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Prefiminary resulis on the simulianesous analvsis of indrared and Raman data of "*CH, in the
Houm regiom {sy, ey, 2y, ¥ 4 2y, and Jey) are presented. The infrared spectrum af "CH, {90%E
enricked | has been recorded sath the Fowner eansfofm spectrometer a1 Kin Peak Mational Ob-
servalory. Line pasitions have been measured with a relative accumacy of DUKNN cm™" { for well-
ispdased limes | using 001 18<cm™' resplution specira, kn order to compensane for the lack of infrarsd
inlormation abowt bow J transitions of sibratiomal basds fockidden in infrared, two spectra of
e vy (A vand ez (A, ) 0 branches have been reconded n Dipon by inverse Raman spectroscopy
wilh am imstramen il resdu s ol 00022 cm' . Line positivos have boen messured wilh 3 precision
of (LKL em ™ wsing & profile Giting procedure. Raman and infrared da were combined in a
weighted beast-sguares it 1o determine vibralion-rotstion constanis. We ysed an efective {ersorial
Hamileoninn taking imo sccount all iseractont witkis the pentsd up o 1be (oush onder of
spprovimation. The preliminary anakysis ks been carmed oul throughout J = 13 involving 1200
data reproduced with 3 sandard deviaiion of 00007 cm~', approcimarely 3 wmes beter than
ke mosl recent results published on the “CH, pentad. & 19901 Acsdenic Frem. Inc

[WTRODLCTION

It is very difficul 10 model 1o within experimental unteriaintes the high accuracy
positions and linestrengths of methane that are routinely obtained from Fourier trans-
form spectrometers {FTS). It is thought that successful analyses can ultimately be
achieved through simulianesus treatment of band systems( so-called polvads ). Recently
the three lowest levels (the vibrational ground state and the - and s fundamentals )
of "*CH, and ""CH, were analyzed {1, 2) 1o reproduce high aceurey data (6 = 1077
cm” ' for positions and 3-4% for linestrengths ). The next higher polvad, the pentad.
contains five interacting states (e, ry, 2rs. /v, and 2oy ) that give nise 1o transions
between 5 and 3 pm. Prior analyses of 'CH, made several years ago with high sccuracy
ling centers ( 3-7) failed 1o reproduce the experimental data by two orders of magnitude,
although much of the methane spectrum was assigned (4, &, ¥), and a good under-
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standing of the vibration—rotation interactions was achieved 3, 4), Much less attention
was given to the "CH, pentad. Experimental positions, assignments, and some line-
strengths were reported for ey (00, 17, &) (12), and 2ey and v; + #y (5, 9) covering
transitions of intermediate values of J. Any published attemnps 1o model these mea-
surcments were solely hased on isolated band studies.

Encouraged by the recent success with the dvad bands of methane and the pentad
bands of two heavier spherical tops {13, /4), we are engaged in 2 new analysis of the
pentad region of methane. A revised theoretical approach hased on the model used
by Poussigue & al. { 1) 15 being used, but in this effort, the Hamilionian s expanded
tos fourth order, and the recent understanding aboul the proper reduction of the effective
Hamiltonian is applied. The long term goal is to model positions and linestrengihs of
both isotopes, as was done for the dyad. Since no thorough assignment of the "CH,
pentad has been made, this preliminary study is being done first so thatl weak lines in
the natural sample spectrum can be identified. For this, infrared spectra have been
recorded at 001 1-cm ' resolution using the FTS at Kitl Peak National Observatory /
Mational Solar Observatory. However, two of the hands, », and 2e., are forhidden in
the infrared, and their weak absorptions appear at higher [ only through the inter-
actions, To access their low J transitions, stimulated Baman spectra in their (-branch
regions have been recorded ar Dijon a1 0.002-cm ' resolution. From the complementary
datasets, reliable values of all lower-order Hamiltonian parameters were determined
g0 that the infrared spectrum could be efficiently assigned from the resulting prediction.
In the present study, we report the Raman observations and discuss the success and
limitations of the revised theoretical approach.

