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The high-resolution infrared absorption spectrum of the oxalodinitrile di-N-ox@BRCCNO
molecule has been recorded in the gas phase with a Fourier transform spectrometer at a resolution
of 0.003 cm®. No previous high-resolution spectra have been recorded for this semistable
palindromic molecule. On the basis of the 2:1 intensity alternation in the rotational lines caused by
nitrogen nuclear spin statistics, the ONCCNO molecule appears to be linear. A quasilinear structure,
however, cannot be ruled out at this stage of the analysis.vJtend v5 fundamental modes at
2246.040 583) cm ! and 1258.475301) cm ! have been analyzed to give ground state
rotational constants dB,=0.042 202 1(96) cm ! and D,=8.7770)x10 ° cm™L. By fixing the

CN and NO bond lengths to 1.1923 and 1.1730 A, respectively, the C—C bond length was
determined to be 1.3329 A using tBg value. This short C—C bond length is thus similar to that
observed for a carbon—carbon double bond.1895 American Institute of Physics.

INTRODUCTION freshly prepared solution of ONCCNO m-hexane before
. . o . . polymerization occurs to make polyfuroxasince dilute so-
ONggeNc;yan?ger; d|—N—?.xu:e(oxalod|(;ntrtllt;:h d|t-)N-QX|Qe, fIutions are stable at 0 °C for several hours, ONCCNO has
thi i );n?_'ecue Wa.? ws;] pr(_epallrfe a | € gglnr;w;g %heen widely used in organic chemistry for 1,3-dipolar cy-
is century. However, its chemical formula and isolation - 40 oo o4

were not achieved until the early 1960s by Grundmahn. The ONCCNO molecule is a candidate for astrophysical

The ONCC.NQ mplecule was prepared in organic SOIL.Jt'OnSobservation since it contains only the relatively abundant el-
by HCI elimination from the stable dichloroglyoxime

. ements C, N, and O. The symmetric CNO dimer structure is
(HON=C(CI)—(CIl)C=NOH) precursor. Two strong infrared | f . . . .
. _ . t d structural int t th th
absorption peaks at 2190 and 1235 ¢mvere observed in aISo Of SpECIroscopic and struciural INTETEst SINee FHeTe 1S the

. . . . possibility of quasilinear behavior as found in HCNGhe
CCl, solution. The ultraviolet spectrum, which contains symmetric linear CNO dimer ONCCNO has no dipole mo-
maxima at 312, 295, and 262 nm, can be obtained with fent so that pure rotational spectra will be very weak and

infrared or ultraviolet observations will be necessary.
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FIG. 1. (a) An overview of they, o, CNO antisymmetric stretching mode of WaveHMber(cm )
the ONCCNO molecule. Note the lines due to the HNCO molecule near
2270 cm'™. (b) An expanded portion of thR branch 2:1 intensity alterna- FIG. 2. Portions ofR and P branches of the,, mode of the ONCCNO
tion caused by the nuclear spin statistics of two equivalent nitrogen nuclei irmolecule. Thel quantum numbers are for the fundamental band and the
a linear molecule. perturbedR(96) and P(98) lines are marked by arrows.
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TABLE I. The line list for thev, vibrational mode of ONCCNGQicm™2).

