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Influence of Liquid Dynamics on the Band Broadening and Time Evolution of Vibrational
Excitations for Delocalized Vibrational Modes in Liquids’
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A theoretical method for treating the effects of liquid dynamics on vibrational band profiles is developed for
the situation where resonant intermolecular vibrational interactions are operating. The liquid dynamics is
simulated by the molecular dynamics (MD) technique, and the coupled vibrational Hamiltonian is constructed
at each time step of the MD runs. Time evolution of delocalized IR and Raman excitations caused by this
time-dependent coupled vibrational Hamiltonian is calculated to obtain IR and Raman band profiles as the
Fourier transform of the corresponding time correlation functions. This method is applied to the case of the
C=0 stretching band of neat liquid acetone, a typical case where the effect of resonant intermolecular
vibrational interactions is known to be significant. The noncoincidence effect observed in this band is well
reproduced. In addition, a better agreement between the observed and calculated bandwidths is obtained by
using the present method as compared to the result of the calculation using only static liquid structures. As
such, the present method is suggested to be a useful one for treating the effects of liquid dynamics on vibrational
band profiles when the vibrations are resonantly coupled. The time scale of the modulation of vibrational
eigenstates caused by the liquid dynamics is also discussed.

1. Introduction different. As a consequence, vibrational modes with strong

isotropic Raman intensities may be located at different frequency
| positions from those with strong anisotropic Raman intensities

or those with strong IR intensities. The NCE occurs in this way.

In many cases, such as the vibrational bands listed above as

examples, the most important type of intermolecular vibrational
interactions for the occurrence of NCE is the transition dipole
coupling (TDC)!5-18 which is a harmonic electrostatic interac-
tion between molecular vibrations. The formula for the potential
energy arising from dipotedipole interactions between mol-
eculesm andn is expressed as

_HBm By 3(]lm : nmr)(ﬂn : nmr)
= Rm3

whereum andun are the dipole moments of molecul@sandn,
Nmnis the unit vector along the line connecting the two dipoles,
and Ry, is the distance between the two dipoles. The formula
for the TDC is derived from this equation as the second
derivative with respect to the vibrational coordinates of mol-
eculesm andn, which are denoted a®n, and Q,. It is given
as®

Molecular vibrational motions in the liquid phase are more
or less mutually coupled because of intermolecular vibrationa
interactions. In the resonant case, where the intermolecular
vibrational interactions are sufficiently large as compared to the
difference between the intrinsic vibrational frequencies of the
interacting vibrations, the vibrational modes are delocalized.
Such delocalization of vibrational modes manifests itself most
clearly in the noncoincidence effect (NCE) of vibrational bands.
The NCE is the phenomenon that the frequencies of the infrared
(IR), isotropic Raman, and anisotropic Raman components of
a vibrational band do not coincide. It is observed in many polar
bond-stretching bands of neat liquids, such as theQC
stretching band of liquid acetoe} the amide | bands of liquid
formamidé& 6 andN,N-dimethylacetamidéthe C-O and G-H
stretching bands of liquid metharfelthe S=0O stretching band
of liquid dimethyl sulfoxidel® and so forth. It is also observed
in vibrational bands of liquid mixtures, such as the=Q
stretching band of an acetone-G®inary mixturet-12and in
those of solvent molecules in solution, such as theHO
stretching band of a methanol solution of LiCl or LiB¥4

The mechanism that gives rise to the NCE may be sum-
marized as followd? When there aré&l molecules (of the same
species) in a liquid system, there &&ibrational modes arising
from the same molecular vibration. These vibrational modes
are delocalized and appear at different frequencies if the
vibrational motions of neighboring molecules interact resonantly
with each other. Since the vibrational patterns (the relative
magnitudes and phases of molecular vibrations) of these
delocalized modes are different from mode to mode, their IR,
isotropic Raman, and anisotropic Raman intensities are also
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This mechanism is called TDC, because the dipole derivatives
appearing in this formula are related within the harmonic
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effects of rotational relaxation on vibrational spectra cannot be
simply treated by orientational correlation functions of individual
molecules.
In the present study, a new theoretical method for treating
(a) (c)

the effects of liquid dynamics (molecular translations and
rotations) on vibrational band profiles is developed for the

situation where resonant intermolecular vibrational interactions

are operating. In contrast to the theoretical methods employed

in the previous studies on this subjé&t28 it is possible to treat

all the three components (IR, isotropic Raman, and anisotropic
(b) (d)

