
S-1 

 

Supporting Information 

 

Indium-Doped Rutile Titanium Oxide with Reduced Particle-

Length and Its Sodium Storage Properties 

 

Hiroyuki Usui†,‡, Yasuhiro Domi†,‡, Thi Hay Nguyen§,‡, Yuri Tanaka§,‡,  

and Hiroki Sakaguchi†,‡,* 

 

† Department of Chemistry and Biotechnology, Graduate School of Engineering, Tottori University, 4-101 
Minami, Koyama-cho, Tottori 680-8552, Japan 

§ Course of Chemistry and Biotechnology, Department of Engineering, Graduate School of Sustainability 
Science, Tottori University, 4-101 Minami, Koyama-cho, Tottori 680-8552, Japan 

‡ Center for Research on Green Sustainable Chemistry, Tottori University, 4-101 Minami, Koyama-cho, 
Tottori 680-8552, Japan 

 
*Corresponding Author:  

Tel./Fax: +81-857-31-5265, E-mail: sakaguch@tottori-u.ac.jp 

  



S-2 

 

 
 
 
 

0

100

200

300

0 200 400 600 800 1000 1200
Charge−discharge cycle number

D
is

ch
ar

ge
 c

ap
ac

ity
 / 

m
A 

h 
g−1

0.15 C (50 mA g−1)

Ta-doped rutile TiO2 

Anatase TiO2 (0.1 C)
L. Liang et al., ACS Appl. Mater. Interfaces, 9 (2017) 39432.

Nb-doped anatase TiO2
Y. Tanaka et al., ACS Appl. Energy Mater., 2 (2019) 636.

C-coated anatase TiO2 (0.12 C)
D. Su et al., Chem. Mater., 27 (2015) 6022.

H. Usui et al., ACS Appl. Energy Mater., 2 (2019) 3056.
Nb-doped rutile TiO2 
H. Usui et al., ACS Appl. Nano Mater., 2 (2019) 5360.

Figure S1 Long-term cycling performances of electrodes prepared using
single-crystalline particles of impurity-element-doped rutile TiO2. For
comparison, this figure shows the results for electrodes consisted of
carbon-coated anatase TiO2 and Nb-doped anatase TiO2. Even after 800
cycles, the high capacity of 200 mA h g−1 were achieved by 7 at.% Ta-
doped rutile TiO2 anode and 6 at.% Nb-doped rutile TiO2 anode.
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ICSD : 00-021-1276 (Rutile TiO2)

ICSD : 00-004-0836 (Cu)

In amount
2.0 at.%
0.8 at.%, with SDS

0.5 at.%
0 at.%

0.8 at.%

In amount 
/ at.%

Lattice parameter
/ nm

XRF a c

2.0 0.4613 0.2965

0.8
(with SDS) 0.4612 0.2962

0.8 0.4613 0.2964

0.5 0.4610 0.2961

0 0.4603 0.2957

ICSD 0.4593 0.2959

Figure S2 (a) XRD patterns of In-doped TiO2 with various In amounts. (b) Lattice
parameters a and c of In-doped TiO2 with various In amounts.
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Figure S4 Dependence of doping amount on cycling performances of
In-doped TiO2. the doping amount of 0.5 at.% was insufficient for
improving the performance, whereas an excessive doping of 2.0 at.%
degraded the performance. The figure shows SDS concentration
dependence of the performance. The 0.01 M SDS could enhance the
initial capacity though the capacity decay was observed.
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Figure S5 Coulombic efficiencies of electrodes using In-doped
prepared in solutions with and without SDS surfactant.
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Figure S6 Comparison of XRD analysis results obtained for 0.8 at.% In-
doped TiO2 prepared in solutions with and without SDS surfactant. The
lattice parameters and the crystallite sizes of In-doped TiO2 prepared in
SDS solution were almost equivalent to those in solution without SDS. This
indicates that the Na-storage properties can be mainly discussed by the
difference in the morphology of the In-doped TiO2 particles.

a=0.4612 nm, c=0.2462 nm
Crystallite size=42 nm

a=0.4613 nm, c=0.2464 nm
Crystallite size=40 nm


