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Nazev diplomové prace: Studium vlivu sloZzeni mobilni fdze na selektivitu a retenci

analyti na HILIC stacionarnich fazich

Tato diplomova prace se zabyva vlivem koncentrace ACN, pH a koncentrace
pufru v mobilni f4zi na retenci a selektivitu kolon Atlantis HILIC Silica (3 pm, 2,1 mm
x 100 mm) a Luna NH; (3 pm, 2,0 mm x 100 mm). Ke studii bylo vybrano celkem 35
analytl, které zahrnuji latky neutrdlni, bazické a kyselé. Detekce byla provedena
pomoci PDA detektoru pifi vlnové délce 245 nm. VSechna méfeni probihala
za podminek izokratické eluce pfi pratoku 0,4 mlmin' s vyuzitim smési
acetonitril/voda (pufr) jako mobilni faze. Teplota na kolon¢ byla nastavena na 30 °C,
teplota autosampleru na 4 °C a pouzity nastfikovany objem byl 2 ul. Pro vyhodnoceni
vysledki byly znaméfenych hodnot sestrojeny grafy a tabulky, které slouzily

k hodnoceni kolon z hlediska selektivity a retence jednotlivych skupin analytt.

Kolona Atlantis HILIC Silica vykazovala chovani typické pro HILIC
chromatografii, tj. retence stoupala se zvySujici se koncentraci ACN v mobilni fazi a to
ptedevsim od >85% ACN. Kolona Luna NH;, kromé& HILIC chovani navic vykazovala
silnou retenci kyselych latek v RP mddu. Nicméné naprosto opacny efekt byl pozorovan
pro testované stacionarni faze pii zvySujici se koncentraci pufru v mobilni fazi.
Na koloné¢ Atlantis HILIC Silica retence bazickych latek klesala a retence kyselych
latek stoupala, naproti tomu na koloné Luna NH, retence bazickych latek stoupala
aretence kyselych latek klesala. Na retenci neutralni latek a nukleovych bazi méla
zména koncentrace pufru zanedbatelny vliv. Rozdily v selektivité byly u kolon Atlantis
HILIC Silica a Luna NH; vyraznéjsi pti pH = 3.8 nez pifi pH = 6,8. Nejvétsi rozdily
selektivity se projevily pfi analyze kyselych latek.



Abstract

Charles University in Prague, Faculty of Pharmacy in Hradec Kralové
Department of Analytical Chemistry

Candidate: Katefina Stétkova

Supervisor: RNDr. Hana VIckova, Ph.D.

Title of Diploma thesis: Study of influence of mobile phase composition on selectivity

and retention of the analytes on HILIC stationary phases

This graduation thesis deals with an influence of concentration of ACN, pH and
buffer concentration in mobile phase on retention of selected analytes and on selectivity
of Atlantis HILIC Silica column (3 pm, 2,1 mm x 100 mm) and Luna NH; column
(3 um, 2,0 mm x 100 mm). A set of 35 analytes including neutral, basic and acidic
compounds were chosen for this study. Detection was performed by PDA detector
at the wave-length of 245 nm. Measurements were carried out using isocratic flow
0.4 mL.min" of mobile phase ACN/water (buffer). The column temperature was set up
to 30 °C, auto sampler temperature to 4 °C and injection volume to 2 pl. For easier
evaluation of results, measured data are presented in charts and tables. These were used
to evaluation of columns in terms of selectivity and retention of the individual groups

of analytes.

The typical HILIC behavior, an increasing retention of analytes with increasing
ACN concentration in mobile phase, was observed for Atlantis HILIC Silica column.
The most intensive effect was shown at more than 85% of ACN. Luna NH; column
except for HILIC behavior shown an extremely strong retention of acidic compounds
in RP mode. Absolutely opposite effect was observed with increasing concentration
of buffer in mobile phase, while retention of basic compounds was decreasing
and retention of acidic compounds was increasing on Atlantis HILIC Silica column,
the retention of basic compounds was increasing and retention of acidic compounds was
decreasing on Luna NH; column. A change of buffer concentration had an insignificant
effect on retention of neutral compounds and nucleotide bases. The differences
in selectivity of Atlantis HILIC Silica and Luna NH, were more significant at pH = 3.8
than pH = 6.8. The most significant differences in selectivity were shown for acidic

compounds.
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extrakce na tuhou fazi, solid phase extraction
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performance liquid chromatography
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1. Uvod

