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The pure rotational spectrum of vinyl isocyanide in the ground vibrational state has been as-
signed in the frequency region from 8 GHz to 180 GHz. The measured absorption lines encompass 
157 a-type transitions from the IRk , q Q i , 9Q2» qQs > q(?4 > and qQ5 branches and 48 b-type 
transitions from the rP0 , r P j , r P 2 , rP3 , rP4 , r P 5 , rQ0 , and rQj branches for values of J up to 
54. The rotational constants have been refined and all quartic and sextic centrifugal distortion 
constants have been determined using Watson's reduced Hamiltonian. No quadrupole hyperfine 
splitting was observed. 

I. Introduction 

Very recently the transition 2 n — 21 2 of vinyl 
cyanide has been detected in interstellar space by 
Gardner and Winnewisser 1 on the basis of precise 
predictions of its rotational spectrum in the micro-
wave and millimeter wave region 2. From optical and 
radioastronomical observations we know at present 
that the chemistry which takes place in the cool, 
dense, interstellar clouds produces other nitriles such 
as the CN-radical, hydrogen cyanide (HC = N) , 
cyanoacetylene (HC = C — C = N) and methyl-
cyanide (H3C —C = N) 3 . However, there is so far 
no experimental evidence that the corresponding 
isonitriles can be synthesised under interstellar space 
conditions, despite the suspicion that the unidentified 
line U (90665) might arise from the HNC mole-
cule 4, whose laboratory spectrum has yet to be dis-
covered. The presence of vinyl isocyanide (V —NC) 
in interstellar space, however, is more probable than 
that of smaller isonitriles, since it is relatively stable. 
The a-type rotational transitions of this molecule are 
very intense because of the large a-component of its 
dipole moment (/wa = 3 .47D and y ab = = 0 .79D 5 ) , so 
that we consider V — NC a good candidate for detec-
tion in interstellar clouds. 

The rotational constants of vinyl isocyanide for 
molecules in the ground state and in the two lowest 
excited vibrational states were reported by Bolton, 
Owen and Sheridan5. They measured several low 
/ o-type transitions and four 6-type, Ka = 1 -<— 0, 
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transitions in the ground state. They also reported 
the vibrational frequencies of 15 fundamentals and 
several combination and overtone bands. 

The purpose of the present work is to extend the 
measurements of the rotational spectrum into the 
millimeter wave region in order to refine the rota-
tional constants and to determine the quartic and 
sextic distortion constants. A large number of both 
a- and 6-type transitions have been identified up to 
J = 54 for the ground vibrational state. The observed 
frequencies have been analysed by the centrifugal 
distortion treatment using J6 terms in the Hamil-
tonian. 

Precise predictions of line frequencies have been 
made for radioastronomically interesting transitions 
of this molecule on the basis of the adjusted mole-
cular parameters derived from the experimental data 
reported here. 

The notation used in this paper is the same as 
that used by Watson 6 and by Kivelson and Wilson 7. 

II. Experimental Procedures 

The sample of vinyl isocyanide was prepared 
following the method reported by Matteson and 
Bailey 8. In the first step, N-formylethanolamine was 
prepared by the dropwise addition of ethyl formate 
to ethanolamine. The product was distilled at about 
130° under a vacuum of less than 1 torr. In the next 
step, 2-isocyanoethyl benzenesulfonate was obtained 
by the dropwise addition of benzenesulfonyl chloride 
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to N-formyl-ethanolamine in pyridine under a nitro-
gen atmosphere. The product was extracted with 
methylene chloride and concentrated under vacuum. 

H 0 C H o C H o N H 2 

+ - > HOCH.,CH2NHCHO 
EtOCHO + 

C6H5S02C1 

The product was purified by a fractionation at about 
— 5 0 ° C. Finally V — NC was sublimed at dry ice 
temperature into the cells of the spectrometers. No 
obvious impurity has been found in the spectrum 
other than the solvent methylene chloride. 

Microwave measurements were carried out in the 
frequency region 8 — 1 8 GHz, using a Hewlett-
Packard MODEL 8460 A Microwave Rotational 
Resonance (MRR) spectrometer employing a 6 foot 
X-band Stark cell and 33.333 kHz square wave mo-
dulation of the electric field. The reproducibility of 
the measurements in the present study obtained by 
averaging the center frequencies of the forward and 
reverse sweeps through the absorption line profile is 
believed to be better than + 20 kHz. 

In the spectral region of 7 0 — 1 8 0 GHz, a milli-
meter wave spectrometer was used with a three meter 
free space absorption cell. The use of an on-line 
PDP 8/1 minicomputer for signal averaging and 
data processing with the spectrometer has been 
described previously9. The accuracy of the mea-
surements with this spectrometer is believed to be 
better than + 1 0 kHz, except for very weak lines or 
overlapping lines 10. 

The spectra were observed and measured at room 
temperature. All measurements were made at sample 
pressures less than 1 0 - 2 torr. 

III. Spectra and Assignment 

A general view of the rotational spectrum arising 
from a-type transitions is shown in the Fortrat dia-
gram of Fig. 1 and the spectrum produced by the 
6-ytpe transitions is shown in Figure 2. The solid 
circles represent observed lines and the open circles 
represent predicted line positions. The a-type R 
branch transitions, corresponding to AJ =1 and 
AKa = 0 transitions, are indicated by showing only 
the Ka = 1 lines. The actual pattern of each such 
group of transitions is illustrated by a plot of the 
transition 7=14-*—13 in Figure 3. The band-head 
at Kn = 5 is caused by the superposition of centri-
fugal distortion contributions from terms with Aj 
and AJK . This type of band-head is typical for 
slightly asymmetric-top molecules and helps in the 

Finally vinyl isocyanide was obtained by adding 
potassium hydroxide in ethanol to the ethanol solu-
tion of crude 2-isocyanoethyl benzenesulfonate. 

C 6 H 5 S0 2 0CH 2 CH 2 NC CH2CH - NC 

assignment of the millimeter wave spectrum, since 
the band-heads form characteristic groups of lines 
which are spaced by (B + C ) . The band-head struc-
ture of vinyl isocyanide, vinyl cyanide2 , propynal1 1 

and acrolein 12 are compared in Figure 4. The pat-
tern of the transitions from vinyl isocyanide is quite 
similar to that of vinyl cyanide. 

The other band-head at Ka = 2 is caused by the 
inertial asymmetry of the molecule. It is easily seen 
that the inertial asymmetry of propynal is less than 
that of the other molecules in Figure 4. Since the 
inertial asymmetry of vinyl isocyanide x = 
- 0.977786 or bp = - 5.58457 x 10~ 5 is fairly 

large, the K-type doublet of Ka = 4 could be re-
solved for J ^ 10. 

The a-type Q branch transitions, which are transi-
tions between the K-type doublets for Ka = 1, 2, 3, 4 

' ] / 
5 0 - t ! 

Fig. 1. Fortrat-diagram for a-type transitions of V-NC. The 
solid and open circles indicate measured and predicted line 
positions, respectively. For the a-type R branch only the 
ATa = l transitions are indicated — 0 for 7 = 1 -«— 0). The 

inset shows the full £a-pattern for one transition. 
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Fig. 2. Fortrat-diagram for the 6-type transitions of V-NC. 
The solid and open circles indicate measured and predicted 

line positions, respectively. 

and 5, supply information concerning high J states 
and therefore are important in determining several 
of the distortion constants. 

The 6-type transitions shown in Fig. 2 also ex-
hibit band-head structure, which is caused primarily 
by the inertial asymmetry contribution. Fortunately 
one component of the 6-type P branch transitions, 
7 - 1 and KA = 2<—\, forms a band-head in 
the frequency range of our MRR spectrometer. These 
band-head lines contributed significantly to the deter-
mination of the AK centrifugal distortion constant. 

The assignment of the lines was achieved by a 
bootstrap procedure. Initially the spectrum was 
predicted using the previously reported rotational 
constants 5 and the centrifugal distortion constants 
of vinyl cyanide 2. The a-type R branch transitions 
were identified in the millimeter wave region by 
their characteristic band-head structures mentioned 
above. The band heads were predicted adequately 
with the assumed constants. Refined molecular con-
stants were used to predict further transition fre-
quencies. The absorption lines in the 8 —18 GHz 
region belonging to a-type and to 6-type transitions 
could then be identified. Assignments in the 8 — 18 
GHz region were confirmed by the Stark patterns. 
Relative intensity also helped the assignment; other-
wise the frequency fit was the chief criterion for the 
assignment. Further 6-type transitions were then 
assigned in the mm-wave region. 

In this way 157 a-type transitions from q Rx , 
qQt » qQ2 , qQs , qQ4 , and ^Qg branches and 48 6-type 
transitions from the r P 0 , rP1 , rP<>, r P , , rP l > 3 ' 4 > 5 > 
rQ0 , and rQ1 branches for values of J up to 54 have 
been identified including the previously reported 
lines. Some of the lines reported earlier were re-
measured in the present study. Because of the fairly 
small 6-component of the dipole moment the line 
intensity of 6-type transitions is much weaker than 
that of a-type transitions. However, the weak 6-type 
transitions in the millimeter wave region were mea-
sured accurately with the aid of the signal averaging 
system described in Reference 10. The averaged and 
smoothed line profile of a 6-type transition is il-
lustrated in Figure 5. 

It should be mentioned that it is impractical to 
attempt to measure all 6-type or a-type transition in 

J = U-*—13 
K . 1 

1 0 CENTER 2 

-v- j^—\y- 1 V" "V ' f— 

M M ii7 8 r " 1—u—^ 1—'— —1—i 1 — L 
ii 12 13 ; 

—Lv-'-V-'-V-'—\ 1 1 L\—! 
139500.5 K1702 .0 H 3 2 M . 5 K 3 6 0 0 1 U 0 0 0 MHz I U I 73 146537 

Fig. 3. Oscilloscope display of the a-type 7=14-<—13 transition of vinyl isocyanide showing the band-head structure. De-
viation from rigid rotor frequencies due to centrifugal distortion is indicated by arrows. The weak lines at the tail of 

the series are believed to arise from molecules in excited vibrational states. 
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K=1 K=2 

Fig. 4. The band-head structure in the spectrum of several slightly asymmetric (near prolate) top molecules are illustrated 
for the a-type 7 = 11 -«-10 transition. Deviation from the rigid rotor pattern due to centrifugal distortion is indicated by 

arrows. 

the frequency region 0 — 200 GHz which can be ex- transitions yielded reliable spectroscopic parameters 
pected to have reasonable intensity. Our approach which may be used to predict the remainder of the 
has been to measure transitions of various branches spectrum, 
belonging to as many K subbands as possible. These 
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H 2 C 2 H N C 
152!3—-151k ( 2000 SWEEP AVERAGE) 

1119000,1188 MHz 
1118999.0645MHz 

1110997.7168 KHz 

Fig. 5. Oscilloscope display of the b-type 152,13 15i,i4 
transition of V-NC after 2000 sweeps and 25 point parabolic 

smoothing. 

IV. Hamiltonian and Analysis 

The observed rotational transitions have been 
analysed by the use of the reduced Hamiltonian re-
ported by Watson 6, in which RG = 0, 

K = i(X + Y)P + {Z-l(X + Y)}Jz2 

-AJ(P)*-AjkPJ? - AKJ* 
+ Hj {P)3 + Hjk (/2)2 J* + HKJ P J* + Hk // 
+ (Jx2-Jy2)tt(X-Y) -ÖJP-ÖKJ*2 (1) 
+ hj(P)2 + hJKPJ* +hKJz4} 
+ {l(X-Y)-djP-öKJ* 
+ hj (72)2 + hJK P J * + hK //} (// - V ) 

where J, Jx, Jy, and Jz are the operators for the 
total angular momentum and its components. The 
constants, X, Y, and Z, are the Watson's reduced 
rotational constants B, C, and A, respectively, in the 
Ir axis representation 13. 

The direct diagonalization of the energy matrix 
has been used to obtain the rotational energy levels 
with the aid of the QR algorithm 14 which diagona-
lizes tridiagonal matrices rapidly. The computations 
were carried out using Fortran IV coded programs 
and employing double precision arithmetic utilizing 
25 decimal digits throughout the energy calculation. 
The iterative least-squares method has been applied 
in order to obtain the 15 molecular constants which 
appear in the above Hamiltonian. 

Table I lists the observed and calculated frequen-
cies for 157 a-type transitions and 48 6-type transi-
tions together with astrophysically important line 
frequency predictions. Two 6-type transitions, 
ln^— 2q.2 and 6 1 6 -^ -7 0 7 , reported in Ref.5 have 
been included in the least-squares fit although the 
other lines reported in Ref. 5 were rejected from the 
fit. We included these two lines because we could 

measure only two other transitions which belong to 
the rP0 branch. For the other branches we were able 
to measure enough transitions. Several lines were 
rejected from the fit, indicating an error in mea-
surement, and several high Ka lines were omitted 
from the fit because higher order centrifugal distor-
tion effects appear to contribute to those line fre-
quencies. Accidentally overlapped or partially re-
solved A -̂type doublets are also omitted. The K-type 
doublets in the a-type R branch transitions are 
considered to be a single line when the calculated 
splitting is less than 5 kHz. Thus 173 lines out of 
205 measured transitions have been used for the 
least-squares analysis and the standard deviation of 
the fit was obtained to be 19.5 kHz, which cor-
responds to the assumed reproducibility of the fre-
quency measurements. 

The constants obtained in the Ir axis representa-
tion 13 are listed in Table II. The rotational and 
quartic centrifugal distortion constants are well 
determined. For the sextic centrifugal distortion 
constants, the standard errors are on the order of 
\0% of the values of the constants. 

V. Discussion 

a) Molecular Parameters 

The determinable parameters found by Watson 6 

which are invariant to a unitary transformation of 
the Hamiltonian, 2 1 , S 3 , ( J , x aaaa, x'bbbb, x cccc, x1, 
and t 2 , are listed in Table III. Following the plan-
arity condition derived by Watson6, the quantity 
known as r-defect, 

Ax cccc ~ T cccc ~ QJ- ( T 2 — ( 2 ) 

should be zero for the equilibrium structure of a 
planar molecule. For the ground vibrational state of 
the V — NC molecule the r-defect obtained from 
Eq. (2) is 133 kHz, caused by vibrational effects. 
Introducing the planarity conditions among the t's, 

1 A9 D' T"ctaa 7bbbb , Tcccc I /o\ 
= (^V ( ' 

T .1 0 2 ^ 2 ! X"nnn , Tbbbh . xcccc 1 Tftftrc = C j " A i + ß4 W 

and 
1 « I ^aana Tbbbb , ^cccc I /r\ 

Tccaa = 2 A~ j ßl C4 j 



T A B LE I. OBSERVED AND CALCULATED FREQUENCIES OF VINYL ISOCYANIDE IN M H z (CONT INUE 0) 

T R A N S I T I O N O B S E R V E D C A L C U L A T E D FREQUENCY D"?S . - C A L C . ENERGY L E V F L S I N C M -
UPPER LOWER F R E Q U E N C Y ( S T A N D A R D D E V I A T I O N ) UPPEP LOWER 
S T A T E S T A T E ( W E I G H T ) S T A T E ST ATE 

7 ( 5 3 ) 6 ( 5 , 2 ) 7 1 8 3 6 . 0 8 5 4 ( 1 . 0 ) 7 1 8 3 6 . 0 8 4 6 ( 0 . 0 3 2 4 ) 0 . 0 0 0 8 4 3 . 1 6 6 4 5 . 7 7 0 
7 ( 6 1 ) - 6 ( 6 , o> 7 1 3 4 8 . 2 3 7 6 ( 0 . 0 J 2 6 ) 6 5 . 0 9 9 6 2 . 7 0 2 
7 ( 6 2 ) - 6 ( 6 , 1 ) 7 1 8 4 8 . 2 2 0 1 ( 1 . 0 ) 7 1 8 4 8 . 2 3 7 5 ( 0 . 0 1 2 f t ) - 0 . 0 1 7 5 6 5 . 0 9 9 6 2 . 7 0 2 

