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Microwave Spectra of Molecules of Astrophysical Interest. XIX. 

Methyl Cyanide 

D. Boucher, J. Burie, A. Bauer, A. Dubrulle, and J. Demaison 

Laboratoire de Spectroscopie Hertzienne, Universite de Lille 1,59655 Villeneuve d'Ascq Cedex. 
France 

The microwave spectrum of methyl cyanide is critically reviewed for 
iilf~rmatjon applics,ble to radio-astronomy. Molecular data such as the derived 
rotational constants, centrifugal distortion parameters, hyperfine coupling 
constants, electric dipole moment and molecular structure are tabulated. The 
observed rotational transitions are presented for the astronomically interesting 
isotopic forms and the lowest lying vibrational state of methyl cyanide. 
Calculated rotational transitions are presented for the ground vibrationa.l state 
of 12CHSI2C14N, lSCHs12C14N, 12CHslSC14N, 12CHS12ClSN, and for the vibrationally 
excited state V8 of 120Hs12014N. 

Key words: Interstellar molecules; line strengths; methyl cyanide; microwave spectra; 
molecular constants; radio astronomy; rotational transitions. 
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The present work is part of a series of critical 
reviews which are intended to update, revise and 
augment the existing literature on molecules \\Thich 
have been identified in interstellar molecular clouds. 
In order to provide complete coverage of the spectral 
regions where present and anticipated radio telescope 
receivers operate, all measured and predicted rota­
tional transitions are included up to 300 GHz. 

© 1980 by the U.S. Secretary of Commerce on behalf of the 
Unjted States. This copyright is assigned to the American 
Institute of Physics and the American Chemical Society. 

The molecular constants for the ground vibr ational 
state of the isotopic forms of methyl cyanide consid­
ered In thlS work are given in table 1; those for the Va 

excited state of the most abundant isotopic species are 
given jn table 6. The microwave spectral transitions of 
each of the methyl cyanide speci es are listed separately 
in table 2 through table 5; t hose for the Vs state are 
listed in tables 7 and 8. Table 9 contains a list of the 
strongest calculated transitions reported here, ordered 
by increasing frequency as an aid to the user. In 
table 2 (12CHS12C14N ground state) and in table 7 
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(12CHs12C14N JIg exeited state) the hyperfine splitting 
is also listed when the relative intensity of the com­
ponents is more than about 0.01 and when its corre­
sponding splitting is more than about 100 kHz. 

The open literature relating to laboratory and astro­
nomical studies of CHsCN has been searched through 
December 1978. All pertjnent references are given 
section 3.1. 

2.1. Molecular Parameter Tables 

The rotational and cen trifu'gal distortion cons tan ts for 
12CHa12C14N, lsCHs12C14N, 12CHSlSC14N and 12CHS12C15N 
are given in table 1. Other pertinent molecular param­
eters are also found in table 1. 

The rotational, centrifugal distortion and vibration­
rotation interaction constants for the JIg degenerate 
vibrational excited state of 12CHll12C14N are given in 
table 6. 

A full description of the theory of rotational spectra 
lR givAn In anum ber of texts, but the books by Townes 
and Schawlow [1] \ Gordy and Cook [2], Amat, 
Nielsen and Tarrago [3] and Kroto [4] are particularly 
thorough and the notation used here is generally 
consistent with these texts. 

a. Parameters for the Ground State 

The spectroscopic constants of the ground states 
of the various isotopic species were derived using the 
following expression for the frequency of a rotational 
J +1, K .-J, K transition, 

vo=2Bo(J+1)-4DJ(J+1)3-2DJK (J+1)K2 

+HJJJ(J+ 1)3( (J+2)3_J3]+4HJJK(J+ 1)3K2 

+2HKKAJ+1)K4. 

For the 12CHaUlCHN compound, the spin 1 = 1 of 
the nitrogen introduces quadrupole and spin-rotation 
interaction. 

The perturbed frequency for a J + I, K, F'-J, K,F' 
transition is given by the following expression: 

v=vo+EQ(J+l,K, F)-EQ(J, K, F/) 

+EsR(J+1, K, F)-EsR(J, K, F'). 

EQ is the quadrupole interaction energy: 

[ 
3K2 ] 

EQ(J, K, F)=eqQ J(J+1) -1 j(l, J, F) 

where 

with 

j(1 J F)=3/40(O+1)-I(1+1)J(J+1) 
" 21(2l-1)(2J-1) (2J+3) 

F=J-1, J., J+1 

G=F(F+1)-I(1+1)-J(J+l) 

l Figures in brackets indicate literature references. 

ESR is the hyperfine energy for spin-rotation inter­
action: 

where OK is the principal value of the spin-rotation 
tensor along the symmetry axis and ON the principal 
value normal to this axis. 

For 12CHl2C14N a least-squares fitting of all ob­
served transitions including hyperfine components 
was simultaneously carried out following closely the 
procedures suggested by Kirchhoff [5]. Because the 
data we:e obtained from a variety of sources, the 
assumptIOn of equal1y probable errors for each of the 
transitions could not be made. Thus, each transition 
had to be weighted by the inverse square of its 
expected uncertainty. The reported estimates of 
measurements uncertainties were used. However, in 
certain isolated situations, the-reported measurement 
uncertainty was judged to be underestimated by the 
criterion of its goodness of fit and it was necessary to 
assign a higher uncertainty to such transitions. 
Blended lines were assigned a higher uncertainty to 
such transitions. Blended lines were assigned zero 

. weighting in the fitting. For the isotopic species 
(13CHS12C14N, 12CHa13C14N, 12CHS12C15N), the hyperfine 
splitting was neglected and only the unresolved lines 
were taken into account in the weighted least-squares 
fitting. 

b. Porameters for Vs Excited Vibrational State 

The lowest fundamental vibration of the methyl 
cyanide molecule is the C-CEN bending mode 
(vs=364.71 cm-1 [78 B]). This vibration is doubly 
degenerate, having E vibrational· symmetry. This 
introduces an internal vibrational angular momentum 
characterized by the £ quantum number, whjch re­
moves the K degeneracy. For a vE=l state, 1£1=1; 
higher order calculations of the energy introduce 
"t type doubling" effects which involve splittings of 
all the K lines according to the positive or negative 
value of the K£ product, and a further splitting of 
those states for which K = £= ± 1. 

For molecules with a threefold symmetry axis, the 
frequency of a rotational transition J+ 1, K, £.-J, K, £ 
is given by the following expression: 

v=2B*v(J+1)-4DAJ+1)S-2DJK (J+1) (K£-1)2 

+2p*(J+1)(Kt-1) 

±4[qo+2JlJ(J + 1)2](J + 1) 

~q20(J+ 1)3 
(K£-l)(B-A+At) 

if Kt=+l 
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The convention of Amat, Nielsen and TaITago [3J 
has been adopted, where 

as proposed by Grenier Besson [6]. These authors use 
for the t type doubling constant qo a definition different 
from that given in standard text books [1] [2], the qo 
constant given by Amat et al. [3] being four times 
smaller. 

As in the ground vibrational state, the spin of the 
14N atom introduces a quadrupole intenu,;Liull. Fur a 
degenerate excited state, the quadrupole energy EQ 

is [7]: 

EQ(J, K, F)==.eqQ [J(~~l) -1 J1(1, J, F) if Kt¢1 

E±Q(J, K, F)={eqQ [J(;+l)-l ]±2eqQ~jJ(J, J, K) 

if K=t=±1 

An additional higher order "asymmetry parameter" 
'1 has to be taken into account for the K = t= ± 1 
doublets. Since 1(1, J, F) decreases rapidly when J 
increases, the influence of the quadrupole interactIOn 
and especially of the eqQ:rJ term is greatest for the 
low J rotational states. 

Direct "t type doubling" transitions can occur be· 
tween IlJ=O, K=£= ± 1 levels. The frequencies of 
such transitions are given by the following formula: 

As this type of transitions is generally observed for 
higb J values, the J.LJ corrective term becomes more 
significant; on the other hand the quadrupole inter· 
action can be neglected. 

2.2. Microwave Spectral Tables 

The results of the statistical analysis of the rotational 
spectrum of the various isotopic species of methyl 
cyanide and the lowest lying vibrational state of the 
most abundant isotopic species are given in tables 2, 
3, 4, band 7. The frequencies included in these tables 
include all transitions with sufficient intensity ,over 
the range 17 to 300 GHz. The first columns give the 
upper and lower state rotational quantum numbers of 
the transition in question. If vibrational angular mo· 
mentum exists, the t quantum numbers are also in· 
eluded. The observed line frequency follows next. The 
calculated frequencies and statistical uncertainty (one 
standard deviation) follow in the next column. For 
lllCHalllCHN in the ground state and in the Vg excited 
vibrational state, the hyperfine components were 

limited to those with relative intensities ~ 0.01 and 
with spljtting ~ 100 kHz.for each rotational transit jon. 

Since the IlJ=O t-doublet transitions are extremely 
weak at room temperature, table 8 includes only the 
range of transitions observed in the laboratory [68 A] . 

Values of the line strength of each transition in­
cluded in the tables are calculated using the following 
expression: 

J I2 K2 

S(J', J") ;;. 

In first approximation, this formula is also valid in the 
case of transitions in a degenerate vibrational state. 

For those transitions where the frequencies of the 
quadrupole hyperfine components are given, the line 
strength of each separate component is also included. 
The relative intensities of the various possible hyper­
fine component transitions are derived from tables 
given in references II] and [2]. 

1\1oreover, for a comparison of the relative inten­
sities of. the K structure components, the effects of 
spin weight degeneracy has to be taken into account. 
For a molecule of threefold symmetry the degeneracy 
due to spin for each value of J and K is proportional 
[1], [2] to: 

for K a multiple of 3, but not zero: 

S(1, K)=~ (4]2+41+3)(21+1) 

for K=O 

S(l, K)=~(4]2+41+3)(21+1) 

for K HuL a IllUlLiV1e uf 3; 

S(1, K)=~ (4]2+41)(21+1) 

where 1 is the spin of the three identical nuclei, I.e., 
1 = 1/2 in the case of CHaCN. 

In a degenerate vibrational state, the same formulas 
hold according to the values of K - t instead of K. 

Thus the line strengths given in the ta,bles have to 
be multiplied by a fa,ctor 2 'when K or K- t is 0. 

multiple of 3, not zero. 
For the ground state transitions, the approximate 

energy of the lowest le,,\rel has been' derived from t.bfl 
constants of table 1. For these computations, the A 
axial rotational constant, which could not be obtained 
experimentally, has been calculated from the structure 
[74A]. For the same reason, the DK centrifugal distor­
tion constant has been obtained from the force field 
[78B]. The sextic centrifugal distortion constants have 
been neglected. 

For the energy calculations of the Vs state of CRsCN, 
the Xff anharmonic constant used is that derived from 
the value of A - Xu obtained in the analysjs uf Lhe 2ps 

state {8]: xu~167800 1\1Hz. 
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For the convenience of the user, the frequencies of 
the strongefSt tnUl::::iitiolls calculated in this '\vork are 

arranged in numerical order in table 9; this tabulation 
has been arbitrarily limited to the K~3 transitions, 
which are supposed to be the stroDgp,~t, for el1ch isotopic 
species. The weak IlJ=O t-doublet transitions given in 
tl1ble 8 are not repeated in table 9. 

2.3. List of Symbols 

A v, Bv Rotational constants for the 
ground (v=O) or excited stl1te 
(v~O) 

DJ, D JK , DK Quartic centrifugal distortion con-
stants. 

HJJJ , HJJK , HJKK Sextic centrifugal distortion con­
stants. 

eqQ Nuclear qUl1drupole coupling con­
stant. 

1] "Asymmetry parl1meter" for the 
. nuclear quadrupole coupling 
constant. 

Ox Principal value of tbe spin-rotation 
tensor along the symmetry axis. 

ON Principal value of tbe spin-rotl1tion 
tensor normal to symmetry axis. 

go ~-type doubling constant. Coef-

1]J 

Xu 

J 

K 

ficient of the (K, f/HIK ± 2, 
t±2) element in the energy 
matrix. 

Coefficient giving the variation of 
the f-type doubling constant 
with the J quantum number. 

Coefficient of the (K, f/HIK±l, 
t =f 2) element in the energy 
matrix. 

Coefficient of the J(J+ 1) K diago­
nal contribution in the energy 
matrix. 

Corlolis coupling constant. 

Anharmonic vibrational constant 
(£2 term). 

Total-rotational quantum number. 

Projection of J on the symmetry 
axis. 

F 

X.l' XII 

( ... ) 

Total angular momentum quan­
tum Dum hp,r whl~h lndllrle~ 

nuclear spin. 

Quantum number for vibrational 
angular momentum. 

Quantum number for the ttb vibra­
tional st,s.t.e_ 

Electric dipole moment in the 
ground vibrational state. 

Components of the molecular g 
tensor which are respectively 
perpendicular and parallel to 
the symmetry axis. 

Components of the magnetic sus­
ceptibility tensor which are re­
spectively perpendicular and 
parallel to the symmetry axis. 

Component of the molecular quad­
rupole tensor which is parallel to 
the symmetry axis. 

Distance between centers of mass 
of atoms X and Y cA.). 

Angle formed by atoms X, Y, and 
Z (degrees). 

Parentheses in the numerical list,­
ings contain measured uncer­
tainties or standard deviations 
for cs.1culated quantities_ 
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3. CHaCN Spectral Tables 

Table 1 Molecular Constants for Methyl Cyanide (Ground State). 

1 SCHs12C1'+N 12CH.s 1 SC1'+N 

A(GHz) 157.3 [74A I 157.3 [ 74 AJ 157.3 [74 AJ 

9198.899299 (80) 8933.3139 (23) 9j 94.3490 (22) 

DJ(kHz) 3.8048 (15) 3.674 (16) 3.817 (17) 

DJK(kHZ) 177.417 (5) 167.650 (55) 176.146 (80) 

DK(kHZ)a 2840 [78 B] 2850 [78 B] 2840 [78 B] 

HJJJ(Ez} - 0.0140 (56) 

EJJK(Bz ) 1.071 (19) 

HJKK(Hz} 6.006 (52) 

eqQ(kHz) - 4225.34 (73) 

- 1.85 (19) 

- 0.7 (fixed value} 

~o (Debyes) = 3.913 (2) [66 AJ 

9
1 

0.0338 (8) [70 B] 

gil 0.310 (30) [70 B] 

Xl - XII (erg/G 2 .mole) = 10.5 (5) x 10- 6 [70 B] 

Gil (esu • em 2 ) = - 1. 8 ( 12) x 1 0- 2E 

Structure [78 A] 

rz(C-C) = 1.4616 (6) A ; rz(C = N) = 1.1567 (6) A 

rz(c - E) = 1.0947 (24) A 

0. (C - C - B) 109°51' (6) ; o.(B - C - B) 

a Calculated from the force field 

12CHs12C15N 

157.3 [74 AJ 

8922.Q4343 (97) 

3.5788 (48) 

169.043 (6) 

2850 [78 B] 

- 0.041 (26) 

0.586 (72) 

2.107 (76) 

663 
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TABLE 2 . Microwave Spectrum of 12C H3 12C 14N in the Ground Vibrational State 

Approximate 

Transition Ohs. Freq. in MHz Calc. Freq. in l\'IHz Line Energy in em·I Ref. 

J'.J" K F'·F" (Est. Unc.) <Est. Unc.) Strength Lower State 

1-0 0 18397.783 1.000 0.00 

1-1 18396.7254 (5) 18396.7252 (7) 0.333 73A 

2-1 18397.9948 (10) 18397.9965 (6) 0.555 73A 

0-1 18399.8924 (2) 18399.8924 (3) 0.111 73A 

2-1 0 36795.475 2.000 0.61 

2-2 } 36794.2042 (11) 0.167 
36794.323 (150) 70A 

1-0 36794.4173 (8) 0.222 

2-1 } 36795.4754 (6) 0.500 
36795.563 (30) 70 A 

3-2 36795.5678 (B) 0.932 

1-2 36796.3132 (12) 0.011 

1-1 36797.574 (30) 36797.5844 (4) 0.167 70A 

36794.766 1.500 5.55 

2-1 36793.739 (30) 36793.7092 (B) 0.375 70A 

2-2 36794.3404 (12) 0.075 

1-1 36794.7623 (8) 0.125 

3-2 36795.013 (30) 36795.0244 (9) 0.644 70A 

1-2 36795.3935 (17) 0.002 

1-0 36796.344 (30) 36796.3480 (8) 0.166 70A 

3-2 0 55192.985 3.000 1.84 

3~3 55191.6.21.2 (15) 0.111 

2-1 55192.7717 (7) 0.600 

3-2 55192.9849 (7) 0.B88 

4-3 55193.026 (60) 55193.0370 (9) 1.287 70A 

2-3 55193.5170 (20) 0.003 

2-2 55194.8807 (6) 0.111 

55191.921 2.666 6.78 

3-3 55190.9723 (14) 0.098 

3-2 55191.662 (6(,) 55191.6563 (7) 0.789 70A 

2-1 } 55192.0241 (7) 0.533 
55192.042 (60) 70A 

4-3 55192.0356 (10) 1.144 

2-3 55192.3931 (20) 0.003 

2-2 55193.0771 (8) 0.098 

55188.728 1.666 21.60 

2-2 55187.6668 (16) 0.062 

3-2 55187.702 (60) 55187.6712 (10) 0.1193 

2-3 55189.0217 (39) 0.017 

3-3 55189.0261 (24) 0.062 

4-3 55189.062 (60) 55189.0319 (13) 0.715 70 A 

2-1 55189.822 (60) 55189.7816 (11) 0.333 70 A 
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TABLE 2 Microwave Spectrum of 12C Ha 12C 14N in the Ground Vibrational State (continued) 

Trmsition Obs. Freq. in MHz Calc. Freq. in MHz Line 
Approximate} 

Energy in em' Ref. 
1'.J" K F'·F" (Est. Unc.) (Est. Unc.) Strength Lower State 

4-3 0 73590.220 4.000 3.68 

3-2 73590.127 (2) 73590.1279 (7) 0.952 77A 

4-3 73590.221 (2) 73590.2203 (7) 1.252 77A 

5-4 73590.254 (2) 73590.2541 (9) 1.628 77A 

73588.801 3.750 8.62 

4-3 73588.695 (3) 73588.6956 (8) 1.173 77A 

3-2 73588.804 (3) 7:3588.8068 (7) 0.925 77A 

5-4 73588.864 (3) 73588.8656 (10) 1.526 77A 

2 73584.545 3.000 23.44 

4-3 73584.l0l (jQ) ·/3!>!j4.1221 (9) 0.939 70A 

5-4 

} 73584.7005 (12) 1.221 
73584.748 (30) 70A 

3-2 73584.8444 (9) 0.714 

3 73577.453 1.750 48.13 

4-3 73576.501 (30) 73576.5016 (12) 0.548 70A 

5-4 73577.768 (30) 73577.7607 (16) 0.712 70A 

3-2 73578.256 (3lJ) 73578.2422 (14) 0.416 70A 

5-4 0 91987.090 5.000 6.14 

4-3 

} 
91987.0382 (8) 1.295 

5-4 91987.054 (60) 91987.0903 (8) 1.600 70A 

6-5 91987.1143 (9) 1.970 

91985.317 4.800 11.07 

5-4 91985.2639 (7) 1.536 

4-3 91985.284 (60) 91985.3073 (8) 1.243 70A 

6-5 91985.3578 (9) 1.891 

2 91980.000 (250) 91979.997 4.200 25.89 61 A 

5-4 91979.7854 (8) 1.344 

6-5 91980.0889 (10) 1.655 

4-3 91980.1154 (8) 1.088 

3 91971.132 3.200 50.59 

5-4 91970.642 (60) 91970.6570 (11) 1.024 70A 

6-5 ) 91971.3098 (14) 1.261 
~1971.J74 (60) 70A 

4-3 91971.4646 (12) 0.829 

4 91958.728 1.800 85.15 

5-4 91957.908 (60) 919S7 _B822 (16) 0.576 70A 

6-5 } 91959.0240 (20) 0.709 
91959.206 (200) 70A 

4-3 91959.3586 {l8} 0.466 

6-5 0 110383.504 6.000 9.20 

5-4 

} 
110383 •. 4697 01) 1.638 

6-5 110383.494 (60) 110383.5036 (10) 1.944 70A 

7-6 110383.5217 (10) 2.310 
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666 BOUCHER ET AL. 

