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For some temperatures of atmospheric interest from 200 to 298 K, the self-broadening coefficients of
OCS-OCS and HCN-HCN collisional systems, at different strengths of electrostatic interactions, were cal-
culated respectively for m1 and m2 bands for a wide range of rotational quantum numbers J. In particular,
we have considered some lines that were not studied previously. We have employed the approximation
of bi-resonance functions (Starikov, 2012) in the frame of the semiclassical model of Robert and Bonamy
with exact trajectory (RBE).
The calculated results are found to be fully consistent with the available experimental values

of self-broadening coefficients of OCS and HCN. A comparative study shows that the RBE
calculations reproduce the dependence of broadening coefficients on quantum number J much
better than the simpler Robert and Bonamy model with parabolic trajectory (RB) for all
considered temperatures.
� 2016 The Authors. Published by Elsevier Inc. This is an open access article under theCCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

At room temperature, the semiclassical formalism of Robert
and Bonamy with parabolic trajectory RB [2] has produced
reliable results of collisional broadening coefficients of OCS
perturbed by O2 and N2 [3,4]. But, this model led to a rela-
tively poor agreement with experimental data for OCS-OCS
[5,6] collisional system for the two temperatures 200 and
298 K. Ross and Willey [7] compared theoretical results derived
from quantum calculations to the measured broadening coeffi-
cients of OCS perturbed by He from 4.2 to 23 K for the rota-
tional lines R(1), R(2) and R(3). The measurements were
realized in quasi-equilibrium cell employing the collisional
cooling technique. The calculations of pressure broadening
coefficients were performed using an ab initio He-OCS poten-
tial surface. A significant disagreement between theoretical
and experimental coefficients increasing with decreasing tem-
perature was clearly observed.

Using the RB formalism, Bouanich et al. [8] have calculated the
self-broadening coefficients in the m2 band of HCN for temperature
ranging from 212 to 296 K. The intermolecular potential used in
this calculation was purely electrostatic. The theoretical results
were found to be consistent with the experimental data of Malathy
Devi et al. [9].

The exact trajectory model leads to a significantly improved
version of the RB formalism [10]. It involves the exact solutions
of the classical equations of motion [11]. It led to good results for
HCN perturbed by N2 at room temperature [12]. Yang et al. [12]
were the first who computed the rotational lines of HCN perturbed
by O2. This computation introduced the original integral formula of
resonance functions. This model can be a suitable alternative to
calculate pressure broadening coefficients and to study their tem-
perature dependences. Indeed, this version of the RB formalism
was applied with success to many collisional systems such as
CH3D-CH3D [13], CH3D-N2 [13] and CH3Cl-air [14] at various
temperatures.

Using the Anderson-Tsao-Curnutte [15] and RB models, Boua-
nich et al. have calculated [5,6] self broadening coefficients for
70 lines in the m1 band of OCS at 200 and 298 K.

Rinsland et al. [16] have measured the air-and N2 broadening
coefficients, and the temperature exponent dependence for the
lines of the m1 band of HCN. These parameters were determined
for J up to 29 at temperatures between 213 and 299 K. Smith
et al. [17] have measured the N2 broadening coefficients of
HCN and their temperature exponent dependence for m2 band
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at temperatures between 211 and 300 K. Using two different
Fourier transform spectrometers (FTS), the McMath-Pierce FTS
and the Bruker IFS 120HR FTS, Malathy Devi et al. [9,18] have
determined the self- and air broadening coefficients of HCN at
various temperatures of atmospheric interest between 212 and
296 K for lines belonging to the P- and R-branches of the m1
and m2 bands. Yang et al. [12] have measured the rotational lines
widths of HCN perturbed by O2, N2 and air at room-temperature
by continuous-wave terahertz (CW-THz) spectrometry. Self-
broadening coefficients for pure rotational lines of OCS have
been measured at room temperature for high J values up to 90
by Matton et al. [19] and refined values were determined by
Koshelev et al. [20]. In this last study, theoretical calculations
of self-broadening parameters were performed in the framework
of the RB formalism where the speed dependence on the line
profiles were considered.

