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Three-pulse infrared photon echo spectroscopy has been used to determine the correlation function of the
fluctuations of the vibrational frequencies of OClAnd SCN in methanol. The correlation functions of the
antisymmetric stretching modes for these two ions are fitted with a double exponential function with time
constants of around 100 fs and 4 ps. The amplitude of the fluctuations for &Nund to be greater than

that for OCN'. We discuss the difference of the spectral diffusion processes between &@ENSCN in
methanol.

1. Introduction Although spectroscopic line shape measurement is a common
technique to study the microscopic aspect in liquids, it does
not always give the underlying physical picture of the vibrational
dynamics. Recently, two-dimensional (2D) IR spectroscopy, a
vibrational analogue of 2D NMR, has been proven to be a
powerful technique to study dynamical structures of molecular
systems and biopolymetfs?

Three-pulse photon echo measurements are a useful technique
to probe energy fluctuations of optical transitions or spectral
diffusions. This is because echo signals with three-pulse
excitations can yield the dynamics of the inhomogeneous
distribution!! while the static inhomogeneous distribution of
the transition frequency can be obtained by two-pulse photon
echo measuremertg.he three-pulse technique has been applied
to electronic transitior’812 and, more recently, to vibrational
transitions for small molecules in solutidAsand in protein
environment$® This nonlinear spectroscopy is especially
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Molecular dynamics in liquids are strongly affected by the
nature of intermolecular interactions. It is greatly important to
obtain the molecular description on relation between the
dynamics and interactions in liquids in order to elucidate the
solvent dynamical effect on chemical reactions. Fluctuations of
the vibrational transition energies, which are characterized by
time correlation functions of the frequency fluctuations, are very
sensitive to the dynamics of surrounding environméritsere-
fore, it has been expected to investigate the microscopic view
on liquid dynamics by probing the vibrational fluctuations.

In recent years, a great deal of effort has been devoted to
investigate solutesolvent interactions and vibrational frequency
fluctuations with nonlinear infrared (IR) spectrosc@pi® These
techniques give detailed information on the time scale of the
vibrational fluctuation and the coupling strength to the solvent.
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TABLE 1: Parameters of the Vibrational Population k

; c . . - S ¥, ks ¥, Ks ¥,
Relaxation Times, Rotational Diffusion Constants, and v ?g K ¥ 108 st ;1
Anharmonicities for OCN~ and SCN™ in Methanol

11 k| 00 k, Ks 11
rotational diffusion  anharmonicity k| 01 01 K 01
solute T2 (ps constart(pst cmt 2
1% (ps) (ps™) (cm™) 00 ™k, 00 Mk, 00 K,
OCN- 2.9 0.025 28 R, R, R,
SCN- 11.0 0.019 23 K
sw| 00 ksv.| 00 ksw.| 11
peak frequency peak frequency line width? 10 ks K 10 21
solute in methanol (cm?)  in gas phasgcm™?) (cm™) 11 s 00 ks 11
OoCN- 2161 2124.3 20 10N K [0 10 [
SCN~ 2062 2065.9 45 k, 00 k, 00 k, 00
aTaken from ref 19° Peak frequency is determined by fitting with Ra Rs Re
a Gaussian function, since the absorption spectrum is slightly asym- kse.| 00 ksv.| 11
metric. The actual peak is shifted slightly to a lower frequency. K 10 21
) ) . o . ) 1 20 20 K
provide detailed physical origins on solutsolvent interactions k,~] 10 k-7 10
and serve as a benchmark for theoretical modeling. Fundamental K 00 k1 00

parameters are already available on the vibrational states for R R
the ions both in gas phase and in solutions (Tablé5®p. 7 8
Despite their simple structures, the triatomic ions show interest- Figure 1. Double-side Feynman diagrams that contribute to the photon
ing features regarding vibrational interactions and dynamics. €cho signals.

