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High-Resolution Infrared Emission Spectra of HCI and HF

HCI and HF are important gases for use as absolute wavenumber standards and as media for high-
efficiency chemical lasers (/, 2). Recently, HCI has been observed in the infrared region in the upper
atmosphere (3) and in the IR absorption spectra of the atmospheres of Venus (4) and an S-type star (5).
HCI has been of theoretical interest for the examination of the breakdown of the Born-Oppenheimer ap-
proximation (6-8).

References to the previous measurements of the spectra of HF are provided by Hedderich er al. (9).
For HCl, the room temperature spectrum of the fundamental was recently remeasured by Rinsland es
al. (10). Other previous absorption measurements of the HCl fundamental were by Guelachvili er al.
(/1) and Rank et al. (12), as well as the measurements on hot HCl by Webb and Rao (/3). The
previous emission measurements were carried out by Clayton et al. (14) with a grating spectrometer.
The pure rotational lines were measured with a tunable far-infrared laser spectrometer (/5) and by
submillimeter-wave techniques (/6). Finally, a set of Einstein 4 coefficients was recently calculated
for HCl and HF (/7).

Despite this, relatively few transitions are known for the hydrogen halides. We report here the high-
resolution infrared emission spectra of HF and HCI. Vibration—rotation line positions of the v = | -> 0 and
v = 2 — | bands of hot HF were measured and combined with pure rotational transitions reported previously
(9). The v = 0 and v = | pure rotational linesand the v = 1 = 0, v = 2 — 1 and the v = 3 — 2 vibration-
rotation bands of H**Cl and H3'Cl were observed. In separate least-squares fits, improved sets of molecular
constants for HF, H**Cl, and H¥'Cl were determined. The rotational lines were measured to a precision of
better than +0.0002 cm™!,

The new line positions reported here were measured in two separate experiments. The pure rotational
spectrum of HCI, and the rovibrational spectra of HCl and HF, were accidentally recorded while
trying to measure the infrared spectrum of CuCl and in the pyrolysis of Freon-22 (CF,CIH), respec-
tively.

In the first experiment, the pure rotational emission spectrum of HCl was recorded with the Bruker IFS-
120HR Fourier transform spectrometer at the University of Waterloo. Solid CuCl was heated to 830°C in
a tube furnace. The pumping port was sealed and 5 Torr of argon buffer gas was added to prevent deposition
of material on the cell windows. The emission spectrum was recorded at a resolution of 0.005 cm™' over
the range 300-760 cm™' with a KBr beam splitter and a liquid helium-cooled Si:B detector. The lower
wavenumber limit of 300 cm™' was set by the transmission of the KBr beam splitter, while the upper limit
was set by a cold 760 cm™! red-pass optical filter. The reaction between hot CuCl and the water impurity
present in the system gave HCI as a product.

The rovibrational HCl and HF emission lines were recorded during the measurement of the infrared
spectrum of the pyrolysis products of Freon-22 (CF,CIH) with the Fourier transform spectrometer located
at the McMath Solar Telescope on Kitt Peak. A continuous flow of freon was maintained through the tube
furnace heated to 1080°C. The total pressure in the system was 0.99 Torr. The unapodized resolution of
the spectrometer for this experiment was 0.0099 ¢cm™' with InSb detectors and a KCl beam splitter. The
upper wavenumber limit (~5000 cm™) was set by a wedged Ge filter.

Our measured line positions are reported in Table 1 (HF), Table Ila (H*Cl), and Table b (H*'Cl).
The signal-to-noise ratio for the strongest lines was better than 75 for the pure rotational data, and better
than 2800 for the vibrational-rotational data.

Data analysis was carried out using PC-DECOMP, a spectral analysis program developed by J. W. Brault.
The vibration-rotation HCl and HF data were calibrated using measurements reported previously by Rinsland
et al. (10). Pure rotational HCI lines were calibrated with CO; lines of the », band which was an impurity
in a spectrum of MgCl,/HCI also measured at the University of Waterloo ( /8). The CO, line positions
were taken from the book by Guelachvilt and Rao (/9).

