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[bookmark: _Hlk116202206]Fig. S1 Physical adsorption test of NiNb2O6 fibers: a) BET specific surface area plot. b) N2 adsorption−desorption isotherm. c) BJH pore-size distribution curve from desorption branch
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[bookmark: _Hlk142643928]Fig. S2 Electrochemical properties of NiNb2O6 at 0.1C and different temperatures. First three-cycle GCD profiles of NiNb2O6/Li half cells: a) 25, b) −10, and c) 60 °C. Reversible capacities of NiNb2O6/Li half cells: d) 25, e) −10, and f) 60 °C
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Fig. S3 Nyquist plots of NiNb2O6/Li half cell after 0, 1, 10, 50, 100, 200, and 500 cycles at 25 °C
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Fig. S4 Electrochemical properties of full cells. a) GCD profiles and b) cyclability of LiFePO4/NiNb2O6 full cell. c) GCD profiles and d) cyclability of LiFePO4/T-Nb2O5 full cell. e) GCD profiles and f) cyclability of LiFePO4/Li4Ti5O12 full cell
The T-Nb2O5 nanoparticles were synthesized through a hydrothermal method. 1.1 g of C10H5NbO20 (Macklin, 98%) was dissolved in 30 mL of deionized water. After stirring at 50 °C for 1 h, the solution was transferred to a 50 mL autoclave, which was then exposed to a 150 °C oven for 12 h for a hydrothermal reaction. The white product after the reaction was collected and washed with deionized water. The obtained paste was vacuum-dried at 80 °C for 10 h and calcined at 700 °C for 4 h in air.
Active materials (NiNb2O6 fibers, T-Nb2O5, and commercial Li4Ti5O12 (LTO-1, Shenzhen BTR)), conductive agent (Super-P carbon) or binder (polyvinylidene fluoride) in a mass ratio of 7.5:1.5:1 was mixed in 1-methyl-2-pyrrolidinone. The formed slurries were cast on Cu foils. These electrode films were placed in a vacuum oven and dried at 110 °C for 10 h, forming the working electrodes with loadings of ≈1.0 mg cm−2. Full cells were assembled into CR2032-type coin cells. LiFePO4 (P198, Shenzhen BTR) and active materials with an N/P ratio of 0.95 (cathode-limited configuration) were used as cathode and anode materials, respectively. The fabrication of the LiFePO4 cathodes was similar to that of the above anodes, except that LiFePO4, Super-P carbon, and polyvinylidene fluoride in a mass ratio of 8:1:1 was coated on Al foils.
Compared to the LiFePO4/T-Nb2O5 and LiFePO4/Li4Ti5O12 full cells, the LiFePO4/NiNb2O6 full cell exhibits better electrochemical properties. Especially, the reversible capacity of the LiFePO4/NiNb2O6 full cell (212 mAh g−1 at 1C) is 100 and 60 mAh g−1 larger than that of the LiFePO4/T-Nb2O5 and LiFePO4/Li4Ti5O12 full cells, respectively.
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[bookmark: _Hlk142643846]Fig. S5 Redox mechanism of NiNb2O6 fibers. Ex-situ Ni-2p XPS spectra: a) pristine, b) discharge (1.0 V), and c) charge (3.0 V) states. Ex-situ Nb-3d XPS spectra at pristine state: d) 25, e) −10, and f) 60 °C. Ex-situ Nb-3d XPS spectra at charge (3.0 V) states: g) 25, h) −10, and i) 60 °C
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[bookmark: _Hlk159357468][bookmark: _Hlk142668519]Fig. S6 Electrochemical kinetics of NiNb2O6 fibers. CV profiles of NiNb2O6/Li half cell at 0.2 mV s−1: a) 25, b) −10, and c) 60 °C. CV profiles of NiNb2O6/Li half cell at 0.4 mV s−1: d) 25, e) −10, and f) 60 °C. Capacitive contributions of NiNb2O6/Li half cell at different sweep rates: g) 25, h) −10, and i) 60 °C
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[bookmark: _Hlk142642249]Fig. S7 GITT tests of NiNb2O6 fibers. GITT curves (second cycle): a) 25, b) −10, and c) 60 °C. E versus t curves for a single step in GITT experiment: d) 25, e) −10, and f) 60 °C. Linear behavior of E versus τ0.5 relationship during a typical titration: g) 25, h) −10, and i) 60 °C
Calculations of apparent Li+ diffusion coefficients of NiNb2O6 fibers from GITT
[bookmark: _Hlk140507178][bookmark: _Hlk146117185][bookmark: _Hlk146614130]The GITT tests are conducted on the NiNb2O6/Li cell to study the Li+ diffusivity in the NiNb2O6 fibers. Fig. S5a, Fig. S5b, and Fig. S5c respectively exhibit the typical GITT curves at 25, −10, and 60 °C during the first lithiation–delithiation cycle. For a clear observation, a single step of GITT is presented in Fig. S5d/Fig. S5e/Fig. S5f. Based on the Fick’s second law, the apparent Li+ diffusion coefficients (DLi) of the NiNb2O6 fibers can be calculated by using Eq. S1 [S1]:
[bookmark: _Hlk118476880]           (S1)
