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A novel and convenient method of measuring quantum yields of 
photoisomerization of truns-stilbene was developed by using a monochromic 
nitrogen laser light source and a pulsed energy meter. The method has high 
accuracy without the need to employ chemical actinometers. 

1. Introduction 

Photoinduced trans-cis isomerization is one of the most fundamental 
processes in photochemical and photophysical systems. One of the most 
thoroughly studied photo.isomerizations is the transcis isomerization of 
truns-stilbene (TS) [I - 151: 

hv 

TS cs 
The photoisomerization of TS can be effected either by direct photo- 

lysis [ 1 - 4, 7, 91 or by sensitization 15, 6,8,9, 11 - 141. For TS the singlet 
pathway for trans-cis photoisomerization in liquid solutions was established 
by Saltiel and coworkers 111, 

hv 
TS - ‘(TS)* - lp* - ‘P - (1 - P)CS (2) 

where lP* is the twisted excited singlet state, ‘P is the twisted ground state 
and 1-p the fraction of ‘P* decaying to CS. For the substituted stilbenes, 
Saltiel and Charlton [16] have divided the reactions into three groups 
according to the effect of the substituent on the singlet-to-triplet intersystem 
crossing; substituents cause deviations from planarity because of steric 
effects. For the para-halogenated stilbenes the quantum yield of intersystem 
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crossing to an upper excited triplet state is substantial because of the heavy 
atom effect. For p-nitrostilbenes the trans-cis photoisomerization occurs 
via the lowest triplet pathway while for p-cyanostilbenes it is similar to that 
of unsubstituted TS [9]. 

Since TS could be used as a chemical actinometer [17 - 191, accurate 
measurements of its photoisomerization quantum yields are necessary. 
Although measurements of the isomerization quantum yields of TS have 
already been reported [ 16, 20 - 241, we would like to report a convenient 
and accurate method of measuring the trans-cis isomerization quantum 
yields of TS. 

2. Experimental details 

All the para-substituted trans-stilbenes were prepared from corres- 
ponding para-substituted benzaldehydes and benzyl chloride by the Wittig 
reaction [ 251. Solvents used were of LC grade or Spectrograde (Merck) and 
were used as received. We used a home-made pulsed UV (337.1 nm) mole- 
cular nitrogen laser or a VSL-337 instrument (Laser Science, Inc.). The con- 
struction procedure for the home-made laser has been published elsewhere 
[26] ; it has a pulse duration of 6 ns and a peak power of 500 kW (3 mJ per 
shot). The VSL-337 laser has a pulse length of 3 ns and a peak output power 
of 40 kW (pulse energy, 120 pJ). The rectangular laser beam has dimen- 
sions of 3 mm X 8 mm. The illuminated area can be adjusted so that it does 
not exceed 1 cm X 1 cm. TS samples (lop2 M) were outgassed by N2. The 
laser light intensity absorbed by the sample can be measured by a pulsed 
energy meter (Laser Precision Corporation) with an RJ-7100 energy readout 
and an RJP-734 energy probe. The spectral response of the cavity detector 
has an error of *0.5% in the range 0.4 - 3 pm. The pulsed energy meter was 
factory calibrated just before use. The absolute energy of the home-made 
laser pulse was calibrated by a ferrioxalate actinometer [26] and its typical 
energy is 2.5 mJ per shot (operating at 10.5 kV, 25 Torr N2). The typical 
dose absorbed by the sample was 5.6 X 1015 photons per pulse with the 
home-made laser. 

