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Kinetics of the transfer of picrate (Pic™) ion at the interface between an aqueous solution of lithium chlo-
ride (LiCl) and a nitrobenzene solution of tetrabutylammonium tetraphenylborate (TBATPB) has been studied
by phase-selective a.c. polarography with a two-electrode cell system. By assuming Butler-Volmer type equa-
tions for the rate constants, the kinetic parameters of the Pic—-ion transfer have been determined at various
concentrations of LiCl (0.02—1.0 mol dm~—3) and TBATPB (0.05—0.17 mol dm~3). The rate constants virtually

do not change with the electrolyte concentrations.

Frumkin correction for the double-layer effect of the

rate constants has been examined. The result seems to indicate that the observed potential dependence of the
rate constants obtained in moderately concentrated electrolyte solutions may reflect the real potential

dependence of the rate constants.

In a previous paper? we have shown that the
phase-selective a.c. polarographic method is useful
for accurate measurement of the rate of ion
(tetramethylammonium ion) transfer at the interface
between two immiscible electrolyte solutions (water/
nitrobenzene interface). In this study, we have
applied this technique to determine the rate constants
of the transfer of picrate (Pic~) ion at the interface
between an aqueous solution of lithium chloride
(LiCl) and a nitrobenzene solution of tetrabutyl-
ammonium tetraphenylborate (TBATPB).

Dependence of the rate constants of ion transfer on
the potential difference across the interface between
two immiscible electrolyte solutions has been a
subject of theoretical?-® and experimental4-? studies;
with tetraalkylammonium ions at water/nitroben-
zene? and water/1,2-dichloroethane® interfaces, and
with cesium ion® and choline and acetylcholine
ions? at the water/nitrobenzene interface. According
to Samec et al.,%? the observed potential dependence
of the rate constants for the transfer of cesium,
choline, and acetylcholine ions arises largely from
the effect of the potential on the concentration of the
transferred ions at the reaction planes, which are
supposed to be located at the outer Helmholtz planes
(OHP’s) on each side of the interface. In this study
we have determined the rate constants of the Pic—-ion
transfer at the interface between aqueous and
nitrobenzene solutions containing various concen-
trations of LiCl (0.02—1.0 mol dm~—3) and TBATPB
(0.05—0.17 mol dm=3), respectively. The observed
rate constants were corrected for the double-layer
effect (so called Frumkin correction) using the
capacity data and the Gouy-Chapman theory. The
results indicate that the formalism of Frumkin
correction with the reaction planes being located at
the OHP’s to obtain the ‘“‘true” rate constants is
probably not valid for the Pic~-ion transfer across the
water/nitrobenzene interface.

Experimental

The electrochemical cell employed in this study is
represented by

I II
0.1 moldm~3| x mol dm-3
Ag | AgCl TBACI TBATPB
(W) (N)
111

» mol dm~-2 LiCl
¢ mol dm—3 LiPic | AgCl | Ag, (A)
W)

where (W) and (N) stand for the aqueous and the
nitrobenzene phases, respectively. The interface between
phases II and III is the test interface at which the Pic—-ion
transfer takes place. The left-hand reference electrode
Ag/AgCl/0.1 mol dm~—3 TBACI(W) was connected to the
nitrobenzene phase (II) through sintered glass.? The
potential drop across the interface between phases I and II
is determined by the distribution potential of TBA* ion in
the two phases.3:9 In electrochemical measurements, a
two-electrode cell system? was used. The solution
resistance between the two reference electrodes, R., was
measured with a laboratory-made linear bridge? with a
10 kHz a.c. generator and the ohmic drop due to R, was
compensated for by positive feedback.? The observed
values of R, were in the range between 0.96 and 3.27 k().
The details of electrochemical measurements have been
described elsewhere.? The electrolytic cell was thermo-
stated at 2510.1 °C.

Lithium picrate (LiPic) was prepared by the reported
method.1® The other chemicals and the preparation of
electrolyte solutions have been described elsewhere.?

