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Table S1. Crystal parameters for high entropy battery materials. 

 
Materials 

Space 

group
a (Å) b(Å) C (Å) V (Å3) α (°) β (°) γ (°) Ref.

C
a

th
o

d
e
s

 

LiNi0.8Mn0.13Ti0.0

2Mg0.02Nb0.01Mo

0.02O2 

R-3m 2.8962  2.8962  14.28896 103.8  90 90 120 [1] 

Li1.0[Li0.15Mn0.50

Ni0.15Co0.10Fe0.0

25Cu0.025Al0.025M

g0.025]O2 

C2/m 4.94451(9) 8.57307(3) 5.0235(1) / 90 

109.

316

1(6)

120 [2] 

Li1.3Mn2+
0.1Co2+

0

.1Mn3+
0.1Cr3+

0.1Ti

0.1Nb0.2O1.7F0.3 

Fd-3m 4.2544  4.2544  4.2544 77.0 04 90 90 90 [3] 

NaCu0.12Ni0.12M

g0.12Co0.15Fe0.15

Mn0.1Ti0.1Sn0.1S

b0.04O2 

R-3m 3.02349(6) 3.02349(6) 
16.0893(6

)  
124.9(2) 90 90 120 [4] 

Na0.6(Ti0.2Mn0.2

Co0.2Ni0.2Ru0.2)

O2 

P63/

mmc 
2.91455(1) 2.91455(1) 

11.13772(

9)  
81.936 (1) 90 90 120 [5] 

Na3.4Fe0.4Mn0.4

V0.4Cr0.4Ti0.4(PO

4)3 

R-3c 8.7158  8.7158  21.7979 1434.05 90 90 120 [6] 

Nax(FeMnNiCu

Co)[Fe(CN)6] 

 

Fm-

3m 
10.271(1)  10.271(1)  10.271(1) 1083.4(4) 90 90 90 [7] 

A
n

o
d

e
s

 

Mg0.2Co0.2Ni0.2C

u0.2Zn0.2O 
Fd-3m 4.2330(6)  4.2330(6)  4.2330(6) 75.848 90 90 90 [8] 

CrNiMnFeCu)3

O4 
Fd-3m 8.346(2) 8.346(2) 8.346(2) 581.346 90 90 90 [9] 

Gd(Co0.2Cr0.2F

e0.2Mn0.2Ni0.2)O3

Pbnm

(62) 
5.220  5.466  7.589  216.53 90 90 90 [10]

E
le

c
tr

o
ly

te
 

Li7La3Zr0.4Hf0.4S

n0.4Sc0.4Ta0.4O12

Ia-3d 12.94713  12.94713  12.94713  2170.238 90 90 90 [11]

Li3LaPrNdTeW

O12 
��3̅� 

12.58487(

4)  

12.58487(4

)  

12.58487(

4)  

1993.18(2

)  

 

90 90 90 [12]

NaTi1/2Zr1/2Sn1/2

Hf1/2P3O12 
R-3c 8.6607(2)  8.6607(2)  

22.4023(5

)  

1455.24(7

)  
90 90 120 [12]

LiTi1/2Zr1/2Sn1/2

Hf1/2P3O12 
�-3� 8.6994(3) 8.6994(3)  

21.6289(4

)  

1417.58(8

)  
90 90 120 [12]

 



Table S2. Summary for advantages and disadvantages of high entropy battery materials. 

 

 Structure Material Advantages Disadvantages Ref.
C

a
th

o
d

e
s

 

Layered 

LiNi0.8Mn0.13Ti

0.02Mg0.02Nb0.0

1Mo0.02O2 

 Mitigate phase evolution 

during electrochemical 

process 

 Suppress oxygen loss 

and cation mixing 

 Increased fabrication 

cost due to the involvement of 

expensive elements 

[1] 

Li1.0[Li0.15Mn0.5

0Ni0.15Co0.10Fe

0.025Cu0.025Al0.0

25Mg0.025]O2 

 Suppress the low-

potential redox couples 

Mn3+/Mn4+ 

 Reduce the harmful 

layer-to-spinel phase 

evolution 

 Challenging to achieve 

particle homogeneity at the 

elemental level  

 Low initial coulombic 

efficiency of 85% 

 

[2] 

NaCu0.12Ni0.12

Mg0.12Co0.15Fe

0.15Mn0.1Ti0.1S

n0.1Sb0.04O2 

 Delay the phase 

evolution from O3 to P3 

structure 

 Low specific capacity of 

110 mAh g-1  

 Challenging to achieve 

particle homogeneity at the 

elemental level 

[4] 

Na0.6(Ti0.2Mn0.