Irradiated solutions were analysed by gas chromatography (GC) with a 
Hitachi 163 dual-flame instrument fitted with a flame ionization detector 
and SE-30 on a Chromosorb W column (1 m). Under these analytical condi- 
tions TS has a longer retention time than CS and it is separated well. The 
integration area of the reaction product was determined by the cut and 
weigh method. In the GC analyses it was assumed that the TS and their 
photoisomers CS are equally sensitive to flame ionization detection. This 
has been shown to be true for the unsubstituted TS. The extent of reaction 
is determined by the disappearance of TS and/or the formation of CS. To 
determine the extent of product formation, an internal standard (e.g. hexa- 
decane, eicosane etc.) was utilized and the response factor k was calculated 
from the following proportionality relationships: 
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Before pho tolysis 

Area TS Moles TS 
k 

Area internal standard = Moles internal standard 

After pho tolysis 

Moles product = 
1 Area product 

k Area internal standard 
X Moles internal standard 

The k factors thus calculated for the stilbenes are 0.7254 (TS), 0.6784 
@-methoxy TS), 0.8010 (p-chloro TS), 0.9623 (m-chloro TS) and 1.0317 
@-isopropyl TS). The ratio of miIIimoles of product formed to millieinsteins 
of light absorbed gives the quantum yield. 

3. Results and discussion 

There are two major concerns about conventional quantum yield 
measurements. The first is the monochromicity of the light source and the 
second is the accuracy of the chemical actinometer used. Usually, mono- 
chromic light is isolated by a filter solution, for example the 313 nm band 
isolated from K3Fe(C204)3 in 1 N HzSO [27] or from potassium chromate 
solution [28]. The monochromator (Schoeffel; bandwidth, 7 nm) combined 
with a high pressure Xe-Hg lamp to isolate the monochromic light can also 
be used [15]. A combination of various kinds of commercially available 
filters [29] has been used. Often if the light source has a large bandwidth 
large errors in the quantum yields may be caused and corrections must be 
made. The accuracy of measurement of the quantum yields also depends on 
the accuracy of the actinometer [30]. Important chemical actinometers are 
ferrioxalate 127 ] , benzophenone-benzhydrol [ 311, valerophenone [ 321, 
stilbene (181 and Aberchrome 540 reusable system [ 303. For the much-used 
ferrioxalate system, an error of larger than 40% has been reported [ 331 with 
improper handling. 

Absolute quantum yields were determined for outgassecl samples 
contained in a quartz cell using the nitrogen 337.1 nm laser pulse. The 
pulsed nitrogen laser [26] provides monochromic light with a very small 
bandwidth (+O.l nm) and is suitable for quantum yield measurements. The 
light intensity was monitored by the pulsed energy meter before and after 
the sample was charged, so the energy absorbed by the sample can be ob- 
tained and the reflected light in the sample cell can thus be cancelled [30]. 
The reaction was carried out to less than 5% conversion of original TS. The 
product concentration was determined by GC. The quantum yields of 
trans-to&s isomerization of TS in different solvents were obtained and com- 
pared with the published results (Table 1). 
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TABLE 1 

c&.,~ for tram+stilbene in various solvents at various wavelengths* 

Soluent Wavelength &,c Reference 
(-1 

Ethyl acetate 337.1 
Methanol 337.1 
Acetonitrile 337.1 
Ethanol 337.1 
Ether 337.1 
n-Hexane 337.1 
n-Hexane 313 
n-Hexane 313 
n-Hexane 313 
n-Hexane 254 
Cyclohexane 313 
5Ovol.%methanol-5Ovol.%ethanol 313 

0.62 This work 
0.56 This work 
0.56 This work 
9.52 This work 
0.52 This work 
0.50 This work 
0.47 Dyck and McClure 1221 
0.27 Yamashita [ 23 ] 
0.59 Stegemeyer [ 241 
0.67 Stegemeyer [ 24 ] 
0.40 Giisten and Klasinc [20] 
0.50 Gegiou, Muszkat and Fischer [ 211 

aA home-made Nz laser provided the 337.1 nm light (500 kW). 

