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Electrocapillary curves at the polarized interface between a nitrobenzene solution of tetrabutylammonium
tetraphenylborate (TBATPB) and an aqueous solution of lithium chloride at various concentrations of TBATPB and
LiCl have been measured by the drop time method using a dropping electrolyte solution electrode at 25 °C. The
relative surface excesses of tetrabutylammonium and tetraphenylborate ions in the nitrobenzene phase and of
lithium and chloride ions in the aqueous phase were well described by the Gouy-Chapman theory of diffuse layers

for both sides of the interface.

A model of the electrical double layer for the nitrobenzene-water interface is pres-

ented, in which an ion-free inner layer consisting of laminated monolayers of water and nitrobenzene is sandwiched

by the two diffuse layers on each side of the interface.

The potential difference across the inner layer, which was

estimated to be ca. 20 mV at the potential of zero charge, was found to be dependent on the surface charge density
and to be nearly independent of the electrolyte concentration.

In a previous paper? we have reported the experimen-
tal conditions under which the interface between a
nitrobenzene solution of tetrabutylammonium tetra-
phenylborate (TBATPB) and an aqueous solution of
lithium chloride behaves as a polarized interface. Such
an interface is amenable to a study of its double structure
based on the thermodynamics of an ideal polarized
interface between two immiscible electrolyte solutions.
Watanabe et al.?) first applied the concept of ideal
polarizability to the oil-water interfaces in order to
analyze their double layer structure. At such interfaces,
however, there always existed a significant amount of
ion transfer current through the interface, so that the
precise control of the electrical potential difference across
the interface was not achieved. Gavach et al.3% have
studied the double layer structure of the non-polarized
nitrobenzene-water interfaces by surface tension meas-
urements. They have shown that the Gouy-Chapman
theory of diffuse double layers well describes their
experimental results when no specific adsorption of ions
at the interface was assumed. In a non-polarized inter-
face, however, the specific adsorption of ions cannot be
detected from the electrocapillary measurements, since
the surface charge density and surface excesses of ions
cannot be independently determined.

In this paper, we describe the results of the experi-
mental study of the double layer structure at the
polarized interface between a nitrobenzene solution of
TBATPB and an aqueous solution of LiCl on the basis
of the electrocapillary measurements and we present
an electrical double layer model of the interface.
Electrocapillary curves of a polarized interface, in
conjunction with the thermodynamics of ideal polarized
interface between two immiscible electrolyte solutions®
and with the Gouy-Chapman theory of electrical double
layer, provide us an unequivocal way to examine the
adsorption of ions at the interface by determining the
surface charge density and surface excesses of individual
ionic species.

Experimental

The interfacial tension at the polarized interface between

the nitrobenzene solution of TBATPB and the aqueous solution
of LiCl was measured with the drop time method using a
dropping electrolyte solution electrode.)? The aqueous
lithium chloride solution was dropped upward into the nitro-
benzene solution from the tip of a poly(tetrafluoroethylene)
capillary of 0.5 mm inner diameter. The flow rate of the
aqueous solution and the drop time were typically 0.00036 ml
s7! and 50s. The potential drop across the interface was
controlled using a four-electrode potentiostat with a positive
feedback device for IR compensation.® Details of the
measurements and the calculation of the surface tension from
the drop time have been reported elsewhere.!? All the
measurements were made at 25.004-0.05 °C in the dark.

TBATPB, tetrabutylammonium chloride (TBACI]) and
nitrobenzene were purified as described elsewhere.!? Lithium
chloride(spurapur grade, E. Merck) was dissolved into twice
distilled water to prepare the stock solution. The concen-
tration of LiCl was determined potentiometrically using a
standard silver nitrate solution. Aqueous LiCl solutions of
desired concentrations were prepared by serial dilution of the
stock solution. Nitrobenzene solutions of TBATPB were
prepared in the dark immediately before use.

