Kapalinova chromatografie

Jifi Urban



Nebat se a zeptat se
Kancelar: A14/334 \J g_/ LJ L‘/

Kamenice 753/5 / .
- Kamenice
625 00 Brno %, = Kamenice .
nice [~ T
mtg kampus — =
) ) ) il
E-mail: urban@chemi.muni.cz i 22
Web: http://urban.chemi.muni.cz ‘42 g Q
.n.,u"’.'.’ tni f -
Telefon: 549 49 8579 W\ 334
CS e stred
M\ \@== > Q
: = Lekarska fakulta AN
< Sprava UKB
. , . . H au
L,Neexistuji hloupé odpovedi, A
ouze chytré otazky.“ s 2
P y y A A21 A20 A19

Aristoteles


mailto:urban@chemi.muni.cz
http://urban.chemi.muni.cz/

Separacni techniky

=

QD e

—_ =



Separacni techniky
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Chromatografie

Michail SemjonoviC Cvet
= separace chlorofylovych barviv na CaCOg
= 1901 — 1903 — 1905 — 1906

(pokus — odeslano — publikovano — nazev)

Chromato-grafie

= 7 feckého chroma (barva) a graphein (psat)

= BeT = barva

www.wikipedia.org

A. Tisselius
Elektroforéza

(Nobelova Cena 1948)

34 A.J.P. Martin R. Synge
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Rozdélovaci chromatografie (Nobelova Cena 1952)



Chromatografie

Michail SemjonoviC Cvet
= separace chlorofylovych barviv na CaCOg
= 1901 — 1903 — 1905 — 1906

(pokus — odeslano — publikovano — nazev)

Chromato-grafie

= 7 feckého chroma (barva) a graphein (psat)

= BeT = barva

A. Tisselius
Elektroforéza
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Rozdélovaci chromatografie (Nobelova Cena 1952)
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Kapalinova chromatografie

Stacionarni faze

Analyty

Mobilni faze

Neustale
ustalovani
rovnovazného
rozdéleni
slozek vzorku
mezi fazemi.




Instrumentace
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1 — zasobnik mobilni faze 5 — separacni kolona
2 — odplyriova¢ mobilni faze 6 — termostat kolony
3 — vysokotlaké Cerpadlo 7 — detektor

4 — davkovac 8 — datova stanice



Vysokotlaka Cerpadla

Velkoobjemova stfikaCka Pistové Cerpadlo

7
Jednocinné pistove
/ 7 6 5 cerpadlo s malym objemem
1 2 @M%ff 5 — ginné ¢asti
\ ‘ 7 I — elektromotor,
7 / 7 2 — prevodovy mechanismus,
3 4 6 3 — pist, 4 — pracovni
prostor valce, 5 — vytlacny
ventil, 6 — nasavaci ventil,
=1 = ’ ' 11— 7 — piipojeni ke koloné,
- “:# 8 ":”~"_ 8 8 — zasobnik mobilni faze,
- —— 9 — t&snéni pistu
Cerpadlo na principu velkoobjemoveé injekcni stiikacky /—\ ,i 4, ,-"'“""‘\]/“' —
1 — clektromotor s krokovym chodem, 2 — pfevodovka, 3 — zavit na tahle pistu, 4 — pist, 5 — valec | ,)'\j //\_ }’\ A ziy
naplnény mobilni fazi, 6 — smér toku mobilni fize ke kolong, 7 — jednosmérny ventil umoziujici || i I 'I'II
plnéni cerpadla mobilni fazi, 8 — zasobnik mobilni faze - :“”' \/i \/7 \/;—

30 — 50 — 100 MPa, odolnost vuci korozi, stabilni a reprodukovatelny prutok < 0,5 — 1%

Aplikace Prameér kolony Prutok

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




Davkovani vzorku
Vnéjsi smycCka

SAMPLE

VENT/WASTE
2
Y
3

\?
*

PUMP/ PUMP/
MOBILE PHASE MOBILE PHASE

SAMPLE

v

VENT/WASTE

—3» COLUMN

—> COLUMN

SAMPLE
LOOP

SAMPLE
LOOP

Vnitrni smycka

Position A Position B
SAMPLE SAMPLE
+ INTERMAL +
[ SAMPLE SLOT
WASTE / WASTE J

-
~

CARRIER

CARRIER

o
v v

COLUNM COLLRAN

— Nutno prekonat protitlak mobilni faze

— Automatické davkovace (uprava vzorku,

derivatizace,...)

— Nezapomenout, ze objem vzorku ovlivhuje kvalitu

separace!

CARRIER/
MOBILE PHASE

COLUMN

h N

X

Ne

Velmi malé objemy (nl)

Position A Position B
CARRIER/
SAMFPLE MOBILE PHASE SaMPLE
% VENT/ \ ‘ VENT/
-/ WASTE COLUMM \ f WASTE
o w Nl ¥
A e
i S, SAMPLE i
SLOT \ -
UNUSED
sLOT S C :[

WWW.ViCi.com



Detekcni techniky

— Selektivni — odezva pouze na koncentraci analyzované latky

— Univerzalni — odezva umeérna celkové vlastnosti eluatu

Idealni detektor

0.5

29 57

— citlivy — odezva umérna celkové vlastnosti eluatu — kompromis
— maly Sum — minimalni pfispévek k rozSifovani piku

— okamzita odezva — malo citlivy ke zménam tlaku, teploty a pratoku

— linearni v Sirokém koncentra¢nim rozsahu — moznost prace s gradientem

Nejpouzivangjsi | . -

— hmotnostni (HPLC/MS) i .

— spektrofotometricky UV — VIS 2 %E

— fluorimetricky : E

— elektrochemicky 72

0.0

— vodivostni

'|'|"|"|"|f'|'|'|'|'|
10 20 30 40 5060 70 80 90 100

min m)}rz

— rozptyl svétla



Detekcni techniky

— Selektivni — odezva pouze na koncentraci analyzované latky

— Univerzalni — odezva umeérna celkové vlastnosti eluatu

Idealni detektor

citlivy
maly Sum
okamzita odezva

linearni v Sirokém koncentracnim rozsahu

Nejpouzivanegjsi

hmotnostni (HPLC/MS)
spektrofotometricky UV — VIS
fluorimetricky
elektrochemicky

vodivostni

rozptyl svétla

AU

0.5

0.0

odezva umeérna celkove vlastnosti eluatu

minimalni pfispévek k rozsifovani piku

H

malo citlivy ke zménam tlaku, teploty a pratoku

moznost prace s gradientem

100%

Relative abundance

29

57

72

] <+ “

29 43 57 72
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pentan
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Chromatograficka kolona )

Aplikace Prameér kolony Pratok
Konvenéni LC 4,6 mm 0,5- 1,0 ml/min
Mikrokolonova LC 1 mm —500 ym 40 pl/min — 20 pl/min
Kapilarni LC 500 ym — 100 pm 20 pl/min — 300 nl/min
Nano LC 100 ym =75 ym — 50 ym 300 nl/min — 180 nl/min — 80 nl/min
Délka konvenéni kolony: 100 — 250 mm Optimalizace mimokolonovych objemu
,high speed” kolony < 50 mm Vybér instrumentace na zakladé kolony
Pramér 3 — 4 mm (analytické), LCRaE
1 — 2 mm (mikrokolony), < 1 mm (kapilarni), "D CER =B
> 4 mm (preparativni) i = —
Castice P N————
LC > 20 um (pInéné za sucha)
HPLC >10>5> 3> 1.5 um (suspenzni e
technika), kulove, porovité, povrchové porovité, ~aEn

neporézni, nejCastéji silikagel

www.analytical-sales.com



Stacionarni faze

e o1 B ——— . Délka, pramér, velikost &astic
WWW.prozyme.com 150 x 4.6 mm, 5 um
L xID xd,

Stacionarni faze Tvar ¢astic Velikost Castic Porozita

www.chromnet.net www.chromatographyshop.com



Stacionarni faze

CH,

, ° v . v s . H.C (Cl\HZ)ﬁ 2:3)
e L Délka, primér, velikost Castic "y, =5 "
R— 1" o § P
WWW.prozyme.com 150 x 4.6 mm, 3) um dare . OH
LxID xd, S0,
Stacionarni faze Tvar ¢astic Velikost ¢astic Porozita

www.chromnet.net www.chromatographyshop.com



Stacionarni faze

PIné porézni

Castice < 2 um: Kratké kolony, technika UHPLC, specialni —_—
Instrumentace, nejvyssi tlak na koloné, 100 — 150 MPa

Atlantis,; 3.0 ym Luna, 3 OM Zorbax, 3.5 pm

-

Povrchove-porézni

Kolony s ¢asticemi s tenkou povrchovou poérovitou vrstvou «—

na pevném jadre, mensi tlak, vy$Si permeabilita, vysSi pratoky,
lepsSi rozliseni Phys. Chem. Chem. Phys., 2014, 16, 6583-
6592.

