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Abstract

The Angstrom band system (B' = — A'IT), so far unobserved in the rare '2C'70
isotopologue, was obtained under high resolution as an emission spectrum using high accuracy
dispersive optical spectroscopy. In total, 200 transition wave numbers belonging to the 0—1 and
0-2 bands were precisely measured and rotationally analysed. The obtained result was the
merged rotational constants By = 1.898 8823(41) cm™! and Dy = 6.4283(26) x 1076 cm™!
for the B! = Rydberg state as well as the individual rotational constants

By = 1.54088(12) cm™!, D; = 6.950(87) x 10~% cm™!, B, = 1.519292(69) cm~!,

D, =8.22(16) x 107® cm™! for the A'IT state in the '2C'7O isotopologue. The o(_,» band
origins were also calculated. Numerous rotational perturbations observed in the A'IT state in
this molecule have been identified. The observed perturbations were confronted with those

predicted from theoretical calculations.

1. Introduction

There is considerable experimental and theoretical interest in
the spectra of the CO molecule, because carbon monoxide
is, after H,, the most abundant molecule in the universe.
Owing to this fact, it gives a detectable signal from interstellar
space for even rarer natural isotopomers. For instance, its
occurrence has been documented [1-18] in the atmospheres
of planets and stars, in comet tails, interstellar space, etc.
Detection and quantification of the different stable isotopomers
of CO in the interstellar medium are of particular interest
for modelling interstellar clouds and stellar evolution [19].
The solar-spectrum, obtained under high resolution with the
ATMOS infrared Fourier transform interferometer, has shown
the presence of all natural isotopes of CO [20]. For this reason,
it appears to be a very urgent and justified task to carry out
a comprehensive high-resolution spectroscopic study paying
particular attention to the set of accurate rotational molecular
constants and band origins for all electronic excited states
of all isotopes of carbon monoxide. Apart from this, the
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CO molecule has continued to be of interest to several areas
of science, including environmental investigations, chemical
physics, the technology of new materials based on connecting
metals with carbon monoxide (e.g. metal carbonyls), medicine
etc.

The comprehensive experimental study of the B! = state
in the '2C'®0 molecule has already been provided in various
transitions using diverse spectroscopic (both laser as well as
conventional) methods [21-45]. Much less information about
this state is available for other isotopologues [25, 43, 4649,
51, 52].

The B' £+ —A'IT system of carbon monoxide has been the
subject of numerous studies since its discovery by Angstrom
[53] in the '2C'®O ordinary molecule [54-57] as well as in
other isotopologues: '2C'80 [59, 48]; 13C!60 [58-61]; 13C!80
[46, 62, 63]; '*C'°O [47, 64] and "“C'80O [49]. Recently
Hakalla er al [65] have obtained, under high resolution, the
Angstrom band system in the rarest of the stable CO isopomers,
namely in 3C!7O. However, the B' £+ —A'TI system has never
been observed in the very rare '>C!” O isotopologue. Moreover,
in this isotopic molecule, the B' X+ Rydberg state has never
been observed nor analysed within any transitions.

© 2012 IOP Publishing Ltd  Printed in the UK & the USA
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Table 1. Summary of the observations and analyses of the Angstrém
(B'2* — A'TI) system in the rare '>C'7O isotopologue.

Band Number Number of lines Band head Jyx o¢ x 103
of lines  used in the fits (em™) (cm™")

0-1 102 89 20692.816 34 1.16

0-2 98 90 19265.069 33 1.08

Table 2. Observed wavenumbers and rotational assignments of the
0—1 band lines of the Angstrém system in the rare '?C'70
isotopologue (in cm™!). Values in parentheses denote observed
minus calculated values in units of the last quoted digit. Asterisks
denote the less accurate lines and not used in the evaluation of
molecular constants.

¢ Standard deviation of the individual band analysis fit.

Besides, the investigations of the isotopomers of carbon
monoxide make it possible to obtain additional information
about one of the most abundant natural molecules and to
verify its data. At the same time, they enlarge the spectroscopic
information about the spectrum and energetic structure of the
CO molecule as a whole.