In separate least-squares fits the line positions for HF, H*Cl, and H¥'Cl were fit to the usual energy
expression ( 20)

E(, J) =T+ BJ(J+ 1) = DJJJ + D + H[JJ+ D + LI+ D)
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TABLE 1

HF Line Positions in cm™'

2N L Observed 0-C [N L O Observed 0-C
Q 1 0 o 41.1109832* 1.0E-06 1 1m0 10 4301.63671° -7.0E-05
0 2 0 1 82.1711179* 7.0E-08 1 12 0 1 4321.32121 -1.2E-04
0 3 0 2 123.12967 -1.0E-05 1 13 0 12 4338.98544° -1.3E-04
0 4 0 3 163.93616" -1.0E-05 1 14 0 13 4354.60375° 2.4E-04
0 s 0 4 204.54045% 1.0E-05 1 15 0 14 4368.15167° 1.4E-04
0 6 0 5 244,89283* 1.0E-05 1 16 0 15 4379.60851° 1.1E-04
0 7 0 6 284.94444° 24E-04 t 1B 1 12 496.68517° -1.5E-04
0 13 0 12 516.28061° -8.0E-05 1 14 1 13 531.898512 -1.2E-04
0 14 0 13 552.92046* 1.6E-04 1 15 1 14 566.468122 -2.0E-04
0 15 0 14 588.89904° 7.0E-05 1 6 1 15 600.35572° -1.1E-04
0 16 0 15 624.17733° 2.0E-04 1 17 1 16 633.52402* 1.0E-05
0o 17 0 16 658.71682* 1.3E-04 1 18 1 17 665.93707° -1.0E-05
0o 18 0 17 692.48121° 1.8E-04 1 19 1 18 697.56001* -1.0E-04
0 19 0 18 725.43557° 4.7E-04 1 20 1 19 728.36279° -1.6E-04
0 20 o0 19 757.54540° -4.0E-05 1 21 1 20 758.31128° -5.4E-04
0 21 0 20 788.78013* -8.0E-05 127 1o 787.37827* 1.9E-04
0 2 0 21 819.10918? -2.0E-05 1 23 1 22 815.53442 6.4E-04
0 23 0 22 848.50386" -5.0E-05 Y S Nk 842.7524" -9.0E-05
0 24 o0 23 876.93745* -4.0E-05 211 112 3230.09348 1.5E-04
0 25 0 24 904.38481* 3.0E-05 2 10 1 1 3282747687 -3.0E-05
0o 27 0 26 956.22816" -1.3E-04 2 9 1 10 3334.48637° 8.0E-05
0 28 o0 27 980.58320° 6.1E-04 2 g 1 9 3385.25340) 5.0E-05
0 29 0 28 1003.86720* 4.6E-04 2 7 1 8 3434.99221° 9.6E-04
0 31 0 30 1047.15700* -1.8E-03 2 6 1 7 3483.65039 1.0E-04
0 R 0 31 1067.13770% -2.0E-04 2 5 1 6 3531.16959 9.0E-05
0 3 o0 2 1085.989032 1.0E-05 2 a4 1 5 3577.49618° 6.0E-05
1 14 0 15 1212.78712° 2.9E-03 2 301 4 3622.57625° 3.2E-04
1 13 0 14 3269.78406° -5.2E-04 2 2 1 3 3666.35554 3.0E-05
1 2 0o 13 3326.01911° -4.5E-04 2 T 12 3708.781817 34E-04
1 11 o 12 3381.43162° -33E-04 2 0o 1 1 3749.80427 1.2E-04
1 10 0 11 3435.96386° -4.5E-04 2 1 1 0 3827.43237° -3.5E-04
1 9 0 0 3489.55896° -7.0E-05 2 211 3863.94158° 1.0E-05
1 8§ 0 9 3542.15785° -7.0E-04 2 i1 2 3808.85045° -1.3E-04
1 7 0 8 3593.70541° 3.0E-05 2 4 1 3 3932.113707 -7.5E-04
1 6 0 7 3644.14227° -4.0E-05 2 5 1 4 3963689527 6.0E-05
1 5 0 6 3693.41248° 4.0E-0§ 2 6 1 5 3993.53346 -1.4E-04
1 4 0 5 3741.45946° 8.0E-05 2 7 1 6 4021.60672° 8.0E-05
1 3 0 4 3788.22725° -1L1E-04 2 g 1 7 4047.87022° -1.0E-05
1 2 0 3 3833.66122° -1.2E-04 2 9 1 8 4072.28778° -1.9E-04
1 1 0o 2 3877.70704° -1.0E-04 2 10 1 9 4094.82538° -7.0E-05
1 0 o0 1 3920.31155° -2.0E-05 2 11 1 10 4115.45038° 2.0E-05
1 1 0 0 4000.98019° -5.0E-05 215 2 14 544.59319° -7.0E-05
1 2 0 1 4038.96214° 0.0E+00 2 16 2 15 577.12112° -33E-4
1 3 0 2 4075.29321° 0.0E+00 2 17 2 16 608.94862" 23E-04
1 4 0 3 4109.93606° 7.0E-05 2 18 2 17 640.03793° -12E-03
1 5 0 4 4142.84579° 9.0E-05 2 19 2 18 670.3602% -3.0E-05
1 6 0 5 4173.97944° 1.1E-04 2 20 2 19 699.8808? 1.2E-03
1 7 0 6 4203.29592° 1.7E-04 2 02 2 2 728.5675* 8.5E-04
1 8 0 17 4230.75584° 6.0E-05 202 2 2 756.3966" 43E-03
1 9 0 8 4256.32233° 5.0E-05 2 23 2 22 783.3306° 1.7E-03
1 0o 0 9 4279.96021° 1.0E-05 Y S D <) 809.3482% 2.2E-03

