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The trans-»eis photoisomerization of a series of substituted stilbazolium salts (A t
+X - , At

+: 
trans-l-alkyl-4-[4-R-styryl]-pyridinium and -quinolinium, R = CN. H, CH3 and OCH3, X " = T 
and CIO4) was studied by laser flash photolysis and steady state irradiation measurements. The 
quantum yields of eis ^ trans photoisomerization (<£c_t and $ t _ c ) and of fluorescence of the 
trans isomers (</>f) were determined in several solvents at room temperature and at low 
temperatures in mixtures of either 2-methyltetrahydrofuran-dichloromethane or ethanol-
methanol (E-M). In polar solvents at room temperature <£t_c is substantial (S 0.3) and </>f is small 
(10_3-10~2). Competition of fluorescence and an activated step in the trans-»eis pathway is 
indicated by the effects of temperature on (f){ and </>t_c (activation energy: 2 - 3 kcal/mol). A 
transient, observed only at low temperatures (lifetime iT > 0.5 ms in E-M below - 1 7 0 ° C ) , is 
assigned to the lowest triplet state with trans configuration. On the basis of the effects of 
temperature on (/>f, </>t_>c, rT , and the triplet yield and those of quenchers on </>f and </>t_c, 
involvement of the triplet state in the twisting process at room temperature is excluded. 
Therefore, a singlet mechanism is suggested for the trans-»•cis photoisomerization of the 
stilbazolium salts examined. Significant reduction of </>t_c for iodides in solvents of moderate 
polarity, where ion pairs are present, is accounted for by photoinduced electron transfer in 
competition to trans -»• cis photoisomerization. 

1. Introduction 

Styrylpyridines have at tracted considerable inter-
est as s imple heterocyclic model c o m p o u n d s show-
ing cis trans photoisomeriza t ion [2 -6 ] , Quatern i -
zation may change the photophysical and photo-
chemical features of the azasti lbenes due to the 
introduction of a positive charge into the molecule. 
Some effects of the posit ive charge on the prop-
erties of the ground state and the excited states of 
the isomers have been s tudied for s t i lbazol ium 
betaines [ 7 - 9 ] , qua te rnary salts of bipyridyl-
ethylenes [10], and s t i lbazol ium salts [11 — 20]. For 
quaternary iodides of 4-ni tro-4 ' -azast i lbenes and 
their quinol inium analogues it has recently been 
suggested that pho to induced electron t ransfer com-
petes with trans -> cis photo isomer iza t ion [19]. The 
electron transfer process occurs ei ther in the triplet 
state, which is quenched by an amine or an anion 
(I~ or SCN~), or in the excited singlet state of the 
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ion pair. Ground state ion pairs ( A + . . . I - ) are 
present in solvents of modera te polarity as previous-
ly shown for l -ethyl-4-[4-methoxystyryl]quinolinium 
iodide (4'a) [14]. 

It is well known that pyr id in ium and quinol in ium 
salts are sensitive to the nature of the solvent 
[21 -24] . Kosower et al. have documented that the 
m a x i m u m of the C T absorpt ion band of 1-ethyl-
4-carbomethoxypyr id in ium iodide is a useful 
measure of the solvent polarity (Z-value) [21, 22], 
Another f requent ly used measure for the solvent 
polari ty is a second pyr id in ium derivative, D im-
roth 's betaine: 4-(2,4,6-tr iphenylpyridinium)-2,6-di-
phenylphenoxid [23]. Whether or not photo induced 
electron transfer competes with trans cis photo-
isomerizat ion of a st i lbazolium salt depends not 
only on the solvent polarity, but also on the prop-
erties of the electron donor and on the l i fet imes of 
the excited states involved. Informat ion therefore is 
needed about the pr imary decay processes which 
are significantly influenced by the subst i tuent of the 
quaternary salts of azasti lbenes; for example, 
trans —• cis photoisomerizat ion changes f rom a 
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Table 1. Quaternary salts of 4-substituted-4'-azastilbenes 
and their quinolinium analogues. 

^ - y K . / = \ © 
X © 

R 

/ = \ © 

w © 
x O 

No. Type R4 R R4 X" 

l a P CN CH3 R 
l b P CN CH3 C104 
2a P H CH3 r 
2b P H CH3 C104 
2c P H C2H5 R 
3a P CH, C2H5 r 
3 b P CH3 C2H5 C104 
4a P OCH3 CH3 r 
4b P OCH3 CH3 C104 
4c P H 2-OCH3 CH3 r 
4d P OCH3 3-OCH3 CH3 r 
l'a Q CN CH3 r 
l b Q CN CH3 C104 
2'a Q H C2H5 I" 
2'b Q H C2H5 CLOI 
4'a Q OCH3 C2H5 r 
4'b Q OCH3 C2H5 C104 
4'c Q OCH3 C2H5 Br" 

singlet to a triplet mechanism if the cyano group in 
4-posit ion is replaced by the nitro group [17], 

In this paper , we have studied some photo-
physical and photochemical propert ies of a series of 
quaternary salts of s tyrylpyridinium and -quino-
l inium (type P and Q, respectively), which are 
either unsubst i tuted or substi tuted in the 4-position 
by a cyano, a methyl , or a methoxy group (Table 1; 
the qu inol in ium salts are indicated by a pr ime). The 
effects of substi tut ion, tempera ture , addit ives, and 
solvent propert ies on the absorpt ion and emission 
characteristics of the trans isomers and the quan tum 
yields of f luorescence (</>f) and of trans -*• cis photo-
isomerizat ion ( 0 t _ c ) were studied. The effect of 
t empera tu re on the format ion and decay of a triplet 
was studied by laser flash photolysis. On the basis 
of the results a singlet mechanism is suggested for 
the cis trans photoisomeriza t ion of the stilbazo-
lium salts examined. 

