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| CHROMATOGRAFIE

Michail Semjonovi¢ Cvét
" separace chlorofylovych barviv na CaCO,

= 1901 = 1903 - 1905 - 1906

(pokus — odesldno — publikovdno — ndzev)
Chromato-grafie

= z feckého chroma (barva) a graphein (psat)

= uBeT = barva
A. Tisselius

Elektroforéza
(Nobelova Cena 1948)

A.J.P. Martin

Rozdélovaci chromatografie (Nobelova Cena 1952)

www.wikipedia.org
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= 1901 = 1903 - 1905 - 1906

(pokus — odesldno — publikovdno — ndzev)
Chromato-grafie

= z feckého chroma (barva) a graphein (psat)

= uBeT = barva

A. Tisselius Martin Prince
Elektroforéza

SO3E10
(Nobelova Cena 1948) [
A.J.P. Martin R. Synge

Rozdélovaci chromatografie (Nobelova Cena 1952)
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| KAPALINOVA CHROMATOGRAFIE

@acioné rni féa

Neustdlé ustalovdni
rovhovdzného rozdéleni
slozek vzorku mezi

fadzemi. @bilm’ fé;

O
<Anq|y’rD .

WWW.prozyme.com



KOLONOVA CHROMATOGRAFIE

Adsorbent (silikagel, alumina) i

ionex 1
A — zasobnik,
— A B — sloupec
Kolony (50 — 250 mm) sypané za DO outiy
v , . o s vrstviGkou sklenéné vaty
sucha (pfedem nastavend aktivita , )
adsorbentu) LB i
3
Vzorek nalit na vrch sloupce,
’ v, v 2
postupnd eluce rozpoustédly ~J
, , | —C [Kolona
(Od m|Sen|!) # podle Samuelsona
Jednoduch: | — zasobnik, 2 — wvrstva
Odbér a analyza frakei rotom sklengné vaty, 3 — sloupec

ménice 1ontd

V dnesSni dobé hlavné cisténi, preparace.



VYSOKOUCINNA CHROMATOGRAFIE (HPLC)

High Performance Liquid Chromatography

Automatickd metoda od zavedeni vzorkd po vyhodnoceni dat

Column: XBridge BEH300, C,, Sample: 1. Protéin Mixture: Ribonuclease A (0.04 mg/mlL)
3.5 um, 2.1 x 50 mm 2. Cytochrome C (0.06 mg/mL})
Mobile Phase A: 0.1% TFA In water 3. Bovine Serum Albumin (0.20 mg/mL)

o N
Mobile Phase B: 0.075% TFA in 71.4% Acetonitrile 4. Myoglobin (0.13 mg/mL)

Kréﬂ(é kOIO ny (30 - 250 mm) Flowi rate 0.2 mLfmin ; Sr:;:tec:f::;fh\igﬂ;; mg/mL)
Gradient: 28-100% B in 25 min prepared in 0.1% TFA in 5% Acetonitrile
Column temp 40 oC
, . v 7 . R Injection: 5 ul
Sorbent s malymi édasticemi (um) e 20
515 4
Separace ovlivnéna ndplni ;
kolony i mobilni fézi.
2
Rychld (<15-20 min), | :
E 1 | &

Vysokd Géinnost (>40 000 n/m) N .1

Vysoky tlak (5-40 MPa)

Kontinudlni detekce op— A NI L AN

www.waters.com



INSTRUMENTACE
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1 — zdsobnik mobilni fdze 5 — separacni kolona
2 — odplynovaé mobilni faze 6 — termostat kolony
3 — vysokotlaké cerpadlo / — detektor
4 — ddavkovac 8 — datovd stanice

www.thermofischer.com



VYSOKOTLAKA CERPADLA

30 — 50 MPa, odolnost viéi korozi, stabilni a reprodukovatelny priotok < 0,5 — 1%

Aplikace Promér kolony Protok

Konvenéni LC 4,6 mm 0,5 - 1,0 ml/min
Mikrokolonova LC 1 mm — 500 Pm 40 Pl /min = 20 Pl /min
Kapilarni LC 500 ym — 100 PUm 20 pl/min — 300 nl/min
Nano LC 100 ym — 75 JUm — 50 Pm 300 nl/min — 180 nl/min — 80 nl/min

