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The pure rotational spectrum of trans-acrolein in the ground vibrational state has been assigned 
in the frequency region from 8 GHz to 180 GHz. The measured absorption lines encompass a-type 
transitions from the " R k , q Q i . qQs branches and 6-type transitions from the r P 0 , r P x , r P 2 , rR0 
brandies for values of J up to 23. The rotational constants have been refined and all quartic and 
sextic centrifugal distortion constants have been determined using Watson's reduced Hamiltonian. 
This information has been used to predict line positions of astrophysical interest to warrant the 
interstellar line search for trans-acrolein. 

I. Introduction 

The present paper on trans-acrolein is a continua-
tion of a series of investigations of the microwave 
and millimeter wave spectra of slightly asymmetric 
rotor molecules of astrophysical interest1-5. The 
primary objectives are to provide accurate predic-
tions of radio-astronomically interesting transition 
frequencies and to derive reliable centrifugal distor-
tion parameters, which in turn yield information 
concerning the molecular force field. 

Measurements in the microwave6' 7, infrared8 

and near ultraviolet region9 '10 have demonstrated 
that the trans-form is the most stable and abundant 
rotamer form of acrolein. The only evidence so far 
available of the existence of the cis-form of acrolein 
came recently from studies of the near ultraviolet 
spectrumn. This identification of the cis-rotamer 
has been confirmed by two further studies of the 
magnetic rotation spectra of acrolein 12, and the ab-
sorption spectra of acrolein^ (H2C = CHCDO)13 

in the near ultraviolet spectral region. The ground 
state of the cis-rotamer was found to lie about 700 
c m - 1 above the ground vibrational state of the 
trans-rotamer, which explains why its rotational 
spectrum has not been found among the overlapping 

1 This work was supported in part by funds from the 
Deutsche Forschungsgemeinschaft. 

2 Presented in part at the "Third Colloquium on High 
Resolution Molecular Spectroscopy", Tours, France, Sep-
tember 17 — 21, 1973, as paper 17. 

spectra of excited vibrational states from the trans-
acrolein molecule. 

In the first microwave study of trans-acrolein the 
J = 3 <-2 a-type R branch transitions of the normal 
species and the a-components of the dipole moment 
were reported6. In addition to the 7 = 2 - ^ 1 and 
7 = 3^—2 a-type R branch transitions Cherniak and 
Costain 7 reported for the normal species four 6-type 
transitions of the Ka = 1 0 rotational subband 
and the 6-component of the dipole moment. From 
these transitions improved rotational constants and 
two quartic distortion constants were derived. A 
complete restructure was obtained from the analysis 
of eleven isotopic species. However, these micro-
wave studies did not included high 7 transitions or 
measurements of millimeter wave transitions, and a 
complete set of quartic distortion constants could 
not be obtained. 

II. Comments on Interstellar Importance 
of Acrolein and Related Molecules 

The detection of large interstellar molecules pro-
vides presently the most powerful tool to probe deep 
into the dense interior of the molecular dust clouds 
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in the Galaxy and yields information on their physi-
cal and chemical state. 

Recently interstellar vinyl cyanide (H2C = CHCN) 
has been detected in the direction of the galactic 
center source SGR B2 by Gardner and Winnewis-
ser 14. It is the first interstellar molecule observed 
which contains a carbon-carbon double bond and 
is closely related to acrolein (H2C = CHCHO). Both 
molecules are derivatives of ethylene, in which one 
of the hydrogen atoms of the ethylene molecule has 
been replaced by a different functional group, — CN 
or — CHO. The spectroscopic properties of acrolein, 
such as the energy level scheme, magnitude and di-
rection of the electric dipole moment and transition 
probabilities are rather similar to those of vinyl 
cyanide. One could therefore expect on these grounds 
that acrolein and vinyl isocyanide5 should be de-
tectable in interstellar space, unless the interstellar 
production mechanisms of these two molecules are 
very different from that of vinyl cyanide. A thorough 
search for interstellar acrolein seems to be war-
ranted, particularly using its low / , Ka = 1 Q-branch 
transitions. Since these transitions for molecules 
with Cs symmetry seem to arise from energy levels 
with inverted populations under interstellar con-
ditions, they amplify the continuum background 
radiation and thus become more easily detectable 
than other transitions 14 '15 . 

III. Experimental Procedures 

The microwave measurements in the frequency 
region 8 to 40 GHz were carried out with spectro-
meters located at the Justus Liebig-Universität, 
Giessen, and at Kyushu University, Hakozaki. The 
Giessen spectrometer is a Hewlett-Packard Model 
8460 A Microwave Rotational Resonance (MRR) 
spectrometer, presently equipped with two micro-
wave sources to cover the frequency ranges from 8 
to 12.8 GHz and 12.4 to 18 GHz. The spectrometer 
is operated with a two meter X-band Stark absorp-
tion cell and 33.333 kHz square wave modulation of 
the electric field employing the molecular Stark ef-
fect. The accuracy of the frequency measurements 
using this spectrometer is estimated to be about 
± 20 kHz. The spectrometer employed at Kyushu 
University is of Hughes-Wilson type with a 120 kHz 
square wave Stark modulator, and covers the fre-
quency region 8 to 35 GHz. The absorption cell is 
a 3 meter long X-band waveguide. 

Some measurements in the frequency range 8 to 
18 GHz were made independently at both laborato-

ries and were found to be in agreement within 
± 80 kHz. 

In the frequency region from 80 to 200 GHz the 
measurements were made with the millimeter wave 
spectrometer at the Justus Liebig-Universität. The 
millimeter wave radiation was generated by har-
monic multiplication of the fundamental frequencies 
of different reflex klystrons. The absorption lines 
were detected with a video-spectrometer employing 
a dedicated PDP 8/1 computer for rapid data acqui-
sition which allows Doppler resolution, high sensi-
tivity and accurate frequency measurements. The 
spectrometer and its mode of operation have been 
described previously 16>17. The accuracy of the milli-
meter wave data is estimated to be about ± 1 5 kHz 
for strong lines and somewhat less for weak or over-
lapping lines. 

All acrolein data were taken at room temperature 
with sample pressures smaller than 1 0 - 2 Torr. 

IV. Assignment of the Spectrum 

The microwave and millimeter wave spectra of 
planar slightly asymmetric top molecules as large as 
trans-acrolein are extremely rich. This feature is 
caused by the small rotational constants A, B, C, 
and by the lade of any symmetry axis which allows 
the occurrence of a-type (jua = 3.06 + 0.04 Debye)6 

and 6-type (jub = 0.54 ± 0.14 Debye) 7 rotational 
spectra. The superposition of both types of spectra 
for the vibrational ground state with spectra arising 
from molecules in excited states leads to a dense 
spectrum throughout the investigated spectral re-
gion, complicating the assignment of the consider-
ably weaker 6-type spectrum. 

1) The a-type Rotational Spectrum 

The a-type spectrum of trans-acrolein exhibits all 
the typical features of slightly asymmetric rotors, 
with their characteristic R- and Q-branch transitions. 
An overview of the a-type spectrum is shown in the 
Fortrat diagram of Figure 1. The strong R-branch 
transitions occur at intervals of (B + C) throughout 
the centimeter and millimeter wave regions. Figure 2 
shows a scan of the spectrum near 8.9 GHz with the 
/ = 1 0 R-branch transitions of the ground state 
and rotational lines arising from molecules in vari-
ous vibrationally excited states. For each of the 
higher / - f 1 / transitions of this R-branch the 
different Ka components form two band heads. One 
band head occurs at Ka = 2 and is determined by 
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Fig. 1. Fortrat-diagram for a-type transitions of frares-acrolein. 
The solid and open circles indicate measured and predicted 
line positions, respectively. For the a-type R branch only 
the Ka—0 and Ka=1 transitions are indicated. The inset 

shows the full £a-pattern for the transition 7 = 1 7 -«— 16. 

the inertial asymmetry of the molecule, whereas the 
one at values of = 9 is caused by centrifugal 
distortion contributions which depend mainly on 
the term with the coefficient Djr. Figure 3 illus-
trates a typical £a-pattern for the / = 15 14 tran-
sition. The top part shows a recorder tracing of the 
reversal of the Ka = 8, 9 and 10 components, while 
the center presents an overview of the entire tran-
sition, plotted and compared in the lower part of 
Fig. 3 with the calculated spectrum. The rotational 
spectra of molecules in vibrationally excited states 
show a similar band-head structure as may be seen 

Fig. 2. Fast scan of the frans-acrolein spectrum near the 
101—000 R-branch ground state line position showing the 
spectrum from molecules in excited vibrational states and 

two a-type Q-branch transitions. 

for the u18 = l , 7 = 1 5 - ^ 1 4 rotational transition in 
Figure 3. The formation of such band-heads has 
been observed previously in the spectra of propy-
nal1 vinyl cyanide2 and vinyl isocyanide5, and 
is characteristic for heavy, slightly asymmetric 
top molecules. A comparison of the 7=19-«—18 

t r a n s A C R O L E I N . H 2 C 2 H C H 0 J = 1 5 - U 

G R O U N D S T A T E , E X C I T E D S T A T E 

Fig. 3. Recorder tracings of the a-type 7 = 1 5 -<-14 transition of fraras-acrolein showing the band-head structure. Deviation 
from rigid rotor frequencies due to centrifugal distortion is indicated by arrows. The weaker lines on the right hand side 

are believed to arise from molecules in the excited vibrational state F 1 8 = l . 
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a-type ROTATIONAL TRANSITION J=19-18 of slightly asymmetric rotors. 

HCCCHO 

UIUMI 
" H 

L 

Fig. 4. The band-head structures in the spectrum of propynal, vinyl cyanide and frans-acrolein are illustrated for the 
a-type / = 1 9 -<—18 transition. Deviation from the rigid rotor pattern due to centrifugal distortion is indicated by arrows, 

and demonstrates the rigidity of the frarcs-acrolein molecule. 

transition of the molecules propynal, vinyl cyanide 
and acrolein is shown in Fig. 4, which clearly de-
monstrates that trans-acrolein is a rather rigid mole-
cule with comparatively little centrifugal distortion. 
Although rotational transitions have been observed 
in many different vibrational states we have not at-
tempted to assign and analyse these spectra. How-
ever, if a microwave identification of the cis-rotamer 
is to be attempted, all vibrational satellites of trans-
acrolein arising from vibrational energy levels as 
high as 700 c m - 1 have to be assigned. 

In addition to the R-branch transitions, a-type 
Q-branch transitions were observed. They arise from 
the ^-doubling of the Ka > 1 levels, and therefore 
their frequency decreases rapidly with increasing K. 

2) The b-type Rotational Spectrum 

The measurements of the a-type transitions dis-
cussed above are not sufficient to obtain a reliable 
set of spectroscopic constants. AKa ^ 2, a-type tran-
sitions are extremely weak and therefore difficult to 
locate. The rotational constants A, DK and H^ can 

thus, with few exceptions, only be determined in 
cases where 6-type transitions can be observed for 
Ka = 2 -<— 1 or higher. A Fortrat diagram of the 
6-type rotational sub-bands in the spectral region 
up to 250 GHz is shown in Figure 5. For Ka>l 
each transition is split by ^-doubling. The intensity 
of the branches in each sub-band decreases in the 

t r a n s - A C R 0 L E I N . H 2 C 2 H C H G ° 

S VNl i 

J 

< 7 v 
iS 

0 X > 0 

Rn P " 1 
Kn'2-1 

1J Qi ^ 
-Ô D rD 2 K2 

K n = 3 - 2 

100 1 5 0 2 0 0 G H z 2 5 0 

Fig. 5. Fortrat-diagram for the 6-type transitions of trans-
acrolein. The solid and open circles indicate measured and 

predicted line positions, respectively. 



TABLE I . OBSERVE 0 AND CALCULATED FREQUENCIES OF TRANS-ACROLEIN i n M H z . 

TRANSITION OBSERVED 
UPPER LOWER FREQUENCY 
STATE STATE (WEIGHT) 

CALOULATEO FREQUENCY O B S . - C A L C . 
(STANDARD D E V I A T I O N ) 

ENERGY LEVELS IN C H - 1 REMARKS 
UPPER LOWER 
STATE STATE 

a type r Branch 
1 ( 0 , 1 ) - 0 ( C » 0 ) 8 9 0 2 . 1 9 2 0 ( 1 . 0) 990 2 . 19<^7 ( 3 . 0 0 0 < 0 3 . 0 0 7 3 0 . 2 9 7 0 . 0 0 0 

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

3 ( 0 3 ) _ 2 ( 0 t 2 ) 2 6 6 9 ' * . ^5 0 3 ( 1 . 9 ) 2 6 6 9 « » . 3 0 9 9 ( D . O J I O ) 0 .0(fG 1 1 . 7 8 1 3 . 8 9 1 
3 ( 1 2 ) - 2 ( I t 1 ) 2 7 3 2 9 . 7 3 0 d C 1 . 0 ) 2 7 3 2 9 . 7691* ( 0 . 0 3 1 1 ) - 0 . 0 3 9 I + 3 . 2 5 U 2 . 3 < ^ 3 
3 ( 1 3 ) - 2 ( 1 « 2 ) 2 6 0 7 9 . 5 0 0 0 ( 1 . Ö ) 2 6 0 7 9 . U k 9 9 ( 3 . 0 0 1 0 ) 0 . 0 5 0 1 3 . 1 7 1 2 . 3 0 1 
3 ( 2 1 ) - 2 ( 2 , 0 ) 2 6 7 1 8 . 7 3 0 0 ( 0 . 0 ) 2 5 7 1 8 . 8 0 9 1 ( 0 . 0 3 1 0 ) - 0 . 1 0 9 1 7 . 5 0 6 6 . 6 1 5 
3 ( 2 2 ) - 2 ( 2 , 1) 2 6 7 G 6 . 7 6 0 0 ( 0 . 0 ) 2 6 7 0 6 . 661 .9 ( 0 . 0 3 1 0 ) 0 . 0 9 5 1 7 . 5 0 6 6 . 6 1 5 

