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Table S1 Lattice parameters of the samples.

Samples Interlayer distance (A) a(A) b (A) c(A) £(© V (A3)

Ca-0.00 6.317 6.630 3.599 12.026 107.795 286.684
Ca-0.01 6.328 6.646 3.595 12.032 107.802 287.190
Ca-0.03 6.329 6.649 3.600 12.033 107.858 287.775
Ca-0.05 6.340 6.660 3.596 12.038 107.854 288.028
Ca-0.07 6.346 6.670 3.598 12.039 107.850 288.652
Ca-0.10 6.341 6.662 3.596 12.027 107.865 287.824
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Figure S1 SEM images of Ca-0.00 (a) and Ca-0.07 (b).
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Figure S2 TEM images (a, b) and SAED pattern (c¢) of Ca-0.00 in (b) along the [100] zone axis.
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Table S2 Cell parameters from experiments and calculations of the undoped and Ca-doped LiV;Os.

Experimental data Computational data
Ca-0.00 Ca-0.07 undoped Ca-substituted Li Ca-substituted V
a(X) 6.630 6.670 6.453 6.470 6.392
b(A) 3.599 3.595 3.566 3.568 3.600
c(A) 12.026 12.039 11.816 11.835 11.854
£(©) 107.795 107.850 107.791 107.866 105.962

In this work, first-principles calculation was employed to determine the real sites of calcium
doping. For the crystal structures of Ca-doped LiV;0s, a 3x3x1 supercell was used and the central
two lithium atoms were replaced with one calcium. This supercell possessed a Ca/Li atomic ratio
of 6.25%, close to the experimental ratio of 7 %. The cell parameters of pure, Ca-substituted-V and
Ca-substituted-Li LiV30g were compared. As shown in Table S2, the lattice parameters obtained
from experiments. and calculations are quite consistent for pure and Ca-substituted-V LiV;0s. The
lattice parameters a related to the interlayer distance is considered an important parameter of crystal
structure for LiV;0g. The lattice parameters a of pure and Ca-substituted-Li LiV3;0g were 6.453 and
6.470 A, respectively. Substituting Ca for V, resulted in reduction of lattice parameters a, which
was contrary to the experimental results. Therefore, the conclusion that lithium, not vanadium, were
replaced by calcium, can be obtained through a combination method of the calculation and

experiment.
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Figure S3 XPS survey spectra of Ca-0.00 (a) and Ca-0.07 (b).
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Table S3 Electrochemical performance comparison of the hewettite group.

Typical example Material Electrochemical performance Reference
synthesis

Li; 1 V3505 sol-gel 206 mAh g ! after 100 cycles at 30 mAg-! [1]
Li; sV;04 sol-gel 100 mAh g ! after 100 cycles at 175 mAg’! [2]
LiV;04/PDPA Composite 125 mAh g! after 50 cycles at 2000 mA g'! [3]
LiV;04 hydrothermal 150 mAh g! after 100 cycles at 1000 mA g-! [4]
LiV;0g Ni doping 251 mAh g'! after 30 cycles at 150 mA g'! [5]
LiV;0q Ga doping 226 mAh g! after 50 cycles at 30 mAg'! [6]
LiV;0g Mo doping 206 mAh g! after 100 cycles at 300 mA g! [7]
LiV;04 Na doping 230 mAh g! after 50 cycles at 150 mA g-! [8]
NaV;0g hydrothermal 167 mAh g! after 100 cycles at 150 mA g! [9]
Na, 0sV30s hydrothermal 170 mAh g! after 200 cycles 600 mA g'! [10]
Na, VO hydrothermal 170 mAh g! after 100 cycles 300 mA g'! [11]

Liv,0s Ca doping 170 mAh g! after 400 cycles 1000 mA g-! Our work

256 mAh g! after 100 cycles 150 mA g
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Figure S4 Charge-discharge curves of Ca-0.00 (a) and Ca-0.07 (b) at 1000 mA g!.
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Figure S5 Charge-discharge curves of Ca-0.00 (a) and Ca-0.07 (b).
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Figure S6 Nyquist plots of Ca-0.00 and Ca-0.07 before cycling. Both Ca-0.00 and Ca-0.07 without

charge and discharge processes had a large impedance for the unactivated electrode.
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Figure S7 Relationship curves between Z' and @' in the low frequency range.