TABLE 2 Microwave Spectrum of 12C HS 12C l~ in the Ground Vibrational State (continued ) 

Tr8R8ition Obs. Freq. in MHz Calc. Freq. in MHz "Line 
Approximat~ 

Ref. Energy in cm' 
J'.J" K F'·F" (Est. Unc.) (Est. Unc.) Strength lDwer State 

110381.376 5.833 14.15 

6-5 110381.3454 (9) 1.879 

5-4 110381.3641 (10) 1.583 

7-6 110381.4054 (2) 11 0381.4042 (10) 2.233 77A 

110374.992 5.333 28.96 

6-5 110374.874 (4) 110374.8717 (8) 1. 717 77A 

5-4 } 11 0375.0480 (9) 1.447 
llO374.~..86 (60) 70A 

7-6 110375.0524 (10) 2.041 

l103b4.357 4.500 53.66 

6-5 l103Ei4.084 (S) 110364.0850 (10) 1.458 77A 

7-6 1l0364.470 (5) 110364.4691 (12) 1.733 77A 

5-4 110364.5242 (ll) 1.229 

4 110349.473 3.333 88.22 

6-5 110348.972 (6q 11 0348.9897 (14) 1.069 70A 

7-6 } 11 0349.6585 (7) 1.271 
110349.706 (100) 70A 

5-4 110349.7968 (16) 0.901 

110330.347 1.833 132.65 

" 6-5 110329.608 (60) 110329.5919 (21) 0.583 70A 

7-6 110330.6266 (25) 0.693 
110330.728 (lOO) 70A 

5-4 110330.8720 (23) 0.491 

7-6 128779.404 (60) 128779.369 (40) 7.000 12.89 70A 

128776.928 (60) 128776.886 (40) 6.857 17.83 70 A 

128769.440 (60) 128769.440 (60) 6.429 32.65 70A 

128757.034 5.714 57.34 

7-6 

) 
128756.8642 (11) 1.864 

8-7 128757.140 (60) 128757.l105 (12) 2.155 70A 

6-5 128757.1285 (13) 1.607 

128739.672 4.714 91.90 

7-6 

} 
128739.3703 (14) 1.537 

8-7 128739.852 (60) 128739.7969 (16) 1.777 70 A 

6-5 128739.8588 (15) 1.325 

5 128717.362 3.430 136.33 

7-6 128716.860 (60) 128716.8902 (20) 1.112 70A 

8-7 128717.5487 (22) 1.285 
128717.628 (100) 70A 

6-5 128717.6670 (21) 0.959 

128690.112 1.857 190.60 

7-6 128689.476 (60) 128689.4330 (27) 0.589 70A 

8-7 128690.3750 (30) 0.680 
128690.538 (150) 70A 

6-5 128690.5622 (29) 0.507 



MICROWAVE SPECTRUM OF METHYL CYANIDE 

TABLE 2 Microwave Spectrum of 12C H3 12C 14N in the Ground Vibrational State (continued) 

Transition Om. Freq. in MHz Calc. Freq. in MHz Line 
Approximat~ 

Ref. Energy in em' 

f·r K F'·F" (Est. Une.) (Est. Une.) Strength Lower State 

8-7 0 147174.596 (60) 147174.594 (30) 8.000 17.18 70A 

147171.768 (60) 147171. 757 (30) 7.875 22.12 70A 

147163.300 (60) 147163.249 (60) 7.500 36.94 70A 

147149.073 6.875 61.63 

8-7 147148.959 (5) 147148.9600 (16) 2.263 77A 

9-8 147149.1280 (16) 2.574 
147149.128 (60) 70A 

7-6 147149.1307 (18) 1.994 

4 147129.235 6.000 96.20 

8-7 147129.0334 (16) 1.968 

9-8 147129.3230 (17) 2.238 
147129.248 (60) 70A 

7-6 147129.3509 (18) 1'.734 

5 147103.742 4.875 140.62 

8-7 147103.4274 (20) 1.607 

9-8 i 147103.8732 (21) 1.828 
~ 14/1U.3.~U;'! (OU) JUA 

7-6 147103.9336 (22) 1.416 

147 072.605 3.500 194.89 

8-7 147072.110 (60) 147072 .1522 (26) 1.148 70A 

9-8 i 147072.7890 (28) 1.306 
~ 147072.868 (60) 70A 

7-6 147072.8892 (27) 1.012 

7 147035.837 1.875 259.01 

8-7 14703S.:.lU6 (60) 147035.2206 (32) 0.623 70A 

9-8 147036.0832 (35) 0.709 
147036.206 (60) 70A 

7-6 147036.2303 (34) 0.549 

9-8 165568.950 (500) 165569.088 (20) 9.000 22.09 61A 

165565.710 (500) 165565.897 (20) 8.899 27.03 61A 

165556.180 (500) 165556.328 (40) 8.556 41.85 61A 

165540.310 (500) 165540.383 8.000 66.54 61A 

9-8 . 165540.3037 (22) 2.632 

8-7 165540.4197 (23) 2.352 

10-9 165540.4238 (21) 2.944 

165517 .930 (500) 165518.069 7.222 101.10 61A 

9-8 165517.9282 (21) 2.369 

10-9 165518.1342 (20) 2.650 

8-7 165518.1457 (22) 2.117 

165489.390 (500) 165489.396 6.222 145.53 61 A 

9-8 165489.1754 (23) 2.040 

10-9 165489.4917 (23) 2.282 

8-7 165489.5233 (24) 1.823 

I Pl.u< rh"m RlPf. Data. Vol. Q. No. ~. 1980 



668 BOUCHER ET AL. 

TABLE 2 Microwave Spectrum of 12C HS 12C 14N in the Ground Vibrational State (continued) 

Transition Ob8.Freq. in MHz Calc. Freq. in MHz Line 
Approximat~ 

Ref. Energy in cm' 
J'-J" K F'·F" (Est. Unc.) (Est. Une.) Strength Lower State 

165454.374 5.000 199.80 

9-8 165454.0569 (26) 1.645 

10-9 165454.5081 (27) 1.840 

8-7 165454.5641 (27) 1.470 

165413.018 3.556 263.92 

9-8 165412.5869 (29) 1.152 

10-9 165413.1974 (31) 1.288 

8-7 165413.2824 (31) 1.029 

8 165365.346 1.889 337.86 

9-8 165364.7823 (34) 0.625 

1(1.-9 165365.5768 (37) 0.699 

8-7 165365.6951 (36) 0.559 

10-9 0 183962.620 (500) 183962.758 (15) 10.000 27.61 61A 

183959.080 (SOD) 183959.214 (20) 9.600 32,55 61A 

2 183948.490 (500) 183 948.584 (40) 9.600 47.37 61A 

3 183930.872 9.100 72.06 

10-9 183930.804 (l0) 183930.8139 (27) 3.003 77 A 

9-8 183930.8961 (29) 2.712 

11-10 183930.9032 (26) 3.321 

183906.084. 8.400 106.62 

10-9 183905.989 (10) 183905.981 ? (25) 2.772 77 A 

11-10 183906.1338 (24) 3.066 

9-8 183906.1369 (27) 2.503 

5 183874.232 7.500 151. 05 

10-9 183874.073 (10) 183874.0719 (26) 2.475 77 A 

11-10 183874.3048 (26) 2.738 

9-8 183874.3209 (27) 2.235 

6 183835.328 6.400 205.32 

10-9 183835.0974 (28) 2.112 

11-10 183835.4291 (28) 2.336 

9-8 183835.4611 (29) 1.907 

7 183789.388 5.100 269.43 

10-9 183789.075 (10) 183789.0742 (29) 1.683 77 A 

11""10 183789.5226 (30) 1.862 

9-8 183789.5733 (30) 1.520 

183736.431 3.600 343.37 

10-9 183736.020 (10) 183736.0208 (29) 1.188 77A 

11-10 183736.607 (10) 183736.6040 (31) 1.314 77 A 

9-8 183736.668 (10) 183736.6764 (31) 1.073 77A 
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MICROWAVE SPECTRUM OF METHYL CYANIDE 669 

TABLE 2 Microwave Spectrum of 12C "3 12C 14N in the Ground Vibrational State (continued) 

Transition Obs. Freq. in MHz Calc:. Freq. in MHz Line 
Approximate] 

Ref. Energy in c:m' 
J'-J" K F'-F" (Est. Unc:.) (Est. Unc.) Strength wwer State 

9 183676.478 1.900 427.12 

10-9 183675.962 (10) 183675.9591 (38) 0.627 77A 

11-10 183676.697 (10) 183676.6949 (41) 0.694 77A 

9-8 1133676.792 (10) 183676.7919 (40) 0.566 77A 

11-10 0 202355,610 (500) 202355.514 (15) 11.000 33.75 61A 

202351.450 (500) 202351.617 (15) 10.900 38.69 61A 

2 202340.100 (500) 202339.926 (25) 10.636 53.50 61A 

3 202321.540 (500) 202320.448 (50) 10.180 78.20 61A 

4 202293.780 (500) 202293.189 9.545 112.76 61A 

11-10 202293.1117 (28) 3.145 

10-9 202293.2259 (29) 2.869 

12-11 202293.2274 (27) 3.439 

202257.870 (500) 202258.160 8.727 157.18 61 A 

11-10 202258.0399 (28) 2.880 

12-11 202258.2167 (28) 3.149 

10-9 202258.2240 (30) 2.627 

6 202215.376 7.728 211.45 

11-10 202215.2035 (30) 2.548 

12-11 202215.4548 (30) 2.787 

10-9 202215.4729 (31) 2.325 

202164.855 6.545 275.56 

ll-10 202164.6200 (JO) 2.166 

12-11 202164.9593 (31) 2.369 

10-9 202164.9901 (32) 1.977 

8 202106.617 5.182 349.50 

11-10 202106.3098 (27) 1. 715 

12-11 202106.7507 (213) 1.876 

10-9 202106.7962 (29) 1.565 

9 202040.686 3.636 433.24 

11-10 202040.2968 (31) 1.204 

12-11 202040.8529 (33) 1.316 

10-9 202040.9150 (33) 1.098 

10 201967.088 1.909 526.78 

11-10 201966.6079 (63) 0.632 

12-11 201967.2928 (64) 0.691 

10-9 201967.3735 (64) 0.576 

12-11 0 220747.240 (500) 220747.263 (20) 12.000 40.50 61A 

??07A2.990 (500) ??07A':Lon (?O) 11.917 45.44 GIl\. 

2 220730.270 (SOD) 220730.263 (20) 11.667 '60.26 GIA 

220709.080 (SOO) 220709.020 (50) 11.250 84.95 61A 



670 BOUCHER ET AL. 

TABLE 2 Microwave Spectrum of 12C Ha 12C 14N in the GroWld VibrationaJ State (continued) 

Transition Om. Freq. in MHz Calc. Freq. in MHz Line 
Approximat!t 

Ref. Energy in em' 
J'.J" K F'·F" (Eet. Unc.) (Est. Unc.) Strength Lower State 

220679.320 (500) 220679.291 (70) 10.667 119.51 61A 

5 220641.120 (500) 220641.088 (100) 9.917 163.93 61A 

6 220594.428 9.000 218.20 

12-11 220594.2954 (33) 2.979 

13-12 220594.4905 (33) 3.240 

11-10 220594.5002 (34) 2.739 

220539.330 7.917 282.31 

12-11 220539.1488 (34) 2.621 

13-12 220539.4119 (34) 2.850 

11-10 220539.4306 (35) 2.410 

220475.815 6.667 356.24 

12-11 220475.5786 (30) 2.207 

13-12 220475.920;3 e3l) .2.400 

11-10 220475.9492 (32) 2.029 

220403.910 5.250 439.98 

12-11 220403.6107 (31) 1.738 

13-12 220404.0415 (32) 1.890 

11-10 220404.0821 (33) 1.598 

10 220323.644 3.367 533.51 

12-11 220323.2747 (61) 1.115 

13-12 220323.8050 (61) 1.212 

11-10 220323.8586 (62) 1.025 

11 220235.050 1.917 636.81 

12-11 220234.6034 (123) 0.635 

13-12 220235.2436 (124) 0.690 

11-10 220235.3116 (124) 0.583 

13-12 a 239137.914 (20) 13.000 47.86 

239133.311 (20) 12.923 52.80 

2 239119.503 (20) 12.692 67.62 

239096.496 (50) 12.308 92.31 

239064.299 (70) 11. 769 126.87 

239022.926 (100) 11.077 171.29 

238972.393 10.231 225.56 

13-12 238972.281 (10) 238972.2883 (44) 3.390 77A 

14-13 238972.4429 (45) 3.663 

12-11 238972.4475 (44) 3.138 

7 238912.721 9.231 289.66 

13-12 238972.580 (10) 238912.5785 (44) 3.059 77A 

14-13 238912.7868 (45) 3.305 

12-11 238912.7978 (44) 2.831 
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MICROWAVE SPECTRUM OF METHYL CYANIDE 671 

TABLE 2 Microwal'e Spectrum of 12C H3 12C 14N in the Ground Vibrational State (continued) 

Om. Freq. in MHz Calc. Freq. in MHz Line 
Approximate} 

Re~ Transition Energy in em' 
)'.1" K F'·F" (Est: Unc.) (Est. Unc) Strength Lower State 

8 238843.934 8.077 363.60 

13-12 238843.754 (10) 238843.7481 (42) 2.676 7711, 

14-13 238844.0185 (43) 2.892 

12-11 238844.0369 (42) 2.477 

9 238766.060 6.769 447.34 

13-12 238765.827 (10) 238765.8253 (43) 2.243 77A 

14-13 238766.1660 (44) 2.424 

12-11 238766.1927 (44) 2.076 

10 238679.132 5.308 540.86 

13-12 238678.839 (10) 238678.842 (69) 1. 759 77A 

14-13 238679.2611 (69) 1.900 

12-11 238679.2973 (70) 1.628 

11 238583.185 3.692 644.16 

13-12 238582.8337 (130) 1.223 

14-13 238583. 3::1~6 (130) 1.322 

12-11 238583.3862 (131) 1.132 

12 238478.258 1.923 757.20 

13-12 238477 • 8398 (229) 0.637 

14-13 238478.4408 (229) 0.688 

12-11 238478.4987 (230) 0.590 

. 14-13 0 257527.374 (20) 14.000 55.84 

257522.418 (20) 13.929 60.78 

2 257507.553 (50) 13.714 75.60 

3 257482.784 (50) 13.357 100.29 

4 257448.122 (80) 12.857 134.84 

5 257403.581 (100) 12.214 179.26 

6 257349.178 11.429 233.53 

14-13 257349. 0948 (76) 3.790 

15-14 257349.2196 (77) 3.072 

13-12 257349.2208 (75) 3.527 

7 257284.937 10.500 297.63 

14-13 257284.8234 (71) 3.482 

15-14 257284.9914 (73) 3.741 

13-12 7Ci7?S4 _ 9973 (71) :L241 

8 257210.883 9.429 371.56 

14-13 257210.7347 (68) 3.127 

1!l-14 257210.952::' {(9) 3.360 

13-12 257210.9639 (67) 2.910 

• nL ... r&'ft_ D .. ~ Ontn Vol. 9. Nt .. 3, 198 



672 BOUCHER ET AL. 

TABLE 2 Mic-owave Spectrum of ,l2C "3 12C 14N in the Ground Vibrational State (continued ) 

Transition Obs. Freq. in MHz Calc. Freq. in MHz Line 
Approximate} 

Ref. Energy in em' 
roJ" K F'·F" (Est. Une.) (Est. Une) Strength Lower State 

257127.047 8.214 455.30 

14-13 257126.8591 (69) 2.724 

15-14 257127.1332 (70) 2.927 

13-12 257127.1509 (69) 2.535 

·10 257033.463 6.B57 54B.83 

14-13 257033.2307 (90) 2.274 

15-14 257033.5680 (90) 2.443 

13-12 257033.5925 (90) 2.116 

11 256930.169 5.357 652.12 

14-13 256929.8881 (147) 1.777 

15-14 256930.2950 (147) 1.909 

13-12 256930.3272 (147) 1.653 

12 256817.208 3.714 765.15 

14-13 256816.8734 (246) 1.249 

15-14 256817.3566 (246) 1.323 

13-12 256817 • 3973 (246) 1.146 

13 256694.626 1.929 887.91 

14-13 256694.2332 (392) 0.639 

15-14 256694.7994 (392) 0.687 

13-12 256694.8492 (393) 0.595 

15-14 0 275915.550 (50) 15.000 64.43 

275910.243 (50) 14.933 69.37 

275894.321 (50) :"4.733 84.18 

275867.792 (50) 14.400 108.87 

275830.668 (80) 13.933 143.43 

5 275782.962 (100) 13.333 187.85 

275724.694 12.600 242.11 

15-14 275724.6259 (136) 4.813 

14-13 275724.7273 (135) 3.910 

16-15 275724.7283 (137) 4.471 

275655.888 11.733 306.22 

15-14 275655.7958 (125) 3.894 

16-15 275655.9333 (127) 4.163 

14-13 275655.9359 (124) 3.641 

275576.573 10733 380.14 

15-14 275576.4520 (117) 3.562 

16-15 275576.6301 (llB) 3.331 

14-13 275576.6369 (116) 3.331 

275486.780 9.600 463.88 

15-14 275486.6272 (114) 3.186 

16-15 275486.8512 (116) 3.406 

14-13 275486.8627 (113) 2.963 
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MICROWAVE SPECTRUM OF METHYL CYANIDE 673 

TABLE 2 Microwave Spectrum of 12C HS 12C 14N in the Ground Vibrational State (continued)1 

Transition Obi;;. Freq. in MHz Calc. Freq. in MHz Line 
Approximate~ 

Ref, Energy in cm '. 
J'.J" K F',F" (Est. Unc.) (Est. Unc.) Strength wwer State 

10 275386.547 8.333 557.40 

15-14 275386.3579 (l28) 2.765 

16-15 275386.6334 (l29) 2.957 

14-13 275386.6500 (128) 2.586 

11 275275.914 6.933 660.69 

15-14 275275.6854 (178) 2.301 

16-15 275276.0176 (178) 2.460 

14-13 275276. (1401 (178) 2.152 

12 275154.927 5.400 li3.72 

15-14 27S 1 S4. 6549 (273) 1.792 

16-15 275155.0494 (273) 1.916 

14-13 275155.0782 (274) 1.676 

13 27!:>023.G35 3.733 896.47 

15-14 275023.3163 (421) 1.239 

16-15 275023.7784 (421) 1.325 

14-13 275023.8141 (422) 1.159 

14 274882.093 1.933 1028.92 

15-14 274881.7236 (628) 0.641 

16-15 274882.2588 (627) 0.686 

14-13 274882.3018 (628) 0.600 

16-15 294302.352 (50) 16.000 73.63 

294296.692 {50} 15.937 78.57 

294279. '716 (80) 15.750 93.38 

294251.429 (80) 15.437 118.0'1 

294211.844 (l00) 15.000 152.63 

294160.977 (l00) 14.437 197.04 

294098.848 (l00) 13.750 251.31 

294025.483 12.937 315.41 

16-15 294025.4067 (212) 4.295 

l7-l6 294025.5207 (212) .4 .~7A 

15-14 294025.5211 (211) 4.034 

~93940. 912 12.000 389.33 

16-15 293940.8121 (l96) 3.984 

li-16 293940.9597 (198) 4.242 

15-14 293940.9632 (195) 3.742 

293845.169 10.937 473.06' 

16-15 293845.0428 (187) 3.631 

17-16 293845.2284 (188) 3.867 

15-14 293845.2355 (186) 3.410 
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674 BOUCHER ET At. 

TABLE 2 Microwave Spectrum of 12C H3 12C 14N in the Ground Vibrational State (continued) 

Transition Obs. Freq. in MHz Calc. Freq. in MHz Line 
Approximate} 

Rei. Energy in cm' 
)'.]" K F'·F" (Est. Unc.) (Est. Unc.) Strength Lower State 

10 293738.293 9.750 566.58 

16-15 293738.1380 (192) 3.237 

17-16 293738.3660 (194) 3.447 

15-14 293738.3771 (191) 3.040 

11 293620.330 8.437 669.87 

16-15 293620.1415 (230) 2.801 

17-16 293620.4164 (231) 2.983 

15-14 293620.4320 (229) 2.631 

12 293491.326 7.000 782.90 

16-15 293491.1018 (317) 2.324 

17-16 293491.4281 (317) 2.475 

15-14 293491.4485 (317) 2.183 

13 293351.334 5.437 905.65 

16-15 293351.0719 (462) 1.805 

17-16 293351.4540 (462) 1.922 

15-14 293351.4797 (463) 1.695 

14 293200.414 3.750 1038.08 

16-15 293200.1094 (673) 1.245 

17-16 293200.5519 (673) 1.326 

15-14 293200.5833 (673) 1.169 

15 293038.626 1.937 1180.18 

16-15 293038.2767 (956) 0.643 

17-16 293038.7839 (956) 0.685 

15-14 293038.8214 (957) 0.604 

J. Phys. Chem. Ref. Data, Vol. 9, No.3, 1980 
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JOK' ...... J"K" 

1,0 

2,0 

2,1 

3,0 

3,1 

3,2 

4,0 

4,1 

4,2 

4,3 

5,0 

5,1 

5,2 

5,3 

5,4 

6,0 

6,1 

6,2 

6,3 

6,4 

6,5 

7,0 

7,1 

7,2 

7,3 

7,4 

7,5 

7,6 

8,0 

8,1 

8,2 

8,3 

8,4 

8,5 

6,6 

8,7 

9,0 

9,1 

9,3 

9,4 

1,0 

1,1 

2,0 

2,1 

2,2 

3,U 

3,1 
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7,1 

7,2 
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7,4 
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7,6 

7,7 

8,0 

8,1 

8,3 

8,4 

MICROWAVE -SPECrRUIA _ Oi=M_ETHYl CYANIDE 

Ohe. Freq. in MHz 
(EBt.Une.) 

17666.{;OO (60) 

7141:>!>.!>.lO \100) 

71464.140 (l00) 

10719_6.570 (IOO) 

107194.550 (100) 

107188.500 (100) 

IOil78.S00 (lOO) 

107164.480 1I20) 

125061.300 (100) 

125058.980 (l00) 

125051. 900 (l00) 

125040 •. 200 (lOa) 

125023.860 (120) 

125002.800 (120) 

142925.600 020} 

142922.844 020} 

142914.850 (J20) 

142901. 396 (120) 

142882.626 (120) 

142858.466 (120) 

142828.900 (120-) 

160788.950 (100) 

160785.900 (l00) 

160'76-.820 (l00) 

160761. 790 000) 

160740.520 (150) 

Calc. Freq. in MHz 
(Est. Uae.) 

35733.138 (I8) 

35732.467 (18) 

53599.487 (2S) 

53598.481 (25) 

53595.463 (25) 

71464.229 (30) 

71460.205 (30) 

71453.500 (30) 

89331.302 (33) 

89329.625 (32) 

89324.596 (32) 

89316.213 (32) 

89304.478(33) 

107196.592 (32) 

107194.580 (32) 

1071S8_.545 \31) 

107178.486 (31) 

107164.403 (32) 

107146.297 (38) 

125061. 353 (30) 

125-059.006 (30) 

125051.965 (28) 

125040.229 (27) 

125023.800 (28) 

125002.676 (36) 

124976.858 (49) 

142925.497 (30) 

142922.815 (29) 

142914.768 (26) 

142901. 356 (23) 

142882.579 (24) 

142858.437 (33) 

142828.931 (49) 

142794.060 (70) 

160788.935 (38) 

160785.916 (37) 

160761. 776 (29) 

160740.652 (28) 

Line 
Strenctb 

1.000 

2.000 

1.S00 

3.000 

2.667 

1.667 

4.000 

3.750 

3.000 

1.750 

5.000 

4.800 

4.200 

3.200 

1.800 

6.000 

5.883 

5.333 

-4.500 

3.333 

1.833 

7.000 

6.857 

6.429 

5.714 

-4.714 

3.429 

1.857 

8.000 

7.875 

7.500 

6.875 

6.aOO 

4.875 

3.500 

1.875 

9.000 

8.£89 

fl.SS6 

8.000 

7.222 

Approf~. .-1 Enqy\m em Ref. 
1.ower \ State _ 

o.el\) 
0.5 I 

5.S! 

1. 7~ 
6. 7~\ 

21.731 

8.56 

23.51 

48.43 

5,96 

10.94 

25.90 

50.B2 

85.70 

8.94 

13.92 

28.88 

53.S0 

88.68 

133.52 

12.52 

17.50 

32.46 

57.38 

92.25 

137.09 

191.87 

16.69 

21.67 

36.62 

61. 55 

96.43 

141.26 

196.04 

260.74 

21.45 

26.44 

41.39 

66.31 

101.19 

78 A 

70 A 

78 A 

78 A 

78 A 

78 A 

78 A . 

78 A 

78 A 

.78 A 

78 A 

78 A 

78 A 

1SA 

\,70 A 

\70 A 
I 
!'Oll 

10A 
I 
10 A 

7\) A 
I 

7\\ A 

7~ A· 
\ 

78:A 

7alA 

78 A 

78 ~ 



676 BOUCHER ET Al. 

TABLE 3 Microwaft Spectrum of 1st HS 12C 14N in the Ground VibrationaJ State (continued) 

Transition 
fK' .... l"K" 

9,5 

9,6 

9,7 

9,8 

10,0 

10,1 

10,3 

10,4 

10,S 

10,6 

10,7 

10,9 

11,0 

11,1 

11,2 

11 ,3 

11,4 

11,5 

11 ,6 

B,5 

8,6 

8,7 

B.8 

9,0 

9,1 

9,2 

9,3 

9.4 

9,6 

9,7 

9,9 

10,0 

10,1 

10,2 

10,3 

10,4 

10,5 

10,6 

11,7 10,7 

11,8 10,8 

11,9 10,9 

11,10 10,10 

12,0 11,0 

12,1 11,1 

12,2 11,2 

12,3 11,3 

12,4 11,4 

12,5 11,5 

12.6 11,6 

12.7 11,7 

12,8 11,8 

12,9 11,9 

12,10 11,10 

12,11 11,11 

13,0 12,0 

13,1 12,1 

13,2 12,2 

13,3 12,3 

Ohe. Freq. in MHz 
(Est. Vnc.) 

