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Abstract : In the present work pristine and transition metal (Co, Cr) doped indium oxide 

nanoparicles are prepared by combustion method using glycine as a fuel. The initial 

precursors were characterised by TG/DSC which shows the stepwise weight loss of the 

precursor. FTIR measurements showed the absence of organic impurity in final 

compounds. X-Ray diffraction studies reveal that In2O3 crystallizes in a cubic bixbyte 

structure. As seen from the TEM images particle size obtained is >20 nm. Temperature 

dependent electrical resistivity measurement shows a semiconducting behaviour. 

Decrease in resistivity obtained upon doping can be attributed to the decrease in charge 

carrier mobility. 

1.Introduction  

In the last few years transparent conducting oxides (TCO’S) have received a lot of 

attention worldwide owing to their diverse practical applications [1].Indium oxide is one 

such TCO material used which is a promising material for solar cells, electro-optic 

modulators, electro chromic mirrors, flat-panel displays, low-emissivity windows etc. 

[2,3].Bulk Indium oxide is an n-type semiconductor with inherent oxygen deficiency and  

a band gap of ~3.7 eV. In stoichiometric form it is an insulator but behaves as a 

semiconductor in non -stoichiometric state [4]. The electrical resistivity can be tuned by 

tuning the oxygen vacancies or by doping. Three space group symmetries I213, Ia3 and R3 

of indium oxide are known.In2O3- Ia3 is the most studied symmetry where In2O3 

crystallizes in a cubic bixbyte structure [5-7]. 

Over the years many undoped and doped In2O3 nanoparticles have been synthesised for 

their applications in the fields of catalysis [8,9], sensing[10,11] ,electronic and magnetic 

appliances, as diluted magnetic semiconductors(DMS)[12,13].Several methods are 

reported for the synthesis of In2O3 nanoparticles including sol-gel[14],Co-

precipitation[15],hydrothermal[16],mico-emulsion[17],spray pyrolysis [18]etc. In this 
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work we present the simple synthesis of pristine and TM doped In2O3 nanoparticles via 

combustion method. Thermal analysis of the starting precursor, characterisation of final 

compounds and their electrical properties are the highlights of the work. 

2.Experimental  

In2-xMXO3 (M=Co,Cr, x=0.08) nanoparticles were synthesised by solution combustion 

method using glycine as a fuel. Starting materials used were of high purity as follows 

Indium oxide (Sigma Aldrich 99.9%), Co(NO3)2 .6H2O (Sigma Aldrich 99%) Cr(NO3)2 

.9H2O(Sigma Aldrich 99%) and Glycine (Thomas Baker 99.7%). In a typical synthetic 

procedure In2O3 was first dissolved in minimum amount of dilute nitric acid,to this 

solution the dopant metal nitrate(Co, Cr) was added and the mixture was stirred for 30 

minutes, to this mixture glycine was added in a requisite amount and the reaction mixture 

was kept on hot plate with continuous stirring until combustion takes place. Combustion 

results in a voluminous precipitate which was then kept in a furnace at required 

temperature to remove the organic impurity. The compound formed was then ground and 

calcined at 500 
o 
C for 5 h. The metal nitrate to fuel ratio (M: F) maintained was (1: 0.5). 

Thermal decomposition of the metal nitrate –glycine melt was studied on TG-DSC 

(NETZSCH TG-DSC STA 409PC) in air at a heating rate of 10
o 
C /min. The phase purity 

of all the samples were characterised by X-Ray diffraction (XRD) studies using a Rigaku 

Miniflex Diffractometer with CuKα   radiation filtered through Ni absorber. FTIR 

measurements were carried out on Shimadzu IR-prestige -21 to determine the absence of 

organic moiety in the samples and to determine the specific metal oxide vibration bands.  

Particle size of the calcined samples was determined using Transmission electron 

microscopy. Electrical resistivity measurements of the pelletised samples were carried 

using two probe method from room temperature to 500
o 
C.   

3.Results and discussion 

Thermogravimetric analysis of the sample carried out in air shows the stepwise 

decomposition of Indium nitrate- glycine melt. As shown in Fig.1. Endo peak at around 

70
o 

C corresponds to the loss of physisorbed water. A major weight loss with a sharp 

exothermic peak observed at 218 
o
 C is due to the decomposition of metal nitrate–glycine 



 

 512 

melt. No major weight loss is obsereved after 300 
o
 C. As a result all the samples were 

sintered at 500
o 
C to give In2O3 nanoparticles. 

The XRD patterns of the pristine and doped In2O3 samples are shown in Fig.2. All the 

observed diffraction peaks could be indexed based on unit cell of Cubic In2O3. All the 

peaks are in good agreement with the reported JCPDS data .Incorporation of Co, Cr ions 

do not change the crystal structure. The Crystallite size of the sample calculated by using 

Debye Scherrer formula, ranges between 12-22nm. Lattice parameter (a=b=c) observed 

are10.1235, 10.1320 , 10.1047 for pristine ,Co and Cr doped In2O3 samples respectively. 

  

Fig.1. TG/DSC Curve of metal- nitrate           Fig.2 . XRD Pattern pristine and doped 

In2O3                

glycine melt     
               

 Infra red analysis of (a) Indium nitrate-Glycine melt (b) decomposed at 200
 o 

C 

(c)sintered at 500
 o 

C was carried out . The organic moiety present in the melt (a) as 

observed from the following vibrations 3592,3195(O-H ),2380,2076(C-

N),1771(C=O),1396cm
-1 

(C-H)  is decomposed during the reaction and the final 

compound (c) contains no organic impurity, only peaks corresponding to metal oxygen 

bonds are obtained. Peaks observed at 601, 565and 429 cm
-1

 are characteristic of In-O 

vibrations. 

TEM image of the In1.92Cr0.08O3 is shown in Fig.3.spherical shape of the particles can be 

clearly observed. All the particles are uniform in shape and size. The particle size 

obtained is around 20 nm
.
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3.1 Electrical resistivity 

Resistivity measurements of the pelletised samples were carried out from RT to 500 ºC, 

the trend obtained shows a typical semiconducting behaviour for all the samples. Pristine 

indium oxide shows n- type conduction resulting from the internal defect i.e oxygen 

vacancies. In the present study upon doping with Cr and Co resistivity is found to 

increase respectively. This can be attributed to the lowering of the charge carrier mobility 

on doping. On doping conductivity due to electrons i.e n- type may shift to hole carriers 

i.e p- type in which the mobility of charge carriers is reduced or the decrease in carrier 

mobility may result from the severe oxygen deficiency that results from the lattice 

structure disorder. Further studies on this is in progress. In earlier report for In2-xMoxO3 

Thin films by Xifeng Li et.al  similar trend  is observed on increasing the doping 

concentration.(19)  

      

Fig.3. TEM image for In1.92Cr0.08O3         Fig.4. Electrical Resistivity plots for In2-xMxO3  

  

 

4.Conclusion 

Pristine and TM (Co,Cr) doped In2O3 nanoparticles have been successfully synthesized 

by a simple combustion method.Stepwise weight loss of the precursor is studied using 

TG-DSC analysis , accordingly the sintering temperature was finalized. XRD confirms 
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the formation of monophasic compound with a cubic bixbyte structure. Spherical 

morphology and nano size of the particles is confirmed using TEM. FTIR analysis shows 

the absence of organic moiety in the final compound.DC-Electrical resistivity shows a 

typical semiconductor behaviour and resistivity is found to increase in Co & Cr doped 

samples. 
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