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The normalization of this tensor is given by:
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Thus, due to (II.11 and II.12) one has the follow-
ing commutation relations for the Cartesian opera-
tors:
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For j'=j the I'* rank tensor operator is propor-
tional to the I rank irreducible tensor constructed
from the Cartesian components of J (cf. Ref. 19):
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where
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It is shown that the transport coefficients of dilute polyatomic gases in the ordinary Navier-
Stokes regime contain an extra pressure dependence when the internal state Hamiltonian does not
commute with the nonequilibrium distribution function-density matrix for the gas. As a specific
example, the pressure dependence of the shear viscosity of a gas of paramagnetic 22" molecules is
considered. Furthermore, the pressure dependence of the Senftleben and Senftleben-Beenakker ef-
fects is discussed and examples are given of the different types of molecules for which pressure
dependence in the field-free as well as in the field-dependent transport coefficients may be expected.

The transport properties of polyatomic gases can
be calculated from the linearized Waldmann-Snider
equation

(p/m) -V In fO =Ty o — (i/h) [H™, @] -, (1)

where f(© is the local equilibrium distribution func-
tion-density matrix given by

fO=nQ (27 mkT) *exp{ — W2 — Ht)/LT}

with Q the internal state partition function and W
the reduced peculiar velocity W= (m/2kT)"V.
Furthermore, J, is the (dissipative) collision super-
operator representing the effect of binary collisions

and defined by

Jop =(27)4h%tr, [dp, f(10)
{8 (¢ +9,) 6(E) &4 ap’
—(il27) [§(p+@y) — (p+@y) 611},

where the quantities ¢5 and &' represent the (binary
collision) transition operator and its adjoint (these
are matrix elements in linear momentum space but
still operators in the internal state space), a prime
denotes a functional dependence on p” and p,’, the
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linear momenta of the molecule and its colliding
partner, respectively, before a collision rather than
on P and Py, and tr; denotes a trace over the inter-
nal states of the collision partner. The quantity ¢
is an operator describing the deviation of the total
distribution function f from its local equilibrium
value [, The operator H@™ is the Hamiltonian
for internal states which consists, in general, of a
number of different terms amongst which can be
found the ordinary rotational energy term, the spin-
rotation coupling term present in all paramagnetic
molecules, the pseudo-quadrupolar coupling terms
for paramagnetic molecules having more than one
unpaired electron, spin-orbit couplings for para-
magnetic molecules having electrons with orbital
angular momentum, centrifugal stretching contribu-
tions, hindered rotation and, for some molecules,
inversion. Moreover, various nuclear hyperfine
couplings can be present for molecules whose con-
stituent atoms possess nuclear spin. In the presence
of magnetic and electric fields, this operator also
contains the familiar Zeeman and Stark terms. As
is well known, these latter two terms are necessary
in order to obtain results for the ordinary SENFT-
LEBEN and SENFTLEBEN-BEENAKKER effects 174, For
paramagnetic gases, the spin-rotation, pseudo-qua-
drupolar and spin-orbit couplings have been shown
to play a significant rdle in determining the form
taken by the field effects 5~8. Inversion and hindered
rotation, being of the same order of magnitude as
the spin-rotation coupling in paramagnetic molecu-
les, can be expected to play a similar réle in trans-
port phenomena. In every case the centrifugal
stretching and nuclear hyperfine coupling terms can
be neglected as their influence will certainly be too

small to be detected with methods currently avail-
able.

In kinetic theory, the distribution function for
the gas is expanded in terms of the microscopic
variables available. For noble gases, the only avail-
able vectorial quantity is W. All polyatomic gases
however, possess two such quantities, W and N, the

! Yu. Kagan and L. A. Maksimov, Zh. Eksp. Teor. Fiz. 41,
842 [1961] ; English transl.: Soviet Phys.—JETP 14, 604
[1962].

2 L. WALDMANN and H.-D. KurAaTT, Z. Naturforsch. 18 a, 86
[1963].

3 F.R.McCourt and R.F. SNIDER, J. Chem. Phys. 46, 2387
[1967] ; 47, 4117 [1967].

4 S. Hess and L. WaALDMANN, Z. Naturforsch. 21a, 1529
[1966] ; 23 a, 1893 [1968].
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(nuclear) rotational angular momentum of the mole-
cule. Moreover, should the molecule be paramag-
netic, additional angular momenta such as S, the
electronic spin and L, the electronic orbital angular
momenta must be taken into account while, should
the molecules be polar, the electric dipole moment
& © has also to be considered. For symmetric top
molecules, for example, for which the largest part of
w (© is the diagonal part, this amounts to an expan-
sion in ¥ W, N and N;, the projection of N along
the molecular figure axis. Asymmetric top molecu-
les, having three principal axes with moments of
inertia and dipole moments in arbitrary ratios re-
quire the full (¢ in the expansion.

