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Table S1. List of the post mortem samples studied by ex-situ synchrotron XRD

Samples recuperated at various stages of charge (oxidation)

Nominal Li content Experimental Li content

Sample label State of charge (x) (y)
Li,TMPO, Li,TMPO,
ocv Pristine sample 1.00 1.02+£0.04
C15% Charged for 6 h 0.85 0.86+0.05
C33% Charged for 13.2 h 0.67 0.69 +0.04
C36% Charge for 14.4 h 0.64 0.67 +£0.03
C50% Charged for 20 h 0.50 0.53+0.05
C67% Charged for 26.8 h 0.33 0.39+0.02
C70% Charged for 28 h 0.30 0.38+0.02
C80% Charged for 32 h 0.20 0.27 £0.02
C90% Charged for 36 h 0.10 0.18 +0.02

Charged for 40 h

(o) 0,
€100% or DO% End of charge

0.00 0.09+0.01

Samples recuperated at various stages of discharge (reduction)

. Nominal Li content Experimental Li content
State of discharge after a
Sample label full charge of 40h (x) (v)
LiyTMPO, Li,TMPO,

D0% or C100% End of charge 0.00 0.09+0.01
D15% Discharged for 6 h 0.15 0.31+0.02
D33% Discharged for 13.2 h 0.33 0.46 £ 0.02
D50% Discharged for 20 h 0.50 0.64 £0.03
D67% Discharged for 26.8 h 0.67 0.76 £ 0.06
D80%* Discharged down to 2.4V 0.80 0.87 £ 0.06
D@cyclero | CYeled 10timesin the 5- 0.75 0.82 +0.03

2.4 V voltage range.

* the 2.4 V end voltage cutoff has been kept constant in a potentiostatic hold with a capacity
cutoff of a nominal 0.8 lithium equivalent re-insertion.
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Table S2. Assignments of the observed FTIR absorption bands accordingly with the available
literature! for the intermediate LCFMP and the final LCFMP@C materials.

Vibrational Assignment LCFMP LCFMP@C LiFePO,
mode reference !
V3 1143 1141 1039
» 20
© g -g V3 1092 1096 1096
: S
89t va 1058 1063 1065
o 'E; c
5% V3 1041 1043 1046
£ 09
L cs Vi 1004 1004 964
Q n
vy 948 970 945
V4 646 646 677
= (7]
§ % V4 636 636 636
oo ©
3 € V4+ Vo 580 582 576
o o
55 Var V2 555 555 546
c
23 Vai Vs 507 507 501
V4+ Vo 474 474 468
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Table S3. Assignments of the observed Raman vibrational bands accordingly with the available
literature! for the intermediate LCFMP and the final LCFMP@C materials.

Vibrational Assignment LCFMP LCFMP@C LiFePO,
mode reference !
= V3 1075 1069 1071
O ® o0
L0l
2235 V3 1000 999 999
6 £ Q£
€ 5 « vy 948 (sharp) 951 (sharp) 953 (sharp)
V4 649 653 657
(7]
3 V4 632 632 631
€
a0 Vs 612
:g
2 V4 592 588 595
Q
3 V4 568 572
Ty
% Vi 513
L
Q.
) Vs 465 452 499
=
Vs 447 441 447
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Table S4. Comparison of the cell parameters calculated from the XRD patterns of the intermediate
LCFMP and the final LCFMP@C materials and the available literature for similar stoichiometries and
lattice. Errors on the last digit are reported in parentheses.

