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Introduction

Compounds containing Cu(l) are often formed aginésliate products of different
chemical reactions. Spontaneous metabolic processes/ing this microelement are
rather common in the nature. Various ligands thatcapable of forming stable Cu(l)
complexes play an important role in the environm@ainsequently, they are responsible
for stabilization and detoxification of the exce$<Cu’ ions. Similar processes involving
complexation of Cu(l) are also employed in industiycluding plating and metal
finishing. Accumulation of knowledge concerningattechemical characteristics of the
intermediates creates backgrounds for further imgmmeents in different technologies
and for control of commercial processes. Besidegstigations in this field promote
better understanding of mechanism of step-wiserelgremical reactions and might be
expedient for further development of electrocheimiiaetics. The aforesaid gives
grounds to consider that the present dissertat@omncerned witlactual problemsand

the results obtained could fiqaactical use

Processes of electrochemical reduction of glyciaai maleate complexes of Cu(ll)
are the mairsubject of the researchThe main difference between ttveo systemdies
in the fact that, in contrast with glycinate systeanlarge amount of stabile Cu(l)
complexes may be formed in maleate solutions.mibgr goal of the work consists in
the comparative analysis of electrochemical charatics of the systems focusing on
the role of intermediates. To execute a purpogefdiiowing tasks were scheduled:
e determination of equilibrium characteristics of @Quéand maleic acid solutions;
e derivation of the back-ground theoretical modeloatting for step-wise charge
transfer processes in the labile complex systems;
e evaluation of the effect of the alkali metal catoon the reduction kinetics of
Cu(ll) glycinate complexes;

¢ investigation of electrochemical reduction of ClufHaleate complexes;

analysis of mechanism and kinetics of Cu(l) gemenah maleic acid system.
Novelty of scientific investigation:

e new modifications based on the quantitative deson of pH-metric and

spectrophotometric data are proposed for the asadyexperimental data;



equilibrium characteristics of Cu(ll) and maleicidacsolutions containing
supporting sulphate electrolyte are determined;

effect of the nature of supporting electrolyte ba teduction of Cu(ll) glycinate

complexes is established;

regularities of Cu(l) formation in the Cu|Cu(lipaleic acid system are analyzed,

peculiarities of pre-electrolysis of maleate san$ are investigated.

Statements carried out for defense:

The equation accounting for mass and charge balandedilution effects is
derived. It well fits experimental pH-metric datatiwthe following values of
maleate protonization constants: fgg = 6.05, log; = 7.48. Addition of
sulphate weakens the interaction between maledtéydronium ions.

The distribution law following from the theory ofiden harmonic oscillator is
applied for analysis of spectrophotometric data.e T$tability constant of
monoligand Cu(ll) maleate complex equal to*4Gs obtained using special
procedure.

The basic statements of formal electrochemicaltkdiaeand regularities of mass
transport of chemically interacting particles awdfisient for characterization of
the processes occurring in Cu|Cu(ll), glycine gyst&inetic parameters of the
reduction process depend on the nature of suppgoeiiectrolyte. The exchange
density decreases and the cathodic charge tranegdficient increases in the
sequence: Li- Na' - K* - CS.

Formal electrochemical kinetics describes satisfdgt steady-state
voltammograms obtained for Cu|Cu(ll), maleic agigtem. However, in the case
of time-dependent processes, contradictory kirttta are obtained.

According to the results of thermodynamic analysgsto 90 % of Cu(ll) can be
transformed into Cu(l) in the Cu|Cu(ll), maleicdsiystem.

Effect of pre-electrolysis of Cu(ll) and maleic daolutions depends on their pH.
The balance of cathodic and anodic processes calisbedered in slightly acid

(pH 3.9) media due to the passivation of electrodes



Publication and approbation of scientific results

Major results of the thesis are published in 3mrefi scientific papers; the report

at international conference was also presented.
Content of the thesis

The thesis is divided into five chapters includisgport introduction and
conclusions. Main goals of the investigations, sitfie novelty, practical importance
and main statements are given in th&oduction. The main goals and tasks of the
research have been also formulated. Short intramtuctf the problems to be solved and
structure of the thesis are also presented.