EXPERIMENTAL DETAILS

Two infrared and Raman spectra have been used in the analysis of the '*CH, pentad;
their gas conditions are shown in Tabie 1. The instrumentation has been described
elzewhere for both the FTS at KENO /NSO 5 )and the inverse Raman spectrometers
at Dijon {/4) so that only specific details relevant for the present study need to be
described here,

TABLE |
Experimental Condilions of the Raman and [nfrared Dacy

Tipe Path  Peessure  Temp Ny Bard Pass
imj  CTom) (K} Burity gem Ty
Infraned 0 sR 24 =k 1005100
Infranmad 1.39 T.ER 204 ik 18005100
Raras ™ 53 293 i &
Rugran ™ 56 293 WM L

—

%! The path kength for Baman cxperiment is nod known sinee the scafiered light comes from o namaw
area on which the laser is fooused.
"4 See Rk { I4) Far details.
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Infrared Data
These data are part of a large set of ""CH,, "CH,, and CH;D spectra recorded at
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NSO, An integration time of = | hr was used with InSb detectors to achieve a signal-
io-noise ratio of 300:1 or better for a band pass of 1800 10 5100 cm™'. To reach the
FT5, & beam from a globar aource passed through two absorplion cells of different
lengths: 0,05 and 2,39 m or (.25 and 1.5 m. Generally, one cell contained the methane
sample and the other the calibration sample (CO or OOy ). The gas pressures were
monttored with Baratron capacitance gauges, and sample temperatures were infermed
from the temperature of the cell exterior. An isotopically enriched sample of “99%™
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have bu:n identified by spectroscopic analysis: 0.5% '""CH, and 0.2% "CO;. Fjgllﬁ‘ |
shows the Q-branch region of the v, bands of both isotopes as observed in the first
specirum in Tabie L

The line centers were found by doing first and second derivatives of the apodized
spectrum. For the first infrared scan shown in Table 1, the 1.5-m cell contained 1.6
Torr of OO at 296 K 1o provide the calibration of positions using the 2-0 band ( [}
at 4260 em™'; the rms of 24 CO lines was 0.00005 cm ™', The calibration was then
checked wsing the vy (- and B-branch lines of "5CH, . The other scan was calibratad
using isolated », lines of both isotopes, Based on combination differences, the precision
is 0.0001 cm ™" or better Tor isolated transitions and perhaps £0,0040 cm " for badly
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Fici, 1, The shserved infrared specinam of isviopically eonched methane i the #, region. The gas pressisne
1 393 Torr and the path s 025 m, The apodized speciram has an effective resolwiion of 000 cen™” . The
imerval containd the allowed (Y0} and forbadden Q0 + ) branckes of "CHy (a0 XH0 and 3002 cm ", 1e-
spictively ], the allowsd Q000 beamch of « of CH, at 3009 e ", aliowed B ) Enes of #, ard some
bigher Jlines (810l vy 4 e
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blended features. However, based on recent work with foreign-broadened methane in
the r; region (17), it is reasonable to expect that the pressure (szli-) shifts are on the
order of 107 em ™'/ Torr and depend on the rotational quantom numbers of the
transitions, Unfortunaiely, no shift correction can be attempied at this time, %o that
the absolute accuracies of =0.00015 cm " are assumed for the line positions.

Raman Data

in the inverse Raman configuration empioyed in the present study, a probe iaser
(single mode cw argon laser) and & pump laser (a pulse amplified dye laser ) were
focused and mixed in a 90% enriched methane sample. The power of the cw and
pulsed sources were respectively (04 Woand 350 kW, The argon laser was luned to the
blue line at 488 nm, The Raman signal was detected on the probe laser by a fast
photodinde and o boxear sverager,

The overtone band 2, of isotopic species of methane i3 o weak feature in the
Raman spectrum, The 2i(4, ) component has been recorded in "*CDy (/4) with
experinenial condiions ai ihe i of the senmiviiy of (he expenmeni: avesage over
a great number of shots (32) and a [50-Torr pressure limiting the resolution. The
advantages of a multiple pass cell in stimulated Raman spectroscopy have been recently
demonstrated in Dijon { 15). The enhancement of the signal-to-noise ratio can reach
a factor of 22 for 44 passes. Consequently, our multiple pass cell was filled wath the
eas sample at room temperature and at pressures of 34=36 Torr for the recording of
the 2e: band and 3.3 Torr for the v band ( without mulliple passes in the latter case )
{Figs 2-4). The Raman signal was avmsad over only four laser shots for e and
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a cell greatly increases the sensitivity of the Raman experiment. However, during the
recording of 2r;, the coating of the cell mirrors was damaged by the scatiering of the
laser beams. Consequently, the Kamanp sighal intensity measured by the photodiode
was weakly perturbed, as evidenced by the nonflat baseling of the Raman spectrum
of "CH, in this region {Fig. 2). This feature could not allow accurate determination
of Raman intensities of 2p,.

