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Laser Spectroscopy of CaBr: A2 [I-X2Z+ and B23*-X23+ Systems
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Laser excitation spectra have been recorded for Ca?®Br and Ca®'Br in the spectral region
600-630 nm. The use of a 1-m monochromator as a narrow band pass filter (1-2 cm™?) has
allowed rotational analysis of the 0-0, 1-1, and 2-2 bands of the B2Z+-X 23+ transition and
the 0-0 and 1-1 bands of the A2[1-X %% transition. A few additional lines of the 0-1, 1-2,
1-0, and 2-1 bands of the B—X system were used to obtain band origins for vibrational
analysis. The main constants for Ca™Br are (in cm™Y);

X235+ Al Bes*

T, 0 15 958.41 (10) 16 383.137 (6)
we 285.732 (9) 288.56 (20) 285.747 (9)
wex, 0.840 (4) — 0.954 (4)
B, 0.094466141 (30) 0.0957343 (20) 0.0965151 (20)
a, 0.000403551 (40) 0.0004327 (20) 0.0004483 (15)
Y. (spin-rot.) 0.00301484 (50) — 0.068767 (79)
pe — —0.066834 (64) —

A, — 59.175 (1) _

(All uncertainties are lo.)
The usual isotope relations between the constants for Ca’™Br and Ca®Br are satisfied to
within 3o. The A and B states form a unique perturber pair with [, = 1.24.

I. INTRODUCTION

The first CaBr spectra were observed by Walters and Barratt in 1928 (/). The
vibrational assignments appearing in Rosen’s tables (2) were made by Harrington
(3) in 1942. The potential curves of the X, A, and B states are very similar, causing
the spectra to be extremely congested and overlapped. In addition, there are two
isotopes of bromine ("*Br, 50.5%; ®'Br, 49.5%) of approximately equal abundance.
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Consequently, no rotational analysis of the A?[1-X?3* and B*%* -X *%" transitions
has been previously performed. The use here of a tunable single-mode, cw dye
laser, coupled with selective, narrow bandpass fluorescence detection, has allowed
us to assign more than 2000 lines belonging to these two transitions. The A-X
and B-X transitions were simultaneously fit using a ‘‘direct’”’ approach (4). In
addition, some X -state microwave transitions, provided by Moller and Toérring (5),

were included in the final fits.

II. EXPERIMENTAL DETAILS

A preliminary study of the A—X and B-X systems was performed in Lille. The
CaBr radical was generated from CaBr, solid, in a King furnace at 1500-2000 K.
Fluorescence was excited using a broadband (1 cm™'} CR 590 rhodamine 6G dye
laser. Rotational assignments were made using laser-induced fluorescence spectra
recorded with a Jobin—Yvon THR 1500 spectrometer and calibrated against tho-
rium lines. This technique has rather limited resolution, ~0.05 cm™!, but the lines
recorded and assigned in this way served as a guide for our Doppler-limited laser
excitation experiments at MIT.

The excitation spectra were recorded using a Coherent model CR 599-21 dye
laser pumped with 4 W from the 5145-A line of . Coherent CR 10 Ar* laser. We
obtained single-mode powers (<1-MHz bandwidth) of about 30 mW at 6290 A
and 150 mW at 6000 A using rhodamine 6G dye. Ten percent of the dye laser output
power was divided among an I, cell, a 300-MHz semiconfocal Fabry-Perot, and a
1.5-GHz spectrum analyzer. The I, fluorescence and Fabry —Perot peaks were re-
corded as calibration at the same time as CaBr excitation spectra. The I, lines were
assigned using the I, atlas of Gerstenkorn and Luc (6). The absolute accuracy
of the lines is £0.003 cm™!, except for blended lines. The line positions and band
origins given in this paper have not been corrected by subtraction of 0.0056 cm ™ as
suggested by Gerstenkorn and Luc (7).

The CaBr molecule was made in a Broida-type flow system (&) by the reaction of
Ca metal with CH;Br. The pressure was typically 0.5 Torr of argon carrier gas
(with less than 1% CH;Br).

The total laser-induced fluorescence was monitored, through a Corning color
glass filter (chosen to eliminate scattered laser light), by a Hamamatsu R212 photo-
multiplier. A typical excitation spectrum of one of the most uncluttered regions of
the B23*-X 23+ system is shown as the lower trace of Fig. 1. Even with Doppler-
limited resolution there is no clear pattern in this badly overlapped spectrum.

Intermodulated fluorescence spectra (9, 10) were recorded in order to increase
the resolution. This technique is not very useful in this case because, although the
lines were better resolved, the pattern of overlapped sequence bands and branches
was no clearer. The one exception was in the P, branch of the 0-1 band of the
B?3*—X23* transition of Ca”™Br. The low-N and the returning high-N lines near the
P, head were clearly resolved using intermodulated fluorescence. Hyperfine struc-
ture was observed and is the subject of a separate paper (//).

The problem in the CaBr A -X and B-X systems is that branches from two iso-
topes and many sequence bands occur in the same spectral region. However,
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FiG. 1. CaBr B®3*-X 22" laser excitation spectrum. This figure illustrates the complexity of the B-X
system. One feature, near-overlap of R, lines of the 0-0 and 1-1 bands differing by only 1J unit,
would make rotational assignment of a nonlaser spectrum a formidable task. Trace 2 shows the
spectrum obtained when total fluorescence is detected. Trace 1 shows the simplification into groups of
four lines [0-0 R,(J) and 1-1 R(J + 1) for both Br isotopes] that occurs when narrow bandpass
fluorescence detection is employed.

laser fluorescence
P
s CET
. R, 0.
Ry t0-0 100 P, (0.0) L0
2.2
b
pAv My
)
(Q,,ef+ Ree) L12s
R, (Q|fe*°R12ff) 11 09 opuff L 100
0.0 0.0 SN
= —— ~ S L 7s
1.1 il Ty ~
~ \N: < .30
TS | 25
~ -
L] L] o
6270 6280 AA)
——

Fi1G. 2. CaBr A1-X?3* laser-induced fluorescence spectrum. A Fortrat diagram illustrates the
structure of the 0-0 (solid lines) and 1-1 (dotted lines) bands of the A -X system. A 1-cm™* bandwidth
laser is tuned to the region of the Q,; and P, heads of the 1-1 band. The resulting spectrum, shown
at the top of the figure, includes a complex pattern of lines, the sources of which are indicated by the
heavy portions of the Fortrat parabolas directly under the laser line. Each excitation line is accompanied
by a fluorescence line [shifted by approximately +B"(4N + 2)] originating from a common upper
level. These lines appear above the heavy portions of the Fortrat parabolas for the conjugate branches.
Note that the fluorescence is organized into distinct regions, each associated with a different excitation
branch and band combination. This is the basis for success of the selective fluorescence detection
laser excitation method.
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TABLE I: Measured Line Positions for Ca’™Br (in cm™!, * denotes blended line)