Velkoobjemovda strikacka Pistové Cerpadlo

7.
9 Jednocinné pistove
(1 2 @m: /,ij,' 5 6 5 Cerpadlo s malym objemem
/ . - N ¢inné ¢asti
———-——f——-—7 / 7 E / I — elektromotor,
3 IA 7 2 — pievodovy mechanismus,
3 4 6 3 — pist, 4 — pracovni

prostor valce, 5 — vytlacny

ventil, 6 — nasavaci ventil,
7 — piipojeni ke koloné,

8 — zasobnik mobilni faze.
9 — tésnéni pistu

]
|1
@

|

Cerpadlo na principu velkoobjemové injekéni stiikacky
1 — clektromotor s krokovym chodem, 2 — pfevodovka, 3 — zavit na tahle pistu, 4 — pist, 5 — vélec
naplnény mobilni fazi, 6 — smér toku mobilni faze ke koloné, 7 — jednosmérny ventil umoziiujici
plnéni derpadla mobilni fazi, 8 — zasobnik mobilni fize

Prutokové profily

v zavislosti na ¢ase a na

poloze pistu u cerpadel
s jednou a dvémi hlavami
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DAVKOVANI VZORKU

Si smycka

SAMPLE

v

SAMPLE

\

VENT/WASTE VENT/WASTE
w w
\rzf$
Y
= COLUMN — COLUMN
g g

Nutno prekonat protitlak mobilni faze

Automatické ddavkovace (Oprava
vzorku, deprivatizace,...)

Nezapomenout, Zze objem vzorku
ovliviiuje kvalitu separacel

PUMP/ PUMP/
MOBILE PHASE MOBILE PHASE
[ ] A4 r A4 [ ] r [ ]
Vnitini smycka Velmi malé objemy (nl)
Paosition A Position B
SAMPLE SAMPLE Position A Position B
+ — INTERNAL + CARRIER/ CARRIER/
! SAMPLE SLOT MOEBILE FHASE S-AI‘I.-'IPLE MCBILE FHASE SAMPLE
WASTE
A & & VENT/ ‘ VENT/
= cm_umw WASTE COLUMN L‘.'ASTE
} <a/ of * \}B
CARRIER CAF:RlEn ™~ @V
SaAMPLE
-+ } SLOT ‘(
UNUSED
* * SLOT

COLLRAN

www.vici.com



KOLONA

Aplikace Promér kolony Protok
Konvenéni LC 4,6 mm 0,5 - 1,0 ml/min
Mikrokolonova LC 1 mm =500 Pm 40 Ml /min = 20 yl/min
Kapilarni LC 500 uym — 100 PUm 20 pl/min = 300 nl/min
Nano LC 100 ym =75 Jm — 50 pm 300 nl/min — 180 nl/min — 80 nl/min

Délka konvencni kolony: 100 — 250 mm

Optimalizace mimokolonovych objem(
»high speed* kolony < 50 mm

Vybér instrumentace na zdkladé kolony

Promér 3 — 4 mm (analytické), T — 2 mm

(mikrokolony), < 1T mm (kapilarni), e e
Cad CEd CEP

> 4 mm (preparativni)

Castice

LC > 20 um (plnéné za sucha)

HPLC > 10> 5> 3 > 1.5 um (suspenzni
technika), kulové, pérovité, povrchové
porovité, neporézni, nejcastéji silikagel



POZADAVKY NA HPLC KOLONY

= Retence, selektivita a Ucinnost separace rdznych Sarzi 5 ,-fg
’ s v v \ :
daného typu kolon — reprodukovatelné a dlouhodobé g i
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a pH mobilnich fazi a pracovnich teplot. |

= Vysokd ucinnost a symetrie pikU i pro separaci
poldrnich, kyselych, bazickych ¢&i vysokomolekuldrnich 5‘
ladtek (peptidy, proteiny, syntetické polymery). fj .y }zﬂ

www.emdmillipore.com

a = Mechanickd stabilita kolon pfi pracovnich
5. , tlacich do 30 — 40 MPaq, co nejvyssi
permeabilita (maly tlakovy odpor) a pocet
teoretickych pater

i pFi vysokych pritocich mobilnich fazi —
rychlé separace.

www.hamiltoncompany.com

= Kompatibilita s technikou HPLC-MS.



