Peak Absorption Coefficients of Microwave Absorption Lines of Carbonyl Sulphide
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Peak absorption coefficients ,,, for the /= 10, / = 2«1 and J = 3«2 rotational
transitions in carbonyl sulphide have been calculated for the different isotopic molecular
species in natural abundance and in each case for a range of vibrational states. The results are

tabulated for convenience both in order of values of &

and in order of transition frequen-

max

cies. Calculations have also been made, on a less extensive basis, for transitions from
J =43 to J = 25«24, and peak absorption coefficients have been tabulated, in order of

values of

max *

for each of these transitions. The tables provide a frequency coverage of

approximately 10 to 300 GHz. Comparison with available experimental results shows satisfac-

tory agreement.
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1. Introduction

Carbonyl sulphide absorption lines have long been used as
standards to monitor the sensitivities of microwave spectrom-
eters. During some recent work employing a DECLAB 11-03
computer to increase sensitivity of a Hewlett-Packard 8460A
microwave spectrometer the sensitivity of a spectrometer was
investigated systematically by starting with the line belonging to
the vibrational ground state / = 3<—2 transition in *Q*2C**S at
33359.7 MHz (@,,,, = 1.23X107® em ™) and recording pro-
gressively weaker lines in the spectrum. In the course of the
work it was noted with some surprise that no systematic tabula-
tions of intensities of carbonyl sulphide absorption lines are
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available. The present paper aims to remedy this defect by giv-
ing tables of peak absorption coefficients which have been pre-
pared for the purpose.

Calculations have been made for the J=10,/=2«1
and J = 3«2 transitions and for ense of reference have been
tabulated in sequence according to: (i) magnitude of a,,, (ii)
frequency of the transition. In view of the increasing interest in
higher frequency ranges calculations have also been made,
though on a less extensive basis, for transitions from J = 4«3
to J = 25«-24. For this group calculations have been made for
the ground state and for the £doublets of the v, = 1 state (ex-
cept for 80'*C3*S where the calculation is for the ground state
only) and the results of these calculations are tabulated for each
transition according to the magnitude of

max *

2. Peak Absorption Coefficients

Equations for line intensities have been given in a variety
of ways and the opportunity is taken here to systematise equa-
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102 Z, KISIEL AND D, 4. MILLEN

tions for intensties and to set out an expression in a convenient
form for computation. The peak absorption coefficient &,,,,, , for
a rotational transition is given [1],' when expressed in the four-
quantity system of equations, by

2
= S (L) ()Y m
Bck1dv \ 4we, k1
4 is the transition moment, Av is the half width of the line
measured between half intensity points (HWHH), v, is the fre-
quency of the transition, n is the number density of molecules,
F,, is the fraction of molecules present in the lower state in-
volved in the transition, and T 'is the temperature of the sample.
Two general points may be noted here. First, the number of
molecules per unit volume is given by

pNya
n T e—
RT
where V, is the avogadro constant, p is the pressure, and ¢ is the
isotopic abundance for the molecular species involved.
Secondly, the dependence of the half width parameter 44
on temperature and pressure may be expressed as

@)

e

dv=T1"P 40 ®)

T p°

where Av© is the standard half-width parameter at standard
temperature 7€ and standard pressure p ©. 7€ has generally
been taken as 300 K, p€ as 133 Pa (1 Torr) and the half-width
-parameter written-as {4v);:

Now for the calculation of F, in the particular case of a
linear molecule, the transition frequency can be related to the
rotational constants by

_VO=2B(/+1) 4)

the transition moment is related [2] w the dipole moment g by
J+1)Y -2

oy = L= ©)
(J+ 1@+ 1)

and

m

=Fv %2]_}_ l)e—/k/v(,/2lr7' (6)

where F, is the fraction of molecules in the vibrational state
involved in the transition.
Substitution for n, Av, %, |, |* and F,, by means of Eqs.
(2) and (6) in Eq. (1) yields
_ {327r2hNA i 1 }{ oF ,B3u?
" 3ck’R  T° 4me, T?4v°
X {(J+ 17— ¢%}

hv,
X 1__1__(1} — hjvo/2kT 7
{ 57 I @

(J+ 1)]

For purposes of computation it is convenient to use quantities in
the form in which they are most commonly recorded, namely;
vo/GHz, B /GHz, u/D? T /K, Av®/MHz
and
a,, /em™!

max

'Figures in brackets indicate literature references at the end of this paper.
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then,
3,2

B p

aF,
a, . =0.03930———— 1 1) —¢2
e U+ D+ 17 = )

% {1 _ 0.024 00v, } ¢ = 0024007,/ T ®
) T
If the effects of anharmonicity on vibrational energy levels
are neglected then the fraction F, may be written as:

— Zhoy kT
d\« e 7

Fo= = ‘ )
0,
where the vibrational partition function is given by:
0, = H (1 — = mTy=d "~ (10)

For the purposes of computation it is convenient to use wave
numbers (@, /cm ™ !) rather than frequencies v;. Then,
d e — 1.439% v /T

F=- 11
0 (11)

0.=[[a-

[3

e l.439a),/T) —d

(12)
2.1. Calculations

Peak absorption coefficients at 293 K calculated for lines
belonging to J = 1«0, J = 2«1 and J = 3«2 transitions for
isotopic species in natural abundance and in each case for a
range-of vibrational states-are-given-in-tables-1-to-6.-Natural
abundance factors for the various isotopic species are given in

table 8.
Harmonic wavenumbers @, for the various isotopic species

of OCS have been calculated from the force constants of Morino
and Nakagawa [8] viz.,

Frr(CS) =744.3 + 4.0,
frr =104.0 + 6.5,
f., (CO)=1614 + 11 Nm™,

and
Faa =(65.13 +0.04) X107 J rad 2.

Electric dipole moments for all vibrational states with v, = 0,
where v, denotes the bending mode have been taken to be
0.715 29 D, [4] for all isotopic species. Dipole moments used for
states with o, = 1, 2, 3, 4, and 5 were 0.704 33, [4] (0.693 18),
0.687 13 [5] (0.670 00) and (0.657 98) Debyes, respectively,
where brackets denote estimates based on the known values.

The line width parameter Av @ is unfortunately not known
as accurately as is desirable. Values reported for the J = 2«1
transition [6] range from 6.0 to 6.5 MHz with the more reliable
determinations [7] to [9] falling near 6.1 MHz. Measurements of
Ay ® for / = 1+0 [10] and J = 3<—2 [11] transitions are also
available. Theoretical calculations [12] predict an increase in
Av @ with increasing J and consequently the values 6.05, 6.15,
and 6.25 MHz for transitions with / = 0, 1, and 2, respectively,
which agree with most of the experimental measurements, have
been assumed for the present calculations. All rotational con-
stants and the reported transition frequencies have been taken
from Maki’s compilation [13] of the microwave spectral data
available for OCS.

2D = 3.3356X107°° Com.
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The results of the calculations of the peak absorption coef-
ficients for the J = 1«0, J = 2<—1 and J = 3«2 transitions
are tabulated in sequence in tables 1, 3, and 5 according to
decreasing peak absorption coefficients, and in tables 2, 4, and
6 in decreasing order of transition frequencies. Quantum num-
bers 0y, ¢,, and ¢; denoting the vibrational states refer to the CS
stretching, the degenerate OCS angle bending and the CO
stretching modes, respectively.

The calculations for higher J transitions given in table 7
called for further considerations about the calculation of fre-
quencies and the choice of Av . In order to calculate reasonably
reliable frequencies, particularly for high J transitions, accurate
valus of B,, D, and qf are necessary. The values used in the
calculations which are listed in table 9 have been taken from
Maki’s compilation supplemented by values from later papers
[15] and [16]. Frequencies were calculated using:

v=[2B, + 4o+ )@, + 8T (J+1)](J+1)
—4D,(J+ D(J+1¥* =4 (13)

where § was set equal to zero in all cases except for '°0'?C*?S
where

6= —4.272X10°

was used [13]. No D, values were available for the last four
isotopic species in table 9, and in making the calculations for
these species additivity in changes in D, on isotopic substitution
has been assumed. It is recognized that an estimate.of D, .to
+ 0.05 kHz results in a frequency uncertainty of + 4 MHz for
the highest/ transition. It should generally be possible to identi-
fy the line concerned experimentally and in order to help in
giving an indication of reliability of frequencies in table 8 the
number of significant figures has been chosen so that uncertain-
ty in the last quoted digit is probably less than 5.

