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Recently there has been a growing interest in purely 
classical descriptions of dielectric fluids composed of 
deformable (polarizable) molecules. t-5 In such treat­
ments, classical statistical mechanics is applied not only 
to translational and rotational coordinates, but also to 
the internal molecular coordinates associated with po­
larizability. The main drawback of such an approach 
is that it implies incorrect dispersion forces between the 
molecules. 3• 4• 6 However, one may compensate for this 
error by an appropriate choice of the intermolecular po­
tential. 3 

Much of the work cited has been concerned with simple 
approximations (such as the mean spherical and related 
approximations) in which analytically tractable results 
may be obtained. It may be of some complementary in­
terest to point out that the restriction to a purely classi­
cal description enables one to obtain very general ex­
pressions for the dielectric constant E which are re­
markably simple in form. Two such expressions are 
given below. These expressions are valid for an arbi­
trary molecular model (provided only that internal mo­
lecular degrees of freedom are treated classically), and 
they apply to fluid mixtures as well as pure fluids. 

The first expression relates E to dipole moment cor­
relations. It follows easily from the general formula 7 

(E -1) (2€ + 1)/(41TE) =I dr U: K(r), where K(r) is the dy­
adic kernel that relates the polarization P(r) to the ex­
ternal electric field E0(r) in an infinite system, and U is 
the unit dyadic. In a purely classical system, one read­
ily finds that K(r) = (3 ( P(r)P(O)), where the angular 
brackets denote an equilibrium ensemble average in the 
unperturbed system, and (3=1/kT. We thereby obtain 

(E: - ~~~€ + 1) = (3 f dr ( P(O) · P(r)) . (1) 

The second expression relates E to charge density 
correlations. It follows from the purely classical for-

mula (E: -1)/ (41TE:) = (3Q, where Q is the limit as k- 0 of the 
quantity 

ikl-2 J drexp (ik · r) (p(O)p(r)) 

and p(r) is the microscopic charge density at the point r. 
(This formula is easily verified by an argument similar 
to that which is used to obtain E(k) in ionic fluids. 8 ) The 
limit may be taken using L'Hopital's rule, with there­
sult 

€
4

- 1 
=- 1. (3 far I r 1

2< p(O) p(r)) 
1T( 6 

(2) 

In order for E to be finite, the correlation functions 
( P(O) · P(r)) and ( p(O) p(r)) must be short ranged. It 
seems likely1• 9 that both of these functions will in general 
decay like I r I -6 as I r I -co. 

The status of Eqs. (1) and (2) is somewhat difficult to 
characterize. Equation (1) is by far the more familiar, 
and expressions equivalent to it are encountered rather 
frequently (e.g., see Felderhof10). Equation (2) is much 
less well known, in spite of the fact that in essence it is 
simply a limiting case of a relation which is well known 
in another context. But while they are not really new 
results, the equations themselves and the full extent of 
their generality do not seem to be widely appreciated, 
especially in the case of Eq. (2). It therefore seems 
worthwhile to focus greater attention on these relations, 
and, in particular, to emphasize their applicability in the 
context of present concern. t- 5 

The great generality of Eqs. (1) and (2) makes them 
useful as starting points for derivations of more special­
ized expressions. In the case of Eq. (1), the first step 
is to write 
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where r, and JJ., are the position and dipole moment, re­
spectively, of molecule k. Substitution into Eq. (1) then 
yields, for a pure fluid, 

(E:- ~;!E: + 1) = f3njdJJ. I JJ.i 2 s(JJ.) 

+{3n2jdrdJJ.dJJ.' JJ. ·JJ.' h(r, JJ., JJ.'), (3) 

where s(JJ.) and h(r, JJ., JJ. ') are the singlet and pair di­
pole moment correlation functions introduced by Pratt, 2 

and n is the molecular number density. [Note that a fac­
tor of two should be inserted on the right side of Pratt's 
Eq. (2. 6). J Equation (3) may be regarded as the general­
ization of the Kirkwood equation11 to classical deformable 
molecules. 