8 ( 0 8 ) - 7 ( 0 . 7 ) 8 1 6 7 8 . 4 5 5 5 ( 0 . 0 3 3 4 ) 1 2 . 2 8 5 9 . 5 6 0 
ft ( 1 7 ) - 7 ( 1 » 6 ) 8 4 0 2 1 . 1 0 4 9 ( 0 . 0 0 3 4 ) 1 4 . 1 6 5 1 1 . 3 6 2 
8 ( 1 8 ) - 7 ( 1 , 7 ) 7 9 Ö 8 8 . 2 5 6 8 ( 0 . 0 0 3 4 ) 1 3 . 5 4 4 1 0 . 8 7 9 
8 ( 2 6 ) - 7 { 2 , 5 ) 8 2 3 5 4 . 3 9 0 7 ( 0 . 0 0 3 2 ) 1 8 . 5 2 5 1 5 . 7 7 3 
8 ( 2 7 ) - 7 ( 2 , 6 ) 8 1 9 9 3 . 2 3 7 9 ( 0 . 0 0 3 2 ) 1 8 . 4 9 4 1 5 . 7 5 9 
8 ( 3 5 ) - 7 ( 3 , 4 ) 8 2 1 0 8 . 9 3 8 7 ( 0 . 0 0 2 9 ) 2 6 . 2 2 8 2 3 . 4 8 9 
8 ( 3 6 ) - 7 ( 3 , 5 ) 8 2 1 0 3 . 2 3 5 8 ( 0 . 0 3 2 9 ) 2 6 . 2 2 7 2 3 . 4 8 9 
8 ( 4 4 ) - 7 ( 3 ) 8 2 0 9 5 . 6 9 3 1 ( 0 . 0 0 2 6 ) 3 7 . 0 3 0 3 4 . 2 9 2 
8 f 4 5 ) - 7 ( 4 , 4 ) 8 2 0 9 5 . 6 6 0 7 ( 0 . 0 0 2 6 ) 3 7 . 0 3 0 3 4 . 2 9 2 
ft ( 5 3 ) - 7 ( 5 , 2 ) 8 2 1 0 0 . 8 1 2 3 ( 0 . 0 3 2 5 ) 5 0 . 9 0 4 4 8 . 1 6 6 
8 ( 5 - 7 < 5 , 3 ) 8 2 1 0 0 . 8 1 2 2 ( 0 . 0 0 2 5 ) 5 0 . 9 0 4 4 8 . 1 6 6 
8 ( 6 2 ) - 7 ( ft» 1 ) 8 2 1 1 3 . 5 6 3 3 ( 0 . 0 0 2 8 ) 5 7 . 3 3 8 6 5 . G 9 9 
8 ( 6 3 ) - 7 ( 6 » 2 ) 8 2 1 1 3 . 5 6 3 3 ( 0 . 0 3 2 8 ) 5 7 . 3 3 8 6 5 . 0 9 9 
8 ( 7 1 ) - 7 ( 7 , 0 ) 8 2 1 3 1 . 5 2 0 0 ( 0 . 0 0 3 5 ) 8 7 . 8 1 5 8 5 . 0 7 5 
8 ( 7 2 ) - 7 ( 7 , 1 ) 8 2 1 3 1 . 5 2 0 0 ( 0 . 0 0 3 5 ) 8 7 . 8 1 5 « 5 . C 7 5 

9 ( 0 9 ) - 8 ( 0 , 8 ) 9 1 7 7 9 . 3 7 5 4 ( 1 . 0 ) 9 1 7 7 9 . 3 7 1 7 ( 0 . 0 0 3 5 ) 0 . 0 0 3 7 1 5 . 3 4 6 1 2 . 2 8 5 
9 ( 1 3 ) - « ( 1 , 7 ) 9 4 4 9 2 . 3 1 8 3 ( 1 . 0 ) 9 4 4 9 2 . 2 9 8 1 ( 0 . 0 3 3 5 ) 0 . 0 2 0 2 1 7 . 3 1 7 1 4 . 1 6 5 
9 ( 1 9 ) - 8 ( 1 . 8 ) 8 9 8 4 7 . 5 6 1 1 ( 1 . 0 ) 8 9 8 4 7 . 5 4 4 2 ( 0 . 0 0 3 5 ) 0 . 0 1 6 9 1 6 . 5 4 1 1 3 . 5 4 4 
9 ( 2 7 ) - 8 ( 2 • 6 ) 9 2 7 3 6 . 1 9 0 4 ( 1 . 0 ) 9 2 7 3 6 . 1 8 2 3 ( 0 . 0 3 3 3 ) 0 . 0 0 7 6 2 1 . 6 1 8 1 8 . 5 2 5 
9 ( 2 8» - 8 ( 2 , 7 ) 9 2 2 2 2 . 5 6 0 3 ( 1 . C ) 9 2 2 2 2 . 5 5 0 3 ( 0 . 0 3 3 3 ) 0 . 0 0 9 5 2 1 . 5 7 1 1 8 . 4 9 4 
9 ( 3 ft) - 8 ( 3 , 5 ) 9 2 3 8 6 . 9 0 8 5 ( 1 . 0 ) 9 2 3 8 6 . 8 9 7 4 ( 0 . 0 0 3 0 ) 0 . 0 1 1 1 2 9 . 3 0 9 2 6 . 2 2 3 
9 ( 1 7 ) - 8 ( 3 , ft) 9 2 3 7 6 . 4 6 6 3 ( I . D ) 9 2 3 7 6 . 4 5 2 7 ( 0 . 0 0 2 9 ) 0 . 0 1 3 5 2 9 . 3 0 9 2 6 . 2 2 7 
9 ( 4 5 ) - 8 ( I» , 9 2 3 6 3 . 4 8 9 3 ( 1 . 0 ) 9 2 3 6 3 . 5 3 6 3 ( 0 . 0 0 2 7 ) - 0 . 0 4 7 0 4 0 . 1 1 1 3 7 . 0 3 0 
9 ( 4 6 ) - 8 ( 5 ) 9 2 3 6 3 . 4 8 9 3 ( 1 . Ü ) 9 2 3 6 3 . 4 5 8 5 ( 0 . 0 0 2 7 ) 0 . 0 3 0 8 4 0 . 1 1 1 3 7 . 0 3 0 
9 ( 

r> - 8 ( 5 , 3 ) ) 9 2 3 6 6 . 5 1 0 2 ( 0 . 0 3 2 6 ) 5 3 . 9 8 6 5 0 . 9 0 4 
9 ( 5 5 ) - 8 ( 5 , 4 ) j 9 2 3 6 6 . 5 0 0 9 ( 1 . 0 ) 9 2 3 6 6 . 5 0 9 9 ( 0 . 0 3 2 6 ) - 0 . 0 0 9 0 5 3 . 9 8 6 5 0 . 9 0 4 
9 ( 6 3 ) - ft ( 6 » 2 ) 9 2 3 7 9 . 4 0 4 4 ( 0 . 0 0 2 9 ) 7G . 9 1 9 6 7 . 3 3 3 
9 ( ft i• ) - 8 ( 6 » 3 ) 9 2 3 7 9 . 4 0 3 9 ( 1 . 0 ) 9 2 3 7 9 . 4 0 4 4 ( 0 . 0 0 2 9 ) - 0 . 0 0 0 5 7 0 . 9 1 9 6 7 . 8 3 8 
9 ( 7 2 ) - 8 ( 7 , 1 ) 9 2 3 9 3 . 7 4 5 3 ( 0 . 0 0 3 6 ) 9 0 . f t 9 7 8 7 . 8 1 5 
9 ( 7 3 ) - 8 ( 7 , 2 ) 9 2 3 9 8 . 7 3 7 6 ( 1 . 0 ) 9 2 3 9 8 . 7 4 5 3 ( 0 . 0 0 3 f t ) - 0 . 0 0 7 7 9 0 . 8 9 7 8 7 . 8 1 5 
9 ( 8 1 ) - 8 ( 8 , 0 ) 9 2 4 2 3 . 1 9 0 9 ( 0 . 0 3 4 6 ) 1 1 3 . 9 0 1 1 1 0 . 8 1 8 
9 ( 8 2 ) - 8 ( 8 » 1 ) 9 2 4 2 3 . 1 9 7 4 ( 1 . 0 ) 9 2 4 2 3 . 1 9 0 9 ( 0 . 0 0 4 6 ) 0 . 0G 6 5 1 1 3 . 9 0 1 1 1 0 . 8 1 8 

1 0 ( 0 1 0 ) _ 9 ( 0 , 9 ) 1 0 1 8 4 3 . 8 2 9 9 ( 1 . C ) 1 0 1 3 4 3 . 8 6 5 9 ( 0 . 0 0 3 6 ) - 0 . 0 3 6 0 1 8 . 7 4 3 1 5 . 3 4 6 
1 0 ( 1 9 ) - 9 ( 1 , 8 ) 1 0 4 9 5 1 . 7 2 2 5 ( 1 . 0 ) 1 0 4 9 5 1 . 7 5 3 9 ( 0 . 0 0 3 5 ) - 0 . 0 3 1 4 2 0 . 8 1 7 1 7 . 3 1 7 
1 0 ( 1 1 0 ) - 9 ( 1 » 9 ) 9 9 7 9 8 . 0 2 6 2 ( 0 . 0 0 3 5 ) 1 9 . 8 6 9 1 6 . 5 4 1 
1 0 ( 2 8 ) - 9 ( 2 , 7 ) 1 0 3 1 4 6 . 3 1 3 3 ( 1 . 0 ) 1 0 3 1 4 6 . 8 4 0 9 ( 0 . 0 0 3 3 ) - 0 . 0 2 7 6 2 5 . 0 5 9 2 1 . 6 1 3 
1 0 ( 2 9 ) - 9 ( 2 , 8 ) 1 0 2 4 4 4 . 8 6 9 4 ( 1 . 0 ) 1 0 2 4 4 4 . 3 3 7 0 ( 0 . 0 0 3 3 ) - 0 . 0 1 7 6 2 4 . 9 8 « 2 1 . 5 7 1 
1 0 ( 3 7 ) - 9 ( 3 , ft) 10 2 f t 7 0 . 5 6 0 2 ( 1 . 0 ) 1 0 2 6 7 0 . 5 6 7 1 ( 0 . 0 3 3 0 ) - 0 . 0 0 6 9 3 2 . 7 3 4 2 9 . 3 C 9 
1 0 ( 3 8 ) - 9 ( 3 , 7 ) 1 0 2 6 5 2 . 6 9 1 5 ( 1 . 0 ) 1 0 2 6 5 2 . 6 3 5 2 ( 0 . 0 3 3 0 ) 0 . 0 0 6 3 3 2 . 7 3 3 2 9 . 3 0 9 
1 0 ( 4 6 ) - 9 ( 4 , 5 ) 1 0 2 6 3 3 . 3 6 2 8 ( 0 . 0 ) 1 0 2 6 3 3 . 4 6 8 1 ( 0 . 0 3 2 7 ) - 0 . 1 0 5 3 4 3 . 5 3 5 4 0 . 1 1 1 
1 0 ( 7 ) - 9 ( 4 , ft) 1 C 2 6 3 3 . 3 6 2 8 ( 0 . 0 ) 1 0 2 6 3 3 . 2 9 9 7 ( 0 . 0 3 2 7 ) 0 . 0 6 3 1 4 3 . 5 3 5 4 0 . 1 1 1 
1 0 ( 5 5 ) - 9 ( 5 , 4 ) I 1 0 2 6 3 3 . 2 9 8 5 ( 0 . 0 3 2 7 ) 5 7 . 4 0 9 5 3 . 9 3 6 
1 0 ( «5 ft) - 9 ( 5, M I 1 0 2 6 3 3 . 3 6 2 3 ( 0 . 0 ) 1 0 2 6 3 3 . 2 9 7 « ( 0 . 0 3 2 7 ) 0 . 0 6 5 0 5 7 . 4 0 9 5 3 . 9 8 6 
1 0 ( ft 4 ) - 9 ( ft. 3 ) 1 0 2 6 4 5 . 8 2 4 5 ( 0 . G 0 3 0 ) 7 4 . 3 4 3 7 0 . 9 1 9 
1 0 ( ft 5 ) - 9 ( ft. 4 ) 1 0 2 6 4 5 . 8 0 5 4 ( 1 . 0 ) 1 0 2 6 4 5 . 8 2 4 5 ( 0 . 0 0 3 0 ) - 0 . 0 1 9 1 7 4 . 3 4 3 7 0 . 9 1 9 
1 0 ( 7 3 ) - 9 < 7 , 2 ) I 1 0 2 6 6 6 . 2 4 6 5 ( 0 . 0 0 3 7 ) 9 4 . 3 2 1 9 0 . 8 9 7 
1 0 ( 7 - 9 ( 7 , 3 ) 1 1 0 2 6 6 6 . 2 4 3 7 ( 1 . 0 ) 1 0 2 6 5 6 . 2 4 6 5 ( 0 . 0 0 3 7 ) - 0 . 0 0 2 8 9 4 . 3 2 1 9 0 . 3 9 7 
1 0 ( 8 2 ) - 9 ( 8 , 1 ) I 1 0 2 6 9 2 . 7 1 9 4 ( 0 . 0 3 4 7 ) 1 1 7 . 3 2 6 1 1 3 . 9 0 1 
1 0 ( a 3 ) - 9 ( 8 , 2 ) 1 1 0 2 6 9 2 . 7 1 3 0 ( 1 . 0 ) 1 0 2 6 9 2 . 7 1 9 4 < 0 . 0 0 4 7 ) - 0 . 0 3 6 4 1 1 7 . 3 2 6 1 1 3 . 9 0 1 

REMARKS 



TABLE I. OBSERVED AND CALCULATED FREQUENCIES OF VINYL ISOCYANIDE IN M H z (CONT INUE 0) 

T R A N S I T I O N O B S E R V E O 
U P P E R LOWER F R E Q U E N C Y 
S T A T E S T A T E ( W E I G H T ) 

C A L C U L A T E D F R E Q U E N C Y 3 B S . - C A L C . 
( S T A N D A R D D E V I A T I O N ) 

E N F P G Y L E V E L S I N CM-1 P E M A R K S 
U P P F P LOWER 
S T A T E S T A T E co 

* * A T Y P E R BRANCH 

1 ( 0 , 1 ) - 0 ( 0 , 0 ) 1 0 2 5 5 . 5 3 1 0 ( 1 . 0 ) 1 0 2 5 5 . 5 7 8 9 ( 0 . 0 0 0 6 ) 0 . 0 0 2 1 3 . 3 4 2 0 . c o o 

2 ( 0 , 2 ) _ 1 ( 0 , 1 ) 2 0 5 0 6 . 7 8 0 0 ( 0 . 0 ) 2 0 5 0 6 . 7 6 4 3 ( 0 . 0 3 1 1 ) 0 . 0 1 5 7 1 . 0 2 6 0 . 3 4 2 

2 ( 1 , 1 ) - 1 ( 1 , 0 ) 2 1 0 2 9 . 0 4 0 0 ( 0 . 0 ) 2 1 0 2 9 . 0 3 0 5 ( 0 . 0 3 1 2 ) - 0 . 0 4 0 5 2 . 5 9 8 1 . 8 9 7 

2 < 1 » 2 ) - 1 ( 1 , 1 ) 1 9 9 9 3 . 9 8 0 0 ( 0 . 0 ) 1 9 9 9 3 . 9 1 6 2 ( 0 . 0 0 1 1 ) 0 . 0 6 3 8 2 . 5 4 f t 1 . 8 7 9 

3 ( 0 » 3 ) _ 2 ( 3 • 2 ) 3 0 7 4 9 . 3 3 0 0 ( 0 . 0 ) 3 0 7 4 9 . 1 6 6 1 ( 0 . 0 3 1 7 ) - J . 1 3 6 1 2 . 0 5 2 1 . 0 2 6 
3 ( 1 , 2 ) - 2 ( 1 , 1 ) 3 1 5 4 0 . 6 9 0 0 ( 0 . 0 ) 3 1 5 4 0 . 7 2 1 4 ( 0 . 0 3 1 7 ) - 0 . 0 3 1 4 3 . 6 5 0 2 . 5 9 3 
3 ( 1 , 3 ) - 2 ( I t 2 ) 2 9 9 8 8 . 0 5 0 0 ( 0 . 0 ) 2 9 9 8 3 . Ü 6 3 4 ( 0 . 0 0 1 6 ) - 0 . 0 1 3 4 3 . 5 4 7 2 . 5 4 6 

3 ( 2 , 1 ) - 2 ( 2 , 0 ) 3 0 7 8 6 . 4 1 0 0 ( 0 . 0 ) 3 0 7 8 6 . 2 3 2 1 ( 0 . 0 0 1 6 ) 0 . 1 7 7 9 3 . 2 3 6 7 . 2 0 9 
3 ( 2 , 2 ) - 2 ( 2 , i ) 3 0 7 6 3 . 9 6 0 0 ( 0 . 0 ) 3 0 7 6 8 . 8 9 9 3 ( 0 . 0 0 1 6 ) 0 . 0 6 0 7 8 . 2 3 5 7 . 2 0 9 

4 ( 0 , 4 ) _ 3 ( 0 , 3 ) 4 0 9 7 3 . 4 0 7 4 ( 0 . 0 3 2 2 ) 3 . 4 1 9 2 . 0 5 2 
4 ( 1 , 3 ) - 3 ( 1 , 2 ) 4 2 0 4 8 . 8 5 2 L ( 0 . 0 0 2 2 ) 5 . 0 5 3 3 . 6 5 0 
4 ( 1 , 4 ) - 3 ( 1 , 3 ) 3 9 9 7 8 . 8 7 0 2 ( 0 . 0 0 2 1 ) 4 . 8 8 0 3 . 5 4 7 

4 ( 2 , 2 ) - 3 ( 2 , 1 ) 4 1 0 6 4 . 8 7 1 9 ( 0 . 0 3 2 0 ) 9 . 6 0 6 3 . 2 3 6 

4 ( 2 , 3 ) - ? ( 2 , 2 ) 4 1 0 2 1 . 5 5 8 1 ( 0 . 0 3 2 0 ) 9 . 6 0 4 8 . 2 3 5 

4 ( 3 , 1 ) - 3 ( 3 , 0 ) 4 1 0 3 7 . 6 5 1 6 ( 0 . 0 0 1 « ) 1 7 . 3 2 8 1 5 . 9 5 9 

4 ( 3 . 2 ) - 3 ( 3 , 1 ) 4 1 0 3 7 . 5 1 5 5 ( 0 . 0 0 1 8 ) 1 7 . 3 2 8 1 5 . 9 5 9 

5 ( 0 , 5 ) _ 4 ( 0 , 4 ) 5 1 1 9 0 . 1 4 6 0 ( 0 . 0 3 2 6 ) 5 . 1 2 6 3 . 4 1 9 
5 ( 1 , 4 ) - 4 ( 1 , 3 ) 5 2 5 5 2 . 2 5 1 1 ( 0 . 0 3 2 6 ) 6 . 8 0 6 5 . 0 5 3 

