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Using the superheterodyne sub-millimetre spectrometer at the Micro- 
wave Laboratory of the University of Lille I, France some hitherto unavail- 
able pure ~otational translglons have been measured for the ketene molecule 
(CH~CO). The measurements were extended up to almost 800 GHz and contained 
a-t~pe /kK~=0 transitions. These new data were then used in eonjunction 
with cm- a~d mm-wave transitions reported in the literature, plus various 
ground-state combinatlon differences recalculated from ah earller high- 
resolution s study of ketene. Thls data set was used to re-derive 
ground state rotational constants for ketene both in the A and S reduction 
scheme of Watson. 

Introduetion 

Ketene is a falrly abundant molecule in interstel3ar space [l~ . 

Since the available milllmetre-wave data for this molecule is restricted to 

relatively low frequencies [2] , i.e. only up to 200 GHz, it has been con- 

sidered worthwhile to extend the measurements into the hlgh-frequency sub- 

millimetre-wave spectral range. Another motivation for these studies has 

been to cast the rotational and centrifugal distortion eonstants into the 

recent notation due to Watson [3~ �9 

Experimental 

Ketene gas was generated from liquid diketene (CH2CO) 2 in a flow 

system containing a quartz tube heated to about 600~ Diketene was first 

frozen out in a liquld N 2 trap while the spectrometer was pumped down. Then 

the sample was allowed to warm up in order to dlstil at a needle-valve 

controlled rate into the waveguide, wherefrom it was pumped away. Pure ketene 

could be produeed in this way in suffs quantities. 

The sub-ms163 speetrometer used in these studles was descrlbed by 

Burie et al [4] . To find the h~gh-frequeucy rotatlonal transitions their 

position was predicted using previously reported ground state constants 

(see: Johns et al [2] ). For this purpose a computer programme wrltten by 

Dr. Koichi Yamada was used. This procedure facilita~ed greatly the search 

fer the rlght ketene line. In the case of the Lille spectrometer this was 

particularly important since the super-heterodyne detection system applied 

resulted in very high sensltivlty. Once the transition was located its line 

parameters were measured bythe sephs data-proeesss software 
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developed at the Laboratoire de Spectroscopie Hertzienne in Lille. 

Analysis of the spectra 

T~e input data for the least-squares calculation of molecular constants 

consisted of three subsets: i. cm- and mm-wave lines given in ref. [2] , 

ii. the presently reported measurements of sub-mm-wave lines, and iii. com- 

bination differences recalculated from the b-type 97 infrared band frequen- 

cies in ref. [2]. The distribution of data amcng the three subsets is as 

follows: i.:52, ii.:82 and iii.: 278. 

The least-squares determination of the ground state rotational constant 

set was made partly in Lille and partly in Giessen, Justus-Lieb• 

West Germany. In Lille we have used a computer programme wri-tten by ~r. V. 

Typke, adapted to the local DPS8 computer. The Giessen calculations were 

carried out by another programme originally written by Dr.K. Yamada aud 

later modified by Dr. Brenda Winnewisser for the local computer at the Uni- 

versity of Giessen. Tn this paper only the Giessen calculati0ns shall be re- 

ported as they were made on the original Lille data set, but were carried 

out in both the A- (asymmetric top), and S- (symmetric top) reduction schemes 

of Watson [3] �9 

Ground state rotational constants of H2CCO 

A-reduction 

The following rotational Hamiltonian was used in the data fitting pro- 

cedure: 
~ .  ^ &  ^ 2 ~ 2  ~(A) ~2 + ~2 + CJ2 -Aj~ -AJK~ Jz - 

~rot = z x y 

(1) = A4~2 *6  + {j~6 +%~~ j~ +~~ j  + 

~2̂ 2 ~ 24 (DI +SŸ + ( 1 / 2 ) [ ~ 5 � 9 1  + ~5=~ Jz + K z '  + 
S-reduction 

In the S-reduction scheme the Hamiltonian is of the following form: 

~ ~ ~ ~ ~ ~2 ~4 ~(S)rot = ( A - ( B + C ) / 2 ) J ~  + ( , ( B + C ) / 2 ) J ~  - D j ~  - 

- ~ ~ ~ ~  % - ~Jz + H5s  + H - - ~ 4 2 2  + ~- - s  2 5 4  + 
oa~ z ~J z ( 2 )  

~4 -2 ~Ÿ + ~K~~ + ( ( ~ - 5 ) / 4  + dl~2 �9 ~1s ) ( J .  + § 

+ (d 2 + ~ 2 ~ 2 ) ( 5 ~  + ~4)  + h3(5  + + 

It is possible to relate the rotational cons~ants in the A- and S- 

reduction fcrms ( see: Table 8.16 in ref. [5] ). Such a comparison was 

performed amcng the least-squares determined A-reduction constants and those 

calculated from S-reduction constants using the relationships in ref. [5] . 

In addition to this the lea8t-squares errors were checked by error propaga- 

tion. It was found that the data in Table I and II satisfy such relations 
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within the calculated error limits. The only exception is ~JK that is sig- 

nificantly different from HjK although these constants are expected to be 

identical in the present coustraint: h2=h3=O. 

T~ble I 

Results of the A-reduction fit for 

H2CCO 

282198.0(71.3) MHz 
10293.913(19) MHz 

9915.245(19) MHz 
~j 3.3876(52) kHz 

AjK 468.73(27) kHz 

A K 30.1(4.6) MHz 

~j 0.1463(38) kHz 

~K 313.2(9.4) kHz 

~JK 3.73(21) Hz 

~KJ -0.9009(46) kHz 

Table II 

Results of the S-reduction fit 

for H2CCO 

�93211 272093.0(71.3) MHz 

(~+~)/2 10104.5791(33) MHz 

(~-£ 377.4150(27) MHz 

Dj 3.2790(42) kHz 

DjK 469.38(27) kHz 

D K 300.7(4.6) MHz 

HjK 3.26(21) Hz 

HKj -0.8994(46) kHz 

d l -O.1463(38) kHz 

d 2 -54.3(1.6) Hz 

The correlations among the A-reduction parameters and those fer the 

S-reduction parameters are significantly different. In the asymmetric top 

reductien the strongest correlations (~0.9) are between members of pairs: 

(~,~jK); (�93 ; (�93 and (~K,~Kj) whereas in the symmetric top reduction 

((~-~*),DK) ; ((~-~~),d2) and ((~-~),dl) , where ~* = (B+~)/2. 

Although a direct comparison to the results of Johns et al ~2] le not 

possible due to the different notations, it $e interesting to note that in 

the present S-reduction D K is significantly larger, whereas HjK ie signifi- 

cantly smaller than in ref.~2] . 

Further wo~k le in progress for the more accurate determination of the 
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ground state rotational constante. Dr. J.W.C. Johns and one of the present 

authors (L.N.) have recorded Doppler-limited resolution spectra of ketene 

in the spectral range 1100-350 cm -1 using ~he BOMEM DA3.002 FTIR spectro- 

meter at the Herzberg Institute of Astrophysics, National Research Council 

of Canada, Ottawa. New, highl~ dependable ground state combination differen- 

ces have already been derived from the rotational structure of the ~8 fun- 

damental and these have been used to extend the scope of the present work 

significantly ~6~ . 
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