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Introduction
ZnO nanostructures have attracted considerable attention for
dye-sensitized solar cell (DSSC) applications because of its low
crystallization temperature, anisotropic growth behavior and superior
electron transport properties.1 In comparison with the conventional
TiO2 nanoparticle (NP) anode of DSSC, in which electron transport
via trapping/detrapping mechanism, superior electron transport
properties have been demonstrated in ZnO-based DSSCs with
various anode structures, such as single-crystalline nanowire (NW),2,3
porous crystalline film,4 NW/NP composite film,5,6 and
nanodendrite/NP composite film.7
Recently, we have demonstrated a novel ZnO nanocactus (NC)
array for use in DSSCs.8 A room-temperature (RT) chemical bath
deposition (CBD) was developed to construct hierarchical
nanostructures on ZnO NWs for the formation of ZnO NC arrays.
The hierarchical ZnO nanostructures on NWs provide not only larger
and more fitting surface for dye adsorption but also faster electron
transport pathways compared to the as-prepared ZnO NW anode,
resulting in a significant enhancement of the performance of ZnO
NW DSSC. With an anode thickness of 3.3 m, a DSSC efficiency
of 3.32% is achieved.8 In the presentation, construction of other ZnO
nanoarchitectures by applying the RT CBD on ZnO NW arrays,
including long ZnO NC and ZnO nanosheet (NS)/NW composite
arrays for use in DSSCs will be reported.
Experimental
Aligned ZnO NW arrays were first grown on the seeded FTO
substrates by CBD in a 0.02M aqueous solution of zinc acetate
(Zn(CH3COO)22H2O, ZnAc2H2O, Merk, 99.5 %) and
hexamethylenetetramine (C6H12N4, HMTA, Riedel-de Haen, 99.5 %)
at 95 oC.5-8 A 3-m NW array is obtained after a 3h CBD. The
density of the ZnO NWs is adjustable by the seed layer. ZnO NW
arrays with longer thickness are achievable by multiple-batch
deposition. For construction of the hierarchical nanostructures on
ZnO NWs, the ZnO NW array/FTO substrate was subsequently
immersed in a stirred aqueous solution of ZnAc2H2O and NaOH at
RT. The limpid solution was obtained by preparing a solution of
0.57 M ZnAc2H2O and 5 M NaOH and then further diluting by a
factor of 8-12.
Dye adsorption was carried out by immersing the anode in a 5 x
10-4 M acetonitrile/t-butanol (1:1) solution of D149 at RT for 1h.
The sensitized electrode and platinized FTO counter electrode were
sandwiched together with 25-m-thick hot-melt spacers (SX 117025, Solaronix SA). Liquid electrolyte solutions composed of 0.5 M
Pr4NI and 50 mM I2 in a 1:4 volume ratio of ethylene carbonate and
acetonitrile was employed for the D149-sensitized DSSCs.
Photovoltaic properties of the DSSCs were measured under AM 1.5
simulated sunlight at 100 mWcm-2 (300 W, Model 91160A, Oriel).
Results and Discussion)
An aligned ZnO NW array, with a thickness of 10 m and a
density of ~1x109 cm-2, is grown on the seeded FTO substrate using
multiple-batch CBD. ZnO NC array is then formed via the RT CBD.
Top-view and cross sectional-view SEM images of the ZnO NC array

are illustrated in Figures 1(a) as well (b) and (c), respectively. As
shown in Figure 1, the hierarchical nanostructures of spines on the
ZnO NWs are successfully synthesized at RT without any assistance
of seeds and organic structure-directing agents. In addition, Figure
1(c) reveals that the spines are parallel with each other on ZnO NW
surface with a specific angle of ~110o to the NWs. TEM
characterization indicates that the same as the primary NW, the spine
is single crystalline and grows along [0001].8

Figure 1. (a) Top-view and (b), (c) cross sectional-view SEM images
of the ZnO NC array.
Current density (J)-voltage (V) characteristic of the D149sensitized ZnO NC DSSC with an anode thickness of 10 m is shown
in Figure 2. Short-circuit current density (Jsc), open-circuit voltage
(Voc) and fill factor (FF) of the ZnO NC DSSC are 10.69 mA cm-2,
0.71 V and 0.71, respectively. An efficiency of 5.37% is achieved
simply by the formation of the RT hierarchical nanostructures on the
ZnO NW array.

Figure 2. J-V characteristic of the D149-sensitized ZnO NC DSSC
with an anode thickness of 10 m.
In addition to the NC array, ZnO NS/NW composite array is
also successfully formed by applying the RT CBD on the 2.7-mthick ZnO NW array. Top-view and cross sectional-view SEM
images of the ZnO NS/NW composite array are shown in Figures
3(a) and (b), respectively. It reveals that ZnO NSs are constructed on
the top and within the interstices of ZnO NW array after the RT
CBD. The thickness of the NSs on the top is ~0.3 m. TEM
characterization shows that the NS possesses a single-crystalline
structure and growth direction is along [0001] as well.
The D149-sensitized ZnO NS/NW composite array is employed
to be the photoanode of DSSC. With an anode thickness of 3 m, the
D149-sensitized ZnO NS/NW DSSC demonstrates the efficiency
over 4%. The diffuse reflection spectra of the ZnO NS/NW and NW
arrays indicate the light scattering ability of the ZnO NSs in the ZnO
NS/NW composite array. IPCE spectrum of the D149-sensitized
ZnO NS/NW DSSC shows a wider response range in the long
wavelength compared to that of the D149-sensitized ZnO NW DSSC,
confirming the light scattering ability of the NSs in the ZnO NS/NW
DSSC.
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Figure 3. (a) Top-view and (b) cross sectional-view SEM images of

the ZnO NS/NW composite array.
Conclusions
ZnO nanoarchitectures, including ZnO NC arrays and ZnO
NS/NW composite arrays, have been constructed on FTO substrates
by applying the RT routes on ZnO NW arrays. The same as the ZnO
NW, the spine and sheet in the hierarchical ZnO NC and NS/NW
composite arrays possess single crystalline structure. With an anode
thickness of 10 m, an efficiency of 5.37% is achieved in the D149sensitized ZnO NC DSSC. Moreover, with an anode thickness of 3
m, the D149-sensitized ZnO NS/NW DSSC demonstrates the
efficiency over 4%. The diffuse reflection and IPCE spectra show
the light scattering ability of the ZnO NSs in the ZnO NS/NW
composite anode. The results indicate that the efficiency of the ZnO
NW DSSC is significantly enhanced simply by the formation of the
RT hierarchical nanostructures on the ZnO NW array.
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