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Abstract 
 

Diluted magnetic oxides (DMO) have been the crux of the focus a recently 

because of their potential for spintronics activities. In this paper, room 

temperature ferromagnetism is reported in Co doped CeO2 nano-powders 

prepared using chemical coprecipitation method. Analysis of X-ray 

diffraction (XRD) reveals individual phase formation up to 7 % doping of 

Co. Analysis of Energy dispersive X-ray (EDAX) corroborates stoichiometry 

of samples. When we scan the electron microscope (SEM) images of Ce1-

x.Cox,O2, it is clearly illustrated the nanocrystalline nature, considerable 

particle size distribution and aggregation. Vibrating sample magnetometer 

(VSM) measurements show a diamagnetic signature for undoped CeO2. 

However, a strong ferromagnetic behavior is observed at room temperature 

for Ce0.96Co0.04O2, making it a potential candidate for spintronics 

applications. 

 

Keywords: Diluted magnetic oxides, Spintronics, CeO2, Co doping, 

Ferromagnetism. 

 

1 Introduction 

Diluted magnetic semiconductors with novel functionality are promising 

for realizing the injection of spin in average semiconductors, to give rise to 

new coming up spintronic mechanism. Ohno et al. [1] shows the making 

nonmagnetic semiconductors ferromagnetic.  

Kumar et al. [2] Analysis of shape, size and structure dependent 

thermodynamic properties of nanowires on high temperatures and high 

pressures.  
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Sato et al. [3] Material Design for Transparent Ferromagnets with 

ZnObased Magnetic Semiconductors. A lot much studies has been done on 

transition metal (TM)-doped semiconductors or insulators like Zno, TiO2, 

SnO2 and HfO2. 

Liu et al. [4] reviewed on the properties and application on carbon 

nanotubeand graphene-reinforced multiphase polymeric composites. The 

main advantages of diluted magnetic oxides include wide band gap 

appropriate for applications along with light of shorter wavelength, 

dyeability with pigments and dyeability, increased density of the 

concentration of carrier, having capacity to be developed at less temperature 

even on plastic substrate, ecological safety and less cost. 

Chatterjee and Chakravorty [5] Glass transition temperature of 

functionalized graphene epoxy composites using molecular dynamics 

simulation. Integrated Ferroelectrics, 

Tiwari et al. [6] Ferromagnetism in Co doped CeO2: Observation of a 

giant magnetic moment with a high Curie temperature Ceo2, is an 

intermingled ionic/electronic conductor i.e. a concrete material where 

electronic (electrons) and ionic (oxygen vacancies) charge carriers credit to 

the electrical conductivity. CeO2 is a transparent rare-earth oxide containing 

a high dielectric constant (ε = 28). It has cubic fluorite structure (Fm3m 

space group) along with a lattice constant of a=5.423 Å which also matches 

well with that of silicon having a= 5.45Ǻ.  

Kruis et al. [7] shows the pull-out simulations of interfacial properties 

of amine functionalized multi-walled carbon nanotube epoxy 

composites.Now a days they widely used in, bio, structural, sports, electrical 

and other applications. Recently, many researchers report that the 

temperature of the room ferromagnetism in transition metal doped CeO2 

films and powders. And observe temperature of room, ferromagnetism in 

nanocrystalline Co-doped CeO2 powder designed by chemical co-

precipitation formula. Sounthararajan et al.[8] shows the process parameters 

were optimized by using edm on CNT-reinforced carbon fibre 

nanocomposite using grey relational analysisNow a days they widely used in, 

bio, structural, sports, electrical and other applications. 

Prez et al. [9] defined shape and size and phonon effect scattering effect 

on thr thermal conductivity of nono structures. Furthermore they have been 

used in bio, structural, sports, electrical and other applications. 

 

2 Experimental 

Chemical co-precipitation formula was used to synthesize 

nanocrystalline Co doped CeO2 samples. Cerium nitrate and Cobalt nitrate 

solutions for a required stoichiometry of CeO2 (CC0), Ce0.98Co0.02O2 (CC2) 

and Ce0.96Co0.04O2 (CC4) were made with water which is de-ionized. Yinglin 

Hafedh et al. [10] Size dependent ferromagnetism in cerium oxide (CeO2) 

nanostructures independent of oxygen vacancies.Precipitation was prepared 

taking recourse to aqueous NaOH, along with the washing it again and again 

with de-ionized water to do away with the by-products. Resultant by- 
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products were cleaned many times with de-ionized water along with by 

filtration and calcination processes. Samples annealed at 750 °C afterwards 

for duration of 4 hours in air. 