Since the completion of the calculations some high J transi-
tions have been reported [16] for some less abundant isotopic
species of OCS. These results allow comparison for J — 25«24
of 1%02C3*S for which the experimental value reported is
296150.275 MHz, which compares favorably with the calculat-
ed value in table 7. Moreover values reported for D, of
1.237 869, 1.253 88, 1.257 85 kHz for the 00°0, and the 01'0
states of 10'3C3*S, and 1.077 88 kHz for the 00°0 state of
18012C**S when compared with the values in table 9 agree well
within the estimate of 0.05 kHz in the sample calculation given
previously. Information on 4v © for the higher / transitions is
sparse. Observed and calculated quantities which have been
reported [11] up to the / — 10<—9 transition confirm that Av©
continues to increase with /, as expected from line-broadening
theory, and leads to values of 6.33, 6.42, and 6.53 MHz Torr—*
for / = 3, 4, and 5, respectively. The results also suggest that
between / = 6 and 9 the variation is linear with /, values being
given by 4v© = 5.895 + 0.124 J. Accordingly we have used
this expression for all transitions for /> 6.

There are two main factors which affect the reliability of
the calculated peak absorption coefficients in tables 1 to 6. The
first is uncertainty about the line width parameter already dis-
cussed. The second is the neglect of anharmonicity in the calcu-
lation of Boltzmann factors. An estimate has been made of this
effect by calculating changes in the absorption coefficients re-
sulting from a change of 10 cm ™ 'in @y, ®,, and @; in turn.

The effect on values of «,,,, for transitions in the ground
vibrational state is found to be small ( < 1%) but values of ,,,,
for transitions in vibrationally excited states are more sensitive
and changes of up to about 5% were found for states with o, = 1.
Changes in ¢
tation will be correspondingly greater. This effect has to be com-
bined with that resulting from uncertainty in 4v® which is
about 2 — 3%. For higher J-transitions the uncertainty in 4v
already discussed is the main factor determining reliability of

for states with more than one quantum of exci-

max

the peak absorption coefficients. However, even for the highest
J transition (J = 25«—24) with a fairly generous error margin
giving 9 + 2 MHz Torr ™! for Av @, the resulting uncertainty in
the peak absorption coefficients is about + 20%. For many
purposes in estimating sensitivities of spectrometers this is tol-
erable. In any case relative intensities for given transitions are
reliable, and if Av © becomes available or can be measured the
correction is readily made. Thus many of the tabulated values of
a are reliable to only two significant figures but three figures are
given for convenience.

2.2. Comparison with Experiments

The sensitivity of the spectrometer was investigated sys-
tematically by starting with the / = 3«2 line belonging to the
ground vibrational state of '*0'2C*'S at 33359.7 MHz
(@pnex =1.23X1078 em™"), and then recording progressively
weaker lines, selected with the aid of tables 4 and 6, which were
found to give reliable predictions of relative intensities of suc-
cessive lines. The weakest line recorded was that for the
J = 3<-2 transition in the (01'0) vibrational state of 18012C348
with @,,,, =8X107'® em™". A recording of the line, which
has not been previously reported is shown in figure 1, which
reproduces an output trace obtained from digital storage ac-
quired by the computer over a total scanning time of 34 minutes. -
The lower trace shows the result of digital smoothing and leads
to a frequency measurement of 33402.80 MHz.

As a further comparison with experiment some of the cal-
culated values of @, are compared with available experimen-
tal measurements in table 10. The agreement is seen to be satis-
halfwidths and
temperatures between various experimental measurements and
the present calculations. In fact, corrections for these differ-
ences would in most cases make the agreement even better.

A research grant from the Science Research Council and a
Postgraduate Studentship from the University of London to one
of us (Z.K.) are gratefully acknowledged.
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FIGURE 1. The / = 3«2 rotational transition for the vibrational state (01'0) of
'8Q012C?S in natural abundance. The upper trace was obtained by digital record-
ing over 512 data points with a total scanning time of 34 min and the lower trace
shows the same line after digital smoothing.

TABLE 1. TRANSITIONS IN THE J = 1 < 0 REGION OF OCS, ORDERED ACCORDING
TO PEAK ABSORPTION COEFFICIENT IN NATURAL ABUNDANCE, AT 293 K
vy vzZ v/MHz ctmx/cm'1
16412324 00% 12162.97 6.87 x 10°°
16512345 00% 11865.67 2.83 x 1077
Loghagdg 10% 12126.69 9.31 x 1078
16913325 00% 12123.85 7.52 x 1078
18,1252, an%n 11409.72 1.15 x 1078
16512¢34 10% 11830.28 4.06 x 1077
165130345 00% 11823.44 3.10 x 1077
16420323 20% 12089.73 1.26 x 107°
16013c325 1000 12087.88 1.04 x 107°
185120345 00% 11119.93 4.73 x 10720
16412325 00%1 12090.09 2.31 x 10710
18120324 10% 11377.29 1.74 x 10710
18013¢3%g 00% 11382.12 1.26 x 10 °
16512¢345 20% 11794.22 5.83 x 10711
1691334 10% 11788.28 4.55 x 1071
16513032 20% 12051.57 144 x 1071t
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TABLE 2. TRANSITIONS IN THE J = 1 < 0 REGION OF OCS, ORDERED ACCORDING
TO FREQUENCY. PEAK ABSORPTION COEFFICIENTS ARE CALCULATED FOR
NATURAL ABUNDANCE AND 293 K

"1"21"3 v/MHz O"max/cm-1
184312344 00 11119.93 4.73 x 10710
184120324 10% 11577.29 1.74 x 10710
18413¢32g 00% 11382.12 1.26 x 10710
18,12¢52 00% 11409.72 1.15 x 1078
16413345 10% 11788.28 4.55 x 10711
16412¢34¢ 20% 1179422 5.85 x 1071
16513345 00% 11823.44 3.10 x 107°
1691234 10% 11830.28 4.06 x 107°
16412034 00% 11865.67 2.83 x 1077
164513¢325 20% 12051.57 1,44 x 1071
1601532 10% 12087.88 1.04 x 107°
16124324 20% 12089.73 1.26 x 107°
16912¢32¢ 00°1 12090.09 2.31 x 10720
1641332 009 12123.85 7.52 x 1078
164120325 10% 12126.69 9.31 x 1078
164124325 00 12162.97 6.87 x 1070

