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The emission spectrum of IrN has been investigated in the 10 000—20 00Bremion at 0.02 cm® resolution using a
Fourier transform spectrometer. The bands were excited in an Ir hollow cathode lamp operated with a mixture of 2 Torr of Ne
and a trace of )l Numerous bands have been classified into two transitions labelddlhsX*X " and A’ TI-X*S* by
analogy with the isoelectronic PtC molecule. Ten bands involving vibrational levels wp=ta! in the ground and excited
states have been identified in th&l1-X*3.* transition. This electronic transition has been previously observed by [A. J. Marr,

M. E. Flores, and T. C. Steimle, J. Chem. Phys. 104, 8183—-8196 (1996)]. To lower wavenumbers, five additional bands with
R heads near 12 021, 12 816, 13 135, 14 136, and 15 123 bawve been assigned as the 0—1, 3-3, 0-0, 1-0, and 2—0 bands,
respectively, of the nevd’ TI-X*3, " transition. A rotational analysis of these bands has been carried out and equilibrium
constants for the ground and excited states have been extracted TReand 3 vibrational levels of th&’ 11 state interact

with thev = 0 and 1 levels of theA'Il state and cause global perturbations in the bands. The ground state equilibrium
constants for'®3rN are: w, = 1126.176360(61) cm', wX, = 6.289697(32) cm*, B, = 0.5001033(20) cm*, a, =
00032006(20) le, andre = 16068276(32) A © 1999 Academic Press

INTRODUCTION and 1-0 bands and have measured the dipole moments by
. ) N _Stark effect. For the isovalent RhN moleculet>-'S. transi-
Bonding and electronic structure of transition metal-contaigpn has recently been observed near 22 400 thy Balfour
ing molecules have been of interest in several areas suchygg coworkers ¥7), but no RhN bands are known in the red
catalysis,ab initio calculations, and astrophysics. TransitioRng near infrared regions. For PtC,B43 ™ state has been
metal atoms have relatively high abundances in many stg$ind near 32 700 cit, and there are at least two low-lying
(1-3 and several transition metal hydrides and oxides hafctronic stated’ I1 andA” 13" observed below thalIl
also been detected{10. There is a strong possibility thatstate a1). To search for the corresponding states of IrN, we
transition metal nitrides may also be found. So far, nitridgaye recorded the spectra in the 10 000—20 000 ‘cragion
molecules have not been observed in stellar atmospheresydthg a Fourier transform spectrometer. In this work, we hay
part due to lack of precise spectroscopic data required fogntified a newA’ TI-X'S,* transition of IrN near 13 135
meaningful search in the complex stellar spectra. The expesin—1, in addition to the bands belonging to tAIT-X*S *
mental data are also required to tabtinitio calculations. The {ransition observed previousI2]). A number of new bands
electronic spectra of several transition metal nitrides haﬂ?volving vibrational levels up tov = 4 in the ground and
recently been analyzed at high resolutidn {23 and consid- eycited states of tha'TI-X'S * system have also been iden-
erable progress has been made in theoretical stuB®s30. tified. The A” 'S * state was not detected either because «
Still, there are only limited and fragmentary spectroscopic dajgak intensity of the\” 13 *—X'3* bands or because t#¢
available for a number of transition metal nitride molecules ang + state lies below 10 000 cit. A rotational analysis of a
much more work is necessary. number of theA” TI-X'S* and AMTI-X'S" bands has been

Among the Ir-containing molecules, the electronic spectra gfried out and the results are reported in this paper.
IrO (32—-35 and IrC 86—38 have been known for some time

and IrN spectra have been recently observed by Maral.
(21). Marret al.(21) observed &l1-*3* transition near 15 190
cm* by laser excitation spectroscopdlj. Although there are  The |rN bands were produced in a hollow cathode lamp. Th
no.ab initio pre(_jictions.qvailable for _the Spectroscopic Profssthode was prepared by pressing a mixture of Ir and Cu me
erties of IrN, this transition was assigned as &I-X'S" o\ der (1:3 ratio) in a 10-mm diameter hole in a copper block
transition by comparison with the results available for thgfie, tightly filling the hole, the block was bored through to
isoelectronic PtC mqleculé39—43. Marr et al: (21) have also give a 8-mm diameter hole in the center. This procedur
resolved the hyperfine structure for tR¢0) line in the 0-0 rovided a 1-mm thick layer of the Cu/lr mixture on the inner
1 Also at: Department of Chemistry, University of Waterloo, WaterlooWall of the cathode. The lamp was operated at 600 mA and 3t
Ontario, Canada N2L 3G1. V current with a slow flow of a mixture of 2 Torr of Ne carrier

EXPERIMENTAL

363

0022-2852/99 $30.00
Copyright © 1999 by Academic Press
All rights of reproduction in any form reserved.



364 RAM AND BERNATH

A'll - X'B* 0-1 A'E-X'Z' 107

| I Al ‘. ‘:‘. il M

I T
14000 14100 cm’!

FIG. 1. A compressed portion of the spectrum showing the 0—1 band oAthe-X'3, " system and the 1-0 band of thé *TI-X*3* system of IrN.

gas and about 10 mTorr of NMost of the IrN bands are badly cm™*. These two transitions have been assigned ag\thk-
overlapped with strong Nbands present in the same regionX*> * andA’ *TI-X*3* transitions adopting the notation used
Only a few IrN bands are free fromNverlapping and can be for the isoelectronic PtC molecule. TREII-X'S " transition
picked out easily in our spectra. The carrier of the new bantas also been previously observed by Metral. (21) by laser
was established by flowing a trace of Bstead of N into the excitation spectroscopy. T TI-X'S " transition has been
cathode. The new bands disappeared whewas replaced by observed for the first time.
O, and reappeared when,Mas added again, consistent with
an IrN carrier. N

The spectra were recorded with the 1-m Fourier transforfh The ATI-X'Y" Transition
spectrometer associated with the McMath—Pierce Solar Tele

scope of the National Solar Observatory at Kitt Peak. TheThe 0-0 band of this transition is located near 15 190 tm

spectrometer was equipped with a visible beam splitter andaé}d is heavily overlapped by a strong band. In spite of this

photodiode detectors. No filters were used to record the spec \r/grlappmg, I'N rotational lines were easily distinguished be

in the 10 000—20 000 ciit region. In total, 36 scans wereCause of their narrow linewidths and the relatively small sef

co-added in about 4.5 h of integration. In addition to the r@ration between consecutive rotational lines in a branch. O

bands, the observed spectra also contained Ir and Ne ato !:or Loom_ls—Wpod program was very helpful in |dent|fy|n_g
the weak lines in the overlapped bands. The characteris

lines in addition to very strong Nmolecular lines. The spectra, toDi tt | heloful in identifving IrN I
were calibrated using the measurements of Ne atomic ingg'opIC pattern was aiso very heipiul in lden ifying IrN lines.

made by Palmer and EnglematB). The absolute accuracy ofIr has two naturally occurring isotopé§.]1r and 193"'19With
the wavenumber scale is expected to be on the ordeQgd02 aPundances of 37.4 and 62.6%, respectively. PheN/**IrN
cm~. The strong lines of IrN appear with a typical signal-tomc"eC“Iar lines, therefore, are expected to be observed with

noise ratio of 12:1; therefore the precision of measurementsaProximate intensity ratio of 1:2. The 0-2, 0-1, 1-0, and 2—

1 15+ .
strong and unblended IrN lines is expected to be better th3@nds of theATTI-X"3" transition, located near 12 970,
+0.003 cni L. However, the uncertainty in the measurement g+ 078, 16 074, and 16 959 crh respectively, were initially

the IrN lines which are blended with Nines is larger and identified by the characteristic isotopic pattern of the lines. C

these lines were included with lower weights in our fits, ~ these bands, only 0-1, 1-0, and 2-0 are relatively free fro
overlapping by N. Once a rotational analysis of these band:

OBSERVATIONS was obtained, other vibrational bands with= 3 and 4 in the
ground and excited state were predicted using extrapolat
The spectra were measured using a program called Paelecular constants and were identified in spite of stron
DECOMP developed by J. Brault at Kitt Peak. The peakverlapping by N. In addition to the 0-0, 1-0, 3-0, and 4-0
positions were determined by fitting a Voigt lineshape functidpands previously observed by Maet al. (21), the 0-2, 0-1,
to each spectral feature and the branches were sorted usirig-3, 2—-0, 2—4, 3—-1, and 4-1 bands were identified for the fir
color Loomis—Wood program running on a PC computer. time. A compressed part of the 0—1 band is presented in Fig.
The IrN bands are located in the 10 000-18 500~ &m while an expanded portion of the 1-0 band is provided in Fig
region. All of the observed bands have been classified into t@pwith P- andQ-branch lines of thé®lirN/*°3IrN isotopomers
I-'S* transitions with the 0—0 bands near 15 190 and 13 18%arked.
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FIG. 2. An expanded portion of the 1-0 band of th&IT-X*3 " system of IrN with the lines of th&®irN and *°3rN isotopomers marked.