Results

In the following, the potential E applied to Cell A
is defined by the potential of the right-hand reference
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electrode, Ergn, referred to the potential of the left-
hand reference electrode, Eiq, that is, E=E. gh—Eies.
The flow of the positive charge from the aqueous to
the nitrobenzene phase is taken as the positive
current.

Cyclic Voltammetry. Cyclic voltammograms
for the Pic—-ion transfer at the interface between
aqueous solution of LiCl and nitrobenzene solu-
tion of TBATPB at various concentrations of the
electrolytes as listed in Tables 1—3 were recorded
at the voltage scan rate of 5mV s-1. At all concen-
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Fig. 1. A cyclic voltammogram for the transfer of 0.5

10-3* mol dm~2 Pic~ ion from a 0.1 moldm—3 LiCl
aqueous solution to a 0.1 mol dm—2 TBATPB nitro-
benzene solution at the voltage scan rate of 5 mV s-1,
Dashed line shows a cyclic voltammogram in the ab-
sence of Pic~ ion.
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Fig. 2. Dependence of the midpoint potential (O) and
the summit potential (@) on the logarithm of mean
activity of LiCl in the aqueous phase when the concen-
tration of TBATPB is 0.1 mol dm-3. The slope of the
straight line is —58 mV.
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trations used, well-defined reversible cyclic volt-
ammograms were obtained at the scan rate of
5mV s~1 (Fig. 1). The peak separation was 6312 mV
being close to the theoretical value of 60 mV for the
reversible cyclic voltammogram. The midpoint po-
tential, Emiq, which is considered to be equal to the
reversible half-wave potential, agreed with the sum-
mit potential, Es, of the admittance curves in a.c.
polarography (see Figs. 2 and 3 and Tables 1—3)
within the experimental errors (+4mV). Figure 2
shows the dependence of Emis and E; on the logarithm
of the mean activity of LiCl, af¢y¥, in the aqueous
solution (phase III in Cell A). The experimental
points in Fig. 2 lie on a straight line with the slope of
—58 mV which is close to —2.30RT/F=—59mV at
25°C. Similarly, the change of Emig and E; with
the change of TBATPB concentration was close to
—59 mV per decade (Table 3). These results indicate
that the ion-pair formation of Pic—-ion with Li*+ and
TBA+ ions is negligibly small in the concentration
range studied (see Discussion).

A.c. Polarography. In a.c. polarography, a
small a.c. voltage (usually 5 mV peak to peak) was
superimposed on the d.c. applied potential Eg
(usually at the scan rate of 5 mV s~1), and the real (Y?)
and the imaginary (Y{) components of the admit-
tance, Y, =Y/+;Y(7=(—1)"12), of the test interface in
Cell A were measured at seven frequencies from 10 to
100 Hz. Curves a in Fig. 3 show representative plots
of Y{ and Y/ against E«. Also plotted in Fig. 3
(curves b) are the real (Y§) and the imaginary (Y¥)
components of the admittance of the base aqueous
solution/base nitrobenzene solution interface, Yz=
Y§+7Y%. Thus, the ion-transfer admittance,

" Yr=Y{+jY{, is determined by subtraction of Y from

Yt l):

Y=Y, - Y, (N
Y:=Y!—-Y%. (2)

Yf and Y are plotted against Eq. in Fig. 3 (curves c).
The summit potentials of the Y% and Y{ vs. Ea
curves coincided with each other and were virtually
equal to the corresponding reversibe half-wave
potentials obtained from cyclic voltammetry, ir-
respective of the frequency, the Pic—-ion concen-
tration, and the supporting-electrolyte concentra-
tions. The summit potentials are summarized in
Tables 1—3.

From the ion-transfer admittance, the ion-transfer
impedance, Zr, which is expressed by a series
combination of resistance (r;) and capacitance (c;), i.e.
Zr=rs—7(1/wc;), was calculated:

= Y{/(Y5' + YY), ®)
Voo = YE/(Yi*+ YY), *)

where w is the angular frequency of the a.c. signal



2628

Toshiyuki Osakai, Tadaaki KakuTtani, and Mitsugi SEnDA

[Vol. 58, No. 9

1107 Q7

v

wh

L5 .0/

Fig. 3. Real (A) and imaginary (B) components of the admittance of the interface
between a 0.1 mol dm-? LiCl aqueous solution and a 0.1 mol dm~3 TBATPB nitro-
benzene solution, at f=50 Hz, in the presence (a) and absence (b) of 0.5x10-3

mol dm—2 Pic- ion in the aqueous phase.

