TOHOB, YTO, B CBOK OHepellb, TAKKE NPUBOAUT K YBe-
JIMYEHHIO KOHIeHTpauuy asdona [AuCl, ].

Crieflyer OTMETHTb, YTO C yBeIUYeHHEM KOHILIEH-
TpauUHH KHCIOTHl HAOMI0ONaeTcs He3HaYMTelbHOE
yMeHblIeHHe KOJIH4ecTBa copOMPOBaHHOrO 30/10Ta
(ITI). TTo Bceif BMAMMOCTH, MPH BBICOKHX KOHLEHT-
pauMaX KHCIOThI CTAHOBHTCA BO3MOJKHBIM KOHKY-
peHTHOe CBA3bIBaAHWE HMMOOHMIM3OBAHHBIM KaTH-
onoM [KJIB18K6'] xnopua-, HUTpaT- H MEPXIO-
par-aHHOHOB.

CpaBHeHHe KOHCTaHT xemocopGuuu 3ono1a (11T)
u3 BonaHsix pacrtsopoB [1JIB18K6 (em. Tabnuuy) c
KOoHcTaHTaMu xeMocop6uuu nannanus (11) u nmnaTtu-
Hel (I1), paBabivu 121 £ 21 u 476 + 92 Mmonb 1 co-
OTBETCTBEHHO [2], cBMmerenscTByer 0 0oJjee mpou-
HOM CBS3bIBAHUH nMMOSHmsoBaHHmM Ha MOBepx-
Hocru karmonom [KJ[B18K6' | 3omoroconepsammmx
AQHMOHOB 10 CPABHEHWIO C Majnaiui- U niaTHHYCO-
JepKaliMH aHHOHAMH.

Takum obpasom, xemocopOuus UMMOOHIH3OBAH-
HBIM Ha MOoBepxHoCTH KpayH-3¢upom b 18K6 anu-
oHos [PdCI;], [PtCL;z*] n [AuCly ] mosxer GviTh Npen-
cTaBneHa Kak MHorocraiuifHoe cyGcrpaT-peuentop-
HOe B3auMozelicTBHe. B naHHOM ciydae o1HOM U3 Bak-
Helturux sBiseTcs cTamus o6pa3oBaHHA peleENTopa,
Koropas BKJIOYaeT B ceGs BHEIpeHHEe MOHA Kajus
B TOJIOCTh KpayH-3¢upa. B pesyneraTe mocnenyio-
LIero HOHHOTO B3aUMOJeHcTBHA Mexy 06pasoBas-
LIMMCS PEeLenTopoM — Kamouom [K,LIB!SKG T cy-
GcrpatoM — aHMOHAMHA [PdCl4 1 [PtCl4 ] u [AuCly ]
obpa3yercsi CNOKHOE COEIMHEHHE COCTARA MOIMMEp
— KpayH-3()Mp—HOH KaHs—KOMIUIEKCHbIH nasianmuii
(IT), nnatuny (I1) n 3onoto (111) conepxamuii aHKOH.

Hucturyt ¢usuueckodt xumun um. JI.B. ITucapikesckoro
HAH VYxpauns, Knes
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PE3IOME. Busueno copbuito 3onora (III) 3 Boguux
posuunis kpayH-epipom JIB18K6, imMmoOinizoBanuM Ha
nosepxHi momimMepHol matpuui, JlocnimkeHo BIUIMB KHC-
TOTHOCTi PO3YMHIB Ta NPHPOAH KHUCIOTH, WO J0JAETHCHA
(HCI, HNO; ta HCIO,), Ha TepMoauHamiuni napamerpu
copbuii 3010ta (II1). Tokaszaro, mo koHcraHTa copbuil 30-
nota (I1I) nonimepuo3s’azanum JB18K6 3mensmyerscs B
pany CI> NO;>ClO,". Ha nincrasi nopisHsHHS pe3yis-
taris copbuii [AuCly"] ta izoenextponnux [PdCl, ] Ta
[PtCl," ] monimepHO3B’a3aHuM kpayH-edipom JIB18K6
BCTAHOBIEHO, HIO CTYNiHB 3B’A3yBaHHA MeTany 306iis-
wyersess B8 pany Pd (IN<Pt (I1)<Au (III).

