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Ferguson analysed the microwave spectrum of thionyl
fluoride and obtained the structure and dipole moment
of the molecule.’ Assignment of the spectral lines
was so made that the low J R-branch lines fit the fre-
quencies calculated from the rigid molecular model.
The reported frequencies, however, do not coincide
with the calculated values in a high J range. The
larger the J value, the greater the deviation; e. g.,
for the line 12y4<12y, the deviation is as large as
11.44 MHz. The centrifugal distortion effect is ex-
pected to account for the deviation. In this paper
we report on several series of Q-branches newly
observed for the normal species 32S'®OWYF,, and the
analyses of the spectrum taking into account the cen-
trifugal distortion effect.

Thionyl fluoride was synthesized by the reaction
of thionyl chloride with antimony(III) fluoride.?
Conventional microwave spectrometers were used with
100 kHz Stark modulation. The sample pressure was
0.01—0.015 mmHg and the spectrum was observed
at dry ice and room temperatures. The frequency
range observed was 8.0—36.0 GHz.

The observed transition frequencies are given in
Table 1. Spectral analysis was made on the basis
of Watson’s formula for the centrifugal distortion ef-
fect.¥ Thionyl fluoride molecule has C, symmetry.
It may therefore be inappropriate to account for the

1) R. C. Ferguson, J. Amer. Chem. Soc., 76, 850 (1954).
2) H. Booth and F. C. Mericola, ibid., 62, 640 (1940).
3) J. K. G. Watson, J. Chem. Phys., 45, 1360 (1966).

observed deviations by considering the first order per-
turbation terms only. However, it can be seen from
the table that the deviation of observed frequencies
from the calculated ones obtained by the least squares
fit with Watson’s formula is very small throughout,
and the higher order terms were therefore neglected.

The transition frequencies calculated from the rigid
rotor model with the rotational constants given by
Ferguson were the first reference to the assignment
of the observed lines. However, deviations of the
observed frequencies were apparent from the rigid
rotor model frequencies. It was worthwhile to divide
the lines into several series, each having a specific
set of K_; and K,, (Table 1). The observed fre-
quencies in a series, when appropriately assigned,
showed a regular variation of the deviation with chang-
ing J value, which greatly helped in obtaining the
final assignment. The assigned lines were used for
the least squares fit of transition frequency. This
process was continued until most of the observed fre-
quencies coincide with the calculated ones, the cen-
trifugal corrections also being shown in Table 1.

The effective rotational constants and centrifugal
distortion coefficients thus obtained are shown in
Table 2, together with the rotational constants given
by Ferguson.

