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KEYWORDS Abstract An approximate empirical isotropic interatomic potentials for CHs—inert gas mixtures
Intermolecular potential; are developed by simultaneously fitting the Exponential-Spline-Morse-Spline-van der Waals
Absorption; (ESMSV) potential form to viscosity, thermal conductivity, thermal diffusion factors, diffusion
Scattering; coefficient, interaction second pressure virial coefficient and scattering cross-section data. Quantum
CH-inert gases mechanical lineshapes of collision-induced absorption (CIA) at different temperatures for CH,—He

and at T = 87 K for CH4—Ar are computed using theoretical values for overlap, octopole and hexa-
decapole mechanisms and interaction potential as input. Also, the quantum mechanical lineshapes
of collision-induced light scattering (CILS) for the mixtures CH,~Ar and CH,—Xe at room temper-
ature are calculated. The spectra of scattering consist essentially of an intense, purely translational
component which includes scattering due to free pairs and bound dimers, and the other is due to the
induced rotational scattering. These spectra have been interpreted by means of pair-polarizability
terms, which arise from a long-range dipole-induced-dipole (DID) with small dispersion corrections
and a short-range interaction mechanism involving higher-order dipole-quadrupole A and dipole—
octopole E multipole polarizabilities. Good agreement between computed and experimental
lineshapes of both absorption and scattering is obtained when the models of potential, interac-
tion-induced dipole and polarizability components are used.

© 2012 Cairo University. Production and hosting by Elsevier B.V. All rights reserved.

Introduction

In a previous work, we compared measurements of collision-
induced absorption (CIA) and of collision induced light scatter-
ing (CILS) spectra of hydrogen, inert gas mixtures and CF,—He
gas mixtures with theoretical profiles that were based on the
empirical induced dipole for CIA, induced trace and anisotropy
polarizabilities for CILS, and new advanced interaction
potential [1-4]. Due to the observed agreements for both spec-

e S tra of absorption and scattering for these gas mixtures, we use
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and scattering cross-sections data for CHs—inert gas mixtures,
to construct the parameters of the interaction potentials.

Collisional pairs of molecules in dense phase show an
absorption band in the far infrared region of the spectrum
[5,6]. This absorption is due to the induced dipole moment
arising from the distortion of the electronic clouds during
the collision of two molecules. As the induced dipole moment
depends on the distance between the colliding pair, the trans-
lational state of the system can change due to the interaction
of the induced dipole with the electromagnetic field, giving rise
to a rototranslational absorption band. Measurements of
collision-induced absorption (CIA) spectra give therefore
information on interatomic interactions. Specifically, spectral
lineshapes and intensities reflect certain details of the induced
dipole as function of the interatomic separation and the colli-
sion dynamics (i.e. the interatomic potential).

On another level, the anisotropic collision-induced light scat-
tered by a fluid and dense gases due to collisional interactions,
has a power spectrum which is shaped by two functions of the
interatomic separation r, the interatomic potential V(r) and
the anisotropy f(r) of the induced polarizability [7,8]. Informa-
tion on the molecular interactions may be obtained from this
spectrum. For the lower-frequency part of collision-induced
spectrum, the dipole-induced-dipole (DID) interaction and elec-
tron exchange contributions account for most of the observed
scattering intensities, whereas, at high frequency range (the well
region of the intermolecular potential), higher-order multipolar
polarizabilities have to be taken into account and can thus be
measured for molecular pair against the classical DID back-
ground [9]. For mixtures and molecular gases, the excess polar-
izability induced by interactions in a pair is a tensor that has
anisotropy f(r) related to the anisotropic collision-induced light
scattering (CILS). Recently, we showed for a few characteristic
systems that the spectral properties of anisotropic interaction-
induced light scattering can be calculated for the gaseous state,
on the basis of classical, empirical or ab initio models of the
induced anisotropy and of the interaction potential [10—12].

