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The E I, v=1 state of carbon monoxide is studied in high resolution using a tunable and
narrowband laser source in the vacuum ultraviolet near 105 nm. Calibration with respect to a
reference standard consisting of iodine lines in the visible range, measured by saturated absorption
spectroscopy, yields an absolute accuracy of 0.003'cfor the CO resonances. Transition
frequencies of th&€—X(1,0) band were determined for all six natural isotopont&@'°0, °Ct’0,

12ct8o, 13ct®o, 3ct’0, and'3C'®0) and improved molecular constants derived. Natural lifetime
broadening, caused by predissociation was investigated quantitatively for single rotational and
(e)—(f) parity levels. The accidental predissociation phenomena, giving rise to line shifts and
broadening, could be explained up to the experimental accuracy in a model based on spin—
orbit-coupling betweerE 11, v=1 andk?Il, v=6 states, with a coupling constant bfe
=1.88+0.01 cm * for all six isotopomers. The overall line broadening paramEtefor the E state,
ascribed to interaction with a repulsiVH state, and”, for thek state, were determined as well; the
predissociation rates were found to decrease with increasing reduced mass of the isotopomers for
bothE I, v=1 andk°Il, v=6 states. ©2000 American Institute of Physics.
[S0021-960600)00726-1

I. INTRODUCTION v=1 state was shown to play a prominent role. Against this
background we have undertaken the present study, revealing
The predissociation properties of tBe'll, v=1 state of  the molecular parameters governing the predissociation pro-
carbon monoxide provide, from the molecular physics percess for all six natural isotopomers of CO.
spective, an interesting case of an accidental resonance that The VUV spectrum of CO, including thE—X system,
calls for detailed spectroscopic investigations. From the aswas first observed by Hopfield and Bir@eater higher reso-
trophysics perspective this state plays an important role inution studies were performéfand an accidental predisso-
the photodissociation induced isotopic fractionation in thegjation in theE 1T, v =0 state was found.The same effect
interstellar medium. Photodissociation of CO occurs in theof a parity dependent predissociation, restricted to (Be
wavelength range 90—115 nm. An important result of me-component of theJ=31 level, was observed in infrared
dium resolution synchrotron studfeand subsequent rota- Fourier-transform spectroscopyThe E 11 state was also
tionally resolved studies using a classical spectrodra@s  gbserved via th&E—A system by Kepdsee Ref. 9 and ref-
that photodissociation occurs primarily through bound stategrences therejrfor various isotopomers; however, only the
of the molecule rather than via a dissociative continuumg 111, , =0 state was observed in this emission system. The
predissociationis the general rule for CO. The states lying phenomenon of accidental predissociation was also observed
energetically above the ‘I, v=1 state are know to predis- in the y=1 level of theE II state, but now occurring a
sociate with a yield exceeding 99%, whereas G ", v =7 for hoth(e) and!(f) parity levels and for both2C¢0 and
=0 state and the states below do not at all contribute ta3c16g 210\When |asers entered the field of spectroscopy the
dissociation. For the states in between, th@43E'Il, v E state of CO was reinvestigated, by double resonance
=0 and 1, and the (80)C*S ", v=1 state a competition gycitatiort! and by 2+1 resonance enhanced multiphoton
between radiative and dissociative decay prevails with somegnization (REMPI).22
what comparable rates. Since the predissociation yield will  The accidental predissociation in tEI state was in-
depend, more or less, on the isotopic constitution of the molyestigated by Bakeet al’® Using 2+1 REMPI laser exci-
ecule these three vibronic levels will cause isotopic fractionyation they probed th&-X(0,0) and(1,0) bands for four
ation upon irradiation with vacuum ultraviole¥UV) light. jsotopomers:12ci€o, 13ct€0, 12C180, and 13C!%0. They
This issue was addressed in calculations of the photodecondnowed that the perturbation is caused by a stafélofym-
positiqn and.che.mistry of COin the interstellar environment,eqry  the same one as was previously observed, but as-
including shielding and penetration effetand theE II, signed as’ ", by laser excitation combined with electron

bombardment? After identification of the perturber state as
aElectronic mail: wimu@nat.vu.nl thek °II state Baker and co-workérs-® used classical spec-
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trograph techniques to observe the sequence of vibration&pectroscopic studies are performed on-line in a differen-
levels. This®II state had previously been observed in antially pumped vacuum interaction chamber using the tech-
electron scattering experiment resolving an irregular progresaique of 1 VUV+1 UV two-photon ionization. Signal is de-
sion of vibrational levels! Before, a bound valence state of tected by monitoring the ions after mass selection in a short
311 symmetry was predicted in this energy range fram (25 cm time-of-flight tube. The setup was used in a study on
initio calculations’® Mellinger and Vidal used a double- precision spectroscopy and lifetime measurements of the CO
resonance laser excitation scheme to probe two vibrationaholecule focusing on th@-branch lines of thé (4p), v
levels of thek ®I1 state!® An important contribution to un- =0 state?® All details and the experimental procedures are
raveling the structure of thke3I1 perturber state was made fully described in Refs. 27 and 28. In the following only
by Berdenet al?° They discovered that all previous studies some relevant details and changes made for the present in-
had missed the lowesk3Il, v=0 level; in a double- vestigation are mentioned.
resonance laser experiment via the metastatiid interme- For the study of th& II, v=1 state the ring-dye laser
diate state or’C'®0 and'*C'®0 they showed that all mea- as well the PDA system were operated on DCM dye to cover
sured levels had to be renumbered. The vibrationathe wavelength of 630 nm. For each specific investigation a
progression in thek°Il state is clearly perturbed near different nozzle and skimmer geometry is chosen. In the
=5, in the new numbering; some evidence of an interactiorpresent case a skimmer of 1 mm diameter was taken, some-
with the ¢ *I1 state was presentéd. what larger than in the study on Héto achieve a higher gas

