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Ultrafast solvation dynamics in three nonassociated polar solvents, namely, acetonitrile, dimethyl sulfoxide,
and acetone, have been studied by using the molecular hydrodynamic theory. For solvation in acetonitrile,
the solvent memory function required for this study has been obtained from recent dielectric relaxation
measurements of Venabales and Schuttenmaer; earlier theoretical studies used only the Kerr relaxation data.
As the latter provides only an indirect information regarding the polar dynamical response of the dipolar
liquid, it fails to provide a fully quantitative description of the solvation time correlation funct, The

present study with full dielectric data, on the other hand, gives excellent agreement with the experimental
results. The theory shows that the ultrafast part of the solvation dynamics originates almost entirely from the
high-frequency component of dielectric relaxation (with time constant 0.177 ps), although the latter represents
only a small part of the latter. For DMSO and acetone, however, the present theory predicts a decay slower
than the experimental observation. It is proposed that for these two solvents specific chromcphast
interactions might be responsible for the large discrepancy. On the basis of the theory, two experimental
studies have also been proposed.

1. Introduction

understanding the solvent energy relaxation after the lase

excitation of a chromophore ! In some solvents, such as water
and acetonitrile, the energy relaxation has been found to be very
fast, while in others (for example, alcohols and amides), there

is a significant slow component. There has been a lot of debate
regarding the origin of the ultrafast component in these solvents.
It now appears that both the single particle and the collective

motions are responsible for the initial fast response of the

solvent!—8

Recent discussions, however, do not seem to have adequatel)(/

addressed the issue of specific chromopha@@vent interac-
tions and their possible effects on the solvation energy
relaxationt~ In some solvents consisting of small molecules,
such as water and acetonitrile, the specific chromophsoé/ent
interaction does not appear to constitute any significant com-
ponent of the total solvation energy. Unfortunately, however
it is rather difficult to distinguish between the energy relaxation
due to the passive solvent participation (as assumed in the

continuum models and in the wavenumber-dependent '[heories)t

and the specific chromophotrsolvent interaction where solvent
plays a more active role. Note that in many electron transfer
reactions of technological importance, the active role of solvent
is essential. An idea of the relative importance of the specific
chromophore-solvent interaction can be obtained by comparing
the theoretical prediction based on passive solvent participation
with the available experimental results.

The specific chromophoresolvent interaction can be of
different kinds. It may be a strong hydrogen bond (H-bond)

formed between the chromophore and the solvent molecules
where the chromophore itself can act both as a donor and an,
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acceptor of an electron. It may also be coordination bonds. In
. all these cases, the common feature is the decrease of entropy
'bf the medium resulting in a greater order of the solvent
Irsurrounding the chromophore.

Solvation dynamics in nonassociated polar solvents such as
acetonitrile, acetone, dimethyl sulfoxide, and many others have
been studied recently with considerable intefest. These
solvents are very important since many of them have potential
use in chemical industry. For example, both acetone and
dimethyl sulfoxide are commonly used as reaction media for
many important organic reactions occurring in solution. Aceto-
nitrile, when mixed with water at desired proportions, acts as a
ery good solvent in reversed-phase liquid chromatography.
The dynamical responses of these nonassociated polar solvents
aredistinctly different from those of the associated liquids such
as water, methanol, and formamide. The solvation dynamics in
these nonassociated liquids have been found to be rather slow
compared to those in water, methanol, and formamide. This is
expected because these nonassociated solvents cannot sustain
high-frequency librations or vibrations as there is no hydrogen
bond network. However, some of them may differ from this
rend and can indeed exhibit ultrafast dynamics by virtue of
very rapid single particle orientation. One such example is
acetonitrile.

The first measurements on solvation dynamics using ultrafast
nonlinear laser spectroscopy were carried out for acetonitrile.
These experimental studies were performed by Rosenthafat al.
where a big dye molecule, LDS-750, was used as a probe. Their
observations were quite fascinating since they reported for the
first time thebiphasicnature of the solvent response. The most
interesting outcome of this experiment was the discovery of
the presence of an ultrafast component with a time constant
less than 100 fs.

