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Abstract— In2O3 Nanostructures were synthesized via vapour-liquid-solid (VLS) technique. In the present study 

elemental indium metal was used to produce the nanostructures. Gold was used to as catalyst to grow nanocolumn 

structure. Pyramid and octahedron structures were produced without using gold catalyst. A peculiar structure of a pyramid 

on the top of a column was also noticed for non-catalytic growth. The possible growth mechanisms of these structures 

were explained with the help of basic knowledge of VLS technology. X-ray diffraction study of the synthesized products 

confirms body centred cubic nature of these crystals. Scanning electron microscopy (SEM) was used to study the structural 

changes of the synthesized products. Raman spectrum showed prominent peaks at 307, 366, 395, 497, 523 and 629 cm-1. 

The possible sources of these vibrations were investigated. 

 

Keywords— Nanostructures, cubic indium oxide, vapour-liquid-solid technique, X-ray diffraction, Raman 
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I. INTRODUCTION 
 

Oxide based semiconductor nanostructures have attracted huge attention in recent years due to their unique electronic 

and optical properties. Metal oxide semiconductors are widely used in various applications thanks to their low resistivity, 

high optical transparency and wide band gap. Among the semiconducting metal oxides, indium oxide (In2O3) is very 

attractive because it has wide direct (3.75 eV) and indirect (3.10 eV) band gaps [1-4] and high charge carrier mobility. It 

finds applications in various fields such as produ8ction of solar cells [5, 6], light emitting diodes [7-9], liquid crystal displays 

[10, 11] and gas sensors [12, 13]. 

In2O3 is an n-type semiconductor and at ambient temperature crystallizes in the cubic bixbyite type structure [4] which 

is common to most rare-earth sesquioxides. Other rhombohedral corundum-type structure [14], orthorhombic structure 

[15] at high pressure were also reported in the literature. In2O3 nanobelt was first discovered in 2001 [16] and after that 

many kinds of In2O3 nanostructures were synthesized via thermal evaporation, chemical vapour deposition (CVD), pulsed 

laser deposition (PLD) and wet chemical methods. Nanobelt structure was synthesized by thermal evaporation of In2O3 

powder at 14000C [16]. In2O3 nanowire was obtained by a laser ablation of InAs target [17]. Hollow In2O3 nanotubes were 

grown in porous alumina membranes by a sol-gel process [18]. One dimensional In2O3 nanostructures aligned in a vertical 

direction with triangular cross-section were synthesized by a metal organic chemical vapour deposition (MOCVD) [19]. In 

addition to the above mentioned structures, various kinds of different nanostructures such as nanocubes [20], octahedrons 

[21] and highly ordered In2O3 coated In core-shell nanoparticles [22] were also reported in different papers. 

In the present work, In2O3 nanostructures were synthesized by a simple physical evaporation technique. Mainly two 

types of structures were noticed, a simple nanocolumn structure was produced by catalytic vapour-liquid-solid growth 

technique and nano-octahedron as well as pyramid structures were noticed for non-catalytic growth. Another interesting 

monument-like structure was also found in the process of  non-catalytic growth. In this peculiar structure nanopyramid 

was formed at the top of nanocolumns. Possible mechanism of different kinds of morphologies of In2O3 nanostructures 

were explained on the basis of vapour-liquid-solid technique. XRD of the synthesized product confirms its crystal 

structure. Raman study reveals different vibrational modes of the crystal structure.       
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II. EXPERIMENTAL 
 

In order to prepare In2O3 nanocolumn structure, a small amount of indium metal ( 0.7 g) was taken in a quartz boat. An 

n-type gold coated Si (100) wafer was placed over the quartz boat covering the open upper portion of the boat. The gold 

layer over the silicon wafer was made very thin (30 nm). The quartz boat was mounted inside a quartz tube. In the next 

step, the whole quartz tube was placed inside a preheated conventional tube furnace of temperature 10000C. The quartz 

tube had one inlet and one outlet; inlet was connected with an argon cylinder and outlet with a rotary vacuum pump. The 

argon flow was fixed at 10 ml/s. Argon flow was stopped after 45 mins but the heating process continued for another 45 

mins. Over all total deposition time becomes 1 hr 30 mins. After heating, the tube was taken out from the furnace and 

cooled at room temperature. A yellowish powder-like thick layer of column structure was found deposited on the Si wafer. 

Nanopyramid structure was produced in almost similar procedure but only difference was that the gold layer over the 

wafer was absent in this case. The argon flow also maintained for the whole deposition time of 1hr 30 mins. The products 

were characterized using Seifert 3000P X-ray diffractometer with Cu K radiation and the compositional analysis was done 

by energy dispersive X-ray analysis (EDX) (Kevex, Delta Class I). Microstructures of the nanoforms were obtained by 

scanning electron microscopy (Hitachi S-3200). The room temperature Raman spectra recorded by a micro Raman 

spectrometer (ILOR-Jobin-Yvon-SPEX) using unpolarised beam of 514.5 nm excitation Ar+ laser (200mW).       