TABLE IA. A[1,,-X?S* System

vy 0 -0 1 -1
s Frage Cire Rizgr B R W Praee Y Upe 2 Rpoee i Flos ¥
0.5 15 925.091* 4
15 925.091* 9 25.152* -2
25,152* 5 25.219% -4
25.220* 6 25.207 -9
25.287* 5 25.369% -1
15 923,229 3 25.357% 4 25.446" ©
22,929 6 25.426* 1 25.525% 1
- 25.501% -1 25.611* 6
22.326* 3 25.579* -1 25.691* 3
22.027* o 25.658% -2 25.7175% 2
10.5 21.736% 2 25.737* -5 25.866* 5 15 928.708 -4
1.5 21.446 4 25.819* -7 - 29.050 -4
21,152 © - - 29.392 -8 15 922,359 % 7
20.865 -1 - - 29.747 7 23.272* 8
20.581 1 - 26.227 -6 30.097 1 22.983 * 3
- 26.177* -9 26.325* -6 30.448 1 -
- 26.276* -6 26.426" -7 - 22.417% 0 15 928.81¢ 8
19.741 1 26.37¢* -6 26.529% -7 - 22,138 -1 26.912 8
19.465 1 26.476* -4 26.634% -7 31.514 1 21.861 -1 15 926.648 -4 29.01¢ 7
19.193 3 26.573* -9 26. 742 -6 31.874 1 21.586 -3 8,945 -5 29.1200 7 15 334.248 6
20.5 18.922 4 26.681% -5 26.852% -7 32.232 -2 21.315 -1 29.052 -1 29.228* 4 34.608 L
21.5 18.654 S 26.786* -7 26.968* -2 32.599 1 21.049 1 29.156 -3 29.23¢" 5 3.961 -4
- 26.895* -7 27.091* 7 32,969 4 20.781 1 29.263 -2 29.446" 2 35,330 ©
18.122 3 27.009 -4 27.203 2 33.336 3 20.517 1 29372 -2 29559 2 35.695 -1
17.860 3 27.121 -8 27,322 2 20.253 o 29.463 -3 - -
17.600 3 27.239 -3 27448 5 - 29.594 -5 29.790% -3 -
- 27.360 © 27.568 4 19.736 1 - 29.910% 4 36.608 @
17,085 1 27.478 -3 27.69%* 4 19.480 1 29,026 -7 30.032% -5 37.182 ©
16.833 2 27.602 -3 27.822 s 19.227 2 29.948 -5 30.159* -3 37.564 ¢
16.582 2 27,7126 -2 27,949 2 18.973 © 30.00" -6 30.283* -6 37.943 4
3.5 - 27.854 -1 .08 2 18.725 1 30,195 -6 30.416% -3 -
31.s - 27.983 -1 28.215% 2 18.479 2 30.322 -5 30.548% -3 -
i5.842 © 28.114 -1 - - 30.452 -3 30.694¢ 9 19.087 ¢
15.598 -2 - - 17.994 4 30.582 -6 30.819* -1 319.474 ©
15.357 -3 - - 17.783 3 30.719 -2 30.958% -2 39.860 -3
15.121 -2 . 8770 1 17.516 4 30.856 -1 31.100% -1
14.888 -1 28.916 -3 - 30.994 -1
14.656 -1 28.806 © 29.064% -3 17.045 2
14.426 © 28.952 2 29.215% -2 16.814 2
14.199 o 29.100 2 29.365% -4 16.585 2
40.5 13.975 2 29.247 o0 29.519% -5
41.9 13,751 [« 29.399 Q 29.674% -7
- 29.553 © 29.834% -6 32.148% 1
13314 2 29.%7 -2 29.999¢ -3 2.n» 8
13.099 3 29867 o 30.166% 1 15.472 -1 32.174% -2 32.475% 9
12.885 3 30.02M -1 15.258 -1 32,330 -3 32.63™ 9
12.672¢ 1 30.188% -2 15.046 1 32.400% -5 32.800% 7
12.467 S 14.835 o 32.650% -5 32.9%6™ 6
12.259 4 - 32.815% 4 33,130 4
12,055 4 14.423 3 3297 -9 33.305 4
50.5 11.853 4 .19 3 14.223 6 33.147 -7 -
51.5 11.650 © 31.380 6 12.019 3 33.321% -5 33.6600 13
11.45¢ 2 .21 -2 31.5600 5 13.822 6 - 33.8400 14
11.258 1 31,393 -1 .U 6 - 33.664% -9 34022 12
11.066 1 31.570¢ -4 31,927 2 - 33.B4% -7 34.20¢¢ 11 48,069 1
10.873% -1 11,753 -5 2.1m 3 - 34,022 -9 34.388¢ 9 40.504 4
31,933 -9 32.3084 4 - 34.204% -9 a.57¢ 9 48.937 4
32.125% -6 32.502¢ 5 12.859 3 34.306% -11 34.764 10 49.365 -3
32.312¢ -8 32.698¢ 6 47.542 4 12.673 2 I SHY -9 34.95¢ 9 49.801 ~4
12.502¢ -10 12,893 3 47,984 4 12,491 3 34.764% -8 35.1400 7 50.23M-1
60.5 32.698¢ -9 13.096* 6 48,428 3 12.311 3 34.954% -9

fluorescence arising from simultaneous laser excitation of overlapped lines often
occurs in different spectral regions, as shown in Fig. 2. Thus, by using a mono-
chromator as a narrow band filter, it is possible to select only the fluorescence from
a particular branch of a chosen band. The excitation spectrum is then greatly
simplified, as shown by the top trace of Fig. 1. In this figure four branches are
recorded simultaneously (the R, branch of 0-0 and 1-1 bands, for both isotopes)
but the pattern is quite clear. By tuning the monochromator from one fluorescence
feature to another it is possible to separately record all of the branches occurring in
a selected region of the spectrum. This technique has been previously applied to
CaF (12), CaCl (13), NO, (14), and YO (15).
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TABLE IA—Continued

LA A 0-0 -1
J Pioge &Y Qee O Rizee B Riee &Y Piaee OV Qg AV Rioee & Rlee &V
61.5 15 932,893 *-10 15 933.296 * 5 15 948.875 4 15 912.134 -9
33,096 *-7 33.499 * 3 49.314 -6 11.954 ©
33.296 *.7 33.707* 5 49.766 -4 11.784 4
33.499 *.8 - 50.217 -5 11611 2
33.%07 * 6 34.128* 6 11.446 6
- 34.341% 6 11.277 4
34.128 *-3 34,555 * 4 .10 1
34.341 %3 .772% 4 10.949 2
34.555 %3 34.991% 2
70.5 3¢.772%-3 35.202% 2
7.5 34.991 *-4 35.438% 3 15 955.664 2
35,212 #-3 35.665* 3 56.126 1
35.438 *-1 56.592 1
35.665 * O §7.059 ©
15 307,51 * 6 57.528 -1
7.434* 6 55.806 3
7.294 % 3 56.284 3
7.153 ®-2 56.772 %11
7.020% 3 57.246 4
80.5 6.892% 0 57.726 1
B1.S 6.760 -3 58.209 -2 15 939,959 * o
6.636 -1 58.696 -2 40,202 *-1
6.516 2 59.18¢ -3 15 929,959 * o 40,447 *-2
6.393 o 59.679 ) 40.202 *-1 40.698 * 0
6.272 -2 60.169 -2 40.447 *-2 40.951 * 2
6.157 -1 40.698 * 1 ar.202% 0
6.086 1 40.951 * 4
5.934 1 41,202 * 2
5.825 1 39.854 * -6
9.5 5.721 3 40.122 % -5
91.5 5.617 4 39.85¢ « 3 40.393 * -4
5.515 3 40.122* 5 40.664 * -4
5.415 2 40.393 + 7 40.937 * -5
5.315« © 40.664 * 8
5.222 © 40.937+ 8
5.039% 0
4.9540 1
4.870¢ 2
100.5 4.791% 5
101.5 4.709% 4
4.628 0
4.551 -2
4479 -1
4.406 -4
4.341 -1
4.275 -2
4.214 o
4.158 4
110.5 4.098: 2
11,5 4.0384 -2
3.987« ©
3.9M4 -2
3.888% ©O
3.841% -1
3.797 -2
3.754% -4

A 1-m monochromator with 1200-grooves/mm grating was used, in first order, as
a filter. The bandpass of the monochromator was set at 1-2 cm™'. A cooled RCA
C31034 photomultiplier with photon counting electronics was used to detect the
filtered fluorescence.

