T AR 30 kAR /i Ap 5
Liquid/liquid Extraction:of Proteins Using an

lonic Liquid

By oA imEg

hERE A s L

PEARAY e £



Bt B R R B9 FURAR /i dp 5B

Liquid/liquid Extraction of Proteins Using an

lonic Liquid
Frd Mk Student : Jin-Chu Chen
hERR A gL Advisor : Dr. Tiing Yu

R+ F
)%?ﬂ%‘f/p;z);ﬁ—
oL@

A Thesis
Submitted to Institute of Applied Chemistry
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master of Science
in

Applied Chemistry

June 2005
Hsinchu, Taiwan, Republic of China.

P EARA e &



Bt B R R B9 FURAR /i dp 5B

B4 Mg R & b

7R 33 %4 (Room Temperature lonic Liquids, RTILS ) d »t#&
TREBRECBETRE MEFREBABLIMBERARDCEEFEN
?fry N;}’f gﬂhﬁl)%/&mx;ﬂ"‘ ’ 'j;ll"ﬂ‘pi-/g,“)‘ uF bﬁ/pé‘fﬂmp 1«::}4— ’

FAE TIPS E A - 2 SRR R

E |

!

LG RMEHAT T RRB RS X T EV BT I o R MRS
2 FRRAL L B

O FenBH it a2 H it E2 A - Bpy ER
Fo @It > JRdp, iRADF B B d0 Fendv s ¢ SR kAR A
WA E PR BA e AT P OB ;ﬁd’% KA e pH & -
B0 A aokiziw 2 o pho fip(ethyl acetate)frag S %48 [Comim][PFq]
R LR A D B A F b KB o Ap N IL AT ) B G A A R
Pore FB o Fon AR pH EPER B F B3 43 iR iApAe > & pH

B g PR E v X Bew Rk Ap o MimfE d F C (cytochrome ¢) & & >



G pH2T7 7 % 2 FP i r 5 R lAp Y A pHIL e 2305 »
FPew |-k K Ap ek 3-v (myoglobin) B & pH 5 pFa = > F B> 2 &
LR e 5B hpH 13 F » 5554 £ 50 % ; PiaEPi s A
(ribonuclease A) . pH 2 FF 5B % 60% » & o 5B A pH 11 ¥ 2
B B kR AR o SR 2 o B s F o FBE T e 5 f Ap

F oo SR AR SR AR FBRAA T R Y0 i Tehh i 2 kg &



Liquid/Liquid Extraction of Proteins Using an

lonic Liquid

Student : Jin-Chu Chen Advisor : Tiing Yu

Institute of Applied Chemistry

National Chiao Tung University
Abstract

Due to their unique physicochemical properties, such as high polar,
high conductivity, no detectable ,vapor and relatively high thermal
stability, ionic liquids(ILs) continue to-attract wide research interests on
the capability for replacing traditional volatile organic compounds
(VOC:s), including in the applications-of liquid/liquid extraction, organic
synthesis and inorganic catalysis. Imaddition, ILs are relatively safer than
VOCs and recyclable, so they are regarded as green solvents.

Protein purification is an important task in biochemistry and
biotechnology. Traditionally, two liquid/liquid extraction techniques, i.e.
two-phase aqueous polymer and reverse micelle systems, have been used
for protein purification and enrichment. In this study, we explore that
protein can be transported between aqueous solutions and a mixture of
ethyl acetate and ionic liquid [Csmim][PFs] by manipulation of pH.
Proteins can be extracted from one aqueous solution at low pH into IL
phases and back-extracted to another aqueous solution at high pH. For

example, the forward extraction of cytochrome ¢ molecules reaches to an



almost quantitative completion at pH 2.7 and back-extracted to an
aqueous solution at pH 11. Myoglobin can be completely extracted at pH
5, but the recovery is only about 50 % at pH 13. As for ribonuclease A,
the forward extraction reaches ~60 % at pH 2 while the recovery reaches
to quantitative completion at pH 11. Both the forward and backward
processes are found reaching equilibrium in very short time. Therefore,
this technique may be applied in purification and enrichment of proteins

and thus extends a new field for the application of ILs.
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Fo S50 g A4 Fpl3-0 FCDEMRY - st d i
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PRI f e R LT RS L bl BT B TR

