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Supplementary method:

Preparation of N-doped carbon-wrapped Na3V2(PO4); (mark as
Na3V2(PO4)3@NC) cathode material

For the synthesis of Na3V2(PO4)3:@NC, 0.546 g vanadium trioxide (3 mmol, V203),
1.08 g sodium dihydrogen phosphate (9 mmol, NaH>PO4) and 0.96 g citric acid (5
mmol, CsHgO7) were dissolved in distilled water with continuous stirring for 1 h to
form a uniform and dark blue sol. Citric acid was used here not only as a carbon
source but also as a chelating agent. Subsequently, the dark blue sol mixture was
heated to 120 °C until all the solvent evaporated. Finally, Na3V2(PO4);@NC power
was obtained by annealing the dried gel precursor at 350 °C for 3 h and then at 800°C

for 8 h with the heating rate of 5 °C/min, under Ar atmosphere.

The reference Na3V2(PO4);@NC/CTs electrode was prepared by mixing the
NazV2(PO4)3:@NC power, acetylene black, and poly(vinyl difluoride) in N-methyl
pyrrolidone at 80:10:10 mass ratio and then casting the slurry on carbon textiles.

Afterward, the electrode was dried under vacuum at 120 °C for 6 h.
The capacity balance of cathode and anode in full SIB

The theoretical reversible capacity of anode (Na>Ti307) and cathode (Na3V2(POs)3) is
about 177 and 120 mAh g’!, respectively.[1-3] The capacity of anode is excess 10 %
to prevent the precipitation of Na. Thus, the mass ratio of anode and cathode is

carefully calculated as 1 : 1.34 as follows:
mcathode/manode = Canode/(1+10 %)Ccathode = 177/(1+10 %)/120 =1.34 (1)

Calculation details for the separation of the diffusion-controlled and

capacitive-controlled charge contributions

The total current (or charge) of the electrode at a certain potential can be divided into

two parts, described as [4,5]:

i(V) =kiv + kov'? (2)
or
iV)V2= k' + k, 3)

on the base of the power law relationship of i = kiv for non-diffusion limited



(capacitive-controlled) processes and i = kav'? for solid-state diffusion-controlled
processes. The current values at a certain potential can be determined by the cyclic
voltammograms at various scan rates of 0.1-5.0 mV s™. By plotting curves of i(V)/v'?
vs. v'2 (v vs. from 0.1 to 5.0 mV s), the values of k; (slop) and k» (intercept) at a
certain potential can be determined according to formula (3). When the series ki and
ka values at different potentials are quantified, the values of kiv and kov'’? at a fixed
scan rate (v) can be determined, thus the capacitive-controlled (kiv) and

diffusion-controlled (k»v'?) currents are separated.
Calculation of energy density and power density

Based on the total mass of the active materials from the positive and negative
electrodes, the energy density (£, Wh/kg) and power density (P, W/kg) were

calculated based on the following formula [6,7]:

j:v (©)-1(t)-dt |

E= =AV x —x At (4)
m m
P= E =AV x ! (5)
At m
AV — Vmax +Vmin (6)

2

where V' is the cell potential (V), Vmin and Vmax are the potential at the initial and final
charge curves during galvanostatic measurements, respectively; / is the current
density (A kg!); ¢ is the time (h), #1 is the time at which the cell is fully discharged, ©
is the time at which the cell is fully charged, and At is the discharge time (h); m is the

total mass of the active material in both the electrodes.



Supplementary figures:

Figure S1. (a-c) SEM images of the pure carbon textiles; (b-f) SEM images of the
NayTi307 nanofiber arrays on carbon textiles; (g-i) SEM images of the

NaxTi307@N-GQDs nanofiber arrays on carbon textiles.
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Figure S2. Illustration of the formation process of amine-functionalized N-GQDs

via one-step pyrolysis of CA and urea.
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Figure S3. (a) Full-scan XPS spectrum of the N-GQDs; (b) C 1s XPS spectrum; (c) O
Is XPS spectrum; (d) N 1s XPS spectrum.

