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It is shown that the rotating disc-ring electrode (R.R. D. E) method may be used for the study 
of complexing reactions. Moncvalent indium complex of the composition InCI5 - has been 
determined as an example of the successful applicability of the R. R.D.E. techniques. 

The rotating disc-ring electrode (R.R.D.E) method is used for studying the kinetics and mechan
ism of electrode reactions with participation of intermediate-valency ions 1 - 5. Lower-valency 
ions may form complexes with electrolyte components affecting electrochemical properties and 
often increasing the stability of these ions. 11 is difficult in many cases to determine the com
position of complexes and thermodynamic characteristics of the complex form ation reaction 
due to instability of lower-valency ions and their a bility to disproportionation and oxidation 
by air oxygen. Widely used is the potentiometric method 1 - 12 of studying complex formation 
which determines the dependence of the indicator electrode potential on the complexing ion and 

ligand concentration. 

Using the disc-ring electrode, it is possible to generate complexing ions electro
chemically on a disc electrode, e.g. according to the anodic 

(A) 

and to record the equilibrium potential change of the indicator electrode for which 
serves a ring electrode made of the same metal. 

The ring electrode equilibrium potential, (pR, is determined by the equilibrium 

(B) 

If Meo + ions form a complex with a solution component, the reaction 

(C) 
will affect <pR values. 
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The ring electrode equilibrium potential ({JR depends on Men+ ions concentration 
generated on the disc electrode 

({JR = (P~ + ((RTjnF) In (Men +)s , (1) 

where (Men +)s is the concentration near the electrode surface. The limiting dif
fusion current of reduction of further oxidation of Men+ ions on the polarized ring 
electrode is described by the equation3 

(2) 

(nR number of electrons participating in the electrode reaction on the ring, N col
lection efficiency, DMen + diffusion coefficient of Men +, (j diffusion layer thickness). 
There is a relationship3 between currents of the disc (iD) and of the ring (i~) electrodes: 

(3) 

Concentration of Men+ ions near the ekctrode surface may be determined from 
equations (2) and (3): 

(4) 

Introducing (Men +)s from equation (7) into (4), we obtain 

where const! = ({J~ + RT/nF .In C5jnFDMen + . 
According to equation (5), the relation cpR - log iD is a straight line with the angle 

coefficient of 59/n mY. 
If a complexing reaction (C) takes place, then cpR is related with the ligand con

centration by equation (6) (reUl): 

2·3RT _ 
cpR = const2 _ x--Iog [L m ]. 

nF 
(6) 

From the angle coefficient value of the cpR - log [L m-] relation at a constant 
concentration of Men+ ions at the electrode surface (constant log iD value) it is 
possible to determine the number of ligands x of the MeL~xm - n) - complex. 

Eq. (5) is correct if Men+ ions are formed on the disc with a 100% current yield 
(Ks = I), and their concentration is proportional to iD

• In' most cases of the electro
chemical formation of lower valence ions, Ks < 1; therefore the ring electrode limit-
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ing current, i!, or the first stage current, i l' may serve as a value which is proportional 
to the concentration oflower-valence ions at the ring electrode surface; i J, the first 
stage current of the anode process, describes in electrochemical units the flow of Meo + 

ions diffusing to the ring3
•
5

. 

Composition of complexes may be determined from r:pR - log i~ or (pR _. log i 1 

relations when changing the U' - concentration. Thus, to study the unstable com
plexing ions additional experiments are needed for determining the i~ dependence 
on jD. 

EXPERIMENTAL 

By the R.R.D.E. method Cu + ions ccmplexing in lithium chloride solutions (0'1-10'8 mol/I) 
and In + ions in ZnCl z solutions (8 - 12'mol / l) have been studied. Using the disc-ring electrode, 
complexing ions are generated electrochemically on a disc electrode according to the anode 
oxidation reaction, and the equilibrium potential change of the indicator ring electrode is re
gistered. The experiments were conducted at a temperature of 25°C and electrode rotation 
rate of 480 rev./min . Collection efliciency is 0'45. Potential values are related to the saturated 
calomel electrode. 

The disc electrode has functionated at galvanostatic conditions, its potential was recorded 
by means of the potentiometer P-307. The potentials of the unpolarized ring electrode were 
recorded with a recorder type KSP-4. When recording monovalent indium ions the poten
tial of the platinum ring electrode used has been set from the potentiostat type P-5848. 

RESULTS AND DISCUSSION 

Monovalent copper in chloride solutions is stable and Cu(I) chloride complexes 
has been well studied, therefore, the results obtained by the RRDE method may be 
compared with literature data. 

