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Abstract

Rotational spectra of four rare isotopic species of OCS were observed in the 110-690 GHz region with a source-modulated
submillimeter-wave spectrometer. Spectral lines of B0 CS, OPC¢s, #0C*S, and 8O C3*S were measured in their natural
abundances, 21.4, 1.51, 0.29, and 0.95 ppm, respectively. The rotational constants and centrifugal distortion constants were precisely
determined from observed line frequencies by least squares methods. In order to facilitate sensitivity examination in the submilli-
meter-wave region, transition frequencies and peak absorption coeflicients were calculated and tabulated for the spectral lines of the

four species up to the 1000 GHz region.
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1. Introduction

Sensitivity is essential for high-resolution spectro-
scopic studies and high sensitivity and high resolution
are inherent in microwave spectroscopy. Microwave
spectrometers have been tested since their inception us-
ing rotational transitions of carbonyl sulfide, OCS, as it
is a linear molecule with a medium sized rotational
constant and it has isotopically substituted species with
various natural abundances.

For the first time, in 1946, Dakin et al. [1] measured
the J = 2-1 transition of OCS at 24 GHz and observed a
splitting due to the Stark effect. One year later Hillger
et al. 2] extended measurements to J = 5-4 at 60.8 GHz.
Townes et al. [3] studied several isotopic species and
determined the ry structure of OCS. In the 1950s the
frequency region covered was further extended to over
100GHz as frequency multipliers were introduced to
microwave spectroscopy. Gordy and his collaborators
developed efficient multipliers: 121.6 GHz for J = 10-9
in 1951 [4], 218.9 GHz for J = 18-17 in 1953 [5], 291.8

GHz for J =24-23 in 1954 [6}, and 510.5GHz for
J =42-41 in 1956 [7].

The sensitivity of spectrometers was further improved
such that isotopically substituted species with low nat-
ural abundances were then studied. Dubrulle et al. [§]
investigated several singly and doubly substituted iso-
topic species up to 320 GHz with beam-absorption
spectroscopy and improved their molecular constants.
Burenin et al. [9] broadened the measurement ranges
up to 510GHz mainly for a few doubly substituted
species with natural abundance of less than 0.05% us-
ing a BWO submillimeter-wave spectrometer with an
acoustic detector.

In 1982 Kisiel and Millen [10] examined spectral line
data of OCS and its isotopic species and tabulated their
transition frequencies and peak absorption coefficients
in the region up to 300 GHz. This study by Kisiel and
Millen was further used to assess the sensitivity of mi-
crowave spectrometers [11]. To date, transition fre-
quencies have not been reported for spectral lines of rare
isotopic species above 300 GHz.

In the present study we measured spectral lines of
several doubly and triply substituted isotopic species of
OCS with very low natural abundances and tabulated
their transition frequencies and peak absorption coeffi-
cients up to 1000 GHz.



2. Experimental

A source-modulated submillimeter-wave spectrome-
ter reported previously [12] was used in combination
with a 2m free space absorption cell. The source radi-
ation in the region of 110-690 GHz was supplied by a
series of multipliers driven by millimeter-wave klystrons
with a harmonic number of 2, 3, 4 or 6. Four rare iso-
topic species, BOPCS, OPCHS, BOCHYS,  and
BOBC34S were studied in their natural abundances,
214, 1.51, 0.29, and 0.95ppm, respectively. Spectral
lines were measured in the region of 110-690 GHz.
Three isotopic species, 'SOPCS, OPC¥S, and
BoBCHMS, were studied at room temperature and the
isotopic species, *OCS, of lowest abundance in the
present study at a temperature of 140-150 K. The sam-
ple pressure in the cell was about 4.4 Pa.

Speetral line frequencies of POPCS and #QVCHS
were predicted using rotational constants reported pre-
viously [13]. When several low J {ransitions were mea-
sured, the related observed frequencies were used to
determine rotational constants and centrifugal distor-
tion constants more precisely, which were then used to

