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Synthesizing the Co-doped SnO2 powder with different concentration by Chemical 
precipitaton method. SnO2 doped with small amount of Co2+ (2%,4% and 6%) without 
any modification in the structure. Therefore the Structural and morphological analysis of 
the synthesized Co doped different concentration (2%,4% and 6%) was carried out the 
structural, morphological and magnetic properties at room temperature for the 
studies of Co-doped SnO2 nano particles by chemical co precipitation method. 
Keywords :Chemical precipitaton, X-ray diffraction, HRTEM.SEM. 

 
1.INTRODUCTION 

Cobalt is a transition metal,one of several elements found in rows4 
through 7 between groups 2and13 in the periodictable.The periodic table is a chart 
that shows how chemical elements are related to eachother. Cobalt is located between 
iron and nickel and shares many chemical and physical properties with these two 
elements. Cobalt is a hard, gray metal that looks much like iron and nickel.It is 
ductile, but only moderately malleable. Cobalt is one of only three naturally 
occurring magnetic metals. The other is iron and nickel. The magnetic properties of 
cobalt are even more obvious in alloys. An alloy is made by melting and mixing 
more metals. The mixture has properties different from those of the individual metals. 

 
The melting point of cobalt metal is 1493°C(2719°F),and the boiling 

point is about 3100°C(5600°F). The density is 8.9grams per cubic centimeter. Cobalt 
is a moderately reactive element. It combines lowly with oxygen in the air, but does 
not catch fire and burn unless it is in a powder form. It reacts with most acids to 
produce hydrogen gas. It does not react with water at room temperatures. Another 
application of cobalt alloys is in the production of cemented carbides. In metallurgy, 
cementation is the process by which one metal is covered with a fine coating of a 
second metal. Cementation is used to make very hard, strong alloys, such as those 
used in drilling tools and dies. 
  Recently cobalt doped with some ceramics, films for improving their 
magnetic properties (Sharma et al 2010).It is doped with suitable materials and then it 
will be used in fuel cells. Now, cobalt is doped with iron for improving their gas 
sensing applications (Misraetal2006).And it has been doped with titania for photo 
catalytic applications (Kauretal2012). 
 
2.Experimental details 

 
SnO2 nano particles doped with three different concentration of Co 2%, 4% and 

6%, were prepared by chemical co-precipitation method. The precursors for dopant 
and host were cobalt nitrate hexahydrateCo(NO3)2·6H2O and tin chloride 
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(SnCl2.2H2O) respectively. These entire chemicals were weighed in stoichiometric 
proportions and dissolved in 100 ml of distilled water. Then aqueous ammonia (NH3 

OH ) of 0.4 M was added  with the solution under constant stirring to increase the pH 
of the solution for the precipitate formation. After 30 min, the solution completely 
converted to a highly viscous gel. The solution obtained was centrifuged at 3000 rpm 
for 10 minutes. The precipitate was filtered out separately and washed with de-
ionized water for to remove unnecessary impurities formed during precipitation 
process. The obtained product was placed in oven for 8h at 80oC. The samples pure 
and cobalt doped SnO2 with three different concentration of Co 2%, 4% and 6% have 
been prepared. The obtained powders were characterized by XRD using X-ray 
diffract meter. This work reports on a swift chemical route to synthesize highly stable 
pure  and Co doped SnO2nano particles, with different dopant concentrations and 
grain sizes. The influence of the Co doping concentration with on the structure, 
microstructure and magnetic properties of SnO2 the different synthesized samples was 
studied.  

 X-ray diffraction studies have been carried out using PANalytical x-ray 
diffractometer. Elemental composition of the prepared samples has been studied 
using Energy dispersive analysis of X-rays (EDAX, Thermo-Noran system Six). The 
high resolution transmission electron microscope (HRTEM) images of the prepared 
SnO2 nanoparticles have been recorded using JEOL JEM 2010 microscope.  The 
magnetic property of the samples was observed by Vibrating Sample Magnetometer.  