2. Experimental 

Apparatus and Procedures 

Steady state i r radia t ion measurements and the 
de te rmina t ion of 0 t _ c were pe r fo rmed according to 
previous work [ 1 7 - 1 9 ] using the aberchrome 540 or 
the ferr ioxalate act inometers [25, 26]. Corrected 
fluorescence emission and excitat ion spectra at 25 
and — 196 °C were recorded on a computer con-
trolled Spex-Fluorolog which was equipped with a 
photon-count ing detection system [27], Tempera-
tu re -dependent f luorescence spectra were recorded 
on a spec t rof luor imeter (Perkin Elmer, M P F 2 A ) 
[28], 9 ,10-Diphenylanthracene was used as a fluores-
cence s tandard (</>f = 1.0 in ethanol at - 196 °C) [29], 
Since trans - » c i s photo isomer iza t ion during the 
f luorescence measurements inf luences the deter-
mina t ion of cj)f, f resh solutions were irradiated for 
the shortest t ime periods possible. The samples 
were handled under red light and the absorpt ion 
was measured pr ior to and af ter irradiation. 
Genera l ly , less than 5% of the t rans isomer was con-
verted to cis dur ing a f luorescence measurement . 
T h e spectra were recorded in air-saturated solutions 
since oxygen has no discernible effect on (f){: this was 
checked in ethanol solutions at 25 ° C for the com-
pounds showing the largest </>f values (e.g. 4 d and 
4'a). The laser flash photolysis set-up has been 
described in previous work [18, 28, 30]. For excitation 
at 353 nm the th i rd ha rmonic of a Nd-laser (J. K. 
Lasers) was used. Excitation at 308 nm was carried 
out by using an excimer laser ( L a m b d a Physik). For 
</>,_,; and laser measurements the samples were 
purged with argon. 

Materials 

Trans isomers of l a , l 'a , 2'a. and 4 'a were 
p repared as descr ibed elsewhere [14, 31]. The other 
qua te rnary s t i lbazol ium iodides are of commercial 
origin (EGA) and were pur i f ied by recrystallization 
f rom methanol -wate r ; the Perchlorates (index b) 
were prepared f rom the corresponding iodides by 
t reat ing with AgC10 4 [14], Cis isomers of 2a and 2'a 
were p repared f rom trans-4-azasti lbene and 
l -methyl-4-s tyrylquinol in ium, respectively, by ir-
radiat ion, separa t ion on an a lumina column and 
quaterniza t ion [14]. Cis isomers of l a and 4 a were 
separa ted by H P L C on a column nucleosil 18/5 m m 
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using a 2 : 3 mixture of methanol and triethyl-
a m m o n i u m acetate in water at pH 3.5 as eluant. 
Melting points of the trans isomers (in °C) : l a 
(282-285) , l b ( 2 6 0 - 2 6 4 ) , 2a ( 2 2 2 - 2 2 4 ) , 2 b ( 1 9 6 -
201), 2c ( 190 -192) , 3 a ( 2 3 0 - 2 3 4 ) , 3 b ( 1 8 8 - 1 9 2 ) , 
4 a ( 219-221) , 4 b ( 2 5 3 - 2 5 6 ) , 4 c ( 1 8 6 - 1 8 8 ) , 4d 
(264-267) , l a ( 2 3 3 - 2 3 6 ) , l ' b ( 224 -226 ) , 2'a (262 
- 2 6 6 ) , 2'b ( 253 -254 ) , 4 'a ( 2 0 6 - 2 0 9 ) , 4 'b ( 1 7 1 -
174), and 4 ' c ( 1 8 2 - 1 8 8 ) . Analysis, % calculated 
( found) for l a : C 1 5 H 1 3 N 2 I ; C 51.7 (50.8), H 3.8 
(4.0), N 8.1 (8.1), and I 36.4 (37.1) and for 2 a: 
C 1 4 H 1 4 NI; C 52.0 (50.0), H 4.4 (4.6), N 4.3 (4.6), and 
I 39.3 (40.8). 9 ,10-Diphenylanthracene (EGA) and 
azulene (Aldrich), were used as received; biacetyl 
(EGA) was pur i f ied by fractional distillation and 
ferrocene (Merck) was recrystallized. Solvents 
(Merck) were spectrograde or pur i f ied by distilla-
tion and checked for absorbing or fluorescing im-
purities. 

3. Results 

Trans —• cis photoisomerization 

The absorpt ion spectra of trans isomers in 
methanol solutions at room tempera tu re before and 
af ter irradiation are shown in Fig. 1 for three typical 
examples (2a, 4a, and 4'a). The absorpt ion maxi-
m u m of the trans isomer (z t) is displaced to longer 
wavelengths by introduct ion of a methoxy g roup 
and, in addit ion, by replacing the pyr id in ium ring 
by the quinol inium ring ( / , = 345, 382, and 429 nm 
for 2a, 4a, and 4'a, respectively). The m a x i m a of 
the photoproducts , which have smaller molar ab-
sorption coefficients (ec) than those of the trans 
isomers (£t), are slightly blue-shif ted. T h e absorp-
tion spectra show isosbestic points (/.j = 290. 300, 
and 342 nm. respectively) and reach a photostat ion-
ary state within a few minutes of i r radiat ion. This 
indicates a clean t r a n s c i s photo isomer iza t ion 
with no discernible side reactions in agreement with 
previous work [12, 17, 18]. 

A similar behaviour was also found for the other 
compounds in polar solvents (Tables 2 and 3). 
Changing R 4 f rom C N to H or C H 3 and fu r ther to 
O C H 3 or replacing the pyr id in ium by the quino-
l inium ring shifts /.t to the red. On the other hand, 
replacing R4< = C H 3 by C 2 H 5 (2 a versus 2 c) and the 
anion by C10 4 (2a versus 2 b and 4 'a versus 4'b) 
has almost no effect on /. t. General ly, /.t increases 

X ( n m ) 

Fig. 1. Absorption spectra of trans-2a, trans-4a, and trans-
4'a in methanol solutions at 25 °C before irradiation (full 
lines, £t = 4 .0x l0 4 , 3.5 xlO 4 and 3.2 xlO4, respectively) 
and in the photostationary state (dashed lines, /.irr = 366nm 
(2a and 4a) and 436 nm (4'a)). 

on going f rom te t rahydrofuran to ch loroform and 
d ich loromethane and decreases on increasing the 
solvent polarity fur ther , as illustrated for 2 and 4' 
(Table 2). In polar solvents variation of the concen-
trat ion (e.g. [2 a] = 1 x 1 0 " 5 - 1 x 10~3 M in meth-
anol) has virtually no effect on and e t. However, 
in d ich loromethane At is red-shifted on increasing 
the concentrat ion (e.g. AT = 340 and 350 nm for 
[2 a] = 1 x 10 - 5 and 1 x 10~3 M, respectively). 

