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MOLECULAR FRAME DISTORTION AND MOLECULAR PAIR POLARIZABILITY
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The contribution of frame distortion to the collision-induced polarizability of the 1sotropic melecules CHy, CFz, CClg

and SFg 1s estimated and found to be neghgible

1. Introduction

Collision-induced hight scattening (CIS) refers to the
scatterning by clusters of interacting atoms or molecules.
The cluster polarizability determines the intensity of
the scattered hight. Several mechanisms have been in-
voked to account for this cluster polarizability. The
dipole—induced—dipole (DID) interaction [1] and elec-
tron overlap during close encounters have been most
frequently applied [2] . For interacting molecules.
another possible mechanism, frame distortion, has been
proposed [3]. While this mechanism has received some
attention in the literature [4,5], no quantitative esti-
mate has been made of the magnitude of 1ts effect. It
is the purpose of this note to calculate in an approxi-
mate manner 1ts contribution to the intensity of the
scattering by those molecules of tetrahedral and octa-
hedral symmetry, which have been most thoroughly
studied [4—7]. It is concluded that in these cases the
effect of the interaction is neghgible.

2. Calculation

In order to determine the frame-distortion contri-
bution to the pair polarizabihity we must first estimate
the distortion of the molecular frame during a collision
and then estimate the change in the molecular polariza-
bility resulting from this distortion.

If the intermolecular potential is taken to be of the
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Lennard-Jones 6—12 form, the force acting on the mol-
ecule during a collision is

F() = —dV(r)/dr = (24€/0)(2x713 — x77), [4)}

where x =r/o, r 1s the intermolecular distance and €
and o are the usual potential parameters. We make the
further assumption that the intermolecular force is felt
only by that part of the molecular frame which is
nearest to the point of contact between the molecules,
We have considered special cases where the intermao-
lecular force vector lies along a two-fold or a three-fold
axis of a tetrahedral MX,; molecuie, and causes bond
bending and compression of either one, two or three
bonds while the rest of the molecular frame remains
nigid. The bond stretching and bond bending force can-
stants of the valence-force model, k¢ and %, are eval-
uated from the frequencies of vibrational Raman funda-
mentals. Since the molecular vibrational frequencies are
much larger than the inverse collision time, the molecu-
lar frame responds essentially instantaneously to the
applied forces. For an accurate estimate of the frame
distortion one would have to determine the true forces
acting on the atoms during the collision, use the correct
intramolecular force field to determine the atomic dis-
placements, and do this for all relative orientations of
each molecule of the colliding pair.

Having estimared the molecular frame distortion
during a collision, the next step is to calculate the re-
sulting polarizability increment. The depolarized CIS
intensity depends on the anisotropic polarizability in-
crement induced n the colliding pair. Using the bond-
polarizability model we may calculate the frame-dis-
tortion polarizability increment. The frame-distortion
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Table 1
Molecular parameters
e/ o2 Ryx &) ks/Rigx ) 2dela o) aux  tmx x AY
(K) &) (A) (mdyn/A) (mdynjA) (mdyn) (a%) (A7)  (A3) (A7) (A%)
CH; 1482 382 1091 504 0416 1.29 x 1072 2642 11309 02799 2059 310
CF; 1525 470 1323 923 0.713 1.07 X 102 2937 100 05129 197¢) 22
CCly 327 588 1776 4430 0331 184% 1072 1059 220D 211D 447D
SF; 2009 551 1584 672 - 121X 102 4549 1238) - - -
DRer (11] P Ref [12] D At4880 A, refs [13.14] D Ref [15] ) Data from ref. [16] analyzed asn ref [17].

Data from ref [18] analyzed asin ref [17) £) Ref [16]

anisotropic polarizability increment induced on a single
molecule will have the form

Brp() = — [Cryx /Ry ) U IRy

+D vy /k ] FO), @)

where vy and 7{“-,( are the bond anisotropy and its
dernative and Ry 1s the M—X bond length The coef-
fictents C and D depend on the orientation of the mol-
ecule with respect to the directior: of the force F. The
bond polarizabilities are determined from the intensi-
ties of vibrational Raman bands Values of the param-
eters 1n eq. (2) are presented in table 1 for several mole-
cules

The total intensity of CIS 1s specified by the zeroth
spectral moment, ¢{@), which may be expressed as [8]