Stoichiometry a/A b/A c/A VvV /A3 Reference
LiCoysFe1sMnysPO, | 10.3616(2) | 6.0251(3) | 4.7309(3) | 295.3(1) | LCFMP, XRD
this study,
10.3351(4) | 6.0085(2) | 4.7250(2) | 293.4(1) | LCFMP@C;
synchrotron XRD
this study
10.429 6.063 4.768 301 DFT+U, this study
10.326 6.012 4.712 292.6 | Wangetal. 2 (XRD)
10.337 6.008 4.717 292.9 | Chenetal. 3 (XRD)
10.31 5.99 4.70 290.3 | Gwon et al. 4 (XRD)
10.43 6.07 4.76 3014 |Gwon et al. 4
(DFT+U)
10.327 6.012 4,711 292.5 | Akimoto et al. °
(XRD)
10.328 6.012 4,713 292.8 | Zhang et al.6 (XRD)
10.339 6.009 4,713 292.8 | Lietal.” (XRD)
10.330 6.009 4.715 292.7 | Lietal.®(XRD)
LiIMnPO, 10.4478(4) | 6.1036(3) | 4.7443(2) |302.5(1) | Kim et al. ? (XRD)
10.54 6.16 4.78 310 DFT+U, this study
LiFePO, 10.3307(2) | 6.0087(1) | 4.6946(1) |291.4(1) | Kim et al.? (XRD)
10.44 6.07 4.74 300 DFT+U, this study
LiCoPO, 10.219(2) | 5.926(2) 4.707(4) | 285.0(1) | Brutti et al.1 (XRD)
10.28 5.97 4.73 290 DFT+U, this study
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Figure S5. (a) Charge and (b) discharge specific capacity for the LCFMP@C electrodes at various
current rates and (c) the corresponding Coulombic efficiencies. The specific capacity are normalized

by the mass of the active material in the electrode, also including the ~7% of the carbon coating.
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Figure S6. DFT+U computed Spin- angular-momentum and atom-projected density of states (PDOS)
for LCFMP showing a sequential emptying of the electronic states after (a) 33%, (b) 66% and (c)
100% de-lithiation: Ef refers to the Fermi Energy; color legend: Co 3d (solid blue), Fe 3d (solid green),

Mn 3d (solid magenta), O 2p (red line).
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Figure S7. Evolution of the XRD patterns recorded on post mortem samples recuperated from

lithium cells at various stages of charge
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Figure S8. Evolution of the XRD patterns recorded on post mortem samples recuperated from

lithium cells at various stages of discharge
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Table S9. Summary of the Rietveld Refinement results for the C15% sample (R,, =5.91% G.o.f. =
1.06). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported in
parentheses. The Debye-Waller factors have an error of +0.1. Experimental stoichiometry:

Lio.86+0.05C00.32+0.02MN0 34+0.02F€0.32+0.02PO4.

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,z Waller
factors
/A
a=10.2692+0.0003 Li 0.82
4° 0,0,0 0.3
b=5.9813+0.0002 Co 0.04
c=4.7443+0.0002 Co 0.28
Fe 0.34
4c 0.780(2), % ,0.525(2) 0.3
Mn 0.34
Li 0.04
P Ac 0.595(1) , % , 0.082(1) 0.6 1.0
0, 4c 0.603(1), %, 0.759(1) 0.6 1.0
0, 4Ac 0.957(1), %, 0.293(1) 0.6 1.0
O3 8d 0.167(2), 0.043(2), 0.280(2) 0.6 1.0

Table S10. Summary of the Rietveld Refinement results for the C33% sample (R, =4.56% G.o.f. =
1.58). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported in
parentheses. The Debye-Waller factors have an error of +0.2. Experimental stoichiometry:

Lio.69+0.04C00.32+0.02MNg 3410.02F€0.34+0.02PO4

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,2 Waller
factors
/ A?
a=10.1993+0.0004 Li 0.65
4° 0,0,0 0.6
b=5.9572+0.0002 Co 0.04
¢c=4.7659+0.0002 Co 0.28
Fe 0.34
4c 0.779(2) , % ,0.529(2) 0.6
Mn 0.34
Li 0.04
P 4c 0.596(1), % , 0.087(1) 1.4 1.0
0, 4c 0.609(1), %, 0.765(1) 1.4 1.0
0, 4c 0.948(1), %, 0.316(1) 1.4 1.0
O3 8d 0.166(2), 0.044(2), 0.276(2) 1.4 1.0
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Table S11. Summary of the Rietveld Refinement results for the C36% sample (Ry, =4.53% G.o.f. =
1.49). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported in
parentheses. E The Debye-Waller factors have an error of £0.2. Experimental stoichiometry:

Lio.67+0.03C00.32+0.02MNg 3410.02F€0.34+0.02P 04

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,z Waller
factors
/A
a=10.2013+0.0002 Li 0.63
4° 0,0,0 0.7
b=5.9585+0.0001 Co 0.04
c=4.7643+0.0001 Co 0.28
Fe 0.34
4c 0.779(2) , % ,0.529(2) 0.7
Mn 0.34
Li 0.04
P Ac 0.596(1) , % , 0.087(1) 1.4 1.0
0, 4c 0.607(1), %, 0.768(1) 1.4 1.0
0, 4Ac 0.949(1) , %, 0.309(1) 1.4 1.0
O3 8d 0.164(2), 0.042(2), 0.275(2) 1.4 1.0

Table S12. Summary of the Rietveld Refinement results for the C50% sample (Ry, =4.53% G.o.f. =
1.49). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported in
parentheses. The Debye-Waller factors have an error of +0.2. Experimental stoichiometry:

Lio.53+0.05C00.32+0.02MNg 3440.02F€0.34+0.02PO4

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,2 Waller
factors
/A
a=10.1843+0.0002 Li 0.48
4° 0,0,0 0.6
b=5.9529+0.0002 Co 0.05
c=4.7676+0.0001 Co 0.27
Fe 0.34
4c 0.778(2) , % ,0.529(2) 0.6
Mn 0.34
Li 0.05
P 4c 0.595(1), % , 0.087(1) 1.2 1.0
0, 4c 0.610(1), %, 0.764(1) 1.2 1.0
0, 4c 0.950(1), %, 0.305(1) 1.2 1.0
O3 8d 0.166(2), 0.041(2), 0.274(2) 1.2 1.0
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Table S13. Summary of the Rietveld Refinement results for the C67% sample (R, =5.76% G.o.f. =
1.10). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported in
parentheses. The Debye-Waller factors have an error of £0.2. Experimental stoichiometry:

Lio.39+0.02C00.32+0.02MNg 3410.02F€0.34+0.02PO4

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,z Waller
factors
/A
a=10.1427+0.0004 Li 0.32
4° 0,0,0 0.8
b=5.9452+0.0002 Co 0.07
c=4.7743+0.0003 Co 0.25
Fe 0.34
4c 0.778(2), % ,0.534(2) 0.8
Mn 0.34
Li 0.07
P Ac 0.594(1) , % , 0.088(1) 1.2 1.0
0, 4c 0.615(1), %, 0.768(1) 1.2 1.0
0, 4Ac 0.958(1), %, 0.307(1) 1.2 1.0
O; 8d 0.170(2), 0.040(2), 0.266(2) 1.2 1.0

Table S14. Summary of the Rietveld Refinement results for the C70% sample (R, =5.05% G.o.f. =
1.48). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported in
parentheses. The Debye-Waller factors have an error of +0.2. Experimental stoichiometry:

Lio.38+0.02C00.32+0.02MNg 3440.02F€0.34+0.02P 04

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,2 Waller
factors
/A
a=10.1450+0.0005 Li 0.32
4° 0,0,0 0.6
b=5.9469+0.0003 Co 0.06
c=4.7708+0.0003 Co 0.26
Fe 0.34
4c 0.778(2) , % ,0.531(2) 0.6
Mn 0.34
Li 0.06
P 4c 0.596(1), % , 0.086(1) 1.2 1.0
0, 4c 0.611(1), %, 0.763(1) 1.2 1.0
0, 4c 0.956(1), %, 0.311(1) 1.2 1.0
O3 8d 0.171(2), 0.038(2), 0.274(2) 1.2 1.0
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Table S15. Summary of the Rietveld Refinement results for the C80% sample (R,, =6.06% G.o.f. =
1.06). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported in
parentheses. The Debye-Waller factors have an error of +0.2. Experimental stoichiometry:

Li.2740.02C00.32+0.02MNg 3410.02F€0.34+0.02PO4

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,z Waller
factors
/A
a=10.1235+0.0005 Li 0.20
4° 0,0,0 1.0
b=5.9418+0.0004 Co 0.07
c=4.7756+0.0004 Co 0.25
Fe 0.34
4c 0.778(2) , % ,0.537(2) 1.0
Mn 0.34
Li 0.07
P Ac 0.598(1) , % , 0.086(1) 1.2 1.0
0, 4c 0.620(1), %, 0.760(1) 1.2 1.0
0, 4Ac 0.971(1), %, 0.305(1) 1.2 1.0
O3 8d 0.177(2), 0.032(2), 0.261(2) 1.2 1.0

