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The stationary (hanging) drop electrode is widely used in analytical work on highly dilute solutions. In recent

years, the hanging drop electrode has been sucessfully used in a number of electrochemical papers to investigate the
mechanism of electrode processes [1].

It has been shown by V. Kemnula and coworkers that the hanging drop electrode combined with a cyclically
varying polarizing voltage is very convenient for making a study of the free radicals and instable intermediate prod-

ucts occurring in electrochemical reactions. This method has been used to investigate a wide range of electrode re-
actiqns involving organic compounds.

In polarization with a slowly varying voltage, the kinetic currents produced by volume changes in the depolar-
izer have a form in the case of a hanging drop electrode which is different from the plane electrode case [2,3]. The
effect of electrode curvature on the kinetic and catalytic currents may be taken account of theoretically.

Consider the simplest kinetic reaction, going according to the scheme
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We shall further assume that the electrode reaction is fast.
The system may be described by the following equations:
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where a and b are the concentrations of substances A and B, and it is assumed that D A= D, = D.
The initial concentrations ag and by are related by the chemical equilibrium condition
bO = O'ao_ (3)
For the kinetic reaction (1), the conditions on the electrode may be written in the form
a=0, (-a—b) = 0 where r=r, (4)
\ dr
Introduce further the dimensionless variables
ym T LDt
T re 2 T p2 (5)
0
and the new functions
r r
_ I = —(a + b).
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After this substitution, Eq. (2) reduces to
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where . p (1 +o)r -
- D
The boundary conditions take the form:

at the electrode (x = 0)

® (0,7 =¥, ), (9)
o(42),+ (3H),— 0 + 010 0.9 =0

far from the electrode (x— *) (and the initial conditions for = = 0)

¥=0O®=a,(l-+0)(1+ ). (10)
The desired kinetic current is written in the following way:
, da D 90 (9%
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We shall further solve the diffusion problem posed, by reduction to integral equations. For this purpose we
introduce the two unknown functions

(Fehme =@ (55),_, =0 .

Using the Duhamel integral [4] for the values of the functions ® (x, 7) and ¥(x, 7) at the boundary (x = 0), we
can write the following expressions;

® (0, %) = a, (1 +0) (1 + 2]/-;‘—)—— = ;‘/‘f_):"%; (12)
0
¥ (0 1 {0 o a
(,T)—_V—E—(gvr—"ev() M (13)

Equation (13) is a modification of the Duhamel integral for the case of a diffusion equation with volume sources.

Substituting (12) and (13) in the boundary conditions (at x = 0), gives a system of integral equations for finding
u(r) and v(7).

%u+wﬂ1+2vf§l—7%S%%§%=~—%Sﬂ%§§?d& a9
Uu+v=(1+o)[ao(1+o)(1+21/§)_ﬁ§;(3>j90] |
;
The kinevtic current may be written in the form
i=D (%’) — 70(TD+*) lu (v) — o (D). (15)

The solution of the system of integral equations (14) will be looked for with the aid of the Laplace transforma-
tion, Introduce the expressions
(o5}
0

Up)=rp cioe-f”-u (vydx, V(p) = p% e Py (1) dt. ' (16)

After carrying out the Laplace transformation in the system of integral equations (14), we obtain a system of
algebraic equations for finding U(p) and V(p): )

U—vV ]/—”— =a, (1 +0) (1 + Vp), amn
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From the solution of the system (17) we obtain for the Laplace transform of the desired current

~_ D oy _Dm( 49 _(+VnU+Vetw (18)
=== G Vrtntsd+ VD

Finding the original of the above expression in general form is a complicated problem.

We shall limit ourselves to a discussion of some limiting cases, which, however, are of most interest to the

theory of kinetic currents.

We shall further assume that the chemical equilibrium is shifted toward the substance B, i.e., 0> 1. In the
usual way, we introduce the thickness of the kinetic layer [3]
/D (19)

l_,[,: '55.

In case there are rapid volume chemical changes in the depolarizer (% > 1, or 1y > p ) for instants of time

a)
e Laplace transform of the

r > 1/%, it may be assumed that a quasi-steady state chemical equilibrium is set up. Th
current at the electrode for these values of the time may be represented in the form

Daos. V'n‘z (1 "1_ Vﬁ) . . (20)

2 (j) =222 1 )
o Vad+osd -V
From Eq. (20) using [5], we obtain the following expression for the kinetic current expressed in dimensional
variables:
. Dby rr1 1 Vi
— — ol/rit1/sp) DL 1 _) ]} )
I =rFon {1 e eric l_( P -+ e V Dt (21)
As rg— %, Eq. (21) assumes the form of the kinetic current at a plane electrode [3]
. _ Dby _piropy (@ o : 99
jplane = 5y © o) erfe Gp). (22)
As t — =, (21) reduces to
Dbo (23)

1= ro -+ ou
and, in contrast with a plane electrode, remains finite,

Two cases are possible: 1) rg®»op, and 2) rg < opt, In these cases, Eqs, (21) and (23) become simpler. It
should be noted that sincec > 1, neither case contradicts the condition ro ®p.

For 1y > po, it follows from Eq. (21) that at the initial instants of time (but for t > 160), electrode curvature
is not very important, and the kinetic current may be represented in the form (22). However as 7 — *, (21) reduces
to j = Dby/rg. As in the case of a plane electrode, the kinetic current (21) is determined by the supply to the elec-
wode of the nondischarging substance B. However, in the case of a hanging drop electrode, the diffusion current of
the substance B shows the features characteristic of a spherical electrode.

b) For slow volume chemical reactions (v < 1, or rg < u), the Laplace transform (18) may be expanded in a
convergent infinite series. Limiting ourselves to the first term of the series, we obtain the following expression for
the current at the electrode:

. Da roe”D1et r Dt
]:——'0 1—}——9——:—}——0erf 5| (24)
ro V nDt p p

It follows from (24) that the volume chemical reaction introduces a small correction to the usual diffusion cur-
rent of substance A.

Consider the case of a catalytic reaction going by a quasi- monomolecular mechanism, which may be repre-

sented by the scheme

G

e
A = B (nthevol,), A— B (attheelectrode) (25)
p -
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~ Assuming the electrode reaction to be fast, instead of (4), the following boundary conditions must be imposed
on the electrode

a=0, (g—(:) = — (%) where r = r,,. (26)

Retaining the previous notation, we obtain for x = 0, instead of (9)

D@O,17)="(,n1)

(27
a0
(‘07)0 —® (0, ) = 0.
Further, instead of (17) we obtain the system of algebraic equations
U—V]/pix=ao(l+6)(l+V.5)» (28) /

U +Vp =a(l+0)1+¥r

The density of the catalytic current to the electrode may easily be found exactly, It is of the form (24). In
contrast with the kinetic current, Eq. (24) is the catalytic current for any degree of reversibility of the volume chem-

ical reaction. Introduce the quantity
D
_ T o . 9
v =V s @

Asrg—~ % Eq. (24) reduces to the expression for the catalytic current at a plane electrode [6]. For large values of the
time (t—), Eq. (24) reduces to

j =Day(++ ). (30)

o T p

It follows from an analysis of Eq. (24) for the catalytic current on a hanging drop electrode that the effective

electrode curvature is only important in the case of a slow volume chemical reaction (ry £ p ), and for instants of
time, t>r3/D.
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