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The kinetic theories of the electric and magnetic Senftleben-Beenakker effects and of non-
resonant absorption in polar symmetric top gases are reviewed, using an expansion of the distribu-
tion function-density matrix which includes the dipole moment operator g . General expressions
are given for the elastic parts of all collision integrals coupling two purely angular momentum de-
pendent tensors. This is done for a variety of nonspherical potentials, including the dipole-dipole
(DD), dipole-quadrupole (DQ) and quadrupole-quadrupole (QQ) interactions. Model calculations
for the methyl halogenides are performed for these potentials for a number of collision integrals,
namely the nonresonant cross section and three collision cross sections which are of importance
for the shear viscosity Senftleben-Beenakker effects. These calculations indicate that DD, DQ and
QQ interactions may all be important, that at least half of the nonresonant cross section is elastic
and that the average cross section extracted by means of Levi’s theory from electric field shear
viscosity Senftleben-Beenakker measurements is approximately equal to the reorientation cross sec-

tion for the tensor polarization [ge]®.

1. Introduction

The kinetic theory of diatomic gases has been
checked extensively against experiment and is found
to be in excellent agreement with it. This makes it
possible to give a very precise interpretation of the
cross sections extracted from the experiments, which
may then in turn be calculated from the intermolec-
ular (nonspherical) potential. In this sense the
theory of diatomic gases is complete and suffers
only from a lack of data on nonspherical potentials
and from the (largely computational) difficulties of
collision integral calculations. The latter problem
has, however, recently been extensively studied with
very reasonable results 178.

For symmetric top gases, the situation is much
more complicated. Due to the form of the internal
state Hamiltonian of such molecules in the presence
of an external electric field, infinitely many expan-
sion tensors have to be used in order to give a

“reasonably accurate description of the electric field
Senftleben-Beenakker (SB) effects ® 1. The same is
true for the magnetic field SB effects if the gyro-
magnetic tensor of the molecules is strongly aniso-
tropic. This is the rule for symmetric top molecules
rather than the exception. The same problem is en-
countered in the theory of pressure broadening 2.
A more precise statement of these difficulties is
given in Section 2.
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The theoretical difficulties mentioned above make
it impossible to interpret the cross sections derived
from experiment in a precise way. Instead, some
average of an infinite number of collision cross sec-
tions is experimentally obtained and this average
may be different for different molecules since it de-
pends sensitively on the types of nonsphericity
which are dominant. Therefore, in this article a
number of cross sections which may be close to the
average are calculated and the choice is made on the
basis of a comparison.

The plan of the present article is the following. In
Section 2 the existing theories of the SB effects and
of pressure broadening are reviewed. An expansion
of the distribution function-density matrix which
differs slightly from the one used in the literature is
employed. This expansion contains (before diago-
nalization in internal energy) the full dipole moment
operator in addition to the rotational angular mo-
mentum operator as internal state variables.

In Section 3 the interaction between two (asym-
metric top) molecules is briefly discussed and it is
shown how this interaction may be simplified for
prolate symmetric top molecules. General expres-
sions for all angular momentum space collision
cross sections which may be needed for the theories
described in Section 2 are derived in the distorted
wave Born approximation (DWBA) for elastic col-
lisions. Special consideration is given to the rela-
tively long range dipole-dipole (DD), dipole-quadru-
pole (DQ) and quadrupole-quadrupole (QQ) forces,
since these can be calculated relatively easily 7.
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In Section 4 such evaluations are done for a num-
ber of reorientation cross sections for the methyl
halogenides CH F, CH,Cl, CH,Br and CH,I. The
results obtained are compared with the relevant ex-
perimental data and a discussion is given.

