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Fig. 2. Excess molar Gibbs energy of mixing in the system 
KBF 4 —KF—KCl. The isoenergy values are in J m o ľ 1 . 

borate anions as well as the extent of the reaction 
(Л) may be determined only by means of other 
methods. 

It is known that the copper(ll) complexes in the 
presence of some ligands undergo the redox 
processes in which the central atom is reduced 
to Cu(l). However, in the presence of the other 
ligands, central atom is not reduced. This phe
nomenon was mainly observed at the preparation 
of Cu(l), Cu(ll), and Cu(l)—Cu(ll) complexes [1], 
when the Cu(ll) complexes with certain types of 
ligands could be prepared only under some condi
tions [2]. 
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Translated by V. Danek 

On the basis of the experimental results, the 
ligands in the redox processes of the Cu(ll) com
plexes can be approximately divided [3] into two 
groups: The ligands which cause the reduction 
of the central atom (Lr) and the ligands which do 
not exert this influence on Cu(ll) and it can be 
stated that they stabilize the oxidation state of 
copper(ll) (Ls). As an example of the Lr ligands 
the following ones can be given: СГ [4—7], Br" 
[8, 9], Г [10, 11], NC" [12, 13], NCS" [14, 15], 
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A general expression describing certain redox processes, in which Cu(ll) complexes with 
the ligands having a reducing and stabilizing influence on the central atom take part, has 
been derived. The obtained results qualitatively describe the redox processes and enable to 
obtain by means of some known data also their quantitative evaluation. 
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and S-donor ligands with C = S [16f 17] and 
thiolate [18, 19] groups. 

For instance, in the role of Ls ligands can be 
some molecules of solvents as water [20], ac-
etonitrile [6, 7], dimethyl sulfoxide [21], acetone 
[4, 22], and also bi- or polydentate ligands with 
nitrogen, oxygen, or sulfur donor atoms which 
form relatively stable complexes with Cu(ll) [23— 
25]. These ligands can be in the coordination 
sphere of Cu(ll) together with the Lr ligands with
out the observed reduction of the central atom 
[23—30]. 

The aim of this work is to give by means of 
thermodynamics an unifying view on the feasibility 
of the processes with the Cu(ll) compounds in 
which the reduction of the Cu(ll) atom can or need 
not occur. 

THEORETICAL 

The course of some observed redox processes 
involving the Cu(ll) complexes may be generally 
described by the chemical equation 

(1-a)Cu l , Ls ( m _ / ) / d Lr / +Lr + 

+ aCu , ,Ls ( v_^ ) / dLr / f(s) < = > (1 - 7)Cu'Ls ( n_y ) / dLry + 

+ /Cu'Ls^./^Lr/is) + 1/2Lr2+ ({[(1 - a)(m - i) + 

+ a(v - k)] - [(1 - y)(n -j) + y(z - /)]} /cf)Ls + 

+ {[(1 - a)i + ak] - [(1 - y)j + y/]}Lr (A) 

where / e <0, m>, j e <0, n>, m and n are the 
maximal coordination numbers of the central 
atoms, d is the donicity of the Lr ligand (the Lr 
ligands are always considered as monodentate), 
a, y e {0, 1} that implies the possibility of the 
reaction of an insoluble (slightly soluble; a = 1) 
or soluble (a = 0) copper(ll) compound to yield 
an insoluble (y = 1) or soluble (y = 0) copper(l) 
compound, k e < 1 , m>, v e <k, m>, I e < 1 , n>, 
z e </, n>. The charge of particles in eqn (A) is 
not considered and it will not be taken into ac
count in the following chemical equations, either. 

The chemical reaction (A) is regarded as alge
braical combination of the subsequent processes 
with the corresponding standard-state Gibbs en
ergy change AG°: 

1. Redox process 

Си24" + Lr ( > Cu+ + 1/2 Lr2 (S) 

AGr° = -nFAE° = -RT\nKr (1) 

AE° = E°(Cu2+/Cu+) - E°(Lr2/Lr) (2) 

2. Formation of the Cu(ll) and Cu(l) complexes 
with the Ls and Lr ligands 

Cu(ll) complexes 

Cu2+ + ((/T7-/)/cOLs + /Lr < = ± CunLs{m.D/dUi (C) 

A G ^ ^ - f í r i n ^ ; ^ , (3) 

where ß ^ ^ j is overall stability constant of 
the Cu(ll) ion with (m - i)/d Ls and / Lr ligands. 

Cu(l) complexes 

Cu++ ((n - y)/cř)Ls + /Lr <=± Си15 ( л _ у ) / ^г у (D) 

AG^=-RT\nß^;dJ (4) 

where ß^)^ y is overall stability constant of the 
Cu(l) ion with (n - j)/d Ls and y Lr ligands. 