Kapalinovd chromatografie je metoda vyuzivand kanalyze netékavych
organickych latek uz vice neZ sto let. Plivodni systém s normalnimi fdzemi (NP) byl
postupné nahrazen systémem s reverznimi fazemi (RP), ¢imZz doSlo k vyraznému
zvyseni separacni ucinnosti metody. Problém s sebou ovSem pfinesla analyza polarnich
latek, protoZze v systému NP se potykame se Spatnou reprodukovatelnosti vysledki
a Spatnou rozpustnosti polarnich latek v mobilni fazi a na druhou stranu v systému RP je

retence polarnich latek velmi nizka.

Vroce 1990 navrhl Andrew Alpert metodu oznacovanou jako hydrofilni
interak¢éni chromatografie, ktera vyuzivd polarni stacionarni faze typické pro NP
ve spojeni s vodné-organickou mobilni fazi typickou pro RP. Diky této kombinaci
dochazi ke znaénému zvySeni retence polarnich latek a zlepSeni reprodukovatelnosti
vysledk. Vlivem vhodného sloZeni HILIC mobilni faze s vysokym obsahem
organického rozpoustédla je tento mod vhodny také pro spojeni s hmotnostni
spektrometrii. Navic je mod HILIC vhodny i1 pro analyzu bazickych latek, které
ve srovnani s RP  vykazuji lepSi tvary pikd. Metoda nalezla Siroké uplatnéni
ve farmaceutickych a biologickych védach, ale také v oblasti zivotniho prostiedi,
potravinaiském a chemickém primyslu a mnoha dalSich odvétvich. Po roce 2003 doSlo
k vyraznému rozmachu HILIC piedevS§im vlivem rozsahlého rozvoje v oblasti novych
typl HILIC staciondrnich fazi. V soucasné¢ dob¢ existuje jiz celd fada komeréné
dostupnych HILIC staciondrnich fazi, které zahrnuji kolony sriznymi povrchy
(silikagel, polymery, hybrid) modifikované rliznymi funkénimi skupinami (amino,
amido, diol, kyano atd.). Kolony s ¢asticemi mens$imi neZ 2 um a s ¢asticemi s pevhym

jadrem jsou jiz také dostupné pro HILIC chromatografii.



2. Cil a zadani prace

Cilem této diplomové prace bylo studium vlivu slozeni mobilni faze, zejména
procentualniho zastoupeni acetonitrilu, pH a koncentrace pufru, na selektivitu a retenci
analytii. Byla hodnocena zména selektivity pii dvou rtiznych hodnotich pH mobilni
faze. Pro praci byla vybrana skupina 35 analyti zahrnujicich kysel€, neutralni a bazické
latky. Testovany byly kolony Atlantis HILIC Silica (3 um, 2,1 mm x 100 mm, Waters)

a Luna NH;, (3 um, 2,0 mm x 100 mm, Phenomenex).



3. Teoreticka c¢ast

Kapalinova chromatografie je metoda pouzivand pro separaci latek vice nez sto
let. PGvodni separace na normalni fazi byla Cfasem nahrazena kapalinovou
chromatografii na fazi reverzni, ¢imz se vyrazné zvysila separacni Gi¢innost pfedev§im
pro nepolarni latky [1]. Roku 2004 byla do praxe zavedena technika ultravysokouc¢inné
kapalinové chromatografie (UHPLC), kterd ssebou piinesla mnoho vyhod jako
napiiklad zkraceni Casu analyzy, sniZeni spotieby rozpoustédel a sniZzeni nasttikovaného
objemu, ale pfedevSim vyrazné zvysila G¢innost chromatografické separace [2][3].
Problematické vSak stale zlstala analyza polarnich latek, které jsou v systému RP velmi
Spatné zadrZzovany a tudiz vétSinou eluovany v mrtvém retencnim Case. V systému NP,
ktery byl k analyze polarnich latek uZzivan, se velmi Casto setkavame se Spatnou
rozpustnosti polarnich latek v mobilni fazi. V roce 1990 Andrew Alpert predstavil
metodu oznaCovanou jako hydrofilni interakéni chromatografie (HILIC), pii které
dochazi k interakci analytu s hydrofilni stacionarni fazi (SP) (napf. nemodifikovany
silikagel, silikagel modifikovany riznymi polarnimi skupinami - amino, diol, amido
atd.) a eluce se provadi pomoci relativné hydrofobni mobilni faze. Ve vétsSing€ ptipada
mobilni fize obsahuje vysoké procento polarniho organického rozpoustédla, nejcastéji
acetonitrilu (ACN), a 5-30% vody, ktera je v ptipadé HILIC moédu silnym elu¢nim
¢inidlem. HILIC se v poslednich letech hojné rozsifila a je vyuzivdna zejména
k separaci sacharidi, peptidi a aminokyselin, ale také v oblasti analyzy 1é¢iv, zivotniho

