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Fig. S1 Fourier transform infrared spectroscopy (FTIR) spectra of NHVO, VO-350,
and VO-500.

FTIR reveal that the peak at 524 cm ™! corresponds to the bending vibration of V-0,
while the peak at 760 cm 'is assigned to the antisymmetric V-O—V stretching
mode. The peak at 1000 cm ™! is attributed to the stretching vibration of V=0. These
peaks are blue shifted during the phase transition from NHVO to VO-500, which may
be attributed to the generation of lattice oxygen defects, a shortening of the V-O bond
length and an increase in the bond strength. The peaks at 1408 and 3178 cm ™! are
ascribed to the bending and stretching vibrations of N—H bonds, respectively, with peak

intensity decreasing as the NH4" content diminishes in VO-350 and VO-500.":2
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Fig. S2 V 2ps,» X-ray photoelectron spectroscopy (XPS) spectra of NHVO, VO-350,

and VO-500.

The high-resolution V 2ps/ spectra indicate that the relative area of the V' peak
decreases from NHVO to VO-500, while the V#* peak increases, reflecting a reduction
in the valence state of vanadium during the phase transition. This is attributed to the
gradual phase transition process from NH4V4O019 (with an average vanadium valence

of +4.75) to V6O13 (with an average vanadium valence of +4.33).3
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Fig. S3 (a) XRD patterns and (b) crystallinity and amorphous region ratio of VO-400
and VO-450. (c¢) The variation trends of crystallinity and amorphous region content in
all samples. The crystallinity values of VO-400 and VO-450 samples are 78.4% and
80.7%, with corresponding amorphous region proportions of 21.6% and 19.3%,
respectively. It can be observed that when the temperature reaches the high-temperature
range of 400 °C and above, the material’s crystallinity significantly improves, which

can be attributed to crystal rearrangement and grain growth.



Fig. S4 SEM images of (a) NHVO, (b) VO-350, and (c¢) VO-500. TEM images of (d)
NHVO, (e) VO-350, and (f) VO-500.
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Fig. S5 HRTEM image of VO-350 and the corresponding SAED patterns of the selected

regions.
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Fig. S6 (a-c) HRTEM images of the grain-boundary-rich cathode (VO-350).
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Fig. S7 HRTEM (inset is the corresponding SAED pattern) images of (a) NHVO and
(b) VO-500. (c) Strain distributions corresponding to (a) and (d) strain distributions
corresponding to (b) (blue and orange-red represent compressive strain and tensile

strain, respectively).
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Fig. S8 Rate performance of NHVO, VO-270, VO-330, VO-350, and VO-500 at 25 °C.
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Fig. S9 Cycling performance of VO-350 at 100 mA g ! and —40 °C.
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Fig. S10 Cycling performance of NHVO, VO-270, VO-330, and VO-500 at 100 mA
g 'and —40 °C.
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Fig. S11 (a) Long cycle performance of VO-350 atr—40 °C and 500 mA g '. (b) XRD
pattern of VO-350 after 425 cycles at =40 °C. (b) HRTEM image of VO-350 after 425
cycles. (d) Enlarged HRTEM image of VO-350 for selected region 1 in (¢). (¢) Enlarged
HRTEM image of VO-350 for selected region 2 in (c). (f) TEM image of VO-350 after
425 cycles.
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Fig. S12 GITT plots of NHVO, VO-350, and VO-500 at (a) 25 °C and (b) —40 °C.
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Fig. S13 (a-c) EIS plots at various temperatures and (d-f) corresponding DRT results
of NHVO, VO-350, and VO-500.
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Fig. S14 GCD plots of NHVO, VO-350, and VO-500 at —40 °C.
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Fig. S15 Relationship between Z' and o 2 of (a) NHVO, (b) VO-350, and (c) VO-500.
(d) Li* diffusion coefficients at different temperatures of NHVO, VO-350, and VO-500.
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Fig. S16 In situ EIS evolution of (a) NHVO, (b) VO-350, and (c) VO-500 during the

discharge process at —40 °C. Relationship between Z' and o Y of (d) NHVO, (e) VO-

