
E%otoinduced eliectron transfer (ET) often in gtmnetric isomerizati~u of alkenes. hr example, 

tmns isnmerization stilbenes by ET has at&aded ~nside~b~~ attention in recent years. L 1,4- 

1, a vj~y~~~ ague of st~l~~c, is also an i~~~~~ ~ys~rn. 

ersh have Good ~tj~~ radicals of the three jade @x-I, a-l, and n-1) by laser 

found that cation radical cc-i* unfrees relatively slow i~~rne~~tio~ to tt-P with a lifetime of CCI. 25 vs. 

However, little has been mentioned on the reactivity of the other isomers, ct-I and it-l, particularly under 

stea&&ate photolysis Lmditions. It was ear whether or not the isomerizations of cf- I 

by ~toi~d~~ ET. We investi 

of cf- 1 and r~- 1 and ~~rni~~~t ct- t - fi- I i~~~~~~tj~~_ 

The dienes are good electron donors irnrd their oxidation potentials (I!?,-&, +I -26 and + 1-21 V 

YS. SCE, respectively, are low enough for ET fern the dienes to singlet excited DCA ( tDCA*) in acetonitrib. 

calculations by using the Weller equation3 show that the free energy changes (AG) for the El’ processes in 

tivdy. Tn accord with this, DCA 

sceuce can ~~~~~e~tly ~~~~~~ ls;5: 1 with nwr d~~usi~~~ ed ts, k, being 2.2 x 

M-t s-t for c&l and t&L, respeztivety. Steady-state ~~~1~~ were carried out by using 

-W xenon-menruty lamp equip with a glass filter (k B 410 nm). Ilmdiation of 2 fnl acetonitrile 

afforded a 2.5:9?.5 steady-state mixture of ct- 1 and N- 1. In a similar 

‘manner the ph~&~~aGti~n with H-I aff%Med essenti taticmary mixture (2.137.9) as that 

fmm cc-x. Thiz ratios idicate c&l - r&-t ~~~~~~~ 

Under the ~~~~y-~~~ pb~t~1~~~ indicts the i 

quantum yield (@) for the isomerization of ct-I exceeds unity in acetonitrile (Table I, Run X4). photo1ysis 

with lower light intensity resulted in hi&r QI (Run 4 w, 2). In the presence of oxygen cm 1.5 x 1@ M rclf 

