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Fig. S1. (A) Na-Mg ion concentration. (B) Na-Ca ion concentration. (C) Ca-Mg ion concentration in 

continental brines, US Geo/UOG, and seawater/Desal water. Equimolar ratio reference lines are also labeled 

in grey. 
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Fig. S2. Typical electrochemical Li+ extraction cycle from UWS, using FePO4 hosts as an example. 

(Mx+ represents Na+, K+, Mg2+, Ca2+, or their combinations) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



5 
 

 

Fig. S3. Electrochemical cycling of the FePO4 electrodes in 1 M LiCl aqueous solution under different 

current densities/C rates. 147 mA/g equals 1C. 
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Fig. S4. Electrochemical intercalation curves of FePO4 electrodes in 1 M LiCl(aq), 1 M NaCl(aq), and 

1: 1000 Li-Na(aq) solutions under 14.7 mA/g (0.1C). 
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Fig. S5. Faraday efficiency of Li extraction in binary (Li-Na/Mg/K/Ca) solutions with different anions 

(Cl-, NO3
-, and SO4

2-). The molar ratios of cations is fixed at 1: 1000 Li-M1 and the extraction C rate is 

0.1C. (Error bars representing the standard deviation of three replicate measurements; [Li+] is kept at 1 mM; 

Since CaSO4 is poorly soluble in water, we didn’t test the Li-Ca selectivity with SO4
2- being the anions.) 
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Fig. S6. Performance in binary (Li-M1) solutions with different total concentrations. (A) Faraday 

efficiency of Li and potential side reactions in binary (Li-Na/Mg/K/Ca) solutions with a fixed 1: 1000 molar 

ratio but different concentrations ([Li+] = 0.1 mM, 1 mM, and 2 mM; Error bars representing the standard 

deviation of three replicate measurements). (B) Chronopotentiometry (CP) 0.1C (14.7 mA/g) intercalation 

curves in 0.1 mM: 0.1 M Li-M1 aqueous solution and corresponding C/40 (3.675 mA/g) de-intercalation 

curves in 30 mM NH4HCO3 recovery solution, with the use of 50% of the total capacity (73.5 mAh/g). 
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Fig. S7. Chronopotentiometry (CP) intercalation curves in Li-Na-Mg ternary solutions with different 

molar ratios under 0.1C ([Li+] is kept at 1 mM). 
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Fig. S8. Faraday efficiency of Li extraction in binary (Li-Na), ternary (Li-Na-Mg), and quaternary 

(Li-Na-Mg-Ca) solutions with different molar ratios under 0.1C extraction C rate. (Error bars 

representing the standard deviation of three replicate measurements; [Li+] is kept at 1 mM.) 
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Fig. S9. Chronopotentiometry (CP) intercalation curves in 1: 100: 1000 Li-Na-Mg ternary solution 

and 1: 100: 500: 500 Li-Na-Mg-Ca quaternary solution under 0.1C ([Li+] is kept at 1 mM). 
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Fig. S10. Step-concentration chronopotentiometry (Stepconc CP) tests in Li-Na-Mg ternary system, 

with the final step changing from 1: 600 Li-Mg to 1: 600: 600 Li-Na-Mg ([Mg2+] is kept at 1 M; Vonset-

Li/Na/Mg/Ca are acquired from the starting potential of the cathodic current peak during CV scan in Fig. 3A; 10 

mM and 1 mM Li denote the Nernstian potential shift corrected by Li concentration change). 
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Fig. S11. Step-concentration chronopotentiometry (Stepconc CP) tests in Li-Ca-K ternary system, 

with the final step changing from 1: 600 Li-Ca to 1: 600: 600 Li-Ca-K ([Ca2+] is kept at 1 M; Vonset-

Li/Na/Mg/Ca are acquired from the starting potential of the cathodic current peak during CV scan in Fig. 3A; 10 

mM and 1 mM Li denote the Nernstian potential shift corrected by Li concentration change). 
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Fig. S12. Observed versus predicted FELi in (A) Li-Na-Ca ternary solutions and (B) Li-Na-Mg ternary 

solutions with the corresponding R2 value. (The shaded areas representing the 95% confidence intervals). 

 

 

 

 

 

 

 

 

 

 

 

 



15 
 

 

Fig. S13. Constant current (A) intercalation (14.7 mA/g) in simulated Atacama brine and (B) 

deintercalation (3.675 mA/g) in 30 mM NH4HCO3 (aq) recovery solution. 
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Fig. S14. SEM image of synthesized micro-sized LiFePO4 platelet particles. 
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Fig. S15. XRD patterns of synthesized LiFePO4 microplatelets and chemically extracted FePO4 

microplatelets with corresponding standard PDF cards (Olivine LiFePO4 phase: 01-077-8344; 

Olivine FePO4 phase: 01-065-0258). 
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Table S1. Properties of the main ions, including ionic/hydrated radii1, and hydration enthalpy2. 

 
 

 

 

 

 

 

Table S2. Migration barriers for cations in charged hosts and vacancy in discharged hosts3-5. 

 

 

 

 

 

 

 

Table S3. Voltages for the lithiation, sodiation or magnesiation of olivine FePO4 compounds6,7. 
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Table S4. Continental brine compositions8.  

 
(Notes: 1. Only cations with high concentrations are provided in addition to Li+; 2. * denotes arithmetic 

mean values of the concentrations are used to be plotted in Fig. 5) 
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