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The electrosynthesis of the composite with of the overoxidized polypyrrole
with cobalt oxy-hydroxide in strongly acidic media has been described math-
ematically, using linear stahility theory and bifurcation analysis. The steady-
states stability conditions and oscillatory and monotonic instability require-
ments have been described too. The system’s behavior was compared with
behavior of other systems with overoxidation, electropolymerization of hetero-
cyclic compounds and electrosynthesis of the cobalt oxy-hydroxides.
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Introduction

Electrically conducting or con-
ducting polymers (CP) occupy their place
among the most studied materials during
the last 50 years [1-4], due to their abil-
ity to combine the properties of plastics
(flexibility and corrosion resistance) with
metallic conductivity, so they are called
synthetic metals. Another advantage that
they possess is the ease of modification,
giving them a wide and rich range of ap-
plications, from anticorrosive coatings to
sensors and biosensors [5-12].
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On the other hand cobalt is one of the
most commonly used metals [13-14]. Its
oxy-hydroxycompounds, in the form of
films, can be used as anticorrosion coat-
ings, as well as the surfaces for photoelec-
trocatalysis, due to to their intensively
black color [15-16], therefore, their com-
posites with conducting polymers should
also exhibit interesting properties.

However, the oxidation of compounds
of bivalent cobalt to trivalent occurs at
relatively high potentials (from +1.6 V),
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in which some conducting polymers, such
as polypyrrole [17-18], undergo a process
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of so-called “overoxidation”, known as re-
configuration of the conjugated system in
the polymer according to the following
mechanism.

Thus overoxidative polypyrrole con-
ducts electricity worse than neutral. An-
other problem may be caused by elec-
trochemical oscillatory and monotonic
instabilities, capable to accompany the
processes of electrochemical oxidation of
small organic molecules (including elec-

(1-2)

System and model

For the mathematical description
of potentiostatic electrosynthesis of the
composite of the overoxidized polypyrrole
with CoO(OH), from neutral polypyrrole
in strongly acidic media without fluorine
ions, we introduce three variables: ¢ —
concentration of ions of bivalent cobalt in
the surface layer; 0 - degree of surface fill-
ing overoxidized polypyrrole; 4 is the con-
centration of protons in the surface layer.

To simplify the model, we suppose
that the reactor is intensively stirring, and
the supporting electrolyte is in excess, al-
lowing neglect the influence of convective
and migration flows. The thickness of the
surface layer, the concentration profile of
cobalt salts and protons, assumed to be
linear, is constant and equal to 8.

The protons diffuse in surface layer by
their diffusion and are formed as a result
of the process of overoxidation, their con-
centration in the surface layer decreases
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tropolymerization [19-28]), and conduct-
ing polymers [29-32]. The oscillations also
accompany the process of CoO(OH) for-
mation [15-16]. The study of their causes
is one of the key stages to determine the
most probable mechanism of this process.

So far, such phenomena has gained
only phenomenological interpretation,
which, though it may proceed from a log-
ical conviction, has no solid theoretical
justification, that can be given only by
analyzing mathematical models, can ad-
equately describe the process, which will
be done in this work.

This analysis can explain the behavior
of such systems and (as a consequence of
the theorem of Kirpichev and Guchman)
compare them with other similar systems
are described, for example in [33-49].

due to proton attack of overoxidative
polypyrrole. Thus, considering the first
law and Fick coeflicient modeling related
to electric double layer (EDL), the balance
equation of the concentration of protons
will look like:

L2 2 -+ |

dt 8|6
where h is the concentration of protons
in the bulk solution, r_ is the speed of the
process of overoxidation, r_ is the rate of
proton attack of overoxidative polymer.

The conventional conductive polymer,

occupying in the beginning of the reaction
the entire electrode, overoxidizes. Thus,
overoxidated polymer interacts with the
cobalt salt, forming a composite with the
product of its oxidation, and is attacked
by protons. Thus, the balance equation
for the concentration of the overoxidative
polymer can be written as
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In which r_is the reaction rate of the
composite formation, and T is the poly-
mer maximum surface concentration.
The cobalt salt diffuses to the anode,
and then oxidized in the overoxidative
polypyrrole with the formation of the
composite and the overoxidation product.
Thus, the balance equation of its concen-
tration in the subsurface layer can be writ-

ten as:
de 2(A
—==|—=(¢,—c¢c)—r.1|, 3
de 8[ 5 ( 0 ) c] )
being C is the concentration of the cobalt
salt in the solution bulk. The rate of the cor-

respondent reactions can be expressed as:

mFo,
=k,(1—0)h —
r ( )exp[ RT] =k0,.

