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—la LT 2 HIRREREL, ZIETIZEDIL QWD L
WA DL 7 H—DHFTHIR0E R RREE AL T
Do TMBLESZ—IX, EOEWEETERD D, E/e it
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Scheme 1

Table 1 Lt 7% —DOIAfFRE

Receptors fFIIR L/ mM
CHCIs MeCN
la 0.04 0.01
1b 0.31 0.08
1c 0.04 0.04
3a 20 4.4
3b 47.3 16
3¢ 0.12 0.26
4a 73 1.4
4b >500 16
4c 11.7 4.9
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BRI BT 23 & 4 OFfix DR BRI~ OB
IZDOWTHRFHILTZ, 22 CldrmmaisrLET B h=R LD
fEAROD % Table 1 1R”7, LETZ—3¢ ZBRTIZ, W
N7 72— KGR O ) _LpsBllls iz, —#
FY7MEAI S LTI % 4 DFAS 3 KOG IR =,
AU, 7= JOL R T LR — LTl
THIDTHDHEEZBIND, — T CARMERER TIX
Bu (b) > Bu (a) > Ph (0)DIAIZ725, K0S @ tert-Bu
ITERM AR TSEAZEICEY, T RLX—ME T
Dt g, Tl x DUEA~OUEIRENR R LT 260 LEZ LR
%, L BT H—4b 17003 A2 500mM LA L, TER=h
UMZKILTH 16 mM EERRFEFEREL Ty AMRE
LTz,

WIZ, TRR=NIAHIZBITD, KT =4 (Th77
FNT B0 L) TR T DB T, UV WX
EATHLETH—3, 4 13 UV-vis HEIZE T, UV I
ZFFIZ72\0 4a, 4b [TETER=R/LHC 1H NMR {{E%
IPHZLECERBTEEEPE L, #EFR % Table 2 (T~ d, <
X0 —fRAREIMELTIE, 1> 3 > 4 DIEICEETEENME
TLTWK, 2, L7 2 — OGRS A 8L
TUKT=D, AAIIBITFAT R EE —OEIIN kXL, &
BREME FL QUK EBZBIND, LNLRNG, Kl >
= VIEHTD 3¢, 4e 1E, 7=V B N-H O
EREWTZ, KEFBEENEL, BRELTEAETE D
KT DT NFNIEEETH BT H—L0E KREWHER
Lipot,

tert-

Table2 7 =F Zxtd 25 LT X —DEGEK
Receptors K1/ mol™ dm?
AcO™ cr
1a® 6.3x10° 5.4x10°
1b® 2.0x106 7.9x10°
1c? 5.9x106 1.2x106
3a9 (2.4040.07)x10* (2.7940.10)x103
3b® (1.40+0.04)x10* (2.1840.13)x103
3c? (5.4440.14)x10° (7.0540.03)x10*
4a® (6.3140.35)x10? (2.64+0.07)x10?
4b"® (4.1040.31)x10? (1.8340.05)x10?
4c? (3.70+0.04)x10* (3.44+0.18)x10*

a) Determined by UV-vis spectral titrations in MeCN at 298 K.
b) Determined by "H NMR titrations in MeCN-d3 at 298 K.
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ENATRETHY, ERMOHEISHHE A THD,

2.2 BmETAITIVAVGLRIZTZILA)LEERRE
IR E DFRFIE KR

TARHAIRIRETRE R D, BRI OV TIIL DT
ECTRIoTz, AT ML 7 X —4b ALY T 7 L33
F/VHT 1112725891000, ST b NID A, Ak
VT I, S~ 7R b, WAL N ST DEENE R,
HUIFEHE Y B LR RIINZ 7=, 7= /1%
LT H—3 0.5 M ERDIDITZ, /SAT NV 90°CT
1.5 RFIINEAL 72, 15bN A geaifite THmL, 5bhiz
AiRZEI7aaR/vA- KT LT, AR AR Y
DO, AL CEE F=/ R — 22 & TRlE
BT, ZOREVEA A a7 o —b LIS
BT TR BN (ICP-MS) (&> TotrLiz, A
Forav T 74— TR T —5— - — 8 PCI-302S
B A A AT D T, 9T LTz, ZOHT AT 1 A
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Figure 1. LiCl & NaCl{EE¥0 6D L& 7 % —4b (1T
X DR O F e~ N7 T A,
FEAES BN ), LiCl: NaCl=1:0 (b),0: 1 (c), 1 : 1 (d),
1:10 (e), 1:100 ().

Table 3. LiCl + NaCl 50Et0 FEig il HEUEHZ 81 5
AL T T T 4= XD R

LiCl : NaCl LiCl/ mg?® Recovery / %
1:0 16.9 80.7
0:1 ND ND
1:1 14.9 71.1
1:10 13.8 62.5
1:100 17.7 88.3
a) ;K 21 mg.
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Figure 2. LiCl & KCI{EEMN LD LE ¥ —4b 12 X
LERIMHREI O A A I a~ N7 T A
FEHER ), LiCl : KC1: NaCl=0:1:0(b), 1:1:0 (c),
1:10:0(d), 1:10:100 (e).

Table 4. LiCl + KCI Bt [Eigh H R EHC B IS
A~ T TT XD R

LiCl : KCI : NaCl LiCl/ mg? Recovery / %
0:1:0 ND ND
1:1:0 15.8 75.2
1:10:0 15.7 74.6
1:10:100 16.6 75.2

a) K21 mg.