prostiedi, ¢i potravinaiském pramyslu [1][4][5].

Prestoze se studiem retenéniho mechanismu zabyvalo mnoho studii, podrobny
mechanismus neni stale zcela objasnén [1]. Prvni studie hovofily o interakcich mezi
hydroxylovymi skupinami analytii a polarnimi skupinami na povrchu SP [6][7]. OvSem
tato myslenka se omezuje pouze na analyty obsahujici ve své struktufe OH skupiny.
Soucasna teorie piedpoklada, Ze polarni skupiny SP ptitahuji molekuly vody a dochazi
k vytvafeni vodné vrstvy na povrchu této faze. Polarni analyt, ktery je rozpoustén
v mobilni fazi, je tedy rozdélovan mezi vodnou vrstvu imobilizovanou na SP a mobilni
fazi (Obrazek 1). Na zdklad¢ afinity analytu k ¢astené imobilizované vodné vrstvé
a organické mobilni fazi dochazi k ovlivnéni retence analytu. Jestlize analyt ma vyssi
afinitu k vodné vrstvé nez k organické mobilni fazi, dochazi ke zvySeni interakci mezi

analytem a vodnou vrstvou, tedy ke zvySené retenci [8]. Krom¢ zminéného mechanismu

-10 -



se pf1 HILIC médu uplatiuji v urcité mife také vodikové vazby, iontové a hydrofobni
interakce. Mechanismus je tedy komplexni, a ne jesté zcela znamy, coz vyznamné

limituje pfedpovéd’ retence analyzovanych latek [9].

Obrazek 1: HILIC rozdélovaci proces. Obrdzek prevzat ze zdroje [10)].

3.1. Stacionarni faze

Prvni generaci SP pouzivanych v HILIC moddu byly polarni taze uréené pro NP
LC (kapalinova chromatografie) (zeyjména nemodifikovany silikagel a silikagel
modifikovany amino skupinou), které byly pouzity pfedevSim pii separaci karbohydrata
vroce 1975. Po roce 1985 byla vyvinuta druhd generace SP, ktera zahrnovala silikagel
modifikovany amidovou a diolovou funk¢ni skupinou [11][12]. Dodnes nejuzivanéjsi
SP je klasicky, tedy nemodifikovany, silikagel. Jednotlivé silikagelové  kolony
od riznych vyrobcti vykazuji znacné rozdily v retencnich vlastnostech, coz
pravdépodobné souvisi s raznymi vyrobnimi postupy a rozdilnou poérovitosti SP.
V souCasné¢ dob& je jiz komeréné dostupné vétsi mnozstvi kolon na bazi
nemodifikovaného silikagelu, které byly vyvinuty pfimo pro HILIC mod (napt. Atlantis
HILIC Silica). Zaroven jsou ale pouZivany nejen SP na bazi silikagelu, ale také
polymerni ¢i hybridni SP. Dokonce jsou jiz dostupné¢ i UHPLC HILIC kolony

s ¢asticemi men$imi nez 2 um a kolony s ¢asticemi s pevnym jadrem [13].