In the previous pumpprobe experiments by Hochstrasser
and co-workers, the vibrational population relaxation times were while T is defined as the time delay between kaendksz beams
measured for N, OCN-, and SCN in several solvent&20 for ¢ > 0 or between thé, andks beams forr < 0.
They suggested that the longer vibrational relaxation time and  KOCN, KSCN, and methanol (spectrograde) were purchased
shorter reorientation time for SCNare due to weak interactions  from WAKO Pure Chemical Industries and were used without
with solvent compared to the cases ofNand OCN. further purification. The sample was a 45 mM solution for
Furthermore, the trend in the vibrational relaxations correlates OCN- and a 160 mM solution for SCNin methanol in a CafF
with the shift of the peak frequency between the solvent and cell with an optical path length of 50m. All measurements
the gas phase. On the other hand, the line width of the absorptionwere performed at ambient temperature (295 K).
spectrum of the antisymmetric stretching mode of SOB
broader than that of OCN indicating the stronger solute 3. Theory
solvent interactions for SCN There is no explanation for these ] ) ] )
different trends even though quantitative information on the ~ The experimentally observed photon echo signal is a time-
vibrational dynamics of ions is experimentally availafi@?1t integrated intensity of the third-order polarization which is given
is necessary to investigate the vibrational dephasing dynamicsby
of ions in order to elucidate the line broadening mechanism of
the absorption spectrum. In this study, vibrational frequency I(z,T) O f0°°|P(t;T,1g)|2 dt Q)
correlation functions of the antisymmetric stretching modes for
OCN" and SCN are determined by three-pulse IR photon echo \herep(t:T,7) is the third-order nonlinear polarization at time
experiments. We discuss the difference of the spectral diffusion ; e third-order polarization is expressed by convolution of

processes between OCNind SCN' in methanol. the response function with the electric fields of the laser pdfses.
The detailed description of the response functions was given
by Mukamet® and otherg*24 Briefly, the relevant Feynman
The details of three-pulse IR photon echo measurement will diagrams for the photon echo signal are shown in Figure 1. The
be described elsewheteBriefly, a laser system was based on response function is a sum of contributions from all the Feynman
a Ti:sapphire regenerative amplifier (Spitfire, Spectra Physics) paths. The first three diagrams contribute to the photon echo
to provide pulses with a pulse width of about 40 fs and an energy signal when the delay time is positive. These are so-called
of 1 mJ/pulse at 1 kHz centered at around 800 nm. The outputrephasing diagrams which give photon echo signals. For
is used to pump an optical parametric amplifier (OPA), and example, in the diagramiRthe first pulse creates a vibrational
difference frequency generation of the signal and idler from the coherence between= 0 andv = 1 states that is destroyed by
OPA in AgGa$ is used to produce tunable IR pulses (340  the dephasing process. After timmethe population in the =
160 fs pulse width, 128130 cn1! bandwidth)?2 The resulting 1 state is created after the second interaction of the laser pulse.
IR pulses were tuned to around 2150 and 2054 cior OCN- The third pulse transfers the second coherence state which is
and SCN, respectively. The IR beam was split into three and the conjugate of the first one. So the system propagates toward
was focused at the sample with an off-axis parabolic reflector the initial coherence, giving the echo signals. Among the rest
(focal length= 100 mm) in a boxcar geometry. At a sample of the diagrams, the diagrams,Rs, and R, contribute to the
position, a pulse energy was2—3 uJ in total. Time delays signal when the delay time is negative. These are so-called
between two beams are independently controlled with motorized non-rephasing diagrams which give free induction decays
stepper translation stages. The photon echo signal was detectedecause the second coherence state has the same phase factor
with a liquid N, cooled InSb detector in the phase matched (not conjugate) as the first one that is also destroyed by the
direction, —k; + kz + ks, where k;, ky, and ks are the dephasing process. The last two diagramaiRd R contribute
wavevectors of the first, second, and third pulses, respectively.to the signals only when the delay tinieis near zero. The
The time delay between the andk, beams is defined ag inhomogeneous distribution of the vibrational frequency causes