In a previous paper we reported on an investigation ofjensity in the interaction zone. In the present study natural
the E'II, v=0 and 1 states using two techniquest 2  carbon monoxide, containing 1.1¥%C, 0.29%'0 and 0.03%
REMPI and 1 VUW+1UV photoionizatiort? The spectros- 70 was used as well a$C enriched samplé99% 3C),
copy of both states was improved and a detailed model fogontaining about 15%°0 and more than 1%/0. These two
the spin—orbit interaction between tie'Il state and the gas samples were sufficient to record spectra of all six natu-
k °I1 state was presented, based on the concept introduced by isotopomers of CO. Th&C-enriched sample also con-
Baker et a|.13 Line shifts and effects on the line intenSity tained an observable amountl&:lso_ Of course the Signa|_
were used to extract parameters governing the interaction fqp-noise ratio for the spectra 6fC’O and**C'’0 was not
both *2C*°0 and**C*°0. The resolution in these studies was very good, because the abundance of these species in both
limited to 0.3 cm*, thus limiting the accuracy of the analy- samples was low. Special attention was given to the space-
sis of the perturbation. Subsequently a direct lifetime meafocusing conditions and the extraction voltages applied in the
surement was performed using a picosecond VUV laser eMpteraction zone; these were optimized to obtain as narrow
ployed in a pump-probe technigfeBy comparing the jon signal peaks as possible, so that three gated integrators
lifetimes with oscillator strengths from the literatéif@*~2° 414 he used for on-line registration of the VUV spectra of
values for the predissociation yield, fa}'"”Q in.the rang€three different isotopes. A typical recording is displayed in
80%-90%, were deduced. However, in the time-domairkig 1: three spectra of CO isotopomers are recorded simul-
study no rotational resolution was obtained; the Iifetimestaneous|y with gates set at masses 29, 30, and 31. The upper
correspond to a certain rotational distribution over the lowestyee traces reflect the spectra Hice0, °Cl70, and
J states. _ _ o 13C180. The ion peaks on the time-of-flight axis could not be

The present study is another reinvestigation ofE&1,  gniirely separated, particularly near the strong lines of the

v=1 state, now with a laser system of sufficiently narrow st apundant isotopomers, due to space charge effects oc-
bandwidth to unravel the predissociation effects of eacrbumng on the strong resonances. In Fig. 1 leaking of the

separate rotational level. The laser system, tested in studi%ong signal of the strong(7) line of 13C10 into the time
on the helium atord is applied to record narro@-branch indow of the heavier isotopomers is demonstrated; such

lines of the (pm)L I, v=0 state of CG®In this paper  ,efactual spectral lines in the spectra of masses 30 and 31
line broadening effects are monitored for the individual ro-5.6 marked with a dashed vertical line. The method of simul-
tational lines in theE—X(1,0) band that allow for a decon- aneqs measurements helps keep the consumption of en-
volution of the natural lifetime broadening effect. The pre- riched gas low and the experiment affordable. During the
dissociation phenomenon in all six natural isotopomers i%xperimentacompromise was searched between gas density,
studied; moreover the high resolution laser allows for thegjy o) averagingover five laser pulses fdfC) and signal to

first time an investigation of the&Q-branch lines in the noise. Effectively som 5 L of enriched gas was used for the
E-X(1,0) band. entire investigation presented here.

The methods for absolute frequency calibration of the
VUV resonances were described previouSt? A basic as-

The experimental setup was used before in several spesumption is that the exact sixth harmonic of the seed fre-
troscopic studies and described in previous publications. liquency is generated in the chain of amplifiers and frequency
short it consists of a narrowband tunable pulse-dye amplifieconverters. The saturated absorption spectrum of molecular
(PDA), seeded by the output of an argon-ion pumped coniodine is recorded on-line using some 10 mW of the output
tinuous wave(CW) ring-dye-laser, delivering wavelength of the cw ring-dye laser. For the previous study on the
tunable pulses of 5 ns duration and 200 mJ pulse energy.(4pm), v=0 state of CO the lines in the relevant domain
These pulses are frequency doubled in a*IREcrystal and (near 590 nm were specifically calibrated in our
subsequently frequency tripled in a pulsed jet of xenon gadaboratory?® the calibration procedure and the results for

Il. EXPERIMENT
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O FIG. 2. Spectrum of two nearby lying resonancesti@'0. These lines
represent the example of the strongest interaction between the singlet and
triplet states for all isotopomers. As a result of the mixing the linewidth and
intensity of both resonances are nearly equal. The lines are fitted to a

FIG. 1. Simultaneous recording of several spectra. In the upper traces theorentzian; the result is shown as a gray-shaded line. Residuals of this fit are
1 VUV +1 UV photoionization spectra of CO with time of flight set &) plotted below the recorded spectrum. The absolute frequency is determined
mass 29 for*C'®0; (b) mass 30 fort*C'’0; (c) mass 31 for*C’0. The  with respect to the R10®,4) iodine line.

lower spectra are recorded with the cw output of the ring dye laskr:

saturated absorption spectrum of ta&€02(9—4) line of theB—X system in

iodine; (e) marker fringes of the stabilized etalon with FSR . . .
=149.9560 MHz;(f) markers of a low finesse etalon for tracing mode hops Mmarkers, linearize the frequency scale, and determine the

in the scanning of the dye laser. The vertical dashed line indicates that thgeparation in terms of the FSR; for the CO resonances the
ghost resonances at masses Solsaqg 3_1 are in effect_ due t_o leaking of tPésuIting frequency is muItipIied by 6 for the harmonic gen-
strong signal on th@g(7) line of “°C*°0 into the other time windows. . . .

eration factor. The on-line recordegtdaturation spectrum,

in this case of thé®102(9,4) line, and the etalon fringes are

shown in Figs. {d) and Xe) as well. Also shown in Fig. 1 is
more than 100 lines in the range 571-596 nm are docuthe recording of the reflection of a low finesse etalglass
mented in Ref. 29. In the present study reference lines neglate); such oscillatory spectra serve to detect mode hops in
630 nm are required. Since continuous scans are limited tthe scan of the ring-dye laser. The accuracy in the resulting
30 GHz all the saturated lines near the CO resonances hadabsolute frequencies of the CO resonances is primarily de-
to be calibrated by similar means. In connection to this studyermined by the relatively large bandwidth of the latter,
we performed a calibration campaign determining the absowhich is associated with the predissociation phenomenon.
lute frequency of 481 hyperfine components pfransitions  The typical accuracy obtained for the lines with sufficient
in the entire wavelength range of 596—655 nm with an absignal to noise is 0.003 cri.
solute I accuracy of 1 MHz. The results will be published This value of 0.003 cm' does not include possible sys-
separately’ Specifically we used thB85 toP97 andR91 to  tematic effects. The issue of a nonperfect perpendicular
R103 lines of theB—X(7,3) band and th®92 to P104 and alignment of the molecular beam with respect to the VUV
R90 to R109 lines of theB—X(9,4) band of 4 in our fre- and UV light beams, giving rise to a Doppler shift, was ad-
quency calibrations of the CO resonances. This range alsdressed. Th&(0) line of 1C'°0 and the °—3p°4s'[1/2],
includes the very accurately calibrated lif@86 andR96 in  resonance line of argon at nearly the same wavelength were
the B—X(9,4) band by Sansonetfi. The absolute frequen- subjected to a systematic investigation; the velocity in the
cies of the CO resonances were determined using relativeolecular beam was varied by using pure CO and argon
measurements in terms of frequency markers of an activelgamples and by mixing them with He gas, thereby increasing
stabilized etalon with a free-spectral randéSR of the average velocity in the pulsed expansion by a known
148.9560-0.0010 MHz. A computerized procedure was amount. As a result we deduce a systematic Doppler shift of
used to fit the profiles of the CO resonances and the etalod.001 cm® toward the blue side in the present study; the
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TABLE |. Transition frequencies in thE—X(1,0) band of*>C*%0 and deviations from a least-squares fit.