In this paper we present details of the experimental
investigations and rotational analysis of the B'Y* — A'Il
band system obtained for the first time in the rare '>C!’0O
isotopologue.

2. Experimental details

The experimental details are almost the same as described
in our previous paper [65], so some parts of this work have
been included with the consent of Elsevier Limited (License
agreement number 2920140428884).

So far unobserved in the very rare '2C'7O isotopologue,
the 0 — v” progression of the Angstrom band system has been
registered as a high resolution emission spectra using a high
accuracy dispersive optical spectroscopy. The 0-1 and 0-2
bands belonging to the B'S* — A'II transition of '>C!’0Q
molecule were observed in the 19250-21300 cm~! spectral
region.

The typical standard deviation of the least-squares fit
for the 3040 thorium atomic calibration lines [66] derived
from a water-cooled, hollow-cathode tube was approximately
0.0011-0.0015 cm™".

The water-cooled, hollow-cathode lamp with two anodes
[67] was used to obtain the molecular spectra of the '2C!70.
It was initially filled with a mixture of helium and acetylene
C,D,. The electric current was passed through the mixture
for about 80 hours. After a small quantity of '>C carbon
became deposited on the electrodes, the lamp was evacuated
and oxygen containing 60% of the isotope 7O, was admitted.
The CO lines appeared with a maximum signal-to-noise ratio
of about 130 : 1 and approximately 150 : 1 for the 0—1 and
0-2 band, respectively. Consequently, the wavenumbers for the
strong and isolated lines were determined with an accuracy
better than +0.0013 cm~', excluding lines marked by an
asterisk (in tables 2 and 3).

The statistical information for the analysed bands is shown
in table 1 and their wavenumbers are provided in tables 2 and
3. The parts of their high quality spectrum in the range of their
band heads are shown in figures 1 and 2.

The clear diagram of the experimental setup and its
detailed description is featured in the work of Hakalla et al
[65]. This measurement system has been assembled and
calibrated in our laboratory for the last couple of years. Apart

J  Pie.(J) Ot1er(J) Ritee(J)
1 20697.6053 =% 20701.6649 (0) 20708.9984 =«
2 20695.2896 (—=3) 207029613 (0) 20714.2781 (3)
3 20693.6913 (6) 20705.1211 (0) 20720.2722 (-5)
4 20692.8162 (=7) 20708.0274 (0) 20726.9926 (8)
5 20692.6559 (—3) 20711.6399 (0) 20734.4229 (2)
6 20693.2307 (=2) 20716.0135 (0) 20742.5875 (1)
7 20694.5088 (—8) 20721.0857 (0) 207514547 (8)
8 20696.5025 (0) 20 726.8894 (0) 20761.0386 =
9 20699.2158 (0) 20733.3813 (0) 20771.3339 =
10 20702.6428 20 740.6006 (0) 20 782.3403 (0)
11 20706.7934 (0) 20 748.5336 (0) 20794.0671 =
12 20711.6399 20 757.1827 (0) 20 806.4973 (0)
13 20717.2272 (0) 20766.5472 (0) 20 819.6432 =«

14 20723.5184 (0)
15 20730.5279 (=3)
16 20738.2567 (1)
17 20746.7119 =«

18 20755.9022 =

19 20765.8613 (0)

20 776.5989 (0)
20 787.4239 (0)
20798.9321 (0)
20811.2426 (0)
20 824.6940 (0)

20 833.5009

20 848.0669 (4)

20 863.3508 (—1)

20 879.3680 (0)

20 896.1068 (0)
sk

20 837.2964 (0) 20 913.6004

20 20776.7432 (14)  20851.8561 (0) 20932.0047 (—13)
21 20785.8095 (—=3) 20866.9982 (0) 20948.6016 (2)

22 20799.1280 (16) 20 882.8527 (0) 20969.4373 (—16)
23 20812.0475 = 20 899.5075 (0) 20 989.8873 (0)

