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Table S1

. Transition metal precursors for 11 dopants.

Dopant Precursor Manufacturer
Al AI(NO3); - 9H,0, 99.997% Aldrich
Ca Ca(NO;), - 4H,0, 99% Sigma-Aldrich
Co Co(CH;CO00), - 4H,0, 98% Sigma-Aldrich
Cu CuCly, 99.999% Aldrich
Fe FeC,04 2H,0, 99% Alfa Aesar
Mg Mg(NOs), - 6H,0, 99.999% Aldrich
Ni Ni(CH3COO), - 4H,0, 99.998% Aldrich
Ti Ti(OC3H7)4, 98% Aldrich
Y Y(NO3); - 6H,0, 99.8% Aldrich
Zn Zn(CH;3CO0),, 99.99% Aldrich
Zr Zr[O(CH,);CH3]4 solution (80 wt.% in 1-butanol) Aldrich

Figure S1. Dopants composition and battery performance results of 150 cathode samples.

1st generation

sample # [ Dopantl| Dopant2| Dopant3| D1 (wt.%)| D2 (wt.%)| D3 (wt.%) | C-rate (%) | Capacity (mAh g) | Cyclability (%)

1| Ca Zn Al 1.2 1.0 2.4 66.09 121 A .85
2 Cu Zn Al 1.0 1.8 24 | 75.68 = 127 E:‘Z.GQ
3 Fe Ni Ti 12 14 1.4 | 7456 116 363
4| Co Fe Ni 20 2.2 1.2 ANI1.46 124 74
5 Co Fe Zr 2.2 2.6 2.6 1 72.10 122 86.18
6 Ca Fe Y 12 14 26 W7.79 1 118 76
7 Fe Ni Y 16 2.2 24 70.72 125 68
8| Mg Co Ni 1.2 1.2 14 561 | 131 215
9 Mg Ni Ti 14 1.2 24 16747 129 2.85
10 Ni Y Zr 1.0 16 1.0 69.89 124 146
11( Co Fe Zr 1.6 2.2 1.0 6498 133 7
12 Fe Cu Zr 2.0 3.0 2.2 —> 64.34 130 8231
Ca Cu Ti 14 2.2 1.6 66.16 104 = 89.82