‘1\

CDk 3 Blfr= &5 H ¥4 » {1 % least-squares-based methods 2 H
BBl RS - w RS et HRCDEFRIE 0 R T eh
S BB T ARk
CD3E# 7 180 nm—250 nmefig % ¢ £ % ¥ LZ Jov Fehs- B3
#5250 nm—350 nme ¥ oF R F BT R v Fehz R ¥
PFRMER RGP D BB E DRy §H LR

o BCDEF™ E 2R 3

AAEY Y 5 B F 0 UVAVESSE R 8 kb2 A5 Ap

§OHEA kKA 30 FA S A AT B LT AL RE -
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3-1 #%

3-1-1 &% [C,mim][PFq] 2. % 5

1-chlorobutane, 99%, C4HyCl, GR grade (Janssen Chimica, USA)
1-methylimidazole, 99%, C4H¢N,, GR grade (Acros, USA)

Ethyl Acetate, CH;COOC,Hs, HPLC/spectro grade (Mallinckrodt, USA)
Potassium hexafluorophosphate, 99%, KPF¢, GR grade (Showa, Japan)
Magnesium sulfate anhydrous, 99%, MgSO,, GR grade (Showa, Japan)

3-1-2 pe % Buffer solution =7:& 3|

Hydrochloric Acid, HCI, GR grade (Showa; Japan)

Potassium chloride, KCI, GR grade (Riedel-de Haén, Germany)
Glycine, C,HsNO,, GR grade (Riedel-de-Haén, Germany)

Citric Acid, 100%, HOC(COOH)(CH,COOH), (Anhydrous, Powder),
ACS grade (J.T.Baker, USA)

Sodium Citrate, 99.6%, HOC(COONa)(CH,COONa),-2H,0, ACS grade
(J.T.Baker, USA)

Acetic Acid, CH;COOH, HPLC/spectro grade (Mallinckrodt, USA)
Sodium acetate, 98.5%, CH;COONa, GR grade (Showa, Japan)

Sodium dihydrogenphosphate anhydrous, 98.0%, NaH,PO,, GR grade
(Showa, Japan)

Tris(hydroxymethyl) aminomethane, (HOCH,);CNH,, ACS grade
(TEDIA, USA)

Sodium hydrogen carbonate, 99.5%, NaHCOs3, GR grade (Showa, Japan)
Sodium hydroxide, 96%, NaOH, GR grade (Showa, Japan)

16



3-1-3 F-v B A+

Cytochrome ¢ from Horst Heart, M.W. 12361, 97% (SIGMA, USA)
Myoglobin from equine skeletal muscle, M.W. 16952, 95-100% (SIGMA,
USA)

Ribonuclease A from Bovine Pancreas, M.W. 13700, 90% (SIGMA,USA)

F % ¢ orid * gk i Milipore Milli-Q (Bedford, MA, USA) #7%: 2

_i%’ﬁ‘_.'_j.yj(o

32 R E

() F £ 3= % (Bruker-DRX-300MHzNMR )

(2)fa %k & 3+ Microprocessor pH Meter SP-2200 ( Suntex )

(3)% ¢k k-7 R &k ik UV-Visible Spectrophotometer, Hewlett
Packard 8453 ( Waldronn, Germany )

(4)¥ k& k3 &% Fluorescence Spectrophotometer, Hitachi F-4500

( Tokyo, Japan )

(5)F12;= 4p ¢ 4 %k k¥ % Circular Dichroism Spectrometer, Aviv
Model 62ADS ( Lakewood, N.J.)

(6)% it e 4p & 47§ +1:d Polymer Laboratories % i 7 PLRP-S >
300A > 15um >t Reversed phase column » # % 3-v i f722 2§

(¥ & FF ¥ & £41 % LabGrad #_d Lab Alliance = 7 # g >

i
™

Series Il pump > B 5 ¥ e fad4p o= i & H R

17



—? I%E ?ﬁ'— %;Pr—

3-3-1 £ & IL [Cymim][PF]

