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The pure rotational spectra in the ground vibrational state of (1,2-13C)ketene, H,13C=13CO,
(D2,1-13C)ketene, D,C=13CO, (D,,2-13C)ketene, D,13C=CO, and (D,,180)ketene, D,C=C180,
have been observed in the frequency region 200-350 GHz. All the spectral lines have been mea-
sured in natural abundances with a source modulated millimeterwave spectrometer.

From the measured R-branch transitions a set of rotational and centrifugal distortion constants for
each isotopomer could be derived, using the Watson S-reduction formalism. Further, the rotational
spectra of the two isotopomers (4,5-D)ketene, D,CCO, and (4-D)ketene, DHCCO, which were al-
ready measured several years ago, have been extended to higher J-values and higher frequencies, as
it is the case for all investigated isotopomers of this work. As a result of these studies a calculation of
a mass-dependent structure will be the topic of a next paper.
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1. Introduction

Ketene is significant as a simple asymmetric top
molecule for spectroscopy, theoretical chemistry and
reaction dynamics. Papers [1-3] contain recent re-
views summarizing much of the work of the last
55 years.

Few years ago, Watson et al. [4] presented a valuable
method, the ry-method, to relate the ground state and
the equilibrium moments of inertia of a molecule.

They analysed the up to that time observed moments
of inertia of six isotopic ketenes to obtain a corre-
sponding rm-structure, but due to the reduced number
of available isotopomers compared with the number of
parameters to be determined, they got values for pa-
rameters not completely satisfactory.

In the mean time the spectrum of the monosubsti-
tuted isotopic species in its ground vibrational state
has been subject to increasingly refined analysis [1],
and further the spectrum of (1’ O)ketene has also been
measured [5]. The present paper is concerned with
millimeterwave spectra of rare species containing (1,2-
13C)ketene, H,13C13CO, (D,,1-13C)ketene, D,C12CO,
(D2,2-13C)ketene, D,*3CCO and (D,,'®O)ketene,
D,CC!80.

To my knowledge no spectra of these last four iso-
topomers have been reported earlier. The observed
spectra are sufficient to supply also an acceptable value

for the rotational constant A in agreement with the
values obtained for all the other species investigated
hitherto.

2. Experimental

Ketene was prepared by vacuum pyrolysis of acetic
anhydride at 850 °C and perdeutereted ketene from dg-
acetone at 830 °C:

o
v
H,C—C H
\ 850 °C I
O - C=C=0 + H,C—=C
/ i. Vac. ~OH
H,C—C H
A\
e}
D,G D
N 830 °C \
c—O0 I Vac. /C—C—O + CD,
D.C D

After intermediate trapping of the by-product acetic
acid in one case and unreacted dg-acetone in the other
case by a dry ice cold trap, ketene was collected in
a trap held at liquid nitrogen temperature and puri-
fied through repeated distillations if necessary. Enough
(4-D)ketene for a spectrum analysis was also obtained
by the second reaction using partially deutereted ace-
tone.
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Fig. 1. Absorption submillimeterwave BWO-based spectrometer (Technische Fakultat der Universitét Kiel). List of used
devices: Istok BWO’s OB 30, OB 32, OB 53; PLL Synchronizer — Inst. Appl. Physics, Russ. Acad. Sci., Nizhnii Novgorod;
mixer with parabolic mirror — Inst. Appl. Physics, Russ. Acad. Sci., Nizhnii Novgorod; mixer 30 MHz IF — prepared in-
house; sextupler hp 83558A; sweep Generator hp 8690B (12 - 18 GHz); Schomandl FDS 30 Synchronizer; synthesizer PTS
1-500 MHz; GPS 166 for 10 MHz Standard; Converter 10 MHz to 8.58993459 MHz for driving the Philips PM 5193
Synthesizer; QMC InSb chip cooled down by a GMAT refrigerator of Quantum Technology; Lock-in Amplifier Stanford

Res. Instr. 510; data acquisition prepared in-house.

All measurements for the normal and the deuterated
species have been performed without any *3C and 180
isotopic enrichment.

The millimeterwave spectra have been recorded
using a PC-controlled spectrometer operating in the
source modulation mode with Istok BWO’s (backward
wave oscillator) as direct radiation sources. The free-
space absorption cell consisted of a 10-cm-diameter
glass tube, 4.20 m in length and capped at the ends
with Teflon collimating lenses. Low-noise detection
was achieved by use of an InSb bolometer cooled at
4.2 K by a cryocooler system of Quantum Technology
(see Fig. 1).

