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The millimeterwave spectrum of fluoroacetonitrile (CH:FCN) in the ground state has been 
investigated in the region between 50 and 150 GHz. The transitions have been fitted to a Hamil­
tonian using three rotational constants, five quartic and seven sextic centrifugal distortion 
constants in the symmetric top reduction by van Eijck and Typke and in the s-reduction of 
Watson. Further Watson's "determinable constants" have been calculated.

M illim eterw ave S p e c tru m  a n d  C e n tr ifu g a l  D is to r t io n  A n a ly s is
o f  F lu o ro a c e to n itr ile  in  th e  G ro u n d  S ta te

1. Introduction

Kasten, Dreizler, Job, and J. Sheridan [1] mea­
sured 22 rotational transitions of CH2FCN in the 
microwave region, with the principal purpose of 
determining the quadrupole hyperfine constants of 
the nitrogen atom. They have been able to deter­
mine the three rotational constants and four quartic 
centrifugal distortion constants. The constant D'K 
was fixed to zero, because there was a high correla­
tion between this constant and the A' rotational 
constant. To improve the data we measured 101 
lines in the millimeterwave region and fit them to 
the Hamiltonians of Watson's symmetric top reduc­
tion and the symmetric top reduction of van Eijck 
and Typke. We were able to determine all rota­
tional, all quartic and all sextic centrifugal distor­
tion constants, including a value for D'K and a more 
precise value for the A' rotational constant.

2. Experimental Details

The fluoroacetonitrile was prepared by dehydra­
tion of fluoroacetamide with phosphorpentoxide 
(see [2, 3]). The fluoroacetamide was made from 
ethyl fluoroacetate and ammonia. The transitions 
were measured by two methods. Most of the lines 
were measured using the video-method directly. 
The klystrons were modulated by a sawtooth fre­
quency between 20 and 50 Hz and the absorptions 
of the transitions were displayed on a control CRD. 
The frequency marks were produced with a conven-
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tional method. The IF-frequency obtained by 
mixing the overtones of a synchronizer ND800 
Schomandl with the klystron frequency was de­
tected by a radio receiver. The following klystrons 
were used as fundamental microwave sources: 
OKI 30V12, OKI 35V12 and OKI40V12. The milli­
meterwave frequencies were produced by harmonic 
multiplication of the fundamental frequencies. The 
absorption cell was a glass cell with an inner radius 
of 50 mm and a length of 150 cm.

The rest of the lines was measured using source 
modulation. A 16.65 kHz sine wave was used to 
modulate the standard frequency which stabilizes 
the klystron. After detection the modulated signal 
was amplified in a narrow-band amplifier at 
33.3 kHz and further phase detected. The frequency 
sweep was provided by an externally controlled 
ramp voltage to the frequency decade ND800. The 
klystrons were stabilized by a Schomandl FDS30 
syncriminator. The millimeterwave frequencies 
were produced by the klystrons OKI 90V11 and 
OKI 100V11. The absorption cell was a A-band cell 
of 1.5 m length.

The transitions were assigned on the basis of 
frequency fitting and of relative line intensities. The 
sample pressures were between 40 and 50 mTorr. 
All spectra were measured at room temperature. 
The accuracy of the measurements is believed to be 
±10 kHz.

3. Results

The measured lines and twelve lines measured by 
Kasten et al. [1] are given in Table 1. These fre-
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quencies were fitted to the symmetric top reduction Hamiltonian of van Eijck and Typke [4. 5]
H' = B'x P] + B'y Py + B': P\ -  D'j (P2)2 -  D'jk P2 P\ -  D'k Pi -  Öj [P2 (P2X -  Pj) + (P2X -  Pj) P 2J 

