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Chromatografie
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Kapalinova chromatografie
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Kapalinovy chromatograf

3
2
| /l 4
_,.pJ L_“ coco \,)
1 s :
: by [ l - 5
6

- ™

8 7
| |
\, J !_""' i
== 1l
| -

1 — zasobnik mobilni faze 5 — separacni kolona
2 — odplyriovac€ mobilni faze 6 — termostat kolony
3 — vysokotlakeé Cerpadlo 7 — detektor I\II
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4 — davkovag 8 — datova stanice SC




Vysokotlaka Cerpadla

30 — 120 MPa, odolnost vuci korozi, stabilni a reprodukovatelny pratok < 0,5 — 1%

Aplikace Prumeér kolony Prutok

Konvenéni LC 4,6 mm 0,5 - 1,0 ml/min
Mikrokolonova LC 1 mm —500 uym 40 pl/min — 20 pl/min
Kapilarni LC 500 pm — 100 um 20 pl/min — 300 nl/min
Nano LC 100 ym — 75 ym — 50 um 300 nl/min — 180 nl/min — 80 nl/min

\/elkoobjemové stfikaCka Pistové Cerpadlo

Jednocinné pistoveé
¢erpadlo s malym objemem

¢inné cast
I — elektromotor,

\ 1

(1, - 6
@M 7

2 — pievodovy mechanismus,
3 — pist, 4 — pracovni
prostor valce, 5 — vytlaény
ventil, 6 — nasavaci ventil.

7 — piipojeni ke koloné,
8 — zasobnik mobilni faze,

9 — tésnéni pistu

Cerpadlo na principu velkoobjemové injekéni stiikacky
. v Lo . . . . Pratokové profily
14 1 — clektromotor s krokovym chodem, 2 — pfevodovka, 3 — zavit na tahle pistu, 4 — pist, 5 — vélec futoRove profih
naplnény mobilni fizi, 6 — smér toku mobilni faze ke koloné, 7 — jednosmérny ventil umoZiujici

plnéni ¢erpadla mobilni fazi, 8 — zasobnik mobilni faze

v zavislosti na Case a na

poloze pistu u ¢erpadel

s jednou a dvémi hlavami
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Nanaseni vzorku — Davkovani

“Bez protitlaku” “S protitlakem”
H Vnéjsi smycka
.' SAMPLE SAMPLE

v ¥ — Nutno pfekonat protitlak

VENT/WASTE

VENT/WASTE
* - \/1 o
o & mobilni faze
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— COLUMN X 2 P — — COLUMN
SAMPLE SAMPLE (40 - 100 Mpa)
LOOP LOOP
e putp.. — Automatické davkovace
MOBILE PHASE MOBILE PHASE

Vnitini smycka (Uprava vzorku,

Position A Position B derivatizace,...)

SAMPLE SAMPLE

* INTERMAL
/ SAMPLE SLOT
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Chromatograficka kolona

Délka, primér, velikost ¢astic S0
. CES ‘ CE a‘:‘*‘ CE '—.--—a
WWW.prozyme.com >
Wl — e 0008
Ml — = . — e
4.6 mm 1 mm —500 um 500 ym — 100 ym 100 um — 50 pm b =
~aIEN
. www.analytical-sales.com
Silikagel
Porézni oxid kFemiéit{/, Si02 Tvar ¢astic Porozita Velikost astic

X4, 08823

www.silicycle.com
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www.chromatographyshop.com www.chromnet.net
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Detekce jednotlivych analytu

Detektor

— hmotnostni (HPLC/MS)

— spektrofotometricky (UV — Vis)
— fluorimetricky

— elektrochemicky

— vodivostni

— rozptyl svétla
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Separace
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Separace




Jak chromatografie
funguje?

i
KEEP
CALM

AND

DON'T BE AFRAID
OF CHEMISTRY
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Princip chromatografie

Aneb co ma Usain Bolt spole€ného s chromatografii?

