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Historie kapilarni elektroforézy (HPCE)

Technique

CZEin3mmid.

rotating tubes (20)

T 3s)

CZE in 200-500 um commercial instrumentation for CITP

id. glass capillares (21)

Electroosmotic.

chromatography (36)

CZEin2004m id. stacking (22)

teflon cappillaries (22)

CZEin75umid.  fluorescence (23)

capillarics (23)

CGE 24)

MECC (26) ultraviolet (27)

CIEF 25) laser fluorescence (28)  chiral recognition (28)
coated capillaries (32)
repulsion of proteins from capillary
walls (33)

mass spectromery (29)
electrochenistry (30)
(31)  commercial

feld-effect electroosmosis (34)

20 — Hjertén (rotujici kapilary (3 mm))

23 - Jorgenson a Lukacs (prvni skuteéna HPCE separace)
26 — Terabe (MEKC)

28 — Gassmann (LIF detekce, attomol konc.)

Kapilarni elektroforéza vs. Chromatografie

Zdroj vysokého nafii pumpa

Kapilara

Kolona

azornéni CE pristroje
Capillary
thermostatting

Diode-array
detector

Vial carousel {thermostatted)

Buffer replenishment

Parametry separacnich kapilar

—— 363 um—

12pm  50pm

Innendurch-  Injektions-  Kapllar- relativer Oberfliche  Verhilinis
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Limitni elektroforetické mobility vybranych ionta

Kationen Mobilititen Anionen

Hy0* 362,5 OH" 2055
Lit 40,1 F 574
Na* 519 (¥ 79,1
K* 76,0 N0 74,1
NHg* 722 5042 82,9
Diethylammonium 379 Hepes 21,8
Triethylammonium 53,1 Mops 244
Ammediol 76,2 Mes 268

Tris 29,5 Amp -22,6

B-Alanin 37,5 Formiat -56,6
Ethanolamin 443 Acetat -42,4
TImidazol 52,0 Aces -31,3
Mopso -23.8
Bes 24,0
Tes 224
Heppso 220

(Mobilititen stellen die Grenzmobilititen bei 25°C in 10°% , cm?V-!s! dar.)

Povrch kapilary/elektroosmoticky tok

Vznik elektroosmotického toku

Silica

| = efektivni separacni délka,
L = celkova délka,
V = separacni napéti

Laminar flow

| e

Mobility

He canbe usedto correct or
[E] any inconsistancies in eof. It can
also be uscfu for compensating
Jor area changes duc to eof shifis.

eof

Apparent mobiliy 1,
L Effective mobiliy 1,
5l




Davkovani vzorku

Siphoning

* Separace enantiomerut

Princip kapilarni zénové elektroforézy CZE stanovent anorganickych anio

, elektrické p: antn
. Vzorek se bude délit na zakladé rozdllnych elektroforetlckych mobilit analytt
« Vzorek bude nadavkovan a migrovat jako zéna/zény

« Doba analyzy = f(koncentrace pufru, délka kapilary, napéti, aditiva)

35
Migration Time/s

P”nCIp kapllarnl |zotachoforezy ITP stanoveni anorganickych aniontt




Oberflichenaktive Substanzen, Tenside

Mizellare

Elektrokinetische /’/" i
Kapillar- b, unpo\av. f
Chromatographie e i —— -3» . a polar

lipophil

pseudostationare, +
mizellare Phase

Micelle
EOF (100% retained)
(unretained)

Migration ~ Netto-Geschwindigkeit ~ EOF

MBSl Princip kapilarni elektrochromatografie

Abrorhimee.

Poly(butadienemaleic acid), MW 10.000-15.000
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‘Separation of Corticosteroids by MECC. Buffer, 100 mM sodium cholate,
100 mM borate, pH 8.45. 1, triamci 2, 3,

] 6, i
fluocinolone acetanide; 8, fluocinolone

Detekéni médy

CEC stanoveni monovalentnich kation

Fs Cs* NH7K* Na* Lit
24ayers NH;* Csk* U Na* Lt

4-layers NHSK'Cs'  Nat  Lit

o
=3

6-layers NH{ K' Cs* Nat ' Lit

C4D signal (mV)
g

L « Elektrochemicka detekce (amperometricka, potenciometricka)

* Hmotnostni spektrometrie

: » Méné obvyklé typy detekce (refraktometricka, radioaktivni,
time (min) termoopticka, atd.)