Effects of solvent and temperature on 0t-»c 

Values for the percentage of cis in the photo-
stationary state (% (cis)s), c , and </>c-t> using 
several solvents and irradiat ion wavelengths (z i r r), 
are listed in Tables 2 and 3. To varying degrees, 
depending on the substituents, the anion, z i r r , 
addit ives, and solvent properties, the posi t ion of the 
photosta t ionary state lies between ~ 10 and ~ 8 8 % 
cis. The effect of solvent on </>t_*c is shown for two 
examples (2 and 4', Table 2). For 2 a 0 t _ c and 
(% cis)s increase with increasing the solvent polarity 
(expressed by the £ 7 (30) parameter [23]). The effect 
is s imilar for 4'a but absent (or smaller) if the anion 
iodide is replaced by the Perchlorate (2b and 4'b). 
For iodides, values of </>t_c and (% cis)s are general-
ly smaller in solvents of modera te polari ty (e.g. di-
ch loromethane) than in polar solvents (e.g. meth-
anol, Table 3). Introduction of a methoxy group 
( 4 a - 4 c and 4') or of two methoxy groups (4d) 
reduces </>t_c slightly. Replacement of the pyri-
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Table 2. Effect of solvent on trans -> cis photoisomerization2 

No. Solvent (ET(30), kcal/mol) 
(nm) (nm) 

4 t-c (% cis)s 

2a Tetrahydrofurand 
(37.4) ~ 310 344 0.03 < 1 5 e 

Chloroform0 
(39.1) 319 353 0.08 < 4 0 e 

Dichloromethane (41.1) 302 357 0.12 < 4 0 e 

Acetonitrile (46.7) 2 8 9 343 0.4 0.5 85 

Ethanol (51.9) 285 346 0.5 88 

Methanol (55.5) 2 9 0 345 0.55 88 

Water (63.1) 2 8 4 338 0.4 0.5 82 

2b Tetrahydrofurand 
> 2 9 5 344 0.5 80 

Dichloromethane 305 358 0.5 85 

Acetonitrile 289 342 0.4 0.5 85 

Methanol 291 345 0.55 88 

Water 2 8 4 336 0.4 0.5 82 

4'a Tetrahydrofurand 
4 2 7 < 1 0 e 

Chloroform d 
< 3 8 0 4 3 5 0.05 3 4 e 

Dichloromethane < 3 6 0 4 4 4 0.10 4 0 

Acetonitrile 4 2 0 0.36 0.40 85. 8 0 : 

Methanol 3 4 2 4 2 9 0.5 0.4 78, 70 : 

Water 4 0 8 0.45 0.4 85, 78 ! 

4'b Tetrahvdrofurand 
4 2 6 > 4 5 

Chloroformd 
3 4 9 4 3 6 0.4 75 

Dichloromethane 4 4 5 0.6 0.35 68, 56 1 

Methanol 3 4 2 4 3 0 0.4 0.45 85, 81 1 

84 Water 4 1 0 0.42 0.4 

85, 81 1 

84 

a In argon-saturated solutions at 25 °C; unless otherwise indicated x i r r= 366 and 436 nm for 2 
and 4', respectively. 
b / j and /.t are the isosbestic point and the absorption maximum of the trans isomer, 
respectively. 
c Obtained from irradiation of mixtures containing ~ 80% cis at 313 and 366 nm for 2 and 4', 
respectively. 
d Thermal cis —1• trans isomerization at 25 °C. 
e After reaching a quasi-photostationary state a further photoreaction occurred. 
f L„ = 405 nm. 

d in ium ring (P versus Q) has only a small effect on 
</>t-c- O n prolonged irradiat ion in solvents with 
ET (30) - 3 7 - 4 2 kcal /mol the Perchlorates ( lb , 2 b, 
and 4 b) are photos table while the respective iodides 
( l a , 2a, and 4a ) exhibi t a fur ther irreversible photo-
reaction af ter reaching a quasi-photostat ionary 
state. For 4 'a thermal cis-»• trans isomerization 
complicates the measurement of 0 t - c , in contrast 
to 4'b. 

In order to gain informat ion about the involve-
ment of singlet and /o r triplet states in the trans —>• cis 
photoisomer iza t ion azulene and ferrocene were 
added. Plots of and photostat ionary 
trans/cis ratios (([^]/[c])s) versus [ferrocene] or 
[azulene] are linear. Slope/ intercept values of these 
plots in methanol solutions at room tempera ture 
range f rom 2 0 - 5 0 IVT1 for 1 a, 2a, 3a, and 4 a with 
both, azulene and ferrocene. The effect of oxygen on 
0 t - c and ([r]/[c])s is generally small. For example. 

changes of less than 10% were found between 
oxygen- and argon-saturated methanol solutions of 
2 a and 4 a. 

F h e t empera tu re dependence of 0 t _ c is shown in 
Fig. 2 for 2a and 4 'a in a 4 : 1 mixture of ethanol 
and methanol (E-M). On decreasing the tempera-
ture 0 t _ c decreases for 2 a only slightly between 25 
and - 120 ° C and drops off below ~ - 140 °C while 
for 4 'a 0 t _ c a l ready decreases below - 5 0 °C. For 
4 a 0 t _ c values at a given t empera tu re lie between 
those for the two former compounds . Similar tem-
pera ture dependences were obta ined for Perchlorates 
in a 1:1 mixture of 2 -methyl te t rahydrofuran and di-
ch lo romethane (M-D) , as an example for a solvent 
of modera te polari ty (Figure 3). The plots of 
versus F _ 1 were analyzed by using the equat ion 

— E / RT 

B I e-L,RTV -/?)• (!) 
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Table 3. Effect of solvent and substitution on trans 
photoisomerizationa. 

