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Molecular Microwave Spectra Tables'
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This paper presents a group of tables that give the frequencies, assignment of quantum

numbers, and intensities of over 700 microwave absorption lines.

The best available valunes

of other pertinent molecular data, such as moments of inertia, dipole moments, quadrupole

coupling eonstants, and rofation-vibration eonstants are also ineluded.

The frequencies

are listed onee for each molecule and again in consecutive ascending order of frequency.

References are given for all data included.

Frequencies listed to the nearest megacycle

were generally measured with a cavity wave meter and may be in error by as much as 10
megacyeles, whereas those given to a fraction of a megacycele are generally known to an

accuracy of about 0.1 megacyele.

A short discussion of microwave speetra and important formulas is given,

For easy

caleulation of hyperfine strueture Casimir's funetion is tabulated up to J =10 and /=9/2.

Introduction

These tables were undertaken because of the
mterest and encouragement of a number of
workers in microwave spectroscopy. Beside en-
couragement, our colleagues have provided a
considerable amount of unpublished information
so that the tables could be as complete and up-to-
date as possible.  However, the considerable
activity in microwave spectroscopy makes obso-
lescence of the present tables inevitable, and it is
expected that they will be revised and republished
from time to time. Suggestions or additions for
future editions of these tables will be gladly re-
ceived, either by the authors or the Microwave
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 that 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 resonances found by molecular beam
techniques rather than the usual microwave ab-
sorption measurements, as well as the lines of
atomic hydrogen and cesium that fall in the
microwave region. All lines reported in the

I Work supported jointly by the Signal Corps, the Office of Naval Re-

search, and the National Burean of Standards.
I Physies Department, Columbia University.
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literature or otherwise available prior to February
1949 have been listed. In addition 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 isotopie
species, which is subdivided according to the
transition, except for the hyperfine components,
which are presented in order of frequency. With
the listing of each molecule, all available molecular
constants are given that are needed in interpreting
the speetra. These include moments of inertia,
dipole moments, quadrupole coupling constants,
and rotation-vibration constants. In addition to
the observed frequency and the transition as-
signed to each line, we have included a caleulated
value for the intensity and references 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 subject to an error of 10 or more megacycles,
whereas those given to a fraction of a megacycle
are generally known to an accuracy of about 0.1
megacycle.

Another listing of all the lines in order of fre-
quency is included, with sufficient information to
locate the line in the first table and a classification
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of the line as strong, medium, or weak. We have
arbitrarily taken lines of maximum absorption
coeflicient less than 5107 7em™" as weak, those
from 5X 1077 to 10~%¢cm~" as medium, and those
greater than 107%e¢m™" 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 classes; linear
molecules, symmetrie tops, and asymmetric tops
[26]." For linear molecules the frequency of pure
rotational lines is given to a good approximation
by: [26]

| TR :2(-:}-}‘]}!)';_41),{(!}"“ lja—(J‘l’l)F} S('('_I

) fl ] (}1-1

= i}

where .J is the 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™,
B, is the average reciprocal moment of the
molecule in see™?,
B, 1s the reciprocal moment in sec™ if the
nuclei were in the equilibrium position,
is a coeflicient of the change in reciprocal
moment per quantum of exeitation of
the 2" vibrational state, and »; and o,
are the corresponding quantum num-
ber and degree of degeneracy.

T

&

In addition 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+1), where B is aslowly varying funetion
of the quantum numbers. The case of the asym-
metrie 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 referenees at the end of this
paper,
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of the nuclear spin. The interaction between
nuclear magnetic moments and molecular magnetie
fields is usually much smaller, and has thus far
been observed only as a small correction in the
ammonia spectrum. The quadrupole interaction
for the ease 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)
3K?
{;}(:fin — }

where

2 0O+ 1) —II+)I(T+1)
22J+3)2J—DI22I-1) |

C=F(F+1)—I(I+1)—J(J+1),
F=J+1, J+I—1 J—1],
el(lg=quadrupole coupling constant.
K=projection of .J on molecular

symmetry axis.

A tabulation of the function in square brackets for
J=0 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 written [58]

where N is the number of molecules per cubic
centimeter,
fis the fraction of the molecules in the
lower state of the fransition,
v is the frequency of the line,
¢ is the velocity of light,
k is Boltzmann’s constant,
T is the absolute temperature,
Avis the half width of the line at half
maximum,
wy 18 the eleetric dipole matrix element,

The vibrational frequencies and the classical
approximation for the sum of rotational states
necessary to calculate f, as well as expressions for
the dipole matrix elements for the 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
the 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 caleulated ignoring the nuelear interaction, the
result being then divided among the hyperfine
components. Relative intensities of the hyperfine
components can be obtained from tables of relative
intensities of the analogous fine structure com-
ponents [8, 60].

Thus the only quantity not as yet evaluaied on
the right-hand side of the formula above is Aw
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 hasin 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/Ar is constant for a given
transition, and for the cases where Av has not
been measured, we have assumed the reagonable
value of Ap=25 me for 1 mm of mercury. It is
this approximation that limits the accuracy of
most of the intensities listed in these tables rather
than the basic assumptions of the theory or the
use of the classieal sum of states, except in certain
cases where the dipole moments have not been
Errors as large as a factor

accurately measured.
of two or more would not be at all surprising in
the cases where the half-widths have not been
measured, but we consider that intensities with
errors of even this magnitude may be useful, and
may be easily corrected when better half-widths
become available. The relative intensities for the
rarious isotopes, hyperfine components, and ex-
cited states of a single molecule are considerably
more reliable.

After substituting the accepted values for the
universal constants and putting e="*"~1, we find
for the assumed temperature of 300° K and
Av=25me, the intensities of pure rotational spectra
become:

For linear molecules

Ymaz.=2.19X10" Ia}-"-gﬂacln_ Y

For symmetric top molecules

Ymar.—4.83 X 10~ 2/ Au?? { 1—— K ) cm,

2
(J+1)%
where

w is in Debye units (107'% esu/em),

v is the frequency in megacycles,

*A considerable amount of work has been published on this problem sinee
this introduction was written,
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A is the reciprocal moment of inertia in mega-
eycles=10""/8%r 1,

J is the quantum number of total angular mo-
mentum,

K is the quantum number of the component of the
angular momentum along the figure axis,

In some molecules, nuelear spin and molecular
symmetry considerations influence intensities, The
only common case involves three identical nuclei
of spin 2 off the molecular axis as in CH,Cl or
AsFy. In such molecules, the intensity of each
line involving a value of K that is a multiple of
three (including zero) is enhanced with respect to
other lines by a factor of two.

Throughout the table we have given reciprocal
moments of inertia, B and A, quadrupole couplings,
(eq)), doubling constants, ¢, and the o's and
I))'s in megacyceles per second.  The dipole
moment, g, is always in Debye units, and is taken
from “Tables of Eleetric Dipole Moments™ by
L. G. Wesson, published by Massachusetts Insti-
tute of Technology Laboratory for Insulation
Research, unless otherwise stated.

The cases of ammonia and O, and probably
some of the spectra not vet analyzed are in one
way or another exceptions to the cursory treat-
ment above, and are, where possible, discussed
individually,

Symbols Used in Tables

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

a, Change in reciprocal moment of inertia per
quantum of excitation of the ¢ vibrational
state, in megacyeles.

51 Intermediate moment of inertia for asym-
metric top molecules, or nonunique reeip-
rocal moment of inertia for symmetric top
molecules, in megacycles.

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

G, Smallest reciprocal moment of inertia for
asymmetric top molecules, in megacyeles.

D, Centrifugal distortion coefficient in mega-
cycles.

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

F, Total angular momentum quantum number,

Iy, F of initial or lower energy state.

Fi;,  Vector sum of J and spin of nucleus with
larger quadrupole coupling, in cases where
two nuclei have appreciable quadrupole
coupling, Subscript 4 indicates initial or
lower energy state.

Fy,  F of final or higher energy state.

Fy,  Same as Fyy, but for final or higher energy
state.

¥, Maximum absorption coefficient in em™', or
“intensity.”’

I, Nueclear spin (in units »/2x).

J, Total orbital angular momentum quantum
number.

K, Projection of J on molecular symmetry
AXIs.

M,  Medium intensity (5>10°7—10"%cm™1).

™ Dipole moment in Debye Units (107" esu).

q, [-type doubling constant in megacyecles.

S, Strong Intensity. (>10"%cm™).

B4, Quantum number of the ¢* normal vibra-
tion.

W,  Weak Intensity. (<{5X10"7em™).

Tasre 1
Molecules Listed Alphabetically by Chemical
Symbol

AsFy (Arsenie trifluoride).

The value of A was ealculated 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 assumed to be 0.9.

p=2 65

B=5,883.0

A =3900.
(eqQ)a .= —235

Reference [13].

AsF,
J=1-2, K=0
Refer-
F; Iy Frequency — Inlensily  ence
1/2 3/2 23,458.6 3.1X107
5/2 5/2 23,463.0 3.4x10°7
/2 1/2 23,517.0 3.1X1077
52 712 ) oo son 2 ince B
32 52 23,522.4 2 3x10
3/2 3/2 23,5646 3.9%10-7
614

J=1-2 K=1
3/2 5/2 23,4726 5.8x10°7
3/2 3/2 23,4942 3.0x10°7
5/2 5/2  23,501.6 2.4x10-7} [13]
h/2 712 23,532.1 1. 1X10°®
1/2 1/2  23,575.3 2. 3X1077
unidentified (probably excited states]
23,512.9 1,5X10°7
23, 543. 2 3X10-7¢ [13]
23, 583. 0 610~

BH:CO (Borine carbonyl).

Vibrational frequencies of BH,CO have not been an-
alvzed. The exeited vibrational levels for which Band u
are given here are hence arbitrarily labeled with sub-
seripts 1 and 2. For ealeulation of intensities, the fraction
of molecules in the ground vibrational state was assumed
to be 0.9,

u=1.79 [49d]

by, =177 [49d]
A~122,000 (22
BUH,CO BUH,CO
By= 8979. 4 RG5H7. 2 [22, 49d]
b= 9002, 7 [49d]
Pim] = 8985. 8 [49(1]
D;= 0. 177 [49d]
(eq Q) = 1.3.30 41,55 [22]
BUH,C12016 F; Fy Frequency Intensity
J=0—1 17, 961. 2 7. 81077 [49d]
J=1-2, K=0
3 2 35,919.02 3.0X107
=) 3
2 3l B - s o
3 4 35,919. 53 4.2x10°°
4 5
2 2] 5
5 .86 5. ¢ ~7
4 3 |3),919 6 5 910
4 ] S B
-35, 920, 14 11000
9 3 ll)‘ 320, 14 1. 1< 10
J=1—2, K=1
2 1 35,917. 62 4.1X1077
1 8 |ar o iR
g g 3591788 2.0x10
4 4 35,9018.20 4.5X10°7
3 3 s g o o [22]
3 4 .|3-),9|8, 50 1,310
BiH (2018
J=1—2 K=0
1/2  3/2 34,628.62 2.1x107
312 512 \uy no ¢ e
5o 7jp [P 02890 4.8X10
812 312 lgy 699 39 4.8 10
52 hi2
Tl Kt
1/2 1/2 34, 627.24 1.5X 107t
52 /2 34,627, 50 7.3X10-¢
512 502 i3y 627.73 3.6x 10~
32 32 , 627. 3.6%
3/2 5/2 34,627.89 3.8k 10
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BrCN (Cyanogen bromide).
The half-width reported in [53] has been used in calculating the intensity.

