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The High-Resolution Infrared Spectrum of Iodine Monochloride 
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Waterloo, Ontario, Canada N2L 3GI 
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The high-resolution infrared spectrum of iodine monochloride has been observed in absorption 
by Fourier transform spectroscopy. About 750 rovibrational transitions for the two isotopomem 
I “Cl and I “Cl have been assigned. The new infrared data were combined with millimeter-wave 
transition frequencies from the literature to yield precise Dunham coefficients, Yb, for the X ‘Z+ 
electronic ground state of ICI. In addition, mass-reduced Dunham constants, U,, have been 
derived. 0 1992 Academic Press, Inc. 

INTRODUCTION 

Iodine monochloride has been the subject of numerous spectroscopic studies 
over the last 6 decades. The molecule shows several unusual properties such as 
predissociation, curve crossings, avoided crossings, and the existence of diffuse and 
continuous spectra and, therefore, has been of considerable interest to spectro- 
scopists. The spectroscopic properties of ICI have been studied by a number of 
techniques such as visible absorption spectroscopy (l-14), emission spectroscopy 
(15-l??), laser-induced fluorescence spectroscopy ( 19-27), vacuum ultraviolet 
spectroscopy (28-31) , laser-induced photochemistry ( 32) and microwave and 
millimeter-wave spectroscopy ( 33-3 7)) as well as microwave-optical double-res- 
onance spectroscopy (38-42). Information about potential energy curves and curve 
crossings in ICl was obtained in a photofragmentation experiment (43). Molecular 
beam experiments (44-46) were carried out to obtain information about rotational 
temperatures, rotational-translational relaxation, and dissociation of ICl. Brand 
et al. used two-photon polarization spectroscopy (47-52) and three-photon reso- 
nance spectroscopy (53, 54) to gain information about perturbed electronic states. 
In addition there are several excellent ab initio calculations of the molecular prop- 
erties of the ground and excited states of ICI (55-5 7). 

However, there is only one publication about the vibration-rotation spectrum of 
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FIG. 1. Portion of the infrared spectrum of 1% close to the R-branch bandheads. Hz0 lines were used 
as absolute wavenumber standards. 
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FIG. 2. Portion of the high-resolution infrared spectrum of ICI between 363 and 365 cm-‘. The bands of 
13’CI are indicated as follows: (0) u = 1 +O;(l)u=2+1;and(2)u=3+2. 
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TABLE I 

Observed Line Positions of ICI in cm-’ 

o.-c.a 0.-c. O.-e. 0 -c 

J” observed /10-s J” observed /10-5 J" observed /lo-” J” observed /lo-’ 

