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Objective: Find better alternatives to olivine LiFePO4 and spinel LiMn2O4
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• Atmost 3 TMs or anions at a time

9C1 + 9C2 + 9C3 anion combinations
{‘N’  ‘P’  ‘O’  . . .  ‘N-P’  ‘N-O’ . . .  ‘Cl-Br-I’}

15C1 + 15C2 + 15C3 TM combinations
{‘Ti’  ‘V’,  ‘Cr’,  . . . ‘Ti-V’  ‘Ti-Cr’  . . . ‘Re-Os-Ir’}

M-Ti-N
M-V-N
.
.
M-Cr-N-O
M-Cr-N-S
.
.
M-Re-O-Ir-Cl-Br-IM = Li/Na/K/Mg/Ca

15 Transition Metals (TMs)

 9 Anions

Step 1: Querying Cathodes’ data 
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are not seawater stable – probably metastable

• Quantifying seawater metastability:

1. High energy barriers for bulk solid state 
transitions

2. Solid decomposition product can form a self 
passivating layer

Metastability criterion for A
1. Atleast one of B, C . . . is a non elemental solid 

without the mobile ion
2. ΔΨ <  threshold (0.3 eV atom-1)

Singh et. al. Chem Mater, 29, 10159-10167 (2017)
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• Voltage beyond seawater stability window

• Electrode stable throughout pH 7-8.5 and 
occupies > 80% area of seawater stability

Approximations:
1.  Open circuit voltage, calculated using the Nernst equation

2. Only topotactic voltages are calculated

Step 3: Intercalation voltages

Metastability scenarios at the intercalation 
voltage:

• Electrode not stable throughout pH 7-8.5 at 
intercalation voltage

✅
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Step-4a Ion selective frameworks

Node 
(structure)

Edge 
(matching framework 
between two nodes)

A graph represents a framework

11 Na only  
graphs

8 K only 
graphs

94 Mg only 
graphs

587 Li only 
graphs

27 Ca only 
graphs



3 4-working ions 
containing graphs

22 3-working ions 
containing graphs

93  2-working-ions 
containing graphs
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Step-4b Multiple-ions intercalating frameworks
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Li-selective

Fe2(MoO4)3 
Garnet-like

LiFeP2O7 
Pyrophosphate

Li3Fe2(PO4)3 
Anti- NASICON

c

b

b

c

c

b
a

Single-ion-selective frameworks
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Multi-ions-selective frameworks

~ Desalination

FePO4 
Olivine 

a
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Conclusions and Acknowledgement 
• Objective: identify novel electrodes for Li+ recovery and 

desalination
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o Evaluate aqueous (meta)stability of electrodes
o Calculate voltages
o Compare electrode frameworks

• Identified novel electrodes for:
o Li extraction: LiFeP2O7 , Li3Fe2(PO4)3 and Fe2(MoO4)3
o Desalination: FePO4
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To be submitted:

email: sougatp@iisc.ac.in Group-webiste: https://sai-mat-group.github.io/
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Constructing Seawater Pourbaix Diagrams
• We consider average seawater concentrations for the aqueous medium

• Seawater Pourbaix Diagram approximation:

Wikipedia

o Ψ remains unmodified
o Extended water metastability window of 2 V
o pH range of 7 - 8.5
o Only Cl-, Na+, Mg+2 and SO4-2 added to all systems
o K+ and Ca+2 added only to K, Ca-ion cathodes
o Any other ions have 10-6 M concentrations
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Aqueous composition affects phase stability

Solid phase stability = f (aqueous composition)

LiFePO4 (s)

[Li] = 0.75M [Fe] = 0.25M [P] = 0.33M

Li+ + !
" HPO4-2 + #" Fe3(PO4)2 (s) 

[Li] = [Fe] = [P] = 10-6 M



Checking metastability at the intercalation voltage
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1. Store the area of metastability instead of booleans

✅ Convex hull of points ❌ Concave hull of points

2. Calculate all possible voltage plateaus from the 
queried frameworks

3. Check whether both the phases contributing to 
a plateau are metastable at that voltage  



Intercalation voltage from first-principles data

Approximations:
1.  Open circuit voltage, calculated using the Nernst equation

2. Only topotactic voltages are calculated

42



Comparing frameworks
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Li

Na

25
Li

Li

Na

24
Na

Li3Ti2(PO4)3 mp-757671
Li3Ti2(PO4)3 mp-776625 Na3Ti2(PO4)3 mp-761046

Finite tolerances in the StructureMatcher make framework 
comparisons tricky


