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The high resolution far infrared absorption spectrum of IBr was recorded with a Fourier
transform spectrometer. The fundamental 1-0 vibration-rotation band and the 2-1 and 3-2
hot bands were recorded at a resolution of 0:001 25cm™'. The infrared continuum was pro-
vided by synchrotron radiation emission from the Max-I storage ring. For high resolution
spectroscopy at 250 cm” ! synchrotron radiation is about 5 times brighter than a conventional
infrared glower. This increase in flux at the detector resulted in a corresponding increase in the
signal-to-noise ratio and a much improved infrared spectrum.

1. Introduction

The halogen and interhalogen molecules continue to
be extensively studied species. We recently recorded a
far infrared absorption spectrum of IBr [1] thus com-
pleting the spectroscopic studies of interhalogen molec-
ules in the infrared (IF [27] ICI [3] IBr [1] BrCl [4, 5]
BrF [5-7] CIF [7])). The previous IBr paper [1]reviewed
the IBr spectroscopic literature prior to 1993. Since then
additional papers have appeared, for example, the ana-
lyses of the A 3l'Ile et system [8, 9] some vacuum
ultraviolet transitions [10, 11]and a number of UV tran-
sitions connecting to the A 3l'[, and Af31'I2 states [12—
14] Even an investigation concerned with the femtose-
cond wavepacket dynamics in the B 31'[0+ state of IBr has
also been reported [15]

Shortly after our conventional far infrared spectrum
of IBr was published [1] new spectra were recorded at
Lund using a storage ring as the source of continuum
radiation. These new spectra have an improved resolu-
tion and a higher signal-to-noise ratio because of the
higher brightness achievable with such a source. the
virtues of synchrotron radiation are well known for
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ultraviolet and X-ray spectroscopy but are not generally
appreciated for infrared work [16, 17]

A typical storage ring like Max-I in Lund is substan-
tially brighter (photons per cm’ per steradian) than a
blackbody source at 1400 K in the far infrared region.
The effective source temperature of synchrotron radia-
tion emission in the far infrared can be in excess of
10000 K, which is even brighter than the widely used
mercury arc lamp which has an effective plasma tem-
perature of 2000 K. In addition the synchrotron radia-
tion is emitted from nearly a point source, since the
diameter of the electron beam is less than about 1 mm.
Under the experimental conditions used with the Bruker
IFS 120 HR Fourier transform spectrometer at a resolu-
tion of 0:002cm”™ ' at 250 cm”™ ' about 5 times more signal
is expected (and observed) for the Max-I storage ring
than for a glower [16]

The factor of 5 improvement in brightness of the far
infrared continuum translates directly into a factor of 5
improvement in the signal-to-noise ratio, all else being
equal. A Fourier transform spectrometer using a con-
ventional blackbody rather than a synchrotron will thus
require a factor of 25 more time to record an equivalent
spectrum, since the signal-to-noise ratio improves only
with the square root of the number of scans. Early work
with synchrotron radiation sources did not provide such
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Figure 1. A portion of the infrared absorption spectrum of IBr.

dramatic improvements in far infrared performance
because of electron beam motion. This random beam
motion causes fluctuations in intensity at the detector
and creates excess noise in the interferogram. Modern
storage rings, like Max-I, however, are much more
stable and the expected gain in performance is achieved
in practice [16]

2. Experimental

The far infrared spectrum of IBr was recorded at
Lund with a Bruker IFS 120 HR spectrometer and the
Max-I electron storage ring. The IBr sample was con-
tained in an evacuated 20 cm cell sealed with polyethy-
lene windows at a total pressure of 0-6 Torr. The beam
current in the Max-I storage ring was 95-140mA and
the radiation passed through a KRS-5 window before
entering the spectrometer.

The Bruker spectrometer was operated with a 4 mm
entrance aperture at a resolution of 0-00125 em™ ' A
6 um mylar beamsplitter was used along with a silicon
bolometer detector operated at 4:2 K. Eight scans were
co-added.

The absorption lines were measured using the PC-
DECOMP program developed by J. Brault and then

calibrated with residual water lines. The estimated pre-

cision of the measurements is +0-0001 cm™ .