Subsequently, theoretical investigatibhs' and computer
simulation studies!®were carried out to understand the origin
of the biphasic solvent response and the mechanism which drives
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the ultrafast relaxation in these non-hydrogen bonded solvents.probe at timet and Egq() is the solvation energy at
Computer simulation studies of Maronc#llirevealed some  equilibrium. This energy can be obtained by following the time-
important aspects of ion solvation dynamics in acetonitrile. A dependent Stokes shift of the emission spectrum after an initial
theoretical study* on ionic solvation dynamics in acetonitrile  excitation. The solvent response functi@) is a nonequilib-
was carried out using the Kerr relaxation data. The theoretical rium correlation function. The time-dependent progress of the
results thus obtainédl were found to be in general good, solvation of a laser-excited dye has also been studied by using
although but not perfect, agreement with the experimental other nonlinear spectroscopic techniques which are often
observation® and simulation studie¥. However, the use of  sensitive to the total energyenergy time correlation function,
Kerr relaxation data in studying solvation dynamics is not fully M(t) defined as

correct because, while the solvation dynamics probes the solvent

orientational response of rank one (thatliss 1), the Kerr M(t) :%E(O)D 2)
relaxatio® measures the collective response of rank;, 2.2 [AE(0O)AE(0)O

In addition, the latter often includes contributions from the
intermolecular vibrations (hindered translations); these motions
influence solvation dynamics in a different manner. Neverthe-
less, this theoretical studly pointed out that the ultrafast
solvation in acetonitrile originates from the very fast single
particle orientation of a solvent molecule around its principal
axis. The theoretical results with Kerr relaxation data as the
input predicted a small oscillation at the intermediate time which

halic?v?/tte\l/):rer\]/vggﬁetrr\l/: cr:n;[giI(.Ejljcljg.dielectric relaxation data were coupling of the probe solute to the solvent. In the following
’ discussions, we consider only the polar solvation where the

used to study the solvation dynamics in this solVérs, poor LT . . g
. - solvation is given by the interaction of the electric field of the
agreement was observed; the predicted rate was much slower . o ) . -
olar solute with the polarization field of the dipolar liquid.

than thg exper imental qbservatlons_. This is because the accuracy, present theoretical formulation is based on the well-known
of the dielectric relaxation data available then was not relitible. - . .
density functional theory (DFT) and has been discussed

In particular, the high-frequency dispersion data were not earlier/1! so we give only the bare essentials here. Let us

?nV;rlllaglr?a T;;Z?V:,gtﬁ(r:%sgtlgg (?ns(lgrﬁgllt%d S":’J?fr; C)fft‘ORrr?lTﬁ(;I,Sz;ﬁg- consider a system where the solute ion is translationally mobile
S - - . and the host dipolar molecules are both rotationally and
limitation of inadequate description of the short-time solvent - - . .
o . . translationally mobile. All these motions can contribute to the
response of acetonitrile. As already emphasized, this was only.. d d f solvati f the | h
because reliable dielectric dispersion data for real acetonitrilet'me' ependent progress of solvation of the ion. We then use
the DFT to obtain a general free energy functional (of density)

Walzsoftllr;:g%/erm \%ﬁg?)?eli. and Schmuttenmaer have recentl from statistical mechanics. The free energy functional leads to
. Y, Ve . o . Yihe following expression for the time-dependent solvation
published dielectric relaxation data of acetonitrile which they energy

obtained by using the femtosecond tera Hertz pulse spectro-
scopy®® Their dielectric relaxation data are expected to be _ 4O O O

reliable in the high-frequency region. We have used these dataESO'(r't) = —kgTnea(r.1) f dr' dQ'cig(r,r',L2") op(r',€2',t)

. : . ; o= 3)

in the present calculation. The resulting theoretical predictions

are found to be in very good agreement with the experimental wherenion(r ,t) is the probability that the solute is at position
results of Rosenthal et &. at timet and dp(r,Q2,t) is the fluctuation in the position-],

