A reanalysis of the k3II state of CO
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The k31 state of the CO molecule is investigated in the region between 91 000 and 97 080 cm
via 1+1 resonance enhanced multiphoton ionization spectroscopy on CO molecules prepared in a
single quantum level of tha®I1(v =1) state. A new vibronic band is found which is at lower energy
than the vibrational ground state reported in the literature, leading to a reassignment of the
vibrational numbering of thé®Il state. The rotationally resolved spectra of &%l (v=0-6
—a’ll(v=1,J=1,Q=1) of Y2CO and"*CO have been observed and analyzed, confirming the new
vibrational labeling and providing a full set of molecular constants of kh&l valence state.

© 1997 American Institute of Physids50021-960807)02644-3

I. INTRODUCTION kK3II(v=1) state in a double-resonance experiment via the
. _ - a' 33" (v=14) intermediate state.
Thek°IT state of CO in the 90 000-98 000 crnrange It is suggested that thie’I1 state is responsible for per-

has first been observed by Mazeztial." by electron impact  tyrhations in the rotational structure of ti1(y =0) staté®
spectroscopy just over 20 years ago. They observed a SOmgithough no evidence is found for this yet. Baker has shown
what irregular vibrational progression of five peak@med  tnat thek®[I state is responsible for the localized perturba-
“a—e” bands followed by a “plateau,” indicating a disso- tjons in theEI(v =0,1)*° andB'S * (v =2)" states. For ex-
ciation continuum, and assigned these features to a transiti%me, thek3I1,(v =3) spin-orbit component causes the in-
into a 3I1 valence state. A bound valence triplet state wasjjrect predissociation at=31 in theEI1(v =0) state, while
already calculated to exist in this region by O’Neil and ne k3I1,(v=5) spin-orbit component causes the indirect
Schaefer(their °I1 Il state).” predissociations al=7 in the EXII(v=1) state® The latter

After populating thea®IT state via electron beam exci- |ocalized indirect predissociations have also been observed
tation, Wan and Langhcifhave measured triplet-triplet for the J=7 rotational level of different isotopes of CD,
transitions starting from the®IT state. Their reported spec- \which is rather surprising for a localized perturbation. The
trum contains a progression of five bands. The two bandgccidental predissociations in tf#'11(v=0,1) states were
with the highest energy correspond with the “a” and “b" recently investigated in detail by Cacciaetial’® They de-
bands of Mazeatet al* Based on partially rotationally re- yeloped a quantitative description of the perturbations based
solved spectra, they assigned these five bands to#f®-4  on a spin-orbit interaction between tE1I state and the
of the |33 " state(the “a—e” bands of Mazeaet al. corre- 311, component of th&3I1 state.
spond then to the =3-7 bands In summary, up to now five vibronic bands of tkéll

In a study of indirect predissociations of tR8II(v=1)  state have been observed at rotational resolution, i.e., the
state of CO, Bakeet al* showed that the partially resolved v=0,1,2,3, and 5, and in addition=4,6 and 7 have been
spectra of Wan and Langhdfare much better simulated by observed at vibrational resolution(electron  impact
a *II—°II transition than by &%*—°II transition, thus  spectroscopy. A disadvantage of the spectroscopic studies
confirming the original assignment of Mazeetal. This va-  in which CO molecules are excited from the electronic
lence triplet state was then labeled by Bakenl” as thek  ground state, is the observation of intense singlet—singlet
state. In order to confirm the symmetry character of khe transitions which might overlap the spin-forbidden
state and to obtain its molecular constants, Baker an@®[]— X3 " transition>®’Populating a triplet state and per-
Launay recorded the high resolution vacuum ultraviolet forming a spectroscopic study starting from this state, can
(VUV) spectrum of CO in the 90 000-98 000 thrange.  overcome this problem?t
They observed th&I1(v=2,3,5— X3 * (v =0) absorption In a resonant enhanced multiphoton ionizati®&EMPI)
bands and performed a rotational analysis of these bandstudy of a molecular beam @®II, (v=0, J=1) CO mol-
Thev =2 band lies on top of the recently discovered diffuseecules we have found a spectrum with a rotational structure
BS " (v=3)X!3*(v=0) band® For the k’[I(v=5)  which matches th&3II state very well, but idower in en-
«—X'3*(v=0) band, only a few rotational lines were ob- ergy than the reported=0 level of thek®II state. The en-
served due to the overlap with the more inteESél(v=1)  ergy difference between this band and the0 band is 811
—X13*(v=0) transition®> The k3II(v=0)—X*3*(v=0) cm 2, in good agreement with the reported value.qf=836
transition, which is partially overlapped with thenore in- cm™1.” We therefore have to conclude that the vibrational
tense B3 " (v=2)— X3 " (v=0) band, has been observed assignment of th&®II state found in the literature is not
and analyzed by BakérAt the same time, Mellinger and correct. In order to determine the correct vibrational assign-
Vidal® observed the rotationally resolved spectrum of thement, and to obtain more information about the vibrational

