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| VISKOZITA MOBILNI FAZE A PERMEABILITA
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UCINNOST
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VLIV TEPLOTY NA UCINNOST
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MENE ORGANICKE FAZE (,GREEN CHEMISTRY*)

PFi vyssi teploté dochdzi ke zméné
dielektrické  konstanty  vody, coz
ovliviiuje jeji polaritu a rozpustnost
latek. Voda se stdvd vic ,,organickou®.

= AT 3.75 °C ~ Ap 1 % metanolu
= AT 5.00 °C ~ Ap 1 % acetonitrilu

60% metanol

100 % H,O pfi 130 °C

Pfi teplotdch nad 100 °C je nutné pouzit
za detektorem restriktor (snizeni bodu varu v koloné)
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VLIV TEPLOTY NA SEPARACI
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Steroidy na ZrO, &asticich pokrytych polybutadienem. Mobilni faze 100 % H,O



INSTRUMENTALNI USPO
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J. Sep. Sci. 30 (2007) 1672 — 1685.



VLIV TEPLOTY NA UCINNOST

Thermally equilibrated  oven=70°C
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VLIV TEPLOTY NA SEPARACI
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Theoretical plate count (N)

CHLAZENI MOBILNI FAZE (DETEKCE)

Délka a promér mimokolonovych kapildr
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J. Sep. Sci. 30 (2007) 1672 — 1685.



TERMODYNAMIKA RETENCE

Gibbsova volnd energie

\ Distribuéni koeficient

/

AG® = —RT -InK

Standardni moldrni entalpie

\

AG® = AHY — TAS©

/

Standardni moldrni entropie

Entalpie

Zména energie pfi prestupu z mobilni do
staciondrni faze. Odpovidd rozdilu interakci mezi
staciondrni a mobilni fdzi. Pfechod mobilni >
stacionarni faze je preferovdn (retence), coz
odpovidd zdpornym hodnotdm entalpie, -AHY,

které uprednostiujeme.

prevodu latky mezi
staciondrni a mobilni fazi

Gibbsova volnd energie

Obecny popis pravdépodobnosti
probé&hu (chemické) reakce (AGP)

= -AGY — probéhne
=  AGP — neprobéhne

Entropie

Odpovidd zméné entropie (mife neusporddanosti)
pfi pfechodu z mobilni do stacionarni faze.
Neusporddanost je v prostoru staciondrni faze
omezena, coz se projevi negativnimi hodnotami
ASP. Proto uprednostiiuje pozitivni hodnoty zmény
entropie.

R — plynovd konstanta, 8.314 JK 'mol' , T — termodynamickd teplota, K, k — retenéni faktor



AG’, kJimol

GIBBSOVA ENERGIE

B AG° >0
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AG’, kJimol

GIBBSOVA ENERGIE

B AG° >0
unfavored
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_ASO favored
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| . | . | . 1
nizsi teplota T, K vyssi teplota
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AG®, kJ/mol

GIBBSOVA ENERGIE

B AG° >0
unfavored

- -AHO 7
_ASO favored .
K>1 Josiah Willard Gibbs
L RP retence -
(1839 — 1903)
| . | . | . |
nizsi teplota T, K vyssi teplota

vyssi retence nizsi retence



VAN'T HOFFOVA ROVNICE

Gibbsova volnd energie

\

AG® = —RT -InK

Distribuéni koeficient

/

Standardni moldrni entalpie

\

AG® = AHY — TAS©

/

Standardni moldrni entropie

prevodu latky mezi
staciondrni a mobilni fazi

= (AHS_AS°
MEET\RT TR
Vs ir <
InkK = In kﬁ B _ Mobilni
VStacionérni

Fdzovy pomér

R — plynovd konstanta, 8.314 JK 'mol' , T — termodynamickd teplota, K, k — retenéni faktor

Ink = —

Ink = AHO+ASO 1
nk=—pmr+—p —Inp
1 v
b===—

L Vu

Van’'t Hoffova rovnice
AH® AS°

RT+R

Vs
+In—>
HVM

1 k—A+B
ogk = T

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
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ENTALPIE vs. ENTROPIE

Systém A Systém B

UT i



ENTALPIE vs. ENTROPIE

In k

Systém A
AH®
T]
AS° Vs

Dominantni vliv entalpie /T
Maly vliv entropie

In k

Systém B

AH®

Maly vliv entalpie UT
Velky vliv entropie



ENTALPIE vs. ENTROPIE

Systém A
Ink
AHC
T]
AS° Vs
v

Dominantni vliv entalpie /T
Maly vliv entropie

Rozdéleni kontroluji molekularni sily,
interakce vzorku se staciondrni fazi

Systém B

In k

AH®

Maly vliv entalpie UT
Velky vliv entropie

Rozdéleni kontrolované (ndhodnou)
entropii. Zadné interakce. Vétsi zapornd
entropie — vétsi retence (mensi chaos).