The second chapterpresents a review of publications related to theblem
under investigation. Theoretical concepts regardoogpsequent transfer of several
electrons are introduced. Considerable attentigraid to the literature data concerning
electrochemical processes in Cu|Cu(ll), glycingesys Further, some phenomena that
accompany the reduction of metals (hydrogen evarytbxide formation at the electrode
surface) are overviewed. At the end, the data conug properties of ligands, which
form Cu (I) complexes, are collected.

Experimental procedures used in the work are desgrinthe third chapter.
The main details concerning the preparation oftgmis and electrodes, as well as the
general description of pre-electrolysis is givemeTmethods applied are: pH-metry,
spectrophotometry, voltammetry (rotating disc elmb¢ and measurements with linear
potential sweep), electrochemical quartz crystalragravimetry (EQCM) and electro-
chemical impedance spectroscopy (EIS).

The fourth chapter presents the results of investigations and disonsst is
subdivided into some parts the essence of whigtrasented below. Then, the results
obtained are summarized and the problems to bedalke formulated.

Conclusions that follow from the analysis of thepemmental results and
literature data are itemized the fifth chapter. Further,referencescontaining127
positions are listed separately. Thst of articles, published on the topic of the

dissertation, is included at the end.



Equilibrium characteristics of Cu(l1) and maleic acid solutions

Literature data on stability constants of malei@ddd, and maleate anion LH
(Bi'and B} respectively) concerns, as a rule, perchlorateianethereas the data
concerning sulphate solutions are absent at althAtsame time, the analysis of some
Cu(ll)-ligand systems has shown that the substitutof sulphates for perchlorates
results in the certain diminution of protonizati@and stability constants. In this
connection, it seemed expedient to carry out theeements offering a clearer view on
the equilibrium characteristics of the solutionsiteining maleic acid and supporting
sulphate electrolyte. Spectrophotometry of the tsmdg and titration methods were
chosen for this purpose.

Consideration of ligand protonization and an actdandilution effects made it
possible to perform a rigorous quantitative desicipof experimental titration curves.

The following equation was obtained and fittedhe éxperimental data:

peafty [y K

_|_
[H'] 1+K[H"]

Valk — (1)
Vac +Va|k P Cac + QCaIk ’
whereP=2+ BI'[H'], Q=1
10 + Maleic ac.: + Br [H+]+ B? [H*]z, Vaik
gl tw=077 0.063 M Caik, Vao Cac @re the volume and
log B}'= 6.05 . .
T log B= 7.48 the concentration of alkali and
6 L oP 0.1 M . . . /
acid solutions respectivelK,,
O experiment . . .
4 regression is the ionic product of wateK
is the stability constant of
2
‘ HSO, ions. The results

obtained are listed in Table 1.
Valk/ (Vac + Valk)

Figure 1 shows the fitting

Fig. 1. Experimental titration curves of maleic acii results and demonstrates the
solutions with 0.1 M KOH (symbols). Solid lines o
represent regression results with listed parammete reliability of the constants.



Table 1 Cumulative stability constants  cymulative ~ stability — constants  of

of protonated species of ligand _ _ _
protonated species of ligand, established

Logarithm Sulphate_ in the presence of 0.3 M,RQO, are lower
of concentration

stability 0 03M as compared with solutions containing no
constant '

supporting electrolyte. This effect seems

log B;' 6.05:0.07| 5.75t0.09

log B; 7.48:0.07 7.30:0.08 the former solutions.

to arise from the higher ionic strength of

Absorption spectra of CuSGolutions show maxima at,,, = 806-808 nm and
their height Amay) linearly depends on the concentration of’Caqua-ions with the
extinction coefficient = 11.4 M'cm*. Maleic acid solutions do not absorb in the visibl
region of spectrum, but addition of this substamte Cu(ll) solutions results in the
gradual rise of\,,x and its shift towards shorter wavelengths (froré 80 to 722 nm.).
Similar tendencies were also observed when soluyildrincreases, i.e. when the more
favorable conditions emerge for complex formation.