B. The A TI-X'3* Transition A table of observed line positions of the minor isotopome

19%rN has been deposited in the editorial office as suppleme

The 0—0 band of this transition is located near 13 135tm and can also be obtained from the authors upon reguese
Most of the bands of this transition are also heavily overlapp%ql '

. olecular constants were determined by fitting the observe

by N, bands, except for_t_he weak 1-0 band (Fig. 1_)' In fact, “Tl'?le positions with the customary energy level expressions f
1-0 band of this transition was the only one which could * (Eq. [1]) and™I (Eq. [2]) states:
identified initially. The other bands were found with the help o
ground state combination differences obtained in the analysi _ ’
of the AMI-X'X* transition. Ultimately five bands, namelygi 9 =T +BJJ+1) - D,[JJ+ 1)]
0-1, 0-0, 1-0, 2-0, and 3-3, located near 12 027, 13 135, +H,[JJ+ D [1]
14 140, 1_5 123, and 12 818 crh respectively, were identified F () =T, +B,JJ+1) —D,[IJ+ 1]
and rotationally analyzed.

A search for theA” '3 *—X'3™ transition, which is ex- +H, I+ DP+3{qdI+ D} [2]
pected to be near Am, was unsuccessful, probably due to its
weak intensity and overlapping from strong bands. TheA”
13+ X3 transition could, however, lie just below the 950
cm * cutoff of the Si detectors. Improved spectra will b
required for the identification of tha” *3"—X*S* bands.

In the final fit, the badly blended lines were given a reduce
Q/veighting and overlapped lines were excluded in order t
?mprove the standard deviation of the fit. The bands of bot
transitions were initially fitted separately. In the final fit, how-
ever, the lines of both transitions were combined and a glob
RESULTS AND DISCUSSION fit was obtained to determine a single set of molecular cor
stants for each vibrational level dfirN and *°3rN. The
Each band consists of a sindk a singleP, and a singl®Q  molecular constants obtained for thé3 ", A’ 11, and ATl
branch for each isotopomer with n doubling, as expected states of**irN and *°3rN are provided in Tables 2 and 3,
for a 'II-'S " transition. Although the first linesx(0), Q(1), respectively.
andP(2) were generally not identified because of overlapping A careful inspection of the molecular constants of lH state
by N, bands and by the returniriglines after the formation of indicates that the vibrational intervals 6G,,, = 882.19547(56)
the head, there is no doubt in the assignment since many baggis*, AG,, = 885.9101(10) cm', AG;,, = 866.8519(15)
are interconnected by common vibrational levels. Moreoveasim*, and AG,,, = 843.5562(16) cm® vary in an irregular
our observed line positions in the 0—-0 and 1-0 bands of theanner. A similar problem was noted for the vibrational spacing
AMI-X'3* transition agree well with the lines observed byh the A’ T state PAG,,, = 1000.82076(75) cm', AGg, =
Marr et al.(21) in their laser excitation experiments. TRand 987.57817(75) cm', AG;,, = 994.8464(13) cm?]. Although no
P branches appear with similar intensity and Qébranch is |ocalized rotational perturbations have been observed in the rar
the most intense branch. The lines of both isotopomM#sN  of observed values, a global interaction betweerr 2 of theA’
and *®3rN were measured and analyzed. The observed line
positions of theA'TI-X'S " and A’ *TI-X'3 " transitions of 2 Supplementary data for this article may be found on the journal home pa
the most abundart3rN isotopomer are provided in Table 1.(http:/iwww.academicpress.com/jms).
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TABLE 1
Observed Line Positions (in cm™?) for the A'I-X*%* and A’ *[I-X*X* Systems of ***IrN
J RO 0-C PJ) OC QF OC RI) OC PQ) oC Q@ OoC
All-X'Z*, 4-1 Al-X'T*, 3-1

6 17549.2131 -6

7 17548.4053 116

8 17555.3270 52 17547.4538 27

9 175551320 96 175463976 -46

10 17554.8521 80 17545.2289 16  16711.7256 29 16702.0497 131
11 17554.4279  -16 17543.9348  -68 167113939 58 16691.1621 132 16700.8281 72
12 17553.8930 44  17532.0557 -106 17542.5313 42 16710.9407 26 16688.9555 108  16699.4993 42
13 17553.2403 -79  17529.6600 -118 175410140 20 16710.3884 1 16698.0625 36
14 17552.4854 40 17527.1535 -69 17539.3690 22 16709.7152 79  16684.2106 44  16696.5124 -2
15 17551.5918 -54 17524.5204 -23 17537.6150 21 16708.9482 3 16681.6728 9 16694.8537 -25
16 175506051 96 17535.7344 28 16708.0561 -64 16679.0253 24  16693.0859 -37
17 17549.4808 46 17518.9206 -26 175337428 -12 16707.0673 1 16691.2075  -56
18 17515.9366 66 17531.6353 19  16705.9593 -27 16689.2205 -61
19 17546.8913 64 17512.8520 61 175294002 -50 16704.7373 96 16670.4246 -123  16687.1278 -25
20 175454210 84 17509.6266 -48 17527.0575 -18 16703.4167 -53  16667.3402 -138  16684.9181 -60
21 17543.8160 -66 175062971 26 17524.5931 28 16701.9774 -100 16664.1501 -26 16682.6001 -80
2 17542.1215 68 17502.8556 51  17522.0176 30 16700.4403 -27  16660.8751 153 16680.1763 -63
23 17540.2876 -13 17499.2846 6 17519.3206 49 16698.7875 -16 16677.6432 43
2 17495.6058 57 17516.4976 -12 16697.0288 32  16653.9129 -154  16674.9977 -52
25 17536.2859 28 17491.8057 70 17513.5680 39 16695.1486 40  16650.2955 -34  16672.2422 -66
26 17534.1184 153 17487.8813 16 175105140 26 16693.1661 42 16646.5568 -35 16669.3832 -21
27 17531.8062 14 17483.8458 26  17507.3405 -1 16691.0768 -18 16642.7127 O 16666.4136 9
28 17529.4002 120 17479.6924 33 17504.0560 42 16688.8758 -18 16638.7541 -21  16663.3300 -8
29 17526.8486 47 174754174 2 17500.6435 -12 16686.5669 -5 16634.6866 43  16660.1398 0
30 175242007 9 174710302 26 17497.1214 19 16684.1522 41  16630.5189 20  16656.8405 8
31 175214189 -88  17466.5248 47 17493.4796 37 16681.6195 -1  16626.2371 29  16653.4343 36
32 17518.5354 -15 17461.8891 -56 17480.7157 18 16678.9844 22  16621.8390 -40 16649.9182 56
33 175155222 -52 17457.1563 S50 17485.8343 8 16617.3513 81 166462879 20
34 17512.4005 13 174522891 -8 17481.8358 14 16612.7350 -1  16642.5556 54
35 17509.1532 14 17447.3108 4 17477.7195 28 16670.4246 87  16608.0251 65 16638.7133 73
36 175057850 -4 17442.2153 26 17473.4814 13 16667.3402 26 16603.1955 17  16634.7636 106
37 175022899 -100 17437.0039 72  17469.1259 11  16664.1591 -17 16598.2617 8  16630.6954 41
38 17498.6910 40 17431.6560 -63 17464.6491 -14 16660.8691 -9  16593.2204 7  16626.5269 58
39 174949710 2 174262074 21 17460.0537 -35 16657.4670 -35 16588.0745 40  16622.2454 31
40 17491.1313 42 17420.6404 22 174553422 26 16653.9643 22 16582.8138 6 16617.8557 7
41 17487.1584 -53  17414.9493 11 174505134 4  16650.3474 24 16577.4456 22 16613.3632 40
42 17483.0882 77 17409.1450 65 17445.5570 49 16646.6158 -33 16571.9739 -6 16608.7559 10
43 17478.8803 27 174032106 -13 166427851 7 16566.3950 19  16604.0434 12
44 17474.5641 95 173971615 -39 174352992 -19 16638.8402 -8  16560.7065 26  16599.2203 -6
45 17470.1004 -112 173909994 -5 17420.9884 20 16634.7814 -73  16554.9055 -12  16504.2883 -28
46 17465.5462 21 173847052 -101 17424.5608 -0 16630.6333 58  16548.9955 -62  16589.2462 -66
47 17460.8573 -73  17378.3004 -109 17419.0092 -29 16626.3502 -73  16542.9818 -67 16584.1013 47
48 17456.0527 77 173717837 44 17413.3442 17 16621.9704 -79 16536.8662 -12  16578.8440 -66
49 17451.1306 49 17365.1298 -156 17407.5497 -29 16617.4851 -50 16530.6346 -37 16573.4788 -76
50 17446.0923 24 173583918 87 17401.6437 12 16612.8891 -35  16524.2945 -65 16568.0108 -28
SI 17440.9276 42 17351.4940 -2 17395.6074 45 16608.1937 79 16517.8539 -18  16562.4280 -38
52 17435.6407 50 17389.4593 -15  16603.3784 87 165113018 -3 16556.7416 4
53 17430.2400 131 17383.1905 14  16598.4475 36 16504.6443 41  16550.9510 95
54 17424.6926 -4l 17376.7998 34

