1.1

1937 Tiseliug 1]
Tiselius 1948 1967 Hjerten [2]
3mm
(Capillary Zone Elecrophoresis CZE)
1974 Virtamen[ 3] 200~500um

1981 Jorgenson:  Lukacs[4-5] 75um

1984 Terabe] 6] (Micellar
Electrokinetic Capillary Chromagtography MEKC)

(HPLC)



1.2

silica

silanol group

(plane flow)

D

von Smoluchowski

D

fused



Veo (velocity of electroosmotic flow)

Leo (mobility of electroosmotic flow)
E (electric field strength)
€ (dielectric constant of medium)
€0 (electrical permittivity of free space)
C (zeta potential)
n (viscosity of medium)
2 2
V= (i )E = o E = )
\Y (velocity of an analyte)
L eff (effective length of a capillary tube)
T (migration time of an analyte)
e (electrophoretic mobility of an analyte)
Leff (effective mobility of an analyte)
Vv (applied voltage)

(full length of tube)



1.3

(capillary zone electrophoresis, CZE) (Capillary
Gel Electrophoresis CGE) (Capillary
|sotachophoresis  CITP) (Micellar Electrokinetic

Chromagtography MEKC)

131 (capillary zone electrophoresis CZE)

(capillary zone electrophoresis CZE)



1.3.2 (Micellar Electrokinetic Chromaqtography
MEKC)

1984  Terabe[6-7]

(critical micelle
concentration CMC)
[53]

1.4

(UV-VIS diode array)
nL
3mm

50~100um



2.1 (On-line preconcentration)

uv

(off-line)
(liquid-liquid extraction)

(solid-phase extraction) (solid-phase microextraction)

(sample stacking)
1979 Mikkerd[ 8] 1989
Lauer Chien  Burgi [9-11]

Terabe



MEKC

(concentration efficiency)

2.2
( outlet )
( inlet )
2.2.1
V=IR (3)
\ (voltage)
I (current)

R (resistance)



2.2.2 pH

pH 10.5

pH 6.0

2.2.3

pH 105



224

2.3

(Field-amplified sample stacking FASS)
(Large-volume sample stacking LVSYS)

(pH Junction) (sweeping-MEKC) FASS
LVSS pH Junction sweeping-MEKC
3
23.1 (Field-amplified sample stacking FASS)
( 2.2.1)

( 4@ )



1000

2.3.2

5(a)

1000
[14]

50%
2.2.4)

(40 )
( 4(c)

300 [12]
[13]

(L arge-volumesample stacking LVSYS)

( 5b) )
%% ( 50 )
( 5(d) )
95%
120 [15]

400 [16]

10



200 [17]

2.3.3

2.2.2)

pH 6.0

[18]

234

(pH Junction)

pH
(
6(a)

6(b) pH 10.0

pH 6.0
pH 10.0
pH 10.0
300 [19]
1200 [20]

(sweeping-MEKC)

11

1000



1 (Sweeping with nonionic micelles)

2 (Sweeping with cationic micelles)
3. (Sweeping with anionic micelles)
4 (Anion-Selective
Exhaustive | njection-Sweeping-Micellar Electrokinetic Chromatography )
5. (Cation-Selective
Exhaustive | njection-Sweeping-Micellar Electrokinetic Chromatography )
6. (L arge-volume sample stacking

-Sweeping- Micellar Electrokinetic Chromatography)

Terabe [23]
7 | sweep
| sweep=0(ac)-d(MC) (4)
& S
mc. mc,
8 mc. mc.
d(mc.) ac d(a)
d(MCe)=V mctsweep 5
V=V ep(MC)+V ok (6)
d(ac)=Va(MEKC)tsyeep (7)
Va(MEK C)=V o,* (8)+V ot (8)
Ve
VaA(MEKC) &

Vep(Me)

12



tsweep =Y mCe
V(MO =penMC)E )
V(@)= KI(1+k)  pe(MO)E (10)
tSNeepzl inj/ (Veof-V mc) (11)
Veor=HeorE (12)

Hep(MC)

E

k (capacity factor)

(Amc/Bree)

HEOF

lsweep= lin[ /(1¥K)] (13)
Iinj Isweep
ling
2.34.1 (Sweeping with nonionic

micelles)

13



( 2.2.3)

( 8@ )
( 8b) )
( 8c) )
150 [21]

100 [22]

2.34.2 (Sweeping with cationic
micelles)

( 2.2.3)

( 9(a)

14



( 9b) )

( 9o )

250 [24]
130 [25]

67 [26]
2.34.3 (Sweeping with anionic
micelles)

( 2.2.3)
pH 3
( 10@ )

( 10(0b) )

15



170 [27]

2344

(100 )

250 [28]

200 [29]

(Anion-Selective

Exhaustive I njection-Sweeping-Micellar Electrokinetic

Chromatography ASEI-sweeping-MEKC)