Two species, viz. Cli aqua-complexes and CuL, were supposed to be reien
for absorption in the visible part of spectrum. iidual absorption characteristics of
these species were obtained from the results oérearpnts carried out in ligand-free
Cu(ll) solutions and at the large excess of ligabdngruency their asymmetric spectra
made it possible to apply the modified Lorentzrdisition that follows from description

of driven harmonic oscillator. It was establishiedttthe relationship, written as follows:

A a
A (¢ —x2)2 1 axige O @
ax 0

y

fits experimental data quite well (Fig. 2). Herés a frequency or other adequate term,
X0, &, g andgp are fitting parameters.

Using established fitting parameters, absorptic@csp were simulated, provided
that they may be obtained by simple addition of spectra related to €uand CulL. In
so doing, the condition [Gl] + [CuL] = 0.01 M was also fulfilled. As the resul
functions representing the correlation betwAgg, (0r Amay) and [CE’] were obtained as

calibration curves for experimental spectra. Findhe value of CuL stability constant

B.= [CuL]/ [CUIL?] 3)

9
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Fig. 2. Normalized absorption spectra obtained fi
ligand-free Cu(ll) solutiong\f and for 0.01 M
Cu(ll) solutions with high excess of ligafis).
Fitting results are shown by lines.
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Fig. 3. Absorption maxima of 0.01 M Cu(ll)
solutions vs. maleic acid concentratioptat6
(white circles) and vs. pH of the solutions
containing 0.03 M of maleic acid (blackctas).
Solid lines represent results of simulation
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was obtained using material

balance equations for the

solution containing 0,3 M
K,SQO,. Expressed in concentra-
tion terms, logP, = 2.2:0.07.

The activity-corrected quantity
B1
provided

could be also estimated,

that

coefficients of CuL and 1 are

activity

similar andy for CU/* is rather
low (~0.07). Then, substitution
of activities for concentrations in
Eq. (3) yields logs; ~ 3.35.

To check correctness of
the method applied, absorption
spectra were simulated and
compared with experimental data
(Fig. 3). Quite good agreement
between simulated and
experimental values oR\,. IS

observed for a large scale of

solutions.
Absorption spectra
obtained for CuS® and

Cu(CIQy), solutions are very

similar. These results provideo

data on the characteristics of
interaction between Gl and
SO; ions.



Theoretical background

Experimental data are analyzed within the framewadrkormal electrochemical

kinetics. The general scheme of charge transfergsoinvolves two steps

ME+e—> ML+ (p-0) L, (4)
Lyi+e—>M+ gL, (5)

with current densitieg andi, respectively. Ai, = i,=1/2 (steady state conditions), the

main kinetic equation takes the form:

p ML2+
[L]Z exp{(l‘*‘aal)F n}_[ ;]s EXF{— o F nj
_[L]b RT [|V|Lp]b RT
o p-q !
.1 + 1 [L]s eXp (aal+ac2)|: n
25 2y [L]E_q RT

(6)

where iy is an exchange current density, and o, are anodic and cathodic charge
transfer coefficients; is an overvoltage. Additional subscrigtend2 assign the kinetic
parameters to steps (4) and (5), and indexeend b designate surface and bulk
concentrations respectively.

Non-steady-state electrolysis is characterized Hyy $econd Flick’'s law and
regularities of mass transport of labile complexdsen, the surface concentrations of

total Cu(ll) and total Cu(l) are time-dependentdiions of partial current densities:

c

T J_ [t u, ()

0 FJ_II oL Jail(t_u)w(u)du, 8)

whereu is an auxiliary variable and functiop(u) accounts for the existing of Nernst-

CM(I) s =C

type diffusion. layer. Finally, the coordinateswaitammetric maximak,, ip) arising in

the case of linear potential sweep, depend on svatep according to the relationships:
ol oE

2 =O,282nF1/£omaD c, (9) o R (10)
oo RT dlnov  2an F

11




Effect of the nature of supporting electrolyte on the electroreduction kinetics of

Cu(l1)-glycine complexesin dlightly alkaline medium

Voltammograms of Cu(ll) reduction obtained for tls®lutions containing
different supporting electrolytes (lithium, sodiupeotassium and caesium sulphates)
show that cathodic current densitgepends to a marked extent on the intensity oefbrc
convection. Limiting current density obeys the wealbwn Levich equation with
diffusion coefficientD = 5.8x10° cnf s*.