ENTALPIE vs. ENTROPIE

Systém A
Ink
AHC
T]
AS° Vs
v

Dominantni vliv entalpie /T
Maly vliv entropie

Rozdéleni kontroluji molekularni sily,
interakce vzorku se staciondrni fazi

Systém B

In k

Chirdlni separace
Size-exclusion

Maly vliv entalpie
Velky vliv entropie

AH®

UT

Rozdéleni kontrolované (ndhodnou)

entropii. Zadné interakce. Vétsi zapornd

entropie — vétsi retence (mensi chaos).



TERMODYNAMICKY POPIS RETENCE

Systém A Systém B
In k In k

AH®

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 molekuldrnimi interakcemi a pomér objemu
staciondrni a mobilni faze (V¢/V),), tedy geometrii stacionérni faze.



Ink

TEPLOTNI KONTROLA SELEKTIVITY

Ovlivnéni selektivity Homologickd Fada
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Charakterizace kolon: AHY, AS°



RETENCNI MECHANISMY

Reverzni fdze Hydrofilni interakce
(B) q HPA+SYRC;/|\'5+pRO+VAC (A) ] SYR+FER
300 -
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250 1 \ i/ lHPA -
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130°C . PRO
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15% acetonitril, 30 — 80 °C 90% acetonitril, 30 — 80 °C

Separace fenolickych kyselin na monolitické kapildrni koloné. J. Chromatogr. A 1217 (2010) 7981-7989.



RETENCNI MECHANISMY

Reverzni fdze Hydrofilni interakce
(B) 1.254 (A) 067 o = -
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Separace fenolickych kyselin na monolitické kapildrni koloné. J. Chromatogr. A 1217 (2010) 7981-7989.



NELINEARITA TEPLOTNI ZAVISLOST
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J. Chromatogr. A 1408 (2015) 145-150.

Cholesterolem modifikované

staciondrni fdze

Kapalny krystal cholesterolu

(zména teplotni zdvislosti)

Dominantné{si pro kolony

s vétSim pokrytim cholesterolem.



In k

VLIV PH

Zména ionizace molekul vlivem teploty a pH prostiedi (zejména pfi pH ~ pK,)
— o
ApK_ = -0.03/°C

Zvyseni retence se zvysuijici se teplotou
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Absorbance (mAU)

TEPLOTNI KONTROLA SELEKTIVITY

on/off efekt

T2 > TI

Temperature 1

e.g. C18-SiO; e.q.ZirChrom-CARB

Ortogonalita staciondrni fazi

Temperature 2
| Column 2 |—»| Detector

Pump > Injector

3 . r r L]
ol (A) T°C, 1mi/min . Okénkovy diagram
3 Tops=30°C; Ti;,0,=125°C
2 trial runs on column A 2 trial runs on column B
fea (Ty), ka (T2) ke (T3), ke (T4)
Il pus
logk, =a, +B,/T log ky =, + B/ T
‘ g, o o
=2
0 i 0 i 20 » 30 -] e =tall4£,) v =t ky)
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Anal. Chem. 72 (2000) 72, 110 = 118., Anal. Chem. 72 (2000) 2788 — 2796.




TEPLOTNI KONTROLA SELEKTIVITY

on/off efekt T2 > T1

Temperature 1 Temperature 2

P Column 2 |—»| Detector

Pump > Injector
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e.g. C18-SiO; e.q.ZirChrom-CARB

Ortogonalita staciondrni fazi
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J. Chromatogr. A 1028 (2004) 31-62.



STACIONARNI FAZE

| =
1. Zavedeni methylovych skupin 7 |
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polymer — silikagel, ZrO, - silikagel O



TEPLOTNI STABILITA KOLON

Inflow Outflow

-
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J. Chromatogr. A 1114 (2006) 89-96.
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.

liI] 2 4 G B 10

Retention time [min]

—— aftar 5 hours === aitar 50 hours

ZrO, pokryty polybutadienem, ZirChrom-PBD,
4.6 mmX150 mm, 3um, 300 A



% of initial pore volume blocked by PBD

STABILIZACE POVRCHU POLYMEREM

V idedlnim pripadé
= nedochdzi k blokovéni péro
= je cdstice homogenné pokrytd

Blokackage of pore volume by PBD

100

of PBD ing on pore di and surface

area
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PBD volume/Pore volume [%]

