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Nanostructured NiSb2O6 samples were synthesized via solid state 

reactions at 600, 700 and 800 °C using Sb2O3, Ni(CH3COO)2.2H2O 

and Ni(NO3)2.6H2O as the raw materials. Parameters of reaction 

temperature and raw material type were investigated for the crystal 

phase growth study. The synthesized nanomaterials were 

characterized by X-ray powder diffraction (XRPD) technique, 

fourier-transform infrared (FTIR) spectroscopy. Brunauer–Emmett–

Teller (BET) and Barrett-Joyner-Halenda (BJH) methods were used 

to investigate the textural properties of the obtained samples. 

Rietveld analyses showed that the obtained materials were 

crystallized well with a tetragonal crystal structure with the space 

group of P42/mnm. The lattice parameters of the targets were about 

a = b = 4.64 Å and c = 9.22 Å. The data revealed that the crystal 

phase purity of the as-synthesized nanomaterials increased with 

raising the reaction temperature from 600 to 800 °C. Besides, the 

data indicated that the synthesis reactions using Ni(NO3)2.6H2O 

generated a better crystalline growth and purity compared to 

Ni(CH3COO)2.2H2O raw material in a certain reaction temperature. 

The morphologies of the synthesized materials were studied by field 

emission scanning electron microscopy (FESEM) technique. The 

FESEM images showed that the homogeneity of the synthesized 

powder was improved when Ni(NO3)2.6H2O was used as the raw 

material. Ultraviolet-visible spectra showed that the synthesized 

NiSb2O6 nanomaterials had a strong light absorption in the 

ultraviolet light region. The calculated direct optical band gaps 

tendency showed that the band gaps increased with increasing the 

reaction temperature. 
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1-Introduction 

Transition metal antimonates, with the general 

formula MSb2O6 (M = Zn, Cd, Pb, Ni, etc.), have 

been investigated primarily because of their 

interesting structure, electronic, and optical 

properties. These oxides crystallize in the trirutile 

crystal structure in the space group of P42/mnm. 

NiSb2O6 has attracted attention due to its 

magnetic photocatalytic, as transparent 
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conductor, and sensors properties [1]. It finds 

applications as metal oxide–antimony catalyst 

and in resistors [2-4]. Several methods have been 

reported for the synthesis of NiSb2O6 materials 

including solid state method using NiSO4 and 

NaSbO3 at 500 °C [1], solid state method using 

NiO and Sb2O4 at 900 °C [2], sol-gel method 

[4,5], hydrothermal method [6], solid state 

method using Sb2O3 and NiO at 800 °C for 72 h 
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[7], solid state method using NiO and Sb2O3 at 

1450 °C for 48h [8], and microwave - assisted 

colloidal method [9]. However, the 

hydrothermal method is a versatile route for the 

synthesis of nanostructured materials [10, 11], 

but the present study utilized a simple solid state 

route for the first time to synthesize 

nanostructured NiSb2O6 powders using Sb2O3, 

Ni(CH3COO)2.2H2O and Ni(NO3)2.6H2O raw 

materials. Rietveld analysis was used for 

investigation of crystal phase growth and purity 

of the obtained nanomaterials. The textural 

analysis was done by BET and BJH analyses. 

The direct optical band gaps were calculated 

using UV-Vis spectra and related to the reaction 

temperature.  

 

2- Experimental 
2-1- Materials and methods 

All chemicals including Sb2O3, 

Ni(CH3COO)2.2H2O and Ni(NO3)2.6H2O were 

of analytical grade and were obtained from 

commercial sources (Merck Co., Germany) and 

used without further purifications. Phase 

identification was performed by a powder X-ray 

diffractometer D5000 (Siemens AG, Munich, 

Germany) using Cu-Kα radiation. The Rietveld 

analysis was done by FullProf software. The 

surface area and pore volume and average 

nanoparticles size were calculated using the 

Brunauer-Emmett-Teller (BET) equation. Pore 

size distributions, pore volume and pore surface 

area were calculated by the Barrett-Joyner-

Halenda (BJH) method. The BET surface areas 

were acquired on a Beckman Coulter SA3100 

Surface Area Analyzer. The morphology of the 

obtained materials was examined by a field 

emission scanning electron microscope (Hitachi 

FE-SEM model S-4160). FTIR spectra were 

recorded on a Tensor 27 (Bruker Corporation, 

Germany). The absorption spectra were 

recorded on a UV-visible spectrophotometer 

model-UV-1650 PC (Shimadzu, Japan).  