24 20825.6183 (-9) 20914.8602 (0) 21010.9531 (10)
25 20839.8962 (—10) 20934.3100 (0) 21032.7302 (10)
26 20853.6951 (—2) 20953.5328 (0) 21054.0187 (2)

27 20870.0221 (4) 20972.0576 (0) 21077.8276 (—4)
28 20886.5358 (—13) 20992.3447 (0) 21101.8192 (13)
29 20903.6564 (7) 21013.2355 (0) 21126.4014 (-38)
30 209215063 (10)  21034.8087 (0) 21151.7074 (—11)
31 20940.0364 (—=9) 21057.1204 (0) 21177.6885 (8)
32 20959.2941 (4) 21 080.1836 (0) 21204.3811 (=5)
33 20979.3134 (6) 21104.0129 (0) 21231.8276 (—6)

34 21000.0321 (—=8) 21128.8367 (0) 21259.9662 (7)

from examining the carbon monoxide molecule [61, 65], it has
also been used to analyse a very little known AIH [68—70] and
AIH™ ionic [71] as well as CD radical [72] molecules.

3. Analysis and results

The obtained molecular constants for the B'=+ (v’ = 0) and
A'TI(v” = 1, 2) levels in the rare '2C'7O isotopologue will be
presented and discussed in this section.

3.1. Identification of the spectra

The vibrational-rotational identification of the recorded
B'X+ — A'TI transition in the '>C'7O molecule was initiated
by determining the upper and lower vibrational levels, a
preliminary quantum of J-numbering of the lines belonging
to the 0—1 and 0-2 bands of the system under consideration, as
well as by assembling all the lines into P, Q, and R branches. It
was executed on the basis of the results obtained by Kepa ef al
[57] for the ordinary molecule and by means of recalculations
for the '>C!70O molecule by means of a standard Dunham’s
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Figure 1. Band-head region of the B! =+ — A'IT emission spectrum of
0—1 band of the Angstrém system in the '2C'°0 molecule is shown on

the rare '2C'70O isotopologue for the 0—1 band. Part of the less intense
the left (its band head is marked with an asterisk). The dotted lines

indicate the tips of the relatively very strong calibration lines as well as the strongest overlapped molecular line at 20711cm~! (which
consists of the lines P(12) and Q(5) from 2C'70 as well as Q(8) from '2C'°0).
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Figure 2. Band-head region of the B' = — A'TI emission spectrum of the rare '>C'7O isotopologue for the 0-2 band. Part of the less intense

0-2 band of the Angstrém system in the '>C'°0 molecule is shown on
indicate the tips of the relatively very strong calibration lines.

isotopic relationship. The appropriate formulas were given by
Dunham [73] and Brown et al [74].

The gas used in the hollow-cathode lamp included
about 40% of the '°0, isotope apart from the 'O, isotope
of molecular oxygen. Hence, the recorded spectrum of
the molecule under consideration also included the weaker
spectrum of the B' =+ — AT system of the '>C'®0O molecule
in the studied region. The identification of these undesirable
spectroscopic lines, aiming to marginalize them in the further
identification process of the spectrum under consideration,

the left (its band head is marked with an asterisk). The dotted lines

has been carried out on the basis of the data obtained by
LeFloch and Amiot [56]. The regions of the band heads coming
from the '>C'®0 molecule have been appropriately marked and
described in figures 1 and 2.

3.2. Perturbations of the A'1 state

The A'TI state in the '>C'®0 molecule has been analysed
several times [21, 30, 39, 41, 54-57, 75-97]. In the region of
66000 cm !, in addition to the A'IT state, six other electronic
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Table 3. Observed wavenumbers and rotational assignments of the
0-2 band lines of the Angstrém system in the rare '?C'70
isotopologue (in cm™!). Values in parentheses denote observed
minus calculated values in units of the last quoted digit. Asterisks
denote the less accurate lines and not used in the evaluation of
molecular constants.

