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Vibrational dephasing of the overtone bands of chloroform and its deuterated analogue has been studied by
higher-order nonlinear spectroscopy. The overtone signalso? and 3 are based on the fifth- and seventh-

order optical nonlinearity, respectively. The overtone vibrational dephasing signals as well as the fundamental
ones are represented well by a single-exponential function. These dephasing signals are not explained by the
stochastic theory with a time correlation function having a Gaussian or exponential character. Effects of
resonant transfer and population relaxation are found not to be important for the deviation from the theoretical
prediction. It is suggested that polyatomic natures of the molecule such as off-diagonal anharmonicity or

coupling with combination bands may be responsible for this deviation.

1. Introduction in the higher-order nonlinear spectroscopy the contribution of
the first overtone to the quantum pathway is sometimes intrinsic
to generate optical nonlinearity,° and it is nessecary to obtain
detailed information of the overtone dephasing in order to
develop the two-dimensional Raman and vibrational echo
spectroscopies further.

Recently, we have developed the fifth-order nonlinear
spectroscopy to observe overtone vibrational dephasing of the
intramolecular high-frequency mode in the time donfé@#t.The
first overtone bands of the €D stretching of CDQ and the
symmethyl stretching of CEl were studied by this method,

d and it was found that simulations based on the simple extension
of the stochastic theory or perturbation theory for a harmonic
oscillator do not explain dynamics of both the overtone and
fundamental dephasing simultaneou®yWe have also dem-
onstrated temporally two-dimensional overtone spectroscopy,

Av(v=2)/Av(v=1) was analyzed by the stochastic thebily. which allows us to study the correlation between the fluctuations

was found that this ratio often lies between 2 and 3. Overtone ©f the vibrational transition energies of two barfds.
transitions, sometimes up to= 15, were observed in liquids In this work we have observed the= 2 and 3 signals of the
by resonance Raman spectroscopy on a molecule with anC_H Stretching of CHQ and its deuterated analogue by fifth-
electronically excited state having an equilibrium geometry very and seventh-order nonlinear methods. The results are critically
different from that of the ground state? Battaglia and Madden compared with a couple of theoretical models for the vibrational
observed the vibrational progression upites 11 of I, in CCly dephasing, and it was found that none of the available theory
by the resonance Raman method' and the dependence of théan eXpIain the results Satisfactorily. Possible causes for the
overtone line width can be explained well by the stochastic deviation from the theoretical prediction are discussed.
theory?

In the recent 5 years higher-order, fifth- and seventh-order, 2. Experimental Section
optical nonlinear spectroscopies have been developed to inves- . . . .
tigate the vibrational dynamics in condensed pHase. By The experiment is performed with a pair of synchronously
these experiments microscopic information of liquids, especially Pumped dye lasers. The first laser gives pulses with a duration
on the molecular dynamics, is available which cannot be of about 90 fs and a center wavelength of 597 nm. Th_e dur_at|_on
obtained by third-order nonresonant nonlinear spectroscopy and®f the second laser was set to be about 8 ps to avoid a timing

spontaneous Raman scattering. The examples are the seventliter between the two lasers. The wavelength of the second
order Raman eclo! and the fifth-order two-dimensional laser is tunable from 600 to 750 nm. The details of the

Raman spectroscop§15-1922 One of the important problems oscillat(_Jr§3 and the amplifie®? for the femtosecond laser with
in these experiments is how to make a theoretical model to @ répetition rate of 3 kHz were already mentioned elsewhere.
describe the vibrational dynamics of the= 2 state; namely, ~An additional color filter (Schott RG610, 0.5 mm thickness)
was placed after the third dye cell in the amplifier to reduce
* Present address: Japan Advanced Institute of Science and Technology@MPplified spontaneous emission and get a shorter pulse. The
Tatsunokuchi, Ishikawa 923-12, Japan. energy of the amplified pulse is abou3/pulse. A diagram
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The line shape of a vibrational spectrum in liquids reflects
intermolecular interactions between the oscillator and surround-
ing molecules as well as intramolecular interactions such as
anharmonic coupling. It is well-known that the spectral width
of the overtone vibrational band increases with the vibrational
guantum numbery). The dependence of the vibrational line
shape on the quantum number is strongly affected by underlying
dynamics of the liquid molecules. Therefore, the vibrational
guantum number is a good parameter for investigating the
dephasing mechanism.