1. 203 £ 2 I-chlorobutane fr%* 3 2 $c:rr [-methylimidazole

UK F ¥ 1250 ml FlRESL ? TR & A4 X 3
80°C » #§ 24~48 /] P& » B |2 =& ¢ ZbAR R 7 RE

1-butyl-3-methylimidazolium chloride, [Cymim]Cl o
2. 4vx 50ml 2 pho frieiE st R ke B~ AR iR ’E"t",—r)éi
i i

o

4

3. 2~ 0.3 & B KPFg+4r » 150ml 2 3k @ » e T =% 2%

4. #rri8 &5 F ALK Rl » g KPFg i3k cEdr @ > niokip ®
FI* B F RIS 30 A4 E T R 30 A4 -

5. IS o B HOR kBT e M3 A RIEERE BoR R B | 4
S ST T TR S R SRS LR

6. #-1 R-RZAREINE 0 4 ?\Hﬁ&i%xﬁﬁ‘f Koo R R TRk
Hath “f fe e fig > 7 (s ¥ I 5 1-butyl-3-methyl imidazolium
hexafluorophosphate, [Cymim][PFq] °

7. L4 7 A BB 0 B Ar 44 ANMR % X(B1)-

18



3-3-2 mfed F crwBE B EB
1. peflg #3 % :
0.2M KC1/0.2M HCI # fz pH # [ 1.0-2.1
0.1M Glycine / 0.2M HCI 3 e pH 4 & 2.2-3.5
0.1M CH3;COOH / 0.1M CH3COONa 3# fiz pH 4 [ 3.6-5.0
0.1M Citric acid / 0.IM Sodium citrate % iz pH # & 5.1-6.0
0.1M Tris(hydroxymethyl)-aminomethane / 0.1M HCl 3 fie pH #
&l 7.0-9.0
0.05M NaHCOs / 0.IM NaOH 3# fiz pH 4 [ 10.0-11.0
0.2M NaOH /0.2M KCI #f2 pH #=B 12.0-13.0
2. ;e pH # B 1.0-9.0 & 200 ppm w2 ¢ % c Kinik o RE
UV-Visible Bz k3 ~ e kp~CD L > pLRwmed 2 ¢ 47
#i

B

4

3. & w

(a) #-pH #F 11.0-1.0 57200 ppm ‘% ¢ % c kiR~ S P4

ml £ 7 3 1 ml [Cymim][PF¢]f=2 ml ¢ k2 figeig #8440 % »

20ml e &dg? P M EFELERE 105 RERFE 10 4 480F

Fa R ts o kAR R R b R 2 e gt ekl I
BRERELLF CREPERFFHEPF I -

(b) €& 1 @& % ez (Standard Addition) - B~ & ki3

R E 03ml3r T B &EILP fz‘&ﬁﬁl&%n 0-~0.15~0.3~0.45 ~
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0.6 ml }* #% & pH & 51200 ppm s & F c ki3 iR £ 2304F
#3 3ml> & Fp|E UV-visible B Jc & > pH1.7 72 F k3 7%
P~ 396 nm( %] 5 acid- denatured state)’ 2 v pH -k /% /% B~ 409
nm FEjTiE o AR S RN E R el kR S 5P
& oo
(a) B pH 2.7 =7 200 ppm m*2 ¢ % ¢ -Ki37% 4 ml &2 1ml

[Csmim][PF¢] fv2 ml ¢ fae fig 03 #8549 & 20 ml $% 5557

AR E 104 #5 10 24 FA K %t g kp# 4

£ 4er dmlpH # Bl 2.7-12.0. 90k 3 R 1 2 £ kR & 10 F)

bt

/

FAFE 10~ BEFARE Y LR R R R e i

&
h—x

K o I H-F o Z B e K% e i3 Desalting column (HiTrap,
column volume: 5 ml, void volume: 1.5 ml){$ » &7 &3 & 7 o
gt BRI ] )R VP RE PR F v 35D

(b) TR @R * AFE ez > B RokiBR E 03 ml e T
% &¥g e fﬁ}—?},"]? v 0~0.15~03~045~0.6ml } $& % pH
@200 ppm e d Focokipik o £ 2RI 3ml B F
Pl £ UV-visible = fck3# » B~ & /K% 7% 409 nm ez i@ » 1Y

MpmF Aty Aol kR o BEF e EBF o

20



333 MLz ded I b B E b BB

1. $®3% 403-3-2 #1ik > e pH2 2222 Glycine/HCI fe i -

2. &P 8mg e 36 3 3 pH #F 1.0-9.0 020 ml ki3 i ®
d 3 A pH4.0-70 Bovizded 3 5 2 2AFE FMV % R0 RIEL
DR o Bl ki3 UV-Visible By 3 ~ % sk k2 « CD k2§ » i
Faviofeo AT R