5 ( 1 » 5 ) - 4 ( 1 , 4 ) 4 9 9 6 5 . 2 7 7 2 ( 3 . 0 0 2 5 ) 6 . 5 4 7 4 . 3 3 0 

5 < 2 , 3 ) - 4 ( 2 i 2 ) 5 1 3 5 7 . 6 5 6 9 ( 0 . 0 3 2 4 ) 1 1 . 3 1 9 9 . 6 0 6 

5 ( 2 , 4 ) - 4 ( 2 . 3 ) 5 1 2 7 1 . 0 9 7 7 ( 0 . 0 3 2 4 ) 1 1 . 3 1 4 9 . 6 0 4 

5 ( 3 , 2 ) - 4 ( 3 , 1 ) 5 1 3 0 0 . « 4 1 0 ( 0 . 0 0 2 2 ) 1 9 . 0 3 9 1 7 . 3 2 8 
5 ( 3 , 3 ) - 4 ( 3 , 2 ) 5 1 3 0 0 . 3 6 4 9 ( 0 . 0 3 2 2 ) 1 9 . 0 3 9 1 7 . 3 2 3 

5 ( 1 ) - 4 ( 4, 0 ) 5 1 3 0 2 . 3 2 3 2 ( 0 . 0 0 2 0 ) 2 9 . 8 4 2 2 8 . 1 3 1 
5 ( 2 ) - 4 ( 4 , 1 ) 5 1 3 0 2 . 3 2 2 4 ( 0 . 0 3 2 0 ) 2 9 . 8 4 2 2 8 . 1 3 1 

6 ( 0 » 6 ) _ 5 ( 0 » 5 ) 6 1 3 3 0 . 1 1 4 7 ( 0 . 0 0 3 0 ) 7 . 1 7 4 5 . 1 2 6 
6 ( 1 , 5 ) - 5 ( 1 , 4 ) 6 3 0 4 9 . 6 5 2 2 ( 0 . 0 3 3 0 ) 8 . 9 0 9 6 . 8 0 6 
6 ( 1 , 6 ) - 5 ( 1 , 5 ) 5 9 9 4 6 . 2 7 0 9 ( 0 . 0 0 2 9 ) 8 . 5 4 6 6 . 5 4 7 

6 ( 2 , 4 ) - 5 ( 2 , 3 ) 6 1 6 6 8 . 0 1 6 1 ( 0 . 0 3 2 7 ) 1 3 . 3 7 6 1 1 . 3 1 9 
6 ( 2 , 5 ) - 5 ( 2 , 4 ) 6 1 5 1 6 . 7 4 0 7 ( 0 . 0 3 2 7 ) 1 3 . 3 6 6 1 1 . 3 1 4 
6 ( 3 , 3 ) - 5 ( 3 , 2 ) 6 1 5 6 6 . 6 7 2 0 ( 0 . 0 3 2 5 ) 2 1 . 0 9 3 1 9 . 0 3 9 
6 ( 3 , 4 ) - 5 ( 3 , 3 ) 6 1 5 6 5 . 4 0 3 0 ( 0 . 0 3 2 5 ) 2 1 . 0 9 3 1 9 . 0 3 9 
6 ( 4 , 2 ) - 5 ( 4 , 1 ) 6 1 5 6 5 . 3 2 0 3 ( 0 . 0 0 2 3 ) 3 1 . 8 9 6 2 9 . 8 4 2 
6 ( 4 , 3 ) - 5 ( 4 , 2 ) 6 1 5 6 5 . 3 1 6 7 ( 0 . 0 3 2 3 ) 3 1 . 8 9 6 2 9 . 8 4 2 
ft ( 5 , 1 ) - 5 ( 5 , 0 ) 6 1 5 7 2 . 2 0 6 5 ( 0 . 0 0 2 2 ) 4 5 . 7 7 0 4 3 . 7 1 6 
6 ( 5 . 2 ) - 5 ( 5 , 1 ) 6 1 5 7 2 . 2 0 6 5 ( 0 . 0 0 2 2 ) 4 5 . 7 7 0 4 3 . 7 1 6 

7 ( 0 , 7 ) _ 6 ( 0 , ft) 7 1 5 4 4 . 1 8 3 5 ( l . j ) 7 1 5 4 4 . 1 3 4 8 ( 0 . 0 1 3 2 ) - 0 . 0 0 1 2 9 . 5 6 0 7 . 1 7 4 
7 ( 1 , 6 ) - 6 ( 1 , 5 ) 7 3 5 3 9 . 7 5 0 9 ( 1 . 0 ) 7 3 5 3 9 . 7 3 3 3 ( 0 . 0 3 3 2 ) 0 . 0 1 7 6 1 1 . 3 6 2 8 . 9 0 9 
7 ( 1 1 7 ) - 6 ( 1 » 6 ) 6 9 9 2 0 . 3 9 7 3 ( 1 . 0 ) 6 9 9 2 0 . 8 9 4 3 ( 0 . 0 3 3 2 ) 0 . 0 0 3 0 1 0 . 8 7 9 8 . 5 4 6 
7 ( ?, 5 ) - 6 ( 2 , 4 ) 7 1 9 9 9 . 2 1 7 9 ( 1 . 0 ) 7 1 9 9 9 . 2 4 0 0 ( 0 . 0 3 3 0 ) - 0 . 0 2 2 1 1 5 . 7 7 8 1 3 . 3 7 6 
7 ( 2 , 6 ) - 6 ( 2 , 5 ) 7 1 7 5 7 . 7 < * 1 3 ( 1 . 0 ) 7 1 7 5 7 . 7 1 1 7 ( 0 . 0 0 3 0 ) 0 . 0 3 0 1 1 5 . 7 5 9 1 3 . 3 6 6 
7 ( 3 , 4 ) - 6 ( 3 , 3 ) 7 1 8 3 5 . 7 8 8 6 ( 1 . 0 ) 7 1 8 3 5 . 7 9 7 4 ( 0 . 0 0 2 7 ) - 0 . 0 0 8 3 2 3 . 4 8 9 2 1 . 0 9 3 
7 ( 3 , 5 ) - 6 ( 3 , 4 ) 7 1 8 3 2 . 9 4 8 0 ( 1 . 0 ) 7 1 8 3 2 . 9 4 3 8 ( 0 . 0 3 2 7 ) 0 . 0 0 4 2 2 3 . 4 8 9 2 1 . 0 9 3 
7 ( 4 , 4 ) - 6 ( 4 , 3 ) 7 1 8 2 9 . 6 9 8 3 ( 1 . C ) 7 1 8 2 9 . 6 3 7 6 ( 0 . 0 3 2 5 ) c . 0 1 1 2 3 4 . 2 9 2 3 1 . 8 9 6 
7 ( 3 ) - 6 ( 4 , 2 ) 7 1 8 2 9 . 6 9 8 8 ( 1 . 0 ) 7 1 8 2 9 . 6 9 9 4 ( 0 . 0 3 2 5 ) - 0 . 0 0 0 6 3 4 . 2 9 2 3 1 . 8 9 6 

7 ( 5 , 2 ) - 6 ( 5 , 1 ) 7 1 8 3 6 . 0 3 4 6 ( 0 . 0 3 2 4 ) 4 3 . 1 6 6 4 5 . 7 7 0 

n 

n 



TABLE I. OBSERVED AND CALCULATED FREQUENCIES OF VINYL ISOCYANIDE IN MHz (CONT INUE 0) 

T R A N S I T I O N O B S E R V E D C A L C U L A T E D F P E Q U E N C Y D B S . - C A L C . F N E P G Y L E V F L S I N C M -
U P P E R LOWE P F R E Q U E N C Y ( S T A N D A R D D E V I A T I O N ) U P P E P LOWER 
S T A T E S T A T F ( W E I G H T ) S T A T F S T A T E 

1 0 ( 9 1 ) _ 9 ( 9 0 ) ) 1 0 2 7 2 4 . 4 0 3 7 ( 0 . C J 5 8 ) 1 4 3 . 3 3 8 1 3 9 . 9 1 1 
1 0 ( 9 2 ) - 9 ( 9 L ) ; 1 0 2 7 2 4 . 3 9 4 9 ( 1 . 0 ) 1 0 2 7 2 4 . 4 0 3 7 ( 0 . 0 3 5 8 ) - 0 . 0 0 3 3 1 4 3 . 3 3 8 1 3 9 . 9 1 1 

1 1 ( 0 11) - 1 0 ( 0 1 0 ) 1 1 1 8 6 9 . 4 9 0 0 ( 1 . 0 ) 1 1 1 8 6 9 . 5 1 5 4 ( 0.033ft ) - 0 . 0 2 5 4 2 2 . 4 7 ^ 1 8 . 743 
1 1 < 1 1 0 > - in ( 1 9 ) 1 1 5 3 9 7 . 8 4 ( 1 . 0 ) 1 1 5 3 9 7 . 8 1 1 9 ( 0 . 0 0 3 5 ) 0 . 0 3 3 6 2 4 . 6 6 7 2 0 . 8 1 7 
1 1 ( 1 1 1 ) - 1 0 ( 1 1 0 ) 1 0 9 7 3 9 . 1 0 6 3 ( 0 . 0 ) 1 0 9 7 3 9 . 0 6 4 4 ( 0 . G 3 3 5 ) 0 . 0 4 1 9 2 3 . 5 3 0 1 9 . 869 
1 1 ( ? 9 ) - 1C ( 2 8 ) 1 1 3 5 8 8 . 0 3 8 1 ( 0 . 0 ) 1 1 3 5 8 7 . 9 3 9 9 ( 0 . 0 0 3 3 ) 0 . 0 9 8 2 2 3 . 8 4 8 2 5 . 059 
1 1 ( 2 1 0 ) - 1 0 ( 2 9 ) 1 1 2 6 5 9 . 5 1 2 3 ( 1 . 0 ) 1 1 2 6 5 9 . 4 9 0 1 ( 0 . 0 J 3 3 ) 0 . 0 2 2 2 28.74ft 24. 9 8 3 
1 1 ( 3 8) - 1 0 ( 3 7 ) 1 1 2 9 6 0 . 9 9 4 0 ( 1 . 0 ) 1 1 2 9 6 0 . 9 4 3 7 ( 0 . C 3 2 9 ) 0 . 0 5 0 3 3 6 . 5 0 2 32. 7 3 4 
1 1 ( 3 9 ) - LU ( 3 8 ) 1 1 2 9 3 1 . 9 4 1 5 ( 1 . 0 ) 1 1 2 9 3 1 . « 3 3 9 < 0 . 0 3 2 9 ) 0 . 0 0 7 6 3 6 . 5 0 0 32. 7 3 3 
1 1 ( 4 7 ) - 1 0 ( 4 6) 1 1 2 9 0 5 . 7 2 6 3 ( 0 . 0 ) 1 1 2 9 0 5 . 7 3 3 5 ( 0 . 0 3 2 7 ) - 0 . 0 0 7 2 4 7 . 3 0 1 4 3 . 5 35 
1 1 ( 4 8 ) - 1 0 ( 4 7 ) 1 1 2 9 0 5 . 4 9 6 6 ( 0 . 0 ) 1 1 2 9 0 5 . 3 9 6 9 ( 0 . 0 3 2 7 ) 0 . 0 9 9 7 4 7 . 3 0 1 43. 53 ^ 
1 1 ( ^ ft) - 1 0 ( 5 5 ) T 1 1 2 9 0 1 . 2 9 7 4 ( 0 . 0 3 2 7 ) 6 1 . 1 7 5 S 7. 4 0 9 
1 1 ( 5 7 ) - 1 0 ( 5 6) f 1 1 2 9 0 1 . 3 1 8 2 ( 1 . 0 ) 1 1 2 9 0 1 . 2 9 * 5 5 ( 0 . 0 0 2 7 ) 0 . 0 2 2 7 6 1 . 1 7 5 57. 4 0 9 
1 1 ( 6 5 ) - 1 0 ( 6 4 ) ) 1 1 2 9 1 2 . 8 3 7 0 ( 0 . 0 3 3 0 ) 7 8 . 1 0 9 7 4 . 3 4 3 
1 1 ( F, 6) - 1 0 ( 6 5 ) / 1 1 2 9 1 2 . 8 5 9 7 ( 1 . 0 ) 1 1 2 9 1 2 . 8 3 7 0 ( 0 . 0 3 3 0 ) - 0 . 0 2 7 3 7 8 . 1 0 9 7 4 . 3 4 3 
I K 7 4 ) - 1 0 ( 7 3 ) ) 1 1 2 9 3 4 . 0 5 3 5 ( 0 . 0 3 3 7 ) 98 .088 94. 3 2 1 
1 1 ( 7 5) - 1U ( 7 <•> f 1 1 2 9 3 4 . 0 4 5 9 ( 1 . 0 ) 1 1 2 9 3 4 . 0 5 3 6 ( 0 . 0 3 3 7 ) - J . 0 0 7 7 9 8 . 0 8 8 94. 3 2 1 
1 1 ( 8 3) - 1 0 ( 8 2 ) \ 1 1 2 9 6 2 . 3 3 6 3 ( 0 . 0 0 4 6 ) 1 2 1 . 0 9 4 1 1 7 . 3 2 6 
1 1 ( 8 4) - 1 0 ( 8 3 ) I 1 1 2 9 6 2 . 3 7 7 1 ( 1 . 0 ) 1 1 2 9 6 2 . 3 3 6 3 ( 0 . 0 3 4 6 ) 0 . 0 4 0 3 1 2 1 . 0 9 4 117. 326 
I K 9 2) - 1 0 ( 9 

1 1 1 
1 1 2 9 9 6 . 6 1 5 1 ( 0 . 0 0 5 7 ) 1 4 7 . 1 0 7 1 4 3 . 3 3 8 

1 1 ( 9 3 ) - 1 0 ( 9 2 ) / 1 1 2 9 Q 6 . 6 4 7 8 ( 1 . 0 ) 1 1 2 9 9 6 . 6 1 5 1 ( 0 . 0 3 5 7 ) 0 . 0 3 2 7 1 4 7 . 1 0 7 1 4 3 . 333 

1 1 ( 1 0 1 ) - 1 0 ( 1 0 0 ) ) 1 1 3 0 3 6 . 3 2 4 0 ( 0 . 0 0 7 0 ) 1 7 6 . 1 0 4 172. 3 33 
1 1 ( 1 0 2) - 1 0 ( 1 0 1) / 1 1 3 0 3 6 . 2 8 7 0 ( 0 . 0 ) 1 1 3 0 3 6 . 3 2 4 0 ( 0 . 0 3 7 0 ) - 0 . 0 3 7 0 1 7 6 . 1 0 4 1 7 2 . 3 3 3 

1 2 ( 0 1 2 ) - 1 1 ( 0 1 1 ) 1 2 1 8 5 4 . 7 0 4 2 ( 1 . 0 ) 1 2 1 3 5 4 . 7 0 0 3 ( 0 . 0 3 3 5 ) 3 . 0 0 3 9 2 6 . 5 3 9 22. 4 7 5 
1 2 ( 1 1 1 ) - 1 1 ( 1 1 0 ) 1 2 5 8 2 3 . 7 0 0 8 ( 1 . 0 ) 1 2 5 8 2 8 . 7 0 0 3 ( 0 . 0 3 3 5 ) 3 . 0 0 3 5 2 8 . 8 6 4 24. 66 7 