nFo
r=k0, exp|l+—"|, 4-6
. =k, p[ RT] (4-6)

Results and discussion

In order to research the behavior of
the system with potentiostatic electrosyn-
thesis of composite of CoO(OH) - the
overoxidative polypyrrole in strongly
acidic media, it is necessary to investi-
gate the system of differential equations
(1-3), taking in account the algebraic re-
lations (4-6), using linear stability theory.
Functional Jacobi matrix, the elements of
which are computed for a stationary state
is represented in the form:

a a a
az, a22 a23 > (7)
a, a, a,
where:
2( D nFeo,
a =—|——+k,(1-6)ex k0
L 6[ 5 (1—0)exp T ] ]
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where the k parameters represent rate
constants of respective reactions, param-
eters n is the number of electrons trans-
ferred in electrochemical processes, @, is
the potential drop of the EDL, in com-
parison with the potential of zero charge
F =N, - eis the number of Faraday.
Differential equations (1-3) resem-
ble the systems of equations, described
for the case of polypyrrole overoxidation
in a strongly acidic media [33], and for
the case of the electrosynthesis of oxy-
hydroxycompounds of cobalt [34], so it is
possible to confirm the third theorem of
similarity. However, in order to prove the
behavior of such systems, it is necessary
to compare the investigation of the men-
tioned systems with the system of equa-
tions (1-3), as will be illustrated below.

nF
[k hexp[ ‘R;p‘)]Jrk heocexp[ R

FT] kh]
a :%[ko(l—e) xp[ !

e

5
a, =0.

nFo,
k,h
[ exp[ RT ]+

mFo, _
+k, heaexp[ T ] k,h
nFo ] k.08c exp[F(po]].
T RT
mFo
—k Oe L
o= |-woosl"g?)

—k.cexp
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a, = ;{ kcexp[ N

nFo, —k,afcexp| = nFe,
T RT

2 nF A
a, :g[—kceexp[%]—g]. (8-15)

The Oscillatory instability in this
system is possible, because the neces-
sary conditions of Hopf bifurcation may
be satisfied. They are performed in the
case of the main diagonal of the Jacobian
positive elements: In this system there are
three positive elements:

Fo
k,(1—0)exp| —>|>0,
(1-9) p[ RT

in case of strong effects of the process of
overoxidation on DEL, leading to the au-
tocatalytic filling of the electrode surface
with the overoxidated polypyrrole. This
can happen if the polypyrrole derivative is
a strong reducing agent and thus can form
fluctuations

k hexp

nFe, >0,
RT

because of the possibility of autocatalytic
formation of protons in the process of
overoxidation of polypyrrole. This factor
was considered as a factor self-oscillating
behavior of the overoxidative polypyrrole
in [33, 35-36], and this system it also pre-
sents.

—k ,a8cexp F;p° >0,

n the case of strong influences on the
DEC process of oxidation of cobalt salts
to hydroxy-hydroxycobalamine, which,
incidentally, has already been described
n [15, 16, 34].

In this case because of the greater pos-
sibility of positive feedback, the probabil-
ity of self-oscillations in this system will
be higher than in case of simple potentio-
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static overoxidation of polypyrrole or the
anodic oxidation of cobalt salts.

The stability of the stationary state
we analyzed according to the criterion of
Routh-Hurwitz. To avoid cumbersome
expressions, we introduce new parame-
ters so as the determinant of the Jacobian
matrix can be written as:

-, +X b 0
ST X PIEDIN -\ | (17)
0 -2, —-A-x

Using the condition Det J < 0, which
can be derived from the criterion of
Routh-Hurwitz, we obtain the condition
of stability of stationary state in the form
of inequalities that can be resolved rela-
tive to the diffusion coeflicient of cobalt
salt k,:

A, (k, — X)
—K, < S . (18)
Sk — 2K, — XY,
Or:
AY, (X -
K, XoK) )