oMC? oMC oMC
Line OBS x10* Line OBS x10 Line OBS x10*
P(101) 2236.5060 -8 P(53) 2241.3072 27 P(5) 2245.6118 —49
P(100 2236.6118 -1 P(52) 2241.4013 22 P(4) 2245.6935 -83
P(99) 2236.7160 -9 P(51) 2241.4966 32 P(3) 2245.7812 —-56
P(98) 2236.8269 53 P(50) 2241.5893 17 P(2) 2245.8638 -77
P(97) 2236.9284 23 P(49) 2241.6858 43 R(1) 2246.2950 —54
P(96) 2237.0320 17 P(48) 2241.7782 30 R(2) 2246.2950 24
P(95) 2237.1364 19 P(47) 2241.8715 28 R(3) 2246.3702 —-61
P(94) 2237.2421 39 P(46) 2241.9647 27 R(4) 2246.4529 -69
P(93) 2237.3436 17 P(45) 2242.0581 30 R(5) 2246.5382 —49
P(92) 2237.4446 -8 P(44) 2242.1510 31 R(6) 2246.6200 —-61
P(91) 2237.5485 0 P(43) 2242.2427 21 R(7) 2246.7011 —-80
P(90) 2237.6514 -1 P(42) 2242.3361 30 R(8) 2246.7855 —-63
P(89) 2237.7516 -26 P(41) 2242.4287 33 R(9) 2246.8691 -53
P(88) 2237.8557 -11 P(40) 2242.5205 31 R(10) 2246.9513 —54
P(87) 2237.9575 —-16 P(39) 2242.6120 27 R(12) 2247.0333 —-56
P(86) 2238.0600 -12 P(38) 2242.7041 31 R(12) 2247.1181 -28
P(85) 2238.1623 -7 P(37) 2242.7953 29 R(13 2247.1974 —-53
P(84) 2238.2651 4 P(36) 2242.8852 16 R(14) 2247.2806 -37
P(83) 2238.3634 -27 P(35) 2242.9770 23 R(15) 2247.3624 -33
P(82) 2238.4667 -6 P(34) 2243.0666 10 R(16) 2247.4447 -22
P(81) 2238.5661 -22 P(33) 2243.1527 -36 R(17) 2247.5253 -27
P(80) 2238.6689 -1 P(32 2243.2526 59 R(18) 22247.6062 -26
P(79 2238.7669 —-26 P(31) 2243.3397 27 R(19 2247.6881 -14
P(78) 2238.8686 -12 P(30) 2243.4298 28 R(20) 2247.7683 -17
P(77) 2238.9684 -15 P(29) 2243.5196 27 R(22) 2247.8501 -1
P(76) 2239.0690 -7 P(29) 2243.6081 15 R(22) 2247.9302 -1
P(75) 2239.1677 —-16 P27 2243.6979 18 R(23) 2248.0123 21
P(74) 2239.2681 -6 P(26) 2243.7865 11 R(24) 2248.0898 -1
P(73) 2239.3673 -5 P(25) 2243.8740 -5 R(25) 2248.1665 -29
P(72) 2239.4666 -1 P(24) 2243.9639 5 R(26) 2248.2514 27
P(71) 2239.5654 0 P(23) 2244.0515 -7 R(27) 2248.3291 13
P(70) 2239.6629 -10 P22 2244.1396 -10 R(29) 2248.4094 27
P(69) 2239.7629 7 P(21) 2244.2282 -8 R(29 2248.4895 41
P(68) 2239.8599 -3 P(20) 2244.3156 -15 R(30) 2248.5708 68
P(67) 2239.9585 4 P(19 2244.4029 -22 R(31) 2248.6387 -36
P(66) 2240.0548 -8 P(18) 2244.4907 -22 R(32) 2248.7207 3
P(65) 2240.1539 8 P(17) 22445765 -39 R(33 2248.7988 5
P(64) 2240.2507 5 P(16) 2244.6640 -38 R(34) 2248.8785 25
P(63) 2240.3482 11 P(15 2244.7505 —45 R(35) 2248.9567 31
P(62) 2240.4448 9 P(14) 2244.8374 —46 R(36) 2249.0333 24
P(61) 2240.5415 11 P(13) 2244.9236 —52 R(37) 2249.1097 17
P(60) 2240.6367 1 P(12 2245.0107 —48 R(38) 2249.1880 30
P(59) 2240.7338 11 P(12) 2245.0969 —-50 R(39) 2249.2650 33
P(58) 2240.8287 2 P(10) 2245.1795 —-87 R(40) 2249.3414 33
P(57) 2240.9276 35 P(9) 2245.2674 —68 R(41) 2249.4181 36
P(56) 2241.0207 11 P(8) 2245.3533 —68 R(42) 2249.4935 29
P(55) 2241.1168 21 P(7) 2245.4385 -73 R(43) 2249.5689 25
P(54) 2241.2121 23 P(6) 22455231 -83 R(44) 2249.6450 29
R(45) 2249.7211 35 R(73) 2251.7420 -6 R(101) 2253.5926 14
R(46) 2249.7967 38 R(74) 2251.8111 -6 R(102) 2253.6543 3
R(47) 2249.8708 29 R(75) 2251.8792 -13 R(103 2253.7177 11
R(48) 2249.9443 16 R(76) 2251.9475 -16 R(104) 2253.7804 14
R(49 2250.0198 24 R(77) 2252.0167 -9 R(105) 2253.8425 13
R(50) 2250.0941 24 R(78) 2252.0846 -1 R(106) 2253.9047 15
R(51) 2250.1678 18 R(79) 2252.1528 -8 R(107) 2253.9687 37
R(52 2250.2425 26 R(80) 2252.2202 -1 R(108 2254.0281 15
R(53) 2250.3149 12 R(81) 2252.2873 —-15 R(109 2254.0896 16
R(54) 2250.3890 18 R(82 2252.3550 -1 R(110) 2254.1513 21
R(55) 2250.4622 16 R(83) 2252.4212 -19 R(111) 2254.2115 12
R(56) 2250.5334 -3 R(84) 2252.4884 -15 R(112 2254.2727 16
R(57) 2250.6075 9 R(85) 2252.5563 -2 R(113 2254.3330 12
R(58) 2250.6802 10 R(86) 2252.6224 -4 R(114) 2254.3936 14
R(59) 2250.7532 15 R(87) 2252.6876 -14 R(115 2254.4542 17
R(60) 2250.8248 9 R(88) 2252.7542 -6 R(116) 2254.5137 10
R(61) 2250.8970 10 R(89) 2252.8202 -3 R(117) 2254.5730 4
R(62) 2250.9681 3 R(90) 2252.8850 -9 R(118 2254.6332 8