160713.370 (l50) 

160680.300 (150) 

160641.150 (150) 

178651. 620 (lOO) 

178648.240 (l00) 

1'7Sf,3IL 240 (l00) 

178621. 390 (100) 

178597.980 (ISO) 

178530.B40 (ISO) 

J. PhyS. Chem. Ref. Data, Vol. 9, No.3, 1980 

Calc. Freq. in MHz 
(Est. Unc.) 

160713.493 (36) 

160680.298 (52) 

160641.068 (75) 

160595.803 (103) 

178651.580 (59) 

178648.227 (58) 

178621.403 (50) 

178597.932 (48) 

17~;6i.j;; (52) 

178530.872 (65) 

178487.283 (87) 

17S436~9BB (116) 

178379.987 (151) 

196513.343 (9I) 

1!.l6500 ~65~ (B9) 

196498.590 (86) 

196480.148 (82) 

196454.330 (79) 

196421.135 (80) 

196380.564 (90) 

196332.616 (108) 

196277.292 (l35) 

196214.591 (170) 

196144.513 (212) 

214374.136 (132) 

214370.112 (131) 

214358.041 (128) 

214337.923 (124) 

214309.758 (121) 

214273.546 (120) 

214229.286 (126) 

214176.979 (140) 

214116.625 (164) 

214048.224 (198) 

213971.776 (240) 

213887.280 (289) 

232233.870 (184) 

232229.511 (183) 

232216.434 (180) 

232194.640 (176) 

Line 
Strength 

6.222 

5.000 

3.556 

1.889 

10.000 

S.900 

~ .6/'l0 

9.100 

8.400 

"1_500 

6.400 

5.100 

l ~600 

1.900 

11.000 

10.636 

10.182 

9.545 

8.727 

7.727 

6.545 

5.182 

3.636 

1.909 

12.000 

11.917 

11.667 

11.250 

10.667 

9.917 

9.000 

7.917 

6.667 

5.250 

3.667 

1. 917 

13.000 

12.923 

12.692 

12.308 

Approximate I 
Energy in em· Ref. 
Lower State 

146.03 

200.80 

265.50 

~40 _ 12 

26.82 

31.80 

46. '16 

71.67 

106.56 

151~lB 

206.16 

270.86 

l4~ ~4B 

429.99 

32.78 

37.76 

52.71 

77.63 

112.51 

157.34 

212.12 

276.82 

351.43 

435.94 

530.33 

39.33 

44.32 

59.27 

84.19 

119.07 

163.90 

218.67 

283.37 

357.98 

442.49 

536.87 

641.12 

46.48 

51. 47 

66.42 

91.34 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 



MICROWAVE SPECTRUM OF METHYL CYAN\ DE 677 

TABLE 3 Microwave Spectrum of 13C H3 12C 14N in the Ground Vibrational State (continued) 

Transition 
1'1\' +- J"K" 

13,4 12,4 

13,5 12,5 

1":l.6 12.6 

13,7 12,7 

13,8 12,8 

13,9 12,9 

13,10 12,10 

13,11 12,11 

13,12 12,12 

14,0 13,0 

14,1 13,1 

14,2 13,2 

14,3 13,3 

14,4 13,4 

14,5 13,5 

14,6 13,6 

14,7 13,7 

14,8 13,8 

14,9' 13,~ 

14,10 13,10 

14,11 13,11 

14,12 13,12 

1'() • , 3 1:>.1 :> 

lS,U 14,0 

15,1 14,1 

1!j,2 14,:2 

15,3 14,3 

15,4 14,4 

15,5 14,5 

15,6 14,6 

15,7 14,7 

15,8 14,8 

15,9 14,9 

15,10 14,10 

15,11 14,11 

15,12 14,12 

15,13 14,13 

15,14 14,14 

16,0 15,0 

16,1 15,1 

16,2 15,2 

16,3 15,3 

Obs. Freq. in MHz 
(Est. Unc.) 

Calc. Freq. in MHz 
(Est. lJnc.) 

232164.128 (172) 

232124.898 (171) 

232076.950 (174) 

232020.284 (185) 

231954.900 (205) 

231880.799 (235) 

231797.980 (275) 

231706.443 (324) 

231606.188 (382) 

250092.458 (247) 

250087.764 (246) 

250073.681 (243) 

250050.210 (239) 

250017.351 (235) 

249975.103 (232) 

249923.467 (233) 

249862.442 (241) 

249792.029 (257) 

249712.228 (284) 

249623.038 (321) 

249524.460 (369) 

249416.493 (426) 

?'()Q299 _ 139 (4Q2) 

267949.811 (321) 

267944.782 (320) 

2(,7:;)29. (,9;'; P 17) 

267904.546 (313) 

267869.339(308) 

267824.074 (30S) 

267768.749 (304) 

267703.366 (310) 

267627.923 (322) 

267542.422 (345) 

267446.861 (379) 

267341.242 (424) 

267225.563 (480) 

267099.826 (546) 

266964.029 (622) 

285805.842 (407) 

285800.477 (406) 

285784.383 (403) 

285757.559 (399) 

Line 
Strength 

11. 769 

11.077 

10.231 

9.231 

8.077 

6.769 

5.308 

3.692 

1. 923 

14.000 

13.929 

13.714 

13.357 

12.857 

12.214 

11.429 

10.500 

9.429 

8.214 

6.857 

5.357 

3.714 

1.1;129 

15.000 

14.933 

14.400 

13.933 

13.333 

12.600 

11.733 

10.733 

9.600 

8.333 

6.933 

5.400 

3.733 

1. 933 

16.000 

15.937 

15.750 

15.437 

A )foximate 1 
En gy in em' Ref. 
to fer State 

1 :6.21 

1.04 

2 5.81 

).51 

36 i .12 

44 1.63 

54 .01 

64 .25 

76 .32 

54.22 

59 21 

74 17 

99 08 

133 96 

178.79 

233. is 

298. :5 

372. 

457. 

551. 

655.91 

770.01 

"I;I:'_P, 
62.51 

67.5~ 
62.:; 1\ 

107.42 

142.30 

187.12 

241. 89 

306.58 

381.19 

465.69 

560.07 

664.30 

778.37 

902.24 

1035.8'8 

71.51 

76.49 

91. 44 

116.36 

J. Phys. Che~, Ref. Dala, Vol. 9, No.3, 191( 



678 BOUCHER ET AL. 

TABLE 3 Microwave Spectnnn of 13C DS 12C 14N in the Ground Vibrational Sta1e ( continued) 

Transition ObI!. Freq. in MHz Calc:. Freq. in MHz Line 
Approximate 1 

Ref. Energy in em' 
J'K' .... J"K" (Est. Une.) (Est. Une.) Strength Lower State 

16,4 15,4 285720.005 (394} 15.000 151.23 

16,5 15,5 285671.722 (390) 14.437 196.06 

16,6 15,6 285612.709 DBB} .13.750 250.82 

16.7 15,7 285542.967 (391) 12.937 315.51 

16,8 15,8 285462.495 (401) 12.000 390. 11 

16,9 15,9 285371.293 (420) 10.937 474.61 

16, j 0 15.10 285269.362 (450) 9.750 568.99 

1€,11 15,11 285156.701 (491 ) 8.437 673.22 

16.12 15.12 285033.311 (545) 7.000 787.28 

16,13 15,13 284899.191 (609) 5.437 911. 15 

16,14 15,14 284754.341 (685) 3.750 1044.79 

16,15 15,15 284598.762 ( 771l 1.937 1188.17 

J. Phys. (hem. Ref. Data. Vol. 9, No.3, 1980 



TraDaition 
J'K'.- J"K" 

1,0 0,0 

2,0 1,0 

2,1 1,1 

3,0 2,0 

3,1 2,1 

3,2 2,2 

4,0 3,0 

4,1 3,1 

4,2 3,2 

4,3 3,3 

5,0 4,0 

5,1 4,1 

5,2 4,2 

5,3 4,3 

5,4 4,4 

6,0 5,0 

6,1 5,1 

6,2 5,2 

6,3 5,3 

6,4 5,4 

6,5 5,5 

7,0 6,0 

7,1 6,1 

7,2 6,2 

7,3. 6,3 

7,4 6,4 

7,5 6,5 

7,6 6,6 

8,0 7,0 

8,1 7,1 

8,3 7,3 

8,4 7,4 

8,5 7,5 

8,6 7,6 

8,7 7,7 

9,0 8,0 

9,1 8,,1 

9,2 8,2 

9,3 8,3 

9,4 8,4 

M1CROWA VESPECTRUM-OF METHYfC, ANIDE 679 

Obs. Freq. in MHz 
(Est. Une.) 

36777,18 (3) 

73553.82 (3) 

73552.3f (3) 

91941.58 (3) 

91939.79 (3) 

91934.60 (3) 

110326.87 (6) 

110320.40 (6) 

110309.80 (6) 

110295.20 (6) 

128715.65 (6) 

128713.11 (6) 

128705.74 (6) 

12S693.38 (6) 

1~8676.29 (6) 

147101.78 (6) 

147099.04 (6) 

147090.54 . (6) 

147076.40 (6) 

147056.56 (6) 

1417031.29 (6) 

Calc. Freq. in MHz 
(Est. Unc.) 

18388.683 (9) 

36777.274 (17) 

36776.569 (17) 

55165.682 (23). 

55164.625 (23) 

55161. 454 (23) 

73553.815 (28) 

73552.406 (28) 

73548.178 (28) 

73541.133 (28) 

91941.582 (31) 

91939.820 (30) 

91934.536 (30) 

91925.729 (3D) 

91913.398 (35) 

110328.890 (31) 

110326.777 (30) 

110320.435 (29) 

110309.867 (29) 

110295.070 (34) 

110276.{)47 (46) 

128715.649 (32) 

128713.183 (30) 

128705.785 (28) 

128693.455 (27·) 

128676.193 (32) 

i28653.998 (47) 

128626.872 (68) 

147101.767 (37) 

147098.949 (35) 

147090.494 (31) 

147076.402 (27) 

147056.673 (32) 

147031.308 (48) 

147000.307 (73) 

146963.668 (104) 

165487.152 (51) 

165483.981 (49) 

165474.469 (44) 

165458.616 (39) 

165436.422 (40) 

Line 
Stre~ 

1.00j 

2.000\ 

1.500\ 

3.000\ 

2.667 

1. 667 

4.000 

3.750 

3.000 

1.750 

5.000 

4.800 

4.200 

3.20_0 

1.800 

6~000 

5.833 

5.333 

4.500 

3.333 

1 • .833 

7.000 

6.857 

6.429 

5.714 

4.714 

3.429 

1.857 

8.000 

7.875 

7.500 

6.875 

6.000 

4.875 

3.500 

1.875 

9.000 

'8.889 

8.556 

8.000 

7.222 

Approximate 1 
Energy in em' Ref. 
Lower State 

0.00 

0.61 

5.59 

1.84 

6.82 

21. 74 

3.68 

8.66 

23.59 

48.46 

6.13 

11.11 

26.04 

50.91 

85.74 

9.20 

14.18 

29.11 

53.98 

88.80 

t33.56 

12.88 

17.85 

32.79 

57-.66 

32.48 

1I7.24 
i 

1!'l.92 
; 

Pol7 

~2.15 

-"".07 

6\.96 
\ 

9(.78 
1 

141.54 

1961.21 

2601.80 

22. 08· 

27.'05 

41',}9 

66.U6 

1 01. ~ 8 

50-A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 

70 A 

70 A 

70 A 

70 A. 

7-O.A 

70A 

70 A 

J. Phys. ChE m. Ref. Dala, Vol. 0 ... - "2. 1980, 
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TABLE 4 Mkl'owave Spectnu:n of 12C "3 lac 14N in the ground Vibrational State (continued) 

Transition 
J'K' .... J"K" 

9,5 8,5 

9,6 8,6 

9,7 8,7 

9,8 e,6 

10,0 9,0 

1e,1 9,1 

10,2 9,2 

10,3 9,3 

10,4 9,4 

10,5 9,5 

10,6 9,6 

10,7 9,7 

10,8 9,8 

10,9 9,9 

11,0 10,0 

11,1 10,1 

11,2 10,2 

11,3 10,3 

11,4 10,4 

11,5 10,5 

11,6 10,6 

11,7 10,7 

11,8 10,8 

11,9 10,9 

11,10 10,10 

12,0 11,0 

12,1 11,1 

12,2 11,2 

12,3 11,3 

12,4 11,4 

12,5 11,5 

12,6 11,6 

12,7 11,7 

12,8 11,8 

12,9 11,9 

12,10 11, 10 

12,11 11,11 

13,0 12,0 

13,1 12,1 

13,2 12,2 

13,3 12,3 

Ohs. Freq. in MHz 
(Est. Une.) 

183871. 74 (6) 

183868.24 (6) 

183857. S9 (6) 

183839.96 (6) 

183815.28 (6) 

183783.60 (6) 

183744.89 (6) 

J. Phys. (hem. Ref. Data, Vol. 9, No.3, 1980 

Calc. Freq. in MHz 
(Est. Une.O 

165407.886 (54) 

165373. 009 (80) 

165331. 791 (114) 

Hi5Z64.2:31 (150) 

183871. 712 (76) 

183868.189 (74) 

183857.620 (69) 

183840.006 (64) 

183815.345 (62) 

183783.639 (71) 

183744.887 (94) 

183699.089 (128) 

183646.245 (172) 

183586.355 (223) 

202255.356 OIl) 

202251.481 (110) 

202239.855 (105) 

202220.479 (99) 

202193.353 (95) 

202158.476 (100) 

202115.846 (117) 

202065.471 (149) 

202007.342 (193) 

201941.464 (246) 

201867.835 (309) 

220637.992 (l57) 

220633.765 (155) 

220621.082 (150) 

220599.945 (144) 

220570.352 (139) 

220532.305 (140) 

220485.802 (153) 

220430.845 (180) 

220367.432 (221) 

220295.564 (275) 

220215.242 (340) 

220126.464 (415) 

239019.529 (213) 

239014.949 (211) 

239001.:210 (206) 

238978.311 (200) 

Line 
Strength 

6.222 

5.000 

3.556 

10.000 

9.900 

9.600 

9.100 

8.400 

7.500 

6.400 

5.100 

3.600 

1.900 

11. 000 

10.909 

10.636 

10.182 

9.545 

8.727 

7.727 

6.545 

5.182 

3.636 

1.909 

12.000 

11.911 

11.667 

11.250 

10.667 

9.917 

9.000 

7.917 

6.667 

5.250 

3.667 

1.917 

13.000 

12.923 

12.692 

12.308 

Approximate 1 
Energy in em' Ref. 
Lower State 

146.44 

201.11 

265.70 

340.19 

27.60 

32.57 

47.50 

72.38 

107.20 

151.95 

206.63 

271.22 

345.70 

430.07 

33.73 

38.71 

53.64 

78.51 

113.31 

158.08 

212.76 

277.35 

351.83 

436.19 

530.42 

40.48 

45.45 

60.38 

85.26 

120.08 

164.83 

219.50 

284.08 

358.57 

442.93 

537.15 

641. 21 

47.84 

52.81 

67.74 

92.62 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 



MICROWAVE SPECTRUM Of M~rHYL CYANIDE 681 

TABLE 4 Microwave Spectnun of 12C HS lSC l~ ~ the GroWld Vibrational State (continued) 

Transition Obs. Freq. in MHz Calc. Fret}. in MHz\ Line 
Approximate 1 

Ref. Energy in em' 
fK' +- J"K" (Est. Unc.) (Est. Unc.) Strength Lower State 

13,4 12,4 238946.253 (l9l, 11. 769 127.43 

13,5 12,5 238905.034 (19:1> 11.077 172 .18 

13,6 12,6 238854.657 (20QI 10.231 226.86 

13,7 12,7 238795.119 (222\ 9.231 291.44 

13,8 12,8 238726.422 (259~ B.077 365.92 

13,9 12,9 238648.566 (311
1 

6.769 450.28 
I 

13,10 12,10 238561.550 (376)\ 5.308 544.50 

13,11 12,11 238465.374 (453)\ 3.692 648.56 

13,12 12,12 238360.039 (542) 1.923 762.43 

14,0 13,0 257399.875 (280) 14.000 55.81 

14,1 13,1 257394.943 (279) 13 .929 60.79 

14,2 13,2 257380.147 (274) 13.714 75.72 

14,3 13,3 257355.486 (266) 13~357 100.59 

14,4 13,4 257320.962 (259) 12.857 135.40 

14,5 13,5 257276.573 (256) 12.214 180.15 

14,6 13,6 257222.320 (260) 11.429 234.83 

14,7 13,7 257158.203 (276) 10.500 299.40 

14,8 13,8 257084.222 (308) 9.429 373.88 

14,9 13,9 257000.376 (357) 8.214 458.24 

14,10 13,10 256906.666 (420) 6.857 552.46 

14,11 13,11 256803.093 (499) 5.357 656.51 

14,12 13,12 256689.655 (589) 3.714 770.38 

14,13 13,13 256566.352 (692) 1.929 894.03 

15,0 14,0 275778.939 (359) 115.000 64.40 
I 

15,1 14,1 275773.654 (358) 114 .933 69.37 

15,2 14,2 275757.801 (352) \ 
IA • 733 84.30 

15,3 14,3 275731.379 (350) '4.400 109.17 

15,4 14,4 275694.389 (337) 13.933 143.99 
I 

15,5 14,5 275646.829 (332) 1\3. 333 188.73 

15,6 14,6 275588.701 (333) 1\~.600 243.40 

15,7 14,7 275520;004 (345) Ii .733 307.98 
\ 

15,8 14,8 275440.738 (371) 1~.733 3B2.46 

15,9 14,9 275350.904 (415) ~.600 466.81 

15,10 14,10 275250.501 (475) I 561.02 8\,333 

15,11 14,11 275139.529 (552) 6\933 665.07 

15,12 14,12 275017 .988 (644) 5\400 778.94 

15,13 14,13 274885.879 (749) \ 
902.59 3f33 

15,14 14,14 274743.200 (86B) 1. }33 1036.00 
I 

16,0 15,0 294156.628 (451) 
I 

16.1100 73.60 
i 

16,1 15, ] 294150.991 (449) 15.S37 78.57 
\ 

16,2 15,2 294134.081 (444) 15.~50 93.50 

16,3 15,3 294]05.898 (436) 15.4\37 118.37 
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TABLE 4 MiclOwaw Spec:trum of 12C Hi! 13C l~ in th~ Ground Vibration ad State (continued ) 

Transition Oba. Freq. in MIIz Calc. Freq. in MHz lJne 
Approximate 1 

Ref. Enel!Y in ap-

J'K' ~ J"K" (E,t.Vnc.) (Est. Unc.) Strenrth Lower State 

16,4 15,4 294066.441 (428) 15.000 153.1B 

16,5 15,.5 294015.711 (421 ) 14.437 197.93 

16,6 15,6 293953.708 (419) 13.750 252.59 

16,7 15,7 293880.431 (427) 12.937 317 .17 

16,a 15,8 293795. BS 1 (448) 12.000 391.M 

16,9 15,9 293700.05B (486) 10.937 476.00 

16,10 15,10 293592.961 (542) 9.750 570.21 

16,11 15,11 293474.591 (616) B.437 674.25 

16,12 15,12 293344.947 (107) 7. DOC 788.11 

16,13 15,13 293204.030 (814) 5.437 911.76 

16,14 15,14 293()Sl.840 (935) 3.750 1045.17 

16,15 15,15 ~~4!IHS~ .n7 ~11J1\.l) 1.931 Ut)6.,;!Q 

J. PhyS. Chem. Ref. Delta, Vol. 9, Nc. 3, 1980 



MICROWAVE SPECTRUM ~)F METHYL CYANIDE 683 

TABLE 5 Miaowave Spectrum of 12C H3 12C\ 15N in the GroWld Vibrational State 

Transition 
J'K' J"K" 

1,0 

2,0 

2,1 

3,0 

3,1 

3,2 

4,0 

4,1 

4,2 

4,3 

5,0 

5,1 

5,2 

5,3 

5,4 

6,0 

6,1 

6,2 

6,3 

6,4 

6,5 

7,0 

7,1 

7,2 

7,3 

7,4 

7,5 

7,6 

8,0 

8,1 

8,2 

8,3 

8,4 

8,5 

8,6 

8,7 

9,0 

9,1 

9,2 

9,3 

9,4 

9,5 

9,6 

0,0 

1,0 

1,1 

2,0 

2,1 

2,2 

3,0 

3,1 

3,2 

3,3 

4,0 

4,1 

4,2 

4,3 

4,4 

5,0 

5,1 

5,2 

5,3 

5,4 

5,5 

6,0 

6,1 

6,2 

6,3 

6,4 

6,5 

6,6 

7,0 

7,1 

7,2 

7,3 

7,4 

7,5 

7,6 

7,7 

8,0 

8,1 

8,2 

8,3 

8,4 

8,5 

8,6 

Obe. Freq. in MHz 
(Eet. Unc.) 

17844.170 (l00) 

35688.077 (30) 

35687.368 (30) 

53531.916 (60) 

53530.884 (60) 

53527.874 (60) 

71375.447 (30) 

71374.068 (30) 

71370.028 (30) 

71363.256 (30) 

89218.700 (60) 

89216.972 (60) 

89211.974 (60) 

89203.406 (60) 

89191.592 (60) 

107061.410 (90) 

107059.340 (90) 

107053.270 (90) 

107043.140 (90) 

107028.940 (90) 

107010.770 (90) 

124903.658 (60) 

124901.292 (60) 

124894.254 (60) 

124882.408 (60) 

124865.860 (60) 

124844.600 (60) 

124818.664 (60) 

142745.356 (60) 

142742.670 (60) 

142734.570 (60) 

142721.098 (60) 

142702.180 (60) 

142677.884 

142648.234 

142613.210 

(60) 

(60) 

(60) 

Calc. Fre€\. in MHz 
(Eet. ,Joe.) 

:::::~:l: (~:: 
35687.3} (13) 

53531.871 (17) 

53530.85~ (17) 

53527.811 (17) 

71375.42~. (19) 

71374.075\ (19) 

71370.019\ (19) 

71363.262 \ (19) 

89218.642 (19) 

89216.952 \ (18) 

89211. 883 \.(17) 

89203.437 (17) 

89191. 619 "\(20) 

107061.429 (18) 

107059.401 \:17) 
107053.318 '\16) 

107043.185 \IS) 

107029.004 (\l7) 

107010.785 t2) 

124903.701 (\1) 

124901.335 (0) 

124894.240 (f) 
124882.419 (11

1
;) 

124865.878 0\> 
124844.626 (2~). 

