
Journal of Physical and Chemical Reference Data 8, 107 (1979); https://doi.org/10.1063/1.555589 8, 107

© 1979 American Institute of Physics for the National Institute of Standards and Technology.

Microwave spectra of molecules of
astrophysical interest XIV. Vinyl cyanide
(acrylonitrile)
Cite as: Journal of Physical and Chemical Reference Data 8, 107 (1979); https://doi.org/10.1063/1.555589
Published Online: 15 October 2009

M. C. L. Gerry, K. Yamada, and G. Winnewisser

ARTICLES YOU MAY BE INTERESTED IN

The Microwave Spectrum of Vinyl Cyanide
The Journal of Chemical Physics 22, 516 (1954); https://doi.org/10.1063/1.1740098

Microwave Spectrum, Molecular Structure of Vinyl Cyanide and a Summary of CC, CH Bond
Lengths in Simple Molecules
The Journal of Chemical Physics 30, 777 (1959); https://doi.org/10.1063/1.1730044

Detection of Interstellar Cyanoallene and its Implications for Astrochemistry
AIP Conference Proceedings 855, 149 (2006); https://doi.org/10.1063/1.2359550

http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/test.int.aip.org/adtest/L16/222900553/x01/AIP/HA_WhereisAIP_JPR_PDF_2019/HA_WhereisAIP_JPR_PDF_2019.jpg/4239516c6c4676687969774141667441?x
https://doi.org/10.1063/1.555589
https://doi.org/10.1063/1.555589
https://aip.scitation.org/author/Gerry%2C+M+C+L
https://aip.scitation.org/author/Yamada%2C+K
https://aip.scitation.org/author/Winnewisser%2C+G
https://doi.org/10.1063/1.555589
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/1.555589
https://aip.scitation.org/doi/10.1063/1.1740098
https://doi.org/10.1063/1.1740098
https://aip.scitation.org/doi/10.1063/1.1730044
https://aip.scitation.org/doi/10.1063/1.1730044
https://doi.org/10.1063/1.1730044
https://aip.scitation.org/doi/10.1063/1.2359550
https://doi.org/10.1063/1.2359550


Microwave Spectra of Molecules of Astrophysical Interest 

XIV. Vinyl Cyanide (Acrylonitrile) 
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The available data of the microwave spectrum of vinyl cyanide are critically reviewed and tabulated. 
Molecular data such as rotational constants, centrifugal distortion constants, hyperfine coupling constants, dipole 
moments, and structural parameters are tabulated. Rotational transitions from 400 MHz to 200 GHz, which are 
likely to be of interest to radio astronomy, are calculated and tabulated along with their estimated 95% confidence 
limits. 
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The present tables were prepared in response to the needs 
of the rapidly progressing field of molecular radio astronomy 
and are intended to update and revise the existing tabulated 
literature on molecules already identified in interstellar obser­
vations[l].l The speCtral information tabulated includes 
predicted and observed transitions between 400 MHz and 200 
GHz for vinyl ~yanide, 12(:H212(:Hl2(:14N. To keep the tables 
at reasonable lengths the reported transitions have been 
limited further by several assumptions. With the exception of 

I Figures in brackets indicate literature references. 
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Table 3. Frequencies (in MHz) of Measured Tran­
sitions of 12(:H2 12(:H 12(: 14N with Re­
solved 14N Quadrupole Hyperfine 
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measured lines-which are all reported-the following addi­
tional limits have, been adopted for the calculation of the 

transitions reported in table 5. 
(1) The upper limit for the total rotational energy was fixed 

at 200 em-I. 

(2)· Transitions of the a-type qQKa-branch are calculated 
only for Ka = 1, 2 and 3. 

(3) For b-type transitions only measured lines are entered. 
They are much weaker than the a-type transitions and are 
therefore unlikely to be observed in interstellar space. 

It is felt that these limits are generous enough to allow for the 
presentation of all transitions which might be observed by 
existing telescopes, or by those likely to be developed in the 
next several years. 
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108 GERRY, YAMADA, AND WINNEWISSER 

Spectral data on less abundant isotopic forms have also 
been presented when available. These include all the singly 
substituted lac and l5N-containing species. 

1.1. Molecular Parameter Tables 

The rotational constants and centrifugal distortion con­
stants presented in table 1 w-ere obtained from a least squares 
analysis . of the observed spectral lines with a computer 
program which includes centrifugal distortion terms in addi­
tion to the basic rigid asymmetric rotor energy matrix. A few 
transitions were resolved by 14N hyperfine structure. These 
splittings were analysed for the nuclear quadrupole coupling 
constants, which are also given in table 1, and then subtracted 
off the measured frequencies prior to the distortion analysis. 
Several measurements were excluded from the final distortion 
calculation since they exhibited excessively. large deviations 
(~130 kHz) from the calculated frequencies. Details of the 
centrifugal distortion calculation and statistical analysis used 
in this review have been discussed by Gerry and Winnewisser 
[2], as well as by Helminger, Cook, and De Lucia [3]. This 
formulation is similar to those discussed by Kirchhoff [4] and 
by Steenbeckeliers [5]. As has been indicated earlier in this 
series, if the constants are to reproduce the observed spectra 
to within experimental error, then it is necessary to retain 
more significant figures in the spectral constants then indi­
cated by the statistical error limits. 

Table 2 contains the spectral constants evaluated for the 
less abundant isotopic species. 

1.2. Microwave Spedral Tables 

Table 3 contains P- and R-branch transitions of 
12(:H212(:Hl2(:14N in which 14N quadrupole hyperfine struc­

ture was observed, along with the 3~2 transition. For each 
spectral line the first column contains the upper state and 
lower state quantum numbers in the form J (Ka Kc) for a rigid 
asymmetric rotor, plus the total angular momentum quantum 
number F=l + 11, J + 11 - 1, - .. ] - 11, where 11 is the 

nuclear spin angular momentum quantum number for the l4N 
nucleus, with It = 1. The second column contains the experi­
mentally observed frequencies with their estimated measure­
ment uncertainties, and the final column the reference to the 
origin of the measurements. 

Since table 5 contains only the un split asymmetric rotor 
frequencies (with the limitations discussed in the introduc­
tion), we have tabulated in table 4 for the a-type K = 1 
Q-branch transitions the predicted hyperfine splitting due to 
the 14N.nnc1em:. With the exception of these trsnsitions and 

those given in table 3 the hyperfine splittings of all other 
transitions have been omitted since the splitting of the stronger 
hyperfine components with relative intensity > 0.03 is smaller 
than 200 kHz. In particular we have also omitted in table 3 
the calculated hyperfine splittings of all a-type R-branch 
transitions (with Ka >2), since to date none of these transi­
lium; has Leeu uLserved ill the inters~ellar medium. Most 
likely for vinyl . cyanide they will therefore also not be 
observed by interstellar measurements. 
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Table 5 contains the observed and calculated frequencies of 
all the transitions of 12(:H212(:H 12(: 14N in the designated 
limits. Also included are some transitions which lie above the 
arbitrary cut-off limit of 200 cm -1 but which were measured 
in the laboratory and included in the analysis. As with table 3 
the first column contains the upper state and lower state 
quantum numbers in the form J(KaKc). In all cases where the 
differences between the K-doubling transition frequencies are 
smaller than 1 kHz we have denoted the transitions by J(Ka) 
only. The second column contains the observed un split line 
frequencies; the estimated experimental uncertainty is quoted 
in a footnote at the end of the table. The third column 
contains the calculated frequencies and estimated uncertain­
ties in MHz. The calculated uncertainties represent approxi­
mately' 95% confidence levels, calculated by doubling the 
standard deviations obtained in the least squares analysis. 

The line strengths for the un split rotational transitions are 
given in column 4. These line strengths, denoted by 
XS(fKa'Kc'; J"Ka"Kc") are defined in this review as 

where the superscript x refers to one of the principal axis of 
the molecule (x = a, b, or c); I JL/~/' I is the dipole 

moment matrix element connecting the upper, fK'aK'c' and 

lower JIt K" aK " c' rotational levels involved in the transition, 

and /k is the magnitude of the component of JL along the x­

axis. Thus the line strength as defined is independent of the 
absolute magnitude of the dipole moment. 

The energy of each rotational level is included in table 5 
under columns 5 and 6 in units of cm -1. They were calculated 
from the rotational and centrifugal distortion constants used 
in the analysis. Measurements are referenced in the last 
colulllll. The two a5terik5 mark tran5ition5 which have not 

been used in the analysis, either because the' deviation 
between observed and calculated frequency was larger than 
three times the standard deviation of the fit. or because the 
lines showed unresolved ( < 200. kHz) K-doubling. 

The measured transition frequencies of the less abundant 
isotopic species are presented in table 6. They include only 
the species with single 1"{; and lfiN substitutions, and include 
all the transitions presently available in the literature. The 
quantum numbers j, Ka, Kc are. presented as in tables 3 
and 4. 

Finally, as a convenience to the user, the calculated un split 
transition frequencies of table 5 have been listed according to 
increasing frequency in table 7. 

1.3. List of Symbols and Conversion Fadors 

A,B,C 

A,8,T 

a. Symballi 

Rotational constants (MHz). 
A:z..B:z..C; (A =hI81T2 la, 
etc.) 

Quanic centrifugal distortion con·· 
stants. 



H,h 

a, b, c 

J-L, Il<r(X =a,b,c) 

Xaa, .. 

r (X-Y) 

-1(X, Y,Z) 

F 

J 

Ka 

Kc 
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Sextic centrifugal distortion con­
stants. 

Principal axes corresponding to A, 
B,C. 

Dipole moment 8.nd components of 
the dipole moment along the prin­
cipal axis (Debye). 

Elements of the quadrupole coupling 
tensor (MHz). 

Distance between centers of mass of 

atom X and Y (A). 
Angle between atoms X, Y, and Z 

(degrees). 
Moments of inertia of the whole 

molecule with respect to the indi­
cated principal axis. 

Total angular momentum quantum 
number. 

Total rotational angular momentum 
quantum number. 

Projection of J on the symmetry axis 
in the limiting prolate symmetric 
top. 

Projection of J on the symmetry axis 
in the limiting oblate symmetric 
top. 

(. . .) Parenthesis in the numerical listing 
contain measured or estimated un­
certainties. These should be inter-
preted as: 1.532{30) 
1.532±0.030. 

b. Conversion factors 

The following eonvp.T!'\lon faf'.tors have been used 

A, B, C (MHz) 
5.05357 X 105 

Ia,b,c (amu A ~ 

1 em -1 = 29979.25 MHz 

1.4. References 

[1] D. R. Johnson. F. {Lovas, and W. H. Kirchhoff. J. Phys. Chern. Ref. 