J P (J) Ot1er(J) Ritee(J)

1 19269.6331 =x* 19 273.4155 (0) 19281.0261 (0)

2 19267.3634 x 19274.9369 (0) 19286.3512 (0)

3 19265.8212 * 19277.2192 (0) 19292.4037 (0)

4 19265.0686 =* 19 280.2664 (0) 19299.2424 (0)

5 19265.0686 x* 19 284.0692 (0) 19306.8346 (0)

6 19265.8212 x* 19 288.6542 (0) 19315.1771 (0)

7 192673634 19294.1079 (0) 193243094 (0)

8 19269.6331 =x* 19299.8689 (0) 19334.1628 (0)

9 19272.6915 (5)  19306.7799 (0) 19344.8035 (—6)
10 19276.4953 (4) 19 314.4066 (0) 19356.1878 (=3)
11 19281.0702 (1) 193227674 (0) 19368.3400 (—1)

12 192864052 (0)
13 19292.5120 (=7)
14 192993731 (0)
15 19306.9975 (0)
16 193154023 (1)
17 19324.5472 (=2)
18 19334.4939 (-3)

19 331.8919 (0)
19341.7796 (0)
19352.4275 (0)
19363.8382  (0)
19 376.0083  (0)
19 388.9564 (0)
19 402.6632  (0)

19 381.2486 (1)
19394.9261 (7)
19 409.3510  (0)
19424.5363 (1)
19 440.4968
19457.1933 (3)
19 474.6856  (3)

19 193452148 (2)  19417.1371 (0) 194929452 (-3)
20 193567067 (9) 194323824 (0) 19511.9697 (—8)
21 19369.0011 (7)  19448.4002 (0) 19531.7917 (—8)
22 19382.0996 (—21) 19465.1692 (0) 195524167 (21)
23 19396.0894 (—6) 19482.7850 (0) 195739173 (5)
24 194113115 (=4) 19501.1822 (0) 19596.6457 (4)
25 194287392 (14) 195204231 (0) 19621.5689 (—14)
26 19440.0386 (—2) 19540.6328 (0) 196403627 (2)
27 194574971 (6) 195622160 (0) 19665.3024 (=7)
28 194753789 (—4) 19586.4838 (0) 19690.6608 (3)
29 19494.0035 (5)  19600.0131 (0) 19716.7495 (—5)
30 19513.4854 (—4) 19624.0077 (0) 19743.6898 (4)
31 19533.5327 (11) 19647.8855 (0) 19771.1812 (—12)
32 19547.8958 (—11) 19672.2991 (0) 19792.9863 (11)

33 19573.0659 (0) 19 697.5183 (0)

states are located, namely: I'S—, D'A, &3, a?T, &°11,,
and d>A,. Therefore there are perturbations of the rotational
structure observed in each vibrational level of the A state. The
systematic classification of these perturbations in the '2C'°0
was carried out by Krupenie [75] and completed by Simmons
et al [76]. The deperturbation calculation on the basis of the
data obtained up to 1971 was performed by Field [78] and
Field et al [79]. Le Floch et al [82] conducted an extensive
study of the A'TI (v = 0) state perturbation. Le Floch [85]
performed perturbation calculations for the A'TT (v = 0-4)
state. Finally, Le Floch [87] collected the exact term values for
A'TI (v = 0-8) state of '2C'°0. Much less information about
the A' T state is available for other isotopologues [46-52, 58—
65, 77, 96, 98—108].

The A'TT electronic state in the rare '>C'7O isotopologue
is hardly known. The only laboratory research was conducted
by Steinmann et al [105] and Plessis et al [107], where 34
lines of the A'TI(v' = 0-5)-X'Z+(v” = 0) system were
recorded altogether in the vacuum ultraviolet region. In the
work of Plessis ef al [107], only the values of the few first
rotational terms (J' = 1-4) of a few lowest vibrational levels
(v = 0-5) of the A'TI state were calculated with weaker
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Figure 3. The values of rovibronic terms of the perturbed A'T1

(v =1 and 2) levels together with perturbing I' =~ (v = 1 — 4),
D'A(v=1-3),S (v =2—-4),a*=+ (v = 10-12),

d*A;(v =5—7),and @’T1,(v = 11 — 13) levels in the rare >C!70
isotopologue versus J(J + 1). Circles show the regions for which
the strongest perturbations are expected.

perturbations, impossible to detect due to too big experimental
errors amounting to £0.79 cm~!. Hence, there is currently no
experimental information concerning the perturbations for the
A state in the rare '>C'7O isotopologue.

