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Application of affinity dye congo red in ionic liquid for protein extraction

Student: Wen-Yuen Hsieh Advisor: Tiing Yu

Institute of Applied Chemistry

National Chiao Tung University

Abstract

Owing to the special physical and chemical properties, such as
non-volatility, minimal toxicity, high thermal stability, good conductivity
and recyclability, room temperature ionic liquids (RTILs) have attracted
wide research interests. Replacement of traditional volatile organic
solvents with RTILs may petentially achieve environmental safety and
protection goals.

In this study, we try to ‘dissolve the affinity dye Congo Red in
hydrophobic ionic liquid [Bmim][PFg] and apply this solution for
liquid/liquid extractions of Bovine Serum Albumin (BSA) from aqueous
solutions. During the extraction, Congo Red is easily dissolved into the
aqueous solution. Thus this solution is inadequate for protein extraction.
We then apply a simple ion exchange method to synthesis
[Bmim],[Congo Red] and dissolve it in [Bmim][PF¢] to form aa
extraction soluteion. The forward extraction efficiency (from the aqueous
solution to the RTIL phase) reached almost 100 % while the aqueous
solution was at pH 4.0. Protein molecules can be extracted back to
another aqueous solution by manipulating the pH and the ionic strength.

Under pH 9.0 and 1.0 M NaSCN, the back extraction reached 50%.
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In addition, other proteins are extracted using this solution in order to
examine the selectivity of this affinity compound. Under pH 7.0,
negligible extraction of BSA is found. Addition with [Bmim],[Congo Red]
to the IL does not significantly improve extraction of Ribonuclese A at
either pH 4.0 or 7.0. As for lysozyme, addition of extractant
[Bmim],[Congo Red] helps promote extraction under pH 4.0 and 7.0. In
addition to the affinity of the dye to proteins, the electrostatic force

between the dye and the protein is found to influence the extraction.
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fof pekl (ligand) 2 F¥ 25 2 Wmidbdien 4 > dopullifofil - f2 3
Frv chx B (substrate )RNA fr# 3 4 ¢9 DNA~ 4% fo < #8(receptor )
63.,.k@ﬁfnjﬂgfﬁﬁﬁ4@» TR BE I A )
Tolidts ¥ g R e LEHYS A FHT £ HRIrE AT

64, 65

LSRR
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%@%@ 39%4%9

Immobilized Product to Product adsorbed Product to be
ligand be purified on immobilized ligand eluted

Bl 2-4 mick iz 7 LB ©

2-3 ZFpe 88 (dye-ligands) s/ B & R *
2-3-1 Zipeg iy 4

Al ARk e s S F B
B R R e A R A R s Bl #
B FI AT RPR X RS AN AR RALY &
HHE SR S foff FERET A S E 40 FIL 4 RBlue
dextran{fr$F % chjgrps (kinase) 2 ¥ € & 4 (7% 4 2% £%0 41972& >
RoschlaufrHess % =t #-Cibacron Blueizfé & ¢ A A424]* £ 1§ 4 ) 2 3]
R 45 ¢ L@ Sephadex G-200_+ - ' it yeast pyruvate kinase® o f gt 2

PR A TR LD e B o
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¥R R 2 H Ao B2-5 0 A AR B ATE L L el

AR % o> B B HEAcB12-6 ¢

o NH;

SO;Na

S03Na S0;Na

T

cl

Cibacron Blue:F3G-A(CB3 GA)
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HOsS () {  -sosH
- N4
: \
i
HO:S. N N _sosH
3 — T\ 3
&  ,—OH HO— 7
""'-'; -El?r /
.r"r k _I.-"' '
\ J;;>\N H NH {‘*%:x f{>
HGJS.}_‘" :l‘_:r — N\ e ‘-._‘ N :..;: ED'{ H
N -NH{ ;‘}—NH < N
SN s —{
cl Cl