BrieCnrN

J=2-3, v=0

J=2-3, v,=1

J=2-3, =1
1y

13
L

1y

J=3-4, v=0

J=8-9, v=0

Fy

3/2
52
52
7/2
1/2
3/2

72

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

1/2
7/2
1/2
7/2
3/2
5/2
3/2
52
7/2
7/2

5/2
712
9/2
3/2
5/2

Brio e N
By=4120. 190

leqt) B, = 686, 2

Seg) n= —3.83
a;= 1136
ar=—11, 49
q= 3.1
Fr  Frequency
3/2 24, 583. 00
5/2 24, 633. 71
712 1oy 21a 0
9/2 _|"4‘ 713. 05
3/2 oy 755. 9
5/2 l-%, 755, 22
712 24, 884. 57
Nl e
9/2 r£4, 645, 82
SRl
24, 687. 1
5/2 | iy &
3/2 | AR
v 60, 7€
9/2 .|:34, 760. 76
2, .
9/2 124, 784, 02
512 Lot on
712 [24, 803. 00
ST e s
72 | 24, 826, 70
7/2 24, 890. 0
/2 25, 006, 0
3/2 |
/ i i), 6
5/2 J2~1_. 860, 6
3/2
5/2 24, 981. 5
7/2
5/2 32, 804, 56
9/2 | =
) : 4506, (
11/2 }32,‘)}11 =
8/2 |, 0
(i3
72 [32, 976. 40

74, 165

Br#

n=2.094
Av=21.43, [53]

(12N

4006, 760
573. 2

1
—1

Intensity

4,
b, 631070

6.

3X 104

8X10°5

L9 1078
L 31070

LOX 1070

L8100

. OX 100
L X 1078
i 93X 108

. 9> 1070
L1077

. 33X 1077

5. & X 1077

9. 83 10~7

. 8 10~

.oX 10~

02410~

. 91073
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1. 23
1. 49
3. 845

[53]

[53]

[53]

l [30]

J‘ [42]

[41]

BrooCuN
4073, 355

J=9-10, v=0

BrTﬂ{’_'_l-‘NH
J=34, v=0

Bré (2N
J=2-3, v=0

J=2-3; 9,;=1

1y

1,

J=3-4, v=0

J=8-9, v=0
J=09-10, v=10)

7/2
9/2
3/2

5/2

3/2
512
52
T2
1/2
3/2
7,!"2

52
7/2
1/2
3/2

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

5/2
712
/2
9/2
3/2
5/2
9/2

BrétCuN
4049. 606

9/2
11/2
5/2

7/2

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

5/2
/2
g/2
11/2
52
7/2
9/2

2]

32,

32,

24,

!
|
(24,
Ezu,

24,

l

39,

32,
|

32,
|
32,
39,

73,
81, 936

405

581,

GO1.

, 206,

541,

622,

645,

658,

682, ]

643,
720.

770,

786,
913.

742

75

46

.33
.38
. 86

93

82

59

13

28

G5

24

[53, 42}

01073

vl Aot

M € L

4. 2107

*9

=] on

8.

D

. 41070
6.

31078

B e

22X 108

3.9 10

AR AT

S L
i X 10T
. 81070

3. 83X 10-8

<G 1070
e 3 8 L

.4 1074

2X 1079
TX 10t

2. 81073 |

3.8% 103 |

[41]

[42]

[53]

(53]

[42]

[41]
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B SCBNUY—Continued

J=3-4,v=0 F;, F; Frequency Iniensity
7{2 9/2 32, 392. 59 1. 5 105
9/2 11/2 (42]
312 512 lao s Y-
409, 9. 2> 1
52 T2 I.32, 109. 06 < 10

CI“;{CH:{.
quencies of this molecule are not available, it is impossible

Sinee the dipole moment and vibrational fre-
to ealeulate the intensity. However, observed intensities
are estimated in [5], and these are given. The weaker
line iz probably due to an exeited vibrational state.

By=5185 [17]
»=2.33 139b]
CF,CH;
Frequency Intensity
J=1-2, K=0,1 20, 679. 9 5X 107 [39a]
20, 710. 6 13 10-% [17, 39a]
20, 742. 32 21078 [17, 39a]
J=2—-3 31, 020. 7
31, 066. 8 [39a]
31,114, 4
CHCIF;. The gpectrum of this asymmetrie 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 eonvention adopted in this table.

p=1.29

Frequency Intensity
22, 217 W ]
22, 247 W
22, 305 M
22, 353 W
22, 386 W
22,410 =
22, 436 W
22, 462 W
22, 481 M
22, 515 w0
22, 553 W
23, 308 b
23, 644 W
23, 680 W
23, 733 b
23, 803 W
23, 826
23, 845 =

CH:Bry (Methylene bromide)

Frequency

25,056  [57]

616

CH.CFy (Unsymmetrical diflouroethylene)

u=1.366
Ay=11,002
Bo=10, 428. 5

y=5,345. 6

C2H,CHF,
Transition

8,—84

71_73

6y— 62

f“)g— 65

5y—9)

4_1—44

Tg—2- 1

1p—2-,

Frequency
21, 482
21, 549
21, 573
21, 689
21, 734
22, 236
22, 281
22, 383
22, 391
922, 660
22, 752
23, 181
23, 206
923,214
23, 220
23, 254
23, 323
23, 361
23, 433
23, 649
23,770
93, 812
23, 986
24, 021
24, 150
24, 204
24, 323
24, 352
24, 357
24, 450
24, 545
24, 579
24, 602
24, 639
24, 734
24,770
24, 806
24, 808
25, 248
25, 350
25, 450
25, 516
25, 729
25, T41
26, 118
26, 163
26, 328
26, 337
26, 410
26, 466

[37a]

Ohserved
intensity

M |

W

W

M

M

M
M
M
W
=
M
W
M
M
W
M
M
s
M
M
M
M
M
W
M
e
M
W
=
M
W
W
M

M
W
M

[37a]
(exeited  vibra-
tional state)
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Transition
o3,
3.,3— 3|I
Ty—2cg
=y
B_;—da
Gy— 6y
71_71
11—2

Observed
Frequency inlensity

26, 634
26, 649
26, 723
26, 832
26, 805
26, 880
26, 992
27,014
27,112
27,216
27, 207
27, 412
27, 681
27, 818
27,072
928, 174
28, 314
28, 339
28, 412
98, 139
928, 458
98, 551
28, 575
28, 615
28, 680
28, 852
28, 858
28, 954
36, 632

CH.Cly (Methylene chloride).

Turner [57] has given the relative intensities listed for
this asymmetrie top molecule.
transition assignments but they have been questioned by

Gwinn [23a], and are not listed here.

5
M
W
M
S
M
=
o)
M
M

zw

[37a]

This author has also made

Frequencies given

are a plausible compromise between those of reference

[57) and [11].

Fl"eq M(’Nn"’y
23, 476
24, 440
24, 471
24, 577
24, 627
24, 631
24, 636
24, 842
24, 916
24, 967
24970
24, 976
24, 996
25, 018
25, 038
25, 046
25, 047
25, 053

p=1.6

[11}
[57]
[57]
{57, 11]
[57]
[57]
[57, 11]
(57, 11]
[57]
[57]
(57]
[57]
[11]
[57]
[57]
[57]
[57]
[57, 11]

Observed
relative
intensily

LS S e S

ElE o ]
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25, 073
25, 099
25,123
25,221
25, 269
25, 280
25,710
25, 745
25, 748
25, 7561
25, 848
26, 007
26, 295

CH3Br (Methyl bromide)

CH;Br™®

Br,=0568.4
(eqQ) .= H77.3

CuH,Br

Fl
J=0—1, K=(
3/
/
'k

3

(-]
[ S

J=1-2, K=0
3/2
3/2
5/2
1/2
5/2
1/2

J=1-2, K=1
1/2
1/2
5/2
52
3/2
3/2

CrH 3Br¥!

J=0—1, K=0
3/2
3/2
3/2

J=1-2, K=0
3/2
3/2
5/2

Fy

Y]

&
%]

3/2
5/2 |
e o |
1/2
5/2
3/2

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

1/2
3/2
5/2

3/2
5/2 1
72 |
1/2
5/2
3/2

1 II'I 2
3/2
72
5/2
3/2
5/2

p=1.79
CH3Br#
0532

Frequency

18, 922,
19, 252
19, 107.

38, 157.
38, 260,

38, 272.
38, 404.
38, 417.

38, 128.
38, 200.
38, 237.
38, 300,
38, 330
38, 381.

18, 943.
19, 160.
19, 040,

38, 030.
38, 116.

38, 126,
38, 237.
38, 247,

38, 006.
38, 066,
38, 007.
38, 157.
38, 175
38, 218,

41
13

97

30
10

10
49
09

40
52
14
45
25

70

7
82
32

ire
G5
a7
14

47
72
45
70
08
21

A==150,000

-

=D

[

——

09 =

[ e M

Intensity

4. 8107
L TXL0 ¢
. axX10~¢

L 01079
L4108

JOX10-0

1 10-8

D S ]

4X10-¢

.4X 1070
. 0Xx10-8
. 610~
L9100
. 5X10°0

. 7 X107
. 5K 107
L4100

4310~
43105

NP @i
. 1X 108
. 9 10-¢

.4 1070
. 4108
3, 7X10-8
.aX 108

8108

. 8x10-¢

b B

el VRS =R |

0] o NS

482 4 J-'H.vﬂ-.mnl?l': [23, 38al].

[38a]

(23]

[23]

[38a]

[23]

(23]
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CH;CCH (Methyl acetylene).

This molecule, while probably a symmetrie top, has ten
distinet vibrational frequencies, two or three of which are
low enough to be appreciably execited at room temperature,
the lowest (v;0=336 cmn~!) to several quanta of vibra-
In addition, centrifugal distortion will
The transitions

tional
separate levels of equal J but different K.

energy.

have not been assigned, but we include the observed

relative intensities.

p=.75
B~8 108
[35]
CH;CCH
Relative
J=2-3 Frequeney intensity
51, 260 50 )
51, 264 80
51, 266 100
51, 296 10
51, 313 10
51, 314 10
51, 318 5
51, 319 5 ¢ [35]
51, 334 15
51, 363 30
51, 410 30
51,416 30
51, 418 15
51,419 15
5l, 464 15
CH 4Cl (Methyl chloride).
p=1.86
A2150,000
C1rH 3C|“"‘ : CitH 3(_.'-137
By=13,292.89 [23] 13, 088. 19 [23]
(eq@)="75.83 [23,27b] —58. 5 [23, 27h]
CusH, (] CBH, 137
B,=12,796.2 [11] 12, 590. 0 [11]
C12H ,C1% ¥y Fe  Frequency  Intensity
J=0—1, K=0
3/2 3/2 26,570.77 4.4X10-°
3/2 5/2 26,580.49 6.6x10-% : [23]
3/2 1/2 26,604. 57 2 2x10-°
CuEH O
J=0—1, K=0
3/2 3/2 26,164.57 1.4x10-°
3/2 b/2 26,179.30 2. 1xX10-° } [23]
3/2 1/2 26,191,183 7.1%107
618

CBH,CI3s
J=0—1, K:==0
3/2 3/2

25, 577. 2

4. 5% 108 1

3/2 5/2 25,596.0 6.7xX10-% p [11]
3/2 1/2 25,611.2 2 2x10-°¢ I
CBH, 87
J=0—1, K=0
3/2 3/2 25,195.2 1.4X10-?
3/2 5/2 26,183.0 A0 s o b SR
32 1/2 25 167. 4 6. 91010
CHCN (Methyl eyanide).
u=>~34
(eqf)) x=—4.67
A=~150,000
By,=9198.45 [28]
F. Fy K Frequency Intensity
J=0-1 1 1 0 18400—1.40 4.7x10°" I
L 2 0 18, 400 7.8 10°¢ [36]
1 0 0 18, 40042.10 1. 6105 [
J=1-2 1 2 1 36, 793. 64 3. 1X10-5
0 1 0 -
2 9 1 }36, 794. 26 2. 8 10-%
2. 3 1 36, 794. 5. 7Tx10-%
A : ]31,7488 5. 710 (28]
L2 05, ~
2 3 0 | 36, 795. 38 1. 2> 10
0 1 1 36, 706. 27 1.4 105
1 1 0 36,797. 52 L 43> 10-%
Exeited vibrational
states 36. 870, 94
36, 903. 40 ; [27]
36, 942 15
CH3F (Methyl fluoride)
u=1.81
A==150,000
Av=20. Reference [19]
C12HF CBH4F