Table S16. Summary of the Rietveld Refinement results for the C90% sample (Ry, =5.92% G.o.f. =
1.13). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported in
parentheses. The Debye-Waller factors have an error of +0.2. Experimental stoichiometry:

Lio.1840.02C00.32+0.02MNg 3440.02F€0.34+0.02PO4

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,2 Waller
factors
/A
a=10.1021+0.0004 Li 0.11
4° 0,0,0 1.9
b=5.9399+0.0003 Co 0.07
c=4.7787+0.0003 Co 0.25
Fe 0.34
4c 0.778(2) , % ,0.538(2) 1.9
Mn 0.34
Li 0.07
P 4c 0.596(1), % , 0.089(1) 1.9 1.0
0, 4c 0.623(1), %, 0.763(1) 1.9 1.0
0, 4c 0.967(1), %, 0.313(1) 1.9 1.0
O3 8d 0.177(2), 0.034(2), 0.255(2) 1.9 1.0
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Table S17. Summary of the Rietveld Refinement results for the fully charged (de-lithiated) C100%
(or DO%) sample (Ry, =4.90% G.o.f. = 1.01). Errors on the last digit of the optimized atomic positions
(cell axes fractions) are reported in parentheses. The Debye-Waller factors have an error of +0.2.
Experimental stoichiometry: Lig g9:0.01C00.32+0.02MnN0.34:0.02F€0.34+0.02PO4

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,z Waller
factors
/A
a=10.0734+0.0002 Li 0.01
4° 0,0,0 1.9
b=5.9282+0.0002 Co 0.08
c=4.7706+0.0002 Co 0.24
Fe 0.34
4c 0.777(2) , % ,0.538(2) 1.9
Mn 0.34
Li 0.08
P Ac 0.598(1) , % , 0.086(1) 1.6 1.0
0, 4c 0.622(1), %, 0.759(1) 1.6 1.0
0, 4Ac 0.967(1), %, 0.310(1) 1.6 1.0
O3 8d 0.177(2), 0.034(2), 0.264(2) 1.6 1.0
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Table S18. Summary of the Rietveld Refinement results for the D15% sample (Ry, =4.96% G.o.f. =
1.56). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported in
parentheses. The Debye-Waller factors have an error of +0.2. Experimental stoichiometry:

Lio.3140.02C00.32+0.02MNg 3410.02F€0.34+0.02PO4

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,z Waller
factors
/A
a=10.1646+0.0004 Li 0.24
4° 0,0,0 0.5
b=5.9493+0.0002 Co 0.07
c=4.7690+0.0002 Co 0.25
Fe 0.34
4c 0.779(2) , % ,0.530(2) 0.5
Mn 0.34
Li 0.07
P Ac 0.596(1) , % , 0.087(1) 1.7 1.0
0, 4c 0.610(1), %, 0.760(1) 1.7 1.0
0, 4Ac 0.950(1), %, 0.303(1) 1.7 1.0
O3 8d 0.169(2), 0.039(2), 0.274(2) 1.7 1.0

Table $S19. Summary of the Rietveld Refinement results for the D33% sample (Ry, =4.72% G.o.f. =
1.65). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported in
parentheses. The Debye-Waller factors have an error of +0.2. Experimental stoichiometry:

Lio.46+0.02C00.32+0.02MNg 3440.02F€0.34+0.02P 04

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,2 Waller
factors
/A
a=10.2278+0.0002 Li 0.40
4° 0,0,0 0.5
b=5.9658+0.0002 Co 0.06
c=4.7562+0.0001 Co 0.26
Fe 0.34
4c 0.779(2) , % ,0.527(2) 0.5
Mn 0.34
Li 0.06
P 4c 0.595(1), % , 0.086(1) 1.7 1.0
0, 4c 0.606(1), %, 0.761(1) 1.7 1.0
0, 4c 0.949(1) , %, 0.300(1) 1.7 1.0
O3 8d 0.167(2), 0.040(2), 0.275(2) 1.7 1.0
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Table S20. Summary of the Rietveld Refinement results for the D50% sample (Ry, =5.38% G.o.f. =
1.44). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported in
parentheses. The Debye-Waller factors have an error of +0.2. Experimental stoichiometry:

