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The Pure Rotational Absorption Spectrum of Hydrazoic Acid
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The pure rotational absorption spectrum of HN, gas has been measured in the wavenumber
region 20 to 400 cm™'. The observed spectrum shows irregularities which may be ascribed to
higher order c-type Coriolis interaction and centrifugal distortion interactions between the ground
state and the »; state. The present resolution and wavenumber accuracy allows the interaction to
be observed for levels with K, = 6-9. The determination of the ground state parameters has been
performed using wavenumbers for transitions involving K, < 5 only. In addition to the pure
rotational transitions in the ground state, some pure rotational transitions in the »s and v4 states
are identified. © 1986 Academic Press, Inc.

INTRODUCTION

The absorption of radiation by HNj in the far-infrared region has previously been
measured by Krakov et al. (1). In their investigation they measured the region 20 to
250 cm™! with a resolution of 0.2-0.5 cm™!. The analysis of their data yielded values
for 4, B, C, and Dx. The rotational constants B and C and the centrifugal distortion
constants D;, Dy, Hjk, and Hxx had been determined earlier with much higher
accuracy by means of microwave spectroscopy by Kewley et al. (2). Later, the 4
constant was determined by means of microwave spectroscopy (3) through the mea-
surement of b-type transitions. Still Dy and Hxxx could not be determined, and Dy
was constrained to previously determined values (I, 4) whereas Hxxx = 0. Through
the measurement and analysis of the pure rotational Raman spectrum (5), Dx and
Hygx were determined more precisely. The microwave data were then reanalyzed and
the result for the value of the 4 constant is given in Ref. (5).

In order to determine a complete set of ground state parameters without constraints
and especially to improve the K-dependent parameters, the present investigation was
performed.

EXPERIMENTAL DETAILS

The HNj gas was made by heating a mixture of stearic acid and NaN; under vacuum.
The gas was collected in glass vessels at about 300 Torr pressure. The spectra were
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PURE ROTATIONAL SPECTRUM OF HN; 457

TABLE 1

Assignments, Wavenumbers (in cm '), and Residuals of the Pure Rotational
Absorption Spectrum of HN,