The overtone vibrational spectra were observed by infrare
absorption and nonresonant Raman spectros¢dpyn these
experiments the spectral widths of the first overtoeg (=2))
of simple molecules such as GEN or NbO were compared
with that of the fundamentalsAg(z=1)), and the ratio of
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dode aser-pumped wheree; is +1 for the pump pulse and is1 for the Stokes
" pulse. w; is the center frequency of thith input optical pulse.
fom deloser ﬁ The time correlation function of the coordinate is given by the
from YAG regeneratve amplfier e 00750mm fluctuation of the transition frequency between the Oth atfd

I vibrational statesAwon(t), around the average value of,

<[ six-path bow-tie

(X(t) X(0)O= Reexp(w)@xpl [, dt Awg,t)]0  (5)

>

A cumulant expansion of the above equation gives

ud/pulse 3kHz

to detection system

10u/pulse 3kHz P

" Tomm cal, oss0Me0H | I]((t) X(O)DZ RGEXpQCUOt) X
Figure 1. Amplifier system for the picosecond pulse. 50%R denotes -t t
a beam splitter with a reflection of 50%, aat® is a half-wave plate. expl j(‘)dtljg dty [Awey(ty) Aw(ty)T (6)

A six-pass bow-tie amplifier has a dye jet of a solution of LDS698 in ) ) )
ethylene glycol. In the power amplifier a solution of LDS698 in Where the double integral can be reduced to a single integral,
methanol is used. and the overtone signal is given by

of the picosecond amplifier is shown in Figure 1. The . t
picosecond pulse, which serves as a Stokes pulse, is preamplified (&M U exp(-2 [, dr (t = 1) Bwg(7) Awg ()  (7)
by a six-pass dye amplifier pumped by the second harmonics ) ) ) )
of the diode-laser pumped Nd:YLF laser (Spectra Physics TFR). Hereafter, we derive an expression for the time correlation
The preamplified pulse with an energy of aboutdpulse is fu_nct|0|_1 of th_e transition frequency.startlng from a simple
power-amplified in a dye solution of LDS698 in methanol dlato.mlc Hamlltonlan by the pgrturpatlon theory. Most modgls
flowing in a cell with a 10 mm optical path length, which is for vibrational dephasing b_egm Wl_th a common_pert_urbatlon
iradiated by a part of the output of the YAG regenerative aPproach to solventsolute interactiod>>® The vibrational
amplifier (~600 mW) from both sides of the cell. The final Hamiltonian for a molecule interacting with a bath is written
energy of the Stokes pulse is about/ADpulse. The samples &S
are contained in a quartz cell Wit 1 mmoptical path length
and a 30Qum thickness window. All of the measurements are
done at ambient temperature (25).

The femtosecond pulse is split into two parts with equal

Htot.(t) = |_|h + Hanh+ Hc(t) (8)

Here Hy + Hann is the Hamiltonian for an isolated molecule,

intensities; one serves as a pump pWsand the other serves 1 5 1 20 1. 4

as a probe pulsék, Before focusing the pulses by an H,+ Han= P + zMw Q + éfQ 9)
achromatic lens f(= 100 mm) into the sample, the two

femtosecond pulses and picosecond pulse (Stokes fkgse where we assume a diatomic oscillator with a weak anharmonic

collimated so that a diameter of the pulse is around 0.5 mm. coupling for simplicity andM is the reduced massy the
The three input pulses and the CARS signal form a boxcars harmonic frequencyQ the displacement from equilibrium
configuration. The overtone signals,—, andk,=s, appear at  internuclear separatiop,the momentum conjugated @ and

an angle which satisfies the following phase-matching condi-  the cubic anharmonicity.Hy is the harmonic part of the
tions: Hamiltonian, andHan, is the weak anharmonic term. The
solvent-solute interaction is expanded in the oscillator coor-

