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Abstract

The rovibrational spectrum of the chital molecule CDBrCIF has been onalysed on the basis of an effective
Hawiltonian {1]. The spectrs have been recorded at room temperature with & Fourier transform infrared
(FTIR) spectrometer {vesolution 0.0024 cm~') and a supersonic jet diode laser spectrometer (resolntion
0.001 cen?). The assignument of the »y and vy rovibrational lines of the FTIR spectrum bor the two wiajor
isotopomers {DBrCIF and CD¥ Bri®CiF has been carried out with an iuteractive Loomis-Wood pro-
gram. Accuraie rotational and quartic centrifugal distortion constants for the v¢ and vy vibrational state of
CDPBAICIF and CD® Br*CIF have been determuined. A new experimental techuique hased on backward
wave ostillators is propnsed in ocder to measure the parity violation.

Introduction

CDBrCIF, the deutero isotopower of CHBrCIF, is an example of one of the simplest chiral molecules.
It has an asymmetric carbon with € point group symmetry. CHBICIF has been aoalysed recently
in detail with respect to its spectra aud its intramolecular vibratiounal redistribution (IVR) dynam-
ics {2-5). CDBrCIF offera the opportimity to investigate the effect of deutero isntopic substitution
in the apectra. The vibrational spectrum of CDBrCIF has been analysed from the far infrared
(FTIR) to the near infrared (NIR) region (6]. A rovibrational analysis of the specttum is challengiug
due to the congestion of lines which results from the low symmetry of the molecule and the presence
of four different isntopomers (CDTBrSCIF : COPLBMCIF : CDPRATCIF : CDBLBOCIF = 0,380
1 0,369 : 0.122 : 0,118} .

Another motivation to investigate the rotationally resolved spectra of this wolecule arises from
effocts gencrated Ly parity violation [3-5,7-11}. While an unsuccessful attempt to see these effects
in CHBrCIF has been made uiready a quarter century ago (7,11}, our studies seem. to be the first
on the D-isotopomer in this respect. Both molecules have been atudied extensively in theoretical
work on parity violation in our group [8-10}. New caleulations including CDBrCI¥F {9, 10} show a
very amall impact on relative vibrational aud rotational frequency shifts due to the parity violation
on the order of Avfv = 10~ tp 10~'¢ [8-10). Recent, still unsuccessful experiments giving a limit
on the order of Ay = 10~13 are in ngreement with these calculations [12).

Experimental details

The spectrum of CDBrGIF has been recorded iu two different ways. A Fourier transform infraved
(FTIR) spectrum in the spectral region between 600-1140 cm™' was measured with the Zuerich
BOMEM DA 002 interferowctric Fourier transform infrared (FTIR) spectrometer {13] with a reso-
lution up to 0.004 cw~Y. Diode laser spectra using the Zuerich supersonic slit jet systew {14] were
obtained in the region 745-752 cm™!. The diode laser apectra were recarded with a resolution of
0.001 crn 2. In order to improve the vibrational cooling CDBrGIE has been mixed with helium with
8 CDBrOIF:He seeding ratio of 1:4, resnlting in rotational temperatuves in the range 7y e=15-40 K.
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Figire 1: Loomis-Wood plot of the v baund. The P-branches of the c-type series ate shown. The
rotational quantuw number J is plotted versus the rotatioval constant . The vertical series belong
to the isotopomer CD®'Br¥CIF and the slanted series helong to the isotopomer CDT*Br¥CIF.

Assignment and analysis

The assignment of the observed ravibrational transitions in the FTIR spectra belouging to a par
ticular subband consisting of P~ aud R-branches has been carried out efficiontly with an interactive
Loomis-Wood assignment program {15]. Two types of subbands have been assigned in the spectrum
of the 11 region, One type consists of transitious with (J £ 1, K¢, Ko = J+1—K,} « (J, Ko, Ke =
J — K,) (P- and R- brauches) which eorrespoud to ¢-type transitions. The different series can he
clearly seen in the Loomis-Wood plot in Fig. 1. The spacing between two transitions of a series is
approximately 2C. The Loowmnis-Wood plot in the o-type region of the v4 band provides an easy sepa-
ration of transition lines in transitions belomging to the CDBr®¥CIF or CD**Br¥CIF isotopomer.
The other type of subbands consists of (J &= 1, K, = J 1~ K¢, K.) « (K, = J ~ K, K¢)
transitions (P- and R-branches) which correspond to w-type trangitions,

In the vy region of the spectzum, only e-type transitions have been assigned in the FTIR specirum.
The jet-cooled diode laser spectra have been used to assign the a-type transitions. The a-type
Q-brauches around 748 em™! in the jet-coaled diode laser spectrum have been assigned from J = 2
up to J = 12 with Kc up to 2 for CO™BrSCIF and CD¥Br®CIF. Fig. 2 shows the Q-branches
for the two isotopomers.