J' Ké Ké J" K; KE Wavenumbers IDA(U—C) J' K; KC' J" K; KE Wavenumbers 104(o-r,) J! K; KC' J" K; K; Wavenumbers 104(0-6)
71 7 60 6 25,4155 =12 22 1 11 0 61,4065 27 45 2 43 45 1 4y 55.8181 -16
91 9 80 8 26.9315 =15 28 2271 281 28 61.4715 7 42 2 51§ 55.9083 -16
10110 30 % 27.6888 n 29228 29129 61.5886 -5 44 2 42 44 1 43 55.9721 2
1Mmin 10 0 10 28.4313 =10 30229 30 1 30 61.7110 -5 43241 43 1 82 56.1198 -28
12112 110 11 29,1747 -10 31230 3113 61.8382 2 42 2 40 421 M1 56.2718 1
13113 12012 29.9146 -2 32230 32132 61,9679 -8 41239 411 40 56.4182 -8
%114 13013 30.6475 <23 33232 33133 62.1033 -2 40 2 38 40 1 39 56.5614 =31
15 115 140 4 31.3799 -8 32 2 211 62,1887 -6 39 2 37 39 1 38 56.7059 =21
16 116 15 0 15 32,1084 10 3% 233 34134 62.2426 1 38 2 36 38 1 37 56.8487 =7
17 117 16 0 16 32.8294 =7 35 234 35135 62.3855 =1 37 2 35 37 1 36 56.9873 =14
18 1 18 17 017 33,5456 =31 36 2 35 36 1 36 62.5325 -4 36 2 34 36 135 57.1281 =15
19 119 18 0 18 34,2630 -3 37 2 36 37 137 62.6846 3 35233 35134 57.2607 6
20 1 20 19 0 19 34.9746 8 38 237 38138 62.8396 -3 34 2 32 34133 57.3915 -6
211 21 20 0 20 35.6810 [ 42 3 31 2 62.9708 5 33231 33132 57.5206 -8
22122 21021 36.382u -7 1280 811 63.3301 =15 32230 32131 57.6477 -4
23123 220 22 37.0835 16 42 2 41t 42 1 42 63,5026 =13 31229 31130 57.7710 -9
24 123 230 23 37.7783 14 43 2 42 43 1 43 63.6775 -29 30228 30129 57.8923 -5
25125 24024 38.4689 9 52 4 41 3 63,7479 9 29 2 27 29 1 28 58.0096 -1
26 126 25025 39.1547 =7 46 2 45 46 1 46 64.2329 =21 28 226 281 27 58.1252 -4
27 127 26 D 26 39.8402 " 62 5 51 4 64.5186 -6 27 225 27126 58,2374 2
28 128 27027 30.5202 1" 51250 51151 65.2427 =7 2622y 2615 58.3450 -6
29129 28028 41,1973 18 72 6 61 5 65.2871 o 25223 251 24 58.4499 -7
30130 29029 41,8694 1" 82 7 71 6 66.0508 2 24 222 24123 58.5515 -8
3111 3R 30 0 30 42.5396 19 92 8 81 7 66.8106 10 232 21 23 1 22 58,6503 -1
32132 31 0 31 43.2022 =14 102 9 91 8 67.5648 5 222220 212 58,7438 ~12
33133 320 32 43,8681 20 11210 01 9 68.3154 8 212139 21120 58.8361 1
34 1 34 33 033 U4 .5282 29 1221 11110 69,0608 L 20218 201 19 58,9236 3
351 35 34 0 34 45,1832 20 13 2 12 1211 69.8021 2 19 2117 19 118 59,0064 -4
36136 35035 45,8344 4 W 213 13 112 70.5389 o 18 2 16 18 1 17 59.0873 8
37 1 37 36 0 36 46.4833 -3 15 2 1% ALIR IR K] 71.2723 7 17215 17 116 59,1622 -1
38 138 37 037 4r.1312 10 16 215 151 14 72,0007 9 16 2 14 16 115 59.2335 -8
39139 38 0 38 Y7.7746 9 17 2 16 16 115 72,7234 -3 15 2 13 15 1 14 59.3026 4
nim 40 0 40 49,0543 21 18 2 17 17 116 73,4435 4 14 212 %1113 59.3671 10
4214 s1o0Mm 49,6900 28 19 2 18 18 117 T%.1578 -3 1321 13 112 59.4276 16
43 1 43 320 42 50,3196 0 20 2 19 19 1 18 74,8690 2 12 2 10 121" 59.4826 8
44 1 44 43 0 43 50.9494 1 21220 20119 75.5739 -1 1129 1110 59.5331 -3
45 1 45 4% O 44 51.5731 =35 222 21120 76.2784 15 102 8 01 9 59.5823 15
46 1 46 45 0 45 52.2039 26 23222 2121 76.9738 -5 92 7 91 8 59.6241 0
47 1 47 46 0 46 52.8224 -4 28 223 2312 77.6676 2 82 6 81 7 59.6619 ~12
26225 27126 36.7452 =11 25 224 24 123 78.3562 2 72 5 71 6 59.6985 7
25 2 24 26 1 25 37.6551 -8 26 225 25124 79.0384 -19 62 4 61 5 59.7329 46