Ca Fe Zr 2.2 14 24 64.84 P 53 8286

Mg Cu Ti 1.6 1.8 2.4 17577 | 133 6

Co Ni Ti 1.0 24 14 1 75.03 126 405

Ca Ni Zn 14 3.0 452 | 72.64 119 217

Co Cu Ni 22 14 1.2 66.42 122 90.89

Ca Fe Zn 22 2.2 2.2 —>165.31 128 .84

Co Ni None 14 16 0.0 1 74.30 122 140

Co Cu Y 22 3.0 2:4 53.57 151 84.35

Cu Ni Y 1.6 1.8 2.6 16841 124 89.24

Ni Zn Al 1.2 2.2 14 66.38 C 121 0.98

Mg Fe Y 18 2.2 17 > 62.94 121 .80

Zn Y Zr 1.0 1.0 24 » 69.57 118 8827




2nd generation

sample # [ Dopantl| Dopant2| Dopant3| D1 (wt.%)| D2 (wt.%)| D3 (wt.%) | C-rate (%) | Capacity (mAh g1) | Cyclability (%)
il Fe Y None 18 16 0.0 56.53 125 g1
2 Cu Y Ti 24 16 18 1 66.16 104 B 8945
3[ Co Ni None 14 28 0.0 1 79.63 133 R 90.12
4] Ca Fe Y 1.2 12 16 L 48.71 123 29235
5[ Co Ni Ti 1.0 24 1.8 —»165.40 126 o174
6 Ca Ni Zn 14 28 2.8 /- 70.08 127 oA )2.56
7 Ca Fe Y 1.6 2.0 1.0 .1 59.76 31 52
8| Mg Co Ni 1.2 14 1.8 —> 64.04 131 A .86
9| Co Cu Y 1.0 1.0 24 4155 Y| 112 7734
10( Co Ni Zr 14 14 26 56262 130 8749
11| Co Y Zr 1.0 18 20 53.51 123 89.18
12( Cu Zn Al 1.0 18 16 1 64.41 124 2 90.62
13( Co Cu Ni 22 14 1.6 > 6546 | 31 oA 118
14( Mg Co Ni 12 12 16 70.64 140 /- 90.79
15 Ni Zn Al 1.2 22 2 /A 73.00 134 oA 3.85
6( Co Fe Ni 20 24 26 70.20 141 A .82
Fe Ni Zn 1.2 1.0 138 >/ 68.65 157 A R90.27
Ni Zn Zr 1.6 1.2 1.8 > 64.50 133 Ph 8671
Ca Al Y 20 18 12 1 56.22 = 123 3 8858
Ni Zn Al 1.2 2.0 3.0 > 51.77 > 113 77.08
Co Fe Zr 1.6 2.8 1.0 > 66.97 132 > 8944
Cu Zn Y 1.2 18 3.0 o 5241 109 78.98
Ca Fe Y 22 24 2.0 > 61.21 = 121 A 273
Cu Zn Al 16 24 2.8 5156  [4 119 83.88
Mg Ca None 1.0 1.0 0.0 > 62.57 113 B 93.29
3rd generation
sample # [ Dopantl| Dopant2| Dopant3| D1 (wt.%)| D2 (wt.%)| D3 (wt.%) | C-rate (%) | Capacity (mAh g1) | Cyclability (%)
1[ Co Ni None 14 2.6 0.0 > 69.51 127 87.19
2 Co Fe Zr 1.8 24 2.8 7245 121 i 87.85
3[ Co Cu Zr 24 20 14 115853 = 125 4L 8440
4] Cu Al Y 18 1.2 24 > 64.89 125 >L 86.28
5[ Co Fe Zr 1.6 28 1.2 >/ 65.56 131 9228
6 Fe Y None 2.0 2.2 0.0 . 67.58 126 . 9055
7 Ca Fe Zn 24 1.2 2.6 > 67.47 136 87.61
8| Cu Y Zr 18 1.6 1.0 174.77 132 >h 85.69
9 Ca Fe Y 1.2 14 24 §76.17 s 131 I 89.99
10( Mg Co Ti 1.8 12 1.6 > 63.84 132 89.84
11| Co Fe Zn 22 2.0 16 6142 128 84.58
12 Ca Fe Y 1.6 22 2.8 . 56.07 7 130 87.05
13 Ca Fe Y 16 1.0 14 —> 64.25 A 134 i 8285
14 Ca Fe Zn 22 16 26 57.03 > 125 (A 3.54
15| Ca Ni Zn 14 3.0 1.6 —»166.56 133 = 87.07
16| Co Cu Zr 18 12 14 5 54.91 128 I 85.99
¥ Ca Fe Ni 14 28 2.8 72.03 134 oA 264
Mg Co Zn 1.8 1.0 1.6 »167.76 37 86.67
Co Fe Zn 1.0 14 26 > 62.96 142 A 9062
Mg Co Ni 24 16 18 7296 141 oA 176
Ca Ni Zn 14 2.6 2.8 54.96 142 SRR 87.87
Mg Co Ni 1.4 1.0 1.0 > 63.67 2 136 2 R90.05
Co Fe Ni 20 24 2.8 AR72.39 140 A 16
Ni Zn Zr 12 3.0 14 >/ 66.76 143 > 86.70
Fe Zn Al 2.2 24 1.6 > 67.95 140 89.57