Figure S3a shows the survey spectrum of the N-GQDs, which have three typical
peaks of C 1s at 284.6 eV, N 1s at 399.59 eV, and O Is at 530.79 eV. The
high-resolution C 1s spectrum of the N-GQDs (Figure S3b) revealed the presence of
C-C (284.6 eV), C-N (285.2 eV), C-O (286.3 eV), C=0 (287.1 eV) and O-C=0
(289.1 eV) functional groups.[8] Moreover, the O Is spectrum (Figure S3c) further
confirmed these observations with two characteristic oxygen states of C=0 (532.5 eV)
and C-OH/C-O-C (533.5 eV).[8] The spectrum of N 1s (Figure S3d) in the N-GQDs
indicated the presence of three relative nitrogen species of N-H (401.9 eV), N-C;
(400.9 eV) and C-N-C (399.8 eV),[9] indicating the existence of amide groups and the

doping of nitrogen atoms during the synthesis process.
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Figure S4. Optical images for the flexible electrode material. (a) Photographs of the
formation processes of the NarTizO07@N-GQDs/CTs; (b,c) Digital photos: the

electrode was folded and twisted.



Figure SS. SEM images of the Na>Ti307 nanofiber arrays on carbon textiles at various

reaction stages by setting the reaction time to (a-c) 6 h, (d-f) 12 h, (g-i) 18 h.

The probable growth process of Na;TizO7 nanofiber arrays on carbon textiles
(CTs) has been investigated through a series of time-dependent experiments.
Precursors were collected at different reaction time from 6 to 18 h, and then annealed
under the same condition. The evolution of structure and morphologies were observed
by SEM images in Figure S5. At the beginning of 6 h, many nanofiber arrays are
grown on the surface of carbon textiles, but these nanofiber arrays grew sparsely and
failed to completely cover the carbon textiles surface (Figure S5a-c). For the reaction
time equal to 12 h, highly ordered Na>Ti307 nanofiber arrays uniformly distributed on
the CTs surface (Figure S5d-f). When the time extends to 18 h, filled with a great deal
of nanofiber arrays crowded together, and the nanofibers gradually become wider and
longer, as shown in Figure S5g-i. Thus, the morphology of Na>TizO7 can be easily
controlled through hydrothermal time.



Figure S6. SEM images of the Na,Ti3O7/CTs obtained with the same reaction stages
except that different concentration ratios of aqueous mix solution (H>O2, NaOH and
TBT) immersed in hydrothermal synthesis process: (a-c) 50 %, (d-f) 100 % and (g-i)
200 %.

To obtain the appropriate mass, uniform morphology, and well crystallinity
NaxTi307/CTs electrodes, the reaction concentration have been optimized. Figure S6
shows the SEM images of Na,Ti307/CTs reacted in 0.5, 1.0, and 2.0 M aqueous mix
solution (H2O»,, NaOH and TBT), respectively. Figure S6a-c displays numerous
regular nanosize fibers grow on the surface of carbon textiles, but not completely
cover. When the concentration of aqueous mix solution above 1.0 M, the carbon
textiles surface is covered completely by Na,TizO; nanofiber arrays, as shown in
Figure S6d-i. Significantly, the carbon textiles reacted in 1.0 M aqueous mix solution
exhibit interconnected nanofibre arrays with uniform arrangement (Figure S6d-f). But
some Na>Ti307 nanoflowers can be derived from Na,Tiz07/CTs with appear in 2.0 M

aqueous mix solution, implying excessive solvent addition.



Figure S7. SEM images of the NaxTi3O7; nanofiber arrays on carbon textiles
synthesized at various temperatures: (a-c) 60 °C, (d-f) 100 °C, (g-1) 140 °C and (j-1)
180 °C.

Figure S7 shows the SEM images of the Na;TizO7 nanofiber arrays on carbon
textiles synthesized at various temperatures. with the increasement of synthesized
temperature, more Na,Ti307 nanofiber arrays can be grow on carbon textiles. It is
noteworthy that the obtained Na>Ti307/CTs at 140 °C exhibits uniform morphology
and appropriate load, but almost no change when the temperature was increased to

180 °C.
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Figure S8. (a-c) SEM and (d-f) TEM images of the Na Ti;O7@N-GQDs/CTs
synthesized at different electroplated time: 10 min, 20 min, and 30 min, respectively;
(g) Proposed mechanism for the effect of deposited time on the morphology
construction.
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Figure S9. Curve fitting results of the Raman spectra of various samples: (a); CTs;

(b) NaxTi307/CTs; (c¢) NaxTiz07@N-GQDs/CTs-10; (d) NaxTiz07@N-GQDs/CTs-30.