The aksnlute frequency calibration of the Raman spectra was achieved by measuring

the frequency of the tunable dve lager a1 each end of the zean (79 veing a traveling

e DR g =2 IEauvnfing

Michelson wavemeter. The 288-nm argon laser was also measured. The Raman shift
at each podnt of the scan was interpolated from iransmssion fringes of an étalon with
a free specini rmnge of 300 Milz. The besi accuracy atianed wiih i proceduns was
about 00003 cm ' { /9) in reproducing CO standards { 20). This value can be con-
sidered as the lirmt of our measurements. The estimated accuracy generally lies in the
range 0.0003-0.0010 cm™', depending on signal-lo-noise ratio and on Raman
lineshape.

The transition frequencies have been obtained by profile fitting using 8 nonlinear
least-squanes procedure (273, The program was set to refine simultangously within a
given window, one constant baseline parameler, one aniform gain parameter, and
three parameters for each bine component: posiBion, intensty, and width, A Vorgt
profile was used with a Gaussian width fixed to 5 2 107% em ™" accounting for both
apparatus function and Doppler effect. The Lorentzian widih was adjousted to fit pres-
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Frs. 2. Stimalated Raman spectrum of “CH, (90% enriched ). Scan & { Ton) Experimental spectaum
using muligrss cell with T = 293 K, P = 34 Torr { Bostom) Calculated spectrum with J values wp w15,

sure broadening effects ( ranging from 0.3 % 107" em " for #, 10 3 % 107 em™! for
T FWHM ).

For well-isolated transitions, all retrievable parameters could be freely adjusted.
More frequently, for blended features, appropniate constraints were applied 1o intensty
and width parameters in order to refine transition frequencies. Figure § shows a typical
example of profile fitting with overlapping features involving not only “CH, but also
"CH, residuals (the line parameters of the latter were kept fised ). The constraints
applied to the intensity parameters were based on prediclions using one parameler
each for the isotropic and anisotropic polarizabilities. Standard deviations and cor-
relations between the retrieved parameters were used 1o estimate the precision of the
measuremenis. Table 1l shows the experimental line centers and precision obtained
for well-isolated “CH, Raman lines of » (4, ). 2i( A4, }, 2r2( E) isotropic transitions
and a few ry( F:) anisotropic transitions. The relative intensities listed in arbitrary
units are obtained using the isotropic coefficient o', = 1 as defined in Ref, {22), They
range from 0.3 3 1070.1 X 1077 (2%,) t0 0.2 3 10 '=1 () in arbiteary units. { The
other entries in Tahle [ are discussed later). Several (43 )00 5) transitions were
included in order 10 determine the v, band onigin. However, because they are often
blended with other lines, these transitions have considerably poorer precision.
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Figi. 3, Stimulated Raman spectrum of "3CH, (%0% enriched ), Scan b. {Top) Expersmental spectrum
wsing multipass ool with T = 793 K, F = 36 T, { Bonom) Calculsied specinom with S values up to 15,

THEORY

The effective Hamiltonian for the vibrational interacting states v, = 1/1y = 11y
=2/u, = vy = 1 /vy = 2 has been expressed in the tetrahedral tensorial formalism
introduced in Ref, { 27}, A comprehensive account of the theory including relationship
with other formulations { 5 ) can be found in Refz, { 23, 24). According to the vibrational
extrapolation scheme (24, 23) the partally transformed vibration-rotation Hamil-
tonian adapted to the well-known vibrational pattern of methane can be written as

# = Flas) + Fiowd) + Fpens + 00 (1)

In this expression 4| s, contains only pure rotational operators of the type ST
designating one component J,, J,, or J; of the angular momentum operator ). In the
notation introduced in Befs. {23, 24) its iensorial expression is