124818.673 (2~) 
142745.372 (28\1 

142742.669 (27\ 

142734.562 (24, 

142721.054 (22)\ 

142702.154 (21)\ 

142677.869 (23) 

142648.213 (28) 

142613.202 (44) 

160586.356 (38) 

160583.316 (36) 

160574.197 (34) 

160559.004 (31) 

160537.745 (30) 

160510.430 (31) 

160477.073 (33) 

Line 
Strength 

1. 000 

2.000 

1. 500 

3.000 

2.667 

1. 667 

4.000 

3.750 

3.000 

1.750 

5.000 

4.800 

4.200 

3.200 

1.800 

6.000 

5.833 

5.333 

4.500 

3.333 

1. 833 

7.000 

6.857 

6.429 

5.714 

4.711: 

3.429 

1.857 

8.000 

7.875 

7.500 

6.875 

6.000 

4.875 

3.500 

1.875 

9.000 

8.889 

8.556 

8.000 

7.222 

6.222 

5.000 

Approximate 
Energy in em·! Ref. 
Lower State 

0.00 

0.59 

5.58 

1. 79 

6.77 

21. 73 

3.57 

8.56 

23.51 

48.44 

5.95 

10.94 

25.89 

50.82 

85.70 

8.93 

13.91 

28.87 

53.79 

88.68 

133.52 

12.50 

17.49 

32.44 

57.36 

92.25 

137.08 

191.87 

16.6 

21.65 

36.61 

61. 53 

96.42 

141. 25 

196.03 

260.74 

21.43 

26.41 

41.37 

66.29 

101.17 

146.01 

200.79 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 
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TABLE 5 Microwave Spectrum of 12C H3 12C lSN in the GroWld Vibrational State (continued) 

Transition 
J'K' - J"K" 

9,7 

9,8 

10,0 

10,1 

10,2 

10,3 

10,4 

10,5 

10,6 

10,7 

10,8 

Ip,9 

11,0 

11,1 

11,2 

11,3 

11,4 

11,5 

11,6 

11,7 

11,13 

8,7 

8,8 

9,0 

9,1 

9,2 

9,3 

9,4 

9,5 

9,6 

9,7 

9,8 

9,9 

10,0 

10,1 

10,2 

10,3 

10,4 

10,5 

10,6 

10,7 

]0,13 

11,9 10,9 

11, H) 10,10 

12,0 

12,1 

12,2 

12,3 

12,4 

12,5 

12,6 

12,7 

12,8 

11,0 

11,1 

11,2 

11,3 

11,4 

11,5 

11,6 

11,7 

11,8 

12,9 11,9 

12,10 11,10 

12,11 11,11 

13,0 

13,1 

13,2 

13,3 

13,4 

13,5 

13,6 

12,0 

12,1 

12,2 

12,3 

12,4 

12,5 

12,6 

Obs. Freq. in MHz 
(Est. Unc.) 

214039.640 (90) 

231941.710 (100) 

231937.280 (100) 

231924.100 (100) 

231902.230 (100) 

231871.490 (100) 

231832.010 (100) 

231784. 030 (100) 

J. Phys. Chem. Ref. Data, Vol. 9, No.3, 1980 

Calc. Freq. in MHz 
(Est. Unc.) 

Line 
Strength 

160437.693 (43) 3.556 

160392.308 (73) 1.889 

178426.566 (45) 10.000 

178423.189 (44) 9.900 

178413.059 (41) 9.600 

178396.181 (38) 9.100 

178372.564 (38) 8.400 

178342.221 (39) ,7.500 

178305.166 (40) 6.400 

178261.419 (44) 5.100 

178211.002 (69) 3.600 

178153.942 (30) 1.900 

196265.914 (48) 11.000 

196262.200 (47) 10.909 

196251.060 (43) 10.636 

196232.499 (40) 10.182 

196206.526 (40) 9.545 

196173.156 (44) 8.727 

196132.406 (46) 7.727 

196084.295 (48) 6.545 

1960213_850 (66) 5_1132 

195966.098 (124) 

195896.071 (230) 

3.636 

1. 909 

214104.313 (46) 12.000 

214100.263 (44) 11.917 

214088.112 (38) 11.667 

214067.869 (33) 11.250 

214039.543 (35) 10.667 

2.14003.149 (43) 

213958.705 (50) 

213906.234 (54) 

213845.764 (68) 

213777.324 (121) 

213700.952 (226) 

213616.685 (393) 

9.917 

9.000 

7.917 

6.667 

5.250 

3.667 

1. 917 

231941.675 (54) 13.000 

231937.288 (51) 12.923 

231924.129 (42) 12.692 

231902.205 (34) 12.308 

231871.527 (36) 11.769 

231832.111 (49) 11.077 

231783.976 (62) 10.231 

Approximate 1 
Energy in ern' 
Lower State 

265.49 

340.12 

26.78 

31. 77 

46.72 

71.64 

106.53 

151. 37 

206.14 

270.85 

345.47 

429.99 

32.74 

37.72 

52.68 

77.60 

112.48 

157.31 

212.09 

276.79 

351_41 

435.93 

530.33 

39.28 

44.27 

59.22 

84.14 

119.02 

163.85 

218.63 

283.33 

357.95 

442.47 

536.86 

641.11 

46.42 

51. 41 

66.36 

91.28 

126.16 

170.99 

225.77 

Ref. 

70 A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 

78 A 



MICROWAVE SPECT, !UM OF METHYL CYANIDE 685 

TABLE 5 Microwaw Spectrum of 121: H3 12C 1~ in the Ground Vibrational State (continued) 

Transition ObI!. Freq. in MHz de. Freq. in MHz Line 
.Appro:ximate I 

Ref. Fnergy in em· 
J'K'~ J"K" (Est. Une) (Est. Une.) Strength Lower State 

13,7 12,7 1"27.,49 (71) 9.231 290.47 78 A 

13,8 12,8 2 1661.658 (83) 8.077 365.09 

13,9 12,9 231587.520 (100) 2 1587.536 (127) . 6.769 449.60 

13,10 12,10 2 1504.822 (228) 5.308 543.99 

13,11 12,11 2~l413.559 (396) 3.692 648.24 

13,12 12,12 23\,313.793 (641) 1.923 762.32 

14,0 13,0 24777 .910 (100) 14.000 54.16 

14.1 13,1 24~773.187 (97) 13.929 59.14 

14,2 13,2 24~\759 .020 (89) 13.714 74.10 

14,3 13,3 24!) 735·.417 (S2) 13.357 !)!).O2 

14,4 13,4 249\'02.389 (80) 12.857 133.90 

14,5 13,5 249~59.954 (89) 12.214 178.73 

14,0 13,0 :l4~ Utl .l3:.! 11U:.! ) 11.4:.!~ :l33.!:lU 

14,7 13,7 249~'6.95' (114) 10.500 298.20 

14,8 13,8 249476.444 (127) 9.429 372.81 

14,9 13,9 2493\'6.645 (160) 8.214 457.32 

14,10 13,10 2493h.595 
1 

(247) 6 •. 857 551.71 

14,11 13,11 2492d\9.342 (408) 5.357 655.96 

14,12 13,12 24910
l
t .935 (656) 3.714 770.03 

14,13 13,13 24998\,.430 (1003) 1.929 893.91 

15,0 14,0 26761.:.931 (193) 15.000 62.49 
1 

15,1 14,1 26760"l·872 (190) 14.933 67.47 
1 

15,2 14,2 267591.698 (183) 14.733 82.43 

15,3 14,3 267567L417 (175) 14.400 107.35 
I 

15,4 14,4 2675321.041 (171 ) 13.933 142.23 
I 

15,5 14,5 267486\589 (174) 13.333 187.05 

15,6 14,6 267431\085 (184) 12.600 241.82 

15,7 14,7 267365~556 (196) 11.733 306.52 
I 

15,8 14,8 267290.1,)36 
\ 

(209) 10.733 381.13 

15,~ 14,9 267204.\;64 (234) 9.600 46~.64 

15,10 14,10 267109.185 (302) 8.333 560.03 
\ 

15,11 14,11 267003.Q48 (445) 6.933 664.27 

15,12 14,12 266888 J\J6 (685) 5.400 778.34 

15,13 14,13 266764 .lln (1035) 3.733 902.22 

15,14 14,14 266629.6\.6 (1512) 1.933 1035.87 

16,0 15,0 285446.6~7 (338) 16.000 71.41 
i 

16,1 15,1 285441. 252 (335) 15.937 76.40 

16,2 15,2 285425.07\3 (327) 15.750 91.36 

16,3 15,3 285398.11\; (318) 15.437 116.27 

16,4 15,4 285360.39]i (311) 15.000 151.15 

16,5 15,5 285311.92J (310) 14.437 195.98 
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BOUCHER ET AL. 

TABLE 5 MjcrowDve Speetrwn of 12C H3 12C IlioN in the Ground Vibrational State (continued) 

Transioon Obs. Freq. in MHz Calc. Freq. in MHz Line 
Approxi ....... t .. I 

Rff. Energy jn em' 
j'K' ~ j"K" (Est. Une.) (Est. Une.) StJength Lower State 

16,6 15,6 285252.744 (315) 13.750 250.74 

16,7 IS,7 285182.871 (325) 12.937 315.44 

16,8 15,8 285102.345 (338) 12.000 390.05 

16,9 15,9 285011.207 (359) 10.937 474.55 

16,10 15,10 284909.504 (410) 9.750 568.94 

16,11 15,11 284797.290 (527) 8.437 673.17 

16,12 15,12 284674.622 (746) 7.000 787.24 

16,13 15,13 284541.564 (1086) 5.437 911.12 

16,14 15,14 284398.185 (1567) 3.750 1044.77 

16,15 15,15 284244.559 (2206) 1.937 1188.16 
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MICROWAVE ~ PECTRUM OF METHYL CYANIDE 687 

Table 6 - Molecular cons~ants for CH,:!CN (vB vibrational state) 

B* = \1226.6402 (ll) MHz 

DJ 3.886 (15) kHz 

DJK 177.972 (61) kHz 

* 28.86 (3) kHz p 

qo 4.44940(3) MHz (68 A] 

l1J 0.01583(3) kHz (68 A] 
_z 0.877 (1) a 1,8 

eQq 4.359 (28) MHz 

eQqn 0.1l4 (32) MHz 

a Deriv~d with data ~rom reference 174 A] 

AO = 157 300 r1Hz (call:::ulated from th~ structure) 

J. Phys. Chem. Ref. Data, Vol. 9, No.3, 1980 



688 

K ~' 

1 - Q o 11 

2 - 1 :tl 11 

o ±1 

11 '+1 

±1 11 

3 - 2 ±1 ±1 

±2 11 

Q 11 

±1 

12 '+ 1 

11 ±1 

BOUCHER ET AL. 

TABLE 7 : Microwave spectrum of 12CHa 12C 14N in the va vibrationa1 state. 

F' .... F" 

- 1 

- 1 

- 1 

1 - u 
3 -

- 1 

3 -

2 -

1 - 0 

- 0 

- 2 

2 - 1 

- 0 

- 2 

- 1 

- 3 

2 -

3 -

2 -

4 -

3 -

4 -

- 2 

2 -

- 3 

2 - 1 

3 - 2 

2 - 1 

- 3 

3 -

- 1 

4 - 3 

- 2 

Observed frequency 
in MHz 

(Estimated uncertainty) 

18 453.11 (5) 

3b 943.596 (30) 

36 942.282 (30) 

36 940.943 (30) 

} 36 905.643 130) 

36 904 _ 191 nO) 

36 903.561 (30) 

36 902.223 {3D) 

36 872.530 (30) 

36 871.117 (30) 

36 869.788 (30) 

55 412.874 (60) 

55 359.864 (60) 

55 359.066 (60) 

} 55 357.992 160) 

} 55 354.680 1100) 

55 349.512 (60) 

55 348.158 (60) 

} 55 306.024 160) 

Calculated frequency 
in MHz 

(Estimated uncertainty) 

18 452.843 

18 451. 753 (4) 

18 453.061 (3) 

18 455.022 (2) 

36 942.027 

36 943.604 (19) 

36 942.296 (6) 

36 940.937 (9) 

36 905.547 

36 905.640 (3) 

36 905.547 (4) 

36 cW.L4",>7 (S) 

36 903.327 

36 904.961 (11) 

36 903.592 (5) 

36 902.237 (7) 

36 870.846 

36 872.538 (l9) 

36 871.106 (7) 

36 869.757 (9) 

55 412.807 

55 412.926 (9) 

55 412.904 (9) 

55 412.534 (9) 

55 358.736 

55 359.826 (9) 

55 359.048 (9) 

55 357.646 (9) 

55 357.971 

55 358.023 (5) 

55 357.971 (5) 

55 357.753 (5) 

55 354.699 

55 354.816 (5) 

55 354.808 (5) 

55 354.427 (5) 

55 349.222 

55 350.312 (10) 

55 349.533 (7) 

55 348.132 (8) 

55 306.036 

55306.157 (9) 

55 306.150 (9) 

55 305.764 (9) 

Unc 

Su"clIgth 

1.0 

0.3 

0.6 

0.1 

1.5 
0.2 

0.6 

0.4 

2.0 

0.9 

0.5 
0_2 

1.5 

0.2 

0.6 

0.4 

1.5 

0.2 

0.6 

0.4 

2.7 

1.1 

0.5 

0.8 

1./ 

0.3 

0./ 

0.5 

3.0 

1.3 

0.9 

0.6 

2.7 

1.1 

0.5 

0.8 

1.7 

0.3 

0.7 

0.5 

2.7 

0.5 

1.1 

0.8 

J. Phys. Chem. Ref. Data, Vol. 9, No.3, 1980 

Energy level 
of lower state 

(in cm-1) 

370.31 

366.66 

370.92 

385.06 

366.66 

367.90 

373.51 

372.15 

386.29 

410.31 

367.89 

Ref. 

70 Il 

70 A 

70 A 

10 A 

70 A 

10 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 



J' ..- J" 

<: - 3 

5 - 4 

K 

±1 

±2 

±1 

±2 

±3 

±1 

:!:l 

±2 

±3 

II' 

±1 

±1 

±1 

+1 

+1 

±1 

±1 

±l 

±1 

±1 

MICROW"VE SPECTRUM OF METHYL CYANIDE 689 

TABLE 7 :' Microwavl spectrum of 12CHS 12C14N in the v8 vibrational state (continued) 

F' ~ F" 

- 4 

- 2 

4 - 3 

3 - 2 

5 - 4 

4 - 3 

5 4 

4 - 3 

- 2 

3 - 2 

5 - 4 

4 - 3 

5 -

3 -

4 - 3 

3 -

5 - 4 

4 -

3 -

- 4 

- 3 

- 4 

3 - 2 

- 3 

- 3 

- 5 

5 - 4 

4 -

6 -

5 - 4 

} 

} 

) 

} 

Observed. squency 
in M ~ 

(Estimated 'ertainty) 

73 8B3.39\~ (30) 

73 Bll.729\1 (60) 

73 811.014\ (30) 

73 810.017 \ (30) 

73 807.627 60) 

73 805.755 (130) 
I 

73 798.688 (~D) 

73798.004 (3\) 

73 788.765 (6~) 

73 740.985 (301 

92 353.516 (60)\ 

92 363.992 (60) 

92 261. 440 (611) 

92 258.412 (150) 

Calculated frequency 
in MHz 

(Estimated uncei"'.ainty) 

73 883.307 

73 883.373 (11) 

73 883.310 (11) 

73 883.198 (11) 

73 811.431 

73 811.742 (8) 

73 811.589 (8) 

73 810.995 (8) 

73 809.975 

73 810.008 (7) 

73 809.975 (7) 

73 809.882 (7) 

73 807.142 

73 807.959 (10) 

73 807.457 (9) 

73 806.161 (10) 

73 805.722 

73 805.786 (7) 

73 805.729 (6) 

73 805.613 (6) 

73 798.455 

73 798.767 (7) 

73 798.614 (7) 

73 798.019 (7) 

73 788.239 

73 789.116 (10) 

73 788.614 (9) 

73 787.318 (9) 

73 740.947 

73 741.009 (11) 

73 740.959 (11) 

73 740.838 (11) 

92 353.434 (100) 

92 263.938 

92 261.062 (11) 

92 264.031 (11) 

92 263.720 (11) 

92 261.420 (80) 

92 258.402 

92 258.747 (10) 

92 258.583 (10) 

92 257.912 (10) 

Line 

StJ°ength 

3.8 

1.5 

0.9 

1.2 

3.0 

0.7 

1.2 

0.9 

4.0 

1.6 

1.2 

1.0 

1.8 

0.4 

0.7 

U.!:l 

3.8 

1.5 

0.9 

1.2 

3.0 

0.7 

1.2 

0.9 

1.8 

0.5 

0.7 

0.5 

3.8 

1.5 

1.2 

0.9 

4.8 

4.2 

1.1 

1.7 

1.3 

5.0 

3.2 

0.8 

1.3 

1.1I 

Energy level 
of lower state 

(incm-1) 

369.75 

375.36 

374.00 

":jQO.85 

388.14 

412.15 

446.04 

369.74 

372.21 

377.82 

376.46 

393.31 

Ref. 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 
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}'-r 

6 - Iii 

K i' 

± 1 ; 1 

±2 ~ 1 

±3 

±4 

., 
±2 ±J 

±1 

±3 :t:l 

±] .; 1 

±4 ±l 

±2 

±l 

- 3 

6 - 5 

5 -

4 -

- 5 

- 4 

4 -

6 -

5 - 4 

- 3 

- 5 

- 4 

1 -

- 4 

- 5 

5 -

- 6 

6 -

5 -

7 - 6 

- 5 

- 6 

5 - 4 

6 - 5 

- 4 

- 6 

- 5 

BOUCHER ET AL. 

Ob....-ved frequoncy 
ill MB!!; 

(&,;mat'" WlCertainty) 

92 256.288 (60] 

} 92 250.142 1100) 

92 248.754 (60) 

92 247.240 (60) 

92 234.812 (lOO] 

92 2H.048 \GO) 

'l' ?HL72B liDQ) 

92 217.422 (6") 

92 175.524 (GO) 

11t1 R,:'L126 lEin} 

} 110 716.278 (£0) 

IJO 712.220 (60) 

} 110 709.552 (lOa) 

110 706.340 160) 

} 110 699.060 (J 00) 

110 698.264 (60) 

} 110 695.592 160) 

110 684.442 (JOO) 

1.10 683.282 (60) 

Calculated fr"'luenc~ 
in MU. 

lE_.ted unc."tainty) 

92 256.278 (l00) 

92 249.629 

92 250.283 113) 

92 249.932 03) 

92 248.757 (13) 

92 247.254 

92 247.376 (6) 

92 247.346 (8) 

92 247.036 (8) 

92 234.587 

92 234.932 (10) 

92234.;6' lID) 

92 234. 096 nO] 

9Z 218.330 

9:l 218.983 (15) 

92 218.632 (14) 

92 217.457 (14) 

n 175.484 (l00) 

11n 82'.D9S I£~) 

llO 7J6.212 

HO 7f6.272 (7) 

HO 716.271 (171 

110 716.0B7 07) 

110 712.166 150) 

llO 709.313 

110 709.48B Ill) 

110 70~.427 OJ) 

lID 709.033 Ill) 

llO 706.251 160) 

110 698.701 

llO 699.036 (13) 

JJO 698.8H 031 

llO 698.203 (13) 

HO 695.506 

110 695.566 (9) 

lID 695.565 \9) 

110 695.381 (9) 

no 683.959 

110 684.50:<' (19) 

liD 684.244 (19) 

llO 683.180 119) 

J. Phy.. Ch.m. Ref. Dcfa, Vo'. 9, No.3, 1980 

Line 

SU(lngth 

4.8 

1.8 

0.5 

0.7 

0.6 

4.2 

1.1 

1.7 

1.3 

3.2 

0.8 

1.3 

1.0 

1.B 
4.7 

0.7 

D •• 

4.6 
5.B 

5.3 
2.0 

1.4 
1.7 

6.0 

4.5 

1.2 

1.7 

1.5 

5.8 

3.3 

0.9 

1.3 

1.1 

5.3 

2.0 

1.4 

1.7 

1.8 

0.5 

D.7 

0.6 

Energy Ie",\ 
of lower Mate 

(in ... -') 

390.60 

418.67 

414.61 

448.50 

492.25 

372.20 

375.29 

380.90 

379.54 

396.39 

393.68 

4.1.75 

417.69 

456.97 

Ref. 

70 " 

70 " 

70 " 

70 A 

70 A 

70 A 

'70 " 

70 A 

70 A 

70 A 

70 A 

70 A 

70 " 

70 A 

70 A 

70 A 

70 A 

70 A 



MIcROWAVE SPECTRUM OF METHYL CYANIDE 691 

TABLE 7 : \ Microwave spectrum of 12CH3 12C 14N in the v8 vibrational state .(oontinued) 

0' served frequency Calculated frequency 
Line 

Energy level 
r J" K Q' F' ..... F" in MHz in MHz of lower state Ref. 