4t generation

sample # [ Dopantl| Dopant2| Dopant3| D1 (wt.%)| D2 (wt.%)| D3 (wt.%) | C-rate (%) | Capacity (mAh g1) | Cyclability (%)
1| Co Fe Zr 16 3.0 14 > 68.96 124 /A .90
2 Cu Zn None 16 2.0 0.0 > 5940 120 B 8993
3 Ni Zn Al 1.2 24 20 > 69.15 127 89.30
4| Co Fe Zn 14 16 1.0 > 60.83 31 2.66
5| Co Fe Ni 16 2.2 2.0 —»165.19 128 P 92.90
6 Ca Zn Zr 1.2 2.6 26 6451 124 89.48
7 Ca Fe Zn 20 1.0 22 > 65.62 130 85.76
8| Co Fe Zr 16 2.8 20 —> 69.36 141 PA‘ZBB
9 Ca Zn Al 14 3.0 14 71.00 O 132 E ;l 87.66
10( Mg Co Zn 16 3.0 24 5 67.34 131 8722
11| Co Cu Y 18 2.6 16 62.54 136 83.80
12 Ca Fe Zn 24 1.0 1.2 —»60.65 128 88.27
13| Co Fe Zn 1.0 12 1.0 —> 66.99 = 130 2 IR90.36
14 Ni Zn Al 12 24 1.2 71.75 33 b 8824
15| Mg Co Ni 1.2 2.8 22 >/ 68.63 137 - R92.17
16 Fe Y Ti 1.2 22 18 > 67.34 126 F/‘ml.%
Ca Zn Y 1.2 22 2.0 > 62.84 129 oA 2.33
Mg Co Ni 24 1.6 2.2 73.00 147 P 9139
Mg Co Zn 18 1.0 14 > 66.84 146 E;" 88.03
Ca Fe Zn 24 14 3.0 > 64.61 0 133 A i1 7
Co Ni None 1.2 26 0.0 17543 ; 143 oA 1.54
Ca Cu Y 16 1.0 28 > 6743 A 134 [ IR90.24
Co Fe Y 1.0 18 18 211 70.60 7 {37 A .35
Co Y None 16 18 0.0 | 75.64 136 [ 90.04
Ca Ni Zn 14 24 20 74.71 142 89.17
5th generation
sample # [ Dopantl| Dopant2| Dopant3| D1 (wt.%)| D2 (wt.%)| D3 (wt.%) | C-rate (%) | Capacity (mAh g1) | Cyclability (%)
1| Cu Zn Ti 1.2 2.2 26 > 66.76 125 /A .95
2 Ca Fe Ti 1.0 2.0 1.0 51 64.22 126 2A 499
3[ Mg Co Zn 18 1.0 1.2 74.89 = 125 5.44
4] Cu Y Zr 18 16 14 > 62.87 122 2A 3.16
5 Ca Ni Zn 14 3.0 14 72.17 129 -l 8833
6 Ca Fe Ni 14 2.8 3.0 ) 64.36 127 85.84
7 Ca Fe Al 1.0 2.0 1.6 > 68.16 124 .08
8| Cu Zr None 1.6 2.2 0.0 59.28 ™ 113 85.44
9] Mg Co Zr 14 14 14 > 6537 123 A .02
10| Cu Y Zr 18 18 24 > 65.04 125 29
11 Ca Ni Zn 14 2:2 1.0 1 82.85 I 117 /A .30
12| Co Y None 14 3.0 0.0 —»66.33 129 2A B25
13| Co Al Zr 1.2 2.0 20 —> 64.95 116 A 231
14( Mg Co Cu 1.8 1.0 16 > 64.23 131 (A 3.73
15 Ni Al Y 1.8 2.2 1.2 > 67.50 128 2A 4.24
16| Ca Fe Y 22 24 20  55.92 124 ' 85.08
B Ni Zn Al L7 26 3.0 . 8155 124 oA 4 64
Ca Ni Zn 1.6 14 2.0 »163.29 124 73
Co Fe Zn 22 18 3.0 17870 > i35 A 291
Co Fe Al 24 14 1.0 . 80.72 129 A 3.38
Cu Ni Ti 1.6 2.2 2.8 > 61.21 120 >k 86.75
Ca Fe Zn 24 12 28 73.28 2 138 E 87.31
Mg Co Cu 18 12 26 AR70.97 129 A 2.00
Co Fe Ti 22 26 1.2 > 60.35 134 84.71
Cu Zn Ti 14 2.0 1.2 > 69.24 A 138 88.83