Koo =2(ky = kg + kP @) dinate up to the second order,

kK,—3=3(k_— ko + ki (2) M) V(1) ,
The polarization condition of the pulses and the signal is chosen Q Q
so that the fundamental signal is not affected by the rotational 5
motion; P(k,) // P(ks), P(kp) // P(k,=2) // P(k,=3), and the angle =F({)Q + G(1)Q (11)
betweenP(k.) and P(kp) is 54.7, where P(k;) denotes the . . o
polarization vector of thé; pulse. The time-dependent transition frequency between the vibrational

levelsy = nandm is expressed as

3. Theoretical Background

In this section we give an expression for the quantum number W) = l(m”Htot (t)[NC n|Hyg, (t)|mD) (12)
dependence of the vibrational dephasing signal by the perturba- h ' '
tion theory following Oxtoby and Myers and Markél. In the
case where the pulse duration is shorter than the vibrational
dephasing time, the time profile of the overtone signal can be
expressed by

The deviation of the transition frequency between iitteand
mth levels from the average value is giventby

Awnm(t) = wnm(t) - wﬁ:ln =

: 2
Here, X(t) is the vibrational coordinate of interest, c.c. is the & "
complex conjugate, and —(n— _ F C
- m(- S F O+ goc0) )
w,= ZGiwi (4)

[ and finally, if F(t) and G(t) are uncorrelated, the following
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important relation for the time correlation function is obtained,
2 fh 2 1000
Ao, () Awp(0)E= (N — M) | ———] F(t) FO)H
2Mw -
h Venoeo] as) |2
(ovia) OG0 a5) |2
£ 10 v=1 0.53 ps
Oxtoby approximated thaB(t) is proportional toF(t) in the v=2 0.22 ps
case of the repulsive part of the intermolecular potertidl. 1 v=3 0.15 ps
the time correlation function for the fundamental band= 1 . : : r ; I .
andm = 0) is expressed by an exponential form (Kubo form), 0.5 1.0 1'5t' /2.0 2.5 3.0 3.5
ime/ps
[Awgy(t) Awy,(0)I= D* exp(—tiz) (16)
v=1 1.05 ps
from eq 15 the following relation is readily obtained, 1000 v=2 0.48 ps
- v=3 0.23 ps
Aw,{t) Aw,(0)T= (n — m)°D? exp(-tir)  (17) % 100
yielding an equation for the time profile of the signal of ik =
vibrational staté, 10
I(t;v) O exp(20°D%t{1 — t/t[1 — exp(~t/7)]}) (18) 1| ! j T !
time/ps

This is a well-known equation for the overtone dephasing
derived from the Kubo forrhand predicts that the vibrational
bandwidth of theuth state is proportional te? in the rapid
modulation limit (homogeneous limiDr <1) for smallv and
proportional tov in the static limit (inhomogeneous limiDr
> 1).

It is suggested from the above derivation that eq 17 generally

holds for a diatomic case, since it assumes the anharmonic

Tominaga and Yoshihara

Figure 2. Time profiles of the vibrational dephasing of the overtones
(v = 2 and 3) and fundamental bands of the i€ stretching of CHG
(upper) and the €D stretching of CDG (lower). The obtained
exponential decay time constants are shown in the figure.