J. Phys. Chem. Ref. Data, Vol. 11, No. 1, 1982
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TABLE 3. TRANSITIONS IN THE J=2«1 REGION OF OCS, ORDERED ACCORDING TO
ABSORPTION COEFFICIENT IN NATURAL ABUNDANCE, AT 293K
v, V. v -1 vZ v vw/MH7 -1
1 V2 Vs u/MHz mmax/cm 2 Vs amax/cm
togleed2s 9 oY 0 24325.92 5.38 x 107° 18513324 0% 0  22764.240  9.89 x 10710
16012¢324 ' o 24210.54 5.51 x 10710
- -10
16012032 o 110 asss.s8 2.99 x 10°6 24248.68 5.51 x 10
24381.00 2,99 x 107° 18512324 20 22891.663  s5.22 x 10710
16912634 0 0% 9 23731.20 2.22 x 107° 16913324 1o 24208.276  4.90 x 10710
24236.538 4,92 x 10710
16,1234 0 -10
180126525 1 0% 0 24283.38 7.31 x 1077 07"c™'s 07 0 23588.44 4.59 x 10
16,1332 0 -10
16013(:32s o O0 0 24247 .668 5.89 x 10-7 0-°c”*s 0’0 23576 .55 Z.88 x 10
16.12.32 1 -10
16612¢525 9 2% 0 24400.72 2.95 x 107/ 07 cTs 370 24348.2 2.36 x 10 1
- 24400.2 2.38 x 107
16012c3%s o1l o 23760.48 1.24 x 1077 o134 . 10
23784, 70 24 x 1077 02 1Yo 22268.57 2.12 x 10 .
22290.14 2.13 x 107
18.12.32 0 8 16g13¢345 20 23715.43% 1,56 x 10710
01%c®%s 000 22810.404  9.03 x 10 o155 o 10
1612525 o1 " 16g13cA2g 0% 2at02i54  1.147x 10
01%c%s  11' 0 24288.36 4.18 x 10 t6.12.%2 . 10
4315.82  4.20 x 10°° 012 111 24212108 1.01 x 10 .
24237.,902 1.01 x 107
16413¢525 0o1to 24274.,60 3.53 x 1078
24300, 64 3.54 x 10°°
16 12 32 1 a 11
1601234 1 0% 0 2366056 519 x 1078 0*2c%%s sty 24450.53a 8.81 x 1070
24523.19 8.81 x 10
ol%c*s 00”0  23646.888  2.43 x 107 151252 . o
16.12 %2 ) " 0t%c3?%s 1Yo 22788.585  7.77 x 10
. . 1 .
0*%c®%s 03t o 24400.74 1.64 x 3_8 2281277 780 x 10711
24459 ,20 1.64 x 1
6,125 o " 16012345 o1 2358052 7.51 x 1071}
ol%c™s  02%0  23804.97 1.22 x 10 181352 ) .
013325 ito 22700.88  6.09 x 10
22814,034 6.11 x 10711
16 12 32 0 -9
0'%c®%s  20%0  24179.46  9.92 x 10 18,1234 o 2217676 5.03 x 10-11
16,13 32 0 -9
ot3c*2s 10%0  2a175.751  8.18 x 10 16,1332 00 pazsees  s5.22 x 10-11
18 12 32 1 -9
ocTs o1to zsasess sasx10” 18,1334 o0 2217942 4.06 x 10-11
22871.228  5.16 x 10
16.12 32 0 9 18512¢325 310 22002513 2.96 x 1071
o%c®®s  12%0  24337.50  4.01 x 10 o6 oas 298 x 10-11
161332 0 -9
03¢ 02%0  24316.962  3.76 x 10 16,1352 O 1 24110 .60 261 x 10711
18 12 34 0 -9
0%c**s 00’ 0 22239.850  3.71 x 10 16,1332 Do 24368.76 238 x 10711
16512¢325 9 0% 1 24180.17 1.82 x 107° 18 12 34 0 1
: : 0°°c”’s 270 22310.87 2.16 x 10~
1613 34 1 ; -9
0%c*s  oa1to  23673.41 .46 x 1077 18,1252 o 22688.524  2.05 x 10-11
23698.20 1.46 x 10
18120325 1 000 22754.570 x 1070

1.36

2 Frequency estimated from the available
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TABLE 4. TRANSITIONS IN THE J=2+1 REGION OF OCS, ORDERED ACCORDING TO FREQUENCY,
PEAK ABSORPTION COEFFICIENTS ARE CALCULATED FOR NATURAL ABUNDANCE AND 293K

v,y v72’ vy v/MHz Otmax/cm_1 v \'é Vg v/MHz O'max/cm_l
160120325 55l o 2452519 8.89 x 107! 16012335 9 0% 0 24019.6410
1601232 93 0 24459.20 1.64 x 10°° 10912¢33%5 1 0% 0 23947.4P
165126325 o st 0 24450.53  8.80 x 107}! 16612634 020 0 23804.97  1.22 x 1078
160126325 o3t 0 24409.74 1.64 x 1078 161235 0110 23784074 1.24 x 1077
16012652 4 9% o 24400.72  2.95 x 1077 8o12c%4s 03 0 23760.48  1.24 x 1077
16612:325 1 3t o 24400.2 2.38 x 10710 16012c3% 0 0% 0  23731.20 2.22 x 1078
16012c32s 531 0 24381.00 2.99 x 107° T6o2c*s 0 2°0  23715.438  1.56 x 1070
16013325 o 3* 0 24373.26 2.25 x 10710 1613c34s g1t o 23698.20 1.46 x 107°
16613325 5 4% 0 24368.76  2.38 x 10711 16015345 01l o 23673.41 1.46 x 1077
16612c32g 5 31 o 24355.58 2.9 x 107° 18512c3%s 1 0% 0 23660.56  3.19 x 1078
165126325 131 o 243482 2.36 x 107° 16013345 0 0% 0 23¢46.888  2.43 x 1078
166126325 1 2% 0 24337.50  4.01 x 1070 Wel?¢*s 00”1 z3sse.s2 7.51 x 1071t
166126325 0 0% 0 24325.92 5.38 x 107° 160120340 5 60 o 23588.44 4.59 x 10710
115¢32%5 o3l o 2432292 2,24 x 10730 815345 10% 0  23576.55  3.58 x 10710
13325 02% 0 24316.962  3.76 x 1070 V2325 900 0 23534.66 ®
612325 19l o 243582 4.20 x 1078 18512c325 o510 22046.541  2.98 x 10711
16413324 o1t o 24300.61 3.50 x 1078 18,12.324 0o3lo 22902.513 z.96 x 1u7"!
1612325 11 o0 24288.36  4.18 x 1070 185126325 020 ¢ 22801.663  5.22 x 10710
16013c32s 0 1% 0 24274.60 3.53 x 1078 8126325 911 o 22871.228  s.15 x 1070
16015¢32s 1 9% 0 2a254.68  5.22 x 10711 8o12c325 9110 22848.653  5.15 x 1077
16912c325 1 6% 24253.38  7.31 x 1077 1812c325 1 %0 22835.26  7.89 x 107}2
lenlzr_szs 2 11 0 2424R .68 5.51 x lﬂ'm 18012(:325 0 o0 [} 22819.404 5.03 x 10'8
16015325 0 0% 0 24247.668  5.89 x 1077 185126525 0110 22814.03¢  6.11 x 107}
160126325 o 311 24237.00 1.01 x 10740 Bol2c32s 11l o 22812.773  7.80 x 1071
1035325 1110 24236.538 4.92 x 10710 18513:325 591 o 22700.88 6.09 x 10711
160126325 311 o 24219.54 s5.51 x 10710 Bol2c325 13l o 22788.585 7.7 x 107!}
1612325 011 20212210 1.01 x 10710 18013325 0 0% 0 22764.240  9.89 x 10710
1013c325 11l o 24208276 4.90 x 10710 1812632 1 % 0 22754.570  1.36 x 1070
16012c32s 0 0% 1 24180.17 1.82 x 107° 18513:325 1 6% 5 22099.94 1.52 x 10”11
16p12c*%s  20% 0 24179.46  9.92 x 107° 15120326 5 00 o 22688.524  2.05 x 10-11
16013325 1 0% 0 24175.751  8.18 x 1070 185120300 4 20 0 22310.87  2.16 x 10”1
16613¢325 9 0% 1 24110.60  2.61 x 10721 Pol?%cs  o1'o 2220004 2.3 %1077
16013¢325 2 0% 0 24102.34 1.14 x 10710 Polfcs  01lo 2226857 212 x 10710
16012633 0,0 0 002.4 P 185126345 9 0% 0 22230.850  3.71 x 107°
100126356 o1l o aa074.2 B 18233 000 22179.42 4.06 x 1071}
1601233 o011 o  sa049.4 b 1812c345 1 0%0  22176.76  5.93 x 1071}

3Frequency estimated from the available rotational constants.
Calculated nuclear quadrupole unsplit frequency.