We have also studied the solvation dynamics in acetone orientation- 2), and time- {) dependent number density of the
(dimethyl ketone) and dimethyl sulfoxide. As discussed earlier, dipolar solventciy(r,r’,L2') is the ion-dipole direct correlation
these two solvents are often used as reaction media and thereforunction (DCF). Note that in this expression, the coupling
possess a potential use in dye and related industries. Preliminarypetween the ionic solute and the dipolar solvent enters through
experimental studies on solvation dynamics in these solventsciy(r). At large distance from the solute this term gives the usual
have also been carried out in recent times. This definitely offers coupling between the electric field of the ion and the dipole
an opportunity to explore the role of the specific chromophore  moment density. At small distances, it includes the molecular
solvent interaction on the solvation dynamics in these reactive aspects and the distortion of the solvent due to the polar solute.
solvents. The organization of the rest of the paper is as follows. Note that eq Ancludes the effects of self-motion of the.ion
Section 2 contains the theoretical formulation. The next section Subsequent algebra leads to the following expression for the
contains a brief discussion on calculational details. We presentnormalized solvation energy time correlation funcfion
the results on solvation dynamics in acetonitrile, acetone, and Y
dimethyl sulfoxide in section 4. Concluding remarks are given Jo Ak K Sp(kDIci1” Soventkot)
in section 5. St =— 07 0 4)

‘[(‘) dk k2 Son(kvt:o) |Cid | iolven(k!tzo)

where Son(kit) is the self-dynamic structure factor of the ion
and S9,e(k.) is the orientational dynamic structure factor of
the solvent. Also, note here that the= 1, m = 0 component

whereAE(t) is the fluctuation in the energy difference between
the ground and the excited state electronic potential energy
surfaces. Note that the response functid(t), is an equilibrium
correlation function. When the solvent responsénisar, St)
andM(t) are stated to be treame To study the time-dependent
progress of solvation in complex systems such as acetonitrile,
acetone, and dimethylsulfoxide, we need a theory that properly
includes the dynamic response of the solvent and also the

2. Theoretical Formulation

The solvation time correlation function is defined as usual
by the following expressidnt!

E () — Eep(®) (that is, the longitudinal component) only survives for the ionic
St === sol (1) solute. The following expression for the ion dynamic structure
Eson(0) — Egon(®) factor is used

where Esoi(t) is the time-dependent solvation energy of the Sonl(kit) = exp[_Dionkzt] )
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whereDjqn is the translational diffusion coefficient of the solute
ion. This is calculated self-consistently.

The expression for the orientational solvent dynamic structure
factor, on the other hand, is complex and involves both the

rotational and translational memory (frictional) kernels. This is
given byt

. _NJ. 17 1
oven(Kit) 47[3Y|.1 GL(k)] - [Z+ Z(knz)] ©

Here, L denotes Laplace inversion with respect to the
frequencyz and N represents the total number of molecules
present in the systemY3ds the polarity parameter of the pure
solvent which can be calculated from the number dengily (
and dipole momentu) of the solvent as follows: B= (4x/
3)(ksT)u?p. 3 (k,2) stands for the wavenumber- and frequency-
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TABLE 1: Solvent Parameters Needed for the Theoretical
Calculation (Room-Temperature Data)

solvent diameter (A) Re u (D) p(glcc) n(cp)
acetonitrile 4.48 1.74 35 0.7857 0.341
acetone 5 1.56 2.7 0.79 0.337
DMSO 5.27 1.48 4.1 1.014 11

2R is the solute-solvent size ratio, calculated for coumarin 153.

calculated from the MSA solution of Chan et al. for strong
electrolytest’ We have of course used it in the limit of zero
ion concentration. The details have been discussed in refs 7
and 16. The analytical solution provided by MSA is correct in
the long-wavelength (that ik — 0) limit. At intermediate
wavenumbers (that is, when the valuekofis around z), MSA
tends to underestimate the effects of the ion on solvent structure.
3.2. Calculation of the Static Orientational Correlations.

dependent generalized rate of solvent polarization relaxation gqy acetonitrile, this has been taken from the XRISM results of

which was shown to be given byt

 2TH®
> k=i (k2]

ke TKFL(K)
mo?[z + T1(k,2)]

wherel is the average moment of inertia of a solvent molecule
of diametero and massn. I'r(k,2) andI'1(k,2) are the rotational
and the translational dissipative kernels, respectively.