2K, — K, — XX,

Thus, the stability of the stationary
state, in this case, is supported by the
more rapid diffusion of cobalt salts than
protons and by high oxidation rate, which
shifts the right part of inequality towards
more negative values (in this case, the left
part of the inequality is positive). So, at
high concentrations of cobalt salts, the
pH-dependence of stability of the station-
ary state decreases drastically. Thus, for
an optimal synthesis of the composite, it
is necessary to use a concentration of co-
balt salts with a small margin relative to
the concentration of pyrrole and pH, but
the composite will contain a quite signifi-
cant proportion of the oxy-hydroxy cobalt
compound.
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The pH-decreasing leads to an in-
crease in the value of the fraction in the
right part of the inequality and, at rela-
tively low concentrations of cobalt salts,
also reduces the stabilization trend of a
stationary state, even including the sys-
tem leave from the stationary state, which
is displayed at the point of a monotonic
instability, occurring in the condition of:

. AY,(X—x,)
2T Yk, — Yk, - XY,

—A, (19)

represented by a N-shaped part of the vol-
tamperogram. In a common system with
potentiostatic overoxidation of polypyr-
role, contrarily to this system, it is impos-
sible.

DEL factors also strongly affect the
stability of the stationary state in this sys-
tem. For example, in case of strong effects

Conclusions

1. The steady-state stability for this sys-
tem is maintained by relatively high pH
and a high concentration of cobalt ions in
the surface layer and common to all such
systems the absence of strong effects of
electrochemical processes on DEL.

2. The oscillatory behavior of this sys-
tem is possible, being caused not only by
the autocatalytic protons’ formation, as

Tkach V., de Oliveira C. S., Maia J.,
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of electrochemical oxidation of cobalt
salts on the structure of the DEC, the pa-
rameter A will have negative values which
will lead to the exit of the stationary state
of the field of stability. This factor is also
present in other similar systems.

The presence of fluoride ions. As
known, oxy-hydroxycompound of cobalt
is unstable in the presence of fluoride
ions, and dissolves with the formation of
the complex [CoF,]*, according to the to-
tal equation:

CoO(OH) + 6HF >
- H,[CoF,] + 2H,0. (20)

In this case, the model isn’t capable
to describe the behavior of the composite
yet. The stability of the composite in the
presence of fluoride ions will be analyzed
in one of our next works.

for the general case of overoxidation of
the conducting polymers, but the influ-
ence on the electrochemical reactions of
DEC - overoxidation and oxidation of co-
balt salts.

A monotonic instability for this sys-
tem is realized at relatively low pH and the
strong effects of electrochemical reactions
on the DEC.
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Beepenue

ANeKTPOITPOBOISIIINIE UK TTPO-
Bopsiiue ronumepst (ITT1) siBstoTcest of-
HIYMU 13 Haubosee M3y4aeMbIX MaTepya
JIOB Ha MPOTSDKEHUM TOCTIefHuX 50 et
[1-4], 9TO CBsA3aHO C MX CIIOCOOHOCTDHIO
COENMHATh B cebe CBOICTBA IIACTMACC
(rmbkoCcTh ¥ NIPOTUBOKOPPO3UOHHYIO
YCTOMYMBOCTD) € META/UIMYECKON Ipo-
BOAMMOCTBIO, O/arogaps 4emMy WuX Ha-

38

3bIBAIOT CUHTETUYECKUMIM MeTa/IaMIL.
IpyruM uX HPeUMYIIeCTBOM SIB/ISETCS
JIETKOCTb B MoOpuduKanum, Omaropaps
4eMy Y HUX LIMPOKWIT U GOTaThlil CIIEKTP
[pUMeHeHNMs, HadlHasi OT IPOTUBOKOP-
PO3MOHHBIX TOKPBITMII ¥ 3aKaHUMBas
ceHcopamu u 6rocercopamu [5-12].

C npyroit cTOpoHBI, KOOANbT — OAMH
u3 Hamubosee 4acTO IpUMEHsIEMBIX Me-



MatemaTuueckoe onucaHvie JNIEKTPOCKHTE3A KOMIMO3UTOB
OKCVI-I'MD,DOKCI/ICOELWIHEHVIVI KobanbTa ¢ nepeokncieHHbIM NoMnMpposiom

tannoB [13-14]. Ero oxcu-ruppoxcu-
coemuHeHyss B (opMe IUIEHOK MOIYT
IPUMEHATbCA B KadeCTBe IPOTUBOKOP-
PO3MOHHBIX TIOKPBITHIL, @ TAKXKe B Kade-
CTBe TIOBEPXHOCTel-HOCUTeNnel At ¢do-
TO3JIEKTPOKaTann3a, Omarogaps CBOeMy
VMHTEHCUBHO YepHOMY IBeTy [15-16],
[O3TOMY X KOMIIO3UTBI C IPOBOMSIILIN-
MI1 TTOTIMMEPAMI TAK>Ke TO/DKHBI IIPOsIB-
JISITh MHTepecHble CBOJCTBA.

