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Abstract 

Nano particles powders of SnO2 and Sn1-xNixO2 (x = 0.10 and 0.15) used in this study are 

synthesized by sol-gel method. The prepared powders were annealed at 400℃ and 700℃, then 

characterized their x-ray structure, FTIR and SEM. From, the structural study their grain size 

by Debye-Scherrer  and Williamson-Hall equations, lattice parameters, unit cell volume 

,crystal density, internal strain, dislocations density, surface area , and number of unit cells 

were calculated for different  annealing temperatures as well as for doping variations. Single-

phase of SnO2 tetragonal structure is confirmed from a very small variation of structural 

parameters with annealing temperature. Spherical particles in the nanoscale level, with the 

size increasing as annealing temperature increase and decrease with doping percentage 

increase at the same temperature are observed from XRD results. While FTIR study revealed 

the distortion of the SnO2 octahedron. Scanning electron microscopy SEM revealed a 

morphology of fully dense of SnO2 and that doped samples at 15% which annealed at 400ºC 

and 700ºC. While energy-dispersive X-ray spectroscopy EDX presented the percentages of 

Sn, Ni and minor oxygen concentration. 

Keywords: Nanoparticles, Crystallinity, Magnetic semiconductor, Distorted octahedron, 

Clusters, Ionic radius 

http://www.jtaphys.com/content/pdf/2251-7235-6-6.pdf
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 2SnOتأثير التشويب ودرجة حرارة التلدين عل الخواص التركيبية ألوكسيد القصدير النانوي  

    طارق عبد الرضا الظاهر                       كرار امين قدوري السلطاني

-قسم الفيزياء  ابن الهيثم  -كلية التربية للعلوم الصرفة    

 الخالصة

المستخدمة في هذه الدراسة   0.15)- (x=0.1بحيث  )2OxxNi-1Snالنانوي النقي والمشوب )  SnO)2(تم تحضير 

(،  بعدها تم تشخيص ℃700( و)℃400جل .تم تلدين   المساحيق المحضرة عند درجة حرارة ) –بطريقة الصول 

 –(. من دراسة الخواص التركيبية تم حساب الحجم الحبيبي بطريقة ديباي  XRD ، FTIR, SEMالمساحيق باستخدام )

هول وثوابت الشبيكة والحجم البلوري والكثافة البلورية والمطاوعة المجهرية وكثافة  –شرر وبطريقة وليامسون 

أوكسيد القصدير  ين اناالنخالعات والمساحة السطحية النوعية وعدد خاليا الوحدة ولدرجات تلدين ونسب تشويب مختلفة.تب

النقي  والمشوب احادي الطور وهو الطور الرباعي مع تغير قليل في ثوابت الشبيكة ويحتوي على جسيمات كروية الشكل 

في البنية النانوية ،  و كذلك تبين من نتائج حيود الشعاع السيني ان زيادة درجة حرارة التلدين  تؤدي  الى زيادة الحجم 

نقص الحجم الحبيبي عند زيادة نسبة التشويب عند نفس حرارة التلدين.ومن دراسة أطياف االشعة تحت الحبيبي ، بينما ي

( SEM(  للمساحيق تبين تشوه الشكل الثماني ألوكسيد القصدير، ومن خالل المجهر االلكتروني الماسح )FTIRالحمراء )

الى العينات المشوبة بالنيكل عند درجة حرارة تلدين ظهر المسحوق النانوي ألوكسيد القصديرالنقي بشكل تكتل باإلضافة 

( فيبين نسب العناصر الموجودة وهي القصدير EDX(، اما كاشف االشعة السينية المشتت للطاقة )℃700( و)℃400)

 والنيكل وجزء قليل من االوكسجين.

الحبيبية ،  نصف  تشوه الجسيم الثماني ،  التجمعات الجسيمات النانوية ،  التبلور ،  شبه الموصل المغناطيسي ، الكلمات المفتاحية : 

 القطر االيوني

Introduction 

Materials with nanoscale dimensions drew the attention of scientists and researchers because 

of their important properties, which distinguish it from other normal materials [1].Tin dioxide, 

SnO2 is an n-type semiconductor of wide energy gap (Eg= 3.6eV, 300 K) normally known as 

cassiterite, with rutile of tetragonal structure of space group (P42/mnm) and lattice parameters, 
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a=4.74 Å and c=3.19Å [2]. Due to its known optical, electrical and other properties SnO2 used 

in a wide range of applications such as, solar cell, solid-state gas sensors, transparent 

conducting electrodes, rechargeable Li batteries and optical electronic devices [3]. 

