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Fig. S1 a, b XRD pattern and SEM image of Ti-MOF

Fig. S2 a SEM image of TiO2/C. b TEM image of TiO./C. ¢ HRTEM image of TiO2/C. d
SEM image of TiO2/C-P. e TEM image of TiO2/C-P. f HRTEM image of TiO2/C-P
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Fig. S3 a-f TEM images of TiO2/C-HPD1, TiO,/C-HPD2, TiO,/C-HPD3, TiO2/C-03,
TiO2/C-HPD4 and TiO2/C-HPD5, respectively

_ 70 - b 180 -
as = Tioc| D+ Ti0,/C-03)

P 80 s 91609 .o

L) £ < 5

E :pom i .’1 E 140 _.E oo ﬁ ‘*

&, 504 E ° ~ 1204 '!'nm "

3 ] B g it i

'E et ; '0"”.‘" ey §0.01 \'yﬁ‘f‘"

8 304 coo]{ =@ 80 i

g 204 ’ '“.s::.(“m) N ’ o y Fons::n(nm) & B

>

o

-

[

©

=

<

Quantity adsorbed (c
»
o

104 204 888
—o— Adsorption i ".'...—...QeeeeeB;E\EAdsorptlon
0- —e— Desorption —s—Desorption
00 02 04 06 08 10 00 02 04 06 08 1.0
Relative pressure (P/P ) Relative pressure (P/P))
~ 240 —— (.~ .
% - Tio,/c-P| U< o TiO,/C-HPD3|
2204 005 2 =) 2
» 2504 0.05.
o £ 004
* o &
) 1 f ~ 200 1,0.:13
g : © 8
So. [ so.az
Y L2 1504 Zo0r
5 10 5 2 8 0.00
S 1004
5 S 100
Z 2 5]
T 40] t
8 5l \ —o—Adsorption ® & —0O— Adsorption
g o —e—Desorption g ] —e—Desorption
00 02 04 06 08 10 00 02 04 06 08 1.0
Relative pressure (PIPo) Relative pressure (P/P )

Fig. S4 N2 adsorption-desorption isotherm and pore size distribution of the TiO2/C, TiO2/C-
03, TiO2/C-P and TiO2/C-HPD3, respectively
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Fig. S5 a, b XPS spectra of the TiO2/C, TiO2/C-P, TiO2/C-HPD1, TiO2/C-O1, TiO2/C-HPD3,
TiO2/C-O3, TiO2/C-HPD5 and TiO2/C-05
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Fig. S6 a-c The structural models of TiO2/C. d-f The structural models of TiO»/C-O3. g-i The structural
models of TiO2/C-P and j-I The structural models of TiO2/C-HPD3

S3/511


http://springer.com/40820

Nano-Micro Letters

a so0 . b 300
¢ Tio,/C-01 [ ¢ Ti0,/C-O1
4004 e TOJC-02] _ 250 ¢ Tio,/C-02
o ¢ Ti0,/C-03| "m ¢ Ti0,/C-03
g . ¢ TiO/C-04| Z 200 ¢ TiO,/C-04
ESP ¢ TiO,/C-05 5150 TiO,/C-05
g g
2 S 100
S S
50
o J \J o) o L] L) 1) v v
0 20 40 60 80 0 200 400 600 800 1000
Cycle number Cycle number
¢c ™ d 400
¢ TiO,/C-HPD1 ¢ TiO,/C-HPD1
e & TiO,/C-HPD2 & TiO,/C-HPD2
"y 500 ¢ TIO,/C-HPD3| 7300 & TiO/C-HPD3
< ¢ TiO/C-HPD4| & 250 s Gy
‘é4°°'b - Tioje-HpDs E & TIQC-HEDS
£ I E
30042219 o1Agl S
8 200 { g &
a st i ., ;Ng 5Alg a
< R 10 Al 45 A ]
© 100+ eennirins e, Ao O
0 \J AJ J A L T L ) L L]
0 20 40 60 80 100 200 400 600 800 1000