 

2-2- Solid state synthesis of NiSb2O6 

nanopowders 

In a typical experiment, 0.25 g (1 mmol) of 

Ni(CH3COO)2.2H2O (MW = 250.0 gmol−1) and  

0.292 g (1 mmol) of Sb2O3 (MW = 291.5 gmol−1) 

were mixed in a mortar and ground until a nearly 

homogeneous powder was obtained. The 

obtained powder was poured into a 25 mL 

ceramic crucible and treated thermally in one 

step at 600 ˚C (S1), 700 °C (S3) and 800 °C (S5) 

for 8 h. The crucible was then cooled normally 

in the furnace to the room temperature. The 

obtained powders were collected for further 

analyses.  

In another synthesis experiment, the above 

mentioned experimental process was used. The 

only difference between the two processes is the 

nickel (II) salt raw material type. For this 

purpose, 0.297 g (1 mmol) of Ni(NO3)2.6H2O 

(MW = 290.7 gmol−1) and 0.292 g (1 mmol) of 

Sb2O3 (MW = 291.5 gmol−1) were used. The 

synthesis reactions were performed at 600 °C 

(S2), 700 °C (S4) and 800 °C (S6) for 8 h. The 

syntheses yields for NiSb2O6 (MW= 398.21 

gmol-1) were 0.28 (70 %), 0.32 g (80 %) and 0.34 

g (85 %) and 0.37 g (93 %) for S3, S4, S5 and S6, 

respectively. 

 

3- Results and discussion 
3-1- Characterization 

The XRPD patterns of the NiSb2O6 samples are 

reported in Fig. 1 as the data points, together 

with the result of the profile matching analysis 

(full lines). Fig. 1 shows the XRPD analyses of 

the obtained NiSb2O6 samples in the θ-2θ 

geometry with Cu-Kα radiation. Structural 

analyses were done by the FullProf program by 

employing profile matching with a constant 

scale factor. The results showed that the patterns 

had a main NiSb2O6 tetragonal crystal structure 

with the space group of P42/mnm [7-9, 12, 13]. 

According to the Rietveld analyses shown in 

Figs. 1 a and b, the targets were NiSb2O4 (S1) 

and NiSb2O6 (S2), respectively, when the 

reaction temperature was 600 °C. However, it 

showed that the targets were composed of four 

crystalline phases. The impurity phases are 

Sb2O5 (main phase) [14], Sb2O3 [15] and NiO 

[16] for S1; and Sb2O5, Sb2O3 and NiO for S2. 

Table 1 shows that the main phase for S2 is 

NiSb2O6. Figs. 1 c-f show that the main phase 

for all samples is NiSb2O6. Fig. 1c shows that the 

compound is still a composite with four crystal 

phases when nickle acetate was used as the raw 

material at 700 °C. However, the crystal phase 

purity was improved when nickle nitrate was 

used at this reaction temperature (Fig. 1d). The 

material is composed of three crystal phases. 
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However, it indicates that the impurity phase 

proportion in the total crystal phase amount 

(table 1), is small. Figs. 1 e and f show that the 

main crystal phase growth was excellent at 800 

°C and the impurity crystal phase (Sb2O5) 

proportion was only about 3% for S6. 

 

 
Fig. 1. XRPD patterns and the Rietveld analyses of a) S1, b) S2, c) S3, d) S4, e) S5 and f) S6.

  

The quantitative phase analysis was investigated 

with direct comparison method. In this method, 

we compared the experimental line intensity of 

the impurity phases from the mixture to a line 

from the main phase (NiSb2O4 or NiSb2O6) in 

the mixture. The phase comparison values are 

summarized in Table 1. It shows that the 

reaction temperature is the main factor in the 

crystal phase purity. So, the purity of the 

material increases with raising the reaction 
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temperature. Besides, the counts values are 

included in the table 1. The data shows that the 

crystal growth values of the targets for the main 

phase (NiSb2O4 or NiSb2O6) are considerably 

related to the reaction temperature. It shows that 

the obtained materials are crystallized better 

when the reaction temperature is increased from 

600 °C to 800 °C. However, the data show that 

raw material type plays the role of another key 

factor in the crystal phase purity. It indicates that 

nickel nitrate is a better nickel source for the 

synthesis of pure NiSb2O6.  

