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a-type rotational transitions of molecules in the vibrational ground state of thioketene,
HyC=C=S, have been measured in the millimeter wavelength region. The measurements yielded

improved rotational constants:
A = 286 655(82) MHz,
B = 5659.47596(72) MHz,
C = 5544.51269(72) MHz.

A detailed centrifugal distortion analysis by means of Watson’s S-reduced Hamiltonian led to
the determination of four quartic, two sextic and two higher order distortion constants:

Dy = 1.08569(4) kHz, Hjg =
Dyg = 168.269(77) kHz,

dy = —25.46(68) Hz, Lgy =
d2 = — 5.21(35) Hz, Sk =

0.716(20) Hz,

Hyxs = —408.7(73)  Hz,

0.65(24) Hz,

—0.0533(24) Hz.

Effective rotational and centrifugal distortion constants using planarity conditions were calculated.
The electric dipole moment of thioketene was determined to be x = 1.01(3) D.

I. Introduction

Intensive studies have been carried out on the
rotational spectra of various isotopic species of
ketene, H,C=C=0, since 1950 [1-6]. The
centrifugal distortion analysis of ketene [3, 4],
together with information from additional infrared
data [3, 5], enabled Mallinson and Nemes [6] to
reevaluate the molecular force field for ketene.
Recently, microwave investigations on the higher
homologues thioketene, H,C=C=S [7, 8], and
selenoketene, H,C=C=Se [9, 10], have been
reported.

The first interstellar microwave detection of inter-
stellar ketene was reported in 1977 by Turner [11].
The detection in the source Sgr B2 was based on
three transitions: 5;4 — 445, 515 — 444 and 45— 3,
at the frequencies 101981.39, 100094.51 and
81586.19 MHz, respectively. Further millimeter
wave transitions were tentatively detected and as-
signed. Recently, Thaddeus and coworkers have
identified isothiocyanic acid, HNCS [12], and
methyl mercaptan, CH3SH [13], in SgrB2 from

observations of a number of millimeter wave
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rotational transitions. The abundances of both of
these sulfur-containing molecules, relative to their
oxygen analogues which had previously been
detected in interstellar dust clouds, imply a sulfur/
oxygen ratio not very different from the terrestrial
value. Therefore, the detection of the five-atomic
molecule H,C=C=S in interstellar dust clouds
might become possible with more sensitive in-
strumentation. The predicted rotational transition
frequencies based on the measured millimeter wave
spectrum, together with calculated standard devia-
tions, provide the basis for a possible search for
interstellar thioketene.

Moreover, thioketene has raised some interest due
to the fact that it is a more stable isomer of thiirene,
H-C=C-H, according to SCF-calculations [14,

L
S

15]. These calculations also reveal the fact that
ethynylmercaptane, H—C = C—SH, should have
the same stability as thioketene. As a matter of fact,
Krantz and Laureni [16] detected both ethynyl-
mercaptane and thioketene in the photolysis of
1,2,3-thiadiazole. However, no ethynylmercaptane
was found in the products of pyrolysis reactions
[14]. This was confirmed by our microwave ex-
periments.
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Fig. 1. Block diagram of the improved computer controlled millimeter wave spectrometer as discussed in [21].

Several methods of preparing thioketene are
known [17]. All reports confirm its instability at
room temperature, so that only pyrolysis experi-
ments in flow-systems can be taken into considera-
tion for spectroscopic experiments. In such an ex-
periment Georgiou, Kroto and Landsberg measured
four rotational transitions and could determine the

rotational constants B and C and the centrifugal
distortion constant D of thioketene [7].

In this paper a-type R-branch ground state transi-
tions are reported which have been studied in the
millimeter-wave region from 60 up to 230 GHz. 125
transitions have been measured and fitted with the
S-reduced Hamiltonian according to Watson [18].
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II. Experimental Procedures

Thioketene was produced in two different ways

(Scheme I).