For determining the composition of Cu(I) chloride complexes in 0·2M-HCI + 
+ 0-1O'8M-LiCI solutions, anode currents, jD, from 0·5 to 5·0 rnA have been suc
cessively assigned to the copper disc electrode. Cu(I) ions diffusing from the disc 
to the non-polarized copper ring electrode impose the qyR equilibrium potential 
on it which, in accordance with equations (5) and (6), is determined by the current 
value on the disc. Fig. 1 shows the dependencies of the ring equilibrium potential, 
r:pR, on the logarithm current on the disc in LiCl solutions. Angle coefficients of the 
dependencies are in the 56 - 60 m V range which corresponds to a one electron 
process. A considerable displacement of r:pR - log jD dependencies along the potential 
axis with the increase of LiCI concentration indicates a strong Cu(I) complexing 
in chloride electrolytes. 

On the basis of Fig. 1, the r:pR dependence on the logarithm of chloride ions con
centration ([HCl] + [LiCI]) has been built (Fig. 3, curve 1) at log iD = 0·25. The plot 
consists of three linear portions with different angle coefficients of 112 m V (a b) -
up to 1·2 g-ionJI Cl-, 160 mV (bc) - from 1·2 to 5·0 g-ion/l and 225 mV (cd) - above 
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5·0 g-ionjJ. The x values are 1'5; 2'7; and 3·8. Composition of Cu(I) complexes 
in chloride solutions depends on chloride ions concentration. At the Cl - -ions con
centration up to 1·2 g-ion jl mainly CuCIl' complexes are present in solution; at 1·2 to 
5·0 g-ionjl-CuCI;-, and above 5·0 g-ion j l-CuCI~ - . 

To check the results obtained, the dependencies of the copper disc equilibrium 
potential, (pD, were determined by the potentiometric method in 0·2M-HCI + 
+ (O·l-IO·O)M-LiCI with introduction of 2.10- 3 -1. lO- I M-CuCI into the solu
tion (Fig. 2). From the data of Fig. 2 at log [CuCIJ = -1·5 the cpD - log [Cl-J 
dependence has been built (Fig. 3, curve 2). The dependence consists of three linear 
a'b', b'c', c'd' portions in concentration ranges up to 1·2 g-ionjl Cl-, 1·2-5·2 and 
above 5·2 g-ion/1. Angle coefficients are 115 mY, 167 mY and 250 mY respectively; 
x values are 2·0; 2·8; and 4·2. Thus, the classical potentiometric method confirms the 
results obtained by the R.R.D.E method. 

For calculating the stabi lity constants Pi of complexes by the equation 11
•
12 

!::"cp -
log Pi = -- - x log [CI J, (7) 

RTjn£ 

- 0'5 mA 

FIG. 1 

Dependence of the copper ring equilibrium 
potential on the disc current (log iD

) . 0'2 molll 
HCI, conc. of LiCI (mol / I): 1 0; 2 0'1; 
30'2; 40'3; 50'5; 60'8; 7 1-0; 8 1'5; 92'0; 
102'5; 113 '0; 12 3'5; 134'0; 145'0; 156'0; 
167'0; 179'0; 1810·8 
- -------------- - - - - ------

-26 -}O 
loglCuCIl 

FIG. 2 

Dependence of the copper disc equilibrium 
potential on CuCI concentration in Liel 
solutions. 0·2 mol /l HCI, cone. of LiCI(mol/l): 
1 0'1; 20'5; 31 '0; 42'0; 54·0: 66'0; 78·0; 
8 10·0 
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it is necessary to have the I1cp value - a difference between electrode equilibrium 
potentials in the presence of complex Cu + ions and noncolllplex hydrated Cu + ions 
of similar concentration. It is known that CIO; ion does not form complexes with 
metal ions or interacts weakly with them . Therefore, perchloric acid and its salts 
are used as inert electrolytes in studying the complex formation. 

For (pR determination of Cu + ions, highly-concentrated perchloric acid is used 

(8'6; 9·6 and 10'9M) in which monovalent ions concentration is high enough2
• In 

HCI04 solutions (pR measurements has been carried out for different currents 
(0·25-50 rnA) on the disc. Using i~ values a t similar iD currents the (pR - log it 
dependence has been built (Fig. 4). All points, irrespective of HCI04 concentration, 
lie 011 the same straight line; therefore , Cu(l) complexing in HCI04 does not take 
place. The angle coefficient of the dependence is 60 m V, corresponding to a one 
electron process. From the (P~ - log i J dependence in HCI04 , (pR value of a non
-complex hydrated Cu + ion may be determined for any iI, or iD value; it is + 10 L m V 

for log i 1 = 0·25. 

