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ABSTRACT 
 
 In this work, a mixture of indium (III) and tin (IV) hydroxides has been synthesized by a co-precipitation 
process at 80 oC. Results indicated that the mixture of In(OH)3, Sn3O2(OH)2, and In(OH)3-In2O3 has transformed 
to ITO by calcinations. Results of transmission electron microscopy (TEM) and X-ray diffraction have 
confirmed the formation of indium tin oxide (ITO) nanocrystalline with spherical and cubic structures upon 
calcinations at 400, 600 and 800 oC. Calculations have showed that the optical band gap has been decreases 
from (1.85 to 1.6 eV) by calcinations. This is due to the increase in the particle sizes from (10- 25 nm). The real 
and imaginary part of dielectric constant as functions of frequencies have been studied at different temperatures.   
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Introduction 
 
 Indium tin oxide (ITO) is an important transparent conducting oxide (TCO) material. It is an insulator in its 
stoichiometric form and it behaves as a highly conductive semiconductor with a wide direct bandgap in non 
stoichiometric form [Antony et al., 2004]. Over the past decades, many researche's prepared ITO thin films due 
to their wide application in fabricating photovoltaic cells [Utsumi et al., 1998], sensor modules [Patel et al., 
2003] and transparent electrode materials for both electrochromic cells [Limmer et al., 2003] and liquid crystal 
display devices [Antony et al., 2004]. The current studies are concentrated in the preparation and properties of 
ITO powders [Limmer et al., 2003 and Hu et al., 2003]. For various applications, a significant interest has been 
focused on the field of preparing low-dimensional and quasi-one-dimensional structured semiconducting ITO 
particle such as nano-sphere [Kim et al., 2004], nanoaciculae [Chen et al., 2004], nano-rod [Limmer et al., 
2003], nano-wire [Yu et al., 2003] and nano-tube [Zhu et al.,2004]. Several common processes were used to 
prepare ITO in the powder form such as co-precipitation [Kim et al., 2004, Chen et al., 2004 and Yu et al., 
2003], vapor–liquid–solid (VLS) [Balamurugana et al.,2005, Pan et al., 2002 and Dai et al., 2002], sol–gel 
[Limmer et al., 2003], hydrothermal synthesis [Guisheng et al., 2005] and emulsion technique [Sujatha Devi et 
al 2002]. 
  In this work, nano-sized ITO particles have been synthesized by co-precipitation method. The effect of 
reactant pH, stoichiometric ratio of indium and tin chloride and synthesis temperature on the shape and 
properties of indium tin hydroxide washave been studied. The effect of calcination temperature on morphology, 
phase structure, vibrational, optical and electrical properties have been investigated. 
 
2. Experimental: 
 
2.2. Synthesis of ITOH and ITO Nanoparticles: 
 
 InCl3.4H2O  and SnCl4.5H2O (purity 99.2%) were purchased from S.d. Fine-Chem. Ltd. 3.77 grams of 
white InCl3.4H2O and 1.12 grams of white SnCl4.5H2O were dissolved in 50 ml of de-ionized water. Ammonia 
was mixed with de-ionized water to prepare concentration-controlled ammonia (25 vol. %) in another container. 
The ammonia solution was poured into the indium (III) chloride and tin (II) chloride mixed solution over a 
period of 3h to achieve a final pH 8.0 under stirring in hermatic conical flask at 80 0C. Sn-In hydroxides was 
centrifuged at 5000 rpm for 5 min and only its solid, In(OH3).H2O-H2Sn(OH)6 was collected. Finally, the 
product was washed several times until there were no chloride ions in solution. Collected indium tin hydroxide 
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was heated and dried at 1000C to remove moisture. The samples were calcined at various temperatures (400, 600 
and 800 0C).   
 