55 17370.2828 1

56 174132779 64 17363.6478 -2

57 174073728 -34 17356.8040 21

58 17350.0182 37

ATl -X'TY, 3-0 AT-X'Z*, 2-4

8 178254292 92 17817.5046 89 12566.0620 -82 12573.1921 86
9 178252528 48 17816.4574 145 12564.4500 2 12572.4495 20
10 17824.9618 25 178152818 86 12571.6436 55
11 17824.5449 90 17813.9950 91 12581.4212 24 12560.9638 -16 12570.7475 42
12 17824.0304 -14 17812.5843 8§ 12559.1106 92  12569.7720 48
13 17823.3779 -151 17811.0608 -28 12581.1778 78 125571732 170 12568.7069 -27
14 17822.6370 -6 17809.4327 56 12555.1320 21 12567.5674 -32
15 17821.7785 128 17794.4918 22 17807.6759 20 12580.5909 4 12553.0277 53 125663502 0
16 178207772 -0 17791.7435 11 17805.8122 79 12580.1836 51 12550.8373 36 12565.0524 40
17 17819.6691 -32 17788.8894 105 17803.8130 -51 12579.6800 -49 125485656 18  12563.6626 -24
18 17818.4556 46 17785.8939 -53 17801.7105 -52 12579.1059 -38 12546.2033 94 125622032 30
19 178171051 -83 17782.8157 123 17799.4916 -52 12578.4595 65 12543.7824 20 12560.6622 84

Note: O-C are the observed minus calculated wavenumbers in units of 10 cm!.

Copyright © 1999 by Academic Press
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TABLE 1—Continued

J RQ) 0-C PQJ) o-C QW) 0-C R(J) 0-C P) 0-C QW) o-C
20 17815.6568 28 17779.5836 -80 17797.1526 90 125777114 -32 125412654 -16 12559.0276 16
21 17814.0915 20 17776.2561 -77 177947035 -68 12576.8864 -82 12538.6696 -26 12557.3166 -0
22 178123980 44  17772.8173 28 17792.1384 45 12575.9924 4  12535.9902 -61 12555.5262 5
23 17810.6080 70 177692609 2  17789.4546 -49 12533.2281 -111  12553.6526 -5
24 17808.6803 -24 17765.5783 -72  17786.6585 -15 12530.3946 -61  12551.6983 -7
25  17806.6543 58 17761.8064 117 17783.7380 -67 125727940 -32  12527.4757 -53 12549.6588 45
26 17804.4955 29 17757.8952 68 17780.7114 21  12571.5649 -35 12547.5472 12
27 17753.8566 -100 17777.5676 10 12570.2601 24 12521.3944 -35 125453519 49
28  17799.8548 40 17749.7287 -6 17774.3004 -36  12568.8641 -11 12543.0669 6
20 17797.3487 47 17745.4781 12 17770.9291 33  12567.3897 -12 12514.9891 -5  12540.7009 -30
30 17794.7447 43 17767.4347 26 12511.6635 0 12538.2607 8
31 17792.0123 5 17736.6260 -4 17763.8214 -14  12564.1962 -1  12508.2499 -61 125357204 48
32 17789.1778 101  17732.0179 -107 17760.1015 32  12562.4727 -34 12533.1267 0
33 17786.2108 26 17727.3184 26 177562568 -16 12501.1815 -157 12530.4364 -10
34 17783.1338 6 17722.4924 44 17752.3148 117 12497.5307 -151 12527.6676 13
35 17779.9400 -27 17717.5369 -86  17748.2494 166 12556.8257 23  12493.8112 -20
36 17776.6364 -7 17712.4988 108 17744.0548 76  12554.7754 4  12490.0027 36  12521.8767 -22
37 17773.2237 77 17707.3268 108 17739.7510 46  12552.6339 -107  12486.1041 4 12518.8653 29
38 17769.6812 16  17702.0407 114 177353362 55 12550.4312 9 12482.1313 43  12515.7631 -10
39 17766.0201 -78 17730.8014 16 12548.1326 49 12478.0679 -10 12512.5811 -29
40  17762.2635 25 17726.1451 -88  12545.7581 -25 12473.9383 89
41  17758.3760 -28 17685.4922 106 17721.4009 79 12543.3041 24  12469.7143 56 12505.9785 2
42 177543809 -4 17679.7331 -35 17716.5196 26  12540.7586 20 12465.4139 73  12502.5531 4
43 177502672 -12 17673.8823 51 177115266 5 12461.0299 68  12499.0368 -85
44 17667.8960 -72  17706.4166 -36 12456.5589 6
45 177416956 -12 17701.1968 -24  12532.6379 -64 12452.0167 45 124917870 22
46 17737.2417 38 17655.6149 29  17695.8596 -36 12529.7681 -64 12447.3892 44  12488.0337 20
47 177326606 -29 17690.4072 49 12442.6736 26
48 177279723 -13 17684.8386 -72  12523.7902 19  12437.8781 -80  12480.2755 -48
49 17723.1733 53 17679.1645 1 12520.6783 63 12433.0234 84 12476.2891 73
50 177182475 8 12517.4744 10 12428.0641 15 124722056 40
51  17713.2085 -10 17667.4586 31 12514.1937 9 12468.0414 18
52 17708.0547 -16 17661.4341 63  12510.8226 -75 12417.9153 10  12463.7985 26
53 17655.2981 135 12507.3926 73 12459.4736 32
54 12455.0610 -23
55 12450.5735 -10
56
57 12441.3528 4
58 12488.9304 -4 12436.6238 48
59 12431.8049 7
60
61 12421.9197 -108
62 12416.8679 -39
ATl -X'Z*, 2-0 ATI-X'Z*, 1-3
6 16952.6021 6 127642963 41
7 16951.8518 19 12763.7320 -5
8  16958.9998 -10 16950.9909 1 12763.0875  -51
9 16958.9220 23  16942.0240 14  16950.0253 10 12762.3757 29
10 16958.7352 -54 16940.0604 0 16948.9529 25 12752.6032 -1  12761.5703 -26
11 16958.4502 8 16037.9930 20  16947.7698 7 12750.8269 -5  12760.6961 30
12 16958.0526 20 16935.8109 -36 16946.4808 6 12748.9668 49  12759.7373 40
13 16957.5482 40 16933.5326 20 16945.0845 6 12747.0381 19  12758.6939 5
14 16956.9354 50 16931.1372 -22  16943.5830 28 12745.0307 98 12757.5732 -3
13 16928.6454 43 169419692 4 127707313 -84  12742.9263 5 127563739 5
16 1695537890  -11 16940.2505 6 12770.3505 69 12740.7506 -1  12755.0967 33
17 16954.4446 12 16923.3212 -12 12769.9013 65 12738.4928 32 127537326 -7
18 16953.3992 1 16920.5033 12 12769.3529 8  12736.1617 30127522929 -1
19 169522462 -8 16917.5773 27 16934.4476 -3 12768.7335 43 12733.7593 123  12750.7719 -8
20 16950.9908 36  16914.5358 -39  16932.2986 0  12768.0195 -66 12749.1719 4
21 16949.6198 2 16911.3980 6 16930.0398 -19  12767.2479 52 12728.6756 -31 12747.4920 4
22 16948.1406 -37  16908.1502 24  16927.6761 -10 12766.3841 52 12745.7334 25
23 16946.5596 -15 16904.7916 7  16925.2024 -24  12765.4292 -56 12743.8880 -20
24 16944.8688 -11 160013256 -9  16922.6223 -25 12764.4104 -1 12720.4744 29 12741.9621 -68
25  16943.0670 -38 16897.7533 -14 16919.9372 2 12717.5862 24 12739.9700 24
26 16941.1630 -7 16894.0723 -32  16917.1387 -27 12714.6089 -16 12737.8893 32
27 16939.1469 -18 16914.2367 -13  12760.8538 -10 12735.7237 -6
28 16937.0264 7 16886.3900 48 16911.2272 5 12759.5082 -5 12733.4777 45
29 16934.7920 24 16882.3904 28 16908.1050 26  12758.0753 -68 12705.2022 -88  12731.1588 -10
30 16932.4552 0 16878.2805 -36  16904.8796 -9 12756.5737 -12 12701.9255 74 12728.7546 -26
31 16929.9971 -107 16874.0687 12 16901.5452 -4  12754.9900 28  12698.5479 27 12726.2740 -1
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RAM AND BERNATH