J. Chem. Phys., Vol. 103, Ne. 9, 1 September 1995



Guo et al.; Infrared spectroscopy of ONCCNO 3337

TABLE I. (Continued)

oMC? oMC oMC
Line OBS x10* Line OBS x10* Line OBS x10*
R(63) 2251.0405 12 R(91) 2252.9512 0 R(119 2254.6923 3
R(64) 2251.1115 9 R(92) 2253.0164 2 R(120) 2254.7497 -19
R(65) 2251.1820 2 R(93 2253.0807 -2 R(121) 2254.8104 -4
R(66) 2251.2515 -12 R(94) 2253.1465 10 R(122 2254.8690 —-10
R(67) 2251.3233 0 R(95) 2253.2110 13 R(123 2254.9284 -6
R(68) 2251.3940 3 R(96) 2253.2800 61 R(124) 2254.9856 -23
R(69) 2251.4636 -4 R(97) 2253.3339 -39
R(70) 2251.5333 -7 R(98) 2253.4004 -10
R(72) 2251.6030 -8 R(99) 2253.4645 -4
R(72) 2251.6724 -9 R(100) 2253.5281 0

#bserved minus calculated line positions.

Pure samples of ONCCNO are difficult to handle. Crys-  The high-resolution absorption spectra were recorded
talline, monomeric ONCCNO is stable at78 °C but begins  with a Bruker FTS 120 HR spectrometer at the University of
to visibly decompose near45 °C and explodes a few min- Waterloo with a resolution of 0.003 ¢cm The 1, mode, near
utes later at that temperatteMaier and TeleS have re- 2250 cmi?, was recorded with an InSb detector and 46 scans
ported the formation of ONCCNO by flash vacuum pyrolysiswere coadded in the 1800—2900 chregion. A redpass fil-
of dichloroglyoxime followed by condensation of the pyroly- ter with a cutoff at 2900 cmt set the upper wave number
sis products diluted with argon on a colti0 K) window, limit while the lower wave number limit was set by the band
although they published no spectroscopic data. Until verygap of the InSb detector. A HgCdTe detector was used to
recently no gas phase measurements have been made. Pasatord thevs mode at 1260 cm' and the spectrum was
szki and Westwodthave successfully studied gaseous ON-obtained by coadding 55 scans. Another redpass fittemoff
CCNO by He | photoelectron spectroscopy, photoionizatiorat 1672 cm?) set the high wave number limit and the
mass spectrometry, low-resolution midinfrared spectroscopiigCdTe detector response set the lower limit. A KBr beam-
as well asab initio calculations. The strong IR absorption splitter was used for both spectra.
bands at 2226 and 1260 cihcorrespond to the antisymmet-
ric (v, o) and symmetric(vs o,) CNO group stretching
vibrations, respectively, which were reported earlier at 219Q\NALYSIS
cm ! and 1235 crt in CCl, solution? Unfortunately, theab
initio calculations did not provide a solid conclusion as to ~ The spectral analysis program PC-DECOMP, developed
whether the ONCCNO molecule was linear or bent althougty J. W. Brault, was used for the spectral line measurements.
a linear or quasilinear structure was preferred. High-Using this program, the line profiles were fitted with Voigt