2.3. Instruments: 
 
 The particle size distribution and shape were studied using JEOL JEM 2010 transmission electron 
microscope operated at 200 kV accelerating voltage. The samples were prepared by making a suspension from 
the powder in distilled water using ultrasonic water bath. The suspension was centrifuged to collimate the large 
size particles. Then a drop of the suspension was put into the carbon grid and left to dry. The crystalline 
structure was determined by X-ray Diffractometer Philips (PW 13900), using Cu Kα (λ = 1.54 A). The 
vibrational spectra of the prepared samples were measured by using Jasco 6100 Fourier transform infrared 
(FTIR) Spectrometer. The samples were measured in mid-IR range using KBr method. The UV–visible spectra 
were measured in the range 1000–200 nm using Jasco 570 UV–VIS-NIR spectrophotometer. The samples were 
prepared as a suspensions using distilled water. The value of ε\ and ε\\ were calculated at different temperatures 
by using an LCR bridge mode 3531 (Japan)   in the frequency range from 100 KHz up to 2MHz. The samples 
were made in the form of disc of about 1.27mm in thickness, under pressure 10 tons/cm2. The two surfaces of 
each disc were coated with silver paint and checked for good conduction. The sample was inserted between the 
two cell electrodes. Calibrated furnace was used for heating the sample with constant rate. The temperature of 
the sample was measured using thermocouple connected to Digi-sense thermometer with junction in contact 
with the sample.  
 
Results and Discussion 
 
3.1. X-ray diffraction: 
 
 X-Ray diffraction of indium tin hydroxide calcined at (400, 600 and 800 0C) is shown in Figure (1). From 
Figure (1, a) it can be noticed that, there are a strong peak (200) centered at 22.4o and a peak (400) centered at 
45.50. These two peaks  represented pure cubic In(OH)3[JCPDS card no. 16-0161]. As well as two peaks (112) 
and (212) centered at 31.60 and 39.80 are observed, respectively. These two peaks confirmed the formation of 
Sn3O2 (OH)2[JCPDS card no. 25-1303]. These results are in agreement with [Li et al., 2005] but in our work, 
two low peaks (222) centered at 29.80 and (440) centered at 51.610 are observed. The appearance of these low 
intense peaks indicates the formation of cubic ITO. Since the synthesis temperature 800C is higher than Li et al. 
at 40 0C leading to small part of indium hydroxide and tin hydroxide changed to ITO. The transformation of 
hydrated indium (III) and tin (IV) hydroxide prepared at 80 0C to ITO has been done by calcination at different 
temperatures (400, 600 and 800 0C). The transformation steps are recorded as shown in Figure (1: b-d). By 
comparing the pattern of ITOH Figure (1: a) with pattern of ITO Figure(1: b-d) it can be noticed that, the peak 
(200) centered at 22.4o which indicated the In(OH)3  as well as the peaks (112) and (212) centered at  31.60 and 
39.80 assigned to Sn3O2(OH)2 decreases by increasing calcination temperature to 400, 600 0C in Fig. (1: b, c) and  
then disappeared at 800 0C Fig. (1: d). These confirmed the complete transformation of In(OH)3 and Sn3O2(OH)2 

to cubic ITO[Basu, 1997]. It can be also observed that, the mean peak (222) at 29.80 for ITO become more 
intense with increasing the calcination temperature from 400 0C to 800 0C indicating to the increasing of the 
crystallinity of (ITO). The mixed system mainly matching with the cubic In(OH)3 in addition to cubic 
Sn3O(OH)2 and small part of ITO were transformed to cubic ITO.  
 
3.2. FTIR Spectroscopy: 
 
 The FTIR spectra of prepared samples by co precipitation method and its calcination at (400, 600 and 800 
0C) in the wavenumber range (4000-400 cm-1) are illustrated in Figure (2: a-d).  From Figure (2: a), it can be 
noticed that, the absorption band appeared at about 3400 cm-1 is assigned to the stretching vibration of OH group 
of the adsorbed water[Jain et al., 2005]. The band at 3235 cm-1 characterising the stretching vibration of indium 
or tin hydroxide group. The absorption bands appeared at 1628 cm-1 and 1391 cm-1 are   due to the OH 
deformation. The two absorption bands at 1160 and 1066 cm-1 can be assigned to tin and indium hydroxide 
bending vibration[Nakamoto K 1970 Infrared and Raman spectra of inorganic and coordination compounds 
(New York: John Wiley)]. The absorption bands appeared at 786 and 507 cm-1 may be due to indium oxide (In-
O) stretching vibration[Nobuyoshi Koga and Takaaki Kimizu, 2008]. The small peak at 410 cm-1 assigned to tin 
oxide (Sn-O2). By comparing the spectrum Figure (2: a) with that calcined at 400 and 600 0C, Figure (2: b,c) it 
can be clarified that, the absorption band appeared at about 3400 cm-1 in Fig (2: a) decreased in Fig (2: b,c) due 
to the evaporation of water molecule during the calcination process. The absorption band appeared at 3235 cm-1 
become shoulder in Figure (2: b,c). This band disappeared in Figure (2: d) due to the transformation of ITOH to 
ITO. The two absorption bands 1160, 1066 cm-1 disappeared in Figure (2: d). These results confirmed the 
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complete transformation process of ITOH to ITO. The new absorption bands appeared at 878, 477, 421 cm-1 in 
Fig (2: c) may be due to the formation of (In-O, SnO2) [Nobuyoshi Koga and Takaaki Kimizu, 2008]. From 
Figure (2: d), the absorption bands appeared at 539 and 428cm-1 are attributed to (O-Sn-O) bridge function 
group in SnO2and the absorption band at 927 cm-1 assigned  to (In-O) [Jain et al., 2005].  
 