1 2 ( 1 1 2 ) - 1 1 ( 1 1 1 ) 1 1 9 6 7 0 . 1 1 8 0 ( 1 . 0 ) 1 1 9 6 7 0 . 1 1 7 9 ( 0 . 0 0 3 4 ) 0 . 0 0 0 1 2 7 . 5 2 2 2 3 . 5 30 
1 2 ( 2 1 0 ) - 1 1 ( 2 9 ) 1 2 4 0 6 0 . 2 4 5 4 ( 1 . 0 ) 1 2 4 0 6 0 . 2 4 4 9 ( 0 . 0 3 3 2 ) 0 . 0 0 0 5 3 2 . 9 8 6 23. 8 4 3 
1 2 ( 2 1 1 ) - 1 1 ( 2 1 0 ) 1 2 2 8 6 5 . 5 9 8 5 ( 1 . 0 ) 1 2 2 8 6 5 . 6 1 2 3 ( 0 . 0 3 3 2 ) - 0 . 0 1 4 3 3 2 . 8 4 4 2 8 . 7 4 6 
1 2 ( 3 9 ) - 1 1 ( 3 8 ) 1 2 3 2 5 9 . 1 2 6 9 ( 1 . 0 ) 1 2 3 2 5 9 . 1 3 5 9 ( 0 . 0 0 2 9 ) - 0 . 0 0 9 0 4 0 . 6 1 3 3 6 . 5 0 2 
1 2 ( 3 1 0 ) - 1 1 ( 3 9 ) 1 2 3 2 1 4 . 1 1 6 5 ( 1 . 0 ) 1 2 3 2 1 4 . 1 0 3 5 ( 0 . 0 3 2 9 ) 0 . 0 1 3 0 4 0 . 6 1 0 3 6 . 500 
1 2 ( 4 8 ) - 1 1 ( 4 7 ) 1 2 3 1 8 0 . 6 2 1 9 ( 0 . 0 ) 1 2 3 1 8 0 . 5 3 5 3 ( 0 . 0 3 2 6 ) 0 . 0 3 6 1 5 1 . 4 1 0 4 7 . 3 0 1 
1 2 ( 4 9 ) - 1 1 ( I• 8 ) 1 2 3 1 7 9 . 9 3 2 3 ( 1 . 0 ) 1 2 3 1 7 9 . 9 5 5 4 ( 0 . 0 0 2 6 ) - 0 . 0 2 3 1 5 1 . 4 0 9 4 7 . 3 0 1 
1 2 ( 5 7 ) - 1 1 ( 5 6) 1 2 3 1 7 0 . 6 3 4 3 ( 1 . 0 ) 1 2 3 1 7 0 . 6 2 6 3 ( 0 . 0 3 2 6 ) 0 . 0 0 7 5 6 5 . 2 8 3 6 1 . 1 7 5 
1 2 ( 5 8 ) - 1 1 ( 5 7 ) 1 2 3 1 7 0 . 6 3 4 3 ( 1 . 0 ) 1 2 3 1 7 0 . 6 2 2 4 ( 0 . 0 3 2 6 ) 0 . 0 1 1 9 6 5 . 2 8 3 6 1 . 1 7 5 
1 2 ( 6 6) - 1 1 ( ft 5) ) 1 2 3 1 3 0 . 6 5 5 1 ( 0 . 0 3 3 0 ) 3 2 . 2 1 8 7 3 . 1 0 9 
1 2 ( ft 7 ) - 1 1 ( ft 6 ) ) 1 2 3 1 8 0 . 6 2 1 9 ( 0 . 0 ) 1 2 3 1 3 0 . 6 5 5 1 ( 0 . 0 3 3 0 ) - 0 . 0 3 3 2 3 2 . 2 1 3 7 3 . 1 0 9 
1 2 ( 7 5 ) - 1 1 ( 7 4 ) \ 1 2 3 2 0 2 . 1 9 6 2 ( 0 . 0 3 3 7 ) 1 0 2 . 1 9 8 98. 083 
1 2 ( 7 6 ) - 1 1 ( 7 5 ) I 1 2 3 2 0 2 . 1 9 1 6 ( 1 . 0 ) 1 2 3 2 0 2 . 1 9 6 2 ( 0 . 0 3 3 7 ) - 0 . 0 0 4 6 1 0 2 . 1 9 8 9 3 . 088 
1 2 ( 8 4 ) - 1 1 ( 8 3 ) ) 1 2 3 2 3 2 . 0 5 1 2 ( 0 . 0 0 4 5 ) 1 2 5 . 2 0 5 1 2 1 . 0 9 4 
1 2 ( 3 5) - 1 1 ( 8 <•> / 1 2 3 2 3 2 . 0 5 0 8 ( 1 . 0 ) 1 2 3 2 3 2 . 0 5 1 2 ( 0 . 0 0 4 5 ) - 0 . 0 0 0 4 1 2 5 . 2 0 5 1 2 1 . 0 9 4 
1 2 ( 9 3 ) - 1 1 ( 9 2 ) ) 1 2 3 2 6 3 . 7 5 9 3 ( 0 . 0 0 5 4 ) 1 5 1 . 2 1 9 1 4 7 . 1 0 7 
1 2 ( 9 4 ) - 1 1 ( 9 3 ) ; 1 2 3 2 6 8 . 7 1 9 9 ( 1 . 0 ) 1 2 3 2 6 8 . 7 5 9 8 ( 0 . 0 3 5 4 ) - 0 . 0 3 9 9 1 5 1 . 2 1 9 1 4 7 . 1 C 7 

1 2 ( 1 0 2) _ 1 1 ( 1 0 1 ) \ 1 2 3 3 1 1 . 5 8 4 4 ( 0 . 0 3 6 5 ) 1 8 0 . 2 1 7 17FT. 1 0 4 
1 2 ( 1 0 3 ) - 1 1 ( 1 0 2 ) f 1 2 3 3 1 1 . 5 8 5 6 ( 1 . 0 ) 1 2 3 3 1 1 . 5 8 4 4 ( 0 . 0 0 6 5 ) 0 . 0 0 1 2 1 3 0 . 2 1 7 1 7 6 . 1 0 4 
1 2 ( 1 1 1 ) - 1 1 ( 1 1 0 ) \ 1233f t0 .1277( 0 . 0 0 8 0 ) 2 1 2 . 1 7 5 2 C 8. 060 
1 2 ( 1 1 2 ) - 1 1 ( 1 1 1) f 1 2 3 3 6 0 . 8 5 6 8 ( 0 . 0 ) 1 2 3 3 6 0 . 1 2 7 7 ( 0 . 0 3 8 0 ) 0 . 7 2 9 1 2 1 2 . 1 7 5 203. 0 6 0 

1 3 ( 0 13) _ 1 2 r o 1 2 ) 1 3 1 7 9 8 . 7 4 2 8 ( 0 . 0 0 3 5 ) 3 0 . 9 3 6 2 6 . 5 3 9 
1 3 ( 1 1 2 ) - 1 2 ( L 1 1 ) 1 3 6 2 4 2 . 5 2 8 1 ( 0 . 0 3 3 5 ) 3 3 . 4 0 8 2 8 . 8 6 4 
1 3 ( 1 1 3 ) - 1 2 ( L 1 2 ) 129*590 . 7474 ( G . 0 0 3 4 ) 3 1 . 8 4 4 2 7 . 522 
1 3 ( 2 1 1 ) - 12 ( 2 1 0 ) 1 3 4 5 6 3 . 5 6 9 6 ( 0 . 0 3 3 2 ) 3 7 . 4 7 4 3 2 . 9 8 6 
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CD O CD CD CD CD CJ O CJ CD CD CD CD CJ CD CD ra CD ra ra CD 

rH rH rH RH TH T-L rH rH rH rH T-H TH T-l rH rH rH rH T-H r-H RL T—' 

PT PT PC K CO CM r̂- cr CT lT <r> T-H O in -3 rH CT in iß rH J-
vO cr h- T-l r^ <C cv ra in K P^ PO ra T-L r-l CD -3 CT -3 cr 
CT> lD CM vT p- CM rr CD -3 CM CM PO CM cr rH P^ J" pr -3 rH <o 
cr CM vT >r -3 ra r rH CM r- P^ m vO N- CC -3 rH -3 rH cr -3 

rH R - CD v£) Cr -3 vD cr r>~ pr rr CO cr T-L CM rH r^ cr t> in cr 
TD rr 'O cr -3 in CO rr rr rH T-l rH PO r^ rH Iß T-L K >3 lO cr 
R-- vß in ra CM oc P- r^ r- N. r^ P^ r^ N ao ao cr cr CD m rr 
T-H VL> CT in PO PO PT rr pr pr rr rr rr PO r> rr rr cr -3 rH CT 
-3 -3 PT -3 -3 -3 J- -3 -3 -3" -3 -3 J- -3 -3 -3 -3 -3 -3 in -3 

rH TH rH rH rH •H rH rH rH rH rH •H rH TH rH r-H rH T-L rH 

T-L ( f o r CT K cr F - in -3" in PT> CM pr rH CM CD T-L rr CM pr rH CM O rH CT ra 00 CT 00 vD h- in vD in rr -3 CM pr T-H CM CD •H -3 PO -3 
rH rH rH r-l rH •rH rH rH rH rH rH rH rH 

CM rr tr> -T J- in in vD vO T^- CC OO CT cr CD o T-L rH CM CM CD rH T-H CM CM rr rr -3 J- in in vC lO r^ ^ oo 0C cr cr CD CD rH rH CM CM rr rr CD rH 
—1 r-l rH rH rH rH rH rH rH rH rH rH rH rH 

CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM CM rr rr PO pr pr pr PO pr pr rr K> rr rr PT PO rr pr K PC pr rr rr pr pr rr rr pr -3 -3 -3 
T-H 
| 

T-h •rH 
" H T-L T-h •r-l •rJ y-J —1 »-I 

| 
r-l r-l rH 

^ 
rH rH T-L 

1 

rH rH 

1 

rH rH rH rH T-L rH rH T-H rH - 1 r-H T-l 
^ 

rH 
| 

T-H 
| ^ 

rH 

| 

rH 
| 

rH 
| 

rH 
| 

rH 
| 

CM O TH CT O 00 cr N- cC in 3 J- in pr CM pr rH CM -3 PT J- CM pr rH CM CD rH CT CD OO cr P^ <o iß in vC -3 in rr -3 CM rr rH CM in J" in 
TH TH T-L "-1 " - 1 r-l rH - 1 rH rH '-I rH rH 

(\J in Pr -3 in in vD vC N <c <o CT o CD r-l T-l CM CM CD r-l rH CM CM pr -3 -3 in IT. vT vC P̂» p^ cc or CT cr CD ra T-H rH CM CM rr Pr ra TH rH 
r-l rH rH rH rH rH TH T-H T-I rH rH rH T-H rH 

rT PO pr Pr f"> rr PO PO PO PO pr r<-m pr Pr pr m pr pr -3 -3 -3 -3 -3 -3 -3 -3 -3 j- -3 -3 -3 -3 ^ -3 j- -3 J- -3 -3 -3 -3 J- -3 -3 -3 m in in. 
rH rH T-H rH T"L TH r-l TH T-L TH r-l r-l rH r-l rH rH rH TH rH rH r-l rH rH rH T-l rH T-* rH rH rH rH rH rH T-H rH rH rH rH T-H TH rH rH rH rH rH RH rH 



T A B L E I . O B S E R V E D AND C A L C U L A T E D F R E Q U E N C I E S OF 

T R A N S I T I O N O B S E R V E D C A L C U L A T E D F R E Q U E N C Y 
U P P F R LOWER F R E Q U E N C Y ( S T A N D A R D D E V I A T I O N ) 
S T A T F S T A T E ( W E I G H T ) 

1 5 ( 2 1 3 ) 1 4 ( 2 1 2 ) 1 5 5 6 5 7 . 2 4 2 3 ( 0 . 0 0 3 5 ) 
1 5 ( 2 1 4 ) - 1 4 ( 2 1 3 ) 1 5 3 4 2 5 . 7 9 3 9 ( 1 . 0 ) 1 5 3 4 2 5 . 8 1 1 3 ( U . 0 3 3 4 ) 
1 5 ( 3 1 2 ) - 1 4 ( 3 1 1 ) 1 5 4 2 1 3 . 5 5 3 2 ( 1 . 3 ) 1 5 4 2 1 3 . 5 3 8 3 ( 0 . 0 3 3 1 ) 
1 5 ( 3 1 3 ) - 1 4 ( 3 1 2 ) 1 5 4 0 7 5 . 6 7 0 1 ( 1 . 0 ) 1 5 4 0 7 5 . 6 7 4 6 ( 0 . 0 0 3 1 ) 
1 5 ( 4 1 1 ) - 1 4 ( 4 1 0 ) 1 5 4 0 2 3 . 3 8 7 2 ( 1 . 0 ) 1 5 4 0 2 3 . 3 8 9 4 ( 0 . 0 3 2 9 ) 
1 5 ( 4 1 2 ) - 1 4 ( 4 1 1 ) 1 5 4 0 2 0 . 2 7 8 9 ( 1 . 0 ) 1 5 4 0 2 0 . 2 3 6 1 ( 0 . 0 0 2 9 ) 
1 5 ( 5 1 0 ) - 1 4 ( 5 9 ) 1 5 3 9 8 7 . 7 6 4 2 ( 1 . 0 ) 1 5 3 9 3 7 . 7 9 9 5 ( 0 . 0 3 3 1 ) 
1 5 ( 5 1 1 ) - 1 4 ( 5 1 0 ) 1 5 3 9 3 7 . 7 6 4 2 ( 1 . 0 ) 1 5 3 9 8 7 . 7 6 4 1 ( 0 . 0 3 3 1 ) 
1 5 ( 6 9 ) - 1 4 ( 6 8 ) 1 5 3 9 8 8 . 8 1 9 « ( 0 . 0 3 3 5 ) 
1 5 ( 6 1 0 ) - 1 4 ( 6 9 ) 1 5 3 9 8 8 . 3 4 1 1 ( 1 . 0 ) 1 5 3 9 3 8 . 8 1 9 5 ( 0 . 0 0 3 5 ) 
1 5 ( 7 8 ) - 1 4 ( 7 7 ) 1 5 4 0 0 8 . 9 3 2 1 ( 0 . 0 0 4 1 ) 
1 5 ( 7 9 ) - 1 4 ( 7 8 ) 1 5 4 0 0 3 . 9 1 6 9 ( 1 . 0 ) 1 5 4 0 0 8 . 9 3 2 1 ( 0 . 0 0 4 1 ) 
1 5 ( 8 7 ) - 1 4 ( 8 6 ) 1 5 4 0 4 1 . 8 5 7 5 ( 0 . 0 3 4 6 ) 
1 5 ( 8 8 ) - 1 4 ( 8 7 ) 1 5 4 0 4 1 . 3 6 6 2 ( 1 . 0 ) 1 5 4 0 4 1 . 8 5 7 5 ( 0 . 0 0 4 6 ) 
1 5 ( 9 6 ) - 1 4 ( 9 5 ) 1 5 4 0 3 4 . 7 2 8 3 ( 0 . 0 3 4 9 ) 
1 5 ( 9 7 ) - 1 4 ( 9 6 ) / 1 5 4 0 3 4 . 7 5 1 6 ( 1 . 0 ) 1 5 4 0 3 4 . 7 2 8 3 ( 0 . 0 3 4 9 ) 

1 5 ( 1 0 5 ) _ 1 4 ( 1 0 4 ) L 1 5 4 1 3 6 . 0 3 6 4 ( 0 . 0 0 4 9 ) 
1 5 ( 1 0 6 ) - 1 4 ( 1 0 5 ) 1 5 4 1 3 6 . 0 9 4 1 ( 1 . 0 ) 1 5 4 1 3 6 . 0 8 6 4 ( 0 . 0 0 4 9 ) 
1 5 ( 1 1 4 ) - 1 4 ( 1 1 3 ) I 1 5 4 1 9 5 . 1 3 5 7 ( 0 . 0 0 5 3 ) 
1 5 ( 1 1 5 ) - 1 4 ( 1 1 4 ) f 1 5 4 1 9 5 . 1 5 3 5 ( 1 . 0 ) 1 5 4 1 9 5 . 1 3 5 7 ( 0 . 0 3 5 3 ) 
1 5 ( 1 2 3 ) - 1 4 ( 1 2 2 ) 1 5 4 2 6 1 . 4 2 1 9 « 0 . 0 0 7 0 ) 
1 5 ( 1 2 4 ) - 1 4 ( 1 2 3 ) 1 5 4 2 6 1 . 4 6 3 3 ( 1 . 0 ) 1 5 4 2 6 1 . 4 2 1 9 ( 0 . 0 3 7 0 ) 
1 5 ( 1 3 2 ) - 1 4 ( 1 3 1 ) L 1 5 4 3 3 4 . 6 7 9 7 ( 0 . 0 1 1 1 ) 
1 5 ( 1 3 3 ) - 1 4 ( 1 3 2 ) 1 1 5 4 3 3 4 . 6 5 2 7 ( 1 . 0 ) 1 5 4 3 3 4 . 6 7 9 7 ( 0 . 0 1 1 1 ) 
1 5 ( 1 4 1 ) - 1 4 ( 1 4 0 ) ) 1 5 4 4 1 4 . 7 5 6 4 ( 0 . 0 1 7 4 ) 
1 5 ( 1 4 2 ) - 1 4 ( 1 4 1 ) 1 5 4 4 1 4 . 7 0 7 7 ( 0 . 0 ) 1 5 4 4 1 4 . 7 5 6 4 ( 0 . 0 1 7 4 ) 

1 6 0 1 6 ) _ 1 5 ( 0 1 5 ) 1 6 1 3 9 2 . 9 0 5 9 ( 0 . 0 3 3 9 ) 
1 6 ( 1 1 5 ) - 1 5 ( 1 1 4 ) 1 6 7 3 6 0 . 8 4 3 4 ( 0 . 0 0 4 3 ) 
1 6 ( 1 1 6 ) - 1 5 ( 1 1 5 ) 1 5 9 2 8 7 . 2 6 6 7 ( 0 . 0 3 3 8 ) 
1 6 ( 2 1 4 ) - 1 5 ( 2 1 3 ) 1 6 6 2 4 1 . 9 0 4 3 ( 0 . 0 3 4 0 ) 
1 6 2 1 5 ) - 1 5 ( 2 1 4 ) 1 6 3 5 9 0 . 8 0 9 1 ( 0 . 0 3 3 3 ) 
1 6 ( 3 1 3 ) - 1 5 ( 3 1 2 ) 1 6 4 5 5 6 . 5 6 4 0 ( 0 . 0 0 3 5 ) 
1 6 ( 3 1 4 ) - 1 5 ( 3 1 3 ) 1 6 4 3 6 6 . 5 5 3 1 ( 0 . 0 3 3 6 ) 
1 6 4 1 2 ) - 1 5 ( 4 1 1 ) 1 6 4 3 1 1 . 4 0 5 6 ( 0 . 0 3 3 4 ) 
1 6 ( 4 1 3 ) - 1 5 ( 4 1 2 ) 1 6 4 3 0 6 . 5 0 2 3 < 0 . 0 0 3 4 ) 
1 6 ( 5 1 1 ) - 1 5 ( 5 1 0 ) 1 6 4 2 6 3 . 6 5 4 6 ( 0 . 0 0 3 6 ) 
1 6 ( 5 1 2 ) - 1 5 ( 5 1 1 ) 1 6 4 2 6 3 . 5 9 0 3 ( 0 . 0 0 3 6 ) 
1 6 ( 6 1 0 ) - 1 5 ( 6 9 ) 1 6 4 2 6 0 . 0 3 6 0 ( 0 . 0 3 4 1 ) 
1 6 ( 6 1 1 ) - 1 5 ( 6 1 0 ) 1 6 4 2 6 0 . 0 3 5 5 ( 0 . 0 0 4 1 ) 
1 6 ( 7 9 ) - 1 5 ( 7 8 ) 1 6 4 2 7 8 . 7 1 0 3 ( 0 . 0 0 4 8 ) 
1 6 ( 7 1 0 ) - 1 5 ( 7 9 ) 1 6 4 2 7 8 . 7 1 0 3 ( 0 . 0 0 4 8 ) 
1 6 ( 8 8 ) - 1 5 ( 8 7 ) 1 6 4 3 1 2 . P 3 9'3 ( 0 . 0 0 5 4 ) 
1 6 ( 8 9 ) - 1 5 ( 8 8 ) 1 6 4 3 1 2 . 0 3 9 3 ( 0 . 0 3 5 4 ) 