MeSMe /S
Me e 1300K _ HN\._._ 1100K e
Me Me
(n
Scheme 1.

As in the report on the earlier microwave measure-
ments of thioketene [8], hexamethyltrithiane (I)
was pyrolysed at 1300K to give thioketene, which
was directly pumped through the 2 m glass cell of
the millimeter wave spectrometer as shown in Fig-
ure 1. Infrared analysis of the gas mixture after
pyrolysis showed that a large fraction of the prod-
ucts consisted of ethylene, propylene and allene, thus
indicating that only a rather poor yield of thioketene
is obtainable by this method. A recently reported
procedure [14] of preparing thioketene by pyro-
lysing dithioacetic acid (Scheme I) was found to
yield a considerably higher intensity of the absorp-
tion lines, thus indicating higher column densities
of H,CCS.

Attempts to isolate thioketene have failed so far.
It could be trapped (spectrum disappears) at tem-
peratures below about 150 K, but polymerised upon
warming. Even in the gas phase, at sample pressures
of 40 ubar, decay took place with a halflife of about
five minutes, independent of the way of preparation.
The use of argon as carrier gas in order to entrain
the thioketene did not improve the stability.

Microwave measurements were performed near
22 GHz in order to determine the dipole moment
using a Hewlett-Packard spectrometer, model
8460 MRR. The millimeter-wave measurements were
carried out with a spectrometer described by Winne-
wisser et al. [19, 20]. A block diagram of the newly
improved version of the spectrometer is shown in
Fig. 1 and a detailed description of recent improve-
ments is given by Helms et al. [21]. The microwave
power was generated by reflex klystrons in the range
from 28 -40GHz and multiplied by means of
harmonic generation. The multiplier diodes used
were phosphorus diffused p-type Si/W point contact
diodes and were prepared and mounted in our
laboratory using a slightly simplified variant of the
method of Burrus [22, 17]. Used together with a
recently installed liquid helium cooled InSb detector
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[21] they proved to generate sufficient power for
measuring transitions up to 475 GHz. All measure-
ments were carried out with the help of a digital
data acquisition system [20] to improve the signal-
to-noise ratio and to measure automatically the
transition frequencies. The accuracy of the measure-
ments is better than 20 kHz at a klystron fundamen-
tal frequency of 40 GHz. Sample pressure in the cell
was in the range 20 — 60 ubar.

III. Assignment of the Measured Rotational
Transitions

The available data on thioketene from the earlier
measurements [7] enabled us to predict the entire
ground-state rotational spectrum in the millimeter
wave region with some certainty. The most intense
absorption lines in the observed frequency range
could easily be assigned to thioketene ground state
transitions. The spectrum shows the characteristic
pattern of a-type 9R-branch rotational transitions.
It differs only slightly from the ketene spectrum,
having slightly less inertial asymmetry:

%(CH,CCS) = — 0.99918, »(H,CCO) = —0.99722.

Figure 2 shows an oscilloscope display of the most
intense lines of the /=10 <9 transition together
with the assignment of the ground state spectrum.
The splitting of the K, =1 lines is 1.15 GHz, which
places them outside the represented frequency range.
Their intensity is comparable to the K,=5 line
intensity. The intensities of the transitions follow
basically an asymmetric top intensity distribution
modulated by the spin statistics due to the two
protons; because of the molecular Coy symmetry,
transitions arising from odd K, levels have three
times the statistical weight of those arising from
even K, levels. Ground state transitions with K, >7
have intensities comparable to excited vibrational
state transitions. Therefore the measurement and
assignment of these weaker lines require precise
predictions, which however could not be provided
by the centrifugal distortion analysis (see discus-
sion).