J. Phys. Chem. Ref. Data, Vel. 1, Ne. 1, 1982
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TABLE 5.  TRANSITIONS IN THE J=3e2 REGION OF OCS, ORDERED ACCORDING TO THE PEAK
ABSORPTION COEFFICIENT IN NATURAL ABUNDANCE, AT 293K
v vl /¢ -1 v v/MHz /cm_1
1 2 v V/MHz clma)( m i amax
- 16,1232 b s
16612c%25 0 0% 0 3e4ss.8128 1.78 x 1074 07°C™s 0 3637295 21T x10
36329.24 2.16 x 10”7
16,1332 b -9
ol3¢ 36312.34 1.92 x 10
16012(:323 0 11 0 36533.26a 1.17 ® IO—S 5 o 512.3 b x -9
a -5 36354.73 1.93 x 10
36571.41 1.17 x 10 .
184120325 0 34350.073° 1.92 x 10°
18 12 32 -9
. 0l%c3%g 0 34337.45 1.73 x 10
16012c34s 9 0% 0 3ss96.91  7.32 x 1070 o1z 54 . .
- 0 °cs 0 35382.60 1.52 x 107
16512525 100 ¢ s6380.00°  2.42 x 107° Lo 15 54 . .
_ 0'°c™%s 0 35364.78 1.18 x 107
16013325 0 0% 0  36371.390  1.95 x 107°
0612325 9220 36615.26%C 1.08 x 1070 16,1752 . Lo
0°°Cc™“s 0 36522,24 9.25 x 10
16.12.52 0 , 36600, 24° 9.31 x 107%°
s -
() .03 .74 -
cs 0z 0 36601 ® x 10 16013l"32§ n IR4R4 348 8.76 ¥ 10 10
1612635 o110 33640.66 4.84 x 1077 36559.81 8.82 x 10710
-7
35676.98  4.85 x 10 -
151252 x 18412345 o 33402.80° 8,31 x 10710
8'%%%  00% 0  3a220.045 2,98 x 1077 33435.15°  8.34 x 1019
16012525 11t o 36432.29 1.64 x 10'; 16013034 0 35586.22¢ 5.74 x 10710
36473.47 1.64 x 107 -
to15.50 . . , 1661334 0 35573.06  5.16 x 10710
0°°C°°s 0170 36411.84 1.38 x 10~ -
5 16g12¢32g 1 36318.08  3.95 x 10710
36450.876 © 1.3% x 10 -
16123 P T 36356.78  3:96—x-10
07 c™s 100  35490.77 1.05 x 10”7 -
16413:325 0 36153.67 3.75 x 10710
Lo 153 1612¢:32g 0 36675.75 .45 x 10710
%13c3%s  00%0  ssav0.264  8.02 x 1078 36784.74  3.48 x 10°1C
16012c325 531 g 36614.53:; 6.37 x 10‘: 18,12.32¢ 0  34182.85  3.04 x 1010
36688.73°  6.41 x 10” 34219.151  3.05 x 10710
16012c34s 9220 35720.27°  4.50 x 1078 1601234 1 35384.22°  2.48 x 10710
16012c33s 500 zs707.50 .05 x 1078 18,13.32¢ o 34186.27°  2.39 x 10°%0
- -10
16012325 2 0% 36269.10°  3.28 x 1078 34221.116  2.39 x 10
. 18 12 34 b -10
16513325 1 0% 0  36263.46 2.70 x 1078 07°CcT’s 0 33265.09 1.96 x 10
- 16,13 32 ~10
180120325 g1t o 34272920 2.02 x 1078 0°c>%s 0 36400,79° 1,92 x 10
-8 -
34306.73 2.02 x 10 16413324 0 36381.96°  1.73 x 10710
16012!3325 1 22 [4] 36523,38°¢ 1.47 x 10-8 18013(2343 0 33269.1 1.34 x 10-10
16136325 022 0 36490.723° 1.38 x 1070 18412324 0  34353.748  1.16 x 10710
- -10
1612c325 1 .00 36s06.19°  1.33 x 1078 34419.83  1.17 x 10
69136325 2% 0 ze475.38 1.24 x 1070 16.13.32 ™,
0°°c”“s 0 36607.49 ¢ 8,78 x 10
18,12 34 0 b -8
0°°¢™s 00 0  33359.71 1.23 x 10 16413324 1 36165.72 g.61 x 10711
16p13:325 0 36553.08°  7.86 x 10711
16,12 32 0 b -9
0°%c>*s 00”1 36270.17°  6.01 x 10 18,1234 0 33466.25°  7.14 x 10~ 11
1612 32 2 c -9
07c™s  04%°0  36703.77 5.90 x 10 1841282 0 34032.79°  6.79 x 10711
1613 34 1 b -9
0°c’s o010 35510.08b 5.72 x 10 . 18,13.324 0 34049.86°  5.02 x 10~}
35547,27 5.73 x 107 18.12 32 o1
16,1232 o . ol4c%s 0 34268.13 2.90 x 10
0°°Cs 10 0 34131.83 4.50 x 10° 18 12 .32 _11
15155 o ) . 012c*2%s 0 34252.84 2.61 x 10
07°C”“s 00 0 34146.30 3,27 x 107

8Prequency remeasured in this work.
requency estimated from the available rotational constants.
SUnresolved doublet,
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PEAK ARSORPTION COEFFICIENTS OF MICROWAVE ABSORPTION LINES OF CARBONYL SULPHIDE

TABLE 6. TRANSITIONS IN THE J=3«2 REGION OF 0CS, ORDERED ACCORDING TO FREQUENCY,

PEAK ABSORPTION COEFFICIENTS ARE CALCULATED FOR NATURAL ABUNDANCE AND 253K

Vi Vé Vs v/ @ m:-x,(/c"“-1 V; v v/Miz ma)(/cm-1

16012325 o sl g s6784.74 3.84 x 10710 164120335 lo 36074.07%C
160120325 542 5 36703.77%  5.90 x 1078 1601233 o® 0 36029.307¢
16012052 o5l o sesss.7s® 0,74 x 1070 1612¢33g o® o 35921.02°¢
160120325 o sl o se675.75 5.45 x 10-10 161234 220 ss720.27% a.s0 x 1078
16512326 0220 see1s.2609 1.08 x 1076 16p12:34 %0 35707.50 4.05 x 1078
16120325 gl g 36614.55°  6.37 x 1078 10t%c*s o sse76.98 485 x 107
61332 0420 sec07.a08  8.78 x 10711 1612¢34g 110 35640.66 4.84 x 1077
16412324 020 56601032 0.74 x 1077 16412.34g %0 35596.,91 7.32 x 107¢
1601232 15l g 36600.24° .31 x 10710 161334 226 3ssse.228  5.74 x 10710
160125325 01l ses71a1® 1.7 x 1077 16613¢34g %0 35573.06 5.16 x 10710
1601332 o5l o sessoal 8.82 x 10710 161334 1o . 3ssa7.27® 573 x 1070
1601532 0400 sesssos 7.86 x 1071 16513345 1'o  sss10.08® 572 x 1070
16012032 o1l sesss.ze® 1.7 x 1075 1612¢34g %0 35490.77 1.05 x 1077
16,1232 | 52 0 seseszsd 1.47 x 1078 16g13¢34g o® o 35470.264  8.02 x 1070
165120325 4 gl g z6502.24® 9,25 x 10710 190t%c¥s o1 ssssaz2’  a.sa x 107
160120320 1 0 0 ses06.19® 1,33 x 10° 16012c34g %0  3s382.60° 1.52 x 107°
16013325 g 22 9 3¢490.723%  1.38 x 1078 tot3cs o®o0  ss36a.78” 18 x 107
Ft3%y 0 36488.8128 "1.78 x 1074 HolZeis. -0%-0-  -35301,92%°
165130326 5zl o se484.348 8,76 x 10710 Hot%c*s 370 34419.83 1.17 x 107
16013325 9 2% ¢ 3647538 1.24 x 107 1ol%c3s sho  massszes 116 x 1070
012325 11l o 3647347 1.64 x 107 Pol%c?s 2o sasso.0rs? 1o x107
16013325 911 o 36450.876  1.39 x 1077 18012:32 %0 aas37.45 1.73 x 107°
16012c325 19l g zeaszzs 1.64 x 1077 1801232 1o 34306.73 2,02 x 107
16013:325 541§ ae411.84° 1.38 x 1077 18512¢32g lo 34272920 2,02 x 1078
16013c325 1220 3e400.79%  1.92 x 10710 1ool?c3s o sazszee 261 207
16913¢32g 1 %0 36381.96°  1.73 x 10710 o325 o® 0 34220085  2.98 x 107
16012326 1 000 3e380.00°  2.42 x 10°° 18413525 1Yo sa221.116 2,39 x 10710
1641232 21l o 36572.95° 2.17 x 1077 18512324 o 34219.151 .08 x 10710
1613c325 9 0% 9 36371.390  1.95 x 107° - 1Bgl13c32g Yo za186.27° 2,30 x 1070
1612c325 o1t g 36356.78 3,96 x 10710 1801232 ito 34182.85 3.04 x 10717
20022325 3119 36354.737 1,93 x 1077 1813325 0®0  34146.30°  3.27 x 107°
6012c32g 51 0 zesze.24® 2016 x 107° 180122 o®0  saisres 4.50 x 107
6912325 o4l gene oo 5.95 x 10710 1813032¢ 00  34049.86°  5.02 x 1071}
16130325 111 o 3631234 1,92 x 1070 HBot2c32s o0 3a052.79° .79 x 107
1612¢325 5 0% 1 36270.17°  6.01 x 1070 tol?cHs 20, suee.2s” 7.4 x 107
16412524 2 0% 0 26269107 2,78 » 1078 18OIZCMS to 33435.15b 8.34 x 10710
16613c325 1 % 36263.46 2.70 x 1078 18o12c3s 1t o s3002.80° 8,51 x 10710
16013325 5 0% 1 3e165.72  s.61 x 10711 18012345 00 s3zse.71® 1.2 x 107
16513325 2000 36153,67 3.75 x 1070 18o13c34g %o 33265.1 134 x 10710
16012c3s 9% 0 36138.52°0¢ 18512344 o0 33265.00°  1.96 x 10710
16,1233 o 11, b,c

36111.33

a <
Frequency remeasured in this work.,

Frequency estimated from the available rotational constants.

