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The rotational spectra of the two abundant isomers of monothioformic acid, eis- and trans-
HC(:0)SH, have been assigned in the frequency region 8 —250 GHz. Over 90 a-type transitions 
and over 60 6-type transitions have been measured for each rotamer. The a-type transitions belong 
to the <7Rk , ^Qi, IQ2 » and QQ I branches and the 6-type absorption lines encompass the K A 

= 1 — 0, 2 — 1, 3 — 2, 4 — 3 and 5 — 4 rotational sub-bands. The rotational constants and all quartic 
and sextic centrifugal distortion constants have been determined for each rotamer using Watson's 
reduced Hamiltonian. In addition to the measured line positions the frequencies of some selected 
low-/ transitions, not observed in this work but of potential astrophysical interest, have been listed 
as an aid in the interstellar search for monothioformic acid. 

I. Introduction 

Rotational isomerism has been the subject of 
numerous spectroscopic investigations in recent 
years Although this phenomenon is common for 
larger molecules it is quite rare for small molecules. 
The simplest molecule in which it can occur is one 
having four atoms arranged in a nonlinear chain. 
Nitrous acid, HONO, is an example of such a mole-
cule for which the existence of two rotamers has 
been experimentally demonstrated in the gas phase2. 
Among the five-atomic molecules which could ex-
hibit rotational isomerism, formic acid, HCOOH, is 
of particular interest. Various ab initio and semi-
empirical calculations3 indicate that there should 
be minima in the torsional potential at both the eis 
and trans planar configurations: 

l / c - 0 ^ 
c/s-HC ( : 0 ) OH 

0 ^ H 
Zrans-HC ( : O) OH 

Although numerous experimental studies have been 
carried out, the question as to whether the eis 
rotamer exists in the gas phase in addition to the 
abundant trans rotamer has not yet been completely 
settled. The detection of eis formic acid was claimed 

1 This work was supported in part by funds from the 
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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. 
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Universität, Heinrich-Buff-Ring 58, D-6300 Giessen. 

in a recent infrared study of the reaction products 
from the gas phase ozonolysis of 1,2-dichloroethy-
lene4. However, only trans formic acid has been 
detected by microwave spectroscopy despite the fact 
that Lide5 has carefully searched for the eis rotamer. 
In the light of this controversy it seemed of interest 
to investigate the rotational spectrum of the closely 
related molecule monothioformic acid, HCOSH. 

In analogy with formic acid monothioformic acid 
could exist in one or more of four different planar 
forms, namely: 

H\ / H 

eis-HC(:0)SH 

H 

H > H 

eis-HC(:S)OH 

C - S \ 
Ox/ H 

trans-HC(:0)SH 

H \ 
S x H 
Zrans-HC ( :S) OH 

An early investigation of the infrared and proton 
nuclear magnetic resonance spectra of the liquid 
suggested that the thiol form, H C ( : 0 ) S H , was the 
more abundant, but gave no indication as to whether 
one or two rotamers were present6. In a preliminary 
communication we reported the identification of 
both the eis and trans rotamers of H C ( : 0 ) S H 
through observation of their rotational spectra 
The present paper is the first in a series of papers 
in which a complete account of our work on mono-
thioformic acid will be given. It contains the anal-
ysis of the microwave and millimeter wave spectra 
of the parent isotopic species of the eis and trans 
thiol rotamers in their ground vibrational states. 
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In the following paper the rotational spectra of 
three isotopically substituted species, D C ( : 0 ) S H , 
H C ( : 0 ) S D , H C ( : 0 ) 3 4 S H , together with the mo-
lecular structure of each rotamer are presented. Sub-
sequent papers will deal with the measurement of 
molecular electric dipole moments, determination of 
the energy difference between the ground vibra-
tional states of the two rotamers and the investiga-
tion of the rotational spectra of H 1 3 C ( : 0 ) S H and 
H C ( : 1 8 0 ) S H . In addition, a detailed study of the 
infrared spectrum of monothioformic acid is cur-
rently in progress. 

Recently formic acid has been detected in emis-
sion from the molecular cloud in the direction of 
the galactic center radio source Sagittarius B2 
(Sgr B2) by Winnewisser and Churchwell 8 through 
observation of the 2 n — 212 transition. This dis-
covery, together with the previous observation of 
several sulfur-containing molecules, notably CS, SO, 
HoS, OCS, HoCS9 and S 0 2 1 0 , in the same inter-
stellar cloud, makes a thorough search for mono-
thioformic acid seem warranted. A search for the 
2n — 21 2 transition of eis- and trans-HC ( : 0 ) SH in 
various galactic sources has been conducted. To 
aid in future interstellar searches, this paper con-
tains not only a complete listing of all measured 
H C ( : 0 ) S H transition frequencies but also predic-
tions of some additional low-/ transitions not ob-
served in the present work but of potential astro-
physical interest. 

II. Experimental Procedures 

The monothioformic acid samples employed in 
the present investigation were prepared using a 
somewhat modified version of the procedure de-
scribed by Engler and Gattow6. The preparation 
involves three basic steps which are summarized in 
the following reaction scheme: 

HCOOH + C6H5OH N a H C 0 Q H C ( : 0 ) 0 C 6 H 5 

+ C H 3 C ( : 0 ) 0 C ( : 0 ) C H 3 + 2CH3COOH 
(1) 

HC ( : 0 ) OC6H5 -f NaSH 

NaHCOS + H 3 P0 4 (aq) 

NaHCOS 
+ C6H5OH 

(2) 

. HCOSHf 
+ NaHoP04(aq) 

(3) 
In the first step, phenol was reacted with an equi-
molar mixture of formic acid and acetic anhydride 

in the presence of a small amount of sodium for-
mate catalyst to produce phenylformate u . The re-
action was allowed to proceed at room temperature, 
with stirring, for about 48 hours. The phenyl for-
mate was then separated from the reaction mixture 
by fractional distillation under vacuum. In the sec-
ond step, the purified phenyl formate was added 
dropwise, with stirring, to an equimolar amount of 
sodium hydrogen sulfide suspended/dissolved in 
ethanol. After completion of this reaction ( 1 — 2 
hours), the ethanol and phenol were distilled off 
under vacuum over a period of about 12 hours. In 
the final step, an excess of a 50% aqueous solution 
of orthophosphoric acid was added dropwise to the 
solid sodium monothioformate to liberate the mono-
thioformic acid. The reaction flask was cooled to 
— 5 °C throughout and the evolved gases were trap-
ped at — 95 °C under vacuum. Crude product was 
collected for at least five hours and then purified 
by fractional distillation. The overall yield of puri-
fied monothioformic acid was typically about 40%. 
The purity of the fractionally distilled samples, as 
monitored on the microwave and infrared spectro-
meters, was estimated to be better than 95%. 

Gaseous samples for the spectroscopic studies 
were taken from the vapor above the liquid at 
— 63 °C. No decomposition or polymerization of 
the liquid was observed even after prolonged peri-
ods at this temperature. All frequency measurements 
were made at room temperature with sample pres-
sures of less than lOmillitorr. The gaseous samples 
were stable in the glass free space cell but decayed 
slowly (with a half-life of several hours) in the gold 
plated X-band Stark cell. 

Microwave measurements were made in the fre-
quency region 8 — 36 GHz using a Hewlett Packard 
model 8460 A MRR spectrometer. Three different 
backward wave oscillators (BWO) were used to 
generate microwave power in the X, P and K bands 
(8 — 26.5 GHz). The 26 —36 GHz region was cov-
ered by doubling the frequency of the P-band BWO 
radiation. This was accomplished by applying P 
band power to a parametric varactor diode in a 
crossed wave guide mount, details of which will be 
discussed elsewhere 12. Sufficient power for spectro-
scopic purposes was obtainable over the whole of 
the 26 — 36 GHz range. All measurements were 
carried out in a two meter X-band Stark cell em-
ploying square wave modulation of the electric field 
at 33.333 kHz. The absorption signals were ob-
served after phase sensitive lock-in amplification of 
the detector output. 

In the frequency region from 70 to 250 GHz a 
millimeter wave video detection spectrometer was 
employed. The millimeter wave radiation was gen-
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erated by harmonic multiplication of the fundamen-
tal frequencies produced by different OKI micro-
wave (28 — 42 GHz) reflex klystrons belonging to 
the Y12 series. A dedicated PDP 8/1 computer was 
employed for data acquisition and reduction in 
order to obtain high sensitivity and accurate fre-
quency measurements. The spectrometer and its 
mode of operation have been described in detail 
previously 1 3 '1 4 . 

All frequency measurements, both microwave and 
millimeter wave, were found to be reproducible to 
within ± 30 kHz. 

III. Rotational Spectra and Assignment 

The rotational spectrum of monothioformic acid 
is rich over the entire microwave and millimeter 
wave region. This is due to the presence of two 
rotational isomers, both of which have fairly small 
rotational constants, and both of which exhibit 
strong a- and 6-type spectra. No c-type transitions 
were observed for either rotamer. In addition to the 
ground state rotational spectra, transitions between 
rotational levels in the excited vibrational states 
v-t = 1 and vg = 1 were also observed. Although some 
of these vibrational satellite lines have been mea-
sured they will not be discussed here. The micro-
wave spectrum in the frequency region 8 — 12.4 GHz 
is shown in Figure 1. The most important features 
of this spectrum are the two l 0 i — O00 transitions 
near 11.7 GHz. All of the strong absorption lines 
which fall in this region have been assigned to the 
ground state of either the eis or the trans rotamer 

of HC ( : 0 ) SH. Some of these assignments are in-
dicated in Figure 1. Despite the density of transi-
tions, the assignment process was relatively straight-
forward because the important low-/ transitions are 
all reasonably strong and hence were easily located. 

1) The a-type Spectrum 

The tAvo rotational isomers of H C ( : 0 ) S H were 
both found to be near prolate asymmetric top mole-
cules, with x=— 0.980834 for the eis rotamer and 
x= —0.980319 for the trans rotamer. Their a-type 
spectra are thus typical of such slightly asymmetric 
rotors. An overview of the a-type spectrum of 
H C ( : 0 ) S H is given in Fig. 2 in the form of Fortrat 
diagrams for the two rotamers. 

Strong R-branch transitions were found at inter-
vals of roughly (B + C) throughout the centimeter 
and millimeter wave regions. The assignment of the 
low-/ lines of this branch was confirmed by making 
use of the Stark effect. A recorder trace showing 
the J = 2<—I a-type R-branch transitions is pres-
ented in Figure 3. The Ka = 0 components fall near 
the center of this figure while the = 1 compo-
nents, split by the inertial asymmetry of the mole-
cule, lie near both edges. 

The higher-/ a-type R-branch transitions, which 
fall in the millimeter wave region, were also easily 
located and assigned. For each J+\<— ] transition 
the K.x components form two sub-band heads. The 
pattern is essentially the same for each of the two 
rotamers. The first band head occurs at Ka = 2 and 

HC0SH 
5u-5, c-121 i-i -11 1,11" 1 '2.10 C - 2 5 7 , , - 2 U 3,21 

|t-3333,-32,28 

1or00o 
I t r a n s 

llcis I* 
- 21 ? i q - 20 3,18 

Fig. 1. Survey scan of the absorption spectrum of monothioformic acid from 8 to 12.4 GHz. 
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Fig. 2. Fortrat diagrams for the a-type transitions of the eis and trans rotamers of H C ( : 0 ) S H . The solid and open circles 
indicate measured and predicted line positions respectively. For the R-branch only the positions of the J £ a = l components 

are indicated. The inserts show the complete pattern for the J=8<-7 transitions. 

J=2-1 r-Oi-HCOSH 

Fig. 3. Absorption spectrum of HCOSH in the region 
2 2 . 8 - 2 4 . 0 GHz. 

is due to the inertial asymmetry of the molecule. 
The second band head, which falls near K a = 5, is 
caused by centrifugal distortion contributions to the 
rotational energy; primarily from the term with the 
coefficient A j k . As / increases this band head 
shifts gradually towards higher values of . These 
features are summarized in Fig. 4, where the K& 

patterns for several / + 1 J transitions are plot-
ted. Figure 5 illustrates in more detail the formation 

? J / 4 - 3 

I 46711 MHz 
I f 6 -5 

MONOTHIOFORMIC ACID 
• trans-HCOSH 
» eis-HCOSH 
. RIGID ROTOR POSITION 

70134 MHz 
n J i 8 " 7 

n T= 10-9 0 r°rt 

0 

r 140028 MHz ;K=1 CENTER 

»500 MHz »1000 
Fig. 4. Comparison of five a-type R-branch transitions of trans- and c£s-HC( :0)SH. The center positions of the — 1 dou-
blets of the different J+l-^-J transitions have been aligned (vertical arrows). For the higher-/ values the = 0, 1 and 2 
components of the trans and eis rotamers overlap. Deviations from the rigid rotor positions for 4 are indicated by 

arrows. 
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trons-HCOSH, J = 16—15 eis - HC ( 0)SH 
7 6 , 

1 8 7 2 0 0 1 8 7 2 5 0 1 8 7 3 0 0 

Kq=13 [ " 1 8 7 3 1 9 . 2 5 7 M H z 

M H z 1 8 7 3 5 0 

4 0 0 S W E E P A V E R A G E 
2 5 P 0 I N I S M O O T H I N G 

1 8 7 3 1 7 . 2 4 0 1 8 7 3 2 0 . 8 4 0 M H z 

Fig. 5. Oscilloscope display of a portion of the / = 16-<—15 
a-type R-branch transition of Jrarcs-HC(:0)SH. The second 
band head near K a = 7 is clearly visible. A 400 sweep com-
pputer average of the absorption profile of the K a = 13 line 

is given. 

of the second band head in the KA pattern of the 
7 = 1 6 - ^ 1 5 transition of the trans rotamer. The 
upper part of this figure shows the calculated line 
positions, the lower part shows an oscilloscope dis-
play of the millimeter wave spectrum. The forma-
tion of such band heads has been previously ob-
served in the spectra of other near prolate asym-
metric top molecules 1 5 '1 G . 

In addition to the R-branch lines numerous a-type 
Q-branch transitions belonging to the r /Q1 , q Q 2 , (JQ • 
and 7Q4 branches were also observed for each rota-
mer in the microwave region. 

2) The b-type Spectrum 

Over sixty 6-type transitions belonging to the K:x 

= 1 - 0 , 2 - 1 , 3 - 2 , 4 - 3 and 5 - 4 rotational 
sub-bands have been measured and assigned for 
each rotamer of H C ( : 0 ) S H . These transitions are 
widely scattered over the frequency region from 8 to 
250 GHz, as shown by the Fortrat diagrams given 
in Figure 6. A few of the 6-type branches, notably 
the 'P1 and rQ4 branches, form band heads, but they 
are not as localized and hence as easily recognized 
as those found in the A., pattern of the a-type R-
branch transitions. Several low-/ transitions belong-
ing to the 'P 0 branch fall in the microwave region, 
and were assigned first on the basis of approximate 
frequency predictions. Confirmation of these assign-
ments was obtained from observed Stark effect pat-
terns. Additional 6-type transitions of the remaining 
branches were then located using a bootstrap pro-

t r a n s - H C C O l S H 

Fig. 6. Fortrat diagrams for the fe-type transitions of cis-
and frares-HC ( : 0 ) SH. Closed and open circles indicate mea-

sured and calculated line positions respectively. 

cedure. This is an iterative process which starts with 
a least squares fit to the easily assigned low-/ tran-
sitions. Rotational and centrifugal distortion con-
stants obtained in this fit are used to predict the 
frequencies and standard deviations of higher-/ 
transitions which can then be measured and included 
in a second least squares fit. The cycle is repeated 
several times with new sets of progressively higher-
/ lines being included in each successive fit. Simul-
taneously the Hamiltonian is gradually expanded by 
the addition of higher order terms. This procedure 
was used to assign the majority of the £>-type tran-
sitions as well as the high-/ a-type Q-branch tran-
sitions. 

The rotational spectrum of monothioformic acid 
could thus be characterized as a confusion of strong 
absorption lines scattered throughout the micro-
wave and millimeter wave regions. Onlv when the 
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TABLE I . 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 * A N S - H C O S H I N MHz 

4 2 7 

TRANSITION OBSERVEO CALCULATED FREQUENCY 0 3 S . - C A L C . ENERGY LEVELS IN C N - 1 
UPPER LOWER FREQUENCY (STANOARD DEVIATION) UPPER LOWER 
STATE STATE (WEIGHT) STATE STATE 

** A TYPE R BRANCH • • 

1 ( * » 1 ) - t ( J u) 1 1 6 9 4 . 9 O 7 0 ( . L . * ) 1 1 6 9 4 . 9 3 3 5 ( j . 0 0 . 3 ) . . 0 0 3 5 j • 3 9 3 o . o ; o 

2 ( * ' » 2 ) 1< 0 1) 2 3 3 8 5 . 6 7 , J Ü ( 1 . 0 ) 2 3 3 8 5 . 6 6 5 3 ( 0 . 0 0 0 5 ) 1 . 1 7 0 ? . 3 9 3 
2 ( 1» 2 ) - 1< 1 1) 2 2 8 3 4 . 3 9 j u C l . u ) 2 2 Ö 3 4 . 3 7 4 c ( j . * 0 0 5 ) 0 . * 1 3 2 3 . 0 1 7 2 . 2 5 5 
2 ( 1 > 1 ) - 1 ( 1 0) 2 3 9 4 5 . 5 3 u u ( l . L ) 2 3 9 4 5 . 3 4 3 0 ( 0 . j 00 5 ) - V . J L J 3 . 3 7 2 2 . 2 7 4 

3 ( 0 t 3 ) _ Z ( 0 2 ) 3 5 * 6 3 . u . u v ( l . u ) 35 j 6 7 , 9 9 5 9 ( 0 . 0 0 u 6 ) 0 . 3 0 41 2 . 3 4 0 1 . 1 7 0 
3 ( 1 , 3 ) - 2< 1 2 ) 3 4 2 4 8 . 8 2 J b ( 1 . 0 ) 3 4 2 4 8 . 3 1 3 9 ( 0 . u 0 - 6 ) . . U b l l 4 . 1 5 9 3 . 0 1 7 
3 ( 1 » 2 ) - 2 ( 1 1 ) 3 5 9 1 5 . 4 6 u O ( 1 . 0 ) 3 5 9 1 5 . 4 9 5 5 ( * . 0 u* 8) - Ü . 0 Ü 5 •* . 27 o 3 . 3 7 2 
3 ( 2» 2 ) - 2 ( 2 1) 3 5 0 8 5 . 5*. Ju ( 1 . 0 ) 3 5 t d 5 . 5 0 6 9 ( 0 . 000 7 ) 0 . 0 3 3 1 3 . 8 3 7 8 . 6 6 7 
3 ( 2 , 1 ) - 2 ( 2 - ) 3 5 1 ^ 1 . 9 4 0 j ( l . u ) 3 5 1 » 1 . 9 8 2 H ( J . * o : 7 ) - j . 0 H 2 4 9 . 8 3 8 8 . 6 6 7 

I» ( " » 4 ) 3 ( Q 3) 4 6 7 3 7 . 7 3 5 4 ( 2 O O l t ) 3 . 8 9 9 2 . 3 4 3 
4 ( 1« 4 ) - 3 ( 1 3 ) 4 5 6 5 9 . 9 9 3 5 ( i . 0 0 1 0 ) 3 . 6 8 2 4 . 1 5 9 
4 ( 1» 3 ) - 3 ( 1 2 ) 4 7 6 8 2 . 0 4 7 5 ( 0 . * 01 o ) 5 . d 6 8 4 . 2 7 3 

5 ( 0? 5 ) _ 4 ( c 4 ) 5 8 3 9 0 . 7 1 9 3 ( 0 . 0 0 1 2 ) 5 . 3 4 7 3 . 3 9 9 
5 ( 1 » 5 ) - 4 ( 1 4 ) j 6 6 . 8 7 * H ( 0 . 1 1 1 2 ) 7 . 53 6 5 . 6 3 2 
5 ( 1 » i*) - 4 ( 1 3 ) ' 3 9 5 4 4 . : i 7 6 ( J . 0 1 1 2 ) 7 . 3 6 4 5 . 8 6 8 