2. Kinetic Theory

In the theories of the shear viscosity SB effects
and of pressure broadening an expansion of the dis-
tribution function-density matrix in purely internal
state variable dependent tensors is needed. In the
case of diatomic, or, more generally, linear diamag-
netic molecules, the only quantity of importance is
the angular momentum operator J — taken here as
a dimensionless vector operator: /?>=j(j+1). For
symmetric top molecules, however, there is a further
quantum number %, the eigenvalue of the projection
of J on the figure axis, [;. This quantity has now
In Ref. 10
this was accomplished by taking into account the
tensors J;[J]? in addition to the tensors [J](?.
This set was then completed by a complete set of
energy polynomials.

to be taken into account in some way.

It seems more natural, however, to include the
complete (dimensionless) dipole moment operator
U, in the expansion, i.e., to consider all tensors of
the form [T (p, k. [) is a Cartesian (3-])-tensor]

T(p, k, ) OF+1 [ @O [J]O )

with, in order to have only Hermitean operators
present after diagonalization, p + k + [ = even. Since
the Waldmann-Snider equation is to be used. which
is diagonal in internal energy eigenstates, Equation
(1) has to be diagonalized. This may be accom-
plished by means of the equations

[u.] (%) diag. = a[J] ®)
ap = [Ho]® OF[J1® ([J]H O [J]®)~

(2)
(3)

The first few tensors of the form (1) are given, to-
gether with their diagonal parts, in Table 1. Since
the dimensionless vector u, is equal to the unit
vector U along the symmetry axis apart from the
(which is unimportant), Equation (3) may
easily be evaluated explicitly. The o) occurring in
Table 1 are listed in Table 3. After these prelimi-
naries, a review of the existing theories of pressure
broadening and of the SB effects can now be given.

sign
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Table 1. Some of the expansion tensors T (p.k, ) k-1

[uel B [J]D.

p kI Tensor Diagonal part

1 0 1 J J

110 e a;, J

11 2 ue [J1® Fa, (P—) T
1 2 1 [uel®- J P a,(P—4) J

2 0 2 [J]% [J1

2 11 (] 4, [J]®

2 20 [ee]™ a,[ J]¥

2 d 8 ue-[J1¢ $a,(2—2)[J]1¢
2 31 [e] @ I Y ay(2—2) [J]®

a) Pressure broadening

Tip and McCourt? derived a Chapman-Enskog-
like equation for a function G (@) which is directly
related to the absorption coefficient. For the case of
nonresonant absorption this equation has the form

ayd=({o-—nN)G(m) . (4)

Here M is the positive-semidefinite, density-indepen-
dent Waldmann-Snider collision superoperator. If
a,J is an approximate eigenfunction of I, which
does seem to be a reasonable assumption for moder-
ately and strongly polar molecules, then the non-
resonant cross section is given by

Ononres. = ((11 J., ﬂt ay J) <a12 J2>0—1

<Urv1>0_17 (5)

with (v,.)0= (16 kT/7xm)" and the inner product
defined by (A4, C and P velocity independent)

(4,C) = (47 C)y, (6)
(P)o=Q7'2 (2j+Dexp[-Bj(j+1)]
120
+j
{ S PR k)exp[ —B(x- 1)/{"]}. (6)
k=-j
Q=ZO(2]*1)6XP[*BJ'(]?1)]
j=
J§e\.p[— (J‘f])kz]}, (7)
where B and x are given by
B:hz(ZZI,kT)_l; x:];/h (8)

with 7, and /- the moments of inertia (/, around
the symmetry axis) of the molecule.

For the description of the broadening of lines due
to transitions within a Zeeman multiplet, the follow-
ing field term has to be added to the right hand side
of Equation (4):

R 1HH-gJ,G(0)]_ (9)

i,“N
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with sy the nuclear magneton, H the magnetic field
strength, H the field direction and g the rotational
g-tensor. This tensor may be written as

g=5(gn+291)U+ (g1—g1) [u]®. (10)

If this is diagonalized in internal energy using
Equation (3), the result

H-g-J=[g1+(91—g1)],2]7?1H-J  (11)
is obtained. It is obvious that a field operator of
this form will strongly couple different expansion
tensors of an expansion of G (), e. g., the (p,k,1)
=(1,1,0) and (1,1, 2) tensors of Table 1, so that
for a complete description infinitely many tensors
are needed, even if they are all eigenfunctions of N.

