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Abstract Pure cobalt aluminate (CoAl2O4) nanoparticles

were successfully synthesized by novel sol–gel method

with the aid of Co(NO3)2�3H2O, Al(NO3)3�9H2O, and

gelatin without adding external surfactant or template.

Besides, the effect of the dosage of gelatin on the particle

size of final product was investigated. Moreover, gelatin

plays role as capping agent, reducing agent, and chelate

agent in the synthesis CoAl2O4 nanoparticles. The cobalt

aluminate nanoparticles were characterized by using X-ray

diffraction, scanning electron microscopy, ultraviolet–vis-

ible, Fourier transform infrared spectroscopy, and spectra

energy dispersive analysis of X-ray techniques. To evaluate

the catalytic properties of nanocrystalline cobalt aluminate,

the photocatalytic degradation of methyl orange under

visible light irradiation was carried out.

1 Introduction

In recent years, the preparation of low-dimensional nanos-

tructures has been intensively pursued because of their

useful applications in various areas. The sol gel method of

preparing oxide powders generally involves polymerization

via hydrolysis and condensation of an alkoxide, gelation, and

heat treatment under suitable conditions [1–3]. Aluminum-

based spinels constitute an interesting class of oxide

ceramics with important technological applications. The

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

nard’s Blue) and chemical (catalytic applications) properties

of transition-metal aluminates make them of significant

interest as semiconductor and catalysts. For example spinel

AMn2O4 (A=Cu, Zn) has been performed well for photo-

catalyzing water splitting into H2 and O2. Also, studies of

aluminate system have focused on doping with the second

activator, such as Nd, Eu and codoped with Er or Cr [4–6]

that these studies are interesting. Transition metal alumi-

nates are commonly prepared by a solid state reaction [7],

coprecipitation method [8, 9], hydrothermal [10–12], com-

bustion [13] and sol–gel [14–22]. The disadvantages of

solid-state routes, such as inhomogeneity, lack of stoi-

chiometry control, high temperature 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 aluminate 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 [23–27]. In this report, for

the first time, we had presented the green approach for

preparation of CoAl2O4 nanoparticles by novel sol–gel

method in the presence of gelatin without adding external

capping agent, capping agent or template. This approach is

simple and friendly to the environment. The photocatalytic

degradation was investigated using methyl orange (MO)

under visible light irradiation (k[ 400 nm). The resulting

degradation rates of the MO were measured to be as high as

90 % in 6 h.
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2 Experimental

2.1 Characterization

Cobalt nitrate hexahydrate (Co(NO3)2�6H2O), aluminium

nitrate nonahydrate (Al(NO3)3�9H2O), were purchased

from Merck Company and used without further purifica-

tion. X-ray diffraction (XRD) patterns were recorded by a

Philips-X’PertPro, X-ray diffractometer using Ni-filtered

Cu Ka radiation at scan range of 10\ 2h\ 80. The

electronic spectra of the cobalt aluminate were obtained on

a Scinco UV–vis scanning spectrometer (Model S-10

4100). The energy dispersive spectrometry (EDS) analysis

was studied by XL30, Philips microscope. Scanning elec-

tron microscopy (SEM) images were obtained on LEO-

1455VP equipped with an energy dispersive X-ray spec-

troscopy. Fourier transform infrared (FT-IR) spectrum was

recorded on a magna Nicolet 550 spectrophotometer in

KBr pellets.

2.2 Synthesis of CoAl2O4 nanoparticles

In a typical synthesis, in two beakers separately, 2 and

1 mmol of Co(NO3)2�6H2O, Al(NO3)3�9H2O were dis-

solved in 20 ml distilled water under stirring to form a

homogeneous solution, respectively. Subsequently, differ-

ent concentration of gelatin such as 0.5, 1, 2, and 4 g which

are corresponding to the samples number 1–4, respectively

were dissolved in 10 ml distilled water and was added to

the Co(NO3)2�6H2O solution under stirring at room tem-

perature. Then, above solution was added to the

Al(NO3)3�9H2O solution. Afterwards, the final mixed

solution was kept stirring to remove solvent and form a gel

at 100 and 120 �C, respectively. Finally, the obtained

product was calcinated at 800 �C for 135 min in a con-

ventional furnace in air atmosphere. The synthesis condi-

tions of CoAl2O4 nanoparticles are listed in Table 1.