No. Solvent 
(nm) (nm) 

<t>t-c (% cis)s 

la Dichloromethane 294 342 0.02 < 3 0 
Methanol 287 332 0.4 80 

lb Dichloromethane 294 344 0.5 80 
Methanol 291 333 0.5 80 

2c Dichloromethane 304 359 =§0.1 ?§20b 

Methanol 292 345 0.5 80 
3a Dichloromethane 313 374 <0.1 < 2 0 b 

Methanol 290 358 0.4 80 
3b Dichloromethane 310 375 0.4 80 

Methanol 290 359 0.4 80 
4a Dichloromethane 315 401 0.02 < 2 0 b 

Methanol ~ 300 382 0.5 80, 75c 

4b Dichloromethane 310 404 0.5 80 
Methanol 382 0.5 80 

4c Dichloromethane 301 380 0.2 b 

Methanol 290 376 0.5 80 
4d Dichloromethane 320 416 0.1 b 

Methanol 292 392 0.3 50, 50c 

l 'a Dichloromethane <320 377 <0.1 < 5 0 b 

Methanol 274 370 0.4 80 
l b Dichloromethane 276 378 0.4 80 

Methanol 273 372 0.4 80 
2'a Dichloromethane 323 396 0.2 50 b 

Methanol <320 386 0.5 75, 85c 

4'b Dichloromethanec 432 0.26 69 
Methanol 429 0.33 73, 75 d 

529 

Fig. 2. Semilogarithmic plots of <p{ (open symbols) and 
c (full symbols) versus T - 1 for 2 a (circles), 4 a 

(squares), and 4'a (triangles) in E-M (/.exc = 366, 405, and 
436 nm, respectively). 

a In argon-saturated solutions at 25 °C; unless otherwise 
indicated /,irr = 366 nm. 
b After reaching a quasi-photostationary state a further 
photoreaction occurred. 
c /.irr = 436 nm. - d /.,„ = 436 nm. 

W e assume that only one thermally activated step is 
involved (/l t exp(— £ t _ c / / ? r ) ) on the route f rom an 
excited trans to an excited twisted configurat ion and 
that the f ract ion (1 — ß) decaying f rom the latter 
state to the cis fo rm is independent of temperature . 
T h e activated twisting step competes with the decay 
in the trans conf igura t ion , which is measured by the 
pa ramete r B. In this analysis nothing is assumed 
abou t the na tu re of the states involved (see Dis-
cussion). Values for B and the activation energy 
(£ t->c) are listed in Tab le 4. 

Sensitized trans —*• cis photoisomerization 

In order to avoid direct irradiation into the absorp-
tion spectra of the sti lbazolium salts, which extend 
to at least 400 nm, biacetyl was used as sensitizer. 
U p o n sensitized excitation in argon-saturated aceto-

3 5 7 
103/T (K~1) • 

Fig. 3. Semilogarithmic plots of <t>{ (open symbols) and 
</>t̂ c (full symbols) versus T~l for 2b (circles) and 4'b 
(triangles) in M-D (Aexc = 366 and 436 nm, respectively). 
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Table 4. Activation energies obtained from <t>( and 0 t _ c 
measurements3. 

No. Solvent Ev fa measure- </>t_c measure-
ments ments 

Av/k{ k0/k{ Ei-, c Bb 

(kcal/ 
Av/k{ k0/k{ 

(kcal/ 
mol) x 104 mol) x lO"4 

l a E-M 2 5 0.1 
lb M-D 2 8 
2a Dichloromethane 

Acetonitrile 
2.0 
3.0 

6 
12 

E-M 3.0 14 0.1 3.0 0.10 
2b M-D 2.8 10 3.0 0.1 

E-M 2.9 10 0.1 
4a Dichloromethane 

Acetonitrile 
2.2 
2.5 

1.3 
1.1 

E-M 2.9 2.0 0.1 3.2 0.8 
4b M-D 2.8 3.5 
2'a Dichloromethane 3.0 10 

Ethanol 2.8 3.5 0.1 3.5 1.0 
4'a Ethanol 3.2 1.3 0.2 3.4 0.8 
4'b M-D 3.3 2.0 
a The (p{ and </>t_»c measurements were carried out in air-
and argon-saturated solutions, respectively; /.irr = 366 nm 
except for 4' (436 nm). 
b For a singlet mechanism B = kf/Av(k0 < k{). 

nitrile solutions at room tempera tu re t rans-» 'e is 
photoisomeriza t ion was observed. Using [biacetyl] 
= 5 x 1CT2 M, corresponding to an absorbance of 1.0 
at /.irr = 436 nm, and [trans-2a] ~ 2 x 10 - 4 M the 
photostat ionary state 70% cis) is reached within 
10 min. Control measurements showed a significant 
reduction of the q u a n t u m yield of trans —• cis photo-
isomerizat ion (</f_fc) in the presence of oxygen and 
format ion of less than 5% cis (within 10 min i rradia-
tion t ime) in the absence of biacetyl. Using trans-
4-nitrosti lbene as a reference [32] (/\s!?s

c ~ 0.4 was 
est imated for l a , l b , and 2a. Similar measurements 
with st i lbazolium salts which are subst i tuted by a 
methoxy group are h a m p e r e d by the fact that direct 
and sensitized excitat ion cannot be fully separated. 
Therefore , in a second procedure acetone was used 
as a sensitizer; in a mix ture of acetone-acetoni tr i le 
(1:5) less than 10% of the incident light ( A i r r = 2 9 0 
nm) is absorbed by the s t i lbazolium salt. Also under 
these condit ions sensitized trans —• cis photo isomer i -
zation in substantial yield was observed (e.g. for 2 a, 
3 a . 4a , and 4 'a ) . 

Fluorescence spectra 

The emission spectra of trans isomers are shown 
in Fig. 4 for 2 a and 4 ' a in ethanol solutions at 25 

and — 196°C. At room tempera ture the emission 
spectra are unstructured and show nearly a mirror 
image to the absorption spectra, which coincide 
with the corrected excitation spectra. O n i r radia t ion 
of a trans isomer (e.g. of l a - 4 a at / . m = 366 nm) 
the emission intensity decreases corresponding to 
the reduction of the absorpt ion of the isomer 
mixture. These findings are in line with the general 
observation for stilbene-like molecules that only the 
trans isomers exhibit f luorescence [6, 7, 18, 33], The 
emission cannot be a t t r ibuted to phosphorescence 
since the intensity is not discernibly quenched by 
oxygen (e.g. 2 a or 4 a in methanol) and its l i fe t ime 
is not longer than the pulse width of the laser 

10 ns) throughout . W e therefore conclude that the 
emission originates f rom the first excited singlet 
states of the trans form. For 2a, 4a , 2 ' a , and 4 ' a in 
glassy ethanol at - 196°C fluorescence l i fe t imes ( r s ) 
of 1 .5 -2 .5 ns were de termined with a pho ton count-
ing apparatus . 

