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Molecular Microwave Spectra Tables1 

By Paul Kisliuk 2 and Charles H. Townes 2 

This paper presents a group of t ables t hat give the frequencies, assignment of qua nt um 
numbers, and intensities of over 700 microwave absorption lines. The best availabl e valu es 
of other per t inen t m olecul ar data, s uch a s moment s of in ert ia, dipole moments, quadrupole 
coupling constant s, a nd rotation-vibration constants are also in cluded. The freq uencies 
are listed once for' each molecule and again in consecut ive ascending order of frequency . 
References are given for all data included. Frequencies listed to t he neares t megacycle 
were generally measured with a cavi ty wave meter a nd may be in error by as much as 10 
mega cycles, whereas t hose given to' a fraction of a megacycle are genera lly known to a n 
accuracy of about 0.1 megacycle. 

A short discuss ion of mi crowave spcctra an d impor tan t formulas is given. For easy 
calculation of hyperfine st ructure Cas imir's fun ction is tab ulated up to J = 10 a nd 1 = 9/2. 

Introd uction 

These tables were und ertaken because of the 
interest and en couragemen t of a number of 
workers in microwave sp ectroscopy. B eside en­
couragemen t, our colleagues have provided a 
considerable amount of unpublished information 
so t,hat the tables could be as complete and up-to­
date as po sible. H owever , the considerable 
ac tivi ty in mi cro,,{ave spectroscopy makes obso­
lescence of the presen t tables inevitable, and i t is 
expected that th ey will b e r evised and republished 
from time to tim e. Suggestions or additions for 
future editions of these tables will be gladly re­
ceived, eith er by the au thors or the Micro\vave 
Standards Section, National Bureau of Standards, 
Washington, D. C. A supplement to bring these 
tables up to date will soon be issued. It is 
especially hoped that information obtained on 
microwave spectral lines tha t is not otherwise 
published will be received so that it may be 
included in the tables and thus made available. 

Only molecular lines of frequency greater than 
1,000 megacycles have been listed. This excludes 
nuclear r esonances found by molecular beam 
techniques rather than the usual microwave ab­
sorption measurements, as well as the lines of 
'1tomic hydrogen and cesium that fall in the 
microwave r egion. All lines repor ted in the 

I Work supported joint ly by t he Signal Corps, the Ornee of Naval Re· 
search and the Nationa l Bureau of Standards. 
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litera ture or otherwise available prior t o F ebruary 
1949 have been listed . In addi tion to those 
actually observed and listed , a large number of 
other lines may readily be predicted from the 
information provided. 

The primary information is presented in an 
alphabetic listing of the molecules by isotopic 
species, which is subdivided according to the 
transition, excep t for the hyperfine components, 
which ar e presen ted in order of frequ ency. With 
the listing of each molecule, all available molecular 
constan ts are given that are need ed in in terpreting 
the spectra. These include momen ts of iner tia, 
dipole moments, quadrupole coupling constants, 
and rotation-vibration constan ts. In addi tion to 
th e observed frequency and th e transit ion as­
signed to each line, we have included a calculated 
value for the intensity and r efer ences to the latest 
sources of data from each laboratory that has 
measured the line. The most precise reported 
values of the frequencies were used, or the average 
if there seemed no reason for preference. Fre­
quencies listed to the nearest megacycle were 
generally measured with a cavity wavemeter and 
are subj ect to an errol' of 10 or more megacycles, 
whereas those given to a fraction of a megacycle 
are generally known to an accuracy of about 0.1 
111 egacycle. 

Another listing of all the lines in order of fre­
quency is included, with sufficien t informa tion to 
locate the line in the first table and a class ifica tion 
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of the line as strong, medium, or weak. vVe have 
arbitrarily taken lines of maximum absorption 
coefficient less than 5 X 1O-7cm-l as weak, those 
from 5XlO-7 to 1O-5cm- l as medium, and those 
greater than 10- 5cm- 1 as strong. 

The general characteristics of the microwave 
spectra of most molecules may be explained on 
the basis of a rigid rotator model. Molecules are 
conveniently divided into three chsses; linear 
molecules, symmetric tops, and asymmetric tops 
[26].3 For linear molecules the frequency of pure 
rotational lines is given to a good approximation 
by: [26] 

wh ere J is th e total angular momentum quantum 
number, 

is the angular momentum quantum num­
ber along the figure axis (zero for the 
ground vibrational state), 

D . is the centrifugal distortion coefficient in 
sec-I, 

Bv is the a,verage reciprocal moment of the 
molecule in sec-I, 

Be is th e reciprocal moment in sec-1 if the 
nuclei were in the equilibrium position, 

(Xt is a coefficient of th e change in reciprocal 
moment per quantum of excitation of 
the ,i th vibrational state, and Vt and dt 

are th e corresponding quantum num­
ber and degree of degeneracy. 

In addi tion there is a splitting term for the degen­
erate vibrational states [53]. To a somewhat 
rougher approximation the frequencies for both 
linear molecules and symmetric tops is given by 
v=2B(J + l), where B is a slowly varying function 
of the quantum numbers. The case of the asym­
metric top is complex, and is discussed in reference 
[9,29] and earlier papers quoted therein. 

In the event that one or more of the nuclei has 
a quadrupole moment different from zero, the 
resulting coupling to the molecular electric field 
splits the energy levels into a hyperfine structure 
which depends on the various possible orientations 

• Figures in brackets indicate the literature referenoes at the end of this 
paper. 
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of the nuclear spin. The interaction between 
nuclear magnetic moments and molecular magnetic 
fields is usually much smaller, and has thus far 
been observed only l:ts a small correction in the 
ammonia spectrum. The quadrupole interaction 
for the case of a single nucleus in a linear or 
symmetric top molecule is given by references 
[5, 7a, and 58a]. The energies are given by 

EQ = (eQq) 

{ 3K2 I} [~C(C+l)-I(I+ l )J(J+ l)] 
J (J + l )- 2(2J+ 3)(2J-l) J(2I - l ) ' 

where 
C= F(F + 1) - 1(1 + 1) - J (J + 1), 
F= J + I, J + I - l ... IJ -JI, 

eQq=quadrupole coupling constant. 
K = projection of J on molecular 

symmetry axis. 

A tabulation of the function in square brackets for 
J = O to 10 is given in table 3. The somewhat 
more complex situation when two nuclei have 
quadrupole coupling is discussed in reference [51]. 

The maximum absorption of a spectral line is 
independent of pressure and may be wTitten [58] 

where N is th e number of molecules per cubic 
centimeter, 

j is the fraction of the molecules in the 
lower state of th e transition, 

v is the frequency of the line, 
c is the velocity of light, 
k is Boltzmann's constant, 
T is the absolute temperature, 

Av is the half width of the line at half 
maXImum, 

}L tj is the electric dipole matrLx element. 

The vibrational frequencies and the classical 
approximation for the sum of rotational states 
necessary to calculate j, as well as expressions for 
the dipole matrLx elements for th e various types 
of molecules may be found in Herzberg [26], or 
Wu [61], who also discuss more accurate formulae 
for the energy levels. The corresponding infor­
mation for asymmetric molecules is tabulated in 
th e papers of King,Hainer, and Cross [9, 29]. Since 
the hyperfine splitting is small compared to the 
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line frequency, a total absorption coefficient may 
be calculated ignoring the nuclear interaction, the 
result being then divided among the hyperfine 
componen ts. RclaLive inLrnsities of the hyperfine 
components can be obtained from tables of rclative 
intensities of the analogous fine structure com­
ponents [8, 60]. 

Thus Lhe only quantity not as yet evaluated on 
the right-hand side of the formula above is I1v 
the half width of the line at half maximum inten­
sity . Although it surely depends on the dipole 
moment, among other things, no good theoretical 
evaluation is possible at present. * It has in a few 
cases been measured experimentally, however , 
and in these cases the formula for the intensity 
given above has been satisfactorily confirmed [53]. 
At low pressures p/l1v is constant for a given 
t ransiLion, and for the cases where I1v has not 
been m easured, we have assumed the r easonabLe 
value of I1v = 25 mc for 1 mm of m ercury. It is 
this approximation that limits the accuracy of 
most of the intensities listed in these tables rather 
than the basic assumptions of the thcory or the 
use of the classical sum of states, except in certain 
cases where the dipole moments have no t been 
accurately measured . Errors as large as a factor 
of two or more would not be at all surprising in 
the cases where the half-wid ths have not been 
measured, but we consider that intensities with 
errors of even this magnitude may b e useful, and 
may be easily corrected when better half-widths 
become available. The r elative intensities for the 
various isotopes, hyper fine components, and ex­
cited states of a single molecule are consid erably 
more reliable. 

After substitnting Lhe accepLed vftlues for the 
universal constants and putting e-h'lkT~ l , we find 
for the assumed temperature of 300 0 Ie and 
I1v = 25mc, the intensities of pure rotational spectra 
b ecome: 

For linear molecules 

'Ymax. = 2.19 X 1O- 18J.t2v3cm-l. 

For symmetric top molecules 

'Ymax.= 4 .83 X 10- 22 .JAJ.t2v3 {1- (J~1)2 } em-I, 

where 
J.t is in D ebye units (10-18 esu/cm), 
v is the frequency in megacycles, 

• A considerable amount of work has h~en published on this prohlem since 
tbis introduction was written. 
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A is the reciprocal moment of inertia in mega­
cycles = 1O- 6h/827r l A, 

J is the quantum number of t.ot,al fLngulal.' mo­
mentum, 

K. is th e quantum. number of the componenL of the 
fLngular momentum along Lhe figure axis. 

In some molecules, nuclear spin fLnd molecular 
symmetry considerat ions influence intensiLies. The 
only common case involvrs three id entical nuclei 
of spin H off the molecular axis as in OH301 or 
AsF3• In such molecules, the inLensity of each 
line involving a value of K. that is a multiple of 
three (including zero) is enhanced wi th re pect to 
other lines by a factor of two. 

Throughout the table we have given reciprocal 
moments of iner tia, B and A, quadrupole couplings, 
(eqQ), doubling constants, q, and the a's and 
D.'s in megacycles per second. The dipole 
mom ent, J.t , is always in D ebye uniLs, and is taken 
from "Tables of Electri c Dipole MomenLs" by 
L . G. Wesson, publish ed by MassachuseLt Insti­
tute of T echnology Laboratory for Insulation 
R esearch , lUlless otherwise stated. 

The cases of ammonia and O2, and probably 
some of the spectra not yet analyzed arc in one 
way or another exceptions to the cursory Lreat­
ment above, and are, where possible, di scussed 
individually. 

Symbols Used in Tables 

A, Largest reciprocal moment of inertia for 
asymmetric molecules, or unique reciprocal 
moment of iner tia for symmetric top mole­
cules, in megacycles. 

Cii, Ohange in reciprocal momenL of inertia per 
quantum of excitation of the itll vibraLional 
state, in megacycles. 

B Intermediate moment of inerLia for asym­
metric top molecules, or nonunique recip­
rocal moment of inertia for symmetri c top 
molecules, in megacycles. 

Bo, Average B for ground vibrational state, in 
megacycles. 

0, Smallest reciprocal moment of inertia for 
asymmetric top molecules, in megacycles. 

D, Oentrifugal distortion coeffici ent in mega­
cycles. 

I1v , Half-width of line in megacycles at half 
maximum (line width parameter) with gas 
pressure 1 mm of mercury. 
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eqQ, Quadrupole coupling constant, in mega-
cycles. 

F, Total angular momentum quantum number. 
F i , F of initial or lower energy state. 
F/i, Vector sum of J and spin of nucleus with 

larger quadrupole coupling, in cases where 
two nuclei have appreciable quadrupole 
coupling. Subscript i indicates initial or 
lower energy state. 

F" F of final or higher energy state. 
F u, Same as F li , but for final or higher energy 

state. 
/" Maximum absorption coefficient in cm- 1, or 

"intensity." 
I , Nuclear spin (in units h/27r) 
J , Total orbital angular momentum quantum 

number. 
K, Projection of J on molecular symmetry 

M, 
)J. , 

q, 
S, 

w, 

aXIS . 

Medium intensity (5 X 10- 7 - 1O- 5cm-l). 
D ipole moment in Debye Units (10- 18 esu) . 
l-type doubling constant in megacycles. 
Strong Intensity. (> 10- 5cm-1). 

Quantum number of th e ith normal vibra­
tion. 
Weak Intensity. C<5X lO- 7cm- 1) . 

TABLE 1 

Molecules Listed Alphabetically by Chemical 
Symbol 

AsF 2 (Arsenic trifluoride). 

The value of A was calculated from the estimates of 
internuclear angles and distances given by reference [13], 
and the intensities of the lines for which the transitions 
have not been assigned were calculated by comparing the 
observed relative intensities with those of the identified 
lines. The fraction of molecules in the ground vibrational 
state was assume d to be 0.9. 

AsF 3 

1-' = 2. 65 

B = 5, 883. O} 
A = 3900., Reference [13]. 

(eqQ)A, = - 230 

J = 1- 2, [( = 0 

Fi Ff Frequency Intensi ty 
1/"- 3/2 23,458. 6 3. 1 X 10- 7 
5/ 2 5/2 23,463.0 3. 4 X 10- 7 
1/2 1/2 23,517. 0 3.1 X 10- 7 
5/2 7/2 } 3/2 5/2 

23,522. 4 2. 3 X 10- 6 

3/ '1. 3/2 23,564. 6 3. 9 X 10- 7 
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[13] 

J = 1- 2, [( = 1 
3/2 5/2 23,472. 6 
3/2 3/2 23, 494. 2 
5/2 5/2 23,501. 6 
b/2 7/2 23, 532.1 
1/2 1/2 23, 575. 3 

unidentified (probably excited states] 
23, 512. 9 
23,543.2 
23, .553. 0 

BR 3CO (Borine carbonyl). 

5 8X l~'} 3. OX 10- 7 

2. 4 X 10- 7 [13] 
l. 1 X 10- 6 

2. 3 X 1O- 7 

1. 5 X 1O- 7} 
3 X 10- 7 [13] 
5 X 10- 7 

Vibrational frequencies of BR 3CO have not been an­
alyzed. The excited vibrational levels for which Band p. 

are given here are hence arbitrarily labeled with sub­
scripts 1 and 2. For calculation of intensities, the fraction 
of molecules in the ground vibrational state was assumed 
to be 0.9. 

1-' = 1.79 [49d] 
I-'v2_ 1 = 1.77 [49d] 

A ~122,000 l22] 

Bo= 
B ' l_l= 
B '2_1= 

DJ= 
(eq Q) n = 

BloR3CO 
8979. 4 
9002. 7 

BllR3CO 
8657. 2 [22, 49d] 

l49d] 
[49d] 
[49d] 

8985. 8 
0.177 

+ 3.30 + 1. 55 

B10R 3C1201 6 

J = O- l 

J = 1- 2, [( = 0 

J = 1- 2, [( = 1 

3 
3 
2 
3 
4 
2 
4 
4 
2 

2 
4 
2 
4 
3 
3 

BIJR 3C 12016 

J = 1- 2, [( = 0 
1/2 
3/2 
5/2 
3/2 
5/2 

J = 1- 2, [( = 1 
1/2 
5/'1. 
5/2 
3/2 
3/2 

FJ Frequen cy 
17,961. 2 

2 35, 919. 02 

~ }35, 919 53 

~ }35, 919. 86 

4 l 
3 J 35, 920. 14 

1 35,917.62 

~ }35, 917. 88 

4 35,918. 20 

! }35, 918. 50 

3/2 34, 628. 62 

5/2 } 7/2 34, 628. 90 

3/2 } 5/2 34, 629. 32 

1/2 34, 627.24 
7/2 34, 627. 50 

5/2 } 3/ '1. 34, 627. 73 

5/2 34, 627. 89 

Intensity 
7.8 X lO- 7 

3. OX 10- 7 

4. 2 X 10- 6 

5. 9 X 10- 7 

l. 1 X 10- 6 

4.1 X 10- 7 

2. OX 10- 6 

4.. 5 X 10- 7 

l. 3 X 10- 6 

2.1 X 10- 6 

4. 8 X 10- 5 

4. 8 X 10- 6 

1. 5 X 10- 6 

7.3 X 10- 6 

3. 6 X 10- 6 

3. 8 X 10- 6 

[22] 

[49d] 

[22] 
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BrCN (Cya.nogen bromide). 
The half-width reported in [53] has been used in calculating the intensity. 

