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Figure S1. Rietveld refinement of synchrotron X-ray diffraction (XRD) data (5°<26<40°
range) for as-prepared Li,FeSiO,. The wavelength used was maintained at 0.50020(1) A. Note
that minor peaks arising from Fe impurity are excluded from the refinement.

Table S1. Atomic coordinates, site occupancies (g), and atomic displacement parameters
(Uiso) obtained from Rietveld refinement of synchrotron XRD data for as-prepared Li,FeSiOy,
indexed in the monoclinic space group (P2,/n) with lattice constants a = 8.2433(4) A, b =
5.0226(1) A, ¢ = 8.2373(3) A, and B = 99.09 (1) °. Atomic coordinates of Li were fixed
according to those previously reported [1]. Atomic coordinates of Li and isotropic thermal
factors of atoms were fixed according to those reported [1, ibid].

Atom g X y z Uiso
Lil 1.0 0.663 0.785 0.669 0.0093
Li2 1.0 0.585 0.193 0.084 0.0095
Fel 0.9752(18) 0.2930(6) 0.7969(5) 0.54009) 0.0122
Sil 1.0 0.0436(12) 0.8102(10) 0.7905(7)  0.0062
0] 1.0 0.8548(21) 0.6905(9) 0.8256(19) 0.0065
02 1.0 0.4261(14) 0.2132(13) 0.8852(12) 0.0065
03 1.0 0.6958(19) 0.7685(26) 0.4343(31) 0.0065
04 1.0 0.9584(16) 0.8568(8) 0.2172(17) 0.0065

Rwp=3.69% Rp=2.57% S (GOF) = 1.77

2



5.0
4.5

3.5

Voltage / V

2.0\

3.0}

a0llf,

- C/50
w— C/10
- -C/2
— 1 C
: 2 C
—5 C

10C

V-45V.

0 20 40 60 80 100 120 140 160 180 200
Capacity / mAh g™

Figure S2. Voltage (dis)charge profiles of Li,FeSiO4 upon cycling at various current densities

at 25 °C. Regardless of the rate used, a large voltage polarization was apparent at initial
cycling process of Li,FeSiO4 at room temperature. Note that the cut-off voltage was set at 1.3
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Figure S3. Nyquist plots of Li,FeSiO, composite electrodes in the frequency range of 10
mHz and 100 kHz measured in (a) organic electrolyte (IM LiPF¢ in EC:EMC) within
temperatures ranging from 15 °C to 55 °C and (b) ionic liquid (LiTFSA-CsTFSA (20:80)
molten salt) within temperatures ranging from 140 °C to 170 °C. Inset in (a) shows the
equivalent circuit. The Nyquist plots comprise a depressed semicircle at the high-frequency
region and a straight line at the low-frequency region. In principle, the intercept at the Z' axis
in the high-frequency regime represents the ohmic resistance (R.), corresponding to the
resistance of the electrolyte. The semicircle in the low frequency range is related to the charge
transfer resistance (R.,). Moreover, the straight line in the low-frequency regime is associated
with lithium-ion (Li") diffusion in Li,FeSiOy.
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Figure S4. Arrhenius plots for (a) LiPF4 organic electrolyte within temperature ranges of 15
°C-55 °C and (b) LiTFSA—CsTFSA (20:80) molten salt within temperature ranges of 140 °C
—170 °C. These graphs show the ohmic resistance (R.) corresponding to the resistance of the
electrolyte used. Details regarding the measurement protocols are described in the
Experimental section.
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Figure S5. Arrhenius plots for Li,FeSiO,4 indicating the charge transfer resistance (R.) in (a)
LiPF¢ organic electrolyte within temperature ranges of 15 °C—55 °C and (b) LiTFSA-CsTFSA
(20:80) molten salt within temperature ranges of 140 °C—-170 °C.

1000 1000
900 goof = 140°C (b)
sool gool = 150°C
= 700k = 700k 160°C
= 600 | = 600 = 170°C
O 500} [e) 500.-
~ 400} ~ 400}
& 300 & 300 ’..,._._,._.,_.—-——I——-—"‘_H
N 200} N 5o} Semssessessss o
100 | 100f
0‘.|.|.|.|.|.|.|.|. 0.-l-l-l-l-l.l.l.l.
0.0 05 10 1.5 2.0 25 3.0 35 4.0 4.5 0.0 05 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5
w-1rz / Hz-uz w-1:’2 / Hz-wz

Figure S6. Linear relationship between the real impedance component (Zg.) and inverse
square root of the low frequency region ( ?) for Li,FeSiO, in (a) LiPFg organic electrolyte
within temperature ranges of 15 °C-55 °C and (b) LiTFSA-CsTFSA (20:80) molten salt
within temperature ranges of 140 °C—170 °C.
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Figure S7. Rietveld refinement of synchrotron XRD data (6.5°<26<40° range) for delithiated
LiFeSi0,4 obtained ex situ upon charging at 1C rate at 160°C. The wavelength was set at
0.50020(1) A. Broad peaks that could not be properly indexed to the orthorhombic cell
symmetry as well as Fe impurity peaks are excluded from the refinement.