Fias) = I BT, (2)

Similarly #| pyaq; gathers all terms of type F2J % r designating the bending normal
coordinates or conjugals momenta ),

Fiopme) = & HETOTRE DR (3)
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Fic, 4. Stimulsied Baman spectrum of "CHy (%05 enniched ). Scan ¢, { Top) Experimental specinam
using @ngle pass cell wath T = 293 K, F= 1.3 Torr. ( Bottom | Calcwlated specirum with J values up o 15,
Al Yises arise from s, transitions af "5CH, (s Table I},

with by, by = 2. Zor 2, 4 or4, 4,
Finally. # pengad; CoOntaIns terms of three different 1ypes,

— QUE M My K ir ¢ X, 1T g
Fipema) = X G0 TG E T T

I BT ] o R T Y 4 an
T L Eiyle by L bbby © =)

where 5, and 5 designaie one of the siretching modes v or w5 and &, . By, b one
of the bending modes 3 and vy

The first group in Eq. (4) contains r*J" terms relating to the stretching dyad v,/
r3. The second group contains r*J" terms describing vibration-rodation interactions
between the stretching dyad vy fvy and the bending toad 2 /e + #y/2vy. The third
group contains r*.J* terms relating to the bending triad, Some of the latter terms can
be regarded as vibrational corrections of lerms invalved 1n Eq. (3.

The effective Hamiltonian for the pentad upper states 15 defined by

i Femiad s ];i-:_P-lnllrI_‘:rF-!_I’-:'nul:I:-L i(5)
where PP §g the projector operator on the vibrational Hilbert subspace spanned

by the pentad upper vibrational sublevels. According to the vibrational coupling
scheme, the terms with nonvanishing matrix clements are organized into three growps,

{ { Pentul ) Perviad e
I]P'““d} = Hlil;;m + H}r;-...,{ +]I:|-r:l:?. 1EI:|
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Fia. 5, Profile fitting example of the stimubsted Raman spectrum of "CH, (90% enniched, Scan b). T
=293 K, P = 36 Tofr, Lint positions of “CH, ranstsons only were fresly adjusted. [niensities and widths
of “CH, trapsitions were tied to predicied valises, all line parameters of "CH, (donted ticks) were fived,
FReesiduals are expressed in percent of the sirongesi line of Fig. 3.

In thiz gxpression, subseripts refer o the anerator tyne whiles supersennts refer o
the subspace into which the operators contribute, The Hamiltonian parameters in-
virlved in the hrst two groups were ah':ad}' known from the ground state and dyad
ﬂlLﬁdm l-l'.|l I..H.-I-H.ll I-UI'.- l.-"l..lll"l-'-'il-ﬂ.llili.'llll.ﬂ l'l s -i'l'l'llj H”m" l.-l-l'.Tl.-ll'«'C J-'INIUHI-'I-IIII-HIIE Ii]'.llplll-
only parameters included in & pep,qy had to be fitted to pentad data. To kecp the
number of adjustable parameters within reasonable bounds, the expansion was himited
tor the fourth order of approximation in the Amat MNiglsen ordenng scheme, whereas
the first two parts of Eq. {60 were known up 10 the sixth order { 2],

Table 111 shows the terms included in our model displaved as a funclion of their
rodational degrees and according 1o Watson notation. [t s noteworthy that the overall
vibrational degeneracy of the problem is 19 and the number of terms in #",‘}Lm

Allrasmmd s e e atesr s 134 M ascas s mrs avarman thars aen nmeeecwiemedales pas o
AL e AL |.r_'|l SFEREAENRRE Y LD B T AR el |.|_'|l LA ATl oEL, nere are -n|.r|u1.r.«1|un.|.l|.1_1l i L

parameters per vibrational degree of freedom. In addition. a reduced form of the
transformed Hamiltonian contains much less adjustable parameters by removing es-
sential coprelations among parameters [ J6). Combined with the vibrational extrap-
alation scheme, rﬂm.umm& correlations are minimized further, for instance, since the
adjusied terms from # | peg; have relatively low J dependences: up to J“‘ for the
stretching dyad, up 1o J? for stretch-bend interaction terms, and up to J2 only for
the bending overione and combination bands. However in the present preliminary
wiork, only the lower-order ambiguities have been removed, wherens all fourth-
order parameters have been damped in order 1o ensure the convergence of the least-
squares fit.

