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Copper ferrite, Fe2CuO4, was synthesized by the soft chemical method, via thermal decomposition of polynuclear 
coordination compound precursors, containing as ligand polyhydroxicarboxylic acid anions (malate, tartarate, gluconate). 
The polynuclear coordination compound precursors were characterized by chemical analysis, IR and UV-VIS spectra, 
magnetic measurements and thermal analysis. The tetragonal Fe2CuO4 obtained were characterized by XRD, IR spectra, 
magnetic measurements. The average particle size of these ferrites ranged between 26–30 nm, proving the fine nature of 
the powders. The surface area of the copper ferrites varies between 60–68 m2/g. 

INTRODUCTION 

Ferrites constitue an important class of magnetic ceramic materials, with important technological 
applications: electrochemical devices, heterogeneous catalysts, paints and plastics.1,2 Among them, CuFe2O4 

is a deep oxidation catalyst for VOC removal and air depollution. 
Copper ferrite, CuFe2O4, exhibits two crystalline forms: a tetragonally distorted spinel stable at room 

temperature and a cubic one at higher temperature (~ 760°C). 
The properties of ferrites are strongly dependent on the method of preparation. Ferrites are commonly 

produced by the ceramic technique that involves high temperature solid state reactions between the 
constituent oxides, carbonates or oxalates.3–5 In most cases, the products obtained are non-reproducible. In 
order to overcome the difficulties arising from this method, considerable efforts have been made to develop 
chemical methods that yield precursors having two or more metal ions in the same molecular entity. 
Synthesis routes in which polynuclear coordination compounds are formed as precursors are preferred. 
These compounds are capable of giving mixed oxides by thermal decomposition.6–8 

The complexation method for the synthesis of ferrites offers a series of advantages: a) the distribution 
of the chemical species is homogeneous at the molecular level; b) the decomposition of the coordination 
compounds is simultaneous or is immediately followed by the formation of ferrites; c) the temperature of 
ferrite formation is much lower than the temperature range of the ceramic processes. 

The polynuclear coordination compounds which may successfully be used as precursors for ferrites 
should generate by decomposition only volatile products. The ligands that satisfay this requirement are the 
anions of carboxylic acids (citrate, oxalate, tartarate, malate, etc.).9–12 

In a previous paper, we described the obtaining of copper ferrite, CuFe2O4, by the thermal 
decomposition of the polynuclear oxalate compounds.13 

In this paper, our purpose was: i) to synthesise the hydroxy-carboxylate precursors (malate, tartarate 
and gluconate polynuclear coordination compounds) of copper ferrites, CuFe2O4, and to characterize them 
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(IR and UV-VIS spectroscopy magnetic measurements); ii) to study the thermal decomposition of these 
precursors; iii) to characterize the copper ferrites obtained by the pyrolysis of these precursors (IR 
spectroscopy, XRD and magnetic measurements). 

EXPERIMENTAL 

All chemicals: Fe(NO3)3⋅9H2O, Cu(NO3)2⋅3H2O, malic acid, tartaric acid and δ-gluconolactone were of reagent quality 
(Merck). The precursors-polynuclear coordination compounds were prepared as follows: 

Copper and iron nitrates in the 1:2 ratio of cations were dissolved in a minimum amount of water and mixed with an aqueous 
solution of carboxylic acid in a 1:4 ratio cations/malic (tartaric) acid and 1:6 ratio cations/δ-gluconolactone, respectively. 

To the final solution ethanol was added, until a yellow-green precipitate was formed. The pH was raised to 5.5–6 by adding 
NH4OH:ethanol (1:1) solution. Complete precipitation required 24 hours and a repeated adjustment of pH. 

