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Experimental Section

Materials characterization

The microstructures of the products were characterized by scanning electron
microscopy (SEM, FEI, Quanta 250F) and (high-resolution) transmission electron
microscopy ((HR)TEM, Thermo Fisher, Talos F200X). The phase structures of the
products were characterized by X-ray diffraction (XRD) under Cu Ka radiation (k =
1.5418 A) at 30 kV and 10 mA in the 20 range of 10-80°. The Raman spectrum was
obtained on Renishaw Raman REO1 Microscope with an excitation laser of 633 nm.
Brunauere-Emmette-Teller (BET) method was used to analyze the specific surface area
and the pore characteristics, and the nitrogen sorption isotherms were obtained by using
a Quantachrome Surface Area Analyzer (ASAP 2020 Plus HD88) at 77 K. The
elemental composition and chemical state of the products were analyzed by X-ray
photoelectron spectroscopy (XPS) using an ESCALAB Xi* Thermo Fisher XPS
instrument.

Electrochemical measurements

The electrochemical properties of the hollow TiO, nanospheres were investigated
in CR2025 coin-type half-cells. Firstly, the working electrodes were fabricated by
casting a slurry on the copper foil, and the slurry was prepared by mixing the active
materials ( hollow TiO,), conductive carbon black (ECP-600JD) and polyvinylidene
fluoride (PVDF, HSV900, Arkema) with the weight ratio of 7:2:1 and 1-methyl-2-
pyrrolidinone (NMP, CsHoNO, 99.5%, Macklin) as a solvent. The slurry coated
copper foils were then dried under vacuum at 60 °C for 12h. The working electrodes
were punched into round sheets with a diameter of 14 mm, and the loading amount of
the active material was about 1.2+0.2 mg/cm?. LIB/SIB cells were assembled in Ar-
filled glove box (H,O < 0.1 ppm, O, <0. 1 ppm). For LIBs, the lithium foils were used
as the counter electrodes, and Celgard 2400 microporous membranes as the separators.
A solution of 1 M LiPFgina 1:1:1 of ethylene carbonate (EC), diethyl carbonate (DEC),
and ethylmethyl carbonate (EMC) was used as the electrolyte. For SIBs, the sodium
foils were used as the counter electrodes, and the Whatman glass microfiber membranes
as the separators. 1M NaClO4 in EC/DMC (1:1 in volume) with addition of 5 vol% of
fluoroethylene carbonate (FEC) was used as the electrolyte. The galvanostatic
discharge-charge tests of LIBs and SIBs were performed on a battery test system
(Neware BTS, China). Cyclic voltammetry (CV, in the range of 1.0-3.0 V for LIBs, and
0.01-3.0 V for SIBs) and electrochemical impedance spectroscopy (EIS; 0.01-100kHz)
were performed on CHI660 (Chenghua, Shanghai) electrochemical workstation.



Figure S1. (a, b) SEM images of the as-prepared phenolic resin spheres at different
magnification.

Figure S2. SAED pattern taken on a single TiO; hollow sphere.



Figure S3. (a-d) SEM images of the TiO, prepared without the presence of phenolic resin
nanospheres by solvothermal reaction under static (a, b; 0 r/min) and stirring (c, d; 500 r/min)
conditions, respectively. (e-f) SEM images of TiO, prepared with the presence of phenolic
resin nanospheres by solvothermal reaction under static (a, b; 0 r/min). All the products were
annealed in air at 600 °C for 2h.
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Figure S4. XRD patterns of TiO, prepared without/with the presence of phenolic resin

nanospheres by solvothermal reaction under static (0 r/min) and stirring (500 r/min)
conditions, followed by annealing in air at 600 °C.
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Figure S5. Lithium/Sodium storage behavior of the TiO, obtained without the presence
of phenolic resin nanospheres by solvothermal reaction under static (0 r/min) condition,
followed by annealing in air at 600 °C. (a) Rate performance at various current densities
and (b) cycle performance at 1.0 A/g for lithium ion batteries. (¢) Rate performance at
various current densities and (d) cycle performance at 1.0 A/g for sodium ion batteries.
For lithium ion batteries, the gradual capacity increases at 1.0 A/g in Figure S3b can be
attributed to the electrochemical activation process of TiO, anode. [1, 2]
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Figure S6. Lithium/Sodium storage behavior of the TiO, obtained without the presence
of phenolic resin nanospheres by solvothermal reaction under stirring (500 r/min)
condition, followed by annealing in air at 600 °C. (a) Rate performance at various
current densities and (b) cycle performance at 1.0 A/g for lithium ion batteries. (c) Rate
performance at various current densities and (d) cycle performance at 1.0 A/g for

sodium ion batteries.
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Figure S7. Lithium/Sodium storage behavior of the TiO, with the presence of phenolic
resin nanospheres by solvothermal reaction under static (0 r/min) condition. (a) Rate
performance at various current densities and (b) cycle performance at 1.0 A/g for
lithium ion batteries, (c) rate performance at various current densities and (d) cycle
performance at 1.0 A/g for sodium ion batteries.
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Figure S8. (a-b) Galvanostatic discharge-charge curves of a TiO,/Na3;V,(PO,); full-cell
cycled at a current density 1.0 A/g in the voltage range of 1-3.5 V, cycle performance

at 1.0 A/g of full cell.



Figure S9. HRTEM image for the charged hollow TiO, electrode after 1000 cycles at
1.0 A/g, which shows the crystalline and amorphous regions.
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Table S1. Comparison of the lithium storage behavior of various TiO, based anode
materials.

Materials (C;iilc/g, Cycle dC;E;r;t KZ};\??) (V vs. Ref
(mA/g)
TiO,/C/TiO, 237 100 20 1-3 3
TiO,/C 137 1000 1000 1-3 4
C/TiOy/C 148 1000 1675 1-3 5
Core/Shell TiO, 151 100 170 1-3 6
Ti0,/Co304 180 500 300 0-3 7
mizri(())bfoxes 187 300 170 1-3 8

TiO, nanowires 173 100 170 1-3 9
Yolk-shell TiO, 191 40 84 1-3 10
TiO, nanotube 180 100 34 1-3 11
o, 178 100 200 1-3 This

138.8 1000 1000 1-3 work
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Table S2. Comparison of the sodium storage behavior of various TiO, based anode
materials.

. Current
Materials ?;zzl\lc/lgt)y Cycle density :’;Ol?ag/eNa +)(V Ref.
mA/g)
N/S-TiO, 90 1000 500 0.02-2 12
Fe-TiO, 127.3 3000 1680 0.001-3 13
B-TiO, 141 400 660 0.01-2.5 14
Nb-TiO, 205 200 50 0.005-3 15
Ta-TiO, 210 300 50 0.005-3 15
S-TiO, 186 100 330 0.01-3 16
N/S-TiO, 120.9 300 1000 0.01-2.5 17
Fe-TiO, 164 1000 1000 0.01-2.5 18
Mo-TiO, 108.3 50 1680 0.01-3 19
Nb-TiO, 169 100 33 0-2.5 20
Sn-TiO, 103 700 5000 0.005-3 21
N/C-TiO, 260.4 300 84 0.01-3 2
TiOF,-TiO, 151.7 2000 500 0.01-3 23
Ti3C,-TiO, 153 100 600 0.01-3 24
C-TiO, 125 2500 1000 0.01-3 25
N/C/TiF5-TiO, 103 1000 1000 0.01-3 26
CNTs/C-TiO, 148 100 100 0.01-3 27
213 100 200 0.01-3 )
. This
TiO, 177 1000 1000 0.01-3
work

115 4000 5000 0.01-3
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