RESULTS AND DISCUSSION

A oerire nl"nwrnmt witten in FORTREAN and -.-‘Inn'rM trs the ST IR 4 weorketatioms

at Dijon was used to refine the upper state parameters ffom # peqiea (0 it infrared
and Raman data simulianecusly. In the leasi-squares procedure, the weights of the
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data were set proportional wthe inverse of their estimated variances so that the weighied
reskduals can be considersd as centered {expectation value = zero ) and reduced | vari-
ance = unity ) random vanables. In this preliminary study the model accuracy was
taken into account in a crude way. The values used 1o weight the data (10" em™ for
infrared, 1-2 % 10" em™" for Raman ) were intended to account uniformly for both
expenimental precision and model accuracy. The latter was assumed to be independent
of any quantum numbers,

The assignment and analvsis were achieved progressively starting from predictions
using known or estimated values of Hamilionian parameters. In addition to the well-
determined parameters from #os) and F e, (1, 2), we used an initial set of #pege,
parameters derived from those of "*CH, by shifting the »; band center according to
vilues of isolated v; band analyses (10=12). This imtial predicuon allowsd most of
the strongest features of the infrared spectra to be assigned. Similarly, the assigned »,
Raman transitions ( Table 11} were included in the fit, Progressively, most of the upper
levels ot all five bands were reached by at least one infrared or Raman assigned transition
up 10 S equal 10 (see energy diagrams on Fig. 6. According 1o the methodology
applied i Ref. { 2. the assignment /selection process of the experimental infrared
data was done meratively in two steps, (1) The line poatons were predicted and matched
with observed line centers automatically by computer. (i) The final selection for
inclugion in the fit was done manwvally after meticulous inspection of the plotied
spectra in order 1o eliminate suspicious blends, At no time was the choice of good
candidates for the fit based on the current observed minus calculated residuals.

Table 1 gives the results of the fitting for Raman data, showing its measured po-
sitions, assumed weight, assignment, obs.~cale. standard deviation, and relative inten-
sity. As in the other recent polvad studies { [-4), the assignment notation for the
podvad levels listed in Table 11 15 given by three guantum numbers, J, C, @ rather
than five, J, R, C, n, v (vibrational id ), used for the isolated band studies of triply
degenerate fundamentals and other bands presenting similar patterns. The groups of
levels previously designated by R, n, and r at cach symmetry C (A, As. E, F,. Fy)
of each J are now indexed together using o. Starting with those of 2wy, the pentad
levels are counted in order of ascending values of energy without distinguishing the
vibrational identity. Thus in Tahle 11, the o values for the vy transitions are rather
high values. However, for modest J, the conversion (o the old notation may be
straightforward, if one knows the number and energies of the rotational levels associated
wilh each pentad vibrational degeneracy. For example, in Table 1T the Baman transition
at 39673627 em ' is 5 E L to 6 E 15 of vy for J = 6, there are seven F levels of 2o,
(o = U=-T), six F levels of vy + &y (@ = 8-13), and one & level of », (o = [4) with
upper state energies lower than this one of v (a = 15), The 6 E 15 level corresponds
1065 E 1 in the older nofation: il gives nise 1o 3 strong £ — ) transition in the infrared.
Similarly, the Raman transition at 3069 3486 cm "is R 5 E 1 06 E 16 in solaed
hand notation, this is the 6 6 £ | level which gives rise 1o an allowed (MO} infraned
line. These notational changes do not alter the principal transition selections cules of
AJ = 0, +1 with AC = () for Raman and AC # 0 for infrared, but the designation of
allowed ( AR = 0 and An = 0) and forbidden { AR # 0 or An # 01 { relevant for weakly
perturbed states of tnply depenerate bands) is lost in the present scheme § especially
designed 1o account for any kind of strongly perturbed states ). For clanty, the vibra-
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tiomal assignments are also shown in Table 11 These are based on the eigenvector
analysis. As in Ref. (2], the calculated percentages correspond o the progection of
the upper state sigenvector onto its major vikrational component: percentages close
to 1008 refer to vibrationally pure eigenstates whereas smaller percentages charactenize
heavy vibrational hybridation.