In the present work, we have computed HCN and OCS self-
broadening coefficients using the RBE formalism. The predicted
values are compared to experimental results for 54 lines of the
m2 band of HCN [9] at temperatures between 212 and 296 K,
and for 46 lines belonging to the m1 band [6] of OCS at 200
and 298 K.
2. Theory and computational method

2.1. Theory

Recently, Bykov et al. [10] have proposed exact solutions of the
equations of motion for a particle in an isotropic potential field.
They have defined a special integral form for resonance functions
used in the calculation of pressure broadening coefficients. For
the case of two linear molecules, this approach has been already
discussed in details in Ref. [21].

To employ the model of exact trajectory, the interaction poten-
tial must be put in the form invariant under overall rotations of the
system:

Vanisoðr
!Þ¼
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This expansion into a series of three spherical harmonics

tied to the orientations of both molecular axes (Ym1
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enables the separation of the angular (spherical harmonics) and
radial (t‘1‘2‘ðrÞ) dependences of the interaction potential energy.
‘ = ‘1 + ‘2, where the values of ‘1 and ‘2 depend on the type of
molecular interactions (electrostatic, dispersion. . .).

In the frame of semi-classical Robert and Bonamy formalism [2],
the pressure broadening coefficients c of an optical transition i? f
is given by:
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where n is the number density of perturbing gas, v is the relative
velocity between the absorber and the perturber, F(v) is the Max-
well velocity distribution, qj2

is the relative population of the label
of rotational level j2 of the ground state of the perturber, and is the
value of the position for the distance of closest approach.
V�ðrcÞ ¼ VisoðrcÞ=mv2 is the normalized isotropic potential and the
prime denotes derivation. For the exact trajectory governed by
the intermolecular isotropic potential Viso(rc), rc0 can be derived
numerically from the following equation [22]:

2Visoðrc0Þ
mv2 � 1 ¼ 0 ð3Þ

The real part of differential broadening cross sections is given
by [2]:

SRðrc; vÞ ¼ 1� expðReS2ðrc; vÞÞ; ð4Þ

where S2(rc,v) results from the integration of the intermolecular
potential over time. It can be expressed by [23]:
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h is the Plank’s constant, ji and jf are respectively the initial and final

labels of the rotational levels of transition. The term Dð‘1Þ
ji jf

has the

following expression:

Dð‘1Þ
ji jf

¼ 2ð�1Þjiþjf ½ð2ji þ 1Þð2jf þ 1Þ�12Cji0
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where the terms Cjq0
jm0‘n0

are the Clebsch-Gordan coefficients, and

Wðjijf jijf ;1‘1Þ is a Racah coefficient [24].
The term ‘1‘2‘f in Eq. (5) is the resonance function depending on

v, rc and resonance kc given by:

kc ¼
rcxji ;j

0
i ;j2 ;j

0
2

v
; ð7Þ

where xji ;j
0
i ;j2 ;j

0
2
is the frequency of collisionally induced transition

i ! f.
The real part of resonance function, introduced in the calcula-

tion of broadening coefficients, can be expressed as [23]:

‘1‘2‘f ¼ N
X‘

m¼�‘

Ip
�

‘mI
p0
‘m; ð8Þ

where N is a normalization term (‘1‘2‘fðkc ¼ 0Þ ¼ 1) and ⁄ denotes
complex conjugation. The integer numbers p and p’ are the pow-
ers of the intermolecular distance r(t). The Ip‘m terms are given
by [23]:

Ip‘m ¼
Z þ1

�1
dt

C‘mðh;WðtÞÞ
rðtÞp eixif t: ð9Þ
2.2. Computational method

Due to the High CPU cost, we have used a realistic approxima-
tion, without a noticeable loss of precision, which consists on the
use of the bi-resonance functions model of Starikov [1] who has
proposed some simple analytic formula of the functions ‘1‘2‘f for
some types of intermolecular interactions.

For the electrostatic interactions (dipole - dipole, dipole - quad-
rupole, quadrupole - dipole and quadrupole - quadrupole interac-
tions), the resonance functions are given by:

felec ¼ a1
cosh2 a2 kc � a3ð Þð Þ

þ a4
cosh2 a5 kc � a6ð Þð Þ

ð10Þ



Table 1
Data used in the calculations of pressure broadening coefficients.