6 ( j i b ) _ 5 ( 0 5 ) 7 0 0 2 2 . 8 3 4 0 ( 1 . 0 ) 7 0 . 2 2 . 6 3 8 5 < u . 0 0 1 4 ) - J . O 0 4 5 3 . 1 8 2 5 . 8 4 7 
6 ( 1 . 6 ) - 5 ( 1 5) 6 8 4 6 6 . 4 2 5 0 ( 1 . 0 ) 6 8 4 6 8 . 4 3* 1 ( * • 0 0 1 4 ) - j . 3 u 51 9 . 3 7 2 7 . 5 06 
6 ( 1 » 5 ) - 5 ( 1 H) 7 1 8 0 u . l 6 5 u ( 1 . 0 ) 7 1 8 u 0 . l o 9 9 ( 0 . U 0 1 4 ) - * . 0 0 4 9 l u . 2 5 9 7 . 8 6 4 
6 ( 2 , 5 ) - 5 ( 2 4 ) 7 0 1 5 0 . 2 7 4 j ( 1 . 0 ) 7 j 1 5 0 . 2 8 9 4 ( 0 . 0 0 1 3 ) - . . 0 1 5 4 1 5 . 6 8 7 1 3 . 3 4 8 
6 ( 2 , 1») - 5 ( 2 3 ) 7* 2 9 4 . 1 7 1 j ( 1 . C ) 7 0 2 9 4 . 1 6 9 4 ( 0 . u 0 1 3 ) * . 0 0 l b 1 5 . 6 9 7 1 3 . 3 5 2 
6 ( 3 , 4 ) - 5 ( 3 3 ) 7 0 1 9 3 . 5 D 8 o ( l . L ) 7 u 1 9 3 . 5 0 6 9 ( 0 . 0 0 1 2 ) * . U ü l l 2 5 . 0 5 9 2 2 . 7 1 8 
6 ( 3 , 3 ) - 5 ( 3 2 ) 7 0 1 9 H . 5 7 0 * ( 1 . 0 > 7 0 1 9 4 . 5 7 5 * ( a. u 0 1 2 ) - t . 0 u 5 0 2 5 . 0 5 9 2 2 . 7 1 8 
6 ( I», 3 ) - 5 ( 4 2 ) 7 * 1 3 9 . 0 0 2 u ( 1 . * ) 7 u 1 3 8 . 9 8 7 5 ( 0 . u w l l ) V . 0 1 4 5 3 8 . 1 7 1 3 5 . 8 3 3 
6 ( 2 ) - 5 ( 4 1) 7 0 1 6 9 . u 0 2 0 ( j . 0 ) 7 0 1 8 8 . 9 9 0 2 ( J . 0 * 1 1 ) 0 . 0 1 1 6 3 3 . 1 7 1 3 5 . 8 3 0 
6 < 5 , 2 ) - 5 ( 5 1 ) 7 0 1 8 9 . 9 I 2 J ( 1 . 0 ) 7 0 l o 9 . 9 0 1 9 ( J . 0 0 1 2 ) C . 0 1 3 1 5 5 . 3 2 4 5 2 . 6 8 3 
6 ( 5 , 1 ) - 5 ( 5 0 ) 7 C 1 8 9 . 9 i 2 0 ( . . : ) 7 ü 1 8 9 . 9 J 1 9 ( 0 . 0 0 1 2 ) 0 . 0 1 3 1 5 5 . 3 2 4 5 2 . 6 3 3 

7 ( 0 . 7 ) _ b ( 0 b ) 3 1 6 3 0 . i 3 6 6 ( 0 . 0 0 1 6 ) 1 3 . 90 5 d . 1 3 2 
7 ( 1 » 7 ) - b< 1 b ) 7 9 6 6 3 . 7 2 J 3 ( Ü . 0 3 1 6 ) 1 2 . 5 3 4 9 . 8 7 0 
7 ( 1» 6 ) - 6 ( 1 5 ) 6 3 7 - » 9 . 3 J I J ( 0 . U 0 1 6 ) 1 3 . 0 5 2 1 0 . 2 5 9 

6 ( v 9 6 ) 71 0 7 ) 9 3 2 , 8 . b 2 4 J ( 1 . 0 ) 9 3 2 0 8 . 6 2 7 9 ( 3 . 0 0 1 7 ) - 0 . 0 0 3 9 1 4 . 3 1 4 1 0 . 9 0 5 
8 ( l . 3 ) - 7 ( 1 7 ) 9 1 2 5 1 . Ö - . 7 « ( 1 . 0 ) 9 1 2 5 1 . 8 4 0 0 ( 0 . 0 0 1 7 ) * • 0 070 1 5 . 5 7 7 1 2 . 5 3 4 
8 ( 1» 7 ) - 7 ( 1 b ) 9 5 b 9 u . 0 3 2 0 ( 1 . 0 ) 9 5 6 9 0 . _ 3 0 0 ( ». 0 0 1 7 ) J< u 020 1 6 . 2 4 4 1 3 . 3 5 2 
S ( 2 , 7 ) - 7 ( 2 b ) 9 3 5 3 5 . - 9 8 u ( 1 . 0 ) 9 3 5 J 5 . : 8 5 4 ( J . 0 0 1 6 ) 0 . 0 1 2 b 2 1 . 5 3 6 1 8 . 4 1 7 
8 ( 2 , b ) - 7 ( 2 5) 9 3 ö 4 ö . 9 8 7 o ( 1 . 0 ) 9 3 6 4 8 . 9 8 9 5 ( b . 0 3 1 6 ) - ü . 0 0 2 5 2 1 . 5 6 5 1 8 . 4 3 4 
8 ( 3 , b ) - 7 ( 3 5 ) 9 3 6 0 5 . 8 - + 3 u ( 1 . 0 ) 9 3 6 0 5 . 8 3 3 6 ( 0 . 0 0 1 4 ) j • 0 0 6 4 3 J . 9 1 3 2 7 . 7 9 1 
8 ( 3 , 3 ) - 7 ( 3 4 ) 9 3 b l 0 . b 520 ( 1 . C ) 9 3 b 1 0 . 6 3 5 5 ( 0 . 0 0 1 4 ) 3 . 0 1 6 5 30 . 9 1 3 2 7 . 7 9 1 
6 ( 4 , 5 ) - 7 ( 1» 4 ) 9 3 5 9 2 . 5 9 o ( u . * ) 9 3 5 9 2 . 5 0 7 4 ( 0 . 0 0 1 3 ) J . 0 0 1 6 4 4 . 0 2 5 4 0 . 9 C 3 
8 ( * • » 4 ) - 7 ( 4 3 ) 9 3 5 9 2 . 5 j 9 J ( u . 0 ) 9 3 5 9 2 . 5 3 1 6 ( 0 . 3 u l 3 ) - 0 . 0 2 2 6 4 4 . 0 2 5 • . 0 . 9 * 3 
8 ( 5 , 4 1 - 7 ( 5 3 ) 9 3 5 o 9 . d 8 7 u ( 1 . 0 ) 9 3 5 8 9 . 8 9 3 6 ( 0 . 0 0 1 4 ) - j . b J b b 6 * . 87 7 5 7 . 7 5 b 
0 ( 5 , 3 ) - 7 ( 5 2 ) 9 3 5 Ö 9 . O 8 7 0 ( * . 0 > 9 3 5 8 9 . 8 9 3 6 ( 0 . 0 u 1 4 ) . 0 Jb6 6 J . 8 7 7 5 7 . 7 5 6 
6 I 6 , 3 ) - 7 ( 6 2) 9 3 5 9 2 . 8 . 8 j ( 1 . 0 ) 9 3 5 9 2 . 6 u 4 8 ( 0 0 0 1 8 ) 0 . 0 0 3 2 8 1 . 4 6 7 7 8 . 3-»5 
6 ( 6» 2 ) - 7 ( b 1 ) 9 3 5 9 2 . d J 3 * ( . . * ) 9 3 5 9 2 . 8 u 4 ö ( J . 0 0 1 8 ) 0 . 0 0 3 2 6 1 . 4 b 7 7 8 . 3 4 5 
8 ( 7 , 2 ) - 71 7 1 ) 9 3 5 9 8 . 9 3 3 0 ( 1 . 0 ) 9 3 5 9 8 . 9 4 1 5 ( 0 . 0 0 2 3 ) - j . 0 0 35 1 3 5 . 7 8 7 1 * 2 . 6 6 5 
6 ( 7 , 1 ) - 71 7 0) 9 3 5 9 8 . 9 3 3 * ( . . 0 ) 9 3 5 9 8 . 9 4 1 5 ( 0 . 0 0 2 3 ) - 3 • 0 u 8 5 1 0 5 . 7 8 7 1 0 2 . 6 6 5 

9 ( C , 9 ) _ 8 ( C 8 ) l o 4 7 5 4 . 88 7 2 ( J 0 * 1 9 ) 1 7 . 5 0 9 1 4 . 0 1 4 
9 ( 1 » 9 ) - 6 ( 1 8 ) 1* 2 6 3 1 . 9 5 2 2 ( J . 0 0 1 8 ) 1 9 . 0 0 1 1 5 . 5 7 7 
9 ( 1» 3 ) - c ( 1 7 ) 10 7 b 2 0 . 9 8 9 u ( 0 0 0 1 8 ) 1 9 . 8 3 4 1 6 . 2 4 4 
9 ( 2 , 3 ) - 8 ( 2 7 ) l t 5 1 7 3 . 6 9 k l * ( 1 . 0 ) 1 * 3 1 7 3 . 6 7 8 6 ( 0 0 0 1 7 ) 0 . 0 1 1 4 25 0 4 4 2 1 . 5 3 6 
9 ( 2» 7 ) - fa( 2 b ) l * 5 6 6 3 . 2 4 6 0 ( l . « i ) 1 0 5 6 6 3 . 2 6 0 9 ( 0 . 0 0 1 7 ) - t . 0 1 4 9 2 3 . 0 8 9 2 1 . 5 6 5 
9 ( 3» 7 ) - 0( 3 6 ) 1 C 5 3 1 5 . 9 j 9 U ( 1 . 0 ) 1 0 5 3 1 5 . 9 2 3 0 ( J 0 0 1 5 ) - d . t 1 4 0 3 4 . 4 2 6 3 0 . 9 1 3 
9 ( 3 , b ) - b ( 3 5 ) 1 1 5 3 2 4 . 6 9 7 „ ( l . . j ) 1 5 3 2 4 . 7 1 9 9 ( 0 . 0 0 1 5 ) . 0 2 2 9 3 4 . 4 2 7 3 0 . 9 1 3 
9 ( 4 » b ) - 6 ( 4 5 ) 1 0 5 2 9 b . 5 J 4 U C . 0 ) 1 0 5 2 9 6 . 4 7 1 9 ( 0 . 0 0 1 4 ) 0 . u 3 2 1 4 7 . 5 3 7 4 4 . 0 25 
9 ( 4 , 5 ) - 8 ( 4 4 ) 1 0 5 2 9 b . 5 * 4 0 ( - . 0 ) 1 * 5 2 9 6 . 5 2 9 9 ( 0 . 0 0 1 4 ) - t . 0 2 5 9 4 7 . 5 3 7 4 4 . 3 2 5 
9 ( 5 , 5 ) - 6 ( 5 4 ) 10 5 2 9 J . 9 2 3 » ( 1 . 0 ) 1* 5 2 9 0 . 9 2 1 9 ( 0 C 0 1 5 ) 0 . 0 0 1 1 6 * 3 9 0 6 0 . 8 7 7 
9 ( 5 , • > - 8 ( 5 3) 1 0 5 2 9 U . 9 2 4 0 ( , . 0 ) 1 0 5 2 9 0 . 9 2 2 0 ( 0 . 0 o 1 5 ) J . 0 u 23 6 4 . 3 9 0 6 0 . 8 7 7 
9 ( 6 , V ) - 8 ( b 2) i t 5 2 9 2 . 6 2 3 * ( 1 . 0 ) 1 * 5 2 9 2 . 8 2 2 5 ( 0 . 0 0 1 9 ) t . 0 Cu5 84 9 7 9 8 1 . 4 6 7 
9 ( 6 , 3 ) - d ( b 2 ) 1 0 5 2 9 2 . 8 2 3 0 ( - . 0 ) 1 0 5 2 9 2 . 8 2 2 5 ( 0 . 0 0 1 9 ) L . 0 0 * 5 8*+ 9 7 9 8 1 . 4 6 7 
9 ( 7 , 3 ) - Ö ( 7 2 ) 1 0 5 2 9 6 . 9 l 7 * ( l . o ) I u 5 2 9 8 . 9 1 4 2 ( 0 . 0 C 2 4 ) 0 . 0 0 2 8 1 0 9 . 30 0 1 0 5 . 7 8 7 
9 ( 7 , 2 ) 6 ( 7 1) 1 C 5 2 9 8 . 9 1 7 0 ( „ • 0 ) 1 J 5 2 9 8 . 9 1 4 2 ( 0 . 0 0 2 4 ) 0 . 0 0 2 6 109 3 0 0 1 . 5 . 7 3 7 

10 < J« 1 J ) _ 9 ( 0 9 ) 1 1 6 2 6 5 . 6 6 1 C ( 0 . 0 0 1 9 ) 21 3 8 7 1 7 . 5 0 9 
10 ( 1 , 1 0 ) - 9 ( 1 9 ) 1 1 4 0 0 3 . 2 9 1 4 ( 0 0 0 1 9 ) 2 2 . 8 0 4 1 9 . 3 0 1 
11 ( 1» 9 ) 9 C 1 8) 1 1 9 5 4 0 . 7 1 3 4 ( 0 . 0 0 1 9 ) 23 8 2 1 1 9 . 8 3 4 

11 ( 0« 1 1 ) _ 10 ( 0 1 0 ) 1 2 7 7 3 8 . 2 3 9 t ( l . C ) 1 2 7 7 3 8 . 2 4 5 2 ( 0 0 0 2 0 ) - : . 0 0 o 2 25 64 8 2 1 . 3 3 7 
11 ( 1 , 1 1 ) - i l < 1 1 0 ) 1 2 5 3 6 5 . l * 7 u ( j . t ) 1 2 5 3 6 5 . 1 7 0 5 ( 0 u 0 1 9 ) - * . 3 b 3 5 2b 9 8 5 2 2 . 8 0 4 
11 ( 1» lü ) - 10 ( 1 9 ) 1 3 1 4 4 7 . 6 5 1 8 ( 0 C 1 9 ) 23 2 0 6 2 3 . 8 2 1 

12 ( J 1 1 2 ) _ i i < U 1 1 ) 1 3 9 1 7 0 . 5 6 9 7 ( j 0 0 2 0 ) 30 2 9 0 2 5 . 6 4 8 
12 ( 1 , 1 2 ) - l l ( 1 1 1 ) 1 3 6 7 1 6 . 9 8 6 K 1 0 0 2 0 ) 31 5 4 6 2 6 . 9 8 5 
12 ( 1 , 1 1 ) - 11< 1 1 0 ) 1 4 3 3 4 0 . 1 5 7 3 ( 0 0 C 2 0 ) 3 2 9 8 7 2 8 . 2 "6 
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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 

TRANSITION OSSlRVED CALCULATED FREQUENCY O B S . - C A L C . ENERGY LEVELS IN CM-1 
UPPER LOWER FREQUENCY (STANDARD DEVIATION) UPPER LOWER 
STATE STATE (WEIGHT) STATE S TATE 

13 ( - 1 3 ) - 1 2 ( J 1 2 ) 1 5 0 5 6 1 3 1 7 0 ( i . 0 ) 1 5 0 5 o l . 3 2 9 3 ( j 0 0 2 0 ) - 0 0 1 2 3 3 5 . 3 1 2 3 0 . 2 9 0 
13 ( 1 13 ) - 1 2 ( 1 1 2 ) 1 4 8 0 5 8 . 2 2 j u ( 1 « 0 ) 1 4 8 . 5 8 . 2 2 3 2 ( 0 0 2 0 ) - o 0 0 32 3 6 . 4 8 4 3 1 . 5 4 6 
13 ( 1 1 2 ) - 1 2 ( 1 1 1 ) 1 5 5 2 1 6 . 4 7 8 0 ( 1 . 0 ) 1 5 5 2 1 6 . 4 7 9 7 ( C 0 2 0) - J 0 0 1 7 3 3 . 1 6 5 3 2 . 9 8 7 
13 ( c 1 2 ) - 1 2 ( 2 1 1 ) 1 5 1 7 7 1 . 8 . 5 0 ( 1 « 0 ) 1 5 1 7 7 1 . 7 77 b i 0 0 1 8 ) 0 0 2 7 2 4 2 . 9 6 4 3 7 . 9 0 2 
13 ( 2 1 1 ) - 1 2 ( 2 l u ) 1 5 3 2 1 3 , 8 . 7 u ( 1 . 0 ) 1 5 3 2 1 3 . 7 9 9 0 ( n c i 8 ) 0 0 0 3 0 4 3 . 1 4 8 3 8 . 0 3 7 
13 ( 3 1 1 ) - 1 2 ( 3 1C> 1 5 2 1 0 3 . d b 2 n ( 1 . C) 1 5 2 1 8 3 . 8 6 4 9 ( li 0 1 7 ) -J 3 0 29 5 2 . 3 3 6 4 7 . 3 1 0 
13 ( 3 1J ) - 1 2 ( 3 9) 1 5 2 2 4 0 . 7 l 2 o ( 1 . 0 ) A 5 2 2 4 O . 7 1 9 8 ( j U 1 7 ) - 0 0 0 7 8 5 2 . 3 9 1 4 7 . 3 1 3 
13 ( H 1 j ) - 1Z ( 4 9) 1 5 2 1 3 1 . 2 7 5 0 ( 1 . 0 ) 1 5 2 1 3 1 . 2 7 1 9 ( 3 0 0 1 7 ) 0 0 0 3 1 6 5 . 4 9 1 DO. 4 1 7 
13 ( 4 9 ) - 1 2 ( -4 8) 1 5 2 1 3 2 . 1 2 1 0 ( 1 . 0 ) 1 5 2 1 3 2 . 10 7 0 ( ^ 0 0 1 7 ) ii 014C 6 5 . 4 9 1 6 0 . 4 1 7 
13 ( 5 9 ) - 1 2 ( 5 8) 1 5 210 4 . 0 j 7 0 ( 1 . 0 ) 1 5 2 1 J 3 . 9 9 1 6 ( 0 L 0 1 3 ) 0 0 1 5 4 8 2 . 3 4 2 7 7 . 2 6 8 
13 ( 5 3 ) - 1 2 ( 5 7 ) 1 5 2 1 0 4 . 0 . 7 0 ( . . 0 ) 1 5 2 1 3 3 . 9 9 7 7 ( j 0 0 1 8 ) a 0 0 9 3 8 2 . 3 4 2 7 7 . 2 6 8 
13 ( 6 8 ) - 1 2 ( 6 7 ) l 5 2 C 9 o . 4 7 6 0 ( 1 . 0 ) 1 5 2 . 9 6 . 4 6 8 6 ( 3 0 0 2 1 ) ii 0 0 7 4 10 2 . 9 3 1 9 7 . 8 5 7 
13 ( 6 7 ) - 1 2 ( b 6 ) 1 5 2 J 9 6 . 4 / 6 J ( . « ) 1 5 2 0 9 6 . 4 6 8 7 ( 0 0 0 2 1 ) Oi j ü 73 1 0 2 . 9 3 1 9 7 . 3 5 7 
13 ( 7 7 ) - 1 2 ( 7 6) 1 5 2 0 9 9 . 2 1 0 0 ( 1 . 0 ) 1 5 2 . 9 9 . 1 9 9 6 < 0 0 0 2 6 ) j 0 1 J4 1 2 7 . 2 5 2 1 2 2 . 1 7 8 
13 ( 7 b ) - 1 2 ( 7 5 ) 1 5 2 0 9 9 . 2 1 0 . ( J . 0 ) 1 5 2 . 9 9 . 1 9 9 6 ( i, 0 0 2 6 ) 0 0 1 0 4 1 2 7 . 2 5 2 1 2 2 . 1 7 8 
13 ( 3 6 ) - 1 2 ( 8 5 ) 1 5 2 1 0 3 . 2 8 7 . ( l . 0 ) 1 5 2 1 0 8 . 2 7 9 1 ( 3 C c 3 1 ) 0 0 7 9 1 5 5 . 2 9 8 1 5 0 . 2 2 4 
13 ( o 5 ) - 1 2 ( 8 4) 1 5 2 1 0 8 . 2 b 7 0 ( 0 . 0 ) 1 5 2 1 u 8 . 2 7 9 1 ( 0 0 0 3 1 ) 0 0 0 79 1 5 5 . 2 9 8 1 5 3 . 2 2 4 
13 ( 9 5 ) - 1 2 ( 9 4 ) 1 5 2 1 2 1 8 9 4 0 ( 1 . 0 ) 1 5 2 1 2 1 . 8 9 1 5 ( 0 0 0 3 6 ) 0 0 0 2 5 1 8 7 . 3 6 2 1 8 1 . 9 8 7 
13 ( 9 4 ) - 121 9 3) 1 5 2 1 2 1 . 8 9 4 0 < 0 . 0 ) 1 5 2 1 2 1 . 8 9 1 5 ( 0 0 0 3 6 ) 0 3 0 2 5 1 8 7 . 0 6 2 1 8 1 . 9 8 7 
13 ( 1 . 4 ) - 1 2 ( l u 3) 1 5 2 1 3 9 0 3 9 0 ( 1 . 0 ) 1 5 2 1 3 9 . 0 3 84 ( 0 0 0 4 1 ) ii 0 0 0 6 2 2 2 . 5 3 4 2 1 7 . 4 6 0 
13 ( 1 j 3 ) - 1 2 ( l ü 2 ) 1 5 2 1 3 9 . . ,39 0 ( 0 . 0 ) 1 5 2 1 3 9 . 0 8 8 4 ( 0 C 0 4 1 ) . 0 0 0 6 2 2 2 . 5 3 4 2 1 7 . 4 6 0 
1 3 ( 1 1 3 ) - 1 2 ( 1 1 2) 1 5 2 1 5 9 . 3 2 8 0 ( 1 . o ) 1 5 2 1 5 9 . 3 2 6 5 ( 0 0 0 4 7 ) u 0 0 1 5 2 6 1 . 7 0 7 2 5 6 . 6 3 1 
13 ( 1 1 2 ) - 1 2 ( 11 1) 1 5 2 1 5 9 3 2 8 j ( . . 0 ) 1 5 2 1 5 9 . 3 2 6 5 ( u 0 0 4 7 ) „ 0 0 1 5 2 6 1 . 70 7 2 5 6 . 6 3 1 
13 ( 1 2 2 ) - 1 2 ( 1 2 1 ) 1 5 2 1 6 2 2 b 2 . ( 1 . 0 ) 1 5 2 1 8 2 . 2 6 8 4 ( u 0 0 5 6 ) - 0 0 0 6 4 3 0 4 . 5 b 9 2 9 9 . 4 9 3 
13 ( 1 2 1 ) - 1 2 ( 1 2 0) 1 5 2 1 8 2 . 2 6 2 0 ( j . 0 ) 1 5 2 1 3 2 . 2 6 3 4 ( - i, 0 5 b ) - J 1 -064 3 0 4 . 5 6 9 2 9 9 . 4 9 3 

