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ADRAERIE ST D, BEAEO K B IEMEEICEIDVF U LA, EESTOYMNRIICHIAZE, RIEREREE
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EEOIX, BRI ST U LB 2 BB LT, KITITEE DY TF U LR~ 7 R0 OV BRI LT,
WUNZ oy e B LI R AR (DES) & WA Z & C, RGBT U LD H AT 32 LA A EEL 72D, DES &1
KFEREGRF— (HBD) L7 7 &7 % — (HBA) ZiR G L TRELN, KOAEEITRD L8 = O LL TR S,
AHFIETIE, VF U LE~T R0 AOF H A BEEIZ R IET DES OO0 iSO F B OV TIRET LT,

DES Z#3% HBD EL TR~ D B-U 7 NALAY), HBA LLTT X IVIRAT (4% R % HT DES %7l
L7z, HBD O 7 L A7y REEPEIZIS T HBA &4 FRIMH AAE RN ZEA T 52 8% 3P BRI AT LB
BTz, B-U T N DG B IREHILIZLD HBA LD FRIMHAIENOFINITZINVEES T /A NVEES> XDV TH
STz, VF T LR~ 320 B T /KRR A AV C DES ICX A1k H B2 i L7 L 25, KO pH IZIGEE T 2
B A AL ThHH~T XD L7 E MBS, V5T AOE LN BEIREEChoTe, — 07, K&BD
Vet DES [CE ARSI S CEAMIME 2R R T-L2A, T/ANVIEEZE AL B-U 7 b &2 & T DES (X~7 %o v
IR CUTF T ADBBEMNCIA T2 8% A LT, B-U 7 b ERAT 4 A XV R e A AR D RN RIS Z,
EHFEOR G NV T UL =T R DO BEEICEE R 2 R ZENH b o7,

1. BRE® Va2 AGEA (LIAISIOs):) 7B DY F o7 LA FE IR

B A BNEOW LIEKIZED, VFU L4 B i
HHEERIEMM B CHLITF U LOFTFEREHEL TND,
VFULDEFEMBIOEREEIZONT, UFULD
AEPERT 2011 FF121 34000 b Th-7273, 2021 1T
1% 100000 hor&72h), 10 - THI 3 fFICHE R LT, [AER
WZUF 0 MMk L FAE M IZHY, Fife rleZe 312 m
72 ZIREMOF IR DT DTG DR BN A
B Chd, VT NEWITILA LD A KD 2 FEHIZ KRS
LD, EDIRINTRRKOER & 5D DDIT KN
MAIKTHD D, A —ARNZUT NEREHETHHAR

EBR MR O D712 1000°CLL DO EILEE A 4
TCTHY, TRAF —aANRREAMPKREN, — 77,
D AIKIRE DGR TITT TV F 7 LK IS LT
WA EMD, IETERNZIXEIVEIARNTOUTF 7 LAEFEN
A[HETH D,

WA IKDBDVF T DAETIE, KERICEFNDT
NAVNE BT Y H A RS DV TF T LD SyEEN T
B EADMEZRIE DT D, — KT, T AKNHDY
FULAEFEITR AL RO 1 IR T 8977 vt
NHWLND,
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KB Y F 7 4 (Li,CO,)
B 1. BEAEDENA KNS DVTF T LAEFET A

WA KT OVF 7 2%, T2 2 XM RO
DT 5= (FV) T 1000 ppm & T
HY, ZOMIZZEDFT NIV L, AV LBIO~T R
LR E DAY R A ETe D, LIZho T, YF T LD
WAEET N LABLIONIY LD EZ BB &L T
MAKEFRFEMICZE A LR BICSHL TREfiSES,
ZDOBE, KDL DIRNF R ARV T AT
bW O TRy BES D, HEIHAY 2000~4000 m
D EHUTAFAEL, DO RBEICEENDERE 25 TIX
DFETHHENZ D, VT ULRED 6% EIZeDE
T 1AL BT RSS20 A KT, EHOYF T A
R TG IE T, KICETROT VAR RS~ Ry
U AEWVSTE AR ERELZOD, VF Y LRI
LTI BN 5, K HIRMEEICRDUTF U LAEFED,
EEFTOMBBEMICbISZE, RIEREREND
DEBEZTOTNWIE, MBA4 22 &ICE LY
BT T BT DDA K ORGSR EETH
HIERENFE Lo TRY, Ml DR BRI E
Tt AORBNE TN TS, S5, AR KOH
WEEHTHAVZ=EI GRUET) T, VFUAD4E
PE SR [E AT 0 B AR BRI R T TR~ E
WXV E IR A E N E A TE ST, Sustainable
Development Goals (SDGs) OS2 HH ERBE R AL
VF 7 L3 EERAR OBAFE 3RO TV D,