CCalculated nuclear quadrupole unsplit frequency.

Unresolved doublet.
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110 Z. KiSIEL AND D. J. MILLEN
TABLE 7. Transitions in regions J = J' « J",each ordered according to
frequency, for J' = 4 to 25 and J" = 3 to 24
J= 44 3 J= 54¢ 4
IS0TUrLC V1EK. FREUWUENCY ALPHA MAX L5UIUPIL VIBR. FREUQUENCY ALFHA HAX
SPECIES STATE /HHZ /CH-1 SFECIES STATE /HHZ /CH-1
0.16 C.12 §.32 0 0.00 48651.41 4.14E-04 0.16 C.12 S.32 00.00 60614.27 7.8FE-04
0110 48710.86 2.87E-05 01.10 60888.34 5.61E-05
0 1.1 0 48761.75 2.8/E-09 01.10 60Y31.9 5.61E-05
0.16 C.12 S5.34 00.00 47452.36 1.70E-05 0.16 C.12 S5.34 00.00 59327.73 3.25E-05
01.10 47520.8 1.19E-06 01.10 59400.8 2.32E-06
0110 47569 .4 1.198-06 01.10 59461.5 2.32E-06
0.16 C.13 S.32 00.00 48495.07 4,53E-0é “0.16 C.13 S.32 00.00 60618.60 8.64E-06
01.10 48547.0 3.3%9E-07 01.190 60686.0 6.62E-07
01.10 48601.0 3.39E-07 01.1 0 60751.1 6.62E~07
0.18.C.12 5.32 0 0.00 45638.59 6.95E-07 0.18 C.12 8.32 00.00 57048.04 1.33E-06
01.10 45697.1 4.95E-08 01.10 57121.1 9.68E-08
01.10 45742.3 4.95E-08 01.10 57177.¢6 9.6BE~08
0.16 C.13 5.34 00.00 47293.5 1.87E~07 0.16 €.13 S.34 00.00 59116.7 3.56E-07
. 01.10 47346.6 1.40E-08 01.10 59183.0 2.74E-08
01.10 47396.2 1.40E-08 01.190 59245.0 2.74E-08
£.18 C.12 5.34 00.00 44479.5 2.85E-08 0.18 C.12 5.34 00.00 55599.2 5.45E~03
01.10 44537.2 2.04E-09 . 01.10 55671.4 3.99E-09
01.10 44580.1 2.04E-09 0 1.1 0 50724.9 3.99E-07
0.18 C.13 5.32 00.00 45528.3 7.63E-09 0.18 €.13 8.32 00.00 56910.1 1.45E-08
01.10 45581.5 5.B6E-~10 0i.10 56976.7 1.15E~09
01.10 45627.9 5.84E-10 01.10 57034.7 1.15E-09
0.18 C.13 S.34 00.00 44358.6 3.126-10 0.18 C.13 S.34 0 0.0 0 55448.1 5.97E-10
J= 6 5 J= 7¢( 6
JSOTOPIC VIBK. FREQUENCY ALFRA—HAX 15070PIC VIBR. FREQUENCY ALFHA HAX
SPECIES STATE /HHZ /CH-1 SFECIES STATE /HHZ /CH-1
.16 C.12 §.32 00.00 72976.78 1.33E-03 0.16 C.12 5.32 0 0.00 85139.11 2.05E-03
01.10 73065.66 9.95E-05 01.1i0 85242.79 1.48E-04
01.10 73141.99 9.55E-05 01.10 85131.84 1.48E-04
0.16 C.12 5.34 0 0.00 71192.%94 S5.47E-05 0.16 €.12 5.34 00.00 83057.98 8.43E-05
01.10 71280.6 3.95E-06 01.10 831560.3 6.14E-06
01.10 71353.5 3.95e-06 01.10 83245.2 6.14E-06
0.16 C.13 5.32 0 0.0 © 72741.98 1.45E-00 0.16 C.13 5.32 0 0.0 0 B4YED.1/ 2.24E-00
01.10 72822.8 1.13E-06 0 1.1 0 B4959.5 1.75E-06
01.10 72900.9 1.13E-06 01.10 85050.6 1.75E-06
0.18 €.12 S.32 0 0.00 68457.35 2.23E-06 0.18 C.12 5.32 0 0.0 0 79866.49 3.44E-06
01.10 68545.0 1.65E-07 0 1.1 0 79968.7 2.56E-07
01.10 68612.9 1.65E-07 01.10 80047.Y 2.26E-07
0.16 C.13 5.34 00.00 70939.7 5.99€-07 0.16 C.13 S.34 ¢ 0.00 82762.6 ?.24E-07
01110 71019.3 4,67E-08 01.10 82835.3 7.26E~-08
01.10 71093.4 4,67E-08 01.1 0 82942.1 7.26E~08
0.18 C.12 5.34 00.00 66718.7 9.16E-08 0.18 C.12 §.34 00.00 77838.1 1.41E-07
. 01.10 66805.7 6.80E-09 01.10 77939.9 1.06E-08
01.10 66849.5 6.E0E~09 01.10 78014.1 1.06E-08
0.18 €.13 .32 0 0.00 £8291.8 2.44E-08 0.18 €.13 8.32 00.00 79673.4 3.77E~08
01.10 68371.7 1.93E-09 01.1 0 79766.6 3.04E-09
01.10 68441.3 1.95E-09 01.10 79847 .8 3.03E-09
0.18 C.13 S.34 00.00 66537.4 1.00E-09 0.18 C.13 5.34 00.00 77626.6 1.55E-09
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PEAK ABSORPTION COEFFICIENTS OF MICROWAVE ABSORPTION LINES OF CARBONYL SULPHIDE