1-' = 2.94 
t.v = 21.±3. [53] 

B1'79CJ2j'\ 14 BrSJCJ2N J4 Br79 C13N14 Br81CJ3N J4 

Bo = 4120.190 4096. 760 4073.355 404.9. 606 
(cq())n, = 686.2 573.2 
~(eqC))N = - 3.83 [53,42J 

al = 11. 36 11. 23 
« 2=- 11.49 - 11. 49 
q= 3. 91 3.845 

Br"CJ2j'\ 14 J = 9- 1O, v= O 82,405 4. OX 10- 3 [41] 

F; Ff Frequency I ntensity Br79CJ3NH 

J = 2- 3, v= O J = 3-4, v= O 

3/2 3/2 24, 583. 00 4.3 X 10- 6 7/ 2 9/2 } 1. 7 X 10- 6 

f 
5/2 5/2 24, 633. 71 b.6 X 10- 6 9/2 11 /2 32, 581. 73 

[42] 
5/2 7/2 } 

3/ 2 5/2 } 9. 2 X lO- 7 
7/2 9/2 24, 713. 05 6. 5 X IO- 5 

[53] 5/ 2 7/2 32,601 .46 

1/2 3/2 } 2. 9 X 10- 5 
3/2 5/2 24, 755. 22 Br8JCJ2NI. 

7/2 7/ 2 24,884.57 4. 3 X 10- 6 J = 2- 3, v= O 
3/2 3/2 24,465.33 4. 2 X 10- 6 

J = 2- 3, vl = l 5/2 5/2 24,507.38 5. 4 X 10- 6 

5/2 7/2 } 
5/2 7/2 } 6. 3 X 10- 5 

7/ 2 9/2 24, 645. 82 4. OX 10- 6 } 7/2 9/2 24, 573. 86 [53] 

1/2 3/2 } 
[53] 1/ 2 ~j; }Z4, 608. 92 5/2 24, 687. 11 1. 8 X 10- 6 , 3/2 

2.7 X 10-s 
3/2 

7/2 7/2 24,717. 19 4. 2 X 10- 6 

J = 2- 3, vl = l .J = 2- 3, VI = 1 
11 1/2 3/2 } 

7/2 9/2 24, 760. 76 7.5 X 10- 6 5/2 7/2 
}24,506. 75 3. 9 X 10- 6 f 

12 1/2 3/2 } 
7/2 9/2 [53] 

7/2 9/2 2L1, 784. 02 7.5 X lO- 6 1/2 3/2 
}24, 541. 18 1. 7 X 10- 6 

11 3/2 5/2 } 
3/ 2 5/2 

5/2 7/2 24., 803. 00 6. 9 X 10- 6 [53) 

12 3/2 5/2 } 6. 9 X 10- 6 
J = 2- 3, v2 = 1 

5/2 7/ 2 24,826. 70 11 1/2 ~j; }24, 622. 93 7. 7 X 10- 6 

1 
I I 7/2 7/ 2 24, 890. 0 7.3 X lO- ' 7/2 

12 7/2 7/ 2 25, 006. 0 7. 3 X 10- 7 12 1/2 3/2 } 7. 7 X 10- 6 
7/2 9/2 24, 645. 82 

[53] 

J = 2- 3, v2= 2 
I I 3/2 5/2 } 6.8 X lO- 6 I 5/ 2 

7/2 24, 658. 89 

1= 2 3/2 3/ 2 } 6. 5 X 10- 7 

I 
12 3/2 5/2 } 

3/2 5/ 2 24, 860. 6 7/2 24, 682. 13 6. 8 X 10- 6 

1= 2 5/2 3/2 } 
[30] 5/2 

5/2 5/2 24, 981. 5 9. 8 X 10- 7 
J = 3- 4, v= O 

5/2 7/2 . 
5/ 2 5/2 32,643.13 5. 6 X 10- 6 

7/2 7/2 32, 720. 28 7. 4 X 10- 6 

J = 3- 4, v= O 7/ 2 9/2 } 0 1. 4 X 10-' 
5/2 5/2 32, 804. 56 5. 8X 10-' ] 9/2 11 /2 32,77.13 [42] 
7/2 9/2 } 1.5X 10- ' 3/ '2 5/2 } 
9/2 11 /2 32, 956. 68 [42] 5/2 7/2 32, 786. 65 8. 2 X lO- s 

3/2 5/2 } 8. 6X 10- 5 9/2 9/2 32,913.24 5. 7 X 10- 6 

5/2 7/2 32, 976. 40 

J = 8- 9, v= O 73 , 74.2 2. 8 X 10- 3 } [41] 
J = 8-9, v= O 74, 165 2. 9 X 10- 3 [41] J = 9-10, v= o 81,936 3. 8 X 10- 3 
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B rSlC13N14-Continued 

J = 3-4, v= o F. Fr Freq1tency Int ensity 

7/2 9/2 } 
9/2 11/2 32, 392. 59 

3/2 5/2 } 
5/2 7/2 32,409.06 

1. 5 X 10- 6 } 

[42] 
9. 2 X 10- 7 

CF3CH3. Since t he dipole moment and vibrational fre­

quencies of this molecule are not available, it is impossible 

to calculate the intensity. However, observed intensities 

are estimated in [5], and these are given. The weaker 

line is probably due to an excited vibrational state. 

B o= 5185 [17] 
JL = 2.33 [39b] 

CF3CH3 
Frequency Intensity 

J = I- 2, [( = 0,1 20, 679. 9 5 X 10- 7 [39a] 
20,710. 6 I X 10- 6 [17, 39a] 
20, 742. 32 2 X 10- 6 [17, 39a] 

J = 2-3 31,020.7} 
31, 066.8 [39a] 
31, 114. 4 

CHCIFz. The spectrum of this asymmetric top molecule 

has not been analyzed. The assignment of weak, medium, 

or strong is that of the reference and does not correspond 

necessarily to the convention adopted in this table. 

JL = 1.29 

Frequency 

22,217 
22, 247 
22, 305 
22, 353 
22, 386 
22, 410 
22, 436 
22, 462 
22, 481 
22, 545 
22, 553 
23, 308 
23, 644 
23, 680 
23, 733 
23, 803 
23, 826 
23, 845 

CHzBrz (Methylene bromide) 

}l~1.6 

Frequency 

25, 056 [57] 
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Intensity 

W 
W 
M 
W 
W 
S 
W 
W 
M 

[11] 
W 
W 
S 
W 
W 
S 
W 

S 

CH,CF2 (Unsymmetrical diflouroethyl ene) 

"~ 1366 1 
A o= 11 , 002 [37a] 
B o= 10, 428. 5 
Co= 5, 345. 6 

C'2H 2CI2F2 

Observed 
Transition Frequency intensity 

21,482 M 
21 , 549 'vV 
21 , 573 V\7 

21 , 689 M 
83- 8. 21,734 M 

22, 236 M 
22, 281 S 
22, 383 M 
22, 391 M 
22, 660 W 
22, 752 S 
23, 181 YI 
23, 206 W 
23,214 M 
23, 220 M 
23, 234 W 
23, 323 M 
23,361 M 

72- 73 23, 433 S 
23, 649 M 
23, 770 M 
23,812 M 
23,986 M 
24,021 M 

[37a] 
24, 150 \V 

(excited vibra-
24, 294 M 

tional state) 
24,323 S 
24,352 M 
24,357 W 
24,450 S 
24, 545 M 
24, 579 W 
24, 602 W 
24, 639 M 
24, 734 M 

6,- 62 24, 770 S 
24, 806 W 
24,808 W 

62 - 65 25, 248 M 
25, 350 S 
25 ,450 M 
25, 516 S 

50- 5, 25, 729 S 
25, 741 M 
26, 118 S 
26, 163 M 

4-, - 40 26, 328 S 
26, 337 M 

10- 2_ , 26,410 W 
10- 2- , 26,466 M 
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Observed 25,073 [57, 11 ] 7 
Transition FI'equency intensity 2.5,099 [57,11] 2 

26, 63-1 S 25, 123 [57,11] 8 
3- 2- 3- 1 26, 649 M 25, 221 [11] 

26, 723 W 25, 269 [57, 11] 7 
26 ,832 \1 25, 280 [57] 6 
26,865 S 25, 710 [57] 7 

3- 3- 30 26,880 i\1 25, 745 [57] 2 

1- 1- 2-2 26,992 S 25, 748 [57] 6 
4-2- 41 27, 014 S 25, 751 [.57] 2 

27, 112 M 25, 848 [57] 10 
27, 216 M 26,007 [57] 7 

5- 1- 52 27 , 297 S 26, 295 [57] 9 
27,412 M 
27,681 S CH3Br (M ethyl bromide) 1" = 1.79 A~ 1 50 , 000 

60 - 63 27,818 S . CH 3Br79 CH 3BrS1 

27,972 S [37a] Bro= 9568.4 9532 } 
28, 174 S (eqQ)n, = 577. 3 482. 4 Reference [23, 38a] . 

28,314 \If 
28,339 i\1 CI2H 3Br79 

28,412 S Fi Fi Frequency Intensity 

28, 439 i\I J = O- l, ]( = 0 
28,458 i\1 3/2 1/2 18, 922. 41 4. 8 X 1O- 7l 
28, 551 w 3/2 3/2 19, 252. 13 9.7 X 10- 7 [38a] 
28,575 W 3/2 5/2 19, 107. 97 1. 5 X 10- 6 

28, 615 W 
71- 74 28, 689 \V 

J = l- 2, ](= 0 

28, 52 3/2 3/2 38, 157. 30 2. 5 X 10- 6 

28,858 3/2 5/2 } 1. 4 X 10- 5 

28,954 S 5/2 7/2 38, 260. 10 
[23] 

11- 20 36, 632 M 1/2 1/2 3 , 272.40 1. 9 X 10- 6 

5/2 5/2 38,404.49 2. 1 X 10-6 

CH 2Clz (Methylene chloride). 
1/2 3/2 38,417.09 1. 9 X 10- 6 

Turner [57] has given the relative intensities listed for J = 1- 2, ](= 1 
this a symmetric top molecule. This author has also mad e 1/2 1/2 38, 128. 40 1. 4 X 10- 6 

transition assignments bu t they have been questioned by 1/2 3/2 38, 200. 52 1. 4 X 10- 6 

Gwinn [23a], and are not listed here. Freq uencies givcn 5/2 7/2 38, 237. 14 7. OX 10- 6 
[23] 

are a plausible compromise between those of reference 5/2 5/2 38, 309. 45 1. 6 X 10- 6 

[57] and [11]. 3/2 3/2 38, 330. 25 1. 9 X IO- 6 

1" = 1.6 3/2 5/2 38, 381. 70 3. 5 X 10- 6 

Observed 
C12H 3Brsl 

relative 
Frequency intensit!J J = O- l , ]( = 0 

23, 476 [11] 3/2 1/2 18, 943. 77 4. 7 X 1O- 7l 
24, 440 [57] 4 3/2 3/2 19, 160. 82 9. 5 X 10- 7 [38a] 

24, 471 [57] 7 3/2 5/2 19, 040.32 1. 4 X 10- 6 

24, 577 [57, 11] 4 J = 1- 2, ](= 0 
24, 627 [57] 4 3/2 3/2 38, 030. 77 2. 4 X 10- 6 

24,631 [57] 4 3/2 5/2 } 
24, 636 [57, 11] 4 5/2 7/2 38, 116. 65 1. '! X 10- 5 

24, 842 [.57, l1 J 2 1/2 1/2 38, 126. 97 1. 9 X 10- 6 
[23] 

24, 916 [57] 2 5/2 5/2 38, 237. 14 2. I X 10- 6 
24, 967 [57] 2 1/2 3/2 3 , 247. 77 1. 9 X 10- 6 

24, 970 [57] 4 
24, 976 [57] 6 J = 1- 2, ](= 1 
24, 996 [11] 1/2 1/2 38, 006.47 1. 4 X 10- 6 

25, 018 [57] 2 1/2 3/2 38,066. 72 1. 4 X 10- 6 

25, 038 [57] 6 5/2 7/2 3,097.45 6. 7 X 10- 6 
[23] 

25, 046 [57] 6 5/2 5/2 38, 157. 70 1. 5 X 10- 6 

25, 047 [57] 2 3/2 3/2 38, 175. 08 1. 8 X 10- 6 

25, 053 [57, 11] 2 3/2 5/2 38, 218.21 3. 5 X 10- 6 
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CHaCCH (Methyl acetylene). 

This molecule, while probably a symmetric top, has ten 

distinct vibrational frequencies, two or three of which are 

low enough to be appreciably excited at room temperature, 

the lowest (vlo= 336 cm- I) to several quanta of vibra­

t ional energy . In addition, centrifugal distortion will 

separate levels of equal J but different K. The transitions 

have not been assigned, but we include the observed 

relative intensities. 

CHaCCH 

J = 2- 3 

j.J. = .75 
B~8,408 

Frequency 

51, 260 
51, 264 
51,266 
51, 296 
51, 313 
51, 314 
51, 318 

Relative 
intensity 

50 
80 

100 
10 
10 
10 
5 

51, 319 5 [35] 
51, 334 15 
51, 363 30 
51, 410 30 
51 , 416 30 
51,418 15 
51,419 15 
51, 464 15 

CHaCI (Methyl chloride). 

CI2H aCj35 
Bo= 13,292.89 [23] 

(eqQ )=-75.33 [23,27b] 

ClaHaCj35 
Bo= 12,796.2 [11] 

CI2H aCj35 Fi 

J = O- l, K = O 

3/2 
3/2 
3/2 

CI2H aCj37 
J = O- l , K = O 

3/2 
3/2 
3/2 

618 

Ff 

3/2 
5/2 
1/2 

3/2 
5/2 
1/2 

JL = 1.86 
A~150,000 

CI2H aCj37 
13, 088. 19 [23] 

- 58. 5 [23, 27b J 

CI3HaCJ37 
12, 590. 0 [111 

FTequency Intensity 

26, 570.77 4. 4 X 10- 6 

26,589.49 6. 6 X 10- 6 

26, 604. 57 2. 2 X 10- 6 

26, 164. 57 1. 4 X 10- 6 

26, 179. 30 2. 1 X 10- 6 

26, 191. 13 7. I X 10- 7 

} [23] 

} [23] 

[35] 

ClaHaCj35 
J = O- l , K ,= O 

3/2 3/2 25, 577. 2 
3/2 5/2 25, 596. 0 
3/2 1/2 25, 611. 2 

ClaHaCj37 
J = O- l , K = O 

3/2 3/2 25, 195. 2 
3/2 5/2 26, 183. 0 
3/2 1/2 25, 167. 4 

CH aCN (NI ethyl cyanide). 

Fi Ff 

J = o-l 1 1 
1 2 
1 0 

J = 1- 2 1 2 
0 1 
2 2 
2 3 
1 2 
2 3 
0 1 
1 1 

Excited vibrational 
states 

JL ~3 . 4 

(eqQ)N= - 4.67 
A~150,000 

B o= 9198.45 

K Frequency 

0 18,400 - 1. 40 
0 18, 400 
0 18, 400 + 2. 10 
1 36, 793. 64 
0 

}36, 794. 26 1 
1 36, 794. 88 
0 

}36, 795. 38 0 
1 36, 796. 27 
0 36, 797. 52 

4. 5 X 10- 81 
6. 7 X 10- 8 [111 
2. 2 X 10- 8 

1. 4 X 10- 9 ) 

2. 1 X 10- 9 [llJ 
6. 9X 10- 10 

[28] 

Intensity 

4. 7X 10- 6 ) 

7. 8X 10- 6 [36] 
1. 6X 10- 6 

3. I X 10- 5 

2. 8 X 10- 5 

5. 7X 10- 5 
[28] 

1. 2X 10- 4 

1. 4X 10- 5 

1. 4X 10- 5 

36.870.94) 
36, 903. 40 [27] 
36, 942. 15 

CHaF (Methyl fluoride) 
JL = 1.81 
A~150,000 

Llv = 20. Reference [19] 

CI2HaF 
B o= 25, 535. 85 

Cl2HaF Frequency 

J = O- I , K = O 51 , 071.69 

ClaH3F 
J = o-l, K = O 49,724. 73 

CH aI (Methyl iodide). 
JL = 1.5 
A~150,000 

(eq Q)I= - 1934 
B o= CI2HaI 

7501.250 

Intensity 

1. 4 X 10- 4 [23, 19, and pri­
vate commu­
nication .] 