OCS HCN

B0 (cm�1) 0.202856 [25] 1.478221 [31]
B (cm�1) 0.202251 [25] 1.478201 [32]
D0 (10�8cm�1) 4.341 [25] 2.927 [32]
l (D) 0.694 [26] 2.915 [28]
Q (DA�) �0.786 [27] 3.1 [29]
e (K) 335 [30] 149.7 [33]
r (A�) 4.13 [30] 3.796 [33]
c 0.299 [29] a –

a Calculated from polarizability values given in Ref. [29].

Fig. 1. Comparison between measured [9] and theoretical (present work) self-
broadening coefficients of the m2 band of HCN. The experimental values at
temperatures 267 K, 232 K and 212 K were deduced using Eq. (16) and measured
values of n exponent of Ref. [9].
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The resonance function fdispðkcÞ associated to the dispersion

term r
rc

� �12
P2ðcos hÞ is given by:

fdispðkcÞ ¼ a1
cosh2ða2ðkc � a3ÞÞ

: ð11Þ

The parameters an are expressed by:

an ¼ an1 þ an2kðb12 � b6Þ� �
1þ an3k 5b12 � 2b6� �� � ; ð12Þ

where b ¼ r
rc
and k ¼ 8e

mv2, e and r are the parameters of Lennard-
Jones, and k characterizes the temperature dependence of reso-
nance functions.

The parameters ank were obtained by a least squares method by
fitting the exact values of resonance functions defined by Eq. (8) by
the two resonance functions models given by Eqs. (10) and (11). All
these parameters are given in Ref. [1].

Due to the strong electrostatic interactions of HCN
(l = 2.915 D and Q = 3.1 DÅ), the anisotropic part of intermolecu-
lar potential used in the calculations of self-broadening coeffi-
cients of HCN is limited to the sum of electrostatic
contributions given by:

Velec ¼ Vl1l2
þ Vl1Q2 þ VQ1l2

þ VQ1Q2 : ð13Þ
For OCS-OCS system, we have used an intermolecular

potential which anisotropic part contains the long-range
electrostatic interactions and the dispersion term

cOCSðr=rcÞ12P2ðcos hÞ. The electrostatic potential Velec is the
same as the one of Eq. (13). The anisotropic part is given by
the following expression:

Vaniso ¼ Velec þ cOCSðr=rcÞ12P2ðcos hÞ: ð14Þ
The parameters used in the calculations are listed in Table 1.

These calculations have been performed for the m1 band of OCS
and for the m2 band of HCN. Therefore, we have considered the
rotational spectroscopic constants B and D for these two
bands. The dimensionless polarizability anisotropy c of Table 1
is given by

c ¼ a? � a==

a
where a ¼ 2a? þ a==

3
ðmean polarizabilityÞ: ð15Þ

For both interacting systems, the exact trajectories are
governed by a 12-6 Lennard-Jones potential.
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Fig. 2. Comparison between measured [9] and theoretical [8] self-broadening
coefficients of the m2 band of HCN. The experimental and calculated values at
temperatures 267 K, 232 K and 212 K were deduced using Eq. (16) and values of n
exponent of Refs. [8,9].
3. Results

The collisional broadening coefficients of OCS and HCN
self-perturbed have been calculated using the semiclassical
Robert and Bonamy formalism with exact trajectory. In
addition to the previous experimental results [6,9], these
calculations were compared with theoretical results of
Bouanich et al. [6,8].

3.1. HCN-HCN collisional system

Self-broadening coefficients of m2 band of HCN have been com-
puted using RBE calculations at four temperatures ranging from
212 to 296 K.

To determine the experimental values of self-broadening
coefficients at temperature T, we used the following power
law:

cHCNðTÞ ¼ cHCNð296Þ
296
T

	 
n

; ð16Þ

where n is the temperature dependence exponent of self-
broadening. Its values are determined by linear regression analysis
of LnðcHCNðTÞ=cHCNð296ÞÞ versus Lnð296=TÞ. The experimental val-
ues of this exponent are given by Ref. [9]. We define T0 = 296 K as
the reference temperature.