2. Experimental Section
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a greater rephasing contribution than the non-rephasing one, so 8000 - :

that the peak of the photon echo signal is located at the positive @ () OCN in Methanol

side ofr when the delay time is scanned with a fixed.1! As 6000

the delay timeT increases, molecular dynamics in liquids destroy 2 4000 \

the inhomogeneity of the distribution of the vibrational frequen- %, / R\\

cies. When there is no inhomogeneity in the system or the g 2000 /// X

inhomogeneity is washed out completely due to the spectral 0 PPN R

diffusion, rephasing and non-rephasing diagrams contribute -1000 0 1000 2000

equally to the signals, and the photon echo signal becomes . Delay Time 7 (fs)

symmetric with respect to = 0O fs. Therefore, the asymmetry % 400

of the photon echo signals is a sensitive probe for the degree of é 3004 )

the “transient” inhomogeneity in the distribution of the vibra- ! -:—% -

tional frequencies. B0 :

The spectral diffusion process is described by the correlation = 0 2000 4000 6000 8000
function of the vibrational frequency fluctuation which is given Delay Time T (fs)
by Figure 2. (a) Three-pulse photon echo signals plotted against the delay
timest and T for OCN™ in methanol. (b) First moment of the photon

M(t) = Dwg,(t) dw,,(0)0 (2) echo signals from the experimental data (open circles) and from the

simulation (solid line).
where dwoa(t) is the deviation of the vibrational frequency at

time t from the average valug.Here we assume that the A10000 /\
fluctuations of the vibrational energy betweer= 0—1 andv £ 8000 ’ {8) SCN' In Methenal-
= 1-2 are strongly correlated, that is, th&boy(t) is equal to 'é 6000
dw1(t). The response function can be calculated from the line F 4000 \\
shape functiory(t), & {\\
2 2000 -
ot t 0 @
g(t) = ft; f;dt, Bewgy(t,) dwpy(0)0 ®)

-1000 0 1000 2000
Delay Time T (fs)
The relation between the response function and the line shape
function has been described in other pap&féin the following
simulation, we take into account the effect of the finite pulse
width, the lifetime contribution, and the rotational relaxation :
process following Hamm et af2* A contribution of the 0 4000 8000 12000
vibrational population relaxation is included phenomenologically Delay Time T (fs)
as an exponentially decaying factor. When the systemas=n

0—1 coherence, the decay rate'fsTy, and when the system is Elgure 3. (@) Three-pulse photon echo S|g_nals plotted against the delay
in » = 1—2 coherence. there is an additional contribution of tlmeST_andeor SCN in me_thanol. (b) First moment of the photon

n v . . . . echo signals from the experimental data (open circles) and from the
1/T;. During the population period, the decay rate i$,17; is simulation (solid line).

the vibtational population relaxation time from the= 1 to the

v = 0 state. Here we assume that the vibrational relaxation from are calculated as a function ®f as shown in Figure 2b. The
thev = 2 to thev = 1 state is twice as fast as that from the  first moment is defined as follows,

= 1 to thev = O state. This assumption is based on the harmonic

First Moment (fs)

approximation for the transition dipole moment, that ig;2 f°° 7l(z,T) dr
= u»:%. The transition rate is given by the Fermi’s golden rule FM(T) = *——— (4)
and is linear in the vibrational quantum number for the harmonic ‘/‘_‘” I(z,T) dr

oscillator?® Regarding the rotational relaxation, we assume the
system can be described by a spherical rotor. Dusirg0—1
andv = 1—2 coherence, the rotational dephasing rateDs 2
and during the population period, the rate 3,8&vhereD is

wherel(z,T) is the experimental photon echo signal at the delay
timest andT. The first moment is around 400 fs at= 0 fs
and decays to 100 fs on a time scale of 4 ps. The total intensity

the rotational diffusion constadt. A contribution of each e photon echo signals decreases on a few picosecond time
diagram R—Rg depends on the time ordering of the three pulses, gq5je since the vibrational relaxation time of the antisymmetric
and all of the diagrams are included in the calculation, as shown stretching mode of OCNin methanol is 3 p&%2°Therefore, it

below. is difficult to measure the signal at delay tirfidonger than 8
ps.
4. Results Figure 3 shows the photon echo signals of S@Nmethanol
Figure 2a shows the three-pulse photon echo signals of OCN as functions of the delay timasand T together with the time
in methanol as functions of the delay timeandT. At T=10 dependence of the first moment. The temporal width of the

fs the peak of the photon echo signal is located at arouneé-300 photon echo signal for SCNis narrower than that for OCN