3. Results and discussion

A typical section of the spectrum is presented in figure
1. The resolution is improved by a factor of 2-5 and the
signal-to-noise ratio by a factor of more than 3 over the
previous measurements [1] The improved signal-to-
noise ratio allowed the 3-2 hot band to be measured
plus the 2-1 and 1-0 bands [1] The measured line posi-
tions are reported in table 1 for 1”Br and table 2 for
I¥'Br. The line assignments were made casily with the
previous spectroscopic constants [1]

In reducing the data of tables 1 and 2 to spectroscopic
constants, the microwave [18] and millimetre wave [19]
transitions were included. The pure rotational lines were
corrected for the effects of hyperfine structure, and they
are provided in table 3 for convenience. These lines were
included in all of our fits.

The lines of tables 1-3 were fitted using the conven-
tional Dunham expression [20}

E, = Z Y(v+ a7+ DY, (1)

and the constants listed in table 4. These constants are
more than an order of magnitude more precise than
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Table 1. 1°Br infrared transitions (in em™H“.

Line Observed S Line Observed S Line Observed S Line Observed S
(1, 0) Band
P(111) 252-08108 26 P(108) 252:54700 1 P(105) 253-00871 - 105 P(104) 253-16318 -9
P(103) 253-316 56 15 P(102) 25346912 - 4 P(101) 25362163 8 P(100) 253:76413 - 942
P(98) 25407621 - 21 P(97) 254-22745 15 P(96) 254-378 03 24 P(95) 254-52787 -2
P(92) 254-97587 - 10 P91) 255-12439 - 18 P(90) 255-27279 -1 P(89) 255:420 63 -1
P(88) 25556807 - 4 P(87) 25571495 - 25 P(86) 255-861 88 -3 P(85) 25600809 - 15
P(72) 257-87599 -1 P(71) 258-:01700 - 1 P(69) 258:29797 8 P(68) 258:437 82 6
P(67) 258-577 30 6 P(66) 258:71633 0 P(65) 258-85508 2 P(64) 258-993 46 6
P(63) 259-13131 - 4 P(62) 259:26891 - 1 P(61) 259:406 15 3 P(60) 259-542 85 -7
P(59) 25967930 - 4 P(58) 259-81535 -3 P(57) 259-95107 2 P(56) 260-086 31 0
P(55) 260-22112 - 8 P(54) 260-35570 - 1 P(53) 260-489 77 -6 P(52) 260-623 53 -3
P(51) 260-75691 - 1 P(50) 260-88995 6 P(49) 261-022 54 6 P(48) 261-154 69 2
P(47) 261:286 50 1 P(46) 261:41798 7 P(45) 261-548 99 4 P(44) 261:679 59 -1
P(43) 261-809 96 8 P(42) 261-93975 0 P(41) 262:069 27 1 P(40) 262-198 27 -9
P(39) 262-327 17 8 P(38) 262:45540 - 2 P(37) 262-583 41 4 P(36) 262:71092 -1
P(35) 262-838 15 4 P(34) 26296483 - 5 P(33) 263-091 29 0 P(32) 263-217 50 20
P(31) 263-34295 3 P(30) 263-468 22 7 P(29) 263-59303 3 P(28) 263-717 44 0