DETEKCNI TECHNIKY

Selektivni — odezva pouze na koncentraci analyzované latky

Univerzdlni — odezva umérnad celkové vlastnosti eludtu

ldedlni detektor

= citlivy

minimdlni pfFispévek k rozsifovani piku
= maly Sum

mdalo citlivy ke zméndm tlaku, teploty a pritoku

" okamzZit& odezva "= moznost prdce s gradientem — kompromis
= linedrni v Sirokém koncentracnim
rozschb
Nejpouzivanéijsi
"  hmotnostni (HPLC/MS) 7

= spektrofotometricky UV — VIS §
= fluorimetricky

= elektrochemicky

= vodivostni

0.5

" roz pTYI SVéﬂq 0 10 20 30 40 50 0



ROZDELENI SEPARACNICH METOD

Vliv velikosti latek Mechanismy

chromatografie stérické vyluky

= Adsorpce

tenkovrstevnd chromatografie " Rozdélovdni

* Chemickd reakce

*Vyména iontu

vysokoUcinnd kapalinovd chromatografie

= Srdzeni
plynovd chromatografie

= Sitovy efekt

100 1 000 10 000 100 000

moldrni hmotnost ——



ROZDELENI SEPARACNICH METOD

Vliv velikosti latek Mechanismy

chromatografie stérické vyluky

= Adsorpce

tenkovrstevnd chromatografie " Rozdélovdni

* Chemickd reakce

= Vyména iontU

vysokoucinnd kapalinovd chromatografie

= Srdzeni
plynovd chromatografie

= Sitovy efekt

100 1 000 10 000 100 000

moldrni hmotnost ——

Vse lze rozdélit!



ROZPOUSTEDLA / MOBILNI FAZE

Via

Vib

\4l

VI

Alifatické ethery, trialkylaminy
Alifatické alkoholy

Pyridiny, tetrahydrofuran, amidy
(bez formamidu)

Glykoly, glykolethery,
benzylalkohol, formamid, HAc

Dichlormethan, dichlorethan,
trikresylfosfat

Alkylhalogenidy, ketony, estery,
nitrily, sulfoxidy, sulfony, anilin,
dioxan

Nitroslouceniny, fenyalkylethery,
aromatické uvhlovodiky

Aromatické halogenslouceniny,
difenyether

Fluoralkanoly, m-kresol,
chloroform, voda

Snyder Solvent Triangle

Basic

Ethanol
Methanol

Tetrahydrofuran

Acetone
Ethyl acetate
Acetonitrile

Dipolar

l —

Water

Misitelnost!

Introduction to Modern Liquid Chromatography, Snyder, Kirkland, Dolan, 3™ edition.