-0'08 0' 

FIG. 3 

Dependence of the copper ring electrode 
equilibrium potential for log iD = O· 25 1 and ' 
copper disc electrode equilibrium potential 
for log [CuC!] = -1' 5 2 on Cl- concentra
tion in LiCI solutions 
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FIG. 4 

Dependence of the copper ring electrode 
equilibrium potential on the first stage cur
rent (log i 1) for copper ionization in con
centrated HCl04 solutions 
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Table I lists calculated /).(p data for: log i! = 0'25, values of x log [Cl - ] and 

log f3i and f3i values determined by equation (7). As seen from Table J, for each x 
value with change of the Cl - -ions concentration, f3i values change slightly, in spite 
of the fact that x and f3i calculations use chlorine-ions concentrations but not their 
activities. Composition of Cu(l) complexes in chloride agrees with the data given 
in literature!3.!4. Data for a complex Cucll - ion are not available in literature, 
however, its existence has been suggested!3. 

Fig. 5 shows the dependence of the ring electrode equilibrium potential (ql) on the 
logarithm of the ring electrode limiting current, obtained for concentrated ZnCI 2 

solutions (8 -12 mol/I). Angle coefficients of straight lines are 55 m V which cor
responds to the degree of indium oxidation to In + ions. For a constant current on the 
ring electrode (log i~ = 0,7), the plot (pR - log [Cl - ] has been built (Fig. 6). The 
a ngle coefficient of the straight line obtained is 0·2 V and the number of ligands is 
x = 0'2/0'059 = 3·3 ~ 3. Thus, in highly concentrated ZnCI 2 solutions (8 -12 mol/I) 
indium is present as InCI~- particles. 

TABLE] 

Values of t:. rp, x log [Cl - ], log Pi and Pi at variOllS chloride-ion concentrations 
- .- --- --~.----~-.-

[CI - ] 
t:. (P, B x log [Cl - ] log Pi Pi 

Pi 
g-ion /I ave~aKe 

0·2 0·027 - 1'3 8~ 5·21 1'26 . 105 .\' = 2 
0·2 0·244 - 1'040 5·17 1-48.105 

0-4 0·256 - 0-796 5-]4 1-38 _ 105 

0-5 0·263 - 0-602 5-07 ],18 _ 105 lAO _ ]05 

0·7 0-283 - 0-310 5-10 ]-26 _ 105 

1·0 0'305 0 5-17 IA8 _ 105 

1·7 0-331 0·69 4-92 8-32 _ 104 .\'=3 
2-2 0·351 1-026 5·08 12·00 _ 104 

2-7 0-361 1-293 4·83 6-76 _ 104 7-33 _ 104 

3·2 0·372 1-5 15 4·80 6·31 _ 104 

3·7 0-383 1-704 4-63 4-27 _ 104 

4-2 0-393 1-869 4-80 6·3 1 _ 104 

6-2 0-425 3-168 4-03 10·70 _ 103 x=4 
7-2 0·436 3-428 3-97 9-33 _ 103 

9-2 0-458 3-856 3-89 7-76 _ 103 8-72 _ 103 

11-0 OA73 4-164 3-85 7-08 _ 103 
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The measurements on the R.R.D.E made ill 0·1-2·0mol!lZn CI, solutions ha s 

shown that on indium disc electrode ln3+ ions are genera'ted be;ause the angle 

coefficient in (p - log i D coordinates has been fo und cl ose 0·019 V. Processing of the 

obtained results in the coordinates (p R - log [CI - ] for diluted ZnCl 2 solutions has 

shown that the angle coefllcient is 0·20 V (Fig. 7) ; therefore, the number of CI- ion s 
bound with 1n +3 ion is l(x = 0'020/0'019 ;:::: 1) and the In 3+ species is InCl 2+ 
the existence of which is indicated in I s. 

The results of this work show that the R. R.D.E. meth od may be successfully 

used for the study of complexing reactions. 

FIG. 5 

Dependence of the indium ring electrode 
equilibrium potenti a l on the limiting ring 
current (log i~) in cone. ZnCI 2 solutions. 
Cone . of ZnCl z (mol /l): 1 8'0; 29'0; 3 10'0; 
411'0; 5 12·0 

FIG . 6 

Dependence of the indium ring electrode 
equilibrium potential on the CI- concentra
tion (log [CI-]) in concentrated Zn CI2 solu
tions 

0'54 I I I 

V ~5 
0'62~ 

- 1'4 

-0'58~ 

V 

- 0'541-

I I 

mA 
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log[C'-] 

-

-
-

-
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0'2 
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FIG. 7 

- O~2r-_-~---'-I--'--I-""-I---'-l-""_ 

Dependence of the ring equilibrium poten- - 0'68 -
tial on CI- concentration for diluted ZnCI 2 

solutions (0'1 - 2·0 mol l l) -1-0 
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