resolution gas phase Spectroscopy can Supp|y additional irlli.neShape functions. The Signal-tO'nOise ratio for the stron-
formation on the molecular geometry. gest lines in the spectrum was about 5:1 and the precision of

In this work, we report on our high-resolution Fourier the line position measurement is better thad.0006 cm*

transform infrared spectra of the cyanogen di-N-oxide mol-
ecule. They, andys vibrational modes have been recorded in
the gas phase and these two fundamental bands have been
rotationally analyzed.

ONCCNO CNO Symmetric Stretch

EXPERIMENT 1245.0 ‘ ‘L 1?575.0 1265.0 1275.0

The ONCCNO molecule was generatedsitu using the
same method as described by Pasinszki and Westfvood.
Briefly, the thermolysis of dichloroglyoxime in a quartz tube
(8 mm i.d. by 15 cmhheated to 550 °C gives a good yield of
ONCCNO plus HCI with only trace amounts of the side
products, NO, CO, CQ and HNCO. The experimental setup
is typical for absorption spectroscopic work using a cell and
a glower external to the spectrometer. The infrared glower 12495 12500 12505 1251.0
was collimated by a parabolic mirror and passed through a Wavenumber(cm™)

20 cm long absorption cell equipped with KBr windows and @ i o de of th
feai 1G. 3. (a) An overview of thevs o, CNO symmetric stretching mode of the
entered the spectrometer through the emission port. The thelt NCCNO molecule(b) An expanded portion of the branch of thess

molysis products were pumped slowly through the gas cell afoge. The marked lines are for the fundamental band and show the 2:1
a pressure of about 250 mTorr. intensity alternation caused by nuclear spin statistics.

Absorption

J. Chem. Phys., Vol. 103, Ne. 9, 1 September 1995
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TABLE Il. The line list for the v vibrational mode of ONCCNQicm ™ 2).