where, MB is the molar mass of NiNb2O6, Vm is the molar volume of NiNb2O6, mB is the mass of NiNb2O6, S is the NiNb2O6 electrode area, τ is the pulse duration time, L is the NiNb2O6 electrode thickness, and ΔEs and ΔEτ respectively represent the change in the equilibrium potential and the change in potential during the current pulse, which can be gained from the GITT curves (Fig. S5d/Fig. S5e/Fig. S5f). As the potential during a single titration delivers a linear relationship with τ0.5 (Fig. S5g/Fig. S5h/Fig. S5i), Eq. S1 can be simplified as Eq. S2:
             (S2)
Based on Eq. S2, the apparent Li+ diffusion coefficients of the NiNb2O6 fibers during different states of discharge/charge at 25, −10, and 60 °C are obtained, and displayed in Fig. 3g-i, respectively.
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[bookmark: _Hlk146614025]Fig. S8 Relationship between peak current (Ip) and square root of sweep rate (v0.5) for intensive cathodic and anodic peaks of NiNb2O6/Li half cells: a) 25, b) −10, and c) 60 °C
[bookmark: _Hlk146557736]Calculations of apparent Li+ diffusion coefficients of NiNb2O6 fibers by CV
[bookmark: _Hlk146614760]The apparent Li+ diffusion coefficients of the NiNb2O6 fibers at 25, −10, and 60 °C are also determined from the CV data at different sweep rates (Fig. 3d, Fig. 3e, and Fig. 3f). It is found that the peak current of the intensive cathodic/anodic reaction Ip is in proportional to the square root of the sweep rate v0.5 (Fig. S6), which shows the linear semi-infinite diffusion in cathodic and anodic processes. Consequently, the Randles−Sevcik equation (Eq. S3) can be applied, based on which the Li+ diffusion coefficient DLi can be calculated [S2].
Ip = 2.69×105Sn1.5Cv)0.5                    (S3)
[bookmark: _Hlk146614982]where, S is the electrode area, n is the charge transfer number, and C is the molar concentration of Li+ in solid. The obtained DLi values of NiNb2O6 fibers reach 2.3×10−13 cm2 s−1 (lithiation) and 3.0×10−13 cm2 s−1 (delithiation) at 25 °C, decrease to 1.0×10−13 cm2 s−1 (lithiation) and 1.1×10−13 cm2 s−1 (delithiation) at −10 °C, and increase to 4.2×10−13 cm2 s−1 (lithiation) and 7.3×10−13 cm2 s−1 (delithiation) at 60 °C, which match with the GITT results.
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[bookmark: _Hlk159410598][bookmark: _Hlk153202505][bookmark: _Hlk142644574][bookmark: _Hlk142644857]Fig. S9 In-situ XRD characterizations of NiNb2O6 fibers within 1.0−3.0 V (first cycle at 0.5C and 25 °C, at 0.1C and −10 °C, and at 0.5C and 60 °C). In-situ XRD patterns of NiNb2O6/Li half cell with discharge−charge curves: a) 25, b) −10, and c) 60 °C. 2D in-situ XRD patterns enlarged within 30.3−30.7°: d) 25, e) −10, and f) 60 °C. Variations in lattice parameters of NiNb2O6 during discharge−charge: g) 25, h) −10, and i) 60 °C. Solid and hollow symbols represent data for original phase and transformed phase, respectively
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Fig. S10 Sudden movement of (311) peak after phase transformation from in-situ XRD patterns of NiNb2O6/Li half cell (first discharge): a) 25 and b) 60 °C
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[bookmark: _Hlk153205030][bookmark: _Hlk148450565]Fig. S11 In-situ XRD characterizations of NiNb2O6 fibers within 1.0−3.0 V (first four cycles at 0.5C and 25 °C, at 0.1C and −10 °C, and at 0.5C and 60 °C). 2D in-situ XRD patterns of NiNb2O6/Li half cell: a) 25, b) −10, and c) 60 °C. Variations in lattice constants of NiNb2O6: d) 25, e) −10, and f) 60 °C. PEEK: polyetheretherketone. Solid and hollow symbols represent data for original phase and transformed phase, respectively
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Fig. S12 Rietveld-refined operando XRD patterns of NiNb2O6/Li operando cell at 1.0 V: a) 25 and b) 60 °C
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Fig. S13 Ex-situ XRD pattern of NiNb2O6 electrode after 100 cycles
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Fig. S14 “Zero-strain” mechanism of NiNb2O6 at −10 °C. Movement of ions from (a) initial stage to (b) partially lithiated stage, and finally to (c) final lithiated stage. Li, Ni, Nb, and O are colored by orange, grey, green, and red, respectively. Arrow lengths indicate movement distances
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Fig. S15 “Zero-strain” mechanism of NiNb2O6 at 60 °C. Movement of ions from (a) initial stage to (b) partially lithiated stage, then to (c) phase-transformed stage, and finally to (d) final lithiated stage. Li, Ni, Nb, and O are colored by orange, grey, green, and red, respectively. Arrow lengths indicate movement distances.
[bookmark: _Hlk148450001]Table S1 Comparisons of electrochemical properties of NiNb2O6 with previously-reported anode materials with intercalation characteristic
	Material
	Rate capability
	Cyclic stability
	References

