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sulphate (SDS) and poly vinylpyrrolidone-25000 (PVP-25000) as
capping agents and subsequent calcination process at 500 °C for 3 h .
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(XRD), field emission scanning electron microscopy (FESEM), UVVis diffuse reflectance spectroscopy (DRS). XRD revealed the

NiCr2O4

normal

spinel

nanostructures

were

prepared

via

°

hydrothermal treatment at 180 C for 12 h in the presence of
cetyltrimethylammonium bromide (CTAB), sodium dodecyl

In this method, [Ni(en)2(H2O)2](NO3)2 and [Cr(en)3]Cl3.3H2O used
as precursors and not utilized any alkaline or precipitating agent.
Detailed characterization of the as-prepared nanostructures were
carried out by Fourier transform infrared (FTIR), X-ray diffraction

formation of pure nickel chromite spinel phase and SEM showed the
formation of uniform sphere-like nanoparticles. Furthermore, the
photocatalytic degradation of acid black 1 as diazo dye used in
textile and dyeing water pollutants was Investigated.
2015JNS All rights reserved

1. Introduction
Spinel-type compounds with a general formula
AB2O4 have attracted much attention because of
their tremendous technological importance.
In
normal cubic spinel structure Fd3m, B3+ ions
occupy octahedral sites and A2+ ions tetrahedral
sites [1]. Chromites as a family of normal type
spinel structure have many application in the fields

ranging from applied physics and material sciences
to geophysics [2]. Among the transition metal
chromites with spinel-type structures, NiCr2O4 used
as a catalyst for oxidative dehydrogenation of
propane [3], gas sensors [4], pigment [5], magnetic
material [6] and semiconductor [7]. Since
attainment of high surface area is significantly
desired for mention application in above, the
prepration of nanosized nickel chromite particles
have engrossed notable attention and research
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endeavour. The most widely used method for the

diffraction (XRD) patterns of products were

synthesis of nickel chromite involves thermal
treatment [8], combustion reaction [9], spray-

obtained by a Philips diffractometer utilizing
X’PertPro and the monochromatized Cu Ka

drying
[10],
sol-gel
coprecipitation [12] and

[11],
[13].

radiation (l = 1.54 Å). Fourier transform infrared
spectra of the samples were obtained utilizing KBr

Among these methods, hydrothermal processes
have the advanteges including fine crystalline

pellets on an FT-IR spectrometer (Magna-IR, 550
Nicolet) in the 400–4000 cm-1 range. FESEM

oxide materials with small size distribution,
controlled size and shap of particles, cost-effective

images of nickel chromite nanostructures were
taken by a Tescan mira3 and Hitachi S-4160 field

and simple route [14], reproducible and high
efficiency [15].

emission scanning electron microscopes (FESEM).
The optical properties of absorption were measured

Textile pollutants such as diazo type of dyes that
have two azo groups (–N=N–) have been

by UV–Vis spectrophotometer (Shimadzu, UV–
2550, Japan).

combustion
hydrothermal

considered as hazardous waste to the environment
and generally are major pollutants in waste waters.
These pollutants are toxic and non-biodegradable
nature that threatens the health of human, animals

2.2. preparation of [Ni(en)2(H2O)2](NO3)2
The
complex
diaquabis(ethylenediamine)
nickel(II) nitrate was synthesized similar to our

and plants [16–17]. In the present work, we aimed
to preparation of nickel chromite via surfactant-

previous work [18]. In brief,
ethylenediamine was added to

assisted hydrothermal approach in the presence of
CTAB, SDS, PVP–25000 as capping agents and

Ni(NO3)2.6H2O solution (in 50 ml of distilled

utilizing organometallic compounds as precursor.
Following, the photocatalytic property of this
nanostructure was determined to degradation of
acid black 1 as a diazo type of dyes used in Textile
industries.

2
1

mol
mol

of
of

water). The solution was stirred for about 1h then
placed in an ice-bath for 1h to complete
crystallization. The violet product was filtrated,
washed and air-dried.

