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Abstract: Nanocrystalline indium tin oxide (ITO) doped with 2, 4 and 6 mole % of CuO, Cr2O3, and ZrO2 powder  
have been synthesized by pechini method. The crystalline structure of all the prepared samples was identified using  
XRD and IR spectroscopy. The morphology and average grain size of the prepared powder were determined using  
TEM and XRD. The effect of different dopant, different concentration, dopant cation valence and ionic radius on the  
crystalline structure, lattice parameter, crystallite size and strain were investigated. All samples have single cubic  
bixbyite phase structure except ITO samples doped with Zr. They have cubic bixbyite structure as predominant  
phase and traces of rhombohedral phase. Pure ITO sample has higher lattice parameter value than those of ITO  
samples doped with ZrO2 and lower lattice parameter value than those of ITO samples doped with CuO and Cr2O3.  
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1. Introduction 

ITO    has    been    widely    used    in    the  
microelectronic  applications,  including  transparent  
heating elements for aircraft and car windows, solar  
cells, heat reflecting mirrors for glass windows, gas  
sensors,  photovoltaic  devices,  in  chemistry  as  a  
photocatalyst, biological systems and in a variety of  
electro-optical  devices,  such  as  liquid-crystal  flat  
panel displays [1-8]. 

Generally tin-doped indium oxide (ITO) is a  
preferred   transparent   conductive   oxide  (TCO) 
material   for   these   applications   because   of   its 
favorable   electrical   and   optical   properties.   One 
disadvantage of the use of ITO is its cost. It is not the 
most  economical  choice  for  mass  production  of 
devices utilizing TCO films [9]. 

However, some critical factors such as chemical 
and  thermal  instability  and  lower  surface  energy 
limits the wider application of ITO films [10, 11], and 
the optical-electrical properties of ITO films should 
be further improved. 

Recently,  indium  tin  oxides  with  improved  
properties have been intensely investigated, including  
the application of new deposition techniques such as  
ion-beam-assisted   deposition [12],   pulsed   laser  
deposition [13] and the use of ultra high density ITO  
targets [14]. 

This paper is to complete our previous work  
where the effects of various concentration of SnO2 on  
the structural, electrical properties and the sensitivity  
to the CO2 gas of In2O3 were studied [15]. The  
present work aims also to study systematically the  
effect of co-doping of In2O3 with Sn4+ and different  
concentrations of various dopants such as Cu2+, Cr3+, 

and Zr4+ on the crystal structure, lattice parameter,  
crystallite  size  and  strain  in  order  to  obtain  the  
optimum condition required to prepare nano-sized  
powders  that  could  be  used  in  the  gas  sensing  
applications. 

2. Experimental 
Nano-sized  powders  of  ITO  co-doped  with  

CuO, Cr2O3 and ZrO2  were prepared by using the  
citrate technique base on pechini method [16] which  
is the most popular method used for preparation of  
metal oxides. In this method ethylene glycol and  
citric acid are used as gel former and complexing  
agent   respectively.   The   starting   materials   were  
Indium (99%, Aldrich), SnCl4.5H2O (99%, Aldrich),  
ZrO(NO3)2.2H2O (99.9%,   Alfa),   Cr(NO3)3.9H2O  
(98%  QUALIKEMS  Fine  Chemicals),  
Cu(NO3)3.3H2O (99%,   S   d   fine-chem   limited),  
C6H8O7  (99.5%,  Pharmaceutical  Chemicals)    and  
C2H4(OH)2 (99%, ChemPur). Citric acid (CA) was  
added to chelate metal cations at the CA: Mex+ molar  
ratio of 2:1. After 15 min of reaction, ethylene glycol  
(EG) was added into solution at a CA: EG molar ratio  
of 80:20. The colourless solution thus obtained, was  
then heated up to 150 °C, and kept under stirring to  
promote   the   esterification   and   polymerization  
reactions. After nitrous oxides and water elimination,  
a clear resin was obtained. The polymeric resin was  
charred at 250 °C to remove organic substances. The  
brown powder thus produced was ball milled and  
calcined for 18 h at 500 °C to obtain the nano-sized  
ceramic powder. Chemical analysis was performed  
on the previously prepared samples to adjust the  
stoichiometry. The crystalline structure of all the 
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prepared powder samples were identified using X-ray and the micro-strain were calculated using Rietveld 
diffractograms provided with computer controlled X- software MAUD 2.074[17]. TEM pictures of the 
ray diffractometer "formally made by The PHILIPS® samples were obtained using a JEDL model 1230. 
MPD X'PERT diffractometer˝. The X-ray tube used FTIR spectra of the samples in the form of KBr 
was a Copper-tube operating at 40 Kv and 30 mA. X- pallets were recorded on (Japan FTIR-6100) at a 
ray diffractometer with a CuKα radiation (λ= 1.5418 spectral resolution 2 cm-1. 
˚A) the lattice parameter, the average crystallite size  
 