The fluorescence m a x i m u m ( / f ) exhibits a marked 
dependence on substi tut ion at the styrene ring. 
Introduction of a methoxy group in the 4- or 
6-posit ion shifts /.f in ethanol at 25 ° C f r o m 421 nm 
(2) to 4 9 7 - 5 5 4 nm (4 a and 4d) and rep lacement of 
the pyr id in ium ring by the quinol inium ring shifts 

X ( n m ) 
4 0 0 5 0 0 6 0 0 

V x 10~ 3 ( c m - 1 ) 
Fig. 4. Fluorescence spectra of trans-2a (left side) and 
trans-4'a (right side) in ethanol solutions (/.exc = 366 nm) 
at 25 °C (full lines) and at - 196 °C (dashed lines). 
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/.( fu r ther to the red (Tables 5 and 6). Similar to /.t, 
Af is practically independent of the anion (I~, Br~, 
and CIO4) but in contrast to x t (Table 2) the nature 
of the solvent has only a small effect on / f (Table 6). 
T h e Stokes shift is therefore influenced by A, rather 
than by /.f. For 2 a the Stokes shift decreases f rom 
6 . 3 x l 0 3 c m _ l in water to 4 . 5 x l 0 3 c m _ 1 in di-
ch loromethane . Similar results were found for the 
other compounds , e.g. for 4 'a 6.5 x 103 c m - 3 (water) 
versus 4.4 x 103 c m - 1 (d ichloromethane) . 

On going to - 1 9 6 ° C the fluorescence spectra 
become partly structured and the values for Af are 
blue-shif ted throughout (Fig. 4 and Table 5). This 
blue-shif t may be explained by a hindrance of re-
or ientat ion of the solvent shell around the excited 
molecule at high viscosities. The effect of viscosity 
ra ther than t empera tu re is indicated by the fact that 
/.f changes markedly only at low temperatures (e.g. 
below — 140 ° C for 2 a) where the viscosity increases 
strongly. In glassy media the fluorescence occurs 
most likely f rom the non-relaxed Franck-Condon 

Table 5. Quantum yields of fluorescence and emission 
maxima in fluid and in glassy solutions3 

No. Solvent X{ (nm) fa No. Solvent 

RT —196 °C RT — 196°C 

l a Dichloromethane 410 0.0003 
Ethanol 406 395,415 0.001 0.9 

l b Dichloromethane 410 0.006 
Ethanol 403 390,410 0.001 0.9 

2b Dichloromethane 425 0.0010 
Ethanol 421 385,404 0.0012 0.9 

2c Ethanol 422 385,404 0.0014 0.85 
3a Dichloromethane 450 0.0008 

Ethanol 443 402, 422 0.0015 0.9 
3b Dichloromethane 450 0.0012 

Ethanol 444 0.0015 
4b Dichloromethane 498 0.005 

Ethanol 496 450 0.006 0.9 
4c Ethanol 509 446 0.01 0.9 
4d Ethanol 554 463,485 0.09 0.9 
l 'a Dichloromethane 472 

Ethanol 470 0.01 0.9 
2'a Dichloromethane 488 0.0015 

Ethanol 481 432, 459, 0.003 0.9 
485 

4'a Dichloromethane 552 0.012 
Ethanol15 555 485 0.015 0.8 

4 b Ethanolb 555 485 0.015 0.7 
a In air-saturated solutions; /.exc = 366 nm unless other-
wise indicated. 
b Same / f for /.exc = 436 nm. 

Table 6. Effect of solvent on / f and fa a. 

No. Solvent /.{ (nm) fa 

2a Tetrahydrofuran 424 0.0006 
Dichloromethane 425 0.0005 
Acetonitrile 428 0.0012 
Ethanol 421 0.0012 
Water 429 0.0010 

4a Tetrahydrofuran 503 0.004 
Dichloromethane 498 0.004 
Acetonitrile 507 0.006 
Ethanol 497 0.006 
Water 500 

4'a Tetrahydrofuran 560 0.009 
Dichloromethane 552 0.007 
Acetonitrile 560 0.020 
Ethanol 560 0.016 
Water 556 0.020 

a In air-saturated solutions at 25 °C; /e x c = 436 nm and 
366 nm for 4'a and the other two compounds, respectively. 

state whereas in f luid med ia reorientat ion of the 
solvent reduces the energy of Similar observa-
tions have been reported for stilbenes and related 
compounds [20, 34], 

Effects of solvent and temperature on fa 
In ethanol solutions at room tempera ture fa 

ranges between 1 x 10 - 3 ( l a ) and 0.09 (4d). fa 
shows an increasing trend in the order R 4 = CN, H, 
C H 3 , OCH3 (Table 5) and on going f rom P-type to 
Q- type compounds . In polar solvents 1 - 3 , which 
fluoresce only weakly, exhibit nearly the same fa 
values for iodides and Perchlorates. However, in 
solvents of modera te polarity fa is generally smaller 
for iodides than for Perchlorates. For a given iodide 
fa tends to increase on increasing the solvent polar-
ity as shown for 2a, 4a , and 4 'a (Table 6). For 
Perchlorates fa is less solvent dependent as indicated 
by the compar ison between d ich loromethane and 
ethanol. fa is reduced by addi t ion of ferrocene (but 
not oxygen); for 4 b and 4'b in methanol solutions 
Stern-Volmer constants of about 20 M - 1 were ob-
tained. 

At - 196 ° C fa reaches values close to unity for all 
s t i lbazolium salts examined (Table 5). T h e tempera-
ture dependence of fa is shown for typical examples 
in E-M (Fig. 2) and M - D (Figure 3). The variation 
of \ogfa versus F _ 1 was analyzed by using the 
equat ion 

kf 

k f + k 0 + Ave~W ( 2 ) 
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Here. k( and A.-0 are the rate constants for radiat ive 
and nonactivated radiat ionless decay of the excited 
trans singlet state, respectively, and J v and Ev are 
the pre-exponential factor and the activation energy, 
respectively. For example , values of k 0 / k { = 0.1, 
AY/kf = 1.4 x 105 and Ev = 3.0 kca l /mol were ob-
tained for 2 a in E-M. Similar activation energies 
were found for several o ther iodides (Table 4). For 
the Perchlorates Ey is only slightly dependent on the 
solvent polarity (see 2 b in M - D versus E-M). Dif fer -
ences in 0f are mainly de termined by Av ra ther than 
by kf and Ev. 

The fluorescence l i fe t ime r§ — fa/kf was est imated 
f rom ( f ) f values and data of absorpt ion and fluores-
cence spectra in ethanol at 25 ° C by using the 
equat ion [35] 

kf = 2.9 x 10 - 9 Vm j et d v , (3) 

where vm is the f luorescence m a x i m u m (in cm" 1 ) . In 
a second approach r s was est imated f rom the rat io 
T ( — 1 9 6 ° C is indicated by 0) thereby 
assuming that k{ is independent of tempera ture . 
F rom both methods r s values of abou t 3 and 60 ps 
were calculated for the two extreme cases 2 a and 
4'a, respectively. 

