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Recently Berg and co-workers have reported interesting time resolved studies of ultrafast solvation
dynamics in a completely nonpolar liquid. The relevant time correlation function was found to
exhibit many fascinating properties. It was biphasic and highly nonexponential in the supercooled
liquid near the glass transition temperature. In this article we present a general microscopic theory
of such solvation phenomena. It is found that in contrast to solvation of charged species in polar
solvents, the nonpolar solvation dynamics in controlled essentially by the dynamic structure factor
of the liquid; the orientational relaxation is seen to play a less important role. As the dynamic
structure factor shows anomalous behavior in the supercooled liquid, so does the solvation time
correlation function. The theory suggests that nonpolar solvation dynamics can be an important
scale dependent probe of microscopic dynamical processes in the supercooled liquid.

1. INTRODUCTION

Over the last decade intensive studies of solvation dy-
namics of newly created charge species in polar solvents
have contributed much to our understanding of molecular
dynamics in dense complex liquids.! In a dipolar liquid, the
solvation dynamics is controlled essentially by the orienta-
tional motion of the dipolar molecules, although the transla-
tional motion often contributes significantly to accelerate the
process. Another important factor in polar solvation dynam-
ics is the long range nature of the polar interactions which is
directly responsible for making solvation dynamics of an ion
much faster than the single particle orientation. However, the
above two factors also make polar solvation dynamics sen-
sitive primarily to the long wavelength or the macroscopic
properties of the liquid—microscopic aspects of structural
relaxation in a dense liquid are not always significantly
probed by polar solvation. This is somewhat unfortunate be-
cause an understanding of microscopic structural relaxation
is necessary to understand solvent effects on chemical reac-
tions.

This situation seems to have improved with the recent
work of Berg and co-workers>™* who measured time re-
solved dynamics of solvation of excited nonpolar solute
dimethyl-s-tetrazene in nonpolar solvent n-butylbenzene.
Since the coupling between the solute and the solvent is
short ranged, these experiments essentially probed the mo-
lecular length scale dynamics of the host liquid. A very im-
portant aspect of this study is that temperature was varied
over a rather large range, spanning five orders of magnitude
of the viscosity values. The results of this study reveals many
interesting aspects of the solvation dynamics of a nonpolar
solute in a nonpolar solvent. As found for polar solvents,! the
dynamics in this case also separate into a phonon modulated
and a structural component, the former persists in the low
temperature glass while the latter is present only in the liquid
phase. The relaxation was biphasic and strongly nonexpo-
nential in the supercooled liquid. This nonexponentiality ex-
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tends over several orders of magnitude in time and be fitted
to a stretched exponential form with values of the stretched
exponentiality parameter 8 between 0.3 and 0.5. Another im-
portant result is the dependence of the dynamics on the na-
ture of the solute—solvent coupling—while the slow struc-
tural part of the relaxation seems to exhibit a linear coupling,
the situation is more complicated for the phonon part.
Although many aspects of nonpolar solvation dynamics
can be understood qualitatively,”™* it seems worthwhile to
have a microscopic theory which incorporates all the essen-
tial features of the relaxation and which thus helps in making
the relevant discussion quantitative. The objective of this ar-
ticle is to present such a theory. The theory that we use can
be considered a time dependent Ginzburg—Landau (TDGL)
theory. The approach adopted here was poineered by
Munakata.’ In this theory a microscopic expression for the
time dependent potential energy of a solute is expressed in
terms of an effective interaction between the solute and the
solvent and fluctuating density of the liquid. This approach
naturally leads to an expression for the energy time autocor-
relation function (ETCF) which, within the linear response
assumption, is the quantity measured in the solvation dynam-
ics experiments.” This energy time correlation function has
rather interesting structure. It relates the ETCF to an integra-
tion over the dynamic structure factor, F(k,t), of the nonpo-
lar solvent. The theory provides a simple explanation of the
observed biphasic (phononlike and structural) behavior of
solvation. Moreover, this theory suggests that the ETCF will
be quite sensitive to the short wavelength structural relax-
ations observed in fragile liquids, like butylbenzene. Nonex-
ponentiality of ETCF arises naturally in the present theory.
An important prediction of the theory is that nonpolar solva-
tion dynamics can be a good probe of local density relax-
ations which are expected to play important role in chemical
dynamics in solution. We also present numerical results.
The organization of the rest of the article is as follows.
In the next section we present the theoretical formulation. In
Sec. III, numerical results are presented. Section IV con-