J. Chem. Phys. 107 (20), 22 November 1997 0021-9606/97/107(20)/8303/8/$10.00 © 1997 American Institute of Physics 8303



8304 Berden et al.: Reanalysis of the k%11 state of CO

MSP 640. The pulsed laser radiation around 597 nm is frequency-
— tripled in the combination of a potassium dihydrogen phos-
phate (KDP) and aB-BaB,O, (BBO) crystal. The 199 nm
_r— laser light that is obtaine®.5 mJ in a 150 MHz bandwidth
107 Torr 108 Torr is separated from the fundamental and second harmonic us-
Pulsed | | _— - " MCP ing a number of 45° mirrors for 199 nm laser ligik>98%,
Valve T N Laseroptik GmbH. The favourable spectral brightness of
T T this laser system, as compared to normal pulsed dye lasers,
= | | allows efficient pumping on the®Il—X!3* transition.
Excitation Ionization Preparation of th@®[1(v=1) state at 199 nm has been cho-
region region sen instead of preparation of taélI(v =0) state at 206 nm

. . . for experimental reasons; the ring dye laser operates more
FIG. 1. Schematic overview of the vacuum machine, composed of three

differentially pumped chambers. The pulsed valve releases short pulses stably on 597 an(ItOp of the gain curve of Rhodamine $G
CO diluted in argon. MetastabtTI (v =1) CO molecules are prepared via than at 618 nmmixture of Rhodamine 6G and DOMAI-

pulsed laser excitation around 199 nm of jet-cooled ground state CO molthough not presented in this paper, thd 1 (v :0)<_a3H
ecules and enter the ionization chamber through a skimmer. In this chamber

. X ; (v =0) spectrum has been measured as well.
a compact Wiley—McLaren type time-of-flight mass spectrometer is . . .
mounted, and REMPI spectroscopy is performed on the metastable CO mol- After passing the eXC“a}"O” region, the molecular beam
ecules with a second laser. Downstream from the mass spectrometer tig collimated by a 0.8-mm-diam skimmer located 4 cm away

amount of metastable CO molecules is directly monitored by a MCP detecfrom the nozzle, and enters the differentially pumped REMPI
tor. chamber. In this chamber a small Wiley—McLaren type time-
of-flight (TOF) mass spectrometéris mounted 7.5 cm

and rotational structure of the®IT state, we(re)measured downstream from the excitation region. Thgridless ex-

the rotational spectra of as many vibronic band$?600 and traction electrodes ha_ve a diameter of 17.5 mm and are
13CO as possible. Comparing the results of both isotope§qua”_y spaced at a distance of 6 mm. The grounded_fleld
leads to a unambiguous vibrational labeling: every vibrafree fllght_tube has a length of 10 cm. At the end of the flight
tional quantum number in this introduction, and thereforetube the ions are detected on a micro-sphere HIkt8P)
every vibrational quantum number of thélT state that ap- detectorEl-Mul). Only the upper electrode of the flight tube
peared in the literature up to now, has to be raised by 1. I €duipped with a grid, to shield for electric stray fields

the remaining part of this paper, this new vibrational labelingt@used by the voltages applied to the MSP detector. The
will be used. mass resolution, defined by the ratitdAm in which Am is