1. 5 X 10- 6 

ClaH aI 
7119.040 

f191 

[23] 
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CI2H31 1'= 3.18 
F; F, Frequency Intensity CHaNCS32 CH3NCS34 

J = 1- 2, K = O ~HB+C)= 2526.2 2461.7 [la] 
3/2 5/2 29,598.95 9. 2X 10- 7 
7/2 7/2 29,673. 95 1. 4X 10- 6 Observed 
7/2 5/2 29 , 773. 95 2. 3X 10- 7 relative 
3/2 3/2 29,872. 52 1. 4X 10- 6 Transition Frequency intensity 
7/2 9/2 30, 046.99 5. OX 10- 6 [23] CI2H3N14CI2S32 
5/2 7/2 30,079. 72 2.6 X 10- 6 J = 3- 4 20. 020 < 1 
3/2 1/2 30, 121. 32 1. OX 10- 6 3- 2-4-3 20, 140 10 
5/2 5/2 30, 179.71 2. 6X 10- 6 D eg. line 20, 216 100 
5/2 3/2 30,453.46 6.3 X 10- 7 20, 230 < 1 

Deg. line, E 20, 241 7 
J = 1- 2, K = 1 Deg. line, D 20,350 20 

5/2 7/2 29, 735. 71 2. 5X 10- 6 
20,413 < 1 

5/2 5/2 29, 782. 71 1. 8X 10- 6 
Deg. line, J 20, 443 40 

5/2 3/2 29,923.50 1. 8X 10- 6 

7/2 7/2 29,939.87 1. 4X 10- 6 
[23] J = 4- 5 24,824 1 

7/2 5/2 29,986.84 2. 4X 10- 7 24,971 1 
3/2 5/2 30, 075. 08 9.5 X 10- 7 25, 077 1 
7/2 9/2 30, 123. 64 5. 1 X 10- 6 

25,100 < 1 
3/2 3/2 30,215.95 1. 4X 10- 6 25, 161 < 1 

CI3H31 4-3- 5- 4 25, 195 10 
Deg. line 25, 269 100 

J = 1- 2, [( = 0 D eg. line, E 25, 306 7 
3/2 5/2 28,069. 99 1. OX 10- 8 4-2 - 5- 3 25, 333 10 

[l a] 
7/2 7/2 28, 145. 01 1. 5X 10- 8 25, 390 < 1 
3/2 3/2 28,343. 64 1. 5X I0- 8 25,409 1 
7/2 9/2 28,518. 14 5.5 X 10- 8 

[23] Deg. line, D 25, 442 25 
5/2 7/2 28,550.86 2. 9X 10- 8 D eg. line, J 25, 550 40 
5/2 5/2 28, 650. vI 2. 9X 10- 8 4-2 - 5-3, J 25, 653 < 1 

J = 1- 2, K = l Cl3H3N14 Cl2S32 
5/2 7/2 28, 206. 90 2. 8X 10- 8 J = 4- 5 Deg. line 24, 143 < 1 
5/2 5/2 28, 253. 84 2. OX 10- 8 Cl2H3Nl4Cl2S32 
7/2 7/2 28,411. 19 1. 5X 10- 8 [23] J = 4- 5 Deg. line 25, 002 < 1 
7/2 9/2 28, 594. 74 5. 6X 10- 8 Cl2H3Nl4 Cl2S32 
3/2 3/2 28, 687. 21 1. 5X 10- 8 J = 4 - 5 Deg. line 24, 930 < 1 

Cl2H3Nl4Cl2S34 
CHaNC (Methyl isocyanide). J = 3- 4 Deg. line 19, 700 5 

(eqQ)N< 0.5, A~ 150, 000 D eg. lin e, J 19, 929 1 
B o= Cl2H3NCl2 Cl2H3NCl3 f [28] 4- 5 Deg. line 24 , 609 5 

10,052. 79 9, 695. 802 Deg. lin e, J 24,910 2 
Cl2H3Nl4CIZ 5- 6 Deg. line 29, 700 

Frequency 
J = O- I, [( = 0 20, 160 [36] CH3NH2 (Methylamine). 

J = I- 2, [( = 1 40, 210. 27 /L = 1.2 
J = 1- 2, [( = 0 40, 211.16 1/2(B + C) ~22,700 [18] 
Excited vibrational states 40, 313. 37 Frequency 

40, 364. 07 21 , 712 
40,366. 55 [28] 21, 935 
40, 424. 49 22, 258 

G'2H3NI4CI3 22, 535 
J = 1- 2, K = l 38, 782. 21 22, 590 
J = 1- 2, [( = 0 38, 783. 21 22, 595 

22, 612 
CI-I3NCS (Methyl I sothiocyanate). All of the t ransi tions 22, 732 
of t.his slight ly asy mmetric rotor are approximately degen- 22, 740 
erate excep t t hose for which r = l - J an d 2- J . Excited 22, 977 
vibrational states are labeled D , E, and J in conformity 23, 115 
with [1 9]. 23, 205 
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J = O--I 

Frequency 
23, 295 
23, 300 
23, 305 
23,335 
23, 404 
23,425 
23, 430 
23,446 
23, 510 
23, 680 
24, 015 
24, 078 
24, 320 
24, 528 
24, 890 
24, 896 
25,000 
25, 065 
25, 200 
25, 470 

45, 324. 24 
45, 324.94 

CH aN02 (N i trornethane). 
!L~3.1 

Frequency 

20, 385 
23, 250 
23, 021 
23, 467 
23, 483 
23, 706 
24, 017 
24, 428 
24, 448 
24, 599 
25,400 
25, 412 

} 

Observed 
relative 

intensity 

75 
U5 

U8 
60 

[25] 

[18] 

[11 , 15] 

CH aOH. This asymmetric t.op molecule has been investi­
gated by five different laboratories. The listed lines repre­
sent a reasonable compromise between their somewhat 
conflicting results. The lines for which a single J is list ed 
are probably due to a hindered in ternal rotation and are 
discussed in reference [6] . 

620 

j.L ~ 1.66 

J Frequency 
20, 910 
20, 971 
21 , 350 
21 , 550 
22, 305 
23, 121. 2 
23, 346. 8 
23, 425 
23, 854. 4 

[14,25] 
[14, 25] 

[25] 
[14, 25] 

[25] 
[14, 25, 33] 

[14, 25] 
[14, 25, 33] 
[14, 25, 33] 

3 
4 
2 
5 
6 

7 
8 

9 

10 

J = O--l 

24, 911 
24, 926 
24, 928. 70 
24, 933.47 
24,934. 38 
24, 959. 08 
25, 018. 14 
25, 053 
25, 124. 88 
25,294. 41 
25, 381 
25, 541. 43 
25, 797 
25,878.18 
26, 120 
26, 310 
26, 562 
47, 840 
48, 010 
48, 357 
48, 363 
48,396 
48, 404 
48, 700 

Frequen cy 

47,052 } 
47, 266 
47,346 

[33] 
[33] 

[14, 33, 61 
[6] 

[14, 25, 6] 
[14, 25, 33, 6] 
[14, 25, 33, 61 

[33] 
[14, 25, 33, 61 
[14,2.5 , 33, 6] 

[33] 
[14, 25 , 33, 6] 

[14, 33] 
[14, 33,6] 

[33] 

[18] 

[14,33] 
[14) 
[18] 
[18] 
[18] 
[18] 
[18] 
[18) 
[18] 

CHaSCN (lVlethyl thiocyanate). Only the strongest lines 
of t his sligh tly asymmetric molecule have been measured. 

1-' = 3.16 
%(B+ C) = ~877. [la] 

C12H as a2 C12N '4 
J = 3- 4 
J = 4- 5 

Freq1!ency 
22 , 680 } 
28,380 

[la] 

C 2H aCI (V in yl chloride) 
1-' = 1.44 

C2H aC]35 
Ao= 56, 100 
Bo = 6030.5 
Co= 5445. 2 

eQ(02 V/oa2) C l = - 57. 4 
eQ (02V/ob2)Cl= 26. 2 

T ransiti on 

101- 202 

1 10- 211 

111- 212 

1 01- 2 02 

1 10- 211 

11l- 212 

C2H aC]37 

56, 070 } 
5903.7 
5341. 3 

Frequency 

22, 946. 9 } 
23, 538. 9 
22,369. 6 
2~, 485.9 } 
23, 055.0 
21 , 930. 2 

[20aJ 

[20a] 

[20a] 
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C2H,O (Ethylene ox'ide). This asymmetric top has been 

investigated in two laboraLorics. F requencies given are 
those of r eference [10) and [lOa) which appear to be the 
more precise. The lin es C2D 40, ij were observed with en-
riched material, not wi t h t he inLe nsit ies listed 
deuterium natlll'al abundancc of 0.02 per ce nt. 

1' = 1.88 

C 2H .O C 2D,O 
Ao = 25 , 471 20, 389 
Bo= 22,110 15, 449 
Co= 14, 091 11 ,538 

Tmnsition Frequency Intensity 

C' 2H ,O'6 3, - 33 23, 134 3. 9 X 10- 6 

3-,-3, 23, 610 4.1 X JO- 6 
40 - 42 24, 834. 3 1. 2 X 10- 5 

2- 2- 20 24, 924. 4 3.9 X I0- 6 
5, - 53 29, 688 1. 2 X 10- 5 

42 - 4. 34, 150 1. 3 X 10- 5 
2_,- 2, 34,158 3. OX 10- 6 

60 - 62 36, 791 3.4 X I0- 5 

7, - 73 37, 329 2. 5 X 10- 5 

5- ,- 5, 37 , 7 1 1. 7 X 10- 5 

62 - 64 38, 702 3. 4 X 10- 5 

00 - 10 39, 582 8. 3 X 10- 6 

30 - 32 39, 677 1. 2 X 10- 5 

4- 2- 40 41 , 581 1. 9 X 10- 5 
82 -8, 43, 398 6. fi X 10- 5 

C12D 4O'6 4- 2- 40 21, 964 7.4 X I0- 2' 
3- 3- 3, 24,055 3.4 X I0- 2' 
5- ,- 5, 24, 668 1.1 X IO- 2O 
2_,- 2, 26, 365 2. 4 X 10- 2' 
6- 2- 60 28,495 1. 8 X 10- 20 
3, - 3, 29, 080 5. OX 10- 2' 
00 - 10 31 , 943 5.1 X 10- 2' 
3- 2- 30 33, 285 6. 4 X 10- 2' 
8- 2- 80 35, 068 3. 7 X 10- 20 

30 - 32 35, 341 7.4 X 10-2' 
5, - 53 39, 592 1. 8 X 10- 20 

CICN (Cyanogen chI01'ide) 

1' = 2.66 [53) 
!lv = 25 [53) 

CJ35C12N 14 

Bo = 5970. 821 
(eq () )c I = - 83. 4 
(eqQ)N = - 3. 63 
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for the 

[10, lOa) 

[10, 39) 
[20,39) 
[10,39) 
[10, 39) 

[10) 
[lOa) 
[lOa) 

[10) 
[10) 
[10) 
(10) 
[10) 
[10) 

[lOa) 
[lOa) 

[10a~ 

CJ37C'2NI4 

5847. 252 
- 65. 3 

CJ35CI2NJ! 

Fli Fi F I! F I Frequen cy Intensity 

J = 1- 2, v= O 

1/2 3/2 23, 862. 57 9. 3 X I0- 0 

5/2 3/2 5/2 5/2 23, 863. 5 3. 6 X 10- 1 

5/2 7/2 5/2 5/2 23,863. 8 3.6 X lO- 1 

5/2 3/2 5/2 3/2 23,864. 0 1. 9 X 10- 6 

5/2 7/2 5/2 7/2 23, 864. 2 4. ] X 10- 6 
5/2 5/2 5/2 5/2 23, 864. 5 2. 6 X 10- 6 

5/2 5/2 5/2 7/2 23, 864. 9 3.6 X ]0- 1 
5/2 5/2 3/2 3/2 1 .• 3.5 X 1O- 1 
5/2 5/2 3/2 1/2 1 ... 3,865. 1 

5/2 3/2 3/2 3/2 }23 7 .6 5.5 X I0- 1 
5/2 3/2 3/2 5/2 ' 
5/2 7/2 3/2 5/2 23, 878. 9 5. OX 10- 7 

5/2 5/2 3/2 3/2 } 6. 2 X LO- 8 
5/2 5/2 3/2 

5/2 23, 879. 7 

1/2 1/2 23 , 883. 30 9. 2 X 1O- 6 

5/2 7/2 7/2 7/2 } 7. 7 X 10- 6 
3/2 3/2 5/2 

5/2 23, 884. 2 

3/2 3/2 5/2 3/2 23, 884. 8 1. 2 X 10- 6 

3/2 51'2 5/2 5/2 }23 84. 9 1. 5X 1O- s 
5/2 5/2 7/2 7/2 ' 
5/2 7/2 7/2 9/2 } 2.9 X I0- s 
5/2 3/2 7/2 

5/2 23, 885. I 6 

3/2 5/2 5/2 7/2 23,885.3 1. l X 10- 5 

3/2 1/2 5/2 3/2 23, 886. 0 4. OX 10- 0 [53) 
5/2 5/2 7/2 5/2 } 1. 2 X 10- 6 
5/2 5/2 7/2 

1/2 23, 886. 2 

3/2 3/2 3/2 3/2 } 3, 9 X 10- 0 

3/2 3/2 3/2 
5/2 23, 899. 59 

3/2 5/2 3/2 3/2 }23 900 20 9. 6 X lO- 6 

3/2 5/2 3/2 5/2 ' . 
3/2 1/2 3/2 1/2 } 2. I X 10- 6 
3/2 l / '! 3/2 3/2 23, 900. 7 

3/2 1/2 23,920. 91 1. 9 X 1 O-~ 

.J = 1- 2, V2 = 1 
3/2 5/2 I , 23 , 917. 9 4.5 X 1O- 6 

3/2 3/2 I , 23, 925. 5 1. 8 X 10- 0 

5/2 5/ '1. I , 23 , 928.7 1. 4 X 10- 6 

5/2 7/2 I I 23,938. 6 8. 2 X 10- 6 

1/2 3/2 I , 23,944. 4 1. 7 X 10- 6 

3/2 5/2 12 23, 94 8. 2 4. 5 X 1O- 6 

1/2 1/2 I I 
}23 , 954.5 3.5 X 1O- 6 

3/2 3/2 12 
5/2 5/2 12 23,958.4 1. 8 X 10- 6 

5/2 7/2 12 23, 968. 6 8. 2 X 10- 6 

1/2 3/2 12 ~3, 974. 4 1. 7 X 10- 6 

1/2 1/2 12 23, 984. 6 1. 7 X 10- 6 

CJ35C'3NI4 CJ3'CI3N14 

5939. 795 58J4.710 [42,53) 
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J = 2 - 3, v= O 

Fi 

7/2 
1/2 
3/2 
5/2 
7/2 
5/2 

C]35CI3NI4 
J = 1-2, v= O 

5/2 7/2 
J = 2 - 3, v=O 

7/2 
1/2 
3/2 
5/2 
7/2 
5/2 

CP7CI2NI4 
J = 1- 2, v= O 

1/2 3/2 
1/2 
3/2 3/2 
5/2 7/2 
5/2 3/2 
3/2 5/2 

J= ~ - 3 , v= O· 
7/2 
1/2 
3/2 
5/2 
7/2 
5/2 

Cp7CI3Nl4 
J = 1- 2, v= O 

5/2 7/2 
J = 2 - 3, v= O 

7/2 

Ff 

7/2 

3/2 } 
5/2 

7/2 } 
9/2 
5/2 

7/2 

7/2 

3/2 } 
5/2 

7/2 } 
9/2 
5/2 

3/2 
1/2 
5/2 
7/2 
7/2 
3/2 

7/2 

3/2 } 
5/2 
7/2 } 
9/2 
5/2 

7/2 

9/2 

Frequency 

35,805.09 

35,820. 65 

35, 825. 95 

35,835. 74 

9/2 23, 760. 98 

35,618.81 

35,634.85 

35, 639. 78 

35.649.56 

5/2 23, 372. 72 
23,389. 00 

5/2 23, 389. 61 

9/2 } 5/2 23, 390. 53 

f>/2 23, 402. 47 

9/2 

35, 067. 99 

35,080.39 

35,084.15 

35,091. 97 

23,260.3 

34, 889.05 

Intensity 

1. ox 10- 4 
1. 4 X 10- 5 1 

[42] 
2. 3 X 10- 4 

2. OX 10- 5 I 

3 X 10- 7 [.53] 

1. 1 X 10- 6 

1. 5 X 10- 7
) 

[42] 
2. 4 X 10- 6 

2. 1 X 10- 7 

3. 0 X 10- 6 

2. 1 X 10- 6 [53] 

1. 5 X 10- 6
) 

9. 4X 10- 6 

1. 3 X 10- 6 

4. 4 X 10- 6 \ 

3. I X 10- 5 

[42] 
7. 2 X 10- 5 I 

6. 2 X 10- 6 ) 

1 X 10- 7 [53] 

4. 5X 10- 7 [42] 

HCF3 (Fluoroform). In the absence of other information, 
A was calculated using t.he C- F distance estimated by 
the authors, assuming tetrahedral angles. It was also 
assumed that 0.9 of the molec ules were in the ground 
vibrational state. 