(Es~ nated uncertainty) (Estimated uncertainty) Strength (in cm-1) 

:t3 :q 110 680.350 4.5 451.58 

5 - 4 

} 11°1680.4" 

110 680.525 (11 ) 1.2 

(100) 70 A 

- 6 110 680.463 (11) 1.7 

- 5 110 680.069 (11 ) 1.5 
±4 + 1 110 660.869 3.3 495.33 

- 4 

} 
110 661.205 (16) 0.9 

110 \S61.124 (100) 70 A 
7 - 6 110 661.057 (15) 1.3 

6 - 5 IH) \;60.292 (60) 110 660.370 (15) 1.1 70 A 
±5 +1 110 637.085 1.8 548.94 

5 - 4 110 637.628 ( 22) 0.5 
1iO ~37.520 (60) 70 A 

7 - 6 110 637.370 (21 ) 0.7 

6 - 5 110 6\36.278 (60) 110 636.305 (21 ) 0.6 70 A 
::1 ±1 110 

6r
9

•
594 (60) 110 609.554 (60) 5.8 375.27 70 A 

7 - 6 ±1 ±1 129 2 '2.248 (60) 129 292.196 (40) 6.9 378.99 70 A 
±2 ±1 129 168.206 6.4 384.59 

8 - 7 

} 129 

129 168.247 (27) 2.4 

1·QS.298 (60) 70A 
- 5 129 1613.237 (27) 1.8 

7 - 6 129 168.128 (27) 2.1 
±1 129 161

1
! .126 (60) 129 162.073 (40) 7.0 383.23 70 A 

::!:3 :::1 129 159.804 5.7 400.08 

6 - 129 159.903 (16) 1.6 

129 15~ .870 (60) 70 A 
8 - 129 159.880 (16 ) 2.2 
7 129 159.628 D6 ) 1.9 

:::1 :q 129 ISS\,552 (60) 129 155.525 (40) 6.9 397.37 70 .PI. 
±4 ::!:1 4.7 425.44 

- 5 

} 129 

129 147.500 (16 ) 1.5 
1471512 (100 ) 70 A 

- 7 129 147.431 (16 ) 1.13 
7 - 129 146.994 (16 ) 1.3 

±2 + 1 129 147.305 6.4 421. 38 
- 7 1 129 143.149 (14 ) 2.4 

6 - 5 

J 

~ 129 143.\-32 (60) 129 143.139 (14 ) 1.3 70 A 
7 - G 129 113.030 (11 ) 2.1 

±5 ::!:l 129 130.047 3.4 460.66 
6 - 129 130.364 (21) 1.0 

129 130.j38 (l00) 70 A 
8 - 129 130.237 (21 ) 1.3 
7 - 6 129 129.5\58 (60) 129 129.560 (21 ) 1.1 

::3 + 1 129 125.484 5.7 455.27 
- 5 

} 129 

129 125.583 (15) 1.6 
125.5~8 (60 ) 70 A 

- 7 129 125.560 (15 ) 2.2 

- 6 129 125.308 (15) 1.9 

J. Phys. Chem. Ref. Data,. Vol. 9, No.3, 1980 
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d - 7 

K f' 

:t6 .:t) 

:t 1 ! 1 

;!-6 :; 1 

± 1 t) 

:t-2 t 1 

u 
±3 ±l 

::!:l ~ 1 

:to j:l 

:t4 ;j; 1 

F'- F' 

6 -

B - 7 

- 6 

6 -. -
- 6 

6 -

6 -

- 6 

6 - 5 

8 - , 

7 -

7 - 6 

- 8 

8 - 7 

7 - 6 

9 -

8 - 7 

- 6 

- 8 

- 7 

7 -

9 -

8 -

7 - 6 

- 8 

- 7 

7 - 6 

- 8 

- 7 

0ha.,...,J ftoqu •• cy 
in Mih 

(Es6 .... ed uncertainty) 

129 108.254 (100) 

} 129 102.666 (100) 

129 075.276 (60) 

129074.526 160) 

129 04:;.162 160) 

147 760.65. (60) 

147 619.916 160) 

147 611.034 160) 

} 147 609.788 (60) 

147 603.990 (60) 

} 147 595.408 (60) 

147 589.934 (60) 

}I4'S75.7J61100) 

} 147 56". B5i1 160) 

} ,.7 550.436 1100) 

147 549.664 160) 

} 147544.000 160) 

I. Phy •. Chom. hf. _. V.1. 9. No.3, 1980 

Calculated frequency 
in MH2 

(Estimated un<:ertainty) 

129 107.693 

129 108.359 129) 

129 106.160 129) 

129107.192 (29) 

129102.790 

129 102.984 118) 

129 102.915 118) 

129 102.478 118) 

129 075.068 

129 0».364 (24) 

129 075.256 (24) 

129 074.580 124) 

129 043.065 140) 

129 042.335 

129 042.800 133) 

129 042.602 (32) 

129 041.633 131) 

147 760.644 (30) 

147 619.872 180) 

147 611.000 140) 

147 609.804 

147 609.866 125) 

147 609.859 125) 

147 609.686 125) 

147 603.983 (30) 

).4' l:i9S. ~".t; 

147 595.487 125) 

14> 595.453 (21) 

147595.157 122\ 

147 589.948 190) 

147 575.564 

147575.764 (24) 

147 575.697 124) 

147 5,5.239 124) 

>47 569.883 

147 569.944 12l) 

147 569.937 121) 

147 569.766 121) 

147550.198 

147 550.493 (32) 

147550.385 132) 

147 549.730 132) 

147 543.994 
147 ~44.11~ (24) 

H7 544.082 124) 

147 5'3.nG 124) 

Line 
3ll'CIOglh 

1.9 

0.5 

0.7 

0.6 

4.7 

1.3 

1.8 

1.5 

3.4 

1.0 

1.3 

1.1 

6.9 

1.9 

0.5 

0.7 

0.6 

7.9 

7.5 

8.0 

6.9 

2.0 

2.6 

2.3 

7.9 

1.7 

2.2 

2.0 
7.5 

4.9 

1.4 

1.8 

1.6 

6.9 

2 •• 

2.3 

3.5 

1.0 

1.3 

1.1 

6.0 
1.-1 

2.2 

2.0 

Energy level 
of lower dJlil' 

(in cm~t) 

505.72 

499.02 

552.63 

378.96 

GH>.09 

383.30 

388.90 

387.5' 

404.39 

401. 68 

425.6.9 

464. 97 

459.58 

510.02B 

503.33 

R.ef 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

70 A 

,0 A 

70 A 

70 A 

70 •• 

70 A 



9- 8 

±1 

±5 'il 

±l . ±1 

·±6 +1 

±7 +.1 

±1 ±1 

±2 ±1 

±3 ±1 

±1 

±1 =1'1 

±4 ±1 

±2 

:1:5 

+1 

:1:1 

±3 =1'1 

±6 ±1 

±4 =1'1 

F' ~ F" 

- 6 

- 8 
e - 7 

7 - 6 

- 8 

8 - 7 

7 - 6 

9 - 8 

8 - 7 

7 - 6 

9 - 8 

8 - 7 

10 - 9 

8 - 7 

9 - 8 

- 7 

10 -

9 - 8 

8 - 7 

10 - 9 

9 - 8 

10 - 9 

8 -

9 -

8 -

10 - 9 
9 - 0 

8 - 7 

10 - 9 

9 - 8 

. ". . 

MlCROWAVE '.' SPECTRUM' OF METHYL' CYANIDE 

Obaened frequency 
in MHz 

(Estimated uncertainty) 

147 519.544 (100) 

1.47 51$.540 (60) 

}:, 47 512.368 (l00) 

'.47 476.038 (60) 

} ~17 432.372 (~Ol 
Ih 431.342 (60) 

1~ 6 228.53 (40) 

166 071.30 (40) 

} 16'; 050.13 (401 

16i . 059.13. (40) 

16~ 051.73 (40) 

} 166' 042.93 (40) 

166 ~ 036.03 (4:0) 

} 166120.50 (401 

} 166 t'3.38 (101 

} 166 "'2.06 1401 

} 165 '01.98 (40) 

. Calculated frequency 
in MHz 

(Estimated uncertainty) 

147 519.205 

147 519.613 (43) 

14 7 519.455(43) 

147 SUI. S68 (43) 

147 512.341 

147 512.541 (29) 

147 512.473 (28) 

147 512.016 (28) 

147 475.924 (30) 

147 474.957 

147 475.251 (37) 

147 475.143 (37) 

147 474.;4"88 (37) 

147 431.852 

147 432.259 (48) 

141 432.101 (48) 

147 431.215 (48) 

166 228.346 (40) 

166 071.166 (60) 

166 059.245 

166 059.285 (38) 

.166 059.285 (38) 

166 059.163 (38) 

166 056.809 (60) 

166 051.509 (40) 

166 042.804 

166 042.885 {32) 

166 042.869 (32) 

166 042.659(32) 

166 035.915 (60) 

166 020.428 

166 020.561 (31:) 

.166 020.524 (31) 

166020.200 (31) 

166 013 .443 

166 013 .483 (32) 

166 013.483 (32.} 

166 013 .361 (32) 

165 99.1.833 

165 992.031 (37) 

165 991.968 (37) 

16S 991.505 (37) 

165 984.376 

165 984.456 (32) 

165 984.440 (32) 

165 984.230 (32) 

Line 

Strengtll 

1.9 

0.5 

0.7 

0.6 

4.9 

1.4 

1.8 

1.6 

7.9 

3.5 

1.0 

1.3 

1.1 

1.9 

0.5 

0.7 

0.6 

8.9 

8.6 

8.0 

2.9 

2.4 

2.6 

9.0 

8.9 

7.2 

2.1 

2.7 

2.4 

8.6 

6.2 

1.8 

2.3 ' 

2.0 

S.O 

2.9 

2.4 

2.6 

5.0 

1.5 

1.8 

1.6 

7.2 

2.1 

2.7 

2.4 

Energy level 
of lower 'State 

(in cm-1) 

564.9 

556.94 

383.27 

620.40 

693·.69 

388.23 

393.83 

409.32 

392.47 

406.60 

434.67 

430.61 

469.89 

464.50 

514.95 

508.25 

~93 

iO.'A 

70A. 

70 ·A. 

70.A 

70 A' 
61A 

61A 

61 :1 

61 1 

61A 

61 A 

61 A, 

61A 

61·A. 

61 'A. 
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J' -<- 1" 

10 - 9 

K 

±7 

±5 

±8 

±1 

±6 

±7 

±l 

±2 

±3 

±1 

±4 

±2 

is 

±3 

to 

±4 

£' 

±1 

:q 

±1 

±1 

+1 

±1 

±1 

±1 

:tl 

+1 

±l 

:"1 

±1 

+1 

±1 

BOUCHER ET AL. 

TABLE 7 .: Microwave spectrum of 12CHa 12C14N in the va vibrational state (continued) 

F' -<- F" 

- 7 

10 -

9 -

- 7 

10 - 9 

9 - 8 

- 7 
10 - 9 

9 - 8 

10 - 9 

- 8 

- 7 
10 -

9 - 8 

8 -

10 -

9 - 8 

- 8 

11 - 10 

10 -

- 8 

11 - 10 

10 - 9 

9 -

11 - 10 

10 - 9 

9 -

11 - 10 

10 - 9 

Observed frequency 
in MHz 

(Estimated uncertainty) 

} 165 957.03 (401 

165 948.85 (40) 

165 908.28 (40) 

184 695.21 (50) 

184 522.32 (50) 

184 50B.45 (50) 

184505.64 (50) 

184 498.20 (SO) 

1B4 4S9~56 (50) 

184 481.06 (50) 

184 464.B4 (50) 

184 456.00 (50) 

} 184 433.11 (SOl 

} 184 424.19 (SOl 

Calculated frequency 
in MHz 

(Estimated uncertainty) 

165 956.926 

165957.200 (47) 

165 957.107 (47) 

165956.480 (47) 

165 948.807 

165 948.940(36) 

165948.903 (36) 

165 948.579 (36) 

165 915.664 

165 916.026 (62) 

165 915.898 (62) 

165 915.081 (62) 

165 908.036 (40) 

165 906.778 

165 906.975 (44) 

165906.912 (44) 

165906.450 (44) 

165 858.30B 

165 858.581 (55) 

165 858.488 (55) 

165 857.861 (55) 

lb!:l tsU.:$. 4U j 

165 803.768 (69) 

165 803.640 (69) 

165 B02.823 (68) 

184 695.209 (53) 

IB4 522.039 (90) 

184508.056 (90) 

IB4 505.360 (80) 

184 497.986 (60) 

184 489.542 

184489.598 (46) 

184 489.591 (46) 

184 489.436 (46) 

184 480.906 (50) 

184 464.557 

184 464.650 (43) 

184 464.629 (43) 

184 464.391 (43) 

184 456.059 (90) 

184 432.712 

184 432.850 (46) 

184 432.813 (46) 

184 432.473 (46) 

184 423.836 

184 423.891 (45) 

184423.884 (45) 

184 423.729 (45) 

Line 

Slrcngth 

3.6 

1.0 

1.1 

1.2 

6.2 

1.8 

2.3 

2.0 

1.9 

0.6 

0.7 

0.6 

8.9 

5.0 

1.5 

1.8 

1.6 

3.6 

1.0 

1.3 

1.2 
l.Y 

0.6 

0.7 

0.6 

9.9 

9.6 

9.1 

10.0 

9.9 

8.4 

2.5 

3.1 

2.8 
9.6 

7.5 

2.2 

2.7 

2.5 

9.1 

6.4 

1.9 

2.3 

2.1 

8.4 

2.5 

3.1 

2.8 

Energy level 
of lower state 

(in cm-1 ) 

569.85 

561. 86 

634.56 

388.19 

625.32 

698.61 

/tH. U. 

393.77 

399.36 

414.85 

398.00 

412.14 

440.21 

436.15 

475.42 

470.03 

520.49 

513.79 
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Ref. 

61 A 

61 A 

61 A 

61 A 

61 A 

61 A 

61 A 

61 A 

61 1\ 

61 A 

61 A 

61 A 

61 A 

61 A 



f-J" K 

±7 ±1 

±5 :q 

±8 ±1 

±1 ±1 

±6 :+1 

1.1 

± 7 :i=} 

±8 :'1 

±9 :'1 

11 - 10 ±1 

±2 

±3 

±1 

±l 

±1 

±1 

=+ 1 

±1 

±1 

±4 

±2 

±5 

±3 

±6 

=+ 1 

±1 

=+ 1 

±1 

MICROWAVE SPECTRUM OF METHYL CYANIDE 

TABLE 7 : Microwave spectrum of 12CHa 12C 14N in the v8 vibrational state. 

F'\~ F" 

91-

11 \- 10 
10 • 9 

Obl!erved ,fre«Juency 
in MHz 

(Estimated uncertaint'y) 

} lB4 394.25 (50) 

:~ r ~o } lB4 384.64 (50) 

11 j~o 
10 =I 9 

9 - 8\ 
\ 

~~ = ~r 
9 - 0 

11 - 91G 
10 - \ 

- 8 

11 - 10 

10 - 9 

10 -

12 - 11 

11 - 10 

10 -

12 - 11 

11 - 10 

10 - 9 

12 - 11 

11 - 10 

184 339.70 (50) 

203 161.23 (50) 

202 972.63 (50) 

202 956.31 (50) 

202 950.97 (50) 

202 943.39 (50) 

} 202 935.67 (50) 

202 924.94 (50) 

} 202 907.98 (50] 

202897.68 (50) 

202 872.91 (50) 

Calculated fre«Juency 
in MHz 

(Estimated uncertaint'y) 

184 393.875 

184394.067 (54) 

184 394.010 (54) 

184 393.550 (54) 

184 384.365 

184 384.458 (47) 

184384.437 (47) 

184 384.198 (41) 

184 347.996 

184 348.250 (68) 

184 ::148.170 (68) 

184347.571 (68) 

184 339.308 (60) 

184 337.700 

184 337.838 (53) 

184 337.800 (53) 

184 337.460 (53) 

194 295_044 

184 295.368 (86) 

184 295.262 (86) 

184 294.506 (86) 

184 283.870 

184 284.061 (63) 

184 284.004 (63) 

184 283.544 (63) 

184 222.892 

1~4 2.2.3.144 \11) 

184 223.064 (77) 

184 222.466 (77) 

184 154.771 

184155.094 (95) 

184154.988 (95) 

184 154.232 (94) 

203 161.139 (70) 

202 972.445 (120) 

202 956.168 (80) 

202 950.512 (110) 

202 943.297 (80) 

202 935.502 

202 935.543 (65) 

202 935.540 (65) 

202 935.423 (65) 

202 924.808 (70) 

202 907.870 

202 907.938 (60) 

202 907.926 loO) 

202 907.746 (60) 

202 897.626 {70) 

202.872.749 

202 872.849 (60) 

202 872.826 (60) 

202 872.569 (60) 

Line 

Strength 

5.1 

1.5 

1.9 

1.7 

7.5 

2.2 

2.7 

2..5 

3.6 

1.1 

1.3 

1.2 

9.9 

6.4 

1.9 

2.3 

2.1 

0.6 

0.7 

0.6 

5.1 

1.5 

1.9 

1.7 

3.6 

1.1 

1.3 

1.2 

1.9 

0.6 

0.7 

0.6 

10.9 

10.6 

10.2 

11.0 

10.9 

9.6 

10.6 

8.7 

2.6 

3.1 

2.9 

10.2 

7.7 

2.3 

~.8 

2.5 

Energy lewl 
of lower state 

(in cm-1) 

575.38 

567.39 

640.10 

393.72 

630.85 

714.61 

704.14 

787.25 

880.15 

399.93 

405.52 

421.01 

404.16 

418.29 

446.36 

442.31 

481. 58 

476.19 

526.64 

695 

Ref. 

61 A 

61 A 

61 A 

61 A 
61 A 

61 A 
61 A 

61 A 

61 A 

61 A 

61 A 

61 h 
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J' .... J" K £' 

t4 -; 1 

±7 

t5 

±s 

±l 

±6 

:t9 

±7 

±1 

±1 

+1 

±10 ±1 

±s +1 

±9 + 1 

tl0 + 1 

F~ .... F" 

10 - 9 

12 - 11 

11 - 10 

10 -

12 - 11 

11 - 10 

10 -

12 - 11 

11 - 10 

10 -

12 - 11 

11 - 10 

10 -

12 - 11 

11 - 10 

10 -

12-11 
11 - 10 

10 -

12 - 11 

11 - 10 

10 -

12 - 11 

11 - 10 

10 - 9 

12 - 11 

11 - 10 

10 -

12 - 11 

11 - 10 

10 -

12 - 11 

11 - 10 

BOUCHER ET Al. 

ObRnw fit:l'.l_llo.;;" 

in MHz 
(Estimated uncertainty) 

} 202 862.38 (50) 

} 202 830.05 (50) 

} 202 810.06 (50) 

} 202 770.70 (50) 

202 769.94 (50) 

} 202 768.06 (50) 

} 202 721.62 (50) 

} 202 700.07 (50) 

} 202 655.71 (50) 

} 202 642.27 (50) 

(dlo.;w.\w £""I-uI.:Y 
in MHz 

(Estimated uncertainty) 

202 862.271 

202 862.311 (62) 

202 862.308 (62) 

202 862.191 (62) 

202 829.971 

202 830.111 (65) 

202 830.074 (65) 

202 829.727 (65) 

202 81,8.9ll 

202 818.978 (63) 

202 818.966 (63) 

202 818.786 (63) 

202 779.460 

202 779.643 '(77) 

202 779.593 (77) 

202 779.141 (77) 

202 769.648 (70) 

202 767.623 

202 767.723 (67) 

202 767.699 (67) 

202 767.443 (67) 

202 721.181 

202 721.417 (94) 

202 721.347 (94) 

~O:2 ?20.776 (94) 

202 708.443 

202 708.581 (75) 

202 708.545 (75) 

202 708.197 {75} 

202 655.111 

202 655.405 (l16) 

202 655.316 (l16) 

202 654.612 (116) 

?O? f,41_39J 

202 641.574 (88) 

202 641.522 (SS) 

202 641. 070 (SS) 

202 566.479 

202 566.713 (106) 

202 566.650 (106) 

202 566.073 (106) 

202 483.715 

202 484.007 (127) 

202 483_918 (127) 

202 483.214 (127) 

J. PhY$. Chem. Ref. Data, Vol. 9, No.3, 1980 

line 

Strength 

9;6 

3.4 

2.9 

3.1 

6.5 

2.0 

2.4 

2.2 

8.7 

2.6 

3.1 

2.9 

5.2 

1.6 

1.9 

1.7 

10.9 

7.7 

2.3 

2.8 

2.5 

3.6 

1.1 

1.3 

1.2 

6.5 

2.0 

2.4 

2.2 

1.9 

0.6 

1.9 

1.7 

3.6 

1.1 

1.3 

1.2 

1.9 

0.6 

0_7 

0.6 

Energy lewl 
of lower state 

(in cm-') 

519.94 

581.53 

573.54 

646.24 

399.87 

637.00 

720.76 

71 0.28 

a05.05 

793_3 

886.29 

988.98 

Ref. 

61 A 

61 A 

61 A 

61 A 

61 A 

61 A 

61 A 

61 A 

61 A 

61 A 



J' +- J" K 

12 - 11 ±1 

±2 

±3 

±1 

±4 

±2 

±5 

±3 

±6 

±4 

±7 

±5 

±8 

±1 

±6 

±9 

±. 

±1 

:q 

±1 

+ 1 

±1 

:q 

±1 

±1 

:+1 

±1 

±7 :+1 

±10 ±1 

±8 :q 
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TABLE 7 : Microwave spectrum of 12CHa '2C'4N in the Jl8 vibrational state. (continued) 

F' +- F" 

11 - 10 

13 - 12 

12 - 11 

11 - 10 

13 - 12 

12 - 11 

11 - 10 

13 - 12 

12 - 11 

11 - 10 

13 - 12 

12 - 11 

11 - 10 

13 - 12 

12 - 11 

p - 10 

\23 - 12 
~ - 11 

j~ = ~~ 
~\! - 11 

11
1
\. - 10 

13 - 12 

12 \ - 11 

11 - 10 

13 - 12 

12 11 

Observed frequency 
in MHz 

(Estimated uncertainty) 

221625.91 (60) 

221 422.37 (50) 

221 403.82 (50) 

221 394.15 (50) 

221 387.30 (50) 

221380.74 (50) 

221 367.67 (50) 

} 221 350.31 (SO) 

221 338.22 (50) 

} 221 311.95 (501 

221 299.88 (50) 

} .. , 2G5.5< (501 

} 221 252.93 (501 

221 200.23 (50) 

Calculated frequency 
in MHz 

(Estimated uncertainty) 

221 626.043 (90) 

221 422.337 (160) 

221 403.509 (110) 

221 394.125 (150) 

221 387.325 (100) 

221 380.609 (100) 

221 367.512 (90) 

221 350.285 

221 350.335 (81) 

221 350.329 (81) 

221 350.189 (81) 

221 338.038 (90) 

221 311.865 

221 311.940 (78) 

221 311.925 (78) 

221 311.726 (78) 

221 299.576 (80) 

221 265.127 

221 265.231 (81) 

221 265.208 (81) 

221 264.938 (81) 

221 252.346 

221 252.395 (83) 

221 252.388 (83) 

221252.248 (83) 

221 209.973 

221 210.111 (90) 

221 210.076 (90) 

221 209.726 (90) 

221 198.962 (90) 

221 196.447 

221 196.520 (85) 

221 196.506 (85) 

221 196.307 (85) 

221 146.357 

221 146.534 (106) 

221 146.487 (l06) 

221 146.045 (106) 

221 131.924 

221 132.026 (91) 

221 132.003 (91) 

221 131.734 (91) 

221 074.252 

221 074.472 (127) 

221074.410 (127) 

221 073.867 (127) 

221 058.806 

221 058.942 (103) 

221 058.908 (103) 

221 058.558 (103) 

Line 

'Strt'ngth 

11.9 

11. 7 

11. 3 

12.0 

11.9 

10.7 

11.7 

9.9 

3.0 

3.6 

3.3 

11.3 

9.0 

2.7 

3.2 

3.0 

10.7 

7.9 

2.4 

2.9 

2.6 

9.9 

3.0 

3.6 

3.3 

6.7 

2.0 

2.4 

2.2 

11.9 

9.0 

2.7 

3.2 

3.0 

5.3 

1.6 

1.9 

1.7 

7.9 

2.4 

2.9 

2.6 

3.4 

1.0 

1.2 

1.1 

6.7 

2.0 

2.4 

2.2 

Energy level 
of lower state 

(in cm-') 

406.71 

412.29 

427.78 

410.93 

425.06 

453.13 

449.07 

488.34 

482.95 

533.41 

526.70 

588.30 

580.31 

653.01 

406.63 

643.76 

727.52 

717.05 

811.81 

800.15 

Ref. 

61 A 

61 A 

61 A 
61 A 
61 A 
61 A 

61 A 

61 A 

61 A 

61 A 

61 A 

61 A 

61 A 

61 A 
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J' - J" K 

±ll :tl 

±9 +1 

±10 + 1 

:tll :q 

13 - 12 ±l ±1 

±1 

±1 

±1 

±2 

:t3 

±1 

±4 

±2 

:t5 

:::3 

:±6 

±4 

±7 

±5 

±8 

±1 

±6 

+1 

±1 

;;: 1 

±l 

±1 

+1 

±1 

±1 

±1 

+1 

BOUCHER ET AL. 