Procion red H-E3B

W 25 4 sl e 1

NH; NH;
SDEN& SOEN&

Bl 2-6 B|% 2% ﬁ_ ;U
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IRy R RS A% R SR 1.5 -k S gl

dp i L 0860

2-3-2 o pe g e H

AF B S E A ik O Rk i A
AP EL A e A RR AR RE O ER IR
Fid 2 P g AF T m 2 PR eF 7 % ki3 B hj-d
FodeTE 2497 %ol 4T T e 2T 0 et

6 ok 2-5%

Enzyme Dye
Glycerol kinase Procion Blue MX-3G
Glucose kinase Procion Brown H-3R

Glycerol dehydrogenase Procion Red HE-3B

3-Hydroxybutyrate
dehydrogenase

Malate dehydrogenase Procion Red H-3B

Procion Blue MX-4G

Tryptophanyl tRNA synthetase Procion Brown MX-5BR
Human serum albumin Procion Blue HB

Carboxypetidase G, Procion Red H-8BN

%2-4 SRS T BBk T P O

20



Promoting

Protein . Dye
metal ion

Carboxypetidase G, Zn* Procion Red H-8BN
Alkaline phosphatase Zn** Procion Yellow H-A
Hexokinase Mg”" Procion Green H-4G
Tyrosinase Cu** Procion Blue HE-RD
Ovalbumin Al Cibacron Blue F3GA
Catalase Fe* Cibacron Blue F3GA

Fe' Congo Red

Albumin Cu* Congo Red
Zn** Cibacron Blue F3GA
Glucose oxidase Fe* Cibacron Blue F3GA
Lysozyme Cu* Cibacron Blue F3GA

£2-5 e r £ BMICHOAPELIH F Fo T @

Aok o fh AL pKa 3y Ao pH1~14 AF’K?F Bom oo X 3IRL e
oL pe Ry ﬂ]grs%“ja B ez 0 W ofFRpE B 0Ty e AR Y pKa EEF o
Tt d8 0PI & pL-A s 2L (arginine-sulfonate) & fE T T T 4 i
BEER B rdy Feanlg g o BRI 4w G REFS Ad-F0 T iT
FAARFG VGRS I RN EPRE QY e F L3S
AP - S e H B dedd Tk frd4Eivt 4 Bl 5 SR
FlE o AR RTE IR FP e FIFATRAFATLT FH

AL 2 e Fd o
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2-4 39 T4
2-4-1 Fov P g g

Fov ok SRR P ACEARL FHEY £ A E e
78K 20 {8 AR 5 a0 38 A% A0 83 P g (peptide bond) 0 £ 5B
Frgga2bs fagenies 4 2 & R 2 HEHSFY T 2 ek
Frp 1 e d ame AR a g 3 bt 2 b aRRA P IDEA S i
SRR S RS ZgF SE T R i pl ‘&.ﬁg—fﬁ(secondary
structure)~ = & % fﬁ(tertiary structure )~z & Jfﬁ(qua‘[ernary structure )
AT v TR MR RIS tie 2 7 427 (conformation)

LR R TR HARs WA
2-4-2 2 i i #9  (Bovine Serum Albumin)f§ /i

i ] E R o Eipeni & 44

sm

e
(38g/100ml) >~ 3 B 63kD- %%58.46° 5% F 16% > 7%
0.08% > W3 e ffre %> 5 E T F 02%- 39 d 581 Brefpm
R A P 35 BL g A 17 B 2R TS

s el B a3 TR oY 2 p ke A&
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BEFFERIEY pH E T \gwgf’rwfr;g'%f'ﬁ o Ld I e

5

& oa o
H# o g

£ ten Bod TASTI L Ao R 5T fofag vy
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N

fi
i
pt
AR
P

3-1 #%

3-1-1 & = [Bmim][C]] ~ [Bmim][PF4]¥2 [Bmim],[Congo Red]

v
S e

E

7
~

1-chlorobutane, C4HoCl, 99 %, GR grade (Janssen Chimica, USA)
1-methylimidazole, C4HeN,, 99 %, GR grade (Acros, USA)

