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The rotational spectra of three isotopically substituted species of monothioformic acid, DCOSH, 
HCOSD, HC034SH, have been investigated. Transitions arising from two different isomeric forms 
have been observed in each instance. Rotational constants and quartic centrifugal distortion con-
stants have been determined for all species using Watson's reduced Hamiltonian. It has been estab-
lished that the two abundant isomers of monothioformic acid are the planar eis and trans thiol 
rotamers. The structure of cis-HC ( : 0 ) SH is found to be: r ( C - H ) =1 .100 A. r ( S - H ) =1 .336 A, 
r ( C - S ) =1 .771 Ä, r(C = 0 ) = 1 . 2 1 0 Ä, <£(OCS) =122 .4 ° , <£(HSC) = 9 4 . 7 ° and <£(HCS) = 
114.6°; whereas for mzrcs-HC ( : 0 ) SH: r ( C - H ) = 1 . 1 0 0 A, r ( S - H ) =1.351 A, r ( C - S ) =1.763 A, 
r(C = 0 ) =1 .218 A, <£(OCS) = 1 2 6 . 0 ° , <£(HSC) = 9 2 . 7 ° and <£(HCS) =111 .8 ° . 

I. Introduction 

The first paper in this series 1 (hereafter called I) 
presented our analysis of the ground state rota-
tional spectra of the parent isotopic species of mono-
thioformic acid, H1 2C1 603 2SH. Two isomeric forms 
of this molecule were observed to be present in the 
gas phase at room temperature. These were identi-
fied in a preliminary communication2 as the eis 
and trans rotamers of H C ( : 0 ) S H . In the present 
paper we report the results of our investigation of 
the rotational spectra of three isotopically substi-
tuted species of monothioformic acid: H1 2C1 603 2SD, 
D12C16032S H a n d H1 2C1 603 4SH. For each isotope 
rotational transitions originating from the ground 
vibrational states of both isomeric forms have been 
assigned and measured. This additional isotopic 
data proves unequivocally that the abundant isomers 
of monothioformic acid are the eis and trans rota-
mers of H C ( : 0 ) S H . The molecular structure of 
each rotamer has been determined. The slight dif-
ferences between the structures of the two rotamers 
are discussed in terms of nonbonded forces. 

II. Experimental Procedures 

The sample of monothioformic acid in which the 
labile hydrogen atom is replaced by a deuterium 

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

2 Presented in part at the "Fourth Colloquium on High 
Resolution Molecular Spectroscopy", Tours, France, Sep-
tember 1 5 - 1 9 (1975), as Paper C 6. 

Reprint requests and correspondence to Dr. William H. 
Hocking, Physikalisch-Chemisches Institut, Justus Liebig-
Universität, Heinrich-Buff-Ring 58, D-6300 Giessen. 

atom, HCOSD, was prepared by adding a deu-
terated (99% D) aqueous solution (50% D 2 0 ) of 
orthophosphoric acid to solid sodium monothio-
formate, Na(HCOS). On the other hand, the sample 
in which the nonlabile hydrogen atom is replaced 
by a deuterium atom, DCOSH, was obtained by 
starting with formic-d acid, DCOOH, having 90% 
deuterium enrichment. Except for the use of the 
appropriate deuterium substituted acid, both prepa-
rations were performed following exactly the proce-
dure described in Paper I for the preparation of the 
parent isotopic samples. The required deuterium 
enriched acids, orthophosphoric acid-d3 and formic-d 
acid, were purchased from Merck Sharp and Dohme 
Canada Limited. 

The samples of HCOSD and DCOSH were puri-
fied and handled following essentially the routines 
outlined for HCOSH in Paper I. However, it was 
necessary to deuterate the spectrometer cells before 
studing HCOSD in order to prevent serious reduc-
tion in the isotopic purity of the spectroscopic 
samples through acid proton exchange with water 
adsorbed on the cell walls. This was accomplished 
by repeatedly filling the cell with D 2 0 vapor. None-
theless, the isotopic purity of the HCOSD samples 
Avas still degraded in the spectrometer cells from 
better than 90% to less than 60%. On the other 
hand, the DCOSH samples showed the expected 
deuterium enrichment of close to 90%. Both micro-
wave and millimeter wave frequency measurements 
were made on each of the deuterium substituted 
isotopic species. 

The sulfur-34 substituted rotamers, H C ( : 0 ) 3 4 S H , 
were studied in natural isotopic abundance (4.22%). 
Because of the low intensity of the absorption lines, 
only microwave transitions were measured. 
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The microwave and millimeter wave spectro-
meters and their mode of operation were described 
in Paper I. The accuracy of the frequency measure-
ments reported here is estimated to be better than 
± 3 0 kHz for the absorption lines of H C ( : 0 ) S D 
and D C ( : 0 ) S H and better than ± 5 0 kHz for the 
weak lines of H C ( : 0 ) S H . 

III. Rotational Spectra and Assignment 

The rotational spectra of the three isotopically 
substituted species of monothioformic acid investi-

gated in this work, HC ( : 0 ) SD, D C ( : 0 ) S H and 
HC ( : 0 ) 3 4 SH, like that of H C ( : 0 ) S H , consist of 
only a- and 6-tvpe transitions. For the species studied 
using isotopically enriched samples, H C ( : 0 ) S D and 
D C ( : 0 ) S H , the analysis was straightforward and 
was carried through along the lines described in 
Paper I. More than 70 transitions have been mea-
sured and assigned for both the eis and trans rota-
mers of each of these two species. The measured 
transitions were selected from amongst the much 
larger number of observable lines in such a way as 

DCOSH 
t" 12,,,"12; 

jt-9,8-

f jLt . 

16 "152,13 

c-253„-24.ii2, 

c~22221~2i3.il 

8OOO IOOOO MHz 12 000 
Fig. 1. Survey scan of the absorption spectrum of monothioformic-d acid, DCOSH, from 8 to 12.4 GHz. 

HCOSH-HC05D mixture 

1 1 4 0 0 11600 MHz 11800 

Fig. 2. The absorption spectrum of a mixed sample of HCOSH and HCOSD in the region 11.3—11.8 GHz. 
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TABLE 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 - D C O S H IN MHZ 

T R A N S I T I O N OBSERVED CALCULATED FREQUENCY D B S . - C A L C . ENERGY LEVELS IN C M - 1 
UPPER LOWER FREQUENCY (STANDARD D E V I A T I O N ) UPPER LOWER 
STATE S T A T l ( W E I G H T ) S T A T E S T A T E 

* » A T Y P E R BRANCH * * 

1 ( 1 ) - . ( j , 0 ) 1 1 4 7 7 . 6 2 5 . ( 1 . . ) 1 1 4 7 7 . 6 1 9 3 ( 0 . 0 00 5 ) S . 0 3 5 7 0 . 3 8 3 0 . 0 : 0 

2 ( C i 2 ) - 1 ( £ , 1 ) 2 2 9 4 6 . 7 1 0 0 ( 1 . o ) 2 2 9 4 6 . 7 G 4 e ( 0 • 0 0 1 0 ) j . j 0 5 2 1 . 1 4 8 0 . 3 8 3 
2 ( 1 » 2 ) - 1< 1 , 1 ) 2 2 2 6 5 . 1 2 J I ( 1 « 0 ) 2 2 2 6 5 . 1 2 1 C ( 0 . 0 0 0 9 ) - j . 0 0 1 3 2 . 5 2 3 1 . 7 3 0 
2 ( 1 » 1 ) - 1 ( 1 > u ) 2 3 6 * 5 . 3 8 . 0 ( 1 . 0 ) 2 3 6 4 5 . 3 8 6 J ( 0 . 0 0 1 0 ) - J . 3 0 6 3 2 . 5 9 2 1 . 3 . 3 

3 ( 0 » 3 ) - 2 ( . , 2 ) 3 4 3 9 8 . 7 3 5 0 ( 1 . 0 ) 3 4 3 9 8 . 7 3 2 5 ( 0 . 0 0 1 4 ) 2 . 0 0 2 5 2 . 2 9 6 1 . 1 4 8 
3 ( 1 » 3 ) - 2 ( 1 , 2 ) 3 3 3 9 2 . 2 6 0 « ( 1 . 0 ) 3 3 3 9 2 . 2 6 7 5 ( 0 . 0 0 1 4 ) - j . 0 3 7 5 3 . 6 3 7 2 . 5 2 3 
3 ( 1 . 2 ) - 2 ( 1 . 1 ) 3 5 4 6 2 . 5 4 0 o ( 1 . 0 ) 3 5 * 6 2 . 5 4 1 5 ( 0 . 0 0 1 4 ) 0 0 1 5 3 . 7 7 5 2 . 5 9 2 
3 ( 2 , 2 ) - 2 ( 2 , 1 ) 3 4 * 3 3 . 1 , 5 . ( 1 . .) 3 4 4 3 3 . 1 0 0 6 ( 0 . u C 1 3 ) 0 . 0 0 4 2 7 . 9 3 2 6 . 7 3 3 
3 ( 2 , 1 ) - 2 ( 2 , I ) 3 4 4 o 6 . 9 . 5 j ( 1 . u ) 3 4 4 6 6 . 9 1 3 7 ( 0 . 0 0 1 3 ) 3 1 3 7 7 . 9 3 3 6 . 7 8 3 

8 ( 0 » 8 ) _ 71 0 > 7 ) 9 1 1 1 4 . 9 3 0 0 ( 1 . J ) 9 1 1 1 4 . 9 3 8 4 ( 0 . 0 0 3 C ) - Ö . 3 3 8 4 1 3 . 7 2 3 1 3 . 6 3 4 
8 ( 1 » 3 ) - 7 ( 1 , 7 ) 6 8 6 3 4 . 3 2 2 0 ( 1 . o ) Ö 0 Ö 9 4 . 3 1 3 2 ( J . 0 0 2 8 ) 0 . 0 0 3 8 1 4 . 7 6 4 1 1 . 7 9 8 
8 ( 1 . 7 ) - 7 ( 1 , 6 ) 9 4 3 9 7 . 2 3 1 0 ( 1 . 0 ) 9 4 3 9 7 . 2 2 6 6 ( 0 . C 0 2 9 ) 0 . 0 0 42 1 5 . 5 9 1 1 2 . 4 4 2 
8 ( 2 , 7 ) - 7 { 2 , 6 ) 9 1 7 ^ 2 . 3 5 3 . ( 1 . c > 9 1 7 1 2 . 8 2 7 5 ( 0 . . 0 2 6 ) 0 • 0 2 5 5 1 9 . 4L 9 1 6 . 3 5 3 
8 ( 2 , b ) - 7 ( 2 , 5 ) 9 2 4 1 2 . 2 h 2 0 ( 1 . j ) 9 2 4 1 2 . 2 4 9 3 ( 0 . 0 0 2 6 ) - J . 0 0 7 3 1 9 . 4 6 8 1 6 . 3 8 5 
a ( 3 , 5 ) - 7 ( 3 , 5 ) 9 1 9 1 1 . 2 7 5 u ( 1 . 0 ) 9 1 9 1 1 . 2 7 2 7 ( 0 . 0 C 2 2 ) 2 . 0 0 2 3 2 6 . 4 6 8 2 3 . 4 3 2 
8 ( 3 , 5 ) - 7 ( 3 , 4 ) 9 1 9 2 7 . 5 3 3 u ( l . 0 ) 9 1 9 2 7 . 5 4 5 2 ( u . u 0 2 2 ) - 0 . u 1 2 2 2 6 . 4 6 9 2 3 . 4 0 2 
e ( 4 » ? > - 7 ( 4 , 4 ) 9 1 8 7 9 . 7 3 9 0 (_> • u ) 9 1 8 7 9 . 6 9 3 3 ( .. u 0 2 1 ) 0 . 0 4 J 7 3 6 . 3 2 2 3 3 . 2 5 8 
8 ( 4 , 4 ) - 7 ( 4 , 3 ) 9 1 8 7 9 . 7 3 9 0 ( . . 0 ) 3 1 6 7 9 . 6 3 3 8 ( j 0 0 2 1 ) - 0 . 3 9 4 8 3 6 . 3 2 2 3 3 . 2 5 8 
8 ( 5 , 4 ) - 7 ( 5 , 3 ) 9 1 3 6 4 . 9 o o o ( 1 . 0 ) 9 1 3 6 4 . 3 8 2 2 ( 0 . 0 0 2 7 ) - 0 . 0 0 2 2 4 8 . 9 9 2 •»5. 9 2 8 
8 ( 5 , 3 ) - 7 ( 5 , 2 ) 9 1 Ö Ö 4 . 9 8 o 0 ( 0 . 0 ) 9 1 6 6 4 . 9 8 2 7 ( J . 0 0 2 7 ) - 0 . 0 0 2 7 4 6 . 9 9 2 4 5 . 3 2 8 
8 ( 6 , 3 ) - 7 ( 6 , 2 ) 9 1 8 5 9 . 5 2 1 . ( 1 . 0 ) 9 1 3 5 3 . 5 1 7 9 ( 0 . 0 0 3 9 ) 0 . 0 0 3 1 6 4 . 4 7 3 6 1 . 4 : 9 
8 ( 6 , 2 ) - 7 ( 6 , 1 ) 9 1 8 3 9 . 5 2 1 J ( J . o ) 9 1 6 5 9 . 5 17 9 ( 0 . 0 0 3 9 ) 0 . 0 0 3 1 6 4 . 4 7 3 6 1 . 4 . 9 
8 ( 7 , 2 ) - 7 ( 7 , 1 ) 9 1 6 5 8 . b 1 7 o ( . . 0 ) 9 1 3 5 8 . 6 4 3 3 ( 0 . 0 0 5 7 ) - u • 0 2 6 3 8 2 . 7 6 4 7 9 . 7 C 0 
8 ( 7 , 1 ) - 7 ( 7 , C) 9 1 8 B 8 . 6 1 7 J ( . . J ) 9 1 6 5 8 . 6 4 3 3 ( 0 . C 0 5 7 ) 0 2 6 3 8 2 . 7 6 4 7 9 . 7 . 3 

13 ( U > 1 3 ) - 1 2 ( 0 , 1 2 ) 1 4 6 3 5 3 . 7 5 9 0 ( 1 . .) 1 4 6 3 8 3 . 7 5 2 4 ( 0 0 0 2 6 ) i . 0 J 6 6 3 4 . 4 7 2 2 9 . 5 8 9 
13 ( 1» 13 ) - 1 2 ( 1 , 1 2 ) 1 4 4 0 3 7 . 8 7 6 o ( 1 . 0 ) 1 4 4 t 3 7 . 8 7 4 1 ( 0 . 0 0 2 3 ) J . 0 3 1 9 3 5 . 1 1 3 3 0 . 3 . 9 
13 ( 1 . 1 2 ) - 1 2 ( 1 , 1 1 ) 1 5 2 8 1 3 . 0 9 3 . ( 1 . 0 ) 1 5 2 6 1 0 . 1 0 3 3 ( 0 0 0 2 3 ) - 0 . 0 1S>3 3 7 . 1 9 0 " 3 2 . 0 9 3 
1 3 ( 2 » 1 2 ) - 1 2 ( 2 , 1 1 ) 1 4 8 6 9 8 . 1 1 6 0 ( 1 . 0 ) 1 4 8 6 9 8 . . o o b ( 0 . 0 0 2 7 ) 0 . 0 4 9 4 4 0 . 4 1 3 3 5 . 4 5 3 
1 3 ( 2 . 11 ) - 1 2 ( 2 , 1 0 ) 1 5 1 4 9 U . 7 1 1 0 ( 1 . 0 ) 1 5 l 4 9 u . 7 0 5 5 ( 0 . 0 C 2 7 ) . • 0 3 5 5 4 0 . 7 7 6 3 5 . 7 2 3 
1 3 ( 3 , 1 1 ) - 1 2 ( 3 , 1 0 ) 1 4 9 4 3 9 . 3 3 8 0 ( 1 . 0 ) 1 4 9 4 9 9 . 3 3 4 3 ( 0 . 0 0 2 9 ) .. u 0 37 4 7 . 5 5 8 4 2 . 5 7 2 
13 ( 3 , 1 3 ) - 1 2 ( 3 , 9 ) 1 4 9 6 9 0 . 3 7 o u ( 1 . 0 ) I 4 9 b 9 u . 3 7 l l ( 0 U o 3 0 ) — 0 . 3 0 1 1 4 7 . 5 7 5 4 2 . 5 3 2 
1 3 ( l ü ) - 1 2 ( 4 , 9 ) 1 4 9 4 1 3 . 4 L 3 . ( 1 . 0 ) 1 4 9 4 1 3 . 3 9 7 1 ( 0 . 0 0 4 0 ) 0 i : 9 5 7 . 4 0 2 5 2 . 4 1 8 
13 C 4 » 9 ) - 1 2 ( 4 , 8 ) 1 4 9 4 1 8 . 0 7 6 0 ( 1 . 0 ) 1 4 9 4 1 6 . . 6 3 4 ( 0 0 0 4 0 ) C 0 7o 5 7 . 4 0 2 = 2 . 4 1 8 
1 3 ( 5 , 3 ) - 1 2 ( 5 , 8 ) 1 4 9 3 4 3 . 4 4 1 0 ( 0 . 0 ) 1 4 9 3 4 3 . 4 0 5 2 ( 0 . 0 0 5 9 ) .. 0 3 5 8 7 J . 0 6 4 6 5 . 3 8 3 
1 3 ( 5 , 8 ) - 1 2 ( 5 , 7 ) 1 4 9 3 4 3 . 4 4 1 0 ( - « 0 ) 1 4 9 3 4 3 . 4 6 2 3 ( 0 . 0 0 5 9 ) - 0 . 0 2 1 3 7 0 . 0 6 4 6 5 . 0 8 3 
1 3 ( 6 , 8 ) - 1 2 ( 6 , 7 ) 1 4 9 3 0 9 . 3 4 J 0 ( 1 . 0 ) 1 4 9 3 0 9 . 3 6 0 4 ( 0 . 3 0 8 4 ) - 0 . 0 2 ; 4 8 5 . 5 4 2 6 0 . 5 6 2 
1 3 ( 6 , 7 ) - 1 2 ( 6 , 6 ) 1 4 9 3 0 9 . 3 4 0 0 ( 0 . 0 ) 1 4 9 3 u 9 . 3 6 0 8 ( 0 . 0 3 8 4 ) - J . 3 2 0 8 8 5 . 5 4 2 8 0 . 5 6 2 
13 ( 7 , 7 ) - 1 2 ( 7 , 6 ) 1 4 9 2 9 3 . 0 2 9 0 ( . . 0 ) 1 4 9 2 9 3 . 0 6 8 6 ( Ü 0 1 1 5 ) — j « 0 3 9 6 1 3 3 . 8 3 1 3 8 . 3 5 2 
1 3 ( 7 , b ) - 1 2 ( 7 , 5 ) 1 4 9 2 9 3 . u 2 9 L (L . 0 ) 1 4 9 2 3 3 . J 6 8 6 ( 0 . 0 1 1 5 ) . 0 3 9 6 1 0 3 . 8 3 1 3 8 . 8 5 2 

1 4 ( 0 , 1 + ) - 1 3 0 , 1 3 ) 1 5 7 2 5 3 . 9 ^ 5 0 ( 1 . C ) 1 5 7 2 5 3 . 9 4 4 3 ( 0 0 0 2 9 ) 0 ' . 0 1 3 7 3 9 . 7 1 8 3 4 . 4 7 2 
1 4 ( 1 » 1 4 ) - 1 3 ( 1 , 1 3 ) 1 5 5 0 1 4 . 3 - » 3 0 ( 1 . 0 ) 1 5 5 J 1 4 . 3 4 5 5 ( 3 . 0 0 2 3 ) — u . 0 0 2 5 4 3 . 2 8 4 3 5 . 1 1 3 