Table 2
Theoretical and experimental values of self-broadening coefficients c (T = 296 K) and temperature exponents n in the m2 band of HCN.

Lines Broadening coefficients c (cm�1 atm�1) Exponent n

cExp [9] cRB [8] cRBE nExp [9] nRB [8] nRBE

P(35) – 0.1469 0.1153 – – �0.474
P(34) – 0.1538 0.1237 – – �0.401
P(33) – 0.1612 0.1328 – – �0.337
P(32) – 0.1700 0.1427 – – �0.276
P(31) – 0.1802 0.1536 – – �0.237
P(30) – 0.1971 0.1659 – – �0.210
P(29) – 0.2059 0.1799 – – �0.203
P(28) 0.2133 0.2222 0.1959 �0.070 0.160 �0.201
P(27) 0.2170 0.2415 0.2149 �0.144 �0.120 �0.223
P(26) 0.2356 0.2645 0.2371 �0.221 0.001 �0.261
P(25) 0.2598 0.2916 0.2635 �0.285 �0.245 �0.308
P(24) 0.2940 0.3238 0.2947 �0.331 �0.312 �0.223
P(23) 0.3220 0.3608 0.3317 �0.360 �0.294 �0.386
P(22) 0.3714 0.4043 0.3749 �0.378 �0.380 �0.416
P(21) 0.4237 0.4542 0.4253 �0.365 �0.341 �0.414
P(20) 0.4798 0.5109 0.4830 �0.330 �0.280 �0.414
P(19) 0.5384 0.5741 0.5482 �0.276 �0.154 �0.337
P(18) 0.6132 0.6435 0.6204 �0.197 �0.061 �0.252
P(17) 0.6882 0.7175 0.6986 �0.097 0.024 �0.136
P(16) 0.7673 0.7952 0.7811 0.016 0.180 0.001
P(15) – 0.8736 0.8656 0.143 – 0.149
P(14) 0.9205 0.9507 0.9489 0.276 0.482 0.302
P(13) 1.0021 1.0232 1.0276 0.409 0.604 0.459
P(12) 1.0699 1.0873 1.0971 0.540 0.749 0.616
P(11) 1.1242 1.1394 1.1533 0.667 0.876 0.769
P(10) 1.1599 1.1753 1.1916 0.787 1.020 0.918
P(9) 1.1787 1.1916 1.2081 0.896 1.132 1.062
P(8) 1.1706 1.1851 1.1996 0.995 1.233 1.192
P(7) 1.1399 1.1538 1.1643 1.079 1.323 1.304
P(6) 1.0823 1.0975 1.1024 1.146 1.380 1.393
P(5) 1.0097 1.0181 1.0163 1.192 1.408 1.448
P(4) 0.9128 0.9201 0.9099 1.209 1.463 1.467
P(3) 0.8141 0.8103 0.7880 1.192 1.392 1.449
P(2) 0.6830 0.6994 0.6597 1.132 1.363 1.389
P(1) – 0.6021 0.5489 1.037 – 1.279