!»< 0 <•) _ 3 ( 0 » 3 ) 3 5 5 7 8 . 1 3 6 1 ( 0 . 0 3 1 3 ) 2 . 9 6 8 1 . 7 8 1 
<•( 1 3 ) - 3 ( 1» 2 ) 3 6 < » 3 5 . 9 8 8 3 ( 0 . 0 3 1 <t) <•.<•70 3 . 2 5 ^ 

1 <•> - 3 ( I t 3 ) 3 ^ 7 6 8 . 9 6 7 0 ( 1 . 0 ) 3 ^ 7 6 8 . 9 8 7 5 ( O . O J 1 3 ) - 3 . 0 2 0 5 < • . 3 3 1 3 . 1 7 1 
2 2 ) - 3 ( 2 , 1 ) 3 5 6 3 6 . 7 6 2 7 ( 0 . 0 0 1 3 ) 8 . 6 9 5 7 . 5 0 6 
2 3 ) - 31 2 , 2 ) 3 5 6 0 6 . M 0 1 < 0 . Ü 3 1 3 ) 8 . 6 9 3 7 . 5 0 6 

<•( 3 1 ) - 3 ( 3 » 0 ) 3 5 6 1 5 . 2 3 3 3 ( 0 . 0 0 1 3 ) 1 5 . 8<^8 1 <•. 6 6 0 
<• ( 3 2 ) - 3 ( 31 1 ) 35615 .150k ( 0 . 0 0 1 3 ) 1 5 . 8 ^ 8 1 <•. 6 6 0 

5 ( 0 5 ) _ <•( Gt <•) 0 . 0 0 1 6 ) <••<•51 2 . 9 6 8 
5 ( 1 <») - I t 3 ) » • 5 5 3 8 . 9 9 2 3 < 0 . 0 0 1 6 ) 5 . 9 8 9 <•.<•70 
5 ( 1 5 ) - <•( I t <•) ' •3 '+55 . <^70 <• ( 0 . 0 0 1 6 ) 5 . 7 8 0 < • . 3 3 1 

6 ( 0 6 ) _ 5 ( 0 t 5 ) 5 3 3 0 6 . 1 5 0 9 ( 0 . 0 0 1 9 ) 6 . 2 2 9 <•.<•51 
6 ( 1 5 ) - 5 ( 1» <•) 5 ^ 6 3 7 . 9 2 ' » 0 ( 0 . 0 0 1 9 ) 7 . 8 1 1 5 . 9 8 9 
6 ( 1 6 ) - 5 ( I t 5 ) 5 2 1 3 8 . 1 5 6 5 0 . 0 0 1 9 ) 7 . 5 1 9 5 . 7 8 0 

7 ( 0 7 ) _ 6 ( Ot 6 ) 6 2 1 < ^ . '•119 ( 0 . 0 3 2 1 ) 8 . 3 0 2 6 . 2 2 9 
7 ( 1 6 ) - 6 ( I t 5 ) 6 3 7 3 1 . 8 9 3 1 ( 0 . 0 3 2 1 ) 9 . 9 3 7 7 . 9 1 1 
7 ( 1 7 ) - 6< I t 6 ) 6 0 8 1 6 . '•579 ( 0 . 0 3 2 1 ) 9 . 5<^8 7 . 5 1 9 

9 ( 0 8 ) _ 7 ( c t 7 ) 7 0 9 6 1 . 7 2 ^ 1 ( 3 . 0 3 2 2 ) 10 . 6 6 9 8 . 3 0 2 
8 ( 1 7 ) - 7 ( 1 , 6 ) 7 2 8 1 9 . 9 6 6 6 ( 0 . 0 0 2 2 ) 1 2 . 3 6 6 9 . 9 3 7 
8 ( 1 8 ) - 7 ( I t 7 ) 6 9 < » 8 9 . 6 ^ & 2 ( 0 . 0 3 2 3 ) 1 1 . 8 6 6 9 .5<^8 

9 ( 0 9 ) _ 8 ( Ot 8 ) 7 9 7 5 5 . < » 6 2 0 ( 0 . 0 0 2 3 ) 1 3 . 3 2 9 1 0 . 6 6 9 
9 ( 1 8 ) - 8 ( I t 7 ) 8 1 9 0 1 . 1 7 8 5 ( 1 . 0 ) 8 1 9 0 1 . 1 6 2 1 ( 0 . 0 3 2 3 ) 0 . 0 1 6 W 1 5 . 0 9 8 1 2 . 3 6 6 
9 C 1 9 ) - 8 ( I t 8 ) 7 8 1 5 7 . 1 5 9 9 ( 0 . 0 0 2 < 0 U . ^ 7 3 1 1 . 8 6 6 
9 ( 2 7 ) - 8 ( 2 t 6 ) 8 0 ( f 2 3 . 8 8 0 ' » ( l . 0) 8 0 ^ 2 3 . 8 7 2 ^ ( 0 . 0 3 2 3 ) 0 . 0 G 8 0 1 9 . 1 1 5 1 6 . < ^ 3 2 
9 C 2 3 ) - 5 ( 2 , 7 ) 9 0 0 6 2 . 7 1 3 3 ( 3 . 0 3 2 2 ) 1 9 . 0 8 2 1 6 .<• 1 1 

1 0 ( 0 1 0 ) _ 9 ( 0 t 9 ) 8 8 5 2 3 . 2 6 5 5 ( 1 . 0) 8 8 5 2 3 . 2 o 3 3 ( 0. 0021*) 0 . 0 0 2 2 1 6 . 2 8 2 1 3 . 3 2 9 
1 0 ( 1 9> - 9 ( 1 , 8 ) 9C97k.<*ki*7(l. 0) 9 0 9 7 1 ^ . t*<*0<* ( 0 . 0 0 2 3 ) 0 . 0 0 ^ 3 1 8 . 1 3 3 1 5 . 0 9 8 
1 0 ( 1 1 0 ) - 9< I t 9 ) 8 6 8 1 8 . (•50 8 ( 1 . 0 ) 8 6 8 1 8 . «•SSO ( 3 . 0 3 2 ^ ) - 0 . 0 0 7 2 1 7 . 3 6 9 1 <• • <• 7 3 
1 0 c 2 8 ) - 9 ( 2 1 7 ) 8 9 t » 3 6 . 1 9 1 0 ( 1 . 0) 8 9 ^ 3 6 . 1 6 3 0 ( 0 . 0 0 2 3 ) 0 . 0 2 8 0 2 2 . 0 9 8 1 9 . 1 1 5 
10 ( 2 9 ) - 9 ( 2 , 8 ) 8 8 9 ^ 1 . 7 9 i » 9 ( 1 . 0 ) 8 8 9 M . 7 9 3 2 < 0 . 0 3 2 3 ) P . 0 0 1 6 2 2 . 0 U 9 1 9 . 0 8 2 
1 0 ( 3 7 ) 9 ( 3 t 6 ) 8 9 0 9 3 . 1 7 ^ 2 ( 1 . 0 ) 8 9 0 9 3 . 1 6 6 9 ( 0 . 0 3 2 2 ) 0 . 0 0 7 3 2 9 . 2 1 8 2 6 . 2 W 6 
1 0 3 8 ) - 9 ( 31 7 ) 8 9 0 8 2 . 2 ^ 0 6 ( 1 . 0 ) 8 9 0 8 2 . 2 <•<•<•< 0 . 0 0 2 2 ) - 0 . 0 0 3 8 2 9 . 2 1 7 2 6 . 2 ^ 6 
1 0 ( <• 6 ) - 9 ( <+t 5 ) 8 9 0 5 9 . 3 5 1 5 ( 1 . 0 ) 8 9 0 5 9 . 3 9 3 7 ( 0 . 0 3 2 1 ) - 0 • 0 ^ 2 2 3 9 . 2 3 0 3 6 . 2 6 0 
10 ( <• 7 ) - 9 ( <• t 6 ) 8 9 0 5 9 . 3 5 1 5 ( 1 . 0 ) 8 9 0 5 9 * 3 0 ^ 2 ( 0 . 0 0 2 1 ) 0 . 0 ^ 7 3 3 9 . 2 3 0 3 6 . 2 6 0 
10 5 5 ) - 9 ( 5 , <•) 8 9 0 <+8. 2 5 9 6 < 0 . 0 0 2 0 ) 5 2 . 1 0 5 <^9.13<^ 



T A B L E I . O B S E W E O A N D C A L C U L A T E D F R E Q U E N C I E S O F T R A N S - A C R O L E I N i n MHz . ( C O N T I N U E D ) 

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

OBSERVED 
FREQUENCY 
( W E I G H T ) 

CALCULATED FREQUENCY 0 3 S . - C A L C . ENERGY LEVELS IN C M - 1 REMARKS 
(STANDARD D E V I A T I O N ) U P ° E R LOWER 

S T A T E STATE 

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

1 0 ( 6 5 ) - 9 ( 6 M f 8 9 0 4 3 . 5 4 7 0 ( 1 . 0 ) 8 9 U 4 3 . 5 4 2 8 ( 0 . 0 3 2 0 ) 0 . 0 0 4 2 5 7 . 8 3 8 6 4 . 8 6 8 
1 0 ( 7 3 ) _ 9 ( 7 2 ) 1 8 9 0 4 1 . 8 8 1 5 ( 0 . 0 3 2 0 ) 8 6 . 4 2 8 8 3 . 4 5 8 
1 0 ( 7 4 ) - 9 ( 7 3 ) f 3 9 0 4 1 . 9 1 6 4 ( 1 . 0 ) 8 9 0 4 1 . 8 8 1 5 ( 0 . 0 3 2 0 ) 0 . 0 3 4 9 9 6 . 4 2 8 8 3 . 4 5 8 
1 0 ( 8 2 ) _ 9 ( 8 1 ) \ 8 9 0 4 1 . 9 6 8 5 ( 0 . 0 3 2 3 ) 1 0 7 . 8 7 4 1 0 4 . 9 0 4 
l a 8 3 ) - 9 ( 8 2 ) J 8 9 0 4 1 . 9 1 6 6 ( 1 . 3 ) 9 9 0 4 1 . 9 6 8 5 ( 0 . 0 3 2 3 ) - 0 . 0 5 1 9 1 0 7 . 9 7 4 1 0 4 . 9 3 4 
1 0 ( 9 1 ) - 9 ( 9 o n 8 9 0 4 3 . 1 9 9 7 ( 0 . 0 3 2 7 ) 1 3 2 . 1 7 3 1 2 9 . 2 0 3 
1 0 ( q 2 ) - 9 ( 9 i > ; 8 9 0 4 3 . 1 7 6 9 ( 1 . 3 ) 8 9 0 4 3 . 1 9 9 7 ( 3 . 0 3 2 7 ) - 0 . 0 2 2 9 1 3 2 . 1 7 3 1 2 9 . 2 0 3 

1 1 ( 0 U ) _ 1 0 ( 0 1 0 ) 9 7 2 6 3 . 1 3 4 2 ( 1 . 0 ) 9 7 2 6 3 . 1 2 0 1 ( 3 . 0 3 2 4 ) 0 . 0 1 4 1 1 9 . 5 2 6 1 6 . 2 8 2 
1 1 ( l 1 0 ) - 1 0 ( 1 9 ) 1 0 0 0 3 8 . 6 9 8 9 ( 1 . 0 ) 1 0 0 0 3 8 . 6 9 8 4 ( 0 . 0 3 2 3 ) 0 . 0 3 0 5 2 1 . 4 7 0 1 8 . 1 3 3 
1 1 ( l 1 1 ) - 10 ( 1 1 0 ) 9 5 4 7 3 . 0 5 3 4 ( 1 . 0 ) 9 5 4 7 3 . 0 5 6 1 ( 0 . 0 3 2 4 ) - 0 . 0 0 2 7 2 0 . 5 5 4 1 7 . 3 6 9 
1 1 ( 2 9 ) - 1 0 ( 2 8 ) 9 6 4 7 0 . 8 3 0 1 ( 1 . 0 ) 9 9 4 7 0 . 8 2 3 4 ( 0 . 0 3 2 3 ) 0 . 0 0 6 7 2 5 . 3 8 3 2 2 . 0 9 8 
1 1 ( 2 1 0 ) - 1 0 ( 2 9 ) 9 7 8 1 5 . 5 9 2 1 ( 1 . 0 ) 9 7 8 1 5 . 5 8 9 9 ( 3 . 0 3 2 3 ) 3 . 0 0 2 2 2 5 . 3 1 1 2 2 . 0 4 9 
1 1 ( 3 8 ) - 1 0 ( 3 7 ) 9 8 0 1 9 . 0<» < » 3 ( 1 . 3 ) 9 8 0 1 9 . 0 5 1 1 ( 3 . 0 3 2 2 ) - 0 . 0 0 6 8 3 2 . 4 8 8 2 9 . 2 1 8 
1 1 ( 3 9 ) 1 0 ( 3 8 ) 9 8 0 0 1 . 3 2 0 6 ( 1 . 0 ) 9 8 0 0 1 . 3 1 9 9 ( 0 . 0 3 2 2 ) 0 . 0 0 0 7 3 2 . 4 8 6 2 9 . 2 1 7 
1 1 ( 4 7 ) - 1 0 ( 4 6 ) 9 7 9 7 2 . 2 1 5 0 ( 0 . 0 3 2 1 ) 4 2 . 4 9 8 3 9 . 2 3 0 
I K 4 8 ) - 1 0 ( 4 7 ) 9 7 9 7 2 . 0 3 6 2 ( 0 . 0 3 2 1 ) 4 2 . 4 9 8 3 9 . 2 3 0 
I K 5 6 ) - 1 0 ( 5 9 7 9 5 7 . 0 0 2 1 ( 0 . 0 3 2 0 ) 5 5 . 3 7 2 5 2 . 1 0 5 
1 1 ( 5 7 ) - 1 0 ( 5 9 7 9 5 7 . 1 0 2 9 ( 1 . C) 9 7 9 5 7 . 0 3 1 2 ( 0 . G 3 2 0 ) 0 . 0 0 1 7 5 5 . 3 7 2 5 2 . 1 3 5 
1 1 ( 6 5 ) - 1 0 ( 6 4 ) i 9 7 9 5 0 . 2 8 2 7 ( 0 . 0 0 2 0 ) 7 1 . 1 0 5 6 7 . 9 3 9 
1 1 ( 6 6 ) - 1 0 ( 6 5)f 9 7 9 5 0 . 2 8 5 9 ( 1 . 0 ) 9 7 9 5 0 . 2 8 2 7 ( 0 . 0 0 2 0 ) 0 . 00 3 2 7 1 . 1 0 5 6 7 . 8 3 9 
1 1 ( 7 4 ) - 1 0 ( 7 3 ) \ 9 7 9 4 7 . 5 5 1 0 ( 0 . 0 0 2 0 ) 8 9 . 6 9 6 8 6 . 4 2 9 

