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PREPARATION OF MESOPOROUS ZnO
MICROSPHERES AND THEIR APPLICATION
IN DYE-SENSITIZED SOLAR CELLS
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Chinese Academy of Sciences, Shanghai 200083 ,China)

Abstract: A novel ZnO photoanode with high specific surface area and good light scattering ability was fabricated for dye-
sensitized solar cells(DSSCs). The photoanode comprised of mesoporous ZnQO microspheres which were prepared by a sol-
vothermal process. The structures and morphologies of ZnO microspheres were measured and confirmed by means of x-ray
diffraction( XRD) , scanning electron microscopy (SEM ), energy dispersive spectrum( EDS), and multi-point Brunauer-
Emmett-Teller( BET) analysis. ZnO microspheres are in sub-micrometer scale and have BET specific surface area of ~
50m’ - g~'. Furthermore, a ~3pm thick photoanode made from ZnO microspheres resultes in a preliminary short-circuit
current density(J,.) of ~4.5mA + cm™? with an open-circuit voltage(V,.) of ~602mV and a conversion efficiency of
1.28% in DSSCs. All these suggest that mesoporous ZnO microspheres can be an alternative and feasible photoanode mate-
rial for DSSCs.
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Introduction

DSSCs have been one of the most promising can-
didates for solar cells because of low cost and environ-

{1~4] " To improve light conversion

mental compatibility
efficiency of DSSCs at a desirable cost is a challenge

that needs to be met for practical applications. One of
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critical requirements of photoanode preparations should

therefore be an improvement of light harvesting for in-

(56 1t is

creasing the conversion efficiency of DSSCs
known that the light harvesting of DSSCs strongly de-
pends on the photon absorption in the photoanodes.
Thus, many efforts have been paid on increasing the

[7.8] 4091

surface area and the optical enhancement effec
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for improving the light harvesting capability of the pho-
toanodes. For instance, mesoporous materials (e. g.
mesostructure TiO,) have been feasible and competent
building blocks of photoanodes for increasing the mono-
layer absorption of dyes, and thus improving the light
harvesting depending on the large specitic surface area.
On the other hand, the sub-micrometer particles have
attracted considerable attention because of the strong
light scattering effects that can enhance photon absorp-
tion for increasing the short-circuit current density and
promoting light conversion efficiency''*"'").

As mentioned above, both microspheres and me-
soporous materials can be used in the photoanodes for
increasing the light harvesting. However, little atten-
tion has been paid to mesostructure ZnO-based micro-

spheres severed as building blocks for photoanodes in

DSSCs. In this paper, we presented an alternative .

ZnO-based photoanode comprised of mesoporous ZnO
microspheres. As-prepared ZnO microspheres possess
BET specific surface area of ~ 50m’ -+ g'. Then,
mesoporous ZnO microspheres were successfully ap-
plied to prepare the photoanode of ZnO-based DSSCs.
The preliminary ZnO-based DSSCs were obtained with
a short-circuit current density (J,.) of ~ 4. SmA -
cm ™, an open-circuit voltage (V, ) of ~602 mV and
an conversion efficiency of ~1.28 % when the photoa-

node thickness was ~3 pm.
2 Experimental section

2.1  Preparation of mesoporous ZnO micro-
spheres

Triblock copolymer poly (ethylene glycol ) -b-poly
( propylene glycol ) -b-poly ( ethylene glycol) ( PEO-
PPO-PEO, abbreviated as P123) was purchased from
Sigma-Aldrich, and zinc acetate dihydrate (Zn ( CH,
C00), - 2H,0) was provided by Acros. All chemi-
cals were analytical grade and used as received. In a
typical synthesis, 2.1 g P123 was dissolved in 25 ml
ethanol. Then, 0.3 g Zn(CH,C00), - 2H,0 and 0.5
ml diethanol amine were added to the P123 solution in
ethanol. The mixed solution was aged for 3 h under
vigorous stirring. Finally, 20 ml of the resulting solu-
tion was placed in 50 ml Teflon-lined autoclave and
- heated at 200°C for 24 h in an oven, and then cooled

to room temperature. The white products obtained were
centrifugated and washed with ethanol, and subse-
quently dried at 100°C for 6h.
2.2 Characterization of mesoporous ZnO micro-
spheres