Measurements in the frequency range 200-
350 GHz were carried out at room temperature (27 °C)
at a pressure of about 1-3 Pa. With respect to the
weak intensity of the absorption lines and taking in
account that several lines are partially overlapped by
other strong lines of the ground state or excited vibra-
tional states, the accuracy of the frequency measure-
ments has been estimated to be +10 kHz for strong
lines and 4 20 kHz for week unperturbed lines.

3. Results of the Rotational Analysis

3.1. H,18c=13co

Due to the weakness of the spectrum (abundance
0.02%) the reported rotational lines of this isotopomer
have been identified using the rotational constants cal-
culated applying the mass dependence method of Wat-
son et al. [4,6,7] to the set of rotational constants of
seven known isotopomers [1, 5].

The lines were found within intervals of 3—4 MHz
with respect to the frequencies obtained using the cal-
culated constants.

Ka = 3 doublets at high frequencies, moreover, were
of great help for a correct identification of the lines.
Other lines with odd K, values and finally those with
even K, values — due to spin statistics the former are
three times as strong as the latter — have been added.
Through successive fits performed by use of Watson’s
S-reduced Hamiltonian [8,9] in the 1" representation
(with an asymmetry parameter of x = —0.997 ketene
is very near to the prolate top limit) several lines up to
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Table 1a. Selection of measured transition frequencies for the
isotopomer Ho13C13CO.

No. J Ki Ko J K& K foos (MHZ) fo_c (kH2)
1 11 0 11 10 0 10 215154.799 —30
2 11 1 10 10 1 9 217147.388 22
3 11 3 8 10 3 7 215150.905 87
4 11 5 6 10 5 5 214978519 -4
5 11 7 4 10 7 3 214711475 56
6 12 0 12 11 0 11 234695134 27
7 12 1 11 11 1 10 236880444 -9
8 12 1 12 11 1 11 232636972 -6
9 12 2 10 11 2 9 234832871 -70

10 12 2 11 11 2 10 234735039 ~16
11 12 3 10 11 3 9 234708228 1
12 12 3 9 11 3 8 234708636 -1
13 12 4 8 11 4 7 234624.605 45
14 13 2 12 12 2 11 254289.263 9
15 13 3 10 12 3 9 254266.152 36
16 13 3 11 12 3 10 254265511 9
17 13 4 9 12 4 8 254173.888 6
18 13 5 8 12 5 7 254059.463 0
19 14 0 14 13 0 13 273760.187 —32
20 14 1 13 13 1 12 276340474 -5
21 15 4 11 14 4 10 293270.488 —25
22 15 5 10 14 5 9 293137.347 —23
23 15 7 8 14 7 7 292771813 24
24 16 0 16 15 0 15 312802.030 23
25 16 1 15 15 1 14 315791170 10
26 16 1 16 15 1 15 310136.293 —19
27 16 2 14 15 2 13 313173.658 45
28 16 3 14 15 3 13 312934559 7
29 17 1 16 16 1 15 335512526 -35
30 17 2 15 16 2 14 332766.622 11

The standard deviation of the complete least squares fit of 86 transi-
tion frequencies is 30 kHz. A complete list of all measured transition
frequencies is available under the number TNA 41 at the central li-
brary of the University of Kiel or at the Sektion fiir Spektren und
Strukturdokumentation, University of Ulm (Germany).

Ka = 7 could be identified. Like in the case of the pa-
pers [1, 5, 10], increasing deviations from the predicted
frequencies occurred for higher K5 values. Thus only
lines up to Ka max = 7 were included in the fit. Table 1a
gives a selection of measured transitions, and Table 1b
reports the obtained parameters with the corresponding
correlation matrix of the least squares fit. A complete
list of all measured transition frequencies is deposited
under the number TNA 41 at the central library of the
University of Kiel. It is also available upon request
from the Sektion fiir Spektren und Strukturdokumen-
tation, University of Ulm (Germany).

The reported molecular parameters of Table 1b are
considered to give a reliable description of the ro-
tational spectrum in the vibrational ground state of
H,t3c=t3co.

Because of the C,, symmetry of the molecule, only
a-type transitions, AK; = 0, could be observed. Thus

Table 1b. Rotational constants, centrifugal distortion constants and correlation coefficients of the least squares fit analysis of 86 transitions of H,13C13CO. Standard

deviation is 30 kHz. Values labelled with * are not determinable; they are fixed to that of the main isotopomer as given in [10].