15 ( 1 i + ) - 1 4 ( 1 1 3 ) 1 7 8 9 1 3 . 0 2 2 0 ( 1 . C) 1 7 3 9 1 3 . : . 1 6 9 ( ü C 3 2 0 ) 0 0 0 51 4 9 . 7 0 6 4 3 . 7 3 8 

16 ( 0 1 5 ) 1 5 ( ^ 1 5 ) 1 6 4 4 8 4 . 5 9 0 0 ( i . C) 1 8 4 4 8 4 . b 2 2 1 ( 0 0 0 2 0 ) - - 0 3 2 1 5 2 . 6 4 4 4 6 . 4 9 1 
l b ( 1 lb) - 15 ( 1 1 5 ) 1 8 2 Ü 1 4 b 9 4 0 ( 1 . 0 ) 1 8 2 . 1 4 . 6 9 4 0 ( 0 0 0 2 0 ) 0 0 0 00 5 3 . 5 6 7 4 7 . 4 9 5 
16 ( 1 1 5 ) - 1 5 ( 1 1 4 ) 1 9 0 7 2 9 . 1 5 9 « ( 1 . C) 1 9 0 7 2 9 . 1 6 4 2 ( 0 G 0 2 0 ) - 0 0 0 5 2 5 6 . 0 6 8 4 9 . 7 0 6 
16 ( 2 1 5 ) - 1 5 ( 2 1 4 ) I 8 b 6 1 9 . 7 0 4 0 ( 1 . j ) 1 3 6 6 1 9 . 6 9 2 1 ( 0 0 0 1 9 ) Oi 0 119 6 0 . 47 8 5 4 . 2 5 3 
16 ( 2 1+ ) - 15 ( 2 1 3 ) 1 8 9 1 9 4 . 4 0 0 0 ( 1 . 0 ) 1 8 9 1 9 4 . 3 9 4 0 ( 0 0 0 1 9 ) O 3 0 6 0 6 3 . 8 7 8 3 4 . 5 b 7 
l b ( 3 1 4 ) - 1 5 ( 3 1 3 ) 1 8 7 3 5 9 6 1 5 0 ( 1 . 0 ) 1 8 7 3 5 9 . 62 51 ( 0 0 0 1 9 ) - 0 D 1 0 1 6 9 . 9 6 1 6 3 . 7 1 2 
16 ( 3 1 3 ) - 1 5 ( 3 1 2 ) 1 8 7 5 2 0 . 4 3 4 j ( 1 . 0 ) 1 8 7 5 2 0 . 4 2 1 4 ( £ 0 0 1 9 ) C 0 1 2 6 6 9 . 9 7 8 0 3 . 7 2 3 
16 ( H 13 ) - 1 5 ( 4 1 2 ) l 8 7 2 o l . ö 9 9 . ( 1 . C) 1 6 7 2 8 1 . 8 9 7 2 ( 0 C 0 2 0 ) 0 0 0 1 3 8 3 . 06 C 7 6 . 8 1 3 
16 ( 4 1 2 ) - 1 5 ( 4 1 1 ) 1 6 7 2 S 5 . 5 5 2 j ( 1 . 0 ) 1 8 7 2 8 5 . 5 o l 3 ( 0 0 0 2 0 ) - 0 0 0 9 3 8 3 . 0 6 0 7 6 . 8 1 3 
16 ( 5 1 2 ) - 1 5 ( 5 1 1 ) 1 8 7 2 2 5 . 6 9 9 0 ( 3 . 0 ) 1 8 7 2 2 5 . bbö7( 0 0 0 2 3 ) 0 0 323 9 9 . 9 0 6 9 3 . 6 6 0 
16 ( 5 1 1 ) - 1 5 ( 5 l u ) 1 8 7 2 2 3 6 9 9 0 ( 0 . 0 ) 1 8 7 2 2 5 . 7 0 9 2 ( 0 0 0 2 3 ) — 0 0 ID2 9 9 . 9 0 6 9 3 . 6 6 0 
16 ( 6 1 1 ) - 1 5 ( 6 1 3 ) 1 8 7 2 0 3 . 9 4 0 0 ( 1 . 0 ) 1 3 7 2 « 3 . 9 3 0 9 ( 0 0 0 2 7 ) 0 0 0 9 1 1 2 0 . 4 9 3 1 1 4 . 2 4 9 
16 ( 6 10 ) - 1 5 ( 6 9 ) 1 8 7 2 . 3 . 9 4 0 0 ( . 0 ) 1 8 7 2 . 3 . 9 3 1 2 ( 0 0 o 2 7 ) u 0 0 3 3 1 2 0 . 4 9 3 1 1 4 . 2 4 9 
16 ( 7 1Ü) - 1 5 ( 7 9 ) 1 8 7 1 9 9 9 0 6 0 ( 1 . u ) 1 3 7 1 9 9 . 9 1 7 4 ( 0 0 0 3 2 ) - Ö 0 1 1 4 1 4 + . 8 1 4 1 3 8 . 5 7 0 
16 ( 7 9 ) - 1 5 ( 7 8 ) 1 8 7 1 9 9 . 9 j 6 j ( j . D) 1 0 7 1 9 9 . 9 1 7 4 ( 0 0 0 3 2 ) —0 0 1 1 4 1 4 4 . 8 1 4 1 3 8 . 5 7 0 
16 ( 3 9 ) - 1 5 ( 6 Ö) 1 8 7 2 C 6 3 7 5 * ( 1 . 0 ) 1 8 7 2 . 6 . 3 6 5 4 ( u 0 0 3 6 ) 11 0 0 9 6 1 7 2 . 8 6 1 1 6 6 . 6 1 6 
16 ( 3 8 ) - 1 5 ( 8 7) 1872 ' . ' 6 3 7 5 u ( i . . 0 ) 1 8 7 2 0 6 . 3 6 5 4 ( 0 0 0 3 6 ) ii 3 0 9 6 1 7 2 . 8 6 1 1 6 6 . 6 1 6 
16 ( 9 8 ) - 15 ( 9 7 ) 1 8 7 2 1 9 9 1 7 u ( l . 0 ) 1 8 7 2 1 9 . 9 0 4 « ( 0 0 0 3 9 ) a 0 130 2 0 4 . 6 2 6 1 9 8 . 3 8 1 
16 ( 9 7 ) - 1 5 ( 9 6 ) 1 8 7 2 1 9 9 1 7 0 ( 0 . 0 ) 1 8 7 2 1 9 . 9 0 4 0 ( c 0 0 3 9 ) c 0 13 J 2 0 4 . 6 2 6 1 9 8 . 3 3 1 
1 6 ( 1 . 7 ) - 1 5 ( l b 6) 1 8 7 2 3 3 7 3 3 0 ( 1 . 3 ) 1 8 7 2 3 8 . 7 8 1 4 ( i) 0 0 4 0 ) - 0 0 2 3 4 2 4 0 . 1 0 0 2 3 3 . 3 5 5 
16 (1 .3 5 ) - 1 5 ( l C 5 ) 1 8 7 2 3 8 7 530 ( , . . 0 ) 1 8 7 2 3 8 . 7 8 1 4 ( 0 C 0 4 0 ) - u 0 2 8 4 2 4 0 . 10 G 2 3 3 . 8 5 5 
16 ( 1 1 6 ) - 1 5 ( 1 1 5 ) 1 8 7 2 6 2 0 m 7 j ( l . 0 ) 1 8 7 2 6 2 . 0 0 2 3 ( 0 « 0 4 1 ) u 0 0 4 7 2 7 9 . 2 7 5 2 7 3 . 0 2 9 
16 ( 1 1 5 ) - 1 5 ( 1 1 4 ) 1 8 7 2 6 2 j 0 7 0 (3 0 ) 1 3 7 2 6 2 . 0 u 2 3 ( 0 0 0 4 1 ) u 0 0 47 2 7 9 . 2 7 5 2 7 3 . 0 2 9 
1 6 ( 1 2 5 ) - 1 5 ( 1 2 4 ) 1 8 7 2 8 8 9 2 4 u ( 1 . 0 ) 1 8 7 2 8 8 . 9 5 7 2 ( 0 0 0 4 6 ) - 0 0 3 3 2 3 2 2 . 1 4 0 3 1 5 . 8 9 3 
1 6 ( 1 2 4 ) - 1 5 ( 1 2 3 ) 1 8 7 2 8 3 9 2 4 0 ( 0 . 0 ) 1 8 7 2 8 8 . 9 5 7 2 ( u C 0 4 6 ) - J 0 3 3 2 3 2 2 . 1 4 u 3 1 5 . 3 9 3 
16 ( 1 3 4 ) - 1 5 ( 1 3 3 ) 1 8 7 3 1 9 . 2 5 7 0 ( 1 . 0 ) 1 8 7 3 1 9 . 2 4 7 4 ( 0 £ 3 6 2 ) ö 0 0 9 6 3 6 3 , 6 8 4 3 6 2 . 4 3 6 
16 ( 1 3 3 ) - 1 5 ( 1 3 2) 1 8 7 3 1 9 2 5 7 u ( 0 .) 1 8 7 3 1 9 . 2 4 7 4 ( Ü 0 0 6 2 ) C 0 0 9 6 3 6 8 . 6 8 4 3 6 2 . 4 3 6 
16 ( 1 4 3 ) - 15 ( 1 4 2 ) 1 8 7 3 5 2 6 . 9 0 ( 1 . 0 ) 1 8 7 3 5 2 . 5 9 5 1 ( a G 3 9 3 ) 0 0 1 3 9 4 1 3 . 8 9 5 4 1 2 . 6 4 5 
16 ( 1 4 2 ) - 1 5 ( 1 4 1 ) 1 8 7 3 5 2 6 . 9 0 ( 0 . C) 1 8 7 3 5 2 . 5 9 5 1 ( J 0 0 9 3 ) u 0 1 3 9 4 1 3 . 8 9 5 4 1 2 . 6 4 5 

18 ( 1 1 7 ) - 1 7 ( 1 lb) 2 1 4 2 6 6 1 8 3 0 ( 1 . 0 ) 2 1 4 2 8 6 . 1 9 5 6 ( 0 0 0 2 2 ) - 0 0 1 2 6 6 9 . 9 7 1 6 2 . 8 2 3 

19 ( 0 1 9 ) _ i a ( 0 1 8 ) 2 1 8 C 7 3 7 2 5 0 ( 1 . 0 ) 218 0 7 3 . 7 3 8 7 ( 0 G 0 2 3 ) - 0 3 1 3 7 7 3 . 3 4 9 6 6 . 0 7 5 
19 ( 1 1 9 ) - 1 6 ( 1 1 8 ) 2 1 5 8 6 6 2 3 2 u ( 1 . 0 ) 2 1 5 8 6 6 . 2 8 1 2 ( 0 0 0 2 3 ) 0 0 0 8 7 4 . 0 4 0 6 6 . 8 3 9 

* * A TYPE Q BRANCH 

1< 1 , C) _ i ( i > 1) 5 5 5 . 5 9 3 0 ( 0 . 0 0 . 1 ) 2 . 2 7 4 2 . 2 5 5 
2 ( 1 , 1 ) - 2 ( 11 2) 1 6 6 6 . 7 5 3 2 ( 0 . 0 0 0 2 ) 3 . 0 7 2 3 . 3 1 7 
3 ( 1 , 2 ) - 3 ( 1 , 3) 3 3 3 3 . ••346 ( c . 0 0 0 3 ) 4 . 2 7 0 4 . 1 5 9 
4 ( 1, 3 ) - 4 ( 1» 4) 5 5 5 5 . 4 8 3 8 ( Ü . 0 0 0 6 ) 5 . 8 6 8 5 . 6 8 2 
5 ( 1 , 4 ) - 51 1-. 5 ) 8 3 3 2 6 2 0 0 ( 1 . 0> 8 3 3 2 . £ 3 1 1 ( 3 . 3 0 0 8 ) - 0 . 0 1 1 1 7 . 8 6 4 7 . 5 8 6 
6 ( 1 , 5 ) - 6 ( 1 , 6 ) 1 1 6 b 4 3 9 2 0 ( 1 . 0 ) 1 1 6 6 4 . 3 9 3 9 ( Ü . 0 0 1 1 ) 0 . 0 0 1 1 1 0 . 2 5 9 9 . 8 7 0 
7 ( 1 , 6 ) - 7 ( 1» 7 ) 1 5 5 4 9 9 7 5 0 ( 1 . 0 ) 1 5 5 4 9 . 9 7 1 5 ( 0 . 0 0 1 4 ) a . 0 0 3 5 1 3 . 0 5 2 1 2 . 5 3 4 
8 ( 1 , 7 ) - 6 ( 1 » 8) 1 9 9 8 8 . 1 6 0 0 ( 1 . G) 1 9 9 8 8 1 6 1 5 ( 0 . 0 3 1 8 ) - 0 . 0 0 1 5 1 6 . 2 4 4 1 5 . 5 7 7 
9 ( 1 , 8 ) - 9 ( 1 » 9) 2 4 9 7 7 , 2 k g j ( 1 . 0 » 2 4 9 7 7 . 1 9 8 3 ( 0 .C 0 2 1 ) «J . 0 0 1 7 1 9 . 8 3 4 1 9 . 3 0 1 

i a ( i f 9 ) - 1 3 ( 1 , 1 0 ) 3 0 5 1 4 6 2 u w ( i . 0 ) 3 0 5 1 4 . 620 3 ( 0 . 0 0 2 5 ) - o . 0 0 0 3 2 3 . 3 2 1 2 2 . 3 . 4 

15 ( 2 , 1 3 ) _ 1 5 ( 2 , 1 4 ) 9 4 3 3 9 3 0 0 ( 1 . 0 ) 9 4 3 3 . 9 2 7 4 ( 3 • 0 C 1 6 ) . 0 0 2 6 5 4 . 56 7 5 4 . 2 5 3 
16 ( 2 , 1 + ) - 1 6 ( 2 1 5 ) 1 2 0 0 8 6 2 5 0 ( 1 . 0 ) 1 2 0 0 8 6 2 9 2 ( 0 . 0 0 1 8 ) - 0 . 0 0 4 2 6 0 . 8 7 8 6 0 . 4 7 8 
17 ( 2 , 1 5 ) - 1 7 ( 2 , 1 6 ) I 5 i 3 5 5 1 0 0 ( 1 . 0> 1 5 . 3 5 . 50 6 6 ( . 0 0 2 1 ) 0 . 0 0 34 6 7 . 5 9 1 6 7 . 0 3 9 
20 ( 2 , 1 8 ) - 2 . ( 2 , 1 9 ) 2 7 1 3 j • 68 j u ( 1 . 0 ) 2 7 1 3 0 6 9 2 0 ( 0 . 0 0 2 7 ) — 0 . Ü12C 9 3 . 1 4 5 8 9 . 2 4 0 
21 ( 2 , 1 3 ) - 2 1 ( 2 , 2 0 ) 3 2 2 4 5 . 5 30 J ( 1 . 0 ) 3 2 2 t 5 5 3 1 7 ( 0 . 3 3 2 9 ) - 0 . 0 0 1 7 9 3 . 4 7 0 9 7 . 3 9 4 
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TABLE I . OBSERVED AND CALCULATED FREQUENCIES OF T R A N S - H C O S H 

T ^ A H S A T I O N OBSERVED CALCULATED FREQUENCY 0 3 S . - C A L C . ENERGY L E V E L S IN C M - 1 
UPPER LOWER FREQUENCY (STANOARO 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 

26 ( 3 , 2 3 ) - 2 6 ( 3 , 2 4 ) 8 4 5 3 « 3 6 5 J ( 1 . 0 ) 8 4 5 3 . 3 5 8 2 ( 0 . 0 0 2 7 ) 0 a 0 0 6 3 1 5 4 . 2 5 0 1 5 3 . 9 6 8 
27 ( 3 , 2 + ) - 2 7 ( 3 , 2 5 ) 1 * 4 5 0 . 3 5 u J ( i . 0 ) l u 4 ? 3 . 3 4 b 0 ( 0 . * 0 2 9 ) 0 a J 0 4 0 1 6 4 . 6 6 6 1 6 4 . 5 1 8 
2 8 ( 3 , 2 5 ) - 2 6 ( 3 , 2 6 ) 1 2 7 9 8 . 6 9 5 K 1 . 0 ) 1 2 7 9 8 . 6 9 9 6 ( 0 . 0 0 3 2 ) - 0 a 0 0 4 6 1 7 5 . 8 8 4 1 7 5 . 4 5 7 
29 ( 3 , 2 o ) 2 9 ( 3 , 2 7 ) 1 5 ^ 3 5 . 8 b b * ( 1 . 0 ) 1 5 s 3 5 . 8 7 j l ( 0 . 0 0 3 4 ) - O a l l l J i 1 8 7 . 3 0 4 1 8 6 . 7 3 5 

3 9 ( 4 , 3 5 ) 3 9 ( 3 6 ) 9 3 4 7 . 6 6 5 0 ( 1 . b ) 9 3 4 7 . 6 6 5 1 ( 3 . 0 0 3 8 ) - J . O O J I 3 3 5 . 1 3 6 3 3 4 . 8 2 5 
4 0 ( 4 , 3 6 ) - 4 0 ( 3 7 ) 1 1 2 7 4 . 5 8 0 0 ( 1 . 0 ) 1 1 2 7 4 . 5 7 9 7 ( 0 . 0 0 3 8 ) 0 . 3 0 0 3 3 5 0 . 8 4 8 3 5 0 . 4 7 2 
4 1 ( 4 , 3 7 ) - 4 1 ( 4 , 3 8 ) 1 3 5 1 6 . 1 1 5 u ( 1 . 0 ) 1 3 5 1 6 . 1 0 3 4 ( 0 . 0 0 3 8 ) 0 . 0 1 4 6 3 6 6 . 9 6 1 3 6 6 . 5 1 0 
4 2 ( 3 8 ) - 4 2 ( h , 3 9 ) 1 6 1 0 7 . 7 * 5 b ( 1 . 0 ) 1 6 1 0 7 . 6 9 8 5 ( . 0 . 0 0 3 9 ) 0 . 0 0 6 5 3 8 3 . 4 7 7 3 8 2 . 9 3 9 
4 3 ( 4 , 3 9 ) - 4 3 ( 4 , 4 0 ) 1 9 * 8 5 . 6 4 0 . ( 1 . 0 ) 1 9 * 3 5 . 6 3 7 3 ( 0 . 0 0 4 5 ) b a 0 0 27 4 0 3 . 3 9 5 3 9 9 . 7 5 9 
4 4 ( 4 , 4 ] ) - 4 4 ( 4 1 ) 2 2 4 8 6 . 6 3 3 0 ( 1 . 0 ) 2 2 4 3 6 . 6 3 0 9 ( 0 . 0 0 5 9 ) - b . 0 0 3 9 4 1 7 . 7 1 8 4 1 6 . 9 6 8 
4 5 ( 4 , 4 1 ) - 4 5 ( 4 , 4 2 ) 2 6 3 4 7 . 2 o 3 4 7 . 2 2 2 1 ( 0 . O u ö b ) - 0 . 0 1 2 1 4 3 5 . 4 4 5 4 3 4 . 5 6 6 

* » B T Y P E R BRANCH • * 

1 ( 1 » 1 ) 0 ( 0 , 0 ) 6 7 6 j 4 . 5 9 3 2 ( 0 . 0 0 1 7 ) 2 . 2 5 5 0 . 0 0 0 
2 ( I f 2 ) - 1 ( 0 , 1 ) 7 8 7 4 4 . 0 3 1 5 ( 0 . 0 0 1 9 ) 3 . 0 1 7 0 . 3 9 0 
3 ( 1 » 3 ) - 2 ( 0 , 2 ) 8 9 6 0 7 . 1 8 5 1 ( 0 . 0 0 2 1 ) 4 . 1 5 9 1 . 1 7 0 
4 ( I t 4 ) - 3 ( 0 , 3 ) 1 3 0 1 9 9 . 1 8 7 7 ( 0 . 0 0 2 2 ) 5 . 6 8 2 2 . 3 4 0 
5 ( 1 » 5 ) - 4 ( 0 , 4 ) 1 1 0 5 2 8 . 3 2 2 7 ( 3 . 0 0 2 4 ) 7 . 5 8 6 3 . 8 9 9 
6 ( I f a ) - 5 ( 0 , 5 ) 1 2 J 6 0 6 . 0 3 3 5 ( 0 . 0 0 2 6 ) 9 . 6 7 0 5 . 8 4 7 
7 ( I f 7 ) - o ( Of 6 ) 1 3 J 4 4 6 . 9 1 5 3 ( 0 . 0 0 2 7 ) 1 2 . 5 3 4 8 . 1 8 2 
6 ( I t 8 ) - 7 ( 0 » 7 ) 1 4 0 0 6 8 . 6 6 8 8 ( 3 0 0 2 8 ) 1 5 . 5 7 7 1 0 . 9 0 5 
9 ( 1 » 9 ) - 8 ( 0 , 3 ) 1 4 9 4 9 2 . 0 . 5 0 ( 1 . 0 ) 1 4 9 t 9 1 . 9 9 3 1 ( 0 . 0 0 2 9 ) 0 . 0 1 1 9 1 9 . 0 0 1 1 4 . 0 1 4 