P(27) 263841 54 3 P(26) 26396522 3 P(25)  264:08844 -2 P(24) 26421135 -1
P(23) 264-33392 5 P(22) 264:45603 4 P(21) 264-577 74 3 P(20) 264:699 12 7
P(19) 264-82007 8 P(18) 264-940 56 1 P(17) 265-060 63 -7 P(16) 265-180 56 9
P(15) 265:299 92 7 P(14) 26541880 - 2 P(13) 265-53741 0 P(12) 265-65585 23
P(11) 265-773 47 4 P(10) 265-89092 8 P(9) 266-007 76 -9 P(7) 266:24011 - 59
P(5) 266:47144 - 55 R(6) 267-82653 6 R(7) 267-93671 -4 R(8) 268-046 64 -1
R(10) 268:26522 - 3 R(11) 268-:37389 - 6 R(12) 268482 30 3 R(13) 268-590 08 -8
R(14) 268-697 68 0 R(15) 268-80456 - 21 R(16) 268-911 63 14 R(17) 269-017 81 2
R(18) 269-12375 5 R(19) 269-22922 2 R(20) 269-334 30 0 R(21) 269-439 06 5
R(22) 269-543 30 0 R(23) 269-64724 3 R(24) 269-750 65 -5 R(25) 269-85378 -1
R(26) 269-956 69 19 R(27) 270-058 78 0 R(28) 270-160 88 21 R(29) 270-262 14 -1
R(30) 270-363 25 1 R(31) 270:46393 2 R(32) 270-564 20 1 R(33) 270-664 05 0
R(34) 270:763 52 0 R(35) 270-86251 - 5 R(36) 270-961 23 1 R(37) 261:059 49 2
R(38) 271-157 36 5 R(39) 271-25475 0 R(40) 271-35148 - 28 R(41) 271-448 47 7
R(42) 271-544 66 5 R(43) 271-64047 5 R(44) 271-73586 5 R(45) 271-83086 5
R(46) 271-92539 0 R(47) 272:019 59 3 R(48) 272:11326 -6 R(49) 272:20671 3
R(50) 272:299 66 3 R(51) 272:39237 20 R(52) 272:484 32 3 R(53) 272:576 00 0
R(54) 272:667 31 0 R(55) 272:75842 21 R(56) 272-848 71 2 R(57) 272-93875 0
R(58) 273-028 44 2 R(59) 27311767 0 R(60) 273:206 54 4 R(61) 273:29497 5
R(62) 273-38295 2 R(63) 27347051 - 1 R(64) 263-557 68 -2 R(65) 273-644 47 0
R(66) 237-730 84 1 R(67) 273-81677 1 R(68) 273-90243 15 R(69) 273-987 54 15
R(70) 274-:07207 0 R(71) 274:15643 8 R(72) 274-240 24 3 R(73) 274-32372 7
R(74) 274-406 72 4 R(75) 274-48927 0 R(76) 274-57143 -3 R(77) 274-65329 5
R(78) 274-734 69 10 R(79) 274-81546 - 5 R(80) 274-895 84 - 19 T(81) 274-976 16 3
R(82) 275-05583 3 R(83) 27513504 - 1 R(84) 275:21395 6 R(85) 275:292 40 10
R(86) 27537018 - 10 R(87) 275:44792 6 R(88) 275-52512 12 R(89) 275-601 72 0
R(90) 275678 06 3 R(91) 27575388 - 2 R(92) 275-829 38 2 R(93) 275-904 39 0
R(94) 27597905 5 R(95) 276:05325 7 R(96) 276:127 04 11 R(97) 276:200 24 -3
R(98) 276:27327 9 R(99) 276:34572 6 R(100) 27641765 -5 R(101) 276-489 30 -3
R(102)  276:56063 9 R(103) 276:63122 - 8 R(104) 27670181 16 R(105) 27677153 -3
R(106) 276:84091 - 14 R(107) 276:90993 - 17 R(108) 276978 65 -8 R(109) 277-04672 - 21
R(110) 277-11466 - 4
(2, 1) Band