24 223 25124 38.5664 50 27226 26125 79.7201 -1 22 0 11 1 61,4065 ~58
23222 24123 39.4659 32 28221 27126 80.3962 5 42 2 31 3 63.0172 -37
2221 23122 40.3629 30 29228 28127 81.0684 15 52 3 41 3 63.8298 ~15
21220 221 21 41.2558 29 30229 29128 81.7332 -5 62 4 51 5 64,6463 S
20219 21120 42,1430 13 31230 30129 82.3956 -5 72 5 61 6 65,4633 =11
19218 20119 43,0251 -1 322 n 31130 83.0540 =2 82 6 717 66,2869 -1
18 2 17 19 1 18 43.9071 5 33232 3213 83.7071 -8 92 1 81 8 67.1154 16
17216 18 1 17 44,7825 -3 34233 33132 84,3581 8 102 8 31 9 67.9460 12
16 2 15 17 116 45,6511 -6 36 2 35 35 1 34 85.6419 =12 112 9 10 110 68.7803 5
15 2 th 16 1 15 46.5227 Y 37236 36138 86.2786 -9 12210 1M1 1N 69.6197 6
1% 213 15 1 14 47,3856 -1 38 237 37136 86.9115 -2 132 11 12 1 12 70.4650 24
13212 14113 48.2463 15 39 238 38137 B7.5394 -1 1% 212 13113 71.3093 -1
12211 13112 49.0965 =32 40 239 39138 88.1641 1" 15 2 13 JURREET 72,1642 18
11210 1211 49,9501 -1 41 240 401 3% 88.7814 -9 16 2 14 15 115 73.0201 13
1029 1110 50.7968 3 42 2 Wt 41 1 4o 89.3990 17 17 2 15 16 1 16 73.8784 =11
g2 8 101 9 51.6392 7 43 2 42 42 1 4y 90.0074 -6 18 2 16 17 147 T4, TU51 5
82 7 91 8 52.4761 0 45 2 44 uy 1 43 91.2165 -3 19 217 18 1 18 75.6152 10
72 6 81 7 53.3098 3 46 2 45 45 1 uy 91.8155 7 20 2 18 19 119 76.4886 3
62 5 71 6 54.1383 -2 47 2 46 46 1 45 92.4044 -43 2y 219 201 20 77.3668 -1
52 4 61 5 54.9657 26 29 2 27 30130 37.9863 -3 Q220 211 21 78,2499 -3
y2 3 51 4 55.7813 =22 28226 29129 38.6459 =19 23z 21 221 22 79.1390 9
32 2 41 3 56.6023 28 27225 28128 39.3155 32 24 222 23123 80.0319 12
72 6 717 59.9375 L 26 224 27127 39.9806 -1 25 2 23 20 1 24 80.9285 4
82 7 81 8 59.9654 -5 25223 26126 40.6581 12 26 2 2u 25125 81.8325 21
92 8 91 9 60.0039 15 2422 25125 41,3357 =12 27 2 25 26 1 26 82.7368 -7
102 9 10 1 10 60,0432 3 23 2 21 24 1 24 42.0218 -1 2822 27127 83,6525 28
11210 1 n 60.0870 -6 22220 231 23 42,7153 34 29 227 28128 84,5668 -1
122N 12 112 60.1374 1n 21219 221 22 43,5036 -3 30228 29129 85.4891 -2
13212 13 113 60,1887 -4 20218 211 21 44,1050 -13 31229 30 1 30 86.4171 3
14 213 W11 60.2451 -8 19 2 17 201 20 44,8133 27 32 2 30 311 31 87.3500 3
15 2 14 15 1 15 60.3062 -6 18 2 16 19 119 45.5202 6 3323 321 32 88,2865 -14
16215 16116 60.3730 12 17215 18118 46,2322 -1 34232 33133 89.2325 9
17216 17 117 60.4417 8 162 W 17 117 46,9513 -2 35233 34134 90,1802 -6
18 217 18118 60,5134 -6 15 2 13 1% 1 16 B7.6739 ~3 36 2 34 35135 91,1392 35
19 2 18 19 119 60.5912 -1 132N 141t 49.1335 5 3123 36 1 36 92,0962 -1
20219 20120 60.6726 ¢ 12 2 10 13113 149.8678 =12 38 2 36 37 1 37 93.0652 25
21220 211 21 60.7577 -3 M2 9 12112 50.6110 17 39237 38138 94,0339 -11
222 22 1 22 60.8473 -2 102 8 1M1 n 51.3533 ~6 %0 238 391 39 95.0125 -8
23222 23123 60.9414 2 92 7 10110 52.1020 ~7 41239 40 1 40 95,9955 -23
24 223 24 12 61,0397 8 82 b 91 9 52.8572 1 4224 11 n 96.9907 23
25 2 24 25 125 61.1416 9 72 5 81 8 53.6130 -t 43 2 41 42 1 42 97.9841 -13
26 2 25 26 1 26 61.2469 3 62 U4 71 7 54,3759 13 39 3 37 40 2 38 67.1990 -39
27 226 27127 61,3572 5 52 3 61 6 55.1390 =12 38 3 36 39 2 37 68,0216 -29