Table 1 gives the line frequencies of the observed
and calculated transitions. It was impossible to
resolve K, doublets for K;>2. K,>3 and K, =3,
J>11 line frequencies were assigned and fitted to
just one of the doublet transitions. For />10 the
observed K, = 3 lines were fitted to both components
which were weighted equally. For />17 these lines



§55°925 (121)6m08°299c22 " =t ) oz
€657 L0y (o1)1210" 620822 (e * ~lstt9)e
2267 90¢ (2e)ewvs covczz e evmezz (st * -t ts)oez
5087022 = (es)eens veeces 1915°9c6€22 oy = - ler oy ) ez
9207550 (19)0s€ 696622 Qreezieseczz (ot * st te) ez
207551 (19)9t02 6v6cee QLYo eReczz {72 (ot te) oz
205901 - (001)ccc6" 950022 2vec9sonzz (et -ertz)oz
5697901 2 e0r (ert)occv otovzz gBove 00022 (ot * - st z) oz
eos & (cot)wese sensee oe9C S92 (ot * -t tr) ez
2100w (ccr)osce” cem2zz (et * -tz *t) oz
566°0¢ e (o) czst 966E22 0591°966c22 (6t * 0 )6t - (0z *0) 02
19128 (9619269 200212 teesizevztz (Ut g det - (et 2 ) et
2ry o0 (06)s6c0° 565212 QoorLzes2I LU -t 9 et
20 62 (X1 (£9)6tes eesztz 69597 ce9z1z vt s Sttt s et
0o * (ev)z99s 202tz eveseeveziz (st t oy - (ot v )6t
ocz ot & (zs)eovs zecznz (st * et - (ot *¢c)er
ocz et oz tzs)ezty-zesz12 (ot * ¢ )ot - (er * ¢ ) 6t
20y 101 30 (ve)zeze esoznz escctseziz (or t zder - (urt 2 ) et
960101 o - (e6)2zcw crnzrz SIEO C18212 ter 2z - (ot tz ) et
§09°C¢L et (z8)9220" 126812 92607 126€12 vt v - (et ) et
ez (sot)etsz-ecsrre (or " 1 R O I
ey (z8)6vie 500212 EeUS08212 (o1 * 0 Jor - (61 " 0 ) 61
2507018 (os)ortt-zoctoz #0z1°Z0c10Z (e 2 e -(zet ) et
(378113 oot - (22)9299° 90v102 szeoteovtoz (2t t e it - ettty ) mt
o116 868 - (95)6699 99r102 PUUR LTI G R TR LU R
$00° 02 e - (c9)a60z 909102 0%0z°8v310z (€T # et - (vt "9 ) W
505" vt €y (s)scte sesroz JIeresestoz (rt * g der « dst* ¢ ) ot
5057101 €0t (sv)atiz-sestoz oerersestoz (st t e - (orte )
0906 (o) vwrs 099102 (st 2)er-(rtz)m