P(107) 251-:08718 - 17 P(104) 21554871 29 P(101) 25200617 9 P(98) 25246021 - 11
P(97) 252:61107 9 P(96) 252:76144 18 P(92) 253-358 69 11 P(87) 25409650 - 17
P(85) 254-38914 - 10 P(81) 25496972 - 9 P(80) 255-11397 -3 P(79) 255-25763 - 18
P(78) 25540119 - 4 P(77) 255-544 45 16 P(76) 255-686 80 - 14 P(75) 255-82929 6

(continued)
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Table 1. Continued.
Line Observed ) Line Observed ) Line Observed ) Line Observed )
P(74) 25597113 1 P(73) 256:11322 58 P(74) 256:25372 -4 P(57) 258324 60 -7
P(56) 258-45958 - 17 P(55) 258:594 31 5 P(54) 258-728 35 - 11 P(53) 258-862 16 12
P(52) 258-99579 6 P(51) 259-128 78 0 P(50) 259-261 44 0 P(49) 259-39378 5
P(48) 259-52567 5 P(47) 259:65713 1 P(46) 259-788 24 0 P(45) 259-91905 8
P(44) 260-049 30 0 P(43) 26017918 - 8 P(42) 260-308 83 0 P(41) 260-437 96 -4
P(39) 260-695 19 0 P(38) 260-82310 - 10 P(37) 260-950 88 5 P(36) 261-:078 07 1
P(35) 261-:204 99 8 P(34) 261-33111 - 24 P(33) 261-457 48 6 P(32) 261-583 09 0
P(31) 261-70830 - 7 P(30) 261-83317 - 9 P(29) 261-957 85 8 P(28) 262:08196 8
P(27) 262-:20558 -1 P(26) 262-32895 2 P(25) 262-451 63 - 23 P(24) 262-574 47 6
P(23) 262:696 60 4 P(22) 262:81827 - 4 P(21) 262-93970 1 P(20) 263-060 66 0
P(19) 263-18108 - 16 P(18) 263-301 54 10 P(17) 263-421 19 -3 P(16) 263-540 62 -1
P(15) 263-659 71 7 P(14) 263-778 46 20 P(13) 263-896 49 1 P(12) 264-014 30 0
P(11) 264-13169 - 3 R(13) 26693838 - 10 R(14) 267-045 38 - 19 R(15) 267-15233 7
R(16) 267-25837 - 15 R(17) 26736436 - 4 R(18) 267-469 79 -8 R(19) 267-57495 0
R(20) 267679 66 4 R(21) 267-78398 9 R(22) 267-887 76 1 R(23) 267-99113 -7
R(24) 268:094 25 0 R(25) 26819685 - 5 R(26) 268:299 10 -5 R(27) 268:401 09 9
R(28) 268-502 42 0 R(29) 268-60347 1 R(30) 268-704 13 4 R(31) 268-804 56 25
R(32) 268-90407 - 4 R(33) 269-:00302 - 50 R(34) 269-102 55 2 R(35) 269-201 16 4
R(36) 269:29927 -3 R(37) 269:39703 - 4 R(38) 269:494 42 -2 R(39) 269-591 37 -4
R(40) 269-688 03 6 R(41) 269-784 11 0 R(42) 269-879 78 -6 R(43) 269-97518 0
R(44) 270-070 10 1 R(45) 270-15534 - 925 R(46) 270-258 82 13 R(47) 270-352 34 -3
R(48) 27044562 - 2 R(49) 270-538 53 1 R(50) 270-631 10 13 R(51) 270-723 11 10
R(52) 270-81462 - 1 R(53) 27090582 - 2 R(54) 270-996 75 9 R(55) 271-:086 97 -7
R(57) 271:266 60 1 R(58) 271-35578 5 R(59) 271-444 52 5 R(60) 271-53274 -4
R(61) 27162066 - 2 R(62) 271:708 23 5 R(63) 271-79524 -1 R(64) 271-88198 7
R(65) 271-968 17 1 R(66) 27205394 - 3 R(67) 272-139 34 -4 R(68) 272:224 49 11
R(69) 272-308 71 - 23 R(70) 272:39237 - 73 R(71) 272:476 99 15 R(72) 272-560 20 4
R(73) 272-643 15 9 R(74) 272:72548 -5 R(75) 272-807 89 29 R(76) 272-889 30 6
R(77) 272-970 68 22 R(78) 273-05145 19 R(79) 273-13178 14 R(80) 273-21152 -7
R(81) 273:29129 16 R(87) 273:759 62 15 R(88) 273-83605 1 R(91) 274-063 36 15
(3, 2) Band

P(78) 253-77362 146 P(66) 255:46029 3 P(63) 255-873 36 - 25 P(62) 256:010 58 -4
P(53) 257-22608 - 23 P(52) 25735935 - 10 P(44) 258:41051 -5 P(43) 258:54022 1
P(42) 258:66918 - 26 P(41) 25879827 - 3 P(31) 260-065 40 3 P(30) 260-190 31 39
P(29) 260-314 31 26 P(27) 260-56141 19 P(26) 260-683 99 - 20 P(25) 260-807 09 31
P(24) 260-92869 - 27 P(23) 26105076 0 P(22) 261-17233 16 P(18) 261:653 63 20
P(15) 262:01083 - 11 P(14) 262:12905 - 13 R(25) 266-531 56 12 R(26) 266-633 44 20
R(27) 266-73452 - 10 R(28) 266-83564 3 R(26) 266-93625 6 R(31) 267-13625 14
R(33) 267-33540 99 R(36) 267628 80 1 R(37) 267-72601 -8 R(38) 267-823 13 14
R(39) 267-919 59 11 R(40) 268:01564 8 R(44) 268-39567 -7 R(48) 268769 59 23
R(51) 269-04528 5 R(52) 26913619 - 15 R(53) 269-22726 19 R(54) 269-31729 -7
R(65) 270-28293 - 24 R(67) 270-453 58 22 R(68) 270-538 53 72