Jednotlivé HILIC stacionarni fize lze rozd¢€lit na neutralni, nabité¢ (pozitivne,

negativng) a zwitteriontové faze [14].
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Neutralni stacionarni faze - polarni funkéni skupiny téchto SP (amido, kyano, diol

a cyklodextrin) jsou neutrdlni a pH mobilni faze tedy vyznamné neovliviiuje jejich
naboj. Nicméné v rozmezi pH 4 - 5 mohou vykazovat ¢astecny negativni naboj a to

vlivem deprotonizace zbytkovych Si-OH skupin na povrchu silikagelu [14].

Negativné nabité staciondrni fize - do této skupiny SP patii napiiklad

poly(asparagova kyselina), poly(2-sulfoethylaspartamid), sulfatovanda S-DVB féze.
V porovnani s neutrdlnimi SP maji iontové interakce vyssi vliv na retenci a selektivitu.
Jsou vyuzZivany zejména pro analyzu bazickych analyti a peptidi. Mezi negativné

nabité SP mliZe byt pocitan i nemodifikovany silikagel [14].

Pozitivné nabité stacionarni fize - nejcastéji pouzivanou pozitivné nabitou SP je

silikagel modifikovany pomoci amino skupiny. Nicméné patii sem také naptiklad

pomérné nové SP obsahujici imidazolovou ¢i triazolovou funkéni skupinu [14].

Zwitteriontové stacionarni fiaze - zwitteriontové (sulfoalkylbetainove) faze (ZIC-

HILIC) obsahuji na povrchu aktivni vrstvu s navazanou silné kyselou sulfonovou
kyselinou 1 siln€¢ bazickou kvartérni amoniovou soli vpoméru 1:1. Tento typ SP

umoziuje analyzovat latky obsahujici jak kysel¢, tak bazické skupiny [14].

3.1.1. Stacionarni faze s nemodifikovanym silikagelem

Nemodifikovana silikagelova SP je zlatym standardem v oblasti HILIC SP.
Rozeznadvame tti typy nemodifikovaného silikagelu. Typ A je ptivodnim materidlem
ziskavanym srdZenim bazického roztoku oxidu kiemicitého. Velmi Casto je vSak
kontaminovan kovovymi Casticemi, a proto neni vhodny k pouZiti v HILIC moddu.
Silikagel typu B obsahuje sférické Castice a je pfipravovan agregaci z kiemicitych soli.
Obsah kovovych ¢astic je minimalni. Typ B je relativné stabilni 1 pfi stiednich a vysSich
hodnotach pH, maximaln¢ vSak do pH 9. Silikagel typu C obsahuje velké mnozstvi Si-H
skupin, které nahrazuji skupiny Si-OH na povrchu faze a to az z 95%. Tato modifikace
vyznamné méni zakladni vlastnosti silikagelu. Povrch je méné polarni, obsahuje pouze
zbytkové Si-OH, které mohou nést zdporny naboj, a proto je zavislost analyzy na pH
mobilni faze niz§i. Z takovychto materidli s niz§im obsahem Si-OH skupin byly
piipraveny kolony specidlné urcené pro HILIC mdd jako napiiklad Atlantis HILIC
Silica [3][15]. Struktura silikagelu je zobrazena na Obrazku 2.
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Siloksan

Obrazek 2: Staciondrni faze tvorena nemodifikovanym silikagelem [16].

3.1.2. Stacionarni faze s navazanou amino skupinou

Vroce 1975 byla ptipravena silikagelova SP s navdzanou aminopropylovou
skupinou (Obrazek 3). Nicméné¢ amino skupiny vytvareji v porech silikagelu alkalické
prostiedi, coz vede k rozpousténi silikagelu a hydrolyze chemicky vazané faze. Béhem
analyzy se to projevuje pifedev§im deformaci chromatografickych pikii a zaroven nizsi
zivotnosti kolon. Z téchto divodl byl vyvinut silikagel dynamicky pokryty polyamidy,
ktery se piipravuje za pouziti N-(3-butynyl)ftalylimidu a nésledné hydrazinolyzy
[12][17]. Nicmén¢ 1 pfes nevyhody jsou SP modifikované aminopropylovou skupinou
1 dnes velmi Casto vyuzivany napt. pii separaci cukr, bilkovin, nukleotidii apod. Amino
SP vykazuje zvySenou afinitu ke kyselym analytim. Jejich retence probiha za piispeni
jak rozdélovaciho tak iontov€é vyménného mechanismu, kviili ¢emuz mize byt analyza
pomérné malo efektivni. Miize dochazet zejména k nevratné adsorpci kyselych analyti
na SP nebo naopak krozkladu SP. Problémova je naptiklad analyza karbohydrati,
jelikoz primarni aminoskupina tvoii tzv. Shiffovy baze s aldehydy. Naopak silikagel
modifikovany aminopropylovou skupinou vyrazné pfispivd k mutarotaci a tim snizuje

tvorbu dvojitych piki pti analyze monosacharidi [15].