Thermal cis —>• trans isomerization 

Sti lbazolium salts of Q-type structure exhibit 
thermal cis —• trans isomerizat ion in solution at 
room tempera ture [13, 14], However , cis isomers of 
P-type structure are thermal ly stable at room tem-
perature in most cases. This points to a somewhat 
higher activation barr ier a n d / o r a larger pre-
exponential factor for the P-type as compared to Q-
tvpe compounds . For the fo rmer thermal cis -> trans 
isomerizat ion was observed at 25 °C within several 
hours only in solvents of modera t e polarity. 
Replacement of an iodide by the Perchlorate pro-
longs the half-l ife (tU2) of the cis isomer [14], For 
example, 2 a in ch loroform is thermal ly reversible 
( t \ / 1 0 h) but the Perchlorate (2b) exhibits no 
discernible c i s -» t r ans isomerization. In te t rahydro-
furan even 2 b shows cis —• trans isomerizat ion 
(/1/2 ~ 20 h) whereas 2 a shows an irreversible dark-
reaction. 

Laser flash photolysis 

For 2 a at low concentrat ion ( < 1 0 - 4 M ) in polar 
solvents (e.g. acetonitri le and aqueous solutions) at 

5 0 0 600 700 
\ (nm) 

Fis. 5. Transient absorption spectra of 2 a (oo), 2'a ( • • ) , 
and 4'a (AA) in E-M at - 1 7 0 ° C 100 ns after the laser 
pulse (/.exc = 353 nm). 

room tempera ture no transient was observed be-
tween 400 and 800 nm immediate ly after the laser 
pulse (/.exc = 353 nm). Under these condit ions no 
transient could be recorded also for the other 
compounds between the trailing edge of the absorp-
tion spectrum and 800 nm, cf. [17]. However, a 
transient (TrT) was observed in E-M solutions at low 
temperatures . Typical absorpt ion spectra with / m a x 

between 460 and 660 nm are shown in Figure 5. The 
transient absorbance ( J O D ) at z m a x decreases in the 
sequence 4'a. 2'a, and 2a. J O D is generally low, as 
compared for example with the TT-absorpt ion of 
benzophenone in benzene solutions at 25 ° C (/.max 

= 530 nm, £TT = 7.6 x 103 [36]); J O D of 4 'a in E-M 
solutions at - 170 °C is less than 20% of the refer-
ence value under similar excitation conditions. In 
most cases the m a x i m u m of J O D could be observed 
only after several 1 0 - 1 0 0 ns because the large 
fluorescence intensity overlaps the absorption signal, 
cf. [28], 

J O D . which is assumed to be proport ional to the 
relative transient yield (c/>fel). decreases significantly 
on increasing the tempera ture (Figure 6). In several 
cases TrT could be detected up to - 8 0 ° C with 
cf>fel ^ 10% of its max imum value. Decay of Tr T is 
generally first-order with the exception of 1 a [17]. 
On increasing the temperature , the observed con-
stant (A:obs) decreases linearly with T~x reaching a 
limiting value (Figure 6). The corresponding life-
t ime (rT = Ar~bs) ranges f rom rx1" = 1 US at the 
highest tempera ture observable (/m) to r f a x ^ 0.5 ms 
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10 /T [K" 
Fig. 6. Plot of log kohs (in S open triangles) and 0-f1 (full 
triangles) versus 7"-1 for 4'a in argon-saturated E-M 
(/exc = 353 nm). 
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Fig. 7. Cis <=*trans photoisomerization of 2 b in acetonitrile 
solutions at 25 °C on excitation by laser pulses (Äexc = 353 
and 308 nm, full and open circles, respectively); insets 
( a ) - (c ) : zlOD at 340 nm as a function of time as indicated. 

Table 7. Absorption maximum and first-order decay rate 
constant for transient TrT at low temperatures3. 

No. <m T min t T ^-max 
pjnax 

(°C) (US) (nm) (ms) 

1 a b - 133 1 415 ~ 0.5 
2a - 120 0.1 460 1 
3a - 120 0.1 500 
4a - 70 0.7 560 S 0 . 7 

2'a - 135 1 560 >0.5 
4'a - 70 0.5 660 1=0.7 
3 In argon-saturated E-M solutions. 
b Values taken from [17], 

at t empera tures below /0 ~ 160 ° C (Table 7). F rom 
the Arrhenius plot between fm and t0 an activation 
energy of 3.8 kca l /mol and a pre-exponential fac-
tor of 2 x 1010 s _ 1 was determined for Tr T of 4 'a in 
E-M. 

The 308 nm line of an excimer laser was used to 
es t imate the uppe r limit of the t ime durat ion of 
cis —> trans photoisomer iza t ion at room tempera-
ture. For shif t ing the photostat ionary state to the 
trans side a 353 nm pulse is unfavourable for most 
c o m p o u n d s since (% cis)s is rather high at Airr = 
366 nm (see Tab le 3). On the other hand, an excita-
t ion wavelength of ^ 265 nm should not be used in 

order to avoid photoioniza t ion (e.g. of I - ) [19]. 
Because of the lack of suff icient amoun t s of pure 
cis, a cis/ trans mix ture containing about 80% cis was 
prepared by excitat ion of 2 b in acetonitr i le at 
353 nm. A decrease of zJOD3 4 0 immedia te ly af ter the 
laser pulse, which is marked by the fluorescence 
signal (inset (a) of Fig. 7) indicates that trans -> cis 
photoisomer iza t ion occurs within 20 ns since in this 
spectral range ec is smaller than et (F igure 1). The 
photostat ionary state is reached under our condi-
tions ( i r radiated volume ~ 0.3 cm 3 ) a f te r about 
20 flashes. Changing ze x c to 308 nm shows an in-
crease of z)OD3 4 0 (inset (b)) immedia te ly af ter the 
laser pulse, reaching a new photos ta t ionary state 
af ter repeated flashing, as indicated by no fur ther 
change in % cis and J O D 3 4 0 (inset (c)). This result 
and those f rom similar exper iments carr ied out with 
several other c o m p o u n d s (e.g. 4a , l ' a , and 4'a) at 
appropr ia t e wavelengths, suggest that cis trans 
photomer iza t ion is faster than 20 ns. 

