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PMMA/ In2O3 nanocomposite films for photoinduced nonlinear optics were synthesized. 50% (w/v) 

solution of PMMA (Mw = 100.000) was prepared in chloroform (purity >99%, from SD Fine 

Chemicals, Mumbai) and stirred for ca 15 h. To the viscous solution so obtained, appropriate quantity 

of In2O3 nanoparticles was added with continuous stirring. The reaction system was sonicated for two 

hours. The dispersion so obtained was used for formation of PMMA/In2O3 nanocomposite films by 

spin casting the solution on glass substrate at 10 000 rpm for 20 s. The photoinduced optical second 

harmonic generation was performed by nanosecond Nd:YAG laser using the bicolour laser treatment. 

The output SHG has shown nonlinear dependence on the In2O3 nanoparticles content. 
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1. INTRODUCTION 

The In2O3  possess a very good magnitude of energy gap equal to about   3.2  eV which do 

these materials very promising for the optical applications [1]. Particular interest present nanoparticles 

of these materials [2]. This is caused by their very specific crystallochemistry structure [3]. However, 
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to decrease processes of the light scattering the corresponding  nanoparticles were embedded into the 

polymer matrices first of all in the PMMA [4]. The role of the polymer matrix leads both to the filler 

effect as well as to the additional enhancement due to the interface nano-trapping level on the borders 

nanocrystallite/polymer due to electron-phonon anharmonic interaction [5], and of a huge interest is an 

effective distance between the particular chromophore and the surrounding polymer [6]. 

As a consequence in this article we explore optically stimulated second harmonic generation of 

the In2O3 nanoparticles embedded into the PMMA polymer. For this reason we have chosen 

nanocomposites possessing materials with the three different concentration of the In2O3 nanoparticles. 

Contrary to the earlier works the corresponding  nanocomposites were prepared by a nonhydrolytic 

alcoholysis ester elimination reaction of indium acetate. This way should open a new opportunity for 

the  separation between the nanoparticle and the polymer matrix.  

 

1.1. Synthesis of In2O3 nanoparticles 

In2O3 nanoparticles were prepared by a nonhydrolytic alcoholysis ester elimination reaction of 

indium acetate.   In a typical preparation 0.25 g of indium acetate along with 20 ml oleyl alcohol and 

1.3 ml of oleic acid were taken in a 100 ml volume three-necked flask. The reaction flask was 

evacuated to a vacuum level of 2 mbar and heated slowly to 100 
o
C and held at this temperature for 30 

min. The reaction system was then heated to 220 
o
C under flowing argon atmosphere and maintained 

at this temperature for 4 h. The reaction solution was then cooled to 60 
o
C, and excess of methanol (20 

ml) was added to precipitate the nanocrystals. The off white nanoparticles recovered by centrifugation, 

were dispersed in toluene and precipitated by addition of methanol. The redispersion/precipitation 

route was repeated twice to remove any unreacted precursors and excess oleic acid/oleyl alcohol. In2O3 

nanoparticles so obtained were characterized by powder X-ray powder diffraction (XRD), high 

resolution transmission electron microscopy, FTIR and Raman spectroscopy and were found to be 

highly crystalline with cubic bixbyite structure with average crystallite sizes of ~ 9 ± 3 nm.  

 

1.2. Synthesis of PMMA/In2O3 nanocomposite films by spin casting 

The details about the synthesis and characterization of PMMA/ In2O3 nanocomposite films are 

the following. Brief, 50% (w/v) solution of PMMA (Mw = 100.000) was prepared in chloroform 

(purity >99%, from SD Fine Chemicals, Mumbai) and stirred for ca 15 h [7]. To the viscous solution 

so obtained, appropriate quantity of In2O3 nanoparticles was added with continuous stirring. The 

reaction system was sonicated for two hours. The dispersion so obtained was used for the formation of 

PMMA/In2O3 nanocomposite films by spin casting the solution on glass substrate at 10 000 rpm for 20 

s. The films so obtained were dried in air and carefully peeled after 2 h. PMMA/In2O3 nanocomposite 

films consisting of 1, 2 and 5 wt% In2O3, hence forth mentioned as PMMA-IO1, and PMMA-IO2 and 

PMMA-IO5, respectively, were prepared. The thickness of the produced films was ~50 mm. The 

nanocomposite films have been structurally characterized by X-ray diffraction (XRD), Fourier 
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transform infrared (FTIR) spectroscopy and atomic force microscopy and the results confirm the 

incorporation of In2O3 nanoparticles in the PMMA matrix. 

 

2. CHARACTERIZATION 

Phase purity and structure of the In2O3 nanoparticles and the PMMA/In2O3 nanocomposite 

films were determined by X-ray powder diffraction (XRD) data, which were collected on a Philips 

X'Pert pro X-ray diffractometer using Cu-Ka radiation (λ = 1.5418 Å) at 40 kV and 30 mA. AFM 

images were obtained using a scanning probe microscope (NT-MDT model- SPM solver P47) in 

contact mode using silicon nitride tips. 