the full width at half maximum, of this compact mass spec-
trometer is determined to be 33. lonization from the meta-
stable state in CO is performed between the lower two ex-
Metastablea®I1(v =1) CO molecules are formed by la- traction plates vig1+1)-REMPI with a second laser that is
ser excitation of jet-cooled CO. These metastable moleculeesonant with ro-vibrational transitions in tHeéIl«—aSIl
are ionized via(1+1)-REMPI with a second laser that is band of CO. The laser used for excitation and ionization of
resonant with ro-vibrational transitions in theTl—aSIl metastable CO molecules is a Nd:YAG pumped pulsed dye
(v=1) band of CO. laser system(Spectra Physics GCR-3/PDL-3 combinajion
The vacuum system is composed of three differentiallyrunning on coumarine dyes. The output of this laser is
pumped stainless steel vacuum chamilieee Figure L In  frequency-doubled in a BBO crystal, producing a few mJ of
the first chamber, the source chamber, a pulsed V&l ultraviolet (UV) radiation (220—-250 nm with a bandwidth
Jordan Co.operating on the magnetic repulsion principle is of 0.15 cm 1. A small fraction of the fundamental laser out-
mounted. The valve has a 0.35-mm-diam orifice and deliverput is used for calibrating the frequency by recording the
gas pulses of typically 3Qus duration at a repetition fre- absorption spectrum of }& simultaneously with the
quency of 10 Hz. A mixture of 20% CO'4CO or**C0O) in  REMPI spectrum of CO.
argon at a total backing gas pressure of 2 atm is used for the After passage through the mass spectrometer, the mo-
supersonic expansion. About 2 cm downstream from thdéecular beam enters the third chamber where it impinges
nozzle the jet-cooled ground state CO molecules are excitedpon a 25-mm-diam micro-channel plat®1CP) detector
to theJ=1 rotational level of the metastatdéII(v=1) state  (R.M. Jordan C9.that is used for selective detection of the
by pulsed 199 nm laser radiation. The lifetime of this quan-metastable CO molecules. The signal from the MCP detector
tum level is 3.6 mg? is used to optimize alignment and frequency of the 199 nm
Narrow band laser light is produced with an argon-ionexcitation laser, and is used as a reference for the number of
laser(Spectra Physics 201 pumped cw-ring dye laser sys- metastable molecules present in the molecular beam. All
tem (Spectra Physics 380running on Rhodamine 6G, that chambers are pumped by turbomolecular pumping systems,
produces 300 mW of 597 nm laser ligt & 1 MHz band- yielding background pressures, under operating conditions,
width. The output of the cw laser is amplified in a Nd:YAG of 1.5-10"° Torr in the source chamber, 2208 Torr in
laser(Spectra Physics GCR-pumped pulsed dye amplified the REMPI chamber, and 2.00 ° Torr in the MCP cham-
system(Lambda Physik LPD 3000running on Rhodamine ber.

Il. EXPERIMENT
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' on1 ' the other bands of both’CO and3CO are basically the

2 J=1 2 same. Since all transitions start from a well defined single
e guantum level, the analysis of this spectrum is straightfor-
ward. The selection rules ark()=0,£1, AJ=0,x1, and

+«< —. The two strongest lines, which are saturated, are

AQ =0 transitions ending iW=1 andJ=2. At lower fre-

>

’é 401100 401‘20".'; quency, three intense lines can be assigneti®c=—1 tran-

2 sitions ending inJ=0, 1, and 2. At the blue side of the

E J=091=° 9 spectrum, the intense single line is tA€)=1 transition to
_— the J=2 level. In addition to these six strong features, weak

lines have been observed close to fhe=0 transitions(see

inset of Figure 2 Their appearance depends strongly on the

‘Jt alignment of the preparation laser through the supersonic jet.
N (SR N Wpmtbo b ]

