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Fully rotationally resolved spectra of the two lowest-frequency baitius origin ((8) and the
inversion (11@) band of the S;(nw*)« S, transition of jet-cooled T,,~6 K) acetaldehyde,
CH,CHO, have been recorded with a resolution~60.01 cm* using a pulsed dye amplified
continuous wavecw) laser. In modeling the spectra a nonperturbative solution of the rotational—
torsional coupling problem was used, but the torsion—inversion and the rotation—inversion
couplings were neglected. All the lines of the origin band were reproduced with a model using the
same rotational—torsional Hamiltonian for the ground- and excited electronic state. The inversion
band could not be described with this model, since the ordering of the torsional levels in the excited
state is reversed. The measured spectrum was reproduced by using a rigid asymmetric rotor
Hamiltonian for the two torsional levels in the excited state. Some rotational level® afid) 14

states were found to be shifted from their predicted energy values. These shifts were explained by
an accidental resonance between the excited singlet level and some higher rovibronic triplet level.
The relative intensities of thab-type andc-type torsional subbands and the Herzberg—Teller—
induced transition dipole moment direction, characterizingatieype subband, were determined by

an intensity fit. ©2001 American Institute of Physic§DOI: 10.1063/1.1366643

I. INTRODUCTION bronic bands cover the near UV spectral regi@50—250

o . nm), provides access to the first excited singlet state of ac-

th Acet?ld(tehyddeb(CIfC?(g_) ('jn ltstgtround sttate 'Sf one of tetaldehyde. Owing to the out-of-CCO-plane equilibrium po-
€ simplest and best-studied protolype Systems Tor VeS¢ e aldehydic hydrogen in ti8 state, the inversion

gating the spectroscopic manifestations of the coupling be- . . . ) .
tween the overall rotation of the molecule and the methyI(Waggmg vibration of this atom with respect to the CCO

torsion large amplitude motion plane is the second large amplitude motion besides the me-

Rotational—torsional coupling terms were already intro-thyI torsion.

) o . Vibronic analysis of room-temperature gas cell absorp-
duced into the Hamiltonian in the early microwave study Oftion and fluorescence spectra revealed evidence of the methyl
Kilb et all The measurement of additional microwave and P y

far infrared transitions together with bettéaste) comput- conformational ghange as yvell as the douple-minimum char-
ing possibilities enabled improved rotational—torsionalaCter 9f the excited statg nversion poten%%ﬂ.!t was algo .

analysi< Further developments in theory led to modern glo_establlshed that the exgted .stajte methyl torsional barrler in-
bal fitting models$-8 which are able to fit thousands of lines creases upon electronic excitation. Howev.er2 the analysis of
belonging to transitions between states with torsional quanr_oom-temperature spectra was severely limited by conges-

tum numbers);<4, and rotational quantum numbels:26 tion of many bands,. 1112 13
andK, < 14. The number of parameters in these global fits s N the early 80’'s Nobleet al.* and Babaet al.” re-

quite high; up to 60 parameters were needed to fit the tranc_orded the laser-induced fluorescence excitation spectra of
sitions within their observed uncertainty. several acetaldehyde isotopomers in a supersonic jet. Due to

The na* -type S, S, electronic transition, whose Vi- the cooling of the vibrational an_d rotat|or_|al dggrees of free-
dom, the (2 band was unambiguously identified. Assign-

ments were proposed for torsional—vibrational bands up to
dAuthor to whom correspondence should be addressed. Electronic maili700 cm'! above the origin band. Essential to establishing
erko@fi.tartu.ee ’

PPresent address: FOM-Institute for Plasma Physics Rijnhuizen, Postbothe_ band aSS|g_nments was the rotatlpnal contour analysis, by
1207, 3430 BE Nieuwegein, The Netherlands. which the dominant type of the rotational spectr(ab or c
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type) was determined. Furthermore, the methyl conforma- b
tional change and the out-of-plane movement of acetyl hy-
drogen upon electronic excitation were confirmed, and reli-
able parameters of one-dimensional model potentials
describing the torsion and wagging large amplitude motions >
in the S, were deduced.
Weersink et al}* developed a torsion—inversion cou- H
pling model for the excited state and applied this model to
the spectra of Nobleetal!® They deduced a two- P RN
dimensional potential energy surface, characterizing these
large amplitude motions and the structure parameters corre- ¥’ N
sponding to the minima of the potential. Additionally, We-
ersinket al* clearly explained the physical nature of tie
and c-type transitions to the excited state torsion—inversion
levels. FIG. 1. Geometrical structure of acetaldehyde in the ground state and the
Price et al 15 obtained excited state rotational COI.]S»[antsorientation of principal inertial axes. The leftmost double H label marks the
. . two out-of-CCO-plane methyl hydrogens. Two alternative directions of
‘?f the C"_!?CH_O_and CHCDO |sotop(_)mers from a rotational Herzberg—Teller-induced transition moment responsible for hydiitype
fit of their origin band spectra of jet-cooled acetaldehyde subbands in the electronic spectra are marked by arrows.
The experimental resolution was0.22 cm %, too low to
resolve the individual rotational lines. The spectra were de-
scribed with a simple rigid rotor Hamiltonian. From the ro- second harmonic of a Q-switched Nd-YAG lagkumonics
tational constants an approximate excited state geometry wa$Y600). The amplified radiation is frequency doubled in a
determined. KDP crystal to yield UV light around 335 nm with a pulse
Subsequent achievements, reflected in a series of publenergy of typically=2 mJ and a Fourier transform limited
cations of Liuet al,'®*"*® were based on the use of a pulse bandwidth of 0.006 cm'. For absolute frequency calibration
amplified cw dye laser system, with 0.005 chiaser line-  the |, absorption spectruf?? is recorded along with the
width. Analysis of the rotationally resolved spectra of se-excitation spectrum of acetaldehyde. For relative frequency
lectedS, S, vibronic bands, carried out with a rigid asym- calibration transmission fringes are recorded with pressure
metric top model, yielded precise frequencies of the bandnd temperature stabilized Fabry—Perot interferometer with
origins and corresponding rotational constants. The band orfree spectral range 50§83 MHz. The fluorescence from the
gin frequencies have been fit to a torsion-wagging-CCO-<; state to the ground state is collected bf/@7 quartz lens
bending mode(substantially different from that of Weersink system and imaged onto a photomultiplier tyblamamatsu
et al¥), resulting in a refined set of potential hypersurfaceR212. In order to reduce the scattered light an L-400 cutoff
and kinetic parameters characterizing these three modes. filter is placed in front of the photomultiplier. The signals
In contrast to the very detailed global analysis of thefrom the photomultiplier are processed by a digital oscillo-
ground-state data of acetaldehyd® to the best of our scope(LeCroy 9430 and a boxcar integratdSRS 250 in-
knowledge no reports exist where the coupling betweenerfaced with a computer.
overall rotation and methyl torsion is consistently taken into
account in the rotational analysis of ti&<—S, electronic
bands. This work attempts to fill this gap for the two lowest-
frequency vibronic bands 08, S, transition, the origin A. The subbands of the origin and the inversion band
and the inversion band. Rotationally resolved excitation