Q/\/””*‘

Obrazek 3: Struktura amino- silikagelu. Prevzato a upraveno z [16].
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3.1.3. Stacionarni faze s navazanou amido skupinou

Amido SP obsahuje molekuly karbamoylu nebo amidu vazané na silikagelovy
povrch pomoci kratkych alkyli (Obrazek 4). Retence neni tak ovlivnéna iontovou
vyménou jako je tomu u SP s navdzanou amino skupinou. Nedochazi k riziku nevratné
adsorpce analyzovanych latek, coz souvisi s jejich delsi Zivotnosti [ 18]. Jsou pouzivany
zejména k separaci oligosacharidl, glykoproteidl, peptidi a jsou vhodné obecné

pro analyzu bazickych latek [15].

MHg 8]

Obrazek 4: Struktura amido- silikagelu. Prevzato a upraveno z [16].

3.1.4. Stacionarni faze s navazanou diol skupinou

Ve vétSin€ pripadil diol SP obsahuje dlouhy alkylovy fetézec, na jehoz konci je
navazana neutralni hydrofilni 2,3-dihydroxypropylova skupina (Obrazek 5). Tyto faze
jsou charakterizovany smiSenym RP/HILIC retenénim mechanismem, vysokou
polaritou a schopnosti vytvaret vodikové vazby stejn¢ jako nemodifikovany silikagel.
Na druhou stranu nemaji na svém povrchu ionizovatelné skupiny, tudiZz nedochazi
k adsorpci polarnich analytii na SP a poskytuji vybornou stabilitu [9]. Jsou vyuzivany
v analyze bilkovin, nizkomolekularnich fenolickych latek a také v oblasti kvantitativni

analyzy polarnich léciv[15].

o/’\/“’\)\/"”

Obrazek 5: Struktura diol- silikagelu. Prevzato a upraveno z [16].
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3.1.5. Stacionarni faze s navazanou kyano skupinou

Kyano SP ma funk¢ni skupinu vadzanou k silikagelu pomoci propylového
fetézce. Plivodné byla tato SP pouzivand v NP médu. Na rozdil od ostatnich HILIC SP
kyano SP postrada schopnost vytvaiet vodikové vazby a je méné hydrofilni, coz vede
k nizké retenci mnoha polarnich analyti. Naptiklad peptidy nejsou touto SP vibec
zadrzovany. Navic tato SP vykazuje znanou nestabilitu pfi analyze stfedn€ polarnich
latek zptsobenou poklesem ptitazlivych sil mezi €asticemi faze. Z t€chto divodl je
pouziti kyano SP v HILIC moédu znaéné omezeno [15][16][18]. Struktura kyano-

silikagelu je zobrazena na Obrazku 6.

Obrazek 6: Struktura kyano- silikagelu. Prevzato a upraveno z [15].

3.1.6. Stacionarni faze na bazi cyklodextrinu

Zajimavou strukturou pouZitou k modifikaci HILIC SP je cyklodextrin (CD).
Jedna se o cyklické oligosacharidy obsahujici 6, 7, nebo 8 jednotek D-glukdzy
(Obrézek 7). Tyto jednotky vykazuji schopnost rozliSovat riznd chirdlni uspotadani,
a proto jsou pfidavany jako tzv. chiralni rozliSovace do mobilni faze nebo jsou navdzané
na SP a pouzité pti chirdlni chromatografické separaci. Vyuzivaji se zejména k separaci
cukernych alkoholli ¢i sacharidii obsahujicich 1-8 monosacharidovych jednotek.
Se zvySujicim se pocltem jednotek se retencni schopnosti zvySuji, coz je déano

interakcemi analytu s hydrofilni vodnou vrstvou na povrchu CD [19].