Results

The electrochemical cell employed in this study is
represented by

I 11 111 v \'%
amol dm™2 | 5 mol dm™3 | ¢ mol dm™3
Ag l AgCl| " TBacl | TBATPB | Licl
(water) (nitrobenzene)  (water)
VI VII
AgCl ‘ Ag. (I

The interface between phases IV and V is the polarized
nitrobenzene-water interface which we are concerned
with. The nitrobenzene-water interface between phases
IIT and IV is a non-polarized interface where the
potential drop across the interface is determined by the
activities of TBA* ions in the phases III and IV.7-%
The electrocapillary equation for the present system at
constant temperature and pressure takes the form®

—dy = ¢VdEY; + I'uywdric + Ires/nediirsaress (1
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where I'nyw and Tres/ne are the relative surface
concentrations (the relative surface excesses) of Li* and
TPB- ions defined by

NB NB
el w—'ne g

Iuw=Tu— XLicly (2)

W NB _ NB W
XwXNB — XwW *NB
and

AV W
I'vpp/ng = I'tes — % *NBATre- 3
Here, 7 is the interfacial tension, ¢% the surface charge
density in aqueous phase defined by ¢¥=F(I'y;—1I'¢)),
F being the Faraday. xf, uf', and I'; denote the mole
fraction, the chemical potential and the surface concen-
tration (the amount of matter in unit area of the inter-
phase),1? respectively, of i component in a phase (a=
NB : nitrobenzene or W : aqueous phase). Eg\ is the
potential of the right hand side terminal of the cell (I)
with respect to the left, and the subscript O+ and
superscript W— on E indicate that the reference
electrodes in the nitrobenzene and aqueos phases are
reversible to a cation (TBA*) and an anion (Cl-),
respectively. Since x}* and x¥g are 0.0175 and 0.000295,
respectively, for water and nitrobenzene in the absence
of an electrolyte at 25°C,)¥ Egs. 2 and 3 can be
approximated by!?

fict
PM/W=I’U_"‘—¥VV—PW’ (4)
and
xNB
I'rpp/xg = I'eps — %@rns- (5)
*NB
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Fig. 1. Electrocapillary curves for the interface between

nitrobenzene solution of 0.1 mol dm-3 tetrabutylam-
monium tetraphenylborate and aqueous solution of (1):
0.01, (2): 0.10, and (3) : 1.00 mol dm~3 lithium chloride
at 25 °C.
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TaBLE 1. COORDINATES OF ELECTROCAPILLARY MAXIMUM
FOR THE INTERFACE BETWEEN NITROBENZENE SOLUTION
of 0.1 mol dm—3 TETRABUTYLAMMONIUM TETRA-
PHENYLBORATE AND AQUEOUS SOLUTION OF
0.0!1 to 1.0 mol dm-3 LITHIUM
CHLORIDE AT 25 °C

ict ey Vpze Epzc
mol dm™3 LicL mN m-1 Vv

0.01 0.009 25.8 0.309
0.02 0.017 25.7 0.289
0.05 0.041 25.8 0.278
0.10 0.079 26.0 0.265
0.20 0.151 26.2 0.245
0.50 0.369 26.5 0.227
1.00 0.776 26.8 0.217
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Fig. 2. Relative surface excesses of lithium ion (@) and
chloride ion () in the aqueous phase as a function of
the surface charge density in aqueous phase at 0.1 mol

dm-~3 lithium chloride. The solid lines are the theoreti-
cal curves based on Gouy-Chapman theory. Dashed
lines are the curves corrected for the exclusion of lithium
and chloride ions from the inner layer.