Ethyl Acetate, CH;COOC,Hs,HPLC/spectro grade(Mallinckrodt, USA)
Potassium hexafluorophosphate; KPFs;-99 %, GR grade (Showa, Japan)
Magnesium sulfate anhydrous, MgSOy,"99 %, GR grade (Showa, Japan)
Congo Red , C3;,H,,NgNa,O6S,, 85% (Sigma, USA)

Silver nitrate, AgNO;, GR grade, 99.8 % (Showa, Japan)

Acetone Nitrile, HPLC grade, 99.9 % (TEDIA, USA)

24



3-1-2 fe i e ik 2 3R

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

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

Acetic Acid, CH;COOH, analytical grade (Scharlau, Barcelona,Japan)
Sodium acetate, CH;COONa, 98.5 %, GR grade (Showa, Japan)
Sodium dihydrogenphosphate anhydrous, NaH,PO,, 98.0 %, GR grade
(Showa, Japan)

Potassium dihydrogenphosphate, KH,PO,4, 99%, GR grade, (Showa,
Japan)

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

Sodium hydrogen carbonate, NaHCO3,99.5 %, GR grade (Showa, Japan)
Sodium hydroxide, NaOH, 96 %, GR-grade (Showa, Japan)

Citric acid, 100 %, HOC(COOH)(CH,COOH) , (Anhydrous,
powder),ACS grade(Mallinckrodt Baker, Phillipsburg, NJ, USA)

Sodium citrate,99.6 %, HOC(COONa)(CH,COONa), ~ 2H,0, ACS

grade(Mallinckrodt Baker, Phillipsburg, NJ, USA)
Sodium chloride, NaCl, 99.6%,GR grade(Scharlau, Barcelona,Spain)
Sodium Thiocynate,NaSCN,99%,(Hanawa,Japan)

D.IW.& &3 -k » & d Millipore (Bedford MA ,USA)=1 Milli-Q plus

bl

=
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3-1-3 v FA S

Bovine serum albumin (# x& 7 3% ) > # #£ BSA > M.W. : 63000 > 98% -
pl:4.6 » (Sigma,USA) -

Ribonuclease A from Bovine Pancreas, M.W.13700 pI=9.45 (Sigma,,
USA)

Lysozyme (i% #)f#) from chicken egg white > M.W. : 14400 > 97% -
pl:10.7 > (Sigma,USA)

32 G E

(1) % b k-7 R & k2 ik UV-Visible Spectrophotometer, Hewlett
Packard 8453 (Waldronn; Germany )

(2)® »xic % 48 k& +7 ¥ H(reversed-phase HPLC column): Vercopak
Inertsil 7 octadecyl silica-3 (ODS-3), (32 Z & 17 » 5 4%)
BT 5 4.6x250mm > FUT S 0] 5 10 pum o * 3 Fed B s
e T E -

(3)# & ¥TF (Gradient Pump): Degasys DG 2410, (Lab Alliance, USA)
4 & Series Il pump * B 5 ¥ fax A iple s cnff BRR & o

(4% £ 3= & (Nuclear Magnetic Resonance, NMR): DRX-300,
(Bruker, Germany); Uniytinova-500, (Varian, USA)
(5)p4 %% & 3+ (pH meter): Microprocessor pH Meter SP-2200, (Suntex)

26



(6)3< % (Centrifuges): EBA20, (Hettich, Germany)
B+ g 6000 rpm v B & Hreu 4 L 3421 ¢
(7)& + % #(Electronic Balance): Bruker Daltonic Esuire 2000, (Leipzig,
Germany)
(8) B ¥ & (Mass Spectrometer): Quattro Micro, (Waters,USA)
(9)#ic £ # #5 + 3+ (Differential Scanning Calorimetry, DSC):

i * Du Pont TA 2000 2 Computer/Thermal Analyzer °

3-3 F kAR

3-3-1 & =& g3 % 48 [Bmim][Cl] £ [Bmim][PF]”’