Q=2
J=2

These weak lines can be assigned to transitions arising from
the J=1, Q =1, —parity level in thea®[I(v=1), which is
populated via collisions in the last part of the expangiai

ter excitation into thet parity leve). The splitting observed
FIG. 2. (1+1)-REMPI spectrum of thek®’Il(v=0)—a’ll(v=1, J=1, in the spectrum isalmos} directly theA -doublet splitting in
Q:ii lﬁlﬂfiatz:v_z(c_?- (T)hflspfct;z?ﬁ)iﬁntﬂztzg O?zESi;: “”Ez S;”C‘:ea;”g'ethe kI, spin-multiplet component, as the contribution of
?’lriZSeu Iinses can k;e aséignzd t)(;, in order osf increzssingefre%ugnc; .thg']eA'dOUblet splitting in thEB.3H1 state is only on the order
OP, (1), PQ1x(1), “Ryx1), CQu(1), RRyx(1), and the’Ryy(1) transition.  Of 0.01 cm 1.%° For both thek®I1; andk®I1, spin-multiplet

In the figure, only the quantum numbers in tkdl state are given. The components the\-doublet splitting is expected to be too
transitions to th€) =1 levels are saturated. Weak lines are observed close Small to be resolved

the Q=0 lines, and are shown more clearly in the inset. They can be as- .. ’ AN
signed as transitions to th&=0,1,2 )2=0 levels starting from thel=1, Transitions can be labelled Wlths AJFupper’Flower
Q=1, —parity level in thea®[1(v =1) state, which is populated via remain- X (J,,wer) and the parity of the lower state. For example, the

ing collisions in and after the excitation region. two strongest features in Figure 1 are @.@22(1) and the
RR,,(1) transitions starting from the: parity (f parity) level.
The REMPI signal recorded by the MSP and the, Te The measured transitions are tabulated in Table I. It is noted

absorption signal recorded by a photodiode are fed into gwgt_the main error in the tn_ansi_tion freque_ncy of t_h_e COlines
digital oscilloscope with a 10 bit vertical resoluti¢becroy originates from the determination of the line positions of the
9430. The signals are digitized, summed over typically 25 T, calibration spectra. The’II(v =0)« a°[I(v=1) spec-
laser shots, and then read out by a comp&6PQ via a  trum has also been measured after the preparatiah=¢f,
GPIB interface(National Instruments The signals in preset (=1, + parity level in order to obtain more data for the-0

time gates are averaged and recorded after subtraction of tiséate. The frequency and the assignment of the eight possible
baseline. The energy of the ionization laser and the amouritansitions are given in Table II.

of metastable CO molecules in the beam, the latter moni- Apart from thev =0 vibronic band in the&®II state, the
tored via the MCP detector, are recorded simultaneouslgpectra of thev=1-6 have been measured as welfter
with the ion signal. Both signals are averaged on gategreparation of’Il (v=1, J=1, Q=1, + parity) level]. No
integrator/boxcar averagerfStanford Research Systems lines were found in the region where we expecteduher.
(SRS 250] because of the presence of only two channels oThe structure of the rotational spectra of these vibrations are
the oscilloscope. The averaged outputs of the boxcars argimilar to that of thev =0 spectrum(Figure 2, although for
digitized by a 13 bit digitizeSRS 245% and read into the the v =6 states only the\2=0 transitions could be mea-

computer together with the oscilloscope signals. Thus resyred. The spectral region containing transitions touthé
corded REMPI spectra can be corrected for intensity fluctuastate is shown in Figure 3. Only transitions €b=1 and

tions in the beam of metastable CO molecules and for fluce) =2 could be assigned. In the region where the lines to the
tuations in the energy of the ionization laser. —q component are expected, strong lines are visible origi-
Synchronization of pulsed valve, lasers and oscilloscope ifating from another electronic state. These lines are tabu-
achieved with a delay generatt8RS DG53% lated in Table Ill. These strong lines are narrow and more
intense than th€) =1 transitions of th& state. As the most
IIl. RESULTS intense lines of th&I1+—a’ll already show effects of satu-
Figure 2 shows a typicall+1)-REMPI spectrum of a ration, lines can still be stronger if the ionization efficiency
vibronic band of thek®*IT—a%ll(v=1) system of CO after from the excited state is higher. Therefore, it is very likely
preparation of thel=1, O =1, +parity level in thea®lI  that these extra lines involve transitions to Rydberg states.
(v=1) state. Preparation is performed via #g(1) transi- For 13CO, the rotational spectra of the=0—6 states
tion. The spectrum shown here is that of tklI(v=0) have been measured as well. The structure of each spectrum
—a’®ll(v=1) band of*2CO, but the rotational structure of is again similar to that shown in Figure 2. In contrast to