In it d stat taldehyde is pl t for th
spectra of jet-cooled acetaldehyde are measured with a puls&-l0 nml es”%;o uhnydfog (—:?r‘;sicﬁ'r? e e;h?/rde ::n epﬂ?? r?;grog ;n eis

amplified_cvv_ Iaser_ syst(_em and a_nalyzgéj with frequency a?—.\clipsed with respect to the carbonyl gro(gee Fig. 1L A
well as with intensity fitting techniques: threefold barrier for methyl torsionifs) gives rise to
a,, a,, ande torsional levels, designated by the species of
Gg molecular symmetry group. Due to a barrier height of
A molecular beam of acetaldehyde is formed by expand400 cm ! the two lowest torsional levels with,= 0, marked
ing 1% acetaldehyde in Héor the origin bandl or 5% ac- by Oa; and Ce, are separated by 0.07 ch(see Fig. 2
etaldehyde in Ar(for the inversion bandthrough a pulsed The equilibrium geometry in thg, state is significantly
valve with an orifice of 0.8 mm diameter into a vacuum different from that of the ground state. The methyl group is
chamber. For He beams, a backing pressure of 5 atm is apetated by an angle somewhat less than @%9° in Ref. 18,
plied. When Ar is used as the carrier gas, the backing presut 54° in Ref. 14, and the aldehydic hydrogen is bent out of
sure had to be lowered to 2 atm to avoid cluster formationthe CCO plane by 35*1814The nearly 60° conformational
The molecular beam is crossed by a laser beam approxéhange of the methyl group gives rise to a long torsional
mately 7 cm downstream of the nozzle. As excitation lightprogression in the excitation spectrum. The inverdioag-
source, a pulsed dye amplifier system is employed. The ouging, v,,) motion of aldehydic hydrogen in th®, state can
put of an Ar ion pumped ring dye las€€oherent CR699  be described by a symmetric double-minimum potential,
operated on DCM dye, is amplified in three stages by thevhose local maximum corresponds to the planar configura-

lll. THEORY

Il. EXPERIMENT
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Via Vis The dipole allowedc-type 0a;—0a; and Ge—0e sub-
1a, 821 0.0034] bands of the origin band and the vibronically inducau
: type 0a;—0a; and Ge—0e subbands of the inversion band
06 i 34.4 are calleddirect subbands$? Besides the direct transitions,
Oay 0a, §0-0077] so-calledindirect transitions appear in the specti@b-type

0e—0e subband in the origin band arwdtype Oe—0e sub-

band in the inversion bandwhich are marked with dashed

: : lines in Fig. 2. These indirect transitions acquire their inten-

¢ cab ababc sity via an anharmonic coupling between the torsional and
: 29769 inversion motion in the excited statéThis coupling is al-

lowed by the same torsion—inversion symmetry of thee O

levels of @ and 14 states.

Oe

Oa, 0.0690 B. Model and approximations

0a, In our model for the excited state Hamiltonian we will
neglect the terms describing the inversion—torsion coupling
origin (09) band and the inversion (iftband. Number of quanta ar@k as well as the inversion—rqtation coupling. We will also ne-
symmetr(;/ species are designated for two involved modes, the inversiorgleCt_ the symmetry reduction d.ue to the out-of-CCO-plane
(v14) and the torsion #;5). Dipole allowed transitions give rise wtype location of the acetyl hydrogen in tf® state. Furthermore,
subbands. Herzberg—Teller-induced transitions give rise to hyi¥iype we will assume the methyl top axis to lie in thb plane(i.e.,
subt_)and_s. Das_hed_lines mark indi_reei—CDe trar_]sitior_ls acquiring theirin-  in the plane defined by the CCO grouhese approxima-
g?;:'gn\é':;?,fsc'ﬁ?1)'nggg;f:ncgipigge;,;nntthset;t'ggtasrfngﬁlrox'mate e"®"Mions enable us to apply the same Hamiltonian for both the
Sy state and thé&,; state.
The principal axis method rotational—torsionéRT)
Hamiltoniarf®?*-2" corresponding to a molecule-fixed axis
systema,b,cis given by

FIG. 2. Vibronic energy levels and the transitiofssibbandsforming the

tion of aldehyde group. Due to a finit685 cnit in Ref. 17
and 530 cm® in Ref. 14 barrier height for the inversion
mootion there is 34 cm® splitting*’ b;tween the vibrationless H=F(p—pada—pplp)>+AJ2+BI2+CJI2
0° or, in an alternative notation, 14) level and the inver-
gion (14 or 147) level. Both the @ level and the 14level *+V3(1-c0s 3)/2+Vy(1-cos &)/2, @
have torsional sublevels &) and () as a result of the finite whereF is the reduced rotational constant for internal rota-
barrier for methyl torsion in th&,; state. tion, p is the angular momentum operator conjugate to the
In acetaldehyde, thes™* type S;«S; (pure electronic  torsional anglex, p, andpy, are the projections of the vector
transition A”"—A’ in Cg symmetry species gk,«—A; in Gg  p on thea andb principal inertial axe§see Eq.(3)], A, B,
speciey is allowed with the transition dipole moment di- and C are the rotational constant3,, J,, andJ. are the
rected perpendicular to the CCO plane, i.e., alongcthen-  projections of total angular momentuinto the correspond-
cipal axis. Hence, the electric dipole allowed vibronic tran-ing axes, and/; and Vg are the threefold and sixfold tor-
sitions starting from the torsional ground-state levels, sional barrier heights, respectively. The first term of the
=0, give rise to the-type Oa;—0a,; and Ge—0e subbands in  Hamiltonian(1) describes the kinetic energy of internal ro-
the origin (Cg) band(see Fig. 2 Due to a 1.5 times higher tation (torsion and that of the rotational—torsion@T) cou-
threefold torsional barrier height i, the exited state tor- pling. The expressiop— p-J represents the relative angular
sional tunneling splitting is about 9 times smaller than that ofmomentum of the methyl top and the fradi&’ The next
the ground state. This leads to a 0.06 ¢medshift of the three terms give the rotational energy without RT coupling,
Oe—0e subband center with respect to the;6-0a, subband and the two last terms are the torsional potential function. In
center in the origin band spectrum. order to improve the precision of the fit of available micro-
Notwithstanding the fact that the transition to the inver-wave data, the centrifugal distortion terms up to the fourth
sion level, whose vibrational symmetry ds, is dipole for-  ordef*?°were included into the ground-state Hamiltonian.
bidden for the transition dipole moment pointing along the The reduced internal rotation constdfitcharacterizing
axis, the inversion (]éﬁ} band is about 1.4 times stronger the relative motion of the top and the frame, can be ex-
than the origin band™?® Its existence is explained by pressed via théinterna) rotational constant of the bare me-
inversion-induced Herzberg—Teller vibronic coupling to thyl top about its symmetry axig, by?%*
some higher electronic state, whose transition dipole moment
lies in theab plane. The inversion band consists therefore of
hybrid ab-type 0a;—0a,; and Ge—0e subbandgsee Fig. 2  where 7 is the angle between the methyl top axis and prin-
We note that in this article the subbands are labeled by theitipal a axis. The projections of the vector are related to the
initial and finaltorsional states. The difference between the angle 7 by?*?*
frequency of @;—0a; subband centers of origin and inver-
sion band is simply the 34 cm inversion tunneling split-
ting. pp=Bsiny/F,.