Aqueous  Phase. Electrocapillary curves were
measured for seven different concentrations of LiCl,
¢=0.01 to 1.00 mol dm-3, at a=0.1 mol dm-3 and b=
0.1 mol dm~2 in the cell (I). Some of the results are
shown in Fig. 1. The coordinates of the electrocapillary
maximum are given in Table 1. The potential of zero
charge, E,,., and the interfacial tension at the potential
of zero charge, 7,,, were determined by a least
square fit of an electrocapillary curve around the
maximum to a third order polynomial. The mean molar
ionic activity of LiCl, aiidl, in Table 1 was calculated
from Davies’ extended equation'® of the Debye-Hiickel
theory for the concentrations below 0.1 mol dm—? and
was taken from the literature data'® for the concentra-
tions above 0.1 mol dm-3.

Using Eq. 1, we obtained ¢% by numerical differen-
tiation of the electrocapillary curves with respect to
E¥-. I'uyw was calculated from numerical differentia-
tion of y wvs. log aiifl curves with respect to log aiidl.
The relative surface excess of Cl- ion, I'cyw,
was evaluated by qw"—"F(I'm—Pc]) =F(PL1/W—PC|/w).
Figure 2 shows I'yyw and I'oyw for 0.1 mol dm~2 LiCl
as a function of ¢¥.

Nitrobenzene Phase. Electrocapillary curves were
measured for seven different concentrations of TBATPB
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Fig. 3. Electrocapillary curves tor the interface between
aqueous solution of 0.1 mol dm~3 lithium chloride and
nitrobenzene solution of (1): 0.02, (2): 0.05, and (3):
0.17 mol dm—2 tetrabutylammonium tetraphenylborate
at 25 °C.

TaBLE 2. COORDINATES OF ELECTROCAPILLARY MAXIMUM
FOR THE INTERFACE BETWEEN AQUEOUS SOLUTION OF 0.1
mol dm—3 LITHIUM CHLORIDE AND NITROBENZENE
soLUTION OF 0.01 T0 0.17 mol dm -2 TETRA-
BUTYLAMMONIUM TETRAPHENYLBORATE

AT 25°C
YhateB at:NB Ypae Epzc
mol dm-3 TBATPB mN m~1 \Y%
0.01 0.008 25.9 0.167
0.02 0.014 25.9 0.153
0.03 0.021 26.0 0.142
0.05 0.033 26.0 0.131
0.07 0.044 26.0 0.129
0.10 0.061 26.1 0.122
0.17 0.099 26.3 0.108

in the nitrobenzene phase, 5=0.01 to 0.17 mol dm=3, at
a=0.005 mol dm—2 and ¢=0.1 mol dm~2 in the cell (I).
Some of the results are shown in Fig. 3. The concentra-
tion of TBACI in phase III in the cell (I) was kept at
such a low value to ensure that the potential across the
interface between the phases III and IV would show a
Nernstian response for the activity of TBAt ion in the
nitrobenzene phase® in the concentration range of
TBATPB. Separate measurements showed that the
potential of this reference electrode was 0.145 V more
negative than that of the reference electrode with 0.1
mol dm—3 TBACI used in the measurements of ion
adsorption in the aqueous phase.

The coordinates of the electrocapillary maximum are
given in Table I1. To check the degree of the association

Electrical Double Layer at the Nitrobenzene-Water Interface
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Fig. 4. Relative surface excesses of tetrabutylammonium
(O) and tetraphenylborate (@) ions in the nitrobenzene
phase as a function of the surface charge density in the
aqueous phase at 0.1 moldm=2 tetrabutylammonium
tetraphenylborate.

of TBA+ and TPB- ions in water-saturated nitrobenzene,
the conductance of a series of the TBATPB solutions
was measured. No indication of the association of the
ions was observed in the concentration range used in
the electrocapillary measurements. The mean molar
ionic activity of TBATPB in the nitrobenzene phase
was calculated using the Debye-Hiickel theory allowing
for a finite size of the ions;'# here an apparent diameter,
10 A, was assumed for TBA+ and TPB- ions.!® The
surface charge density and relative surface excesses of
TBA+ and TPB- ions (I'tea/xse and I'rep/ws) were
calculated similarly. I'rga/ws and I'repns at 0.1 mol
dm~3 TBATPB are plotted against ¢qw in Fig. 4.