By=25, 535. 85

JEH,F Frequency
J=0-1, K=0 51,071. 69
CBH,F
J=0-1, K=0 49,724.73

CHyl (Methyl iodide).
p=1.5
A150,000
(eq) 1= — 1934
By= CrH,I
7501.250

24, 862. 37

Intensity
1. 410~ [23, 19, and pri-
vate commau-
nication.]
1. 53X 10~ 1191
C13] 51
7119.040 (23]
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CuH,I
F;
J=1—2 K=0
3/2
7/2
7/2
3/2
7/2
5/2
3/2
5/2
5/2

J=1—2. K=1
5/2
5/2
5/2
7/2
7/2
3/2
7/2
3/2

C1BH,I

J=1—2 K=0
3/2
7/2
3/2
7/2
5/2
5/2

J=1—2, K=1
5/2
5/2
7/2
7/2
3/2

CH NC (Methyl isocyanide).
(eqQ) y<0.5, A
By=

Cl?}.[,}__\]ncm

J=0-1, K=0
J=1-2, K=1
J=1-2 K=0

Fy  Frequency  Intensily
5/2 29,598.05 9. 2X 107
7/2 29,673.95 L 4xX10-°
5/2 29,773.95 2. .3x107
3/2 29,872.52 1.4x10-°
9/2 30,046, 99 5. 010
7/2 30,079 72 2.6x<10-%
1/2 30,121.32 1.0X10%
5/2 30,179.71 2.6x10-°
3/2 30,453.46 6.3X107
T2 20,7356.71 2 5X107°
5/2 20,782.71 1.8X10°
3/2 29,923.50 1.8x<10°
7/2 29,939.87 1.4x10-°
5/2 29, 986.84 2. 4<10°7
5/2 30,075.08 9. 5X10°7
9/2 30,123.64 5.1<10°°
3/2 30,215.95 1.4x10°°
5/2 28, 069.99 1.0X10-%
Ti2 28,145.01 1.5X10-°
3/2 28,343.64 1.5%10-
9/2 28,518 14 5. 5X10-
7/2 28, 550.86 2 9105
5/2 28, 650.91 2 9X10-8
7/2 28, 206. 90 2 8x10-*
5/2 28,253.84 2.0x10°8
7/2 28,411.19 1. 5X10-%
9/2 28,594.74 5. 6X10°3
3/2 28,687.21 1. 5X10-%

150, 000

CrH;NCi2 CuH;NC#

10, 052. 79 9, 695. B02 I

Exeited vibrational states

C2H N1
J=1-9, k=1
J=1-2 K=0

CH3;NCS (Methyl Isothiocyanate).

Frequency
20, 160

40, 210. 27
10,211, 16
10, 313. 37
40, 364. 07
40, 366. 55
40, 424. 49

38, 782, 21
38, 783. 21

[23]

(23]

[23]

(28]

[36]

[28]

All of the transitions

of this slightly asymmetric rotor are approximately degen-

erate except those for which r=1—J and 2—.J.

Exeited

vibrational states are labeled D, E, and J in conformity

with [19].

Molecular Microwave Spectra Tables

p=23.18
CH3;NCs# CH;NCs
K(B+C)= 25262 2461.7 [1a}
Observed
relative
Transition Frequeney intensity
C12F, N1 Q128
J=3—4 20. 020 <1 )
3_,—45 20, 140 10
Deg. line 20, 216 100
20, 230 <1
Deg. line, E 20, 241 7
Deg. line, D 20, 350 20
20, 413 <
Deg, line, J 20, 443 40
J=4—5 24, 824 |
24, 971 1
25, 077 1
25, 100 <1
25, 161 <1
4_3—5_4 25, 195 10
Deg. line 25, 269 100
Deg. line, E 25, 306 7
4 ;—5.5 25 333 10
25, 300 <1
25, 100 1
Deg. line, D 25, 442 25
Deg. line, J 25, 550 10
4 _,—5_4, J 25, 653 <1
CIB L, N1 (Cragaz
J=4—5 Deg. line 24, 143 <1
CuH,Nu (s
J=4—5 Deg. line 25, 002 <1
ClzH, N1 (1283
J=4—5 Deg. line 24, 930 <1
CrRH N1 (1254
J=38—4 Deg. line 19, 700 5
Deg. line, J 19, 929 1
4—5 Deg. line 24, 609 5
Deg, line, J 24,910 2
5—6 Deg. line 20, 700

CH3;NH. (Methylamine).
n=12
1/2(B+C) =22,700
Frequency
21, 712
21, 935
22, 258
22, 535
22, 590
22, 595
22, 612
22, 732
22, 740
22, 977
23,115
23, 205

[18]

[1a]
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Frequency
23, 205
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

J=0-1 45,324.24 |
45,324. 94 |

CH;NO, (Nitromethane).

[18]

p~3.1
Observed
relative
Frequency intensily
20, 385 75
23, 250 115
23, 021
23, 467
23, 483
23, 706
24, 017
24, 428
24, 448
24, 599
25, 400 118
25, 412 60

¢ [11,15]

CH;0H. This asymmetric top 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 listed
are probably due to a hindered internal rotation and are
diseussed in reference [6].

u=>=1.66
J Frequenecy
20, 910 [14, 25]
20, 971 (14, 25]
21, 350 [25]
21, 550 [14, 25]
22, 305 [25]
23,121. 2 [14, 25, 33]
23, 346. 8 [14, 25]
23, 425 [14, 25, 33
23, 854. 4 (14, 25, 33]

620
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-3

10

CH;0D

24, 911
24, 926

24, 028,
24, 933.
24, 934,
24, 959.
25, 018,

25, 053

25,124
25, 294,

25, 381

25, 541,

25, 797

25, 878,

26, 120
26, 310
26, 562
47, 840
48, 010
48, 357
48, 363
48, 396
48, 404
48, 700

Frequency

47, 052
47, 266
47, 346

J=0-1

CH.SCN (Methyl ihiocyanate).

70
47
38
08
14

41

43

18

[14,
[14,
[14, 25,
(14, 25,

[14, 25,
[14, 25,

[14, 25,

(33]
[33)
33, 6l
[6]
25, 6]
33, 6]
33, 6]
[33]
33, 6]
33, 6]
(33]
33, 6]

[14, 33]

114?

33, 6]
(33]

[14, 33]

[18]

[14]
[18]
[18]
[18]
[18]
(18]
[18]
[18]

Only the strongest lines

of this slightly asymmetrie molecule have been measured.

pn=3.16
(B4 C)=2877. [la]
C1H ,S»C1N™ Frequency
J=3-4 22, 680 |
J=4-5 28, 380 |
CLH3CL (Vingl chloride)
n=1.44
C,H,Cps C,H,C1
Ay=156, 100 56, 070
By=6030. 5 5903. 7
Cy=>5445. 2 5341. 3
eQ(02V/0a?) o1=—57. 4
eQ(2V/obY) 1= 26.2
Transition  Frequency
C2H,C1% Tor-20s 22, 946, 9
1,122 22, 369. 6
CPHMCH‘; 11:1" 202 2?, 435. 9
llll_2;1 23, 055 0
1,212 21,930.2

[1a]

[20a]
] [20a]
} [20a]
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C.H,O (Ethylene oxide). This asymmetric top has been
investigated in two laboratories. Frequeneies given are
those of reference [10] and [10a] which appear to be the
more precise. The lines C,D,OW were observed with en-
riched material, not with the intensities listed for the
deuterium natural abundanee of 0.02 pereent.

p=1.88
C.H,0 D0
Ag=25, 471 20, 389
B;=22,110 15, 449 [10, 10a]

'v= 14, 091 11, 538

Transition Frequency Intensity
Cr2H 00 3i —3; 23,134 3. 9X10-* [10, 39]
31-31 23,610 .13 10-° [20, 39]
4 4 24,834.3 1. 2X 1072 [10, 39]
2.2 24 924, 4 3. 9100 [10, 39]
H —h; 29, 68Y 1. 23105 [10]
1

4y —4, 34,150 .3X10-3 [10a]
2 -2, 34,158 3,010 [10a)
6y —6, 36,791 3. 43X 10-8 [10]
T1 —7; 37,329 2. 5X107% [10]
H-h, 37,781 1L 7X107% [10]
62 —6, 38, 702 3. 4105 [10]
0 —1p 39, 582 8. 310 [10]
3, -3: 39,677 1, 2X 1078 [10]
4.4y 41,581 1.9% 105 [10a]
8y —8, 43, 398 6. 61078 [10a]
12D, 0 4.4, 21,964 7.4 10-#
3.+3, 24,055 3. 410~
-5 24, 668 1 15610#a
2_|"2[ 2“, 365 2. 4102
B, 28,495 1. 8% 10-2
3, -3, 20,080 5.0 102 [10a}
0, —1s 31, 943 51X 1073
330 33,285 6. 4310~
8.8 35,068 3. TX 1072
30 —3: 35, 341 7. 4102
5y -5y 39, 592 1. 8 10-2

CICN (Cyanogen chloride)

p=266  [53]
y=25 (53]

CpsCrENe OpTCzN M

By= 5970. 821 5847, 252

({‘q())m = —33‘ 4 —b6a. 3
(eq()) x = 3. 63

Molecular Microwave Spectra Tables
/8312

CPsCrNH
Fy

Py

J=1-2, y=0

1/2
5/2
512
h/2
52
5/2
5/2
5/2
5/2
5/2
5/2
5/2
52
5/2
1/2
hi2
3/2
3/2
3/2
b/2
5/2
H/2
32
32
52
H/2
3/2
3/2
3/2
3/2
3/2
3/2
3/2

3/2 |
7/2 5
312 5
T2
5/3 5
B2
5/2 1

-’
iy

5/2 3/

3/2
3/2

T2 @
5(2 ¢
5/2 &

7/2

3/2 5
/2 5
52 5

5/2
72
3/2

52 5
1/2 5

5/2
5/2

32
3/2
512 3
5/ i
1/2 3
1208

J=1-2, vz=1

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

ClaaN 14
5939 795

CRICBNT
5814, 710 (42, 53]

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

Fy  Frequency
23, 862, 57
5/2 23,863. 5
H/2 23, B63. 8
3/2 23,864.0
7/2 23, 864.2
5/2 23, R64. 5
7/2 23,864, 9
3/2 1,2 cas
1/2 [‘4.5, 865, 1
3/2 | o
5/2 |23, 878, 6
5/2 23, 878. 9
312 ..
5/2 _|.26' 879. 7
23, 883. 30
712 |
2 V2
52 | 3, 884
3/2 23 ,884.8
5/2 |, c
7/2 (4 23, 884, 9
9/2 |, .
52 | 23, BB, 16
7/2 23,885 3
3/2 23, 886. 0
52 | -
1/2 |25. 886, 2
312 1og 309, 59
B2 |
3;2 ] { 'y
5/2 | , 900, 20
1/2 |, Y
32 |2.§, 000, 7
23, 020. 91
1, 23,9119
1, 23,925.5
1, 23,9287
1, 23,938.6
1, 23,9444
1, 23,0482
:' }23,954.5
1, 23,058 4
1, 23,968 6
1, 23,974, 4
1, 23,084 6

Intensity

9.
3.
3.

w0 ro

[<~]