2. Experimental procedure

2.3. preparation of [Cr(en)3]Cl3.3H2O
The complex tris(ethylenediamine) chromium (III)
chloride trihydrate was prepared in our previous work

2.1. Materials and characterization
Nickel
chromite
nanostructures,

[19]. First, 2.66 g of CrCl3.6H2O was dissolved in 10
mL of methanol. Then 1 g of Zn granules was added

[Ni(en)2(H2O)2](NO3)2 and [Cr(en)3]Cl3.3H2O were
prepared, using
the following chemicals,

into the above solution under magnetic stirring. Next,
10 mL of ethylenediamine was added dropwise. The

purchased from Merck Company: Ni(NO3)2.6H2O,
ethylenediamine (en), CrCl3.6H2O, HCl, methanol,

mixture was refluxed for 1.5h at 60 ℃. Finally, the

zinc granule, cetyl trimethylammonium bromide
(CTAB), sodium dodecyl sulphate (SDS), poly
vinylpyrrolidone-25000 (PVP-25000), Acid black
1 (chemical formula = C22H14N6Na2O9S2, MW =
-1

616.49 g mol and λmax = 618 nm). Powder X-ray

flask was placed in an ice-bath for 1h to complete
crystallization and a yellow precipitate was collected
by filtration, and the granules of zinc removed. The
product was washed several times with a solution
including 10% of ethylenediamine in methanol and
dried at room temperature.
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centrifuged and then were analyzed by a UV–vis
2.4. Preparation of NiCr2O4 nanostructures
Nickel chromite nanostructures were synthesized

spectrophotometer. The degradation percentage
was calculated using the formula (1):

hydrothermally in the presence of cationic
(CTAB), anionic (SDS) and neutral (PVP-25000)
surfactants. In a typical synthesis, 0.1 g of
[Ni(en)2(H2O)2](NO3)2
and
0.23
g
of
[Cr(en)3]Cl3.3H2O were respectively dissolved in
20 ml of distilled water. Then [Cr(en)3]Cl3.3H2O
solution
was
added
dropwise
into
[Ni(en)2(H2O)2](NO3)2 solution under continuous
magnetic stirring in room temperature. An aqueous
solution (5 ml) of surfactant was added dropwise to
the Cu−Cr solution mixture (molar ratio of
Cu:Cr:surfactant was 1:2:0.75). After the mixture
was continuously stirred for 15 min, transferred
into a stainless steel autoclave of 200 ml capacity.
The autoclave was sealed and maintained at 180 °C
for 12 h, and then cooled to room temperature

Where A0 and At are the initial absorbence and
observed absorbence of acid black 1 at 0 and t
min, respectively.

3. Result and discussion
According to figure 1a-c, infrared spectrum (FTIR) of the as synthesized [Ni(en)2(H2O)2](NO3)2,
[Cr(en)3]Cl3.3H2O, and NiCr2O4 (Synthesized with
SDS) was in the range of 400-4000 cm-1
wavenumber which identify the chemical bonds as
well as functional groups in the compound. FT-IR
spectrum of the [Ni(en)2(H2O)2](NO3)2 is illustrated

naturally. The final greenish product was washed
with distilled water and absolute ethanol several

in Fig. 1a. In this spectrum, the vibrational bands at
3223 and 3168 cm-1 are corresponding to the

times and then dried at room temperature for one
day in air. After that, the as-obtained product was

stretching vibration of N-H of the ethylenediamine
[20]. Two absorption bands at 2938 and 2884 cm-1

calcined at 500 °C for 3 h in air.
2.5. Photocatalytic test
The photocatalytic activity

are corresponding to the symmetry stretching and
asymmetry stretching mode of the CH2 groups of
as-prepared

the ethylenediamine, respectively. The absorption
band at 1024 cm-1 can be assigned to the C–N

NiCr2O4 nanostructure (Synthesized with SDS) was
evaluated by degradation of acid black 1 as diazo

stretching vibration. The band at 520 cm-1 is related
to ν(Ni–N) vibration [21]. Fig. 1b shows FT-IR

dye in an aqueous solution under simulative visible
light at room temperature. The photocatalytic

spectrum of the [Cr(en)3]Cl3.3H2O. Two absorption
peaks at 3206 and 3042 cm-1 can be assigned to the

degradation was performed at neutral pH by
employing 0.001 g of acid black 1 aqueous

stretching vibration of N-H of the ethylenediamine.
Two absorption peaks at 2939 and 2877 cm-1 can

solution including 0.04 g of NiCr2O4 nanostructure.