1 3 ( 1 , 1 3 ) - 1 2 ( 0 , 1 2 ) 1 8 5 7 * 6 . 2 6 2 0 ( 1 . 0 ) 1 8 5 70 6 . 3 0 1 3 ( ti . O 0 3 1 ) - 0 . 0 1 9 3 3 o . 4 8 4 3 0 . 2 9 0 

* » 3 T Y P E Q BRANCH 

1 ( 1 0 ) 1 ( 0 , 1 ) 5 6 4 6 5 . 2 4 9 7 ( 0 . 0 0 1 6 ) 2 . 2 7 4 0 . 3 9 3 
2 ( 1 1 ) - 2 ( o , 2 ) 5 7 0 2 5 . 1 2 4 4 ( J. 0 0 1 6 ) 3 . 0 7 2 1 . 1 7 0 
3 ( l 2 ) - 3 ( 0 , 3 ) 5 7 8 7 2 . 6 2 4 0 ( 0 . 0 0 1 5 ) 4 . 2 7 0 2 . 3 4 0 
4 ( 1 3 ) - 4 ( 0 , 4 ) 5 9 0 1 6 . 9 3 6 1 ( 0 . 0 0 1 5 ) 5 . 8 6 6 3 . 8 9 9 
5 ( 1 4 ) - 5 ( 0 » 5 ) 6 3 4 7 0 . 2 3 4 5 ( 0 . 0 0 1 5 ) 7 . 8 6 4 5 . 8 4 7 
6 ( 1 5 ) - 6 ( 0 , 6 ) 6 2 2 4 7 . 5 8 5 9 ( 0 . 0 0 1 6 ) 1 G . 2 5 9 8 . 1 8 2 
7 ( 1 3 ) - 7 ( 0 , 7 ) 6 4 3 6 6 . 8 0 J 2 1 0 . 0 0 1 6 ) 1 3 . 0 5 2 1 0 . 9 J 5 
8 ( 1 7 ) - 6 ( 0 , 8 ) 6 6 O 4 8 . 2 0 2 3 ( J . 0 0 1 7 ) 1 6 . 2 4 4 1 4 . 0 1 4 
9 ( 1 3 ) - 9 ( 0 , 9 ) 6 9 7 1 4 . i j 9u ( 1 . 0 ) 6 9 7 1 4 . 3 0 4 2 ( 0 . b 0 1 3 ) 0 . 0 0 4 6 1 9 . 6 3 4 1 7 . 5 0 9 

10 ( 1 9 ) 1 0 ( 0 , 1 0 ) 7 2 9 3 9 . 3 5 9 0 ( 1 . 0 ) 7 2 9 8 9 . 3 5 6 6 ( 0 . 0 0 1 9 ) « i . 0 0 2 4 2 3 . 6 2 1 2 1 . 3 8 7 
1 1 ( 1 10 ) - I K 0 , 1 1 ) 7 6 6 9 8 . 7 6 3 2 ( 0 . 0 0 2 1 ) 2 8 . 2 0 6 2 5 . 6 4 8 
1 2 ( 1 1 1 ) - 1 2 ( 0 , 1 2 ) 8 3 8 6 8 . 3 5 J 8 ( 0 . o 0 2 2 ) 3 2 . 9 8 7 3 0 . 2 9 0 
1 3 ( i 1 2 ) - 1 3 ( u > 1 3 ) 8 5 5 2 3 . 5 i 9 b ( 1 . 0 ) 3 5 5 2 3 . 5 0 1 2 ( 0 . 0 0 2 4 ) 0 . 0 1 7 8 3 8 . 1 6 5 3 5 . 3 1 2 
1 4 ( 1 1 3 ) - 1 4 ( 0 , 1 4 ) 9 0 6 8 8 . 1 5 7 b ( l a 0 ) 9 0 6 6 8 . 1 6 7 6 ( o . 0 0 2 6 ) - * » 0 1 b 6 4 3 . 7 3 6 4 0 . 7 1 3 
1 5 ( 1 1 4 ) - 1 5 ( u , 1 5 ) 9 6 3 8 3 . 8 1 7 3 ( b u u 2 8 ) 4 9 . 7 0 6 H 6 . 4 9 1 
19 ( 1 1 3 ) - 1 9 ( 0 » 1 9 ) 1 2 4 7 6 0 . 6 . 8 0 ( 1 . 0 ) 1 2 4 7 6 3 . 6 0 4 5 ( 0 . 0 0 3 4 ) 0 . 0 0 3 5 7 7 . 5 1 0 7 3 . 3 4 9 
2 2 ( 1 2 1 ) - 2 2 ( 0 . 2 2 ) 1 5 1 9 5 3 . 6 9 4 b ( 1 . 0 ) 1 5 1 9 5 3 . 6 5 3 3 ( 0 . 0 0 4 0 ) f . u 4 0 7 1 0 2 . 4 6 6 9 7 . 3 9 7 
2 5 ( 1 2 4 ) - 2 5 ( 0 , 2 5 ) 1 8 3 7 1 5 . 6 5 1 j ( 1 . 0 ) 1 8 3 7 1 5 . 6 5 8 4 ( 3 . 0 0 5 8 ) - O . O C 7 4 1 3 0 . 9 0 2 1 2 4 . 7 7 4 

14 ( 2 1 2 ) _ 1 4 ( 1 , 1 3 ) 1 4 7 4 8 6 . 3 5 3 * ( 1 . 0 ) 1 4 7 4 8 6 . 3 4 3 u ( 0 0 0 3 2 ) 0 . 0 1 3 3 4 8 . 6 5 7 4 3 . 7 3 8 
24 ( 2 2 2 ) - 2 4 ( 1 , 2 3 ) 1 4 4 6 1 5 . 9 3 4 ü ( 1 . 0 ) 1 4 4 6 1 5 . 9 6 6 8 ( 0 . 1 . 0 4 7 ) b a 0 1 7 2 1 2 5 . 8 6 3 1 2 1 . 0 3 9 
2 6 ( 2 2 4 ) - 2 6 ( 1 , 2 5 ) 1 4 9 5 7 0 . 1 2 0 b ( 1 . b ) 1 4 9 5 7 U . 1 1 6 6 ( 0 . 0 0 6 4 ) 0 . U l i 3 2 1 4 6 . 1 3 7 1 4 1 . 1 4 3 

8 ( 2 7 ) _ 8 ( 1 , 8 ) 1 7 8 6 3 5 . 5 3 3 * ( 1 . 0 ) 1 7 3 o 3 5 . 5 2 7 6 ( u . 0 b 3 4 ) 0 . 0 0 5 4 2 1 . 5 3 6 1 5 . 5 7 7 
9 ( 2 3 ) - 9 ( 1 , 9 ) 1 8 1 1 7 7 . 2 5 1 b ( 1 . 3 ) 1 8 1 1 7 7 . 2 5 4 0 ( 0 . 0 0 3 4 ) - b a 0 0 30 2 5 . 0 4 4 1 9 . 0 0 1 

1 1 ( 2 10 ) - 1 1 ( 1 , 1 1 ) 1 8 7 1 3 3 . 6 6 7 b ( 1 . b ) 1 8 7 1 3 3 . 6 5 9 5 ( 3 . 0 0 3 3 ) * . 0 0 7 5 3 3 . 2 2 7 2 6 . 9 3 5 
1 2 ( 2 1 1 ) - I K 1 , 1 2 ) 1 9 b 5 5 1 . 3 2 8 b ( 1 . 3 ) 1 9 u 5 5 1 . 8 5 6 0 ( 0 . 0 3 3 3 ) - 0 a J 26 J 3 7 . 9 0 2 3 1 . 5 4 6 

• • d TYPE P BRANCH * * 

1 ( 1 1 ) 2 ( b f 2 ) 3 2 5 2 3 . 9 6 0 0 ( 1 . 0 ) 3 2 5 2 3 . 9 9 1 4 ( 0 0 0 1 4 ) - 0 . 0 1 1 4 2 . 2 5 5 1 . 1 7 0 
2 ( i 2 ) - 3 ( 0 , 3 ) 2 u 2 9 3 . 3 6 5 * ( 1 . 0 ) 2 0 2 9 0 . 3 7 o 3 ( Ja 0 0 1 4 ) - b • u 0 53 3 . 0 1 7 2 . 3 4 0 
3 ( X 3 ) - 4 ( b f 4 ) 7 8 * 1 . 4 5 3 3 ( 0 . 0 0 1 4 ) 4 . 1 5 9 3 . 8 9 9 
5 ( - 5 ) - 4 ( I f 4 ) 4 9 2 9 . 2 6 7 0 ( 0 0 0 1 5 ) 5 . 3 4 7 5 . 6 8 2 
6 ( 0 6 ) - 5 ( I f 5 ) 1 7 8 8 5 . 2 3 0 0 ( 1 . 0 ) 1 7 8 8 5 . 2 3 5 1 ( 0 . 0 0 1 6 ) - 0 . 0 0 5 1 8 . 1 8 2 7 . 5 8 6 
7 ( o 7 ) - 6 ( I f 6 ) 3 1 0 4 6 . 6 9 0 0 ( 1 . 0 ) 3 1 0 4 6 . 8 9 1 6 ( 0 . 0 0 1 7 ) - 0 . 0 0 1 6 1 0 . 9 0 5 9 . 8 7 0 
8 ( 2 3 ) - 7 ( 1 » 7 ) 4 4 3 9 1 . 7 9 9 2 ( ä 0 0 1 9 ) 1 4 . 0 1 4 1 2 . 5 3 4 
9 ( 9 ) - 8 ( I f 8 ) 5 7 8 9 4 . 6 4 6 3 ( 0a 0 0 2 0 ) 1 7 . 5 0 9 1 5 . 5 7 7 

10 ( Ü 1J ) - 9 ( I f 9 ) 7 1 5 2 3 . 5 7 0 0 ( 1 . 3 ) 7 1 5 2 8 . 5 5 5 1 ( J 0 0 2 1 ) 0 . 0 1 4 9 2 1 . 3 8 7 1 9 . 0 * 1 
I K J 1 1 ) - 1 0 ( I f l o ) 6 5 2 6 3 . i > 4 5 u ( i . L ) 8 5 2 6 3 . 5 0 8 9 ( 0. 0 0 2 2 ) 0 . 0 3 6 1 2 5 . 6 4 8 2 2 . 8 0 4 
1 2 ( 0 1 2 ) - I K 1 , 1 1 ) 9 9 * 6 8 . 9 0 8 0 ( 0 3 0 2 3 ) 3 0 . 2 9 0 2 6 . 9 8 5 
1 3 ( j 1 3 ) - 1 2 ( 1 , 1 2 ) 1 1 2 9 1 3 . 2 5 1 2 ( 0 . 0 0 2 3 ) 3 5 . 3 1 2 3 1 . 5 4 6 
I t ( ii 1 4 ) - 1 3 ( 1 , 1 3 ) 1 2 6 7 o 5 • 1 1 3 b ( 1 . 0 ) 1 2 6 7 6 5 . 1 1 9 7 ( * 0 0 2 3 ) - b a 0 0 6 7 4 0 . 7 1 3 3 6 . 4 3 4 
1 5 ( 0 1 5 ) - 1 4 ( I f I t ) 1 4 0 5 9 4 . 0 2 3 7 ( 0 0 0 2 3 ) 4 6 . 4 9 1 H i . 3 0 1 
1 8 ( 0 1 3 ) - 1 7 ( 1 , 1 7 ) 1 6 1 6 & 9 « 6 3 4 b ( 1 . 0 ) I 8 1 b 6 9 . 8 5 4 5 ( 0 . 0 0 2 4 ) - 0 . 0 2 0 5 6 6 . 0 7 5 6 0 . 0 1 5 

10 ( 2 9 ) _ I K I f 1 0 ) 2 2 * 4 7 . 0 6 0 0 ( 1 . 0 ) 2 2 0 4 7 . . 6 2 6 ( 0 0 0 3 3 ) - 0 . 0 0 2 8 2 8 . 9 4 1 2 8 . 2 3 6 
I t ( 1 13 ) - 1 3 ( 2 f 1 2 ) 2 3 1 6 7 . 3 6 0 b ( 1 . 0 ) 2 3 1 8 7 . 8 7 6 6 ( u, 0 0 3 5 ) Lia 0 0 3 4 4 3 . 7 3 8 4 2 . 9 6 4 
1 7 ( 1 1 6 ) - 1 6 ( 2 , 1 5 ) 7 0 3 1 3 . 0 o 7 0 ( 1 . 0 ) 70 3 1 3 . 0 3 6 7 ( 0 0 u 3 5 ) O . O O J 3 6 2 . 8 2 3 6 0 . 4 7 3 
1 8 ( i 1 7 ) - 1 7 ( 2 , 1 6 ) 3 6 3 9 1 . 5 o l 0 ( 1 . 0 ) 8 6 3 9 1 . 5 6 7 5 ( 3 CO 3 6 ) - 0 . 0 0 o 5 6 3 . 9 7 1 6 7 . 0 8 9 
2 4 ( 1 2 3 ) - 2 3 ( 2 2 2 ) 1 8 5 3 9 6 . 8 5 0 b ( 1 . J) 1 8 5 3 9 6 . 6 4 9 8 ( 0 . 0 0 4 8 ) j . 0 0 ü 2 1 2 1 . 0 3 9 1 1 4 . 8 5 5 
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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 

TRANSITION OBSERVED CALCULATED FREQUENCY 0 8 S . - C A L C . ENERGY LtVELS IN CM-1 
UPPER LOWER FRcQUENCY (STANDARD DEVIATION) UPPER LOWER 
STATE STATE (WEIGHT) STATE STATE 

7 ( 2 5 ) _ 8 ( 1 , 8 ) 8 5 0 4 8 . 2 4 0 b ( . 0 ) 85 o 4 8 . 2 2 5 9 ( 0 . b 0 3 J ) j . 0 1 4 1 1 3 . 4 3 4 1 5 . 5 7 7 
14 ( 2 1 2 ) - 1 5 ( 1 , 1 5 ) 3 4 6 4 3 . 8 2 u b ( . b ) 3 4 8 4 3 . 8 1 1 6 ( J . 0 0 3 7 ) b a 0 0 6 4 4 8 . 6 5 7 4 7 . 4 9 5 
15 ( 2 1 3 ) - 1 6 ( 1 , 1 6 ) o b b j 2 . U8JU ( . J ) 3u 0 J 2 . 0 9 8 5 ( 0 . 0 0 3 8 ) —U . u 185 5 4 . 5 6 7 5 3 . 5 6 7 
16 ( 2 1 + ) - 1 7 ( 1 , 1 7 ) 2 5 8 8 6 . 18 JU ( . 0 ) 2 5 6 8 6 . 1 7 8 4 ( b 0u40> J . 0 u 16 6 0 . 8 7 8 6 0 . . 4 1 5 
2b ( 2 1 8 ) - 2 l ( 1 , 2.t) 1 7 3 2 5 . 1 6 0 0 ( . 0 ) 1 7 3 2 5 . 1 7 2 4 ( 0 0 0 4 3 ) -J, 0 1 2 4 9 0 . 1 4 5 8 9 . 5 6 7 
21 ( 2 1 9 ) - 22 ( 1 , 2 2 ) 1 7 2 7 9 . 0 6 J b ( . 0 ) 1 7 2 7 9 . J 7 3 4 ( 0 . 0 0 4 3 ) -Ii . 0 1 3 4 9 8 . 47 0 9 7 . 8 9 3 
£5 ( 2 2 3 ) - 2 b ( 1 , 2 6 ) 2 5 7 0 9 . 7 5 0 J ( . 0 ) 2 5 7 6 9 . 7 4 3 1 ( J . 0 0 5 3 ) b . u 3 6 9 1 3 5 . 7 9 9 1 3 4 . 9 4 0 
£6 ( 2 2 4 ) - 27 ( 1 , 2 7 ) 3u o 4 4 . 9 8 J 0 ( . u ) 3 0 . 4 4 . 9 6 1 9 ( J . 3 0 6 3 ) . . 3 1 8 1 1 4 0 . 1 3 7 1 4 5 . 1 3 5 
27 ( 2 2 5 ) - 2 S ( 1 , 2 8 ) 3 5 1 5 8 . Ö f e u u ( . 0 ) 3 5 1 5 8 . 8 8 3 3 ( 0 . 0 0 7 9 ) ~ b • 0 2 3 3 1 5 6 . 87 6 1 & 5 . 7 J 3 

12 ( 3 1J ) - 1 3 ( 2 , 1 1 ) 1 2 4 7 0 8 . 3 28 J ( . 0 ) 1 2 4 7 6 8 . 3 2 3 8 ( . . 3 0 3 9 ) 0 0 42 4 7 . 31u 4 3 . 1 4 8 
15 ( 3 1 3 ) - ib( 2 , 1 4 ) 6 4 9 4 6 . 0 20 0 ( .0) 8 * 9 4 6 . C 0 5 4 ( 0 . 0 3 3 6 ) J . a i t f a 6 3 . 7 1 2 6 3 . 8 7 8 
19 ( 3 17 ) - 2 - ( 2 , 1 8 ) 2 7 3 5 2 . 4 2 0 0 ( .0) 2 7 3 5 2 . 4 2 3 3 ( 0 . 0 0 3 3 ) - t . 0 033 9 1 . 3 5 8 9 0 . 1 4 5 
20 ( 3 1 8 ) - 2 1 ( 2 , 1 9 ) 1 2 - 5 7 . b 9 u . ( . b ) 12b 5 7 . c 9 4 2 ( . . 0 0 3 4 ) - b . 3 b t 2 9 3 . 3 7 2 9 8 . 4 7 0 
24 ( 2 2 2 ) - 2 3 ( 3 , 2 1 ) 3 6 0 1 2 . 9 ö u J ( .0) 3 6 0 1 2 . 9 6 7 9 ( J . 0 0 3 9 ) - J . 0 0 7 9 1 2 5 . 8 6 3 1 2 4 . 6 6 2 
26 ( 2 2-» ) - 2 5 ( 3 , 2 3) 6 9 7 9 7 . 6 7 l „ ( . 0 ) 6 9 7 9 7 . 0 5 3 3 ( u . 0 0 4 7 ) •J. 3 1 7 7 1 4 6 . 1 3 7 1 4 3 . 8 0 9 
27 ( 2 2 5 ) - 2 6 ( 3 , c 4 ) 8 7 1 7 0 . b 4b J ( ..) 8 7 1 7 . . - 4 9 8 ( - . 0 0 5 2 ) -. • 0 0 9 8 1 5 6 . 8 7 6 1 5 3 . 9 6 8 

16 ( 3 1 3 ) _ 1 7 ( 2 , 1 6 ) 8 6 6 1 3 . 336w ( 8 6 6 1 3 . 3 3 2 5 ( 0 . l 0 3 2 ) 0 . J U 35 6 9 . 97 8 6 7 . 3 8 9 
24 ( 3 2 1 ) - 2 5 ( 2 , 2 4 ) 11U 3 8 . 6 5 5 b ( . 0 ) 110 8 6 . 65 75 ( 0 . 0 0 3 4 ) 0 0 2 5 1 3 4 . 2 1 9 1 3 3 . 8 4 9 
28 ( 2 2 7 ) - 2 7 ( 3 , 2 4 ) 1 0 1 8 9 . 1 6 5 b ( ..) 1 0 1 8 9 . 1 6 0 0 ( J . 3 0 4 7 ) j 0 50 1 6 5 . 2J 6 I04.866 
29 ( 2 2 8 ) - 2 8 ( 3 , 2 5 ) 1 6 . 8 4 . 6 5 j b ( . J ) 1 6 0 6 4 . 6 5 . 9 ( . . 0 0 5 4 ) -0 . 0 0 09 1 7 o . 4 2 0 1 7 5 . 8 8 4 
4 1 ( 2 4 J ) - 4 c ( 3 , 3 7 ) 2 4 2 o 3 . 8 JÜb ( . 0 ) 2 4 2 6 3 . 80 33 ( 0 . 0 0 6 8 ) 0 0 33 3 4 3 . 4 6 6 3 3 9 . 6 5 6 
42 ( 2 4 1 ) - 4 1 ( 3 , 3 8 ) 1 9 0 9 7 . 3 6 0 0 ( . 0 ) 191/97 . 3 7 6 4 ( 0 . 0 0 7 2 ) b . 0 0 36 3 5 6 . 5 7 6 3 5 5 . 9 3 9 
43 ( 2 4 2 ) - 4 2 ( 3 , 3 9 ) 1 3 . 2 7 . 5 J j . ( . 0 ) 1 3 . 2 7 . 50 24 ( 0 • « 1 0 4 ) -0. 0 0 2 4 3 7 3 . 0 5 9 3 7 2 . 6 2 5 

17 ( 4 1 + ) 1 8 ( 3 , 1 5 ) 18Ü 7 6 8 . 4 2 0 0 ( .0) 1 6 u 7 6 8 . 4 3 5 4 ( 0 . 0 u6 1 ) -0. 3 1 5 4 8 9 . 6 9 8 8 3 . 6 6 8 
33 ( 3 3 0 ) - 32 ( 4 , 2 9 ) 2 3 b 9 0 . 4 5 JO ( .11) 2 3 . 9 0 . 4 5 2 6 ( 0 CObfc) - J . 0 u26 2 3 7 . 0 2 4 2 3 6 . 2 5 4 