The longitudinal component of the static structural correla-
tions of the pure solvent is expressed by

o
L=1- (4—;)c(110; k) )
where ¢(110k) denotes the 110th component of the direct
correlation function in the intermolecular frame wktparallel
to thez axis.f_(K) is also related to the longitudinal part of the
wavenumber-dependent dielectric functien(k), by the fol-
lowing exact relatioh!

_ 1 _3r
a® k)

Equation 4 is essentially a mode coupling theory expresgSion.
The solvation energy is seen to be driven by the collective
density modes of the solvent and the self-motion of the ion.
Note further that the solvent density mode involved for ionic
solvation is the longitudinal component of the orientational
density.

Equation 4 is appropriate only for ionic solvation. For dipolar
solvation, one requires a different, a bit more complicated
expression which has been discussed elsewf&hen the size

©)

of the chromophore is smaller than that of the solvent molecules,

ionic solvation is found to be significantly different (that is,
faster) than the dipolar solvation. However, this difference is

less significant when the chromophore size is larger than the
solvent, as in the present case. Nevertheless, this diﬁ‘erenceConstantfi

should be kept in mind when comparing with experimental
results.

The important ingredients to calcule®) from eq 4 are the
wavenumber-dependent iodipole direct correlation function
(cia(K)), the static orientational correlation function (k)), and
the memory functions. We shall discuss the calculational
procedure of these quantities in the next section.

3. Method of Calculation

3.1. Calculation of the Wavenumber-Dependent lor
Dipole Direct Correlation Function, cig(k). This has been

Raineri et al* For acetone and DMSO, where we are not aware
of any XRISM calculation, we have obtained the static orien-
tational correlation functions from the mean spherical ap-
proximation (MSA) modelafter correcting thevalues both at
k — 0 andk — oo limits.”16 This gives us an accurate estimation
of . (K). In all the cases, the solvent molecules are approximated
as hard spheres with diameterNote that approximating them
as Lennare-Jones spheres will not change the results signifi-
cantly, as the long-wavelength limit is not affected by these
molecular details. We would also like to stress that this point
is often missed in scientific discussions. The relevant static
parameters are summarized in Table 1.

3.3. Calculation of the Rotational Memory Kernel, T'r-
(k,2). The calculation of the rotational memory kernek(k,z)
is somewhat involved and complex. The steps are the following.
First, one uses the molecular hydrodynamic theory to relate the
wavenumber K) dependent memory function exactly to the
relevant dynamical correlation function. In the limit lof= 0,
this reduces to the dielectric relaxation function. Thus, khe
dependence of the rotational memory kernel is neglected and
I'r(k,2) was replaced by'r(k=0,2). This approximation was
found to be valid for polar solvation dynamics since the polar
solvation energy relaxation is dominated by the large-wavelength
polarization density fluctuations. The latter has been calculated
from the experimentally determined frequency-dependent di-
electric functiong(2). The relevant expressions and the proce-
dure have been described in detail elsewA&teéand therefore,
we give only the bare essentials here. The frequency-dependent
dielectric function,e(2), for these solvents is often described
by the following rather general expresstén

m (&~ €10)

€@D=¢€,+ Yy — (20)
AL+ 20)°Y

where z is the Laplace frequency; is the static dielectric
i = 2, mare the intermediate values of the dielectric
constantem1 = €. is its limiting value at high frequencynis
the number of distinct relaxation processgesye their relaxation
time constants, and is the fitting parameter to describe the
deviation from Debye behavior. For acetonitrile= 0, 5 = 1,
and m = 215 that is, dielectric relaxation of acetonitrile is
described by Debye processes. For acetane,0.02,3 = 1.0,
andm = 1218 For DMSO,a. = 0, 8 = 0.8882andm = 1.
The dielectric relaxation data of these solvents are summarized
in Table 2.