omMc? oMC oMC
Line OBS x10* Line OBS x10* Line OBS x10*
P(141) 1245.2485 -8 P(91) 1250.2297 -3 P43 1254.7237 17
P(140 1245.3501 -8 P(90) 1250.3266 -2 P(42) 1254.8133 11
P(139 1245.4511 -14 P(89) 1250.4230 -5 P(41) 1254.9029 6
P(1398 1245.5539 -1 P(88) 1250.5197 -3 P(40) 1254.9938 17
P(137) 1245.6538 -18 P(87) 1250.6146 -18 P(39) 1255.0824 5
P(136) 1245.7571 2 P(86) 1250.7119 -8 P(38) 1255.1724 9
P(135 1245.8595 12 P(85) 1250.8084 -3 P(37) 1255.2619 9
P(134 1245.9588 -9 P(84) 1250.9041 -6 P(36) 1255.3495 -8
P(132 1246.1625 3 P(83 1251.0000 -6 P(35) 1255.4401 5
P(131) 1246.2639 7 P(82 1251.0954 -9 P(34) 1255.5297 10
P(130 1246.3645 1 P(82) 1251.1900 —-19 P(33) 1255.6180 4
P(129 1246.4661 8 P(80) 1251.2861 -12 P(32 1255.7068 4
P(129 1246.5682 20 P(79) 1251.3782 —45 P(31) 1255.7953 2
P(127) 1246.6675 5 P(79) 1251.4765 -13 P(30) 1255.8839 3
P(126) 1246.7681 3 P(77) 1251.5712 -17 P(29) 1255.9785 66
P(125 1246.8691 6 P(76) 1251.6663 -15 P(28) 1256.0604 2
P(124) 1246.9693 2 P(75) 1251.7599 —-26 P(27) 1256.1479 -4
P(122 1247.1692 -8 P(74) 1251.8548 —24 P(26) 1256.2365 2
P(121) 1247.2708 5 P(73) 1251.9529 12 P(25 1256.3248 7
P(120 1247.3707 2 P(72) 1252.0471 11 P(24) 1256.4110 -8
P(119 1247.4702 -5 P(71) 1252.1422 19 P(23) 1256.4993 -1
P(118 1247.5708 1 P(70) 1252.2388 45 P(22) 1256.5858 -10
P(117) 1247.6710 3 P(69) 1252.3308 25 P(21) 1256.6706 -35
P(116) 1247.7707 2 P(68) 1252.4228 7 P(20) 1256.7611 -1
P(115 1247.8707 4 P(67) 1252.5177 20 P(19 1256.8483 1
P(114) 1247.9705 6 P(66) 1252.6103 10 P(18) 1256.9351 0
P(113 1248.0706 11 P(65) 1252.7040 13 P(17) 1257.0212 -6
P(112 1248.1694 5 P(64) 1252.7963 4 P(16) 1257.1077 -7
P(111) 1248.2683 1 P(63) 1252.8893 2 P(15) 1257.1935 —14
P(110 1248.3675 1 P(62) 1252.9827 7 P(14) 1257.2815 3
P(109 1248.4676 10 P(61) 1253.0757 8 P(13 1257.3661 -13
P(108 1248.5659 4 P(60) 1253.1677 1 P(12 1257.4531 -3
P(107) 1248.6640 -4 P(59) 1253.2602 2 P(11) 1257.5348 —45
P(106) 1248.7631 0 P(58) 1253.3528 3 P(10) 1257.6248 -3
P(105) 1248.8620 2 P(57) 1253.4454 6 P(9) 1257.7121 13
P(104) 1248.9600 -4 P(56) 1253.5368 -2 P(8) 1257.7955 -7
P(103 1249.0583 -5 P(55) 1253.6289 0 P(7) 1257.8792 —24
P(102 1249.1552 -19 P(54) 1253.7215 7 P(6) 1257.9625 —-43
P(101) 1249.2539 -13 P(53) 1253.8108 -17 P(5) 1258.0506 -14
P(100) 1249.3526 -6 P(52) 1253.9049 9 P(4) 1258.1367 -2
P(99) 1249.4490 -21 P(51) 1253.9938 -17 P(3) 1258.2158 —59
P(98) 1249.5476 —-14 P(50) 1254.0868 0 P(2) 1258.3060 -4
P(97) 1249.6489 23 P(49) 1254.1764 —-16 R(0) 1258.5586 -10
P(96) 1249.7448 6 P(48) 1254.2649 —41 R(1) 1258.6400 -37
P(95) 1249.8409 -7 P(47) 1254.3594 -5 R(2) 1258.7253 —24
P(94) 1249.9385 -4 P(46) 1254.4502 —4 R(3) 1258.8090 —26
P(93) 1250.0344 -17 P(45) 1254.5420 8 R(4) 1258.8938 -15
P(92) 1250.1328 4 P(44) 1254.6334 18 R(5) 1258.9819 31
R(6) 1259.0618 -5 R(37) 1261.5807 1 R(68) 1263.9685 43
R(7) 1259.1431 -25 R(38) 1261.6610 14 R(69) 1264.0432 44
R(8) 1259.2277 —-10 R(39 1261.7395 10 R(70) 1264.1157 24
R(9) 1259.3120 2 R(40) 1261.8182 10 R(71) 1264.1925 48
R(10) 1259.3933 -15 R(41) 1261.8965 7 R(72 1264.2650 31
R(11) 1259.4753 -22 R(42) 1261.9743 1 R(74) 1264.4080 -18
R(12) 1259.5590 -11 R(43) 1262.0541 16 R(75) 1264.4821 -15
R(13 1259.6425 -1 R(44) 1262.1311 4 R(76) 1264.5557 -15
R(14) 1259.7250 1 R(45) 1262.2068 -20 R(77) 1264.6317 10
R(15) 1259.8069 -3 R(46) 1262.2844 -22 R(78) 1264.7058 17
R(16) 1259.8887 -5 R(47) 1262.3642 -2 R(79) 1264.7775 2
R(17) 1259.9706 -5 R(48) 1262.4413 -6 R(80) 1264.8526 22
R(18) 1260.0534 5 R(49 1262.5188 -7 R(81) 1264.9215 -19
R(19) 1260.1345 -1 R(50) 1262.5973 6 R(82) 1264.9950 -12
R(20) 1260.2168 7 R(52) 1262.6726 -13 R(83) 1265.0673 —-16
R(2D) 1260.2981 6 R(52) 1262.7506 -4 R(84) 1265.1411 -3
R(22) 1260.3788 1 R(53 1262.8277 -2 R(85) 1265.2183 46
R(23 1260.4605 7 R(54) 1262.9042 -4 R(86) 1265.2838 -22
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TABLE Il. (Continued)