Table 2 shows the interplanar spacing (d) 

calculated from Bragg's equation and lattice 

parameters data obtained from Rietveld 

analyses, for S2 to S6. It was found that the d and 

lattice parameters values increased slightly by 

increasing the reaction temperature. Table 3 

shows the crystal sizes of the as-synthesized 

nanomaterials (NiSb2O6) calculated by the 

Scherrer equation:  

1

2

cos

k
t

B






 
 In this equation, t is the entire thickness of the 

crystalline sample, λ is the X-ray diffraction 

wavelength (0.154 nm), K is the Scherrer 

constant (0.9), B1/2 of FWHM is the full width at 

half maximum intensity and θ is the half 

diffraction angle at which the peak is located. 

The data in Table 3 is in good agreement with 

the measured size distribution from FESEM 

images. 

 

 
  

Table 1. Quantitative phase analysis for the obtained nanomaterials. 

Sample Rietveld parameters Phase purity (%)  Counts 

RBragg Rf χ2 

S1 2.93 1.54 1.72 26 86 

S2 2.44 1.59 2.34 52 188 

S3 1.91 1.66 1.55 95 466 

S4 1.50 1.23 1.40 93 414 

S5 3.86 1.91 1.81 96 550 

S6 2.99 1.96 1.86 97 515 

Table 2. Interplanar spacing (d) and cell parameters data for NiSb2O6 nanomaterials. 

Sample d (Å) a (Å) c (Å) Volume(Å3) 

S2 3.274 4.63108      9.19350 197 

S3 3.281 4.64133      9.22371 199 

S4 3.282 4.64275      9.23022 199 

S5 3.282 4.64237      9.22516 199 

S6 3.284 4.64421      9.22720 199 
 

Table 3. Scherrer data information for NiSb2O6 nanomaterials. 

Sample 2θ B1/2 (°) B1/2(rad) cosθB t(nm) 

S2 27.2073 0.24253 0.004231 0.971946 34 

S3 27.1479    0.15365 0.002680 0.972068 53 

S4 27.1409    0.16641 0.002903 0.972082 49 

S5 27.1395    0.23323 0.004069 0.972085 35 

S6 27.1301    0.22093 0.003854 0.972104 37 

 

3-2- Morphology analysis 

Figs. 2 and 3 show the FESEM images and 

particle size distribution profile of S3 and S4, 

respectively. Fig. 2 (a and b) shows the FESEM 

images of S3. The images show that the 

morphology of the obtained material is 

composed of a spherical micron-sized structure. 

The sphere is composed of nano-particles. 

Besides, the image shows that the particle size 

and morphology of the particles are 

homogeneous. Fig. 3a shows the particle size 

distribution profile of S3. It shows that the 
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maximum particle diameter size distribution is 

in the range of 20 – 25 nm. Figs. 2 c and d show 

the FESEM image of S4. The images show that 

the material morphology has a nano-particle 

sized structure. It shows that the size and 

morphology of the particles are homogeneous. 

Fig. 3b shows the particle size distribution 

profile of S4. The figure shows that the 

maximum particle diameter size distribution is 

in the range of 15 – 20 nm. According to the 

above mentioned data, we found that the raw 

material type at a certain temperature plays the 

role of a main factor in the morphology and 

particle size of the target. 

Figs. 4 and 5 show the FESEM images and 

particle size profile distribution of S5 and S6, 

respectively. Fig. 4 (a and b) shows the FESEM 

images of S5. Figs. 4 a and b show that the 

morphology of the obtained material is a porous 

structure. The images show that the porosity is 

composed of individual particles. Fig. 5a shows 

the particle size distribution profile of S5. It 

shows that the maximum particle diameter size 

is in the range of 20 – 30 nm. Figs. 4 c and d 

show the FESEM image of S6. It shows that the 

materials have a nano-particle sized structure. 

Fig. 5b shows the particle size distribution 

profile of S6. The figure shows that the 

maximum particle diameter size is in the range 

of 40 – 50 nm. As it was mentioned before, we 

found that the raw material type is a main factor 

in the morphology and particle size of the target 

at a certain temperature. The particle size 

distribution profiles demonstrate that the 

maximum particle diameter sizes increased with 

raising the reaction temperature.

   

 
Fig. 2. FESEM images of S3 and S4. 
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Fig. 3. Particle size distribution profiles of a) S3 and b) S4. 

 

 
Fig. 4. FESEM images of S5 and S6. 
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Fig. 5. Particle size distribution profiles of a) S5 and b) S6. 