HNCS (I sothiocyanic acid). 
1 H NHCI2S32 

'2 (B+C)= 5866. 0 
DN14CI2S32 

5474. 3 
J = 1- 2 

HN14CI2S32 
DN14 Cl'S32 
H N14CI3S32 
DN14CI3S32 
H N14CI2S34 
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HCI2F3 

t:.v = 18 } 
1J. = 1. 59 

B o= 10, 348.74 
A = 5,600 

[191 

J = 1- 2, ](= 0,1,2 Frequency Int ensity 
41,394.95 2. 2 X 10- 5 [19 

HCN (Hydrocyanic acid). This line is really a triplet, 
and the calculated intensity is for the sum of all three 
hyperfine components. 

1J. = 2.8 } 
B o=44,336 [41] 

(eq Q)N= - 4. 7 
t:.v = 25. 

88, 671 1. l X 10-2 [41] 
H 2CO (Formaldehyde) 

H 2C120'0 

j.< = 2.3 } 
A o= 364,500 
B o=5 1,720 
Co=45,338 

Transition 

3- 1 - 3- 2 

4- 2 -4-3 

5- 3 - 5-4 
00 - 1-1 

[49a] 

F requency 

28, 974. 85 
48, 284. 60 
72, 409. 35 
72,838. 14 

} [49a] 

H 20 (Wate!). The water line has been investigated at 
higher pressures by several workel's not quoted herein. 
The intensity of the HDO lines follows the procedure 
adopted throughout t his table of using natural abundancies 
where possible, the abundance of D being taken as 0.02 
percent. 

H 2O Reference 

1J. =' 1. 94 [20] 
t:.v = 7 

H,Ol6 

HDOl6 

HNHCI3S32 

5847. 3 
Frequency 

23, 4M } 
21,897 
23,389 
21 ,839 
22,915 

[2, 55] 

Transition Frequency 

5-1- 6- 5 22,235.22 
2- 1- 2- 2 10, 278. 99 
4-3- 3-1 20.460.40 
50 - 51 22.307. 67 
30 - 31 50, 236. 90 

DN14CI3S32 

5459. 8 

[1] 

HDO 
1. 84 
6. 5 

Intensity 

9. 6 X 10- 6 
8. 6 X 10- 9 

1. 3 X 10- 8 

1. OX 10- 8 

1. 1 X 10- 7 

H NI4CI2S34 

5728. 8 

[49b,48] 
[49b] 

[20, 24,55] 
[49b] 

[44,49b] 
[24,48] 

[49b J 

[1] 
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ICI. The half widths, d ipole moment and intensities are lO12NH 

discussed in reference [54]. Fi F, Frequency Intensity 
J = 3- 4, v=O 

1' = 0.65 [54] 11/2 11/2 25, 393. 87 7.1 X 10- 6 

B,= 3422.300 

} 
3/2 5/2 25,711. 50 2. OX 10- 5 

(eqQ)C I35= - 82.5 5/2 7/2 25,728.77 2. 9 X 10- 5 

(eqQ)I= - 2930.0 [54] 1/2 3/2 25, 752. 65 1. 4 X 10- 5 

= 16.060 7/2 9/2 25, 783. 50 4. 2 X 10-5 

t.V3- 4= 5.5 9/2 9/2 25, 789. 85 1. 1 X 10-5 [53) 

t.vo- I= 3.15 [59] 11/2 13/2 25, 823. 08 7. 5X 10- 5 

9/2 11 /2 25, 837. 64 5. 7 X 10- 5 

lOPS 7/2 7/2 25, 954. 36 1. 2 X 10- 5 

FI·equency Int ensity 3/2 3/2 25, 969. 58 6. 9 X 10- 6 

J =O- l, F I = 5/2- 7/2 6, 980 1. 1X 10- 6 [59] 5/2 5/2 25, 991. 92 1. OX 10-5 

J= 3- 4, v= O 

Fli Fi Flf F, 
vI = l 

11 /2 13/2 25, 748. 18 7. OX 10- 6 } 

3/2 2 5/2 3 27, ] 94. 75 9. I X 10- 7 9/2 11/2 25, 763. 23 5. 3 X 10- 6 
[53] 

3/2 1 5/2 2 27, 202. 64 5. OX 10- 7 

3/2 3 5/2 4 27, 204. 99 1. 5 X 10- 6 
v2= 1 

5/2 3 7/2 4 27, 217.51 1. 4X 10- 6 
II 5/2 7/2 25, 802. 92 3. 8X 10- 6 I 

5/2 2 7/2 3 27, 221. 02 1. OX 10- 6 
II 3/2 5/2 25, 815. 34 3. 8 X 10- 6 

5/2 4 7/2 5 27, 225. 32 2. OX 10- 6 
II 7/2 9/2 25, 829. 31 7. 8X 10- 6 

5/2 1 7/2 2 27, 228. 34 7. 3X 10- 7 
h 7/2 9/2 25, 850. 7 7. 8X 10- 6 

1/2 1 3/2 2 27, 242. 59 3. 9X 10- 7 
II 9/2 11/2 25, 872. 24 1. 1 X 10- 5 

[53] 

1/2 2 3/2 3 27, 254. 90 1. I X 10- 6 ] 2 9/2 11/2 25, 893. 73 1. I X 10- 5 

7/2, 9/2 9/2 27, 283. 66 11 11/2 13/2 25,906.28 1. 4 X 10- 5 

7/2, 9/2 9/2 27, 286.25 12 11/2 13/2 25, 927. 66 1. 4 X 10- 5 

7/2,9/2 9/2 27, 292. 63 
7/2,9/2 9/2 27, 295. 05 

v2= 2 
7/2,9/2 5 11/2 6 27, 333. 85 2. 8 X 10- 6 [54] 

11/2 5 13/2 ~ } 27, 336. 68 
l= 2 

11/2 6 13/2 
6. 8X 10- 6 11 /2 13/2 12 26, 046. 32 3. 5 X 10- 0 p [30J 

11 /2 4 13/2 51 
J = 4- 5, v= O 

11/2 7 13/2 8 f 27, 337. 38 6. 8X 10- 6 13/2 13/2 31, 848. 77 8. 5X 10- 0 1 
9/2 3 11/2 4 27, 346. 31 1. 9X 10- 6 

1] /2 11 /2 32, 200. 58 1. 5X 10- 5 

9/2 4 11/2 5 27, 554. 71 2. 3X 10- 6 5/2 7/2 32, 203. 57 5. 7 X 10- 5 

9/2 6 11/2 7 27, 356. 58 3. 4 X 10- 6 
7/2 9/2 32, 215. 56 7. 3 X 10- 5 

9/2 5 11/2 6 27, 357. 73 2. 8X 10- 6 
3/2 5/2 32, 226. 85 4. 4 X 10- 5 [42J 

v= l 
9/2 11/2 32, 248. 52 9. 3X 10- 5 

11 /2 13/2 27, 208. 54 2. 2 X 10- 6 
13/2 15/2 32, 268. 33 1. 5 X 10- 4 

I0137 
11/2 13/2 32, 278. 55 1. 2 X 10- 4 

J = O- l 5/2 7/2 6, 684 3. I X 10- 7 
9/2 9/2 32, 386. 29 1. X I0- 5 

J = 3- 4 11/2 13/2 26, 181. 6 4. 4X 10- 6 J = 11- 12, v= o 
77,413. 7. 7X 10- 3 [41] 

J = 12- 13, v= o 
ION (Cyanogen iodide) . 83,864. 9. 7 X 10- 3 [41] 

1' = 3. 7l 
B9 = 3225. 527 for lO l2N [53) lOI3NJ4 

3177. 035 for lOl3N (42) J = 4- 5, v= O 
(eqQ)N= 3.80 5/2 7/2 31,718.28 5.5 X 10- 7 

(eqQ)r= - 2420. 7/2 9/2 31, 730. 50 7. 2 X 10- 7 

t.v= 20. [53] 
3/2 5/2 31 , 741. 50 4. 3 X 10- 7 

[42] 
al = 9. 33 9/2 11/2 31, 763. 34 9. I X 10- 7 

a2= - 9. 50 13/2 15/2 31, 783. 31 1. 4 X 10- 6 

q= 2. 69 11/2 13/2 31, 793. 46 1. 1 X 10- 6 
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NH 3 (Ammonia) . The ammonia spectrum is unu sual in 
bein g produced primarily by inversion or vibration rat her 
than rotation of the molecule. It has considerably greater 
intensity than other micro-wave spectra of the same fre­
quency, with the resul t that it is t he first known and most 
widely studied microwave spectrum. The depende nce of 
inversion frequ ency on t he ro tational quantum numbers 
J and ]( of t he molecule produces a "fine" struc t ure 
with frequencies given by t he formula l45] 

v= 23, 785.75 - 151.450 (J 2+ J _ ](2) + 59.892](2+ 

0.49569(P + J - ](2)2 - 0.376741{2 (P + J _ [(2) + 
0.06554](4. 

This formula applies with an accuracy of about 2 mc for 
small J and]( up to about J = 12 except when [{ = 3, for 
which devia t ions are somewhat larger [45, 34]. The 
expression [40] 

1' = 23,787 - 151.3 J (J + I)+ 211.0 ](2+ 0.5503 P(J+ 1)L 

1.531 J (J + 1) + 1.055 ](4, 

applies with an accuracy of about 30 mc up to J = 16. 
Each one of t he Jines listed for N"H 3 may be ex pected to 
show hyperfine structure due to the N" quadrupole coupl­
ing [7a, 58a]. Additional small frequency shifts of t his 
hyperfine structure du e to the NJ4 nuclear magnetic coupl­
ing have been detected l40, 24a, 27a]. The resulting 
symmetric patterns of t wo weak lines on each side of the 
lines listed have been studied up to J = 9 l40], but the 
weak lines are not listed in t his table. The frefJuency 
differel1ce betwee n these lines and the stron g component 
that is listed are g iven by 

ov = 

01"= 

{3 [ 3K2 ] J [0.0104K2 ] } 
± 4 eqQ 1 J (J + 1) 2J _ 1+(J + I ) J (J + 1) + 0.0022 . 

624 

The sign of eqQ cannot be definitely measured experi­
mentally, but is ver y probably negative, and is assumed 
negative in t he expressions for il l' and ov' . N15H3 shows no 
hyperfin e structure, since the N15 quadrupole m oment is 
zero. Intensities of the weak hyperfine co mponents relat ive 
to the strong component decrease approximately as l iP. 
The rather involved express ions for exact in tensities are 
given by Candler [4c] and (with some ty pographical 
errors) in reference [40]. 

Intensities listed in the table are for t he ent ire fine 
st ru cture lines (\yit hout resolut ion of hyperfine com­
ponents) assuming for each line, including t he N15H 3 lines, 
the same value of half width fl.v mcasured for t he 
N"H 3J = 3, ]( = 3 line[50]*. Bleaney et al.l4.a] find actu ally 
th a t for a number of NH3 lines fl.v depends on J and ]( 
accord ing to the formula 

[ ](2 J~ 
fl.va J (J + l) 

so that in tensit ies should be obtained from t hose in the 
table by multiplying by t he factor [3J (J + 1) 14[(2])' . The 
apparent frequencies and values of fl.vat atmospheric and 
higher press ures differ widely from those given here l4a. 
59a, 4b]. See also [33a ]. 

NH3 (Ammonia) . 

N"H3 N15H 3 

}J. = 1.45 1. 45 
fl.v = 28. [50] 
Ao= 189,000 189, 000 [26] 
B o= 298,000 [26] 

eqQ=-4. 10 0 [40] 

' Note tilat in reference [50J the value of tlv in fi g. 3 (tlv=29.4 p mm H g) is 
correct and the value of T= I /2". tlv on Jl. 667 is incorrect. 
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Earlier refer-
ences by 

wOTkers other 
than tho se 

NHH3 J J( FI'eguency Intensity alTeady quoted 
7 4 19 , ~18. 52 2. 9X 10- 5 [45] 
6 3 19, 757. 56 6. 8 X 10- 5 [45,21] [4] 
5 1 19,829 6.9 X IO- 6 [4] 
5 2 20,371. 48 3. 1 X 10- 5 [45,21] [4] 
8 6 20,719.20 8.8 X I0- 5 [45,21] [4] 
9 7 20, 735.46 2. 9X 10- 5 [45,21 ] [4] 
7 5 20,804.80 6. 2 X JO-5 [45, 21] [4] 

10 8 20 , 852.51 1. 7X 10- 5 [45,21] [4] 
6 4 20, 994.62 7. 8 X 10- 5 [45,21] [4] 

11 9 21 , 070.73 1.9 X I0- 5 [45, 21] [4] 
4 1 21,134. 37 1. 6 X 10- 5 [45,21] [4] 
5 3 21,285. 30 1. 7X JO- ' [45,21] [4] 

12 10 21 , 391. 55 4. 9 X I0- o [45] 
4 2 21,703. 34 6.9 X 10- 5 [45,21] [4] 
3 1 22 , 234. 51 3.3 X 10- 5 [45,21] [4] 

14 12 22 , 355 2. J X JO- o [56] 
5 4 22,653. 00 1. 9X 10- ' [45, 21] [4] 
4 3 22 , 688.24 3.7 X 10- ' [45, 21, 46] [4] 
6 5 22, 732.45 1. 6 X 10- ' [45,21] [4] 
3 2 22,834.10 L 5 X lO- ' [45,21] [4,50) 
7 6 22 , 924.91 2.7 X lO- ' [45,21) [4,50] 

15 13 23,004 4. 7X JO- 7 [56] 
2 1 23, 098.78 6.7 X 10- 5 [45, 21] [4,50] 
8 7 23 , 232.20 9.5 X 10- 5 [45,21] [4, 50] 
9 8 23 , 657.46 6. 3 X JO- 5 [45,21] [4, 50] 
1 1 23 , 694. 48 1. 6 X JO- ' [45,21) [4,50) 
2 2 23, 722. 61 3. OX 10- ' [45,2l) [4,50] 
3 3 23 , 870.11 7. 9 X JO- ' [45, 21] [4, 50) 
4 4 24, J39.45 4.3 X I0- · [45,21] [4, 50] 

10 9 24, 205. 25 7. 8 X 10- 5 [45, 21] [4.,50J 
5 5 24, 532. 94 4. I X 10- ' [45,21] [4,50] 