F=F./(1—pacosy—ppsiny), )

pa=Acosy/F,,
()
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FIG. 3. Observed spectrutopper tracgand simulated spectrutower trace of the C8 band of acetaldehyde. The origin of tha,6-0a, subband, marked
in the figure at 0 cm?, is at 29 769.04@) cm ..

We use the axis convention, wherg p,, and p, are three terms are nonzero fab-type subbands and the last
positive’ (see Fig. L term is nonzero forc-type subbands. The absence of the
The Hamiltonian matrix is set up in a rotational— cross termscu u. and «uyuc in Eq. (4) follows from the

torsional basis consisting of the products of Wang-type rotaassumed symmetry of acetaldehyde with respect toathe
tional basis functions and one-dimensional free internal rotaplane.

tion sine—cosine-type basis functions as in the work of Huber ~ The line strength factor§,, ,» are calculated by prop-

et al?® The matrix elements for an equivalent, but differently erly combining the expansion coefficients pf') to the
parameterized Hamiltonian are given in Table Il of thatexcited-state RT basis, the expansion coefficientg/fto
work. The Hamiltonian factorizes into blocks of overall sym- the ground-state RT basis, and the direction cosine matrix
metrya,, a,, ande, which are diagonalized separately for elements between the excited- and ground-state basis func-
eachJ value. From the resulting eigenvalues and eigenvections [see Eq.(8) in Ref. 28. To obtain the line intensities
tors, only those corresponding to the torsional ground statehe line strength factors are subsequently weighted by the

v¢=0, were selected. Boltzmann factor and by the intensity weight factor of the
The transition strengtB, ,» between given RT levels of subband to which the line belongsgide infra). In order to
S, and S, state can be expressed’bg?® take into account the 60° methyl conformational change on

21/ 1 (2L 20 g "2 excitation the sign of eithev}; or V4 was set to negativé.
Sy al (' | P2l 91+ 16 (9 | Pzel ) A detailed description of thegtheory used here in the
+ 2 app{ ' | ® 2o W | P 2| ") analysis of the electronic bands, its limitations, and its con-

5 5 nections with other authors’ work will be given elsewhé&te.
+uel(¥ | Pzd )%, 4

wherg |y is the RT eigenfgnctiongaz,ucosﬁ, and up, V. RESULTS
= u sinf. The double and single prime denote the ground-

and excited state, respectively,is the absolute value of the The rotationally resolved spectra of th% Band and the
transition dipole momentg is the angle of the transition 14% band of theS; < S, transition of acetaldehyde are shown
moment vector with respect to tleaxis, and®;,, ®, in the upper traces of Figs. 3 and 4. The spectral resolution

and ®, are the direction cosines between the laborafdry of the inversion band0.008 cmi?) is better than that of the
axis and the moleculag, b, andc axis, respectively. The first origin band(0.012 cm'}) because the origin band was mea-
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FIG. 4. Observed spectrutapper tracgand simulated spectruffower trace of the 14% band of acetaldehyde. The origin of tha;6-0a, subband, marked
in the figure at 0 cm?, is at 29 803.42(F) cm™ ..

sured while acetaldehyde was seeded in helium, whereas timeind that here @,—0a; or Oe—0e denote the rotational
inversion band was measured with argon as a seeding gastransitions, whose final and initial state belongs to the same
The analysis of these spectra started by determining thgrsional G, or Oe level of theS, state, respectively. Apart
ground-state molecular constants from ground-state datom the observed microwave transition frequencies, three
available in the literature. Then, we have made an assigrfar infrared torsional band origin frequencies were included:
ment of the features in the electronic spectra, followed by ahe 1a, 0a, at 143.7428 crit!, the 22, 1a, at 110.2124
fit of frequencies of the assigned lines which provided us thm1 and the & 0e at 141.9237 criit. These far infrared
molecular constants of the excited state. Finally, the intensipgng origin frequencies were deduced by combining known

ties of the spectral lines are analyzed in order to extract atgequencies of measured far infrared and microwave fines.
ditional information, like the relative intensities of the sub- As a compromise between model simplicifiewer fit

bands. parametersand the precision of the fit, we used, apart from
the rotational and torsional constants, the distortion param-
A. Frequency analysis: The microwave spectrum etersA;, Ajx, Ak, andd, as fit variables, buf; was kept

Although much effort has been devoted to the ground_f|xed to zero. The distortion terms of the Hamiltonian are

state analysis, resulting in large sets of molecular constantd€fined in a standard wegee Eq(1) in Ref. 24. A trial fit -
we could not use the published constants. The reason is thifth variabled, yielded zero value for this parameter within
in the case of acetaldehyde the constants depend considd® eror limits. This selection of fit parameters enabled us to
ably on the model Hamiltonian and the number and type ofit most of the microwave lines vy|th|n 5 MHz precision. The
transitions included into the fit. The larger the number offo0t-mean-square standard deviation of the fit was 0.68 MHz
lines included in the analysis, the more sophisticated a modé@-3<10"°cm™). To save on computing time, the size of
is necessary to fit all line frequencies within a given preci-the basis, given by the maximum allowed values) aind of
sion. This explains the variety of values found in the litera-the free internal rotation quantum numberwas limited to
ture. Jma—=9 and my,,,=18. For m,,,=18 the error of the tor-

For our analysis, we included all the observed micro-sional basis truncation was negligible0.05 MHz even for
wave transitions between the rotational sublevels@f0  the J,K,,K.=9,9,0 level of the @ species. The ground-
torsional level withJ"<8 andJ’<9 from Ref. 7 into the fit state molecular constants obtained from our microwave fit
(158 0a;—0a; and 153 @—0e lines). It should be kept in are listed in the first column of Table I.
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TABLE I. Molecular constants of the ground state,J0and electronically excited state§ @nd 14. Abbre-
viations: 0. means that this parameter is fixed to zero, g.s. means that the parameter is fixed to its ground-state
value, and n.a. means that it is not a parameter. See the text for details.

