Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2020

Supporting Information

Exploring the origin of electrochemical performance of Cr-

dOped LiNio,SMn1.5O4

Fei Li, Jiani Ma, Jianyan Lin, Xiaohua Zhang, Hong Yu and Guochun Yang*

Centre for Advanced Optoelectronic Functional Materials Research and Key
Laboratory for UV Light-Emitting Materials and Technology of Ministry of Education,
Northeast Normal University, Changchun 130024, China

*Address correspondence to: yanggc468@nenu.edu.cn

Index Page

1. Computational details -« ++rrwrrerrserrrrrrmes i b)

2. Most stable configurations of Cry-P-LiNigsMn; 504, Cryi-F-LiNipsMn; 504, Cryp,-
P-LiNig sMn; sO4, and Crypy-F-LiNig sMn Oy« -reerrersremsrressrmmarin... 4

3. Formation energy and convex hulls of F-Li; NigsMn;s0, and Cry-F-Li;.

NigsMn; 504 as a function of delithiation content x----«««-xrrerrrrereeeeee.s 4

4. Illustration of 16 Li ion diffuse paths and their corresponding energy barriers in F-

LiNigsMn; 5O, and Cryi-F-LiNig My sOe-eereereersrrmsrmnermmi. 5

5. Bond lengths and bond angles of TM rings in F-LiNiysMn; 504 and

Crni=F-LiNig My 5O +rvereersremsesssssssss sttt 5

6. The relative energy difference of P-LiNiysMn; 504 and F-LiNigsMn; sO4- -+ 6

7. The defect formation energy of Cry;-P-LiNigsMn; 504, Cryi-F-LiNigsMn; 5Oy,

Cryi-P-LiNig sMn; 5O, and Crygy-F-LiNig sMiy sOye oo oooeeeeeemmmmmmmmmmmeeee 6

8. The total energy of Cry;-P-LiNigsMn;sOy4, Cryni-F-LiNigsMn; 504, Cryy,-P-

LiNigsMn; sO4 and Crygy-F-LiNig sMn sOyg--------weeeeremmmmmmmmmmmmmmaeaaaaaas 6


file:///E:/%C3%A4%C2%B8%C2%8B%C3%A8%C2%BD%C2%BD%C3%A8%C2%BD%C2%AF%C3%A4%C2%BB%C2%B6/Youdao/Dict/7.5.2.0/resultui/dict/%3Fkeyword=electrochemical
file:///E:/%C3%A4%C2%B8%C2%8B%C3%A8%C2%BD%C2%BD%C3%A8%C2%BD%C2%AF%C3%A4%C2%BB%C2%B6/Youdao/Dict/7.5.2.0/resultui/dict/%3Fkeyword=electrochemical
mailto:yanggc468@nenu.edu.cn

Computational details

Defect formation energy
In the case of Cr doping, all possible conditions of one Cr atom substituted one TM
(Ni or Mn) atom are considered in P-LiNiysMn; sO4 and F-LiNiysMn; sO,4. In more
detail, In P-LiNiysMn, 504, Cr atom substituted Ni atom in 4b or substituted Mn atom
in 12d. In F-LiNipsMn; 50,4, considering the 4 Ni atoms and 12 Mn atoms are
inequivalent each other. 4 different configurations with Cr substitute Ni and 12
different configurations with Cr substitute Mn are considered. And the lowest-energy
configurations  of  Cryi-P-LiNigsMn; 504,  Crni-F-LiNigsMn; 504,  Cry,-P-
LiNigsMn; 504, and Cryp,-F-LiNigsMn; 504 are shown in Fig S1.
The defect formation energy Eq.r for Cr substitute Ni is defined as:
Eq4er = E(LigCrNizMn,03;) - E(LigNizMn;,03;) - 1(Cr) + w(Ni)
The defect formation energy E for Cr substitute Mn is defined as:
Eger = E(LisCrNisMny03z) - E(LigNigMn203;) -u(Cr) + w(Mn)

where E(LigCrNizMn;,0s3;) is the total energy of LigCrNi3Mn;,03; (configuration
with Cr substitute Mn), E(LigCrNizMn;;03,) is the total energy of LigCrNizMn;;03,
(configuration with Cr substitute Mn), E(LigNizMn;;03,) is the total energy of
LigNiz;Mn,03,. Chemical potentials of Cr, Ni, and Mn are the energy of per atom in
metallic Cr, Ni, and Mn respectively.