J R(J) Obs—calc. QW) Obs—calc. P(J) Obs—calc.

0 95 086.762 —-0.002

1 95 090.670 —0.006

2 95094.617 —-0.001

3 95 098.588 —-0.003

4

5 95 106.60% 0.002 95 063.986 —-0.004

6 95111.020 0.005 95 060.303 0.000

7 95114.802 0.001 95 056.635 0.000

7 95 190.054°¢ —-0.004

8 95118.728 —-0.001 95 083.247 —-0.001 95 053.36% 0.004

9 95123.423 0.003
10 95127.42% 0.005 95 083.778 —-0.003 95 045.71% 0.001
11 95131.872 —-0.008 95 083.670 0.003 95042.73% 0.004
12 95 135.993 —-0.001 95 039.06% 0.006
13 95 140.26% 0.000 95 083.991 —-0.004 95 035.84% —-0.005
14 95084.113 0.002 95 032.297 —-0.001
15 95 148.970 0.041 95 084.255 0.001
16 95 153.352 0.041 95 084.415 0.003
17 95 157.779 0.055 95 084.582 0.000 95022.278 0.015
18 95162.11% —0.049 95 084.765 0.003 95018.999 0.002
19 95 084.952 —-0.001 95015.783 0.016
20 95 085.158 0.004 95012.603 0.031
21 95 175.647 -0.018 95 085.353 —-0.007 95009.423 0.010
22 95180.183 —-0.037 95 006.232 —0.055
23 95184.75% —-0.047 95003.163 —-0.033
24 95189.429 0.011 95 000.207 0.069
25 95193.932 -0.112 94 997.190 0.075
26 95 198.643 —-0.061 94 994.100 —0.024
27 94991.172 0.004
28 94 988.230 -0.014

Measurements with a narrowband PDA system.
bData taken with the pulsed dye lad&ef. 22.

‘Observed perturber state.

TABLE II. Transition frequencies in thE—X(1,0) band of**C*%0 and deviations from a least-squares fit.

J R(J) Obs—calc. QW) Obs—calc. P(J) Obs—calc.
0 95 039.647 0.001
1 95043.372 —-0.001
2 95047.078 0.002 95028.61% —0.002
3 95 050.968 —-0.001 95024.995 —-0.001
4 95 054.752 0.001 95021.380 0.033
5 95 058.507 —-0.001 95017.887 —-0.001
6 95061.123 —0.001 95014.3% 0.001
6 95 064.380° —0.009
7 95 066.788 0.001 95035.11% 0.004 95010.731 —-0.002
8 95 070.587 0.003 95 036.657 0.001
8 95 009.263° —-0.001
9 95 074.788 0.001 95 036.592 0.000 95 004.32 0.000
10 95 078.670 —-0.001 95 036.962 0.007 95 000.782 0.002
11 95 036.89% —-0.001 94 997.640 —-0.002
12 95 037.002 —0.003 94994.192 0.000
13 95037.137 —-0.002 94 990.881 —-0.008
14 95 037.289 -0.001 94 987.629 —-0.002
15 95 037.45% —-0.001 94 984.410 —0.004
16 95103.31% —0.084 95 037.633 0.000 94981.197 —-0.039
17 95 107.473 —-0.158 95037.823 0.001 94 977.957 -0.134
18 95111.849 —-0.053 95 038.023 0.002 94 974.817 -0.164
19 95 116.070 -0.114 95 038.230 0.000 94 971.805 —0.100
20 95 120.36% —-0.137 95 038.453 0.001 94 968.889 0.025
21 95 038.679 0.001
22 95038.918 0.000
23 95039.162 0.002

aMeasurements with the narrowband PDA system.
PData taken with the pulsed dye lag@&ef. 22.

‘Observed perturber state.
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TABLE lIl. Transition frequencies in th&—X(1,0) band of**C*®0 and deviations from a least-squares fit.

J R(J) Obs—calc. QW) Obs—calc. P(J) Obs—calc.
0 92 035.49% 0.000
1 95 039.203 0.002
2 95043.018 —-0.001 95 024.502 —-0.007
3 95 046.749 —0.002 95 021.021 0.129
4 95 050.513 0.001 95017.387 0.000
5 95 054.19% —-0.003 95013.799 0.001
6 95 059.242 0.028 95010.235 —0.008
7 95 062.493 0.001 95 006.537 —0.068
8 95 066.280 —-0.001 95 032.475 0.001 95 004.278 —-0.027
9 95070.438 —-0.001 95 032.4%7 0.002 95 000.350 0.084
10 95074.38% 0.018 94 996.889 0.147
11 95078.36% -0.023 95 032.742 —0.009 94 993.665 0.075
12 95032.872 0.006 94990.175 —-0.035
13 95 033.008 0.000 94 987.073 0.148

Measurements with the narrowband PDA system.
PData taken with the pulsed dye lag@&ef. 22.

resonances were corrected for this stsfte also Ref. 32As ponent(of about 150—200 MHgrelated to a Doppler effect
discussed in Ref. 27 frequency chirp in the dye amplifier willdoes only play a minor role in the deconvolution procedure
also result in a net shift of the deduced center frequency obf broad lines; effectively only the Lorentzian contribution is
the spectral resonances; we did not address this issue in tloé importance. Hence the natural line broadening effect was
present study. The absolute line positions may be shifted dugeduced via:I'=A gy~ Ajnsy With Ajge=300MHz. This
to this chirp phenomenon by an amount which is estimateghrocedure is certainly valid for the lines exceeding widths of
to be less than 0.003 cry however, the frequency separa- 1 GHz; for the narrower lines the procedure is less accurate.
tions will not be affected by this phenomenon.
The recorded spectral profiles were fitted to Lorentzian|. RESULTS AND ANALYSIS

profiles to derive information on the intrinsic molecular line
broadening associated with predissociation. In Fig. 2 ob# Spectroscopy
served spectra of two nearby lying lines are shown with the  The spectral data on the obseniédX(1,0) bands are
fitted Lorentzians and the residuals of the fitting procedurepresented as listings of frequency positions in Tables I-VI
The frequency scale is derived from interpolation with the
markers of the stabilized etalon. The residuals show that B o
there is no systematic deviation from Lorentzian profiles.TABLE IV. Transition frequencies in th&-X(1,0) band of'*C**0 and