Glycine H,N-CH,-COOH, symbolized as LH, forms complexes Cuand Culs.
Simulation procedure using material balance egoatinade it possible to obtain surface
concentrations of electrically active complex Cut any point of voltammogram. Then,
the experimental data were transformed into nomadliTafel plots (NTP) according to
the equation:

' . F
Il =log2i,, — log[CuL"], — el

lo Jd_y,
Ircu, 2303RT |

(11)

that follows from Eq. (6) at sufficiently high caftic overvoltages and describes the

case according to whidhe process Cul+ e— CulL is the rate-determining stegy(<<ioy).

An example of NTP obtained is

0.01 M Cu(ll) - : : _
o | 0.04 M glycine shown in Fig. 4. Single lines in a
0.3MM Li* wide region of  cathodic

E = 0.023V

s

=

(&)

<EE 8 overvoltages approximate NTP

o rpm: constructed for different rotating

-

3 7 ;‘?8 velocities. Kinetic parameterag;

T 1250 andiy; were obtained, respectively,

2 6 2100

= 3500 from slopes of NTP and values
02 04 06 08 10 extrapolated  to  equilibrium

E/V potential. They are compared with
Fig. 4. Normalized Tafel plots obtained at literature data in Table 2.

equilibrium potential and indicated
rotating velocities of the electrode. pH 8.5.

12



Table 2. Kinetic parameters of the rate-determining chargesfer step
CuL’ + e»> CuL obtained for different supporting electrolytes

Supporting | i1 / MA cni? et Data for pH 3.5 are

electrolyte taken from:
PH3.5| pHB8.3 | pH3.5 pHB.3| A qrvila Electrode
Li,»SO, 0.3 0.021 | 0.16 | 0.29 P;?gb@f%'” SBI’Steme
(0) Ie complexes O
N&SO, 0.020 0.27 metals. Vilnius:
K,SO, 0.18 0.25 Mokslas,1989. P. 101.
CsSO, 0.06 | 0.013 | 0.70 | 0.37

Some additional information on kinetic and doulalgelr parameters was obtained
from impedance measurements. Optimal equivaleatiiti(Fig. 5) reflects the step-wise
reduction of C&" and contains two parallel Faradaic subcircuithezfowhich involves
charge transfer resistanBeand diffusion impedanc® in series. This set of elements is
shunted with double layer impedarg and, finally, an ohmic resistance of the solution
Rq is added. Impedance spectrum of this circuit isaingood agreement with
experimental data. Some special features of tharigal analogue® (they account for
the finite-length diffusion) may be attributed tieetexistence of oxide layers on the
electrode surface. Surface oxidation is most patte in the solutions containing

K,SQO,. The impedance obtained for glycine-containingigsohs is almost 100 times

higher as compared with ligand-

R,(Qq[R,0,][R,0,]) :
-0.6 ardt e free solutions. Although, the
.
= T RJH R, HOH spectra of electrical phase angle
é 04 ¢ Q] I 1 imilar i
> 0.01 M Cu(ll) v = arc tanZ’/Z’) are similar in
= 0.04 M glycine
N g2 0.3 MK,SO, shape. This means that the
pH 8.3 ] ] )
E,=0.135V chemical reactions preceding
00 02 04 06 08 10 charge transfer steps, as well as a
Z' 1kQ cm? weak surface oxidation, do not

_ _ _ change radically the overall
Fig. 5. Nyquist plot (relation between redl, and

imaginary,Z’, components of the impedance) and electrochemical reaction. Cu(ll)-
the equivalent circuit of the electrode. Experinaént
data are compared with these simulated for the

circuit. categorized as quite labile ones.

glycine complexes should be

13



Electroreduction kinetics of Cu(ll)-maleate complexes

Voltammograms in this case are similar to thoseaiokd for glycinate system.