In Ref.12, G(w) was approximated by a ten-
sorial multiple of a;J. If this is a valid approxi-
mation, the cross section for Zeeman broadening,
0eeman » 18 1dentical with 6,565, . It may be expected
that for large values of the anisotropy deviations
from this equality occur and that the measured cross
section is an average of the diagonal cross sections
which may be constructed from the expansion ten-
sors (1) with p=.1. For prolate symmetric top mole-
cules, for which the ratio £2/j(j+ 1) is small in the
most populated states at ordinary temperatures, re-
placement of Eq. (11) by its average,

g=g1+ (gn—gL){(J22T73),, (12)
may not be too bad an approximation, however. In
that case 07ceman and Gp.,0s. may be approximately
equal.

For the broadening of lines caused by transitions
within a Stark multiplet, Equation (4) must be re-
placed by 12 (the field term is already diagonalized)

oy d=(Go-—nRN)G(w) +iuh E

[E-ad.G(w)]_. (13)
Here a strong coupling between different expansion
tensors is induced by the field term while there are
no diagonal “field brackets” as in the Zeeman case.
Therefore, an average cross section is certainly ob-
served here. It has been argued '? that this average
is, in fact, not too much different from o, rex. -
Whether or not this is true can only be ascertained
by means of the same type of calculations as pre-
sented in this article for the shear viscosity SB
effect.

b) Shear viscosity SB effects

As is well-known, the shear viscosity SB effects
may be obtained upon solving the Chapman-Enskog
equation 13 (magnetic field case)

2[W]® =nRB—iuxh 'H[H-g-J,B]_ (14)

for the second rank symmetric iraceless tensor B.
Again it may be expected that in Eq. (14) an aver-
age g-factor may be used, especially for prolate sym-
metric tops. If this is the case, then if one of the
tensors (p=2) of Eq. (1) is most strongly coupled
to [W]® by the collision superoperator, the same
shape of the SB curves as obtained for linear mole-
cules may be expected. Experimentally, this has only
been verified for the thermal conductivity of the ob-
late molecule NF, 4,

The question then still remains which tensor this
is, [J]1® as in the case of linear molecules or an-
other tensor. The calculations in Section 4 indicate
that the diagonal [J]® cross section is relatively
small, while the diagonal [#.]® cross section is
about two orders of magnitude larger, at least for
the methyl halogenides. Therefore, an experimental
method for deciding the above question is very
simple, consisting only in a measurement of the SB
effect and a calculation of the cross section deter-
mining the half-value (H/p)y, using the average
g-factor given by Equation (12). Experimental clari-
fication is needed here since calculations of the in-
elastic collision integrals coupling [W]® to a
second rank angular momentum dependent tensor
are prohibitively difficult for symmetric top mole-
cules. Such calculations can, moreover, hardly be
performed with any accuracy before many more
data on the short range nonspherical interaction be-
tween two symmetric top molecules are available.
Such data seem to be practically nonexistent at
present.

For the electric field SB effects, the field term in
Eq. (14) has to be replaced by the one occurring in
Equation (13). For this case, Levi derived an ap-
proximate expression for the SB effects under the
assumption that the collision superoperator may be
replaced by a constant '1. This theory of Levi is the
quantum mechanical analogue of the classical theory
of Mikhailova and Maksimov ?, i.e., it is essentially
a perturbation type of solution, although Levi proved
that the usual variational type of solution gives the
same result if infinitely many expansion tensors are
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taken into account '*. Using a splitting of the colli-
sion operator in zeroth and first order parts which
is superior to the one used in Reference9, Levi
could describe the shear viscosity SB effects in terms

of the function
foz (802, 2) = (J2(J2— 1) 0,2 &,° (B+ay2 &%) 71
0 02 17502 0

1
X (J2(J2—%)),?

with &y, given by

E()g:,l"-EB":("h“sR<l’r~1>0)*ls (16)

where ogp is the effective average cross section.
Equation (15) fits the experimental data excellent-
ly 1. Tt will be shown in Section 4 that at least for
the prolate methyl halogenides the average cross
section derived from the experiments using Levi's
theory is close to the diagonal cross section asso-
ciated with [#,]® and certainly not equal to the
diagonal cross section associated with [J]® as orig-
inally proposed by Levi 1.