3. Formation of the insoluble Cu(ll) and Cu(l) 
compounds 

Insoluble Cu(ll) compound 

CuMLsm / d + /cLr < = ž CuHLs (v_Ä)/dLr^ + 

+ ( ( m - v + /c)/Gř)Ls (E) 

AGp

oM = RT[lnS(CuMLs (,_, ) / dLr,) + I n ^ 8 ] (5) 

where SíCuYs^.^Lr/,) is solubility product con
stant of the insoluble Cu(ll) compound and / J ^ 
is overall stability constant of the Cu(ll) ion with 
m/d Ls ligands. 

Insoluble Cu(l) compound 

Cul\JSn/d + llJ T=± Си^^./ус/иГ/Ч-

+ ((n-z+ l)/d)Ls (F) 

AGp

o1 = RTJlnSiCu'Ls^./^Lr,) + I n f f i ] (6) 

where S(Cu'Ls(z _ ^Lr,) is the solubility product 
constant of the insoluble Cu(l) compound and 
ß{n/d i s o v e r a " stability constant of the Cu(l) ion 
with n/d Ls ligands. 

The equilibrium constant of the chemical reac
tion (>4) Kp, can be considered as an extent of 
the feasibility of the reaction. The logarithm of 
the constant is 
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In KA/ = m Kr -h (1 - r ) In ^ S ^ ; ^ y -

-/[inSÍCu'^.^Lj/J + l n ^ ] -

+ a[nS{Culls{v-kydUk + \nßW%] (7) 

where the indices/ and / express the number of 
the Lr ligands in the Cu(l) and Cu(ll) compounds 
of the considered redox reaction. 

From eqn (7) it follows that the feasibility of the 
chemical reaction (>A) depends on: the redox 
properties of the system Lr2/Lr characterized by 
the standard electrode potential; the stability of 
the Cu(ll) and Cu(l) complexes with the Ls and Lr 
ligands characterized by the overall stability con
stant; the solubility of the Cu(ll) and Cu(l) com
pounds characterized by the solubility product 
constant. 

It means that the feasibility of any redox reac
tion (A) is positively influenced with the redox 
system Lr2/Lr with the small value of the standard 
electrode potential, great value of the overall 
stability constant of the Cu(l) complexes, and 
small value of the solubility product constant of 
the insoluble Cu(l) compounds. The feasibility of 
the reaction (A) is negatively influenced with great 
stability of the Cu(ll) complexes and small solu
bility of the slightly soluble (insoluble) Cu(l) com
pounds. 

The reduction of the Cu(ll) complex, where Ls = 
H20, d = 1, a = 0, and L/ = CI", Br", NCS" Г CIST, 
respectively, in which the insoluble Cu(l) compound 
CuLr (y = 1, / = z = 1) is formed, can be according 
to the chemical equation (A) written 

C u ' ^ s ^ ^ L r , + Lr < = > Cu'Lr(s) + 1/2Lr2 + 

+ (m - /)Ls + (/' - 1)Lr (G) 

The logarithm of the equilibrium constant ac
cording to eqn (7) is 

log K*f = log Kr - log S(CuLr) - log ßf)Lr (8) 

where indices in the upper part of the constant 
express the type of the Cu(l) and Cu(ll) com
pounds in the redox process (p - precipitation, 
с - complex). From the log K?f values sum
marized in Table 1 it is possible to consider the 
feasibility of the reactions (G) quantitatively. 

The reduction of the Cu(ll) complex, where Ls = 
H20, d = 1, a = 0 and Lr = CI" Br", NCS", Г, 
thiourea (tu), CN", respectively, in which the CuLry 

complex (y= 0) is formed, is expressed by the 
chemical equation 

A. KOTOČOVÁ, G. ONDREJOVIČ 

Table 1. The log K?f Values of the Reaction (G) for Ls = H20 

Lr 

cr 
ВГ 
NCS" 
Г 
CN" 

1одКДс 

-12.9 
-6.4 

4.4 
6.3 

25.4 

iogK£c 

-13.0 
-5 .9 

2.6 
-
-

log/Cff 

-13.6 
-
1.6 
-
-

l o g K ^ 

-13.1 
-
-
-
-

logKf f 

-12.8 
-
-
-
-

The log K^f values were calculated with the standard electrode 
potentials [31], solubility product constant [32], and Cu(ll) 
complex stability constants [33—35]. 

CiTLs^./jUr,- + Lr <—> CuLr; + 1/2Lr2 + 

+ (m- / )Ls + (/-y)Lr (H) 

The logarithm of the equilibrium constant is 

log Ky?;c = log Kr + log ßfLr - log /?;ll)Lr (9) 

The log Kff values summarized in Table 2 give 
the possibility to consider the feasibility of the 
reactions (H) quantitatively. 

By the substitution of the first two members in 
eqn (9) for log Ky

côc we get 

log/<y?;c=logKy?0
c-log^ , l )Lr (70) 

A plot of log Ktf vs. log A(ll)Lr f or Lr = СГ, Br", 
NCS" I" tu, CN", respectively, Ls = H20 and 
У = 2 shows the influence of the Cu(ll) complex 
stability (with the Lr ligand) on the feasibility of 
the reactions (H) (Fig. 1). 