Note. The table includes values for transitions between unperturbed levels only. Double primes refer to
the initial states.
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TABLE I—Continued

J Ka' Ké I K; KE Wavenumbers 107 {0-C} J¢ K; Kc J K; Kg Havenumbers 10‘2(0-6) 3’ K; Kc d K‘; KC Wavenumbers !04(0—6)
3733 3823 68,8367 22 25 321 23228 79.4360 -8 B8 12 W3 150.2287 10
3633% 37235 69.6617 -13 23328 24223 80.2342 -1 813 15312 51,0147 -2
33331 38232 72,1089 -13 22313 2322 81.031% 0 178 1% 16 3 13 151.8024 7
32330 3323 72,9213 -21 k7 3 44 47 245 98.6595 -7 18415 173w 152.5872 -9
31329 3223 73,7347 -7 46 3 43 46 2 4k 98,7049 2 19416 18 3 15  153.3701  -38
30328 31229 74.5455 T 45 3 82 45 2 43 98.7466 4 20417 19316 154, 1584 -9
29327 30228 75.3552 -8 44381 44 2 42 98,7851 -4 21418 20317 154.9429  -13
28326 2922 76.1647 0 43 340 43 2 w1y 98,8202 -27 22419 21318 155.7283 -3
26328 21225 77,7777 -16 42 339 42 2 40 98,8554 -2 23420 22319 156.5105 -21
25323 26224 78,5843 -10 41 3 38 412 39 98,8309 =10 2% 42y 233 20 157.2931 -29
28322 25223 79.3918 13 40 3 37 %0 2 38 98.9239 2 25 3 22 24 3 2% 158.0784 -5
23321 283222 80.1952 % 38335 38236 98.9879 57 26423 25322 158.8607 -5
2320 23221 80.9976 -3 22319 21220 116.7563% 36 2783 2% 26323 -159.6432 1
21319 22220 81,7998 15 24327 23222 118.3314 13 28825 27324 160.%23% -5
22318 21219 82,6035 -2 25 322 24223 119.1189 6 29426 283 2% 161,2054 2
19 3 17 202 18 83.%132 79 26 323 25224 119.9030 27 30 427 29326 16 4. 9854 0
18316 19217 8u.2140 76 27328 26225  120.6920  -23 31428 30327 162,7656 5
631 17218 85.8111 42 28325 27226 121.4808 -1 32429 31328 163.5437 =5
15313 1621 86.6103 39 29326 28227 122.2681 -19 33430 32329 1643223 -4
14312 15213 87.4078 23 30327 29228 123.0552 =25 33431 33330 165.1015 9
133 11 M 212 88.2066 25 31328 30229 123.8439 -16 35 4 32 343 31 165,8791 11
12310 1321 89,0035 13 32329 31230 124.6325 -7 36 433 35332 166.6573 26
113 9 1221 89.8007 7 333306 32231 125.4190 ~19 37 4 3% 36 333 167.4326 18
23 7 102 8 91,3951 3 34337 33232 126.206% -23 38 4 35 37 3 3% 168.2079 16
83 6 22 7 92,1939 26 36333 352 3% 127.780% =35 39 436 38335 168.9830 13
T3 5 82 8 92,9912 35 38 3 35 37 2 3% 129.3585 -11 40 8 37 39 3 36 169,7582 23
63 &8 T2 5 93.78u3 5 3% 336 38237 130, 1464 -25 %1 438 403 37 170.5305 16
53 3 62 & 94,5797 1 40 337 3% 238 130,.935% =20 42 % 33 41 3 38 171.3035 17
43 2 52 3 95,3754 2 41338 %0239 131.7296 35 33 4 40 423 39 172.0753 it
331 2z 0 101,7297 0 42 339 W1 240 132.5142 -9 A4 4 4 43 3 40 172.8484 30
y3 2 321 102,5221 -6 43 3 40 u2 2 41 133.302% 19 45 & 42 44 3 41 173.6185 23
53 3 A2 2 103.3163 8 45 3 42 42 m3 134.8818 =21 46 4 83 45 3 42 174,3893 30
63 4 52 3 104.1085 5 46 3 43 45 2 4 135.6701 =41 H7 4 84 46 3 43 175.1590 34
73 5 62 4 104.8999 -3 47 3 4% 46 2 45 136,4643 -6 48 4 45 47 3 4y 175,9310 68
83 6 72 5 105.6942 22 48 3 45 47 2 A6 137.2536 -25 61 4 48 50 3 47 178,2317 64
93 7 B2 6 106.4832 -3 6 3 43 47 3 &4 100.6754% 29 52 % ¥3 51 3 48 179.0002 9
w03 8 927 107.2750 & 4% & ¥1 45 3 42 102,2957 32 53 450 52349 179.7588 34
113 9 102 8  108.0657 % 43 & k0 &% 3 41 1031041 21 54 451 53356  180.5257 65
12318 112 9  108.8568 12 %2 439 %3340 103,3131 2t 38534 39435 W5.4153  -10
331 2210 1096453 -2 41 438 32339 104, 7222 25 37533 38% 34 146.2265 o