Table 1
Observed and calculated transition frequencies of 30 C¥2§ (in MHz)
J e J Vobs® Avb
21} 22764.2420F7 0.010
10«9 113816.815(07) 0.010
1514 170716.718(17) -0.006
20— 19 227606422120 ~0.041
21«20 238982.860(25) -0.031
22«21 250358.724(29) -0.025
2322 261734.007(23) ~0.003
2423 273108.648(16) 0.002
2524 284482.574(35) 0,056
28 27 318600.356(22) ~0.047
3029 341341.857(33) 0.027
3130 352711.33921) 0.003
32«31 364079.972(33) -0.028
3332 375447.800(23) 0.005
37«36 420909.808(26) 0.062¢
40 « 39 454995.773(28) 0.014
47 4] 477714.407(34) 0.024
44 — 43 500428.460(46) 0.013
46 — 45 52313777149 0.038
47 - 46 534490.528(41) 0.012
48 - 47 545842.037(42) 0.013
51«50 579888.627(42) 0.007
53«52 602579.500(39) 0.026
55«54 625264.599(57) 0.027
56 « 55 636604.868(64) -0.028
57— 56 647943.692(41) -0.007
59— 58 670616.618(47) ~0.019
60 « 59 681950.681(47) -0.035

*Values in parentheses indicate uncertainties due to the variances
of the measured frequency and the uncertainty of the frequency
standard in units of the last significant digits.

» Residuals in least-squares fit. Av = vops ~ veul

°Maki and Johnson [13].

9Not included in the least-squares fit,

predict even higher J transitions. Twenty six speciral
lines were measured for the 1¥0CS specics between 113
and 682 GHz and 17 lines for the 20OPCHS species in
the 166-366 GHz region, as listed in Tables 1 and 2,
respectively.

Two isotopic species, 0C*8 and SOCS, have not
been studied to date. Prior to the start of the experi-
ments we predicted the rotational constants of both
species using differences between rotational constants of
singly and doubly substituted species calculated from
the r, structure of OCS [14]. However, this method gives
about one megahertz uncertainty to the rotational con-
stant, which means a frequency range of larger than
100 MHz needed to be surveyed at high sensitivity.
Svectral lines of O C*S and "*OC3®S are very weak in
intensity and thus, require the spectrometers used for
their observations to be of very high sensitivity. How-
ever, the high sensitivity measurements are frequently
affected by other lines and base line distortion. The first
trial in the detection of a line of OPC¥S was unsuc-
cessful in the relatively high sensitivity region of
300 GHz.

Recently Watson and his collaborators [15] presented
an ingenious method, the r,(?;") model, to relate the zero-
point and equilibrivm moments of inertia of a molecule.
In the model, the r, coordinates are fitted to

Table 2
Observed and calculated transition frequencies of YOV C*S (in MHz)
J e d Ve’ AW
1413 161747.779(16) -0.025
1514 173299.156(24) 0.000
1615 184850.072(32) ~0.009
1716 196400.548(23) —0.004
21«20 242597.303(19) ~-0.010
2221 254145.057(18) -0.022
2322 265692.214(19) -0.007
2423 277238.746(21) 0.038
25« 24 288784.510(25) -0.003
2625 300329.619(25) 0.013
2726 311873.950(30) ~0.010
2827 323417.537(21) —-0.009
3029 346502.326(23) 0.027
3130 358043.399(25) -0.011
32«31 369583.639(44) 0.000
PR 381122.981(27) 0.024
3938 450338.156(44) -0.002
41«40 473401.317(36) ~0.002
42«41 484931.162(40) -0.002
45— 44 519513.415(36) ~0.002
48 « 47 554084.147(38) —~0.001
5049 5§77124.521(39) ~0.001
251 600159.206(67) ~0.001
54«53 623187.973(40) ~0.001
56« 55 646210.596(45) 0.000

#Values in parentheses indicate uncertaintics duc to the variances
of the measured frequency and the uncertainty of the frequency
standard in units of the last significant digits.

b Residuals in least-squares fit. Av = vops — Vear-
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where % = I, (r,) and [j is the zero-point (ground
state) moment of inertia for a molecule having N atoms
and ¢, and 4, are constants for each principal axis. The
second term in Eq. (1) represents the contribution of the
zero-point vibrations and the third the contribution due
to det G, i.c. the inverse of Wilson's G matrix for the
molecule. Watson et al. {15] analyzed the observed
moments of inertia for 12 isotopic species of OCS using
least squares methods to give 7)(CO) = 1.15648(2) A,
r2(CS) = 1.56107(3) A, c¢= 0.0504(4)u'? A2, and

= —0.0657(8)u'/? A2 with a standard deviation of the
fit of 6.5 x 107 A?. We applied their result to predict
the rotational constants of OPC*S and BOC*S, which
were calculated to be 5777.14 and 5430.17 MHz, re-
spectively. The centrifugal distortion constants of both
species were assumed to be equal to those of species
having rotational constants of similar magnitude. The
J = 23-722 transition of OPC*S, which was predicted to
be 265690.6+20MHz, was found to lLie at
265692.2 MHz.

