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The relaxation processes of the first excited singlet state of 3,3’diethyl- 
oxadicarbocyanine iodide are investigated in this work. The viscosity effect 
of the medium is studied by applying the Oster-Nishijima relation which is 
modified to include photoisomerization. We show that, when the oscillator 
strength is constant and the spectral shift is small, the natural lifetime rQ in 
various solvents can be calculated from the spectrum of a reference solution. 
This is carried out by applying the well-known Strickler and Berg formula 
and introducing corrections for the refractive index and the spectral shift. 

The lifetime of the Sr state is measured by means of picosecond fluo- 
rescence techniques and the photoisomerixation is measured using classical 
laser flash photolysis. 

The Oster-Nishijima model applies well to unbranched alcohol solu- 
tions, from methanol to decanol. In glycerol, glycol or their mixtures with 
water all the relaxation processes except photoisomerization are accelerated. 
We suggest that a short range interaction occurs in these solvents, in keeping 
with the hypothesis that internal conversion via torsional movement and 
photoisomerization do not occur from the same molecular conformation. 

1. Intmduction 

The photoisomerixation of cyanine dyes is a well-known process fol- 
lowing electronic absorption to an upper level S1 of the singlet manifold 
[ 1 - 31. A particularly important example is 3,3’-diethyloxadicarbocyanine 
iodide (DODCI), a dye which is used in the mode-locking rhodamine 6G 
dye laser [4]. 

Other pathways for the S1 state relaxation are internal radiationless 
conversion, fluorescence and intersystem crossing; intersystem crossing is a 
process of low quantum yield for the dye DODCI [l] . 



In the S1 state the conjugated n electronic structure is broken; this 
allows movement of the substituents at each end of the pure u bonding sys- 
tem thus created which destroys the initial planar structure. The excited 
electronic structure of the polymethinic chromophore can be obtained 
using Hiickel molecular orbital calculations. This method has allowed Tani 
[ 51 to determine that, for a nine-membered polymethinic chromophore such 
as DODCI, the electronic population of the central atom only becomes zero. 
Consequently only out-of-plane twisting movements are allowed. 

The effect of intramolecular twisting has been evoked to explain, in 
terms of steric hindrance, the higher probability for internal conversion 
when the molecules have a short conjugated chain, e.g. in the lower poly- 
methine dyes [ 6 - 81 or tetraphenylbutadiene [ 91. As a consequence, the 
ability of such molecules to undergo deviation from the planar structure may 
be directly correlated with the internal conversion processes of the S1 state 
towards the Se ground state and with the photoisomerization quantum yield. 

In this work we attempted to establish such correlations using a method 
based on the viscosity effect of the solvents; as a rough hypothesis we 
assumed that the higher was the viscosity the smaller the amplitude of mole- 
cular movements. 

The fluorescence quantum yield of DODCI was obtained from fluores- 
cence lifetime measurements using a picosecond technique. A laser flash 
photolysis method was used to obtain the photoisomerization quantum yield 
@$ for various solutions. Special attention was paid to the thermalization rate 
kBO of the photoisomer from its ground state Sz to the ground state Sz of 
the normal isomer. 

The solvents employed were the unbranched alcohols up to decanol, 
water-glycol mixtures and water-glycerol mixtures; these solvents cover a 
viscosity range of four orders of magnitude. 

2. Experimental 

The Kodak laser-grade dye DODCI was used without further purifi- 
cation, 

The solvents were the following Merck quality products: methanol (for 
spectroscopy); ethanol (Uvasol quality); n-propanol, n-pentanol, n-octanol, 
n-decanol and 1,2ethanediol (analytical grade); n-butanol (for fluorescence 
spectroscopy). Water-free glycerol was used as the 1490 cP viscosity refe- 
rence and glycerol-etwa 87% was used as the 150 CP reference. 

The compositions of the water-glycerol mixtures which were necessary 
to obtain given viscosities were taken from ref. 10. 