Cathodic polarization increases with ligand conidn and pH. Diffusive limiting

current obeys Levich equation and yieliequal to 5.410° cn? s™. In contrast with

-i / mA cm™

0.01 M Cu(ll)
0.04 M maleic ac.
" 0.3 MK,SO,

o ©

1250 rpm
pH 3.9

cu* +e-»cCu’

ip; = 0.13 mA cm”
o, = 0.56

1 1 1

0.0
E/V

0.2

Fig. 6. Comparison of simulated (line) and
experimental (symbols) voltammograms.

i / mA cm™

previous system, NTP obtained
from RDE data contain breaks.
However, some their portions are
amenable to approximation by

lines. Simulations of entire
voltammograms using established
kinetic parameters and Eqg. (6) give
satisfactory results (Fig. 6). Some
deviations are observed at low
cathodic polarizations and in the

region d limiting current plateau.

Voltammograms obtained with linear potential swekgghnique are more
complicated and their shape depends on solutiotopgreat extent. Two current peaks

observed at pH 3.9 (leiff; and righti,) are conditioned by the reduction ofand

=
N

©

o)

-l_
0.01Mcu(y ~ v/Vst0.2
0.04 M maleic ac. 0.1
0.02
0.005
02 00 -02 -04 -06 -08
E/V

Fig. 7.LSV data obtained at different potential sweepsatindicated at the curves.
Reduction of hydrogen takes place to righhefdotted line (data for pH 6).

14



H;O" respectively. To establish the regions of pagialcesses at pH 6, special analysis
was performed, using Eqns (7) and (8). Accordindght results obtained, voltammo-
grams may be divided into two parts (Fig. 7). OGly(ll) reduction occurs & > -0.25,
and hydrogen evolution is observed at more negatwentials.

Eqgns (9) and (10) were employed to analyze cupeaks at pH 3.9. It was found
that the linearity ofy; —/v andEy; — logv dependences is supported, but the former do
not pass the origin. Moreover, both equations prediifferent kinetic parameters. Such
inconcistencies are not typical of right peaks. Vakies ofon, = 0.58 and =1,2¢<10°

cnt s* were established for hydrogen evolution.
Formation of Cu(l) compoundsin the Cu/Cu(ll), maleic acid system

Generation of Cuions in the system is possible when the revergibdeess

Cu+€u= 2Cu (12)

occurs. It may be performed by the electrolysi€ofll) solutions or under open-circuit
conditions when Cu(ll) solution comes into contath Cu electrode. Three equilibrium
states and the transitions between them are ambhigzthe dissertation. The initial state
A concerns the solution containing only Cu(ll) coaxas. Copper, in contact with this
solution, produces Cu(l) until the new equilibriystateB) is established. However, if

the process (12) generates moré ©us than this is permitted by the equation

I(@Lr] max = —0.84 — pH, (13)

the formation of unstable intermediate CuOH origgsa with its following
decomposition into GO:
Cu+€u 2 OH - CyO + H,0. (14)

Again, furthers shifts in the chemical equilibriaeaobserved resulting in the
establishment of the final equilibrium stale

The depth of Cu(ll) transformation into Cu(l) isadyzed theoretically using
material balance equations and constants charaogll the equilibria possible in the
system. The results are presented as distribufi@u@l) and Cu(l) complexes vs pH in

all aforementioned states. They show (see als@xaenple in Fig. 8) that rather deep

15



chemical changes are possible in the system amdaf@mn of CyO at the electrode

surface stimulates this process, when the certdioat pH is exceeded. At sufficiently

high ligand concentrations, ~90 %

i 0.01 M Cu(ll) of Cu(ll) can be converted into
b 0.04 M maleic ac.
8+t - |; ~. Cu(l).
/ | CuLh\, : :
/ lo Results of simulations were
6 - : |
s /./ | o checked by experiments performed
£ I
S 4 ! | oo using electrochemical quartz crystal
/ | . :
(° : ° microgravimetry  (EQCM) and
2 L
NN E”LH : 2 spectrophotometry. It follows from
0F DT, EQCM data obtained under open-