3. & B

(a) % it F2 P A0 e i 30 KRR A NP 4ml & 5
1 ml [Cymim][PF¢]fr 2 ml ¢ fae figes #8495 > 20 ml #& &
FEP oo M s EER L N0F 0 R EZEFE 10 lv\ﬁ/g_/}g A
Ris o P R J\’fﬂ)ﬁ@i”ﬂ’-—g/] TriE A 2 o

(b) =& 3 /2 ¢ @ * %;‘Fvigifjtﬁyé » Bt R okiBi: 03 mli r T
Bt &9z v o 1&)3;‘,9124\1 0~0.15-0.3~045~0.6ml } # & pH
el dee KRR F2{HFRLI 3 ml RFRE
UV-visible &4z & » pH 3 12 T -k 3 7% B~ 370 nm (%] 2 acid-
denatured state) » H T pH /K3 % B~ 409 nm e T @ > Y
AP Fe NS Al kR BE B o

4. F & Z B

(2) BH 2 2 ¢ pedilin pH 5 sl Fov ki3 4 ml 2 Iml
[Csmim][PF¢] fr2ml ¢ fh2 fig 95 #4p 20 ml % 555 7
A REI0F) #8102 855~k %2 B p# a4

21



£ 4> 4 ml pH #F 50-13.0 gvkiaiz £ L0 LR &
10F»REZEFE 1048 FA K B kpkR ik
i beiF R 2 o X MK 5 F P00k 3 % i i Desalting
column {$ » &7 K3F L 47 o

(b) =& 3 i * %,E:—i%if]%%t;‘é » B ROk R E 03ml e r T
3= A S fi&}-?»;‘,”ltﬁ 0~0.15~0.3~0.45~0.6 ml #* ¥ & pH
ot Fod kB R £ 23R 3 ml BFRE
UV-visible % qzk 3 » B~ £ /K73 % 409 nm s T i@ > 1A

i ﬁ?—' B A ER > IHEFE B FEF o

3-3-4  PBEPIHREE A D R w5 B
L % @3 % 40 3-3-2 “ridos BopH245 1L Glycine/HCl fie gl -

UV-Visible w28 ~ & & %33 « CD &3 » LR P Pipeps A £

A

(I

B

%

&

(U]
=

#pH 4§ & 1.0-5.0 92200 ppm Pi#EPiELfs A -Ki% ik & B[P~ 4 ml
273 1 ml[Cimim][PF¢]fr2ml ¢ f&e figchy #54p > 20 ml $%
LY o A RELRRE 104 RERFE 10 ~&EFA K

F R okApik B 14 HPLC A 4720 o
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P~ pH 2 &7 200 ppm ¥ #EFipps A k3R 4 ml &1 ml
[Csmim][PF¢] f-2 ml ¢ 2 fig 05 %40 20 ml % 5517 45 &

REL0F)  #5 10 ~&FEFA K # R KB4 L4~ 4

%“

Sk

mlpH $# 8 2.0-13.0 5vkipip £ A0 % %R E 10400 4
B 10 A& F A K 180 K ok4pk R HPLC A 452 o 385 w

Pk 3 % i i Desalting column 78 0 38 (7 6 23 A 47 o

3-3-5 kiR BMAERH R TEBav

AFe b pH E2 KCIEAS S Z0EM-02M-04M-0.6M -
0.8 M~ 1 M chim?®s & % cx vuledd 2 PP BEF A K3k 4534

Kiair Y BEE R0 T EBESEE

3-3-6 kI e s Ao

B~ pH 2.7 ¢ 200 ppm m? ¢ % ¢ k2% 4 ml &2 1 ml
[Camim][PFs] fe2ml & fiee fiy 0 $54p &20 ml i 5ig? # k2 &
10 Fj-# 3 10 = &878 5~ K (s 8-+ K -KAp# 40 £ & B4 » 0.5 ml>
Iml~2ml v pH Il kB RMEHFEERE0F > REXZFE 104