Curve ¢ shows the ion-transfer admittance,

Yy and Y;’, for the Pic— ion transfer corrected for the base admittance.

(w=2rxf, f being the frequency).

Determination of the Kinetic Parameters. For
the sake of simplicity, we assume a linear kinetic
equation:

I = I(E,C¥,CY) = zFA[k(E)C¥ —k(E)CY), (5)

for the ion-transfer current I, which is a function of
the potential, E, and the surface concentrations of
the transferred ion in the aqueous and nitrobenzene
phases, C¥ and CN, respectively. Here, z is the ionic
valence of the transferred ion (z=—1 for Pic~ ion), F
the Faraday constant, A the surface area of the
interface, and & (E) and % (E) are the rate constants of
ion transfer from the aqueous to the nitrobenzene
phase and from the nitrobenzene to the aqueous
phase, respectively, both being considered to be
functions of the potential E. On the basis of the
information obtained by cyclic voltammetry, we
assume that the mass transfer of the ion is due to
semi-infinite linear diffusion and that the ion-
transfer reaction at the interface is d.c. reversible at
the d.c. voltage scan rate of 5mVs-!, that is, the
Nernst equation is valid for the mean surface
concentrations or the d.c. components of the surface
concentration of the transferred ion in both sides of
the interface, C¥ and CN:

E,. = E® + (RT/zF) In (C¥/C¥), (6)

where E° is the standard ion-transfer potential (with
respect to the reference electrodes in Cell A), R the
gas constant, and T the absolute temperature. We
also assume that the ion-pair formation of the

transferred ion is negligibly small in both phases.

On the above assumptions, the ion-transfer imped-
ance can be expressed, by analogy with the faradaic
impedance theory of electrode reaction, by?

ry = (a/o)[1+ 2)V/2A1), (7)
l/we, = a]w?/?, (8)
with
_ 4RT cosh® (£/2)
7= ZF*A(2DV)1/2CW .0’ ©)
k k
4= (DW)1/2 + (D172’ (10)
¢ = zF(E4.— E;,)/|RT, (1)
Ef, = E® + (RT/zF) In (D¥|DY)*/2, (12)

where & and % are the ion-transfer rate constants
defined by F:‘;’(E:Edc) and k =k (E=Eq) (see Eq. 5),
respectively, and D¥ and DN are the diffusion
coefficients of the transferred ion in the aqueous and
nitrobenzene phases, respectively; C%:e is the bulk
concentration of the ion in the aqueous phase (the
bulk concentration in the nitrobenzene phase is
assumed to be zero). When the ion-transfer reaction
is d.c. reversible, we have kC W=kCN from Eq 5.
Using Egs. 6, 11, and 12, we then have k =(D¥/DN)v2
k exp(£). Consequently, Eq. 10 can be rewritten as

In [k/(D¥)"/2] = In [3/(1+exp (—£))], (13)
or
In [&/(D¥)V2] = In [4/(1 +exp (§))]. (14)
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Here A can be obtained by Eqgs. 7 and 8 as
A= (20)2(rem—1). (15)

Thus these relationships enable us to determine the
ion-transfer rate constants from the ion-transfer
impedance.
We assume Butler-Volmer type equations for the
potential dependence of the rate constants:
k = ky exp [azF(Eq.— E®)/RT}, (16)
k = k, exp [—azF(E4.— E®)/RT], 17)

@e{e_ ks is the standard rate constant, @ and a
(a +a =1) are the transfer coefficients. Then, using
Egs. 10—12, Egs. 13 and 14 can be rewritten as
In [F(D¥)2] = In A + o€, (18)
In [k/(D¥)/2] = In 4 — £, (19)
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Fig. 4. Plot of the real (r;) and imaginary (1/wec,) com-
ponents of ion-transfer impedance at the summit poten-
tial against w=1/2 for the transfer of 0.5 x 10~ Pic~ ion
at the interface between a 0.1 mol dm—2 LiCl aqueous
solution and a 0.1 mol dm-3 TBATPB nitrobenzene
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with