“Observed - calculated differences (columns labelled §) are in units of 0-00001 cm” L
those reported in [1]and comparable with those of [8] E,; = Z“gzlij(v + %)1[J(J + 1)],' (2)

Appadoo et al. [8]used the new vibration-rotation lines
reported here in a much more extensive fit of the A *IT,—

X 'S* transition.

The 1”Br and I*'Br lines can be fitted together using
the mass-independent Dunham expression [21, 22]

The mass dependence of the

1

Y., constants has been

factored out explicitly in equation (2), assuming the
Born—-Oppenheimer approximation. In our new com-



High resolution far IR spectroscopy of IBr 141

Table 2. I*'Br infrared transitions (in em™H“.

Line Observed ) Line Observed ) Line Observed ) Line Observed )
(1, 0) Band
P(111) 25029790 - 4 P(110) 25045103 0 P(108) 250-756 00 -8 P(107) 25090824 17
P(106) 25105974 5 P(105) 25121098 5 P(104) 251-36195 14 P(103) 25151220 - 11
P(102) 25166249 3 P(101) 251-81191 - 31 P(100) 251-96161 -1 P(99) 252:11080 13
P(98) 252:25931 -1 P(97) 252:40776 13 P(96) 252-55557 1 P(95) 252:703 04 -7
P(94) 252-85012 - 18 P(93) 25299696 - 16 P(92) 253-14347 - 10 P(91) 253-289 67 1
P(90) 253-43527 -9 P(89) 253-58094 22 P(88) 253-72581 11 P(87) 253-870 34 4
P(86) 254-01438 - 14 P(85) 254-15834 - 4 P(84) 254-30198 9 P(82) 254-58764 - 10
P(81) 254-73013 0 P(80) 254-87196 - 17 P(79) 255-:01357 - 20 P(78) 255-15515 11
P(77) 255-29595 2 P(76) 25543638 - 6 P(75) 255-576 64 4 P(74) 255-716 49 11
P(73) 255-85577 -1 P(72) 25599480 - 1 P(71) 256:13312 - 35 P(70) 256:272 16 39
P(63) 257-22905 - 27 P(62) 25736477 14 P(58) 257-902 14 5 P(57) 258-03544 -7
P(56) 258:16816 - 40 P(55) 25830122 - 2 P(54) 258:433 55 0 P(53) 258:56546 -1
P(52) 258:697 10 7 P(51) 258-82823 3 P(50) 258-95901 1 P(49) 259-089 40 -2
P(48) 259:219 50 3 P(47) 259:34909 - 4 P(46) 259-478 41 -2 P(45) 259-607 29 -5
P(44) 259-73589 0 P(43) 259-864 04 0 P(42) 259-991 86 2 P(41) 260-11913 - 10
P(40) 260-24620 - 6 P(39) 260-37303 11 P(38) 260:499 16 -2 P(37) 260-61523 - 985
P(36) 260750 60 0 P(35) 260-87577 3 P(34) 261-:00051 1 P(33) 261-12491 4
P(32) 261-:24885 - 1 P(31) 261:37245 - 3 P(30) 261:49576 3 P(29) 261:618 60 1
P(28) 261-741 06 0 P(27) 261-86315 0 P(26) 261-984 87 0 P(25) 262-106 18 -3
P(24)  262:22709 - 7 P(23) 26234773 - 1 P(22)  262:46800 6 P(21)  262:58779 4
P(20) 262:707 20 2 P(19) 262:82610 - 11 P(18) 262-944 93 4 P(17) 263-063 19 2
P(15) 263-298 58 0 P(14) 263-41580 9 P(13) 263-53245 0 P(12) 263-648 84 2
P(11) 263-764 92 12 P(10) 263-88026 - 13 P(9) 263-99565 4 P(8) 264-110 50 6
R(6) 265-78622 - 32 R(7) 265-89509 - 9 R(8) 266-00341 -2 R(9) 266-11120 -9
R(11) 266-32601 15 R(12) 26643247 - 8 R(13) 266-538 88 2 R(14) 266-644 75 -2
R(15) 266-750 57 27 R(16) 266-85543 0 R(17) 266-960 15 -2 R(18) 267-064 48 -4
R(19) 267-16847 - 1 R(20) 267-27208 2 R(21) 267-37527 3 R(22) 267-478 01 -1
R(23) 267-580 53 11 R(24) 26768243 1 R(26) 267-88525 1 R(27) 267-986 07 1
R(29) 268-186 06 - 44 R(30) 268:286 14 0 R(31) 268-38536 -2 R(32) 268:484 25 1
R(33) 268-582 82 13 R(34) 26868071 - 3 R(35) 268-778 37 -3 R(36) 268-87576 8
R(37) 268-972 59 4 R(38) 26906900 - 1 R(39) 269-16510 1 R(40) 269-260 75 -1
R(41) 269-35571 - 33 R(42) 26945089 - 4 R(43) 269-545 46 4 R(44) 269:639 46 -4
R(45) 269-73317 - 1 R(46) 269-82648 0 R(47) 269-919 35 -1 R(48) 270-011 80 -5
R(49) 270-10394 - 1 R(50) 270-19565 0 R(51) 270-286 96 2 R(52) 270-377 82 0
