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% P s. 65, There has been recent theoretical and experimental interest in potential
ys.l, energy barrier descriptions of molecular structural changes in solution
198 [1-7]. For example, the dependence of photoisomerization kinetics on solvent

viscosity has been studied to test barrier crossing models [1-5]. Changes
79, in the photoisomerization rates through a solvent series or as a function of

temperature have been attributed to viscosity and thermal effects; other
ara: J. possible effects, such as solvent dependent excited state potential surface

variations, have generally not been considered [8]. In particular, strong
interactions with polar solvents are expected for molecules which undergo a

der wan, major charge redistribution on isomerization, whether they be polar
P s. molecules such as p-dimethylamino-benzonitrile (DMABN) [7], or nonpolar

molecules which pass through very polar intermediate structures such as
Ch ndler: t-stilbene [3-5]. These polar interactions can be important factors in the

dynamics of isomerization, as we will show in this paper.
I. Bo kovec,
161N\985) 1. DMABN -- Case of a Polar Molecule

Chem 89, D4ABN is a classic example of a molecule that exhibits strong solute-solvent
interactions, as demonstrated by the fact that its excited state

, isomerization occurs in polar solvents but not in nonpolar solvents [91. A
general scheme of the dynamics is given in Scheme I (10].

vate 'PH I H
C 1:N C LN

CH 
u

O_' A*
k2

liV Vsibis

Scheme I .

The isomerization takes place on an excited singlet potential surface and
involves a 90 ° rotation of the dimethylamino group about the amino-phenylbond [10). This twisting structural change produces an increase in the

excited state dipole moment from 6 D to 16 D 111). In polar solvents, a new
visible emission appears due to the solvent stabilized twisted form. Due toa rapid equilibration between the planar (B*) and twisted (A*) structures

two emissions are observed. The one in the ultraviolet is due to the planar
form and the visible emission is due to the twisted polar form. In alkanes,
only the uv emission from B* is observed. Many time-resolved studies have
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been conducted on DMABN, yet the role of the solvent is still not clear rate ata 1
(7,12-161. corre tri

To investigate the effects of the solvent on the photoisomerization Furt er
kinetics of DMABN, we have carried out studies in a series of linear alco- dyna s ill
hols, alcohol/alkane mixtures, linear nitriles and nitrile/alkane mixtures obtained bj
(pert oT3the data has been reported (7,121). A single pulse from the outu rates mea5j
of a Nd /glass laser was frequency quadruled to 265 nm and used to excite itzmann
DKABN. The fluorescence from the B and A states was time-resolved with a presston

streak camera detection system which had a resolution of 7 ps (13. f ) is th

ex erimentAn important aspect of the solute/solvent interactions is the effect of the e
solvent viscosity on the kinetics of a reaction. From studies in neat that the r
It1quids, we find a viscosity dependence in nit-riles of n,2 / and In alcohols, famil es.
n'. These can be interpreted as cases of intermediate and strong solute- would e t

solvent coupling, respectively. Of key importance in obtaining these these Sul
viscosity dependences of kI is the assumption that only the viscosity tempers ure
differences among the various members of the solvent series affect the rate. temperat re
The possibility that the potential surface may change in different solvents to the i itis not considered, nor are the possibilities that boundary conditions, barrier.

entropy or dynamic polarity effects vary with solvent. For a polar and is r P
structural transition such as in DMABN the invariance of the potential rr or
cannot be assumed. Specifically, the changes in solvent polarity, even orrected ri
within a polar series, can be of sufficient magnitude to produce marked sitive ac
changes in the excited state barrier height. It has long been recognized
that there are barrier height changes in going from a nonpolar to a polar

solvent. The issue here is that these barrier effects can come into play
within a solvent family, e.g. the polar alcohol series, or in one solvent at
different temperatures. s

To separate the effects of solvent polarity ano viscosity, we have used two
techniques: (i) k was measured at room temperature in Isoviscous mixtures 0
of a polar solvent and an alkane, where the polarity of the mixture was % i_
controlled by the concentration of the polar solvent, and (it) the temper- ,

ature was varied for the neat solvents so that the solutions had the same
viscosity but different polarity values. In Fig. I we see that the Isomer-
zation rate is not a constant at a fixed viscosity and temperature, but
indeed varies exponentially with solvent polarity as measured by the widely oel-I
used 1171 empirical solvent polarity parameter ET(30). The fitting of the 16 -h"o,
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1 Ot clear .,e data with theoretically derived polarity expressions [18] gives the