tet~~e~oxy~n~n~ (TMB, l& , Q, docreascd significantly (Run 5-T vs. 1, 2). 

~~~~~~~ I=+ be ink th rn~~~~~ ~xy~~~ IZC by El’ to EMU. These 
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observations in conjunction with the n~ults of quencher effects suggest a chain mechanism as shown in 

Scheme 1, which is analogous to the mechanism for the ET induced isomerization of stilbenes proposed earlier 

by Lewis et aLla The mechanism involves i) formation of free ct-I’+ (and DCA”) as an initiation step, ii) 

unimdecular isomerization of ct- I* to tz- 1”) prevalently, and iii) regeneration d cr- I’+ by hole transfer from 

u-l’+ 10 ct-1. The latter two processes compete with charge recu,mbination processes (kt and kt*). 

In onier to gain insight into the mechanism, we undertook laser flash photolysis experiments.6 Fig. 1 (a) 

shows the transient absorption spectra at 200 ns after the pulsed laser excitation of the cr-1-DCA and n-l- 

DCA systems in acetonitrile. These transients from ~-1 and tr-1 are readily assigned as being due to the 

corresponding cation radicals, ct-1” and U-P. Indeed their shape and maxima (543 and 530 nm for cl-l* 

and n-l=+, respectively) well compare with thm reported previously. 2a*4*7 Similar but more intense transient 

spectra were obtained with 0.1 M of biphenyl as a co-sensiti7x!r1d9 (Fig. I (b)). In the presence of biphenyl 

the ratio of the intensities of the transient absorption maxima of ct-1” and tt-lo+ at zero time corresponds to 

the ratio of extinction coefficients (e) of cl-l’+ and u-1 *. By using E of It-l* (6.8 x I@ M-l cm-t at 530 

nm)Pc & of cr-l’+ was determined to be 2.6 x l@ M-t cm-l at 543 nm. Either with or without biphenyl, both 

transients due to ct-l* and tr-l* decayed with second order kinetics and the rate constants, kt and 4. in 

Scheme 1, were determined to be near diffusioncontrolled values, 2-3 x lOlo M-’ s-l. 

As shown in Fig. 1 (c). spectral change of ct-l* could be visualizd when the time-resolved spectra 

obtained with biphenyl wcte normarized at the isoshcstic point, 550 nm. Slight Mue-shifting and increase in 

the intensity of the spectra at 1 ps and 10 ps arc most likely due to ct-1” -D ~-1~ conversion. Based on E of 

tr-l* we estimated that 6% of cr-l* isomeraized to ~-1~ in 10 ps, which corresponds to the rate constant (k) 

of ca. 6 x ld ,I. Spectral change of ct-I* without biphenyl was obscure because of the quality of the 

ct- 1 tc- 1 

Table 1. Effects of Light Intensity (I ) and Additives on the 

Quantum Yield (a) of the DCA-sensitized Photoisomeriza- 

tion of c&l in Acetonitrilc a) 

R”n w-11 I 

10e3 M 10’ einstein s-’ 
Additive * 

1 4.52 3.75 none 1.4 

2 17.7 3.75 none 3.1 

3 47.7 3.21 none 6.6 

4 17.7 0.328 none 8.6 

5 4.52 3.75 02, 1 atm 0.53 

6 17.7 3.75 O,, 1 atm 1.7 

7 4.52 3.75 TMB. 0.15 mM 0.36 

a) Soluticm ofct- I and DCA (3 x IO4 M) wae pbotolyzed by using 

a 19%WXrlampapippedwitha monochmter (A 120 cm). 

Photolysate3 were attalyxd hy HPLK. 

Scheme 1 

(Initiation) 

ct-1 + ‘WA* -& [cf- 1”. DCA-J 

ct-1 + DCA cl-l* + DCA- 

(F4opagation and Termination) 

ct- l=+ + Cl-1 

ct-1 -I- DCA tt-I + DCA n-1 +ct-1- 

fq=A ---(l) 
k,+kbec 

@ n=- 
f,, x js.zP 

--- (2) 

jet = W-t-11 

r-l + k&t- 11 
--- (3) 
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spectra, which is due to the fact that the efficiency for separation (f~ep) (eq. (1)) of the photogencmted ion 

pair[ct-l*, DCA&] is low. Recently, we have determinedfq of the photogenetated ion pair [tr-P, DCAL] 

to be 0.ll.k By using E values and the ratio of the extrapolated intensities at zero time of c&l’+ and r&l*, 

J&t, for [ct- 1*, DCA’] can he evaluated to he 0.08. 

Since the efftciency of the initiation step is not so high, chain length must he long. Chain length n at 

early stage of the reaction cxm be evaluated by using eq. (2). For example, @ of 3.1 at 17.7 mM of et-1 (Table 

1, run 2) results in calculated n of 44. Therefore. isomerization and hole transfer processes must be much 

more efficient than the termination steps. In other words, both ki and kh must be larger than kt]DCAl-] and 

kf*[DCA’-J, which are dependent on the concentration of DCA”. Under the laser flash photolysis conditions, 

where [M3A&] can be in the order of IO-5 M or higher, kt[DCA&] and kt*[DCA-] are expected to be as large 

as 2-3 x 16 s-t. In fact only 6% of cf- to rr-I conversion was observed in the 10 w time scale. On the other 

hand, kt[DCAL-] and kt*[DCA-] should become as small as 2 to 3 s-t because [DCAL] would be as low as cc~. 

lO-to M under the steady-state photoiysis conditions. Under the circunstances ki of cu. 6 x ld s-t is indeed 

high enough to exceed the termination steps. Hole transfer from tr-I* to cl-1 may efficiently proceed 

particularly when the concentration of ct- 1 is high, since the oxidation potential of ct- 1 is higher than that of tt- 

1 by only 0.05 eV in acetonitrile. There exist a number of experimental precedents and theoretical support for 

such an endothermic ET reaction to proceed with considerable efficiency.8 It is reasoaable that the ET 

reaction with endothermicity of 0.05 eV may proceed with rate constant of 108-10s M-1 s-t. 

Recently Lewis et af.*a proposed an alternative mechanism for the ET induced isomerization of cis- 

stilbene involving the formation of dimer cation radicals of stilbene as a key process. The dimer cation 

radicals may revert with loss of the stereochemistry to give #runs-stilbene and #rum-stilbene’+. The 

mechanism readily account for the observation that the quantum yields are gteater than unity while 
unimolecular isomerization of cis-stilbene+ to franr-stilbene’+ does not occur on the 10 ps time scafe.ld9 

However, the experimental evidence for such a cr-type dimer formation has been inconclusive.ta,to Although 

a mechanism involving similar dimer cation radical (1)~~ is fascinating for the present case, we have not been 

able to observe the dimer formation in the flash photolysis experiments with 1. Moreover no indication for the 

formation of dimer cation radical has been obtained by a pulse radiolysis study with ~1.~1 Thus a mechanism 

involving dimer cation radical cannot he a principal route for the present isomerization. 

(b) 

all 700 s.w 400 7m so0 550 600 

Waveienglb I nm wavcknglb I m w”clcqdl/ mn 

Fig. 1 Transient absorption spectra of cl-l* and n-l- in N2-saturated acetonitrile obtained by laser flash 
photolyses: (a) from cr-1 (10 mM) and n-1 (IO mM) with DCA (0.3 mM), and (b) fmm cr-l(0.82 mM) and tf- 
1 (0.86 mM) with DCA (0.3 mM) and biphenyl(O.l M) at 200 ns after excitation. 
l* normalized al S50 nm. 

(c) Transient spectra of ti- 
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