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posites, made  by  the process descr ibed  here  and r e -  
p o r t e d  by one of the authors  in a separa te  paper  (4), 
appears  to approach  that  of pure  lead. Ini t ia l  deep c y -  
c l i n g  exper iments  of ba t t e ry  cells made  with  smal l  
F P / P b  composite grids indicate  that  gr id  g rowth  is 
negligible compared  wi th  unre inforced  pure  lead  grids. 

Fabr ica t ion  of l a rge r  scale F P / P b  composite grids 
and demonst ra t ions  of the i r  per formance  in ba t t e ry  
cells is underway .  Deep cycl ing tests wi th  small  F P / P b  
grids a re  cont inuing in o rder  to de te rmine  even tua l  
fa i lure  mechanisms.  
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Photopotential Behavior of Platinized Ti02 Particles 

Kohei Uosaki* and Hideaki Kita 

Department of Chemistry, Faculty of Science, Hokkaido University, Sapporo 060, Japan 

T h e  photoca ta ly t ic  genera t ion  of hyd rogen  f rom 
wate r  is one of the a t t rac t ive  means  of the  conver-  
sion of solar  ene rgy  into chemical  energy  (1-3).  P t /  
SrTiO3 (1) and  Pt /TiO2 (2) were  shown to be able to 
decompose w a t e r  photoca ta ly t ica l ly .  Photocata lys ts  
d ispersed in  the  Liquid phase  are  considered to behave  
as shor t -c i rcu i ted  photoelec t rochemicaI  cells (4), and 
we have demons t ra ted  that  the  measuremen t  of the 
potent ia l  of suspended ca ta lys ts  provides  useful  in-  
format ion  concerning the i r  reac t ion  mechanism (5). 
Recent ly  Dunn et al. r epor ted  the  usefulness of elec-  
t rochemical  measurements  in  the charac ter iza t ion  of 
suspended photocata lys ts  (6, 7). 

To provide  fu r the r  in format ion  on the mechanism of 
photocata ly t ic  decomposi t ion of wa te r  on these cata-  
lysts, we r epor t  he re  the  photoeffect  on the  potent ia l  
of p la t in ized catalysts  suspended in NaOH solution. 

The p la t in ized  TiO2 cata lys ts  (2 weight  pe rcen t  P t )  
were  p repa red  by  impregna t ing  TiO2 (anatase)  wi th  
H2PtC16 solutions (8) . -The  impregna tes  were  dr ied  in 
a i r  at  110~176 for  16 hr  and then reduced  in hyd ro -  
gen at  300~ for 2 hr. The catalysts  (0.2g) were  sus-  
pended  in 70 ml of 1N NaOH solut ion in a cell  wi th  
main  and reference  compar tments  separa ted  by  a Lug-  
gin cap i l l a ry  and a stopcock. A quar tz  window was 
mounted  on the ma in  compar tment .  A go ld -p la ted  
p la t inum wire  and an Ag/AgC1 electrode were  used 
as a measur ing  probe  (9) and a re ference  electrode,  
respect ively.  A 500W xenon lamp wi th  a monochroma-  
for (Ritsu Oyo Kogaku)  was used as a l ight  source. 
I l lumina t ing  the probe  e lect rode was avoided. P u r i -  
fied he l ium gas was passed th rough  the solut ion for 30 
rain p r io r  to the  measurement .  Dur ing  the measu re -  
ment,  the ca ta lys t -con ta in ing  solut ion was s t i r red  m a g -  
net ical ly .  