Discussion

We consider that the nitrobenzene-water interface
consists of an inner layer which is sandwiched by the
two diffuse double layers in the nitrobenzene and the
aqueous solution sides.

Ion Adsorption in Aqueous Solution Side. The
relative surface excess of Lit ions defined by Eq. 4 may
be divided formally into two parts, that is, the relative
surface excess in the inner layer, I'y/w, and that in
the diffuse layer, 'vi/w;

I'v/w = Tww + *T'uws (6)
with
1 1 a1 |
I'yyw = "Tu — P I'vw, (7)
W
and
W
d1"1.1/w = de - x;:vd dI'w: (8)
w

where 'T"; and I'; (j=Li for lithium jon and W for
water) are the surface amounts of j in the inner layer
and diffuse layer, respectively, per unit surface area.
If we assume that the number of moles of water molecules
per unit volume in the diffuse layer, nY, is constant and
equal to that in the bulk of the solution, ¥, we may
write

x=8
(“nly—"nll)dx, 9)

x=x9

ar Li/w =S
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where 9nf% and bn}| are the number of moles of Lit+ ion
per unit volume in the diffuse layer and that in the
bulk of the solution, respectively, and the integration
extends from the outer Helmholtz plane (x=x,) to the
boundary plane of the interphase (x=¢) where the
composition is identical with that of the bulk of the
solution. Similarly, for a Cl- ion we may write

I'oyw = ‘Toyw + *Toyws (10)
with
Poyw = Ty — B 1 (11)
c/w = C1 xw W
and
x
Pcn/w = rm ;::l drw’ (l2)
and also
=6
Tom = | (nt—ntha. (13)
r=xg

The relative surface excesses of Lit and Cl- ions in
the diffuse layer defined by Egs. 8 and 12 can be
calculated from the Gouy-Chapman theory and are
given, respectively, by 4I'Y and 4I'¥ as follows:

A (L + ()

W

iry = ) +1 —1> (14)
Here, ‘¢% is the charge density in the inner layer of the
aqueous solution side and A™=(2RT&" ctc)V/?, where
W is the permittivity of water and ¢t is the concen-
tration of LiCl. When all the ions are excluded from
the inner layer, i.e., in the case of an ion-free inner
layer or of no specific adsorption of ions, 'I'y, P o, and
i¢" reduce to zero. The calculated I'Y vs. ¢% curves
when '¢"=0, cfi=0.1 mol dm=3 and &"=6.5x10-1°
F m! are shown by solid lines in Fig. 2. We estimated
' to be 1.73x10-® mol cm~2, assuming that the
density of water in the inner layer is equal to that in
the bulk of water and that the inner layer has the
thickness of a monomolecular layer of water. Thus,
irpl/w—:irc]/w:’—(x?_vxc;/xW)iI‘WZ—:;.l X 10-22 mol cm—2
when ¢fic;=0.1 mol dm~3. The dashed lines in Fig. 2
are the calculated curves of the relative surface
excess of Li+ and Cl- ions obtained by shifting the solid
lines by this amount of — (xfici/*%)'I"'w. The experi-
mental relative surface excesses agree fairly well with
the calculated curves for both Lit and Cl-ions. Thus,
the results in Fig. 2 can reasonably be explained by
assuming the existence of an ion free inner layer, i.e.,
the absence of specific adsorption of ions, in the aqueous
solution side of the interface.

The variation of y,,. with In(afill) can be calculated
from the integral form of Eq. 1:

Tpze = (szc)cw =0.1

In(af;d

+ 2RTS 7)£(;;Licl/xw) I'wd In(aid), (15)

1n(0.0
when iI'y='I'¢;=0 at the pzc. In Eq. 15 R and T
have the usual meanings. The lower limit of the integra-
tion corresponds to In(afil) at cfici=0.1 moldm=3.
The observed increase of y,,. with the increase in
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Fig. 5. Variation of interfacial tension at the potential of
zero charge with the change of the activity of lithium
chloride. Solid line is the calculated curve assuming
the exclusion of lithium and chloride ions from the
inner layer.