TABLE 1: Time Constants of the Exponential Decays and
Temporal Regions for the Exponential Decays

coupling of the vibrational coordinate and the oscillatbath Cont;r{;?m ps thgifggﬁi'nﬂfﬁ'gggg;, ps
interaction up to the second order. Actually, Battaglia and chHal
Madden used this relation to explain the vibrational quantum v=1 0.53 ® 0.27-4
number dependence of the line width of the resonance Raman ,=2 0.21 0.3415
spectrum of 4 in CCl,.” They have shown that the effective v=3 0.15 0.39-1.2
vibrational line shape can range from having a nearly quadratic CDCls
dependence on quantum number at smallto a linear v=1 1.05 0.38-8
dependence at large v=2 0.47 0.59-3

v=3 0.23 0.63-1.8

4. Results and Discussion

4.1. Observation and Identification of the Signals. Figure
2 shows the time profiles of the signals of= 1, 2, and 3 of
the G—H stretching of CHG (v = 3020 cnTl, Asiokes= 728
nm) and of the &D stretching of CDG (v = 2250 cnt?,
Astokes= 690 nm). For these modes the anharmonicities are
less than 140 cmi in the gas phas®. There are strong
instantaneous responses in the signals arewnd due to the
electronic polarizability, especially in the overtone signals. These
electronic responses are followed by nearly single-exponential

decays. Due to the electronic response we cannot discuss the

initial dynamics of the vibrational motion. The time constants

1000

intensity

0.6
time/ps

of the single-exponential decays and temporal regions whereFigure 3. Time profiles of the seventh-order response from GHCI
the signal exponential decays are observed are summarized irand CC}.

Table 1. The dephasing times are equal to twice the time

constants of the signal decays. In the figure the signal intensitiesCHCl; shows a delayed response compared to,C®hich

are normalized arbitrarily. The relative intensity of the= 2
(v = 3) signal is 3-4 (7—8) orders of magnitude weaker than
that of the fundamental.

Since there is a strong electronic response ardund in

clearly shows that the observed signal in CEl@sults from
the nuclear response.

Possible qguantum pathways to generate the fifth- and seventh-
order nonlinearities are shown in Figure 4. The different

the overtone signals, we have to carefully check that the decaypathways in the same signal are not exactly identical with each

we observe is not a part of the tail of the pulse but comes from other. For example, in the fifth-order process diagram a involves

areal nuclear response. We confirmed this point by using CCl a coherence between the= 0 and 1 states, which is not

as a sample which does not have any vibrational mode whoseincluded in b. However, because the femtosecond pulse is

frequency is higher than 800 cth As shown in Figure 3, shorter than the observed dephasing times, it is safely assumed
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(a) (b) signal2! which shows that the present overtone signal comes
from the true fifth-order nonlinearity. We have also found that

! the signal intensity depends on the concentration in a way
expected for the true higher-order signal. Sometimes the

cascading signal was reported in the frequency domain experi-
ment31.32 The major difference between the frequency domain
and the present experiments might come from the difference in
‘r 4 the interaction length of the pulse with the material; by the tight
focusing condition of the pulses, the interaction region of the

pulses with material can be designed to be much smaller than

vz | | s ¥ that of the frequency domain experiment, in which the true
1 1 higher-order signal predominantly contributes and the cascading
© - © — effect can be eliminated.

In CHCl; (CDCls) the second highest fundamental frequency
is thev4(e) mode at 1216 cmt (908 cnT1).3° Therefore, the
(¢) (d) (e) (f) C—H and C-D stretching modes are well-separated from other
vibrational modes in frequency, and we can safely say that the
observed signals come from the overtone signals of théiC
or C—D stretching mode and not from any combination bands
or overtone bands of the other vibrational modes.
4 Since the spectral width of the femtosecond pulse is broad
enough £200 cnT?), thev = 2 and 3 states can be coherently
excited by this method even though the mode is anharmonic.
l 1 , 1 The transition frequency af = 3 of CHCk in liquid is reported
) ‘r to be 8700 cm'.3° To investigate the effect of the anharmo-
nicity on the time profile of the signal, we have set the
J wavelength of the Stokes pulse so thab3F ws) is equal to
8700 cm! (Astokes= 722 NM). In this case the quantum pathway
¢ in Figure 4 predominantly contributes to the signal. The
Tame “me e e obtainedv = 3 signal has the same decay time constant as that
Figure 4. Possible quantum pathways for the overtone dephasing Observed previously within experimental error.
signals. a and b are for the= 2 signal, and ef are for thev = 3 4.2. Comparison with Theoretical Prediction. In this
signal. section we compare the experimental results with predictions
by the stochastic theory. We first summarize the experimental
that the two pathways yield the same time dependence. Figureresults. (1) All of the dephasing signals can be fitted well by
5 shows laser power dependencies of the signal intensities. Eachy single-exponential function. (2) The ratio of the time constant
signal has right dependencies on both the femtosecond andof the v = 1 and 2 signalsg,—1/Tv=2, is similar for the CHCJ
picosecond laser powers; namely, the: 2 signal depends on  and CDC} cases, namely, around 2.3, but the ratio ofafvel
the femtosecond pulse in the third order and on the picosecondgnd 3 signalsyy—1/ty=3, differs with the system.