• * A T Y P E a BRANCH * * 

& ( 1 » 4 ) _ 5 ( 1 , 5 ) 1 0 3 4 9 . 5 3 0 0 ( 1 . 0 ) 1 0 3 4 9 . 5 2 9 3 ( 0 . C u 1 3 ) c 0 0 37 7 3 2 2 6 9 7 7 
6 ( 1 » 5 ) - 6 ( 1 , 6 ) 1 4 4 0 5 . 9 5 0 0 ( 1 . u ) 14485. 9 5 0 J ( 0 . 0 0 1 7 ) 0 « 0 0 0 0 9 . 0 8 6 9 . 2 • 3 
7 ( 1 . 3 ) - 7 ( 1 , 7 ) 1 9 3 . 7 5 1 0 c ( 1 . 0 ) 1 9 3 u 7 . * 9 9 3 ( . . 0 2 2 ) 0 . 0 1 5 7 1 2 4 4 2 1 1 . 7 9 8 
9 ( 1 » 3 ) - 9 ( 1 , 9 ) 3 . 9 8 9 . l . J » ( 1 . 0 ) 30 9 6 9 . 1 0 . 8 ( 0 0 0 3 2 ) 0 . 0 0 9 2 1 9 1 3 1 1 8 . 0 9 8 

1 2 ( 2 , 1U ) _ 1 2 ( 2 , 1 1 ) 8 1 0 8« 1 2 0 . ( 1 . 0 ) 8 1 C 8 . 1 1 7 4 ( 0 . 0 C I 6 ) 0 . 3 0 2 6 3 5 7 2 3 3 5 . 4 = 3 
1 3 ( 2 , 1 1 ) - 1 3 ( 2 , 1 2 ) 109 . " 0 7 6 o 0 ( 1 . 0 ) 1 0 9 0 0 . 7 5 6 3 ( J . J 0 1 9 ) U 0 0 3 7 4 ; 7 7 6 4 0 4 1 3 
1 4 ( 2 , 1 2 ) - 1 4 ( 2 , 1 3 ) 1 4 2 9 o 5 / o . ( 1 . J ) 1 4 2 9 . 5 7 1 7 ( J 0 0 2 3 ) - o 3 . 1 7 4 6 2 2 3 4 5 7 5 1 
1 5 ( 2 » 1 3 ) - 1 5 < 2 , 1 4 ) 1 6 3 2 2 8 4 0 J ( 1 . 0 ) 1 8 3 2 2 . 8 4 2 6 ( J C 0 2 6 ) - 0 . 3 0 2 6 5 2 0 7 9 5 1 4 6 3 
17 { 2 , l b ) - 1 7 ( 2 , 1 6 ) 2 8 4 4 8 1 2 0 o ( l . o ) 2 8 4 4 8 . 1 2 2 1 ( 0 . b 0 3 2 ) - 0 « 3 0 2 1 6 4 9 8 3 6 4 . 0 3 1 
1 8 ( 2 , 1 6 ) - 1 6 C 2 , 1 7 ) 3 4 5 6 3 . 1 4 O L ( 1 . 0 ) 3 4 5 8 3 . 1 6 0 0 ( 0 . 0 0 3 6 ) - 0 . 0 2 J O 7 2 3 3 . 7 0 . 3 7 6 

21 ( 3 , 1 3 ) _ 2 1 ( 3 , 1 9 ) 8 u 5 5 1 5 0 0 ( 1 « 0 ) 6 0 5 5 1 4 6 3 ( 0 0 0 2 7 ) c 3 3 3 7 1 0 1 5 6 3 1 0 1 2 9 2 
2 2 ( 3 , 1 9 ) - 2 2 ( 3 , 2 0 ) 1 0 4 2 9 1 9 0 0 ( 1 . 0 ) 1 0 4 2 9 1 8 4 2 ( 0 0 0 3 6 ) J 0 3 5 8 1 1 3 0 8 4 1 j 9 7 3 6 
2 3 ( 3 , 2 0 ) - 2 3 ( 3 , 2 1 ) 1 3 3 . 8 5 4 u „ ( 1 . 0) 1 3 3 0 8 5 3 3 4 ( 0 0 - . 4 6 ) . 0 0 6 6 1 1 9 0 0 6 1 1 8 5 6 2 
2 4 ( 3 , 2 1 ) - 2 4 ( 3 , 2 2 ) 1 6 7 5 2 2 9 0 . ( 1 . . ) 1 6 7 5 2 2 o 3 6 ( J j o b O ) J 0 2 6 4 1 2 8 . 3 3 0 1 2 7 7 7 1 
27 ( 3 , 2 f ) - 2 7 ( 3 , 2 5 ) 3 . 9 9 6 6 1 0 0 ( 0 . 0 ) 3o 9 9 6 5 3 7 6 ( 0 0 1 3 0 ) 0. 0 7 24 1 5 8 7 1 3 1 5 7 6 3 4 

" T Y P E R BRANCH 

4 ( 1. 4 ) _ 3 ( 0 , 3 ) 8 - 7 1 1 3 6 0 0 ( 1 . 0) 3 4 7 1 1 3 5 4 9 ( J i 0 3 2 ) R 0 0 5 1 5 1 2 1 2 2 9 6 
5 ( 1, 3 ) - •.( 0 , 4 ) 9 4 5 1 1 H 7 6 O ( 1 . J ) 9 4 5 1 1 4 9 0 6 ( J 3 0 3 5 ) - L l 3 1 4 6 b 9 7 7 3 3 2 4 

l l ( 1 , 1 1 ) - l u ( 0 , 1 0 ) 148453 5 2 3 o ( 1 < 0) 1 4 8 4 5 3 5 1 5 6 ( 0 0 0 3 9 ) . 0 7 2 2 5 . 8 7 1 2 3 . 9 1 9 
1 2 ( 1 » 1 2 ) - 11( 0 , 1 1 ) l 5 7 0 2 o 7 * 2 . ( 1 . 0 ) 1 5 7 o 26 7 5 4 4 ( 0 0 0 3 3 ) - J . u 1 2 4 3 j 30 9 2 5 0 7 1 
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TABLE I . OBSERVED ANO CALCULATED FREQUENCIES OF TRANS-OCOSH (CONTINUED 

TRANSITION OBStRVED CALCULATED FREQUENCY O B S . - C A L C . ENcRGY LEVELS IN Crt -1 
UPPER LOWER FREQUENCY (STANOARO DEVIATION) UPPER LOWER 
STATE STATE (WEIGHT) STATE STATE 

* * B TYPE Q BRANCH * * 

14 ( l t 1 3 ) - 1 4 ( 0 , 1 4 ) 8 8 6 1 7 . 2 6 4 3 ( 1 . C ) 3 8 6 1 7 . 2 5 3 6 ( 4 . 0 3 3 6 ) 0 . 3 1 3 4 4 2 . 6 7 3 3 9 . 7 1 8 
20 ( 1» 1 9 ) - 2 « ( fc, 2 3 ) 1 4 5 5 3 3 . 6 9 1 3 d . 0 ) 1 4 5 5 3 3 . 6 9 7 3 ( 0 . 0 0 6 7 ) - 3 . 3 3 6 3 8 3 . 5 3 9 7 8 . 7 3 5 
21 ( 1 » 2U) - 2 K U, 2 1 ) 1 5 6 9 7 1 . 8 8 8 . ( 1 , 0 ) 1 5 6 9 7 1 . a b 6 9 ( « . u 0 8 7 ) « . 3 2 1 1 9 1 . 7 2 5 8 6 . 4 6 9 

10 C 2 , 9 ) - 13 ( i . 1 3 ) 1 4 b 3 0 4 . 7 6 4 3 ( 1 . 0 ) 1 4 6 0 0 4 . 7 7 6 3 ( . 0 0 4 2 ) - 0 . 0 1 2 3 2 b . 6 7 1 2 1 . 8 j 0 
11 ( 2 , 1 0 ) - I K 1 » 1 1 ) 1 4 9 9 2 3 . 8 7 1 « ( 1 . G) 1 4 9 9 2 3 . 9 0 0 3 ( ü uO + l ) - 0 . 3 2 3 3 3 0 . 8 7 2 2 5 . 8 7 1 
1 2 ( 2, 1 1 ) - 1 2 ( 1 , 1 2 ) 1 5 4 2 1 3 . 4 . 9 « ( 1 . 0 ) 1 5 4 2 1 3 . 4 1 2 7 ( u . 1 0 4 1 ) •C 3 3 7 3 5 . 4 5 3 3 0 . 30 9 

« 3 TYPE P BRANCH * » 

1 ( 1 1 ) _ 2 ( 0 2 ) 1 8 9 3 9 . 6 8 0 3 ( 1 . G) 1 8 9 3 9 . 6 9 0 4 ( 0 . 0 0 1 5 ) - 3 . 3 1 0 4 * , 7 8 0 1 . 1 + 8 
5 ( 0 5 ) - 4 ( 1 4) 1 8 3 3 1 . 7 2 0 0 ( 1 . 0 ) 1 8 3 3 1 . 70 57 ( G . 3 0 2 0 ) 0 . 3 1 + 3 5 . 7 3 3 5 . 1 2 1 
6 ( 0 5 ) - 5 ( 1 5 ) 3 1 2 7 4 . 8 4 3 3 ( 1 . 0 ) 3 1 2 7 4 . 6 6 3 5 ( u . 3 3 2 3 ) - 3 . 3 2 35 3 . J 23 6 . 9 7 7 

l u ( 0 1 3 ) - 9 ( 1 9) 8 4 5 8 0 . 3 7 4 0 ( 1 . 0 ) 8 4 5 8 0 . 3 5 6 4 ( 0 . u 0 3 2 ) 3 . 3 1 7 b 2 j . 9 1 9 1 8 . 3 9 8 
15 ( 3 1 5 ) - 1 4 ( 1 14» 1 5 1 3 9 2 . 5 5 7 0 ( 1 . 3 ) 1 5 1 0 9 2 . 5 3 3 4 ( 0 . 0 0 3 1 ) - 3 . 0 2 b 4 4 5 . 3 2 4 4 3 . 2 8 4 

7 ( 2 6 ) _ 8 ( 1 7 ) 2 2 7 4 8 . 5 6 0 « J < 1 . 0 ) 2 2 7 4 8 . 5 7 7 3 ( iJ . 0 3 4 1 ) - 0 . 0 1 7 3 1 6 . 3 5 0 1 5 . 5 3 1 
8 ( 2 7 ) - 9 ( 1 8 ) 8 3 2 6 . 4 7 0 0 ( 1 . 0 ) 8 3 2 6 . 4 7 9 6 ( 0 . 3 0 4 2 ) • u 5 98 1 9 . 40 9 1 9 . 1 3 1 

1 1 ( 1 1 3 ) - 13 ( 2 9 ) 2 l 3 b 6 . 3 8 3 0 ( 1 . 0 ) 2 1 3 6 6 . 3 7 7 1 ( 3 . 0 0 4 4 ) 3 . 3 3 2 9 2 7 . 3 8 3 2 6 . 6 7 1 
19 ( 1 1 8 1 - 1 8 ( 2 1 7 ) 1 4 8 3 8 5 . 7 9 3 0 ( 1 . 0 ) 1 4 8 3 8 5 . 7 3 3 7 ( iii . 3 0 5 b ) C . u 3 93 7 5 . 8 2 6 7 0 . 8 7 6 

12 ( 2 1 3 ) _ 1 3 ( 1 1 3 ) 1 8 2 8 3 . 6 6 5 « ( 1 . 0 ) 1 8 2 8 3 . 6 5 o G ( 3 . 0 3 4 4 ) 3 . 0 3 93 3 5 . 7 2 3 3 5 . 1 1 3 
13 ( 2 1 1 ) - 1 4 ( 1 1 4 ) 1 4 7 6 0 . 0 2 0 0 ( 1 . 0) 1 4 7 6 0 . « l b 0 ( 3 . 3 0 4 4 ) 3 . 0 0 4 0 4 3 . 7 7 6 4 0 . 2 3 4 
14 ( 2 1 2 ) - 1 5 ( 1 1 5 ) 1 2 2 2 1 . u 7 0 0 ( 1 « 0 ) 1 2 2 2 1 . 0 6 2 6 ( 3 . £ 0 4 4 ) 3 . 0 0 7 4 4 6 . 22 8 4 5 . 8 2 0 
1 5 ( 2 1 3 ) - 1 6 ( 1 1 6 ) 1 3 7 3 9 . 5 3 0 3 ( 1 . 3 ) 1 0 7 u 9 . 5 326 ( 3 . 3 0 4 4 ) - 0 . Ü O 26 5 2 . 3 7 9 5 1 . 7 2 2 
16 ( 2 1 4 ) - 1 7 ( 1 1 7 ) 1 3 2 5 7 . 0 5 0 0 ( 1 . 0 ) 1 3 2 5 7 . 0 4 3 9 ( 3 . 3 3 4 3 ) 3 . 3 0 6 1 5 3 . 3 2 9 5 7 . 9 3 7 
17 ( 2 1 5 ) - 1 8 ( 1 1 8 ) 1 3 8 3 3 . 5 4 j u ( l . « ) 1 « 6 8 3 . 5 3 9 9 ( u . 3 3 4 5 ) 3 . 0 3 0 1 6 4 . 9 8 3 6 4 . 6 1 7 
18 ( 2 1 6 ) - 1 9 ( 1 1 9 ) 1 2 5 9 7 . 4 4 0 0 ( 1 . 0 ) 1 2 5 9 7 . 4 4 6 9 ( 0 . 0 3 5 4 ) - 3 . 3 0 6 9 7 2 . 3 3 3 7 1 . 6 . 9 
19 ( 2 1 7 ) - 23 ( 1 2 0 ) 1 5 3 9 6 . 3 6 5 K ( 1 . « ) 1 5 3 9 6 . 3 7 4 4 ( 0 . 3 0 7 1 ) - 0 . 3 3 9 4 7 9 . 4 7 9 7 8 . 9 6 5 

14 I 3 1 2 ) _ 1 5 ( 2 1 3 ) 2 5 5 0 8 . 5 6 0 0 ( 1 . 2 ) 2 5 5 0 8 . 5 6 5 6 ( 3 . 0 0 4 6 ) - 3 . 3 0 5 8 5 2 . 9 3 0 5 2 . 3 7 9 
15 ( 3 1 3 ) - 1 6 ( 2 1 4 ) 1C 6 7 8 . 6 9 5 0 ( 1 . 0 ) 1 3 6 7 8 . 6 8 5 6 ( 0 . 3 0 4 5 ) 3 . « 3 9 4 5 8 . 6 8 6 5 8 . 3 2 9 
18 ( 2 1 5 ) - 1 7 ( 3 1 5 ) 20 3 5 1 . 8 2 0 0 ( 1 . 3 ) 2 0 3 5 1 . 8 3 5 6 ( 3 . 0 3 4 5 ) - 3 . 0 1 5 3 7 2 . 3 3 3 7 1 . 3 5 1 
22 ( 2 2a) - 2 K 3 1 9 ) 8 7 5 0 1 . 3 1 9 . ( 1 . 3 ) 8 7 5 0 1 . 3 5 1 7 ( 0 . 3 u 6 1 ) - 3 . 0 3 2 7 1 3 4 . 2 1 0 1 3 1 . 2 9 2 

10 ( 3 7 ) _ i l l 2 1 0 ) 8 6 4 3 b . 6 7 7 « ( 1 . G > 8 6 4 3 6 . 67 14 ( J . 0 0 5 7 ) 3 . 3 3 5 6 3 3 . 7 5 5 3 0 . 8 7 2 
17 ( 3 1 4 ) - 1 8 ( 2 1 7 » 1 6 b 5 6 . 5 5 0 3 ( 1 . 0 ) 1 6 b 5 6 . 5 4 2 5 ( j . 3 0 3 9 ) 3 . 0 3 7 5 7 1 . 4 3 2 7 0 . 8 7 6 
18 ( 3 1 5 » - 1 9 ( 2 1 8 ) 8 2 7 7 . 4 1 0 u ( 1 . 3 ) 8 2 7 7 . 4 0 4 6 ( . . 3 3 4 2 ) 3 . 0 0 5 4 7 8 . 3 7 2 7 8 . 0 9 6 
23 ( 2 2 2 ) - 2 2 ( 3 1 9 ) 1 8 7 2 3 . 8 9 0 0 ( 1 . 0 ) 1 8 7 2 0 . 8 3 8 0 ( 3 . 3 0 8 6 ) O . 0 020 1 1 0 . 7 3 8 1 1 0 . 0 8 4 
26 ( 2 2 5 ) - 2 5 ( 3 2 2 ) 3 3 1 1 3 . 9 2 0 3 ( 0 . 3 ) 3 0 1 1 3 . 9 3 5 8 ( 0 . 0 1 7 7 ) - 0 . 0 1 5 8 1 3 9 . 0 6 0 1 3 8 . 3 5 6 
27 ( 2 2 6 ) - 2 6 ( 3 2 3 ) 3 1 8 7 4 . 1 4 3 0 ( « . 3 ) 3 1 8 7 4 . 1 7 3 9 ( S . 3 2 2 4 ) - u . 0 3 0 9 1 4 9 . 2 4 8 1 4 8 . 1 8 5 

22 ( 4 1 9 ) _ 2 3 ( 3 2 0 ) 1 7 1 2 9 . 8 3 3 0 ( 1 . 0 ) 1 7 1 2 9 . 8 4 7 1 ( 3 . 0 3 8 3 ) - 0 . 0 1 7 1 1 1 9 . 5 7 8 1 1 9 . 0 36 
25 ( 3 2 2 ) - 2 4 ( 4 2 1 ) 1 2 5 o 0 . 4 9 J 3 ( « . 3 ) 1 2 5 6 u . 4 2 7 7 ( u . 0 1 1 1 ) 0 . 3 6 2 3 1 3 6 . 3 5 6 1 3 7 . 6 3 7 

1 7 ( 4 1 3 ) _ 1 6 ( 3 1 6 ) 8 7 7 1 3 . J 6 7 3 ( 1 . 3 ) 8 7 7 1 3 . 3 5 1 8 ( 3 . 2 3 9 3 ) U . 0 1 5 2 8 1 . 1 8 6 7 8 . 2 6 0 
23 ( 4 1 9 ) - 2 4 ( 3 2 2 ) 2 0 1 5 3 . « 4 0 0 ( 1 . 3 ) 2 0 1 5 3 . 3 5 6 4 ( 0 . 0 3 8 0 ) - 0 . 0 1 6 4 1 2 8 . 4 4 3 1 2 7 . 7 7 1 
24 ( 4 2 3 ) - 2 5 ( 3 2 3 ) 9 4 7 3 . 2 + 3 0 ( 0 . 0 ) 9 + 7 3 . 2 6 5 5 ( 3 . 3 3 9 3 ) - 3 . 0 2 5 5 1 3 7 . 6 7 8 1 3 7 . 3 6 2 
27 ( 3 2 5 ) - 2 6 ( 4 2 2 ) 1 1 0 2 4 . 2 4 J 0 ( 0 . 0 ) l l u 2 4 . 1 9 1 8 ( O . 0 1 2 1 ) 3 . 3 4 8 2 1 5 7 . 6 8 4 1 5 7 . 3 1 6 
29 ( 3 2 7 ) - 2 8 ( 4 2 4 ) 3 0 0 1 7 . l ö O . ( u . G ) 3 3 . 1 7 . 0 9 o 5 ( 3 . 0 1 7 0 ) 3 . 3 6 3 5 1 7 9 . 5 2 4 1 7 8 . 5 2 3 
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TABLE I I 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 - H C O S O IN MHz 

TRANSITION OBSERVED CALCULATED FREQUENCY OBS.-CALC. ENERGY LEVELS IN CM-1 
UPPER LOWER FREQUENCY (STANDARD DEVIATION) UPPER LOWER 
STATE STATE (WfclGHT) STATE STATE 

* • A TYPE R BRANCH 

1 ( 2 1 ) - C ( 3 , 3 ) 1 1 ^ 9 7 . 9 3 3 3 ( l . C ) 1 1 4 9 7 . 9 1 V 6 ( S3. 0 3 0 6 ) 3 . 3 1 5 * » 3 . 3 8 4 0 . 0 3 0 

2 ( 2 ) K C 1 ) 2 2 9 8 7 . 4 7 5 3 ( 1 . 6 » 2 2 9 8 7 . 4 7 7 2 ( a . 0 0 1 2 ) - 3 . 0 3 2 2 1 . 1 5 0 0 . 3 8 4 
2 ( 1 2 ) - K 1 1» 2 2 3 1 3 . 0 j 5 u ( 1 . G ) 2 2 3 3 9 . 9 8 3 0 ( L . 0 0 1 1 ) 0 . 3 1 7 3 2 . 5 3 9 1 . 7 9 5 
2 ( 1 1 ) - K 1 C ) 2 3 6 8 1 . 7 3 3 3 ( 1 . 0 > 2 3 6 3 1 . 7 1 2 3 ( 3 . 3 0 1 2 ) - 3 . 0 1 2 3 2 . 6 u 8 1 . 8 1 8 