Spectral lines of ¥OC*S were similarly detected and
assigned. Twenty five spectral lines were measured for
the O13CS species in the 161-646 GHz range, and 17
lines for the 8OCS species between 162-380 GHz, as
listed in Tables 3 and 4, respectively. Fig. 1 shows an
example of weak spectral lines, the J = 50-49 transition
of OBC¥S at room temperature, observed at
577124.492 MHz. The observed line frequencies were
analyzed by least-squares methods, where the J = 2-1
transitions for 3OPCHS and ¥OPCHS measured pre-

Table 3
Observed and calculated transition frequencies of #O2C*S (in MHz)

J e J Vobs® AvP
1514 162891.769(20) 0.002
16«15 173749.142(28) -0.030
1716 184606.170(19) -0.011
1817 195462.757(32) -0.012
1918 206318.914(25) 0.002
2019 217174.602(44) 0.017
21 28 228029.781(17) 0.019
2322 249738.525(24) ~0.009
24 23 260592.099(20) 0.022
25«24 271445.029(21) 0.001
2726 293149.111(33) 0.064°
30 29 325699.993(50) ~0.009
3130 336548.843(42) ~0.025
3231 347397.006(24) 0.039
B3 358244,279(37) 0.005
3433 369090.753(25) -0.011
35«34 379936.405(26) —-0.008

“Values in parentheses indicale uncertaintics due to the variances
of the measured frequency and the uncertainty of the frequency
standard in units of the last significant digits.

b Residuals in least-squares fit. Av = Vops — Veat.

°Not included in the least-squares fit,

Table 4
Observed and calculated transition frequencies of #0CHS (in MHz)
J e J Vabs® Avb
21 22179.426(80)° -0.033
1514 166331.609(12) -0.021
16—15 177418.257(13) ~0.013
1716 188504.493(13) -0.004
1817 199590.300(17) 0.015
918 210675.607(14) -0.001
2120 232844.760(18) 0.005
2221 243928.537(15) 0.009
2322 255011.742(18) 0.009
2423 266094.332(17) ~0.012
25724 277176332007 -0.003
2625 288257.604(24) -0.077¢
2827 310418.367(29) 0.037
2928 321497.573(22) -0.011
3029 332576.097(20) 0.009
3130 343653.813(24) -0.004
3231 354730.741(27 ~0.005
3332 365806.834(22) -0.014

*Values in parentheses indicate uncertainties due to the variances
of the measured frequency and the uncertainty of the frequency
standard in units of the last significant digits.

b Residuals in least-squares fit. Av = vopy  Veal

¢ Maki and Johnson [13].

9 Not included in the least-squares fit.
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Fig. 1. A cxample of the observed spectral lines of oBCs:
J = 50 — 49 transition. The gas pressure is 6.7 Pa and the temperature
is 290K The iniegration time was 80s. The figure was recorded with
upward scans in frequency.

viously [13] were also included in the fits. The rotational
constants and centrifugal distortion constants deter-
mined by this study are shown in Table 5.

3. Results and discussion

The molecular constants of the four rarc isofopic
species of OCS were precisely determined in the present



Table 5
Molecular constants for the four isotopic species of OCS (in MHz)?