In(aiid{) is well reproduced by Eq. 15, as shown in
Fig. 5.

Figure 6 shows EJ: values plotted against In(afid]) at
several different g% values. The slope of these plots,
analogous to the Esin-Markov coefficient at the mercury-
solution interface,® is given by

(o)

0 1n(a3id)/ ¢ yericn

adT'm/w ) < a[rm ) vavm( 'y ) ]
X —_ + —_— . 16
[( 9™ /) u o Juy % \ 3¢% /py (16)

When both the presence of the ions in the inner layer
and the dependence of iI'y on ¢% are negligible, the
coeflicient is given by the first term of the right hand
side of Eq. 16, which can be calculated from the
Gouy-Chapman theory; from Eq. 14 we have

0I'uyw 1 q"/2

(55 = 7 (s ) 00
Therefore, in the case of the absence of specific absorp-
tion of ions, the coefficient is expected to become
—2RT|F, —RT]|F and 0 when ¢¥ >0, ¢¥=0, and ¢"<0,
respectively. The experimental plot at the pzc in Fig. 6
is a straight line with the slope of —23 mV which is
close to —RT/F=-—25.6mV at 25°C. The small
difference might be attributable to a slight dependence
of iI'y on ¢% and/or a weak specific adsorption of ions
in the inner layer. Figure 6 shows that the slope becomes
larger with the positive increase of ¢¥, which is consistent
with the prediction of Eq. 15.

We calculated the potential at the outer Helmholtz
plane in the aqueous solution side (OHP(W)), ¢¥,
referred to the inner potential of the bulk of the aqueous
solution, ¢%, by using the Gouy-Chapman theory:

= —2RT

¢" — g7 = 25T sinh-ifg") (247} (18)
In Fig. 7 ¢¥—¢Y¥ is plotted against the rational poten-
tial, 1" E§- —Epzc, at three different concentrations of
LiCl. Thc variation of ¢¥ —¢} with E§; —E,,. is much
smaller than those usually observed at the mercury-
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Fig. 6. Esin-Markov plots for aqueous solution phase in
contact with nitrobenzene solution of 0.1 mol dm—2
tetrabutylammonium tetraphenylborate. The surface
charge density in aqueous phase is indicated by each
line in pC cm™2.
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Fig. 7. Potential at the outer Helmholtz plane in aqueous
solution side of the interface as a function of rational
potential difference at (1): 0.01, (2): 0.1, and (3): 1.0
‘mol dm-3 lithium chloride.

aqueous solution interface in the absence of specific
adsorption of ions.1®

Ion Adsorption in Nitrobenzene Solution Side. The
relative surface excesses of TBA+ and TPB- ions in the
diffuse layer in the nitrobenzene solution side were
calculated under the assumption of the ion-free inner
layer from the Gouy-Chapman theory:

ANB W_ oW Tow_Tw\ZT

re = S () +1-1) 09
In Eq. 19 9I'? and 9I'° are the surface excesses of
TBA+ and TPB- ions, respectively, in the diffuse layer,

Electrical Double Layer at the Nitrobenzene~Water Interface

1757

265 |-
e
Z 2 ~
z 60
N
>
255 |-
1 1
5 4 3 2
- NB
IndygaTPe

Fig. 8. Variation of interfacial tension at the potential
of zero charge with the change of the activity of tetra-
butylammonium tetraphenylborate. Solid line is the
calculated curve assuming the exclusion of tetrabutyl-
ammonium and tetraphenylborate ions from the inner
layer.
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Fig.9. Esin-Markov plots for nitrobenzene solution
phase in contact with aqueous solution of 0.1 mol dm—3
lithium chloride. The surface charge density in
aqueous phase is indicated by each line in pC cm=2.