17 ( 4 1 3 ) _ 1 e ( 3 , 1 6 ) 1 8 1 8 0 0 . 6 7 4 j ( . 0 ) 1 8 1 o 0 0 . 6 5 6 4 ( J . 0 0 6 0 ) 0'. 0 1 7 6 8 9 . 6 9 3 8 3 . 6 3 4 
2 « ( 4 1 6 ) - 2 1 ( 3 , 1 9 ) j . 4 0 3 9 9 . o760( . 0 ) 1 4 6 3 9 9 . 6 9 * 1 ( J • b 0 5 2 ) - 3 . 0 1 6 1 1 1 1 . 9 6 1 1 0 7 . 0 7 8 
25 ( H 2 1 ) - 2 b ( 3 , 2 4 ) 6 7 9 1 8 . 4 29b ( . b ) e 7 9 l 8 . H198 ( j • i i 0 4 4 ) j . u 0 9 2 1 5 6 . 9 0 1 1 5 3 . 9 6 8 
31 ( 4 2 7 ) - 3 2 ( 3 , 3«.) 2 x 6 9 1 . 9 i U b ( . b ) 2 0 6 9 1 . 9 1 9 1 ( 0 . C 0 4 6 ) . . u u J 9 2 2 3 . 7 9 5 2 2 3 . 1 J 5 
32 ( 4 2d) - 3 3 ( 3 , 3 1 ) l b . 8 8 . 6 . vb ( .0) 10C 8 8 . 7 9 7 1 ( j . 0 0 4 7 ) 3 . 0 0 2 9 2 3 6 . 3 2 4 2 3 5 . 9 3 7 
35 ( 3 3 3 ) - 3+ ( 4 , 3 0 ) 10350. u 8bb ( . b ) 1 0 3 5 0 . . 7 9 2 ( . 0 & 4 9 ) b . J 00 8 2 6 2 . 9 1 4 2 6 2 . 5 6 9 
3b ( 3 3 4 ) - 3 5 ( 4 , 3 1 ) 2 0 1 1 8 . 6 - 5 b ( .0) 2 u 1 1 8 . 6 JO 8 ( 0 . u 054) « • ü 0 4 2 2 7 6 . 9 5 7 2 7 6 . 2 8 6 

29 ( 5 2 5 ) _ 3 - ( 4 , 2 6 ) 1 4 9 8 3 2 . 0 36b ( .0) 1 4 9 6 3 2 . 0 327 ( 0 . i, l b 8 ) C. 0 0 3 3 2 1 b . 6 5 5 2 1 1 . 6 6 1 
39 ( 5 3 5 ) - • „ I 4 , 3 6 ) 1 8 8 5 6 . 3 l 5 b ( . 0 ) 1 6 8 5 6 . 3 1 6 5 ( 3 . 0 o 6 7 ) - J . 0 0 35 3 5 1 . 4 7 7 3 5 0 . 8 4 8 
42 ( 4 3 8 ) - 41 ( 5 , 3 7 ) 9 9 6 6 . 93 ub ( .0) 9 9 6 6 . 9 2 7 b ( 0 .0059) b JO 30 3 8 3 . 4 7 7 3 8 3 . 1 4 4 
43 ( 4 3 9 ) - -»2( 5 , 3 8 ) 2 4 8 5 9 . b 350 ( . J ) 2 4 8 5 9 . : 3 o 2 ( J . 0 0 7 0 ) -u. ü 032 4 0 0 . 3 9 5 3 9 9 . 5 0 6 

40 ( 5 35 ) - 4 1 ( 4 , 3 8 ) 1 8 8 6 1 . 7 2 0 u ( . 0 ) 18661. 7190 ( j . 0 0 6 6 ) 0 . ü u l O 3 6 7 . 14u 3 6 6 . 5 1 0 
44 ( 4 4 1 ) - •+3( 5 , 3 8) 1 6 1 1 5 . 9 3 0 b ( .u) 1 6 1 1 5 . 9 3 J . ( - .0092) uO.O 4 1 6 . 9 6 6 416.+30 
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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 IN MHz 
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TRANSITION OBSERVED CALCULATED FREQUENCY 0 8 S . - C A L C . ENERGY LEVELS IN C M - 1 
UPPER LOHER FRtQUENCY «STANDARD DEVIATION) UPPER LOWER 
STATE STATE (WEIGHT) STATE STATE 

** A T Y J t R BRANCH ** 

1 ( 0 1> - L ( Oi 0) 1 1 7 1 9 . j .- 5i> ( 1 . 3 ) 1 1 7 1 9 . 0 0 3 « ( 0 C 00 4 ) . . 0 0 5 3 0 . 3 9 1 0 . 3 0 3 

2 ; 2 ) _ 1< . 1) 2 3 H 3 3 « 9 ->3L ( 1 . 0 ) 2 3 4 3 3 . 9 * 5 2 ( j 0 3 0 7 ) 1 . 1 7 3 3 . 3 9 1 
2 1 2 ) - 1 ( 1 1 ) 2 2 8 8 8 . O 9 0 0 « 1 . l > 2 2 8 8 8 . 6 8 1 5 ( j «ÖU7) 0 . 0 3 8 5 3 . 3 4 9 2 . 2 3 5 
2 1 1 ) - 1 ( 1 0 ) 2 3 9 8 7 . 5 l 5 u ( 1 • 0 ) 2 3 9 8 7 . 5 2 5 o ( . uQu7) - 0 . J I t 6 3 . 1 0 4 2 . 3 0 4 

3 C 3 ) _ 2 ( b 2 ) 3 5 1 4 0 . 7 o . J d . 0 ) 3 5 1 4 3 . 7 8 3 3 ( 3 « 0 1 1 ) - 0 . 0 2 33 2 . 3 4 5 1 . 1 7 3 
3 1 3 ) - 2 ( 1 2 ) 3 4 3 3 0 « 3 7 j » ( 1 * 0 ) 3 4 3 3 3 . 3 6 . 8 ( 0 0 0 1 1 ) u . 0 3 9 2 4 . 1 9 4 3 . 3 49 
3 1 2 ) - 2 ( l 1 ) 3 5 9 7 8 . 5 2 b « d . u ) 3 5 9 7 8 . 5 5 3 5 ( 5 « U l i ) - . . 0 3 3 5 4 . 3 0 4 3 . 1 3 4 
3 2 2 ) - 2 ( 2 1) 3 5 1 5 7 . 8 . j u < 1 . « ) 3 5 1 5 7 . 7 9 7 5 ( ii OQlO) 3 . 6 0 2 5 9 . 9 5 9 8 . 7 8 6 
3 2 1 ) - 2 ( 2 j ) 3 5 1 7 3 . 6 2 0 0 ( 1 . 0 ) 3 5 1 7 3 . 6 b l l ( u 0 0 1 0 ) — . . u 4 1 1 9 . 9 6 0 8 . 7 8 7 

4 j 4 ) - 3 ( C 3) 4 6 8 3 5 . 4 7 U 4 ( j 0 0 1 4 ) 3 . 9« 7 2 . 3 4 5 
4 1 4 ) - 3 ( 1 3) 4 5 7 O 8 . 8 7 2 1 ( J 0 0 1 4 ) 5 . 7 2 1 4 . 1 9 4 
4 1 3 ) - 3 ( 1 2) 4 7 9 6 6 . 2 7 5 1 ( u C 0 1 4 ) 5 . 9 0 4 4 . 3 . 4 

5 L 5 ) _ 4 ( 0 4) 5 3 5 1 3 . 9 3 6 6 ( 0 0 0 1 7 ) 5 . 8 5 9 3 . 9 07 
5 1 5 ) - H ( 1 H) 5 7 2 . 3 . 2 0 1 7 ( « 0 0 1 7 ) 7 . 6 2 9 5 . 7 2 1 
5 1 • ) - 4 ( 1 3 ) 5 9 9 4 9 . 5 4 7 4 ( i 0 0 1 7 ) 7 . 9 0 4 5 . 9 0 4 

6 b ) - 3( c 5) 7 « 1 7 2 . 3 o 7 . ( 1 . . ) 7 j 1 7 2 . 3 6 2 8( 0 0 0 2 3 ) C . 3 0 4 2 8 . 2 3 C 5 . 3 5 9 
6 1 8 ) - 3 ( 1 5) c . 3 6 3 2 . 3 6 1 . ( « ) 6 3 6 3 2 . 3 7 2 4 ( 0 0 0 2 0 ) - « . J 1 1 4 9 . 9 1 8 7 . 6 2 9 
6 1 ii - 5 ( 1 4) 7 1 9 2 7 . I 9 8 « ( l . u ) 7 1 9 2 7 . 1 9 2 1 ( J 0 0 2 0 ) « . 0 0 5 9 1 J . 3 « 3 7 . 9 ; 4 
6 2 ii - 5 ( 2 Hi 7 « 2 9 5 . 3 9 9 « ( 1 . 0 ) 7 « 2 9 5 . 3 9 8 7( 3 0 0 1 8 ) 0 . 0 0 0 3 1 5 . 8 2 2 1 3 . 4 7 7 
b 2 • ) - 5 ( 2 3 ) 7 « 4 3 3 . 9 3 5 u d . 0 ) 7u H33 . 9 4 3 7 ( U 3 0 1 8 ) - « . 0 3 8 7 1 5 . 8 3 1 1 3 . 4 3 2 
6 3 4 ) - 5 ( 3 3) 7 . 3 3 7 . 4 , 3 « d . 0 ) 7 3 3 3 7 . 4 3 5 9 ( u 0 0 1 6 ) - « . 0 0 2 9 2 5 . 3 4 0 2 2 . 9 9 3 
6 3 3 ) - 5 < 3 2 ) 7 ü 3 3 8 . 4 j 1 « ( 1 . 0 ) 7 u 3 3 8 . 4 U 7 2 ( 0 0 3 1 6 ) - « . 0 0 6 2 2 5 . 3 4 0 2 2 . 9 9 3 
6 3 ) - 5 ( 4 2) 7 0 3 3 3 . 5 7 8 « ( 1 . J ) 7 0 3 3 3 . 5 7 7 6 ( 3 C 0 1 5 ) 0 . 3 3 0 4 3 8 . 6 5 7 3 6 . 3 1 1 
6 2 ) - 5 ( 4 1) 70 3 3 3 . 5 7 3 . ( . . ü ) 7 0 3 3 3 . 5 3 « 0 ( 0 0 0 1 5 ) - « . 0 0 2 0 3 3 . 6 5 7 3 6 . 3 1 1 
6 5 2 ) - 5 ( 5 1) 7 u 33 5 . 1 ••40 ( . , . « > 7u 3 3 5 . 1 4 3 7 ( a C 0 1 3 ) - 0 . 0 047 5 5 . 7 7 3 5 3 . 4 2 7 
6 5 1 ) - 3 ( 5 0 ) 7 u 3 3 5 . 1 - » 4 3 ( . . 3 ) 7 j 3 3 5 . 1 4 8 7 ( 0 0 0 1 5 ) - v i . Üu47 5 5 . 7 7 3 5 3 . 4 2 7 

7 C 7 » - o ( 0 6) 3 1 8 0 6 . 7 2 4 3 ( 0 0 0 2 2 ) 1 0 . 9 2 8 8 . 2 0 0 
7 1 7 ) - 6 ( 1 6 ) 3 u . 5 5 . 4 5 l l ( « 0 3 2 2 ) 1 2 . 5 8 8 9 . 9 1 8 
7 1 9 » - b ( 1 3) 3 3 8 9 7 . 9 3 6 6 ( 0 « 3 2 2 ) 1 3 . 1 3 1 1 0 . 3 0 3 

8 b 8 ) - 7 ( 0 7 ) 9 3 4 1 3 . 3 4 2 « ( 1 . 0 ) 9 3 4 1 3 . 3 5 3 l ( 3 3 0 2 4 ) - 0 . 0 1 1 1 1 4 . 3 4 4 1 0 . 9 2 8 
3 1 S ) - 7 ( 1 7) 9 l 4 7 1 . 5 7 5 - ( 1 . 0 » 9 1 4 7 1 . 5 5 7 » f 0 0 u 2 4 ) 3 . 0 1 7 1 1 5 . 6 4 0 1 2 . 5 8 8 
a 1 7 ) - 7 < 1 6 ) 9 5 8 6 0 . 6 7 0 J ( 1 . 0 ) 9 5 8 6 0 . 6 5 4 8 ( 0 0 3 2 4 ) j * 0 1 5 2 1 6 . 2 9 9 1 3 . 1 0 1 
8 2 7 ) - 7 ( 2 6 ) 9 3 6 9 9 . 2 a 5 u ( l . G ) 9 3 6 9 9 . 2 9 4 8 ( 0 « 3 22» - U . G 3 9 8 2 1 . 6 8 2 1 8 . 5 5 7 
a 2 b) - 7 ( 2 5 ) 9 4 « 3 0 . 4 8 Ü « ( 1 . 0 ) 9 4 . 3 0 . 50 4 2 ( 3 0 3 2 2 ) - 0 . 0 2 4 2 2 1 . 7 1 0 1 8 . 5 7 4 
8 3 3 > - 7 ( 3 5 ) 9 3 7 9 o . 8 5 7 U ( 1 . 2 ) 9 3 7 9 6 . 8 6 5 9 ( 3 0 0 2 0 ) - « . 0 0 89 3 1 . 2 0 6 2 8 . 3 7 7 
8 3 ii - 7 ( 3 4 ) 3 3 8 . 1 . 3 4 1 0 ( 1 . 0 ) 9 3 8 « 1 . 3 6 7 3 ( j 0 0 2 0 ) - « . 0 2 6 3 3 1 . 2 0 6 2 8 . 3 7 7 
8 5 ) - 7 ( 4 4 ) 9 3 7 8 4 . 7 3 6 « d . J ) 9 3 7 3 4 . 690 8 ( 0 0 3 1 8 ) 0 . 3 1 5 2 4 4 . 5 2 2 4 1 . 3 9 4 
8 H • • ) - 7 < 4 3 ) 9 3 7 8 4 . 7 . 0 « ( . . . ) 9 3 7 8 4 . 7 1 2 8 ( 3 0 0 1 8 ) - 0 . 0 0 6 8 4 4 . 5 2 2 4 1 . 3 9 4 
8 5 4) - / < 5 3) 9 3 7 8 3 . 1 . 2 « ( l . u ) 9 3 7 8 3 . . 9 4 2 « « 0 0 1 9 ) « . Ö o 7 8 6 1 . 6 3 9 5 8 . 5 1 1 
o 5 3 ) - 7 ( 5 2 ) 9 3 7 8 3 . 1 . 2 « ( J . S ) 9 3 7 8 3 . C 9 4 3 ( 3 0 0 1 9 ) G . 0 0 7 7 6 1 . 6 3 9 5 8 . 5 1 1 
8 6 3 ) - 7 ( b 2 ) 937 8 7 . 0 2 8 « ( 1 . 0 ) 9 3 7 8 7 . 3 2 4 0 ( 0 0022) « . O u 40 8 2 . 5 5 0 7 9 . 4 2 2 
8 b 2 ) - 7 ( 6 1) 9 3 7 8 7 . « 2 8 . ( . . . ) 9 3 7 8 7 . u 2 4 0 ( 0 u 0 2 2 ) 0 . 0 0 4 0 8 2 . 5 5 0 7 9 . 4 2 2 
8 7 2 ) - 7 ( 7 1) 9 3 7 9 4 . 2 6 2 0 ( 1 . 0 ) 9 3 7 9 4 . 2 6 6 4 ( 0 0 0 2 9 ) - U . 0 0 44 1 C 7 . 2 5 0 1 0 4 . 1 2 1 
8 7 1 ) - 7 < 7 0) 9 3 7 * 4 . 2 8 2 0 « . u ) 9 3 7 9 4 . 2 6 6 4 ( 0 0 0 2 9 ) - J . 0 3 44 1 0 7 . 2 5 J 1 J 4 . 1 2 1 

9 j 9 ) - 8 ( 0 8) 1 0 4 9 8 8 . 7 70 3 ( J 3 0 2 6 ) 1 7 . 5 4 6 1 4 . J 4 4 
9 1 9 ) - 8 ( 1 8 ) 1 0 2 8 7 9 . 8 7 2 9 ( u 0 0 2 5 ) 1 9 . 0 7 1 1 5 . 6 4 0 
9 1 8 > - 8 ( 1 7 ) 1 0 7 8 1 3 . 8 5 7 9 ( 0 0 0 2 5 ) 1 9 . 8 9 5 1 6 . 2 9 9 
9 • • 3 ) - 81 4 5 ) 1 0 5 5 1 2 . 3 . 1 . ( . . u ) 1 0 5 5 1 2 . 2 6 6 6 ( 0 U02C) 0 . 0 3 4 4 4 3 . 0 4 2 4 4 . 5 2 2 
9 * • 5 ) - 8 ( 4 4 ) 1 L 5 5 1 2 . 3 <j 1 j ( . • t ) 1 0 5 5 1 2 . 3 1 9 5 ( J 0 u 2 0 ) - O . k . 1 8 5 4 8 . 3 4 2 4 4 . 5 2 2 
9 5 5 ) - 8 ( 5 4) 1 0 5 5 . 7 . 9 5 Ü U ( 1 . 0 ) l u 550 7 . 9 5 7 1 ( J 0 u 2 0 ) - « . u 0 71 6 5 . 1 5 8 6 1 . 6 3 9 
9 5 • > - 6 < 5 3) 1 . 5 5 1 7 . 9 5 « 0 ( . . 0 ) 1 . 5 5 0 7 . 9 5 7 3 ( j 0 0 2 0 ) - L . 0 u 7 3 6 5 . 1 5 8 6 1 . 6 3 9 
9 b + ) - 8 ( 6 3) 1 0 5 5 1 1 . ti 4$ u ( l . 0 ) l u 5 5 1 1 . 05H5 ( 0 0 0 2 4 ) - G . 0 0 6 5 8 6 . 3 6 9 8 2 . 5 5 0 
9 6 3 ) - 8 ( 6 2 ) 1 0 5 3 1 1 . 0 4 8 . ( . . b ) 1 0 5 5 1 1 . . 5 4 5 « 0 0 G 2 4 ) -0.0u65 8 6 . 0 6 9 8 2 . 5 5 0 

10 U 10) - 9 < 0 9) 1 1 6 5 2 9 . 8 3 3 9 ( 3 0 0 2 7 ) 2 1 . 4 3 3 1 7 . 5 4 6 
l t 1 l a > - 9 ( 1 9) 1 1 4 2 7 9 . 6 + 3 9 ( 0 G 0 2 7 ) 2 2 . 8 8 3 1 9 . 0 7 1 
l b 1 3 ) - 9 ( 1 8) 1 1 9 7 5 6 . 1 8 5 0 ( 0 0 0 2 7 ) 2 3 . 8 9 0 1 9 . 3 9 5 

11 ii 1 1 ) - 10 ( U 1 0 ) 1 2 8 . 3 3 . 8 3 1 3 ( 0 0 0 2 8 ) 2 5 . 7 0 4 2 1 . 4 3 3 
11 1 1 1 ) - 1 « ( 1 1 » ) 1 2 5 6 7 j . 1 7 8 0 ( 1 . 0 ) I 2 5 o 7 0 . 1 9 2 3 ( J 0 o 2 7 ) - : . 0 1 4 3 2 7 . 0 7 5 2 2 . 8 8 3 
11 1 1 J ) - l b ( 1 9) 1 3 1 6 8 6 . 1 4 * 7 ( 0 C 0 2 7 ) 2 3 . 2 8 2 2 3 . 8 9 3 

12 u 12 ) - 11< it 1 1 ) 1 3 9 4 9 8 . 8 0 6 2 ( J 0 0 2 8 ) 3 0 . 3 5 7 2 5 . 7 0 4 
12 1 12 ) - 1 1 < 1 1 1 ) 1 3 7 « 5 0 . 9 1 8 3 ( 0 0 0 2 8 ) 3 i . 6 4 7 2 7 . 0 7 5 
12 1 1 1 ) - I K 1 i n ) 1 4 3 0 « 2 . 1 5 O 2 ( - t 0 2 8 ) 3 3 . 0 7 2 2 8 . 2 3 2 

13 . 1 3 ) - 12 ( 0 1 2 ) 1 5 . 9 2 3 . 2 5 6 . ( 1 . 0 ) 1 5 j 9 2 3 . 2 3 2 1 ( 0 0 0 2 9 ) . . 0 239 3 5 . 3 9 1 3 0 . 3 5 7 
13 1 13 ) - 12 ( 1 1 2 ) 1 4 8 4 2 1 . 3 i . 5 « ( 1 . 0 ) 1 4 3 4 2 1 . 3 0 7 3 ( 0 0 0 2 8 ) - . . 0 0 2 3 3 6 . 5 9 7 3 1 . 6 - + 7 
13 1 1 2 ) - 12 ( 1 11) 1 5 5 5 . 2 . 5 3 - . . d . C ) 1 5 5 5 . 2 . 5 4 1 4 ( 0 G 0 2 8 ) - « . 0 0 7 4 3 3 . 2 5 9 3 3 . 3 7 2 
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TABLE I I . OBSERVED AND CALCULATED FREQUENCIES CF C l S - H C O S H 

