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The transfer of tetramethylammonium (TMAY) ion across the interface between a 0.1 mol dm™ LiCl
aqueous solution and a 0.1 mol dm™3 tetrabutylammonium tetraphenylborate nitrobenzene solution was inves-
tigated by means of phase-selective a.c. polarography. In recording the a.c. polarographic current a two-
electrode cell system was used and the ohmic drop due to solution resistance in the cell was compensated for by
positive feedback. The ion-transfer admittance vs. potential curves were determined in the a.c. frequency range
between 10 and 100 Hz and the kinetic parameters of the TMA*-ion transfer across the water/nitrobenzene

interface were determined.

Kinetics of the charge (ion or electron) transfer at the
interface between two immiscible electrolyte solutions
has been studied by several authors using elec-
trochemical techniques. Gavach and his coworkers
have employed chronopotentiometry!~® and imped-
ance measurement methods? to determine the ki-
netic parameters of the transfer of alkylammonium
ions at the water/nitrobenzene interface. Recently,
Koczorowsky and Geblewicz? have also applied chrono-
potentiometry to the kinetic study of the transfer
of tetrabutylammonium ion at the water/1,2-di-
chloroethane interface. On the other hand, Samec et
al. have employed cyclic voltammetry, with or with-
out convolution analysis, for the kinetic studies of
the transfer of Cs* ion at the water/nitrobenzene
interface’-® and the transfer of alkaline earth metal
cations facilitated by synthetic neutral carriers at the
water/nitrobenzene interface,” and also the electron
transfer between ferrocene in nitrobenzene and hexa-
cyanoferrate(Il) in water®

In this work we have applied a phase-selective a.c.
polarographic technique to the study of the kinetics of
ion (tetramethylammonium ion) transfer at the
water/nitrobenzene interface; an a.c. voltage of small
amplitude was superimposed on a linear sweep voltage
applied to the interface, and the real and imaginary
components of the resulting alternating current were
recorded against the applied linear sweep voltage in the
frequency range between 10 and 100 Hz and in the
concentration range of transferring ion between
0.15X10-3 and 0.50X 103 mol dm=3. In recording
phase-selective a.c. polarographic curves we used a two-
electrode cell system and the ohmic drop due to the
solution resistance in the cell was compensated for by a
positive feedback circuit. The recorded phase-selective
a.c. polarographic currents were trarisformed into the
admittance of the test interface and the latter was
corrected for the admittance of the base aqueous
solution/base nitrobenzene solution interface to give
the admittance due to the ion transfer at the interface.
The resulting ion-transfer admittance vs. potential
curves were analysed using the conventional theory of
a.c. polarography, and the kinetic parameters of the ion
transfer at the water/nitrobenzene interface were
determined.

Experimental

Chemicals. The tetramethylammonium chloride
(TMACI]) was analytical grade (Wako Pure Chemical
Industries, Ltd.), and used as received. The tetrabutyl-
ammonium chloride (TBACI) was analytical grade
(Nakarai Chemicals Co.), and was purified as previously
described.® The concentrations of TMACI and TBACI were
determined by potentiometric titration with a standard silver
nitrate solution. The analytical grade nitrobenzene (Nakarai)
was distilled under reduced pressure; the middle 60% of the
distillate was collected and shaken with active alumina
overnight; after filtration of the suspension, the filtrate was
washed with triply distilled water. The nitrobenzene solution
of tetrabutylammonium tetraphenylborate (TBATPB) was
prepared in the dark immediately before use. The other
chemicals and the preparation of the aqueous solution have
been described elsewhere.9

Electrolytic Cell. The electrolytic cell assembly is
shown in Fig. 1. A glass tube A, which was filled with a
0.1moldm=3 LiCl aqueous solution containing (0.15—
0.50)>10-3 mol dm=3 TMACI, was dipped into a 0.1 mol
dm~3 TBATPB nitrobenzene solution. The test interface was
formed at the end of the glass tube A with an area of 0.159 cmz2.
A reproducible, flat water/nitrobenzene interface was formed
by treating the edge and the outer surface of the glass tube
with dimethyldichlorosilane.%19  The test interface was

Fig. 1. Electrolytic cell. =W, water phase; NB,
nitrobenzene phase; A, glass tube; REl and REZ2,
reference electrodes; F, sintered glass.
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renewed for each measurement of a single a.c. polarogram.
The cell was water-jacketted at 25£0.1°C.