3 ( Ü 3 ) _ 2 ( a 2 ) 3 4 4 6 0 . 3 2 0 3 ( 1 . 3 ) 3 4 4 6 0 . 3 4 5 2 ( 3 . 0 0 1 7 ) - 3 . 3 2 5 2 2 . 3 0 3 1 . 1 5 0 
3 ( 1 3 ) - 2 ( l 2 ) 3 3 4 5 9 . 6 6 3 3 ( 1 . 3 ) 3 3 4 5 9 . 6 7 2 6 ( 0 . 3 0 1 7 ) - 0 . 0 1 2 6 3 . 6 5 5 2 . 5 3 9 
3 ( 1 2 ) - 2 ( l 1» 3 5 5 1 7 . 1 4 3 3 ( 1 . 3 » 3 5 5 1 7 . 1 3 3 6 ( 3 . 0 0 1 7 ) 3 . 3 0 6 4 3 . 7 9 2 2 . 6 . 8 
3 ( 2 2 ) - 2 ( 2 1 ) 3 4 4 9 4 . 3 4 3 3 ( 1 . 3 » 3 4 4 9 4 . 0 3 2 7 ( 3 . 3 0 1 5 ) 3 . 3 3 7 3 7 . 9 9 2 6 . 8 4 1 
3 ( 2 1 ) - 2 ( 2 0 ) 3 4 5 2 7 . 0 9 5 3 ( 1 . 0 ) 3 4 5 2 7 . 1 0 2 5 ( U . C 0 1 5 ) - 3 . 0 0 7 5 7 . 9 9 3 6 . 8 4 2 

& ( a 8 ) _ 7 t 0 7 » 9 1 2 9 2 . 0 5 3 3 ( 1 . 0 » 9 1 2 9 2 . C< f t»6 ( 0 . 0 0 3 6 ) 0 . 0 3 5 V 1 3 . 7 4 9 1 0 . 7 j 4 
& ( l 3 ) - 7 ( 1 7 ) 8 9 3 7 6 . 8 9 8 3 ( 1 . 3 » 8 9 0 7 6 . 8 7 6 1 ( 0 . C 0 3 5 ) 0 . 0 2 1 9 1 4 . 8 3 5 1 1 . 8 3 4 
a ( l 7 ) - 7 ( 1 6 ) 9 4 5 4 6 . 1 0 3 « ( 1 * 3 » 9 4 5 4 6 . 1 3 6 3 ( 3 . 3 3 3 5 ) • - 3 . 0 0 3 3 1 5 . 6 2 7 1 2 . 4 7 4 
a ( 2 7 ) - 7 C 2 6 ) 9 1 8 7 7 . 1 9 3 3 ( 1 . 3 ) 9 1 6 7 7 . 2 1 7 3 ( 3 . 0 3 3 1 ) - 0 . 3 2 7 0 1 9 . 4 9 0 1 6 . 4 2 5 
a ( 2 3 ) - 7 ( 2 5 ) 9 2 5 6 1 . 4 6 6 « ( 1 . 0 ) 9 2 5 6 1 . 4 5 ? 4 ( 3 . C 0 3 1 ) 3 . 3 1 3 6 1 9 . 5 4 7 1 6 . 4 6 0 
a ( 3 3 > - 7 ( 3 5 ) 9 2 9 7 1 . 6 6 7 3 ( 1 . 0 ) 9 2 3 7 1 . 6 4 9 4 ( 3 . 0 3 2 7 ) 3 . 0 1 7 6 2 6 . 6 1 9 2 3 . 5 4 8 
a ( 3 5 ) - 7 ( 3 4 ) 9 2 3 8 7 . 2 9 3 0 ( 1 . 3 ) 9 2 3 8 7 . 3 3 6 4 ( 3 . 0 0 2 7 ) - C . 0 0 7 4 2 6 . 6 2 0 2 3 . 5 4 8 
a ( 4 5 ) - 7 « 4 4 ) 9 2 0 4 1 . 3 8 0 0 ( 3 . 0 ) 9 2 0 4 1 . 0 1 9 9 ( 0 . 0 0 2 5 ) 0 . 3 6 0 1 3 6 . 5 7 2 3 3 . 5 0 2 
a ( 4 4 ) - 7 1 4 3 ) 9 2 3 4 1 . 0 8 0 0 ( 3 . 0 ) 9 2 0 4 1 . 1 4 3 2 ( j. 3 0 2 5 ) - 3 . 3 6 8 2 3 6 . 5 7 2 3 3 . 5 0 2 
a ( b 4 ) - 7 ( 5 3 ) 9 2 3 2 7 . 1 1 2 3 ( 1 . 0 ) 9 2 0 2 7 . 1 0 0 7 ( 3 . o C 3 2 ) 0 . 3 1 1 3 4 9 . 3 6 8 4 6 . 2 9 8 
8 ( 5 3 ) - 7 C 5 2 ) 9 2 0 2 7 . 1 1 2 3 ( 3 . 3 » 9 2 2 2 7 . l o 1 2 ( « . C 3 3 2 ) O . 0 1 0 8 4 9 . 3 6 8 4 6 . 2 9 8 
6 ( 6 3 ) - 7 ( 6 2 ) 9 2 3 2 2 . 3 1 2 3 ( 1 . 3 » 9 2 0 2 2 . 3 3 5 3 ( 3 • 3 0 4 8 ) - 0 . 3 2 3 3 6 5 . 0 0 4 6 1 . 9 3 5 
8 ( 6 2 ) - 7 C 6 1 ) 9 2 3 2 2 . 3 1 2 U ( 3 . 0 > 9 2 3 2 2 . 3 3 5 3 ( a . 3 0 4 8 ) - 0 . 3 2 3 3 6 5 . 3 0 4 6 1 . 9 3 5 

1 3 ( 0 1 3 ) _ 1 2 ( 3 1 2 ) 1 4 6 7 0 3 . 4 2 1 0 ( 1 . 0 ) 1 4 6 7 0 3 . 4 1 3 3 ( 3 . C 0 3 5 ) C . 0 0 2 7 3 4 . 5 4 1 2 9 . 6 4 8 
1 3 ( 1 1 3 ) - 1 2 ( 1 1 2 ) 1 4 4 3 4 1 . 2 3 4 3 ( 1 . 0 ) 1 4 4 3 4 1 . 2 8 9 3 ( 0 . C 0 3 4 ) 3 . 3 3 5 3 3 3 . 1 9 7 3 0 . 3 3 2 
1 3 ( 1 1 2 ) - 1 2 ( 1 1 1 ) 1 5 3 3 6 4 . 5 7 3 3 ( 1 . 0 » 1 5 3 3 6 4 . 5 9 2 4 ( 3 • 3 0 3 4 ) - 3 . 0 1 9 4 3 7 . 2 6 1 3 2 . 1 5 6 
1 3 ( 2 1 2 ) - 1 2 ( 2 1 1 ) 1 4 8 9 7 1 . 3 6 2 3 ( 1 . 3 » 1 4 8 9 7 1 . u 4 3 d ( 0 . 0 C 3 3 ) 3 . 0 1 8 2 5 3 2 3 5 . 5 6 3 
1 3 ( 2 1 1 ) - 1 2 C 2 1 0 ) 1 5 1 7 0 9 . 1 6 7 0 ( 1 . 0 » 1 5 1 7 3 9 . 1 6 8 3 ( 3 . 0 3 3 3 ) - 3 . G 3 1 3 4 0 . 8 8 3 3 5 . 8 2 7 
1 3 ( 3 1 1 ) - 1 2 ( 3 1 C ) 1 4 9 7 5 6 . 3 2 9 « ( 1 . 3 ) 1 4 9 7 5 6 . 3 3 4 2 ( j. C 0 3 6 ) - 3 . 0 U 5 2 4 7 . 746 4 2 . 7 5 3 
1 3 ( 3 1 3 ) - 1 2 ( 3 9 ) 1 4 9 9 4 0 . 1 9 3 0 ( 1 . 0 ) 1 4 9 9 4 3 . 2 3 7 3 ( 3 . 3 0 3 6 » - 3 . 0 1 4 3 4 7 . 7 6 2 4 2 . 7 6 1 
13 ( 4 1 3 ) - 1 2 ( 4 9 ) 1 4 9 6 7 1 . 6 2 2 0 ( 1 . 3 ) 1 4 9 6 7 1 . £388 ( 0 . 0349» 3 . 0 2 3 2 5 7 . 6 8 8 5 2 . 6 9 6 
1 3 ( 4 9 ) - 1 2 1 4 8 ) 1 4 9 6 7 6 . 0 3 6 u ( l . G ) 1 4 9 6 7 6 . CI 2 u 8 ( 3 . S 349) 3 . 3 1 5 2 5 7 . 6 8 8 5 2 . 6 9 6 
1 3 ( 5 3 ) - 1 2 1 5 8 ) 1 4 9 6 0 3 . 8 9 7 3 ( 0 . 0 » 1 4 9 6 3 3 . 6 6 9 K 0 . C 0 7 1 ) 0 . 0 2 7 9 7 0 . 4 7 7 6 5 . 4 8 7 
1 3 ( 5 8 ) - 1 2 ( 5 7) 1 4 9 6 0 3 . 8 9 7 3 ( 0 . 0 ) 1 4 9 6 3 3 . 9 2 2 3 ( 0 . 0 3 7 1 ) - « . 3 2 5 3 7 3 . 4 7 7 6 5 . 4 8 7 
1 3 ( 6 J) - 1 2 1 6 7 ) 1 4 9 5 7 1 . 5 2 3 3 ( 1 . 3 » 1 4 9 5 7 1 . 5238 ( 3 . 3 1 3 2 ) 3 . 0 0 2 2 8 6 . 1 1 0 8 1 . 1 2 1 
1 3 ( 6 7 ) - 12< 6 6 ) 1 4 9 5 7 1 . 5 2 3 3 ( 0 . 3 ) 1 4 9 5 7 1 . 5 2 1 2 ( 3 . 3 1 0 2 ) 3 . 0 0 1 8 8 6 . 1 1 0 8 1 . 1 2 1 
1 3 ( 7 7 ) - 1 2 ( 7 6 ) 1 4 9 5 5 6 . 6 5 4 3 ( 0 . 3 » 1 4 9 5 5 6 . 7 3 1 7 ( 3 . G139) - J . 0 4 7 7 1 3 4 . 5 8 2 9 9 . 5 9 3 
13 ( 7 9 ) - 1 2 ( 7 5 ) 1 4 9 5 5 6 . 6 5 4 3 ( i i . 0 ) 1 4 9 5 5 6 . 7 U 1 7 ( 3 . 0 1 3 9 ) - 3 . 3 4 7 7 1 0 4 . 5 8 2 9 9 . 5 9 3 

1 4 ( 0 IV) 1 3 ( 3 13) 1 5 7 5 9 9 . 8 4 2 3 ( 1 . 0 » 1 5 7 5 9 9 . 8 3 2 7 ( 3 . 0335 ) 0 . 3 3 9 3 3 3 . 7 9 8 3 4 . 5 4 1 
14 ( 1 1 4 ) - 13 ( 1 1 3 ) 1 5 5 3 4 2 . 5 8 9 3 ( 1 . 0 » 1 5 5 3 4 2 . 5754 ( 3 . « 0 3 4 ) 0 . 3 1 3 6 4 0 . 3 7 9 3 5 . 1 9 7 

• » A T Y P E Q BRANCH 

5 ( 1 4 ) - 5 ( 1 » 5 ) 1 0 2 8 5 . 5 1 5 3 ( 1 . 3 » 1 3 2 8 5 . 4 3 5 8 ( 0 . 0 3 1 6 ) 3 . 0 1 9 2 7 . 3 4 5 7 . 0 C 2 
6 ( 1 3 ) - 6 ( 1 » 6 ) 1 4 3 9 6 . 3 9 5 3 ( 1 . 0 » 1 4 3 9 6 . 3766 ( 3 . 0 0 2 1 ) 3 . 0 1 6 4 9 . 7 1 3 9 . 2 3 2 
7 ( 1 o> - 7 ( 1 » 7 ) 1 9 1 8 8 . 2 7 0 w ( 1 . 0 ) 1 9 1 8 8 . 2 5 7 2 ( U. 3 3 2 7 ) C . 0 1 2 8 1 2 . 474 1 1 . 8 3 4 
9 ( 1 8) - 9 ( 1 , 9 ) 3 0 7 9 8 . 7 3 3 3 ( 1 . 3 ) 3 3 7 9 8 . 6 S 3 5 ( 3 . 2 0 3 9 ) 3 . 3 1 6 5 1 9 . 1 7 3 1 8 . 1 4 6 

13 ( 2 . 1 1 ) - 13 ( 2 , 1 2 ) 1 « 6 7 6 . 3 1 3 3 ( 1 . 0 ) 1 0 6 7 6 . 3 3 5 2 ( 3 . C 0 2 4 ) Ü.0048 4 3 . 888 4 0 . 5 3 2 
14 ( 2 , 1 2 ) - 14 ( 2 , 1 3 ) 1 4 3 0 2 . 3 5 5 3 ( 1 . 0 » 1 4 0 0 2 . 3b 3 3 ( 3 . 0 0 2 8 ) - 0 . 0 1 3 3 4 6 . 3 4 7 4 5 . 8 3 0 
15 ( 2 1 3 ) - 1 5 ( 2 , 14) 1 7 9 6 1 . 9 5 3 3 ( 1 . 0 » 1 7 9 6 1 . 9597 ( 0 . 3 3 3 2 ) - 0 . 0 0 9 7 5 2 . 2 3 6 5 1 . 6 J7 
1 7 ( 2 , 1 5 ) - 1 7 ( 2 , 1 6 ) 2 7 9 1 7 . 8 3 0 3 ( 1 . 0 ) 2 7 9 1 7 . 8 1 2 8 ( 0 . CO 39) - 0 . 0 1 2 3 6 5 . 1 2 5 6 4 . 1 9 4 
1 8 ( 2 1 5 ) - 18 ( 2 , 1 7 ) 3 3 9 5 7 . 9 5 0 3 ( 1 . 3 » 3 3 9 5 7 . 9 7 3 3 ( 3 . 3 0 4 3 ) - 3 . 0 2 8 3 7 2 . 1 8 5 7 1 . 0 5 2 

2 2 ( 3 , 1 3 ) - 22 ( 3 , 23) 1 0 0 6 1 . 3 6 3 3 ( 1 . 3 ) 1 0 0 6 1 . 3 5 1 6 ( ti 0 3 4 2 ) C »3 0 3 4 1 1 3 . 3 6 5 1 1 3 . 3 2 9 
23 3 , 2 . ) - 2 3 ( 3 , 2 1 ) 1 2 8 4 6 . s 5 u G ( 1 . 3 ) 1284E. 5 5 3 6 ( 0 . 0054) - 3 . Q 0 3 6 1 1 9 . 3 0 0 1 1 8 . 8 7 1 
24 ( 3 , 2 1 ) - 2 4 ( 3 , 2 2 ) 1 6 1 8 1 . 3 1 3 « ( l . b ) 1 6 1 6 1 . 2 9 9 6 ( 3 . 1 0 7 1 ) 0 . 0 1 0 4 1 2 8 . 6 3 6 1 2 8 . 3 9 6 
2 7 ( 3 , 2 4 ) - 2 7 ( 3 , 25) 3 3 3 1 1 . 8 4 3 3 ( 3 . 0 ) 3 0 3 1 1 . 7 4 8 1 ( 0 . 3 1 5 4 ) 3 . 3 9 1 9 1 5 9 . 0 6 3 1 5 8 . 3 6 2 

¥ » B T Y P E R BRANCH * * 

4 ( 1 4 ) - 3 ( 0 , 3 ) 8 5 2 3 5 . 7 1 8 0 ( 1 . 3 ) 8 5 2 3 5 . 6 9 4 9 ( 3 . 0 0 4 0 ) 3 . 0 2 3 1 5 . I V 3 2 . 3 3 0 
5 ( 1 5 ) - 4 ( Of 4) 9 5 u 6 5 . 7 . 4 0 ( 1 . 0 ) 9 5 0 6 5 . 7 1 8 2 ( 0 . 3 3 4 3 ) - - . 3 1 4 2 7 . 0 0 2 3 . 8 3 1 

1 1 ( 1 , 1 1 ) - 13 ( c , 13) 1 4 9 1 8 0 . u 1 3 . ( 1 . « ) 1 4 9 1 6 0 . 3 3 35 ( J . 0 3 48) 3 . 3 1 4 5 2 5 . 9 3 5 2 3 . 9 5 9 
12 ( A , 1 2 ) - I K Of 1 1 ) 1 5 7 7 7 3 . 3 6 1 3 ( 1 . 3 ) 1 5 7 7 7 3 . 3680 ( 3 . 0 3 4 6 ) - 3 . 0 « 7 3 3 0 . 3 8 2 2 5 . 1 2 0 

» » B T Y P E U BRANCH • » 

14 ( 1 , 1 3 ) - 14 ( 3 , 1 4 ) 8 8 6 2 3 . 8 0 5 3 ( 1 . 3 ) 8 8 6 2 3 . 7 9 3 3 ( 0 . 0045) 0 . 3 0 5 1 4 2 . 7 5 4 3 9 . 7 9 8 
2 0 ( 1 , 1 3 ) - 2 3 ( 3 , 23) 1 4 5 1 1 4 . 1 9 3 3 ( 1 . 3 ) 1 4 5 1 1 4 . 2064 ( u . 3 3 8 2 ) - « . C 1 3 4 83 . 744 7 8 . 9 . 4 
2 1 ( 1 , 2 3 ) - 21 ( « » 2 1 ) 1 5 6 4 9 8 . 6 1 9 « ( 1 . 0 ) 1 5 6 4 9 8 . 5 3 . 4 ( j 313 7) 3 . « 2 3 6 9 1 . 3 9 6 8 6 . 6 7 6 
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TABLE III. OBSERVED 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 - H C O S O 

4 4 3 

( C O N T I N U E O 

TRANSITION OBSERVED CALCULATED FREQUENCY O B S . - C A L C . ENERGY LEVELS IN C M - 1 
UPPER LOWER FREQUENCY (STANDARO DEVIATION) UPPER LOWER 
STATE STATE (WEIGHT) STATE STATE 

I t ( 2 , 3 ) - IL ( 1 . 1 3 ) 1 4 7 1 4 7 . 7 6 8 C ( 1 . 0 ) 1 4 7 1 4 7 . 7 7 7 8 ( j • C 0 5 3 ) - . 0 0 9 8 2 6 . 7 6 4 2 1 . 8 5 6 
11 ( 2» lu ) - 1 1 ( 1 . 1 1 ) 1 5 1 0 - « 1 . 2 3 7 u ( 1 . u ) 1 5 1 u 4 1 . 2 6 3 u ( 0 . 0 0 5 2 ) - u . 0 26u 3 3 . 9 7 3 2 5 . 9 3 5 
12 ( 2 , 1 1 ) - 1 2 ( l i 1 2 ) 1 5 5 3 ^ 2 . 6 a 4 u ( 1 . 0 ) I s 5 3 b 2 . fc 9H9( 0 . b 0 5 2 ) - j • 3 l b 9 3 5 . 5 6 3 3 0 . 3 8 2 

• » B TYPE P BRANCH • • 

1 ( 1 1 ) - 2 ( u 2 ) 1 9 3 2 3 . 2 9 0 u ( 1 . 0 ) 1 9 3 2 3 . 3 u 5 6 ( 3 . 0 0 1 9 ) - 2 . 0 1 5 6 1 . 7 9 5 1 . 1 5 3 
5 ( L 5 ) - 4 ( 1 4 ) 1 7 9 9 5 . 4 7 j u ( 1 . 0 ) 1 7 9 9 5 . 4 5 5 1 ( 0 . C 0 2 4 ) O . 0 1 4 9 5 . 7 4 3 5 . 1 4 3 
6 ( j 6 ) - 5 ( 1 5 ) 3 . 9 5 3 . S . d K l . I ) 3d 9 5 3 . 7 9 2 0 ( 0 . 0 0 2 8 ) 0 . 0 0 8 0 8 . 0 3 5 7 . 0 0 2 