B RV I A N COKERIR Hh DA 7 2 i >
JENZ Gy BRSS9 DB R H R 1 RIS LT 8
WTHY, DAKNEDIF T LEFE~OMEHIZHE B
DEFESTND, LLENRD, VFU AT E T RD
AT R NENT e D A 2 FE SR E KRR
TR IR FIEND, LI=03> THMMHE T Ict s
DSHWEE SR ThALZ B TF U LD A
TAERONTND, TEMITHWONDIEBRIA R
#ICé% tributylphosphate (TBP) I3 tetrachloroferrate(IIT)
7 =% (FeCly) ZNMZHZET Li ORI /B
WHHE T D, Fe(Ill)A A & A P IR FFSE 57
DIZH AR 720 Tl AR L% v LR BE A3 BER
SNDHZENRBETH D, FT4TlL D2EHPA 72X DU
i A A 2 A AN 2 52 8T Fe(IIl) &85 ik &
FAABPA~OIHEIE CELENMESN, 5% D
HEMHFFSITND, o, VTF U LD EFNZH D A EE
IREE R SR EUC, BB O A 2 A5 b
% ETIEMIE BT MR HE S AL D Bh [R] b H 2 SR
FIRLIZR BT o b, IR0 EOERZHFIT
EHENL T B X ORI TR AF T 528120,
A S R 2T R+ 5 Z & TR D BUK AN R B9 5,
SO, HEE O F DEETE I T 5281285 T
YRR —OE K LD T, &R OAHME A~ ELS
fRESND, B 7 b PRI (1,10-7 = F > bl



U, RATAFF VR, RAT 2 — ) ZIRALIEE
X <O LTINS ),

W R 72 ) T ZAEFE DT O L5y Bk
ThHH—J7, FKOVF U LR S B E 2RI S EE
THDOIINT NG T A—MURO (LI THY, A AL
DFEFEMEN I @R EDHTENBRBEAR OB SERKEILT
W5,

TR AL IR BE (DES) 13K FERE G253 5LEW
(HBD) B LUK FE G2 AT o EMEIREGTHTL
THLNDFIR TIRIKDIRAE Y T s, HBD BLUHBA
\Z[E A 7L AIPE SN A C, HBD-HBA B2 %K
FHEE Ry NI — 71T H KT DR LR 5 e B A
itk A ~3, &51Z, HBD BL OV HBA #EEG 357210 T
IS CEDZENDIRT AN BREEFAFI AR L L
TEFEFEBZED TS, ZRETICEE 4 72 HBD-HBA
DFAAADEDIH LI TRY, AHIEEOMRELLT
A A SR S TG 9,

W R, Bl A KO F 7 MAERE TIEEL
THIFS N TS, B A KITIZ F I LEA A%
DELILIZ~ 7 R AREEN TS, VF T LD —fi%
7 A EL THET BN DI, B-U 7 b shfhH Al
EIRAT AU AR RBHHAINZ T B D, W A

T, KBEEF TR LEVF T LREBITAF D
WHECIAET D, VTV 2O WS L Hh A
HSAB HI D& 75>B-?77\~/r7ix®j775>7§1%éw~$§§bb
LT W2, UF UL T R LD BENINEEE725,

TR DAF %X =7y N T DU B IC XL
T, EFOAA L H2—7 NI BB (G2 ) 125
A9 5L, 1234 RO BEA LAY RIE THY, Wik
i &R D BB 2 R T 2 THIBIL TN D, 2024 4
\ZE# DI DES ICXkDikikEfh i &2 H T o B O
EWIZOWTHELE 9, ZOWEH T, s
RIpDEAKMEEZD D DES % AW Ty LA B Ok ih
H &R HO L N S ST, Wi <% pH % L&
DL, gk, VAT RVT A, XAV A, VLR HIHE
NN, BT, XA AOLARIRIIZHESNT
Wz, ZOFEFRIT DES D4y F-a% it CIAMEERME 2l 1H
TELHIEERL TG, JEATHFZETlE, DES ~D4 gk
B OEIRFFEITER & B E S8 I B LeFER
FEALETHY, TIAHVEE-T VB SRR
L7z s BIE7Ru N,