<
< —
X
ar
3
~
I~ — 3
=} M)
- T
©
x S »
X o @
T T9
[ se =)
0 OO
> - © © ®
2 NS
I OOIO
N O M
S5 8
S AR
ooc|>c>
|
™~ ©o s
TN~ 0 ©
AN AN O
S ©9o 999
oooolc‘>
|
NI~ M
O oS ® O
> AT NN D
~ O i~
[a] coocococo
| [
ONdd O ©
~NANOMAS M
o ANNO MY N
A DS ®N S0 o
oooooclao
©OON~DNN M
DOMDO ST OO D
HON AN OO
o MN2O NN S
ococoococococoo
I
O~ OO MmO LW
OANTOWONONO
AONOOTdT N O ©®
o NMNAdOo AA S
C|>ooo‘c>oocl>c‘>
NOCODN O - ©<
NONSONDONT L ©
ANODOI0ST Ao ©©N
<'eoqadNo~NT A0
o?oooooooo
I I
x¥§§
- X 3%53%
<mooQsSITITr D
S e
— —~
JANSS, Rk § &
N AN xS AN N~ LD
=338 o I I =X =
SBLBIFIINSINSNTII L
MOV ISR B T O
C |l 0o 1 ™S © N
SN~ BdN T35 s d
Bl o g9 oo|<'\l'-D =5
SN o™ [ ‘
S| oo
(<)
T
%)
c
8l\ll\ll\l
N N
EIII%E%E%NNNNII
SSSSxxxxxTITTITEE
S XXX &8 &
« X
ox XE T X
N4 a5 X - X
S5 B35 3%
<OOONOAQOTOTIIITI

621



622

Table 1c. Constants of the H,13C13CO isotopomer compared
with 13C monosubstituted isotopomers.

Parameter H,13c13co H,Cc13co H,13cco?
A IMHz  282031(22)  282037(26)  282044(14)
B /MHz 9960.8650(25) 10293.6281(11) 9960.9799(6)
c /MHz  9607.0550(27) 9916.2102(11) 9607.1413(6)
D; kHz  3.0881(21) 3.272(2) 3.0903(12)
Dk [KHz ~ 451.12(11)  477.53(14)  452.11(8)
Dk /kHz 22840* 22840* 22840*
d kKHz ~ —01331(27) -0.1467(14) —0.13297(57)
d /kHz ~ —0.0509(11)  -0.0589(14) —0.04872(57)
Hjig [ Hz —0.00204* -0.00204* —0.00204*
Huk  /Hz 2.07(23) 1.77(25) 2.29(14)
Heo  /Hz  —506.9(42)  —537.4(52)  —489.1(28)
Hkkk [ Hz 5230* 5230* 5230*
Likk  /mHz  18.7(47) 29.2(53) 14.0(28)
Likkk  /mHz ~ —3545(53)  —3930(60)  —3224(34)
OFit /kHz 30 46 25

No. of lines fitted 86 141 132

* Not determinable. Value fixed to that of the main isotopomer
H,CCO as given in [10]. @ Data of [1].

the purely K-dependent centrifugal distortion con-
stants Dk and Hgkk were fixed to the corresponding
H,C=CO values [10]. The value of the D constant has
not been adjusted in dependence of the mass change of
the isotopomers because this change would have been
within the given uncertainty. Together with Hkkk, also
the very small Hy3; centrifugal distortion constant has
been held fixed to the value of [10]; further two oc-
tic constants, Lyjkk and Ljkkk, were included in the
fit, as it has been done for all isotopomers [1,5]. The
value obtained for the rotational constant A is compa-
rable with the values obtained for the main and other
isotopomers [1, 5].

For the presently investigated isotopomer, the least
squares fit has been carried out using 86 transitions
of the type AJ = 1, AKz = 0 with a resulting stan-
dard deviation of 30 kHz. A few lines with a least
squares fit deviation larger than one standard devia-
tion but smaller than three standard deviations have
been nevertheless included in the complete list: their
frequency measurements were influenced by the close-
ness of other strong lines.

In Table 1c the resulting data are reported in
comparison with those of the monosubstituted 13C-
isotopomers of investigation [1].