I35C1, ” = 1 - 0 135C1, ” = 1 + 0 135~1, v = 1 - 0 I 35 Cl,v=l-0 

P(106) 351.34562 -46 P(53) 367.75630 P(4) 360.35647 -402 R(44) 390.40687 

P(105) 351.68250 74 

P( 102) 352.68203 -81 

P(lO0) 353.34638 114 

P(99) 353.67462 -34 

P(98) 354.00326 -41 

P(97) 354.33191 52 

P(96) 354.65579 -232 

P(95) 354.98332 -51 

P(94) 355.30793 -62 

P(93) 355.63234 6 

P(92) 355.95518 18 

P(9l) 356.27695 22 

P(90) 356.59690 -55 

P(69) 356.91662 -55 

P@8) 357.23452 -137 

P(67) 357.55383 22 

P(86) 357.87026 -6 

P(65) 358.18660 57 

P@4) 358.50011 -63 

P(63) 358.81431 -13 

PW) 359.12726 13 

P(60) 359.74963 13 

P(76) 360.36792 8 

P(77) 360.67542 -8 

P(76) 360 96254 39 

P(X) 361.28831 52 

P(i4) 361.59107 -135 

P(i2) 362.19855 -9 

P(70) 362.80112 31 

P(69) 363.09995 -42 

P(68) 363.39838 -54 

P(6i) 363.69587 -59 

P(66) 363.99472 174 

P(65) 364.28878 30 

P(64) 364.58344 48 

P(63) 364.87685 42 

P(62) 365.16876 -12 

P(61) 365.46013 -18 

P(60) 365.i5155 83 

P(59) 366.04019 8 

P(58) 366.32943 96 

P(57) 366.61598 16 

P(56) 366.90248 34 

P(52) 368.03726 
P(51) 368.31912 

P(50) 368.59792 

P(49) 368.87567 

P(48) 369.15621 

P(47) 369.43386 

P(46) 369.70948 

P(44) 370.25830 

P(43) 370.53191 

P(42) 370.80322 

P(41) 371.07386 

P(40) 371.34474 

P(39) 371.61285 

P(38) 371.88018 

P(37) 372.14760 

P(36) 372.41333 

P(35) 372.67792 

P(34) 372.94101 

P(33) 373.20432 

P(32) 373.46446 

P(31) 373.72564 

P(30) 373.98465 

P(29) 374.24403 

P(27) 374.75735 

P(26) 375.01314 

P(25) 375.26602 

P(24) 375.51904 

P(23) 375.77222 

P(22) 376.02225 

P(21) 376.27311 

P(20) 376.52204 

P( 19) 376.76845 

P(M) 377.01746 

P(17) 377.26325 

P(16) 377.50812 

P(15) 377.75123 

P(14) 377.99265 
P(13) 378.23583 
P(12) 378.47658 
P(ll) 376.71527 

P(10) 376.95418 

P(9) 379.19153 

133 

7 

73 

-64 

-203 

39 

96 

52 

32 

97 

36 

10 

113 

41 

-4 

63 

64 

56 

2 

73 

-68 

-1 

-27 

49 

9 

59 

-77 

-94 

9 

-97 

-16 

-22 

-176 

36 

32 

41 

-21 

-146 

11 

31 

-50 

-2 

-4 

-53 

-163 
P(7) 379.66260 

R(2) 

P(3) 

381.95873 

380.59159 -189 

I76 

R(3) 

P(2) 

382.18183 

380.81994 

138 

R(4) 

-346 

382.40197 

R(1) 

-90 

R(5) 

381.73279 

382.62400 

40 

-21 

R(6) 382.84358 -90 

R(7) 383.06265 -102 

R(8) 383.28077 -101 

R(9) 383.49855 -26 

R(I0) 383.71377 -100 

R(11) 383.92857 -107 

R(12) 384.14363 21 

R(13) 384.35510 -103 

R(14) 384.56920 145 

R(15) 384.77873 45 

R(16) 384.98612 39 

R(17) 385.19551 -58 

R(18) 385.40386 50 

R(19) 385.60933 -21 

R(20) 385.81444 -19 

R(21) 386.01894 31 

R(22) 386.22115 -39 

R(23) 386.42361 26 

R(24) 386.62423 16 

R(25) 386.82342 -27 

R(26) 387.02251 30 

R(27) 387.21952 -11 

R(28) 387.41569 -26 
R(29) 387.61096 -22 

R(30) 387.80560 30 

R(31) 387.99807 -25 

R(32) 388.19038 15 

R(33) 388.38114 10 

R(34) 388.57076 2 

R(35) 388.75968 34 

R(36) 388.94709 27 

R(3i) 389.13308 -12 

R(36) 389.31831 -15 

R(39) 389.50240 -21 

R(40) 389.68592 27 

R(41) 389.66823 65 

R(42) 390.04832 -7 

R(48) 391.10939 

R(49) 

R(45) 390.58441 

391.28285 

R(50) 391.45471 

R(51) 

R(46) 390.76047 

391.62554 

R(52) 391.79480 

R(53) 

R(47) 390.93561 

391.96341 

R(54) 392.13098 

R(55) 392.29646 

R(56) 392.46215 

R(57) 392.62648 

R(58) 392.78830 

R(59) 392.95040 
R(60) 393.11021 

R(61) 393.26958 

R(62) 393.42863 

R(63) 393.58459 

R(64) 393.74220 

R(65) 393.89635 

R(66) 394.05063 

R(67) 394.20223 

R(68) 394.35371 

R(69) 394.50413 

R(70) 394.65300 
R(71) 394.80044 
R(72) 394.94738 
R(73) 395.09313 
R(74) 395.23762 
R(75) 395.38060 
R(76) 395.52310 

R(77) 395.66394 
R(78) 395.80388 
R(79) 395.94228 
R(80) 396.07979 
R(81) 396.21603 

R(82) 396.35147 

R(83) 396.48515 

R(84) 396.61795 

R(85) 396.74983 

R(86) 396.88035 

R(87) 397.00956 

R(88) 397.13760 

22 

31 

3 

-4 

-3.5 

I5 

17 

29 

-3 

12 

3i 

-34 

29 

TO 

-27 

18 

-52 

-53 

29 

-8.1 

82 

17 

i9 

-11 

I 

22 

3 

-44 

-2.5 

-9 

-4 

-35 

4 

-8 

6 

-Ii 
-13 
-19 

12 

-16 

-15 

II 

I6 

12 

i P(55) 367.16745 1 P(6) 379.89569 

P(54) 367.47276 104 P(5) 380.12907 -13i R(43) 390.22871 63 R(89) 397.26434 -10 

a observed minus calculated line positions using the mass-reduced Dunham constanta &Table IV. 