Since it has a potential application, many processes developed to synthesize the nanostructure 

of SnO2, likes spray pyrolysis [4], hydrothermal methods [5,6], evaporating tin grains in air 

[7], chemical vapor deposition [8], thermal evaporation of oxide powder [9], rapid oxidation 

of elemental tin [10], and sol-gel method [11]. SnO2 has been single doped with each of In, Ti, 

As, Sb elements in order to modify its properties. Recently, SnO2 doped with 3d-transition 

metals has displayed a converting of nonmagnetic semiconductor into a magnetic 

semiconductor. Therefore, dilute magnetic semiconductors (DMS) is occurred and followed 

by the achievement of the presence of ferromagnetism at room temperature or above room 

temperature in various oxide semiconductors, the exhibition of ferromagnetism along with 

other properties SnO2 revealed applications in magnetic optoelectronic devices. 

Kuppan et al [12] found ferromagnetism in all Ni doped SnO2 powder samples at room 

temperature and their Ni doped samples exhibited highest saturation magnetic moment of 

0.573memu/g at a Ni doping level of 10 at.%.   

According to our knowledge, most of work has been reported on synthesize of Ni doped 

nanoparticle SnO2 semiconductor, and not match work about the structure. Therefore, XRD, 

FT-IR, SEM, and EDX of the prepared powder samples attempt here to synthesis Ni doped 

SnO2 powders by sol-gel and to study the influence of different Ni doping level its structure.  

Experimental work 

  Synthesis 

Sol-gel method is used to prepare pure SnO2 by dissolving 3.5g of Tin (IV) chloride 

penthydrate (Promchimperm Co,98%,SnCl4.5H2O)in 100ml of ethanol (Scharlab S.L,99.9%) 

under vigorous stirring 4ml of ammonia was added to the above solution drop by drop under 

stirring. When the reaction completed, an opal gels were filtered and washed with ethanol to 
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remove impurities The obtained powder of tin oxide was annealed at 400℃ .While the Ni 

doped SnO2 is performed by using the basic precursors for the preparation of Sn1-xNixO2  

(where x = 0.10, 0.15), in which SnCl4.5H2O and Ni(NO3)2.6H2O (Riedel-DE Haen AG, 

99.98%) are the starting materials followed by the same procedure as for undoped SnO2. 

Finally the obtained powders Ni:SnO2 were annealed  at 400℃ and 700℃. 

Characterization 

The obtained powders were carefully subject to the following characterization studies. 

Powder XRD pattern was recorded by using SHIMADZU model Japan (6000) diffractometer 

within the 2θ range of 20 to 80° with Cu-kα radiation of wavelength (λ= 1.5406Å) . The 

filament current and operating voltage were kept at 30mA and 40KV respectively. Infrared 

spectra were measured by using a FTIR-600 spectrometer biotech WQF-520 model a PC with 

software analysis. Spectra were recorded at a resolution 4 cm-1 and scans times 10 recorded 

between 400 and 1800 cm-1. Scanning Electrons microscope type (Inspect S 50) and (EDX) 

(Energy Dispersive X-Ray Detection) are used. 

Results and Discussion 

    XRD measurements 

Figure 1 shows the X-ray diffraction patterns of prepared pure and Ni doped SnO2 powder 

samples of different doping  in different air-annealed temperatures .Fig.1a  present  XRD 

pattern of the pure SnO2 annealed at 400℃ and the doped  Sn1-xNixO2  (x=0.1)which are 

annealed at  400℃ and 700℃. In which the diffracted peaks of pure SnO2 annealed at 400℃ 

agrees very well with tetragonal structure of SnO2 (JCPDS card no. 41-1445) and with   

lattice constant a=4.7461Å and c= 3.2106 Å, while for doped one at 400℃ revealed peaks the 

same as for pure except a decrease in peaks intensity, no measurable changes in 2 theta and 

the peaks become wider due to their small particle size and no indication for nickel or nickel 

oxides. The same behaviors for the same compound showed by Ahmad et al [13], but in the 

different doping (0.01, 0.03, 0.05, 0.07 and 0.09) and different annealing temperatures. They 

attributed it to the degradation the degree of crystallinity, which arises from the crystal defects 