 

III. RESULTS AND DISCUSSION 
 

A. XRD study 

Fig. 1 shows XRD spectrum of an In2O3 nanostructure. Almost all the structures showed similar kind of XRD pattern, 

only difference was the variation of relative intensities of the various crystal planes. According to JCPDS card no. 06-0461, 

the products are In2O3 with body-centered cubic structure, and these peaks are assigned to (211), (222), (400), (411), (332), 

(431), (521), (440), (433), (611), (541), (622), (631), (444), (543), (800), (811) and (820) diffraction lines of cubic phases 

respectively. The calculated value of the cell parameter (a) of the bcc structure was 10.121 Å. The calculated unit cell 

parameter is in agreement with the earlier report [23]. One peak due to the silicon substrate was also found. The relative 

intensity due to (222) plane was quite high for every nanostructure. Energy dispersive X-ray analysis (EDX) reveals the 

atomic ratio of indium and oxygen in synthesized products and average value of the ratio is found to be 2:2.93. This result 

indicates oxygen deficiency in the products which is common for the high temperature synthesis process. 
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Fig. 1  XRD Spectrum of In2O3 nanostructures 

 

B. Micro structural Study 

Fig. 2 (a)-(f) shows SEM images of the synthesized samples of different morphologies. Fig. 2(a) shows nanocolumn 

structures which are grown with the help of gold catalyst. The growth mechanism of column structure of In2O3 may be 

described by some simple steps [24]. (i) Firstly the gold metal catalyst on the Si wafer forms liquid alloy droplets at 10000C 

by adsorbing indium vapour. (ii) Due to temperature or vapour pressure fluctuation, the alloy becomes supersaturated. (iii) 

The alloy droplet becomes a solution in which the actual concentration of the indium metal is higher than the equilibrium 

concentration. (iv)This fact drives the precipitation of indium at the liquid-solid interface to achieve minimum free energy 

of the alloy system. (v) Indium at high temperature gets oxidized. (vi) In this way column crystal growth begins and it 

continues as long as the indium vapour supplied. The size and dimension of the structure are controlled by the size and 

diameter of the deposited gold catalyst. 
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Fig.2  In2O3 structures with different morphologies, (a) nanocolumn structure, (b) closer view of column structure, (c) 

nanopyramid and octahedron structures, (d) closer view of octahedron structures, (e) Strange monument-like structure, (f) 

closer view of a single monument-like structure. 

Fig. 2(b) shows the closer look at the column structure. Columns have almost square cross-section with side of 100 to 

200 nm in length. Each column has one spherical droplet at their tip. This droplet is due to the alloy formation during the 

synthesis process and this image confirms the growth mechanism of the column structure as described above.  
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Fig.2 (c) shows pyramid and octahedron structures of In2O3 which are grown without any catalytic help. The base of the 

pyramid structure is square in nature and the sides are 200 to 250 nm in length. Fig. 2 (d) shows the close view of these 

pyramid/octahedron structures.   This structure may be grown by the self catalytic action of In2O3. In2O3 liquid solidifies 

and in order to achieve minimum free energy it takes the form of these pyramid/octahedron structures.  

Images of fig. 2 (e) and 2 (f) reveal a peculiar monument like structure where a pyramid was formed at the top of a 

column structure. This structure was noticed at the corners of the silicon wafer in the time of non-catalytic growth. The 

growth mechanism of this structure may be explained with the help of self catalytic VLS technology. Here, at the 

beginning, pyramid structure was formed on the silicon wafer and after that this pyramid structure was playing the role of 

catalyst. The pyramid structure on the wafer act as nucleation site for the columnar growth. This kind of self catalytic VLS 

growth earlier reported for InAs [25] and InP [26] nanowires.   

    

C. Raman Study 

Fig. 3 shows Raman spectrum of a synthesized product. All synthesized structure showed similar Raman scattering 

peaks. Six Raman modes at 307, 366, 395, 497, 523 and 629 cm-1 were observed.   

 

Fig.3 Unpolarised Raman scattering spectrum of a synthesized product. 

  

 

Primitive cell of cubic In2O3 has eight (8) formula units and group theory predicts that this structure should have 120 

vibrational modes with the following representation [27]: 

 

 = 4Ag (R) + 4Eg (R) + 14Tg (R) + 5Au +5Eu + 17Tu (IR)  
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Where E and T modes are double and triple degenerated respectively. The 22 even gerade modes (g) are Raman-active 

(R) modes, 16 Tu modes are infrared active modes, the Au and Eu modes are silent modes, and one Tu mode attributed to 

acoustic vibrations. Most literature indicates a strong Ag peak near 130 cm-1 [27, 28] but in the present observation this 

mode of vibration was absent. The most intense peak in Raman spectrum was found at 629 cm-1 and peaks at 497 and 307 

cm-1 were almost had the same intensity. The peak at 307 cm-1 was assigned to the bending vibration of InO6 octahedrons. 

The peaks at 497 and 629 cm-1 were attributed to stretching vibrations of the InO6 octahedron [29]. The peak at 523 cm-1 

was due to a Tg mode which is rarely reported in the literature. Garcia-Domene et al. [27] performed ab initio total energy 

calculations within the density functional theory (DFT) using the plane wave method and the pseudo potential theory with 

Vienna ab initio simulation package (VASP) and they predicted a Tg mode of vibration at 520 cm-1 for In2O3.The peaks at 

366 and 395 cm-1 were assigned to Tg and Eg mode respectively.     

                         

IV. CONCLUSIONS 
 

In the present work In2O3 nanostructures with different morphologies were synthesized by simple physical evaporation 

technique of elemental indium metal. In presence of gold catalyst the product shape was like column of square cross-

section and for non-catalytic growth the shape was pyramidal or octahedral. The growth mechanism of different 

morphologies explained in this paper. XRD of the product revealed the internal crystal structure of the synthesized 

product. Raman study showed peaks at 307, 366, 395, 497, 523 and 629 cm-1. The rarely found peak at 523 cm-1 was 

assigned due to a Tg mode.  
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