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A semiclassical impact theory based upon the Anderson-Tsao-Curnutte formalism has
been used to calculate the self-broadening coefficients in the "P-, "Q-, ’R-, RP-, Q- and
RR-branches of the vg band of '2CH;79Br and '2CH33!Br near 10 um. Comparisons have
then been performed with the extensive set of previous measurements [3] (Jacquemart
et al., 2007). The intermolecular potential used, involving the overwhelming electro-
static contributions, leads to larger results than the experimental data for middle J
values. By arbitrarily limiting the integration of the differential cross-section to an
impact parameter equal to 29 A, quite satisfactory results have been obtained, and the J
and K dependences are in reasonable agreement with those observed experimentally.
The theoretical results are, on the whole, slightly larger for CH37?Br than for CH3®'Br
and for same J and K initial states of the transitions they depend on the sub-branch
considered. These differences and dependencies were not observed in the previous
measurements due to scatter in the experimental data. Finally, the theoretical results
obtained for all sub-branches of >CH37?Br and '>CH38'Br are given as supplementary
materials of this paper.
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1. Introduction references may be found in [2]. In a previous paper [3]

absolute line positions and intensities, as well as self- and

Methyl bromine is of interest for atmospheric applica-
tions, since this molecule is directly involved in the
catalytic destruction of ozone in the lower stratosphere.
Methyl bromide (CH3Br) has been identified as the major
contributor to stratospheric bromine and the primary
organobromine species in the lower atmosphere. Many
works have been devoted to CH3Br, concerning mainly the
line positions. An extensive review of this molecule is
given by Graner [1] for works prior to 1981. More recent

* Corresponding author at: UPMC Univ Paris 06, UMR 7075, Labor-
atoire de Dynamique Interactions et Réactivité, Case courrier 49, Bat. F
74, 4, place Jussieu, 75252 Paris Cedex 05, France. Tel.: +33144273682;
fax: +33144273021.

E-mail address: david.jacquemart@upmc.fr (D. Jacquemart).

0022-4073/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j,jqsrt.2010.01.009

N,-broadening coefficients have been measured for about
1200 lines, between 880 and 1050cm~!, in the vg
fundamental band of the isotopic species CH37°Br and
CHs381Br. The present paper is dedicated to the theoretical
calculation of self-broadening coefficients for both iso-
topic species in the same vg band at 10pum. Such a
calculation for interactions of symmetric-top molecules
was first applied to the v; band of CHsCl [4] and is based
on the semiclassical Anderson-Tsao-Curnutte (ATC)
theory [5] and include some improvements proposed by
Robert and Bonamy [6]. For methyl bromide, which has a
strong dipole moment, the potential used for the calcula-
tion of self-broadening coefficients is essentially limited
to the main electrostatic interactions dipole-dipole,
dipole-quadrupole and quadrupole-quadrupole. The
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calculated self-broadening coefficients are compared to
the previously set of measured coefficients [3] as a means
for testing the theoretical model as well as the inter-
molecular potential used.

The general formulation of the semiclassical formalism
and the energy potential considered are presented in
Section 2. The theoretical results are displayed and
compared to the experimental measurements [3] in
Section 3. Discussions on the isotopic species, the type
of sub-branch and the electrostatic interactions consid-
ered, are also presented there. Finally, a complete
calculation of the self-broadening coefficients is proposed
as supplementary data for databases.

2. General formulation for the calculation of the self-
broadening coefficients

The broadening coefficients of CH3Br are calculated in
the frame of the semiclassical Anderson-Tsao-Curnutte
theory [5], which was subsequently developed and
applied to the interactions between a symmetric top
and a linear molecule [7], and between two symmetric top
molecules [4]. This theory is based on binary collisions,
the impact approximation and assumes that the interact-
ing molecules follow classical trajectories while their
internal degrees of freedom are treated with quantum
mechanics. Within this model, the collisional half-width
vir of an isolated self- (pressure) broadened i—f line
(v{iKi— vd#Kr) may be expressed as