00(So) 0%(Sy) 14(sy)

A 1.888 3607) 1.601 917) Al=1.59760(8),A,=1.59801(7) cm* a
B 0.339202 013 0.338 63§21) 0.338 80114 cmt

C 0.303 289 013) 0.296 45016) 0.297 33911) cmt

A, 0.263(13)x 10 ¢ 0. 0. cmt

Ak —1.42(6)x10°© 0. 0. cmt

Ay 23.48(41)<10°6 0. 0. cmt

8, 0. 0. 0. cm?

Sk 1.1(6)x10°© 0. 0. cmt

F. 5.219 G18) g.s. n.a. cmt b
F 7.552 441) 7.089 438) n.a. cm? ¢
V, 404.5723 5925). n.a. cm?

Vs —9.5420) 0. n.a. cm?

7 24.963) g.s. n.a. deg d
AE.. 0.069 0335 0.007 6832 —0.003 3923) cmt  ef
AvE® n.a. —0.061 3%33) —0.072 4224) cm!  gc
v32 n.a. 29 769.046) 29 803.4207) cm h

@A, andA/ are rigid rotorA’ constants for @, and Ce levels, respectively.

bF is the internal rotation constant of the bare methyl group.

°F and A v§® are derived parameters, not used as fit variables.

dy is the angle between the methyl top axis and ahexis.

°AE,. is the torsional @,—0e splitting.

fAE,. is a derived parameter in the MW an@ Band fits, but a fit variable in the 34and fit.

9A 15 is the distance between the origins &-00e and (a;—0a; subbandsA v§®=AE, ~AE7,.

huga is the absolute center frequency of tha,;80a, subband determined by comparison with the iodine
spectrum.

B. Frequency analysis: The electronic bands lines. The proposed assignments are accepted only if the cal-
_culated excited-state energies for the lines, expected to share
& common upper state, match within a reasonable error limit
I(1/3 of the observed width of electronic linesn this way

The reliability of the constants determined from elec
tronic spectra depends, apart from the number and type
lines included into the fit, on several limiting experimental . ) .
factors. Most important are the experimental resolution an&he linearity of the fre.quency scale is a_tlso tested.
the linearity of the frequency scale, determined by the inter- In the frequ_ency f|ts of the_ eIec_tronlc bands, the ground-
ferometer drift. state constanténcluding the distortion constantare taken

Since the assignments of transitions in our spectra Werglom thgt n(’;ICI:[O\‘/:\IaVG f|(t'|'atgle ) and ;/lvereclﬁ-pt f|xed,Swh|Ie th
initially not known, the fit was performed iteratively. At first € excited-state constants were aflowed 1o vary. since the

the spectrum was simulated with approximate initial con-f'xeOl ground-state_constants defln_e the frequer_wy scale of the
spectra more precisely than the fringes of the interferometer,

stants taken from the literatut®’ In each step the simu- _ :
lated spectrunithe composite of all the subbandsas visu- a correction factor for the free spectral range of interferom-
eter was used as a fit variable. All the calculated frequencies

ally compared with the observed spectrum to find newf lectronic band led with this fact h devi
improved line assignments which were in turn used in a subg' ©'cCronic bands are scaied wi IS factor, whose devia-

sequent improved fit and simulation. The advantages of thigqn from unity gives a measure of _the compensated sys?em-
iterative technique are outlined in our previous atic error of the interferometer drift. The scale correction

publications:>?° Although the frequencies of&@)—0a; and ;acttohr was 1.000 SS)CIO[I_;he o”gtmd b?ntd andt().];999|77\2 ‘
Oe—0Oe transitions are calculated separately, e value, or theé Inversion banc. The excited-state centritugal distor-

characterizing the quality of fit, is calculated by summing upt|0n constants are all fixed to zero, since the rotationally cold

the squared differences of observed and calculated frequeﬁ!ecnonic spectra contain only transitions Wi_th IO\.N rotational
cies over all the included transitions, regardless of Whichquantum num_bers. Furthermore, the I|r_|eW|dth in the elec-
subband they belong to. tronic spectra is about 4 orders of magnitude larger than that

The correctness of the proposed assignments, given H{) the microwave spectrum.
J' K. Ki—J" KL, KL, was checked by the ground-state
combination differenceéGSCD). For that purpose an addi-
tional computer program was used which calculated the; 1pe origin band
excited-state rotational energies from the frequencies of the
assigned lines and from the known ground-state energies. In the &§ band fit the selected variable parameters were
For convenience we used ground-state rotational energigbe rotational constan&’, B’, andC’, the torsional barrier
calculated from our microwave fit constants rather than comheightVy, the relative frequency of the band center, and the
bination differences of measured frequencies of microwavéree spectral range correction factor. To achieve better con-
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vergence of the fit we fixed the loosely determined fit param-assumed and the opposite systematic shiftsegf-®a; and
eters. For exampley’ and F/, were fixed to their ground- 0e-Oe lines were compensated by the negative value of
state values an; was fixed to zero. AE,.. Furthermore, it turned out that tH&" andC’ con-

All together 60 @;—0a; lines and 97 @-0e lines, stants were nearly the same fa,0and Ce levels. Therefore,
characterized by the ground-state quantum numbeéss7  in order to improve the convergence of the fit, only e
andKz=2 (except for two lines for whichkK;=J"=3), and  constants were assumed to be different. They are marked by

by the transitionsAK,=0,+1 and AJ=0,%1, were in- A’ andA/ for 0Oa; and Ce levels, respectively. The variables

cluded into the final fit. The assignment of 38,0-Oa; lines i the final fit wereA., AL, B', C', AE.,, the relative

and 89 &-0e lines were verified by GSCD. frequency of the band center, and the correction factor of the
Two moderately strong lines, assigned ype  free spectral range of the interferometer. It is important to
0a,—0a, transitions 2,2,3-2,1,1 and 2,2,4-1,1,1, were e that the ground-state levels are still described with the