ICl in the infrared region (58). The origin of the fundamental band of ICI in the 
electronic ground state lies at 384 cm-‘, a region which is not easily accessible with 
traditional infrared spectrometers. In this work we present the infrared absorption 
spectrum of ICl, which closes the spectral gap for ICI between the millimeter-wave 
measurements and the electronic spectra in the near-infrared, visible, and ultraviolet 
regions. 

EXPERIMENTAL DETAILS 

The high-resolution infrared spectrum of ICI was observed with the Bruker IFS 120 
HR Fourier transform spectrometer at the University of Waterloo. The resolution was 
0.003 cm-’ with liquid-helium-cooled S1:B detectors and a 3.5-pm Mylar beamsplitter. 
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.I” observed 

135Cl, ” = 1 + 0 

R(90) 397.39011 

R(91) 397.51486 

R(Q2) 397.63840 

R(Q3) 397.76096 
R(Q4) 397.88182 

NQV 398.00109 

R(Q6) 398.12001 

R(97) 398.23726 

R(Q8) 398.35368 

NQQ) 398.46835 

R(lOO) 398.58210 

R(l01) 398.69496 

R( 102) 308.80650 

R( 103) 398.91531 

R( 104) 399.02496 
R(105) 399.13331 

R( 106) 399.24036 

R( 107) 399.34591 

R( 108) 399.45011 

R( 109) 399.55275 
R( 110) 3QQ.65441 

R( 111) 399.7543i 

R( 112) 399.85654 

R( 113) 399.95373 

R(l15) 400.14587 

R( 116) 400.24035 

RI lli\ 400.33258 

13’5c;. ” = 2 - 1 

PC1061 348.40213 

PilOSj 349.40612 

P(96) 351.70902 

P(Q4) 352.35669 

P(Q3) 352.68203 
P(Q1) 353 32559 

PCQO) 353.64581 

P(89) 353.96536 

f’(88) 354.28246 
P(R6) 354.91610 

P(82) 356.1iO35 
PW) 356.48117 

P(60) 356.79145 

P(i9) 357.10059 

P(i8) 357.40760 

P(77) 357.71549 

I’( i6) 358.021i7 
P(E) 358.32796 

0.7-c. 

/10-J 

-7 

13 

30 

68 

54 

-1 

29 

11 

28 

-9 

-20 

-136 

-77 

-27 

13 

23 

20 

-19 

-35 

-99 

178 

80 

24 

20 

-86 

-158 

3 

-98 

-255 

-33 

13 

59 

-40 

9 

14 

-6 

21 

35 

-63 

29 

61 

186 

TABLE I- -Continued 

J" observed /lo-’ 

135c1, (’ = 2 - 1 

Pf731 358.93252 -42 

P{?ij 359.23577 93 

P(70) 359.83630 72 

P(69) 360.13542 100 

P(68) 360.43352 128 

P(67) 360.72980 76 

P(66) 361.02536 54 

P(64) 361.61390 58 

P(62) 362.19855 82 

P(60) 362.77880 76 

P(59) 363.06687 22 

P(58) 363.35477 53 

P(57) 363.64110 29 

P(55) 364.21070 -15 

P(54) 364.49523 90 

P(53) 364.77710 32 

P(52) 365.05855 36 

P(50) 365.61824 31 

P(48) 366.17412 58 

P(46) 366.72543 41 R(15) 381.73279 

P(45) 366.99967 47 R(16) 381 94110 

P(44) 367.27257 23 R(17) 382.14712 

P(43) 367.54492 47 R( 18) 382.35367 

P(42) 367.81563 11 R( 19) 382.55793 
P(41) 368.08628 72 R(20) 382.76200 
P(40) 368.35442 -13 R(23) 383.36777 
P(35) 369.68332 -57 R(24) 383.56671 
P(34) 369.94702 40 R(25) 383.76493 
P(33) 370.20886 55 R(26) 383.96275 
P(32) 370.46918 22 R(27) 384.16065 
P(31) 370.72988 132 R(28) 384.35464 
P(30) 3i0.98668 -43 R(29) 384.54963 
P(29) 371.24524 63 R(30) 384.74247 
P(‘28) 371.50103 -4 R(32) 385.12337 
P(2i) 3il.75631 -16 R(33) 385.31261 
P(26) 3i2 01005 -77 R(34) 385.50020 
P(25) 372.2G230 -182 R(35) 385.68856 
P(24) 372.51682 45 R(36) 385.87464 
P(23) 372.76733 -23 R(37) 386.05722 
P(22) 373.01594 -176 R(38) 386.24509 
P(21) 373.26670 -8 R(40) 386.61086 
P(20) 373.51474 -7 R(41) 386.78973 
P(19) 3i3.76176 0 R(42) 386.96870 
P(14) 374.97958 -116 R(43) 387.14719 

