Kapilarni Izotachoforéza




v= u.EK

v - rychlost iontu v elektickém poli
E - intenzita elektrickeho pole
u - elektroforeticka pohyblivost
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Béhem elfo se vytvori ustdeny stav, ustd i se
s rychlost iontu. Plati:
F- - elektrickasila Y
Q - ndboj iontu '
E —intenzita elektrického pole

F. — frikeni sila QxE=6mrv v=uxE
Fp=-6nnrv l
n - viskozita roztoku
r - polomeér iontu u=Q/6mnr

v— rychlost iontu




Elektroforeticka pohyblivost

- vztazena vzdy na prostredi, ve kterém se latka pohybuje

- jednotky m2V-1s1

- hodnota pro vétsinu ionta ~ 108

- vyjimky: H* 362,5 x 102 m2V-isl
OH 205,5 x 10° m?V-ist



Iontové pohyblivosti a pK  vybranych latek (25 °C)

Na*t

B - Alanin (+1)

Histidin (+1)

Tris

Cr

kyselina octova

Kyselina propionova

Kyselina kapronova

- znameénko urcuje smer pohybu iontu

Iontova pohyblivost

u. 10 (m2Vv-1sl
51,9

36,7

29,6

29,5

-79,1

42,4
-39,1

-30,2

pohyblivost kationtii - kladné znaménko
pohyblivost anionti - zaporné znamenko

PK,

3,552

6,04

8,076

4,819

4,874

4,857



Ziskani udaju o pohyblivosti

1. literérni prameny
publikované obsahlé tabulky

Hirokawa T. and all. J. Chromatog. 271, D1 (1983)

prepocet z dostupnéjsich limitnich iontovych vodivosti
)ymol

“ = F|Z|
Ao molarni iontova vodivost
F - Faradayova konstanta ( 96487 C mol-1)
|z] - pocet elementarnich naboju nesenych iontem
2. Empirické rovnice
B 485 -9
Joklova o= (lz1 77—~ 9.6).10

M - relativni iontova hmotnost

moznost korelaci - u podobnych ionta dosadit do rovnice a zjistit ¢iselné konstanty
problém - u malych iontt (hlavné kovovych) zistava ¢ast hydratacniho obalu, jehoz velikost se
tézko odhaduje



Skutecna pohyblivost - vliv vnéjsiho prostredi
vliv iontové sily - Onsagerovarovnice
N

= -02Bu’2z, +313.10° )

/ ,u/ - iontovd pohyblivost
Jue ] - limitni iontova pohyblivost
/ZR / - ndboj protiontu

I - lontova sila



Vliivteploty

p(M=pd)l1+a(T-T)]

a~ 0,02

zvysenim teploty o 10 °C se zvysi pohyblivost priblizné 0 20%



Efektivni pohyblivost

vliv chemickych rovnovah na pohyblivost ionti

Tiselius:
Latka, pritomnad v roztoku ve vice formdch, které jsou navzdajem v rychlée dynamicke
rovnovdze, migruje elektrickym polem jako jedinad latka o urcité efektivni pohyblivosti u :

H=2 XM,
l

X; - molarni zlomky jednotlivych forem latky

U; - iontove pohyblivosti jednotlivych forem latky



Princip metody

Zonova e ektroforéza | zotachoforéza

I

[T |




Diskontinua ni elektroforéza
Tris/gly pH 8,8

Tris/HCI pH 6,8

Tris/HCI pH 8,8

Tris/gly pH 8,8



Vlastnosti izotachoforetickych zon
1. Samozaostrujici efekt

T L

Intenzita el. pole
Teplota

Pohyblivost
Mérnavodivost
Koncentrace protiiontu




2. Koncentrace v izotachoforetickych zonach

luX 'uL+’uR

: L ‘uX—l_‘uR | '

Pri analyzach s neménnou koncentraci vedouciho elektrolytu je koncentrace latek v zonéch
konstantni