3.4. Calculation of the Translational Memory Kernel, I'r-
(k,2). This has been calculated by using the isotropic dynamic
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TABLE 2: Dielectric Relaxation Data for Acetonitrile, 1.0
Acetone, and Dimethyl Sulfoxide (DMSO) at Room \
Temperature \ Acetonitrile
solvent €0 71 (PS) €1 72 (pS) €w
acetonitrile 35.77 3.506 3.323 0.177 1.439
acetone 20.67 3.06 2.29
DMSO 46.40 20.5 4.16

S(t)

Acetonitrile

S ()

0.4 0.6
time (ps)

Figure 2. Effect of the removal of faster component of the dielectric
relaxation on the solvation dynamics in acetonitrile. The calculated

A Lt ey v solvation time correlation functior§t), is plotted against time. The
0 0.2 0.4 0.6 08 1.0 solid line represents the result with two Debye relaxation (full data)
. and the dashed line with only the first, that is, with the slower Debye
time (ps) relaxation time constant.

Figure 1. Calculated solvation time correlation functict), compared

with the experimental data of Rosenthal efah liquid acetonitrile.

The theoretical results are represented by the solid line and the
experimental observations by solid circles. The solvation time correla-
tion function has been obtained by using the dielectric relaxation data
of Venabales and Schuttenmalein the calculation of the rotational
memory function; the details are discussed in the text. The chro-
mophore-solvent size ratio is 1.74.

1.0

Acetonitrile

S(t)

structure factor of the liquid. The calculational details regarding
the calculation ofl't(k,2) have been described in ref 7. For
acetone and DMSO, this is obtained from the translation
diffusion coefficient by using the well-known Einstein relation.

4. Results

0.2

0.4 0.6
4.1. lon Solvation Dynamics in Acetonitrile. Figure 1 time (ps)
displays the theoretical solvation time correlation function e 3. Dominance of theks = 0 polarization mode in ionic
obtained by using the most recent dielectric relaxation data of solvation dynamics. The theoretical results (solid line) are calculated
Venables and Schmuttenmaéihe agreement with experiment  from eq 4 by consideringnly the go = 0 solvent polarization mode.
is very good and somewhat better than what was obtained earlieMNote the agreement with the experiment data (solid circles). The other
by using the Kerr daté The advantage of the present scheme static parameters remain the same as those used for Figure 1.
is that we can easily explore the origin of the ultrafast solvation when contributions from all wavenumbers were included (see
by selectively turning off the relaxation channels. This is Figure 1). This particular feature again highlights the fact that
demonstrated in Figure 2 where we compare the solvation timethe long-wavelength polarization mode does govern much of
correlation function obtained with and without the fast com- the ionic solvation dynamics in ultrafast liquids. This is also
ponent of the dielectric relaxation (DR) data. Note that when the reason different theoretical approaches often succeed in
the fastest component of the DR data of acetonitrile is removed, providing a reliable descriptiofit42%as all the theories/models
the solvation becomes substantially slower than that calculatedreproduce the continuum limit correctly. This also explains why
with the full DR data. The interesting observation here is that the solvation dynamics in acetonitrile seems to be insensitive
the removal of the fastest component not only slows down the to the shape and the size of the chromophore. Howes(er,
initial rate of solvation, substantially, but decelerates the rate probed by different experimental techniques can still be rather
rather strongly even at long time. Thus, we conclude that the different.
ultrafast component is driven mostly by the fastest component Recently, Ernsting and co-workétshave investigated the
of the dielectric relaxation data which is the rotation of the solvation dynamics of aminonitrofluorene (ANF) in acetonitrile
cyanide group £CN) around the Ck-CN bond of the by using the transient hole burning spectroscopy. The dynamics
acetonitrile molecule. has been found to be biphasic as before but with one extra