oMc? oMC oMC
Line OBS x10 Line OBS x10* Line OBS x10*
R(24) 1260.5413 5 R(55) 1262.9810 -2 R(87) 1265.3573 -9
R(25) 1260.6240 24 R(56) 1263.0565 -12 R(88) 1265.4311 10
R(26) 1260.7024 1 R(57) 1263.1349 9 R(89) 1265.5064 44
R(27) 1260.7838 10 R(58) 1263.2101 -1 R(90) 1265.5734 -3
R(28) 1260.8644 11 R(59 1263.2857 -5 R(91) 1265.6459 7
R(29) 1260.9450 15 R(60) 1263.3637 16 R(92) 1265.7157 -10
R(30) 1261.0247 10 R(62) 1263.4382 3 R(93) 1265.7862 -18
R(31) 1261.1037 0 R(62) 1263.5143 9 R(94) 1265.8591 -2
R(32 1261.1837 3 R(63) 1263.5893 4 R(95) 1265.9321 18
R(33) 1261.2644 12 R(64) 1263.6646 3 R(96) 1266.0000 -13
R(34) 1261.3437 9 R(65) 1263.7410 16 R(97) 1266.0745 24
R(35) 1261.4228 6 R(66) 1263.8161 15 R(99) 1266.1414 -14
R(36) 1261.5028 13 R(67) 1263.8925 31 R(99) 1266.2132 -1

#Observed minus calculated line positions.

for these lines. However, many of the weaker lines and theeeded in the same way as faf. The v5 mode also had a
blended features were determined only to a precision ohigh line density but no perturbations were present to help
about+0.005 cm%. the assignment. The rotational assignmentof/as made by

An interactive color Loomis—Wood computer program changing the relative assignment of tReand R branches
was used to pick out the branches and helped to assign thentil the ground state combination differences matched those
spectra. The CO molecule was present in the cell as a sid# v,. About 200 lines were assigned and the complete line
product of the thermolysis. The measured spectral lines dist is shown in Table II.
the v, vibrational mode were calibrated with the CO lines
using line positions taken from the literatutd=or the vg .
vibrational mode, we used the water absorption forThe rotational constants
calibration'® The line positiongTables | and I} of the two fundamen-
tal bands were fitted together in a global least-squares fit.
The energy level expression

Figure 1 shows the high-resolution spectrum of the CNO _ 2 3
antisymmetric stretching modes, ;) of ONCCNO. The F(J)=vo+BJJ+1) =D+ "+ HII+1)]
HNCO molecule is present on the high wave number side ofvas used in the fit and the resulting rotational constants are
the overview spectruniFig. 1(a)]. Figure 1b) is an ex- listed in Table Ill. The ground stateB, constant,
panded portion of th& branch of they, fundamental. The 0.042 202 10 cm! (1.265 187 GHY, is in good agreement
alternation in intensities is caused by the nuclear spin statiswith the ab initio predictio of 1.24~1.25 GHz. The cen-
tics of two equivalentl =1) nitrogen atoms. The symmetri- trifugal distortion constants of the exciteglvibrational level
cally located nitrogen atoms cause an intensity alternation afay be perturbed by interaction with other modes.
2:1 with the even)” values being stronger.