P(13) 375.22120 -15 R(44) 387.32456 

P(12) 375.46047 -43 R(45) 387.50173 

.l” observed 

FCl, ” = 2 - 1 

PC111 375.69776 

P(9)' 376.17274 

P(8) 376.40837 

P(7) 376.64186 

P(6) 376.87491 

P(5) 377.10797 

P(3) 377.56782 

R(2) 378.92707 

R(3) 379.14753 

R(4) 379.36875 

R(5) 379.58862 

R(6) 379.81043 

R(7) 380.02592 

R(8) 380.24349 

R(Q) 380.45896 

R(lO) 380.67423 
R(12) 381.10031 
R(13) 381.31232 

R(14) 381.52026 

0.7-c. 

/10-s 

-162 
-40 
4 
-78 
-87 

11 

-98 

124 

-70 

-81 

-118 

147 

-112 

-54 

-98 

-54 

-84 

-39 

-292 

23 

25 

-93 

-48 

-123 

-106 

-44 

-101 

-120 

-69 

100 

-11 

89 

84 

-71 

-102 

-188 

-85 

-99 

-352 

37 

151 

-25 

-79 

-68 

-58 

45 

J" observed 

135c1, ” = 2 + 1 

Rf46) 387.67574 

R(47j 387.64983 
R(48) 388.02200 
R(50) 388.36632 
R(51) 388.53456 
R(52) 388.70199 

R(53) 388.86958 
R(54) 389.03545 
R(55) 389.19968 

R(56) 389.36420 
R(57) 389.52662 
R(58) 389.68557 
R(59) 389.84772 
R(60) 390.00732 
R(61) 390.16543 
R(62) 390.32222 
R(63) 390.47765 
R(64) 390.63229 
R(65) 390.78558 
R(66) 390.93562 
R(67) 391.08834 

R(68) 391.23886 

R(69) 391.38814 

R(70) 391.53540 

R(71) 391.68194 

R(72) 391.82733 

R(74) 392.11374 

R(75) 392.25593 

R(76) 392.39692 

R(77) 392.53603 

R(78) 392.67425 

R(79) 392.81099 

R(81) 393.08256 

R(82) 393.21557 

R(83) 393.34810 

R(84) 393.47975 

R(85) 393.60939 

R(87) 393.86710 

R(88) 393.99348 

R(89) 394.11892 

R(90) 394.24345 

R(93) 394.60691 

R(94) 394.72694 
R(95) 394.84406 

R(98) 395.19283 

R(99) 395.30611 

0.-e. 

/10-s 

-55 

-34 

-93 

127 

14 

-66 

-16 

-25 

-84 

0 

-13 

-258 

-6Q 

-21 

-7 

-10 

-35 

-24 

-32 

-251 

-86 

-26 

26 

-9 

0 

11 

-57 

-18 

17 

-19 

-26 

-65 

17 

-43 

-34 

5 

-39 

69 

53 

62 

98 

-94 

-33 

-143 

-14 

-29 

The spectral bandpass was limited to 325-760 cm-’ by a cold filter for the upper limit 
and by the detector response for the lower limit. 

A l-m long alumina tube equipped with polyethylene windows ( l-mm thick) 
was used for all experiments. All spectra were taken at room temperature. First, 
the cell was filled with 700 mTorr of ICI and 50 scans were coadded. The spectrum 
showed only rovibrational transitions of the fundamental band of 135C1. In a second 
experiment the alumina tube was filled with 5 Torr of ICI and 75 scans were coadded. 
Now a much denser and more intense spectrum was observed (Figs. 1 and 2). 