3. Results and discussion  
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Fig.1: XRD patterns of undoped ITO and that  
doped with different concentrations of CuO. 
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Fig.3: XRD patterns of undoped ITO and that  
 doped with different concentrations of ZrO2. 
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Fig.2: XRD patterns of undoped ITO and that  
doped with different concentrations of Cr2O3. 
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Fig.4: XRD pattern of a) undoped ITO b)  
 ITO: 4Zr, and c) ITO: 6Zr.  
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Fig.5: The XRD peak shift for undoped ITO, ITO: 6Cu, ITO: 6Cr, ITO: 6Zr. 
 

Figs. 1-3 Shows the x-ray diffraction patterns of  
undoped   ITO   and   that   doped   with   different  
concentrations of CuO, Cr2O3 and ZrO2 at room  
temperature. It is clear that there is no phases for tin  
oxide and no other impurity phases were observed.  
The undoped ITO has single cubic bixbyite structure. 

For ITO:Cu system Fig.1, it is clear that all  
samples have single cubic bixbyite structure [18] and  
there are no phases were detected for CuO. The XRD  
peak intensity for all the ITO: Cu samples are higher  
than that of the undoped ITO. The XRD peaks are  
shifted almost to higher theta value and the peak  
broadening  (FWHM)   decreases   as   the   CuO  
concentration increases. 

The  peak  positions  for  ITO:Cr  of  a  cubic 
bixbyite  structure [18]  are  shown  in  Fig.2.  All 
diffraction lines from the Cr-doped ITO could be 
indexed assuming the same bixbyite structure as pure 
ITO with no detectable impurity phase as Cr, CrO, 
Cr2O3 or CrO2 up to 6 mol% Cr doping. 
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Fig.3 shows that  for ITO:Zr system, there is  
mixture of two phases, where the cubic [18] bixbyite  
is the predominant phase and as the concentration of  
ZrO2 increases, traces of the rhombohedral phase [19]  
starts to grow. There are no phases corresponding to  
ZrO2 were detected. It is clear that the intensity and  
peak  broadening  for  all  samples  increases  with  
increasing of ZrO2 concentration as shown in Fig.4. 

Zhang et al [20] deposited ITO:Zr thin films on 
glass substrates by co-sputtering with an ITO  target 
and a zirconium target. The averaged metal atomic 
ratio of ITO:Zr thin films was In:Sn:Zr= 9:1:0.2. All 
samples   are   crystallized   in   the   cubic   bixbyite 
structure of indium oxide. 

There is slight shift of the peaks towards higher  
theta value as the concentration of Cr2O3 and CuO  
increases as compared to that of the ITO. The peaks  
are slightly shifted towards lower theta value than  
that of ITO for ITO:Zr system as shown in Fig.5. 

Undoped ITO  
ITO:Zr samples  
ITO:Cr samples  
ITO:Cu samples  

 
 

-1 0 1 2 3 4 5 6 

Ternary dopant concentration  

 

Fig.6: The lattice parameter of all the prepared samples as a function of ternary dopant concentration  
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Fig.6: shows the lattice parameter of all the  
prepared samples as a function of ternary dopant  
concentration. The lattice parameter values slightly  
increase for ITO:Zr system as ZrO2 concentration  
increases and they are higher than that of the undoped  
ITO.    For  ITO:Cu  system  the  lattice  parameter  
increases till 4  mole %  of CuO and above this  
concentration it decreases. This might be due to that  
In3+ ion is fully substituted by Sn4+/Cu2+ and the  
addition of CuO oxide leads to decrease of the lattice  
parameter due to segregation of CuO along the grain  
boundaries. In future the concentration of CuO along  
the grain boundaries will be checked using EDX.  
When the Cr2O3 concentration increases the lattice  
parameter decreases. The ITO:Cr system exhibits the  
largest decrease of the cell parameter versus x with  
respect to ITO, in agreement with the much smaller  
average ionic radius of the couple Sn4+/Cr3+ (0.65pm  
[21]), compared to In3+ (0.8pm [21]). 