R(0) – 0.6021 0.5489 1.037 – 1.283
R(1) 0.6987 0.6994 0.6597 1.132 1.267 1.389
R(2) 0.7997 0.8102 0.7881 1.192 1.406 1.449
R(3) 0.9169 0.9200 0.9099 1.209 1.389 1.467
R(4) 1.0062 1.0180 1.0163 1.192 1.388 1.448
R(5) 1.0885 1.0974 1.1024 1.146 1.328 1.393
R(6) 1.1425 1.1537 1.1642 1.079 1.273 1.304
R(7) 1.1793 1.1850 1.1995 0.995 1.173 1.192
R(8) 1.1859 1.1914 1.2081 0.896 1.077 1.062
R(9) 1.1713 1.1752 1.1916 0.780 0.956 0.918
R(10) 1.1338 1.1392 1.1533 0.667 0.832 0.769
R(11) 1.0877 1.0871 1.0971 0.540 0.694 0.616
R(12) 1.0208 1.0230 1.0275 0.409 0.549 0.459
R(13) 0.9439 0.9505 0.9489 0.275 0.407 0.302
R(14) 0.8618 0.8734 0.8656 0.143 0.267 0.149
R(15) 0.7778 0.7950 0.7811 0.016 0.151 0.001
R(16) 0.6945 0.7173 0.6986 �0.097 0.049 �0.136
R(17 0.6200 0.6433 0.6204 �0.198 �0.077 �0.252
R(18) 0.5486 0.5739 0.5482 �0.276 �0.168 �0.337
R(19) 0.4834 0.5108 0.4830 �0.331 �0.237 �0.387
R(20) 0.4185 0.4540 0.4253 �0.363 �0.170 �0.414
R(21) 0.3708 0.4041 0.3749 �0.378 �0.238 �0.416
R(22) 0.3260 0.3606 0.3317 �0.360 �0.187 �0.386
R(23) 0.2925 0.3236 0.2947 �0.331 �0.200 �0.342
R(24) 0.2624 0.2915 0.2635 �0.285 �0.135 �0.308
R(25) 0.2358 0.2644 0.2371 �0.221 �0.017 �0.261
R(26) 0.2170 0.2414 0.2149 �0.145 0.069 �0.223
R(27) 0.1939 0.2221 0.1960 �0.075 0.328 �0.202
R(28) 0.1885 0.2058 0.1799 – 0.113 �0.203
R(29) – 0.1920 0.1658 – – �0.210
R(30) – 0.1801 0.1536 – – �0.237
R(31) – 0.1699 0.1427 – – �0.276
R(32) – 0.1611 0.1328 – – �0.337
R(33) – 0.1536 0.1237 – – �0.401
R(34) 0.1470 0.1153 – – �0.123
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Figs. 1 and 2 present the comparison of theoretical results of
self-broadening coefficients of HCN derived respectively from the
RBE (present work) and RB calculations [8] with experimental data
of Malathy Devi et al. [9]. The corresponding numerical results are
given in Table 2.

Fig. 1 shows that RBE calculations reproduce nicely the
rotational evolution of self-broadening coefficients of m2 band
of HCN. These calculations lead to the best agreement with
experimental data for the four temperatures 296 K, 267 K,
232 K and 212 K. In descending order of these temperatures,
the difference on percent is about 1.6%, 1.9%, 3.5% and 2.9%
for RBE calculations and about 4.6%, 4.2%, 4.7% and 5.0% for
RB calculations [8].

In Fig. 1, for temperatures ranging from 212 to 296 K, the theo-
retical self-broadening coefficients, generated by RBE calculations
for both R (m = J + 1) and P (m = �J) branches of m2 band, tend to
increase until they reach a maximum, and then start to decrease
in ascending order of J. The values of Jmax (equal to 7 at
T = 296 K) which correspond to the maximum of contribution of
the whole electrostatic interactions were consistent with experi-
mental values for T = 296 K (Jmax = 8 for R branch and Jmax = 9 for
P branch) as well as ones obtained using the resonance condition
[5,34] of Eq. (17).

Jmax �
B1

B2

‘1
‘2

J2p; ð17Þ

where J2p is the most populated level of the perturbing molecule
at the considered temperature (J2p = 8 for HCN for T = 296 K). B1

and B2 are the rotational constants of the two collisional part-
ners (B1 = B2 for HCN self-perturbed). Therefore for the self
broadening dominated by the dipole-dipole interaction
(‘1 = ‘2 = l) as mentioned in Ref. [8], the maximum of collision
effectiveness is around Jmax = 8.

Fig. 3 presents the variation of theoretical and experimental val-
ues of temperature dependence exponent n as function of the J
rotational quantum number.

This figure shows that RBE and RB calculations reproduce nicely
the evolution of exponent n as function of m and agree differently
with experimental data. The theoretical values of n derived from
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Fig. 3. Rotational dependence of temperature exponent in the m2 band of HCN. (a)
Present work, (b) Bouanich et al. [8].
RBE formalism are closer to the experimental results for majority
of lines especially for |m|h15.

