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Abstract In the area of water purification, nanotechnology

offers the possibility of an efficient removal of pollutants

and germs. Nowadays, nanostructures used for detection

and removal of chemical and biological substances include

metals, azo dyes, nutrients, cyanide, organics, algae, bac-

teria, parasites, and etc. In the current study, an attempt is

made to synthesize and characterization of NiAl2O4

nanostructures in an aqueous environment through the

simple sol–gel method. Besides, three capping agents as

glycine, asparagine, and alanine were used to investigate

their effects on the morphology and particle size of

NiAl2O4 nanostructures. This method starts from of the

precursor complex, and involves the formation of homo-

geneous solid intermediates, reducing atomic diffusion

processes during thermal treatment. The formation of pure

crystallized NiAl2O4 nanocrystals occurred when the pre-

cursor was heat-treated at 800 �C in air for 150 min. The

stages of the formation of NiAl2O4, as well as the char-

acterization of the resulting compounds were done made

using UV–Vis diffuse reflectance spectroscopy, field

emission scanning electron microscopy, energy dispersive

X-ray microanalysis, and X-ray diffraction. The magnetic

properties of as-prepared NiAl2O4 nanostructures were also

investigated with vibrating sample magnetometer. Fur-

thermore, the photocatalytic properties of as synthesized

NiAl2O4 were evaluated by degradation of methyl orange

as water contaminant.

1 Introduction

Physical properties and potential applications of nanos-

tructures and nanomaterial have been studied intensively

[1–12]. This interest results from the special properties of

materials at the nanoscale, such as a large surface-to-vol-

ume ratio and increased surface activity, as compared with

that of the bulk material. The properties of bulk materials

usually depend on the size of the primary particles. Thus,

the control of particle size and morphology plays a crucial

role in the manufacturing process [13–15]. 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 [16–24]. Transition metal alumi-

nates are commonly prepared by a solid state reaction [25],

co-precipitation method [26], hydrothermal [27], combus-

tion [28], and sol–gel [29, 30]. The disadvantages of solid-

state routes, such as inhomogeneity, lack of stoichiometry

control, high temperature and low surface area, are

improved when the material is synthesized using a solu-

tion-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
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of producing pure and ultrafine powders at low tempera-

tures. In this study, we have synthesized nickel aluminate

nanocrystals using simple sol–gel method. Furthermore, to

investigate the effect of different capping agents such as

glycine, asparagine, and alanine on the morphology, par-

ticle size, and crystal structure of the products several

experiments were performed. To evaluate the catalytic

properties of nanocrystalline nickel aluminate, the photo-

catalytic degradation of methyl orange under UV light

irradiation was carried out.

2 Experimental

2.1 Characterization

All the chemicals used in this method were purchased from

Merck Company and used without further purification.

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

lips-X’PertPro, X-ray diffractometer using Ni-filtered Cu

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

electron microscopy (SEM) images were obtained on LEO-

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

troscopy. Spectroscopy analysis (UV–Vis) was carried out

using Shimadzu UV–Vis scanning UV–Vis diffuse reflec-

tance spectrometer. The energy dispersive spectrometry

(EDS) analysis was studied by XL30, Philips microscope.

The magnetic measurements of samples were carried out in

a vibrating sample magnetometer (VSM) (Meghnatis

Daghigh Kavir Co.; Kashan Kavir; Iran) at room temper-

ature in an applied magnetic field sweeping between

±10,000 Oe.

2.2 Synthesis of NiAl2O4 nanostructures

At first, 1 mmol of Ni(NO3)2�6H2O and 2 mmol of

Al(NO3)3�9H2O were dissolved separately in 40 ml dis-

tilled water and stirred for 10 min. Then, a solution con-

taining 1 mmol of amino acid was added drop wise into a

solution involving 1 mmol of Ni(NO3)2�6H2O. Subse-

quently, above mention solution was mixed with solution

containing 2 mmol of Al(NO3)3�9H2O. Afterwards, the

final mixed solution was kept stirring to form a gel at

100 �C. Finally, the obtained product was placed in a

conventional furnace in air atmosphere for 150 min and

calcine at 800 �C. After thermal treatment, the system was

allowed to cool to room temperature naturally, and the

obtained precipitate was collected. Reaction conditions are

listed in Table 1.

2.3 Photocatalysis experiments

The photocatalytic activities of NiAl2O4 nanocrystal were

determined by the degradation of aqueous methyl orange

(MO) under UV light. About 0.1 g of the sample was first

inserted into a reactor that included 50 ppm of aqueous

MO. The suspension was transferred into a self-designed

glass reactor, and stirred in darkness to attain the adsorp-

tion equilibrium. In the research of photo degradation by

UV light, a 400 W mercury lamp with a water cooling

cylindrical jacket was utilized. The photocatalytic activity

of NiAl2O4 nanostructure was tested by using methyl

orange (MO) solution. The degradation reaction was car-

ried out in a quartz photocatalytic reactor. The photocat-

alytic degradation was carried out with 50 ppm of MO

solution containing 0.1 g of nanostructures. This mixture

was aerated for 30 min to reach adsorption equilibrium.