W32 132n 110.4367 18 B0 4 37 %1 3 38 105.5271 -9 31527 32428 151.0782 =15
15 3 13 1§ 2 32 111.2261 23 39 3 36 40 3 37 106.3395 36 30526 31427 151.8862 =10
16 3 14 15 213 112.0174 52 38435 39336 107.1456 22 29525 30426 152,6934 -8
17315 16214 112.8008 T 37 431 38338 107.9521 15 27523 284 24 154,3068 -3
18316 17215 113.5911 37 36 433 37 3 34 108.7578 L] 26622 27423 155.1132 3
206318 19217 115, 1646 16 354 32 36 3 33 109.5657 18 25521 26 4 22 156.9186 2
21319 20218 115.9489 36 34 431 353 3 110.3681 =18 2h 520 254 24 156,7240 6
2320 21219 116.7297 -2 336 30 34 3 31 11,1789 32 23519 2k4 20 157.5304 25
23321 22220 17,5168 31 32529 33330 111,986 5 22518 23319  158.3320 -1
20322 23221 182856 -1 27 k24 28325  116.0036 [ 21517 22518 159.1362 ]
25323 2222 119.0808 20 264523 213 2% 116.8023 =40 20515 21& 17 158.9387 -~k
26328 25223 12,8611 12 25 % 22 26 323 117.6090 -3 19515 20% 16 160.7425 3
27325 2wz 120.638% ~38 24321 532 118.4112 -8 185 13435 1615453 3
@8 326 21225 1214175 1% 23420 2321 1192129 - 17513 18 % 1% 162.3470 5
29321 28226 122.1956 =19 22419 23320 120.0163 Q 165 12 17T 4 13 163, 1481 2
30328 29227 122.9743 -2 214 18 22319 120.8170 =10 155 11 16 4 12 163,9494 L]
31329 30228 123.7493 =10 20 4 17 21318 121.6182 -1 %510 1541 1647506 9
32330 31229 124,5233 -16 194 16 20317 122.4176 =27 135 9 WAa0 165.5510 11
33331 32230 125.2960  -21 18415 19316 123.2204 -6 125 8 134 9 166.3509 12
34332 33231 126,0683 =17 174 14 18 315 124.,0200 =13 115 7T 124 8 167.1501 12
35 333 3232  126.8385 20 16413 17 3 1% 124.8186  -27 105 6 114 7  167T.9486 8
36 3348 35 233 127.6086 -8 15412 16313 125.6191 -18 95 5 104 6 168.7471 10
37 335 362 3% 128.375% -1k AL R 3 | 5312 126 4196 -6 85 & 24 5 169.5454 %
38336 37235 129,105 -21 13810 W3y 127.217% =17 65 2 7% 3 171.1397 13
33 337 38236 129.9084 -22 24 3 13310 128.0160 =17 535 1 64 2 171.934% -5
46 3 38 392 37 1306649 -0 114 8 123 9 128.8143 =17 55 1% 4 ¢ 180.6628 -7
41 33% &40 238 131.4289 -5 Wwe 7 113 8 129.6133 -5 65 2 54 1 181.4541 2
42 3 40 M 239 132.1881 2 94 6 1037 130.4098 =17 75 3 64 2 182.2437 -2
43341 42240  132.9428 16 8% 5 93 6 131.2074  -13 85 4 74 3 183,0330 -3
44 3482 A3 2 M 133.6960 -28 74 4 83 5 132.0039 -16 95 5 84 4 183.8223 2
k5 3 43 44 2 W2 1344506 -4 64 3 73 4 132.7998 =22 05 6 94 5 184,611 K
46 3 k4 45 2 43 135.2024 14 54 2 63 3 1335971 -1t 115 7 104 6  185.3986 4
K7 3 45 46 2 Ay 135.9455 32 L 2 53 2 134,3943 3 125 8 114 7 186. 1862 8
36 3 33 37 2 36 69,8784 -20 38 1 33 0 141.5375 -15 135 9 124 8 186.9728 ki
35332 3623 70,6752 a 54 2 &3 3 1%2,3288 -2t 51 138 9 187.7578 -5
33331 B2 71.4693 -1 64 3 %3 2 143,1192 ~3% 15 5 11 Wy 30 188.539% =33
33330 3233 72,2646 «13 T4 & §3 3 143.9084 =53 6512 15§11 189.3296 8
32329 33232 73.060t -16 8% 5 73 & 1857008 36 17513 16412 190,149 17
30327 31230 74,6538 -4 $4 6 83 5 454916 32 85 W 17813 190.8967 -4
28326 W2 75,4495 -4 w08 7 93 6 146.2805 ~42 19515 184 34 191.6811 8
28325 29228 76.2439 -39 14 8 103 7 147.0723 -18 205 16 194 15 192.4639 9
27324 2B 2 27 77.0852 ] 124 9 113 8 147.8587  -45 21517 20416 193.2466 15
26323 2122 77.8424 4 13410 123 9 148.6507 -1 22518 21 417 19k,0265 -2
25322 26228 78.6379 =15 LI IRE 13 3 10 149.4390 -9 23519 22418 194, 8095 19
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TABLE I—Continued