Section 1 of this paper is devoted to a short dis-
cussion of the manner in which a pressure depen-
dence can arise in the transport coefficients. In sec-
tion 2, an explicit expression is obtained for the
field-free pressure dependence in a gas of paramag-
netic 22" molecules since this case is the simplest to
treat. In this same section, a very crude estimate
will also be given of the size of the pressure effects
to be expected. The final section, § 3, gives a dis-
cussion of the pressure effects both in the presence
of and in the absence of an external magnetic field.
In particular, a physical picture is suggested which
makes plausible certain explicit results which have
been obtained for the pressure dependence of the
Sentleben effect for 22" molecules ©.

1. The Basis of the Pressure Dependence

With the exception of H,y, and for 2JI molecu-
les 8, of H,, (spin-orbit coupling), the various parts
of H@Y can normally be neglected in the local
equilibrium distribution function since they are
rather small when compared with the thermal energy
kT. In the procedures followed in normal kinetic
theory, the perturbation ¥ @ of f from f© is ex-
panded in terms of the available molecular quanti-
ties present in the system. Generally speaking, not
every term of the expansion will commute with

5 H. MoraAaL and F. R. McCourT, Physica, in press.

6 H. MoraaL and F. R. McCourTt, Chem. Phys. Letters 3,
691 [1969].

7 J. A. R. Coorg, F. R. McCourT, and R. F. SNIDER, J.
Chem. Phys., to be published.

8 J. A. R. CoorE, F. R. McCourT, and H. MoraAL, Chem.
Phys. Letters 4, 84 [1969].

9 A. C. Levy, F. R. McCourT, and A. Tip, Physica 39, 165
[1968].
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H(m) Now, examining the Waldmann-Snider equa-
tion, it can be seen that because of this non-com-
mutation, the term (i/h) [H(, ] _ will give rise
to contributions proportional to n~! in addition to
the normal density-independent contributions arising
through J;. A formal expression for the field-free
shear viscosity will be utilized here as an example.
The integral equation obtained from Eq. (1) for the
shear viscosity (for which = —B : [Vv,]®) is

—2[W]®=7,B — (i/r) [(H™,B]_. (2)

The second rank irreducible tensor B can be ex-
panded formally as

B=[W]®B*bB. (3)
Here the symbols b and B’ denote column vectors
of expansion tensors and of expansion coefficients,
respectively, while a tilde indicates a transpose, b,
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e. 8., being a row vector whose elements are irredu-
cible second rank tensors. Insertion of expansion
(3) into Eq. (2) together with the formation of the
appropriate moments with the expansion tensors
yields a set of coupled algebraic equations given by:

—n"'=f,B* + é1B )
0=B1B*+ B2B:— (i/5nh)

(b : [H6m,B]_), B (4)
Here
Bo=(5n) 71 ([W]® :J[W]®),,

Bi=(5n) 71 ([W]® :]b),

(a vector whose elements are purely non-diagonal
collison integrals) and B,=(5n)"1(b:J, b)o
(a matrix whose elements are collision integrals).
The solution of Eqs. (4) together with the relation
1o = 3n kT B gives the field-free shear viscosity as

o 1.2

o=

Recall that the negative-definiteness of J, means that
Bos €. g., is a negative quantlty The average ( Do
employed here denotes that in which n71 f(¥) is used

as the weight function. All density dependenc has
been explicitly included in order to make this for-
mula as transparent as possible. Equation (5) shows
all general features to be expected for the density
dependence discussed here. If H(™) commutes with
b, Eq. (5) reduces to an expression containing the
pressure-independent contributions from all expan-
sion tensors employed. This is also the case in the
high pressure limit. A particular property of H(nt
used in obtaining expression (5) is that it contains
no externally applied anisotropies: this means of
course that the effect of external electric and mag-
netic fields cannot be considered in so simple a
manner.

