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Four doped titania powders, a Tioxide anatase and Degussa P25 samples were photoplatinised using visible, 
u.v.-visible, or 254 nm radiation; a suspension of a platinised sample in Na2C03 solution, irradiated with visible or 
u.v.-visible radiation, produced carbon and a much smaller yield of HCHO. 

Since the publication of Fujishima and Honda's paper in 
1972,' research aiming at solar energy conversion and storage 
has increased rapidly and has concentrated on the splitting of 
water.2 However , the single crystal semiconductors initially 
used have been advantageously replaced by powders and, 
more recently, by colloids. 

The alternative process of the photoreduction of C 0 2  to 
give a variety of products3.4 has recently been applied to 
suspensions of a semiconductor in aqueous carbonate .5,6 The 
advantages of the photoreduction of C 0 2  have been discussed 
with emphasis on the production of MeOH, which can be used 
as a fuel additive.4 

Although carbon is a convenient possible7 reduction pro- 
duct for use as a fuel, apparently it has not been detected. We 

have recently observed the formation of carbon produced on 
irradiating a suspension of platinised titania in aqueous 
Na2C03 irradiated with u.v.-visible light. This reaction is the 
reverse of the burning of coal and coke which contributes to 
the undesirable accumulation of CO2 in the atmosphere. A 
visible dispersion of carbon on the catalyst was observed in 1 M 
Na2C03 (150 cm3) containing platinised 0.5 a/o Cr-Ti02 (0.50 
g) (a/o = atom YO) after 3 h irradiation in a cylindrical vessel 
surrounding the quartz thimble of a medium pressure mercury 
lamp (125 W, Applied Photophysics). Nitrogen gas was passed 
continuously through the vessel. 'The doped titania, prepared 
by the hydrolysis of TiC14 as described elsewhere,* was loaded 
with Pt by irradiating 1.0 g in H2PtC16 solution (10 cm3,5.6 x 
10-4 M) neutralised by the dropwise addition of concentrated 
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NaOH followed by glacial acetic acid to adjust the pH to 4.9 
The suspension, kept at 55 zk 1°C under nitrogen, was 
irradiated for 12 h, through a Pyrex window,? with a xenon 
lamp (250 W, Thorn). After filtration and washing, the 
powder was dried at 120°C before use as a photocatalyst. 
Alternatively the powder may be described as a photosensi- 
tizer. 

For later runs, a lower level of platinisation was achieved by 
suspending titania (1.0 g) in H2PtC16 solution (25 mg Pt) and 
glacial acetic acid (75 cm3). The pH was adjusted to 5.510 
before making the volume of liquid up to 150 cm3. The 
suspension was irradiated with the medium pressure lamp 
prior to filtration, and washed and dried as described above. 
The platinised titania was then suspended in 1 M Na2C03 
solution and irradiated with the mercury lamp for 11 h using 
the same conditions as before. The powder, which acquired a 
darker colour owing to the formation of carbon, was heated in 
a porcelain boat inside a silica tube using an electric furnace at 
1000°C for 4-6 h in an air stream freed from C 0 2  by two 
bubblers containing 0.5 M NaOH and a saturated Ba(OH)2 
monitoring bubbler. The C 0 2  formed by burning the photo- 
produced carbon was initially confirmed by precipitation in 
saturated Ba(OH)2 in NaOH solution placed at the exit of the 
air stream. In later runs, C 0 2  was collected in excess standard 
0.5 M NaOH solution and the carbonate formed was deter- 
mined by titration against 0.1 M standard HC1 using thymol 
blue-cresol red mixed indicator.11 The mass of carbon 
oxidised, calculated from the titres, was in fair agreement with 
the loss in weight of the titania after heating. The final colour 
of titania was apparently lighter than its colour before burning 
off the carbon. After filtering the photolysed suspension, the 
filtrate was used to determine HCHO spectrophotometrically 
using the Hantzsch reaction.12J3 The concentration of HCHO 
was obtained by interpolation from a calibration plot. 
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Table 1. The yields of carbon and HCHO generated by the 
E photoreduction of Na2C03 solution. 
4 Yield of Yield of 