Substituted TS were preapred [25]; the molar extinction coefficients 
for the substituted stilbenes at 337 nm are 956 (p-methoxy), 341 (p-chloro), 
116 (m-chloro) and 138 (p-isopropyl) 1 mole1 cm-‘. The concentrations used 
for quantum yield studies were less than 10s2 M, so the optical density at 
337 nm is less than 4 (except for p-methoxy TS) and the quantum yield for 
dimerization is less than 0.01 [IS]. The quantum yields were obtained by 
the same method and compared with published data (Table 2). 

Since the saturation effect [34] of the pulsed laser might have inter- 
fered, we employed a less powerful laser (VSL-337) to check the dependence 
of the conversion on the incident laser energy (Table 3). The results indicate 
that the quantum yields are the same and are independent of the incident 
laser energy. The quantum yields remained the same when TS concentrations 
of less than 10M2 M were employed. 

There are several major sources of error in the quantum yield measure- 
ments: (1) the accuracy of the laser energy measurements is 4%; (2) the 
accuracy of the product formation measurements is 6% (including balance 
(2%), pipette (0.9%) and volumetric flask (0.2%)). The total percentage 
error is estimated to be 10% and is better than the conventional value of 
20% [29]. 

This fast and convenient method of measuring quantum yields is 
suitable for other systems. Other lasers can also be employed. For example 
we have measured the absolute quantum yields of the amine addition reac- 
tion of cyclohexenone by using an Nd-YAG laser [ 351. 
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TABLE 2 

Quantum yields for trans-cis isomerization of mono-substituted trans-stilbenes* 

R Wavelength Solvent 

(nm) 
@ t-tc Reference 

p-CHaO 313 Cyclohexane 0.40 Giisten and Klasinc [ 201 
p-Cl 313 Cyclohexane 0.41 Giisten and Klasinc [ 201 
m-Cl 313 Cyclohexane 0.40 Giisten and Klasinc [ 201 
p-CHaO 313 50vol.%methanol- 0.46 Gegiou, Muszkat and Fischer [ 211 

50vol.%ethanol 
p-Cl 313 liOvol.%methanol- 0.60 Gegiou, Muszkat and Fischer [ 211 

5Ovol.%ethanol 
p-Br 313 50vol.%methanol- 0.35 Gegiou, Muszkat and Fischer [ 211 

50vol.%ethanol 
P-CH3 337.1 Ethyl acetate 0.64 This work 
F-CHs 337.1 Acetonitrile 0.60 This work 
p-CH3 337.1 Ethanol 0.59 This work 
p-CH3 337.1 n-Hexane 0.55 This work 
p-CH3 337.1 Methanol 0.61 This work 
p-Cl 337.1 Methanol 0.60 This work 
p-CH30 337.1 Ethyl acetate 0.58 This work 

p--;propy1 337.1 337.1 Ethanol Ethanol 0.55 0.56 This This work work 

*A home-made Nz laser provided the 337.1 nm light (500 kW). 

TABLE 3 

Quantum yieIds for trans-cis isomerization of monosubstituted tians-stilbenes at 337.1 
nm using a 40 kW VSL-337 laser 

R Solvent Concentration (M) 9 t-+c 

p-CHaO 
p-CHsO 
p-Cl 
p-Cl 
m-Cl 
m-Cl 
p-Isopropyl 
P-IsoProPYl 
P-hoProPYl 
H 

Ethyl acetate 
Cyclohexane 
Ethyl acetate 
Cyclohexane 
Ethyl acetate 
Cyclohexane 
Ethyl acetate 
Cyclohexane 
Cyclohexane 
Cyclohexane 

10-Z 
10-z 
10-z 
10-2 
10-Z 
10-2 
10” 
10-z 
8 x 1O-3 
10-2 

0.61 
0.55 
0.60 
0.47 
0.52 
0.46 
0.52 
0.54 
0.55 
0.64 

Chang-Min Liu and Hwei-Chuang Lee for technical assistance. The VSL-337 
laser was borrowed from Professor H. Chang of National Tsing-Hwa Uni- 
versity . 
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