B 00

3310~
3¢ 10+
61077
93 100
110~
610~

. 61077
. B X107

L 51077
. 0X1077
b 231078
L 2108
Wi L
L2X107
01078

e L

X107
. 0X10°¢

. 21070

9108

6Xx 10t

=1 21078
L9107

. HX 1070

8310
431070
2X 10~

@ L
L HX 1070
. BX100
. BX 100
. 21070

LTX 1070
i LR

[53]
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J=2-3, v=0 dr=18
F; Fr Frequeney  Intensity u=1.59 [19]
By=10, 348. 74 I
712 712 35,805. 09 1, 4105 A—% 650
L L 3582065 1.0x10-4 HCEF,
5“[3 752 J [42]  J=1-2, K=0,12 Frequency Intensity
%2 9::.2 35, 825.95 2,310+ 41, 394. 95 2.2X10-5 [19
; . HCN (Hydrocyanic acid). This line is really a triplet,
5/2 5/2 35,835.74  2.0X107% and the ecaleulated intensity is for the sum of all three
hyperfine components.
CIBCINM
J=1-2, v=0 =28
5/2 T7/2 7}"2 9/2 23, 760. 98 3X 1077 [53] By=44, 336
J=2-3, v=0 (eqQn=—4.7 41
712 72 35,618. 81 1.5x 107 Ai—as
12 %ﬂ ] 35,634.85 1.1X10°6
3/2 D|'rI2 | [42]
52 T2 g5 ga078 941070 HCN
72 9/2 | ) - J=0-1 88,671  1.1x107 [41]
5/2 5/2 35,640, 56 2. 1107 H,CO (Farmaldehyde)
) =23
CICENM Ay=1364,500 ;
J=1-2, v=0 By=51,720 [£9al
1/2 3/2 3/2 5/2 23,372.72 1.5X10°° y—45.338
1/2 1/2 23,389.00 3.0 10-°
3/2 3;{2 52 5/2 ]23, 389.61 2. 1107 | Praniition Koy
52 72 7/2 92 g3 300 53 9 4%10- H,CrOm 3.1—3, 28, 974. 85
b2 82 ¢fa 5 | 44y 48, 284. 60
- 33;2 3,-*2 3/2 5/2 23,402.47 1.3X10-0 ) Rl il (49a]
=%—3, v=0. —1_ 72, 838. 14
7/2 712 35,067. 99 4. 4310~ % ‘ A
;’? :3"[3 I' 35,080.30  3.1107% H.0 (Water). The water line has been investigated at
‘I_"r; ;"rz [42] higher pressures by several workers not quoted herein.
;/2 9;2 l 35,084.15 7.2 1075 | The intensity of the HDO lines follows the procedure
l_"r2 _::2 ] 35 00197 6. 210~ | adopted throughout this table of using natural abundancies
5/ & Sy o B 4 where possible, the abundance of ID being taken as 0.02
percent.
?IME'ISI;” 0 .0 Reference HDO
J=1—-2, 1= » ;
52 7/2 7/2 9/2 23,2603 1107 [53] #=1.94 120] 1. 84 145, 48]
J=2—3 p=0 Av=T7 [2, 55] 6.5 [49b]
7/2 9/2 34,880.05 451077 [42] o _
H, 018 Transition Frequency — Intensity
HCF; (Fluoroform). In the absence of other information, by—6-; 22,235.22 9.6x10°°% [20,24, 55]
A was caleulated using the C'—F distance estimated by HDOw 2.,—2., 10,278.99 8.6X10° [49b)]
the authors, assuming tetrahedral angles. It was also 4 43—3; 20,460.40 1.3X10°* [44, 49b]
assumed that 0.9 of the molecules were in the ground By —5 22, 307.67 1.0x10-8 [24, 48]
vibrational state. 30 —31 50, 236. 90 1.1X10°7 [49b,
HNCS (fsothioeyanic acid).
1 (B' C}— HN#(2R®2 DNu(2ss2 HN]IC’IGSH‘! DN u( 1agse HNM(2sH
g AT 5866, 0 5474. 3 5847. 3 5459, 8 5728. 8 [
J=1-2 Frequency
HN1Crg0 23, 164
DN (289 21, 897
HN1(C13532 23, 389 ]
DNHC35e 21, 839
H N1z 22, 915
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I1Cl. The half widths, dipole moment and intensities are ICuENH

discussed in reference [54]. F; Fr Frequency — Imiensity
J=34, v=0
u=0.65 [54] 11/2  11/2 25,393.87 7.1x10-°
B,=3422.300 3/2  5/2 2571150 2 0X10°°
(eg@)crs= —82.5 52 7/2 2572877 2 9X10-5
(eqQ) r=—2930.0 [54] 1/2  3/2 25,752.65 1.4X10-5
=16.060 7/2  9/2 25783 50 4.2X10-
Avz—s=5.5 9/2  9/2 25,780.85 1.1X%10= ; [53]
Avp-1=3.15 [59] 11/2  13/2 25,823.08 7. 5X10-
9/2  i1/2 25,837 64 5. 7X10-%
1Cs 7/2  7/2 25,954.36 1.2X10-*
Frequency  Imtensity 3/2 3/2 25,969 58 6. 9X10-°
J=0-1, F;=5/2-7/2 6,080 1.1x10-¢ [59] 52  5/2 25991.92 1.0X107°
J=3-4, v=0
= 1’1:]
Fu Fo Fy I 112 13/2 25, 74818 7.0X10-0 | .
3/2 2 52 3 27,194.75 9.1X1077 9/2 112 25,763.23 5.3X10-% | [53]
3/2 1 5/2 2 27,202 64 5 0x10-7
3/2 3 5/2 4 27,20499 1.5%X10- =1
oo I B e I, 52 7/2 2580292 3. 8%10-¢
52 2 7/2 3 27,221.02 1.0X10-° i 25 &5 g5 @155t 8 Re10-S
i 5 e 1 | = o -dy o). 94 . 7
5/2 4 T7/2 5 27,225.32 2.0X10° 1. 72 9/2 25.829.31 7T.8x10-8
5/2 1 T7/]2 2 27,228.34 7.3X10°7 i 7f,.2 0/2 25 850.78 7. 85 10-5
L 3 ” 3 / o/ sy DAl 08 810 P
1/2 1 3/2 2 27,242.59 3.9X107 1, 92 11/2 25 872.24 1 110 53]
1/2 2 3/2 3 27,254.90 1. 1x10- ii bm il G506 7% b ixio
7/2,9/2 9¢2 & by 1, 11/2 13/2 25,906.28 1.4X103
L 0 2lEse al o112 13/2 2592766 1 410~
7/2,9/2 0/2 27, 202, 63 : : GEEE RS
7/2,9/2 0/2 27, 295. 05
7/2,9/2 5 11/2 6 27, 33385 2. 8x10-% } [54] v2=2
11/2 5 182 6] o0 ga0 6e 6 85100 =t : o >
/2 6 132 7] 2733668 6. 3¢ 1 _ 011,.-2 13/2 1, 26,046, 32 3.5 10~ P [30]
/ } J=4-5, v=
1:‘; ‘; gi 2} 27, 337. 38 6.8 10-° 13/2 13/2  31,848.77 8 5X10-
9/2 3 112 4 27 346,31 1.9x10-9 /2 112 32,200.58 1.5X107
9/2 4 11/2 5 27,554.71 2.3X10~ B3 72 3% MB67 BAXIIH
9/2 6 112 7 27,356.58 3.4X10- 2088 o B1G B0 Gl
9/2 5 11/2 6 27,357.73 2 8X10-6 3/2 5/2 3222085 4.4X107 , [42]
b1 9/2 11/2 32,248 52 9.8x10-5
19 13/2 27 208, 54 2. 2X 108 13/2 15/2 32,268.33 1.5X 10~
[Cus : 11/2 13/2 32,278 55 1,2X10-
J=0-1 5; 7||,-2 6, 684 3 1107 '.}.,2 9;"2 32, 386. 29 1. 8 10-3
J=34 11/2 13/2 26, 181, 6 4. 43X 10~ J=11-12, v=0
77, 413, 7.7%10°8  [41)
J=12-13, v==0
ICN (Cyanogen iodide). 83, 864 9. Tx 103 [41]
a=3.71
Bo= 3225, 527 for IC2N [53)  IC®N®
3177. 035 for ICBN 142] J=4-5, v=0
(eqQ) y=3. 80 5/2 7/2 31,718 28 5. 5X10°7
(eqQ) ;= —2420. 7/2  9/2  31,730.50 7.2xX10-7
Ar=20. 3/2  5/2 31,741 50 4.8%10°7
ay=9. 33 158] 92 11/2 3176381 o 1x107 [ 42
ay=—9. 50 13/2 15/2 31,783.31 1.4%10-*
g=2. 69 11/2 13/2 31,793 46 1.1X10-¢
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NH; (Ammonia). The ammonia spectrum is unusual in
being produced primarily by inversion or vibration rather
than rotation of the molecule. 1t has considerably greater
intensity than other miero-wave spectra of the same fre-
quency, with the result that it is the first known and most
widely studied microwave speetrum. The dependence of
inversion frequency on the rotational quantum numbers
J and K of the molecule produces a “fine’” structure
with frequenecies given by the formula [45]

»v=23,785.75—151.450(S2+J — K?) - 59.802 K2+
0.49569(J2 4+ J — K2)2— 037674 K2 (J2 - J — K% +
0.06554 K.

This formula applies with an aceuracy of about 2 me for
small J and K up to about J=12 except when K=3, for
which deviations are somewhat larger [45, 34]. The
expression [40]

»=23,7T87—151.3 J(J+1)+211.0 K21+ 0.5503 J*(J{1)*—
1.531 J(J41)+1.055 K4,

applies with an aceuracy of about 30 me up to J=16.
Each one of the lines listed for NYHy may be expected to
show hyperfine structure due to the N quadrupole coupl-
ing [7a, 58a]. Additional small frequeney shifts of this
hyperfine structure due to the N nuelear magnetie coupl-
ing have been detected [40, 24a, 27a]. The resulting
symmetrie patterns of two weak lines on each side of the
lines listed have been studied up to J=9 [40], but the
weak lines are not listed in this table. The frequency
difference between these lines and the strong component
that is listed are given by

dy=
3 SK*® JH+1 0.0104 K2
== {E eql) []. i T i Y J TU+1) 4*0.9022]‘['
B! =
3 3R? dJ 0.0104 K2
:t{‘l eql) [1 s ])] 2J—_[—HJ—} 1) J(J+1) +U.0022]}'
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The sign of eqf) cannot be definitely measured experi-
mentally, but is very probably negative, and is assumed
negative in the expressions for é» and &’. N"H; shows no
hyperfine struecture, sinee the N¥ guadrupole moment is
zero.  Intensities of the weak hyperfine components relative
to the strong component decrease approximately as 1/.J%
The rather involved expressions for exact intensities are
given by Candler [4c¢] and (with some typographical
errors) in reference [40],

Intensities listed in the table are for the entire fine
strueture lines  (without resolution of hyperfine eom-
ponents) assuming for each line, including the N"WH; lines,
the same value of half width Ar measured for the
NUH , J=3, K=3 line[50]*. Bleaney et al.|4a] find actually
that for a number of NH; lines Ar depends on J and K
according to the formula

K %
2o Wi e n]

g0 that intensities should be obtained from those in the
table by multiplying by the factor [3J(J+1)/4K*]'%. The
apparent frequencies and values of Av at atmospherie and
higher pressures differ widely from those given here [4a.
HYa, 4b].  See alzo [33a].

NHy ( Ammonia).