III. RESULTS

The lines of the 0—0 and 1-1 bands of the A2I1-X 23* transition and the 0-0, 1-1,
and 2-2 bands of the B*3*-X23" transition of Ca™Br are listed? in Table I. The
corresponding lines® of Ca®'Br are in Table II. The assignments were made using
standard combination difference relations. Initially, mainly ground-state differ-

3 Tables I and II were prepared before the microwave data were available so all residuals were ob-
tained from fits that included only optical data. The change in observed-calculated from the combined
microwave-—optical fits was typically +0.001 cm™1.
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TABLE IB. A2ll;,-X*%* System

vi-yn o-0 1-1
3 25 Q00 v Rype Y Ry AV Prgr OV Qe BV Rygy AV R)jee OV
5.5 15 987.600* 7 15 989.872% -13
87.331 6 15 989.872% 7 89,989% -10 15 991.294* -4
87.068 7 89.975% -2 90.107* -10 91.602 1 15 996.G14 S
86.805 6 90.090 -1 96.227% -9 91.909% 2 94.311 -2
86.545 6 90,206 -2 50.357 -2 92.218 ) 94.615 -4
10.5 86.289% 7 90.321 -6 90.475* -8 92.528* 3 94.926 -1
86.033 6 90.443* -6 90.601* -10 92.837 © 95.240 2
85.778 3 90.570* -4 90.732% -9 93.152 -1 95.558 7
85.527 2 90.695 % -5 90.866 % -7 - 95.866 ~1
90.823* -6 91.007* -2 - 96.163 -3
%0.961* © 91.146 1 - 96.505 -2
91.097* 1 91.286 1 - 96.825 -5
91.234 1 91.427 o© 94.770 2 15 986,988 4 15 993.829% 1 97.153 -3
91.375 3 91.57%6 3 95.102 3 86.750 2 15 993.77%6* 2 93.973% 2 97.481 -3
91.518 2 91.722 2 95.434 2 - 93.915% 1 94.120% 3 97.812 -3
2.5 91.660 2 91.871 1 95.768 o 86.277 -4 94.061% 4 94.269* 4
91.806 1 92.023° © 96.109 4 86.049 -3 94.203% 1 94.417% 2
91.954 0O 92.180 3 96.449 2 85.822 -2 94.352% 3 94.576% 8
92.106 Q 92,335 1 96.792 1 85.596 -4 94.499*% © 94.725% 2
92.262 1 92.496 2 97.140 4 85,375 -1 94.652* © 94.893* 2
92.419 1 92.658 87.486 2 94.807% © 95.044* 3
92.577 1 92.821 o 97.837 2 94.964% © 95.201% 3
82.301 2 92.737 -1 92.989 1 98.1%0 3 95.125% 1 95.371% 3
82,089 1 92.901 -2 93.159* o 98.565 1 95.286% 1 95.539% 3
81.880 1 93.069% © 93.3311* 1 98.904 1 95.450% © 95.710* 4
30.5 81.674 1 93,239+ 1 93.506* 1 99.260 -3 95.617% © 95.885% 7
81.463 -5 93.411% 1 93.670% -12 99.622 -5 95.788% 2 96.053% O 16 001.975 ©
61.264 -4 93,583 % -1 93.860" -2 95.953% -5 96.232% 2 2.342 5
81.064 -4 93.757% -4 94.044* © 96.128% -5 96.420% 11 2.704 1
80.867 -5 93.938% -1 94.227* -2 96.303% -6 96.602% 11 3.069 -2
80.677 1 94.118% -3 - 96.488% O 96.785* 10 3.440 -1
- 94.305+ -1 - 96.673% 4 96.973% 11 -
80,297 -2 - 94.801* 4 96.853% © 97.162% 11 4.192 4
80.111 -1 94.683#% 2 94.997* 6 16 002.246 4 97.040% 1 4.569 4
79.926 -3 94,875 3 2.632 6 82,347 2 -
40.5 79.745 -3 95.068% 2 95.389% 2 3014 2 82.163 5.328 0
79.566 -3 95.264% 2 95.569* o 3.402 1 81.984 1 5.710 -2
79.388 -5 95.458% -2 95.792* -1 - 81.807 1 6.098 -2
79.216 -4 95.658 % -3 95.999* -1 4.19% 5 81.629 -1 6.487 -
79.043 -6 95.859 % -6 96.213% 4 4.587 5 81.457 -1 6.878 -3
- 96.067% -4 96.425% 4 81.295 7 7.275 ©
78.714 © 96.202% 2 96.636* 2 5.385 3 81.118 -2
78.547 -4 96.493% 2 - 5.787 2 80.953 -2
76.388 w2 - 97.074* 4 6.192 © 80.7%0 -2
78.228 w3 96.926 % 6 97.290* o 6.599 -1 80.633 1
50.5 78.073 #3 97.1442 6 97.512* -2 7.013 2 80.476 1
- 97.359+ 1 97.735% -2 80.321 1
77.771 %0 97.588+ € 97.961% -8 80.168 1
77.623%0 97.806 % -1 98.188% -11 80.017 1
77.476 «1 98.034* O 98,425% -8 79.870 2
77.334 w1 98.260 % -5 98.630% -4 -
77.193«0 98.495 # =2 98.901% -5 -
- - 99.144% -2 -
76.922 % 2 98.969 % -1 99.386* -4 -
76.790 # 3 99.208 » -2 99.633% -2 79.166 1
60.5 76.658 # 2 99.447 # =5 99.887* 4 79.036 3
76.526 %2 99.703+ 6 16 000.137* 4 78.904 2
76.403 # O 99.948+ & 78.775 2
76.279 #0 16 000.189 » -4 78.648  ©
76.156 #3 8.525 1
- 76.403 o
- 78.279% -5
75.811%-1 78.164 -5
75.703% 1 1.962% 12 78.051 -4
75.597* 4 2221 77.944 o
70.5 75.492* 4 2.019+ 13 2.494 3 77.837* 1
71.5 15 975.390% 5 16 002.277 * 2 16 002.767 2
75.290% 6 2.549 * 3 3.044 3
75.191% 5 2.823 % 4 3317 -2
75.097% 6 3.100 * & 3.599 -1
3.312 % 0 3.884 116 018,101 1
3.653 % 1 - 18.574 -2
3.935 % 0 4.451 -6 19.055 o
- 4.742 -5 19.537 2
74.653 3 4.505 #-2 5.038 -2 20.020 2
80.5 74.570 © 4.795 »-2 §.33 © -
74.491 -1 5.089 % O 5.633 1 20.990 -2
74.413 -3 5.384 * 2 5.935 3 21.481 -1
74.341 -2 5.684 + S 6.237 4 21,974 -1
74.269 -3 5.982 * 4 6.541 3 22.471 1
74.202 -2 6.285 * 6 22.968 ©
74.140 2 €.589 * 6
74.081 &

ences were used since, by analogy with CaF and CaCl, the spin-rotation param-
eter, y, was expected to be small.