As no adequate potentials are available for these mixtures,
we calculate an approximate isotropic interatomic potential
using mostly the methods outlined in a previous paper [4].
Since the details of the methods are given there and the refer-
ences therein, we will only restate the equations when it is nec-
essary for the sake of continuity. To reiterate, the basic
strategy in this paper is to include collision-induced absorption
and collision-induced light scattering data in addition to the
data on second pressure virial coefficients, mixtures viscosity,
diffusion, thermal conductivity coefficients and isotopic
thermal factors to fit the simple functional form of the Expo-
nential-Spline-Morse-Spline-van der Waals (ESMSV) inter-
atomic potentials for CHs—inert gas interactions.

The transport, thermophysical properties and scattering
cross-section data used in the fitting are complementary ones
for that purpose. For these mixtures, the viscosity, thermal
conductivity, isotopic thermal factor and diffusion data are
most sensitive to the wall of the potential from r,, inward to
a point, where the potential is repulsive [13]. The second pres-
sure virial coefficients reflect the size of r,, and the volume of
the attractive well [14], while the integral scattering cross-
section contains detailed information on the potential well fea-
tures and long-range attraction [15].

Our paper is organized as follows. The adopted intermolec-
ular potential model with the calculations of different

properties are presented in Section 2. The analysis of colli-
sion-induced absorption (CIA) and light scattering (CILS)
spectral moments to determine the parameters of the induced
dipole and the anisotropy models is given in Section 3, with
the results are presented and discussed in detailed and the con-
cluding remarks are given in conclusion section.

The intermolecular potential models and multiproperty analysis

In order to calculate the line profiles of absorption and scatter-
ing and their associated moments, the intermolecular potential
is needed. Results with different potentials can be compared
with experiment to assess the quality of the potential.

The intermolecular potential we provide here is obtained
through the analysis of a set of gaseous transport properties
[16-19], the second pressure virial coefficients [19-24] and inte-
gral scattering cross-section [25].

For the analysis of all these experimental data we consider
the Exponential-Spline-Morse-Spline-van der Waals (ESMSV)
model [26].

V(r)=eAdo(exp(—Bo(r/rm—1)) 0<r<n (1)
=cexp(ay+ (r/rm—r1/rm){aa+ (r/rm—r2/rm)[as (2)
+(rfrm—r1/rm)aa)}) n<r<n
=e{exp[—2&(r—ru)] —2exp[l(r—rn)]} n<r<n (3)
=¢&(Bi+ (r/rm—r3/rm){ B2
+ (r/rm—ra)rm)[Bs+ (r/rm—13/rm)Ba]}),rs <r<ry  (4)

Cs — Gy r=ry
=& ( (r/rm)é (l’/}"m)s) = (5)

where ¢ is the potential depth, r,, is the distance at the mini-
mum potential and Cs and Cg are fitting parameters.

The parameters of the spline parts of the potential (a;, a,
as, ag, by, by, by and by) are completely determined by the con-
tinuity on the value and slope of the potential at ry, r;, r3 and
r4.

Even at the present (ESMSV) level, there are eleven free
parameters (&, Ao, Bo, I'm» &, 15 25 13, 14, Cg and Cg) which are
far too many to determine from the present data. Accordingly
we proceeded as follows: the long-range dispersion coefficients
Ce and Cg were fixed at the values given by Fowler et al. [27] for
CH4—He, —Ne, —Ar and at the values given by Dunlop and
Bignell [17] for CH4—Kr, —Xe, leaving only nine parameters ¢,
Ao, By, 'm» &, 11, 12, 13 and 14 that were varied to fit the viscosity,
diffusion data, isotopic thermal factors and thermal conductivity.
This fitting is further supported by calculating the interaction
second pressure virial coefficients and scattering cross-section
data. Calculations were speeded by determining rough values
of these parameters and then final convergence was obtained
by iteration with the full isotropic potential. This decision
leads to potential parameters of Table 1 as our best estimate
of the CH —inert gas mixtures intermolecular potentials.