oo w
o—rnw
o-mw
oW

pulse in the second order, and the= 3 signal depends on the As was shown in the previous paper, the stochastic theory
femtosecond pulse in the fourth order and on the picosecondcannot explain the fundamental and overtone dephasing simul-
pulse in the third order. taneously if we use an exponential function for the time

Identification of the signal should be done very carefully, correlation function of the fluctuation of the transition frequency.
since the intensities of the higher-order signals are extraordinar-The fundamental signal of CDgIs fitted in terms of eqs 16
ily small compared to that of the fundamental, and sometimes and 18, and the obtained parameters are as folldvs: 1.34
the higher-order signals may be interfered by lower-order stray ps1 andz = 0.28 ps. This set of parameters is in the rapid
light. The identification procedure for the higher-order signals modulation limit Oz < 1), which gives a nearly single-
has been discussed in det&il’*?® We have checked the  exponential decay for the fundamental and overtones. Conse-
wavelength at the peak intensity, the laser power dependencequently, the decay time constants of the overtones shotv a
the concentration dependence, and so on, to identify the signalsdependence. However, the experimental results show the

We have confirmed with special care that the signals come subquadratic dependence on the quantum number.
from the true higher-order nonlinearity, but not from sequential ~ The time correlation function of the fluctuatiofAw(t)
Cascading third-order Signals, since the Cascading Signals haV%w(O)D is sometimes expressed as a sum of two components,
the same laser power dependence as the true higher-order signals
and the overall phase-matching condition is also the same as
that of the true signa32 In this experiment we are using a Ra®) Ao)0= B l) AwO)gg+ Ba®) Av(O)o
boxcars configuration for the three input beams, and there might (29)
be a possibility that cascading signals are observed instead of
the true higher-order signal. We can neglect this possibility to include both the homogeneous and inhomogeneous effects
by the following observations. First, we have done the to the vibrational broadening. Here, the first component is in
temporally two-dimensional overtone dephasing experiment the rapid modulation limit@zr <1) and the second component
using three femtosecond and one picosecond pulses, and wés near or in the slow modulation limiDg = 1). However,
can safely avoid the contribution of cascading signals in these we have already shown that this two-component model also
multipulse experiment&. The same time profile of the signal  cannot explain the fundamental and overtone=(2) signals
was observed as that of the temporally one-dimensional overtoneof the symmethyl stretching of CEl in a binary mixture with
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Figure 5. Laser power dependencies on the dephasing signals.