Halo, 2.7 uym Kinetex, 2.6'gm Poroshell, 2.7 ym

Neporézni

Omezeni difuze latek do porl > eliminace pord.
Snadné pretizeni kolony, malé davkované
koncentrace (objemy).

Monolitické www.crawfordscientific.com

Tlak na monolitické koloné 3-4x mensi — vyS$Si permeabilita, zvySovani pritoku
mobilni faze - zhorSeni ucinnosti a rozliSeni,
veétsSi naredéni vzorku

www.merckmillipore.com



Povrchoveé poréezni cast

J. Chromatogr. A 1217 (2010) 3819.

ce

Monodispersni kfemenné mikro Castice (sub-2-3-um)
pfipravené pomoci Stoberovy metody (1968)

(@)
<0 OH 000 0
wo\%ifov __hydrolysis uoxs:;m condensation , oooo (?z . X
° OH
< o** Sn¥E

Chem. Commun., 2010, 46, 5832-5849

Hydrolyza a polykondenzace tetraetyl-ortosilikatu
probiha v systému etanol/voda.

(a) (b)

@ (e)
504 d=1.20pm 504 d=L754um
PDI=2.36% o PDI3TT%

PDI=4.86%
3 40

o
3

%30
gm

10
04 0+
05 1.0 1.5 2.0 00 05 10 15 20 25 00 05 10 15 20 25 30
Diameter (um) Diameter (um) Diameter (pm)

30

20

Percentage (%)
3 8

S

Percentage (%)

10

©

Anal. Methods, 2016, 8, 919-924.



Monolitické stacionarni faze — silikagel
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Monolitické stacionarni faze

Silikagel Polymer
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Retencni mechanismy



Rozdeleni separacnich metod

VIliv velikosti latek

chromatografie stérické vyluky

tenkovrstevna chromatografie

vysokoucinna kapalinova chromatografie

plynova chromatografie

100 1 000 10 000 100 000

molarni hmotnost ——

Mechanismy

— Adsorpce

— Rozdélovani

— Chemicka reakce

— Vymeéna iontu
— Srazeni

— Sitovy efekt
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Rozdeleni separacnich metod

Vliv velikosti latek Mechanismy

chromatografie stérické vyluky

— Adsorpce
tenkovrstevna chromatografie

— Rozdelovani

vysokoucinna kapalinova chromatografie _ Chemicka reakce

— Vymeéna iontu
plynova chromatografie — Srazeni

— Sitovy efekt

100 1 000 10 000 100 000

molarni hmotnost ——— L . MUNI
(Témer) vSe Ize rozdélit... SCT



Serad'te podle polarity

3

Fenol
Propylbenzen

)SJ\ Butylbenzen

HoN NH-»
Thiomodovina
CHs 0
| NH
CHS Ethylbenzen N/&O
H
Uracil

Toluen



Serad'te podle polarity

CHs : CH3
(5\/ Toluen

OH
Butylbenzen @/

Fenol 0)

CHs
O/\/ N
N0
H

Propylbenzen

Uracil

S
CHs
O/\ HQNJ\NHQ

Ethylbenzen Thiomocovina

NEPOLARN] POLARNI



Polarita

LPolarni molekuly jsou molekuly, které maji staly
a nenulovy dipolovy moment, protoze elektricky naboj
je v nich rozlozen nesymetricky.” (

hydrogen

helium

2
H He
1.0079 4.0026
lithium beryllium boron carbon nitrogen oxygen fluorine neon
3 4 5 6 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 35453 39.948
potassium calcium scandium titanium vanadium chromium | manganese iron cobalt nickel copper zine gallium germanium arsenic selenium bromine krypton
19 20 2 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
39.098 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| | | Xe 3
85468 87.62 88.906 91.224 92.906 95.94 (98] 101.07 102.91 106.42 107.87 112.41 114.82 118.71 121.76 127.60 126.90 131.29
caesium | barium Tutefum [ hafium | fantalim [ tungsten |~ menium | osmium iridium platinum qold mercury [ thalfium lead bismuth [ polonium [ astaline 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 exan
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 [209] 210 [222)
francium radium dubnium bohrium hassium meitnerium | ununnilium | unununium | ununbium ununquadium
87 88 89-102 103 104 105 106 107 108 109 110 111 112 114
Fr |Ra|**| 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 59 & o1
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 14 u u
L . actinium thorium protactinium uranium neptunium | plutonium americium curium berkelium | californium | einsteinium fermium [ mendelevium| nobelium
**Actinide series | 50 | "% 5 o | o s ozdil elektror |egat|V|t
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

— Normalni faze

— QObracene faze

— Hydrofilni interakce

— lontova vymeéna

— lontova chromatografie

— Chromatografie stericke vyluky
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Mechanismy retence  Teoreticka vsuvka

tp — ty

— Normalni faze Retenéni faktor k = .
M

_ Obracené faze ; |

— Hydrofilni interakce i |

] *

Detector Signal

4
1
|
]
!
|
|
ki
\Il‘
L 4
4
1
]
!
|
' Y L]
W, 5
| E |
.
L ]
A

— lontova vymena L . '
| I
— lontova chromatografie ﬁ\ ) : \
— Chromatografie stérické vyluky y %
Time (minutes) MUNI

© Dunnivant & Ginsbach
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Normalni faze (NP)

Stacionarni faze Mobilni faze Mechanismus
. - Nepolarni logh=a—m-logg
Silikagel, Al,O,, polarni gely hexan, heptan
. o s pfidavkem k — retencni faktor

@ — koncentrace polarniho
rozpoustédla
a, m — konstanty

izopropanolu,
chloroformu
nebo octanu ethylnatého

He” N""ch, Aplikace
— lzomery
OH o
/]\ — Vysoce hydrofobni latky
H3C CHj — Hydrofilni latky (ANP, cukry)

— Nepouziva se gradient

Poradi eluce Nepolarni > Polarni

Www.agc.com Uhlovodiky < halogen sloucCeniny < ethery < nitrily < nitro slou€eniny S C I
< ketony < aldehydy < alkoholy < kyseliny



Aplikace — Normalni faze

|lzomery Vitaminu E

Cukry

1. & =Tocopherol

2. ~Tocopherol

v Ja 3. ¥ ~Tocopherol

1 4_§ -Tocopherol

M :
G
2
75% ACN s

L_J_JJ J _h

0 n il

'l':} % ‘]:J 115mln
Amino kolona, Acetonitril/voda (75:25) YMC-Pack Polyamine Il 250 x 4.6mml.D.,
n-hexan/octan etylnaty (70/30)

1 — fruktoza, 2 — glukéza, 3 — sukréza, 4 —maltoza.
www.chromatographyshop.com www.ymcamerica.com



Silikagel
Porézni forma oxidu kfemicitého (SiO,) vyrabéna synteticky z kiemicCitanu sodného.

Vysoky aktivni povrch (800 m?/g) a snadna absorpce vody (zahfatim na 150°C Ize regenerovat).