 

   

Effect of Doping and Annealing Temperatures of Structural 

Properties of SnO2 Nanoparticles 
 

Tariq.A.Al-Dhahir     and      Karrar A. Alsoltani 

 

 
47 

Vol: 12 No:4 , October 2016 ISSN: 2222-8373  

around the dopants and the charge imbalance arising from this defect will change the 

stoichiometry of the materials. To investigate the presences of Ni and the change in degree of 

crystallinity, the sample is annealed at 700℃ for 2h. The XRD patterns of it presented in 

Fig.1A.( Its include a pure SnO2 and other peaks of NiO (JCPDS card no. 04-0835), as well as 

their crystallinity increases according to peak intensity increases of the sample and the 

FWHM decreases for this in annealing temperature . Due to observation of an additional peak, 

some appreciable change in peak positions taken place, which is resulted in the little change 

in lattice constants of the annealed sample at 700℃. The variations in the lattice constant due 

to the ionic radius of Ni+2 is 69pm where as that of Sn+4 is 71pm.The Ni ion substitutes the 

Sn+4 ions in the crystal due to comparable ionic radius. However, the decrease in the lattice 

parameter may be due to the smaller ionic radius of Ni ions. 

XRD patterns for the sample doped by 15% are present in Fig.1B. It shows the same behavior 

for 10% doped one. At 400℃ very small changes is appear in the intensity and FWHM of the 

peaks. This resulted from the change in the degree of crystallinity. For 700℃  the intensity of 

SnO2 peaks as well as the appearance of NiO peaks are increased. Therefore, the degree of 

crystallinity is increased and decreased in the lattice constant were taken place. This is due to 

dopant increase as well as the increase in the annealing temperature. The Rietveld refinement 

of the X-ray diffraction data has been done by using fullprof software [14 ] for pure and Ni 

doping SnO2.  
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(A)

 

                                                                                                                             (B)                  

Figure 1: X-ray diffraction patterns of Pure SnO2, NiO, and Ni doped SnO2 of prepared  

samples. (A)Include 10% dopant annealed at 400℃ and 700℃ (B) Include 15% dopant 

annealed at 400℃ and 700℃ 
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For the tetragonal structure, lattice parameters can be calculated from : 

 

    1 dhkl
2 =   h2 + k2 a2⁄    +     l2 c2⁄         ⁄  

Where h, k, and l are all integers, (hkl) is the lattice plane index, and a and c are lattice 

constants. The crystallite size of undoped and Ni doped SnO2 powder samples for all the 

dopant levels was calculated using Debye-Scherrer formula [15]: 

    D = k λ β cos θ⁄  

Where 𝑘 is a constant, 𝜆 is the diffraction wavelength of Cu K𝛼 (𝜆 = 1.5406 Å), 𝛽 is the full 

width at half maximum (FWHM), and 𝜃 is the diffracted angle, respectively. In addition, by 

using Williamson-Hall to calculate crystallite size and strain [16]: 

β cos θ = (kλ D⁄ ) + 4ε sin θ 

Where ε represented the internal strain ,D crystallite size (nm), λ wavelength of x-ray, k 

constant equals to 0.9,𝛽 is the full width at half maximum (FWHM), and 𝜃 is the diffracted 

angle the grain size of particles calculated  according to Williamson-Hall different from 

Debye-Scherrer due to the internal strain. From XRD we can calculate x-ray density of 

powder by using this equation [17]:                                                                   

ρX-ray =Z Mwt/V Na 

Where ρ: density (g/cm3), Mwt: molar mass (g/mol), Z: the number of atoms: unit cell size 

(cm3), and Na: Avogadro number (1/mol) 

The specific surface area can be calculated by following equation [18]: 

SS.A=6*103/DρX-ray 

And we can find dislocation density (δ) and number of unit cells (n) is calculated using the 

relation [19,20]: 

δ = 1/D2   

n = π D3 /6 V 

Their calculated values will be presented in table 1. 