11 10 24, 881. 90 2.2 X I0- 5 [21] [50] 
6 6 25, 056. 04 7. 1X IO- ' [45 , 21] [4,50] 

12 11 25 , 695.23 1.3X 10- 5 [21] 
7 7 25,715. 14 2.8X lO- ' [45,21] [4) 
8 8 26,518.91 2.1 X lO-' [40] 

13 12 26, 655.00 1. 3 X 10- 5 [40) 
9 9 27,478. 00 2.9 X I O- · [40] 

14 13 27,772. 52 3. OX 10- 6 [40] 
10 10 28,604. 73 9.5 X I0- 5 [40) 
15 14 29,061. 14 1. 4 X I0- 6 [40] 
11 11 29, 914.66 5. 8 X 10- 5 [40] 
12 12 31,424. 97 6.6 X 10- s [40] 
13 13 33,156.95 1. 8 X 10- 5 \40] 
14 14 35,134. 44 9.2 X 10- 6 [40) 
15 15 37,385.18 8.9 X I0- o [40] 
16 16 39,9'11. 54 2. OX 10- 6 [40] 
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NlSH 3 

J ]{ Freqllency Intensity 
5 3 20, 272. 04 6. 4 X 10- 7 

4 2 20, 682. 87 2. 6 X 10- 7 

3 1 21,202. 30 1. 3 X 10- 7 

5 4 21, 597. 86 7. 2 X 10- 7 

4 3 21, 637. 91 1. 4 X 10- 6 
6 5 21,667.93 6. OX 10- 7 

3 2 21, 783. 98 5. 6 X 10- 7 

7 6 21,846. 41 9. 9 X 10- 7 

2 1 22,044. 28 2. 6 X 10- 7 

8 7 22, 134.89 3. 5 X 10- 7 

9 8 22, 536. 26 2. 3 X 10- 7 
[21] 

1 1 22, 624. 96 6. OX 10- 7 

2 2 22, 649. 85 1. 2 X 10- 6 
3 3 22,789. '11 3. OX 10- 6 

4 4 23,046. 10 1. 6 X 10- 6 
10 9 23, 054. 97 3. OX 10- 7 

5 5 23,421. 99 1. 5 X 10- 6 
6 6 23, 922. 32 2. 6 X 10- 6 
7 7 24, 553. 42 1. 1 X 10- 6 
8 8 25, 323. 51 8. OX 10- 7 

N~4016 

Bo = 12, 561. 64 

central 
(eqQ)N= -. 27 

N14N 14 0 16 

F; Ff 

./ = 0- 1 1 1 
2 

1 0 
NJ SNl'OJ 6 
J = O-l 1 1 

1 2 
1 0 

N14NI5016, J = O- l 
NI5NJ50IO, ./=0- 1 

N15N"016 

12, 137. 31 

end 
- l. 03 

Freqllency 
25, 123. 03 
25, 123. 28 
25, 123. 64 

24, 274. 53 
24,274.61 
24, 274.73 
25, 121. 55 
24, 274.78 

[7] 

[7, 43] 

I ntensity 

1. 1 X lO- S ) 
1. 7 X lO- s 

3. 4 X 10- 6 

3. 5X 10- 8 ) 

5. 8 X 10- 8 

1. I X 10- 8 

1. I X 10- 7 

4. OX 10- 10 

[7] 

[7] 

[7b] 
[7b] 

O2 (Oxy gen) . This spectrum is of a fundamentally differ­
ent nature than the other molecular spectra recorded 
herein, being due to a magnetic coupling to t he electro­
magnetic field rather t han an electric dipole coupling. 
The t.heory of the transition has been discussed by Van 
Vleck [58b]. 

N 20 (Nitrolls oxide) 

~v = 3. 35 
p, = . 16 

[7b] 
[39c] 

~v= . 8 - 1. 3 l3] 

Freqllency 
Ca. 60,000 [3,31 , 48a] 

OC8 (Carbonyl slllfide). 
p, (016CI2832) =. 732 

P,.2- 1 =. 694 
p, (016C I3832) = . 722 

(eqQ) 833 = - 28. 5 
~v= 6. 

[HI,27] 
[49cJ 
[16,27] 
[52) 
[53) 

01 6CJ2832 

Bo 6081. 453 
016CJ2833 

6004. 918 
016CJ2834 

5932. 843 
016C13832 

6061. 939 
016C13834 

5911. 730 
al 

a2 

a 3 

q 

18. 12 
- 10.59 

55. 1 
6. 393 

[16] [52] 

- 10.37 
6.07 
6. 07 

[53] 

The B o's listed above are those for the lowest observed J 
t ransition, since they may be expected to increase with J 
because of centrifugal stretching. 
016C12832 

Freqllency I ntensity 
J = 1- 2, v=O 24,325.92 5. 5 X 10- 5 [16] 

vI = l 24,253. 44 8. 7 X 10- 7 [52J 
V2 = 1, II 24, 355.50 4. 4 X 10- 6 [16] 

12 24, 380. 84 4. 4 X 10- 6 [16] 
v2= 2 24,401 1. 3 X 10- 6 l39b] 

v2 = 3 } 
24,411 I X 10- 7 [39b] 
24,459 1X 10- 7 [39bJ 

J = 2- 3, v= O 36,488.82 4. 6 X 10- 5 [49] 
J = 3- 4, v= O 48,651. 64 4. 4 X 10- 4 [27] 
J = 4- 5, v= O 60,814.08 8. 7 X 10- 4 [27] 
016C 128 33 
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[53] 

J = 1- 2, 
v= O 

016C 12834 

J = 1- 2, v= O 

J = 3- 4, v= o 
016C12836 

J = 1- 2, v= O 

[53J 

F; 
1/2 
5/2 
1/2 
3/2 
5/2 
3/2 
3/2 

0 16C14832 

6043. 25 

- 9.4 
6. 7 
6. 7 

[37) 

Ff 

3/2 } 5/2 24, 013. 04 

1/2) 
5/2 
7/2 
3/2 
1/2 

24,020.21 

24, 025.39 
24,032. 75 

23, 731. 33 
23, 661 
23, 760. 67 
23, 784. 95 
47,462. 40 

23, 198. 66 

018C12832 

5704. 825 

[53] 

7. 2 X 10- 8 

2. 9 X 10- 7 

4.6 X 10- 8 

7.2 X 10- 9 

2. 2 X 10- 6 
4. I X 10- 8 

1. 4X 10- 7 

1. 4 X 10- 7 

1. 9 X 10-5 

8X 10- 9 

[52) 

[52] 

[52) 
[52) 

(16) 
(32) 
[52) 
[52) 
[27) 

(32) 
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J = I- 2, v= O 
v2 = 1,1 1 

12 
016C I3834 
J = I- 2, v= O 

Frequency 
24, 247. 76 
24, 275. 25 
24, 301. 05 

23, 646. 92 

Intensity 
5.9 X 10- 7 

6. 6X 10- 8 
6. 6X 10- 8 

2.8 X 10-8 

OC8e (Carbonyl selenide). 

JJ.=.754 } 
f.lv - l = .728 [47] 
f.l.-1=.730 

~Molecule 
01 6C'28e82 

Se80 
Se78 
Se71 
Se76 
Se74 

01 6CI3Se80 

J = 2- 3, v= O 
016CI2Se76 
J = 2- 3, v= O 

Se78 

v2 = 1, 1, 
v2= 1, 12 

0 16CI2Se77 

J = 2- 3, v= O 

v2= 1, II 
v2= 1, 12 

0 16C'2Se78 
J = 2- 3, v= O 

v, = l 
v2= 1, I , 
v2= 1, 12 

J = 5- 6 
J = 6- 7 
OJ 6C12Se80 
J = 2-3, v= O 

v,= 1 
v2 = 1, I, 
v2 = 1,12 

J = 5-6 
J = 6-7 
0 16C12Se82 
J = 2- 3, v= O 

v, = l 
v2 = 1, 11 
v2= 1, 12 

J = 6-7 
0'6C'3Se78 
J = 2- 3, v= O 
0'6C'3Se80 
J = 2-3, v= O 

Booo 
3994. 009 ± . 005 
4017.677 
4042.460 
4055. 300 
4068. 465 
4095. 793 
3980. 045 
4005. 112 

Frequency 
24,574..67 

24,410.70 
24,442. 98 
24,462. 42 

24,331. 71 
24,250. 84 
24,363.97 
24, 383. 21 

24,254.67 
24,174. 30 
24,286. 82 
24,305.95 
48, 508. 88 
56,593.16 

24, 105. 98 
24,026. 39 
24,138.05 
24, 156. 93 
48,211. 46 
56, 246.47 

23, 964. 50 
23,885. 76 
23,996.26 
24, 014.97 
55,916.19 

24,030.58 

23,880.18 

Intensity 
1. 3 X I0- 7 

1. 4 X 10- 6 

1. 8 X I0- 7 

1. 8 X I0- 7 

1. 2 X I0-6 
5.5 X I0- 8 
1. 6 X I 0- 7 

1. 6 X I0- 7 

3. 4 X 10- 6 

1. 6 X 10- 8 

4.5 X I0- 7 

4. 5X 10- 7 

2.8 X 10- s 

4.4 X lO- s 

6. 8 X 10- 6 

3.1 X I0- 7 

9. 0 X I0- 7 

9. OX 10- 7 

5.6 X I0- s 

8. 8 X 10- 5 

1. 3 X I0- 6 

6. OX 10- 8 

1. 7 X 10- 7 

1. 7 X 10- 7 

1. 1X I0- s 

3.7 X IO-8 

7.5X lO- 8 
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[53] 
[53] 
[53] 

[53] 

0'1 

13. 12 ±. 005 
13. 27 
13.40 
13. 48 

[47] 

016C14832 
J =1-2, v= O 

017C12832 
J = 1- 2, v= O 
018CI2832 
J = I- 2, v= O 

"2 

- 6. 86 ±. 005 
- 6.92 
- 6. 96 
- 6.98 
- '"t.00 

24,173.0 

24, 197 
24, 224 

23, 534. 67 

22, 819. 30 

q 
3. 12 ± . 005 
3. 15 
3. 19 
3. 21 
3. 24 

5. 7X 10- 5 

(100 % CI4) 
6. 4 X 10- 6 

6. 4 X 10- 6 

2. 2X 10- 8 

9. 6X 10- 8 

D.c/sec 
875 ± 50 
755 ± 20 
830 ± 50 

PFa (Phosphorus trifluoride) 

PFa 
J = I - 2, /(= 0,1 
J = 2- 3, /(= 0,1 

/( = 2 

It = 1. 02 [39c] 
c,v = 16. [19] 
Bo= 7819.90 [19] 

Frequency 

31,279.60 
46,918.82 
46,919.02 

Intensity * 
2.3 X 10- 6 

6.7 X 10- 6 ) 

1. 5 X lO- 6J 
"Assuming 80% in ground vibrational state. 

excited v ibrational states 146,940 ) 
47,010 [19] 
47,033 

SiH 3Cl (Chlorosilane) 
Ao= 95,500 
Bo=SiH aCj3s 

6673.81 
(eqQ)Cl = -40.0 

47,040 

SiH 3Cp7 
6,512.40 (38) 
- 30.8 (38) 

SiHaCj35 F i F f Frequency Intensity* 

J = 1-2, /( = 0 
3/2 26, 685. 25 
5/2 26, 686. 15 
1/2 26, 695. 00 

3. 4 X 10- 7 

3.7 X 10- 7 

3. 4X 10- 7 

[37] 

[37] 
(37) 

[32] 

[53) 

[47] 

119] 

[19] 

1/2 
5/2 
1/2 
3/2 
5/2 
3/2 
3/2 

5/2 } 7/2 26,696. 10 2. 5 X 10- 6 [38) 

3/2 26, 703. 34 4. 5X 10- 7 

1/2 26, 713. 07 7. OX 10- 8 

"Assuming 90% of tbe molecules are in ground v ibrational state. 
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J = 1- 2, K = l F. F, Frequency Intensity TABLE 2. Lines listed by.fTequency 

3/2 5/2 26 , 687. 34 6. 6X 10- 7 
3/2 3/2 26, 690.92 3.4X 10- 7 

Frequency rnten- Transition Molecule 5/2 5/2 26,692.66 2. 8X 10- 7 sity 
5/2 7/2 26, 697.45 1. 3X 10- 6 

(38] 

1/2 3/2 26 , 700. 48 2. 6X 10- 7 

1/2 1/2 26,705.02 2. 6X 10- 7 6, 684 'vV 0-1 rcp7 
6,980 M 0-1 ICI 35 
10, 278. 99 W ------------ HD016 

SiH3CI37 17,961. 2 M 0-1 BJOH 3C12016 

J = 1- 2, K = O 18,398.6 M 0-1 C12H 3C12Ni4 
18,400 M 0-1 C12H 3C12N14 

1/2 3/2 } 2. 2X 10- 7 (38] 5/2 5/2 26, 042. 41 
18,402. 1 M 0-1 C12H 3C!2N14 

3/2 5/2 } 7. 9X lO- 7 18, 943. 77 W 0-1 C12H 3BrS! 
5/2 7/2 26, 050.26 

18,992.36 W 0-1 C12H 3Br79 
3/2 3/2 26, 055. 86 1. 4X 10- 7 19, 040.32 M 0-1 02H 3BrS! 

3/2 1/2 26, 063. 52 2. 2X 10- 8 19, 107. 97 M 0-1 C!2H 3Br79 
K = l 3/2 5/2 26, 043.29 2. OX 10- 7 

[38] 3/2 3/2 26,046.30 1. OX 10- 7 19, 160. 82 M 0-1 C12H 3Brsl 
5/2 5/2 26,047.97 8. 7X 10- 8 19, 218. 52 8 0-1 N14H 3 
5/2 7/2 26, 051. 09 3. 9X 10- 7 19, 252. 13 M 0-1 C!2H3Br79 
1/2 3/2 26, 053.35 8.1 X I0- s 19, 700 3-4 C!2H 3N!40283' 
1/2 1/2 26, 057. 10 8. I X lO- s 19, 757. 56 8 ------------ N!4H 3 

19,829 M ------------ N!4H 3 
S02 (SulJur dioxide) 19, 929 3-4 C1 2H 3N!'C12834 

1-' = 1.7 20, 020 3-4 C12H3N1402832 

A = 61 ,100 } 
20, 140 3-4 Cl2H3N!4C!2832 

B = 10,400 [12] 20, 160 3-4 C'2H3N" C'2 

C= 8,870 
20, 216 3-4 Cl 2H 3N!'Cl2fl32 
20, 230 3-4 Cl2H 3N14C'2832 

8320~6 Transition Frequency 20, 241 3-4 C!2H 3N!4C'2832 

13- 10 - 12- 6 20,420 20, 272.04 M -------- - --- N15H 3 

22, 064 20, 350 --- - --- 3-4 Cl2H 3N14C!2832 

22, 225 
20,371. 48 8 NHH 3 22,475 ------------

22,735 20, 385 -- - ---- ------------ CH3N02 

22, 904 20,413 3-4 Cl2H3N!4C12832 

22,934 20,443 ------- 3-4 Cl2H 3N !4C12S32 

23,033 
20,421 802 6- 4 - 5- 2 23, 413 [12] ------- ------------

23, 738 20, 460.40 W ------------ HDO!6 

{ 24, 037 20, 679.9 W 1-2 CF3CH 3 
9- s- 8-, 

24,083 20, 682.87 W ------------ NJ5H 3 

24, 342 20, 710. 6 M 1-2 CF3CH 3 

25, 047 20, 719. 20 S ------------ N14H 3 

25,170 20,735. 46 8 ------------ NJ4H 3 

7- , - 8- 6 25,392 20, 742. 3 M 1-2 CF 3CH 3 

3- 2- 4-, 29,460 20, 804.80 S ------------ N14H 3 
20,852.51 S ------------ N14H 3 
20, 910 ------- -- --------- - CH 30H 

