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The excited CH stretching vibrational states of gaseous cyclopentene f{3;Ht@ave been measured from

Av = 3 to Av = 6. Overtone spectra are modified by the large-amplitude ring-puckering motion and by a
rapid energy flow to combination states. These two types of couplings with the CH stretching vibrations are
explicitly modeled. The reconstruction of the spectra gives the predominant pathways of the intramolecular
vibrational redistribution of the energy.

Introduction

Overtone spectroscopy has been recognized as a useful tool
in the study of intramolecular dynamics of polyatomic
moleculest=® The interpretation of overtone spectra may give
detailed insight into molecular high-energy states before pho-
todissociation or laser-induced reaction. Indeed, it is well-
known that energy in light atom stretch vibrations can rapidly
flow from anharmonic high-frequency modes to other vibrational
modes of the molecule. In particular, the very short time
intramolecular vibrational redistribution (IVR) dynamics of CH
overtones has been shown to be largely uncorrelated to the totaFigure 1. Definition of the ring-puckering coordinate when the
state density® and to be governed by strong couplings with molecule is in its bent equilibrium conformation.
specific states: bending states in small moleéuféor bending
and wagging modes in hydrocarbdg® vibrational states of cyclopenter®eh;. It shows that, because

In flexible molecules, the CH stretching vibrations are also Of the increasing part of the vibrational energy variation in the
modified by the large-amplitude motion. When the movement effective potential, there is a localization of the transitions in
is slow enougth as in cyclohexene, there is no competition the two potential wells. Thus, the overtone spectra are mostly
between the two phenomena, and the vibrational energy cOmposed of bands corresponding to the two axial or equatorial
dynamics is essentially governed by the strong Fermi resonanceP0sitions of the CH bond. The spectra (fraw = 4 to Av =
couplings?> For more rapid motions, the two couplings have 7) are characterized by a large energy flow to combination states
to be treated togeth&f. For that purpose, the adiabatic by Férmiresonances. This phenomenon has been modeled in
the fast vibration from the slow large-amplitude motion in the Which give rise to important terms in the development of the
first excited CH stretching staeas well as in higher over-  Kinetic energy have to be retalngd. Asatlsfagtory reconstruction
tones? The coupling between the two motions can be described Of the spectra has been obtained by solving an anharmonic

corresponding to the variation of the vibrational energy during the CHD methylene group attached to the carbon 3 and the two
the internal motion. In the higher overtones, this vibrational deformation modes of the angles adjacent to the CH bond where

part may become preponderant. a frequency matching occurs. In particular, CC stretching ring
This paper is the third one of a series devoted to the study of modes and CDbef_‘d'”g modes have be_en disregarded. Th_ese
the short time IVR in cyclopentene molec@f@® In the first modes are certainly also coupled with the CH streiching

paper2? the theoretical basis has been established by ab initio ovlertones'kli)ut in ar:nut():h W(ieaker orflnhdlrect manner, and they
calculations. In particular, the harmonic part of the variation ©nlY contribute to the broadening of the transitions.
of the vibrational energy as a function of the ring-puckering !N this paper, the CH stretching overtone spectra of the

ccordinate (Figure 1) has been determined. For cyclopentene-cyclopentenet-hy (Cy4H) are presented and analyzed in a

3-h; (Cy3H), it is similar to the effective inversion potential slightly different but equivalent manner. After a brief descrip-

resulting from the fitting of the first excited CH stretching tion of the experimental conditions, the theoretical basis for the
spectrum. The difference between the “experimental” and m_odelmg of the spectra will b_e presented. _The third section
calculated potentials can be attributed to the variation of the Will P& devoted to the discussion and analysis of the overtone

anharmonicity. For the CH bonds in the homoallylic position SPectra.

(on the carbon 4), there is a great discrepancy between the . | Secti
experimental and calculated data which could not be explained. EXPerimental Section

The second paper of the seféss devoted to the excited Monohydrogenated cyclopenteden; (4-HCsD;) was pre-
pared by the organotin route according to the procedure
€ Abstract published ilAdvance ACS Abstractddarch 1, 1997. described in ref 30. This method produces a mixed Cy4H and
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Cy3H compound in approximately equal amounts, with an
isotopic purity higher than 96% for the two compounds, as
indicated by the analysis of the final compounds by 2H,
and®*C NMR, infrared, and mass spectroscopies. The product
was degassed by the freezgump-thaw method and trans-

ferred under vacuum into the cells. The room-temperature vapor

phase spectra were obtained by using two different techniques.