NHH;; NI:"Hg
u=1.45 L 45
Av=28. [50]
Ap=189,000 1849, 000 126]
By— 298,000 (26]
eql)=—4.10 0 [40]

*Note that in reference [50] the value of Ar in fig, 3 (Ar=20.4 p mm Hg} is
correct and the value of r=1/27Av on p. 667 iz incorrect.
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Earlicr refer-
ences by
workers other
than these

NMH,y J K Frequeney Intensity already quoted

7 4 19,218.52  2.9%10- [45]

6 3 19,757.56  6.8%10-5 [45, 21] (4]

5 1 19, 829 6. 91070 [4]

) 2 20, 371. 48 3. 1x10-% [45, 21] 4]

8 6 20,710.20  8.8%10-% [45, 21] (4]

9 7 20,735.46  2.9%105 [45, 21] [4]

7 5 20, 804, 80 6. 21075 [45, 21] [4]
10 8 20, 852. 51 1. 7>10-% [45, 21) 4]

6 4 20,994 62  T7.8X%10-% [45, 21] [4]
11 9 21,070.73 1, 91077 [45, 21] [4]

4 1 21,134.37  1.6X10-5 [45, 21 [4]

5 3 921,285,830  1.7x10 [45, 21] [4]
12 10 21,391. 55 4. 9<107%  [45]

4 2 21,703.34  6.9%1075 [45, 21) (4]

3 1 22,234, 51 3.3X10% [45, 21] [41
14 12 22, 355 2. 110~ [56]

5 A4 22.653.00 192104 [45, 21] 4]

1 3 22,688.24  3.7x10% [45,21,46]  [4]

6 ] 22,732, 45 1. 6104 [45, 21] [4]

3 2 22, 834. 10 . 5¢X10~* [45, 21] [4, 50]
7 6 22,024.91 2.7x<10°% [45, 21] [4, 50]
15 13 23, 004 4, 71077 [56]

2 1 2300878  6.7X10-5 [45, 21 (4, 50]
8 7 23, 232, 20 9, 51075 [45, 21] (4, 50]
9 8 23, 657. 46 6. 3>X107% [45, 21] 4, 50]
| 1 23,694, 48 1,610~ [45, 21) (4, 50]
2 2 23,722 61 L0104 [45, 21] (4, 50]
3 3 23, 870, 11 LOx1DY [45 21 [4, 50]
A 4 24,130.45 3104 (45, 21] [4, 50]
10 9 24,205 25 8% 10-5 (45, 21] [4, 50]
5 5 24,532 94 L 1%10-4 [4p, 21] [4, 50]

11 10 24, 881, 90
6 6 25,056, 04
12 11 25, 695, 23

T 25,715 14
8 8 26,518 91

2 26, 655. 00

9 27, 478. 00
14 13 27,772. 52
10 10 28,604, 73
15 14 29,061, 14
11 11 29, 914. 66
12 12 31,424, 97
13 13 33, 156, 95 L8 1075 [40]
14 14 35, 134. 44 . 2X107  [40]
15 15 37,385, 18 8. 91070 [40]
16 16 39, 941. 54 2. 0107 [40]

L 2X10-% [21] [50]
15410 [45, 21) [4, 50]
. 3X10-5 [21]

810 [45, 21] [4]
11074 [40]

331075 [40]

051070 [40)

01070 [40]

L5108 [40]

.43 10-%  [40)

L83 10-5 [40)

5, 631075 [40]

- VI LIRS I RSP IR 0

o=
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NISHS Nélﬁlﬂ Nlﬁxl!olﬂ
7 X Peotuoncy Iwloniity By=12, 561. 64 12, 137. 31 71
5 3 20,272.04 6 4%107 central end
4 2 20,682 87 2 6107 = =27 Ll 17, 43
3 1 21,202.30 1.3x107 HEO
5 4 21,597.86 7.2X107 ) ,
4 3 2163701 14100 B N A ik e
6 5 21,667.93 6 0X107 J=0-1 E L at e Lx 10N
3 2 21,783.08 5 6X10~ L 2 d Lycloe Ul
- 6 2184641 9 9510~ . 1 0 2512364 3 4X10-
2 1 22,044.28 2 65107 NEN#O .
8 7 22,134.8) 3.5%X107 i F=0-1 Fo1 R Eaes it ]
9 8 22,536.26 2 3x107 L [ 7
11 2262496 6.0X10-7 e AN I
5 % 22 640.85 1210 1\-751\'};0;, Tl 25,121.55 1110 [7b]
3 3 22 78041 3. 0310~ NBNBEQ®E J=0-1 24, 274.78 4. 010 [Th]
: 4 i f el gl f "
. 13 0 32' g:g [_]32 ; gz 13_7 Oy (Orygen). This speetrum is of a fundamentally differ-
5 ‘.] 2;3’ 4'2]' 99 1. 50 108 ent nature than the other molecular spectra recorded
;5 b 23' q22" 539 2‘ 63 108 herein, being due to a magnetie coupling to the electro-
7 7 24’ ;35’3' 45 ]' 15 10-5 magnetic field rather than an electric dipole eoupling.
8 8 25: ‘3‘23 5'1 8 0% 10~ 'I:Ile theory of the transition has been discussed by Van
Vieck [58b].
Ay=.8-1.3 3
N0 (Nitrous oxide) ol ! (3]
Av=23. 35 [7b] Frequency
p= .16 [39¢] Ca. 60,000 [3, 31, 48a]
OCS (Carbonyl sulfide).
p(O1BCLES) — 732 [16, 27]
Hy2=1=. 694 [4931
p(O1CHE2) —_ 722 [16, 27]
(egq)53=—28.5 {52]
Av=_0. {53]
O 1zgee ez O C1zRs (e agaz O (a2 OBzese
By 6081. 453 6004, 918 5932, 843 6061, 939 5911. 730 6043. 25 704 825
oy 18. 12
o —10. 59 —10. 37 —9. 4
oy 5b. 1 6. 07 6.7
q 6. 393 6. 07 6.7
[16] [52] [53] [53] [53] [371 [53]
The By's listed above are those for the lowest observed J F; Ff
transition, since they may be expected to inerease with J J=1-2, 1/2 3/2 ; = =
because of centrifugal stretehing. v=0 5/2 5/2 et 015 0 1210 [52]
0i8C1SH 12 1/2
Frequency Intensity 3/2 5/2 ; 24,020.21 2 9X1077 [62]
J=1-2, v=0 24, 325, 92 5. 5 1075 [16] 5/2 7/2
vy= 24, 253, 44 8 7TX10~7 [52] 3/2 3/2 24,025 39 4. 62108 [52]
v:=1, 1; 24, 355, 50 4, 410 [16] 3/2 1/2 24,032 75 7. 210 [52]
15 24, 380. 84 4. 43104 [16] Qe
=2 24, 401 1. 3 10-¢ [39b] J=1-2, v=0 23, 731. 33 2. 2108 [16]
“:31 24,411 1107 |39b] v1=1 23, 661 4, 1X10-8 [32]
j 24, 459 1107 [39b] =1, 1, 23, 760, 67 1. 4X10-7 [52]
J=2-3, v=0 36, 488. 82 4. 6X10-5 149] 1, 23, T84, 95 1. 431077 [562]
J=34, v=0 48, 651. 64 4, 4310 [27] J=3-4, v=0 47, 462. 40 1. 93X 105 [27]
J=4-5, v=0 60, 814, 08 8 TX10+4 [27] 288
QCgs J=1-2,v=0 23, 198. 66 81070 [32]
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OnuCase

J=1-2, v=0
Pa= ], l]
1y
OIS
J=1-2, v=0

OCSe (Carbonyl selenide).

pu=. 754
Poe1=" 128
Pemi=. 730

[47]

Molecule

o 282
Q0
SeTs
Seit
Set
S
Ore188a80
SeTs

O1C1ESe

QU188
J=2-3, v=0
V)= 1
m=1.1j
M= 1 = 1 ]
J=5-6
J=6-7
OCreSeso
Je=2-3; 0=0
n=1
U= 1, 1 1
m=1, 1;
J=5-6
J=6-7
015(_'.]!8“82
J=2-3, v=0
=1
va=1, 1;
= l, 1 9
J=6-7
O1Cse
J=2-3, v=0
QBR8N
J=2-3, v=0

QU1
Frequency — Intensity J=1-2, v=0 24,173. 0 5. 7X1075 [37]
24, 247. 76 b, 9107 [53] (1009,CH)
24,275.25 6. 6108 [53] =11, 24, 197 6. 4> 10~ [37]
24,301. 05 6 6103 (53] 1y 24, 924 6. 410~ (37]
0170”83?
23, (G46. 92 2. 8X10-8 [53] J=1-2, =0 23, 534. 67 2 2X10-8 [32]
O18C12852
J=1-2, v=0 22, 819. 30 9. 6X10-8 153]
Bano aj ay q D,e/see
3994. 009 4. 005 13. 12+, 005 —6. 86+, 005 3. 124, 005 875450
4017. 677 13. 27 —B, 92 3. 15 755420
4042, 460 13. 40 —6. 96 3.19 830+ 50
4055. 300 13. 48 —6. 98 3. 21 (47]
4068, 465 —7. 00 3. 24 )
4005. 793
3980. 045
4005, 112
PFy (Phosphorus trifluoride)
Frequency — Intensity
24, 574. 67 1.3%10-7 ) u=1.02 [39¢]
Ar=16. [19]
24,410.70 1.4x10°° By=7819. 90 [19]
24, 442,08 1.8x107
24,462, 42 1.8X107
PF, Frequency — Inlensity*
24,331.71 1.2X10-6 J=1-2, K=0,1  31,279.60 2 3X10-* 119]
24,250.84 5.5X10°8 J=2—3, K=0. 1 46, 918. 82 6. TX 10""}‘ [19]
24, 363. 97 1.6x10-7 K=2 46, 919. 02 {84 10‘"j
24 383.21 1.610-7
*Assuming 807, in ground vibrational state.
24, 254. 67 3. 41078
24,174.30 1.6X10~% 46, 940
24, 286,82 4. 51077 excited vibrational states o 0,‘9 [19]
24,305, 95 4. 5X 107 47,033
48, 508. 88 2, 8105 47, 040
56, 593.16 4. 4105 ) )
[47]  SiH,Cl (Chlorosilane) u—1.28
24,105. 98 6. 8210~ A0=95,500 ;
24' 026. 30 3‘ 1>< 10-7 BDZSlHaUl“ SlII;CI“
24,138.05 0.0 107 6673.81 6,512.40 [38]
24,156, 93 9. 0107 (egQ)Cl=—40.0 —30.8 (38]
48,211. 46 5, 6108
56, 246, 47 8.8 1075 SiH,C38 F: Fr  Frequency Imtensity®
J=1-2, K=0
23,964.50 1.3X107¢ 1/2 3/2 26,685.25 3. 4x10~7
23, 585,76 6. 0107 5/2 5/2  26,686.15 3.7X107
23,996.26 1, 7107 1/2 1/2 26,695 00 3. 4X10-7
24 014.97 1.7x107 3/2 b5/2 L o 51 [38]
55,016.19 1.1x10- 52 7/2 } 26,696.10  2.5X10
3/2 3/2 26,703.34 4. 51077
24,030.58 3.7X10™ 32 1/2 26,713.07 7.0X10-
23,880.18 7.5x10°8 *Assuming 907 of the molecules are in ground vibrational state.
627
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J=1-2,K=1 F; F, Frequency Intensity Tasre 2. Lines listed by frequency

3/2 5/2  26,687.34 66107 - = -
3/2 3/2  26,690.92 3. 4%10°7 " Triten ol
5/2 5/2 26, 692, 66 2. 8> 107 - Frequeney sity Transition Molecule
52 7/2  26,697.45 1. 3X10°% L
1/2 3/2  26,700.48 2 6X10~7
1/2 1/2  26,705.02 2.6X1077 6, 684 | W |01 1Cr
6, 980 M | 0-1 1C15
10, 278. 99 W | HDOw
SiH,C 17, 961. 2 M |01 BI"H ,C120m
- . 18, 308. 6 M |01 C12H (12N
el d, Semb . 18,400 | M | 0-1 | CeH,cuNe
o - ey
5/2 5/2 | ARl Al SR A0 B 18, 402, 1 M |04 C12H ,C1NM
312 512 | 54 02006 7. 9% 10~ 18,943.77 | W | 0-1 C2H Bt
B2 e : 18, 992. 36 W | o041 C2H ;Br??
3/2 3/2 26,055.86 1.4x107 19, 040, 32 M 0-1 C2H, B!
3/2 1/2  26,063.52 2. 2%10-% 19, 107. 97 M |01 CH ;B
K=1 3/2 52 26,043.20 2 0x10-7| .
3/2 32 26,046.30 1.0x10-7( 2% 19,160.82 | M | 0-1 CH,Brt
5/2 5 26, 047.97 8. 7x10°* 19,218.52 | 8 0-1 N'H,
5/2 7/2  26,051.00 3.9x10~7 19, 252. 13 M 0-1 | C1H 4By
1/2 3/2 26,053.35 8. 1x10°% 19, 700 leoe i gy C12ZH  NH s
1/2 1/2 26,057.10 8. 1x10° 19, 757. 56 < | NMH,
19, 829 s N e NUH,
S0, (Sulfur dioxide) 19,929 | 3-4 Co2H N1 (1280
y—17 20,020  |_______ 34 Q12T N M2
A—61.100 20,140 | 3-4 1z, N (289
B—10 400 (12] 20,160 | 34 C'2H, N
=8 870
20, 216 | 34 12 N 128
20,230  |_______ | 34 CI2H N M2
S0 Transition Frequency 20, 241 | 3-4 CHH N1 25
18419, 20, 420 20, 272. 04 M (e NUH,
22 064 20, 350 e R C1zH N 128
ég: i?g 20,371.48 | 8§ |.._____ | N,
29, 735 20,885 | |._______ | CHsNO:
=5 0l 20,413  |______ 3-4 Q12T N1z
22: o34 90 dial e 3-4 C12H N1 (28
23, 033
6-e—b-9 23,413 ([12] o Sl lresemrctens oo =esa] B0
23 738 20, 460. 40 Wl _| HDOW
[ 24087 20, 679, 9 W |12 CF,CH,
9 4—84 ! 84 63 20, 682. 87 W e
24 349 20, 710. 6 M |12 CF,CH;
25:047 20, 719. 20 SR | NuH,
25, 170 20, 735. 46 3 e ——_| NMH,
T-4—8- 25, 392 20,742, 3 M 1-2 CF,CH;
4 i, 29, 460 20, 804. 80 e NUH,
20, 852. 51 s NMH,
20,910  |_______ | cHon
e 20, 971 CH,OH
. e y & e am x| e e o aie gk Xy
B,=2657. 6 20, 994. 62 8§ | | NMH,
SPF, 21, 070, 73 S | N“H,
J=3—4 21, 262 21, 134. 37 8 | _______| Nu#H,
J=4—5 26, 574 g7 21520230 W ‘ N1 H 4
Exe. states | 21283 21,262  |__.__. e SPFy
| 26,553 ofasg e SPF,
628
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TasLe 2.