Desikant Stelivo Stacionarni faze
Silica Sol
+
Urea (pH=
+
CH,0

-

Sil — gel, typ A (méne Cisty) - neionizovatelné latky,
pory 2.5 nm

www.team-cag.com N ' m——
Silica sol Silica gel

L O A

chvostovani bazickych latek. M

| ionizovatelné latky, pory 4.5 — 7 nm U
— Chemicky stabilni do pH 8 SC

N1
|



Reverzni faze (RP)

Stacionarni faze Mobilni faze
Nepolarni
Chemicky vazané faze Acetonitril
-C4, -C8, -C18 Metanol
silikagel, uhlik, polymery Tetrahydrofuran
Voda
)
hsi
—@ \/\/\/\/\/\/\/\/\/
o
Al WwWw.biocomma.com
e Si—
/
{|:_I E.-’ ':|;1BH31
lI:|.'JH OH R Clﬁjlx‘:m"'m | ;l} S |
= | H
E/ “‘o”’l it (I 1o Ef
O 0 O 2) Si 0 8]
ST SOOI SO o g N

www.materialharvest.com

Poradi eluce

Mechanismus

loghk=a—m-¢@

Aplikace

— Biologicke vedy

_ Zivotni prostfedi

— Pramysl

— Gradient mobilni faze

Polarni > Nepolarni

k — reten¢ni faktor

¢ — koncentrace organického
rozpoustédla

a, m — konstanty

80 — 90 % vsSech aplikaci

=
O



Aplikace — Barbituraty

. Efficiency of Recovery
Concentration
1 Campound (g maLl YRecoveary RS0 (n=86)
1. Phenobarbital 0.5 .2 1.6
1.0 4.9 1.7
2 Aprobarblital 05 98,5 £2.1
2 10 1008 0.8
3, Butabarbital 0.5 SR 1.9
10 a8r +1.6
3 4 4. Mephobarbital 0.5 a7 +3.4
10 101.0 +20
5. Pentabarbital 0.5 Gl 1.7
5 1.0 6.4 +1.9
G G, Secobarbital 0.5 48,2 .7
L A 1.0 ST 1.8
— I-—-l
[T L AR L L LT L [ L L L LU | L L A L L L L] [ SPEMethodForRapidTrace SPEWarkstation Application
0 10 ) 20 30 1. Condition & equilibrate each tubefwell with 2 mL MeOH &
Min 2 L Dl Water
2. Load sample
3. Wash each tubeswell with 2 mL 5% MeQH
Barkiturates fram serum wsing 500 mg/2 mb Discovery DSC-18318 5PE 4. Vacuum or ;i:r dl'r}, far :_Im mrir:.l

Eubeg and Zyrmark's RapidTrace SPE Warkstation. This semoves any excess water from the sorbent.

2= Barital (Interral stardacd). The presence of weler in the Anal efuent may prolong
Sample Info! 0.5 mb porcine serum spike with 0.5 pgfml or 1.0 pg/mL eluent evaporation,
each analyte then diluted with 0.5 mL water. Elutawith 1-2 mL MeOH
Crry elwate with mitrogen purge (40 °C; 15=20 min)
Reconstitute with 200 pl mebile phase
Quantlfy against Internal or external standards via
HPLE analyses

g~ P

www.sigmaaldrich.com Discovery C18, 15 cm x 4.6 mm, 5 ym, 40% metanol, 1 ml/min, 30°C



Chemicky vazaneé stacionarni faze

| CIJH3
A R
HO OH OH (?HZ)” (H2C.|')1? 6 OH oH ?i\.
HO OH H.C—Si—-CH —si HO O
HO 3 I 3 / |-.O
: OH of 4 OH
SiO, - SiO,
[Base]
(Kieselgel, unmodifiziert) "Silanisierung" (ODS-Kieselgel)

(ODS-Kieselgel, "endcapped")

commons.wikimedia.org



Hydrofilni interakce (HILIC)

Stacionarni faze Mobilni faze

Silikagel Acetonitril
Polarni funk¢ni skupiny Metanol
Sulfobetaine zwitterionic Vo dy/Pufr

(nizké koncentrace)

CH,
CHy N~-CH; CHy CH; SO,
CH,

Rozhodujici role v mechanismu separace

!

Snadna volba podminek pro dany
separacni probléem.

Andrew J. Alpert

Mechanismus

Hydrophilic
Partitioning
(‘)g“
5

% - HO &
©g ‘6\ ? C‘LHO @
TR Dot R
»&\._ HO \é s : i HO é."\
HO &, 200 5@%_5 & & H0
B % ° % 4o B MO 8 !
0% g T & wo &9F
%7 \:  HO > TR
£ 5’ <
HO d g H.O

Interakce ve vodné vrstve
www.merckmillipore.com



Dualni retencni mechanismus

HILIC

Retence

RP

0.0 0.1

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

0.2

¢, H2O

0.4

Retence ovlivhéna
slozenim mobilni faze

95 % ACN 60 % ACN 30 % ACN
a b c
Tl
\ - M J L . L }\]\’L
0.0 035 1.lf.! 135 QTD 0.0 l:l.lE 1Tﬂ 115 0 1 2 Zli :l
Vv I‘.'.F!"“'."M VRNM

Barbituraty, monoliticka kapilarni kolona.

Chromatographia 79 (2016) 657 — 666.



Aplikace — ,,Bath Salts*

MDPY

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 um, mobile phase: (A) 5 mM ammonium
formate acetonitrile; (B) 5 mM ammonium formate water; (98:2, A:B); flow rate: 0.6 mL/min

S B

1415




Aplikace — ,,Bath Salts*

Butylone
[s]
MH
“ew,
CH,
o
s
Methylone
M
I-!\“'EH:,I
CH,
H,C
Mephedrone

WH,
,@JY *
CH
= 3

4-Fluoromethcathinone

3,4-Methylenedioxypyrovalerone

(MDPV)

P'«II'L“M"’,.I::H!|
CH:L
Ethylone
MH
\"CHE
:-1;::\,\_":JI CH,
Methedrone

[»]
" NH_ NH_
EH
3 H;

3-Fluoromethcathinone

Buphedrone



Shrnuti NP x RP x HILIC

NP RP HILIC

Stacionarni faze Polarni Nepolarni Polarni
Mobilni faze Nepolarni Polarni Polarni
Vzorky Méné polarni Ne/Polarni Polarni

Retenci a selektivitu ovlivhuje
polarita vzorku a mobilni a stacionarni faze.



lontove-vymeéenna chromatografie (IEX)

Stacionarni faze @)

_ Katexy s anionickymi sulfonovymi nebo Q © © S Q(‘ Q@ ©9 @(@ S @
karboxylovymi iontové-vymeénnymi skupinami ¢$¢¢¢5 @@éé@ aég@éé@

A
o ' A o resin resin resin
— Anexy s kvarternimi nebo terciarnimi —\
In equilibrium with Sample ion dlsplaces .| Sample ion is dlsplaced
anions in mohbile mobile phase ion and vy mobile phase ion,
phase adsorbs _'I" then adsorbs to next
l‘ | exchange group

aminovymi skupinami

www.shimadzu.com

Organickeé polymerni sorbenty, silikagel s chemicky vazanymi iontové-vyménnymi skupinami.

Mobilni faze
Roztoky elektrolytt (pufry, soli, slabé kyseliny €i baze), protiionty C soutézi s ionty vzorku S:

kationty: EXC* + S* <& EX'S* + C* anionty: EX*C + S <& EX*'S + C

1 S
V. (S) Ve KeQe ko Q - iontov&-vyménna kapacita,
v, [$] _V Cz o m = s/c je pomér naboju vymérnovanych iontd

=
O




lontova chromatografie (IC)

Moderni forma iontové-vyménné chromatografie

Pitna voda, zubni pasty (F-), zelenina (NO;"), biologické tekutiny (Na*, K*), specia¢ni analyza (Cr3*, Crb*)

Stacionarni faze
Silny ménic iontu
Mobilni faze
NaOH, Na,CO,
Detekce

— Vodivostni (supresor)

— Nepfima detekce

— Eluce ftalaty, salicylaty

Sample
Injection

lon
Exchange
Separation

Eluent Bottle
| (CO,4/HCO,
or NaOH)

Pump

I

L) Guard
i 1 Column

Column

I
Il

H Analytical
i1

|

o=

Regen In

Conductivity
Cell

Chromatography |
Software

www.thermofisher.com

'1

I
”

————

Supresor
R O t -4 r v o
cgen Bt Odstranéni iont
mobilni faze
Post- (silny katex pro anionty)
Suppression
Conductivity
8
Data
Handling and
Instrument
Control I\/I

w
(QED Y e



Aplikace (I1C)

251 Dionex lonPac AG11-HC-4pm/AS11-HC-4pum

Peaks: Speciace - Arsen
. Quinate

1

2. Fluoride 180 AsB
3. Lactate 10
4

2199 . Acetate wo |

. Propionate 100
. Formate
. Butyrate
. Methylsulfonate
. Pyruvate

3600 psi

MMA

k As(V)
WS 13 17 S

8 16 24 26 10. Valerate Gradient separation of six arsenic species at 400 ng/L (ppt) concentration.
12 14 11. Monochloroacetate Gradient conditions are given in Table 2.