	NiNb2O6 fibers
	164 mAh g−1 at 10C
	capacity retention of 92.8% over 1000 cycles at 10C
	this work

	NiNb2O6 micron-sized particles
	126 mAh g−1 at 10C
	capacity retention of 92.0% over 2500 cycles at 10C
	[S3]

	partially reduced TiNb24O62 nanofibers
	190 mAh g−1 at 10C
	capacity retention of 86.4% over 500 cycles at 10C
	[S4]

	GaNb11O29 micron-sized particles
	121 mAh g−1 at 10C
	capacity retention of 87.5% over 1000 cycles at 10C
	[S5]

	reduced MoxTi1−xNb2O7+y micron-sized particles
	192 mAh g−1 at 12C
	capacity retention of 73.0% over 500 cycles at 12C
	[S6]

	2D Nb2O5-C-rGO micron-sized sheets
	~165 mAh g−1 at 10C
	capacity retention of 78.0% over 1500 cycles at 5C
	[S7]

	TiNb2O7 hierarchical microspheres
	100 mAh g−1 at 20C
	capacity retention of 83.5% over 500 cycles at 10C
	[S8]

	Ti2Nb10O29 hollow nanofibers
	136 mAh g−1 at 20C
	capacity retention of ~70% over 500 cycles at 10C
	[S9]

	TiNb2O7 nanoparticles
	87 mAh g−1 at 30C
	capacity retention of ~83% over 500 cycles at 10C
	[S10]