By Dy Hy © it
BoRCig 5691.06046(48) 0.001131087(93) 26 0.024
1SORC¥S 5777.17194(28) 0.00118534(67) 25 0.014
BOICHS 5430.18962(74) 0.00103126{42) 16 0.019
BOBEMS 5544.87195(78) 0.00107620(47) 17 0.016
“Values in parentheses indicate three standard deviations in units of the last significant digits.
® Number of lines used in the fis.
Table 6 Table 6 (contined)
Calculated transition frequencies and peak absorpiion coefficicnts of S ey .o B
BOBCYS in natural abundance at 296 K . cde ma
o - S 51«50 579888.627(42)¢ LO7 % 1076
e 5251 591234.876(97) 1.02 x 1075
10 11382.128(0) 1.25 x 107" 33«52 602579.500(39) 9.77 x 1077
2] 22764.24(205° .02 x10°° 5453 613922.895(104) 9.30 x 1077
32 34146.277(2) 3.52x 1077 55«54 625264.599(57)¢ 8.82 x 1077
43 45578.242(3) 8.44 x 10~° 56«55 636604.868(64)¢ 8.35 x 1077
54 56910.099(4) 1.62 x 1978 57 + 56 647943.692(41)¢ 7.88 x 1077
635 68291.820(5) 2.74 % 10°F 58 57 4659281127121 7.42 % 1077
7+6 T9673.379(6) 4.25% 1078 59«58 670616.618(47)¢ 6.96 % 1077
87 S1054. 74Ty 6.19x 107 60— 59 681950.681(47)¢ 6.52 x 1077
98 102435.899(8) 8.59 x 107F 61 « 60 693283.367(136) 6.09 x 10°7
1049 113816.815(07)¢ Li15x 107 62 61 704614.172(141) 5.67 x 1077
11 e 10 125197.441(10) 1.48 x 1077 63«62 715943.295(146) 527 x 1677
12 11 136577.779(11) 1.86 x 10-7 64«63 727270.707(151) 4.88 x 1077
1312 147957.790(12) 2.29 x 1077 65— 64 738596.383(156) 4.51 x 1077
14«13 159337.449(13) 277 x 1677 66 — 65 749920.294(162) 416 %1077
15«14 170716.718(17)¢ 3.28 x 1077 67 66 761242.414(168) 3.83 x 1077
615 182095.599(16) 3.83 %1077 68 67 772562.716(173) 3.51 x 1077
17+16 193474 036(17) 4.42 x 1077 69— 68 78388L.172(179) 321 x 1077
1817 204852.012(18) 5.03x 1077 70 69 795197.756(185) 2.93 x 1077
1918 216229.499(19) 5.66 % 1077 7170 806512.439(192) 2,67 x 1077
2019 227606.422(21)¢ 6.31 x 1077 7271 §17825.196(198) 243 x 1077
2120 238982.860(25) 6.97 x 1077 7372 829136.00(20) 220 x 1077
22131 250358.724(29)° 7.63 % 1077 7473 840444.820(21) 1.99 % 10°7
2322 261734.007(23)¢ 8.29 % 107 7574 851751.63(22) 1.80 x 1077
2423 273108.648(16)¢ 8.94 % 1077 76 75 863056.41(23) 1.62 x 1077
25 24 28448257435y 9.58 x 1077 77176 874359.12023) 1.45 x 1677
26 25 295855.952(30) 1.02x 1078 78 77 885659.75(24) 1.30 > 107
27 26 307228.553(31) 1.08 x 107 7978 896958.26(25) 1.16 x 107
28— 27 318600.356(22)° 1.13 % 1676 80 79 908254.62(26) 1.04 % 1077
29— 28 329971.532(35) 118 < 1070 81 «- 80 916548.81(26) 923 %1078
30729 341341.857(33y¢ 1.23 x 107° 82 81 930840.81(27) 8.20 % 107°
3130 352711.339021)¢ 1.27 x 1076 83— 82 942130.57(28) 7.26 x 1078
32«31 364079.972(33)¢ 1.31 x 197% 84 83 953418.09(29) 6.42 x 107%
3332 375447.800(23)¢ 1.34 x 107 85— 84 964703.33(30) 5.66 x 10°¢
34 33 386814.729(44) 137%10 ¢ 86 — 85 975986.25(31) 49910 *
3534 398180.709(47 1.39 x 107 87 86 987266.85(32) 438 x 107*
36— 35 409545.738(49) 1.40 x 107 83 — 87 998545.08(32) 3.84 x 107¢
3736 420909-8()3{26” 1.41510°¢ “MHz. Calculated iransition frequencies and estimated errors (3¢)
3837 432272.839(54) 142 % 10~ in parentheses were obtained from molecular constants in Table 5.
39 38 443634.856(56) 142 x 1076 Pem-!. soe fext.
4039 454995.773(28)° 141 x 107 “Maki and Johnson [13].
4140 466355.688(61) 140 x 1075 I Present study. ’
42 -4} 477714.407(34)° 1.38 % 10°°
4342 489072.068(67) 1.36 x 10-6
44 — 43 500428.460(46)° 1.34 % 10 study. The rotational constants and the centrifugal dis-
45— 44 SUTRTBI(TS) L3liom tortion constants of GCS and B0OCYS were deter-
‘j’f’ —43 5231 ‘?7'77}{,49)d 127 x ]04 mined for the first time. Rotational constants of the two
47 46 534490.528(41 1.24 x 107 . . . o o h
48 47 543842.037(42)° 190 x 105 newly studied species are 5777.17194(28) MHz for
49 48 557192.332(86) 116 % 10~ OB C*8 and 5430.18962(74) MHz for BOC™S, and are
50 49 568541.213(89) L1tx10® compared with 5777.143 and 5430.174 MHz, respec-



Table 7
Calculated transition frequencies and peak absorption coefficients of
1O CS in natural abundance at 296 K