27
9 1 9| 23 29 :: g gﬁg:ladt: J. Anal. At. Spectrom., 2015,30, 1405-1407
z 15 14. Nitrite

4 S{'lf 4 1 15. Trifluoroacetate
113 28 16. Bromide _
(L 17. Nitrate Speciace - Chrom

0] o 18. Carbonate
Dionex lonPac AG11-HC/AS11-HC 19. Malonate |
20. Maleate !
us| 2200 psi 21. Sulfate I

22. Oxalate | i
23. Tungstate '.
24. Phosphate .
25. Phthalate (| '.
J 26. Citrate ;
15 27. Chromate

1 1 1 1 1 1

0 6 12 18 24 30 36 28. cis-Aconitate
LC&GC North America 31 (2013) S4b. Minutes 29. trans-Aconitate

20

As(Iln)

O ~NOO,;

Tap Warer + 0.5 gl Cy

www.perkinelmer.com



Chromatografie iontovych paru

Tvorba iontovych paru mezi chromatografovanymi disociovanymi kyselinami
nebo zasadami a opacné nabitymi ionty ve vodné fazi.

I—» Neutralizovany naboj, hydrofobni latky > systém obracenych fazi

Protiionty

— lontové pary se zasadami — silné kyseliny (k. chlorista, alkansulfonové kyseliny)

8]

+
| Wa

cﬂ_Wﬁ. o Y

— lontové pary s kyselinami — kvarterni amoniové soli (tetrabutylamoniumfosfat)
HsC™N\_ . ~_~"CHs

N +
HiC— " " \_-CH,

HoPOy4

=
I

Analyza kyselych a bazickych latek v barvarskych meziproduktech, farmaceutickych

Aplikace . v cich a produktech latkové vymény.

o

(qup R =
—_



Chromatografie stéricke vyluky (SEC)

a

<
\ |-

chromatogram
time >
®
Celkova porozita @ Internal
= Marker
&
e
S :
v , :
MeziCasticovy S| it ,
prostor {Elution Volume
3 -
Pory 5 :
v ¢astici 3
E L]
Vo Vot-Vp
Exclusion Total

Limit Permeation



Chromatografie stéricke vyluky (SEC)

Polymery

Homopolymer

Block Copolymer

Statistical Copolymer

. ABC Triblock Terpolymers

=, Polymers with Functional Groups

Stacionarni faze

Mobilni faze

www.hzg.de

Gely, polymery

THF, H,0

Internal
Marker

Detector Response

l.IElutIcm :Vcalpme
L] ]
1 i

a
3
s
=
[& ]
@
°
= ' :
VO VQ_I‘VP
Exclusion Total
Limit Permeation
For separating lange
m_nm.llarmghts
o
) > For wide range
§§ separafion (mixed gel)
== &\
For separating iow Elufion Volume
molecular weights

www.shimadzu.com

Kalibrace

logM = A—B -V,
polystyreny

Mark-Houwinkova

rovnice
(kalibrace pro jiny polymer)

[n] = KM?

Vodna SEC

Standardy dextranu
Biopolymery



Retencni charakteristiky



Retencni faktor

k = = — Elucni cas a objem

t,, — mrtvy Cas

VR:tR'Fm

—ty — m — Retencni faktor

l
[
: l
| [
| |
| I
I N
Y
! I 3
| I [ V.
| 1 | _ S
r 1 \ l k =Kp V_
A Wa | A M
Time (minutes)

© Dunnivant & Ginsbach V\, — objem mobilni faze

Detector Signal

Vs — objem stacionarni faze

F., — prutok mobilni faze

tz o — retencni cas latky A
tr g — retencni cas latky B

MUNI
oSC1



Udinnost separace

1.0001

6071
.500¢

Amplitude
o O

0.134¢

T T 1 T T T T T T 1
-5 -4 -3 -2 -1 0 1 2 3 B 5
Width (o)

— Pocet teoretickych pater, N

to \° to \°
N = 5.545 . (—R> N =16 - <—R>
Wo 5 Wio

Gaussova funkce

1 (x=w?*
e 202

fn(x) —

o\ 2T

o — smerodatna odchylka
u — stfedni hodnota nahodné veliciny (tg)

— Vyskovy ekvivalent

teoretického patra, HETP

L
HETP = —
N

www.wikipedie.org

— Linearni rychlost, u

=
O



Van Deemterova rovnice

H=HA+HB+HCS+HCm

A — turbulentni difuze
/ kvalita a rovhomérnost
/ naping

B — molekulova difuze

Difuzni koeficienty latek
> (malé vs. velké molekuly)

www.thermofisher.com

C — odpor proti prevodu hmoty

Redukované veliCiny Difuze ve stacionarni fazi,

tvar a velikosti napiné,

H u-d — veli asti
B=__ = p d, — velikost Castic hloubka® difaze

dy D, D,, — difuzni koeficient




Velikost castic a ucinnost

Vys§Si uc€innost pro mensi Castice pfi vyssich pratocich 10 um
15 ~
=
3.
E‘ 50 +
S S um
2
2 80. léta
> 95
90. léta 3 um
21. stoleti | am 4
I |
[:I 1 1 1 | 1
0 1 2 3 L 5
Linearni rychlost, mm/s llustrativni

zobrazeni



ry

Velikost castic a ucinnost

Vys§Si uc€innost pro mensi Castice pfi vyssich pratocich 10 um
75 -
% Roste
G 50 - pra(|30ll/n|
= tla
S S um
2
] 80. léta UHPLC
> 95 ~ 100 MPa
90. léta . 3um
\ | | 21. stoleti ; - m +
D 1 1 1 | 1

0 1 2 3 - 5

Linearni rychlost, mm/s llustrativni

zobrazeni



Rozliseni

R, — Z(tR,Z — tR,l)
1.2 Wi + wy

VN (ky =k ki \ VN [(a-1 k4
R“‘T'( k. )'(1+k1>_ 4 ( « >'<1+k1>

ucinnost selektivita retence

RIJEZLD R1:2=1}5 . .
piekryti 2 % piekryti 0.1 % N — pocet pater k — retencéni faktor
k,

a — selektivita a = .
1

web.natur.cuni.cz/~pcoufal/hplc.html



Kontrola rozlisen

8-

y

6 -
'c
(¢}]
4
~ 4
o
14
2 -
0 ] L] L]
0 100000 200000 300000
0 10 20 30
1.0 11 1.2 1.3

P _\/N a—1 k,
e 4 a 1+ k4

RozliSeni dvou latek
nejvice ovlivhuje
selektivita separace
(stacionarni
a mobilni faze)

N =25000,k=3,a=1.05



Viiv teploty



Viskozita mobilni faze a permeabilita

Acetonitril Metanol
-2 15 24 -2 15
- 20 - 20
- 25 - 25
F - 30 E —- 30
% —— 35 L‘E_- - 35
:_5 —a— 40 % —a— 40
§ —8— 45 § —— 45
< % —8— 50 = - 50
=g 8- 55 -
—8- 60 —&- 60
T[°C] T[C]
Acetonitrile [%] {wv) Mathanal [T uid
, 20x
Rychlost analyzy
b
n=10"T+c
o5X
a, b, ¢ — konstanty rozpoustédla
T —teplota v K 1X .
I