4. Discussion 

Classification of the stilbazolium salts 

The compounds examined here (Table 1) are 
quaternary salts of s tyrylpyridinium or styrylquino-
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l inium (types P and Q, repeetively) which are para-
substi tuted at the styryl ring (by R 4 = C N . H, C H 3 , 
or O C H 3 ) and at the quaternary N-a tom (by R4 = 
C H 3 or C 2 H 5 ) . For several compounds the anion I -

(index a and 2 c, 4 c. and 4d) is replaced by CIO4 
( index b) or by Br" (4 ' c ) . The propert ies of 
cis trans photo isomer iza t ion depend on the sub-
stituents, the anion, solvent propert ies , and on 
several other parameters , e.g. t empera tu re , wave-
length of i r radiat ion, and additives. In contrast to 
the thermal cis -> trans isomerizat ion (see Results) 
no evidence was found for a generally d i f ferent 
photochemical behav iour when the st i lbazolium 
salts carry either a pyr id in ium or a quinol in ium 
ring. 

The st i lbazolium salts may be classified into three 
groups: One g roup contains molecules, which are 
4-substi tuted at the styrene ring by CN, H, C H 3 , or 
O C H 3 (this work). As outl ined in the following 
trans -» cis photo isomer iza t ion in this g roup occurs 
via a singlet mechanism thoughout . This just if ies a 
common t rea tment of these compounds . A second 
g roup is constituted by st i lbazolium salts, which are 
4-substituted by a d ia lky lamino group [20] and a 
third group by those which are 4-substi tuted by a 
nitro group [17-19] . Whi le molecules of the former 
g roup show virtually no trans —• cis photoisomeriza-
tion those of the latter exhibit t rans-> cis photoiso-
merizat ion mainly via the triplet state. With in one 
g roup the s t i lbazolium salts show more or less 
similar photochemical features. The dif ferences be-
tween the three groups may be accounted for 
mainly by dif ferent deact ivat ion pathways of the 
First excited trans singlet state. 

Free ions and ion pairs 

On the basis of conductivi ty measurements 
Güs ten and Schul te -Frohl inde have previously 
shown that the ground state of t rans -4 'a is fully 
dissociated in alcohols and water and forms an ion 
pair in solvents of modera te polari ty [14], The 
absorpt ion spectra of the trans isomers of the Per-
chlorates are very similar, when present ei ther as 
free ions or as ion pairs. In d ich lo romethane At 

depends slightly on the concentrat ion and decreases 
generally on increasing £ 7 (30) (Tables 2 and 3). 
These observations, as well as the small effect of 
solvent polarity on the f luorescence proper t ies (/.f 

and 0 f) point to the l ikelyhood that the ion pair is 

loosly bound. However, the marked effect of solvent 
polarity on for the case of iodides (see below) 
is in agreement with the assumption that the ions of 
all compounds examined are fully dissociated in 
polar solvents at low concentrations ( < 1 0 - 4 M) and 
fo rm ion pairs in the solvents of modera t e polari ty 
(£ T (30 ) ^ 4 2 kca l /mol) examined (Fig. 8), cf. 
[18-20] . Whether the ion pairs are solvent separat-
ed or not is an open question. 

In polar solvents (protic and non-prot ic) at room 
tempera tu re is substantial throughout (Tables 2 
and 3). Variation of the para substi tuents (R 4 = CN, 
H, C H 3 , or O C H 3 and R4 = C H 3 or C 2 H 5 ) or of the 
posit ion of the methoxy group (4 a, 4 c, and 4d) 
replacement of the pyr id in ium ring by the quino-
l inium ring, and variat ion of the anion ( X - = I - , 
Br~, or CIO4) have only small effects on 0 t - c . This 
shows that trans cis photoisomeriza t ion is an 
effective pathway for deactivation of the excited 
singlet state ('*A+) in every compound . In solvents 
of modera te polarity (£7 (30) ~ 3 7 - 4 2 kca l /mol ) 
however, depends significantly on the na ture 
of the anion. While is not (or only slightly) 
reduced in the presence of CIO4 ( l b , 2b, 4b, and 
4'b) <^_>c decreases markedly on increasing £7(30) 
if the anion is I~ ( l a , 2a, 4a, and 4'a). Fo r 
R 4 = N 0 2 (P and Q type) a similar effect has 
already been explained by an electron t ransfer step 
f rom the iodide to the cation in the excited trans 
singlet state of the ion pair [19]. A similar mecha-
nism, including a solvent dependent equ i l ib r ium 
between dissociated free ions and the ion pair is 
also proposed for the sti lbazolium salts examined 
(Figure 8). 

The smaller </>t̂ c values for the iodides (as 
compared to the Perchlorates) in solvents of moder-
ate polarity may be accounted for by photo induced 

( A : - X - ) 
( A T - X - ) 

Fig. 8. Scheme for cis <=* trans photoisomerization of the 
cation (in polar solvents) and the ion pair (in solvents of 
moderate polarity). 
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electron transfer in compet i t ion to t rans -> cis photo-
isomerization. Because of the h igher oxidat ion 
potential of CIO4 electron transfer is not expected in 
this case, cf. [19], Assuming that the ion pairs are 
formed to the same degree, the results indicate that 
electron transfer is m o r e effective for pyr id in ium 
than for quinol in ium iodides (Tables 2 and 3). 
Quenching of 0 t _ c by is most pronounced for 
molecules which are substi tuted by the electron 
accepting group (cyano), and the effect is smaller 
for the donating methoxy group (Tables 2 and 3). 
This is supported by the observat ion of a second 
transient, which is assigned to the radical A*. A" 
appears in those cases where 0 t _ c is reduced, e.g. 
for iodides ( [ I " ] ;$10~ 4 ) in solvents of modera t e 
polarity and in polar solvents at high [I -] (> 1(T2 M). 
These phenomena will be discussed elsewhere [37], 

Triplet state 

The transient Tr T , which was observed in E-M at 
low temperatures (Fig. 5 and Table 7), is assigned to 
the lowest triplet state. For 1 a evidence for the 
triplet na ture of TrT has already been presented [17]. 
For several other compounds the t empera tu re 
dependences of the l i fe t ime ( t T ) and the relative 
yield (far1) of the t r iplet are s imilar to those of 1 a. 
On decreasing the t empera tu re (i.e. increasing the 
viscosity) fa and r T increase (F igure 6). The tem-
perature dependence of rT is s imilar to that of the 
triplet of 4-nitrost i lbazolium salts [17, 18]. However , 
in contrast to the latter case, fa is small for the salts 
examined here. A low fa value is in agreement with 
fa values close to unity at - 196 ° C (Table 5). T r T is 
more specifically assigned to the t rans conf igura t ion 
(3*Af) since fa^c is practically zero below - 170 ° C 
(Figure 2). Twisting abou t the C = C double bond 
into the perpendicular triplet conf igura t ion (3*Ap) is 
therefore unlikely be low t0 and in agreement with a 
triplet l ifet ime in the millisecond range. 