In our assignments of many spectral lines, taking
into account the centrifugal distortion effect, we found
some misassignments made by Ferguson. Examples
are given in Fig. 1, where the spectra (a) observed,
(b) calculated for a model with centrifugal distortion
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TABLE 1. OBSERVED TRANSITION FREQUENGIES AND Table 1. continued.
CENTRIFUGAL DISTORTION EFFECT (IN MHz) - >
Transition Vobsa® Vobsd —Vealed Centrifugal
s Centrifugal® correction
Transition Vobsa®’ Vobsd — Vealed correction T < Jrous
* 150 < Ogo 16971.72 0.00 —0.04 Tss <« g4 24656 .04 0.11 —4.11
¥ 21 <« 1y 33685 .48 0.04 —0.40 8¢ <« 84 24642.56 0.11 —5.32
¥ 250 «— 1y 33957.30 —0.01 —0.30 9.5 <« 954 24645.68 0.06 —6.52
* 2y « 1y 34201.06 —0.04 —0.13 10g; <10g, 24682.38 —0.04 —17.69
2o 1y 30023.61 0.02 —0.45 * Transitions observed by Ferguson.
¥ 3p3 «— 2y 33254.98 —0.39 —0.26 a) Experimental uncertainty in frequency measurement;
¥ 35 «— 2y 33242.12 0.39 —0.29 +0.05 MHz.
b) v(caled for rigid model)—v(caled for model with centri-
Jr~11 <« Jo-1.2 fugal distortion effect).
2 < 25 10211.78 —0.10 —0.40
30« 3 9833.88 —0.10 —0.81 TABLE 2. EFFECTIVE ROTATIONAL CONSTANTS, ASYMMETRY
431 < 4 9336.83 0.00 —1.26 PARAMETER, AND CENTRIFUGAL DISTORTION CONSTANTS
54 « 5y 8727.72 0.04 —1.69
65, <« 655 8017.63 0.09 —2.00 Best fit values
Trn < J A =8614.73+0.05 MHz d; =-—0.135 MHz
Ji1 J~2.2 . _
9, < 2, 10999.56 0.04 0.06 B =8357.03+0.05 MHz d;g = 5.602 MHz
3. 3 11450.76 0.09 0.04 C =4952.94+0.05 MHz dg =-—2.30 MHz
o ” £= 0.859250 dws = 1.72x10-5
4y — 4y 12120.18 0.05 —0.06 h o 6.55% 10-4
551 < D 13059.21 0.04 —0.42 WE— -
661 < 652 14319.88 —0.01 —1.33 Corresponding values given by Ferguson!
T <« Tsa 15945.86 —0.02 —3.26 A —8614.754-0. 10 ME
84 — 84 17964.68 —0.01 —6.82 B 8956 9810, 10 MH:
99, <« 9y 20384.98 —0.07 —12.70 0:4952‘96:-0.10 MHz
1049,,<10g, 23198.52 0.01 —21.68 . B 0.859—212:3
11, ,¢ 114, 26382.98 —0.07 —34.57 — ’
1245 11254 5 29906.00 —0.05 —52.18
13,51 13415 33726.06 0.05 —75.28
4. Obs
Jr-22 < Ji-23
32 < 313 17602.39 —0.18 —0.57 I
* 4, «— 4y, 17501.15 —0.10 —1.27 — = r; r—
* 535 <« 5y 17305.39 —0.10 —2.18 3 34_4—‘5——13 3‘2 T8 3 33
¥ 6, < 6y 16980. 32 —0.10 —3.23 grm‘mﬁ“tg ¥
To «— T 16498.74 —0.02 —4.27 N IT \ﬁ
82 < 8g 15846.78 0.00 —5.15 e wor) N v Voo
952 < 953 15025.59 —0.12 —5.66 | ] Jl ‘l li '.l
10g, <104, 14049.12 0.00 —5.66 o, - =
11y, <1l 12938.99 0.02 —5.02 (Ferguson) w P 'y y H
12,0 9¢-12105  11722.67 0.03 —3.64 wl P 5] f cI
1311,0 1315 10431.60 —0.01 —1.49 24.62 ‘zb.éi . ) .70 .72
1415.0¢ 14155 9101.33 0.05 1.40 T Treauency dn oRx
Fig. 1. Observed and calculated spectra in a range of 24.6
Jr-1.2 < Jr-s3 —24.7 GHz. a. observed, b. calculated (centrifugal dis-
392 — 303 17673.53 0.18 —0.41 tortion model), c. calculated (rigid rotor model), d. ob-
4y — 445 17713.75 0.20 —0.83 served by Ferguson.
542 < Do 17798.06 0.08 —1.29 * Assignment made by Ferguson.
6., «— 6 17952.08 0.08 —1.76 N. Not assigned lines appeared in ‘“Microwave Spectral
52 j33 Table”, National Bureau of Standards Monograph 70,
Ji-ss < Jr-34 Vol. IV (1968), p. 340.
* T — Ty 24553 .88 —0.09 —4.61
8,; «— 8 24419.44 —0.16 —6.28 .
95 <« 9% 24905.04 —0.09 —8.11 effect, (c) calculated for I‘lglg f’node(li, ar}d (d}z obse'rv-
10,, <10, 23879.74 0.13 —9.98 ed by Ferguson are arranged in order for the region
1 24.6—24.7 GHz. In this region, two series of spectral
g3 <1lgg 23409.74 0.02 —11.68 i ith diff t sets of K d K 1 h
12, <125,  22765.10 —0.02  —12.88  Hes W CHHCrent 3¢ 0F B aRd S oVerap eac
1310.3< 13104 21924.72 0.03 —13.23 I . . . .
: : t is shown that, even for transitions with relativel
14y g 14y,  20881.38 —0.02  —12.42 ey

small J values, analysis without considering the cen-
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trifugal distortion effect leads to making misassignments
for molecules such as thionyl halides.¥ Clear and
unequivocal assignments are given in Fig. 1.

The authors are greatly indebted to Dr. C. Ma-
tsumura, the Government Chemical Research In-
stitute, for use of the spectrometer and computer.

4) Cf. e. g., J. Burie, J. -L. Destombes, A. Dubrulle, and G.
Journel, C. R. Acad. Sci. Paris Ser. B, 267, 48 (1968); G. Journel,
ﬁ.g%;lbrulle, J. -L, Destombes, and C. Marliere, ibid., 271 331
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Note added in proof. A paper by Lucas and Smith
(J. Mol. Spectrosc., 43, 327 (1972)) appeared after this
article had been accepted. They analysed the microwave
spectrum of thionyl fluoride and obtained centrifugal distor-
tion constants up to sextic ones. Their quartic constants,
when transformed into Watson’s type constants, differ from
ours. It has been confirmed, however, that the constants
converge to our values, if the transformed quartic constants
are inserted into the least squares fit procedure we adopted
(up to the quartic terms) as the initial data for iterations.