Data 1, 1011(1972). 
[2} M. C. L. Gerry and G. Winnewisser, J. Mol. Spectrosc. 48~ 1 (1973). 
[3] P. Helrninger, R. L. Cook. and F. C. De Luda. J. Mul. Spectlo~c. 40, 125 

(1971). 
[4] W. H. Kirchhoff, J. Mol. Spectrosc. 41, 333 (1972). 
[5] G. Steenbeckeliers, Ann. Soc. Sci. Bruxelles 82, 331 (1968). 
[6}J. K. G. Watson, J. Chern. Phys. 46, 1935 (1967). 
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110 GERRY, YAMADA, AND WINNEWISSER 

2. ,Vinyl Cyanide Spectral Tables 

TABLE 1. Molecular Parameters for Vinyl Cyanide 12CHZ12CH12C 

Rotational Constants (MHz) 

49 850.6972 (166) 

4 971.21314 (142) 

513.82840 (142) 

Distortion Constants (MHz) 

~J = 2.24319 (376) x 10- 3 

~JK -8.54398 (358) x 10- 2 

~K 2.71723 (230) 

oJ 4.56912 (646) x 10- 4 

oK 2.4530 (120) x 10-2 

H
J 

4.14 (3.62) x 10-9 

HJK $ 1.32 (3.18) x 10- 7 

HJK -8.67 (1.0S) x 10- 0 

HK 4.268 (748) x 10-4 

hJ 3.08 (1.51) x 10- 9 

hJK '" - 2.50 

6.30 

(6.00) x 10- 7 

(4.01) x 10- 5 

Dipo'le Moment (Oebye) 

lJ
a 

3.68 (7) 

lJb'" 1.25 (3) 

Ref. 54 

Ni trogen Quadrupole Coupling Constants (MHz) Ref. 59A 

Xaa -3.69 (5 ) 

Xbb - Xc c -0.53 (19) 

Structure (~) R\::f. 59A 

rs (C ::: N) 1.164 

TS (C - C) 1.426 

r s (C C) 1. 339 

r s (C - H, ) 1.086 

~ (C - C C) 122°37' 

~ (H - C - C) 121°44' 

Watson's Determinable Parameters of Vinyl cyan ide [see Ref. 6J 

/Dl, = 

'aaaa' 
Tbbbb' 

TCCCC' 

T 
1 

T 2/(A+B+C) 
~T (1) 

49850.7017 (166) 

4971.08221 (144) 

4513.79742 (144) 

-10.5361 (92) 
-12.628 (16) 

-5.317 (16) 

314.84 (15) 

19.113 (19) 

-81.4 (70) 

MHz 

MHz 

MHz 

MHz 

kHz 
kHz 
kHz 
kHz 

Hz 

(I) Planarity defect ~T T'cece - (T2 - CT,]/(A+B) 

*In IT representation, A-reduction [6J 
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TABLE 2. Rotational Constants of Isotopically Substituted Vinyl Cyanide, (Ref. 59A) 

'3CH3 '2CH'2C'4N '2CH213CH'2C'4N 13 CH 2'2CH'3C'4N '2CH2'2CH'2C'!5N 

A (MHz) * 49180. ** 48645. ** 49781 !'* 49647.** 

B (MHz) * 4837.539 4948.741 4948.434 4819.619 

C (MHz) * 4398.194 4485.416 4494.619 4387.054 

I:J. = IC-IA-I B (amu R2) 0.1598** 0.1598** 0.1598** 0.1598** 

Effective ground state rotational constants obtained by fitting transitions to the rigid rotor 

Hami ltonian. 

**The rotational constant Ao was calculated assuming the inertial defect I:J. had the value 0.1598 

amu R2 as in '2CH2 '2CH'2C'4N. 

TABLE 3. Frequencies (i n MHz) of Transitions of 12CH212CH12C14N with Resolved 14N 

Quadrupole Hyperfi.ne Structure 

(1) (2) (3) (4) (5) 
Transition Observed Calculated Rel. Int. Reference 

Frequency Frequency "+ 
K I K I J" K II K II (Est. Uncertainty) (Uncertainty) a c a c 

0 0 0 0 9 485.033 (3) 73A 
F'= 2 Fit. = 1 9 485.29 (0.1) 9 485.218 (4) 0.556 

9 484.19 (0.1 ) 9 484.110 (12) 0.333 
0 9 486.89 (0.1) 9 486.879 (26) 0.111 

0 2 0 18 966.535 (5) 59A 
F' = 3 F"= 2 18 966.61 (*) 18 966.614 (5) 0.467 

2 2 18 965.48 (*) 18 965.427 (17) 0~083 

2 18 966.534 (5) 0.250 
18 968.41 ( * ) 18 968.382 (26) 0.083 

0 18 965.48 (*) 18 965.612 (13) 0.111 

0 19 427.625 (6) 59A 
f'= 3 FIt = 2 19 42/,80 (1r) 19 427.844 (6) 0.467 

2 2 19 425.179 (28) 0.083 
2 1 19 426.67 (*) 19 426.702 (13) 0.250 

19 427.493 (48) 0.083 
0 19 429.06 (*) 19 429.076 (34) 0.111 

2 18 51 3 • 081 ( 6 ) 59A 

F' = 3 F"= 2 18 513.31 (*) 18 513.311 (7) 0.467 
2 2 18 512.68 (*) 18 51 2.633 (31) 0.083 
z 18 512.14 (*) 18 512.158 (13) 0.250 

1 18 513.213 (48) 0.083 
1 0 18 514.43 (*) 18 514.400 (27) 0.111 

0 3 2 0 2 28 440.981 (8) 
F' = 4 F"= 3 28 441.025 (8) 0.429 

3 3 28 439_692 (18) 0.037 

3 2 28 440.980 (8) 0.296 
2 2 28 442.645 (25) 0.037 
2 28 440.797 (8) 0.200 

111 
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112 GERRY, YAMADA, AND WINNEWISSER 

TABLE 3. Frequenci es (in MHz) of Transitions of 12CH212CH12C14N with Resolved 14N 
Quadrupol e Hyperfi.ne Structure -Continued 

(1) (2) (3) (4) (5) 

Transition Observed Calculated Rel. Int. Reference 
Frequency Frequency + 

J' K I K • JII K II K " (Est. Uncertainty) (Uncerta; nty) a c a c 

3 2 2 29 139.097 (8) 

F'= 4 F" = 3 29 139.193 (8) 0.429 

3 3 29·138.357 (31) 0.037 

3 3 29 138.866 (9) 0.296 

2 2 29 1 39. 994 (41) 0.037 
0 1 29 139.203 (10) 0.200 

3 3 2 2 27 767.352 (8) 

F'= 4 F"= 3 27 767.454 (8) 0.429 

3 3 27 766.443 (37) 0.03} 

3 2 27767.121 (9) 0.296 

2 2 27 768.486 (51) 0.037 

2 1 27 767.431 (9) 0.200 

3 2 2 2 0 28 470.834 (8) 

F'= 4 F"= 3 28 471.097 (9) 0.429 

3 3 28 471.100 (9) 0.037 

3 2 28 469.912 (14) 0.296 

2 2 28 469.909 (16) 0.037 

2 28 471.757 (14) 0.200 

3 2 2 2 2 28 456.932 (8) 

F'= 4 FII = 3 28 457.196 (9) 0.429 

3 3 28 457.196 (9) 0.037 

3 2 28 456.0~9 (14) 0.296 

2 2 28 456.009 (14) 0.037 

2 28 457.855 (14) 0.200 

2 0 2 25 910.454 (13) 59A 

F'= 2 FII= 3 25 910.08 (*) 25 910.111 (14) ·0.467 

2 2 25 911.28 (*) 25 911.299 (19) 0.083 

1 2 25 911.78 (*) 25 911.774 (29) 0.250 

25 909.926 (29) 0.083 

0 25 908.70 (*) 25 908.73S (48) 0·111 

2 2 3 0 3 15 982.553 (12) 73A 

F'= 3 F"= 4 15 982.38 (0. 1) 15 982.395 (13) 0.429 

3 3 15 983.629 (22) 0.037 

2 3 15 982.91 (0.1) 15 982.951 (25) 0.269 

2 2 15 981. 286 ( 36) 0.037 

1 2 15 982.38 (0.1) 15 982.340 (25) 0.200 

* The quoted measurement accuracy is ~±0.15 MHz 

+ Calculated uncertainties are twice the predicted standard deviations 
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TABLE 4. Hyperfine Structure of the Ka = 1 a-type Q branch (in MHz) 

Transition Calculated Frequency Rd~ Int. 
(uncerta i nty)* 

J' K ' a K ' c J" K II 

a K " c 

0 457.283 (1) 
F'= 2 F"'" 2 457.257 (10) 0.417 

2 456.782 (18) 0.139 
457.889 (22) 0.139 
457.415 (48) 0.083 
458.602 (26) 0.111 
455.832 (34) 0.111 

2. 1 371 .828 (2) 
F'= F": 1 371.790 (14) 0.415 

1 372.468 (22) 0.052 
1 371.281 (l6) 0.052 

1 371.960 (48) 0.231 

1 370.905 (12) 0.050 
2 1 372.751 (12) 0.050 

1 371.696 (48) 0.150 

2 "2 743.573 (5) 
F' = 4 Fit = 4 2. 743.529 (17) Q.402 

2 743.705 (48) 0.280 

2 743.468 (38) 0.212 

4 4 572.388 (7) 
F' = 5 F" = 5 4 572.340 (19) 0.391 

4 4 572.520 (48) 0.301 
4 572.294 (35) 0.243 

* Calculated uncertainties are twice the predicted standard deviations 

TABLE 5. The .. microwave spectrum of vinyl cyanide 

Transition Calculated Energy levels in cm- 1 

Oh"erYcd fn~qucm(;y Line Rellllukl> 

Upper Lower frequency (uncertainty) strength Upper Lower 

state state state state 

a type R branch 

1( 0, 1)- 0( 0, 0) 9485.10 9485.033(.003) 1.000 .316 0.000 
2( 0, 2)- 1( 0, I) 18966.54 18966.535(.005) 2.000 .949 .316 59A 
2( I, 1)- 1( 1, 0) 19427.59 19427.625(.005) 1.500 2.477 1.829 59A 
2( 1, 2)- 1( I, 1) 18513.09 18513.081(.006) 1.500 2.431 1.813 59A 
3( 0, 3)- 2( 0, 2) 28440.99 28440.981(.008) 3.000 1.898 .949 59A 
3( 1, 2)- 2( 1, 1) 29138.97 29139.097(.008) 2.667 . 3.449 2.477 59A ** 
3( I, 3)- 2( I, 2) 27707.32 27767.352(.008) 2.667 3.357 2.431 59A 
3( 2, 1)- 2( 2, 0) 28470.60 28470.834(.008) 1.667 7.916 6.966 59A .. 
3( 2, 2)- 2( 2, 1) 28457.34 28456.932(.008) 1.667 7.916 6.966 59A ** 

4( 0, 4)- 3( 0, 3) 37904.851(.010) 4.000 3.162 1.898 
4( I, 3)- 3( 1, 2) 38847.738(.010) 3.750 4.744 3.449 
4( 1. 4)- 3( 1, 3) 37018.87 37018.923(.011) 3.750 4.592 3.357 
4( 2, 2)- 3( 2, 1) 37974.369(.010) 3.000 9.183 7.916 
4( 2, 3)- 3( 2, 2) 37939.628(.010) 3.000 9.181 7.916 
4( 3, 1)- 3( 3, 0) 37952.733(.009) 1.750 16.699 15.433 
4( 3, 2)- 3( 3, 1) 37952.634(.009) 1.750 16.699 15.433 
5(0, 5)- 4( 0, 4) 47354.650(.013} 4.999 4.742 3.162 
5( I, 4)- 4( I, 3) 48552.566(.012) 4.800 6.364, 4.744 
5( I, 5)- 4( 1, 4) 46266.935(.013) 4.800 6.135 4.592 
5( 2. 3)- 4( 2. 2) 47489.234(.012) 4.200 10.767 9.183 
5( 2, 4)- 4( 2, 3) 47419.799(.012) 4.200 10.763 9.181 
5( 3, 2)- 4( 3, 1) 47443.889(.011) 3.200 18.282 16.699 
5( 3, 3}- 4( 3~ 2) 47443.542(.01l} 3.200 18.282 16.699 