SERADTE PODLE POLARITY

Fenol Propylbenzen

@OH @/\fc”s §CHQ

S
L Butylbenzen

HN™ > NH,
CHs O
$s
CH
O/ 3 Ethylbenzen H ©
Uracil

Toluen

Thiomocovina



| SERADTE PODLE POLARITY

(5\/CH3

Butylbenzen

O/CHS

Toluen

Propylbenzen

NEPOLARNI

©/\CH3

Ethylbenzen

Fenol O

Thiomocovina

POLARNI



| POLARITA

nydrc.:gen hce]l\]m
1 2
H He
1.0079 4.0026
Tithiurm beryllium boron carbon nitrogen oxygen fluorine neon
3 4 5 6 8 10
Li | Be B|C|N|O]|F|Ne
6.941 9.0122 10.811 12.011 14.007 15.999 18.998 20.180
sodium magnesium aluminium silicon phosphorus sulfur chlorine argon
1" 12 13 14 15 16 17 18
Na | Mg Al|Si| P | S |Cl|Ar
22.990 24.305 26.982 28.086 30.974 32.065 36453 39.948
potassium calcium scandium titanium vanadium chromium | manganese iron cobalt nickel copper zinc gallium germanium arsenic selenium bromine krypton
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K | Ca Sc|Ti|V [Cr|Mn|Fe|[Co| Ni|[Cu|Zn|Ga|Ge|As|Se| Br| Kr
39.008 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.39 69.723 7261 74.922 78.96 79.904 83.80
rubidium strontium yitrium Zirconium niobium | molybdenum| technetium | ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
37 38 39 40 M 42 43 44 45 46 47 48 49 50 51 52 53 54 H,C \/\/\
CH
Rb| Sr Y |Zr [Nb|Mo| Tc |Ru|Rh|Pd|{Ag|Cd| In|Sn|Sb|Te| I | Xe 3
85468 87.62 88.906 91.224 92.906 95.94 [98] 101.07 102.91 106.42 107.87 11241 114.82 118.71 121.76 127.60 126.90 131.29
caesium barium lutetium hafnium tantalum tungsten rhenium osmium iridium platinum gold merecury thallium lead bismuth polonium astatine radon
55 56 57-70 4l 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 h
Cs|Ba| * [Lu|Hf |Ta| W |Re|Os| Ir | Pt |Au|Hg| Tl |Pb| Bi | Po| At | Rn exdan
132.91 137.33 174.97 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204.38 207.2 208.98 1209 1219 [222]
francium radium Tawrencium [ rutherfordiu i dubnium seaborgium bohrium hassium meitnerium | ununnilium | unununium ununbium ununquadium:
87 88 89-102 103 104 105 106 107 108 109 110 111 112 114
Fr |Ra|* x| Lr | Rf | Db | Sg | Bh | Hs | Mt (Uun|/Uuu|Uub Uuq
[223) [226] [262] [261] [262] [266] [264] [269] [268)] [271] [272] [277] 289
Tanthanum cerium i i samarium | europium | gadoinium | terbium | dysprosium | holmium erbium thulium ylterbium
*Lanthanide series 58 59 60 61 64 65 66 6 6 69 70
La|Ce| Pr|Nd|Pm|Sm|Eu|Gd|Tb |Dy|Ho| Er [Tm|Yb
138.91 140.12 140.91 144.24 [145 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.04 r Y )
actinium thorium protactinium [ uranium neptunium | plutonium | americium curium berkelium | californium il fermium nobelium
“*Actinide series | W | % | o AR Rozdil elektronegativit
Ac|Th|{Pa| U [Np|Pu|Am|Cm|Bk| Cf | Es|Fm|Md| No
[227] 232.04 231.04 238.03 [237] [244] [243) [247] [247] [251] [252) 257, 258) [259]

www.wikipedia.org




MECHANISMY RETENCE

" Normdlni fdze " Chromatografie

" Obrdcené faze stericke vyluky

= Hydrofilni " Imunoafinitni

interakee chromatografie

* Chromatografie
za kritickych
podminek

" lontovd vymeéna

" lontova
chromatografie



NORMALNI FAZE (NP)

Staciondrni faze Mobilni faze Mechanismus
Poldrni Nepoldrni ]()g k=a—m: log 1,
Silikagel, Al,O,, polérni gely hexan, heptan
s pridavkem K — retenéni faktor
izopropanoly, @ — koncentrace poldrniho
chloroformu rozpoustédla

nebo octanu ethylnatého a, M — konstanty

He” Aplikace

= |zomery
OH = Vysoce hydrofobni latky
)\ =  Hydrofilni latky (ANP, cukry)
H;C™ CHj = Nepouzivda se gradient
%@% b Poradi eluce Nepoldarni > Polarni

Uhlovodiky < halogen slouceniny < ethery < nitrily < nitro slouéeniny < ketony
< aldehydy < alkoholy < kyseliny

www.agc.com



APLIKACE — NORMALNI FAZE

Cukry
3
1 4
M
G
2
75% ACN
|._.J Jd v
I T L] 1
0 5 10 15 min

Amino kolona, Acetonitril /voda (75:25)

1 — fruktéza, 2 — glukéza, 3 — sukréza, 4 —maltédza).

www.chromatographyshop.com

|lzomery Vitaminu E

W

a a il k1] 410 min

YMC-Pack Polyamine Il 250 x 4.6mml.D.,
n-hexan/octan etylnaty (70/30)

www.ymcamerica.com



REVERZNI FAZE (RP)

Staciondrni faze Mobilni faze
Nepoldarni Polarni
Chemicky vdzané fdze Acetonitril
-C4, -C8, -C18 Metanol
silikagel, uhlik, polymery Tetrahydrofuran
Voda
R

