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Using the optothermal technique we have measured B8 ¥y fundamental of OF,00H in a coltioated rlecular
hear. A linear leastequares §it o the unperturbed X subbands with the band origin Hixed at 3329.85 s’ gives
e rotational constants as B = (088853 B(1T) ot
ara best Gt by an anharmonis coupting 1o & background state with nn intoraction mabrb slement of ca. 0.008
et Several other perivrbations are pedinsd in the spesirum.

ang &A = 0000 008BI22) em 'L The perlurbed subbands

The sub-doppler infrared spectrim of  miffuoropropyne
{€7F JCOH) has been measared In g molesslar beam and an
analysiz of the seetylinie stretch (v,} hear 30 pon has besn
sdleriaken to examing the nature of the perturbiations o the
speetran, A fully cosolved, moleoniar cigenstate study, such
as the present one, provides inforination about the strength
and nature of couplingy which jead to intramoiscular vibra-
tiotud redisiribution in the ground slectroninsiate. The acety-
temic growg is well suited for studies of this type because: (o]
s high freguency sllows regions with large density of wtates
10 b probed; (B in contrast & the alkyl O H chiromophore
it typically does nol sxhibit sfrosy stretchobend couplings:
and (o3 te lioearity doss not lower the symmatry of the group
atteched to the seetylene. Thus, by kesping the symmetry of
the attached group the same (Cy, for sxample), we obtain the
same symmetrictop, paratiel bamt type spectram but for 2
aumber of molecules with wery different Aensitivs of states at
ihe fundasnental. Triflupropropyse has boen studied in ihe
gas phase by FTIR and faser photoacoustic - 3poioscopy
with varying degrees of resolution® Noither of these spudies
eosolved the K structure iy the yotational Hnes. Anadysis of
the J structure 1o the gas phase Was complieatd by the pre-
senve of several strong sequance bands dug o s -frpguuny
bending modes.” Recontly Rully rasobved, jot speotea of both
CHLCCH™ and butyne™ were reporied for the O3 feds-
smientals, The CH,UCH spectram showed an apiperiurbed
acetylenic stretch’ while the alkyl methyl strefch did show o
single anhatmouls 1eSORADCT with 2 background vom-
Migason state, The CF,CCH v, spectrm we now repart i
first. of & sevins of spocira we we exariging of acetylenic
groups in larger malecales, both at the fundamental and feat
overtons, to reveal the nature of vihrational cousplings as the
density of stetes and the kovel of expitation RCreasces.

The spectrum o be analysed here was ohtained using the
optothermal technigue, wherein, 8 sollimated molecular beam
is cromsed by a-colour-centre laser and the'ingrease H energy
of the bemm's mokeulss due w0 infrared sbsorphion &5 mea-
suved.t The molecular besw i formed by oxpunding & 1
CFCCH in He gas misiure through a 30 am nozde from 5
st {505 K Pa). The Foantre fasor {Burlpigh FOL 203 ontput
power §s ca. 1 mW al 30 wn and crosses the molerular
heatn cn. 25 tmes using R near-parallel mirrer giultipass
ATTROE Insiy 4l pesolution is ca. 10 Mz Gmised
by the fnite crossing angles of the multipass optits, ¥Fre
guency calibration obtained using & scanning ctalon with
an FSR of ca. 150 MHz The exact FER = determined using
ground-state combinatioy differences and the reported micro-
wave constants for trifluoropropyae.”’ The standard deviation

+ Camiie and Henry Deeyfis Feacher-Sehol.

of 1he it 1o grovnd-siale pombination differonces for K =08
i 287 MHz At present we lack an sbyolute freguency calts
Bratian o the band origin s set egual o the FTIR walue
reported by Ditbal and Quack.’

The & stracture of the RIS) transition is shown in fig. 1 Ne
hot hands wers sheorved in the spectram. The K= G K =S
and & = & subbranch of the specirom consizt of only ong
Yne for each PO amd ReF) soppesting only miner periur-
bations, if any, in these subhemds, Indeed these three subs
hands Bt 3 tgidrotor model guite well vielding the consianis
sisted in table 1. The REOL B and P2 tnes fn e K =0
subhand, threg out of the wissleen B =D Tines meastred, 816
ommitted from the Ris since they showed fargs enmrs i both
the combination differences and righd ro-vibrator Boear least-
squares fits; the position €Ivers 250 most Biely due to the low
signal-to-noise ratios on theae tnes. A simultancous fit of ali
threr subbands Bas heen performed to provide an estimate of
A, and the vesults are sl given I table 1.

The K =1, K =% and K =4 subbands show s periur-
bation resulting in avokded crassing behaviour of fwo vibra-
sional states. For a given K the pertathing {ov dark} state
moves off to higher frequency with inorms dng J, ndicating
shat 1 has & larger rotational constant than v, At P = 1the
K = § eigonsiates wre alrsady boyond the avolded crossing.
The K = 3 sublund crosses between J = 6 amd 7. The K= 4
subband frst shows two eigenstates at J' = 7 a8 it begins 1o
enter the aviided orossing. Two coupling schemes wers used
o 6§ e K =1 and K =3 perturbed subbands, One
assumed & constans, anharmonic coupling betwess ¥y and an
snknown dark” state, &, The seond had the two saies
interacting sic # A = 1 Coriolis interaction where the
motris slement of the coupling i given by W LA 4 1