J. Phy •. Chem. Ref. Data, Vol. 8, No.1, 1979 



114 GERRY, YAMADA, AND WINNEWISSER 

TABLE 5. The microwave spectrum of vinyl cyanide-Continued 

Transition Calculated Energy levels in cm- 1 

Observed frequency Line Remarks 
Upper Lower frequency (uncertainty) strength Upper Lower 
state state state state 

5( 4, 2)- 4( 4, 1) 47445.440(.010) 1.800 28.799 27.216 
5( 4, 1)- 4( 4, 0) 47445.440(.010) 1.800 28.799 27.216 
6( 0, 6)- 5( 0, 5) 56786.934(.014) 5.999 6.636 4.742 
6( I, 5)- 5( I, 4) 58252.568(.014) 5.833 8.307 6.364 
6( I, 6)- 5( I, 5) 55510.560(.014) 5.833 7.987 6.135 
6( 2, 4)- 5( 2, 3) 57018.189(.013) 5.333 12.669 10.767 
6( 2, 5)- 5( 2, 4) 56896.814(.013) 5.333 12.661 10.763 
6( 3, 3)- 5( 3, 2) 56937.116(.012) 4.500 20.181 18.282 
6( 3, 4)- 5( 3, 3) 56936.193(.012) 4.500 20.181 18.282 
6( 4, 2)- 5( 4, 1) 56936.494(.01l) 3.333 30.698 28.799 
6( 4, 3)- 5( 4, 2) 56936.492(.011) 3.333 30.698 28.799 
6( 5, 2)- 5( 5, 1) 56942.53l{.01l) l.833 44.207 42.308 
7( 0, 7)- 6( 0, 6) 66198.348(.016) 6.998 8.844- 6.636 
7( 1, 6)- 6( 1, 5) 67946.690(.015) 6.857 10.573 8.307 
7( 1, 7)- 6( 1, 6) 64749.013(.016) 6.857 10.147 7.987 
7( 2, 5)- 6( 2, 4) 66563.902(.015) 6.428 14.889 12.669 
7( 2, 6)- 6( 2, 5) 66370.045(.015) 6.428 14.875 12.661 
7( 3, 4)- 6( 3, 3) 66432.921(.014) 5.714 22.397 20.181 
7( 3, 5)- 6( 3, 4) 66430.843(.014) 5.714 22.397 20.181 
7( 4, 3)- 6( 4, 2) 66428.621(.013) 4.714 32.914 30.698 
7( 4, 4)- 6( 4, 3) 66428.613(.013) 4.714 32.914 30.698 
7( 5, 2)- 6( 5, 1) 66434.343(.012) 3.429 46.423 44.207 
7( 6, 1)- 6( 6, 0) 66444.788(.013) 1.857 62.915 60.699 
8( 0, 8)- 7( 0, 7) 75585.695(.017) 7.997 11.365 8.844 
8( 1, 7)- 7( 1, 6) 77633.827(.016) 7.874 13.163 10.573 
8( 1, 8)- 7( 1, 7) 73981.556(.017) 7.875 12.614 10.147 
8( 2, 6)- 7( 2, 5) 76128.889(.015) 7.500 17.429 14.889 
8( 2, 7)- 7( 2. 6) 75838.866(.016) 7.500 17.404 14.875 
8( 3, 5)- 7( 3, 4) 75931.857(.014) 6.875 24.930 22.397 
B( 3, 6)- 7( 3, 5) 75927.705(.014) 6.875 24.929 22:397 
8( 4, 4)- 7( 4, 3) 75922.000(.013) 6.000 35.446 32.914 
8( 4, 5)- 7( 4, 4) 75921.978(.013) 6.000 35.446 32.914 
8( 5 )- 7{ 5 ) 75926.795(.013) 4.875 48.956 46.423 
8( 6 )- 7( 6 ) 75937.822(.013) 3.500 65.448 62.915 
B( 7 )- 7( 7 ) 75953.111(.016) 1.875 84.912 82.378 
9( 0, 9)- 8( 0, 8) 84946.004(.017) 8.996 14.199 11.365 

9( 1, 8)- 8( 1, 7) 87312.821(.017) 8.888 16.076 13.163 
9( 1, 9)- 8( 1, 8) 83207.509(.017) 8.888 15.390 12.614 
9( 2, 7)- 8( 2, 6) 85715.433(.016) 8.555 20.288 17.429 
9( 2, 8)- 8( 2, 7) 85302.654(.016) 8.555 20.250 17.404 

9( 3, 6)- 8( 3, 5) 85434.538(.015) 8.000 27.779 24.930 
9( 3, 7)- 8( 3, 6) 85426.932(.015) 8.000 27.779 24.929 
9( 4, 5)- 8( 4, 4) 85416.813(.014) . 7.222 38.295 35.446 
9( 4, 6)- 8( 4, 5) 85416.762(.014) 7.222 38.295 35.446 

9(5 )- 8( 5 ) 85419.979(.013) 6.222 51.805 48.956 
9( 6 )- 8( 6 ) 85431.223(.014) 5.000 68.298 65.448 
9( 7 )- 8( 7 ) 85447.736(.016) 3.556 87.762 84.912 

'Y( 8 )- 8( 8 ) 85468.411(.020) 1.889 110.184 107.333 

10( 0, 10)- 9( 0, 9) 94276.638(.018) 9.994 17.344- 14.199 
lO( 1. 9)- 9( 1. 8) 96982.49 96982.443(.017) 9.899 19.311 16.076 
10( 1, 10)- 9( 1, 9) 92426.253(.017) 9.899 18.473 15.390 
IU( 2, 8)- 9( 2, 7) 95325.49 95325.484(.016) 9.600 23.467 20.288 

10( 2. 9)- 9( 2, 8) 94760.83 94760.788(.016) 9.599 23.411 20.250 
10( 3, 7)- 9( 3, 6) 94941.58 94941.643(.015) 9.100 30.946 27.779 
1O( 3. 8)- 9( 3, 7) 94928.71 94928.619(.015) 9.100 30.945 27.779 
lOt 4, 0)- Y( 4, 5) 94913.16 94913.246(.014) 8.400 41.461 38.295 

10( 4, 7)- 9( 4, 6) 94913.16 94913.134(.014) 8.400 41.461 38.295 
10( 5 )- 9( 5 ) 94914.05 94913.985(.013) 7.500 54.971 51.805 
10( 6 )- 9( 6 ) 94925.08 94925.036(.015) 6.400 71.464 68.298 
1O( 7 )- 9( 7 ) 94942.67 94942.531(.017) 5.100 90.929 87.762 

10( 8 )- 9( 8 ) 94964.955(.021) 3.600 113.351 110.184 
10( 9 )- 9( 9 ) 94991.592(.027) 1.900 138.715 135.547 
ll( 0, 1l)-10( 0, 10) 103575.58 103575.400(.018) 10.992 20.798 17.344-
ll{ 1, lO)-10( 1, 9) 106641.39 106641.394(.017) 10.907 22.868 19.311 
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TABLE 5. The microwave spectrum of vinyl cyanide-Continued 

Transition Calculated Energy levels in cm - 1 

Observed frequency Line Remarks 
Upper Lower frequency (uncertainty) strength Upper Lower 
state state state state 

11( 1, 11)-10( 1, 10) 101637.23 101637.236(.017) 10.908 21.863 18.473 
11( 2, 9)-1O( 2, 8) 104960.66 104960.550(.016) 10.636 26.969 23.467 
11( 2, 10)-10( 2, 9) 104212.58 104212.654(.016) 10.636 26.887 23.411 
11( 3, 8)-10( 3, 7) 104453.85 104453.927(.015) 10.182 34.431 30.946 
11( 3, 9)-1O( 3, 8) 104432.77 104432.793(.015) 10.182 34.429 30.945 
11( 4, 7)-1O( 4, 6) 104411.49 104411.485(.013) 9.546 44.944 41.461 .. 
11( 4, 8)-10( 4, 7) 104411.49 104411.262(.013) 9.546 44.944 41.461 •• 
ll( 5, 6)-1O( 5, 5) 104408.93 104408.904(.013) 8.727 58.454 54.971 
11( 5, 7)-10( 5, 6) 104408.93 104408.903(.013) 8.727 58.454 54.971 
11( 6 )-10( 6 ) 104419.33 104419.308(.015) 7.727 74.947 71.464 
11( 7 )-10( 7 ) 104437.49 104437.516(.017) 6.546 94.413 90.929 
11( B )-1O( B ) 104461.50 101.1-61.515(.021) 5.102 116.036 113.3::;1 
ll( 9 )-10( 9 ) 104490.36 . 104490.361(.Q27) 3.636 142.201 138.715 
11(10 )-10(10 ) 104523.87 104523.548(.035) 1.909 170.491 ·167.004 .. 
12( 0, 12)-1l( 0, 11) 112840.648(.017) 11.990 24.562 20.798 
12( 1, 11) ll( 1; 10) 1162BB.292(.017) 11.914 26.747 22.868 
12( 1, 12)-1l( 1, 11) 110839.981(.017) 11.915 25.560 21.863 
12( 2, 1O)-ll( 2, 9) 114621.577(.016) 11.666 30.792 26.969 
l2( 2, 11)-11( 2, 10) 113657.642(.016) 11.666 30.678 26.887 
12( 3, 9)-1l( 3, 8) 113972.228(.014) 11.250 38.232 34.431 
.2( 3, 10)-11( 3, 9) 113939.410"(.614) 11.250 38.230 34.429 
12( 4, 8)-11( 4, 7) 113911.724(.013) 10.667 48.744 44.944 
12( 4, 9)-1l( 4, 8) 113911.307(.013) 10.667 48.744 44.944 
12( 5. 7)-1]( 5. 6) 1 HQ04..R?5(.0l~) <) 917 62.253 58.454 
12( 5, 8)-11( 5, 7) 113904.823(.013) 9.917 62.253 58.454 
12( 6 )-ll( 6 ) 113914.082(.015) 9.000 78.747 74.947 
12( 7 )-ll( 7 ) 113932.707(.018) 7.917 98.213 94.413 
12( 8 )-ll( R ) 11 R<)5RO<)?(.O? 1 ) f,667 120.637 116.836 
12( 9 )-ll( 9 ) 113989.016(.026) 5.250 146.003 142.201 
12(10 )-11(10 ) 114024.832(.034) 3.667 174.294 170.491 
13( 0, 13)-12( 0, 12) 122071.413(.017) 12.987 28.634 24.562 
13( 1, 12)-12( 1, 11) 125921.667(.017) 12.920 30.947 26.747 
13( 1, 13)-12( 1, 12) 120034.083(.016) 12.921 29.564 25.560 
13( 2, 11)-12( 2, 10) 124308.835(.015) 12.692 34.938 30.792 
13( 2, 12)-12( 2, 11) 123095.151(.015) 12.691 34.784 30.678 
l.~( 3. 1O)-12( 3, 9) 1 ?R4.Q7 4. 7?( 0 14.) 1?308 42.352 38.232 
13( 3, Il)-12( 3, 10) 123448.353(.014) 12.308 42.347 38.230 
13( 4, 9)-12( 4, 8) 123414.165(.013) 11.769 52.860 47.744 
13( 4, 1O)-12( 4, 9) 123413.425(.013) 11.769 52.860 48.744 
13( 5. R)-12( 5, 7) 1 n4.01 84()(0l3) 11.077 66.369 62.253 
13( 5, 9)-12( 5, 8) 123401.834(.013) 11.077 66.369 62.253 
13( 6 )-12( 6 ) 123409.404(.015) 10.231 82.864 78.747 
13( 7 )-12( 7 ) 123428.124(.018) 9.231 102.330 98.213 
13( 8 )-12( 8 ) 123454.687(.021) 8.077 124.755 120.637 
13( 9 )-12( 9 ) 123487.549(.025) 6.769 150.122 146.003 
13(10 )-12(10 ) 123525.891(.033) 5.308 178.415 174.294 
14( 0, 14)-13( 0, 13) 131267.422 131267.478(.017) 13.985 33.013 28.634 
1 4.( 1, B)-B( 1, 1?) H:;:;~9974. 135539.954(.016) 13.925 35,468 30.917 
14( 1, 14)-13( I, 13) 129219.213 129219.221(.016) 13.926 33.875 29.564 
14( 2, 12)-13( 2, 11) 134021.823 134021.830(.015) 13.713 39.409 34.938 
14( 2, 13)-U( 2, 12) 132524.583 132524.590(.015) 13.713 39.205 34.784 
14( 3, 11)-13( 3, 10) 133030.674 133030.680(.013) 13.357 16.789 1.2.352 
14( 3, 12)-13( 3, 11) 132959.401 132959.423(.013) 13.357 46.782 42.347 
14( 4, 10)-13( 4, 9) 132918.991 132919.017(.012) 12.857 57.294 52.860 
14( 4, 1l)-13( 4, 10) 132917.752 132917.762(.012) 12.857 57.294 52.860 
14( 5, 9)-13( 5, 8) 132900.010 132900.038(.013) 12.214 70.803 66.369 
14( 5, 10)-13( 5, 9) 132900.010 132900.027(.013) 12.214 70.803 66.369 
14( 6 )-13( 6 ) 132905.288 132905.317(.015) 11.429 87.297 82.864 
14( 7 )-13( 7 ) 132923.739 132923.783(.018) 10.500 106.764 102.330 
14( 9 )-13( 9 ) 132951.271 1321)51.302(.021) 1),1.21) 129.190 124.755 
14( 9 )-13( 9 ) 132985.953 132985.947(.024) 8.214 154.558 150.122 
14(10 )-13(10 ) 133025.756 133026.706(.030) 6.857 182.852 178.415 
14(11 )-13(11 ) 133073.083 133072.990(.043) 5.357 214.051 209.612 
15( 0, 15)-14( 0, 14) 110129.180 11.0121).138(.017) 11.1)82 37.61)7 33.013 
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Transition Calculated Energy levels in em- 1 

