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HYDROXOCOMPLEXES IN THE SYSTEM 
Fe3+ – Cu2+ – NO3

– – H2O 
The hydrolysis processes in the system Fe3+ – Cu2+ – NO3

– – H2O have been investigated by poten-
tiometric titration and dialysis methods. The experiment data have been obtained under the following 
conditions: metal ions concentration – 0,01 mol/l, molar ratio Fe3+ : Cu2+ = 1 : 1, ionic strength – 
0.3 mol/l (NaNO3), temperature – (25 ± 0.1)°С, pH-range – 1.5–2.4. The distribution of different 
Fe (III) and Cu (II) forms upon pH value has been calculated upon experimental data. It has been estab-
lished that Fe (III) and Cu (II) form heteropolynuclear hydroxocomplexes. 

Introduction. When the hydrolysis of Fe3+ 
ions leads to the formation of polynuclear hy-
droxocomplexes, and, in Al3+ – Fe3+ – NO3

– – H2O, 
and Fe3+ – Al3+ – NO3

– – H2O heteropolymer com-
plexes are formed [1–3]. The formation of heter-
opolymer hydroxocomplexes of iron (III) – mer-
cury (II) [3], iron (III) – cadmium (II) was estab-
lished [4]. On the contrary, the ions of zinc (II), 
manganese (II) [5], cobalt (II) [6], lead (II) [7], and 
the iron (III) ions do not manifest the interaction. 
The study of the hydrolytic interaction between 
Fe3+ ions and Cu2+  ions was carried out only by 
potentiometric titration [8], therefore, the aim of 
the present work is to investigate the hydrolysis of 
cations in the system Fe3+ – Cu2+ – NO3

– –  H2O. 
The methods of potentiometric titration and dialy-
sis were selected for research. The latter allows us 
to determine the percentage of mononuclear and 
polynuclear hydroxocomplexes of metals in solu-
tion. The contents of aquacomplexes and mononu-
clear forms can be calculated using the published 
data on the constants of hydrolysis. 

Main part. The solutions of the iron (III) ni-
trates and copper (II) nitrates obtained by dissolv-
ing metal carbonyl iron and copper in nitric acid 
were used in the work. All reagents were desig-
nated “C. P.”. 

During the hydrolysis the pH measurement was 
carried out with the ionomer I-150 with thermo-
stating pH-metric cell. The dialysis and the proc-
essing of the results were performed according to 
the method described in the source [3]. The solu-
tions were exposed in the dialyzer for 7 days. The 
estimation of the ion contents of iron (III) and cop-
per (II) in sections of dialyzer was performed in 
the following way: at first the ions amount was 
defined by the method of reverse chelatometric 

titration by salt of copper (II) in the presence of the 
PAN indicator. Then the crystalline sodium fluo-
ride was added to the same aliquot of the solution 
to mask the ion Fe3+ and carry out the reverse titra-
tion by the salt of copper (II) in the presence of the 
same indicator [9]. The results of the titration de-
termined the concentration of Cu2+. The ion con-
centration of Fe3+ was calculated by the difference 
between the results of the titration. 

The solutions for research with different molar 
ratio ОН / ΣМе were prepared from initial solu-
tions of the nitrates of iron (III) and copper (II), 
where the metal ions concentration was deter-
mined. On the basis of the obtained results it was 
calculated the amount of KOH needed to neutralize 
the free acid and establish certain ratio ОН / ΣМе, 
and the amount of NaNO3 to maintain a constant 
ionic strength. Then the calculated amounts of the 
initial solutions of metal nitrates, 0.2 M KOH solu-
tion and 1 M NaNO3 solution were mixed. When 
the free acid was partially neutralized the molar 
ratio ОН / ΣМе was signified by “─” sign, if the 
base amount exceeded the total metal amount, the 
“+” sign was used. At temperature control 25°C 
distilled water was added to the solution to the re-
quired volume. The prepared solution was kept in a 
thermostat at temperature 25°C for 7 days. This is 
the time to attain equilibrium [1–2]. 

The following test conditions for carrying out the 
experiment in the temperature controlled air bath 
were maintained: metal ion concentration – 
0.01 mol/l; molar ratio Fe3+ : Cu2+ = 1 : 1;  
ionic strength 0.3 mol/l (NaNO3); temperature – 
(25 ± 0,1)°С. Determination of the solutions pH was 
performed 7 days later after preparation. When OH / 
ΣMe > 1.25, opalescence was observed in the solu-
tions, and at higher values precipitation was formed. 



4 ISSN 1683-0377. Proceedings of BSTU. 2014. No. 3. Chemistry and Technology of Inorganic Substances 

The titration curve of Fe3+ – Cu2+ solution 
(Fig. 1) contains two areas. The first area in the range 
of pH = 1.0–2.5 covers the titration of nitric acid. 
Due to the fact that it is not of interest, this part of the 
curve is not considered. The second area of titration 
curve corresponds to the titration of the acid forms of 
iron (III) and copper (II) and is characterized by two 
jumps. When the OH / ΣMe = 1.5, the former corre-
sponds to neutralization of iron (III). The latter occurs 
when the OH / ΣMe = 2.5. Considering the pH value, 
it can be attributed to the neutralization of copper (II). 
Jumps determining the neutralization of any other 
hydroxyforms were not detected. 
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Fig. 1. Curves of potentiometric titration  
in the system Fe3+ – Cu2+ – NO3

– – H2O: 
1 – integral; 2 – differential 

 
Thus, the results of potentiometric titration 

does not allow one to establish the possibility of 
heteropolymeric hydroxocomplexes formation. 