TABLE 7 : Microwave spectnun of 12CH312C14N in the v8 vibrational state (continued) 

F' of- F" 

11 - 10 

13 - 12 

12 - 11 

11 - 10 

13 - 12 

U - 11 

11 - 10 

13 - 12 

12 - 11 

11 - 10 

13 - 12 

12 - 11 

12 - 11 

14 - 13 

13 - 12 

12 - 11 

14 - 13 

13 - 12 

12 - 11 

14 - 13 

13 - 12 

12 - 11 

14 - 13 

13 - 12 

12 - 11 

14 - 13 

13 - 12 

14 - 13 

12 - 11 

13 - 12 

Observed frequency 
in MHz 

(Estimated uncertainty) 

. Calculated frequency 
in MHz 

(Estimated uncertainty) 

220 993.640 

220993.908 (153) 

220 993.832 (153) 

220 993.174 (153) 

220 977.108 

220 977.283 (ll9) 

220 977.236 (119) 

au Y-/b.-194 (119) 

220 886.841 

220 887.059 (140) 

220 886.998 (140) 

220 886.454 (140) 

220 788.010 

220 788.275 (166) 

220 7aa.l!J!J (166) 

220 787.541 (165) 

240 089.827 (120) 

239 871.669 (200) 

239 850.010 (140) 

239 836.060 (1BO) 

239829.956 (130) 

239 824.782 (120) 

239 808.912 (120) 

239 791.721 

239 791. 759 (10B) 

239 791. 756 (l08) 

239 791. 645 (l08) 

239 777.192 (IlO) 

239 749.972 

239 750.029 (l02) 

239 750.020 (102) 

239 749.863 (102) 

239 735.651 (1l0) 

239 699.254 

239 699.334 (102) 

239 699.318 (102) 

239 699.106 (102) 

239 684.570 

239 684.607 (107) 

239684.603 (107) 

239 684.493 (I07) 

239 639.445 

239 639.551 (l08) 

239 639.527 (l08) 

239 639.251 (l08) 

239 627.156 (120) 

239 624.071 

239 624.127 (108) 

239 624.118 (lOB) 

239 623.961 (108) 

Line 

Strength 

1.9 

0.6 

0.7 
0.6 

5.3 

1.6 

1.9 

1.7 

3.4 

1.0 

1.2 

1.1 

1.9 

0.6 

0.7 

0.6 

12.9 

12.7 

12.3 

13.0 

12.9 

11. 8 

12.7 

11. 1 

3.4 

4.0 

3.7 

12.3 

10.2 

3.1 

3.7 

3.4 

11.8 

9.2 

2.B 

3.3 

3.1 

11.1 

3.4 

4.0 

3.7 

8.1 

2.5 

2.9 

2.7 

12.9 

10.2 

3.1 

3.7 

3.4 

Energy level 
of lower state 

(in crn-1) 

905.86 

893.05 

995.73 

1108.17 

414.10 

419.67 

435.16 

418.31 

432.45 

460.52 

456.46 

495.73 

490.34 

540.79 

534.09 

595.69 

587.69 

660.39 

414.01 

651.14 

J. Phys. Chem. Ref. Data, Vol. 9, No.3, 1980 

Ref. 



K 2' 

±loIn 

18 :;1 

±ll ±1 

±12 :1 

110 +'.1 

±ll "'\ 

112 :;: 1, 

14 - 13 11 +1 

±2 :1:1 

±3 ±l 

o ±1 

:1:1 + 1 

±4 11 

12 :;: + 
±5 ±1 

13 :;: 1 

F' ~'F" 

12 - 11 

14 - 13 

13 - 12 

12 - 11 

14 - 13 

13 - 12 

12 - 11 

14 - 13 

13 - 12 

12 - 11 

14 - 13 
13 12 

12 - 11 

14 - 13 

13 - 12 

12 - 11 

14 - 13 

13 - 12 

12 - 11 

14 - 13 

13 - 12 

12 - 11 

14 - 13 

13 - 12 

12 - 11 

14 - 13 

13 - 12 

12 - 11 

14 - 13 

13 - 12 

IVlI\.RQWAVESP.Ectau_~OfMETHYt·· CYANIDE 

'Observed. frequency 
iDMHz 

(Estimated uncertaiDty) 

Calculatedfrequeney 
iii. MHz 

(Estimated uncertainty) 

239 570.482 

239 570.618 (121) 

239 570.585 (121) 

239 570.236 (121) 

239 554.217 

239 554.296 (112) 

239 554.280 (112) 

239 SS4.IH;7 (11?) 

239 492.333 

239 492.502 (141) 

239 492.459 (141) 

:;u~ 49:.l.U2~ (1411 

239 475.041 

239 475.145 (122) 

239 475.121 (122) 

239 474.845 (122) 

239 404.976 

239 405.181 (166) 

239 405.127 :(166) 

239 404.608 (166) 

239 386.564 

239 386.697 (136) 

239 386.664 (136) 

239 386.316 (136) 

239 308.399 

239 308.644 (197J 

239 308.579 (197) 

239 307.962 (197) 

239 288.797 

239 288.963 (157) 

239 288.921 (157) 

239 288.491 (157) 

23.9 181. 749 

239 181. 951 lle2) 

239 181.898 (182) 

239 181.379 (182) 

239 065.427 

239 065.669 (213) 

239 065.603 (213) 

239 064.986 (213) 

1l:iB 55? 399 (J "0) 

258 320.394 (250) 

258 295.602 (180) 

258 276.178 (230) 

258 271.070 (160) 

258 267.943 

258 248.898 (150) 

258 232.095 (140) 

25 8 214. 982 (150) 

Line 

Sb'cmgth 

6.8 

2.1 

2.4 

2.2 

9.2 

2.8 

3.3 
'Ll 

5.3 

1.6 

1.9 

1.8 

8.1 

2.5 

2.9 

2.7 

3.7 

1.1 

1.3 

1.2 

6.B 
2.1 

2.4 

2.2 

1.9' 

0.6 

0.7 

0.6 

5.3 

1.6 

1.9 

1.8 

3.7 

1.1 

1.3 

1.2 

1.9 

0.6 

0.7 
0.·6 

13.9 

13.7 

13.4 

14.0 
13.9 

12.9 

13.7 

12.2 

13.4 

Enerv lel'el 
of lower state 

(incm-1 ) 

734.90 

724.42 

819.18 

807.52 

913.2-3 

900.42 

10],7.00 

1003.10 

1115.54 

1237.70 

422.11 

427.67 

443.16 

426.31 

440.45 

468.52 

464.46 

503.73 

498.34 

J,-Phys. Chem, Ref. Data, Vol. 9; l\Jo. 3,; 1989.;~ 
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TABLE 7 : Microwave spec1rum of 12CHS 12C'4N in the vB vibrational state (continued) 

j'-r K 

±6 

±4 

±7 

±5 

i8 

±1 

±6 

±9 

±7 

±1 

±1 

+1 

±1 

±1 

+1 

±1 

:q 

±10 il 

±8 +1 

ill il 

i9 +1 

±12 i1 

± 1 0 + 1 

F' +- F" 

13 - 12 

15 - 14 

14 - 13 

13 - 12 

15 - 14 

14 - 13 

13 - 12 

15 - 14 

14 - 13 

15 - 14 

13 - 12 

14 - 13 

13 - 12 

15 - 14 

14 - 13 

13 - 12 

15 - 14 

14 - 13 

13 12 

15 - 14 

14 - 13 

13 - 12 

15 - 14 

14 - 13 

13 - 12 

15 - 14 

14 - 13 

13 - 12 

15 - 14 

14 - 13 

13 - 12 

15 - 14 

14 - 13 

13 - 12 

15 - 14 

14 - 13 

Observed frequency 
in MHz 

(Estimated uncertainty) 

J. Phys. Chern. Ref. Data, Vol. 9, No.3, 1980 

Calculated frequency 
in MHz 

(Estimated uncertainty) 

258 186.989 (130) 

258 187.034 (132) 

258 187.028 (132) 

258 186.901 (132) 

258 170.391 (140) 

258 132.272 

258 132.334 (129) 

258132.324 (129) 

258 132.152 (129) 

258 115.478 (140) 

258 067.793 

258 067.875 (132) 

258 067.859 (132) 

258 067.636 (132) 

258 054.138 (150) 

258 050.396 

258 050.439 (136) 

258 050.433 (136) 

258 050.306 (136) 

258 993.473 

258 993.578 (142) 

258 993.555 (142) 

258 993.275 (142) 

258 975.221 

257 975.281 (139) 

257 975.270 (139) 

257 975.100 (139) 

257 909.270 

257 909.401 (159) 

257 909.371 (159) 

257909.026 (159) 

257 889.996 

257 890.076 (146) 

257 890.060 (146) 

),57 BB9.B.3B (146) 

257 815.161 

257 815.321 (183) 

257 815.282 (183) 

257 814 .865 (183) 

257 794.745 

257 794.848 (158) 

257 794.825 (158) 

257794.544 (158) 

257 711.129 

257 711.320 (213) 

257 711.272 (213) 

257 710.777 (213) 

257 689.484 

257 689.613 (177) 

257 689.583 (177) 

257 689.238 (177) 

Line 

Strength 

11.4 

3.5 

4.1 

3.8 

12.9 

10.5 

3.2 

3.7 

3.5 

12.2 

9.4 

2.9 

3.4 

3.1 

13.9 

11.4 

3.5 

4.1 

3.8 

8.2 

2.5 

2.9 

2.7 

10.5 

3.2 

3.7 

3.5 

6.9 

2.1 

2.4 

2.'3 

9.4 

2.9 

3.4 

5.4 

1.7 

1.9 

1.8 

8.2 

2.5 

2.9 

2.7 

3.7 

1.1 

1.3 

1.2 

6.9 

2.1 

2.4 

2.3 

Energy level 
of lower state 

(in cm-1) 

548.78 

542.08 

603.67 

595.68 

668.38 

422.00 

659.13 

742.89 

732.41 

827.17 

815.51 

921. 21 

908.41 

1024.98 

1011.08 

Ref. 



Ref. 

15 - \14 

K 

±13 ±1 

=12 'f 1 

±13 + 1 

±1 

±2 

1:.3 

±1 

±4 

±2 

±5 

±3 

Hi 

±4 

±7 

±5 

±8 

±1 

±6 

±9 

±1 

±1 

:!:l 

±1 

+1 

±1 

:'1 

±1 

:+1 

.. , 

+l 

±1 

+ 1 

±1 

±1 

+ 1 

±1 

., 1 
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TABLE 7 : Mierowaye spectrum of 12CHS 12C 14N in the va vibrational stllte (continued) 

F' ... F" 

13 - 12 

15 - 14 

14 - 13 

13 - 12 

15 - 14 

14 - 13 

13 - 12 

15 - 14 

14 - 13 

13 - 12 

15 - 14 

14 - 13 

14 - 13 

16 - 15 

15 - 14 

14 - 13 

16 - 15 

15 - 14 

14 - 13 

16 - 15 

15 - 14 

14 - 13 

16 - 15 

15 - 14 

14 - 13 

16 - 15 

15 - 14 

14 - 13 

16 - 15 

15 - 14 

Observed frequency 
in MHz 

(Estimated uncertainty) 

Calculated frequency 
in MHz 

(Estimated uncertainty) 

257 597.163 

257 597.388 (249) 

257 597.331 (249) 

257 596.750 (249) 

257 574.225 

257 574.382 (201) 

257 574.344 (201) 

257 573.927 (201) 

257 448.974 

257 449.162 (232) 

257 449.114 (232) 

257 448.619 (232) 

257 313.737 

257 313.959 (267) 

257 313.901 (267) 

257 313.320 (267) 

277 013.666 (I90) 

276 768.465 (310) 

276 740.214 (220) 

276 714.337 (280) 

276 710.553 (200) 

276 710.018 (190) 

276 687.359 (190) 

276 671.327 (180) 

276 651.302 (180) 

276 622.831 

276 622.866 (167) 

276 622.862 (167) 

276 622.759 (167) 

276 603.695 (180) 

276 564.093 

276 564.142 (162) 

276 564.135 (162) 

276 563.995 (162) 

276 544.972 (170) 

276 494.925 

276 494.991 (162) 

276 494.979 (162) 

276 494.798 (162) 

276 479.815 (190) 

276 475.323 

276 475.357 (170) 

276 475.353 (170) 

276 475.250 (170) 

276 415.237 

276 415.320 (169) 

276 415.304 (69) 

276 415.075 (169) 

276 394.839 

276 394.886 (171) 

276 394.879 (171) 

276 394.739 (171) 

Line 

StrengLh 

1.9 

0.6 

0.7 

0.6 

5.4 

1.7 

1.9 

1.8 

3.7 

1.1 

1.3 

1.2 

1.9 

0.6 

0.7 

0.6 

14.9 

14.7 

14.4 

15.0 

14.9 

13.9 

14.7 

13.3 

14.4 

12.6 

4.5 

3.9 

4.8 

13.9 

11.7 

3.6 

4.2 

3.9 

13.3 

10.7 

3.3 

3.8 

3.6 

14.9 

12.6 

3.9 

4.5 

4.8 

9.6 

3.0 

3.4 

3.2 

11. 7 

3.6 

4.1 

3.9 

Energy lcyel 
of lower state 

(in cm-1) 

1138.46 

1123.52 

1245.68 

1377.54 

430.73 

436.29 

451.78 

434.93 

449.06 

477.13 

473.07 

512.34 

506.95 

557.40 

550.69 

612.28 

604.29 

676.99 

430.61 

667.74 

751.49 

741.02 

Ref. 
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TABLE 7 : Microwave spectrum of 12CHS 12C 14N in the PB wrational state (continued) 

Observed fretJuency 'Caleulated frequency 
Line Energy level 

'J' +- J" K R' F' .... F" in MHz in MHz of lower state Ref. 
(Estimated imcertainty) (Estimated Wlcertainty) Strength (in cm-1) 

flO :t1 276 324.975 8.3 835.77 

14 - 13 276 325.079 (182) 2.6 

16 - 15 276 325.057 (182) 3.0 

1:' - 14 216 324.775 (182) 2.6 

±8 n 276 303.571 10.7 824.11 

14 - 13 276 303.6)4 (175) 3.3 

16 - 15 276 303.623 (175) 3.8 

15 - 14 276 303.442 (175) 3.6 
±11 ±1 276 224.106 6.9 929.81 

14 - 13 276 224.233 (204) 2.2 

16 - 15 276 224.205 (204) 2.5 

15 - 14 276 223.865 (204) 2.3 
±9 +1 276 201. 554 9.6 917.01 

14 - 13 276 201.635 (186) 3.0 
Hi - 1::; 27(, 201.(,19 (106) ::3.4 

15 - 14 276 201.390 (186) 3.2 
H2 ±1 276 112.612 5.4 1033.58 

14 - 13 276 112.764 (233) 1.7 

16 - 15 276 112.729 (233) 1.9 

15 - 14 276 112.324 (233) 1.8 
±10 ;1 276 088.806 8.3 1019.68 

14 - 13 276 088.907 (202) 2.6 

16 - 15 276 088.885 (202) 3.0 

15 - 14 276 088.603 (202) 2.8 

113 ±l 275 990.481 3.7 1147.05 

14 - 13 275 990.659 (268) 1.2 

16 - 15 275 990.616 (268) 1.3 

15 - 14 275 990.143 (268) 1.2 

ill :;1 275 965.339 6.9 1132.11 
14 - 13 n':J !:Itl':J.4b:':: (:':::'::':J) .!. • .!. 

16 - 15 275 965.434 (225) 2.5 

15 - 14 275 965.094 (225) 2.3 
±14 ±1 275 857.700 1.9 1270.19 

14 - 13 275 857.907 (310) 0.6 

16 - 15 275 857.857 (310) 0.7 

15 - 14 275 857.308 (310) 0.6 
±12 +1 275 831.164 5.4 1254.26 

14 - 13 275 831. 313 (254) 1.7 

16 - 15 275 831.278 (254) 1.9 

15 - 14 275 830.873 (254) 1.8 
:.t13 '1'1 275 666.287 3.7 1306.13 

14 - 13 275 686.462 (289) 1.2 

16 - 15 275 686.419 (289) 1.3 

15 - 14 275 685.943 (289) 1.2 

±14 ;1 275 530.711 1.9 1527.66 

14 - 13 275 530.915 (330) 0.6 

16 - 15 275 530.864 {330} 0.7 

15 - 14 275 530.315 (330) 0.6 
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i6-15 

K £' .. 

±l ±1 

±2 ±l 

~3 ±1 

±4 ±l 

o ±l 

±1 :q 

±2 ~1 

±5 ±1 

±3 ~1 

i6 ±l 

±7 ±l 

±5 

±8 

±l 

+1 

±1 

±l 

±6 :;: 1 

±9 ±1 

±7 +1 

±10 ±1 

±8· +.1 

±11 ±1 

±9 +1 

±12 ±1 

MICROWAVE SPECTRUM· OF .- METHYL· CYANIDE· 

TABLE 7;: Microwavespectnlm of 12CHa 12C14N in the va -vibrational state. (oontinued) 

F' +-F" 

15 - 1.4 

17 - 16 

16 - 15 

15 - 14 

17 - 16 

16 - 15 

15 - 14 

17 - 16 

16 - 15 

15 - 14 

17 - 16 

16 - 15 

15 - 14 

17 - 16 

16 - 15 

15 - 14 

17 - 16 

16 - 15 

15 - 14 

17 - 16 

16 - 15 

15 - 14 

17 - 16 

16 - 15 

15 - 14 

17 - i6 

16 - 15 

Ohsenred frequency 
in MHz 

(Estimated Wlcertainty) . 

Calculated frequency 
in MHz 

.(EstimatedWlcertainty ) 

295 473.533 (230) 

295 215.835 (380) 

295 183.776 (270) 

295 150.925 (230) 

295 150.399 (350) 

295 148.288 (25.0) 

295 124.189 (230) 

.295 109.334 (220) 

295 086.05U (220) 

295 057.410 (210) 

295 035.462 (220) 

294 994.629 

294 994.668 (202) 

294 994.663 (202) 

294 994.548 (202) 

294 972.953 (210) 

294 920.760 

294 920.812 (199) 

294 920.804 (199) 

294 920.654 (199) 

294 904.092 (230) 

294 898.751(210) 

294 835.691 

294 835.758 (202) 

294 835.746 (202) 

294 !:U5.557 (202) 

294 812.968 

294 813.006 (209) 

294 813.001 (209) 

294 812.886 (209) 

294 739.356 

294 739.440 (212) 

294 739.423 (212) 

294 739.190 (212). 

294 715.672 

294 715.722 (211) 

294 715.714 (211) 

294 715.570 (211) 

294 631.721 

294 631.822 (230) 

294 631.801 (230) 

294 631.520 (230) 

294 606.896 

2~4 606 ~ 960 (219) 

294 606.948 (219) 

294 606.759 (218) 

294 512.759 

294 512.881 (256) 

294 512.854 (256) 

294 512.520 (256) 

Line 
Strength 

15.9 

15.8 

15.4 

15.CI 

16.0 

15.9 

15.8 

14.4 

15.4 

13.8 

15.0 

12.9 

4.0 

4.6 

4.3 

14.4 

12.0 

3.7 

4.2 

4.0 

15.9 

13.8 

10.9 

3.4 

3.9 

3.6 

12.9 

4.0 

4.6 

4.3 

9.8 

3.0 

3_A 

3.2 

12.0 

3.7 

4.2 

4.0 

8.4 

2.6 

3.0 

2.8 

10.9 

3.-4 

3.9 

3.6 

7.0 

2.2 

2.4 

2.3 

Energy level 
of lower state 

(incm-1) 

439.97 

445.52 

461. 01 

486:36 

444.16 

458.29 

482.30 

521. 57 

516.18 

566.62 

559.92 

621. 52 

613.52 

686.21 

439.83 

676.96 

760.71 

750.24 

844.99 

833.33 

939.02 

926.22 

1042.79 
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704 BOUCHER ET AL. 

TABLE 7 : Microwave spectrum of 12CH3 '2C'4N in the Vs vibrational state (continued) 

Observed frequency Calculated frequency 
Line Energy level 

J' .... J"' K 2' F' ..... F" in MHz in MHz of lower state Ref. 
(Estimated uncertainty) (Estimated uncertainty) Strength (in cm-1 ) 

:tl0 :+1 294 486.666 9.B 1028.89 

15 - 14 294 486.747 (232) 3.0 

17 - 16 294 486.730 (232) 3.4 

16 - IS 294 486.497 (232) 3.2 
±13 ±1 294 382.456 5.4 1156.26 

15 - 14 294 382.599 (291) 1.7 

17 - 16 294 382.567 (291) 1.9 

16 - 15 294 382.175 (291) 1.8 

ill :f 1 294 354.997 8.4 1141.31 

15 14 294 355.096 (253) 2.6 

17 16 294 355.075 (253) 3.0 
16 - 15 294 354.794 (253) .l.t) 

±l4 11 294 240.799 3.8 1279.40 

15 14 294 240.965 (332) 1.2 

17 - 16 294 240.927 (332) 1.3 

16 - 15 294 240.474 (332) 1.2 

:t12 ;1 294 211.902 7.0 1263.47 

15 - 14 294 212.020 (281 ) 2.2 

17 - 16 294 211.993 (281) 2.4 

16 - 15 294 211.659 (281) 2.3 

:tIS ±1 294 087.782 1.9 1412.17 

15 - 14 294 087.973 (379) 0.6 

17 - 16 294 087.928 (379) 0.7 

16 - 15 294 087.408 (379) 0.6 

±13 +1 294 057.387 5.4 1395.32 

15 - 14 294 057.526 (315) 1.7 

17 - 16 294 057.494 (::11!:» 1.9 

16 - 15 294 057.103 (315) 1.8 

±14 + 1 293 891.459 3.8 1536.85 

15 14 293 891.621 (356) 1.2 

17 - 16 293 891.5a3 (356) 1.3 

16 - 15 293 891.129 (356) 1.2 

±15 :>1 293 714.121 1.9 1688.02 

15 - 14 293 714.308 (403 ) 0.6 

17 - 16 293 714.263 (4u3) 0.7 

16 - 15 293 713.743 (403) 0.6 

J. Phys. Chem. Ref. Data, Vol. 9, No.3, 1980 



MICROWAVE SPECTRUM OF METHYL CYANI_DE 705 

Table 8 - Direct i-type doubling transitions from v8 of 

[Ref. 68 A 1 

008. treq. (MHZ) l.:alc. treq. (j"l.t1Z) 

(Est. uncertainty) (Est. uncertainty) 

21 8208.98 8208.96 

22 8989.38 8989.36 

23 9805.01 9804.97 

24 10655.81 10655.75 

25 11541. 67 11541.67 

26 12462.64 12462.70 

27 13418.82 13418.78 

28 14409.93 14409.89 

29 15435.97 15435.98 

30 16496.80 16496.99 

~'.l 2100'.50 2100'.48 

J. Phys. Chem. Ref. Dato, Vol. 9, No. 3, 1~ 



.. 
<:M~"iilt.4 frequency 

("lit. unCef'talnty} 
in MlIz 

17844.071 (7) 

i7866.613 (9) 

18388.683 (9) 

18396.725 (1) 

18391.S91 III 

18399.892 (1) 

18451. 753 (~) 

18453.061 (3) 

18455.022 (2) 

35681.379 (3) 

35688.056 (D) 

3>732.467 (18) 

35733.138 (18) 

36776.569 (17) 

36771.274 (7) 

36793.709 (1) 

36194.204 (J) 

36794.340 0) 

36794.4<7 (1) 

36794.762 U) 

36795.024 (1) 

36795.394 (2) 

36795.475 0) 

36795.568 (l) 

36796.313 (l) 

36796.348 m 
36797.584 (J) 

36869.757 (9) 

36871.106 (7 J 

3&872.538 (l9) 

36902.231 (7) 

36903.392 (5) 

36904.457 (8) 