1» ( u 1J ) - 9 ( 1 9 ) 6 4 3 3 8 . 4 5 2 . ( 1 . 0 ) 6 4 3 3 8 . 4 3 3 3 ( 3 . 0 0 3 8 ) b . 0 1 8 7 2 3 . 9 5 9 1 6 . 1 4 6 
15 ( b 1 3 ) - 1*. ( 1 1 4 ) 1 5 1 u 3 9 . 1 * 3 u ( 1 . u> 1 5 1 j 3 9 . 1 7 7 j ( 0 • b j 3 6 ) - C . 0 3 4 0 4 3 . 4 1 7 4 0 . 3 7 9 

7 ( 2 5 ) - 8 ( 1 7 ) 2 3 9 2 3 . 6 9 0 0 ( 1 . 0 ) 2 3 9 2 3 . 9 1 3 5 ( 0 . 0 0 4 9 ) - 0 . 3 2 3 5 1 6 . 4 2 5 1 5 . 6 2 7 
8 ( 2 7 ) - 9 ( 1 8 ) 9 4 9 7 . 4 3 0 t ( 1 . 0 ) 9 4 9 7 . 4 5 1 u ( 0 . 0 u5 0 ) - b . 0 2 1 0 1 9 . 4 9 0 1 9 . 1 7 3 

11 ( 1 ID ) - I t ( 2 9 ) 2 0 2 0 2 . 0 9 0 0 ( 1 . 0 ) 2 0 2 d 2 . 0 7 9 3 ( b . 0 0 5 1 ) 0 . J l b 7 2 7 . 4 3 8 2 6 . 7 6 4 
1 2 ( 1 1 1 ) - I K 2 1 . ) 3 5 4 4 s . 1 5 j 0 ( 1 . b ) 3 5 4 4 5 . 1 3 7 7 ( u . 0 0 5 2 ) 0 . 0 1 2 3 3 2 . 1 5 6 3 0 . 9 7 3 
19 ( 1 1 6 ) - 1 6 ( 2 1 7 ) 1 4 7 3 0 9 . 0 3 4 0 ( 1 . 0 ) 1 4 7 3 u 9 . 0 2 2 5 ( 0 . 0 0 6 4 ) - 0 . 0 1 8 5 7 5 . 9 6 6 7 1 . 0 5 2 

13 ( 2 1 1 ) - 1 4 ( 1 1 4 ) 1 5 2 6 6 . 1 9 0 b ( 1 . 0 ) 1 5 2 6 6 . 1 7 9 5 ( c . 0 0 5 6 ) 2 . 0 1 0 5 4 0 . 8 8 8 4 0 . 3 7 9 
14 ( 2 1 2 ) - 1 5 ( 1 1 5 ) 1 2 6 U 5 . 6 4 u u ( 1 . 0 ) 1 2 6 b 5 . 8 3 4 3 ( 0 . 0 0 5 7 ) 0 . 0 0 5 7 4 6 . 3 4 7 4 5 . 9 2 7 
15 ( 2 1 3 ) - 1 6 ( 1 1 6 ) I b 9 6 l . 8 1 5 b ( 1 • 0) 1 0 9 6 1 . 8 0 6 2 ( 0 . 0 0 5 6 ) 0 . C 0 8 8 5 2 . 20 6 5 1 . 8 4 1 
16 ( 2 1+ ) - 1 / ( 1 1 7 ) l u 3 6 6 . 6 . t i b ( 1 . b ) 1 0 3 6 6 . 5 6 9 1 ( 0 . 0 0 5 4 ) 0 . 0 1 0 9 5 8 . 4 6 6 5 8 . 1 2 0 
17 ( 2 1 3 ) - 1 o ( 1 1 6 ) l u 8 41« 3 0 0 0 ( 1 . 0 ) 1 0 8 4 1 . 2 8 7 b ( 0 . 0 0 5 6 ) 0 . 0 1 3 3 6 5 . 1 2 5 6 4 . 7 6 3 
16 ( 2 16 ) - 1 9 ( 1 1 9 ) 1 2 3 9 5 . 6 9 0 b ( 1 . 0) 1 2 3 9 5 . 6 8 7 4 ( 3 . 0 0 6 5 ) 0 . 0 0 2 6 7 2 . 1 8 5 7 1 . 7 7 1 
19 ( 2 1 7 ) - 2C ( 1 2 G) I 3 b 2 8 . 6 5 0 b ( l . 0 ) 1 5 0 2 8 . 8 8 1 3 ( 3 . 0 0 8 5 ) - 0 . 0 3 1 3 7 9 . 6 4 4 7 9 . 1 4 3 

14 ( 3 1 2 ) - 1 5 ( 2 1 3 ) 2 7 5 7 9 . 7 8 0 b ( 1 . 3 ) 2 7 5 7 9 . 7 7 4 6 ( 0 . 0 0 5 1 ) 0 . 3 0 5 4 5 3 . 1 2 6 5 2 . 2 3 6 
15 ( 3 1 3 ) - 1 6 ( 2 1 4 ) 1 2 7 8 * . 5 3 0 - ( 1 . 0) 1 2 7 8 4 . 5 1 9 7 ( l i . 0 0 5 0 ) 0 . li 1 0 3 5 6 . 8 9 2 5 8 . 4 6 6 
IS ( 2 l o ) - 1 7 ( 3 1 5 ) 1 6 1 6 8 . 5 b d b ( 1 . 0) 1 6 1 6 8 . 5 7 7 2 ( 3. 0 0 5 1 ) - 0 . 0 1 7 2 7 2 . 18 5 7 1 . 5 7 9 
19 ( 2 17 ) - 1 6 ( 3 1 6 ) 3 4 3 1 1 . O n O b ( 1 . u ) 3 4 3 1 1 . 0 5 5 4 ( b . b t 5 6 ) - 0 . 0 1 5 4 7 9 . 6 4 4 7 8 . 5 0 0 
22 ( 2 2u ) - 2 1 ( 3 1 9 ) 8 5 1 6 5 . 1 0 4 0 ( 1 . 0) 8 5 1 6 5 . 1 0 4 2 ( 0 . u 0 9 6 ) - 3 . 0 0 0 2 1 0 * . 4 1 2 1 0 1 . 5 7 1 

Id ( 3 7 ) _ 1 1 1 2 1 3 ) 6 6 2 9 0 . 9 5 5 0 ( 1 . 0) 3 6 2 9 3 . 9 4 8 7 ( ii. 0 0 6 4 ) 0 • 0 d 63 3 3 . 9 1 8 3 0 . 9 7 3 
17 ( 3 1 4 ) - 1 8 ( 2 1 7 ) 1 8 1 2 4 . 7 7 3 d ( l . 0 ) 1 6 1 2 4 . 7 6 3 9 ( 0 . 0 0 4 7 ) 0 . 0 0 6 1 7 1 . 6 5 7 7 1 . 0 5 2 
18 ( 3 1 5 ) - 1 9 ( 2 1 8 ) 9 6 5 1 . 6 7 0 b ( 1 . 0 ) 9 6 5 1 . 6 6 3 2 ( 0 . 0 0 5 3 ) u . 0 0 6 8 7 8 . 6 0 8 7 8 . 2 3 6 
22 ( 2 2 1 ) - 2 1 ( 3 1 8 ) 1 2 0 9 2 . 4 1 0 0 ( 1 . 0 ) 1 2 . 9 2 . 40 73 ( 0 . 0 0 8 u ) 0 . 0 0 2 7 1 0 2 . 2 3 3 1 0 1 . 8 3 3 
23 ( 2 2 2 ) - 2 2 ( 3 1 9 ) 1 7 6 7 6 . 1 1 0 0 ( 1 . 0) 1 7 6 7 8 . 1 1 4 4 ( 0 . 0 1 0 0 ) - 0 . 0 0 4 4 1 1 0 . 9 6 1 1 1 0 . 3 6 5 
25 ( 2 2 4 ) - 2 4 ( 3 2 1 ) 2 6 6 2 8 . 5 8 0 b ( J . C) 2 6 6 2 8 . 5 9 0 1 ( 0 . 0 1 6 3 ) - 0 . 0 1 0 1 1 2 9 . 5 3 1 1 2 8 . 6 3 6 
27 ( 2 2 6 ) 2 6 ( 3 2 3 ) 3 1 6 5 5 . 3 7 j « ( b . u ) 3 1 3 5 5 . 4 1 5 b ( L . 0 2 6 5 ) - 0 . 0 4 5 6 1 4 9 . 5 7 9 1 4 6 . 5 1 6 

17 ( 4 1 4 ) _ l o ( 3 1 5 ) 66 9 9 5 . 2 0 9 u ( 1 . 0 ) 8 6 9 9 5 . 20 3d ( 0 . 0 0 9 7 ) 0 . 0 0 6 3 8 1 . 5 1 0 7 6 . 6 0 8 
22 ( 4 1 9 ) - 2 3 ( 3 2 0 ) 2 b 0 5 2 . 1 6 5 b ( 1 . C) 2 u 0 5 2 . 2 0 9 4 ( d • 0 1 3 5 ) - 0 . u 4 * 4 1 1 9 . 9 6 9 1 1 9 . 3 0 0 

17 ( H 1 3 ) _ 1 8 ( 3 1 6 ) 9 0 3 1 5 . 8 7 1 0 ( 1 . 0) 9u 3 1 5 . 8 5 1 2 ( 0 . u 0 9 8 ) 0 . 0 1 9 8 8 1 . 5 1 3 7 8 . 5 3 0 
24 ( H 2u ) - 2 5 ( 3 2 3) 1 1 7 6 2 . 8 3 b C ( 0 . 0 ) 1 1 7 6 2 . 9 1 0 3 ( 0 . C 1 2 3 ) - u . 0 6 0 3 1 3 8 . 0 9 6 1 3 7 . 7 0 3 
27 ( 3 2 5 ) - 2 6 ( 4 2 2 ) 8 6 7 6 . 9 7 u 0 < J . 0 ) 6 6 7 6 . o 66 7 ( u 0 1 6 1 ) 0 . 1 0 33 1 5 6 . 0 6 2 1 5 7 . 7 6 5 
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TABLE I I I . OBSERVED AND CALCULATED F R E Q U E N C I E S OF TRANS-HCOSO IN MHz 

T R A N S I T I O N OBSERVED CALCULATED FREQUENCY 0 8 S . - C A L C . ENERGY L E V E L S I N C M - 1 
UPPER LOWER FREQUENCY (STANDARD D E V I A T I O N » UPPER LOWER 
STATE S T A T E ( H E I G H T » STATE S T A T E 

* » A T Y 3 E R BRANCH 

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

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

3 ( 0 » 3 ) _ 2 ( 0 t 2 ) 3 4 5 1 9 . 9 5 0 3 ( 1 . 3 ) 3 4 5 1 9 . 9 3 2 6 ( 3 . 0 0 1 7 ) 3 . 0 1 7 4 2 . 3 3 4 1 . 1 5 2 
3 ( 1 , 3 ) - 2 ( i t 2 ) 3 3 5 t > U . 1 6 0 3 ( 1 . 0 ) 3 3 5 6 0 . 1 7 1 4 ( 3 . 3 0 1 6 ) - 3 . 0 1 1 4 3 . 7 4 2 2 . 6 2 2 
3 ( 1 , 2 ) - 2 ( i t 1 ) 3 5 5 2 8 . 2 8 3 « ( 1 . 0 ) 3 5 5 2 8 . 3 1 0 2 ( 3 . G O 1 7 ) - 3 . 3 3J 2 3 . 8 7 3 2 . 6 8 8 
3 ( 2 . 2 ) - 2 ( 2 1 1 ) 3 4 5 4 9 . l - o o d . 0 ) 3 4 5 4 9 . 1 1 4 2 ( 0 . 3 0 1 5 ) - 3 . 3 1 4 2 3 . 3 1 6 7 . 1 6 3 
3 ( 2 , 1 ) - 2 ( 2 t 0 ) 3 4 5 7 7 . 7 8 o 3 ( 1 . 0 ) 3 4 5 7 7 . 7 6 5 2 ( 0 . 3 0 1 5 ) 3 . 3 1 4 8 8 . 3 1 7 7 . 1 6 3 

5 ( C> 5 ) 4 ( 0 t 4 ) 5 7 4 3 6 . 8 3 7 « ( 1 . 0 ) 5 7 4 3 6 . 8 7 3 K 0 . 0 0 2 7 ) 3 . 0 1 3 9 5 . 7 5 4 3 . 8 3 8 
5 ( I f 4 ) - 4 ( I t 3 ) 5 9 1 o 8 . 2 5 8 0 ( 1 . 3 ) 5 9 1 8 8 . 2 5 9 2 ( 0 . 3 0 2 6 ) - 3 . 0 3 1 2 7 . 4 2 7 5 . 4 5 3 
5 ( 2 f 4 ) - 4 ( 2 , 3 ) 5 7 5 6 4 . 8 6 3 3 ( 1 . 0 ) 5 7 5 6 4 . 8 6 4 9 ( 3 . 3 0 2 2 ) - 3 . 0 0 4 9 1 1 . 7 7 2 9 . 8 5 2 
5 ( 2 , 3 ) - 4 ( 2 , 2 ) 5 7 7 0 7 . 8 7 3 3 ( 1 . 3 ) 5 7 7 0 7 . 8 6 5 9 ( 3 . 0 0 2 2 ) 3 . 3 3 4 1 1 1 . 7 8 1 9 . 8 5 6 
5 ( 3 , 3 ) - 4 ( 3 » 2 ) 5 7 6 - 5 . 9 6 7 3 ( 1 . 3 ) 5 7 6 3 5 . 9 8 3 3 ( 3 . 0 0 1 9 ) - 3 . 3 1 3 3 1 9 . 2 8 7 1 7 . 3 6 5 
5 ( 3 f 2 ) - 4 ( 3 t 1 ) 5 7 6 0 6 . 9 7 7 3 ( 1 . 0 ) 5 7 6 3 7 . 0 0 6 4 ( 0 . 0 0 1 9 ) - 3 . 0 2 9 4 1 9 . 2 8 7 1 7 . 3 6 5 
5 ( 4 f 2 ) - 4 ( 4 , 1 ) 5 7 5 9 9 . 2 8 7 0 ( 1 . 0 ) 5 7 5 9 9 . 3 0 3 8 ( 0 . 0 0 2 1 ) - 3 . 3 2 1 8 2 9 . 8 0 2 2 7 . 8 8 1 
5 ( 4 f 1 ) - 4 ( 4 , 0 » 5 7 5 9 9 . 2 8 7 U ( J . O ) 5 7 5 9 9 . 3 1 1 0 ( 0 . 0 0 2 1 ) - 0 . 3 2 4 0 2 9 . 8 o 2 2 7 . 8 8 1 

8 ( 3 » 3 ) _ 7 ( 0 t 7 ) 9 1 5 2 9 . 1 1 2 3 ( 1 . 0 ) 9 1 5 2 9 . 1 0 6 G ( 0 . 3 0 3 5 ) G . 3 0 6 0 1 3 . 7 7 9 1 0 . 7 2 6 
8 ( I f 8 ) - 7 ( I t 7 ) 8 9 3 6 3 . 4 1 9 3 ( 1 . 0 ) 8 9 3 6 3 . 4 1 8 6 ( 3 . 0 0 3 3 ) 3 . 0 3 3 4 1 4 . 9 2 6 1 1 . 9 4 6 
8 ( I f 7 ) - 7 ( I t 6 ) 9 4 5 9 7 . 9 2 1 3 ( 1 . 0 ) 9 4 5 9 7 . 9 1 6 8 ( 3 . 0 0 3 4 ) 3 . 3 0 4 2 1 5 . 7 1 3 1 2 . 5 5 8 
8 ( 2 , 7 ) - 71 2 , 6 ) 9 2 0 3 7 . 5 9 3 0 ( 1 . 0 ) 9 2 0 3 7 . 5 8 1 5 ( 0 . 0 0 3 0 ) 0 . 3 1 1 5 1 9 . 8 3 3 1 6 . 7 6 3 
8 ( 2 , 5 ) - 7 ( 2 t 5 ) 9 2 6 3 1 . 9 0 9 3 ( 1 . 0 ) 9 2 6 3 1 . 9 1 3 6 ( 9 . 3 0 3 3 ) - 0 . 0 C 1 6 1 9 . 8 8 3 1 6 . 7 9 3 
8 ( 3 t 6 ) - 7 ( 3 1 5» 9 2 2 0 6 . 6 6 0 U ( 1 . 0 ) 9 2 2 0 6 . 6 3 9 3 ( 0 . 3 0 3 0 ) 0 . 0 2 - 7 2 7 . 3 6 0 2 4 . 2 3 4 
8 ( 3 , 5 ) - 7 ( 3 1 4 » 9 2 2 1 8 . 9 3 3 3 ( 1 . 0 ) 9 2 2 1 8 . 9 2 8 3 ( 3 . C 0 3 0 ) 3 . 3 3 4 7 2 7 . 3 6 0 2 4 . 2 8 4 
8 ( 4 , 5 ) - 7 ( 4 f 4 ) 9 2 1 7 9 . 5 1 4 3 ( 0 . 0 ) 9 2 1 7 9 . 4 6 3 6 ( 3 . 0 0 3 9 ) 3 . 3 5 0 4 3 7 . 8 7 3 3 4 . 7 9 8 
8 ( 4 , 4 ) - 7 ( 4 , 3 ) 9 2 1 7 9 . 5 1 4 3 ( - . 0 ) 9 2 1 7 9 . 5 5 4 7 ( 3 . 3 0 3 9 ) - 0 . 0 4 0 7 3 7 . 8 7 3 3 4 . 7 9 8 
8 ( 5 f 4 ) - 7 ( 5 , 3 ) 9 2 1 6 7 . 3 7 1 0 ( 1 . 3 ) 9 2 1 6 7 . 3 6 3 1 ( 3 . C 3 5 9 ) 3 . 3 o 7 9 5 1 . 3 9 3 4 8 . 3 1 5 
8 ( 5 , 3 ) - 7 ( 5 , 2 ) 9 2 1 6 7 . 3 7 1 3 ( - . 9 ) 9 2 1 6 7 . 3 6 3 5 ( 0 . 0 0 5 9 ) 3 . 0 3 7 5 5 1 . 3 9 3 4 8 . 3 1 5 
8 ( 6 f 3 ) - 7 ( 6 , 2 ) 9 2 1 6 3 . 1 9 3 u ( 1 . 3 ) 9 2 1 6 3 . 1 9 5 0 ( 0 . 3 0 8 7 ) - 3 . 3 0 2 3 6 7 . 9 0 7 6 4 . 8 3 2 
8 ( 6 f 2 ) - 7 ( 6 , 1 ) 9 2 1 6 3 . 1 9 3 0 ( 3 . 0 ) 9 2 1 6 3 . 1 9 5 0 ( 3 . 0 0 8 7 ) - 3 . 3 3 2 0 6 7 . 9 3 7 6 4 . 8 3 2 
8 ( 7 , 2 ) - 7 ( 7 , 1 ) 9 2 1 6 2 . 9 6 7 3 ( 0 . 3 ) 9 2 1 6 2 . 9 9 8 8 ( 3 . 0 1 2 2 ) - 3 . 0 3 1 8 8 7 . 4 2 1 8 4 . 3 4 7 
8 ( 7 , 1 ) - 7 ( 7 , a ) 9 2 1 6 2 . 9 6 7 0 ( 0 . 3 ) 9 2 1 6 2 . 9 9 8 8 ( 3 . 0 1 2 2 ) - 0 . 3 3 1 8 6 7 . 4 2 1 8 4 . 3 4 7 

10 ( i f 3 ) - 9 ( I t a) 1 1 8 1 2 2 . 6 7 3 3 U . 0 ) 1 1 8 1 2 2 . 6 6 3 5 ( 0 . 0 0 3 7 ) 0 . 0 3 9 5 2 3 . 2 3 2 1 9 . 2 6 1 

* » A T Y . 3 E Q BRANCH * * 

5 ( I f 4 ) _ 5 ( I t 5 ) 9 8 3 9 . 2 3 3 0 ( 1 . 0 ) 9 8 3 9 . 2 1 9 7 ( 0 . 0 0 1 4 ) 3 . 3 1 0 3 7 . 4 2 7 7 . 0 9 9 
6 ( I f ? ) - 6 ( I t 6 ) 1 3 7 7 2 . 2 4 5 u ( 1 . 0 ) 1 3 7 7 2 . 2 2 9 1 ( 0 . 0 0 1 3 ) 0 . 3 1 5 9 9 . 7 9 6 9 . 3 3 6 
8 ( I f 7 ) - e t I t 8 ) 2 3 5 9 1 . 9 2 5 3 ( 1 . 0 ) 2 3 5 9 1 . 9 2 4 8 ( 9 . 0 0 2 a ) o . 0 0 0 2 1 5 . 7 1 3 1 4 . 9 2 6 