. . deviations from a least-squares fit. All measurements were taken with the
This statement holds for the relatively brogell GH2) reso-  parrowband PDA system.
nances, where natural lifetime broadening associated with
predissociation is the dominant effect, but also for the nar- J RQJ) Obs~calc. QW) Obs—calc.
rowest resonances observed 1¢'%0 (650 MH2) a Lorent-

0 94 988.815 —0.005
zian profile is still a good approximation. The instrument o 94 985.052 0.000
width in the experimental setup is a combined effect of the 1 94 991.596 0.001 94985321  —0.003
laser linewidth(after harmonic conversiorand Doppler ef- 2 94994787 0.001 94 984-327 0.004
fects related to divergence of the VUV beam and the mo- i gg gg??gg g'ggé gj 822'062 _8'88‘11
lecular beam. Effects on the linewidth of the stroR¢O) 5  95005.189 0.000 94 984.029 " 0.000
line of *C'%0 under varying geometrical conditions and gas & 95009.176 —0.001 94 983.889 0.000
densities were systematically studied. Collisional effects are 7 95012.871 0.000 94984205  —0.007
absent in the skimmed molecular beam expansion with the g 95016.629 0.008 9333?43-5253 00%3901
interaction zone 30 nozzle diametdf&8 mrr_) away f_rom _ 95 024.231 0.000 04984465 " 0.000
the beam source. In the chosen geometrical configuration 1, 95 028.082 ~0.003 94 984.595 0.002
with a nozzle-skimmer distance of 6 cm and a skimmer di- 12 94 984.736 0.000
ameter of 1 mm the laser linewidth is the dominant contri- 13 95 035.885 0.001 94 984.894 0.001
bution to the instrument width. The natural line broadening i;‘ gg gig-gsg 0%820 9249 2252-220 *8-8?5
can be deconvolluted from the ob_served widths by tal_<|ng the 16 95 047 802 0.001 94 985.437 " 0.000
instrument function as a Lorentzian of 300 MHz. This was 17 95 051.831 0.001 94 985.646 0.003
tested also in an investigation of thep®-3p°4s’'[1/2], 18 95 055.886 0.001 94985.857  —0.003
resonance line of argon in the same configuration and at the 19 95 059.967 —0.001
same wave length of 105 nfAln that case the linewidth was 20~ 95064.077 0.000

found to be about 450 MHz including the contribution of the agpserved perturber state.
Doppler effect. It should be understood that a Gaussian contBlended lineg(partially).
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TABLE V. Transition frequencies in th&—X(1,0) band of**C*’O and
deviations from a least-squares fit. All measurements were taken with the
narrowband PDA system. Th@-branch lines were observed in a cold beam
populating only the lowesl levels.
R(J) Obs—calc. Q) Obs—calc.

0 95 059.735 —0.008

1 95063.543 0.003 95 055.991 0.014

2 95055.991 0.001

. . (a)

for the six natural isotopomers of CO. The accuracy of the
well-resolved rotational lines with sufficient signal to noise
is 0.003 cm™. It is noted that this does not include the ad-
ditional uncertainty in the absolute frequency due to fre- i

[

L

quency chirp in the dye amplifiers; a systematic shift of the
entire set of spectral data of up to 0.003 ¢nis possible.

The identification oR andP-branch lines, probinge)-parity

states, is straightforward since these lines follow a progres-
sion, even in cases of strong perturbations; there is no casi
where the order in the rotational progression is reversed. The
example of the strongest perturbative effect, nkaw in the

Bl

13¢%0 isotopomer, probed via tHe-branch, is displayed in R(©0)
Fig. 2.
The assignment ofQ-branch lines is more difficult be- ”
C

cause small perturbations give rise to reshuffling of the order || Jeo |

of the rotational lines. Also the information on tkfg-parity : : : : : : : ,
components available from previous studies is less accurate?>0s2 95083 95084 95085 95086 95087

since theQ-branch lines could not be resolved in one-photong g, 3. @ branch of'%CX0: (a) recorded spectrum with 1 VUY1 UV
E—X(1,0) bands, while in two-photon excitation tReandP  photoionization;(b) reconstructed spectrum based on calculated line posi-
transitions probing(f) components are sometimes over- tions, intensities, and width@ncluding the effect of predissociatign(c)
lapped withO andsS transitions. For this reason we focus on ng;'?;ﬁpzﬂngepgcgggr;i%“izegg'q%’is't'ons and intensities. The rota-
the Q branches in the presentation of the data. In Figs. 3—8

spectral recordings with assignments are shown forQ@he

branches of the six natural isotopomers of CO. It is for the  In the analysis of the rotational structure the energy lev-
first time that these spectral structures are resolved; the widtbls of the ground state are expressed with

of the lines is primarily determined by the natural lifetime

broadening effect associated with predissociation. The as- Ex(9)=BxJ(I+1) = DxJ*(I+1)%+ HxI*(I+1)%,
signment ofQ-branch lines was performed after a full analy- where the ground state molecular constdts Dy, andHy

sis of the more easily resolved)-parity states. In principle are obtained from the accurate infrared work of Guelachuvili
the rotational structure of the excited states is described sepat al>* They have determined the rotational structure for
rately for the(e) and (f) parity component. seven isotopomers, includinC'®0 and the six natural

TABLE VI. Transition frequencies in thE—X(1,0) band of-3C’O and deviations from a least-squares fit. All
measurements were taken with narrowband PDA system.

J R(J) Obs—calc. Q) Obs—calc. P(J) Obs—calc.
0 95011.883 —0.001
1 95 015.506 0.008 95 008.283 —0.001
2 95019.110 0.002 95 008.283 0.000
3 95 022.596 0.000 95 008.250 —0.007 94 997.601 —0.004
4 95 008.099 —0.003
5 95009.970 0.002
6 95034.492 0.000 95 008.987 —0.004
7 95008.900 —0.001
8 95 042.206 —0.001 95 008.685 0.000
9 95009.131 0.001
10 95 009.207 0.004
11 95009.316 —0.001

12 95057.874 —0.000 95009.451 0.001
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ones, with a very high accuracy. From the Dunham param
eters listed in Ref. 33 we have derived valuesBgt, Dy,
andHy ; the values are listed in Table VII. The energy level
structure for theE T, v=1 excited state is in first order
expressed as

FIG. 6. Q branch of'3C°0 and a calculated spectrum wilh,= 160 K.
The Q(7) line, shifted by a large amount, is clearly visible.