Lines listed by frequency—Continued

Tasue 2. Lines listed by frequency— Continued

Frequeney h‘:::;n‘ Transition Molecule Frequeney | I:{gi- Transition Molecule
21, 285. 30 A NMH; 22, 535 e ey CH4NH.
21, 350 PN | CHL,0H 99,536.26 | W |__________ NIH,
21, 391. 55 Mo I Ni+H, 22,545 || CHCIF,
21, 482 NE CH,CF, 22, 563 o= — __| CHCIF,
21, 549 W e __| CH,CF, 22,500 | _____ | _______ 2 CH;NH,
alpabl o o C'H4OH 22, 595 CH:;NH,
21,573 W CH,CF, 22, 612 o S __| CH4NH,
21, 597. 86 M o NUH, 22, 624. 96 M e N1H,
21, 637. 91 iy e NUH, 22, 649, 85 A e | N"Hs
21, 664 = = C2DOn 22, 653. 00 b ey NWH;,
21,667.93 | M | NH, 22, 660 O CH.CF,
21, 689 M = CH,CF, 2276801 e 3-4 O SN
21, 703. 34 b g _| NMH, 22, 688. 24 5 5 N'"H,

! 22, 732 e O,

21,712 || _____ | CH,NH, 22,732.45 | 8 |.___________| NuH,
21,734 M -__| CH4CF, [
21, 783. 98 M o __| N¥H; 22 735 S e | 8O,
21, 839 - 1-2 DNHOusR 22,740 S e CH3;NH,
21, 846. 41 M 1-2 DN#(Clags 22 752 b ST _| CH;CF3

22, 789, 41 M | NUH,
21,897 | ______. 1-2 DNU(C135% 22, 819. 30 W 1-2 OreChasae
21,080.2 |- .. 1-2 CaH 4 Cl
21, 935 e e CH3NH, 22, 834. 10 B e | NUH,
3204498 | W | ______ NUH, 22, 904 O D )
22,064 | SO, '

22, 915 | 12 HNHC12S
22, 134. 89 W -o| NisH, 22,924, 91 5 s NiHy
gay e CHCIF, vor ek T L | S0,
L I e Ee e L S0, 22, 946, 9 = _| 1-2 | C.H;Cl
22, 234. 51 S | WM 22, 977 e e CHgNH,
22,235.22 | M o HO

23, 004 W N#H,
22, 236 M _| CH.CF, 23021 e CHyNO;
L e [ CHCIF, 2 A ) S e e Pt ot __| SO,
22, 258 . | CHyNH, 23,046.10 | M |__________ N1H,
22, 281 8 | CH,CF, 23,0597 | W . ______ | NwH,
F2:308 e ___| CHCIF,;, CH;OH 23,0800 |—aaee 1-2 | C.H;Cl
22, 307. 67 W | HDO 23, 098. 78 N eEieanaeas __| N4H;
29,358  |...___.|__ ___| caawr, 23 115 o RS | CHNH,
22355 | M | | NUH, 23,121.2 | ______ I ‘ CH,0H
223000 |- 1-2 C,H (1 23, 134 M = == | CaHLO
22, 383 M e _. CH.CF, 23, 181 e e CH.CF,
22980 e -—-| CHCIF, 23, 198, 66 W | 1-2 O1QESH
22, 391 Mo CH.CI, 23,206 || | CH;NH,
2 L e e s CHCIF, 23, 206 W = > ____‘ CH.CF,

23, 214 M -—-| CH.CF,
9% 486  |ocooos e CHCIF, 23,220 | M |.__.____ CH.CF,
.y o 1 B e e o CHCIF,
22,476 || __ S0, 23, 232. 20 8 N"*H,4
22, 481 g e e CHCIF, 23, 234 | B CH.CF,
724l 2 I 1-2 CoH4Cl sy I B T e CH NO,

Molecular Microwave Spectra Tables
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TasLE 2. Lines listed by frequency—Continued Tasue 2. Lines listed by frequency—Continued
Frequeney I]:;"tc\?_ Transition Molecule Frequeney ]2::""' Transition Molecule

e S CH;NH, 23, 694. 48 < J NUH,
< R Bl L e CH;NH, 2ad08; | lmaeeab e o CH3NO,

23, 722. 61 S e NY“H,
23,808 ke CH;NH: 23, 731. 33 M 1-2, v=0 Q81284
23,308 | _______ | ____________ CHCIF, Lz S [ e CHCITF,
23, 323 (R S e e CH,CF, 23,738 || 80,
23, 335 M ] CH;NH,
23,346.8 |_______|.__.________| CH,OH 23, 760. 67 W 1-2, vy=1 Q16238
23, 361 M | CH:CF; 23, 770 e S CH.CF,
23, 372, 72 M 1-2 CIFCurNM 23, 784. 95 W 1-2, v3= QreCrzgm
23, 389. 00 M 1-2 CICrNH 23,803 | ____ | CHCIF,
2L 8RGE L 1-2 HNu (5 23, 812 M L CH.CF,
23, 389. 61 M 1-2 | CIECEN1

G e a CHCIF,
23, 390. 53 M 1-2 CI7CnNM 20840 Lol CHCIF,
23, 402. 47 M 1-2 CI1CnENY 23,8544 | _____ | ______ . _ CH.OH
gadAne ol CH;NH, 23, 862. 57 M 1-2, =0 Cl3GnuNH
23,413 || __. S0, 23, 863. 5 w 1-2, v=0 ClsCuN
23, 421. 99 N | N15H

23, 863. 8 w 1-2, v=0 CIsCrNH
23, 425 e e _| CH,0H, CH3;NH, 23, 864. 0 M 1-2, v=0 ClsCrNH
s ne s I | e e CH;NH. 23, 864. 2 M 1-2, =0 ClCuNH
23, 433 S || CH.CF, 23, 864. 5 M 1-2, v=0 CBsCuNM
23, 446 s e L O HaNH, 23, 864. 9 w 1-2, v=0 CBsC1ENY
23, 458. 6 W 1-2, K=0 | AsF, 23, 865, 1 W 1-2, =0 Cl#CrNH

23, 870. 11 - T PO, NU¥H,
23, 463. 0 W 1-2, K=0 AsT, 23, 878. 6 M 1-2, v=0 ClBCrNH
23,464 | _______ 1-2 HNMCizss
23, 467 sl e e e i CH;NO, 23, 878. 9 W 1-2, »=0 CPaC2N
23, 472. 6 W 1-2, K=1 | AsF, 23,879. 7 W 1-2, v=0 Cl=CnrN
23, 476 e 23, 880. 18 W 2-3, v=0 Q11880
23, 483 ey | s e CH3NO, 23, 883. 30 M 1-2, v=0 CIBCRNH
23,494, 2 W 1-2, K=1 Asky 23, 884, 2 M 1-2, v=0 CIsCnENM
23, 501. 6 W 1-2, K=1 AsTy 23, 884. 8 M 1-2, v=0 ClsCuNy
AL O N e e e CH3;NH, 23, 884. 9 = 1-2, v=0 ClB0nENH
23, 512. 9 W el Asly 23, 885. 16 S 1-2, v=0 Cl3BC1ENY
23, 517.0 W 1-2, K=0 AsF. 23, 885. 3 M 1-2, v=0 | CIBCiENH
23, 522. 4 M 1-2, K=0 AsF, 23, 885. 76 w 1-2, vy =1 OwOESes
23, 532. 1 M 1-2, K=1 AsF; 23, 886. 0 M 1-2, p=0 ClaCuNH
23, 534, 67 W 1-2 OTCIS 23, 886. 2 M 1-2, =0 ClsCrN1
23, 538. 9 S 1-2 C,H,Cl 23, 899, 59 M 1-2, v=0 Cl»CnrNH
23, 543. 2 W e Asl, 23, 900. 20 M 1-2, v=0 ClsCuNY
23, 553. 0 ) AsTy 23, 900. 7 M 1-2, =0 ClBC2NH
23, 564, 6 W | 1-2, K=0 AsF,
23, 575. 3 W ‘ 1-2, K=1 AsF; 23, 917. 9 S -2, rg=1 CIHCiEN™
23, 610 | M | C,H,0 23, 920, 91 M =2, v=0 ClsCrNH
T I D 9g,022.32 | M [ | NvH,