and A"P=(2RTe"®c}Errrs)1/2 where e"® and c}garps are
the permittivity of nitrobenzene and the concentra-
tion of TBATPB in the nitrobenzene phase. The solid
lines in Fig. 4 are the curves calculated according to
Eq. 19, when ™ and s are 3.08x10-® Fm-!
and 0.1 mol dm-3, respectively. The number of moles
of nitrobenzene molecules in the inner layer per unit
surface area was estimated to be 5.40 X 10-1° mol cm—2.
The dashed lines in Fig. 4 are the calculated curves
corrected for the exclusion of ions from the inner layer.
The curves well represent the experimental points,
indicating that there exists a certain ion-free inner layer
in the nitrobenzene solution side of the interface.

The change of y,,. with In(atiies) was calculated
from
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Fig. 10. Potential at outer Helmholtz plane in nitro-
benzene solution side of the interface as a function of
rational potential difference at (1): 0.02, (2): 0.05, and
(3): 0.17 mol dm~2 tetrabutylammonium tetraphenyl-
borate.

= NB
Tpze (7pze) B rpp=0-1

In(af3Frn)

+ 28T | S G ) T In(aiil). (20)
In(0.61

The lower limit of the integration corresponds to

In(af:NRes) when cfBarpe=0.1 mol dm=3. The -calcu-

lated curve well reproduces the experimental data, as

shown in Fig. 8.

The Esin-Markov plots at several constant ¢% values
for the nitrobenzene phase are shown in Fig. 9. The
coefficient of the plot when I'tpg=0 (or 0iI'res/dg" =0)
and 9iI'yg/0¢™ =0 is given, analogously to the case of
the aqueous phase, by

OE; ) (adr TPB)
——o* = —2RT
(3 In(aF:i%es) qwallj-ﬂsurn agv H;
- ﬂ( "2 ) @1)
B F [(g%/2)2+(aN®)2r2 )°

Accordingly, the coefficient should reduce to —2RT/F,
—RT/F, and 0 when ¢">0, ¢"=0, and ¢"<O0, respective-
ly. At the pzc, the experimental plot in Fig. 9 has the
slope of —24 mV, which is close to —RT/F=—25.6
mV. The slope of the plots in Fig. 9 increases with the
increase of g%, which is consistent with the prediction
of Eq. 21.

We calculated the potential at the outer Helmholtz
plane in the nitrobenzene side (OHP(NB)), ¢2, referred
to the inner potential in the bulk of the nitrobenzene
phase, ¢°, by using the Gouy-Chapman theory:

2RT

#§ — ¢° = —5— sinh7{g"/24™)] (22)
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Fig. 11. Schematic representation of the double layer
structure and potential profile of the interface between
aqueous solution of lithium chloride and nitrobenzene
solution of tetrabutylammonium tetraphenylborate.

The calculated values at three concentrations of
TBATPB are plotted in Fig. 10.

Electrical Double Layer at Nitrobenzene—Water Interface.
The above discussion shows that in the concentration
range and the potential range studied, the adsorption
of all the ions at the nitrobenzene-water interface
primarily occurs in the diffuse parts of the double layer
in both sides of the interface and that there exists an
ion-free inner layer between the two diffuse layers. The
double layer structure of the interface may then be
schematically represented by Fig. 11.

The potential drop across the two inner layers,
AP¥i=¢¥ —#1®, can be expressed by

AgS? = EY; — Epye — (63—9°) — (87 — 4Y)

+ APS pres (23)
where A®Y . is the inner potential difference between
the two phases, i.e., Ap§ =¢" —¢° at the pzc. The value
of Ag¥3—APY .. at various concentrations of LiCl and
TBATPB are plotted in Fig. 12 as a function of ¢¥. The
experimental points in the positive ¢" region are scattered
on a single curve with only small deviations. This
indicates the virtual invariance of the structure of the
inner layer with the change of the concentration of the
electrolytes at a given value of ¢" and is consistent with
the previous conclusion of the absence of ions in the
inner layers. The slope of the curve at ¢¥ =2 pC cm-2
gives the inner layer capacity of 90 uF cm—2, which is
in agreement with the value of 83 pF cm~2 estimated
from the differential capacity measurement of the
interface.’® These values are much higher than the
inner layer capacity at the interface between mercury
and aqueous solution.'” Figure 12 also shows that



