8 1 Vol.8 No.1
2002 2 B ECTROCHEMISTRY Feb. 2002

Article 1D :1006-3471(2002) 01- 0005- 04

Photocurrent Enhancement by TiCla Post- Treetiment for
TiO2 Nanoporous Fiim Eectrcae

REN Yanjie, ZHANGLi, CAl Sheng-min”
( College of Chemistry and Molecular Engineering, Peking University, Beijing 100871, China)

Abstract : Enhanced photocurrent in dye senstized photoelectrochemical cell was obtained by
post-treating the TiO, nanoporous film electrode with TiCl,. By investigating the effect of the
post-treatment on surface area, pore dze distribution, laser pulse induced current transent of the
film electrode , photocurrent increase by the post-treatment was assgned to the improved electron
percolation resulting from broadening of interparticle neck.
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1 Introduction

Dye senstized nanoporous TiO, photoelectrochemical cells have attracted much attention due
to its meritsin sientific, technica and economic aspects[1 ®1. The characterigtic of this type of
cellsis the nanoporous thin film dectrodes, i. e. the dntered network of TiO, nanoparticles,
which serve asa matrix for attachment of sengtizer molecules and as the trander layer for injected
dectrons. It isobviousthat the property of the electrodeisclosaly related to the cell performance.
Methodsof eectrode modification or post-treatment have been subject to investigation aiming to
improve cell's performance further!®!.

We found in our experimentsthat TiCl4 post-treatment of the film electrode led to repeatable
increase in photocurrent. The mechanism of thisimprovement was explored by analysng surface
area, pore dze digribution, time reslved photocurrent of the film eectrodes with and without
the post-treatment.
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2 Experimental

2.1 Hectrode Preparation and Characterization

Preparation of TiO, nanoporousfilm eectrode has been described in aprevious work!*'. TiO,
film electrode wasprepared by spread TiO, paste onto | TO conducting glass (Indium doped SnO; ,
sheet resstance 20Q -cm” 2
for 30 min. For the post-treatment ,the prepared electrode wasimmersed in 0.5 mol-L ~* TiCl,
for 2 hiin a closed chamber , fully rinsed with deionized water , then heated again at 450 . Dye
coating was carried out by soaking electrode just ater heating in 0.3 mmol-L ~* Ru dye slution
(cis di (thiocyanato) bis(2 ,2 - bipyridyl-4 ,4 - dicarboxylate) ruthenium(11) in absolute ethanol) for
10h. Excess dye was removed by rinang with ethanol.

Bectrodes surface area and pore sze distribution was studied usng nitrogen adsorption des
orption gpparatus (Mode ASAP 2010, Micromeretics Ingrument Corp.) .

, transmisdon >85 %inthe vishle) , followed by sntering at 450

2.2 Photodectrochemical Measurement

Sandwich-type cells were constructed with platinized |1 TO glass as counterelectrodes and 0. 3
mol-L "' Lil/ 0.03 mol-L "' I, propylene carbonate solution as electrolyte. IPCE (incident pho-
ton-to-current conversion efficiency) was determined by measuring the short circuit photocurrent
at various excitation wavelengths. The |-V curves were obtained at a scan rate of 5 mV-s in
two-electrode arrangement. A 150 W xenon lamp combining high-intendty grating monochromar
tor served as light source. In current-voltage measurement , a 10 cm water filter and a 350 nm
cut-off filter was placed in the beam, and 15 % transmisson lossin |1 TO glass was corrected.

Time resolved photocurrent measurements were performed in a conventiona threeelectrode
cell congging of a quartz window. The working dectrode was Ru dye coated film eectrode,
which isfixed pardld to the quartz window. The counter electrode and the reference electrode
were aplatinum plate and saturated calomel electrode (SCE) . Saturated Kl olutionin MeCN was
employed as eectrolyte. The gpplied potentia was held at 0 V vs SCE by a potentiostat (Prince-
ton Applied Research, model 173). The light source was a YA G:Nd laser with a pulse duration

2

of 6nsand wavelength of 532 nm at light intendty of 0.9 mJ-cm™ “. Photocurrrent trangent was

monitored by Digita Storage Oscilloscope ( Tektronix TDS380) .

3 Resultsand Discussion

Photocurrent action gectra of the Ru dye sensgtized eectrode with and without TiCl, treat-
ment are presented in Figure 1. 1PCE represents the percentage of incident photon being convert-
ed to electrons at a certain wavelength. As shownin Figure 1, increased IPCE isobtained in the
whole measured wavelength region by the post-treatment. The current-voltage curves of the Ru
dye senstized photoelectrochemical cells under 27 mW- cm” ? white light illumination are shownin
Figure 2. It can been seen that short-circuit photocurrent isincreased from 4.1 mA-cm” *to 5.4
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mA-cm’ 2 by the post-treatment. TiCl, post-treatment for the nanoporous film electrode is effec-
tive in increas ng photocurrent as concluded from photocurrent action gpectrum and |-V curve.
For the mechanism of thisincrease in pho-
tocurrent , it firstly occurred to us that in the
post-treatment process, hydrolyss product of -
TiCl4 nucleated on TiO, nanoparticlesof thefilm
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----- == untreated
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dectrode enlarges the interior surface area and
the amount of dye absorbed, therefore, em
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hances the senstized photocurrent. But contrary
to this hypotheds, surface area and pore sze
digtribution analyss of the eectrodes with and
without the post-treatment shows that TiCly
treatment decreases BET surface area from 127
m*>g 'to 119 m’- g *
pore diameter from 13.3 nmto 12.5 nm. These tized electrodes
results suggest that hydrolyds product of TiCly
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, and decreases average Fig.3 Photocurrent trandents of the Ru dye sens-

condenses at the interparticle neck , and electron percolation in the nanoporous film electrode is
improved. For confirmation, time reslved photocurrent was measured. It can been seen from
Figure 3 that the decay of the current trandent isfaster and the amplitude islarger for the TiCl4
treated electrode compared with the untreated one. This shows that TiCl, treatment facilitates
dectron trander from one particle to another by broadening the interparticle neck.
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