Lines were fit using a weighted (reciprocal, squared uncertainty), nonlinear,
least-squares approach (‘‘direct approach’’) (4). The model Hamiltonian includes
standard 2II and 23 matrix elements (/7). Lambda doubling and spin-rotation
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TABLE IC. B,3*-X?2* System

vy 0-0 1-1
3 R, av R, av ®, av e, av R, av R, 8 N oy P, av
1.5
16 382.672% 1
82,511 "% o 16 382.321 ©
16 382.276 © 82.395* o 82.185 -1
82.067 © 82.267* 4 -
16 384.288 *-9 81,863 o© 02.133* -2 81.931. 4
84.471* -11 81.659 -4 82.010* o 81.812% 9
84.663* -8 16 385.616* -1 81.459 -8
84.854* -10 * 81.273 -2
10.5 85.054* -7 81.089 2 16 385.923* ~10
85.262 © 80.906 3 16 385.038% 8 86.198% -10 16 380.697 6
85.464 -3 80.728 S 85.2424 9 86.485* -2 80.513 2
85.674 -2 87.013* 10 80.554 7 85,4464 6 86.767% -3 80.344 9
85.982% -7 - 80.379 1 81.256* 1 95.6544 4 87.054* -3 -
86.103 -3 87.589* ¢ 80.215 7 81.166* 2 85.865 ©O 87.348 o© -
86.325 -3 87.885* 3 - 81.079* 3 86.080 -4 87.644 1 -
86.553 o© ss.1e5* 2 - 80.996* 4 86.303 -4 87.943 1 79.674 4 80.785 2
86.78) 1 88.493*% 5 - 8.916% 3 86.528 -5 88.245 o© 79.514 1 80.707 4
87.017 1 88.799* 2 79.579 1 80.843% 6 86.757 -7 88.549 -3 79.3%0 -1 80.633 S
2.5 87.253 o 89.114% ¢ 79.432 1 - 86.992 -6 98.859 -3 79.215 3
87.497 2 €9.427 © 79.2% 2 - 89,174 -3 79.069 1
87.735 -5 89.752% 3 79.150 2 87.481 2 89.494 -1 78.918 -9
87.988 -2 90.074* o 79.012 -1 87.733 @ 89.815 -2 78.789*% -1
86,244 1 90.405* 2 78.883 1 87.974 -2 90.143 -1, 78.645* -12
89.497 -4 90.735 -t 78.755 -1 80.229 -1 90.472 -2 78.516* -14
88,761 -2 91.073*% o 78.635 3 88.487 -1 90.807 -1 78.402 -3
69,028 o 91.416% 2 78.515 1 88.749 -1 91.146 o 78.284 -1
89.299 1 - 78.399 o 89.017 1 91.489 2 78.166 -2
89.573 1 92.105% -3 78.288 -1 89.286 © 91.032 -1 78.084 -2
30.5 89.852 3 92.456% -5 78.181 -1 89.560 © 92.180 -2 77.943 -4
90.132 1 78.083 3 89.843 6 92,535 1 77.835 -7
90.420 3 77.981 o %.117 -2 92.891 -2 77.739 -3
90.704 -2 77.884 -3 %.407 2 - -
91.001 77.794 -3 90.695 1 93.620 0 -
91,301 3 77.709 -2 90.989 2 93.990 2 77.453* -10
91.604 4 94.662 1 77.621 -2 91.291 6 94.363 2 -
91.908 2 95.081 -1 77.547 -4 91.586 1 94.738 1 77.295 -2
92,219 3 95.419 -7 77,477 o 91.892 2 95.119 2 77.218 -3
92,532 2 95.809 -6 77.410 3 92,201 2 95.494 -7 77.145 -3
4.5 96.204 -3 77.340 -2 92.516 4 95.887 -2 77.075 -4
96.601 -2 92.829* 0 96.281 o 77.005% -10
96.006 2 93.150* 0 96.676 -7 76.947* -7
97.409 1 93.471* -3 97.080 4 76.891* -6
97.811 -5 93.799* -4 97.483% 4 76.843* -
98,226 -2 94,136 97.891% 5 76.790* -6
94.842 4 98.642 -2 94.41 O 98.294 3
95.187 3 99.062 -1 94.812 1 98.711 -1
95.535 1 99.486 -1 95.157 2 99.129 -1
95.891 4 99.915 3 95.503 © 99,554 1
50.5 9.245 © 95.852 -2 99.979 o
96.608 1 96.214 4
9.972 0 96.569 ©
97,343 1 80.660" -4 96.936 4
97.718 3 80.727% -2 97.301 2
98.091 -2 8.807" 9 97.674 4
98.473 -t 80.876* 5 98,046 2
98.859 © 80.954" 5 90.424 2
99.245 -4 81.04" 5 90.806 1
99.639 -3 81.119* & 99.1%0 ©
€0.5 400,035 -5 : 99.583 2
61.5 16 399.975 ©
16 381.706 * 2
81.820 * ¢
81,937 * 5
82,054 * 1
82,189 * 1
7.5 02,308 * ¢
7.5 82,437 * 1
16 410.811* 5
1327 2
11,649 2
12.3713  ©
12,898 -6
80.5
a1.s
411.033 -4
11.8% 3
12.04 3
12.521 2

0.5 13.023 3
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TABLE IC—Continued

2 -2

1 av RZ av P.I av SE av

1.5

16 386.305 -5
86.591 -4
85.880 -3
16 385.832*-)
86.056°-2 87.774 1
86.280%-3 88.078 2
20.5 88.385 O
88.697 1
89.015 4
87.481 2
87.74 4
87.988 4
88.248 2 16 377.833* 6
77.708 O
77.594 1
30.5 77.481 -1
77.3717 1
89.591 -1 77.274 1
89.870 -3 77,172 -1
90.158 0 77.078 ¢
76.989 2
90.737 -3 76.897 -2
91.037 3 76.813 -3
91.338 76.737 1
91.643 2 76.658 -2
40.5 91.951 2 76.581*-7
92.26¢ 3 76.520* 0
92.579 2 76.453*-3
92.897 1 76.393*-3
93.213 -6 76.340* 1
93.540 -6 76.290* 3
93.872 -5 76.244* 5
94.213 1 76.201* 7
94.552 2 76.161* 8
94.892 -1
50.5 95.241 3
95.591 2
55.940 -2
96.299 -1
96.662 1
97.027 1
97.398 4
97.765 -2
98.140 -3
98.52) -2
60.5 98,907 0
99.295 1
99.686 1
16 400.080 0

effects were accounted for in each state with the usual second-order perturbation
theory expressions (4). The uncertainties of well resolved and blended lines are
taken at 0.005 and 0.01 cm™!, respectively. For each isotope, the v = 0 levels of
B, A, and X states were fit simultaneously. Similar fits were made for v = 1. The
2-2 band of the B—X system of Ca’Br was fit alone with vy, fixed at the value
obtained for the v = 0 level. For the B—X 2-2 band of Ca®Br, D" and y" were
fixed at values linearly extrapolated from v” = 0 and 1 levels.