TABLE 1—Continued

J R@) 0-C PQ) 0-C (e]0)} o-C R() 0-C PQ) o-C QW) 0-C
32 16927.4538 16  16869.7425 -9 16898.1011 -15 12753.3228 40 12695.0918 -5 12723.7130 22
33 16924.7844 -39  16865.3095 -22 16894.5504 -14 12751.5718 20 12691.5600 5 12721.0680 11
34 16922.0156 -6 16860.7738 13  16890.8954 26 12749.7335 -66 12687.9458 9 12718.3421 -6
35 16019.1382 24  16856.1227 -29 16887.1263 4 12747.8371 74 12684.2479 61 127155401 20
36 16916.1465 -6 16851.3690 -21  16883.2543 34  12745.8386 1 12680.4782 29 12712.6541 11
37 16913.0522 22 168465112 22 168792680 3 127437680 14 12676.6294 11  12709.6790 -84
38 16909.8437 -8 16841.5379 -14 16875.1763 2 12741.6112 26 12706.6413 1
39 16906.5307 2 16836.4620 0 16870.9797 26  12739.3738 -63 12668.6784 -41 12703.5148 3
40  16903.1104 22 168312767 -2 16866.6693 -2 12737.0659 4 12664.5906 12  12700.3147 75
41 16899.5775 2 16825.9861 19 168622556 17 12734.6713 14  12660.4248 85 12697.0261 68
42 16895.9344 -35 16820.5813 25 16857.7335 36 12732.2025 93  12656.1569 -61 12693.6512 6
43 16892.1876 -24 16815.0804 47 16853.0999 21  12729.6279 -77 12651.8297 2 12690.2066 52
44  16888.3379 44  16809.4605 6 16848.3584 10 12726.9880 -88 12647.4112 48 12686.6716 3
45 16884.3741 56 16803.7373 10 16843.5124 35 12724.2732 -38 12642.9305 85 12683.0677 7l
46 168802968 20 16797.9068 17 16838.5531 10 12721.4736 -23  12638.3448 -33  12679.3662 -27
47  16876.1173 47 167919659 -3  16833.4805 25 12718.6010 74 12633.6884 -54 12675.5946 -19
48 16871.8277 60 16785.9231 35 16828.3153 17 12715.6379 80 12628.9538 -52 12671.7472 39
49  16867.4248 26 16779.7655 3  16823.0345 25 12712.5843 -7 12624.1468 26 12667.8078 -12
50 16773.5040 8 16817.6452 31 12709.4723 136 12619.2442 47 12663.7924 -15
51 16767.1368 33  16812.1465 24 12706.2496 -13  12614.2750 18  12659.7021 43
52 16853.5780 60 16760.6560 -1  16806.5381 4 12702.9725 108 126092143 -30  12655.5203 -3
53 16848.7375 -5 16754.0674 -37 16800.8244 14  12699.5944 36  12604.0792 -16 12651.2616 -7
54 16843.7949 -5 16747.3781 -3 16795.0007 5 12598.8580  -58
55 16838.7434 -8 16740.5757 24 16789.0676 -17  12692.6051 6
56  16833.5710 -134 16733.6697 -6 16783.0323 22  12688.9775 -112
55 16726.6535 -14 16776.8812 -15
58  16822.9327 -64 16770.6237 -36  12681.5075 -44
59  16817.4465 -72 16712.2935 -81 16764.2614 -23  12677.6525 18
60 16811.8551 -48 16704.9570 -68 16757.7925 4 126737101 25
61 16806.1534 42 16697.5251 65 16751.2062 -63
62  16800.3454 -16 16689.9673 12 16744.5256 6
63 16794.4159 -121  16682.3065 1 167377292 4
64  16788.3936 -72
65 167822696 41
66 16776.0295 75
67 16769.6792 87
68 16763.2172 61
69 16756.6416 -22
70 16749.9720 32

Al -X'Z*, 1-0 ATI-X'ZY, 0-2
5
6 16066.8546  -33 12970.5308 94
7 16066.1645 27 12969.9731 -6
8 16058.1918 26  16065.3648 -14 12962.1000 42 12969.3522 44
9 16056.3979 3 16064.4732 22 12960.4968 17  12968.6418 -16
10 16073.3523 -11  16054.5085 17 16063.4758 -6 12967.8583  -26
11 16073.148 -87 16052.5165 -2 16062.3826 2 12957.0454 29
12 16072.8565 -51 16050.4277 5 16061.1903 15 12977.8316 -81 12955.2003 12  12966.0618 9
13 16072.4685 22 16048.2366 -18 16059.8931 26 12977.7128 -153  12953.2781 5 12965.0447 14
14 16071.9641 -74 16045.9609 105 16058.5024 -6 12951.2792 13 12963.9491 15
15 16071.3817 46 16043.5607 24 16057.0120 12 129772739 41 129492035 33  12962.7757 23
16 16070.6820 -10 16041.0731 -32 16055.4190 0 12976.9223 -7 12961.5214 4
17 16069.8904 12  16038.4840 -64 16053.7275 -2 12976.5002 25 12944.8096 -6  12960.1905 4
18 16068.9941 -17 16035.8185 135 16051.9375 8 129759936 2 12942.5013 32 12958.7812 4
19 16068.0010 -16 16033.0271 67 16050.0470 9 12975.4122 6 12940.1097 19
20 16066.9100 3 16030.1368 4 16048.0565 6 12974.7489 -17 12937.6434 41  12955.7269 -1
21 16065.7162 -8 16027.1476 -54 16045.9609 -51 12974.0168 57  12935.0931 4 12954.0830 6
22 16064.4251 7 16024.0572 -131  16043.7776 11  12973.1933 3
23 16063.0301 -20 16020.8884 3  16041.4870 -3  12972.2945 -17 12950.5565 -14
24 16061.5391 -7 16017.6052 -15 16039.0993 11  12971.3195 -12 12926.9823 -16 12948.6766 -12
25 16059.9477 1 16014.2264 7 16036.6100 5 12970.2698 32  12924.1264 19 12946.7182 -10
26 16058.2546 -8  16010.7453 -1  16034.0224 15 12969.1326 -10 12921.1865 4  12944.6818 -3
27  16056.4657 25 16007.1655 -1  16031.3346 20 12918.1608 -104  12942.5669 4
28 16054.5701 -9 16003.4857 -7 16028.5456 11  12966.6288 -24 12940.3701  -20
29 16052.5781 -6 15999.7078 1 16025.6573 8 120652574 43 120119001 47 12938.0985 -6
30 160504858 -5 15995.8278 -16 16022.6700 14  12963.8107 -26 12935.7472 2
31 16048.2945 8 15991.8504 -13 16019.5812 6 12962.2800 30  12905.3221 -32  12933.3162 -9
32 16046.0069 59 15987.7618 -126 16016.3935 6 12901.9147 -34  12930.8070 -10
33 16043.6074 -6 15983.5971 -5 16013.1061 11  12958.9928 -14 12898.4330 5 12928.2182 -20
34 16041.1174 28 15979.3210 -2 16009.7185 12 12957.2262 -36 12894.8678 -7  12925.5524 -1l
35 16038.5185 25 15974.9452 0 16006.2313 19 12955.3840 -22  12891.2266 4  12922.8069 -13
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A’ TI-X3* AND AYMI-X'S* SYSTEMS OF IrN

