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TABLE II. Molecular constants of BrF.
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Br»F
10,706.9s mc/sec.

78.355{10) 4o g cm2
156.3 mc/sec.

1.759(10) s cm
1.29 debye units

+1089.0 mc/sec.

Br»F
10,655.7

78.658(10) 4o

155.8 mc/sec.

+909.2

TABLE I. Observed transitions and frequencies J=0~i. levels v' and t)", x is the internuclear separation, and M is the
dipole moment of the molecule. p is a fractional transition prob-
ability as Z„p(t', v") =1 for each v'. C is a constant of propor-
tionality.

Following a method suggested and used 6rst by Pearse and

Gaydon 2 and later used by Miss Pillow, a we have calculated the
values of p(v', v") by numerical integration of the wave-function

product, for all the observed bands of the second positive system
of nitrogen under the same conditions of simplifying approximation
as are used in references 2 and 3. Briefly, these are (a) treating 3f
as constant, and (b) linearly distorting the Hermite polynomial
forms of P(v') and P(v") expected for a harmonic oscillator, to fit
the empirical, yet experimentally justi6ed Morse curves for the
C'II and 8'II states of nitrogen.

These values of p(v', t)") are shown in Table I. Table II shows

TABLE I. P(T)', T)' ).
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in this dihalide are to be noted. The most convincing evidence that
this spectrum is due to BrF is obtained when the ratio of B,values
derived from the spectrum 0.995213, is compared with that com-

puted from the mass measurements of the bromine isotopes'
0.995207.

While the 6t of the triplets to the conventional quadrupole
coupling expression, including second-order corrections, was not
entirely satisfactory, the precision of the frequency measurements
did not appear to justify the evaluation of the magnetic coupling
factor, as was done for the dihalide FCl by Gilbert, Roberts, and
Griswold. 4

* This document is based on work performed under contract for the
AEC by Carbide and Carbon Chemicals Corporation, at Oak Ridge, Ten-
nessee.

r H. S. Booth and J. T. Pinkston, Chem. Rev. 41, 421 (1947).
s VanPeter Heinz Broderson and Hans Joachim Schumacher, Zeits. f.

Naturforschg. 2a, 358 (1947).' K. Ogata, Phys. Rev. 75, 200 (1949).
4 Gilbert, Roberts, and Griswold, Phys. Rev. 76, 1723 (1949).

Intensity Distribution of the Second Positive
(Plr~&'rr) Band System of Moleculax

Nitrogen
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ECENT interest shown in the intensity distributions of the
vibrational band-systems of molecular nitrogen radiated

from auroral displays, and from the night sky' prompts this brief
account of some calculations of the intensity distributions of the
second positive band system, made in connection with an experi-
mental investigation being undertaken here of the kinetics of
excitation of the energy levels of molecular nitrogen in gaseous
electrical discharge.

The integrated intensity of a molecular band may be written:

1(~', t)")= CX(~')Z'(t)', T)")P(T)', ~"), (1)

where X(v') is the population of molecules in the v' vibrational
level of the upper electronic state concerned in the transition,
E(v', v") is the energy radiated in the transition between T)' and
v", v" is the vibrational level in the lower electronic state upon
which the transition ends, and

p(", "')=,j ~(")))x~("')d*'

where P{t)') and P(t)") are the respective wave functions of the

0.53 0.27 0.12 0.05 0.02 0.01
0.43 0.04 0.21 0.12 0.08 0.07 0.05 0.00
0.21 0.39 0.01 0.10 0.08 0.07 0.08 0.05 0.00i
0.01 0.37 0.26 0.02 0.03 0.06 0.07 0.10 0.08 0.00

0.04 0.45 0.16 0.08 0.01 0.04 0.04 0.08 0.09 0.01

TABLE II. P(v, fl )E4(TI, T) ).

~t1

0 1 2 3 4 5 6 7 8 9 10

0 100 40 14 4.8
1 110 8 9 32 14
2 67 99 1 6 17
3 3 1 120 67 45
4 — 15 150 43

1.3 0.39
7.7 5.3 2.7 0.01

11 7.2 6.2 2.9 0.15
5.9 7.4 7.6 8.4 5.1 0.00'

17 1.0 5.6 4.6 6.8 6.0 0.64

New Types of Microwave Transitions Involving
l-Type Doubling in OCS and HCN*

R. G. SHULMAN++ AND C. H. TowNEs
Columbia Radiation Laboratory, Columbia University, Nnu York, New York

December 12, 1949

ICROWAVE measurements of the vibration-rotation inter-
~ ~ action called l-type doubling are available for a number of

linear XFZ molecules. ' Two new types of transitions involving
this interaction have been observed which conarm the expected

the values of E'(v', v")p(v', v") adjusted to a value of 100 at the

(0, 0) band. It will be evident from Eq. (1) that the values of
Table II, when compared with measured intensities will yield
information relating to the population E(v') of the upper level

concerned in the transition, and therefore to the probable major
mechanism responsible for the excitation of the level.

Similar calculations are being made for the other molecular

nitrogen band systems and for the NOP- and p-systems in con-
nection with the experimental work referred to above. The pos-
sible geometry of a three-dimensional representation of the
Tables I and II is also being worked upon.