=0/ www.biocomma.com
O Si—
~
cl
Sl' "‘HE'{;" 1:|:-'3HTI
1) T ! Si
'L'|JH LflJH L‘l.lH Yl F‘I: CyaHazy ;_-E]. ?f‘ xF“??
Si 5 5 = g S S S
T S |
| ~o7 o] ol | ~o7 [ o]
8] 8] 0 2} Si 0 f.|} o

VN AU U gh U SR B

Mechanismus

logk=a—m-¢@

K — retenéni faktor

@ — koncentrace organického
rozpoustédla

a, m — konstanty

Aplikace

Biologické védy
Zivotni prostiedi
Promysl

Gradient mobilni faze

80 — 90 % vsech aplikaci

www.materialharvest.com PO‘I”CIdI’ e|UC6 Poldrni > Nepoldrni



SELEKTIVITA SEPARACE

250 1 A

200 9

150 { BH

mATT

100 o PE

BB
50 1 AB

C8

o 1 2 3 4 s
Time (min)

700 ‘
BE C

Fenyl

LTS

400 4

AU
2
ro

E 300 -

200 1

100 -J,J AB HE

0.0 0.5 L0 1.5 2.0 2.5 3.0 3.5
Time (min)

Alkylbenzeny, 35% acetonitril

4.0

600

500 o

400 4

mAU

200

100 o

Polarita

300 4

BE

MEB

EB

FB
EBE

AB

C4

3
Time (min)

4

Stacionarni faze

C18
C8
C4

Nitril

Fenyl

Amin

Retence



APLIKACE — BARBITURATY

e Efficiency of Recovery
Concentration
1 Compound [pgfmil} SoRecovery RS0 (n=6)
I. Phenobarbital 0.5 S, 2 1.6
1.0 4.9 1.7
2. Aprobarbltal 0.5 .5 3.1
2 140 100.8 0.8
3. Butakarbital 0.5 b T 1.9
1.0 a8.7 +1.B
3 4 4, Mephobarbital 0.5 G T =34
10 101.0 220
5. Pertabarbival 0.5 =y =1.7
(3 1.0 6.4 1.9
G &, Secobarbital 0.5 08,2 +1.7
L A 10 ST 1.8
—
[T L AR L L LT [ L L L LU | UL A L L LU [P AL SPEMethod ForRapidTrace SPEWarkstation Application
0 10 20 30 1. Conditian & equilibrate each tubeswell with 2 mL MeQH &

Min 2 mL DI Water

2. Load sample
Wash ¢ach tubefwedl with 2 mL 5% MeQH
A, Vacuwmnor airdry for 5-10 min

ol

Barkiturates fram serum wsing S00 mg/2 mL Discovery DSC-13L% 5PE
Eubeg and_zymarkfs RapidTrace SPE Warkstatian. This remaves any excess water from the sorbent.

152 Barbital (Interral stardacd). The presence of waler in the Anal efrent may prolong
SampleInfo! 0.5 mb porcine serum spike with 0.5 pgfml or 1.0 pgsml eluent evaparation,
each analyte then diluted with 0.5 mL water. Eluta with 1-2 mlL MeOH
Crry eluate with mitrogen purge (0 °C; 1520 min}
Reconstitute with 200 b mobile phase
Quantlfy against Internal or external standards via
HPLC analyses

g N o n

www.sigmaaldrichcom  Discovery C18, 15 cm X 4.6 mm, 5 um, 40% metanol, 1 ml/min, 30°C



HYDROFILNi INTERAKCE (HILIC)

Staciondrni faze Mobilni faze
Polarni Poldarni
Silikagel Acetonitril
Poldrni funkéni skupiny Metanol
Sulfobetaine zwitterionic VOdY/PUfI‘
o o (nizké koncentrace)
CH;-N-CH;CH; CH7 SO,

CH,

Rozhoduijici role v mechanismu separace

1

Snadnd volba podminek pro dany separacni
problém.