- |ze vyuzit délku zony pro kvantitativni vyhodnoceni
- koncentrace latek v ptivodnim vzorku nemazadny vliv navyslednou koncentraci | atky

v adjustované izotachoforetickeé zon¢



Historie

1897 — Kohlrausch - teoretickeé zaklady metody

1923 — Kendall - prvni pokusy separace | atek naizotachoforetickém principu

1953 — Longsworth — demonstrovana moznost uziti izotachoforézy jako analyticke kapilarni
separacni metody

1963 — Konstantinov a Osurkovova — separace kationtd kovu v tenkosténné sklenéné kapiléare
1967 — popis prvniho izotachoforeografu

1970 — zacal se pouzivat nazev izotachoforeza

Komeréni pristroje

1974 — Tachophor 2127 LKB, Bromma, Svédsko
1975 - IP-1B (nasledovaly IP-2A aIP-3A), Shimadzu, Kyoto, Japonsko
1983 — CS Isotachophoretic Analyser, VillaLABECO,

Spisska Nova Ves, Slovensko

Dalsi vyrobci: ITABA, Svédsko (Tachophor Delta)
JZD OdraKrmelin (Agrofor)
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Villa LABECO, SpiSska nova ves, Slovensko

Detektory Predseparacni kolony
V odivostni Délka 90 a 160 mm
Rozsah 30 kQ - 20 M Q Primér 0.8 mm
Detekéni limit 1 x 1010 M

Separacni kolony
Fotometricky Délka 90 a 160 mm
254, 289 nm (405) Primer 0.3 mm

detekeni limit 5 x 1012 M (kyselina pikrovd)
Davkovani vzorku mikrostiikackou
nebo davkovacim kohoutem (30ul)

Moznost préce v roztocich s metanolem (do 30%)

Maximani napéti 15 KV
Maximalni proud 500 pA
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Promyti syst¢ému vodicim ellytem




Promyti systému vodicim ellytem

Promyti nanaseciho ventilu a prostoru pro koncovy ellyt




Promyti systému vodicim ellytem

Promyti nanaseciho ventilu a prostoru pro koncovy ellyt

Naneseni vzorku
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Volba elektrodového systému

- rozpustnost (vyssi mastne kyseliny-¢asto nutno pouzivat smésna rozpoustédlajako voda-
metanol)

- chemicka stabilita (oxidace ¢i redukce v elektrolytu, srazeni ionti z roztoku napi Pb?* Ci
Ag x CI

-ionizace analyzovanych latek (velmi dulezité kriterium pro vsechny elektromigracni
metody)

-V pripadé slabych kyselin abézi je stupen jgich ionizace zavisly na pH prostiedi (v ITP na
pH dané zony)



Jednosytna slaba kyselina (HA)

Disociacni konstanta je rovna: C C

Disocia¢ni stupen pak:

c K
a — A — HA
A
¢ A K HA + C H T
Pro efektivni pohyblivost plati _
. - H @
— K HA
Ha = Ha g + ¢
HA +
Slabakyselinaje disociovana z 50% pti pH=pK,,, tedy -
u
a =-4-05
A
H4

Pro pi>-pk, -1 jedisociace vétsi nez 10% coz uz je podminka pro migraci analyticky vyuzitelnou

Analogickasituace je u slabych bazi:
M, =M1,

C'HJr

KBH—I-CH

+



vedouci ion
terminator
Protiion

Podminka ionizace
analyzovanych |l atek

Kationtova ITP
K*, NH,*, Na*
Slaba baze
Slabakysdlina

PH < pKg, +1

Aniontoval TP
Cl-
Slaba kyselina
Slaba baze

PH = pKy, -1



Kationty

Vedouci elektrolyt: 5 — 50 mM KOH + protiion

protiion
Kyselina octova
Kyselina propionova

MES

veronal

asparagin
glycin
B -alanin

pH
42572
44 -54

5,7—6,7
6,9-7,9

8,3—-9,3
9,1-10,1
9,8-10,8

Koncovy elektrolyt
GABA
Kreatinin
Histidin,
imidazol
Imidazol, triethylendiamin
Triethanolamin, Tris
Triethanolamin, NH,