	W3Nb14O44 nanowires
	131 mAh g−1 at 5C
	capacity retention of ~64% over 1000 cycles at 10C
	[S11]

	Li4Ti5O12 nanorods
	136 mAh g−1 at 20C
	capacity retention of ~61.5% over 1500 cycles at 10C
	[S12]

	Mo1.5W1.5Nb14O44 micron-sized particles
	198 mAh g−1 at 10C
	capacity retention of 84.1% over 2000 cycles at 10C
	[S13]

	Nb14W3O44 nano-blocks
	160 mAh g−1 at 10C
	capacity retention of 84.3% over 1000 cycles at 10C
	[S14]

	Cr0.2Fe0.8Nb11O29 micron-sized particles
	123 mAh g−1 at 10C
	capacity retention of 86.9% over 500 cycles at 10C
	[S15]

	HfNb24O62 micron-sized particles
	78 mAh g−1 at 10C
	capacity retention of 87.1% over 500 cycles at 10C
	[S16]

	3D TiO2-QDs@C porous nanospheres
	108 mAh g−1 at 5A g−1
	capacity retention of 68.6% over 10000 cycles at 5A g−1
	[S17]

	Mg2Nb34O87 micron-sized particles
	117 mAh g−1 at 10C
	capacity retention of 83.9% over 2000 cycles at 10C
	[S18]

	AlNb11O29 micron-sized particles
	131 mAh g−1 at 10C
	capacity retention of 93.2% over 500 cycles at 10C
	[S19]

	graphite micron-sized particles
	135 mAh g−1 at 10C
	capacity retention of 73.0% over 1500 cycles at 10C
	[S20]

	[bookmark: _Hlk161074445]carbon-coated Li3VO4
	147 mAh g−1 at 0.3 A g−1
	84.5% after 50 cycles at 0.02 A g−1
	[S21]

	ω-Li3V2O5 nanoplates
	113 mAh g−1 at 10 A g−1
	99.5% after 1000 cycles at 10 A g−1
	[S22]

	Li2.98Cr0.04V0.98O4 microparticles
	147 mAh g−1 at 1.2 A g−1
	86.6% after 1000 cycles at 1.2 A g−1
	[S23]




Table S2 Comparisons of apparent Li+ diffusion coefficient (DLi) of NiNb2O6 with previously-reported M−Nb−O anode materials
	Material
	DLi (cm2 s−1)
	Test technique
	References

	NiNb2O6 fibers (25 °C)
	1.11×10−12
	GITT
	this work

	NiNb2O6 fibers (−10 °C)
	6.12×10−13
	GITT
	this work

	NiNb2O6 fibers (60 °C)
	1.29×10−13
	GITT
	this work

	NiNb2O6 fibers (25 °C)
	2.67×10−13
	CV
	this work

	NiNb2O6 fibers (−10 °C)
	1.10×10−13
	CV
	this work

	NiNb2O6 fibers (60 °C)
	5.73×10−13
	CV
	this work

	NiNb2O6 micron-sized particles (25 °C)
	1.36×10−12
	GITT
	[S3]

	W3Nb14O44 nanowires (25 °C)
	8.02×10−13
	CV
	[S11]

	Cu2Nb34O87 micron-sized particles (25 °C)
	3.50×10−13
	GITT
	[S24]

	VNb9O25 nanoribbons (25 °C)
	5.17×10−15
	EIS
	[S25]

	MoNb12O33 micron-sized particles (25 °C)
	3.90×10−14
	GITT
	[S26]

	Al0.5Nb24.5O62 micron-sized particles (25 °C)
	2.50×10−13
	GITT
	[S27]

	GeNb18O47 nanowires (25 °C)
	1.57×10−14
	CV
	[S28]

	W5Nb16O55 micron-sized particles (25 °C)
	1.0×10−13
	GITT
	[S29]

	TiNb6O17 micron-sized particles (25 °C)
	4.88×10−14
	CV
	[S30]

