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Figure S1 Schematic illustration of the synthesis of defective rutile TiO2 (r-TiO2-x) and r-

TiO2-x/graphene (r-TiO2-x/GN) composites.
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Figure S2 XRD pattern of Al-Ti alloy raw materials.

Note: The main diffraction peaks of the Al-Ti alloy precursors were assigned to tetragonal 

AlTi alloy referring to JCPDS card No: 65-5414, adopting the P4/mmm space group. A 

minor peak emerged at 2θ = 40.9° was indexed to hexagonal AlTi3 alloy (JCPDS No: 52-

0859), P63/mmc space group. The little AlTi3 alloy in final Al-Ti alloy products was 

inevitably introduced in the fabrication process due to a higher diffusion coefficient of Al 

than that of Ti. The main diffraction peak (2θ = 38.7°) of AlTi alloy corresponded to (111) 

lattice plane, while the peak at 2θ = 40.9° of AlTi3 alloy was corresponding to (201) lattice 

plane. The intensity of main peaks was 13:1, thus, the content of AlTi alloy was estimated 

to be 93%.
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Figure S3 XRD patterns at different reaction times (a) and temperatures (b). All samples 

were obtained after centrifuging–rinsing–drying prior to characterizations.
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Figure S4 Partial enlarged XRD pattern of defective rutile TiO2-x sample.
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Figure S5 (a) First three-cycle voltage profiles of defective rutile TiO2-x sample at 0.5C 

and (b) corresponding dQ/dV–potential plots.
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Figure S6 Voltage profiles of (a) r-TiO2-x and (b) r-TiO2-x/GN samples in a potential 

window of 0.01–3.0 V (vs. Li/Li+).
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Figure S7 The relationship between Z’ and ω-1/2 taken from Nyquist plots.

Note: The low-frequency region in Nyquist plots (Figure 4f) is an inclined line, where the 

real part of impedance, Z', is proportional to ω-1/2 according to Equation S1 [1]. Thus, the 

Warburg factors (𝜎𝑤) of r-TiO2-x and r-TiO2-x/GN samples are fitted to be 203.1 and 133.4 

Ω s-1/2, respectively.

                                                                                     (S1)𝑍' = 𝑅𝑠+ 𝑅𝑐𝑡+ 𝜎𝑤𝜔
‒ 1/2
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Table S1 The grain sizes of r-TiO2-x obtained after different etching time.

Etching time (h) FWHM* (°) Grain size (nm)

4 h 0.867 22.7

6 h 0.838 23.5

9 h 0.724 27.2

* Full width at half maximum (FWHM) of (110) lattice plane at 2θ = 27.4°.
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Table S2 The electrochemical performance of rutile TiO2 anode in lithium-ion batteries.

Electrode 
Materials

Potential 
window 
(V vs. 
Li/Li+)

Reversible 
capacities 
(mAh g-1/ 
mA g-1)

Initial 
C.E. 
(%)

Rate 
capability 
(mAh g-1/ 
mA g-1)

Long-term 
cyclability

(mAh g-1/ mA 
g-1/ cycles)