SUMMARY. Gold (11I) chemisorption into polymer-
supported crown-ester DBI8C6 from aqueous solution has
been investigated. Influence of solution acidity as well as
nature of added acid (HCl, HNO; or HCIO,) upon ther-
modynamic parameters of gold (III) chemisorption have
been studied. It has been shown that the constant of
gold (IIT) chemisorption with polymer-supported DB18C6
decreases in the row CI_>NO33C]04_ On the grounds
of comparison of chemlsorptmn results of [AuCl,"] and
isoelectronic [PdCl, "] and [PtCl, 2 by polymer-supported
DBI18C6 it may be concluded, that metal sorption level
increases in the row Pd (11)<Pt (II)<Au (11I).
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NATURE OF BISTABLE STATES IN THE CASE OF ANODIC DISSOLUTION
OF METALS IN MULTICOMPONENT ELECTROLYTES

A theoretical model is proposed, which describes the mechanism of the anodic dissolution of metals in multicomponent
electrolytes. The relation between chemical reaction and transport processes may give rise to two stable states in the
electrochemical system. It has been shown that in the case of controlling the rate of the mass transfer process
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in electrochemical systems with a number ot components of >3, the outer Helmholtz plane potential may take
on two values at the same electrode potential value. The question of the appearance of anodic dissolution limi-
ting currents has been studied for electrolytes containing four sorts of ions with arbitrary charges and diffusion co-
efficients. The existence and magnitude of limiting current are also dependent on the charge of the complex formed.

The composition and concentration of electro-
lyte constituents, electrode potential, and the structu-
re of double electrical layer affect [1] the rate of ano-
dic dissolution of metals. Anodic dissolution and
corrosion of metals give rise to concentration chan-
ges in the near-electrode layer [2], which may result
in electrochemical-wave propagation [3—6]. The con-
centration changes may play [4] a determining role
in the appearance of spatially distributed potential
patterns at the interface. During the anodic disso-
lution of a metal, solution anions may form [1] with
it intermediate complexes, which withdraw from
the anode surface to the bulk electrolyte through
a diffusion boundary layer. The diffusion control of
electrodissolution is either by delivery of anions to
the electrode or by the withdrawal of the complex
formed from the electrode [7, 8].

Moreover it is known [9] that in the case of com-
plex formation in the near-electrode layer of a multi-
component electrolyte, two different values of ligand
concentration may correspond to the same electrode
potential value at the same electrolysis conditions.
It may be assumed that this effect is due to the fact
that outer Helmholtz plane potential takes on two
different values at the same electrode potential. In
its turn, outer Helmholtz plane potential is deter-
mined by diffusion-migration processes in the near-
electrode layer. Mass-transfer-controlled anodic dis-
solution of metals is important in some types of
local corrosion, in electropolishing, and in electro-
chemical treatment [9]. Theoretical aspects of the
diffusion kinetics of anodic metal dissolution invol-
ving complex formation are discussed in Ref [2]
for solutions containing three sorts of ions.

In this paper, we present a mathematical model
of stationary diffusion-migration transport in anodic
metal dissolution involving formation of a complex
with anion of solution containing four sorts of ions
with arbitrary charges and diffusion coefficients and
examine the reasons of the appearance of bistability.