.. rreCt trend but the correlations are not as good as when ET( 30) is used.

meriz ion Further support for the effects of solvent polarity on the isomerization
f linea alco- , rnics is obtained from our second technique where the same viscosity is
lkane mix ures ,tained by adjusting the temperatures of the neat liquids. The different
from the tput s measured have previously been assumed to be due to the different
used to exc te k.tzmann factors. This can be seen in the following Arrhenius-type
resolved with a exression (1): k - A f(n) exp (-E /RT), where E is the barrier height,

s [13]. '. is the viscosity function (which is a constant for the isoviscosity

t experiment) and A is the pre-exponential frequency factor. We carried out
the ef of ese measurements in both the neat alcohols and neat nitriles, and found

.s inptat : at the rate increases as the temperature is lowered in both solvent
and i alcohols, !arilies. This result of a "negative" activation energy is contrary to what
tron, solute- w,.,ld be the case if only the Boltzmann factor is changing. To explain
ing t e : ese results, we propose that the barrier height is not independent of
,,Isco 0 ity epersture, but decreases due to a higher solvent polarity at lower
iffect\ Ithe rate. 'eperatures. The polar twisted form of DMABN (A*) is stabilized relative
erent SOlvents the initially excited planar form (B*), which thereby leads to a smaller
,ndition ,Mrrier. This decrease in the barrier overcomes the usual Boltzmann effect
polar ar is responsible for the increased rate at lower temperature. When we

potentlal\ =Trract for the temperature induced polarity changes, we find that the
-ity, even :crrected rate decreases as the temperature is lowered, i. e. a normal
uce marked xsltive activation energy is obtained, as seen in Fig. 2.

•n recopnize
ir to a polar_
ome into pla
ti one solvent at

'90-

% have use two
-cous mix 0s

the telper- ZFig. 2: Arrhenius"i .t the te per- -
cretdrt o

had the ame plot of polarity-

hat the someri-lt fplaiy
rature, t 5tN DABN in neatIby the idely H B in neat

tIn by the - Mat 0. aisoviscous nitriles
-i tting o the 0 -a0t .cothoin (1.0 cP), neat Iso-

he.a~ol 26Cviscous alcohols
2(5.2 cP), and hex-

,__ _ _ _ _anol at the indicated

3.0 32 34 3.6 3. 40 viscosities

Beth the alcohol and nitrile data shown in Figs. I and 2 can be explained by
Irtroducing a polarity dependent barrier E : E a E - A [E (30)-30],

'6ere E, is the activation energy in an altane solvent having an E (30) of
and I Is an experimentally determined factor which determines h~w

Strongly the barrier height changes with solvent polarltv. The corrected
'ate,, plotted in Fig. 2, is k1 x exp -A[ET(30)-

3
0]/RT - C exp(-EO/RT),

C is the Arrhenius pre-exponential factor. The values of E" are found

*Plot of be 8.0 kcal/mole in the nitriles and 14.0 kcal/mole in the alcohols.
DMA 4'Paring the nitriles and alcohols at a given solvent polarity, we see that

olven ~barrier EO is higher in alcohols by about 6 kcal/mole. We attribute
param er to the effects of hydrogen bonding between the dimethylamino group of

ABN and the alcohol hydroxy group. The hydrogen bond withdraws electrons
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from the electron donating dimethylamino part of DNABN and thereby OPposes for. This tiot

the electron transfer to the benzonitrile part of DMABN. For the intramol. increa in dipol

ecular charge transfer in DMABN to occur, the hydrogen bond must be broken. more Po r (16 neby

This increases the barrier for the isomerization in alcohols relative to dipole In the initi

nitriles by 6 kcal/mole, roughly the energy of typical hydrogen bonds, the Initia solvent
molecule. the sa

2. t-Stilbene -- Case of a Polar Intermediate Structure isomeriza tiofltime,
dielectric 

rel xtic

The photoisomerization of t-stilbene has been studied by many groups to gain separating the ans
insight into how the solvent affects this simple chemical change [3-51. The positions of th sur
observed rate has been discussed in terms of (1), where f(n) is either the rat of c of t