A= k(g )h( ore >?‘ %9

In Fig. 4, r, and 1/wc, at the summit potential are
plotted against w2 for x=0.1 mol dm-3, y=0.1 mol
dm-3, and ¢=0.5X10-3 mol dm—3 in Cell A. Accord-
ing to Egs. 7 and 8, both plots gave straight lines
with a common slope giving the diffusion coefficient
of Pic~ ion in the aqueous phase, DY, =8.8X10-6 cm?
s~ by Egs. 9 and 11. For all compositions of the
solution measured in this study (Tables 1—3) similar
linear plots were obtained for the ion-transfer
impedance in the d.c. potential range of | Eq«.—E;|<80
mV. The D¥  values obtained at various compo-
sitions of the solutions are summarized in Tables
1-3.

The potential dependence of the rate constants
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Fig. 5. Plotof ln[fzy(DW)l/ﬁ] vs. §(=z2F (E4.—E%;,)/RT)
for the transfer of 0.5 x 10~2 mol dm—2 Pic- ion at the
interface between a 0.1 mol dm-? LiCl aqueous solu-
tion and a 0.1 mol dm—3 TBATPB nitrobenzene solu-

solution. . .
tion. Vertical bars indicate the standard deviations.
TaBLE 1. KINETIC PARAMETERS OF Pic~-ION TRANSFER AT THE INTERFACE BETWEEN A 0.1 mol dm-—3
LiCl AQuEous soLUTION AND A 0.1 mol dm—3 TBATPB NITROBENZENE SOLUTION, DETERMINED
AT VARIOUS CONCENTRATIONS OF Pic~ ION IN THE AQUEOUS PHASE
Cre Eq In A kW > __Di.
10-3 mol dm—3 mV 10~2cm s—! 10-¢ cm2s-!
0.30 319 2.864-0.04 3.9 0.61+0.05 8.0
0.50 320 2.774+0.04 3.7 0.45+0.04 8.8
0.75 320 2.8540.06 3.8 0.57+0.04 7.7
1.00 319 2.68+0.09 3.2 0.56+0.05 7.3
average 320 2.79+0.06 3.7+0.3 0.55+0.05 8.0+0.6
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were analysed using Eqgs. 13—15. A typical plot of
ln[-E'/(DW)W] against ¢ for x=0.1 mol dm-3, y=0.1
mol dm—3, and ¢=0.5X10-3moldm=-3 in' Cell A is
shown in Fig. 5. Similar linear plots were obtained
for all compositions of the solutions examined in this
study. By fitting the ln[Tz’/(DW)W] vs. € plot to Eq.
18, 4 and « were determined. Then k, was
determined from 4 using Eq. 20 with D =7.46X10-¢
cm?s~! and DY, =Dy, /2.0719=3.60X10-¢ cm2s-1. The
kinetic parameters of Pic—-ion transfer obtained at
various Pic—-ion concentrations at the interface
between 0.1 moldm~3 LiCl aqueous solution and
0.1 moldm—2 TBATPB nitrobenzene solution are
shown in Table 1. Also, the kinetic parameters of
Pic—-ion transfer obtained at various concentrations
of LiCl in the aqueous solution and TBATPB in the
nitrobenzene solution are shown in Tables 2 and 3.