1 2 3 4 5 6 7 circuit conditions that Cu electrode
pH mass decreases in sufficiently acidic

Cu(ll)-maleic acid solutions (pH

Fig. 8. Quantities of Cu(l) complexes formed ir 5) d he h .
the solution containing initially 0.01M of Cu(ll) ) due to the heterogeneous reaction

and 0.04 M of maleic acid. Lines and symbols (12). Conditions favorable for GO
present stateB andC respectively. . _ o
formation emerge in less acidic
media (5.5 < pH < 6.0). Considering simple relatiup between changes in quartz mass
and oscillation frequency\(n = -k Af), the rate of heterogeneous process may be given
as follows:

‘dAf (15)

whereM is the molar mass of the chemical element thagpansible for the occurrence
mass changes. The rate of electrochemical dissaolati copper electrode was found to
fall into the region from 0.4 to 0.8 nmol &s’ depending on solutions pH. Similar
quantities were obtained for oxide formation: &eraccounts for some nmol érsi™.

In agreement with theoretical predictions, spediodpmetric data showed the
respective diminution of Cu(ll) content in the dauas caused by the above processes.
Some kinetic aspects concerning practical estabbksi of different equilibrium states

are also discussed in the thesis.

16



Effect of pre-electrolysis

To saturate the solution with the intermediate pobd a pre-electrolysis

procedure is often applied. For this purpose, wbzetl hermetic cell with copper

electrodes (surface area ~8%nDirect current of ~0.1 mA ctpassed through the

deaerated solution for a controlled timeWhen only copper-containing particles take

25 +
0.01 M Cu(ll)
0.04 M maleic ac.
-20 [ 0.3MK,SO,
N pH 3.9
S i
c -15 3500
g 2100
= 1250 [/
= 101 | 80 S
450 7 e
[/ 2
-5 F rpm t/h:
-—=3
— 24
O 1 1 1
0.2 0.0 0.2 -0.4 0.6
E/V
Fig. 9. RDE voltammograms obtained for
solutions pre-electrolyzed for 3 (solid lines)
24 (dashed lines) hours. Rotation velocities
increase from bottom to top as indicated.
iy / mA cm’ 0.01 M Cu(ll)
12 ¢ 0.04 M maleic ac.
ol 0.3MK,SO,
-15 ¢ </ h pH 6.0
N 4 I
=
(&S]
< -10r O
£
5r
0 L L L L
0.2 0.0 -0.2 -0.4 -0.6
E/V

Fig. 10.RDE voltammograms obtained at pH ¢
Effect of pre-electrolysis is seen from the data
given in the inset.
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part in electrochemical processes, the
relationship follows from mass and

charge conservation law:
CCu(I)/2 +Ccyqry = cCONSt. (16)

It is also valid when copper electrode
is kept in contact with solution under
open-circuit conditions. In any case,
limiting current density should remain
unchanged. Some deviations from this
rule are possible, when effectie of
Cu(l) and Cu(ll) differ significantly.

Typical result, obtained at pH 3.9,
is shown in Fig. 9. Pre-electrolysis
increases both cathodic polarization
and current density. Similar effects
were also observed in the case of
linear sweep voltammetry. However,
this is not the case of less acidic
solutions (Fig. 10).

It was established that that maleic
acid is electrically inactive component
and can take part only in hydrogen
evolution as proton donor. Passivity of
electrodes was observed at pH 3.9,

giving rise to the reduction of 48"



ions and, as a consequence, to the accumulatid@ug@f) in the solution. Results of
other experiments support the conclusions madeebfv increase in solution pH was
observed during the electrolysis. Spectrophotomatiestigations have shown that the
absorption maximum of the solutions grows and shift shorter waves. By the way,
Anaxis able to triple its height in 24 hours. The mpétuliarities may be seen from the

data given in Fig. 11. Initially, the

0.20 - pre-electrolysis, 3 h ) ]
_ solution was kept for 1.5 hours in
initial solution
015 | open-circuit contact with copper electrodes under
: exposure, 1.5 h . . .
open-circuit conditions. It can be
< 010 F seen that the concentration of Cu(ll)
is lowered. Then, the direct current
0.01 M Cu(ll) _ _
0.05 0.04 M maleic ac. was applied for 3 hours and this
0.3MK,SO,
pH 3.9 promoted the generation of Cu(ll) to
000 Il Il Il Il Il