GG K1 1 R kARRAR R R AR R 2 0 R w T e
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3-3-7 ff IL e 7

o B b2 [Comim] (PR {42 4p i 507 (% = )@ 4e kR A
L] % 2000 ppm~4000 ppm~6000 ppm~8000 ppm £ tetrabutylammonium
bromide (TBAB)#i#t IL et 5 > 10 B2 IL iy 5B~ 39 B ¥y d *+H

P i i ag ool VP e Rag g s

24



Ny = 2L by 21 2/
rEx SR EEH

7

— B4 A 8 en[Cumim][PFe]i3 fRimve ¢ % o B A

Qe
p
o
o
N
¥
E
g:rn
3
EO
5
3
E
-M
"
&
of\
Q,',
2yl
o
i
oo
"
B
\

[C,mim][PFq] ¥ 4c » &4 %] » BB Ae 2z B g 7 fepr > v §

B4 [Cymim][PFq]4p t ™ pHE - KA R L w5 Bm?2 ¢ % ¢ (B- a—>

b) e
PR do W= AR 0 et G pH 3PEF B RAH 0 LA
pH 2 2 &P 5B x AT > 2w pH 1.7 X RE 3|8
100%% B~ o 'm® & % c 3 35k -9 (globular protein)sh— f& > ¥ &
M pH BT AL BEE A E S 43 o "B 3k” i (Molten Globule state)
A H e pH2 P e PRk il - LT AR fren @I e A B
RRNA TGS o d WA~ WA UV/Vis Bl 22 e 4p

v B AR %Y * HCI/KCl #rfie W enpH 2 e ¢ % c-ki

/

o5
¥

7

FEF e B IR AL o B IRAPF > w2 d % ¢ P heme 1 Fe 35 fie i
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% 3R mixed spin (both high spin and low spin) > F]#* UV/Vis = J ] ¥
B RAEEBREELE TR c ApH2 2+ 3 M EB R 7l 44

FRIT AL B B TR IRER L G - Bk POu o R RA ST A6 R

7}4'&% gé Y %ﬁi‘p‘él},n ]\»} "'_r’[C4l'nln'l][PF6]*El7‘?‘37 v A _@177 ;ﬂ%’ B
(8- B e g o B A& S8 m > * Glycine/HCl #rpe @l

HpH2 med  ckipRANFER2DEEH FIL AL BRH T L
M ER IR o

B RERY SR FPEFRERFORE SRR i
EREN0fE* BT 1 FrorE B enE B F AT (B ) 0 o7
P FOPiB AR A (- BT e

¥ ante & F ¢ pEEeE o [Comim][PEglp (B b)is > 1% k3
QESY SN
G BRAE R ERES PR BFELT R S d K oo

-

BB e d % ¢ L[Cymim][PE A2 AR T 2 2 ® 1

& pH 7 -kiai%" 24 pH 2.7 % P-:i& » [Cymim][PF¢]4p » 7 UV/Vis
STl R T g mie d R oo it A BB R P HUV/Vis Bl
7 xS LR o7 Hd W [Cymim][PF]$t3tdmre ¢ % c ey Lk 2 CD
FF AT PR HEI e d & ¢ &[Cymim][PF]

TR TR S

4-12 F % EB~

_&L/,E%;]..L_ r:'l—i-—/-‘]: 5 l"‘i‘pH3_47 Fm&mﬂgg -% C\'@—v»]f&_:%:i_ ia-é‘: )
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pH4-9 2 B R E_ M + 2 > 518 2 pH 10 12+ F 5] 8 100%:hw

¢ -k % it 1L iF Desalting column {5 (3 % -k i3
i% ¢ [Cymim][PFs]fre fac fadtesen® ) kA 45 - B+ = &

kkFd v g opH 1 ehimie & & c-Rig R d 3% 3k Tryptophan

pore g chgmm M ss ¥ kg R m U pH 1L E ¥ bt & F cokin
R AE B pH2.7 ~ R4sfe pH7 ihimie & % c K3 ¥ ki g %

42-1 1w EE

BE 4Bt w Aty o Muinded A pHS T R AT 100 %3
Be s KL T e UV/Vis S fc k37 8 409vie 3od b pH3 2T o
W ERE s ERFM B ¢ pH2 % 3 7% £.d Glycine/HCI