Specifically, the G band corresponds to the defect-free sp? carbon textiles with
E», symmetry vibration mode. The D1 band with Az symmetry vibration mode is
associated with the small crystallite sizes, grains, or edge plane defects of graphite
domains.[10] The D3 band is assigned to amorphous carbon, while the presence of D4
band has been tentatively related to the existence of polyene-like structures or ionic
impurities.[11] The intensity ratio of DI and G band (Ipi/lg) of wvarious
NaxTi307@N-GQDs/CTs samples decreases in the small range of 0.8-1.0 with the
electrodeposition time, revealing a similar average domain size of graphite. At the
same time we observed a moderate increase of the Ips/Ig and Ips/Ig ratios for sample
Na;Ti307@N-GQDs/CTs-10 and Na;Tiz07@N-GQDs/CTs-20 compared to samples
obtained at longer electrodeposition time (Figure S9 and Figure S10), suggesting that
these types of defects are more easily generated in this electrodeposition time.
However, further increasing the electrodeposition time to 30 min leads to the decrease

of these defects.
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Figure S10. Intensity ratio of (a) Ini/Ig, (b) Ips/Ic and (c) Ip4/IG.
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Figure S11. High-resolution XPS spectra of Na 1s (a) and Ti 2p (b) in the
Na;Ti307/CTs and NaxTi307@N-GQDs/CTs-20, respectively.
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Figure S12. EDS spectrum and the chemical composition of the 3D hybrid
NaxTi307@N-GQDs/CTs-20 sample in Figure 3h.



Figure S13. (a) Dark-field image of NaTi307 NFAs on carbon textile; (b-e) EDS
mapping of Na, Ti, O and C; (f) EDS spectrum and the chemical composition of the 3D
hybrid Na,;Ti307/CTs sample.
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Figure S14. (a) The comparison of CV curves of three electrodes (including pure
carbon textiles, NaxTi307/CTs and NaxTi307@N-GQDs/CTs-20) at the second cycle;
(b) Galvanostatic charge/discharge profiles during the first five cycles of the pure
CTs electrode; (c¢) Cycling performance of the Na,Ti307@N-GQDs/CTs prepared in
the different electroplated time (10 min, 20 min, and 30 min) electrodes at current

density of 4 C.
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Figure S15. Nyquist plots and equivalent circuit (inset) after the first cycle used
for the EIS analysis of the NaxTi307@N-GQDs/CTs, Na;Ti:07@N-GQDs/CTs-10,
NaxTi307@N-GQDs/ CTs-20 and Nax Ti307@N-GQDs/CTs-30 electrodes.

At full-charged state after the first cycle of NaTi307@N-GQDs/CTs,
Na;Ti:07@N-GQDs/CTs-10, NaxTiz07@N-GQDs/CTs-20 and NaxTizO7@N-
GQDs/CTs-30 electrodes, as shown in Figure S15. The resistance is simulated
using inset equivalent circuit of Re, where Re is the ohmic resistance of solution
and electrodes, Rstrct 1s the charge transfer resistance, CEPsrict is the double layer
capacitance, and Zw represents constant phase element.'* Simulations indicate that
the charge transfer resistance of NaxTiz07@N-GQDs/CTs, NaxTizO7@N-
GQDs/CTs-10, NaxTi307@N-GQDs/CTs-20 and NaxTi307@N-GQDs/CTs-30
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Figure S17. SEM 1image (a, b) and EDs mapping (c-i) of the
NaxTi307@N-GQDs/CTs-20 electrode after 1000 cycles.



Figure S18. SEM images of the Na,TizO7/CTs electrode after 1000 cycles.
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Figure S19. Log i vs. log v plots at different oxidation and reduction states of the

Na;Ti:07@N-GQDs/CTs-20 electrode electrode.
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Figure S20. Electrochemical sodium-storage properties of Na>Ti307/CTs electrode.

(a) CV curves of the first five cycles of the Na,Ti307/CTs electrode at a scan rate of

0.1 mVs™; (b) CV curves for Na* storage at different scan rate of the Na,Ti307/CTs

electrode; (c) Capacitive (red) and diffusion-controlled (green) contribution to charge

storage of NaxTi307/CTs at 0.8 mV s™!; (d) Normalized contribution ratio of capacitive

(red) and diffusion- controlled (green) capacities of Na>TizO7/CTs electrode at

different scan rate.
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Figure S22. (a) XRD pattern and (b) SEM images of Na3V2(PO4); @NC powder;
(ci-cvii) SEM image of Na3V2(POs);@NC powders and the corresponding EDS
mapping of Na, V, P, O, N and C elements.