 

3. RESULTS AND DISCUSSION 

Fig. 1a shows the XRD patterns of the synthesized In2O3 nanoparticles. All the observed peaks 

can be attributed to cubic-In2O3 (JCPDS no. 88-2160). The average crystallite size of the nanoparticles 

as obtained from the full width at half maximum (FWHM) of the (222) Bragg peak using Scherrer 

equation with a shape factor of 0.9 was found to be ~ 9 ± 3 nm. Fig. 1b shows the XRD patterns for 

pristine PMMA film and the PMMA/In2O3 nanocomposite films. The diffraction pattern of PMMA 

shows a very broad diffraction peak at 2θ ~16
o
, typical of an amorphous material. Two peaks of much 

lower intensities centered at 30.0
o
 and 42.7

o
 were also observed.

2
 The XRD spectra of the 

nanocomposites with 1, 2, and 5% weight loading of In2O3 nanoparticles show the peaks observed in 

PMMA together with the peaks of the fillers, the intensity of which increases with increasing contents. 

The pattern confirms that the In2O3 particles are embedded in the polymer matrix. 

 

3.1. Surface morphology of PMMA/In2O3 nanocomposite films 
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Figure 1. XRD patterns of (a) In2O3 nanoparticles and (b) pristine PMMA and PMMA/In2O3 

nanocomposite films with different In2O3 concentrations. 



Int. J. Electrochem. Sci., Vol. 9, 2014 

  

6373 

Surface morphology of the PMMA/In2O3 nanocomposite films obtained by spin casting has 

been investigated by atomic force microscopy (AFM) and the resultant images are shown in Fig. 2. 

The films are more or less uniform and the statistical root mean square (RMS) roughness values for the 

PMMA-IO1 (AFM image not shown), PMMA-IO2 and PMMA-IO5 are 2.7 nm, 1.2 nm and 2.16 nm 

respectively. 

 

(a) 

  
(b) 

    
  

Figure 2. 3D AFM images of spin cast (a) PMMA-IO2 and PMMA-IO5 nanocomposite films 
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Figure 3. Photoinduced dependence of the second harmonic generation versus the photoinducing 

power energy in MW/cm
2
.  

 

3.2. Photoinduced second harmonic generation in the In2O3/PMMA nanocomposites 

The measurements of the photoinduced optical second harmonic generation were performed by 

a method similar to the described in the ref. 8. The principal results are presented in the Fig. 3. One can 

see that the maximally achieved SHG was observed for the samples with the In2O3 content equal to 

about 2 %. Such maximum may be caused by optimal magnitude of the effective surfaces separating 

the nanoparticles and the surrounding polymer. Additionally at this concentration more effective are 

the electron-phonon anharmonicities [ 

The absence of peak [321] for XRD patterns of (a)  In2O3 (Fig.1) confirms on a belonging of 

the mentioned structure to the structural type (Mn0.5Fe0.5)2O3, space group Ia-3 (206), a= 10.077 Å  

[9]. Standardized crystallographic data for compound  In2O3 are given in the Table 1.   

 

Table 1. Standardized crystallographic data for compound  In2O3.   

 

Elements Wyck. x y z 

O 48e 0.0956 0.36 0.132 

In1 8a 0 0 0 

In2 24d 0.2835 0 1/4 

 



Int. J. Electrochem. Sci., Vol. 9, 2014 

  

6375 

The crystalline structure of the studied compound In2O3 by us, may be presented as a oxygen-

formed cluster, where In atoms are situated in the three-dimensional channels as is shown in the Fig. 4. 

The surrounding coordination and distances to the oxygen atoms covering the In atoms are given in the 

Fig. 5.[10]. The In1 atoms possess symmetrical coordination contrary to atoms In2, for which is 

observed some    acentricity in the surrounding oxygen. Moreover.    the inter-atomic distances for the 

nearest atoms possess some dispersion , which also may favour the effects described by the third order 

tensor components.  

 

 

Figure 4. Cluster of oxygen atoms in the   In2O3 

 

 

 

Figure 5. Coordination surrounding and distances   (Å) for oxygen atoms in the In2O3. 
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4. CONCLUSIONS 

In2O3 nanoparticles were prepared by a nonhydrolytic alcoholysis ester elimination reaction of 

indium acetate.   In a typical preparation 0.25 g of indium acetate along with 20 ml oleyl alcohol and 

1.3 ml of oleic acid were taken in a 100 ml volume three-necked flask. The reaction flask was 

evacuated to a vacuum level of 2 mbar and heated slowly to 100 
o
C and held at this temperature for 30 

min. The reaction system was then heated to 220 
o
C under flowing argon atmosphere and maintained 

at this temperature for 4 h. The reaction solution was then cooled to 60 
o
C, and excess of methanol (20 

ml) was added to precipitate the nanocrystals. The off white nanoparticles recovered by centrifugation, 

were dispersed in toluene and precipitated by addition of methanol. The redispersion/precipitation 

route was repeated twice to remove any unreacted precursors and excess oleic acid/oleyl alcohol. In2O3 

nanoparticles so obtained were characterized by powder X-ray powder diffraction (XRD), high 

resolution transmission electron microscopy, FTIR and Raman spectroscopy and were found to be 

highly crystalline with cubic bixbyite structure with average crystallite sizes of ~ 9 ± 3 nm. The 

photoinduced optical second harmonic genaityon has shown that maximal values were achieved for the 

composites possessing 2 % of In2O3 NP.  
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