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Figure S1. Energy-dispersive X-ray (EDX) mapping analysis of LVP-T particles from HRTEM
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Figure S2. Observed and calculated pattern of (a) pristine LVP-P (reproduced from ref. 44 with
permission from The Royal Society of Chemistry) and (b) pristine LVP-T of high-resolution powder

diffraction
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Figure S3. Crystal structures of (a) LVP-P, (b) LVP-T, and (c) overlapped crystal structures of both

materials from Rietveld refinement of high-resolution powder diffraction.
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Figure S4. Each bond lengths around each three Li-ion site; (a) Li3 site, (b) Li2 site and (c) Lil site in
LVP-P and (d) Li3 site, (e) Li2 site, and (f) Lil site in LVP-T in the crystal structures from Rietveld

refinement of high-resolution powder diffraction.
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Figure S5. Nonlinear least-squares fitting on the EXAFS spectra of pristine LVP-P in (a) R-space and (b)
k-space and pristine LVP-T in (¢) R-space and (d) k-space. Both spectra are fitted simultaneously to obtain

structural parameters listed in Table S5.
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Figure S6. (a) Normalized XANES spectra and (b) magnified figure of XANES spectra at Ti K-edge at
pristine LVP-T with references of Ti foil, TiO, (rutile), and TiO,(anatase). (c¢) k’-weighted Fourier

transformed EXAFS spectra at Ti K-edge at pristine state of LVP-T.
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Figure S7. The electrochemical voltage profile of (a) LVP-P and (b) LVP-T during the initial two cycles

at0.1C
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Figure S8. The equilibrium voltage (black) and operating voltage (red) in GITT test on (a) LVP-P
(reproduced from ref. 44 with permission from The Royal Society of Chemistry) and (b) LVP-T during
the first cycle and (c) magnified figure of LVP-T during the charge to be needed for calculating diffusion

coefficient.
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Figure S9. Cyclic voltammetry curves of LVP-P and LVP-T electrodes
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Figure S10. EIS spectra of LVP-P and LVP-T electrodes after the 1% charge/discharge cycle.
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Figure S11. Cyclic stability test of LVP-P and LVP-T electrodes at 0.5C during 100 cycles



—
o)}
gt

= 920 — T ; T o
S O L3 —® Li3phase
- 900 =R e sl
Q u&ﬂ[m Li2 Li2 phase
£ 880- 7 L1 v Li1phase
= { L0 4@ Li0phase
O

> 860+ ]
S 840 |
:E 820 LVVIVPA VIR VRV R VYD IVW VWV IV VA VIR WYY

=

800 ——

0 30 60 90 120 150 180
Capacity(mAhg™)

=

Unit Cell Volume (A3

920

=] =23 0
[o2] =] [=}
o o o
1 1 1

840 -

820

800

LVP-P LVP-T
—0O-Li3 & Li3 phase
O Li2.5 @ Li2.5 phase
Li2 Li2 phase
<{ Li0 4 Li0 phase

0

Y30.

60 I 90 120 150 180
Capacity(mAhg™)

Figure S12. Change of unit cell volume obtained from in situ XRD patterns of LVP-P (unfilled,

reproduced from ref. 44 with permission from The Royal Society of Chemistry) and LVP-T (filled)

during (a) the 1 charge and (b) the 1% discharge
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Figure S13. Nonlinear least-squares fitting on the EXAFS spectra of full charged LVP-P in R-space and
k-space and full charged LVP-T in R-space and k-space. Both spectra are fitted simultaneously to obtain

structural parameters listed in Table S6.



Table S1. Lattice parameters of LVP-P and LVP-T cathode materials obtained by Rietveld refinement of

high-resolution powder diffraction

a (A) b (A) c (A) Beta (%) Vol. (A%
LVP-P 8.609(5) 8.594(5) 12.039(5) 90.593(5) 890.72(1)
LVP-T 8.609(1) 8.600(1) 12.041(1) 90.583(1) 891.42(1)




Table S2. Atomic position (X, y, z), temperature factors (B), and occupancy of each element obtained from

the result of Rietveld refinement of pristine LVP-P and pristine LVP-T

* : fixed

For LVP-P, Rp=5.36, Rwp="7.11, Rexp=5.12 and = 1.93

For LVP-T, Rp 8.18 , Rwp= 11 3 REXp=13.75 andx = 3.28
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Table S3. O-O distance surrounding Li-ion sites in pristine LVP-P and pristine LVP-T in the crystal

structures obtained from Rietveld refinement of high-resolution powder diffraction

‘ LVP-P (A) LVP-T (A)  Difference (A)
. 02-04 1 26009 - 0204 | 258(8) . -002
0205  3s52(11) @ 0205 - 35209 0
020“ _______ 369(7) ________ 367(9) .......... _, 002