350 fs. The temporal profile of the photon echo signal is highly Decay of the echo signal is related to the vibrational dephasing
asymmetric with respect to, indicating the presence of the time. In a motionally narrowing limit, the vibrational dephasing
inhomogeneous distribution of the vibrational frequency. The time is inversely proportional to the square of the coupling
peak of the signal shifts toward zero dsincreases. To strength to solvent. Therefore, a faster decay of the photon echo
characterize the degree of asymmetry of the photon echo signalssignal for SCN reflects a stronger systenbath interaction for
with respect tar = 0 fs, the first moments of the echo signals SCN- compared to OCNand is consistent with the difference
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Figure 4. Three-pulse photon echo signals of OCM methanol at Figure 5. Three-pulse photon echo signals of SCIN methanol at

tr_lree different delay times: _(a) 300 fs; (b) 3 ps; (c) 5ps. The filled  {nree different delay time®: (a) 400 fs; (b) 3 ps; (c) 5 ps. The filled
circles represent the experimental data, and the solid line represents;jrcles represent the experimental data, and the solid line represents
the simulated data. (d) Experimental linear absorption spectrum of the simulated data. (d) Experimental linear absorption spectrum of
OCN-~ in methanol (solid line). The dashed line is calculated from the gcN- in methanol (solid line). The dashed line is calculated from the
simulation using the parameters shown in Tables 1 and 2. simulation using the parameters shown in Tables 1 and 2.

spectra are shown in Figure 4d. The absorption spectrum is

TABLE 2: Parameters of the Correlation Function for . .
calculated from the following equation.

OCN~ and SCN in Methanol

solute  Ai(ps?) 7i(ps) Ax(psY) 72(ps)  Ao(ps I(w) = 2Refexpl-i(w — wy)] expl—g(t) — t/2T, —
OCN- 1.3 0.12 16 45 0.55 0
SCN- 2.6 0.09 3.6 4.1 0.1 2Dt] dt (6)

The overall fit is good; however, there are some differences
N between the experimental and simulated results. In particular,
the deviation of the first moment from the experimental data is
seen at the delay tim€ shorter than 400 fs, and the temporal
width of the photon echo signals is slightly overestimated at a
longer T. The calculated absorption spectrum overestimates
the width of the experimental absorption spectrum, too. One of
the reasons may be a contribution of a small fifth-order
polarization to the photon echo signals. We have observed a
small fifth-order contribution to the photon signals in the
frequency-resolved photon echo measuren@rithe fifth-order
contribution gives a shoulder in the spectrum at the lower
frequency side, which is due to = 2—3 coherence. This
2 observation is similar to that reported by Hochstrasser and co-
M@ = 3 A% exp(-tir) + Ay’ (5)  workers® . .

= The simulated result for SCNin methanol is shown in Figure

5 along with the experimental absorption spectrum and photon
Here Aj and7; correspond to the coupling strength to solvent echo signals. The simulated result for SCshows very small
and the time scale of the frequency fluctuation, respectively. static inhomogeneity after 14 ps. It is notable that the time
We calculated the temporal profile of the photon echo signal at constants of the frequency fluctuations for two components are
each delay timel according to eq 1, taking into account the quite similar for SCN and OCN', while the amplitudes of the
pulse width and the time ordering of the laser pulses, and thenfluctuations for SCN are about twice as large as those for
the first moment of the photon echo signal was calculated on OCN~. For both molecules, the contribution of the population
the basis of eq 4. A comparison of calculated signals with the relaxation of thev = 1 state and the rotational relaxation to the
experimental results for OCNin methanol is displayed in  vibrational dephasing process is found to be minor in the photon
Figure 4a-c. The parameters used in the simulation are shown echo signals. The accuracy of the parameters for the first
in Table 2.M(T) has two decaying time constants of 120 fs componentr; andA;, is relatively large, probably abodi50%.
and 4.5 ps. We include a constant termMgT), Ao, which This is because this component falls into the fast modulation
corresponds to a component longer than the time scale of ourlimit and only the values ofA;%r; are important to determine
measurement~8 ps). Calculated and observed absorption the vibrational dephasing.