be assigned to the symmetry stretching and
asymmetry stretching mode of the CH2 groups of

of

The suspension was sonicated for 5 min and was
stirred in dark for 30 min with aeration to reaching
adsorption equilibrium. A 400 W Osram lamp was
used as a visible light source. At particular time
intervals, 3 mL of the solution was withdrawn,

the ethylenediamine, respectively. The absorption
band at 1052 cm-1 is attributable to the C–N
stretching vibration. The peak at 414 cm-1 is related
to ν(Cr–N) vibration [22]. Fig. 1c shows FT-IR
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spectrum of

NiCr2O4 nanostructure. In this
-1

spectrum, the bands at 625, 538 cm are ascribed
to the characteristic peaks of NiCr2O4 which

process. According to this t heor y, the nucleation
rate increases

confirms the preparation of nickel chromite [23].
The band located at 3432 cm-1 and the weak band
at 1628 cm-1 are related to the v(OH) stretching and
bending vibrations, respectively, which indicates
the presence of water molecules linked to nickel
chromite product.
X-ray diffraction (XRD) pattern was used to
identify the crystalline phase and to estimate the
crystalline size of nickel chromite . Fig. 2 shows
the XRD pattern of samples prepared at 500 °C for
3 h. XRD results show that the pure NiCr2O4 has
been formed. All diffraction peaks in the XRD
pattern can be readily indexed to pure cubic
NiCr2O4 with Fd3m space group (JCPDS 88-0108).
The crystallite size of the NiCr2O4 nanostructure
has been estimated from Sherrer formula according
to equation the following (2):

D

0.89
B cos 

Fig. 1. FT-IR spectra of (a)- [Ni(en)2(H2O)2](NO3)2, (b)[Cr(en)3]Cl3.3H2O and (c) as-prepared NiCr2O4 .

where, 0.89 is the shape factor, λ is the x-ray

the Bragg angle. The crystallite size of the obtained
nickel chromite from the XRD results was
calculated to be about 12 nm.
Field emission scanning electron microscope

Intensity (a.u.)

wavelength, B is the line broadening at half the
maximum intensity (FWHM) in radians, and θ is

(FESEM) technique was applied to investigate the
effect of surfactants by using CTAB, SDS and
pvp-25000 on the morphology and size of the
nickel chromite. FESEM images of samples
prepared in the presence of CTAB, SDS and pvp25000 are illustrated in Fig. 3a-c, respectively. As
was observed, relatively uniform sphere-like
na nopar ticles are formed in the presence of all
three caping agents. It can be explained by LaMer
theory for the crystallization nucleation- growth
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Fig. 2. XRD pattern of the products prepared at 500 °C
for 3 h.

with decreasing surface energy [24]. Here,
surfactants play two roles: first, control the
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nucleation rate by impressing the surface energy.
Second, operate as a stabilizer to prevent
aggregation of nanoparticles [25]. The SEM

Absorbance (a.u.)

images demonstrates that nickel chromite
nanoparticles have the average size around 60 nm.
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Fig. 4. UV–vis diffuse reflectance spectrum of the
NiCr2O4 nanostructure.

To investigate the photocatalytic activity of
synthesized nanoparticles, the photodegradation of
the acid black 1 as diazo dye in an aqueous
solution under visible light irradiation was applied.
According to photodegradation calculations by Eq.
(1), the acid black 1 degradation was about 75%
after 120 min illumination of visible light (Fig. 5).

Fig. 3. FESEM images of the products prepared by
hydrothermal treatment at 180 °C for 12 h in presence
(a)- CTAB, (b)- SDS and (c)- PVP-25000.

Fig. 4, illustrates the UV–vis diffuse reflectance
spectrum
of
the
as-prepared
NiCr2O4
nanostructure. As can be seen, the strong
absorption band situated at low wavelength near
374 nm. The energy gap (Eg) can be calculated
based on the UV–vis diffuse reflectance data by
using Tauc’s Equation that calculated to be 3.34
eV [26].

Fig. 5. Photocatalytic degradation of acid black 1 by
NiCr2O4 nanostructure.
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