. ~ _1 . . .
blueshifted~0.0040 cm* with respect to their frequencies qnrigig Hamiltonian(1) with the constants from the micro-
predicted by the fitting program. In order to compensate thig, 5 e fit.

shift 0.0040 cm® was added to the calculated frequency of All together 129 @;—0a, lines and 92@—0e lines
the Oa, level with J',K} ,K.=2,2,1. With this correction all aémh J'<8 K'<?2 AKl—O il andAJ=0.+1 were in-
=0, a 4% a~ Yi— 4y — Y-
I

th.?h.lmg gggf enc_:lle s |gctlrl:ded |tnto the fit were trepdrodducée uded into the final fit. The assignment of 12%,6-0a;
within ©. cm - and the root-mean-square standard 6€yi,e5 and 82 @—0e lines was verified by GSCD.
viation of the fit was 0.0013 cit. . - A .
. . Five 0a;—0a; transitions sharing a common excited
Observed and simulated origin band spectra are Preste G level with 3’ K K =111 were found to be
sented in Fig. 3 and the molecular constants are listed in th L A e

second column of Table I. The shift of the aforementioneuSehlfted on the average 0.0037 cirto the red with respect to

level has been included in the simulation. The rotational tem:[h_er']r ‘(J:?Ililflaé?d_ Zr%qzency. leke\(/jwse,btheooob()sse;ves_uﬂ@‘/gl
perature and the relative subband weights used for the simyt Ka,K=4,0,4 was found to be 0. crnred-

lation are taken from the intensity fit described in Sec. v c.Shifted, but th_ele level with J",K; K¢ =4,1,4 was found to
be 0.0057 cm™ blueshifted. Both @ levels are the upper

2 The inversion band state for four identified transitions. After correcting the ener-

. . . gies of those three levels in the fitting program all the mea-
_The fit of the 14 ban_d .W'th the same set .Of eXc'ted'Statesured line frequencies included into the fit were reproduced
variables as for the origin band was relatively poor. The

. ) / within 0.0031 cm?, except for the 5,3,3-4,2,2 Ge—0e
calculated @;—0a, lines were systematically shifted to the line. whose observed position was shifte®.0040 cmi to
red and the calculateded-Oe lines to the blue(=~0.0034 ' P '

cm™1) in comparison to their observed positions indicatingthe red. It is recognized that more excited-state levels of the
an overestimated splitting between the predicted torsiona{[xelrls I:)r:h a:do g:)ea OQJ?mr b?nd ?T:e” [;ertt;erf(ili, btiUt Sz'ﬁs
Oa; and (e levels. Test fits with fixed values of the threefold? ag Tha .t cht are Oof Z gde .et.a ny:)h fit
barrier heightv; showed that the higher the barrier the better Irmed. 1he root-mean-square standard deviation ot the

A1
the quality of the fit. Moreover, Liet all” found by fiting V@S 0.0012 crm. _ _ _
the Oa;—0a,; and Ce—Oe lines separately to a rigid asym- The observed and the simulated inversion band spectra

metric top model that the excited-state @rsional level lies &€ Shown in Fig. 4. The shifts of the three aforementioned

belowthe Ga, level as shown in Fig. 2. However, according excited-state levels have beeq inclu_ded in t_he simulation.
to the theory of one-dimensional hindered rotation, the tor-] "€ molecular constants are listed in the third column of
sional Ce level must always lie higher in energy than the,0  Table |-
level, i.e.,AE,.>0 for a finite threefold barrier. Since our ¢ Intensity analysis
model, which neglects the torsion—inversion coupling, can- L . . »
not describe the observed ordering of torsional levels, it _ _The rel_at|ve |_ntensmes of the_ro_tatlonal _transm_ons of the
might be that the rigid asymmetric top model, for which the ©M9in and inversion bands contain |nf<_)rmat|on wh|c_h cannot
torsional Ga;—Oe splitting vanishes 4E,=0), is a better pe gxtracted from a frequepcy analysis only. Most important
choice for describing the rotational levels of the! Hate. in this respect are the relative strengths of the subbands. We
To mimic the rigid rotor Hamiltonian all the rotational— have performed an intensity fit of the origin and inversion
torsional interaction terms in the excited state HamiltoniarP@nd, keeping th&, and S, molecular constants obtained
were disabled by fixing=/, to zero in the fit. Since the cal- from the frequency fits fixed. The following parameters were
culated energy levels no longer depend on the barrier heigmllowed to vary: the rotational temperature, the vibronically
V} and the methyl top axis anglg, these parameters were induced in-plane transition dipole moment angl¢he inten-
fixed in the fit. The variables of interest were the three rotasity weight factors ofab-type andc-type Oe—0Oe subbands,
tional constants for the &) level and another set of three the background intensity, and the intensity scaling factor of
rotational constants for theeOlevel. Additionally, the tor- the spectrum as a whole. The weight factor of tizg-©0a;
sional (a,—Oe splitting AE,, was introduced as a fit param- subband(c type for origin band andb type for inversion
eter. The energies of theeOlevel were then obtained by band was fixed to 1. The results are given in Table II.
addingAE/, to the energies that resulted from the rigid rotor ~ The shape of individual lines was chosen to be Lorentz-
Hamiltonian for the @ state. Indeed, the fit was improved in ian, because this gave a better fit than a Gaussian shape. The
comparison with the fit where a finite torsional barrier wasimprovement of the fits with a two-parameter Voigt shape
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TABLE II. Results of the intensity fits of and 14 bands: the intensities
of theab- andc-type Oe—0e subbands relative to theaQ—0a, subband, the
angle of the induced transition momefitthe Lorentzian linewidthA v,
and the rotational temperatufg,,. The phase angle between tBgandS,

TABLE IIl. Comparison of our excited-state rotational constants from the
origin band fit with other author's constants who have fit the-00a;
subband of the §band to a rigid rotor model.

threefold torsional potentialse is assumed to be zero in the fit; see the text. This work  Priceet al. (Ref. 15  Liu et al. (Ref. 16
0° band 14 band A’ 1.6019 1.596 1.6030 cm
0 B’ 0.3386 0.334 0.3388 cm
0Oa;—0a, ab - 1 c’ 0.2965 0.305 0.2963 crm
C 1 e
Oe-0e ab 0.7639) 0.2544)
c 0.2286) 0.186 630)
Z ggifi‘gg ggéélg%;) deg inversion banyithan the fits withA @=0°, indicating poorer
v . . cm . . .
o 5.92331) 597928 K reproduction of the measured intensities.