Discussion

The cyclic voltammetric measurements show that
the Pic—-ion transfer at the water/nitrobenzene
interface is d.c. reversible (nernstian) at the scan rate
of 5mV s~1. This experimental finding ensures the
validity of the Nernst equation for the mean surface
concentration (Eq. 6) in a.c. polarography with the
d.c. voltage scan rate of 5mVs-l.  The d.c
reversibility of Pic—-ion transfer at the water/nitro-
benzene interface has been described also by Homolka
and Marecek.!? Thus the mid-point potential, Emi,
can be equated to the reversible half-wave potential,
Ei;,, which is related to the standard ion-transfer
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potential, E®, by Eq. 12. The standard ion-transfer
potential of Pic—-ion Eg, observed with Cell A is
expressed by

E3. = A¢S. + AE/., (21
where A¢g, is the standard ion-transfer potential of
Pic- ion at the water/nitrobenzene interface, and
AEA; is the constant determined solely by the left-
and right-hand reference electrodes in Cell A. In
the present case the left- and right-hand reference
electrodes are reversible to TBA+ and CIl- ions,
respectively, and AEA; is given as a function of
the activities of TBA+ and Cl- ions, af, and ad,, in
the nitrobenzene (II) and aqueous (III) solutions, res-
pectively, by

AEA, = constant — (2.30RT/F) log (a,al). 22)

Furthermore, if the ion-pair formation of Pic—-ion
with Lit and TBA* ions is appreciable, A¢p, in Eq.
21 should be replaced by A¢g;:

Adrc = Adric +

RT ) 1+Kx’ij1ngl/w'A¢aﬁ+K?nuna'}'nA

bl , (23
F " 14 KTipic0T + KToaric(K343-4%) 2075, @3)

where K{pi. and Kfgapi. (@=N and W) are the
association constants of the ion pairs Lit*Pic- and
TBA+Pic- in the a phases, respectively, whereas
KNY4¢ and K} are the ionic distribution co-

TaBLE 2. KINETIC PARAMETERS OF Pic~-ION TRANSFER®) AT THE INTERFACE BETWEEN A NITROBENZENE
soLuTION OF 0.1 mol dm~2 TBATPB AND AN AQuUEOUs soLUTION OF 0.02 To 1.0 mol dm—2® LiCl

Clia E, In A ks ; __._._D;v“
mol dm—3 mV 10-2 cm s—1 10-% cm?s—!
0.02 360 2.864-0.07 4.0 0.45+0.06 6.3
0.05 335 2.80+40.07 3.8 0.50+0.08 8.3
0.10 320 2.774+0.04 3.7 0.45+0.04 8.8
0.20 302 2.80+0.03 3.7 0.50+0.04 7.5
0.50 281 2.66+40.04 3.1 0.65+0.05 6.5
1.00 265 2.824-0.06 3.5 0.7440.09 6.2

a) Determined at 0.50 X 10-3 mol dm=3 Pic~ ion in the aqueous phase.

TasLe 3. KINETIC PARAMETERs OF Pic~-ION TRANSFER® AT THE INTERFACE BETWEEN AN AQUEOUS SOLUTION
oF 0.1 mol dm—2 LiCl AND A NITROBENZENE SOLUTION OF 0.05 To 0.17 mol dm—2 TBATPB

C'l"‘BATPB Es 1 A ks ; }'n
mol dm—3 mV " 102 cm st 10-¢ cm?2 s
0.05 333 2.76+4-0.08 3.5 0.60+0.06 7.1
0.10 320 2.774+0.04 3.7 0.45+0.04 8.8
0.17 310 2.64+-0.03 3.2 0.49+0.02 8.5

a) Determined at 0.50% 10~3 mol dm=3 Pic~ ion in the aqueous phase.
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efficients of TBA* and Lit ions, respectively, be-
tween nitrobenzene and water when the interfacial
potential difference is A¢, and are given by

K/78¢ = exp [z;F(Ap— A¢T)/RT],
j = Li* and TBA* and z; = +1. (24)

The change in the effective diffusion coefficients
caused by the ion-pair formation in this case hardly
affects the E}), values (see Eq. 12). The experimental
results (Fig. 2 and Tables 2 and 3) show that the
change of Ej, (=Eg.) with Cl- or TBA* activity is
close to —2.30RT/F=—59 mV per decade, indicating
that the variation in A¢% with Lit and TBA+
activities is negligibly small. Therefore the ion-pair
formation of Pic—-ion with Lit and TBA+ ions
should be negligible in the concentration range of
the electrolytes used in this study.

