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Materials and Methods

Synthesis of VQ-NTs. VO,-NTs were prepared by a simple mixed sthermalmethodsimilar

to a previously reported methdd First, 0.8 mmol of V,Os powder and cetylamine were
dispersed in 30 mlof deionized wagr and alcohol, respectively, andettwo solutions were
mixed through magnetic stirring for 1h. The resulting suspens was then transferred to a
Teflonlined autoclave with a stainless steel shell. ab®clave was kept at 180 °C for 3Gahgd
thenallowed to cool to room temperatunaturally. The final black product was washed with
alcohol and distilledvater, andhendried at 70 °C for 24 h.

Synthesis of VOsOC-NTsOrGO.GOwaspr epared by a modi f j-NTd Hu mme
(200 mg) were dispersed thmL of alcohol, 5 mLof an aqueou§&O dispersion (2 migiL) was
added and thenmixture wasstirred for 10 min. Then, 10 mgf cetyltrimethyl ammonium
bromide (CTAB) was added into the mixed solution. After 10 min, the mixed solution was
subjected taultrasonic treatment for 1 h arnlden centrifuged at 10000 rpm tasolate the black
precipitate Next, the mixture was rapidly cooled liquid nitrogen and freezdried for 48 h.
Finally, the product was annealed in As/f95:5) at 500 °C (2 °C mif) for 8 h to obtairthe
V,0;0C-NTsOrGO anode material.

Synthesis 0fV,050C-NTs. The synthtic procesdor the V,0;0C-NTs wasthe same as théor
V,0;0C-NTsOrGO excepthatGOwas not added

Synthesis of VO:0rGO. First, 160 mgof NH,VO3 powderswas dissolved inan aqueouszO

suspension(8 mL, 2 mg mr%), and then 2 mL of NkkH,O was added. After 1ltof

ultrasonication, the mixed solution was transferred to a 25 mL T&fled autoclave. The
autoclave was kept at 180 °C for 1Zhd thenallowed to cool to room temperatunaturally.

Finally, the obtained hydrogelasfreezedried and calcinated at 50C {5 °C min®) for 1.5 hin



Ha/Ar (5%/95%). Based on the CHN elemental analysis, the carbon contepOgdNGO was
39.5 wt%.

Synthesis of \\O3-NPs. V,0;0C-NTs were annealed in air to remove the carbon matrixes at
400 °C (2 °C mift) for 3 h. Then the practts were reduced in ArfH{95:5) at 500 °C (2 °C min

1) for 8 h to obtain YOs-NPs materials. ¥0s-Bluks is purchased fromlfa Aesar and used as
received.

Material characterization. XRD data ofthe samples were collected with a D8 Advancaa¥
diffractometer withanar ea det ector using Cu KU radiation
to 70°. The microstructures were observed by FESEM (JEMOR. TEM, HRTEM, and
STEM-HAADF images and STEMnery dispersive Xray spectroscopyEDX) maps were
recorded by using Titan G2 66300 instrumentwith animage corrector. Raman spectra were
obtained using a Renishaw INVIA miecRaman spectroscopy system andIRTspectra were
obtained using a Nexus systeXPS measurements weperformedusing a VG MultiLab 2000
instrument. BET surface areas were measwsiohg a Tristar || 3020 instrument bje
adsorption of nitrogen at 77 K. The tested electradee preparefbr exsitu characterization by
taking apartthe coin cells in a glovebox filled with pure argongas. For ex situ XPS
characterization, the electrode materials were washiéd dimethyl carbonatg DMC) and
alcohol and dried imn argonfilled glove-box for 24h. Forex situ SEM and TEMexperiments
the electrode materials were washed WIMC and alcohol and then dispersed in alcohol
through ultrasoni@tion To obtain the undisturbedex situSEM images ofthe V,0s;0C-NTs,
acetylene black particles were not added into the electrode.

