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Abstract: A linear Hammett plot (p+ = -0.56) is obtained from relative rates of Ti02 
powder sensitized oxidative cleavage of+para-substituted 1,1-diphenylethylenes, better 
correlation having been observed with a parameters than with (5. 

Despite intense interest in the application of semiconductors as photosensitizers for water 

cleavage and for solar energy conversion, the use of these photocatalysts in effecting organic 

transformations has been much less extensively scrutinized. Altkough irradiated semiconductor 

powders have been2used to initiate cycloreversions, additions, and oxidative 

decarboxylations, 
x,4 

photocatalyzed oxidations represent the main exceptions to this 

generalization. While it has been established that primary formation of the hydroxy radical 

is mechanistically significant when these irradiations are conducted in aqueous suspension, 

little mechanistic information is now available concerning the identity of intermediates formed 

from organic substrates at the surface of semiconductor powders irradiated as nonaqueous 

suspensions. 

Our recent observation of photoinduced oxidative cleavage by this route, eq. 1, 

2; * v$(:.,;) !X$ 

(1) 

z. 
has prompted USTO investigate the effect of electronic perturbation of the olefinic substrate 

on the reaction efficiency. Olefins 2 - &, prepagred by methylenation of the corresponding 

benzophenones with methylene tri henylphosphorane, 
e 

were found to cleave oxidatively under the 

previously described conditions, giving rise, like the parent &, 

of benzophenones 2. - Standard competition experiments' 

to near quantitative yields 

between pairs of the olefins (within the 

first 20% of conversion of starting materials) were conducted to establish the relative rates of 

oxidative cleavage within the series. Relative rates for the disappearance of reactant and for 

the formation of product gave identical results at low conversion. The relative rates for 

formation of 2, together with the oxidative peak potentials observed for the cyclic voltammetric 

waves of la - &, are listed in Table 1. - 
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Table 1. Oxidative Peak Potentials and -- - 

Cleavage of 1 - -* 

CmJ$. Epa (v vs. SCRl 

la 1.75 - 

lb 1.30 - 

lc 1.61 - 

Id 1.72 - 

le 1.96 - 

Relative Rates for TiO -Photocatalyzed Oxidative p-2 

k( 1 )/kc la ) - 

1.00 

2.99 

1.45 

0.98 

0.49 

A linear Hammett plot can be constructed from the kinetic data from Table 1 and G 

substituent parameters (Figure 1). Better linearity (correlation coefficient (r) = 0.97, P‘ = 

-0.56) is observed with ,' than with (5 (r = 0.83, p = -0.64). 
+ 

Similar correlation (r = liOO, 

P = -0.37) is observed in analogous competition experiments with p-substituted styrenes. This 

plot constitutes the first quantitative study of substituent effects on relative rates of 

organic photooxidations catalytically initiated on a heterogeneous surface. 

Figure 1. Hammett plot for Ti02-photocatalyzed oxidative 

oxidative cleavage of 1. 

The currently accepted mechanism for semiconductor powder photocatalysis involves the 

generation of an electron-hole pair in the primary photoprocess. Capture of the photogenerated 

hole by an adsorbed oxidizable substrate and/or the electron by a reducible substrate lead to 

net chemical reaction. For the reactant shown in equation 1, hole capture should give rise to 

an olefinic radical cation. That such an intermediate may be involved is consistent9with our 

previously reported transient spectroscopic detection of the stilbene radical cation as well as 
+ 

with the negative ovalue and effective correlation with o shown in Figure 1. 
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The magnitude of the p+ value, however, is more consistent with a radical than an ionic 

process in the rate determining step. Nearly no information regarding p values for reactions 

involving the formation of cation radicals is available in the literature. One such claim, a 

kinetic study of the single electron oxidation of organic sulfides catalyzed by iron 
+ 

tetraphenylporphyrin, reports a p value of -0.26, while other reactions thought to proceed 

via rate determiT:ng single electron oxidation give poor correlation with electronic demands of 

the substituent. Radical anioy2formation, i.e., rate determining single electron reduction, 

has a reported p value of +1.50. While we feel a priori that the development of substantial 

positive charge accompanying formation of a radical cation should lead to a larger negative 
+ 

slope than observed in Figure 1, we do observe that a nearly identical slope (p = -0.46, r = 

0.92) is observed if the oxidative peak potentials for la - le are similarly plotted. In both -- 

cases, the low p value may reflect near diffusion-controlled electron transfer from an adsorbed 

olefin to the photogenerated hole formed at the surface of the irradiated powder, followed by 

slower electron transfer equilibration of the competing olefin with this photogenerated radical 

cation. Thus, either the slopes of Hammett plots for rate-determining radical ion processes are 

much lower than those observed for closed-shell cation or anion formation or the major fraction 

of positive charge development in our photocatalysis occurs at other than the rate determining 

step. 
9 

The low quantum efficiency observed in these reactions surely indicates that pathways for 

the rapid deactivation of the excited semiconductor exist. Whether these pathways involve 

electron-hole pair recombination within the semiconductor or rapid back electron transfer from 

the adsorbed oxidized olefin is at present unknown. If the latter process were significant, one 

might reasonably expect to detect formation of transient radical ions and yet to characterize 

the reactive transition state as involving little further development of positive charge. 

Should such adsorbed radical cations persist on the surface of the irradiated semiconductor 
11 

redox equilibration of the oxidized forms of the olefin, as suggested above, might obtain. In 

any case, it is int:ysting to note that the reported p values for the decomposition of 
4 

dioxetanes C-0.241, permissible intermediates in our p;ytocatalyzed oxidative cleavage, or 

for the reaction of olefins with s4inglet oxygen (-0.82), a species previously shown not to be 

involved in these photocatalyses, are comparable to that found here. 
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