23, 925. 5 M 1-2, vy= ClsQuNuY
23, 646. 92 | W 1-2, »=0 OnCBCH 23,928. 7 M -2, v13=1 ClsCiNH
23, 649 L I e | CH.CF,
23, 657. 46 SR N"H, 23, 938. 6 bl 1-2, v;=1 CIsCrNuy
23, 661 W | 1-2, v,=1 OGS 23,944. 4 M -2, =1 ClBCuNu
23, 630 [ NS CHCIF,, CH;NH, 23, 948. 2 S 1-2, ;=1 | CBsCrNH
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TasLe 2. Lines listed by frequency—Continued TasLe 2. Lines listed by frequency—Continued
Frequency IL‘L“\?' Transition Molecule Frequency I:itf'\l_l' Transition Molecule
23, 954. 5 M 1-2, 1y=1 CI3sCizN M 24, 331. 71 M 2-3, v=0 O1BC12SeT
23dR e 80,
23, 958. 4 M 1-2, va=1 ClsClaNu 24, 352 M | CH.,CF,
23, 964. 50 M 2-3, v=0 O1CI28es2 24, 355. 50 M 1-2, ra=1 016012532
23, 968. 6 8 1-2, vo=1 CBCn1Nu 24, 357 W e NCTTR G R
23, 074. 4 M 1-2, va=1 ClIC1ENM
23, 984. 6 M 1-2, 13=1 CI3s012 N1 24, 363. 97 W 2-3, 1.=1 O1CLzse
‘ 24, 380. 84 M 1-2, v3=1 OreCizia
23, 986 | M 1-2, v,=1 CH.CF, 24, 383. 21 w 2-3, 1a=1 OBC128eT7
23, 996, 26 W 2-3, va=1 Oz 24, 401 M 2-3, 1,=2 OeCrzss
24, 013. 04 ‘ W] 1-2 =0 Oz 24, 410. 70 M 2-3, =0 OCrSe
24, 014. 97 w 2-3, 1,=1 Q1CI128eR2 24, 411 | W 1-2, v=38 (28
L CH;NH., 12 50 | | CHyNO,
Iy N P e CH4NO,
24, 440 T el e s P S
24, 020. 21 W 1-2, v=0 011288 24, 442, 98 W 2-3, va=1 | O1C128eT
24, 021 M CH.CF, 24, 448 | et CH3;NO;
24, 025. 39 W 1-2, =0 Qs 24, 450 2 N CH.CF,
24026.30 | W | 23 0=1 | OnC12Sen 24,459 | W |12 n= ‘ OISR
24, 030. 58 W 2-3, v=0 Q118 24, 462, 42 W | 2-3,p=1 QUCIZSe
24, 465. 33 M | 23, 0=0 ‘ BrétCiN 1
24, 032. 75 W 142! p=0 QueCrsH
R e 50, 24, 471 b e ] CH,Cl,
2 S I | e e e e s Crp,0m 24, 506. 75 M 2-3, v;=1 Brat(CizNH
24,078 |- e CH;3;NH, 24, 507, 38 A 2-3, v=0 BrsiCr N1
24088 | | 80, 24, 528 e | CHyNH,
24, 105. 98 M 2-3, v=0 O1C1ESet 24, 532. 94 B NUH,
24, 138. 05 M 2-3, n= O19C12S8e 24, 541. 18 M 2-3, v=1 BrétClzN
24, 139. 45 e NUuH, 24, 545 M e CH.CF,;
24,143 | ______ 4-5 CBH,,NHC125% 24, 553. 42 M | NWH
24, 150 Wl CH.CF, 94,573.86 | S | 2-3,0=0 | BruCuNH
_ 24, 574.67 | W | 2:3,0=0 | OwCuSen
24, 156, 93 M 2-3, v:=1 O1EC12Ses0
24,173. 0 w 1-2, v==0 QuCHS 94 577 oo | CH,Cly
24, 174. 30 W 2‘3, 1’-'1—41 O1C1Se™ 24r 570 Wi Do E C”_-(‘Fg
24, 205. 25 S iemeeeee——-| NMH;y 24, 583. 00 M 9.3, y=0 Brov(iN
24, 247. 76 M 1-2, »=0 OGN 24, 599 e CH:NO,
24,253. 44 | M | 1-2, =1 | OnCuS% Rl A :
24,254.67 | M | 23, 9=0 | OHOUSR 24,600 | 45 O NHCRSH
mas X S 24,622.03 | M | 2-3,;—1 | BroiCNu
24, 274. 61 W 0-1 NBN"O 24, 627 : ___________________ CH,CL,
24 274. 73 W 0- NENHQS S5 5 S W e e el CH,Cly
24,274.78 | W | 0-1 INDNEO 24,633.71 | M | 28,0=0 | BrRCENH
24, 275. 25 W 1-2, vy=1 O35
24,286.82 | W | 2:3, n= 01CRSen 24,636 | oo |eeemeoooo CH,Cl,
2_1, 294 LI ____________ O'H ?01‘12 2‘]:r 639 M e —————— (‘I{JCFE
24, 645. 82 M 2-3, 1y=1 BreCrNH
24, 301. 05 W 1-2, v,=1 Qg 24, 658. 89 M 2-3, va=1 Bri1CizNH
24, 305. 95 W 2-3, 1.=1 QuCizSe™ 24, 668 s et | 2D ,OM
24,320 @ |aaoo— | GHENT,
24, 323 b eeeeoee__| CH<CF, 24, 682, 13 M 2-3, vo=1 BréiCzN 1
24, 325. 92 b 1-2, v=2 Oz 24, 687. 11 M 2-3, 1i=1 BrioCr N
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TaABLE 2. Lines listed by frequency—Continued

s _| - ——
Frequency h‘:;'te‘:l' Transition
24, 713. 05 = 2-3, v=10
24, 717. 19 M 2-3, v=0
24, 734 M | .
24, 755. 22 5 |23, v=0
24, 760. 76 M | 23 m=1
24, 770 S —_—
24, 784, 02 M 2-3, m=1
24, 803. 00 M 2-3, =1
24, 806 Vs J
24, 808 Wi e :
24, 824 | ______ 45
24, 826. 70 M 2-3, 1,=1
24, 834. 3 S P S
A e
24, 860. 6 M 2-3, 1.=2

24, 881. 90
24, 884. 57
24, 890. 0

24, 890
24, 806
24, 910
24, 011
24,916
24,924.4 |
24, 926
24, 928,
24, 930
24, 033,

70
47

24, 034, 38
24, 959. 08
24, 967
24, 970
24, 971

24, 976
24, 081, 5
24, 096
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

M 2-3, =0

M 2-3, Pa=2

Taere 2. Lines listed by frequency—Continued
|
Moleecule Frequeney ]2;‘1'3‘?'_ Transition Moleeule
BrCrN 25,073  |.______ | om0,
Br#ICrENH el D e e 4-5 C1H N1 (123
CH,CF, 25,000 || CH,Cl,
25, 100 ) 4-5 CrH NHO128%
BreCrNy 25,121, 55 W 0-1 NUNBO18
BrivCizNH
CH,CF, 25, 123 e e =ie-_-| CH,Cly
BriCin 25, 123. 03 M 0-1 N 118
BriC1zNU 25, 123. 28 M 0-1 N MO8
45, 123, 61 W 0-1 N HO0
CH,CF, 25,124, 88 | |- ____ .. __ CH4,OH
CH,CF,
CHH N U128 25,161  |_______ 45 1P, NS
BroCuNu 25, 167. 4 W 0-1, K=0 CBH,CI37
C,H,0 25, 170 e e =0,
25, 183. 0 W | 0-1, K=0 | CBH,CIP?
CH,Cl, 25,195 | [ 4.5 CIET N M8
BriC1aNH 25, 195. 2 W 0-1, K=0 CBH,CP¥
NHH,4 252000 |t e = CH,NH,
BreC1aNH 25, 221 el e N GHIGT
BrCBNH 25, 248 M | CH,CF,
CH;NH, 25,260  |_______ R CH,Cl,
CH3NH, 25,269 | ____ 4-5 CRH  NUC1s
CHBH NHC83H 25, 280 e O,
CH;0H 25,204, 41 | _____ | _________ CH,OH
CH.Cl, 25, 306 e 3 C12H  NM(128%
CyH 0
CH,OH 25, 323, 51 M | | NuH,
CH,OH 25,383  |_______ 4-5 Cr2H N2
CHH N1 C1ps 25, 350 SO [ CH,CF,
R 25,381 || ________ CH,0H
) sopatte s loosea | 4-5 C12H  Nu(2g#
CHLOH |
EE’?S en808 o S0,
(i‘H ;C‘b 25, 393. 87 M 3-4, v=0 ]F'“l\:*
C'-‘*[la;\s“(..'”S” 2*?! 404 e e e (-_'Hﬁi\‘(‘)z e
26,4000 L. 4-5 (2 N0
CH,Cl, 25,414 | .______ N CH,NO,
BN _
CH;CL, 25, 442 it o 2 CrH N1z
CH.NH, 25, 450 B P e CH.CTy
(_1121:13-‘\;1;( MEISED (O | [ B | ot CH;NH,
Brio(zN 1 25, 516 B e CH.CF,
| CH,Cl, 25,541. 43 |_______ 4-5 CH,OH
| CH,OH
| CUHLCly 25, 550 = 4-5 ! O N U120
| eHEl, 25, H77. 2 W 0-1, K=0 | CBH3(C]»
25, 596, 0 W 0-1, K=0 CBH,C1%
CH,Cl, 25, 611. 2 W 0-1, K=0 CrH3(C]%
CH.Cl,, CH;0H 25, 653 [ 1-5 CRH NUCS
CH,Br, 25, 695. 23 ‘ B s s NUH,
NHH, il 1 | L e | CHLCl,
CH;NH, 25.711.50 | S | 34,0=0 | ICHNu
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TasLe 2. Lines listed by frequency—Continued TavLe 2. Lines listed by frequency—Continued

e i s
Frequeney ]'l;:"‘_'_ Transition Molecule Frequeney | 12;;"['_ Transition Molecule
S Jo e
25, 715. 14 ] ) . NUH, 26,295 | __ I CH3C,
25, 728, 77 S | 34, 0=0 TN 26,310 || CHL01
25, 729 A CH:OF» . | _
25, 741 M | CH,CF, ig ;i;} {’1 ('l.: 2O,
o e e o 135 el 26, 37 1 - o CH.CF,
26, 410 Wl CH:CF,
bty e el CHLCLy 26, 466 M e CH.CF,
25, 748. 18 M 34 v,— [CENG 26, 518, 91 = R o _.\'“Ii_-l
25, 751 | R CH:Cl 26,553 |- - | \SPT,
25, 752. 65 8 | 34,0=0 1CENu 96 56
25, 763. 23 M | 34, 0= | TCN' Q:T‘ T:f? R f;,i.fl“)”{[){“
B, 868 . L R 2D, On
25,783.50 | 8 | 3-4,0=0 | ICRN® ol Bl R e
- 4 = AN ] e e s 0
i;;gg: Sl I R I(fy';.;?)‘;; 2.580.49 | M | 0-1, K—0 | CH,CM
25, 802, 92 M 3-4, py=1 I( '_l?l_:\l-i 26, 604, 57 ‘ M | 01, K=0 CH, 138
2,815.34 | M | 34,un=1 | ICEN¥ 26,634 | 8§ |._.________| CH,CF,
26, 649 ., S | CH,CF,
25, 823. 08 S | 3-4,0=0 | TCEN® et 65E DD i (\']:1'[ Fa
5 I 3-4 y,= e | P : 3
S dma [ M| Bmet jes T 26,685.25 | W | 12, K=0 | SiH,CI®
&, 80068 | R piehe=0 ) TOHTE 26,686.15 | W | 1.2, K=0 | SiH,CB
L e e | CHLCy ' ‘ 3 ’
25, 850. 78 M 3-4, v,=1 ICl2N" 206, 687, 34 w 1-2; K= SiH ,C1%
26, 690. 92 W | 1-2, K=1 | SiH,CI
25, 872. 24 S 3-4, va= I1CEN! 26, 692. 66 W (12 K= SiH C1*
25,878, 18 |___._.|...........| CH,OH 26,695.00 | W |12 K=0 | SiHCI®
25, 893. 73 5 | 34, n=1 FOAN 26, 696, 10 M |12, K=0 | SiH Q1%
25, 906, 28 5 | 34, g=1 10N
25, 927. 66 8§ | 34,p=1 |ICEN 26, 697. 45 ‘ M |12, K=1 | SiH,C%
26,700.48 | W 1-2, K=1 | 8iH,C1%
24, 954. 36 8 | 84, 0=0 [CNH 26, 703. 34 W |12 K=0 | SiH,C1®
25, 069. 58 M | 34, 0=0 1C1ENM 26, 705. 02 W |12, K=1 | SiH,C®
25, 991, 92 S | 84, v=0 | ICuNH 26, 713. 07 W |12, K=0 | SiH,CI%
26,007 || CH,Cl,
26, 042. 41 W |12, K=0 | SiH,CP 26, 723 W e CH,CT,
26, 832 M e CH.CF,
26, 043. 29 W | 1-3, K=1 | SiH,Cp7 26, 865 8 || CH.OF,
26,046.30 | W | 12, K=1 | SiHCP 26, 880 M |.___________| CH,CF,
26,046.32 | M | 3-4,4,—2 | ICENH® 26, 9902 REMIEE S o CH,CF,
26, 047. 97 W | 18 K=1 | SiH,C®
27, 014 § |oeeeeeo....| CH,CF,
26, 050, 26 M | 12, K=0 | SiH,CP 271112 M (e CH,CF,
26, 051, 09 W | 1-2, K=1 | SiH4CF 27, 194. 75 M | 34, 9=0 ¢
26, 053. 35 W12, K=1 | SiH,CW 27, 202. 64 W | 34, v=0 [Cl3
26, 055. 86 W | 12, K=0 | SiH,0W 27, 204. 99 M | 34, v=0 [C)#
26, 057. 10 W | 12, K=1 | SiH,CP#
27, 208. 54 M | 34, s=1 1015
26, 063. 52 W |12 K=0 | SiH,CB 27,216 | M faeeein....| CH:CF,
26,118 U | CH,CF, 27, 217. 51 M | 34, =0 ICl3s
26, 120 ieeee|emeeeeee.| CH;0H 27, 221, 02 M | 34, 9=0 101
26, 163 M A GHIGP, 27, 225. 32 M | 34, 0=0 ¢
26,164.57 | M | 0-1, K=0 | CH,CP |
| 27,228.34 | M | 34, v=0 IC1
26, 179. 30 M | 0-1, K=0 | CH,CW 27, 242. 59 W | 34, 1=0 ICI%
26, 181. 6 M | 34, 0=0 1CR 27, 254. 90 M | 34, 9=0 1C1
26, 191. 13 M |01, K=0 | CHCP 27,283.66 |_._____ 3-4, v=0 1C1e
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TasLe 2. Lines listed by frequency—Continued Tasue 2. Lines listed by frequency—Continued