For both of the undoped and Cr-doped LiNiysMn,; sO,, the stable configuration in

each content of delithiation is constructed after fully considering all possible

combinations. In more detail, There are Cg kinds of combinations for x Li ions
extracting from the supercell, and the configurations with lowest energy in each
delithiation states are used in the following computations.
The detail calculations for Convex Hull

The formation energies of intermediate phases Li;_Host are defined as:
AE = E(Li,Host) - (1-x) E(LiHost) - x E(Host)

where E(Li;.,Host) is the total energy per formula unit of the Li;_ Host, E(LiHost)

is the total energy per formula unit of the LiHost (fully lithiated configuration), and
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E(Host) is the total energy per formula unit of the Host (fully delithiated
configuration).

The Li vacancy formation energies of intermediate phases are defined as:
Eyae = E(Liy.sHost) + E(Li) — E(Li}(v.0.125)Host)

where E(Li;Host) is the total energy of Li;Host, E(Li) is the energy of an
isolated Li atom, FE(Lijw0.125Host) is the total energy of Lijwo.125Host (the

configuration contains one more Li atom comparing with Li;_ ;Host).
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Fig S1. Most stable configurations of (a) Cryi-P-LiNigsMn; 504, (b) Cryi-F-
LiNi0‘5Mn1‘504, (C) CI‘Mn-P-LiNiO.5Ml’11_504, and CrMn-F-LiNiO.5Mn1.5O4.
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Fig S2. Formation energy and convex hulls of (a) F-Li;NiypsMn; 504 and (b) Cry;-F-

Li;NipsMn, 504 as a function of delithiation content x.
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Fig S3. Illustration of 16 Li ion diffuse paths (a) and their corresponding (b) energy
barriers in F-LiNiysMn; sOy4. Illustration of all 16 Li ion diffuse paths (¢) and their

corresponding (d) energy barriers in Cry;-F-LiNigsMn; 504.
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Fig S4. Bond lengths and bond angles of TM rings in (a) F-LiNiysMn; 5O, and (b)
CI'Ni-F-LiNiojMn] '504.



Supporting Tables

Table S1. The relative energy difference between P-LiNips;Mn;sO4 and F-

LiNi0‘5Mn1.5O4.
Configurations Relative energy difference (eV)
P-LiNi0.5Mn1.5O4 0.00
F-LiNi0.5Mn1.5O4 0.71

Table S2. The defect formation energy of Cry;-P-LiNigsMn;sO4, Crni-F-
LiNi0‘5Mn1.5O4, CrMn-P-LiNi0.5Mn1.5O4 and CrMn-F-LiNi0.5Mn1.5O4.

Configurations The defect formation energy (eV)
Cryi-P-LiNij sMn; sO4 -3.60
Cryi-F-LiNij sMn; sO4 -4.66
Cryn-P-LiNij sMn; 504 -1.78
Crya-F-LiNiy sMn; 504 -2.13

Table S3. The total energy of Cry;-P-LiNipsMn; 504, Cryi-F-LiNigsMn; 504, Cry,-P-

LiNi0.5Mn1.5O4, and CrMn-F-LiNi0.5Mn1.5O4.

Configurations Total energy (eV)
Cryi-P-LiNigsMn; 504 -361.95
Crni-F-LiNigsMn; 504 -362.31
Cryn-P-LiNig sMn, 504 -356.31
Cryn-F-LiNig sMn; 504 -356.66