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

1 3 ( 2 , 1 2 ) _ 1 2 ( 2 , 1 1 ) 1 5 2 0 9 1 . 60 6 0 ( 1 0 ) 1 5 2 0 9 1 . 8 0 4 0 ( 0 0 0 2 6 ) 0 . 0 u 20 4 3 . 1 5 6 3 8 . 0 3 2 
13 ( 2 , 1 1 ) - 1 2 ( 2 , 1 0 ) 1 5 3 4 3 2 . 6 6 l u ( 0 ) 1 5 3 4 8 2 . 6 7 9 9 ( 0 0 0 2 6 ) . 0 l d 9 4 3 . 3 3 2 3 8 . 2 1 3 
13 ( 3 , 1 1 ) - 1 2 ( 3 , 1 0 ) 1 5 2 4 9 0 . u 0 7 0 ( u ) 1 5 2 4 9 0 . 0 5 7 3 ( 0 > u 0 2 4 ) — u . 0 5 o 3 5 2 . 7 2 2 4 7 . 6 3 5 
1 3 ( 3 , 1 0 ) - 1 2 ( 3 , 9 ) 1 5 2 5 4 3 . 3 5 1 0 ( C) 1 5 2 5 4 3 . 3 6 2 3 ( j 0 0 2 4 ) - U . u 1 1 3 5 2 . 7 2 7 4 7 . 6 3 8 
1 3 ( 4 , i d ) - 1 2 ( 9 ) 1 5 2 4 3 9 . 9 o 2 u ( 1 0 ) 1 5 2 4 3 9 . 9 1 5 9 ( 0 0 0 2 3 ) 0 • 0 4 6 1 6 6 . 0 3 3 6 0 . 9 4 8 
13 ( 4 , 9 ) - 1 2 ( 8 ) 1 5 2 4 4 0 . 7 3 l u ( 0 ) 1 5 2 4 4 0 . 6 7 3 0 ( 3 0 0 2 3 ) c . 0 5 3 j 6 6 . 0 3 3 6 0 . 9 4 8 
1 3 ( 5 , 9 ) - 1 2 ( 5 , 8 ) 1 5 2 4 1 5 . l i u u d 0 ) 1 5 2 4 1 5 . 1 2 7 6 ( J 0 0 2 5 ) 0 1 7 6 8 3 . 1 4 7 7 8 . 3 6 3 
1 3 ( 5 , 3 ) - 1 2 ( 5 , 9 ) 1 5 2 4 1 5 . l l u u ( . 0 ) 1 5 2 4 1 5 . 1 3 7 5 ( 0 C 0 2 5 ) 0 2 7 5 8 3 . 1 4 7 7 8 . 0 6 3 
1 3 ( 6 , 8 ) - I K b , 7 ) l 5 2 4 j 9 . 6 9 5 0 ( 0 ) 1 5 2 4 0 9 . 7 1 3 6 ( 0 0 0 2 9 ) - 0 • 3 1 8 6 1 0 4 . 0 5 8 9 8 . 9 7 4 
1 3 ( 6 , 7 ) - 1 2 ( 6 , 6 ) 1 5 2 4 . 9 . 6 9 5 0 ( . 0 ) 1 5 2 4 0 9 . 7 1 3 7 ( z 0 0 2 9 ) - J . 0 1 8 7 1 0 4 . 0 5 8 9 8 . 9 7 4 
1 3 ( 7 , 7 ) - 1 2 ( 7 , 6 ) 1 5 2 4 1 4 . 4 5 9 u ( 1 0 ) 1 5 2 4 1 4 . 5 0 7 5 ( J 0 0 3 5 ) 0 4 8 5 1 2 o . 7 5 9 1 2 3 . 6 7 5 
1 3 ( 7 , 6 ) - 1 2 ( 7 , 5 ) 1 5 2 4 1 4 . 4 S 9 0 ( J 0 ) 1 5 2 4 1 4 . 5 0 7 5 ( J 0 0 3 5 ) - d • 0 4 8 5 1 2 3 . 7 5 9 1 2 3 . 6 7 5 
1 3 ( 0 , 6 ) - 1 2 ( 6 , 5 ) 1 5 2 4 2 5 . 7 1 1 0 ( x 0 ) 1 5 2 4 2 5 . 7 5113 ( 0 0 0 4 1 ) . 0 4 0 0 1 5 7 . 2 4 3 1 5 2 . 1 5 8 
1 3 ( 8 , 5 ) - 1 2 ( 8 , 4 ) 1 5 2 4 2 5 . 7 1 1 0 ( * 0 ) 1 5 2 4 2 5 . 7 5 1 0 ( 0 . 0 0 4 1 ) - J . 0 4 j 0 1 5 7 . 2 4 3 1 5 2 . 1 5 8 
13 ( 9 , 5 ) - 1 2 ( 9 , 4 ) 1 5 2 4 4 1 . 7 4 2 u ( 3 ) 1 5 2 4 4 1 . 6 9 8 4 ( 0 0 0 4 7 ) 0 . 3 4 3 b 1 8 9 . 5 0 1 1 8 4 . 4 1 6 
1 3 ( 9 , 4 ) - 1 2 ( 9 , 3 ) 1 5 2 4 4 1 . 7 4 2 « ( 0 ) 1 5 2 4 4 1 . 6 9 3 4 ( 0 0 0 4 7 ) 0 • 0 4 36 1 8 9 . 5 0 1 1 8 4 . 4 1 6 
1 3 ( l u . 4 ) - 1 2 ( 1 0 , 3 ) 1 5 2 4 6 1 . 4 16u ( 0 ) 1 5 2 4 6 1 . 4 3 9 1 ( 0 . 0 0 5 3 ) - u • 0 2 3 1 2 2 5 . 5 2 5 2 2 0 . 4 4 0 
1 3 ( 1 0 , 3 ) - 1 2 ( 1 0 , 2 ) 1 5 2 4 6 1 . 4 i 6 0 ( O 0 ) 1 5 2 4 6 1 . 4 3 9 1 ( 0 0 0 5 3 ) - 0 . 0 2 3 1 2 2 5 . 5 2 5 2 2 0 . 4 4 0 
1 3 ( 1 1 , 3 ) - 1 2 ( 1 1 , 2 ) 1 5 2 H 8 4 . 4 7 6 0 ( 1 0 ) 1 5 2 4 8 4 . 4 5 2 5 ( 0 0 0 6 0 ) 3 . 0 2 3 5 2 6 5 . 3 0 6 2 6 0 . 2 2 0 
1 3 ( 1 1 , 2 ) - 1 2 ( 1 1 , 1 ) 1 5 2 4 6 4 . 4 7 b 0 ( c> 1 5 2 4 8 4 . 4 5 2 5 ( 0 0 u 6 0 ) t . 0 2 3 5 2 6 5 . 3d 6 2 6 0 . 2 2 0 
1 3 ( 1 2 , 2 ) - 1 2 ( 1 2 , 1 ) 1 5 2 5 1 0 . 4 l 7 u ( 1 0 ) 1 5 2 & 1 0 . 4 1 6 8 ( 0 0 0 7 2 ) J 0 02 3 3 8 . 8 3 2 3 0 3 . 7 4 5 
1 3 ( 1 2 , 1 ) - 1 2 ( 1 2 , 0 ) 1 5 2 5 1 0 . 4 1 7 j ( L 0 ) 1 5 2 5 1 0 . 4 1 6 8 ( 0 0 0 7 2 ) .. 0 0'J2 3 0 8 . 8 3 2 3 0 3 . 7 4 5 

1 5 ( 1 , 1 4 ) - 1 4 ( 1 , 1 3 ) 1 7 9 2 4 9 . 20*»0 ( 1 0 ) 1 7 9 2 4 9 . 2 0 0 0 ( 3 . 0 0 2 8 ) J . u u 40 4 9 . 3 2 2 4 3 . 8 4 3 

1 6 ( U, 1 6 ) _ 1 5 ( C , 1 5 ) 1 8 4 9 5 2 . 3 1 4 3 ( 1 0> 1 3 4 9 5 2 . 3 1 6 0 ( J C 0 2 8 ) - 0 . 0 0 2d 5 2 . 7 6 7 4 6 . 5 9 3 
16 ( 1 , 1 6 ) - 1 5 ( 1 , 1 5 ) 1 8 2 4 6 6 . 5 7 3 0 ( 0 ) 1 8 2 4 6 6 . 5 9 53 ( 0 u 0 2 8 ) - j . 0 2 2 3 5 3 . 7 2 2 4 7 . 6 3 5 
1 6 ( 1 , 1 5 ) - 1 5 ( 1 , 1 4 ) 1 9 1 0 9 1 . 6 . 1 0 ( . . 0 ) 1 9 1 0 9 1 . 5 8 4 5 ( 0 . 0 0 2 8 ) 0 . 0 1 6 5 5 6 . 1 9 6 4 9 . 8 2 2 
1 6 ( 2 , 1 » ) - 1 5 ( 2 , 1 4 ) 1 8 7 . 1 8 . 0 5 1 0 ( 0 ) 1 8 7 j 1 8 . 0 4 2 3 ( 0 0 0 2 7 ) 1 . 0 0 8 7 6 0 . 70 6 5 4 . 4 6 8 
1 6 ( 2 , 1 4 ) - 1 5 ( 2 . 1 3 ) 1 8 9 5 d 6 . 3 b 9 « ( 1 0 ) 1 8 9 5 3 6 . 3 6 5 4 ( 0 u 0 2 o ) O . 0 0 36 6 1 . 0 9 3 5 4 . 7 7 1 
1 6 ( 3 , 1 4 ) - 1 5 ( 3 , 1 3 ) 1 8 7 7 3 3 . 3 1 7 0 ( 0 ) 1 8 7 7 3 3 . 3 0 6 4 ( 0 . 0 0 2 6 ) 0 • 0 1 3 6 7 0 . 3 3 3 6 4 . 0 7 0 
1 6 ( 3 , 13 ) - 1 5 ( 3 , 1 2 ) 1 0 7 8 8 4 . o 9 9 0 ( c ) 1 8 7 8 8 4 . 1 0 8 3 ( 0 . 0 0 2 6 ) - 0 . 0 0 9 3 7u • 3 4 9 6 4 . 0 3 1 
1 6 ( 4 , 1 3 ) - 1 3 ( 1 2 ) 1 6 7 6 5 8 . 1 0 6 u ( 0 ) 1 8 7 6 5 8 . 1 0 5 i ( 0 . 0 0 2 7 ) 0 . 1 0 8 3 . 6 3 7 7 7 . 3 7 7 
16 ( 4 , 1 2 ) - 1 5 ( 4 , 1 1 ) 1 8 7 6 6 1 . 4 5 8 u ( 0 ) 1 8 7 6 6 1 . 4 4 3 7 ( 0 . 0 0 2 7 ) 0 0 3 9 3 8 3 . 6 3 7 7 7 . 3 7 8 
16 ( 5 , 1 2 ) - l 5 ( 5 , 1 1 ) 1 6 7 6 0 5 . 7 5 9 0 ( 0 ) 1 8 7 6 J 5 . 7 3 1 0 ( 0 . 0 0 3 1 ) u 0 2 8 0 10 J . 7 4 7 9 4 . 4 3 9 
1 6 ( 5 , 1 1 ) - 1 5 ( 5 , 1 0 ) 1 8 7 6 0 5 . 7 5 9 0 ( 0 ) 1 8 7 6 0 5 . 7 6 8 7 ( 0 . 0 0 3 1 ) - .'. 0 0 9 7 1 0 0 . 7 4 7 9 4 . 4 8 9 
1 6 ( 6 , 1 1 ) - 1 5 ( 6 , 1 0 ) 1 6 7 5 8 7 . 0 6 0 0 ( 0 ) 1 8 7 5 8 7 . G 5 4 8 ( J . 0 0 3 7 ) 0 . u 2 52 1 2 1 . 6 5 6 1 1 5 . 3 9 9 
1 6 ( 6 , 1 0 ) - 1 5 ( 6 , 9 ) 1 8 7 5 6 7 . U 6 0 . ( 0 ) 1 8 7 5 8 7 . C 5 5 0 ( 0 . 0 0 3 7 ) fj , 0 2 5 ü 1 2 1 . 6 5 6 1 1 5 . 3 9 9 
16 ( 7 , 13 ) - 1 5 ( 7 , 9 ) 1 6 7 5 6 5 . 6 b 4 u ( 0 ) 1 8 7 5 8 5 . 8 5 2 5 ( 0 . 0 0 4 4 ) J . 0 1 1 5 1 4 6 . 3 5 7 1 4 0 . 1 J 0 
1 6 ( 7 , 9 ) - 1 5 ( 7 , 6 ) 1 6 7 S Ö 5 . 8 6 4 0 ( C ) 1 8 7 5 8 5 . 8 5 2 5 ( J . 0 0 4 4 ) u 0 1 1 5 1 4 6 . 3 5 7 1 4 0 . 1 J 0 
16 ( Ö , 9 ) - 1 5 ( A . 8 ) j . 6 7 5 9 5 . L 4 9 U ( 0 ) 1 8 7 5 9 5 . 1 3 6 2 ( 0 . 0 0 4 9 ) .. 3 1 2 8 1 7 4 . 8 4 2 1 6 8 . 5 8 5 
1 6 ( 6 , 8 ) - 1 5 ( 6 , 7 ) 1 6 7 5 9 5 . L 4 9 U ( 0 ) 1 8 7 5 9 5 . 1 3 6 2 ( 0 . 0 0 4 9 ) J . 0 1 2 8 1 7 4 . 8 4 2 I b 8 . 5 8 5 
16 ( 9 , 8 ) - 1 5 1 9 , 7 ) 1 6 7 6 1 1 . 6 5 9 u ( 0 ) j . 6 7 6 1 1 . 6 6 3 5 ( 0 • C 0 5 3 ) - u 0 0 4 5 2 0 7 . 10 2 2 0 0 . 8 4 4 
16 ( 9 , 7 ) - 1 5 ( 9 , 6 ) 1 8 7 6 1 1 . 6 5 9 0 ( 0 ) 1 8 7 6 1 1 . 6 6 3 5 ( 3 . 0 0 5 3 ) 0 0 4 5 2 0 7 . 1 0 2 2 0 0 . 8 4 4 
1 6 ( 1 0 , 7 ) - 1 5 ( 1 0 , 6 ) 1 8 7 6 3 3 . 7 4 6 0 ( 0 ) 1 8 7 6 3 3 . 7 5 1 2 ( J . 0 0 5 4 ) - J 0 3 52 2 4 3 1 2 9 2 3 6 . 3 7 0 
1 6 ( 1 j , 6 ) - 1 5 ( 1 0 , 5 ) 1 8 7 6 3 3 . 7 4 6 0 ( 0 ) 1 8 7 6 3 3 . 7 5 1 2 ( 0 . 0 0 5 4 ) - Ö . 0 0 5 2 2 4 3 . 1 2 9 2 3 6 . 8 7 0 
1 6 ( 1 1 , 6 ) - 1 5 ( 1 1 , 5 ) 1 8 7 6 6 U . 4 27u ( 0 ) 1 8 7 o 6 0 4 4 4 1 ( 0 . 0 0 5 5 ) 0 1 7 1 2 8 2 . 9 1 2 2 7 6 . 6 5 2 
1 6 ( 1 1 , 5 ) - 1 5 ( 1 1 , 4 ) 1 8 7 6 6 0 . 4 2 7 0 ( 0 ) 1 8 7 6 6 C . 4 4 4 1 ( 0 . 0 0 5 5 ) — 0 . 0 1 7 1 2 8 2 . 9 1 2 2 7 6 . 6 5 2 
1 6 ( 1 2 , 5 ) - 1 5 ( 1 2 , 4 ) 1 8 7 6 9 1 . l 5 7 u ( L ) 1 6 7 6 9 1 . 1 5 9 3 ( 0 . 0 0 6 2 ) - 0 0 u 2 3 3 2 6 4 4 1 3 2 0 . 1 8 0 
1 6 ( 1 2 , 4 ) - 1 5 ( 1 2 , 3 ) 1 6 7 6 9 1 . 1 5 7 0 ( 0 ) 1 8 7 6 9 1 . 1 5 9 3 ( 0 . 0 0 6 2 ) - 3 . 0 0 2 3 3 2 6 4 4 1 3 2 0 . 1 8 0 
1 6 ( 1 3 , 4 ) - 1 5 ( 1 3 , 3 ) 1 8 7 7 2 5 , 5 2 7 u ( 0 ) 1 8 7 7 2 5 . 5 1 6 7 ( 0 . 0 0 3 5 ) d 0 1 0 3 3 7 3 . 7 0 5 3 6 7 , 4 4 3 
1 6 ( 1 3 , 3 ) - 1 5 ( 1 3 , 2 ) 1 8 7 7 2 5 . 5 2 7 0 ( 0 ) 1 8 7 7 2 5 . 5 1 6 7 ( 0 . 0 0 8 5 ) 0 1 0 3 3 7 3 . 70 5 3 6 7 . 4 4 3 
1 6 ( 1 4 , 3 ) - 1 5 ( 1 4 , 2 ) 1 8 7 7 6 3 . 2 5 JU ( 0 ) 1 8 7 7 6 3 . 2 5 3 2 ( 0 . 0 1 2 8 ) - 0 b u 3 2 4 2 4 6 9 0 4 1 8 . 4 2 7 
1 6 ( 1 4 , 2 ) - 1 5 ( 1 4 , 1 ) 1 6 7 7 6 3 2 P J 0 ( 0 ) 1 6 7 7 6 3 . 2 5 3 2 ( 0 . 0 1 2 8 ) - U . 0 0 3 2 4 2 4 6 9 0 4 1 8 . 4 2 7 

18 ( 1 , 1 7 ) - 1 7 ( i , 1 6 ) 2 1 4 7 0 3 . 9 2 5 u ( 0 ) 2 1 4 7 0 3 . 9 3 1 8 ( 0 . 0 0 2 9 ) - 0 . 0 0 6 6 7 0 . 1 2 6 6 2 . 9 6 4 

19 ( 0 , 1 9 ) _ l ö ( 0 , 1 8 ) 2 1 8 6 4 9 . 3 7 8 0 ( 0 ) 2 1 3 6 4 9 . 3 6 1 6 ( 0 . 0 0 3 1 ) 0 . 0 1 6 4 7 3 . 5 2 5 t>6. 2 3 2 
1 9 ( 1 , 1 9 ) - 1 6 ( l , 1 8 ) 2 1 6 4 0 8 . o 6 9 0 ( 0 ) 2 1 6 4 u 8 . 6 8 9 7 ( 3 . 0 0 3 1 ) - o . 0 2J 7 7 4 2 4 6 6 7 . 0 28 

* * A T Y P E Q BRANCH * * 

1< 1 , 3 ) _ 1 ( l 1 ) 5 4 9 . 4 3 3 2 ( 3 . 0 0 0 1 ) 2 . 3 0 4 2 . 2 8 5 
2 ( 1 , 1 ) - 2 ( l 2 ) L O 4 8 . 27721 0 . 0 0 0 2 ) 3 . 1 0 4 3 . 0 4 9 

3 ( 1 , 2 ) - 3 ( l 3 ) 3 2 9 6 . 4 6 9 9 ( 0 . . 0 3 4 ) 4 3 0 4 4 . 1 9 4 
4 ( 1 , 3 ) - 4 ( i 4 ) 5 4 9 3 . 6 7 2 9 ( 0 . 0 3 0 6 ) 5 9 0 4 5 . 7 2 1 
5 ( 1 , • ) - 5 ( l 5 ) 8 2 4 0 . 2 1 8 6 ( 0 0 0 1 3 ) l 0 0 1 4 7 . 9 0 4 7 . 6 2 9 
6 ( 1 , 5 ) - 6 ( L 6 ) 1 1 5 3 5 . 0 4 0 0 ( i . C ) 1 1 5 3 5 . 0 3 6 4 ( 3 . 0 j 1 3 ) j 0 0 1 6 13 a 30 3 9 . 9 1 8 
7 ( 1 , A ) - 7 ( i 7 ) 1 5 3 7 7 . 5 7 u 0 ( 1 0 ) 1 5 3 7 7 . 5 7 3 9 ( 3 . 0 0 1 7 ) - 0 0 J 3 9 1 3 13 1 1 2 . 5 3 8 
8 ( 1 , 7 ) - 6 ( l 6 ) 1 9 7 6 6 o 9 u 0 ( i . 0 ) 1 9 7 6 6 . 6 7 0 8 ( 0 . 0 o 2 1 ) 0 . 0 1 9 2 1 6 2 9 9 1 5 . 6 4 0 
9 < 1 , 3 ) - 9 ( l 9 ) 2 4 7 0 0 o b o O ( i 0 ) 2 4 7 0 0 . b 5 5 8 ( 0 . 0 0 2 6 ) 1 3 0 4 2 1 9 3 9 5 1 9 . 0 7 1 

l o ( 1 , 9 ) - 10 ( l l u ) 3 U 1 7 7 . 2 . j * ( I . 0 ) 3 0 1 7 7 . 1 9 6 9 ( 0 . 0 0 3 1 ) 0 . 0 0 3 1 23 3 9 0 2 2 . 8 8 3 
1 5 ( 2 , 1 3 ) - 1 5 ( 1 4 ) 9 * 9 8 . 9 3 0 J ( 1 . 0 ) 9 . 9 8 . 9 3 j u ( J • o 0 1 7 ) * • « 3 0 3 J 5 4 . 7 7 1 5 4 . 4 u 8 

1 6 ( 2,1*) _ 1 6 ( 2 1 5 ) 1 1 5 3 7 2 5 5 0 ( 1 0 ) 1 1 5 8 7 . 2 5 3 2 ( 0 . 0 0 2 1 ) J 0 0 1 8 6 1 0 9 3 6 0 7 3 6 

17 ( 2 , . p ) - 1 7 ( 2 1 6 ) 1 4 5 1 5 d 5 . j ( 1 . 0 ) 1 4 5 1 5 . „ 8 2 2 ( 0 . 0 0 2 4 ) - U « 0 3 2 2 6 7 8 1 6 6 7 3 3 2 
1 8 ( 2 , 1 6 ) - 1 6 ( 2 1 7 ) 1 7 9 1 4 O 7 0 J ( 1 0 ) 1 7 9 1 4 . 6 7 7 6 ( J . 0 0 2 8 ) - 0 . 0 0 7 8 7 4 9 4 3 7 4 3 4 5 
2u ( 2 , I S ) - 2 W ( 2 1 9 ) 2 6 2 3 8 3 4 U . ( 1 0 ) 2 6 2 3 8 , 5 1 8 3 ( J . 0 0 3 5 ) 0 2 1 7 9d 40 6 6 9 5 3 1 
2 i ( 2 , 15 ) - 2 1 ( 2 2 . ) 3 1 2 0 6 3 4 0 J ( 1 0 ) 3 1 2 . 6 . 3 4 l l ( J . 0 0 3 9 ) 0 u 1 1 9 8 7 4 4 9 7 . 7 J 3 
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TABLE I I , OBSERVLÜ ANÜ CALCULATED FREQUENCIES OF C l S - H C O S H 