The results of studies conducted using the 
method of dialysis, are presented in the table. 
 

Dialysis coefficients of Fe (III) and Cu (II) 
in the system Fe3+ – Cu2+ – NO3

– – H2O 

OH / ΣMe pH d(Fe3+) d(Cu2+) 
–1.0 1.56 1.00 1.0 
–0.5 1.70 1.00 1.0 

0 2.09 0.95 1.0 
0.25 2.13 0.81 1.0 
0.5 2.14 0.66 1.0 

0.75 2.20 0.47 1.0 
1.0 2.30 0.34 0.86 

1.25 2.34 0.32 0.76 
 

The equilibrium pH values of solutions and fac-
tors of dialysis (d) were calculated by the formula 

,b

w

сd
с

=  

where cb and cw is the metal ion concentration  
in the background and working cells, respectively. 
As shown, the coefficients of iron (III) dialysis 

when OH / ΣMe ≥ 0 begin to decrease, which indi-
cates the presence in the solution polynuclear 
complexes of iron (III). 

Dialysis coefficients of copper (II) when  
OH / ΣMe > 0.75 equal to 1. According to the re-
sults obtained in the present work, polynuclear 
complexes of iron (III) in the system Fe3+ – Cu2+ – 

3NO−  – H2O are formed when the pH is 2.0. Cop-
per (II) forms a polynuclear hydroxocomplexes 
when the OH / ΣMe > 1 and pH > 2.3. Thus, it is 
possible to draw a conclusion about heteropolymer 
hydroxocomplexes formation in the system Fe3+ – 
Cu2+ – NO3

– – H2O. The precipitation was not 
formed in the prepared solutions. The molar con-
centrations of mononuclear (cm) and polynuc- 
lear (cp) forms were calculated by equation [3] 
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where d is the dialysis coefficient; сm + cp =  0.01 mol/l.  
Dividing the numerator and the denominator in 

the formula for the total concentration of metal in the 
system, you can find the molar proportion of this 
form in the solution ω. Because ωm + ωp  = 1, then the 
proportion of polynuclear forms in the solution is 

1ω .
1p

d
d

−
=

+
 

On the basis of the obtained data the molar propor-
tion of polynuclear iron (III) and copper (II) hydroxo-
complexes (ωp) was calculated with this equation. 

On the basis of the equations of material bal-
ance the contents of mononuclear iron (III) and 
copper (II) complexes were calculated using hy-
drolysis constants [9, 10]: pK1 = 4.0; pK2 = 5.7 for 
iron (III) и pK1 = 9.4; pK2 = 9.6 for copper (II). 
The calculations showed that in the experimental 
conditions, the share of mononuclear complexes of 
copper (II) is negligible if compared with the share 
of aquacomplexes, so Fig. 2 shows only the results 
of calculations for iron (III) forms.  
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Fig. 2. The distribution of complex forms in the system 

Fe3+ – Cu2+ – NO3
– – H2O: 

1 – 3
2 6Fe(H O) + ; 2 – 2

2 6Cu(H O) + ; 3 – polynuclear 
complexes of Fe3+; 4 – polynuclear complexes of Cu2+ 
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With increase of the ratio OH / ΣMe there is a 
gradual decrease in the share of iron (III) aqua-
complexes. The percentage of polynuclear forms 
increases rapidly and reaches 70%, which coin-
cides with the results of works [4, 5]. The percent-
age of polynuclear forms of copper (II) starts to 
increase later and reaches 25%. 

On the basis of the obtained data we can con-
clude that in the system Fe3+ – Cu2+ – NO3

– – H2O 
the polynuclear iron (III) and copper (II) com-
plexes are formed during the hydrolysis, which 
allows us to draw a conclusion on formation of 
heteropolymeric hydroxocomplexes. Thus, we 
studied seven systems containing ions of iron (III) 
with double-cations simultaneously. 

These are systems Fe3+ – Pb2+ – NO3
– – H2О [8], 

Fe3+ – Hg2+ – NO3
– – H2О, Fe3+ – Cd2+ –  

NO3
– – H2О [4, 5], Fe3+ – Zn2+ – NO3

– – H2О,  
Fe3+ – Mn2+ – NO3

– – H2О [6], Fe3+ – Cо2+ –  
NO3

– – H2О [7], and the system Fe3+ – Cu2+ –  
NO3

– – H2О, described in this work. In three of 
them: Fe3+ – Hg2+ – NO3

– – H2О, Fe3+ – Co2+ – 
NO3

– –H2О и Fe3+ – Cu2+ – NO3
– – H2О the forma-

tion of heteropolymeric hydroxocomplexes was 
observed. In four others, on the contrary, in the 
process of hydrolysis only polynuclear forms of 
iron (III) were formed. 

Conclusion. Methods of dialysis and potenti-
ometric titration ascertained that heteropolymer 
hydroxocomplexes are formed in the system Fe3+ –
 Cu2+ – NO3

– – H2O. 
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