-  2R'6 [3 (P2X Pj + Pj Pi) -  Pi -  Py] + H'j (P2)3 + H'JK(P2)2 Pi + H'kj P2 Pi + H'k P6; 
+ H's (P2)2 (P2X -  Pj) + 1/2 Hk P2 [3 (Pi Pj + Pj Pi) ~ Pi -  Pi] + H[o (Pi -  Pj) 

and to the Watson's s-reduction Hamiltonian [6]

/ / (s) = 1/2 (5is) -  B f) P2 + [5<s) -  (Bis) + B(p)/2] P2Z+ 1/4 (B<?> -  B f)  (P2 + Pi) -  D'j (P2)2
-  D'jK P2 Pi — D'k Pi + dx P2 (Pi + P2) + d2 (Pi + Pt) + H'j (P2)3 + H'JK (P2)2 P2: + H'KJ P2 Pi 
+ H'k P6; + hi (P2)2 (Pi + P-) + h2 P2 (Pi + Pi) + h3 (P6+ + P-) 

(P± = Px ± i Py) .
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Table 1. Rotational Transitions of fluoroacetonitrile in the ground state (in GHz).

No. J K+ J' K'_ K'+ Fre. (Calc.) Fre. (Exp.) AF/kUz

1 1 0 1 0 0 0 9.120998 9.120995 3
2 1 1 0 1 0 1 32.237853 32.237880 -  27
3 2 0 2 1 0 1 18.237363 18.237460 -  97
4 2 1 1 2 0 2 32.684239 32.684160 79
5 2 1 2 1 1 I 17.800666 17.800660 6
6 3 3 2 0 2 27.344464 27.344390 74
7 3 1 2 3 0 3 33.362326 33.362270 56
8 3 1 3 2 1 2 26.698026 26.697990 36
9 4 4 3 0 3 36.437693 36.437780 -  87

10 4 1 3 3 1 2 37.357628 37.357530 98
11 4 1 3 4 0 4 34.282262 34.282280 -  18
12 4 1 4 3 1 3 35.591863 35.591890 -  27
13 5 1 4 5 0 5 35.457435 35.457440 -  5
14 6 1 5 6 1 6 9.268231 9.268240 -  9
15 7 1 6 7 1 7 12.353844 12.353850 -  6
16 7 6 7 1 7 102.283421 102.283420 1
17 8 I 7 8 1 8 15.876528 15.876530 -  2
18 8 7 8 1 8 104.083687 104.083720 -  33
19 9 I 8 9 1 9 19.833605 19.833650 -  45
20 9 1 9 8 0 8 104.787777 104.787730 47
21 9 8 9 1 9 106.115785 106.115830 -  45
22 10 1 9 10 1 10 24.221330 24.221380 -  50
23 10 9 10 1 10 108.381341 108.381350 -  9
24 11 I 10 10 1 9 102.476940 102.479650 -  10
25 11 1 10 11 1 11 29.034653 29.034570 83
26 11 2 10 11 1 11 110.881757 110.881770 13
27 11 3 9 10 3 8 100.446243 100.446200 43
28 11 8 3 10 8 2 100.437999 100.437930 69
29 11 8 4 10 8 3 100.437999 100.437930 69
30 12 1 11 12 1 12 34.266951 34.266980 -  29
31 12 2 10 11 2 9 110.471542 110.471570 -  28
32 12 2 11 11 2 10 109.235073 109.235140 -  67
33 12 3 9 11 3 8 109.650770 109.650720 50
34 12 5 7 11 5 6 109.538148 109.538170 -  22
35 12 5 8 11 5 7 109.538140 109.538170 -  30
36 12 6 6 11 6 5 109.539212 109.539170 42
37 12 6 7 11 6 6 109.539212 109.539170 42
38 12 7 5 11 7 4 109.550612 109.550580 32
39 12 7 6 11 7 5 109.550612 109.550580 32
40 12 8 4 11 8 3 109.568941 109.569000 -  59
41 12 8 5 11 8 4 109.568941 109.569000 -  59
42 12 10 2 11 10 1 109.620838 109.620850 -  12
43 12 10 3 11 10 2 109.620838 109.620850 -  12
44 13 1 12 12 1 11 120.963585 120.963590 -  5
45 13 1 13 12 0 12 133.544233 133.544230 3
46 13 2 11 12 2 10 1 19.838290 119.838320 -  30