 
Fig. (1: a-d): X-ray diffraction pattern of: (a) indium tin hydroxide (ITOH), (b-d) (ITOH) calcined at  (400, 600 

and 8000C). 
 

 
 
Fig. (2: a-d): The Infrared spectra of: (a) indium tin hydroxide (ITOH), (b), (c), (d) (ITOH) calcined at (400, 

600 and 8000C). 
 
3.3. Transmission electron microscope (TEM): 
 
 Figure (3: a) represents the transmission electron microscopy (TEM) image of ITOH. The Gaussian fit to 
the particle size histogram is shown in Fig. (3: b). From Fig. (3: a) it can be observed that, number of well-
dispersed ITOH nanoparticles were clearly seen with a fairly even size distribution. Also, it can be seen that 
ITOH nanoparticles have different shapes like (spherical, cubic).  
 Figure (4: a-f) shows the particle's distribution and the Gaussian fit to the particle size histogram of ITOH 
calcined at 400, 600 and 800 oC,  respectively. From Fig (4: a) and its histogram, Fig. (4: d), it is clear that the 
ITOH particles calcined at 400 oC have both  cubic and spherical types of particle with 10 nm of diameter. By 
comparing the images of Figure (4: a) and Figure (4: b) it can be noticed that, the   thermally oxidized particles 
at 600oC have appeared with cubic shape and particle size 11 nm Fig (4: e). When the thermal treatment 
temperature is increased to 800oC Figure (4: c), cubic type of large particles lately has appeared with particle 
size 25 nm. As a result when the calcination's temperature is increased the coherence of particles is also 
increased. The reason is that the sintering between particles and the particle size is increased. 
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Fig. (3: a, b): Typical TEM images and histogram of indium tin hydroxide (ITOH) prepared  by co- 

precipitation method. 
 

 
 
Fig. (4: a-f): The TEM images and histogram of ITOH calcined at 400, 600 and 800 oC respectively. 
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3.4. UV-Visible Spectroscopy: 
 
 The ultraviolet and visible absorption spectra of ITOH nanoparticles prepared at 80oC, dried at 100 oC and 
calcined at 400, 600 and 800 0C has been recorded in the spectral range (200-1000 nm) as shown in Figure (5: a-
d). From this Figure it can be noticed that, there is no sharp absorption edge observed at higher wavelength, 
however, an absorption peak is clearly observed at lower wavelength, at 320 nm[Zhang et al., 2004 and Kim et 
al., 2007]. The latter is most characterized by excitonic absorption. In low dimensional system the confinement 
of the carriers leads to a higher value of the excitonic binding energy, so that excitons absorption band has 
appeared at low wavelength[Nakamoto K 1970 Infrared and Raman spectra of inorganic and coordination 
compounds (New York: John Wiley)]. This behavior can be attributed to the quantum confinement. This result 
is in agreement with the results obtained from X-Ray data and TEM images. When the sample was calcined at 
800oC, ITOH was completely transformed to ITO without any absorption peak in this range[Usui et al., 2006]. 
 

 
 

Fig. (5: a-d): UV-Vis spectra of (a) indium tin hydroxide (ITOH), (b), (c), (d) (ITOH) calcined at  (400, 600 and 
8000C) respectively. 