CHCI3,2° which is a well-known partially inhomogeneously Here the parameters are determined in a rather arbitrary way.
broadened system due to the local concentration fluctudtion. We first assume thatg, a time constant of the Gaussian
So far we have used an exponential form for the time component, is in the range from 10 to 100 fs since this time
correlation functionfAw(t) Aw(0)J This is based on the scale is related to the inertial motion of the liquid molecule.
assumption that the foredorce autocorrelation function (eq  Then, with fixed 74, other parametersDg, De, and e are
15) can be expressed by an exponential form. The fofoee estimated so that the calculated signalder 1 reproduces the
autocorrelation function is connected to a time-dependent experimental results. Finally, the overtone signal decay is
memory friction,(t), by the fluctuation-dissipation theorem,  calculated by eq 15 and the obtained parameters. However,
the inclusion of the Gaussian component does not improve the
[F(t) F(0)T= kg TG (t) £(0)O (20) theoretical prediction for the overtone signals. This is because
the fast Gaussian component gives a signal in the rapid

whereks and T are the Boltzmann constant and temperature. modulat.ion limit. .Regardless of the functional form, if the time.
However, recent computer simulation and analytical theory on correlation function decays fast enough, that component is
liquid dynamics have clearly shown an existence of the ultrafast detected as a “rapidly modulating” component. This can be
component in this autocorrelation functidf®® The ultrafast ~ readily understood from eq 7. Awno(t) Awno(0)[decays fast
component can be well-represented by a Gaussian function,enough and is nearly zero after a representative tinte of
which is caused by an inertial-type motion of liquid molecules.
Bern and co-workers performed MD simulations to investigate [Awn(t) Awo(0)x 0 t>t, (22)
the relationship between the frequency-dependent friction and
vibrational dephasing From their simulation, it can be seen then
that the typical time correlation function of(t) shows a
Gaussian decay character in the early stage, which is followed /ot .., ) ) 2
by a nearly expgnential decay in the ca?/se ofg a diatomic molecule. ﬂ)dt (t = O)Awg(t) A0 (G, 1= C)) 72%)

We have performed a model calculation of the time profile
of the signal with a time correlation function of the fluctuation,

L whereC; andC; are constants. Therefore, the time profile of
which is expressed as

the signal can be well-represented by a single exponential, and

) 5 ) the decay time constants of the overtones are proportional to
[(F(0) F(t)= Dy” exp(=(t/z,)?) + Ds" exp(-t/zy) (21) 0.2
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4.3. Possible Causes for the Deviation from the Predic-
tion. In this section we discuss possible causes for the deviation \
from the theoretical predictions. 1000 Vf; (1)'21 ps
4.3.1. Effectof 1 So far, we have only considered the pure | _, v= 4% PS
vibrational dephasing,T,*, and ignored the effect of the G 100
population relaxation,T1. Normally, T; of a polyatomic §
molecule is much longer thaf, and can only play a minor £ 1
role in the vibrational dephasing procé4s3¢ T, of the G-H
stretching of CHGJ was reported to be 24 ps by a IR pump 1
probe study” and 23 ps by incoherent anti-Stokes scattering T T T T |
after strong infrared excitatioff. The vibrational population ! 2 .3 4 5 6
relaxation time of thes state,T:,, can be estimated from the time/ps
Landau-Teller equation, Figure 6. Time profiles of the overtone/(= 2) and fundamental bands
of the C-D stretching of CDG in a 1:1 binary mixture with CHGI
T, = ];Tl’vzl (24) transfer contribution to an overtone band is small for greatly

_ anharmonic modes, since the transfer of a single quantum from
Then, Ty~ andT, -3 are estimated to be 11.5 and 7.7 ps for anu = 2 excited molecule to a ground-state molecule~(0)
the C-H stretching of CHQ, respectively, and it is guaranteed requires a substantial rotational or translational contribution to

that the effect ofT; is not important in the present case. compensate for the energy difference. If the anharmonicity is
However, recently Fayer and co-workers measureof the small, however, there may be a contribution from the resonant

v = 2 state of the CO stretching of some carbonyl compounds transfer to the overtone dephasing, and the resonant transfer

from a beating signal in the infrared photon eéholn the effect on the overtone may be larger than that on the funda-