25°C 90 °C 200 °C



Uéinnost
Difuzni koeficient

7410787 /¢, - Mg,

Nsy * Vf?b

m

Wilke-Changova rovnice

B
H=A+—+C-u
u

A — turbulentni difuze
B — molekulova difuze
C — odpor proti pfevodu hmoty

= N W R 0O N QW

o




Gibbsova energie

B AG° >0
unfavored

- Gibbsova volna energie

\

AG®° = —RT -InK

N\

Distribuc¢ni koeficient

AG’, kJimol
e

_AHO
-ASO favored

RP retence K>1

| 1 | " | 1 |

nizsi teplota T, K vySSi teplota
vySSi retence nizsi retence



Gibbsova energie

B AG° >0
unfavored

p— — — — -— -— —-— — L -— — — — — — — — — — E—

AG’, kJimol
e

_AHO

-ASO favored
B RP retence K>1 _
| 1 | 1 | 1 |
nizsi teplota T, K vySSi teplota

vySSi retence nizsi retence



Gibbsova energie

AG®, kJ/mol

B AG° >0
unfavored

-AH?°
_ASO favored

RP retence K>1

nizsi teplota T, K vySSi teplota
vySSi retence nizsi retence

Josiah Willard Gibbs
(1839 — 1903)



van't Hoffova rovnice

Gibbsova volna energie \

/

AG® = —RT - InK

Standardni molarni entalpie

\

AG® = AH® — TAS°

y;

Standardni molarni entropie

prevodu latky mezi
stacionarni a mobilni fazi

AH? AS© Vvioniini
InK = —( - ) InK =Inkg p=—1obin
RT R VStacionérni

Fazovy pomeér

R — plynova konstanta, 8.314 JK-Imol! , T — termodynamicka teplota, K, k — retenéni faktor

Distribuc¢ni koeficient

k=S A7
nk=-—prtg B @=

Van't Hoffova rovnice

AH® AS® Vg

Ink = — In—=
n BT + R + nVM
B
logk=A+7

www.chromatographyonline.com/elevated-temperatures-liquid-chromatography-part-iii-closer-
look-van-t-hoff-equation

www.chromatography-online.org/Retention/Thermodynamics/rs_1_15.php



van't Hoffova rovnice

B

1.00
Ink==+A4

T
0.80
0.60
o _AH® AS° Vs

n = — n—
RT ' R Vi
0.00 smeérnice
0.0029 0.0030 0.0031 0.0032 0.0033 0.0034

|

Vo Ve—=Vy 1—¢p entalpicky  entropicky
~ - prispévek  piispévek

l

AH° AS©

Fazovy pomer

M Vum r

Konstantni pfi riznych teplotach (?)



Entalpie vs. Entropie

In k

Systéem A

UT

In k

System B

-

UT



Entalpie vs. Entropie

In k

Systéem A
¥
NESECE
R Vi

UT

Dominantni vliv entalpie
Maly vliv entropie

In k

System B

Maly vliv entalpie
Velky vliv entropie

UT



Entalpie vs. Entropie

Systém A Systém B
Ink In k
AH®
R
AH"]
K AS© Vs
R v,
AS° Vs .
———In— Chiralni separace
R Vi . .
Size-exclusion
1T T
Dominantni vliv entalpie Maly vliv entalpie
Maly vliv entropie Velky vliv entropie
Rozdéleni kontroluji molekularni sily, Rozdéleni kontrolované (nahodnou)
interakce vzorku se stacionarni fazi entropii. Zadne interakce. Vétsi zaporna

entropie — vétSi retence (mensi chaos).



Termodynamicky popis retence

In k

Systéem A
¥
NESECE
R Vi

UT

In k

System B

UT

Termodynamika retence popisuje, ze existuji dva hlavni mechanismy. Nelze ale pfimo odvodit,
jak Ize takto retenci kontrolovat. To se musi dit/studovat skrze rozdélovaci koeficient (K) ovlivnény molekularnimi

interakcemi a pomér objemu stacionarni a mobilni faze (V¢/V,,), tedy geometrii stacionarni faze.



Antihistaminika

mAU ]
60 1

50 3
40

30—f 2

21 °C
29.0% ACN
1.35 ml/min
2 195 bar
12.5 min

20
10
o1 .

T T ™ T T

o

@ o 2 4 8 10 12 min
VWD1 A, Wavelength=254 nm (P102501\TEST0151.D)
AU ] 3 80 °C
1 26.5% ACN
807 5 3.00 ml/min
o1l s 195 bar
1 4 2.5 min
40 2
20_3 LJL 5 I PR S R PP e pel
5l
B 0 - 2 4 6 8 10 12 14 min

Spotreba
mobilni faze

16.9 ml

7.5 ml

21°C 80 °C

ZirChrom-PBD, 100 x 4.6 mm J. Chromatogr. A 1028 (2004) 31-62.



Tokoferoly a tokotrienoly

0
25°C . 10°C
v &T3 2 5-T3
60 l B-T3
50 v-T
501 5T |
y-T3 40 y-T3| \
401 ] ||
B-T3 y-T 30 ’ ’! ‘ B-T
30 \) 5T n J;‘ a-T3 } \
2 6T 20 ‘ I I
201 a-T3 : | A ’ ‘ | 'i l ‘ || ;ll a-T
l | O-T 10’ | \A Lad ) | f \
10 J— .«-J\) “\/\_ -\N‘ ‘l “ J \\ /\— . S SOOI MO IR R et et J — \ J VU k \
0 10 20 30 40 50 mn 0 10 20 30 40 50 60 70 somir
8°C 5°C
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60 1 o
50 y-T 50! | T
40 gl &1 l{ 40 y-T3 5T f
" ||[m | e 0 e | pr
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204 [ \ ‘[ ' ||‘ 20 | | l | !'\k
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R | ! f \A [ x l
10 (. ,L,,~r/‘jl \4\_)' LJ l\\_ )l I. J U\ /\ ___/¥~_A_~_,.w/~/ \_J NJ\ ) J U ,J\
0 10 20 30 40 5 60 70 80 90mn g 20 40 60 80 100 min

Kolona PerfectSil Target, isopropanol/voda (75:25); prutok 0.3 mL/min J. Agric. Food Chem. 60 (2012) 2076-2082.



Tokoferoly a tokotrienoly

25°C 10°C
LV 513 L:'O 8-T3
60 I B-T3
50 Y-T
50; 5T |
y-T3 40 y-T3 \ |
401 | |
B-T3 v-T 30 ’ | B-T
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50 y-T 50! T
40 | y-T3 bl-T ‘I 40 5T l{
] B-T3 30 j |
= “ aT3 || 1 “ B-T
‘ | 0 )
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Kolona PerfectSil Target, isopropanol/voda (75:25); prutok 0.3 mL/min J. Agric. Food Chem. 60 (2012) 2076-2082.



Gradientova eluce



Konstantni slozeni mobilni faze

40 % ACN

"| ” |




Konstantni slozeni mobilni faze

60 % ACN

JLN\M M

70 80



Konstantni slozeni mobilni faze

80 % ACN

70 80



Chromatograficka eluce

|zokraticka eluce Gradientova eluce

40 % acetonitrilu 20 — 80 % acetonitrilu ve 20 min

Kontinualni zména slozeni mobilni faze. Snizeni retence vice zadrzovanych latek



Pocatecni koncentrace

5 —-80 % za 30 minut 25 — 80 za 30 min

11.0
”
s < 9.0 -
-
7’ -
9.0 , 4 8.0 Phe
”
7’ -
, d 7.0 P -
-
4 -’
7.0 7 -
7 6.0 g
”-

= - -
- 4
£ 1 3 5.0 P -
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w 3.0 7 % ”
g e @ 40 ”
(] /7 g
© P a
° N § 3.0

3.0 s '

’ 7’
d
7 2.0
7’
1.0 d 1.0
L 0.0 A_ ﬂ
-1.0 -1.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0
Cas, min Cas, min

Cim vy3si, tim rychleji eluce malo zadrzovanych latek



Koncova koncentrace

Odezva signalu

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

-1.0

5 —-60 % za 30 minut 5—-90 za 30 min

9.0

8.0 /7
7.0 /7

6.0 7/

4.0 /7

\
Odezva signalu

3.0 4

P d 2.0 /7

-7 0 WU

Pk

-1.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 0.0 5.0 10.0 15.0 20.0 25.0

