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It is found that water can be photodecomposcd into oxygen and hydrogen by a cyclic iwo-photosystcm process using TiOj 
as (he sensitizer and the redox couple Hg20/Hg as the electron pool linking the two photosysiems. Al neutral pH an aqueous 
suspension of T i 0 2 and HgjO photooxidizes water, reducing HgjO to Hg. When the pH of the resulting solution is made 
strongly alkaline, water is pholoreduccd, oxidizing Hg back to HgjO. 

Introduction 
The search for catalytic systems that photodecompose water 

into oxygen and hydrogen has received much attention. u It is 
well-known that aqueous dispersions of semiconductor particles 
possess the capacity to photoreduce or photooxidizc water in the 
presence of a sacrificial electron donor or an acceptor.J~11 These 
systems are irreversible and mimic individual photosysiems (PS) 
I and II in natural photosynthesis. Natural photosynethr.sis, 
however, is reversible; the plastoquinonc/reduccd plastoquinone 
redox couple acts as the electron pool linking the two photosys­
iems." The electron donor that is oxidized in the PS I reaction 
gets reduced to the original form in the PS II reaction. The 
two-photosystem process adopted by nature has the following 
advantages: (1) Two photons are utilized per each electron 
transfer. (2) Highly reactive primary oxidation and reduction 
products of water are generated in sites separated in space; thus, 
|the back-reactions are prevented. (3) Each photosystem can 
function independently of the other for a limited duration of time. 
An artificial process with the above characteristics could be one 
of the most promising methods for photoclcavage of water. In 
this work we describe a model system consisting of two separable 
and reversible photosysiems. Two photoreaciions with T i 0 2 as 
the sensitizer and HgjO/Hg as the intermediate redox couple are 
carried out as follows: 

I 
Photosystem II. An aqueous suspension of a homogeneous 

mixture of T i 0 2 and H g 2 0 powders is irradiated with (JV light. 
If the pH is neutral, O z is evolved reducing H g 2 0 to Hg, i.e. 

2 H g 2 0 — 4Hg + 0 2 AG = 81.5kJ (A) 

Photosystem I. When the p'H of the final product from reaction 
A containing T i 0 2 and Hg is increased to ~ 14, H 2 evolves upon 
illumination with UV light, oxidizing Hg back to HgjO, i.e. 

| 4Hg + 2 H 2 0 — 2 H g , 0 + 2H 2 AC = 394.0 kj (B) 

i The sum of reactions A and B is equivalent to decomposition of 
water into H 2 and 0 2 . In principle, an unlimited number of 

I reversals between PS 11 and PS 1 are possible without loss of 
I efficiency. 
' Experimental Section 

Materials. T i 0 2 (99.99%, aldrich), HgjO (BDH), and metallic 
j mercury (Analar) were used in all experiments. The other 
j chemicals were of reagent quality and used as supplied by the 
i manufacturer. Purified nitrogen was used for degassing the so­

lutions. pH adjustments were made with NaOH and H2SO«. 
j Buffers were not used as pH changes were not detected during 

the photoreaciions. 
Catalytic Preparation. The catalyst in the PS II phase was -; 

prepared by grinding T i 0 2 and HgjO. The oxygen photogener-
jation rale was found to be optimum when the mixing ratio 

HgjO/TiOj was ~ 3 0 wi %. The catalyst in the PS 1 phase was 
: made by one of the following methods: (1) Metallic mercury and 
| a wet paste of TiO. containing a trace of mercuric chloride were 
i throughly ground (mercuric chloride facilitates coaling of Hg on 
I TiO; particles). Excess mercury in the liquid form was removed 
*>y decantation; ihe suspension was filtered, washed, and dried 
i a stream of nitrogen. (2) An aqueous suspension of a homo-
eneous mixture of T i 0 2 and H g , 0 kept purged with N 2 was 

irradiated with a mercury lamp for several hours. The suspension 
was filtered and healed to 125 °C in a stream of N 2 . Heating 
converts any remaining HgjO into Hg. (3) A suspension of T i 0 2 

in a solution containing mercuric chloride and formaldehyde was 
irradiated with a mercury lamp. The suspension was filtered. 

t}<u> L I * 