The plot of In[k /(D¥)¥2] against ¢ for the Pic—-ion
transfer generally gave a straight line (Fig. 5). This is
in contrast to the tetramethylammonium-ion trans-
fer, in which the plot gave an appreciably upward
convex curve (see Fig. 12 in Ref. 1). Thus we applied
the Butler-Volmer type equations (Egs. 16 and 17) to
the rate constants of Pic—-ion transfer to determine
the kinetic parameters 4, ks, and a . The results are
summarized in Tables 1—3. Table 1 shows that the
observed kinetic parameters are hardly dependent on
Pic—-ion concentration in the range from 0.3X10-3 to
1.0X10-3 mol dm-2 indicating the validity of assum-
ing the linear kinetic equation for the ion transfer
(Eq. 5). As seen in Tables 2 and 3, the kinetic
parameters, except the transfer coefficients, were
virtually independent of the concentrations of LiCl
and TBATPB in the aqueous and nitrobenzene
solutions, respectively.

The electrical double layer of the interface between
aqueous solution of LiCl and nitrobenzene solution
of TBATPB consists of the inner layer which is
sandwiched by the two diffuse double layers on the
aqueous and nitrobenzene solution sides.’® According-
ly, when an ion is transferred from one solvent to the
other, the ion is transferred through the three layers,
i.e. the diffuse double layer in one phase, the inner
layer, and the other diffuse double layer in the other
in series. The effect of the potential of the diffuse
double layer on the concentrations of transferred ion
at the reaction planes where the transfer of ion from
one solvent to the other will take place can be
expressed, in the first approximation, by the
Frumkin equation for the double-layer correction:

CY = C" exp [zF(¢" — ¢%)/RT, (25)
CY = C" exp [2F(¢° — $2)/RT], (26)

where C§ (=W or N) is the concentration of the
transferred ion at the reaction plane on the aqueous
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(a=W) or nitrobenzene (a=N) solution side and C*
(=W or N) is the surface concentration, i.e. the
concentration of the transferred ion just outside the
diffuse double layer. ¢W¥ and ¢° are the inner
potentials in the bulk of the aqueous and nitro-
benzene solutions, respectively, and ¢y and ¢9 are
the potentials of the reaction planes on the respective
solution sides. Consequently, Eq. 5 can be rewritten
as

I= ZFA(E::orrCY"‘IcorrC':)y (27)
with

keors = K exp [—2F($"— $7)/RT1, (28)

keorr = kexp [—zF($° — ¢3)/RT], (29)

where  cor and  corr are the “true” rate constants or
the rate constants for the ion-transfer reaction taking
place from the reaction plane on one solvent side to
the reaction plane on the other. Upon assuming that
the reaction planes are located on the OHP’s on each
solution side, the values of ¢¥"—¢¥ and pO—¢2 can be
calculated (in the absence of specific adsorption) by
the Gouy-Chapman theory by knowing the surface
charge density which was calculated from the double-

;3 ﬁf% } _
ty |

1 ! | ! ! | 1
-10 0 10 20 30 40

DOYS - A% oo | MV

Fig. 6. Plot of In[keore/(D¥)2] vs. APEi—APY ,.c for
the Pic—-ion transfer at the interface between a nitro-
benzene solution of 0.1 mol dm—-32 TBATPB and an
aqueous solution of (O) 0.02, (@) 0.05, (A) 0.10,
(A) 0.20, ((J) 0.50, and (M) 1.0 moldm-3 LiCl
Vertical bars indicate the standard deviations.
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layer capacity data'¥ and the potential of zero charge
(pzc) data.’® In Fig. 6, the values of In[k corn/(DW)¥/2]
thus obtained for various concentrations of LiCl in
the aqueous solution are plotted against the potential
drop across the inner layer, ApdZ=o¢y—¢?, referred to
the potential drop across the inner layer at the pzc,
APy, =bN.— .19 It has been shown!3:14 that the
inner layer capacity of the interface between an
aqueous solution of LiCl and a nitrobenzene solution
of TBATPB depends only on the surface charge
density (or the inner layer potential difference) and
not on the concentration of LiCl in the aqueous
solution. Therefore it is expected that the corrected
rate constants obtained at various LiCl concentra-
tions lie on a single curve representing the depen-
dence of kcor on AP¥Z. In contrast to this expec-
tation, the In[E con/(D¥)¥2] vs. Ap8E—AdY .. plots
varies considerably with the concentration of LiCl
in the aqueous solution (Fig. 6). Considerable varia-
tion of the In[k con/(DN)¥2] vs. AP3Z—APY .. plots
with the change of TBATPB concentration in the
nitrobenzene solution was also found for the cor-
rected rate constants obtained at various TBATPB con-
centrations (data not shown). These results (Fig. 6)