Obrazek 7: Struktura p-cyklodextrin- silikagelu. Prevzato a upraveno z [15].
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3.1.7. Stacionarni faze na bazi poly(sukcinimid)u a od néj odvozené stacionarni

faze PolyGlycoplex

Dalsi modifikaci aminopropylové silikagelové SP byla pfipravena
poly(sukcinimid) SP a z jeji struktury pak byla odvozena cela série novych SP zndmych
pod obchodnim nazvem PolyGlycoplex (Obrazek 8). Poly Hydroxyethyl A je vhodny
pro separaci aminokyselin, proteint, glykoproteid, karbohydratii, oligosacharida
a malych polarnich analyt. Poly Sulfoethyl A vykazuje smiSeny HILIC mechanismus
retence a zaroven velky podil iontové vyménnych interakci, diky nimz mtZe byt pouzit

pro analyzu hydrofilnich peptida [2][15].
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Obrazek 8: Struktura staciondrnich fazi na bazi poly(sukcinimid)- silikagelu.

(4) Poly(sukcinimid)silikagel — PolyGlycoplex A. (B) Poly(2-hydroxyethyl)aspartamid
silikagel —Poly Hydroxyethyl A. (C) Poly(asparagova kyselina)silikagel — Poly CAT A.
(D) Poly(2-sulfoethyl)aspartamid silikagel — Poly Sulfoethyl A. Prevzato a upraveno
z [15].

3.1.8. Ostatni typy chemicky vazanych stacionarnich fazi

Z ostatnich SP na bazi modifikovaného silikagelu stoji za zminku fluorovany
silikagel. Takovato SP je urCena k separaci aromatickych aminli a halogenovanych

aromatickych analytd. SP s navazanou triazolovou skupinou (Obrazek 9) se pouZivaji

- 16 -



k analyze vitamint rozpustnych ve vod¢, aminokyselin a bilkovin [12]. Dal§im typem
SP je silikagel obsahujici na svém povrchu pies triazolovy cyklus kovalentné vazany
cukr (Obrazek 10). Takto modifikovany silikagelu se pouziva k separaci vysoce

polarnich aminokyselin a flavonoida [15].

Obrazek 9: Struktura triazol- silikagelu. Prevzato a upraveno z [15].

e x"-q___-"

O |f’“‘xv_f"“& ,f‘"‘
-~ /-> \_} I
O
i ’M
4

HO H

Obrazek 10: Struktura galaktoza- silikagelu. Prevzato a upraveno z [15].

3.1.9. Stacionarni faze na bazi polymeru

Jiz velmi davno jsou znamé separaCni vlastnosti Castecné organickych
polymernich materialli jako je tomu napiiklad u styrendivinylbenzenové pryskytice,
kterda slouzi jako iontoméni€. Jejich separacni t€¢innost v HILIC modu je vSak pomérné
mald, a proto se vyuzivaji jen v ptipadech, kdy silikagelové materialy nejsou stabilni

(napf. pti separaci vysoce bazickych, nebo naopak kyselych analyta) [2][15].

3.1.10. Zwitteriontové (sulfoalkylbetainové) stacionarni faze

Po roce 1980 se na trhu objevuji zwitteriontové (sulfoalkylbetainové) SP
oznacované jako ZIC-HILIC. Na povrchu port silikagelu nebo polymerniho nosice je
obsazena aktivni vrstva obsahujici zbytky jak silné kyselé sulfonové kyseliny, tak 1 silné
bazické kvartérni amoniové soli, oddélené kratkym alkylovym fetézcem (Obrazek 11).

Diky této struktufe dochazi ke vzniku pouze slabych elektrostatickych interakei, jelikoz
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elektrické sily kazdého naboje jsou Castecné vyvazené blizkosti opacné nabitého iontu
[20]. Vzhledem ke struktufe SP je mozné analyzovat latky obsahujici kladné 1 zaporné
nabité skupiny soucasné. Sulfoalkylbetainové skupiny na povrchu faze velmi silné vazi
vodu, takZe i pfes silné elektrostatické interakce pievazuje tvorba vodikovych vazeb
a vazeb dipol-dipol. Kolony ZIC-HILIC jsou vyuZzivany pii separaci malych polarnich
analytii, aminoglykosidil a peptida. V dneSni dobé jsou ZIC-HILIC kolony v kombinaci
s hmotnostni spektrometrii (MS) uzivany k separaci stovek glykopeptidi. Polymerizaci
2-methakryloyloxyethyl fosforylcholinu a jeho vazbou na silikagel vznikly
forforylcholin zwitteriontové SP oznacované jako ZIC-cHILIC. Ty se od ZIC-HILIC

nelisi jen plivodem, ale zejména selektivitou [2][15].