© 1994 American Institute of Physics
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cludes with a discussion of the theory its limitations and
future applications.

Il. THEORY

We shall use the well-known density functional
theory®~® to derive an expression for the effective potential
energy of a tagged molecule in dense liquids. As mentioned
earlier, Munakata® has presented an elegant approach based
on the linear response of the medium; the approach adopted
here was discussed earlier in a different context.”® The start-
ing point is the density functional theory expression for the
free energy functional F(r,{2,r) which is a function of the
position (r) and orientation (£2) dependent density, p,(r,€2),
of the /th component in an n-component mixture. This ex-
pression is given by7'8

BF[pl(r~Q)]

~[ ar a3 p(r2)0m pr

1
-3 Zfdr dQ dr' dQ'[p;(r,Q)— pl4x]
ij

[p,(r ) = p/4m]Cy(r—1', Q. Q"), (1)

where B=(kpT) !, kT is Boltzman constant times the tem-
perature, and p! is the equilibrium number density of species
i. Cif(r;,Qy,r;,0;) is the two particle direct correlation
function between a molecule of species i and one of species
J at positions r; and r; with orientations (), and {);, respec-
tively. The sum in Eq. (1) is over all the species in the sys-
tem. The direct correlation functions C;; contain detailed mi-
croscopic information about the spatial and the orientational
intermolecular correlations of the molecular liquid. In order
to find the expression for the effective potential on a tagged
molecule of species i, we take the derivative of the free
energy with respect to the density of that species

SBF
?ﬁ; =1n[pi(r,ﬂ)|(p?/47r)]—zjdl" dQ'Cy;
i J

X(r=r',Q,9)[p,(r', Q") —p¥4m]. )

At equilibrium, the derivative of the free energy with respect
to density is zero. So, we obtain the following expression for
the density field:

0
PR =1 expl — BV O)), ©

where
BV‘C’}}(r,Q)=—Ejdr’ dQY' Ci(r—r',Q,Q')
J

oy, )= p¥am]. )

Equation (4) can be generalized to the time domain to obtain
an expression for time dependent effective potential energy

BVé’?&(r,Q,t)=—Efdr' dQ' Cy(r—r',Q,0")
j

- 8p;(r',Q',1), )

where 8p;(r,€,1)=p;(r,Q,t)— p})/47r is the fluctuation in po-
sition, orientation, and time dependent number density.

In the experimental situation, the concentration of solute
molecules is very small. In addition, we are interested in a
solvent of one component system here. Therefore, the effec-
tive potential energy is given by

ﬁvgﬁf’(r,n,z)rf dr’ dQ' Cyy(r-r',Q,Q)

X 8p;(x’ , Q' 1), 6

where C,, (r—r',Q,Q") is now the direct correlation func-
tion between the probe solute (labeled 2) and the solvent
molecules (labeled 1). Equation (6) relates the fluctuation in
the effective potential energy to the fluctuation in number
density. This is certailny a valid representation in a dense
liquid.

Let us now denote the energy—energy time correlation
function (ETCF) by Cgg(?). If we assume that the solute
probe is immobile, then the position of the solute remains
fixed during the relaxation of its energy and we can take this
position as the origin of the coordinate system. However, we
must average over this position and also the orientation of
the solute as they are arbitrary. Therefore, Cgg(f), is given
by the following expression:

1
Ces()=7— f dr dQ(VE(r,Q,1=0)V2(r,Q,1)),
™)

where (---) denotes averaging over an equilibrium ensemble
and V is the volume of the system.