Platinisation Irradiation carbon/ HCHOI 
Titania time/h time/h mmol pmol 
0.5 a/o Cr 3 11 2.0 2.4 
Second batch 3 11 0.78 1.7 
Second batcha 3 11 0.80 0.47 

I i 1 I 
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3 11 0.73 1.6 
4 11 0.75 1.2 
3 11 1.7 1.7 
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Figure 1. The output mercury lines of the medium pressure lamp, in 
arbitrary units, compared with the reflectance spectra of the doped 
titania samples: 0.5 a/o Cr (--.), 0.5 a/o Mn (-), 0.5 a/o Mn 
(- - -),$ 0.25 a/o Mn, 0.25 a/o Cr (..-..-). 

In a parallel experiment, platinised titania (0.10 g), pre- 
pared as described above and suspended in 1 M Na2C03 (30 
cm3) was irradiated with a xenon lamp through a Pyrex 
window under the same conditions as specified above. The 
photoproduced carbon and HCHO were determined as 
described earlier. 

The results of runs using different titania samples are 
collected in Table 1. Carbon was produced in all cases even 
when the undoped anatase CLDD 1599/2 (Tioxide) or the 
commercial P25 (Degussa) (surface areas 182 and 50 m2 g-1 
respectively) titania were used. The yields of carbon were 9.3 
and 15 pmol m-2 respectively. However, a strict comparison 
of the results using the two samples is not feasible since P25 is 
surface-treated and contains small amounts of A1203 and 
Si02, unlike CLDD 1599/2. Carbon was also formed when 
platinisation was carried out by irradiation with visible light 
(preliminary run) or with the 254 nm radiation from a Hanovia 
low pressure mercury lamp, although longer platinisation 
times were necessary in both cases. It is interesting to recall 
the reported deposition of Pt on irradiating [PtC16I2- in 
aqueous alcohol at all wavelengths at which the complex 
absorbs.14 

What is particularly significant for solar energy applications 
is the production of carbon when a suspension was irradiated 
with visible light from the xenon lamp. Although the yield per 
gram of catalyst was higher than that in the corresponding run 
where u.v.-visible light was used, a strict comparison between 
the two cases is not permissible since the power of the two 
lamps used and their spectral output are different, and since 
the geometry of the irradiation vessels and the depth of the 
irradiated layer were different in the two cases. 

During the photoreduction of Na2C03, the exit gas, 
bubbled through acidified PdC12 solution, did not reduce it to 
Pd, indicating that no measurable amounts of reducing gases 
such as CO or H2 could be detected. We are attempting to 
determine other possible reduction products. The relevant 
redox data for the reduction of C02 to different products are 
available .4J 

The holes photogenerated during irradiation of aqueous 
suspensions of titania are known to react with the hydroxy- 
lated surface of the powder with the resultant photoadsorption 
of oxygen.15 However, this aspect has not been investigated. 
The lack of any correlation between the yields of carbon and 
of HCHO in the series of runs is worth noting. No relationship 

a Carbonate reduction with visible light. b Sample prepared by 
oxidising the product of hydrolysis of TiCI3, unlike the other doped 
samples, which were prepared by hydrolysis of TiC14. c Platinisation 
using 254 nm radiation. 

t The light was focused on the flat window of a small cylindrical cell. 

I: Prepared from TiCIJ unlike the other samples. 
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between the yields of the products of reduction and the light 
absorption by the doped photocatalysts could be established. 
The difficulty can be appreciated by examining Figure 1 where 
the reflectance spectra of the samples (in the range 200-700 
nm)* are compared with the relative intensity of the mercury 
lines of the lamp used. Figure 1 shows that the Cr-doped 
titania absorbs more strongly than the others at 366 nm but the 
reverse was observed at the wavelengths of the other mercury 
lines. 
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