OnHaKo  OKMCIEeHMe  COERMHEHMIT
IBYXBaJIEHTHOTO KO0OajbTa [0 TpexBa-
JIEHTHOTO IIPOMCXOGUT IIPU HOBOJIBHO
BBICOKOM moTeHIuane (ot +1,6 B), mpu
KOTOPOM HEKOTOpBIe IIPOBOASLIYE TIOTIN-
MepBl, Takye Kak momunuppon [17-18],
IPOXOAAT MpOLeCC TaK HA3bIBAEMOIO
«IIePEOKICTIEH IS,
¢burypaunu  COmpsHKEHHOI
B IIO/IMIMepe COIIACHO CTIeRYIOLIeMy Me-
XaHMU3MY:

A—A

TO €CTb CME€HBbI KOH-
CUCTEMBI

(1-2)

/ +2H,0
—_—
N -6 H' 5S¢
H

IIpy 2TOM IE€PEOKNUC/IEHHBIN ION-
INMPPON TPOBOAUT TOK XYK€, YeM He-
HepeoKMCIeHHbI. Jpyroit mpobnemoit

Cucrema u ee Mogenb
st

MOTEHIMOCTATNIECKOTO  3TIEKTPOCHHTe-
3a KOMIIO3UTa IIePEOKIC/IEHHOTO IIOJIN-
muppona ¢ CoO(OH) us o6sraHOrO 1M0-
UOVPPOIa B CHIBHOKKCIION cpefie 6e3
MOHOB (TOpa BBefeM TPU HepeMeHHBIe:
¢ — KOHIIEHTPALMs MOHOB [BYXBaJIEHTHO-
ro kobabpra B IPUIOBEPXHOCTHOM CI0€;
0 - cremeHb 3amONHEHUSI IOBEPXHOCTHU
[ePEeOKMCTIEHHBIM TONUINPPOTIOM; h —

MAaTEMATUYECKOTO  OIIMCaHUA
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ABJIAIOTCA 97IEKTPOXUMIYECKVIe HeYyCTON -
4MBOCTY — aBTOKO/mebaTenpHass u (VWIn)
MOHOTOHHAA, KOTOPbIe MOTYT COIIPOBO-
JKJIaTb MTPOLeCChI 9TIEKTPOOKIC/IEHNA KaK
MaJIbIX OPraHMYecKMX MOJIEKYN, B TOM
qIIC/Ie ANeKTpononuMepusanmio [19-28],
TaK ¥ IPOBOJALINX IIOMMMepPOB [29-32].
ABTOKONIEOAHNST TaKXKe COMPOBOXIAMOT
npouecc obpasoBanuss CoO(OH) [15-
16]. Vsy4enne ux IpU4MH ABIACTCA Off-
HUM W3 KJIIOYEBBIX 9TAIOB ONpee/ieHNs
Hanbormee BEPOSITHOTO MeXaHWU3Ma JlaH-
HOTO IIpolecca.

Jlo cux mop Taxue sB€HNA TOTyYan
MCK/TIOUUTENBHO (PeHOMEHOTIOTMIECKYI0
TPAKTOBKY, KOTOpasi, XOTb ¥ MOXXeT VC-
XOIMUTb M3 JIOTMYECKMX YOeKIeHMI, He
MIMeeT TBEPHAbIX TEOPETUIECKUX 000CHO-
BaHMIT, KOTOPbIEe MOTYT OBITb JaHbI TOIb-
KO C IOMOII[bIO aHA/IM3a MaTeMaTNI€eCKO
MOJIe/, CIIOCOOHOI ajleKBAaTHO OIMMCATh
IPOLieCC, YTO 1 Oy/eT IOKa3aHO B JaHHOI
pabore.

ITOT aHaNMM3 MOXKET OOBSICHUTDH II0-
BejeHue MogoOHbIX cucteM (KakK CaemcT-
Bue U3 TeopeMbl Kupnnuesa — I'yxmaHa),
a TaKKe CPaBHUTD UX C APYTUMU aHAJIO-
IMYHBIMU CUCTEMaMU, ONMCAHHBIMY, Ha-
mpuMep B [33-49].

KOHILIEHTpAI[MsA IPOTOHOB B IIPUIIOBEPX-
HOCTHOM CJIoe.