Andrew J. Alpert

Mechanismus

Y
IS
&
S
F
L

ydrophlllc

; mllomng
°9~ H,0

T
=)

CN,-

=
‘o
°'.~cn-°,rsoe

:ﬂl
o
CH,
I
W=
L}
z o

~ n-m,-m-

Interakce ve vodné vrstvé
www.merckmillipore.com



DUALNI RETENCNI MECHANISMUS

HILIC RP
0.6- fenol Retence ovlivhénd
slozenim mobilni fdze
0.3-
Minimum ,,U-kfivky*
Q0.0-
@ Mmyrric
o -0.3- Pmin =
D: 2301 * mRP
-0.6- thiomocovina
P -9 Charakterizace HILIC kolon
-0.9- ~20-30 %
00 01 02 03 04 05 0.6
¢, H20 Popis retence

logk = a+mgp - P20 — MyrL1c * PH20

J. Sep. Sci. 2013, 36, 2806.



| VLIV SLOZENT MOBILNI FAZE

3

o A

2 4
95% ACN
‘“\ | A 8
50

100 150

90% ACN
8
i
e ——,,yyy
0 50 100 150

VR, ul

Fenolické kyseliny, monolitickd kapildrni kolona, mobilni fdze octan amonny v acetonitrily,
J. Sep. Sci. 2013, 36, 2806-2812



HILIC vs. RP

25 — 3
{ HILIC
20 + 2
HILIC a RP separace, 4-karboxybenzaldehydu (1),
N 7 4-hydroxymethylbenzoové kys. (2), kys. tereftalové
10- ™ (3) a minoritnich nedistot B1, B2, X.
] 1 B2
: W\
0 T T T T T T T T T T 1

0 10 20 30 40 50 60

25— | 3+2 Kolona ZIC-HILIC 4.6 x 50 mm; 5 Um gradient:
1 RP 100 — 90% acetonitrilu ve vod& / 60 min

20

Kolona Aqua C18; 3.0 x 150 mm;
5 Um (Phenomenex)

gradient: 0-80% acetonitrilu ve vodé / 70 min.

t [min]



APLIKACE — ,BATH SALTS"

MDPV

Buphedrone
3-Fluoromethcathinone
Butylone

Ethylone
4-Fluoromethcathinone
Mephedrone
Methylone
Methedrone

T A
. I_ | [
0 2 4 6
Min

Ascentis Express HILIC (Si), 10 cm x 2.1 mm, 2.7 Jm, mobile phase: (A) 5 mM ammonium formate acetonitrile;
(B) 5 mM ammonium formate water; (98:2, A:B); flow rate: 0.6 mL/min

W0 WO ko=

1415




APLIKACE — ,BATH SALTS"

o
N
CH, o
N
o Hy o C j

Butylone 3,4-Methylenedioxypyrovalerone
(MDPV)
[s]
NH\"“,:HJ NI-L“‘“"’,.I::H!|
CH, CH,
o
\._.-o o\———o
Methylone Ethylone
M MH
ﬂ“‘::Hs, CH,
H.C CH
HyC o e ’
Mephedrone Methedrone

o
NH_ " NH,_ N,
CH_!. CH_!. 4:|.|!I
CH CH
F 3 4 H,

4-Fluoromethcathinone 3-Fluoromethcathinone Buphedrone



SHRNUTI NP X RP X HILIC

Staciondrni faze Pol&rni Nepoldarni Polarni
Mobilni faze Nepoldrni Polarni Pol&rni
Vzorky Méné poldrni Ne /Poldarni Pold&rni

Retenci a selektivitu ovliviiuje
polarita vzorku a mobilni a staciondrni fdze.



|ONTOVE-VYMENNA CHROMATOGRAFIE (IEX)

S S
= texy s anionickymi QGQQ (‘QQQQ 6@9
ooy = enlenlel . E@éJéé&i Qw@e:aes *433;@@?&5

sulfonovymi nebo karboxylovymi
resin resin resin
iOh'I'OVé-V)"ménn)"mi SkUpinCImi In equilibrium with Sample ion dlsplaces \ Sample ion is dlsplaced
anions in mohile mobile phase ion and vy mobile phase ion,
= Anexy s kvarternimi nebo

Staciondrni fdze

phase adsorbs —u'r then adsorbs to next
exchange group

tercidrnimi aminovymi skupinami ,
www.shimadzu.com

Organické polymerni sorbenty, silikagel s chemicky vdzanymi iontové-vyménnymi skupinami.