The  po ten t i a l - t ime  re la t ion  of the catalysts  under  
pulsed i l lumina t ion  of 360 nm monochromat ic  l ight  is 
shown in Fig. 1. The poten t ia l  shif ted nega t ive ly  under  
i l lumina t ion  and  reached some s teady value,  accord-  
ing to 

E ( t )  : E(O)  + ~E~t(1  - e - U ~ )  [1]  

where  E ( t )  and E(0)  a re  the  potent ia ls  at  t ime t a n d  
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in dark ,  respect ively ,  AEst is the  difference be tween  
the potent ia l  in da rk  and the s teady potent ial ,  and  
is the  t ime constant  (~30 sec for this process) .  Af te r  
the in te r rup t ion  of l ight,  the poten t ia l  r e tu rns  to the  
or iginal  value,  E (0), b y  

E(t')  = AEst e -t'/T" [2] 

where  t' is the t ime af te r  the in te r rup t ion  of l ight  and 
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Fig. 1. The potential-time relation of Pt/TiO2 catalyst in 1N 
NaOH under pulsed illumination of 360 nm monochromatic light. 



Vol. 129, No. 8 PHOTOPOTENTIAL BEHAVIOR 1753 

T' is the time constant  (,--45 sec for this process1). The 
wavelength  dependence of AEst shown in Fig. 2 clearly 
indicates that  the photoeffect on the catalyst potential  
is created by the absorption of light by TiO2 (Eg = 3 
eV). This effect will be explained by considering the 
band  structure of Pt/TiO2 catalyst shown in Fig. 3. 
This is based on a model that considers Pt and TiO2 
electrodes at short circuit. In the dark, the bands of 
TiO2 bend up toward TiO2/electrolyte and TiO2/Pt in-  
terfaces. When the catalysts are i ! luminated b y - t h e  
bandgap light, hole-electron pairs are formed. Due to 
the band-bending ,  the holes and the electrons move 
toward the TiOJe lec t ro ly te  interface and the interior  
of TiO2, respectively. The holes at the TiOJelec t ro ly te  
interface tend to react with O H -  

O H -  + p+ -* OH(a)  [A] 

while the electrons are unable  to react with water  be-  
cause the Fermi  level of the catalysts is not high 
enough. Thus the Fermi level of the catalysts rises, i.e., 
the potential  becomes more negative so that  the rate 

Preliminary exoeriments show that the t~rne constant of the  
decay of photopotential of sintered Pt/TiO_~ electrode is consider- 
ably larger (N20 rain) than that of this process .  
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Fig. 2. The effect of the wavelength of the light on best. The 

values of AEst are not calibrated for the photon numbers. 
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Fig. 3. The band structure of Pt/Ti02 catal~,~t in (a) dark and 
(b) under illumination. CB and VB are the conduction and valence 
band, respectively, and EF is the Fermi level, 

of electron consumption by react ion [B] at the Pt  sur-  
face becomes equal to the hole consumption rate 

H20 + e -  -~ H(a)  + O H -  [B] 

When the potential  becomes more negative, the degree 
of band-bend ing  in TiO2 becomes smaller and the elec- 
t ron-ho!e recombinat ion rate increases. Reaction [C], 
which can be considered as the hole-electron recombi-  
na t ion  via adsorbed states, is also accelerated when t h e  
potential  becomes negative 

H(a)  + OH(a) -~ H20 [C] 

Thus the potential  does not exceed some steady value 
at which the rate of electron excitation is equal  to that  
of electron consumption by the reaction with H20 and 
the recombination. In this system, the steady potential  
is positive compared with the reversible hydrogen elec- 
trode potential, suggesting no hydrogen evolution at an 
atmospheric pressure. 

When the illumination is interrupted, the electron- 
hole pairs are no longer generated and the adsorbed 
hydrogen atoms are consumed by reaction [C] and the 
back-reaction of reaction [A]. Thus the potential re- 
turns to the original value. The relatively short time 
constant of this process compared with the time con- 
stants of the decay of photostimulated emf at a plati- 
num coated with pigmentary TiO2 (I0) and at a sin- 
tered Pt/TiO2 electrode, suggests that the reaction [C] 
is responsible for the quick return of the potential to 
the original value in this process. 

In summary, we have demonstrated that the mea- 
surements of the potential of photocatalysts provide 
useful information on the mechanism of the photocat- 
lytic water decomposition reaction. 
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