2.3 Photocatalytic experimental

The MO photo degradation was examined as a model reac-

tion to evaluate the photocatalytic activities of the CoAl2O4

nanoparticles. The photocatalytic experiments were per-

formed under an irradiation wavelength of k[ 400 nm. The

photo catalytic activity of nanocrystalline cobalt aluminate

obtained from sample no. 4 was studied by the degradation of

MO solution as a target pollutant. The photocatalytic

degradation was performed with 0.001 g of MO solution

containing 0.05 g of CoAl2O4. This mixture was aerated for

30 min to reach adsorption equilibrium. Later, the mixture

was placed inside the photo reactor in which the vessel was

15 cm away from the visible source of 400 W Xeno lamp.

The photo catalytic test was performed at room temperature.

Aliquots of the mixture were taken at definite interval of

times during the irradiation, and after centrifugation they

were analyzed by a UV–vis spectrometer. The MO degra-

dation percentage was calculated as:

Degradation rate %ð Þ ¼ A0 � A

A0
� 100

where A0 and A are initial concentration and changed

absorbencies of dye after visible light irradiation,

respectively.

3 Results and discussion

The XRD pattern of pure CoAl2O4 nanoparticles (sample 4)

is shown in Fig. 1. Extremely broaden reflection peaks were

observed in Fig. 1, which indicated fine particle nature of

the obtained cubic phase of CoAl2O4 nanoparticles. No

other crystalline phases were detected in the calcined

product. All the reflection peaks in this pattern could be

readily indexed to the pure crystallite phase CoAl2O4

(JCPDS No. 44-0160), with the calculated cell parameters of

a = b = c = 8.1040 Å. According to XRD data, the crys-

tallite diameter (Dc) of CoAl2O4 nanoparticles obtained

from sample 4 is calculated to be 40 nm using the Scherer

Eq. (1) [28]:

Dc ¼ Kk=b cos h Scherer equation

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

half intensity maximum (400), 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. To examine

the effect of gelatin concentration on the morphology and

particle size of final product four experiments were per-

formed, as shown in Fig. 2a–d. According to the Fig. 2a, in

the 0.5 gr concentration of gelatin, product mainly com-

posed of inhomogeneous particles with average particle

Table 1 Reaction conditions

for CoAl2O4 nanoparticles
Sample no. Solvent Gram gelatin Temperature (�C) Degradation MO

1 Water 0.5 800 –

2 Water 1 800 –

3 Water 2 800 –

4 Water 4 800 90 %
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size 60–80 nm. Increase in the concentration of gelatin

from 0.5 to 1 gr, the particle size of the CoAl2O4

nanoparticles decreases (Fig. 2b). If we continued to

increase the concentration of gelatin from 1 to 2 and 4 gr,

the size and homogeneity of CoAl2O4 nanoparticles

decrease and increase, respectively (Fig. 2c, d); therefore,

optimum concentration of gelatin is 4 g. In order to

examine the quality and chemical composition of the as-

synthesized CoAl2O4 nanoparticles (sample 4), FTIR

analysis was performed at room temperature in the range of

400–4000 cm-1 (Fig. 3). According to the Fig. 3, bands at

3432 and 1628 cm-1 are attributable to the v(OH)

