2.1 (Capillary Electrophoresis, CE)
(capillary electrophoresis, CE)
(electrophoretic mobility, p)
2.2 CE
High Voltage
Power supply
o
‘ i
Capillary
Electrode Detector Electrode
rﬂ
BGE Vial BGE Vial
Sample Vial
V\/V
21 CE: [Weinberger, 2000]
1) (capillary)
fused silica capillary 1
10 200 pm ( 50 5 ) 20 100 cm ( 30 60
cm)

(UV-Visible)

(fluorescence)
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) (voltage supply)

-30 +30 kv

(outlet) ( ) (inlet) ( )
(normal polarity of applied voltage)

(reverse polarity of applied voltage) ( )

3) (electrode)

4) (background electrolyte, BGE)
BGE
BGE vial
9 (dletector)
uv-Visible
6) (sample injection)
(electrokinetic injection) (pressure
injection) (
) (injection
time, /nj
2.3 (electrophoretic mobility, p)
(electrophoretic mobility mobility, p)
mV's'l (electrophoretic
velocity, vep) (electric field strength, E) 1 V m*
2.1 [Kuhr, 1993]
vep _ 1e (2.)

E 67tr|rh

e (1.6 X 10'9 )



I (hydrodynamic radius of ion)

25 ‘¢
(ionic strength, /, mol kg' mol 1)
1

electrophoretic mobility, 9°)

12

(absolute

BGE

effective charge (z)

g [Kenndler, 1998]

1) (ionic strength)

I ( ri
(counter ion) )i

2) 2.1 g

BGE g
BGE g
3) pH  BGE
(the degree of dissociation, a) g
4) (organic solvent)
g

LY

5) 2.1

() (E)

g Joule heating
24 (electroosmosis)
241

(-Si-OH)
pH > 2
(-Si-0)

Si-OH + OH  wrerreree ) -Si-0' + H2

pH

BGE



SIFOH + < e ) -Si-0" +

H+

layer 2.2
stern layer
(electrostatic force) /
diffusion |

bulk solution

13

/\0+

OH

double electric

(Van der Waals force)

ayer

(electroosmosis)

electroosmotic flow (EOF)

EOF

MM

DWD €

D

2.2 Electroosmotic flow (EOF) [Landers, 1997]
1Vvml!
(electroosmotic
mobility electroosmotic coefficient, ticd) 2.2
\B = -5
He ¢ 22

E 4nr\
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242 (flow profile)  CE

EOF

15 nm [Landers, 1997] CE 50 100
pm (50,000 100,000 nm) EOF
CE (flat flow profile) 2.3 1
CE HPLC
EOF

1) pH BGE pH

pe) pad pH
pH BGE
EOF
2) BGE EOF
BGE EOF
Joule heating
EOF
EOF in CE CE peak
Flat flow profile ideal real
2.3 CE: [Li, 1992]
2.5 CE
CE 6

1) Capillary Zone Electrophoresis (CZE)
2) Micellar Electrokinetic Chromatography (MEKC) Microemulsion Electrokinetic
Chromatography (MEEKC)



3) Capillary Electrochromatography (CEC)
4) Capillary Gel Electrophoresis (CGE)

5) Capillary Isoelectric Focusing (CIEF)
6) Capillary Isotachophoresis (CITP)

CE 2 MEKC MEEKC MEK.C
(surfactant) BGE critical micellar
concentration (CMC)
(micelle) 2.4 pseudo-stationary phase

stationary phase  HPLC

Flydrophobic tailing group

A
4 S

W Surfactant monomer

Hydrophilic head group

Micelle

24 : [Patrick, 1993]

MEEKC BGE ,
(co-surfactant)
2.5
(microemulsion) MEEKC

(charged oil droplets) pseudo-stationary phase
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MEKC charged oil droplets MEEKC
MEKC charged oil droplets
MEKC
MEKC MEEKC
partitioning pseudo-stationary phase aqueous phase
electrophoretic mobility u MEKC MEEKC

Oil droplet

25
[Altria, 2000]

2.6 MEKC  MEEKC EOF

EOF ( ) MEKC MEEKC 2.6a
2.6b pseudo-stationary phase P pseudo-stationary
phase peo Prs

EOF marker, pseudo-stationary phase marker
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2.6

HPLC

(b) MEEKC
analyte

Pseudo-stationary phase marker

>1 >2 >3

EOF Tiarker

a) MEKC
[Khaledi, 1998: p. 78]