40110 40130 40150 40170
Energy (cm")
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1) transitions of'?CO. The parity of the lower level is indicated by e/f. The differences between observed and calculatgd

TABLE I. Frequenciedin cm 1) and assignments for the obsenietI(v)—a®II(v

frequencies are also shown.

o
[«

Raa(1)

FRA1)

2QxA1)

ORyA1)

PQi(1)

OP1A1)

0.10

40175.4Q07)

f

40150.007) —0.05

f

-0.15

40144.9907)

f

40119.68)7) 0.08

f

0.03

40114.3708)

f

—0.03

40112.5208)

f

0.15

40119.208)

e

0.04

40114.988)

e

40111.9809 —0.05

e

0.09

40930.26L0) 0.06 f 40955.88100 —0.26 f 40961.12000 —0.02 f 40986.9688)

f

40923.1%510) 0.08 f 40924.9a100 0.07

f

41801.9€007) —0.04

f

41776.8410) 0.06

f

41771.9010) 0.11

f

-0.01

41746.30)7)

f

41741208 0.01

f

41739.3410) —0.03

f

—0.07

41745.8210)

e
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42594440 —0.12 f 42599.4100 —0.06 f 42625.8807) 0.07

f

01

0.

42568.0706)

f

0.04

42562.9810)

f

42561.1807) —0.02

f

43372.30L0) 0.05 f 43398.52100 —0.10 f 43403.42000 —0.05 f 43429.88L0) 0.14

f

0.03

43367.17B30)

f

0.01

43365.4708)

f

44276.1%08)

f

44255.6210)

f

44250.3910)

f

449744800 —0.30

f

44970.3020) 0.17

f

2
‘@
o
£
£ Q=1
E J=1 2
[
=2
\\\ J=2
\ Jl J‘ " “ Ao
L L L L
44210 44230 44250 44270

Energy (cm™)

FIG. 3. (1+1)-REMPI spectrum of the spectral region containing kAEl
(v=5)—a’ll(v=1, J=1, Q=1) band of'>CO. Only the transitions to the
Q=1 and Q=2 substates could be identified. In the region of fbe0
substate, extra transition are observed belonging to another electronic state.
Although we could not identify this state, all transitions should have the
a’ll(v=1, J=1, Q=1, +parity) level as lower state.

12C0, the spectral region of the=5 band of-*CO shows no
additional lines, and all allowed rotational transitions of the
v=>5 were identified. On the other hand, the spectral region
containing they =6 band does contain additional lingabu-
lated in Table Il). Four lines are again very strong and nar-
row. Nevertheless, all rotational transitions o6 band
could be assigned. Only thle=0, (0 =0 could not be identi-
fied since it is overlapped by a strong transition to de2
level of theE'Il (v =1) state. The frequency of all measured
transitions of-3CO are given, together with their assignment,
in Table IV.

IV. ANALYSIS AND DISCUSSION

In order to compare data dfCO, *CO, and data of
12CO from literature and to determine the molecular con-
stants of thek®I1 state of CO, term values for all measured
transitions are calculated with respect to the bottom of the
X3 * ground state potential well. For each transition in
Tables |, Il, and 1V, the term value of the excited level can be
calculated by adding the energy of the preparation step, the
energy of the level in th&!>* state from where the prepa-
ration has been performe@vith respect toJ=0), and the
zero-point energy of thx!s* state.