Then, the mixture was placed inside the photoreactor in

which the vessel was 20 cm away from the UV. The quartz

vessel and light sources were placed inside a black box

equipped with a fan to prevent UV leakage. Aliquots of the

mixture were taken at periodic intervals during the irradi-

ation, and after centrifugation they were analyzed with the

UV–Vis spectrometer. The methyl orange (MO) degrada-

tion percentage was calculated as:

Degradation rate ð%Þ ¼ 100 A0 � Atð Þ=A0 ð1Þ

where At and A0 are the obtained absorbance value of the

methyl orange solution at t and 0 min by a UV–Vis spec-

trometer, respectively.

3 Results and discussion

Crystalline structure and phase purity of as-prepared pro-

duct has been determined using XRD. The XRD pattern of

as-prepared NiAl2O4 is shown in Fig. 1. Based on the

Fig. 1, the diffraction peaks observed can be indexed to the

pure tetragonal phase of NiAl2O4 (a = b = 5.9366 Å,

c = 14.5430 Å) with space group of R-3 m and JCPDS no.

01-1299. No diffraction peaks from other species could be

detected, which indicates the obtained sample is pure.

Table 1 Preparation conditions

for the synthesis of NiAl2O4

nanostructures

Sample no. Capping agent Temperature (�C) Decolorization (%)

1 Glycine 800 82

2 Asparagine 800 –

3 Alanine 800 –
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From XRD data, the crystallite diameter (Dc) of NiAl2O4

nanostructures was calculated to be 13 nm using the

Scherer equation:

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. Capping

agents and surfactants are frequently used in colloidal

synthesis to inhibit nanostructures overgrowth and aggre-

gation as well as to control the structural characteristics of

the resulted nanostructures in a precise manner [31–41]. In

this research glycine, asparagine, and alanine used as

capping agent to investigate their effect on the morphology

and particle size of the NiAl2O4 nanostructures. Figure 2a–

c shows the SEM images of NiAl2O4 nanostructures in the

presence glycine, asparagine, and alanine as the capping

agent accordance with sample 1–3, respectively. According

to the Fig. 2a, product mainly consists of spherical shape

nanostructures with average particle size 35–40 nm. Fur-

thermore in the presence of alanine the products mainly

consist of nanorod, as shown in Fig. 2c. The EDS analysis

measurement was used to investigate the chemical com-

position and purity of NiAl2O4 nanostructures. According

to the Fig. 3, the product consists of Ni, Al, and O ele-

ments. Furthermore, neither N nor C signals were detected

in the EDS spectrum, which means the product is pure and

free of any surfactant or impurity. The VSM magnetic

measurements for the nickel aluminate oxide (Fig. 4) show

the magnetic properties of nanostructures calcined at

800 �C. The NiAl2O4 nanostructure (sample 1) exhibits

paramagnetic behavior at room temperature with a

magnetization of 0.12 emu/g. To investigate the optical

properties of the NiAl2O4, UV–Vis spectrum was recorded.

Figure 5 shows the UV–Vis diffuse reflectance spectrum of

NiAl2O4 nanostructures. Using Tauc’s formula, the band

gap can be obtained from the absorption data. The energy

gap (Eg) of the nanocrystalline NiAl2O4 has been estimated

by extrapolating the linear portion of the plot of (ahm)2

against hm to the energy axis. The Eg value of the

nanocrystalline NiAl2O4 calculated to be 3.1 eV. Accord-

ing to the obtained Eg value, as-prepared nanostructures

NiAl2O4 sample can be employed as the photocatalyst.

Photodegradation of methyl orange as water contaminant

under UV light illumination was employed to evaluate the

properties of the as-synthesized NiAl2O4 nanostructures.

Figure 6 exhibits the obtained result. No methyl orange

was practically broken down after 80 min without

employing UV light illumination or as-prepared NiAl2O4

nanostructures. This observation illustrated that the con-

tribution of self-degradation was insignificant. The pro-

posed mechanism of the photocatalytic degradation of the

methyl orange can be assumed as:

NiAl2O4 þ hm ! NiAl2O
�
4 þ e� þ hþ ð2Þ

hþ þ H2O ! OH� ð3Þ
e� þ O2 ! O��

2 ð4Þ

OH� þ O��
2 þmethyl orange ! Degradation products ð5Þ

Utilizing photocatalytic calculations by Eq. (1), the methyl

orange degradation was about 82 % after 80 min illumi-

nation of UV light in the presence of NiAl2O4 nanostruc-

tures (sample 1). Besides, the whole mechanism is shown

in Scheme 1.

Fig. 1 XRD patterns of the

sample no. 1 after calcinacion at

800 �C
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Fig. 2 SEM images of NiAl2O4 nanostructures calcinacion at 800 �C. a Sample 1, b sample 2 and c sample 3

Fig. 3 EDS pattern of NiAl2O4 nanostructures synthesized at 800 �C
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Fig. 4 VSM curves of NiAl2O4 nanostructures calcinacion at 800 �C
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4 Conclusions

A facile method is described for synthesizing nanorod and

spherical shape nanostructures via a simple sol–gel method

in the presence of glycine, asparagine, and alanine as the

natural capping agents. Besides, several tests were per-

formed to investigate the effects of natural capping agents

on them morphology and particle size of final products.

The nickel aluminate oxide nanoparticles exhibit super-

paramagnetic behaviour at room temperature, with satura-

tion magnetization of 0.12 emu/g. Furthermore, in order to

evaluate the photocatalytic properties of nanocrystalline

NiAl2O4, the photocatalytic degradations of simulated

methyl orange dye wastewater under ultraviolet light irra-

diation were carried out.
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