Raman) of a vibrational band simultaneously, and to calculate

both the frequency positions (including the magnitude of the
Figure 1. Scheme of typical cases where negative [(a) and (b)] and NCE) and the bandwidths. As an example of the application of
positive [(c) and (d)] resonant intermolecular vibrational interactions the present method, we show the case of tleOCstretching
are operating according to the TDC mechanism. The transition dipoles hand of neat liquid acetone, a typical case where the NCE is
of molecules are denoted by arrows. clearly observed. It is demonstrated that a better agreement is

obtained between the observed and calculated bandwidths by
transition betweem = 0 and 1 as using t.hIS. method as compared to the calculations using only
static liquid structures.

|| 10= (gl’é) 0] Q 10 @) 2. Theory
In the present study we examine the effects of liquid dynamics

According to eq 2, the signs and magnitudes of intermolecular (intermolecular vibrational motions consisting of molecular
vibrational interactions strongly depend on the relative positions translations and rotations) on the band profiles of high-frequency
and orientations of the interacting molecules, as shown sche-delocalized vibrational excitations (intramolecular vibrations
the TDC mechanism are sensitive to liquid structdfern excitations do not have any effects on the former. This
previous studies, the NCE has been analyzed theoretically forassumption is considered to be valid for thermally inaccessible
neat liquids, binary liquid mixtures, and solutions by calculating Vibrational excitations, such as the=O stretching mode of
the IR and polarized Raman spectra on the basis of the TDCacetone treated in the example shown below. In this case, since
mechanism and the liquid structures derived from Monte Carlo the positions of the molecules and the orientations of their
(MC) or molecular dynamics (MD) simulatio$2°-2% By using transition dipoles are time dependent, the intermolecular vibra-
this method, called the MC/TDC or MD/TDC method, the tional interactions are also time dependent, as explained in the

relation between the signs and magnitudes of the NCE and thePrevious section. In other words, we have to treat the Hamil-
liquid structures has been clarified. tonian for the vibrational excitations as time dependent according

tto liquid dynamics. The delocalized normal modes obtained by
diagonalization of the Hamiltonian at timie= 0 are different
from those at later time.

The IR spectrum is expressed?as

In the above studies, it has been shown that resonan
intermolecular vibrational interactions also induce broadening
of vibrational band4>24The IR and anisotropic Raman bands
are broadened to a greater extent than the isotropic Raman band.
As a result, additional broadening of IR and anisotropic Raman R "
bands as compared to the isotropic Raman band cannot be 10 (w) =Re [ " dt explewt)(Hu(0)] (4)
simply related to rotational relaxation for resonantly interacting
vibrations, although the simple relation holds for vibrations of where u(t) is the dipole operator at timg and the bracket
solutes in dilute solutions. As shown in ref 24, the band denotes statistical average. In the case of the vibrational bands
broadening arising from resonant intermolecular vibrational of solutes in dilute solutions, it is sufficient to calculate
interactions is related to the time evolution of transient absorp- [(t)#(0)O for individual molecules, because the molecular
tion anisotropy observed in an IR pumprobe experimert motions of the solutes in such solutions may be considered to
The relation that holds for dilute solutions between the behavior be independent of each other. However, such a simple treatment
of optical signals and rotational relaxation cannot be used for is not considered to be valid when the vibrational motions are
resonantly interacting vibrations also in the time domain as well resonantly coupled.

as in the frequency domain. The time evolution ofu(t) is expressed 8%
It is expected, however, that vibrational bandwidths are +
affected by rotational relaxation to a certain extent even when u(t) = U Ouu) (5)

the vibrations are resonantly coupled. A problem arises as to

how such effects are treated, because intermolecular vibrationalWhere'" = #(0), and
interactions are also affected by molecular rotations. For

example, suppose that two molecules are located as shown in U(t) = exp,
Figure 1a. When the molecule on the left-hand side rotates by

180, we get the situation shown in Figure 1c, with a positive it

instead o?negative intermolecular vib?ational interactiF())n. It is U'(t) = exp_ [ﬁjﬁ‘) dr H(r)] (7
therefore understandable that molecular rotations in liquids

accompany changes in the intermolecular vibrational interactions whereH(r) is the time-dependent Hamiltonian for the vibrational
and, hence, in the vibrational patterns of delocalized vibrational excitations. For the modes witlxw > kT, we only have to
modes. If the changes in the vibrational patterns are significant, evaluate

- % [ dr H() (6)
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3 excitation at timet = 0, is defined as
[0pU(t)e|00= ZE(DIﬂpU(t)#pIOD (8)
= N
®ro)o= 0 1
and take the statistical average to calculate the IR spectrum, ¥5a(0) ;'gom‘)mpqw (16)

where|00is the wave function of the ground state.
_ The quantum mechanical bracket appearing on the right-handyymerical evaluation of this time evolution is carried out in
side of eq 8 may be evaluated as the same way as shown in eq 12 for IR excitations.