MEKC

CZE (retention factor)

b) MEEKC

capacity factor
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tm t0
partitioning  MEK.C MEEKC pseudo-stationary phase
aqueous phase 2.4
Qq CR K=£f - (2.4)
|_Iaq
K distribution constant pseudo-stationary phase aqueous phase
Cr Ca pseudo-stationary phase agueous
phase
k MEKC MEEKC

pseudo-stationary phase ( p)  aqueous phase ()

E=— = Ap (2.5)
Aaq
o (phase ratio) pseudo-stationary phase
electrophoretic mobility complex pseudo-stationary phase
electrophoretic mobility pseudo-stationary phase (g ) observed electrophoretic
mobility () A
(Jobs,A —-"agf*A ~MApshps (2.6)
Xa X6 pseudo-stationary phase agueous

phase



: jaA= 0

MobsA = “pslps A ag - «B ps=i 7 1“ ns

EOF

k
AnetA —J+ £ - + Meo

FHWCF

ted EOF marker trs

pseudo-stationary phase

k P
p et IR
> K A>AD> 2.6
2.6 A laA 0
A - A
(L+ k)t

1=1+Mps>

19

(pnet)

k}> k2

<2'10)

(2.11)
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t0 pseudo-stationary phase
CZE
2.1 (electropherogram and migration time)
( )
(electropherogram)
(migration time, t,]
MEKC MEEKC (retention time, tR)

tm electroosmotic mobility ([ied)

electrophoretic mobility (|to)

Mne, :AE:f V ’ AIO:'Vt :fV Mne. + Meo (2-12)

[trd, (net mobility)
tm t00 EOF marker
/ (m)
L (m)
v (V)  E
28 [Li, 1992]
(resolution, ) (Ax)
( )
(A1l ( )
te = tem
"5= 05w, +vr) 05( |+ 2) 243
1 2 1 2 (
Ax Atm CE)

CE EOF 1
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Rs=\-"-Jn Rs=\(-" K (2.14)
4 Pnet 4 N+ (i60)
N
s A 2.10
A,
(efficiency theoretical plates, TV)
ft Vv
N = (2.15)
v
2.14 2129 MEKC
MEEKC EOF
(separation selectivity, a) [Li, 1992]
J fok2 .
R,:( n ] ( 1-'e0Ap, (2.16)
{ 4] e JA 47 yA + teoAps)*!,
0 i
a selectivity
k2 >k\; a = (2.17)
K, = k!
N (/)

(total theoretical plates height, H)

N=—I 1= 11g+ Thget Mg+ H * H (2.18)
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H\ Il longitudinal diffusion
Hme H sorption-desorption kinetics in micellar solubilisation
zla H y] intermicellar mass transfer in the agueous phase
Hi Il thermal dispersion
Tlpd Il polydispersity of micelles
MEKC H me
H\
Hag Hpd
Hi Joule heating
BGE, MEEKC
MEKC
29 CE (Qualitative and Quantitative Analysis in CE)
CE (t]

(electrophoretic mobility, p)

spiking techniques

photodiode
array detector
(Q)
2.19
_ Peakareax FEm V
Emohy - Reiponse factor Fm T 219)

Fp volume flow

HPLC (Q) peak area
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CE (Q) , peak area
()
electrophoretic velocity (v ) electroosmotic velocity (vc0) 2.20
Q corrected peak area
2.21 CE ( corrected peak area)
nrl
JF = (2.20)
V1 Peak area (AU
Q- ocC — A( Q (2.21)
tm ()
CE

[Mayer, 2001]

(quantitative analysis) (calibration
curve)

1) External Standard

corrected peak area ( y)
( X) (y = mx + ¢
corrected peak area
2) Internal Standard
internal standard
y corrected peak area
corrected peak area internal standard X

internal standard
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2.10 (solvent extraction  liquid-phase extraction)

(sample phase)

(

) (liquid-phase extraction)

liguid-solid extraction

liguid-liguid extraction

liquid-liquid extraction

A (analyte)

(sample phase)

0rg (organic phase)
(solute)
2
1
2 (distribution constant)
(distribution coefficient, K d) 8 (partition coefficient, P)

[Morrison and Freiser: 1962]



Corg

€S

efficiency, E)

vatg

VS

Kd

Kd

Recovery (R)

Kd

Ka=
(sample)
Kd
E :KVﬂ_
WO
CorgVorg

T (CL/.S+C,F)

(+xp)

(organic solvent)

2
(2.22)

(extraction

(2.23)

(2.24)

(2.25)
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p Phase ratio

(VI V)

2.11 Salting-Out Effect

Salting-out effect

(ionic strength)
Kd
222 2.25
(NaCl) (anhydrous M gS04)
[Morrison and Freiser, 1962; Anastassiadcs et. ai, 2003; Majors, 2008]
( anhydrous )
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