Cas, min Cas, min

Cim vy3si, tim rychlejsi eluce vice zadrzovanych latek

30.0



Cas gradientu

Odezva signalu

8.0

7.0

6.0

5.0

4.0

3.0

2.0

1.0

0.0

-1.0

5 —-60 % za 30 minut

5—-60 9% za 15 min
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N | E—
— {EEi
-1.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 0.0 5.0 10.0 15.0 20.0
Cas, min Cas, min

Cim vy3si, tim rychlejsi eluce latek

25.0

30.0



Strmost gradientu

Odezva signalu

8.0

7.0

6.0

5.0

4.0

3.0
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1.0

0.0

-1.0

5 —-60 % za 30 minut 5—-60% za 15 min
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9.0

-
-~ =
~m *
y - ucn 7.0 ’,
- - = Vg
~ m 4
P E 1
- - 5.0 4
- o v,
-7 s
- P 4
- 7
- P d 3.0 7
-
- /7 s
-
- 7’
J 1.0
N | E—
— {EEi
-1.0
0.0 5.0 10.0 15.0 20.0 25.0 30.0 0.0 5.0 10.0 15.0 20.0
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Cim vy3si, tim rychlejsi eluce latek

25.0

30.0



Prevod metody
Zakladni predpoklad

Prdmeér
AV B Y AN 4

2/ a délka kolony SloirteJS'
[IC'M _ V? _ d;L — Lonstanta optimalizace nez
¢ tetm lohm v izokratické eluci

(] ’
N 7/
N ’
Pozor na zpozdeni gradientu rs 7 Relny prabéh
= Pouzit v rovnicich popisujicich retenci £ i
= Davkovat do ,zac¢atku“ gradientu e
(ne kazdy systém to dovolue) | A




Prevod metody

System 1 Systém 2
Vu Vy  diL

= konstanta
Ve teEn tehn

L — délka kolony
d. — prumér kolony
d, — velikost Castic
V, — davkovany objem
F — Prutok mobilni faze
p — Pracovni tlak
N — ucCinnost
t, — Cas (v) gradientu




Prevod metody

System 1 Pritok mobilni faze ~ Davkovany objem  SYStem 2
, d? d A%, - L
c(2) p(1) c2) " Lo
) F, =F, - . Vi = Vi :
— - B Y (dgu)) <dp<2)> @ (dg(l)'M)
Profil gradientu Uginnost

. . Vm(2) . 31 N2=N1-<dp(1))'<2)
9@ =t \y, ) \F, dpzy) \L1

Pracovni tlak

2
Ly F\ (dp) - decn
P2 =DP1- :
Li-F;) \dpw) - deo




Vicerozmerné separace



Moderni umeni (?)
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www.tjbiochip.com



(2D) gelova elektroforeza

hmotnost

arni

4

Mol

Mr
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1D HPLC

Autosampler

Column

Prvni dimenze, n,

Detector

A

v

1D Chromatogram



2D HPLC

Column
Detector Valve

Autosampler (optional) (Sampler)

o .
X
o
Prvni dimenze, n, .

Nasobné zvyseni pikove kapacity 2D Chromatogran




Comprehensive 2D-LC

Complex sample One-Dimensional Separation

ang

Two-Dimensional Separation

>

2nd. dimension separation

. 1st. dimension separation
www.laboratory-journal.com



Dvourozmerna chromatografie

Fenolickeé latky a flavony

£
{' \
15 /\ 1)
l\\
3. @ <
o |.f:"\ N 28
'E‘ [ \‘. 2 =
‘€ 1.0} —~ i
a 1
N
- 20
' ﬁ—ﬁ?i\i“n A
0.5} ——"0 21 [ 24 ]
5 //‘\. Cfi‘-:’—s) :
f::k
$ o
00 [~ 1 1 1 1 L <]
0 20 40 60 80 100 120

ID [min]
J. Chromatogr. A 1189 (2008) 207-220



Pilsner Urquell

340 nm

J. Sep. Sci. 31 (2008) 3309 — 3328.



SFC



Superkriticka fluidni chromatografie (SFC)

— Mobilni fazi je stlaceny CO, (80 bar)
— Eluce jako v normalnich fazi
— Organicky modifikator

— > 5 9% metanol, ethanol, isopropanol
— gradient

— Polarni latky: silikagel, kyano-, diol-,
amino- stacionarni faze

— Nepolarni latky: RP stacionarni faze
(C4, C8, C18)

— Chiralni separace

https://www.agilent.com/cs/library/primers/public/5991-5509EN.pdf

PRESSURE
(bar (psi))

74 (1100)

5(78)

Critical Point

Triple Point

GAS

/
/
/

FLUID

................. %!99_'9_..._.._.\_; PN A

v,

SUPERCRITICAL

-57° (o A

TEMPERATURE (°C)

https://lwww.southampton.ac.uk/~gjl/Research/sfc.htm

(pod)kritické podminky

MUNI
oSC1



Instrumentace

Regulator tlaku
(stlaCeny plyn)

SFC conversion

module

C0, Modifier

)

P Mixer

co,

N

Booster

Chiller

—> Back-pressure

regulator

Waste | Modifier

trap

Degasser

Binary pump

External-loop
autosampler

Column
compartment
(oven)

Detector

=

QD e

—_ =



Mobilni faze

Viscosity [mPa-s]

1.4 -
1.2 1

1.0

0.4 1
0.2 1

0.8
4
0.6 M

0
0

- H,0/MeOH, 40 °C

01 02

H,0/ACN, 60 °C

U
Tlak je v SFC ve srovnani s HPLC tfetinovy az pétinovy pfi tfikrat az pétkrat vétsich pratocich S (C [

03 04 05

= H 0/Me0H, 60 °C
C0,/Me(H, 50 °C

06

07 08 09 10
Mole fraction of modifier

Hustota, D, Viskozita,
gcm-3 cm?3s-1 gcm-is-l
-1 -4
Plyn 103 10 10
-1 4 _103
Superkriticka 10=-1107-10 104 - 103
tekutina Jako Jako Jako plyn
kapalina kapalina Py
5 -2
Kapalina 1 < 10 10

https://www.southampton.ac.uk/~gjl/Research/sfc.htm

MUNI



Vyuziti SFC

SFC: pure CO2
SFC: C02 and organic modifiers SFC_: _COZ' ML,
additives and water

SFC: CO2, modifiers
and additives

Normal phase HPLC HILIC
Reversed phase HPLC lon chromatography

INCREASING POLARITY

Hydrocarbons | Aldehydes

and ketones

N

Hydroxy acids Peptides
and poly acids

o

fatty acids
and waxes Analine and Primary amines
benzoic acids
Ethers and

Farmakologie

Demonstrated SFC region

Virtually ALL
small, drug-like
molecules

B —

-+~ Injectables, peptides and proteins I\II



Ortogonalni k reverznim fazim

127 SEC "'g
100912 overlapped
12 overlappe 4 || . ] 1 — kafei

801 injections 1 5 —25 % MeOH v CO, ve 3 minutach — Katein,

60- ‘ 5 |\ 2 — theofylin,

407 | | "j I 3 — kortison,

23— B N ! oy 4 — prednisol,

0 05 10 15 20 25 30 5 — hydrokortison,
3,4,5,6 6 — prednisilon,
100~ 7 — sulfamerazin,
5009 HPLC ; 8 — sulfachinoxalin
5004 10 overlapped
injections 8

400 r
300- | ) ! 10 — 90 % MeOH ve vodé ve 4.5 minutach
200- t]l ‘ | ‘1;'

| |

|
0- A . . : Jljh.r _,-HLJJ "L : Y | kl -
0 1.0 2.0 3.0 4.0 5.0 MUNI
Time [min] S C I



Mobilni faze

CO,

— Snadno dostupny

— Levny

— Dosazitelny kriticky bod (31 °C, 70
bar)

— Relativhe bezpecny

— ,Zeleny® (protoze byl recyklovan)

— Misitelny s mnoha organickymi

modifikatory

Metanol

— Dostupny

— Levny

— PIné misitelny s CO,

— Nizky prah absorpce (~205 nm)
— Relativné nizka toxicita
Aditiva

— Vysoce polarni latky

— 0.1 - 2 % v maodifikatoru
— Potlaceni ionizace

— Tvorba iontovych paru

— Potlaceni aktivnich mist S.F.