stretching and bending vibrations, respectively [29]. Fur-

thermore, the metal–oxygen stretching frequencies are

reported in the range 500–900 cm-1, associated with the

vibrations of M–O, Al–O, and M–O–Al bonds. Moreover,

bands at 1119 and 1386 cm-1 are attributable to the C–O/

C–C coupled stretching. EDS analysis was used to evaluate

the chemical composition and purity of the as-synthesized

CoAl2O4 nanoparticles (Fig. 3, sample 4). Based on the

Fig. 4, Co, O, and Al elements are observed in the EDS

spectrum. In addition, neither N nor C signals were

detected in the EDS spectrum, which means the product is

pure. The room temperature UV–vis absorption spectra of

CoAl2O4 nanoparticles were also measured in the range of

200–600 nm. Figure 5a shows the diffuse reflection

absorption spectra of the CoAl2O4 nanoparticles calcined at

800 �C. The figure indicates that the CoAl2O4 nanoparti-

cles shows absorption maxima at 252 nm, the direct optical

band gap estimated from the absorption spectra for the

CoAl2O4 nanoparticles is shown in Fig. 5b. An optical

band gap is obtained by plotting (aht)2 versus ht where a
is the absorption coefficient and ht is photon energy.

Extrapolation of the linear portion at (aht)2 = 0 gives the

band gaps of 2.1 eV for CoAl2O4 nanoparticles. Pho-

todegradation of MO under UV light irradiation (Fig. 6a–c)

was employed to evaluate the photocatalytic activity of the

as-synthesized CoAl2O4 (sample no. 4). No MO was

practically broken down after 6 h without using Visible

light irradiation or nanocrystalline CoAl2O4. This obser-

vation indicated that the contribution of self-degradation

was insignificant. The probable mechanism of the photo-

catalytic degradation of MO can be summarized as follows:

CoAl2O4 þ hm ! CoAl2O�
4 þ e� þ hþ ð1Þ

hþ þ H2O ! OH� ð2Þ
e� þ O2 ! O��

2 ð3Þ

OH� þ O��
2 þ methyl orange ! Degradation products

ð4Þ

Using photo catalytic calculations by Eq. (1), the MO

degradation was about 90 % after 6 h irradiation of visible

light, and nanocrystalline CoAl2O4 presented high photo

catalytic activity (Fig. 6a). The spectrofluorimetric time-

scans of MO solution illuminated at 510 nm with

nanocrystalline CoAl2O4 are depicted in Fig. 6b shows

continuous removal of MO on the CoAl2O4 under visible

light irradiation. It is generally accepted that the hetero-

geneous photocatalytic processes comprise various steps

Fig. 1 XRD patterns of

CoAl2O4 nanoparticles (sample

no. 4)
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(diffusion, adsorption, reaction, and etc.), and suitable

distribution of the pore in the catalyst surface is effective

and useful to diffusion of reactants and products, which

Fig. 2 SEM images of CoAl2O4 nanoparticles a sample no. 1 b sample no. 2 c sample no. 3 d sample no. 4

Fig. 3 FT-IR spectrum of CoAl2O4 nanoparticles (sample no. 4)

Fig. 4 EDS pattern of CoAl2O4 nanoparticles (sample no. 4)
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prefer the photo catalytic reaction. In this investigation, the

enhanced photocatalytic activity can be related to appro-

priate distribution of the pore in the nanocrystalline

CoAl2O4 surface, high hydroxyl amount and high separa-

tion rate of charge carriers 24 (Fig. 6c).

4 Conclusion

CoAl2O4 nanoparticles were synthesized successfully via a

novel sol–gel method in the presence of gelatin as reducing

agent and Chelate agent. To investigate effect of gelatin

concentration on the particle size of final product several

experiments were performed. The products were analyzed

by SEM, and ultraviolet–visible (UV–Vis) spectroscopy to

be round, about 45–55 nm in size and Eg = 2.1 eV. When

as-prepared nanocrystalline CoAl2O4 was utilized as pho-

tocatalyst, the percentage of MO degradation was about

90 % 6 h irradiation of visible light.
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