 

3-3- BET and BJH texture analysis 

The synthesized powders were characterized for 

their surface area, average pore size, and average 

pore volume. Prior to N2-physical adsorption 

measurement, the samples were degassed at 150 

°C for 120 min in the nitrogen atmosphere. So, 

the specific surface area (SBET) of the obtained 

materials was determined by adsorption-

desorption isotherms of N2 at 77 K. The surface 

area, pore volume, and average pore diameter of 

the synthesized materials are summarized in 

Table 4. From Table 5, it can be seen that the 

average surface area and pore volumes are about 

5.312, 5.425, 6.125 and 4.872 m2g-1, and 0.033, 

0.034, 0.035 and 0.031 cm3g-1 for S3, S4, S5 and 

S6, respectively. Also, Table 5 shows the 

textural properties of the as-prepared materials. 

The data summarized in Table 5 shows that the 

specific surface area, pore diameter, and pore 

volume of S4 is larger compared with S3. 

Besides, the specific surface area, pore diameter 

for S6 is smaller compared with S5. The data 

show that reaction temperature and raw material 

type are the main factors in the physical 

properties of the targets. 

 
Table 4. BET data for NiSb2O6 showing the textural properties of the obtained materials. 

Sample BET surface area (m2g-1) Pore diameter 

(nm) 

Pore volume (cm3g-1) 

S3 5.312 25.069 0.033 

S4 5.425 26.118 0.034 

S5 6.125 23.736 0.035 

S6 4.872 25.565 0.031 
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Table 5. BJH data for NiSb2O6 showing the textural properties of the obtained materials 

Property S3  S4  S5 S6 

BJH surface area of pores 7.093 8.325 7.213 6.319 

BJH volume of pores  0.034 0.036 0.037 0.032 

BJH average pore width (4V/A)(nm) 19 17 18 20 

 

3-4- Optical properties 

Direct optical band gap energies of the 

synthesized NiSb2O6 nanomaterials calculated 

from UV-Vis absorption spectra are shown in 

Figs. 6a-d. According to the results of Pascual et 

al. [17], the relation between the absorption 

coefficient and incident photon energy can be 

written as (αhν)2 = A(hν - Eg), where A and Eg 

are a constant and the direct band gap energy, 

respectively. The band gap energies were 

evaluated by extrapolating the linear part of the 

curve to the energy axis. It was found that the 

smallest direct optical band gaps were 2.70, 2.80 

eV for S3 and S4; 2.90 and 2.80 eV for S5 and S6, 

respectively. According to the data, increasing 

the reaction temperature reduced the direct 

optical band gap energies of the targets. Because 

the purity of the targets increased at the reaction 

temperature of 800 °C, so we can conclude that 

the band gap energies for S5 and S6 are almost 

attributed to the pure NiSb2O6. 

 

 
Fig. 6. Plots of (αhν)2 versus hν (eV) of a) S3 and b) S4, c) S5 and d) S6. 

  

Figs. 7 a-d show the FTIR spectra of S3 to S6. 

There are some peaks at around 480, 530, 580, 

680, 1390 and 3100 cm-1. Peaks at 442, 530, 580 

and 680 cm-1 are consistent with the bending 

vibration mode of Sb-O [18]. The peaks at 

around 1380 for S3 and S5 and 1394 for S4 and 

S6 are assigned to C=O and N-O stretching 

vibrations [19]. The peak at 3470 cm-1 is 

characteristic of O-H stretching, consistent with 

traces of water being present [20, 21]. 
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Fig. 7. FTIR spectra of a) S3, b) S4, c) S5 and d) S6. 

  

4- Conclusion 
In this work, NiSb2O6 nanomaterials were 

synthesized via solid state method. The XRPD 

patterns and structural analyses performed by 

the FullProf program employing profile 

matching showed that the synthesis was 

sucsessfull. The purity of the targets was also 

studied by the direct comparison method using 

the XRPD patterns. The Rietveld data revealed 

that the crystal phase purity of the as-

synthesized nanomaterials increased with 

raising the reaction temperature from 600 to 800 

°C. Besides, according to the data, the synthesis 

reactions using Ni(NO3)2.6H2O introduced a 

better crystalline growth and purity compared to 

Ni(CH3COO)2.2H2O raw material in a certain 

reaction temperature. FESEM images showed 

that the morphology of the targets was particle 

and porous. Also, the calculated direct optical 

band gap energies indicated that the band gaps 

decreased by increasing the reaction 

temperature from 600 to 800 °C. Because the 

purity of the targets increased at the reactionn 

temperature of 800 °C, we can conclude that the 

band gap energies for S5 and S6 are almost 

attributed to the pure NiSb2O6. 
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