The characteristic pressure regions in which den-
sity effects will be observed are directly determined
by the magnitudes of those parts of H( which do
not commute with certain of the expansion terms.
The size of these effects is also related, in an in-
direct way, to H( insofar as H(™ determines
which terms must appear to lowest order in the ex-
pansion. The magnitude is determined in fact both
by the matrix which describes the collisional cou-
pling amongst the angular-momentum-dependent ex-
pansion tensors [as contained in the matrix B, in

Eq. (5)] and by the vector which describes their

fo—B1Bt [1— (i/5nh) (b: [H, b]_), @111 B

(5)

collisional coupling with those angular-momentum-
independent expansion tensors which directly de-
termine the actual transport coefficients themselves
[as contained in the vector B, in Eq. (5)].

Paramagnetic and polar molecules in some sense
behave analogously but manifest their differences
from diamagnetic nonpolar molecules in different
ways. The effects in a paramagnetic gas can be
traced to two sources: in the first place, the expan-
sion considered must take the electronic spin and/or
orbital angular momenta properly into account and
in the second place, the presence of these electronic
angular momenta in the molecule gives rise to a
number of new terms in the internal state Hamil-
tonian which have the property that not every term
in the expansion of the distribution function com-
mutes with them. For polar diamagnetic molecules,
the situation is slightly different. Although, again,
the expansion must properly take into account the
presence of an additional molecular quantity, here
), there is no corresponding addition of new
terms to H(™) but rather, that part of the expansion
connected to ® no longer commutes with Hyot. In
this sense, the behaviour of paramagnetic and of
polar molecules can be said to be fundamentally
different. Of course, the possibility of having both
paramagnetic and polar character exists and is, in
fact, rather common.
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2. A Specific Example — A Gas of 22 Molecules

As an example of the density dependence discus-
sed in the previous section, the field-free shear vis-
cosity for a gas of paramagnetic doublet molecules
with no electronic orbital angular momentum will
now be considered. The internal state Hamiltonian
for such molecules is, in general, given by

H0 — 3R21"t:NN+hN-C'S,  (6)

where | is the moment of inertia tensor and C the
spin-rotation coupling tensor. In the case for which
both | and C are isotropic, i. e., for linear 22" mole-
cules, this Hamiltonian simplifies to

Hm) = (h2/21) N2 +ch N-S. (7)

In calculating the shear viscosity for this specific
example, it is useful to write down an explicit form
for the expansion of B. The expansion used here is ®

B—[W]® B200 | p(t)[N]® p(+) ozt
+P)[N]@ p(-) o2z 4 (P(H)[N]®@ p(-)
+POI[N]®@ p(H)y 028 L ;(P(H[N]@ p)
—POI[N]1® p(+)) poz4 (8)

The first two of the superscripts “ijk” on the B’s
denote the ranks of the irreducible tensors in W and
in N contained in the expansion term while the third
superscript indicates the specific combinations of
the spin-dependent projection operators P(*) and
P) which define projections onto the two spin
states of the molecule. In the case now under con-
sideration, the presence of the electronic spin angu-
lar momentum S has necessitated the form of the
expansion (8) and has resulted in the addition of
the spin-rotation coupling term to (7): it is clear
that the commutator of S*N couples the expansion
terms containing P(*)...P(") and P(7) ... P, If
the collisional coupling amongst the four latter terms
of expansion (8) is represented by the 4 x 4 matrix
R, of the semi-diagonal collision brackets1?, i. e., if
(Ro),, = [03/] while the coupling caused by ¢S*N
is represented by the 4 x 4 matrix R; with all ele-
ments, except (R;)3s= — (R,) 43 = @, equal to zero,
then the (field-free) shear viscosity is found to be

10 This notation is one in which the numbers “ijk” represent
the ranks i and j of the irreducible tensors in W and IV, re-
spectively, in the expansion term while k represents the ap-
propriate combination of projection operators; the upper
row indicates the expansion term brought in when form-
ing the scalar product in the variational procedure or mo-
ment method and the lower row indicates the expansion
term upon which the collision operator acts.
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given by

mo=— kT {381 -SR71S}~  (9)

where S is the column vector with S; = [3%%] (=1,

2, 3, 4) while R=R,+R;. When the traces over
the electronic spin states have been performed, the
following approximate relations hold ®: [§31] = [033],
[033] = [031), [899] = (3% and [329] =O. These re-
lations are based on an assumption that the elec-
tronic spin is itself unaffected by the collisional pro-
cess, an assumption which can be justified by the
weakness of intermolecular magnetic dipole-magne-
tic dipole interactions with respect to the normal
nonspherical parts of the intermolecular interaction
potential. If these results are utilized, Eq. (9) be-
comes explicitly:

_ 2kT{ 208812
s [WO 20019311+ [338D)
6812 1 }_1
T R Ec)
where
o« —al§f] -

) @EN+3)\ n® ¢
/o[338] p

_ kT /NN+1) 2N—
5 \ 2N+1

with N the magnitude of N, i.e., the operator N?
has the eigenvalues N(N+1). A more detailed
discussion of the validity of the approximations
utilized in obtaining the above result can be found
in ref. 5.

Diagonal square bracket integrals (diagonal col-
lision integrals) can be expressed as inverse times
characteristic of certain relaxation processes occur-
ring the gas. For example, [300] is related to the
mean-free-time which characterizes the shear visco-
sity coefficient 7, in the main or, more explicitly,
n1[239] = 7 free ¢ this collision bracket can be ra-
ther well approximated by its elastic value, a simple
Q- integral 11, The diagonal square bracket integrals
[93]] and [033] are, on the other hand, zero for
purely elastic collisional processes. In particular,
[83}] can be related to the time scale over which

11§, CHAPMAN and T. G. CowLING, The Mathematical Theory
of Nonuniform Gases, Cambridge University Press, London
1952. — J. O. HirscHFELDER, C. F. CurTiss, and R. B.
BIrD, Molecular Theory of Gases and Liquids, John Wiley
& Sons, Inc., New York 1954.
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the anisotropy in angular-momentum-space will be
destroyed by an external field: it is, in fact, just a
matching of the angular momentum precession fre-
quency caused by the external magnetic field to
the frequency defined by n™! [(31] = tip4. which
is characteristic of the Senftleben effect for the
shear viscosity, i. e., it determines the value on

_ {1 L
o ="Moo 1 ° 7 3001083+ 388)
where 750 = — $n2kT[300] 71 is the isotropic value

of 7, and wyg, is proportional to ¢ in frequency units.
From the form of Eq. (11), it is already apparent
that the final term within the curly brackets describes
a dispersion-like behaviour. The only quantity which
can be freely varied here is the pressure: the con-
tribution arising from this term is maximal for the
limit p— oo and zero for the limit p— 0, reaching
one half the maximal value for an intermediate pres-
sure which is such that o, 7 jye, is unity.

A crude estimate of the pressure region where
this behaviour can be seen can be made in the fol-
lowing way. It has been shown in ref. 5 that the
collision bracket [$33], because of its structure, can
be expected to be smaller than [§31] and that it
should be not unreasonable to estimate it to have
between 10% and 1% of the value of the former
quantity. This merely amounts to a time-scale argu-
ment and is not unprecedented: it is rather well
known that even for the same collision brackets, dif-
ferent collisional processes which have widely differ-
ent time scales can occur, the standard example of
this being H, for which reorientation collisions and
energetically inelastic collisions occur on time scales
which are separated by a factor of ten. Now, assum-
ing [331] to be of the same order of magnitude as
its equivalent square bracket integral for CO,,
(82391, for which an estimate can be made from the
characteristic position on the H/p axis at half-height
of the Senftleben-Beenakker effect for the shear vis-
cosity 12, as (n2[0300] ) co,~ — 6.25 x 10 3 cm?s™1,
n"2[033] can be estimated to lie between —6.25
%1076 and —6.25x 1077 cm®s™!. For a coupling
constant of 1 GHz, a simple order-of-magnitude cal-
culation results in the characteristic pressure range
lying around 20 cm Hg to 200 cm Hg. As to the size

12 The authors are grateful to Dr. J. KorviING for making
his data on CO, available to them prior to its publication
(J. KORVING, Physica, to be published).

—1
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the H/p axis at which a longitudinal effect reaches
half its saturation value. The time scale defined by
n~1[033] = 7" ine.. can be, and quite probably is, ra-
ther different from that just discussed.

