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The quadrupole and spin rotation coupling constants are 
determined by analysis of the 7 = 0 - 1  and 7 = 1 - 2  transitions 
o f OC33S and 17OCS in natural abundance. The data are 
compared with those obtained from molecular beam electric 
resonance and very recent pulsed beam microwave Fourier 
transform  spectroscopy.

In  th e  past several years we have co n trib u ted  to  the  
d ev elo p m en t o f  m icrow ave F o u rie r tran s fo rm  (M W FT ) 
sp ec tro sco p y  [1 -  5] o f  sta tic  m olecu lar gases in th e rm o 
d y n am ic  eq u ilib riu m  as a spectroscop ic  to o l w ith h igh 
re so lu tio n  an d  sensitivity . F o r critical ev a lu a tio n  o f  its 
lim its, it is necessary to  co m p are  results ga ined  w ith  
sta tic  gas M W F T  spec troscopy  w ith th o se  fro m  sp ec tro 
scopic  m eth o d s w ith  inheren tly  h igher reso lu tio n . W e 
p re sen t a co m p ariso n  w ith  the hyperfine  s tru c tu re  (hfs) 
o f  carb o n y lsu lfid e - 33S, O C 33S, an d  carb o ny lsu lfide- n O , 
,7O C S . R e inartz  an d  D ym anus [6] d e te rm in ed  the  
n u c lea r q u a d ru p o le  coup ling  co n stan t e q Q  an d  the  spin  
ro ta t io n  co n stan t C,  w ith  m olecu lar beam  electric  
re so n an ce  sp ec troscopy  fro m  the 7 = 0 - 1  tran s itio n  in 
th e  v2 =  0 an d  v2 =  1 v ib ra tio n a l sta tes. V ery recen tly  
L o v as an d  S uen ram  [7] investigated  b o th  iso top ic  species 
w ith  a  pu lsed  beam  M W F T  sp ec tro m ete r w ith  1 %  O C S 
in A rg o n . T h eir values fo r  the  7 = 0 - 1  tran s itio n s are  
re p ro d u c e d  in T ab les 1 an d  2. W e investigated  the  
7 = 0 —1 an d  1 - 2  tran s itio n s. W e m easured  the  hfs o f  
b o th  iso topes in n a tu ra l ab u n d an ce  (0 .75%  fo r  33S an d  
0 .0 4 %  fo r n O ). T h e  frequencies are  given in T ab le  1. F o r 
l7O C S  the  line frequencies w ere co rrec ted  w ith  a line 
sh ap e  analysis [8]. F igure  1 prov ides a  rep resen ta tiv e  
m easu rem en t. F o r  O C  33S it was n o t necessary  because 
the  trip le t is w idely split. F o r O C  33S we succeeded  to  
m easu re  the  7 = 2 - 3  line w ith a  new M W F T -sp ectro - 
m ete r [9]. A s the  q u a lity  o f  the  sp ec tra  is n o t yet c o m p a r
ab le  w ith  those  o f  low er frequency  ranges, the  co m 
p o n e n ts  o f  the  line w ere n o t included in the  fit. T h e  hfs 
w as analysed  acco rd ing  to  [10, 11].
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Table 1. Quadrupole hyperfine structure of rotational 
transitions of carbonylsulfide -33S and -170 .  v: measured 
frequencies [MHz], <4vhfs: splittings referred to the 
hypothetical unsplit line [MHz], 5 =  A vhfs — A vcaIc, zJvcaic: 
splittings calculated with the constants of Table 2. Components 
of 7  = 2 -  3 not included in the fit.

OC33S
7 - 7 ' F — F' A  vhfs <5 V [7]

0 - 1

1 - 2

3 / 2 - 1 /2  12017.105 
3 / 2 - 5 /2  12011.285 
3 / 2 - 3 /2  12004.002

2 - 3

17ocs
0 - 1

1 - 2

3/2-
3/2-
3/2-
5/2-
1/ 2 -

5/2-
1/ 2 -

3/2-
5/2-
7/2-
5/2-
1/ 2 -

3/2-
3/2-

5/2-
5/2-
5/2-
5/2-
5/2-
5/2-
7/2-
3/2-
7/2-
3/2-

1/2
-3/2
-5/2
■7/2
1/2

-5/2
■3/2
3/2 

■5/2 
■9/2' 
■7/2 
■ 3/2" 
5/2 
3 /2 '

24032.725
24025.448

24020.249

24019.625
24012.964
24012.345
36035.162
36033.123

36029.712

36027.900

36022.448

3/2 11767.532 
7/2 11767.400 
5/2 11767.132

23534.976 
23534.774

■3/2
5/2

■7/2
■9/2
■3/2
7/2

■5/2

23534.678

23534.557
23534.427
23534.364

7.279 0
1.458 0

-5 .8 2 4 0
13.101 0
5.824 0

0.625 1 - ?
0.001 3

-6 .6 6 0 - 2
-7 .2 7 9 0

5.796 -2 3
3.757 15

0.346 i' ~ 2 
1 - 1

-1 .4 6 6  |i - 8

-6 .918 - 8
19

0.193 - 5
0.061 2

-0 .207 3
0.329 6
0.127 2

0.031 j' - 1 6  
10

-0 .0 9 0 - 5
-0 .2 2 0 2
-0 .283 0

12017.101(8)
12011.287(4)
12003.998(4)

11767.402(6)

Table 2. S and 1 O quadrupole coupling eQ q  and spin 
rotation constant C,  o f OC33S and 17OCS in the vibrational
ground state. Standard error in units of the last digit in
brackets . -  not determined

eQ q c, Ref.
[MHz] [kHz]

OC33S -29.1184(12) 0.87(5) [6]
-29 .11 (4 ) [7]
-29 .122(3) I.U 4) this work

17ocs -1 .3 0 (3 ) - [7]
-  1.333(22) -3 .3 (1 3 ) this work

F ro m  th e  d a ta  it is c learly  seen th a t th e  beam  electric 
re so n an ce  m eth o d  is su p e rio r  in p recision . T he d a ta  
agree  ro u g h ly  in o n e  s ta n d a rd  e rro r. B oth  M W FT  
m eth o d s a p p ea r  eq u iv a len t in this ap p lica tio n . E xperi
ence ind ica tes th a t M W F T  sp ec troscopy  is ap p licab le  to  
a g rea te r  v a rie ty  o f  m olecu les, especially  to  larger ones.
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Fig. 1. Rotational transition J =  1 - 0  of carbonylsulfide- 1vO, 17OCS, showing n O-hfs. Polarisation frequency 11768.000 MHz, 
temperature -  30°C, pressure 1.9 mTorr (0.25 Pa), 4 ■ 107 averaging cylces, 1024 data points supplementend by 3072 zeros prior to 
Fourier transformation, sampling interval 50 ns.
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