Analysis of traditional transport properties

The first check on the proposed potentials is to compare the
transport properties i.e. viscosity (1), thermal conductivity
(4), self diffusion coefficient (D) and isotopic thermal factor
(Iso) at different temperatures for CHs—inert gas which are de-
duced using the formulas of Monchick et al. [28] and com-
pared with the accurate experimental results of Kestin and



Interatomic potential 503
Table 1 Parameters of the trial potentials and the associated values of §“.
Potential parameters CH4—He CH,—Ne CH4-Ar CH,Kr CH4—Xe
e (K)/kp 25.0 64.0 170.0 197.0 227.5
o (nm) 0.333963 0.337244 0.344628 0.362329 0.38046
I (D) 0.374 0.3775 0.385 0.404 0.424
¢ 6.475 6.50 6.61 6.72 6.75
Ao 0.00315 0.0035 0.0041 0.0045 0.011
By 20.6822 21.5175 19.15375 18.18 20.99648
7y (nm) 0.1575214 0.16 0.14 0.135 0.15
5 (nm) 0.230 0.2405 0.2359 0.25 0.3
r3 (nm) 0.4441412 0.4077 0.440825 0.418342 0.4402
r4 (nm) 0.6545 0.5983375 0.59675 0.56964 0.65
oy 0.45 0.61 0.39 0.54 0.68
op 0.43 0.68 0.78 0.83 0.88
Olso 0.9 0.99 0.85 0.81 0.92
s, - - 0.67 - -
op 0.1 0.09 0.53 0.6 0.73
Bee - 0.72 0.63 0.99 0.75
o, 0.55 0.71 0.66 0.77 0.8

6 is defined by &* = \/(1/N)SX (1/m/ 57, 47 (P

pji)z)), where P;; and p;; are, respectively, the calculated and experimental values of

property j at point i and 4; is the experimental uncertainty of property j at point i. The subscripts 7, D, Iso, A, B, SC and ¢ refer, respectively, to
the viscosity, diffusion, isotopic thermal factor, thermal conductivity, pressure virial coefficient, integral scattering cross-section and total.

Ro [16], Dunlop and Bignell [17], Trengove et al. [18] and
Zarkova et al. [19]. The agreement is excellent in the whole
temperature range.

Analysis of the pressure second virial coefficient

The pressure second virial coefficient B at temperature 7 was
calculated classically from [29]:

T) =2znN, /000[1 —exp(—V{(r)/ksT)]r*dr (6)

where N, is the Avogadro number. The calculated B(7) with
the first three quantum corrections using the present ESMSV
and other potentials [17,30,31] were compared with the exper-
imental results [19-24] for CHy—inert gas mixtures. The com-
parison is as shown in Fig. 1 for CH4-Ar.

Analysis of integral scattering cross-sections

In the atom—atom interaction it is well known that the glory
pattern contains detailed information on the potential well

50
e
0 e
—~ -50
E —Calculated virial coefficients using ESMSV potential
& Calculated virial coefficients using HFD-C potential[17]
WE -100 / Calculated virial coefficients using LJ(12-6) potential[30]
5 4 Caleulated virial coefficients using ab initio potential [31]
m * Experimental pressure second virial coefficients [19]
-150 Experimental pressure second virial coefficients [20]
Experimental pressure second virial coefficients [21]
200 Experimental pressure second virial coefficients [22]
- v Experimental pressure second virial coefficients [23]
 Experimental pressure second virial coefficients [24]
-250 T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000
T(K)
. . . . 3
Fig. 1 CH4Ar second pressure virial coefficients in cm”/mole

vs. temperature in K using ESMSV potential with the parameters
given in Table 1 and different literature potentials.

features, while the absolute value of the cross-section contains
information about the long-range attraction. The experimental
cross-sections [25] are compared with the results from calcula-
tions performed with the ESMSV of Table 1 in case of CHy4—
Xe. From this comparison it can be seen that this potential
yields good agreement with the experiment and better fitting
to the glory extrema velocity locations.

Theory of lineshapes

In this section the quantum mechanical calculations for colli-
sion-induced absorption (CIA) and for collision-induced light
scattering (CILS) are described. The atomic wavefunctions,
which enter the computation of the matrix elements, are ob-
tained by numerical integration of the radial Schrédinger
equation [10] using the energy density normalization.