1 6 9 7 ) - 1 5 ( 9 6 ) 1 6 4 3 5 6 . 5 3 9 8 ( 0 . 0 3 5 8 ) 
1 6 ( 9 8 ) - 1 5 ( 9 7 ) 1 6 4 3 5 6 . 5 3 9 3 ( 0 . 0 0 5 8 ) 

1 6 ( 1 0 6 ) _ 1 5 ( 1 0 5 ) 1 6 4 4 1 0 . 4 3 6 2 ( 0 . 0 0 5 8 ) 
1 6 ( 1 0 7 ) - 1 5 ( 1 0 6 ) 1 6 4 4 1 0 . 4 3 6 2 ( 0 . 0 0 5 8 ) 
1 6 ( 1 1 5 ) - 1 5 ( 1 1 4 ) 1 6 4 4 7 2 . 7 5 7 9 ( 0 . 0 3 6 1 ) 
1 6 ( 1 1 6 ) - 1 5 ( 1 1 5 ) 1 6 4 4 7 2 . 7 5 7 9 ( 0 . 0 0 6 1 ) 
1 6 ( 1 2 4 ) - 1 5 ( 1 2 3 ) 1 6 4 5 4 2 . 9 4 7 5 ( 0 . 0 3 7 6 ) 
1 6 ( 1 2 5 ) - 1 5 ( 1 2 4 ) 1 6 4 5 4 2 . 9 4 7 5 ( 0 . 0 3 7 6 ) 
1 6 ( 1 3 3 ) - 1 5 ( 1 3 2 ) 1 6 4 6 2 0 . 6 7 6 7 ( 0 . 0 1 1 6 ) 

I S O C Y A N I H E I N M H z (CONT INUED) 

D B S . - C A L C . E N F P G Y L F V F L S I N C M - 1 
U P P E R LOWER 

S T A T E S T A T E 

REMARKS 

• 0 . 0 1 7 4 
0 . 0 1 4 4 

•0 . 0 0 4 5 
•0.0022 
• 0 . 0 0 7 2 
•0 . 0 3 5 3 
0 .0001 

0.0216 

• 0 . 0 1 5 2 

0 . 0 0 8 7 

0 . 0 2 3 3 

4 7 . 5 0 6 
4 7 . 1 7 9 
5 5 . 0 1 2 
5 4 . 9 9 8 
5 5 . 7 9 3 
6 5 . 7 9 3 
7 9 . 6 6 5 
7 9 . 6 6 5 
9 6 . 6 0 0 
9 6 . 6 0 0 

1 1 6 . 5 8 2 
1 1 6 . 5 8 2 
1 3 9 . 5 9 2 
1 3 9 . 5 9 2 
1 6 5 . 6 1 0 
1 6 5 . 6 1 0 

4 2 . 3 1 4 
4 2 . 0 6 1 
4 9 . 8 6 3 
4 9 . 8 5 9 
6 0 . 6 5 6 
6 0 . 6 5 6 
7 4 . 5 2 8 
7 4 . 5 2 8 
9 1 . 4 6 4 
9 1 . 4 6 4 

1 1 1 . 4 4 5 
1 1 1 . 4 4 5 
1 3 4 . 4 5 4 
1 3 4 . 4 5 4 
1 6 0 . 4 7 0 
160.470 

0 . 0 0 7 7 

0 . 0 1 7 8 

0 . 0 4 1 9 

• 0 . 0 2 7 0 

•0 . 0 4 8 7 

1 9 4 . 6 1 3 
1 9 4 . 6 1 3 
2 2 6 . 5 7 7 
2 2 6 . 5 7 7 
2 6 1 . 4 7 3 
2 6 1 . 4 7 3 
2 9 9 . 2 7 3 
2 9 9 . 2 7 3 
3 3 9 . 9 4 4 
3 3 9 . 9 4 4 

1 8 9 . 4 7 2 
1 8 9 . 4 7 2 
2 2 1 . 4 3 3 
2 2 1 . 4 3 3 
2 5 6 . 3 2 7 
2 5 6 . 3 2 7 
2 9 4 . 1 2 5 
2 9 4 . 1 2 5 
3 3 4 . 7 9 4 
3 3 4 . 7 9 4 

n 

4 6 . 1 0 2 
4 9 . 1 2 0 
4 6 . 7 9 4 
5 3 . 0 5 2 
5 2 . 6 3 5 
6 0 . 5 0 1 
6 0 . 4 8 1 
7 1 . 2 7 4 
7 1 . 2 7 4 
8 5 . 1 4 4 
8 5 . 1 4 4 

1 0 2 . 0 7 9 
1 0 2 . 0 7 9 
122.062 
122.062 
1 4 5 . 0 7 3 
1 4 5 . 0 7 3 
1 7 1 . C 9 2 
1 7 1 . 0 9 2 

4 0 . 7 1 3 
4 3 . 5 3 7 
4 1 . 4 8 1 
4 7 . 5 0 6 
4 7 . 1 7 9 
5 5 . 0 1 2 
5 4 . 9 9 3 
6 5 . 7 9 3 
6 5 . 7 9 3 
7 9 . 6 6 5 
7 9 . 6 6 5 
9 6 . 6 0 0 
9 6 . 6 0 0 

1 1 6 . 5 8 2 
1 1 6 . 5 8 2 
1 3 9 . 5 9 2 
1 3 9 . 5 9 2 
1 6 5 . 6 1 0 
1 6 5 . 6 1 0 

2 0 0 . 0 9 7 
2 0 0 . 0 9 7 
2 3 2 . 0 6 3 
2 3 2 . 0 6 3 
2 5 6 . 9 6 1 
2 6 6 . 9 6 1 
3 0 4 . 7 6 4 

1 9 4 . 6 1 3 
1 9 4 . 6 1 3 
2 2 6 . 5 7 7 
2 2 6 . 5 7 7 
2 6 1 . 4 7 3 
2 6 1 . 4 7 3 
2 9 9 . 2 7 3 



TABLE I. OBSERVED AND CALCULATED FREQUENCIES OF VINYL ISOCYANIDE IN MHz (CONT INUE 0) 

T R A N S I T I O N 
UPPER LOWER 
S T A T E S T A T E 

OBSERVED 
FREQUENCY 
( W E I G H T ) 

C A L C U L A T E D FREQUENCY 
( S T A N D A R D D E V I A T I O N ) 

D B S . - C A L C « ENERGY L E V E L S IN C M - 1 
UPPER LOWER 
S T A T E S T A T E 

REMARKS 

1 6 ( 1 3 , 4 ) - 1 5 ( 1 3 , 3 ) 
1 6 ( 1 4 , 2 ) - 1 5 ( 1 4 , 1 ) 
1 6 ( 1 4 , 3 ) - 1 5 ( 1 4 , 2 ) 
1 6 ( 1 5 , 1 ) - 1 5 ( 1 5 , 0 ) 
1 6 ( 1 5 , 2 ) - 1 5 ( 1 5 , 1 ) 

1 7 ( 0 , 1 7 ) - 1 6 ( a , 1 6 ) 
1 7 C 1 , 1 6 ) - 1 6 ( l . 1 5 ) 
1 7 ( 1 , 1 7 ) - 1 6 ( l , 1 6 ) 
1 7 ( 2 , 1 5 ) - 1 6 ( 2 , 1 4 ) 
1 7 ( 2 , 1 6 ) - 1 6 ( 2 , 1 5 ) 
1 7 ( 3 , 1 4 ) - 1 6 ( 3 , 1 3 ) 
1 7 ( 3 , 1 5 ) - 1 6 ( 3 , 1 4 ) 
1 7 C 4 , 1 3 ) - 1 6 ( 4 , 1 2 ) 
1 7 ( 4 , 1 4 ) - 1 6 ( 4 , 1 3 ) 
1 7 ( 5 , 1 2 ) - 1 6 ( 5 , 1 1 ) 
1 7 ( 5 , 1 3 ) - 1 6 ( 5 , 1 2 ) 
1 7 ( 6 , 1 1 ) - 1 6 6 , 1 0 ) 
1 7 ( 6 , 1 2 ) - 1 6 ( 6 , 1 1 ) 
1 7 ( 7 , 1 0 ) - 1 6 ( 7 , 9 ) 
1 7 ( 7 , 1 1 ) - 1 6 ( 7 , 1 0 ) 
1 7 C 8 , 9 ) - 1 6 ( 8 , 8 ) 
1 7 ( 8 , 1 0 ) - 1 6 8 , 9 ) 
1 7 ( 9 , 8 ) - 1 6 ( 9 , 7 ) 
1 7 ( 9 , 9 ) - 1 6 ( 9 , 8 ) 

1 7 ( 1 0 , 7 ) - 1 6 ( 1 0 , 6 ) 
1 7 ( 1 0 , 8 ) - 1 6 ( 1 0 , 7 ) 
1 7 ( 1 1 , 6 ) - 1 6 ( 1 1 , 5 ) 
1 7 ( 1 1 , 7 ) - 1 6 ( 1 1 , 6 ) 
1 7 ( 1 2 , 5 ) - 1 6 ( 1 2 , 4 ) 
1 7 ( 1 2 , 6 ) - 1 6 ( 1 2 , 5 ) 
1 7 ( 1 3 , 4 ) - 1 6 ( 1 3 , 3 ) 
1 7 ( 1 3 , 5 ) - 1 6 ( 1 3 , 4 ) 
1 7 ( 1 4 , 3 ) - 1 6 ( 1 4 , 2 ) 
1 7 ( 1 4 , 4 ) - 1 6 ( 1 4 , 3 ) 
1 7 ( 1 5 , 2 ) - 1 6 ( 1 5 , 1 ) 
1 7 ( 1 5 , 3 ) - 1 6 ( 1 5 , 2 ) 
1 7 ( 1 6 , 1 ) - 1 6 ( 1 6 , 0 ) 
1 7 ( 1 6 , 2 ) - 1 6 ( 1 6 , 1 ) 

* * A TYPE Q BRANCH * * 

1 ( 1 , 0 ) - 1 ( 1 , 1 ) 
2 ( 1 , 1 ) - 2 ( 1 , 2 ) 
3 ( 1 , 2 ) - 3 ( 1 , 3 ) 
4 ( 1 , 3 ) - 4 ( 1 , 4 ) 
5 ( 1 , 4 ) - 5 ( 1 , 5 ) 
6 ( 1 , 5 ) - 6 ( 1 , 6 ) 

1 , 6 ) - 7 ( 1 , 7 ) 
8 ( 1 , 7 ) - 8 ( 1 , 8 ) 
9 ( 1 , 8 ) - 9 ( 1 , 9 ) 

1 0 ( 1 , 9 ) - 1 0 ( 1 , 1 0 ) 
1 1 ( 1 , 1 0 ) - 1 1 ( 1 , 1 1 ) 

1 6 4 6 2 0 . 6 7 6 7 ( 0 . 0 1 1 6 ) 3 0 4 . 7 6 4 2 9 9 . 2 7 3 
1 6 4 7 0 5 . 7 5 2 7 ( 0 . 0 1 8 1 ) 3 4 5 . 4 3 8 3 3 9 . 9 4 4 
1 6 4 7 0 5 . 7 5 2 7 ( 0 . 0 1 8 1 ) 3 4 5 . 4 3 8 3 3 9 . 9 4 4 
1 6 4 7 9 8 . 0 6 7 1 ( 0 . 0 2 7 5 ) 3 8 8 . 9 5 1 3 8 3 . 4 5 4 
1 6 4 7 9 8 . 0 6 7 1 ( 0 . 0 2 7 5 ) 3 3 8 . 9 5 1 3 8 3 . 4 5 4 

1 7 1 1 8 6 . 3 6 0 4 ( 1 . 0 ) 1 7 1 1 8 6 . 3 2 9 0 ( 0 . 0 3 4 4 ) 0 . 0 3 1 4 5 1 . 8 1 2 4 6 . 1 0 2 
1 7 7 6 8 4 . 9 7 1 6 ( 1 . 0 ) 1 7 7 6 8 5 . 0 0 2 3 < 0 . 0 0 4 9 ) - 0 . 0 3 0 7 5 5 . 0 4 6 4 9 . 1 2 0 
1 6 9 1 6 3 . 8 9 1 6 ( 1 . 0 ) 1 6 9 1 6 3 . 8 9 3 3 ( 0 . 0 0 4 3 ) - G . 0 0 1 7 5 2 . 4 3 7 4 6 . 7 9 4 
1 7 6 8 4 6 . 3 9 2 9 ( 1 . 0 ) 1 7 6 8 4 6 . 3 8 6 4 ( 0 . 0 0 4 7 ) 0 . 0 0 6 5 5 8 . 9 5 1 5 3 . 0 5 2 
1 7 3 7 4 3 . 8 1 5 0 ( 1 . 0 ) 1 7 3 7 4 3 . - 8 2 0 3 ( 0 . 0 0 4 4 ) - 0 . 0 0 5 8 5 8 . 4 3 1 5 2 . 6 3 5 
1 7 4 9 1 4 . 8 1 6 0 ( 1 . 0 ) 1 7 4 9 1 4 . 8 1 6 4 ( 0 . 0 0 4 2 ) - 0 . 0 0 0 4 6 6 . 3 3 6 6 0 . 5 0 1 
1 7 4 6 5 8 . 3 5 0 3 ( 1 . 0 ) 1 7 4 6 5 8 . 3 5 8 9 ( 0 . 0 3 4 2 ) - 0 . 0 1 8 6 6 6 . 3 0 7 6 0 . 4 8 1 
1 7 4 6 0 3 . 5 2 2 2 ( 1 . 0 ) 1 7 4 6 0 3 . 5 2 4 6 ( 0 . 0 0 4 1 ) - 0 . 0 0 2 4 7 7 . 0 9 8 7 1 . 2 7 4 
1 7 4 5 9 6 . 0 0 3 2 ( 1 . 0 ) 1 7 4 5 9 5 . 9 9 9 0 ( 0 . 0 3 4 1 ) 0 . 0 0 4 2 7 7 . 0 9 8 7 1 . 2 7 4 
1 7 4 5 4 1 . 3 8 7 7 ( 0 . 0 ) 1 7 4 5 4 1 . 4 4 5 5 ( 0 . 0 0 4 4 ) - 0 . 0 5 7 8 9 0 . 9 6 6 8 5 . 1 4 4 
1 7 4 5 4 1 . 3 8 7 7 ( 0 . 0 ) 1 7 4 5 4 1 . 3 3 3 1 ( 0 . 0 0 4 4 ) 0 . 0 5 4 6 9 0 . 9 6 6 8 5 . 1 4 4 

I 1 7 4 5 3 2 . 2 6 9 4 ( 0 . 0 3 5 1 ) 1 0 7 . 9 0 1 1G 2 . 0 7 9 
f 1 7 4 5 3 2 . 2 5 8 6 ( 1 . 0 ) 1 7 4 5 3 2 . 2 6 8 4 ( 0 . 0 0 5 1 ) - 0 . 0 0 9 8 1 0 7 . 9 0 1 1 0 2 . 0 7 9 

1 1 7 4 5 4 8 . 9 6 9 6 ( 0 . 0 0 6 0 ) 1 2 7 . 8 8 4 1 2 2 . 0 6 2 
/ 1 7 4 5 4 8 . 9 8 5 0 ( 1 . 0 ) 1 7 4 5 4 8 . 9 6 9 5 ( 0 . 0 0 6 0 ) 0 . 0 1 5 5 1 2 7 . 8 8 4 1 2 2 . 0 6 2 

( 1 7 4 5 8 2 . 3 5 8 0 ( 0 . 0 3 6 9 ) 1 5 0 . 8 9 6 1 4 5 . C 7 3 
f 1 7 4 5 8 2 . 3 4 7 8 ( 1 . 3 ) 1 7 4 5 8 2 . 3 5 8 0 ( 0 . 0 0 6 9 ) - 0 . 0 1 0 2 1 5 0 . 8 9 6 1 4 5 . 0 7 3 

t 1 7 4 6 2 8 . 2 5 0 5 ( 0 . 0 0 7 6 ) 1 7 6 . 9 1 7 1 7 1 . 0 9 2 
j 1 7 4 6 2 8 . 2 3 9 4 ( 1 . 0 ) 1 7 4 6 2 8 . 2 5 0 5 ( c . 0 0 7 6 ) - 0 . 0 1 1 1 1 7 6 . 9 1 7 1 7 1 . 0 9 2 

I 1 7 4 6 3 4 . 5 1 4 8 ( 0 . 0 0 8 1 ) 2 0 5 . 9 2 4 2 0 0 . 0 9 7 
f 1 7 4 6 8 4 . 5 3 9 3 ( 1 . 0 ) 1 7 4 6 8 4 . 5 1 4 3 ( 0 . 0 0 8 1 ) 0 . 0 2 4 5 2 0 5 . 9 2 4 2 0 0 . 0 9 7 
\ 1 7 4 7 4 9 . 9 8 1 3 ( 0 . 0 0 8 7 ) 2 3 7 . 8 9 2 2 3 2 . 0 6 3 
f 1 7 4 7 4 9 . 9 9 7 5 ( 1 . 0 ) 1 7 4 7 4 9 . 9 8 1 0 ( 0 . 0 0 8 7 ) 0 . 0 1 6 5 2 3 7 . 8 9 2 2 3 2 . 0 6 3 