V. DISCUSSION

was too small(~1.5% to justify further use of this shape. A. Rotational constants and the rigid rotor madel

The fitted Lorentzian linewidth matches within 0.0001 ¢m Table Il compares our excited-state rotational constants
with the averaged width from direct measurements of fullywith those determined by Pricet al'® and Liuet al® from
resolved rotational lines. Narrower lines in the inversionthe fits of the @;—0a; subband of the origin band to a rigid
band(measured with Ar carrier gagn comparison with the asymmetric top model. In these fits fixed ground-state rota-
origin band(measured with He carrier gaare due to the tional constants from the microwave analy<isvere used.
lower molecular beam velocity resulting in a smaller Dop-We note that, in spite of fact that the spectra of Pgtall®
pler broadening when using argon. were recorded with much lower resoluti¢®0.22 vs~0.01
Apart from the Boltzmann population distribution which cm™* in our work), their constants still agree with our values
is characterized by a single rotational temperature, we testedithin 0.009 cmi’. The better resolution of the pulsed dye
two different two-temperature non-Boltzmann distributionsamplifier setup used by Liet al® explains the much better
in the intensity analysis, which are described in detail in Refagreement of their constants with ours.
19. The improvement of the fit was relatively smé@ll few The rotational energies of degeneratedpecies are sig-
percent for both models and was somewhat better for thenificantly perturbed by the rotational—torsiondT) cou-
inversion band. The fits resulted in nearly the sami¢hin 1 pling in comparison with the rigid asymmetric top energy
K) rotational temperature fal- andK manifolds in contrast level structure. This is governed mostly by the2Fp,pJ,
with earlier results of Pricet al,'® where the temperature term of the Hamiltoniar(1). In the framework of perturba-
for the levels with differenK} was found to be 10 K higher tion theory of RT interactiof? 2’ this contribution can be
than that for levels with the sani€ but differentd”. For  expressed byFWWp K., where the dimensionless first-
both two-temperature distributions the weights &f-@e  order perturbation coefficie'W®) is related to the average
subband intensities as well as the induced transition dipolgalue of the torsional angular momentum operdtbe diag-
moment angle remained the same, differing only within theironal matrix element ofp for a given torsional stajeby
error limits. W) = —2(p).2025-270Qyr estimations show that for ground-
There are still some distinct differences between the oband excited-state @ torsional levels the factoFW)p, is
served and simulated spectra which we note without further-0.0274 and-0.0026 cm, respectively. Obviously, owing

discussion. For example, in the region frond.4 to —2.8
cm ! of the origin band, theéb-type Oe—0Oe lines J—1,0,
-1-J,1J3 (J=2,3,4) are enhanced and the-type
0a;-0a; linesJ—1,0J—-1-—J,1,J-1 (J=2,3,4) are sup-

to the poor description of theellevels by the rigid rotor
model, the analysis of&-0e lines was omittetf or only the
Oe—0e transitions withK7=0 andK/=0,1 were included
into the fit’®1” Even a modéf based on fourth order pertur-

pressed in the observed spectrum in comparison with thbation theory’ results in an 0.014 ciit error for the ground-

simulated ongsee Fig. 3. In the inversion band spectrum
three pairs of overlappduttype Oa;—0a; lines, whose com-
ponents are J+1,3J-1-J,2J-2 and J+1,3J-2

state @&, J",K};,K{=3,3,1 level. Therefore, we used a non-
perturbative solution of the rotational—torsional problem in
this study. In order to avoid problems with the ground state,

—J,2J-1 (J=2,3,4) are clearly suppressed. The pairsLiu et al'”*®used known ground-state energies, determined
corresponding td=2, 3, and 4 are located at 7.1, 7.7, andfrom microwave analysis, in the rigid rotor fits of the inver-

8.3 cm ! with respect to the band center, respectividge
Fig. 4).

sion band and higher electronic bands.
For nondegeneratea) torsional levels W(Y)=0, indi-

In the intensity fits described above, the phase angle bezating that for these levels the first-order RT perturbation is

tween theS, and S; torsion potentialsAa=a’—a” was

absent®> 2" However, due to the second-order effect the con-

fixed to zero. Beside this we fitted the same spectra assumirgdants obtained from the rigid rotor fit contain an effective
the more realistid « =60° phase angle by changing the sign contribution from the torsion. Thus, in principle, it is not
of V; to negative. Unexpectedly, these fits resulted in ahoroughly correct to compare the constants obtained from
higher x? value (37% for the origin band and 7% for the the fits to a nonrigid model with those from the fit to a rigid
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rotor model. Within the second-order perturbation approachwhy, for the inversion band, theeQevel lies beneath thea)
the effective and “torsion-free”A and B constants are re- level. The negative & —0e splitting is therefore described

lated by with an extra empirical fit constamE_..
2.2 The inversion motion of acetyl hydrogen in the excited
Aeri=A+FW “pg, state can be treated as a hindered internal rotation of the

(5  aldehyde hydrogen around the same axlsfined by the
C—C bond as the methyl group internal rotatidhsee Fig.

whereW(?) is the second-order perturbation coefficient for a%' F_or a”double-mln:jmum .'Svet.rs'or; ptottenual with 3 finite
given vibrational level arising from nondiagonal matrix ele- arrer all corresponding vibrational states aré nondegener-

ments of thep operator®?-27 The calculated values of ate. Treating the inversion—rotation coupling within the per-

FW(2)p§ for the Om, torsional level, being 0.0108 and turbation model we can use the f{:\ct that fpr. nondeggnerate

0.00087 cri* for the ground- and excited PP state of ac- levels all the odd-order perturbation coefficients vanish to
: 25-27 i ;

etaldehyde, respectively, indicate a significant torsional conZ®0-" The remaining ev_en-order perturbation t_erms ap-

tribution in theA”, andA’, constants. For th&” and Bl pear via the change of rotational constants according to Egs.

constants this contribution ispl/p!)?=143 and p./pl)? (5). Thus, within the second-order perturbation approach it is

—103 times smaller, respectively, owing to a small anglenot necessary to include new terms describing inversion—

between the methyl top axis and thexis. For theC’y and rqtauon coupling into the rotauonal—torsmnal Hamﬂtomap.
CL, constants it vanishes singd=p.=0. These consider Since the methyl top axis makes a relatively small angle with
eff —Pc— Y- -

ations explain why the value of tha’ constant from the respect to the axis, leading tap,> py, it is expected that

rigid rotor fit of Liu et al!® is ~0.001 cm* larger than our tr:e |tn\1e(r15|or(;—:ﬁtatlotn tf:ouplllng aIfe(its rE;)s_tIydtP]:é cor:r-] .
value and why their values of tH®" andC’' constants are stant. indeed, the rotational constants obtained irom the in-

almost the same as oufsee Table ] version band spectrum differ from those obtained from the
We also note that our absollute frequency of theorigin band spectruntsee Table)l and the difference is the

—~ ~1 ’
0a;—0a,; subband center of the origin bands is 0.024 ¢m Iargest(_~ 0'904 en’) for th?A c.onstant..A crudg modgl
larger than that determined by Lit al. X6 but our absolute calculation with a twofold sinusoidal barrier for inversion

frequency for the &,;—0a; subband center of the inversion shows that the effective contributidfy,, Wiy a” [see Egs.
band matches exactly with their resulfs.