350, and (f) VO-500 at different discharge states.
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Fig. S17 Li* diffusion coefficients of NHVO, VO-350, and VO-500 during the

discharge process at —40 °C.
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Fig. S18 CV curves at different scan rates of (a) NHVO, (b) VO-350, and (c) VO-500.
Determination of the b values of (d) NHVO, (¢) VO-350, and (f) VO-500 using the

relationship between peak current and scan rate.
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Fig. S19 Contribution ratios of pseudocapacitive at different scan rates of (a) NHVO,
(b) VO-350, and (c) VO-500.
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Fig. S20 (a) DOS calculations for NHVO and NHVO-AM. (b) DOS calculations for
VO and VO-AM.
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Fig. S21 (a-d) Adsorption models and (e) adsorption energy of Li* on the surface of
VO, VO-AM, NHVO, and NHVO-AM.
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Fig. S22 Ex-situ XRD analysis of VO-350 during the discharge and charge processes
at —40 °C.



Supplementary Table

Table S1. Comparison of low-temperature performance between VO-350 and reported

cathodes.
Temperat 5 Capacity
Cathode Current density Capacity (mAh g ) . Reference
retention
—40 °C 0.17C(1C=300mAg ) 203 mAhg ' 72.5%
—40 °C 033C(1C=300mAg ) 186mAhg ' 68.3%
—40°C 1C(1C=300mAg ") 151.5mAh g ' 58.2%
VO-350 —40 °C 1.67C(1C=300mAg ) 133.6mAhg " 52.7% This work
~40°C 333C(1C=300mAg ) 1048 mAhg " 44%
—-50°C 0.17C(1C=300mAg ) 189 mAhg ' 63%
—60°C 0.17C(1C=300mAg ) 154mAhg " 51.2%
LiNig sMn; sO4 -20°C 01C(1C=1467mAg ) 8224 mAhg ' 61 % 4
LiNiosMny 504 -30°C 0.1C(1C=150mAg ") 831 mAhg 63.8 % 5
LiNiosMny504 -30°C | 025C(1C=148mAg ) 60 mAhg ' 53.6 % 6
LiNiosMny504 -20°C 1C(1C=148mAg ) 32mAhg 26.7 % 7
NCM622 —60 °C 1/15 C 90 mAh g | 45% 8
NCM333@LBO —40 °C 0.2C 101.9 mAh g ' 57.8% 9
NCM811 -40°C 01C 150 mAh g ' 74% 10
LCo —60 °C 01C 60.6 mAh g ' 46% 11
LiFePO4/C —20°C 01C(1C=170 mAg ) 130 mAh g ' 78 % 12
LFP/CNT —-25°C 02C(1C=170 mAg ) 121 mAh g’ 71.4% 13
LFP -30°C 01C(1C=170 mAg ) 782 mAh g ' 51.5% 14
LFP —40°C 01C (1C=170 mAg ) 87 mAh g ' 56% 15
LiMnogFeo2PO4/C -15°C 01C(1C=170 mAg ) 97 mAh g ' 64% 16
LVP/C -20°C 0.1C 1189 mAh g 63.4% 17
-LVP -30°C 02C (1C=130mAg ) 90 mAh g ' 80% 18
B-Liy V205 —40°C 0.1C 123.8 mAh g ' 60% 19
3S-V,05-HMSs 25°C 1000mA g ! 402.4mAhg ! / 20
THS-V,0s 25°C 1600 mA ! 330mAhg! / 21
V,05-300 -40 °C 100mA ¢! 189 mAhg! 74% 22
400-V,0s 25°C 150 mA g! 170.1 mAh g™ / 23
VO,F 25°C 1C (1C=262mA g ) 150 mAhg! / 24
V05 sheets 25°C IC (1C=294mA g 172mAhg! / 25
V1,05 nH,0/rGO 25°C 1000mA ! 196 mAh g! / 26
V,0s-HMs 25°C 1C (1C=147mA g) 1453 mAh g! / 27
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