As illustrated by this figure, the exponent n of the R and P
branches, decreases monotonically for 5 < J < 20 until attaining an
inflection point at about Jinf = 16 and becomes negative wherever
J > Jinf. This behavior is not surprising since as seen in Fig. 1, the val-
ues of cHCNðTÞ (T = 212, 232 and 267 K) become smaller than
cHCNð296Þ for jmji16.

Table 2 presents the values of self-broadening coefficients
(T = 296 K) and temperatures exponents n obtained in this work
as well as those reported in Refs. [8,9] corresponding to the m2 band
of HCN.
3.2. OCS-OCS collisional system

We have computed the self-broadening coefficients of OCS for
the temperatures 200 and 298 K.

The comparisons between the computed coefficients, derived
from the RBE (present work) and RB calculations [6], and the
experimental results [6] are shown in Fig. 4.

For these temperatures, the RBE calculations for both R and
P branches of m1 reproduce the maximum of collision effective-
ness which is around Jmax = 24 at temperature T = 298 K. This
values is close to the experimental value of Ref. [6] which is
around Jmax = 24 and to the one deduced from resonance condi-
tion given by Eq. (17) leading to Jmax = 22 and justifying that
the self broadening of OCS is dominated by the dipole-dipole
interaction (‘1 = ‘2 = 1).

Also, we notice that within the various uncertainties both in
the experiments and in the computations, RBE calculations
reproduce the self-broadening coefficients better than RB calcula-
tions for most lines of OCS for the two temperatures 200 and
298 K. Indeed, for RBE calculations, the mean difference
e% ¼ h100� j exp�calj= expi is about 6.3% and 5.7% respectively
for the temperatures 200 and 298 K. But, it is about 10.2% and
11.0 % respectively for 200 and 298 K for RB calculations of
Bouanich et al. [6].

Table 3 presents the values of self-broadening coefficients
for temperatures 200 K and 298 K obtained in this work as
well as those reported in Ref. [6] corresponding to the m1
band of OCS.
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Fig. 4. Comparison between the experimental and theoretical results of Bouanich
et al. [6] and the present theoretical results of self-broadening coefficients of the m1
band of OCS. The error bars (6%) are taken from Ref. [6].



Table 3
Theoretical and experimental values of self-broadening coefficients c (cm�1 atm�1) in the m1 band of OCS for temperatures 298 K and 200 K.