Observed frequency Line Remarks 
Upper Lower frequency (uncertainty) strength Upper Lower 
state state state state 

15( 1, 14)-14( I, 13) 145141.487 145141.495(.017) 14.929 40.309 35.468 
15( 1, 15)-14( 1, 14) 138395.160 138395.151(.016) 14.930 38.491 33.875 
15( 2, 13)-14( 2, 12) 143759.253 143759.247(.015) 14.733 44.204 39.409 
15( 2, 14)-14( 2, 13) 141945.385 141945.379(.015) 14.731 43.939 39.205 
15( 3, 12)-14( 3, 11) 142572.930 142572.970(.013) 14.400 51.545 46.789 
15( 3, 13)-14( 3, 12) 142472.400 142472.348(.013) 14.400 51.535 46.782 
15( 4, 11)-14( 4, 10) 142426.490 142426.506(.013) 13.933 62.045 57.294 
15( 4, 12)-14( 4, 11) 142424.445 142424.454(.013) 13.933 62.045 57.294 
15( 5, 1O)-I4( 5, 9) . 142399.510 142399.510(.014) 13.333 75.552 70.803 
15( 5, 1l)-14( 5, 10) 142399.510 142399.489(.014) 13.333 75.552 70.803 
15( 6 )-14( 6 ) 142401.950 142401.867(.016) 12.600 92.047 87.297 
15( 7 )-14( 7 ) 142419.675 142419.704(.019) 11.733 111.515 106.764 
15( 8 )-14( 8 ) 142448.00 142447.936(.021) 10.733 133.941 129.190 
15( 9 )-14( 9 ) 142484.17 142484.201(.022) 9.600 159.311 154.558 
15(10 )-14(10 ) 142527.21 142527.259(.027) . 8.333 187.606 182.852 
15(11 )-14(11 ) 142576.31 142576.393(.040) 6.933 218.807 214.051 
16( 0, 16)-15( 0, 15) 149558.702(.017) 15.979 42.686 37.697 
16( 1, 15)-15( 1, 14) 154724.531(.017) 15.932 45.471 40.309 
16( 1, 16)-15( 1, 15) 147561. 708(.017) 15.934 43.413 38.491 
16( 2, 14)-15( 2, 13) 153518.944(.016) 15.749 49.325 44.204 
16( 2, 15)-15(2, 14) 151356.951(.015) 15.747 48.988 43.939 
16( 3, 13)-15( 3, 12) 152125.561(.014) 15.437 56.619 51.545 
16( 3, 14)-15( 3, 13) 151986.773(.014) 15.437 56.605 51.535 
16( 4, 12)-15( 4, 11) 151936.868(.014) 15.000 67.113 62.045 
16( 4, 13)-15( 4, 12) 151933.624(.014) 15.000 67.113 62.045 
16( 5, 11)-15( 5, 10) 151900.347(.015) 14.438 80.619 75.552 
16( 5, 12)-15( 5, 11) ·151900.309(.015) 14.438 80.619 75.552 
16( 6,· 10)-15( 6, 9) 151899.097(.018) 13.750 97.114 92.047 
16( 6, U)-15( 6, 10) 151899.097(.018) 13.750 97.114 92.047 
16( 7 )-15( 7 ) 151915.902(.021) 12.938 116.582 111.515 
16( 8 )-15( 8 ) 151944.590(.022) 12.000 139.01Q 133.941 
16( 9 )-15( 9 ) 151982.298(.022) 10.938 164.381 159.311 
1o(lU )-1::>(10 ) 1520~1.529(.024) 9.750 192.677 187.606 
17( 0, 17)-16( 0, 16) 158657.432(.018) 16.976 47.978 42.686 
17( 1, 16)-16( 1, 15) 164287.210(.019) 16.934 50.951 45.471 
17( 1, 17)-16( 1, 16) 156718.809(.018) 16.937 48.641 43.413 
U( 2, 1!:»-10( ~, 14) 16;)21)~.UUO(.0 l~) 16.765 54.772 49.325 
17( 2, 16)-16( 2, 15) 160758.759(.017) 16.761 54.350 48.988 
17( 3, 14)-16( 3, 13) 161689.763(.016) 16.470 62.013 56.619 
17( 3, 15)-16( 3, 14) 161502.271(.016) 16.470 61.992 56.605 
17( 4, 1~)-16( 4, 1:l) 10l4!lU.;;ol(.Ul(» 16.U::>9 72.498 67.113 
17( 4, 14)-16( 4, 13) 161445.382(.016) 16.059 72.498 67.113 
17( 5, 12)-16( 5, 11) 161402.641(.018) 15.530 86.003 80.619 
17( 5, 13)-16( 5, 12) 161402.574(.018) 15.530 86.003 80.619 
17( 6, 11)-16( 6, 10) 161~1)7 .U51(.U21) 14J:l82 lU~.49"i 97.114 
17( 6, 12)-16( 6, 11) 161397.050(.021) 14.882 102.497 97.114 
17( 7 )-16( 7 ) 161412.397(.024) 14.118 121.966 116.582 
17{ 8 )-16( 8 ) 161441.265(.025) 13.235 144.395 139.010 
17( 9 )-16( 9 ) 161480.221)(.025) 12.23::' loY./o/ 164.381 
17(10 )-16(10 ) 161527.499(.025) 11.118 198.065 192.677 
18( 0, 18)-17( 0, 17) 167728.434(.020) 17.974 53.573 47.978 
18( 1, 17)-17( 1, 16) 173827.595(.021) 17.936 56.749 50.951 
18( 1, 18)-17( 1, 17) 165H66.445(.UlO) 1'l.Y;)Y :>4.173 48:641 
18( 2, 16)-17( 2, 15) 173092.852(.020) 17.778 60.546 54.772 
18( 2, 17)-17( 2, 16) 170150.272(.019) 17.774 60.026 54.350 
18( 3, 15)-17( 3, 14) 171266.976(.018) 17.500 67.725 62.013 
18( 3, 16)-17( 3, 15) 171018.336(.U18) 1I.!)UU 67.696 61.992 
18( 4, 14)-17( 4, 13) 170967.269(.019) 17.111 78.201 72.498 
18( 4, 15)-17( 4, 14) 170959.817(.019) 17.111 78.201 72.498 
18( 5, 13)-17( 5, 12) 170906.484(.021) 16.611 91.704 86.003 
18( 5, 14)-17( 5, 13) 170906.370(.021) 10.Ml YL/U4 86.003 
18( 6, 12)-17( 6, 11) 170895.772(.025) 16.000 108.198 102.497 
18( ·6, 13)-17( 6, 12) 170895.771(.025) 16.000 108.198 102.497 
18( 7 )-17( 7 ) 170909.204(.028) 15.278 127.667 121.966 

J. Phys. Chem. Ref. Data, Vol. 8, No.1, 1979 



MICROWAVE SPECTRUM Of VINYL CYANIDE 117 

TABLE 5. The microwave spectrum of vinyl cyanide-Continued 

Transition Calculated Energy levels in cm- 1 

Observed frequency Line Remarks 
Upper Lower frequency (uncertainty) strength Upper Lower 
state state state state 