3. Apparatus 

Absorption spectra of DODCI in the various solvents were recorded on 
a Cary 114 spectrophotometer; they exhibited no change in the dye concen- 
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trationrange2X 1r4 - lO_ ’ M. However, to prevent interference from pos- 
sibledimerixation[ll],all experimentswereperformedin2X lO_'- lO_” M 
solutions. 

Because the experimental mangement used for the fluorescence spec- 
troscopy harrbeenwidelydeacribedelaewhere[l2] only abriefcommenfis 
given here. 

A mode-locked rhodamine 6G dye laser was used to deliver a 2 ~.rs 
train of picosecond pulses of 20 - 30 PJ measured at the sample cell. A 
Pockels cell situated between the exciting source and the sample cell enabled 
single-pulse experiments to be carried out, A fast Electraphonics streak 
camera associated with a PAR optical multichannel analyser (OMA) was used 
to record the fluorescence decay curves. In agreement with the results of the 
critical study of Fleming et OZ. [ 131 for signal processing, only shots of inten- 
sity below 2000 counts were recorded. 

Measurements of photoisomerization quantum yields and spectra were 
performed using a classical laser flash photolysis set-up. A flash-lamp-pumped 
dye laser operating in a relaxing regime generated a 1.5 ps (full width at half- 
maximum) pulse which was the photolysing source. The emission wavelength 
was 480 nm when a 2.2 X lo-' M methanol&z solution of Coumarin 102 was 
used as the amplifying medium. The pulse energy was in the range 20 - 30 mJ. 

We used a small 2 mm diameter glass sphere, into which was focus&l the 
light emitted by a quartz lamp, as the analysing source. The light from this 
quasi-point source was passed through a coupling lens to the 1 mm thick sam- 
ple cell. A diaphragm placed in front of this cell defined the volume traversed 
by both the exciting and the probe beams. An optically matched Bausch 
and Lomb’monochromator placed behind the sample cell was used to seiect 
the analysing wavelength. 

The filtered part of the spectrum was directed to a RTC XP 1016 photo- 
multiplier and the output signal was displayed on a Tektronix 7704 (7B70- 
7All) oscilloscope screen. 

Because of their non-colinearity, the exciting and probe beams were 
arranged so that the analysed volume was smaller than that excited. As 
both beams were incident on the same side of the sample cell, the exciting 
light was focused in front of the cell and the analysing light was focused 
behind the cell. A beam splitter inserted in the exciting beam directed a part 
of the light to a radiometer which was used to monitor the intensity. 

4. Results 

4.1. Fluorescence kineticlr 
When the samples were excited by a single picosecond pulse, the recor- 

ded &gnals had the form of an exponential decay characteristic of a single un 
molecular process. The excited state lifetime values were obtained by cor- 
recting for the apparatus response [ 141. 



38 

The results are presented in Table 1 and values of the lifetime r&ST) of 
the normal species are plotted against the viscosity q in Fig. 1 for the unbran- 
ched alcohols and for the water-glycol mixtures used as solvents. The curves 
obtained show that the lifetime increases monotonically with q. 

The values obtained in this work for r~(Sy) support that obtained by 
Fleming et al. [ 133 in isopropanol(l.6 f 0.1 ns), the viscosity of which is 
close to that of n-propanol. However, in pure glycol solution a higher value 
(2 ns) than that reported by Derkacheva et al. [ 161 (1.6 ns) was found. 
Furthermore the values of TV for methanol, ethanol and n-propanol 
solutions have been confirmed [ 161 by measuring the absorption recovery 
rate. 

Whole pulse train excitation previously carried out 121 for an ethanolic 
solution of DODCI was repeated with n-propanol and n-decanol, giving 500 
and 630 ps respectively for the excited state lifetime ~~(5:) of the photo- 
isomer in these media. 

Fleming et al. [ 131 have not reported a viscosity dependence for 7&) 
probably because the viscosity range used was too narrow. 