Podivej,
chromatografie!
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Separace — Rozdéleni

Usain Bolt
958 s

Mistrovstvi svéta v atletice, Berlin

16. srpen 2009
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Chromatografické interakce
O

;I ‘ Stacionarni faze Vzorek

Mobilni faze
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Chromatografické interakce
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Chromatografické interakce

-
\ Stacionarni faze
» L. .,
b Neustalé ustalovani

rovnovahy
mezi

fazemi

Vzorek

Mobilni faze
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Chromatografické interakce
Mira interakci je ovlivnena polaritou vzorku a obou fazi

-
‘ Stacionarni faze Mobilni faze
» - .
b Neustalé ustalovani
rovnovahy
mezi
fazemi
Vzorek
Plati pro nejrosifenéjsi retencCni mechanismy e 1
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Co je polarnejsi
Fenol

OH

Toluen

CHs
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Co je polarnejsi

Periodic Table of the Elements
T

ife i

Fenol Toluen

L]

Hexan

=
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Polarita = Rozdil elektronegativity jednotlivych atomu



Serad'te podle polarity

<8 SR
Fenol Propylbenzen
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HoN" “NH,
Thiomocovina

O/\CHS
O/ CHs Ethylbenzen
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Serad'te podle

é\/CHg

Butylbenzen

polarity

O/CH3

Toluen

Propylbenzen

O/\CHS

Ethylbenzen

e

Fenol 0
| NH
N/&O
H
Uracill
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Retencni mechanismy

ER
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Stacionarni faze

POLARNI

NEPOLARNI

Mobilni faze

NEPOLARNI

POLARNI

POLARNI

=
‘X —



Retencni mechanismy

Stacionarni faze

POLARNI NORMALNI FAZE

ER

NEPOLARNI OBRACENE FAZE

o
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Mobilni faze

NEPOLARNI

POLARNI

.RNi HYDROFILNi INTERAKCE POLARNI
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Normalni faze (Normal Phase, NP)

Stacionarni faze Mobilni faze
l ?J | POLARNI NORMALNI FAZE NEPOLARNI
S”'kagel Hexan, Heptan

Porézni forma oxidu kiemicitého (SiO,) s pridavkem
= izopropanolu,

— Izomery (tokoferol) HaG” ",
— Cukry
— Ve vodé nestabilni latky OH

N

=
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Normalni faze (Normal Phase, NP)

Stacionarni faze Mobilni faze
l ?J | POLARNI NORMALNiFAZE ~ NEPOLARNI
Nepolarni Polarni

Poradi eluce

Podobné v podobném se rozpousti. J\
Bl
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Obracené faze (Reversed-Phase, RP)

Stacionarni faze Mobilni faze
l ",l NEPOLARNI OBRACENE FAZE POLARNI
\O M -
EW\WW Acetonitril
g ) o Metanol
- Va — 70— 80 % vSech aplikaci
— Lékarstvi
. ] o oA . Tetrahydrofuran
Chemicky vazané faze — — gyom prostred y
— Pramysl
-C4, -C8, -C18 _ Voda
MUNI
SCI
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Obraceneé faze (Reversed-Phase, RP)

Stacionarni faze Mobilni faze
' ‘PI NEPOLARNI OBRACENE FAZE POLARNI
Polarni Nepolarni

Poradi eluce

Podobné v podobném se rozpousti. L]\
BNy




Hydrofilni interakce (HILIC)

Stacionarni faze

NI

Sulfobetaine zwitte

{ ’g
é o& 3
e/e %VCH ~N-CH7CH:CHy so

www.merckmillipore.com

Mobilni faze

HYDROFILNI INTERAKCE POLARNI

Interakce ve vodné vrstvé

Acetonitril
/9

% Metanol
Voda/Pufr
— Lékarstvi (nizké koncentrace)

_ Zivotni prostfedi
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Hydrofilni interakce (HILIC)

Stacionarni faze Mobilni faze
RNi HYDROFILNi INTERAKCE POLARNI
Nepolarni Polarni

Poradi eluce

Similia similibus solvuntur.

Podobné v podobném se rozpousti.

