
INTRODUCTION

Hopcalite material, CuxMn3-xO4, is one of the most efficient

materials, has wide commercial applications such as catalysts,

electrodes, sensors and semiconductors1. The physical, cata-

lytic and electrochemical properties of copper manganese

spinel have been studied by several authors2-5. Cu-Mn-O system

is very important to the respiratory protection in military,

mining and space explorations due to its low cost and high

activity. However, Cu-Mn oxides catalyst is efficient in many

catalytic processes such as oxidation of both CO and alkanes,

removal of volatile organic ompounds, low-temperature

NO reduction and other industrially important hydrogena-

tion and oxidation reactions as well as the water-gas shift

reaction6,7. This efficiency could be attributed to the redox

couple8 Cu2+ + Mn3+ = Cu+ + Mn4+.

Electrochemical devices based on solid oxide fuel cells

(SOFCs) convert the chemical energy to electrical energy

depending upon high system efficiencies, environmental

benefits and more adaptive fuel than either a conventional

power plant or lower temperature polymer-based fuel cells9-11.

Recently, spinel oxides based SOFCs' materials have received

considerable attention because of their special physicochemical

properties12-15. In fact, the common spinel oxides have thermal

expansion coefficients closely matching to every part of
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SOFCs16,17. Cu-Mn-O spinel has been proposed as a potential

cathode18. The spinel oxides were used as the excellent poten-

tial candidate of the protective layer on ferric stainless steels

to the cathode side19,20. Various authors reported that the

protection layers of Co-Mn spinel oxides work well in the

thermal and structural stability on the different type stainless

steel interconnections21. Some investigators reported that

Co- Mn- O and Cu- Mn- O systems were used as the protective

layers between interconnections and cathode to improve the

structural and thermal stability of the fuel cell stack15. The

spinel oxides as the electrodes do not react with neighbor layers

to yield high resistance phases, because the spinel oxides do

not consist of rare-earth or alkaline-earth elements22. Therefore,

the chemical capability is good between the spinel electrode

and its neighbor layers. Opposite behavior was observed in

case of the traditional perovskite oxides.

With the development of new soft chemistry routes, wide

variety of single and mixed oxides can be prepared with a

good control of the morphology and the grain size by changing

transition metals or their respective content. This control is

important for the application in coatings and particularly for

optical properties. Controlling the surface chemical compo-

sition and mastering its modification at the nanometer scale

are the critical issues for the high-added value applications

involving nanoparticles. Various synthesis routes have been
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employed for preparation of copper- manganese mixed oxides.

These include co-precipitation, deposition-precipitation,

impregnation, sol-gel and urea methods23, 24.

This study is devoted to the synthesis of copper manganite

(hopcalite) by ceramic method. Another aim of this research

is to obtain more information about effects of copper precursor

on the formation and structural properties of hopcalite nano-

particles. Characterization of the final products can be achieved

by XRD and IR techniques.

EXPERIMENTAL

Preparation of Cu/Mn mixed oxides: Two samples of

Cu/Mn mixed oxides were prepared by impregnating a known

weight of finely powdered manganese carbonate with calcu-

lated amount of copper nitrate or copper chloride dissolved in

the least amount of distilled water enough to make a paste.

This paste was dried at 100 °C until constant weight and was

then subjected to heat treatment in air for 5 h at 800 °C. The

Cu/Mn mixed oxides prepared by copper nitrate and chloride

are labeled as S1 and S2, respectively. The chemicals employed

were of analytical grade and supplied by BDH Company. A

general flowchart of the synthesis process is shown in Fig. 1.

Fig. 1. Process flowchart for manufacturing the as prepared samples

Characterization techniques: An X-ray measurement

of various mixed solids was carried out using a BRUKER D8

advance diffractometer (Germany). The patterns were run with

CuKα radiation at 40 kV and 40 mA with scanning speed in

2θ of 2° min-1.

The crystallite size of CuMn2O4 or Cu1.5Mn1.5O4 present

in the investigated solids was based on X-ray diffraction line

broadening and calculated by using Scherrer equation25.