The agreement achieved between theory and experiment is illustrated in Fig. 7.
(¥oserved — calculated frequencies are displayed as a funciion of Jand separately for
the five bands. No pronounced dependence of the quality of the analvsis with vibrational
or retational quanium numbers is observed. Also at the present stage no inconsistency
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TABLE III
Partsally Transformed Hamihonian

e ———

PR —

Raotational Bendimg Strecching ! Bending
Degree Dyad Dryad Triad
i Hpp Wi o+ Hip ¢ Hapidd
1 . Hi Hit + Hir + Hy
2 Hopz Hi1z Hzz + Hiz + Haz
k| . Hz3 Hzay + Mz
4 Hp4  Hz4  Hpd
L] . Hzs
o Hpe Hzs
7 .
i Hps
Ll ) 4]
X - "':'}GSJ + “;ﬂmr.l * ":lrrmmu *
Vib Degrnercy | + 5 + 1% - 24
Kb puameiersBl 10 + f2 T

(81 Hiyg Pefiers i Witson classificaton scheme.
(b} Mumbers quorsd cormespond oo alf parameress allowed by symmeny,

of absolute position measurements from the different sources of experimental data
can he detected: the distnbutions of resduals from Raman or infrared data appear
both centered on the zere axis, These preliminary resulis represent already an im-
provement with respect to the study of the same band system of the '*CH. molecule
published in Refs. (3, 4). The standard deviation of the fit was of the order of 20
# 10°* cm ™' as compared with the present values of 0,71 % 10~ em™" for infrared
data, .93 * 107% em™" for the », Raman data, and 0.64 % 10°% cm™' for the 2p,
Raman data. In addition, the "“CH, data from Refs. { 3, 4) have also been refitted with
a similar result, The primary reason for such an improvement has been the extension
of the Hamiltonian model to fourth order. Table I'V shows selected sets of Hamiltonian
parameters from & pea;. It s interesting to see the individual sensitivity of the
parameters 1o the different sources of experimental data. A relevant quantity for this
is the percentage contributions as introduced in Ref, { 27), One can see the quantitative
confirmation of the importance of the v Raman transitions for the determination of
the lower-order “r-parameters.” The mme conclusion apphbes for the 2p; Eaman
transtions, to @ lesser extent becaose a substantial number of 2» infrared transitions
allowed by perturbation are already included in the fit. Toward higher J values, since
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interaction effects are increasing, more and more infrared “forbidden” ransitions
kecome abservable and assignable so that infrared data play an increasing role in the
determination of higher-order parameters for all bands. The degrees of freedom guoted
in Table 1V indicate 10 what extent a given parameter value i depending upon the
other parameters. It ranges from the value 0 (complete dependence with réspect to
other parameters ) to the value | (complete independence, Le, complete freedom),
Within these theoretical limits, the degree of freedom is a decreasing function of the
nutnber of fitted parameters and of ther mutual correlations.

The present quality of the results 15 indicated by a direct comparison of ohserved
and synthetic spectra in the region of the » (2 branch. Figure § shows the apodized
infrared spectrum from 3002 o 3012 cm™" with the obs.-cale. residuals plotied below,
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TABLE IV
Sedected Harnillomian Parameters for "CH,