Collision-induced absorption

Collision-induced absorption spectra (CIA) can be computed
from quantum mechanical theory if the interaction potential
is known along with a suitable model of the collision-induced
dipole moment [8,32]. The absorption coefficient a(w, T) is re-
lated to the product of volume ¥V and the so-called spectral
function, G(w, T), according to [10]

2
a(w; T) = %nlnzw(l —exp(—fw/kpT))G(w; T) (7)
Here, o designates angular frequency; 7 is Planck’s constant; ¢
is the speed of light in vacuum and n,, n, is the number densi-
ties of the gases.

The spectral density G(w, T) is defined in terms of the ma-
trix elements of the isotropic overlap induction A4 = 0, induced

electric octopole A4 = 3 and hexadecapole 4 = 4 as

i+ D)2+ 1)
(/1) 2 -/
Z Z T—kl)gm(wi @jr); (8)

A=034 ;7
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with the different coefficients which are defined in detailed in
[32].

The spectral density g7 4(w, T) is defined in terms of the ma-
trix elements of the induced electric dipole moment B,(L; r)
and Clebsch—-Gordan coefficients C(4;4,A4; M1 M>M,) as

gralo; T) = 230y (21 + 1)C(ILL'; 000) ()i, jo)5)
L'

x(/ exp(—Ei/ksT)dE|(l, E|B4(L; )|l , E, + o)
0

+ 37 exp(—Eu/ksT)|(L EalBa(L; )|, Eyy)*3(Eyy — Euy — hov)

vy

+ > exp(—Ey/ksT)|{l, Eal Ba(L; r)|I, Eyy + o)

+ 3 exp(—(Evr — 1) [ksT)|{1, Evr — hoo|Bo(L; 1)1, E‘.,,/>2> 9)

where the first term in the right-hand side of Eq. (9), the inte-
gral, represents the free-free transitions of the collisional pair
and is usually the dominant term in this expression. The sec-
ond term, a sum, gives the bound-bound transitions of the
van der Waals dimers with the vibrational and rotational
quantum numbers 7 and / respectively. The last two terms ac-
count for bound-free and free-bound transitions of the molec-
ular pair with the positive free-state energies, i.e. E;+ hw
>0 and E; — ho.
Spectral moments are defined as

M,,(T; /11}2[4/1) = /

—00

o)

o"G(w; T)dw (10)

for n = 0,1,2,.... These moments can be compared to values
calculated directly from the sum rules [33].

It is often inconvenient to use tabular data in spectral mo-
ments and line shape computations. We have therefore, ob-
tained an analytical models for the overlap (L = 1, 4 = 0),
the octopole (L = 4,4 = 3) and hexadecapole (L = 5,
A = 4) contributions in the range of interest (near 5.98 Bohr)
by a least mean squares fit. The different forms of these contri-
butions are

By(L; r) = p,exp(—(r —a)/r,) (11)
Ba(Lsr) = /(A + 1)aQ,/r™! (12)

Here, o = 1.384 a.u. [34] and o = 11.3304633 a.u. [35] are the
dipole polarizability of helium and argon respectively.
Q3 = 3.96439 a.u. [36] and Q4 = 10.723 a.u. [36] are the octo-
pole and hexadecapole moments of methane.

As a first step, we used the induced dipole, Eqgs. (11) and (12)
with the parameters given in Taylor and Borysow [32]. The
crossed line in Fig. 2 gives the calculated line shape for compar-
ison with the measurement at 7 = 150 K [32] for CH4—He. The
agreement is less than perfect. The calculated absorption is too
weak and the high frequency wing is not well represented at all,
in spite of the fact that the lowest three spectral moments of the
measurements agree very closely with those of the computed
line shape. Therefore, we add an overlap parts to the dispersion
for octopole and hexadecapole contributions,

By(L;r) = \/(A+1)aQ,/r"" + pyexp(—(r—a)/rs)  (13)

where 14 are the dipole strengths at the root ¢ of the potential,
V(r) = 0 at r = ¢ and r,4 are the ranges of the induced dipole.
Ranges and strengths are the parameters determined by the
analysis, with the results are given in Table 2.
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3 10E-12 gxpcrimcmal absorpion coefficient at T=150 K[32]
ue to Octopole
% Due to Hexadecapole
10E-13 = Due to overlap
x__Total theoretical absorpion coefficient
10E-14
50 100 150 200 250 300 350 400 450
v (cm™)
Fig. 2 Comparison between the calculated rototranslational

collision-induced absorption spectrum of CH4~He at 7= 150 K
using the present ESMSV potential given in Table 1 and induced
dipole moment Egs. (11) and (12) with the experimental one.