¢(0) =dn f dr rzg(r) Bz(r)’ (3)
0

where g(r) 1s the radial distribution function, g(r) =
exp[—V(r)/kT], and B(r) 1s the polarizabihity aniso-
tropy of the colliding pair of molecules. The largest
contribution to B(r) comes from the DID mechanism
and has the value [1]

Bpip(M) = (602/0%)x73, CH)

where & is the polarizability of a single molecule. The
total scattered intensity ¢QI)D+I‘D‘ mncluding the con-

tnbutions due to both the DID and FD distortion mech-
anismes, is calculated by substituting

B = Bpp * ) =~ B, + 4BpmBrp %)
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h) Refs [9.10}

mto eq (3) The last approwuumation follows because
Pep <Bpp-

The si1ze of the FD contribution to the scattered 1n-
tensity, in terms of the dominant DID contribution,
may be expressed as

(0) 14(0) — ¢(0) ) ©
¢FD/¢DID - (¢§)lD+FD - ¢Dm)/¢D1)D

=0 13 (0 /a®)Bgp/F) 24¢/o, (6)

where the integrals have been evaluated using €/kT =
0 52.

In table 2 are presented estimates of ¢(]9|‘?)/¢§())?D for
several molecules For the tetrahedral molecules we
have calculated §p/F for three orientations of the
molecule with respect to the direction of the inter-
molecular force and used the average of these three
values of B-p/F to compute ¢ . For SF¢ we have
used an approximate expression for fgp/F n terms of
kg and Gy , the 1sotropic bond polarizability denva-
tive.

Frame distortion decreases the scattered intensity
of the translational CIS by one percent or less.

Since B¢ depends on the orientation of the mole-
cuie with respect to the direction of the intermolecular
force F, frame distortion can give rise to a collision-
induced rotational scattering (CIRS) spectrum as well
as a translational CIS spectrum [9,10] . The intensity
of the CIRS spectrum will be given by eq. (3) with
B2(r) replaced by the average of the angle dependent
part of 82(r) over all orientations of each molecule with
respect to the mtermolecular axis As before, frame
distortion is not the dominant mechanism. The main
contribution to the CIRS intensity comes from
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Table 2
Calculated quantities
(0),.(0) b) (1) 0 c)
—BFp/F ) *rp/®DID ¢(F3,cms/°fx,)cms
(A3/mdyn)
CH; 0419 —06x 102 4x102
065¢)
0320
CF; 0219 -06x 102 3x10°2
058¢)
020
ccly; 1029 ~-09x 102 -
3809
169D
SFg 0s57h —07x 1072 -

) Per molecule
)'3FD 1s taken as the average of the three ortentations in the

first column The sign of the FD term is negative when the
bond polanizability values are all positive

) The angle-dependent part of 3pp 1s taken to have an amph-
tude which 1s half the difference of the largest and smallest
values of ggp wn the first column
C=0 D=11eq (2), compression of a single 5ond, F along
the three-fold avis.

€)C=106,D =01 eq (2), bending and compression of two
bonds F along the two-fold axis
C=044.D =011 m eq. (2); bending and compression of
threc bonds, F along the three-fold axis

h) The average of d e and f, with the approximations [17]
2yMx/Rux = TMx/2 = apx and kg/Rpyx = k/10. has
been used to obiain the approximate expression —BpplF =~

31 E‘iﬂx”"s

A% =36(8/7) (a?A%/oB) x78, N

where AB;";‘ 1s the mean-square pair polarizability aniso-
tropy anising through the dipole—quadrupole tensor

A_ This tensor 1s specified by the single parameter 4 for
tetrahedral molecules Substituting g2 = ApZ +

4 AB . ABgp 1nto eq. (3) we obtain the result.

S cirs/P5 cirs = 0 20 (0% /ad)(ABep,/F) 24¢/0.(8)

The values of ¢{~96,CIRS/¢££»CIRS shown in the third
column of table 2 are computed using ABgp/F estimated
as half the difference between the largest and smallest
values of fpp/F 1n column one of table 2. Frame dis-

CHEMICAL PHYSICS LETTERS

1 Jaauary 1980

tortion only accounts for a few percent of the total in-
tensity of the CIRS spectrum.

Therefore, in the cases considered, the frame distor-
tional contribution to the collision-induced scattering
intensity is negligible.
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