The Li* diffusion coefficient by EIS

The Nyquist plots exhibited a semicircle in the high frequency range and a sloped line in the low
frequency range. The semicircle represents the charge transfer process (R.) at the solid-liquid
interface, and the sloped line represents the Warburg impedance (Zw) at a low frequency, which
results from Li* diffusion in the LiV;0g matrix. The Li* diffusion coefficient could be calculated

from the low frequency plots based on Formulas S1 and S2:
Z'=R,+R +oy0 " (S1)

R2T?

D (82)

Y ey
where ® (27f) is the angular frequency in the low frequency region, R is the gas constant, T is the
temperature, A is the area of the electrode, n is the number of electrons transferred per mole of
active material involved in the electrode reaction, F is the Faraday constant, and C is the molar

concentration of lithium ions.

S11



(a) 4.0 (b) 4.0
3.5 3.5
z z
L 3-0' *] 3.0-
=143 =1
i =
S 254 < 254 |:|
2.0 2.0+
1.5 — T T T T 1.51— T T T T
0 40000 80000 120000 160000 0 40000 80000 120000 160000
Time (5) Time (5)
2.65 2.65

—~
-t
=3
(5ol
~
[«
A

AR,
2.60 /-——’_‘ ¥ st "'é"
= 5 Q .......
Z. H i)
gﬂ 2.55+ H I= "%ﬂ -
= i 5 O BN )
P H . - '
2,50 :l ] l
'-.. 2.504
245 : ‘ — . . . ‘
80000 84000 88000 92000 80000 84000 88000 92000
Time (s) Time (5)

Figure S8 GITT curves and magnified views of Ca-0.00 (a, ¢) and Ca-0.07 (b, d).
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Figure S9 Li* diffusion coefficients of Ca-0.00 and Ca-0.07.

The Li* diffusion coefficient by GITT
Although the Li* diffusion coefficient could not be reliably obtained by GITT in the two-phase
region, as previously discussed, it could be determined accurately in the solid solution region. The

Li" diffusion coefficients are shown in Figure S9 and are calculated based on Formula S3 [12]:.

4 n Vo s AE 5
PTG L &)

Li m:( S AE,

D

where 7 is the pulse time, n,, is the molar number, V,, is the molar volume of the electrode, S is the
geometric area of the sample-electrolyte interface, AE; is the change in the steady-state voltage of
the cell for this step, and AE, is the total transient voltage change of the cell for the applied current

at time .
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All the available Li sites and corresponding labeling for both phases
All the available Li sites and corresponding labeling for both the alpha and beta phases are shown

in Figure S10, which is referred to in Reference [13].
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Figure S10 Lithium sites and labeling for both the alpha (a) and beta (b) phases. The green balls are

lithium atoms, the gray balls are vanadium atoms, and the red balls are oxygen atoms.
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Table S4 Lithium configurations for the lowest energy states of bare LiV3Og in the alpha (a-f) phase and beta (g-1) phase.

alpha phase beta phase
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The figures in Table S4 correspond to Figure S11 in this paper.
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Table S5 Lithium configurations for the lowest energy states of Ca-doped LiV;0Og in the alpha phase (a-1) and beta phase (m-v).

alpha phase beta phase

Ca-containing cell Ca-free cell Ca-containing cell Ca-free cell

L1, V505

Li2V3Og
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The figures in Table S5 correspond to Figure S12 in this paper.
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Figure S13 Formation energies for the lowest energy states of LiV;0s (a) and Ca-doped LiV;Og (b).
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