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Nanoparticles (NPs) of tin oxide codoped with Ni/W ions were synthesized by a co-precipitation technique. The Ni ions 
molar concentration was fixed at 5% while that of the W ions was varied as, 1.5%, 2.5%, and 3.5%. The present 
investigation was aimed to study the effect of W doping level on the structural and optical properties of the NPs. The X-ray 
fluorescence (XRF) technique was performed to check the purity of the nanocrystalline samples. The crystalline structure 
was investigated by X-ray diffraction (XRD). The results indicate that the Ni/W ions were dissolved in SnO2 lattice forming a 
solid solution. The variation of the optical bandgap (Eg) of the host SnO2 NPs was measured by the diffuse reflectance 
spectroscopy (DRS) as a function of W% doping level. The bandgap was red-shifted that improve the photocatalytic activity 
under visible light illumination. 
 
(Received July 4, 2022; accepted February 12, 2024) 

 
Keywords: Ni/W codoped SnO2; TCO; nano particles 

 

 

 
1. Introduction 
 

Tin oxide (SnO2) and other transparent conducting 

oxides (TCOs: SnO2, CdO, TiO2, In2O3, and ZnO) are used 

in various optoelectronic applications such as solar-cell 

industries and other field types, such as for gas sensing 

and photocatalysis [1-3]. SnO2 usually crystalizes in 

tetragonal structure (P42/mnm) with lattice parameters 

a=b=0.47382 nm, c=0.31871 nm. It has semiconducting 

properties with a wide bandgap of 3.5-3.8 eV [4-8]. Like 

other TCOs, the physical properties of SnO2 can be 

controlled through its structural defects, like tin and 

oxygen ion interstitials/ vacancies. Therefore, through 

dilute doping of SnO2 with dopant ions, the physical 

properties might be modified and, thus create some 

controlled interesting exotic properties, like improving its 

photocatalytic properties or fabricating dilute magnetic 

semiconductors (DMS) [9-15]. Therefore, Ni/W codoped 

SnO2 nanoparticles were synthesized to study the change 

in the sample structural and optical properties with the 

variation of W doping level.  

The most reliable VI-coordination ionic radii of Sn4+, 

Ni2+, and W6+ are 0.069 nm, 0.069 nm, and 0.06 nm, 

respectively [16]. Therefore, such close ionic radii indicate 

that they could easily form substitutional solid solutions 

(SSS) based on SnO2.  

 

 

2. Experimental procedure    
 

Nickel and tungsten ions co-doped SnO2 nanopowder 

(abbr.SnO2: Ni/ W) samples were synthesized by a thermal 

co-precipitation technique. The starting materials, tin 

chloride dihydrate (SnCl2.2H2O), nickel chloride 

hexahydrate (NiCl2.6H2O), and sodium tungstate dihydrate 

(Na2WO4.2H2O) were used as sources for Sn, Ni, and W 

ions, respectively (all used materials were analar-grade 

from Sigma-Aldrich Chemical Company). The molar ratio 

of Ni/Sn was fixed at ~5%, meanwhile, the molar rations 

of W/Sn in the samples were 1.5%, 2.5%, and 3.5%, 

respectively. The procedure of synthesis was initiated with 

~ 10 ml ethanol mixed with an almost equal amount of 

deionized water in a glass beaker. Then, controlled 

amounts of SnCl2.2H2O, NiCl2.6H2O, and Na2WO4.2H2O 

fine powders were added successively to the main solution 

with a continuous magnetic stirring. Then, ~ 3 drops of 

concentric HCl acid were added to the solution under 

magnetic stirring for ~ 2 h, at room temperature. Next, the 

temperature of the solution was slowly raised to ~ 80oC 

until formation of a dry powder on the bottom of the 

beaker. Then, powder was collected, brushed, and flash 

sintered in the air atmosphere oven at 500oC/ 1h followed 

by natural cool with the closed oven to room temperature. 