In situ TEM observation A tungsten tip covered withX0;0C-NTs or VbO30C-NTsOrGO was
loaded onthe TEM-STM holder asan electrode. Sodium metal with a grown Jelayer was

mounted on a piezdriven biasing probe to serve th& Na source, and a thin Ma layer served



as the solid electrolytd.he samplesvere brought into contact witlhe NaO/Na particlesanda

high voltage bias of5 V was applied by means of a potentiostat to drivestidiation reaction.

The potential wasarger than that used ihe test of Na' ion halfcells due tothe necessity to

drive the N ions through the solid electrolyte and carbon layer.

Electrochemical Measurements The electrochemical properties were characterized in-2016
type coin cells with Na metal foil as the anode. The areddetrodes were composed of 70%
active material, 25% acetylene black and 5% carboxymethyl cellulose (CMC) binder. The slurry
was casted onto Cieil and dried in a vacuum oven at 120 °C for 12 h. The electrode loading
was 17T 1 28 sototiph (@ M) ofNaCIQ, in ethylenecarbonate/DMC (EC/DMC) (1:1 viv)

+ 5% fluoroethylene carbonate (FEC) was used as the electrolyte. The cells were assembled in an
argonfilled glove box. Galvanostatic charge/discharge measurements were performed with a
multichannel batty testing system (LAND CT2001A), and electrochemical impedance
spectroscopy (EIS) were conducted with an Autolab potentiostat galvanostat (PGSTAT302N).
Cyclic voltammetry was conducted with a CHI 1000C electrochemical workstation. All
measurements wererciad out at room temperature.

DFT calculations. The present calculations were carried out by using the projector augmented
wave (PAW! method within DFT, as implemented in the Vienna ab initio simulation package
(VASPY?®l The generalized gradient apgimation (GGA) in the form of the PerdeBurke
Ernzerhof (PBEf was used to treat the excharmerelation energy. A kinetic energy cutoff of

500 eV was used for wave functions expanded in the plane wave basis. All atoms were allowed
to relax until theforces were less than 0.05 eV*AFor the Brillouinzone sampling, 6x6x6-k

points were adopted to ensure convergence of the total energy. Ultrasoft pseudopotentials were
used to describe the interactions of the ionic core and valence electrons. Thee \&sig#as

considered in this study wereV3d, O 2$2p* and Na 2f3s". A unit cell of \LOs crystal with a



periodic structure was used in the DFT calculations. Th®;\¢rystal had a rhombohedral

structure and belonged to the space giRtje.



Figure S1. High-resolution SEM images. (a) V@Ts, (b) VQ-NTsOGO and (c) YOsOC-

NTsOrGO.

Figure S2. SEM images of the 30;OC-NTs. An unbroken tubshapedmorphology was

obtained after annealing.
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Figure S3. Characterization of ¥0;0rGO, V.03 NPs and YO; bulks. (a) XRD patterns of
V,0:0rGO, V,0; NPs and VYO; bulks. SEM images of ¥s; NPs (b), \bOs bulks (c) and
V,0:0rGO. (d) The inset in (d) is an optical images ofOrGO. (e, f) TEM and HRTEM

images of VO;0rGO.



Figure S5.TEM image of the YO;OC-NTs etched by hydrochloric acid showing the porous

tubeshaped carbon framework.The concentration of hydrochloric acid was 0.5 mol/L.
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Figure S6.Statistical analysis of the diameters of the ultrafin®MPs in \b0:0C-NTsOrGO

indicating that their size ranged from 8 to 20.nm
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Figure S7.Composition and valence state characterization,@E¥C-NTsOrGO and \bO;0C-
NTs. (a) XPS spectra of J0s0C-NTs and MOsOC-NTsOrGO. (b) N1s XPS spectra of
V,030C-NTs and OsOC-NTsOrGO. (c) Raman spectra of ,@0C-NTs and \O;OC-