36904.961 Ill) 

Vi!>x. 
State 

Pi>Y" (bem .•• f. Dlllo, Vol. 9. No.3, 1980 

BOUCHER ET AL 

1 - 0 

1 - 0 

1 - 0 

1 - 0 

1-11 

J • 0 

1 - 0 

1 - 0 

J. - \) 

2·1 

2 - 1 

2 - 1 

2 - 1 

2 - 1 

2 - 1 

2 - 1 

2 - J 

2 - J 

2 - J 

2 .. 1 

2 - 1 

2 - 1 

2 - 1 

2 - 1 

2 - 1 

2 - 1 

2 - 1 

2 - 1 

2 • 1 

2 - 1 

2 - 1 

2 - 1 

2 - 1 

Transition 

1< ~. 

o 

0: ±l 

f1 

±l 

c 

o 

o o 

1:1 :U 

11 :!:l 

±l ±1 

::1 :r:1 

±1 

2 - 1 . n ':tJ. 

p''''''' F" 

1 ~ 1 

1 - 1 

o - 1 

1 ~ 1 

2 - 1 

o - 1 

2 • 1 

2 - 2 

2 - : 

1 - 0 

1 ... 1 

3 - 2 

1 - 2 

2 - 1 

3 - 2 

1 - 2 

1 - C 

1 - 1 

:2 - 1 

3 - 2 

1 - 0 

2 - J 

3 - 2 

1 - 0 

1 - 0 

12 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

Isotopic 
Species 

12 

12 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

12 

12 

12 

12 

)2 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

15 

14 

14 

14 

J4 

14 

15 

15 

14 

14 

14 

)4 

14 

14 

J4 

1< 

14 

14 

14 

14 

14 



MI~ROWAVf-:'f'f\';1 RUMUtMt:J HTL· -'" T ANIUt 

Calculated frequency 
(Est. uncertainty) 

in· MHz 

36905.547 (4) 

36905.640 (3) 

36940.937 (9) 

36942.296 (6) 

36943.604 '(19) 

53527.813 (17) 

53530.855 (17) 

53531.870 (17) 

53595.463 -<25) 

53598.481 (25) 

53599.487 (25) 

55161.454 (23) 

55164.625 (23) 

55165.682 (23) 

55187.667 (2) 

55187.671 (2) 

55189.022(4) 

55189.026 (3) 

55189.032 (2) 

55189.782 (2) 

55190.972 (2) 

55191. 621 (2) 

55191. 656 (1) 

55192.02~_ (I) 

55192.036 (1) 

55192.393 tIl 

55192.772 (1) 

55192.985 (1) 

55193.037 - (1) 

55193.077 (1) 

55193.517 (2) 

55194.881 (1) 

55305.764 (9) 

55306.150 (9) 

55306.157 (9) 

55348.132 (8) 

55349.533 -(7) 

55350.312 (10) 

55354.427 (5) 

Vibr. 
state 

Transition 

J' +- J" K l' 

2 - 1 

2 - 1 

:2 .. 1 

2 - 1 

2 - 1 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 -2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 .,.·2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

o ±l 

o ±1 

±l ±l 

±I ±1 

o 

o 

:2 

2 

2 

2 

:2 

o 

1 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

±1 ±1 

±1 ±1 

±1 ±1 

±2 :n 

±2 +l 

-±2 +1 

±1 :;1 

2 - 1 

3 - :2 

I. - 1 

3 - 2 

1 - 0 

2 - 2 

3 - :2 

2 - 3 

3 - 3 

4 - 3 

2 - 1 

3 - 3 

3 - 3 

3 - 2 

2 - 1 

4 -- 3 

2 - 3 

2 - 1 

3 - 2 

4 - 3 

2 - 2 

2 - 3 

2 - 2 

3 - 2 

4 - 3 

2 - 1 

3 - 2 

4 - 3 

2 - 1 

3 - 2 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

.12 

12 

.12 

12 

12 

.12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

IsO.topic 
Species-

12 

12 

1.2 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

14 

14 

14 

14 

15 

15 

15 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 
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TABLE 9 Calculated Microwave Spectrum of eRs eN in Order of Frequency (continued) 

Calculated frequency 
(Est. uncertainty) 

in MHz 

55354.808 (5) 

55354.816 (5) 

55357.646 (9) 

55357.753 (5) 

55357.971 (5) 

55358.023 (5) 

55359.048 (9) 

55359.826 (9) 

55412.534 (9) 

55412.904 (9) 

55412.926 (9) 

71363.262 (19) 

71370.019 (19) 

71374.075 (19) 

71375.427 (19) 

71453.500 (30) 

71460.206 (30) 

71464.229 (30) 

71465.571 (30) 

73541.133 (28) 

73548.178 (28) 

73552.406 (28) 

73553.815 (28) 

73576.502 (2) 

73577.761 (2) 

73578.:212 (2) 

73584.122 (1) 

73584.701 (2) 

73584.844 (1) 

73588.696 (1) 

73588.807 (1) 

73588.866 (2) 

73590.128 (1) 

73590.220 (1) 

73590.254 (1) 

73740.838 (11) 

73740.959 (11) 

73741.009 (11) 

73787.318 (9) 

73788.614 (9) 

Vibr. 
State 

Phys. Chern. Ref. Dato, Vol. 9, No.3, 1980 

Transition 

J' +- J" K £' 

3 - 2 

:3 - :2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

3 - 2 

1. - 3 

4 - 3 

4 - 3. 

4 - 3 

4 - 3 

4 - 3 

4 - 3 

4 - 3 

4 - 3 

4 - 3 

4 - 3 

4 - 3 

>1 - :; 

4 - 3 

4 - 3 

4 - 3 

4 - :; 

4 - 3 

4 - 3 

4 - 3 

4 - 3 

4 - 3 

4 - 3 

4 - 3 

-1 - :3 

11 + 1 

±1 + 1 

±2 :tl 

±1 

±1 

:!:l 

::t2 ±1 

±2 ±1 

±1 ±1 

±1 11 

t1 ±l 

o 

o 

o 

o 

o 

11 ±1 

11 ±l 

11 11 

±3 +1 

F' .... F" 

2 - 1 

4 - 3 

3 - 2 

2 - 1 

3 - 2 

4 - 3 

4 - 3 

2 - 1 

3 - 2 

2 - 1 

4 - 3 

4 - 3 

5 - 4 

3 - :2 

4 - 3 

5 ~ 4 

3 - 2 

4 - 3 

3 - 2 

5 - 4 

3 - 2 

4 - 3 

5 - 4 

4 - 3 

3 - 2 

5 - 4 

4 - 3 

S - 1\ 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

~2 

12 

12 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

Isotopic 
Species 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

1.2 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

~s 

15 

15 

15 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

1d 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

1.4 



nuCROWAVE SPECTRUM OF METHYL CYANIDE 

TABLE 9 Calculated Microwave Spectrum of CHS CN in Order of Frequency (continued) 

Calculated frequency 
(Est. uncertainty) 

in MHz 

73789.116 (10) 

73798.019 (7) 

73798.614 (7) 

73798.767 (7) 

73805.613 (6) 

nSOS.729 (6) 

73805.786 (7) 

73806.161 (10) 

73807.457 (9) 

73807.959 (10) 

73809.882 (7) 

72809.975 (7} 

73810.008 (7) 

73810.995 (8) 

73811.589 (8) 

73811.742 (8) 

73883.198 (11) 

73883.310 (11) 

73883.373 (11) 

89203.437 (17) 

89211.883 (17) 

89216.952 (18) 

89218.642 (19) 

89316.213 (32) 

89324.596 (32) 

89329.625 (32) 

89331.302 (33) 

9l925.729 {30} 

91934.536 (30) 

91939.820 (30) 

!J1941.!:I62 (31) 

91970.657 (2) 

91971.310 (2) 

91971.465 (2) 

91979.75S (2) 

91980.089 (2) 

91980.115 (2) 

91985.264 (l) 

91985.307 (2) 

91985.358 (2) 

Vibr. 
state 

Transition 

J I +- J" K ~' 

4 - 3 

4 .. 3 

4 - 3 

4 - 3 

4 - 3 

4 - 3 

4 .. 3 

4 .. 3 

4 .. 3 

4 .. 3 

4 .. 3 

4 .. 3 

4 .. 3 

4 .. 3 

4 .. 3 

4 .. 3 

4 .. 3 

4 .. 3 

4 .. 3 

5 .. 4 

5 .. 4 

5 .. 4 

5 ... 4 

5 .. 4 

5 .. 4 

5 .. 4 

5 .. 4 

5 .. 4 

5 ... 4 

5 .. 4 

::;, .. 4 

5 .. 4 

5 .. 4 

5 .. 4 

5 .. 4 

5 .. 4 

5 .. 4 

5 .. 4 

5 .. 4 

5 .. 4 

i3 +l 

i2 =1'1 

i2 +l 

i2 +1 

i1 :fl 

:U ;;:1 

i1 +l 

i3 il 

±3 i1 

±3 :0 

o 11 

o :t1 

i1 

±2 ±l 

i2 ±l 

:1:2 i1 

±1 :t1 

il i1 

±1 ±l 

o 

2 

3 o 

2 

1 

CI 

o 

o 

o 

o 

3 .. 2 

4 .. 3 

5 .. 4 

3 .. 2 

4 .. 3 

3 .. ') 

s .. 4 

4 .. 3 

5 .. 4 

3 .. 2 

3 .. 2 

4 .. 3 

5 .. 4 

4 .. 3 

5 .. 4 

3 .. 2 

4 .. 3 

3 .. 2 

5 .. 4 

5 .. 4 

6 .. 5 

4 .. 3 

5 .. 4 

6 .. 5 

4 .. 3 

5 .. 4 

4 .. 3 

6 .. 5 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

Isotopic 
Species 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

14 

14 

14 

14 

14 

1.4 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

15 

15 

15 

15 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 
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TABLE 9 : CaJculalM M~"., .... S~ ofCHS CN in· Order of Frequency (oontinued) 

Calculated 1r~qu.ncy 
(~St. unC~rtbln~y) 

in MHz 

91987.038 (1) 

91987.090 (2) 

91987.114 (2) 

92175.484 (100) 

92234.096 (10) 

92234.767 (IO) 

92234.932 (10) 

92247.036 (8) 

92247.346 (8) 

92247.378 (7) 

92256.278 (100) 

92257.912 (10) 

92258.583 (IO) 

92258.747 (10) 

92261.420 (80) 

92263.720 (11) 

92264.031 (11) 

92264.062 (11) 

92353.434 (100) 

107043.185 (IS) 

107053.318 (16) 

107059.401 (l7) 

107061.429 (l8) 

107178.486 (31) 

107188.545 (31) 

107194.580 (32) 

107196.592 (32) 

110309.867 (29) 

110320.435 (29) 

110326.777 (30) 

110328.890 (31) 

110364.085 (l) 

110364.469 (2) 

110364.524 (2) 

110374.872 (2) 

110375.048 0) 

110375.052 (2) 

110381.345 (2) 

110381.364 (2) 

110381.404 (2) 

Vl0r. 
State 

J. Phys. them. Ref. Data, Vol. 9, No.3, 1980 

Transition 

J'" J" K R,' 

5 - 4 

5 ... 4 

5 ... 4 

5 ... 4 

5 - 4 

5 - 4 

5 - 4 

5 - 4 

5 ... 4 

5 ... 4 

5 - 4 

5 - 4 

5 - 4 

5 - 4 

5 - 4 

5 - 4 

5 ... 4 

5 .. 4 

5 - 4 

6 - 5 

6 - 5 

6 - 5 

6 - 5 

6 ... 5 

6 ... 5 

6 ... 5 

6 ... 5 

6 "'" 5 

6 - 5 

6 ... 5 

6 - 5 

6 - 5 

6 ... 5 

6 - 5 

6 - 5 

6 - 5 

6 - 5 

6 - 5 

6 - 5 

6 ... 5 

o 

o 

±1 i1 

±3 +} 

i3 +1 

i3 +1 

i2 +l 

i2 :0 1 

±2 '>1 

il H 

±3 ±l 

i3 ±l 

i3 i1 

±1 

i2 ±l 

i2 i1 

±2 11 

±1 i1 

o 

2 

3 

2 

o 

o o 

o 

o 

o 

o 

F' +-F" 

4 - 3 

5 - 4 

6 ... 5 

5 - 4 

6 ... 5 

4 ... 3 

5 - 4 

6 - 5 

4 - 3 

5 ... 4 

6 - 5 

4 - 3 

5 - 4 

6 ... 5 

4 ... 3 

6 ... 5 

7 ... 6 

5 - 4 

6 ... 5 

5 ... 4 

? - 6 

6 ... 5 

5 ... 4 

7 ... 6 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

lsotopic 
Species 

]2 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

14 

14 

14 

14 

14 

14 

14 

14 

14 

]4 

14 

14 

14 

14 

14 

14 

14 

14 

14 

15 

15 

15 

15 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 



Calculated frequency 
(Est.. uncertainty) 

in' .MHz 

110383.470 (2) 

110383.504 (2) 

110383.522 (2) 

110609.554 (60) 

110680.069 (11) 

110680.463 (11) 

110680.525 (11) 

110695.381 (9) 

110695.565 (9) 

110695.566 (9) 

110706.251 (60) 

110709.033 (11) 

110709.427 (11) 

110709.488 (11) 

110712.166 (50) 

110716.087 (17) 

li0716.271 (17) 

110716.272 (17) 

110823.095 (60) 

124882.419 (15) 

124894.240 (17) 

124901.335 (20) 

124903.701 (21) 

125040.229 (27) 

i25051.965 (28) 

125059.006 (30) 

125061.353 (30) 

128693.455 (27) 

128705.785 (28) 

128713.183 (30) 

12en5.64~ (32) 

128756.864 (2) 

128757.110 (2) 

128757.128 (2) 

128769.440 (60) 

128776.886 (40) 

128779.369 (40) 

129043.065 (40) 

1291:25.30S' (15) 

M1CRnWAVE 'SPECTRUM': OF ',METHYLCYANiOE 

Vihr. 
State 

Transition 

J' +- J" 'K l' F' ~ F" 

6 - 5, 

6 - 5 

6 - 5 

6 - 5 

6 - 5 

6 - 5 

6 - 5 

6 - 5 

6 --5 

6 - 5 

6- 5 

6 - 5 

6 - 5 

6 - 5 

6 ~ 5 

6 - 5 

6 - 5 

6 - 5 

6 - 5 

7 - 6 

7-6 

7 -6 

7 - 6 

7 .... 6 

7 - 6 

7 .... 6 

7 .,..-6 

7 ... 6 

7 - 6 

7 -6 

7 -6 

'7 - 6 

7 - 6 

7 - 6 

7 - 6 

7 - 6 

7 .,. 6 

7 - 6 

7 -6 

o o 

o 

±l ±l 

±3 +1 

±3 +1 

±3 +1 

±2 +1 

±2 +1 

±2 +1 

±l +1 

±3 ±1 

±3 ±1 

±3 ±l 

o ±l 

±2 ±l 

±2 ±l 

±2 ±1 

±1 ±1 

2 

o 

3 

2 

o 

2 

o 

3 

3 

2 

o 

o 

o 

o 
o 

o 

o 
o 

o 

o 
o 

o 

o 
o 

±1 ±l 

:1:3 :1:1 

5 .. 4 

6 .. 5 

7 .. 6 

6 - 5 

7 - 6 

5 .. 4 

6 .. 5 

5 .. 4 

7 .. 6 

6 .. 5 

7 .. 6 

5 - 4 

6 .. 5 

5 - 4 

7 - 6 

7 .. 6 

8 ... 7 

6 .. 5 

7 .. 6 

12 

Isotopic 
Species 

12, 

12 - 12 

14 

14 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 14 

12 14 

12 14 

12 14 

12 14 

12. _ '14 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

12 '-15 

12 

12 

12 

15 

15 

15 

,12 14 

12 ,14 

12 

12 

13 

13 

13, 

13 

12 

12 

12 

12 

12 

12 

12 

14 

14 

14 

14 

,14 

14 

14 

14 

14 

14 

14 

14 

14 

'14 



712 

Calculated frequency 
(2.to. 1,U'I.oerca.t.hi:y) 

in MHz 

12!U250.560 US} 

129125.583 (15) 

129J.43.030 (14) 

129143.139 U4} 

129143.14~ (14) 

129155.525 (401 

129159.628 (16) 

129159.880 (16) 

129lS9.903 U61 

129162.073 (40) 

129168.128 (27) 

129l68.231 (27) 

129168.247 (27) 

129292.196 (.cO) 

142721.054 (22) 

142734.562 (24) 

1427~2.669 (27) 

142745.372 (28) 

m90'.J56 (23) 

142914. 768 (~) 

142922.815 (29) 

142925.49'1 (30) 

147076.402 (27) 

147090.494 (.31) 

141098.949 (3S) 

1017101.767 (31) 

147148.960 12) 

147149.128 (2) 

147149.131 (2) 

147163.249 (50) 

147171.751 (30) 

147174.594 (30) 

147475.924 (30) 

121) 

141569.937 (21) 

141569.944 i2J} 

147589.948 (90) 

147603.983 (30) 

147609.66Ei (2S) 

V:tb:ae. 
State 

v. 

J. 'hyc. Chem. Ref. Oota. Vol. 9~ No.3. 1980 

BOUCHER £T At.. 

Triwsition 

JI .... J'" 1\ l' F' +- r" 

7 - 6 

7 - • 

7 - 6 

7 -. 

7 - • 

7 - 6 

i3 .. 1 

:1:3 :n 

±2 ~l 

±2 " 

12 *"1 

11 .1 

7 .. 6 :t3:1:1 

7-6 t3 d 

7 .. 6 :1:3 1:1 

'1 - 6 '12 U 

7 ... 6 12:tl 

'1 - 6 :t2.:1l 

1 -. 

8 - 1 

• - 7 

• - 7 
8 - 1 

8·7 

• - 7 
8 - 7 

8 - 7 

• - 7 

• _ 7 

8 - 7 

8 - 7 

• - 7 

• - 7 

• - 7 
8 - 7 

• - 7 

• - 7 

• - 7 · -, 
8 - 7 

• - 7 
8 - , 

:U j:I 

tl ±1 

:t:J :;1 

:1-3 :Jl 

±2 .+1 

:1;1 ';1 

e - 7 t3 tl 

• - 7 

• - 5 
7 - • 

• - s · -, 
7 - 6 

8 - , 

6-5 

• - 5 
8 - 7 

8 - 7 · -. 
7 -. 

· , 
• - 8 , -. 
• - 7 

12 

12 

12 

" 
12 

12 

" 
'2 
12 

12 

'2 

12 

12 

12 

" 
12 

12 

12 

12 

12 

" 
12 

12 

12 

12 

12 

12 

12 

1< 

14 

" 
14 

14 

14 

14 

14 

" 
" 
" 
14 

12 12 lS 

12 12 15 

12 " 15 

12 12 15 

13 12 14 

13 12 14 

13 12 14 

13 12 14 

12 13 14 

12 13 14 

12 13 14 

12 13 14 

12 

12 

12 

12 

12 

12 

12 

12 

'2 
12 

12 

12 

12 

12 

12 

12 

12 

12 

,2 
12 

12 

12 

12 

" 
14 

14 

,. 
I. 
14 

If 

14 

" 
14 

14 

" 



, ' 

MICROWAV£SPECTRUMoF·'METH'YrCYANIDE 

TA1U.1i','9: CalCutatedMicrowave SPectrum',ofCHSCN in OrdervfFrequency (continued) 

Calculated frequency 
, (Est. uncertainty) 

in MHz 

147609~859 (25) 

147609.866 (25) 

147611.000 (40) 

147619.872 (80) 

147760.644 (30) 

'160559.004 (31) 

160574.197 (34) 

'160583.316 (36) 

160586.356 (38) 

160761.776 (29) 

160785.918 (37) 

160788.935 (38) 

165474.469 (44) 

165483.981 (49) 

165487.152 (51) 

165540.304 (3) 

165540.420 {3) 

165540.424 (3) 

165556.328 (40) 

165565.897 (20) 

165569.088 (20) 

165908.036 (40) 

166013.361 (32) 

166013.483 (32) 

166013.483 (32) 

166035;915 (50) 

166051.509 (40) 

166058_'809 (60) 

1:66059.163 (38) 

166059.285 (38) 

IbbO~!:1.2~!:I (38) 

166071.166 (60) 

'166228.346 (40) 

178396.181 (38) 

178413.059 (41) 

178423.189 (44) 

178426.566 '(45) 

Vihr. 
State 

Transition 

J' ~ J" K R,' 

8 - 7 

8 - 7 

8 - 7 

8 - 7 

8 - 7 

9 - 8 

9 - 8 

9 - 8 

9 - 8 

9 - 8 

9 - 8 

9 - 8 

9 - 8 

S - 8 

9 - 8 

9 - 8 

9 - 8 

9 - 8 

9 - 8 

9 - 8 

9 -8 

9 - 8 

9 - 8 

9 - 8 

9 - 8 

9 - 8 

9 - 8 

9 - e 
9 - 8 

9 - 8 

9 - 8 

9,- 8 

9 ... 8 

9 - 8 

9 - 8 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

±3 ±1 

±3 ±1 

±1 

±2 ±l 

±1 ±l 

3 

2 o 

'0 

o 0 

3 0 

2 

o 

1 

a 

3 

o 
o 
o 
o 

o 

o 

3 0 

3 0 

2 0 

'I 0 

o 0 

±l ±1 

±3 +1 

±3 +1 

±3 +1 

±2 +1 

±1 +1 

±1 

±3 ±1 

±3 ±1 

±2 ±1 

±1' ±1 

3 

2 

o 

o 

o 

o 0 

F' ~ ,F" 

9 - 8 

7 - 6 

9 - 8 

8 - 7 ' 

10 ... 9 

9 - 8 

10 .. 9 

8 - 7 

9 - 8 

8 - 7 

10 - 9 

12 

12, 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

Isotopic 
Species 

12 

12 

14 , 

14 

12 '14 

12 14 

12 ,14 

12 15 

15 

12 15 

12 ,IS 

1214 

12 

12 

12 

14 

14 

14 

13 1.4 

13 ' 14 

'12 " 13 14 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

12 

12 

i2 

12 

12 

14 

14 

14 

14 

14 

'14 

'12' '14 

12 

12 

14 

14 

12 14 

12' -14 

1214 

12' '. 14 

12 12 14 

14 

14 

12 

12 

12 

12 

12 

12 

12 

12 

12 

14 

14 

12 "14 

12 12 15 

i5 

i5 

15 

12 12 

12 12 

12 12 



714 BOUCHER El -AL. 

TABLE 9 Calculated Microwave Spectrum of CH3 CN in Order of Frequency (continued) 

Calculated frequency 
(Est. uncertainty) 

in MHz 

178621.403 (50) 

178638.16& (54) 

178651.403 (59) 

183840.006 (64) 

183857.620 (69) 

183868.189 (74) 

183871.712 (76) 

183930.814 

183930.896 

183930.903 

(3) 

(3) 

(3) 

183948.584 (40) 

183959.214 (20) 

183962.758 (15) 

184339.30B (60) 

184456.059 (90) 

184480.906 (50) 

184497.986 (£O) 

184505.360 (80) 

184508.056 (90) 

184522.039 (90) 

184695.209 (53) 