Ep'(J)=ve+BgI(J+1)-DgI(J+1)?,
where the rotational constaniBsandD are taken fore) and

value for the band origing for both parities. As discussed
previously®?2 the rotational energy levels of the 11, v
=1 excited state are perturbed by tkéll state; since the
work of Berdenet al?® we know that it is thev=6 vibra-
tional level which causes the interaction. Tkéll state is
represented in matrix forrk; on the basis{l1,, *I1,, °I1,)

? by34—36

Ki1(J)= v+ AL st Br(x—3) — Dy (x>— 4x+5),

Kio(J) =k1(J) =~ [B— 2D (x— 1) ]V2(x~2),
M Koo(3) = v+ By(X-+ 1) — D(x%+ 6x—3),

Kaa(J) =Kgp(J) = —[B—2Dy(x+1)]V/2x,
Kis(J) =kax(J) = — 2D X(x—2),

Kaa(J)=v— ALst Br(X+1) — D (X?+4x+1) ¥ Cy,

*

-

with x=J(J+ 1) and where thé—) sign in the last equation

‘; is for the(e) parity levels and thé+) sign for the(f) parity
i i olls 1, - Ieyelg. Hencg th€, constgnt represents th.e effect/otdou-
z 10 I | | bling in the triplet state. Since the’I1 state is only observed
LI indirectly some small higher order matrix elements have
95032 ' 95033 ' 95034 been neglected. The energy levels of théll, v=1 state,

. 3 _ . - .
FIG. 5. Q branch of2C1%0 and a calculated spectrum wilh,=140K.  andin _th9k l_[_, v _*6 state, In the_ perturbed situation follow
The resonance indicated with) pertains to thé?C*%0 isotopomer. after diagonalization of the matrix:

(f) parity components separately. We have assumed a single
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from the eigenvalues of the matrix for both parities and the
ground state energies. Eigenvalues with dominBrdtate
character are assigned Bsstate levels. Several ingredients
are used to find optimum convergence in the description of
the data. Based on an initial fit on tHe) components a
calculation of the(f) components is performed by keeping
the interaction constartig  at the same value; throughout
the paperHg | was considered independent of the parity.
Also the trend thaB¢ is some 0.6% larger thaB{. is con-
sidered; as discussed by Baketall® the (e) levels are
shifted upward in energy due to an interaction with the
C'3* state, a phenomenon bincoupling in a po—3p
Rydberg complex. Then th@-branch lines could be readily

assigned, except for the ones at a crossing point with one of
the three spin—orbit components of théll state. Input on
the k ®I1 state is required to find a proper assignment and a

model for the perturbed regions. If the starting values for the
k °I1 parameters are chosen such that the triplet and singlet
levels are in the wrong order convergence will generally not
be found, because perturbing energy shifts are very sensitive
to the initial values. For thé*C!®0 isotopomer the energy
levels of thek °IT perturber are constrained by including 16
lines in the k—X(6,0) band observed by Baker and
co-workerd®*® and the?Q(1) andRR(1) lines observed by

Berdenet al?° Also the perturbed line with dominant triplet-
character in Ref. 22 was included. In the final least-squares
sl 7 16 fit all data, the ones presently measured by the PDA system,
4 2 8 5 the ones measured previously by+1 and by 2+1
9|10 | REMPI?22 and the ones pertaining to the-X(6,0) band

were taken as the input set in a simultaneous optimization.
These data were weighted with the uncertainties as reported.
For the?C!0 isotopomer the 11 parameters for tBell,
FIG. 7. Q branch of®3C70 and a calculated spectrum. TRE5) lineis ~ v=1 andk’Il, v=6 states and the interaction matrix ele-
most strongly perturbed in this case. ment were all varied resulting in the values listed in Table
VII; in fact a 12th parameter was included allowing for a
systematic shift of the 21 REMPI date?? For the3C%0
ER'(9) 0 Hek 0 isotopomer the five lines of Berdest al?® were included as
0 ki1(J) ki) Kkez(J) well as the accurately determined frequencies of tR¢8)
H ki) ko) Koo d) line (see Fig. 1andRR(6) line (see Fig. 2 For 3C®0 also
Bk 21 22 23 a large number of frequencies from+1l and 2+ 1 REMPI
0 kai(J) kax(d) KE4(J) spectrd’ were available and included. For all other isoto-
pomers the information on tHeIl, v =1 state is less abun-
_dant. Only for*3C*®0 a single perturber line was found, the
RR(0) line.

For a proper modeling of the singlet—triplet perturbation,
gad in view of the sensitivity on the input parameters for the
perturber, the molecular constants fotll, v =6 of the less
abundant species were calculated by isotopic scaling. Mo-
lecular parameters were derived via

T T T T T T T T 7 T T !
95008 95009 95010 cm’!

M(J)=

for each value of] and for (e) and (f) parity components
separately. In the present work we will consider the spin
orbit interaction matrix elementig ,, coupling theE I,
v=1 state to the'Il; component of thék state, as a fitting
parameter. Some aspects of the physical origin are discuss
in Ref. 22. Here it is al-independent coupling parameter.
Since the matrixM (J) is not diagonal also th€ =0 and 2
components, on a Hund’s ca&® basis, are affected by the
perturbation and, in turn, perturb tHeIl state. As was
shown in Ref. 22, the structure of the matrix with the appro-  T,=Te+ we(v+3) + 0Xe( v+ 3)2,
priate constants is such that at very Idwalues the Hund'’s
case(a) representation is a good approximation, but nkar
=15 there is a transition to Hund’s cad®; for all J the®II,
and>I1, components have sontél, character coupling to
the E state. where all available information on the various

The matrixM(J), with all implicit molecular constants, levels®~1%1%2Qyas included. The spectroscopic constants for
is included in a least-squares fitting routine, in which thethek °I1, v =6 level of1*C*’0, 1%C*®Q, ¥*c!’0, and®*C'®0
transition frequencies oP, Q, and R lines are calculated were then derived via

B,=Be—ae(v+3),
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FIG. 8. Q branch of**C'®0 and a calculated spectrum wilh,,=60 K. In

this case the perturbation occurs at the lowksalues. This is reflected in
the large shift of theQ(1) line and the clearly observable transition to the
state with dominant triplet charactBR(0).

[ [ 2
We=WeP, WeXe= WeXgp™,

T=T.,

Bie= Bepz, aLZ aep?’,

Predissociation in the E 'TI, v=1 state of CO 555

In several cases, where the spectral information was
scarce, the parameters for théll, v=6 state were kept
constant at the values obtained from the isotopic scaling
analysis. Fort?C’0 and*?C*®0 even the band origin was
kept fixed, while for the fits pertaining t5C'’0 and*3c*0
the band origin was slightly varied in order to optimize the
description of the interaction. In Table VIl all resulting con-
stants for the six isotopomers are listed; the parameters kept
fixed in the fitting routines are indicated.