RESULTS 

The spectrum observed at low pressure was used to obtain the line positions for the 
fundamental band of I “Cl. These lines were saturated in the second spectrum taken 
at a pressure of 5 Torr. However, the high-pressure spectrum was useful for the ob- 
servation of hot band transitions of 13’Cl as well as the fundamental and hot band 
transitions of I 37C1. 
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TABLE I-Continued 

0.--c. 0.-c. 0.-c. 0.-c. 
3” observed /10-s J” observed /10-5 J” observed /10-s J" observed /lo-’ 

135~1, u = 2 - 1 135c1, ” = 3 - 2 135c1, ” = 3 + 2 IJTCI, ” = 1 - 0 

RllOOl 395.41912 48 Pf16) 371.47216 187 R/60) 386.89025 101 PC571 359.17232 24 

RilOZj ;~5.63965 16 

R(103) 395.74843 32 

R(104) 395.85587 34 

R(107) 396.16900 -151 

R( 108) 396.27022 -286 

R( 112) 396.66i46 -373 

136Cl ,u=3-2 

076) 355 04561 -20 

P(i4) 355.65366 38 

P(i3) 355 95518 -30 

P(i2) 356.25692 26 
P(i1) 356.55668 -24 

P(69) 357.15371 -36 

P(68) 357.45128 12 

P(67) 357.74601 -121 

P(66) 358.04158 -68 

P(62) 359.21019 -195 

P(61) 359.50269 65 

059) 360.07836 -39 

P(57) 360.65159 26 

P(56) 360.93713 106 

P(55) 361.21997 19 

W54) 361.50333 87 
P(53) 361 78531 121 

p(52) 362.06507 36 

P(50) 362.62208 -73 

P(47) 363.45252 34 

P(46) 363.72692 37 

P144) 364.27li7 -41 

p(42) 364.61435 71 

P(41) 365 08361 80 

P(R9) 365 61824 23 

P(3i) 366.14958 56 

P(36) 366.41371 76 

P(35) 366 67563 -20 

P(31) 36i.ili82 95 

P(30) 367.9i484 34 

P(2Q) 368.23177 69 

P(28) 368.48707 47 

p(27) 368.74130 24 

P(26) 368.99521 74 

~(25) 369.24715 32 

P(24) 369.49768 -44 

Pjl5j 371.71218 15 

P(14) 371.95307 38 

P(13) 372.19198 -31 

P(10) 372.90523 55 

P(9) 373.14036 36 

R(7) 376.97563 2 

R(8) 377.19165 I7 

R(Q) 377.40683 57 

R(lO) 377.61912 -83 

R(l1) 377.83124 -131 

R( 12) 376.04348 -57 

R(13) 358.25529 82 

R(15) 378.67160 -40 

R(16) 378.87796 -117 

R(17) 379.08624 109 

R(18) 379.28948 -60 

R(20) 379.69440 -223 

R(21) 379.89569 -256 

R(22) 380.09815 -61 

R(23) 380.29690 -128 

R(25) 380.69364 -4 

R(26) 380.89114 137 

R(28) 381.27712 -151 

R(29) 381.46918 -221 

R(30) 381.66261 -43 

R(31) 381.85233 -124 

R(32) 382.04113 -186 

R(33) 382.23046 -83 

R(34) 382.41843 -5 

R(35) 382.60346 -109 

R(36) 382.78929 -20 

X(39) 383.33884 123 

R(40) 383.51881 74 

R(41) 383.69621 -119 

R(42) 383.87506 -54 

R(43) 384.05266 -2 

R(44) 384.22703 -160 

R(49) 385.09110 -29 

R(50) 385.25957 -97 

R(51) 385.42846 -9 

R(53) 385.75837 -279 

R(54) 385.92607 32 

R(55) 386.08920 1 

Ri6lj 387.64595 15 

R(62) 387.20135 14 

R(63) 387.35460 -87 

R(68) 388.10906 -36 

R(69) 388.25524 -149 

R(74) 388.97630 48 

R(76) 389.25544 17 

R(7i) 389.39225 -99 

R(80) 389.79836 -Ii5 

R(81) 389.93171 -167 

R(83) 390.19771 134 

Rt871 390.70732 -84 \ , 
P’CI, ” = 1 + 0 

P/95) 348.09382 I85 

P(94j 348.40213 111 

P(92) 349.01576 -54 

P(91) 349.32352 99 
P(89) 349.93269 51 

P(88) 350.23612 52 

P(87) 350.53901 94 

P(86) 350.83978 18 

P(85) 351.14053 33 

P(84) 351.44131 147 