1.5 0.9 mole (94.05 ml) 1-chlorobutane. {- 0.9 mole (71.7ml)
1-methylimidazole 4r » & 250 mlFI7AFL ¥ » T ZE R i > 4ot
2 80CtH  #FHEWHLEGBhr VF- £5 ¢ Al
1-butyl-3-methylimidazolium chloride ([Bmim][ClI]) °

2K ZEAE R AR T ~ 500ml A R BL Y s e 2 TS ml e fhe figitd
AR oo BT R RIRAY LR ERSHH- L o

3. Hrif £ F J AR BT 0CHIE- 2 o d g e iy o

4, P~09 53 KPFg 4v » 450ml & 33 -k7? » 2B T A% -

0. M-t £ AbARk Al » XG KPFeig ik eitdr ¥ > B E

W1 o
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O.HB i f5] » A i<t o BeAU KR o e B RF S B ok iRk
B RIS TRE AP

BT R B R AR A %ﬁﬁiﬁ-“{f—i I RMA Y ok KL A E
Jo fe 0 ¥ 3] 1-butyl-3-methyl imidazolium hexafluorophosphate

((Bmim][PF¢])

8.4 &7 2 MA@ 3-1 0 B ts 92 %8 'THINMR » 12 872 o
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Phase separation

e [7)

B 3-1 ~ [Bmim][PF¢]ch& = 7 % B



3-3-1-2 & = [Bmim],[Congo Red]

1.2~ 5x10* mole (0.3485 g) k| % i » 3> 100 ml & &3 -k » & 4c »
5x10” mole (0.85 g) AgNO; » % iE T 4 24 hr o

2. 8571874 % 2 6000 rpm i Z.s 5 min o #-KAp 3 "f g > 11 10ml
AokiFRaciky > TR EAFFES K o

3R B YA 0 60 CHEE T W T2hr 0 VD8 2 8 FAY

[Ag], [Congo Red] °

4.4+ 3¢ 34718 e[Agl,[Congo Red] > v » 50 ml & 8873 fF2 » § 4c »
B % 3 B e[ BMIM][CI] » 40°C #8472 hr -

544018 7% % 12 6000 rpmfih 1 #ESS min s ks # AgCle | 11
Lh SN A

7.6 2 F BN4r;8 3-1~3-25 24 12 UV-vis ~ Mass ~ DSC &7 2 -

[Na,*][Congo Red*] .,y + 2AgNO; (5

— 2Na* ,,, + 2NO;~ + [Ag],[Congo Red] (3'3-1)

[Ag],[Congo Red] acyy +2[BmMIm][CI]

— = 2AgCl g ( }) +[Bmim],[Congo Red] (5'3-2)

30



3-3-2 pe @l BFn R

0.05MKCI1/0.1 M HCI #pz pH # & 1.0-2.2

0.05M Glycine / 0.IM HCI1 # e pH 4 ] 2.3-3.5

(* % Congo Red/IL & %v)

0.05M Citric acid/0.05M Sodium citrate 3* fiz pH 3.0

(* »*[Bmim],[Congo Red]/IL % %t)

0.05 M CH3;COOH / 0.05 M CH;COONa # fz pH # & 3.6-5.0
0.05 M KH,PO, /0.1 M NaOH 3 e pH # & 5.8-6.9

0.05 M Tris(hydroxymethyl)-aminomethdne / 0.1M HCl # fe pH = [#]
7.0-9.0

0.05M NaHCOs / 0.1M NaOH 3% ferpHy # & 9.6-11.0

0.05M Na,HPO, /0.IM NaOH #'Fe pH 4 & 10.9-12.0

3-3-3 Fv FRE
h R R HE B (S enFed JkiBR ® HPLC A 4% 11 eh %
BRI BITABLMER o Foo FY oA e ¥ AAR > A £
280 nm € Wk o A1k F S % 280 nm kR v F T E o
3-3-3-1 f1* HPLC =8 &9 F-kizin
1. * &40 A(7 7 20 %ACN~0.1 % TFA -k 3 % )i+ #& reverse phase
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HPLC & T #r 10 » 43 o
2. A >20uL & o
3. uE4p AtB(7 7 80 % ACN ~ 0.1 % TFA e-Ri5 i) fadh & ik