While these calculations were being made an interesting paper
by Bates' appeared, in which some similar work was reported.
However, as data for far fewer bands of the second positive system
were reported there, it is thought worth while to present the above
calculations.

r The Emission Spectra of The ¹ght Sky and Aurorae (The Physical
Society, London, 1948); D. R. Bates, Proc. Roy. Soc. A196, 217 (1949).

s R. W. B. Pearse and A. G. Gaydon, Proc. Roy. Soc. A173, 37 (1939).
3 M. E. Pillow, Proc. Phys. Soc. London 62, 237 (1949).
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TA&&F- I. Observed lines in HCN and values of /-type doubling constant g. TABLE II. Dipole moment of HCN in state J =10, e2 =1 from Stark dis-
placement of ] M

~

=10 component.

6
8

10
11
12

Frequency in mc

9,460 a30
16,147.67 +0.1
24,689.96 %0.1
29,650 &30
35,043.24 &0.1

q =frequency/J(J+1) mc

225.2 &0.8
224.273 ~0.002
224.454 ~0.001
224.6 +0.3
224.635 &0.001

Displacement
6» in mc

54,48
60.4
61.65

Square of 6eld strength Dipole moment
Eg(e.s.u. /cm) g p,-debye units

411.93 2.943
455.31 2.949
454.07 2.980

Average p, =2.957

functional dependence of l-type doubling on the vibrational and
rotational quantum numbers.

For the J=1~2 transition of OCS, l-type doubling in the
vibrational state @2=1 produces a splitting of 25.34 mc. The cor-
responding doublets for the vibrational state v2=3 have been
found at 24,411+2 mc and 24,459&2 mc. within experimental
error, these show a separation just twice that of the v&=1 state
in accordance with the theory of Nielsen and Schaffer. '

A search of the HCN spectrum was made between 21,500 and
25,000 mc in an attempt to find the rotational spectrum of the
dimer, (HCN)2. Lines due to this dimer were expected under the
conditions of search to have absorption coe%cients several times
greater than the minimum detectable value 5)&10 ' cm ', but no
lines due to {HCN)2 were found. However, a line of intensity
3)&10 ' cm ' was found at 24,689.96 mc. The Stark components
split from the above frequency according to the formula
b,v=AE'M2, where E is the field strength and M the magnetic
quantum number. This behavior and the number and relative
intensities of Stark components showed clearly that the line cor-
responded to a J=10, M=O transition. In order for the dimer
(HCN) 2 to produce a line of the observed intensity it would have
to be approximately 1 percent abundant at 10~ mm Hg pressure.
This appears impossible from previous measurements. ' After
checking carefully that the lines were not due to impurities, and
after finding other similar lines with different values of J, the
series of lines was identified as due to transitions directly between
two l-type doublet states of the same J for HCN molecules in the
first excited bending mode. The separation of such states should
be v=qJ(J+1), where q is the l-type doubling constant. Table I
shows that frequencies of the five lines measured (some measured
roughly with a wave meter, others accurately with a frequency
standard) fit this formula very well. The values of q obtained
from the accurately measured J=8, 10 and 12 lines of Table I
show a systematic deviation proportional to J and of the order
q(B/co~), which is to be expected in higher approximation. Extra-
polating the values of q to J=O, one obtains q=223.549 mc.

Stark effects for each of these lines show definitely the values of
J listed in Table I and that ~=0. The apparent lack of Stark
displacement of the M=O component is in agreement with ex-
pectations for the assigned transitions. A measurement of the
molecular dipole moment was obtained for the state v2= 1, J= 10,
by measuring the Stark splitting hv of the ~M

~

=10 component
of the line at 24,689.96 mc. The results displayed in Table II give
a dipole moment of 2.957&0.025 debye units. This is in good
agreement with determinations by other methods4 of the average
dipole moment for gaseous HCN.

A further check on the identification of these HCN lines was
obtained by comparison of intensities at 300'K and 195'K.
Relative intensities agreed with the assumption that the lines were
due to an excited molecule of energy cv2=712 cm ' above the
ground state.

The value q= 223.549 mc is very different from the value 42 mc
obtained from infra-red measurements. 5 However, it is supported
by theoretical expectations. According to Nielsen, '

28'
q=—$1+4 ~ ass ')k8/{~s —~8)]

The term represented by a summation is somewhat dificult to
evaluate. However, in the half-dozen other molecules for which
l-type doubling has been measured, the first term 28~/~2 is less
than the observed value of q by about 30 percent. For HCN,
28'/co& ——184.1 mc, which is less than the measured value by a
similar amount.

*Work sponsored jointly by the Signal Corps and ONR.
++ Present address: Chemistry Department, California Institute of Tech-

nology.
~ Townes, Holden, and Merritt, Phys. Rev. 74, 1113 (1948).
g H. H. Nielsen and W. H. Sha6er, J. Chem. Phys. 11, 140 (1943).
g R. A. Ruehrwein and W. F. Giauque, J. Am. Chem. Soc. 61, 2940

(1939).
4 L. G. Wesson, "Tables of electric dipole moments, " MIT Laboratory

for Insulation Research.
g G. Herzberg, Rev, Mod. Phys. 14, 219 (1942).
g H. H. Nielsen, Phys. Rev. 75. 1961 (1949).
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MINUTES OF THE MEETING OF THE NE%' ENGLAND SECTION AT WILLIAMS COLLEGE,
WILLIAMsTQ&N, MAssAcHUsETTs, OcToBER 22, 1949

HE thirty-third meeting of the New England
Section of the American Physical Society

was held at the Thompson Physical Laboratory,
Williams College, Williamstown, Massachusetts on

Saturday, October 22, 1949. Approximately one
hundred members of this section were in attendance.
The program included three invited papers, which
formed a symposium on magnetism, and nine con-