05 06 07 08 09 10 11 @Q significant extent. These results
A/ pm not only explain the experimental
Fig. 11. Absorption spectra of the solution in tr results, but they are also indicative

initial state, after exposure for 1.5 hours in @@t of possible side effects that cause
with copper electrodes and after 3 hours of pri _
electrolysis. some shortcomings of pre-electro-

lysis.

Comparison of the results obtained for two diffeérgystems makes it possible to
draw some general conclusions. The above theoretiodel fits well for description of
electrochemical transforms, if the quantity of gamed Cu(l) complexes is low. Then,
the concept of overvoltage may be used of, sineestjuilibrium state can be achieved
under open-circuit conditions. Besides, the etyali partial current densities, (= i),
may be also assumed. Ultimately, most of classioadlamental kinetic equations may
be used with substitution of concentration of fneetal ions (metal aqua-complexes) for
the total metal concentration. Al these expedierdgse applied successfully in the case
of Cu|Cu(ll), glycine system.

Application of the same approach for system witghlsontent of Cu(l) is limited.
The concept of overvoltage and the assumptionithati, should be revised. Besides,
experimental data concerning voltammograms of glagrocesses are requested. To

achieveprogress in this field, further investigations egquired.
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Conclusions

1. The equation derived for quantitative descriptiérpd-metric data, was applied
for the analysis of the entire titration curve. tBroztion constants of maleate
anions, obtained with fitting procedures, are dbves: logp! = 6.05, log}) =
7.48. It was established that the addition of 0.&K)80, results in the diminution
of stability constants (Iogf' = 5.75, log} = 7.30).

2. To obtain equilibrium characteristics of Cu(ll) mate complexes from
spectrophotometric data, the method, based on tivendharmonic oscillator
theory, was proposed. Stability constant of morawigycomplex was found to be
equal to 16°M™.

3. Basic equations of formal electrochemical kinetiese applicable for
interpretation of experimental data obtained for|Gull), glycine system.
According to the results of analysis, kinetic paetens of Cu(ll) glycinate
reduction depend on the nature of the supportiegtellyte. Exchange current
density decreases and cathodic charge transferfigest increases in the
sequence: Li- Na' - K* - CS.

4. Thermodynamic analysis shows that deep changepassible in this system
resulting in 90 % transform of Cu(ll) into Cu(l}.fbllows from EQCM data, that
the rates of Cu corrosion and LQuformation are estimated to be of the same
order (nmol crif s%).

5. The theoretical model applied describes satisfdgtothe steady-state
voltammetric characteristics of Cu|Cu(ll), male@dasystem, but it yields some
contradictory results in the case of time-depengentesses.

6. To enhance the Cu(l) generation in maleic acid esystthe pre-electrolysis
procedure was applied. It was found that its efféepends on solution pH.
Passivity of electrodes, observed at pH 3.9, giis to the reduction of 40"

ions and, as a consequence, to the accumulatiGu(®H) in the solution.
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REZIUM E

Atliktas palyginamasis dvigj kompleksiny sistemy - Cu|Cu(ll), glicinas ir
Cu|Cu(ll), maleinougstis— elektrochemini charakteristil tyrimas.

Nustatytos maleinoagsties tirpal pusiausvyrigs charakteristikos. Kiekybiniam
titravimo kreivip apraSymui iSvestos lygtys, kuriogeertinti medziag bei kiviy
balansai bei atsizvelgta praskiedimo efektus.uyJtaikymas pH-metrini duomemn
analizei da¥ tokias maleato anijanprotonizacijos konstantreikSmes: log; = 6,05,
logp; = 7,48. Nustatyta, kad tirpaluose su 0,3 YSR) priedu protonizuat ligando
formy stabilumas suméja (logB; = 5,75, log, = 7,30).

