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have also been the subject of a number of classical tra-
jectory studies.!* LEPS surfaces were used in these
studies and were adjusted to reproduce the known ex-
perimental data. For the abstraction reaction the
height of the barrier obtained in this manner is ~43
kcal/mole!®; this is to be compared to the 8.1 kcal/
mole calculated here., The LEPS surfaces also predict
that for the abstraction reaction Ry, ~0.97 —0.99 A and
Rucy~1.40-1.41 A, i.e., that at the saddle point Ry,
is less extended than Ryy. In contrast to this the pres-
ent calculations predict that the transition state lies
closer to the products than to the reactants.

For the exchange reaction the above LEPS surfaces
actually predict a shallow well at the transition state
as compared to the calculated barrier of 25,3 kcal/
mole. Assuming that the barrier for abstraction is as
given by the LEPS surface, we would predict the bar-
rier for exchange to be 21,7 kcal/mole if the error in
the calculated barrier is additive [25.3 + (4.5 -8.1)]
and 14.1 kcal/mole if it is multiplicative [25.3x (4.5/
8.1)]. It is unlikely that the barrier to exchange is
lower than ~ 14 kcal/mole and may well be closer to
22 kcal/mole in line with the calculations of Botsch-
wina and Meyer.!?

The calculations will be presented in greater detail
in a later paper.
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One motivation for undertaking electric deflection
and spectroscopic measurements on van der Waals mo-
lecular dimers is to obtain information about pair an-
isotropic intermolecular forces. A similar motivation
holds for the measurement of dielectric virial coeffi-
cients of polar and nonpolar gases. The purpose of
this note is to draw attention to how both electric deflec-
tion and dielectric virial coefficient measurements can
be used to complement one another and to indicate the
implications of the results of spectroscopic studies of
van der Waals molecules for dielectric virial experi-
ments and vice versa,

Up to the present, the most important implication of
electric deflection results on van der Waals molecular
dimers is that pair interactions based on classical
electrostatic interactions of permanent and induced
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electrical moments may not be either adequate or ef-
ficient for predicting the geometry of molecular di-
mers.! This is not surprising when one realizes that
the characteristic equilibrium separation of the dimer
is of the order of the dimensions of the molecular part-
ners, so that a far field electrostatic expansion is not
necessarily useful. For example, a nonpolar dimer
formed of polar monomers is unexpected from dipole-
dipole interactions, However, all theories® for the di-
electric virial coefficient are based on classical elec-
trostatic potentials of interaction,

Here we present modifications of the conventional
theory that permit the possibility of permanent dipole
moment and pair interaction u(1, 2) variations due to
molecular overlaps that are not easily produced in the
electrostatic picture. At the level of the second virial
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coefficient, an adequate representation of the net dipole
moment i, (RY) of the sample of N molecules is

N
Haee RV = D (i) + § du(i, 5) (1)
1

where O (i, 7) denotes the difference between the per-
manent dipole moment of a pair of molecules pp (s, 7)
at a specified separation and orientation from the infi-
nite dilution gas phase value; thus

pom(l, 2)=p(1)+pu(2)+0u(l, 2) . (2)

Modifications to the standard theory® for the dielectric
virial coefficient B (T)=B, + B ,(7T) lead to the result:

- dw, dw -u(l, 2
BM(T)=(6kBT)1 .[Tl?: delzeXp[—;f(—T,——z]
1 B

X[ﬂnm(l, 2)- #DIM(l, 2)—#(1)2—M(2)2] (3)

where w; refers to the orientation of molecule ¢ and

2, =/ dw,. The quantity B, depends upon the difference
in average polarizability of the dimer and constituent
molecules; it does not exhibit the dominant 7-! depen-
dence of B,(T),

In general the well depths of dimers are of the order
of 1 to 10 times room temperature, and support a num-
ber of bound states. While a quantum theory of the di-
electric constant would seem at first to be most closely
connected to structural measurements, this would re-
quire a vast amount of structural data. The structural
data, including numerical values of the dipole moment,
exist in general only for the ground vibrational level of
the dimer, It is highly likely that each vibrational lev-
el, all of which will be populated, has a different di-
pole moment, In addition, for excited vibrational lev-
els it is likely that effects of nonrigidity are quite
severe, making Van Vleck’s high and low frequency
separation nonapplicable, Thus, without this detailed
knowledge of the electronic and mechanical properties
of the dimer, a quantum mechanical theory at present
would not be more physically correct than the above
classical treatment.

The expression Eq. (3) may be used to investigate
those cases that differ most markedly from predictions
based on the electrostatic multipole picture. For ex-
ample, for nonpolar molecules B, (T) takes the form

dw, dw
- -1 1772
B,(T) = (6k5T) [ DR

x [ By, exp[iu—,ﬁffT—Z)]éu(l, 27 . (4)

If electric beam deflection measurements indicate that
the ground state of the van der Waals dimer is polar,
as in the case of (Cl,), or (CgHg)s, B,(7) is predicted to
decrease with increasing 7, in agreement with the con-
ventional theory. However, if the molecular beam

electric deflection measurements indicate that the
ground state of the dimer is nonpolar, as in the case of
(C,H,),, then the possibility exists for B,(7T) to increase
with increasing 7. In this case, oy will vanish at the
potential minimum but there can be an appreciable con-
tribution from 6u(1, 2)° in Eq. (4) from more energetic
conformations,

While in principle such a possibility is permissible
within the conventional electrostatic picture, it re-
quires the introduction of a fortuitous agreement of
quadrupole moments and anisotropic induced polariza-
bility.

In fact original measurements for B,(7) on ethylene
indicated that B, (7T) increased with increasing 7. 45
However, the interpretation of more recent experi-
ments has reversed this finding, ®? We predict this ef-
fect should be readily observed in the isoelectronic
species formaldehyde. H,CO is polar while its dimer
is observed by electric deflection to be nonpolar, The
connection between the electric deflection studies of
van der Waals dimers and dielectric virial coefficients
is evident: an anomalous temperature dependence for
B (T) of a nonpolar gas implies a nonpolar van der
Waals dimer ground state, while molecular beam elec-
tric deflection evidence for a nonpolar van der Waals
molecular dimer indicates possible dielectric anomaly.

In conclusion, spectroscopic studies of van der Waals
molecules and gas phase dielectric measurements (or
by analogy, Kerr effect virial coefficients) usefully
complement one another. Both these measurements
are probing the anisotropic intermolecular potential and
involve Wpiym. L2 gystems which especially deserve
study are those that test the conventional miltipolar in-
teraction picture. An example is the pair CH,CN/
CH,NC, both of which have a similar dipole moment,
quadrupole moment, polarizability anisotropy and
shape. ®
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