6t generation

sample # [ Dopantl| Dopant2| Dopant3| D1 (wt.%)| D2 (wt.%)| D3 (wt.%) | C-rate (%) | Capacity (mAh g1) | Cyclability (%)

1| Co Fe Zn 22 20 14 66.70 122 85.65
2( Mg Co Zn 14 22 2.8 8256 129 9019
3[ Cu Zn Ti 14 20 2.6 76.77 129 1.58
4] Ca Fe Al 16 2.0 18 17830 127 .07
5[ Cu Zn Ti 1.4 1.6 24 BZ7.26 124 44
6 Co Fe Zn 22 2.0 1.0 69.88 i85 67
7| Co Fe Zr 16 2.6 28 78.81 133 179
8| Co Fe Al 22 26 3.0 67.69 120 .82
9| Mg Co Cu 18 12 24 . 6786 |/ 137 Il 8856
10( Mg Co Ni 1.6 1.2 1.0 1[72.05 33 3.58
Ca Cu Y 1.6 1.0 3.0 > 61.33 127 87.20

Cu Zn Ti 1.2 24 2.0 66.84 134 1.36

Co Fe Al 24 18 1.2 54.53 113 86.77

Co Fe Ni 14 3.0 1.0 51.88 121 84.50

Mg Fe Al 1.2 1.0 2.0 52.95 119 85.58

Mg Cu Ti 1.2 3.0 28 57.43 120 = 88.43

Co Cu Zr 24 1.8 24 > 67.58 127 86.94

Co Ni None 1.2 24 0.0 68.04 127 T 94.60

Fe Cu Zr 14 28 1.6 =»162.43 136 =l 86.71

Ca Ni Ti 1.0 1.0 18 17062 120 ) |37

Ca Cu Y 1.6 1.6 16 >167.94 118 89.13

Ni Al Y 20 1.6 22 > 64.86 116 g2

Co Ni Al 20 16 1.6 67.59 129 .61

Ni Al Zr 14 2.2 24 55.84 122 86.03

Co Fe Zr 1.8 1.0 2.0 67.44 129 3.70

Table S2. The stoichiometric molar composition of the samples measured

using ICP-AES

Li Mn Mg Co Ni P
LiMnPO,/C 1.046 | 1.008 - - - 1
LiMn0.93gMg0_024C00_016Ni0_02PO4/C 1.087 0.973 0.028 0.016 0.021 1
LiMn0.962C00.012Ni0‘026PO4/C 1.048 0.976 - 0.013 0.025 1




Figure S2. SEM images and atomic fractions of the samples.
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Figure S3. (a) Co K-edge XANES spectra and (b) Ni K-edge XANES spectra of
LiMny 93sM g0 024C00.016N10,02PO4/C and LiMng 962C09.012Nig 026PO4/C.
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Figure S4. CV plots and the estimated R from linear /-V regions for (a) LiMnPO,, (b)
LanPO4/C, (C) LiMn0.93gMg0.024C00‘016Ni0‘02PO4/C, and (d) LiMn0.962C00‘012Ni0‘026PO4/C.

o
(54

Current (A g")
=]
8

-0.02

0.04

° o
8 153

Current (Ag™)

s
54

—— LiMnPO,

227 Qg

1 |
3.5 4.0

25 3.0 A 4.5
Voltage (VvsLi/Li')
| LM, oM 2, G0, 51Nl 0,0, /C h |
10609 ||
1
I [1.07 Qg
25 3.0 35 4.0 4.5

Voltage (V vs Li/Li*)

o
(=]
N

0.00

Current (Ag")

-0.02

[ =]
o
N

Current (A g")
o
8

-0.02

—— LiMPO,C
i 1.27Qg p
ik
| A\
i — \‘\-\\ o i
- \\ ; -
1 2.27Q9
25 3.0 3.5 A0 4.5
Voltage (Vvs LifLi’)
—— LMy ,00, N g PO/C A
12709 | |
| \
4
i A
B
I | 18909 |
25 3.0 35 40 45

Voltage (V vs LilLi*)