Parumeics Walue{5z Dev} Frdm (& Femm H
cm-b = 1000 A B N
vl
(0, BAp s Ay Had JERT. 3404{12) 131 6.6 832
20,041 Ay H2T -4, 3725{4%) 10-2 T T T S K
440, 0A L) A1 M4 1708017 103 4 560 440 0.0
A4, DAY A Mg -3,794437) 106 11 294 &34 0
w] = W3
W 0Fy AL-F: Hiz -4, RER(2T) 10-2 WY L3 o
4{2,0F7, A)-F7 H14 SHATOLA) 10r8 1x7? g3 0.7 0.0
A(d_OF 2y Aj-Fz Hiyg ST, TRCRLY -||:|,-]‘ 412 e 3 i3 ol
W) =2
HO0&5)  Ap-A Hiz 2921443} 1073 IR 433 156 0.2
22, 0E) M-E H33 H_0BB{91} pa-3 L1 fE.1 41LE 0.2
Vi - vV
11.0F1y  &p-Fp  Hi A LG9 12 wooMY Wy a0
MIOF)y  Ap-Fp Mg 1. 35089y j0-8 a7 7ES M5 0D
H5.0F)y ApFr Hig HATON%) 10-3 Wy O8EDI 1T 0o
1{2.0F3) Ayp-Fz Hiz 5. 0dg a0y 1003 Mo o9x0 HEO 00
HAOFT ApF1 Hi 159718} 104 I SLE T4 0D
vy
G0, 04AT) Al Haip FAR4E5(ET) 145 193 00 Y
M.0&)) A Hiz -2ETEL 10ed Wy 873 0o 1h7
2i2,0E) AlCE H43 B E'Ellgl'l-ll:l""l ITL 6% 0.0 131
Dtk Oy E Hip -1, 51440633} e w43 4m 5T
".'Iﬂ.l:lﬁ.]] L H42 J2 17RO ll.'.l'! L6 9g.2 {10 oK
UT.OE) E iz -4, BO{ LTy 104 168 B&0 0.0 1.0
2y - vy
0, DALy A=A H4D B 4 W Tia IT? 47
L.0AY  Ag-Ap Haz 1. BB Gy 141-2 133 4.5 142 0.3
MI.OES Al-E 43 L ATNET) L0d X7 %ER 0.1 4.
W2O0Fz1 Ayp-Fz Haz PoEALT) m-3 141 DE.H .2 a0
H2.0E) E-&5 Haz TRy foed 1% &LA 3.0 0.2
FITTED [DATA
& L14% 1R tramsitioss Jemar 15 R.ME. 0000 78 cml
R 33 FEamin transiizons (v} Jmax 11 R.MUS 0,000 91 cme

i 34 Roman Fengitions (Iva) I 8 B.M.5. 0,000 64 em-]

o —_

R

12 Degron off frecdom with nespect 1o 2l other parameiers adpsied (see Tesi).
(b} Pepoenlige cshinbution of ihe three stz of dia S ihe deienmination of e parameicr

The dominant transitions are the allowed Q{0 branch up through J = 14 while the
weaker transitions at the right belong to the forhidden Q4 + ). The mamfolds are sat-
isfactonly reproduced in both branches for the iransitions already included i the f.
However, extrapolating the prediction to even higher J gives poorer result. The agree-
ment on the », Raman spectrum is also satisfactory (Fig. 4). In this case a direct
comparison % impeded by heavy crowded femtures for which baseline, intensity. and
profile inaccuracies produce drastic offects on the synthetic curve. However, the spectra
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Fuci. 8, The comparison of hserved and calculased specim using the infrared spectrumn shown in Fig. 1.
The effective resoluticn of the apodized spectrum i 006 cm™' . The phs-cale. residwals in percent are
plotied in ihe panel below: the calcubsiod specinam is nod plotied,

plotted in Figs. 2-4 show a sarisfactory agreement between observed and synthesized
traces probing a good agreement on line positions. Table 11 gives the individual standard
deviations of calculated Raman transitions derived from the vanance matrix of the
Hamilionian parameters. These values reflect the propagation of parameter uncer-
tainties into predicied frequencies,

The compicte study of the pentad sysiem of both “CH, and "CH, isolopic species
is in progress and will be reported in due course. To include higher ./ value observations
it will be necessary to take into account the accuracy of the Hamiltopian model. Both
vibrational and rotational dependences will have to be considered in order 1o get
parameters capable of reproducing the observed spectra and reliable for predicting
line positions with precisions estimated rigorously, Similarly, a detailed analysis of
intenzties (o determine the dipole moment parameters is required to predict the pentad
spectrum accurately, For the present, this preliminary analysis provides a useful pre-
diction for identifying isclated transitions in the '"CH, spectrum and culling blended
lings from consideration in the ongoing analyses.

ACKMNOWLEDGMENT

The caloulabions al the present wark have been made using lshoratory compuger equapment partly sapporiod
by L Corsetl Bégianal de Bourpogso.