) 1 7 4 8 2 3 . 9 7 4 7 ( 0 . 0 1 0 4 ) 2 7 2 . 7 9 3 2 6 6 . 9 6 1 
f 1 7 4 8 2 3 . 9 6 8 1 ( 1 . 0 ) 1 7 4 8 2 3 . 9 7 4 7 ( 0 . 0 1 0 4 ) - 0 . 0 0 6 6 2 7 2 . 7 9 3 2 6 6 . 9 6 1 

i 1 7 4 9 0 6 . 0 9 5 9 ( 0 . 0 1 4 1 ) 3 1 0 . 5 9 8 3 0 4 . 7 6 4 
/ 1 7 4 9 0 6 . 0 6 7 4 ( 1 . 0 ) 1 7 4 9 0 6 . 0 9 5 9 ( 0 . 0 1 4 1 ) - 0 . 0 2 8 5 3 1 0 . 5 9 8 3 0 4 . 7 6 4 \ 1 7 4 9 9 6 . 1 0 6 0 ( 0 . 0 2 0 6 ) 3 5 1 . 2 7 6 3 4 5 . 4 3 3 
/ 1 7 4 9 9 5 . 9 3 2 0 ( 0 . 0 ) 1 7 4 9 9 6 . 1 3 6 0 ( 0 . 0 2 0 6 ) - 0 . 1 2 4 0 3 5 1 . 2 7 6 3 4 5 . 4 3 8 

\ 1 7 5 0 9 3 . 8 6 7 1 ( 0 . 0 3 0 2 ) 3 9 4 . 7 9 1 3 8 8 . 9 5 1 
j 1 7 5 0 9 3 . 6 6 4 3 ( 0 . 0) 1 7 5 Ö 9 3 . 8 6 7 1 ( 0 . 0 3 0 2 ) - 0 . 2 0 2 8 3 9 4 . 7 9 1 3 8 8 . 9 5 1 ( 1 7 5 1 9 9 . 3 0 6 9 ( 0 . 0 4 3 0 ) 4 4 1 . 1 1 0 4 3 5 . 2 6 6 
{ 1 7 5 1 9 8 . 9 5 5 1 ( 0 . 0 ) 1 7 5 1 9 9 . 3 0 6 9 ( 0 . 0 4 3 0 ) - 0 . 3 5 1 8 4 4 1 . 1 1 0 4 3 5 . 2 6 6 

5 1 7 . 5 9 5 4 ( 0 . 0 0 0 2 ) 1 . 8 9 7 1 . 3 7 9 
1 5 5 2 . 7 5 9 7 { 0 . 0 0 0 5 ) 2 . 5 9 8 2 . 5 4 6 
3 1 0 5 . 4 1 7 7 ( 0 . 0 3 1 0 ) 3 . 6 5 0 3 . 5 4 7 
5 1 7 5 . 3 9 9 6 ( 0 . 0 3 1 7 ) 5 . 0 5 3 4 . 8 8 0 
7 7 6 2 . 3 7 3 5 ( 0 . 0 3 2 4 ) 6 . 8 0 6 6 . 5 4 7 

1 C 8 6 5 . 7 6 0 5 ( 1 . 0 ) 1 0 8 6 5 . 7 5 4 8 ( 0 . 0 0 3 2 ) 0 . 0 0 5 7 8 . 9 0 9 8 . 5 4 6 
1 4 4 8 4 . 5 9 8 0 ( 1 . 0) 1 4 4 3 4 . 5 9 3 9 ( 0 . 0 0 4 1 ) 0 . 0 0 4 1 1 1 . 3 6 2 1 0 . 8 7 9 
1 8 6 1 7 . 7 3 0 0 ( 0 . 0 ) 1 8 6 1 7 . 4 4 1 9 ( 0 . 0 0 4 9 ) 0 . 2 8 8 1 1 4 . 1 6 5 1 3 . 5 4 4 

2 3 2 6 2 . 1 9 5 8 ( 0 . 0 0 5 8 ) 1 7 . 3 1 7 1 6 . 5 4 1 
2 8 4 1 5 . 9 2 3 5 ( 0 . 0 0 6 6 ) 2 0 . 8 1 7 1 9 . 8 6 9 
3 4 0 7 4 . 6 7 1 0 ( 0 . 0 0 7 4 ) 2 4 . 6 6 7 2 3 . 5 3 0 

O 



TABLE I. OBSERVED AND CALCULATED FREQUENCIES OF VINYL ISOCYANIDE IN MHz (CONT INUE 0) 

T R A N S I T I O N O B S E R V E O C A L C U L A T E D F R E Q U E N C Y O B S . - C A L C . ENERGY L E V E L S I N C M - : 
U P P F R LOWER F R E Q U E N C Y ( S T A N D A R D D E V I A T I O N ) U P P E R LOWER 
S T A T E S T A T E ( W E I G H T ) S T A T E S T A T E 

8 ( 2 , 6 » _ 8 ( 2 , 7 ) 9 0 5 . 4 9 6 3 ( 0 . 0 0 1 1 ) 1 8 . 5 2 5 1 8 . 4 9 4 
9 ( 2 . 7) - 9 ( 2 , 8 ) 1 4 1 9 . 1 2 8 3 ( 0 . 0 0 1 5 ) 2 1 . 6 1 8 2 1 . 5 7 1 

1 0 ( 2 . 8 ) - 1 0 ( 2 , 9 ) 2 1 2 1 . 0 8 2 1 ( 0 . 0 0 2 1 ) 2 5 . 0 5 9 2 4 . 9 8 8 
1 1 ( 2 , 9 ) - 1 1 ( 2 , 1 0 ) 3 0 4 9 . 5 3 1 9 ( 0 . 0 0 2 8 ) 2 8 . 8 4 8 2 8 . 7 4 6 
1 2 ( 2 , 1 0 ) - 1 2 ( 2 , 1 1 ) 4 2 4 4 . 1 6 4 1 ( 0 . 0 3 3 6 ) 3 2 . 9 8 6 3 2 . 8 4 4 
1 3 ( 2 , 1 1 ) - 1 3 ( 2 , 1 2 ) 5 7 4 5 . 2 1 4 8 ( 0 . 0 3 4 4 ) 3 7 . 4 7 4 3 7 . 2 8 3 
1 4 ( 2 , 1 2 ) - 1 4 < 2 , 1 3 ) 7 5 9 2 . 4 0 4 6 ( 0 . 0 0 5 2 ) 4 2 . 3 1 4 4 2 . 0 6 1 
1 5 ( 2 , 1 3 ) - 1 5 ( 2 , 1 4 ) 9 8 2 3 , 8 4 1 5 ( 1 . 0 ) 9 8 2 3 . 8 3 6 1 ( 0 . 0 0 5 9 ) 0 . 0 0 5 4 4 7 . 5 0 6 4 7 . 1 7 9 
1 6 ( 2 , 1 4 ) - 1 6 ( 2 , 1 5 ) 1 2 4 7 4 . 9 3 5 5 ( 1 . 0 ) 1 2 4 7 4 . 9 3 1 8 ( 0 . 0 3 6 5 ) 0 . 0 0 3 7 5 3 . 0 5 2 5 2 . 6 3 5 
1 7 ( 2 , 1 5 ) - 1 7 ( 2 , 1 6 ) 1 5 5 7 7 . 4 9 8 5 ( 1 . 0 ) 1 5 5 7 7 . 4 9 7 4 ( 0 . 0 0 6 9 ) 0 . 0 0 1 1 5 8 . 9 5 1 5 8 . 4 3 1 
1 8 ( 2 , 1 6 ) - 1 8 ( 2 , 1 7 ) 1 9 1 5 8 . 9 8 1 7 ( 0 . 0 0 7 2 ) 6 5 . 2 0 4 6 4 . 5 6 5 
1 9 ( 2 , 1 7 ) - 1 9 ( 2 , 1 8 ) 2 3 2 4 1 . 9 8 2 0 ( 0 . 0 0 7 5 ) 7 1 . 8 1 1 7 1 . 0 3 6 

1 7 ( 3 , 1 4 ) _ 1 7 ( 3 , 1 5 ) 8 6 2 . 2 2 5 9 ( 0 . 0 3 2 7 ) 6 6 . 3 3 6 6 6 . 3 0 7 
1 8 ( 3 , 1 5 ) - 1 8 ( 3 , 1 6 ) 1 2 0 1 . 9 4 8 0 ( 0 . 0 0 3 4 ) 7 2 . 5 1 6 7 2 . 4 7 6 
1 9 ( 3 , 1 6 ) - 1 9 ( 3 , 1 7 ) 1 6 4 4 . 4 2 4 3 ( 0 . 0 0 4 1 ) 7 9 . 0 4 4 7 8 . 9 8 9 

2 0 C 3 , 1 7 ) 2 0 ( 3 , 1 8 ) 2 2 1 1 . 9 1 8 7 ( 0 . 0 3 4 9 ) 8 5 . 9 1 8 8 5 . 8 4 ^ 
2 1 ( 3 , 1 8 ) - 2 1 ( 3 , 1 9 ) 2 9 2 9 . 5 0 2 4 ( 0 . 0 0 5 7 ) 9 3 . 1 4 1 9 3 . 0 4 4 
2 2 ( 3 , 1 9 ) - 2 2 ( 3 , 2 0 ) 3 8 2 5 . 0 0 1 2 ( 0 . 0 3 6 4 ) 1 0 0 . 7 1 3 1 0 0 . 5 8 6 
2 3 ( 3 , 2 0 ) - 2 3 ( 3 , 2 1 ) 4 9 2 8 . 8 3 9 0 ( 0 . 0 3 7 0 ) 1 0 8 . 6 3 5 1 0 8 . 4 7 1 
2 4 ( 3 , 2 1 ) - 2 4 ( 3 , 2 2 ) 6 2 7 3 . 7 6 0 3 ( 0 . 0 0 7 4 ) 1 1 6 . 9 0 8 1 1 6 . 6 9 8 
2 5 ( 3 , 2 2 ) - 2 5 ( 3 , 2 3 ) 7 8 9 4 . 4 2 2 4 ( 0 . 0 0 7 5 ) 1 2 5 . 5 3 2 1 2 5 . 2 6 8 
2 6 ( 3 , 2 3 ) - 2 6 1 3 , 2 4 ) 9 8 2 6 . 8 4 9 0 ( 1 . 0 ) 9 8 2 6 . 8 5 1 7 ( 0 . 0 3 7 4 ) - 0 . 0 0 2 7 1 3 4 . 5 0 9 1 3 4 . 1 8 1 
2 7 ( 3 , 2 4 ) - 2 7 ( 3 , 2 5 ) 1 2 1 0 7 . 7 6 8 5 ( 1 . 0 ) 1 2 1 0 7 . 7 7 0 5 ( 0 . 0 3 7 1 ) - 0 . 0 0 2 0 1 4 3 . 8 3 9 1 4 3 . 4 3 5 
2 8 ( 3 , 2 5 ) - 2 8 ( 3 , 2 6 ) 1 4 7 7 3 . 7 7 7 0 ( 1 . 0 ) 1 4 7 7 3 . 8 1 4 3 ( 0 . 0 0 7 0 ) - 0 . 0 3 7 3 1 5 3 . 5 2 4 1 5 3 . 0 3 1 
2 9 ( 3 , 2 6 ) - 2 9 ( 3 , 2 7 ) 1 7 8 6 0 . 6 6 2 5 ( 1 . 0 ) 1 7 8 6 0 . 6 7 0 7 ( 0 . 0 0 7 6 ) - 0 . 0 0 8 2 1 6 3 . 5 6 5 1 6 2 . 9 6 9 

3 7 ( 4 , 3 3 ) _ 3 7 < 4 , 3 4 ) 8 1 6 6 . 5 6 0 0 ( 1 . 0 ) 8 1 6 6 . 5 5 4 0 ( 0 . 0 0 7 9 ) 0 . 0 0 6 0 2 6 6 . 0 7 1 2 6 5 . 7 9 9 
3 8 ( 4 , 3 4 ) - 3 8 ( 4 , 3 5 ) 9 9 3 8 . 6 3 6 0 ( 1 . 0 ) 9 9 3 8 . 6 3 4 3 ( , 0 . 0 0 7 5 ) 0 . 0 0 1 7 2 7 9 . 1 7 9 2 7 8 . 8 4 8 
3 9 ( 4 , 3 5 ) - 3 9 ( 4 , 3 6 ) 1 2 0 1 3 . 5 0 1 0 ( 1 . 0 ) 1 2 0 1 3 . 4 9 8 3 ( 0 . 0 0 7 9 ) 0 . 0 0 2 7 2 9 2 . 6 4 0 2 9 2 . 2 3 9 
4 0 ( 4 , 3 6 ) - 4 0 ( 4 , 3 7 ) 1 4 4 2 6 . 0 0 0 5 ( 1 . 0 ) 1 4 4 2 5 . 9 8 9 3 ( 0 . 0 0 9 7 ) 0 . 0 1 1 2 3 0 6 . 4 5 6 3 0 5 . 9 7 5 
4 1 ( 4 , 3 7 ) - 4 1 ( 4 , 3 8 ) 1 7 2 1 1 . 7 2 3 5 ( 1 . 0 ) 1 7 2 1 1 . 7 1 7 8 ( 0 . 0 1 2 8 ) 0 . 0 0 5 7 3 2 0 . 6 2 7 3 2 0 . 0 5 3 

5 0 ( 5 , 4 5 ) 5 0 ( 5 , 4 6 ) 8 9 2 3 . 0 1 7 5 ( 1 . 0 ) 8 9 2 3 • 0 1 6 4 ( 0 . 0 1 3 0 ) 0 . 0 0 1 1 4 7 6 . 2 5 8 4 7 5 . 9 6 0 
5 1 ( 5 , 4 6 ) - 5 1 ( 5 , 4 7 ) 1 0 6 7 4 . 1 0 6 0 ( 1 . 0 ) 1 0 6 7 4 . 1 2 6 7 ( 0 . 0 1 2 0 ) - 0 . 0 2 0 7 4 9 3 . 8 3 9 4 9 3 . 4 8 3 
5 2 ( 5 , 4 7 ) - 5 2 ( 5 , 4 8 ) 1 2 7 0 5 . 6 0 3 5 ( 1 . 0 ) 1 2 7 0 5 . 6 0 2 5 ( 0 . 0 1 0 9 ) 0 . 0 0 1 0 5 1 1 . 7 7 2 5 1 1 . 3 4 9 
5 3 ( 5 , 4 8 ) - 5 3 ( 5 , 4 9 ) 1 5 0 4 9 . 7 8 0 5 ( 1 . 0 ) 1 5 0 4 9 . 7 8 8 4 ( 0 . 0 1 2 3 ) - 0 . 0 0 7 9 5 3 0 . 0 6 0 5 2 9 . 5 5 8 

5 4 ( 5 , 4 9 ) - 5 4 ( 5 , 5 0 ) 1 7 7 4 0 . 3 8 4 0 ( 1 . 0 ) 1 7 7 4 0 . 3 7 9 6 ( 0 . 0 1 9 8 ) 0 . 0 0 4 4 5 4 8 . 7 0 3 5 4 8 . 1 1 2 

REMARKS 

O 

* * B T Y P E P BRANCH * * 

1 ( 1 , 1 ) - 2 ( 0 , 2 ) 2 5 5 8 2 . 8 3 0 0 ( 1 . 0 ) 2 5 5 8 2 . 8 8 0 8 ( 0 . 0 3 3 0 ) - 0 . 0 5 0 8 1 . 8 7 9 1 . 0 2 6 a 

2 ( 1 , 2 ) - 3 ( 0 , 3 ) 1 4 8 2 7 . 6 ; 0 0 ( 1 . 0 ) 1 4 8 2 7 . 6 3 0 8 ( 0 . 0 3 2 9 ) - 0 . 0 0 0 8 2 . 5 4 6 2 . 0 5 2 
3 ( 1 , 3 ) - 4 ( 0 , 4 ) 3 8 3 7 . 2 8 6 8 ( 0 . 0 0 3 0 ) 3 . 5 4 7 3 . 4 1 9 
5 ( 0 , 5 ) - 4 ( 1 , 4 ) 7 3 7 3 » 9 8 8 9 ( 0 . 0 0 3 2 ) 5 . 1 2 6 4 . 8 8 0 
6 ( o , 6 ) - 5 ( 1 , 5 ) 1 8 7 8 8 . 9 2 0 0 ( 0 . 0 ) 1 8 7 8 8 . 8 2 6 5 ( 0 . 0 0 3 5 ) 0 . 0 9 3 5 7 . 1 7 4 6. 5 4 7 a 
7 ( 0 , 7 ) - 6 ( 1 , 6 ) • 3 0 3 8 6 . 7 5 0 0 ( 1 . 0 ) 3 0 3 8 6 . 7 4 0 4 ( 0 . 0 3 3 7 ) 0. 0 0 9 6 9 . 5 6 0 8 . 5 4 6 a 