3.2. D,¥c=Co0, D,C=13C0 and D,C=C!80

The reported rotational lines of these three iso-
topomers have been first calculated with rotational
constants obtained by the rp,-program, as in the preced-
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ing case, but using now the set of 8 known isotopomers
and adding then each time the constants of the newly
assigned one. The natural abundance of these species
in the prepared D,C=CO is 1% for both '3C iso-
topomers and 0.2 % for the 80 isotopomer. The dif-
ferences between observed and predicted values of the
transition frequencies were in the range of about 1 to
3 MHz, thus confirming the reliability of the rp,-para-
meters for a prediction of the spectrum of isotopically
substituted species with low abundance [4].

Like in (4,5-D)ketene [11] it is possible, by these
isotopomers, to consider in the fit also lines with K5 =
8 or 9 without having deviations due to coupling with
low excited vibrational states through a centrifugal dis-
tortion resonance with high K5 [12]. Due to the Cyy
symmetry of the molecule and the measurements of
only a-type lines, AK;=0, purely K-dependent centrifu-
gal distortion constants Dk and Hkkk could not be de-
termined and were fixed to the value of Ak and Hkkk
published in [13], knowing that the difference between
Dk and Ak is negligible [14]. Also for Hj3; the ab ini-
tio value given in [3] for D,C=CO has been used. For
each of these species a set of more than 100 transitions
for each isotopomer in the range 200—-340 GHz has
been employed for the least squares analysis.

Tables 2a, 3a and 4a report a selection of measured
transition frequencies while the complete lists can be
requested from the central library of the University
of Kiel under the number TNA 41 or at the Sektion
fuir Spektren und Strukturdokumentation, University of
Ulm (Germany).

Tables 2b, 3b and 4b report the results of the least
squares fit with the corresponding standard deviations
and correlation matrices.

3.3. D,C=CO and DHC=CO

The spectra of these two isotopomers have been
investigated and measured several years ago in the
millimeterwave range by L. Nemes and M. Win-
newisser [11]. In addition to several Q-branch fre-
quencies (AJ = 0, AKy = 0), they reported R-branch
(AJ =1, AK = 0) transition frequencies up to J = 10,
but because all the presently investigated isotopomers
have been measured up to higher J-values and higher
frequencies, the spectra of these two isotopomers have
been supplemented with higher J-values in order to
have comparable spectral informations for the least
squares fit.
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Table 2a. Selection of measured transition frequencies for the
isotopomer D,13CCO.

No. J Ki Ko J K& K foos (MHZ) fo_c (kH2)
1 11 2 10 10 2 9 189547.654 —10
2 11 2 9 10 2 8 189908.343 -5
3 11 3 9 10 3 8 189616.132 1
4 11 3 8 10 3 7 189620.133 -1
5 11 4 8 10 4 7 189548618 18
6 12 2 11 11 2 10 206764.129 -5
7 12 3 9 11 3 8 206866.166 8
8 12 3 10 11 3 9 206859.930 -3
9 12 4 8 11 4 7 206782776 —21

10 13 0 13 12 0 12 223506.642 -2
11 13 1 12 12 1 11 227455443 —14
12 13 1 13 12 1 12 220440.099 15
13 13 2 12 12 2 11 223976.646 ~13
14 13 3 10 12 3 9 224114425 -5
15 13 3 11 12 3 10 224105.089 -5
16 13 4 10 12 4 9 224017.587 14
17 14 4 11 13 4 10 241253117 43
18 14 5 10 13 5 9 241155001 -4
19 14 5 9 13 5 8 241155001 -4
20 14 6 9 13 6 8 241047.450 -5
210 14 6 8 13 6 7 241047.450 -5
22 14 7 8 13 7 7 240924.99 2
23 14 7 7 13 7 6 240924.9% 2
24 18 3 16 17 3 15 310351765 -6
25 18 3 15 17 3 14 310399.854 8
26 18 4 15 17 4 14 310203.019 -1
27 18 4 14 17 4 13 310203581 -2
28 19 2 18 18 2 17 327150.714 —10
29 19 2 17 18 2 16 328971763 26
30 19 3 17 18 3 16 327605.08 —12
31 19 3 16 18 3 15 327668.129 -6
32 19 7 13 18 7 12 326959.123 —12
33 19 8 12 18 8 11 326765.275 0

The standard deviation of the complete least squares fit of 131 transi-
tion frequencies is 22 kHz. A complete list of all measured transition
frequencies is available under the number TNA 41 at the central li-
brary of the University of Kiel or at the Sektion fiir Spektren und
Strukturdokumentation, University of Ulm (Germany).

Tables 5a and 6a give a selection of the transitions
measured for extending the frequency range of these
two isotopomers while the complete list of lines in-
cluding those measured in [11], are deposited in the
central library of the University of Kiel under the num-
ber TNA 41 and can be requested as in the preceding
cases.