a) From Reference 9.

b) This work; Freon experiment.
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TABLE lla

H*CI Line Positions in cm™'

v Jooov " Observed 0-C v R S A Observed 0-C
1 3 0 4 2798.9423%° -1.0E-5
(¢} i 0 4] 20.878284" 5.8E-07 1 2 0 3 2821.56802° 0.0E+00
[ 2 0 1 41.743950° -1.44E-06 1 1 1] 2 2843.62415°¢ 1.0E-08
o 3 0 2 62.584183* 2.34E06 1 0 0 1 2865.09775¢ 0.0E+00
0 4 0 3 83.386501" -6.4E-07 1 1 0 0 2906.24633° 1.0E-05
0 5 0 4 104.13826* 0.0E+00 1 2 0 1 2925.89611°¢ 1.0E-05
0 6 0 5 124.82691* 0.0E+00 1 3 0 2 2944.91304° 2.0E-05
0 7 0 6 145.43995* 0.0E+00 1 4 0 3 2063.28495°¢ 1.0E-05
a 8 [} 7 165.96497* 1.0E-05 1 s [ 4 2980.99989° G0.0E+00
0 9 ¢ 8 186.38962* 0.0E+00 1 6 0 5 2998.04610° 0.0E+00
0 10 0 9 206.70166* -1.0E-05 1 7 0 6 3014.41203¢ 0.0E+00
0 20 0 19 401.02282° 9.1E-04 1 8 0 7 3030.08637¢ 3.0E-05
0 21 0 20 419.32438° 5.1E-04 1 9 0 8 3045.05794° -1.0E-05
0 2 0 21 437.37735° 2.3E-04 1 10 © 9 3059.31598° 0.0E+00
0 23 0 22 455.17180° 3.1E-04 H 11 0 10 3072.84983¢ -1.0E-05
0 24 0 23 472.69737° 3.9E-04 1 12 0 1 3085.64914° -1.0E-05
0 25 0 24 489.94401° 1.7E-04 1 13 0 12 3097.70381°¢ G.0E+00
0 26 0 25 506.90240" -8.0E-04 1 14 0 13 3100.00398° 0.0E+00
0 27 0 26 523.56358° -4.0E-05 1 15 ¢ 14 3119.54008¢ 1.0E-05
Q 22 0 27 539.91802° -6.0E-05 1 16 0 15 3129.30280° 2.0E-05
0 29 1] 28 555.95678° -1.9E-04 1 17 0 16 3138.28309¢ 2.0E-05
0 30 0 29 571.67155° -4.0E-05 1 18 0 17 3146.47218°¢ 1.OE-05
0 31 0 30 587.05350° 2.0E-05 1 19 0 18 3153.86160° 2.0E-05
¢ 32 0 31 602.09427° -1.0E-04 1 20 ¢ 19 3160.44308° 1.0E-05
o] 33 0 32 616.78639° 1.8E-04 1 2L 0 20 3166.20867¢ 1.0E-05
0 4 0 33 631.12249° 1.32E-03 1 22 0 2 3171.15064° -2.0E-05
0 5 Q 34 645.09081° -1.9E-04 1 23 0 22 3175.26162° 0.0E+00
1 25 0 26 2184.11569¢ 2.2E-04 1 24 0 23 3178.53431¢ -1.0E-05
i 24 0 25 2215.89377° 2.7E-04 1 25 0 24 3180.96179¢ -3.0E-05
1 23 0 24 2247.39316° 1.0E-05 1 26 0 25 3182.53716° -2.0E-04
1 22 0 23 2278.60196° -1.0E-04 1 27 0 26 3183.25470° 2.7E-04
1 21 o 22 2309.50750° -1.7E-04 i 28 0 27 3183.10674° 3.0E-05
1 0 0 21 2340.09725°¢ -4.0E-05 1 20 1 19 389.06397° 8.4E-04
1 19 0 20 2370.35813¢ 1.1E-04 1 21 1 20 406.78806° 5.5E-04
1 18 0 19 2400.27687¢ 0.0E+00 1 2 1 21 424.26584° -3.0E-08
1 17 © 18 2429.84070° 0.0E+00 1 23 22 441.48815° 7.0E-05
1 16 0 17 2459.03629° 1.0E-05 1 24 1 23 458.45063° 6.4E-03
1 15 @ 16 2487.85028° 1.0E-05 1 25 1 24 475.12483° 3.5E-04
1 14 4] 15 2516.26917° -1.0E-04 1 PL 5 491.51888° -5.0E-04
1 13 0 14 2544.27983¢ 2.0E-05 1 27 1 26 507.61932° -2.5E-04
1 12 0 13 2571.86839° 1.0E-05 1 28 1 27 523.41613° 2.3E-04
1 11 0 12 2599.02141°¢ -1.0E-05 2 17 18 2337.34424° 9.0E-05
1 10 0 11 2625.725371° 0.0E+00 2 16 1 17 2365.88592¢ -1.0E-05
i 9 ] 10 2651.96667° 0.0E+00 2 is 1 16 2394.04636° 3.0E-05
1 8 0 9 2677.73176° 0.0E+00 2 12 1 13 2476.10783¢ -4.0E-05
1 7 0 8 2703.00710° -1.0E-05 i n 1 12 2502.61128° -1.5E-04
1 6 0 7 2727.77924° 0.0E+00 2 10 1 11 2528.66785¢ 0.0E+05
1 5 G 6 2752.03472¢ 0.0E+00 2 8 1 9 2579.38636° 4.0E-05
¢