The near-infrared spectraA{ = 3—4) were recorded by
standard absorption spectroscopy on a Nicolet 740 FTIR
spectrometer (resolution 1 cr) between 3000 and 8600 ¢t
and a BioRad FTS-60A spectrometer (resolution 2-8m
between 8600 and 11 500 cf The sample was contained in
a Wilks cell { = 21 m) equipped with CaFwindows. The
sample pressure was between 50 and 200 Torr.

The visible spectraXv = 5—6) were recorded with the
intracavity photoacoustic spectrometer which has been describe
elsewheré! The pump lasersia 4 W Ar ionlaser (Coherent
Innova 70), chopped at 85 Hz. The photoacoustic cell is placed
inside the cavity of a linear Coherent 599 dye laser. The spectral
line width is 0.7 cnT!, and the absolute wavelengths are
measured with a PHO spectrometer to withi2 cntl. We
have used the following dyes: Pyridine 2 for the fourth overtone
and DCM for the fifth one. For each spectrum (measured with
a vapor pressure of 200 Torr) the Cy3H contribution was
subtracted which was obtained from a pure prodéictThis
subtraction is straightforward for the lower overtones but more
difficult for the higher ones because of the broad features of
the spectra. Nevertheless, it is made in order to cancel the axial
absorptions of Cy3H which appear at lower frequencies, where
no intense Cy4H absorptions are present.

Theoretical Approach

The theoretical approach in the analysis of the spectra has
already been described in the first papers of the sé#ghus,
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The vibrational transitions between the two ring-puckering
potentialsVer(0,X) and Vi4(v,X) are calculated as explained in
ref 29. Their intensities are obtained from the following
relationship:

n —
10jB~|v,j' 0

P [@irX) W) cun(v:) AlrX) golr X) Wo(¥) dr dx)®
(4)

whereP is the Boltzmann factor exp{(Eq — Eog)/kT)] and|0,jO
and|v,j'Care respectively thgh andj'th ring-puckering levels
of the two effective potentials corresponding to the ground and
excited states of CH bond stretchingg,; is the corresponding
ave function of the ring-puckering Hamiltoniarc;n(v,X) is
he eigenvector of then(v,X) contribution corresponding to the
pure state withv quanta of CH stretching (with wave function
@,). u is the dipole moment function. The integralsxrand
in r of eq 4 can be separated if some assumptions are made:
(i) The magnitude of the dipole moment transition is independent
of the conformation. Contrary to what is observed in cyclo-
hexané? or in nitromethané? this assumption leads to a good
fit to the observedAv = 1 and 2 spectra of the two
monohydrogenated cyclopentenes Cy3H and C3#4lli) The
dipole moment is supposed to be collinear to the CH bond. As
explained in ref 29, this fact can be verified in the simulation
of the vapor phase contours of the two first excited vibrational
spectra, and it gives a satisfactory result.

Finally, all the calculated spectra that correspond to the
wn(v,X) wherecy, is not negligible are added to constitute the
vibrational spectrum of they(— 1)th overtone.

We have to notice that this procedure is slightly different
from that used in ref 26 for Cy3H where the effective ring-
puckering potentials are calculated by only introducing the

we only briefly stress the important features. The coupling viprational energy contribution ofcyy and by neglecting the
between the CH vibrations and the lower energy modes is treatedanharmonic part of the vibrational Hamiltonian. The intra-

in the adiabatic approximation, which means that the slow ring-
puckering motion is temporally separated from the rapid
vibrational motions.

As a consequence, the total wave function is the product of
two wave functions describing the ring-puckering motion
(y(x)) and the molecular vibrationg(r,x)) for every conforma-
tion of the molecule. The Scfanger equation solving the total
HamiltonianHT

H'(x6) = H'(x) + H*(@X) (1)
can thus be separated into two equations. The first one describe
the fast vibrations for every geometry of the molecule, which
means for every ring-puckering coordinatéFigure 1). Inthe
second, the ring-puckering potential is increased by the vibra-
tional energye(x) which can be calculated by solving the
vibrational equation.

Thus, for each overtone, the reconstruction of the spectra can
be completed in two steps. First, the vibrational Hamiltonian
including the anharmonic couplings with the HCD and HCC
deformations is solved for each x position by diagonalizing the
vibrational Hamiltonian matrixd2(g,x) for each manifold.