#9724 fie > dofg 412 KCI/HCL 3 fie pH 2 e @73 % B3 E B F 7 5%

1:>

2 50% REIT L Gt ded ¢ Bk G o AR PHET S §

27



REBRIEE S ke BB E ok .
¥ oobe 1% UV/Vis s fo #psoi boo $8ie ~ ILAp 15 4

2 AL KRB ¢ 7 F 409 nm gtk E | shift > 7 R

A 1280 nm % 500 nm & R aE w7 shift PI % > R F]F & IL o0

BRI G M o

4-2-2 F o 3B~

et = rm o i den A pH 5 3 12 chw e Ap g X0 B0
pH 13 ehw fe & 2 3] 50 % Rl * & w ek F]¥ o 297t v 4
RGP o 2 R B RE R FlE i R KA RE T

ARl & R ts > THERAE TS W gt R R TR
A0 BEOT AUl B - TR AN B R A E e R PR3 R
Fre KCURRASE 1T M2 2 My L3 4k v P50 1
T m sk o B-F F P anpH 13 -Ki3 % i iF Desalting column {&

kAT SR T Y Rk (B N )E CD 2H (B L1 )%E A

A0 B Aot bed ANE P E S EARE ) 2 MR L AUk
4-3 FE PP REPIRLEF A

B

4

43-1 %
B% oMo LT PEPIART A pH3 I pH2 BE B % A 45

SRR 100 %P0 BpH 1 F5F 4 54 60
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% o $1%* HCI/KCl fie 8] pH 2 e i3 iR 18 (7 5 Bopl38 > P IR 5 B

Pl o S B ET A A TRREATR O FIG PP A 7R

4-3-2 F b E B
IS L= ST POBPIILEF A CPH 3 BT T MRS

kAp® o B0 pH 13 ehw Je X K 5 60 % 0 & 7 7 0L EL B E B

BPLEE A 230w e D ok o s X X (RIS L )2 CD X (W

L)V EEN > WA pH 10 B A4e o PIRETIELEF A kg A 2

4-4 kiR B R H L eI Bk

’ .\;——

PR REL kAR BAEE A 0 #0 ] IL 1 % F B
BAN* & opcre 5P Fed - R G i jEocls( screening
P FEP B -t 2R pHET > 2 F KCLER
$Hrme d Z ol FnP BT @i KCLE R ARG » 5 B FAX
BAKARY RN med & canF g g RO R D B
pH 1 ch# 8 52 A pH2.7 > B Fla pH1 B KClER AR »

¢ % ¢ Wibpbrd R ERAESBEE (d Bl- T UV/Vis £3%

2 5 k3R KCLERE T E P o oo d B %7 K37
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)

s vy L g 2 ¢ ’ [P = ) ¢ ’ ,
Ry oo ¥ 3 g RE I hv cnZ B F g d ANl Fod g

+
g3

FRRBRF B L= 5 apH2 7k KCLERH PR A
FPpPanids  FRAEKCI0IM T & ¥ B2c% » £ 7 KCl 05 &

P OEE b AR PREPI AR A hE B o

4-5 REgE F wmeed oo

bR A S 2 4 8 B0 BRAeAT 0 EHER
AR A w T S OpHARIR b 0 B L RSB BAR A e 2 AT RoAp AR & AR
oo g IL AP b B3GR R w YT F K o 7

gm0 ILF 5 AL e A

4-6 g IL 4

EETYRR26IMEZ A ER A BAPRSOF L FER > §
10-undecen-1-ol # i+ TBAB * Bapk AAER 5 - £2 K 2 £ 2 F
BARE A et A%dF > UEHRBIL i B2 %2282 22 KB
kg2 IL Apendd A 1 & R P17 v 5 IL BT W sdg et 2 Bagon

P o

Ao B B - pH 5 vl Fov kAR B D T R 5 A K

N AR e S 7S 5 NN . I RN Sl o0 S

G
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2 IL [Cymim][PFe]4p3T (% =) » Flt & 7 fRi4e 7 I 0k & <7 TBAB
53 3> TBAB ek B AX B » $3090ir 3o chE Bk 4847 > 4o i v
#77% > § 7 *c TBAB ik & 7] 8000 ppm % > 5 5S35 4c 7 15% = o 12
FREVREIL f FBF0 B VGl N H g 1T R ok