The yellow-green polynuclear compounds were filtered , washed with ethanol and dried on P4O10. 
Elemental analysis was consistent with the formula: 

I    [Fe2Cu(C4O5H4)3(OH)2]⋅6.5H2O: Anal.: Calcd.: Fe%: 15.51; Cu%: 8.79; C%: 19.94; H: 3.74; Found: Fe%:15.41; Cu%: 8.74; 
C%: 19.89; H%: 3.15; N% < 1 (trace) 
II    (NH4)[Fe2Cu(C4O6H4)2(OH)5]⋅9H2O: Anal.: Calcd.: Fe%: 15.20; Cu%: 8.62; C%: 13.03; H%: 4.75; N%: 1.90; Found: 
Fe%: 14.99; Cu%: 8.48; C%: 13.09; H%: 4.62; N%: 1.86 
III    (NH4)[Fe2Cu(C6O7H9)3]⋅6H2O: Anal.: Calcd.: Fe%: 12.73; Cu%: 7.22; C%: 24.55; H%: 4.88; N%: 1.59; Found: Fe%: 12.80; 
Cu%: 7.30; C%: 24.08; H%: 4.86; N%: 1.39 

The metal content was determined by atomic absorption spectrometry. 
In order to obtain information about the function of the carboxylate anions, the IR spectra (KBr pellets) of polynuclear 

coordinations compounds were recorded on a Bio-Rad FTS-135 spectrophotometer in the 4000–400 cm–1 region. 
Data about the stereochemistry of the metal ions were obtained from UV-VIS spectra (diffuse reflectance technique) recorded 

with a Specord M40 spectrophotometer in the range 400–1000 nm. 
The magnetic susceptibilities of the complex compounds and the saturation magnetisations of the copper ferrites, at room 

temperature, were determined with a Faraday balance using HgCo(SCN)4 as calibrant (χg = 16.44⋅10–6 cgs units). 
Thermal decomposition curves were obtained with a Q-1500 D Paulik-Paulik-Erdey derivatograph in a static atmosphere at a 

heating rate of 2.5K⋅min–1, in the temperature range 800-20°C, with α-Al2O3 as the inert reference compound. The isolable 
decomposition intermediates were characterized by elemental analysis and IR spectra. 

The crystalline phases in the calcined powders were identified by XRD powdermethods using a Rigaku-Multiflex X-ray 
diffractometer, with Cu Kα. For quantitative analysis a step scanning technique was applied in the 2θ range 20–80 with a step of 2°/min. 

RESULTS  AND  DISCUSSION 

Polynuclear coordination compounds – precursors 

The formula of the precursors were established correlating elemental chemical analysis with physico-
chemical measurements (IR, UV-VIS spectra, magnetic measurements): 

[Fe2Cu(C4O5H4)3(OH)2]⋅6.5H2O  I 

(NH4)[Fe2Cu(C4O6H4)2(OH)5]⋅9H2O  II 

(NH4)[Fe2Cu(C6O7H9)3]⋅6H2O  III 

The IR spectra of these polynuclear coordination compounds suggest that the hydroxycarboxylate 
anions are coordinated to the metal ions through the COO– and C-OH groups. The band at ~ 1730–1750 cm–

1 of the free carboxylic acid, assigned to νC=O, is replaced in the spectra of the compounds by the two bands 

ν(oco)asym ~ 1630cm–1 and ν (oco)sym ~ 1380–1400 cm–1. The analysis of these spectra within 1000–1100cm–1 

range shows a considerable difference between the spectrum of the free acid and those of the compounds. In 
the free acid spectrum, the peak at ~ 1100–1097 cm–1 is assigned to the C-OH stratching vibration of the OH 
secondary group. In the spectra of the polynuclear compounds, this band splits and shifts towards lower 
frequencies (1080–1040 cm–1). The splitting could be assigned to a different bonding of the secondary OH 
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groups present in the molecule of the anion acids. Thus, one can advance the hypothesis that the secondary 
OH groups coordinate at two different metal ions. The band appearing in the range 550–500cm–1 can be 
attributed to the M-O stretching vibration (Table 1). 