R(53) 270-468 33 1 R(54) 270-55838 - 1 R(55) 270-648 13 4 R(56) 270-737 38 1
R(57) 270-82627 2 R(58) 27091465 - 7 R(60) 271-:090 51 3 R(61) 271-17752 - 22
R(62) 271:26455 - 6 R(64) 271:43707 - 6 R(65) 271-522 80 0 R(66) 271-608 02 -1
R(67) 27169284 - 4 R(68) 271:77732 0 R(69) 271-861 31 -4 R(70) 271-944 98 0
R(71) 272:02817 - 2 R(72) 27211094 - 6 R(73) 272-19333 -8 R(74) 272:27540 -1
R(75) 272-35709 8 R(76) 272:43816 - 2 R(77) 272-51895 0 R(78) 272-599 39 7
R(79) 272:679 34 6 R(81) 272:83802 6 R(82) 272916 57 - 10 R(83) 272:99506 6
R(84) 273-:07291 1 R(85) 27315032 -7 R(86) 273-227 35 - 12 R(87) 273-304 06 -8
R(88) 273-380 44 4 R(89) 273:45628 3 R(90) 273-53152 - 15 R(61) 273-606 70 0
R(92) 273-68208 78 R(93) 27375544 - 4 R(94) 273-82918 -8 R(96) 273-975 60 2
R(97) 274-048 12 1 R(99) 274-19192 0 R(lOO) 274-263 21 0
(2, 1) Band
P(98) 250:66795 17 P(97) 250:81591 4 P(95) 251-11108 14 P(93) 251:404 51 0
P(92) 251:55078 3 P(90) 251-84186 - 23 P(89) 251-98721 0 P(88) 252:13206 9
P(87) 252:276 39 5 P(96) 252:42039 5 P(85) 252:564 25 28 P(82) 252:99261 -1
P(81) 253-13464 - 12 P(80) 253:27648 - 4 P(79) 253:41793 0 P(78) 253-55892 -2
P(77) 253:699 62 2 P(74) 254-119 39 9 P(73) 254-258 53 8 P(72) 254-397 30 7
P(71) 254-53536 - 26 P(70) 254-67391 25 P(69) 254-81127 -4 P(68) 254-948 50 -8
P(67) 25508540 - 9 P(66) 255:22206 3 P(65) 255-358 19 1 P(64) 25549375 - 20
(continued)
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Table 2. Continued.
Line Observed ) Line Observed S Line Observed S Line Observed S
P(63) 25562929 - 6 P(62) 255-764 58 19 (61) 255-89907 3 P(60) 256:033 44 13
P(45) 258:002 16 0 P(43) 258:25841 15 (42) 258-38593 20 P(41) 258-51265 - 17
P(40) 25863951 - 2 P(39) 258:76586 0 (38) 258-89172 - 10 P(37) 259-017 37 -2
P(36) 259-14250 - 9 P(35) 259:26743 2 (34) 259-391 83 0 P(33) 259-51581 -7
P(32) 259-63944 - 11 P(31) 259:76283 - 1 (30) 259-885 64 - 11 P(29) 260-00814 - 13
P(28) 260-13039 - 2 P(27) 260-25213 -4 (25) 260-494 45 - 10 P(24) 260-61549 32
P(23) 260-73545 5 P(22) 260-85512 - 11 (21) 260-974 68 -1 P(20) 261-09382 4
P(19) 261-212 56 8 P(17) 26144856 - 14 (16) 26156610 - 14 P(15) 261-683 45 4
P(14) 261-80020 2 P(13) 26191653 -2 (12) 262-03244 - 11 P(ll) 262-14799 - 18
P(8) 262:49256 - 13 R(9) 264-486 60 6 R(10) 264-593 56 -4 R(13) 264-91220 - 27
R(14) 265018 28 30 R(15) 26512307 -1 R(16) 265-227 84 4 R(17) 265-33191 - 20
R(18) 26543599 - 6 R(19) 265-53940 - 18 R(20) 265-642 61 - 12 R(21) 265-74557 8
R(22) 26584779 - 4 R(23) 26594972 - 17 R(24) 266:05147 10 R(25) 266°152 46 -7
R(26) 266-253 33 1 R(27) 266:35352 - 17 R(28) 266453 68 0 R(29) 266-553 40 13
R(30) 266:652 46 0 R(31) 266-75151 25 R(32) 266-849 63 -2 R(33) 266-947 68 2
R(34) 267-045 38 11 R(35) 267-14245 - 2 R(36) 267-239 30 1 R(38) 267-431 85 14
R(39) 267-527 32 0 R(40) 26762257 3 R(41) 267-71727 -8 R(42) 267-81176 0
R(43) 267-905 83 4 R(44) 267-999 48 8 R(45) 268-092 68 6 R(47) 268-27791 6
R(48) 268:36982 - 3 R(49) 268:46144 - 2 R(50) 268-552 68 0 R(51) 268-643 44 -3
R(52) 268-733 88 0 R(53) 268-82392 3 R(54) 268-913 50 2 R(56) 269-091 48 1
R(57) 269-179 88 3 R(58) 269-26780 - 3 R(59) 269-35571 30 R(60) 269-442 59 1
R(61) 269-529 36 1 R(62) 26961569 - 1 R(63) 269-701 70 3 R(64) 269-787 25 4
R(65) 269-872 45 9 R(67) 270-04145 3 R(68) 270-12546 12 R(70) 270-29193 -1
R(71) 270-37459 -5 R(72) 270:456 94 0 R(78) 270-94199 -5 R(79) 271-02135 - 10
R(80) 271-100 49 2 R(81) 27117926 20 R(88) 271-717 68
(3, 2) Band