Table 2 Parameters of the dipole moment expansion coeffi-
cients defined in Egs.(11) and (13).

Term LA ny(au.) rq(au.)
CH4—He CHy4-Ar CH4—He CH4-Ar
10 0.00323 0.00375 0.70392 0.70865
43 0.00255 0.0105 0.6992 0.2551
54 0.00116 0.0035 0.62361 0.6142

Since an accurate determination of these spectral integrals
requires knowledge of the absorption coefficient a(w, T) at
low and high frequencies, which are not available, it is best
to approximate the spectral function G(w, 7) by a three-
parameter analytical model profile, the so-called BC model
[37]. This model was chosen to provide a remarkably close rep-
resentation of virtually all line shapes arising from exchange
and dispersion force induction. These parameters have been
determined by fitting the experimental spectrum, using a least
mean squares procedure. The parameters of the fit are col-
lected in Table 2 and the three lowest spectral moments of
the measurements at different temperatures for CH,—He [32]
and at T = 87 K for CH4—Ar [38] for each contribution are
readily obtained. They are given in Table 3, and the absorption
spectra are shown in Figs. 3 and 4.

The spectral lineshapes of scattering

At moderate densities, the CILS spectra are determined by bin-
ary interactions. It consists of purely translational scattering
which includes scattering due to free pairs and bound dimers,
and the other is due to the induced rotational scattering. The
pair polarizability anisotropy giving rise to the translational
scattering of the anisotropic light spectrum in the case of inert
gases and spherical top molecules mixtures is given by the fol-
lowing formula [39].

B 6010 (306’1')(%2 + 306%0(1 + Cs <ﬁ + ﬁ))
) + 6

12(e2C 2C -
+Mfgoexp (7}’ - 0—) (14)

B(r)

& Ty
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Table 3 Translational spectral moments of absorption from
different contributions of CHy;—He and CH4—Ar using our
empirical ESMSV potential.

By(L; r)T(K)

Mo*10% (erg cm®) M;%10% (erg cm® /s) M%10% (erg cm® /s?)

ey e
Calculated Calculated Calculated
CH, He
B 1.1334 8.35 4.391
150< Ba3 1.095 8.92 4.78
Bsy 0.0954 1.418 0.832
Bio 2.08 15.37 13.88
293¢ By 1.9 16.34 14.96
Bsy 0.2125 3.102 3.01
By 2.51 18.55 19.7
353¢ B 2.263 19.7 21.2
Bs4 0.27 3.93 4.404
CH4*AI'
Bio 1.201 2422 0.678
87¢ By 14.28 86.68 25.42
Bsy 0.1584 0.564 0.179
0.00001
0.000001
-~ 10E-08
=
& 10E-09
=
=
‘s 10E-10
3]
s 10E-11 » Experimental absorpion coefficient at T=150 K[32]
> Due to Octopole
10E-12 Due to Hexadecapole
Due to overlap
\_— Total theoretical absorpion coefficient
10E-13

50 100 150 200 250 300 350 400 450

v (em™)

Fig. 3 Comparison between the calculated rototranslational
collision-induced absorption spectrum of CHy,~He at 7'= 150 K
using the present ESMSV potential given in Table 1 and induced
dipole moment Eqgs. (11) and (13) with the experimental one.
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; 0.0001 ® Experimental Collision-induced absorption [38]
% Due to octopole contribution
0.00001 Due to hexadecapole contribution
4 Due to overlap contribution
— Total ical absorption spectrum
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v (em™)
Fig. 4 Comparison between the calculated rototranslational

collision-induced absorption spectrum of CH4~Ar at T = 87K
using the present ESMSV potential given in Table 1 and induced
dipole moment Eqs. (11) and (13) with the experimental one.

where o, y and C are the dipole, hyperpolarizability and quad-
rupole polarizability with the label 1 refers to CH4 and 2 refers
to Ar or Xe. Values of the polarizabilities used in Eq. (14) are
given in Table 4.