C Lenmpl0 YOpPOIIEHMSA MOJENU MBI
BBOJIMM [IONYIIEHNSA TOTO, YTO peak-
TOp HAaXOAUTCA TPU IOCTOSHHOM IIepe-
MeUIVBAaHUY, a (OHOBBI 3TEKTPOMUT
HAXORUTCST B M3OBITKE, YTO IIO3BOJISIET
npeHeOpeYb BVAHNMEM KOHBEKTVBHOTO
U MUTpAIIOHHOTO MoToKa. IIpm aTom
TOJIIMHA TIPUIOBEPXHOCTHOTO  CIIOS,
KOHI[eHTPAL[MOHHBII IPOpUIb COeit KO-
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6ajIbTa ¥ IPOTOHOB B KOTOPOM IIO JJOIY-
I[EHNIO ABJIAETCH IMHEHBIM, IOCTOsSHHA
u paBHa d.

ITporonnl momapator B andQysnoH-
HbI/I IIPUIIOBEPXHOCTHBIN CIIOM BCIIEf-
crBue anddysum u o6pasyoIcs B pe-
3y/lbTaTe IIpoliecca INepeoKNCIeHNUA, UX
KOHL[EHTpalusd B IPUIOBEPXHOCTHOM
C7Ioe yMeHbIIaeTCsA W3-3a HPOTOHHO
aTakM IepeoKUCIIeHHOTO IOTUIMPPOIIa.
Takum 00pa3oM, yUUTbIBas HEPBbIT 3a-
koH ®uka u K03PIUIMEHT MOpenupo-
BaH, OTHOCAILINMIICA K IBOTHOMY 9JIeK-
tpuyeckomy cnoto (JI9C), ypaBHeHMe
6anaHca KOHIIEHTPALV IIPOTOHOB OyfeT
BBIIJIAZIE T KaK:

e LR Y
dt 5|6
rae h, - 3TO KOHIL[EHTpalus IPOTOHOB
B 06'beMe pacTBOpa, 7, — CKOPOCTb HPO-
1ecca IepeoKMCIeHNs, CKOPOCTb
IIPOTOHHOJI aTaK/ II€PEOKNUCIEHHOTO T10-
nmMepa.

OOBIYHBII TPOBOASIUIL  [TONNMEP,
KOTOpBIJi B Hayajle peaKkluy 3aHMMaeT
BEChb 3JIEKTpOJ], Nepeokucndercsa. Ilpu
9TOM IIEpPEOKMC/IEHHBIN IIONMMEP B3au-
MOJIEIICTBYET C CONMBI0 KOOanpTa, 06pasyst
KOMIIO3UT C TIPOALYKTOM €€ OKMCIIEHMH,
a TaKKe aTaKyeTcs NMPOTOHaMU. TaKum
ob6pazoM, OaaHCOBOe YpaBHeHMe [
KOHI|EHTPALIMM NI€PEOKNUCIEHHOTO MOJIN-
Mepa 3aNMIIeTCA KakK:

do 1
— =pl—rn). (2)
rge rc — peaKknuAa 06pa30BaHI/IH KOMIIO3M-
Ta, a I' - makcumanpHasa IIOBEPXHOCTHAA

KOHILIEHTpalus ImoanmMepa.

r —
a

PesynbTaTbl n 06cypeHue

Y1068 JICCIEJOBaThb IIOBEOEHUE CU-
CTEMbI C IIOTEHLIMOCTATUYECKUM IJICK-
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Comp  KobanbTa

ruGdyHnpyer
K aHOIY, a IIOTOM OKMCIAETCA Ha IIepe-
OKMC/IEHHOM ITIOJIUIINPPOJIE C o6pa3OBa—
HJIEM €ro KOMIIO31Ta C IPOJAYKTOM II€pe-
oKucineHnsd. Takum o6pa30M, ypaBHE€HNE
6a)1cha €€ KOHLEHTpalyi1 B IIPpUIIOBEP-

XHOCTHOM (CJ/I0€ 3alIMIIETCA KaK:

de 2(A
22—}
de 6(9d
rjie ¢, — KOHL|eHTpalysA comu Kobasbra B
o6beme pacTBopa.