suggest that the formalism of Frumkin correction
based on the assumption that the reaction planes are

located on the OHP’s on respective solution sides is
not valid for this case, especially in moderately
concentrated supporting electrolyte solutions.

In the above discussion, the potentials of OHP’s
were estimated by the basic Gouy-Chapman theory.
Modifications of the basic Gouy-Chapman theory
have been described.1® In view of the smallness of
the surface charge density (less than 4 pC cm~2) and
the moderate concentration of the electrolytes (less
than 0.20 mol dm-3 except in a few extreme cases),
however, we may conclude that the error caused by
applying the basic Gouy-Chapman theory to the
present system is probably small.

In the above discussion it is also assumed that the
ion-pair formation of Pic- ion is negligible which
is in harmony with the d.c. voltammetric data on
Pic™ ion. Available data on the ion-pair formation of
Pic™ ion in water and nitrobenzene are limited. How-
ever, according to Poonia et al. 19K, =12.8, which
suggests that the ion-pair formation of Pic~ ion would
be appreciable in concentrated LiCl aqueous solu-
tion. Accordingly, it is worth while discussing the
possible effect of the ion-pair formation on the kinet-
ic parameters of the ion transfer at the water/
nitrobenzene interface. If the rate constants of the
association and dissociation of the ion-pair are
sufficiently large (e.g.(the first order rate con-
stant)/w > 1), the a.c. faradaic impedance theory
predicts that & and k in Eqs. 10, 13, 14 and the
following equations should be replaced, respectively,
by
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-

- k
kK = 30
1+ K¥ipieali + KTourie(Kthy %) 1085, (30)
and
- k
kK = 31

= .
14+ K51 K37 8%a], + K Fpapic8Tsa

Thus, the In[Z con/(D¥)V2] vs. APYE—APY,.. plots,
such as those in Fig. 6 should be also corrected by Eq.
30. However, it is clear that such a correction will
not modify the scattered plots to align them on a
single curve. Therefore we may conclude that the
ion-pair formation of Pic- ionn with TBA+ and/or
Li+ ion, if any, would not seriously affect the above
discussion.

The ion transfer from one solvent to the other
should consist of desolvation of one solvent and
resolvation with the other and could take place in the
reaction layer of a certain thickness, possibly
extending beyond the inner layer into the diffuse
double layers (or even beyond the diffuse double
layers in concentrated electrolyte solutions). The
Frumkin correction, if any, should be applied to the
concentrations of the transferred ion at the reaction
planes which are supposed to be located distant from
the OHP’s toward the bulk of respective solutions.
Samec and his coworkers, using relatively dilute LiCl
solutions (0.05 and 0.01 mol dm-3), found that the
corrected rate constants of the transfer of Cs+ ® and
choline and acetylcholine ions? at the aqueous
solution of LiCl/nitrobenzene solution of TBATPB
interface change little with the potential across the
interface. This result led these authors to conclude
that the observed potential dependence of the
“apparent’ rate constants arises largely from the
effect of the porential on the concentration of the
transferred ions at the reaction planes which are
located at the OHP’s.  Actually, the potential
dependence of the ‘corrected” rate constants in
0.02 mol dm—3 LiCl aqueous solution was relatively
small (see Fig. 6). However, as discussed above, the
strong potential dependence of the “‘corrected” rate
constants of Pic—-ion transfer observed in moderately
concentrated electrolyte solutions seems to indicate
that the observed potential dependence may reflect
the real potantial dependence of the Pic—-ion transfer
rate constants at the water/nitrobenzene interface.
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