(R

TABLE 7. Transitions in regions J = J' + J", each ordered according to
frequency, for J' = 4 to 25 and J" = 3 to 24 --Continued
J= 8 (- 7 J= 9<¢ 8
150TOPIC VIER. FREGUENCY ALFHA MAX IS0TOPIC VIBR. FREQUENCY ALPHA HAX
SPECIES STATE /HHZ /EH-1 SFECIES STATE /HHZ /CH-1
0.36 C.12 §5.32 00.00 97301.21 2.95E-03 0.16 C.12 5.32 0 0.00 109463.07 4.06E-03
01.1 0 97419.6% 2.15E-04 0 1.10 1075%6.35 2.97e-04
0110 97521.47 2.15E-04 0 1.1 0 10%710.85 2.97E-04
0.16 €.12 S.34 0 0.0 0 94922.81 1.22E-04 0.14 £.12 S8.34 00.00 106787.40 1.67E-04
01.1 ¢ 9563%.7 8.91E-04 01.190 106918.9 1.23E-05
01.10 95136.8 8.91E-06 ¢ 1.1 0 107028.2 1.23e-05
0.16 C.13 S5.32 0 0.00 96988.14 .23E-05 0.16 €.13 §.32 0 0.00 109110.86 4.44E-05
0 1.1 0 97095.9 - 2.54E-06 01.10 1059232.1 3.50E-05
0110 97200.0 2.54E-06 01.1 0 109349.2 3.50E-06
0.18 C.12 §.32 ¢ 0.00 ?1275.45 4.97e-06 0.18 C.12 S.32 0 0.0 0 102684.18 6.84E-06
0 1.1 0 ?1392.3 3.72E-07" 01.10 102815.4 5.14E-07
01.10 §1482.7 3.72E-07 01.10 102917.3 5.14E-07
0.16 £.13 S.34 00.00 24585.2 1.33E-06 0.16 €.13 5.34 00.00 106407.6 1.84E-06
01.10 944691.2 1.05E-07 01.10 106526.8 1.45E-07
01i.10 94790.4 1.03E-07 01.10 106538.4 1.45E~07
0.18 €.12 5.34 0 0.090 88957.3 2.04E-07 0.18 €.12 S5.34 0 0.0 0 100076.3 2.81E-07
01.10 B9074.1 . 4.94E-08 01.10 100208.3 2.12e-08
01.10 B89158.4 1.54E-08 0 1.1 0 100302.5 2.128-08
0.18 €.13 §.32 0 0.0 0 91054.8 5.45£-08 0.18 £.13 .32 0 0.0 0 102435.9 7.50£-08
0 1.1 0 91161.2 4.41E-09 01.10 102555.6 6.09E-09
01.10 ?1254.0 4.4.E-09 01.10 102660.0 6.08E-09
0.18 C.13 S.34 0 0.00 88715.4 2.24E-09 0.18 C.13 S.34 0 0.00 99804.4 2.08E-09
J=10¢ 9 J=11 ¢- 10
ISOTOPIC VIBR. FREQUENCY ALFHA #AX ISOTOFIC VIER. _ FREQUENCY ALFHA MAX
SPECIES STATE /HRZ T JCR=1 SPECIES STATE /HHZ /CH-1
0.16 C.12 5.32 0 0.00 121624.64 5.37E-03 0.16 €.12 8.32 00.00 133785.90 6.87E~03
01.1 0 121772.71 3.93E-04 01.10 133948.76 5.03E-04
01.10 121899,93 3.93E-04 0 1.1 0 134088.70 5.05E-04
9.16 C.12 S.34 0 0.0 0 118651.72 2.22E-04 0.16 £.12 5.34 0 0.00 130515.74 2.84E-04
- 01.10 118798. 1.43E-05 01.190 130676, 2.0%9E-05
¢ 1.1 0 118919, 1.463E-05 01.10 130810, 2.09E-05
0.16 €.13 §.32 00.00 121233.31 5_87F-05 0.146 £.13 5.32 00.00 133355 _44 7.52E~0S
01.1 90 121368. 4.64E-006 0110 133504. S.96E-06
01.1 0 121498. 4.64E-06 01.10 133647, 5.96E-06
0.18 C.12 §.32 00.00 1140%2.67 9.06E~04 0.18 €.12 5.32 0 0.00 125500.89 1.14E-05
01.1 0 114239, 6.82E-07 01.10 125661, 8.76E-07
01.10 114352, 6.8B2E~07 01.10 125784, 8_74E-07
0.16 €.13 5.34 00.00 118230. 2.43E-06 0.16 €.13 5.34 00.00 130052. 3.11E-06
01.10 118362, 1.93E-07 0110 130197, 2.47E-07
01.10 118484, 1.93E-07 01.10 130234, 2.47E-07
0.18 C.12 5.34 0 0.00 111195, 3.73E-07 0.18 C.12 5.34 0 0.0 0 122314, 4.78E-07
01.10 111342, 2.82e-08 01.1 0 122477, 3.62E-08
01.1 0 111446. 2.82E-08 0 1.1 0 122590, 3.62E-08
0.18 C.13 5.32 00.00 113817. 9.93E-08 0.18 C.13 8.32 ‘0 0.00 125197. 1.27E-07
01.10 113950. 8.07E~0% 0 1.1 0 125344, 1.04E-08
01.1 0 114066. B.07E-09 01.10 125471, 1.04E-08
0.18 C.13 5.34 0 0.00 110893. 4.0BE-09 0.18 C.13 S.34 0000 121981, 5.24E-09
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TABLE 7. Transitions in regions J = J' « J", each ordered according to