196232.499 (40) 

196251.060 (43) 

196262.200 (47) 

196265.914 (48) 

196480.148 (82) 

195498.590 (86) 

196509.655 (B9) 

196513.343 (91) 

202220.479 (99) 

202239.855 (lOS) 

202251.481 (110) 

202255.356 Ull) 

202320.448 (50) 

202339.926 (25) 

202351. 617 US) 

2Q2355.514 (15) 

Vibr. 
State 

J. Phys, Chem., R.f. Data, Vol. 9, No.3, 1980 

TranSltlOn 

J' +- J" ]{ 

10 - 9 

10 - 9 

.1.0';' 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

10 - 9 

11 -10 

11-10 

11-10 

11 -10 

11 -10 

11-10 

11-10 

11-10 

11-10 

11 -10 

11 -10 

11-.10 

11 -10 

11 -10 

11-10 

11-10 

o 

2 

o 

o 

o 

±1 :n 

±3 :fl 

±2 +1 

±1 +1 

±1 

±3 ±1 

±2 ±1 

±1 ±1 

o 

o 

o 

F' +- Fit 

11 - 10 

9 - 8 

10 - 9 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

Isotopic 
SpeCies 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

]2 

12 

12 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

15 

15 

15 

15 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 



MICROWAVE SPECTRUM OF METHYL CYANIDE 

TABLE 9 : Calculated Microwave Spectrum of CH3 eN in Order of Frequency (continued) 

Calculated frequency 
(Est. uncertainty) 

in MHz 

202769.648 (70) 

202897.626 (70) 

202924.808 (70) 

202943.297 (80) 

202950.512 (110) 

202956.168 (80) 

202972.445 (120) 

203161.139 (70) 

214067.869 (33) 

214088.112 (38) 

214100.263 (44) 

214104.313 (46) 

214337.923 (124) 

214358.041 (128) 

214370.112 (131) 

214374.136 (132) 

220599.945 (144) 

220621. 082 (150) 

220633.765 (ISS) 

220637.992 (157) 

220109.020 (SO) 

220730.263 (20) 

220743.013 (20) 

220747.263 (20) 

??11 QR Q6? (QO) 

221338.038 (90) 

221367.512 (90) 

2213~7. 325 (100) 

221394.125 (150) 

221403.509 (110) 

221422.337 (160) 

221626.043 (90) 

231902.205 (34) 

231924.129 (42) 

231937.288 (51) 

231941.675 (54) 

232194.640 (176) 

232216.434 (180) 

232229.511 (183) 

Vihr. 
State 

Transition 

J' +-. J" I< i' F' +- F" 

11 - 10 

11 - 10 

11 - 10 

11 - 10 

11 - 10 

11 - 10 

11 - 10 

11 - 10 

12 - 11 

12 - 11 

12 - 11 

12 - 11 

12 11 

12 - 11 

12 - 11 

12 - 11 

12 - 11 

12 - 11 

12 - 11 

12 - 11 

12 - 11 

12 - 11 

12 - 11 

12 - 11 

l' - J 1 

12 - 11 

12 - 11 

12 - 11 

12 - 11 

12 - IJ 

12 - 11 

12 - 11 

13 - 12 

13 - 12 

13 - 12 

13 - 12 

13 - 12 

13 - 12 

13 - 12 

±1 ±1 

±3 +l 

±2 +1 

±1 +l 

±1 

±3 :!:1 

±2 ±l 

±l :1:1 

3 

o 

o 

±1 :1'1 

±2 +l 

±1 

±3 ±1 

±2 ±1 

±1 ±1 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

l2 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

12 

12 

12 

l.2 

13 

13 

13 

Isotopic 
Species 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

l2 

12 

12 

12 

14 

14 

14 

14 

14 

14 

14 

14 

15 

15 

15 

15 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

.14 

14 

14 

15 

15 

15 

l5 

14 

14 

14 

715 

J. Phys, Chern. Kef. Doto, Vgl. " Ng. 3, 1980 



716 BOUCHER ET AL. 

TABLE 9 : Calculated Microwave Spectrum of CHS CN in Order of Frequency (continued) 

Calculated frequency 
(Est. uncertainty) 

in MHz 

232233.870 (184) 

238978.311 (200) 

239001.210 (206) 

239014.949 (211) 

239019.529 (213) 

239096.496 (50) 

239119.503 (20) 

239133.311 (20) 

239137.914 (20) 

239627.156 (120) 

239777.192 (110) 

239808.912 (120) 

239829.956 (130) 

239836.060 (180) 

239850.010 (140) 

239871.669 (200) 

240089.827 (120) 

249735.417 (82) 

249759.020 (89) 

249773.187 (97) 

249777.910 (100) 

250050.210 (239) 

250073.681 (243) 

250087.764 (246) 

250092.458 (247) 

257355.486 (266) 

257380.147 (274) 

257394.943 (279) 

257399.875 (280) 

257482.784 (50) 

257507.553 (50) 

257522.418 (20) 

257527.374 (20) 

258054.138 (150) 

258214.982 (150) 

258248.898 (150) 

258271.070 (160) 

258276.178 (230) 

258295.602 (180) 

Vibr. 
State 

J. Phys. Chem. Ref. Data, Vol. 9, No.3, 1980 

Transition 

J I..... J" K Q,' F' ..... F" 

13 - 1~ 

13 - 12 

13 - 12 

13 - 12 

13 - 12 

13 - 12 

13 - 12 

13 - 1,2 

13 12 

13 - 12 

13 - 12 

13 - 12 

13 - 12 

13 - 12 

13 12 

13 ... 12 

13 ... 12 

14 - 13 

14 13 

14 ... 13 

14 ... 13 

14 - 13 

14 ... 13 

14 - 13 

14 - 13 

14 - 13 

14 - 13 

14 - 13 

14 - 13 

14 - 13 

14 - 13 

14 - 13 

14 - 13 

14 - 13 

14 - 13 

14 - 13 

14 - 13 

14 - 13 

14 - 13 

o 

o 

o 

±1 ±1 

±3 ;4'1 

±2 :1'1 

±1 =+1 

±1 

±3 ±1 

±2 il 

±1 ±1 

±l ±l 

±3 :;: 1 

±2 :;:1 

±1 :;: 1 

±1 

±3 ±1 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

IsotopiC 
Species 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

15 

15 

15 

15 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 
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TABLE 9 : Calculated Microwave Spectrum of CHS CN in Order of Frequency (continued) 

Calculated frequency 
(Est. uncertainty) 

in MHz 

258320.394 (250) 

258552.399 (150) 

267567.417 (175) 

267592.698 (183) 

267607.872 (190) 

267612.931 (193) 

267904.546 (313) 

267929.693 (317) 

267944.782 (320) 

267949.811 (321) 

275731.379 (350) 

275757.801 (352) 

275773.654 (358) 

275778.939 (359) 

275867.792 (50) 

275894.321 (50) 

275910.243 (50) 

275915.550 (50) 

276479.815 (190) 

276651.302 (180) 

276687.359 (190) 

276710.553 (200) 

276714.337 (280) 

276740.214 (220) 

276768.465 (310) 

277013.666 (190) 

285398.115 (318) 

285425.073 (327) 

285441.252 (335) 

285446.647 (338) 

285757.559 (399) 

285784.383 (403) 

285800.477 (406) 

285805.842 (407) 

294105.898 (436) 

294134.081 (444) 

294150.991 (449) 

294156.628 (451) 

294251.429 (80) 

Vibr. 
State 

Transition 

J' ~ J" K R,' F' ~ F" 

14 .. 13 

14 .. 13 

15 14 

15 .. 14 

15 .. 14 

15 .. 14 

15 .. 14 

15 14 

15 .. 14 

15 .. 14 

15 .. 14 

15 .. 14 

15 14 

15 .. 14 

15 - 14 

15 .. l? 

15 .. 14 

15 .. 14 

15 .. 14 

15 .. 14 

15 14 

15 .. 14 

15 .. 14 

15 .. 14 

16 .. 15 

16 .. 15 

16 15 

16 .. 15 

16 .. 15 

16 .. 15 

16 .. 15 

16 .. 15 

16 .. 15 

16 .. 15 

16 .. 15 

16 .. 15 

16 .. 15 

t2 ±1 

±1 ±1 

2 

o 

o 

o 

o 

o 

o 

o 

o 

±1 ±1 

±3 +1 

±2 +1 

±1 +1 

o ±1 

±3 ::1 

±2 :':1 

±1 ±l 

o 

o 

o 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

Isotopic 
Species 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

13 

13 

13 

13 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

]2 

12 

12 

12 

]2 

J2 

12 

12 

13 

13 

13 

13 

12 

14 

14 

15 

15 

15 

IS 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

14 

15 

15 

15 

]5 

)4 

14 

14 

14 

14 

14 

14 

14 

",. 
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TABLE 9 : Calculateri Microw:Jv€ Spectrum of CH3 CN 

Calculatec. frequency 
(Est. uncertainty) Vibr. 

5.n I>1Ez State J' <- J" 

294279.716 (80) 16 15 

294296.692 (5C) 16 - 15 

294302.352 (50) 16 - 15 

294904.092 (230) v8 16 - 15 

295086.050 (220) '0& 16 - 15 

295124.189 (230) v 16 - IS 
8 

295148.288 (250) 'v8 16 - 15 

295150.399 (350) \)8 16 - 15 

295183.776 (270) \! 16 - 15 8 

295215.835 (380) v 16 - 15 
8 

295473.533 (230) v8 16 - 15 

30.1. CH 2 CN References 

Q. Pdmcrf Referentes 

[50A] M. Kessler, H. R.ing, R. Trmnbarulo and W. Gorrlv 
"M"icrow[tve spectra and molecular structures ~f 
metl1Y] cyanide and methyl isocyanide", Phys. Rey. 
79, 54 (1950). 

[61A] P. Venkateswarlu, J. G. Baker and ,V. Gordy, "The 
millimet.er wave spectrum of methyl cvanirle and the 
(-t.ype doubling:>, J. :.\101. Spectros~. 6,'215 (1961). 

[66A] P. Alstrol1 St.einer ::Inci ,Yo Gordy, "Precision measure­
ment of dipole moment:" und other spectral constants 
of normal and del1terated methyl fluoride and methvl 
cyanide", J. 1\101. Spectrosc. 21, 291 (1966). . 

[li8A] W. J. Laffert.y, "Dheet f-type doubling transit.ions in 
some axially symmetric molecules", J. Mol. Spectrose. 
25: 359 (1968). 

[70A] A. Bauer, "Interact.ion rotation-vibration dans Ie spectre 
de rot.ation des molecules d'acet.onitrile CH 3C14:N et 
CHaCION", Thesis lAne (1970). 

!70B] J. M. Poehan, R. 1. Shoemaker, R.G. St.one and W. H. 
Flygare, i'Mo)ecular (] values, magnet.ic suscept.ibility 
:mis?t.ropies, diamagnet.ie and paramagnetic suscepti­
I)lJItles, second moment of the charge dist.ribution Hnd 
molecular quadrupole moments of HaCCN ano 
H 3CNC", J. Chem. Phys. 52, 2478 (1970). 

173A] S. G. Kukolich, D. J. Ruben, J. H. S. Wang nnd J. R. 
\'v'illiams, "High reso]ut.ion measurements of 14N, D 
quadrupole coupling in CHsCN and CDaCN':, J. 
Chern. Phys. 58,3155 (1973). 

[74A] J. L. Duncan, D. C. McH:.ean and N. D. Michie, "The 
infrared spectrum of CH D 2GN and the ground state 
geometry of methyl C'~'anide", J. Mo]. Struct. 21, 40,5 
(1974). 

177A) D. Boucher, J. Burie, J. Demaison, A. Dllhru]le, J. 
Legrand and B. Segard, "High-resolution rotational 
spect.rum of methyl cyanide", J. 1\'101. Spectrosc. 64, 
290 (1977). 

[78A] J. Demaison, A. Dubru]]e, D. Boucher. J. Burie and 
V. Typke, "Microwave spectra, centrifugal dist.ortion 

J. Phys. Chem. Ref. Data, Vol. 9, Nc. 3, 1980 

in Order of Frequency (continued) 

Transitior. 

K Q,' 

2 

0 

±J ±1 

-- +} 

±2 +1 

±l +1 

±1 

::..;; ±1 

::2 ±1 

±] ±1 

Isotopic 
y' <- F" Species 

12 12 14 

12 12 I.! 

12 12 14 

12 12 14 

12 12 14 

12 12 14 

12 12 14 

12 12 14 

12 12 14 

12 12 14 

12 12 14 

constants and R.-structure of acetonitrile and its iso­
topic species", J. Mol. Spectrosc. 76, 1 (1979). 

[78B] J.1. Duncan: D. C. McI{ean, F. Tullini: G. D. Nivellini 
and J. Perez Pena: "Methyl cyanide, spectroscopk 
studies of isotopically substituted species, :md the 
harmonic potential function": J. :v101. Spectrosc. 69, 
123 (1978). 

b. Other Referent8a 

H. Ring, H. Edwards, M. Kessler and W. Gordy, "?\1icrowave 
spectra: Methyl cyanide and Methyl isocyanidell

, Phys. 
Rev. 72, ]262 L (947). 

H. H. Nie]sen, "Anomalies in the microwave spectrum of methyl 
cyanidE and methyl isocyanide", Phys. Rev. 75, 1961 L 
(1949). 

n. IC Coles, W. E. Good and H. H. Hughes, "Microwave 
spectrum of methyl eyanide and its isotopic modific:ltions", 
Phys. Rev. 79, 224 A (1950). 

P. Kisliuk and C. H. Townes, "Mo]ecular microwave spectra 
table:.;", J. fies. Nat. Bur. Stauo. 44, 011 (1950). 

H. H. Nielsen, "t-t,ype dOll1Jling in polyatomie molecules ::md 
its a.pplication to the mierov.;nve speetrum of methyl eyrmide 
and methyl isocyanide", Phy!". Rev. 77, 130 (19.50). 

n. TI cuulyarulu <tud \'17. Gunl." "::\1.ierowave ~fJeetra and lIlolel~-

11131' constant~ of C])zNC find CD3CN", Phys. Hey., 7~, 

224 A (1950). 

H. H. Nielsen, "Anomalie:::: in the microwuve ::::pel'trn of sym­
metric molecules':, PhyeicD. 17,432 (1951). 

S. N. Ghosh, R. Trambarulo and W. Gorcl~r, "Dipole moments 
of severn1 molecules from their microwave spectra", Phys. 
Rey. 87, 172 A (1952). 

S. N. Ghosh, R. Trambaruio :md W. Gordy, "Electric dipole 
moments of several molecllles from the Si,itJ'k Effect", 
J. Chern. Phys. 21, 308 (1953). 

1. F. Thomas, E. 1. Sherrard and J. Sheridan, "Microwave 
spectra of some partially deuteriated methyl derivntives. 
1. Methyl cyanide and methyj acetvlene". Trans. Faraday 
SoC'. 51, 619 (1955). ... . 

C. C. Costain, "Determination of molecular strlletmes from 
ground state rotational constants", J. Chem. Phys. 29, 
864 (1958). 



MICROWAVE SPECTRUM OF METHYL CYANIDE 719 

T S. JH.seja~ "Microwave spectrum of methyl cyanide and 
/.<Iype doubling in CHaCN, CHaNC, ClhC=CH", Proe. 
indo Acad. Sci. 50A, 108 (1959). 
l\1ues, ilLes corrections elu troisH~me ordre a l'energie de 

vjilrnl,ion rotation des molecules polyatomiques", Cahiers 
ill' Phys. 14, 125 t1960). 
M nes, "Corrections d'ordre eleve a l'energje de vibration 

rot at.ion des molecules a symetrie ternaire: Application au 
l'lwct.re microonde du cyanure et de l'isocyanure de met.hyle", 
Ad,', Mol. Speetrosc., Pergamon Press, Proe. 3. Intern. 
f\11~et.ing on ]VIol. Speet.rose. p. 1166 (1962). 

{:, Matsumura: E. Hirota, T. Oka and Y. :dorino, "MW­
!Spectrum of acetonitrile--da, CDgCN", J. Mol. Spectrosc. 9, 
:lG6 (1962). 

y. ]\,1orino, T. Oka, Y. Kikuchi, C. Matsumura and S. Saito, 
"MW-speetra of molecules in the excited vibrational 
Rtates", Symp. Mol. Struct. and Spectrose. Tokio C312 
(] 962). 

{i. G. Weber, "On the ~-type doubling and f,-type resonance of 
molecules in the microwave region", J. Mol. Spectrosc. 10, 
32] (1963). 

P. A. Steiner, "Stark effect studies of CH3F, CDgF, CH3CN 
and CDRCN", Diss. Duke Univ. Abstr. 26 (1965). 

1\. Bauer, A. Moises and S. Ma,es, "Spectre de rot,ation de 
J'acetonitrile en ondes millimetriques", C. R. Acad. Sci. Ser. 
13 262B, 558 (1966). 

A. Bauer, A. Moises and S. Maes, "Etude en ondes milE· 
metl'iques du spectre de rotation de I'acetonitrile CHgCN15 
da.JlS l'etat fondamental de vibration", C. R. Acad. Sci. Ser. 
B 264B, 941 (1967). 

M. K. Kemp, .J. M. Pochan and \711. H. Flygare, "The 
nitrogen-14 nuclear quadrupole and spin-rotation coupling 
constants in methylisocyanide and methylcyanide", J. Phys. 
Chern. 71, 765 (1967). 

A. J. Roberts, T. K. Tung and C. C. Lin, "Linewidths of the 
rotational spectra. of sym. top molecules", J. Chern. Phys. 
48, 4046 (1968). 

A. Bauer and S. MaeE, "Etude en ondes millimCtriques de 
l'acHonitrile CHaCl4N et CHaC15N: Effets de l'interaction 
Of' vibra.tion-rotation et de 1a perturbation Quadripolaire",. 
J. Phys. (Paris) 30. 169 (1969). 

A. Bauer and S. Maes, "Resultats concernant ie spectre de 
rotation de Facetonitrile dans l'etnt excite de vibration 
118=2", C. R. Acad. Sci. Ser. B 268B, 1569 (1969). 

C. C. Costain, HTbe use of saturation dip absorption in micro­
wave spectroscopy and in microwave frequency stabiliza­
tion", Can. J. Phys. 47, 2431 (1969). 

J. M. Pochan, R. P .. Blickensderfer, J. H. S. Wang, R. G. Stone 
and W. H. Flygare, "The molecular Zeeman effect in 0 3, 

OF2, CHsC14N, CH314NC, H 2CF2, ••• ", Symp. Mo1. Struct. 
and Spectrosc' 7 Ohio U5, (1969). 

H .. L. Shoemaker and W. H. Flygare, "The molecular Zeeman 
effect, and magnetic susceptibility anisotropies in acetylenic 
molecules", Symp. Mol. Struct. and Spectrose., Ohio UB, 
(1969). 

T. Oka and T. Shimizu: "Microwave rlouble-photon transitions 
in CDoCN and PFo", Phys_ Rev_ 2A, 587 (1970) 

A. Bauer and S .. Maes, "Effects of H,n aeeideni.ally strong res­
onance in the rotational spectrum of CHaC14N and CH:i Cl1i N 
in the 2V6 state", J. Mol. Spectrosc. 40, 207 (1 \.)7]). 

1. C. Story, V. I. Metchnik and R. W. Parsons, "The measure­
ment of the widths and pressure-jnduced shifts of microwave 
spectral lines"! J. Phys. B. 4, 593 (19i1). 

G. P. Srivastava and H. O. Gautam, "Self-broadening of micro­
wave spectral line of methyl nitryl", Indian. J. Pure. AppJ. 
Phys. 10, 442 (1972). 

Krishnaji, "\Vidth and shift of microwave spectral lines at 
low pressures", J. Sci. Ind. Res., India 32, 168 (1973). 

G. P. Srivastava, H. O. Gautam and A. Kumar, "Microwave 
pressure broadening studies of some molecules", J. Pbys. 
B. 6, 743 (1973). 

A. Bauer and M. Godon, IIMicrowave spectra in the v~ vibra­
tional state of methyl cyanide and methyl isocyanide and 
their 15N derivatives", Can. J. Phys. 53, 1154 (1975). 

A. Bauer, G. Tarrago and A. Remy, "Analysis of the rotational 
spectrum of C3v molecules by using factorization and diag­
onalization of the energy matrix. Application to CH3CtsN," 
J. Mol. SpectrosC'. 58, 111, (1975). 

A. J. Careless and H. W. l{roto, "Rotational transitions in 
degenerate vibrational state of C3v symmetric top molecules, 
with appljcation to CHaC15N", J. Mol. Spectrosc. 57, 189 
(1975). 

W. R. Mac Gillivra,y. "The measurement of widths and pressure­
induced shifts of rot.ationa.! lines in the microwave region", 
J. Phys. B 9, 2511 (1976). 

G. P. Srivastava and A. Kumar, "Foreign gas broadening by 
water molecule", J. Chern. Phys. 65, 293 (1976). 

D. Boucher, J. Burie, J. Demaison~ A. Dubrulle, J. Legrand 
and B. Segard, "High resolution rotational spectrum of 
methyl cyanide", J. Mol. Spectrosc. 64, 290 (1977). 

L. Halonen and 1. M. Mills, "Microwave spectrum of CHD2CN 
and CHD2 NC and the harmonic force fieJd and rz structure 
of methyl cyanide and isocyanide", J. MoL Spectrosc. 73, 
494 (1978). 

S. G. Kukolich, G. Lind, M. Barfield, L. Faehl and J. L. 
Marshall, "Carbon-I3 magnetic shielding from beam-maser 
measurements of spin rotation interaction in acetonitrile", 
J. Am. Chem. Soc. 100, 7155 (1978). 

c. Interstellar References 

P. M. Solomon, K. B. Jefferts, A. A. Penzias and R. W. Wilson, 
"Detection of millimeter emission lines from interstellar 
methyl cyanide", Astrophys. J. 168. L 107 (1971). 

r. Nt. Solomon, A. A. Peu:.:.ia::;, K. B. JeIIerl..;,; aml R. \V. Wll1:Son, 
<lMHlimeter emission lines of polyatomic molecules in Sagit­
tarius B2", Astrophys. J. 185, L 63 (1973). 

B. E. Turner~ "Interstellar molecules", Sci. Amer. 228, 50 
(1973). 

B. L. Ulich and E. K. Conklin, "Detection of methyl cyanide 
in Comet Kohoutek", Nature 248, 121 (1974). 

W. F. Huebner, D. Buhl and L. E. Snyder, "~1icrowave line 
transitions in t.he 3 mm wavelength range in Com~t Eo­
houtek", Astron. J. 81, 671 (1976). 

F. J. Lovas, D. R. Johnson, D. Buhl and L. E. Snyder, "Milli­
meter emission in Orion A", Astrophys. J. 209, 770 ()97G). 

G, L. Blackman, R. D. Brown, P. D. Godfrey, M. P. Ba88oz, 

A. L. Ottrey, D. Winkler and B. J. Robinson, "])p1.\'t·l,ion of 
J=2......,.1 emission of acetonit.rile (CRsCN) in S}1:l' B/', l\1ull. 
N. R. Astron. Soc. 180, 1P (1977). 

J. Phys. Chern. R~f. Dolo. Vol 9. H. I. 1910 