The main problem in the analysis was the presence of a
large number of hot bands which causes a line density aBISCUSSION AND CONCLUSION

high as 100 lines/ctt. It was impossible to locate the band The semistable cyanogen di-N-oxid®NCCNO mol-
origin because of the overlapping hot bands. The flhab-  ecule can be generatéud situ with a good yield in the gas
Signments were achieved with the help of a small local perphase from the precursor molecule dich|0rog|yoxime by
turbation atd’=97 in the upper level. Figure 2 shows the thermolysis. The high-resolution spectra of the ONCCNO
perturbedR(96) and P(98) lines. TheR(96) line was shifted molecule have been obtained for the two strongest vibra-
by 0.005 cm* to higher wave numbers while tH(98) line  tional modesy, and ». The rotational analysis of these two

was shifted by the same amount. There are several othgiodes and the intensity alternation of the lines indicates that
small local perturbations in this band which also confirm theshe ONCCNO molecule is not bent.

assignments. In total, 230 rotational lines were assigned for
the v, band and they are listed in Table I.

The », fundamental mode

TABLE Ill. The rotational constants for ONCCN@n cm™). One standard
The v fundamental mode deviation is in parentheses.

The high-resolution spectrum of the CNO symmetric [evel ” B 10°D 10%H
stretching modévs a,)) is shown in Fig. 8). An expanded
portion of theP branch is shown in Fig.(8), again demon- iround 1253_'275 3a1) 0%%2123%2622 213311(;?1; 1.19638)
strating the 2:1 intensity alternation due to nitrogen nuclear,_ 2246.040 5823 0.042109307) 1.97873 3.50396)
spin statistics. The measurement and assignment pfo-
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TABLE IV. Estimated geometry of ONCCNO. TABLE V. The C—-C bond length§ () in simple organic molecules.
Parameter Structure | Structure Il Molecule Method re_c (A)
rno/A 1.1994 1.1923 H;C—CH;, IR 1.536
ren/A 1.1679 1.1730 H;C—C=N MW 1.4582
redA 1.3337 1.3329 H;C—-C=NO MW 1.447
£ONC 180.0° 180.0° N=C-C=N IR 1.389'
/ZNCC 180.0° 180.0° HC=C-CG=N MW 1.38Z

H,C—=CH, IR 1.337
3 inear framework assumed. ONC-CNO IR 1.3329
br ¢ bond lengths from HCNO, Ref. 11. HC=CH IR 1.20863
‘See text for details.
9Bond length calculated using experimental rotational constant. aReference 13. eReference 16.

bReference 14. Reference 17.

‘Reference 15. 9This work.

9Reference 12. PReference 18.

Indications from theab initio calculations, and compari-
sons W'th §|m|lar moIeches, suggest thaj[ thellmp.ortant C%chieved. For example, the possibility of quasilinear behav-
bond is quite shoft The singleB value obtained in this work . )

o o . ) i ior cannot be ruled out at this stage of the analysis. We plan
is insufficient to provide this parameter without some as-

. dditional experiments to record spectra of the much weaker
sumpnons abou_t the CN and NO bond lengths. One approa‘%'ending vibrational modes as well as combination bands.
to this problem is to use the known CN and NO bond length

. . . his work will help assign the nhumerous hot bands that we
in the parent HCNO molecufé,and assuming a linear struc- . L . .
. have measured and will provide information on the missing

ture, extract the CC value from the rotational consi@y) modes of gerade svmmetr
determined in this work. Table IV, structure |, shows the 9 y Y-
structure of ONCCNO, predicted by this method. This, of A\CKNOWLEDGMENTS
course, assumes that the CN and NO bond lengths are trans-
ferable from HCNO.
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