XRD patterns were performed on Rigaku D/max
2550 diffractometer using a high power Cu Ka source
operating at 40 kV and 150 mA. SEM images were ob-
tained on FEI Sirion 200 SEM with an accelerating
voltage of 15 kV. Nitrogen adsorption/desorption iso-
therms were measured on a Micromeritics ASAP 2400
nitrogen adsorption apparatus.
2.3 Fabrication and characterization of DSSCs

The mesoporous ZnO microspheres were re-dis-
persed in ethanol by using an ultrasonication process,
and the weight ratio of ZnO and ethanol was about
5%. ZnO films were obtained on fluorine-tin-oxide
(FTO) coated glass substrates by repeating a spin-
coating and rapid thermal process. The films were an-
nealed at 450°C for 2 h and then cooled to ~ 70°C.
Subsequently, they were immersed into a 5 x 10 ™M
solution of N719 dye in ethanol for 12 h, and then
rinsed with ethanol to remove excess dye on the surface
and air-dried at room temperature. The sandwich-like
DSSCs were fabricated by using Pt as counterelectrode
and iodide-based solution as the liquid electrolyte. The
absorption spectra of the photoanode were obtained on
Perkin-Elemer Lambda 2S

scanning rate of 240 nm/s. Mesoporous ZnO micro-

spectrophotometer with

spheres were used as the photoanode in the sandwich-
like ZnO-based DSSCs. The ZnO electrode absorbing
dye and a counterelectrode with Pt films of ~ 100 nm
thick were assembled and sealed with Dupont Surlyn
1702 (25 pm). The electrolyte employed a solution of
0.6 M BMII ( 1-butyl-3-methylimidazolium iodide ),
0.1 ML, 0.1 MLl and 0.5 M 4-tertbutylpyridine in
acetonitrile. The photocurrent-voltage (I-V) measure-
ments were done using an AM1.5 solar simulator
(165002, Solar Light Co. Ltd. , USA) as the irradia-
tion source. The incident light intensity was 100 mW/
cm’ calibrated with a standard Si solar cell. The cur-
rent-voltage curves were obtained by the linear sweep
voltammetry ( LSV) method using an . electrochemical
workstation (LK9805, Tianjing Lanlike Co. , China).
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The measurement of the incident photon-to-current con-
version efficiency (IPCE) was performed by a Hyper-
monolight (SM-25, Jasco Co. Ltd. , Japan).

3 Results and discussion

Figure 1 shows the small-angle and wide-angle
XRD patterns and EDS of ZnO microspheres. The dif-
fraction peaks in wide-angle XRD pattern indicate that
ZnO0 is well crystalline and a hexagonal wurtzite struc-
ture, matching with the standard data according to
JCPDS card (No. 36-1451). According to Scherrer e-
quation (D =0. 89A/Bcosf, A =1.54056 nm), the
average crystallite size is ~ 12 nm when the (101) dif-
fraction peak (Figure 1(a)) is used for the evalua-
tion. Furthermore, the EDS spectrum demonstrates the
formation of crysialline ZnO again that was only com-
prised of Zn and O elements. A sharp diffraction peak
in 20=0.6 degree in the small-angle XRD pattern re-
presents the mesoporous structure in the ZnO materi-
als. To further confirm the microstructure of ZnO prod-
ucts, BET method was used to study the specific sur-
face area and Barrett-Joyner-Halenda ( BJH) method
for the average pore diameters. Figure 2 shows the
plots of BJH pore-size distribution and nitrogen adsorp-
tion/desorption isotherms. The representative type-IV
isotherm and the hysteresis ( Figure 2) indicate the
presence of inkbottle-shaped and cage-type pores in the
given materials. The BET specific surface area is ~
50m’® - g™', and the BJH analysis shows that the aver-
age pore size is about 5 nm. The mesoporous structure
is helpful for improving light-harvesting in DSSCs and
then light conversion efficiencies.

