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Fig. S1 (a) SEM image, (b) TEM image (inset: FFT pattern), (c) N2 adsorption–desorption isotherms, 

and (d) BJH pore diameter distributions of SCCs-29 (○: adsorption, ●: desorption). 

 
 

 
Fig. S2 SAXS patterns of (a-i) SCCs-29, (a-ii) ITO-29, (a-iii) ITO-29-pre, (b-i) SCC-30, and (b-ii) 

ITO-30-0.2-dil. 
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Fig. S3 XPS spectra of (a) Sn 3d, (b) In 3d. (i) ITO-29, (ii) ITO-29-pre, (iii) ITO-30-0.2-dil. 

 

 

 

 
Fig. S4 Vapor pressure–temperature curves of InCl3 and SnCl4. This graph was prepared using data 

and calculations from refs 1 and 2. 
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Fig. S5 (a) TEM image, (b) SAED pattern corresponding to the orange circle in (a), and (c) FFT pattern 

of ITO-29. 

 

 

 

Fig. S6 (a,c) TEM images (inset: FFT pattern), (b,d) corresponding SAED patterns and DF-TEM 

images of ITO-30-0.2-dil.  
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Fig. S7 (a) XRD pattern and (b) and (c) XPS spectra of ITO-30-0.2 ((b) Sn 3d, (c) In 3d). (d) SAXS 

pattern of (i) SCCs-30 and (ii) ITO-30-0.2. (e) Magnified SEM image, (f) SEM image, (g) TEM image 

(inset: FFT pattern), and (h) SAED pattern and corresponding DF-TEM images of ITO-30-0.2. (i) N2 

adsorption–desorption isotherms, and (j) BJH pore diameter distributions of ITO-30-0.2 (○: adsorption, 

●: desorption). 

  



S7 

 

Geometrical calculation of the pore volume and the specific surface area of mesoporous ITOs. 

Geometrical surface area and pore volume were calculated assuming that the mesoporous ITO has 

an ideal fcc structure (Porosity: 74%). 

 

1. Geometrical calculation for the surface area (Sideal) 

 

𝑆𝑆𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =  
𝑁𝑁s𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 × 𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑉𝑉𝐼𝐼𝐼𝐼𝐼𝐼 × 𝜌𝜌𝐼𝐼𝐼𝐼𝐼𝐼 

=  
4 × 4𝜋𝜋𝑟𝑟2

�100− 74
74 × 4 × 4

3𝜋𝜋𝑟𝑟
3� × 7.16

× 104 [m2 g−1]

=
0.12
𝑟𝑟

× 104 [m2 g−1] 

 

(Nsilica: number of silica nanospheres in the unit cell of fcc structure, Ssilica: geometrical surface area of 

silica nanospheres in the unit cell of fcc structure, VITO: volume of ITO in the unit cell of fcc structure, 

ρITO: density of ITO (7.16 g cm−3), rsilica: average radius of silica nanospheres [nm]) 

 

2. Geometrical calculation for the pore volume (Videal) 

 

𝑉𝑉𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =  
𝑁𝑁s𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 × 𝑉𝑉𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
𝑉𝑉𝐼𝐼𝐼𝐼𝐼𝐼 × 𝜌𝜌𝐼𝐼𝐼𝐼𝐼𝐼 

=  
4 × 4

3𝜋𝜋𝑟𝑟
3

�100− 74
74 × 4 × 4

3𝜋𝜋𝑟𝑟
3� × 7.16

= 0.40 [cm3 g−1] 

 

(Vsilica: Volume of silica nanospheres in the unit cell of fcc structure) 
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Calculation for the volume proportion of mesoporous particles in mesoporous ITOs. 

The volume ratio of the mesoporous particles was calculated from the ideal pore volume of 

mesoporous ITO and the experimentally measured value from N2 adsorption–desorption 

measurements. The volumes used in the calculation were illustrated in Fig. S6. 

 

1. Calculation of weight ratio (xw) of mesoporous particles 

𝑥𝑥𝑤𝑤 =  
𝑉𝑉𝑁𝑁2
𝑉𝑉𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 

× 100 [%] 

(VN2: Pore volume of mesoporous ITO measured by N2 adsorption–desorption measurements) 

 

2. Calculation of volume ratio (xv) of mesoporous particles 

𝑥𝑥𝑣𝑣 =  
𝑉𝑉𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 + 𝑉𝑉𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝑉𝑉𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 + 𝑉𝑉𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝑉𝑉𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑
× 100 [%]

=  

� 𝑥𝑥𝑤𝑤𝜌𝜌𝐼𝐼𝐼𝐼𝐼𝐼
� + � 𝑥𝑥𝑤𝑤𝜌𝜌𝐼𝐼𝐼𝐼𝐼𝐼

�× �
√2
6 𝜋𝜋

1− √2
6 𝜋𝜋

�

� 𝑥𝑥𝑤𝑤𝜌𝜌𝐼𝐼𝐼𝐼𝐼𝐼
�+ � 𝑥𝑥𝑤𝑤𝜌𝜌𝐼𝐼𝐼𝐼𝐼𝐼

� × �
√2
6 𝜋𝜋

1−√2
6 𝜋𝜋

�+ �1 − 𝑥𝑥𝑤𝑤
𝜌𝜌𝐼𝐼𝐼𝐼𝐼𝐼

�

× 100 [%] 

(Vwall: volume of the pore walls of the mesoporous ITO per unit weight of ITO, Vpore: volume of the 

mesopores in the mesoporous ITO per unit weight of ITO, Vdense: volume of the non-porous ITO per 

unit weight of ITO) 

 

Fig. S8 Schematic image of Vdense, Vwall, and Vpore used in the calculation for the volume proportion 

of mesoporous ITO. 
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