The fit of all the available transition frequencies has
been performed using the Watson S-reduction centrifu-
gal distortion program [8, 9] up to the 8th order. Also
in the case of D,C=CO the same values for D, Hkkk,
and Hjj; have been used as it was made for the pre-
ceding considered perdeuterated isotopomers. In the
case of DHC=CO the value of Dk has been taken
from [15], and the values for Hxkk and Hj33 were fixed

Table 2b. Rotational constants, centrifugal distortion constants and correlation coefficients of the least squares fit analysis of 131 transitions for D,13CCO. Standard

deviation is 22 kHz. Values labelled with * are not determinable they are fixed to that of the D,CCO species as given in text.
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Table 3a. Selection of measured transition frequencies forthe o ¥ .
isotopomer D,C13CO. s |5
No. J Ka Ko 7 Ki K& foos (MHZ) foo(kHD) & o
1 12 0 12 11 0 11 211514844 -1 o < o8
2 12 1 11 11 1 10 215300818 -2 o |z <
3 12 2 11 11 2 10 211921.499 -10 D
4 12 3 9 11 3 8 212036956 -5 & 48
5 12 3 10 11 3 9 212029736 15 s | Ry
6 12 4 9 11 4 8 211948122 24 o [T <9<
7 12 5 8 11 5 7 211864.354 -8 S
8 12 6 7 11 6 6 211770.399 -10 3 y 8583
9 12 7 6 11 7 5 211662300 —4 8 |3 <958
0 12 8 4 11 8 3 211538.004 27 = F ege
1 13 0 13 12 0 12 229040.847 —17 S
12013 1 13 12 1 12 225844.302 15 5 % L2858
13 13 1 12 12 1 11 233212832 23 ol |8 2dd9
14 13 2 12 12 2 11 229562.086 —12 2& T
15 13 2 11 12 2 10 230219.146 —26 ] o
16 13 3 11 12 3 10 229706473 -3l S-2 SeB8S
' EQ s —“S5888
7 13 3 10 12 3 9 229717.355 -6 —a S g2e28
18 15 0 15 14 0 14 264021587 7 £ T
19 15 1 15 14 1 14 260522940 -4 29 o
20 15 1 14 14 1 13 269013.766 -8 2 |« “33BSET
20 15 2 14 14 2 13 264828.863 —4 g0 |o 225253
2 15 2 13 14 2 12 265834.140 9 <3 b b
23 15 3 13 14 3 12 265064.735 16 s A& RS
24 15 3 12 14 3 11 265087.090 16 o |o “BBBNSIS
£ |a DONNADMS
25 17 0 17 16 O 16 298898.779 —20 f’é = coocococoo
26 17 1 17 16 1 16 295174.942 —6 29 | ‘
27 17 1 16 16 1 15 304779.321 -8 g SeaNNRESg
28 17 2 16 16 2 15 300074.056 4 22 lo 33583538
29 17 2 15 16 2 14 301526.037 -3 °5 ScScoses
30 18 0 18 17 0 17 316296.122 4 S X
= oy—
31 18 1 18 17 1 17 312490.189 -8 S gr8IsRys
32 18 1 17 17 1 16 322646.963 12 £ m| "88IS53IZLS
33 18 2 16 17 2 15 319403.89 -35 8 E‘ Fece99eegg
34 19 0 19 18 0 18 333665.025 7 =k
T_h_e standard dgvia_tion of the complete Iea_st squares fit on 102 tran- 2% . N g g ILYLIILITS
s_|t|on frequer!me_s is 3:_% kHz. A complete list of all measured transi- g c < I3 ASIBIKAE
tion frequencies is available under the number TNA 41 at the central @ £ o C" o C" Cr oo C" C" o
library of the University of Kiel or at the Sektion fiir Spektren und 8 &
Strukturdokumentation, University of Ulm (Germany). g 3
g8 .
- X
to the mean values of the two isotopomers H,C=CO g o ™ $¥xY
and D,C=CO. g* <00 AsSTLI
. =
The results of the least squares fit procedure are re- §’§
ported in Tables 5b and 6b, together with the corre-  £3 | o5 . &
- - . . . 2 = N =~ —_
sponding correlation matrix, the standard deviationand 8% | 2SS 2+« 9S8 52 =5
i -0 SosmFamed8dagsnde
the number of transitions used. L8 I3 9RB5NIETSSS
S SRS a¥alNTdceNeZ
S D [SIJ oA N 1 ~ ~
BS[SEZB~R e TYT T
= o O
4. Conclusions SsS |8
TN |
. . EL |
Table 7 gives the vqlues of the rotatlonal_ con_stants o gy NN NENNN R
together with the inertial moments and the inertia de- s ®SSSZzxxxxxIITIIEE
fect for all the ketene isotopomers so far investigated. S S
. . . o .=
The data reported for the mother species, writtenin =~ o & g axx¥¥y
- - . - n D X
italics, are only given for comparison because theyre- 228 | <m0 SAESSTET T 55
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Table 4a. Selection of measured transitions frequencies for
the isotopomer D,CC!80.