Table S2. Atomic coordinates, site occupancies (g), and atomic displacement parameters
(Uiso) obtained from Rietveld refinement of synchrotron XRD data for delithiated LiFeSiO4
(charged at 1C rate) in space group Pnma (orthorhombic) with lattice constants a =
10.2798(7) A, b = 6.6011(5) A, ¢ = 5.0057(3) A, and ¥ = 339.6(1) A3. Atomic coordinates
were refined based on the crystallographic data previously reported [2]. Isotropic thermal
factors of atoms were fixed according to those reported |2, ibid].

Atom g X y z Uiso
Li/Fe 0.6150/0.3850(20) 0.6576(6) 0.4990(6) 0.1830(10) 0.0126
Si 1.0 0.4146(4)  0.25 0.2875(9)  0.0079
01 1.0 0.3937(9)  0.25 0.6254(15)  0.0059
02 1.0 0.5559(8)  0.25 0.1977(15)  0.0038
03 1.0 0.3428(9) 0.0728(6) 0.2090(16) 0.0215
Rwp=2.52% Rp=1.92% S (GOF) =2.25
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Figure S8. Rietveld refinement of synchrotron XRD data (6.5°<26<40° range) for delithiated
LiFeSiO,4 obtained ex situ upon charging at C/10 rate at 160 °C. The wavelength was set at
0.50020(1) A. Peaks that could not be properly indexed to the orthorhombic cell symmetry as
well as Fe impurity peaks are excluded from the refinement.

Table S3. Atomic coordinates, site occupancies (g), and atomic displacement parameters
(Uiso) obtained from Rietveld refinement of synchrotron XRD data for delithiated LiFeSiO4
(charged at C/10 rate) in space group Pnma (orthorhombic) with lattice constants a =
10.2712(4) A, b = 6.5997(3) A, ¢ = 5.0033(1) A, and ¥ = 339.1(1) A3. Atomic coordinates
were refined based on the crystallographic data previously reported [2]. Isotropic thermal
factors of atoms were fixed according to those reported |2, ibid].

Atom g X v z Uiso

Li/Fe 0.6025/0.3975(26) 0.6561(5) 0.4921(5) 0.1801(8) 0.0126
Si 1.0 0.4144(4)  0.25 0.2904(8)  0.0079
Ol 1.0 0.3957(8)  0.25 0.6354(13)  0.0059
02 1.0 0.5525(8)  0.25 0.2001(13)  0.0038
03 1.0 0.3438(8) 0.0716(6) 0.2081(14) 0.0215

Rwp=2.40% R,=1.85%

S (GOF) = 1.94
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Figure S9. Rietveld refinement of synchrotron XRD data (6.5°<26<40° range) for delithiated
LiFeSi0,4 obtained ex situ upon charging at C/50 rate at 160 °C. The wavelength was set at
0.50020(1) A. Peaks that could not be properly indexed to the orthorhombic cell symmetry as
well as Fe impurity peaks are excluded from the refinement.

Table S4. Atomic coordinates, site occupancies, and atomic displacement parameters
obtained from Rietveld refinement of synchrotron XRD data for delithiated LiFeSiO4
(charged at C/50 rate) in space group Pnma (orthorhombic) with lattice constants a =
10.2642(6) A, b = 6.5987 (4) A, ¢ =5.0013 (3) A, and ¥ = 338.7 (1) A3. Atomic coordinates
were refined based on the crystallographic data previously reported [2]. Isotropic thermal
factors of atoms were fixed according to those reported [2, ibid].