Lines T = 298 K T = 200 K

cexp [6] cRB [6] cRBE cexp [6] cRB [6] cRBE

R(54) – 0.1251 0.1113 – 0.1456 0.1142
R(53) – – 0.1144 – – 0.1184
R(52) – – 0.1175 – – 0.1226
R(51) – 0.1329 0.1206 – 0.1533 0.1270
R(50) – 0.1357 0.1237 – 0.1563 0.1315
R(49) – – 0.1269 – – 0.1360
R(48) – – 0.1300 – – 0.1407
R(47) – 0.1442 0.1331 – 0.1661 0.1455
R(46) – – 0.1362 – – 0.1503
R(45) – – 0.1393 – – 0.1550
R(44) – – 0.1424 – – 0.1603
R(43) – 0.1561 0.1454 – 0.1821 0.1655
R(42) – – 0.1484 – – 0.1706
R(41) – – 0.1513 0.1858 (0.0111) 0.1912 0.1760
R(40) 0.1489 (0.0090) 0.1641 0.1542 0.1837 (0.0110) 0.1960 0.1812
R(39) 0.1487 (0.0090) 0.1677 0.1570 0.1881 (0.0113) 0.2009 0.1865
R(38) – – 0.1597 – – 0.1919
R(37) – – 0.1623 – 0.2110 0.1972
R(36) 0.1496 (0.0090) 0.1757 0.1648 0.1925 (0.0115) 0.2161 0.2026
R(35) – 0.1782 0.1672 – 0.2213 0.2079
R(34) – – 0.1694 – – 0.2132
R(33) – 0.1827 0.1715 – – 0.2184
R(32) – 0.1847 0.1735 – – 0.2234
R(31) – – 0.1752 – – 0.2284
R(30) – – 0.1768 – 0.2463 0.2332
R(29) – 0.1896 0.1782 – – 0.2377
R(28) 0.1629 (0.0100) 0.1908 0.1794 0.2263 (0.0136) 0.2552 0.2421
R(27) – – 0.1804 – – 0.2461
R(26) 0.1686 (0.0101) 0.1925 0.1811 – – 0.2499
R(25) – – 0.1816 0.2318 (0.0139) 0.2663 0.2533
R(24) 0.1697 (0.0102) 0.1932 0.1819 – 0.2692 0.2562
R(23) – – 0.1820 – – 0.2588
R(22) – – 0.1818 – – 0.2609
R(21) – – 0.1813 – 0.2749 0.2625
R(20) – – 0.1807 – 0.2757 0.2635
R(19) – 0.1908 0.1798 – – 0.2640
R(18) 0.1706 (0.0102) 0.1897 0.1786 – – 0.2639
R(17) – 0.1884 0.1773 0.2409 (0.0144) 0.2746 0.2633
R(16) 0.1702 (0.0102) 0.1870 0.1757 – 0.2731 0.2621
R(15) – – 0.1739 – – 0.2603
R(14) – – 0.1720 – – 0.2579
R(13) – 0.1823 0.1699 – – 0.2551
R(12) – 0.1807 0.1676 – 0.2623 0.2517
R(11) – – 0.1653 0.2588 0.2479
R(10) 0.1622 (0.0097) 0.1774 0.1628 0.2324 (0.0139) 0.2552 0.2437
R(9) – 0.1758 0.1603 – – 0.2392
R(8) – 0.1743 0.1578 – 0.2480 0.2345
R(7) – 0.1729 0.1552 – – 0.2296
R(6) 0.1593 (0.0096) 0.1715 0.1528 0.2188 (0.0131) 0.2411 0.2246
R(5) – 0.1702 0.1504 – 0.2380 0.2197
R(4) – – 0.1481 0.2157 (0.0129) 0.2349 0.2150
R(3) 0.1611 (0.0097) 0.1680 0.1460 0.2128 (0.0127) 0.2322 0.2105
R(2) 0.1570 (0.0094) 0.1672 0.1443 0.2159 (0.0129) 0.2300 0.2067
R(1) 0.1525 (0.0091) 0.1668 0.1430 0.2041 (0.0122) 0.2287 0.2039

P(1) – – 0.1458 – – 0.2079
P(2) – 0.1668 0.1430 0.2064 (0.0124) 0.2287 0.2039
P(3) 0.1540 (0.0092) 0.1672 0.1443 0.2142 (0.0129) 0.2300 0.2067
P(4) 0.1522 (0.0091) 0.1680 0.1461 – 0.2322 0.2106
P(5) – – 0.1482 – 0.2349 0.2150
P(6) 0.1557 (0.0093) 0.1702 0.1504 0.2159 (0.0129) 0.2380 0.2197
P(7) – 0.1715 0.1528 – 0.2411 0.2246
P(8) 0.1596 (0.0096) 0.1729 0.1553 – – 0.2296
P(9) 0.1595 (0.0096) 0.1743 0.1578 0.2223 (0.0133) 0.2480 0.2340
P(10) 0.1609 (0.0096) 0.1758 0.1604 – – 0.2392
P(11) – 0.1774 0.1629 – 0.2552 0.2437
P(12) – – 0.1653 0.2273 (0.0136) 0.2588 0.2479
P(13) 0.1609 (0.0096) 0.1807 0.1677 0.2316 (0.0139) 0.2623 0.2517
P(14) 0.1636 (0.0098) 0.1823 0.1610 – – 0.2551
P(15) – – 0.1721 – – 0.2579
P(16) – – 0.1740 – – 0.2603
P(17) – 0.1870 0.1758 0.2369 (0.0142) 0.2731 0.2621
P(18) 0.1665 (0.0100) 0.1884 0.1773 – 0.2746 0.2633
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Table 3 (continued)