3.05 (10) 305(11)

LA c 0102 250¢) c 002
........................................ 276(3) .. 01-06 - 272(h) . -004

L2933 o108 L 295 ..002
417 (4) 417®) 0



Table S4. O-Li-O angles surrounding Li-ion sites in pristine LVP-P and pristine LVP-T in the crystal

structures obtained from Rietveld refinement of high-resolution powder diffraction
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Table S5. Structural parameters derived from the EXAFS fitting for pristine LVP-P and pristine LVP-T.
Amplitude reduction factors (S0?) for the V K-edge spectra are fixed as 0.7. R, o2, and AE denote

interatomic distance, degree of disorder, and inner potential shift parameter, respectively.

For LVP-P, the reliable factors are y>= 32.11, and R-factor = 0.0073.
For LVP-T, the reliable factors are x> = 37.48, and R-factor = 0.0029.

The structural model of Li;V,(POy); in Yin et al. was used for fitting V-O coordination.

Fit Debye-
(R=1.2A-2.14) Pristine of LVP-P Pristine of LVP-T Waller
(k=3 A1-13.5 AY) (AE =-0.4 +/-0.7) (AE =2.2+/- 0.5) factor

(502=0.7) (0?)
Coordination Difference
number R(A) a2 R(A) a2 (LVP-T)-
(V-0) (LVP-P)
V1-07 1 1.76 +/-0.07 0.005 +/- 0.007 1.74 +/-0.04 0.010 +/- 0.004 0.005
0.0003 +/- 0.0009 +/-
V1-011 2 1.930 +/- 0.005 00 e 1.926 +/- 0.005 s 0.0006
V1-02 1 2.05 +/-0.02 0.002 +/- 0.002 2.05 +/-0.03 0.0043 +/- 0.002
0.0006
V1-05 1 2.06 +/-0.01 0.0006 +/- 2.07 +/- 0.04 0.001 +/- 0.005 0.0011
0.0013
V1-04 1 2.11 +/-0.02 0.003 +/- 0.002 2.12 +/-0.01 0.003 +/- 0.001 0
V2-012 2 1.89+/-0.01 | 0.003+/-0.001 | 1.90+/-0.01 | 0.005+/-0.001 0.002
2.026 +/- 0.002 +/-
v2-01 3 2.01+4/- 0.02 | 0.003+/-0.001 0.008 0.0006 -0.001
V2-06 1 2.39+/-0.02 | 0.002+/-0.003 | 2.38+/-0.01 | 0.002 +/-0.002 0




Table S6. Structural parameters derived from the EXAFS fitting for the full charged states (FC) of LVP-P
and LVP-T. Amplitude reduction factors (S0?) for the V K-edge spectra are fixed as 0.7. R, o2, and AE

denote interatomic distance, degree of disorder, and inner potential shift parameter, respectively.

For LVP-P, the reliable factors are x>= 13.35, and R-factor = 0.0064.

For LVP-T, the reliable factors are x> = 17.36, and R-factor = 0.0098.

The structural model of Li;V,(POy); in Yin et al. was used for fitting V-O coordination.

Fit
_ A 2 Debye-Waller
(R=1.2A-2.17) FC of LVP-P FC of LVP-T g
(k=3A"-13.5A") (AE0 = 5.7 +/- 0.9) (AE0 = 4.1+/- 1.0) ()
o
(s0’=0.7)
Coordination Difference
number R(A) o R(A) o (LVP-T)-(LVP-
(V-0) P)
V1-07 1 1.63 +/- 0.02 0.005 +/- 0.003 1.59 +/- 0.02 0.006 +/- 0.003 0.001
0.0031 +/- 0.0036 +/-

V1-011 2 1.862 +/- 0.005 0.0005 1.845 +/- 0.009 0.0001 0.0006
V1-02 1 1.889+/-0.02 | 0.001+/-0.002 | 1.887 +/-0.013 | 0.001 +/- 0.001 0.000
V1-05 1 2.06 +/- 0.02 0.004 +/- 0.003 2.05 +/- 0.04 0.007 +/- 0.005 0.003
V1-04 1 2.23 +/-0.02 0.002 +/- 0.002 2.23+/-0.01 0.003 +/- 0.001 0.001
V2-012 2 1.98 +/- 0.02 0.001 +/- 0.002 1.94 +/- 0.01 0'?)002030;/ i 0.0013
V2-01 3 2.05+/- 0.01 | 0.008+/-0.002 | 2.05+/- 0.04 | 0.005 +/-0.001 -0.003

0.0003 +/- 0.0022 +/-
V2-06 1 2.39 +/- 0.02 0.002 2.37 +/-0.03 0.0035 0.0019