For the transitions listed in Table |, preparation is per-
formed via excitation on theQ,(1) a’ll(v=1)— X3*
(v=0) transition of*2CO which is at 50 189.20 cnt.® The
zero-point energy(1081.586 cm?) and the energy of the
J=1 level in theX'X " state(3.845 cm!) has been calcu-
lated using the Hamiltonian and molecular constants of Ref.
16. For the transitions originating from tleeparity level, the
term values should be corrected by substracting 394 MHz,
i.e., theA-doubling in thea®II(v=1,J=1, Q=1) state!® In
the same way, the term values of tke-a transitions after
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TABLE Il. Rotational transitions observed in théll(v =0)—a°II (v=1) band of'?CO after preparation of th#=2, Q =1, + parity (e parity) level in the
a®TI(v=1) state. The differences between observed and calculated frequencies are also shown. Frequencies are dive in cm

OP.(2) 40107.8905) 0.04 PQ1A(2) 40113.1705) 0.05 QR;(2) 40119.6910) 0.04
PP,4(2) 40138.4805) -0.16 QQ,x(2) 40143.5405) -0.10 RR,(2) 40151.1605) -0.05
RQsx(2) 40169.0805) 0.11 SR3x(2) 40177.4707) 0.08

preparation via theR,(1) (Table Il), at 50 195.68 cm!,'>  constan®,, the parity dependent spin-spin constart and

have been calculated. Baket al. have reported rotational the centrifugal constanb,. The results are presented in
transitions of theIl (v=1)«—X3*(v=0),” and thek3[T ~ Table V. Also listed are the number of transitions from the

(v=3,4,6—X'3*(v=0) bands(note the different vibra- Present study and from Baket al. (in parenthesisincluded
reported frequencies, term values have been determined Bja isotopic scaling of the rotational constant 6iCO

adding the appropriate ground state energies. (B,/p?), is shown for comparison. The agreement with the

For 13CO, the energies in th&'S * state have been cal- Measured values is rather good. In Tables |, Il, and IV, the
culated with molecular constants obtained via isotopic scalvalue of the difference between observed and calculated fre-
ing using the relation&’ guency is given behind each observed transition.

Some comments have to be made. The observed minus
(1) calculated values of several transitions to ¥l (v=1)
state of'?CO are larger than the observed error. For example
both the®Q,,(1) and the®P,,(2) transitions, with the same

i i i 2
Te=Te, 0e=wep, weXo=weXep®,

BL: Bepz, Die: Dep®, aie: aepgv

where upper level (=1, Q=1), are calculated 0.15 cnt too high.
The same level is calculated 0.21 ¢htoo high in thev =0
p= \/E; 0.977708 (2) of ¥*CO, and 0.26 cm* too high in thev =1 of *CO, while

o' this discrepancy can also be observed for the other vibrations

with » and &' the reduced masses HCO and3CO. The of ’CO although less pronounced. This clearly indicates that
zero-point energy of*CO is thus calculated to be 1057.54g thek state is perturbed. .

cm L. The frequency of theQ,(1) a’Tl(v=1— X'3* While analyzing the data_ of the=3 of *2CO, there ap-
(v=0) transition of $3CO has been determined to be peared to be afrequencylshlft petween our c_Jata and the data
50 156.5077) cm * by recording the excitation spectrum of Baker a_nd Lau_na?l.Th|s shift ha_ls b_een included as a
(measured with the MCP detect@imultaneously with the Parameter in the fit program, resulting in a value of 0324

—1
iodine absorption spectrdfhat the fundamental wavelength €M~ that should be subtracted from the data of Baker and
(597 nm. Launay. This shift has not been observed for the other bands.

The term values of each vibronic state'd€0 and*3CO It should be noted that the observed minus calculated values

have been fitted to the roots of the effectfié Hamiltonian ~ for the transitions reported by Baket al>" are within the
matrix of Fieldet al® to determine the values for the vibra- "€Ported errors for all vibronic bands.

tional energyT,, the rotational constars, , the spin-orbit O”|31’ three parameters could be determined foruthe
band of*?CO, since only three transitions could be assigned.
C? has been kept fixed. Its actual value has only a minor
TABLE Ill. Additional rotational transitions observed in the regionkdiI influence on the other constants. An extra parameter had to
(v)—a®ll(v=1) bands of'*?CO and3CO. The labelv is only given to  be included to obtain a reasonable fit for the5 band of
indicate in which region of th&®Il state the transition is found. All fre- 13CO. There appears to be a shift in one of fhdadders:
que_ncies are in cr‘nlg. This 3Iist is not complete, since or_1|y small spectral either one has to subtract 1(8p cm~ 1 from theQ =0 tran-
regions around thé&°II+—a*II(v=1) bands have been investigated. The it dd 0.99 1o the =1t it b
transitions in*2CO are shown in Figure 3. Two strong and narrow lines of siuons, or a 7'3 ) cm o thell= . ranS| lons, or sub-
13CO can be assigned as transitions to B#I(v=1) Rydberg statdRef.  tract 1.824) cm™* from the () =2 transitions. The value of
10). Although we were not able to assign the other transitions, they all havéhe spin-orbit constari; is therefore an averaged value with