J\/\/\ A

10

20

30 40 50 60 70

80
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Srovnani retencnich mechanismu

Stacionarni faze

Mobilni faze

Vzorky

Polarni
Nepolarni

Mene polarni

Nepolarni
Polarni

Ne/Polarni

Polarni

Polarni

Polarni
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Monolitické
stacionarni faze

41



42

Stacionarni faze

Sférické castice

https://doi.org/10.1016/j.chroma.2019.460688
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Stacionarni faze

Sférické Castice

e r e ey AL

.
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Svetové monolity

Peter Polichronis

www.crystalinks.com
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Svetové monolity

Peter Polichronis
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https://www.studentagencybus.com

MUNI
SC1



46

Monolitické stacionarni faze

Anorganicke

~———,

Mag= 1000 KX 1pm
ULTRA 552666 ———

g >

Polymerni

Signal A= SE2

Date :30 Nov 2010 Time :7:57:25
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Monolitické stacionarni faze

Anorganicke

Polymerni




Polymerni monolity

Metakrylatove Styren-divinylbenzenové
O CH 0
’ X
g Tyl SO O
) 0 CH, \
glycidyl metakrylat ethylen dimetakrylat styren divinylbenzen vinylbenzyl! chlorid
OH o
HO\/\/\OH /\/ ©/ H\O
1,4-butandiol 1-propanol toluen 1-dodekanol
N K 9
NSNS H,C_ CH HiC__CHs
SN N 3 3 <
TR, S Y g
azobisisobutyronitril benzof RO MUZARS N ¢
yronitri enzofenon H,c” “CHa H MUNI
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Polymeracni reakce

22,295,
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Polymeracni reakce

22,295,
@%5

MU
5 C
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Monolitické kapilarni kolony .

50 — 320 um

51
10.1002/jssc.200301498

v polymeracni smési

Vliv koncentrace 1,4-butandiolu

20



Snadna modifikace

Metakrylatove Styren-divinylbenzenové
O Sy CH, 0 Sn
A
YoUR) S YO0 @
0 CHs, \
glycidyl metakrylat ethylen dimetakrylat styren divinylbenzen vinylbenzyl! chlorid
CH
H 3
HO~on N O Ve
1,4-butandiol 1-propanol toluen 1-dodekanol

N

X N\NK
~ .
SN

azobisisobutyronitril

benzofenon

=
‘X —
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Povrchova UV polymerace



Chemicka modifikace

A NH

NH;

Glycidyl metakrylat Vinylbenzyl chlorid U_Q o

[TAEA

HO
HO, OH _/2\ _)ﬂ
_)-./ (o] HN=—protein’
o hydrolysis 0 protein P - _@
o Na(C(CN)(CH2)C2H,COOH), \ ﬁ’
° " i

1. H;NCH,CH,NH, HO. o | aic,
HN(CH,COOH), , "
© {oH o
Na,S053H,0
HO, oo
HNR;
COOH ,
O G
HN\/\.
o kcoc:»-i N
| 0 o
HO, HO CN NC

o—)—\N-R O—)_\SOSH “C N—N COOH
é 9 |
© o]
\ )]\ 1%| _/
2.HNO
o 0
%
/ (o]
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Roubovani (Grafting)

1. krok

Puvodni monolit

Benzofenon Plvodni monolit

UV zareni

PECLLLLL LV D LV PR LR LR RV

Aktivovany povrch

2. krok

Aktivovany povrch

Vybrany funkéni monomer

UV zareni

PECLECLL VDL DR LR L EEEEE LR P EEEL LR

Modifikovany povrch Pavodni povrch

=
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Stacionarni faze

Neurotransmitery Barbituraty Fenolické kyseliny
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Multifunkcni kapilarni kolona

Extrakce a separace

HO R

f

COH nizké pH o R
e+ T e T+ 2o
OH - S o) R

HO R- vysoké pH

Selektivni zachyt

OH pH 7

B-oH 1

Kyselina vinylphenyl borita

Separace

pH 2

56

\rl_

0 10 20 430 4'0 50 60 70
T|me min

1 s /"\ Standardy
" ,_\\r__,-\t

22 24 26 28 30 32
Time, min

[}

OH
4
\K\QCHS

OH

1 - Normetanefrin

OH h
“CHs
HO

OH

2 - Epinefrin

H
HzN o
OH
CH

NH;