No. J Ka Ko J K& K fops (MHZ) fo_c (kH2)
T 12 2 10 11 2 9 201572.257 13
2 12 3 9 11 3 8 201242297 31
3 12 3 10 11 3 9 201237.029 25
4 13 0 13 12 0 12 217480.836 —13
5 13 1 12 12 1 11 221196.386 —10
6 13 2 11 12 2 10 218432321 -6
7 14 1 14 13 1 13 231033635 -5
8 14 1 13 13 1 12 238183.075 -6
9 14 2 12 13 2 11 235306.879 —15

10 14 2 13 13 2 12 234642.69 -2
11 14 3 12 13 3 11 234789.769 4
12 14 3 11 13 3 10 234801.256 18
13 14 0 14 13 0 13 234115630 —14
14 15 0 15 14 0 14 250730.117 —11
15 15 1 14 14 1 13 255163.166 —13
16 15 2 14 14 2 13 251381346 3
17 15 2 13 14 2 12 252196.795 12
18 15 3 13 14 3 12 251567.968 —44
19 15 3 12 14 3 11 251584.227 -33
20 16 0 16 15 0 15 267323201 -9
2116 1 16 15 1 15 263976.159 5
22 16 1 15 15 1 14 272136138 17
23 16 2 15 15 2 14 268115530 —15
24 16 2 14 15 2 13 269102.754 26
25 16 3 14 15 3 13 268347522 15
26 17 4 14 16 4 13 285002.137 8
27 17 4 13 16 4 12 285002.431 2
28 17 5 13 16 5 12 284880.721 —43
29 17 6 12 16 6 11 284752.389 3
30 17 7 11 16 7 10 284608.562 -6
31 17 8 10 16 8 9 284445369 8
32 20 0 20 19 0 19 333464.293 -7
33 20 1 20 19 1 19 329789.429 4
34 20 2 19 19 2 18 335002.010 -6
35 20 2 18 19 2 17 336897.100 64

The standard deviation of the complete least squares fit of 115 transi-
tion frequencies is 29 kHz. A complete list of all measured transition
frequencies is available under the number TNA 41 at the central li-
brary of the University Kiel or at the Sektion fiir Spektren und Struk-
turdokumentation, University of Ulm (Germany).

sult from an IR + MW combined fit [10]. All other
data are the result of a pure rotational spectrum investi-
gation.

It can be seen that the values for the constant A
of the six hydrogenated isotopic species are now all
contained in a range of 36 MHz with a mean value
of 282,036 MHz and therefore practically of a simi-
lar value for all the investigated isotopomers. The de-
termination uncertainty is due to measurements of the
only allowed pa-spectrum and to the changed mass of
the substituted isotopomer. This fact is also apparent
for the four perdeutereted isotopomers with C,, sym-
metry, where the variability range reduces to 8 MHz
in agreement with the smaller oscillation amplitude of

Table 4b. Rotational constants, centrifugal distortion constants and correlation coefficients of the least squares fit analysis of 115 transitions of D,CC80. Standard