NH,, ethanolamin



Anionty

Vedouci elektrolyt: 2 —20 mM HCI + protiion + aditivum (0,05 — 0,2% polyvinylalkohol, 0,05 — 0,5% hydroxyetyl
celuloza, 0,05 — 0,5% Triton X-100)

protiion pH Koncovy elektrolyt

B - Alanin 31-41 Kyselina glutamova
Kyselina propionova
Kyselina kapronova

EACA 41-51 Kyselinaglutamova
Kyselina propionova
Kyselinapivalova

Kreatinin 45-55 Kyselinapivalova
MES

Histidin 55-6,5 MES, HEPES

Imidazol 6,6 —7,6 MES, veronad

Tris 7,6-8,6 Glycin + Ba(OH),

Asparagin + Ba(OH),

Ammediol 8,3-9,3 Glycin + Ba(OH)2
EACA + Ba(OH)2

ethanolamin 9,0 10,0 EACA + Ba(OH)2



Jevy provazejici separaci
Elektroosmoticky tok
VY —

g - permitivitaroztoku
n - viskozita roztoku

& - elektrokineticky potencia ( zetapotencid )

moznosti reseni:

e ¢ E
n

R

566609960

- zvyseni viskozity roztoku pridavkem 0,05 — 0,3 % derivatu celulosy (hydroxypropyl-,
hydroxyethyl-, hydroxypropylmethyl-) do vedouciho elektrolytu

- obréceni znaménka el ektrokinetického potencialu pridavkem kationogenniho sméacedla
(napt. 1mM cetyltrimethylamonium bromid) do vedouciho elektrolytu

- snizeni elektrokinetického potencidu pridavkem 0,05 — 0,2% neionogennich smacedel
(Triton X-100, polyetylenglykol, polyvinylalkohol) do vedouciho elektrolytu



Jouleovo teplo

- elektricky ohtev je hlavnim limitujicim faktorem velikosti hnaciho
proudu

-vyrazné jsou ovliviovany iontove pohyblivosti separovanych latek

-vznikaji teplotni gradienty atedy dalsi nehomogenity

-ohtev ovliviuje disociaci slabych kysdlin a zasad

-mize dochézet k destrukci termolabilnich | atek

Nejvétsi problém u kratkych zon, které predchazejici zona
ovliviiuje
priklad:  vodici ion SmM NaBr
termindl jodicnan

50 pA

je treba 10 mm, aby teplota v zoné dosahla ustalené hodnoty

Kapilary:

FEP — kopolymer perfluorovaného polyetylénu a polypropyl énu

PTFE — Teflon (polytetrafluoroetylen)

- nevhodny kruhovy pruiez, §patna tepelnou vodivost

- dobra chemicka a mechanicka odolnost, maly elektroosmoticky tok a
snadno se vyrabgji



Ucinnost termostatovani:

T

]
}ﬂ
_|_

Q
(T

T — stredni teplota zony

T,—- termostatovaci teplota

Kvocient q se stanovuje experimentalné tak, Ze pri riiznych termostatovacich teplotach
merime proud protékajici kapilarou (napv. 1 mol/l KCI) v zavislosti na vloZeném napéti.

Idedlne g =10
Tachofor (0,8 mm) q = 1,36 KmW-!