R B OB DR AR A KN D DY F o L
FEDIM REIN TS, TR H 130G 22 ) 7 L AR
[CHAFES VTSRS, S A KIZIZY T AP 2MEL
To~ TRV ARE N TRY, FEMHETIZ T Y A
L= R LDOSEENR KL 2o TWD, FIT, ek
I, WA CIEREES 572V F 0 AOZIRAI 3 BEIZ DOV
T, EROTEEG AR AT R A E U, 5 Fa%s
MNR[FETH Y, MK FEVE CEREEIZE LV I 3 5L 15 it
(DES) IZ& H L, EURDHKEMEDI T T e~ 7 R
L DIREW BT T N2 R U8 L o B
IR o3 E B4, AFRITH W BEEAT ThD
R & L OBER X 2B 2 1R T,

B 2 il LR H OB



2. MIRAE
2.1 RHE&EBE (DES) DiAR

B-PH M ALBE W N )= VE R R E R, &
Bl CoAu T VR VAT B-U Rk
— IR DMEE THLHZ LN ESINTND 9, LTz -T,
B-T I NATAERNK B EC L BT 2 N E2fa T2
ToO R FEREA MG (HBD) L CTE I L7, F72, KFE
MEAEZRTDIEANEH L CWDERAT (AT U REK
FIEAZAIKR(HBA) EL Tl 3524 T DES A7
T HZEIZLT, HBD BLO HBA ZEEAIDE /LR E7RD
ORI — I —IC ANT=DE, T/LIE — X /N2
(80°C) TMBAXHHZLIZ IV L &M% 5e RITIRIES
i, Z0%, IREHETRIESETZ0H, Hii(25°C) T
H 89524 C DES 27,

2-Thenoyltrifluoroacetone (HTTA) , 2-Furoyltrifluoro-
acetone (HFTA) , Benzoyltrifluoroacetone (HBTA), Tri-
butylphosphne Oxide (TBPO), Trioctyl-phosphne Oxide
(TOPO) D4y FHiEZR 3 (TR,
2. 2 DES M5 FE+EE/E R D5

7 — AR AR 53 Y B E (FT-IR, Spectrum Two,
Perkin Elmer) 36 J OMZ M4 3L 0543 6 E (NMR, ECZ
400, JEOL) = k043 F AR B & 53 e ORIl L 72,

FT-IR JIEIZBNWTL, XA Y ECR L R E-
X REFE IOICTAY, 450~4000 e £ TOBEIBRE
A REHRE CBIIL 72, 3'P-NMR JIE 2BV T, Bk
XL CU BB A IRFELL 10%E 70 D3RRI 7- it
W= IEEDPRIE 0~200 ppm TRIELT-, ZOFERIL7-

WRIELANELZ 60 pl Ad, SMEIZ DES F2i3mRL 7= B
— RO HAE 500 pl AHZET NMR HJIERE LTz,

HBD }JL U HBA O H—RO@ A IS L ORI 2L
v — % R 72 A BVE ) E §F (DSC, XDSC-7000 ,
HITACHI) CHIEL7z, DSC JIEIZIBWTIL, 10 mg LT
DOFEHRELLTZ DES &7 M= LS THEFEL, 55
P, 5 K/min OAERHEE TN A G A BRI 72,

R AR XX, Bls e P I EE DS L7, IRG
Ol T i) TREND,

I -y) = =21 )

R \Tmi T

ZIT, xS 1 DFRASE], Ty S 1 O R
FREL, Aphi VST 1 DRl T,,  [KIIZII1T DR~ %
JLE—[kJ mol'], RITXMAEEL[] mol! K'[TH5, AR
F O SLE FHMOIERITIL, y; = 1&B Ve,