Adler et al. [11] shows the processing and  characterization for multi 

scale modelling of three-Phase carbon fiber amine functionalized carbon 

nanotubes epoxy composite. Now a days they widely used in, bio, structural, 

sports, electrical and other applications 

X-ray diffraction (XRD) symmetry was achieved at temperature of the 

room by utilizing Seifert x-ray diffractometer with radiation of Cu K  to 

analyze phase. While scanning electron microscopy (SEM) fixed with energy 

dispersive X-ray spectrometer (EDX) (JOEL, JSM-840A scanning 

microscope) was used to peruse the microstructure and composition of 

samples. We recoded the magnetic behavior by the help of a vibrating sample 

magnetometer (VSM EG&G PARC, Model 4500) with 7 kOe of a maximum 

applied field. 

 

3 Results and Discussions 
 
3.1 XRD 
 

XRD symmetry of undoped as well as Co doped CeO2, for different Co 

concentrations (x=0-0.04), confirm the single phase nature. 

Lattice parameter rate „a‟ for the samples CCO, CC2 and CC4 were 

determined to be 5.493065) Å, 5.4635(7) Å and 5.4435(5) Å respectively. No 

meaningful variation was traced in the lattice parameters of doped samples 

when it was compared to that of undoped CeO2. This may be due to the low 

concentration of TM ion doped into the host material. Careful investigation 

of reflections present in the XRD symmetry of all the samples clearly 

eliminates the presence of other impurity phases such as CoO, CoO2 or 

Co3O4. The normal crystallite size of the single phase samples calculated by 

taking recourse to Scherrer's method was found to be ~ 32 nm, 65 nm and 72 

nm for CCO, CC2 and CC4 respectively. 

 

 

3.2 SEM & EDAX 
 

The microstructural analysis for the phase original samples (as witnessed 

from XRD), was performed using scanning electron microscopy (SEM). 

Representative SEM micrograph of Ce1-xCoxO2 clearly illustrates the 

nanocrystalline nature of the samples . A considerable distribution of the 

sizeof a particle and the particles‟ aggregation are clearly evident, which are 

commonly observed in the samples prepared by chemical coprecipitation 

method. There is no significant variation in surface morphology of the 

samples as an action of concentration which is doping of Co. Analysis of 

Energy dispersive X-ray (EDX) corroborates the near stoichiometry and the  



 

 

 
 

 

 

 

 
 

11176 Vikas Kumar Sharma 
 

 

average variation is mainly because of the random do-pants alloying Figure 1 

shows the Representative SEM micrograph of undoped CeO2 at 750 °C 

annealed for 4 h in the air 

 

 
Figure 1 SEM Micrograph of Undoped CeO2 at 830 °C. 

 

 

3.3 Results and Discussion  
 
The magnetic characteristic of the phase pure models (x   0.07) were 

recorded using vibrating sample magnetometer of vibrating sample  

(VSM)with a maximum applied space of 8 kOe at room temperature by 

making use of fresh sample holders, in order to avoid spurious signal, if any. 

Figure 2 and 3 shows the M-H curve related to un-doped CeO2 and CeO2: 

Co(2%) at 350 K. 

The curves show no hysteresis and no remanence indicating the absence 

of ferromagnetism. 
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Figure 2 Shows the M-H Curve Related To Un-Doped Ceo2 and Ceo2: Co (2%) At 

300 K. 

 
 

Figure 3 Curve Related To Un-Doped Ceo2 and Ceo2: Co (2%) At 350°C. 

 

However, a clear hysteresis behavior was observed for Ce0.96Mn0.04O2 

which signifies the presence of the temperature of room ferromagnetism. The 

noted ferromagnetism is expected arising from the oxygen vacancies formed 

by the substitution of divalent or trivalent Co ions into CeO2. Similar 

observation of ferromagnetic ordering was reported in their perception found 

that, when the  cobalt content was added, some oxygen in ceria was involved 

into cobalt to form more valence state cobalt, which is assumed to be bonded 

to the well known oxygen storage function of ceria. The results assert that 

ceria gets oxygen to cobalt, which maintains its intense valence state with the 

more of the Co content, resulting in a coexistence of Co
2+

 and Co
3+

. have 

observed temperature of the room ferromagnetism in Co doped CeO2 films 

and they claim that the ferromagnetism is mainly due to the defects/ O2 

vacancies facilitated by the vacuum deposition mechanism. 

 O2 vacancies do not act as a mediator for the ferromagnetism in CeO2 

models. Based on this result, to clarify the effects of vacancies of oxygen in 

samples, controlled annealing studies are to be carried out to modify O2 

stoichiometry.  

 

4 Conclusion 
 

In summary, Ce1-xCox,O2 powders were designed for various 

composition through chemical co-precipitation formula. Individual phase 

was achieved for samples annealed at 850 °C for 4 h with x   0.05. EDAX 

and SEM results indicate the near stoichiometry of the samples and the 

agglomeration of the particles respectively. Magnetic measurements using 

VSM show a dominant diamagnetic signal for undoped CeO2 and 

Ce0.98Co0.02O2. However, room temperature ferromagnetism was observed for 

Ce0.96Co0.04O2, making it a potential candidate for spintronics application. 
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