(110

100 10000

pH

2:2.1 2.2.3)

( 1@ )

(1o

( 11(d )

( 1e )

¢ 1M )

16



1000 [30] 100000  [31]

2.345 (Cation-Selective
Exhaustive I njection-Sweeping-Micellar Electrokinetic
Chromatography CSEI-sweeping-MEKC)

10000
( 2.2.1
2.2.3)
( 128 )
( 12(b) )
( 12(c) )
( 12(d) ) pH
( 12(e) )

200000[32] 100000 [33]

17



2.3.4.6 (Large-volume sample
stacking-Sweeping-Micellar Electrokinetic Chromatography
LV SS-sweeping-MEKC)

1000
(Inlet )
(
223 2.2.4) pH
( 13@..)
(
13(b) ) 90% ( )
( 13(c) ) pH
( 13(d) ) pH

( 136 )

18



31

[34-35]
(GC)
(HPLC)
ppm [34-38]
ppm
[39-41]

ppb 100

19



3.2

uv

SDS

3.3

331

phosphate Na,HPO,)
Fluka(Buchs  Switzerland)

ppb ppt

(SDS)
SDS

SDS

pH SDS

(disodium hydrogen
(Sodium hydroxide NaOH)
(Sodium dodecyl

20



sulfate SDYS) (Methyl p-hydroxybenzoate)
(Ethyl p-hydroxybenzoate)
(Propyl p-hydroxybenzoate) (Butyl
p-hydroxybenzoate) Sigma(St. Louis MO USA)
(Isopropyl p-hydroxybenzoate)
(Isobutyl p-hydroxybenzoate) Tokyo Chemical Industry(Tokyo

Japan) (Citric acid) (Methanol) Merck (Darmstadt
Germany) 14 Milli-Q
(Millipore Bedford MA USA) 0.22 ym
18.2 mQ
332

(Beckman Instrument  -Fullerton CA USA)

P/ACE MDQ -

(UV-VIS diode array) P/ACE

MDQ 50 um 360 um
60 cm 50 cm
0.5cm
20 -50 -25 kV (0.5p.si.)
210 nm
333
/ (75:25, viv) 1 mg/ml

21



3.34

60 cm

0.5cm

30

25

34

34.1

50 cm

IN HCI

-25 kV

(SDS)

50 pm

210 nm

IN NaOH

1IN NaOH
1IN NaOH

22

360 um

MDQ

AN NaOH

20

15



(capacity factor, k)

SDS

34.2

(SDS)

(14)

10%

SDS

SDS

23

(SDS)
15

30%

30%

SDS
(k)



k=K (VgVn)
k (capacity factor)
K (
Vs ( )
Vi
16 30%

100 mM 120 mM

SDS
SDS

150 mM

34.3

pH

pH

150 mM

(14)

partition coefficient)

SDS

24

SDS
SDS

SDS 80 mM

150 mM

pH
150 mM SDS
SDS

pH
17
pH

pH 2.6



pH 2.6

344

0, H'

pH

pH
18
75 mM
25 mM
75 mM

345

H, OH pH

Zeta

pH 26 150mM SDS 30%
1I5mM 25 mM 50 mM

75 mM

25mM

11
25 mM

25



(SDS)

SDS
SDS
Terabe [42]
19 pH26 150mM  SDS 30% 25mM
1I5mM 25mM 50mM 75
mM 100 mM 75 mM
SDS
100 mM
SDS
75mM
3.4.6

10

26



3.4.7

SEheignt =

H stack

Cstack

20 90 180

SDS

SDS

240

(stacking efficiency. SE)[31]

Hstack X C
H Cstack

27

240

300

(SEneignt)

300

(15



21

2.4

1.05%

230

28.4 ppb

35

SDS

SDS

120

20.6 ppb

28

(SDS)

50
270

17.6 ppb

120 180

MEKC
pH 2.6

SDS



( inlet )

SDS SDS
SDS
SDS
pH 2.6 25 mM
30% 150 mM SDS
-25 kV 0.5 psi 240
26 75 mM / (

28.4-ppb

29

SDS)

pH



4.1

phenolic acids
(flavonoids
[43-44]

( phenolic acids depsides)
(caffeic acid)

ferulic acid (chloroegenic acid)

[44-48]

30 [44,46] [47-48]
ppm

ppm  [49]

ppb
(caffeic acid) ferulic acid (chlorogenic acid)
p-coumaric acid (p-hydroxybenzoic acid)

vanillic acid (sinapic acid) (syringic acid)

30



ppb

4.2

A SEl-sweeping-MEKC

pH

(LV SS-sweeping-MEKC)

1000
(LV SS-sweeping-MEKC)
(ASEI-sweeping-MEKC)