CEC conditions: separation capillary: 60/46cm total/effective length; 75/375 pm ID/OD

separation voltage: +15 kV; injection, hydrodynamic injection from a height of 15 cm for 15 s;

analyte concentration: 50 pM; BGE solution: 200 mM acetic acid




,0n-column*“-detekce

UV, fluorescenéni

Fluoreszenz-
Detektor

-

ca. 360 um
20-100 um

UV-Detektor

,On-column“-detekce

Vodivostni

Teflon cap
Plexiglass jacket é

Teflon tubing

Connecting wire

Pt wire
Capillary tubing
Teflon support

Epoxy

»End-column*“-detekce

Hole
Capill
e

Load
wire

Insulator  Insulation of
lead wire

,Off-column*“-detekce

don in CE. EOF—dircction

refereace electrodes DC—pover supply; POT—potentiostat; V—high impedance vollmeter.

fima detekce

5 Hintergrundabsorption
<3 Schematische Darstellung der
E Signalentstchung bei der indirckien
N UV-Detektion

Nepfima UV detekce kation

4
8,00 10200 12,00 14200 16.00 18200 20700

o,
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Fig. 2. Electrophoretic separation of 15 metal ions. Carrier electrolyte, 10 mM UV CAT-1-6.5 mM HIBA (pH 4.3): hydrostatic injection,

20 from 10 cm heigh; voliage, 25 kV. Peaks according 1o the sequence: 1=K (0.4 ppm), 2=Ba (0.8 ppm), 3=Sr (0.8 ppm), 4=Ca (0.3

ppm). 5=Na (0.5 ppm), 6=Mg (0.6 ppm), 7=Mn (0.6 ppm). $=Cd (0.8 ppm), 9=Cr (1.4 ppm), 10=Co (1.0 ppm), 11=Li (0.8 ppm),

12=Pb (08 ppm). 13=Ni (1.0 ppm), 14=Zn (1.8 ppm). 15=Cu (1.0 ppm).




Pfima UV detekce aromatickych karboxylovych kyselin On-column absorpéni spektrofotometricka detekce pro CZE

BGE: Tris/acetat L - lampa |
S - Stérbina A==lEae=

C - kapiléra = &

D — fotosenzor

a, B, Y, - paprsky svételného zdroje

Vliv rozptylového svétla Vliv rozptylového svétla

Gemessene Extinktion

10 %
Streulicht

-10 0 +10
Relative Wellenlange in nm 1 il L i L Il
10 20 30 X
Konzentration
heinbare negative A i 2 bert- schen Gesetz.

Streulicht begrenzt die maximal messbare Extinktion.
Kurve 1 beschreibt das wahre Absorptionsspektrum, Kurve 2 ist das beobachtete icht bewirkt
i bei einem i il von 0,011y

Schema UV spektrofotometrického detektoru Srovnani svételnych intenzit kontinualniho svételného
zdroje a ¢arovych svételnych zdrojl

Photostrom
(nA)

“The scheme of &
specrophotometic detetor for
. Cap, capillary; S, sl
BS, beam splicer; C, collmator
M, mitror; Dy, deuerium lamp.
180 200 220 240 260 280 300
Wellenlinge (nm)
‘Vergleich der nutzbaren Lichtintensititen (Lichtntensitat gemessen mit einer Photo-
zelle) ciner Deuterium-, Quecksilberdampf- und Zinkdampflampe [23]

Rtutova lampa (254 nm)

Kadmiova lampa (229nm, 326 nm)

Zinkova lampa (214 nm)

Deuteriova, xenonova lampa (190-320 nm) — UV
Wolframova lampa (300 — 700 nm) — Vis




Diode-Array detektor

Flow Colt

Diode-array detector

DAD detekce

FLUORESCEN (1 ma/mi)
Rum: 24 kv

o ik sdo

iode-array detection of fluorescein, 1 mg/mL.. Capillary: 72 em (50 cm to detece)
50um i.d; buffer: 20 mM CAPS, pH 11:injection: 10KV, 10s.

apilary s prodlouzenou optickou drahou svételného paprsku

Extended Light Path Capillaries

Photograph of a dye front passing through the extended light path
capillary detection region

Princip kapilary s prodlouzenou optickou drahou svételného paprsku

HP Extended Light Path Capillary

Vliv delSi optické drahy svételného paprsku na citlivost UV detekce

Extended light
N path capillary
id =50 pm mAU  id = 50, path 150 pm 22 [t

- S6em
100 mbarx:
25KV
13 A

Standard capillary

i
Buffer:
89 mM Tris-borate,
pH82

3.4 s
Time Time

Zlepseni citlivosti UV-detekce prostfednictvim delSi

optické drahy svételného paprsku - priklady

1. "bubble-Zelle"

==

Verbesserung der UV-Detektion durch Vergroe-
5 rochtmniige. Keglaren rung der Schichtdicke.