é ; 2 % %Zg:g%z‘ -ifgg-gg 314 2 s 2327.90692° -1.0E-05
2 6 1 7 2628.15740¢ 3.0E-05 3 12 2 13 2380.04294< 17E.04
2 5 1 6 2651.77956° -8.0E-05 3 12 82 2406.81748° 1.6E-04
2 4 1 5 2674.87557° 1.0E-05 3 100 2 11 2432.24487¢ -1.8E-04
2 3 1 4 2697.43200¢ 1.0E-05 3 9 2 10 2457.21351¢ Y 3E-04
2 p3 { 3 2719.43624° 0.0E+00 3 8 2 9 2481.70933¢ 30E-05
2 1 1 2 2740.87516° 1.0E-05 3 7 2 8 2505.72001¢ _5.0E-05
2 [ 1 2761.73610° 1.0E-05 3 6 2 7 2529.23266° 9.0E-03
2 1 1 [ 2801.67349° OE-05 3 5 2 6 2552.23404° 5.0E-05
22 11 282072503 -9.0E-05 3 3 7 5 2574.7113(° 1.6E-04
2 3 1 2 2839.14903¢ 3.0E-05 3 3 2 1 2596.65225¢ 7.0E-05
24 13 2859333 2.0E-05 302 3 03 518,043 $0E-0%
2 5 1 4 2874.06559¢ 3.0E-05 3 1 2 2 2638.87245° 3.0E-DS
2 6 1 5 2890.53471°¢ 3.0E-05 3 0 2 1 2659.12696° 1.2E-04
2 7 1 6 2906.32905¢ 7.0E-03 3 1 2 a 2697.86054¢ 1.0E-03
2 8 1 7 292143717 2.0E-05 12 2 271631723¢ -3.0E-05
2 9 1 8 2035.84814° 1.0E-05 3 3 22 2734.14900° -6.0E-05
2 ¢ 1 9 2949.55103° 0.0E+00 3 4 2 3 2751.34523° 2.8E-04
2 11 110 296233820° 0.0E+00 ER S S 376789306 €.0F.05
2 12 1 n 2074.79026° 1.0E-05 3 6 2 5 2783.78177° 1.4E-04
2 13 1 12 2986.30597° 0.0E+00 3 7 2 6 2798.99864° 12E.03
2 14 1 13 2997.07238¢ 2.0E-05 3 3 2 7 2813.53560¢F 1.GE-04
2 15 1 14 3007.07988¢ 5.0E-05 3 9 2 8 282737817 8.0E-05
2 16 1 15 3016.31886° 7.0E-05 3 2 [ 2840.51415° _22E-03
2 17 1 16 3024.77995¢ -0.0E-05 3 1t 2 10 2852.93993¢ 21E-04
2 18 1 17 3032.45472° 1.1E-04 E] 12 2 11 2864.63743° 2I1E-04
2 19 1 18 3039.33364° 1.3E-(4 3 13 2 12 2875.60002° 1.4E.04
220 119 304540718° 1.9E-03 3 4 2 13 2885.81300° -3.4E-03
22 1 20 308067223 2.0E-05 3015 2 13 289527737 0.0E+00

a) From Reference 10.
b) This work; CuCl experiment.

c) This work; Freon experiment.
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TABLE I[Ib

H¥Cl Line Positions in cm™'