frequency, for J ' = 4 to 25 and J" = 3 to 24 --Continued

g =12 (- 11 J =13 {- 12
1S0TOPIC VIER. FREQUENCY ALFHA MAX ISOTOPIC VIER. FREQUENCY ALFHA HAX
SPECIES STATE /HHZ /CH-1 SPECIES STATE /MHZ /CH-1
0.16 C.12 5.32 00.00 145946.82 6.57E-03 0.16 C.12 8.32 00.00 158107.328 1.03E-02
01.10 146124.44 6.30E-04% 01.10 158299.78 7.69E-04
0 1.10 146277.12 6.30E-04 01.10 158465.16 7.69E-04
0.16 €C.12 S.34 00.00 142379.44 3.54E-04 0.16 C.12 S.34 00.00 154242.77 4.32E-04
0 1.1 0 142855, 2.61E-05 01.10 154433, 3.19E-05
01.10 142700. 2.61E-05 01.10 154590. 3.19E-05
8.16 C.13 §.32 --—0-0.0 0 145477.22 ?.38E-05 0:16 €213 §.32 00.00 157598.64 1.14E-04%
6 1.1 0 145639, 7. 44E-06 0110 157774, 9.08E-06
01.10 145795. 7.44E-06 0 1.1 0 157943, 9.08E-06
0.18 C.12 5.32 0 0.00 136508.81 1.45E-05 0.18 C.12 8.32 0 0.0 0 14B315.40 1.77E-05
01.10 137084, 1.10E-06 01.10 148504, 1.34E-06
01.1 0 137219. 1.10E-05 01.10 148653, 1.34E-06
0.16 C.13 S.34 0 0.00 141873, 3.8BE-06 0.16 €.13 §.34 ¢ 0.0 0 153694, 4.74E-06
0 1.1 0 1420322, 3.09E-07 01.10 153866, 3.78E-07
¢1.10 142181, 3.09E-07 0 1.1 0 154027. 3.77e-07
0.18 C.12 S.34 0 0.00 133432, 9.98E-07 0.18 C.12 S.34 00.00 144550, 7.30E-07
01.10 133611. 4.53E-08 ¢ 1.1 0 144745, 5.54E-08
1.1 90 133732, 4.53E-08 01.10 144876. S5.54E-08
0.18 €.13 5.32 00.00 136578. 1.59E-07 0.i8 C.13 S§.32 0 0.00 147958. 1.94E-07
0 1.1 0 136737. 1.30E-08 01.10 148130. 1.59E-08
01.10 136876. 1.30E-08 01.10 148281. 1.59E-08
0.18 €.13 5.34 ¢ 0.0 0 133069, 6.55E-09 0.18 C.13 S.34 00.00 144157, 8.00E-07
J =14 (- 13 J =15 (- 14
-18BTOPIL VIBR- FREGUENCY ALPHA MaX: IS6TOPIE- ~VIRRT ~ FREQUENCY ALPHA HAX
SPECIES STATE /MWHZ /CH-1 SPECIES STATE /¥HZ /CH~1
0.16 €.12 5.32 0 0.00 1702567.50 1.25€-02 0.16 €.12 S.32 00.00 182427.20 1.47E-02
0110 170474.6% 9.20E-04 01.10 182645.15 1.08E-03
01.10 170652.79 9.20E-04 01.10 182839.97 1.08E-03
0.16 €.12 5.34 0 0.00 166105.72 S.17E-04 0.16 C.12 5.34 00.00 177968.25 6.0BE~04
01.10 166310. 3.82E-05 01.10 178187. 4.50E-05
01.10 166480. 3.82E-05 01.10 178349. 4.50E-05
0.16 €.13 5.32 0 0.00 169719.65 1.37E~04 0.16 C.13 S5.32 00.00 181840.22 1.41E-04
01.10 169908. 1.09E-03 01.10 182042, 1.2BE-05
01.10 170090. 1.096-05 01.10 182237. 1.28E-05
0.18 C.12 §.32 0 0.00 159723.64 2.12E-05 0.18 C.12 S§.32 0 0.00 171130.4% 2.50E-05
01.10 159928. 1.61E-06 01.10 171349, 1.89E-06
0 1.1 0 160086. 1.61E-06 01.10 171519, 1.89€-06
0.16 C.13 S.34 0 0.00 165515, 5.67E-048 0.16 C.13 5.34 00.00 177335, 6.67E-058
01.10 165700, 4.52E-07 01.10 177334, 5.32E-07
01.10 165874. 4.52E-07 0/71.1 0 177720. 5.32E-07
0.18 €.12 §.34 00.00 1556647 8.75E-07 0.18 €.12 S.34 00.00 166785, 1.03E-06
01.10 155879. 6.65E-08 01.10 167013, 7.84E-08
01.10 156019. 6.64E-03 01.10. 167161, 7.84E-08
0.18 €.13 5.32 00.00 159337. 2.33E-07 0.18 C.13 8.32 0 0.0 0 170717. 2.74E-07
01.10 159523. 1.90E-08 01.10 170916, 2.24E-08
01.10 159686, 1.9GE-08 0110 171090, 2.24E-08
0.18 C.13 S.34 0 0.00 155244, ?.59E-09 0.18 C.13 S.34 00.00 166331, 1.13E-08
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TABLE 7. Transitions in region J = J' « J", each ordered according to
frequency, for J' = 4 to 25 and J" = 3 to 24 --Continued
J =16 (- 15 3 =17 (- 16
1S0TOPIC VIBR. FREQUENCY ALFHA MAX ISOTOFIC VIER. FREGUENCY ALFHA HAX
SFECIES STATE THHZ /Cif-1 SFECIES STATE /MH2 /CH-1
0.16 C.12 S.32 ¢ 0.0 0 194586.43 31.70E-02 0.16 €.12 §.32 ¢ 0.0 0 206745.16 1.94E-02
0 1.1 0 194823.14 | 1.25E-03 01.1 0 206996.61 1.43E-03
0 1.1 0 195026.67 1.25E-03 01.10 207212.86 1.43E~03
0.16 €.12 §.34 00.00 189830.33 7.05E-04 0.16 C.12 S5.34 0 0.00 201691.94 8.04E-04
0i.1 0 190044, 5.22E-05 ¢ 1.1 0 201940. 5.97E-05
0 1.1 0 190258. 5.22E-05 ¢ 1.1 0 202147. S5.97E-05-
0.16 C.13 8.32 0 0.00 193960.32 1.85E~04--- 0.16 €.13 8.32 0 0.00 206079.93 2.13E-04
01.10 194175, 1.4BE-05 01.10 206308. 1.69E-05
¢ 1.10 194384. 1.48E-05 01.10 206530. 1.6%E-05
0.18 €C.12 8,32 0 0.00 182534.94 2.90E-05 0.18 C.12 8.32 0 0.0 0 193942.95 3.32E-05
01.10 182770. 2.20E~-06 0 1.1 0 194190. 2.51E-06
0 1.1 0 182951, 2.20E-06 ¢ 1.1 0 194382. 2.51E-06
0.16 €.13 S.34 090.00 189155, 7.73E-06 0.16 C.13 S.34 0 0.00 200975. 8.84E-06
01.1 0 189367. 6.17E-07 01.10 201199, 7.06E-07
01.10 189565. 6.17E-07 01.10 201410, 7.06E-07
0.18 €.12 S.34 0 0.00 177901, 1.20E~GS 0.18 C.12 §5.34 0 0.0 0 189018. 1.37E-06
0 1.1 0 178147, 9.10E-08 0 1.1 0 189281, 1.04E-07
01.10 178303. 9.10E-08 0 1.1 0 187444, 1.04E-07
0.18 C.13 5.32 00.00 182096, 3.1BE-07 0.18 C.13 §.32 00.00 193474, 3.64E-07
01.10 182308. 2.60E-C8 ’ 01.10 193699, 2.98E-08
01.3 0 182493. 2.60E-08 01.10 1938%4. 2.98E~08
0.18 C.13 S5.34 0 0.00 177418. 1.31E-08 0.18 €.13 S.34 0 0.0 0 188504, 1.50E-08
J =18 (- 17 J =19 {- 18
-I80TORIC VIBR. FREQUENCY ALPHA HAX- -1S0T8RIC VIER. FREGUENCY—ALFHA NaX
SPECIES STATE /HHZ /CH-1 SPECIES STATE /HHZ /CH-1
0.16 €.12 5.32 0 0.0 0 218903.346 2.19E-02 0.16 C.12 8.32 0 0.0 0 231061.00 2.45E-02
¢ 1.1 0 2191469.55 1.62E-03 01.10 231341.92 1.81E-03
01.10 219398.52 1.62E-03 01.10 231583.460 1.81E-03
0.14 C.12 S.34 0 0.00" 213553.03 9.10E<04 0.16 C.12 S.34 00.00 225413.59 1.,02E-03
01.10 2138164, 6.74E-05 01.1 ¢ 225691, 7.S3E-05
01.1i0 214034, é.74E-05 0 1.1 0 225922, 7.53E-05
0.16 €.13 5.32 00.00 218199.00 2.,40E-04 0.16 C.13 5.32 0 6.0 0 230317.51 2.6BE-0%
01.10 218441. 1.91E-05 01,10 230573, 2.13E-05
01.10 218675. 1.91E-05 01.10 230820. 2.13E~05
0.18 €.12 5.32 00.60 205348.50 3.73E-05 0.18 C.12 S5.32 00.00 216753.56 4.20E-05
01.1 0 205610. 2.84E-06 01.10 217030. 3.18E-05
01.10 205814. 2.84E-06 0110 217244, 3.18E~08
0.16 C.13 S.34 00.00 212793, 9.9BE-06 0.16 C.13 85.34 00.00 224612, 1.12E-05
01.10 213032, 7.98E-07 01.10 224863, 8.92E-07
01.1¢ 213255, 7.97E-07 0110 225099. 8.F1E~07
0.18 C.12 S.34 00.00 200134, 1.53E-06 0.18 C.12 5.34 0 0.00 211249 1.74E~04
01.10 200414, 1.18E-07 01.1 0 211548, 1.32E-07
01.10 200585. 1.18E-07 01.10 211726. 1.32E~07
0.18 C.13 S.32 0 0.0 0 204852, 4.11E-07 0.18 €.13 S.32 0 0.0 0 216230. 4.60E-07
01.10 205090. 3.37E-08 01.10 216461. 3.77E-08
01.10 205299. 3.37E-08 0 1.1 0 214701. 3.77E-08
0.18 C.13 S.34 00.00 199590. 1.70E-08 0.18 C.13 S.34 00.00 210675, 1.91E-08
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TABLE 7. Transitions in regions J = J' « J", each ordered according to
frequency, for J' = 4 to 25 and J" = 3 to 24--Continued

J =20 <~ 19 J =21 (-2
ISOTOPIC VIER. FREQUENCY ALPHA HaX 180TOPIC VIBR. FREQUENCY ALFHA HAX
SFECIES STATE /8HZ /CH-1 SFECIES STATE /¥HZ /CH-1
08.16 €.12 5.32 00,00 243218.04 2.71E-02 0.16 C.12 S.32 00.00 255374.46 2.96E-02
01.10 243513.48 2.00E-03 01.1 0 255684.81 . 2.19E-03
6110 243768.08 2.00E-03 01.10 255951.92 2.19E-03
0.16 C.12 S.34 0 0.0 0 237273.58 1.13E-03 0.16 C.12 S.34 00.00 249132.98 1.23E-03
0110 237564, 8.34E-05 01.1 0 249440, 9.14E-05
01.10 237808. 8.33E-05 . 01.1 0 2494%4. " 9.13E-05
p0.16 C.13 5.32 0 0.0 0 242435.44 2.96E-04 8.16.C.13 8.32 00.00 254552.73 3.24E-04
01.10 242704. 2.38E-05 0110 254835. 2.58E-05
01.10 242964, 2.34E-05 01.10 255108. 2.58E-05
0.18 C.12 5.32 00.00 228158.10 4.65E~05 0.18 €.12 5.32 00.00 239562.09 S.11E-05
01,10 228449, 3.53E-06 01.10 239847, 3.87E=06
01.10 228675. 3.53E-06 01.10 240104. 3.87E-03
0.16 C.13 5.34 00.00 236430. 1.23€-05 0.16 C.13 S.34 00.00 248247, 1.35E-05
01.10 236694. 9.87E-07 ’ 01.10 248524, 1.08E-06
01.10 236942, 9.86E-07 01.10 248785. 1.08E-06
0.18 C.12 5.34 00.00 222344, 1.93E-06 0.18 C.12 S.34 00.00 233479. 2.12E-06
01.10 222682. 1.47E-07 01.1 0 233815. 1.61E-07
01.10 222866, 1.47€~07 01.10 234005. 1.61E-07
0.18 C.13 §.32 00.00 227607. 5.10E-07 0.18 C.13 5.32 0 0.0 0 238983. 5.40E-07
01.10 227871, 4.18E-08 ’ 01.10 239280, .. 4.59E~-08
01.10 228102, 4.18E~08 01.10 239503. §.59E-08
0.18 €.13 5.34 00.00 221760, 2.11E-08 0.18 C.13 5.34 00.00 232844. 2.32E-08
J=22<( 21 Jd =23 (- 22
150TOPIC VIBR. _FREQUENCY ALPHA .MAX 1S0TORIC VIBR.~ -FREQUENCY ALFHA - HAX
SPECIES STATE /MHZ /CH-1 SFECIES STATE /HHZ /CH-1
0.16 C.12 S.32 0 0.0 0 267530.22 I.22E-C2 0.15 £.12 5.32 00.00 279685.30 3.46E~02
01.1 0 267855.28 2,37E-03 01.10 280025.04 2.56E-03
01.10 268135.09 2.37E-03 01.10 280317.57 2.56E~03
0.16 C.12 5.34 00.00 260991.75 1.34E~-03 0.16 C.12 5.34 0 0.00 272849.86 1.44E-03
01.10 261313. 9.93E~05 01.190 273186. 1.07E-04
01.10 261580. 9.935-05 01.10 273445. 1.07E-04
U.16 €.13 5.32 0 0.0 0 2666065.38 3.02E-0C4 V.16 C.13 5.32 Q 0.0 0 278783.34 3.77E-04
01.1 0 266964, 2.81E-05 6 1.1 0 279094. 3.02E-05
01.10 267251. 2.80E~05 01.1 0 279393. 3.02E-05
0.18 €.12 5.32 00.00 250985.52 5.56E~05 0.18 .12 §.32 00.00 262368.34 6.00E~05
0110 251285. 4.22E-06 01.10 262702, 4.55E-06
¢ 1.1 0 201033, 4.21E-06 0 1.1 © 262962 4.09E-06
8.16 €.13 S.34 00.00 2460063, 1.47E-05 0.16 €.13 S.34 00.00 271879, 1.59E-05
01.1 0 260354. 1.1BE-05 01.10 272183. 1.27E-06
01,10 260627. 1.17E-06 01.1 0 272468. 1.27E~06
0.18 €.12 S.34 00.00 244593, 2.31E-06 0.18 C.12 5.34 00.00 255706, 2.49E-06
1.1 90 244749« L.76E~07 0 1.1 © 2360383, 1.90E-07
01.1 0 245144, 1.74E~07 01.10 256282, 1.90E-07
0.18 C.13 5.32 00.00 250359. 6.09E-07 0.18 C.13 5.32 00.00 261734, 4.56E~07
01.10 250649. 5.00E-08 01.10 262037. 5.40E-08
01.10 250904. 4.99E-08 01.10 262303, 5.39E-08
0.18 C.13 5.3% 00.00 243928. 2.93E~08 0.18 C.13 S5.34 0 0.0 0 255011. 2.74L-08
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TABLE 7.