FrarEF AR fFTE o

3-3-4 W& RARLRARF B kB2 PR d R

EAFEY FB AN LA N - MR LR %
® 4273 ~ [Bmim][PF|#§4£ 7% > @ WA K| & @4 P4+ 2 WA -
EAer L3I KRR E B e ¥ - 52 AP Ao
AL & = L S % W [Bmim][CongoRed] » & #-H 1T 5 3 B4 3|

FeApe -

3-3-4-1 PURACHE A AR R b 2 FBR E A L F ey

334101 [k ¥ B

1. & %% 50mg-~ 10.0mg -~ 20.0mg ~ 30.0 mg K| % ‘= & 4c »
10mI[Bmim][PFq]® » &3 8 T 20 ~ 45 32 £ 4 » &
WA 3 g5 KR - X 150 %R F A [Bmim][PF]® &3 f2
AR R G R A T B KA b r FTend B Rk
EHRBIS L o

3-3-4-1-2 B g doo
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B

+

I &
12 50mM CH3COONa/CH3COOH buffer (pH=4)> ¥ @3 % fie

%1 2.0%10%~5.0%10°~ 1.0*10° mg/L £ 5 F 39 -3 % > B~ 1.0 ml
4w FF9 RBRE 1.0ml ehE P4 B 20 ml $h &AL 0 A%

TR 30 A 415 0 B E A K > POl K okip ot HPLC 2 E o

3-3-4-1-3 b R B E R E Bk gl 8

#-% WA pH 4.0 92.0%10° mg/L 2 5 F F-d -kip ik gz 5 P4a(
#-20.0 mg kb % ‘=45 % 4 » 1OmI[Bmimi][PFq]? »F %6 )% » 20 ml
B o A R B 55 10 2 200 30 ~ 60 A 4B dF I
R 30 e BB
3-3-4-1-4pH ¥ v F X By
1. pefl pH # [ 1.0~12.0 9200 mg/L # s iF 39 -Ki3 i

B

+

2. &t w
#-pH %%’J 1.0~20~30~40~50~6.0~70~8.0~9.0~10.0 ~
11.0 ~ 12.0 172, 0*102mg/L Y F R0 KA R A BB 1.0
ml 22 1.0 ml fiz @ 735 P~ 4p (#-20.0 mg K| % ‘= & 4o »
10mI[Bmim][PF¢]¥ - FiiE ) E » 20 ml % 5357 » VR T

E30~480 RERZFEE K > B0 E-k4prt HPLC 28 -
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3. KFeXp.
B pH 4.0 512.0%10° mg/L # & 7 3% -ki3 % 1.0ml £ 1.0 ml
% Bo4p (#-20.0 mg B % =¥ & 4c » 10ml[Bmim][PFq]
P FREE)E 2 20ml R EHEP 0 ME BRI A& R
ARG BT RS AR R YT - 20 ml R EHLP 0 A 2 B

4 pH4.0~50-~6.0~70~8.0~9.0~10.0~11.0 ~ 12.0 c1’ =

oF

BN F IR TIIEZ0 44048 A kB0 bk -k4p 12 HPLC

o

(v {

¥
Ik

3-3-4-2 12 [Bmim],[Congo Red]# % % B~ 5 B~ 24 1 i G-

3-3-4-2-1 fe ¥ 5 P-4p
1.4 %]#-30.0~ 50.0~ 100.0 ~ 150.0 ~ 200.0 mg [Bmim],[Congo
Red]id » 10ml e3[Bmim][PF¢]® > 4 » T RFH L 3+ k> £ F
B R E ORI A SR ARE 0 2 SRR - e n AT

SIS T R R

2.7 & * % :#[Bmim],[Congo Red]i% ** [Bmim][PFs] > fie & = Jk &

A% % 3.0~50-10.0~15.0 ~ 20.0 mg/ml > & B~ 20 pl 4 »