> Hi*(0:x) 6n(0X) = hewy(v.X) ¢u(v.%) (2)

Then, the vibrational energidgw(v,X) are added to the ring-
puckering potentiaVes(0,X).

Veir(v:X) = hew(v,x) + Ver(0X) ®)

molecular energy flow by Fermi resonances is then calculated
with the more intense transitions between the two effective
potentials. We have verified that, for molecules such as
monohydrogenated cyclopentenes, where the vibrational part
of the effective potential leads to a strong localization of the
transitions in the two potential wells corresponding to the axial
and equatorial positions, the two procedures are equivalent.
Description of the Vibrational Hamiltonian. As stressed

in ref 26, we have chosen to describe the vibrational anharmonic
Hamiltonian in curvilinear coordinates because that is more
adapted to large molecules such as cyclopentene. To model

he Fermi resonance couplings, we have only retained modes

that give rise to important anharmonic terms in the Taylor
expansion of the kinetic energy matrix and added the corre-
sponding potential part. In cyclopentene Cy4H, only two modes
with adequate energy have to be taken into account: the two
CH bending modes which correspond to deformations of the
angles adjacent to the CH bond. Their wavenumbers are
measured by infrared absorption at 1309 and 1270'éiThe
former will be notedd and the later onev.

The effective vibrational Hamiltonian is the sum of three
terms:

H? = H? 4 H? 4 H?? (5)

The zero-order HamiltoniaH?° describes the vibrations of the
CH and CD bond stretchings as weakly coupled Morse
oscillators and the deformation modes as weakly anharmonic
oscillators.
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H2 2 other parameters in the two axial and equatorial positions. This
—= Z{—g?rpr_2 +D,(¥)(1 — ea‘(x)”)z} + (P, pp. + is another proof of the strong localization of the transitions in
hc &2 ' rene the potential wells. As we could not estimate the values of
1, , ) 3 4 these parameters outside the potential wells, the spectra have
f1(0rirp) + E(Qaapa F 1550007 + f555(X)07 + f5555(x)07) + been modeled with linear variations.
1 Modeling of the Spectra. The vibrational Hamiltc?gjian
“® p? A matrix is solved for everx value between-0.3 and 0.3 A by
2(g\N\NpW + fwm)(X)W2 + fWWW(x)W?’ W) (6) steps of 0.02 A. It is expanded in a basis set whose functions
are products of Morse oscillator functions for CH or CD bond
Because of the partial deuteration, the deformation modes arestretchings and harmonic oscillator wave functions for bending

described by quasi-pure symmetry coordinates. and wagging modes. The matrix elements are calculated for
5 5 each basis functiofWO= |vcu,vcp,vs,vw]Of all the possible
5= (Lé)—le W= (Lw)—10 @) combinations of the four modes corresponding to the (1)th
o) Ui o) Ui

overtone. When the zero-point energy contribution is subtracted,
the diagonal elements of the Hamiltonian expansion lead to the
with §; = HCD, 6,3 = HCC, and6f,45 = DCC. In these unperturbed energies:
equations, l{4;)~* are the familiarL ~* matrix elements which
give the dependence of normal modes in internal coordinates.l(@ VepyUs Uy H2X) + H?(X) +
X . . hc CH'YCD'“o'“w

In the first- and second-order terms of the Hamiltonian, only

the relevant expansions have been retafSetihey correspond H?2(X) | vemVepVepr Vs ald = (@oci(®) — Xen())ven —

to the first and second derivatives gff, in the displacement 2 _ _ 2
coordinates about the equilibrium configuration and the corre- KenXen” + (@aco(®) ~ 2eo()ven ~ 2eo(ven”

sponding potential energy terms. (05 — %sNvs — 9((3(x)z/(32 + (0, — 2y, —
H2L g5 2 394 Xulv” = Xr M Verts — XrpsMenVs — XX Vcrtn —
W _ i%
e 222 ) oot (10
i=1j= ifo
52 Suno 5 There are two kinds of off-diagonal couplings: the Fermi
5 Z{ (L) Fr0209(0 wir} (8) resonance couplings which are deduced from the first-order