The following steps are now followed to reduce Eq. (7)
to a tractable form.

(1) We assume a dynamic linear response of the solvent.
This is equivalent to the assumption that the solvent is
not significantly perturbed by the solute. This is a stan-
dard approximation. If the solute is mobile, then Eq. (7)
would lead to the familiar cumulant approximation of
the four time correlation function, well-known in mo-
lecular hydrodynamics.’

(2) We switch over to the Fourier representation with k as
the wave vector conjugate to r by using the following
transformation:

f(Kk) =f dr exp(ik-r)f(r). (8)

Equation (6) then gives the following wave vector depen-
dent expression for the effective potential energy of the
solute

ﬂVé%f’<k,n,t)=—j dQ' Cyy(k,Q,Q)6p,(k, Q7).
(9)
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(3) Next, the direct correlation function C,; (k,{2,€2') is ex-
panded in spherical harmonics

Ca(k, Q)= 2 Coi(l1,L,mk) Y (DY) (R),
Ilym

(10)

where Kk is taken paralle] to the z-axis.

(4) Similarly, 8o(k,Q2,r) is also expanded in the spherical
harmonics

8py(k, Q1) =2, al(k,1)Y,,(€). (11)
I.m

(5) Equations (9), (10), and (11) are now substituted in Eq.
(7) to obtain the following expression for the energy
time correlation function:

CEE(t)=§-6—'B—777 fdkE (= 1)"C3 (1,1,m;k)

lllzm

LY (1)
& (@), m(=K,t=0)a; ,(k,t=0)). (12)

(6) We now define the intermediate scattering function
F,.(k,t) as

1
Fin(k,)=7; (a},)(=kr=0)aj;)(k.1)). (13)

Note that the dynamic structure factor, S, (k,w) is the
Laplace transform of the intermediate scattering function

S(k,w) =f0xdt exp(iwt)F(k,t).

All the above steps lead to the following expression for
Cee(1):
kgT [= Po NE
Cee() =g 2> fo dki? 2, [;—7; Cor(lilmjk)

Illzm
F{ (). (14)

This general expression includes contributions not only from
the angle averaged spatial correlations (given by the
{;=1,=m=0 component), but also from the orientational
correlations given by nonzero values of [ and m. The =0
limit of Eq. (14) gives the mean square fluctuation of the
potential energy in terms of the static structure factors,
Sim(k)=8,,(k,t=0). The normalized potential energy cor-
relation function is defined as

_ Cas(0)
S(t)—m . (15)

We shall calculate S(¢) in the next section.

In polar solvation dynamics, the energy correlation func-
tion is dominated by nonzero / values. For example, if the
solute is a spherical molecule with a charge at the center,
then only the /,=1I,=1 and m=0 term is important.® For
solvation of a dipolar solute, both m=0 and m=1 terms are
involved. Higher [’s can also be involved in a nonlinear

theory. However, if the solvation is dominated by nonpolar
interactions, such as in the experiments of Berg,z'4 then the
correlation function can be dominated by the isotropic,
[=m=0 term. In such a situation, the correlation function
S(t) can be approximated by

_J5dk K*C3,(k)F (k,1)
 [5dk KPCh(k)S(k)

where C, (k)= (po/47)C,,(000;k), F(k,1)=F\5(k,t) and
S(k) is the usual static structure factor of the host liquid.
Equation (16) is an important result of this article. The im-
portant aspect of Eq. (16) is that it relates the correlation
function S(r) to the dynamic structure factor of the solvent,
S(k,w). The direct correlation function C,,(k) is essentially
the wave vector (or scale) dependent coupling between the
solute and the host solvent.