3.0ml ¥ fg o d % eb kv Bk RAHIAE 497 nm BT E A
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D B R B LT R (S hE Bp £ B 20 4] T4 ~ 3.0
ml ? % > Bl R 49Tnm st iE o F M B AR 0 T @ DE

P~4p ¢ [Bmim],[Congo Red]#7k & -

3.5 Podp2 K E:#h B Lk cnik B 5 9.6mM eh¥ B s
Body b K ARREAE 201 Fbe r 3.0ml TR o d % b koT Ak
EHREHAEL AT mm P H Sz B L BT K AR AR 20
Fder3.0ml 7B TREH ARE 497 nm T iE 0 £ K-
d R Ap 18 Bl e AR v d T AR 8 Bl fe i 0 T )

KiE -

3-3-4-2-2 FP2 i iFged

I EBe BAe ¥ 45027 55359.6157+19.7mM kB ch3E B 4p
1.0 ml A %] 4 » 2.0%10% ~ 5.0%10° ~ 1.0%*10’mg/L ~ pH 4.0
gt oF 36 A0k 1.0mlo 330 A4 FE LK 0 B

B ok id i R

3-3-4-2-3 {F4LPF AR BORE
I o BB 3 4 9.6mM kB hE Bodp 1.0 ml A B4 » 2.0%107

mg/L ~pH4.0 eh2 w5 F=v -K73 % 1.0ml> 3 0.5-1-5
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10~20~30~60 443 > # % 30 ~ 45> P~ K -RiBRiR
TE -

2.

3-3-4-2-4 :x s pH B % 3 % B E 5 LR

5P Pog F 9.6mM kB h¥ Bodp 1.0ml A B4 ~ 2.0%10°

=

mg/L ~ pH2.0+~3.0~4.0+5.0~6.07.0+8.0+9.0 ch 3

R0 kAR 1.0mlo 30 Ao B E AR B KK

{

v

. -
iR g o

w»

(b) $F » 5 P2 FE
9.6mM kB er3 B4 1.0 ml ¢ » 2.0*10” mg/L~pH

A A

I 5P P37
4.0 ch o F Fed kiR iR 1.0ml 430 Ao E A K

B b KRR

Foo XPoBeit o X Pt 3 R A 0 4o~ Z84 pH4.0-5.0-6.0-

7.0~8.0~9.0~10.0 chig @5k » 30 245 #FE &

Ko B R okip iR o

() B+ BAHF » F 2L B Y

Ber B 5 9.6mM kR chE Bodp 1.0 ml 4 » 2.0%¥10°mg/L ~ pH

4

T

4.0 e 5 F F-d kiR 1.0mb #4230 A4 FE A
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et RoRBRREE -
Foo3BoBetoo ZPmF RA 0 4er 7 2/ 1.0M NaSCN
pHpH4.0~5.0~6.0~7.0~8.0~9.0 hi =3 % » 4= 30

LY B S TN RENE P S

(d) BHERHFF » P2 P10

oo XPe Po5 F 9.6mM k& chE Podp 1.0ml e » % 84 2.0%107
mg/L ~ pH4.0 eh2 & jF F=v "R3B R - {330 2 40 #F 3
R B R CKB R TR

o

4

BBt o B g e A8 o e ZHA 7 )RR NaSCN

~

pH9.0 ehi B3 %+ FFE30 A4 > #E 4k o

3-3-4-2-5 B8 s Fv WORIBR
",f ARG R RBRY o AR FHEE plEA RS Pk
v B (T4 03B pI3E 0 #5344 [Bmim],[Congo Red] & 3 B~ pF 4