Figure 3 shows the typical SEM images of meso-
porous ZnO microspheres. The overview in Figure 3
(a) indicates that ZnO microspheres are from ~ 200
nm to ~500 nm in size, and can be controlled as men-
tioned in our previous work [12]. According to Mie
theory, light scaitering upon spherical particles may
occur when the particle size is comparable to the wave-
length of incident light. Thus, ZnO microspheres can
be used to increase light scattering and harvesting in
DSSCs. The zoom images ( Figure 3(b) and 3(c))
indicate that the surfaces of the microspheres are cov-

ered by nanoparticles. These nanoparticles accumulate
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Fig.1 Small-angle XRD pattern, wide-angle XRD pattern (a)
and EDS spectrum (b)of the mesoporous ZnQO microspheres
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Fig.2 Plots for N, adsorption/desorption isotherms and BJH
pore size distribution (the inset) of mesoporous ZnO micro-
spheres.
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and form mesopores among these nanoparticles. Differ-
ent from the mesoporous Si0, with amorphous phase,
the mesopores insides the ZnO microspheres are consti-
tuted of ZnO nanocrystallites, i. e. the pore walls are
crystalline. As implied in XRD patterns in Figure 1
(a), the average size of the ZnO nanocrystallites is ~
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Fig.3 SEM images of the mesoporous ZnQO microspheres (a)
overview (b) zoom image of (a) in the red-line area (c¢) zoom
image of (b) in the red ~ line area.
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11 ~13 nm and that of the mesopores is several nanom-
eters.

Zn0 have been used as an alternative photoanode
material in DSSCs due to its large bandgap at ~ 3.2
eV (similar to that of TiO,) and the high electron
mobility. Mesoporous ZnO microspheres can be used to
prepare the feasible photoanodes in DSSCs because
they have relative surface area and can also act as light
scatterers. Figure 4 shows absorption spectra of the
mesoporous ZnO microspheres films ( seen from curve
a) and the films sensitized with N719 (seen from curve
b). The wide absorption scale from 400 to 750 nm was
due to the absorption of N719 dye which absorbed on
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Fig.4 Absorption spectra of mesoporous ZnQO microspheres films
(curve a) and mesoporous ZnO microspheres films sensitized
with N719 (curve b)
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Fig.5 (a) Photocurrent action spectrum of meseoporous ZnQ
based DSSCs (b) I-V characteristics of the mesoporous ZnO
based solar cells under AM 1.5 irradiation
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the surface of mesoporous ZnO photoanode.

Figure 5 (a) shows photocurrent action spectrum
of meseoporous ZnO based DSSCs. The ZnO electrode
with 3 um in thickness and the active areas of solar
cells were about 0. 159 cm ~>. IPCE was defined as the
following, IPCE (%) = (1240 x I_)/(X x P,) x
100% , I,,, A and P, are short-circuit current density
(pA + em™?), wavelength of the incident monochro-
matic light (nm) and light energy (WW < ecm™?), re-
spectively. The photocurrent action spectrum almost
covered the whole visible light scale, which is consist-
ent with the absorption spectrum of mesoporous ZnO
films sensitized with N719 dye. Figure 5(b) repre-
sents I-V characteristics of the mesoporous ZnQ based
DSSCs under AML. 5 irradiation. The preliminary de-
vices shows desirable photo-electric conversion proper-
ties, with a short-circuit current density (J,,) of ~4.5

mA - cm™?, an open-circuit voltage (V. ) of ~ 602
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mV. The power conversion efficiency was calculated a-
bout 1. 28 % from the relationship, 5 = IV, /P x
100% , where IV, is the maximum multiplied value in
the I-V curve, and P is the illumination power input of
~100 mW/cm®. All these demonstrate that the meso-
porous ZnO microspheres can be used as efficient pho-
toanode materials in DSSCs. We expect that the meso-
porous structures with large surface areas are helpful
for absorbing more dyes, and increasing light harves-
ting, electron transfer and electrolyte diffusion. At the
same time, the ZnO microsphere structure may help to
enhance light scattering and thus increase photon ab-
sorption of DSSCs. All those may improve the light-
harvesting and light conversion efficiencies. V., J
and fill factor (FF) would be further improved by opti-

mizing ZnO photoanode and device structures.

4 Conclusion

We demonstrated mesoporous ZnO microspheres,

an alternative and facile photoanode material prepared

by solvothermal processes. The mesopores with a BET

specific surface area of 50 m’ g~' formed by packing
ZnO nanocrystallites. The ZnO-based DSSCs were suc-
cessfully fabricated using mesoporous ZnO ‘micro-
spheres as photoanode, and resulting in short-circuit
current density (J,.) of ~4.5 mA + em ™, open-cir-
cuit voltage (V,.) of ~602 mV and conversion effi-
ciency of ~1.28 % with about 3 pum photoanode when
N719 dye was used. Ongoing investigations will focus
on optimizing the structures and the processes of based

on mesoporous ZnO microspheres.
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