10 ( I f 9 ) - 1 0 ( I t 1 0 ) 3 5 9 9 o . o t o 3 ( 1 . 0 ) 3 5 9 9 3 . - 3 8 3 ( 3 . 0 3 3 7 ) U . 0 0 1 7 2 3 . 2 0 2 2 2 . 3 0 1 

1 3 ( 2 f 1 1 ) _ 1 3 ( 2 , 1 2 ) 9 3 3 5 . U O o o ( 1 . 3 ) 9 3 3 5 . 0 B 2 K 3 . 0 3 1 9 ) - 0 . U 0 2 1 4 1 . 2 2 6 4 0 . 9 1 5 
1 4 ( 2 . 1 2 ) - 1 4 ( 2 , 1 3 ) 1 2 2 7 4 . o 8 5 o ( 1 . 3 ) 1 2 2 7 4 . u 8 5 9 ( 0 . 3 0 2 2 ) - G . 3 0 0 9 4 6 . 6 8 4 4 6 . 2 7 5 
1 5 ( 2 , 1 3 ) - 1 5 ( 2 , 1 4 ) 1 5 7 8 9 . 4 7 0 3 ( 1 . 0 ) 1 5 7 8 9 . 4 7 1 0 ( 0 . C 3 2 6 ) - - . 3 0 1 0 5 2 . 5 4 1 5 2 . 0 1 4 
1 7 ( 2 f 1 5 ) - 1 7 C 2 t 1 6 ) 2 4 6 9 8 . l O u o ( l . O ) 2 4 6 9 8 . 1 1 3 4 ( 0 . 0 0 3 3 ) - 0 . 3 1 C 4 6 5 . 4 5 4 6 4 . 6 3 0 

2 2 ( 3 , 1 9 ) _ 2 2 ( 3 1 2 0 » 8 o 2 6 . 1 4 0 3 ( 1 . 3 ) 8 3 2 6 . 1 3 8 3 ( 0 . 0 0 3 4 ) 3 . 0 0 1 7 1 1 1 . 1 5 4 1 1 0 . 8 8 6 
2 3 ( 3 f 2 0 ) - 2 3 ( 3 , 2 1 ) 1 3 2 8 2 . Q S O u ( l . G ) 1 3 2 8 2 . 3 6 7 7 ( 3 . 3 0 4 4 ) 3 . 3 1 2 3 1 2 3 . 3 8 4 1 1 9 . 7 4 1 
2 4 { 3 , 2 1 ) - 2 4 1 3 , 2 2 ) 1 2 9 9 9 . 9 5 o - ( 1 . 0 ) 1 2 9 9 9 . 9 2 5 6 ( 3 . 0 0 5 8 ) 3 . 0 2 4 4 1 2 9 . 4 1 4 1 2 8 . 9 8 1 
2 5 ( 3 , 2 2 ) - 2 5 ( 3 , 2 3 ) 1 6 2 3 3 . 2 7 5 0 ( 0 . 0 ) 16233.2327 ( 3 . 0 0 7 6 ) 0 . 3 4 2 3 1 3 9 . 1 4 5 1 3 8 . 6 0 3 
2 9 ( 3 , 2 6 ) - 2 9 ( 3 , 2 7 ) 3 5 2 7 8 . U 6 0 0 ( 0 . 0 ) 3 5 2 7 7 . 9 2 6 6 ( 3 . 0 2 1 2 ) 3 . 1 5 3 4 1 8 2 . 0 9 5 1 3 0 . 9 1 8 

* » B T Y f E 01 BRANCH * * 

8 ( I f 7 ) 8 ( 0 t 8 ) 5 7 9 9 6 . a + 5 o ( 1 . 0 ) 5 7 9 9 6 . 8 5 7 l ( 3 . C 0 2 8 ) - 3 . 3 1 2 1 1 5 . 7 1 3 1 3 . 7 7 9 
1 4 C I t 1 3 ) - 1 4 ( Of 1 4 ) 8 8 2 9 7 . 3 4 8 o ( 1 . 0 ) 8 8 2 9 7 . 3 4 8 9 ( 3 . 0 0 4 1 ) - 0 . 0 0 0 9 4 2 . 8 6 5 3 9 . 9 2 0 

B T Y P E P BRANCH • * 

1 ( i , 1 ) - 21 0 , 2 ) 2 1 6 9 7 . 6 9 3 3 ( 1 . 0 ) 2 1 6 9 7 . 7 3 3 7 ( 0 . 0 3 2 1 ) - 3 . 0 1 3 7 1 . 8 7 6 1 . 1 5 2 
2 ( 1 » 2 ) - 3 ( Of 3 ) 9 5 5 4 . 3 0 3 3 ( l . U ) 9 5 5 4 . 3 0 3 7 ( 0 . 0 0 1 9 ) - 0 . O 0 3 7 2 . 6 2 2 2 . 3 0 4 
5 ( Of 5 ) - 4 ( l t 4 ) 1 5 5 7 6 . 8 o 5 u ( l . l i ) 1 5 5 7 6 . 8 8 0 8 ( 3 . 0 3 2 1 ) 0 . 0 3 4 2 5 . 7 5 4 5 . 2 3 4 

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

1 1 ( l t 1 3 ) - l i t 2 , 9 ) 1 2 3 6 1 . 4 8 o 3 ( 1 . 0 ) 1 2 3 6 1 . 4 7 4 4 ( 3 . 3 3 4 5 ) 0 . 0 3 5 b 2 7 . 5 3 3 2 7 . 1 2 1 
1 4 ( I t 1 3 ) - 1 3 ( 2 , 1 2 ) 5 8 4 7 0 . 7 9 4 o ( l . Q ) 5 8 4 7 0 . 7 9 2 3 ( 3 . 3 0 4 1 ) « . 0 0 1 7 4 2 . 8 6 5 4 0 . 9 1 5 
16 ( I t 1 5 ) - 1 5 ( 2 , 1 4 ) 9 0 2 3 9 . 8 0 3 3 ( 1 . 0 ) 9 0 2 3 9 . 8 9 7 7 ( 3 . 0 0 4 6 ) - 3 . 0 1 7 7 5 5 . 0 2 4 5 2 . 0 1 4 

13 ( 2 t 8 ) - 1 1 ( l t 1 1 ) 3 4 2 6 1 . 3 6 J 0 ( 1 . 0 ) 3 4 2 6 1 . 3 4 8 2 ( 0 . 3 0 4 6 ) 3 . 0 1 1 8 2 7 . 2 3 7 2 6 . 3 9 4 
1 4 ( 2 » 1 2 ) - 1 5 ( I t 1 5 ) 1 5 7 9 0 . 0 7 0 3 ( 1 . 0 ) 1 5 7 9 0 . 3 7 5 1 ( 0 . 0 0 4 6 ) - « . 0 8 5 1 4 6 . 6 8 4 4 6 . 1 5 7 
1 5 ( 2 , 1 3 ) - 1 6 ( I t 1 6 ) 1 3 4 0 8 . 9 8 0 o ( l . 3 ) 1 3 4 o 8 . 9 8 5 1 ( 3 . 3 3 4 4 ) - 0 . 3 3 5 1 5 2 . 5 4 1 5 2 . 0 9 3 
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TABLE I I 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 - H C O S O 

4 4 5 

( C O N T I N U E O 

TRANSITION OBSERVED CALCULATED FREQUENCY 0 9 S . - C A L C . ENERGY LEVELS I N C H - 1 
UPPER LOHER FREQUENCY (STANOARD DEVIATION) UPPER LOHER 
STATE STATE (HEIGHT) STATE STATE 

16 ( 2> 1 4 ) _ 17 ( 1 , 1 7 ) 1 2 0 0 7 . 9 8 0 u ( 1 . 0 ) 1 2 0 0 7 . 9 8 5 4 ( 0 . 0 0 4 3 ) - 0 . 3 0 5 4 5 8 . 7 9 7 5 6 . 3 9 7 
17 ( 2 , 1 a ) - 1 8 ( 1 , 1 8 ) 1 1 6 1 4 . 3 3 0 0 ( 1 . 0 ) 1 1 6 1 4 . 3 1 3 5 ( u . 0 0 4 2 ) 0 . 0 1 6 5 6 5 . 4 5 4 6 5 . 0 6 6 
16 ( 2 , 1 6 ) - 1 9 ( 1 , 1 9 ) 1 2 2 4 5 . 3 1 0 K ( 1 . 0 ) 1 2 2 4 5 . 3 0 38 ( 0 . 0 0 4 6 ) 0 . J 0 6 2 7 2 . 5 1 0 7 2 . 1 0 2 
19 ( 2 , 1 7 ) - 2 0 ( 1 , 2 0 ) 1 3 9 u 8 . 5 3 5 » ( 1 . 0 ) 1 3 9 0 8 . 5 4 2 0 ( 0 . 0 0 5 9 ) —0. 1)070 7 9 . 9 6 7 7 9 . 5 3 3 
2fi ( 2 , 1 8 ) - 2 1 ( 1 , 2 1 ) 1 6 6 . 2 . 4 3 0 u ( 1 . 0 ) 1 6 6 0 2 . 4 2 5 9 ( 0 . 0 0 8 4 ) o . 3 0 4 1 8 7 . 6 2 3 6 7 . 2 6 9 

15 ( 3 , 1 3 ) - 1 6 ( 2 , 1 4 ) 2 6 3 8 6 . 7 7 0 1 . ( 1 . 0 ) 2 6 3 8 6 . 7 6 3 2 ( 0 . 0 0 4 4 ) 0 . 3 0 6 8 5 9 . 6 7 7 5 8 . 7 9 7 
16 ( 3 , 1 4 ) - 1 7 ( 2 , 1 5 ) 1 1 4 7 7 . 6 4 0 0 ( 1 . 0 ) 1 1 4 7 7 . 6 4 2 6 ( 0 . 0 04 2 ) - 0 . 3 0 2 6 6 5 . 8 3 6 6 5 . 4 5 4 
19 ( 2 , 1 7 ) - 1 8 ( 3 , 1 6 ) 1 9 6 4 2 . 7 7 , > u ( l . 0 ) 1 9 6 4 2 . 7 7 9 8 ( 0 . 0 0 5 2 ) - 0 . 0 0 9 8 7 9 . 9 6 7 7 9 . 3 1 2 
20 ( 2 , 1 8 ) - 1 9 ( 3 , 1 7 ) 3 5 8 3 8 . 6 u o t ( 1 . 0 ) 3 5 6 3 8 . 6 0 6 5 ( 0 . C 0 6 7 ) - 0 . G 0 6 5 « 7 . 8 2 3 6 6 . 6 2 6 

19 ( 3 , 1 5 ) 20 ( 2 , 1 9 ) 1 0 7 5 4 . 8 2 0 0 ( 1 . 0 ) 1 0 7 5 4 . 8 2 2 2 ( 0 . 0 0 4 6 ) - 0 . 0 0 2 2 66. 7 4 4 86. 3 8 5 
23 ( 2 , 2 2 ) - 2 2 ( 3 , 1 9 ) 1 1 0 4 9 . 9 4 5 0 ( 1 . 0 ) 1 1 0 4 9 . 9 3 9 2 ( 0 . 0 0 6 6 ) 0 . O 3 5 8 1 1 1 . 5 2 2 1 1 1 . 1 5 4 
2 4 ( 2 , 2 3 ) - 2 3 ( 3 , 2 0 ) 1 6 9 2 9 . 3 2 0 0 ( 1 . 0 ) 1 6 9 2 9 . 3 1 0 6 ( o . 0 0 7 9 ) 0 . 0 0 9 4 1 2 0 . 6 4 9 1 2 0 . 0 8 4 
28 ( 2 , 2 7 ) - 2 7 ( 3 , 2 4 ) 3 1 8 0 5 . 4 4 0 0 ( 0 . 0 ) 3 1 8 0 5 . 5 0 1 4 ( 0 . 0 2 0 2 ) - J . Ü 6 1 4 1 6 0 . 8 7 4 1 5 9 . 8 1 3 
29 ( 2 , 2 6 ) - 28 ( 3 , 2 5 ) 3 3 0 6 6 . 1 6 0 o ( 0 . 0 ) 3 3 u 8 8 . 3 1 6 2 ( 0 . 0 2 5 8 ) - 0 . 1 3 6 2 1 7 1 . 6 5 5 1 7 0 . 7 5 2 

18 ( 4 , 1 5 ) _ 1 9 ( 3 , 1 6 ) 9 1 6 < * 3 . 7 3 9 u ( 1 . 0 ) 9 1 6 4 3 . 7 4 0 4 ( 0 . 0 1 1 0 ) - 3 . 0 0 1 4 8 9 . 8 0 1 86. 7 4 4 
24 ( 4 , 2 1 ) - 2 5 ( 3 , 2 2 ) I i . 2 4 2 . 4 2 5 0 ( 0 . G) 1 0 2 4 2 . 5 3 2 5 ( U . 0 1 6 3 ) - 0 . 1 0 7 5 1 3 9 . 4 6 7 1 3 9 . 1 4 5 
26 ( 3 , 2 5 ) - 2 7 ( 4 , 2 4 ) 3 5 9 2 5 . 3 6 0 0 ( o . 0 ) 3 5 9 2 5 . 0 8 9 8 ( 0 . 0 2 6 6 ) 0 . 2 7 0 2 1 7 0 . 7 5 2 1 6 9 . 5 5 3 

25 ( 4 , 2 1 ) - 2 6 ( 3 , 2 4 ) 1 6 4 9 6 . 6 2 5 0 ( u . 0 ) 1 6 4 9 6 . 9 0 5 7 ( 0 . 0 1 3 6 ) - 0 . 3 6 3 7 1 4 9 . 1 5 9 1 4 6 . 6 0 9 
29 ( 3 , 2 7 ) - 2 8 ( 4 , 2 4 ) 1 4 3 1 7 . l u u o ( . . 0 ) 1 4 3 1 6 . 9 5 8 8 ( 0 . 0 1 8 6 ) 0 . 1 4 1 2 1 8 0 . 9 1 6 1 8 0 . 4 4 1 

T A B L E IV. OBSERVED AND CALCULATED FREQUENCIES OF C I S - H C O S D I N M H z 

T R A N S I T I O N O8SERVEO CALCULATED FREQUENCY O B S . - C A L C . ENERGY LEVELS IN C M - 1 
UPPER LOHER FREQUENCY (STANDARD OEVIATION) UPPER LOHER 
STATE STATE (HEIGHT) STATE STATE 

• * A TYPE R BRANCH • • 

1 ( 0 , 1 ) - 0 ( 0 , 0 ) 1 1 3 2 5 . 1 5 5 0 ( 1 . 0 ) 1 1 3 2 5 . 1 5 1 3 ( 0 . 0 0 3 6 ) O . Ü 0 37 ü . 3 7 8 0 . 0 3 0 

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

3 ( 0 , 3 ) _ 2 ( 0 , 2 ) 3 3 9 5 4 . 3 5 0 0 ( 1 . 0 ) 3 3 9 5 4 . 3 3 3 9 ( 3 . 0 0 2 2 ) 3 . 0 1 6 1 2 . 2 6 6 1 . 1 3 3 
3 ( 1 , 3 ) - 2 ( 1 , 2 ) 3 3 0 9 3 . 9 9 0 0 ( 1 . 0 ) 3 3 1 9 3 . 9 8 5 C ( £ . 0 0 2 1 ) 0 . 0 0 5 0 3 . 8 5 5 2 . 7 5 1 
3 ( 1 , 2 ) - 2 ( 1 , 1 ) 3 4 8 5 0 . 0 6 0 0 ( 1 . 0 ) 3 4 6 5 0 . 0 9 1 4 ( 3 . C 0 2 2 ) - 0 . 0 3 1 4 3 . 9 7 2 2 . 8 1 0 
3 ( 2 , 2 ) - 21 2 , 1 ) 3 3 9 7 5 . 7 4 0 o ( 1 . 0 ) 3 3 9 7 5 . 7 1 3 2 ( 0 . 0 0 1 9 ) u . 0 2 6 6 8 . 8 5 4 7 . 7 2 1 
3 ( 2 , 1 ) - 2 ( 2 , 0 ) 3 3 9 9 6 . 4 9 0 0 ( 1 . 3 ) 3 3 9 9 6 . 5 2 7 2 ( 0 . 0 0 1 9 ) - O . 0 3 7 2 8 . 8 5 5 7 . 7 2 1 

5 ( 0, 5 ) _ 4 ( 0 , 4 ) 5 6 5 2 0 . 2 7 5 0 ( 1 . 0 ) 5 6 5 2 0 . 2 6 2 8 ( 0 . 0 0 3 4 ) - 0 . 0 0 7 6 5 . 6 6 0 3 . 7 7 5 
5 ( 1 , 4 ) - 4 ( 1 , 3 ) 5 8 0 6 4 . 7 3 8 0 ( 1 . 0 ) 5 8 0 6 4 . 7 1 8 6 ( 3 . 0 0 3 3 ) 0 . 0 1 9 4 7 . 4 5 9 5 . 5 2 2 
5 ( 2 , 4 ) - 4 ( 2 , 3 ) 5 6 6 1 3 . 6 2 0 0 ( 1 . 0 ) 5 6 6 1 3 . 6 2 2 3 ( 0 . 0 3 2 9 ) - 0 . 0 0 2 3 1 2 . 2 5 4 1 0 . 3 6 5 
5 ( 2 , 3 ) - 4 ( 2 , 2 ) 5 6 7 1 7 . 5 5 8 0 ( 1 . 0 ) 5 6 7 1 7 . 5 6 5 2 ( 0 . 0 0 2 9 ) - 0 . 0 0 7 2 1 2 . 2 6 0 1 0 . 3 6 8 
5 ( 3 , 3 ) - 4 1 3 , 2 ) 5 6 6 4 3 . 9 4 4 0 ( 1 . 0 ) 5 6 6 4 3 . 9 3 2 3 ( u . 0 C 2 7 ) G . U 1 1 7 2 3 . 4 6 9 1 8 . 5 9 9 
5 ( 3 , 2 ) - 4 ( 3 , 1 ) 5 6 6 4 4 . 5 6 0 0 ( 1 . 0 ) 5 6 6 4 4 . 5 3 9 3 ( 3 . 0 0 2 7 ) 0 . 0 2 0 7 2 3 . 4 8 9 1 6 . 5 9 9 
5 ( 4 , 2 ) - 4 ( 4 , 1 ) 5 6 6 3 9 . 5 5 9 « , ( 1 . 0 ) 5 6 6 3 9 . 5 4 1 9 ( U . Ü 0 3 C ) 0 . 0 1 7 1 3 2 . 0 1 3 3 0 . 1 2 4 
5 ( 4 , 1 ) - 4 ( 4 , 0) 5 6 6 3 9 . 5 5 9 0 ( ^ . 0 ) 5 6 6 3 9 . 5 4 2 9 ( Ü . Ü 0 3 0 ) o . Q 1 6 1 3 2 . 3 1 3 3 0 . 1 2 4 