J' KD KL J" K" K Wavenumbers 104(0-C) J' KK J" K2 K" Wavenumbers 104(0—(5) J' KK 3" KN KY Wavenumbers 104(0~C)
a a © a ¢ a ¢ CR LI

24520 23419 195.5880 1 34530 33429 203.3576 5 44 5 4O 43 4 39 211,0599 -13

255 21 24 4 20 196.3678 2 355 3 34 4 30 20%.1296 =10 45 5 41 44 b4 40 211.8251 =27
26522 25421 197.1479 12 36 5 32 35 4 31 204.9017 -16 47 5 43 46 4 ¥2 213.3545 ~l4y
27523 264 22 197.9259 7 37 5 33 36 4 32 205.6760 [ 505 46 U9 4 u§ 215.6536 34
265 24 27 4 23 198.7048 17 38 5 34 37 4 33 206.4485 1% 515 47 50 4 46 216.4131 3
29525 28 4 24 199.4810 6 395 35 38 4 34 207.2172 -4 52 5 48 51 4 47 217.1707 -34
30 5 26 29 4 25 200.2580 10 40 5 36 39 4 35 207.9877 [ 53549 52 4 48 217.9299 =50
31527 30426 201,0345 15 41537 40 4 36 208,7570 -1 54 5 50 534 49 218.6903 =47
32528 31427 201.8085 2 42 5 38 41 4 37 209.5241 =17 55 5 51 54 4 50 219.44896 47
33529 32 4 28 202.5854 23 43539 424 38 210,2927 -1

tobe0.03cm™ ' in lose agreement to the theoretical limit set by the maximum optical
path difference of 32 cm. The wavenumbers of the absorption lines were determined
Uy means of a pean-uuuer program, and the calibration was pﬁlon“m‘:u Uy means of
the wavenumbers for selected water vapor lines measured by Kauppinen et al. (6).
The appearance of water vapor lines is due to residual air in the instrument. To cover
the whole spectral region where pure rotational transitions could be detected, two
experiments were performed. The low-wavenumber range 20-130 cm™! was measured
using a 28-cm cell with Teflon windows and filled to 3 Torr pressure. The total scan
time was 13 hr. To measure the high-wavenumber region (100-400 cm™), the total
scan time was 12 hr using a 20-cm cell equipped with polyethylene windows and filled

ta 10 Torr nracenre
{0 10 1017 pressure.

recorded on a Bruker 113V FTIR instrument. The spectral resolution was measured
—1:

The results of the measurements are wavenumbers for about 1100 absorption lines.
Nearly all lines were assigned to pure rotational transitions for HNj; in the ground
state or in the vibrationaily excited states vs and v¢. For reasons explained iater, not
all lines were used in the analysis and only the wavenumbers used in the analysis are
given in Table L.

Selected parts of the observed spectrum are shown in Figs. 1, 3, and 4.

ASSIGNMENTS

The HNj; molecule is a slightly asymmetric rotor. The quantum number K, for the
limiting prolate top may then be used to identify the transitions. The spectrum appears
as a number of subbands each corresponding to a value of K% (lower state) and the
selection rules AK, = 1, AK, = =1, and AJ = 0, 1. The asymmetry of the molecule
is observed through the splitting of the transitions starting from the K7, = 1 and 2
levels (see Fig. 1). Using the previously determined values for the ground state param-
eters (3, 5), the assignments of the ground state transitions were straightforward. Thus

860 observed ground state transitions were identified, but only the assignmen

the wavenumbers listed in Table I are given.