18( 8 )-17( 8 ) 170937.960(.030) 14.445 150.097 144.395 
18( 9 )-17( 9 ) 170977.981(.030) 13.500 175.470 169.767 
18(10 )-17(10 ) 171027.147(.030) 12.445 203.770 198.065 
19( 0, 19)-18( 0, 18) 176774.996(.023) 18.971 59.469 53.573 
19( I, 18)-18( 1, 17) 183343.63 183343.676(.024) 18.937 62.864 56.749 
19( I, 19)-18( 1, 18) 175004.678(.022) 18.941 60.011 54.173 
19( 2, 17)-18( 2, 16) 182899.39 182899.394(.024) 18.790 66.647 60.546 
19( 2, 18)-18( 2, 17) 179530.985(.022) 18.785 66.014 60.026 
19( 3, 16)-18( 3, IS) 180858.66 180858.669(.021) 18.526 73.758 67.725 
19( 3, 17)-18( 3, 16) 180534.30 180534.396(.022) 18.526 73.718 67.696 
19( 4, 15)-18( 4, 14) 180487 .. 99 180487.898(.022) 18.158 84.222 78.201 
19( 4, 16)-18( 4, IS) 180476.95 180476.998(.022) 18.158 84.221 78.201 
19( 5, 14)-18( 5, 13) 180411.85 180411.971(.025) 17.684 97.722 91.704 ** 
19( 5, 15)-18( 5, 14) 180411.85 180411. 784(.025) 17.684 97.722 91.704 ** 
19( 6, 13)-18( 6, 12) 180395.36 180395.305(.030) 17.105 114.215 108.198 
19( 6, 14)-18( 6, 13) 180395.36 180395.303(.030) 17.105 114.215 108.198 ** 
19( 7 )-18( 7 ) 180406.29 180406.340(.035) 16.421 133.685 127.667 
19( 8 )-18( 8 ) 180434.80 180434.677(.038) 15.632 156.115 150.097 
19( 9 )-18( 9 ) 180475.23 180475.543(.039) 14.737 181.490 175.470 ** 
19(10 )-18(10 ) 180526.47 180526.455(.040) 13.737 209.792 203.770 
19(11 )-18(11 ) 180585.88 180585.994(.045) 12.632 241.000 234.977 
19(12 )-18(12 ) 180653.34 180653.285(.065) 11.421 275.095 269.069 
20( 0, 20)-19( ·0, 19) 185800.697(.026) 19.969 . 65.667 59.469 
20( 1, 19)-19( 1, 18) 192833.396(.027) 19.937 69.297 62.864 
20( 1, 20)-19( 1, 19) 184133.640(.026) 19.943 66.153 60.011 
20( 2, 18)-19( 2, 17) 192713.222(.028) 19.802 73.075 66.647 
20( 2, 19)-19( 2, 18) 188900.417(.025) . 19.795 72.316 66.014 
20( 3, 17)-19( 3, 16) 190466.359(.025) 19.549 80.112 73.758 
20( 3, 18)-19( 3, 17) 190049.815(.026) 19.549 80.058 73.718 
20( 4, 16)-19( 4, IS) 190012.590(.027) 19.200 90.560 84.222 
20( 4, 17)-19( 4, 16) 189996.968(.027) 19.200 90.558 84.221 
20( 5, 15)-19( 5, 14) 189919.198(.031) 18.750 104.057 97.722 
20( S. 10)'-] 9( s. 15) 18991 R. 900(.m 1) lR.7S0 104.0;:;7 97.7'1') 
20( 6, 14)-19( 6, 13) 18989:;>.692(.037) 18.200 120.549 114.215 
20( 6, 15)-19( 6, 14) 189895.689(.037) 18.200 120.549 114.215 
20( 7 )-19( 7 ) 189903.823(.043) 17.550 140.019 133.685 
20( 8 )-19( 8 ) 189931.4]4(.049) 16.800 102.4;:;1 lso.llS 
20( 9 )-19( 9 ) 189972.905(.052) 15.950 187.827 181.490 
21( 0, 21)-20( 0, 20) 194809.207(.030) 20.966 72.165 65.667 
2I( 1, 2 0)-2 O( 1, 19) 202294.681(.031) 20.937 76.045 69.297 
21( 1. 21)-20( 1. 20) 193253.522(.030) 20.94S 72.SQQ M.lS:! 
21( 2, 19)-20( 2, 18) 202529.800(.032) 20.812 79.831 73.075 
2I( 2, 20)-20( 2, 19) 198258.117(.029) 20.803 78.929 72.316 
2I( 3, 18)-20( 3, 17) 200091.580(.030) 20.571 86.786 80.112 
21( 3. 19)-20( 3. 18) 199503.R99(.031 ) 20.571 RO.7lt1 RO OSR 
2I( 4, 17)-20( 4, 16) 199541. 725(.033) 20.238 97.216 90.560 
21( 4, 18)-20( 4·, 17) 199519.744(.033) 20.238 97.214 90.558 
21( 5, 16)-20( 5, 15) 199428.263(.038) 19.810 110.709 104.057 
21 ( S. 1 7)-20( S. 1 0) 19945'1.79H(./HR) lQRlO 110709 ]04.057 
2I( 6, 15)-20( 6, 14) 199396.977(.045) 19.286 127.201 120.549 
2I( 6, 16)-20( 6, 15) 199396.972(.045) 19.286 127.201 120.549 
21( 7 )-20( 7 } 199401.668(.054} 18.667 146.671 140.019 
21( R )-20( R ) 19(}4?Ft 1751(.005') 17.QSR 1 fl9.1 0:\ 1fl? LiSl 
21( 9 }-20( 9 ) 199470.053(.068) 17.143 194.481 187.827 

a type Q branch 
I( 1, 0)- 1( I, 1) 457.283(.001) 1.500 1.829 1.813 
2( 1. 1)- 2( 1. 2) 1371.828(.002) .833 2.477 2.4::n 
3( 1, 2)- 3( 1, '3) 2743.573(.005) .583 3.449 3.357 
4( 1, 3)- 4( 1, 4} 4572.388(.007) .450 4.744 4.592 
5( 1, 4)- 5( 1, 5) 6858.018(.011) .367 6.364 6.135 
6( L 6)-6( L 6) 9600.07 9600.026(.0 14) .310 8.307 7.987 
?( 1, 6)- 7( 1, 7) 12797.71 12797.703(.017) .268 10.573 10.147 
8( 1, 7}- 8( I, 8) 16450.01 16449.974(.020) .237 13.163 12.614 
9( 1, 8)- 9( 1, 9) 20555.32 20555.286(.022) .212 16.076 15.390 73B 

J. Phys. Chem. Ref. Data, Vol. 8, No.1, 1979 



118 GERRY, YAMADA, AND WINNEWISSER 

TABLE 5. The microwave spectrum of vinyl cyanide-Continued 

Transition Calculated Energy levels in cm - 1 

Observed frequency Line Remarks 
Upper Lower frequency (uncertainty) strength Upper Lower 
state state state state 

1O( I, 9)-IO( I, 10) 25II1.40 25Il1.476(.024) .192 19.3Il 18.473 73B 
II( I, 1O)-1I( I, Il) 30Il5.65 30Il5.634(.026) .175 22.868 21.863 73B 
12( 1, 1I)-I2{ I, 12) 35563.92 35563.945(.027) .162 26.747 25.560 73B 
13( I, 12)-I3( I, 13) 41451.528(.028) .150 30.947 29.564 
14( I, 13)-I4( 1, 14) 47772.261(.031) .140 35.468 33.875 
IS( 1, 14)-IS( 1, 15) 54518.605(.034) .132 40.309 38.491 
16( 1, 15)-16( I, 16) 61681.428(.039) .125 45.471 43.413 
17( I, 16)-17( 1, 17) 69429.829(.046) .119 50.951 48.641 
18( 1, 17)-I8( I, 18) 77210.979(.052) .Il3 56.749 54.173 
I9( 1, 18)-I9( I, 19) 85549.977(.058) , .108 62.864 60.011 
20( I, I9)-20( 1, 20) 94249.732(.061) .104 69.297 66.153 
2I( I, 20)-2I( I, 21) 103290.891(.060) .101 76.045 72.599 
22( 1, 21)-22( 1, 22) 112651.805(.057) .098 83.107 79.349 
23(1, 22)-23( I, 23) 122308.565(.055) .095 90.483 86.403 
24( 1, 23)-24( I, 24) 132235.114(.069) .093 98.171 93.760 
25( I, 24)-25( I, 25) I42403.43I(.1l2). .091 106.170 101.420 
26( 1, 25)-26( I, 26) 152783.822(.185) .089 II4.480 109.383 
27( I, 26)-27( I, 27) 163345.300( .290) .088 123.098 II 7.649 
28( I, 27)-28( I, 28) 174056.053(.429) .087 132.023 126.217 
29( 1, 28)-29( 1, 29) 184884.004(.609) .086 141.255 135.087 
30( I, 29)-30( I, 30) 195797.420(.836) .086 150.791 144.260 

7( 2, 5)- 7( 2, 6) 436.787(.003) 1.069 14.889 14.875 
8( 2, 6)- 8( 2, 7) 726.810(.005) .941 17.429 17.404 
9( 2, 7)- 9( 2, 8) 1139.589(.007) .840 20.288 20.250 

IO( 2, 8)-1O( 2, 9) 1704.284(.010) .757 23.467 23.411 
ll( 2, 9)-Il( 2, 10) 2452.181(.013) .689 26.969 26.887 
I2{ 2, 1O)-I2{ 2, 11) 3416.115(.016) .631 30.792 30.678 
13( 2, 11)-13(2, 12) 4629.799(.019) .580 34.938 34.784 
14( 2, 12)-I4( 2, 13) 6127.040(.021) .537 39.409 39.205 
15( 2, 13)-15( 2, 14) 7940.908(.024) .498 44.204 43.939 
16( 2, 14)-16( 2, IS) 10102.90 10102.901(.025) .464 49.325 48.988 
17( 2, IS)-I7( 2, 16) 12642.12 12642.148(.025) .433 54.772 54.350 
18( 2, I6)-I8( 2, 17) 15584.71 15584.727(.024) .405 60.546 60.026 
19( 2, 17)-19( 2, 18) 18953.19 18953.136(.023) .379 66.647 66.014 
20( 2, 18)-20(2, 19) 22765.942(.023) .356 73.075 72.316 
21( 2, 19)-21( 2, 20) 27037.625(.025) .335 79.831 78.929 
22( 2, 20)-22( 2, 21) 31778.598(.030) .315 86.914 85.854 
23( 2, 21)-23( 2, 22) 36995.37 36995.369(.038) .298 94.324 93.090 
24( 2, 22)-24( 2, 23) 42690.811(.048) .282 102.061 100.637 
25( 2, 23)-2S( 2, 24) 48864.479(.057) .267 110.124 108.495 
26( 2, 24)-26( 2, 25) 55512.952(.065) .253 118.514 116.662 
27( 2, 25)-27( 2, 26) 62630.153(.070) .241 127.228 125.139 
28( 2, 26)-28( 2, 27) 70207.624(.073) .230 136.267 133.925 
29{ 2, 27)-29( 2, 28) 78234.756(.076) .220 145.630 14~.020 
30( 2, 28)-30( 2, 29) 86698.950(.091) .211 155.315 152-.423 
31( 2, 29)-31( 2,30) 95585.727(.128) .203 165.322 162.134 
32( 2, 30)-32( 2, 31) 104878.790(.195) .195 175.650 172.152 
33( 2, 31)-33( 2, 32) 1l~560.051(.296) .189 186.298 182.477 
34( 2, 32)-34( 2, 33) 124609.627(.435) .183 197.264 193.108 
16( 3, 13)-16( 3, 14) 441.984(.008) 1.084 56.619 56.605 
17( 3, 14)-17( 3, 15) 629.477(.011) 1.020 62.013 61.992 
18( 3, 15)-18( 3, 16) 878.117(.013) .962 67.725 67.696 
19( 3, 16)-19( 3, 17) 1202.390(.016) .910 73.758 73.718 
20( 3, 17)-20( 3, 18) 1618.933(.019) .863 ' 80.112 80.058 
21( 3, 18)-21( 3, 19) 2146.615(.022) .819 86.786 86.714 
22( 3, 19)-22( 3, 20) 2806.551(.025) .779 93.782 93.688 
23( 3, 20)-23( 3, 21) 3622.068(.027) .742 101.100 100.980 
24( 3, 21)-24( 3, 22) 4618.582(.029) .707 108.742 108.588 
25( 3, 22)-25( 3, 23) 5823.401(.030) .675 116.707 116.513 
26( 3, 23)-26( 3, 24) 7265.421(.030) .644 124.997 124.755 
27( 3, 24)-27( 3, 25) 8974.73 8974.733(.030) .615 133.613 133.313 
28( 3, 25)-28( 3, 26) 10982.13 10982.127(.030) .588 142.554 142.188 
29( 3, 26)-29( 3, 27) 13318.53 13318.519(.030) .562 151.823 151.379 
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TABLE 5. The microwave spectrum of vinyl cyanide-Continued 