% of pore volume blocked by PBD [%]

—— Surface area - silica [88] - - # - - pore diam. -silica [88]
——surface area - zirconia [92] - - 3 - - pore diam. - zirconia [92]

Polymerni pokryti
poskytuje srovnatelnou
uc€innost jako silikagel

(oproti Cisté polymernim
cdsticim)

J. Chromatogr. A 1028 (2004) 31-62.
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SROVNANI SELEKTIVITY

r

Normalized Selectivity Comparison: Luna, ZirChrom-PBD,

PLRP
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J. Chromatogr. A 1028 (2004) 31-62.



UCINNOST
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J. Chromatogr. A 1028 (2004) 31-62.



POKRYTI POLYSTYRENEM vs. POLYBUTADIENEM

PS-ZrO,

204 4

DJULU'MLHJ ~ P

" PBD-ZrO,

20 4

W i

10 20 30

Momalized Retention Time

Alkylbenzeny a aromatické uhlovodiky, 50% acetonitril, T = 30 °C
J. Chromatogr. A 1028 (2004) 31-62.



POKRYTI UHLIKEM

NH;‘<’_>—Y +2 HX + NaNQO, = XN=N —@—Y +2 H,0 + NaX Reaction 1

Where Y = Ci3sH37

Reaction 2

Carbon clad

: : Diazonium Derivatized
zirconia

Salt Carbon clad
zirconia

Nor ]
4 150 °C
357
303
25: - - .

- 2 Separation in 1 minute
155 F

107

03

min

DiamondBond C18

CH, CHy CHy

IGHzle [EHghg ':fI:H'z:'lu
CHg CHg (l.il-ﬁ\_.
—C—C—G—C—C—C
L e e e e

1. Acetaminophen
2. Ketoprofen
3. Naproxen
4. Ibuprofen
5. Oxaprofen

J. Chromatogr. A 1028 (2004)

31-62.



STABILITA VZORKU

B30 °C B040°C @50 °C B70°C Wa5°C

1.4E+06 -

1.2E+06

1.0E+06

B.OE+05 -

mAL*s

6.0E+05

4.0E+05

2.0E+05 -

bbbt

Braimaia

D.0E+00

Cytarabine Amoxicillin Chloramphenicol Etoposide

Stabilita cytostatik a antibiotik pFi vyssi pracovni teploté na staciondrni fazi tvofené
ZrO, pokrytym polybutadienem, 15% acetonitril + 0.1% FA



STABILITA VZORKU — VLIV KOLONY

Uhlikem pokryty ZrO, Polystyren-Divinylbenzen
ZirChrom Carb, 150 mm X 4.6 mm, 3 um PLRP-S, 150 mm X 4.6 mm, 3 pum

180 °C (9). ‘ 180 °C {h) \t _ I'||\ ———
(f) & \ ‘ :z:' | el
P SH——
(. k. | A _ L | P
© |\ [ | \ @ | J \ | o
(b) N [T A © _ t il 4
40°c @ o ) | | k If\ N
, P T 40 °C (@ . F Bwene
0 10 20 e o R
Time (min) 1] 10 20
Time (min)

Journal of Pharmaceutical and Biomedical Analysis 46 (2008) 625-630.



| ANTIHISTAMINIKA

21 °C
mAU 29.0% ACN
60 —
3 1.35 ml/min S N
E otfreba
] 2 195 bar P oL
Uk 12.5 min mobilni faze
30 -
20 ] 5 16.9 ml
10 _f 2.4 26 28 3 32 min
o1 J . L VAN
@ o 2 i 6 8 10 T V-
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Kolona PerfectSil Target, isopropanol/voda (75:25); pritok 0.3 mL/min

J. Agric. Food Chem. 60 (2012) 2076-2082.
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IZOKRATICKA ELUCE vs. GRADIENT TEPLOTY
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J. Chromatogr. 279 (1983) 431-438.



| B10CHEMICKY SCREENING
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Kombinace vysokotepelné chromatografie
s enzymatickou reakci

Anal. Chem. 77 (2005) 7894—7900.



| VODA JAKO MOBILNI FAZE
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. FID .~ 1
Injector e 3 cm
Water In ” _+_
g GC Oven H
\‘
‘ SS Capillary S
Restrictor \ S~
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I I
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Rum 40.0 41 £ 1.0
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Pivo 5.6 5.5 0.1

Anal. Chem. 69 (1997) 623-627.
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“I think truth has no temperature. “

Cameron Diaz