TABLE 1—Continued

J RQJ) o-C P() 0-C QW) 0-C RW) 0o-C PQ) 0-C QM 0-C
36 16035.8185 -84 15970.4697 2 16002.6431 17 12953.4610 25 12887.5046 -9 12919.9782 -56
37  16033.0271 -54 15965.8946 4 15998.9546 14  12951.4602 -13 12917.0782 -24
38 16030.1368 -7 15961.2318 126 15995.1668 18 12949.3818 15  12879.8287 1 12914.0972 -12
39 16027.1422 1 15956.4443 -2 159912778 13  12947.2295 98 12911.0421 48
40 16024.0572 112 159515692 -8 15987.2892 15 129449770 -28 12871.8354 24 12907.8963 -8
41  16020.8458 -35 15946.5945 -12 15983.1086 -0 12942.6584 -21 12867.7254 7 12904.6798 18
42 16017.5543 24 159415211 -5 15979.0135 42 12901.3778  -19
43 16014.1518 -20 15936.3487 10 15974.7211 16 12937.7812 -23  12859.2638 13  12898.0018 -5
44  16010.6586 38  15931.0741 3 15970.3203 0 12935.2344 89  12854.9112 -23  12894.5411 45
45  16007.0580 29  15925.6983 -18  15965.8391 5 12850.4855 -3 12891.0129 31
46 16003.3518 25 159202283 18  15961.2318 -156 12929.8753 43  12845.9775 -18 12887.3943 4
47 15999.5508 -19 15914.6539 11  15956.5562 6 12927.0668 -72  12841.3945 3
48 15908.9792 1 159517643 10 12924.1946 -28 12836.7288 -15 12879.9263 -3
49 15991.6462 O 159032035 -19 15946.8716 14  12921.2394 -15 12831.9863 -12 12876.073¢ 2
50 15987.5413 1 15897.3318 3 15941.8795 30 12827.1630 -29 12872.1418 10
51 15983.3372 21 15891.3554 20 15936.7783 -37 12822.2658 3 12868.1286 -1
52 15885.2822 -11 15931.5862 4 12911.9001 85 12817.2834 26 12864.0354 -16
53 15974.6207 19 15879.1079 9 15926.2926 22 12908.6186 36 12812.2276 0 12859.8664 6
54 15970.1072 -15 15872.8315 26 15920.8934 2 12807.0800 -12  12855.6138 -1l
55  15965.4969 -1 15866.4599 8 15915.3962 11  12901.8204 -10 12801.8752 15 12851.2860 I8
56 15960.7822 -16 15859.9852 16 15909.7957 -1  12898.3089 47 12796.5805 24  12846.8763 25
57  15955.9634 -55 15853.4062 -16 15904.0941 -14 128947091 24 127912082 47 12842.3844 8
58  15951.0451 -74 158467320 6 15898.2946 6 12785.7499 4  12837.8198 62
50 15946.0354 12 15839.9517 -29 15892.3900 -14 12887.2677 26 12780.2230 67 12833.1626 9
60 15940.9094 -48 15833.0778 6 15886.3871 -3  12883.4340 27 12774.6022 -18 128284335 0
61 15935.6937 16 15826.0979 -12  15880.2800 -21 12879.5181 65 12768.9126 5 12823.6219 -15
62 15930.3731 49 15819.0251 47 15874.0735 -19 12875.5128 15 12763.1437 27 12818.7345 13
63  15924.9408 -14 15811.8437 27 15867.7673 2 12871.4387 85 12757.2883 22 12813.7642 13
64 15919.4088 -52 15804.5538 -69 15861.3523 -51 12867.2658 -25 12751.3661 58  12808.7118 -5
65 15913.7876 38 15854.8446 -14 12863.0275 20 12745.3543 35 12803.5794 -19
66  15908.0495 -16 15848.2377 47 12739.2680 65 12798.3716 15
67 15902.2173 11 15841.5158 24 12854.2903 -64 12733.0924 -3 12793.0826 42
68 158962690 -98 15834.6964 -52 12849.8099 -8 12726.8398 43 127877110 47
69  15890.2313 -75 15827.7802 -29  12845.2516 82 127822539 4
70 15884.1007 45 15820.763¢ 8  12840.5921 -28 12776.7209 8
71 15877.8525 14 15813.6470 68  12835.8609 -40 12771.0946 -115
72 15871.5012 -18 12831.0491 44
73 15865.0580 58 12826.1587 -18 12759.6335 20
74 15858.4991 7 12753.7835 45
75 12747.8371 43
ATl-X'ZY, 0 -1 Al -X'Z*, 0-0
4 14072.3155 31 15185.8444 54
5 14071.8883 4 15185.3836 5
6 14071.3801 -1 15184.8361 1
7 14064.4451 -3¢  14070.7863 -8 15177.8608 16  15184.1996 19
8 14062.8632 -24  14070.1108 16 15176.2269 22 15183.4705 23
9 14061.1996 16  14069.3485 21 15174.4978 -14  15182.6477 2
10 14059.4477 18 14068.5004 15 15191.7049 26 15181.7354 -1
11 14057.6113 22 14067.5674 8 15191.6062 10 15180.7334 10
12 14078.3303 19  14055.6879 1 14066.5504 9 15191.4168 0 15168.7699 -63 15179.6389 9
13 14078.1314 -9 14053.6803 -15 14065.4492 16 15191.1358 -12 15166.6881 16 15178.4501 -22
14 14077.8529 14  14051.5904 -8  14064.2621 13
15 14077.4852 -5 14049.4131 28 14062.9908 15 15190.3044 9 15162.2297 -40 15175.8064 -6
16 14077.0347 -2 14047.1563 2 14061.6339 11  15189.7508 12 15159.8731 23  15174.3464 -1l
17 14076.5014 22  14044.8118 1 14060.1917 2 15189.1043 1 151574176 9 151727967 2
18  14075.8778 -6 14042.3842 16 14058.6666 14 15188.3674 -0 15154.8745 29  15171.1527 -16
19  14075.1733 6  14039.8691 3 14057.0545 3 15187.5385 -7 15169.4188 -19
20 14074.3832 14 140372712 7 14055.3568 -13  15186.6188 -5 15149.5009 -71 15167.5949 -8
21  14073.5057 -1 14034.5872 -2 14053.5776 5 15185.6055 -24 15146.6878 -17 15165.6778 -14
22 14072.5455 8 14031.8202 6 14051.7121 11 15184.5076 26 15143.7867 68 15163.6695 -18
23 14071.4984 -0 14028.9664 -8 14049.7630 29 15183.3101 2 15140.7813 22  15161.5700 -20
24 140703661 -8 14026.0298 -2  14047.7258 18 15182.0217 -24 15137.6905 33  15159.3784 -27
25  14069.1487 -15 14023.0074 -8 140456036 6 15180.6440 21 15134.5118 78 15157.0969 -19
26 14067.8476 -6 14019.9012 4 140433972 4 15179.1768 5 15131.2392 95 15154.7244 -5
27 14066.4600 -9 14016.7070 -32  14041.1057 1 15177.6116 -32 15127.8718 77 15152.2598 4
28 14064.9868 -14 14013.4315 26 14038.7296 5 15175.9583 -31  15124.4091 18
29  14063.4277 24 14010.0726 -6 14036.2676 0 15174.2134 28 15120.8615 23  15147.0570 35
30  14061.7851 -15 14006.6274 -1  14033.7219 12 15172.3765 -25 15144.3175 44
31 14060.0573 -3 14003.0977 8 14031.0890 2 15170.4454 -44 15113.4908 17 15141.4844 34
32 14058.2418 -13  13999.4792 24 14028.3715 0 15109.6670 -1 15138.5621 50
33 14056.3423 -7 13995.7803 -10 14025.568¢ -4 15166.3090 -65 15105.7513 -25 15135.5477 62
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RAM AND BERNATH

TABLE 1—Continued

J RQ) 0-C P 0o-C QM o-C R®) 0-C PQJ) 0-C Q) 0-C
34 14054.3553 -20 13991.9951 -10  14022.6812 1 15164.1078 -24 15101.7451 -39  15132.4402 62
35  14052.2851 -9 13988.1252 -8 14019.7082 4 15097.6482 46  15129.2352 6
36 14050.1279 -10  13984.1687 -22  14016.6494 2 15159.4228 -4 15093.4587 -64 15125.9449 1S
37 14047.8854 -7 13980.1300 -8 14013.5058 6 15156.9388 -24 15089.1804 -56 15122.5630 28
38 14045.5538 -36  13976.0046 -12  14010.2759 3 15084.8069 -85 15119.0886 34
39 14043.1426 -3 13971.7954 -3 14006.9603 -1 15080.3408 -124  15115.5214 35
40  14040.6450 25  13967.5002 -4 14003.5582 -16 15148.9428 14 15075.7910 -84  15111.8589 2
41  14038.0527 -35 13963.1191 -12  14000.0738 2 15146.0879 -20 15071.1460 -81  15108.1070 -3
42 14035.3827 -10 13958.6530 -19  13996.5024 8§ 15143.1489 30 15066.4112 -58
43 14032.6246 -6 13954.1043 0 13992.8444 3 15140.1163 70 15100.3259 -21
44 14029.7804 -3 13949.4679 -7 13989.1013 6 15136.9870 71 15056.6665 -14  15096.2967 -33
45  14026.8479 -19  13944.7479 3 139852716 1 15133.7627 48  15051.6565 8
46 14023.8327 -1 13939.9421 8 13981.3564 -2 15130.4449 17 15046.5533 17  15087.9630 -39
47 14020.7276 -18 13935.0508 12  13977.3567 10 15127.0372 17  15041.3566 9 15083.6563 -56
48 14017.5403 6 13930.0720 -6 139732700 11  15123.5357 7 15036.0715 35 15079.2598 44
49  14014.2672 36  13925.0103 0 13969.0972 10 15119.9462 46 15030.6869 -13  15074.7685 -56
50 14010.9044 35 13919.8637 12 13964.8372 -2 15116.2554 4 15025.2180 14  15070.1920 6
51  14007.4518 0 13914.6306 14 13960.4937 12 15112.4844 91 15019.6524 4 15065.5183 22
52 14003.9170 11  13909.3128 23  13956.0623 8 15108.6017 -8 15013.9978 8  15060.7484 3
53 14000.2932 -2 13903.9059 -1  13951.5448 6  15104.6369 5 15055.8899 27
54 13996.5882 40 13898.4190 30 13946.9424 17  15100.5766 4 15002.4092 3 15050.9340 5
55 13992.7897 16 13892.8420 16 13942.2508 -1  15096.4218 -24 14996.4814 48  15045.8874 4
56  13988.9068 17 13887.1804 14  13937.4748 1 14990.4608 89  15040.7497 21
57 13984.9342 -10 13881.4329 10  13932.6127 6 15087.8323 -59 14984.3405 56 15035.5190 38
58 13980.8750 -32  13875.6033 43  13927.6635 4 15083.3980 -68 14978.1272 16  15030.1863 -33
59  13976.7377 36  13869.6803 1 13922.6276 3 15078.8694 -83 15024.7687 -22
60  13972.5073 45 13863.6795 40  13917.5047 4 150742531 -36 14965.4375 80 15019.2607 17
61 13968.1863 20 13857.5864 15  13912.2967 6 15069.5443 23  14958.9400 -25 15013.6516 -22
62  13963.7774 -11 13906.9988 -16  15064.7355 22 14952.3662 32  15007.9550 -3
63 13959.2840 -13 13901.6163 -16  15059.8293 -13  14945.6894 -15 15002.1654 21
64 13954.7001 -44 15054.8358 20  14938.9232 -27  14996.2780 2
65  13950.0337 -25 14932.0716 35  14990.2989 1
66  13945.2767 -36 14925.1227 52 14984.2275 14
67  13940.4399 33 14918.0730 9 14978.0543 -54
68 14971.8046 51
69 14965.4375  -80
70 14958.9878 -97