This work presents the results of the first observations and
the identifications of perturbations in the A'TI (v = 1 and 2)
levels of the natural and rare '>C!’0O isotopologue.

To begin with, the positions of the predicted perturbations
were estimated on the basis of the rovibronic term crossing the
diagram of the perturbing I' 2~ (v = 1-4), D'A(v = 1-3),
EX (v =2-4),d’c(v = 10-12), A’ (v = 11-13),
and d*A;(v = 5-7) states, together with the perturbed
A'TI(v = 1-2) state. The results are highlighted in figure 3.
The points of intersection of these plots correspond to the
regions for which the strongest perturbations are expected.
The respective calculations were performed by making use of
the rovibronic structure constants for the A'TT in the range of
v = 1-2 and J = 1-40 levels for the A, I, e, a’, a and d states
calculated by Field [78], and by means of the constants for the
D state, calculated by Kittrell and Garetz [109] for the '2C'°0O
molecule and recalculated for the '>C!”O molecule by means
of standard isotope relations.

Next, the places of occurrence of the observed
perturbations were determined following the course of
functions f,(J) and g,(J) (where x = Q and PR), as
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Figure 4. The f,(J) functions of Kovacs [111], where x = Q or PR,
for the 0—1 band of the B' =+ — A'II system in the '>?C'’O
isotopologue.

introduced by Gerd [110] and Kovéacs [111]. In the case of
this experiment, there is a negligible difference between the
centrifugal distortion constants D’ and D", so f,(J) and g,(J)
can be displayed simply as functions of J. The selected charts
for the Angstrém system in the '2C'7O isotopologue are shown
in figures 4 and 6 as well as in figures 5 and 7 for the 0—1 and
0-2 bands, respectively. The deviations from the regularity
of these functions indicated the appearance of some specific
perturbation interactions and enabled the localization of the
observed perturbation. The identifications of the perturbing
states were made by the analyses of correlations between
these residuals in the mentioned functions and the results
of the calculations for the rovibronic term crossing diagram,
presented in figure 3.

The perturbation occurrence in the rotational structure
of the observed bands for both e- and f-parity levels can
also be directly exhibited by a plot of the deviations of
the observed (perturbed) T (v, J)ops term values from those
of the calculated (un-perturbed) 7' (v, J)cquc Ones, versus the
rotational quantum number J. Such plots for the A'TT (v = 1
and 2) levels of the rare '>C!'70 molecule are highlighted in
figure 8. The methods used to obtain both of these kinds of
rotational term values were given in subsection 3.3. As one can
see, strong discontinuities occur at different J values for each
vibrational A'TI level, more or less. These are characteristics
of the observed irregularities. The comparison of the observed
perturbations with the predicted ones for both A-doubling
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Figure 5. The f,(J) functions of Kovacs [111], where x = Q or PR,
for the 0-2 band of the B' =+ — ATl system in the '2C'7O
isotopologue.

components of the A'IT state in the '>C!'”O molecule can be
found in table 4. There is a noticeable correspondence between
figure 8 and table 4.

When analysing the 0—1 and 0-2 bands of the Angstrom
system (B! £+ —A'IT) in the '>C'7O isotopologue with respect
to perturbations, we stated that the v’ = 0 vibrational level of
the B'S ™ state in the molecule under consideration is quite
regular up to the observed Jy,,x rotational level.

3.3. Molecular parameters

Due to the fact that the A'TI(v” = 1 and 2) levels are widely
and intensively perturbed, whereas the v' = 0 level of the
B'Y* state is regular, further calculations were performed in
stages and by means of several methods.