P(82) 352.03752 121 

P(81) 352.33238 -75 

P(80) 352.62936 35 

P(79) 352.92397 3 

P(78) 353.21836 44 

P(77) 353.51132 36 

P(76) 353 80376 71 

P(75) 354.09408 -11 

P(73) 354.67243 -120 

P(72) 354.96213 20 

P(71) 355.24963 35 

P(69) 355.82144 32 

P(68) 356.10544 -18 

P(67) 356.39009 93 

P(66) 356.67252 77 

P(65) 356.95408 69 

P(64) 357.23452 45 

P(63) 357.51391 11 

P(62) 357.79264 7 

P(61) 358.07035 -4 

p(23) 369 74818 -18 R(58) 386.57291 25 

Pi54j 359.98811 -17 

P(53) 360.25866 24 

P(52) 360.52807 46 

P(51) 360.79589 6 

P(47) 361.85972 65 

P(46) 362.12264 17 

P(45) 362.38486 -4 

P(44) 362.64657 20 

P(43) 362.90526 -160 

P(41) 36342531 36 

P(40) 363.68152 -101 
P(38) 364.19509 30 

P(37) 364.45014 67 
P(36) 364.70353 36 
P(35) 364.95566 -23 
P(34) 365.20718 -46 
P(33) 365.45902 60 
P(32) 365.70846 24 
P(31) 365.95751 47 
P(30) 366.20547 58 
P(29) 366.45253 78 
P(28) 366.69603 -161 

P(27) 366.94195 -60 

P(25) 367.42950 8 
P(24) 367.67170 32 
P(23) 367.91175 -62 

P(22) 368.15228 -8 

P(21) 368.39136 -1 

P(20) 368.62650 -290 

P(18) 369.10261 11 

P(17) 369.33755 -1 

P(l6) 369.57158 -6 

P( 15) 369.80455 -18 

P(l4) 370.03719 37 

P( 12) 370.49569 -236 

P(l0) 370.95517 -13 

P(Q) 371.18246 3 

P(8) 371.40832 -25 

P(7) 371.63446 75 

J’(6) 371.85707 -79 

P(5) 372.08114 13 

P(4) 372.30246 -69 

R(l) 373.61584 81 

R(3) 374.04427 -2 P(60) 358.34741 16 

P(l7) 371.22685 -64 R(59) 386.73109 -44 P(58) 358.89843 34 R(5) 374 46879 -73 

The spectral analysis program PC-DECOMP, developed by J. W. Brault, was used 
for data analysis. The line profiles were fit to Voigt lineshape functions. The signal- 
to-noise ratio for the strongest unsaturated lines in the spectrum taken at 5 Tot-r was 
about 50. The precision of the line positions is better than 0.0005 cm-‘, but many of 
the weaker lines were determined only to about +-0.00 1 cm-‘. The absolute calibration 
was accomplished with some impurity Hz0 lines (59) in the cell. 

Bandswithu=1+Otou=3+2for135Clandu=l+Otou=2+1for 
13’Cl were picked out using an interactive color Loomis-Wood program. Data re- 
duction was made by using the well-known Dunham equation (60) for the energy 
levels, 



J” observed 

IJ7Cl. ” = 1 + 0 

R(6) 3T4.68017 

Ri7j 374.89023 

R(8) 3i5.09976 

R(9) 375.30674 

R(11) 375.72094 

R( 16) 376.73469 

R(17) 376.93518 

R(18) 377.13392 

R(19) 377.33318 

R(20) 377.52847 

R(21) 377.72408 

R(Z) 317.91895 

~(23) 378.11314 

R(24) 3i8.30580 

R(25) X8.49723 

R(X) Z8.68882 

R(27) 3i8.87796 

R(28) 379.06693 

R(29) 379.25421 

R(3l) 3i9.62652 

R(32) 379.81043 

R(33) 379.99523 

R(34) 380.17735 

R(35) 380.35847 

R(36) 330.53877 

R(37) :i80.71841 

R(39) 331.07435 

R(40) 381.24992 

R(41) 381.42622 

R(42) 361.60004 

R(43) 381.77235 

R(45) 382.11517 

R(46) 382.28592 

R(47) 382.45448 

R(4Q) 382.78929 

R(51) 383.11976 

R(53) 383.44546 

R(54) 383.60690 

R(56) 383.92848 

R(57) 384.08577 

R(56) 384.24291 

R(59) 384.40061 

R(61) 384.70785 

R(62) 384.86171 

R(63) 385.01307 

R(64) 385.16460 

0.--c. 