Cycle number Cycle number

Fig. S7 a, b Rate performances and cycling performances of TiO,/C-O1, TiO,/C-0O2, TiO./C-
03, TiO2/C-04 and TiO2/C-05. c, d Rate performances and cycling performances of TiO2/C-
HPD1, TiO2/C-HPD2, TiO2/C-HPD3, TiO2/C-HPD4 and TiO2/C-HPD5

Fig. S8 a, b TEM images of TiO2/C-HPD3 electrode after 500 cycles at 1 A g
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Fig. S9 Typical CV curves of the TiO2/C-HPD3 at a scan rate of 0.2 mV s within 0.01-3.0 V
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Fig. S10 a CV curves of TiO,/C at various sweep rates. b CV curve with capacitive- and
diffusion-controlled contributions at 20 mV s, ¢ Ratio of capacitive contribution in TiO2/C at
different scan. d CV curves of TiO2/C-P at various sweep rates. e CV curve with capacitive-
and diffusion-controlled contributions at 20 mV s™. f Ratio of capacitive contribution in

TiO2/C-P at different scan
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Fig. S11 Log (i) versus log (v) profile of TiO2/C-HPD3
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Fig. S12 a, b Nyquist plots of TiO2/C, TiO2/C-P, TiO2/C-HPD1, TiO2/C-HPD2, TiO./C-
HPD3, TiO2/C-HPD4 and TiO2/C-HPD5; the insert section is the equivalent circuit
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Fig. S13 GITT potential profiles of a TiO2/C, b TiO2/C-P and ¢ TiO2/C-HPD3

The diffusion coefficient (Dna") in TiO2/C, TiO2/C-P and TiO2/C-HPD3 electrodes can be
calculated from the GITT potential profiles (with a 10 min constant current pulse of 50 mA
followed by a relaxation process lasted 30 min) through Fick’s second law according to the
following equation:

4 (mpVy\? ,AE
D= (i) G D)
where T represents the duration of the current pulse, my represents the mass of the active
materials, V,, is the molar volume of the samples, My represents the molecular weight, S is the
total surface electrode in contact with the electrolyte, A Eg denotes the quasi-thermodynamic
equilibrium potential difference before and after the current pulse, A E; is the potential
difference during current pulse.
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Fig. S15 a XPS spectra of the NPC. b N2 adsorption-desorption isotherm and pore size
distribution of the NPC
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Fig. S16 Electrochemical performance of NPC: a CV curves at different scan rates, b rate
performance, ¢ GCD curves and d Cycling performances of NPC and AC at a current density

-1
of 1A g
20 20 4.5
a —0-4.2V b ——5mV/s ——50 mV/s c T —0.1Alg
154 e 0-4.0V 154 —— 10 mV/s ——80 mV/s ' —0.2 Alg
T —1-4.0V =20 mV/s —100 mV/s 3.5 —0.5Alg
- ~10 -1 Alg
T < Ea.o —2Alg
£ £ 5 25 —§ Al
0.5 = P ]
£ -] g’ 20
@ o0 -
£ 0.04 t S 1.6
- = >
o 05 1.0
-0.5
10 0.5
1.0 T T T T T T T T 0.0 T T T T T T T T
0 3 2 3 i 4 0 1 2 3 4 0 500 1000 1500 2000 2500 3000 3500 4000 4500
Potential (V vs. Na/Na“)

Potential (V vs. Na/Na®) Time (s)

Fig. S17 a CV curves of TiO,/C-HPD3//NPC SICs at scan rate of 5 mV s. b CV curves of at
different scan rates. ¢ Galvanostatic charge/discharge curves

a 94 pristine | b
; A ?