Similarly, for Eq. (2) one writes p(r)=L;,p,(r), where 
p,(r) is the charge density of molecule kat the point r. 
Singlet and pair charge density correlation functions then 
appear. To proceed further, the form of p,(r) must be 
specified. The simplest choice of p,(r) is that appro­
priate to a collection of point charges; i.e. , p, (r) 

=L:a z"" o(r- r,"')' where r,"' is the position of point 
charge a in molecule k, z"" is its charge, and L:" z"" = 0. 
This choice, of course, leads naturally to a site-site cor­
relation function description, and provides perhaps the 
simplest route to the site-site expressions for E. 1• 9 

alwork performed under the auspices of the United States De-
partment of Energy. 
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Single vibronic emissions from NOB 2ll (v' = 7) and 0 2 B 3.2'~ 
(v' =4) excited by 193 nm ArF laser 
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Previously, powerful excimer lasers have been sue­
cessfully used to study unfavorable absorption processes 
such as multiple photon dissociation. Often the products 
generated in these processes are monitored by efficient 
detection methods such as fluorescence and laser induced 
fluorescence of the dissociation fragments. In this note, 
we would like to report on weak single photon absorption 
processes which selectively populate single vibronic lev­
els in diatomic molecules. Since this excitation was 
found to lead to predissociative states of NO and Oz, the 
subsequent fluorescence is inefficient. 

The photon energy of the ArF laser corresponds to the 
absorption of the NOB 2n (v' = 7) -X 2n (v" = 0) and A 2:0 
(v'=3)-X 2n(v"=O) transitions. TheF1 component of 
the B (v' = 7)- X (v" = 0) absorption of NO originates at 
52 347 cm"1 and the spectrum is shaded towards the red. 
From available spectroscopic data, 1 '

2 NO X(v" = 0) is 
expected to be excited to the B (v' = 7) state via the ab­
sorption lines R11 (30.5 to 32.5), P 11 (27.5 to 29.5), 
Q11 (2B.5 to 31.5), R22 (2B.5 to 30.5), P 22 (25.5 to 27.5), 
and Q 22 (26. 5 to 29. 5). On the other hand, the A 2:0 (v' = 3) 
-X 2n (v" = 0) absorption is shaded towards the blue with 
an origin ofF 1 at 51130 cm" 1 • Energy matching of this 
absorption requires the preparation of NO A ( v' = 3) from 
higher rotational levels of the NO X(v" = 0, J"- 50. 5) 
state. The population of rotationally excited NO with 
J''- 50. 5, however, is about 106 times smaller than that 

of J'' = 28. 5 at (298 ± 2) K. Therefore, preferably the 
formation of highly excited rotational levels (J' = 26. 5 to 
33.5 for F 1 and 24.5 to 31.5 for F 2) of the B(v' = 7) state 
is to be expected in the irradiation of NO by an ArF 
laser. 

According to the well-known absorption of the Schu­
mann-Runge bands 0 2 molecules are excited by light 
from an ArF laser to the B 3:0= (v' = 4) state via several 
rotational lines of the P (N'' = 15, 17, and 1 9) and R (N'' 
=17, 19, and21)branches. 3 

In the present experiments, an unfocused ArF laser 
(Lambda Physik, EMG 501) was operated at 3 Hz pro­
ducing 100 to 150 mJ per pulse at 193.34 nm (FWHM 
0. 5 nm). The fluorescence generated upon irradiation 
of NO (purity> 99. 85%) or 0 2 (purity> 99. 5%) was dis­
persed by a monochromator (0. 5 m Minuteman) using 
a grating blazed at 300 nm. The intensity of the fluo­
rescence was measured by a photomultiplier (EMI 9789 
QB), and the signal was averaged by a boxcar integrator 
(PAR 162/165). 

The observed NO fluorescence is shown in Fig. 1 to­
gether with the distribution of the fluorescence intensity 
estimated from theoretical values of Franck-Condon 
factors for theB 2n(v'=7)-X 2ll(v") progression. 4 The 
agreement between experiment and calculation appears 
to be reasonably good considering previous results ob-
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