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Abstract Nanocrystalline Copper aluminate (CuAl2O4)

was prepared by sol–gel technique using aluminum nitrate,

copper nitrate, diethylene glycol monoethyl ether and citric

acid were used as precursor materials. This method starts

from of the precursor complex, and involves formation of

homogeneous solid intermediates, reducing atomic diffu-

sion processes during thermal treatment. The formation of

pure crystallized CuAl2O4 nanocrystals occurred when the

precursor was heat-treated at 600 �C in air for 2 h. The

stages of the formation of CuAl2O4, as well as the char-

acterization of the resulting compounds were done using

thermo–gravimetric analysis, X-ray diffraction, scanning

electron microscopy and Fourier transform infrared spec-

troscopy. The products were analyzed by transmission

electron microscopy and ultraviolet–visible (UV–Vis)

spectroscopy to be round, about 17–26 nm in size and

Eg = 2.10 eV.

Keywords Powders-chemical preparation � CuAl2O4 �
Nanocrystals � Sol–gel � Transition metal oxides

1 Introduction

Aluminum-based spinels constitute an interesting class of

oxide ceramics with important technological applications.

The impressive optical (e.g., CoAl2O4 is well known as

Thenard’s Blue) and chemical (catalytic applications)

properties of transition-metal aluminates make them of

significant interest as nano-pigment and catalysts [1, 2].

For example spinel AMn2O4 (A = Cu, Zn) [3] has been

performed well for photocatalyzing water splitting into H2

and O2. Also, studies of aluminate system have focused on

doping with the second activator, such as Nd, Eu and co-

doped with Er or Cr [4–6] that these studies are interesting.

Transition metal aluminates are commonly prepared by

a solid state reaction [7], coprecipitation method [8, 9],

hydrothermal [10–12], combustion [13] and sol–gel [14–

22]. The disadvantages of solid-state routes, such as

inhomogeneity, lack of stoichiometry control, high tem-

perature and low surface area, are improved when the

material is synthesized using a solution-based method.

Compared with other techniques, the sol–gel method is a

useful and attractive technique for the preparation of alu-

minate spinels because of its advantage of producing pure

and ultrafine powders at low temperatures.

Transition metal-oxide spinels are important in many

application fields because of their high thermal resistance

and catalytic, electronic and optical properties. They are

commonly used in semiconductor and sensor technology as

well as in heterogeneous catalysis [23–31]. A modified sol–

gel method for preparing the metal oxides is Pechini

method [32]. The Pechini method involves combining a

metal precursor with water, citric acid and a polyhydr-

oxyalcohol, such as ethylene glycol.

In the present investigation, CuAl2O4 nanocrystals have

been prepared by modified Pechini method. Characteriza-

tion studies have been done by using thermo-gravimetric

analysis (TGA), X-ray diffraction (XRD), scanning elec-

tron microscopy (SEM), transmission electron microscopy

(TEM), Fourier transform infrared (FTIR) spectroscopy

and ultraviolet–visible (UV–Vis) spectroscopy.
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2 Experimental

2.1 Synthesis of CuAl2O4 nanocrystals

At first 1.57 mmol Cu(NO3)2 � 3H2O were dissolved

in 6 mL diethylene glycol monoethyl ether (DGME)

and 23.5 mmol anhydrous citric acid (HOOCCH2C(OH)

(COOH)CH2COOH) was subsequently added to this solu-

tion and dissolved at 50 �C for 1 h. After complete

dissolution, 3.14 mol Al(NO3)3 � 9H2O in 9 mL diethylene

glycol monoethyl ether was added. A green blue solution

was obtained and further heated at 80 �C for 1 h to remove

excess water. During continued heating at 130 �C for 1 h,

the solution became more and more viscous and finally

became a xerogel. To complete drying, xerogel was placed

at 250 �C for 1 h. Result violet powder is as precursor. In

the furnace, we heat-treated the precursor at 400–800 �C in

air, in an Al2O3 boat, and then cooled it to room temper-

ature (Fig. 1). Two processes were adopted to prepare

CuAl2O4 nanocrystals, one process as summarized in

Fig. 1 and another process was similar to Fig. 1 only the

reaction was done without citric acid.