A'I-X'ZY, 2-0 A'll-X'Z*, 1-0

5 14140.3438 61

6 15121.8214 16  14140.7075 -61 14134.3550 7

7 15121.1588 -20 14141.0106 98 14133.7339 10

8 15120.4098 22  14141.2065 73 14133.0237 10

9 15128.6008 86 15111.4396 6 15119.5620 17 14132.2280 43
10 15109.5963 4 15118.6217 28 14122.2556 -33  14131.3368 9
11  15128.4241 22 15107.6514 -75 15117.5849 17 14141.2630 12  14120.3701 -54  14130.3595 1
12 15128.1955 1 15105.6262 -17 14141.1043 -8 14118.3981 -55  14129.2947 6
13 15127.8718 -30  15103.5008 -23 14140.8663 67 14116.3459 29  14128.1410 8
14 15127.4572 -29 15113.9089 -28 14140.5237 -16 14114.1957 18 14126.8950 -24
15 15126.9490 21  15098.9662 -53 14140.0982 41  14111.9586 23  14125.5654 -6
16  15126.3420 -60  15096.5636 -13  15110.9954 20  14139.5853 -52  14109.6370 67 14124.1456 -1
17 15125.6551 44 15094.0747 102 15109.3953 22 14138.9908 10 14107.2169 13  14122.6351 -17
18 15124.8567 -26  15091.4676 -25  15107.6992 6 14138.2981 22 14104.7145 20 14121.0389 -2
19 15123.9738 2 15088.7780 -38 14137.5222 2 14102.1128 -80  14119.3554 27
20 151229952 16 15085.9900 -98  15104.0227 47 14136.6518 -32  14099.4488 79  14117.5785 9
21 15121.9184 -12  15083.1193 46 15102.0493 -13  14135.6957 -34 14096.6702 -22 14115.7144 6
22 15120.7616 104  15080.1557 15  15099.9789 -8 14134.6552 9  14093.8147 -8 14113.7654 41
23 15119.4907 21 15097.8175 28 14133.5234 26  14090.8694 -8 14111.7210 9
24 15118.1391 72 15073.9385 51 14132.2974 -11  14087.8383 18  14109.5890 -13
25 15116.6792 -16  15070.6844 21  15093.2042 18 14130.9851 -22  14084.7130 -15 14107.3755 37
26 15115.1378 22 15067.3399 24  15090.7584 32  14129.5875 1 14081.5046 5 14105.0625 -21
27 15113.4908 -53 15063.8942 -47 15088.2150 11  14128.0936 -50 14102.6677 -10
28 15111.7646 22 15060.3665 -2 15085.5775 -10  14126.5219 9 14100.1859 16
29  15109.9317 -28  15056.7408 2 15082.8499 9 14124.8558 13 14071.3359 -71 14097.6125 14
30 15108.0144 22 15053.0147 -62  15080.0259 4 14123.1033 40 14067.7817 22  14094.9494 -1
31 15105.9990 33 15049.2083 8 15077.1072 -6 14121.2541 -12  14064.1239 -37  14092.1987 4
32 15103.8876 26  15045.3028 24  15074.0968 6 14060.3900 25  14089.3616 14
33 15101.6817 17 15041.3037 40 15070.9904 -1  14117.3052 43  14056.5590 -2 14086.4345 17
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A’ TI-X3* AND AYMI-X'S* SYSTEMS OF IrN

TABLE 1—Continued

J R o-C PO Oo-C (010)] o-C R@) o-C P 0-C QW) Oo-C
34 15037.2031 -21  15067.7912 3 14115.1898 -7 14052.6420 -8 14083.4164 -3
35 15096.9886 14  15033.0127 -45 15064.4974 3 14112.9920 7 14048.6331 -51 14080.3163 42
36 15061.1107 13 14110.7022 -12 14044.5490 36 14077.1188 -1
37 15091.9190 16  15024.3606 1 15057.6293 17 14108.3239 -26 14040.3655 10 14073.8366 -6
38  15089.2382 -28 15019.8876 -41 15054.0538 20  14105.8601 -9 14036.0961 5 14070.4602 -69
30  15086.4802 98 15015.3282 -11 15050.3843 23  14103.3063 4 14031.7358 -27  14067.0131 47
40 15083.5979 -76 15010.6708 -27 15046.6164 -18 14100.6684 48  14027.2906 -28 14063.4724 111
41 15080.6509 45 15005.9271 30 15042.7616 11  14097.9383 66  14022.7536 -67
42 15077.5920 -9 15001.0825 13 15038.8094 8 14095.1153 42  14018.1386 -5 14056.1004  -11
43 15074.4431 21  14996.1435 -13  15034.7647 18  14092.1987 -30 14013.4315 14  14052.2851 -39
44 15071.2026 -7  14991.1151 2 15030.6285 52 14089.1991 45 14008.6354 24  14048.3875 -5
45  15067.8625 45 14985.9894 -22  15026.3975 78  14086.1172 4 14003.7453 -28 140444018 32
46 15064.4371 7 14980.7726 23 15022.0620 -1  14082.9319 -93 13998.7736 -17 14040.3218 10
47  15060.9120 4 14975.4638 -10 15017.6388 -18 14079.6905 136 13993.7095 -50 14036.1545 -2
48  15057.2914 -10 14970.0648 37 15013.1269 17 14076.3215 24 13988.5711 52 14031.9018 15
49 14964.5644 2 15008.5140 -18  14072.8831 9 13983.3214 -82  14027.5586 11
50  15049.7606 -108 14958.9878 138  15003.8123 -3 14069.3485 -33  13978.0047 -7 14023.1271 8
51 14953.2871 -32  14999.0176 22  14065.7327 0 14018.6058 -10
52 15041.8727 4 14994.1268 25  14062.0205 45 14013.9987 -5
53 15037.7745 -81 14941.6419 -12  14989.1386 -9 14058.2418 132 13961.5050 -14  14009.3069 37
54 14935.6788 -8 14054.3553 118 14004.5201 11
55 15029.3173 -14  14929.6139 -88 14050.3735 36  13950.0710 23  13999.6412 -53
56 14923.4680 47 14973.6194 22 14046.3060 -15 13944.2205 21 13994.6903 43
57  15020.4803 26 14917.2284 -11  14968.2596 -17  14042.1563 -3 13938.2841 36  13989.6395 23
58 15015.9208 50 14910.8848 -81 14037.9143 -28  13932.2505 46  13984.4969 -33
59  15011.2674 78 14904.4564 -70  14957.2555 -38  14033.5889 0 13979.2771 19
60  15006.5109 17 14951.6180 5 14029.1758 36 13919.9448 31 13973.9571 -49
61 15001.6720 75 14945.8798  -22 13913.6593 55  13968.5608 1
62 14996.7321 65 14940.0490 -37
63 14991.6910 -13 14934,1365 68
64 14928.1132 3
65
66  14976.0237 -35
67  14970.6197 28
68  14965.1155 30