T e J Ve S
10 11554.339(0) 9.22 % 10712
21 23108.650(1) 7.51 % 107"
3em? 34662.904(1) 2.59 % 10710
43 46217.072(2) 6.20 x 10710
504 S7771L127(2) 1.19 % 10~
6—5 69325.039(3) 2.01 % 107°
76 80878.781(3) 3425109
§e7 92432.323(4) 45510 *
98 103985.638(5) 6.31 %107
10—9 115538.697(5) 8.41 x 107
1110 127091.472(6) 1.09 % 10
1211 138643.933(6) 1.37 x 107
1312 150196.054(7) 1.68 % 10°%
1413 161747.77%(16) 2.03 % 108

1514 173299.156(24)° 2.40 x 1078
1615 184850.072(32)° 2.81x 1078
1716 196400.548(23)¢ 323 %10°°
1817 207950.538(11) 3.68 x 1078
1918 219500.013(11) 414 % 107%
2019 231048.947(12) 461 x 1078
21 20 242597.303(19) 5.09 % 10°8
2221 254145.057(18) 557 %1078
2322 265692.214(19)° 6.05 % 10°%
2423 277238.746(21)° 6.52x10¢8
25 - 24 288784.510(25)° 6.98 x 107°
2625 300329.619(25)° 7.42 % 197%
2726 311873.950(30)° 7.83 %1078
2827 323417.537(21)F 823 % 1078
2928 334960.335(21) 859 1078
3029 346502.326(23)° 892 x 107*
31« 30 358043.399(25)° 9.22 % 1078
3231 369583.639(44)° 0.48 % 1078
3332 381122.981(27¢ 9.70 % 1078
3433 392661.337(27) 9.89 x 167%
3534 404198.749(29) 1.00 % 1077
3633 415735.166(30) 1.01 x 1077
37 36 427270.559(32) 1.02 % 1077
3837 438804.899(33) 1.02 % 1077
39 38 450338.156(44) 1.02 % 1077
40 39 461870.307(37T) 101 x 1077
41 40 473401.317(36)° 1.00 % 1077
4241 484931.162(40) 9.90x 108
43 47 496459.814(42) 9,74 x 1072
44 — 43 507987.241{44) 9.55 % 1078
45— 44 519513.415(36)° 9.33 % 107®
46 45 531038.312(48) 9.08 x 10°¢
47 — 46 542561.899(50) 8.81 x 1072
48 47 554084.147(38)¢ 853 x 1078
49 48 565605.032(55) 822 x 1078
50 — 49 577124.521(39) 7.91 % 10°#
51 e 50 588642.590(60) 7.58 % 1078
5251 600159.206(67) 7.24 %1078
5352 611674.344(65) 6.90 % 1078
5453 623187.973(40) 6.56 % 1078
55 54 634700.067(70) 6.22 % 10°%
56— 55 646210.596(45) 5871078
57 56 657719.532(76) 5.54 % 1078
5857 669226.846(79) 5201078
59 — 58 680732.510(82) 488 x 1078
60« 59 692236.496(85) 456 % 10-*
61 — 60 703738.775(89) 425% 1078
62 — 61 715239.318(92) 3.95 % 1078

Table 7 (continued)

J—J Veure pnax”

63— 62 726738.098(96) 3.66 3 1078
64— 63 738235.086(99) 3.39 10
65— 64 749730.252(103) 3.13 % 1678
66— 65 761223.570(107) 2.88 x 108
67 66 772715.010(111) 2.64 % 10°%
6867 784204.544(115) 242 %1078
69 —68 795692.144(119) 221 x 1078
70 — 69 $07177.781(123) 2.0 x 1078
7170 818661.426(128) 1.83 % 10°®
7271 830143.051(132) 1.66 % 10 8
73 =72 841622.628(137) 1.50 % 1078
74— 73 853100.129(141) 1.36 % 10-%
7574 864575.524(146) 1.22 % 1078
7675 876048.786(151) 110 x 1078
7716 887519.885(156) 9.82 x 107°
7877 898988.795(161) 8.78 x 107°
79 —78 910455.485(167) 7.84 x 107°
80 — 79 921919.927(172) 6.97 x 107?
8180 933382.094(178) 6.19 x 107°
82«81 944841.957(183) 549 % 10°°
83 —82 956299.487(189) 4.85% 107°
84 83 967754.655(195) 428 x 107
8584 979207.43(20) 3.77 %1077
86— 85 990657.80(21) 3.31x107°

*MHz. Calculated transition frequencies and estimated errors (30)
in parentheses were obtained from molecular constants in Table 5.

Pem™l, see text.