=

QD Y e

—_ =



Vliv polarity modifikatoru (chiralni separace)

6.936

1.982

1.655

8.315

9.814

10.475

11.450

|

Isopropanol
o= 1.067

== Ethanol
a = 1.086

16.131 = Methanol
a=1.151

J == Acetonitrile

o =1409 |\[

QD e

Time [min] ’ S



Vliv aditiva — Chiralni separace

30 % MeOH,

[mAU] No additive

120 "
100 + 1 CHS
80 - S triethylaminem i

. NH
EE } Adderall 2
o '\ i 30 % MeOH (mostly D-amphetamine)

S P N | U | S +02%TEA | \

P\

60 1 % 20 % MeOH I
20~ (‘1 Bez triethylaminu +0.2% TEA I\
40 A o r"[\\ I .
30 1 A
20 - A \D
10 A 10 % MeOH |

0- )\ — +0.2 % TEA L \
-1[} T T T T T T T 1 —n—\rﬂ\._ U_LL

0 1 2 3 4 5 ; 7 § rTrTTTTTTTT T T T T T ]

Retention time [min] 0 1 2 3 4 5 6 ]

Time [min]



No additive
Absorbance [mAU]
20

15-

104

1.358

| 1.826

| L
| NI
0 _ J\—“ ) J'M

! |
0 0.5 1.0
Retention time [min]

I
1.5

I
2.0

Metoprolol

3

3
H
A/O/U\)\/N\l/
H.CO CH

0.1 % Acetic acid

Absorbance [mAU]

| 1.352
20 | | 1.834
| ]
15';
10-5
5 3
! I I ! I ! I
0 05 10 15 20

Retention time [min]

0.1 % TEA
Absorbance [mAU]
100 -

80 - H

60-: ‘

40 ‘

T T T T T
0 02 04 06 08 10 12 14
Retention time [min]

N N
Remeron Cp(j

J

(mirtazapine)
1

40 %,
”fm no additive
—
1.765 [ | 1.895
|\
\
II|I 40 %,
1.004 [ with additive
Ll
2080 || | 2.285
|
If
Il 30 %,
0.989 (] with additive
Zr ML .
L | o
| |

|l 20%
| :
0.977 ot with additive

- JRNVEN R

:'il 3.345 14047
1 10%,
3.176 I | ‘,_ with additive
R e — S .

T T T T T T 1
1 2 3 4 5 7 8 9

Time [min]



Vliv stacionarni faze

1,2,3

C,,8 %

Cyano 8 %

Silica 18 %

Amino 20 %

— metanol 3

Diol 20 %

/

)\ | />
1) Kafein

/
)\ | />

3) Theobromln

O
H

%Ib

2) Theofylln

=
O



suol aluebiou

VYNY/VNQ
Su1930.d

sapndad
Su0| 18111Mm7

saulwe aneydy
SploeAjod

sploe AxolpAH
sploe olozuag

sauljeuy
siefng
S|oyo9y
suabouiu Buy
Sp10191g
sapluy

sapAyap|e/sau0}ay

splouadia]
sploe Aye4
slayla/sia1sy
SaXeM
suoqJedolpAH

INCREASING POLARITY

Co,
Ethyl acetate/Acetone/Aetonitrile/CO,

Isopropanol/CQ,

EthamoI/'CO2

I"..r‘lethanol;’[![]2

Methanol/

Water

Additives

C18,C4, C1

STATIONAF

MUNI
oSC1

Diol
Amino

Silica

Cyano

Hexaphenyl

Ethylpyridine



Aplikace — paprikovy extrakt

Capsanthin
OH
> X > Sy N N N
S B
HO 0
; OH
Capsorubin
OH
w
< «
= 2 ©
g 5 .= g 22§ . :
2 I =] o o © c < =
S 83ET ,efe,s SEgi Eg ezt
Sgoi§f E3T2gs gEgE  EE 536
sZ2£ge28 E5285T BE52E =g 825
Z2IiE82 daz=<as S2zdLs S& £8=
INCREASING POLARITY —mM8M8 8 ™
MOBILE co,
PHASE Ethyl acetate/Acetone/Aetonitrile/CO,
Isopropanol/CO0,
Ethanol/CQ,
Methanol/C0,
Methanol/
Water
Additives
STATIONARY C18,C4,C1
PHASE Hexaphenyl
Cyano
Silica
Diol
Amino

Ethylpyridine

Absorbance [mAU]
400 -

300 -

200

100
0

Isopropanol

0

400
300 -
200 -
100

8 10

Acetonitrile

01—

0
400
300 4
2001
100{

8 10

Ethyl acetate

0=
0

400
300 -
200 -
100 -

8 10

Acetone

0
0

8 10
Retention time [min]

Absorbance [mAU]
400 7

300
200
100 -

D I

Inl b

i
A\ v s

T TP B LA I P
Ja WAL WA

SB-C18

(]
|‘ ” |1
L

400
300
200 |
100 |

2 -

4001
300
200§, M
1001 _f

0

[

1
|

N

RX-Sil

4004
300
200
100 ||

2 -

Retention time [min]



Aplikace — polarni latky

Abzorbance [mAl]
160 - R 5 _
120 - ] ”}1 3 30% 7 12 9%
] B0 i a0 - |
B0 - W _ i 34
,-m_- L 0 I = T T 1 40 4 |E| !':I
] 0 05 1 1.5 2 . | I
0 - - 0
t t t t t 1 | | | I | 1
0 ) 4 B B 10 12 0 1 7 9 l ; g
160 ] 160 2,11 20 % 120 1
120 ; Il & 5 : 1 715%
- B0 | 80 - | 2
E-D T I:I | | |I_.I I_‘_.' L b | "i
o L'L 0 05 1 15 2 o || i
0 2 ! 6 g 10 12 0 1 2 3 4 ; 8
160 15 % ] !
120 2|’ 40 - | 2 5 %
B0 |I| 4, 201 Jl A 3 1
40 A L 0 N, PAN
0 ] IS .! L T T T T T 1
. . . . . 1 ] 2 4 b ) 10 12
0 1 2 3 4 b b . L L
160 1 - 10 % Zmena elucniho poradi
120 fl ) o ® 0y i
B0 | \N)tN \N)t"‘ HN N NH
40 - !I 43 O)\N lN/> PN IN/> o~ |N/> | NJ%O IVI U I\I I
0 ] |I ! .IPU"I‘ | | | 4
T T T T T 1 1) Kafein 2) Theofylin 3) Theobromin 4) Uracil S C :[




Preparativni chromatografie



Preparativni chromatografie

HPLE Column

Facking Ml

Solvent L ) j_
{Mobile Phase)
Resarvoir

Purmnp
Solvent Manager

Solvent Delivery System

i
Injector
AutoSampler

Sample Manager

—9

e
L

Sample

Chromatogram
Feaks = Veliow, Red, B

Computer Dala Skation

Fraction
Caollector

Detector

Analyte Fractions
Being Collected

1 2 3
Purification (Prep) . - Waste

Slouzi k izolaci Cistych (nebo alespon CistéjSich) slozek vzorku,
které jsou dale pouzity (k chemické reakci, dalSi separaci apod.)

https://www.waters.com/waters/en_US/Preparative-Liquid-Chromatography-Primer/nav.ntm?locale=en_US&cid=134929140

Run scouting gradient

L

Determine retention
for compounds
of interast

L

Optimize the separaton
via grachent
modification (isocratic,

focused, segmentad) |

Y

Compound(s) of
interast well resolved?

YES
Y

Loading study
(optional)

L)

Scale-up/Purify

MNO

TRY AGAIN

Modify other
parameters
{pH, solvent, column,..)