e (co)zezs-ototoz r*z)a-Lrtz)e
ey (99)00¢6° 999202 ottt -Gt r)m
529y ”e - (209126 165002 2616765002 (et ot dev - (v 1) et
s (e9)veoc zuot0z G ot - (or o)t
o1y 905 e (9)9980° 121061 SELL"TZI06T Gor * et~ lir*¢)
weeee P (e9)asve w1206t 169612061 (stesit-Gx* o) un
e e - (0s)625¢ 962061 06¥E 562061 (21 * 5 )ot - (ex * 9) 2t
9597002 sy (sc)ztiv eseosr L5Tr CSE08T (et * v st - ot vt
»seUSEl 005 - (or)c9es Lecosr €999 L6506T (cr et - (vt ")t
¥SUUSET 392 (or)e619" L6co6T €999°£6506T (vt e et - (st et
(31 1] ST - (6s)991v" Lyv06T 020v" LYy06T (ot 2ot - (91 *2)
e e (99)erse orvoer 9199 RINO6T (st °2)ot-(ot°2)ut
09103 et - (4s)e9cz 01vT6T ee9z-otvter (ST * 1)t - (ot t 1) &t
LN (59) 4026 95060t 6966999601 (ot * 1ot - er ' 1) v
02809 o2t - (95)120¢° LTYO6T 1069 L0061 (ot * 0ot - (zr 0 ) 2t
ey 208 (63)0059"6c60ct (e z)st-(6)m
200 18¢ (09)9c6s - zc062T ¥O19° 26061 C6*9)er-(or*9)o
sec R - (ev)tsea-cotest 2629°c0T6LT (ot * s )st - (1r*g) 9t
099 v61 - (sc)evrz-wstect pe6TOSTELL (1L C w DSt - (21 f 0 ) et
ezt . (ze)zote-estsct es esTeLr (20 ' £ )t - (€1t ) 9t
et e (ee)eesy e6tect Tr69° 661621 (et " edst-(tedo
ez (0s)ezec wezecr (er * z)st - (vt * 2) 9t
ez £y - (95)99c5° 02261 66257022621 (vt * z st - (st *2) 9t
15 3 (ov)eeeecston 10z6°cstont Gr*tdst-(st*v) o
166°€s e - (s)2950 stEmet osve-steest (ST LSt - (91 * 1) 9t
e 56 - (9v)ovso-zzzect Svr0°z226L1 (st "0 )st - (st * o) st
SYEC96y 0z - (9s)96t9 L5209t 92627 LsLL9t (et ewt-(e)m
o8°5¢e sy (59)v056" 0ot 6956 vreL9T (69 vt - (o1 *9)st
i £°006- (sv)20e5° 1T6L91 Q00887016491 (0T * s vt - (11 * 5 ) st
107681 re - PEINZYI 296491 19£9° 296091 (e v der - (2t ‘9 ) st
TesUea o2 - (s£)ev6c 100991 £19€ 7100891 (e * e det - (2v * e ) st
TsUea ez (se)9ese 100990 L1RE° 100991 (zr * e der - (e * ¢ ) st
(IRT Ty (2v) 2026 1v0R9t evzeotvoR9t (2t f 2 et - (e1tz) et
(uayanynag pavpunis)
(-7 2y 7 DITTCETTEY Cx
ARy “3per- 340 TuM / Kouanbauy