Transition Calculated Energy levels in cm- 1 

Observed frequency Line Remarks 
Upper Lower frequency (uncertainty) strength Upper Lower 
state state state state 

-- ---

30( 3, 27)-30( 3, 28) 16014.31 16014.304(.032) .537 161.420 160.885 
31( 3, 28)-31( 3, 29) 19098.682(.035) .513 ' 171.344 170.707 
32(, 3, 29)-32( 3, 30) 22598.978(.038) .490 181.598 180.844 
33( 3, 30)-33( 3, 31) 26540.007(.042) .468 192.181 191.296 
35( 3, 32)-35( 3, 33) 35827.73 35827.716(.069) .428 214.337 213.142 
39( 4, 35)-39( 4, 36) 8164.26 8164.252(.051) .750 271.672 271.400 
40( 4, 36)-40( 4, 37) 9835.96 9835.980(.061) .725 284.427 284.099 

b type 

1( 1, 1)- 2( 0, 2) 25910.44 2591O.454(.013} .508 1.813 .949 59A 
2( 1, 2)- 3( 0,_ 3) 15982.54 15982.553(.012) 1.025 2.431 1.898 
6( 0, 6)- 5( 1, 5) 15010.70 15010.671(.013) 2.677 6.636 6.135 
7( 0, 7)- 6( 1, 6) 25698.45 25698.459(.014) 3.273 8.844 7.987 59A 
8( 0, 8)- 7( I, 7) 36535.20 36535.141(.015) 3.896 11.365 10.147 

I7( 0, I7)-I6( 1, 16) 136tl55.b37 1~{)~;'!:>.!Jl)4(.Uk()) 11.04', 4/.9/8 43.413 

23( 1, 22)-23( 0, 23) 132555.533 132555.555(.043) 11.091 90.483 86.061 
24( 1, 23)-24( 0, 24) 141277.442 141277 .461(.058) 10.967 98.171 93.459 

12( 1, 12)-11( 0, 11) 142759.361 142759.353(.027) 7.372 25.560 20.798 

8( 2, 7)- 9( 1, 8) 39836.25 39836.197(.027) 1.691 17.404 16.076 73B 
9{ 2, 8)-10( 1, 9) 28156.40 28156.408(.027) 1.988 20.250 19.311 73B 

19( 2, 9)-11{ 1, 10) 16275.80 16275.801 (.027) 2.296 23.411 22.868 
13( I, 12)-12( 2, 11) 8063.89 8063.862(.026) 2.958 30.947 30.678 
14( 1, 13)-13( 2, 12) 20508.65 20508.665(.026) 3.314 35.468 34.784 
15( 1, 14)-14( 2, 13) 33125.57 33125.570(.027) 3.689 40.309 39.205 73B 

12( 2, 10)-13( 1, 13) 36803.78 36803.782(.034) 1.778 30.792 29.564 
16( 2, 14)-17-( 1, 17) 20517.79 20517.749(.031) 1.833 49.325 48.641 
17( 2, IJ)-18( 1, 18) 17949.:31 17949.:)10(.032) 1.792 J4.772 ::;4.173 
18( 2, 16)-19( 1, 19) 16037.47 16037.484(.034) 1.736 60.546 60.011 
19( 2, 17) ... 20( I, 20) 14803.25 14803.238(.035) 1.665 66.647 66.153 
20( 2, 18)-21( 1, 21) 14262.95 14262.938(.036} 1.585 73.075 72.599 

21( 2, 19)-22( 1,22) 14428.13 14428.170(.034) 1.498 79.831 79.349 
22( 2, 20)-23( 1, 23) 15305.76 15305.743(.035) 1.407 86.914 86.403 
23( 2, 21)-24( 1,24) 16897.89 16897.853(;052) 1.315 94.324 93.760 

7( 2, 6)- 7( 1, 7) l 141741.689 141741.682(.034) 3.504 14.875 10.147 

18( 3, 16)-19{ 2, ] 7) 31463.95 31463.890(.037) 3.479 67.696 66.647 73B 
I9( 3, 17)-20( 2, 18) 19285.11 19285.064(.032) 3.717 73.718 73.075 
23( 2, 21 )-22( 3, 20) 19053.23 19053.223(.032) 4.463 94.324 93.688 
24( 2, 22}-23( 3,21) 32420.50 32420.471(.038) 4.727 102.061 100.980 

20( 3. 17}-21( 2. 20) 35461.62 35461.638(,035) 3.543 80.112 78.929 
22( 3, 19)-23( 2, 22) 20748.66 20748.697(.031) 3.779 93.782 93.090 
23( 3, 20)-24( 2, 23) 13892.38 13892.408(.030} 3.868 101.100 100.637 
28( 2, 27)-27( 3, 24) 9:372.06 9372.044(.035) 4.000 133.925 133.613 
29( 2. 28)-28( 3. 25) 13962.20 13962.188(.040) 3.974 143.020 142.554 
30( 2, 29)-29( 3, 26) 17987.60 17987.609(.052) 3.924 152.423 151.823 

28( 4, 25)-29( 3, 26) 26343.07 26343.254(.067) 5.255 152.702 151.823 73B** 
29( 4, 26)-30( 3,27) 14442.14 14442.186(.056) 5.460 161.901 161.420 
32( 3, 29)-31( 4,28) 10282.32 10282.303(.038) 5.870 181.598 181.255 
33( 3, 30)-32( 4, 29) 23135.42 23135.493(.039) 6.075 192.181 191.410 73B 
34( 3, 31)-33( 4, 30) 36330.79 36330.763(.053) 6.283 203.094 201.882 

:31 ( 4, 27)-32( 3, 30) 13752.86 13752.828(.043) 5.614 181.303 180.844 
35( 3, 33)-34( 4, 30) 11133.72 11133.709(.063) 5.982 213.142 212.771 
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TABLE 5. The microwave spectrum of vinyl cyanide-Continued 

Transition Calculated Energy levels in cm- 1 

Observed frequency Line Remarks 
Upper Lower frequency (uncertainty) strength Upper Lower 
state state state state 

39( 5, 35)-40( 4, 36) 10192.63 10192.631(.116) 7.250 284.767 284.427 
39( 5,34)-40( 4,37) 20554.18 20554.180(.086) 7.179 284.784 284.099 

The measurement uncertainties are as follows: for all transitions quoted to two decimal points the accuracy is assumed to be ± 0.15 MHz. Transitions 
quoted to three digits the uncertainty is ± 20 kHz. Data marked with ** have not been used in the fit. 

Table 6. 
*) 

Transition Frequencies of Less Abundant Species of Vinyl Cyanide (in MHz) 

Ref. 59A 

Transi tion 
13CH2 1 ZCH 1 2C 14N 1 2

CHz 
13CH 1 2C 14N 12CH21 2CH 13C 14N 1 ZCH212CH12C15N 

Upper Lower 
State State 

2 (0, 2) - 1 (0,1) 18 468.27 18 864.66 18 882.69 18 410.10 

2 (1 ,2) - 1 (1 ,1) 18 032.46 18 405.33 18 432.63 17 981.12 

2 (1,1) - 1 (1 ,0) 18 911.15 19 331.98 19 340.26 18 846.25 

3 (0, 3) - 2(0,2) 27 6D~.2 2B 2B7.6 2B 315 .• 1 27 607.3 

3 (1 ,3) - 2 (1 ,2) 27 047.1 27 605.5 27 646.8 26 970.0 

3 (1,2) - 2 (1,1) 28 364.8 28 996.45 29 007.60 28 267.3 

3 (2,2) - 2 (2,1) 27 709.7 28 304.9 28 331.6 27 622.1 

3 (2,1) - Z(2,0) 27 7 Zl .9 Z8 318.9 28 344.2 27 634.1 

.) The estimated measurement accuracy is- ±0.05 MHz for all J 2 - 1 transitions and ±O.lS MHz 

for all others. 

TABLE 7. Microwave transitions of vinyl cyanide in order of frequency 

Transition Calculated frequency Transition Calculated frequency 

Vpper Lower (uncertainty) Upper Lower (uncertainty) 
state state state state 

7( 2, 5)- 7( 2, 6) 436.787 (.003) 39( 4, 35)-39( 4, 36) 8164.252(.051) 

16( 3, 13)-16( 3, 14) 441.984(.008) 27( 3, 24)-27( 3, 25) 8974.733(.030) 
1( 1, 0)- 1( I, 1) 457.283(.001) 28( 2, 27)-27( 3, 24) 9372.044(.035) 

11\ 3, 14)-17\ 3, 15) b29.411(.U11) 1( 0, 1)- O( 0, 0) 9453.033(.003) 

8( 2, 6)- 8( 2, 7) 726.810(.005) 6( 1, 5)- 6( 1, 6) 9600.026(.014) 

18( 3, lS)-18( 3, 16) 878.117(.013) 40( 4, 36)-40( 4, 37) 9835.980(.061) 

9( 2, 7)- 9( 2, 8) 1139.589(.007) .16( 2, 14)-16( 2, 15) 10102.901(.025) 
19( 3, 1u)-19( 3, 17) 1202.390(.Olu) 39( 5, 35)-40( 4, 36) 10192.631(.116) 

2( 1, I)- 2( 1, 2) 1371.828(.002) 32( 3, 29)-31( 4, 28) 10282.303(.038) 

20( 3,. 17)-20( 3, 18) 1618.933(.019) 28( 3, 25)-28( 3, 26) 10982.127(.030) 
10( 2, 8)-10( 2, 9) 1704.284(.010) 35( 3, 33)-34( 4, 30) 11133.709(.063) 

21( 3, 18)-21( 3, 19) 2146.615(.022) 17( 2, lS)-17( 2, 16) 12642.148(.025) 

11( 2, 9)-11( .2, 10) 2452.181(.013) 7( 1, 6)- 7( 1, 7) 12797.703(.017) 

3( 1, 2)- 3( 1, 3) 2743.573(.005) 29( 3, 26)-29( 3, 27) 13318.519(.030) 

22( 3, 19)-22( 3, 20) 2806.55i(.025) 31( 4, 27)-32( 3, 30) 13752.828(.043) 
12( 2, 10)-12( 2, 11) 3416.115(.016) n( :to 10)_14.( 1, 1:\) 1 ~RQ2.40R(.030) 