of the width of the absorption spectra observed between OC
and SCN.1%20The first moment of the photon echo signal at
T = 0 fs is similar to that for OCN, but it decays to zero,
indicating that there is very small static inhomogeneity at a
longer delay timeT. For SCN in methanol, the vibrational
population relaxation occurs on a 11 ps time sé&f8,so we
can measure the photon echo signals easily at the delayTtime
longer than 10 ps.

To simulate the photon echo signals, the correlation function
of the vibrational frequency fluctuation is expressed by a sum
of two exponentials with a constant term,
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TABLE 3: Bond Lengths, Magnitudes of Dipole Moments, sponds to the fluctuations of the vibrational force resulted from
and Atomic Charges of OCN" and SCN- making and breaking of the hydrogen bod&Fhe fast decaying

bond length component is assigned to the inertial part of the water solvation

solute Rscor Roc (R) Ren (R) 4 (D) on the basis of the observation of a similar component in the

dynamic fluorescence Stokes shift measurement for the elec-

OCN- 1.2320 1.2017 1.4805 tronic transitiont* Preliminary experiments for probing the
SCN- 1.6609 1.1908 1.5823 . . . .
vibrational frequency fluctuations for the CN stretching mode
atomic charge of Fe(CN)}*~ and the antisymmetric stretching mode of SCN
solute SorO c N in D,O suggest that the correlation function decays on similar
— time scales to that for it in D,0O.1421 The time constants of
OCN :0'606 9'166 :0'560 the slowly decaying component for OCNand SCN in
SCN~ 0.629 0.047 0.324 ; . .
methanol are clearly different from those of the ions isOD
TABLE 4: Coefficients of the Normal Coordinate of the while all the systems studied have fast decaying components
Antisymmetric Stretching Mode for OCN~ and SCN- with a time constant of about 100 fs. On the other hand, the
coefficient of the normal coordinate amplitude of the vibrational energy fluctuation for the slowly
decaying component is larger than that ipD The results of
solute SorO C N . . . 8
oo 026 086 044 molecular dynamics simulations on Ch water and methanol
SON- 005 081 059 suggested that the time scale of the making and breaking of the

hydrogen bonds in methanol is about three times (for CN
slower than that in wate¥ Furthermore, molecular dynamics
calculations for N~ in methanol showed that the “hydrogen
in a vacuum by the Gaussian program to investigate molecular0nd” lifetime in methanol is 2.1 p8.This suggests that the
structures and the charge distribution of the ihSeveral ~ SIoW components with time constants of about 4 ps result from
different basis sets are used such as 6-331-pVDZ 3232 the hydrogen bond breaking and making dynamics. The fast
or cc-pVTZ3233 The results on the structure, dipole moment, components of about 100 fs are probably due to the inertial
and charge distribution are summarized in Table 3. The component of the methanol solvation, similarly to theCD
geometries of ions are optimized by the MP2 calculation with solution cases. All the results indicate that the dynamics of the
the cc-pVTZ basis set. The charges on atoms are calculated with/iPrational frequency fluctuations of the ions are mainly
Mulliken population analysi& The origin of the molecular de’germlned by ;olvent nature and not by the solute character,
coordinate to estimate the dipole moment is defined to be a While the coupling strength depends on both the solvent and
center of mass of the charge distribution of nuclei. The charge solute.

distributions for OCN and SCN are slightly different. In Interpretation of the difference of the spectral diffusion
OCN- the charge is equally located at the N and O ends. In Process of OCN and SCN in methanol is not straightforward.