	TiCr0.5Nb10.5O29 nanoparticles
	2.07×10−14
	CV
	[S31]

	TiNb2O7 micron-sized particles (25 °C)
	1.05×10−15
	EIS
	[S8]

	HfNb24O62 micron-sized particles (25 °C)
	1.51×10−13
	GITT
	[S16]

	W16Nb18O93 nanowires (25 °C)
	1.31×10−14
	EIS
	[S32]

	TiO2/C composite nanospheres (25 °C)
	2.2×10−14
	CV
	[S17]

	Cr0.5Nb24.5O62 micron-sized particles (25 °C)
	4.57×10−14
	EIS
	[S33]

	TiNb2O7 nanorods (25 °C)
	3.24×10−14
	CV
	[S34]

	Nb2O5 nanorods (25 °C)
	3.66×10−17
	CV
	[S35]


[bookmark: _Hlk153813506][bookmark: _Hlk153873997]Table S3 Comparisons of maximum unit-cell-volume change of NiNb2O6 with previously-reported M−Nb−O anode materials
	Material
	Maximum unit-cell-volume change (%)
	References

	NiNb2O6 (25 °C)
	0.53 (discharge to 1.0 V)
	this work

	NiNb2O6 (−10 °C)
	0.51 (discharge to 1.0 V)
	this work

	NiNb2O6 (60 °C)
	0.74 (discharge to 1.0 V)
	this work

	LaCeNb6O18 (25 °C)
	1.52 (discharge to 0.8 V)
	[S36]

	V3Nb17O12 (25 °C)
	3.46 (discharge to 0.8 V)
	[S37]

	BaNb3.6O10 (25 °C)
	5.96 (discharge to 0.8 V)
	[S38]

	NaNb13O33 (25 °C)
	6.02 (discharge to 0.8 V)
	[S39]

	Ni2Nb34O87 (25 °C)
	6.71 (discharge to 0.8 V)
	[S40]

	Ti2Nb10O29 (25 °C)
	6.8 (discharge to 1.0 V)
	[S9]

	GeNb18O47 (25 °C)
	6.83 (discharge to 0.8 V)
	[S28]

	TiNb2O7 (25 °C)
	7.22 (discharge to 1.0 V)
	[S10]

	MoNb13O33 (25 °C)
	7.8 (discharge to 0.8 V)
	[S26]

	Cu2Nb34O87 (25 °C)
	8.32 (discharge to 0.8 V)
	[S24]

	Al0.5Nb24.5O62 (25 °C)
	8.5 (discharge to 0.8 V)
	[S27]

	Zn2Nb34O87 (25 °C)
	8.58 (discharge to 0.8 V)
	[S41]

	VNb9O25 (25 °C)
	8.91 (discharge to 0.8 V)
	[S25]

	Mo3Nb14O44 (25 °C)
	10.6 (discharge to 0.8 V)
	[S42]

	PNb9O25 (25 °C)
	10.69 (discharge to 0.8 V)
	[S43]

	Mo4Nb26O77 (25 °C)
	12.8 (discharge to 0.8 V)
	[S44]


[bookmark: _Hlk153902716]Table S4 Lattice parameters of delithiated NiNb2O6, partially lithiated NiNb2O6, lithiated NiNb2O6 after phase transformation, and lithiated NiNb2O6 states at 25 °C
	sample
	a (Å)
	b (Å)
	c (Å)
	V (Å3)
	space group
	Rwp
	Uiso

	delithiated NiNb2O6
	14.03928
(58)
	5.68370
(16)
	5.02556
(12)
	401.015
(37)
	Pbcn
	0.0152
	0.01

	partially lithiated NiNb2O6
	14.04520
(56)
	5.69151
(32)
	5.02825
(47)
	401.940
(78)
	Pbcn
	0.0132
	0.01