3

OH
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Priprava vzorku pro proteomickou analyzu

Pocet peptidi

18
16
14
12
10

o N B~ O ®

Proteolyza

)

vialka

mCAl

W CA2

il

Al

A2 A3

Nazev reaktoru

Zachyt fosfopeptidu

30

Naneseni Promyti Eluce

B Unmodifiend @ Phospho M 2 Phospho [ 3 Phospho [ 4 Phospho
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“V)’/roba” biodieselu

Lipaza
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grafting, min
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Biotechnology and Bioengineering 109 (2012) 371 — 380.

monomer



Spojeni s netrad

Online LC-NMR

Column Microsolenoic
530 um .D.)  detector (360 pum

Pump _’ 250 cm, 50 um I.D.

Injector

G i -tScm, 150 pm

Magnet homogeneous region

7T Magnet

L I~ 4

iIchn

1
1.D.)

— Waste

1.D.

Empty capillary
(530 pm1.D.)

Hypercrosslinked
Monolith
(530 pm 1.D.)

Monolith Intensity Capillary Velocity Capillary Intensity

Monolith Velocity

| detekci

Time of Flight ——>

SO =N Wh WU

O =N Wh W



Integrované analyticke systemy

Miniaturizovana elektrochemicka detekce

Uhlikové vlakno, 7 um Stribrny mikrodrat, 25 um
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Integrované analyticke systemy
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Analyza kavy

oo’((dj OH - s 4-CafQA . i : ° i A
ooe SN oo o r— Analyza kafeinu a izomeru kyseliny chlorogenove
5-O-Caffeoylquinicacid 4-0-Caffeoylquinicacid Separation :

S P . 2l W 9 e A
G \jﬁ o L7 =N = Bez kofeinu

3-O-Caffeoylquinicacid Caffeine
S AL Statistical "' Neprazena kava
| I ASSESSMENT analysis "
Extraction o
) o
________________________ — I & 0 P
v v % gﬁ‘ L s < 4] "“'
. %, '
: O 2% a
. .
3 il e e | %] ¢ W "
AETER "y v
g B Ymiy o il J ||
N ¥ W Prazena kava
R ™ = -2 L ¥

$

63 https://doi.org/10.1016/j.jfca.2022.104841 4 = B - ; ! 2 - 4
PC 1: 62.03 %



Kontrola kvality u medovin (?)

/5&555555@ ; FT

gallic acid DHBA DHBd salicylicacid ~ gentisicacid ~ syringicacid  vanilicacid ~ vanillin 2

OH caffeic acid ferulic acid ferulic acid p-coumaric acid OH m-coumaric acid 3 21
0.4 ‘ 22
HO, _Scoou OH OH 4 - ‘ 18 23
o HO o @ HO. o ~©i HO. o ©: 02 9 12 15

N O«-‘@\ - | ot [ o } o ’ 2 10 [114 | 16 ﬁ

C‘)H OH “OH OH i 11 [ }\ 1 k
HO T v T T T t . T

hi i i ifoli . .

L acl OH catechin OH  epicatechin OH O taxifolin 4 o) 6 time [mm]

® |°H O T Profil fenolickych latek v medoving siln&
,,,,, \/5)\ e ot Lo zavisi na typu, mnozstvi a kvalité
AL L ) pouzitého medu. Proto by mohl byt pouzit

pro kontrolu kvality jednotlivych vzorkda.
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Pijte Cerny bez

HILIC x RP-L.C
FOCUSING MODULATED

Sk R
Engh- Phenolic compound
| Ja estimation (TPC, TFC, TAC) A
. Quantitative analyses and

and antioxidant activity o
validation method

Borlvka (Vaccinium myrtillus L., Vaccinium corymbosum
L), Cerny rybiz (Ribes nigrum L.), aronie (Aronia
melanocarpa (Michx.) Elliott), cCerny bez (Sambucus
ebulus L.), zimolez modry (Lonicera caerulea L.) amalina
(Rubus idaeus L.)