RECEIVED: July 15, 199]



PFENTAD OF YCH, m

REFERENCES

I 1 P CHasmow, §C Hiooo, adb Lo R Beown, B A Spectrase. T30, 2442755 { 19RY).

2L P.CHammon, ) C O HILICO, C WENGER, anD LB Browsy, 1 Mol Specrrose. 130, 256-272 (1989,

1 G, PoussiGuE, B, PasCaun, ), P CHAMPION, anD G, MERRE, J. M. Specrrosc, 93, 351380 { 1982 ),

4 G, PIERRE. ). P. CHammion, 0. GUELACHYILL E, Pascaln, asp G PoUSAIGUE, 1 Wael Speciros
TIRE, Ba4-3060 ( [9R3).

5 JE LovLow anm AL G, Romer e, J Mol Specirosc, 88, 14-29 (1981 ).

o B Louck, A, G, ROSIETTE, L, B Brows, asn B, H. HUsT, & Aol Spectrose. 8 22%-245 (1982 ),

7. W, FrusDER, T3, LG, FL FesternoLzy, H. W, ScHRoTER, B, LavoREL, G, ROUSSEL, J, . HisCn,
J. P Croasapioeg, G Prewie, G, POussiGUE, axee B Pascauo, Chem. Fleps, Ceer DY 11G=114
[ 1983 ).

& L5 Roresian, Appd, Opr 22, 2247-2256 (1982

o

T o4 Tewry 1B Hemas BOH HyusT, awup |, % Bomomsgssy, dasl
oA LI A58, Apnl

BoA Torn L s, BH Hus Rorree oy, 20 GRD_G3E | 10E T

2K

J0 LW, Py, K, Makaiap Bao, M, Danc-NHU, O, TaRRAGH, ax000, PovssiGuE, O Mol Speatrse
B, S07-dd4 { 1976,

1ML DanG-NHu, A 5, PINE. anp A, G, ROBETTE, & ol Specirase. T7, 5T-68 { 1979,

12 RS MoDowery, W, PaTrersos, apn A OrarvousG, J Chem, Py, T2 107 =106 { 158,

13 ), E, Lowck, G, Possicue, B, Pascaun, ssoe G, GUELACHYILL . Mo Spvetrose. 101, 235-274
[ 1985 ).

14 G, MioT, B, LavoreL, B CHALX, B, Samwt-Loup, G, PERRE, H. BERGER, 1. [ STEINFELD, AKD
B Fov. J. Mol Specrrodse. 127, 136-177 [ 1988},

15, 0, E, Jerssaincs, B HUssarn, asn J0 W, BRAULY, Appl Opi. B4, 3438 { L9R5),

i, O R POLLOE, Fo R, PETERSES, [ A, Jewmiss, §, 5, WELLS, aMl A, Mawl, L Waoi, Specrrose, 99,

157368 [ 1983).

IFOW, Maratiy Devi, Dy C Bereder, b & H, Ssnmy, asn C P RPSasn, Appd O 3, 287-304
LIS

18, R. Saawt-Loup, B, Lavorel, G, MiLLor, C. WenGes, axp H. BErGE=, J. Ramiure Specirowe. 21, 77-
23019

19 R CHaux, T, Miard, G Miclor, B LavoreL, B, Saist-Lodip, axp J MORET-Baniy., J Onpr
{ Paris) 19, 3=14 | 1984},

M Gl GUELACHYIL, J. Mol Spectrose TS, 251-268 (1979

21 AL Bouranar, G, MilLor, M. Lofme, B, LAvoREL, axn O WENGER, i preparation.

220 AL BOUTAHMAR akD M, LoeTe, Can. J. Py, 69, 26-35 | 193] 4.

AN P ChamPion, Coa S Plps 88 1802-182E (1977,

M. 1P, Crasipion axn G, PERRE, J. Wol Speotrose. TR, 255280 ( 1980).

J5W, G, Tvurerey, §, B CHammom, ara G, Priemie, sl S 71, S95=1020 | 194,

24, WL PEREVALOY, W_ 0. TYUTEREY, AND B. [ ZHILINSKD, J Mo Spectrose DO, 147-159 | 14954

27 ML Bapac asp )P Champosd, J Mo Specrease, 109, $0-410 (1585 )