o KUK - 19192 Since the K = 1 splitting appears in P2}
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Fig. § Optothermal m fearn spectrn of the R(3

for the v, scetylenic stveich of CF ,OCH showing the & shraciute o
this paraiiel band tranmition, The EWHM of the individual Boo %
smachine hmited to on 10 MHz The K= 0 K= 4 and & = 5 lnes
are woperturbed, The perturbations o e K=t K=o B2
Siges wre disoussed n 1he texl. i
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Table 1 Specurvssophy comstanty fom Hosar leas-sauarss Biting 1o
sigt ro-vibrator®
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Al gmuﬁd~ﬂa:c ennatants ars held at e reporied seicrowave wdaes. ¥ The
i‘m.ﬂg is mede o the changy in the conmants, that is AB, for exungle, & H
Owing tothe low J values pupabiied i the *Xxf){f:&. s, the vabes of &8
awwd Af,y oot not b duterming) sl were e for al fits. The vadusy
b7} are o ton i dhee fnst s§}g}‘t« andd the reporied = s the
aiandard devaation oy the Bt

and the K = 3 splitting in P4y a AK = 41 Corlolis inters
asotion can boe clmingied. A AK = 0 (4 axig} Coriolis e
action would Rad to 2 coustast interaction for swch K
subband that would be proporiional o K therefore, since
puly single subbands are 8, this type of nteraction hay the
samne functional form as the snbarmonic interattion. Inten-
sities wire alo dalvulated from the raulis of the two fing by
assuming that v, vareies all the transition moment. For thase
fits the band oright aud B rotational comstant of v, were fixed
to the valies oblained fom the §t of the unperturbed sab-
bands The results, given i fable 2, indicate that the anhae-
monie coupling model gives 2 better 8t 1o v data. The
E =3 mnteix cloment ts cloprly vot thrad thvs o largs as the
X matriz clement 20 g AR w0 {4 won Corlulls infer-
action can alsd be ciminated. Forboththe £ = L and K = 3
fits the anharmondd nmrrotion also gives a beller prediction
of the ohserved intonsitics, In particular, o the K = 3 dafa
the anbarmonic 61 correctly puds the crossing between J = §

Table L WNonslingar least-aquares 86 to the periurhed subbands
using an anbarmoniv and coriolis interdction bedween twn gats®
A K= subband

anhprmonis

inferaation Coviolis AK = -1 bueeacung
daek-stnty wabbani
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“in all fits the comstants for the beight stte {v, of OF,CCH) were
fired 1o the values ined in the d Bt of the waper-
bod K = 0, K = 5 and K = 6 subbande. The energy of the durk
siate was caluolated 88 Eoo oo S o, + By A 4 1L The
vabues in parentheses are 2o in the last dights
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and 7, wh»‘maﬁ the Coriolis § would place the orossing
between & = 7 and &

in gtddx%zon to the  anharmonically . coupled  state
responsible for the avoided crossings observed for K = 1 and
K o= 3 there . alsp exists. at loast ope adiditionsl sdate per-
warbing the spestrum. The prosencr of this stote s indicated
because the & = 2 subband does not show an avoided oross-
ing, sapected wear &= 3, 8 dogs not 8 accurately as an
unperturbed subband, and it offective origin s shifted to the
red, The znomalous origin for the £ = 2 subband indicates
that the K= 2 levels of the dark state. dy, are shifted o
bigher freguency. prosuwmably by vel another dark state, .
Thiy resubtsin the vy-d, crossing becoming g virtual crossing
at negative J. (Gven the K selectivity of this ssoond pertur
batton fand the similar stz of 4 and B in this mokboulel it is
fhely that the d,-4d, coupling is 8 perpendicular Curindis
freraetion. Furthermors, there oxisy weak lines s the &' = 4,
% 6 wnd 7 regions et belong o K= 2 andlor K =3
althoagh the speciSo assignments are not yebkaown, It is this
additional coupling in the K =3 case which most likely
sauses the goodness of the anharmonic Bt to be inferior to
that of the K = 1 subbund and gives sightly different effec
tve constants for £ = § and K = 3 These gatra sigensiatés
may be dus to d; or may represent vet other staley with
ol weaker coupling constants,

In sureary, the specirum cearly reveads 3 multdstale
wixing of the v, fundemental that is domisated by a single
anharmonin inferaction with a background staie with g coup-
ling matrix.cloment of oo, QU005 can ™. This coupling is more
than an order of magnitude weaker than the 8096 am™?
woupling found for propyne in tho methyl giretch near 3000
cm " F * sugpesting that 2 higher-order perturbation is present
in the wifluoropropyne spectrom. A barmonic vibrationad
state vount gives & vibrational density of states of 37 em™ gt
3300 per am ™t above the ground state. Mateix elements of
e B3 om” Y, asoare ofien mvoked, would load, in our cass, o
e much more complex spectrum thas &5 observed, The
CF OCH spectrum shows that st g ro-vibrational demsity of
states of syveral bundred por om Tt multistate mising, the
precursor of intramoleculsr  vibrativnal redistribution, Is
present, bt not yet statisticel and invelves coupling to only 2
frw fevels with relatively small coupling matoix oloments. The
triffucropropyne fund tud Is similar to the visible speo-
tram of acetylene in the vstent of perturhation observed® 4
mare detatled analysis of the vy wriftuoropropyse fondamen-
tal will appear in a later publication fogether with the mea-
surement and analysis of its frst overtone.
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