SCN-, the magnitude of the atomic charge at the S end is larger First we consider the relation between the vibrational population
than that at the N end. The dipole moments are almost the samd€laxation and the vibrational dephasing process for O@htd

for both ions. This tendency is independent of the basis set SCN- in methanol. There are two pathways for the vibrational
though the absolute value of the dipole moment is somewhat relaxation process, either the direct relaxation to the ground state
dependent on it. The coefficients of the normal coordinate of O intramolecular vibrational energy redistribution (IVR) to the
the antisymmetric stretching mode are shown in Table 4, which other modes. Vibrational population relaxation can be described
are obtained from the MP2 calculation with the cc-pVTZ basis Y the Laudae Teller formula®”*¢ According to this formula,

set. As pointed out previoush,the vibrational motion of the ~ the rate of the direct vibrational relaxatiok, for a model
antisymmetric stretching is localized in the CN part for SCN  diatomic solute is given by

while it is delocalized in the whole molecule for OCN

We have performed ab initio calculation on OChAnd SCN

=1 e
5. Discussion k= m‘%T“/(‘) dt cos@t)F(t) F(0)U @)

We have obtained the correlation functions of the frequency ) . . .
fluctuations for the antisymmetric stretching modes of OCN Wherem!s the reduced mass of the vibrational mpde in question
and SCN in methanol by means of three-pulse photon echo @ndkeT is the thermal energy of the systeff(t) is the time-
spectroscopy. The obtained parameters of the correlation func-dépendent force exerted by the solvent molecules on the solute
tions are summarized in Table 2, and one of the major vibrational mode, Wh_lch is given _by the first-order (_Jlerlv_atlve
conclusions of this work is that the decays of the correlation of the_solutesolvent interaction with respect to the V|prat|onal
functions of both ions have similar time scales despite a large ¢00rdinate. On the other hand, the correlation function of the
difference in the coupling strength. This indicates that the V|brat|o_nal _frequency within the framework of the perturbation
solvation dynamics of the vibrational modes are determined by theory is given bi
similar underlying dynamics for both cases; the time dependence 5
of the fluctuation is independent of the strength of the (34 (t) dw,,(0)= (L) [F(t) F(O)H
interaction. We will discuss the natures of the interactions and 2nfe®
dynamics, and relations of the spectral diffusion with other 112
vibrational quantities. (@) (B GO)H(8)

In the previous three-pulse IR photon echo studies 9fiN
D,0 by Hamm et al., the correlation function decays with time wheref is the cubic anharmonicity of the vibrational Hamili-
constants of 80 fs and 1.3 B50n the basis of the results of  tonian andG is the second derivative term of the solutmlvent
the molecular dynamics simulation done by Ferrario et al., the interaction. If the oscillator is harmonic, only the second term
slowly decaying component of the correlation function corre- of eq 8 contributes to the correlation function.
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In the previous pumpprobe experiments by Hochstrasser the absorption spectra. The soldlvent interactions can be
and co-workers, longer vibrational relaxation time for SOB classified into repulsive and attractive paftsThe total gas-
observed, suggesting weak solvent interactions compared to thdo-solution solvent shift is a sum of the contributions from the
case of OCN.1%20Fyrthermore, a longer vibrational relaxation two sources. The frequency shift due to the repulsive part has
time of N3~ in the aprotic solvent HMPA (14.8 ps) is observed a different sign from that due to the attractive part. The higher
compared to that in methanol (2.4 ps), demonstrating the frequency in solution for OCNsuggests the relative importance
importance of hydrogen bond interactions in the relaxation of the repulsive part compared to the attractive part. Therefore,
pathway!® Therefore, a stronger solutsolvent interaction for it is plausible that the total shift becomes smaller for SCN
OCN- gives the greater coupling strength in the vibrational because of the cancellation of two contributions with similar
frequency correlation function and thus a larger amplitude of magnitudes even though the magnitude of the shift for each
the fluctuations in the vibrational transition frequency if the contribution is greater for SCNthan that for OCN. It is a
direct relaxation to the ground state dominates in the overall quite interesting problem to investigate the relation between the
vibrational population relaxation process. If both the vibrational observed dynamics and the nature of the solventute
population relaxation (eq 7) and the frequency fluctuation (eq interaction, namely how the repulsive and attractive parts of
8) are determined by only the correlation functionFgf), we the interaction are related with the fast and slow components.
could evaluate the vibrational population relaxation rates for It is sometimes argued that the rapid fluctuation results from
OCN- and SCN on the basis of the parameters obtained from repulsion and slowly modulating dynamics is caused by an
the photon echo measurements. But there are a couple ofattractive parf?43 This tendency might hold for the present