© Present study.

tively, predicted from Watson et al.’s 7P model. The
differences between observed and predicted values are
surprisingly small, less than 30kHz. This result ascer-
tains that the model can be used for an exact prediciion
of the specirum of isotopically substituted species with
low abundances, as suggested by Watson et al. [15].

The transifion frequencies of the four species and
their estimated errors can be predicted up to 1000 GHz
as shown in Tables 6-9. Other useful information to be
added to cach transition is the peak absorption coeffi-
cient, which was calculated by the method outlined by
Kisiel and Millen [10]. The peak absorption coefficient
Umax fOF a rotational traunsition of a linear molecule in
the ground vibrational state is given by the following
equation:

i aFesBi?
HAmax = 903930m (}J =+ 1)
y ( - (}.02;?;99»’0 \E o 00240050/ T )
/

where a is the isotopic abundance for the molecular spe-
cies involved, Fgs the fraction of involved molecules in
the ground vibrational state, y the electric dipole moment
(D), T the temperature of the sample (K), v, the transition
frequency {GHz), and AvY the standard half-width pa-
rameter (MHz) at standard temperature (300 K) and
standard pressurce (133 Pa). The units of ¢, arecm ™' and
B, GHz, and the expression for Fgs is given by



Table 8

Calculated transition frequencies and peak absorption coctficients of
BORCS in natural abundance at 296 K

J e J “calcu amasb
1—0 10860.375(0) 1.44 x 10~
21 21720.725(2) 117 x 1071
3.2 32581.026(3) 4.03 x 1071
43 43441.253(5) 9.68 x 1071
Se—d 54301.381(6) 1.86 % 1071
6—5 65161.384(8) 314 x 1071
76 76021.240(9) 4,88 x 10710
87 86880.922(11) Tt x 10 10
98 97740.406(13) 9.88 x 10710
10—9 108599.667(14) 1.32%x10°°
1110 119458.681(16) 171 % 1070
1211 130317.423(18) 2.15 x 107°
1312 141175.868(20) 2,65 % 107°
1413 152033.990(23) 3.20 % 107°
1514 162891.769(20)° 3.79 x 107°
16— 15 173749.142(28)¢ 4.44 % 10°
1716 184606.170(19)¢ 512 %107
1817 195462.757(32)° 5.84 % 1077
19— 18 206318.914(25)° 6.59 x 10~
20 —19 217174.602(44)° 7.35 % 107°
21 20 228029.781(17)¢ 8.14 % 10-°
2221 238884.420(45) 8.93 x 10~°
2322 249738.525(24)° 9.72 % 1077
2423 260592.099(20)° 1.05x10 ®
25 - 24 271445029021 113 x 1078
2675 282297.359(61) 1.20 % 1078
27«26 293149.111(33) 1.27 x 1078
28 27 304000.066(70) 1.34 x 102
29 728 314850.393(75) 1.40 % 1078
30— 29 325699.993(50)° 1.46 x 107
3130 336548.843(42)° 1.52 % 10~
3231 347397.006(24)° 1.57 x 1078
3332 358244.279(37) 1.61 x 107%
3433 369090,753(25)° 1.65 x 10~%
3534 379936.405(26)° 1.68 x 1078
36— 35 390781.196(119) .70 x 1078
736 401625.087(126) 1.72 % 1078
3§ 37 412468.063(134) 1.73 % 1078
3938 423310.098(142) 1.73 x 107%
40— 39 434151.168(151) 1.73 x 1078
41 40 444991.248(160) 172 x 1078
47 — 41 455830.313(169) 176 % 1078
43— 42 466668.339(179) 1.68 x 107%
44 43 477505.300(189) 1.66 % 1078
45 44 488341.173(199) 1.63 > 107
46 — 45 499175.93(21) 1.59 x 108
47 — 46 510009.55(22) 1.56 > 10~
48— 47 520842.01(23) 1.50 % 1078
49 48 531673.28(25) 1.47 x 10-#
50 — 49 542503.33(26) 1.42 % 1078
51 50 553332.15(27) 1.37 % 1078
52— 51 564159.71(29) 1.32 % 1078
5352 574985.98(30) 1.26 x 10~
54 53 585810.94(31) 1.21 x 107®
5554 596634.56(33) 115 % 1078
56 55 6074356.82(35) 1.09 % 1078
57« 56 618277.69(36) 1.04 % 107
58 - 57 629097.15(38) 9.79 % 107°
59 58 639915.18(40) 9.24 % 107°
60«59 650731.75(41) 8.69 x 107
61 60 661546.83¢43) 8.16 x 107°
62 — 61 672360.40(45) 7.64 %109

Table 8§ (continued)