8 ( 0 , 8 ) _ 7C 0 , 7 ) 9 0 1 6 1 . 2 7 1 0 ( 1 . 0 ) 9 0 1 6 1 . 2 7 1 5 ( 0•C 0 4 6 ) - 0 . 0 0 0 5 1 3 . 5 6 3 1 0 . 5 5 5 
8 ( 1 , 6 ) - 71 1 , 7 ) 8 6 1 5 3 . 9 8 1 0 ( 1 . 0 ) 8 8 1 5 3 . 9 9 5 5 ( 0 . 0 0 4 4 ) - 0 . 0 1 4 5 1 4 . 6 8 7 1 1 . 9 4 6 
8 ( 1 , 7 ) - 71 1 , 6 ) 9 2 6 2 6 . 2 9 8 0 ( 1 . 0 ) 9 2 8 2 8 . 3 ü 2 3 ( 0 . 0 0 4 5 ) - 0 . 0 0 4 3 1 5 . 5 8 9 1 2 . 4 9 3 
8 ( 2 , 7 ) - 71 2 , 6 ) 9 0 5 3 2 . 8 2 4 0 ( 1 . 0 ) 9 0 5 3 2 . 8 2 6 1 ( 0 . G G 4 1 ) - u . 0 0 21 2 3 . 1 8 2 1 7 . 1 6 2 
8 ( 2 , a ) - 7 ( 2 , 5 ) 9 0 9 6 6 . 2 9 9 o ( 1 . 0 ) 9 0 9 6 6 . 2 9 6 8 ( 0 . 0 0 4 1 ) 0 . 0 0 2 2 2 0 . 2 1 8 1 7 . 1 8 4 
8 ( 3 , 6 ) - 71 3 , 5 ) 9 0 6 5 7 . 0 5 8 u ( 1 . 0 ) 9 0 6 5 7 . 0 5 2 4 ( 0 . 0 0 4 1 ) 3 . 0 0 5 6 2 8 . 4 2 6 2 5 . 4 0 2 
8 ( 3 , 5 ) - 7 ( 3 , 4 ) 9 . 6 6 4 . 3 1 4 o ( 1 . 0 ) 90 6 6 4 . 3 2 4 6 ( 0 . 0 0 4 1 ) - 0 . 0 1 0 6 2 8 . 4 2 6 2 5 . 4 3 2 
8 ( 4 , 5 ) - 7 ( 4 , 4 ) 90 6 3 7 . 3 6 6 0 ( 0 . 3 ) 9 0 6 3 7 . 3 4 9 5 ( Ü . C 0 5 2 ) 0 . 0 1 6 5 3 9 . 9 4 9 3 6 . 9 2 5 
8 ( 4 , 4 ) - 7 ( 4 , 3 ) 9 0 6 3 7 . 3 6 6 Ü U . 0 ) 9 0 6 3 7 . 3 9 3 4 ( U . O 0 5 2 ) - J . 0 2 7 4 3 9 . 9 4 9 3 6 . 9 2 5 
8 ( 5 , 4 ) - 7 ( 5 , 3 ) 9 0 6 2 9 . 6 3 8 0 ( 1 . 0 ) 9 0 6 2 9 . 6 2 8 1 ( 0 . 0 0 7 6 ) o . 0 o 9 9 5 4 . 7 6 2 5 1 . 7 3 9 
8 ( 5 , 3 ) - 7 ( 5 , 2 ) 9 o 6 2 9 . 6 3 8 o ( 3 . 0 ) 9 3 6 2 9 . 6 2 8 2 ( 0 . 0 0 7 6 ) 0 . 0 0 9 8 5 4 . 7 6 2 5 1 . 7 3 9 
6 ( 6 , 3 ) - 7 ( 6 , 2 ) 9 0 6 2 7 . 9 1 6 0 ( 1 . 0 ) 9 o 6 2 7 . 9 1 8 6 ( 0 . C 1 1 1 ) - 0 . 0 0 2 6 7 2 . 8 6 2 6 9 . 8 3 9 
8 ( 6 , 2 ) - 7 1 6 , 1 ) 9 0 6 2 7 . 9 1 6 0 ( 0 . 0 ) 9 0 6 2 7 . 9 1 8 6 ( 0 . 0 1 1 1 ) - 0 . 0 3 2 6 7 2 . 8 6 2 6 9 . 8 3 9 
a ( 7 , 2 » - 71 7 , 1 ) 9 0 6 2 9 . 3 0 7 0 ( 0 . 0 ) 9 0 6 2 9 . 3 3 4 1 ( 0 . 0 1 5 4 ) - 0 . 0 2 7 1 9 4 . 2 4 6 9 1 . 2 2 2 
8 ( 7, 1 ) - 7 ( 7 , 0 ) 9 0 6 2 9 . 3 J 7 O ( 0 . 0 ) 9 0 6 2 9 . 3 3 4 1 ( 0 . 0 1 5 4 ) - 0 . 0 2 7 1 9 4 . 2 4 6 9 1 . 2 2 2 
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TABLE III. 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 - H C O S O ( C O N T I N U E O 

T R A N S I T I O N OBSERVED CALCULATED FREQUENCY 0 9 S . - C A L C . ENERGY LEVELS I N C M - 1 
UPPER LOWER FREQUENCY (STANDARD D E V I A T I O N ) UPPER LOWER 
STATE STATE (WEIGHT) STATE S T A T E 

• » A T Y P E Q BRANCH 

5 ( 1 . V ) _ 5 ( I t 5 ) 8 7 7 9 . 5 7 5 0 ( 1 . 3 ) 8 7 7 9 . 5 7 3 6 ( 3 . 0 0 1 9 ) 5 . 0 3 4 4 7 . 4 5 9 7 . 1 6 6 
& ( I t 5 ) - b ( I t 6 ) 1 2 2 6 9 . 7 0 5 J ( 1 . 3 ) 1 2 2 6 9 . 6 9 0 3 ( 0 . 0 0 2 6 ) 3 . 0 1 5 3 9 . 7 8 2 9 . 3 7 2 
7 ( I t 5 ) - 71 I t 7 ) 1 6 3 8 2 . 7 9 5 0 ( 1 . 3 ) 1 6 3 8 2 . 7 7 8 7 ( 0 . 3 0 3 4 ) b . 3 1 6 3 1 2 . 4 9 3 1 1 . 9 4 6 

16 ( I t 9 ) - l t ( I t 1 0 ) 3 2 1 3 8 . J 4 3 d ( l . u ) 3 2 1 3 8 . - 1 9 9 ( 0 . 0 3 5 6 ) O . 3 2 0 1 2 2 . 9 3 9 2 1 . 8 6 7 

1 4 ( 2 t 1 2 ) 14C 2 f 1 3 ) 9 0 6 5 . 9 2 5 0 ( 1 . 0 ) 9 0 8 5 . 9 3 3 5 ( 0 . C 3 3 3 ) - 3 . 3 3 8 5 4 6 . 5 3 4 4 6 . 2 0 1 
15 ( 2 , 1 3 ) - 1 5 ( 2 , 1 4 ) 1 1 7 4 4 . 2 8 3 3 ( 1 . 0 ) 1 1 7 4 4 . 2 8 4 6 ( U . Q 0 3 6 ) - 0 . 3 0 4 8 5 2 . 2 4 2 5 1 . 8 5 0 
1 b ( 2 , 1 4 ) - 1 6 ( 2 , 1 5 ) 1 4 8 9 6 . 1 4 3 3 ( 1 . 3 ) 1 4 3 9 6 . 1 5 o 3 ( 3 . 0 0 4 2 ) - 0 . 3 1 6 3 5 8 . 3 7 1 5 7 . 8 7 4 
20 ( 2 . 1 8 ) - 2 0 ( 2 , 1 9 ) 3 3 3 5 2 . 1 4 3 3 ( 1 . 5 ) 3 3 C 5 2 . i a 5 8 ( Ü . G 0 7 7 ) i ' . 0 3 4 2 8 6 . 8 3 2 8 5 . 7 0 0 

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

* » 3 T Y P E R BRANCH * * 

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

• • 3 T Y P E Q BRANCH * * 

7 ( I t 6 ) - 7 ( 0 f 7 ) 5 3 - 7 4 . 9 4 8 3 ( 1 . 0 ) 5 8 > .74 . 9 3 5 7 ( 0 . 3 3 3 6 ) C . 3 1 2 3 1 2 . 4 9 3 1 0 . 5 5 5 
6 ( I t 7 ) - 8 ( Of 8 ) 6 3 7 4 1 . 9 5 4 3 ( 1 . 0 ) 6 3 7 4 1 . 9 6 6 6 ( 3 . 0 0 3 6 ) - 3 . 0 1 2 6 1 5 . 5 8 9 1 3 . 5 6 3 

15 ( 1» ! • ) - 1 5 ( Of 1 5 ) 9 2 9 4 9 . 8 9 7 0 ( 1 . 3 ) 9 2 9 4 9 . 8 9 9 8 ( 0 . 3 3 7 3 ) - 3 . 3 3 2 8 4 8 . 3 3 4 4 4 . 9 3 4 

* • B TYPE P BRANCH 

1 ( 1 1 ) - 2 ( o 2 ) 2 6 4 3 7 . 1 9 3 0 ( 1 . 0 ) 2 6 4 3 7 . 2 1 5 1 ( 0 . 3 0 2 5 ) - 3 . 0 2 5 1 2 . 0 1 5 1 . 1 3 3 
2 ( 1 2 ) - 3 ( 0 3 ) 1 4 5 4 7 . 8 5 J U ( 1 . 0 ) 1 4 5 4 7 . 8 3 6 6 ( 3 . 3 0 2 4 ) 3 . 3 4 3 4 2 . 7 5 1 2 . 2 6 6 
5 ( 0 5 ) - 4 ( 1 4 ) 1 0 O 0 7 . 3 2 3 3 ( 1 . 3 ) 10 3 o 7 . 3 1 5 6 ( 0 . 3 3 2 7 ) 3 . 0 0 4 4 5 . 6 6 3 5 . 3 2 7 
7 ( o 7 ) - 6 ( 1 6 ) 3 5 4 o 5 . 1 2 0 . ( 1 . - ) 3 5 4 6 5 . 1 4 5 7 ( o . 0 0 3 5 ) - 0 . 3 2 5 7 1 0 . 5 5 5 9 . 3 7 2 

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

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

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

1 2 ( 2 l i ) 1 3 ( 1 1 3 ) 3 3 4 6 3 . 6 4 3 3 ( 1 . 0 ) 3 3 4 6 3 . 6 5 8 5 ( 0 . 0 3 6 9 ) - 3 . 0 1 8 5 3 6 . 1 9 5 3 5 . 0 7 9 
1 6 ( 2 1 4 ) - 1 7 C 1 171 1 7 2 2 6 . 5 4 d o ( l . Q ) 1 7 2 2 6 . 5 4 0 9 ( 3 . 0 3 6 7 ) - 0 . 3 3 0 9 5 8 . 3 7 1 5 7 . 7 9 6 
1 7 ( 2 1 5 ) - 18 ( 1 1 8 ) 1 5 2 1 1 . 6 5 5 3 ( 1 . 0 ) 1 5 2 1 1 . 6 5 2 8 ( 3 . C 0 6 3 ) 3 . 3 0 2 2 6 4 . 8 9 1 6 4 . 3 8 4 
18 ( 2 l o ) - 1 9 ( 1 1 9 ) 1 4 3 7 7 . 5 2 3 3 ( 1 . 0 ) 1 4 0 7 7 . 5 1 9 8 ( 3 . 0 3 6 1 ) 3 . 0 0 3 2 7 1 . 8 0 3 7 1 . 3 3 3 
1 9 ( 2 1 7 ) - 2 0 ( 1 2 J ) 1 3 8 + 4 . 1 1 3 3 ( 1 . 3 ) 1 3 8 4 4 . 1 3 8 4 ( 3 . 3 0 6 6 ) 3 . 0 3 1 6 7 9 . 1 0 6 7 8 . 6 4 5 
2U ( 2 1 3 ) - 2 1 ( 1 2 1 ) 1 4 5 2 4 . 1 8 3 o ( 1 . 3 ) 1 4 5 2 4 . 1 8 4 C ( 3 . 0 3 8 4 ) - 0 . 0 3 40 8 6 . 8 3 2 8 6 . 3 1 8 
2 1 ( 2 1 9 ) - 2 2 ( 1 2 2 ) 1 6 1 2 3 . 4 o - o ( 1 . 0 ) 1 6 1 2 3 . 4 5 9 1 ( 0 . 3 1 1 7 ) 3 . 3 0 0 9 9 4 . 8 9 0 9 4 . 3 5 2 
25 ( 2 2 3 ) - 2 6 ( 1 2 6 ) 3 1 6 . 4 . 8 j 0 0 ( 0 . 3 ) 3 1 6 0 4 . 7 3 6 b ( 3 . C 3 9 7 ) o . 0 6 3 4 1 3 1 . 1 4 6 1 3 0 . 0 9 2 

1 2 ( 3 1 J ) 1 3 ( 2 1 1 ) 9 4 4 9 3 . 3 3 4 3 ( 1 . 0 ) 9 4 + 9 3 . 3 2 3 1 ( 0 . 0 0 8 4 ) C . 0 1 3 9 4 4 . 3 0 7 4 1 . 1 5 5 
17 ( 3 1 5 ) - 1 6 ( 2 1 6 ) 2 6 3 7 6 . 8 7 5 3 ( 1 . 0 ) 2 6 3 7 6 . 6 8 1 5 ( 3 . 0 0 5 5 ) - 3 . 0 0 o 5 7 2 . 6 8 3 7 1 . 8 0 3 
1 6 ( 3 1 > ) - 1 9 ( 2 1 7 ) 1 1 6 + 2 . 4 9 0 0 ( 1 . 0 ) 1 1 6 4 2 . 4 6 7 8 ( 3 . 0 0 5 7 ) 0 . 3 2 2 2 7 9 . 4 9 5 7 9 . 1 0 6 
2 1 ( 2 1 9 ) - 2 0 ( 3 1 8 ) 1 8 9 3 7 . 0 0 0 3 ( 1 . 0 ) 1 8 9 8 7 . 0 1 6 8 ( 3 . 0 0 7 9 ) - 3 . 0 1 6 8 9 4 . 8 9 0 9 4 . 2 5 6 
2 2 ( 2 2 0 ) - 2 l ( 3 1 9 ) 3 4 6 6 9 . 7 7 U o ( 1 . 3 ) 3 4 8 6 9 . 7 5 0 1 ( 0 . 3 1 3 1 ) 0 . 0 1 9 9 1 0 3 . 3 6 8 1 3 2 . 2 3 5 

1 3 ( 3 1 0 ) 1 4 ( 2 1 3 ) 9 1 8 7 2 . 9 6 0 . ( 1 . 3 ) 9 3 8 7 2 . 9 7 2 7 ( 0 . 0 0 7 5 ) - 3 . 0 1 2 7 4 9 . 2 3 2 4 6 . 2 3 1 
19 ( 3 1 6 ) - 2 0 ( 2 1 9 ) 3 1 6 6 7 . b b O . d . o ) 3 1 6 6 7 . 6 5 0 5 ( 0 . 3 3 8 1 ) 0 . 0 3 9 5 8 6 . 7 5 6 8 5 . 7 0 0 
2 1 ( 3 1 6 ) - 2 2 ( 2 2 1 ) 1 4 5 3 2 . 9 4 0 - ( 1 . 0 ) 1 4 5 8 2 . 9 5 7 2 ( 0 . 3 1 1 8 ) - 0 . 3 1 7 2 1 3 2 . 3 3 0 1 0 1 . 8 4 3 
2 6 ( 2 2 5 ) - 2 5 ( 3 2 2 ) 1 3 4 3 5 . 3 2 3 0 ( . . 3 ) 1 3 4 3 4 . 9 4 2 5 ( 3 . 0 2 5 6 ) 3 . 3 7 7 5 1 3 8 . 5 6 8 1 3 8 . 1 2 0 

2 1 ( 4 I S ) 2 2 ( 3 1 9 ) 9 3 3 7 5 . 3 6 5 0 ( 1 . 0 ) 9 J 5 7 5 . 3 6 5 5 ( 0 . 0 1 4 4 ) - 3 . 3 3 0 5 1 1 3 . 7 0 0 1 1 0 . 6 9 5 
2 7 ( 4 2 « ) - 2 6 ( 3 2 5 ) 9 - 5 9 . 4 7 5 0 ( j . o ) 9 0 5 9 . 7 1 6 7 ( 3 . 0 2 4 5 ) - 0 . 2 4 1 7 1 6 9 . 3 6 2 1 6 9 . 0 5 9 
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TABLE III. OBSERVED AND CALCULATED F R E Q U E N C I E S OF T R A N S - H C O S O IN MHz 

4 4 7 

T R A N S I T I O N 0 3 S E R V E 0 CALCULATED FREQUENCY 0 8 S . - C A L C . ENERGY L E V E L S I N C M - 1 
UPPER LOWER FREQUENCY (STANOARD O E V i A T I O N ) UPPER 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 

» » A T Y a E R BRANCH » » 

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

2 ( 0 , 2 ) - K 3 , 1 ) 2 2 8 2 4 . 7 6 0 0 ( 1 . 3 ) 2 2 8 2 4 . 7 5 0 3 ( 3 . 0 0 3 7 ) y . 3 0 9 7 1 . 1 4 2 C . 3 8 1 
2 ( 1> 2 ) - K 1 » 1 ) 2 2 2 9 9 . 1 9 0 0 ( 1 . 0 ) 2 2 2 9 9 . 1 6 3 . ( 0 . 0 0 3 5 ) 0 . 0 2 2 0 2 . 9 9 4 2 . 2 5 0 
2 ( 1 , 1 ) - 1 1 1 , u ) 2 3 3 5 8 . 1 2 5 0 ( 1 . 0 ) 2 3 3 5 8 . 1 3 3 3 ( 0 . 0 0 3 6 ) - 2 . 0 0 3 3 3 . 3 4 7 2 . 2 6 3 

3 ( ö » 3 ) - 2 ( 2 ) 3 4 2 2 7 . 6 4 0 0 ( 1 . 0 3 4 2 2 7 . 5 9 6 7 ( U . G G 5 4 ) 0 . 0 4 3 3 2 . 2 8 4 1 . 1 4 2 
3 ( 1 . 2 ) - 2 ( 1 , 1 ) 3 5 0 3 4 . 6 5 0 0 ( 1 . 0 ) 3 5 0 3 4 . 6 3 3 7 ( 0 . 0 0 5 3 ) 0 . 0 1 1 3 4 . 2 1 5 3 . 0 4 7 
3 ( 1 . 3 ) - 2 ( 1 . 2 ) 3 3 4 4 6 . 2 3 0 u ( 1 . C ) 3 3 4 4 6 . 2 5 5 7 ( 0 . 0 0 5 3 ) - 0 . 3 2 5 7 4 . 1 1 0 2 . 9 9 4 
3 ( 2 , 1 ) - 2 ( 2 1 0 » 3 < « 2 5 8 . 4 4 0 0 ( 1 . 0 ) 3 4 2 5 8 . 4 6 1 9 ( 0 . 0 0 6 5 ) - C - . 0 2 1 9 3 . 7 9 7 8 . 6 5 4 
3 ( 2 , 2 ) - 2 ( 2 , 1 ) 3 4 2 * 3 . 5 2 0 « ( 1 . 6 ) 3 4 2 4 3 . 5 2 9 2 ( U . . 0 6 5 ) - 0 . 3 0 9 2 9 . 7 9 7 8 . 6 5 4 

* » A T Y > £ Q BRANCH » • 

6 ( 1 , 5 ) _ 6 ( 1 , 6 ) 1 1 1 1 0 . 6 0 5 0 ( 1 . 0 ) 1 1 1 1 6 . 5 9 9 8 ( 0 . C 0 3 7 ) 0 . 0 0 5 2 1 3 . 0 5 7 9 . 6 8 6 
7 ( •Ä. » 6 ) - 7 ( 1 , 7 ) 1 4 6 x 9 . 6 8 5 0 ( 1 . 0 ) 1 4 3 1 9 . 8 3 3 5 ( < j . 0 0 4 5 ) - 0 . o 0 3 5 1 2 . 7 3 2 1 2 . 2 8 8 
9 ( 1 » 3 ) - 9 ( 1 , 9 ) 2 3 3 . 5 . 5 6 5 . , ( 1 . . ) 2 3 8 0 5 . 5 7 5 2 ( i i . 0 0 5 9 ) - Ü . 0 1 0 2 1 9 . 3 9 8 1 8 . 6 J 4 

i t ( l . 9 ) - I K 1 , 1 t » 2 9 u ö 4 . 2 9 0 3 ( 1 . J ) 2 9 - 8 4 . 3 J 6 3 ( 0 . 0 3 6 3 ) - 0 . 0 1 6 3 2 3 . 2 8 8 2 2 . 3 1 8 
1 1 ( 1 » 1 3 ) - I K 1 , 1 1 ) 3 4 3 3 3 . 3 6 5 0 ( 1 . 0 ) 3 4 o 8 3 . 3 6 7 4 ( 0 . 0 0 6 7 ) O . Ü 1 7 6 2 7 . 5 6 6 2 6 . 4 3 2 