= ip) o0
nv
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where n, is the number density of the perturbing
molecules, v is the mean relative speed, p,, is the
relative population of the perturber in the |J,,K,,v,=0)>
state, Sy is the differential cross-section representing the
collisional efficiency, and b is the impact parameter. For a
rigid symmetric-top molecule, pj, ., is given by
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where kg is the Boltzmann constant, Ag and By are the
rotational constants for the fundamental vibrational state,
flK3) is a nuclear spin factor (1 for K,=0,1,2,4,... and 2 for
K>=3,6,...) and Q, the rotational partition function is
evaluated from

Jomax  Kamax

Z Pk, = 1. 3
L=0K=0
In our calculations, we have considered J;max=70,
Ko max=J2 if ] <15 and K max=15 if J > 15. By neglecting
any imaginary parts in Sy and any contribution arising
from the isotropic part of the potential, the differential
cross-section is given by Leavitt and Korff [8]

Sif(b,_lz, k)= 1_exp[_(sou_ter +Souter +Smiddle)]’ (4)

where S34ter, Sguter and Sk are the second-order terms of
the perturbatlon development of Sy derived from the

anisotropic part Vs, of the intermolecular potential [5].
Note that this exponential form is very close to that
proposed by Robert and Bonamy [6]. For V.,is0 We have
considered in addition to the electrostatic dipole-dipole,
dipole-quadrupole and quadrupole-quadrupole interac-
tions [5], the main induction and dispersion contributions
obtained by Leavitt [9,10] such as

Vaniso = Vi, + Vi@ +Vau, + Va0 +Viza, +Vizayy, +Voryios
5)

where the index 1 refers to the absorber and 2 to the
perturber, x and Q are the dipole and quadrupole
moments of the molecules,  is the average polarizability
[oe=(oy+20,)/3] of CH3Br and y here represents its
dimensionless polarizability anisotropy [y=(oy—o)/3a].
The dispersion potential V., is given in terms of
U = U U, /(Uy +Uy), where Uy and U, are the first ioniza-
tion energies of molecules 1 and 2 [9]. The strength of the
dispersion energy is generally underestimated from the
ionization energies and has been revaluated, as proposed
by Giraud et al. [11], by replacing (3/2) Ua; 0, by 4¢a®, the
long-range part of the Lennard-Jones (LJ) potential; such a
procedure leads to a dispersion energy about twice
greater.

The trajectory model [12] includes the influence
of the isotropic potential taken as the L] (6-12) potential,
in energy conservation and in the equation of
motion around the distance of closest approaches r..
The actual trajectory is replaced by an equivalent
straight-line trajectory described at the velocity v(.
Since the dipole-dipole long range interaction is
predominant in this case, this model is close to the
straight-path trajectory with constant relative velocity 7,
as used in the ATC theory. The equivalent impact
parameter by for which Sy(bg)=1 (Anderson cut-off)
increases here from ~85A for J=5 to =~ 14.8A
for J=20 and then decreases up to ~6.8A for J=60.
The LJ parameters ¢ and ¢ of CH3Br have been calculated,
as in [13], by fitting five values of the second virial
coefficients B(T) in the temperature range 287.8-321.1K
[14]. The resulting parameters are &/kgp=441.9K and
0=3.939A.

The values used for the rotational constants of the
absorber (CH37°Br or CH38'Br) in the vg and fundamental
bands, the dipole and quadrupole moments of the
molecules, the L] parameters, the average polarizability
and the dimensionless polarizability anisotropy of CH3;Br
are given in the Table 1.

The contributions to S, include, through the Clebsch-
Gordan coefficients, the quantum number K; and K
with K=K;+ 1 for the perpendicular v¢ bands of CH3Br.
For the transitions induced by collisions in the initial and
final states, we have only considered AK=0 for the
absorber, associated with the usual selection rules AJ=0,
+1 for a dipolar transition and AJ=0, +1, +2 for a
quadrupolar transition. It should be noted that the
broadening coefficients for A-type transitions are calcu-
lated the same way as for E-type transitions, i.e., we
ignore the A;—A, doublet splitting in transitions with
K=3, 6, 9.
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