CKOpPOCTM COOTBETCTBYIOLIMX pPeak-

U MOXKHO BBIYMCIUTD KaK:

nFo
r =k (1—0)hexp| —2 =
, =k, (1—0)hexp R | =k

3)

a“h*

nFo,

r.=k0, exp|——|, 4-6
c cc p RT ( )

[le mapaMeTpbl kK OTOOPaKAawT KOH-
CTaHTBl CKOPOCTEIl COOTBETCTBYIOIIVIX
peaxnuii, mapaMeTpel # — KOIMYECTBO
9NIEKTPOHOB, II€PEJaHHBIX B 3JIEKTPO-
XMMMYECKMX Mpolleccax, @, — Tepenay
noteHunana I39C, o cpaBHEHUIO C IO-
TEHIIMA/IOM HY/IEBOTO 3apsAna, F=N, - e -
yycno Papagpes.

IOuddepennunanpuble ypaBHeHUA
(1-3) HamOMMHAIOT 11O BUJY ypaBHEHU:A
CHCTEM, OIMCAHHBIX KaK /LA CIydas Ile-
PEOKMCIIeHsI TIOMUIINPPOJIa B CUIBHOKM-
cnoit cpepie [33], Tak u 1A crydas 9nek-
TPOCUHTE3a OKCU-TUILPOKCUCOETHEHNMIT
Kobanbra [34], 4TO, MOXHO CKa3aTb,
MIOATBEPK/AET JIeICTBIE TPEThell Teope-
MbI TTofo6usa. OgHAKO [ TOTO, YTOObI
IoKa3aTh MOMOOHOE TOBefeHNMe CUCTEM,
HY)XHO COIIOCTaBUTb MCCIIOBAHNA YKa-
3aHHBIX CUCTEM U CUCTEMbI ypaBHEHWII
(1-3), 9To OyzeT IOKa3aHO HIDKe.

tpocuHTe3oM Kommosuta CoO(OH) -
[IePEOKUCTIEHHBIT TTONMUIIUPPOT B CUJIb-
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HOKIICION Cpefie, Hy>KHO pasobparp cuc-
TeMy AudepeHnNanbHbIX YpaBHEHMIT
(1-3) ¢ yueToM anrebpandeckux COOTHO-
meHnit (4-6) ¢ IOMOLIbIO JIVMHETHON Te-
opun ycroirunBocty. OyHKIMOHAIbHASL
marpuia Jkobu, a7eMeHTbI KOTOPOI BbI-
YMCIIEHBI [JIS1 CTALIMOHAPHOTO COCTOSIHMS
[IPEJICTABISIETCS B BU/IE:

a a a
azl azz a23 > (7)
a, a a,
2 D nFo,
—|-—=+k(1-6 2k 0.
5[ 5 Th! )eXp[RT] ]
%[ hexp ]Jrkh(:) exp[ 157(? ]—kah],
=0.
1 nFo
a, =—|k (1—0)exp| —2|—k 0.
2, r a( ) p RT a
nF
@, = L e hex [ R;’°]+
+k,hBa.exp nFe ] k,h—
T
—kcexp[ nFo ] kocOcexp[nZF(p"]].
RT RT
1 nFo
a, =—|—kBexp| +—2
2 TP TRy
a, =0.

F F
a, = ;{—kcc exp [nZR;?“] —k.0Bcexp [HZR;?"]]

nFo
a —k Bexp| =—2|—— -
5 6 RT ) 5] @19
AsmoxonebamenvHas  Heycmouuu-

60cmb B MAHHOM CUICTeMe BO3MOXKHA, TaK
KaK MOTYT BbBIIIOTHATDHCA H€O6XOIH/IMbIe
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ycnoBust 6udypkanun Xonda. Oun BbI-
HOZIHSIOTCS B CTydae Halmu4us B I/IABHO
IMaroHamu SIKOOMaHa IIOJIOKUTEIbHBIX
97IeMEHTOB. B maHHOII cucTeme eCTh Tpu
IIOJIO>KUTE/IBHBIX 9/IEMEHTa:

nFeo,

k,(1—0)exp| —— (>0,

B C/ly4yae CWIbHBIX BJIMIAHMII IIpoljecca
nepeokucnenua Ha II9C, npuBopsAmmx
K CaMOYCKOPEHHOMY 3allOJTHEHMIO IIO-
BEPXHOCTH 9JIEKTPOJja IepeOKICIeHHbIM
HOMUIYPPOIOM. ITO MOXKET IIPOU3ONTH,
ec/IM JJaHHOe IIPOM3BOJHOE IIOIUIINPPO-
J1a ABJIAETCS CYJIBHBIM BOCCTaHOBUTEIIEM,
U TaK¥M 00Pa3oM MOTryT 0Opa3oBbIBATh-
sl KormebaHus