A purely long-range interaction mechanism, involving the
participation of high order polarizabilities, has been invoked
to account for induced rotational scattering [8,44]. Contribu-
tions from the dipole—quadrupole (A) and dipole—octopole
(E) polarizabilities for CH, symmetry give the intensity of
the observed rotational spectra with the predictions of the
mean square polarizability models in the case of the isotropic
and anisotropic spectra as

<a%z> = %(O‘IOCZ)ZIfG ;12 ((Ole ) )

g (B ) 4 (15)

The angular brackets (...) denote an average over all orienta-
tions of the intermolecular and molecular axes.

The various terms in Eq. (15) give rise to the following
selection rules on J the total angular momentum quantum
number:

%A AJ;=0, AJ;=0,£1,£2,43, J+J >3
oK, AJL=0, AJ;=0,4+1,4£2,43,+4, J+J >4
AA;, AJi=0,£1,42,43, AJ;=0,+1,42,+£3,
Ji+J =23, J+J =3
AE, AJ;=0+1,42,4£3, AJ;=0,£1,+2,43 44,
Ji+J; =3, S+ =4
EE, AJi=0,£1,£2,43, 44, AJ;=0,£1,£2,43,44,
Ji+Ji =4, S+ =4

The quantum theory is applied for the accurate computation
of the CILS absolute translational intensities of the methane
pairs. Numerically, this is done by means of the propagative
two-point Fox-Goodwin integrator [45,46], where the ratio
of the wavefunction, defined at adjacent points on a spatial
grid, is built step-by-step.

As regards our problem, binary anisotropic light scattering
spectrum is computed quantum—mechanically, as a function of
frequency shifts v, at temperature 7 by using the expressions
[47-49]:

Jinas
Liniso (v )——lzc/13k4 Z b 2T+ 1)
J=0,Jeven
B
X Ve Bl exp( )dE 16
A (16)

The symbol k, stands for the Stokes wave number of the scat-
tered light, / is Planck’s constant and c is the speed of the light.
Constant 4 account for the thermal de Broglie wavelength,
A =h/\2npksT, with p the reduced mass of methane and
argon or xenon and kp Boltzmann’s constant. Symbol Y ;
designates the scattering wave function and E,.. the
maximum value of the energy that is required to obtain con-
vergence of the integrals.

In this expressions, f = f(r) denote the anisotropy of the
quasimolecule, g; the nuclear statistical weight and bf are
intensity factors involving the rotational quantum numbers J
and J' of the initial and final states, respectively.
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Table 4 Parameters of Eq. (14) used in calculations.
CHy Ar Xe CH,-Ar CH,—Xe
o (a.u.) 17.828 [40] 11.3304633 [35] 27.0514 [43] - -
7 (a..) 3079.2 [41] 1170.735 [42] 7889.9375 [43] - -
C (a.u.) 60.45 [41] 50.21 [35] 211.053 [43] - -
g, (a.u.) - - - 1.01225 1.2147
r, (a.u.) - - - 0.85605 0.94486

10
X Anisotropic spectrum due to Bound dimers
2 Anisotropic spectrum due to free transitions
1 A Rotational spectrum due to single A transitions
X ® e
“ * Rotational spectrum due to single E transitions
Total rotational spectrum
0.1 * — Theoretical anisotropic light scattering spectrum
X
& * Experimental anisotropic light scattering spectrum [53,54]
=] x
rﬁo x
@ 0.01
=1
° .
— * " Py AP .
0.001 x T .
* . L LR ST “oia e,
* % X crE KKKk ke aaey
* - aq,
Xk ok
0.0001
0.00001 T T T T
50 150 250 350 450

v(em™)

Fig. 5 Total anisotropic collision-induced light scattering spec-
trum of CH4-Ar at T = 295K using the isotropic ESMSV
potential given in Table 1.