In the first stage the reduction of all calculated
wavenumbers to rovibronic parameters was conducted within
the framework of an individual band-by-band analysis, using
the linear least-squares method proposed by Curl and Dane
[112] and Watson [113]. This procedure makes it possible to
separate molecular information about the B' £+ (v’ = 0) upper
state from that concerning the A'TT (v = 1, 2) lower state
of the Angstrom system. In the method under consideration,
the B' X+ state is represented by the effective Hamiltonian
of Brown et al [114] (the widely known theoretical model,
shown and described in our latest work [65]). The application
of the method described above enabled us to obtain individual
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Table 4. Observed and calculated perturbations of the A'IT state of the rare '2C'7O isotopologue. Asterisks indicate the regions unverified by
the experiment.

Level crossing (J) Perturbing state

A'TI(v)  f-parity e-parity Triplet Vibrational

Observed Calculated Observed Calculated component level

1 <1 <1 <1 <1 F(@3)
<1 <1 <1 <1 F(2) dAi(v=5)
<1 <1 <1 <1 F(1)
18-19 18 F(1)
20-21 21 F(Q2) a*s* (v =10)
23-24 24 F(3)
26-27 26 26 26 D'A(w=1)
* 35 I's~(v=2)
* 40-41 F(1)
* 43-44 F(2) X (v=23)
* 4647 F(3)
2 7-8 7 I'S~(v=3)
25-26 25 F(1)
28-29 28 F(Q2) er - (v=4)
30-31 31 FQ(3)
33—x% 33-34 32-33 33-34 F(3)
* 37-38 * 37-38 F(Q2) A =T
* 41-42 * 41-42 F(1)
* 38-39 F(1)
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Figure 8. The plot of deviations [T (v, J)obs — T (v, J)calc] Of the
A'TI (v = 1 and 2) rovibrational levels versus J in the rare 2C!70
isotopologue. The small graph presents the region where there is a
relatively weaker perturbation.

Table 5. Individual and merged rotational constants of the B! = *
Rydberg state in the rare '>C'7O isotopologue (in cm™").
Uncertainties in parentheses represent one standard deviation in
units of the last quoted digit.

Individual constant Merged

for 0-1 band for 0-2 band constant
By 1.898 877(12)  1.898 8840(93) 1.898 8823(41)
Dy x 10°  6.4262(70) 6.4283(65) 6.4283(26)

molecular constants for the B+ (v = 0) level as well as the
real (perturbed) T (v, J)ops term values for the v/ = 1, 2 levels
of the A'TT state in the rare '>C'70 isotopologue.

The calculations of the final molecular parameters for
the studied (v = 0) level of the B'XT* state in '*C!70O
isotopologue were conducted at the second stage by the least-
squares merge fit, proposed by Albritton et a/ [115] and Coxon
[116]. All individual molecular constants of the B! & obtained
in this work have been applied. The estimated variances of the
merging and the number of degrees of freedom were 07 =
0.32 and fj; = 2, respectively; the results are shown in table 5.

At the third stage of the molecular parameter calculations
the individual effective rotational constants for the lower A'TT
(v” = 1 and 2) state, as well as the band origins for the 0—1 and

Table 6. Rotational constants of the A' T state in the rare '>C!’O
isotopologue (in cm™"). Uncertainties in parentheses represent one
standard deviation in units of the last quoted digit.

Individual effective constant v = 1 level v = 2 level
B, 1.540 88(12)  1.519 292(69)
D, x 10° 6.950(87) 8.22(16)

Table 7. Band origins of the Angstrém system in the rare '2C'70
isotopologue (in cm™'). Uncertainties in parentheses represent one
standard deviation in units of the last quoted digit.

Band 0-1 0-2

Band origin 20 699.839(29) 19 271.1469(64)

0-2 bands of the B'X+ — A'II transition in the rare '>C'70
isotopologue, were obtained. In this case, both states under
consideration were represented by the effective Hamiltonian
of Brown er al [114]. As for the AT state, this model was
simplified to the version in which additional perturbing matrix
elements were disregarded. Only the unperturbed lines as well
as the well-determined values of the final molecular constants
of the B' =% (v = 0) upper state were considered in the least-
squares fit. The results are highlighted in tables 6 and 7. In
the frame of the body of this fit, the calculated (un-perturbed)
T (v, J)calc rotational term values for the v/ = 1 and v/ = 2
levels of the A'TI state were derived and used to plot the
differences between the observed and calculated rovibrational
term values (figure 8).