1 5 ( 2 , 1 3 ) 1 5 ( 2 , 1 4 ) 8 5 7 9 . 4 3 0 0 ( 1 . 0 ) 3 5 7 9 . 4 4 3 9 ( 3 . 0 0 3 9 ) - 0 . 3 1 0 9 5 3 . 4 3 6 5 3 . 1 5 0 
1 6 ( 2 » 1 4 ) - 1 6 ( 2 , 1 5 ) 1 0 9 3 0 . 0 9 5 0 ( 1 . 0 ) 1 3 9 5 0 . 1 0 5 6 ( 0 . 0 0 4 5 » - 0 . 0 1 0 6 5 9 . 5 9 1 5 9 . 2 2 7 
17 ( 2 » 1 5 ) - 1 7 ( 2 , 1 6 ) 1 3 6 3 8 . 1 2 0 3 ( 1 . 0 ) 1 3 6 9 8 . 1 1 4 . ( 3 . 2 0 5 1 » 0 . 0 0 6 0 6 6 . 1 3 3 6 5 . 6 8 1 
13 ( 2 , 1 5 ) - 1 8 ( 2 , 1 7 ) 1 6 9 1 4 . 3 6 C 0 ( x . O ) 1 6 9 1 4 . 3 7 7 1 ( 0 . 3 0 5 5 » - 0 . 0 1 7 1 7 3 . 0 7 7 7 2 . 5 1 2 
19 ( 2 , 1 7 ) - 1 9 ( 2 , 1 8 ) 2 3 6 J 8 . 2 9 5 u ( 1 . 0 ) 2 J 6 C 8 . 3 3 6 7 ( 0 . 0 0 5 8 ) - 0 . 0 1 1 7 8 3 . 4 0 8 7 9 . 7 2 1 
2 1 ( 2 , 1 3 ) - 2 K 2 , 2 » ) 2 9 5 1 6 . 5 7 j u ( 1 . 3 ) 2 9 5 1 6 . 5 5 7 C ( 0 . 0 0 6 6 ) 0 . 0 1 3 0 9 6 . 2 5 1 9 5 . 2 6 6 
2 2 ( 2 , 2 i ) - 2 2 ( 2 , 2 1 ) 3 4 7 6 6 . 2 * 0 « ( l . u ) 3 4 7 6 6 . 2 2 5 3 ( 0 . 0 0 7 8 ) 0 . 3 1 4 7 1 0 4 . 7 6 2 1 0 3 . 6 0 3 

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

* » B T Y P E P BRANCH 

1 ( 1 1 ) - 2 t Ü , 2 ) 3 3 2 1 6 . 0 2 j u ( 1 . 3 ) 3 3 2 1 6 . 0 3 4 3 ( 0 . 0 0 5 8 ) - 0 . 0 1 4 3 2 . 2 5 3 1 . 1 4 2 
2 ( 1 2 ) - 3 ( I , 3 ) 2 1 2 3 7 . 6 i . 0 U ( l . d » 2 1 2 3 7 . o j 6 l ( 3 . 0 0 4 3 ) - 3 . 3 0 6 1 2 . 9 9 4 2 . 2 3 4 
3 ( 1 3 ) - 4 ( ü , 4 ) 9 1 1 4 . 3 3 5 0 ( 1 . 0 ) 9 1 1 4 . 3 4 3 3 ( 0 . 0 0 3 4 ) - l . . 0 0 8 8 4 . 1 1 3 3 . 3 3 5 
6 ( £ 5 ) - 5 ( 1 , 5 ) 1 5 9 1 1 . 9 7 5 0 ( 1 . 0 ) 1 5 9 1 1 . 9 5 9 2 ( 0 . 0 0 4 3 ) 0 . 0 1 5 8 7 . 9 8 7 7 . 4 5 6 
7 ( 0 7 ) - fa( 1 , 6 ) 2 6 7 3 3 . 2 4 3 K 1 . 0 » 2 8 7 3 3 . 2 2 9 9 ( C 0 5 3 ) U . O l u l 1 3 . 6 4 5 9 . 6 3 6 

l u ( 2 9 ) _ I K 1 , 1 0 ) 2 6 3 , 5 . 6 1 0 0 ( 1 . 0 ) 2 6 3 3 5 . 6 1 4 4 ( 3 . 0 0 8 1 » - 0 . 3 3 4 4 2 3 . 4 4 3 2 7 . 5 6 6 
I K 2 l ü ) - I K 1 , 1 1 ) 1 1 8 7 5 . 1 7 0 0 ( 1 . 0 » 1 1 8 7 5 . 1 7 3 0 ( 0 . 0 0 7 1 ) —U.Ü«. 30 3 2 . 6 2 7 3 2 . 2 3 1 
1 4 ( 1 1 3 ) - 1 3 ( 2 , 1 2 ) 1 7 O 4 4 . 7 8 3 J ( I . O ) 1 7 6 4 4 . 7 8 0 4 ( 0 . 0 0 7 2 ) 0 . 0 0 2 6 4 2 . 7 2 0 4 2 . 1 3 1 
1 5 ( 1 1 4 ) - 1 4 < 2 , 1 3 ) 3 2 7 1 7 . 2 9 0 K 1 . 0 ) 3 2 7 1 7 . 5 1 3 3 ( 3 . ^ 0 9 1 ) - O . u 2 3 3 4 3 . 5 4 3 4 7 . 4 5 1 

1 5 ( 2 1 3 ) 1 6 ( 1 , 1 6 ) 3 2 1 0 4 . 4 3 0 0 ( 1 . 0 » 3 2 1 0 4 , 4 2 0 2 1 0 . C 0 8 8 ) C . 3 0 9 8 5 3 . 4 3 6 5 2 . 3 6 5 
1 6 ( 2 1 4 ) - 1 7 ( 1 , 1 7 ) 2 7 3 0 1 . 7 4 0 0 ( 1 . 0 » 2 7 8 0 1 . 7 1 7 4 ( u . 0 u 3 6 ) 0 . 0 2 2 6 5 9 . 5 9 1 5 8 . 6 6 4 
1 7 ( 2 1 5 ) - 1 3 ( 1 , 1 8 ) 2 4 2 1 0 . 8 6 0 0 ( 1 . 0 ) 2 4 2 1 0 . 8 6 8 1 ( 0 . 0 0 8 0 » - 0 . 0 3 8 1 6 6 . 1 3 8 6 5 . 3 3 0 
2b ( 2 1 3 ) - 2 1 ( 1 , 2 1 ) 1 7 9 9 7 . 0 9 3 0 ( 1 . 0 ) 1 7 9 9 7 . 0 9 6 1 C 0 . C 0 9 3 » - 0 . 3 0 6 1 8 8 . 1 3 3 8 7 . 5 3 3 
2 1 ( 2 1 9 ) - 2 2 ( 1 , 2 2 ) 1 7 5 1 8 . 6 1 5 0 ( 1 . 0 1 7 5 1 8 . 6 1 8 2 ( 0 . 0 1 2 3 ) - 0 . 0 0 3 2 9 6 . 2 5 1 9 5 . 6 6 7 
27 ( 2 2 5 ) - 2 6 ( 1 , 2 3 ) 3 1 9 4 3 . 3 7 0 0 ( 0 . 0 3 1 9 4 8 . 2 4 9 6 ( 0 . 0 6 4 6 ) W . 1 2 J 4 1 5 3 . 2 1 2 1 5 2 . 1 4 6 

1 9 ( 3 1 7 ) _ 20 2 , 1 8 ) 3 5 2 2 0 . 6 2 0 0 ( 1 . 3 ) 3 5 2 2 0 . 6 2 1 9 ( 0 . 0 1 4 5 ) - 0 . 0 0 1 9 8 9 . 3 0 8 3 8 . 1 3 3 
2 3 ( 2 2 1 ) - 2 2 ( 3 , 2 C ) 1 0 0 6 U . 4 9 U 0 ( 1 . 0 ) 1 0 0 6C 4 9 5 4 ( u . 0 0 3 9 ) - 0 . 0 0 5 4 1 1 3 . 6 6 7 1 1 3 . 3 3 2 
24 I 2 2 2 ) - 2 3 ( 3 , 2 1 ) 2 5 8 4 7 . 0 6 - « . ( 1 . 0 ) 2 5 8 4 7 . Ü 5 7 1 ( 0 . 0 1 2 3 ) 0 . 3 0 2 9 1 2 2 . 9 6 5 1 2 2 . 1 3 3 

2 2 ( 3 1 3 ) _ 2 3 ( 2 , 2 2 ) 5 3 3 1 8 . 4.1 O K 1 . 0 ) 3 3 3 1 8 . 4 0 6 3 ( 0 . 0 1 2 3 ) - 0 . 6 0 6 3 1 1 3 . <>26 1 1 2 . 3 1 4 
2 4 ( 3 2 1 ) - 2 5 ( 2 , 2 4 ) 1 6 4 9 3 . 8 9 5 K . . 0 ) 1 6 4 9 3 . 8 9 3 1 ( 0 . 0 1 3 8 ) 0 . 3 0 4 9 1 3 1 . 4 1 3 1 3 0 . 8 6 0 
2 5 ( 3 2 2 ) - 2 6 ( 2 , 2 5 ) 3 7 2 8 . 7 . 3 u ( 0 . 0 ) 8 7 2 8 . 7 3 3 7 ( 0 . 0 2 4 4 ) - u . 0 0 3 7 1 4 3 . 9 8 5 1 4 0 . 6 9 4 
2 9 ( 2 23 ) - 2 8 ( 3 , 2 5 ) 1 1 4 6 7 . 7 3 0 0 ( ^ . 0 ) 1 1 4 8 7 . 6 8 4 b ( 0 . C 5 4 5 ) 0 . 0 1 5 4 1 7 2 . 4 3 1 1 7 2 . 0 4 8 
3a ( 2 2 3 ) - 2 9 ( 3 , 2 6 ) 1 7 0 5 9 . 7 2 5 0 ( Ü . O 1 7 0 5 9 . 7 0 7 6 ( U . . 6 9 7 ) 0 . 0 1 7 4 1 8 3 . 7 5 3 1 3 3 . 1 3 4 
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TABLE III. 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 - H C O S O IN MHz 

T R A N S I T I O N OBSERVED CALCULATED FREQUENCY O B S . - C A L C . fNERGY LEVELS IN C M - 1 
UPPER LOWER FREQUENCY (STANDARD D E V I A T I O N ) UPPER LOWER 
STATE STATE (WEIGHT) STATE S T A T E 

» • A TYPE R BRANCH * * 

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

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

3 ( 0 , 3 ) _ 2 ( 0 , 2 ) 3 4 3 3 4 . 7 8 5 3 ( 1 . 3 ) 3 4 3 3 4 . 7 7 3 K ^ . 3 0 8 4 ) 3 . C 1 4 9 2 . 2 9 1 1 . 1 4 6 
3 ( I t 3 ) - 2 ( 1 , 2 ) 3 3 5 5 7 . 9 C 3 o ( 1 . 3 ) 3 3 5 5 7 . 9 0 9 1 ( 3 . 0 0 8 4 ) - . . 3 3 9 1 4 . 1 4 3 3 . 0 2 0 
3 ( 1 » 2 ) - 2 ( 1 , 1 ) 3 5 1 3 6 . 8 1 3 0 ( 1 . 3 ) 3 5 1 3 6 . 7 9 7 6 ( 0 . 0 0 6 4 ) 3 . 3 1 2 4 4 . 2 4 5 3 . 3 7 3 
3 ( 2 , 2 ) - 2 ( 2 , 1 ) 3 4 3 9 0 . 5 2 0 3 ( 1 . 3 ) 3 4 3 5 3 . 4 7 5 1 ( 3 . 0 1 1 2 ) 3 . 3 4 4 9 3 . 8 9 5 8 . 7 4 9 
3 ( 2 , 1 ) - 2 ( 2 , 0 ) 3 4 3 6 4 . 9 3 0 3 ( 0 . 0 ) 3 4 3 6 5 . C 5 3 4 ( 3 . 0 1 1 1 ) - 3 • 1 2 3 4 9 . 8 9 5 8 . 7 4 9 

* » A TYPE Q BRANCH » * 

7 ( 1 . a ) _ 7 ( 1 » 7 ) 1 4 7 3 1 . 3 2 6 o ( 1 . 3 ) 1 4 7 3 1 . 2 7 6 6 ( 0 . 0 3 8 5 ) 0 . 3 4 9 4 1 2 . 8 3 7 1 2 . 3 4 5 
1C ( 1 , 9 ) - 10 1 , 1 0 ) 2 8 3 l 3 . 7 5 o 3 ( 1 . 3 ) 2 8 9 1 0 . 7 5 8 8 ( 3 . 0 1 1 2 ) - 0 . 0 0 8 8 2 3 . 3 7 4 2 2 . 4 0 9 
11 ( I t I S ) - I K 1 , 1 1 ) 3 4 6 7 5 . 5 7 0 3 ( 1 . 3 ) 3 4 6 7 5 . 5 6 6 5 ( 3 . 3 1 1 4 ) 0 . 0 0 3 5 2 7 . 6 6 4 2 6 . 5 3 7 

16 ( 2 , 1 + ) _ 1 6 ( 2 , 1 5 ) 1 0 6 8 4 . 1 7 0 3 ( 1 . 0 ) 1 3 6 8 4 . 1 7 82 ( 3 . 0 3 8 0 ) - 0 . 3 3 8 2 5 9 . 8 3 6 5 9 . 4 8 0 
1 7 ( 2 t 1 5 ) - 1 7 ( 2 , 1 6 ) 1 3 3 3 3 . 9 9 3 0 ( 1 . 0 ) 1 3 3 9 3 . 9 7 7 9 ( 0 . 0 0 8 7 ) 0 . 3 1 2 1 6 6 . 43 1 6 5 . 9 5 5 
IB ( 2 , 1 » ) - 1 6 ( 2* 1 7 ) 1 6 5 4 4 . 9 4 5 3 ( 1 . 0 ) 1 6 5 4 4 . 9 4 5 3 ( 0 . 3 3 3 4 ) - 0 . 3 0 0 3 7 3 . 3 6 0 7 2 . 8 3 8 
2 1 ( 2 , 1 3 ) - 2 1 ( 2 , 2 0 ) 2 8 9 J 5 . 8 6 C 3 ( 1 . 3 ) 2 8 9 0 5 . 8 7 7 9 ( 3 . C 1 5 2 ) - 0 . O 1 7 9 9o • 5 9 9 9 5 . 6 3 4 
22 ( 2 , 2 0 ) - 2 2 ( 2 , 2 1 ) 3 4 3 6 2 . 3 7 3 3 ( - . 3 ) 3 4 3 6 2 . 2 7 2 8 ( 3 . 3 2 3 9 ) 3 . 0 9 7 2 1 0 5 . 1 3 4 1 3 3 . 9 9 7 

• » B TYPE P BRANCH * • 

1 ( 1 , 1 ) - 2 ( 3 2 ) 3 3 8 2 6 . 9 9 0 3 ( 1 . 0 ) 3 3 8 2 7 . C 4 2 4 ( 0 • C 0 8 6 ) - 3 . 0 5 2 4 2 . 2 7 4 1 . 1 4 6 
2 ( 1 , 2 ) - 3 ( 0 3) 2 1 8 6 5 . 8 3 5 3 ( 1 . 0 ) 2 1 6 6 5 . 8 4 8 2 ( 0 . 0 0 6 5 ) - L . o 1 3 2 3 . 9 2 3 2 . 2 9 1 
3 ( 1 , 3 ) - 4 ( o 4 ) 9 6 6 1 . 4 4 5 0 ( 1 . 0 ) 9 6 6 1 . 4 5 7 l ( 3 . 0 3 5 3 ) - 3 . 0 1 2 1 4 . 1 4 3 3 . 8 1 7 
6 ( Of 3 ) - 5 ( 1 5 ) 1 5 4 2 6 . 3 6 7 3 ( 1 . 0 ) 1 5 4 2 6 . 3 7 4 5 ( 0 . 0 0 6 8 ) - 3 . 0 9 7 5 8 . 9 1 2 7 . 4 9 7 
7 ( 7 ) - 6 ( 1 6 ) 2 8 2 7 7 . 8 1 0 3 ( 1 . 0 ) 2 8 2 7 7 . 7 9 2 5 ( 3 . 0 0 8 1 ) • J . 3 1 7 5 1 0 . 6 7 8 9 . 7 3 5 

10 < 2 , 3 ) _ 1 1 ( 1 1 0 ) 2 8 - 5 3 . 4 2 0 3 ( 1 . 3 ) 2 8 C 5 3 . 4 0 48 ( 3 . 3 1 5 0 ) 1 . 3 1 5 2 2 8 . 60 9 2 7 . 6 6 4 
1 1 ( 2 , 1 3 ) - 1 2 ( 1 1 1 ) 1 3 6 . 3 . 4 1 8 3 ( 1 . 0 ) 1 3 6 3 3 . 4 0 8 2 ( 0 . 3 1 2 2 ) 3 . 0 3 9 8 3 2 . 7 9 6 3 2 . 3 4 2 
14 ( 1 , 1 3 ) - 1 3 ( 2 1 2 ) 1 5 9 5 3 . 9 9 5 3 ( 1 . 3 ) 1 5 9 5 4 . 3 3 2 6 ( 3 . 3 1 1 0 ) - C . 0 0 7 6 4 2 . 8 6 3 4 2 . 3 3 0 
15 ( 1 , 1 4 ) - 1 4 ( 2 1 3 ) 3 1 3 4 4 . 9 2 0 0 ( 1 . 3 ) 3 1 o 4 4 . 9 3 0 2 ( 3 . 3 1 6 9 ) - J . U 1 3 2 4 8 . 73 3 4 7 . 6 6 7 

1 5 ( 2 , 1 3 ) _ 1 6 ( 1 1 6 ) 3 3 1 4 6 . 3 1 3 3 ( 0 . 3 ) 3 3 1 4 6 . 3 8 2 0 ( 3 . 0 . 1 3 4 ) - 3 . 3 7 2 9 5 3 . 6 6 4 5 2 . 5 5 8 
16 ( 2 , 1 4 ) - 1 7 ( 1 1 7 ) 2 8 7 2 6 . 6 5 0 « ( 1 . 3 ) 2 8 7 2 6 . 6 2 6 6 ( 3 . 3 1 3 2 ) 9 . 0 2 3 4 5 9 . 8 3 6 5 8 . 8 7 8 
17 ( 2 , 1 5 ) - 1 8 ( 1 1 8 ) 2 5 3 0 9 . 3 0 0 - ( 1 . 3 ) 2 5 3 0 9 . 3 3 3 3 ( 3 . 0 1 2 7 ) - - . 9 3 3 3 6 6 . 4 0 1 6 5 . 5 6 7 
18 ( 2 , 1 6 ) - 1 9 ( 1 1 9 ) 2 2 3 2 5 . 4 6 5 3 ( 1 . 3 ) 2 2 3 2 5 . 4 5 4 5 ( 0 . 3 1 1 9 ) 3 . 0 1 9 5 7 3 . 3 6 3 7 2 . 6 2 5 
2 1 ( 2 , 1 3 ) - 2 2 ( 1 2 2 ) 1 7 7 2 1 . 3 6 3 0 ( 1 . 0 ) 1 7 7 2 1 . 3 8 1 5 ( 3 . 0 1 3 5 ) - 3 . 3 0 1 5 9 6 . 5 9 9 9 6 . 0 0 7 
22 ( 2 , 2 3 ) - 2 3 ( 1 2 3 ) 1 7 8 9 4 . 4 8 5 « ( 1 . 0 ) 1 7 6 9 4 . 4 8 2 3 ( 3 . 3 1 8 6 ) 3 . 9 3 27 1 3 5 . 1 3 4 1 3 4 . 5 3 7 
27 ( 2 , 2 5 ) - 2 6 ( 1 2 8 ) 3 1 - 5 9 . 3 0 0 3 ( O . 3 ) 3 1 3 5 8 . 9 5 6 4 ( 0 . 0 9 1 2 ) 3 . 3 4 3 6 1 5 3 . 7 1 7 1 5 2 . 6 8 1 

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

22 ( 3 , 1 3 ) 2 3 ( 2 2 2 ) 3 5 5 6 1 . 3 8 0 3 ( 1 . 3 ) 3 5 5 6 1 . 3 6 4 1 ( 0 . 3 1 5 2 ) 3 . 3 1 5 9 1 1 3 . 9 2 3 1 1 2 . 7 3 7 
23 ( 3 , 2 j ) - 2 4 ( 2 2 3) 2 6 6 4 0 . 5 1 3 3 ( l . o ) 2 6 8 4 0 . 5 1 7 7 ( 9 . 0 1 7 9 ) - « . 0 0 7 7 1 2 2 . 7 4 7 1 2 1 . 8 5 2 
25 ( 3 , 2 2 ) - 2 6 ( 2 2 5 ) 1 C 6 2 0 . 1 8 5 C ( 0 . 0 ) 1 0 6 2 0 . 3 1 3 6 ( 0 . 3 4 3 0 ) - 3 . 1 2 5 8 1 4 1 . 5 6 2 1 4 1 . 2 3 8 
29 ( 2 , 2 8 ) - 28 ( 3 2 5 ) 10 o 6 1 . 7 5 5 o ( « . 3 ) 1 3 o 6 1 . 5 6 0 K 0 . 1 0 2 6 ) 3 . 1 9 + 9 1 7 3 . 3 4 7 1 7 2 . 7 1 2 
30 ( 2 , 2 3 ) - 2 9 ( 3 2 6 ) 1 5 6 1 8 . 2 4 3 0 ( 0 . 3 ) 1 5 8 1 8 . 3 3 4 9 ( 0 . 1 2 8 1 ) 0 . 2 3 5 1 1 8 4 . 4 o 7 1 8 3 . 8 7 9 
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Fig. 3. Comparison of the absorption 
spectra of HCOSH, HCOSD and DCOSH 

in the region 11.3 — 11.8 GHz. 
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Fig. 4. Illustration of the 
molecular structures of the 
two abundant isomers of 

monothioformic acid. 
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to provide a nearly uniform sampling of the acces-
sible branches, and hence to assure the accurate 
determination of rotational constants and quartic 
distortion constants. 

