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Figure S1. TG-DTA curves of the prepared In(OH)3-precursor. 

In order to determine the calcination temperature for the synthesis of In2O3, the precursor In(OH)3 synthesized by 

hydrothermal method was tested by thermal analysis. As shown in Figure S1, with the temperature increasing from 

30 to 600 °C, a big weight loss (16.3 %) was observed in the TG curve, being consistence with the theoretical weight 

loss (16.28%) for the decomposition of In(OH)3. Such a weight loss corresponds two continuous phase transformation 

processes, a endothermic process at around 265 °C and a exothermic process at around 305 °C. When the temperature 

is higher than 340 °C, the TG and DTA curves become of flat, indicating the formation of thermally stable In2O3. Based 

on above results, the calcination temperature of the precursor In(OH)3 was set at 400 °C to ensure the formation of 

In2O3 with good crystallinity. 

The DFT computations were carried out using Cambridge Sequential Total Energy Package (CASTEP) program 

package [1]. At the level of the Generalized Gradient Approximation (GGA), the exchange-collection functional of 

Perdew–Burke–Ernzerhof (PBE) was employed [2,3]. We used a 400 eV plane-wave cutoff and a 3 × 3 × 1 k-point 

Monkhorst-Pack mesh in the geometry optimization and energy calculations. The vacuum between slabs was set up 

to 15Å  to preclude the interaction of the slabs and a slab model of ten-layer-thick In2O3 (110) was used. The super cell 

is expanded to 2  2, then the bottom six layers are fixed, and the top four layers are fully relaxed. The calculated 

model of In2O3 (110) is obtained as shown in Figure S2. Oxygen defects are bound to form on the surface of In2O3 after 

high temperature heat treatment during sample preparation [4]. Therefore, calculate the adsorption capacity of oxy-

gen molecules and methane molecules on the surface of In2O3 (110) containing oxygen defects. It is calculated that the 

oxygen-containing defect In2O3 (110) surface has an adsorption energy of −2.492 for oxygen molecules, indicating that 

the In2O3 (110) surface can adsorb oxygen molecules spontaneously and has a strong adsorption capacity. The adsorp-

tion energy (Eads) of CH4 molecule adsorbed on In2O3 (110) defect surface is calculated as follows: 

Eads = Eads – Egas – Edef 

where Eads represents the total energy of CH4 molecule adsorbed on In2O3 (110) defect surface, Egas and Edef represent 

the total energy of gas molecule (CH4) and In2O3 (110) defect surface before adsorption, respectively. In general, the 
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negative value of Eads indicates that the gas molecule adsorption reaction is exothermic and can occur spontaneously 

under certain conditions, so the adsorption system is energy stable [5,6]. 

Figure S2. The calculated model of In2O3 (110), (Blue ball 

represents Sn atom, yellow ball represents O atom). 
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