The dominance of the collective solvent polarization relax-
ation in ion solvation dynamics in acetonitrile is shown in Figure
3 where contribution obnly the ko = 0 polarization mode is
included. This is equivalent to the continuum model result, of

feature, a weak oscillation in th§t) versus time curve at
intermediate time. Although such oscillations3ft) have neither
been detected in experiments of Rosenthal €& abr been
reproduced by the present extended molecular hydrodynamic

course with the full dielectric response included. The agreementtheory, they always seem to be present in simulati®izhis
with the relevant experimental results is almost the same as thatpoint deserves further study.
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Figure 4. Calculated solvation time correlation functi@t), compared Figure 5. lon solvation dynamics of coumarin 152 in dimethyl

with the experimental one for ionic solvation of excited coumarin 152 sulfoxide (DMSO). The theoretical results are shown by the solid line.
in acetone. The experimental results are denoted by the small dashedrhis is obtained after adding a libration of 40 chin ¢(z) of DMSO.

line. The theoretical results (solid line) are obtained by using eq 4 after The large dashed line represents the calculatithoutany libration.
adding a libration of 60 crrt in €(2) of acetone. The large dashed line  The small dashed line denotes the experimental observations. The
denotes the theoretical resulithoutany librational contribution. Note ~ chromophore-solvent size ratio is 1.48. As discussed in the text, the
that the experimental decay is much faster than the theoretical poor agreement may be due to the presence of specific chromephore
prediction. The chromophoresolvent size ration is 1.56. solvent interaction.

of this pronounced disagreement may again be the enhanced
chromophore-solvent specific interaction.

4.2. lon Solvation Dynamics in AcetoneThe calculated
solvation time correlation functionS(t)) of coumarin 152 in
acetone is shown in Figure 4. The solusmlvent size ratio here
is 1.56. We have attributed the calculated ¢ n?) dispersion
to a libration with frequency 60 cm.!8 This librational mode
of acetone at that frequency has been detected in the far-infrare
(FIR) studies of Gadzhiel® The experimental results of Horng
et al1® are also presented in the same figure. The comparison
shows that the theoretically predicted decayS{th is much
slower than what has been observed in experimé@nige have
earlier pointed out that in the interesting experimental results
of Joo et af? on solvation dynamics in alcohols, the faster decay
observed in experiment may arise from the chromophore

5. Conclusion

Let us first summarize the main results of this article. The
qonic solvation dynamics of acetonitrile, acetone, and dimethyl
sulfoxide have been studied by using the molecular hydrody-
namic theory. These solvents represent a particular ctabe
nonassociated polar solvent. In all the cases, the rotational
memory function required to evaluate the solvation time
correlation function has been obtained from the available
dielectric relaxation data. For acetonitrile, an excellent agreement

I ific i 0% Thi ific | . led between the theory and the experimental results have been
solvent specific interactiofr. This specific interaction coupled  ,pcareq. On the basis of this work, we conclude that the