After our optical analysis was complete, Moller and Torring provided 40 micro-
wave transitions for X23* v = 0, 1, and 2 of both isotopes. These data include
high-N (~50) and low-N (~50) transitions of about 40-kHz (1.3 x 107¢ cm™) ac-
curacy. These transitions were included in our final fits. The microwave transitions
greatly improved the ground-state constants and reduced the correlation between
ground- and excited-state constants.
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TABLE II: Measured Line Positions for Ca®'Br (in cm™!, * denotes blended line)
TABLE IIA. A2IT,,-X22* System

vy 0-0 -1
J Plage 8 Qee A Rygee AV Ry O Plaee Y Qee O Paer W tee Y
0.5 15 925.091% 10
15 925.091* 14 25.152*% 3
25.152% 11 25.220% 2
25.220* 13 25.207% -2
25.287% 11 25.367* 6
15 923,229* -7 25.357* 11 25.446% 7
22.929% -7 25.428% 9 25.525% 9
25.501% 8 25.611% 15
22,335% -6 25.579% 8 25.691% 13
22.037 -10 25.658% 8 25,775% 12
10.5 21,758 2 25.737% 5 25.866% 16
1.s 21,464 -3 25.819% 3 15 929,010 -7
21,177 -3 20,351 -7 15 923.559% -7
20893 -2 23.272% -9
20611 -1 26.227% @ 30.047 -3 22.994% -5
26.177* 4 26.325% 8 30.39 -1
26.276* @ 26.426* 9 22,439 -2 (5 928.774 -2
19,778 © 26.374* 8 26.529% 10 22,165 © 28.874 -2
19.504 0 26.476% 12 26.634% 11 31,451 -4 21,891 0 15 926.811% -9 28,979 0
19.234 1 26.573* 8 26.727 -3 31,810 -2 21.619 -1 28,912% -8 20.08¢ 0 15934.175 4
20.5 18,967 3 26.665 -3 2.837 -2 32168 -3 21.350 0 29.014% -8 29193 2 34.528 0
2.5 18.699 2 %6.772 -2 26,949 -1 32.529 -3 21,085 2 29.120% -6 29.299 -1 34.888 1
26.878 -4 27.061 -2 20,820 1 29.225% -7 29.411 -1 35.250 1
18172 1 26.983% 10 27173 -6 33.263 2 20557 1 29.336% -5 29.524 -1 35.614 1
17,913 2 27.091* -14 27.291 -6 33.630 2 20.29% 1 20.448% -5
17.656 3 27.203% 17 27.413 -4 29.559% -5 29,758 -5
27,536 -3 19.784 2 29.876 -3 3%.7117 2
17.147 1 27.445% -11 27.661 -2 19.530 2 29.790% -6 29.9% -6 37.087 -1
16.894 1 27.568% -10 27.786 -3 19.279 2 29.910% -6 30121 -5 37.462 1
16.645 0 27.693% -8 28,916 -3 19.030 13 30.032% -5 30,249 -4 7841 4
30.5 27.822% -5 28.047 -2 18.782 2 30.159% -2 0.382 0
s 27.949% -6 20,182 -1 18,537 2 30.283% -3 30.512 -1
15912 © 28.081% -5 30.417% 2 30646 0 38.978 1
15.672 -3 18.058 5 30.550% S 30.78¢ 2 39.358 -3
15,432 -3 17,818 3 30.684% & 30920 1 39.745 -3
15.201 0 28.738 -1 17,583 4 30.819% 7 061 2
14.966 -2 28,084 0 30.958% 9
14.735 -2 28774 3 29.030 0 17115 0
14,512 3 28.916% 2 29.177 -2 16.887 1
14.284 1 25.064% 4 29.330 0 16.658 -1
40.5 14.059 o 29.215% 6 20481 -2 16.436 1
41,5 13.838 0 29.365% 6 29.637 -2
29.518% 6 29.794 -3 32.104% 6
13.406 2 29.674% 7 29,956 -1 32.256% 1
130091 1 29.824% 1 30.117 -2 32,120% -1 32.418% 3
12.980 2 29.982% -1 15.48 2 32.280% 2 32.580% 3
12770 2 30.142% -2 15.136 0 32.440% 4 32.745% 4
14,925 -1 32.596% -2 32.907% ©
12360 5 14.720 -1 32.755% -6 33.082¢ 8
12,158 4 14.519 2 32.923% -3 31.253¢ @
50.5 11,958 s 31.143% 3 14,316 1 33.082% -10
515 1,757 2 32w 2 14.118 2 33.253% <10
11,564 4 31.158% -2 31.492% -6 13.919 1 33.775% 6
11,369 3 31,336 -2 31.679% -2 13.726 2 33.954% 5
117 1 31.518% 1 31.867% 1 33,775% -9 34134 4 47.087 -2
10.9%0 3 31.689% -10 32.054% 2 33.954¢ -8 34.317% 3 48316 0
10.808 3 31.877% -6 32.250% 8 34.134% -9 34.502¢ 3 48,748 1
32.065% -4 32.439% 6 34.317% -9 34.692¢ 5 49181 3
32.250% -7 32.633* 6 12,783 -1 34.502% -9 34.680% 3 49605 -6
32.439¢ -9 32.027% 5 47,793 3 12,601 -2 4.692% -6 35.072% 3 50.038% -9
60.5 32.633% -8 33.024% 3 48.231 4 12.424 © 24,8818 v6

The spectroscopic constants obtained from these fits are given in Table III.
One extra digit is retained so that the constants will reproduce the original data.

In order to perform a vibrational analysis of the B3 —X ?3* system, we recorded
a few lines from bands of Av = =1 sequences. These lines are listed in Table IV.
The assignments were made by calculating spectra using the constants of Table III
and estimated band origins obtained from the bandheads given in Table V. These
lines were then used to determine the band origins in Table VI.

Table VII contains the equilibrium constants of X, A, and B states for both
isotopes. For the A state we used the Pekeris relationship (/8) to obtain w.x..
Al Franck-Condon factors greater than 0.001 for vibrational levels less than v = 5 for
the A-X and B-X transitions appear in Table VIII. They were calculated using
standard RKR (/9) and FCF (20) programs from Ca™Br equilibrium constants.
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TABLE 1A —Continued

vy 0-0 1-1
4 Prage Y uee AV Rypee AV R, O Prage MY e WY Rlagg %Y R &Y
61.5 37.627% -9 33.226* 5 48,679 S 12.28 0 35.072 -6
33.024% -10 33.420* 4 9123 ¢ 12.078 4
33.226% -2 316320 3 49.570 3 11.907 4
33.428% -7 33.840% 4 50.010 -4 11.7317 5
33,632* -7 34.050% 5 50.461 -5 11.565 -1
33,840 -5 34.265% B 11.397 -3
34.050% -¢ 34.478% 8 11.237 -1
34.265% © 34.694% 8 11.072 -6
3a.470% O 10.915 -§
70.5 34.694% 1 35.127% 2
7.5 35.349¢ 1
35.127% -3 35.575¢ 3 55.884 * 3
35.349% -3 35.801 3 56.345 * 2
35.575* -1 56.804 *-4
35,607 1 57.274 * 1
56,028 1
7.293% -7 56.508 6
7.165% -4 56.961 1
80.5 7.034% -5 57.466 4
1.5 6.909* -3 57.93p -4 35.845 * -6
6.784 -4 58421 -4 40.088 * -6
6.663 -3 58.907 -4 9.8 3 40.332% -7
6.545 0 §9.39 -2 40.088* 4 40,578 * -7
6.429 © 59.886 -5 40.332% 4 40.832%-3
6,311 -2 £0.375 -2 40.578% 4 41.082%-4
6.199 -2 40.832% 9 41.335%-5
6.089 -2 41.082*% 9
5.984 1 41.335*% 9
90.5 5.882 4 40.000 # -4
91.5 5.775 1 40.264 % -7
5.677 3 40,000 % € 40.535 % -6
5.579 3 40.264¢ 4 40,807 -5
5.484 4 40.535% & 41.081 -6
5.3%0 13 40.807¢ 7
5.305% 9 41.081* ?
5.213% 5
5.039% 2
100.5 4.954% -2
101.5 4.870* -7
4.791%-10
4.720% -6
4.650% -5
4.581% -5
4.513% -6
4.452% -3