For ITO:Zr and ITO:Cu systems, both the size  
and  the  oxidation  state  have  to  be  considered.  
Although,  the  average  ionic  radius  of  Sn4+/Cu2+  

couple (0.71pm [21]) is close to that of Sn4+/Zr4+  

couple (0.705pm [21]),  the  lattice  parameter  of  
ITO:Zr system is larger than ITO:Cu system. This  
may be discussed considering the electric neutrality  
requirements.  Doping  of  In2O3  or  ITO  will  be 

accomplished by introducing oxygen vacancies for 
electrical neutrality [22-24]. For ITO:Zr system one 
oxygen vacancy will be created for substitution of 
two In3+ ions by one Sn4+ ion and one Zr4+ ion. No 
oxygen vacancies will be created for substitution of 
two In3+ ions by Sn4+ ion and Cu2+ ion. 

There  is  linear  dependence  of  the  a  lattice 
parameter on dopant concentration in case of ITO:Zr 
and   ITO:Cr   systems.   This   result   confirms   the 
homogeneity of the substitution procedure of In3+ by 
Sn4+  and  M  ions  within  the  studied  range  of 
composition where M=Zr4+, Cu2+. 

Bizo et al [25] studied the substitution of In3+  

by Sn4+/M2+ couple in In2-2xSnxMxO3 solid solutions  
where M=Ni, Mg, Zn, Cu and Ca. All the solid  
solutions have cubic bixbyite structure and the Ni  
solid solution has the lowest lattice parameter value.  
The highest lattice parameter was observed for Ca  
solid solution. 

Kim   et   al [26]   reported   the   structural 
characteristics of Cr-doped indium tin oxide (ITO) 
films grown on SiO2/Si substrates by pulsed laser 
deposition. From XRD measurements, only films of 
cubic bixbyite structure were grown up to 20 mol% 
Cr doping. The lattice parameter decreases as the 
concentration of Cr2O3 increases. 

orig  
fitt 
d iffer  
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    2θ (degrees) 
 

Fig.7: The results of individual profile fitting of ITO: 2Cr, Rietveld refinements (program MAUD) on powder diffraction patterns of products 
obtained after calcination of sample  at 500 ˚C. 
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Fig.8: Particle size value as a function of concentration. Fig.9: micro-strain (ε) value as a function of concentration. 
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Rietveld  software  method  was  employed  to  
estimate the particle sizes and the strain of all the  
prepared powder samples [17]. Fig.7shows the results  
of individual profile fitting of ITO: 2Cu XRD powder  
pattern   using   Rietveld   refinements  (program  
MAUD). 

It is clear that the effect of particle size as a  
function of concentration is not a systematic relation.  
The cubic grain size increases and then decreases as a  
function of dopant concentration for ITO:Zr. The  
cubic grain size increases in case ITO:Cu while it  
decreases in case ITO:Cr as a function of dopant  
concentration as shown in Fig.8. The cubic grain size  
for all the prepared samples is in the 19-33nm range. 

Discussing the effect of dopant concentration  
on micro-strain │ε│ it is clear that the micro-strain 

 
 
 
 
 
 
 
 
 
 
 

Fig.10: TEM micrograph of ITO sample 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.12: TEM micrograph of ITO: 4Cr sample 

Figs. 10-13 show TEM image of ITO, ITO:4Cu,  
ITO:4Cr and ITO:4Zr nanopowder. It is shown that  
the particles of the samples are spherical in shape 

value decreases and then increases in case of ITO:Cu  
and ITO:Zr systems while it increases in case of  
ITO:Cr system as the dopant concentration  increases  
as shown in Fig.9. ITO:Cr system has higher strain  
values than that of ITO:Cu and ITO:Zr systems. This  
might be due to difference in average ionic radii of  
Sn4+/Cr3+ couple and In3+ ion is higher than the  
difference in ionic radii of In3+ and Sn4+/Cu2+ or  
Sn4+/Zr4+ couples. 

In  conclusion,  the  dominant  factor  in  line 
broadening may be due to the presence of strain 
resulted  from  addition  of  different  concentrations 
besides the change in lattice parameter values which 
resulted from created defects. 