deviation is 29 kHz. Values labelled with * are not determinable; they are fixed to that of the D,CCO species as given in text.
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Table 5a. Selection of transition frequencies of the iso- B g .
topomer D,CCO measured in this investigation. 3 X
c
No. J Ka Ko J Ki K fops (MHZ) foc(kHz) & .
1 12 0 12 11 0 11 211545992 29 5 |E -3
2 12 1 11 11 1 10 215333.278 -16 o |3 S
3 12 2 10 11 2 9 212470447 -6 % ‘
4 12 2 11 11 2 10 211952.834 14 2 5o
5 13 0 13 12 0 12 229074.506 -9 ° < 3L
6 13 2 12 12 2 11 229596.001 -6 s T S
7 13 2 11 12 2 10 230253.499 1 =
8 13 3 11 12 3 10 229740.433 3 g o=
9 13 3 10 12 3 9 229751.301 3 5 = ‘333
10 13 4 10 12 4 9 229647615 31 = | °ege
1 13 4 9 12 4 8 229647615 -37 N
12 13 6 8 12 6 7 229451.060 -1 ° S8i83
13 13 7 7 12 7 6 229333.080 -13 G TSNS ®
14 13 8 6 12 8 5 229197.972 -8 = e
15 13 9 5 12 9 4 229044.108 9 s o © o
16 15 0 15 14 0 14 264060.244 -13 2% LNSB88%
17 15 1 15 14 1 14 260560.623 -22 g2 |15 22292
18 15 1 14 14 1 13 269054.296 —28 S T \
19 15 2 14 14 2 13 264867.982 15 ge Soenzg
20 15 2 13 14 2 12 265873.866 -3 735 |y ~§9358¢
22 15 3 12 14 3 11 265126.274 15 @F | o
23 15 4 12 14 4 11 264986811 117 B> o 10 % o < ot
24 15 4 11 14 4 10 264986.811 -72 ogc | BB § 3
25 19 0 19 18 0 18 333713.550 -5 2g P 228588
26 19 1 19 18 1 18 329845572 25 23 ! !
27 19 1 18 18 1 17 340554.631 -23 E & NN OO N O
28 19 2 18 18 2 17 335344.258 -13 e |, ~SE38S3808g
29 19 2 17 18 2 16 337352.344 -1 c o Soooocooo
30 19 3 17 18 3 16 335848.900 4 S ! b
31 19 3 16 18 3 15 335922.273 10 % e Yoy Rgy
32 19 4 16 18 4 15 335676.406 -1 £ “FYBENNSTS
- 58 |m NOOAOWL Y TN
33 19 4 15 18 4 14 335677.458 30 o g SScgSoSgo
The standard deviation of the complete least squares fit of 183 transi- _c% IS
tion frequencies is 27 kHz. A complete list of all measured transition ¢ & g g & % § N § % S
frequencies is available under the number TNA 41 at the central li- §° |<|[7 & = 999859898
brary of the University of Kiel or at the Sektion fir Spektren und @ 2 egegeege
Strukturdokumentation, University of Ulm (Germany). S
[3+
. . _ L
deuterium. The derived rotational constants given in £ £ L x¥¥
Table 7 represent now, with the new investigated iso- 2 E <noSdssPERS
topomers, a group of eleven sets of data, which will 5=
be the basis for a mass-dependent structure calcula- 38
tion after Watson et al. [4] in a following paper. Due & 8 ggg&\a ST, & =
to the definition of an ry-structure, a good agreement 83 | NIR LSSk 5985, 83
ith the ab initi ] f . b 5> LA Somwa2R
with the ab initio re-structure of paper [3] is now tobe £ 7. 5828558332838
expected, reflecting the increased number of available £ (B3 S8 N So Tam o i
- c
rotational constants. sy BT o=
5.2 |9
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Table 6a. Selection of transition frequencies of the iso- g .
topomer DHCCO measured in this investigation. § f’
No. J Ka Ko T Ki K& foos (MHZ) foo(kH2) & o
T 12 0 12 11 0 11 225581294 -1 o |E -3
2 12 1 12 11 1 11 222936.522 —24 Q |7 b
3 12 1 11 11 1 10 228600.345 7 8
4 12 2 11 11 2 10 225767.935 —11 &) =N
5 12 2 10 11 2 9 226025.242 12 kS < —33
6 13 1 13 12 1 12 241499.152 —4 2 T S
7 13 1 12 12 1 11 247633.465 -8 2
8 13 2 12 12 2 11 244570.010 38 2 8
9 13 2 11 12 2 10 244897.165 -2 g = <383
10 13 3 11 12 3 10 244620.361 23 |F °99
1 13 3 10 12 3 9 244623539 -1 —
12 13 4 10 12 4 9 244541841 24 S 2333
13 15 0 15 14 0 14 281780.467 6 2 s <9835
14 15 1 15 14 1 14 278613.289 7 = °eee
15 15 1 14 14 1 13 285686932 3 S o oo oo
6 15 2 14 14 2 13 282165.200 9 £ . LSNRBgS
17 15 2 13 14 2 12 282667.453 —-29 a8 S Ngg29
18 15 3 13 14 3 12 282258556 -6 s [ T
19 15 3 12 14 3 11 282265.153 -3 S O ® b oo~
20 15 4 12 14 4 11 282162.067 1 28 | L28832y
20 15 4 11 14 4 10 282162.067 -22 Sc o sSsS258
2 15 5 11 14 5 10 282058120 7 <5 I I
23 15 6 10 14 6 9 281938.087 —22 £.2 N o oo
24 15 7 9 14 7 8 281797.484 19 S o | I3 RB8SBS
25 17 0 17 16 0 16 319177.003 14 23 P SSooSda
26 17 1 17 16 1 16 315711.039 21 TS F
27 17 1 16 16 1 15 323720925 -25 g2 SRREIT O
28 17 2 16 16 2 15 319747.179 7 2 g O “3I58398%8mR8
29 17 2 15 16 2 14 320476.799 18 (S SoScocSooo
30 17 3 15 16 3 14 319898.065 -3 5¢ ! b
31 17 3 14 16 3 13 319910455 4 8% R
32 17 4 14 16 4 13 319781615 1 €8 |n| " X8LEI8BIZR
33 17 4 13 16 4 12 319781615 —-70 S SSococScos
34 17 5 13 16 5 12 319659.820 5 =k
35 17 6 12 16 6 11 319521789 9 ] LI IEERIS L
3 17 7 11 16 7 10 319361.288 27 = § <7888 33YIISH
The standard deviation of the complete least squares fit of 159 transi- % IS T9°9I°eeg]°
tion frequencies is 23 kHz. A complete list of all measured transition g &
frequencies is available under the number TNA 41 at the central li- < -3
brary of the University of Kiel or at the Sektion fir Spektren und -2 & ¢ ¥
Strukturdokumentation, University of Ulm (Germany). § g X XY ¥
23 <000 TSITID
the Technical Faculty, which gave the necessary assis- gfg
tance. Further | would like to thank Prof. H. Dreizler, g B o
Kiel and Dr. L. Nemes, Budapest for readingandcom- €8 | @3fca, §85 & &
menting the manuscript. CE | EEe5S8ua8 83588
L8 el@eRFIRE8IcYES
c— 9IRS FINYBES IR 2 b
P BISXoRIS3TNT " ¥
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Table 7. Derived rotational constants (in MHz), moments of inertia and inertia defects (in amu Az) for 11 isotopomers of
ketene.