Involvement of t he lowest tr iplet state in the 
trans -*• cis photoisomerizat ion at room tempera tu re 
is excluded due to the following: First, 3*A+ is not 
observed at room temperatures . Extrapolat ion of 
</>fel values (assuming </>fax = 1 — $ ^ 0.2) gives a 
yield of smaller than 10~3 at 25 °C. On the o ther 
hand, twisting in the triplet (3*A+ —>• 3*A£) is pos-
sible, as indicated by the substantial yield fae™c 

using sensitized excitat ion (see Results). Secondly, 
on addi t ion of neutral quenchers, such as azulene or 

ferrocene, the position of the photosta t ionary state 
is shifted to the trans side. We suggest that this 
results f rom a quenching step of to the ground 
state (A+) since f rom linear plots of and 
4>°{/fa versus [ferrocene] similar Stern-Volmer con-
stants were obtained (see Results). However, 
markedly higher values are expected f rom the 
former method if the lowest triplet is involved [15, 
16], Thirdly, the cis isomer is formed within 20 ns 
whereas a triplet l ifet ime of 5 0 - 2 0 0 ns has been 
reported for R 4 = N 0 2 [17, 18]. We therefore con-
clude that the lowest triplet is not involved in the 
trans —> cis photoisomerizat ion pathway of the stil-
bazol ium salts examined here. 

Trans —• cis photoisomerization in polar solvents 

For the mechanism of trans -> cis photoisomer iza-
tion in polar solvents two possibilities exist: Twist-
ing about the C = C double bond may occur ei ther in 
the first excited singlet or in an upper excited triplet 
state. In the latter case, twisting followed by internal 
conversion should lead to the lowest twisted triplet 
state (3*Ap). A pathway bypassing the lowest triplet 
is rather unlikely. If, in analogy to 4-nitrost i lbazo-
lium salts a 3*At 3*Ap equi l ibr ium with a l i fe t ime 
of longer than 20 ns is ant icipated [17, 18], the upper 
excited triplet pathway should lead to fo rma t ion of 
3*A+ in substantial yield. However, 3*A+ could only 
be observed at low tempera tures (e.g. below tm = 
- 1 3 3 ° C for l a ) where twisting about the C = C 
double bond is hindered by the high viscosity. W e 
therefore suggest that the twisting process occurs in 
the first excited singlet state. The scheme for 
trans cis photoisomerizat ion of the s t i lbazol ium 
depicted in Fig. 8 is analogous to that of a series of 
4-R-sti lbenes (R = H, O C H 3 , C N ) [29, 34]. 

The singlet mechanism is suppor ted by the 
analysis of the tempera ture dependences of fa^c 

and fa, indicating that trans cis photoisomer iza-
tion and fluorescence are compet ing processes. 
Since the activation energies, obta ined f rom the 
former and latter measurements ( £ t - c and Ff , 
respectively), are the same within exper imental 
error, the activated step is assigned to twisting f rom 
the planar ( ' *Af ) to the twisted ( ' * A j ) excited 
singlet configurat ion. This is in agreement with an 
/4-factor of approximately 10 1 3 s" ' , as est imated 
f rom AJkf - (1 - 1 0 ) x 104 (Table 4) and k{ ~ 3 x 108 

s - 1 . Accordingly, 1 - ß is the ratio of '*Ap decaying 
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to the cis fo rm ( A f ) , and the constant B in (1) is 
given by (k{+ k0)/Av. Since k0/k{ is small. B~] 

should be equal to Av/k(, in agreement with the 
results (Table 4). 

Trans —»• cis photoisomerization in solvents 
of moderate polarity 

As shown in Fig. 8 the singlet mechanism is also 
proposed for the case of the ion pair ( A f . . . X ~ ) 
due to the following: Since fa^c is substantial for 
Perchlorates in solvents of modera te polarity, elec-
tron transfer should not markedly compete with 
trans -> cis photoisomerizat ion. On the other hand, 
flourescence and trans —• cis photoisomerizat ion are 
compet ing processes, as indicated by the similarity 
E v = E t ^ c (within experimental error) in M - D 
(Table 4). Obviously, the Perchlorate is only weakly 
bonded to the cation, since the photophysical 
features of Af are only slightly changed (see Tables 
2 - 6 ) . The fluorescence properties even for (Af . . . I~) 
are not much di f ferent f rom those of Af . The 
m a x i m u m changes in fa (a factor of about 3) for 1 a 
may be compared with the much greater changes in 
0 t _ c (a factor of abou t 20) (Tables 2, 3, 5, and 6). In 
a simple approach (assuming that only '*Af is 
quenched) the reduct ion of fa and 0 t _ c by in the 
ion pair should be similar. One possible explanat ion 
for the discrepancy is that the electron transfer 
process occurs not only f rom the fluorescing 

( ' * A f . . . r ) state. If an addit ional state in the 
trans —• cis pa thway is involved the reduction of 
fa-+c should be larger than that of fa. 

Cis —> trans photoisomerization 

With our mixtures containing a b o u t 80% cis no 
indication of a new fluorescence, which could be 
at t r ibuted to the cis fo rm, was found (e.g. for l a or 
4 ' a in methanol at room tempera ture) . </>c_t is sub-
stantial in polar solvents (Table 2) and also for Per-
chlorates in solvents of modera te polarity, since 
0 t _ c and (% cis)s are practically independent of 
solvent polari ty (Tables 2 and 3). This indicates that 
internal conversion at the cis side is of minor 
impor tance and that the excited cis singlet state 
interconverts rapidly to the perpendicu la r configura-
tion. Since the trans g round state is fo rmed f rom cis 
rich solutions within the durat ion of the laser pulse 
(Fig. 7) we suggest that '*Af decays rapidly to Af 
via the twisted ground state (Af ) . T h e proposed 
pathway is analogous to the case generally accepted 
for phenylethylenes and their aza analogous [6, 33], 
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