In addition to the pure rotational transitions in the ground state, about 250 pure
rotational transitions in the vs and vs states were observed. The assignments were
straightforward using the constants for these levels given in Ref. (6). O and R branches
for K7 = 2 through 7 in the »5 state were identified whereas the P branches were too
weak to be observed. In the »¢ state Q and R branches for K, = 2, 4, and 5 were
assigned.
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FIG. 1. The upper trace shows the region of the #Q,(J) branch. The effect of the asymmetry of the molecule
is clearly observed by the degradation to opposite wavenumbers of the two series of lines which constitute
the Q branch. The lower trace shows the region of the unresolved ®Q4(J) branch, the *Q5(J) branch in »s,
and the ®Qy(J) branch in v,. Asterisks refer to the s state and A’s refer to the v state.

GROUND STATE ANALYSIS

Each subband was subjected to a least-squares analysis using a fourth-order poly-
nomial in the J-quantum number in order to determine the subband origins gy, and
to check the assignments. The subband origins are given in Table II.

By means of the values for vy, the energies for the K, rotational levels of the ground
state have been calculated, and the results are given in Table III.

Next, a least-squares analysis was performed on the assigned wavenumbers of the
pure rotational spectrum using the Hamiltonian given by Watson (7). During the
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TABLE II
Subband Origins (in cm™")

Ka Pure rotation vg (2K, =0) Pure rotation
in v5(AKa=1) Gr.st.(AKa=1)
0 (2.639) 537.2642(7) 19.977(7)
1 (26.919) 519.9259(5) 59.8196(7)
2 63.155(5) 487.0256(6) 99.3481(8)
3 101.466(1) 450.8227(4) 138.3649(3)
4 139.97(1) 413.9196(8) 176.7038(3)
5 177.989(1) 377.161(1) 214.2136(2)
6 215.12(1) (340.936) 250.7705(3)
7 252.52(2) (305,286) 286.323(2)
8 (271.483) 321.05(2)
9 353.37(4)
10 387.5(2)"

Note. The values have been obtained by analyzing each subband separately using the wavenumber expression
for a diatomic molecule. The errors are standard deviations representing the quality of the fit only. Numbers
in parentheses are calculated values.

* (-branch maximum estimated from the spectrum.

TABLE III

Values (in cm™) for the K, Rotational Energy Levels in the Ground State and in the »s State of HN;
Calculated from the Numbers Given in Table II

Ka Ground state vg state
0 0 537.26
1 19.98 539.90
2 79.80 566.82
3 179.14 629.97
4 317.51 731.43
5 494.21 871.37
6 708.43 1049.36
7 959.20 1264 .48
8 1245.52 1517.00
9 1566.57

10 1919.94
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TABLE IV

Ground State Parameters (in cm™) for HN,

Far IR Microwave/ Microwave Raman
Far IR (Ref. 3) (Ref. 5)
A 20.38166(7) 20.38193(2) 20.3806(2) 20,382(3)
B 0.401437(9) 0.4014441(2) 0.4014158(2)
0.39718(2)
¢ 0.392955(9) 0.3929588(2) 0.3929869(2)
107 8, 1.67(5) 1.56(2) 1.85(2) 1.97(7)
10° By 2.632(9) 2.647(2) 2.639(4) 2.5{2)
00 8.955(6) 8.955" 7.7" 8.71(9)
107 5, 2.7(3) 2.97(8) 2.96(8) 0
6 ¥* *
10 8 3.5(3) 3.5 0 -
13
10 M50 2(15) 45(17) 29(12) -
10
10 Hgk 1.5(4) 19(5) 14(3) -
8
10 Hykk -4.0(2) -3.8(2) -4,0(1) -
5 *
10 Kok 1.28(2) 1.28 0 0.74{9)
* Constrained.

analysis it turned out that only wavenumbers assigned to K, < 4 would fit the analysis.
This may be explained by c-type Coriolis interaction and centrifugal distortion inter-
actions (8) between the ground state levels and the »s levels. The lack of fit for wave-
numbers assigned to K > 5 are K, dependent as well as J dependent.

The final analysis therefore includes the 533 lines of the five lowest subbands only.
The results of the analysis are given in Table IV.