Ber=B+FW®@pZ,

(5)] is positive for the 8 state and negative for the 41 4tate.
The absolute values dV{?) are nearly the same for both
states. Although, this is in qualitative agreement with larger
A’ constant from the origin band fit, a quantitative compari-
B. The effects of inversion son requires the use of a finer model potential.

The inversion—torsion and the inversion—rotation cou-  |ne suppression of certaintype 0a;-0a, lines with
plings have been neglected in our model simulations. Nevef<a=3—2 in the inversion band as noticed in Sec. IVC can
theless, the observed transitions in the origin band are welte another manifestation of cou.pllng to the inversion motion.
reproduced by taking into account only the rotation—torsiorit S€ems that a full understanding of the effects induced by
(RT) coupling in the excited state in the same way as in thén€ inversion motion can only be achieved by an analysis
ground state. However, this model was unsatisfactory whei/ith @ model Hamiltonian, taking the torsion—inversion as
applied to the inversion band. Rather than using a more convell as the rotation—inversion coupling into account.
sistent, but very complicated, inversion—torsion—rotation
model, we described the rotational levels of the' Bfate
with a simple rigid asymmetric rotor model, where different
A’ constants were used for the calculation of the rotational  Our frequency analysis shows that some energy levels in
energies of the & and G levels, and the energies of the 0 the @ as well as in the 4state are shifted with respect to
level were corrected by aad hocparameteAE].. In this  their expected positions. We suggest that an accidental reso-
way the inversion band was also reproduced quite well. Ihance with some rovibronic level of the triplet state is re-
should be noted that the formally infinite torsional barrier for sponsible for these perturbations.
the 14 state has nothing in common with the real potential A possibility for such anS;—T; coupling for acetalde-
energy surface. hyde is well grounded. Gas cell fluorescence quenching ex-

Our value of the excited-state threefold barrier height forperiments by collisions with oxygéhand by an external
methyl torsion(592 cni ') is lower than that obtained by Liu magnetic field* revealed the presence of intersystem cross-
et all’ (721 cmY), Weersinket al'* (680 cmi'!), and Baba ing to theT, state even for the low energy levels near Se
et al’® (691 cmY) from the torsion—inversion analysis. The origin. Observation of the magnetic field-dependent quantum
difference is explainable by the fact that ouf value is beatd? and state-selective investigations of line broadening,
determined only from the rotational line frequencies of thequantum beats, biexponential decays, and dissociation
two lowest torsional bands €Q—0a; and Ge—0Oe subbands rate$®%*3* under free-jet conditions demonstrated an in-
of the Cg band. We did not use the available band origin creasingly important role of intersystem crossing for the
datd”® in our fit, because our single-large-amplitude- higher vibronic levels of thé&, state.
motion model cannot predict correctly the higher torsion—  Additional evidence ofS;—T, coupling for the lowest
inversion levels. For example, our model cannot explainexcited-state vibrational levels comes from the time-resolved

C. Shifted energy levels
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measurement$:33¢ Rotationally selective lifetime mea- bands of origin band, because in both casesS{H&, ratio is
surements of Jert al>® confirmed the single exponential determined by the torsional Franck—Condon factors.
character of decay for the lowest vibronic levels, which was  We note that the physical meaning of the fitted subband
observed earlier in vibrationally resolved experimefitShe  weight factors depends on whether or not the 60° conforma-
lifetime of rotational levels of the Dstate varied in the range tional change on excitation is taken into account in the in-
of 171-206 ns° The lowest @,, J’',K.,K.=0,0,0 level tensity fit. For a given subband the intensity fit procedure
had the shortest lifetime of 171 ns. Jetnal *® suggested that matches the simulated spectrum to the observed spectrum by
a perturbation by ar, level of the excitedS; level can scalingit with a weight factor. If the methyl conformation is
lengthen its lifetime. The rotational state-dependent variatiomssumed to be preserved in the intensity fit, the observed
of lifetimes can then be explained by the accidental charactesubband intensities are described by the subband weight fac-
of perturbations. Lee and Chén observed that excitation tors. In this case the ratio of the weights of the direet-Oe

into the Ga,, J’,K},K.=1,0,1 level of the 1%4state resulted and 0a;—0a; subbands reflects the ratio of corresponding
in a exponential decay modulated with quantum beats oFranck—Condon factorS,/S,. On the contrary, if the me-
32.3 and 44.1 MHz, indicating the presence of intermediatethyl conformation is assumed to change in the intensity fit,
caseS;—T, coupling already at excess energy of 34 ¢m  the torsional Franck—Condon factors corresponding\ to

Owing to the small(2530 cm}) S;—T, separatiof/®®  =60° are already taken into account in the simulated spectra
the density of triplet state vibrational levels near $eori-  of the subbands. Ideally, in this case the ratio of the weights
gin is relatively low so tha§,; levels will accidentally inter-  of direct Oe—0e and 0a;—0a; subbands should be unity.
act with a singleT, level only. According to the standard The ratio of band strengt8,/S, can be calculated sepa-

nondegenerate two-level coupling scheme, the shift of perrately from known internal rotation constants”(and F’)
turbed level from its unperturbed position gives the estimatend barrier heights\(3, Vg, andV3) with the help of pure

of the minimum possible value of tf® —T, coupling matrix  torsional Franck—Condon overlap model. In the case that
element. For example, for theeOlevel of 14 state with Aa=0° the calculated,/S, ratio is 1.000 and in the case
rotational assignment’ K} ,K.=4,1,4 theS;—T; coupling that Aa=60° the calculated ratio is 0.251. The observed
matrix element should be larger than 0.0057 ¢émWe did  intensity ratios for the direct subbands given in Tabl¢dIR3

not observe any evidence of intensity suppression for théor the origin band and 0.25 for the inversion baade close
shifted lines indicating that th8,—T; mixing is not strong. to the calculated value fak «=60°.