I K 7 5 ) - 1 0 ( 7 4 ) / 9 7 9 4 7 . 5 4 9 5 ( 1 . 0 ) 9 7 9 4 7 . 5 5 1 0 ( 3 . 0 3 2 0 ) - 0 . 0 3 1 5 8 9 . 6 9 6 8 6 . 4 2 8 
I K 8 3 ) - 1 0 ( 8 2 ) 1 9 7 9 4 7 . 0 6 7 3 ( 0 . D 3 2 3 ) 1 1 1 . 1 4 1 1 0 7 . 8 7 4 

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

I K 9 2 ) - 10 ( 9 1 ) ) 9 7 9 4 8 . 0 2 7 3 ( 0 . 0 0 2 7 ) 1 3 5 . 4 4 0 1 3 2 . 1 7 3 
I K 9 3 ) - 1 0 f 9 2 ) } 9 7 9 4 8 . 0 2 7 3 ( 3 . 0 0 2 7 ) 1 3 5 . 4 4 0 1 3 2 . 1 7 3 
1 1 ( 1 0 1 ) - I d (1C u) 9 7 9 5 0 . 0 1 6 0 ( 0 . 0 3 3 3 ) 1 5 2 . 5 9 0 1 5 9 . 3 2 3 
1 1 ( 1 0 2 ) - 1 0 ( 1 0 1 ) 9 7 9 5 0 . C 1 6 0 ( 0 . 0 0 3 3 ) 1 5 2 . 5 9 0 1 5 9 . 3 2 3 

1 2 ( 0 1 2 ) _ 1 1 ( 0 1 1 ) 1 Ü 5 9 7 3 . 4 6 3 4 ( 1 . 0 ) 1 0 5 9 7 3 . 4 7 7 4 ( 0 . 0 3 2 4 ) - 0 . 0 1 4 0 2 3 . 0 6 1 1 9 . 5 2 6 
1 2 1 1 1 ) - I K 1 1 0 ) 1 3 9 0 9 2 . 7 9 7 3 ( 1 . 0 ) 1 0 9 0 9 2 . 7 6 2 3 ( 0 . 0 3 2 3 ) 0 . 0 3 5 0 2 5 . 1 0 9 2 1 . 4 7 0 
1 2 ( 1 1 2 ) - 1 1 ( 1 1 1 ) 1 0 4 1 2 0 . 5 3 5 3 ( 1 . G ) 1 0 4 1 2 0 . 5 3 0 2 ( 0 . 0 0 2 4 ) 0 . 00 5 1 2 4 . 0 2 7 2 0 . 5 5 4 
1 2 2 1 0 ) - 1 1 ( 2 9 ) 1 0 7 5 2 8 . 8 4 0 1 ( 3 . 0 3 2 2 ) 2 8 . 9 7 0 2 5 . 3 9 3 

1 2 ( 2 1 1 ) - 1 1 ( 2 1 0 ) 1 0 6 6 8 3 . 5 9 5 3 ( 0 . 0 0 2 2 ) 2 8 . 8 7 0 2 5 . 3 1 1 
1 2 ( 3 9 ) - 1 1 ( 3 0 ) 1 3 b 9 5 3 . 3 9 8 4 ( 1 . 0 ) 1 0 6 9 3 0 . 3 8 3 2 ( 0 . 0 3 2 1 ) 0 . 0 1 5 2 3 6 . 0 5 5 3 2 . 4 9 9 
1 2 < 3 1 0 ) - 1 1 ( 3 9 ) 10 6 9 2 2 . 8 5 1 3 ( 1 . 0 ) 1 0 6 9 2 2 . 8 3 7 2 ( 0 . 0 3 2 1 ) 3 . 0 1 4 1 3 6 . 0 5 * 3 2 . 4 9 6 

1 2 ( 4 8 ) - I K k 7 ) 1J 6 9 9 7 . 3 2 5 4 ( 1 . ] ) 1 0 5 8 9 7 . 0 2 6 5 ( 0 . 0 3 2 0 ) . 0 3 1 1 4 6 . 0 6 4 4 2 . 4 9 9 
1 2 ( 4 9 ) - 1 1 ( k 8 ) 1 Ü 6 8 8 6 . 6 3 1 3 ( 1 . 0 ) 1 0 6 8 8 6 . 6 9 1 2 ( 0 . 0 3 2 0 ) - c . 0 0 9 4 4 6 . 0 6 4 4 2 . 4 9 3 
1 2 ( 5 7 ) - 1 1 ( 5 6 ) 1 3 6 3 6 6 . 3 6 2 6 ( 1 . 0 ) 1 0 6 8 6 6 . 8 6 3 7 ( 0 . 0 3 1 9 ) - 0 . 3 0 1 1 5 8 . 9 3 7 5 5 . 3 7 ? 

1 2 ( 8 ) _ I K 5 7 ) 1 0 6 8 6 6 . 3 6 2 6 ( 1 . 3 ) 1 0 6 9 6 6 . 8 6 1 7 ( 3 . 0 3 1 9 ) c . 03 3 9 5 3 . 9 3 7 5 5 . 3 7 2 
1 2 ( 6 6 ) - 1 1 ( 6 5 ) 1 1 0 6 8 5 7 . 7 0 3 8 ( 0 . 3 3 1 9 ) 7 4 . 6 7 0 7 1 . 1 0 5 
1 2 ( 6 7 ) - 1 1 ( 6 6 > / 1 0 6 8 5 7 . 6 9 5 5 ( 1 . 0 ) 1 3 5 8 5 7 . 7 0 3 7 ( 3 . 0 0 1 9 ) - 3 . 0 3 8 2 7 4 . 6 7 0 7 1 . 1 0 5 

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

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

1 2 ( 1 0 3 ) - 1 1 (1L 2 ) } 1 Ü 6 8 5 4 . 8 3 2 3 ( 1 . 0 ) 1 0 6 8 5 4 . 8 3 3 8 ( 0 . 0 3 3 2 ) - 0 . 0 0 1 5 1 5 6 . 1 5 4 1 6 2 . 5 9 0 
1 2 ( 1 1 1 ) - 1 1 ( 1 1 0 ) 1 0 6 8 5 7 . 6 2 4 7 ( 0 . 0 3 4 0 ) 1 9 6 . 1 5 2 1 9 2 . 5 3 7 

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

r> 



TABLE I . OBSERVED AMD CALCULATED FREQUENCIES OF TRANS-ACROLEIN in MHz (CONTINUED) 

TRANSITION OBSERVED 
UPPE3 LOWER FREQUENCY 
STATE STATE (WEIGHT) 

CALCULATED FRFQUENCY O B S . - C A L C 
(STANDARD DEVIATION) 

ENFRGY LEVELS IN CM-1 REMARKS 
UPPER LOWER 
STATE STATE 

i 3 ( 0 13 ) - 1 2 ( 0 1 2 ) 1 1 4 6 5 3 . 3 2 5 6 ( 1 . 0 ) 1 1 4 6 5 3 . 3 2 8 4 ( 0 . 0 3 2 3 ) - 3 . 0 0 2 8 2 6 . 8 8 5 2 3 . 0 6 1 
1 3 ( 1 1 2 ) - 1 2 1 1 1 ) 1 1 8 1 3 5 . 3 7 6 6 ( 1 . 0 ) 1 1 8 1 3 5 . 3 8 1 3 « 0 . 0 0 2 2 ) - 0 . 0 0 4 7 2 9 . 0 4 9 2 5 . 1 0 9 
1 3 ( 1 1 3 ) - 1 2 ( 1 1 ? ) 1 1 2 7 6 0 . 5 1 9 0 ( 1 . 3 ) 1 1 2 7 6 0 . 5 1 9 5 ( 0 . 0 3 2 3 ) - 3 . 0 0 0 6 2 7 . 7 8 8 2 4 . 0 2 7 
1 3 2 1 1 ) - 1 2 « 2 1 0 ) 1 1 6 6 1 0 . 6 3 5 9 ( 1 . 0 ) 1 1 6 6 1 0 . 6 4 5 0 ( 0 . 0 0 2 1 ) - 0 . 0 0 9 1 3 2 . 8 5 9 2 8 . 9 7 0 
1 3 ( 2 1 2 ) - 1 2 ( 2 1 1 ) 1 1 5 5 4 5 . 2 6 8 7 ( 1 . 0 ) 1 1 5 5 4 5 . 2 6 6 5 ( 3 . 0 0 2 1 ) 0 . 0 0 2 1 3 2 . 7 2 4 2 8 . 8 7 0 
1 3 ( 3 1 0 ) - 1 2 ( 3 9 ) 1 1 5 8 8 7 . 9 7 1 0 ( 1 . C ) 1 1 5 8 8 7 . 9 8 2 8 ( 0 . 0 0 2 0 ) - 0 . 0 1 1 8 3 9 . 9 2 1 3 5 . 0 5 5 
1 3 3 1 1 ) • 1 2 ( 3 1 0 ) 1 1 5 8 4 6 . 6 9 8 3 ( 1 . 0 ) 1 1 5 8 4 6 . 7 3 2 3 ( 0 . 0 0 2 0 ) - 0 . 0 3 3 7 3 9 . 9 1 7 3 6 . 0 5 3 
1 3 ( 4 9 ) - 1 2 4 8 ) 1 1 5 8 0 ' + . 0 1 8 3 ( 1 . C) 1 1 5 8 0 4 . G 26 3 ( 0 . 0 3 1 9 ) - 0 . 0 0 7 7 4 9 . 9 2 7 4 6 . 0 6 4 
1 3 ( 4 1 0 ) - 1 2 ( 1• 9 ) 1 1 5 8 0 3 . 4 1 0 3 ( 1 . 3 ) 1 1 5 8 0 3 . 4 3 0 4 ( C . 0 0 1 9 ) - 0 . 0 2 0 1 4 9 . 9 2 6 4 6 . 0 6 4 
1 3 ( 5 8 ) - 1 2 ( 5 7 ) 1 1 5 7 7 7 . 9 4 2 9 ( 1 . ü ) 1 1 5 7 7 7 . 9 4 6 2 ( 0 . 0 3 1 8 ) - 0 . 0 0 3 3 6 2 . 7 9 9 5 8 . 9 3 7 
1 3 ( 5 9 ) - 1 2 5 8 ) 1 1 5 7 7 7 . 9 4 2 9 ( 1 . 0 ) 1 1 5 7 7 7 . 9 4 1 9 ( 3 . 0 0 1 8 ) 0 . 0 0 1 0 6 2 . 7 9 9 5 8 . 9 3 7 
1 3 6 7 ) - 1 2 ( 6 6 ) \ 1 1 5 7 6 5 . 8 6 7 7 ( 0 . 0 3 1 8 ) 7 8 . 5 3 1 7 4 . 6 7 0 
1 3 ( 6 8 ) - 1 2 ( 6 7 ) r 1 1 5 7 6 5 . 3 9 7 4 ( 1 . 3 ) 1 1 5 7 6 5 . 8 6 7 7 ( 0 . 0 0 1 8 ) 0 . 0 2 9 7 7 8 . 5 3 1 7 4 . 6 7 0 
1 3 7 6 ) - 1 2 ( 7 5 ) 1 1 1 5 7 6 0 . 1 9 6 6 ( 0 . 0 0 1 9 ) 9 7 . 1 2 1 9 3 . 2 6 0 
1 3 7 7 ) - 1 2 ( 7 6 ) f 1 1 5 7 6 0 . 2 0 4 1 ( 1 . 0 ) 1 1 5 7 6 0 . 1 9 6 6 ( 0 . 0 3 1 9 ) 0 . 0 0 7 5 9 7 . 1 2 1 9 3 . 2 6 0 
1 3 ( 8 5 ) - 1 2 ( 8 4 ) 1 1 5 7 5 8 . 0 5 9 0 ( 0 . 0 0 2 1 ) 1 1 8 . 5 6 7 1 1 4 . 7 0 6 
1 3 ( 8 6 ) - 1 2 ( 8 5 ) j 1 1 5 7 5 8 . 0 8 4 9 ( 1 . D > 1 1 5 7 5 8 . 0 5 9 3 ( 3 . 0 0 2 1 ) 0 . 0 2 5 9 1 1 8 . 5 6 7 1 1 4 . 7 0 6 
1 3 ( 9 4 ) - 1 2 9 3 > ] 1 1 5 7 5 8 . 1 2 8 8 ( 0 . 0 0 2 5 ) 1 4 2 . 8 6 6 1 3 9 . 0 0 5 
1 3 ( 9 5 ) - 1 2 ( 9 4 ) j 1 1 5 7 5 8 . 0 9 5 9 ( 1 . 0 » 1 1 5 7 5 8 . 1 2 8 8 ( 0 . 0 0 2 5 ) - 0 . 0 3 2 9 1 4 2 . 8 6 6 1 3 9 . 0 0 5 
1 3 ( 1 0 3 ) - 1 2 ( 1 0 2 ) 1 1 1 5 7 5 9 . 7 2 2 0 ( 0 . 0 0 3 1 ) 1 7 0 . 0 1 5 1 6 6 . 1 5 4 
1 3 ( 1 0 4 ) - 1 2 ( 1 0 3 ) ] 1 1 5 7 5 9 . 7 0 5 4 ( 1 . C ) 1 1 5 7 5 9 . 7 2 2 0 ( Ü . 0 3 3 1 ) - 0 . 0 1 6 6 1 7 0 . 0 1 5 1 6 6 . 1 5 4 
1 3 ( 1 1 2 ) - 1 2 ( 1 1 1 ) 1 1 1 5 7 6 2 . 4 5 4 6 ( 0 . 0 0 3 8 ) 2 0 0 . 0 1 3 1 9 6 . 1 5 2 
1 3 ( 1 1 3 ) - 1 2 ( 1 1 2 ) f 1 1 5 7 6 2 . 4 6 6 4 ( 1 . 0) 1 1 5 7 5 2 . 4 5 4 5 « 3 . 0 0 3 8 ) 0 . 0 1 1 9 2 0 0 . 0 1 3 1 9 6 . 1 5 2 
1 3 ( 1 2 1 ) - 1 2 ( 1 2 0 ) 1 1 5 7 6 6 . G 9 7 1 ( 0 . 0 0 4 8 ) 2 3 2 . 8 5 5 2 2 8 . 9 9 4 
1 3 ( 1 2 2 ) - 1 2 ( 1 2 1 ) 1 1 5 7 6 6 . 0 9 7 1 ( 0 . 0 3 4 8 ) 2 3 2 . 8 5 5 2 2 8 . 9 9 4 