The reference electrode for the nitrobenzene phase, RE2,
was an Ag/AgCl1/0.1 mol dm~3 TBACI (water) electrode with
a large surface area (>6 cm?2), which was connected to the
nitrobenzene phase through sintered glass. The other
reference electrode for the aqueous phase, REl, was an
Ag/AgCl electrode with a large surface area (>4 cm?2), which
was immersed in the aqueous phase. Accordingly, the cell to
be studied can be expressed by:

I 11
0.1 moldm™3 0.1 mol dm™2
(RE2) Ag|AgCl (N
TBACI TBATPB
III
I(O. 15—0.50) x 10~3 mol dm~3 TMACI
W)

| + 0.1 mol dm™? LiCl
AgCl|Ag (RE1), (A)

where (W) and (N) represent the aqueous and the nitro-
benzene phases. The interface between phases I and II is
nonpolarizable and the potential difference across the
interface is determined by the activities of TBA*ion in the two
phases.?:10

Measurement of Solution Resistance. In a.c. polaro-
graphic measurements, we adopted a two-electrode cell
system in which the ohmic drop due to the solution resistance
between RE1 and RE2, R,, was compensated for by means of
positive feedback (see Fig. 3). For exact compensation of the
ohmic drop, the value of R, must be known accurately. We
used a laboratory-made linear bridge!? to determine R,.
Figure 2 shows the basic circuit of the bridge, which allowed
accurate determination of resistance (a dummy cell resistance)
using a 10 kHz a.c. generator with an error less than 10  in
the range between 0.5 and 5.0 k(). Determination of R, was
made every time the test interface was renewed. For a
representative cell, as shown in Fig. 1, R, was in the range
between 1.41 and 1.54 kQ.

A.c. Polarographic Measurement. The diagram of the
basic electronic circuit for measurement of the interfacial
impedance with a two-electrode cell system is shown in Fig. 3.
The circuit bordered by broken lines is a conventional
polarographic circuit (Yanako potentiostat PE21-TB2S).
D.c. and a.c. voltages are generated by a sweep generator

G CELL
O i '
. 0A2 LA
R i: G RE1 RE2 N - @
b Ll -
(Al ﬁ;
C; Cs Rs 3
R,

Fig. 2. Basic circuit of the linear bridge for
measurement of the solution resistance. OAl and
OA2, operational amplifiers (Texas Instrument
TLO82CP); G, a.c. generator (NF 572B); LA, lock-in
amplifier (NF 572B); OSC, oscilloscope (Hitachi
VC-801L); Rs and C,, decade resistor and decade
capacitor; Ri;=R>=43 kQ; R3=100 kQ; C;=Cy=1
uF.
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(Hokuto Denko HB-104) and an a.c. generator (YHP 3310B),
respectively, and applied through R; to the summing point,
es, of the inverting adder (OA1 and OA2), the output of which
is applied to the terminal of RE], while the terminal of RE21is
always held at virtual ground. The output voltage of OA3, E,,
is proportional to the current flowing through the cell, 7, that
is, E;=iR;. For the ohmic drop compensation, a part of this
output voltage was fed back to the summing point. The
feedback voltage was made equal to BR.i=BR.E./R;i by
adjusting a potentiometer, R., where B is the fraction of
positive feedback and B=1 for 100% positive feedback. The
real (in-phase) and imaginary (out-of-phase) components of
the a.c. polarographic current flowing through the cell were
determined by a lock-in amplifier (NF LI-574) and recorded
against the linear sweep voltage applied to the test interface,
usually at the voltage scan rate of v=5mV s7!, using an X-Y