It might be asked whether it is not possible to
derive more exact expressions for the SB effects and
the pressure broadening cross sections. The answer
is: in principle, yes, in practice, no. This is easily
seen by considering what would have to be done for
a complete description: for at least one type of non-
spherical potential all collision integrals for a basis
in angular momentum space (of total rank one or
two) have to be evaluated together with all “field
brackets”. Formally, this is not too difficult, but in
order to do a calculation for a particular gas these
have all to be done numerically and for every gas
again! Then the so-obtained set of equations would
have to be solved, again numerically; but this is
clearly impossible since all equations are needed to
describe the approach to saturation of the SB effects,
for example. It is therefore not to be expected that
the kinetic theory of symmetric top gases will ever
vield as much useful information as the Kkinetic
theory of linear molecules.

3. Collision Integrals

In order to evaluate collision integrals, a descrip-
tion of the intermolecular potential is necessary. The
orientation in space of any rigid molecule may be
given in terms of the orientations of two unit vectors
u and v attached to the molecular framework such
that w0+ = 0. The most general orientation dependent
potential is then of the form (U, v;=u,"v,=0)

V(ul’ u27 v19'v29 R)
=S [ [u,]® [4,]® ObeT (1, L) |
LNP\ Vi N J

) { 2 [v]®™[v,] ) Om*nT (ny, ny, N) |

nyiMy /

- OLNT(L,N,P) OP[RI D) Vyp 1 pmin.p(R) .

(17)

Here R (magnitude R, direction ﬁ) is the vector
extending from the center-of-mass of molecule 1 to
the center-of-mass of molecule 2. It should be noted
that the order in which the Clebsch-Gordan “addi-
tions” have been performed in Eq. (17) is arbitrary.
The special order adopted here is the most advanta-
geous for the purposes of this article.

For linear molecules, #; and u, may be chosen
along the internuclear axes of the molecules. Due to
the C, symmetry around these axes, the only values
allowed for n; and n, are then zero, so that N =0
and, consequently, P=L. Equation (17) then re-
duces to the form used earlier > 7 for such molecules.

For symmetric top molecules, %; and u, are
chosen along the figure axes of the molecules. Since
these are at least threefold symmetry axes, the lowest
value that n; and n, can take which yields tensors
that are not expressible in terms of U, respectively
U,, is 3. Therefore, if interest is focused on the
lowest rank contributions, Equation (17) may ap-
proximately be replaced by

Viug,u,, 0,0, R) 2TV (u;,u,, R)

= S ()W ® Ok
1,<3, ,<3, L5

-T(l, 1, L) OL[R]Y V. 1.(R) ,

which is identical with the lower order result for
linear molecules. Equation (18) will be applicable

(18)

in particular to prolate symmetric top molecules. For
oblate tops third and higher rank tensors may be
assumed to be of importance as well. It should be
stressed that Eq. (18) contains the dipole-dipole,
dipole-quadrupole and quadrupole-quadrupole inter-
actions exactly, for all kinds of symmetric top mole-
cules. For spherical tops, Equation (18) gives a zero
result: for such molecules the intermolecular poten-
tial contains third or fourth rank tensors in lowest
order.