4.2. Absorption spectroscopy and kinetics 
The absorption spectrum of (DODCI)N showed no significant modifi- 

cation in the various solvents and mixtures employed. The molar extinc- 
tion coefficient of the absorption maximum remained constant. The posi- 
tion of the maximum shifted slightly (12 nm) in going from methanol to 
n-decanol; h(e,,, ) = 578 nm in methanol and 590 nm in decanol. In water- 

TABLE 1 

vi&?co&y (CP) @ &so-l (n-1 7t b-d 

Methanol 0.6 0.9 2.63 0.92a 
Ethanol x.2 1 2.97 1.2& 
n-Ropanol 2.2 - 3.71 1.58a 
n-Butanol 2.9 - 4.44 1.70 
n-Pen&m01 4 0.92 4.58 2.03 
n-Octanol 9 6.46 2.2 
n-Decanol 14 0.88 6.56 2.38 
Glycol 19.9 0.28 2.60 1.98 
Glycerol (water free) 1490 0.09 3.09 1.77 
Glycerok13% Hz0 130 0.22 2.96 
Glycerol-20% Hz0 62 0.36 2.44 1.27 
Glycerol-40% Hz0 11 0.60 2.71 - 
Glycerol-60% H,O 6 0.61 2.24 - 
Glycerol-7 5% Hz0 2.1 0.59 2.03 - 

Glycol-40% Hz0 5 - 1.61 
Glycol-60% H20 2.8 1.68 
Glycol-80% Hz0 1.7 1.24 
Glycol-90% H,O 1.3 - - 1.1 

a These results have been confirmed using the recovery absorption technique. 
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Fig. 1. Plots of ~1 (ST) UP. q: l , in pure unbranched 
and wate-glycol mixtures. 

alcohols at 293 K ; 0, in neat glycol 

free glycerol X(Emar ) = 585 nm and in the 2 cP solution X(E,,,) = 576 nm. 
When excited by the blue flash, a long-lived transient absorption (2 - 5 

ms) was observed only at the red side of the spectrum and extending to 645 
nm. The transmission of the sample increased in the 500 - 530 run region 
indicating a decrease of the (DODCI)N concentration. The rate constant 
for recovery of the initial optical density of the sample was the same at both 
620 and 530 run. 

The red transient absorption is attributed to the photoisomer 
(DODC+ Because of the low value for the quantum yield of intersystem 
crossing [l] ($r < 5 X lo-‘), at times longer than a few nanoseconds the 
concentrations of the two species satisfy the relation 

AC, = -AC, (1) 

where ACr and ACN refer to concentration changes of the two species. The 
results obtained using this procedure are in good agreement with those found 
previously [ 11. 

The induced optical density AD &a in solvent S measured at 620 nm 
obeys the relation 

AD&,, = as&1048o (2) 

where & is the photoisomerization quantum yield in solvent S, IO is: the 
exciting beam intensity and as is a proportionality factor defined by 

as = ~r(l-lO-~ ~}EF~ exp (t/rFao) (3) 

Here a is a proportionality term which relatea the reading given by the radio- 
meter to the exciting beam intensity, Ds 
at the exciting wavelength and esp 

480 ia the optical density in solvent S 
6m is the molar extinction coefficient of 

the photoisomer at 620 nm in this solvent, The term exp (t/r&-, ) was intro- 
duced because the measurement was made at time f (greater than 500 MS) 
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after excitation. 
Because $r in an ethanolic solution is known, the relative value of @r 

in the other solvents can be deduced using eqn. (2) : 

(4) 

+g is the ratio of the slopes of the straight lines obtained using eqn. (2) for 
the two solvents when I0 is varied. The index T denotes a reference solution, 
ethanol in this work. 

Prior to photoisomerization quantum yield measurements, the decay 
rate klso of the photoisomer ground state towards the ground state of the 
normal form was measured. The results are plotted in Fig.2 In eIcoholic 
media the inverse of the decay rate k Iso increases rapidly with the viscosity. 
No such effect is observed for glycol, glycerol and their water mixtures; the 
values of kIso d-1 all lie in the range 2 - 3 ms in spite of the very extended vis- 
cosity range. 

The photoisomerization quantum yield remains constant (within 20% 
experimental error) in all the aIcohols employed (Fig. 3). In the other sol- 
vents the results are ah lower in the corresponding viscosity range and de- 
crease markedly as the viscosity is increased from 10 cl? to the highest values. 