SPF3 
20, 971 CH 30H Bo = 2657.6 ------- ------------
20, 994.62 S ------------ N"H3 

SPF3 21,070.73 8 ------------ N14H 3 
J = 3- 4 

21,262 } 21,134.37 S ------------ NJ4H 3 
J = 4- 5 26, 574 

[37b] 
21,202.30 W ------------ NJ5H 3 

Exc. states { 21, 283 21 , 262 ------- ------------ 8PFa 
26, 553 21,283 ------- ------------ 8PFa 
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TABLE 2. Lines listed by JTequency- Cont inued 

In ten-
Frequency ·t 

8 1 y T ran. it ion 

21 , 285.30 
21, 350 
21 , 391. 55 
21 ,482 
21 ,549 

21 , 551 
21 , 573 
21, 597. 86 
21, 637. 91 
21,664 

21 , 667. 93 
21 ,689 
21 , 703. 34 

21 , 712 
21 , 734 
21 , 783. 98 
21 ,839 
21 , 846.41 

21 , 897 
21 , 930. 2 
21 , 935 
22, 044.28 
22, 064 

22, 134. 89 
22, 217 
22, 225 
22, 234.51 
22, 235.22 

22 ,'236 
22 , 247 
22, 258 
22, 281 
22, 305 

22,307. 67 
22,353 
22, 355 
22,369.6 
22, 383 

22, 386 
22, 391 
22, 410 

22,436 
22,462 
22, 475 
22,481 
22,485. 9 

]V[ 

]V[ 

W 

w 
]V[ 

M 

i\ I 
M 
8 

M 
M 

1- 2 
M 1- 2 

w 

w 

8 
M 

M 

8 

w 

1- 2 
1- 2 

i\1 _________ __ _ 
_______ 1- 2 

N[ ___ ________ _ 

M 

_______ 1- 2 

Moleculc 

N14H a 
CH aOH 
N I4H a 
CH , CF, 
CH ,CF , 

NISI-I , 
C" D ,OI 6 

NI5H a 
CH , CF, 
N"H a 

CH aNI-I , 
CH , CF, 
N'5H a 
D K14Cla8a, 
D N14Clasa2 

D N" Cla8a, 
C,H aCI 
CH aN H , 
N I5H a 
SO, 

N15H a 
CH CIF, 
80 , 
N"Ha 
H , O 

CH ,CF , 
CH CIF , 
CH aN H , 
CH , CF, 
CH CIF" CH aOH 

HDO 
CH CIF, 
N t'H a 
C,H aCI 
CH , CF, 

CH CIF , 
CH , CF, 
CH CIF, 

CH CIF , 
CH ClF, 
80 , 
CH CIF, 
C,H 3Cl 

Molecular Microwave Spectra Tables 

T A BLE 2. Lines listed by frequency- Continued 

Frequency 

22, 535 
22, 536. 26 
22, 545 
22, 553 
22, 590 

22, 595 
22, 612 
22, 624. 96 
22, 649. 85 
22, 653. 00 

22, 660 
22, 680 
22, 688. 24 
22, 732 
22, 732. 45 

22, 735 
22, 740 
22, 752 
22, 789. 41 
22, 819. 30 

22, 834.10 
22, 904 

22, 915 
22, 924. 91 
22, 934 
22,946. 9 
22, 977 

23, 004 
23,021 
23, 033 
23, 046. 10 
23, 054. 97 
23, 055. 0 

23, 098. 78 
23, 115 
23, 121. 2 
23, 134 
23, 181 

23, 198. 66 
23, 205 
23, 206 
23, 214 
23, 220 

23, 232. 20 
23, 234 
23, 250 

I nten­
s ity 

w 

M 
l\I 
8 

T ransit ion 

,y ------------
____ ___ 3- 4 

8 ___________ _ 

8 

8 
]V[ 

w 

8 

1- 2 

___ ___ _ ] - 2 
8 ___ ________ _ 

1- 2 

w 

M _______ ____ _ 
\V _______ ____ _ 

_____ __ 1- 2 

8 

M 

W 1- 2 

W 
M 
J"'I 

8 
W 

Molec ule 

CH ,NH , 
N15H 3 

CHCIF, 
CH CIF, 
CH aN H , 

CH aN H , 
CH aNH , 
N I5Tl , 
N '5H a 
N"H a 

N" H a 
CII 3NH , 
N".Ha 

80 2 

CH aN H , 
CH ,CF, 
NI5H a 
018CJ'8a, 

HN"CJ2834 

N"H 3 

80, 
C,H aCI 
CH aNH , 

NJ4H a 
CH aL 0 3 

SO , 
N'5H 3 

N15H a 
C,H aCI 

N"Ha 
Cfl3NH , 
CH 30I'! 
C,H.O 
CH ,CF, 

016C J2836 

CH aNH , 
CH ,CF, 
CH ,CF, 
CH ,CF, 

N"H 3 

CH ,CF, 
CH aNO, 
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TABLE 2. Lines listed by frequ ency-Continued TABLE 2. Lines listed by frequency-Continued 

Frequency Inten- Transition Molecule Frequency Inten- Transition Molecule sity sity 

23, 295 ------- ------------ CH 3NH 2 23, 694. 48 8 ----------- - N14H 3 
23, 300 --- - --- ------- - ---- CH3NH 2 23, 706 - - ----- ------------ CH3N02 

23, 722. 61 8 ---- -------- N 14H 3 
23, 305 ------- -- ---------- CH3NHz 23,731. 33 M 1-2, v= O O'6C'2834 
23, 308 ------- ------------ CHClF2 23, 733 ------ - ------------ CHClF2 
23, 323 M -------- - --- CH 2CF2 23, 738 -- - --- - ------------ 802 
23, 335 M ----- - -_._-- - CH3NH 2 
23, 346. 8 ------- ------------- CH30H 23, 760. 67 W 1-2, V2= 1 O'6C'2834 
23, 361 M ------------ CH2CF2 23, 770 M ------------ CH2CF2 
23, 372. 72 M 1-2 C137C12N14 23, 784. 95 W 1-2, V2= 1 O'6C 12834 
23, 389. 00 M 1-2 C137CI2N'4 23,803 ------- ---------- -- CHCIF 2 
23, 389 1-2 HNHC'3832 23,812 M -------- .. --- CH 2CF2 
23, 389. 61 M 1-2 C137C12N14 

23, 826 -- - ---- ------ -- --- - CHCIF2 
23, 390. 53 M 1-2 C137CI2NJ4 23, 845 ------- --- - -------- CHClF2 
23,402.47 M 1-2 C137C'2NI4 23, 854. 4 ------ - - - - - - -- - _._-- CH30H 
23,404 -- ---- - ------------ CH 3NH 2 23,862.57 M 1-2, v= o C135C'2N14 
23, 413 - - - ---- --- --- ---- -- 802 23, 863. 5 W 1-2, v= O C135CI2N4 
23,421. 99 M -------- - --- N 15H 3 

23, 863. 8 W 1-2, v= O C135C'2NI4 
23,425 -- ----- ---------- - - CH30H, CH3NH 2 23, 864. 0 M 1-2, v=O C135CI2N'4 
23, 430 ---- -- - -<----------- C H 3NH 2 23,864.2 M 1-2, v= O Cp5C14N14 
23, 433 8 -------.---- CH2CF2 23,864. 5 M 1-2, v= O C135CI2NI4 
23,446 ------- ----- ----- - - C H 3NH 2 23,864. 9 W 1-2, v= O C135C'2N14 
23,458. 6 W 1-2,1(= 0 AsF 3 23,865.1 W 1-2, t' = O C135C I2 N14 

23,870. 11 8 -- --- ------- N14H 3 
23, 463. 0 W 1-2, 1(= 0 AsF 3 23, 878.6 M 1-2, v= O Cp5C'2N14 
23, 464 1-2 HNJ4C'2832 
23,467 ------- ------------ CH3N02 23,878.9 W 1-2,11= 0 C!35C'2N H 
23, 472. 6 W 1-2, J{ = 1 AsF 3 23,879. 7 W 1-2, v= o C]35C I2 NI4 
23, 476 -- ----- -- ---------- CH 2Cl, 23,880. 18 W 2-3, v= O 016Cl38e8O 
23, 483 --- --- - -- ---------- CH3N 0 2 23,883. 30 M 1-2, v= O C]35CI2NH 
23, 494.2 W 1-2,1(= 1 AsF 3 23, 884. 2 M 1-2, v= O Cp5C'2NI4 

23, 501. 6 W 1-2, J{ = l AsF 3 23, 884.8 M 1-2, v= O CJ35CI2NI4 
23, 510 ------- ------------ C H 3NH 2 23, 884.9 8 1-2, v= O C[3sC I2 N 14 
23,512.9 W ------------ AsF 3 23,885.16 8 1-2, v= O C13sC'2NIj 
23, 517. 0 W 1-2, J{ = O AsF 3 23,885. 3 M 1-2, v= O C[35C 12 N14 
23, 522.4 M 1-2, J{ = O AsF 3 23, 885. 76 W 1-2, v, = 1 O'60'28e82 

23, 532. 1 M 1-2, J{ = 1 AsF 3 23,886. 0 M . 1-2, v= O C[35C'2NI4 
23, 534. 67 W 1-2 017C'2832 23,886. 2 M 1-2, v= O C[35C I2 NI4 
23, 538. 9 1-2 C 2H 3Cl 23, 899.59 M 1-2, v= O CpSC 12 Nl4 
23, 543. 2 W ------------ AsF a 23, 900. 20 M 1-2, v= O C]35CI2N14 
23, 553. 0 W - -- .------- -- AsF3 23,900.7 M 1-2, v= O Cp5C '2 NI4 
23, 564. 6 W 1-2, ]( = 0 AsF 3 
23, 575. 3 W 1-2,1(= 1 AsF 3 23, 917. 9 8 1-2, t'2 = 1 Cp5C!2N '4 
23, 610 M -- ----- ----- C 2H 4O 23, 920. 91 M 1-2, v= O C[35C I2 N I4 
23, 644 ------- - ----- ---- -- CHCIF2 23, 922.32 M -------- -"--- Nl5H 3 

23,925.5 M 1-2, V2= 1 C135C I2NI4 
23, 646. 92 W 1-2, v= O O'6C'3C34 23,928. 7 M 1-2, V2 = 1 Cp5C12N14 
23, 649 M - ----------- CH 2CF2 

23, 657. 46 8 -------- ---- N 14H 3 23,938.6 8 1-2, V2 = 1 C]35C I2 N14 
23, 661 W 1-2,v, = 1 016C '2834 23, 944.4 M 1-2, 1'2 = 1 Cp5C12 N14 
23, 680 ---- --- ---- -------- CHClF2, CH3NH 2 23,948. 2 8 1-2, V2 = 1 Cl35CI2NI4 
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TABLE 2. Lines listed by frequency-C ontinued TABLE 2. L ines listed by f requency- Continued 

Frequency Inten- Transition Molecule Frequency Inten- T ransition Molecule sity sity 

23, 954. 5 M 1-2, V2= 1 C]35CI2N!4 24,331. 71 M 2-3, v= O 0[6CI28e77 

24, 342 ------ - -- ---------- 80 z 
23, 958. 4 M 1-2, t'2 = 1 C]35CI2Nl4 24,352 M ---- - ... ------ CH zCF2 
23, 964. 50 M 2-3, v= O 016C128e82 24,355.50 M 1-2, !!2= 1 0[6C[2832 

23,968.6 8 1-2, V2= 1 C]35C[2N14 24, 357 W ---- -------- CH 2CF2 
23, 974. 4 M 1-2, V2= 1 C]35CI2NI4 

23, 984. 6 M 1-2, V2 = 1 Cj35CI2N14 24,363. 97 W 2-3 , V2= 1 0 [6C128e77 
24,380.84 M 1-2, V2 = 1 0[6C[2832 

23, 986 M 1-2, V2= 1 CH2CF2 24, 383. 21 W 2-3, V2 = 1 0[6CI28e77 

23,996. 26 W 2-3, V2= 1 0[6C[28e82 24,401 M 2-3, V2 = 2 016C12832 

24, 013.04 W 1-2, v= O 016C'2833 24,410. 70 M 2-3 , v= O 016C128e76 

24, 014.97 W 2-3, V2 = 1 0[6C'28e82 24,411 W 1-2, v= 3 0[6C12822 

24, 015 ------- ------------ CH3NH2 24,428 -- ----- ------------ CI-13N 0 2 
24,017 ------- ------------ CH3N02 

24, 440 ------- --_ ._-------- CH 2Cl 2 
24, 020. 21 W 1-2, v= O 0 [6C'2833 24, 4'12. 98 W 2-3 , V2 = 1 0[6C'28e76 

24, 021 M - ----------- CH 2CF 2 24, 448 ------- ------------ CH 3N02 
24, 025. 39 W 1-2, v= O 0[6C[2833 24,450 8 --- --- -- --- - CH 2CF2 
24,026.39 W 2-3, v[ = l 0[6C[28e8O 24, 459 W 1-2, v2= 3 0[6C[2832 

24, 030. 58 W 2-3, v= O 0'6C[38e7 24, 462. 42 W 2-3, V2= 1 016C'28e76 

24,465. 33 M 2-3, v= o Br8[C'2N" 
24, 032. 75 W 1-2, v= O 0[6C[2833 

24, 037 ------- ------------ 802 24,471 ------- --- -------- - CH 2Cl2 
24, 055 -- - ---- --- --------- C[2D4 O[6 24, 506. 75 M 2-3, v[= 1 Br8[CI2N14 

24, 078 - - - ---- -------- ---- CH3NH 2 24, 507. 38 M 2-3, v= o BrS[CI2Nl4 

24,083 -- --- -- ------------ 802 24, 528 ---- --- ----------- - CH3NH 2 

24, 105. 98 M 2-3, v= O 0[6C[28e8O 24, 532. 94 8 ------------ NJ4H 3 
24, 138. 05 M 2-3 , V2 = 1 0'OC[28e8O 24, 541. 18 M 2-3, Vl = 1 BrSIC[2N14 

24, 139. 45 8 - --- -------- N14H 3 24, 545 M --- --------- CH 2CF 2 
24, 143 ----- -- 4-5 C'3H 3NlIC[2832 24, 553. 42 1\1 ---------- -- N'5H3 
24, 150 W --- - ----- - -- CH 2CF2 24, 573. 86 8 2-3, v= O BrS[CI2N14 

24, 574. 67 W 2-3, v= O 016CI28e74 
24, 156.93 M 2-3 , V2 = 1 0[6C'28e8O 

24,173. 0 W 1-2, v= O 0[6C14 832 24, 577 CH 2Clz ------- ------------
24, 174.30 W 2-3 , v1 = 1 016C'28e78 24, 579 W CH 2CF2 ------------
24,205.25 8 --- - - - ------ N14H 3 24, 583. 00 1\1 2-3 , v= O Br79C'zN14 
24,247. 76 M 1-2, v= O 0[6C[3832 24, 599 CH3NOz ------- ------------

W 2·3, v[ = l 0'6C'28e77 
24, 602 W - ------- - --- CH 2CFz 

24, 250. 84 24, 608. 92 8 2-3 , v= O Br8[C'2N14 
24,253. 44 M 1-2, v[ = 1 0[6C[2832 

24, 254.67 M 2-3 , v= o 0[6C[28e78 
24, 609 4-5 C[2H 3N14C[2834 

24,274.53 W 0-1 N[5N14 O[0 
24, 622. 93 M 2-3, Vz= 1 Br81 C[2Nl4 

24,274.61 W 0-1 N[5N'40[6 
24, 627 CHzClz ------- ------ ------

24, 274. 73 W 0-1 N[5N14O[6 24, 631 -- ----- ------------ CH 2Cl2 

24, 274. 78 W 0-1 N15N [50'6 24, 633. 71 M 2-3, v= O Br79C[2N14 

24,275.25 '" 1-2, V2 = 1 0[6C' 3832 
CH zCIz 24,286.82 W 2-3 , V2 = 1 0' OC[28e78 24, 636 -- - ---- ------------