Frequency | Igitf;" Transition Molecule Frequency Iz:r(‘n- Transition Molecule
|
A DT G I RS 3-4, v=0 1C1 29, 061. 14 M e | NUH,
i | 3-4, 1=0 IC1s 20,080 . ___ .| O2D4On
27,295. 05 |.______ 3-4, v=0 1CH 20, 460 e L st 80,
27, 297 | 8 e el CH,CT, 290, 598. 05 M 1-2, K=0 | CizH,I
27, 333. 85 M | 3-4,0=0 1C1%
| 29, 673. 95 M 1-2, K=0 | C2H,I
27, 336. 68 M | 34, 0=0 ICI3% 20, 688 = | I e C,2H,01
27, 337. 38 M | 34, 0=0 1CH 20,700  |_______ 5-6 C1H NHC 1S
27, 346. 31 M 3-4, v=0 1C1% 29, 735. 71 M 1-2, K= C1zH,1
27, 354. 71 M 3-4, v=0 ICI% 29, 773. 95 W 1-2, K=0 | CuH,I
27, 356. 58 M | 34,0=0 ICI% 20, 782. 71 M |12 K=1 | CuH,I
27, 357. 73 M | 34, 0=0 101 29,872.52 | M 1-2, K=0 | C=H,I
27, 412 N CH,CF, 29, 914. 66 e NUH,
27, 478 S NuH, 29, 923, 50 M 1-2, K=1 | C2H,I
27, 681 e CH.CT, 20, 039. 87 M 1-2, K=1 | C=H,I
27, 772. 52 M |___._..__._.| NuH, 29, 086, 84 W | 1-2 K= Cu2H,I
30, 046. 99 M 1-2, K=0 | C=H,I
27, 818 ] CH,CF, 30, 075. 08 M 1-2, K=1 | C2H,I
27, 972 - S CH.CF, 30, 079. 72 M 1-2, K=0 | C2H,I
28, 069. 99 W 1-2, K=0 | C*H,I 30, 121. 32 M | 1-2, K=0 | CzH,I
28, 145, 01 W | 1-2, K=0 | CSH,I
28, 174 8 | | CH.CF, 30, 123. 64 M 1-2, K=1 | CtH,I
| 30, 179, 71 M 1-2, K=0 | ©C2H,l
28, 206. 90 w 1-2, K= CrH,I 30, 215. 95 M 1-2, K=1 | CH,I
28 253. 84 w 1-2, K= CHH,I 30, 453. 46 M 1-2, K=0 | C2H,I
28, 314 e L CH,CF, 31,0207 | ______ 2-3 OF;CH,
28, 339 M | CH.CFT, 31,0668 | ___.__| 23 CF,CH;
28, 343. 64 w 1-2, K=0 | CuH,I : 2 i e 2-3 CF,CH;
31, 279. 60 M 1-2 PF;
SRRy ! 4-5 CizH S2CrN 31, 424, 97 Bl NU1H,
28, 411. 19 W | 12 K= CuH,I
28, 412 § |ioe CH,CF, 31, 718. 28 M | 45, v=0 TCHN
28, 439 MR CH.CF, 31, 730. 50 M 4-5, 1=0 ICBN™
| 31, 741. 50 W | 45, v=0 L1CHNH
28, 458 O CH.CF, 31, 763. 34 M | 4-5, v=0 ICHNU
28,405 | __ PR, CD,0m 31, 783. 31 M | 4-5,9=0 TCHNH
28, 518. 14 W 1-2, K=0 | C®H,I
28, 550. 86 W | 12, K=0 | C%H,I 31, 793. 46 M | 4-5, =0 ICBNH
28, 551 W oo CH.CI', 31, B48 77 M | 4-5, 2=0 ICHNH
Sl048  (ieoiie oo CuD,0mn
28, 575 W oo e CH,CF, 32, 200, 58 8 4-5, =0 TC:N®
28, 504. 74 W 1-2, K=1 | C®H,I 32, 203. 57 B 4-5, =0 | ICuNu
28, 604. 73 S T NUH; [
28, 615 W | CH,CI, 32, 215. 56 S | 4-5,2=0 ICuN
28, 650. 91 W | 1-2, K=0 | CsH,l 32, 226. 85 S 4-5, v=0 | IC12NH
32, 248, 52 B 4-5, =0 IC1Nu
28, 687, 21 W 1-2, K= C9H,I 32, 268. 33 4-5, v=0 TGN
28, 639 e e | CH,CF, 32, 278. 55 S 4-5, v=0 IC2NH
28,852 || ___________ | CH,CF,
ORISER e s e CH.CF, 32, 386, 29 S 4-5,v=0 | IC®N"
28, 054 8 |icceee-_..| CH:CF, 32, 392, 59 M | 3-4,0=0 | Br®CBNH
32, 409. 06 M | 34, 0=0 Br#' QBN
28,974.85 |.______|.___________| H,CO 32, 581. 73 M | 3-4,v=0 BrieCBNH
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TasLe 2. Lines listed by frequency—Continued

TasLe 2.  Lines listed by frequency— Continued

= Inten-

Frequeney sity
32, 601, 46 M
32, 643.13 M
32, 720. 28 M
32,770.13 8
32, 786. 65 M
32, 804. 56 MM
32, 913. 24 M
32, 956. 68 M
32, 976. 40 ]
33, 156. 95 8
38288 oo
34,150 | ______
SAES (e
34, 627. 24 M
34, 627, 50 M
34, 627. 73 A
34, 627. 80 M
34, 628, 62 M
34, 628, 90 =
34, 629, 32 M
34, 889. 05 W
35, 067, 99 M
35,068 | _.
35, 080, 39 S
35, 084. 15 S
35, 091. 97 M
35, 134. 44 il
Sdaddt e
35,618.81 | W
35, 634, 85 M
35, 639. 78 M
35, 649. 56 W
35, 805, 00 8
35, 820, 65 8
35, 825. 95 S
35, 835. 74 s
35,917, 62 M
35,917, B8 M
35, 918, 20 W
35, 918. 50 M
35, 919, 02 W
35,919.53 | M
35, 919. R6 M
35, 920. 14 M

Transition

¥
ol
=
Il
=

be
‘W
=
Il
o

Molecule

Brio(aN 4
B (N
Brat(N
Brot(CeN#
Broi(CrNu

BN
BraiCuNu
BrioCiN i
BrieCuNS
NUH,

cup,On
C2H,01
CrH, 08
BUH =00
BUH 1200

Buﬁacm()m
B]l_‘[-la(_‘,i!(_)lﬁ
BUH G100
BUH (12010
BUH 200

CETCBN 4
(_']EIT(’__‘,]ENH
CED,0n

CprCuaNH
PN

CPrCIENm
NUH
cnD,0mn
ClssC 3N+

ClsCIBN "
CPps(CnBNu
CpsCiNG
CIsC1ENM
Clas N1

Cl-’k".(_'jl'.':\'li
CpaCiNN
BIvH ,Crz(e
BIH (12018
l{lﬂHa(jlﬁ()ld

BUH 1208
BIH 512019
BIH (12018
BIWH ;1218
BUH, GO

Molecular Microwave Spectra Tables

Frequeney Ig;‘f;” Transition Molecule
36, 488, 82 s |23 v=0 OIS
36, 632 | s SR CH,CT,
36, 791 8 |l C,2H,0M
36,793.64 |_______ 0-1 CEH,ClN
36,794.96 | ______ 0-1 C1H 12N
36,794.88 |._____. 0-1 C12H ,C12NH
36, 795, 38 ‘ 0-1 Ci2H N
36,796.27 | ______ 0-1 C12H (12N
36,797.52 | ______ 0-1 C1H N1
36, 870, 94 ‘ _______ 0-1 C2f OEN
36,903.40 | ______ 0-1 CreH 2N
36, 942, 15 ‘ _______ 0-1 C12H (12N
37, 329 g CyH,01
37,385.18 | M | NHH,

37, 781 B i C2H O
38,006.47 | W |12, K=1 | CH,Br*
38, 030, 77 M |12, K=0 | CH;Br®
38, 066. 72 W |12 K=1 | CHB
38 097.45 | M | 12, K=1 | CH;B*
38,116.65 | M | 1-2, K=0 | CH;Br%
38, 126, 97 M |12 K=0 | CH;Br%
38,128.40 | W |14 K=1 | CeH B
38, 157. 30 M | 12, K=0 | C2H,Br?
38,157.70 | W |12, K=1 | CHH,B®
38,175.08 | M | 12, K=1 | C:=H,B
38, 200, 52 W |12 K=1 | ClzH,Br®
38, 218, 21 M |12 K=1 | Co2HBr
38, 237. 14 M |12, K=1 | C2H,Br"
38, 247. 77 M | 12, K=0 | CiHB
38,260,10 | M | 1-2, K=0 | CzH,Br®
38,272.40 | M |12, K=0 | C2H,Br"®
38,300.45 | W |12, K=1 | C2HB™
38,330.25 | M |12 K=1 | C2HBr®
38,381.70 | M |12, K=1 | C:zHBr®
38,404.49 | M | 1-2, K=0 | C2HBr"
38,417.09 | M | 1-2, K=0 | CuH,Br*
38, 702 S [oeeneoens | CeH, 0%
a8 REer | 1-2, K=1 | CH2HNuCS
38,783.21 |_______ ‘ 12, K=0 | CRH NuCHS
39, 582 T | e C2H O
30,502 | S crD,O
39, 677 8 o _____ C2H,01
8004154 | M e N,
40,210.27 | ... \ 1-2, K=1 | CuzH NuCe
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TasLE 2.

Lines listed by frequency—Continued

TansLe 2. Lines listed by frequency—Continued

Frequeney Il:;f:f' Transition Molecule Frequency I :iiiifl- Transition Moleeule
40, 211, 16 .12 K=0 CrH NuC12 49, 724. 73 M 0-1, K=0 CBH,F
40,313, 87 |__-__. 1-2. K=D CurH Nu(2 50, 236. 90 NV HDOw
40, 364, 07 = i ____________ CuH N1z 51, 071, 69 e CueH,F
40, 366, 55 oo __| CHEHNHCR

51, 260 _-| 2-3 C12H ,C12CeH

40,424, 49 |______ | o __ CEH NuC 51, 264 ~ 2-3 (CrH,CrCeH

41, 394, 95 S 1-2 HCRF, 51, 266 = -| 2-3 CizH 4C12CeH

41, 581 5! GBS 51, 296 Sl 5> CefCeCRH

43,398 | ___ | _| CrH,O 51,313  |_______ 4-3 CrH ,CreCRH
45, 324. 24 — 0-1 CH4NH,

' 51, 314 = 2-3 | OeH,CRCEH

46, 918, 82 M 2.3 K=0,1| PF, 51, 318 P 2-3 CreH,CeCeH

46, 919, 02 M 2.3, K=2 PF, 51,319  |_______ 2-3 CueHC12C2H

46, 940 D PF, Dlgay e 2-3 (CizH ,C2 2 H

Zhpgertes s EREE e e PF, 51, 363 - __| 2-3 el OO

D

47,033 T e ---| PFa 5410 | 9.3 CRH,C2CeH

. 51,416 ... _.| 2-3 izl jCrCiH

jz' giz 04 S _(_]_1_ S (P‘};:i\'ﬁ 51, 418 I 2-3 Ce#H Cr2C12H
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TasLe 3. Values of [MC(CH1)—I(I+1)J(J+1))21(21—1)(2J —1) (27 +3), where C=F(F+1)—I(I+1)—J(J+1)
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TasLe 3. Values of [%C(C+H1)—I(I+1)J(J+1))21(21—1) (2] —1)(2J+3), where C=F(F+1)—I(I+1)—J(J+1)—

Continued
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TasLu 3.

Values of [MC(C+1)—I1(I+1)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 [MC(CH1)—I(I4+1)J(J+1))/21(21—1)(2J —1}(2J 4-3), where C=F(F+1)—I{I+1)—J(J+1)—

Continued
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