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

OBSERVED 
FREQUENCY 
( H E I G H T ) 

CALCULATED FREQUENCY 
(STANOARD D E V I A T I O N ) 

O B S . - C A L C . ENERGY L E V E L S I N C M - 1 
UPPER LOWER 
S T A T E S T A T E 

27 ( 3 2 4 ) _ 2 7 ( 3 , 2 5 ) 9 6 2 9 . 7 b 5 u ( 1 . C) 9 o 2 9 . 7 6 5 0 ( 0 C 0 3 6 ) C • 0 0 0 0 1 6 5 . 4 0 4 1 6 5 . 3 7 6 
28 ( 3 2 5 ) - 2 6 ( 3 , 2 b ) i 2 j - » b . 0 0 0 0 ( 1 . 0 ) 1 2 0 4 6 . Cu 8b ( 0 . 0 0 4 0 ) - 0 . 0 0 8 8 1 7 6 . 4 3 6 1 7 6 . 0 3 6 
29 ( 3 2 5 ) - 2 9 ( 3 , 2 7 ) 1 4 o 3 2 . 1 7 0 3 ( 1 . 0 ) 1 4 6 3 2 . 1 9 7 4 ( 0 . 0 0 4 4 ) - 0 » 0 2 7 4 1 8 7 . 6 7 6 1 8 7 . 3 3 8 
30 I 3 2 7 ) - 3 L ( 3 , 2 3 ) 1 7 b 2 4 . 6 6 5 u ( 1 . b ) 1 7 6 2 4 . 6 7 7 7 ( 0 . 0 0 4 6 ) - 0 . 0 1 2 7 1 9 9 . 7 1 7 1 9 9 . 1 2 9 
4 4 ( 4 h C ) - 4 h ( 4 1 ) 2 * 6 9 2 . 7 1 5 * ( 1 . 0) 2 0 6 9 2 . 7 1 3 5 ( 0« 0 0 9 2 ) - 0 . 0 0 3 5 4 1 8 . 6 6 2 4 1 8 . 1 7 2 
4 5 ( f 4 1 ) - 4 5 ( 4 , 4 2 ) 2 4 2 7 J . 7 2 0 0 ( 1 . 0) 2 4 2 7 u . 7 1 2 0 ( 0 . 0 1 1 9 ) 0 . 0 0 8 3 4 3 6 . 6 1 3 4 3 5 . 8 3 3 

• • 3 YPE R BRANCH • • 

1 ( 1 1 ) 0( o , 0 ) 6 8 5 1 1 . 2 7 9 6 ( 0 . b 0 2 2 ) 2 . 2 8 5 O . C b O 
2 ( 1 2 ) - 1 ( 0 , 1 ) 7 9 6 8 * . 9 6 1 1 ( 0 . 0 0 2 4 ) 3 . 0 4 9 C . 3 9 1 
3 ( 1 3 ) - 2 ( ü , 2 ) 9 0 5 7 7 . 3 7 6 7 ( 0 . 0 0 2 7 ) 4 . 1 9 4 1 . 1 7 3 
4 ( 1 4 ) - 3 ( Q , 3 ) 1 3 1 2 0 5 . 4 6 5 5 ( 0 . 0 0 2 9 ) 5 . 7 2 1 2 . 3 4 5 
5 ( 1 5 ) - 4 ( a , 4 ) 1 1 1 5 7 3 . 1 9 6 9 ( 3 . 0 0 3 2 ) 7 . 6 2 9 3 . 9 0 7 
6 ( 1 6 ) - 5 ( 0 , 5 ) 1 2 1 6 9 1 . 5 8 2 7 ( u . 0 0 3 4 ) 9 . 9 1 8 5 . 8 5 9 
7 ( 1 7 ) - o ( 3 , b ) 1 3 1 5 7 4 . 6 7 1 0 ( 0 . 00 3 6 ) 1 2 . 5 6 8 8 . 2 0 0 
6 ( 1 6 ) - 7 ( C , 7 ) 1 4 1 2 3 9 . 5 0 4 6 ( 0 . 0 3 3 7 ) 1 5 . 6 4 3 1 0 . 9 2 8 

13 ( 1 1 3 ) - 1 2 ( 0 » 1 2 ) 1 6 7 * 7 6 . 7 9 1 0 ( 1 . 0) 1 8 7 b 7 6 . 7 9 u u ( 0 . 0u 4 1 ) it* 0 0 1 0 3 6 . 5 9 7 3 0 . 3 5 7 

• » B YPE Q BRANCH • • 

1 ( 1 S ) _ 1 ( 3 1) 5 7 3 4 1 . 7 1 2 8 ( 0 . 0 0 1 9 ) 2 . 3 C 4 0 . 3 9 1 
2 ( 1 1 ) - 2 ( ti 2 ) 5 7 6 9 5 . 2 9 3 1 ( •J 0 0 1 9 ) 3 . 1 0 4 1 . 1 7 3 
3 ( 1 2 ) - 3 ( 0 3) 5 8 7 3 3 . * 6 3 3 ( J. 0 0 1 9 ) 4 . 3 0 4 2 . 3 4 5 
4 ( 1 3 ) - 4 ( 0 4 ) 5 9 8 6 3 . 6 6 6 1 ( 0 . 0 0 1 9 ) E. 90 4 3 . 9 0 7 
5 ( 1 4 ) - 5 ( u 5 ) 6 1 2 9 9 . 4 2 3 9 ( 0 . 0 b l 9 ) 7 . 9 0 4 5 . 6 5 9 
6 ( 1 5 ) - b ( u b ) 6 3 0 5 4 . 2 5 3 3 ( 3 . 0 0 1 9 ) 1 0 . 3 0 3 6 . 2 3 0 
7 ( 1 Ö ) - 7 ( 0 7 ) 6 5 1 4 5 . 5 2 o b ( 0 . 0 0 2 0 ) 1 3 . 1 0 1 1 0 . 9 2 8 
8 ( 1 7 ) - 8 ( 0 ö ) b 7 5 9 2 . 6 3 1 0 ( 1 . 0 ) 6 7 5 9 2 . 8 2 2 4 ( 0 . 0 0 2 1 ) 0 . 0 0 8 6 1 6 . 2 9 9 1 4 . 0 4 4 
9 ( 1 Ö) - 9 ( ü 9 ) 7 u 4 1 7 . 9 3 u u « 1 . 0 ) 7 0 4 1 7 . 9 0 9 9 ( J . 0 0 2 2 ) 0 . 0 2 0 1 1 9 . 6 9 5 1 7 . 5 4 6 

l b ( 1 3 ) - l o ( u 1 3 ) 7 3 b 4 4 . 2 5 3 0 ( 1 . 0 ) 7 3 b 44 . 2 5 6 0 ( 0 . 0 0 2 4 ) - 0 . 0 0 3 0 2 3 . 6 9 0 2 1 . 4 3 3 
11 ( 1 1J ) - I K 3 1 1 ) 7 7 2 9 6 . 5 1 9 4 ( 0 . 0 0 2 6 ) 2 8 . 2 8 2 2 5 . 7 0 4 
12 ( 1 1 1 ) - 1 2 ( 0 1 2 ) 8 1 3 9 9 . 8 6 9 4 ( 0 . 0 0 2 6 ) 3 3 . 0 7 2 3 0 . 3 5 7 
13 ( 1 1 2 ) - 1 3 ( 3 1 3 ) 8 5 9 7 9 . 2 * 9 0 ( 1 . 0) 8 5 9 7 9 . 1 7 37 ( ii • 0 u 3 1 ) 0 . 0 3 0 3 3 8 . 2 5 9 3 5 . 3 9 1 
1 4 ( 1 13 ) - 1 4 ( u 1 4 ) 9 1 0 5 8 . 1 * 8 0 ( 1 . 0 ) 9 1 * 5 8 . 1 0 5 0 ( l i . 0 0 3 4 ) 0 . 0 0 3 3 4 3 . 8 4 3 4 0 . 8 : 5 
15 ( 1 1 4 ) - 1 5 ( 0 1 5 ) 9 6 6 5 3 . * 9 5 b ( u . 0 0 3 7 ) 4 9 . 8 2 2 4 6 . 5 9 8 
17 ( 1 1 5 ) - 1 7 ( 0 1 7 ) 1 C 9 4 6 9 . 9 0 3 0 ( 1 . 0) 1 0 9 4 8 9 . 9 1 0 9 ( 0 . 0 0 4 3 ) - 3 . 0 0 7 9 6 2 . 9 6 4 5 9 . 3 1 2 
19 ( 1 I S ) - 1 9 ( u 1 9 ) 1 2 4 5 6 4 . 6 6 0 * ( 1 . 0) 1 2 4 5 6 4 . 6 6 9 2 ( 0 . 0 0 4 8 ) o • 0 1 0 8 7 7 . 6 6 3 7 3 . 5 2 5 
22 ( 1 2 1 ) - 2 2 ( Ü 2 2 ) 1 5 1 3 5 1 . 7 7 8 0 ( i . 0 ) 1 5 1 3 5 1 . 3 2 3 1 ( 0 . b 0 5 5 ) - 0 . 0 4 2 1 1 0 2 . 6 8 7 9 7 . 6 3 9 
25 ( 1 2 4 ) - 2 5 ( 0 2 5 ) 1 6 2 7 2 5 . 4 3 4 0 ( 1 . 0 ) 1 8 2 7 2 5 . 4 5 5 3 ( 0 . 0 0 7 9 ) - 0 • 0 2 1 3 1 3 1 . 1 6 5 1 2 5 . 0 9 0 

1 2 ( 2 13 ) - 1 2 ( 1 1 1 ) 1 5 4 1 * 1 . 6 0 9 0 ( 1 . 0 ) 1 5 4 1 u l . 6 0 4 2 ( 0 . 0 0 4 0 ) c. 0 0 4 8 3 8 . 2 1 3 3 3 . 3 7 2 
14 ( 2 1 2 ) - 1 4 ( 1 1 3 ) 1 5 b 1 5 8 . 5 6 4 * ( 1 . .) 1 5 0 1 5 8 . 5 7 3 4 ( d . 0 0 3 9 ) 0 . 0 1 * 6 4 8 . 8 5 2 4 3 . 8 4 3 
l b ( 2 1 4 ) - l b ( 1 1 5 ) 1 4 6 7 9 5 . 1 2 1 u ( 1 . b ) 1 4 6 7 9 5 . 1 0 7 * ( 0 . C 0 3 8 ) 0 . 0 1 4 3 6 1 . 0 9 3 5 6 . 1 9 6 
1 8 ( 2 l i ) - 1 8 ( 1 1 7 ) 1 4 4 3 3 0 . 9 h 3 U ( 1 . u ) 1 4 4 3 9 * . 9 4 3 6 ( 0 . b 0 3 9 ) 0 . 0 0 2 4 7 4 . 9 4 3 7 0 . 1 2 6 
22 ( 2 2u ) - 2 2 ( 1 2 1 ) 1 4 3 3 4 1 . 5 7 9 * ( 1 . 0) 1 4 3 8 4 1 . 5 7 3 0 ( 0 . 0 0 4 9 ) 0 . 0 0 9 0 1 0 7 . 4 8 5 i : 2 . 6 3 7 
2 4 ( 2 2 2 ) - 2 4 ( 1 2 3) 1 4 6 2 3 3 . 6 3 6 0 ( 1 . u ) 1 4 6 2 8 3 . Ö l b 4 ( 0 . 3 0 6 4 ) 0 . 0 2 5 6 1 2 b . 1 6 0 1 2 1 . 3 * 0 

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

l ü ( 2 9 ) - I K 1 lu) 1 6 6 4 7 3 . 0 7 4 U ( 1 . 0) 1 6 6 4 7 3 . ; 7 2 8 ( J. 0 0 4 2 ) L • 3 0 1 2 2 9 . 1 0 3 2 2 . 6 3 3 
1 1 ( 2 1J ) - 1 1 ( 1 1 1 ) 1 6 9 3 6 1 . 4 2 7 0 ( 1 . 0 ) 1 8 9 5 o l . 4 3 5 0 ( 0 . 0 0 4 2 ) — 0 . u 0 8 0 3 3 . 3 9 8 2 7 . 3 7 5 

• • B YPE P BRANCH » • 

1 ( 1 1 ) _ 2 ( u 2) 3 3 3 5 8 . 3 6 0 0 ( 1 . 0 ) 3 3 3 5 8 . 3 3 4 4 ( 0 b 0 1 6 ) c 0 4 56 2 . 2 6 5 1 . 1 7 3 
2 ( 1 2 ) - 3 ( 0 3) 2 1 1 0 6 . 2 3 0 b ( 1 . 0 ) 2 1 1 * 6 . 2 3 2 6 ( 0. 0 0 1 6 ) - 0 . 0 0 2 6 3 . 3 4 9 2 . 3 4 5 
3 ( 1 3 ) - 4 ( 0 , 4 ) 6 6 3 1 . 1 2 0 3 ( 1 . 0 ) 6 6 0 1 . 1 2 3 0 ( 0 0 0 1 7 ) - u . 0 0 3 0 • » . 1 9 4 3 . 9 J 7 
5 ( 0 ? ) - 4 ( 1 , 4 ) 4 1 4 3 . 9 9 1 4 ( u 0 0 1 8 ) 5 . 8 5 9 5 . 7 2 1 
b ( b 6 ) - 5 ( ll 5 ) 1 7 1 1 3 . 1 6 3 0 ( 1 . 0 ) 1 7 1 1 3 . 1 5 2 5 ( 0 . 0 0 2 0 ) c . 0 0 7 5 8 . 2 0 3 7 . 6 2 9 
7 ( 0 7 ) - b ( 1 , b ) 3u 2 3 7 « 5 3 0 J ( 1 . u ) 3 0 2 8 7 . 5 0 4 4 ( Ü 0 0 2 2 ) - 0 . 0 0 4 4 1 3 . 9 2 8 9 . 9 1 8 
8 ( 0 3 ) - 7 ( ll 7 ) 4 3 6 4 5 . 4 0 6 3 ( 0. C 0 2 4 ) 1 4 . 0 4 4 1 2 . 5 3 8 
9 ( c 9 ) - 8 ( 1 , S) 5 7 1 6 2 . 6 1 6 6 ( 0 . 0 0 2 6 ) 1 7 . 5 4 6 1 5 . 6 4 0 

10 ( Ü 10 ) - 9 ( 1 , 9 ) 7 0 8 1 2 . 5 9 0 b ( 1 . 0 ) 7 u 8 1 2 . 5 6 4 6 ( 0 . 0 0 2 8 ) 0 0 0 5 2 2 1 . 4 3 3 1 9 . 0 7 1 
11 ( * I D - 1 0 ( 1 , l u ) 8 4 3 6 6 . 3 l i b ( 1 . C ) 6 4 5 6 6 . 3 2 2 2 ( J. 0 0 2 9 ) - b . u 1 1 2 2 5 . 7 0 4 2 2 . 8 3 3 
12 ( J 1 2 » - I K 1 » 1 1 ) 9 8 3 9 5 . 4 3 6 1 ( 0 0 0 3 u ) 3 3 . 3 5 7 2 7 . 0 7 5 
13 ( J 13 ) - 1 2 ( 1 , 1 2 ) 1 1 2 2 6 7 . 7 4 9 5 ( b . 0 0 3 1 ) 3 5 . 3 9 1 3 1 . 6 4 7 
1 4 ( J 1 4 ) - 1 3 ( 1 , 1 3 ) 1 2 6 1 5 3 . 0 6 3 0 ( 1 . 0 ) 1 2 6 1 5 3 . * 3 5 ü ( 0 0 0 3 1 ) 0 0 2 3 0 4 3 . 8 3 5 3 6 . 5 9 7 
1 5 ( 0 1 5 ) - 1 4 ( 1 , 1 4 ) 1 4 0 b 2 1 . 3 l 6 6 < 0 . 0 0 3 2 ) 4 6 . 5 9 8 n l . 9 2 7 
I S ( u l o ) - 1 5 ( 1 , 1 5 ) 1 5 3 8 H 4 . 2 1 0 b ( 1 . C ) 1 3 3 0 4 4 . 1 9 J 8 ( 0 . 0 0 3 2 ) * 1 9 2 5 2 . 7 6 7 - 7 . 6 3 5 
18 ( 0 1 3 ) - 1 7 ( 1 , 1 7 ) 1 0 1 2 5 2 . 5 9 6 b ( 1 . 0) 1 8 1 2 5 2 . 5 6 5 2 ( 0 . 0 0 3 2 ) 0 j l b 8 6 6 . 2 3 2 6 0 . 1 3 6 

5 ( 2 4) - 6 ( l i 5 ) 9 5 1 5 7 9 : i 3 ( i . 0) 9 5 1 5 7 . 9 l 7 2 ( 3 0 0 3 9 ) — J • 0 1 6 2 1 3 . 4 7 7 1 0 . 3 3 3 
l b ( 2 3 ) - I K 1 , 1 0 ) 2 4 6 0 9 . 7 2 5 * ( 1 . u ) 2 4 6 0 9 . 7 3 1 1 ( a 0 0 4 u ) 0 o o l 2 9 . 1 0 3 2 8 . 2 3 2 
1 1 ( 2 l u ) - 1 2 ( 1 , 1 1 ) 9 7 6 6 . 1 2 3 b ( 1 . 9 7 6 6 . 1 2 9 5 ( 0 0 0 4 1 ) 0 0 9 5 3 3 . 3 9 3 3 3 . 3 7 2 
14 ( 1 1 3 ) - 1 3 ( 2 , 1 2 ) 2 * 6 ; j . 5 1 0 0 ( 1 * ) 2 3 6 0 3 . 5 0 7 4 ( 0 0 0 4 3 ) 0 0 0 26 4 3 . 6 4 3 4 3 . 1 5 6 
2 2 ( 1 2 1 ) - 2 1 ( 2 , 2 u) 1 4 9 4 3 1 « 1 6 7 b ( 1 . b) 1 4 9 4 3 1 . 1 5 3 9 ( 3 . 0 3 5 2 ) L 3 0 7 1 1 0 2 . 6 6 7 9 7 . 7.J3 
2 4 ( 1 2 3 ) - 2 3 ( 2 , 22) 1 6 2 3 1 2 9 4 3 b ( 1 . 0 ) 1 3 2 8 1 2 . 9 4 3 7 ( 0 0 0 6 1 ) 0. 0 2 2 3 1 2 1 . 3 0 0 1 1 5 . 2 2 
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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 

T R A N S I T I O N OBSERVED CALCULATED FREQUENCY O B S . - C A L C . ENERGY LEVELS IN C M - i 
UPPER LOWER FREQUlNCY (STANDARD OEVIATION) UPPER LOWER 
STATE STATE (WEIGHT) STATE STATE 

7 ( 2 5 ) 6 ( 1 8 ) 8 7 9 5 9 . 9 1 2 « ( . 3 ) 6 7 9 5 9 . 6 9 3 1 ( J . 0 1 3 7 ) 0 . 0 1 3 9 1 8 . 5 7 4 1 5 . 6 4 0 
9 ( 2 7 ) - i u < 1 1 0 ) 7 0 6 9 5 . 1 1 0 0 ( . 0 ) 7 3 6 9 5 . 1 3 1 6 ( 0 . 0 0 3 3 ) - 0 . 3 2 1 6 2 5 . 2 4 1 2 2 . 8 8 3 

15 ( 2 13 ) - 1 6 ( 1 1 6 ) 3 1 4 6 3 . 6 9 0 u ( . 0 ) 3 1 4 6 3 . 7 0 0 6 ( 0 . 0 0 5 1 ) - . . 0 1 0 6 5 4 . 7 7 1 5 3 . 7 2 2 
1 6 ( 2 1 4 ) - 1 7 ( 1 1 7 ) 2 7 1 7 7 . 6 4 . J ( . 0 ) 2 7 1 7 7 . 8 4 0 2 ( 0 . 0 0 5 3 ) - . . 0 3 0 2 6 1 . 0 9 3 6 0 . 1 3 6 
Zi ( 2 1 3 ) - 2 1 ( 1 2 1 ) 1 7 7 7 8 . 6 5 5 u ( . 0 ) 1 7 7 7 8 . 6 5 72 ( u . 0 0 6 0 ) - 0 . 0 0 2 2 9 0 . 4 0 6 3 9 . 8 1 3 
21 ( 2 1 9 ) - 2 2 ( 1 2 2 ) 1 7 4 6 6 . 5 4 5 0 ( . 0 ) 1 7 4 8 6 . 5 3 9 3 ( 0 . 0 0 6 3 ) « . 0 3 57 9 3 . 7 4 4 9 8 . 1 6 0 
26 ( 2 2 4 ) - 27 ( 1 2 7 ) 2 6 3 6 5 . 1 J U 0 ( . t) 2 8 8 6 5 . 1 1 9 2 ( 0 . 0 0 9 6 ) - j . O 1 9 2 1 4 6 . 4 8 6 1 4 5 . 5 2 3 
27 ( 2 2 5 ) 2 3 ( 1 2 8 ) 3 3 o o 0 . 9 5 u 0 ( . 0 ) 3 3 6 6 0 . 9 3 7 3 ( u • 0 l 2 u ) 0 . 0 4 2 7 1 5 7 . 2 4 2 1 5 6 . 1 1 8 