B7KPE DES OWMEHER 3 JOERARR L OFH T D L
WL D5 A BAE 232729012, BN
(DFT) #5850 COSMO-RS #%(2X% DES H¢> HBD
BLO HBA DI &ZHEFE L, SLE FHMZ{ERL 72, DFT
FHRICK DA F ORISR L35 L ONE TURBOMOLE
v7.7 (BIOVIA) Zf# [ L 7=, COSMO-RS (2 XM PEHEH
THASNAILEIZEL T BPS6, HEJEBIELEL T def-
TZVP Z MW Gz i b LTz, it T, COSMO-
RS FIEEITY7hy =7 TH% COSMOtherm 2023
(COSMOLogic) {Zd&% DES H1 HBD LU HBA DiF
R OHER A I G LT,

F
by 7l

2-Thenoyltrifluoroacetone  2-Furoyltrifluoroacetone  Benzoyltrifluoroacetone

HFTA

HBTA
(CH32)7CH3

| |
H3C(H2C)3—I|3|—(CH2)3CH3 H30(H2C)7—I|=|‘—(CH2)7CH3

_H
0 0 o
F . _ F S~
F
- s/ i
HTTA
(CH2)3CH3
. O . .
Tributylphosphine Oxide
TBPO

0
Trioctylphosphine Oxide

TOPO

X 3 DES OFFELAE H L7k &b S248EE



2. 3 Rk EER

HBD:HBA %1 EDE/LHTHREIL 7= DES 2 A 15+
ELUTHEH LTz, KFBIE, VF UL, FRIDL, BT L, T
T L, =R LD 1000 ppm AEHEVRHEE 1M
NH4Cl KB ZHWT, SRIEE2 50 ppm @ 0.1 M
NH4Cl KEERE72D IO 72, £DF, 0.1 M HCI
FE, 1 M HNyOH ZHWWTEEAI D pH IZFHEIL 72, K
FHEA M 501 ORRE L CREfSE, IR T 1 h
BECIRG Uiz, BHIRLICEIRE 2 MBS E57-012,
O BERE L2 T 1000 rpm, 1 min TIEODOBEESE-0b,
KPP OERRELF GG T IR0 EE
(ICP-OES) |2 THIE L7z, il =R (%E) ZLL T D X957
N TERL, M EREARHm L 72,

CM,init - CM,eq

%E = 2)

Cum,init

ZIT, Cyinic TRE M O BIBIREE, Cyoql Il
& OKMOEBIREZ R,
2.4 £REORHAR

SEEOR ML, TEOEEDOV VI ZVFULBXL
W =~ 7320 L) OKF) % DES ICHRIIL, &k
AT 1500 rpm TRTERFMEEET 2L THEREE
DES HITiR &7, 1= %, 5000 rpm T 3 43 [l 04y
BEAATO Z & CHEWR D BES W7, DN E R AR T
VRS, KTHRTHIET, BEHOGRIRES
ICP-OES THIEL, v AT 205 DES FHO4 R
ZEM U7z, R MERE IR A (%L), = EHIZRITS
Sy BEAREL (SP)ICKVEETL, BLF O TREL T,

_ CL,M,init B CL,M,eq

[ =

A)L CL,M,init (3)
La/(1-Ly)

Sap=r /01y @

ZIT, Copmic! TEIE M OUIIREE, Cpy oq | TR HITE
DEFOEE M OWREERT,
3. HIRHHR
3. 1 DES DA% & EETi

£k % 74 BN -2 AL 25 o TR Tk 1A @ DES
DR TEDLNERFI LT, B-U b b-o ) — )V H
IRMA IR ZENS HBD L5 iR LIZ, AT

S FAXTRIL -V R LD A A DEIZEY Li ~D 1
[ R A RE T L2208 MONTODILA Y TH D,
A O RERENR A2 FFOZENBIBTERIC
HBA &L TEIK, W NobE s HiR ClEE AR THD,
HBD :LTC HTTA, HBTA #X O HFTA, HBA *LC
TBPO %\ =34 HBD:HBA =2:1, 1:1 OLRDO I
PNHR CHRIAR D DES 3BT 52 &2 RS L, HBD &L
T HTTA, HBTA 5L VHFTA, HBA &L T TOPO % ffi
W24 HBD:HBA = 1:1 DEERO BN IR TR D
DES DR T DI ENfER LT,
3. 2 DES O 4 FREHEEE RO
3. 2. 1 DES OE&FEIKER