v M A Observed 0-C v Y v I Observed 0-C

0 1 0 0 20.846923* -2.9E-07 1 4 0 3 2961.06765¢ 1.0E-05
Q 2 0 1 41.681215* 5.7E-07 ! 5 0 4 2978.75848°¢ 0.0E+00
0 3 0 2 62.490233: -2.0E-05 1 6 0 5 2995.78213¢ 0.0E+00
0 4 0 3 33.26]44.5 1.8E-06 1 7 0 6 3012.12710° 1.0E-05
0 5 0 4 103.98223% 0.0E+00 1 8 ] 7 3027.78204° -1.0E-05
0 6 0 M 124.64008° 0.0E+00 1 9 0 8 3042.7359%¢ 1.0E-05
0 7 0 6 145.22256* 0.0E+00 1 10 0 9 3056.97801°¢ 1.0E-05
0 8 0 7 165.71728* -1.0E-03 1 11 0 10 3070.49759¢ -1.0E-05
0 9 0 8 186.11183 -1.0E-05 1 12 0 11 3083.28437¢ -1.0E-05
0 10 0 9 206.39434; 1.0E-05 1 13 0 12 3095.32828°¢ -1.0E-05
0 21 0 20 4]8.72234b 3.6E-04 1 14 0 13 3106.61950° -1.0E-0S
0 2 0 21 436.75298 2.2E-04 1 15 0 14 3117.14848°¢ 0.0E+00
0 22 0 22 454.52503 1.2E-04 1 16 0 15 3126.90592¢ 0.0E+00
0 29 0 23 472.02918 2.1E-04 1 17 0 16 3135.88282°¢ 0.0E+00
0 25 0 24 489.25527 7.0E-05 1 18 0 17 3144.0704¢ 3.0E-05
0 26 0 25 506'19409\; 3.0E-05 1 19 0 18 3151.4603° 7.0E-05
0 21 0 26 522.83615 -1.0E-04 1 20 0 19 3158.04416° 9.0E-05
0 28 [} 27 539']7243b -2.2E-04 1 21 0 20 3163.81401°¢ 5.0E-05
0 29 0 28 555.]9392h -4.6E-04 1 2 0 2 3168.76213¢ -1.0E-04
0 30 o} 29 570'89257b -2.1E-04 1 23 [} 22 3172.88126° -1.6E-04
0 3] Q 30 586,25929b -9.0E-05 1 22 1 21 423.67125° 5.1E-04
0 12 0 31 601.28638 43E-04 1 2 1 44{)487]7?’ -1.9E-04
1 20 Q 21 133&87728( 9.0E-05 1 24 1 23 457.8082 3.7E-04
1 19 0 20 2369.0881 lc 4.5E-04 1 23 1 24 474 46875° 8.0E-05
1 18 0 19 2398.95661° -2.0E-05 2 20 1 2 2248.46407¢ -1.1E-04
1 17 0 18 2428447]25: 7.0E-05 2 18 1 19 2307.24272¢ 7.1E-04
1 16 0 17 2457.6181 lc -3.0E-05 2 17 1 18 2336.10558¢ 9.0E-04
1 15 0 16 2486.38422° 3.0E-05 2 15 1 16 2392.7136° 1.8E-04
1 14 0 15 2514]5587: -1.1E-04 2 14 1 15 2420.43358¢ 0,0E+00
1 13 0 14 2542.72(1]7: -1.0E-05 2 13 1 14 2447.74687° -4.0E-03
1 12 0 13 2570.263]9 1.4E-04 2 12 1 13 2474.64028¢ -1.0E-0S
i 1 o0 12 2597.3713° 2.0E-05 2 11 1 12 2501.10087¢ 3.0E-04
1 10 0 11 2624.03136‘ 0.0E+00 2 10 i 11 2527.11448¢ -1.1E-04