Equation (16) shows that the correlation function S$(¢)
derives contributions from dynamical processes occurring at
all length scales. In fact, many nontrivial conclusions can be
drawn directly from Eq. (16) if one exploits the known facts
about F(k,t) and C, (k). At high temperature or low den-
sity, the time dependence of the intermediate scattering func-
tion is exponential-like. At small &, it is a sum of two expo-
nentials which gives the Rayleigh—Brillouin spectrum. At
low density or high temperature, the spatial structure at mo-
lecular length scales hardly forms and the density relaxations
at these length scales do not show appreciable de Gennes’
narrowing.’ The high frequency or short time part of F(k,r)
is dominated by sound waves or the phonon modes. Here the
response of the solvent is viscoelastic. The low frequency or
long time response, on the other hand, is dominated by struc-
tural relaxation mediated by viscosity. Therefore, at high
temperatures, solvation proceeds via the same mechanism
that is responsible for shear relaxation and sound attenuation.
This aspect will be made more quantitative in the next sec-
tion.

The dynamics, however, changes drastically at low tem-
perature or at high density. Now, the dynamics at molecular
length scales is rather different from those at long wave-
lengths, so S(¢) becomes nonexponential. The nonexponen-
tiality increases further when the liquid is supercooled. At
temperatures near but above the glass transition tempera-
tures, the long times behavior of F(k,t) is markedly nonex-
ponential and this will be reflected in S(¢) also. In the glassy
phase, on the other hand, structural relaxation freezes out.
Here the relaxation is dominated essentially by the
B-relaxation processes.” The relaxation will still be nonexpo-
nential. In fact, solvation dynamics of nonpolar solutes offers
a unique tool to study microscopic aspects of a-f3 relaxation
processes.

If angle dependent interactions between the solute and
the solvent are important, then we must consider relaxation
of orientational structure factors as well. Even in a nonpolar
systems, we may have significant contribution from second
rank (/=2) coefficients. Thus, for ellipsoidal molecules, we
need to consider S,,,(k,t) coefficients. Despite this complex-
ity, the qualitative behavior of S(¢) should remain the same.

It is of interest to contrast the dynamics of nonpolar
solvation with those of polar solvation. For the solvation of

S(t) (16)
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an jon in a dipolar liquid, the direct correlation function
C,,(k) behaves as k™2 at low k. This cancels the k* term on
the right-hand side of Eq. (14). As a result, ionic solvation
derives a big contribution from the long wavelength (that is
the k==0) polarization modes. The contribution of large k
modes are often not very significant (there are, of course,
exceptions). Thus, the solvation dynamics of an ion may not
be very sensitive to its surrounding microscopic structure.
The nonpolar solvation dynamics, on the other hand, is sen-
sitive to these details of the microscopic liquid structure.

We would like to point out that Eq. (14) provides a uni-
fied description of solvation dynamics in a dense liquid in
the sense that it includes both the polar and the nonpolar
solvation as the special cases. For example, for ionic solva-
tion it correctly goes over to the known molecular hydrody-
namic expression.”®

An important aspect of Eqs. (14) and (16) is a prediction
of the dependence of dynamics on the size of the solute
probe. This factor enters through the correlation function
C,,(k). If the solute is much larger than the solvent mol-
ecules, then the long wavelength contribution will dominate
the relaxation. On the other hand, for solute sizes comparabie
to the solvent molecular size, the molecular length scale pro-
cesses can contribute significantly. If the size of the solute is
much smaller than the solvent, then large k processes shall
dominate, and the probe may not see much beyond the first
nearest neighbors. Thus, the size of the nonpolar solute can
indeed play an important role in the study of the scale de-
pendence of relaxation in the supercooled liquid.

In the present description, the coupling between the sol-
ute probe and the host solvent is given by the direct correla-
tion function, C,,(k). Since this term enters in the quadratic
form, the coupling is at least quadratic in the strength of the
solute—solvent interaction. In principle, however, this cou-
pling is more complicated as C,;(k) can have a strong de-
pendence not only on the solute—solvent size ratio but also
on the strength of the attractive interaction between the sol-
ute and the solvent. We next present the results of our nu-
merical calculations.

