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Fig. S1 Thermogravimetric curve of the VG/TiNb2O7 electrode.

For the TG test, the adopted VG/TiNb2O7 sample had a total weight of 10.0 mg with a size 

of 0.3 cm-2. According to the TG data, the TiNb2O7 accounted for about 7.82 wt. %. Thus, the 

mass loading of TiNb2O7 was 2.6 mg cm-2.  

Fig. S2 EDS elemental mapping images of Ti, Nb, O, C, S for VG/TiNb2O7@S-C arrays.
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Fig. S3 Photos of VG/TiNb2O7@S-C electrodes with different sizes.

100 200 300 400 500 600 700 800

Nb 3p

O 1s

Ti 2p

C 1s

Nb 3d  
 

In
te

ns
ity

 (a
.u

.)

Binding energy (eV)

S 2p

ba

O O

S
S+

OO

O O

S

n

c

535 534 533 532 531 530 529 528

O 1s

 

 

Binding energy (eV)

In
te

ns
ity

 (a
.u

.)
531.0 eV

Fig. S4 XPS spectra: (a) Wide-scan survey spectrum, (b) O 1s spectrum of 

VG/TiNb2O7@S-C arrays. (c) Molecular structural formula of PEDOT.
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Fig. S5 Z0–ω-0.5 plots of VG/TiNb2O7 and VG/TiNb2O7@S-C samples in the low frequency 

range at room temperature.

a b

Fig. S6 SEM images after 5000 cycles at 10C: (a) VG/TiNb2O7 and (b) VG/TiNb2O7@S-C 

arrays at 25 oC.



S5

0 10 20 30 40 50 60 70 80
0

50
100
150
200
250
300
350
400

1C

80C

40C
20C

10C

2C 5C

1C

 TiNb2O7/Graphene
C

ap
ac

ity
 (m

A
h 

g-1
)

Cycle number
0 50 100 150 200 250 300

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

Vo
lta

ge
 (V

vs
.L

i/L
i+ )

Capacity (mAh g-1)

TiNb2O7/Graphene
 1 C   10 C

a b

Fig. S7 Electrochemical properties of TiNb2O7/Graphene electrode: (a) Rate capacities and (b) 

Charge/discharge profiles at 1 C and 10 C.

The TiNb2O7/Graphene electrodes deliver capacities of 280 mAh g-1 at 1 C and 50 mAh g-1 

at 80 C, respectively. The capacity of the TiNb2O7/Graphene electrodes can be recovered to 

250 mAh g-1 at 1 C.
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Fig. S8 Electrochemical properties of CP/TiNb2O7 and CP/TiNb2O7@S-C electrodes: (a) 

Rate capacities; (b) Charge/discharge profiles at 1 C and 10 C; (c) Cycling stability at 10 C.
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The CP/TiNb2O7@S-C electrode shows rate performance with a capacity of 230 mAh g-1 at 

1 C and 130 mAh g-1 at 10 C and cycling life with a capacity of 167 mAh g-1 at 10 C after 1000 

cycles. Apparently, the CP/TiNb2O7@S-C electrodes exhibit higher rate performance and 

cycling performance than the CP/TiNb2O7 counterpart. But the overall electrochemical 

properties of CP/TiNb2O7@S-C electrodes are lower than those of the VG/TiNb2O7@S-C 

electrodes in this work.
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Fig. S9 Rate performance of the VG/TiNb2O7@S-C electrode at low temperature from 0 to 

-30 oC.
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Fig. S10 Electrochemical properties of commercial LiFePO4/C cathode: (a) Rate capacities, 

(b) Charge/discharge profiles at 0.5 C and 7.5 C, (c) cycling stability at 0.5C.

The commercial LiFePO4/C cathode shows good electrochemical performance with a 

capacity of 161 mAh g-1 at 0.5 C and 119 mAh g-1 at 10 C, respectively, as well as good cycling 

life with a capacity of 156 mAh g-1 at 0.5 C after 150 cycles.  
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Fig. S11 Ragone plot of the VG/TiNb2O7@S-C//LiFePO4 full cell.

Table S1. Simulated EIS results of VG/TiNb2O7 and VG/TiNb2O7@S-C arrays at room 

temperature (25 oC).

Electrode Temperature/oC Rs (Ω) Rf (Ω) Rct (Ω) DLi(Ω)

VG/TiNb2O7 25 6.2 43.2 90.5 3.08×10-18

VG/TiNb2O7@S-C 25 5.4 35.9 35.5 1.59×10-16



S9

Table S2. Rate comparison with other TiNb2O7-based electrodes

Electrodes Current density Specific capacity Ref.

“Nano-Pearl-String” TiNb2O7 10 C 140 1

nanostructured TiNb2O7 50 C 83.9 2

TiCr0.5Nb10.5O29/CNTs 20 C 206 3

TiNb2O7/C microspheres 30 C 120 4

Nitridated PTNO (NPTNO) 100 C 143 5

TiNb2O7 Nanospheres 50 C 167 6

Ru0.01Ti0.99Nb2O7 5 C 181 7

3DOM-TiNb2O7 100 C 99 8

TiNb2O7 nanotubes 50 C 230 9

TiNb2O7 hollow nanofiber 10 C 158.4 10

Mo- TiNb2O7 100 C 180 11

VG/TiNb2O7@S-C 160 C 182 This work
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Table S3. Comparison of the decay rate of other TiNb2O7-based electrodes

Electrodes Current density
Decay rate 

(per cycle)
Ref.

Nano-Pearl-String TiNb2O7 1C 0.16% 1

Nanostructured TiNb2O7 10 C 0.078% 2

TiCr0.5Nb10.5O29/CNTs 10 C 0.05% 3

TiNb2O7 /C composite 

microspheres
5 C 0.11% 4

Nitridated PTNO (NPTNO) 5 C 0.01% 5

TiNb2O7 Nanospheres 5 C 0.0036% 6

Ru0.01Ti0.99Nb2O7 5 C 0.099% 7

3DOM-TiNb2O7 10 C 0.018% 8

TiNb2O7 nanotubes 1 C 0.02% 9

TiNb2O7 hollow nanofiber 10 C 0.021% 10

TiNb2O7 nanorods 10 C 0.09% 12

V- TiNb2O7 10 C 1.07% 13

VG/TiNb2O7@S-C 40 C 1.09% This work
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Table S4. Rate capacities of CP/TiNb2O7 and CP/TiNb2O7/S-C electrodes 

1 C 2 C 5 C 10 C 20 C 40 C 80 C 160 CElectrode

mAh g-1

CP/TiNb2O7 224 203 173 150 116 82 52 31

CP/TiNb2O7@S-C 230 222 214 204 194 185 155 130

VG/TiNb2O7@S-C 284 272 260 248 238 224 205 181

Table S5. Rate capacities of VG/TiNb2O7@S-C electrode at different temperatures

1 C 2 C 5 C 10 C 20 C 40 C 80 C 160 CElectrode T/ ̊C

mAh g-1

25 284 272 260 248 238 224 205 181

50 338 323 297 279 265 243 229 211

VG/TiNb2O7@S-C 

70 354 333 313 291 276 261 252 241

Table S6. Simulated EIS results of the VG/TiNb2O7@S-C at medium-high temperature.

Sample T/oC Rs (Ω) Rf (Ω) Rct (Ω) DLi(Ω)

25 5.4 35.9 35.5 1.59×10-16

50 3.5 8.6 26.7 2.80×10-16VG/TiNb2O7 @S-C

70 3.0 3.9 20.7 1.88×10-16
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