From such a point of view, it is perhaps illuminat-

ing to rewrite Eq. (10) as

B8P 1

(11)

of the effect, the same arguments which were applied
to [933] would imply that the off-diagonal collision
bracket lies between the full value for and 10% of
[329]. This leads to relative changes in 7, of the
order of 1% to 1% for a gas having a Senftleben
effect of about 1%o. Although this is rather small,
it should be within the range of modern measuring
techniques and it could be used to obtain informa-
tion regarding collision brackets not easily extracted
from other measurements. Such a pressure effect is
more interesting as a matter of principle in that
even in the dilute gas regime, not all polyatomic
molecules have rigorously density-independent trans-
port coefficients. As will be seen in the ensuing sec-
tion, the class of such polyatomic molecules can be
quite large. Note, however, that in the case of meas-
urements of the Senftleben effects, the leading term
(unity) in Eq. (10) is no longer present and hence
the extra pressure dependence to be found in such
experiments can be expected to be rather marked.

3. Discussion

It will be clear from the foregoing sections that
the Senftleben effects for paramagnetic gases will
also show a pressure dependence and roughly in
the same pressure range. This problem has been
treated quite generally for 23 molecules ® and even
an explicit calculation of the thermal conductivity
effect for a certain model has been undertaken .
The behaviour found for — 421/, in ref. ® was as
follows: at some intermediate pressure, the effect
first increases with increasing field as a normal dis-
persion-like curve, reaches a maximum at higher
fields and goes down to a very small saturation
value. At very low pressures, the curve has the nor-
mal diamagnetic shape while at higher pressures,
the maximum becomes smaller and finally dis-
appears. This is illustrated in the figure where
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nysH /INN+1)22N-1)22N+3)
15\ @N+1)3 0
- ([0311+10281) 1,

7s being the gyromagnetic ratio of the molecules
in the gas and H the magnitude of the magnetic
field.

A simple physical picture similar to that for dia-
magnetic gases can be constructed in order to ex-
plain this behaviour. It will be recalled that in the
diamagnetic case, there is an anisotropy in angular
momentum-space caused by the collisional coupling
of linear and angular momenta and by the macro-
scopic gradient responsible for the transport pheno-
menon. This anisotropy results in a (small) con-

P=-

tribution to the field-free transport coefficient con-3|<

cerned. In placing the system in a constant homo-
geneous magnetic field, the angular momentum an-
isotropy is partially destroyed by the precession
caused by the field: it is seldom totally destroyed be-
cause the field is unable to attack the anisotropy
contribution corresponding to the projection of the
angular momentum along the field axis. In the case
of paramagnetic 22’ molecules, there is a small an-
isotropy in the total angular momentum (J =N + 8S)
space: this is still created by the collisional coupling
of the linear and (nuclear rotational) angular mo-
menta and is communicated into the total angular
momentum space by the spin-rotation coupling. The
applied field causes a precession of the electronic
spin which in turn, again through the spin-rotation
coupling, partially destroys not only the S-space
anisotropy but also the N-space anisotropy, thus
causing a rather large (i.e., normal diamagnetic)
end result. At somewhat higher field strengths, how-
ever, the electronic spin and nuclear rotational an-
gular momenta become decoupled (i. e., they begin
to precess independently) and, if the field is not
sufficiently high to be causing a significant preces-
sion of N between two successive collisions, the
anisotropy in N space is restored and the effect can
return nearly to its field-free value (with only that
anisotropy corresponding to S — Sy H being de-
stroyed). At still higher fields, the N-anisotropy is
again partially destroyed through precession of N
itself. For low enough pressures, no such dramatic
behaviour will occur because the N-anisotropy has
already been destroyed by the precession of N be-
fore a field strength high enough to decouple N and
S has been reached. The return of the saturation
values to nearly the original saturation effect is not
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seen in the figure because the computer solution has
not been taken far enough to show this. The final
saturation value is still slightly pressure dependent;
at low pressures it has the same value as reached in
the figure for a =10(a= % o'[033]1{[031] + (0321}~ 1)
while it is slightly higher at higher pressures (the
difference is of the order of a few percent).

o1

Fig. 1. The relative change — 44 | /4, (of the thermal conduc-

tivity in the presence of a magnetic field) for a gas of 23’ mole-

cules for various pressures. The parameters a and © are de-

fined in the text; this figure contains the same information as
in Fig. 2 of ref. ® but is plotted in a different way.

01 7 0 00

The behaviour of the field-free effect will not be
nearly as dramatic as that in the field and will be
essentially that described in § 2 following Eq. (11).