4. Discussion and conclusions

This paper presents the first observation and analysis of
the Angstrom (B'X* — A'IT) system in the rare '2C'70
isotopologue by means of high resolution spectroscopic
methods. The molecular information regarding the high lying
B'T* Rydberg state was obtained for the first time in the
12C170, which considerably extends our knowledge about
Rydberg states in the carbon monoxide molecule.

The above analyses have indicated that the v/ = 0
vibrational level of the B'S* state in the molecule under
consideration is quite regular up to the observed Jy,, rotational
level. By contrast, the v” = 1 and 2 vibrational levels of the
A'TI state are extensively multi-state perturbed in the 2C!70,
as in other isotopomers of the CO molecule, which has been
indicated in subsection 3.2. A careful investigation of the
Kovécs functions (figures 4-7) and the plot of the deviations
of the T (v, J)obs — T (v, J)calc term values (figure 8) allowed
us to confirm the occurrence of the greater part of the predicted
rotational perturbations in the A'TT (v = 1 and 2) state. The
respective J values in table 4 show (with one exception detailed
below) the greater consistency of the observed perturbations
and the expected ones.

By means of the experiment (reflected in figures 4, 6 and
8) and according to our theoretical calculations presented in
figure 3, it was found that the A'TTI(v = 1) level is strongly
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and multi-state affected by the d*A;(v = 5), a* =+ (v = 10),
D'A(w = 1), 'S (v = 2), and €T~ (v = 3) vibrational
levels. The interaction originating from the d*>A;(v = 5)
state, with level crossings occurring at J < 1 (for both
e- and f-parity levels), causes the term shifts at about
0.5 cm~!, which with certainty, substantially influenced both
the value and the relatively lower precision of the calculation
of the o4 = 20699.839(29) band origin in the *C'70
isotopologue. Moreover, the a*X* (v = 10) together with
D'A(v = 1) states caused the simultaneous interaction at
J = 24-26 of the f-parity levels, which causes the anomalous
deviations of the term shifts, shown in figure 8. The largest
magnitude of the term shifts occurs at J = 21 for the e-parity
levels, as well as at J = 24 for the f-parity levels; it equals on
average approximately 1.5-2 cm™! as a result of the interaction
of the a® =+ (v = 10) as well as the D' A(v = 1) along with
the a® =¥ (v = 10) perturbing levels, respectively. All of the
observed perturbations in the A'TT(v = 1) state in the '>C!7O
are in accordance with the theoretical predictions. The results
are collected in table 4.

‘We have also shown experimentally (reflected in figures 5,
7 and 8) and theoretically (see figure 3) that the A'll(v = 2)
level in the '>C!”0 isotopologue also has a strong interaction
with the I'S~(v = 3), X" (v = 4), &*A;(v = 7), and
a?*3t (v = 12) vibrational levels. The S~ (v = 4) state,
together with the d*>A; (v = 7) state, caused the simultaneous
perturbations at J = 32-33 for the f-parity levels, which
causes a non-characteristic rovibrational term shift, shown
in figure 8. This multi-state interaction caused the largest
magnitude (about 7 cm~!) of the term shifts observed, exactly
at J = 32 for the e-parity levels. All of the observed
perturbations in the A'TT (v = 2) state in the '>C'”O molecule
are in accordance with the theoretical predictions in the frame
of this work, except the multi-state crossing level at J/ = 32-33
for the e-parity level. All results are collected in table 4.

In conclusion, we believe that the first observations and
rotational analysis of the Angstrom (B'Y+ — A'II) band
system in the rare '>C'7O isotopologue significantly extend
and improve the spectroscopic and quantum-mechanical
information about the energetic structure of the CO molecule
as a whole.
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