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A condition on the derivative of the potential in the
primitive model of an electric double layer
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Recently,' it has been demonstrated that integral
equations, which are useful in the theory of bulk fluids,
can be used to describe fluids near a wall. This has
led to an interest in the application of these integral
equations to the electric double layer.

One unexpected and interesting result of such studies
of the double layer is the fact that, in the mean spherical
approximation (MSA) at high concentrations® and in the
hypernetted chain approximation (HNCA) at high electrode
charge density, >* the diffuse part of the potential differ-
ence across the double layer, ¢, can decrease as the
charge density on the electrode is increased.

This decrease of ¢ with increasing charge density is
related to the physically plausible oscillations in the
change profiles predicted by these approximations. The
purpose of this note is to show rigorously that the total
potential difference, V, is a monotonically increasing
function of the charge density. Although we do not show
that ¢ can decrease as the charge density on the elec-
trode is increased, as long as V is a monotonically in-
creasing function of the charge density, a decrease in
¢ is not prohibited by our result.

Consider an electric double layer consisting of the
charged hard ions in a medium of uniform dielectric
constant, ¢, and in the presence of a hard charged wall.
In order to keep the overall system electrically neutral,
a hard wall with an opposite charge is placed at infinity.
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If A is the surface free energy per unit area when the
wall has a surface charge density of €E/47, then

BAg==1In fexp{- plH,+ Up)}ag , (1)
where H; is the Hamiltonian when the wall is uncharged,
Ug=—E D 2;%; , (2)

T

z; and x; are the charge and distance from the wall of the
the center the jth hard sphere.

Differentiating
(%), -0=- 2 cupufrhilas (3)
and
2 <
(529 --arr-cwri<o, (@)

where y=Ug/E. Apart from a multiplicative coefficient,
the sum in (3) is the total potential drop across the
double layer. Thus,

(%E)Tao. (5)

Equation (5) is a rigorous bound as long as all the field
dependent interactions are given by (2).
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Since there is no screening of the field between the
wall and the distance of the closest approach, V is re-
lated to ¢ by

V=Eo/2+¢ . (6)
Hence,
A S
(a_E),’ ~o/2. (7)

The MSA always satisfied Eq. (7). However, at low
concentrations and high fields, the HNCA fails to satisfy
Eq. (7). The MSA and HNC are improvements over the
Poisson-Boltzmann (PB) theory of Debye and Hiickel for
bulk ionic fluids and, except for the extreme conditions
where Eq. (7) is not satisfied by the HNCA, are expected
to be improvements over the PB theory of Gouy and
Chapman,
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The barrier to planarity in aminopyrazine
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The far-infrared vapor-phase spectra of aromatic
amines can provide useful information about the struc-
ture of the amino group in the isolated molecule, unper-
turbed by intermolecular interactions. Such spectra are
dominated by transitions involving the double minimum
inversion (umbrella) vibration of the amino group.

From the observed transitions the inversion barrier
opposing planarity, which is difficult to obtain in any
other way, readily can be determined. Because of par-
tial conjugation between the amino nitrogen and the aro-
matic ring, this barrier is very sensitive to changes in
the electronic structure of the molecule; in particular,
for certain of these molecules a correlation has been
found with the calculated electron density on the nitro-
gen atom, 1+2

In this note is reported the assignment of the far-
infrared vapor phase spectrum (50-650 cm™) of amino-
pyrazine, which has two nitrogen atoms para to each
other in the ring and one amino group attached to a ring
carbon. The spectrum was obtained at a resolution of
1 cm™ at 42°C on a Digilab FTS-16 interferometer
equipped with a Wilks variable path gas cell set at
20.25 m. The identification of lines due to transitions
in the inversion vibration is straightforward (cf. earlier
assignments'™) and appears in Fig. 1.

A quadratic/quartic potential function of the form
V="V,x%+ V,x* has been successful in calculating the in-
version barriers for similar molecules’-® and will be
used here. A computer program, described elsewhere,
which gives a least-squares fit to the observed energy
levels by refinement of the parameters V, and V, was
used. To estimate the positions of the minima in the
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potential function, and hence get an approximate out of
plane angle for the amino group, the results are re-
ported in terms of the dimensioned coordinate x. It is
therefore necessary to have a value for the reduced
mass, m, for the vibration. Because of the uncertain-
ties inherent in calculating » from some assumed form
for the motion it was decided simply to use the same
reduced mass (i.e., m=4.0 %) which for aniline caused
the minima in the potential function to occur at +0. 3 10&,
the observed out of plane distance of the amino hydro-
gens.® A value of m = 4.0 « has also been found to work
well for 2-aminopyrimidine.! In any event, the barrier
height equals V2/4V, and is independent of the reduced
mass.

The best-fitting parameters, V,=-657.4x10"° cm™
pm and V,=0.529x10"° cm™ pm™, give a barrier of
204+ 25 cm™!. The calculated energy levels, 101.7,
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FIG. 1. Vapor phase spectrum of aminopyrazine from 50 to
650 cm™. Path length 20.25 m, temperature at 42°C.
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