The total theoretical intensities of the anisotropic light scat-
tering spectrum are the sum of the translational spectra due to
the transitions of bound-bound, bound-free and free—free
states and rotational spectrum.

With the spectral intensities I,pniso(v) in cm® as input and
through the following analytical expression we are able to de-
duce the experimental anisotropic moments [50]

_ L25 (;)4 / " (2760 o (V) (17)

o)

Mlnisn
2n

These moments can be compared to values calculated di-
rectly from the sum rules with the quantum corrections [51].

In order to calculate the line profiles and the associated mo-
ments, the intermolecular potential and the anisotropy models
are needed. Results with dipole-induced-dipole (DID) [52] and
corrected dipole-induced-dipole (C.DID) [53] polarizability
models can be compared with experiment [53,54] to assess
the quality of our empirical potential and anisotropy models.

Comparisons between the calculations and experiments
[53,54] are shown in Figs. 5 and 6 for the intensities of the
anisotropic light scattering spectra at room temperatures for
methane mixtures with argon and xenon.

Concerning the multipolar contributions of single A and
single E transitions, different values of the dynamic indepen-
dent tensor components A and E may be used to fit the
experimental anisotropic intensities in the frequency ranges
(75-450) cm ™! for CH,—inert gas mixtures. Figs. 5 and 6 sug-
gest that there are a choices of A and E for which the theoret-
ical and experimental anisotropic spectra [53,54] fit the best
Al = 0.74 A* and |E| = 247 A° for CH,~CH,4 using our
empirical ESMSV intermolecular potential. These coefficients

100
X Translational anisotropic light scattering due to bound dimers
Translational anisotropic light scattering due to free transitions
10 Rotational spectrum due to single A transitions
X0 Rotational spectrum due to single E transitions
x Rotational spectrum
1 x — Total anisotropic spectrum
é; X * Experimental anisotropic light scattering spectrum [53,54]
.0
4] 0.1
(=}
=
—
0.01
0.001
0.0001 T T T T
50 150 250 350 450
-1
v (cm™)

Fig. 6 Total anisotropic collision-induced light scattering spec-
trum of CH4;—Xe at 7 = 295K using the isotropic ESMSV
potential given in Table 1.

of multipolar polarizabilities are in good agreement with the
experimental values of Shelton and Tabisz [55].

Conclusion

We have adopted a models for the dipole moment u(r) and pair
polarizability f(r) with adjustable parameters for each, which
we determined by fitting to the spectral profiles for absorption
and scattering using quantum mechanics and to the first three
moments of the measured absorption spectrum and aniso-
tropic light scattering spectra using methods of classical
mechanics with quantum corrections [33].

The present study further demonstrates that the empirical
ESMSYV potential models, with the parameters fitted to the dif-
ferent transport and thermophysical properties beside to the
integral scattering cross-sections are a very good representa-
tion of the intermolecular potential of gaseous CHy—inert gas
mixtures. The profiles of the two-body anisotropic collision-
induced light scattering spectra at room temperature can be ac-
counted for by a calculation employing a classical trajectory to
simulate the collision. The significant contributions to the
spectra by bound dimers are found to be essentially the same
as that arrived at by a full quantum mechanical calculations.
At high frequencies we show that most of the intensities may
be attributed to multipolar contributions involving the
dipole—quadrupole A and dipole—octopole E polarizability ten-
sors. Moreover, the very broad frequency range provides en-
ough information to deduce values for the independent
components of A and E, this is confirmed by the good agree-
ment between our fitted values from spectra and the one mea-
sured by Shelton and Tabisz [55]. Also for these mixtures, the
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lineshape calculations for both induced pure translational and
rotational scattering worked well at room temperature like
CF4—inert gases [44] with the well known electric properties
of CF,, but the spectra of CHy—inert gases are spreading over
larger frequency shifts.
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