θβ

λ
=

cos

B
d (1)

where d is the average crystallite size of the phase under

investigation, B is the Scherrer constant (0.89), λ is the wave

length of X-ray beam used, β is the full-width half maximum

(FWHM) of diffraction and θ is the Bragg's angle.

An infrared transmission spectrum of various solids was

determined using Perkin-Elmer Spectrophotometer (type

1430). The IR spectra were determined from 1000 to 400 cm-1.

Two mg of each solid sample were mixed with 200 mg of

vacuum-dried IR-grade KBr. The mixture was dispersed by

grinding for 3 min in a vibratory ball mill and placed in a steel

die 13 mm in diameter and subjected to a pressure of 12 tonnes.

The sample disks were placed in the holder of the double

grating IR spectrometer.

RESULTS AND DISCUSSION

Crystallographic analysis: The X- ray diffractograms

for S1 and S2 samples are given in Fig. 2.

The results included in this figure can be summarized in

some points as following: (i) The S1 sample showed all the

diffraction peaks of CuO (JCPDS card No. 48-1548) and Mn2O3

phases (JCPDS card No. 73-1826) and Cu1.5Mn1.5O4 (JCPDS

card No. 70- 0262). This means that this sample consisted of

Mn2O3 (Bixbyite, major phase), CuO (Ternorite, minor phase)

and Cu1.5Mn1.5O4 (Hopcalite, moderate phase). The crystallinity

of these phases indicates the formation of well crystalline
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Fig. 2. XRD pattern for the S1 and S2 samples
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mixed solids. (ii) The S2 sample consisted entirely of CuMn2O4

(JCPDS card No. 84-0543) as a minor phase and Mn2O3 as a

major phase. The copper oxide is not present in XRD pattern

of the S2 sample. This indicates the role of copper precursor

in solid state reaction between Cu and Mn oxides. Hopcalite

materials have spinel structure with two phases Cu1.5Mn1.5O4

and CuMn2O4 depending upon preparation conditions. In fact,

Cu1.5Mn1.5O4 and CuMn2O4 phases have different planes

(2 2 0), (3 1 1), (2 2 2), (4 0 0), (4 2 2), (3 3 3), (4 4 0) and

(5 3 3) with the space group Fd3m.

The calculated values of the crystallite size (d), lattice

constant (a), unit cell volume (V) and X-ray density (Dx) of

both Cu1.5Mn1.5O4 and CuMn2O4 phases, depending upon the

data of X-ray, are given in Table-1.

TABLE-1 
CRYSTALLITE SIZE AND LATTICE PARAMETERS  

OF FOR HOPCALITE PHASES INVOLVED  
IN THE AS PREPARED SAMPLES 

Samples d (nm) a (nm) V (nm3) Dx (g/cm3) 

S1 68 0.8286 0.5689 5.6425 

S2 47 0.8307 0.5732 5.5015 

 

It can be seen from Table-1 that the d and Dx values of

Cu1.5Mn1.5O4 phase (68 nm) involved in the S1 sample is greater

than that of CuMn2O4 phase included in the S2 sample.

However, the values of both V and a of Cu1.5Mn1.5O4 phase are

smaller than that of CuMn2O4 phase. On the other hand, the

crystallite size of CuO phase involved in the S1 sample is 83

nm. The crystallite size of Mn2O3 phase is 80 nm in the S1

sample and is 75 nm in the S2 sample. X-ray results were

enabled us to calculate of the distance between the reacting

ions (LA and LB), ionic radii (rA, rB) and bond lengths (A-O

and B-O) on tetrahedral (A) sites and octahedral (B) sites of

Cu1.5Mn1.5O4 and CuMn2O4 crystallites. The values of the

previous parameters were summarized in Table-2.

IR study: Fig. 3 shows the IR transmission spectrum for

the S2 samples in the range of 1000-400 cm-1. This figure

showed displays three significant absorption bands. The

vibration frequency located at 666 cm-1 is characteristic of

Mn-O stretching modes in tetrahedral sites; whereas the

vibration frequency located at 583 cm-1 corresponds to the

distortion vibration of Mn-O in an octahedral environment.