11» ( 0 1 4 ) 1 3 ( 0 1 3 ) 1 2 3 3 0 2 . 2 9 2 0 ( 1 . 0 ) 1 2 3 3 0 2 . 2 9 6 5 « 0 . 0 3 2 2 ) - 0 . 0 0 4 5 3 0 . 9 9 8 2 6 . 8 8 5 
11» < 1 1 3 ) - 1 3 « 1 1 2 ) 1 2 7 1 6 5 . 2 2 2 9 ( 0 . 0 3 2 2 ) 3 3 . 2 9 1 2 9 . 0 4 9 
1 4 ( 1 1 4 ) - 1 3 ( 1 1 3 ) 1 2 1 3 9 2 . 7 3 6 0 ( 1 . C ) 1 2 1 3 9 2 . 7 3 0 2 ( 0 . 0 3 2 2 ) 0 . 0 0 5 8 3 1 . 8 3 7 2 7 . 7 8 8 
1 4 ( 2 1 2 ) - 1 3 ( 2 1 1 ) 1 2 5 7 1 6 . 0 3 8 0 ( 1 . G ) 1 2 5 7 1 5 . 0 3 1 9 ( 0 . 0 0 2 1 ) 0 . 0 0 6 1 3 7 . 0 5 3 3 2 . 8 5 9 
ltf C 2 1 3 ) - 1 3 ( 2 1 2 ) 1 2 4 4 0 0 . 1 3 3 7 ( 1 . D) 1 2 4 4 0 0 . 1 2 7 8 ( 0 . 0 0 2 1 ) 0 . 0 0 5 9 3 6 . 8 7 4 3 2 . 7 2 k 
1 4 ( 3 1 1 ) - 1 3 « 3 1 0 ) 1 2 4 8 3 2 . 760 2 ( 1 . 0) 1 2 4 8 3 2 . 7 5 1 8 ( 3 . 0 3 1 9 ) 0 . 0 0 8 4 4 4 . 0 8 5 3 9 . 9 2 1 
1 4 ( 3 1 2 ) - 1 3 ( 3 1 1 ) 121*772.8729(1. 0 ) 1 2 4 7 7 2 . 6 7 4 3 « 0 . 0 3 1 9 ) - 0 . 0 0 1 4 4 4 . 0 7 9 3 9 . 9 1 7 
1 4 ( 4 1 0 ) - 1 3 ( 4 9 ) 1 2 4 7 2 3 . 4 1 9 7 ( 1 . G) 1 2 4 7 2 3 . 4 2 0 2 « 0 . 0 0 1 8 ) - 0 . 0 0 0 5 5 4 . 0 8 7 4 9 . 9 2 7 
1 « 1» 1 1 ) - 1 3 ( h 1 0 ) 1 2 4 7 2 2 . 4 1 5 9 ( 1 . 3 ) 1 2 4 7 2 2 . 4 3 8 4 ( 0 . 0 3 1 8 ) 0 . 0 0 7 5 5 4 . 0 8 7 4 9 . 9 2 6 
1 4 ( 5 9 ) - 1 3 5 8 ) 1 2 4 6 9 3 . 3 4 8 1 ( 1 . 3 ) 1 2 4 6 9 0 . 3 5 2 1 ( 3 . C 3 1 7 ) - 0 . 0 0 4 0 6 6 . 9 5 8 6 2 . 7 9 9 
1 4 « 5 1 0 ) - 1 3 ( 5 9 ) 1 2 4 6 9 0 . 3 4 8 1 ( 1 . C) 1 2 4 6 9 0 . 3 4 3 4 « 0 . 0 0 1 7 ) 0 . 0 0 4 7 5 6 . 9 5 8 6 2 . 7 9 9 
1 4 ( 6 8 ) - 1 3 ( 6 7> ) 1 2 4 6 7 4 . 8 3 5 4 ( 1 . 0) 1 2 4 6 7 4 . 8 3 6 3 « 0 . 0 0 1 7 ) - 0 . 0 0 0 9 8 2 . 6 9 0 7 8 . 5 3 1 
i 4 ( 6 9 ) - 1 3 ( 6 8 ) 1 1 2 4 6 7 4 . 8 3 6 3 ( 0 . 0 0 1 7 ) 8 2 . 6 9 0 7 8 . 5 3 1 
1 4 « 7 7 ) - 1 3 ( 7 6 ) ) 1 2 4 6 6 7 . 2 4 9 3 ( 3 . 0 0 1 8 ) 1 0 1 . 2 8 0 9 7 . 1 2 1 
1 4 « 7 8 ) - 1 3 ( 7 7 ) / 1 2 4 6 6 7 . 2 5 3 4 ( 1 . 3 ) 1 2 4 6 6 7 . 2 4 9 3 ( 0 . 0 3 1 8 ) 0 . 0 0 4 1 1 0 1 . 2 8 0 9 7 . 1 2 1 
1 4 ( 8 6 ) - 1 3 8 5> ) 1 2 4 5 6 3 . 9 9 8 9 « 0 . 0 3 2 0 ) 1 2 2 . 7 2 5 1 1 8 . 5 6 7 
1 4 « 8 7 ) - 1 3 ( 8 6 ) / 1 2 4 6 6 3 . 9 9 5 5 ( 1 . 0 ) 1 2 4 6 6 3 . 9 9 8 9 « 0 . 0 0 2 C ) - 0 . 0 0 3 4 1 2 2 . 7 2 5 1 1 8 . 5 6 7 
1 4 « 9 5 ) - 1 3 ( 9 4 ) ) 1 2 4 6 5 3 . 4 2 9 3 « 0 . 0 0 2 4 ) 1 4 7 . 0 2 4 1 4 2 . 8 6 6 
1 4 « 9 6 ) - 1 3 ( 9 5 ) / 1 2 4 6 6 3 . 1 + 0 8 2 ( 1 . 0 ) 1 2 4 6 6 3 . 4 2 9 3 ( 0 . 0 3 2 4 ) - 0 . 0 2 1 1 1 4 7 . 0 2 4 1 4 2 . 8 6 6 
1 M 1 Ö 4 ) - 1 3 ( 1 0 3) 1 2 4 6 6 4 . 6 9 6 2 ( 0 . 0 0 2 9 ) 1 7 4 . 1 7 4 1 7 0 . 0 1 5 
1 4 ( 1 0 5 ) - 1 3 ( 1 0 1 2 4 6 6 4 . 6 9 1 4 ( 1 . 3 ) 1 2 4 6 6 4 . 6 8 6 2 ( 0 . 0 3 2 9 ) G. 0 0 5 2 1 7 4 . 1 7 4 1 7 0 . 0 1 5 
1 4 ( 1 1 3 ) - 1 3 ( 1 1 2 ) 1 2 4 6 6 7 . 2 9 1 0 « 0 . 0 0 3 5 ) 2 0 4 . 1 7 1 2 0 0 . 0 1 3 
1 4 ( 1 1 4 ) - 1 3 ( 1 1 3) 1 2 4 6 5 7 . 2 9 1 3 < 0 . 0 0 3 5 ) 2 0 4 . 1 7 1 2 0 0 . 0 1 3 
i 4 « i 2 2 ) - 1 3 ( 1 2 1 )1 1 2 4 6 7 C . 9 5 7 1 ( 0 . 0 3 4 4 ) 2 3 7 . 0 1 4 2 3 2 . 8 5 5 
I«» ( 1 2 3 ) - 1 3 ( 1 2 2 ) / 1 2 4 6 7 0 . 9 5 2 1 ( 1 . C ) 1 2 4 6 7 0 . 9 5 7 1 « 0 . 0 3 4 4 ) - 0 . 0 0 5 0 2 3 7 . 0 1 4 2 3 2 . 8 5 5 
1«» « 1 3 1 ) - 1 3 ( 1 3 0)1 1 2 4 6 7 5 . 5 0 3 8 « 0 . 0 0 5 5 ) 2 7 2 . 6 9 8 2 6 8 . 5 3 9 
!«• « 1 3 2 ) - 1 3 ( 1 3 D J 1 2 4 6 7 5 . 5 2 5 6 ( 1 . 0 ) 1 2 4 6 7 5 . 5 0 3 8 « 0 . 0 0 5 5 ) 0 . 0 2 1 8 2 7 2 . 6 9 8 2 6 8 . 5 3 9 



TABLE I . OBSEWEO AND CALCULATED FREQUENCIES OF TRANS-ACROLEIN i n MHz . (CONTINUED) 

TRANSITION OBSERVED CALCULATED FREQUENCY 0 3 S . - C A L C . ENERGY LEVELS IN CM-1 REMARKS 
UPPER 
STATE 

LOWER 
STATE 

FREQUENCY 
(WEIGHT) 