5. Discussion 

Our results fit well into the framework of the four classical levels of 
photoisomerization, the levels involved being Sz, SF, Sg and ST. In this 
work intersystem crossing [l] is not a sufficiently important process to con- 
tribute significantly. 

I 
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p 
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Fig. 2. Plots of klso -’ against TJ: 0, in pure unbrancbed alcohols; 0, in glycerol and 
waterglycerol mixtures at 293 K. 

Fig. 3. Plots of the normalized photoisomerization quantum yield a$ as a function of p: 
l , in pure unbranched alcohols; 0, in glycerol and waterglycerol mixturea. 
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Chibisov [ 171 has demonstrated that the process of cis-trerzs photo- 
isomerization occurs via singlet excited levels for some unsubstituted cya- 
nines, in particular for diethyloxacarbocyanine iodide (DOCI). 

The suggested decay mechanism for the excited ST state of DODCI is 
as follows: 

(5) 

(6) 

(7) 

where knn, kR and kp are respectively the non-radiative rate constant, the 
radiative rate constant and the isomerization rate constant. 

The fluorescence quantum yield #i is given by 

9* = 
kR 

kNR +k~ + k 
r#~ can also be calculated from 

(8) 

(9) 

where Tf is the fluorescence lifetime and r. is the natural radiative lifetime. 
7. can be calculated using Forster’s formula, as was carried out by Dempster 
et al. 111, with the Strickler and Berg relation [ 181 (see later). r. can also be 
obtained by calculating the ratio of the measured excited state Sy lifetime 
to the fluorescence quantum yield @t obtained using fluorescence spectros- 
copy * 

Magde and Windsor [ 191 have reported a value of $Q of 0.42 * 0.02 for 
an ethanolic solution of DODCI. We determined the fluorescence lifetime to 
be 1.2 f 0.1 ns in this solvent which yields TV = 2.88 i 0.37 118: 
Dempster et al. [l] have calculated a value for TO(@) of 2.54 f 0.25 ns. 
However, changing the solvent results in a spectral shift and the value of 
TO is modified. 

The Strickler and Berg formula takes account of this modification: 

70-l = 2.880 x 10-%2(V~--~~--1 Je(IJ,)dlnv, (10) 

where n is the refractive index of the solvent, and vf and v, refer to emission 
and absorption wavenumbers respectively. I is the molar extinction coef- 
ficient and (yf-3),,-1 is defined as follows: 

(11) 

The numerator represents the area of the fluorescence spectrum. 
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If the whole emission spectrum is shifted by a constant amount Av;, 
eqn. ( 11) may be rewritten as 

(&-3)-l = l 
1 + Eq (yf-3)-3 

\ urf I - 

where the prime indicates the new value of (vi-a)_1 calculated with respect 
to a reference solution. vri is taken to be the wavenumber of the emission 
maximum, the spectral shift of which is Ahvf. 

In this work a maximum (blue) shift of 248 cm-’ was found for the 
emission of DODCI in methanol when the reference solvent was ethanol. 
Because the fluorescence spectra were spread over the range 17 000 - 14 000 
cm-r, this procedure introduced only a slight error (0.5%) into the correc- 
tion factor. 

When the same procedure was applied to correct /e(Y,)dln V, for 
changes in u, due to a change of solvent it was easy to demonstrate that 

jE’(Y,)dln P’, = (1 -y ~E(Y,)d.hlu* 
a 

(13) 

Combination of eqns. (12) and (13) with eqn. (10) gave a new relation for 
rb and, after solving for 7,,, it was found that 

&=(l+ y(l-~)(~)Yo (14) 

It is evident that this relation holds when both the emission and the absorption 
spectra in a given solvent are only slightly displaced with respect to the spec- 
tra in a reference solvent and when the oscillator strength for absorption is 
independent of the solvent. 

Fluorescence spectra were recorded using a technique analogous to that 
described by Rulliere [20] with the DODCI concentration in the lo-’ M 
range. The power of the Ar+ laser beam (514.5 run) was reduced so that only 
a few milliwatts were incident on the sample, in order to avoid any contri- 
bution of the photoisomer spectrum [ 211. 