 

http://www.jtaphys.com/content/pdf/2251-7235-6-6.pdf
http://www.jtaphys.com/content/pdf/2251-7235-6-6.pdf
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Table (1): shows grain size by Debye-Scherrer equation and W-H, lattice parameter, X-

ray and dislocations density, Specific surface area, and number of unit cells 

Sample Pure 

2SnO 

400℃ 700℃ 

2SnO-Ni  10%      15%  2SnO-Ni 2SnO-Ni 10% 15%  2SnO-Ni 

(nm) S-DD  3.62 2.3 2.186 6.5 6.36 

(nm) H-WD  3.84 2.5 2.37 6.67 6.7 

𝛆 -0.00623 -0.00121 0.0043 -0.00308 -0.00115 

a=b ( Å) 4.7461 4.8004 4.7404 4.7384 4.7367 

c (Å) 3.2106 3.2055 3.1937 3.1800 3.1830 

)3V(Å 72.3202 73.86703 71.76689 71.39874 71.41483 

)3(g/cmray-X𝛒 6.92 6.506 6.5577 6.73113 6.5901 

/g)2SS.A (m 239.518 400.968 418.553 137.136 143.154 

)2δ(1/m 167.63*10 171.89*10 172.09*10 162.36*10 162.47*10 

n 343.2768 86.20079 76.17365 2012.927 1885.217 

 

Fourier transforms infrared (FTIR): 

Tin dioxide has a tetragonal rutile crystalline structure with point group D4h according to 

Schoenflies notation and space group P42/mnm according to international notation. The unit 

cell consists of two formula per unit cell; it contents six atoms, two Sn atoms (One in the 

center and the other at corner of the unit cell) and four oxygen atoms. An approximate 

octahedron is formed from the site of metal and oxygen atoms [21]. Each Sn atom is situated 

http://www.jtaphys.com/content/pdf/2251-7235-6-6.pdf
http://www.jtaphys.com/content/pdf/2251-7235-6-6.pdf
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amidst six oxygen atoms, which approximately form the corners of a regular octahedron. In 

which oxygen atoms are surrounded by three tin atoms, which form the corners of an 

equilateral triangle. The lattice parameters are a=b=4.7461Å, and c=3.2106Å. The ionic radii 

for O-2 and Sn+4 are 71pm and 69 pm, respectively. The 6 atoms in the unit cell give a total of 

18 branches for the vibrational modes in the first Brillouin zone 

Г=A1g+  A2g +B1g+ B2g +Eg +2A2u +B1u+B2u+ 4Eu 

Two of them are IR active mode, which are A2u single mode and Eu triply degenerated are 

active only in IR because these modes involve a change in the dipole moment. 

Fig 2(A) shows FTIR spectrum for pure SnO2 with the peak positions at 542, 590, and 677cm-

1, which are assigned as a fingerprint of SnO2 .A band centered at 590 cm-1 is attributed to A2u 

and assigned to the Sn-O stretching vibration. The peaks around 542 cm-1 and 677cm-1 are for 

triply degenerated which are assigned to the asymmetric Sn–O–Sn stretching mode of the 

surface-bridging oxide which appeared as an absorptions peaks in that range (Patil et al 2003 

[22]. The spectra changes can be easily attributed to changes in size and shape of the SnO2 

particles (Gu et al 2003) [23]. 
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                                     (C)                                                                               (D) 

 

Figure 2: FT-IR spectra of Pure SnO2 and doped Sn1-xNixO2 nanoparticles (A) Include 

10% at 400℃ and 700℃ (B) Include 15% at 400℃ and 700℃ (C) Include 10% and 15% 

at 400℃  (D) Include 10% and 15% at 700℃ 

 

3.3 Effect of annealing  and  doping on FTIR 

Fig 2(A) also involved Ni-SnO2 10% which are annealed at 400℃ and 700℃. The spectrum at 

400℃ revealed peaks at 428, 471, 509, and 663cm-1. It is noted that the number of peaks 

increases, broadens and decreases in intensity with doping percentage  increase. This can be 

attributed to the reduction of particle size with doping. Secondly, the broadening can also be 

attributed to the defects generated in the system. The peaks at 428 and 471cm-1 belong to NiO 

transverse optical mode [24]. The broad absorption band in the region of 600-700 cm-1 is 

assigned to Ni–O stretching vibration mode; the broadness of the absorption band indicates 

that the NiO powders are nanocrystals. While the triply degenerated peaks 663 and 509 cm-1 

peaks of SnO2 are shifted to lower wave number. The spectrum at 700℃ revealed peaks at 