N
O], U (t)u,|00= Z O]t &I U (1) | £ |14,/ 00 (9) 3. Computational Procedure
Ee=t Calculations of the IR and Raman spectra in theGC

where|&Cand |&are eigenstates of the system at tim@he stretching region of neat liquid acetone were carried out in the

wave function defined as following three steps: (1) MD simulations of liquid structures
and dynamics, (2) calculations of time correlation functions (the
N integrands of eqs 4 and 13), and (3) Fourier transformation of

|1/)SR)(O)D= ;EOD]&OWPMD (20) the time correlation functions. This method will be called the

= MD/TDC/WFP method, where WFP stands for “wave function

propagation”.

The MD simulations were performed by using the OPLS
intermolecular potential function derived by Jorgengeim
which electrostatic interactions between fixed atomic charges
and Lennard-Jones interactions are involved. The methyl groups
were treated as united atoms. Only intermolecular degrees of
freedom were considered. Four-dimensional vectors (quater-
(IR) (IR) nions) were used to represent molecular orientations in solving

(OF= U1~ (0) (11) the equations of motiof#2*in combination with the leapfrog
integration method* The liquid system consisted of 128
molecules in a cubic cell. The periodic boundary condition was
employed. The volume of the cubic cell was fixed so that the
molecular volume is equal to 126.53AThe temperature was
(,R) (R) kept at 293 K by adjusting the total kinetic energy every 200

(t+ A= exp’— 7 AT H(f)llw (U fs. The time step was set to 2 fs. The system was equilibrated

for 40 ps, after which production runs were carried out.
) R The calculations of the time correlation functions of the dipole
= ;IET'EEXP[—I%(T)AT] &, lyp "(7)0(12) and polarizability operators were carried out as described in
= section 2. To evaluate the time evolutions of the IR and Raman
excitations, theF matrix (the matrix of vibrational force
constants) was constructed every time step by treating each
molecule as an oscillator having a transition dipole. All the
diagonal elements of thE matrix were assumed to be 1.737
mdyn Al amul, which corresponds to an unperturbed
vibrational frequency of 1717 cri.22 The off-diagonal elements
were evaluated in terms of the TDC mechanism (eq 2). The
eigenstates in the=€0 stretching band for the liquid structure
at each time step were calculated by diagonalization offthe
matrix (with size 128x 128) thus constructed. The dipole
derivative of the O stretching mode (related to the vibrational
transition dipole as given in eq 3), which is parallel to thre C
R e O bond, was placed at the center of thee@ bond of each
I (@) = Rej(’) dt exp{wt) [0 o, U(t)ay|OCT] (13) molecule. The magnitude of the dipole derivative was assumed
to be 2.08 D A1 amu/21522 which is consistent with the
The quantum mechanical bracket on the right-hand side of this ypserved IR intensit§® The Raman tensor (the polarizability
equation is calculated as tensor bracketed by the wave functions of the ground and excited
vibrational states) of the=€0 stretching mode of each molecule

N . . .
| aqu(t)apq|OD= Z ] otyq £ | U(E) | &, T, | Oyg 100 (14) was assumed to be axially symmetric with respect to tOC
£C=1

is the one formed at timé = 0 by the interaction with the
radiation polarized in thpth direction. The vibration represented
by this wave function is one of the IR intensity-carrying
modes® and plays the role of the doorway state in the IR
excitation proces& The operatorU(t) represents the time
evolution of this wave function as

In numerical calculationdJ(t) is expressed as a product of
short-time evolutions by assuming that the Hamiltonian is
essentially invariant during a very short time period. We obtain

wherewg(t) is the vibrational frequency for the eigenstfid)
and |&/'Ois the wave function with the same amplitudes of
molecular vibrations ag,[but with the molecular orientations
evaluated at time + Ar. We takeAr as the time step of the
MD simulation in the calculation shown below. We construct
H(z) every time step, diagonalize this Hamiltonian to gefr)
and |&;[] and calculate the time evolution of vibrational
excitations according to eq 12.