Gravitace

Rozdilna hustota ITP zon vede k deformaci rozhrani
moznosti feseni:

- separace Vv inertnich nosi¢ich agelech

hustotni gradient nelonogenni latky

podminky nulove gravitace

stabilizace zon gravitaci

tenke kapilary



Koncentracni kaskada

Z
S=1]] 2

. H x . Byt g
o Py g Hi

prvni ¢ast kapilary naplnéna koncentrovanym roztokem vedouciho elektrolytu (vyssi separacni kapacita x
nizsi citlivost [kratsi zona])

druha ¢ast kapilary naplnéna vedoucim elektrolytem o nizsi koncentraci



Technika spojovani kolon

v |
|

E

DA

metoda pro eliminaci balastnich slozek vzorku
mozna kombinace s koncentracni kaskadou

D,

F

g
7

Villa LABECO:

Predseparacni kolona
Délka 90 a 160 mm
Priimér 0.8 mm

Separacni kolona
Délka 90 a 160 mm
Priumer 0.3 mm



Izotachoforesa s protiproudem vedouciho elektrolytu

pivodni rychlost v, se snizuje o rychlost toku protiproudu vy, narychlost v

metoda zvysuje migracni drahu zon (separacni kapacitu)
migracni rychlost mazeme snizit max. 0 30% ( jinak dochazi k naruseni ostrosti zonovych rozhrani)



1echnika kontinualniho davkovani

—1-S RN

VZOREK PROT!PROUD}

protiproud nastaven tak, aby vykompenzoval elektromigracni pohyb zon
metoda slouzi k zakoncentrovani velkych objema naredénych vzorku

vlastni separace pak probiha bez protiproudu
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DETERMINATION of ORGANIC ACIDS in SILAGE

MAIN FEATURES :

Aliphatic organic acids are usually the major fermentation products present in silage, therefore their content is a main
criterion of quality of the silage. Isolachophoresis is a suilable method for their determination because in 10 - 15 minutes
itis possible to analyse the main components ( formic, acelic, lactic, propionic, butyric acid, PO, or other interesting
components). Reproducibility of the methad is approximately 2% and pre-treatment of the sample is very simple (dilution).
A similar result can be oblained in the analysis of rumen liquids.

LACTIC

FORMIC
X

-_—
18 min 17 e

Isotachophoreogram of silage extract
A - record from preseparation column /1, =250 pA/
B - record from analytical column /|, = 50 pA /

X - unidentified zones, NR - impurities from solution
Determined concentration / % / :
formic - 0,07; PO‘ - 0,20; lactic - 2,10, acetic - 0,89; propionic - 0,05; butyric - 0,19

Operational conditions :
leading electrolyte -
102 M HCI + 2,2.10? M ¢-aminocaproic acid + 0,1% methylhydroxyethylcellulose IMHEC!
terminating electrolyte :

5.10° M caproic acid

Sample : 100 g of silage extracted in 900 ml of water / 16 hour /, diluted 1: 250
V=30p



DETERMINATION of NITRATES and NITRITES in VEGETABLES

MAIN FEATURES :

Isotachophoresis is a very simple and reliable method for determination of nitrates and nitrites in vegetables. Only a very
simple sample pre-treatment is needed : homogenization and extraction in waler. Practically no interference of
conslituents can disturb the analysis. The resilts were compared with more tedious spectrometric methods.

To achieve lower detection limits, the leading electrolyte, with a lower concentration of leading ion, was used in analytical
column.

XA S
el o OXALIC [

NO

NQ, NQ,
10,5 min 10 m 5,5 min 5 cl

e Isotachophoreogram of radish extract ( 10 g in 100 ml water )
Determined concentrations : 2100 mg NaNO, and 3.7 mg NaNO, in 1 kg of the sample
A - preseparation column B - analytical column

Operational conditions :

leading electrolyte :

preseparation column : 8x10° M CI" + 1.5x10"* M Ba®" + p-alanine + 0.1% HEC ; pH = 4.0
analytical column ~ : 4x10% M CI + 1x10® M Ba?* + p-alanine ; pH=4.0

terminating electrolyte :
103 M oxalic acid ( citric acid ) + TRIS

V=30p; |, =200 pA; 1, =15 pA



DETERMINATION of GLUTAMATE in FOOD

MAIN FEATURES :

Today the glutamate is the most widely used food additive for taste intensification, mainly in soups and sauces. Only
extraction of the sample with water and simple filtration are needed in a pre-treatment step. High speed and precision
and no interferences are typical features of this determination.