PONUIIVEY [ JevL

s vor - (ev)ecte  tzonst zcoc-tzoest (ot * 2 -tttz st
ey e (zr)enor-censt 99CT° L6909 (er ¢t CF i gl G 1)
ey L] (6v)2eec-ccreot 03ty ELILT Lol P ER LR R
ezee (RO (ov)eszr 520891 ovecszoest  (rt o (st te) et
129"ty et (s5)8129°525951 SYE9°5L595T R RN R
2057 0cE L (£5)90v6° 959951 29067959951 (s*oder-te*9olm
95672092 (£9) 2690 614951 5007612950 (6 *s det - (ot ' 5 ) wt
[ RTE - (cc)vate 992950 0E0799095T (0T *w Jet - (1r t v ) et
e - (ve)cnse 2ow9st 1EEL 7200951 (ot * e Jer - (1x ‘e ) oot
ereutr (ve)e22e zovsst teccizoasst (1ot e der - (2t t e ) Wt
105" 1L = (eedosve wce9st 229E°900951 fox “ 2 36t (20 * 2} ot
$05°1¢ £t (sc)ecty 22095t 25tezzeest (2t tz et - etz )t
€s5°cy €or (9v)e902"6c9251 99vcieeaest  (rt rder - (et r) vt
oz ey s - (2v)v908°0c0951 26607000981 (ct *r et - (vr U ) owt
900°9¢ i (ze)one-cze9st 1509702095t (er 0 det - (o1t 0 ) vt
e (95)c190 coE9 L zos0cceesat (9t cd2t - (2t e ) et
(171 seet - (05)909s 899501 s esvert (ot Slete)er
2ot c92 96t - (zv)sesz 9zs5nt eecz 9zt (e «fe*s)en
266820 * (zedtzov-osssnt EREP 02550 [ -torty )t
LT (£c)5608° €0950L tezecossrt (6 -torte) et
ELINN (ec)eens cooset 1620°€0950T (ot * ES AR R Y )
999 o (Ec)s9tr-sE9set 26sv-se9svt (or * stz
"9 2 - (ve) 00922990t Be99° 2295t (1t stz et
9co8e e (05) 4508 a9t 660 9ct (1t ) et
teeee L (05)905¢" ¢ 9USLLoRNNL [E1 00 =gt % ) En
Ereiez #38 (sc)6cer 62950t 1890629501 (@t * 02t - (g1 * 0 ) et
(GR10 g5 = (15)vz2z 01201 torzotzeer (st ot -(9 )2t
052" 19¢ s'e (69)0616"6s20c 1 sezeeczvet (99Nt -(ct ezt
12995z vt (t)eet-ceenet sesteceret (2t st - (w5 )2t
LIEN 134 e (2e)sot6 czevet SZPETCLENEL (e=adit-t@e )
€00°60¢ e - (ze)o6as vorrct YIS RONNEL terer-(e el
€00 601 (ze)eses vonrct vocsvoreEr (6 £ )tr - (or t e ) 2t
§91°29 (re)eezs zevnet £265°2C00CT (e zir-(ot*z)a
vz ze - (oe)cta zzmct vetsczzmeer (ot f z )t - (it z)
e91°0c e - (zs)6zvr-c2uset ceevieziser  (or * e - (ir ot ) 2t
nece et (es)esvz wosect 8292 yecect (r -z o)
(1101 et (se)ezez-ocovet trezrocyret (tr et - (2t *0) 2t
LN 143 e - (es)e690° c20c2t 6250° czoc2t Lo lot -~ U8 23 %
wise 0 - (£v)z956-060c2t 0956°060621 (5 * 9ot - (9*9)1r
€15 952 vt (U3 [T 73014 {243 29ve-ectezt (e glot-C 28t
tov-oct e (tedrecoseerezt €900 zetezt Cetvdor-Co )t
€60 vor oy = (re)eree-sozezt SYoL-§0zE2t tergla=le* o)
€60 v01 st (1e)6z01°s02¢e21 S¥01°902€21 Cetedor-(6'c)ut
v50°85 oz - (62)cte9 s22c20 0659° 622621 (e*2lot=t6*2)u
¥50°95 £ = (#2)29¢6° 122621 $996° 122621 Ce*zdort-(ot*2z)ut
veooc €9 = (es)se59 vomeat 20v9°y98c21 e tjor-(or*t)ur
26 5 = (vs)2¢ee 009221 226€°009221 tor * t)or - ‘rlu
¥55°02 $°6 = (re)tsec oezeat 9527062621 (ot * 0 ot - te)
oSy oz - (£s)92v9-cvmitn sozecevsttt (et cd)e-(w'e)on
ztrese T - (s9)sv2¢ to6rrt srzectosrtt (vt 9)6-(s*9)or
eLeosz §°s (9c)9vs0 9wstrt 1090°9v611L 12230 ~19 3 )
9997991 e (62) ez sestne £966°6L6T1T (EEE A ER AR R
sttt 22 (or) 266" 500211 evsccs00ztt  (z*c)e- (e e)or
s s - (e2)vase 920211 61587920211 tectzre-tscz)on
creys LR (92)9680° 120211 zse0tzoztt (@ z)e-(6*z)or
82792 L& (e9)zecv-so9ztt 889y °509211 S R A R R
wor-92 veo- (55)s6v0"95vrLL 9r0°95¥IITT (e 1)e- (ot t)or
L18°9¢ L (ve)oczs szoz1t vszeiezoztt (6 o0)e-(or*o)ot
20t 1Ly vz - (95)2086° 659001 9846659001 tzters=-(e* e
25°05¢ L (ev)serz-2tco0t 6652° 210001 Leralid~Late)s
(uoyaeynsg pavpuenrs)
. ™/ pareinoLe Cac - %e
dahety [ETCERT TuM / Kauanbauy voryisueag
PanuiIueY [ 1avL