. NUMERICAL RESULTS

In order to calculate the solvation time correlation func-
tion, S(t), we need both the direct correlation function
C, (k) and the intermediate scattering functions, F(k,t).
The latter can be obtained from experiments. The former is
more difficult, especially for molecules with complex geom-
etries. Fortunately, however, C,;(k) is known analyticaily
for a model system—that of binary mixture of hard
spheres.]0 Since direct correlation functions are short ranged,
these correlation functions from a hard sphere model are ex-
pected to be reliable for any short range intermolecular in-
teractions, such as Lennard-Jones. Because C,,(k) is known
analytically we can easily study the size dependence of the
probe.

In Figs. 1(a), 1(b), and 1{c) we show the wave vector
dependence of the function I(k) defined by
1(k)=k2C%,(k)S(k). The function (k) is a measure of the
relative weight of different k’s in the integrations involved in

0.4
0.3 - 3
po-=0.8
T r=0.5
—~ 02k
=
0.1
Oo i 1 ’/\/-\./J
0 5 10 15 20 25
(a) k o~
20 r
15+
3
T Qo- =038
r =10
= 1.0 +~
0.5 H
0.0 1 ) AN J
5 10 15 20 25
{b) ko —>
8.0
6.0
QO*:’:O.B
T r =20
. 40
=
2,0
O‘o [l . J
0 5 10 15 20 25
(c) ko-—>

FIG. 1. The wave vector dependence of the function /(k) defined as
I(k)=k2C§1(k)S(k) for three different values of the solute—solvent size
ratio, r=2a/a, where a is the radius of the solute (assumed spherical) and
o is solvent diameter. (a) r=0.5; (b) r=1.0; and (¢) r=2.0. The reduced
density (p*=po”) of the liquid is 0.8.

Eq. (16). In the Figs. 1, I(k) has been plotted for three dif-
ferent values of the solute—solvent size ratio, r=2a/o
(where a is the radius of the solute and o is the diameter of
the host molecules). It can be seen clearly that as the probe

J. Chem. Phys., Vol. 100, No. 9, 1 May 1994
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S(t)

0.0 ! i | 1 ]
0 0.5 1.0 1.5 2.0 25

time (in ps)

FIG. 2. The time dependence of the nonpolar solvation time correlation
function S(z) at high temperatures. Here S(r) has been evaluated by using
Eq. (16) and the intermediate scattering function is given by Egs. (17) and
(18) of the text, respectively. The parameter values have been discussed in
the text.

size is increased the relative contribution from the small &
values increases.

We next discuss the calculation of S(¢). At high tempera-
tures, the intermediate scattering function may be approxi-
mated by the following hydrodynamic expression:!!

F(k,t)=8(k)[G exp(—Dk?t)

+(1/y)cos(ckt)exp(—Tk?t)], )
for small k region and
F(k,t)=S(k)exp[ — D k%t/S(k)]. (18)

for the intermediate k region. We chose Eq. (17) to be valid
for ko<i. In Eq. (17), Dy and D, are the thermal and the
self-diffusion coefficients, respectively, ¢, is the adiabatic
sound velocity, I' is the sound attenuation coefficient, G=1
—1/y, and vy is the ratio of specific heats. In the normal
liquid, these have nearly the same values for many liquids. In
order to simulate dynamics in a typical liquid we have cho-
sen the following values. DT=10"2 cm?/s, D,=1075 cm?s,
I'=10"2 cm%s, c;=980 m/s, and y=2.

In Fig. 2 we show the result of our calculation of $(z) at
a density equal to po®=0.7 which is quite above the freezing
density. The decay is very fast and exponential-like. This
decay is in the subpicosecond range. This is in agreement
with the experimental observations?™ that nonpolar solva-
tion in nonpolar liquid at high temperatures can be ultrafast
in the sense that the relaxation is mostly in the subpicosec-
ond time scale.