The XRD pattern of Na2V3(PO4)3@NC powder is shown in Figure S21a, which
all show the diffraction peaks of Na3V2(PO4)3 (JCPDS card no. 01-070-3613).14
Moreover, a small and broad peak at 26 = 25.6 ° can be observed, which is attributed
to the (002) planes of N-doped carbon (NC).15 The morphology of the
Na2V3(PO4)3@NC powder was investigated with scanning electron microscopy, as
shown in the inset Figure S21b. It can be seen that clusters-like Na2V3(PO4)3@NC is
made up of many nanoparticles with particle size of 0.5-2 um. The EDS mapping
results in Figure S22ci-cvii clearly suggest that the elements Na, V, P, O, N and C are
homogeneously distributed, confirming the Na2V3(P0O4)3 core/NC shell hierarchical

structure.
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Figure S23. (a) The voltage versus specific capacity profiles of flexible full cell
under different bending state: 0 °, 45 ©, 90 °, 135 © and 180 °; (b) The optical images
show a light-emitting-diode (LED) lighting by a different bending state of the flexible
full cell.
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Supporting Tables
Table S1 A survey of electrochemical properties of Ni;TizO7; and its hybrid

composites in sodium ion batteries. (1 C=177 mA g)

Specifi it High-rate Cycling
ecCITiC capaci
dEIect-ro:le P pactty capacity stability Ref.
escription vs. Na/Na*
( ) (vs. Na/Na*) (%)
_ -1
NixTis0:@N-G gs;;netﬂ e o?i(z)g ~58 mAh g at | 92.5 % after 1000 | This
QDs/CTs-20 v ' ' 64 C cyclesat 4 C work
- -1
Flower-like 3?2 mlAb};t%V ez‘;O.l 110 mAh gt at | 69.5 % after 1000 [12]
Na,Ti;07 Og01~2 5V 3Ag! cyclesat 1 A gt
Na;Ti:07@C
hollow 210mAhg'at1C | 63mAhg'at |93.5% after 1000 [13]
between 0.01~2.5V 50C cycles at 50 C
spheres
-1
Carbon-coated ZrIr?Amﬁ}llaegtwaeterzlo 57mAh g'at | ~32.7 % after 200 [14]
Na,Ti;07 0 §1N2 5V 20Ag! cyclesat 0.5 A g'!
-1
NasTisO; | 220MARE 21901155 man ot at | ~94.6 % afier 100 15)
nanotubes 0 (g)lNz sv 20A ¢! cyclesat 0.6 A g’
~ 0
Hyl??%f rgted 225mAhg’at02C | 71 mAh g at 10?)})'5 cA)calthse;t [16]
2L between 0.01~2.5V 35C Y
nanoarrays 35C
Na:TisO7 | 2048 mAhg” at0.2 o man ol g | 459 %afer
nanowires(@ C between 0.01~ : 0C g 10000 cycles at 2 | [17]
CNT 25V C
Na;Ti;:07@
245 mAh g at 170 4 ~66.7 % after
CNT mA g between 1003r2i‘;hg% A1 1000 cyclels at 1.7 | [18]
coaxial 0.01~2.5V ' Ag
nanocables
297.8 mAh g!'at 0.5
L-Na;Ti;07 C between 0.01~ | 349 mAh g at | ~88.9 % after 300 [19]
NWs/CC 5C cyclesat 3 C
25V




5]
NayTisO/rGO | S22 MARE at20 1y e At ol ar | ~40.9 % after 300
" mA g~ between 2OA o] les at 0.1 A o! [20]
composite 0.01~2.5 V OAg cyclesat 0.1 A g
Na,Ti307 1
nanoribbon ~200 mAh g~ at 200 | 1 ~T77.2 % after
mA g between 65 mAh % 12000 cyclesat2 A | [21]
array/graphene 0.01~2.5V 40A¢g gl
foam
NarTioO 175 mAhg'at0.1C | 7ImAhglat | g6 700 afier 50 221
21T between 0.01~2.5V 5C cyclesat 0.1 C
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