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Structural characterization and electrochemical measurements of N-doped orthorhombic
Nb,Os microflowers (N-Nb,0s) and orthorhombic Nb,Os microspheres (Nb,Os-MS):

The crystal structures of Nb,Os-MS and N-Nb,Os are recorded in the range of 10-70° (26) on a
X-ray diffractometer (XRD, Rigaku D/max-2500) using Cu Ka radiation. The morphologies and
nanostructures of samples are tested by scanning electron microscopy (SEM, ZEISS sigma-500),
transmission electron microscopy (TEM, JEM-2100F), and high-resolution transmission electron
microscopy (HRTEM, JEM-2100F). The special BET surface areas of samples are examined by
N, adsorption-desorption isotherms at 77 K on a Micromeritics Autosorb-iQ apparatus. X-ray
photoelectron spectra (XPS) are performed by Thermo ESCALAB 250XI electron spectrometer
(Al Ka). The binding energies of the peaks are calibrated by setting the adventitious C 1s peak at
a fixed value of 284.5 eV and fitted by the XPSPEAK41 fitting software. UV-Vis diffuse
reflectance spectra (DRS) of the samples in the wavelength range of 300-750 cm™! are recorded
on a UV-vis spectrophotometer (Hitachi U-3010), using BaSO, as the background.

The active anodic materials (Nb,Os-MS and N-Nb,Os) acetylene black, and polyvinylidene
fluoride with a ratio of 70:20:10 wt% are mixed in N-methyl-2-pyrrolidone. Then, the slurry is
uniformly coated on Cu foils and dried in vacuum (120 °C, 12 h). Subsequently, the electrodes
are assembled into CR2025 coin-type cells in an Argon-filled glove box. Li is served as the
counter and reference electrode. The loading amount of the electrode is about 2.0 mg cm2. The
electrolyte is 1 mol L-! LiPFy in ethylene carbonate, ethyl methyl carbonate, and diethyl carbonate
(1:1:1 vol%). Galvanostatic measurements are evaluated by a LAND CT2001A battery tester.
Cyclic voltammetry (CV) measurements are carried out on a CHI660D Electrochemical
Workstation. Electrochemical impedance spectroscopy (EIS) tests are performed on a Solatron

1260 Impedance Analyzer with potentiostatic signal amplitude of 10 mV.



Tab. S1. The crystal lattice parameters of Nb,Os-MS and N-Nb,Os.

6.1702 29. 1645 3.9014 702.74

- 6.1752 29.2092 3.9288 708.64



©
3 & .
- gl oy =
j = i g
= R | P
5 @ J»LWM N-Nb,O,
~
= a3
02 W
JWMM Nb,O_-MS
; T . T ! T y T y T :
0 200 400 600 800 1000 1200

Binding Energy (eV)

Fig. S1. XPS spectra of N-Nb,O5 and Nb,Os-MS.



350

P

L

2
oo

b

L]
i
=
1
[e
n
?

._.
=
T

Surface area: 63.38 m? g! Surface area: 32.67 m* g!

— Adsorption
—a— Desorption

th
T

Adsorption
—a— Desorption

Volume Adsorbed (cm3 g' STP)
= @ S
g 2.2

Volume Adsorbed {cm3 g" STP)

504
0 T » T - T 1 T ) T 0 M T M I v Ll v Ll T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 .6 0.8 1.0
Relative Pressure P/Py Relative Pressure P/Py

Fig. S2. Nitrogen adsorption-desorption isotherms of (a) N-Nb,Os and (b) Nb,Os-MS.
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Fig. S3. The possible formation process of Nb,Os-MS.



0.2 |- 1st
- - -2nd
—~= =5rd

&
-
1

#<» Charge process

=
o

Current (mA)

1.0 1.5 2.0 . 25 3.0
Voltage (V vs. Li /Li)

Fig. S4. The initial three CV curves of N-Nb,Os in a voltage range of 1.0-3.0 V (vs. Li/Li") at a

scan rate of 0.1 mV sl
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Fig. SS. The comparison of the rate capabilities between the obtained N-Nb,Os, Nb,Os-MS, and

other previously reported Nb,Os-based anodes.
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Fig. S6. Relationship between imaginary resistance (Z’) and inverse square root of angular speed
(w™%?) at low frequency region.

Based on the slopes of the Z’-w™ plots (Fig. S5), the ¢ value of Nb,Os-MS is larger than that
of N-Nb,Os, so the calculated Li* ions diffusion coefficient of Nb,Os-MS is smaller than that of

N-Nb,Os.
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Fig.

S7. (a) Plots of log(i) vs. log(v) used to calculate b-values of N-Nb,Os; (b) cyclic

voltammograms of Nb,Os-MS at different scanning rates with potential window of 1.0-3.0 V vs.

Li/Li"; (b) plots of log(i) vs. log(v) used to calculate b-values of Nb,Os-MS.
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Fig. S8. UV-Vis diffuse reflectance spectra and the corresponding Tauc’s curves of N-Nb,Os and

Nb,Os-MS.
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Tab. S2. Electrochemical performance of full cells with Nb-based anodes

Full cell systems Discharge capacity Cyclability Ref.
232.8 mAh g (1 C) 126.2 mAh g-! This
LiNiy.sMng 3C00,04||N-Nb,Os
141.3 mAh g'! (10 C) (3500 cycles, 10 C) work
. 143 mAh g (1 C) 69.6 mAh g’
LiNip.sMng 3C00.204||Alg sNb24 505 1
78 mAh g! (10 C) (800 cycles, 10 C)
152 mAh g'!
LiMn,0,4//MoNbgO;g 196.3 mAh g! (0.2 C) 2
(30 cycles, 0.2 C)
213 mAh g! (0.1 C) ~75 mAh g!
LiNigsMn; 504/ |[HfNb24O¢, 3
78 mAh g (10 C) (500 cycles, 5 C)
198.1 mAh g (1 A g) 131.2 mAh g!
LiFePO,[|TiNb,O,
127.8 mAh g (5 A g'h) (2000 cycles, 2 A g
LiNigsMn; 504/|Zn;Nb3,Og;-N 236 mAh g (0.1 C) O7.8 mAh ¢
iNiysMn n - m -1 (0.
0.5V 1 504]||£02ND34Ug7 g (1000 cycles, 5 C)
234 mAh g (0.1 C) 108.9 mAh g
LiMn204||M0Nb12033
95 mAh g!' (10 C) (1000 cycles, 5 C)
. 102 mAh g' (1 C) 62.6 mAh g'!
LiMn;04||V3Nb;705
61 mAh g'! (10 C) (500 cycles, 5 C)
229 mAh g (0.1 C) 99.3 mAh g!
LiMIl204| IIO-Cllsz340s7 8
106 mAh g (10 C) (500 cycles, 10 C)
196 mAh g (1 C) 70 mAh g'!

LiNiy.sMng 3C09,0;||T;zNb;O2@F-C

111 mAh g (10 C)

(500 cycles, 10 C)
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