L5180qM0p-3 PAALOSALUN 40 B ddRLABAD 4O 858533 1) 41 u PAIA Ioy

(D) i,

(] 66 (9e)ozer-2zoc00t vt zseont fr*Sig+ 19 45)s
»0E €T e (92)61v9° 202001 0959° 282001 ts*v)e-0o vl
LT 0ot (scioz9y° 508000 02Lv° 508001 tgeels-(e*€de
¥56°08 g (92)ve80" vz8001 (e Zreg=-LEv2le
56705 ot (s2)s598° 6190010 L2y =La* 2%
00622 teg - (ts)Leee svetot 9EE SHELOL e p)es te*tnde
e §°01 - (rs)eety-trc00r £60¥" 11£001 (e*r)e-(6 1)
seen % (££)696v° 920001 st0s°e2800t (@' o) w-(6 06
ey (€3)ve60" 9cvén RERREFE LR EVY
990°Lv¢ (ov)9255° 2256w Pivany=cgrpdy
1®©e (€£)5€00° 89568 Vet stwtesde
(9z) 1201 50560 tv*vle=-ts*v)e

(92)veve-s0968 (s'cdeg~Lo*s)e

596 (vz)ocee-1zo6d LT R RS R R ]
(£2)9560° 01968 te*2¥e<te*ele

(6v)5280° 98006 gt siu=tec¥riw

(zs)czer-99ied (R R R R R 8 R

(re)szzesvzaen Cerole=te*Qde

€Sroeee (ze)tiey-zeew. frewle=itzsolg
e (o£) 6529 c9em A R LR R 3
00 LSt (JANBE RS TN
061°26 ¥ = 1050° 5099¢ (A SV ENE £ N
eve'se Lyt )=t g a1
sy (22)mts9 9tene (S ANBEEES A RN
(9r)ceve szons EEt ple=g®y 1L

(ev)rrez-tzos, GO I RO o i

(62)9550 " v2w) (KRECRE B GCET PR
0ot (e2)zeen eaney (IRt RttaresgzYe) §

0997551 n (12)5900"601s9 205" 68149 tz*pfs=lendy
‘o vor- (r2)octs vozes 9209°v0209 (eceds-to ey
ot ey LA toz)ats staey Leewstay e 2dg=Ce* 22
ot ey eez- (61)s589° w1209 v299 vizey Crv adg-ts2is
21075t ’e (19)9555° 59849 2655759509 (AR E Y AR K ]
306°v1 (ve)s02e° 51099 (el g=tanns
2093 s (92)t6s0° 12209 evacitey (s*ed)s-to e)y
26981 (91)9Esy 16655 (1*sd¥psta nis
oso" 98 (e1)stv0"v0095 Cadeghnsleceds
eczr (et)zezz cto9s (zrz)e-(cs*2z)s
sczty (ex)tezs ztoes tE*2de=Cr gy
PELEL (96)6056° v0s 95 (B8 §F A & A 8
(ae) w9t 0csss (SO 1S R R & F

(c2)wr69 21095 (St TR B B R |

(st)tzee cosry tEredesfaeghy

(rt)ress-otery te*20esta*adm

(vi)eerz-otens (FEEnT=(we g )y

w1t (629901 vo0sy (REERE- (=N
so9°tr (ze)esce vasey (e tdc-Cosxdy
ez (sv)ecze stavy tetolde-tv ol
€29°9¢ 50y (ruistee cosee RIRTIE CECFRF LB ENE
€29 L2 (rr)9tre cosee Y97 L09CE te*z) ez~ e EYE
50501 (R (£2)e9s2 easce prienee SEET AN EE E T
coror sz - (vz)szee-wevee t2¥piesedalie
e . - (st)9coc ti9ee tgegpdarecois
0sL°6 96 - (e)vsoe 26222 stezse (a2 gRe=125rg
€6 e - (st)cocz 2252z 22z zasee A SR RN EE TL
ve'o el = (ot)eco6" covzz 06" L0022 (F R PR RE LS §
000°0 (s)cves coztt (evgla={r rodn

(uoraeya9g pavpurss)
. porenae> parsasqo e ®e-(°"e
ammoy tuM 7 Kouanbasy yasueay

<4 S4AL-0 Byl 4O BUBIINOIYL O SUOLILTURAL (EUOIIEI0Y 21015 PunoY i :-<>.