1. Blasenformig aufgeweitete Kapillare (bubble-Zelle)
ZZelle

3. Kapillaren mit rechtwinkliger Geometrie




Fluorescenéni detekce

) Dansychlorid:

oo

CC e OR

Lo

) Cyhydrinreakion mi p Amisobessaesburedervaien

s I

- o

FMOC - Fluorenylmethoxycarbonyl-
chloride

CBQCA - 3-(4-carboxybenzoyl)-
quinoline-2-carboxyaldehyde

OPA - Orthophthalaldehyde

Laserem indukované fluorescence

+ Advantages
~ Great impravements in sensitivity { down to 10 M)
~ Specificity
~ High sensitivity competitive immunoassays (do not require
Muorescent sample)
- Disadvantages
~ Needsa separate laser for each wavelength
~ Wavelengths limited at the moment
~ Usually requires deriatisation of analyte

Stanoveni derivatizovanych aminokyselin (derivativatizace
dansylchloridem) pomoci CZE s LIF

Potenciometricka detekce

e

Potentiometric detector arranged in end-cols position. EOF—direction of

Potenciometrické detekce organickych
a anorganickych iontd

ISME—microelectrode; FS—fused silica capillary; M- high-voltage ground; REF-

ic flow;

fe T

detrode; Ag/AgCl—internal reference electrode.

500
time (5)

smési 1

kys. (2), and 1

r T T T T T 1
5:00 6:00 7:00 8:00 9:00 10:0011:0012:00

1/min




Vodivostni detekce

—
I

E2

Schematic view of on-column (A) and end-column (B) conductivity detection. EOF—direction
of electroosmatic flow; FS—fused silica capillary; G—high-voltage ground; El—electrode 1; E2—electrode
2.
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Connector for the excitalion.

waveform, (2) capillary, (3)
internal shield, (4) tubular
electrodes, (5) pick-up amplifier
and (6) guiding sleeve of the
new cell.

Srovnani home-made a komeréniho detektoru

Ca?* Mg?

21 24
‘Time (min)

don in CE. EOF—dircction

refereace electrodes DC—pover supply; POT—potentiostat; V—high impedance vollmeter.

T T T 1
0 15 30 45 min

FIGURE 5. Anperomesic detection of csbobydrte separed by CE. ey 100 mt NoOH, i ca. 13

sl capilay 0 L. engh 73 o jction by gravity, 10 o 10 m heights spartion volae 11

BY: sl catbyaes (30-150 M), (1) b, (5 sachyoe, (0 finoe, (0 scrose, () lcos, (0
o I ) mannos, )

) os. (From ol L. .t a. Anal. e 65, 47, 1993, With permision.)

Komponenty hmotnostniho spektrometru

lontovy zdroj

Typy ionizace

- ionizaci 252Cf

- elektrosprejem, termosprejem
(ESI)

- ionizace laserem za
pritomnosti matrice (MALDI)

Hmotnostni analyzator

Hmotnostni analyzatory

ap-TOF, trap-ICR, ...
- FT-MS (ICP-MS)

Detektor

Podita¢

Detektory

P zj8tovént taF

2. Nasobicové detektory
vyuzivaji efekt nasobeni
elektrond uvolnénych z prvni
konverzni dynody

po dopadu iontt (nejcastsji
pouzivané detektory v MS,

poskytuji méfitelny signal pro jednotlivé
ionty)




CE — hmotnostni spektrometrie

o F

N e G
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pump
“The scheme of the lectrospray CZE-MS intesface. C, separation capilary; A, electrospry
D, o prodoceds K

B
trance aperture; G, quadrupole setor; H, elecron multplier detestor. From (139, with permisson.
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N, e

“The sheath flow inerface for CZE-MS. C, separation capilry; D, holder; E, tubing;
F sainess s tubing. From (145, wih permission.
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Total ion chromatogram (TIC)

/
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i Sy 422 SCBP = 14307, 17]
1 min

Netradi¢ni detekéni metody v kapilarni elektroforéze

concentration [mol/l]

end-column

1.00E-03 electrochemical detection

100E-0S conductivity detection

1.00E-07

1.00E-09

LOOE-L1

1.00E-13

indirect fluorescence - hermooprical absorbance Y absorbance
.