—
I

P
[ J ==
—_



Preparativni separace

— Kolony — Vyvoj] metody

— Kratsi, Sirsi — Gradientova eluce s klesajici finalni koncentraci
— Rozmeéry ovlivauji mnozstvi vzorku

030, 10-90 %
- 0.20] ‘
<
£ ] 0.10] “ 10% to 90%
’ — n I A
Analytical —{ Preparative M 0.00 | 10 — 75 %
, < 020
= te ¢ o |
p—— = = ; "? - 0.10 10% to 75%
‘—A ol -~ : | |’I
o« L3 .y ~ Ve - e — - '
a=Ed g-=? -7 ¢l 0.20] 10 - 50 %
e ]
’ g 2 ]
o | 0.10 10% to 50%
0.00
|
Internal Diameter (i.d.) ‘ Length ] H 10—-25%
1 mm-50 mm : 20 mm-500 mm S 0.10 ‘
=
0.05] ‘ \ 10% to 25% I\II U N I
0_00'_1\ )I A - Minutes

000 200 400 600 800 100 120 140 S C :[



% solvent

Gradient

60

50+

404

30+

204

104

2% change in solvent
per column volume

Tirme
60

% solvent

60
2% change in solvent

50 per column volume
40- 4
304 2% change

in solvent

per column
204 volume., tu

4 *., 0.5% change in solvent
10- per column volume
0 . : T r Time
0 10 30 40 a0 60

=

QD e
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VlIiv pH na selektivitu

5

pH7

Mobile Phase pH
Enhances Selectivity for
Acids Bases MNeutrals

Comipourids:

1. Doxylamine (BASIC)

2. Benzamide (MELUTRAL)

3. Hydroxyisophthalic Acid (ACIDIC)
4. Doxepin (BASIC)

3. Flavone (MELITRAL)

6. Fenoprofen (ACIDIC)

pH 12

oy —

B T Elmln

1 -

gl B S
-0 -4;‘ «)
21 X .
4.8 & I ERAY

0,

Ligand and Particle Type CSHC, CSH CSH
Fluoro-Phenyl  Phenyl-Hexyl
Partidle Stze 25,35,5um 25,35 5pum 25,35 5m
Ligand Density” 2.3 pmol/m? 2.3 pmoVm? 2.3 pmol/m?
Carbon Load* 15% 10% 14%
Endcap Style Proprietary None Proprietary
pH Range 1-11 1-8 -1 |
Low pH Temp. Limit 80°C 60 °C a80°C
High pH Temp. Limit 45 °C 45°C 45°C
Pore Diameter” 1304 130A 130A
Surface Area* 185 m¥g 185 mé/g 185 m¥/q
* Expected or appraximate volue.

Il
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Vliv davkovaného objemu a délky kolony

2.0 1uL
2 40
; i
o0 T T T r L T T T -III'|IIIII T lllr\I.. }:‘fllk1 T B T T T T 1
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207 5l 1 o
2 I 19 x 50 mm ' LL
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0.0 . . y v NN—— . . . ' S
200 2 EO 3.00 350 4.00 450 500 ) ) & 50 700 750 B.00 8.50 .00 e e e R - ——— N——
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20 10 pL f f
1.0-
1 A
1 f 5 pm
0.0 - - - - - - - - - - - - - - - - - ]
= ey = 5 3 O ] o OH 4 30 & 00 550 i 00 ik 50 Falle 1] FaR- B [ 8] & CHE 19x1mm
P ﬁLf J__
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Kapacita kolony a Aplikace

Kapacita kolony (mg)

Aplikace

Délka
(mm)

50
75
100
150
250

Prutok
(mL/min)

Davkovan
y objem
(ML)

4.6

13

1.4

20

10

15

25
40
60

6.6

100

Primér (mm)

19

45

90
135
225

24

350

30

110
165
225
335
560

60

880

50

310

620
930
1550

164

2450

Uroven (méfitko)

Analyticka
mikropurifikace

Semi-Prep

Prep

Proces

Cilené mnozstvi

Mg

mg

Typicka aplikace

|zolace enzymd,
pripadné vyvoj
bioaktivnich slou€enin
v malém méritku

Biologické testovani,
UrCovani struktury
metabolitd

Analytické referencni
standardy,
Toxikologické studie

Vyroba chemikalii v
prumyslovém méfitku

MUNI
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Sber frakci

— Na zakladé informace

Z detektoru

) :
[ %% 6)§

CRUDE i DESIRED
FRACTION

o AL AR
FRACTION COLLECTION a
FRACTION
ANALYSIS

=
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Tenkovrstevna chromatografie



Tenkovrstevna chromatografie

‘ solvent front
‘ e, e B0C0/6:000.8:80.0.0.06:0:0:9.0°0:0°09.0,0:800.8:9.0:0°0:0:0 6090009
\ \
i p! {
ze |} —
B - T Zst
¥V N eesesis s es s s e e seeessese s esess startline / baseling e «
- 2,
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Vyber stacionarni faze

Material
Oxid hlinity

Celuléza

Kremelina
Silikagel (SiO2)
Standardni silikagel

Silikagel G, impregnovany siranem amonnym

Silikagel 60, impregnovany kafeinem

Nitrilova skupina (kyano, CN)
Diolova skupina
Amino skupina

Obracené faze
RP-2, RP-8, RP-18
Silanizovany silikagel 60

Smacivy RP-18 W/UV254

Sféricky silikagel
LiChrospher® Si 60

Princip
Adsorp¢ni chromatografie (polarni interakce)

NP/RP, zalezi na obsahu acetylu

Impregnovany material pro RP

NP

Pfenos naboje komplexy

NP a RP

lontova vyména (anionty), NP a RP

NP a RP

NP

Typicka aplikace

Alkaloidy, steroidy, terpeny, alifatické, aromatické a bazické
slouc€eniny

Antrachinony, antioxidanty, polycyklické aromaty, karboxylové
kyseliny, nitrofenoly, sladidla

Aflatoxiny, herbicidy, tetracyklické slou€eniny

Nejcastéji vyuzivany material, aflatoxiny

Surfaktanty, lipidy Surfactants, lipids (syndrom dechové tisné u
déti, lecitin/sfingomyelin)

Polycyklické aromatické uhlovodiky (PAH)

Pesticidy, fenoly, konzervanty, steroidy
Steroidy, hormony

Nukleotidy, pesticidy, fenoly, derivaty purinu, steroidy, vitaminy,
sulfonové kyseliny, karboxylové kyseliny, xantiny

Nepolarni latky (lipidy, aromatické slou€eniny)

Polarni latky (bazické a kyselé farmaceuticke pfidavky)

Aminofenoly, barbituraty, konzervanty, nukleové baze, PAH,
steroidy, tetracykliny, ftalaty

Pesticidy, fytofamraceutika

=
I

P
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HPTLC

Velikost ¢astic
Distribuce ¢astic
Tloustka vrstvy

HETP

Typicka migracni
vzdalenost

Cas separace

Podet vzorkl na
desce

Objem vzorku
Detekcni limity:
absorpce
fluorescence

HPTLC

5-6um
4-8pum

200 pm (100 pm)
12 ym

3-6cCm

3 -20 min

<36 (72)

0.1-0.5ul
100 - 500 pg

5-10pg

HPTLC

TLC
TLC

10-12 uym
5-20 um
250 ym
30 um
10-15cm

20 - 200 mi
o |ldentické podminky separace

<10 aminokyseliny znaCenych dansyl

chloridem
1-5ul

1-5ng

50 - 100 pg

=
O
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TLC-MS

TLC-MALDI-MS

LESA™
(Liquid Extraction Surface Analysis)

Solvent

TLC MALDIAdapter,

TLC/EASI-MS

Atmospheric
Pressure

Skimmer

System
> Bruker Daltonics L f, v
o TLC-DESI-MS
riVersa
NanoMate, Advion
[Intensity x10°]
5 HPTLC-MS deska
Elution-based TLC-MS Anal. Bioanal. Chem :
TLC DART-MS 391 (2008) 1627 Nl 1 l .
] 100 200 300 400 500 600 700 [m/z
> =
- - H [imensty 9] HPTLC deska
5 Plate Express Rapid Commun. Mass Spetrom .
= “g::;;'face Advi:n 2011, 25, 2275- 2282
N 15?.0 ]BEJ 4|l3.3
300 400 500 600 700 [mfz]

https://theanalyticalscientist.com/techniques-tools/state-of-the-art-tic-ms ~ * -



