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Summary: Contrary to a recent report, the valence isomerization via a radical 

cation,of quadricyclane to norbornadiene on the surface of illuminated CdS and 

ZnO is described. 

The quadricyclane (1) norbornadiene (2) system has been the subject of 

extensive investigation_lr216*7 Some of the interest has been fueled by the 

desire to develop a system for chemical storage of solar energy.2 Recently3 

the use of semiconductors has been suggested as catalysts for the isomerization 

of 2 to 1, in the form of neat liquids, in the development of such a storage 

system. This report impels us to describe our own conclusions concerning the 

same system which are at variance with those reported. That is, irradiation of 

CdS or ZnO in contact with a CH,Clr (ca. 0.X4) solution of 1 gives 2 as the 

sole product: and that of 2 under the same conditions gives no reaction. 

In recent years there have been studies on the use of semiconductors as 

catalysts for electron transfer reactions,4 other than oxidation.5 

Illumination of a semiconductor with light of greater energy than its band gap, 

creates a photoinduced hole by excitation of an electron to the conduction 

band. A substrate with an oxidation potential lower than that of the 

photoinduced hole may donate an electron to the semiconductor forming a radical 

cation. The photosensitized isomerization of 1 to 2, via a radical cation 

mechanism, is well-known in homogeneous solution.6 Roth and Schilling,7 in an 

elegant study, have established that 2: is of lower energy than l$, the radical 

cation rearrangement proceeding as in scheme 1. The oxidation potentials of 1 

and 2 (0.91V vs SCE and 1.48V vs SCE respectively 6a) are suitable for electron 

donation to the photoinduced holes of CdS and ZnO (1.6V vs SCE and 2.4V vs SCE 

respectively8). 
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SCHEME 1 

Our results are summarized in Table 1. On ZnO both light and 

semiconductor are required for reaction. The faster reaction in the presence 

of oxygen is attributed g to an extension of the lifetime of the photoinduced 

hole, by trapping of the conduction band electron as 0,:. On CdS the reaction 

Table 1: The Conversion of Quadricyclane to Norbornadiene on CdS and ZnO. 

Semiconductora 111 Time Thermal (% reaction)e 

mol/l (hrs) Aerated Uegassed 

Photochemical (% reaction)e 

Aerated Ifegassed 

Znob .06 1 <l 20 8.5 

CdSC .l 2 1 2.2 2.6 13 

cdsd .25 1 21 68 

aReaction vessels were centered in front of a l.KW high pressure Xenon lamp and 

irradiated with hv>340nm; vessels were stirred with a magnetic stir bar; no 

reaction was observed in the absence of a seminconductor. b 50mg of Fisher 

>99% ZnO, 5m2gW1. CIOmg of Aldrich gold label CdS 99.999%, 1.2mZ/g, 100% 

u-type. d45mg of Aldrich gold label CdS 99.99%, 20m2/g, polytype. eSample 

analysis was performed by gas chromatography on a 2m x 2mm column packed with 

10% OV-101 on chromosorb W, internal standard: cyclooctane. 
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proceeds in the dark also, and may account for as much as 30% of the 

illuminated reaction, depending on the CdS sample used.1° Under degassed 

conditions an acceleration of the reaction is observed on CdS. This 

non-conventional role of oxygen has been observed before.11 Possible 

explanations for the acceleration have been offered, the simplest of which is 

competition for active sites on the surface of the semiconductor. This is 

supported by the observation of an acceleration of the CdS reaction in less 

polar solvents (cyclohexane, pentane) whereas, with ZnO, CHzClz is the most 

effective solvent. 

If the surface isomerization of 1 to 2 be proceeding via a radical cation, 

then the reaction should be readily quenched by a suitable electron donor. 

1,2,4,5_Tetramethoxybenzene (TMB) has a EgX = 0.81V,12 and is thus able to 

quench both the photoinduced hole of the semiconductor and the radical cation 

of 1. It is, indeed, an efficient quencher for the reaction of 1 on CdS and 

ZnO, a plot of @/@. against [TMB] gives a straight line up to 80% quenching; 

slope = 8lM--r (r = . 999) for CdS and slope = lllM_l (r = .971) for ZnO. The 

possibility of quenching by competitive adsorption between TMB and 1 for active 

sites on the semiconductor surface may be ruled out: Additives with higher 

oxidation potentials do not show any quenching below concentrations greater 

than 10 times that at which TMB is effective.13 

The following results were obtained with neat 2: i) 2 Freshly distilled 

(argon) absorbs all the light below 330 nm (1 cm path; car0 = 0.2): 

ii) Irradiation of neat 2 through Pyrex yields 1, as stated,3 but does so 

faster in the absence of a semiconductor: iii) The reaction was, indeed,3 

slower under degassed conditions. A possible interpretation is the occurrence 

of direct irradiation of 2 to 1 in combination with sensitization of 2 to 1 by 

oxidation products formed during the irradiation under oxygen. 
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