I 9 0 10 2650.22971° -1.0E-05 2 8 1 9 2577.75093¢ -1.1E-04
1 8 0 9 2075.95284° -1.0E-08 2 7 | 8 2602.34704¢ -4.0E-05
1 7 0 8 2701.18723° -1.0E-05 2 6 1 7 2626.44425°¢ 1.4E-04
1 6 0 7 272591 948: 4.0E-05 2 5 1 6 2650.02887° -1.3E-04
1 5 0 6 2750.1361 6‘ 1.0E-05 2 4 1 5 2673.08869° 2.0E-05
t 4 0 5 2773.82396° -1.0E-05 2 3 1 4 2695.61017° 6.0E-05
1 3 0 4 2796.96965 -1.0E-05 2 2 1 3 2717.5804° -2.0E-05
1 2 [ 3 2819.56009¢ 0.0E+00 2 1 1 2 2738.98684° 1.0E-04
1 1 Q 2 2841.58221( -1.0E-05 2 0 1 1 2759.81646° 1.1E-04
1 0 0 1 2863.02312° -2.0E-05 2 1 1 0 2799.69458¢ -5.8E-04
1 l 0 0 2904.11035° -1.0E-05 2 2 1 1 2818.71934¢ -2.2E-04
1 2 0 1 2923.731 56( 0.0E+00 2 3 1 2 2837.11772¢ 5.0E-05
1 3 ] 2 2942.72138c 1.0E-05 2 4 1 3 2854.87753¢ 5.0E-00
2 5 1 4 2871987187 1.0E-05 3 4 2 s 2573.07283¢ 1.5E-04
2 & 1 5 2888.43503 0.0E+00 3 3 2 4 2594.97963¢ -1.6E-04
2 7 1 6 2904.2096° -6.0E-05 3 2 2 3 2616.33715° -1.5E-03
2 9 1 8 2933.69427‘ -7.0E-05 3 1 2 2 2637.13678° 2.5E-04
2 10 1 9 2'947.38243c -5.0E-05 3 0 2 1 2657.36057° -4.0E-04
2 11 1 10 29((].35372C 1.3E-04 3 1 2 0 2696.04075¢ 1.0E-03
2 12 1 11 2972.59715¢ -1.4E-04 3 2 2 1 2714.46953¢ -3.0E-05
2 13 1 12 2984.10345° 6.0E-05 3 3 2 2 2732.27689° 4.0E-05
2 14 1 13 2994.86]57c -4.1E-04 3 4 2 3 2749.44904° -6.7E-04
2 15 1 14 3004.86341c 5.0E-05 3 5 2 4 2765.97635° 0.0E+00
2 16 1 15 3014.09973C 1.7E-03 1 6 2 5 2781.84517¢ 0.0E+00
2 17 1 16 3022.55668° -2.8E-04 1 7 2 6 2797.04859° 3.9E-03
2 19 1 18 3037.11[8;7 JE-04 k) 8 2 7 2811.5637° -8.0E-05
2 21 1 20 3048.4594 . 1.3E-04 3 9 2 8 2825.3911° -1.3E-04
3 12 213 2379.61316° 1.0E-04 2 i 2 9 28385127 -2.9E-03
3 11 2 2405.44537° 1.8E-04 3 11 2 10 2850.92746° -4.3E-04
3 10 2 11 2430.83]61c -1.0E-04 3 12 2 11 2862.61633° 4.4E-04
3 9 210 2455.76082 1.0E-03 3 13 2 12 2873.57133¢ 1.5E-03
3 8 2 9 24804216612 7.0E-05 3 14 2 13 2883.77973° 9.0E-05
3 7 2 8 2504.18913° 7.0E-05 k] 15 2 14 2893.23508¢ -3.2E-04
3 6 2 7 2527.66366° -8.4E-04 3 16 2 15 2901.592749¢ 5.0E-05
3 5 2 6 2550.62943¢ 5.5E-04 3 17 2 16 2909.84637" 6.0E-05