Lz 4

£ %, ’ 2 2
A ofpt kY i o

@)gﬁwcgy@mBﬁBmmum]umﬂAauc»zwn&ngm’mi
4.0 22 7.0 enFv Tk o W30 2480 FE L

Ko Bt Kok o
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(b) e oM B3 § 9.6mM k& HE Prgp 1.0 mlA 5] 4e » 2.0%107
mg/L > pH4.0 & 7.0 chj—v F-kiZ7% > #4330 »

o WEASK B Rk R
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A5 L:" 5L /! - =/
rryx SxEWm

4-1 43 R end &

*F BT E = nEE S % 48 ¢ 35[Bmim][PF4]~ [Bmim],[Congo Red]
FE2 T F[Bmim][PF] s &% ¢ MR B KA TR EL AL
[Bmim][PF¢] s ' H-NMR 4-§] 4-1 #75% » 'H-NMR (500 MHz, CH;Cl-d) &:
8.36 (IH, s, NCHN), 7.30 (1H, s, CH;NCHCHN), 7.27 (1H, s,
CH;NCHCHN), 4.08 (2H, t, J=12Hz, NCH,(CH,),CH3), 3.82 (3H, s,
NCH;), 1.77 (2H, quintet; NCH,CH,CH,CHj;), 1.28 (2H, sextet,
N(CH,),CH,CHj3), 0.84 (3H, t, =12 Hz, N(CH,);CH;). [BMIM][PF,] &

RAhR e * ch- fEAES Rl BB e pEme ke

[Bmim],[Congo Red] = & iz & Ak fF ik 48 » & = ) 2 ¢ L {|*
AgNO; 4= Congo Red ¥ &)= [Ag][Congo Red] > # & % 53 % o
[Ag]o[Congo Red] "+ ¢ @ % f#{s » £ 4c » [Bmim][CI]3+ - 2 2 AgCl
AT VR ",ZTT AgCl feia # 21 » ¥ {F 3][Bmim],[Congo Red] > &
% 26% - @ 11 EST it % fra# then5ag> X pF > ¥ @ ((Bmim][Congo
Red]) s m/z=789.2» @ € _263.1 B 4~F m/z=201 HfF F§g &) 3R] ip] 2
J B 85 [Bmim][NOs]#7i% & @ o B 4-2 £ UV-vis % {c B2 ° &7

Congo Red 7% £ B & 497 nm ¥ 3 %oz > [Bmim][PFe]l5 3+ 3% 4 &
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210 nm 3 =4z > @ [Bmim],[Congo Red] | e p¥ 4l & F &/ Bk fL ek
fz o ¥ ¢ d [Bmim][Cl]4[Bmim],[Congo Red]+ 'H-NMR B3 +* % >
T g A R g _ré:’v‘/g%:’ A RMIERST R B
F g gF CE A2 4 2o [Bmim][Cl]5 'H-NMR 4§ 4-3 -
(500 MHz, CH5Cl-d) 6: 9.81 (1H, s, NCHN), 7.67 (1H, s, CH;NCHCHN)),
7.64 (1H, s, CH;NCHCHN), 4.25 (2H, t, J=12.0 Hz, NCH,(CH,),CH3),
3.33 (3H, s, NCHj3), 1.80 (2H, quintet, NCH,CH,CH,CHj3;), 1.28 (2H,
sextet, N(CH,),CH,CH3;), 0.91 (3H, t, J=12.0 Hz, N(CH,);CH;).
[Bmim],[Congo Red] = 'H-NMR 4-®)i4-4 » (500 MHz, CH;0H-d) &:
8.81 (IH, s, NCHN), 743 (1H, s; CHsNCHCHN), 7.39 (1H, s,
CH;NCHCHN), 4.15 (2H, t; J=12.0 Hz, NCH,(CH,),CH3;), 3.87 (3H, s,
NCH;), 1.80 (2H, quintet, NCH,CH,CH,CH;), 1.32 (2H, sextet,
N(CH,),CH,CH3;), 0.96 (3H, t, J=12.0 Hz, N(CH,);CHs). @ d B] 4-5 >

DSC Fl% ¢ ¥ 5 ¢ [Bmim],[Congo Red]:'3 2 5 4.5C >
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Endothermic
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