infrared photon echo experiment, if the vibrational mode is mental. Since it was already found that the resonant transfer is
weakly anharmonic, the second excitation pulse yields coherencenot important in the dephasing of the fundamental bands
not only between the = 1 and O states but also between the investigated in this work by the isotopic dilution experiments,
v = 2 and 1 states. Consequently, the different quantum it is interesting to see an isotropic dilution effect on the overtone
pathways produce radiation fields with different frequencies, dephasing.
which interfere with each other, giving a beat in the signal.  Figure 6 shows the dephasing signals of the fundamental and
Measuring this quantum beat, one can estinTatef the v = 2 the first overtone = 2) of the G-D stretching of CDJin a
state as well as the = 1 state. The ratio of,=1/T1,=> was equimolar mixture with CHGl Both decay time constants are
obtained for the CO stretching of tungsten hexacarbonyl, similar to those in the pure solvent, and we did not see any
rhodium dicarbonylacetylacetonate, and a mutant of myoglo- noticeable change in either the fundamental or overtone dephas-
bin—CO (H64V—CO), and the values are 11, 5, and 2.5, ing. It is concluded that resonant transfer does not play an
respectively. The ratio was found to be largely system- important role in this case.
dependent and larger than the prediction by the Landalier 4.3.4. Polyatomic Nature of MoleculeConsidering that the
relation. They explained the larg@;,-=1/T1,=> values by line widths of vibrational progression of tan be explained
invoking an opening of a new relaxation pathway for relaxation well by the stochastic theory and in the case of the polyatomic
from thev = 2 state to they = 0 state. This result suggests molecules the ratios okv(v=2)/Av(v=1) often lie between 2
that in the present caség of the overtones might be much and 3, it is suggested that the deviation from the theoretical
shorter than the prediction by the Landsleller equation and  prediction may come from polyatomic natures of the molecule.
affect the vibrational dephasing of the overtones. However, in |n this subsection we propose possible mechanisms for the
order to have an effect on the dephasifigof the overtones  vibrational dephasing characteristic to poliatomic molecules.
should be on the order of sub-picosecond at least. This value The first candidate is the off-diagonal anharmonic coupling.
is 2 orders of magnitude smaller than thatTafof the v = 1 Equation 17, which is valid for a diatomic molecule with an
state and is physically rather unrealistic. Therefore, we conclude anharmonic coupling, shows a quadratic dependence of the
that the effect off; on the overtone dephasing is negligible.  amplitude of the fluctuation on the vibrational quantum number.
4.3.2. RotatiorVibration Coupling. Schweizer and Chan-  This theoretical model for the diatomic molecule was extended
dler*® and Myers and Mark&showed that the effective potential  to the polyatomic molecule cad®4 however, it does not
for the vibration-rotation centrifugal coupling is the rotational include the effect of the off-diagonal anharmonicity in the
kinetic energy, vibrational Hamiltonian. The €H stretching of CHG couples
with other intramolecular lower frequency normal modes
Viio—rot. = J21 (25) anharmonically, and the off-diagonal anharmonic coupling may
give a different quantum number dependence on the time
whereJ is the angular momentunh,= ur is the moment of correlation function of the fluctuation from that predicted by
inertia, andu is the reduced mass. Myers and Mafkehd the stochastic theory.
Gayathri and Bagcht pointed out that the rotatiervibration The next point we discuss is a coupling of the high-frequency
coupling may give a different quantum number dependence onmode with combination bands or other overtone bands. Re-
the line shape to that expected from the stochastic theory.cently, Berg and co-workers performed a Raman echo experi-
However, for the system studied here, as Schweizer andment on thesymmethyl stretch of ethanol-1,d; in the low-
Chandler showetf the contribution of vibratiorrotation temperature glass (12 K), and they found that even at low
coupling is negligible. temperatures the dephasing remains homogenéoukhey
4.3.3. Resonant TransfelMVe discuss a possible contribution proposed solvent-assisted intramolecular vibrational redistribu-
of intermolecular resonant transfer to the dephasing of the highertion (IVR) for the dephasing mechanism. For a medium-sized
vibrational state. It is normally considered that the resonant molecule such as ethanol, the number of the overtone and
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