HBD/HBA % ® SLE % COSMO-RS (ZXVWHEH L7,
HTTA/TBPO {EA¥FB LY HTTA/TOPO JRA M DHE
RRBIOEAERO SLE MXEZR 4 (ZR7, 4[E
V72 HBA & HBD DR A RITW T 418 COSMO-RS (2
L OHEE ST A B (—) DSEAR 72 %5 8 () &R
LR SR 222 R LTe, 202 8D, HBA BX
O HBD DR A ITED @l T 135y MM BEAEHICK
LZHDTHDHENZ D, LIZ3-> T, HTTA/TBPO,
HTTA/TOPO Di 5 DIREWH DES IZHFHTEHTE
ZRLT-, HTTA/TOPO &G #)1%, HTTA/TBPO {E&
MEOB AR T OGOV NEL o7z, 2, DSC
I E CHIESH7- TOPO 5L TBPO O¥ERh T % /v
E—NEEL TWDHEE2HND, TBPO BLT TOPO
DR ZVE—I%, ZhZ i 10.34, 49.29 kJ/mol
Thb, ZOER = Z e —DEIE, R()ICBW TR
HETICHEGTHEERO—2LLTEEBSND, Z0D
RICEIIT, B 2L —RREWNEE, — &M
T CORAE T ORE I NESLRAE MR H S, TBPO
& TOPO DfEi% th#z95HE, TOPO OIFRL—= /L —
2 TBPO TR TEH LK E N2, TOPO IHIEA W+
TORE R TR/ SN EE X BRD, Z0XH1Z,
W= 2V — O 22 BHNR A W) 00 [ R - 26 Bh 1
WBEH X, WK OEBHERFEMAT TS,
HTTA/TBPO R G ¥ B LUV HTTA/TOPO IRA 41X DES
IS TEDIEZ R LT, HTTA/TBPO AW D
23L D deep”’2 DES ThAHEREI NI,



(a)
340 |
320

300 |

=280
260
240
220

Xrero
=== COSMO-RS = =-|deal

(b)
340 [

=300 + ==
X

=280 |

260
240
220

0 0.2 0.4 0.6 0.8 1
xTDP()
~——COSMO-RS ==-+|deal

[ 4 DES O#E 35 L OFAED SLE #1X(a)HTTA/TBPO & &4, (b)HTTA/TOPO IE4H

3. 2. 2 NMR ZAULV=2FRIMEEEA QT

HBD & HBA D43 /K FEFEAIT OV TNMR BLDY
FT-IR Z MV NTot A iBLE BIRGEEL 72, TOPO, F5&
O HTTA/TOPO(2:1), HBTA/TOPO(2:1), HFTA/TOPO
(2:1)® 3P-NMR Z~<Z/NL%[K 5a 12573, TOPO D
P=0 %® 3'P-NMR v —271% 42.6 ppm ffiTiZv v —7
e — 7 LU CBIIIELT-, HTTA/TOPO Tl 45.9 ppm
f+3f, HBTA/TOPO Tl 44.6 ppm 13, HFTA/TOPO

Tl 46.8 ppm fHTICE — 2703 8liT=, KB REESNEL
L&, P=0 OO BN KL, P OFE T HEEME T I 57
B, P=0 FH KD P O NMR AT MNUTIKRES 7k

T 5, RGN 7 N BIFE, TRUVIKERE G DKL
(@
FiY HFTA/TOPO(2:1)
JAN HTTA/TOPO(2:1)
/\ HBTA/TOPO(2:1)
/A TOPO
50 48 46 44 42 40

ppm

LCWAZEEF# T, HBA LT TBPO Z AW ED
F5 5% TOPO L THWZEA LB IR~ 7~
MENKED -T2, Lo T, TBPO ZHLZAA TS DES DIF
IMEVIRVIKFERE S DI T DI LD RIES T,

TBPO, HTTA $X U HTTA/TBPO(1:1) ® FT-IR A
I MVEE 5b 12T, 1580 em fFITE 1635 m! 43T
\ZIXTHTTA O R 3o C=0 MiEiRENCH k45—
IR TE D, ZIHDOE—271X HTTA/TBPO-DES 15
L OVHTTA/TOPO-DES D4Rk #% 1349 15 cm™ 7 /v —3
ThLiz, 2O =2 D7 ME, HTITA Ox/— /LK
BIFD0 1T WNAKFER S DES TEBICIH KR LT=28%
IRIZLTWA,