The results presented in Table 2 are for ethanol as the reference solvent. 
~#f was calculated for both values of r. (Sy ) in ethanol (see earlier). For the 
dye DODCI the major part of the correction for the r0 values arises from the 
change of the refractive index. The contribution of the spectral shift is of the 
opposite sign and reduces the correction. 

The values reported in this work for the unbranched alcohols exhibit a 
variation of about 10% over the whole range in the two cases. 

5.1. Viscosity dependence of & 
Oster and Nishijima [ 22 J have noted the existence of two radiationless 

pathways for the deexcitation of the excited state of Auramine 0; one path- 
way is caused by a vibrational process with a mean duration of TV and the 
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TABLE2 

CHfiH 17301 *90 16391 *248 1.060 2.56 2.88 
C2HsOH 17 211 0 16639 0 2.54. 2.8Sb 
C&WH 17163 -68 16521 -118 

i.966 
2.60 2.81 

CfigCH 17123 -88 16611 -148 0.947 2.46 2.77 
C&hPH 17094 -117 16486 -165 0.933 2.42 2.72 
Cs%+'H 17007 -204 16461 -178 0.908 2.35 2.65 
CIC&.LOH 16949 -262 16447 -192 0.899 2.33 2.62 

*~elite~~revaueofDemp~eta1. [ll~u~~thereferencevalueinthecaleu- 
lation~fortheotberIrohren~urrtrgeqa.(14). 
' Fohthereference solventthe& valueofbkgdeand Wmdaor 1193 andour valuepf 
7f(Sl)w~u~dinordertocslculate (eqn.(14))~0fortheothersolvente. 

other pathway, which ie caused by molecular twisting movements, is charac- 
terized by a relaxation time r3. 

If the second pathway is controlied by diffusion it should be viscosity 
dependent. AppIication of Stokes’s law, which Iinks ra to q, and combi- 
nation with eqn. (8) gives the Oste~Nishijima relation: 

-1 
T 

4f =I+ 70 +aro- 
72 51 

(15) 

where a if3 a proportionality constant. 
In the excited state the A electronic structure of DODCI is broken [ 51 

and intramolecular twisting becomes possible. If eqn. (15) is obeyed, a plot 
of f&-f against q-l should give a straight line when 2’ is kept constant. 

However, DODCI undergoes isomerization when it is photoexcited. The 
photoisomerixation is brought about by the rotation of part of the molecule 
around the central pure bond formed in the polymethinic chain of the excited 
state, i.e. by an intramolecular twisting movement. 

If iu turn this movement is controlled by rotational diffusion, eqn. (15) 
may be rewritten as 

#If--l = I+ ff- 
T 

+ (a + b)70 - (16) 
T) 

In this case the photoisomerization contributes to the slope of the straight 
line by an additional factor b. 

In the alternative case eqn. (15) is simply modified giving 

(17) 

The isomerixation process now contributes to the intercept of the straight 
liueontheyaxis. 
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In general the orientational relaxation time of dye molecules is very 
sensitive to the viscosity of the medium. The Debye diffusion model describes 
very well the rotational movements of molecules in both their excited states 
[ 131 and their ground states [ 23, 241. 

5.2. Unbrunchsd i&oh& 
In unbranched alcohols the orientational relaxation time of (DODCI)N 

increases by a factor of 30 in going from methanol to decanol [ 211, as pre- 
dicted by Stokes’s law for a rotating spheroid. However, the eP values ob- 
tained in these solvents do not exhibit such a viscosity effect. Consequently 
only eqn. (17) is expected to provide an adequate description of the relaxa- 
tion processes. 

The values of #* -’ for the various alcohols as a function of 71-l are 
given in Fig. 4. for a constant temperature. 

Using the corrected values for r. (Sy ) given in Table 2, good straight 
Iine fits are obtained in both cases. Thus the Oster function defined by eqn. 
(17) is well obeyed whichever of the two reference vaIues [ 1, 191 is taken. 