/lo-5 

-46 

-49 

-5 

-114 

-5 

-131 

-77 

-96 

39 

-121 

-146 

-143 

-106 

-119 

-152 

-67 

-123 

-94 

-131 

-119 

-183 

-54 

-90 

-122 

-132 

-104 

-70 

-137 

-26 

-59 

-138 

-163 

-84 

-119 

-104 

-102 

-155 

-164 

-99 

-113 

35 

-166 

-82 

-141 

-76 

J” observed 

FCI, ” = 1 + 0 

R(66) 385.46276 

R(68j 385.75837 

R@Q) 385.90295 

R(7l) 386.19118 

~(72) 386.33320 

R(73) 386.47416 

R(75) 386.75368 

R(76) 386.89025 

R(78) 387.16578 

R(79) 387.29855 

R(8l) 387.56527 

R(82) 387.69565 

R(84) 38i.95796 

R(85) 388.08439 

R(87) 388.33762 

R(88) 388.46165 

R(91) 388.83159 

R(Q3) 389.06967 

R(96) 389.42122 

R(98) 389.64731 

R(102) 390.09398 

R(106) 390.51941 

R(109) 390.82992 

137c1, ” = 2 + 1 

P(86) 348.00789 

P(82) 349.20589 

P(81) 349.50139 

P(i9) 350.09189 

P(78) 350.38469 

P(i7) 350.67491 

P(76) 350.96902 

P(75) 351.25564 

P(74) 351.54770 

P(73) 351.83548 

P(72) 352.12309 

P(71) 352.40961 

P(i0) 352.69616 

P(69) 352.98112 

P(68) 353.26380 

P(67) 353.54871 

P(66) 353.82895 

P(62) 354.94619 

P(69) 355.50080 

P(59) 355.77596 

P(58) 356.04999 

P(57) 356.32289 

-74 

132 

-33 

-6 

-260 

22 

-28 

262 

-183 

195 

126 

223 

169 

-48 

219 

-167 

86 

6 

-11 

72 

92 

-21 

185 

20 

-54 

84 

83 

65 

30 

a-. a--c. 0.5. 

/10-s J” observed /lo-’ J” observed /10-s 
137c1, ” = 2 - 1 17C1, v=2+1 S 

-116 Pf55) 356.86535 -85 R(11) 372.81214 

20 

-74 

-31 

-57 

-81 

-44 

-182 

107 

-84 

-23 

-126 

150 

-20 

Rilb) 372.60445 

Pizij 365.5124i 

P(5yj 357.13688 

P(52) 357.67397 

PC201 365.75039 

P(51) 

P<lSj 

357.94215 

P(50) 358.20768 

P(49) 358.4i619 

P(48) 

365.98617 

358.73893 

P(47) 359.00203 

P(46) 

P(l8) 366.22105 

359.26488 

P(44) 359.78845 

P(42) 

P(14) 

360.30626 

P(41) 

367.15116 

360.56353 

P(40) 360.819iO 

P(36) 

P(13) 

361.83566 

P(35) 

367.38122 

362.08975 

P(34) 362.34120 

P(12) 

P(33) 

367.61142 

362.59090 

P(32) 362.83905 

P(31) 363.08ii2 

P(ll) 

P(30) 

367.63825 

363.33282 

P(29) 363.57998 

P(28) 

P(10) 

363.82515 

P(27) 

368.06645 

364.06926 

P(26) 364.31237 

P(24) 

P(Q) 

364.79513 

368.29226 

P(23) 365.03528 

PC221 

P(8) 

365.24468 

368.51635 

P(7) 368.74130 

P(6) 368.96542 

R(2) 370.92943 

R(3) 371.14154 

R(5) 371.56345 

R(7) 371.98344 

R(8) 372.19198 

33 

21 

4 

Rj14j 

Ri52j 

373.41816 

-39 

380.32405 

R(16) 373.82020 

101 

33 

R(54) 

R(18) 

380.64631 

374.21642 

-62 

67 

R(19) 

R(55) 

374.41263 

237 

380.80657 

R(20) 374.60797 

41 

56 

R(56) 

R(21) 

380.96327 

374.80218 

8 R(24) 

-9 

375.38131 

32 

R(GO) 

R(25) 

381.58352 

375.57121 

I .58 

-20 

R(27) 

R(62) 

375.95105 

98 

381.89024 

R(31) 376.69331 

.50 

84 R(63) 

R(32) 

382.04113 

376.87491 

-10 R(33) 

-.51 

377.05910 

54 

R(65) 

R(34) 

382.33726 

377.24137 

54 

.52 

R(35) 

R(66) 

377.42127 

128 

382.48593 

R(36) 377.59972 

106 

16 R(69) 

R(37) 

382.92151 

377.77691 

26 R(38) 

-93 

377.95543 

96 

R(71) 

R(39) 

383.20639 

378.13271 

-92 

-15 

R(40) 

R(74) 

378.30580 

24 

383.62714 

R(42) 378.65286 

80 

40 ,R(43) 

R(i5) 383.76493 

378.82484 

47 R(44) 

149 

378.99534 

54 

R(79) 

R(45: 

384.30385 

379.16609 

16 

50 

R(46) 

R(80) 

379.33451 

23 

384.43446 

R(49) 379.83425 

-i7 

33 RC511 380.16129 

10 

60 

254 

-8 

117 

69 

9 

-36 

-90 

15 

-59 

106 

-5i 

-236 

-51 

46 

9 

-6; 