	[bookmark: _Hlk153902402]lithiated NiNb2O6 after phase transformation
	14.05438
(84)
	5.69734
(24)
	5.03114
(18)
	402.839
(54)
	Pbcn
	0.0126
	0.01

	lithiated NiNb2O6
	14.04300
(11)
	5.69445
(32)
	5.02986
(24)
	402.223
(72)
	Pbcn
	0.0124
	0.01





Table S5 Fractional atomic parameters of delithiated NiNb2O6 at 25 °C
	ion
	site
	x
	y
	z

	Ni2+
	4c
	0
	0.3324(14)
	0.25

	Nb5+
	8d
	0.1604(62)
	0.1807(57)
	0.7482(28)

	O2−
	8d1
	0.0875(40)
	0.0807(43)
	0.0910(42)

	O2−
	8d2
	0.4205(11)
	0.1248(40)
	0.0867(35)

	O2−
	8d3
	0.7569(12)
	0.1199(39)
	0.0770(43)


Table S6 Fractional atomic parameters of partially lithiated NiNb2O6 at 25 °C
	ion
	site
	x
	y
	z

	Ni2+
	4c
	0
	0.3328(18)
	0.25

	Nb5+
	8d
	0.1594(79)
	0.1802(48)
	0.7598(42)

	O2−
	8d1
	0.0847(21)
	0.0643(04)
	0.1205(23)

	O2−
	8d2
	0.4211(14)
	0.1460(51)
	0.0796(43)

	O2−
	8d3
	0.7558(27)
	0.1090(19)
	0.0820(52)


Table S7 Fractional atomic parameters of lithiated NiNb2O6 after phase transformation at 25 °C
	ion
	site
	x
	y
	z

	Ni2+
	4c
	0
	0.3304(16)
	0.25

	Nb5+
	8d
	0.1606(18)
	0.1815(62)
	0.7654(09)

	O2−
	8d1
	0.0875(76)
	0.0599(54)
	0.1129(10)

	O2−
	8d2
	0.4211(56)
	0.1399(26)
	0.0867(35)

	O2−
	8d3
	0.7546(08)
	0.1045(62)
	0.0788(17)


Table S8 Fractional atomic parameters of lithiated NiNb2O6 at 25 °C
	ion
	site
	x
	y
	z

	Ni2+
	4c
	0
	0.3269(22)
	0.25

	Nb5+
	8d
	0.1608(10)
	0.1825(92)
	0.7673(29)

	O2−
	8d1
	0.0900(16)
	0.0552(74)
	0.1138(70)

	O2−
	8d2
	0.4215(16)
	0.1297(66)
	0.0965(55)

	O2−
	8d3
	0.7531(18)
	0.0995(72)
	0.0749(77)




[bookmark: _Hlk162438522]Table S9 Bond lengths of delithiated NiNb2O6, partially lithiated NiNb2O6, lithiated NiNb2O6 after phase transformation, and lithiated NiNb2O6 states at 25 °C
	bond
	delithiated NiNb2O6 (Å)
	partially lithiated NiNb2O6 (Å)
	lithiated NiNb2O6 after phase transformation (Å)
	lithiated NiNb2O6 (Å)

	[bookmark: _Hlk162375935]Ni−O (8d1)
	2.0890(5)
	2.0894(6)
	2.1120(7)
	2.0820(8)

	Ni−O (8d2)
	2.1290(5)
	2.1146(6)
	2.1020(7)
	2.1357(8)

	Nb−O (8d1)
	2.0109(5)
	2.0267(6)
	2.0374(6)
	1.9910(7)

	Nb−O (8d2)
	1.7811(5)
	1.7777(6)
	1.7546(6)
	1.7942(6)

	Nb−O (8d3)
	2.0833(5)
	2.0907(6)
	2.0915(6)
	2.0929(7)