Fig.11: TEM micrograph of ITO:4Cu sample 

Fig.13: TEM micrograph of ITO: 4Zr sample 

with 19-33 nm size range. The particle size obtained 
from  TEM  is  nearly  in  the  same  range  of  that 
calculated form XRD pat-terns. 
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Fig.14: IR spectra of the undoped ITO and that doped  
 with different concentrations of Cr2O3 all samples. 
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Fig.15: IR spectra of the undoped ITO and that  
doped with different concentrations of CuO all 

samples. 
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Fig.16: IR spectra of the undoped ITO and that doped with different concentrations of ZrO2 

all samples. 
 

Figs. (14-16) show the IR spectra of undoped  
ITO, ITO:Cr, ITO:Cu and ITO:Zr systems in the  
range (400-4000 cm-1). The bands present in the  
frequency range 400-800 cm-1 may be due to the  
stretching  and  bending  vibrations  predicted  by  a  
factor group analysis and lattice vibration [27]. To  
discuss the band appearing in this range on the above  
principle, some information on the crystal lattice of  
In2O3 must be given. In2O3  has the C-type cubic  
lattice and belongs to the space group T7h (la3)[28].  
There are two coordination, the In(1) polyhedron is  
essentially  regular  and  has  a  single  metal  bond  
oxygen distance d(1). The In(2) polyhedron is quite  
distorted with only 2-fold system, there are three  
pairs   of   metal-oxygen   distances   which   vary  
considerable in length. The In-O bond lenghts are (6) 
In(1)-O2.18  Å, (2)In(2)-O2.13 Å,  (2) In(2)-O2.19Å,  (2) 
In(2)-O2.23 Å. 

The large difference in the In(2)-O bond lengths  
is  attributed  to  an  unequal  distribution  of  the 

repulsive forces among the oxygen atoms that form 
the polyhedron around In(2)[28]. 

For all the prepared samples, The band at about  
520 cm-1 belong to  γ-OH displacement [29] and the  
peak at about 560 may be  attributed to Sn-O, Sn-OH  
and\or free carriers [30-31]. The bands at about 1080  
and 1170 cm-1 may be assigned as δ(OH) of bridging  
and    terminal    hydroxyl    group    of    In(OH),  
respectively[32] and/or may be due to M-O valence  
oscillation band. The peaks at 1385-1450 and about  
1620  cm-1  belong  to  the  absorbed  water  in  the  
precursors  [30]. The peaks observed at 1385-1450  
cm-1  were assigned as other mode of vibration of  
δ(OH)  of  OH  group  bonded  to  In3+  and  Sn4+,  
respectively [32]. The two peaks at about 3150 and  
3400 cm-1 were attributed to the OH group [30].  
Different authors [33-35] attributed the shift and/or  
broadening  of  Infra-red  absorption  band  to  the  
change of lattice parameter, lattice imperfections, the 
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variation of M-O bonding strength and/or change of 
free electron present. 

The bands corresponding to addition of Cr or Zr  
oxides affect only on the band positions. This may be  
attributed to the occurrence of the defects created by  
the addition to the In2O3 crystal lattice [36-37]. For  
ITO:Cu, there is no shift in the band position above 4  
mole% CuO as the concentration of CuO increases.  
This behaviour is previously discussed in the XRD  
part. The results obtained from the IR spectra are  
confirmed by that obtained from the XRD part. 
 
4. Conclusion 

Nano-sized  indium  tin  oxide  with  different  
amounts of dopants (CuO, Cr2O3 and ZrO2) was  
prepared by the citrate technique and studied with  
particular intention to dopant concentration, dopant  
cation nature, valency and radius.  XRD patterns of  
ITO:Cu   and   ITO:Cr   systems   have   cubic   with  
bixbyite-type structure. ITO samples doped with Zr  
have cubic bixbyite structure as predominant phase  
and traces of rhombohedral phase starts to grow as  
the concentration of Zr increases. There is slight shift  
of the peaks positions as compared to the ITO as the  
dopant content increases for all the prepared systems.  
These shifts results from the difference between ionic  
radii  of  In3+  and  Sn4+/M  couple  where  M=Cu2+,  
Cr3+or  Zr4+  and  this  is  reflected  on  the  lattice  
parameter values for all the investigated systems.  
Particle size calculated from the XRD patterns and  
TEM  measurement  showed  that  all  the  prepared  
oxide samples are in the nano range (19-33nm).  
Results obtained from XRD analysis confirm that  
obtained from IR studies in the fact that the addition  
of dopants shifts the peak position either in XRD  
patterns and IR spectra for ITO:Cr and ITO:Zr and  
also confirmed that there is no shift in the peak  
position in case of ITO:Cu system for the addition of  
6mole % of CuO . 
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