P(84) 251-104 62 21 P(81) 251-53128 5 P(75) 252:374 53 - 21 P(74) 252:51395 -6
P(73) 252:65269 - 21 P(72) 252:79118 - 24 P(68) 253-34142 - 32 P(64) 253-886 16 12
P(58) 254-691 33 18 P(54) 25522019 - 11 P(53) 255-35152 - 13 P(48) 256:002 67 0
P(29) 258:389 78 9 R(19) 263-90236 5 R(20) 264-:004 94 -7 R(21) 264-107 36 1
R(26) 26461312 12 R(27) 264-71297 3 R(31) 265-108 95 21 R(32) 265-206 79 10
R(34) 26540124 - 14 R(36) 265-594 58 9 R(37) 265-690 34 - 10 R(39) 265-88107 -7
R(40) 26597574 - 15 R(42) 26616436 17 R(43) 266:25761 - 12 R(44) 266350 94 6
R(45) 266-443 72 10 R(46) 266-53585 - 10 R(47) 266-62791 1 R(48) 266:719 40 -2
R(51) 266-991 99 39 R(52) 26708142 - 9 R(54) 267-260 08 -4 R(55) 267-348 89 6
R(57) 267-52499 - 1 R(58) 26761244 - 4 R(59) 267-699 68 11 R(61) 267-87239 - 10
R(63) 268-:04356 - 23 R(68) 268-46484 - 4 R(70) 268630 39 -6 R(76) 269-117 36 6

“Observed - calculated differences (columns labelled §) are in units of 0-000 01 cm™ -

bined fits no evidence for Born—-Oppenheimer break-
down could be detected.