The log Kff values of the reaction (H), when Ls 
= acetonitrile (AN) or dimethyl sulfoxide (DMSO), 
and Lr = CI", Br", NCS" Г, respectively, are 
summarized in Tables 3 and 4. It was observed 

Table 2. The log Ky

c;c Values of the Reaction (H) for Ls = H20 

Lr / l o g * ; ; logK2

c; logK3

c;c log Kc

Af 

-
-
-
-
-
-
-
-
-
-
-

5.80 

-

-14.24 
-14.30 
-14.91 
-14.44 
-13.47 

-9.02 
-8 .25 

0.60 
-2.34 
-3.34 

2.30 
8.60 

27.60 

-14.31 
-14.37 
-14.88 
-14.51 
-13.54 

-7 .85 
-7.30 

1.20 
-0.54 
-1.54 

4.03 
11.50 
32.70 

-
-
-
-
-
-
-

1.63 
-0.11 
-1.11 

3.00 
13.70 
33.80 

The log Kff values were calculated with the standard electrode 
potentials [31], Cu(l) complexes stability constants [32, 36— 
38], and Cu(ll) complex stability constants [33—35]. 
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Fig. 1 . The dependence of log K2
C;C (reaction (H)) vs. log ß^u 

(eqn (70)) for Ls = H 20 and Lr = СГ (7), Br" (2), NCS" 

(3), ľ (4), tu (5), C N 1 (6). 

Table 3. The log Kfic Values of the Reaction (H) for Ls = AN 

/ 
0 
1 
2 
3 
4 
0 
0 
2 
0 

l o g / ^ 

-3.3 
-13.0 
-20.9 
-28.7 
-31.7 

-7.58 
-3.38 

-10.98 
-1.86 

log/С 

2.7 
-7.0 

-14.9 
-22.0 
-25.7 

-3.66 
0.22 

-7.38 
1.34 

The log Kff values were calculated by means of the standard 

electrode potentials of Cu27Cu* and Clj/Cľ [39], BrVBr" and I j/ľ [40], 
(NCS)2/NCS' (it was calculated from AG,0) [41], Cu(l) complex 
stability constants [42, 43], and Cu(ll) complex stability 
constants [44, 45]. 

Table 4. The log КЦе Values of the Reaction (H) for Ls = DMSO 

/ 

0 
1 
2 
3 
4 
0 
1 
2 
0 
1 
2 
0 

l o g * -

-5.34 
-8.77 

-11.47 
-13.73 
-15.53 

-2.98 
-6.38 
-7.28 
-0.94 
-4.14 
-6.24 

4.43 

l o g * -

-0.84 
-4.27 
-6.97 
-9.23 

-11.03 
0.77 

-2.63 
-3.53 

4.06 
0.86 

-1.24 
7.13 

l o g K -

-0.25 
-3.67 
-6.38 
-8.64 

-10.44 
-
-
-
-
-
-
-

The log Ky

c/C values were calculated by means of the standard 

electrode potentials of C u 2 7 C u + [40] and the other redox 

systems calculated from AG° [41], Cu(l) complex stability 

constants [46,47], and Cu(ll) complex stability constants [48,49]. 
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that the chlorocopper(ll) complexes are reduced 
in acetonitrile at certain conditions [6, 7], but their 
reduction was not observed in dimethyl sulfoxide 
[21]. The reduction of Cu(ll) with iodide ion was 
also observed in acetonitrile [11]. 

CONCLUSION 

The generalization of the experimental data, 
considering the reduction or stabilization of some 
Cu(ll) complexes with the reducing ligands in 
coordination sphere, has shown that the course 
of the redox processes may be qualitatively de
scribed by means of the thermodynamic quantities 
of the individual reactants and products. In the 
case when necessary data are accessible the 
characterization of the redox processes involving 
Cu(ll) compounds can be also expressed quanti
tatively. 
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for decomposition of organic species in human 
urine samples which can lead to a contamination 
of the sample [1, 2]. A suitable procedure avoiding 
such a contamination is the method of Batley and 
Farrar [3] using low-energy UV or high-energy у 
irradiations for decomposition of organic matter. 

Anodic stripping voltammetry (ASV) belongs to 
the most suitable methods for determination of 
low concentrations of metals. Copeland and co-
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Trace amounts of Pb were determined in human urine by anodic stripping voltammetry on 
hanging mercury drop electrode. Two types of electrodes were used: electrode of conventional 
dimension (r = 440 jim) and semimicroelectrode (r = 40 jim). Described is the possibility of 
simplification of the experiment and minimization of the sample volume and of time-consuming 
irradiation and deaeration by using the semimicroelectrode. Good precision and accuracy 
were obtained when using the simplified short procedure. 
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