The fitting procedure fot3C'®0 represents an exemplary
case for the problems encountered. Convergence can be
found with reversed identification d?(0) andRR(0) lines
and change of assignment @f(1) into °Q(1); then the
R(0) line is off by 0.04 cm® only with an interaction pa-
rameter converging tblg ,=2.02 cm L. With the identifica-
tion of Table IV a reduction of thg?-value by a factor of 5
is established and a valltég (=1.86 cm ' results, more in
accordance with the other isotopomers. This minimungan
was not easy to find because of the near degeneracy of the
band origins of thé&e andk states in*C*®0; the deperturbed
values differ by only 0.5 cm®. At the lowest rotational level
(J=1) the two(e) components mix in a fraction 58%/42%
(absolute squares of the eigen vectars a pure tI1,%I1,)
basis. With a slight variation of the parameters the dominant
I character easily swaps from one line to the other, thereby
frustrating the minimization procedure. It is only by virtue of
the high accuracy obtained in the present data that the inter-
action in3C'®0 could be modeled properly. In tHéC'®O
isotopomer the mixing fraction dt=7(e) is even 53%/47%.
In the latter case the shifts of the energy level§aft7, due
to the interaction is 1.544 cni for the (e) component and
1.254 cm ! for the (f) component.

The fitting routines are essential in finding the proper

where the indexed constants can be calculated with respect identification of the resonances, particularly in thg

12C1%0 or 13ct%0 andp = \/u/ i with u and u; the reduced
masses of the isotopomers.

branches. In Fig. 3 th® branch of the**C*0 isotopomer is
displayed. TheQ(1)-Q(6) are piled up in a single broad

TABLE VII. Molecular constants for the various CO isotopomers of B, v =1 state and the perturbing
k3II, v=6 state as derived in the present work. For convenience also the constants for the ground state are
given as deduced from the work of Guelacheitial. (Ref. 33. All values are in cr®.

120160 12(:170 12C180 13C160 13Cl7o 130180

X5y

Bo 1.922529 1.873 963 1.830981 1.837 972 1.789 397 1.746 408

Do 6.1203x10°® 5.814<10°® 5.5300<10°® 5.5926<10 ¢ 5.3002<10°® 5.0480<10 ©

Ho 5.4794<10712 5074<10 12 4.733x10 12 4.768<10 1% 4.418<10° 12 4.107x10 12
EMI, v=1

vy 95082.9348  95056.019  95031.897 95036.026  95008.452  94983.712

B 1.939 39 1.890 1.847 05 1.854 34 1.805 47 1.762 26

B; 1.927 99 1.8795 1.836 877 1.843 95 1.79559 1.752 86

D, 6.67x10°° 6.0x10°%2  454<10°% 6.0x10°° 5.7x10°® 5.66x1078

Ds 6.64x10°° 6.0x10 %% 513x10°° 6.2x10°° 5.7x10°® 5.64x10°®
k311, v=6

vg 95 159.36 951133  95070.6 95 076.95 95 027.99 94 983.25

B 1.164 1.18 117 118 1.08 1.07

D 1.63x10°° 1.1x10°%% 1.0x10°°% 1.0x10%% 1.0x10°% 1.0x10°2

A 30.21 30.6 30.9° 305 314 30.53

c 0.47 0.4 0.4% 0.44 0.8 0.4

H; 1.892 1.88 1.884 1.885 1.88 1.864

int

&/alue kept constant in fitting routine.
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95450 by choosing different conditions in the molecular beam ex-
pansion.

In Fig. 4 theQ branch of the?C!’O isotopomer shows
only two weak and broad features, as a result of the low
abundance of this species in the molecular beam. The main
feature is the resulting pile of ling3(1)-Q(5) in the band-
head, while the shifte@Q(6) and Q(7) lines produce the
second very weak feature as indicated. The strongly per-
turbedQ(8) line could not be observed, due to low popula-
tion of J=8 in the beam and the intensity loss resulting from
predissociation. Figure 5 shows a record@dbranch for
12C180. Here two prominent interactions occurdt7 and
J=9. TheJ=7 level interacts strongly with thd1; compo-
nent giving rise to a shift of th@(7) line to the position of
Q(14). The broadened line at 95033.2 thyives an indi-
cation of theQ(7) line, which is weakened by predissocia-
tion. The interaction with théll, component causes the re-
versing of the order of(8) andQ(9) and of the shift of the
Q(10) lines. The perturbation at lodwalues, due to thall,
component, causes the shift of t@€3) line and the gap in
the bandhead region. ThH@(6) line is shifted toward lower
energy, due to interaction witAIl,;, and coincides with
Q(1) andQ(2).

Since the reduced mass B€°0 does not deviate much
from that of 12C'%0 the interactions take place at similar
values; again the strongest effect occurgat7. But in the
case of3C!0 theJ=7 level with dominan€E-state charac-
ter is shifted toward lower energy. As a result of good signal-
to-noise ratioQ(7) is well visible as a broadened feature.
The perturbation of thd=7 level of the'3C*®0 isotopomer
356730101112 1313567801011 12 13 is the strongest of all for the interaction between Ehd1,

! ! v=1 andk®I, v=6 states. The perturber component of
FIG. 9. Energy levels of th& 1T, v=1 andk ®Il, v=6 states as a func- dominantk-state character is observed as #@(7) line at
tion of J for the various isotopomers of CO. Levels are calculated from theQ5 038.5 cml, where it overlaps with th@(20) line. Again

molecular constants given in Table VII. On the level of accuracy of this plot : : :
differences betweefe) and (f) parity are not visible. The singlet—triplet the gap In the bandhead region occurs in the same way as

interaction occurs at different values dfor each isotopomer. well as the reversing of the order Qf(8) andQ(9) lines.
The Q(10) line is shifted somewhat further, so that it falls in