June, 1983]

006

g

w2
Aad, 2'A¢¢v)l'pzc l v

qw/ e em 2

Fig. 12. Change of the inner layer potential difference
across the two outer Helmholtz planes A@yZ with the
change of the surface charge density in aqueous phase
at various solution compositions. The concentration of
lithium chloride is 0.05 ([7]), 0.1 (A), 0.2 (), 0.5 (V)
and 1.0 () moldm=3 when the concentration of
tetrabutylammonium tetraphenylborateis 0.1 mol dm—2
and the concentration of tetrabutylammonium tetra-
phenylborate is 0.05 (Jlf), 0.1 (@), and 0.17 (A) mol
dm~2 when the concentration of lithium chloride is 0.1
mol dm-3.

Ag¢l} increases with the increase of ¢¥. The slope also
becomes larger with increasing g%, which indicates the
decrease of the inner layer capacity with increasing ¢".
The absolute magnitude of Ag¥2 can be evaluated if
the value of A@g .. is known. In the cell (I) the sum
of the potential drops across the phases I and III, and
V and VII, A¢'+AdV", was calculated from the
relation: A@["+ A= (RT[F)In(aiid/azskcr). The
potential drop across the phase III and IV, Agl), was
calculated by the theory of the mixed ion transfer
potential® to be 247.1 mV when a=5b=0.1 mol dm-3 in
the cell (I). In the calculation, simultaneous ion
transfer of a primary ion (TBAt) and its co-ion (Cl-)
in the absence of supporting electrolyte was taken into
account and the values of the standard ion transfer
potentials of ions from water to nitrobenzene were taken
as —0.248 and —0.324 V for TBA+ and Cl- ions,
respectively.?®? Thus, A@Y ;.. was estimated by A@g ;.=
E,,.—(Ad"+Adli+AsV"). The result is shown in
Fig. 13 as a function of the logarithm of the concentra-
tions of TBATPB and LiCl. The A¢§,.. value was
always positive and nearly constant at 20 mV when the
electrolyte concentration in the two phases was changed.
This value is less than one third of the surface potential
at the mercury-water interface at the pzc.?2) Such a
small surface potential may imply the compensation of
the surface potential due to the water dipoles with that
of oppositely oriented nitrobenzene dipoles in the inner
layer and/or the less oriented structure of the inner layer
compared with that at the mercury-water interface.
While this paper was under preparation, Samec et al.’s
paper?? on the study of the double structure at the
nitrobenzene-water interface appeared. These authors
have measured the differential capacity at the interface
and analyzed their results with the assumption that the
potential at the minimum in the capacity vs. potential
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Fig. 13. Potential drop across the two outer Helmholtz
planes as a function of the concentrations of tetrabut-
ylammonium tetraphenylborate (@) and of lithium
chloride ().

curve corresponds to the potential of zero charge.
However, the capacity minimum occurs at 0.303 V1%
in our system, when a=b=¢=0.1 mol dm~2 in the cell
(I), which is 38 mV more positive than the pzc. Also,
these authors have estimated A@Y .. to be 42 mV irre-
spective of the concentration of LiCl and suggested that
the variation of Ag@8} with ¢V is negligible, which is at
variance with the present results (see Fig. 12). Gross
et al.® have reported on the basis of the electrocapillary
measurements of the non-polarized nitrobenzene-water
interface that A@Y¥,,.=—1 mV. In their estimation,
however, they assumed that the electrocapillary maxi-
mum of the non-polarized nitrobenzene-water interface
gives the potential of zero charge. This assumption is
not generally valid in non-polarized interfaces.?
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