a) From Reference /0.
b) This work; CuCl experiment.

¢) This work; Freon experiment.
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TABLE 11I

HF Rotational Constants in cm™'

Constants v=0 v=1 v=2
T, - 3961.422551(61) 7750.793391(96)
B, 20.55973027(38) 19.7874707(31) 19.0349573(45)
D, x 10° 2.119914(11) 2.063659(41) 2.01001(50)
H, x 107 1.63502(40) 1.5845(41) 1.5301(16)
L, x 10" -1.4978(49) -1432041) -1.35117)
M, x 10 1.049(19) 0.68(28) -

in which B., D,. H,, and L, are the rotational constants. The 7, vibrational term values and the rotational
constants were obtained from a linear weighted least-squares fit of the new data reported here with the
addition of selected data from published laboratory experiments. Pure rotational HF lines reported by
Hedderich er al. (9) were included in the fit of our HF lines, and the constants obtained are reported in
Tabie III. Our observed H**Cl and H*'CI lines were combined with pure rotational data (/0). and the
constants obtained from this fit are reported in Table 1V for both isotopomers. For completeness Tables |
and H include the line positions taken from the literature.
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TABLE 1V
H*Cl (Upper Entry) and H*'Cl ( Lower Entry) Rotational Constants
incem™!
Constants v=0 1 2 3
T, 28E5976036(37)  5667982412(57)  8346.776387(75)
288IBTO0S6(49)  5663926705(73)  §340.926185(99)
B, 10.44019777(20) 10.13618534(88) 9.8345969(21) 9.5347975(30)
10.42451455(127) 10.12118972(150)  9.8202849(28) 9.5211500(33)
D, x 10° 5.280666(19) 5.214236(53) 5.15410020) 5.10315030)
5.26472627) 5.198528(121) 5.13863(29) 5.08598(27)
H, x 10° 16673207 16133(11) 1.5338(71) 1.4654(84)
1.65995(62) 16059(34) 1.5200(106) 13981(59)
L, x 10" -8.047(20) -8.503(68) -6.96(80)

-8.002(38) -8.484(308) -5.68(128)
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