Consider a stationary process of anodic dissolu-
tion of metal M in an electrolyte solution consisting
of cations K ?l, K 32 and anions 4%, which involves
formation of ionic complex B** as a result of the
following electrode reaction:

M + ad® — bB* + pe, (1

where n= bz, —az;.
In terms of the Nernst diffusion model, the set
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of equations of ionic mass transfer in anodic disso-
lution is of the form:

. dey F dE

k= Dig ~ Dyt @
4
szck = 0, (3)
k=1

here j; is diffusion flows of ions K 7', K32, 4™,
B* and ¢;, D; are the local concentrations and
diffusion coefficients of these ions, and E is the
electric potential which is reckoned from bulk so-
lution. F, R, and T have their usual meaning.
If we denote anode current density by i and as-
sume that cations K ' and K % are not involved
in the electrode reaction, then tﬁe following expres-
sions will be valid for flows j:
f1=0;fz=0if3=—%;f4=%' (4)
We shall assume that the current density i is
related to the electrode potential E by the Folmer

uation:
54 o nF

i=Kncf s-exp[ e (B hEs)], (5)
here K and o are constants, and the subscript s
implies that the corresponding quantity must be
taken at x=0.
The boundary conditions for the set of equati-
ons (3), (4) are of the form:

Ci=Cs Ca=Chy C3=0Cys ¢=0; E=0, (6)

at x=3. Here & is the Nernst diffusion layer thickness.
Let us introduce dimensionless variables:

5 4
y=35 Ci Jk

With dimensionless variables, the set of equa-
tions (2)—(3) and the boundary conditions (7) are
written as:
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By multiplying all terms of eq (8) by z; and
summing with respect to k& we obtain:

b x k=1
. abD,
%= E (12)

The characteristic parameter y of the set of equ-
ations depends on the ratio of the diffusion coef-
ficients of the complex formed and electrolyte anion
and stoichiometric coefficients of eq (1).

Following [2], we use the dimensionless poten-
tial as a new independent variable. From eqs (8)—
(11) we obtain the set of equattons

dc
—£ 4 2, Cy=0. (35
d¥ o az—xz3)fz ) (13)
With the boundary condmons at ¥=0
Z,+z C
el = ;Lﬂ ch=- ‘371_ c°—1 ci=0.(14)
30 2

The solution of the set of equations (13) with
the boundary conditions (14) is of the form:

Cy = Clexp(-z¥);

(15)
(16)

]

Cy = Chexp(-z,¥);
= a3]exp(—zl‘P) + a3zexp(—zz‘~l’) +

[t =1)z,2
+ az3exp s AF

C4 = a’“exp(—zl‘}’) i a4zexp( ..le) +
[ - 1) 2,2 1
+ ayzexp ‘_‘__—3_4‘\1" 3
| 247 %%

0
w
I

(7

(18)

where:

CG_L_X_ =C

as) = » asp
..31 %z z*

3= l—ag —ayp; a4 =

0_1____1_~_. -
=F% Z, 1 =g 2% 243

—

an=
Ly o 31 4, a = e W DT
il %y %=y
Substituting the concentration distribution
(15—(18) into eq (11), we find the potential distri-
bution in the diffusion layer:

M‘x—‘ﬂ 24(1 —gz%) = c"(z, I

~Zo .
+ Cg(zz—z4)(l —e 2 )+ {ZZCO (zaz**x -

-
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1 —yz*
_24)1—7(:** -Xzsz']*z -2,2,C cPHi1-
) z.z
—exp[—-'—“'a’i_ ]} (19)
2, =% 2

Knowing the ion concentration distribution and
potential distribution we can determine the current-
voltage characteristic of the anodic dissolution pro-
cess. The kinetic equation (5) may be rewritten with
the dimensionless variables (7):

I = ICiexplan(¥y— ¥, (20)
where 5= 1
Kdct ™
]0 gL T
FD,4

Substituting expression (17) for Cj, into eq.
(20) yields:
1)z,z

I= Iy e*™o{(1 — a3 — azpexp B-Drdy
24~ 2y

o n on
_—-‘;—jl‘Ps} + a31exp[ —(zl +~;—)‘~I-'s:| o+

+ a32exp[ L ey A } i @1)