Rct (Ω) Ref./
Year

1 Rutile TiO2

Lotus-root 
shaped TiO2

1.0-3.0 36/0.5C(a) / 13/2C(a) / 54(b) [2]/2020

Nanoporous 
TiO2 spheres 1.0-3.0 175(b)/67 / 75/3350 129/335/1000 149.7 [3]/2020

TiO2 nanorods 1.0-3.0 143/170 84.3 76/1700 99/340/800 134.2 [4]/2019

TiO2 1.0-4.5 200/34 72.7(b) / / / [5]/2019

Mesoporous 
TiO2

1.0-3.0 220(b)/
0.2C(a) 59.8(b) 70(b)/5C(a) 164/1C(a)/500 280 [6]/2019

Hierarchical 
TiO2 

microspheres
1.0-3.0 180(b)/84 62.5(b) 103/840 158/168/200 39.1 [7]/2018

Mesoporous 
TiO2

1.0-3.0 243/170 86.0 78/8500 80/3400/2000 23.1(c) [8]/2017

TiO2 inverse 
opals 1.0-3.0 168/75 38.7(b) 137/450 95/450/5000 / [9]/2017

TiO2 
nanoparticles 1.0-3.0 145/168 87.2 102/1675 143/168/80 / [10]/2016

Hierarchical 
TiO2

1.0-3.0 212/100 68.0(b) 100/2000 220/100/100 / [11]/2016

Hierarchical 
TiO2

0.01-3.0 350/100 66.0(b) 150/2000 346/100/100 / [11]/2016

Hierarchical 
TiO2

0.01-3.0 166/100 46.4 85/1675 190/100/200 100(b) [12]/2016

Hierarchical 
mesoporous 
TiO2 spheres

1.0-3.0 186/85 61.0 125/1700 / 44.3 [13]/2016

TiO2 nanorod 
arrays 1.0-2.6 150(d)/5(e) 38.9 70(d)/200(e) 100(d)/100(e)/

100 / [14]/2016

Dandelion-like 
TiO2

1.0-2.5 269/68 79.8 116/6800 / 70 [15]/2015

TiO2 
submicroboxes 1.0-3.0 238/170 44.0 68/5100 140(b)/850/500 / [16]/2015

2 Rutile TiO2/C composites

TiO2/C 
nanosheet 1.0-3.0 200/16.8 61.4 43/5040 110/840/2000 168 [17]/2019
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Carbon/TiO2 
spheres 0.01-3.0 251/200 / 200/1000 219/500/200 50(b) [18]/2016

TiO2 
mesocrystals/ 

reduced 
graphene oxide

1.0-3.0 215/168 72.4 140/6720 150/3360/1000 / [19]/2015

TiO2 nanoneedle/ 
graphene 1.0-3.0 170(b)/168 83.0(b) 149/840 / 65(b) [20]/2015

TiO2 
nanobundles/ 

reduced 
graphene oxides

0.01-3.0 175(b)/200 54.4 78/2000 200/200/500 43.1 [21]/2014

TiO2/carbon 
nanofibers 1.0-3.0 / / 80/4200 190/100/500 32(b) [22]/2014

3 Heteroatom-doped rutile TiO2

Sn-doped TiO2 
hollow 

nanocrystals
0.01-3.0 251/100 56.6 156/5000 110/5000/500 64.1(c) [23]/2018

Nb-doped TiO2 1.0-3.0 167/50 56.1 76/1000 100/250/80 / [24]/2018

Nb-doped TiO2 0.05-3.0 380/50 54.0 234/1000 280/250/80 / [24]/2018

Nb-doped TiO2 
mesocrystals 1.0-3.0 199/0.5C(a) 70.3(b) 96/40C(a) 142/5C(a)/600 27 [25]/2017

Nb-doped TiO2 1.0-3.0 220/170 68.0 120/16750 176/335/1000 / [26]/2016

B-doped TiO2 
submicrospheres 1.0-3.0 166/168 62.1(b) 72/3350 190/335/500 259.4 [27]/2014

4 Defective rutile TiO2

TiO2-x 1.0-3.0 254/100 93.8 220/300 / 34.4 [28]/2019

TiO2-x/graphene 
quantum dots 1.0-3.0 169/5C(a) 67.6 145/15C(a) 160/10C(a)/500 54.6 [29]/2018

Ti3+ self-doped 
TiO2 nanorods 1.0-3.0 169/168 72.6 92/8400 92/8400/1000 48.4(c) [30]/2015

Hydrogenated 
TiO2 

nanoparticles
1.0-3.0 180/16.8 82.6 129/1680 / 27.2 [31]/2014

Ti3+ self-doped 
TiO2/graphyne 0.01-3.0 195/84 42.0 134/840 157/168/1400 11.6 This 

work

Notes: (a)Unclear definition of 1C specific current (b)Estimated according to the figures. 
(c)Unit: Ω cm-2. (d)Unit: μAh cm-2. (e)Unit: μA cm-2. “/” stands for no data given.
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