3. ANALYSIS OF  STRUCTURAL, MORPHOLOGICALMAGNETIC  
PROPERTIES 
 3.1 STRUCTURAL ANALYSIS  
 The fine powders obtained by chemical co precipitation 
method.Figure1.showstheX-raypowder diffraction patterns of Cobalt doped SnO2 
nano particles. All the peaks in the diffraction pattern are found to be characteristic of 
tetragonal   SnO2 phase. The diffraction peaks at 2θ (degree) values of 
26.59°,33.43°,37.93°,51.54°,54.72°,57.90°,61.72°,64.57°,65.91°,71.10° and 78.64°  
have been assigned to the (1 1 0), (1 0 1), (2 0 0), (2 1 1), (2 2 0), (0 0 2), (2 2 1),(3 0 
1),( 3 1 1), ( 2 0 2) and (3 2 1) planes of SnO2, respectively (indexed with JCPDS card 
no. 41-1445). 

 The lattice parameter values a and c have been calculated using the relation 
�
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The lattice parameter value of all dopant samples are slightly vary from pure 
SnO2 nanoparticles, which indeed indicates that the doped atoms substitute into the 
lattice site so parent atoms. 
 The crystalline sizes were estimated from the Scherrer’s relation has been 
calculated using Scherrer’s equation  

  =  
��

� ��� �
     

where, D is the grain size, K is a constant taken to be 0.94, λ is the 
wavelength of the x-ray radiation, β is the full width at half maximum and θ is the 
angle of diffraction. The lattice parameters and crystallite size calculated and 
tabulated. It indicates that increase the dopant concentration of Co, the average 
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crystalline size also

 Figure.1.XRD Pattern of (a) 2% Co Doped SnO
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Table.1: Structural parameters of (a) 2% Co Doped SnO

  

 
Sample

2mol%Co/SnO2 

4mol% Co /SnO2

6mol% Co /SnO2
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o increased. 

XRD Pattern of (a) 2% Co Doped SnO2 (b) 4% Co Doped SnO

(c) 6% Co Doped SnO2 

observed that the rearing diffraction peaks correspo
 and it indicates that increase the dopant concen

ards the higher angle. The observation of peak broadeni
of smaller  crystalline  size of SnO2 nanoparticles.

intensity of XRD peaks decreases and which shows
means that Co doping in SnO2 produces crystal

charge imbalance arisen from this defect chan
s (Tianet al 2008).Table1shows the obtained 

calculated by Scherrer’s relation. It indicates that cryst
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parameters of (a) 2% Co Doped SnO2 (b) 4% Co Doped SnO
(c) 6% Co Doped SnO2 

le 

Latticeparameters(Å) 

a c 

 4.765 3.761  

2 4.760 3.76  

2 4.755 3.759  
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(b) 4% Co Doped SnO2 

corresponding to 
concentration of Co the 

observation of peak broadening is due to 
nanoparticles. As the Co content 

shows the degradation of 
crystal defects around the 

nges the stoichiometry 
 crystallite size of the 

crystallite size increases 

(b) 4% Co Doped SnO2 

 
Particle size (nm) 

 
11 

14 

17 
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3.2 MORPHOLOGICAL 

The morphology of the Co doped tin oxide nano powder is investigated by SEM. 
SEM images of the Co doped SnO
images show that the fine particles are more or less spherical in shape co doped ceria an
each particle is found to be an aggregate of nano crystallites. Basically, nano particles 
have a natural tendency to agglomerate for two main reasons. The agglomeration is a 
more stable configuration from an energetic point of view. Thus, nano
agglomerate to allow smooth crystallite growth .The number of these agglomerates is 
observed to increase with increase in co concentration.