The outer Helmholtz plane potential can be fo-
und by making use of eq (19) for potential distri-
bution setting y=0:

1 -2,¥

=———X [ _;y%q-
o z*){("l 2)C =%y
(-2 CU—L* SRR (22)
1 0F s o AL
iy ZJ(X =1j {IZCZ |:(x ’3' '4) -x z#m

o et

From egs(21), (22) we derwe ﬁmcnonal de-
pendence of outer Helmholze plane potential on
Z £
! +a3ze

electrode potential:
)“"]{ d31€
1)z,z va
lyj]} -

—X z3 }—z —zlz4C°

%3

4

Loexp[(Fp -
(-1 zyz,
+ (1 —lgt = 032)3}(13[

Z,~ %%,
R LT R 0 -z ¥
- —2JC0 (1 =™
=g (% *){(z] z)Ci (1 ~e ‘)+(23)
+(z2—44)c°~1—1——(1—e T

_.___1_____.__ 0 S 1__X...z_*__
et G D
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(x - 1)zz 1
5.z C? L-{i—exp[—“‘———M‘P }L'-.
! g%z A

Equations (22), (23) describes in parametric form
the current-voltage characteristic of anodic metal dis-
solution involving complex formation. Relations (22),
(23) obtained make it possible to investigate limiting
current magnitudes in the case of anodic metal dis-
solution involving complex formation.

A condition for the appearance of limiting cur-
rent is decrease to zero of the near-electrode concen-
tration of anions directly involved in the metal dis-
solution reaction. Consider several cases.

1. Formation of an anionic complex (z4<0,
z;=z;=z). This case is realized when the anion con-
centration at the anode surface is zero. The entire
process is controlled by diffusion, i.e. by delivery
of anions to the anode surface. From eq (17) we
derive an expression for the potential at which li-
miting current appears:

(z,—%z3)Inyz*
24(z - 33)(1 —-%xz¥)
In this case, limiting current is:

(TL -z9", (24

where 1 is defined by the expression:
. z';(x =1) .
(z-z)1-x2%

For y—1 and z<0, limiting current is:

s =3 ety :“(" “_3) ]. e
2(24—23) ;3(z )
Consider the case where yz*=1. Limiting cur-
rent will be:

- x~(x.~7"‘)“[-’—-’3]_
fim = -
x-1 G

[t should be noted that this limiting current
is observed always when z4<0 for any values of
the y parameter.

If the diffusion coefficient of the complex is
much higher than that of anion (y—<), the limi-
ting current magnitude is determined by the charges
of cations and anion:

T =

im az

lim —

Ilim

(26)

(27)

2. Formation of a cationic complex (z,>0,
x>1). In this case, the limiting current magnitude
depends on the parameter y and the charge values
of cations and anion:
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(28)
x=1 @

Liim

As is evident from the above expressions in
terms of the present mathematical model, addition
of one more cation in the case of z;=z,=z does
not change the dependence of limiting current on
the characteristic parameters of an electrochemical
system in comparison with three-component solu-
tion [2].

3. Formation of a neutral complex (z,=0).

Lim =Ezl_3{c? ;-2 +Cg @, —22)].

The outer Helmholz plane potential is the main
variable for the description of dynamic instability
and self-organization phenomena in an electroche-
mical system with nonlinear current-potential char-
acteristics. Fig. 1 shows the theoretical dependence,
calculated from eqgs (21), (22), of outer Helmholtz
plane potential on electrode potential for the case
of anionic complex formation at the parameter
values: z1=z5=1; z3= -1; 24~ -2; = 1/2; n= -1; x=1/2.