|
gk

Obrazek 11: Zwitteriontova stacionarni faze (ZIC-HILIC).
Prevzato a upraveno z [16].

3.1.11. Monolitické stacionarni faze

Dal§im typem HILIC SP jsou monolitick¢é SP plvodné vyuZivané v RP LC.
Jedna se o SP tvofené jednim kusem spojit€ho porézniho materidlu, coz umoznuje
rychlejsi separaci za pouziti mirné¢ho tlaku. RozliSuji se dva typy takovych fazi. Za prvé
se jedna o materidl odvozeny od silikagelu, ktery vytvari celistvou strukturu. Obsahuje
makropory o velikosti 2 um a navic mezopory o velikosti 2-50 nm. Pfi analyze je
vyuzivano kombinace vysoké permeability makroporti s retencnimi vlastnostmi
mezoport. Takovéto kolony jsou vyuzivany v HILIC moédu k separaci malych
organickych iontl a 1é€iv jako je napt. warfarin. Modifikace monolitickych kolon byla
umoznéna zavedenim polymernich struktur. Napifiklad monoliticky silikagel
prodlouzeny polyakrylamidem (Obrazek 12) vykazuje vysSi stabilitu a vyssi retencni

schopnosti a je vyuzivan pii separaci nukleovych bazi [17].
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Obrazek 12: Silikagel pokryty polyakrylamidem. Prevzato a upraveno z [15].

Druhou variantou monolitickych SP jsou organické polymerni struktury. Ty
obsahuji makropory, ale jen velmi malé mnozstvi mezopori. Tim padem dochazi
v mnohem mensi mife k difizi a pfevldda presun hmoty proudénim. Organické
monolitické kolony jsou vhodné pro rychlou separaci velkych molekul, pfedevSim

proteintl, ale nemaji dostatecnou efektivitu pii separaci malych molekul [15].

3.1.12. Stacionarni faze s ¢asticemi s pevnym jadrem

Jakysi kompromis mezi ¢asticovou a monolitickou SP tvofi faze s Casticemi
s pevnym jadrem. Tyto SP dosahuji uc€innosti pln€ poréznich ¢astic velikosti 3 um
za pouziti tlaku odpovidajicimu analyze Castic o velikosti 5 um. Nejastéji pouzivané
castice o velikosti 2,7 um jsou tvofené vnitfnim jadrem o priméru 1,7 pum a poréznim
silikagelovym obalem o tloustce 0,5 pum (Obrazek 13). Vlivem vétSiho celkového
pruméru Castice nekladou tak vysoky odpor, nicméné separacni vlastnosti zlistavaji
vlivem struktury castice zachovany. K diftzi jednotlivych latek dochdzi v porézni
vrstvé Castice, tudiz analyzovana latka nemusi prostupovat celou castici, coz vede
k vyraznému zkraceni drahy a tim k urychleni analyzy. Dnes je tento typ kolon hojné
vyuzivan jako alternativa UHPLC separace a spektrum uplatnéni se bude zcela jisté
nadale rozSifovat v zavislosti na vyvoji novych typi kolon. V soucasné dob¢ je jiz

dostupna i kolona s ¢asticemi o celkové velikosti 1,7 um [21].