R P st SR o
4-7 IL ¥ P Fov s

FepE L RAR e IL Bk Bena i3 s o 08 gy e
FhFL g R MEARSE o 10 E CRGR REpH, B AR A PF > SR RL s T TR
TAXS (Bl L A2 Bl- LS4 ) A ERER G Flie PR 5 iRl
Fet i pH B EERE T B IL 2 s § #Twsl4 a ke
A IL ¥ o pkFEy ¢ o IR P £ 0 Fe i
pH & FF & JLf5s et § 4% F] L4k [Cymim][PFe]sht4 42+, PRy, d »*
#FresldmEI LAY F ettt T e 5 P~chpH B8 F > 39
Fente T P o T2 PR T 4 H 5 k9 Th
BALTE D KA Y o gt By 2 R[20)[61]474k 2 hfEf4p {3 o ILs

S E ol U e . S s s T A
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.
YN~

-
-
3\

t%":

a3 A A1 [Cmim][PFe] 3 (75 5~ > J5d 345k i% i <o pH
B0 v Har okipiR 2o fhe figfo[Cymim][PF]enR & F B ig (7 ¢

wEE e B THERFKRFY AN pH BY § £ BB T TR

§ira!
T

1
)
r ~
=
N]
IRy
r ~
1=
o
an
i
"
=
RS
’”‘ﬁ

REPIR G 4 o

Forbo AR ERRIET RBRY KCIL# 3y TR T d 3
%7 avo kiR Y KOl $Himiedigc 2 POBPIRLES A T3 i ot
fm B30 B enE B & FRPEREN R G 0 Bl E T I
A5 A 4 o gtrh s E R A T ARAE A A S 45 55 TBAB 2 i IL 0l

T % TBAB R RAXZ » oo EP- S A%< » Kon IL i 5P~ 3

Fd M HIT MR RS Z B aF o

7N~

IAREPSEILE L FEIL L BT e 4 iR o g
B hogon Fenpnok i s v B IL@end o ivr 4 5% ¢ i
TEBIL F 539 FenFld o 0 adp /R AP F Bt 357 & %0

B0 frend it 2 k&0 ¥ ¥ B AR ILs ATER Y ATE o
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Z — ~Hpd 3 $HAL 1440 Tonic Liquids % ghehgs 58 °

Salt M. p.| C]
NaCl 803

KCl T
' <\ R = R'=methyl ([MMIM]CI)k 125
NON_ [ R=methyl. R'=cthyl (EMIMICI) 87

R K R — methyl, R' = n-butyl ([BMIM|CI) 65

[a] MMIM = 1.3-dimethylimidazolium.

%= S A4S B4 ) 5 Tonic Liquids 58k g 58 °

Imidazolium salt M. p. [ C] Rel.
[EMIM]|CI 87 [6c]
|[EMIM|NO, 55 [14]
|[EMIM |NO; 38 [14]
|[EMIM JAICI, 7 [40]
[EMIM|BF, plal [17d]
[EMIM|CF;S0, -9 [16a]
[EMIM]|CF,CO, - 14 [16a]

|a] Glass transition.
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Fw ~ 7P 7 FTBABK B #3090 v Z Bt 38

TBAB = [tetrabutylammonium bromide]

Extraction efficiency
[TBAB] added _
increased (%)
2000 ppm 6.6
4000 ppm 9.8
6000 ppm 11.5
8000 ppm 15.1

23 kMR T Wi d o

Backward | Concentration | Theoretical | Experimental | Recovery
Extraction Factor Value (ppm) | Value (ppm) (%)
volume
2 2 400 382 95.5
1 4 800 722 90.2
0.5 8 1600 1321 82.6
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(A)

low pH high pH
Aqueous phase

—

Mixture of Ethyl Acetate | Forward
and [Cymim][PFg] Extraction

—

Backward | - Mixture of Ethyl Acetate
Extraction and [C,mim][PFe]

. o
(@) (b) (©)

(B)

(@) (b) (©)

B> ~wm%d Fc FPmLR(A)E LFFHET2LA (B
FoREE: F K4p 4ml ki3 > T & 4p 1 ml [Cymim][PFel{r 2 ml ¢ fk e fig

(a) 5% (pH1l) (b) &% 55 (pH2.7) (c) F » %5 (pHI1I)
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