110.5

1V. DISCUSSION

In the calcium halides, the X 2X* state is derived from the slightly antibonding
450 molecular orbital centered on Ca*. The A%l and B2X* states seem to form a
4p complex, split by the ligand field of the halide. Thus the A -X and B-X transi-
tions are the molecular analogs of the atomic resonance lines of a one valence elec-
tron atom. By analogy with CaF (12, 21) and CaCl (13, 22), the A and B states are
expected to form a unique perturber pair (4) with [ slightly greater than 1. Using
[ = 1, the pure precession relationship (23) predicts y, =~ p, = —0.0529 cm™!. As
can be seen from Table III, y, = p, but both are 27% larger than this value. This
implies an /., = 1.24 for the expression

2ABloles + 1)
sz—ﬂl,2
The simplest explanation of this is that the p complex contains some 3d character
which increases the / value toward 2. There is a trend in the calcium halides for an

increase in /. from 1.04 in CaF (12), 1.12 in CaCl (/3) to 1.34 in Cal (24).
The Franck-Condon factors for the A-X and B-X systems (Table VIII) are
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vi-vn 0-0 1-1
3 Par AV Qe Roee Y Rppee Y Parr B Qe B Rype Y Ry WY
5.5 15 997.600% -2 15 989.872% 3
87.331% -5 15 989.872"* 16 89.989* 0 15 991.260% 3
87.068% -5 89.975* 9 90.107% 2 91.580 3 15 993.974 ¢
86,805 * -9 90.090* 10 90.227* 3 91.880 0 94,273 -2
86.545*-11 90.206* 11 90,357%1 92,184 -1 94.575 -3
10.5 86.289%-12 90.321* 7 90.475% 6 92.493 © 94.883 ©
1.5 86.046* -3 90.443* 8 90.601* 6 92.800 -3 95.194 1
85.790* -8 90.570* 12 90.732% 8 93.115 -1 95.506 0
85.507" -3 90.695* 12 90,8661 95.823 7
90.823* 11 90.994* 5 96.131 -1
90.950% 8 91.130*% 4 96.451 0
91.080% 4 91.268% 4 96.770 -1
91.214% 3 91.408 3 15 987.008 2 15 993.792* -3 97.093 -1
91.353 4 91.553 S 95.048 2 86.769 - 93.936* -1 97.419 -1
91.495 § 91.698 1 95.377 0 15 993.882 3 94.081 -1 97.747 -1
0.5 91.636 13 91.845 2 95.707 -3 86.305 -4 94.023 3 94.230 1
21.5 91.780 1 91.994 0 96.046 1 86.071 -10 94.167 3 94.379 1
91.929 2 92.149 1 96.384 1 85.856 -1 94.313 2 94.531 1
92.079 1 92.303 -1 96.727 4 85.632 -2 94.461 2 94.685 1
92.232 1 92.462 -1 97.069 3 85.413 -1 94.612 1 94.841 5
92.387 1 92.621 -2 97.412 0 94.765 1 95,002 2
92.542 -2 92.787 0 97.760 © 94.921 1 95.163 2
82.352 1 92.762 -2 92.951 -1 98111 1t 95.326 1
82,143 2 92.866 -1 93.120 -1 98.462 -1 95.240 1 95.492 1
81.936 3 93.031 -1 93.290 -2 98.819 1 95.403 1 95.663 3
30.5 81.731 2 93.199 -1 93.465 -1 99.172 -5 95.569 2 95.829 -2
.S 93.370 -1 93.638 -2 99.531 -6 95.738 2 95.998 -6
81.323 -4 93.540 -3 93.816 -3 95.697 *-9 96.176 -4 16 002.237 3
81.126 -4 93.7115 -3 93.996 -3 96.071 *-8 96.354 -3 2.602 6
80.931 -4 93.893 -3 94.180 -2 96.246 *-8 96.540 2 2.960 -1
80.737 -6 $4.073 -3 94.372 4 96.433 * 1 96.725 4 3.324 -4
94.255 -3 94.560 4 96.613 * 2 96.908 1
80.362 -4 94.445% 2 94.748 2 96.765 *-B 97.094 © 4073 3
80.180 -2 94.628% -2 94.944 5 96.973 *-5 4448 35
79.998 -1 94.818% -2 95.137 3 16 002.514 4 82.407 D
40.5 79.817 -3 94.999* -13 95.335 3 2,895 2 82.227 1 5.198 -1
4.5 79.641 -2 95.197* -10 95.533 1 3.279 0 02.048 © 5.582 1
79.464 -4 95.397% -7 95.734 0 81.871 -1 5.964 -1
79.292 -4 95.597% -6 4.060 4 81.697 -2 6.350 -1
79.122 - 96.146 0 4.452 2 6.738 -1
78.955 -5 96.005% -5 96.356 0 81.358 -2 7.130 -t
78.794 © 96.213% -4 96.568 0 5.243 0 81.190 -3
78.633 © 96.425% -1 5.642 -1 81.028 -2
78.471 -2 96.636% -1 97.005 5 6.046 0 80.867 -1
78.315 -1 97.217 -2 6.450 -2 80.708 -3
50.5 78.161 -1 97.074% +6 97.438 -3 6.856 -3 80.554 ©
51.5 78.005% -4 97.286% © 97.664 -1 7.269 © 80.401 1
77.858 -2 97.509% 1 97.888 -4 80.247 -1
77.712 -1 97.736* 5 98.115%-6 80.100 0
77.567 -1 97.964% 6 98.344%-9 79.953 -1
77.425 -1 98.188* 2 96, 580%-6
77.285 -2 98.425* 9 98.818%-4
77.149 -1 99.057%-4
98.887% 2 99.298%-3
76.885% 2 99.124% 1 99.549 4
60.5 76.760% 6 99.365% 2 99.795 5 79.125 0
61.5 76.632% 5 99.611% 5 16 000.046 7 70.994 -2
76.512* 10 99.856% 5 78.867 -2
76.387% 6 16 000.10i% 2 78.745 0
76.266% S 78.624 1
76.156% 12 78.506 3
78.387 1
78.279% 8
75.811¢ 3 78.164% 5
75.703% 2 2.109 1 79.051% 2
70.5 75.597% 1 1.909* 12 2.378 0 77.944% 3
7.5 75.492*% -2 2.165% 1 2.652 3 77.837 0
75.390% -4 2.436% 4 2.925 1
75.290% -7 2.705% 2 3.205 5
75.198% -5 2.980% 4 3.475 -3
75.105% -6 3.256% 3 3.758 -2 17.854 0
75.019% -3 3.528% ~2 4.042 -1 18.326 -1
38122 4.330 1 18.799 -2
4.610 -7
4.374% -5 4.904 -4 19.759 3
80.5 4.661% ~5 20.240 3
81.5 74.610* 0 4.952% -4 5.494 -1 0,722 1
74.535¢ 0 5.248¢ 1§ 5.793 1 21.205 -2
74.464% 0 5.542* 0 6.092 0 21.697 1
74.400* 6 5.839% | 6.396 2 22,186 -2
74.332* 6 6.139% 2 6.700 2 22.682 1
74.269% 8 6.441% 2 23178 1
74.202* 3
74.140% 1§
74.081* O
90.5




186

TABLE IIC. B*2*-X*%2* System

BERNATH ET AL.