A'I-X'ZY, 0-1 A'I-X'Z*, 0-0

4 12021.0384 7

5 12020.6565 34

6 12020.1961 45

7 12019.6520 -12 13133.0658 20

8 12019.0358  -20 13125.0920 14 13132.3983 14

9 12010.1307 40  12018.3406 -50 13123.4302 24
10 12008.4480 30 12017.5750 -14 13121.6781 -35  13130.8140 9
i1 12006.6802 -64 12016.7319 14  13140.8681 50 13119.8543 20  13129.8967 4
12 12027.6921 38 12004.8540 26 12015.8092 16 13140.7838 70 13117.9414 15 13128.9012 52
13 12027.6038 14  12002.9339 -57 12014.8065 -13 13127.8109 -16
14 12027.4371 -24  12000.9498 -14  12013.7306 -6 13140.3633 93  13113.8625 -31  13126.6448 -9
15 12027.2046 48 11998.8873 13  12012.5762 -15 13140.0258 82 13125.3926 28
16  12026.8807 -24 11996.7294 -148 12011.3492 19 13139.6035 57 13109.4522 -66 13124.0616 4
17 12026.4962 67 11994.5205 -53  12010.0401 -0 13107.1272  -37 13122.6508 55
18 12026.0219 29  11992.2321 13 12008.6569 8 13138.5116 35 13104.7173 -25 13121.1438 -14
19 12025.4686 -29 12007.1962 9 13137.8424 44  13102.2179 -78 13119.5616 -3
20 12024.8443 29 11987.4130 19  12005.6571 -6 13137.0858 10  13099.6442 -44  13117.8931 -22
21 12024.1416 44  11984.8864 0 12004.0485 53 13136.2510 29 13116.1428 -26
22 12023.3661 -17  11982.2840 -11  12002.3521 1 13135.3310 29 13094.2422 -32 13114.309 -26
23 11979.6046  -27  12000.5835 -5 13112.3934 -25
24 12021.5819 12 11976.8536 4 13133.2381 3 13088.4962 -140
25 12020.5706 -13 11996.8211 34 13085.5044 -140  13108.3090 46
26 12019.4886 25 11971.1149 -5 11994.8210 16  13130.8140 -2 13082.4403 -32  13106.1446 -29
27 12018.3406 172 11968.1333 14 11992.7462 17 13129.4808 34  13079.2852 -5 13103.8924 -60
28  12017.0856 17  11965.0706 -14  11990.5928 0 13128.0578 7 13101.5643 -17
29 12015.7664 -11  11961.9338 -19 11988.3673 28  13126.5540 5 13072.7309 92 13099.1438 -67
30 12014.3716  -27 11958.7296 64 11986.0611 16  13124.9665 -1 13069.3198 42 13096.6439 -79
31 12012.9049 8 11955.4357 14  11983.6775 -3 13123.2978 14 13094.0680 -21
32 12011.3492 -80 11952.0707 15 11981.2224 28  13121.5423 -5 13062.2565 18
33 12009.7326 -8 11948.6228 -49 13119.7034 26  13058.6028 25 13088.6528 -44
34 12008.0367 39 11945.1136 34 11976.0743 11 13054.8622 -9 13085.8124 -137
35 12006.2536 -17 11941.5239 76 11973.3871 20 13115.7792 -30  13051.0440 8 13082.9103 -17
36 12004.3988 -24 11937.8524 60 11970.6221 16 13113.6930 -24  13047.1386 -20 13079.9145 -2
37 12002.4729 27 11934.1062 59  11967.7791 -3 13111.5243  -10  13043.1599 45  13076.8352 7
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TABLE 1—Continued

J R O-C P O-C QW) 0-C R 0-C PJ) 0-C QW 0-C

38 120004629 6 119302792 12 11964.8523 -94 13109.2720 0 13039.0870 -7 13073.6707 -6

39 11998.3800 22 11926.3806 8 11961.8667 -9 13106.9308 45 13034.9348 24  13070.4289 38

40 119962184 19 119224062 7 11958.7980 10 13104.5129 -25 13030.6990 -53  13067.0974 16

41 11993.9769 -15 11918.3548 -4 11955.6513 13 13102.0102 -20 13026.3905 16 13063.6873 35

42 11991.6646 9 11914.2292 4 11952.4280 15 13099.4190 -68 13021.9878 -31  13060.1919 33

43 11989.2686 -36 11910.0298 31 11949.1308 41  13096.7538 -24 13017.5130 24 13056.6122 15

44 11986.8061 20 11905.7504 19 11945.7526 21 13093.9939 -95 13012.9445 -33 13052.9504 6

45 119842624 31 11901.3944 -1  11942.3038 58 13091.1628 46 13008.3064 38 13049.2056 -5

46 11981.6356 -22 11896.9792 145 11938.7710 19 13088.2515 33  13003.5748 -3 130453819 25

47 11978.9391 -6 11892.4419 -172 13085.2385 -73 13041.4722 22

48 11976.1648 2 11887.8796 19 11931.4834 8 13082.1691 89 12993.8814 84

49 119733145 8 11883.2221 16 11927.7233 -17 13078.9923 7 12988.8916 -69  13033.4013 -16

49 11923.8939 28 130757413 14 12983.8396 -22  13029.2433 -I8

51 11967.3707 -106 11873.6862 69 11919.9768 43  13072.4085 36 13025.0074 27

52 11964.2989 -14 11868.7968 15 11915.9980 30  13068.9908 38 13020.6829 14

53 11961.1426 -3 11863.8378 21 11911.9327 -0 13065.4914 55

54  11957.8946 -142 11858.8017 12 11907.7913 -31  13061.8997 -20 13011.7825 -48

55 11954.5935 -50 11853.6932 33 11903.5812 11  13058.2395 49 13007.2132  -30

56 11951.2272 156 11848.5061 23 11899.2907 10 13054.4909 65 13002.5641 15

57 11947.7536 53 11843.2319 -104 11894.9216 -16 13050.6474 -38 12997.8185 -78

58 11944.2055 -30 11837.9117 63 13046.7274  -76 12993.0069 -7

59  11940.5974 50 11885.9567 -60 13042.7362 2 12988.1092 30

60  11936.8843 -157 11881.3615 -71  13038.6471 -68

61 11933.1259 -53 11876.6966 21

62 11929.2823 -38 11871.9476 -53

63 119253602 -47

64  11921.3717 44 11862.2479 138

65 11917.2855 -81 11857.2626 15

66 11913.1463 26 11852.2208 84

67 11908.9235 59

68  11904.6084 -70

69 11900.2364 -6

70  11895.7986 159

71 11891.2521 -2

72 11886.6552 93

73 11881.9522 -114
J RWM) 0-C PQ) 0-C QW) 0-C J R) o-C PQJ) o-C QM) 0-C

A'II-X'T*, 3-3

5 12814.4615 -14 35 12797.3213 -0 12733.7593 25 12765.0430 50
6 12813.9872 65 36 127953311 75 12729.9758 -54 12762.1424 -29
7 12807.1385 20 12813.4178 -3 37 127932415 -30  12726.1204 4 12759.1716 -6
8 12820.8525 1 12805.6045 32 128127702 -48 38 12791.0818 -30 12722.1837 32 12756.1153 -36
9 12821.0242 25 12803.9900 82 12812.0450 -67 39  12788.8426 -18 12752.9849 -3
10 12821.1248 43  12802.2815 -7 12811.2518 39 40 12786.5242 6 12714.0619 15 12749.7707 -5
11 12800.4956 -67 12810.3628 -10 41  12784.1148 73 12709.8812 6 127464775 4
12 12821.0692 21 12798.6408 -16 12809.4038 45 42 12781.6424 24 12705.6256 45 12743.1036 10
13 128209211 12 12796.7054 31 12808.3517 -27 43 12779.0777 4 12701.2802 -15 12739.6473 4
14 12820.6939 18 12794.6846 27 12807.2282 -10 44 12776.4334 7 12696.8632 5 12736.1131 4
15 12820.3884 44  12792.5760 -55 12806.0231 -5 45 127737076 25 126923644 6 12732.4958 -16
16  12819.9952 -3 12804.7362  -14 46  12770.9111 55 12728.8046 29
17 12819.5214 -51 12788.1441 38 12803.3702 -10 47 12768.0195 -10 12683.1261 -8
18 12818.9741 -29 12785.7980 -14 12801.9251 5 48  12765.0430 -118 12678.3972 83 12721.1681 -16
19 12818.3480 8 12800.3979 3 49 12762.0072 -12  12673.5700 -11 12717.2351 17
20 12817.6382 14 12780.8762 -14 12798.7896 -6 50 12668.6784 47 12713.2157 -1l
21 12816.8450 -10 127782970 4 12797.1029 5 51 12755.6765 28 12663.6963 -4 12709.1237 38
22 128159738 -10 12795.3311  -32 52 12752.3834 20 12658.6345 -54 12704.9455 26
23 12815.0244 13 12793.4867 9 53 12749.0276 112 12653.4937 -99 12700.6859 4
24 12813.9872 36 12770.0749 17 127915579 9 54 127455667 -1 12696.3457 23
25  12812.8796 15 12767.1697 -24 12789.5476 -3 55 12642.9896 -24  12691.9287 -15
26 12811.6856 7 12764.1917 8 12787.4577 -6 56 12637.6256 88 12687.4286 -37
27 128104107 -4 12761.1307 10 12785.2877 -8 57 12632.1624 2 12682.8575 33
28 12809.0604 35 12757.9852 -33  12783.0415 31 58 12626.6304 25 12678.1914 44
29 12807.6212 -9 127547676 2 12780.7110 31 59 12621.0146 5 12673.4592 20
30 12806.1069 1 12751.4630 -32 12778.2970 0 60 126153224 17 12668.6353 -32
31 12804.5148 39 12748.0861 9 12775.8067 9 61 12663.7403 6
32 12802.8363 17 12744.6232 -10 12773.2314 -30 62 12658.7589  -17
33 12801.0766 -11 12741.0846 12 12770.5841 15 63 12653.7028 15
34 12799.2362 -41 12767.8512 8