Equation (18) may be diagonalized in internal
energy if the effect of elastic collisions only is re-
quired. This approximation is consistent with the
use of the Waldmann-Snider equation in the electric
and (anisotropic g-tensor!) magnetic field effects:
since this equation is diagonal in internal energy, the
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dipole moment operator and the quadrupole moment
operator have already been diagonalized in the field
commutators. Therefore, the same should be done
in Equation (18). In the following equations the
diagonalized potentials for which collision integrals
are calculated in this article are listed together with
their names.

a) Single-P; potential (P,), (l;l,L) =

(011):

(101) and

V(Py) =Vigs (R) [a (1)~ (2)I]- R (19)
b) Single-P, potential (P,), (I;1,L) = (202) and
(022) :
V(P3) =V 92 (R)[a5(1) [J,]®
+ay(2) [J,]®1:[R1® . (20)

c) Dipole-dipole interaction (DD), ({; I, L) =(112):
V(DD) =3 u2 R %a,(1) o, (2)d,J,:[R1?. (21)

d) Dipole-quadrupole interaction (DQ), (I, L) =
(123) and (213):

V(DQ) =4 1te Qe R™* {ax(1) o, (2) [J,]®

—a;(1) ay(2)d,[J,]®} ®3[R] ®, (22)
e) Quadrupole-quadrupole interaction (QQ),
(LI, L) =(224):
V(QQ) = 12 QIR ay(1) ap(2)
IO IPOHRI® . (23)

In these equations u, and Q, are the scalar values
of the electric dipole and quadrupole moments, re-
spectively, while a; (i) is az for molecule i.

For a calculation of collision integrals, the tran-
sition operator matrix elements ¢(g, g’) between re-
lative velocity eigenstates are needed. In the dis-
torted wave Born approximation the transition oper-
ator corresponding to the potential (18) is!™7
(since the nonspherical part of the potential is of
interest here, the set of indices (000) should be
omitted)

t(g.g’) = > [ul](“[u 1@ OW+LT (1,1, L)
1,<3, 1,<3,
x OL AL (g,9") (24)
with
A% (9,9") = (g ViL(R) [RIP|g) (25)

where |g) is the scattering wave function for the
relative velocity g corresponding to the spherical
part Vy(R) =V 4 (R) of the potential. For more
details, see Reference 7.
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Exactly as in the case of linear molecules, the
cross sections (for elastic collisions) corresponding
to the collision integrals coupling two purely angular
momentum dependent functions f(Jz, J2) [J]@ and
g(Jz,J?) [J]'2 may now be shown to be given by

oo {f. 8} = (f[J1@ ©O1, R g[J] )

“(Fglg) o™ (vrer)o™?
= (2B (L g | @)s () Vi g JTTT 1,00 1,09

f(l) [J1](‘q) ©9 [9(1) [']1]@ +9(2) [J;z] (Q),t(g’ g’)]—

i'(g.g’) 4(E) 5 (P)dp, dp.dp, dp,".  (26)
Here
fO=(2amkT) 32 exp (- W2)Q1
exp{ —B[J>+ (x—1) JZ1} (27)

is the equilibrium distribution function-density ma-
trix, the symbol tr indicates that a trace over inter-
nal degrees of freedom is to be taken (including
summation over j and k) and the Dirac delta func-
tions express energy and momentum conservation.
The “inner product” (f,g!q), is defined
Table 3 &.

Upon insertion of the transition operator asso-
ciated with the potentials (19 —23) and evaluation
of the traces, the expressions listed in Table2 are
obtained. (For the methods used in the trace evalua-
tions, see Appendix C of Reference 5.) In Table 2,

in

Table 2. Elastic collision integrals 64{f, g} for several types
on nonsphericity.

Poten- 1, I, L o’{f,8) (f,&] 9

og{f, 81 (f8| Do

tial AN AL) 61411 (0)
Py 1 0 1 }q(g+))(fgla), 0
01 1
P, 2 0 2 $q(g+))(fela). 0
0 2 2
DD 1 1 2 %q(q-!—l)(/g Q) q=1:
1y f5(f I D1(g] 1)y
DQ 1 2 3 7<.q(q+1) g=1:
213 {(fgIII)l(Ul)g —({(f] 2(g]1)y
+3(fglg).0 1)) +(|D), (gll)z}
7=2: — (faz/au2)1
X(ga /all
g=3.
QQ 2 2 4 3ilqg+D)(fela). qg=1:
1) 'g(l;(f;'l)z(gll)z
g=3.