Lio.64+0.03C00.32+0.02MNg 3410.02F€0.34+0.02PO4

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,z Waller
factors
/A
a=10.2798+0.0004 Li 0.58
4° 0,0,0 0.8
b=5.9827+0.0002 Co 0.06
c=4.7400+0.0002 Co 0.26
Fe 0.34
4c 0.779(2) , % ,0.528(2) 0.8
Mn 0.34
Li 0.06
P Ac 0.593(1), % , 0.082(1) 2.1 1.0
0, 4c 0.609(1), %, 0.761(1) 2.1 1.0
0, 4Ac 0.947(1), %, 0.293(1) 2.1 1.0
O; 8d 0.164(2), 0.044(2), 0.275(2) 2.1 1.0

Table S21. Summary of the Rietveld Refinement results for the D67% sample (Ry, =4.90% G.o.f. =
1.38). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported in
parentheses. The Debye-Waller factors have an error of +0.2. Experimental stoichiometry:

Lio.76+0.06C00.32+0.02MNg 3440.02F€0.34+0.02P 04

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,2 Waller
factors
/A
a=10.2840+0.0004 Li 0.71
4° 0,0,0 0.7
b=5.9858+0.0003 Co 0.05
c=4.7393+0.0002 Co 0.27
Fe 0.34
4c 0.779(2) , % , 0.526(2) 0.7
Mn 0.34
Li 0.05
P 4c 0.595(1), % , 0.084(1) 1.3 1.0
0, 4c 0.603(1), %, 0.761(1) 1.3 1.0
0, 4c 0.953(1), %, 0.295(1) 1.3 1.0
O3 8d 0.166(2), 0.043(2), 0.279(2) 1.3 1.0
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Table S22. Summary of the Rietveld Refinement results for the D80% sample (Ry, =4.95% G.o.f. =
1.48). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported in
parentheses. The Debye-Waller factors have an error of +0.2. Experimental stoichiometry:

Lio.87+0.06C00.32+0.02MNg 34+0.02F€0.34+0.02PO4

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,z Waller
factors
/A
a=10.2908+0.0003 Li 0.88
4° 0,0,0 0.8
b=5.9884+0.0002 Co 0.04
c=4.7372+0.0001 Co 0.28
Fe 0.34
4c 0.779(2) , % ,0.524(2) 0.8
Mn 0.34
Li 0.04
P Ac 0.595(1) , % , 0.085(1) 1.4 1.0
0, 4c 0.601(1), %, 0.762(1) 1.4 1.0
0, 4Ac 0.953(1), %, 0.293(1) 1.4 1.0
O3 8d 0.166(2), 0.043(2), 0.280(2) 1.4 1.0

Table $S23. Summary of the Rietveld Refinement results for the D@cycle10 sample (R, =4.34% G.o.f.
= 1.74). Errors on the last digit of the optimized atomic positions (cell axes fractions) are reported
in parentheses. The Debye-Waller factors have an error of #0.2. Experimental stoichiometry:

Lio.8240.03C00.32+0.02MNg 3440.02F€0.34+0.02PO4

Cell parameters Atoms | Wyckoff Atomic coordinates Debye- | Occupancies
position X,V,2 Waller
factors
/A
a=10.2714+0.0002 Li 0.77
4° 0,0,0 0.4
b=5.9795+0.0001 Co 0.05
c=4.7448+0.0001 Co 0.27
Fe 0.34
4c 0.780(2), % ,0.526(2) 0.4
Mn 0.34
Li 0.05
P 4c 0.596(1), % , 0.084(1) 1.5 1.0
0, 4c 0.603(1), %, 0.759(1) 1.5 1.0
0, 4c 0.953(1), %, 0.296(1) 1.5 1.0
O3 8d 0.168(2), 0.042(2), 0.277(2) 1.5 1.0
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Figure S24. Evolution of the atomic volume in the Pnma orthorhombic cell upon electrochemical