The Raman spectrum is calculated in a similar way. The
spectrum arising from theq element of the polarizability
operatoroyyq is expressed as

bond.
In contrast to the previous studi®=?®-24 where IR and
In the same way as in egs 10 and 11, this equation may beRaman spectra were calculated as the statistical average of those
interpreted as representing the time evolution of a Raman for a few hundred samples of instantaneous liquid structures
excitation taken from MC or MD simulations and hence only the static
aspects of liquid structures were taken into account, vibrational
|z/)pq)(t)[l= u(t) |1/)pF;)(O)D (15) eigenstates were calculated for all the time steps needed to
calculate the Fourier transforms of the time correlation functions.
where |1p R)0)D) the wave function formed by the Raman To obtain a frequency resolution of about 0.5 ¢pthe time
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correlation functions were calculated for about 65.5 ps (32768
time steps). Therefor& matrices were constructed and diago- @) (©
nalized 32768 times to get one sample set of time correlation
functions. The statistical average over 50 samples were taken
for the time correlation functions. The “time= 0" of each
sample was separated from that of another by more than 30 ps
to get good statistical average.

The time correlation functions thus calculated were multiplied . . . ™1 ; . T
b)é :1 function representing vibrational pure dephasing, expressed )
a

ABSORBANCE

aniso.

RAMAN INTENSITY

f(t) = exp —/A\—z{ exp(—At) + At — 1} a7)

T T T

T 1 1 T T T T T
whereA and A are the magnitude and the rate of vibrational 1780 1740 1700 1660 1780 1740 1700 1660

frequency modulation. We assumad= A = 10.35 cnt? (i.e., WAVENUMBER / cm”

K= A/A = 1'0). in the present study, SO that the vibrational Figure 2. (a) IR and (b) polarized Raman spectra in tre@stretching
line shape function obtained as the Fourier transfori(tphas region of neat liquid acetone in the delocalized dynamic case calculated

a full width at half-maximum (fwhm) of 7.8 cnt, the width by the MD/TDC/WFP method developed in the present study, and (c)
of the G=0 stretching isotropic Raman band of acetone diluted IR and (d) polarized Raman spectra in the delocalized static case
in CCly (with the volume fraction of 0.004%37 The assumed  calculated by the MD/TDC method developed previously.

value of k¥ (1.0) is considered to be reasonable, taking into

account that the observed isotropic Raman Baseems to be

in a shape somewhere between Gaussian and Lorentzian.

The time correlation functions of the dipole and polarizability
operators multiplied by(t) were Fourier transformed to obtain
the IR and Raman spectra.

As a reference to the above calculations, the IR and Raman
spectra in the localized limit and in the static case were also
calculated. The spectra in the localized limit were obtained by
switching off all the off-diagonal elements of tlkematrices.

In thi brational itati localized on individual The larger effect of rotational relaxation on the anisotropic
n this case, vibrational excitalions are localized on INAVIOUA! paman hand as compared with the IR band is expected to be
molecules. The spectra in the static case were obtained by,

) S Lo X seen also in the corresponding time correlation functions of the
freezing all the liquid dynamics in the calculations of the IR P g

. : molecular axes of individual molecules. The time correlation
and Raman spectra, i.e., by employing the MD/TDC method functions of the form

developed in the previous studi®g0-24

The calculations were carried out on an NEC SX-3 super- 1N
computer at the Research Center for Computational Science of C,(t) = —me(t) - u,,(0) (18)
the Okazaki National Research Institutes. N&

row. It is clearly recognized from the comparison of the
observed and calculated bandwidths that a better agreement is
obtained when the liquid dynamics is taken into account in the
calculations. A little too large width of the anisotropic Raman
band calculated in the dynamic case suggests that the liquid
dynamics in the MD simulation is slightly too fast. A better
result may be obtained by improving the potential energy
function used in the MD simulation.