23( 3, 20)-23( 3, 21) 3622.068(.027) 29( 2, 28)-28(·3, 25) 13962.188(.040) 
4( 1, 3)- 4( 1, 4) 4572.388(.007) 20( 2, 18)-21( 1, 21) 14262.938(.036) 

24( 3, 21)-24( ·3, 22) 4618.582(.029) 21( 2, 19)-22( 1, 22) 14428.170(.034) 

13( 2, 11)-13( 2, 12) 4629.799(.019) 29( 4, 26)-30( 3, 27) 14442.186(.056) 

25( 3, 22)-25( 3, 23) 5823.401(.030) 19( 2, 17)-20( 1, 20) 14803.238(.035) 

14( 2, 12)-14( 2, 13) 6127.040(.021) 6( 0, 6)- S( 1, 5) 15010.671(.013) 
5( 1, 4)- 5( 1, 5) 6858.018(.011) 22( 2, 20)-23( 1, 23) 15305.743(.035) 

26( 3, 23)-26( 3, 24) 7265.421(.030) 18{ 2, lS)-18( 2, 17) 15584.727(.024) 

15( 2, 13)-15( 2, 14) 7940.908(.024) 2( 1, 2)- 3( 0, 3) 15982.553(.012) 

13( 1, 12)-12( 2, 11) 8063.862(.026) 30( 3, 27)-30( 3, 28) 16014.304(.032) 
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TABLE 7. Microwave transitions of vinyl cyanide in order of frequency-Continued 

Tran:-;ition Calculated frequency Transition Calculated frequency 
Upper I,ower (uncertainty) Upper Lower (uncertainty) 

state state state state 

18( 2, 16)-19( 1, 19) 16037.484(.034) 25( 2, 23)-25( 2, 24) 48864.479(.057) 
IO( 2, 9)-1l( 1, 10) 16275.801(.027) 15( 1, 14)-15( 1, 15) 54518.605(.034) 
8( 1, 7)- 8( 1, 8) 16449.974(.020) 6( 1, 6)- 5( 1, 5) 55510.560(.014) 

23( 2, 21 )-24( f, 24) 16897.853(.052) 26( 2, 24)-26( 2, 25) 55512.952(.065) 
17( 2, 15)-18( 1, 18) 17949.310(.032) 6( 0, 6)- 5( 0, 5) 56786.934(.014) 
30( 2, 29)-29( 3, 26) 17987.609(.052) 6( 2, 5)- 5( 2, 4) 56896.814(.013) 

2( 1, 2)- I( 1, 1) 18513.081(.006) 6( 3, 4)- 5( 3, 3) 56936.193(.012) 
19( 2, 17)-19( 2, 18) 18953.136(.023) 6( 4, 3)- 5( 4, 2) 56936.492(.011) 

2( 0, 2)- 1( 0, 1) 18966.535(.005) 6( 4, 2)- 5( 4, 1) 56936.494(.011) 
23( 2, 2I)-22( 3, 20) 19053.223(.032) 6( 3, 3)- 5( 3, 2) 56937.116(.012) 
31(' 3, 28)-31( 3, 29) 19098.682(.035) 6( 5 )- 5( 5 ) 56942.531(.011) 
19( 3, 17)-20( 2, 18) 19285.064(.032) 6( 2, 4)- 5( 2, 3) 57018.189(.013) 

2( 1, 1)- 1( 1, 0) 19427.625(.005) 6( 1, 5)- 5( 1, 4) 58252.568(.014) 
14( 1, 13)-13( 2, 12) 20508.665(.026) 16( 1, 15)-16( 1, 16) 61681.428(.039) 
16( 2, 14)-17( 1, 17) 20517.749(.031) 27( 2, 25)-27( 2, 26) 62630.153(.070) 
39( 5, 34)-40( 4, 37) 20554.180(.086) 7( 1, 7)- 6( 1, 6) 64749.013(.016) 

9( 1, 8)- 9( 1, 9) 20555.286(.022) 7( 0, 7)- 6( 0, 6) 66198.348(.016) 
22( 3, 19)-23( 2, 22) 20748.697(.031) 7( 2, 6)- 6( 2, 5) 66370.045(.015) 
32( 3, 29)-32( 3, 30) 22598.978(.038) 7( 4, 4)- 6( 4, 3) 66428.613(.013) 
20( 2, 18)-20( 2, 19) 22765.942(.023) 7( 4, 3)- 6( .4, 2) 65428.621(.013) 
33( 3, 30)-32( 4, 29) . 23~35.493(.039) 7( 3, 5)- 6( 3, 4) 66430.843(.014) 
10( 1, 9)-10( 1, 10) 25111.476(.024) 7( 3, 4)- 6( 3, 3) 66432.921(.014) 

7( 0, 7)- 6( 1, 6) 25698.459(.014) 7( 5 )- 6( 5 ) 66434.343(.012) 
1( 1, 1)- 2( 0, 2) 25910.454(.013) 7( 6 )- 6( 6 ) 66444.788(.013) 

28( 4, 2S)-29( 3, 26) 26343.254(.067) 7( 2, 5)- 6( 2, 4) 66563.902(.0IS) 
33( 3, 30)-33( 3, 31) 26540.007(.042) 7( 1, 6)- 6( 1, 5) 67946.690(.015) 
2I( 2, 19)-21( 2, 20) 27037.625(.025) 17( 1, 16)-17( 1, 17) 69249.829(.046) 

3( 1, 3)- 2( 1, 2) 27767.352(.008) 28( 2, 26)-28( 2, 27) 70207.624(.073) 
9( 2, 8)-10( 1, 9) 28156.408(.027) 8( 1, 8)- 7( 1, 7) 73981.556(.017) 
3( 0, 3)- 2( 0, 2) 28440.981(.008) 8( 0, 8)- 7( 0, 7) 75585.695(.017) 
3( 2, 2)- 2( 2, I) 28456.932(.008) 8( 2, 7)- 7( 2, 6) 75838.866(.016) 
3( 2, 1)- 2( 2, 0) 28470.834(.008) 8( 4, 5)- 7( 4, 4) 75921.978(.013) 
3( 1, 2)- 2( 1, 1) 29139.097(.008) 8( 4, 4)- 7( 4, 3) 75922.000(.013) 

Il( 1, IO)-Il( I, 11) 30115.634(.026) 8(5 )- 7( 5 ) 75926.795(.013) 
18( .3, 16)-19( Z, 17) .31463.890(.0.37) H( 3, 6)- 7( 3, 5) 75927.705(.014) 
22( 2, 20)-22( 2, 21) 31778.598(.030) 8( 3, 5)- 7( 3, 4) 75931.857(.014) 
24( 2, 22)-23( 3, 21) 32420.471(.038) 8( 6 )- 7( 6 ) 75937.822(.013) 
15( 1, I4)~I4( 2, 13) 33125.570(.027) 8( 7 )- 7( 7 ) 75953.111(.016) 
20( .3, 17)-21( 2, 20) .35461.638(.035) H( 2, 6)- 7( 2, 5) 7612H.HHIJ(.Ul5) 
12( I, 11)-12( 1, 12) 35563.945(.027) 18( 1, 17)-18( 1, 18) 77210.979(.052) 
35( 3, 32)-35( 3, 33) 35827.716(.069) 8( 1, 7)- 7( 1, 6) 77633.827(.016) 
34( 3, 31 )-33( 4, 30) 36330.763(.053) 29( 2, 27)-29( 2, 28) 78234.756(.076) 

8( 0, 8)- 7( 1, 7) 36535.I41(.015} IJ{ 1, IJ)- 8{ 1, H) H32U7.5UIJ(.UI7) 
12( 2, 1O)-13( I, 13) 36803.782(.034) 9( 0, 9)- 8( 0, 8) 84946.004(.017) 
23( 2, 2I)-23( 2, 22) 36995.369(.038) 9( 2, 8)- 8( 2, 7) 85302.654(.016) 

4( 1, 4)- 3( 1, 3) 37018.923(.011) 9( 4, 6)- 8( 4, 5) 85416.762(.014) 
4( 0, 4)- 3( 0, 3) .37904.851(.010) IJ( 4, 5)- H( 4, 4) H5416.B13(.UI4) 
4( 2, 3)- 3( 2, 2) 37939.628(.010) 9( 5 )- 8( 5 ) 85419.979(.013) 
4( 3, 2)- 3( 3, 1) 37952.634(.009) 9( 3, 7)- 8( 3, 6) 85426.932(.015) 
4( 3, 1)- 3( 3, 0) 37952.733(.009) 9( 6 )- 8( 6 ) 85431.223(.014) 
4( Z, Z)- 3( Z, 1) 37974.369(.010) 9( 3, 6)- 8( 3, 5) 85434.538(.015) 
4( 1, 3)- 3( 1, 2) 38847.738(.010) 9( 7 )- 8( 7 ) 85447.736(.016) 
8( 2, 7)- 9( I, 8) 39836.197(.027) 9( 8 )- 8( 8 ) 85468.411(.020) 

13( 1, 12)-13( 1, 13) 41451.528(.028) I9( 1, 18)-19( 1, 19) 85549.977(.058) 
. 24( 2, 22)-Z4( Z, 2.3) 42690.811(.048) 9( 2, 7)- O( 2, 6) 85715.433(.016) 

5( 1, 5)- 4( 1, 4) 46266.935(.013) 30( 2, 28)-30( 2, 29) 86698.950(.091) 
5( 0, 5)- 4( 0, 4) 47354.650(.013) 9( 1, 8)- 8( 1, 7) 87312.821(.017) 
5( 2, 4)- 4( 2, 3) 47419.799(.012) 10( 1, 10)- 9( 1, 9) 92426.253(.017) 
5( 3, 3)- 4( 3, 2) 47448.542(.011) 20( I, 19)-20( 1, 20) 94249.732(.061) 
5( 3, 2)-.4( 3, 1) 47443.889(.011) 10( 0, 10)- 9( 0, 9) 94276.638(.018) 
5( 4, 2)- 4( 4, 1) 47445.440(.010) 10( 2, 9)- 9( 2, 8) 94760.788(.016) 
5( 4, 1)- 4( 4, 0) 47445.440(.010) 10( 4, 7)- 9( 4, 6) 94913.134(.014) 
5( 2, 3)- 4( 2, 2) 47499.234(.012) 10( 4, 6)- 9( 4, 5) 94913.246(.014) 

14( 1, I3)-I4( 1, 14) 47772.261(.031) 10( 5 )- 9( 5 ) 94913.985(.013) 
5( 1, 4)- 4( 1, 3) 48552.566(.012) 10( 6 )- 9( 6 ) 94925.036(.015) 
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TABLE 7. Microwave transitions of vinyl cyanide in order of frequency-Continued 