(b)
g — \,// |
N— — i 7_//
1700 1650 1600 1550 1500
cm-?
—TOPO —HTTA HTTA/TOPO(1:1)

X 5 (a) *'P-NMR 3 £ O\(b) FT-IR % H\\7= DES (Z31F % HBD-HBA [ D%y -0 A 1EF R



3. 3 Kk

Bk DES %V 7= Li, Na, K, Mg, Ca O
Bk % 1T - 7=, HTTA/TOPO , HFTA/TOPO £ X O}
HBTA/TOPO % M\ =448 O HNIZ X IFE 97K FH pH
DOIFMEER 6 12779, HBA % TBPO L T/HW =
4@ DES 1% pH @ EHEEHIZE RO EIT EH-
L, fiH %1% Mg = Ca>Li>>Na>K Th-7-, HBA
% TOPO LU CTHWW=354 @ DES IX pH @ ERH-LEH1C
FaBoft R ERL, it F8)IE Mg = Ca>Li>>
Na >K Th o7z, MDA F 2 ThD Ca, Mg IEHhiHH
FHIMRENWZEDRER, SBIZ, —DBA4 2 Thd
Li, Na, K D95, AF L 2DVNSW Li AcbiiiEi
TN EIIRENT, B-U T R ERAT 4 AT VR
e 2 N ENL R 1TV, HSAB HI CIIBi T IL (2 /03 E S
ND, 7BV 4JE T VY L FEA B I XA B 3 i<
TEVERIZ S NDT20, BB T EBFPED m
ETERWHH A RLIZEB 2 HNA,

HBA &L T TBPO %\, HBD ZZ({LESE7-84,
4B ORI F A B L O BRI R EREIL RS
N7ehy-7-, [EEIC, HBA £L T TOPO % VT HBD
ZEASETSGED, &eBofhit 7y L O
IR ERBLIF RN/ -7z, HBD &L CTE# LD
Ripp7vFEER p U2, HBA ELTT L%
NEEDFIRBIRAT 4 AT R &2 W0, IR
F#Tl% HBD BL W HBA OWTFhE2 SR T, %4
& @O 3 LU BRI R E R MIT R ok
DoTz, FT, pH2Y 6 LLETIX, Mg O HI A3 100%,
Li OffiHH =R 23K 80%I T DI ENVRS T, Mg 3 Li
ORIV E NI END, IR R TIL Li 2341
FIZHH N T e EETHLZ LRSI,

0 2 4 6 8
PHeq

X 6 #5480 ZIEd/KF pH O
(a)HTTA/TOPO. (b)HFTA/TOPO, (c)HBTA/TOPO

3. 4 ERIEDFHAER

DES # HWimeRE ORMAREZITo 2,
HFTA/TBPO-DES, HTTA/TBPO-DES, HBTA/TBPO-
DES (Z&AV =V TF U LB IO =~ R T A
J\IKFn# DR % &K 7 1279, HBA % TBPO L
CTHV /= HBD:HBA = 1:1 ® DES # A=z H5h %%
ARLTCHY, HTTA/TBPO(1:1) TiX Li, Mg DR HHER
F OV BER BN Z T 93 %, 51 %EBLON12.7 THY,
HFTA/TBPO (1:1) TiZ Li, Mg D2 HERBI OB
BNZENZI 81%, 90%F L 1N0.5 THY, HBTA/TBPO
(1:1) Ti& Li, Mg DR BB IOSEHREDZNE
67%FB LN 1.0 THD, Li DiZH L HTTA/TBPO(1:
1) >HFTA/TBPO(1:1) >HBTA/TBPO(1:1) T&HY, Li
DOERMED L HTTA/TBPO(1:1) > HBTA/TBPO