24, 294 M CH 2CF2 24, 639 1\1 ------- ----- CH zCF2 
--------- -- - 24, 645. 82 1\1 2-3, v[= 1 Br'9CI2N14 

24, 301. 05 W 1-2, v, = 1 0'6C13832 24, 658. 89 M 2-3 , V2= 1 Br8[C[2N14 

24,305.95 W 2-3, V2 = 1 0[OC '28e78 24, 668 - ------ ------- ----- C2[2D 4O[6 

24,320 ------- ----- ------- CH3NH 2 
24,323 8 ------------ CH2CF2 24, 682. 13 M 2-3, V2 = 1 BrS[CI2N[4 

24,325.92 8 1-2, v= 2 0[6C [2832 24, 687. 11 M 2-3, Vj= 1 Br79C[ZN14 
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TABLE 2. Lines listed by frequency- Continued 

Frequency 

24, 713. 05 
24, 717. 19 
24, 734 

24, 755. 22 
24, 760. 76 
24, 770 
24, 784. 02 
24, 803. 00 

24, 806 
24, 808 
24, 824 
24, 826. 70 
24, 834. 3 

24, 842 
24, 860. 6 
24, 881. 90 
24, 884. 57 
24, 890. 0 

24, 890 
24, 896 
24, 910 
24, 911 
24, 916 
24, 924. 4 
24, 926 
24, 928. 70 
24, 930 
24,933.47 

24, 934. 38 
24,959. 08 
24, 967 
24, 970 
24, 971 

24, 976 
24,981. 5 
24, 996 
25, 000 
25, 002 
25, 006.0 
25, 018 
25,018. 14 
25, 038 
25,046 

25, 047 
25,053 
25,056 
25 , 056. 04 
25,065 

632 

Inten­
sity 

8 
M 
M 

8 
M 
8 
M 
M 

W 
W 

-------
M 
8 

- - -----

M 
8 
M 
M 

-------
-------

-------
-------

-------

8 
-------
-------

---- - --

-------

Transition 

2-3, v= O 
2-3, v= O 

-- - ------- --

2-3, v= O 
2-3 , V2 = 1 

------- - ----

2-3, V2 = 1 
2-3, V2 = 1 

----- - ------

----------- -
4-5 ________ 

2-3, V2= 1 
---- - -------

------------

2-3, v2= 2 
--------- - --

2-3, v= O 
2-3, V2 = 1 

--------- ---

------------
4-5 

-------- - - - -
- - ----- - ----
------------
- - --------- -

------------

4-5 
-- - ------- - -

_ _ _ _ _ _ _ 4-5 

_ _ _ _ _ _ _ 4-5 
M 2-3, v2 = 1 

8 

Molecule 

Br79 CJ2N" 
Br81C12NH 
CH2CF2 

Br79C12N14 
Br79 CJ2NH 
CH2CF2 

Br70C12N14 
Br79C12N" 

CH2CF2 

CH2CF2 
C12H 3N14C12834 
Br79C12Nl. 
C2H,O 

CH 2CI2 
Br79C12N" 
N14H3 
Br79 C12N14 
Br79 C12N" 

CH3NH2 
CH 3NH 2 
CJ2H3N'4C13834 
CH 30H 
CH 2Clz 
C2H .0 
CH30I-I 
CH30H 
CJ2H 3N"CJ2833 
CH aOH 

CH 30H 
CH 30R 
CH 2Cl2 
CH 2CI2 
CI2H 3N14C I2832 

CH 2CI 2 
Br79C'2NJ4 
CH 2CI 2 

CH 2KR 2 

CI2H 3NJ4C'3832 
Br7Q C'2NI4 
CH 2CI2 
CH 30H 
CH 2Cl2 
CH 2CI2 

CH 2CI2 
CH 2e1 2, CH 30R 
CH 2Br2 

NJ4H 3 
CH3NR2 

TABLE 2. Lines listed by fr equency- Continued 

Frequency 

25,073 
25, 077 
25, 099 
25, 100 
25, 121. 55 

25, 123 
25, 123. 03 
25, 123. 28 
~5, 123. 61 
25, 124. 88 

25, 161 
25, 167. 4 
25, 170 
25, 183.0 
25, 195 
25, 195. 2 
25, 200 
25, 221 
25, 248 

25, 269 
25, 269 
25, 280 
25, 294. 41 
25, 306 

25, 323. 51 
25,333 
25, 350 
25, 381 
25, 390 

25,392 
25, 393. 87 
25,404 
25,409 
25, 414 

25, 442 
25 , 450 
25,470 
25, 516 
25,541. 43 

25,550 
25,577. 2 
25, 596. 0 
25, 611. 2 
25, 653 
25,695.23 
25,710 
25,711. 50 

Inten­
s it.y Transition 

_ _ _ _ _ _ _ 4-5 

4-5 
IV 0-1 

!VI 0-1 
M 0-1 
W 0-1 

_ _ _ _ _ _ _ 4-5 
W 0-1, K = O 

W 0-1, K = O 
_ _ _ _ _ _ _ 4-5 

W 0-1 , ](= 0 

M 

_ _ _ _ _ _ _ 4-5 

4-5 

M --- - - --- - - --
-- - - - -- 4-5 

8 -- - - ---- -- - -
-- - -- - - -- ---- - -----

------- 4-5 

------- ----- - ----- -
M 3-4, v= O 

------- ---- ------ --
------- 4-5 
------- ----- - - - - - - -

--- ----- 4-5 
1\1 ------------

------- ---- - -------
8 --- --- --- - --

4-5 

4-5 
Vol 0-1 , K = O 
'vV 0-1, K = O 
IV 0-1, K = O 

4-5 
8 --------- - --

------ - - --- --- - - - --
8 3-4, v= O 

Molecule 

CH 2CI 2 

C'2H 2Nl<CI2832 
CH2CI2 
CJ2H3NHCI2832 
NHN'5016 

CH 2CI 2 
N 214016 
N 214 0'6 
N 2"OJ6 
CH 30H 

CJ2H3N" CJ2832 
C'3H3Cj37 
80 2 

CJ3H3Cj37 
CJ2H 3N"CJ2832 
C'3H3C137 
CH 3NH 2 
CH 2Clz 
CH 2CF2 

CH2Clz 
CJ2H3N!4C'2832 
CH 2CI2 

CH 30H 
C'2H 3N"C J2S32 

N15H 3 
C12H 3NJ4C'2832 
CH2CF2 

CH 30H 
CJ 2H 3N!4CJ2832 

802 
I CJ2N14 
CH 3N02 
CJ2H3N14C12S32 
CH 3N02 

C12H3NI4C12832 
CH 2CF2 
CH 3NH, 
CH,CF, 
CH 30H 

CI2H3N14 C'2832 
C13H3Cp5 
CJ3H3C135 
CJ3H3Cp5 
C12H3N14C"832 

N"H 3 
CH ,CI2 
IC"NlI 
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TABLE 2. Lines listed by f requency- Continued T ABLE 2. L ines listed by jl-equency- Con t i n ued 

Frequency ln ten- Tl'ans iLion Molecul e Frequency ln ten- Trans ition Molecule sity sity 

25, 715. 14. S ------------ N "H3 26, 295 -- - ---- ------------ CH ,C! , 
25, 728. 77 S 3-4, v= o l C"N" 26,310 ------- ------------ CH ~On 
25,729 S ------------ CH ,CF 2 

25 , 741 M ----------- - CH ,CF , 26,328 S ------------ CE ,CT<', 
25, 74ii ------- ------------ CH ,CI, 26 , 337 ]\I[ ------------ CH 2CF , 

26 , 410 W ------------ CH ,CF , 
25, 748 ------- ------------ CH 2CI, 26,466 ]\I[ ------------ CH ,CF , 
25, 748. 18 ]\I[ 3-4, vl = l l C"Nt4 26, 518. 91 S ------------ N I ·IT ~ 

25, 751 -- - ---- -- ------ ---- CH , CI, 26, 553 ------- ------------ SP F3 
25, 752. 65 S 3-4, v= O l Cl'NH 

CH 30H 25, 763. 23 M 3-4, VI = 1 l CI2N'4 26, 562 ------- --- ---------
26,565 ------- ------------ CI' D . OI6 

25, 783. 50 S 3-4, v= O lC"N'· 26, 570. 77 ]\I[ 0-1 , ](= 0 CH 3Cl35 

25, 789. 85 S 3-4, v= O r C12N14 26, 574 -- - ---- ------------ SPF3 

25,797 CH 30H 26, 589. 49 ]\I[ 0-1 , ]( = 0 CE 3CJ3S 
------- ------------ 26, 604. 57 1\1 0-1, ]( = 0 CH3CJ3.1 25, 802. 92 1\1 3-4, v,= 1 l C12N" 

2b, 815. 34 1\1 3-4, v,= l l C12NH 
26, 634 S CI-T , CF, --------- -- -

l C12NH 
26,649 M ------------ CH ,CF , 

25,823.08 S 3-4, v= O 26, 655. 00 S NI·H ~ 
25, 829. 31 M 3-4, v,= 1 TC12N14 -- ----------

26, 685.25 \\- 1-2, ]( = 0 SiH aCl3S 
25, 837. 64 S 3-4, v= O l C'2N" 26,686. 15 W 1-2, ]( = 0 SiH 3Cl3S 
25, 848 ------- ------------ CH , CI, 
25, 850. 78 M 3-4, v, = 1 l C12N'4 26, 687. 34 W 1-2, [( = 1 SiH 3C]35 

26, 690. 92 W 1-2,J(= 1 SiH aCl3S 
25, 872. 24 S 3-4, v, = 1 l C" NH 26, 692. 66 W 1-2, ](= I SiH aCl3S 
25,878. 18 ------- ------------ CH 30H 26, 695. 00 W 1-2, J( = O SiH 3Cl35 
2"5,893. 73 S 3-4, v2 = 1 l C12N" 26, 696. 10 M 1-2, ]( = 0 SiH 3C]35 
25,906. 28 S 3-4, v,= 1 I C12N" 
25,927.66 S 3-4, V2= 1 l CI2N" 26, 697. 45 M 1-2, J( = 1 SiH 3C]35 

26, 700. 48 W 1-2, ]( = 1 SiH aCPs 
24,954.36 S 3-4, v= o IC'2N14 26, 703. 34 W 1-2, ]( = 0 SiH aC]35 
25, 969. 58 M 3-4, v= O l C12NH 26, 705. 02 W 1-2, ]( = 1 SiH 3Cl35 
25,991. 92 S 3-4, v= O l C12N I. 26, 71 3. 07 W 1-2, ](= 0 SiH 3C)35 
26, 007 ------- -- ---------- CH ,C12 

26, 042.41 W 1-2, ]( = 0 SiH 3Cj37 26, 723 W ------------ CH 2CF, 
26, 832 ]\I[ ---------- - - CH ,CF, 

26,043.29 W 1-2, ]( = 1 SiH 3Cj37 26, 865 S ------------ CH 2CF, 
26,046.30 W 1-2, ]( = 1 SiH 3Cp7 26, 880 M ------------ CH ,CF, 
26,046.32 ]\I[ 3-4, v, = 2 r C12N14 26, 992 S - -- - -- ----- - CH ,CF, 
26, 047.97 W 1-:l , ]( = 1 SiH aC[37 

27,014 S ------------ CH 2CF2 

26,050.26 M 1-:2, ]( = 0 SiH 3Cp7 27,112 M ------------ CH ,CF2 
26,051. 09 W 1-2, ]( = 1 SiH 3Cj37 27, 194. 75 M 3-4, v= o lCl3s 
26,053. 35 W 1-2, ]( = 1 SiH 3CJ37 27, 202. 64 W 3-4, v= o TCI35 
26, 055. 86 W 1-2, ]( = 0 SiH 3CP7 27, 204. 99 M 3-4, v= o lCla; 
26,057. 10 W 1-2, ]( = 1 SiH 3CP7 

27, 208. 5-1 M 3-4, v= 1 lCI3s 
26,063.52 W 1-2, ]( = 0 SiH aCJ37 27, 216 M ------------ CH 2CF2 

26, U8 S ------------ CH 2CF , 27,217.51 M 3-4, t' ~~ O lCI35 
26, 120 ------- ------------ CH 30R 27, 221. 02 M 3-4, v= O TCI3s 
26, 163 M ------------ CH,CF 2 27, 225. 32 M 3-4, 1' = 0 rcps 
26, 164. 57 ]\I[ 0-1 , ]( = 0 CH 3C]37 

27, 228. 34 M 3-4, v= o lCps 
26,179. 30 M 0-1 , ]( = 0 CH 3Cl37 27, 242. 59 W 3-4, v= o lCI3s 
26, 181. 6 M 3-4, v= O l Cj37 27, 254. 90 1\1 3-4, v= O lCl35 
26, 191. 13 M 0-1 , ]( = 0 CH 3CI37 27,283. 66 3-4, v= O lCl3S 
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TABLE 2. Lines listed by f requency- Cont inued T ABLE 2. Lines listed by frequency- Con t inued 

Frequency Inten- Transition Molecule Frequency Inten- Transition Molecule sity sity 

27, 286. 25 3-4, v= O ICP; 29, 061. 14 M ------ - -- - -- N14H a 
27, 292. 63 3-4, v= O ICp5 29,080 ------- -_ .. _--- - ---- C'2D4016 
27, 295. 05 3-4, v= O ICp5 29,460 -- - --- .• ------------ 802 
27, 297 8 ---- - ------ - CH 2CF2 29, 598. 95 M 1-2, K = O Cl2HaI 
27, 333. 85 M 3-4, 1' = 0 ICp5 

29, 673. 95 M 1-2, K = O CI2HaI 
27,336.68 M 3-4, v= O ICp5 29, 688 S ------------ C212H4016 
27, 337. 38 M 3-4, v= O ICp5 29, 700 5-6 C'2H3N14CI2832 
27, 346. 31 M 3-4, v= O ICp5 29,735. 71 M 1-2, K = l CI2H3I 
27,354.71 M 3-4, v= O ICp5 29, 773. 95 W 1-2, K = O CI2H3I 
27, 356. 58 M 3-4, v=O ICp5 29,782.71 M 1-2, K = l C'2H3I 

27,357. 73 M 3-4, v= O ICp5 29, 872. 52 M 1-2, K = O CI2H3I 
27, 412 M ---- - - - -- - -- CH2CF2 29,914.66 S ------- - - - -- NI4H3 
27,478 S ---------- - - NI4H3 29, 923. 50 M 1-2, K = l CI2H3I 
27, 681 S --- - -------- CH2eF2 29, 939. 87 M 1-2, K = l Cl2H aI 
27, 772. 52 M --_ .. _ - - - - --- N14H 3 29, 986.84 W 1-2,K= 1 CI2H3I 

30, 046. 99 M 1-2, [(= 0 C'2H3I 
27, 818 S ------. --- - -- CR 2CF2 30, 075. 08 M 1-2, K= 1 CI2H3I 
27, 972 S - -- ---------- CH2CF2 30, 079.72 M 1-2, [(= 0 CI2H3I 
28,069. 99 W 1-2, K = O C 'aH aI 30, 121. 32 M 1-2, K = O CI2HaI 
28, 145. 01 W 1-2, K = O c,aH aI 
28,174 S - --- -------- CH 2CF2 30, 123. 64 M 1-2, [(= 1 C '2H 3I 

30, 179. 71 M 1-2, [(= 0 C'2HaI 
28, 206.90 W 1-2, K = l CI3HaI 30, 215. 95 M 1-2,K= 1 C'2HaI 
28, 253. 84 W 1-2, K = l c,aH 3! 30,453.46 M 1-2, [(= 0 C'2H3I 
28, 3l4 W -------- -- - --- CH2CF2 31, 020.7 2-3 CF3CRa 
28,339 M ------------ CR2CF2 31, 066. 8 2-3 CFaCRa 
28,343.64 W 1-2, K = O ClaR3I 31, 114. 4 2-3 CFaCRa 

31, 279. 60 M 1-2 PF3 
28, 380 4-5 CI2R 3s a2C12Nl4 31, 424. 97 S 

- - -------~--
NI4R 3 

28, 411. 19 W 1-2, K = l CI3R a! 
28, 412 S -- -- -------- CR2CF2 31, 718. 28 M 4-5, v= O ICI3Nl4 
28, 439 M ------------ CR aCF2 31,730.50 M 4-5, v= O ICI3N" 