=1 )= Hamiltoniar®
2

Hg,zw 15 2 (Law)fz 9 Y, 2 2| (1/hc)(E]’CH:UCD1Ua,w|H21(X)|UcH — Lucpvsw + 20 =

—_— . r. N

o a2 K Frow\Veny/ (0 + D@, +2) (1)

0

15 2 Sun2 5 ) and the interbond coupling between the CH and CD stretchings.
ZZ {w FerHiZ(X)(é !Wz)rj 1 9) After the diagonalization of the Hamiltonian matrixes cor-
== responding to eack value, thewn(X) andcy(x) are fitted by a
The first-order term determines the Fermi resonance couplings€@St-squares method to a fourth-order polynomial form. The
Aronl(X), and the first and second terms determine the crossedtransitions between the two effe_ctlve pOt?m'mﬁ(x’U) and
anharmonicities;rs w(x).162® Because of the difference in the Vert(x,0) are calculated as described previously and added to
masses, they are different for the CH and the CD stretchings. oM the calculated spectra of the { 1)th overtone. For that
In the reconstruction of the spectra, they are taken as fitting PUTPOSe, the dipole momen(x) is decomposed in its compo-
parameters because a small variation of thecan lead to nents along the molecular principal axes determined by ab initio
significant variations of the anharmonic potential parameters, c@lculations® The transitions corresponding to eachyg)

The total Hamiltonian matrix for everyvalue is calculated component are (_:alculated with the appropriate theoretical
and diagonalized to obtain thes(x). For that purpose, the vibration—rotation infrared contouf&3¢ convoluted by a Lorent-

variation of all the parameters during the motion must be known. zian whose half-width is adapted to the experimental overtone

These parameters are essentially the harmonic frequencies ofPECtrum.

the four modes (CH and CD stretching, bending and wagging Discussion

vibrations), their anharmonicities, the cross-anharmonicities, and

the Fermi resonance couplings. The harmonic frequencies of The overtone spectra of Cy4H frotw = 3 to Av = 6 are

the bending and wagging modes and their variations have beerdisplayed in Figures25. The best simulations of the spectra
taken from ab initio calculations. As stressed in ref 29, it was obtained with the parameters of Table 1 are also given. One
impossible to deduce the dependence of the stretching harmonican verify that the general trends of the experimental spectra
frequency upon the bond length variation determined by ab initio are correctly reproduced.

techniques. Thus, as most of the vibrational parameters, it has As already noticed, the variation of the stretch harmonic
been obtained from the experimental spectra. Because of thefrequencywg(x) was determined from the best fit of the first
localization of the principal transitions inside the two potential excited spectrum. We have tried to reproduce the spectra with
wells in the higher overtones, a crude reconstruction of the a linear variation of the stretching anharmonicity and with that
spectra have given the magnitude of all the parameters in theindicated in Table 1. The values gfin each potential well
two axial and equatorial positions. The variation of the were the same in both calculations. The resulting spectra were
harmonic frequency of the CH stretchingg(x) has been equivalent. This applies to all the other parameters. The fitting
calculated from the fitting of the first excited vibrational of the spectra only gives their values for the axial or equatorial
spectrum as explained in ref 29. Then, we have verified that positions ¢ = —0.12 or 0.12 A) but in no way their exact
the calculated spectra were only sensitive to the values of thevariation during the motion. The uncertainty of the parameters
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Figure 2. Observed and calculated spectra of the second CH stretching
overtone Av = 3). The observed room-temperature spectrum (full line)
was obtained by FTIR with a 21 m path length cell and a total pressure
of 50 Torr. The circles represent the calculated profile with the
theoretical band shapes obtained by convolution of the calculated one
at Av = 1 with a Lorentzian of bandwidth 13 crh(fwhm).
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Figure 4. Observed and calculated spectra of the fourth CH stretching
overtone Av = 5). The observed room-temperature spectrum (full line)
was measured with the photoacoustic apparatus described in the text
and a 11 cm path length cell. The total pressure of the sample was 200
STorr. The circles represent the calculated spectrum with the model
described in the text. The line profiles were convoluted with a
Lorentzian of bandwidth 25 cm (fwhm).
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Figure 3. Observed and calculated spectra of the third CH stretching |
overtone Av = 4). The observed room-temperature spectrum (full line)
was obtained by FTIR with a 21 m path length cell and a total pressure
of 50 Torr. The circles represent the calculated profile with the
theoretical band shapes obtained by convolution of the calculated ones
at Av = 1 with a Lorentzian of bandwidth 25 crh(fwhm). Figure 5. Observed and calculated spectra of the fifth CH stretching
overtone Av = 6). The observed room-temperature spectrum (full line)
is difficult to evaluate because of their great number. The was measured with the photoacoustic apparatus described in the text
Birge—Sponer plot cannot give the exact diagonal anharmonicity and a 11 cm path length cell. The total pressure of the sample was 200
because the Fermi resonance couplings with the bending andforr. The circles represent the calculated spectrum with the model
wagging combinations tend to raise the CH stretching wave- described |nf tt)he dte?;t.hThe ]I’]l%nepr;]roflles were convoluted with a
numbers in the first excited stateS= 1—3). Thus, we have Lorentzian of bandwidth 40 cm (fwhm).
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tried to fit the spectra with different values gf; andy;., and In Table 1, only the effective parameters involving the CH
from the results of these fittings, we can assess that thevibrations are included, those involving the CD vibrations are
uncertainty of these parameters is essentially ab@ub cnr 2. not well determined by the fitting of the spectra. They have