The formed final formed powder was collected and 

pelletized for the investigations. A pristine SnO2 powder 

was also synthesized by an identical procedure, for 

comparison. Thus, the synthesised samples were 

(5%Ni+x%W)-codoped SnO2, where the (W/Sn) molar 

concentration ratio are, x=1.5%, 2.5%, and 3.5%, 

respectively 

The elemental content of each synthesized sample was 

confirmed through the energy-dispersion X-ray 

fluorescence (XRF) method with an Amptek XR-100CR 

(USA) detector of XR-detection energy ≥ 1.7 keV with an 

energy resolution 180 eV and controlled by the build-in 

program, MCDWIN 3.1. The crystalline structures of the 

samples were investigated by the X-ray diffraction (XRD) 

method using a Rigaku Ultima-IV diffractometer equipped 

with Cu K radiation, and the obtained patterns were 

analyzed by the method of Rietveld profile refinements 

(RPR) through the built-in PDXL program. The optical 
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studies were carried out by using a Shimadzu UV-3600 

spectrometer supplied with attachments for the diffuse 

reflectance spectroscopy (DRS) measurements in the 200 

– 830 nm range.  

 

 
3. Results and discussion 
 

3.1. Structural analysis 

 

The elemental composition of the synthesized samples 

(Ni/W-codoped SnO2) were confirmed by the their XRF 

spectra, as shown in Fig.1. These XRF spectra show 

signals from Sn L-band (3.44–3.66 keV), Ni K-signal 

(7.47 keV), and W LL-signals (8.39 and 9.67 keV, 

respectively).  

 

 
 

Fig. 1. XRF spectra of the synthesized Ni/W-codoped SnO2 

samples (color online) 

    

The XRD patterns of the synthesized pristine and co-

doped Sn oxide samples are shown in Fig.2.  

 

 
 

Fig. 2. XRD patterns of the synthesized (5%Ni+x%W)-codoped 

SnO2, where x = 0, 1.5%, 2.5%, and 3.5% nanopowders (color 

online) 

 

The X-ray diffraction patterns reveal crystallization of 

a single SnO2 phase of Cassiterite tetragonal (rutile) 

structure (P42/mnm) (JCPDS no. 41-1445).The calculated 

lattice parameters were found to be close to the standard 

JCPDS data. The crystallite sizes (CS) were estimated by 

with the Halder-Wagner (H-W) relation [17] to be of 

nano-size (NCs) as presented in Table 1. The absence of 

any diffraction peaks from the dopants mostly refers to the 

incorporation of the dopant ions into the mother lattice of 

SnO2. The calculated fitting RPR parameters (Rwp and S) 

were good enough since S is close to 1 [18]; It refers also 

to the almost total incorporation of dopant ions into the 

crystalline lattice of SnO2. The structural data presented in 

Table 1, show that the present doping of SnO2 crystal 

slightly reduced the unit-cell volume (Vcell), which is 

attributed to the correct substitutional doping. The CS 

results given in Table 1 show that the present doping 

reduced the crystallinity; however, the crystallinity was 

slightly improved with increasing of the W% doping level. 

In general, the inclusion of Ni/W ions should create some 

structural strain, s : 
(110) (110)cots   , where 

(2110) is the angular shift of the (110)-intensive refection 

due to the Ni/W inclusion, relative to that of pristine SnO2. 

The results are presented in Table 1, which disclosed that 

the structural strain s was increased by increasing of W% 

doping level as a result of the ionic radii difference. 

According to H-R rules, the Ni and W doped ions can 

diffuse into the SnO2 lattice structure medium forming 

SSS. Accordingly, the average nanometric crystallite size 

(CS) of SnO2 was reduced by ~40% (Table 1). 

  

3.2. Optical analysis 

 

The spectral diffuse reflectance, R() of the 

synthesized NPs was measured in the range of  200–800 

nm to investigate the optical properties including the 

bandgap, Eg. The spectral absorption function, F() of 

each sample was calculated through the Kubelka-Munk 

(K-M) relation; F=[1-R]2/2R [19], and the results are 

shown graphically in Fig. 3.  