(STANDARD D E V I A T I O N ) UPPER 
STATE 

LOWER 
STATE 

1 5 0 1 5 ) - 1 4 0 1 4 ) 1 3 1 9 2 0 . 6 7 2 5 ( 1 . Ü) 1 3 1 9 2 0 . 6 8 9 8 ( 0 . G Ü 2 2 ) - 3 . 0 1 7 3 3 5 . 3 9 9 3 0 . 9 9 8 
1 5 ( 1 1 4 ) - 1 4 1 1 3 ) 1 3 6 1 8 0 . 8 7 1 5 ( 1 . Q) 1 3 6 1 8 0 . 8 6 7 9 ( 0 . 0 0 2 2 ) 0 . 00 3 6 3 7 . 8 3 3 3 3 . 2 9 1 
1 5 ( 1 1 5 ) - 1 4 1 1 4 ) 1 3 0 0 1 6 . 9 4 8 3 ( 1 • ü) 1 3 0 0 1 6 . 9 3 5 0 ( 0 . 0 0 2 2 ) 0 . 0 1 3 3 3 6 . 1 7 4 3 1 . 8 3 7 
1 5 ( 2 1 3 ) - 1 4 2 1 2 ) 1 3 4 8 4 4 . 0 8 0 2 ( 1 . 0 ) 1 3 4 8 4 4 . 0 9 9 2 ( 0 . 0 3 2 1 ) - 0 . 0 1 9 0 4 1 . 5 5 1 3 7 . 0 5 3 
1 5 ( 2 1 4 ) - 1 4 2 1 3 ) 1 3 3 2 4 7 . 6 6 4 2 ( 1 . 0 ) 1 3 3 2 4 7 . 6 7 0 9 ( C . 0 3 2 1 ) - 0 . 0 0 6 6 4 1 . 3 1 8 3 6 . 8 7 4 
1 5 ( 3 1 2 ) - 1 4 3 1 1 ) 1 3 3 7 8 5 . 6 6 4 1 ( 1 . 3 ) 1 3 3 7 8 5 . 6 7 7 6 ( 0 . 0 3 1 9 ) - 0 . 0 1 3 5 4 8 . 5 4 7 4 4 . 0 8 5 
1 5 ( 3 1 3 ) - 1 4 3 1 2 ) 1 3 3 7 U 1 . J 6 4 U ( 1 . C) 1 3 3 7 0 1 . 0 6 6 5 ( 0 . 0 0 1 9 ) - 0 . 0 0 2 6 4 8 . 5 3 9 4 4 . 0 7 9 
1 5 ( 4 1 1 ) - 1 4 4 1 0 ) 1 3 3 6 4 5 . 4 1 2 2 ( 1 . 0) 1 3 3 6 4 5 . 4 2 6 0 ( 0 . 0 3 1 7 ) - o . 0 1 3 8 5 8 . 5 4 5 5 4 . 0 8 7 
15 ( 4 1 2 ) - 1 4 4 1 1 ) 1 3 3 6 4 3 . 7 6 6 5 ( 1 . Q) 1 3 3 6 4 3 . 7 7 1 9 ( 0 . 0 3 1 7 ) - 0 . 0 0 5 4 5 8 . 5 4 5 5 4 . 0 8 7 
1 5 ( 5 1 0 ) - 1 4 5 9 ) 1 3 3 6 0 4 . 1 8 3 6 ( i . 2 ) 1 3 3 6 0 4 . 1 8 4 3 ( 0 . 0 0 1 6 ) - 0 . 0 0 0 4 7 1 . 4 1 4 6 6 . 9 5 8 
1 5 ( 5 1 1 ) - 1 4 5 1 0 ) 1 3 3 6 0 4 . 1 8 3 6 ( 1 . 0) 1 3 3 6 0 4 . 1 5 7 5 ( p . 0 3 1 6 ) 0 . 0 1 6 0 7 1 . M 4 6 6 . 9 5 3 
1 5 ( 6 9 ) - 1 4 6 8 ) 1 1 3 3 5 8 4 . 6 7 1 4 ( 0 . 0 0 1 6 ) 9 7 . 1 4 6 8 2 . 6 9 0 
1 5 ( 6 1 0 ) - 1 4 6 9 ) f 1 3 3 5 8 4 . 6 6 1 2 ( 1 . 0) 1 3 3 5 8 4 . 6 7 1 3 ( 3 . 0 0 1 6 ) - 3 . 0 1 0 1 8 7 . 1 4 6 8 2 . 6 9 0 
1 5 ( 7 8 ) - 14 7 7 , 1 1 3 3 5 7 4 . 8 3 9 6 ( 0 . 0 0 1 7 ) 1 0 5 . 7 3 5 1 0 1 . 2 8 0 
1 5 ( 7 9 ) - 1 4 7 8 ) / 1 3 3 5 7 4 . 8 3 9 5 ( 1 . 0) 1 3 3 5 7 4 . 83 9 6 ( 3 . 0 3 1 7 ) - 3 . 0 3 0 1 1 3 5 . 7 3 5 1 0 1 . 2 8 0 
1 5 ( 8 7 ) - 1 4 8 6 ) 1 1 3 3 5 7 0 . 2 6 5 8 ( 0 . 0 J 1 9 ) 1 2 7 . 1 8 1 1 2 2 . 7 2 5 
1 5 ( 8 9 ) - 1 4 8 1 3 3 5 7 0 . 2 6 8 0 ( 1 . 0) 1 3 3 5 7 3 . 2 5 5 9 ( 0 . Ü 3 1 9 ) 3 . 0 0 2 2 1 2 7 . 1 8 1 1 2 2 . 7 2 5 
1 5 ( 9 6 ) - 1 4 9 5 ) 1 1 3 3 5 6 8 . 9 1 3 4 ( 0 . 0 3 2 3 ) 1 5 1 . 4 8 0 1 4 7 . 0 2 4 
15 ( 9 7) - 1 4 9 6 ) / 1 3 3 5 6 8 . 9 1 4 7 ( 1 . 0 ) 1 3 3 5 6 8 . 9 1 3 4 ( 0 . 0 3 2 3 ) 0 . 0 0 1 3 1 5 1 . 4 8 0 1 4 7 . 0 2 4 
1 5 ( 1 0 5 ) - 1 4 1 0 4 ) ) 1 3 3 5 6 9 . 7 3 2 3 ( 0 . 0 3 2 7 ) 1 7 8 . 6 2 9 1 7 4 . 1 7 4 
1 5 ( 1 0 6 ) - 1 4 10 5 ) < 1 3 3 5 6 9 . 7 2 5 3 ( 1 . 0) 1 3 3 5 6 9 . 7 3 2 3 ( 0 . 0 3 2 7 ) - 0 . 0 3 7 0 1 7 9 . 6 2 9 1 7 4 . 1 7 4 
1 5 ( 1 1 4 ) - 1 4 1 1 3 ) \ 1 3 3 5 7 2 . 1 3 4 3 ( Q . 0 3 3 2 ) 2 3 8 . 6 2 7 2 0 4 . 1 7 1 
1 5 ( 1 1 5 ) - 1 4 1 1 4 ) ( 1 3 3 5 7 2 . 1 3 4 3 ( 1 . 0 ) 1 3 3 5 7 2 . 1 3 4 0 ( 0 . 0 3 3 2 ) 0 . 0 0 0 3 2 3 8 . 6 2 7 2 0 4 . 1 7 1 
1 5 ( 1 2 3 ) - 1 4 1 2 2 ) \ 1 3 3 5 7 5 . 7 5 6 9 ( 0 . 0 0 3 9 ) 2 4 1 . 4 6 9 2 3 7 . 0 1 4 
1 5 ( 1 2 4 ) - 14 1 2 3) J 1 3 3 5 7 5 . 7 7 3 6 ( 1 . 0) 1 3 3 5 7 5 . 7 6 6 9 ( 0 . 0 0 3 9 ) 0 . 0 0 6 7 2 4 1 . 4 6 9 2 3 7 . 0 1 4 
1 5 ( 1 3 2 ) - 1 4 1 3 1 3 3 5 9 0 . 4 0 9 1 ( 0 . 0 0 4 8 ) 2 7 7 . 1 5 4 2 7 2 . 6 9 8 
1 5 ( 1 3 3) - 1 4 1 3 2 ) / 1 3 3 5 8 0 . 40 4 6 ( 1 . 3 ) 1 3 3 5 8 0 . 4 0 9 1 ( 3 . 0 0 4 8 ) - 0 . 0 0 4 5 2 7 7 . 1 5 4 2 7 2 . 6 9 8 
1 5 ( 1 4 1 ) - 14 1 4 0 > \ 1 3 3 5 9 5 . 9 1 4 1 ( ü . 0 3 6 3 ) 3 1 5 . 6 7 6 3 1 1 . 2 2 0 
1 5 ( 1 4 2 ) - 14 1 4 1 ) / 1 3 3 5 8 5 . 9 0 4 2 ( 1 . C) 1 3 3 5 9 5 . 9 1 4 1 ( 0 . 0 3 6 3 ) - 3 . 03 9 9 3 1 5 . 6 7 6 3 1 1 . 2 2 3 

1 6 ( 0 16 ) - 1 5 0 1 5 ) 1 4 0 5 0 9 . 5 1 7 9 ( Q . 0 3 2 3 ) 4 0 . 0 8 6 3 5 . 3 9 9 
16 ( 1 1 5 ) - 1 5 1 1 4 ) 1 4 5 1 8 0 . 8 1 8 5 ( 1 . 0) 1 4 5 1 9 0 . 8 1 C 3 ( C . 0 0 2 5 ) u . 00 8 2 4 2 . 6 7 6 3 7 . 9 3 3 
IS ( 1 1 6 ) - 1 5 1 1 5 ) 1 3 9 6 3 2 . 9 7 5 4 ( D . 0 3 2 2 ) 4 0 . 7 9 8 3 6 . 1 7 4 
1 6 ( 2 1 4 ) - 1 5 2 1 3 ) 14 3 9 9 3 . 2 2 4 1 ( 1 . 0 ) 1 4 3 9 9 3 . 2 3 1 1 ( 0 . 3 0 2 2 ) - 0 . 03 70 4 6 . 3 5 4 4 1 . 5 5 1 
1 6 ( 2 1 5 ) - 1 5 2 1 4 ) 1 4 2 0 8 7 . 4 0 2 1 ( 1 . 0) 1 4 2 0 8 7 . 4 0 7 9 ( 0 . 3 0 2 2 ) - 0 . 0 0 5 7 4 6 . 0 5 8 4 1 . 3 1 3 
1 6 ( 3 1 3 ) - 15 3 1 2 ) 1 4 2 7 < + 7 . 8 3 2 6 ( 1 . Ci) 1 4 2 7 4 7 . 8 3 4 9 ( 0 . 0 0 2 0 ) - 0 . 0 0 2 2 5 3 . 3 0 9 4 8 . 5 4 7 
1 6 ( 3 1 4 ) - 1 5 3 1 3 ) 1 4 2 6 3 1 . 0 4 9 4 ( 1 . C) 1 4 2 6 3 1 . 0 4 4 1 ( 0 . 0 3 2 0 ) G . 00 5 3 5 3 . 2 9 7 4 8 . 5 3 9 
1 6 ( 4 12 ) - 1 5 4 1 1 ) 1 4 2 5 7 0 . 2 4 8 1 ( 1 . :> 1 4 2 5 7 0 . 2 7 3 9 ( 3 . 0 3 1 8 ) - 3 . 0 2 5 7 5 3 . 3 0 0 5 8 . 5 4 5 
1 6 4 1 3 ) - 1 5 4 1 2 ) 1 4 2 5 6 7 . 6 4 1 3 ( 1 . u) 1 4 2 5 6 7 . 6 5 7 5 ( 0 . 0 3 1 8 ) - 3 . 0 1 6 2 5 3 . 3 0 0 5 8 . 5 4 5 
1 6 ( 5 1 1 ) - 1 5 5 1 0 ) 1 4 2 5 1 9 . 5 1 2 4 ( 1 . 0) 1 4 2 5 1 9 . 5 4 5 4 ( 0 . 0 3 1 6 ) - 0 . 3 3 3 3 7 6 . 1 6 8 7 1 . 4 1 4 
1 6 ( 5 1 2 ) - 1 5 5 1 1 ) 1 4 2 5 1 9 . 5 1 2 4 ( 1 . C) 1 4 2 5 1 9 . 5 1 5 6 ( 0 . 0 3 1 6 ) - ü . 0 3 3 2 7 6 . 1 6 8 7 1 . 4 1 4 
1 6 ( 6 1 0 ) - 1 5 6 9 ) 1 1 4 2 4 9 5 . 4 3 4 6 ( 3 . 0 3 1 6 ) 9 1 . 8 9 9 8 7 . 1 4 6 
1 6 ( 6 1 1 ) - 1 5 6 1 0 ) / 1 4 2 4 9 5 . 4 4 3 9 ( 1 . 0) 1 4 2 4 9 5 . 4 3 4 4 ( 0 . 0 3 1 6 ) 0 . 0 3 9 5 9 1 . 8 9 9 8 7 . 1 4 6 
1 6 ( 7 9 ) - 1 5 7 8 ) 1 1 4 2 4 8 3 . Ü 0 5 5 ( 0 . 0 3 1 7 ) 1 1 0 . 4 8 8 1 G 5 . 7 3 5 
1 6 ( 7 1 0 ) - 1 5 7 9 ) f 1 4 2 4 8 3 . , 1 0 8 ( 1 . 3 ) 1 4 2 4 9 3 . 0 3 5 5 ( 3 . 0 3 1 7 ) 0 . 3 3 5 3 1 1 0 . 4 8 8 1 0 5 . 7 3 5 
1 6 ( 8 8 ) - 1 5 e 7 , i 1 4 2 4 7 6 . P.927 ( 0 . 0 3 1 9 ) 1 3 1 . 9 3 3 1 2 7 . 1 8 1 
1 6 ( ft 9 ) - 1 5 8 «>; 1 4 2 4 7 6 . 9 0 6 0 ( 1 . 0 ) 1 4 2 4 7 6 . 8 8 2 7 ( 0 . 3 3 1 9 ) 0 . 02 33 1 3 1 . 9 3 3 1 2 7 . 1 3 1 
1 6 ( 9 7 ) - 1 5 9 6 ) \ 1 4 2 4 7 4 . 5 9 4 2 ( 0 . 0 3 2 2 ) 1 5 6 . 2 3 2 1 5 1 . 4 8 0 
1 6 ( 9 8 ) - 15 9 7 ) / 1 4 2 4 7 4 . 5 8 0 4 ( 1 . 3) 1 4 2 4 7 4 . 5 9 4 2 ( 3 . 3 3 2 2 ) - 0 . 0 1 3 8 1 5 6 . 2 3 2 1 5 1 . 4 3 0 
1 6 ( 1 0 6 ) - 1 5 10 5 ) ) 1 4 2 4 7 4 . 8 6 5 9 ( 0 . 3 3 2 5 ) 1 8 3 . 3 8 2 1 7 8 . 6 2 9 
16 ( 1 0 7 ) - 1 5 10 6 ) | 1 4 2 4 7 4 . 5 7 1 9 ( 1 . C > 1 4 2 4 7 4 . 8 6 5 9 ( 0 . 0 3 2 5 ) c . 0 0 6 0 1 8 3 . 3 8 2 1 7 8 . 6 2 9 
1 6 ( 1 1 5 ) - 1 5 1 1 4 ) 1 4 2 4 7 6 . 9 9 4 2 ( 0 . 0 3 2 9 ) 2 1 3 . 3 7 " 2 0 8 . 6 2 7 
1 6 ( 1 1 6 ) - 1 5 1 1 5 ) 1 4 2 4 7 6 . 9 9 4 2 ( 0 . 0 3 2 9 ) 2 1 3 . 3 7 9 2 0 8 . 6 2 7 
1 6 ( 1 2 4 ) - 1 5 1 2 3 ) ) 1 4 2 4 9 0 . 5 2 2 9 ( 0 . 0 3 3 4 ) 2 4 6 . 2 2 2 2 4 1 . 4 6 9 
1 6 ( 1 2 5 ) - 15 12 4 ) | 14 248 0 . 5 1 8 3 ( 1 . C) 1 4 2 4 8 0 . 5 2 2 8 ( 3 . 3 1 3 4 ) - c . 0G40 246 . 222 2 4 1 . 4 6 9 



TA BL£ I . OBS ERVE 0 AND CALCULATED FREQUENCIES OF TRANS-ACROLEIN in MHz (CONTINUED) 

T R A N S I T I O N 
U P P E R L O W E R 
S T A T E S T A T E 

OBSERVED 
FREQUENCY 
(WEIGHT) 

CALCULATED FREQUENCY 
(STANDARD DEVIATION) 