M. Winnewisser and E. Schifer - Millimeter Wave Rotational Spectrum of H,C=C=S 487

H,C=C=S J=10-9

1

1“““"""\

) | .

-

|
nfeoo ' 950

Il
e T

' ' ' 12000 'MHz
K=5 K=3 K=0
K= 10 K:2
K=
s | L1l
0+ 5 ' : Re—o
1 "lv E : \:...;\
: . : %
21, 5 5 .'../_',
3t 5 P ;
e ! il
5-.: ,‘/
S
6+

é
RIGID ROTOR PATTERN#

Fig. 2. Observed spectrum of thioketene at 112 GHz with a typical K, pattern (K, represented by K). The center of the

K, = 1 and 2 transitions is indicated in the diagram.

had to be rejected. Several other measured transi-
tions were also rejected from the fit, indicating an
error in measurement or overlap with excited state
lines. The standard deviation of the least squares
analysis was obtained to be 16.5kHz, which cor-
responds to the assumed reproducibility of the
frequency measurements.

IV. Centrifugal Distortion Analysis

The centrifugal distortion analysis of the ob-
served rotational spectrum was performed using
Watson’s reduced Hamiltonian in the I” axis rep-
resentation [18]. As in previous papers on ketene
[3, 4], the A-reduced form of the Hamiltonian
operator with Rg=0 was used first to calculate the
rotational energy levels. Further refinement of the
distortion constants could not be achieved with this
form. The higher inertial symmetry of thioketene
made it necessary to use the S-reduced Hamiltonian
according to Watson, in which R; is zero. The
complete form of this operator with the constants
used is given below:

&= % (B+C)P24+[A— (B+C)/2]P2

_Dji)4_DJKi)2’iJz2 —DKi)z4+HJKﬁ4'P32
+Hx PP Ly PP 4 Sy, P2P S

+[(B-C)/4+d,1P? [P,2+P_?]

+dy P2-[P 44 P 4]
with

P.-P,+ip,.
i’, ﬁz, ﬁy, and I;z are the operators for the total
angular momentum and its components. The con-
stants A, B and C are Watson’s reduced rotational
constants in the /" axis representation. Only two
sextic constants have been used in our calculations.
In addition to the sextic terms we found it necessary
to add two higher order terms, Lg; and Sg;, in
order to fit the observed transitions with K, values
of 6 and 7. The reduced spectroscopic constants in
the I” axis representation are given in Table 2.

As was pointed out by Nemes and Winnewisser
[4], a-type rotational spectra of nearly symmetric
prolate rotors contain information about the dif-
ference (A4 —Dg), but not about A4 and Dg
separately. In order to obtain the best possible 4
constant the value of Dy was taken from ketene [3]
and was held fixed in the least squares analysis. The
uncertainty of Dg might cause a larger error of 4
than that calculated from the least squares analysis
and given in Table 2. The remaining rotational con-
stants and the quartic and sextic constants are well
determined. The octic constant Lg; is poorly
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Table 2. Spectroscopic parameters of thioketene for
Watson’s reduced Hamiltonian in the IT-axis representa-
tion@a.