Transition Calculated frequency Transition Calculated frequency 
Upper Lower (uncertainty) Upper Lower (uncertainty) 

state state state state 

10( 3, 8)- 9( 3, 7) 94928.619(.015) 14\ 2, 1~)-l?>\ 2, 12) 1~2.52.4.590\.(15) 
1O( 3, 7)- 9( 3, 6) 94941.643(.015) 23( 1, 22)-23( 0, 23) 132555.555(.043) 
10( 7 )- 9( 7 ) 94942.531(.017) 14( 5, 10)-13( 5, 9) 132900.027(.013) 
1O( 8 )- 9( 8 ) 94964.955(.021) 14( 5, 9)-13( 5, 8) 132900.038(.013) 
1O( 9 )- 9( 9 ) 94991.592(.027) 14( 6 )-13( 6 ) 132905.317(.015) 
10( 2, 8)- 9( 2, 7) 95325.484(.016) 14( 4, 11)-13( 4, 10) 132917.762(.012) 
31( 2, 29)-31( 2, 30) 95585.727(.128) 14( 4, 10)-13( 4, 9) 132919.017(.012) 
10( I, 9)- 9( 1, 8) 96982.443(.017) 14(7 )-13( 7 ) 132923.783(.018) 
ll( 1, 11)-IO( 1, 10) 101637.236(.017) 14( 8 )-13( 8 ) 132951.302(.021) 
21( 1, 20)-21( 1, 21) 103290.891(.060) 14( 3, 12)-13( 3, 11) 132959.423(.013) 
11( 0, 1l)-10( 0, 10) 103575.400(.018) 14( 9 )-13( 9 ) 132985.947(.024) 
ll( 2, 10)-10( 2, 9) 104212.654(.016) 14(10 )-13(10 ) 133026.706(.030) 
11( 5, 7)-1O( 5, 6) 104408.903(.013) 14( 3, 11)-13( 3, 10) 133030.680(.013) , 
ll( 5, 6)-10( 5, 5) 104408.904(.013) 14(11, 3)-13(11, 2) 133072.990(.043) 
ll( 4, 8)-1O( 4, 7) 104411.262(.013) 14( 2, 12)-13( 2, 11) 134021.830(.015) 
ll( 4, 7)-10( 4, 6) 104411.485(.013) 14( 1, 13)-13( 1, 12) 135539.954(.016) 
1l( 6 )-IO( 6 ) 104419.308(.015) 17( 0, 17)-16( 1, 16) 136855.594(.026) 
ll( 3, 9)-10( 3, 8) 104432.793(.015) 15( 1, 15)-14( 1, 14) 138395.151(.016) 
ll( 7 )-IO( 7 ) 104437.516(.017) 15( 0, 15)-14( 0, 14) 140429.438(.017) 
ll( 3, 8)-1O( 3, 7) 104453.927(.015) 24( 1, 23)-24( 0,24) 141277.461(.058) 
11( 8 )-IO( 8 ) 104461.515(.021) 7( 2, 6)- 7( 1, 7) 141741.682(.034) 
11(9 )-10( 9 ) 104490.~61\.(27) 1St 2., 14)-14t 2, 13) 141945.379(.015) 
11(10 )-10(10 ) 104523.548(.035) 15( 5, 11)-14( 5, 10) 142399.489(.014) 
32( 2, 30)-32( 2, 31) 104878.790(.195) 15( 5, 1O)-14( 5, 9) 142399.510(.014) 
11( 2, 9)-1O( 2, 8) 104960.550(.016) 15( 6 )-14( 6 ) 142401.867(.016) 

ll( 1, 10)-1O( 1, 9) 106641.394(.017) 25( 1, 24)-25( 1, 25) 142403.431(.112) 

12( 1, 12)-1l( 1, 11) 110839.981(.017) 15( 7 )-14( 7 ) 142419.704(.019) 

22( 1, 21)-22( 1, 22) 112651.805(.057) 15( 4, 12)-14( 4, 11) 142424.454(.013) 

12( e, 12)-11( 0, 11) 112840.648(.017) 15( 4, 1l)-14( 4, 10) 142426.506(.013) 

12( 2, 11)-11( 2, 10) 113657.642(.016) 15( 8 )-14( 8 ) 142447.936(.021) 
12( 5, 8)-11( 5, 7) 113904.H23(.U13) 15( 3, 13)-14( 3, 12) 142472.348(.013) 

12( 5, 7)-11( 5, 6) 113904.825(.013) 15( 9 )-14( 9 ) 142484.201(.022) 

12( 4, 9)-11( 4, 8) 113911.307(.013) 15(10 )-14(10 ) 142527.259(.027) 

12(' 4, 8)-11( 4, 7) 113911.724(.013) 15( 3, 12)-14( 3, 11) 142572.970(.013) 
12( 6 )-11( 6 ) 113914.082(.015) 15(11 )-14(11 ) 142576.393(.040) 
12( 7 ' )-11( 7 ) 113932.707(.018) 12( 1, 12)-11( 0, 11) 1427 59.353( .027) 
12( 3, 10)-11( 3, 9) 113939.410(.014) 15( 2, 13)-14( 2, 12) 143759.247(.015) 
12( 8 )-11( 8 ) 113958.092(.021) 15( 1, 14)-14( 1, 13) 145141.495(.017) 
12( 3, 9)-11( 3, 8) 113972.228(.014) 16( I, 16)-15( I, 15) 147561.708(.017) 

12( 9 )-11( 9 ) 113989.016(.026) 16( 0, 16)-15( 0, 15) 149558.702(.017) 
12(10 )-11(10 ) 114024.832(.034) 16( 2, 15)-15( 2, 14) . 151356.951(.015) 
33( 2, 31)-33( 2, 32) 114560.051(.296) 16( 6, 1l)-15( 6, 10) 151899.097(.018) 
12( 2, 10)-1l( 2, 9) 114621.51"7 \ .(16) 16\ 6, 10)-15\ 6, 9~ 151~99.091\.Ol~) 

12( 1, 11)-11( 1, 10) 116288.292(.017) 16( 5, 12)-15( 5, 11) 151900.309(.015) . 
13( 1, 13)-12( 1, 12) 120034.083(.016) 16( 5, 11)-15( 5, 10) 151900.347(.015) 
13( 0, 13)-12( 0, 12) 122071.413(.017) 16( 7 )-15( 7 ) 151915.902(.021) 
23( 1, 22)-23( 1, 23) 122308.565(.055) 16( 4, 13)-15( 4, 12) 151933.624(.014) 
13( 2, 12)-12( 2, 11) 123095.151(.015) 16( 4, 12)-15( 4, 11) 151936.868(.014) 
13( 5, 9)-12( 5, 8) 123401.834(.013) 16( 8 )-15( 8 ) 151944.590(.022) 
13( 5, 8)-12( 5, 7) 123401.840(.013) 16( 9 )-15( 9 ) 151982.298(.022) 
13( 6 )-12( (') ) 123409.404(.015) 1(,)( 3, 14)-15( 3, 13) 151986.773(.014) 

13( 4, 10)-12( 4, 9) 123413.425(.013) , 16(10 )-15(10 ) 152027.529(.024) 
13( 4, 9)-12( 4, 8) 123414.165(.013) 16( 3, 13)-15( 3, 12) 152125.561(.014) 
13( 7 )-12( 7 ) 123428.124(.018) 26( 1, 25)-26( 1, 26) 152783.822(.185) 
13( 3, 11)-12( 3, 10) 123448.353(.014) 16( 2, 14)-15( 2, 13) 153518.944(.016) 
13( 8 )-12( 8 ) 123454.687(.021) 16( 1, 15)-15( 1, 14) 154724.531(.017) 
13( 9 )-12( 9 ) 123487.549(.025) 17( 1, 17)-16( 1, 16) 156718.809(.018) 
13( 3, 1O)-12( 3, 9) 123497.472(.014) 17( 0, 17)-16( 0, 16) 158657.432(.018) 
13(10 )-12(10 ) 123525.891(.033) 17( 2, 16)-16( 2, 15) 160758.759(.017) 

13( 2, 11)-12( 2, 10) 124308.835(.015) 17( 6, 12)-16( 6, 11) 161397.050(.021) 
34( 2, 32)-34( 2, 33) 124609.627(.435) 17( 6, 11)-16( 6, 10). 161397.051(.021) 
13( 1, 12)-12( 1, 11) 125921.667(.017) 17( 5, 13)-16( 5, 12) 161402.574(.018) 
14( 1, 14)-13( 1, 13) 129219.221(.016) 17( 5, 12)-16( 5, 11) 161402.641(.018) 
14\ 0, 14)-1~( 0, 13) 131267.478(.017) 17( 7 )-16( 7 ) 161412.397(.024) 
24( 1, 23)-24( 1, 24) 132235.114(.069) 17( 8 )-16( 8 ) 161441.265(.025) 
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TABLE 7.' Microwave transitions of vinyl cyanide in orde,r of frequency-Continued 

Transition . Calculated frequency 
Upper Lower (uncertainty) 

state state 

17( 4, 14)-16( 4, 13) 161445.382(.016) 
17( 4, 13)-16( 4, 12) 161450.362(.016) 
17( 9 )-16( 9 ) 161480.229(.025) 
17( 3, 15)-16( 3, 14) 161502.271(.016) 
17(10 )-16(10 ) 161527.499(.025) 
17( 3, 14)-16( 3, 13) 161689.763(.016) 
17( 2, 15)-16( 2, 14) 163298.006(.018) 
27( 1, 26)-:-27( 1, 27) 163345.300(.290) 
17( 1, 16)-16( 1, 15) 164287.210(.019) 
18( 1; 18)-17( 1, 17) 165866.445(.020) 
18( 0, 18)-17( 0, 17) 167728.434(.020) 
18( 2, 17)-17( 2, 16) 170150.272(.019) 
18( 6, 13)-17( 6, 12) 170895.771(.025) 
lR( 6, 12)-17( 6, 11) 170895.772(.025) 
18( 5, 14)-17(' 5, 13) 170906.370(.021) 
18( 5, 13)-17( 5, 12) 170906.484(.021) 
18( 7 )-17(7 ) 170909.204(.028) 
18( 8 )-17( 8 ) 170937.960C030) 
18( 4, 15)-17( 4, 14) 170959.817(.019) 
18( 4, 14)-17( 4, 13) 170967.269(.019) 
18( 9 )-17( 9 ) 170977.981(.030) 
18( 3, 16)-17( 3, 15) 171018.336(.018) 
18(10 )-17(10 ) 171027.147(.030) 
18( 3, 15)-17( 3, 14) 171266.976(.018) 
18( 2, 16)-17( 2, 15) 173092.852(.020) 
18( 1, 17)-17( 1, 16) 173827.595(.021) 
28( 1, 27)-28( 1, 28) 174056.053(.429) 
19( 1, 19)-18( 1, 18) 175004.678(022) 
19( 0, 19)-18( 0, 18) 176774.996(.023) 
19( 2, 18)-18( 2, 17) 179530.985(.022) 
19( 6, 14)-18( 6, 13) 180395.303(.030) 
19( 6, 13)-18( 6, 12) 180395.305(.030) 
19( 7 )-18( 7 ) 180406.340(.035) 
19( 5, 15)-18( 5. 14) 180411.784(.025) 
19( 5, 14)-18( 5, 13) 180411.971(.025) 
19( 8 )-18( 8 ) 180434.677(.038) 
19( 9 )-18( 9 ) 180475.543(.039) 
19( 4, 16)-18( 4. 15) 180476.998(.022) 
19( 4, IS)-18( 4, 14) 180487.898(.022) 
19(10 . )-18(10 ) 180526.455(.040) 
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