The calculation of S(¢) in the supercooled liquid range is
much more complicated because the dynamical structure fac-
tor shows rich dynamics which depend not only on the wave
vector k but also on its proximity to the glass transition
temperature. In general, the intermediate scattering function
or the dynamic structure factor shows highly nonexponential
dynamics in this domain. Mode-coupling theory has recently

provided an elegant description of density relaxation in the
supercooled liquid that is valid at densities and/or tempera-
tures above the true glass transition temperature.”>' Both the
experiment and the mode-coupling theory shows that the
scattering function is well-represented by the well-known
Kohlrausch—Williams—-Watts (KWW) form, but with both
the relaxation time and the exponent 8 wave vector depen-
dent. Thus the mode coupling part of the intermediate scat-
tering function is given by

Fyc(k,t)=f, exp{—[t/m(k)]}P®, (19)

where f, is called the nonergodicity parameter.’ It should be
noted that the idealized mode coupling theory predicts B(k)
to depend only weakly on k. However, the available experi-
ments and computer simulations on glass forming systems
find the opposite. The wave vector dependence of the relax-
ation time 7(k) and the parameter f(k) show nontrivial de-
pendence on k. An important success of the mode coupling
theory has been to provide accurate estimates of these quan-
tities and to provide a physical explanation of the KWW
form. Among these parameters 7(k) shows the strongest
k-dependence. In the intermediate wave vector region this
can be approximated by’

(k) =S(k)/(Dk?), (20)

where D; is the self-diffusion coefficient of the liquid. The
nonexponential parameter B(k) also shows a nonmonotonic
behavior, with a minimum near the peak of the structure
factor. We assume a Lorentzian form for this function with a
minimum value in the range of 0.3-0.5 and the maximum at
k=0 in the range 0.6—-0.8—these are reasonable numbers. In
this work we shall ignore the k-dependence of f; . In addi-
tion, we shall now concentrate only on the mode-coupling
contribution and ignore the phonon contribution which still
gives an ultrafast component to nonpolar solvation, but less
interesting in the supercooled liquid.

In Fig. 3 we present the results of our calculation of S(¢)
for a nonpolar solute in the supercooled region for two val-
ues in the high viscosity range. The value of the self-
diffusion coefficient has been assumed to be given by the
Stokes—Einstein relation. Here we have taken the reduced
density of the liquid equal to 0.95 to allow for the formation
of the structure at the molecular length scales. The sizes of
the probe and the solvent molecules are the same. The
stretched exponential parameter S(k) is assumed to vary be-
tween 0.4 and 0.7 with the minimum at ko =6.8. Note that
the solvation in Fig. 3 is much slower than that observed in
Fig. 2. In Fig. 4 we show the time dependence of the non-
exponential parameter 8 [now for S(¢)]. This is evaluated by
using

a
B(t)=77— {l[—In S(]}. (1)
For a true stretched exponential decay, B(¢) should be inde-
pendent of time. As shown in Fig. 4, S(z) shows a pro-
nounced plateau at a value around 0.4. Thus, the solvation is
described well by a stretched exponential form at long times.
The initial fast decay in Fig. 3 originates from the large wave
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FIG. 3. The time dependence of the nonpolar solvation time correlation
function, S(t), in the supercooled liquid regime. S(¢) is shown for two
different values of the viscosity # (1 and 10 P) as shown directly on the
curves. Here S(¢) is evaluated by using the Eq. (16) and F(k,) is given by
Eq. (19) of the text, respectively. The wave vector dependence of the non-
exponentiality parameter S(k) of Eq. (19) is modeled by a Lorentzian with
a minimum value of 0.4 at ko=6.8 and a maximum value of 0.7 at ko'=0.
The other parameter values have been discussed in the text.

vector (Ko >10) contribution where relaxation is fast and
which still makes a small but non-negligible contribution.
In Fig. 5 we show the probe size dependence of the
nonpolar solvation dynamics, again including only the mode-
coupling contribution. The relaxation is faster for the larger
probe than that for the smaller one. This is because a probe
with a size significantly larger than the size of the solvent
molecules derives a much smaller contribution from the re-
gion where the relaxation is the slowest, that is, near ko=
6.8, for a hard sphere model. The situation will clearly be
rather different for more complex molecular liquids that are

pt)
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time (x10'%)