problems on this issue. First, the constant offse¥l{{T) is not case.
well defined, particularly for OCN, which causes difficulty to As for the microscopic origin of the solutesolvent interac-
perform the integral in eq 7. Second, the parametend (i) tion, it is notable that the dipole moments of the two ions are

do not have detailed information to describe the short-time quite similar, as shown by ab initio calculation. This indicates
dynamics, which leads to uncertainty of the power spectrum of that the dipole-dipole interaction may be irrelevant for the
the correlation function in the high frequency side. Therefore, vibrational frequency fluctuation. On the other hand, the
the following discussion is limited only to a qualitative level. characters of the normal modes for the antisymmetric stretching
Theoretical studies of N in water by Morita and Kato  are quite different between the two ions. In the case of SCN

showed that the direct relaxation to the ground state and theth€ sulfur atom does not move so much during the vibration
IVR to the symmetric stretching mode equally contribute to the due to the larger mass, while the vibrational motion is

overall vibrational population relaxation, and the charge fluctua- delocalized over the three atoms in the case of OdNetal.
tion effect of the ion greatly enhances the relaxation rate of focused their attention to the normal mode character to explain

both the processe€.The contribution of the IVR process to  the difference off, between the two ions on a qualitative le¥l.
the overall rate could be different between OCAhd SCN The difference of the vibrational motion may also be important
giving different vibrational population relaxation times. For the for the frequency fluctuation, suggesting that rather short range
IVR process, the excitation energy flows to the symmetric interaction dominates the coupling strength observed in the

stretching and bending modes. The frequencies of the symmetricPr€Sent study. However, it is absolutely necessary to perform
stretching and bending modes for OCHBire higher than those more theoretical work to answer the question on a quantitative
for SCN.16.17_ess energy gap between these modes could give level.

a more efficient IVR process for OCN For the vibrational .

population relaxation, only the first-order derivative of the ©- Conclusion

solute-solvent interaction is usually considered, as shown in  \ye pave employed three-pulse photon echo spectroscopy to
eq 7, and the higher-order derivative terms such a&3tberm obtain the correlation functions of the vibrational frequency
are neglected. However, the relative importance of the first term §ctuations of OCN and SCN in methanol. Two time scales
to the second term of eq 8 for the correlation function of the ¢y, the decaying components are found for the correlation
vibrational frequency is not clear for the present system. For f,nctions of OCN and SCN: 100 fs and 4 ps. On the basis
the molecular dynamics simulation of CNn water, it was  of the simulations, we found that the amplitude of the coupling
found that the vibrational dephasing of the CN stretching mode strength to the solvent for SCNs larger than that for OCN
is mainly due to the first term of eq ‘8.Further studies are  These observations are in contrast to the results of the vibrational
necessary to address this point for OCahd SCN'. Regarding  population relaxation times and reorientation times, suggesting
the different behaviors for the vibrational population relaxation eaker solute solvent interaction for SCN We discuss the
and the spectral diffusion process, we consider that the IVR possible origins for this difference on the basis of the vibrational
process may play an important role in the population relaxation Hamiltonian of an anharmonic oscillator coupled to the bath.
and th@ term in eq 8 Could be a majOI’ faCtor in the Vibrational Even [hough there remain a Coup|e Of issues to be answered’
frequency correlation functions. The force acting on a vibrational thijs study provides important results for understanding the
coordinate depends on the charge distribution and the form of spjute-solvent interaction of simple ions in polar solvents
the normal coordinates of the ions, causing different contribu- responsible for the vibrational population relaxation and vibra-
tions to the vibrational population relaxation and vibrational tional dephasing process.
dephasing process.
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