Lines T = 298 K T = 200 K

cexp [6] cRB [6] cRBE cexp [6] cRB [6] cRBE

P(19) 0.1669 (0.0100) 0.1897 0.1787 – – 0.2639
P(20) 0.1671 (0.0100) 0.1908 0.1798 – – 0.2640
P(21) – – 0.1807 0.2407 (0.0144) 0.2757 0.2635
P(22) – – 0.1814 0.2392 (0.0143) 0.2749 0.2625
P(23) – – 0.1818 – – 0.2609
P(24) – – 0.1820 – – 0.2588
P(25) 0.169 (0.0101) 0.1932 0.1820 0.2283 (0.0137) 0.2692 0.2562
P(26) – – 0.1817 – 0.2663 0.2533
P(27) – 0.1925 0.1812 – – 0.2499
P(28) – – 0.1804 – – 0.2461
P(29) 0.1653 (0.0099) 0.1908 0.1794 – 0.2552 0.2421
P(30) 0.1622 (0.0097) 0.1896 0.1783 – – 0.2377
P(31) – – 0.1769 0.2254 (0.0135) 0.2463 0.2332
P(32) – – 0.1753 – – 0.2282
P(33) 0.1632 (0.0098) 0.1847 0.1735 – – 0.2234
P(34) 0.1607 (0.0096) 0.1827 0.1716 – – 0.2184
P(35) – – 0.1695 – – 0.2132
P(36) 0.1589 (0.0095) 0.1782 0.1672 0.1925 (0.0115) 0.2213 0.2079
P(37) 0.1562 (0.0094) 0.1757 0.1649 – 0.2161 0.2026
P(38) – – 0.1624 0.1884 (0.0113) 0.2110 0.1972
P(39) – – 0.1598 – – 0.1919
P(40) – 0.1677 0.1571 – 0.2009 0.1865
P(41) – 0.1641 0.1543 – 0.1960 0.1812
P(42) – – 0.1514 – 0.1912 0.1759
P(43) – – 0.1485 – – 0.1707
P(44) 0.1368 (0.0082) 0.1561 0.1455 0.1710 (0.0103) 0.1821 0.1655
P(45) – – 0.1425 – – 0.1604
P(46) – – 0.1394 – – 0.1553
P(47) – – 0.1363 – – 0.1504
P(48) 0.1317 (0.0079) 0.1442 0.1332 0.1592 (0.0095) 0.1661 0.1455
P(49) – – 0.1301 – – 0.1407
P(50) – – 0.1269 – – 0.1361
P(51) 0.1299 (0.0078) 0.1357 0.1238 0.1542 (0.0092) 0.1563 0.1315
P(52) 0.1277 (0.0077) 0.1329 0.1207 0.1495 (0.0090) 0.1533 0.1270
P(53) 0.1226 (0.0074) – 0.1176 – – 0.1227
P(54) – – 0.1145 – – 0.1184
P(55) 0.1226 (0.0074) 0.1251 0.1114 0.1340 (0.0080) 0.1456 0.1142
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4. Conclusion

We have performed predictions of self broadening coefficients
of HCN and OCS as function of temperature. These calculations
are based on the semiclassical model of Robert and Bonamy with
exact trajectory (RBE) applied to the m1 and m2 bands of OCS and
HCN respectively. For this work we had to determine the resonance
functions. This task was achieved using the Starikov approxima-
tion, which takes into account the temperature dependence, to
compute the self-broadening coefficients for the both collisional
systems. These calculations reproduced nicely the evolution of
pressure broadening coefficients with J rotational quantum num-
ber as well as the maximum of collision effectiveness for the con-
sidered temperature.

For the particular case of HCN-HCN system, we have regener-
ated theoretically the temperature exponent n consistently with
experimental data. As a conclusion about this collisional system,
the results of these calculations lead to a nice agreement with
the experimental data.

For OCS-OCS collisional system with relatively weak electro-
static interactions, the RBE calculations permit to reduce significantly
the disagreement between theoretical and experimental results.

For the both collisional systems, RBE approach appears more
efficient to compute the self-broadening coefficients than RB
formalism at various temperatures.
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