2.2 Characterizations

All the chemicals reagents used in our experiments were of

analytical grade and were used as received without further

purification. XRD patterns were recorded by a Rigaku

D-max C III, X-ray diffractometer using Ni-filtered Cu Ka
radiation. Elemental analyses were obtained from Carlo

ERBA Model EA 1108 analyzer. Scanning electron

microscopy (SEM) images were obtained on Philips

XL-30ESEM equipped with an energy dispersive X-ray

spectroscopy. Transmission electron microscopy (TEM)

micrographs were obtained on a Philips EM208 transmis-

sion electron microscope with an accelerating voltage of

100 kV. Fourier transform infrared (FT-IR) spectra were

recorded on Shimadzu Varian 4300 spectrophotometer in

KBr pellets. Ultraviolet–Visible (UV–Vis) spectroscopies

for the spectral dependence of optical absorbance for the

nanocrystalline CuAl2O4 powders were taken using spec-

trophotometer (Model 2101 PC) equipment in absorbance.

Thermogravimetric analysis (TGA) were carried out using

a thermal gravimetric analysis instrument (Shimadzu TGA-

50H) with a flow rate of 20.0 mL min-1 and a heating rate

of 10 �C min-1.

3 Results and discussion

The TGA curve of CuAl2O4 is shown in Fig. 2. The total

weight loss was about 90% of the total precursor mass and

occurred in two steps. The first weight loss occurs at about

110 �C, which corresponds to the evaporation of adsorbed

water. The second weight loss step occurs at the temper-

ature range 300–580 �C. The weight loss at 300–580 �C

may be ascribed to the decomposition of the organic

Cu(NO3)2.3H2O + DGME+ Citric acid

Heatin 50 ° C for 1h

Al(NO3)3.9H2O + DGME

Heatin 80° C for 1h then 130 ° C for 1 h

Heatin 250 ° C for 1h

Precursor

Calcination at different  temperatures for 2h

CuO nanocrystals CuO + CuAl2O4
CuAl2O4 nanocrystals

800 °C
600 °C

400 °C

Fig. 1 Preparation of the CuAl2O4 nanocrystals

Fig. 2 Thermal gravimetric analyses curve of CuAl2O4 precursor

material
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compound. From 580 �C was not observed more weight

loss, suggesting the formation of a stable oxide, due to

spinel-type CuAl2O4 nanocrystalline present thermal sta-

bility at highest temperatures.

Figure 3 showed the XRD patterns of samples as a

function of annealing temperatures. In order to restrict

crystallite growth, the calcination times at a fixed heating

rate were carefully monitored to keep them as short as

possible. The precursor powders heat treated at low tem-

perature (400 �C for 2 h) presents diffraction peaks of

copper oxide (CuO) phase with monoclinic structure, in

agreement with the literature [32–36] and the respective

JCPDS 45-0937 [37]. The diffraction peaks were analyzed

and showed the powders form CuO crystal after annealed

at 400 �C (see Fig. 3a) [32, 33]. However, the XRD pattern

exhibited the weak (220), (311) reflection (2h = 31.25,

37.10) of the spinel form of CuAl2O4 after annealed at

500 �C (see Fig. 3b), and consisted only spinel peaks of

CuAl2O4 after annealed temperature of 600 and 800 �C

(Fig. 3c, d). When annealed at 800 �C, the spinel CuAl2O4

crystals growth larger and the corresponding diffraction

peaks became stronger. The diffractograms of two samples

(prepared with citric acid and without citric acid) calcined

at 800 �C as shown in Fig. 3d and e indicate that each

sample is a monophasic spinel cubic (Fd–3m with lattice

size of 8.064 Å, JCPDS 01–1153).

Yanyan et al. [34] have synthesized nanocrystalline

spinel CuAl2O4 powders by sol–gel method. They could

prepare pure spinel CuAl2O4 nanopowders at 800 �C

according to XRD pattern. They believed spinel CuAl2O4

is formed at high temperature and at the low temperature

only CuO is formed not CuAl2O4. Our XRD patterns are

agreement with their results.

For two samples substantial crystallinity was achieved at

800 �C after calcination of the amorphous raw product for

2 h. However, crystallization was also possible at 800 �C

temperatures. No peak sequence that can be attributed

either to copper oxide or other impurity could be found in

the XRD pattern of the precursor. From XRD data Fig. 3d,

the crystallite size (Dc) of as-prepared CoAl2O4 particles

calcined at 800 �C for 2 h was calculated to be 17 nm

using the Debey–Scherrer equation [38],

Dc ¼
Kk

b cos h
ð1Þ

where b is the breadth of the observed diffraction line at its

half-intensity maximum, K is the so-called shape factor,

which usually takes a value of about 0.9, and k is the

wavelength of X-ray source used in XRD.