To get an impression of the magnitude of the perturbation, the following transitions
were calculated by means of the constants given in the first column of Table IV and
compared to the observed wavenumbers:

Observed
Transition wavenumbers Obs. — Cale.
395,33 - 407'34 281.569 ~—(.267
407,33 g 413_34 315.397 ~2.662
289,|9 - 29‘0‘20 375.535 -1.703

HOT BAND ANALYSIS

Each subband of the hot bands was analyzed similarly to the ground state subbands.
The calculated subband origins are included in Table II for the vs state, and in addition,
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the values for the subband origins for the »s band are given. These last mentioned
values are calculated from the observed vs lines with AK, = 0 given in Ref. (9).

From these data, five additional subband origins (which are not directly observed)
may be determined. The values are given in parentheses in Table IL

Combining all values given in Table II, the K,-dependent part of the energy levels
with K7 = 0 through 10 and 8 may be determined for the ground state and the »s
state, respectively. The results are given in Table III and the values are used for
Fig. 2.

The hot bands of the »s fundamental do not contribute any new information of
this band, and therefore the values for the subband origins are not included in Ta-

TABLE V
Reduced Frequencies (in MHz) Evaluated as Described in Ref. (3)

J" K; Kg J! Ké Ké Frequency Obs.-Calc.
z 0 2 3 0 3 71446.069 G.081

2 1 2 3 1 3 71062.607 0.146

2 1 1 3 1 2 71820.772 0.244

12 to12 12 1 N 19705.890 0.053

23 0 23 22 1 22 19792.439 0.045
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DISCUSSION

As mentioned, there might be a c-type Coriolis interaction and centrifugal distortion
interactions between the ground state levels and the vs levels. Levels differing in K,
by 1, (£3- - -) are interacting. Looking at the energy level diagram in Fig. 2, it is
seen that the ground state levels with K, = 6, 7, 8, and 9 are very close to the levels
of vs that have K, = 5, 6, 7, and 8, respectively. For the ground state K, =8 and 9, a
crossing occurs. The effect of the crossing would be expected to be a lowering of the
= 8 levels and a pushing up of the K, = 9 levels. This is experimentally verified

by the appearance of the RQ,(J) and ®Qgy(J) branches which are degraded to lower

and higher wavenumbers respectively, The spectra of these two O branches are shown

in Flg. 3.

The Coriolis resonance may have a similar effect on the ®Q4(J) and *Q+(J) pure
rotational branches in the vs state. Through the interaction where *Q(J) (ground
state) lines are degraded to lower wavenumbers, the 2Q4(J) (vs) lines must be pushed
upward and vice versa for *Qg(J) (ground state) and *Q,(J) (v5). The two hot band Q
branches are shown in Fig. 4. The ®Q4(J) is clearly degraded to higher wavenumbers.
The ®Q;(J) branch is partly obscured by the 2Q4(J) ground state branch, but the few
lines on the high-wavenumber side of the ®Q¢(J) ground state branch clearly indicate
a series of lines degrading to lower wavenumbers.

The present determination of ground state parameters are based on those transitions
which are unaffected by the Coriolis resonance as measured with the present resolution
and wavenumber accuracy. The results are given in the first column of Table IV
together with previously determined values (columns 3 and 4). When comparable, it
is seen that the agreement between the values obtained by the different types of ex-
periments is satisfactory. However, the values obtained from the microwave data are
dependent of the values for Ak, 6x, and Hyxx. During the time the microwave data
were analyzed, the value for Agx was taken as the value of Dk given in Ref. (4), and
ox and Hgkx had to be constrained to zero because no values for these constants were
available.

In the present work, a value for 6x has been determined and the accuracy of the
values of Agx and Hggx have been improved considerably compared to the values
obtained by Raman spectroscopy. Consequently, the microwave data have been rean-
alyzed, constraining Ag, 8y, and Hggx to the values obtained in this investigation. In
addition, frequencies measured later for other transitions than those given in Ref. (3)
have been included in the reanalysis of the microwave data. The additional microwave

frequencies are given in Table V. The results of this analysis are given in column 2
of Table IV. Comparine columns 1 and 2. it is seen that the agreement between the

2 Qv SOLAAPRLIAE VAORRRIAAIS 2 QU L, 1 25 000N AL UL QERULRLICEIY URUWRRLAR

values obtained is excellent.

The model used does not account for the interaction between the ground state and
the »5s and v, states. In the analyses of the spectra of vs and vg, the interaction between
these two bands were taken into account. The next step is to take into account the
mutual interaction of all three states, and work is in progress to develop a program

by which all three bands may be analyzed simultaneously.
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