J e d Veare® s

63— 62 683172.44(47) 713 % 10°
64 — 63 693982.92(49) 6.65 % 10°°

65 e 64 704791.82(51) 6.18 x 107°

66 — 63 715599.10(53) 5.73 % 1070

67« 66 726404.75(55) 530 % 1077

68 — 67 737208.75(58) 489 x 107

69 « 63 748011.06(60) 4.50 % 107°

70— 69 758811.66{(63) 4131070

7170 769610.53(65) 378 x 1670

72171 780407.65(68) 346x10°

1372 791202.99(70) 3.16 x 1077

744~ 73 801996.50(73) 2.87 x 107°

75474 812788.20(75) 261 x 1079

76«75 823578.03(78) 2.36 x 107°

77 76 834365.99(81) 2.13 x 107°

78 77 845152.04(84) 1.93 x 1077

79 78 855936.16(87) 1.73 x 1070

80 — 79 R66718.32(90) 1.56 % 10?

21— 80 §77498.51(94) 1.39 x 1079

82 « 81 888276.6%(97) 1.25 x 107

83« 82 899052.84(100) 111 %1070

84«83 909826.94(104) 9.90 x 101
8584 920598.95(107) 8.79 % 1070
86 85 931368.87(111) 7.80 x 167%
87 86 942136.65(114) 6.90 x 10710
88 «- 87 952902.28(118) 6.09 %10 1°
89 — 88 963665.73(122) 536 x 1070
90 + 89 974426.99(126) 4.72 x 10710
91 90 985186.01(130) 414 %1071
92« 91 995942.78(134) 3.62x 1071

*MHz. Calculated transition frequencies and esiimated errors (30)
in parentheses were obtained from molecular constants in Table 5.

bem™, see text.
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Fre = i QA1,439rn;/T df’
as EE( )

A temperature of 296 K was used in the calculation.
The dipole moment of the four isotopic species was as-
sumed to be the same as that of the parent species,
0.71529 D [16]. Several methods including traunsient
emission spectroscopy and absorption spectroscopy
have been applied to measure the linewidths of rota-
tional transitions of OCS. However, observed values of
the standard half-width parameters are relatively ran-
dom and their reliability has been discussed [17]. Cazzori
and Dore [18] reported linewidth parameters of the
J = 8-7,12~11, and 16-15 transitions of OC*S by using
absorption spectroscopy with frequency modulation.
Since their result shows a clear J dependence, which
agrees well with a theoretical prediction [19] and the
difference between the linewidth parameters of different
isotopic species is within 0.1 MHz/Torr, we can fit the
three observed values for OC™S to the expression,
AV (JY = 5.552 + 0.06137 by a least-squares method
and readjust it to the most recent value for J = 9-8 of
the parent species of OCS [20] AV(J) = 5.428+
0.0613J. The linewidth parameter deviates from this



Table 9

Calculated transition frequencies and peak absorption coeflicients of
BOBCHS in natural abundance al 296K

JheJ Veale® it
10 11089.740(0) 5.00 x 1077
P 22179.428(80)° 421 x 1071
32 33269.115(3) 1.45% 107"
43 44358.700(5) 347 <101
§5e—4 55448.181(6) 6.66 % 10717
65 66537.534(8) 113 % 107
76 77626.731(10) 175 % 107
§eT7 88715.747(12) 2.55%10°
98 99804.557(13) 3.54%10°°
109 110893.134(15) 4.72 > 1077
110 121981.453(18) 6.11 x 107°
1211 133069.488(20) 7.69 x107°
1312 144157.213(22) 9.47 x 107°
1413 155244.602(24) 1.14 x 1078
1514 166331.609(12)¢ 136 % 1078
1615 177418.257(13)¢ 1.59 % 1078
1716 188504.493(13) 1.83 % 10°%
1817 199590.300(17)¢ 208 %1078
1918 210675.607(14)° 235 % 1078
2019 221760.440(42) 2.62 % 1078
21«20 232844.760(18)¢ 2901068
2221 243928.537(15)° 3.18x107°
2322 255011.742(18)¢ 3.45% 1078
2423 266094.332(17)¢ 3.73%10 8
25«24 277176.335(17)° 400 %1078
26+-25 288257.604(24) 426 %1078
2726 299338.354(73) 451 x10°¢
2827 310418.367(29)¢ 474 % 10~%
29«28 321497.573022)¢ 496 x 1078
30«29 332576.097(20)° 517 %1078
3130 343653.813(24) 535x 1078
32 31 354730.741(27)° 5.51 % 1078
3332 365806.834(22)¢ 5.66 x 1078
3433 376882.697(118) 5.78 % 1678
35 ¢34 387956.469(126) 588 x 10-*
36 « 35 399029.936(134) 5.95x 1078
3736 410102.474(143) 6.00 x 1078
3837 421174.056(152) 6.03 x 107%
39 38 432244.656(161) 6.04 5 107¢
40« 39 443314.250(171) 6.02x107%
41 40 454382.810(181) 5.98 x 1078
42 41 465456.311(192) 592 %1078
43— 42 476516.73(20) 5.84 x 1078
44 43 487582.03(22) 5.74% 1078
45— 44 498646.20(23) 5.63% 1078
46— 45 509709.21(24) 5.50 x 1073
47 —46 520771.03(25) 536 %1078
48 47 531831.63(27) 5201078
49 48 542891.00(28) 5.04 x 1078
50 49 553949.10(30) 4.86 % 107F
5150 565005.90(31) 4,68 x 107*
52 51 576061.40(33) 4,49 > 1078
5352 587115.54(34) 4.29 % 1078
54 - 53 598168.32(36) 4.10%107°
5554 609219.71(38) 3.90 x 1078
56— 55 620269.67(40) 3.70 x 1078
57 « 56 631318.19(42) 3.50 % 1078
58 57 642363.23(44) 330 %1078
59 — 58 653410.78(46) 3% 1078
60 — 59 664454.80(48) 2.92%10°%
61— 60 675497.27(50) 273 %1078
6261 686538.17(52) 2.55% 108