31 , 741.50 W 4-5, v= O ICI3Nl4 
28, 458 M - - ----- - ---- CR2CF2 31, 763. 34 M 4-5 , v= O ICl3NI4 
28,495 ------- -- - --------- C12D4O'6 31,783.31 M 4-5, v= O ICI3N14 
28, 518.14 W 1-2, K = O C'3R 3I 
28, 550. 86 W 1-2, K = O C'3R 3I 31, 793. 46 M 4-5, v= O ICI3NJ4 
28, 551 W ------ - ----- CR 2CF2 31,848. 77 M 4-5, v= O ICl3NJ4 

31, 943 -- ---- - ------------- Cl2D401ij 
28, 575 W ----------- - CR 2CF2 32, 200. 58 S 4-5, v= O ICl2N14 
28, 594.74 W 1-2, K = l Cl3R 3I 32,203. 57 S 4-5, v= O ICI2N14 
28, 604. 73 S ------------ N14R 3 
28, 615 W ------------ CR2CF2 32, 215. 56 8 4-5, v= O ICI2Nl4 
28, 650. 91 W 1-2, K = O CI3R 3I 32, 226. 85 S 4-5, v= O ICI2N14 

32, 248. 52 S 4-5, v= O ICl2Nl4 
28, 687. 21 W 1-2, [(= 1 C'3R 3I 32, 268. 33 S 4-5, v= O ICl2Nl4 
28, 689 W ------------ CH2CF2 32, 278. 55 S 4-5, v= O IC'2N14 
28, 852 ------- ------------ CR2CF2 
28, 858 ------- ------------ CR2CF2 32, 386. 29 S 4-5, v= O ICI2Nl4 
28, 954 8 - -- - - - -.- - --- CR2CF2 32, 392. 59 M 3-4, v= O BrSICI3N14 

32, 409. 06 M 3-4, v= O BrS'C13NI4 
28, 974.85 ------- -- --- ------ - R 2CO 32, 581. 73 M 3-4, v= O Br79Cl3Nl4 
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TABLE 2. Lines listed by fr equency- Continued TABLE 2. Lines lis ted by frequency-Continue d 

Frequency Inten- Tran it ion Molecule Frequency Inten- Transition Molecule sity sity 

32, 601. 46 ]\I[ 3-4, v= o Br79C13Nl' 36,488.82 8 2-3, v= O 016C12832 
32,643. 13 M 3-4, v= O Br81C12N14 36,632 M ----- - ------ CH 2CF2 
32, 720. 28 M 3-4, v= O Br81 C12N"14 36, 791 8 - ----------- C212H,016 
32,770.13 8 3-4, v= O Br81C12N14 36, 793. 64 0-1 C12H 3C12NH 
32, 786. 65 M 3-4, v= O Br81C12N14 36, 794. 26 0-1 C12H 3CI2NJ4 

36, 794.88 0-1 CJ 2H 3C12N14 
32, 804.56 M 3-4, v= O Br79C12N14 
32,913. 24 M 3-4, v= O Br81C12N14 36, 795. 38 0-1 C121-13C12NH 
32, 956.68 ]\I[ 3-4, t'= O Br79C12N14 36, 796. 27 0-1 C121-13C12NI4 
32,976.40 8 3-4, v= O Br79C12NII 36, 797. 52 0-1 CJ2I-I 3CI2N14 
33, 156. 95 8 ------------ N14H a 36,870.94 0-1 C121-I 3CI2N14 

36, 903.40 0-1 CJ 21-1aC'2N14 
33, 285 - ------ - --- ----- - - - C12D ,0 16 
34., 150 - - - ---- - ----- -- -- -- CJ2H ,0 16 36,942.15 0-1 C12H aCI2NH 
34, 158 --- - --- -- ------- -- - C12H ,016 37,329 8 - - ---- - -- -- - C212I-I ,016 
34, 627. 24 1\1 1-2, [(= 1 B"H aCI20 16 37, 385. 18 M -- - - - -- ----- N"I-I a 
34,627. 50 M 1-2, [(= 1 B"I-I aC120 16 37, 781 8 - - ----- - - -- - C2121-1,O'6 

38, 006. 47 W 1-2, [(= 1 CI-I aBr8i 
34,627. 73 1\1 1-2, [(= 1 B"I-IaC12016 
34,627.89 1\1 1-2, [(= 1 B"HaCJ20 16 38, 030. 77 M 1-2, ](= 0 CH aBr81 
34,628.62 M 1-2, [(= 0 B"H aCI2016 38, 066. 72 W 1-2, [(= 1 CH aBr81 
34,628. 90 8 1-2, K= O B"H aC120 16 38, 097.45 M 1-2, ](= 1 CH aBr81 
34,629.32 M 1-2, [(= 0 B"HaC12016 38,116. 65 1\1 1-2, J(= O CH aBrSl 

38, 126. 97 M 1-2, [(= 0 CH aBrSl 
34, 889. 05 W 2-3 , v= O C]37C13N14 
35, 067. 99 M 2-3, v= O C]37C12N14 38,128.40 W 1-~, ](= 1 C12H aBr79 
35, 068 ------- ------- --- -- C12D ,016 38,157.30 1\1 1-2, ](= 0 C12H aBr79 
35, 080.39 8 2-3, v= o CI37C,2N14 38, 157. 70 W 1-2 , J( = 1 C'2H aBrSl 
35, 084. 15 8 ~-3, v= o CJ37C12N14 38,175. 08 M 1-2, ](= 1 C12H aBrSl 

35, 091. 97 M 2-3, v= O Cla7C12N14 38,200.52 W 1-2, J( = 1 C'2H aBr79 

35, 134. 44 M 2-3, v= O N14H a 38,218. 21 M 1-2, ](= 1 CI2H aBrSl 
35,341 -- - ---- -- - - --- -- - -- C12D,016 38, 237. 14 M 1-2, ](= 1 C'2H3Br79 
35, 618. 81 'W 2-3, v= O C)35C 3NH 38,247. 77 1\1 1-2, ](= 0 C12H aBrSl 

35, 634. 85 M 2-3, v= O C]35C13NH 38,260. 10 M 1-2, ](= 0 C12H 3Br79 

35, 639.78 M 2-3, v= O C]35C13Nl' 38, ~n. 40 M 1-2, [(= 0 C12I-I 3Br79 

35,649.56 IV 2-3 , v= O CI35ClaN14 
38,309. 45 W 1-2, [( = 1 C12H 3Br79 

35,805.09 8 2-3 , v= O C)35CJ2N14 
35,820. 65 8 2-3, v= O C]35C12N14 38,330. 25 M 1-2, ](= 1 CJ2I-I 3Br79 

38,381. 70 M 1-2, ](= 1 C12I-I 3Br79 

35,825. 95 8 2-3, v= O C)35CI2NI4 38,404.49 M 1-2, ](= 0 C12I-I aBr79 

35, 835. 74. 8 2-3, v= O CI35C12N14 38,417. 09 M 1-2, [(= 0 C12I-I 3Br79 

35,917.62 M 1-2, [(= 1 BlOI-I 3CJzOJ6 38, 702 8 ---- - ----- -- C212H,016 

35, 917.88 M 1-2, [(= 1 BIOI-I 3C12016 
35, 918.20 W 1-2, ](= 1 BloH 3CJ 20 J6 38, 782. 21 - - - --- - 1-2, ](= 1 C12H aN14C13 

38, 783. 21 --- - -- - 1-2, [(= 0 CIZI-I aN14 C13 
35, 91 8.50 M 1-2, ](= 1 BIOI-I aCJ20 16 39, 582 M ------ - ---- - C212I-I,016 
35, 919.02 W 1-2, ](= 0 BJOI-I aCJ20 16 39, 592 - -- - --- -- -------- - - C12D,0 16 
35,919. 53 M 1-2, ](= 0 BIOI-I aCI2OJ6 39, 677 8 - - -- ----- - - - C212H 4 016 

35,919.86 M 1-2, [(= 0 BJOI-I 3C12016 39,941. 54 M - ------- - --- N14I-I 3 
35, 920. 14 M 1-2, [(= 0 BIOH 3C1201 0 40,210. 27 --- --- - 1-2, [(= 1 C'2I-I aN14C12 
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TABLE 2. Lines listed by frequency- Continued 

Frequency Inten- Transit ion Molecule sity 

40, 211. ] 6 ------ - 1-2, ](= 0 C12H3NI4CI2 
40, 3]3.37 ------- 1-2, ](= 0 Cl'H3Nl'C12 
40, 364. 07 ------- ----- --- --- - C12H 3N14C12 
40, 366.55 ----- -- ------------ Cl'H3N14Ct2 

40,424. 49 ------- ------------ C12H 3N14C12 
41 , 394. 95 S 1-2 HCt' F 3 

41,581 ------- --------- --- C212H,016 
43,398 ------- ------------ C12H ,016 
45, 324. 24 ----- -- 0-1 CH 3NH 2 

46, 918.82 M 2-3, ](= 0,1 PF3 
46,919. 02 M 2-3, ](= 2 PF3 
46, 940 -- ----- ------------ PF3 

47, 010 ------- ------------ PF3 

47,033 ------- --------- - -- PF3 

47, 040 ---- --- ---------- -- PF3 
45,324. 94 ------- 0-1 CH 3NH 2 
47, 052 ------- --------- --- Ct'H 3OD 
47,266 ------- ------------ Ct'H 3OD 
47, 346 ------- --------- --- Cl'H 3OD 

47, 462.40 S 3-4, v= O 016C 12S34 

47 , 849 ------- ------------ CH 30H 
48,010 ------ - ------------ CH 30H 
48,211. 46 S 5-6 016CJ2SeSO 

48,284.60 --- ---- ---- - ---- - -- H ,CO 

48, 357 ---- --- ------------ CH 30H 
48, 363 ------- ----------- - CH 30H 
48,396 ------- ------------ CH 30H 
48,404 ------- ---------- -- CH 30H 
48,508. 88 S 5-6 016C12Se78 

48, 700 ---- --- -- -- ------- - CH 30 H 
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TABLE 2. Lines li,~ t ed by f requency- Continued 

Frequency Inten- Transition 
I 

Molecule sity 

49, 724.73 M 0-1, ]( = 0 C13H 3F 
50, 236. 90 W ----------- - HD016 
51 , 071. 69 S ------------ C12H 3F 

51. 260 ------- 2-3 C12H 3Cl'C12H 
51 , 264 ------- 2-3 C12H 3C l'C12H 
51 , 266 ------- 2-3 C12H 3Ct2Ct'H 
51, 296 ------- 2-3 C12H 3C12C12H 
51, 313 ------- ~-3 C12H ,C12C12H 

51, 314 ------- 2-3 C12H 3Ct2C12H 
51 , 318 ----- - - 2-3 Cl'H 3Cl'C12H 
51, 319 ------- 2-3 C12H 3C12Ct2H 
51 , 334 ------- 2-3 Cl' H 3Ct2C12H 
51, 363 ------ - 2-3 C12H 3Cl'Cl'H 

51,410 ------- 2-3 C12H 3C12Ct2H 
51 , 416 ------- 2-3 C12H 3C12C12H 
51 , 418 ------- 2-3 C12H 3Ct'C12H 
51,419 ------- 2-3 C12H 3C12C12H 
51 , 464 ------- 2-3 C12H ?, C12CI2H 

55,916.19 S 6-7 016C128e82 
56,246. 47 S 6-7 016Cl'8e8O 

56,593.16 8 6-7 016Cl' Se78 
60, 8]4 . 08 8 4-5, v= O 01 6Ct2832 
72, 409. 35 -- ----- ------------ H ,CO 

72,838. 14. ------- - - ---------- H 2CO 
73, 742 S 8-9 , v= O Br81C12N!4 

74, 165 S 8-9, v= O Br79C12N!4 
77,413 8 11-12, v= O ICI2N!4 
81,936 S 9-10 , v= O BrS1Ct2N !4 

82,405 S 9-10, v= O B1'79 Ct'N14 
83,864 S 12-13, v= O ICt'N l' 
88, 671 S O-l HCI2N14 

I 
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TABLE 3. Yalues of [r,i C(C+ 1) - I(l+ 1)J(J+ 1»)/2I(2I - 1)(2J-1)(2J+ 3), where C= F(F + 1)- I(l + 1) - J (J + 1) 

J 

2 

3 

I 

F 
11/2 
5 
9/2 
4 
7/2 
3 
5/2 
2 
3/2 
1 
1/2 
o 

13/2 
6 

11/2 
5 

9/2 
4 

7/2 
3 

5/2 
2 

3/2 
1 

1/2 
o 

15/2 
7 

13/2 
6 

11/2 
5 

9/2 
4 

7/2 
3 

5/2 
2 

3/2 
1 

1/2 
o 

O. 050000 

- 0.250000 

O. 500000 

0. 071429 

- 0.250000 

O. 250000 

O. 083333 

- 0.250000 

O. 200000 

3/2 2 

0.050000 
O. 050000 

- 0. 175000 
- 0.200000 

O. 175000 
O. 250000 

O. 071429 
0. 071429 

- 0. 142857 
- 0.178571 

- 0.053571 
o _________ _ 

O. 125000 
O. 250000 

O. 250000 

O. 083333 
O. 083333 

- 0. 125000 
- 0. 166667 

- 0.091667 
- 0. 050000 

o. 050000 
O. 200000 

o. 200000 
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5/2 3 7/2 4 9/2 

O. 050000 
O. 050000 

o. 050000 - 0.133333 
0. 050000 - 0.137500 

o. 050000 - 0. 142857 O. 091667 
- 0. 150000 O. 098214 

- 0. 160000 O. 107143 
O. 120000 

o. 140000 

O. 071429 
0.071429 

0.071429 - 0.083333 
0. 071429 - 0.089286 

0.071429 - 0.096939 - 0.083333 
- 0. 107142 - 0. 082908 

- 0. 121428 - 0.081633 O. 005952 
- 0. 078571 O. 014031 

- 0. 071429 O. 025510 O. 130952 
O. 042857 0.140306 

0.071429 O. 153061 
0.171429 

0. 200000 

o. 083333 
O. 083333 

O. 083333 - 0.055556 
O. 083333 - 0. 062500 

O. 083333 - 0.071429 - 0. 091667 
- 0.083333 - 0. 094643 

- 0.100000 - 0. 097619 - 0.061111 
- 0. 100000 - 0.055952 

- 0. 100000 - 0.047619 o. 005556 
- 0.033333 0.017857 

- 0.006667 0. 035714 o. 083333 
O. 063333 O. 098214 

0.110000 0.119048 O. 152777 
O. 150000 O. 163690 

o. 200000 O. 178571 
O. 200000 
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TABLE 3. Yalues of r% C(C+ 1) ~ I(1 + 1)J (J+ l ) 1/2I(2I~ 1 ) (2J~ 1)(2J+ 3) , where C= F(F+ 1) ~ I(1+ 1)~ J (J+ 1)­

Continued 

J 

4 

5 

I 

F 
17/2 

8 
15/2 

7 
13/2 

6 
11 /2 

5 
9/2 

4 
7/2 

3 
5/2 

2 
3/2 

1 
1/2 

o 
19/2 

9 
17/2 

8 
15/2 

7 
13/2 

6 
11/2 

5 
9/2 

4 
7/2 

3 
5/2 

2 
3/2 

1 
1/2 

21 /2 
10 

19/2 
9 

17/2 
8 

15/2 
7 

6 13/2 
6 

11/2 
5 

9/2 
4 

7/2 
3 

5/2 
2 

l 3/2 

638 

1 

O. 090909 

~ o. 250000 

O. 178571 

O. 096154 

~ o. 250000 
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T AB U . 3. V alues of r%C(C+ 1) - 1(1 + I )J (J + 1)]/21 (21 - 1)(2J - 1)(2J + 3), where C= F (F + 1)- I (I + 1)-J (J + 1)­
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• 
TABLE 3. Values of [%C( C+ l )- I(I + l )J (J + 1)]/2I(2I - l )(2J - l )(2J + 3) , where C= F( F+ l) - I(I + l )- J (J + l )­
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- 141304 ---------- - 109610 -- -------- - 093576 ---------- - 082189 
- - -- .250000 -- - ------- 121568 ---------- 093135 --- - -------- 078253 -----------
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