ITP allows the simultaneous déetermination of other anion substances such as S-monophosphale, citrate,

inosine 5-monophosphate, etc.

GLUTAMATE
GLUTAMATE

CITRATE
CITRATE

12,5 i 12

(<18 (<[

Isatachophoreograms of glutamate determination in soup (A) and sauce (B).

Operational conditions :
leading electrolyte :
102 M CI + 2.102 M histidine + 0.1 % methylhydroxyethylcellulose / MHEC /; pH = 6.0

terminating electrolyte :
5.10>M morpholinethanesulfonic acid

V =30 i



ANALYSIS of DRINKING and SURFACE WATER

MAIN FEATURES :

Isotachophoresis was applied to identify and quantify simultaneously the most frequently determined macrocomponents (
Cr, SO 42', NO," ) and microcomponents ( NO,, F7, PO 43' )} in water. It is possible to determine another ionogenic
components. Precision and accuracy of results are better than classical methods.

RIS
[]
csr}/ |
air
PO,

B A

A
F
NO, SO
NO,
\ Ci | S
21 ain 20 B 10

Isotachophoreograms of Danube water / Sursky kanal.
A - record of macrocomponents in preseparation column /1, =250 pA /
B - record of mocrocompanents in analytical column /1,=7.5 pA/
Determined concentrations /inmg/ /: Cl-41,9; NO,-387, 80,937
NO,-0,88; F-0,16; PO,-1,01

Conditions : leading electrolyte :

preseparation column : 8.10° M Cl + 3,10 M BISTRIS propane + 1,5.10° M p-alanine
+ 0,1 % hydroxyethylcellulose / HEC /, pH = 3,68

analytical column : 210 M Cl + 1,510 M p-alanine + 0,1 % HEC, pH = 3.54

terminating electrolyte :
5.10" M citric acid
V=30u



DETERMINATION of ALKALINE METALS and ALKALINE

.~"TBA

EARTH METALS

" TEA
-

Fig. 1. Isotachophoreograms of analysis from analytical celumn :
A - model mixture / concentration cca 5.10°9 mold /
B - analysis of drinking water diluted 1 : 4 / determined concentration in mgi :
K=45 Na=8 Ca=67,Mg=15/

Conditions : leading electrolyte :
10t ™M MH,"™ + acelic acid, pH=5; dissalution : H,0 PEG 55 : 45 ivol/ + 0,2% HEC
terminating electrolyte :
3102 M TBACIO,, dissolution : H,0, rgsp. /B/ 3.10°° M TEACIO,, dissolution ; H,0

I, =250 A, I, = 50 A, V = 30 pl
_--TEA

Isctachophareogram of urine analysis :
A - preseparation column ; evaluated macrocomponents

Fig. 2.



DETERMINATION of THIODIACETIC ACID in URINE

MAIN FEATURES :

Thiodiacetic acid is one of the metabolites of carcinogenic vynil chloride. A direct correlation has been established
between the amount of thiodiacetic acid in urine and the exposure of the organism. At present, mostly GS -method is

used for this purpose. But this methed is laborious and time-consuming because extraction and derivalion steps are
needed.

ACETIC
I il
ACETIC
i A
ff
CITRIC
30 sec IHIPDIACEUC 1 |
1904
R

29,5 min 29 22 min 20

Isotachophoreograms of urine from person exposed to vinyl chioride :
A - record from preseparation column /1, = 200 pA /

B - record from analytical column ( only part between arrows was analysed, 1, =150 pA)
Determined concentration : 9,2 . 103 moll (0,46 nmol )

Operational conditions :
leading electrolyte :

Preseparation column : 10 M Cl + f-alanine + 0,2 % hydroxypropylcellulose /HPC/, pH=3,4
Analytical column 102 M Cl + p-alanine + 0,2 % HPC, pH=4,3

terminating electrolyte :
5.10"2 M acetic acid
V=5pl (urine)