An ultimate proof for the existence of coupl&]-T; The intensity weights of indirecté-0e subbands given
pairs might be an observation of théplet level rather than in Table Il are merely empirical parameters in our model. As
the singlet level of the coupled pairs. Such measurements atbe indirect subbands are induced by torsion—inversion cou-
done for glyoxal exciting selectively into its rovibronic lev- pling, models accounting for this effééf are required to
els in collisionless condition¥:*°The triplet-like eigenstates predict their relative intensities.
of the coupledS;—T; pairs, called gateway states, are dis-  Liu et al. concluded®!"*?that the relative intensity of
tinguished experimentally by their long fluorescence decape—0e subbands decreases as the rotational temperature
time, being an order of magnitude longer than the nor&al rises by comparing the excitation spectra of acetaldehyde
lifetime. The extreme weakness of the long-lived fluores-measured at warmT(,=5-9 K) and cold T,,~0.7 K) jet
cence from the triplet-like gateway states, which requires &onditions. However, a visual comparison of our simulations
special technique for its detectidh®® can be a reason why (with the subband weights taken from Table Il and a guessed
the slow fluorescence is not observed yet for acetaldehydevalue of T,o) and their published spectfa’ indicates that

for a given band their “cold” and “warm” spectra are re-
producible(although not in detai)swith the samesubband
D. The subband intensities intensity weights.

The angle of the induced transition dipole momens
related to the strengtliintensity ratio of the b-type and
a-type components of the hybridb-type 0a;—0a; and
0Oe-0e subbands by

Within the Franck—Condon approximation the intensity
ratio of Oe—0Oe and (a;—0a; torsional subbands of the same
type is given by

le/l3=(0ge NSe* Sg'Ne)/(Fa NSz~ Sa-Na), (6)
where g, and g, are the degeneracies of the @nd (a;
levels @.=2 andg,=1), ns, andns, are the nuclear spin We note thats, should be not confused witg, used in Eq.
statistical weightsrfs,/ns,=1:2 for molecules ofGg sym-  (6) to mark the strength of the wholea@-0a; subband,
metry), S; and S, are the strengths of thee8-Oe and which can beab- as well asc type. As expected, the fit of the
0a;—0a; torsional bands$the Franck—Condon factorsand  origin and the inversion bands yielded similar values for the
ne/n, is the population ratio of the torsional levels. Under angle of the induced transition moment. Its sign remains am-
the usual assumption of the absence of collisional populatiobiguous, because the quantum interference efféttare too
redistribution between thedd and (e levels during the jet small to distinguish opposite signs éfcompared to the ex-
expansion, the./n, ratio is nearly 1. The intensity ratio of perimental accuracy with which the intensities are deter-
the Herzberg—Teller induced dire@b-type 0Oe—0e and mined. The value of this angle hopefully can help to assign
0a;—0a; subbands of the inversion band is expressed in théhe inducing higher electronic state in the near future. No
same way as for the directtype 0e—Oe and (a;—0a; sub-  evidence of axis switchingreorientation****>° upon elec-

tarf f=s,/s,. (7
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tronic excitation(in the ab plane was found in theab-type  values of the relative intensities of tlab-type andc-type

hybrid subbands of the origin and the inversion band. 0Oe-0e subbands with respect to the@-0a,; subband and
the angle of Herzberg—Teller-induced transition dipole mo-

E. Methyl conformational change and relative line ment. Although the torsion—inversion analysis of the vibra-

intensities tionally resolved excitation spectrum firmly proves the pres-

_ . ence of a near 60° conformational change on excitation, the
Under the assumption of 60° phase change between thg,qeryeq rotational spectra are in better agreement with

excited- and ground-state torsional potentials the intenSit%imulations, where the absence of conformational change is
fits were poorer. If the only difference between the cases g

with Aa=0° and Aa=60° were the change of torsional — Tpis \york is a step toward a global analysis of the

Franck-Condon factors, no degradation of the fit qualityg, itaq_state data of acetaldehyde isotopomers. The ultimate
would be expected. The smaller predicted strength of the,, is 1o fit all the frequencies and intensities of the rota-

Oe—0e subbands iM =60° case would be simply COM- j5n4 jines of different vibronic bands simultaneously to a
pensated by their larger weight factors. However, our siMuy, e which takes consistently into account the coupling
I§t|0ns _showed, m_deed, thgt the relative mtensF_uesoM— _ between rotation, torsion, and inversion.
tional lines of a given torsional subband are different in
Aa=0° and inAa=60° cases. Relative intensities were
changed (for some lines even by a factor of 2)-%or
0a;—0a; as well as for @—0e subbands. Usually it is as- E.J. is grateful to J. T. Hougen for valuable suggestions
sumed that the relative intensities of rotational lines are inand to I. Kleiner for providing the microwave and far infra-
dependent of the presence or absence of a conformationedd data, and for testing the fitting/simulation software.
change. This case of acetaldehyde shows, however, that thtdsM.W. thanks the NSF under Grant No. CHE 9726267.
effect should be carefully considered in analysis of electronic
spectra of molecules with strong rotational—torsional cou-:g . kilb, C. C. Lin, and E. B. Wilson, J. Chem. Phy26, 1695(1957.
pling. More detailed investigation of this effect is in progress 2A. Bauder and Hs. H. Githard, J. Mol. Spectros&0, 290 (1976.
and the results will be published elsewhé&te. 3W. Liang, J. G. Baker, E. Herbst, R. A. Booker, and F. C. De Lucia, J.

It still remains unclear Wh_y the simulations, Wh.er(:j' thef 4:\./|§Il.e§1§,c3r.o'??ﬁi%gze?s(I;.gg.a.Suenram, F. J. Lovas, and M. Godefroid, J.
absence of methyl conformational change on excitation is mol. Spectrosc148 38 (1992.
presumed, are in better agreement with the measured spectrd. Kleiner, J. T. Hougen, R. D. Suenram, F. J. Lovas, and M. Godefroid, J.
Previous investigations of vibrationally resolved excitation Mol Spectrosc153 578 (1992. _
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spectré’ and also our result§Sec. VD leave no doubt Spectrosc160, 61 (1993.
about the presence of conformational change. It could be thati. Kieiner, F. J. Lovas, and M. Godefroid, J. Phys. Chem. Ref. Data
the optimum of the intensity fits correspond to some inter- 1113(1996.
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