The higher order U, (j > 1) are not independent con-
stants but can be determined using relationships such as

4U;,

Up=-—" (3)
02 U%o )

that are implicit in the Dunham analysis [20-22] We
have, therefore, fitted the data of tables 1-3 using equa-
tion (2) and these relationships to obtain a set of ‘con-
strained’ U, parameters [23] In this way the data set

1

(tables 1-3) could be reproduced by only 5 independent
U, parameters (table 5) compared with the 18 conven-
tional Dunham Y’s (table 4).

An equally compact representation of the data was
obtained by fitting the data directly to the eigenvalues
of the radial Schrédinger equation. In this case a mod-
ified Morse potential,

Y ERS
Ulz) = D[l—] ,

1- e A

with
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Table 3. Todine bromide J — J + 1 pure rotational transitions (in cm~ e

v J Observed ) v J Observed ) v J Observed ) v J Observed §

1”Br
0 2 034040267 - 28 1 2 0-33921569 0 2 2 0-33802313 36 0 43 4989117 0
0 52 6007731 1 0 6l 7-025 289 -1 0 78 8-:943 843 1 0 79 9056535 0
0 87 9957351 -1 0 95 10-856 779 -4 1 43 4-971688 0 1 52 5986726 - 1
1 61 7-:000707 o 1 79 9-024 774 0 2 52 5965622 1 2 61 6976004 - 1
3 61 6951181 -4 4 61 6926234 - 12

1*'Br
0 2 033522497 - 11 0 2 0-334064 87 0 0 2 0-33289890 - 28 0 44 5024787 0
0 53 6027840 0 0 62 7-:029 852 0 0 71 8:030651 -1 0 80 9030063 1
1 44 5007367 1 1 53 6:006926 0 1 62 7-005441 1 71 8002738 2
2 44 4989864 1 2 53 5985914 1 2 62 6.980912 -1 2 71 7974687 1
3 53 5964800 0 4 353 5:943 575 - 12 5 62 6906597 - 30

“Observed - calculated differences (columns labelled §) are in units of 10 8¢em”™ ! for microwave lines and 10" ®cm™ ! for millimetre

wave lines.

Table 4. Mass-dependent Dunham constants (in cm~ 1).
1”Br I*'Br
Yo 268-681076(37) 266627 934(37)
Y20 - 0-816 597 6(216) - 0804 1234(210)
10’3 - 1-41500(375) - 1:39099(361)
107 Yy, 5-68325533(103) 5:596734 74(119)
10°y;, - 1969037 4(650) - 1-924291 3(653)
1075 - 4-7873(140) - 4-6412(122)
108, - 1:016446(222) - 0986 162(275)
10"y, - 5:0813(425) - 4-8173(459)
101 ¥,, - 1-678(166) - 1:314(217)

Table 5. Mass-independent Dunham constants (in cm” 1).

Ujp 1874207 68(18) 105U, - 969520712
Uyy - 39:733494(738) 10Uy - 1:53154401
Us - 0-482374(899) 10", - 4:39887905
U 2:76540545(10)  10° Uy - 533511331
10°Uy, - 6:6843244(893) 10°U,, - 230353636
10°U5, 1-117 32(204) 10°0, - 2:23170026
10° Uy - 2:40824690 102Uy - 1:04235062
10'U,, - 7765773 86
R- R,
z= b
R+ R,
plz) =z Biz',
<
and

p(©) = Z;ﬁi,

was used [23] The potential parameters obtained in this
way are reported in table 6. The dissociation energy was
fixed to the value quoted by Huber and Herzberg [24]

Table 6. Derived parameter values for the modified Morse
potential.

D./cm™! 14 660-0

R./A 2:468 985985 7(437)

Bo 9:308 343015(796)

B 17-902 504(250)

B2 52:81995(218)

B3 137-052(312)

B 244-33(190)

M (1) [u 126-904 473

M(PBr) Ju 78-918 336 1

M(*'Br)/ 80-916 289

and the masses taken from Mills et al. [25] This fit
required 5 potential parameters (§y—B4) and also led to
a new value for R, the equilibrium bond length. The
utility of far infrared synchrotron radiation for high
resolution absorption spectroscopy is illustrated clearly
by our improved line positions and spectroscopic con-
stants.
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