vi-v -0 1 -1
J Ry v R, av y av F, av Ry av R, &v ® Av L5} Av
0.5
16 382,672 5
82,531 3 16 382.321 2
16 382.276 1 82.395 2 82.185 5
82.067 -2 82.267 5
16 384.288 7 81.863 -3 82.133 -2 61.931 4
84.471 7 81.659 -9 82.010 -1 81.812 9
84,663 11 16 285,593 4 91.459 -12 81,906 13
B84.853 9 85.855 -1 B1.273 -10
10.5 85.062 13 86.124 -2 81.089 -8
11.5 85.247 9 86,401 0 80,912 -2 16 380.697 -7
85.457 15 86.681 [} 80.728 -8 16 386.445 -5 80.520 -5
B85.654 5 86.965 2 80.554 -7 16 385.419 4 86.729 ~2 80.350 O
B5.864 4 80.383 -8 81.256 -6 85.630 6 87.013 -3 80.180 1
86.082 6 87,542 1 80.215 -6 61.166 -5 85.841 4 80.006 -7
85.302 S 87.838 3 81.078 -6 86.054 0 87.58% -8
B86.524 5 88.136 2 80.996 -6 86.278 3 87.885 -8 79.695 4 80.785 -7
86.751 4 85.437 0 80.916 -7 86.499 -1 98.185 -9 79.541 5 80.709 -4
86.985 6 B88.744 1 79.592 - B0.843 -5 86.725 -4 B8.492 -5 79.388 4 80.623 -4
26.3 87.225 ii 89.053 -1 75.454 -1 86.960 -2 88.738 -7 75.237 -t 85 564 ~i
21.5 87.442 12 89.369 1 79.312 -1 80.709 -1 89.112 -5 79.093 -1
87.690 -7 89.687 1 19,175 -1 87.442 3 89.427 -6 78.951 -4
87.939 -6 90.010 1 73.040 -2 87.6%0 38 B89.75¢ -3 79.820 1
68.193 -4 90.336 1 78.915 3 90.074 -2 79.680 -8
88 449 -4 0. 666 ) |39 2 90.404 0 78,546 ~15
88.711 -1 91,001 1 78.666 1 90.735 -1 78.434 -3
88.976 O 91,341 2 78.554 7 91.073 2 78.318 ]
89.245 2 91.684 k] 78.437 3 91.416 6 78.197 -5
89.514 -1 92.027 a 78.325 1 91.783 1 76.080 -10
30.5 89.791 0 92.37%6 -1 78.219 0 8%.502 -1 22.104 5 17.984 1
31.5 90.070 1 78.116 0 89.781 3 92.456 6 77.877 -2
90.352 -1 78.014 -5 90.061 6 92.813 8 77.779
90.637 -4 77.922 -4
90.932 © 77.83 0 90.628 0 93.530 6
91.229 1 77.749 -1 90.919 0 93.896 6
91.529 3 77.663 0 91.217 3 94.263 4
s1.831 ¢ 94,541 3 77,5981 -1 91,518 5 94,623 &
92.140 2 95.321 2 77.520 1 91.817 2 95.0(5 4
92.454 5 95.700 -4 77.453 3 92.124 3 95.393 t
40.5 96.091 -3 92.434 2 95.777 o
4.5 96,487 0 92,745 -1 96.163 -2 77.070 12
96.885 3 93.065 1 96.558 0 77.005 7
97.283 -1 93.380 -6 96.959 4 76.947 6
97.693 4 93.708 -3 97.356 1 76.891 2
98.095 -3 97.763 4 76.843 3
94.740 2 98.507 -3 94.374 0 96.164 -2 76.790 -6
95.082 1 98,924 -1 94.711 0 98.576 -2
95.420 1 99.345 -1 95.050 -3 98.990 -3
95.778 © 99.769 -3 95,396 -1 99.409 -3
50.5 9.132 0 400.197 -1 95.743 -3 99.83¢ -3
5.5 96.490 -1 36.096 -2
96.856 3 96.454 0
97.220 1 36.813 -1
97.59t 2 7.179 3
97.965 2 60.607 -2 97.546 1
98.340 -1 80.876 -6 37.918 0
98.723 0 B0.954 -4 98,295 2
99.106 -3 81,034 -4 98.670 -1
99.496 -2 BL.119 -2 99.053 -1
60.5 99.888 -3 99.437 -3
61.5 99.830 -1
81.706*% -1
81.820% 2
B1.937% 4
B2.058% 6
B82.189* 14
70.5 B2.305+% 4
82.437% &
410.572 6
11.082 3
11.596 -2
12.135 -4
12.638 -7
80.5
81.5
410.799 1
11.284 -1
11,775 0
12,268 ©
90.5 12.766 0O
91.5 13.268 2
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TABLE IIC—Continued

2-2
J Ry &v R, av P] av Pz Ay
1.5
10.5
16 386.281 1
86.559 -3
86.846 -2
16 385.805 -2
86.028 -1 87.73 1
86.257 2 88.032 0
20.5 88.33 -2
215 88.646 -1
88.964 S
B7.444 2
87.692 2
87.94 3
88.197
16 377.746 -3
377.636 0
.5 377.522 0
3.5 377.417 -2
89.534 0 377.320 2
89.817 0 377.220 1
90.099 0 377.124 -1
377.034
90.679 2 376.947 0
90.980* 9 376.861 -4
91.275* § 376.789 4
91.570%-1 376.713 3
40.5 91.881* 4 376.639 1
4.5 92.190* 4 376.574* 3
92.504* 5 376.516* 9
376.453* 5
376.393* 1
376.340*% 1
376.290*-1
376.244*-3
376.201%-5
376.161*-8
§0.5 95.136*-2
51.5 95.486* 1
95.832%-2
96.189* 0
96.544*-2
96.905*-2
97.272 -1
97.637 -4
98.009 -5
98.388 -2
80.5 98.770 0
81.8 99.156 0
99.546 5
99.936 3

similar to those for the other calcium halides. The vibrational structure of the
transitions, particularly for low v, is very diagonal. The Av # 0 CaBr Franck-
Condon factors are, respectively, larger and smaller than those for CaF (12) and
Cal (24). As for the other calcium halides, the v # 0 sequences of CaBr become
significantly stronger at high v.

Rotation-vibration analysis for two isotopes of CaBr allows a test of the usual
isotopic relationships between parameters (16). The agreement between our ex-
perimental isotopic parameter ratios and those predicted from the reduced masses
is satisfactory (<3o).

Brown and Watson (25, 26) showed that it is possible to separate A (effective)
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TABLE V
Measured CaBr Bandheads (in A)

AN Ao x2gt

"ar ca®lar cal%r

R Py Py 17} -2t LLIVEES 2

6 211.80 6 210.762 6 211.364 6 210.308
-2 6 211.297 6 210.204 6 210.832 6 209.748 Loyt p
62 -

1
2 P P P
3 6210.886 6209.73 621060 6 209.284 Y Pree Qget 12¢ 2lee Y2et 26
YRR & 209.368 - 6 208910
-0 6 278.057 6 278.026 6 286.210 5 253.208 § 253.185 6 258.707
1516 277012 6 2772078 : § 252.274 6 252.233 -
0-0 6104.491 6103.246 6 108,475 6 103.286
11 6104613 6 103.337 6 104,593 6 103.337
2-2 6104820 6103510 6104800 6103510 co8Tar
33 6105.112 6103777 6105.092 6 103.%66 o s ) R
4-4 6105485 6104.125 6105460 6 104.110 LIS hyp-2t
[ e ) » 0 P
10 ey s s nsn 99900 lee 1zef 1211 Zlee zet 21t
2-1 6001.966 600010 6002 8
0-0 6 278.057 § 278.026 6 286.138 § 253.208 6 253.165 6 258.653
oo HPe : 5 001635 11 6277112 5 277.079 C7 5 252.274 6 252,233 .
The accuracy of heads s 0.004f

into “‘true’” y and A,, provided that isotopic data are available.* In our case, the
isotopic A, values differ so slightly that this procedure is unlikely to give reliable
values. The values of y, (true) and A, obtained from isotopic data are:

¥ = 0.057 cm™!
Ap, =41 x 10 cm™.
The pure precession estimates of vy, (true) is (26):
Yo = —p/2 = 0.034 cm™.

