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Table S1. Simulated brine composition with high Li* concentration and 1:1 molar ratio of target
Li*:M*?*, cations (M = K*, Na*, Mg?"). Chemicals listed in their order of addition.

Order of Chemicals Simulated Brine Simulated Brine

addition (EDTA, Li":M*"?* 1:1) | (Citrate, Li":M"2* 1:1)

1 DI Water Yg

2 Acetic acid solution (1 M) Xg

3 EDTA 0.1M

4 LiOH 1.3 M, pH to ~7

5 Potassium Citrate 0.1 M

6 MCI (K*, Na*, Mg?") 1.3M 1 M

7 LiCl 1M

8 FeCl, * 4H,0 0.1M 0.1 M

9 FP 05¢g 05¢g
Total 100 g 100 g

“X” and “Y” were part of the baseline solution during preparation of the brine. These amounts
were determined after subtracting the mass intended for all the other chemicals, and the mass of
each chemical was calculated based on a targeted volume of 0.1 L of brine. The total mass of brine
was 100 g. Due to the different mass of competing cations (M), the mass of the baseline solution
(X or Y) slightly varied. The mass ranges for X and Y in the prepared solutions was 78-90 g and
80-90 g, respectively.
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Table S2. Simulated brine composition to match the Li":Na" molar ratio representative of the
Salton Sea (1:78).! Chemicals listed in their order of addition.

Order of Chemicals Simulated Brine (Sé?tl;l;g egi]f)%r;
addition (EDTA, Li*:Na* 1:78) 1:’78) '
1 DI water Yg
2 Acetic acid solution (1M) Xg
3 EDTA 15, 30, 50, 100, 200, 300 mM | 15, 30, 50, 100 mM
4 KOH Add until pH ~7
5 NaCl 3.04 M 3.04 M
6 LiCl 0.039 M 0.039 M
7 FeCl, « 4H,0 15, 30, 50, 100, 200, 300 mM | 15, 30, 50, 100 mM
8 FP 05¢g 05¢g
Total 100 g 100 g

“X” and “Y” were part of the baseline solution during preparation of the brine. These amounts
were determined after subtracting the mass intended for all the other chemicals, and the mass of
each chemical was calculated based on a targeted volume of 0.1 L of brine. The total mass of brine
was 100 g. Due to the different mass of the redox mediator, EDTA-Fe?* and Citrate-Fe?*, the mass
of the baseline solution (X or Y) slightly varied. The mass ranges for X and Y in the prepared
solutions was 70-80 g and 70-84 g, respectively.
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Table S3. Composition for brine prepared to be more representative of discharge from
eothermal power plants at the Salton Sea.!

Chemicals Mass (g) Mass (g)
Mediator: EDTA-Fe?* Mediator: Citrate-Fe?"

Potassium Citrate - 3.24
EDTA 2.92 -
KOH 7.4 -
FeCl, « 4H,0 0.6 0.6
KCl 341 341
LiCl 0.14 0.14
MnCl, * 4H,0 0.75 0.75
NaCl 15.1 15.1
Boric Acid 0.25 0.25
FeCl, « 4H,0 1.98 1.98
Water 67.5 74.5
Total 100 100
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Figure S1. Calibration curves for peak area as a function of prepared cation concentration using
ion chromatography. (a) Li*, (b) Na*, (c) K*, and (d) Mg?* are shown, and the solutions
containing these cations were prepared as chloride salts. The targeted solution concentration
range was 0.01 to 1 mM.
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Figure S2. Cyclic voltammogram for LFP material as the working electrode measured in 1 M
Li,SO, solution. The scan range was -0.25 V t0 0.75 V (vs. Ag/AgCl), and the scan rate was 0.2
mV s,
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Figure S3. XRD pattern (bottom) for FP reduced in 1 M of LiCl solution at 75 °C for 24 hours
with 0.1 M of FeCl, and no added ligands. XRD for LFP (top) and FP (middle) powders also

provided.
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Figure S4. XRD patterns for FP powder after chemical reduction at (a) 23 °C and (b) 75 °C in
brine solutions using EDTA-Fe?" redox mediators. Each monovalent cation concentrations in the
brine were ~1.3 M, and the molar ratios of the cations in the brine are indicated on the Figure. At
the top of each Figure are the patterns for the as received LFP powder and the LFP powder after
chemical oxidation with hydrogen peroxide to form FP.
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Figure S5. XRD patterns for FP powder after chemical reduction at (a) 23 °C and (b) 75 °C using
brine solutions containing Citrate-Fe** redox mediators. Each monovalent cation concentrations
in the brine were ~1 M, and the molar ratios of the cations in the brine are indicated on the Figure.
At the top of the Figure are the patterns for the as received LFP powder and the LFP powder after
chemical oxidation with hydrogen peroxide to form FP.
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Figure S6. Example droplet images for determining contact angle of 1:78 Li":Na" brine solution
with 0.1 M of redox mediator (a) Citrate-Fe?" and (b) EDTA-Fe*" on FP composite electrode.
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Table S4. Comparison of Li" adsorption capacity, selectivity, and energy consumption with
reported literature using electrochemical methods for Li* extraction from brine.

. Total catiqns o Capacit
System Li*/N a+' concentration Select1V1Ltiy (mI?g Li} Energy_ Ref
concentration in the brine | factor %Na 8 (Wh mol-!)
source (g/L) g’
FP/LFP gé v IE;;/ 13 479 30 i 2
LFP/Ag 0??\/{1\/1[\1?/ 115 548 7.76 140.6 3
Li;FePO,/C 0690055 1\1}4;;;/ 1.2 - 21 3.0340.5 |
LFP/FP 06900341\1}4;;;/ 1.44 70.63 17.1 i 5
-
gll\)d/ge/ (N 0690()341\1}415;/ 1.44 - 26.75 22.21 6
: -
raos B0 | | e |
;FP/AEM/F O'ﬂv[ 1\/11\I g/ o 5 138 57 ] .
LFP/Pt ety IEI‘; 105 2105 | 1462 | 0768 9
NMC/Ag v IEI‘; 109 770 10.8 26 10
Pt/MnO, 0690040671\1;%;/ 1.26 - 11 - i
: =
e, [ SB[ o [ [ [ W [
I;I/I%RGO' R 64.7 57 25 i 13
CimeFer | soamne | 5 S I I
Eprare | soamne | o | a0 |l

[-]: data are not reported in the work.
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Figure S7. (a) Li* adsorption capacity and (b) Li* selectivity factor for this work (black stars) and
previous reports (blue dots, from Refs. 2-13). In most cases, adsorption capacity was converted to
the same unit basis from the reported data and Li* selectivity factor was recalculated based on Eqn.
1 in main text.
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