8 ( 0 , 8 ) - 7 ( 1 , 7 ) 4 2 1 4 4 . 3 0 1 6 ( 0 . 0 0 4 0 ) 1 2 . 2 8 5 1 0 . 8 7 9 
9 ( 0 , 9 ) - 8 ( 1 , 8 ) 5 4 0 3 5 . 4 1 6 5 ( 0 . 0 0 4 3 ) 1 5 . 3 4 6 1 3 . 5 4 4 

1 0 ( 0 , 1 0 ) - 9 ( 1 , 9 ) 6 6 0 3 1 . 7 3 8 3 ( 0 . 0 0 4 5 ) 1 8 . 7 4 3 1 6 . 5 4 1 
1 1 ( 0 , 1 1 ) - 1 0 ( 1 , 1 0 ) 7 8 1 0 3 . 2 2 7 5 ( 0 . 0 0 4 7 ) 2 2 . 4 7 5 1 9 . 3 6 9 
1 2 ( 0 , 1 2 ) - 1 1 ( 1 . 1 1 ) 9 0 2 1 8 . 8 9 8 7 ( 1 . 0 ) 9 0 2 1 8 . 8 6 3 4 ( 0 . 0 3 4 8 ) 0 . 0 3 5 3 2 6 . 5 3 9 2 3 . 5 3 0 

9 ( 2 , 8 ) _ 1 0 ( 1 , 9 ) 2 2 5 3 4 . 5 4 4 7 ( 0 . 0 3 7 8 ) 2 1 . 5 7 1 2 0 . 8 1 7 



TABLE I. OBSERVED AND CALCULATED FREQUENCIES OF VINYL ISOCYANIDE IN MHz (CONT INUE 0) 

T R A N S I T I O N 
U P P E R LOWER 
S T A T E S T A T E 

O B S E R V E D 
F R E Q U E N C Y 
( W E I G H T ) 

C A L C U L A T E D F R E Q U E N C Y 
( S T A N D A R D D F V I A T I O N ) 

O B S . - C A L C . E N E R G Y L E V E L S I N C M - 1 
U P P E R L O W E R 
S T A T E S T A T E 

REMARK» 

1 0 ( 2 , 9 ) - 1 1 ( 1 1 0 ) 9 6 3 1 . 6 1 5 0 ( 1 . 0 ) 9 6 3 1 . 6 1 9 9 ( 0 . 0 3 7 9 ) - 0 . 0 0 4 9 2 4 . 9 8 8 2 4 . 6 6 7 
1 2 ( 1 , 1 1 ) - 1 1 ( 2 1 0 ) 3 5 3 7 . 5 9 0 3 ( 0 . 0 0 8 0 ) 2 8 . 8 6 4 2 8 . 7 4 6 
1 3 ( 1 , 1 2 ) - 1 2 ( 2 1 1 ) 1 6 9 1 4 . 5 0 5 5 ( 1 . 0 ) 1 6 9 1 4 . 5 0 5 6 ( 0 . 0 3 8 1 ) - 0 . 0 0 0 1 3 3 . 4 0 8 3 2 . 8 4 4 
1 4 ( 1 , 1 3 ) - 1 3 ( 2 1 2 ) 3 0 4 3 9 . 2 6 5 2 ( 0 . 0 0 3 3 ) 3 8 . 3 0 0 3 7 . 2 8 3 
1 5 ( 1 , 1 4 ) - 1 4 ( 2 1 3 ) 4 4 2 5 0 . 5 8 5 3 ( 0 . 0 0 8 5 ) 4 3 . 5 3 7 4 2 . 0 6 1 

2 0 ( 1 , 1 9 ) - 1 9 ( 2 1 8 ) 1 1 5 3 4 3 . 9 0 0 7 ( 1 . 0 ) 1 1 5 3 4 3 . 9 2 3 7 ( 0 . 0 1 2 3 ) - 0 . 0 2 3 0 7 4 . 8 8 4 7 1 . 0 3 6 

1 7 ( 2 , 1 5 ) _ 1 8 ( 1 1 8 ) 1 6 2 3 9 . 7 5 1 5 ( 1 . 0 ) 1 6 2 3 9 . 7 4 5 3 ( 0 . 0 0 9 6 ) 0 . 0 0 6 2 5 8 . 9 5 1 5 8 . 4 0 9 
1 8 ( 2 , 1 6 ) - 1 9 ( 1 1 9 ) 1 4 8 2 1 . 3 6 6 0 ( 1 . 0 ) 1 4 3 2 1 . 3 5 2 2 ( 0 . 0 3 9 6 ) 0 . 0 1 3 8 6 5 . 2 0 4 6 4 . 7 0 9 
1 9 ( 2 , 1 7 ) - 2 0 ( 1 2 0 ) 1 4 1 8 7 . 6 7 4 5 ( 1 . 0 ) 1 4 1 8 7 . 6 8 6 1 ( 0 . 0 3 9 6 ) - 0 . 0 1 1 6 7 1 . 8 1 1 7 1 . 3 3 8 
2 0 ( 2 , 1 8 ) - 2 1 ( 1 2 1 ) 1 4 3 5 2 . 8 5 1 0 ( 1 . 0 ) 1 4 3 5 2 . 8 5 1 5 ( 0 . 0 0 9 8 ) - 0 . 0 0 0 5 7 8 . 7 7 4 7 8 . 2 9 5 
2 1 ( 2 , 1 9 ) - 2 2 ( 1 2 2 ) 1 5 3 2 4 . 9 9 4 1 ( 0 . 0 1 1 2 ) 8 6 . 0 9 1 8 5 . 5 8 0 
2 2 ( 2 , 2 0 ) - 2 3 ( 1 2 3 ) 1 7 1 0 6 . 5 0 6 0 ( 1 . 0 ) 1 7 1 0 6 . 5 1 1 6 ( 0 . 0 1 4 8 ) - 0 . 0 0 5 6 9 3 . 7 6 2 9 3 . 1 9 2 
2 3 ( 2 , 2 1 ) - 2 4 ( 1 2 4 ) 1 9 6 9 4 . 4 1 9 0 ( 0 . 0 2 1 8 ) 1 0 1 . 7 8 7 1 0 1 . 1 3 0 

1 3 ( 3 , 1 0 ) - 1 4 ( 2 1 3 ) 9 0 1 7 3 . 3 4 0 9 ( 1 . 0 ) 9 0 1 7 3 . 8 1 2 4 ( 0 . 0 1 4 2 ) 0 . 0 2 8 5 4 5 . 0 6 9 4 2 . 0 6 1 

2 2 ( 3 , 1 9 ) _ 2 3 ( 2 2 2 ) 1 2 6 6 3 . 3 1 4 ^ ( 1 . 0 ) 1 2 6 6 3 . 3 1 8 3 ( 0 . 0 3 7 1 ) - 0 . 0 0 3 8 1G 0 . 7 1 3 1 C 0 . 2 9 1 
2 3 ( 3 , 2 0 ) - 2 4 ( 2 2 3 ) 5 7 2 0 • 4 7 4 6 ( 0 . 0 0 7 0 ) 1 0 8 . 6 3 5 1 0 3 . 4 4 4 
2 5 ( 2 , 2 4 ) - 2 4 ( 3 2 1 ) 7 4 4 . 2 9 8 7 ( 0 . 0 3 7 5 ) 1 1 6 . 9 3 2 1 1 6 . 9 0 8 
2 6 ( 2 , 2 5 ) - 2 5 ( 3 2 2 ) 6 6 8 6 . 7 1 7 9 ( 0 . 0 3 8 6 ) 1 2 5 . 7 5 5 1 2 5 . 5 3 2 
2 7 ( 2 , 2 7 ) - 2 6 ( 3 2 3 ) 1 2 0 6 2 . 0 5 2 5 ( 1 . 0 ) 1 2 0 6 2 . 0 4 4 6 ( 0 . 0 1 0 6 ) 0 . 0 0 7 9 1 3 4 . 9 1 1 1 3 4 . 5 0 9 
2 8 ( 2 , 2 7 ) - 2 7 ( 3 2 4 ) 1 6 8 2 5 . 8 2 6 0 ( 1 . 0 ) 1 6 3 2 5 . 8 2 5 6 ( 0 . 0 1 3 5 ) 0 . 0 0 0 4 1 4 4 . 4 0 1 1 4 3 . 8 3 9 

2 8 ( 4 , 2 5 ) - 2 9 ( 3 2 6 ) 8 4 1 0 . 3 9 5 0 ( 1 . 0 ) 8 4 1 0 . 3 9 8 8 ( 0 . 0 1 4 4 ) - 0 . 0 0 3 8 1 6 3 . 8 4 5 1 6 3 . 5 6 5 

3 0 ( 4 , 2 6 ) _ 3 1 ( 3 2 9 ) 8 4 2 7 . 5 3 5 0 ( 1 . 0 ) 8 4 2 7 . 5 4 5 6 ( 0 . 0 1 1 3 ) - 0 . 0 1 0 6 1 3 4 . 1 4 7 1 8 3 . 8 6 6 
2 9 ( 4 , 2 5 ) - 3 0 ( 3 2 8 ) 1 7 7 4 2 . 8 3 5 5 ( 1 . 0 ) 1 7 7 4 2 . 8 4 3 9 ( 0 . 0 1 1 9 ) - 0 . 0 0 8 4 1 7 3 . 8 3 9 1 7 3 . 2 4 7 
3 3 ( 3 , 3 1 ) - 3 2 ( 4 2 8 ) 9 4 9 7 . 7 6 0 5 ( 1 . 0 ) 9 4 9 7 . 7 7 2 4 ( 0 . 0 1 2 7 ) - 0 . 0 1 1 9 2 3 6 . 1 2 3 2 C 5 . 3 0 7 

3 7 ( 5 , 3 3 ) _ 3 8 ( 4 3 4 ) 1 0 4 8 8 . 2 4 4 5 ( 1 . 0 ) 1 0 4 8 8 . 2 4 8 1 ( 0 . 0 1 3 8 ) - 0 . 0 0 3 6 2 7 9 . 5 2 9 2 7 9 . 1 7 9 
4 0 ( 4 , 3 6 ) - 3 9 ( 5 3 5 ) 1 4 9 7 1 . 3 0 5 5 ( 1 . 0 ) 1 4 9 7 1 . 7 9 9 0 ( 0 . 0 1 4 4 ) 0 . 0 0 6 5 3 0 6 . 4 5 6 3 0 5 . 9 5 6 

3 8 ( 5 , 3 3 ) _ 3 9 ( 4 3 6 ) 1 0 5 9 1 . 0 7 4 0 ( 1 . 0 ) 1 0 5 9 1 . 0 6 2 4 ( 0 . 0 1 4 8 ) 0 . 0 1 1 6 2 9 2 . 5 9 3 2 9 2 . 2 3 9 
4 1 ( 4 , 3 8 ) - 4 0 ( 5 3 5 ) 9 8 4 7 . 5 9 6 5 ( 1 . 0 ) 9 8 4 7 . 5 9 7 4 ( 0 . 0 1 9 4 ) - 0 . 0 0 0 9 3 2 0 . 0 5 3 3 1 9 . 7 2 4 

4 6 ( 6 , 4 1 ) _ 4 7 ( 5 4 2 ) 1 1 3 4 0 . 4 1 2 0 ( 0 . 0 ) 1 1 3 4 0 . 4 5 8 6 ( 0 . 0 9 3 4 ) - 0 . 0 4 6 6 4 2 6 . 0 0 6 4 2 5 . 6 2 3 
4 9 ( 5 , 4 4 ) - 4 8 ( 6 4 3 ) 1 2 7 8 3 . 3 0 7 5 ( 0 . 0 ) 1 2 7 8 3 . 7 2 2 5 ( 0 . 0 9 2 2 ) 0 . 0 8 5 0 4 5 9 . 0 3 0 4 5 8 . 6 0 3 

4 6 ( 6 , 4 0 ) _ 4 7 ( 5 4 3 ) 1 6 6 5 2 . 6 2 1 0 ( 0 . 0 ) 1 6 6 5 2 . 6 5 8 0 ( 0 . 0 9 1 2 ) - 0 . 0 3 7 0 4 2 6 . 0 1 5 4 2 5 . 4 5 9 
5 0 ( 5 , 4 6 ) - 4 9 { 6 4 3 ) 1 5 7 0 7 . 7 4 8 0 ( 0 . 0 ) 1 5 7 0 7 . 6 4 3 7 ( 0 . 1 0 0 3 ) 0 . 1 0 4 3 4 7 5 . 9 6 0 4 7 5 . 4 3 6 

* * P T Y P E Q BRANCH * * 

1 ( 1 , 0 ) _ 1 ( 0 , 1 ) 4 6 6 0 7 . 2 4 0 4 ( c . 0 0 3 4 ) 1 . 8 9 7 0 . 3 4 2 
2 ( 1 , 1 ) - 2 ( 1 , 2 ) 4 7 1 2 9 . 5 5 6 7 ( 0 . 0 0 3 4 ) 2 . 5 9 8 1. 0 2 6 
3( 1 , 2 ) - 3 ( 0 , 3 ) 4 7 9 2 1 . 1 1 1 9 ( 0 . 0 3 3 4 ) 3 . 6 5 0 2. 0 5 2 
4 ( 1 , 3 ) - 4 ( 0 , 4 ) 4 8 9 9 1 . 5 5 6 7 ( 0 . 0 0 3 4 ) 5 . 0 5 3 3 . 4 1 9 
5 ( 1 , <*) - 5 ( 0 , 5 ) 5 0 3 5 3 . 6 6 1 3 ( 0 . 0 0 3 5 ) 6 . 8 0 6 5 . 126 
6 ( 1 , 5 ) - 6 ( 0 , 6 ) 5 2 0 2 3 . 1 9 9 2 ( 0 . 0 0 3 7 ) 8 . 9 0 9 7 . 1 7 4 
7 ( 1 , 6 ) - 7 ( 0 , 7 ) 5 4 0 1 8 . 7 4 7 7 ( 0 . 0 0 3 9 ) 1 1 . 3 6 2 9 . 5 6 0 
8 ( 1 , 7 ) - 8 ( 0 , 8 ) 5 6 3 6 1 . 3 9 7 1 ( 0 . 0 0 4 2 ) 1 4 . 1 6 5 1 2 . 2 3 5 
9 ( 1 , 8 ) - 9 ( 0 » 9 ) 5 9 0 7 4 . 3 2 3 4 ( 0 . 0 3 4 5 ) 1 7 . 3 1 7 1 5 . 3 4 6 



TABLE I. OBSERVED AND CALCULATED FREQUENCIES OF VINYL ISOCYANIDE IN MHz (CONT INUE 0) 
T R A N S I T I O N O B S E R V E D C A L C U L A T E D F R E Q U E N C Y O B S . - C A L C . E N E R G Y L E V E L S I N C M - : 

U P P E R L O W E R F R E Q U E N C Y ( S T A N O A R O D E V I A T I O N ) U P P E R L O W E R 
S T A T E S T A T E ( W E I G H T ) S T A T E ST A T E 

1 0 ( 1 » 9 ) - 1 0 F 0 , 1 0 ) 6 2 1 8 2 . 2 1 1 4 ( 0 . 0 0 4 9 ) 2 0 . 8 1 7 1 8 . 7 4 3 
1 1 < 1 , 1 0 » - I K 0 , 1 1 ) 6 5 7 1 0 . 5 0 7 9 ( 0 . 0 0 5 3 ) 2 4 . 6 6 7 2 2 . 4 7 5 
1 2 ( 1 . 1 1 ) - 1 2 { 0 , 1 2 ) 6 9 6 8 4 . 5 2 7 2 ( 1 . 0 ) 6 9 6 8 4 . 5 0 7 9 ( 0 . 0 0 5 8 ) 0 . 0 1 9 3 2 8 . 8 6 4 2 6 . 5 3 9 

1 6 ( 1 , 1 5 ) - 1 6 ( 0 , 1 6 ) 9 0 4 7 6 . 4 0 6 4 ( 1 . 0 ) 9 0 4 7 6 . 4 0 5 5 ( 0 . 0 0 8 0 ) 0 . 0 0 0 9 4 9 . 1 2 0 4 6 . 1 0 2 

2 3 ( 1 , 2 2 ) - 2 3 ( 0 , 2 3 ) 1 4 6 6 8 9 . 7 1 5 2 ( 1 . 0 ) 1 4 6 6 8 9 . 7 0 8 3 ( 0 . 0 1 6 8 ) 0 . 0 0 6 9 9 7 . 7 8 1 9 2 . 8 8 8 

