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NATURE OF THE ELECTRICAL EFFECT AT
THE SOLUTION-AIR INTERFACE ACCOM-
PANYING THE FORMATION OF MULTI-
MOLECULAR FILMS OF CONDENSED
AROMATIC HYDROCARBONS

M.A.Gerovich

In previous papers !»* on the electrical properties of
films of condensed aromatic hydrocarbons (phenanthrene,
anthracene, chrysene, etc.) on the surface of solutions of
inorganic salts and pure water it has been shown that, under
conditions such that these hydrocarbons spread with forma-
tion of thin multimolecular layers, a positive potential
arises at the solution-air interface. The relationship found
between the magnitude of the surface potential of the multi~
molecular layer and the concentration and valency of the
solute cation suggested that the effects of spreading and
production of a positive charge are associated with adsorp-
tion of the cations of the salt and the hydrogen lons of the
water and the polarisation of the molecules of the non-polar
compound, It may also be supposedthat, as a result of inter-
action in the surface layer between the cations of the salt
and the molecules of the aromatic hydrocarbon, the surface
energy at the phase boundary is diminished, favouring the
spreading of the aromatic molecules at this boundary. This
explanation was confirmed in an investigation of the beha-
viour of aromatic carbons at a mercury-solution interface
by recording electrocapillary curves %4,

This investigation showed that the preferential adsorp-
tion of aromatic hydrocarbons observed on the positively
charged mercury surface is due to interaction between the
n electrons of the aromatic ring and the positive charges on
the metal surface. The occurrence of interaction in the
bulk of the solution between aromatic hydrocarbons and sil-
ver ions, which leads to the formation of molecular com~
plexes of the type AgAr*,® is a similar phenomenon.

If the behaviour of condensed aromatic compounds at the
solution-air interface is considered from this viewpoint, it
may be supposed that the electrical effect accompanying
their spreading is of the same nature as the electrical and
adsorption effect at the mercury-solution interface, i.e,
that it is due to interaction between the 7 electrons of the
aromatic hydrocarbons and the cations of the salt solution
or the hydrogen lons of the water molecules,

It was therefore of interest to investigate the behaviour
of condensed aromatic hydrocarbons on the surface of solu-
tions containing silver ions, It might be expected that, on
passing from pure water to such solutions, the addition of
aromatic hydrocarbons would cause a considerable increase

in the magnitude of the positive potential. The present work
was undertaken with the object of confirming this hypothesis.

EXPERIMENTAL

Measurements were made of the surface potential of
solutions of silver nitrate of different concentrations, and
of several other salts, when anthracene and chrysene dis-
solved in benzene were applied to their surface. For com-
parison, measurements were also made of the electrical
effects occurring when an aliphatic hydrocarbon, triacon-
tane Cy.Hg,, was added to these solutions.

Surface potential was measured by the radioactive-probe
method suggested by Guyot® and Frumkin?, The method of
measurement and the apparatus have been described in a
previous paper 3, Boththe aromatic hydrocarbons and the in-
organic salts were first carefully purified. The triacon-
tane was prepared by electrolysis of an alcoholic solution
of potassium palmitate (Kolbe synthesis), and purified by
subsequent recrystallisation and distillation in vacuo. Its
melting point was 65.5°.

The results of the measurements are set out in Table 1.

The surface~potential values in the Table represent the
limiting changes in potential difference occurring at the
solution-air interface on adding the film-forming substance
to the surface of the solution until it is saturated,

TABLE 1. Surface potentials of films of anthracene and chrysene
on solutions containing ions of silver and mercury.
Anthracens Chrysone
S i
::rmn" Concentration, N Increase jn film thjcke | Increase in film thjcke
potential, mV [ ness, potential, mV| ness,

Water - 85 260 114 220
KNO, 0,1 90 260 420 210
AgNO, 0.01 — —_— 155 180
AgNOg 0.05 183 240 —_ —_
AgNO, 0.4 240 240 170 180
AgNO, 1.0 340 220 — -
Hg.(ClO.g. 2.104 100 bt -_— -_—
HE.(CIO. 2 0.01 150 — — -
HC10, 5.0 145 220 —_ —_
HC10, 10.0 260 180 — —

The data in the Table show that on passing from pure water to
dilute solutions of silver nitrate there is a marked rise in
the potential of the anthracene film, which increases with
increase in the concentration of silver ions in the solution,
reaching a constant value (340 mV) at a silver nitrate con-
centration of about 1.0 N, Films of chrysene show a quali-
tatively similar relationship between the potential and the
silver ion concentration, but the magnitude of the increase
in potential is considerably less, Relatively large in-
creases in surface potential are obtained also on adding
f!tlms of anthracene to dilute solutions of mercury perchlor-
a et

Comparison of the values for the increase in surface
potential AE (Table 2) on adding anthracene to solutions of
various salts, relative to the potential of pure water taken
as zero, shows that ions of silver and mercury produce ab-
normally high electrical effects. A considerable rise in
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Comparison of values of AE for solutions of various
salts (anthracene film).