Mobilni faze

Roztoky elektrolytl (pufry, soli, slabé kyseliny ci bdaze),
Protiionty C soutézi s ionty vzorku S:

kationty: EX"CT + ST <> EX'ST + C* anionty: EXTC- + S <> EXTS- + C
1 s
K = V, (S) _ Vs KgQ° — Q - iontové-vyménnd kapacita,
V, [3] v, @ o m = s/c je pomé&r ndboji vymé&iovanych iontd



IONTOVA CHROMATOGRAFIE (IC)

Moderni forma iontové-vyménné chromatografie

Pitnd voda, zubni pasty (F), zelenina (NO;), biologické tekutiny (Na™, K¥),
speciaéni analyza (Cr3*, Cré™)

Staciondrni fdze

Vodivostni (supresor)

Silny méni¢ ionty

Mobilni fdze
NaOH, Na,CO,

Detekce

Nepfimd detekce

Eluce ftalaty, salicylaty

Sample
Injection

lon
Exchange
Separation

Instrumentace

Eluent Bottle
(CO,/HCO,
or NaOH)

A 4

i %Xn Pump
(%—@Jﬂ

l| || Guard
2 Column

I
' ‘ Analytical

Column

Odstranéni iontt mobilni fdze

(silny katex pro anionty) /

Suppressor

Regen In I

“—

Conductivity
Cell

e @

www.thermofisher.com

Chromatography
Software _—

’l '—-——> Regen Out

Post-
Suppression
Conductivity

@

- -\.
Data
Handling and

Instrument
Control



| APLIKACE (IC)

Peaks:
1. Quinate
251 Dionex lonPac AG11-HC-4um/AS11-HC-4 um 2. Fluoride
3. Lactate
4. Acetate
5. Propionate
6. Formate
20 7. Butyrate
8. Methylsulfonate
13 9. Pyruvate
he 8 1517 24 26 10. Valerate
12 14 11. Monochloroacetate
23 27 9og 12. Bromate
9 19 ;
1 5 13. Chloride
2 15 14. Nitrite

45 1 15. Trifluoroacetate
113 28 16. Bromide
I u L] 17. Nitrate

o 18. Carbonate
Dionex lonPac AG11-HC/AS11-HC 19. Malonate
20. Maleate
2200 Pl 21. Sulfate
22. Oxalate
23. Tungstate
24. Phosphate
25. Phthalate
. 26. Citrate

15 27. Chromate

1 1 1 1 1 1

0 6 12 18 24 30 36 28. cis-Aconitate
Minutes 29. trans-Aconitate

3600 psi 2199

s

MS

LC&GC North America 31 (2013) S4b.



CHROMATOGRAFIE IONTOVYCH PARU

Tvorba iontovych pdri mezi chromatografovanymi disociovanymi
kyselinami nebo zdsadami a opacné nabitymi ionty ve vodné fazi.

I—> Neutralizovany ndboj, hydrofobni latky > systém obrdcenych fazi

Protiionty

lontové pary se zdsadami — silné kyseliny (k. chloristd, alkansulfonové kyseliny)

+
Ma

|:||

CH, # NN TN NN NN NN — 5 —0
|
0

lontové pdary s kyselinami — kvarterni amoniové soli (tetrabutylamoniumfosfat)

HBC/\/\ /\/\CH3
N +
HoC—” " " \_-CHs

HoPO4
Aplikace

Analyza kyselych a bazickych ldtek v barvdiskych meziproduktech, farmaceutickych
vyrobcich a produktech Iatkové vymény.



SEPARACE VYUZiVAJiCi TVORBU KOMPLEXU

Argentacni chromatografie

V tenkovrstevné chromatografii (TLC) je silikagel pokryt AgNO,, coz umoZiuje
separaci cis- a trans- izomers derivatd mastnych kyselin.

Ag-HPLC separace
TAGs v ryzovém oleji.