3R
Ry
WA sweep generator
0A1 €s !
. R| H
N
= y
"v"‘
H
: - 1 Eo lock-in [=Y*
i 0A3 L -
E N Fmm———— J amplifier -
IE = C; E
; I PR3
: 11 ;
* '
: 'A'A'A :
! R; 1 =
S S J
PE21-TB2S

Fig. 3. Electronic circuit for d.c. and a.c. polaro-
graphic measurement with a two-electrode cell.
X, Y’, and Y”, inputs of recorder; RE1 and RE2,
reference electrodes; OAl to OA3, operational
amplifiers (Burr Brown 3112/12C); R;i, current-
measuring resistor (10 kQ); Ci, damping capacitor
(1000 pF); R, potentiometer (1 kQ); Ry, resistor (10

kQ).
C
=
o—W—1
Ry
R
(A)
= TR '
u
s Cs
(B)

Fig. 4. (A) Dummy cell. R, C, and R, correspond,
respectively, to the resistance and capacitance of the
test interface, and the solution resistance. (B)
Equivalent circuit of the cell. R,, solution resistance;
Zp, base impedance; Zgp=rs—j(1/wcs), ion-transfer
impedance.
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recorder (Watanabe WX4302). The magnitude of the
superimposed a.c. voltage (usually 5 mV peak to peak) was
calibrated by replacing the cell with a known capacitor and
measuring the a.c. current flowing through the capacitor by
the lock-in amplifier.

The measuring circuit was calibrated by a dummy cell,
which consists of Ry=1.5 k), R=0.2 t0 2k}, and C=2to0 20
uF, as shown in Fig. 4(A), in the a.c. frequency range of 10 to
100 Hz. The error in measuring the dummy admittance (1/R
and wC) with 8 being equal to 1 was not negligible, especially
at high frequencies. Accordingly, the measured or apparent
admittance was corrected for the non-ideal dynamic response
of the measuring circuit, where the response was represented,
in the first approximation, by the gain function of G=K/(14
7as) of the control amplifier (OAl) with other amplifiers
functioning ideally. The residual error in the corrected
admittance was less than 1, 3, and 6% at 10, 50, and 100 Hz,
respectively, in the calibrated range of R and C of the dummy
cell.

Theoretical

In the following, the potential applied to cell A, E, is
defined as the potential of REI against that of RE2, i.e.,
E=FEgrg1—Egr2. The flow of the positive charge from
the aqueous to the nitrobenzene phase is taken as the
positive current.

Interfacial Admittance. The admittance of the
test interface as determined by phase-selective a.c.
polarography can be generally represented by:

Y, =Y. +,Y, (1

where j is an operator j=(—1)"2..  Let the base
admittance, that is, the admittance of the base aqueous
solution/base nitrobenzene solution interface, be Yg=
YE+7Y¥. Then the admittance due to the ion transfer
Yr=Y¥+;Y¥# can be estimated by:

Y; =Y, - ¥, @)
Y=Y - Y5 (3)

Finally, the ion-transfer admittance, Y, is related to a
series combination of resistance and capacitance, rsand
¢s, due to the ion transfer (see Fig. 4(B)) by:

e = Yi/(Y:* + Yi%, (4)
e, = Y{[(Yi 4+ Y77, (5)

where w is the a.c. angular frequency (w=27f, f being
the a.c. frequency).

Ion-transfer Impedance. We suppose that the
ion-transfer current I is a function of the surface
concentrations of the ion in the aqueous and
nitrobenzene phases, C¥ and CY, and of the interfacial
potential difference, A¥¢, or the potential applied to
the cell, E=AN¢+ AErs, where AEr is determined by
the reference electrode system :?

I =I(ECY,CM. (6)

In this and the following equations the terms con-
taining activity coefficients of the ions are neglected
for the sake of simplicity. When a small a.c. voltage is
superimposed on the d.c. potential, Eq, the ion-transfer
impedance, rs—j(1/wcs) (see Fig. 4(B)), can be generally
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expressed, by analogy with the faradaic impedance of
an electrode reaction,!2-19 by:

rg=1r¢ + 1V + 1V, (7
lawey, = £¥ + &V, (8)
with
= 1(3E) ©)
= :[ (%)dc / <:—é>dj(h,)‘(l/zFA), (10)
W= i[(%)dc / (%)dc](hy)“(l/zFA), (11)

where the superscript @ (=W and N) stands for the
aqueous (W) and nitrobenzene (N) phases, and the
upper and lower signs in Egs. 10 and 11 apply to W and
N, respectively; z is the ionic valence, F the Faraday
and 4 the surface area of the test interface. The expres-
sion ( )dc means the partial differential coefficients
with respect to the stated variable of Eq. 6 at E=FE4,, and
(hr)*and (hy)* are the coefficients, which depend only
on the mass transfer of the ion in the two phases and
are given for semi-infinite linear diffusion by:

(he)* = (hy)* = (20D%)7/2, (12)

where D is the diffusion coefficient of the ion in the
phase.

When the ion transfer is reversible or nernstian ind.c.
cyclic voltammetry, the Nernst equation is valid for the
d.c. components of surface concentration or the mean
surface concentrations, C¥ and C:

Ey = E° + (RT/2zF)In (C¥/C). (13)
Here E°is the standard potential of the ion transfer at
the test interface with respect to the reference electrode
system in cell A and is defined by:
Gﬁ_.N-’W

B = - 820 4 AL, (14)

where AG§N~VW is the standard Gibbs free energy of
ion transfer from the nitrobenzene to the aqueous
phase. Thus, we have (91/0CW%)ac/(31/E)se=—(3E e/
aCY)=(RT/zF)(1/C¥) and (31/8CN)ac/(81/0E)ac=
—(6Edc/6CN)=—(RT/zF)(l/CN). For semi-infinite
linear diffusion, we also have (Dw)l/2(Cw’°—Ew)=
(DM)2(CN—C™°) where C=° is the bulk concentration
of the ion in the o phase. Then we get from Eqs. 7to 13,
upon assuming that CN°=0:

s = (ojw/?)[1 + (20)1/2271], (15)
lwe, = ajw?/?, (16)
where
e o
§ = zF(E4 — E7,)/RT, (18)
Ef;; = E° 4+ (RT/zF)In (D¥|DN)/2, (19)
and

IR S o 1 al
A= zFA(DW)1/2<GCW>dc_ ZFA(DY)1/2 (bﬁ)d (20)
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Equations 15 and 16 can be rewritten as:
A = (2w)1/?(ree0—1). (21)

For the sake of simplicity, we assume a simple linear
kinetic equation:

I = ZFAEC™ — kCM), (22)

where % and % are the rate constants of the ion transfer
from the aqueous to the nitrobenzene phase and from
the nitrobenzene to the aqueous phase, respectively. We
further assume Butler-Volmer type equations for kand

k:
E = k, exp [@zF(Eq—E°)/RT], (23)
% = k, exp [—azF(Eq—E°)RT], (24)

where ks is the standard rate constant; & and & (@ +a&=
1) are the transfer coefficients. Then Eq. 20 can be

written as:
% %
A= vy + oy
= Alexp (a€) + exp (—at)], (25)
with
1 a 1 a
_ k. T a - a’
4=h(g ) ((DN)W) (26)

Equation 25 can also be rewritten as:

In [4/(14+exp (—€))] = In 4 + at. (27)

Results and Discussion

Cyclic Voltammetry of TMA* Ion. Cyclic
voltammograms for the transfer of TMA*ion across the
interface between a 0.1 mol dm—3 LiCl aqueous solution
and a 0.1 mol dm~3 TBATPB nitrobenzene solution
were recorded, using the two-electrode cell system
shown in Fig. 1, by means of the polarographic circuit
shown in Fig. 3 with the ohmic drop compensation by

T T ! T T T

i1 pA

E/V

Fig. 5. Cyclic voltammogram obtained with the two-
electrode cell system using the polarographic circuit
as shown in Fig. 3 with positive feedback of 8=1, for
the transfer of 0.5X10-3 mol dm—3 TMA+ ion from a
0.1 mol dm=2 LiCl aqueous solution to a 0.1 mol
dm~3 TBATPB nitrobenzene solution aty=5mV s~1,
Dashed line, cyclic voltammogram in the absence of
TMA* ion.
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positive feedback.  Representative cyclic voltam-
mograms are shown in Fig. 5. Reversible cyclic
voltammograms were obtained when the solution
resistance was compensated for by positive feedback of
B=1; the positive and negative peak potentials were
independent of the TMA*-ion concentration between
0.15X 1073 and the 0.50X 103 mol dm~—3 and of the scan
rate between 5 and 50 mV s, and the peak separa-
tion was 6042 mV. The positive and negative peak
currents, when corrected for the base current, were
proportional to the TMA+*-ion concentration and to the
square root of the voltage scan rate (data are not shown
here). These results indicate that the two reference
electrodes function as ideal non-polarized electrodes and
that the ohmic drop compensation works correctly.
The reversible half-wave potential, Eistva (or the
midpoint potential between the positive and negative
peak potentials) was determined to be 0.3174-0.001 V.
This result agrees well with the previous result of
E12tMa=0.32 V which was determined by potential-
step chronoamperometry, cyclic voltammetry, and
chronopotentiometry with a four-electrode electro-
chemical cell.?

T T T T T T
L Y u
1= .
TC:
@ 0+ L 1 | 1 i |-
2
-~ Yo
e 21 ]
G ]
1+ .
0 1 1 | L | 1
0-2 0.3 0.4

Egc ! V

Fig. 6. Real (Y §)and imaginary (Y#) components of
the base admittance at f=50 Hz for the interface
between a 0.1 mol dm~3 LiCl aqueous solution and a
0.1 mol dm=3 TBATPB nitrobenzene solution.

Yy 1107°Q"
N

! ! |
00 2 4 6

w /10%s™
Fig. 7. Dependence of the imaginary components of
the base admittance, Yf; on the angular frequency, o,
at E4.=0.300 V (O) and 0.375 V (A).



374

Double-layer Capacity of Water/Nitrobenzene Inter-
face. Figure 6 shows an example of Y§ vs. Eq4c
and Y3 vus. Eq4c curves for the interface between a 0.1 mol
dm—3 LiCl aqueous solution and a 0.1 mol dm-3
TBATPB nitrobenzene solution. Also, asseen in Fig. 7,
Yf was proportional to o in the frequency range
between 50 and 100 Hz. From the slope of the plot of Y#
vs. w the double-layer capacity of the interface, Ca, was
determined by Yf=AwCa. The resultant Cqivs. E curve
is shown in Fig. 8. The potential of the capacity
minimum, Enin, was about0.30 V. This value is close to
Enin=0.29 V reported by Samec et al.1® The value of Ca
at Emin, Cdaimin, was 23.3 pF cm~2 , which is small
compared with their 27 uF cm~2 (¢f. Fig. 5 in Ref. 15).

Integration of the Ca vs. E curve should yield the
surface charge density on the water side of the
interface,8:10 gW:

w
o
T
1

Cat / WF cm?

~
o

T
1

]
0.40

10— '
025 030

E/V

1
0.35

Fig. 8. Plot of the double-layer capacity, Ca, against
the potential, E, for the interface between a 0.1 mol
dm~2 LiCl aqueous solution and a 0.1 mol dm=3
TBATPB nitrobenzene solution.
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E
g =S Cy dE, (28)
Epze
where Ep, is the potential of zero charge. The value of
Ey,c has been found to be 0.265 V in the present system
by electrocapillary measurement.8:® The resultant g*
vs. E curve is shown in Fig. 9. Also plotted in Fig. 9are
the surface charge density data obtained from the
electrocapillary measurement.8:1® The two values of
q" obtained, by the two different methods are in
excellent agreement.

It has been shown that the residual current in the
potential range between 0.20 and 0.45 V is mainly due to
the transfer of TBA+ and TPB- ions across the
interface.® However, the calculated values of Y’z due to

q¥ / uccem?

1 I 1
0.2 0.3 0.4
E/V

Fig. 9. Plotof the surface charge density on the water
side of the interface, g%, against the potential, E, for
the interface between a 0.1 mol dm=3 LiCl aqueous
solution and a 0.1 mol dm=3 TBATPB nitrobenzene
solution, obtained by the integration of Cq vs. E
curve (@) and by the differentiation of the elec-
trocapillary curve (O).®

-~

Ege /

02

v

Fig. 10. Real (A) and imaginary (B) components of the admittance of the
interface between a 0.1 mol dm—3 LiCl aqueous solution and a 0.1 mol dm—3
TBATPB nitrobenzene solution, at f=50 Hz, in the presence (a) and the
absence (b) of 0.5)X 103 mol dm~—3 TMA+* ion in the aqueous phase. Curve c
shows the ion-transfer admittance,Y# and Y%, for the TMA+-ion transfer

corrected for the base admittance.
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the transfer of TBA+ and TPB- ion are too small to
explain the observed values of Y (Fig. 6); for example,
the calculated value of Y% at 0.30 V and 50 Hz is
2.5X 1075 Q1 while the observed value was 1.6 1074
O~1 The reason for this discrepancy is left for further
study.

Ion-transfer Impedance of TMA* Ion. In Fig. 10 the
solid lines show representative plots of Y{ and Y% vs.
Eqc for the transfer of TMA* ion across the interface
between a 0.1 mol dm—3 LiCl aqueous solutionand a 0.1
mol dm—2 TBATPB nitrobenzene solution. Y’ vs. Eq4c
and Y# vs. Eqc curves, obtained by Eqgs. 2 and 3, are also
shown in Fig. 10. The peak potentials of Y and Y#
coincided and were equal t0 0.3194-0.002 V, irrespective
of the frequency and the TMA*-ion concentration, and
agreed well with the reversible half-wave potential,
Ei2tma=0.31740.001 V, obtained by cyclic voltam-
metry.

The real and imaginary components of the ion-
transfer impedance, rs and 1/wcs, at E4.=0.319 V were
calculated by Egs. 4 and 5, and plotted against w~1/2in
Fig. 11. Both plots are straight lines with a common
slope, which gives quMA=(1.46:tO.05)XlO‘5 cm? s1
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We calculated A from rs and 1/wcs using Eq. 21. The
results are shown in Table 1 for three different
concentrations of TMA* ion. The figures are the
average of the data obtained at seven different
frequencies: 10, 15, 22.3, 30, 50, 70, and 100 Hz. As
shown in this Table, A is not very dependent on the
TMA*-ion concentration, indicating the approximate
validity of the linear kinetic equation for the ion
transfer (see Eq. 22).

In Fig. 12, In[A/(14-exp(—¢§))] is plotted against £,
giving an appreciably upward convex plot, instead of a
linear or nearly linear one. Frumkin correction for
the double-layer effect does not reform but rather
intensifies the convex nature of the plot. Formally, this
convex plot can be explained by the potential depen-
dence of the transfer coefficients. Upon assuming
that & varies linearly with the potential : ¥=a'o+a’¢ so
that ¥=d&o—a’¢é=(1—a0)—a’é, where doand &oare the
transfer coefficients at ¢=0 and o’ is the constant, the
plot was fitted to Eq. 29, a modified form of Eq. 27, by
adjusting three parameters, A’, &@o and a’:

In [A/(1 +exp (—£))] = In A4’ + a’€ In (D¥/DN)/2

by Egs. 17 and 18. This result agrees well with the + (&o + a’§)é, (29)
previously reported value of 1.2)X10~% cm? s~! deter- ith
mined by other electrochemical techniques.? Similar wit
linear plots were also obtained for the ion-transfer A = k< 1 )'&o< 1 )Zx’o (30)
impedances at several other d.c. potential in the range \(D¥)v2) \(DMy2) °
between 0.250 and 0.375 V.
L T T T T T
L L T 4+ —
04 - z
c 1
3 | 3+
wcg 3
\m - ~ :_’ W
3 =
bt L ] <
e 02 ° T 2+ =
0 | 1 1+ —
0 0.05 010
wh2 1 M I I 1 I 1 L I
Fig. 11. Plot of the real (rs) and imaginary (1/wcs) -3 -2 A o 1 2 3

components of the ion-transfer impedance against
w12 for the transfer of 0.5X10-3 mol dm—3 TMA+
ion at the interface between a 0.1 mol dm=3 LiCl
aqueous solution and a 0.1 mol dm—3 TBATPB
nitrobenzene solution at Eq.=0.319 V.

Fig. 12. Plot of In[A/(14-exp(—§))] vs. ¢ (=zF(Egc—
F1,2)/RT). The solid line shows the regression line
obtained by fitting the plot to Eq. 29. Vertical bars
indicate the standard deviations.

TaBLe 1. DEPENDENCE OF \ (s72) VALUES ON THE CELL POTENTIAL, Ege, AND THE CONCENTRATION OF
TMAT 10N IN THE AQUEOUS PHASE. erM'fg

Eac GA&/108 mol dm-3

\Y% 0.15 0.30 0.50 Mean
0.250 52.2(40.7)% 58.2( 9.9)” 48.2(12.6)% 52.3(25.3)%
0.275 47.8(18.4) 50.7( 5.4) 44.9( 8.6) 47.8(12.2)
0'3001;) 41.4( 8.5) 45.8( 3.6) 41.6( 8.2) 42.9( 7.1)
0.319 41.2( 8.6) 44.8( 4.0) 40.6( 7.3) 42.2( 6.9)
0.325 40.4( 9.1) 45.8( 4.1) 40.4( 7.8) 42.2( 7.3)
0.350 46.9(16.0) 51.7( 8.4) 43.5( 6.1) 47.3(11.0)
0.375 50.6(18.5) 65.5(22.1) 50.6( 7.8) 55.6(17.2)

a) The figures in parentheses are the standard deviations.

b) The peak potentials: E;=0.3191+0.002 V.
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Regression analysis was carried out using the SALS
program!? on the FACOM M-200 Computer in the
Data Processing Center of Kyoto University. Theresult
was A4’=20.842.1s"Y2, &=0.5540.08, and o’'=
—0.067+40.047 by taking D¥a=1.46X10-5 cm? s—!
and D¥ma=D¥1a/2.07=7.05)X10-6 cms~1.1®  Also ks
(the apparent standard rate constant) was tentatively
determined to be 6.5X10~2 cm s~! from A’. Further
study is needed to find out whether the marked
dependence of the transfer coefficents on the potential
(as obtained here) is the common nature of the kinetic
parameters of ion transfer at the interface of water and
nitrobenzene (two immiscible electrolyte solutions), or a
special case, indicating that the TMA*-ion transfer at
the 0.1 mol dm—3 LiCl(W)/0.1 mol dm—3 TBATPB(N)
interface may involve complications which would
require more complex equations of kinetics for the
TMA*-ion transfer in place of Egs. 22 to 25.

In conclusion, phase-selective a.c. polarography is a
promising technique for the kinetic study of the charge
transfer at the interface between two immiscible
electrolyte solutions.

This work was supported in part by a Grant-in-Aid
from the Ministry of Education, Science and Culture.
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