Table S10 NiO6 and NbO6 polyhedron-volumes in delithiated NiNb2O6, partially lithiated NiNb2O6, lithiated NiNb2O6 after phase transformation, and lithiated NiNb2O6 states at 25 °C
	sample
	NiO6 (Å3)
	NbO6 (Å3)

	delithiated NiNb2O6
	11.9050
	10.4227

	partially lithiated NiNb2O6
	12.0946
	10.3599

	lithiated NiNb2O6 after the phase transformation
	12.4262
	10.2432

	lithiated NiNb2O6
	12.4922
	10.1900


Table S11 Lattice parameters of delithiated and lithiated NiNb2O6 at −10 °C
	sample
	a (Å)
	b (Å)
	c (Å)
	V (Å3)
	Space group
	Rwp
	Uiso

	delithiated NiNb2O6
	13.99453
(11)
	5.66938
(37)
	5.01653
(21)
	398.013
(75)
	Pbcn
	0.0153
	0.01

	lithiated NiNb2O6
	14.02392
(11)
	5.68242(37)
	5.01954
(22)
	400.043
(76)
	Pbcn
	0.0162
	0.01


Table S12 Fractional atomic parameters of delithiated NiNb2O6 at −10 °C
	ion
	site
	x
	y
	z

	Ni2+
	4c
	0
	0.3430(21)
	0.25

	Nb5+
	8d
	0.1606(85)
	0.1836(77)
	0.7526(24)

	O2−
	8d1
	0.0928(12)
	0.0851(62)
	0.1392(23)

	O2−
	8d2
	0.4271(15)
	0.1269(53)
	0.0675(90)

	O2−
	8d3
	0.7350(36)
	0.1122(75)
	0.9779(10)




Table S13 Fractional atomic parameters of lithiated NiNb2O6 at −10 °C
	ion
	site
	x
	y
	z

	Ni2+
	4c
	0
	0.3393(21)
	0.25

	Nb5+
	8d
	0.1616(95)
	0.1839(86)
	0.7609(11)

	O2−
	8d1
	0.0919(14)
	0.0802(66)
	0.1245(23)

	O2−
	8d2
	0.4266(16)
	0.1262(55)
	0.0725(97)

	O2−
	8d3
	0.7389(36)
	0.1219(73)
	0.1542(28)


Table S14 Bond lengths of delithiated and lithiated NiNb2O6 states at −10 °C.
	bond
	delithiated NiNb2O6 (Å)
	lithiated NiNb2O6 (Å)

	Ni−O (8d1)
	2.0431(9)
	2.0493(11)

	Ni−O (8d2)
	1.8907(7)
	1.8768(8)

	Nb−O (8d1)
	2.0433(8)
	2.0907(8)

	Nb−O (8d2)
	1.8802(8)
	1.8667(9)

	Nb−O (8d3)
	1.8043(7)
	1.8102(9)


Table S15 NiO6 and NbO6 polyhedron-volumes in delithiated and lithiated NiNb2O6 states at −10 °C
	sample
	NiO6 (Å3)
	NbO6 (Å3)

	delithiated NiNb2O6
	10.7223
	10.9830

	lithiated NiNb2O6
	11.0163
	10.8917


Table S16 Lattice parameters of delithiated NiNb2O6, partially lithiated NiNb2O6, lithiated NiNb2O6 after phase transformation, and lithiated NiNb2O6 at 60 °C
	sample
	a (Å)
	b (Å)
	c (Å)
	V (Å3)
	Space group
	Rwp
	Uiso

	delithiated NiNb2O6
	14.04380
(86)
	5.68507
(21)
	5.02643
(16)
	401.287
(33)
	Pbcn
	0.0151
	0.01

	partially lithiated NiNb2O6
	14.04408
(75)
	5.68917
(21)
	5.02945
(16)
	401.830
(49)
	Pbcn
	0.0137
	0.01

	lithiated NiNb2O6 after phase transformation
	14.03446
(17)
	5.69336
(49)
	5.03030
(39)
	401.938
(13)
	Pbcn
	0.0118
	0.01

	lithiated NiNb2O6
	14.00864
(27)
	5.68940
(76)
	5.02191
(58)
	400.251
(72)
	Pbcn
	0.0117
	0.01