Isotopomer A B C la Ip le A
H,CCO? 282101.185(409) 10293.32117(80) 9915.90548(82) 1.7914813(27) 49.0977597(43) 50.9665013(42) 0.077260
H,CccoP 282032(22) 10293.31963(81) 9915.90393(80)  1.79192(14)  49.0977759(34) 50.9665184(41) 0.076821
H,C13coP 282037(26) 10293.6281(11)  9916.2102(11)  1.79189(16)  49.0963045(52) 50.9649442(56) 0.076750
H,13ccob 282044(14) 9960.97994(61)  9607.14130(60)  1.79184(10)  50.7358817(31) 52.6045245(33) 0.076798
H,CC8QP 282002(22) 9761.23954(92)  9421.12530(92)  1.79211(17)  51.7740701(51) 53.6431778(52) 0.076996
H,CCl70° 282072(22) 10013.4764(28)  9655.9118(24)  1.79167(14)  50.469895(15)  52.338827(14)  0.077265
H,13c13cod 282031(22) 9960.8654(27)  9607.0546(28)  1.79193(14)  50.736465(14)  52.604999(15)  0.076607
D,CCO%* 141490.52(88)  9120.83101(34) 8552.70127(35) 3.571823(22) 55.4093261(21) 59.0899898(24) 0.108849
D,3ccod 141483.7(10) 8890.4753(17)  8349.8413(15)  3.571995(25)  56.845004(11)  60.525593(11)  0.108595
D,CBcod 141484.0(14) 0119.4284(24)  8551.4841(23) 3.571988(35)  55.417848(15)  59.098408(16) 0.108572
D,Cc8od 141490.0(13) 8641.8429(21)  8130.0534(21)  3.571836(33)  58.480478(14)  62.161843(16) 0.109529
DHCCO%e 194285.8(33)  9647.06578(44) 9174.64485(45)  2.601214(44) 52.3868201(25) 55.0843230(27) 0.096288

2 [10]. Data, reported for comparison, are results of IR -+ MW fit;? [1]; ¢ [5]; 9 this work; & [11]. The coefficient 505379.1 MHz-amu-A2 has

been used for the conversion.
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