 

 
 

Fig. 3. Wavelength dependence of the Spectral absorption 

function F() of the synthesized Ni/W-codoped SnO2 samples 

(color online) 
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Thus, the absorption spectra of the host SnO2 samples 

did not qualitatively change under the current dilute 

doping. Generally, the spectral function F() of the present 

samples has a main absorption band for < 400 nm. The 

enhancement of the absorption in the visible region (fig. 3) 

is attributed to the increase in the concentration of the Sn- 

and O- ion vacancies in the crystal as a consequence of 

doping that leads to a redshift in the bandgap [20]. 

The absorption function F() is used to determine the 

direct optical bandgap ( g ) by using Tauc 

equation;
2

[ ( )× ] ( - )
op g

F C    [21], where Cop is 

the sample’s optical constant and  = h is the photon 

energy. Thus, the plot [F()×]2 vs.  is used to find the 

gap g following Tauc technique, as shown in Fig.4, and 

the results are presented in Table 1.                                       

 

 

 
 

Fig. 4. Tauc plots for the synthesized Ni/W-codoped SnO2 samples. The inset shows the W%-doping level dependent  

of the bandgap of the synthesized samples (color online) 

 

The obtained bandgap (3.4 eV) for the pristine nano 

SnO2 agrees well with the previously measured values 

(3.53.8 eV). The broad range of bandgap values was 

reported depending on the sample synthesis conditions, as 

discussed in ref. [22]. However, the bandgap of pristine 

SnO2 is quite higher than that of the doped samples, 

revealing large changes in the band structure caused by 

dilute doping. As the bandgap (table 1) of the host SnO2 

became in the visible range, the present doping can be 

used to improve the photocatalytic activity of SnO2 under 

visible light.  

 

The bandgap of a TCO is usually influenced by 

consequences of the doping process that narrows the 

bandgap (Urbach effect [23]), which is observed in the 

present work (Table 1). The narrowing of the bandgap of 

host SnO2 by doping can be explained by the generation of 

structural point defects including O-vacancies of energy 

levels that lay in the bandgap and merged with the host 

SnO2 conduction band, causing a decrease in the bandgap, 

according to the Urbach effect. Such large change in the 

bandgap of host SnO2 due to different dopings was also 

measured in different works [24-27].  

 

Table 1. Lattice structural strain (), Crystallite size (CS), Lattice parameters (a=b and c), unit-cell volume (Vcell), Rietveld 

refinement parameters (Rwp(%): the weighted profile factor and S(%): the goodness-of-fit parameter) and the optical bandgap 

(Eg) of the synthesized nanoparticle samples 

 

Sample  CS(nm) 
Lattice parameters 

a=b ( Å)        c(Å) 
Vcell(Å3) 

Rwp 

(%) 

S 

(%) 
Eg(eV) 

SnO2 Ref. 8.8 4.7421          3.190 71.73 13.03 1.11 3.4 

SnO2:Ni:1.5%W  0.08 5.0 4.741            3.192 71.75 17.6 1.05 2.9 

SnO2:Ni:2.5%W  0.13 5.1  4.742            3.1855 71.62 16.99 1.09 2.7 

SnO2:Ni:3.5%W  0.23 6.2 4.742            3.184 71.58 18.31 1.19 2.9 
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4. Conclusions 
 

Pristine and Ni/W codoped SnO2 NPs were 

successfully synthesized by the co-precipitation method. 

The codoping of Ni/W ions into SnO2 lattice was 

confirmed by the detailed studies of the structural/optical 

properties and explained by Hume-Rothery rules. With the 

increasing W% doping level, the nano CS and structural 

strain () increased, which was attributed to the ionic radii 

differences. The increase of the unit-cell volume with 

increasing of W% doping level was mainly attributed to 

the creation of O-vacancies. The creation of O-vacancies 

causes the present redshift of the bandgap. Moreover, as 

the bandgap of the host SnO2 become in the visible range, 

the present doping can be adopted to improve the 

photocatalytic activity under visible light illumination. 
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