0 3 S . - C A L C . ENERGY LEVELS IM CM-1 
UPPER LOWER 
STATE STATE 

REMARKS 

6 ( 1 3 3) - 15 ( 1 3 2 ) 1 1 4 2 4 8 5 . 2 1 3 0 ( 0 . 0 3 4 1 ) 2 8 1 . 9 0 6 2 7 7 . 1 5 4 
6 ( 1 3 4 ) - 1 5 ( 1 3 3 ) / 1 4 2 4 8 5 . 2 1 4 9 ( 1 . 0 ) 1 4 2 4 8 5 . 2 1 3 0 ( 0 . 0 0 4 1 ) 0 . 0 3 1 9 2 3 1 . 9 0 6 2 7 7 . 1 5 4 
6 ( 1 4 2 ) - 15 ( 1 4 1 4 2 4 9 0 . 8 7 7 9 ( 0 . 0 0 5 3 ) 320 . 4 2 9 3 1 5 . 6 7 6 
6 ( 1 4 3) - 1 5 ( 1 4 2 ) / 14 2<*9 0 . 8 8 9 7 ( 1 . 0) 1 4 2 4 9 0 . 8 7 7 9 ( c . 0 0 5 3 ) 3 . 0 1 1 8 3 2 0 . 4 2 9 3 1 5 . 6 7 6 
5 ( 1 5 1 ) - 1 5 ( 1 5 0) 1 4 2 4 9 7 . 3 9 6 1 ( 3 . 0 3 7 1 ) 3 6 1 . 7 8 5 3 5 7 . 0 3 2 
6 ( 1 5 2) - 1 5 ( 1 5 1 ) 1 4 2 4 9 7 . 3 9 6 1 ( 0 . 0 3 7 1 ) 3 6 1 . 7 8 5 3 5 7 . 0 3 2 

7 ( 0 17) - 16 ( 0 1 6 ) 1 4 9 0 7 0 . 4 6 7 9 ( 1 . O 1 4 9 0 7 0 . 4 6 1 2 ( 3 . 0 3 2 6 ) 0 . 0 0 6 7 4 5 . 0 5 8 4 0 . 0 86 
7 ( 1 1 6 ) - 16 ( 1 1 5 ) 1 5 4 1 5 3 . 4 5 7 0 ( 0 . 0 0 3 0 ) 47 . 8 1 8 4 2 . 6 7 6 
7 ( 1 17) - 16 ( 1 1 6 ) 1 4 7 2 4 0 . 7 6 C 0 ( 0 . 0 0 2 5 ) 45 . 7 1 0 4 0 . 7 9 8 
7 ( 2 15 ) - 1 6 ( 2 1 4 ) 1 5 3 1 6 1 . 1 5 0 3 ( 1 . 0) 1 5 3 1 6 1 . 1 2 4 4 ( 0 . 0 0 2 7 ) 0 . 0 2 6 4 51 . 4 6 3 4 6 . 3 5 4 
7 ( 2 1 6 ) - 16 ( 2 1 5 ) 1 5 1 9 1 8 . 8 4 3 9 ( 1 . 0) 1 5 0 9 1 8 . 8 6 3 1 ( 3 . 0 3 2 6 ) - 0 . 0 1 9 2 51 . 0 9 2 4 6 . 0 5 3 
7 ( 3 14» - 16 3 1 3 ) 1 5 1 7 2 Ü . 3 6 4 4 ( 1 . 0) 1 5 1 7 2 0 . 3 8 3 8 ( 0 . 0 0 2 3 ) - 0 . 0 1 9 4 58 . 3 7 0 5 3 . 3 0 9 
7 ( 3 1 5 ) - 16 ( 3 1 4 ) 1 5 1 5 6 2 . 4 6 6 3 ( 1 . 0 ) 1 5 1 5 6 2 . 4 7 4 6 ( 0 . 0 0 2 4 ) - 0 . 0 0 8 3 58 . 3 5 2 5 3 . 2 9 7 
7 ( 4 1 3 ) - 16 ( 4 1 2 ) 1 5 1 4 9 8 . 1 7 9 0 ( 1 . 0) 1 5 1 4 9 8 . 2 0 9 9 ( 0 . 0 0 2 1 ) - 3 . 0 3 0 9 68 . 3 5 4 6 3 . 3 0 0 
7 ( 4 1 4 ) - 16 ( 4 1 3 ) 1 5 1 4 9 4 . 1 6 6 5 ( 1 . 0) 1 5 1 4 9 4 . 1 9 0 1 ( 0 . 0 0 2 1 ) - 0 . 0 2 3 6 68 . 3 5 4 6 3 . 3 0 0 
7 ( 5 1 2 ) - 16 ( 5 1 1 ) 1 5 1 4 36 . 5C 8 2 ( 1 . 0) 1 5 1 4 3 6 . 5 4 0 5 ( 3 . 0 0 1 9 ) - 0 . 0 3 2 3 31 . 2 2 0 7 6 . 1 6 8 
71 5 13) - 16 5 1 2 ) 1 5 1 4 3 6 . 5 0 8 2 ( 1 . C) 1 5 1 4 3 6 . 4 8 8 4 ( 3 . 0 0 1 9 ) 0 . 0 1 9 8 81 . 2 2 0 7 6 . 1 6 8 
7 ( 6 1 1 ) - 16 ( 6 1 0 ) ) 1 5 1 4 0 7 . 1 8 8 0 ( 3 . 0 0 1 8 ) 96 . 9 4 9 9 1 . 8 9 9 
7 ( 6 1 2 ) - 16 ( 6 I D f 1 5 1 4 0 7 . 1 6 6 9 ( 1 . 0) 1 5 1 4 C 7 . 1 8 7 6 ( 0 . 0 0 1 8 ) - 0 . 0 2 0 7 96 . 9 4 9 9 1 . 8 9 9 
7 ( 7 10 ) - 16 ( 7 9 ) 1 1 5 1 3 9 1 . 7 8 5 3 ( 0 . 0 0 1 9 ) 1 1 5 . 5 3 8 1 1 0 . 4 8 8 
7 ( 7 1 1 ) - 16 ( 7 1 0 ) / 1 5 1 3 9 1 . 7 7 8 4 ( 1 . 0) 1 5 1 3 9 1 . 7 8 5 3 ( 0 . 0 0 1 9 ) - 0 . 0 3 6 9 1 1 5 . 5 3 8 1 1 0 . 4 3 3 
7 ( 8 9 ) - 16 ( 8 8 ) 1 1 5 1 3 8 3 . 8 7 2 7 ( 0 . 0 0 2 1 ) 1 3 6 . 9 8 3 1 3 1 . 9 3 3 
7 ( 8 1 0 ) - 16 ( 8 9 ) f 1 5 1 3 8 3 . 8 6 3 4 ( 1 . 0) 1 5 1 3 8 3 . 8 7 2 7 ( 0 . 0 0 2 1 ) - 0 . 0 3 9 3 1 3 6 . 9 8 3 1 3 1 . 9 3 3 
7 ( 9 8 ) - 1 6 ( 9 7)\ 1 5 1 3 8 0 . 4 8 4 5 ( 0 . 0 3 2 4 ) 1 5 1 . 2 8 2 1 5 6 . 2 3 2 
7 ( 9 9 ) - 16 ( 9 8 ) / 1 5 1 3 8 0 . 4 8 4 3 ( 1 . 0) 1 5 1 3 8 0 . 4 8 4 5 ( 0 . 0 0 2 4 ) 0 . 0 0 0 3 1 5 1 . 2 8 2 1 5 6 . 2 3 2 
7 ( 1 0 7 ) - i 6 ( i a 6 » 1 5 1 3 8 0 . 0 9 2 7 ( 3 . 0 0 2 6 ) 1 3 8 . 4 3 1 1 8 3 . 3 8 2 
7 ( 1 0 8) - 1 6 ( 1 0 7 ) | 1 5 1 3 8 0 . 0 7 7 0 ( 1 . 0) 1 5 1 3 8 0 . 0 9 2 7 ( 0 . 0 3 2 6 ) - 0 . 0 1 5 7 1 8 8 . 4 3 1 1 8 3 . 3 8 2 
7 ( 1 1 6 ) - 1 6 ( 1 1 5 ) 1 1 5 1 3 8 1 . 8 4 1 3 ( 3 . 0 0 2 9 ) 2 1 8 . 4 2 9 2 1 3 . 3 7 9 
7 ( 1 1 7 ) - 16 ( 1 1 6 ) f 1 5 1 3 8 1 . 3 4 7 1 ( 1 . G) 1 5 1 3 8 1 . 8 4 1 8 ( 0 . 0 0 2 9 ) 0 . 0 0 5 3 2 1 8 . 4 2 9 2 1 3 . 3 7 9 
7 ( 1 2 5 ) - 1 6 ( 1 2 4 ) 1 1 5 1 3 3 5 . 2 2 1 1 ( 0 . 0 0 3 1 ) 2 5 1 . 2 7 2 2 4 6 . 2 2 2 
7 ( 1 2 6 ) - 1 6 ( 1 2 5 ) / 1 5 1 3 8 5 . 2 2 4 0 ( 1 . 0) 1 5 1 3 8 5 . 2 2 1 1 ( 0 . 0 0 3 1 ) 0 . 0 0 2 9 2 5 1 . 2 7 2 2 4 5 . 2 2 2 
7 ( 1 3 4 ) - 1 6 ( 1 3 1 5 1 3 8 9 . 9 0 8 3 ( 0 . 0 0 3 4 ) 2 8 6 . 9 5 6 2 8 1 . 9 0 6 
7 ( 1 3 5 ) - 1 6 ( 1 3 4 ) / 1 5 1 3 8 9 . 9 2 8 9 ( 1 . 0 ) 1 5 1 3 8 9 . 9 0 8 3 ( 9 . 0 0 3 4 ) 0 . 0 2 0 1 2 3 6 . 9 5 6 2 8 1 . 9 3 6 
7 ( 1 4 3 ) - 16 ( 1 4 2)1 1 5 1 3 9 5 . 6 9 3 5 ( 0 . 0 0 4 3 ) 3 2 5 . 4 7 9 3 2 0 . 4 2 9 
7 ( 1 4 4 ) - 16 ( 1 4 3 ) / 1 5 1 3 9 5 . 6 9 2 3 ( 1 . 0) 1 5 1 3 9 5 . 6 9 3 5 ( 3 . 0 3 4 3 ) - 0 . 0 0 0 7 3 2 5 . 4 7 9 3 2 0 . 4 2 9 

8 ( 0 1 8 ) _ 17 ( 0 1 7 ) 1 5 7 6 0 5 . 7 9 3 1 ( 3 . 0 0 3 1 ) 5G . 3 1 5 4 5 . 0 5 3 
8 ( 1 17) - 17 1 1 6 ) 1 6 3 1 2 7 . 1 3 3 8 ( 0 . 0 0 3 7 ) 53 . 2 6 0 4 7 . 8 1 8 
8 ( 1 1 8 ) - 17 ( 1 1 7 ) 1 5 5 8 4 0 . 2 9 4 1 ( 1 . 0) 1 5 5 8 4 0 . 2 6 3 0 ( 0 . 0 0 3 1 ) 0 . 0 3 1 1 50 . 9 0 8 4 5 . 7 1 0 
8 ( 2 1 6 ) - 17 ( 2 1 5 ) 1 6 2 3 4 4 . 8 6 4 1 ( 0 . 0 0 3 4 ) 56 . 8 7 8 5 1 . 4 6 3 
8 ( 2 1 7 ) - 17 ( 2 1 6 ) 1 5 9 7 4 1 . 5 7 5 7 ( c . 0 0 3 3 ) 56 . 4 2 0 5 1 . 0 9 2 
8 ( 3 15 ) - 17 ( 3 1 4 ) 1 6 0 7 0 4 . 5 6 5 9 ( 0 . 0 3 2 9 ) 53 . 7 3 0 5 3 . 3 7 0 
8 ( 3 1 6 ) - 17 ( 3 1 5 ) 161 )494 . 9 6 8 3 ( 1 . 0) 1 6 0 4 9 4 . 9 6 1 2 ( 0 . 0 0 3 0 ) 0 . 0 0 7 6 63 . 7 0 6 5 8 . 3 5 2 
3 ( 4 1 4 ) - 17 ( 4 1 3 ) 1 6 C 4 2 9 . 5 2 4 0 ( 1 . 0) 1 6 0 4 2 9 . 5 0 0 6 ( 3 . 0 3 2 6 ) 3 . 0 2 3 4 73 . 7 0 5 6 3 . 3 5 4 
8 ( 4 1 5 ) - 17 ( 4 1 4 ) 16 £ 42 3 . 5 1 8 0 ( 1 . 0) 1 6 0 4 2 3 . 4 7 9 9 ( 0 . 0 0 2 6 ) 0 . 0 3 8 1 7 3 . 7 0 5 6 8 . 3 5 4 
8 ( 5 1 3 ) - 17 ( 5 1 2 ) 1 6 3 3 5 5 . 2 7 4 9 ( 3 . 0 0 2 4 ) 36 . 5 6 9 8 1 . 2 2 0 
8 ( 5 1 4 ) - 17 ( 5 1 3 ) 1 6 0 3 5 5 . 1 8 6 7 ( 0 . 0 3 2 4 ) 86 . 5 6 9 8 1 . 2 2 0 
8 ( 6 1 2 ) - 1 7 ( 6 1 1 ) ) 1 6 0 3 1 9 . 9 9 3 3 ( 0 . 0 0 2 2 ) 1 0 2 . 2 9 7 9 6 . 9 4 9 
8 ( 6 1 3 ) - 17 6 1 2 ) / 1 6 0 3 2 0 . 0 0 8 9 ( 1 . 0 ) 1 6 0 3 1 9 . 9 9 2 5 ( 0 . 0 0 2 2 ) 0 . 0 1 6 4 1 3 2 . 2 9 7 9 6 . 9 4 9 
8 ( 7 1 1 ) - 17 ( 7 1 0 ) ) 1 6 3 3 0 1 . 2 1 7 2 ( 0 . 0 0 2 3 ) 1 2 0 . 8 8 5 1 1 5 . 5 3 8 
8 ( 7 1 2 ) - 1 7 ( 7 1 1 » / 1 6 C 3 Ü 1 . 2 2 4 3 ( 1 . 0) 1 6 0 3 0 1 . 2 1 7 2 ( 0 . 0 3 2 3 ) 0 . 0 0 7 1 120 . 8 8 5 1 1 5 . 5 3 8 
8 ( 8 10 ) - 17 ( 8 9 )1 1 6 0 2 9 1 . 2 5 8 9 ( 0 . 0 0 2 5 ) 1 4 2 . 3 3 0 1 3 6 . 9 8 3 
8 ( 8 11 ) - 17 8 1 0 ) / 1 6 1 2 9 1 . 2 6 8 6 ( 1 . 0) 1 6 0 2 9 1 . 2 5 8 9 ( 0 . 0 3 2 5 ) 0 . 0 0 9 7 1 4 2 . 3 3 0 1 3 6 . 9 8 3 
8 ( 9 9 ) - 17 ( 9 8) 1 6 0 2 8 6 . 5 9 7 2 ( 0 . 0 0 2 8 ) 1 6 6 . 6 2 8 1 6 1 . 2 8 2 