Table S17 Fractional atomic parameters of delithiated NiNb2O6 at 60 °C
	ion
	site
	x
	y
	z

	Ni2+
	4c
	0
	0.3350(20)
	0.25

	Nb5+
	8d
	0.1581(82)
	0.1813(74)
	0.7710(26)

	O2−
	8d1
	0.0817(13)
	0.0651(51)
	0.1280(54)

	O2−
	8d2
	0.4217(16)
	0.1498(52)
	0.0727(42)

	O2−
	8d3
	0.7580(15)
	0.1226(49)
	0.0917(53)


Table S18 Fractional atomic parameters of partially lithiated NiNb2O6 at 60 °C
	ion
	site
	x
	y
	z

	Ni2+
	4c
	0
	0.3352(77)
	0.25

	Nb5+
	8d
	0.1603(04)
	0.1776(09)
	0.7546(29)

	O2−
	8d1
	0.0754(17)
	0.0514(33)
	0.1345(55)

	O2−
	8d2
	0.4176(20)
	0.1638(91)
	0.0566(06)

	O2−
	8d3
	0.7628(25)
	0.1130(59)
	0.0999(94)


Table S19 Fractional atomic parameters of lithiated NiNb2O6 after phase transformation at 60 °C
	ion
	site
	x
	y
	z

	Ni2+
	4c
	0
	0.3250(37)
	0.25

	Nb5+
	8d
	0.1582(34)
	0.1801(19)
	0.7419(27)

	O2−
	8d1
	0.0808(12)
	0.0422(33)
	0.1395(52)

	O2−
	8d2
	0.4206(22)
	0.1419(89)
	0.0732(16)

	O2−
	8d3
	0.7591(20)
	0.1029(53)
	0.0961(14)


Table S20 Fractional atomic parameters of lithiated NiNb2O6 at 60 °C
	ion
	site
	x
	y
	z

	Ni2+
	4c
	0
	0.3247(59)
	0.25

	Nb5+
	8d
	0.1588(25)
	0.1790(20)
	0.7335(53)

	O2−
	8d1
	0.0870(35)
	0.0677(16)
	0.1314(14)

	O2−
	8d2
	0.4198(39)
	0.1258(16)
	0.0734(13)

	O2−
	8d3
	0.7623(39)
	0.0853(20)
	0.1006(14)




Table S21 Bond lengths of delithiated NiNb2O6, partially lithiated NiNb2O6, lithiated NiNb2O6 after phase transformation, and lithiated NiNb2O6 states at 60 °C
	bond
	delithiated NiNb2O6 (Å)
	partially lithiated NiNb2O6 (Å)
	lithiated NiNb2O6 after phase transformation (Å)
	lithiated NiNb2O6 (Å)

	Ni−O (8d1)
	2.0220(6)
	2.0362(9)
	2.0456(14)
	2.0230(2)

	Ni−O (8d2)
	2.1282(7)
	2.1104(9)
	2.1062(14)
	2.1150(2)

	Nb−O (8d1)
	2.0301(6)
	2.0765(7)
	2.1046(15)
	2.0695(3)

	Nb−O (8d2)
	1.7745(6)
	1.7530(7)
	1.7237(11)
	1.7404(2)

	Nb−O (8d3)
	2.0747(7)
	2.0864(7)
	2.0906(11)
	2.0956(3)


[bookmark: _Hlk162438927]Table S22 NiO6 and NbO6 polyhedron-volumes in delithiated NiNb2O6, partially lithiated NiNb2O6, lithiated NiNb2O6 after phase transformation, and lithiated NiNb2O6 states at 60 °C
	sample
	NiO6 (Å3)
	NbO6 (Å3)

	delithiated NiNb2O6
	11.8765
	10.4224

	partially lithiated NiNb2O6
	11.9830
	10.3433

	lithiated NiNb2O6 after phase transformation
	12.6139
	10.1045

	lithiated NiNb2O6
	12.3195
	10.1537
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