Table 1 (continued)

No. J K_ K+ J' KL Fre. (Calc.) Fre. (Exp.) zIF/kHz

47 14 0 14 13 1 13 109.229599 109.229650 -  51
48 14 1 14 13 0 13 140.674733 140.674740 -  7
49 15 1 14 14 1 13 139.362840 139.362800 40
50 15 1 15 14 0 14 147.835759 147.835680 79
51 15 2 14 14 2 13 136.378850 136.378740 110
52 15 3 12 14 3 11 137.219526 137.219570 -  44
53 15 3 13 14 3 12 137.041635 137.041680 -  45
54 15 4 11 14 4 10 136.995462 136.995480 -  18
55 15 4 12 14 4 11 136.990498 136.990560 -  62
56 15 5 10 14 5 9 136.947436 136.947440 -  4
57 15 5 11 14 5 10 136.947366 136.947440 -  74
58 15 6 9 14 6 8 136.936657 136.936720 -  63
59 15 6 10 14 6 9 136.936656 136.936720 -  64
60 15 7 8 14 7 7 136.943744 136.943800 -  26
61 15 7 9 14 7 8 136.943744 136.943800 -  26
62 15 8 7 14 8 6 136.962109 136.962090 19
63 15 8 8 14 8 7 136.962109 136.962090 19
64 15 9 6 14 9 5 136.988592 136.988600 -  8
65 15 9 7 14 9 6 136.988592 136.988600 -  8
66 15 10 5 14 10 4 136.021634 137.021660 -  26
67 15 10 6 14 10 5 136.021634 137.021660 -  26
68 15 11 4 14 11 3 136.060335 137.060360 -  25
69 15 11 5 14 11 4 136.060335 137.060360 -  25
70 15 12 3 14 12 2 136.104150 137.104160 -  10
71 15 12 4 14 12 3 136.104150 137.104160 -  10
72 15 13 2 14 13 1 136.152724 137.152710 14
73 15 13 3 14 13 2 136.152724 137.152710 14
74 16 2 15 15 2 14 145.403987 145.404040 -  53
75 16 4 12 15 4 11 146.149360 146.149280 80
76 16 4 13 15 4 12 146.141523 146.141460 63
77 16 9 7 15 9 6 146.120268 146.120230 38
78 16 9 8 15 9 7 146.120268 146.120230 38
79 16 10 6 15 10 5 146.154606 146.154590 16
80 16 10 7 15 10 6 146.154606 146.154590 16
81 17 0 17 16 1 16 140.065389 140.065420 -  31
82 18 2 17 18 1 18 134.984228 134.984200 28
83 18 3 15 18 2 16 147.898967 147.898960 7
84 19 2 18 19 1 19 139.354169 139.354130 33
85 19 3 16 19 2 17 145.715433 145.715400 33
86 20 1 19 20 0 20 96.599443 96.599450 -  7
87 20 3 17 20 2 18 143.399422 143.399430 -  8
88 21 1 20 21 0 21 104.971989 103.971980 9
89 21 3 18 21 2 19 140.988446 140.988500 -  54
90 22 3 19 22 2 20 138.325778 138.525840 -  62
91 22 6 17 23 5 18 141.000708 141.000720 -  12
92 23 3 20 23 2 21 136.059328 136.059271 57
93 24 3 21 24 2 22 133.640406 133.640370 36
94 25 1 24 25 0 25 136.292433 136.292450 -  17
95 25 2 23 24 3 22 106.958672 106.958640 32
96 26 1 25 26 0 26 144.863448 144.863440 8
97 27 2 25 26 3 24 134.315297 134.315240 57
98 27 2 25 27 1 26 102.020741 102.020660 81
99 28 2 26 28 1 27 107.926533 106.926550 -  17