 
Figure 2.Scanning electron micrographs of nano
concentration (a) 2% Co Doped SnO

(c) 6% Co Doped SnO
  

  

Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-09, Issue

w w w . o i i r j . o r g                      I S S N  2 2 4 9

3.2 MORPHOLOGICAL ANALYSIS  
The morphology of the Co doped tin oxide nano powder is investigated by SEM. 

SEM images of the Co doped SnO2  nano particles are shown in figure 2 (a
images show that the fine particles are more or less spherical in shape co doped ceria an
each particle is found to be an aggregate of nano crystallites. Basically, nano particles 
have a natural tendency to agglomerate for two main reasons. The agglomeration is a 
more stable configuration from an energetic point of view. Thus, nano
agglomerate to allow smooth crystallite growth .The number of these agglomerates is 
observed to increase with increase in co concentration. 

Scanning electron micrographs of nano crystalline Co doped SnO
(a) 2% Co Doped SnO2 (b) 4% Co Doped SnO2 

(c) 6% Co Doped SnO2 
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The morphology of the Co doped tin oxide nano powder is investigated by SEM. 
nano particles are shown in figure 2 (a-c). The 

images show that the fine particles are more or less spherical in shape co doped ceria and 
each particle is found to be an aggregate of nano crystallites. Basically, nano particles 
have a natural tendency to agglomerate for two main reasons. The agglomeration is a 
more stable configuration from an energetic point of view. Thus, nano particles tend to 
agglomerate to allow smooth crystallite growth .The number of these agglomerates is 

 

crystalline Co doped SnO2 different  
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Figure.3 HR-TEM images of the 4% Co doped  

 The morphology and structure of the 4% Co doped SnO
investigated by HRTEM
Agglomeration of Nanoparticles
nano particles tend to decrease the exposed surface in order to lower the surface energy 
and the smaller particle size results in s
size with increase in co concentr
agglomeration of SnO
particles could be separated from 
electron diffraction (SAED) pattern and Debye
which can be indexed as those of tin 
obtained in the SAED patter
structure. The as-prepared particles are more or less spherical in shape, but in the 
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TEM images of the 4% Co doped  SnO2 nanoparticles source 
concentration 

The morphology and structure of the 4% Co doped SnO
by HRTEM. Figure 3. shows HRTEM images of 4% Co doped SnO

Nanoparticles is a very common phenomenon that occurs because the 
nano particles tend to decrease the exposed surface in order to lower the surface energy 
and the smaller particle size results in stronger agglomeration . The increase of particle 
size with increase in co concentration is also evident from the HRTEM images. Loose 
agglomeration of SnO2 nano particles is evident in Co concentration,
particles could be separated from each other. The inset picture shows the selected area 
electron diffraction (SAED) pattern and Debye-Scherrer rings of the 
which can be indexed as those of tin oxide with the tetragonal structure. The ring patterns 
obtained in the SAED patterns confirm the polycrystalline nature and the tetragonal 

prepared particles are more or less spherical in shape, but in the 
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annealed samples the particles appear in different shapes. These TEM results confirm that 
grains are nanometer in size and show good agreement with the XRD results 

3.3 MAGNETIC PROPERTIES 

 The magnetization versus applied magnetic field (M vs H) curves for Co doped 
SnO2nano particles at room temperature shown in Figure 4(a-d). Field dependent M-H 
curve indicates the presence of ferro magnetic ordering in Co-doped SnO2 nanostructure. 
A pure SnO2 nano particle shows ferro magnetic behavior. Adding Co into SnO2clear S-
shape hysteresis loops were observed within an applied field Oe. For the optimum 
concentration of 6mol% of Co it shows the high ferromagnetism which is in the 
magnitude as shown intable2.  