nFo,

k hexp >0,

BBUJY BO3MOXXHOCTM aBTOKATaJNUTHUe-
CKOro 00pasoBaHsi IPOTOHOB B IIpOLieC-
Ce TepeoKVC/IeHNsI TOMUINPPOna. DTOT
¢baxTop paccMaTpuBacsa Kak GpakTop aB-
TOKO/1e6aTeIbHOTO [IOBeAEHNs TIPH Tlepe-
OKMCJIeHNH Tonunuppona B 33, 35-36] u
B JAHHOJI CVICTEME OH TOXKe IIPUCYTCTBYET.

nEe, >0

—k .aBcexp
B ClIydae CHIbHBIX BiauAHuit Ha JI9C
Ipoliecca OKVCIEHNU COMM KoOanbTa o
OKCH-TUAPOKCUCOENMHEHN, YTO, KCTaTH,
y>Ke ObL10 onmcaHo u B [15, 16, 34].

IIpn aToM BBUAY GONbIIENT BO3MOX-
HOCTJ TIOIOKUTEIbHOM OOpaTHOI CBS-
31, BEPOATHOCTb aBTOKOJIeOaHNUIT B laH-
HOII crcTeMe OyJieT BbIlle, YeM B CIIydae
IPOCTOTO IOTEHIIMOCTaTUYECKOTO Iepe-
OKMC/IEHNS MONUIMPPOIIA MY aHOJHOTO
OKVICTIEHMSA COMY KOOasbTa.

Yemoiivueocmv cmayuonaprozo co-
CMOAHUA aHAIU3UPYeM IO KPUTEpPUIO
Payca - Iypsuma. [na atoro, 4To6BI
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130eXXaThb IOSABICHNS TPOMO3JKNX BbI-
pa>1<eHM171, BBOJVIM HOBbIE IIapaMeTpPhbl
TAaKNM 06pa30M, 9TO OIIpefennTe/ib mMa-
TpUILbI Axobu 3anumIeTcs Kak:

. K +X by 0
ST X PIEDIN -A | (17)
0 -, —-A-x

Vcnonbsys ycnosue Det ] < 0, koTopoe
MO>KHO BbIBECTM 13 KpurTepus Payca -
IypBu1ia, Mbl IOTY4MM YC/IOBME YCTONYN-
BOCTM CTALIMIOHAPHOT'O COCTOSIHUA B BU/JiE
HEepaBEeHCTBA, KOTOPOE MOXKHO paspe-
IINTb OTHOCUTEIBHO Iapamerpa juddy-
3uM comu KobanmbTa K, :

AY,(x, —X)

—K .
YK, — XK, — XX,

2

(18)

W
AY,(X—x))
2K, — 2K, — XY,

(18)

Takum 06pasoM, yCTOIYMBOCTD CTa-
[IIOHAPHOTO COCTOSIHNS HOJEePXKIBa-
eTcs 6omee 6bicTpoit muddysmeit comn
K00ajIbTa, €M IPOTOHOB, a TAKXKe BBICO-
KOJ CKOPOCTDBIO €€ OKMCJIEHMsI, KOTOpas
CMellaeT MPaByK YacTh HEPABEHCTBA B
CTOpPOHY 00JIee OTpUIIATEIbHBIX 3Haue-
HUiT (IIpY 9TOM JIeBasi YacTh HEPaBEeHCTBA
OCTaeTCs1 MONMOKUTeNbHOI). IIpn aTom
IpY BBICOKOJ KOHILIEHTPALMM COMM KO-
6anpra pH-3aBUCHMOCTD YCTONYMBOCTHU
CTAaIMIOHAPHOTO COCTOSIHMS PE3KO YOBI-
BaeT. TakuM 06pasom, [yIsi ONTUMAaTIbHO-
r0 CUHTe3a KOMIIO3UTA HY>KHO MCIIOTIb-
30BaTh KOHLIEHTPALMIO COMM KOoOanbTa
¢ HeOONBLUIMM 3amacoM OTHOCUTENTBHO
KOHIleHTpauuy muppona u pH, ogHako B
KOMIIO31Te OyHeT HOBOIBHO 3HAUYNTENb-
Hasg [OMsA  OKCU-TUPOKCHCOETMHEHNS
KobasbTa.
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ITonm>xenune pH npuBoguT K yBenmnye-
HIII0 3HAYeHIsI ApO06M B IIPaBOIi YacTy He-
paBeHCTBa 1, IPY OTHOCUTETbHO MaJIbIX
KOHIIEHTPALMsAX COMM KoOaIbTa 1 yMeHb-
IIEHNY BEPOSITHOCTY CTAOM/IM3ALMM CTa-
I[MIOHAPHOTO COCTOSIHMA, BK/IIOYAs flaxke
BBIXOJl CMCTEMBI M3 CTALMOHAPHOTO CO-
CTOSIHUS, KOTOPBLIl 0TOOpa’kaeTcst B TOU-
Ke MOHOMOHHOT HeyCmoi4u60cmu, ycno-
BlI€ MTOSIB/IEHNS KOTOPOIL:

K AY,(X—x,)
27Nk, — Tk, - X2,

-A. (19)

[Iy1s1 OOBIYHOI CHCTEMBI C ITOTEHIINO-
CTaTMYECKUM MepeOoKVC/IeHNeM II0JN-
MUPPOJIA, B OT/INYME OT JAHHOI CUCTEMBI,
OHa HEBO3MO)KHA.

@akroper JOC TOXXe CUIBHO BIUAIOT
Ha YCTOMYMBOCTD CTAIYIOHAPHOTO COCTOS-
HIA B laHHOI crcTeMe. Hanpumep, B ciy-
Yae CWIbHBIX BJIVSAHMII 9/1eKTPOOKMUCIIE-
HMsI comu Kobampra Ha cTpykTypy [19C,
mapameTp A OyaeT UMeTb OTpULATe/IbHbIE
3Ha4YeH)dA, KOTOpPble TIPMBEAYT K BBIXOZY
CTAIVIOHAPHOTO COCTOSAHMA U3 00/1acTu
ycrortunBocTi. ITOT (PaKTOp MPUCYTCT-
BYeT U B JPYTUX IOFOOHDIX CICTeMax.

Ipucymcmeue uonos ¢mopa. Kak
U3BECTHO,  OKCU-TUJPOKCUCOENVNHEHNe
KobasbTa HEYCTONYMBO B IPUCYTCTBUE
1oHOB $TOpa, 160 PacTBOPsIETCs € 06pa-
soBanueM kowmmekca [CoF ] mo cym-
MapHOMY YpaBHEHMIO:

CoO(OH) + 6HF >
- H,[CoF,] + 2H,0. (20)

B TakoM ciydae maHHaA MOfieb yxKe
He OINMCBIBAaeT IIOBefieHMe KOMIIO3UTA.
YcTOIYMBOCTD KOMIIO3UTA B IIPUCYTCT-
Bue MOHOB (propa OymeT paccMoTpeHa
B OJJHOJI 13 HAIIUX C/IEAYIOIUX PaboT.
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BoiBoab!

YCTOMYMBOCTD  CTAIIIOHAPHOTO  CO-
CTOSIHVISI JUISL JAHHOJ CHCTEMBI TIOffep-
KUBAETCS OTHOCUTENBHO BbICOKMM pH
" BBICOKOI KOHI[EHTpalMeil MOHOB KO-
6anbTa B IMPUIIOBEPXHOCTHOM CJIOE, @
TaK)Ke OOIIMM I BCeX MOHOOHBIX CU-
creM (aKTOPOM OTCYTCTBUSI CUIBHBIX
BIVSHUI 9TIEKTPOXUMUIECKUX IMPOIeC-
coB Ha JI9C.

ABTOKO/IEOaTeIbHOE TIOBEEHNE [T
ITAHHON CHUCTEMBbI ABIAETCA BOSMOYKHBIM,
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Oynmy4m BBI3BAaHHBIM He TO/IBKO aBTOKa-
TaIUTNYECKUM 00pa3oBaHMeM IPOTO-
HOB, KaK yIs1 00IIero caydast IepeoKuc-
JIeHMs TPOBOIAIIUX IOVMMEPOB, HO
u BusaHueM Ha JII9C asnekTpoxmmmye-
CKUX peakIuil — HepeoKUCIeHNA U OKY-
CIeHVIA COMM KOOabTa.

MOHOTOHHasA HEYCTONYMBOCTD IS
TAHHOII CUCTEMBI peajn3yeTcs IIpJ OTHO-
CUTENTbHO HM3KMX pH ¥ CHIIbHBIX BNMAHU-
AX 9TIEKTPOXMMIIecKnx peaxunii Ha [JOC.
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