-166 

-27 

93 

-101 

-88 

-78 

-112 

-15 

-46 

-5i 

-14; 

-109 

-40 

65 

-76 

-233 

-10 

15 

-1i6 

-50 

-66 

-85 

39 

52 

-2i 

-185 

INFRARED SPECTRUM OF ICI 389 

TABLE I-Continued 

where v and J are the vibrational and rotational quantum numbers. The Dunham 
coefficients are isotope-dependent and vary approximately with powers of the reduced 
mass ratio P/P*, 

ypy$ ( 1 
(i/Z+i) 

P* ’ (2) 

where the asterisk designates an isotopically substituted species. Table III gives the 
Dunham constants calculated in least-squares fits from our infrared data (Table I) 
and the millimeter-wave data of Willis and Clark (36, 37) (Table II) for I )%l and 
137C1, respectively. The millimeter-wave data, corrected for the effect of hyperhne 
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TABLE II 

Pure Rotationa Transitions of ICI (37) in cm-’ 

127I35c1 AZPZ! 
2)” J’ + J” observed O.--C.’ unc. Y” J’ c J” observed O.-C. unc. 

/10-s /lo-* /10-a /10-s 
0 18 + 17 4.099 134 48 -4 100 0 18 + 17 3.92576020 77 100 
0 22+ 21 5.009 484 93 22 100 0 27 + 26 5.88702135 226 206 
0 26 + 25 5.91949281 -72 100 0 28 + 27 6.10482870 9 100 
0 27-26 6.14693683 173 100 1 28 + 27 6.07672459 -93 100 
0 30+ 29 6.829 096 08 -263 200 
0 31+30 7.056 427 68 -196 200 
0 35+ 34 7.965 445 22 265 300 
0 39 -38 8.873 91103 -36 100 
0 44 + 43 10.00863738 58 100 
1 13 + 12 2.946 893 01 -31 100 
1 22-21 4.985 925 30 10 100 
1 26 -2.5 5.89164221 -412 300 
1 27 + 26 6.11801515 -52 100 
1 31-30 7.023 219 38 -49 100 
2 22-21 4.962 249 25 -196 200 
2 27 + 26 6.088 957 72 199 200 
2 31+30 6.989 849 96 118 100 
3 27 c 26 6.059 755 18 -10 100 
3 31-30 6.956 316 09 -28 100 

a observed minus calculated line positions using the mass-reduced Dunham constants of Table IV. 

structure, are listed in the Ph.D. thesis of R. E. Willis (37). The uncertainties of the 
millimeter-wave lines in our fits are listed in Table II. 

Finally, ail the infrared and millimeter-wave lines were combined and fitted to the 
mass-reduced Dunham expression including Watson’s correction due to the breakdown 
of the Born-Oppenheimer approximation (61, 62), 

, (3) 

where p is the reduced mass, iZJ0 are the mass-independent parameters, mcl is 
the atomic mass of chlorine, m, is the electron mass, and A, are the mass scaling 

TABLE III 

Dunham Coefficients for 13’CI and 13’C1 in cm-’ 

Coefficient PC1 13’CI 

SO 384.294 16(G)” 376.06683(13) 

YZO 
10” Yso 

yO1 

103 Y,, 

106 Y& 

106 Yoz 

109 Y1* 

10’2 Y “? 

-1 .503091(91) -1 .439 020(45) 

-2.426(15) -2. 274b 

0.114157656(15) 0 109 322 776(40) 

-0.532643(14) -0.499081(39) 

-1 ,299 l(32) -1 256(14) 

-0 ,040 260 5(61) -O-036943(30) 

-0 .209 33(95) -0 170 2(28) 

-0.0180(12\ -0.0354(351 

’ Errors quoted in pdrentheses are one standard deviation. 

’ Calculated using th@ isotope relationship (Eq.2) and fixed. 
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TABLE IV 

Mass-Reduced Dunham Coefficients for ICI in cm-’ 

Coefficient value 

&l 2012.1287(39)” 

&I -41 .2007(21) 

&cJ -0. 353 l(19) 

&I 3 129 628 5(49) 

&I -0.0764555(16) 

103 u*1 -0 ,977 S(23) 

103 UIJZ -0 ,030 253 6(45) 

106U,, -0. S17 l(36) 

109 u,, -0.422(24) 

AZ -0. 131(122) 

0:; -0 .695( 103) 

a Errors quoted in parentheses BE one standard deviation. 

factors for the nuclei. The mass-independent Dunham constants are listed in Ta- 
ble IV. 
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