The values of the cross-anharmonicities involving the bending been deduced from the CH ones. In the same way, the
motion can be deduced from the combinations involving one interaction between the CH and the CD bonds is not efficient,
guantum of bending vibratior?/g, %/, and ’/, polyads in the contrary to what is observed in selectively deuterated dichlo-
notation of ref 6). They depend on the wavenumbers of CH romethan& or nitromethané3
stretching and of CHD bending vibrations and also on the Fermi  The assignment of the observed peak absorptions is displayed
resonance coupling. The former parameters are determined within Tables 2 and 3. As for the Cy3H compound, there is a strong
a good accuracy. As a consequence, the uncertainty on theocalization of the transitions in the two potential wells from
cross-anharmonicity is related to the determinatiord,@f A the first overtones. Thus, the most intense transitions come from
50% variation of the value df;s would modifyy,s of £2 cnr?, the axial|0,0> or equatorial0,1> levels. (Inthat notation the

The combination spectra with the wagging motion could not first quantum number indicates the vibrational quantum number
be observed. Thus, the parameters involving wagging motion and the second the ring-puckering one.) We have to notice that
are less easy to evaluate with a good accuracy. As they arethe calculated wavenumbers indicated in Figures 2 and 3
not independent from each others, it is difficult to determine correspond to the vibrational contribution in the effective
their uncertainty. potentialwy(x) for the two axial and equatorial conformations.
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TABLE 1: Effective Parameters Used in the Modeling of TABLE 3: Observed and Calculated CH Stretching Excited
the Fermi Resonance Perturbed Spectra (Values for Axial States
g?d Equatorial Conformations Indicated by Subscripts a or W(obs) (enT))  w(calc) (cnT?) _ eigenvectots(x) assignt
- Av=15
Local Parameters for CH Stretching Modes (én .
wo(X) = 3064+ 121.5— 338¢ —  woa= 3049 woe=3077.5 . gég . 35—,2 8'388 23 ggmg‘lrr‘]
2208¢ + 21000 )
2(X) = 63— 7.5x — 69 — ya= 63.5 xe =615 Av=2
89x3 + 2500¢* 5744 5741 0.96) ax 1st overtone
5795 5797 0.99 eq 1st overtone
Effective Coupling between CH or CD Stretches (mdyn/A) _ 0 .
fur = 0.05+ 0.01 Av=25 _
7019 7022 0.94+) ax combin
Low-Frequency Mode Parameters (¢t 7075 7083 0.98%) eqg combin
ws(X) = 1316— 150 — wsa = 1332 wse = 1308 Ap=3
, (i)liog; 528)?(4 I =0 8 240 8 226 0.35¢) ax combin
A A oa— oe 8 300 8290 0.194) eq combin
e Ik Il 8441 841 0890  axadoverione
ow(X) = 1272— 58 + owa=1279  wwe=1271 910 eq 2d overtone
120¢ — 1500¢ + 4000 Av=35 _
yow(X) = 2 9483 9496 0.52«) ax combl_n
Fw(X) = 17.56— 62.5 Ywa= 25 Awe =10 9644 0.34 %) eq combin
Ae(X) = —13K + 22 Arwa= 30 Arwe = 17 9711 9710 0.82+) ax combl_n
) ) . L 9786 9796 0.91+%) eq combin
aThe harmonic frequencies are directly deduced from the ab-initio Ap=4
calculations. The anharmonicities in the axial and equatorial positions -
are determined from the fitting of the spectra. All the other parameters 18 ggi 18 ggg 826_0 ax 3rd ob\(ertone
are determined by fitting the experimental spectra excepted the variation 11 055 11038 0' 6_‘3(—)() gg g? dmocgrtone
of '_[he wavenumber of the wagging mo_tic_)r_1 in the fir_st excited state 11 094 11 065 0'45_'0 eq combin
which corresponds to that found by ab initio calculations. 11 135 11134 0.774) eq 3rd overtone
TABLE 2: Observed and Calculated Fundamental Av=5
Vibrations Involved in the Modeling of the Spectra? 13 236 13221 0.2%) ax combin
fundamental vibrations 13297 13285 0.534) ax.combin
. 13414 13419 0.63%) ax 4th overtone
v(obs) 0.5 cnT?)  (calc) 13520 13523 0.574) eq 4th overtone
IR Raman (cm™1) eigenvector;(X) assignt 13571 13574 0.58+%) eq 4th overtone
1309 1305 1308 HCD def 13676 13658 0.39H) eq combin
1270 1257 eq HCC defw Av=2~6
1276 ax HCC defw 15 555 0.39¢) ax combin
2933 2933 2932 0.9 axial CH str 15590 15575 0.39%) ax combin
2958.5 2958.5 2959 0.99+) eq CH str 15 688 0.30¢) ax combin
. - . . . 15700 15725 0.48%) ax 5th overtone
2 The eigenvectors are indicated by their values in the two potential 15 803 0.324) eq combin
wells (Wlth the notation (’) forx=-0.12 A and 6‘) forx=0.12 A) 15 870 15 888 05940 eq 5th overtone