In the former case the corrected value for the radiative lifetime in deca- 
no1 is very close to the measured lifetime of 2.34 ns. The intercept on the y 
axis is slightly less than unity. In the second case the straight line is displaced 
so that it cuts the ordinate at a value greater than unity; this is in better ac- 
cord with the mathematical description of the processes involved. 

Fig. 4. The inverse of the fluorescence quantum yield @f-l as a function of q-l: x, correc- 
ted 70 vah~es, column 7 of Table 2 ; 0, corrected TO values, column 8 of Table 2; 0, for a 
constant value of ro;A, waterglycol mixtures; I, pure water-free glycerol. 

Fig. 5. Modification of the potential barriers for intramolecular twisting: &, is the visco- 
sity contribution; &iJ, is related to short range solutelsolvent interaction. 
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In this case, and taking into account the overall error, the maximum 
intercept on the y axis is 1.1. Applying eqn. (17) it is easy to demonstrate 
that 

Tp > 107(-J (13) 

This procedure predicts a value kp < 3.5 X 10’ s-l, which is smaller than 
that obtained previously [1] (kp = 6.45 X 10’ s-l). The vslue found in this 
work is in better agreement with the photoisomerisation quantum yield ep 
of 0.01 measured by Arthurs et uZ. [ 251. 

5.3. Non-alcoholic scrlven t and mixtures 
In these solvents the rt(Sy) values are all lower than those obtained in 

unbranched alcohols with the same viscosity (Fig. 2). Furtbermore in pure 
glycerol (v = 1490 cP) the measured value of if is lower than that in 
pure decanol (Q = 14 cP) (Table 1). 

The calculated values for @f-l in pure glycol and in glycol-90% l&O 
are 1.31 and 2.69 respectively. These points are plotted in Fig. 4 and it can 
be seen that they are situated above the curve drawn for the unbranched 
alcohols. If they are to agree with the Oster-Nishijima relation (eqn. (17)) 
then the other parameters would have to be altered. 

The value of 91-l in pure glycerol is 1.36, which is close to that obtained 
in pure glycol in spite of the higher viscosity. Since the corresponding point 
(Fig. 4) is very close to the y axis, a smaller value for kp in this solvent is pre- 
dicted using eqn. (17). This is confirmed by our results (Fig. 3), which show 
that the quantum yield for photoisomerixation is smaller in these solvents 
over the whole viscosity range and decreases markedly at higher values of 17. 

In contrast the measured values of k1m-l are also lower than those 
obtained in the pure alcohols (Fig. 2). 

Thus the type of interaction occurring in the polyhydric solvents 
appears to accelerate all the relaxation processes except isomerixation regard- 
less of whether DODCI is in the excited or ground state. Chuang and 
Eisenthal 1231 have measured the orientational relaxation time of rhoda- 
mine 6C in glycol and unbranched alcohols. They absented that Stokes’s law 
is well obeyed in the unbranched alcohols, whereas in glycol the value is 
lower than that expected. They concluded that rhodamine 6G “does not 
view the full frictional effects of the polymeric structure of the solvent 
which are however contained in the value of the viscosity” and, on the basis 
of our results, the same may be said of DODCI. 

Although the lower values of rf(Sy) and kp-l may be explained in 
terms of a local reduction of the viscosity, this seems difficult to justify for a 
solvent such as pure glycerol. An alternative explanation is one involving the 
chemical nature of the solvent. 

Compared with unbranched alcohols, polyhydric solvents and their mix- 
tures with water are characterixed by a greater concentration of OH groups. 
If a short range interaction is evoked to explain the faster relaxation observed, 
these groups may contribute to dissipate the excess energy of DGDCI in the 
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SF state. Such an effect would be strong in pure glycol, glycerol and solvents 
of intermediate viscosity where the measured 7t (ST ) is reduced to values 
lower than that obtained for the decanol solution. 

