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f-Type Doubling Transitions in HCN and DCN~

THoMAs L WEATHERLY AND DUDLEY WILLIAMs

Department of Physics, Ohio State University, Cohcmbes, Ohio

(Received March 31, 1952}

Direct transitions between levels split by /-type doubling have been observed for J=9, 10, and 11 in HCN
and for J=10, 11, and 12 in DCN. The I-type doubling coefficient calculated from the observed line fre-
quencies shows a slight decrease with increasing J for both molecules. While the observed values of the
l-type doubling coefficient q are in good agreement with those calculated theoretically, the slight variation
of q with Jwas not expected. This variation of q with increasing J involves a negative term in q propor-
tional to J(J+1) and may therefore be related to the sects involved in centrifugal stretching of the rotat-
ing molecule.
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where M2 is the mass of the central atom, 0 =Mi+M3,
+=M,+M,+M, , s are the equilibrium values of the
coordinates, and

I.,= +l25,
where

l2= V2, U2 —2, V2 —4, ~ 1 or 0,
l

In this expression V2 is the total vibrational quantum
number associated with the degenerate mode of vibra-
tion ~2.

To the degree of approximation ordinarily considered,
the energy of the rotating vibrating molecule is a
function of l22 and is therefore independent of the sign
of l2. There are, however, terms in the Hamiltonian
which remove this degeneracy. These terms can be
interpreted as largely the result of Coriolis forces acting
on atoms which are vibrating in a rotating coordinate
system. Their eGect is to split each rotational energy
level into two levels. The magnitude of this splitting
has been calculated by Nielsen, ' who gives the following
value:

tan2y = 2k4/(ki —k3).

The constants k; are defined as follows:

kl [E.l(M3/0) ++2(M1/0) j/131)

k3-—(Ei+K2)/443,

k4 [ +1(M3/&)+ +2(M1/0) j/(P1343)

and

where

131 M1M2/(Ml+M3) P3= M20'/+

and the E;are the valence force constants. The quantity
q as defined by Kq. (2) is a constant for a particular
molecule and is called the l-type doubling coefFicient.

Direct transitions between levels split by /-type
doubling were first observed by Shulman and Townes4
for HCN. For this type of transition there is no change
in either the rotational or the total vibrational quantum
number. The absorption frequency is given directly by
Eq. (1).The results of these observers indicated a slight
dependence of q on the rotational level involved. The
reported variation was positive with increasing J. The
present work was undertaken with the purpose of
investigating further this variation of q with J for the
molecules HCN and DCN.

The lines were observed with a recording microwave
spectrograph using 6 kc/sec square-wave Stark modu-
lation. Frequencies were measured by the method of
Rogers, Cox, and Braunschweiger' using ammonia
lines as standards. The observed line frequencies,
measured q-values, and calculated q-values are given in
Table I. The measured q-value is 0.9 percent lower than
the calculated value for HCN, and 1.2 percent higher

h1 = qJ(J+1).
For the case U2=l2 ——1,

g 2- 'A2

V=V.(P +&)= ~+4K b,' (i'2+~) (2)
CO2

In this expression co2 is the degenerate vibration fre-
quency, 8, is the equilibrium rotational constant, $»
are the Coriolis coupling factors, and X,=4m'c2~, 2. The
Coriolis coupling factors as given by Nielsen' for the
linear XFZ molecule are

M1M3 & -X2Z-~
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A LINEAR triatomic molecule is capable of a doubly and
degenerate perpendicular mode of vibration.

When this mode of vibration is excited, the resulting
component of angular momentum along the molecular
axis is given by'
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TABLE I. l-type doubling constants for HCN and DCN.

Rotational
quantum
numberJ

Observed line
frequency
hv Mc/sec

b, v
Mc/sec

J(J+i)

HCN
20,181.39+0.15 224.238+0.0015

10 24,660.40~0.10

29,585.12~0.20

224.185+0.0010

224.130~0.0020

—0.053

—0.055

Calculated g =226.2 Mc/sec.

10
DCN

20,454.58~0.15 185.951+0.0015

24,539.20~0.10

12 28,992.55~0.20
Calculated q = 183.6 Mc/sec.

185.903a0.0010

185.850'0.0020

—0.048

—0.053

for DCN. Both molecules show a slight decrease of q
with increasing J.

It was suggested that this small difFerence between
the observed and calculated values of q might be ex-
plained by taking into account certain Hamiltonian
matrix elements nondiagonal in V~ which were neglected
in the original treatment of the problem. ' When these
elements are included, one finds that both levels are
shifted downward slightly with no change in their
spacing. Therefore the predicted line frequency and
q-value are unafFected.

There is, however, a reason to expect that q would
decrease with increasing J.The value of q is afFected by
centrifugal stretching, which was not considered in the
theory of /-type doubling. ' ' The rotational energy of a
molecule is usually written

F„(J)=B,J(J+1) D„J'(J+1)',—
where D, is the centrifugal stretching coefficient. This
equation can be written

F„(J)=B„gJ(J+1),
where

B„g=B„D„J(J+1).—
Here centrifugal stretching has been included in the
rotational constant rather than separated from it, as is
ordinarily done. If now one replaces 8, 'by'B„z in the
expression for q the result is

LB„—D„J(J+1)i'
1+4 Z b"' (l's+1).

602 X, —X2.

e H. H. Nielsen (private communication).

For a small change AJ in J the approximate change in

q ls

hq = —(2q/B„g) D, (2J+1)5J.
From the value of D, determined by infrared spec-

troscopy, ~ Aq can be calculated. For HCN and J=10,
this equation gives hq= —0.021 Mc/sec for AJ=1.
The observed Aq in this case was —0.055 Mc/sec.

That this predicted value of Aq does not agree with
the observed value is not surprising. The fact that it is
of the correct order of magnitude is significant. There
are several factors in the expression for q which may be
aGected by centrifugal stretching, and only the rota-
tional constant has been corrected. In order to predict
the variation of q accurately it would be necessary to
include in the Hamiltonian terms which represent the
effect of centrifugal stretching on /-type doubling, and
to solve the resulting 4th-order perturbation problem. '

The change of q with increasing J reported here does
not agree with that found by Shulman and Townes.
One discrepancy lies in the frequency measurement of
the HCN, J=10 line. The frequency reported here has
been carefully checked and is believed to be correct.

The nuclear quadrupole coupling constant of N" in
the HCN molecule has been measured by Simmons,
Anderson, and Gordy. s Using their value of 4.58 Mc/sec,
one can predict the splitting of the HCN, J=10 rota-
tional level due to the interaction of the N" quadrupole
moment and the molecular electric field. On the basis
of the selection rule AY =0, &1, one might expect the
observed line for HCN, J=10 to consist of several
components spread over a spectral range of 3.5 Mc/sec.
However, by reducing pressure to approximately 10 '
mm of Hg, it was possible to record a single line less
than 1 Mc/sec in width. This result is to be expected
on the basis of general rules for line intensities, which
show that AF =&1 transitions are extremely weak for
high J-values.

Each of the six lines observed showed a Stark effect,
but resolution of the individual components was not
accomplished.
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