TABLE 2.

Suj th C .

solotion © | weriom v | AE»®Y
Hor100 0.01 6
AghOs 0.4 155
KNO; 0.1 5
Cus0; 0.1 22

TABLE 3. Surface potential of triacontane film on solutions of

silver nitrate.

Surponlng Concen- Surface
solution tration, N | potentlal,
mY
Water — 2
AgN 0; . 0 » 1 12
AgNO, 1.0 25

positive potential was observed also on application of an-
thracene to concentrated solutions of acids, and, as the
data in Table 1 show, the surface potential on 10 N per-
chloric acid reaches 260 mV, It must be remembered,
however, that this effect may be due in part to a reduction,
accompanying the formation of the film of aromatic hydro-
carbon, of the high negative value of the potential of this
solution at the air interface which is caused by adsorption
of the anion.

To confirm that the observed rise in surface potential of
anthracene films on passing from pure water to silver
nitrate solution is caused solely by the silver lons, the re-
versibility of this effect with respect to the concentration of
these lons was investigated. This was done with the apparatus
described previously®, as follows. A film of anthracene
was formed on pure water, and a definite concentration of
silver ions was produced beneath it by introducing a concen-
trated solution of silver nitrate, the change in surface
potential thus produced being measured. The solution
under the film was diluted by gradual withdrawal of solution
and introduction of thesame amount of water, and the change
in potential again determined. The results show that intro-
duction of silver ions beneath the anthracene film produces
a sharp increase in surface potential, and the subsequent
dilution of the silver nitrate solution produces a fall to
values roughly corresponding to the new silver nitrate con-
centration. Further introduction of silver ions below the
film again produces an increase in surface potential. The
difference in value between the potential measured in these
experiments and on direct addition of anthracene to solu-
tions containing the same concentration of silver ions,
which reaches 10-15%, is obviously due to the drop in
potential resulting from partial breakdown of the multi-
molecular film when the solution beneath it is disturbed,

Thus comparison of the present results with those on the
pbulk reaction between silver ions and aromatic hydrocar-
bons®, as well as the adsorption behaviour of the latter at a
solution-mercury interface4, suggests that the effect pro-
duced by the spreading of condensed aromatic hydrocarbons
on agueous salt solutions is due mainly to interaction be-
tween 7 electrons of the benzene nuclei and the positive
charges of the ions in solution. In agreement with the con-
clusions of other workers®, we envisage that such interac-
tion may be accompanied by partial transfer of the charge
of the cation to the aromatic nucleus.
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The data in Table 3 confirm the correctneas of this hypo-
thesis, showing that application of the aliphatic hydrocarbon.
triacontane, which does not possess 7 electrons, to the sur~
face of a solution containing silver ions causes no appreci-
able increase in the surface potential. The slight effect
observed is probably due to a considerable extent to a de-
crease in the negative potential (due to adsorption of the
NO;7 ion) of the original solution caused by the formation of
the film,

The reversibility of the electrical effect with respect to
the concentration of silver ions in the solution,described
above, also supports this hypothesis.

In conclusion we offer our grateful thanks to Academician
A, Nﬁ Frumkin for discussion of the results of the present
work.

SUMMARY

1. Measurements have been made of the surface potentials
of multimolecular films of the condensed aromatic
hydrocarbons anthracene and chrysene on the surfaces
of aqueous solutions of silver nitrate and some other
inorganic salts and acids. -

2. Abnormally high values of the surface potential of these
films arise on solutions containing ions of silver and uni-
valent mercury,

3. From an analysis of the results it is suggested that the
adsorption and electrical effects arising on adding aro-
matic hydrocarbons to the surfaces of these solutions
are caused by interaction between the 7 electrons of the
ar :imatic hydrocarbons and the positive charges of the
cations,
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THE EFFECT OF ADDED POTASSIUM
SULPHATE ON THE LABILITY OF
g?nEDE?XYGEN IN VANADIUM PENT-

L.A.Kasatkina, G.K.Boresko,
and P.N.Sokolov

The activity of oxide catalysts may be to some extent
assessed by the lability of their oxygen atoms, which can
be estimated by the rate at which they exchange with iso-
topes of oxygen in the gaseous phase. Catalysts based on