Silikagelovd kolona (Nucleosil)

promyta roztokem T M AgNO,

204
3 2
159
IHI:
Ag nanodcdstice |
5-‘
o
oo 20 3o a0 S0

J. Chromatogr. A 1086 (2005) 91-98
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CHROMATOGRAFIE STERICKE VYLUKY (SEC)
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CHROMATOGRAFIE STERICKE VYLUKY (SEC)

Polymery

www.hzg.de

Staciondrni fdze

Gely, polymery

Mobilni faze
THF, H,O

Detector Response

Molecular Size

Internal
Marker

iElution Volume
' 1

i

;

i i

i i

i [

: H

‘00 Va""v
Exclusio Total
Limit Permea tion

www.shimadzu.com

Kalibrace

logM = A—B -V,
polystyreny

Mark-Houwinkova

rovnice
(kalibrace pro jiny polymer)

[n] = KM?

Vodnd SEC

Standardy dextrand
Biopolymery



detector response (a.u.)

KRITICKA CHROMATOGRAFIE (LCCC)

»-Rovnovdha“ mezi SEC (AS) a RP (AH)

Velikost molekuly nehraje roli

Déleni na zdkladé funkénich skupin

Blokové a graftované polymery, jejich smési,
oligomery

Nevyhody: rozmyvani pikg, citlivé na teplotu
a slozeni mobilni fdze (desetiny procent)

Nucleosil 100-5 OH
77.93 wt-% acetone, ELSD

4 LCCC
pray
-—
20 n
%]
=
[ |
=
2 | SEC Lac n
= “Entropic “Enthalpic
g Exclusion” Attraction”
> [ ]
Retention Volume V)
SoftMatter 12 (2016) 5245.
LCCC at the CAP for PPG
Size exclusion Adsorption PR G500
——PEG MME 1100-b-PPO
= Allylic PPO (n=12)
— Qctadecyl-b-PPO (n=8)
Separation Separation
according according
to size of to alkyl
EO block end group
.—-—..—-.'—-\'-..‘J

elution volume (mL)

__| —=—PEG-MME 1100-b-PBO (30:70) &%
| s PEG-MME 1100-b-PBO (50:50) o
g | =——PEG-MME 1100 jok
5 ;U3
2 R}
o B3
— X X
8 L\
2 £
2 H
}’
5 0 1 2 3 4 5

Elution volume (mL)

Anal Bioanal. Chem. 393 (2009) 1797.



CHROMATOGRAFIE CHIRALNICH LATEK

CH, : CH, .
<()>_ng coon | Goom — cir <Q> Cyklodextrin
<I: L] _C/ i \'f.' O> OoH
l\.-'; ” ; ” = ououn .
8] . la} Ho\J\ o
- o oH
: HO HO
S - (+) - KETOPROFEN R - (-} - KETOFPROFEN - R,
{analgesic, antiinflammatory) (slows periodontal o

bone loss)

B #ﬁé‘ \% ‘ o

e %J.
n=6 a-cyclodextrin
n=7 pB-cyclodextrin
www.phenomenex.com n=8 vy-cyclodextrin

Vancomycin o=

7

Evaluation of preparative fractions on analytical column

% enantiomeric excess % enantiomeric excess
of Peak 1 = 100% of Peak 2 = 99.8%

www.sigmaaldrich.com



IMUNOAFINITNI CHROMATOGRAFIE (IMAC)

Cisténi a izolace Vysoce specifické reakce
= Gely = Protildtka — Antigen
= Magnetické Edstice = Enzym — Substrdét
= Polymerni monolity ©% 4 o " Receptor - Ligand
Jn4 2
..A
1) 2) *ea 3 4) 5)
- |
[ - o
o [ | o
|
o “ ®
B a
") L
° . g
o ° L
- |
imobilizované smés selektivni oromyti ™ a izolace
profilatky antigend zdchyt e .
o
[ | “ ® o [



IMPRINTOVANE POLYMERY (MIP)

Functional monomers

o

Crosslinker

Uprqvq vzorku
Specifickd extrakce
Zvyseni retence

/ Template
removal

»
-

Selective
interaction

www.biotage.com
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45™ INTERNATIONAL SYMPOSIUM
ON HIGH PERFORMANCE LIQUID PHASE SEPARATIONS
AND RELATED TECHNIQUES

WWW.HPLC2017-PRAGUE.ORG



JIRT URBAN
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,, The iImportant thing
IS to never stop questioning “

Albert Einstein

www.tomrichmond.com