§ Note that (f, 8| gq), does not define a real inner product
since it is nonlinear: in general, (f+h,g|q)o* (2| @)o

+ (h, 8] q)o, although (uf,g|q)o=u(fglq),. The
Schwartz inequality is an equality for this “inner pro-
duct”.



304 H. Moraal

the cross sections are split in two parts
o tf gy =04 {9} +9" 9 »

the first one coming from the term with ¢g(1) as a
factor, the second one from the term with ¢(2).
Those values of ¢ for which o,7{f, g} is nonzero are
in Table 2 together with the nonzero
o, 4f.g} for ¢ <2, the ¢g=3 collision integrals
being of no importance for the effects considered in
the previous section.

(28)

also given

The cross sections 01,1, (0) are defined by
”/.]QL(O) (77)4;1 (ZLJ'l) Lr,l/orl
SIS R AL (g.g") OF (29)
AL (g.g) o(E)o(P) dp, dp, dp, dp,’ .

where the d-function in energy now selects those col-
lisions which are elastic, i. e., for which ¢*> = g% The
function 2'? is the translational part of /?. For the
special cases of the multipole-multipole interactions,
01,1,1.(0) may be approximated by making use of a
model described in Reference 7. The results of such
an approximation (for large mass, see Appendix B
of Ref.7) are given in Table3 together with the
different averages occurring in Table 2, (h|q), and
(h'q)s. The length d occurring in the 07,4, .,(0) ex-

Table 3. Definitions of the quantities used in Tables 1 and 2

+ Collision Integrals for Symmetric Top Gases

pressions is chosen in such a way that the shear
viscosity of the gas is given by 7+ 8

no= kT ((vra)gd®) "

4. Calculations for the Methyl Halogenides

The molecules selected for a calculation of the
elastic multipole collision integrals are the methyl
halogenides CH,F. CH,Cl, CH;Br and CH,l, because
for these prolate molecules all molecular quantities
needed (including the quadrupole moment %) are
known and because nonresonant '® and electric field
SB data ' (except for CH;I) have been reported in
the literature. The data necessary for the calcula-
tions are collected in Table 4 together with the de-
rived quantities d* (from the shear viscosity).
y=(Qe/tted)? and Boyys.

The evaluation of the collision integrals of Table 2
is then reduced to the calculation of a number of
averages of the form (6). This may be done in the
classical limit, i.e., the sums are replaced by inte-
grals and only the highest powers of j and % are
taken The results for o,{o;.,a},
0o{1,1}, 05{2;,2,;} and 0y{2,, ay}, which are the
diagonal cross sections for the tensor polarizations
Jpz]™® = He dmr: , [119, ]z[J]m J72= [HeJ]‘i"ng
andg (]Z2 o ) [J] @ X ] ( 3) 1= [.un] diag.

respe('livel_\, are given in Tables 5, 6 and 7.

into account.

ity Explieit f = ; T
Quantity SRS In Table 5, the cross section a,{a,, o} is given,
- Iz]-2 corresponding to reorientation of the dipole moment
s 1 JE—LtIe—H of the molecule, Equation (5). As expected, the di-
a, 3z — 3P J? (]'*“)‘1(12—2)_‘ ; ) y "

ALY BT @ O[T Table 5. The cross section a,{a;, a}.
q q D), Y
. <h'v [Jl 7 I[J] Do’ Molecule o,{a,. a5} (A2) Ononres. &
(h|q)y (a2 h[J1(@D L'][J] D) DD DO Q0 Total (A2)
(h!q), g (@2 h[P—1 (+g+1)] ’
(@) (3)g (q)

