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Dynamics of charge (or charge distribution) solvation 
is a subject of considerable interest.’ Recent molecular dy- 
namics (MD) computer simulation studies reveal that sol- 
vent relaxation occurs in two time regimes.2-7 During the 
initial regime, which can be described by a Gaussian func- 
tion, the relaxation occurs very fast (25-150 fs). The fast 
regime contributes about 60%-80% towards the total re- 
laxation and the motion of the solvent molecules in this 
regime has an inertial character. The short time regime is 
followed by a long time regime, which can be described by 
an exponential function. The motion of solvent molecules 
in this regime has a diffusional character. The two phase 
behavior of the solvent relaxation was observed in MD 
simulations performed in solvents such as water,2 acetoni- 
trile,3 methanol,4 and methyl chloride.5 Very recently the 
two regime behavior of solvent relaxation was also ob- 
served in MD simulations performed in simple polar fluids 
described by a Stockmayer potential.6*7 The presence of 
two time regimes in the solvation dynamics was also con- 
firmed by the experimenL8 

While the existence of the two regimes in the relax- 
ation is firmly established, the nature of the solvent dynam- 
ics in these regimes is not completely clear. Thus, for ex- 
ample, using the results of his simulations in acetonitrile, 
Maroncelli has assigned the fast regime to a small ampli- 
tude independent, inertial (mostly rotational) motion of 
molecules in the first solvation shelL3 Contrary to this as- 
signment Bagchi and Chandra recently proposed that the 
short time decay of the relaxation in simple Stockmayer 
solvents could be described in terms of collective excita- 
tion.’ 

To separate between these two different proposed 
mechanisms we performed one extra set of nonequilibrium 
computer simulations in addition to our previous simula- 
tion@ where we studied the dynamics of the Stockmayer 
solvent following a sudden change in the solute charge. In 
our previous study, we performed three nonequilibrium 
simulation sets NESI, NESII, and NESIII, in which we 
followed the time development of the normalized response 
function S(t) defined as 

6E( r> -6E( co ) 
S(r)=SE(0)--SE(m) * (1) 

In Eq. ( 1 ), 6E( t) is the fluctuation in the solvent- 
solute interaction energy at a given time f. 

To study the effect of the rotational and translational 
degrees of freedom of the solvent we froze the translational 
motion in the first simulation (NESI). In NESII both ro- 
tational and translational motion participated in the relax- 
ation. The Stockmayer solvent in our simulations was 

characterized (in reduced units) by a dipole moment 
(~*)~=3.0, a moment of inertial 1*=0.025, a density 
p*=O.822, a n d a temperature i”@ = 1.15. More details on 
the simulations were given in Ref. 6. In NESIII we 
changed the moment of inertia of the solvent in order to 
study the relative importance of the translational and ro- 
tational modes. 

The additional simulation set performed now 
(NESIV) consisted of 50 trajectories which had the same 
starting configurations as the trajectories from the set 
NESI. The difference between the trajectories in NESIV 
set and NESI set is that the molecular dynamics in NESIV 
set was performed with no solvent-solvent interactions. 
Figure 1 displays the behavior of the relaxation function 
S(t) obtained from the sets NESI, NESII, and NESIV. As 
we can see from this figure, up to -0.09 ps (at this time 
the energy relaxed - 70% ) the decay functions obtained 
from NESI and NESIV are practically indistinguishable. 
We also know from our previous work and from the other 
simulations that the main contribution into relaxation 
comes from the rotational motion of molecules in the first 
solvation shell (the difference in S(t) for the NESI and 
NESII is very small). Therefore, from Fig. 1 we conclude 
that the initial relaxation in our system is due to the inde- 
pendent inertial rotational motion of solvent molecules. 

To find out how large in amplitude is this rotational 
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FIG. 1. Response functions S(t) obtained from NE2311 (solid line), NESI 
(dashed line), and NESIV (dotted line). 
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FIG. 2. Average orientational angle of the dipole in the ftrst solvation 
shell (solid line), second solvation shell (dashed line), and third solvation 
shell (dotted line). 

motion we present the average value of the rotational angle 
as a function of time in Fig. 2. As we can see from this 
figure, after 0.09 ps the average displacement angle for the 
dipoles in the first solvation shell is -45”, which is twice as 
large as the average displacement angle for the Stockmayer 
dipole in a sample of pure solvent under the same condi- 
tions. Also note that the average displacement angle for the 
dipoles in secondary shells around the ion is -225”, the 
same value as in pure solvent. Due to the acceleration the 
average angular displacement of the first shell dipoles 
grows quickly and reaches its maximum value of - 120” 
overshooting the equilibrium value of - 85”. While the an- 

gular motion of the first shell dipoles is underdamped, the 
secondary shell dipoles display an overdamped motion. 

The picture of the dynamic solvation of the ion in 
Stockmayer fluid that emerges from our simulation is 
rather simple. Once the charge on the solute is turned on, 
the solvent dipoles of the first shell rush towards a favor- 
able orientation along the field emanating from the ion. 
The motion of the solvent particles has an inertial indepen- 
dent character. The solvent particles practically do not see 
each other during the short time regime ( -0.1 ps) and 
only after its completion the interaction between particles 
starts influencing their motion. At this time the motion 
becomes correlated. At long time scale the motion has dif- 
fusional character and this is reflected in a slow exponen- 
tial decay of the relaxation function. Finally we want to 
mention that this picture of the solvent dynamics of the 
Stockmayer solvent is probably correct when a large per- 
turbation ( Aq= 1.0) is applied to the solute. 

We thank Professor B. Bagchi for providing us with 
the manuscript of Ref. 9 prior to its publication. This work 
was supported by the Office of Naval Research. 

‘For recent reviews and references therein see, for example: P. F. Bar- 
bara and W. Jarzeba, Adv. Photochem 15, 1 (1990); M. Maroncelli, J. 
MacInnis, and G. R. Fleming, Science 243, 1674 (1989); B. Bagchi, 
Annu. Rev. Phys. Chem. 40, 115 (1989); B. Bagchi and A. Chandra, 
Adv. Chem. Phys. LXXX, 1 ( 1991); J. D. Simon, Act. Chem. Res. 21, 
128 (1988). 

‘M. Maroncelli and G. R. Fleming, J. Chem. Phys. 89, 5044 ( 1988). 
‘M. Maroncelli, J. Chem. Phys. 94, 2084 ( 1991). 
4T. Fonseca and B. M. Ladanyi, J. Phys. Chem. 95, 2116 ( 1991). 
sE. A. Carter and J. T. Hynes, J. Chem. Phys. 94, 5961 ( 1991). 
6L. Perera and M. Berkowitz, J. Chem. Phys. 96, 3092 ( 1992). 
‘E. Neria and A. Nitzan, J. Chem. Phys. 96, 5433 (1992). 
sS. J. Rosenthal, X. Xie, M. Du, and G. R. Fleming, J. Chem. Phys. 95, 

4715 (1991). 
9B. Bagchi and A. Chandra, “Ultra-fast Solvation Dynamics: Molecular 

Explanation of Computer Simulation Results in a Simple Dipolar Sol- 
vent” (preprint). 

J. Chem. Phys., Vol. 97, No. 7, 1 October 1992 

Downloaded 20 Feb 2003 to 152.2.22.225. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp


