TARTU UNIVERSITY

DOUBLE LAYER AND ADSORPTION
AT SOLID ELECTRODES

IX

Tartu 1991



GENERATION CF VAR ABLE SI GN SPACE CHARGE IN A DI FFUSI ON
LAYER FCR ELECTRODE PROCESS W TH SUBSEQUENT HOMOGENEQUS
REACTI ON

Yu.l.Kharkats, A.V.Sokirko

A N. Frunkin Institute of El ectrochenmistry, USSR Acad. Sii.,
Moscow

It isknownthat during electric current passing,a space
charge region arises in dlffusion layer, whose distribution
density does not decrease exponentiallyasit was in diffuse
layer, but gradually /1. When the current density tends to
its limting value, the space charge density in the vicinity
of the electrode increases abruptly, coincidingin sign with
that for electroactive ions.

Here we present the results of ineetigation of space
charge distribution in diffusion layer for reduction of ca-
tions a®* + 2 -~ 4%, and parall el oxygen reduction 0,+2H,0+
+4e” — 40H” with subsequent reconbination reaction of
QG and B* ions in diffusion layer: OH™ + H* = H,0. This
reacti on schene was anal yzed in detail inref. /2/,in which
the mechanism of migration'current exaltation effect in aci-
dic solution was theoretically investigated.

The set of el ectrodiffueion equations describing the
distributione of conponents' concentrationsand the potential
indiffusion |ayer may be witten as

dc, av 1,1 dc, av
— oy — = ' —=2.-c¢,—=0, (1
dx dx  FD;c° ax ax
de av de av i,L
D3—2-c3—--n4—-"-+c4—---—3--n332 , (2)
dx dx dx dx Fe
c304 = Ky Cy+ Oy Cq +Cy e (3)

Here ¢4, 5, Cq and c4 = are dinmensionless concentra-
tions of cations A*, anions, CH ions and B* ions, ¢, is the
di nensi onal concentration of A* ions in the eolution bulk,
Y= Pe/RT is the dinensionless electric potential, x is di-
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menei onl ess coordinate (0 X 1), L is the thickness of the
Nernst diffusion |ayer, i, and i, are current densities for
cation's discharge and oxygen reduction, X, = the ionic
product for water, the boundary conditions at X = 1 can be
witten as  eq(1) =1 ex(1) = 1 +k, e3(1) =0, c4(1) =k,
Y(1) =Q

Taking into account that the reconbination reaction
for water is very fast and the equilibrium constant satis-
fies inequality K. <1 we can suppose that in the diffu-
sion layer either ions 0B~ of R ions can exist sinulta-
neously. Correspondingly,the recombi nationof reaction pl ane
x0 splitsthe diffusionlayer into two regions,0€x<@ and
8<«xgl Ve canput e,>0 and c3z0 in the region spaced
to the right of the point X = 8 and ¢,> 0 and c4~0 in
the region spaoed to the left of the point Xx = 0. These
approxi mati one make it possible to determne the potential
distribution 2 (x) and then using the Poisson equation,to
find apace charge distribution p = -¢RT¢"/F.

Calculated ¢ (x) distributions for series of parame-
ters 34, and fixed J§, and k values are shownin Fi-
gure 1

Pro
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Fg 1 Spece charge distribution for D3/D4 =05 k
2008,2 4andqu 22'25 3‘27390-2°°o
« (1p/1)4; i s the Debyey length

The anal ysi s shows that as e result of recombination
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reaction inside the diffusion layer sone interesting pecu-
liarities in space charge distribution arise. A the point
of honogeneous reaction localization x =@ and under the
condition D,j, kD,Jy an abrupt change of the sign and ab-
sol ute val ue of 3 (z) takes place. In the discussed nodel
due to high value of rate constant of reconbination reaction
its reaction layer had practically zero thickness. In a nore
general case of noderate reaction rates there nust exist
some transition region in which space charge varies from
positive to negative values. Qualitativelythe dtanred re
sult can be explained as follows. V¢ can present the plane
of reconbi nationreaction localization as sonme electrode
plane a8 x =6, which is on the one hand brought into con-
tact with B* ions, and on the other hand with H i ons.
Thenin the regions< x « 1 where &% jons exist we have po-
sitive space charge distribution ae usual in electroyte. And
inthe region Os«x<8® where (H exists we have corree-
pondi ngly negative apace charge distribution.

V¢ note in conclusion that the peak in space charge
distributions including also a change in the sign of charge
was earlier predicted inrefs. /3,4/ for the systernsin which
besides novable carriers of charge also fixed charges ex-
ist.
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