[ I el e, CH,F 106 0.7 0 107 130
0142 (0) Samuet(h*k T d?)—1? CH,CI1 80 0.5 0 81 160
O3 (0) = 005 (0) s wm 102 Q2 (R2 kT d*) —1 CH,Br 84 4.9 3.0 92 190

— 23 0110(0) ; (Qeftte d)?= CH,1 70 105 191 100 230
G324 (0) S am QR kT d% 1 =" 12 0,5(0)

i Reference 16.
Table 4. Molecular properties @ and derived quantities for the methyl halogenides.
Molecule Mass B r e Qs o2 y B
(1022 g) D) (D. A) (A?) (A?)

CH,F 0.57 15.4 6.0 1.86 —1.4 29.5 0.019 403
CH,4CI 0.84 218 11.6 1.87 1.2 29.8 0.014 298
CH,Br 1.58 25.4 16.0 1.80 3.6 34.3 0.116 308
CH,I 2.36 272 20.8 1.65 5.4 37.4 0.288 259

a All data have been taken from the tables of Ref. 11 except for the Q. values which are from Reference 15.
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pole-dipole interaction gives the largest contribution
to this collision integral, although DQ and QQ inter-
actions are certainly not negligible for CH;Br and
CH,I. A comparison of the calculated cross section
with the experimental 6,,y,s. 16 shows agreement to
within a factor of 2. Better agreement ist not to be
expected since no short range P; and P, potentials
nor higher order potentials could be calculated.
Furthermore, all inelastic contributions to the cross
sections have been neglected as well. That this be-
comes an increasingly worse approximation with in-
creasing mass, as seen from Table 5, is due to the
fact that the exchange of energy between rotational
and translational degrees of freedom becomes easier
as the moments of inertia of the molecule increase.

Table 6. DD, DQ and QQ contributions to o0,{1, 1},
ox{ar, ai} and 6x{as, as}- (A2).

Mole- 02{13 1} - oy{ay, axL 7&{‘1& ’32}7‘
cule DD DQ QQ DD DQ QQ DD DQ QO
CH,F 36 01 0 65 04 0 125 15 03
CH,Cl1 1.0 0 0 37 02 O 58 0.5 0.1
CH,Br 0.6 0.2 0.6 32 19 1.2 49 4.1 7.8
CH,I 03 04 33 21 3.7 6.9 34 7.5 41

In Table 6 the results for the reorientation cross
sections of [J]®, [ueJ]H), and [#,]F.. are as-
sembled. Again DQ and QQ interactions are impor-
tant for CH;Br and CHgl. The very large QQ con-
tribution to 6,{a,, ay} for CH,I is particularly in-
teresting: it is due to the fact that [ux.]® is pro-
portional to the quadrupole tensor of the molecule.
The total cross sections are given in Table 7 and are
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Table 7. The cross sections 6,{1, 1}, 0s{a;, a;}, 0-{as, a5}
and ogp- (A?).

Molecule  06,{1.1} o{a;,a;}  0x{as,as} oOsB2
CH,F 4 65 127 160
CH,C1 1 37 59 180
CH,Br 1 35 61 230
CH,1 4 32 83 —

a Reference 11.

compared with osp, the average cross section de-
rived from the electric field SB effects 1! (Equation
16). As can be seen from the table, it would seem
that ogp is approximately equal to 0y{as, as} and
certainly not to 6,{1, 1} as assumed in Reference 11.
As indicated in Section 2, statements like these are
not necessarily valid for other molecules.

It may then be concluded that the approximate
equalities

(30)

Ononres. =~ Oy {ah al}
and
Ogp = 03 {3, @5} (31)
hold rather accurately for the methyl halogenides.
Equation (30) confirms the theory of Tip and
McCourt 2, while Ep. (31) indicates that for these
prolate, moderately polar molecules the reorienta-
tion of the second tensor [#.]® is more important
for the shear viscosity SB effects than [J]®, in
contrast to nonpolar linear molecules where the
latter tensor is all-important.
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