The third vibration band, located at 519 cm-1, can be attributed

to the vibration of manganese species (Mn3+-O) in the octa-

hedral site of hopcalite26-28.  However, shoulder at 913 cm-1

indicates the presence of Cu-O stretching modes in tetrahedral

sites.

Normal cubic spinel Cu-Mn-O system can be prepared

by ceramic method. In fact, the formation of Cu-Mn mixed

oxides, CuxMn3-xO4, requires prolonged heat with high

temperature or post-heat treatment24,29. Copper manganite,

CuxMn3-xO4, compound can be crystallized in the form of

CuMn2O4 or Cu1.5Mn1.5O4 spinel phase depending upon the
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Fig. 3. IR spectrum of the S1 sample

thermal diffusion of Cu and Mn cations through the thin

CuxMn3-xO4 film which covers the surfaces of grains of reacting

oxides. In previous works, it was found that the thermal

diffusion of the reacting cations and propagation of solid sate

reaction can be achieved by different factors such as doping,

molar ratio, heat treatment, preparation conditions, metal

precursors and also preparation methods30-32. Indeed, XRD

measurements showed that the S2 sample, calcined at 800 °C,

comprises Mn2O3 (major phase) and CuMn2O4 (minor phase).

The proposed mechanism of formation of copper manganite,

CuMn2O4, is according to the following stoichiometric reaction:

CuO + 2Mn2O3 → CuMn2O4 + Mn2O3 (2)

It was later reported that pure cubic spinel CuMn2O4 could

not be prepared at all33-35. Several authors reported that Cu+

can be formed during the sintering process of Cu -containing

spinel materials. They proved that Cu+ ion prefers tetrahedral

sites. However, any oxidation of Cu+ to Cu2+ on cooling in air

does not cause an incorporation of the residual CuO into the

spinel phase36. Opposite behavior was observed in case of the

S2 sample synthesized from copper chloride depending upon

the absence of any diffraction line refers to copper oxide. On

the other hand, it was shown that the S1 sample quenched at

800 °C resulted in cubic spinel non-stoichiometric Cu1.5Mn1.5O4

phase with different amounts of Mn2O3 and CuO as secondary

phases37. The suggested mechanism of formation of copper

manganite, Cu1.5Mn1.5O4, is according to the following non-

stoichiometric reaction:

4CuO + 3.5Mn2O3 → 2 Cu1.5Mn1.5O4 + 2Mn2O3 + CuO   (3)

This suggests that any oxidation of Cu+ to Cu2+ on cooling

in air does not cause an incorporation of the residual CuO into

the spinel phase9. Similar results carried out the neutron diff-

raction experiments on quenched CuMn2O4 material reported

to formation of Cu1.5Mn1.5O4 phase with partial inverse spinel

TABLE-2 
VALUES OF LA, LB, A-O, B-O, rA AND rB FOR HOPCALITE PHASES INVOLVED IN THE AS PREPARED SAMPLES 

Samples LA (nm) LB (nm) A-O (nm) B-O (nm) rA (nm) rB (nm)  

S1 0.3588 0.2930 0.2009 0.1947 0.0659 0.0597 

S2 0.3597 0.2937 0.2014 0.1952 0.0664 0.0602 
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structure34. These observations were established that using of

copper nitrate in preparation of copper manganite led to forma-

tion of non-stoichiometric, Cu1.5Mn1.5O4, form. This confirms

the role of metal precursor in change of the crystallographic

of product.

In XRD measurement, it is known that the peak position

is indicative of the crystal structure. Also, peak intensities

reflect the total scattering from each plane in the phase's crystal

structure. However, the intensity, i.e. the peak area, is directly

proportional to the amount and crystallite size of the phase

studied. Both the S1 and S2 samples calcined at 800 °C are

transformed to the spinel structured Cu1.5Mn1.5O4 and CuMn2O4,

respectively, with some secondary phases. This process is

assumed to be an isomorphous substitution of the Mn3+ and

Mn4+ with Cu+ or Cu2+ depending upon the difference in the

ionic radii of the reacting species38. Structural parameters for

hopcalites involved in the S1 and S2 samples are summarized

in Table-1. The standard characteristic peak (311) correspon-

ding to CuMn2O4 phase in the S2 sample is located at d-spacing

0.2505 nm. This peak shifted to the right, which displays the

shortage of inter-planar spacing as shown in the S1 sample.