Atom g X y z Uiso

Li/Fe 0.5999/0.4001(25) 0.6571(5) 0.4949(5) 0.1802(8) 0.0126
Si 1.0 0.4154(4)  0.25 0.2902(8)  0.0079
Ol 1.0 0.3953(8)  0.25 0.6274(13)  0.0059
02 1.0 0.5573(7)  0.25 0.2014(13)  0.0038
03 1.0 0.3438(8) 0.0690(6) 0.2129(13) 0.0215

Rwp =2.28% Rp=1.74%

S (GOF) = 1.76
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Figure S10. Rietveld refinement of synchrotron XRD data (6.5°<26<40° range) for relithiated
Li,FeSi0, obtained ex sifu upon discharging at 1 C rate at 160 °C. The wavelength was set at
0.50020(1) A. Peaks that could not be properly indexed to the orthorhombic cell symmetry as
well as Fe impurity peaks are excluded from the refinement.
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Table S5. Atomic coordinates, site occupancies, and atomic displacement parameters
obtained from Rietveld refinement of synchrotron XRD data for relithiated Li,FeSiO4
(discharged at 1C rate) in space group Pmn2; (orthorhombic) with lattice constants a =
6.2198(8) A, b = 5.4340(6) A, ¢ = 5.0333(5) A, and V = 170.2(1) A3. Atomic coordinates
were refined based on the crystallographic data previously reported by Armstrong et al. [1].
Atomic coordinates of Li and isotropic thermal factors of atoms were fixed according to those
reported [1, ibid].

Atom g X y z Uiso
Lil 1.0 0 0.147 0.045 0.0089
Li2/Fe 0.5707/0.4293(41) 0.2484(8) 0.3216(11) 0.4005(4) 0.0051
Si 1.0 0.5 0.1680(19) 0.0249(12) 0.0051
Ol 1.0 0.3024(15) 0.3317(24) 0.9002(36) 0.0215
02 1.0 0 0.1214(25) 0.5268(24) 0.0012
03 1.0 0.5 0.1793(71)  0.3760(36) 0.0013

Rwp=3.41% R,=2.49% S (GOF) = 2.80
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Figure S11. Rietveld refinement of synchrotron XRD data (6.5°<26<40° range) for relithiated
Li,FeSi0, obtained ex situ upon discharging at C/10 rate at 160 °C. The wavelength was set at
0.50020(1) A. Peaks that could not be properly indexed to the orthorhombic cell symmetry as
well as Fe impurity peaks are excluded from the refinement.
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Table S6. Atomic coordinates, site occupancies (g) , and atomic displacement parameters
(Uiso) obtained from Rietveld refinement of synchrotron XRD data for relithiated Li,FeSiO4
(discharged at C/10 rate) in space group Pmn2; (orthorhombic) with lattice constants a =
6.2086(3) A, b = 5.4319(3) A, ¢ = 5.0291(2) A, and V = 169.6(0) A3. Atomic coordinates
were refined based on the crystallographic data previously reported by Armstrong et al. [1].
Atomic coordinates of Li and isotropic thermal factors of atoms were fixed according to those
reported [1, ibid].

Atom g X y z Uiso
Lil 1.00 0 0.147 0.045 0.0089
Li2/Fe 0.6541/0.3459(83) 0.2518(7) 0.3360(13) 0.4148(4) 0.0056
Si 1.0 0.5 0.1690(12) 0.0024(11) 0.0051
Ol 1.0 0.2729(13) 0.3302(19) 0.9010(14) 0.0215
02 1.0 0 0.1143(19) 0.4222(19) 0.0012
03 1.0 0.5 0.1678(26) 0.3354(24) 0.0012
Rwp=3.29% Rp=2.39% S (GOF) =2.90
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Figure S12. Rietveld refinement of synchrotron XRD data (6.5°<26<40° range) for relithiated
Li,FeSi0, obtained ex situ upon discharging at C/50 rate at 160 °C. The wavelength was set at
0.50020(1) A. Peaks that could not be properly indexed to the orthorhombic cell symmetry as
well as Fe impurity peaks are excluded from the refinement.

Table S7. Atomic coordinates, site occupancies (g), and atomic displacement parameters
(Uiso) obtained from Rietveld refinement of synchrotron XRD data for relithiated Li,FeSiO4
(discharged at C/50 rate) in space group Pmn2; (orthorhombic) with lattice constants a =
6.2496(16) A, b = 5.3935(17) A, ¢ = 5.0330(8) A, and V = 169.6(1) A3. Atomic coordinates
were refined based on the crystallographic data previously reported by Armstrong et al. [1].
Atomic coordinates of Li and isotropic thermal factors of atoms were fixed according to those
reported [1, ibid].

Atom g X y z Uiso
Lil 1.0 0 0.147 0.045 0.0089
Li2/Fe 0.5546/0.4454(64) 0.2517(9) 0.3339(17) 0.4193(2) 0.0051
Si 1.0 0.5 0.1250(17) 0.0059(19) 0.0051
Ol 1.0 0.2854(14) 0.3465(33) 0.9533(16) 0.0215
02 1.0 0 0.1283(43) 0.3198(20) 0.0012
03 1.0 0.5 0.1854(36) 0.3633(21) 0.0012
Rwp=2.34% Ry=1.78% S (GOF) =1.72
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