2Co0.2Ni0.2Ru0.

2)O2 

 Mitigate Na+/vacancy 

ordering 

 Suppress phase 

evolution from P2 to OP4 

phase 

 Create a percolating 

diffusion network to enhance 

rate performance 

 

 High cost due to the 

involvement of expensive Ru 

element 

[5] 

Na0.62Mn0.67Ni

0.23Cu0.05Mg0.0

9-2yTiyO2 

 Stabilize the crystal 

structure to restrain volume 

variation and phase transition

 Low air stability and easy 

to absorb water  
[13]

Rock-salt

Li1.3Mn2+
0.1Co2

+
0.1Mn3+

0.1Cr3+

0.1Ti0.1Nb0.2O1.

7F0.3 

 Prevent the formation of 

a single dominant short-range 

order to preserve accessible 

0-TM percolation of Li 

transport 

 Poor cycling 

performance (~60% after 20 

cycles) 

 Introduce toxic element 

Cr 

 

[3] 

NASICON

Na3.4Fe0.4Mn0.

4V0.4Cr0.4Ti0.4(

PO4)3 

 Present a stable trigonal 

phase  

 Introduce toxic element 

Cr 

 Challenging to achieve 

particle homogeneity at the 

elemental level 

[6] 

Prussian 

blue 

Nax(FeMnNiC

uCo)[Fe(CN)6] 

 Mitigate phase evolution 

 

 Lower specific capacity 

of 100 mAh g-1 
[7] 



A
n

o
d

e
s

 
Rock-salt

Mg0.2Co0.2Ni0.2

Cu0.2Zn0.2O 

 Improve structural 

stability 

 

 High work voltage  [8] 

Spinel 
(CrNiMnFeCu

)3O4 

 Enhance structural 

stability during cycles 

 

 Introduce toxic element 

Cr 

 High discharge voltage 

[9] 

Perovskite

Gd(Co0.2Cr0.2F

e0.2Mn0.2Ni0.2)

O3 

 Increase oxygen 

vacancies and mesoporous 

structure to enhance rate and 

cycling stability 

 Introduce toxic element 

Cr 

 High cost 

 

[10]

E
le

c
tr

o
ly

te
 

Garnet 

Li7La3Zr0.4Hf0.4

Sn0.4Sc0.4Ta0.4

O12 

 Decrease formation 

temperature 

 Better reduction stability

 

 High cost 

 Significant challenges in 

repetitive technique 

[11]

NASICON/

LISICON/g

arnet 

Series of 

materials 

 Create a percolation 

network that enables 

enhanced ionic conductivity 

 

 Increased fabrication 

cost due to the involvement of 

expensive elements  

 Significant challenges in 

repetitive technique 

[12]

Liquid 

eletrolyte 

Multiple salt in 

single 

dimethoxyeth

ane solvent 

 Decrease the solvation 

strength 

 Promote lithium ions 

diffusion  

 Facilitate stable 

interphase passivation layers 

 Increased fabrication 

cost due to the involvement of 

expensive elements  

[14]

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S3. Comparation between high entropy battery materials and corresponding commercial 

battery materials.  

 

Material Synthetic method 

Specific 

capacity 

( mAh g-1)

Retentiona
Thermal 

stability 
Cost Ref. 

C
a

th
o

d
e
s

 

LiNi0.8Mn0.13Ti0.

02Mg0.02Nb0.01M

o0.02O2 

Co-precipitation and 

sintering 
~205 1000 Better Middle [1] 

Li1.0[Li0.15Mn0.50

Ni0.15Co0.10Fe0.0

25Cu0.025Al0.025

Mg0.025]O2 

Sol-gel and sintering ~260 100 / Middle [2] 

LiCoO2 Solid-state sintering 135-150 500-1000 Low High [15] 

LiMn2O4 Solid-state sintering 100-120 500-2000 Better Low [15] 

LiFePO4 Solid-state sintering 130-140 2000-6000 Great Low [15] 

LiNi1/3Co1/3Mn1/

3O2 

Co-precipitation and 

sintering 
155-220 800-2000 Low Middle [15] 

A
n

o
d

e
s

 

Mg0.2Co0.2Ni0.2

Cu0.2Zn0.2O 

Solid-state and 

sintering 
~650  500 / Middle [8] 

(CrNiMnFeCu)

3O4 

Hydrothermal and 

sintering 
~600 400 / High [9] 

Gd(Co0.2Cr0.2Fe0.

2Mn0.2Ni0.2)O3 
Sol-gel and sintering ~650 500 / High [10] 

Graphite Multiple technique 300-370 >1000 Great Low [16] 

a The retention indicates the cycling numbers provided in the reference. 
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