Table 1 

IR frequencies (cm–1) of the compounds and their decomposition products 

 [Fe2Cu(C4H4O5)3(OH)2⋅6.5H2O 
(I) 

(NH4)[Fe2Cu(C4H4O6)2(OH)5]⋅9H2O  
(II) 

(NH4)[Fe2Cu(C6H9O7)3]⋅6H2O 
(III) 

Assigment Pcc* 250°C 500°C 800°C/1h Pcc* 250°C 500°C 800°C/1h Pcc* 250°C 500°C 800°C/1h 
 ;H2O+ ;(OH) 3400–

3200 br, 

vs 

3400 

vs 

3400 

vs 

3400 w 3400 vs 3400 vs 3400 

vs 

3400 w 3400–

3300 s 

3370 vs 3400–

3300 s 

3400 m 

+
4NH

;      3200 

sh, s 

   3220 

sh, s 

   

 ;asym (COO) 1600 s 1600

m 

  1629 s    1624 vs    

 ;1(COII)CO3   1530 

w 

  1587 m    1563 s   

 ;CO3      1396 sh, 

m 

   1412 m   

 ;sym (OCO) 1390 s    1393 s    1382 vs    

 ;(C-OH) 1093 m 

1041 w 

   1127 m 

1057 w 

   1081 s    

 ;(COI)CO3      1047 vw    1030 w   

 L(OH) 980 w        957 m    

 ;H2O 887 w    812 w    812 m    

 L(COOH) 707 m    725 w    700 vw    

 ;M-O 592 w 

543 w 

550 

m 

597 

vs 

594 vs 629 w 

567 w 

552 m 580 

vs 

594 vs 566 w 664 sh, 

s 

520 s 

550 s 600 vs 

    467m    460s    469s 

* Pcc – polynuclerar coordination compounds. 

The reflectance spectra of the polynuclear coordination compounds reveal the presence of the weak 
forbidden transitions bands in an octahedral high spin configuration of the Fe3+(d5) ions and the 
characteristic bands of the pseudotetrahedral environment of Cu2+(d9) ions, respectively 6A1g → 4Eg(G), 

2 2 2
z xd d y→ −   (Table 2). The band assigned to the spin forbidden transition 6A1g → 4T1g  in an octahedral 

configuration of the Fe3+(d5) ion, appearing at 650–700 nm is overlapped by the large band of the Cu2+(d9) 
in the pseudotetrahedral environment. 

Table 2 

Absorption bands in the electronic spectra and magnetic properties of the compounds 

Compound  Transition(nm) Magnetic moment 

 6A1g → 4Eg 
2 2 2
z xd d y→ −  (BM) 

I ~ 470 750–800 6.34 
II ~ 460 ~ 800 7.08 
III ~ 464 750–800 6.34 

I : [Fe2Cu(C4O5H4)3(OH)2]⋅6.5H2O 

II : (NH4)[Fe2Cu(C4O6H4)2(OH)5]⋅9H2O 

III : (NH4)[Fe2Cu(C6O7H9)3]⋅6H2O 
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All these polynuclear coordination compounds are paramagnetic (Table 2). The experimental values of 
magnetic moments, at room temperature, are lower than the theoretical one (µ = 8.51 BM). The difference 
could be assigned to the antiferromagnetic interactions between metal ions. 

The thermal decomposition of the polynuclear compounds was investigated by means of 
thermogravimetric analysis, to establish the steps of the decomposition and the optimal conditions for the 
conversion into the spinel phase. 

The complex compounds underwent stepped thermal decompositions in the temperature range 50°C–
400°C (Table 3). Up to 180°C, an endothermic effect involving water and ammonia occurs in a single step 
(compound I) and two steps (compounds II and III). The following very complex steps correspond to the 
decomposition of compounds – the ligand oxidative fragmentation, with the formation of oxocarbonate 
intermediates (as indicated by TG/FTIR analysis). The FTIR spectra of the intermediates isolated in the 
range 250–280°C show the characteristic bands of carbonate anion 2–

as 3(CO )ν  at 1430 cm–1, 2–
3(CO )δ  at 

880 cm–1(out of plane) and 2–
3(CO )δ  at 700 cm–1 (in plane). 