T A B L E I . O B S E W E O A N D C A L C U L A T E D F R E Q U E N C I E S O F T R A N S - A C R O L E I N I N M H Z . ( C O N T I N U E D ) 

T R A N S I T I O N OBSERVED 
UPPER LOWER FREQUENCY 
STATE STATE (WEIGHT) 

CALCULATED FREQUENCY O R S . - C A L C . 
(STANDARD D E V I A T I O N ) 

ENERGY LEVELS IN C M - 1 REMARKS 2 
UPPER LOWER <=> 
S T A T E STATE 

1 8 ( 9 1 3 ) - 1 7 ( 9 9 ) 
1 8 ( 1 0 8 ) - 1 7 ( 1 0 7 ) 
1 8 ( 1 0 9 ) - 1 7 ( 1 0 8 ) 
1 8 ( 1 1 7 ) - 1 7 ( 1 1 6 ) 
1 8 ( 1 2 7 ) - 1 7 ( 1 2 6 ) 

1 9 ( 0 1 9 ) _ 1 8 ( 0 1 8 ) 
1 9 ( 1 1 8 ) - 1 8 ( 1 1 7 ) 
1 9 ( 1 1 9 ) - 1 8 ( 1 1 8 ) 
1 9 ( 2 1 7 ) - 1 8 ( 2 1 6 ) 
1 9 2 1 8 ) - 1 8 ( 2 1 7 ) 
1 9 ( 3 1 6 ) - 1 8 ( 3 1 5 ) 
1 9 ( 3 1 7 ) - 1 8 ( 3 1 6 ) 
1 9 4 1 5 ) - 1 8 ( 4 1 4 ) 
1 9 ( 4 1 6 ) - 1 8 ( 4 1 5 ) 
1 9 5 1 4 ) - 1 « ( 5 1 3 ) 
1 9 5 1 5 ) - 1 8 ( 5 1 4 ) 
1 9 6 1 3 ) - 1 8 ( 6 1 2 ) 
1 9 6 1 4 ) - 1 8 ( 6 1 3 ) 
1 9 f 7 1 2 ) - 1 8 ( 7 1 1 ) 
1 9 ( 7 1 3 ) - 1 8 ( 7 1 2 ) 
1 9 8 1 1 ) - 1 8 ( 8 1 0 ) 
1 9 ( 8 1 2 ) - 1 8 ( 8 1 1 ) 
1 9 9 1 0 ) - 18 ( 9 9 ) 
1 9 ( 9 1 1 ) - 1.8 ( 9 1 0 ) 
1 9 ( 1 0 9 ) - 1 8 ( 1 0 8 ) 
1 9 ( 1 0 1 3 ) - 18 ( 1 3 9 ) 
1 9 ( 1 1 8 ) - 1 8 ( 1 1 7 ) 
1 9 ( 1 1 9 ) - 18 ( 1 1 8) 
1 9 ( 1 2 7 ) - 1 8 ( 1 2 6 ) 
1 9 ( 1 2 8 ) - 1 8 ( 1 2 7 ) 
1 9 ( 1 3 6 ) - 1 8 ( 1 3 5 ) 
1 9 ( 1 3 7 ) - 1 8 ( 1 3 6 ) 
1 9 ( 1 4 5 ) - 1 8 ( 1 4 4 ) 
1 9 ( 1 4 6 ) - 1 8 ( 1 4 5 ) 
1 9 ( 1 5 4 ) - 1 8 ( 1 5 3 ) 
1 9 ( 1 5 5 ) - 1 8 ( 1 5 4 ) 
1 9 ( 1 6 3 ) - 1 8 ( 1 6 2 ) 
1 9 ( 1 6 4 ) - 1 8 ( 1 6 3 ) 
1 9 ( 1 7 2 ) - 1 8 ( 1 7 1 ) 
1 9 ( 1 7 3 ) - 1 8 ( 1 7 2 ) 
1 9 ( 1 8 1 ) - 1 8 ( 1 8 0 ) 
1 9 ( 1 8 2 ) - 1 8 ( 1 8 1 ) 

2 0 ( 0 20 ) _ 1 9 ( 0 1 9 ) 
2 0 ( 1 1 9 ) - 1 9 ( 1 1 8 ) 
2 0 ( 1 20 ) - 1 9 ( 1 1 9 ) 
2 0 ( 2 1 8 ) - 1 9 ( 2 1 7 ) 
2 0 ( 2 1 9 ) - 1 9 ( 2 1 8 ) 
2 0 ( 3 1 7 ) - 1 9 ( 3 1 6 ) 
2 0 ( 3 1 8 ) - 1 9 ( 3 1 7 ) 
2 0 ( 4 1 6 ) - 1 9 4 1 5 ) 
2 0 ( 4 1 7 ) - 1 9 ( 4 1 6 ) 
2 0 < 5 1 5 ) - 1 9 ( 5 1 4 ) 
23 ( 5 16 ) - 1 9 ( 5 1 

1 6 0 2 3 6 . 6 4 9 6 ( 1 . 0 » 

1 6 0 2 8 5 . 4 2 1 0 ( 1 . 0 ) 

1 6 0 2 8 9 . 3 6 1 3 ( 1 . 3 ) 

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

1 6 9 3 6 4 . 4 2 6 2 ( 1 . 3 ) 
1 5 9 3 5 5 . 6 2 6 4 1 1 . D) 

1 6 9 2 3 3 . 9 1 2 8 ( 1 . 0 ) 

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

1 6 9 1 9 9 . 0 5 6 7 ( 1 . 0 ) 

1 6 9 1 9 2 . 9 5 6 6 ( 1 . 3 ) 

1 6 9 1 9 0 . 8 5 1 3 ( 1 . C) 

1 6 9 1 9 1 . 5 9 0 2 ( 1 . 3 ) 

1 6 9 1 9 4 . 4 2 9 9 ( 1 . 0 ) 

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

1 6 9 2 2 3 . 0 0 3 4 ( 1 . 3 ) 

1 7 8 30 3 . 3 1 4 6 ( 1 . 3 ) 
1 7 6 2 9 0 . 6 9 0 5 ( 1 . 0 ) 

1 6 3 2 8 6 . 5 9 7 2 ( 0 . 0 0 2 8 ) 0 . 0 5 2 4 1 6 6 . 6 2 « 1 6 1 . 2 8 2 
1 5 0 2 8 5 . 4 1 8 3 ( 0 . 0 3 3 1 ) 1 9 3 . 7 7 8 1 8 8 . 4 3 1 
1 6 0 2 8 5 . 4 1 8 3 ( 3 . 0 3 3 1 ) 0 . 0 0 2 7 1 9 3 . 7 7 8 I B S . 4 3 1 
1 6 0 2 8 6 . 7 0 7 2 ( 0 . 0 3 3 3 ) 2 2 3 . 7 7 6 2 1 8 . 4 2 9 
1 6 3 2 8 9 . 8 5 3 3 ( 3 . 0 3 3 4 ) 0 . 00 38 2 5 6 . 6 1 8 2 5 1 . 2 7 2 

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

1 7 4 6 1 0 . 9 1 5 4 ( 0 . 0 3 4 8 ) 6 1 . 5 8 1 5 5 . 8 5 6 
1 8 3 9 9 0 . 5 3 7 7 ( 0 . 0 0 5 8 ) 6 5 . 0 3 7 5 8 . 9 9 9 
1 7 3 0 1 4 . 6 3 1 2 ( 0 . 0 0 4 8 ) 6 2 . 1 6 4 5 6 . 3 9 3 
1 8 3 7 4 5 . 9 0 1 2 ( 3 . 0 3 5 5 ) 6 8 . 6 2 9 6 2 . 6 0 0 
1 7 7 3 5 9 . 0 1 6 4 ( 0 . 0 3 5 2 ) 6 7 . 9 5 9 6 2 . 0 4 3 
1 7 8 7 1 3 . 1 2 8 1 ( 0 . 0 3 4 8 ) 75 . 3 5 2 6 9 . 3 9 1 
1 7 8 3 6 1 . 2 0 8 1 ( 0 . 0 3 4 9 ) 7 5 . 3 0 7 6 9 . 3 5 7 
1 7 8 3 0 3 . 3 3 1 1 ( 0 . 0 3 4 3 ) - 0 . 0 1 6 5 35 . 3 0 2 7 9 . 3 5 5 
1 7 8 2 9 0 . 6 8 5 4 ( 3 . 0 3 4 3 ) 0 . 0 0 5 1 8 5 . 3 0 1 7 9 . 3 5 4 
1 7 8 1 9 8 . 3 9 1 2 ( 0 . 0 3 3 9 ) 98 . 1 5 9 9 2 . 2 1 5 
17319 3 . 1 5 9 9 ( 0 . 0 3 3 9 ) 93 . 1 5 9 9 2 . 2 1 5 



TABLE I . OBSERVED AND CALC'JLATEO FREQUENCIES OF TRANS - A C R O L E I N i n MHz ( C O N T I N U E D ) 

T R A N S I T I O N 
U P P E R L O W E R 
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 E V I A T I O N ) 

O B S . - C A L C , E N E R G Y L P 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 

REMARKS 

20 ( 6 15) _ 19 ( 6 1 3 ) 1 7 8 1 4 9 . 0 1 1 4 ( 1 . 0) 1 7 8 1 4 9 . 0 0 2 6 ( 0 . 0 3 3 7 ) 0 . 0 3 8 8 1 1 3 . 8 8 4 1G 7 . 9 4 2 
23 ( 7 1 3 ) - 1 9 ( 7 1 2 ) \ 1 7 8 1 2 2 . 1 3 9 5 ( 3 . 0 3 3 7 ) 1 3 2 . 4 7 1 1 2 6 . 5 2 9 
20 ( 7 1 4 ) - 19 ( 7 1 3 ) / 1 7 8 1 2 2 . 1 7 4 0 ( 1 . C) 1 7 3 1 2 2 . 1 3 9 5 ( G . 0 3 3 7 ) - 0 . 0 1 5 5 1 3 2 . 4 7 1 1 2 5 . 5 2 9 
20 ( 8 13) - 19 ( 8 1 2 ) 17 810 7 . 3 1 2 7 ( 1 . 3) 1 7 3 1 0 7 . 3 1 2 2 ( 3 . 3 3 4 0 ) 0 . 03 05 1 5 3 . 9 1 4 1 4 7 . 9 7 3 
2 0 ( 9 1 2 ) - 1 9 ( 9 1 1 ) 1 7 8 0 9 9 . 550 1 ( 1 . G) 1 7 3 0 9 9 . 5 4 1 2 ( Q . 0 3 4 5 ) 0 . 0 0 8 9 1 7 8 . 2 1 3 1 7 2 . 2 7 2 
20 ( 1 0 1 1 ) - 1 9 ( 1 0 1 0 ) 1 7 3 0 9 6 . 3 7 8 9 ( 1 . 3) 1 7 8 0 9 6 . 3 8 8 3 ( 0 . 0 0 5 1 ) - 0 . 0 0 9 4 2 0 5 . 3 6 2 1 9 9 . 4 2 1 
20 ( 1 1 9 ) - 1 9 ( 1 1 8 ) 1 7 8 0 9 6 . 4 6 2 2 ( 3 . 0 3 5 6 ) 2 3 5 . 3 6 0 2 2 9 . 4 1 9 
2 0 ( 1 2 9 ) - 1 9 ( 1 2 8 ) 1 7 8 0 9 8 . 9 1 2 4 ( 1 . 3) 1 7 8 3 9 8 . 9 3 2 3 ( 0 . 0 3 6 0 ) - 0 . 0 2 0 4 2 6 8 . 2 0 3 2 6 2 . 2 6 2 
20 ( 1 3 8 ) - 1 9 ( 1 3 7) 1 7 8 1 0 3 . 2 7 8 6 ( 0 . 0 3 6 2 ) 3 0 3 . 8 88 2 9 7 . 9 4 7 
20 ( 1 4 7 ) - 1 9 ( 1 4 6 ) 1 7 8 1 0 9 . 1 5 2 6 ( 1 . 0) 1 7 3 1 0 9 . 1 5 7 2 ( 0 . 0 0 6 3 ) - 0 . 0 0 4 6 3 4 2 . 4 1 1 3 3 6 . 4 7 0 
20 ( 1 5 6 ) - 1 9 ( 1 5 5 ) 1 7 8 1 1 6 . 3 2 4 9 ( 1 . 0) 1 7 8 1 1 6 . 3 3 5 3 ( G . 0 3 6 5 ) - 0 . 0 1 0 4 3 8 3 . 7 6 8 3 7 7 . 8 2 7 
20 ( 1 6 5 ) - 1 9 ( 1 6 4 ) 1 7 8 1 2 4 . 6 4 8 4 ( 0 . 0 3 7 3 ) 4 2 7 . 9 5 5 4 2 2 . 0 1 4 
20 ( 1 7 4 ) - 1 9 ( 1 7 3 ) 1 7 8 1 3 3 . 9 6 3 5 ( 1 . 3) 1 7 8 1 3 3 . 9 7 6 3 ( ü . 0 0 9 2 ) - 0 . 0 1 3 3 4 7 4 . 9 6 8 4 6 9 . 0 2 6 
2 0 ( 1 8 3 ) - 1 9 ( 1 8 2 ) 1 7 8 1 4 4 . 2 4 2 0 ( 1 . C) 1 7 8 1 4 4 . 2 3 1 1 ( 0 . 0 1 2 6 ) 0 . 0 1 0 9 5 2 4 . 8 0 2 5 1 8 . 8 6 3 
23 ( 1 9 1 ) - 1 9 ( 1 9 0) 1 7 9 1 5 5 . 3 4 2 6 ( 0 . 0 1 7 5 ) 5 7 7 . 4 5 1 5 7 1 . 5 0 3 

• • A T Y P E Q B R A N C H * * 

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

1 0 ) 
11) 

7 ) 
8) 
9) 

1 0 ) 
11) 
12) 
1 3 ) 
1 4 ) 
1 5 ) 
1 6 ) 
1 7 ) 
18) 

1 ( 
2 { 
3 ( 
4 ( 
5 ( 
6 ( 
7 ( 
8 ( 
9 ( 

10 C 
11 ( 
12( 

9 ( 
1 0 ( 
11( 
12 ( 
1 3 ( 
1 4 ( 
15 ( 
16 ( 
1 7 ( 
18 ( 
1 9 ( 
20 ( 

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

1 0 ) 
1 1 ) 
1 2 ) 

8) 
9 ) 

1 0 ) 
1 1 ) 
12) 
1 3 ) 
1 4 ) 
1 5 ) 
16) 
1 7 ) 
1 8 ) 
1 9 ) 

2 3 ( 3» 2 5 ) - 28 ( 3 , 2 6 ) 
2 9 f 3 , 2 6 ) - 2 9 ( 3 , 2 7 ) 

B T Y P E P B R A N C H * * 

1( 1 , 1) 
2( 1» 2) 
3 ( 1 , 3 ) 
5 ( 0 , 5 ) 
6 ( 0 , 6 ) 

0 7 ( 7 ) -

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

8 7 5 0 . 
11666. 
1 4 9 9 6 . 
1 8 7 4 0 . 
2 2 8 9 6 . 
2 7 4 6 2 . 
3 2 4 3 4 . 