 Figure.4.illustrates the magnetization versus applied magnetic field M–H curves 
SnO2nano particles after doped with different Co concentrations. Hysteresis loops can be 
observed clearly in doped samples where as pure sample displays paramagnetic behavior 
up to 114K applied magnetic field and then displays diamagnetic behavior with further 
application of magnetic field. Pure SnO2 can produce an intrinsic ferromagnetic behavior 
that varies with the method of synthesis employed, thus depends on surface structure. 
Similar results of vacancy induced ferromagnetism in pure SnO2 [Rajendar,2012] were 
reported by different research groups, we found a induced ferro magnetism for pure 
sample subjected to the annealing temperature of 80°C at low values of field but the 
magnetism vanished on higher values. It is clear from the figure that the ferro magnetic 
order is increasing with the increase in Co concentration. This enhancement in 
magnetization is due to the intrinsic nature of investigated samples in the structural 
investigation has ruled out the presence of any secondary phases. Pure SnO2 surface hast 
characteristics surface sites: five fold coordinated Sn4+ ions and two fold coordinated O2 
ions. With an addition of Co ionsing to the host SnO2 matrix, Co doping introduces 
redundant negative Charge to the lattice making the system un equilibrium into charge. 
For maintaining the charge balance, an amount of O2 ions need to escape from the lattice 
forming oxygen vacancies. These oxygen vacancies tend to locate near the Co ions [49]. 
ThelocalizedSpinsoftheCoioninteractwiththechargecarrierwhicharebound To oxygen 
vacancies resulting in a magnetic polarization and forming the bound magnetic 
polaron(BMP). 
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Figure:4. M-H curves at room temperature of (a) 2% Co Doped SnO
Doped SnO2  (c) 6% Co Doped SnO

 
Table.2: Magnetic Hysteresis 
(b) 4% Co Doped SnO

5.10. CONCLUSION

 Detailed investigations have been carried out on Co doped SnO
precipitation method. There are a few reports describing the chemical precipitation 
method. In the present work the effect of concentration on the structural, 
and magnetic properties of Co doped SnO

S.No CONCENTRATION

1 2% Co Doped SnO

2 4% Co Doped SnO

3 6% Co Doped SnO
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H curves at room temperature of (a) 2% Co Doped SnO
(c) 6% Co Doped SnO2  (d) Combined M-H curve of SnO

nanoparticles 

: Magnetic Hysteresis Curve parameters of (a) 2% Co Doped SnO
(b) 4% Co Doped SnO2 (c) 6% Co Doped SnO2 

 

. CONCLUSION  

Detailed investigations have been carried out on Co doped SnO
precipitation method. There are a few reports describing the chemical precipitation 

In the present work the effect of concentration on the structural, 
and magnetic properties of Co doped SnO2nano particles has been inves

CONCENTRATION  
Coercivity 

(Hci) 
(Oe) 

Magnetization 
(M s) 

emu/g 

2% Co Doped SnO2 102.52  1.6123E-3 

Co Doped SnO2 132.00  7.3155E-3 

6% Co Doped SnO2 118.37  12.320E-3 
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H curves at room temperature of (a) 2% Co Doped SnO2 (b) 4% Co 
H curve of SnO2 

of (a) 2% Co Doped SnO2 

Detailed investigations have been carried out on Co doped SnO2 chemical co 
precipitation method. There are a few reports describing the chemical precipitation 

In the present work the effect of concentration on the structural, morphological, 
nano particles has been investigated in detail. 

Magnetization Retentivity 
(M r) 

emu/g 

 186.20E-6 

 698.21E-6 

 1.4678E-3 
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Nanoparticles of basic composition 2%, 4% and 6% co doped Sno2have been prepared by 
the chemical precipitation method .The doping of Co in SnO2 brought significant changes 
in the physical properties of the samples. It is observed that the average crystallite size, 
lattice constant and increased with doping. Magnetization measurement shows that 
saturation magnetization increased with doping which is attributed to large amount of 
induced defects and oxygen vacancies formed in the sample. The present investigation 
clearly points out that on the doping dependent properties and the vacancy induced 
ferromagnetism in Cobalt doped SnO2. 
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