with solute-solvent binary cage dynamics may provide an exra ,yratast component observed in this solvent seems to arise from
channel for fast.er energy relaxatlo.n. Thls'mechamsm can ,bethe fast rotation of the cyanide group around the;€BN bond.
nonpolar and driven by short-range interactions and can provideryg 5t orientation is further intensified by the large value of
a energy relaxation on the time scale of a few hundred yho cqjective force constaftit is shown that because of the
femtoseconds (206400 fs), as discussed earlier by Sevan and yqminance of the long-wavelength mode, a continuum model
Skinner* Larsen et al® and also by us® The present  jescription for the solvation dynamics should be reliable here.
calculation does not include this contribution. Another result is that we did not observe any oscillations in the
The effects of the specific solutesolvent interaction willbe  solvation time correlation function. The present calculation is
more pronounced if the solvent is reactive and tends to to be contrasted with the earlier one by Roy eflawho
coordinate with the probe solute. Such might be the case for calculated the memory function from the Kerr relaxation. The
dimethyl sulfoxide (DMSO). The high reactivity of DMSO to  present work provides a more direct calculation.
a large variety of organic chromophores may be the reason this  For acetone and DMSO, the theoretical predictionsS(of
solvent did not attract as much attention of the eXperimenta”StS are much slower than the experimenta] observations. The
as acetonitrile did. We have carried out a theoretical Study of Specific solute-solvent interaction may p|ay a Signiﬁcant role
solvation dynamics in this solvent. The results are presentedin determining the initial part of the solvent response in these
next. liquids. A systematic inclusion of this particular aspect in any
4.3. lon Solvation Dynamics in Dimethyl Sulfoxide (DMSO). dynamic theory is a nontrivial task. However, this needs further
Figure 5 shows the comparison between the theoretical predic-attention.
tions and experimental results of ion solvation dynamics in  Here, we note that the effects of the specific chromophore
DMSO. The solute-solvent size ratio is 1.5. Here, the difference solvent interaction is more pronounced in acetone and DMSO
betweene, andn? is 1.9755. This dispersion is attributed to a than that in acetonitrile. There could be several reasons for this.
libration of 40 cnt®. Castner and Maroncellhave observed a  First, the solvent response is much faster in acetonitrile than
peak at this frequency in DMSO in their studies of the those for the two other liquids. This is because acetonitrile
polarizability anisotropy response using the optical heterodyne possesses a very rapid single particle orientatit0Q fs) which
detected Raman-induced Kerr effect spectroscopy (OHD- leads to a faster polar solvation energy relaxation through this
RIKES). Itis clear from Figure 5 that the disparity between the rotational mode. This fast component is absent in acetone and
theory and the experiment is quite large in this case. The origin DMSO. Second, the presence of two methyl groups in acetone
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and DMSO may enhance the coordinating tendency of the  (2) Castner, E. W., Jr.; Maroncelli, NIl. Mol. Lig. 1998 77, 1.
oxygen via hyperconjugation. This part of solvation energy is Marg?’n)cgfi'a"wt' ?-,\'/\l"d; ’\If'izfol’;%e?i"é;"'i- Phys. Chem1996 100, 12981.
d|spnct.from the polar sqlvatlon energy and is addlltlonal energy 4) Barbara. P. F.: Jarzeba, \Wdy. Photochem199Q 15, 1.
which is not present in acetonitrile. When this enhanced (5) Rossky, P. J.; Simon, J. Nature 1994 370, 263.
coordinating ability couples with the relatively large viscosity (?)zé-gdanyi, B. M.; Stratt, R. MJ. Phys. Chenll995 99, 2502;1996
of DMSO, the effect of the specific interaction may become (7) Bagchi, B.: Biswas, Ridy. Chem. Physin press. Bagchi, BANNU.

large. This is probably the reason for the largest deviations re, phys. Chemi989 40, 115. Bagchi, B.; Chandra, Adv. Chem. Phys.
observed between the theoretical predictions and experimentall991, 80, 1.
results for DMSO. (8) (a) Rosenthal, S. J.; Xie, X.; Du, M.; Fleming, G. R.Chem.

o . . Phys. 1991 94. 4715. (b) Maroncelli, M., et al. IrUltrafast Reaction
The role of the specific chromophersolvent interaction on Dynamics and Sekent EffectsAlIP Conference Proceedings 298; Gauduel,

solvation dynamics can be assessed semiquantitatively byy. Rossky, P. J., Eds.; 1993; p 310.
designing some ingenious experiments. One such suggestion is  (9) Bader, J. S.; Chandler, @hem. Phys. Lett1989 157, 501.

to study the solvation dynamics in halogen-substituted DMSO. 8‘3 ’%"g;onsc‘?'}'ib m;hcg?"gazz%’islgglcag}fogﬁy +1993 99, 3139
The presence of the halo atom (F or Cl atom) in the methyl (12) Guillaume, Y. C.: Guinchard. Gnal. Chem1997 69, 183.

carbon atom will reduce the coordinating tendency of the  (13) McMorrow, D.; Lotshaw, W. TJ. Phys. Cheml991, 95, 10395.
carbonyl oxygen. This should in turn reduce the degree of - _(1d4) Raiﬂerli, Flé O, F,rigdrganéH- Ll.HC?n%r}l PlhySE_993d98NA8$(1)0.
specifc interaction. Second, twould b very interesting o sudy FISdTen 1. L Raner, - O Reee, H Meeuir Laie NATO,
ultrafast solvation dynamics in binary mixtures. Here, one can o Resat, H.; Friedman, H. L1. Chem. Phys1992 96, 3068.

also tune the magnitude of the specific interactions. Third, one  (15) Venables, D. S.; Schmuttenmaer, CJAChem. Phys1998 108
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