Saltiel and D’Agostino [ 263, in their study of viscosity effects on the 
singlet pathway to stilbene photoisomerization, have compared the results 
obtained for solutions of different viscosities; they have proposed potential 
energy c-es for the intramolecular twisting movement (Fig. 5). According 
to their scheme the thermal contribution to the barrier E,, which is that 
encountered in liquids of low viscosity, is enhanced in liquids of high visco- 
sity by the viscosity-dependent contribution AE,. Thus the measured height 
of the energy barrier Ed,, is E, + A&. 

The results presented in Figs. 2 and 3 show that such a relationship is 
not sufficient to give an overall description of the solvent effect for the 
various systems studied; the chemical nature of the solvents also appears to 
be a contributing factor. This means that another term AE, has to be intro- 
duced into the potential energy relationship to account for this contribution 
so that E*, = AE, + Et -t AE,. 

Because the results for the ST lifetimes of DODCI in alcoholic solutions 
are in good agreement with the predictions based on a simple viscosity effect, 
AE, must be very much smaller than AE, and its contribution to the poten- 
tial energy barrier appears to be negligible in this solvent family. The data of 
Table 1 and Fig. 1 show that, in the polyfunctional solvents, of (ST ) is re- 
duced relative to the values found in the simple alcohols; this shows that the 
contribution of AE, to the energy barrier acts to reduce that of AE,. 

The results given in Fig. 3 show that the photoisomerization yield in 
glycol, glycerol and their mixtures with water is strongly viscosity dependent, 
unlike that observed in the simple alcohols. However, this dependence on 
viscosity is evident in the range above 10 cP, i.e. at viscosities much higher 
than those encountered in the unbranched alcohols employed. 

The contribution of the chemical effect to the potential barrier is cer- 
tainly present since the photoisomerization yield measured in these systems 
is always lower than that found in the monohydroxylic solvents of corres- 
ponding viscosity. These data also indicate that AE, remains of greater 
importance than AE, and becomes the controlling factor as the aqueous 
content of the mixtures decreases. Although the viscosity effect is predo- 
minant for photoisomerization, it evidently has less controlling influence 
over the radiationless relaxation indicating that these processes are of a dif- 
ferent nature. 

A theoretical calculation [ 53 has shown that only two adjacent pure u 
bonds exist, one on either side of the central atom of the chromophore, in 
the electronic m* structure. Thus this atom is the only possible site of tor- 
sional movements to give either internal conversion or isomerization. 

This structural consideration lends support to the idea that these two 
relaxation pathways originate from different torsional states as proposed by 
Rulliere [ZO] . In his model the internal conversion occurs from a slightly 
distorted structure. This result is similar to that previously obtained [ 221 
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for Auramine 0, where the torsional angle of the out-of-plane structure was 
found to be only 2.2”. 

Photoisomerization occurs via a completely crossed structure which is 
intermediate between the planar conformations of the two isomers in their 
excited states. 

6. ConcIusion 

We studied the effect of solvent on the relaxation processes of DODCI 
in its excited state. The effect of the medium on the radiative lifetime 70 
was introduced in terms of two parameters, the spectral shift and the refrac- 
tive index. The role of the refractive index has been investigated previously 
[ 271, and we applied the n-’ correction. However, a more accurati study 
would have to consider that both the fluorescence and the absorption 
spectra extend from 700 to 450 nm, and over this wide wavelength range the 
refractive index may not be constant. In this respect the modified Strickler 
and Berg equation obtained by Birks and Dyson [ 281 is more rigorous. 

Corrected values for r. (Sy ) were used to calculate the fluorescence 
quantum yield #i of DODCI in various solvents. In this case the Oste~ 
Nishijima description for the viscosity effect on #f satisfactorily explains the 
results obtained for the unbranched alcohols. This point was not discussed , 

for the polyhydrie alcohols and their mixtures with water, which all accele- 
rate the internal conversion. This effect was attributed to a high density of 
OH groups showing that, in addition to the viscosity, the chemical nature of 
the solvent is important. Although the results are in generaI agreement with, 
the Rulliere model [ 201 for photoisomerlzation, further extensive investiga- 
tions of other systems must be carried out to establish a quantitative model 
for the influence of the chemical structure of the solvent. 
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