Hence, this peak is located at d-spacing 0.2498 nm correspon-

ding to Cu1.5Mn1.5O4 phase. The shorter inter-planar spacing

confirm an isomorphous substitution for the copper and manga-

nese cations during the calcination process, which leads to

smaller crystallite size of CuMn2O4 phase as shown in Table-

1. This suggests that copper nitrate as precursor promotes grain

growth in Cu1.5Mn1.5O4 more than the copper chloride precursor

does. The crystallite size of Mn2O3 in the S1 sample is higher

than that in the S2 sample. This suggests that grains of Cu and

Mn2O3 are derived from less isomorphous substitution in

the S1 sample. However, the final product of the S1 sample

grows easier than that of the S2 sample by using copper nitrate

precursor.

In spinel oxides, several authors reported that a variation

in the distribution of cations in tetrahedral and octahedral

sites resulted in significant changes in some of the physical

properties of these oxides39-41. The spinel oxides have two or

three main metal-oxygen bands in IR pattern. The highest band

observed around 600 cm-1, correspond to intrinsic stretching

vibrations of metal at the tetrahedral site, whereas the lowest

band, usually observed around 400 cm-1, is assigned to octa-

hedral-metal stretching. In this study, the vibration frequency

located at 666 cm-1 and 583 cm-1 are characteristic of Mn-O

stretching modes in tetrahedral and octahedral sites. The third

vibration band, located at 519 cm-1, can be attributed to the

vibration of manganese species (Mn3+-O) in the octahedral

site of Cu-Mn-O spinel26-28. XPS measurements showed that

copper can exist in both sites as monovalent and bivalent42.

However, manganese can be bi-, tri- and tetra-valent. Indeed,

the conservation of electro-neutrality in octahedral sites implies

the formation of Mn4+ cations. Tetravalent manganese cations

have a marked preference for octahedral sites. Navrotsky and

Kleppa calculated, from thermodynamic measurements, the

site preference energy of several cations within the spinel

structure43. If Cu2+ and Mn3+ prefer octahedral environment,

Mn2+ prefers tetrahedral one. Some authors have shown that

Cu2+ can occupy both tetrahedral and octahedral sites42.

Conclusion

Spinel copper manganites, Cu1.5Mn1.5O4 and CuMn2O4,

were prepared by ceramic method via heating copper nitrate

or copper chloride with manganese carbonate at 800 °C for

5 h. The results revealed that the manganite (hopcalite) synthe-

sized from copper nitrate has the formula Cu1.5Mn1.5O4 while

that prepared from copper chloride has the formula CuMn2O4.

It was observed secondary phases with copper manganites.

These phases are CuO and Mn2O3 at using of copper nitrate

precursors. Using of copper chloride led to formation of Mn2O3

as a secondary phase with absence of CuO phase. These obser-

vations show the effect of copper precursor on the formation

and properties of copper manganite. Various structural proper-

ties of the final products were investigated. Both the crystallite

size and X-ray density of Cu1.5Mn1.5O4 phase are greater than

that of CuMn2O4 phase. Opposite behavior was observed in

the case of lattice constant and unit cell volume for Cu1.5Mn1.5O4

and CuMn2O4 phases. The distance between the reacting ions

(LA and LB), ionic radii (rA, rB) and bond lengths (A-O and B-

O) on tetrahedral (A) sites and octahedral (B) sites of

Cu1.5Mn1.5O4 and CuMn2O4 crystallites were determined for

both Cu1.5Mn1.5O4 and CuMn2O4 phases. IR measurements

confirm formation of spinel copper manganite.
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