(1:1) > HFTA/TBPO(1:1) TH-7- (X 7a), HBA %
TBPO &L TV /= HBD:HBA =2:1 ® DES %\ /=
2 H%h#1X, HTTA/TBPO T Li, Mg DR HEBI W)
STEEREE N TN T 89%, 5ST% B LN 6.1 THY,
HFTA/TBPO Ti& Li, Mg Diz H=R3B J OV BER BN T
NEI 80%, 93%IB LT 0.3 THY, HBTA/TBPO Tl
Li, Mg DR 3B LUV BHRED EE I 63%, 90%
BEO 02 THo7, Li ®RHFE X HTTA/TBPO >
HFTA/TBPO > HBTA/TBPO T&HY, Li OERIMED 51
I3 HTTA/TBPO > HFTA/TBPO > HBTA/TBPO Th-7=
(K 7b), HBA % TOPO *L CH\ /= HBD:HBA =2:1
® DES #AV=2 HZ=I12o>\\Ti, HTTA/TOPO T
I% Li, Mg DRHFBIODEHRENSENE I 83%,
55%3 L0 4.0 THY, HFTA/TOPO Tix Li, Mg D2
BEIOSDBEHMRENSZNEN 81%BLD 1.0 THY,
HBTA/TOPO Ti Li, Mg D2 =R B L Oy A% A
ENEI 69%, 75%F LN 0.8 THD, Li DizHFRIX
HTTA/TOPO > HFTA/TOPO > HBTA/TOPO T&WY, Li
B R 1 o ¥ 1Z HTTA/TBPO > HFTA/TBPO >
HBTA/TBPO Té-7-, HBA % TOPO LL CHWZHE,
HBA % TBPO L CTHWZEE IVLRHER L >,
HBA &L T TBPO #M\\/=¥;45, HBD:HBA=1:1 ®
DES |X HBD:HBA =2:1 ® DES X0t Li iR HREBX
ONZ R IRPEDMBAL CWD T ENRENTZ, 47 Tk
A DS OF1X, HFTA/TBPO > HTTA/TBPO >
HBTA/TBPO &720), 58 VKERE A Z K AT HE ThH 1L
AW XERNEFE D3R ME R A3 D, BRMEEE SIS 513
& DES HO7 B b AR L0372, B D pH 235
DUIZEEZ DD, ZORER, pH MEWHR T R
DRBETHEELL TR MAMELZE TR ED 57
R <720, VA4 v e R E LS E 090,
FRPEFE 2N E Li, Mg DE L LG LSS TLEI 0,
TR 3 O Mg DMEESERIC DES ETRVEEIRTE A
179728, HFTA/TBPO (1: 1) 1Z Mg D= i E 0N @&
ExHb, £T- HBD OLHEEHMIELHE Mg 235D
RHENZA, 2t HBD O A IS EHZLick
DERTEFE SHEINL, Mg BEVIRHEShEB 265,
T, BREEL U~ 3oy L) UK Ef L
TEY, BB > TRPIOKPMEHENDZERE RS
%, DES \ZKRZWRMLTESG A, DTN CBEICR s,
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Summary

In lithium production from salt lake brine, the separation of lithium from abundant alkali and alkaline earth
metals is a decisive factor in the success of the process. Solvent extraction is one of the industrially viable
techniques for rapid metal separation; however, conventional extraction systems struggle with the separation of
lithium and magnesium. In response to this challenge, the authors have proposed a lithium separation method
based on solid-liquid extraction. By employing appropriately molecularly designed deep eutectic solvents (DES)
for the poorly water-soluble phosphate salts of lithium and magnesium, it becomes possible to selectively extract
lithium from mixed salts. DESs, which are mixtures of hydrogen bond donors (HBDs) and hydrogen bond
acceptors (HBAs), have gained attention as third-generation solvents that can serve as alternatives to water and
organic solvents. This study investigates the effect of DES molecular structure on the mutual separation of lithium
and magnesium. DESs were prepared using various fS-diketone compounds as HBDs and alkylphosphine oxides
as HBAs. The *'P nuclear magnetic resonance spectra confirmed that the intermolecular interactions between HBD
and HBA vary depending on the Brensted acidity of the HBD. Among the p-diketones, the strength of
intermolecular interactions with the HBA followed the order: furyl > thenoyl > benzyl substituents.

In liquid-liquid extraction tests using aqueous solutions containing lithium and magnesium, divalent metal ions
such as magnesium were preferentially extracted depending on the pH of the aqueous phase, making selective
lithium extraction challenging. On the other hand, when phosphate salts of each metal were directly contacted with
the DES for solid-phase extraction, it was found that DESs containing S-diketones with thenoyl groups enabled
preferential dissolution of lithium over magnesium. These results highlight that, in addition to the cooperative
effect of f-diketones and phosphine oxides, substituent design plays a crucial role in enhancing lithium/magnesium

separation performance.