Table 3 

Data on the thermal decompositions of [Fe2Cu(C4O5H4)3(OH)2]⋅6.5H2O (I), (NH4)[Fe2Cu(C4O6H4)2(OH)5]⋅9H2O (II)  
and (NH4)[Fe2Cu(C6O7H9)3]⋅6H2O (III) 

 
Compound 

Temperature 
range of 

dehydration (°C) 

Loss of weight  
Calc/ Found 

(%) 

No of H2O 
molecules 

lost 

Temperature range  
of oxocarbonate 
formation (°C) 

Loss of weight 
Calc/Found (%) 

Temperature of 
oxide formation 

(°C) 

Total loss of  
weight 

Calc/Found (%) 

I 50–180 16.19  15.90 6.5H2O 180–260 54.00 53.80 290–320 72.41 73.05 

II 50–180 24.44  24.81 
9H2O 
NH3 

180–250 50.75 51.20 290–350 70.32 69.90 

III 60–180 14.18 13.54 
6H2O 
NH3 

180–280 50.62 50.80 350–400 72.76 72.46 

The presence of the oxocarbonate intermediates during the decomposition of the compounds 
containing carboxylic anions has been reported.14,15 

The final decomposition step is the total conversion of these intermediates into the CuFe2O4-tetragonal ferrite. 

Mixed oxides 

The room temperature X-ray diffraction patterns showed that the samples resulted from the thermal 
decomposition were single-phase – CuFe2O4 – whose crystallinity is rather low. One hour thermal treatment 
at 800°C is required in order to obtain very well crystallized CuFe2O4 (Fig. 1). The average particle size of 
each copper ferrite samples was calculated using the Scherrer equation; the value ranged between 26–30 nm, 
proving the fine nature of the powders. 

The IR spectra of these ferrites are recorded in the range 350–1200 cm–1. The spectra indicated the 
presence of two absorption bands, ν1 at ~ 590 cm–1 and ν2 at ~ 460 cm–1. 

The band, ν1, is attributed to the stretching vibration of Fe3+-O2– in the tetrahedral complexes and the 
ν2 to that of octahedral complexes. The positions of these bands clearly indicated that the Cu2+ ions entirely 
occupy the octahedral sites and force the Fe3+ ions into the tetrahedral ones (Table 4). 

Table 4 

IR absorption bands of CuFe2O4 obtained from pyrolysis of compounds I, II and III 

Sites  Bands CuFe2O4 

  I II III Me-O2– 

Tetrahedral ν1 584 598 588 Fe3+-O2– 
Octahedral ν2 471 470 460 Cu2+-O2– 
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(I) [Fe2Cu(C4O5H4)3(OH)2]⋅6.5H2O  800°C/1h 
(II) (NH4)[Fe2Cu(C4O6H4)2(OH)5]⋅9H2O  800°C/1h 
(III) (NH4)[Fe2Cu(C6O7H9)3]⋅6H2O  800°C/1h 

The values of magnetization versus H/T for CuFe2O4 obtained from pyrolysis of the 
heteropolycarboxylate compounds are presented in Table 5. The values of the saturation magnetizations of 
these copper ferrites are in accord with the literature data.17,18 
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Table 5 

Magnetization versus H/T for CuFe2O4 obtained from pyrolysis of compounds I, II and III 

H/T M (emu/g)  

(Oe/K) I II II 

4.83 12.40 11.93 13.63 
6.90 17.58 16,67 18.09 
8.96 22.12 20.97 21.51 

11.39 24.20 23.23 22.33 
13.80 28.84 27.16 26.09 
16.20 – – 26.31 
18.60 – – 29.28 

 Ms = 47.06 Ms = 43.8 Ms = 35.61 

The BET surface area of copper ferrites obtained by the decomposition of these complex compounds 
varies from 60–68 m2/g. 

CONCLUSIONS 

Nanoparticles of copper ferrite with tetragonal structure were obtained by the soft chemical method, 
via thermal decomposition of polynuclear coordination compound precursors. 
1. Three polynuclear coordination compounds containing as ligands malate, tartarate, gluconate, 

respectively, were synthesized. These compounds were characterized by chemical analysis, IR and  
UV-VIS spectra, magnetic measurements. 

2. The thermal decomposition of these compounds was investigated by means of thermogravimetric 
analysis. The coordination compounds decomposed in the temperature range 50–400°C. 

3. Copper ferrites were obtained between 350–400°C. The copper ferrite samples were characterized by 
XRD, IR spectra and magnetic measurements. 

4. The average particle diameter of each sample ranged between 26–30 nm. 
The low temperatures at which these copper ferrites were obtained recommended the decomposition of 

heteropolynuclear complex compounds containing polycarboxylate anions as ligands as a promising method 
for obtaining of nanoferrites. 
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