Furthermore, this strategy
could also be suitable for other materials such as metals and other
compounds.

This work was co-supported by the National Natural Science
Foundation of China (grant number: 50271069), and National
“863" Project (grant number: 2002AA302614).
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