In order to check the significance of some of our small parameters, we have used
the customary Pekeris (/8) and Kratzer relations (/6). The values are included in
the table of equilibrium constants (Table VII) and the agreement is 10% for w,.x,
and <1% for D,.

In addition, the program of Albritton ez al. (27) was used (along with the RKR
curve) in order to calculate D, values. The agreement is excellent (£0.1%) even in
the excited states. For example, calculated values for the v = 0 levels of Ca’™Br
are Dy = 4.128 x 1078 cm™! (X23%), 4.220 x 1078 cm™! (A2ID), and 4.404 x 1078
cm~! (B2X*). The calculated values were fit to extract D, and 8, and these values
are included in Table VII.

Veseth (28) has derived a formula for estimating vy, :

ADv 2Dv Bn “B)::l

Av Bv AVl'IE

Yp, = 'Yv[

For vy, of Ca™Br, this equation gives 2.25 x 1077 ¢cm™', which is close to the ex-
perimental value, 2.58 X 1077 cm™. A similar expression for p;,_gives pp, = 2.16
X 1077 cm™'. The unique perturber model requires p, = y,. The y, and p, values
predicted by Veseth’s equations are in reasonable agreement with each other and
fall between the respective experimental values. However, our phenomenological
Ap is a factor of 7 larger than the value predicted by Merer’s relationship (29).

* This separation of y and A is supposed to vield a y value which contains both spin—rotation and
second-order spin—orbit contributions.
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TABLE VI

CaBr Band Origins (in cm™)

2 2

lp+-x’ct

ca’%8r

ca®lpr

2. 42

Aon-x%t

Ca798r

81

Ca” 'Br

16 099.066(5)
16 100.533(6)

16 383.114(1
16 382.901(1
16 382.462(1

16 666.956(1

)
)
)
)
16 664.835(5)

16 100.237(2)

16 383.108(1
16 382.895(1
16 382.464(1

16 665.777(2

)
)
16 663.674(2)

15 959.774(1;
15 962.230(1

15 959.770(1)
15 962.213(1)

Numbers in parentheses are lo uncertainties.

TABLE VII

Equilibrium Constants (in cm™)

191

xrt R B2
c’%r cabler ca’%r ca®ler ca’%r e
1‘e 0 0 15 958.ll(lD)C'd 15 958.41(10)5'd 16 383.137(6) 16 383.133(8)
wg 285.7315(92) 284.5430(135) 288.56(20)c‘d 287.35(20)C’d 285.7465(92) 2B4.5491(143)
weXe 0.8400(39) 0.8333(48) - - 0.9540(39) 0.9428(50)
wety 0.9480(2) 0.9315(4) 1.024(9) 1.014(14) 1.046(8) 1.040(4)

(Pekeris}

e 0.094466141( 32) 0.093%682111(68) 0.0957343(20) 0.0949378(20) 0.0965151(20) 0.0957166(11)
ae 0.000403551( 38) 0.000398496(80}) 0.0004327(20) 0.0004269(29) 0.0004483(15) 0.0004437(8)
1o x 107 4.91(38) 4.84(80) - - - -

D, x 108 4.129737(50) 4.06199(68) 4.2142(29)° IRESTEDY 4.398015)° 4.385018)°

(Je x 1IJ8 f 4.1271(1) - 4.213(3) - 4.4013(2) -

{calc.) .

D, x 108 4.1303(2) 4.0619(4) 4.215(7) 4.145(6) 4.4043(6) 4.3322(4)
{Kratzer)

Bg X 10 1.084(76) 2.03(80) - - - -
g x 01 f 1sa(n - 14.4(2) - 5.701) -

(calc.)

Ye 0.00301484(50) 0.00299103(116) - - -0.068767(79) -0.068115(63)

{spin-rotation)

o % 0% ? -0.2289(31) -0.2392(126) - - -4.84(55) -4.68(45)

Pe - - -0.066834(64) -0.066304(70) - -
ap a - - -0.001030(68) -0.001023(7N) - -

A, - - 59.175(1)4 s9.172(1)% - -
op? - - -0.01201)° -0.0n(n?

Ry(R) 2.593585 2.593584 2.5764 2.5764 2.56769(3)¢ 2.56759(2)°
Numbers in parentheses are 1o uncertainties.
3ur a's (except a,) are defined by X, = X, + q (v + %) with X = y, p, A.
b9 4s 14sted rather than D,.

° e
cOnl,v 0-0 and 1-1 A-X bands were analyzed so the w_x_ used to obtain T  and g
came from the Pekeris relationship. This relatinnEh'p seems to work t§ about
10X accuracy in the other CaBr states. The uncertainties of Te and g reflect

this fact.

dThe o parameter used in our fit is completely correlated with the band origin
and the spin-orbit constant. Thus this parameter affects the values of T ,
wgs A!,and aQ given in this table.

©The values for

R, were computed from the B_ values by correcting for qt.
The unique perturser mode? predicts qf = e-qﬁ { L3 Bew" (3)4

s0 B,

f‘Cak:uluted using the program of Ref. 27.
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TABLE VIl

Franck-Condon Factors for Ca™Br

2rt-x2rt

Y
AN 1 2 3 4 5

0 0.919 0.075 0.006 - - -
1 0.080 0.774 0.129 0.016 0.002 -
2 0.001 0.148 0.652 0.167 0.030 0.004
3 - 0.003 0.207 0.551 0.193 0.040
4
5

- - 0.006 0.257 0.466 0.208
- - - 0.009 0.300 0.395

a2n-xest

v\ 0 1 2 3 4 5

0 0.968 0.031 0.001 - - -
1 0.032 0.907 0.058 0.003 - -
2 - 0.062 0.851 0.080 0.006 -
3 - - 0.089 0.801 0.099 0.009
4 - - 0.001 0.114 0.756 0.115
5 - - - 0.001 0.137 0.715

Only values greater than 0.001 are listed.

V. SUMMARY

The spectrum of CaBr is typical of alkaline earth halides and, more generally,
transitions involving nonbonding electrons. Laser excitation spectroscopy with
narrow band detection allows the dense and badly overlapped spectrum to be
analyzed. Narrow band detection allows the experimenter to select the branches
and bands of greatest interest from the jumble of overlapped lines in the spectrum.
The use of a continuously tunable single-mode, dye laser provides very high-quality
data (=0.003-cm™! accuracy).

Simultaneous fitting of the A—X, B-X and microwave data reduces correlations
in the molecular constants. The combined fit molecular constants obey the ex-
pected isotopic relations. The molecular constants allow accurate Franck—-Condon
factors to be calculated. These Franck—-Condon factors are required for the con-
version of laser-induced fluorescence intensities into molecular populations in
monitored chemical reactions. The molecular constants, particularly lambda dou-
bling and spin—-rotation parameters, provide some insight into the orbital structure
of CaBr. The A and B states form a unique perturber pair with /. = 1.24, suggestive
of 3d character in these states.
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Note added in proaf. Uncertainties for the X23* state constants, y, (Table III), v, and a, (Tabie
VII), must be increased by a factor of 50 because unresolved hyperfine structureinthe N ~ 15-mm wave
data caused a systematic error in measured spin splittings. The effect on ail other parameter values
and uncertainties is negligible. Higher-precision radiofrequency measurements of X*Z* state hfs and y
values by W. J. Childs, D. R. Cok, G. L. Goodman, and L. S. Goodman indicated the existence and

source of this nroblem.
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