Tables of Vibrational Rotational
Transitions in Diatomic Molecules
Pertinent to Chemical Lasers

+)

1D}~ Proch+) and J. Wanner

IPP IV/17




MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK

GARCHING BEI MUNCHEN

Tables of Vibrational Rotational
Transitions in Diatomic Molecules
Pertinent to Chemical Lasers

) +)

+
D. Proch and J. Wanner

IPP 1IV/17 March 1971

Institut £fUr Anorganische Chemie
der Universitdt Miinchen

Die nachstebende Arbeit wurde im Rabmen des Vertrages zwischen dem
Max-Planck-Institut fiir Plasmaphysik und der Europiischen Atomgemeinschaft iiber die
Zusammenarbeit anf dem Gebiete der Plasmaphysik durchgefiibrt.




Ipp 1IV/17 D. Proch Tables of Vibrational Rotational
J. Wanner Transitions in Diatomic Molecules

Pertinent to Chemical Lasers

March 1971 (in English)

Abstract:

In this report vibrational rotational energies and transition
wavenumbers are given for the following molecules: Hydrogen fluoride
HF, deuterium fluoride DF, hydrogen chloride and deuterium chloride
HC1l, DCl (both chlorine isotopes), hydrogen bromide and deuterium
bromide HBr, DBr (both bromine isotopes), carbon monoxide CO, nitric
oxide NO(Zﬂl/Q' 3/2). These reference tables which have been checked
wherever possible against experimental data are included to provide

a quick and reliable spectroscopic identification of emission lines
in diatomic molecular lasers.
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Introductory remarks, scope of compilation

A number of chemical reactionsleads to the formation of diatomic
products which exhibit a complete inversion in the vibration rotation
levels of the electronic ground state. These simple reactions are used

as pumping reactions in various chemical laser systems.

The purpose of this paper is to provide a compendium of frequencies
and energy levels of rotational vibrational lines, which may be im-
portant for molecular chemical or gasdynamical lasers. This study was
prompted by the fact that experimental or calculated frequencies of
molecular transitions are scattered.

Up to now stimulated emission due to chemical pumping has been
observed from the hydrogen halides HF, HCl, HBr, including their
deutero-isotopes, and CO /1/.

Generally only P-branch transitions (AJ = +1 in emission) have
been observed because the gain for these transitions is higher than
that for R-branch transitions starting from the same level /2/.
However, R-branch lines are included here too, because they have
been observed using a selective resonator /3/.

The calculated wavenumbers for the P-branch transitions are
compared to experimental as well as to calculated wavenumbers given
in the cited references. Rotation vibration levels (with the exception
of NO, see below) are calculated using Dunham’s formula of the eigen-
values of the rotating vibrator /4/

Tv‘] 1 ch Yo (V”/z.)ega.m* 7)1

where v and J are the vibrational and rotational quantum numbers, and
ij are the Dunham coefficients. For most of the molecules the more
conventional spectroscopic notation of constants is used in the
literature. These constants can be treated as Dunham coefficients,
using the relations:
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This becomes clear if Dunham’s formula is expanded and its lowest
powers are compared with the familiar spectroscopic term formula /5/,
namely

T,y = g (VF1/2)-u_x_(v+1/2) 2+meye (v+1/2) 3+weze (v+1/2) % .
+BeJ(J+l)—DeJ2(J+l)2+HeJ3(J+l)3+,,.
—ag (v41/2)3 (I+1)+B_ (v+1/2) 32 (3+1) 24 Yo (v#1/2)%3 (341) + .,

For some deuterium halides we obtained Dunham coefficients using
the isotopic relationship /4/
(e+2j)
Y,. = Y,.
3 ej %
The superscrlpt i refers to the isotope. The factor 9 is given
as ¢ = (/u / /u ) 172 where /u and /ul are the reduced masses. Con-
*)

stants used here are given in the computer output ‘. Zero point
energy has been subtracted in all term values.

Calculated wavenumbers refer to vacuum, of course. Therefore any

measured value in air must be corrected. The correction is obtained
from Fig.l, according to

wyac T Yarr  Ae

*) 35 37

Values of WXy for HCl and HC1l
the reference /11/. Also the power of Y3l of HF should be

corrected /12/.

are given with wrong sign in
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Fig.l Conversion diagram for wave numbers in air /13/.
((Pess22. 5 °C; p = 745 Torr; relative humidity =
30 percent)

87 8l

The isotopes HCL (DC137) and HBr (DBrsl) had to be included
because of the natural abundance of Cl3'7 and Br81 with 24.5 % and

49.5 % respectively.

Laser emission of nitric oxide NO has been observed in photo-
dissociation of NOCl /6/. Nitric oxide is the only stable diatomic
molecule having an odd number of electrons and an electronic angular
momentum. As a result it has a 2H ground state whose components are
separated by about 120 cm-l by spin orbit interaction. The effect of
/\ doubling in this case is negligibly small /7/.




Because of this angular momentum the energy levels cannot be ob-
tained from Dunham’s formula which only holds for the case of the ro-
tating vibrator with no angular momentum of the electrons /5/. The
energy values for the substates zﬂi/z and zﬂé/z of NO have been cal-
culated as described by Olman, Dominic, McNelis and Hause /7/.

2 _ 2 2
( Hi/z) T, = —1/2AV+G1(v)+BV+l/2BV1+BVlJ(J+1)—Dv1J (T+1)

) - 2 2
( ﬁé/z) T, = +l/2Av+G2(V)—Bv+l/4BV2+BV2J(J+q)_Dv2J (T+1)

G (v), G (v) are the vibrational energies. According to Deutsch /8/
we have used Gl(v) = Gz(v) = Wy (v + 1/2) - weXg (v + 1/2)

Using the "effective rotational constants Bvl' Dvl' w2 and sz
the energy levels of the substates are essentially those of two
separate diatomics.

The "true" rotational constants Bv' Dv are related to the
"effective" constants by

B

7 1/2 (BVl + B

v2) -Dv

Dy

/2 (DVl + sz)

The spin orbit constant A, is defined as

= A
AV = Ae o (v+1/2).
The value for A has been taken from Olman et al. /7/. Deutsch /8/
gives an additional correctlon term ¥ (v+l/2) which did not improve

our results and has been ignored here.

The transitions are labelled as in the references /8/, P(J-1/2),
R(J-1/2) and so on. Accordingly P(2) of the 2H3/2 state stands for
the lowest P-branch transition J = 5/2=+J = 3/2. The Q-branch of NO
has been ignored here. The results with the various rotational con-
stants of the quoted references /8/, /9/ are in good agreement.




The differences between experimental and calculated numbers for
NO are <.2 cm_l (except two transitions in the ll-lo band) as compared
to usually <.1 cm-l for the other molecules computed here.

Pure rotational transitions due to chemical reactions initiated
by electric discharge have been observed for HF andlCl /lo/. Wave-
numbers for these transitions can be found simply by subtracting the
corresponding rotational term values.
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