Table 9 (continued)

J—=J Veate c7lma:\b

63 —62 697577.47(54) 238 x 1078
64— 63 708615.14(57) 221 x 1078
65 — 064 T19651.15(59) 2.05 x 107%
66 —65 730685.49(62) 1.90 % 1075
67 — 66 TAITI8.12{64) 1.75x10°%
68 —67 752749.02(67) 1.61 x 1078
69 — 68 763778.17(70) 1.48 x 108
70 — 69 774805.53(73) 1.35x 1078
7170 785831.09(75) 1.24 x 1078
7271 796854.81(78) 113 x107%
7372 807876.67(82) 103 x 108
74173 818896.65(85) 9.31 x 10°
7574 829914.71(88) 8.43 x 1077
76 —175 840930.84(91) 7.62 x 1077
7716 851945.00(95) 6.86 > 107°
78 =171 862957.18(98) 6.17x 1077
79«78 873967.34(102) 5.54 x 1077
80 —79 884975.46(105) 496 %107
8180 895981.52(109) 443 x 1070
82 «- &1 906985.48(113) 3.95 % 107°
83 —82 917987.32(117) 3.51 x 107
8483 928987.02(121) 312 x107°
85— 84 939984.55(125) 276 x 1077
86 85 950979.89(129) 2.44 % 167
87 86 961973.00(133) 2.15x 1077
88 — 87 972963.87(138) 1.89 x 1079
89 — 88 983952.47(142) 1.66 % 107
90 — 89 994938.76(147) 1.46 x 1077

*MHz. Calculated transition frequencies and estimaied errors (30)
in parentheses were obtained from molecular constants in Table 5.

Pem!, see text.

¢Maki and Johnson [13].

$Present study.

o0
JJ=34-33

3690881 368002.9

Fig. 2. The observed J = 34 «— 33 transition of the BO2C¥S at a
pressure of 6.7Pa and a temperature of 290 K. The integration time
was 160s. The figure was recorded with upward scans in frequency.

expression at low ./, because the linewidth of the lowest
few transitions suffers from Dicke effect. Therefore, the
values 6.05 [21], 5.92 [22], and 5.78 [23]MHz/Torr,
which agree with other observed values and were de-
termined by absorption spectroscopy, were used for the



J = 1-0, 2-1, and 3-2 transitions, respectively. The
harmonic vibrational frequencies used in the calculation
are 874.27cm™! for w;, 524.20em~! for ,, and
2094.15¢m™" for ws [24]. The calculated peak absorp-
tion coefficients were also listed in Tables 6-9 for each
transition. Caleulated transition frequencies of OCS
wiih their estimated errors and peak absorption coefli-
cients are useful in examining submillimeter-wave spec-
irometers.

Fig. 2 shows an example of a rotational transition for
the least abundant isotopic species, 8Q12C*S: J = 34—
33 at 365091 MHz at 290 K. The observed S/N ratio of
7-8 concludes that the sensitivity of our spectrometer
given by a minimum detectable absorption coefficient is
4x107%em™! with a /N ratio of 2.
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