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Figure 1. Schematic illustration for steric size effect of adsorption site window on selective adsorption of lithium ions
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Figure 2. (a) XRD patterns of lithium manganate grown from MnO, Mn carbonate, and Mn nitrate together with that of

reference 0-LiMnO,. (b) Variation in XRD patterns of lithium manganate with changing solute concentrations
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Figure 3. (a) FE-SEM and (b), (c¢) TEM images and SAED patterns of 0-LiMnO; crystal grown at 1000 °C from MnO. (d)
XRD intensity ratio of {002} to {010} peak diffraction for 0-LiMnO; as a function of holding time. Solute concentration, 1

mol%
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Figure 4. Crystal structures of (a) orthorhombic LiMnO,, (b) LiMn,O4, and (¢) LiMnOs based on DFT calculation. Purple,

manganese; blue, lithium; red, oxygen
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0-LiMnQ, crystals

cluster

0-LiMnO2 0-LIMnO2

Figure 5. Schematic illustration of possible formation mechanism for orthorhombic LiMnO; at 1,000°C
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Figure 6. (a) XRD patterns of orthorhombic LiMnO, before and after calcination at 400°C under air. The patterns of
0-LiMnO; (PDF 00-035-0749) and Li;¢Mn; 604 (PDF 00-052-1841) are shown as references. (b) TG-DTA profile of

0-LiMnO; under air
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Figure 7. FE-SEM images of (a), (b) calcinated Li; sMn; 604 and (c), (d) Hi¢Mn; 04 rods formed during acid treatment.

TEM images and SAED patterns of (e) Li; Mn; 604 and (f) porous H; ¢Mn; 404 rods
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Figure 8. Nitrogen adsorption isotherms of LijsMnisO4
and H; ¢Mn, 04 prepared by the flux method
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Figure 9. Equilibrium adsorption isotherm for adsorption
of Li" on H; ¢Mn; ¢Os. The curve represents the fitting result
with Freundlich isotherm model. Conditions: pH ~10,
volume/mass ratio ~1,000 mL-g!, [Li'fiita = 25-1,000

ppm, room temperature

Table 1. Li ion adsorption property of H;¢Mn;¢O4 in the

presence of Na ion

Li* conc.  Na*conc. Ads.time Li* capacity
Run

/mmol L' / mmol L' / day / mmol g
1 ~145 ~145 0.8 ~52
2 ~145 ~3300 0.8 ~49
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Summary

Selective lithium uptake from sea water and lake brine is an important challenge in energy and environmental
science. H;eMn; 604 with pseudo-spinel type structure is a highly selective adsorbent for Li ions, but it is
difficult to prepare large, highly crystalline Hi ¢Mn; 604 crystals with porous structure due to its thermodynamic
metastability. Herein we demonstrate simple chemical processes that transform flux-grown, idiomorphic
orthorhombic LiMnO, (0-LiMnO>) cuboids of micrometre size into hierarchically structured HisMni¢O4 rods.
We have optimized the flux growth conditions such as the Mn source, holding temperature, and solute
concentration, in order to yield large, single phase 0-LiMnO, particles. The use of MnO under very low solute
concentration (1 mol %) and high temperature (1,000 °C) is critical to obtaining the single phase, idiomorphic
0-LiMnO; cuboids. The metastability of o0-LiMnO, is confirmed by ab initio density functional theory
calculation in comparison with other lithium manganates such as LiMn,O4 and Li;MnO;. The successive
calcination and acid treatment allow the transformation of 0-LiMnO; into H; §Mn; 04 rods with porous structure.
The resultant H; ¢Mn; 404 shows high Li* adsorption capacity (~5.6 mmol g'), high Li*/Na" selectivity, and good

durability compared with existing H; ¢Mn; 04 adsorbents.
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