betweenQ(11) andQ(12), giving rise to a broadened struc-

ture comprisingQ(10) andQ(12) lines.
resonance as indicated by the stick spectrum representing the For the heaviet*C’O isotopomer the perturbations are
calculated positions. As a result of the perturbations thdurther shifted toward lowed values. The strong interaction
Q(7) line is shifted and broadened. Also the order of thewith the *[T; component now occurs dt=5. TheQ(5) line
Q(8) andQ(9) lines is reversed due to the interaction with is broadened and shifted away from the otfdines toward
the 311, component of thé?3II, v =6 state. The same holds higher energies, while th@(4) line is shifted to the red side
for the Q(10) andQ(11) lines. TheQ(12) line is strongly  of the Q bandhead lines. Also th@(6) line is affected; it is
shifted due to interaction with th&ll, component. Apart shifted to higher energies exhibiting a reversal with @& )
from a stick spectra calculated spectra are displayed as welhe. The interaction with théIl, component occurs at
in Figs. 3—&b), where the linewidthgJ dependent; see the =8; theQ(8) line loses intensity and is shifted to the red.
following) are taken into account. Also the reduction of line The *3C*’O isotopomer is the first one heavy enough so that
intensity as a result of the competition between predissociahe I, component does not cross with thev =1 state, as
tion and ionization in a resonance enhanced two-photon ionshown in Fig. 9.
ization experiment is accounted for in these calculated spec- For *C80 the situation is reached that tAH, compo-
tra; the quantitative treatment of intensity loss in a two-nent interacts with the lowestvalue inE I, v=1. TheJ
photon ionization study caused by predissociation was=1 levels are shifted toward higher energy, for baghand
explained in a previous pap&r For the calculated spectrum (f) components. Indeed th@(1) line is largely broadened,
one additional parameter was adjusted to produce a goadiue to predissociation and shifted away from all other
match with the observed spectrum; the rotational temperatur®-branch lines. Thée) parity component of 11, v=1, J
in the molecular beam. Not in all recorded spectra is the=1, observed in theR branch, is also shifted upward in
temperature the same since it can be manipulated somewhatergy; its interaction partner, thé'Il, v=6,J=1 (e) level
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R(0) R(D) R(2) R(3) R4) R(5) R(®)

A=1.09 GHz FIG. 10. Individual recording of th&-branch lines for
- the 13C80 isoto Il on th intensi |
A=0.86 GHz pomer all on the same intensity scale.
it Linewidths are indicated.
A=1.54 GHz
— | -—
A=0.88 GHz
— | -— A=0.92 GHz
— - || —-—
I oaadd G:) k L‘ =146 GHz
—>n<—
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94992 94995 94998 95002 95005 95009

is shifted toward lower energy by the same amount and beclose to line center as a result of the increased intensity
comes visible as a largely broadened feature indicated withoise. Also in cases where the lines are narrower, particu-
RR(0) in Fig. 8. In this case of*’C*®0 all low J values are larly for the lines of*3C*®0, a Lorentzian function still well
affected by the interaction with th1, component; all lev- reproduces the observed line shapes. In Fig. 10 the seven
els in the sequencd=2-5 are in reversed order, while  lowest rotational lines of th& branch of *C'®0 are dis-
=6 is the first to be affected by th&ll, component and played on the same intensity scale with the linewidths dis-
undergoes a downward shift. played. The effect of the interaction with the’ll, v=6

The location of the accidental perturbations is illustratedstate is threefold: in addition to the line shifts at Ianas
in the plot of the energy levels versus the rotational quantundiscussed previously, the resonances are broadened and of
numbers for all six isotopomers in Fig. 9. The calculateddecreased intensity for those levels that strongly interact with
energy levels of both thE 'I1, v=1 andk ®II, v=6 states the triplet state.
are displayed, where an average is taken qegrand (f)
parity components; on the scale of Fig. 9 differences be- 4000
tween the parity components are not visible. Due to the
isotope-dependent vibrational level spacings, the interaction:
occur at lower rotational levels for the species of higher re-
duced mass; this effect is clearly visible in the figure.

The transition frequencies, listed in Tables [-VI for the
six isotopomers are well represented by the model of the 3000
interaction between th81 and®II states. The resulting pa-
rameters of Table VIl represent the data within the expected
uncertainties of 0.003 cht. The deviations from the fits are
in fact below this value, indicating that indeed a precision of _
0.003 cm ! is reached. In the case of the largest perturbationﬁ
the J=7 level for the'*C'®0 isotopomer, reaching shifts of & 2000 |
1.5 cm %, the interaction model represents the energy levels™
up to an accuracy of a few 0.001 ch even though only a
single interaction parameter is invoked.

12C16O

e parity

B. Predissociation 1000 |
Information on the predissociation behavior in eIl ——  @exp. (-300 MHz)
v =1 state can be deduced for each singly resolved rotationa -——- mcalc. widths
guantum level and for botlie) and (f) parities indepen-
dently. All resolved spectral lines were fitted to Lorentzian . .
line shapes and the linewidths were determined. In Fig. 2 & 05 5 10 T 1s
comparison between the recorded spectrum and the fittec J
Lore.ntZian is.made by explicitly showing the reSi,duaIS_frqmFlG. 11. Natural widths of thée) parity resonances of tHe'I1, v =1 state
the fit to the line shape. In that case no systematic deviationg 12cieg as a function of. The instrument width is deconvoluted from the
from a Lorentzian are found; only the residuals are largewbserved widths by subtracting 300 MHz.
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FIG. 12. Natural widths of thée) and (f) parity resonances of thg I, FIG. 13. Natural widths of thée) and (f) parity resonances of thi 11,
v=1 state of'*C'0 as a function of. v=1 state of°C'*O as a function of.
For three different isotopomer€?Cc*®0, *C’O, and r .
=t i ' ici in| EE')-i— 0 H 0
C1%0) the line broadening effects are explicitly shown in | Eg ' (J) —i > E.k
Figs. 11-13. Figure 11 displays the linewidths of tt&p r
H 216 H A Lk
parity components fot?C'®0 as a function of); in fact the 0 kyy(J)—i - kyo(J) kya(J)

natural line broadenind’, due to a reduced lifetime as a
result of predissociation, is deconvoluted from the observed
width by subtracting the value for the instrument width of
300 MHz. The interaction a=7 is clearly observable, T,
while alsoJ=9 andJ=12 have increased widths. Thede 0 K31(J) ka(J) K (I)—i >
values correspond to the crossing point€dfll, v=1 with -

kI, v=6 (see_ Fig. 9. In F'Q- 12 a similar plcture_ '§ shown where the real part is similar to that of the spectroscopic

for the natural line broadening parameters pertaining to bothnayysis of the line shifts caused by the interaction. This part

the () and (f) components of thé°C'’O isotopomer. Reso- s kept fixed now for the computation of the predissociation

nances al=5 andJ=8 are in accordance with the findings rates by invoking the molecular constants as listed in Table

of the spectral analysis and the crossing points in Fig. 9. ItVIl. A decay ratel’, is defined for the perturbing °II, v

Fig. 13 the broadening parameters for tA@'%0 isotopomer =6 state and’¢ for the decay rate oE I, v=1; good

are displayed with resonancesJat 1 andJ=6. convergence in the procedures was found when the values
It is important to note that the lines outside the regionsfor I'e andIl', were taken independent o#)/(f ) parity. The

of interaction with thek 3IT, v=6 state are intrinsically entire analysis is performed for each isotopomer indepen-

broadened as well; the interaction with the triplet state cause%emly' So an assumption is made that the predissociation