The XRD pattern of the nanocrystals formed in the

absence of citric acid shows a relatively sharp peak with

higher intensity (Fig. 3e). When citric acid was introduced

into the system, the organic ligand capped the nanocrystals

surface, thereby inhibiting the growth of the particles. The

XRD patterns of the nanocrystals modified with citric acid

indicate that the intensity of all of the peaks decreased with a

peak broadening (Fig. 3d). This suggests that the size of the

nanocrystals was decreased with organic ligand capping.

The average crystallite size of the unmodified nanocrystals

calculated by the XRD data using Scheerer’s equation is

28 nm, while the average crystallite size of nanocrystals

synthesized with citric acid modification is about 17 nm.

The surface morphology of the obtained CuAl2O4

nanocrystals was investigated by scanning electron

microscopy images (SEM). Figure 4a, b shows the SEM

Fig. 3 XRD patterns of CuAl2O4 powders obtained on heating the

precursor in air for 2 h at (a) 400 �C, (b) 500 �C, (c) 600 �C, (d)

800 �C with citric acid and (e) 800 �C without citric acid
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images of prepared product in the presence of citric acid

and without citric acid, respectively. TEM images of

CuAl2O4 nanocrystals are shown in Fig. 4c, d. The images

indicate that CuAl2O4 powder consists of nanometric par-

ticles with the diameter of 17–26 and 12–29 nm for the

nanocrystals modified with citric acid and unmodified

nanocrystals, respectively, which is in good with XRD.

From the TEM images, we can further confirm that nano-

crystals with cubic morphology were obtained by using the

organic ligand-assisted thermal treatment approach.

FTIR measurements (Fig. 5) were used to identify and

characterize the resulting spinel nanocrystals. Analyzing

the absorption peak around 3,500–3,100 cm-1 was due to

the OH longitudinal vibration of the water, the absorption

peak at 1,624 cm-1 belonged to bending vibration of

H–O–H in the water. Residual organic and hydroxyl groups

evident in raw powders were absent in the annealed sam-

ples. In this cases (see Fig. 5) copper–oxygen stretching

frequencies appeared in the range 550–850 cm-1, associ-

ated with the vibrations of Cu–O, Al–O, and Cu–O–Al

bonds [34, 39]. These indicate that the crystal obtained was

spinel.

Optical properties of the as-prepared CuAl2O4 nano-

crystals were studied more quantitatively by measuring

UV–Vis spectra. The absorption in UV and visible region

were rather strong, with an upper limit wavelength at

690 nm (Fig. 6). The bandgap of CuAl2O4, Eg(eV), could

be calculated from the absorption limit wavelength k0(nm),

from the equation [40–42]: ahm = A(hm-Eg)m/2, where a is

the absorption coefficient, hm is the frequency of photons, A

is a proportionality constant and m = 4 for indirect tran-

sitions. To determine the band gap we have plotted as

function of (hm-Eg) in (Fig. 6). The band gap of CuAl2O4

powders obtained from Fig. 6 can be 2.10 eV.

With reference to the results, the citric acid as chelating-

fuel agent was added to the solution. In other to other paper

[43] have two different roles. (1) Citric acid as a chelating

agent binds metallic ions (Al3? and Co2?), citric or was

applied for formation of complexes for the preparation of

Cu–Al oxides, and citric acid as a fuel helps to progress the

synthesis at relatively low temperatures. However, the role

of pH in the chemistry of (Co and Al) gel with different

molar ratio of citric acid to cations has being investigated

in our laboratory and their results as soon as would be

reported.

Fig. 4 a, b SEM and c, d TEM images of CuAl2O4 powders calcined

at 800 �C (a, b the sample obtained with citric acid and c, d without

citric acid)

Fig. 5 FTIR spectra of CuAl2O4 nanocrystals prepared with citric

acid and calcined at 800 �C

Fig. 6 UV–Visible spectra of CuAl2O4 nanocrystals synthesized with

citric acid and calcined at 800 �C
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4 Conclusions

The proposed modified Pechini method is most powerful

for the synthesis of mixed oxides. Spinel CuAl2O4 nano-

crystals were successfully synthesized with Cu(NO3)2 �
3H2O, Al(NO3)3 � 9H2O and acid citric by modified sol–

gel method. The lowest temperature for preparation of the

pure CuAl2O4 nanocrystals is about 800 �C. The mor-

phology of as-prepared CuAL2O4 was quasi-spherical and

the dimension was measured to be 17–26 nm. The band-

gap, Eg, was calculated at 2.10 eV by using the stimulated

wavelength limit of CuAl2O4.
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