4, Results and Discussion

_1g 2_ 1
Cyt) = W;B [un(t) - u(0)] ZD (19)

The IR and polarized Raman spectra of neat liquid acetone N
in the C=0 stretching region obtained by using the MD/TDC/
WFP method developed in the present study are shown in Figurewhere un(t) denotes the unit vector along the principal axis
2a and b. Those calculated for the static case (MD/TDC method) (parallel to the &0 bond) of themth molecule at time, are
are shown in Figure 2c and d. The NCE is clearly seen in both relevant to the IR and anisotropic Raman bands, respectively.
cases. The magnitude of the NCE (based on the first momentsThese time correlation functions calculated for neat liquid
of the isotropic and anisotropic Raman bands) is calculated to acetone are shown in Figure 3. Both correlation functions decay
be 5.6 cntt in the former (dynamic) case and 5.7 chin the almost exponentially, with slight convex curvatures in the
latter, in good agreement with the observed value (5.21%43 semilog plot around = 0. The time constant of the decay of
This result indicates that the magnitude of the NCE remains Cy(t), ~0.5 ps, is indeed significantly shorter than thaGaft),
almost the same when the liquid dynamics is taken into account~1.7 ps.
in the calculations. By contrast, the bandwidths are evidently  Since the faster decay @,(t) as compared witlC,(t) can
different between the two cases. The calculated bandwidthsalso be obtained from a rotational diffusion moéfel, may be
(fwhm) are summarized on the first and second rows of Table meaningful to compare the above time constant€f) and
1. It is noticed that the width of the isotropic Raman band is Cy(t) with the time scale of molecular rotation obtained from
slightly narrower in the dynamic case than in the static case. simple models. In the short-time inertial regime, the time scale
This is probably due to a kind of motional narrowing effect as of molecular rotation is estimated as~ (1/3kT)2, wherel is
discussed previousRf:28 The broadening of the IR and aniso- the moment of inerti&’ In the case of an acetone molecule,
tropic Raman bands obtained in the dynamic case as comparedhis time scale iggr ~ 0.3 ps, which is shorter than the time
to the static case is considered to originate mainly from rotational constants o€C;(t) andCy(t). Since the slight convex curvatures
relaxation. Clearly, the anisotropic Raman band is more strongly of In[Cy(t)] and In[Cy(t)] are seen only in a very short time
affected by rotational relaxation than the IR band. The observedinterval aroundt = 0, the rotational motions of acetone
bandwidths taken from the literatdr@37are listed on the fourth  molecules are not considered to be in the inertial regime in the
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TABLE 1: Calculated and Observed Widths of the CG=0 Stretching Band of Neat Liquid Acetone

method of calculation

width (fwhm, crd)

liquid structure G=0 stretch mode IR isotropic anisotropic
calculated dynamic (WFP) delocalized (TDC) 14.6 8.4 23.9

static delocalized (TDC) 134 8.8 15.0

dynamic (WFP) localized 11.9 (7.8) 19.7
observed ~14P 8.5 20.3

a After convolution by the line shape function (eq 17) of fwhm7.8 cn! andx = 1.0.° Reference 4. The spectrum af,’. ¢ References 12

and 37.

6
TIME / ps

Figure 3. Calculated time correlation functions of the molecular axes
of individual molecules (defined by eqs 18 and 19) in neat liquid
acetone. Broken lineCy(t). Solid line: Cy(t).

INTENSITY

T I T L T
1800 1750 1700 1650 1600
WAVENUMBER / cm”’
Figure 4. Normalized IR and anisotropic Raman spectra in theQC
stretching region of neat liquid acetone calculated in the localized limit.
Broken line: IR. Solid line: anisotropic Raman.

sub-ps time scale. In a simple rotational diffusion model, the
time scale of molecular rotational diffusion is estimated@s
~ yVIKT, where# is the viscosity andVv is the molecular
volume#® In the case of liquid acetone, this time scale is
calculated to berp ~ 9 ps, which is longer than the time
constants ofCy(t) andCy(t). It may be said, therefore, that the
functional form and the time scale of the variation@(ft) and
C,(t) cannot be explained by such simple models.

The IR and anisotropic Raman bands calculated in the
localized limit, where all the off-diagonal vibrational couplings

1719

o d

-1

1718

1717

1716

WAVENUMBER / ¢cm

1715

0.0 0.5 1.0

TIME / ps

1.5 2.0

Figure 5. Time evolution of the instantaneous vibrational frequencies
of delocalized eigenstates in the=O stretching band of neat liquid
acetone. Only the 17391715 cnt? region is shown. A time interval

of 2 ps is sampled.

band with the fwhm of 20 cmt. In fact, these vibrational
bandwidths alone do not specify which band-broadening mech-
anisms are really operating. One may consider that these
bandwidths arise only from vibrational pure dephasing and
rotational relaxation as in the localized limit, with slightly faster
liquid dynamics than in the present calculation, or one may
expect that the effect of resonant intermolecular vibrational
interactions is also significant. However, the situation is different
when the isotropic Raman band profile is also taken into
account. In the localized limit, the isotropic Raman band appears
at the same vibrational frequency as the IR and anisotropic
Raman bands. In other words, the NCE is not observed in this
limit. The sign and the magnitude of the NCE provide
information on the resonant intermolecular vibrational interac-
tions. It has been shown in the previous study that the magnitude
of band broadening arising from resonant intermolecular
vibrational interactions is on the same order of magnitude as
the NCE?* From a detailed analysis of vibrational bands as
described in the present study, it is possible to determine the
magnitudes of the effects of different band-broadening mech-
anisms.