2D Pumps
(Shimadzu LC-40B)

D Pumps
(Shimadzu Nexera Mikros)

‘D Flow
3.0 mL mi
I
®
St
=
IDF lo?v Active Solvent
10 uL min’! Modulation

D Column
ZIC-HILIC
(150 X 1.0 mm, 3.5 pm)

2D Column
Ascentis Express C18
(50%4.6 mm, 2.7 um)

Make Flow
0.1 mL min!

PDA Detector
Shimadzu SPD-M40

ot Tw §°0

Mass Detector
Shimadzu LCMS-8050

104 raznych polyfenolickych latek

3] g 280nm Elderberry § | 2 280 nm Honeyberry
J— 47
54,
: <] ¥
2] e . ’
&‘ i - s “,@9
2
5 2 w
2 i} H
S 3 6
s 3 e h
2 22 -
10
97
g R o
= S
> == -~ = sl - " b e g e =
v — - —_ - e B e I R
20.000 30.000 40.000 50.000 60.000 70.000 (min.) 20.000 30.000 40.000 50.000 60.000 70.000 (min.)
£1 2 280nm o  Blueberry £ 1280 nm Chockeberry
To— 39 39
2 - §,« 65560
31 E S1w 3
X} : 33 4 %
’# L Ydln
= o = g s STt
8. < - n vl - -
=4 12 52 -— 172
22 2
& & ’3" 67 - :
10 §,* 1 »
3| &> z & -
- - -
- 2 - e — —_
20.:”]0 ' 3‘0.:).0 ' 4‘0.:)00 50.:10’0 ;n:mo 70.;')00 ! ;I!I.ﬂ.‘) 20.}]00 30.‘000 40.:100 EKI.IMIII ) 6'I.=IIHI 7'0.:)0'0 ' I(l!\ll\.)



2D Pumps
(Shimadzu LC-40B)

2D Column
Ascentis Express C18
(50X 4.6 mm, 2.7 um)

PDA Detector
Shimadzu SPD-M40

ID Pumps
(Shimadzu Nexera Mikros)

—_—
2D Flow
3.0 il i Mod. time
| min.
Trap
-
£ 3 W
= aste

= Q

Ip Floyv Active Solvent
10 uL min! Modulation
Make Flow

ID Column 0.1 mL min’!
ZIC-HILIC

(150 X 1.0 mm, 3.5 pum)

P .-
2.2 mL into
Waste

ojut "Tur 8°0

Mass Detector
Shimadzu LCMS-8050
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Pijte Cerny bez

HILIC x RP-L.C
FOCUSING MODULATED

Sk R
Engh- Phenolic compound
| Ja estimation (TPC, TFC, TAC) A
. Quantitative analyses and

and antioxidant activity o
validation method

Borlvka (Vaccinium myrtillus L., Vaccinium corymbosum
L), Cerny rybiz (Ribes nigrum L.), aronie (Aronia
melanocarpa (Michx.) Elliott), cCerny bez (Sambucus
ebulus L.), zimolez modry (Lonicera caerulea L.) amalina
(Rubus idaeus L.)

2D Pumps
(Shimadzu LC-40B)

D Pumps
(Shimadzu Nexera Mikros)

‘D Flow
3.0 mL mi
I
®
St
=
IDF lo?v Active Solvent
10 uL min’! Modulation

D Column
ZIC-HILIC
(150 X 1.0 mm, 3.5 pm)

2D Column
Ascentis Express C18
(50%4.6 mm, 2.7 um)

Make Flow
0.1 mL min!

PDA Detector
Shimadzu SPD-M40

ot Tw §°0

Mass Detector
Shimadzu LCMS-8050

104 raznych polyfenolickych latek

3] g 280nm Elderberry § | 2 280 nm Honeyberry
J— 47
54,
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2
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Pesticidy v mocCi

Suspect
Database

> 1,000

Pesticides + Metabolites

T P

- .‘A‘J/ -
\ A4 \f
A NEAL 5 Countries

Urine Samples
N=2088

Processing
Prioritization

14 Pesticides ‘

498
71 Metabolites ‘ Tentative
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Proteomicka analyza
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Single-cell proteomics
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Lipidomicka analyza
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Vcasna diagnostika rakoviny slinivky
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Vcasna diagnostika rakoviny slinivky

Lipidomickeé drahy
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