


lead to efficient charge separation [2]. Concurrently, surface adsorption also results in the blocking of 

the surface states that thermalize photogenerated charges and convert useful energy into heat. Thus, if 
the surface of the colloid is properly engineered the kinetics of the photochemical reactions and the 

redox properties of photogenerated charges in the modified colloids may be enhanced for stabilized 
charge separation, such as in natural photosynthesis. 

We have shown that adsorption of a-substituted mercapto-carboxylic acids on small particle TiOz 
colloids results in the bidentate coordination of surface Ti atoms with carboxyl and mercapto groups [3]. 
This complex is stabilized by the formation of a five membered ring which is the optimal configuration 
for octahedral coordination of Ti atoms. This surface modification of TiO, results in the formation of 
a charge transfer complex that shifts the optical absorption threshold to the visible region of the spectrum 
(520 nm). These complexes provide more favorable absorbance properties for solar energy conversion. 

In this work we are applying electron paramagnetic resonance (EPR) to study the transient species 

formed by the reactions initiated by charge transfer or colloid photoabsorption. 

EXPERIMENTAL 

. All chemicals were reagent grade and used without hrther purification. ‘?*-iply distilled water was 
used. The pH was adjusted to 4 with NaOH or HCI. Oxygen was removed by bubbling with nitrogen. 
Colloidal TiO, was prepared by dropwise addition of Titanium (IV) chloride.to cooled water with the 
procedure described elsewhere [4]. The EPR set-up was described previously [4]. 

RESULTS AND DISCUSSION 

It has been previously shown for TiO, that photogenerated electrons are trapped on titanium 

atoms located either in the bulk lattice [Ti(III),J or at the surface [Ti(III)s,,J, and the holes are trapped 
on the surface hydroxyl groups [5,6]. EPR results have shown that trapped electrons can be regarded 

as metal centers, and trapped holes as oxygen centered radicals covalently linked to surface titanium. At 
low temperatures trapped carriers can be stabilized without significant physical separation (both carriers 

trapped on the semiconductor particle). However, at elevated temperatures rapid recombination of 
trapped carriers occurs [6].Considering the sequential electron transfer model necessary for charge 
separation we have modified the semiconductor surface with thiolactic acid creating new trapping sites 
for photogenerated holes and electrons that are located outside the colloidal particle and thereby 
increasing the charge separation distance.On the other hand, the signal for lattice trapped electrons 
remains unchanged after surface modification, however, the signal for surface trapped electron trapping 
sites is affected by the presence of adsorbed species. Two signals were observed for surface trapped 

electrons at ~ 1 . 9 2 9  and 1.955 (Figure 1). The observation of two signals suggests two distinct sites. 
This can be explained in terms of crystal field theory where Ti(III) centers have different tetragonal 
distortion of the octahedral coordination [3,4]. While the electrons are trapped as three distinct Ti(1II) 



. 

centers (one lattice and two surface trapped), the holes are trapped on thiolactic acid. When both 

electrons and holes are created in the conduction and valence band of TiO, initiated by UV illumination, 
the EPR spectrum of trapped holes consists of a quintet with 
hyperfine splitting of 22G (~2 .008) .  This spectrum can be 

identified with the CH2CH- radical indicating that the holes 
are rapidly transferred to the group farthest from the colloid 
surface, CH,. The VIS excitation of the charge transfer 
complex results in the formation of the same electron 
trapping sites. However, the holes are trapped on a different 

trapping site with g,= 2.022 "g =2.004. This EPR 
spectrum can be associated with the carboxyl cation radical 
[4] indicating that krther electron transfer to the terminating 
CH, group does not occur. We attribute this difference in the 
observed transient species as the consequence of redox 

properties. Thus, we have identified that charge transfer 
occurs between the carboxyl radical of thiolactic acid and the 
conduction band of TiO,. In the presence of electron Figure 1. EPR spectrum of aqueous 40A 

Ti02 irradiated by 308 nm excimer laser at 
77K and white lamp 400 cut-off filter at 4.2 K. 

accepting species like Pb2+ recombination of cirboxyl cation 
radical and trapped electrons does not occur at elevated 
temperature since Pb2+ is reduced to metallic lead. Based on these results we propose the biomimetic 
model (Scheme 11) for photoinduced charge separation leading to stable products. 

hv 

S ch em e2 : biomim etic modeIs 

REFERENCES 
1.  A.L. Morris, S.W. Snyder, Y.Zhang, J.Tang, M.C.Thurnauer, P.L. Dutton, D.E. Robertson, 
M.R.Gunner, J. Phys. Chem., 9 9 3 8 5 4  (1 995). 
2. T.Rajh, J.Rabani, Langmuir, 2,2054 (1991). 
3. T.Rajh, D.M.Tiede, M.C. Thurnauer, J.Non-crystal!. Solids, in press. 
4. T.Rajh, A.E.Ostafin, 0.1. Micic, D.M.Tiede, M.C. Thurnauer, J.Phys.Chem., submitted. 
5 .  R.F.Howe,M.Gratzel, J.Phys.Chem., 91, 3906 (1987). 
6.0.I.Micic, Y.Zhang, K.R. Cromack, A.D. Trifhac, M. C. Thurnauer, J.Phys. Chem.,97.7277( 1993). 

Work supported by DOE, Office of Basic Energy Sciences, under contract W-3 1 - 109-Eng-3 8. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
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