5 2 s00cycles
H
'S 100 cycles
o pristine M
2
£
J
AR kg ® 20 30 40 50 60
10y m;ft, a & § 20 (degree)

Fig. S18 a-d SEM images and XRD patterns of TiO2/C-HPD3 electrodes after different
cycles of TiO2/C-HPD3//NPC SICs at a current density of 2 A g
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Fig. S19 Long-term cycle performance of TiO2/C-HPD3//NPC SICs at different mass ratio
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Fig. S20 Self-discharge curves of TiO./C-HPD3//NPC SICs after charging to 4V

Table S1 Ti**, OVs, P, Ti-O-P and P-O-Ti content calculated from XPS results

Species TiOy/ TiO,/C- TiO./C- TiO,/C TiO,/C TiO,/C TiO,/C-  TiO,/C-
P C O1 03 -05 -P -HPD1 HPD3 HPD5
Ti%t 9.05% 10.32% 10.88% 11.38% - - - -
OVs 25;(())5 25.84% 26.94% 29.40% - - - -
P - - - - 6.75% 8.04% 9.17% 6.47%
Ti-O-P - - - - 13.91% 13.99% 16.39% 12.67%
P-O-Ti - - - - 22.76%  24.68% 33.81% 18.69%

Table S2 Adsorption energy of TiO2/C, TiO2/C-03, TiO2/C-P and TiO,/C-HPD3

Sample ETS%J';?;%(’ ETiO2/eV ENa/eV AEsodiation/eV
TiO./C -368.0925 -367.1483 -1.3353 0.3911
TiO,/C-03 -368.0925 -367.1483 -1.3353 0.2464
TiO./C-P -356.6367 -355.1686 -1.3353 -0.1328
TiO,/C-HPD3 -343.7680 -341.9331 -1.3353 -0.4996
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Table S3 Comparison of sodium storage performance with reported Ti-based materials

Current Cycle Specific capacity Rate capacity

Sample density (Ag?) number (mAh g1 (current density) Refs.

0.2 300 239.4
. 92.4 (10); This
TiO,/C-HPD3 1 1000 183.8 82.5 (15) work

10 10000 84.1

0.2 200 188.7
HTTFs-1h 113.1 (10) [S1]

5 10000 132.5

i iOF,- 0.5 2000 151.7
TiO2@TiOF,-30 115.4 (5) [S2]

h 5 10000 101.2

0.1 400 274
TiS./S-TiO./C 3 1500 161 114.2 (5) [S3]

10 10000 58

. 0.1 300 206

TiO./C 105 (10) [S4]
10 10000 -

. 0.1 200 236.3
TiO2-S 148.9 (2) [S5]

1 1000 171.3
TiO, 0.1 100 207 110 (1) [S6]
M-TiO.@rGO 5 5000 123.3 142 (2) [S7]
TiO,(A/B)-MS 2.5 1000 - 50 (12.5) [S8]
yolk@shell TiO2 1 1000 99.8 68.6 (5) [S9]
TiO2/SCNT 3.35 1000 118 60 (16.75) [S10]
S-TiO,/CS 10 5000 100.5 120 (6.7) [S11]
TiO2-HS 5 4000 119 112 (12.8) [S12]
N/S-TiO- 0.5 1000 90 75 (1) [S13]
P-TiO; 3.35 1000 141 147 (3.35) [S14]
TiO2 nanosheets 0.5 2500 120 120 (1) [S15]
TiO2NNPCSs 0.67 3000 152 85 (13.4) [S16]
TiO; 05 1400 98 102 (1.5) [S17]
TiO@TisCoTx 0.96 5000 110 68 (3.84) [S18]

Table S4 Impedance parameters of the fitting equivalent circuit

Sample Rs () Rt (Q) Ret ()
TiO2/C 7.43 265.8 594.8
TiO2/C-P 2.86 152.9 417.0
TiO./C-HPD1 2.35 141.7 315.8
TiO./C-HPD2 1.83 128.4 308.4
TiO./C-HPD3 1.55 112.6 226.5
TiO2/C-HPD4 1.98 135.6 296.0
TiO2/C-HPD5 3.87 181.4 375.1
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