As shown above, the effect of rotational relaxation on the

are switched off, are shown in Figure 4. These bands may alsovibrational bandwidths can be seen in the localized limit as well

be obtained as the Fourier transform Gf(t) and Cx(t),
respectively, multiplied byi(t), the function representing the
effect of vibrational pure dephasing (eq 17). The isotropic
Raman band in this limit is just the Fourier transformf(},
since it is not affected by rotational relaxation. The widths of
these calculated bands are listed on the third row of Table 1.
Comparison of these values with those on the first row

as in the delocalized case. However, the Fourier transform
relationship between the vibrational band shapes and the time
correlation functionsCi(t) (eqs 18 and 19) that holds in the
localized limit is not valid in the delocalized case, because the
delocalized vibrational modes are modulated by molecular
rotations as explained in section 1. This point is clearly
recognized by inspecting the time evolution of the instantaneous

demonstrates that all the three components (IR, isotropic Ramanyibrational frequencies of eigenstates, which is shown in Figure

and anisotropic Raman) of the=<®© stretching band of neat

5. It is seen that the instantaneous vibrational frequencies of

liquid acetone are more or less broadened by the effect of eigenstates are modulated on the time scale of 100 fs or less,

resonant intermolecular vibrational interactions. The additional
band broadening due to this effect amounts te43nm ! for
the IR and anisotropic Raman bands.

A question arises at this point as to whether one can

with many real and avoided crossings with each other. Such a
fast time evolution of instantaneous vibrational frequencies has
been shown to occur in the low-frequency part (intermolecular

vibrations) for a few liquid systenfd:*2The present calculation

distinguish band-broadening mechanisms only by examining theshows that a similar phenomenon is seen also in the high-
IR and anisotropic Raman band shapes. Suppose we observérequency part (intramolecular vibrations coupled intermolecu-
an IR band with the fwhm of 14 cm and an anisotropic Raman larly).
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observed and calculated vibrational band profiles (the magnitude

> 07 of the NCE and the IR and Raman bandwidths).
E 087 The MD/TDC/WFP method is the method of choice when
§ 0.6 delocalized vibrational eigenstates are modulated on a shorter
W o 4] time scale than orientations of individual molecules. As shown
g 02 in Figures 5 and 6, this is indeed the case for thedCstretching
’ band of neat liquid acetone. It is expected that the present
0.0 7 method will be useful to analyze band-broadening mechanisms

T T T
0.00 0.0 Tll\?g?ps 015 020 in many cases. It is also expected that it will be applicable to
simulations of time-domain optical signals of resonantly inter-
acting vibrations. Discussion on this point will be made in future
studies.
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does not directly indicate that the eigenstates lose their identities o
rapidly, because, generally speaking, an eigenstate may possibl;iw(el.) Fini, G.; Mirone, P.). Chem. Soc., Faraday Trans.1874 70,
retain its vibrational pattern after it crosses with another (2) Schindler, W.; Sharko, P. T.; Jonas,JJ.Chem. Phys1982 76,
eigenstate. The time scale of the changes in the vibrational 3493.

; ] ] ; ; (3) Dybal, J.; Schneider, BSpectrochim. Acta A985 41, 691.
patterns of eigenstates is obtained by calculating the time (4) Bertie, J. E.: Michaelian, K. HJ. Chem. Phys1998 109, 6764.

correlation function of “mode identity”, expressed as (5) Mortensen, A.; Faurskov Nielsen, O.; Yarwood, J.; ShelleyJ.V.
Phys. Chem1994 98, 5221.
(6) Mortensen, A.; Faurskov Nielsen, O.; Yarwood, J.; Shelley.V.

1 N
M(t) = N;mnaxls e=nl |E@t|§o[ﬂ2} 0 (20) Phys. Chem1995 99, 4435,

Figure 6. Time correlation function of mode identity (defined in eq
20) calculated for the €0 stretching band of neat liquid acetone.
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