Kramers function (which gives poor agreement with the observed rates) or res lye the role of
more often nT- . This latter form can be obtained from a free volume [191 iso r zation [301.
or frequency dependent friction model [20-21). This general eyuation
predicts that at constant viscosity, a plot of In k versus T- should have Conc usions

the slope -E /R. We have tested this prediction by studying the rates of t
a We firN that the isophotoisomerization of stilbene in alcohols at various temperatures under charge 'redistributi

constant viscosity conditions.
polarit7,of the solv
terms of'a polarity

~forms of ,he moleculfrom a nonlolar toa

C. H change wth~n a serf
H nitriles, a the ef

crucial to te obse
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In Fig. 3 it is shown that the slopes of these lines depend on viscositY,
contrary to what the equation predicts. The apparent E 's vary from 2.6 to I. D. P. Mil ar and
1.2 kcal/mole. A similar deviation from (i) is shown by the dependence of 2. H. Courtn y and G
the rate on viscosity at different fixed temperatures. We find that the Keery G. R. F
value of m varies by a factor of two over a 50 0 X temperature range. This and G. . Fleming
result conflicts with the constant a value predicted by the dependence Waldeck and C. R
of the rate equation. 3. G. Rothe berger,

5360 (198 ); M.

Since the isomerization involves an intermediate structure that is higH, Lett. 118,359 (
polar, we ask whether polarity dependent barrier effects are important in 4. V. Sunda-rt and
the isomerization process. Accordingly, we carried out measurements in nea! Chem. Phys. 'lett.
alcohols at various solvent polarities and temperatures, analogous to our and T. Gillb~p:
DMABN study. We found that static polarity effects alone do not explain CLr 5. G. Maneke, J. ASch!
stilbene results in alcohols. In stilbene, dynamic polarity effects could 896 (T98S);SJH.
be important since extensive solvent rearrangements are required in the (198 ) -

isomerization from the initial nonpolar form to the twisted charge separate, ' J. T Hynes: Ann.
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DHAbN and thereb Ppot This -is not oxpected for DNABN because its transition involves an
DWABN. Forethe in, amol- fincrease in dipole moment along the same axis from a polar (6 Debye) to a
rogen bond must be b ken tore polar (16 Debye) form. The solvent is already arranged about the large
in alcohols relative o dipole in the initially excited DIABN, unlike the case for stilbene, where
pical hydrogen bo the initial solvent arrangement is that appropriate to a nonpolar solute

c-ture olecule If the solvent motions are not very rapid compared to the

userization time, then the Isomerization dynamics would depend on the

d electric relaxation properties of the solvent [22-29]. The energy
ied by man groups tseparating the trans and intermediate form would therefore depend upon the

=hemical ch ge [3-5]. The positions of the surrounding solvent molecules, and thus be dependent on the
where f(n) either the rate of change of the solvent arrangement. Further work is underway to
the observed rates) or resolve the role of polarity and other solvent factors in the stilbene
from a free .olume [19] isomerization 130].

is general e!ua ion
k versus T shbuld have Conclusions

1y studying the rates of
fous temperatures 6nder We find that the isomerization dynamics of molecules that involve a large

charge redistribution, such as in DMABN, are strongly dependent on the
4polarity of the solvent. The solute/solvent interaction can be described in

terms of a polarity dependent barrier that separates the two structural
forms of the molecule. In addition to the well-recognized effects in going
from a nonpolar to a polar solvent, we find that the effects of polarity

change within a series of related polar liquids, e.g. linear alcohols or
nitriles, and the effects of the change in polarity with temperature are
crucial to the observed kinetics. We have also found that hydrogen bonding
of DMABN with alcohols impedes the isomerization relative to that of
nonhydrogen bonding polar solvents such as nitriles. For t-stilbene in
alcohols, we have found from measurements at various viscosities and
temperatures that the isomerization cannot be described in terms of
frequently applied equations which contain an T-a power dependence.
Although the t-stilbene Isomerization passes through a very polar
intermediate structure, we are not able to adequately fit the data using a

* static polarity correction as we did for DPABN. The possibility of a
dynamic polarity effect due to a large solvent rearrangement in going from

-l the nonpolar initially excited t-stilbene to the polar twisted intermediate

f in k vs. T stilbene structure is discussed.
in isoviscous
rdinate axis Acknowledgements: The authors wish to thank the National Science Foundation,
ach viscosity the Airforce Office of Scientific Research and the Joint Services Electronics

g purposes Program 29-85-K-0049 for their support of this work.
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