Copyright © 1999 by Academic Press



A’ TI-X3* AND AYMI-X'S* SYSTEMS OF IrN

TABLE 2
Molecular Constants (in cm™?) for ***IrN
State Constants® v=0 v=1 v=2 v=3 v=4
T, 0.0 1113.98156(81) 2215.3583(12) 3304.1190(15) 4380.2571(13)
X'B* B, 0.4988514(43) 0.4956274(43) 0.4923794(44) 0.4891109(49) 0.4858132(47)
10" x D, 3.961(11) 3.996(11) 4.0310(11) 4.081(13) 4.105(12)
T, 13135.40589(82) 14136.5799(10) 15124.4725(10) 16119.5057(18) -
A'O B, 0.4571612(44) 0.4544486(46) 0.4517702(45) 0.4489159(50)
107 x D, 3.756(11) 3.799(12) 3.891(11) 4.030(14) -
10° % q, 3.703(43) 4.108(58) 4.307(52) 4.679(52)
T, 15186.80941(78) 16069.46012(85) 16955. 53366(73) 17822.5985(25) 18666.4009(17)
B, 0.4532484(42) 0.4491175(43) 0.4451380(47) 0.4403810(76) 0.4370676(49)
Al 107 x D, 4.435(10) 4.397(11) 4.487(18) 2.587(47) 5.093(13)
10" x H, - -- 0.345(30) -1.125(100) --
10° % q, 3.847(20) 4.581(32) 5.092(35) 5.838(48) 6.418(64)

2Numbers in parentheses are one standard deviation in the last two digits.
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1 state and/ = 0 of A'I state and between= 3 of theA’ I  1088.3883(12), and 1075.7706(16) chbetween the” = 0,
state and/ = 1 of A'1 state is evident when the term valu@s)( 1, 2, 3, and 4 vibrational levels of the most abund&rirN
of different vibrational levels are plotted (Fig. 3). Because of thigary in a regular manner as expected for an isolated electror
interaction, the vibrational spacinyG,,, = 994.8464(13) cm' state. These intervals provide the equilibrium vibrational cor
in the A’ ™1 state is larger than the spacing between the lowstants ofw, = 1126.176360(61) cM, wX, = 6.289697(32)
vibrational levels. For the same reason, the vibrational spaciog * for the ground state of*3rN. The vibrational constants
AG,,, = 882.19547(56) cm" in the A state is smaller than for the excited state&’ *IT and A'Il have also been deter-
AG,,, = 885.9101(10) cm*. The constants of Tables 2 and 3mined from the experimental data of Table 3. However, th
indicate that theA-doubling constanty in the A’ *IT and A'[1  excited state vibrational constants are less accurate becaus:
states increases rapidly with increasing vibrational quantum nuthe global interactions between tAé *IT andA'11 states. The
ber v. These observations are in contrast with those for th@lues ofw, = 1014.0636(74) cm* and wx, = 6.6214(28)
isoelectronic PtC molecule, where no perturbations were obseneea * for the A’ 11 state andw, = 936.7389(53) cm* and
in the AYT and A" M1 states 41). wXe = 11.64785(76) cm* for the A'll state have been
The molecular constants of thé'S ", A’ I, and All obtained by giving a reduced weighting to the term values c
states have been used to evaluate equilibrium molecuthe perturbed levels.
constants of both isotopomers (Table 4). The ground stateThe rotational constants for the vibrational levels of the
vibrational intervals of 1113.59102(40), 1100.99516(71yround state also vary in a very regular manner and pre

TABLE 3
Molecular Constants (in cm™1) for **3IrN
State Constants® v=0 v=1 v=2 v=3 v=4
T, 0.0 1113.59102(40) 2214.58618(59) 3302.9745(10) 4378.7451(12)
X'z B, 0.4984997(25) 0.4952786(25) 0.4920322(26) 0.4887636(29) 0.4854762(30)
107 x D, 3.9608(47) 3.9969(50) 4.0280(50) 4.0610(65) 4.1066(69)
T, 13135.39792(53) 14136.21868(53) 15123.79685(53) 16118.6432(12) -
Al B, 0.4568363(25) 0.4541299(26) 0.4514485(25) 0.4485981(30) -
10’ x D, 3.7516(49) 3.8030(51) 3.8786(48) 4.0157(69)
10° % gq, 3.707(25) 4.07727) 4.492(26) 4.63731) -
T, 15186.75075(32) 16068.94622(46) 16954.85635(92) 17821.7082(12) 18665.2644(10)
B, 0.4529317(25) 0.4488022(25) 0.4448414(31) 0.4400080(44) 0.4367518(30)
Al 10 X D, 4.4405(48) 4.3949(46) 4.592(11) 2.048(30) 5.0808(68)
10" x H, - -- 0.534(14) -2.152(69) -
10° X q, 3.8502(94) 4.619(17) 5.023(30) 5.822(43) 6.470(50)

aNumbers in parentheses are one standard deviation in the last two digits.
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0.004077(76) cm* for the AMI state of'°3rN were ob-
1909]0J tained using the data of Table 3. The equilibrium vibrationa
(em™) f v=4 " and rotational constants for the minor isotopomtétirN

843.56 have also been evaluated in a similar manner. The equilil
| rium rotational constants have been used to evaluate t
v=3  equilibrium bond lengths of 1.6068276(32) A, 1.67864(11)
8 62 g5 A and 1.68466(37) A for the="*, A’ M1, and A'Il states
l' of *3rN. Corresponding values of 1.6062648(33) A,
v=2 1.67805(11), A and 1.68412(37) A have been obtained fc
t the minor isotopomet®irN. The ground state bond length
885.91 of 1.6068276(32) A can be compared with 1.683 A for
v=3 | _, IrC (38) and 1.772 for IrO 85). The bond length of the
16000 v=l o : :
T 1 isoelectronic PtC molecule is 1.677 A%).
994.85 882.20 cm The ground state of IrN arises from the leading electro
l } configuration b? 2¢° 17* 302 18% whereas the excited
v=2 v=0 " statesA’ 'II and A'I arise from the configurationssf 2%
! 17* 30t 18* 27" and 16° 202 17 302 183 27 Here 3r and
987.58 AL 18 are mainly the bonding and nonbonding orbitals, respe
tively, and 27 is an antibonding orbital. Tha&’ TI-X*3*
v=1 transition thus involves promotion of an electron from bond
I ing 30 molecular orbital to the antibondingn2 orbital,
1000.82 cm™ whereas the\'TI-X*3 " transition arises from the promotion
v=0 of an electron in the nonbonding brbital to the antibond-
13000 4 ing 27 orbital. Two low-lying 31 states also arise from
AT these configurations but so far have not been observe

experimentally.
A,Fl'g- 3-d :%Chf”t‘a“" ?Te’\rlgyh'e"?' di‘;"r?ra_mt"f tht_e "ibrfaﬂs’:a' ';"9'20; the The equilibrium molecular constants for the unperturbe
an states or IrN showin e Interaction O = an . . .
vibrational levels of theA’ 11 state Witgh thev = 0 and 1 vibrational levels groupd state of*IrN and 4N have been used m_ the Isotopic
of the AT state. relations ¢4) to check for consistency. The equilibrium con-
stantsw, = 1126.176360(61) cm" andB, = 0.5001033(20)
cm * for °3rN provide the calculated values ob, =
vide the equilibrium constants &, = 0.5001033(20) cm* 1126.5746 cm* and B, = 0.500459 cm* for **4rN, to be
anda’, = 0.0032006(20) cm* for the most abundart?®IrN  compared with the corresponding observedvaluesvgf=
molecule. The rotational constants for the interacting vibrd126.5775(16) cm® andB, = 0.5004538(21)cm*. There is
tional levels of theA’ T and AT states are also modifiedexcellent agreement between the calculated and observed \
slightly by perturbations and were reduced in weighting fares. For the excited states, however, the agreement is ol
the determination of the equilibrium rotational constantsnoderate because of the presence of perturbations.
The values oB, = 0.458227(59) cm?, a, = 0.002735(27) A very rough, semiquantitative estimate of the dissociatio

cm ™t for the A’ 1 state andB, = 0.45494(20) cm?, o, = energy of this molecule can be made using the Morse relationst
TABLE 4
Equilibrium Constants (in cm™%) for ***IrN and **°IrN
l9lIrN 193IrN
Constants® X'zt AI A'll X'z* AT Al
@, 1126.5775(16) 1014.4554(94) 936.1344(43) 1126.176360(61)  1014.0636(74) 936.7389(53)
©X, 6.29532(88) 6.6407(33) 11.51159(66) 6.289697(32) 6.6214(28) 11.64785(76)
10° X0y, -1.61(13) - - -1.8288(47) - -
B, 0.5004538(21) 0.458552(59) 0.45525(20) 0.5001033(20) 0.458227(59) 0.45494(20)
10° X a, 3.1995(20) 2.738(27) 4.075(76) 3.2006(20) 2.735(27) 4.077(76)
10° x v, -1.196(40) - - -1.113(39) - -
1A 1.6062648(33) 1.67805(11) 1.68412(37) 1.6068276(32) 1.67864(11) 1.68466(37)

2Numbers in parentheses are one standard deviation in the last two digits.
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