As is seen from fig. 1, a region exists in which
the relation between electrode potential and outer
Helmholtz plane potential is ambiguous. In this elec-
trode potential range, a bistability may arise in an
electrochemical system. Bistability is of frequent oc-
currence and corresponds to the situation in which
a system can exist in two stable steady states at the
same conditions. The presence of several stationary
states in the case of anodic dissolution is associated
with a complexation reaction at the interface and
with mass transfer processes, which determine the
potential value on the outer Helmholtz plane, The

Y g

12

3

: .3 10 15
2L h

Fig. 1. The theoretical dimensionless dependence of outer
Helmholtz plane potential ¥  on electrode potential ¥,
for the case of anionic compiex formation.
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trolyte is decisive for the ki-
netics of any electrochemi-
cal reaction. Pattern forma-
b tion in electrochemical sys-
tems occurs at the electrode
/ electrolyte interface and re-
sults from the interplay bet-
ween interfacial kinetics and
transport processes near the
electrode surface.

\Ps B
12 %I
L a 201
0.8r £
10+
0.4+
6.0 20 20 6.0 100 ¥ 0 10 20

Fig. 2. The theoretical dimensionless dependence of outer Helmholtz plane po-
tential ¥, on electrode potential ¥ for the case of neutral (a) and cationic
(b) complexes formation at the parameter values: a — z;=z,=1; z;= -1; z,=0;
a=12; =12, b — z=z;=1; z;=-1; z,=1; o=V/2; =1/2.

variation of outer Helmholtz plane potential
through migration may affect greatly the con-
centration profile in the diffusion layer, which
in turn may lead to variation of outer Helmholtz
plane potential.

It should be noted that in the case of anionic
complex formation, bistability is observed not al-
ways but only at certain values of the parameters
that characterize the electrochemical system.

In the case of formation of a positive and a neu-
tral complex, the relation between electrode poten-
tial and outer Helmholtz plane potential is unam-
biguous.

Fig. 2, a and b shows plots of outer Helmholtz
plane potential against electrode potential for the
case of formation of a neutral and a positive comp-
lex respectively.

It would be very interesting to find out when
exactly the system jumps from one branch to
another (fig 1). To answer this question, the stabi-
lity of the system against fluctuations must be
studied.

The behavior of the electrochemical system
in the case of anodic dissolution depends very
strongly on the ratio of diffusion coefficient and
charge values of the ions present in the electrolyte
and electrochemical reaction constants.

The interface between the electrode and elec-

V.1. Vernadsky Institute of General and Inorganic Chemistry,

Ukrainian National Academy of Sciences, Kyiv
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PE3IOME. IIpeanoxena ma-
TeMaTH4Yeckas MOJeNb, OMHChIBa-
101048 MEXaHH3M AHOIHOIO pac-
TBOPEHHA META/LIOB B MHOTOKOMIIOHEH-
THBIX 31eKTponnTax. CBA3b MEKIY XH-
MHYecKoH peakiueil kommiekcoobpaso-
BaHHsA PACTBOPSIOUIMXCA HOHOB MeTaula
C aHHOHOM pacTBOpa H TPAHCIOPTHRI-
MH npoueccaMf MOMET oﬁycnonmmau [IOABJIIEHHE IIBYX CcTa-
OMNBHEIX COCTOAHHE B 3nekTpoxHMu4eckod cucreme. [Toka-
3aHO, 4TO B ClIyYae, KOrda CKOPOCTh MpOLEcca KOHTPOIHpY-
€TCH MACCOMEPEHOCOM, B JNEKTPOXHMMHECKOH CHCTEMe ¢ 4H-
C/IOM KOMMOHEHTOB =3 [10TEHUMAN BHEWHeH [10CKOCTH
leneMroneia MOXeT NPUHUMATL 1B2 3HAYEHHA NPH OJHOM
M TOM JKe 3HAYEHMM NOoTeHUMana anexktpoja. MccnenobaHsl
YCNOBHA NOABIECHHA NPCACILHONO TOKAa B 3aBMCHMOCTH OT BE-
AMYMHBL 3apAfa oOpasyrollerocs KOMILIEKCa B pacTBope, co-
ZlepKalieM HeThipe CopTa HOHOB.
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