A/MHz 286 655 (82)
B/MHz 5 659.47596 (72)
C/MHz 5 544.51269 (75)
D,/kHz 1.08569 (4)
Dyk/kHz 168.269 (77)
Dg/MHz 23.5 (fixed)
dy/Hz — 25.46 (68)
do/Hz — 5.21(35)
Hyk/Hz 0.716 (20)
Hys/Hz — 408.7 (73)
Lg,/Hz 0.65 (24)
Sks/Hz — 0.0533 (24)

a The standard deviation of the fit is 16.5 kHz for 125
equally weighted lines. Numbers in parentheses are
standard errors.

determined and the dectic constant Syk; shows that
the Hamiltonian is not converging properly. These
two constants therefore have to be considered only
as fitting parameters to allow the measured fre-
quencies of the K, =6 and K,=7 lines to be in-
cluded in the calculations. In order to complete the
distortion analysis, perpendicular rovibrational in-
frared transitions would have to be included.

Y. Dipole Moment

The electric dipole moment for thioketene was
determined from Stark effect measurements of the
2g9 <1y transition to be 1.01(3) D. This value
places thioketene between the homologues ketene,
with ©#=1.41D [3], and selenoketene with =
0.90D [9].

YI. Discussion

The reduced speciroscopic constants given in
Table 2 can be transformed to the so-called deter-
minable constants, A, B, €, Tooy Ty s Tees Ty and
T,, following the notation of Watson [18] and
Yamada and Winnewisser [23]. These constants are
invariant to a unitary transformation of the Hamil-
tonian and they are listed together with the derived
inertial moments and the 7-defect AT, in Table 3.
The errors of these parameters are estimated from
the standard deviations obtained in the least
squares analysis. The small value for the 7-defect
AT .. permits the application of any of the various

Table 3. Watson’s determinable constants and moments of
inertia for thioketene?,

A/MHz 286 655 (82)
B/MHz 5 659.64633 (80)
¢/MHz 5 544.68316 (83)
I,/pA20 1.76301 (50)
I/pA? 89.294625 (12)
Io/pA2 91.146056 (13)
AlpAzb 0.08842 (53)
Tqa/MHz — 23.66935 (8)
Tyy/kHz — 1.1470 (25)
Tec/kHz — 1.0452 (25)
71 /kHz — 171.495 (79)
Ty*/kHze — 4.2204 (34)
AT ¢c/Hzd 2.3 (73) undefined

a2 Numbers in parentheses are estimated errors on the
basis of the standard errors of Table 2.

PA=Io—Io—1Ip. € To*=To/(U+ B+EC)
4 AT e = Tee — (T2 — CT1)/(A + B).

planarity relations [23] in order to obtain the
complete set of derived quartic distortion constants
as was done in the case of ketene [4].

In the discussion of the previous section it was
shown that the addition of higher order terms in the
Hamiltonian was necessary to fit the K, =6 and
K, =7 transitions. However, the inclusion of these
terms did not prove useful in predicting the line
positions of the K, =8 lines, which could not be
found at the expected positions. Though their inten-
sities are rather low, we believe that the Hamiltonian
used is insufficient to allow good frequency predic-
tions outside the observed range of K, states. No
predictions for K,>7 lines were therefore in-
cluded in Table 1.

In a recent communication Yamada [24] has ex-
plained and analyzed the observed anomaly found
in the TRy and "Ry branches of the far infrared
spectrum of HNCO. An interaction between the
K,=6 and 7 levels in the ground vibrational state
and the K, =5 and 6 levels in the lowest excited
vibrational state is caused in HNCO by a centrifugal
distortion correction term in the Hamiltonian.
Although the K, energy levels in the ground vibra-
tional state of H,CCS are lower in energy
(A~30cm™ for HNCO, 9.5 cm™ for H,CCS), the
ratio of the rotational constant 4 to the energy of
the lowest bending mode is probably similar for
HNCO and H,CCS. Thus the lowest bending mode
of HyCCS can be expected to be involved in this type
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of resonance for some value of K, . The symmetry
selection rules are analogous in the two cases. The
network of Coriolis interactions in HNCO is similar
to that in H,CCO [5, 6] and therefore a correspond-
ing set of interactions can be expected in H,yCCS,
favoring an interaction with the ground state.
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