. . ) o . ffects on both states are caused by a homogeneous or
additional accidental predissociation. The data on line broads . . : . )
J-independent interaction with continuum states. Values for

ening, also .for the cher three i_sotqppmers not explicitly_/rE andT',, are optimized by comparing observed and calcu-
shown, are included in an analysis similar to the one previjaeq widthsr,, for all lines recorded; resulting values are
ously used for the lower resolution ddfaA quantitative |isted in units of cri® in Table VIII. The uncertainties in the
analysis of the predissociation rates pertaining to each rotainewidths are estimated from the data sets and include sta-
tional quantum level entails diagonalization of the complextistical uncertainty as well as a systematic uncertainty related
matrix: to the deconvolution procedure. For th€!’O isotopomer

r
He K1(J) koo(J)—i 7k Ko3(J)
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the information is too scarce to derive a value Fgr. Asis  the perturbing continua is taken dsindependent as well.
shown in Fig. 2, for the*C!%0 species the two interacting The accidental predissociations in tBé1I, v=1 state can
partners of the(e) parity components were both observed be understood from the mixing with shorter lived triplet
with their respective natural line broadening of 4.0 GHz forcharacter; also quantitatively they can be fully reproduced by
RR(6) and 3.6 GHz folR(6). As thetrace of the matrix is invoking a singleJ-independent coupling parametel
constant the sum of the linewidths of the two perturbed levwhich is nearly constanfwithin 0.01 cm!) over the six

els (7.6 GH2, equals the sum df g andl",, and can hence isotopomers at a value of 1.88 ¢t

be determined with high accuracy. The accidental predissocation, associated with the cou-
pling betweenE 'IT, v=1 andk®II, v=6, is now fully
IV. DISCUSSION AND CONCLUSION described at a quantitative level for the six natural isoto-

The E-X(1,0) band has been reinvestigated in a highPoMers of CO. The origin of the overall predissociation of

resolution 1VUVH1UV resonance enhanced two-photon each of the two states is less well understodlainitio quan-
ionization study using a Fourier-transform limited laser tun-tum _chemi_cal calcu_latior_ls on the excited state potentials of
able near 105 nm. By the method of calibration with respecC©: including the dissociative ones, have been performed by
to an accurate wavelength standard the transition frequenci Ne?"L 3§md Schaefé? and more recently by Hiyama
of the CO resonances could be determined with an absolufef @~ Two repulsive snlglet states are clearly identified in
accuracy of 0.003 cit. The data, including the energy lev- Ehe+calculat|ons, one di " and one of'IT symmetry. The _
els that are perturbed up to 1.5 chcan be represented to .E state even supports some bound levels at lower excita-
this level of accuracy by a model involving a spin—orbit fion energies and at large bond lengths; these levels were
interaction between thé 1. v =1 andk 3I1. v =6 states. It observed by Wolk and Rick, who termed this state as

7 ’ . y 1 . . .
is for the first time that rotational lines probing ba#) and D’ 2" This state crosses the higher lying Rydberg states
(f) parity components are fully resolved and that line broad-2nd is responsible for predissociation of a n_umbe0r401f stdtes.
ening parameters, associated with predissociation, are detefhe J-dependent predllssouatlon observed in (@#é”** par-
mined for each rotational quantum state. The previously oblfy components of the “II, v =0 state, which is a state with
tained quantitative information on the phenomenon of2 4P Rydberg orbital, is attributed to interaction with the
accidental predissociation in the'Il, v =1 state, by Baker repulsive part o>’ “X™. For the(e) components an exact
et al’® and by our groug? was indirect and less accurate. J(J+ 1) functionality is observed. The predissociation of the
The nature of the accidental perturbation causing both shift§f) parity components  of thf‘f ', v=0 state is much
and line broadening was discussed previously. RFil and ~ Weaker and independent 8t>**and must be attributed to a
E M1 states differ by more than one orbital, but the spin—different origin. These dependencies are the typical signature
orbit-interaction betweek andE states is nevertheless made Of & heterogeneous interaction between a bound statBl of

possible by configuration interactidfthe details of which ~Symmetry with a repulsive state 6E* symmetry. Similar
are not fully understood so far. parity and rotational-state-dependent predissociation behav-

Both the E I, v=1 state and th&II, v=6 state Ior, caused by the repulsive wall of tHg’ IS+ state, is
undergo overall predissociation, resulting from coupling toobserved in the (8)W'II, v=0 state of CJ?
repulsive states; for this reason independent paramEiers The E'II state has a B Rydberg orbital, comparable
andT", are determined in the experiment. It was assumed thde the 4o orbital in the L 'II, v=0 state, but here the
the interaction of th& 11 andk ®I1 states with the continua predissociation rate is found to be independend ¢éxcept
gives rise to aJ-independent interaction with continuum for the accidental predissociation effect¥he latter effect
states. For th& 'TI, v=1 state this is certainly a valid as- indicates a homogeneous coupling with a continuum of the
sumption in view of the results as displayed in Figs. 11-13same symmetry; hence we postulate thatEhstate is pre-
For thek 31, v=6 state the situation would be less clear if dissociated by the dissociatiVél state. Possibly the con-
only the results on a single isotopomer are considered; thefinuum of the boundh 11 state plays a role as well. After an
the interaction is only at a few rotational lines. But if the dataab initio calculation, Hiyamaet al shifted the absolute en-
on all six isotopomers are included, with perturbations atergy of the repulsive'Il potential somewhat, based on a
almost all rotational levels, a consistent analysis can only beomparison with experimental findings of Komatstal #2
performed when the interaction between ##l state and The dissociative'Il state indeed crosses tlestate poten-
tial; further calculations on the crossing between these states
may establish the predissociation rates and valued far

TABLE VIII. Natural line broadening coefficients for theE *I1, v=1 and . . L .
g B including their isotope dependence, as found in the present

k 3TI, v=6 states for the various isotopomers. Values are in‘cialues

given in parentheses signify the uncertainty in the last digits. study. These calculations should also reproduce the larger
rate of predissociation in th& I, v=2 state and the
T'e Ty smaller rate forE I, v =02 Ebata and co-worket$ have
12160 0.034(3) 0.335 (10) recently shown that the situation is even more complicated in
t2ct’o 0.024(4) observing that predissociation of singlet states via the triplet
igig 8-82‘7‘% 8-;2 23 channel plays a role as well.
130 0.024(4) 0.20 (2) O'Neil and Schaeféf have also calculated potential

TS 0.018(3) 0.145 (5) curves of’II states. TheifI1(Il) state can be assigned as the
k 31 state, while &I1(Ill) state is dissociative and gives rise
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