Finally, it is worth discussing in slightly more
detail the types of molecules for which density de-
pendence in the field-dependent and in the field-free
effects can be expected. Paramagnetic 22 molecules
have been treated here in detail since they offer the
simplest theoretically tractable example. It is clear
that their nonlinear polyatomic analogues, 2A; and
B, molecules, of which NO, and ClO, are the most
prominent examples, will show the same behaviour.
In fact, TORWEGGE’s measurements 1 for NO, cor-
roborate this conclusion even though his field
strengths did not allow the full saturation effect to
be achieved.

For a gas of 2II molecules, the dominant term
in the internal state Hamiltonian is that describing
the spin-orbit coupling (corresponding to Russell-
Saunders coupling in atomic spectroscopy). As the
spin-orbit coupling energy is of the order of £ T at
room temperature, the characteristic pressure region

13 H. TORWEGGE, Ann. Phys. Leipzig 33, 459 [1938].
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Form of Examples Typical Pressure Experi-
Coupling Level Effect mentally
Splitting  Expected Detected
(GHz) (yes or no) Pressure

Depend.

in Field

Effects

spin- CN (22) 0.32 yes -
rotation  NOg (2A,) 5.0p yes yes¢

Cl02 (2B;) 1.34 yes —

02 (32) 1.0e yes yes f
pseudo- 02 (32) 59.4¢ yes —
quadrupolar
spin-orbit NO (2I) 3.7x1038  no noh

ClO (3IT;) —8.5x1031  no —
hindered CH30H 251 yes yesk
internal CH3NO: 303 yes —
rotation
Inversion NH; 23.81 yes yesl

ND3 1.64 yes yes!
Strongly C4H,4S — yes yesk
asymmetric (CHs)2CO — yes —
top (polar)

* A.T. WAGER, Phys. Rev. 64, 18 [1943].

" G. R. Brp, J. C. BarD, A. W. JACHE, J. A. HODGESON, R.
F. Curt, Jr., A. C. KUNKLE, J.W. BRANSFORD, J. RASTRUP-
ANDERSEN, and J. RoseNTHAL, J. Chem. Phys. 40, 3378
[1959].

¢ See ref. 13,

4 R. E. D. McCLUNG and D. K1veLsoN, J. Chem. Phys. 49,

3380 [1968].

Taken from ref. 15,

See refs. 18 and 17,

G. HERZBERG, Molecular Spectra and Molecular Structure.

I. Spectra of Diatomic Molecules, D. Van Nostrand Com-

pany, Inc., New York 1950.

See refs. 13 and 14,

A. CArRrRINGTON, P. N. DyER, and D. H. Levy, J. Chem.

Phys. 47, 1756 [1967].

J C. H. Townes and A. L. ScHAwLOW, Microwave Spectro-

scopy, McGraw-Hill Book Company, New York 1955.

J. J. pE GROOT, private communication.

' J.J. pE GROOT et al., Physica, to be published.
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Table 1. Typical Couplings Giving Rise to Pressure Effects.

over which the pressure effects described in this pa-
per would be expected to occur is around several
hundred atmospheres. Such pressures are well be-
yond the dilute gas regime; at such pressures the

14 J. KorviNG, W. I. HoNEYWELL, T. K. BoOsE, and J. J. M.
BEENAKKER, Physica 36, 198 [1967].

15 M. TINkHAM and M. W. P. STRANDBERG, Phys. Rev. 97,
937, 951 [1955].
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ordinary density effects from triple and higher mul-
tiple-particle collision effects will be much greater
than that due to internal state effects. At ordinary
pressures in the dilute gas regime, therefore, no
special behaviour should be expected for such mole-
cules. Typical examples of 2II molecules are CIO
and NO and, indeed, measurements of the Senftleben
effects for NO have shown no deviations from the
H/p law 13 14,

Oxygen, with a 33 ground electronic state should
also show special behaviour in that the spin-rotation
coupling constant there is 1> 1 GHz so that there should
be a weak pressure dependence in the range from
a few cm Hg to about 1 atm. This has been observed
in the transverse viscosity measurements % 17 for O,
and has a behaviour consistent with the ideas pre-
sented here. A further pressure dependence should
be seen at pressures around 10 atm due to the so-
called pseudo-quadrupolar coupling term which has
a coupling constant of ¥* 60 GHz. Other character-
istic internal state couplings which should give ob-
servable pressure effects are listed for convenience
in Table 1 together with a few typical molecules to
be found in each class.
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