thea’ll(v=1,J=1, ©=1) level as lower state. a large uncertainty. Note that this effect is not observed for
%co the v =5 of 12CO since we could not identify th@ =0 lev-
els.
v extra line v extraline Bco No transitions of thek®II state have been observed in
5 4420524100 6 44 701.85) weak, narrow the region of thev=7. By electron impact spectroscopy,
5  44209.9810) 6 44794.12.0 weak, broad {15 cn't) Mazeauet al! observed thev=4-8 followed by a “pla-
5 442126610 6 44879.3() EiH(v=1, J=1 teau.” Thev =7 andv =8 were broadened, which has been
g jj ;ggéﬁgg 2 ‘L‘L %%%%g)) Esgcfﬁ;%aizz) explained by partial predissociation of these levels. Higher
5 442325810 6 4508015 strong. narrow Igvels are complete‘!y pred@somated, Iead'lng tp a dissocia-
6  45093.15) weak, narrow tion continuum(the “plateau”). These predissociation phe-

nomena were attributed to an avoided crossing ofktié

J. Chem. Phys., Vol. 107, No. 20, 22 November 1997



TABLE IV. Frequenciegin cm™ ) and assignments for the obsendelI (v)«—a®Il(v =1) transitions of*CO. The parity of the lower level is indicated by e/f. The differences between observed and calculategd

frequencies are also shown.
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state with a dissociative state. Apparently, the lifetime of the
v="7 level is already sufficiently shoffsub-ng that it es-
capes efficient detection in the employed REMPI scheme.

Figure 4 is a graphical representation of the molecular
constants. Shown are the rotational constd)ts the spin-
orbit constant®\,, and the differencedAT,, ,=T,+1— T,
as a function of the vibrational quantum numlsefor both
12c0o and®®CO. It is immediately seen that the behavior of
each constant is the same for both isotopomers. Furthermore,
if there were no perturbations, all curves would be a smooth
function ofv. This is certainly not the case. Even the most
regular part, the lowest three vibrations, immediately show
the presence of a perturbation since the vibrational spacing
increases These observations suggest that the strongest per-
turbation is caused by anothdld state. Thee®I1 state might
be a good candidate, as has already been suggested by
Mazeau et al! The c®[I(v=0) of *CO is at 93158.5
cm 1,2 close to thev=2 of the kIl state (at 93 042.4
cm™1), and shows strong perturbations in the rotationally
resolved spectrum?®?! The v =1 of thec®II state has only
been observed by Mazeat al! with electron impact spec-
troscopy, and is at 95 3630) cm 2, close to they =5 of the
K31 state.

In order to be sure about the vibrational labeling, or in
other words that the state labeled=0 here is really the
lowest vibronic state, we have performed a global fit of all
term values ofv =0-3 of 2CO and *CO, using the afore-
mentioned®IT Hamiltonian, the isotopic scaling relations of
Eqg. (1), and the usual vibrational spectroscopic relations.
The vibrational dependence of the spin-orbit constant is, in
analogy with the rotational constant, given By, =A.—
ve(v +1/2). Furthermore, the spin-orbit constant is assumed
to be equal for both isotopomers. The parity dependent spin-
spin paramete€?® is assumed to be independent of the vi-
brational state, and is equal for both isotopomers. The data of
Bakeret al. has not been included in the fit, in order to have
the same set of rotational levels for each vibronic state. The
result is a fit of 69 term values with a standard deviation of
0.35 cm %, which is of course worse than the individual fits
shown in Table V due to perturbations. The molecular con-
stants of thek®I1 state of CO areT,=91 012.22) cm 1,
0e=805.12) cm !, wx,=-2.856) cm !, B,=1.293)
cm 1, A,=29.91) cm!, y,=-0.285) cm !, and C°=
0.277) cm L. The constanty, could not be determined. To
verify the vibrational assignment, suppose now that the vi-
brational labeling should be raised by one. Fitting the same
data set leads then to a standard deviation of 8 %grthus
confirming our present assignment.