lithium extraction/insertion by Rietveld Refinement of the synchrotron XRD.
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Figure S25. Evolution of Pnma orthorhombic cell volume upon electrochemical lithium

extraction/insertion by Rietveld Refinement of the synchrotron XRD.
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Supplementary note S26. Calculation of the Gibbs energy of mixing of the mixing of the
lithiated/delithiated disordered lattices in respect to the fully ordered phases at various lithium

content

The stoichiometries of the mixing reactions of the four disordered olivine lattices are:

1/3 LiCoPO, + 1/3 LiFePO, + 1/3 LiMnPO, - LiCoy,Fe,Mn,PO, R1
1/3 LiCoPO, + 1/3 FePO, + 1/3 LiMnPO, - Li;,Coy,Fe,Mn,PO, R2
1/3 LiCoPO, + 1/3 FePO, + 1/3 MnPO, - Li,,Co,Fe,Mn,,PO, R4
1/3 CoPO, + 1/3 FePO, + 1/3 MnPO, - CoyFe,Mn,PO, R5

Thus, the changes in the internal energies of the above reactions at OK can be estimated by the

following equations:

R1 AriUok = Eror(LiCoyFe,Mny,PO,) % Eror(LiCOPO,) % Eor(LiFEPO,) -% Eror(LIMNPO,)
R2 Ar120k = Erot(LixCoxFe,Mny,PO,) -% Eror(LICOPO,) % Eror(FEPO,) % Eror(LIMNPO,)
R4 ArsUok = Evor(LiCoxFe,Mny,PO,) % Eior(LICOPO,) -% Eror(FEPO,) -% Eror(MNPO,)
R5 AraUpk = Erot(CoyFe,Mny,PO,) -% Eio:(COPO,) -% Eioi(FEPO,) % Erot(MNPO,)

Where E..; are the total energies calculated for the various phases in their relaxed ground state
structures from the DFT+U calculations. The four disordered lattices at OK have a non-zero
configurational entropy, S°u, that can be calculated by the following simple equations assuming an

ideal entropy of mixing model.

LiCoyFey,Mn,PO, S°k=3R(%-In%)
Li,CoxFe,Mn,PO, S°%=4R (%-In%) +R (% In %)
Li,CoyFe,Mn,PO, S°ok=4R(%-In%)+R (%-In%)
CoyFe,Mny,PO, S°k=3R(%-In%)
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Where R=8.13 J KX mol? is the gas constant. Being the configurational entropies of the ordered

phases null at OK the entropy change of the mixing reactions R1 to R4 at OK are:

R1 AriSox = 3R (% - In %)
R2 ArsSox = 4R (% - In %) + R (% - In %)
R4 ArsSox = 4R (% - In %) + R (% - In %)
RS AraSox = 3R (% - In %)

A reasonable estimate of the Gibbs energy changes of reactions R1 to R4 at room temperature can

be obtained by applying the AG=AH-TAS equation under the following assumptions.

1) Negligible differences between internal energy and enthalpy changes for all reactions at OK.
This assumption is reasonable assuming a compensation effect among the zero point
vibrational energies of the ordered and disordered lattices.

2) Negligible thermal effects between 0 and 298 K for all reactions. This assumption is
reasonable in consideration of the compensation effect among the vibrational energies at
finite temperature between ordered and disordered lattices.

3) Negligible difference between internal energy and enthalpy changes for all reactions
between 0 and 298 K. This assumption is reasonable in consideration of the isostructural
lattice of all the phases involved in the reactions R1 to R4 that likely implies similar bulk
moduli and therefore a further compensation effect between ordered and disordered

lattices.
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Figure S27. Evolution of 4a/4c anti-site defects upon electrochemical lithium extraction/insertion

by Rietveld Refinement of the synchrotron XRD.
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Figure S28. Experimental P-O bond distances at various lithium content in the LCFMP olivine lattice

derived by the Rietveld Refinement performed on the XRD data
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