NTsOrGO. C1s XPS spectra ob@;OC-NTsOrGO (e) and YO;OC-NTs (f).
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Figure S8.DFT calculation model of Ndon insertion into \O; at different sites. Insertion into

Site 1, Site 2 and Site 3 occurs in the interplanar space of the (012) facet. Site 1 is located
between O1 and O2, Site2 is located between V1 and V2, and Site 3 is located in the quadrangle
formed from two adjacent O@ns and two adjacent V atoms. Insertion into Site 4, Site 5 and
Site 6 occurs in the inner of (012) facet. Site 4 is located between two O atoms in the inner of
(012) layer, Site 5 is located in triangle formed from one O atom and two adjacent V atoms, and

Site 6 is in the quadrangle formed from two adjacent O atoms and two adjacent V atoms.
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Figure S9. Statistics of the binding energy and volume change foribia insertion into the
different sites.
Table S1.Cell volume changes and Niatercalation eargies (F) based on the DFT calculations

assuming Naintercalation into the Y05 crystal.

Total energy  Binding energy  Volume change

Na" ion position X y z
(eV) (eV) (%)

V205 -263.72355

Site1:0102 0.67343 0.82656 0.66665 -263.78263 -0.05907 2.88
Site2V1Vv2 0.33333 0.66667 0.66667 -263.8400 -0.11645 3.36
Site3V101V202 0.83335 0.66666 0.66666 -263.99409 -0.27054 3.65
Site4inner0102 0.82657 0.49323 0.58333 -264.58743 -0.86388 6.82
Site5innerV101V2 0.66667 0.49321 0.58333 -263.53712 0.18643 6.85
Site6innerV101V202 0.5 05 0.5 263.51154 0.21201 3.46

DFT calculations. DFT calculations were performed to identify the most suitable host site for
Na' intercalation in the YOs crystal (space group:-Bc). During the discharge process, the most
favorable geometrpptimized highsymmetry intercalation sites for 0.16 Naer unit formula in
thye V,Os cell were considered theoretically (Figure S8). Thé Mgercalation energyz() is

definedasE; = Eya+v203- Ev203- Ena, WhereEnasvo0zand Eoozare the total energies of the Na



intercalated and pristine @3 unit cell, respectively, while \& is the energy of isolated Na. The
corresponding total energies, binding energies and volume changes are listed in ThibeeS1.
negative valuesf the binding energy and small volume changes indicate that the Na atom prefers
to insert into a specific site in,®@; (Figure S9) If the Na ion inserts into the inner of (012)
plane of the (012) layer would expanded dramatically or be destroyed, tontimg large volume
changeDespite this fact, the lowest binding energy was calculated for insertion” ohtdesite

4. When the N&ion inserts into the interplanar space of the (012) facet, the crystal structure is
still ordered and symmetridn addtion, a low binding energy is calculated. These results
demonstrated that the Na atom would occupy in the interplanar space of the (012) plane (sites 1

3) rather than the other sites in the inner of (012) facet (sé¢s 4
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Figure S10.Ex situV XPS spectra of ¥0sO0C-NTsOrGO at different voltages. (Bristine
V,0;0C-NTsOrGO, andV,0;0C-NTsOrGO (b) the 1st discharge to 0 V and (c) the 1st charge

to 3.0 V.



Figure S11.Structural evolution of the ¥;OC-NTs observed bin situ TEM.

Figure S12.Ex situSEM images of YO;0C-NTsOrGO and O;OC-NTs. (ac) SEM images of
V,0;0C-NTs after the 100th (a300th (b) and 500th (c) cycle. In theer situSEM tests,
acetylene black was not added into the electrod®. M images of YO;OC-NTsOrGO after
the 100th (d), 300th (e) and 500th (f) cycles. The inset of (f) is an SEM images of a porous

carbon tube by etching the®; NPs.

Figure S13.Nyquist plots of \JOsOC-NTs after the 100th, 300th, and 500th cycle.