 
 The optical band gap Eg, has been calculated from the experimental values of the absorption coefficient,, 
as a function of the photon energy, h, using the following equation ( )n

nph B h E    [ Pankove,1971 and 

Tauc, et al., 1966], where n = 1/2 for direct band gap and n = 2 for indirect transition, B constant depends on the 
electron-hole mobility,  is the absorption coefficient, h is the photon energy (Ephot). Plots of (h) 2 against h 
for ITOH and calcined at different temperature (400, 600 and 800 oC) are shown in Figure (6: a-d). The values 
of the optical energy gab have been determined by extrapolating the liner portion of the curves to (h) 2= 0. 
The band gaps are (2.0, 1.85, 1.75, 1.6 eV) for ITOH calcined at 400, 600 and 800 oC, respectively. It can be 
noticed that, the optical band gap decreases from 1.85 to 1.6 eV by calcination due to the increase in particle 
size. 
 
4.5. Dielectric Properties : 
 
4.5.a: Real Part of Dielectric Constant for ITOH: 
 
 Figure (7: a-d) shows the change of the real part of dielectric constant (ε') of ITOH calcined (400, 600 and 
800 0C) as a function of frequency in the range from (100 kHz –2 MHz). All samples have been measured at 
temperatures (30, 50, 70, 90 and 110 oC). The dielectric constant (ε') is calculated using the following equation: 
 
ε'=  C(F)*d(m) / εo*A(m2) 
 
 Where: C is the capacity in Farad, d is the thickness in m, A is the disc area in m2 and εo is the permittivity 
of vacuum = (8.85* 10-12 Fm-1).  
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Fig. (6: a-d): Relation between (hν)2 vs hν for: (a)  ITOH, (b-d) ITO Calcined at  400, 600 and 800oC, 

respectivily. 
 
 From this Figures it can be seen that the value of dielectric constant (ε') decreases with increasing applied 
frequency. This is because the fast variation of the field accompanied with the applied frequency and the dipoles 
can not follow up the field variation and this tends to decrease of dielectric permittivity of ITOH. The dielectric 
constant (ε') was increases with increasing temperature. This may be due to the increasing of the polarizability 
with temperature. The value of the dielectric constant depends on their polarizability  (α) and the locally acting 
electric field E\. This field will normally differ from the applied electric field E due to polarization of the 
surrounding dielectric medium.  
 
4.5. b: Imaginary  Part of Dielectric Constant for ITOH:  
 
 Figure (8: a, b) shows the change of the imaginary part of dielectric constant (ε'') with frequency in the 
range of (100KHz –2MHz) at different temperatures 30, 50, 70, 90 and 110oC of ITOH calcined at 400, 600, 
800oC.  From Figure (8: a) it can be seen that, the imaginary part (ε'') increases with increasing temperature. 
This behavior may be explained as follow. Increasing the temperature has accelerated the motion of dipoles, 
accordingly; the dissipation energy of dipoles friction has been increased. The dielectric loss factor did not show 

1.0 1.5 2.0 2.5 3.0 3.5

0

2

4

6

8

10

12

(a)  

 

 
(

h
)2  (

cm
-1
 e

V
)2

E
phot

 (eV)



2278 
J. Appl. Sci. Res., 8(4): 2272-2279, 2012 

 

any relaxation peaks in the frequency range from (100KHz to 2MHz). This includes the contribution due to the 
steady state transport of charge carriers between electrodes.  

 

 
Fig. (7: a-d): The relation between real part of dielectric constant log (ε') and log (f, Hz) of (a) indium tin 

hydroxide (ITOH) and (b), (c), (d) after calcination at  (400, 600 and 800 0C) respectively.  

   
Fig. (8: a, b): The change of imaginary part of dielectric constant log (ε") and log (f Hz) of (a) indium tin 

hydroxide (ITOH) and (b)(ITOH) calcined at (400 0C) 
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Conclusion: 
 
 X-ray powder diffraction indicates the formation of cubic ITO nanoparticles. The infrared spectra indicates 
the complete  transformation of ITOH to ITO at 800 oC. The grain size has been increased from 10 to 25 nm by 
increasing the calcination temperature.  
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