Cu(ll) maleating kompleks; stabilumui nustatyti panaudotas spektrofotomegrijo
metodas ir paslyta duomen analizs procedra. Ji remiasi kiekybiniu absorbcijos
spekty aprasSymu, taikant lygtis, iSplaukiaas iS valdomo harmoninio osciliatoriaus
teorijos. ISanalizavugvairiy sudciy tirpaly absorbcijos maksimumo dydzius, prieita
iISvados, kadug&iose terpgse vyrauja monoligandinis kompleksas, kurio koncarihé
stabilumo konstanta log, = 2,2.

Atlikta sistemos Cu|Cu(ll), maleinaigstis pusiausvyr termodinamig analiz.
Nustatyta, kad esant metalinio vario ir tinpahlyciui, sistemoje galimi gils virsmai,
kuriy metu iki 90 % Cu(ll) transformuojasi Cu(l). Teorines iSvadas patvirtina
eksperimentiniai duomenys, gauti spektrofotomegrijoelektrochemiés kvarco kristalo
mikrogravimetrijos metodais]vertinti Cu korozijos bei fazini Cw,O sluoksni
susidarymo greiai, kurie abu yra tos gs eiks (nmol cn s?) dydZiai.

Suformuluotas bazinis teorinis modelis, kuris palmupagrindiniai formaliosios
elektrochemias kinetikos dsningumai bei atsizvelgta chemiskai sveikaujargiuy
daleliy mags transporto ypatumus. Nustatyta kad Sis modelisi ginka sistemos
Cu|Cu(ll), glicinas voltamperometriniduomen interpretacijai. Si duomenm transfor-
macija i normuotas Tafelio priklausomybes (NTP) paro#tad pl&iame katodini
virSitampu intervale tiesias NTP praktiSkai nepriklauso nuo priverggnkonvekcijos
intensyvumo. J analiz parod, kad monoligandinio Cu(ll) komplekso redukcijos
kinetiniai parametrai priklauso nuo foninio elekitim prigimties: sekoje Li- Na - K* -

Cs" main srows tankis mada, o katodinis kiivio pernasos koeficientas auga.
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Bazinis teorinis modelis patenkinamai apraso sisgefu|Cu(ll), maleinotgstis
stacionarmsias voltamperines charakteristikas. Nedideli gkidi tarp eksperimentiqir
teoriniy voltamperogramas, aptikti mazatodiniy poliarizacipy srityje ir pegjime i
ribinés srovs plato. Chronovoltamperogramose, kurios charadeja nestacionarius
procesus,g&iy tirpaly (pH 3,9) atveju aptikti du srés maksimumai, kuriuosilygoja
Cu(ll) redukcija ir vandenilio skyrimasis. Abigjmaksimunm koordinags (E, ir ip)
priklauso nuo potencialo skleidimo gtiei pagal baziés teorijos dsnius. Taéiau tik
antrojo maksimumo anatizduoda patikimas D" redukcijos kinetini paramety
reikSmes, o Cu(ll) redukcijos proceso atveju gaunprestaringi rezultatai. Maziau
rag&iose terpse uzregistruoti keturi srés maksimumai, IS kugidu pirmieji priklauso
Cu(ll) redukcijai.

Cu(l) generacijos intensifikacijai maleinotgsties sistemoje panaudota
parengiamosios elektrolig procedra. Nustatyta, kad jos efektas priklauso nuo topal
pH. Rug&ioje tergje (pH 3,9) aptikta elektradpasyvacija, @ kurios suintensygja
vandenilio skyrimasis. & to iSsibalansuoja anodinis ir katodinis procasasistemoje
kaupiasi Cu(ll).

Apibendrinant gautus rezultatus, aptartosesjmos teorigs ir eksperimentis

problemos.

Darbo metu gauti ir disertacijoje apraSomi rezaltaatspausdinti 3-juose

moksliniuose straipsniuose ir pristatyti tarptaéjgrkonferencijoje.
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