FIG. 4. The time dependence of the nonexponentiality parameter 5(¢) for
the stretched exponential representation of S(¢) in the supercooled liquid for
the viscosity #=1 P. The rest of the parameter values are the same as in
Fig. 3.
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FIG. 5. The probe size dependence of the nonpolar solvation dynamics.
Here solvation time correlation function S(¢) is plotted for two values of the
solute—solvent size ratio, r. The solid line is for r=2 and the dashed line for
r=0.5. The value of the viscosity is 1 P. The rest of the parameters have the
same value as in Fig. 3.

studied experimentally. However, since the mode-coupling
theory, the experiments and the simulations all suggest a
nontrivial k¥ dependence of the dynamic structure factor
through the parameters 7(k), f,, and B(k),'? we can expect
the presence of a significant probe size dependence in non-
polar solvation dynamics.

IV. CONCLUSION

In this article we presented a simple molecular theory of
nonpolar solvation dynamics. The main result of this study is
an expression, given by Eq. (16), for the solvation time cor-
relation function. This remarkably simple expression relates
the nonpolar solvation dynamics directly to the dynamic
structure factor and seem to provide at least a semiquantita-
tive explanation of many of the interesting observations of
Berg and co-workers. The theory predicts that at high tem-
peratures nonpolar solvation is exponential-like with the re-
laxation dominated by the phonon and the viscous modes of
the host solvent as the dynamic structure factor is described
by the conventional Rayleigh—Brillouin spectrum.!' How-
ever, the dynamics changes drastically at low temperatures.
The theory predicts that here nonpolar solvation may become
increasingly nonexponential as the temperature of the super-
cooled liquid is decreased towards the glass transition tem-
perature. We have used the mode-coupling theory to relate
the observed nonexponentiality to the slow density relax-
ations in the supercooled liquid. The theory further predicts
that nonpolar solvation dynamics may be used as a probe of
the length dependence of the relaxation phenomenon. Thus,
it can provide a test of many of the predictions of the mode-
coupling theory of glass transition. A quantitative evaluation
of the solvation time correlation function in a particular lig-
uid will require a detailed knowledge of the intermediate
scattering function, F(k,t) over the whole wave vector and
time domain. Therefore; we suggest that solvation experi-
ments be carried out in such liquids where this information is
available.'?

The theory brings out significant differences between the
polar and nonpolar solvation dynamics. While the long
wavelength processes seem to dominate polar solvation, the
molecular length scale processes are predicted to dominate

J. Chem. Phys., Vol. 100, No. 8, 1 May 1994



6664 Biman Bagchi: Nonpolar solvation dynamics

the nonpolar solvation dynamics. In addition, it is the trans-
lational rather than the orientational motion of the molecules
that determine nonpolar solvation dynamics, in contrast to
the polar solvation where the opposite is true. While polar
solvation is ultrafast partly due to the small value of the
longitudinal polarization relaxation time,' the nonpolar sol-
vation is ultrafast because of the large value of the large
wave number relaxation rates. It is of considerable impor-
tance to understand these differences in more detail.

There are several limitations of this work that should be
rectified. The most prominent one perhaps is the neglect of
the translational and the rotational motion of the solute. It is
straightforward to include the translational motion, but it is
nontrivial to treat the rotational motion of the solute. Another
limitation is the assumption of the dynamic linear respone of
the host solvent to the probe solute. This can be important if
there is a significant change in the nature of solute—solvent
interactions in the ground and the excited electronic states of
the solute probe. A third limitation of the present study is the
use of a hard sphere model to obtain the required static cor-
relation functions.'® This can be rectified by directly using
the experimental values of the required correlation functions
along with the experimental dynamic structure factors. We
hope that the present study will motivate further experimen-
tal and theoretical studies of nonpolar solvation dynamics.
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