V. CONCLUSION

A new vibronic band of th&®I1 state has been observed
for 12CO. This band is at lower frequency than the vibra-
tional origin which is reported in literature’8implying that
the vibrational numbering should be corrected. The new vi-
bronic band has been assigned as ke state. The rota-
tionally resolved spectra ok’II(v=0-6)—a’ll(v=1)
bands have been measured {dia 1)-REMPI of a molecular
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TABLE V. Molecular constants for th®IT(v =0—6) states of°CO and®3CO. All values are in cm®. N is the
number of transitions in the fit. Note thaj is taken with respect to the potential minimum of ¥ * ground

state and includes a zero-point energy of 1081.586cfar *2CO and 1057.548 cnt for °CO.

Molecular constants 0fCO

v T, B, A, c? D, N

0 91 415.6207) 1.28508) 30.0204) 0.294) - 17

1 92 226.6607) 1.28405) 30.4605) 0.296) 4.63.0-10°° 6+(7)

2 93 042.4010) 1.26916) 29.9104) 0.244) - 7

3 93 865.2603) 1.24401) 30.97101) 0.302) 1.01)-10°° 6-+(103

4 94 669.3705) 1.23001) 30.8003) 0.3013) 1.7(2)-10°° 6+(40)

5 95 520.7122) 1.34440) 25.3212) - - 3

6 96 241.0910) 1.16820) 31.2915) 0.254) 2.54)-10°5 2+(16)
Molecular constants offCO

v T, B, A, c? B,/p? N

0 91 406.2210) 1.23120) 29.9505) 0.305) 1.28820) 9

1 92 199.0402) 1.24704) 30.4301) 0.271) 1.30404) 9

2 92 997.4405) 1.22512) 30.2303) 0.273) 1.28112) 9

3 93 801.6804) 1.17007) 30.9702) 0.323) 1.22307) 6

4 94 589.2207) 1.18§15) 30.7606) 0.254) 1.24215) 6

5 95 428.3(40) 1.35410) 23.61.0 0.132) 1.41610 8

6 96 134.5415) 1.10030) 30.7Q04) 0.236) 1.15030) 5

8309

beam of metastablé’CO or 3CO molecules in a single each level. Additional lines, belonging to transitions into an-
quantum state, being the’ll(v =1, J=1, Q=1) state. The
spectrum of they =5 state of*?CO and the spectra dfCO
have been observed for the first time. For each vibronic stateonstants of all bands confirms the vibrational assignment
of 2CO and*3CO, the rotational transitions were assignedand shows that thie’I1 state is strongly perturbed. However,

and the term values were fitted to the effectiié Hamil-

tonian of Fieldet al,*® providing the molecular constants of
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FIG. 4. Graphical representation of the molecular constant¥@® and
13CO as a function of the vibrational quantum numberShown are the
rotational constanB,, , the spin-orbit constar, , and the vibrational spac-

iNg AT,y 1o=Ty11— T,

other electronic state, have been observed neav #% of
2CO and thev =6 of 3CO. Comparison of the molecular

these perturbation seem to be the same for both isotopomers,
suggesting that théstrongest perturbations are caused by
another®II state.

It is known that thekI1 state causes local perturbations,
leading to accidental predissociations, in &I (v=0,1)
states">"1°The majority of perturbations were found at high
J levels (up to 50. Since most of our molecular constants
were derived from)=0, 1, and 2 levelgfor some vibronic
bands of'?CO data from Bakeet al. was includegl no pre-
cise information could be obtained for these local perturba-
tions. However, in the present study detailed information has
been obtained about the exact position of kR&l vibronic
states in the 90 000—100 000 Tk energy range, where
many other electronic states have been observed.
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