‘I'hie rovibrational analysis has been carried ont with Watson's 4 reduced effective Hamiltonian in
the I” represeniation up to quartic centrifugal distortion constants

B = AR 4 BI +-CJ3 v AT + A g 2T - Ak Y - él-{ajﬁ o 22+ ()

with Jz = Jb tif.. The rotational constants A, 8,C snd the centrifugal distortion constants
Ay, Ayxe, Ax, 87 aud &k depend upor the vibrational level v. The spectroscopic data have been
analyzed by our Wang program (16].

FTIR and jet-cooled diode laser spectra were fitted together with a standard deviation of dp,py =
0.0006 cm™'. In Thble I the spectroscopic constants of the vy and wy states are pregented. The
4 rotational constants of CD"Br™CIF aud CD*' Br*®CIF are similar for the »4 and 15 states in
ench isotopomer; but significantly swnaller than in the ground state. By contrast, the B constants
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Figure 2: Part of the a-type Q-branches between J = 2 —12. The npper trace ghows the jet-cooled
spectrum measured iu absorbance. The rotational temperature Trw = 15 K has been determiued
by comparison with the simulated spectrum. The lower trace illustrates the simulatad spectrmn
for the two major isotopomers CD™Br® GIF and CD* B35 IR,

are quite similar in the ground and the excited states vy and vy for both isotopomers. The O
constants are slightly smaller in the 15 state than those ju the 14 state. The shift of the »5 band
center for CDPBrRCIF/CDABrACIF (0.157 em™?) is larger than that of the vy band center for
the CD™Br**CLF/CD¥ BASCIF (6.015 cmn™!) pair.

14 Vs
CD™BAMCIF CDHBASCIF CD™BSCIF CHMBACIF
A 0.7079656 (34) 0.207 7876 (32) 0.2079836 (18) 0.2078161 (19)
B 0.0670848 (70) 0.066 5082 (57) 0.0671179 (68) 0.0666127 (55)
€ 005319372 (83)  0.05274959 (84) 1.053287 41 (32) 0.05279363 (82)
Ay x107%  —0.0357 (21) -0.0304 (23) 0.0732 (27) 0.1380 (16)
Ayx x 1070 008452 ~0.09242 -0.1669 (96) -0.3956 (61)
Ag x107%  0.1259 (22) 0.1384 {22) 0.0995 (70) 0.2041 (46)
& %107 00151 (30) 0.0563 {21) 0.0749 (13) 0.04109 (77)
Sx x 1078 -0.1287 (35) -0.0519 (24) -0.207354 (81} -0.11796 {67)
v T748.209262 (R0)  T4BIA2TLR (B0  1UBZSILTT (11) 1082.79656 (10}
n M5 352 831 828
dems 0.0006 0.0006 0.6006 0.0006

Table 1: Hotational constants and centrifugal distortion constants of the 14 and vy states of
CDPBSSCIF and CDABESCIF from the »y and vy fundamental band transitions. The stan-
dard deviations of the parameter values are given in parentheses. dinys is the root-mean-square
deviation of the fit, All constants are given in em™'.

For the simulation of the u5 band of CDPBr*CIF sud CDP'BAYCIF the following transition mo-
ment components obtained with ab inilio calculations [6] were used: g = 0.181 D, piy = —0.0774 D,
e = —0,0348 D for vs. Fig. 2 illustrates the e-type Q-brauches of the v; band of CDPBr*CIF and
CDBr¥ CIF recorded with a diode laser in a seeded supersonic slit expangion with an effective
ratational ternpersture T = 15 K. The Q-branclies have been assigned from J = 2up to J = 12,
There is 2 good agreement between the experimental and caleulated spectra,
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Conclusion

A rovibrational amalysis of the v¢ aud vy hands has determined the spectroscopic congtauts of the
vy, 5 and the ground state of CDPBSCIF and CD®' Br¥*CIF for the first time. The patterns of
the ay-and 15 bands have aleo.been found in the vy and vy spectral regions of CDBCIF.

The assigament of the bighly resclved infrared specteum of CDBrCIF is expected to increase the
possibility of finding spectral regions in order to carry out double resonance exporiments as de-
scribed in {7} to mensure the energy difference hetween the two enantiomers caused by the parity
violation potential or to measure infrared frequency shifis {12], 88 tocent calculations {8-10] pre-
dict. With the ground work presented in {10] and here, it might be possible to detect rotational
absorption line shifts caused by the parity violation potential with a phase locked submillimoter
spectrometer in the teraherts region (17, 18]. Backwsrd ware osciffators have frequency purity bet-
ter than 1 Hz. If they are phase locked the ratio is in the range of Avfy = 10710 — 101 in the
TH> region. This ratio is not sufficient to observe the effect in the CDBrCIF spectra, but perhaps
in heavier mofecules, In the spoctra | 1 here no splitting due to parity violation poteutial
has been observed. This is in agreement with recent caleulations {8-10].
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