The rotational spectrum of DCOSH in the fre-
quency region 8 —12.4 GHz is shown in Figure 1. 
It is similar in appearance to that of the parent 
isotopic species (see Fig. 1 of Paper I ) , but has a 
slightly higher density of lines. This is due primarily 
to the decrease in the A rotational constants of the 
two rotamers (from over 60 GHz to less than 
50 GHz). The outstanding feature of this region is 
the pair of l 0 i — 00 0 transitions near 11.5 GHz. For 
DC ( : 0 ) SH, like HC ( : 0 ) SH and HC ( : 0 ) 34SH, the 
line belonging to the eis rotamer falls slightly 
( < 4 0 MHz) to high frequency of that produced by 
the trans rotamer. The opposite is true in the case 
of H C ( : 0 ) S D where the eis line falls over 180 
MHz to low frequency of the trans line. This latter 
situation is illustrated in Fig. 2 which shows the 
spectrum of a mixed sample of HCOSD and HCOSH 
in the 11.3 —11.8 GHz frequency range. The four 
101 — 000 transitions due to the eis and trans rota-
mers of H C ( : 0 ) S H and H C ( : 0 ) S D have been 
labelled in Figure 2. Both the zero field and cor-
responding Stark shifted absorption lines are iden-
tified in each case. The observed shifts in the fre-
quencies of the l 0 i — 000 transitions upon substitu-
tion of the labile hydrogen atom with deuterium 
provided the basis for our initial identification of 
the abundant isomers of monothioformic acid as the 
eis and trans thiol rotamers. A comparison of the 
microwave spectra of HCOSH, HCOSD and DCOSH 
in the region of the 101 — O00 transitions is presented 
in Figure 3. 

The analysis of the spectra of the sulfur-34 sub-
stituted species, eis- and *rarcs-HC(:0)34SH, was 
more difficult because of the low intensity of the 
absorption signals. In the spectrum of pure HCOSH 
shown in Fig. 3 the l 0 i — O00 transition belonging 
to the trans rotamer of H C ( : 0 ) 3 4 S H in natural 
abundance is clearly visible, while that of the eis 
rotamer is just discernable. The bootstrap procedure 
outlined in Paper I was used to assign all of the 
measured H C ( : 0 ) 3 4 S H transitions, starting with 
the low-/ a-type lines. Initially the analysis was 
based on the centrifugal distortion constants ob-
tained for the parent isotopic species. Some care 
was necessary in order to avoid confusing the sul-
fur-34 signals with weak lines belonging to the 

parent isotopic species in different excited vibra-
tional states. 

IV. Centrifugal Distortion Analysis 

The measured rotational transition frequencies of 
the various isotopic species of monothioformic acid 
were analysed in the I r axis representation using the 
reduced Hamiltonian derived by Watson3 . Only 
rigid rotor and quartic centrifugal distortion terms 
were considered. The effective rotational Hamil-

Table VII. Rotational constants and centrifugal distortion 
constants of monothioformic acid a . 

eis-HC(:0) SD trans-HC ( : O) SD 

A 55038.2202 (35) 50809.8095(29) MHz 
B 5955.31696(39) 6086.24103 (31) MHz 
C 5369.84705 (39) 5430.07687(31) MHz 

Aj 3.1865(10) 3 .42625(90) kHz 
AJK - 2 3 . 5 5 3 ( 2 2 ) - 2 2 . 1 0 5 ( 1 8 ) kHz 
AK 746.23(20) 582.53(13) kHz 
<5 j 0.411391(96) 0.486644(83) kHz 
ÖK 15.473(21) 16.642(10) kHz 

a b 16.3 11.7 kHz 
N c 63 63 

ds-DC ( : O) SH Jrans-DC (: O) SH 

A 48403.2600 (24) 47970.8473(19) MHz 
B 6091.93570(31) 6083.92022 (25) MHz 
C 5405.99264 (31) 5393.71191(25) MHz 

Aj 3.42549(68) 3 .20376(55) kHz 
AJK - 2 5 . 7 3 5 ( 1 1 ) - 2 2 . 9 3 4 8 ( 9 5 ) kHz 
AK 627.28(11) 609.78(11) kHz 
8 J 0.523121(76) 0.489187(62) kHz 
<5 A' 16.072(11) 15.0373(88) kHz 
a b 16.4 13.4 kHz 
N c 82 82 

cis-HC ( : 0 ) 3 4 S H trans-HC ( : O) SH 

A 62712.427(15) 62013.8403 (92) MHz 
~B 5988.1552(15) 5971.92667 (95) MHz 

C 5461.7548(15) 5442.36776(95) MHz 

AJ 3.534(13) 3.2769(70) kHz 
AJK - 4 6 . 9 5 (36) - 4 1 . 6 6 ( 2 0 ) kHz 
AK 1297.3 (43) 1245.1 (23) kHz 
SJ 0.43568(58) 0.40447 (28) kHz 
SK 16.917(51) 15.823(28) kHz 

a b 23.0 15.9 kHz 
JVc 32 39 

a The numbers in parentheses are standard errors, 
b Standard deviation of the fit. 
c The number of equally weighted transitions included in 

the fit. 
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tonian and the general analysis procedure were de-
scribed in detail in Paper I. To ensure that the 
results would not be seriously biased by the neglect 
of sextic and higher distortion terms, the data sets 
were restricted to include only transitions with ] 
less than 25 and Ka less than 7. The observed and 
calculated transition frequencies have been collected 
in Tables I — VI ; the spectroscopic constants are 
summarized in Table VII. 

As a check on the correctness of the above analy-
sis, the least squares fits were repeated using data 

Table VIII . Watson's determinable rotational constants and 
quartic centrifugal distortion constants for monothioformic 

acid a, b. 

c i s - H C ( : 0 ) S D £r<ms-HC ( : O ) S D 

21 
23 
<S 

5 5 0 3 8 . 2 2 6 6 ( 3 5 ) 
5 9 5 5 . 2 6 8 0 1 (39) 
5 3 6 9 . 8 6 1 6 4 ( 3 9 ) 

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

M H z 
M H z 
M H z 

t aaaa 

t'bbbb 

t cccc 
tl 

X 2 

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

- 9 . 4 5 4 9 (41) 
5 5 . 9 7 4 ( 8 9 ) 

- 4 . 1 4 6 7 ( 8 5 ) 

- 2 2 5 5 . 4 0 ( 5 2 ) 
- 1 7 . 5 9 8 2 (37) 

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

- 4 . 8 1 4 8 ( 7 6 ) 

k H z 
k H z 
k H z 
k H z 
k H z 

A x'CCCC - 0 . 0 1 5 2 ( 1 4 ) - 0 . 0 2 2 8 ( 1 1 ) k H z 

c i s - D C ( : O ) S H trans-DC ( : O ) S H 

21 
23 
e 

4 8 4 0 3 . 2 6 6 8 ( 2 4 ) 
6 0 9 1 . 8 8 3 6 2 (31) 
5 4 0 6 . 0 0 6 9 5 ( 3 1 ) 

4 7 9 7 0 . 8 5 3 7 ( 1 9 ) 
6 0 8 3 . 8 7 2 6 4 ( 2 5 ) 
5 3 9 3 . 7 2 6 4 3 (25) 

M H z 
M H z 
M H z 

X aaaa 
t'bbbb 
t CCCC 

tl 

r2 

- 2 4 1 9 . 8 8 ( 4 4 ) 
- 1 7 . 8 8 6 9 ( 2 8 ) 

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

- 3 . 0 6 2 3 ( 5 0 ) 

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

- 8 . 9 0 1 5 ( 2 2 ) 
5 3 . 2 9 4 (38) 

- 3 . 2 3 8 0 ( 4 3 ) 

k H z 
k H z 
k H z 
k H z 
k H z 

Ax' cccc - 0 . 0 1 6 8 ( 1 0 ) - 0 . 0 2 2 5 5 ( 8 3 ) k H z 

c i s - H C ( : O ) 3 4 S H irarcs-HC ( : O ) 3 4 S H 

21 
23 
e 

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

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

M H z 
M H z 
M H z 

t aaaa 
t'bbbb 

t CCCC 

tl 

T 2 ' 

- 5 0 1 5 . ( 1 7 ) 
- 1 7 . 6 2 1 ( 5 2 ) 
- 1 0 . 6 5 0 ( 5 2 ) 

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

- 4 8 2 6 . 9 ( 9 2 ) 
- 1 6 . 3 4 3 (28) 

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

0 . 3 1 2 ( 6 8 ) 

k H z 
k H z 
k H z 
k H z 
k H z 

A x'CCCC - 0 . 0 1 3 ( 1 1 ) - 0 . 0 1 7 3 ( 6 0 ) k H z 

a The numbers in parentheses are standard errors, 
B T 2 ' = T 2 / ( a + / ? + / ) ; where a, ß and y are rotational con-

stants defined by Kivelson and Wilson 5 . 

sets restricted to include all measured transitions 
with J less than 20 and K.x less than 6. The resulting 
constants agree with those given in Table VII to 
within 2 standard errors. 

Tables VIII and IX contain derived constants 
that were calculated from the spectroscopic con-
stants given in Table VII. Watson's determinable 
parameters 3 which are invariant to a unitary trans-
formation are listed in Table VIII. Application of 
the planarity constraints 4 yielded the constants col-
lected in Table IX. For a discussion of the meaning 
and determination of these derived constants the 
reader is referred to Paper I. 

Table IX . Rotational constants and quartic centrifugal dis-
tortion constants derived from the planarity relations a . 

cis-HC ( : O) SD trans-HC ( : O) SD 

a' 5 5 0 3 8 . 2 0 3 5 0 8 0 9 . 7 9 1 M H z 
ß' 5 9 5 5 . 2 7 3 9 6 0 8 6 . 1 9 5 6 M H z 
y' 5 3 6 9 . 8 9 8 5 5 4 3 0 . 1 3 1 4 M H z 

ft4 Taabb 9 1 . 0 9 6 89 .841 kHz 
ft4 tbbcc - 1 2 . 1 7 2 - 1 2 . 9 8 2 kHz 
fc4 taacc 4 6 . 4 2 9 4 5 . 7 5 6 kHz 
fr4 tabab - 3 4 . 6 8 9 - 3 7 . 6 5 5 kHz 

cis-DC ( : O) S H trans-DC ( : O) SH 

a' 4 8 4 0 3 . 2 4 2 4 7 9 7 0 . 8 3 1 M H z 
ß' 6 0 9 1 . 8 8 9 5 6 0 8 3 . 8 7 6 6 M H z 
y' 5 4 0 6 . 0 4 7 5 5 3 9 3 . 7 6 3 5 M H z 

fc4 taabb 9 9 . 3 7 9 91 .101 kHz 
fr4 tbbcc - 1 2 . 8 4 6 - 1 1 . 9 9 7 kHz 
fc4 taacc 4 8 . 0 7 6 4 1 . 7 6 7 kHz 
fc4 tabab - 3 6 . 3 8 7 - 3 3 . 7 8 8 kHz 

cis-HC ( : O) 3 4 S H trans-HC ( : O) 3 4 S H 

a' 6 2 7 1 2 . 4 1 0 6 2 0 1 3 . 8 2 4 M H z 
ß' 5 9 8 8 . 1 0 4 7 5 9 7 1 . 8 7 9 2 M H z 
Y 5 4 6 1 . 8 1 3 6 5 4 4 2 . 4 2 3 0 M H z 

fc4 taabb 145.3 132 .0 kHz 
fc4 tbbcc - 1 3 . 5 6 - 1 2 . 5 6 kHz 
fc4 taacc 8 2 . 8 8 72 .42 kHz 
fc4 tabab - 3 4 . 6 4 - 3 2 . 2 5 kHz 

a Calculated using the planarity conditions as described in 
Ref . 4 , Case 1. 

V. Molecular Structure 

The moments of inertia and inertial defect, A, of 
each of the isotopic species of monothioformic acid 
studied so far were calculated from the Kivelson 
and Wilson5 rotational constants, a, ß', y', re-
ported in Table IX of this paper and Table V of 
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Paper I using the conversion factor6 [ß''h) — 
505379.0(38) MHz uÄ2. Since they do not contain 
any centrifugal distortion contributions, the a, ß' 
and y constants are the appropriate rotational con-
stants to use in a structural determination. The cal-
culated inertial defect values are reported in Table X. 
They show that both isomers are planar in their 
equilibrium configuration. 

Table X . Inertial defecta of monothioformic acid 

eis trans 

H C ( : 0 ) S H 0.07352 0.08325 uA2 

H C ( : 0 ) S D 0.06856 0.08597 uA2 

D C ( : 0 ) S H 0.08368 0.09320 uA2 

H C ( : 0 ) 3 4 S H 0.07369 0.08327 uA2 

a A=Ic-lb-Ia • 
b The errors in the inertial defect values are determined by 

the uncertainty in the conversion factor: 
(Ib-ß') = 5 0 5 3 7 9 . 0 ( 3 8 ) M H z u A 2 . 

The substitution coordinates 7 of the two hydro-
gen atoms and the sulfur atom were calculated for 
each isomer using Kraitchman's equations 8 

6 | -

Ah 
li 

AU 
a 

1 + 

1 + 

AL 

Ia~h 

Alb 

( la ) 

( l b ) 

where AIg = I j — lg is the dränge in the gth moment 
of inertia on isotopic substitution and // is the re-
duced mass. The carbon and oxygen atoms were 
then located by applying the center of mass and 
moment of inertia equations 

lmiai = 0, = ( 2 ) 
i i 

2 TUi a 2 = I b , 2 m i b r = h . (3) 
i i 

Since Kraitchman's equations yield only the magni-
tude of a substitution coordinate there are 16 physi-
cally distinct possible ways of choosing the signs for 
the hydrogen and sulfur coordinates. Furthermore, 
for each choice of these signs there exist four solu-
tions to Eqs. (2) and (3 ) , giving a total of 64 dif-
ferent structural possibilities for each isomer of 
monothioformic acid. The product of inertia, 
2 mi di bi, provides a useful criterion for selecting 
i 

the two correct structures from amongst the 128 so-
lutions of the inertial equations. This quantity is 

identically zero for an equilibrium structure. For 
structures calculated from ground state moments of 
inertia it is typically less than a few tenths of 
1 uÄ2. Most of the 128 solutions to Eqs. (1) - (3) 
could thus be easily eliminated because they yield 
too large a value for 2 mt di bi. The 20 solutions 

i 
(10 for eadi isomer) which give values of 2 nuaibi 

i 
of less than 1 uÄ2 were examined closely. For each 
isomer only one of these solutions is physically 
reasonable, i. e. the atoms are arranged in such a 
way that the bond lengths and angles are consistent 
with the known structures of related molecules. The 
two correct solutions, which correspond to the eis 
and trans rotamers of H C ( : 0 ) S H , are reported in 
Table XI as structures I. 

Table XI. Alternative structures for monothioformic acid. 

m m s - H C ( : 0 ) S H ci's-HC ( : 0 ) SH 
I II I II 

a (H) a 0.722 0.722 1.569 1.569 A 
a (S) 1.047 1.047 1.019 1.019 A 
a(H) b - 0 . 7 4 1 - 0 . 7 4 1 - 0 . 7 4 8 — 0.748 A 
a(C) - 0 . 6 4 2 - 0 . 6 4 2 - 0 . 6 5 0 - 0 . 6 5 0 A 
a( O) - 1 . 6 1 0 - 1 . 6 1 0 - 1 . 6 0 2 - 1 . 6 0 2 A 
6(H) a - 1 . 3 5 3 - 1 . 3 5 3 1.096 1.096 A 
b (S) - 0 . 0 3 9 — 0.042 - 0 . 1 2 1 - 0 . 1 2 2 A 
6(H) b 1.559 1.559 1.566 1.566 A 
6(C) 0.461 0.463 0.469 0.470 A 
6 ( 0 ) - 0 . 2 8 0 - 0 . 2 7 7 - 0 . 2 7 8 - 0 . 2 7 6 A 
z mi a[ bi 0.188 0.000 0.071 0.000 uA2 

a Labile hydrogen atom, b Nonlabile hydrogen atom. 

A second structure (II) has also been reported in 
Table XI for each rotamer. It is the same as struc-
ture I except that the small sulfur 6-coordinate A v a s 

determined using the product of inertia relation 
(^ mi a-, bi = 0) rather than Equation ( l b ) . Since 

i 
Kraitchman's equations normally yield inaccurate 
results for coordinates smaller than 0.15 Ä, this is 
presumed to be the best method for calculating the 
sulfur 6-coordinate7. The bond lengths and angles 
corresponding to the coordinates of structures II 
are presented in Table XII. The geometry of each 
rotamer and its orientation with respect to the prin-
cipal axis system are illustrated in Figure 4. 

The uncertainty in the structural parameters re-
ported in Table XII , due to zero point vibrational 
effects, is estimated to be ± 0.01 Ä for the bond 
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Table XII. The molecular structure of H C ( : 0 ) S H . 

trans CIS Z l ( c - t ) a 

r ( C - H ) 1.100 1.100 0.000 A 
r( C = 0 ) 1.218 1.210 - 0 . 0 0 8 A 
r ( C - S ) 1.763 1.771 0.008 A 
r ( S - H ) 1.351 1.336 - 0 . 0 1 5 A 

<£(OCS) 126.0° 122.4° - 3 . 6 ° 
<£(HSC) 92 .7° 94.7° 2 .0° 
<£(HCS) 111.8° 114.6° 2 .8° 

a Change in the molecular structure on going from the trans 
to the eis rotamer. 

lengths and ± 1 ° for the bond angles. Nonetheless, 
a comparison of the structures of the two rotamers 
with each other should be valid to a much higher 
accuracy, since the vibrational contributions are ex-
pected to be similar in each case. Thus the slight 
changes observed in the bond lengths and angles on 
going from the trans to the eis rotamer are believed 
to be real. The opening of the HCS and HSC angles 
and (in part) the closing of the OCS angle may be 
attributed to repulsion of the hydrogen atoms in the 
eis rotamer. Furthermore, the shortening of the CO 
and SH bond lengths, the lengthening of the CS 

bond length, and the closing of the OCS angle are 
all consistent with a weak attraction of the labile 
hydrogen atom by the electronegative oxygen atom 
in the trans rotamer. This latter effect may be rep-
resented by a small contribution to the structure of 
the trans rotamer by the resonance from 

The corresponding ionic resonance form for the eis 
rotamer is expected to be less important since it is 
not stabilized by electrostatic attraction. A similar, 
but more pronounced example of this phenomenon 
has been observed by Cox et al. in eis and trans 
nitrous acid 9. 
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