1 1 ( 2 , 9 ) - 1 1 ( 1 , 1 0 ) 1 2 5 3 4 0 . 6 2 2 7 ( 1 . 0 ) 1 2 5 3 4 0 . 6 4 1 9 ( 0 . 0 0 6 9 ) - 0 . 0 1 9 2 2 8 . 8 4 8 2 4 . 6 6 7 
1 2 ( 2 , 1 0 ) - 1 2 ( 1 , 1 1 ) 1 2 3 5 7 2 . 1 7 7 2 ( 1 . 0 ) 1 2 3 5 7 2 . 1 8 6 5 ( 0 . 0 0 6 8 ) - 0 . 0 0 9 3 3 2 . 9 8 6 2 8 . 8 6 4 
1 3 ( 2 , 1 1 ) - 1 3 ( 1 , 1 2 ) 1 2 1 8 9 3 . 2 6 0 5 ( 1 . 0 ) 1 2 1 8 9 3 . 2 2 8 0 ( 0 . 0 0 6 7 ) 0 . 0 3 2 5 3 7 . 4 7 4 3 3 . 4 0 8 
1 4 ( 2 , 1 2 ) - 1 4 ( 1 , 1 3 ) 1 2 0 3 5 2 . 6 3 3 8 ( 1 . 0 ) 1 2 0 3 5 2 . 6 2 6 1 ( 0 . 0 3 6 6 ) 0 . 0 0 7 7 4 2 . 3 1 4 3 8 . 3 0 0 
1 5 ( 2 , 1 3 ) - 1 5 ( 1 , 1 4 ) 1 1 8 9 9 9 . 0 6 4 5 ( 1 . 0 ) 1 1 8 9 9 9 . 0 6 2 1 ( 0 . 0 0 6 6 ) 0 . 0 0 2 4 4 7 . 5 0 6 4 3 . 5 3 7 
1 6 C 2 , 1 4 ) - 1 6 ( 1 , 1 5 » 1 1 7 8 8 0 . 1 2 0 4 ( 1 . 0 ) 1 1 7 * 8 0 . 1 2 3 4 ( 0 . 0 0 6 6 ) - 0 . 0 0 3 0 5 3 . 0 5 2 4 9 . 1 2 0 
1 7 ( 2 , 1 5 ) - 1 7 ( 1 , 1 6 ) 1 1 7 0 4 1 . 0 5 8 9 ( 0 . 0 ) 1 1 7 0 4 1 . 5 0 7 4 ( 0 . 0 0 6 6 ) - 0 . 4 4 8 5 5 8 . 9 5 1 5 5 . 0 4 6 
1 8 ( 2 , 1 6 ) - 1 8 C 1 , 1 7 ) 1 1 6 5 2 6 . 3 4 0 0 ( 1 . 0 ) 1 1 6 5 2 6 . 4 0 8 6 ( 0 . 0 0 6 5 ) - 0 . 0 6 8 6 6 5 . 2 0 4 6 1 . 3 1 7 
1 9 ( 2 , 1 7 ) - 1 9 ( 1 , 1 8 ) 1 1 6 3 7 5 . 1 7 3 0 ( 1 . 0 ) 1 1 6 3 7 5 . 1 2 6 4 ( 0 . 0 3 6 4 ) 0 . 0 4 6 6 7 1 . 8 1 1 6 7 . 9 3 0 

2 0 ( 2 , 1 8 ) - 2 0 ( 1 , 1 9 ) 1 1 6 6 2 4 . 9 2 5 7 ( 1 . 0 ) 1 1 6 6 2 4 . 8 9 8 4 ( 0 . 0 3 6 2 ) 0 . 0 2 7 3 7 8 . 7 7 4 7 4 . 8 8 4 
2 1 ( 2 , 1 9 ) - 2 1 ( 1 , 2 0 ) 1 1 7 3 0 9 . 8 7 9 8 ( 1 . 0 ) 1 1 7 3 0 9 . 9 2 4 5 ( 0 . 0 J 6 0 ) - 0 . 0 4 4 7 8 6 . 0 9 1 8 2 . 1 7 8 
2 2 ( 2 , 2 0 ) - 2 2 ( 1 , 2 1 ) 1 1 8 4 6 1 . 5 3 3 6 ( 1 . 0 ) 1 1 8 4 6 1 . 5 2 3 5 ( 0 . 0 3 6 3 ) 0 . 0 1 0 1 9 3 . 7 6 2 8 9 . 8 1 1 
2 3 ( 2 , 2 1 ) - 2 3 ( 1 , 2 2 ) 1 2 0 1 0 8 . 3 3 9 7 ( 1 . 0 ) 1 2 0 1 0 8 . 3 4 2 0 ( 0 . 0 0 7 3 ) - 0 . 0 0 2 3 1 0 1 . 7 8 7 9 7 . 7 8 1 
2 4 ( 2 , 2 2 ) - 2 4 ( 1 , 2 3 ) 1 2 2 2 7 6 . 5 5 3 7 ( 1 . 0 ) 1 2 2 2 7 6 . 5 3 7 9 ( 0 . 0 3 9 1 ) 0 . 0 1 5 8 1 1 0 . 1 6 6 1 0 6 . 0 8 7 
2 5 ( 2 , 2 3 ) - 2 5 ( 1 , 2 4 ) 1 2 4 9 8 9 . 8 6 0 9 ( 1 . 0 ) 1 2 4 9 8 9 . 8 6 5 7 C 0 . 0 1 1 6 ) - 0 . 0 0 4 8 1 1 8 . 8 9 8 1 1 4 . 7 2 8 

* * B T Y P E R BRANCH * * 

8 ( 1 , 8 ) - 7 ( 0 , 7 ) 1 1 9 4 2 2 . 4 1 7 9 ( 1 . 0 ) 1 1 9 4 2 2 . 4 1 0 7 ( 0 . 0 3 5 9 ) 0 . 0 0 7 2 1 3 . 5 4 4 9 . 5 6 0 

REM AR KS 

a) Reported in Ref.(5). 
b) Unresolved K-doublet. 
c) Several lines are overlapping. 
d) Partially resolved K-doublet. 
e) Not used in the fit: poor measurement. 
f) Not used in the fit: Higher order centrifugal distortion correction 

might be necessary. 
g) Not used in the fit. 
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Table II. Spectral parameters of vinyl isocyanide for 
Watson's reduced Hamiltonian in V axis presentation. 

A 51479.4578(30) a MHz 
B 5386.64856(25) MHz 
C 4868.94021 (25) MHz 

Aj 2.47615(63) kHz 
AJK - 100 .0082 (69) kHz 
AK 3421.08(40) kHz 
<5/ 0.549200(89) kHz 
(5K 27.203 (20) kHz 

HJ 0.00860(55) Hz 
HJR - 0 . 4 4 4 (68) Hz 
HKJ 4.08(22) Hz 
HK 328.6(118) Hz 
hj 0.00329 (23) Hz 
HJK 0.326(98) Hz 
HK 50.6(75) Hz 

* = - 0 . 9 7 7 7 8 6 6 P = - 5 . 5 8 4 5 7 x I O " 3 

a The standard deviation of the fit is 19.5 kHz for 173 
equally weighted lines. Numbers in parentheses are 
standard errors. 

Table III. Watson's determinable rotational constants and 
quartic centrifugal distortion constants a for vinyl isocyanide. 

21 51479.4628(30) MHz 
23 5386.49800(25) MHz 
e 4868.90066(25) MHz 

t'aaaa — ̂  Xaaaa -13 .2942(16 ) MHz 
r'bbbb^W rbbbb - 14 .2982 (26) x 10~3 MHz 
x'cccc = fr4 Xcccc — 5.5110(26)x I O " 3 MHz 

0.370319(29) MHz 
T 2 / ( 2 I + 2 3 + £ ) 
A x'cccc b 

24.2529 (35) x IO" 3 MHz T 2 / ( 2 I + 2 3 + £ ) 
A x'cccc b - 0 . 1 3 3 4 ( l l ) x I O - 3 MHz 

a Numbers in the parentheses are estimated errors on the 
basis of the standard error of spectral constants in 
Table II. 

b r-defect: AT'CCCC=T'CCCC- (R2-& RJ/(2T + 23). 

we can determine the four constants, raabb , tbbcc» 
rccaa, and xabab, which do not vanish for a planar 
molecule. Since the r-defect does not vanish in the 
present case, different values are obtained for these 
four constants depending on the way the planarity 
conditions are used as pointed out by Kirchhoff 15 

and Cook et alias 1 6 ' 1 7 . However, the specific equa-
tions used have not been explicitly stated by these 
authors. In order to show the differences among the 
various methods clearly, the methods used in the 
present analysis are compared here. The constants in 
the first column of Table IV are obtained by the 
use of Eqs. ( 3 ) , ( 4 ) , and ( 5 ) , and the observed xx. 
Those in the second column are obtained by the use 
of Eqs. ( 3 ) , ( 4 ) , and ( 5 ) , and the observed r 2 . 
Those in the third column are obtained by the use of 

Eqs. (3) and ( 4 ) , and the observed xx and r2 . Those 
in the fourth column are obtained by the use of 
Eqs. (3) and ( 5 ) , and the observed xx and r2 . Those 
in the last column are obtained from the observed xx 

and r 2 , and the two linear combinations of the three 
equations, ( 3 ) , ( 4 ) , and ( 5 ) , 

(C2/A2) laaaa + {C2/B2)xaabb, (6) 

rbbcc = (C2/A2) raabb + (C2/B2) xbbbh, (7) 

which are linearly independent with 

Ar'cccc = 0 ( 8 ) 

relating the observed xx, r 2 , and x'cccc. The ob-
tained variations of the constants are not large for 
the V —NC molecule, but considerably larger than 
the estimated errors originating from the standard 
errors of the spectroscopic constants listed in Table 
II. Since we have no means to eliminate the vibra-
tional effect from these constants, the obtained con-
stants for the various methods are listed parallel with 
each other. The differences between the constants 
obtained from the different methods exemplify the 
fact that such variations are proportional to r-defect 
as discussed by the present authors 18. 

It should be noted that we used the determinable 
rotational constants, 91, S3, and (£, for the ground 
vibrational state obtained in the present study in the 
planarity conditions, Eqs. (3) — ( 7 ) , instead of the 
equilibrium rotational constants. 

Excluding all contributions of centrifugal distor-
tion from the determinable rotational constants, the 
effective rotational constants in the ground state, 
which are represented as a, ß', and y of Kivelson 
und Wilson 7 , are obtained as listed in Table IV. The 
effective moments of inertia and the inertia defect 
determined f rom these constants are also listed in 
Table IV. 

b) Validity of the Reduced Hamiltonian 
and Choice of Axis Representation 

From the infinite number of unitary transforma-
tions which can be applied to the effective rotational 
Hamiltonian we want to choose an appropriate one, 
by which we mean one which reduces the number of 
spectral constants to the number of determinable 
parameters following Watson's discussion6. Next, 
we have to check that the transformation does not 
generate unignorable higher order terms with contri-
butions above up to sextic terms, because we hope 
to truncate the Hamiltonian as in Equation ( 1 ) . This 
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check can be done by numerically evaluating s m , 
which is the coefficient of the unitary transformation, 
as discussed by Watson 6. Such a check was carried 
out for various molecules by Carpenter 19 and Cres-
well and Mills 20. 

The unitary transformation used in the present 
analysis is the one originally proposed by Watson 6 

which reduces R6 to zero and gives the Hamiltonian 
shown in Equation (1) . The s l u for this transforma-
tion can be calculated on the basis of the r's by the 
use of 

sin = 4Rj(X-Y) (9) 

where R6 = (T x x x x 4 - 1 yyyy — 2 r x x y y ) / 6 4 . (10) 

Rewriting Eqs. (9) and (10) in the Ir axis represen-
tation, which has been used in the present analysis, 
the s m coefficient was obtained for the unitary 
transformation used in the present analysis for each 
set of r's as listed in Table IV, and they are reason-
ably small indicating the validity of the reduction. 
The Ir axis representation is the best choice of axis 
system for the present molecule, V — NC, a near 
prolate top, if only the rigid rotor Hamiltonian is 
considered. In the reduction of the effective rota-
tional Hamiltonian, however, the Ir representation 
is not always the best choice of axis system19' 20. 
We therefore checked the other choices of the axis 
representation by the evaluation of s m . If the IIIr 

axis representation is used, the denominator in 
Eq. (9) has the largest value and a small s m seems 
to be expected. However, for the unitary transforma-
tion which reduces R6 = 0 in the IIP axis representa-

tion, the order of magnitude of s m is 1 0 - 5 , which is 
considerably larger than the upper limit of s n i for 
convergence of the power series expansion of the 
reduced Hamiltonian. Almost the same result is ob-
tained in the IIr axis representation. 

The reduction which makes R5 = 0 instead of 
R6 = 0 is one of the other possibilities of the reduc-
tion process 2 t ' 22. For this reduction s m is expressed 
as 

sin = 2R5/(2Z-X-Y) (11) 
where 

R§ = — (T x x x x — X yyyy — 2 T zzxx + 2 T yyzz) /32 
(12) 

and is calculated to be of the order 1 0 - 7 for the 
present molecule in the Ir axis representation. This 
value is the same order of magnitude as that of the 
unitary transformation used in the present analysis. 
Since the reduction giving R6 = 0 is computationally 
simpler, we conclude that the present choice of the 
unitary transformation is the best among those 
considered above. 

c) Hyperfine Structures 

No nuclear quadrupole hyperfine structure could 
be observed, although the lines are fairly broad at 
low sample pressure. The full width at half maximum 
of the line 101 ^ -O 0 0 is 0.35 MHz at a sample pres-
sure of 2.5 x 10 _ 3 torr . Bolton et al.5 also reported 
that no hyperfine structure was observed. In general 
the nuclear quadrupole hyperfine splitting caused by 

Table IV. Constants derived from planarity conditionsa . 

Constant Case 1 b Case 2 c Case 3 d Case 4 6 Case 5 f 

ft4r aabb 0.34875(10) 0.34875(10) 0.34875(10) 0.34875(10) 0.35753(4) MHz 
h* tbbcc - 8 . 5 6 3 ( 3 ) - 8 . 5 6 3 ( 3 ) - 8 . 5 6 3 ( 3 ) - 8 . 4 0 4 ( 2 ) - 8 . 4 8 4 ( 2 ) kHz 
h4T ccaa 0.16603(8) 0.16603(8) 0.18028(8) 0.16603(8) 0.17320(5) MHz 

abab - 6 7 . 9 5 ( 1 0 ) - 6 7 . 1 9 ( 1 0 ) - 7 5 . 0 7 ( 6 ) - 6 8 . 0 3 ( 9 ) - 7 5 . 9 7 ( 4 ) kHz 
a' 51479.4585(30) 51479.4585(30) 51479.4585(30) 51479.4586(30) 51479.4585(30) MHz 
ß' 5386.58101(25) 5386.58101(25) 5386.58814(25) 5386.58101(25) 5386.58460(25) MHz 
/ 4869.00709(25) 4869.00784(25) 4868.99996(25) 4869.00701(25) 4869.00346(25) MHz 
la S 9.81704 9.81704 9.81704 9.81704 9.81704 amuA2 

I b S 93.8213 93.7213 93.8212 93.8213 93.8212 amuA2 

Ic S 103.7945 103.7945 103.7946 103.7945 103.7945 amuA2 

A 0.156132(7) 0.156116(7) 0.156408(7) 0.156134(7) 0.156272(7) amuA2 

Re x 106 - 4 1 . 9 - 4 1 . 9 - 4 1 . 9 - 4 6 . 9 - 4 4 . 4 MHz 
S m x 10® 0.324 0.324 0.324 0.362 0.343 

a Numbers in the parentheses are estimated errors on the basis of the standard error of the spectral constants in Table II. 
In the case the error is not indicated the error is smaller than the last digit. 

b _ f See text. 
S The errors of the moment of inertia are limited by the uncertainty of the conversion factor, which was taken to be I 

(amuA2) =5105376 x 105 /B(MHz). 
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the nitrogen atom in the isocyanide group is much 
smaller than that in the cyanides. For example, the 
value Xaa for methyl cyanide is — 4.35 MHz 23 and 
for methyl isocyanide + 0.4885 MHz 2 4 . For ethyl 
cyanide it is —3.3 MHz 25 and for ethyl isocyanide 
the hyperfine splitting has not been observed. There-
fore, though the absolute value of Xaa is large in 
vinyl cyanide, —4.21 MHz 2 , it is probably much 
smaller for vinyl isocyanide. From the absorption 
profile of the l o i ^ 0 0 < ) transitions we can estimate 
the upper limit of the absolute value of Xaa for vinyl 
isocyanide to be 0.5 MHz. Since we could not find 
any hint of hyperfine structure in either qQK transi-
tions or in 6-type transitions, it can be concluded 
that the absolute value of Xbb~Xcc is small. The 
absorption profile of the l 0 i — O00 transition of 
Y — NC is illustrated in Fig. 6 together with that of 
vinyl cyanide for comparison. The hyperfine struc-
ture of V — NC estimated on the assumption Xaa — 
+ 0.5 MHz and Xbb ~ Xcc = 0.0 MHz is indicated in 
the figure. 

VINYL CYANIDE, H 2 O C H - C N VINYL ISOCYANIDE, H 2 C = C H - N C 
1of °oo 1QI~ OQO 

9 4 8 5 10253 10255 

Fig. 6. The absorption profile of the a-type lo,l -<— 0o,o 
transition of vinyl isocyanide is compared with that of 
vinyl cyanide. The hyperfine structures are indicated by the 
line patterns showing the relative intensities. Those for 
vinyl isocyanide were obtained assuming Xaa = 0.05 MHz and 

Xbb~Xcc=0.0 M H z . ' 

d) Predictions of line positions 

Transitions of interest from a radio-astronomical 
point of view have been predicted and included in 
Table I. Figure 7 shows a part of the rotational 
energy level scheme of vinyl cyanide and vinyl iso-
cyanide showing the possible transitions opportune 

for a radio astronomical search for this molecule. 
The relative magnitude of Einstein's A constant, 
which represents the probability of spontaneous 
emission, for such transitions and line strengths for 
all transitions listed in Table I are available f rom 

VINYL ISOCYANIDE VINYLCYANIDE 

I i + 5175 MHz 
T" ~ 4572 MHz 

2„ 

/ / 
' / 

i-2n 

Fig. 7. Part of the rotational energy level scheme of vinyl 
isocyanide in the ground vibrational state as compared with 
that of vinyl cyanide. The solid and dashed arrows indicate 
a-type and b-type transitions respectively. The two heavy 
arrows in the diagram for vinyl cyanide indicate two a-type 

Q-branch transitions observed in Sgr B2. 

the authors on request. The energy levels related to 
the transitions listed in Table I are also shown in the 
same table in c m - 1 unit. 
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