.
mass spectrometric
‘detection
UV absorbance vith

Z-shaped flow cells
- UV absorbance detection
B

-+~ electrochemical detection
o

o
conductivity detection ™ ragiochemical detection

with ITP stacking

fluorescence detection

L00E-17 To0E15 L0E 13 Toe1l
‘molar sensitivity [mol]

Advantages/
disadvantages

< Universal

Wvie
absorption

Fluorescence 100107

Lasorinduced 10107 1010

Amporometry 10100 10107

Conductivity  10%-10%

=3
ametry

Indirect UV,
fluoresconcs
amporomtry

method

Oters:
Radioactiviy, thermal lans, rafactve index, circula dchvam, Raman

asume 0l iactanvohra

Realné aplikace
elektroforéze

ch detekénich metod v kapilarni

Environmentalni analyzy

CZE-C4D

Migration Timels

35
Migration Timels

Anorganické kationty a anionty ve fece Ryn (Basilej, Svycarsko), ultrakratka CE kapilara,
detekéni cela upravena pro minimalni detekéni objem.
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MCZE-Amperometricka detekce

PAD Response

5 20 0 05 10 15 20
Time / min Time / min

ity 2 oy ,’,:, (i) Srovnani referenéni metody (GC-MS) a CE-microcipové metody pro stanoveni

levoglukosanu ve vzorcich ovzdusi.

Stanoveni anorganickych polutantt ve World Heritage Area (Lake Pedder, Tasmanie,
Australie), pomoci pfenosného CZE-C*D pfistroje

ommi AMPA
|

4 Glnzm

’ A I 1amgtt
/AWM"[ I M h S g M T
/

h AI 0amg!'

4-chloro-3-methylphenol

Stanoveni wych icidG v prirodnich ich vod. Stanoveni pomoci CZE- Stanoveni fenolickych slougenin ve vodném extraktu znegidténé puady.
ICP-MS techniky.

Analyzy potravin

CZE-LIF

Stanoveni fluorochinolonti v povrchové vodé (po precisténi, prekoncentraci a SPE

extrakci).
Stanoveni chirdlnich aminokyselin ve vzorcich octu.




Stanoveni fenolickych sloucenin v rdznych vzorcich olivového oleje.

ntars
ot
20
L-GABA
16
L-Arg
12
L-Pro
os k
L-Asn A
L-Ser IN
" L-Glu \
L xl
DIL-Asp kD
00 T T T T —
¢ 10 T % P 0 Tmemn]
i amir lin ve vzorku pc ého dZusu.

15 20 25 3 3B 40
Time (5) 2% 3
Time ()

Stanoveni anorganickych kationtti ve vzorcich ovocnych dzusu, piva a mléka pomoci
mikrocipové elektroforézy.

Forenzni a klinické analyzy

CZE-C4D

50 mV AxB BHB  GHB

" \| \;\ {\/

B
\/| BHB GHB

AHB GHB
N
800 900 1000
Migration Time (s)

Stanoveni psychotropnich latek ve vzorcich moci, krevni plasmy atd.

25 30
Time (sec) NH,*

T T T T T 1
10 15 20 25 30 35
Time (sec)

Stanoveni Li* a ostatnich anorganickych kationtd ve vzorcich krevniho séra

A B

Na* Ls
e blankswab

o Na*

- . 1S
sof  Hcog
blank swab
NOg
’ HCO, + ca?tl 2
so2 3 K" ca | Mg
e * device #1 s device #1
No; L
soZ d device #2
1mv| o] device #2 Na*
2

Clsoz

M

HCO, " P

| / "
a0 levice #3
.J _"J_—Ldeviu#e cal

NOg'clo,;

| ™ JL M
j clog y
ci devioe #4 device #4
5 6

8

7 8 a4 5 6 7
Migration Time (min) Migration Time (min)

Stanoveni anorganickych ionti ve vzorcich po explozi vybusnin — uréeni jaky druh
vybusniny byl pfi bombovém utoku pouzit
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Mikrocipova elektroforéza

Product:
Product Code:
Chip Dimensions:

Length to Cross:
Separation length:
Injection Type:

Micronit CE chips
T21E

30x15x 1.5 mm
21,4.8,4.3,48 mm
21 mm

double T
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