Table 5. LiCl + NaCl + KC1 3Bt [EigHh H aEH
BITD ICP-MS (2 XD 55T 5

LiCl:NaCl:KCl [Li*]/ [Na']/ [K']/ .
mM mM mM Ratio

1:100:0 3.66 0.193 ND 18.9
1:0:10 3.18 ND 0.004 722
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XD,

Table 6 (27 /L) LRI )2 IefFS T FROEARY
F 7 AHH IO W T, ICP-MS D f %=1,
LiCl: MgCL, = 1:5 ORElEEighhH 58, ~ 71w
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Figure 3. LiCl & MgCLIEAGWN6D L& 7 % —4b 12
XD EWRAMHEI DA A a~ N7 T A,
FEHER ), LiCl: MgCl=1:1(b), 1:5(c)

Table 6. LiCl + MgCl, + CaCl, 3D [ fih HFR)
BITD ICP-MS (2L D55 5
LiCl : MgClz. CaCl> [Li']/ [Mg*] [Ca?']

mM  /mM  /mMm Rato
1:5:0 557 1592 ND 0350
1:0:1 114 ND 0206 554
2.3 AIDaZiEMhAKMLDERMEREE

ITEEDV T DO A FERITIEIAD DA KIS D ERERY
F T ERRE RSN A DO AFENR ETHD, FHC
AN DOAFED 6 D35 7 B SO TS, ZOLH72E
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BatL7z, EBEOHEIC S W Thy 2 —T =4 LT
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LR 72 D CThHD, A4 7a~h7T L% Figure 4, 5
\RT, VT LEELIZ, w7 Ry AbilitHESCnbZ e
MEALINE7 2T,

Table 7. A\ L7 == 5RO B eHI B 172
ICP-MS 2L D554 5

Ratio / mol%

M Uyuni sample 1 sample 2
Li* 2.1 24.8 71.7
Na* 78.2 0.5 9.7
K* 6.6 0.8 1.6

Mg** 11.7 73.8 9.3
Ca** 14 0.1 1.7
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2. 4 EHBHERLLDERMERML

HEKIZIZVF T AT HY 0.2 ppm BREE END, WK
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THEAKNEDYTF T LOPRMEIHRERL TWDAY, WEESE
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RIS A VMRS AL, P SR AL,
R ST A D ARZED 3 AR LD TR =720,
TR OV F 7 LA A U REITIT RS E
NHIEL,, DD F A NERBITFELTND Z &
NoN-ST-DT, Fikro—&F ) —T R L —&—
TEMEL, AUEE2A B L, ZOEEL 2 [Hli
DIRLT-H#, BonicARE EIZT SR L— R L7z
%, BEEGERTH 2 LIk o THEEEE-, Z0Rk
BED ICP-MS (2L % B T4 > DFE /L% Table 8 IZ
BT, WTHOREI O ZE&EDO~Y TR T LTIy
U LEER, VF T LTT A 1T 0.08-0.35mol% &
MRV DI, Z WL T —4b DT F =k U
VIR Z ML T, B 282 72208, 2 OIRER
TIEOMHED 2o 7272, fERE LT F U LA
Fzxt U CIEEE &0 4b 2N L CEigHH 2
17,

M DA 70~ 7T L% Figure 6, 7 (R, 1]
NOREBVTF T AAA L LEBIZ, TND AL GBI
SNz, ET2, ¥ TR LEIN LT IAF B BIRIEN
72o ICP-MS (Z &2 [l % O#lkElDE /L A Table 9
IR,



Table 8. FEiE I ATOREHIRMERD ICP-MS 1285

ST R
Ratio / mol%

M o T P
Li 0.08 0.35 0.19
Na* 4.65 0.66 7.37

K* 0.86 0.36 3.85
Mg?* 65.93 60.83 61.84
Cas* 28.48 37.81 26.74

L' Na®
d
H +

2 4 6

Retention time / min

Figure 6. FHIRAEIRDN D D L& 7 ¥ —4b 12 X 5 [EK
HEEO 1 i A DA F s~ N7
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ST R
Ratio / mol%
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Li* 21.47 19.34 36.80
Na* 42.40 17.97 37.41
K* 4.01 1.90 3.65
Mg?* 28.60 14.31 9.58
Ca** 3.52 46.49 12.56
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Summary

Toward carbon neutrality, the demand for lithium-ion batteries has been glowing. The methods for extraction
and purification of lithium salts from natural sources have been widely developed. In this study, the solid-liquid
extraction of lithium salt, especially lithium chloride, by a ditopic receptor has been studied.

We have studied anion receptors bearing two urea units as recognition sites with high selectivity and binding
ability for chloride anion. These receptors are significantly rigid to achieve such selectivity and binding ability,
therefore the solubility of the receptors is quite low to be used for industrial applications. To improve the solubility
in organic solvents, we prepared and evaluated receptors 3 and 4 bearing two urea functionalities connected with a
flexible ether liker. The anion recognition abilities of 3 and 4 were slightly lower. The ether linker should be
utilized as coordination sites for metal cations, indeed we found that receptors 3 and 4 can solubilize lithium chloride
in organic solvents such as acetonitrile.

We evaluate the selectivity and efficiency of the solid-liquid extraction of lithium chloride by receptor 4b from
the salt mixture by ion chromatography and ICP-MS. The high selectivity of lithium chloride over sodium,
potassium, and calcium chloride and the low selectivity over magnesium chloride were found. Next, the selective
solid-liquid extraction of lithium chloride from an artificial salt mixture in the Uyuni salt lake was carried out with
receptor 4b. The ratio of lithium chloride was found to be 77.7 mol% by the extraction. Finally, solid-liquid
extraction of lithium chloride from concentrated bittern was also examined. The ratios were significantly improved
from 0.08-0.35 mol% to 19.34-36.80 mol% by the single extraction. Further purification should be achieved by

repeated extraction.

-10 -