; ; . 2 The eigenvectors are indicated by their values in the two potential
They can be slightly different from the calculated transitions wells (with the notation £) for the axial position and-() for the

between the two effective potentialé(0x) and Vgg(v.X). equatorial one).
Generally, the axial transition is higher by a few ©m For
example, the first excited axial transition is calculated at 2933 the more constrained axial bond. This may be a consequence
cm™ with a vibrational contributior; (—0.12) of 2932 cm! of the large-amplitude rocking of the homoallylic methylene
(Table 2). group which has been evidenced by the ab initio calculatfons
Effective Parameters. The calculations show that the to occur in phase with the puckering motion.
coupling of the CH stretching with the ring-puckering motion Analysis of the Overtone Spectra. The modeling of the
contributes less and less to the redistribution of the energy with Fermi resonances with only two modes gives satisfactory results
increasing excitation. The large flow observed for energies until 16 000 cn1l. However, the transition intensities are less
higher than 9000 crt is essentially the consequence of strong well reproduced than for Cy3H compound. One can notice that
Fermi resonances with combination states. One can notice fromthe Cy4H compound spectra exhibit more structured features
Table 1 that the Fermi resonance couplings are slightly different than the Cy3H ones, especially in the higher overtones, which
in the two positions of the CH bond. More generally, there is is not the signature of less energy redistribution. Indeed, the
a discrepancy between the values of almost all the effective calculations evidence a slightly different redistribution of the
parameters in the two conformations contrary to what observedvibrational energy. For each overtone, there are two or three
for Cy3H compound® In the equatorial position, the anhar-  wn(xX) with c,(X) of comparable magnitude with that observed
monic parameters involving both bending and wagging vibra- in Cy3H, and a large number of other components with weak
tions are of the same order of magnitude as those determinedeigenvectors that could not be observed. The Lorentzian half-
for Cy3H compound. On the contrary, these parameters arewidths (hwhm) by which we have convoluted the theoretical
significantly larger in the axial conformation. The ab initio profiles are comparable to that used for Cy3H compound in
calculations had also evidenced a rather large variation of thethe first overtones (13 and 25 cifor Av = 3 and 4) but less
HCC deformation wavenumber during the puckering motion important in the higher overtones (25 and 40¢érfor Av =5
which is reproduced by the effective parameters. It seems thatand 6). This could be linked to the absence of a third
the internal motion strongly modifies harmonic and anharmonic deformation mode weakly coupled to the CH stretching states
potentials of the vibrations attached to carbon 4, especially for which becomes efficient akv = 6 in the Cy3H compound.
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