to frequency,

Transitions in regions J = J!

for J' = 4 to 25 and J" =

<« Jn,

each ordered according
3 to 24--Continued

3= 24 (- 23 J =25 (-~ 24
ISOTOFIC VIER. FREQUENCY ALPHA HAX ISOTOFIC VIER. FREQUENCY ALPHA MAX
SPECIES STATE JHHZ /CH-1 SPECIES STATE /HHZ /c8-1
0.16 C.12 5.32 00.00 291839.66 3.70E-02 0.16 C.12 5.32 0 0.0 0 303993.26 3.93E-02
61.10 292194.08 2.73E-03 01.1 0 304362.35 2.90E-03
01.10 292499.31 2.73E-03 01.10 304680.29 2,50E-03
0.14 €.12 §.34 0 0.0 0 284707.28 1.55E-03 0.16 C.12 $.34 00.00 296543.99 1.64E-03
01.10 285057, 1.15E-04 0 1.1 0 2946929. 1.22E-04
01.10 285349 1.15E-04 0 1.1 0 297232, 1.226-04
0.16 C.13 5.32 00.00 290900.58 4.06E-04 0:16 €213 5.32 0 0.0 0 303015.07 4.31E-04
01.10 291222, 3.23E-05 01.10 302350. 3.43E-05
01.10 291534. 3.236-05 0 1.1 0 303475. 3.43E-05
£.18 C.12 5.32 00.00 273770.54 6.43E-05 0.18 C.12 5.32 0 0.0 0 285172.08 6.85E-05
01.10 274118, 4,8BE-06 01.1 0 285534, 5.20E-06
01.10 274389. 4.8BE-05 : 01.10 285816, 5.19E-06
9.16 C.13 5.34 00.0 0 283695. 1.70E-05 0.16 C.13 5.34 0 0.0 ¢ 295509, 1.80E-05
01.10 284011. 1.36E-06 01.10 295839, 1.44E-05
01.10 284309. 1.36E-06 01.10 296149, 1.54E-06
0.18 C.12 5.34 0 0.0 0 266819. 2.48E-06 0.18 C.12 §.34 00.00 277931. 2.85E-06
01.10 267216. 2.04E-07 : 01.10 278349. 2.17€-07
01.10 267420. 2.04E-07 0 1.1 0 278557, 2.17E-07
0.18 C.13 5.32 0 0.0 0 273109. 7.06E-07 0.18 C.13 8.32 00.00 284483, 7.51E-07
01.10 273424. 5.76E-08 0 1.1 0 284811, 6.15E-08
01.10 273703. 5.78E-08 01.10 285101. 6.16E-08
0.18 C.13 S.34 0 0.0 0 266094, 2.94E-08 0.18 C.13 §.34 0 0.0 0 277176. 3.13E-08
TABLE 8. NATURAL ABUNDANCE FACTORS FOR VARIOUS ISOTOPIC
SPECIES OF OCS '
164124324 0.937
16 123 -
o' 4,163 x 1072
16413324 1.049 x 1072
1 R
184124324 1.1916x 1073
164130344 4.672 x 1072
2
18412345 8.509 x 107°
18 13 32 -
07°c™’s 2.144 x 107°
18 13 34 R
ot 3cs 9.53 x 107/
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TABLE 9. ROTATIONAL CONSTANTS USED IN THE CALCULATION OF
TRANSITION FREQUENCIES FOR VARIOUS ISOTOPIC
SPECIES OF 0CS

. BV/MHZ Dv/kHz qv/MHz

16124325 00% 6081.492475 1.301777

01% 6092.07822 1.32359 6.3614127
16412345 00% 5932, 8348 1.244

01'p 5043.1755 1.256 6.0688022
16013c325 00% 606192510 1.29898

otlo 6071.9159 1.335 6.5078418
18512324 00% 5704.8607 1.1353

o1lo 5714.995 1.198 6.6530026
16013:345 00% 5911.733 (1.241) a

o1lo 5921.46 (1.267) 6.199
184120344 00% 5559.971 (1.078)

o1lo 5569.845 (1.130) 5.393
18,13.324 00 5601.060 (1.133)

o010 5700.627 (1.209) 5.800
1841334 00% 5544.864 (1.075)

N .
Bracketed values have been estimated, see text.

TABLE 10. COMPARISON OF THE MEASURED AND THE CALCULATED YALUES FOR PEAK ABSORPTION COEFFICIENTS IN
CARBONYL SULPHIDE

. -1 ’ a
Isotopic a /em
species Transition max Ref. max 4
(measured) (calculated”)
1691232 g=2<1 (000 (5.13 * 0.12) x 107> a 5.38 x
(5.20 + 0.14) = 10_5 L
165120345 J=2+<1 (00 g (2.06 * 0.05) x 10°° a 2.22 x
16513¢345 g=2+<1 © o0 (5.60 * 0.13) x 107/ a 5.89 x
(5.55 + 0.10) x 1077 b
16512432 J=2+1 (@ o® o) (7.8 + 0.2) x 1077 a 731 x
(8.02 + 0.06) x 1077 b
16512.324 J=2+1 (01l 0 (2.56 £ 0.06) x 107° a 2.99 x
_G .
(2.67 = 0.10) x 10 L
16412325 J=2+1 (0130 (2.54 + 0.06) x 107° a 2.99 x
1641855 J=2+<1 (02°0) (3.06 ¢ 0.08) x 1077 a 2.95 x
(2.97 + 0.10) x 1077
16,512,323 J=3<2 (00°0) 2.0 x 107% c 1.78 x
16412344 J=3<2 (00% 0 7.9 x 1078 c 7.32 x

a4 = 206.5 K, a® = 6.40 MHz torr ref,l4.

bp - 302 K, &Y =6,12 * 0.03 MHz torr ! ref.9.
°7 = 203 K, a® = 6.3 MHz torr! ref.1s.
4 This work, T = 293 K, A\JE} = 6.15 and 6.25 MHz torr"1 for J = 2+« 1 and J = 3 « 2 respectively,
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