9 4 2 J (1 • 0) 
3 7 5 0 ( 1 . 0 ) 
7 0 2 5 ( 1 . ü ) 
6 6 0 3 ( 1 . 0 ) 
7 2 0 3 ( 1 . 3 ) 
3 4 0 0 ( 1 . 0 ) 
5 3 6 3 ( 1 . 3 ) 

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

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

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

1 3 4 4 4 . 2 6 3 5 ( 1 . 0 ) 
2 3 4 5 0 . 4 6 0 3 ( 1 . 0 ) 

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

11666. 
1 4 9 3 6 . 
1 8 7 4 0 . 
2 2 9 9 6 . 
2 7 4 6 2 . 
3 2 4 3 4 . 

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

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

7 8 5 5 ( 
3 5 0 6 < 
6 7 0 1 ( 
6 7 1 5 ( 
1 9 3 4 ( 
9 3 0 9 ( 
3 6 6 3 ( 
6 3 6 7 ( 
6 8 9 0 ( 
6 7 1 4 ( 
3 1 3 7 ( 
5 4 5 3 ( 

5 5 8 6 ( 
9 2 8 4 ( 
1 6 2 3 ( 
4 1 6 3 ( 
7 9 5 2 ( 
6 9 9 3 ( 
1 2 7 7 ( 
9 5 1 3 ( 
2122 ( 
5 0 0 5 ( 
4 3 9 9 ( 
3 2 4 7 ( 

9 3 4 8 . 4 3 6 9 ( 
1 1 3 5 6 . 9 1 0 6 ( 

3 . 0 3 3 1 ) 
0 . 0 3 0 4 ) 
0 . 0 3 0 7 ) 
0 . 0 3 1 2 ) 
O . O J 1 7 ) 
0 . 0 3 2 3 ) 
0 . 0 3 2 9 ) 
0 . 0 3 3 6 ) 
0 . 0 0 4 3 ) 
0 . 0 0 4 9 ) 
0 . 0 3 5 5 ) 
0 . 0 3 6 0 ) 

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

0 . 0 1 0 3 ) 
0 .0126) 

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

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

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

3 .0111 
0 . 0 0 8 7 
0 . 0 1 5 8 

• 0 . 0 2 9 0 
0 . 0 4 8 6 
0 . 0 2 6 3 

• 0 . C 0 9 8 

0 . 3 2 0 0 
0.0188 
u.0080 
0.0126 

• 0 . 0 4 9 7 

3 . 0 0 8 1 
0 . 0 0 1 4 

3 . 0 3 7 0 
0 . 0 0 1 9 

• 0 . 0 0 0 3 
• 0 . 0 3 4 3 

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

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

1 9 . 1 1 5 
2 2 . 0 9 8 
2 5 . 3 6 3 
2 8 . 9 7 0 
3 2 . 8 5 9 
3 7 . 0 5 3 
4 1 . 5 5 1 
4 6 . 3 5 4 
5 1 . 4 6 3 
5 6 . 8 7 8 
62.600 
6 8 . 6 2 9 

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

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

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

11.866 
1 4 . 4 7 3 
1 7 . 3 6 9 
2 0 . 5 5 4 
2 4 . 0 2 7 

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

1 3 3 . 6 2 3 
1 4 2 . 2 5 1 

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



T A B L E I . O B S E R V E O 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 - A C R O L E I N i n M H z ( C O N T I N U E O J 

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 FREQUENCY 0 3 S . - C A L C . ENERGY L E V F L S I N C M - 1 REMARKS 
UPPER LOWER FREQUENCY ( 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 ( 0 , 8 ) - 7 ( 1 , 7 ) 3 3 5 9 5 . 6 8 4 3 ( 0 . 0 ) 3 3 5 9 5 . 7 6 0 6 ( 3 . 3 3 4 1 ) - 0 . 0 7 6 6 1 0 . 6 6 9 9 . 5 4 3 

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

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

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

* * 8 TYPE R BRANCH * * 

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

a ) R e p o r t e d in R e f . ( 7 ) 

b) Not used in the fit poor m e a s u r e m e n t 
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order: Q, R and P, where the Q branch shows 
roughly the combined intensity of the R and P 
branch transitions. With the exception of the rPj 
and rQx branch this particular 6-type spectrum 
shows very little band head formation. For some 
high-/ ""Pi-branch transitions the formation of the 

1 1 
|2<>2.I.-21UI 119z.17-20l.20 

I 1 rtl— 

' ® 2 . 1 6 _ 1 9 I . 1 9 

— 1 — — f t — 
1 7 2 . 1 5 * 1 8 1 . 1 6 

—i—' 1 
15000 16000 MHz 

Fig. 6. Line pattern of the 6-type transitions forming the 
band-head structure of the high-/ 'P^brank shown in 

Figure 5. 

band head, structure is shown in Fig. 6 arranged such 
that only the appropriate high-/ 6-type transitions 
are entered in the figure. The combined effects of 
inertial asymmetry and centrifugal distortion, pre-
dominantly the former, produce this band head. The 
Fortrat diagram shows that all but one of the 6-type 
transitions assigned in this work lie in the centi-
meter wave spectral region as do the a-type Q-branch 
transitions. The weak 6-type lines were assigned by 
a bootstrap procedure, using successively more ac-
curate frequency predictions. 

V. Centrifugal Distortion Analysis 

The observed rotational a-type and 6-type tran-
sitions have been analysed by the use of the reduced 
Hamiltonian reported by Watson 18 in which /?6 = 0, 

w- UX+Y)P + {Z~KX+Y)}J* -AJ{P)*-AJKP]* 
+ Hj (P) 3 + Hjk (P) 2 J* + HKJ P J* + Hk J« 
+ ( / x 2 - V ) { i ( A T - F ) - < 3 ^ / 2 J 2 + h j ( / 2 ) 2 + h 

+ { i (X-Y)-djP-dKJ* +hj(P)*+hjKPJ* 

J Ä Jz 

JKPJz2 + kKJ2*} 
+ hK //} (Jx2 ~ Jy2) 

where / , Jx , ] y and Jz are the operators for the total 
angular momentum and its components. The con-
stants, X, Y, and Z are the Watson's reduced rota-
tional constants B, C, and A, respectively, in the P 
axis representation. 

The observed and calculated line frequencies 
together with astrophysically important line position 
predictions are listed in Table I. 

Several lines were rejected from the fit (zero 
weighting factor), indicating an error in measure-
ment, and several high Ka lines were omitted from 
the fit because higher order centrifugal distortion 
effects appear to contribute to those line frequencies. 
Accidentally overlapped or partially blended ÄMype 
doublets are also omitted. Thus 206 lines out of 213 
measured transitions have been used for the least-
squares analysis and the standard deviation of the 
fit was obtained to be 18.1 kHz. 

The constants obtained from the fit and used for 
calculation of the predicted frequencies are ex-
pressed in the P axis representation, and listed in 
Table II. The Watson determinable parameters 
which are invariant to a unitary transformation of 
the Hamiltonian, 21, (5, r 'aaaa , r b b b b , t c c c c , xx 

and t2 are listed in Table III. 

Table II. Spectral parameters of acrolein for Watson's re-
duced Hamiltonian in 7r axis representation a . 

A 47353.7106(44) MHz 
B 4659.49924(19) MHz 
C 4242.68964(19) MHz 
AJ 1.04153(33) kHz 
AJK -8 .78252 (28) kHz 
AK 359.91 (46) kHz 
SJ 0.119849(84) kHz 
SK 5.7986(22) kHz 
HJK -0 .0123(53) Hz 
HKJ -0 .4756(93) Hz 

n = —0,980663, 6P = —4.85762 x 10—3. 
a The standard deviation of the fit is 18.1 kHz for 206 equal-

ly weighted lines. Numbers in parentheses are standard 
errors. 

Introducing the planarity conditions among the T'S 
as indicated in Ref.18 we can determine the four con-
stants, ra a b b , r b b c c , rccaa and ra b a b , which are non-
vanishing for a planar molecule. The determined 
centrifugal distortion constants are listed in Table IV 
together with the calculated values of these constants 
using the molecular force constants of trans-acrolein 
as reported by Fukuyama, Kuchitsu, and Morino 19. 
The r-constants were obtained using the formula 20. 
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Table III. Watson's determinable rotational constants and 
quatric centrifugal distortion constants a for frans-acrolein. 

21 47 353.7127 (50) MHz 
23 4 659.48071 (20) MHz 
e 4 242.69477(20) MHz 

x'aaaa — Xaaaa - 1 . 4 0 8 7 (20) MHz 
x'bbbb^^bbbb - 5 . 1 2 4 9 (25)x 10—3 MHz 
x'cccc —fc*XcCCC - 3 . 2 0 7 3 (25)x 1 0 - 3 MHz 

0.022632(30) MHz 
T , / ( 2 I + 2 3 + £ ) - 1 . 2 1 1 2 (35) x 1 0 - 3 MHz 
Ax'cccc b - 0 . 0 5 1 3 (15) x 1 0 - 3 MHz 

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

b r-defect: Ax'cccc—x1 cccc~ (t2 —(S-r1 ) / (2[+23) with r , = 
-68 .1357(30 ) MHz. 

1 y q s M gW) 
laaßt- ~ ( / a e ) 2 ( V ) 2 f 8 a 2 C 2 V s 2 

where 
a s M = 2 2 V m d ß i 0 hs^ 

and the Z-matrix was kindly supplied by Dr. Fuku-
yama to the authors. Kyazimova et al.21 also calcu-
lated the centrifugal distortion constants, but their 
values differ considerably from the observed ones, 
as shown in Table IV, indicating that their force 
fields should be revised. 

The discrepancy between the calculated and the 
observed xaaaa seems to be too large, probably due 
to the neglect of higher-order contributions in the 
calculations. For example, the observed vibrational 
frequencies, on which the force constants are based, 
are by no means harmonic. This sort of criticism 
may also hold for the observed x constants, since we 

1 G. Winnewisser, J. Mol. Spectrosc. 46, 16 [1963]. 
2 M. C. L. Gerry and G. Winnewisser, J. Mol. Spectrosc. 

48, 1 [1973]. 
3 W. H. Hocking, M. C. L. Gerry, and G. Winnewisser, 

Astrophys. J. 187, L 89 [1974]. 
4 W. H. Hocking, M. C. L. Gerry, and G. Winnewisser, 

Canad. J. Physics, in press 1975. 
5 K. Yamada and M. Winnewisser, Z. Naturforsch. 30 a, 672 

[1975]. 
8 R. Wagner, J. Fine, J. W. Simmons, and J. H. Goldstein, 

J. Chem. Phys. 26, 634 [1957]. 
7 E. A. Cherniak and C. C. Costain, J. Chem. Phys. 45, 

104 [1966]. 
8 R. K. Harris, Spectrochim. Acta 20, 1129 [1964]. 
9 J. C. D. Brand and D. G. Williamson, Disc. Faradav Soc. 

35, 184 [1963]. 
10 J. M. Hollas, Spectrochim. Acta 19, 1425 [1963]. 
11 A. C. P. Alves, J. Christoffersen, and J. M. Hollas, Mol. 

Phys. 20, 625 [1971] and Erratum 21, 384 [1971]. 

Table IV. Comparison of experimentally determined and 
calculated centrifugal distortion constants (MHz). 

Observed Calculated b Calculated c 

X aaaa - 1 . 4 0 8 7 -1 .21404 - 2 . 1 6 9 
x'bbbb -0 .0051249 -0 .005536 - 0 . 0 0 8 1 
x CCCC -0 .0032073 -0 .003458 — 

laabb 0.030528 a 0.030615 0.08 
Xbbcc -0 .004004 a -0 .004331 — 
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AJK -0 .00878252 -0 .007006 - 0 . 0 2 9 3 
AK 0.35991 0.3094 0.5701 
R-, -0 .00289932 -0 .000669 0.00054 
RE 0.0 0.0000052 0.0000093 
DJ 0.000119849 0.0001299 0.00021 
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case 1. b This work. c Ref. 21. 

do not correct the constants for vibrational contri-
butions. The reported constants are effective con-
stants for the ground vibrational state, since the r's 
are changed considerably by the excitation of the 
vibrations. 
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