10 ( 3 b ) _ 1 1 ( 2 9 ) 1 5 4 2 6 8 . 3 9 9 0 ( . 0 ) 1 5 4 2 6 8 . 4 0 5 6 ( 0 . 0 0 5 5 ) - 0 . 0 0 6 6 3 3 . 6 3 8 3 3 . 4 9 2 
16 ( 3 1 4 ) - 1 7 ( 2 1 5 ) 7 5 4 4 1 . 9 9 5 0 ( . 0 ) 7 5 + 4 1 . 9 9 8 j ( 0 . 0 0 4 3 ) - u . 0 0 3 u 7 3 . 3 3 3 6 7 . 8 1 6 
19 ( 3 1 7 ) - 2i. ( 2 1 8 ) 3 1 9 1 6 . 6 5 « 0 ( . 0 ) 3 1 9 1 6 . 6 5 79 ( 0 . C 0 4 1 ) - 0 . 0 0 7 9 9 1 . 4 7 1 9 0 . 4 3 6 
2 - ( 3 I S ) - 2 l ( Z 1 9 ) 1 6 o 9 6 . b 5 0 b ( . 0) 1 6 6 9 6 . 6 4 6 J ( J . 0 0 4 2 ) . . U 3 40 9 9 . 3 0 1 9 8 . 7 4 4 
23 ( 2 2 1 ) - 2 2 ( 3 2 0 ) 1 4 8 2 9 . 7 k5\i ( . 0 ) 1 4 6 2 9 . 7 4 6 1 ( 0 . 0 0 4 5 ) - 0 . 0 3 1 1 1 1 6 . 6 3 1 1 1 6 . 1 3 6 
2k ( 2 2 2 ) - 2 3 ( 3 2 1 ) 3 1 1 2 7 . 3 9 u 0 ( .0) 3 1 1 2 7 . 3 7 9 9 ( 0 . 0 0 4 7 ) J . u l u 1 1 2 6 . 1 8 0 1 2 5 . 1 4 1 
3 1 ( 2 2 9 ) - 3 C ( 3 2 8 ) 1 5 3 9 8 7 . o + l u ( . 0 ) 1 5 3 9 6 7 . 0 5 3 7 ( c . 0 1 1 2 ) - 0 . 0 1 2 7 20 + . 2 6 5 1 9 9 . 1 2 9 

10 ( 3 1 5 ) _ 1 9 ( 2 1 6 ) 6 9 5 4 4 . 6 8 1 0 ( . 0 ) 6 9 5 4 4 . 8 8 7 7 ( « . « 0 3 9 ) - Ü . O 0 6 7 8 4 . 3 6 5 8 1 . 7 4 5 
22 ( 3 1 9 ) - 2 3 ( 2 22) 3 1 « 5 5 . 6 . ü u ( . 0 ) 3 1 0 5 5 . 59 3 4 ( « . « u 4 2 ) 0 . 0 0 6 6 1 1 6 . 2 3 8 1 1 5 . 2 0 2 
2k ( 3 2 1 ) - 2 5 ( 2 2 4 ) 1 4 « 1 5 . « 7 00 ( . 0 ) 1 4 C 1 5 . 0 6 6 3 ( 3 . 0 0 4 7 ) J . 0 0 1 7 1 3 4 . 7 0 6 1 3 4 . 2 3 9 
29 ( 2 2 3 ) - 2 3 ( 3 2 5 ) 1 4 . 3 5 . 1 5 J U ( . 0 ) 1 4 C 3 5 . 1 4 0 9 ( 0 . ii 0 6 4 ) 0 . 0 0 9 1 1 7 6 . 90 6 1 7 6 . 4 3 8 
kZ ( 2 4 1 ) - 4 1 ( 3 3 8 ) 2 2 4 2 9 . 5 3 3 « ( . 0 ) 2 2 4 2 9 . 5 3 J 5 ( J . 0 1 0 2) - . . 0 0 . 5 3 5 7 . 4 9 1 3 5 6 . 7 4 3 
43 ( 2 4 2 ) - 4 2 ( 3 3 9 ) 1 6 6 7 2 . 4 o 5 u ( . 0 ) 1 6 8 7 2 . 4 6 9 5 ( 0 . 0 0 9 9 ) - 0 . 0 3 4 5 3 7 + . 0 1 4 3 7 3 . 4 5 2 
44 ( 2 43 ) - 4 3 ( 3 4 0 ) 1 0 4 3 1 . 4 7 5 J ( . 0 ) 1 0 + 3 1 . 4 7 1 9 ( u . 0 0 3 5 ) 0 . 0 0 3 1 3 9 3 . 9 1 2 3 9 0 . 5 6 4 
k7 ( 3 4 + } - 4 6 ( 2 4 7 ) 2 3 7 1 9 . 3 2 5 J ( . 0 ) 2 3 7 1 9 . 3 2 6 2 ( 0 . 0 1 6 9 ) - j . 0 0 1 2 4 6 3 . 0 2 1 4 6 2 . 2 3 0 

20 ( 4 17 ) _ 2 1 1 3 1 3 ) 1 4 9 6 9 8 . 4 3 0 « ( . C) 1 4 9 6 9 8 . 4 0 7 2 ( 0 0 0 6 8 ) 2 . 0 2 2 8 1 1 2 . 5 9 4 1 0 7 . 6 0 0 
22 ( 4 1 9 ) - 2 3 ( 3 2 0 ) 1 2 4 4 5 7 . 2 9 6 « ( . 0 ) 1 2 4 4 5 7 . 2 7 3 4 ( - 0 0 5 9 ) 0 . 0 1 7 6 1 2 9 . 4 2 4 1 2 5 . 2 7 3 
25 ( 4 2 2 ) - 2 6 ( 3 2 3 ) 6 5 2 0 9 . 3 3 1 0 < . 3 ) 6 5 2 0 9 . 3 2 4 9 ( J. 0 0 5 2 ) 0 . 3 0 6 1 1 5 7 . 6 1 3 1 5 4 . 7 7 1 
26 ( 4 2 3 ) - 2 7 ( 3 24) 7 1 6 6 2 . 3 1 6 0 ( . 0 ) 7 1 6 6 2 . 3 l u 5 ( 0 0 0 5 2 ) 0 . 0 3 5 5 1 6 7 . 7 9 4 1 6 5 . 4 . 4 
29 ( 4 2 6 ) - 30 ( 3 2 7) 2 9 2 7 6 . 3 7 « « ( . 0 ) 2 9 2 7 6 . 3 7 6 8 ( j 0 0 5 9 ) - 0 . 0 0 6 3 2 0 0 . 6 9 3 1 9 9 . 7 1 7 
3« ( 4 2 7 ) - 3 1 ( 3 2 8 ) 1 H 4 8 4 . 6 6 U U ( . 0 ) 1 4 4 8 4 . 6 9 8 1 ( u 0 0 6 2 ) - 0 . 0 3 8 1 2 1 2 . 4 4 5 2 1 1 . 9 6 2 
33 ( 3 3 0 ) - 3 2 ( 4 2 9) 1 6 2 2 2 . 6 2 J 0 ( . 0 ) 1 6 2 2 2 . 6 2 8 5 ( «. 0 0 7 1 ) - 0 . 0 0 8 5 2 3 7 . 6 6 8 2 3 7 . 1 2 7 

17 ( 4 1 3 ) _ 1 3 ( 3 1 6 ) 1 6 7 5 5 2 . 4 9 0 0 ( . 0 ) 1 3 7 5 5 2 . 5 « 1 J ( 0 0 0 8 1) - O . o 1 1 0 9 0 . 2 8 9 8 4 . 0 33 
27 ( 4 2 3 ) - 2 6 ( 3 2 6 ) 7 0 3 9 7 . 5 6 6 u ( . 0 ) 7 0 3 9 7 . 5 b l 3 ( 0 0 0 5 1 ) 0 . 0 0 + 7 1 7 8 . 3 8 5 1 7 6 . 3 3 6 
31 ( 4 2 7 ) - 3 2 ( 3 3 0 ) 2 5 7 3 5 . 6 7 0 0 ( . 0 ) 2 5 7 8 5 . 6 7 9 8 ( 0. 0 0 5 9 ) - « . 0 0 9 8 2 2 4 . 6 3 9 2 2 3 . 7 7 9 
32 ( + 2 3 ) - 3 3 ( 3 3 1 ) 1 5 0 7 0 . 3 3 0 0 ( .0) 15 u 7 0 . 3 1 5 3 ( J. 0 0 6 1 ) . . 3 1 4 2 2 3 7 . 1 9 0 2 3 6 . 6 6 7 
36 ( 3 3 4 ) - 3 5 ( 4 3 1 ) 1 5 5 7 8 . 6 4 0 0 ( . 0 ) 1 5 5 7 8 . 6 3 5 1 ( 0 C 0 6 6 ) 0 . 0 0 + 9 2 7 7 . 7 4 3 2 7 7 . 2 2 1 
37 ( 3 3 5 ) - 3 o ( 4 3 2 ) 2 5 1 6 6 . 6 2 « . ( . 0 ) 2 5 1 8 6 . 6 1 7 5 ( 0 0 0 6 8 ) « . 0 0 2 5 2 9 2 . 1 9 9 2 9 1 . 3 5 9 

27 ( 5 2 3 ) _ 2 8 ( 4 2 4 ) 1 6 1 6 7 8 . « 9 7 0 < . 0 ) 1 3 1 6 7 8 . 1 2 1 6 ( 3. C 0 8 8 ) - 0 . 0 2 ^ 6 1 9 5 . 42 3 1 8 9 . 3 5 7 
30 ( 5 2 5 ) - 3 K 4 2 7 ) 1 4 4 8 8 4 . C 7 . l ( .L) 1 4 + 8 8 4 . - 5 3 2 ( j « u 3 1 ) C . 0 1 6 8 2 2 9 . 4 7 2 2 2 4 . 6 3 9 
40 ( 5 3 5 ) - 4 1 ( 4 3 7) 1 2 8 6 6 . 0 9 5 0 ( .0) 1 2 3 6 6 . 0 9 3 8 ( 3 . 0 0 9 3 ) 0 . 0 J 4 2 3 6 8 . 4 6 6 3 6 8 . 3 3 6 
h3 ( 4 3 9 ) - 4 2 ( 5 3 8) 1 6 2 4 7 . 4 0 C0 < . 0 ) 1 6 2 4 7 . 3 9 6 2 ( J . 0 0 9 9 ) l . 0 0 1 3 4 0 1 . 5 1 7 40 0 . 9 7 5 

27 ( 5 22 ) 2 6 ( 4 2 5 ) 1 8 2 5 6 9 . 8 0 0 0 ( .0) 1 6 2 5 6 9 . 6 1 u 6 ( 0 0 0 3 9 ) - 0 . 0 1 0 6 1 9 5 . 4 2 4 1 8 9 . 3 3 4 
3 J ( 5 2 5 ) - 3 1 ( 4 2 8 ) 1 4 6 4 1 6 . 1 3 2 « ( .0) 1 4 6 4 1 6 . 16 + 3 ( 0 0 0 8 0 ) 0 . 0 1 7 7 2 2 9 . 4 7 3 2 2 4 . 5 6 9 
k 0 ( 5 3 5 ) - 4 1 ( 4 3 8 ) 2 5 9 3 7 . 2 3 0 0 ( . 0 ) 25 9 3 7 . 2 8 4 b ( 0. 0 C 7 4 ) - . . 0 O 48 3 6 6 . 4 8 8 3 6 7 . 6 2 3 
4 1 ( 5 3 6 ) - 4 2 ( 4 3 9 ) 1 4 1 0 4 . 8 7 « t ( .0) 1 4 1 0 4 . 8 6 7 9 ( J . 0 7 2 ) 0 . 3 0 2 1 3 8 4 . 5 5 2 3 8 4 . 3 8 2 
kk ( 4 4 1 ) - 4 3 ( 5 3 8 ) 9 2 6 3 . 6 1 0 0 ( . C ) 9 2 6 3 . 6 3 3 1 ( 0 0 0 9 3 ) « . 3 0 1 9 4 1 8 . 17 2 4 1 7 . 8 6 3 
4 5 ( 4 4 2 ) - 4 4 ( 5 3 9) 2 0 7 6 0 . 5 7 5 0 ( . 3 ) 2 0 7 6 0 . 5 7 7 0 ( J 0 1 1 8 ) - 0 . 0 0 2 0 4 3 5 . 8 C 3 4 3 5 . 1 1 1 



W. H. Hocking and G. Winnewisser • Rotational Spectrum of Monothioformic Acid. II 435 

transitions have been assigned and plotted in For-
trat diagrams, as shown in Figs. 2 and 6, does the 
inherent simplicity of the spectrum become appar-
ent. The Fortrat diagrams also reveal the striking 
similarity between the spectra of the two rotamers. 

IV. Centrifugal Distortion Analysis 

The observed rotational transitions of monothio-
formic acid were analysed using the reduced Hamil-
tonian reported by Watson 17 in which R6 = 0. The 
analysis was performed in the V axis representation 
so that the Hamiltonian may be written as follows: 

W - W r + Wd + Wd', (1) 

Hr = l/2(B + C)P2 + [A-l/2(B + C)]Pa2 

+ 1/2 (B-C)(Pb2-P2) , (2) 
=-AjP*-AjKP2P2-AKPa* 

— 2djP2 (Pb2 — Pc2) (3) 
-MPa2(Pb2-Pc2) + (/V-/VWJ, 

Hr = Hj p6 + hjk p* p2 + hkj p2 pa* + hk pa6 

+ 2 hjPHPb2-Pc2) (4) 
+ hjKP2[Pa2(Pb2-P2) + (.Pb2-Pc2)Pa2] 

+ hK [ / V (Pb2 - Pc2) + (Pb2 - Pc2) Pa4] 

where P, Pa, Pb and Pc are the operators for the 
total angular momentum and its components along 
the principal inertial axes. The constants A, B and 
C are Watson's reduced rotational constants wThich 
contain very small centrifugal distortion contribu-
tions17. The parameters in Eqs. (3) and (4) are 
the quartic and sextic centrifugal distortion con 
stants respectively. 

An iterative least squares procedure was used to 
determine values for the molecular constants which 
appear in the above Hamiltonian from the observed 
spectra. In each step of the iteration the energy 
matrix was diagonalized with the aid of the QR 
algorithm which diagonalizes tridiagonal matrices 
rapidly 18. 

The observed and calculated transition frequen-
cies of the trans rotamer have been listed in Table I; 
the frequencies of the eis rotamer are given in 
Table II. Several of the a-type R-branch lines whose 
A-type splitting is calculated to be larger than 
10 kHz, but could not be resolved experimentally, 
were excluded from each fit. The components 

with a calculated .A-type splitting of less than 
10 kHz were treated as single lines. A total of 164 
transition frequencies with 7 ^ 45 were included in 
the least squares analysis of the trans rotamer giv-
ing a standard deviation of the fit of 12.5 kHz. For 
the eis rotamer, 170 transition frequencies with 
7 ^ 4 8 were analyzed with a standard deviation of 
the fit of 17.2 kHz. The slight increase in the stan-
dard deviation of the fit on going from the trans to 
the eis rotamer is consistent with the observation 
that the absorption lines of the eis rotamer are 
significantly broader than those of the trans, and 
are therefore expected to be somewhat less accu-
rately measured. 

The molecular constants obtained in the least 
squares fits described above are collected in Table 
III. The rotational constants and the quartic cen-
trifugal distortion constants are well determined. 
However, three of the sextic centrifugal distortion 
constants ( H j k , H j k , hx) are poorly determined. 

The reduced Hamiltonian presented in Eqs. (1) 
— (4) is only one of an infinite set of effective 
Hamiltonians which may be obtained by applying a 
unitary transformation to the general rotational Ha-
miltonian 17. Alternative reduced Hamiltonians 19' 20 

and the use of different axis representations21'22 

have in some instances been proposed. It is there-

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

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

A 62927.7132 (21) 62036.0911(17) MHz 
B 6134.26108(19) 6125.30490(14) MHz 
C 5584.75363(19) 5569.64234(14) MHz 

AJ 3.67858(36) 3.42871 (27) kHz 
Ajk - 4 7 . 9 6 1 9 ( 6 5 ) - 4 3 . 1 6 6 7 ( 5 1 ) kHz 
Ak 1305.68(18) 1250.74(15) kHz 
<5 j 0.463122(37) 0.434730(32) kHz 
8k 17.653(12) 16.5158 (84) kHz 

H j 0.00279 (30) 0.00137(24) Hz 
H j k - 0 . 0 4 8 ( 1 3 ) - 0 . 0 0 2 ( 1 6 ) Hz 
H k j - 4 . 1 6 2 (51) - 4 . 7 3 7 ( 5 3 ) Hz 
Hk 80.6(47) 88.1 (44) Hz 
hj 0.001118(18) 0.000737 (37) Hz 
hjK 0.014(16) 0.019(18) Hz 
hK 7.6(19) 5.9(20) Hz 
ab 17.2 12.5 kHz 
N  C  170 164 

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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fore desirable to check that the reduced Hamiltonian 
and axis representation used here are appropriate. 
Such a check is provided by a small ( < 1 0 - 5 ) value 
of the coefficient of the unitary transformation15,21'22, 

. This coefficient was evaluated from the con-
stants given in Table III using the procedure dis-
cussed by Yamada and Winnewisser15, case 1. The 
results are s l u = 1.365 x 1 0 - 7 for fr<ms-HC(:0)SH 
and 5 m = 1.429 X l O " 7 for « s - H C ( : 0 ) S H . These 
numbers indicate that the effective Hamiltonian 
given in Eqs. (1) — (4) is a suitable one for the 
analysis of the rotational spectrum of H C ( : 0 ) S H . 

Watson has shown that there is one set of pa-
rameters which are invariant to a unitary transfor-
mation of the rotational Hamiltonian. These parame-
ters, which are designated 91, 33, ß , r ' a a a a , r'bbbb * 
r'cccc i Ti a n d x2 may be calculated from the spectral 
parameters reported in Table III using equations 
given by Watson17 . The results are presented in 
Table IV. Also reported in Table IV are values of 

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

acid a> 

ct's-HC (: 0 ) SH trans-HC(:0)SH 

62036.0980(17) MHz 
6125.23469(14) MHz 
5569.63993(14) MHz 

- 4 8 4 4 . 0 1 ( 6 0 ) kHz 
- 1 7 . 1 9 2 7 ( 1 1 ) kHz 
- 1 0 . 2 3 7 0 ( 1 1 ) kHz 
131.522(21) kHz 

0.4900(20) kHz 

- 0 . 0 1 9 9 2 ( 4 2 ) kHz 

a The numbers in parentheses are standard errors. 
b r2 =r2l (a+ß+y) ; where a, ß and y are rotational con-

stants defined by Kivelson and Wilson25 . See also Ref . 1 5 ' 2 3 . 

the quantity known as the r-defect23, AT CCCC. For a 
planar molecule, in its equilibrium configuration, 
the r-defect should be zero. The small negative 
values of AT'CCCC given in Table IV are typical for a 
planar molecule in its ground vibrational state 23. 

If a molecule is planar then there exist relations 
which reduce the number of linearly independent 
quartic distortion constants from five to four 1 ' . 
These relations are strictly valid only for the equi-
librium rotational parameters, but also apply ap-
proximately to the ground vibrational state con-
stants. The planarity constraints were applied to the 

H C ( : 0 ) S H ground state spectral constants follow-
ing Yamada and Winnewisser15 '24 case 1, in order 
to determine values for the seven constants a , ß', 
7 > raabb ? rbbcc, raacc and tahab • The results are col-
lected in Table V. The Kivelson and Wilson 25 rota-
tional constants, a, ß', y, contain no centrifugal 
distortion contributions and hence are the appro-
priate constants to use in a structural determination. 

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

eis-HC(:0)SH m r n s - H C ( : 0 ) S H 

a' 62927.695 62036.075 MHz 
ß' 6134.2083 6125.2551 MHz 
/ 5584.8152 5569.7002 MHz 

fc* Taabb 150.03 137.39 kHz 
ft4 Tbbcc - 1 4 . 0 8 6 - 1 3 . 1 0 8 kHz 
ft4 Taacc 84.617 74.555 kHz 
ft4 Tabab - 3 6 . 4 2 8 - 3 3 . 6 6 0 kHz 

a Calculated using the planarity conditions as described in 
Ref . 1 5 case 1. 

V. Interstellar Search 

A preliminary search has been conducted for the 
212 — 2 u transition of both rotamers of H C ( : 0 ) S H 
in the galactic radio sources W3, W3(OH) and 
Sgr B2 using the 100 m telescope of the Max Planck 
Institut für Radioastronomie. The results of this 
search were negative. Upper limits were obtained on 
the antenna temperature, T o f the 212 — 2n tran-
sition. These are: Tal<0.027 K in Sgr B2 and 
7 a l < 0 . 0 5 K in W3 and W3(OH) for the eis rota-
mer, and Tal < 0 . 0 5 K in W3 and W3(OH) for the 
trans rotamer, where the limits represent three times 
the noise level. No reliable limits could be derived 
from the observations on the trans rotamer line in 
Sgr B2 because it is seriously blended with various 
Doppler shifted velocity components of the strong 
absorption spectrum of OH. The interstellar search 
for different rotational transitions of monothio-
formic acid is being continued. 
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