100 30 2 28 30 2 29 96.359220 96.359270 -  50
101 30 3 27 30 2 28 123.107290 123.107290 0
102 31 3 28 31 2 29 122.482972 122.482920 52
103 32 3 29 32 2 30 122.297179 122.297200 -  21
104 33 2 31 33 1 32 139.072949 139.072840 109
105 33 3 30 33 2 31 122.584293 122.584360 -  67
106 34 2 32 34 1 33 146.862649 146.862740 -  91
107 34 3 31 34 2 32 123.374586 123.374570 16
108 39 3 36 39 2 37 135.653598 135.653600 -  2
109 40 3 37 40 2 38 139.872972 139.872980 -  8
110 40 4 36 39 5 35 102.745460 102.745700 -  240
111 41 3 38 41 2 39 144.691166 144.691160 6
112 41 4 37 40 5 36 115.455264 115.455060 204
113 49 5 44 48 6 43 118.567510 118.567510 0

Calculated frequencies are based on the constants of Table 2.
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Table 2. Rotational and centrifugal distortion constants of 
fluoroacetonitrile in the ground state (standard deviations 
are given in parentheses in units of the last digit).

Typke, van Eijck Watson's s-red.

A' 36578.6697(98) Mhz A(S) 36578.6695(98) MHz
B' 4781.28470(90) MHz B(s> 4781.28483(90) MHz
C 4339.72461(91) MHz C(s) 4339.72474(91) MHz
D'j 2.7828(17) kHz D'j 2.7828(17) kHz
D'jk -  69.327(22) kHz D'jk -  69.327(22) kHz
D'k 1228.7(12) kHz D'k 1228.7(12) kHz

0.58268(41) kHz dx -  0.58268(41) kHz
K -  0.03214(22) kHz d2 -  0.03214(22) kHz
Hj 0.0167(12) Hz Hj 0.0168(12) Hz
H'jk -  0.267(27) Hz H'jk -  0.267(27) Hz
h 'kj -  3.10(10) Hz H'kj -  3.10(10) Hz
H'k 542(22) Hz H'k 542(22) Hz
H's 0.00334(25) Hz h\ 0.00363(39) Hz
Hk 0.0015(11) Hz hi 0.00037(28) Hz
H\o 0.00077(64) Hz h3 0.000096(80) Hz
Standard deviations of the fits: 

57 kHz 57 kHz

Table 3. Determinable constants of Watson.
^  = + 38+4.

'■aaaa
Tbbbb 
~cccc

X^Jf 
0̂ aaa 
®bbb 0

36578.6749(98) MHz 
4781.21978(91) MHz 
4339.66202(92) MHz

0,
+ 0 3/. tf 

&~2 -  0\l. tf 
<2>4 Ltf

-  4648.8(46)
-  16.1(46)
-  6.7269(82) 
244.69(10)
17.182(14) 

539(22) 
0.0250(11) 
0.0100(23)

-  11.48(49)
-  0.0332(23)
-  0.0084(11)

-  64.91(16)

kHz 
kHz 
kHz 
kHz 
kHz 
Hz 
Hz 
Hz 
Hz 
Hz 
Hz 
Hz

The computer programm ZFAP6.FOR (author: 
Typke) was used for the fitting. The resulting rota­
tional and centrifugal distortion constants are shown 
in Table 2. The "determinable constants" of Watson 
[6], calculated from the constants of Table 2, are 
shown in Table 3. Table 4 gives the correlation 
matrices of the Fits. The correlation between the A' 
rotational constant and the D'K centrifugal distortion 
constant amounts to 0.753. All correlations are 
smaller than 0.99 except the correlation between the 
D'k and the H'K centrifugal distortion constants, 
which amounts to 0.992.
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