428, 474, 519, 617 and 663cm-1 at 700℃  are presented in figure 2(A).The doping in turns 
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distorted the octahedron of SnO2, then resulted in shifting the peaks to lower wavenumber of 

the modes. According to doping, the bond lengths of Sn1-xNixO2 are changed from those of 

NiO2 and SnO2, and allow the oxygen position change and octahedral distortion to take place 

in the unit cell. The oxygen positional is decreased when the Ni cation (which has a smaller 

ionic radius) was substituted the Sn cation. As a result, the octahedral is distorted, in order to 

keep the central atom in the octahedron can retain a constant position. From FTIR spectra of 

the samples are clear that there are changes in the shapes and positions of IR peaks indicating 

that Ni might have been incorporated in SnO2 host. The bands exhibited in the low 

wavenumber region of 428-663cm-1 might be due to vibration of antisymmetric Sn-O-Sn 

mode of tin oxide. The most important IR feature is the peak at 565.2 cm-1 similar to the 

surface mode of IR peak at 564 cm-1 in the SnO2 nano powders resulting from the nano size 

effect. 

Fig 2(B) also involved Ni-SnO2 15%   which are annealed at 400℃ and 700℃. The spectrum 

at 400℃ revealed a new absorption band at 667,515,451 and 420 cm-1, which behave the same 

as that for Ni-SnO2 10%, but a little bit stronger than it. While that heated to 700 C revealed 

the peaks at 671,617, 5l9, 490 and 424 cm-1 with a very strong and broad band at 671 cm-1. 

Intensity increases this due to the crystallinity increases as it is shown from the xrd of the 

sample fig.1(B). 

Fig.2(C) presented the increase of doping at 400℃, in which for 10% of the peaks 

663,509,471 and 428cm-1 .while for 15% ,667 ,515,451 and 420cm-1. It is clear from 

presented peaks wave number is shifted, The O-Sn-O stretching vibration increases by 4cm-1 

and the 509 to 6 cm-1 , and the 471 and 428 cm-1 are shifted to lower wave number at 451 and 

420cm-1 this due to grain size that the all the vibrations broadens with the increase in doping. 

This can be attributed to the reduction of particle size with doping. Secondly, the broadening 

can also be attributed to the defects generated in the system with 141pm 

Fig.2(D) presented the increase of doping at 700℃, in which for 10% the peaks 

663,,617,519,474, and 428 cm-1 .while for 15% ,671,617,519,490 and 424cm-1. It is clear 
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from presented peaks wave number shifted, due to change in the O-Sn-O stretching vibration 

and that is  this due to grain size decrease.  

 

3.4 Scanning electron microscope (SEM) and  (EDX) : 

SEM and EDX of the samples are presented in Figure 3, show the typical SEM morphology 

of synthesis SnO2 samples pure  and  doped which are annealed  at 400℃ and 700℃.    EDX  

give an idea of the chemical composition  and map distribution of the elements on the 

surfaces. Fig 3(A) depicts the morphology of the pure SnO2 nano powder, which are, 

annealed at 400℃  and its EDX spectra analysis shows the synthesized products, which 

consists of Sn and a minor oxygen concentration. Fig 3(B) for 15% Ni doping SnO2 sample at 

400℃, its SEM image shows the presence of aggregates of small nanoparticles and the 

presence of Ni is confirmed from EDX analysis. This supports the XRD results for the same 

sample. Fig 3(C) for 15% Ni doping SnO2 sample at 700℃. Depicts the formation of grain 

boundaries in the Ni-doped SnO2. It may be due to the increase in density and of the grain 

size as temperature increases from 400 to 700℃. The EDX show the presence of Ni. SEM for 

all sample shows spherical structures are formed along with agglomerated clusters of 

particles.  
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Figure 3: show SEM and EDX of tin dioxide (A) pure, (B) 15% doping at 400℃  and (C) 

15% doped at 700℃ 

 

Conclusions 

Pure and doped nano crystalline SnO2 powder were successfully synthesized via a simple sol-

gel. The size of particles can be tuned from 2.2 to 7nm at different doping and heating at 

different temperatures. SnO2 nanopowder with tetragonal structure is observed for as prepared 

and doped as well as for annealing at 400℃ and 700℃. FTIR spectra shows, that doping 

resulted a change in peak numbers and shifted in their wave number. SEM Show a dense of 

agglomerated clusters and EDX shows the presence of Sn and O as well as the doped Ni. 
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