31

90%



4.3

4.3.1
(chlorogenic acid)
(disodium hydrogen phosphate  NaHPO,) (Sodium
hydroxide NaOH) Fluka(Buchs Switzerland)
(Sodium dodecyl sulfate SDS) (caffeic acid)
ferulic acid p-coumaric acid
(p-hydroxybenzoic acid) vanillic acid (sinapic acid)
(syringic acid) Sigma(St. Louis MO USA)
(citric acid) (Methanol) Merck (Darmstadt Germany)
22 Milli-Q
(Millipore Bedford MA: USA) 0.22 um
18.2 mQ
4.3.2
(Beckman Instrument Fullerton CA USA)
P/ACE MDQ -
(UV-VIS diode array) P/ACE
MDQ 50 um 360 um
60 cm 50 cm
0.5cm
20 -50 -30 kV (5p.si.)
-20 kV

210 nm

32



4.3.3

/ (75:25, viv)

4
(SDYS)
434
60 cm 50 cm
0.5cm
IN HCI
30
-20 kV
90%
25
10
1IN NaOH

IN NaOH

33

1 mg/ml

360 um

MDQ
1N NaOH

-30 kV
210 nm
IN NaOH

15
15



4.4

441
23
-20 kV -7 pA
(-7.82uA)  90%
min
-30 kV
24 4 min
6 min

5.1 min

442 SDS
34.2 (SDS)
SDS ( )
( )
SDS

(k)
25

5.1

SDS



SDS 120 mM 150 mM 180 mM (14)
SDS k
sinapic acid ferulic
acid p-coumaric acid chlorogenic acid caffeic acid syringic acid

vanillicacid  p-hydroxybenzoic acid

SDS pH
SDS SDS 180 mM SDS
SDS
180 mM
443 pH
34.3 pH
pH
pH
pH
26 ( )
( ) pH
pH 2.6 pH 3.0
pH 2.6
pH
pH
SDS

35



444

Zeta
( ) ( )
SDS
SDS
27 pH 26 25mM
1I5mM 25 mM 50 mM
75 mM 15 mM
75 mM
SDS
SDS
pH
SDS

15 mM

36



4.4.5

SDS

28 pH 2.6,,180 mM SDS 15 mM
1I5mM 25mM 50 mM

3.8min 51min 9.8 min

( ) 15 mM
25 mM 50 mM
25 mM 50 mM
1.05
25 mM
4.4.6

(LVSS-
sweeping-MEKC)
(ASEI-sweeping-MEKC)

37



LV SS-sweeping-MEKC
A SEl-sweeping-MEKC

LV SS-sweeping-MEKC

29 0% 15% 30%
LV SS-sweeping-MEKC
A SEl-sweeping-MEKC 0%
100%
A SEl-sweeping-MEKC

LV SS-sweeping-MEKC

30 Oppm 1ppm 2ppm

LV SS-sweeping-MEKC  ASEI-sweeping-MEKC
0 ppm 100%

38



A SEl-sweeping-MEKC

LV SS-sweeping-MEKC

10%

LV SS-sweeping-MEKC

4.4.7

31 LV SS-sweeping-MEKC

LV SS-sweeping-MEKC

1000 5
3.7 ppb
LVSS-sweeping-MEKC  Sweeping
40~80 32

A SEl-sweeping-MEKC
LV SS-sweeping-MEKC
A SEl-sweeping-MEKC
LV SS-sweeping-MEKC

39

5000 ~8000
31

LV SS-sweeping-MEKC
ASEIl-sweeping-MEKC

30000

2~3



LV SS-sweeping-MEKC
A SEl-sweeping-MEKC

4 LV SS-sweeping-MEKC
1.95% ASEIl-sweeping-MEKC
2.89% ASEI-sweeping-MEKC
LV SS-sweeping-MEKC
LV SS-sweeping-MEKC 3.7
ppb 5000 _~8000 ASEI-sweeping-MEKC
0.91 ppb

30000 ASEl-sweeping-MEKC

LV SS-sweeping-MEKC

4.5

(SDS)
(LV SS-sweeping-MEKC)

5000~8000 pH
2.6

40



SDS
SDS
SDS

25 mM

90%
SDS

(LVSS -sweeping-MEKC)
(A SEl-sweeping-MEKC)

A SEl-sweeping-MEKC

LV SS-sweeping-MEKC
LV SS-sweeping-MEKC
5000~8000

5ps 7min
5.1 min
150 mM SDS
150 mM SDS
mM /
-20 kV 18 min

30000
ppt

pH 2.6 25 mM /
-20 kV
pH2.6 15mM /
-30 kV
3.7 ppb ASEI-sweeping-MEKC
pH 26 25 mM /
pH2.6 25
-30 kV
0.91 ppb

41



(

(

(

)

)

)

SDS

SDS

100

42

5000



(

(

(

)

)

)

(SDS)
SDS

SDS

SDS




(

)

SDS

SDS
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