1,7 pm pevné jadro

0,5 pm porézniwstva

Obrazek 13: Struktura castice s pevnym jadrem. Prevzato a upraveno z [21].
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Vvbér vhodné stacionarni faze

Vybér vhodné stacionarni faze je zavisly zejména na typu analyzovanych latek.
Nejc€astéji pouzivanou HILIC SP je nemodifikovany silikagel, ktery je zlatym
standardem pro analyzu polarnich latek. Zaroven je nejb€znéji komeréné dostupnou SP
existujici v mnoha provedenich (kolony s ¢asticemi s pevnim jadrem o velikosti 2,7 um
a 1,7 pm, UHPLC kolony ¢i hybridni HILIC kolony) a také je dostupna od mnoha
rtiznych vyrobcii. Nicméné pro bazické analyty je vhodngjsi silikagel modifikovany
amidovou nebo zwitteriontovou skupinou. Oproti tomu pro kyselé latky lze pouzit
silikagel modifikovany amino skupinou, i1 kdyZ je analyza obtiznd, protoZe hrozi vznik
kovalentnich vazeb mezi molekulami SP a analytem nebo naopak destrukce SP. Z toho
vyplyva, ze volba spravné SP je jednim z nejdtlezitéjSich faktort pii vyvoji HILIC
chromatografické separace [9]. Rozdilna selektivita HILIC stacionarnich fazi je uvedena

na Obrazku 14.

4 B 4,65
23
A 1 m 5 1’ 2
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J JL\ 3\ ?x_ i ||| qﬂ_
16 8

Obrazek 14: Separace analyti za pouziti ctyr rozdilnych stacionarnich fazi.
(A) zwitteriontova SP, (B) diol SP, (C) silikagel, (D) amido SP. Mobilni faze:
85:15 ACN:amonium fosfat (5 mmol/L, pH 3.0). Vzorky: (1) fenol, (2) kyselina
naftalensulfonova, (3) kyselina p-xylensulfonova, (4) kofein, (5) nortriptylin,
(6) difenylhydramin, (7) benzylamin, (8) prokainamid. Prevzato a upraveno z [22].

3.2. Mobilni faze

Velmi dilezitym faktorem pro GspéSnou analyzu je vybér vhodné mobilni faze
véetné pH a také koncentrace pufru. HILIC mobilni faze typicky obsahuje s vodou

misitelné polarni organické rozpoustédlo a menSi mnozstvi vodné faze. Nicméné
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ne kazdé organické rozpoustédlo je pro HILIC separaci vhodné. Pro volbu optimalni
mobilni faze je uzite¢nd tzv. eluotropickd fada. Elucni sila organickych rozpoustédel se

zvySuje s rostouci polaritou rozpoustédla [16]:

ACETONITRIL > ETHANOL > DIOXAN > METHANOL > VODA

V HILIC médu je nejpouzivanéj§im organickym rozpoustédlem acetonitril, ktery
diky své chemické struktufe nevytvari vodikové vazby a tudiz nedochazi ke kompetici
rozpoustédla a vody na trovni SP jako je tomu napiiklad u methanolu a ostatnich
alkohold, které jsou v HILIC médu pouzivany velmi vzacn€. Nékolik studii se zamétilo
na nahradu ACN za latky s mensi toxicitou (napf. aceton), ovSem ani to nebylo pftilis
uspesné s vyjimkou nékolika malo piipadl, kde byl ACN nahrazen tetrahydrofuranem
[2][15][23].

Nejveétsi vliv na retenci analyth ma procentualni zastoupeni vody v mobilni fazi,
které se pro HILIC méd obvykle pohybuje v rozmezi 5-30%. Snizeni obsahu vody pod
5% se pouziva pro zvySeni retence latek s nizkou retenci. Pro vytvofeni vodné vrstvy
poskytujici prostfedi pro HILIC mechanismus je nezbytné zastoupeni vody alespon 2%.
Na druhou stranu, vétSi mnoZstvi vodné slozky miZze dramaticky sniZit retenci
hydrofilnich analytl a zpisobit tak eluci v mrtvém objemu kolony [8]. Zavislost poméru
vody v mobilni fizi na retenénim faktoru je zndzornéna na Obrazku 15. U nékterych
typi SP se pfi nizkém zastoupeni ACN v mobilni fazi méni mechanismus retence
na mechanismus odpovidajici RP LC, tj. retence stoupd srostoucim podilem vody
v mobilni fazi. Takové kolony vykazuji smiSeny RP/HILIC mechanismus. Ptikladem
takového jevu je separace kyselych latek na koloné¢ Luna NH,, které jsou silné

zadrzovany v obou, tedy RP 1 HILIC mddu [4].
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Obrazek 15: Zavislost obsahu vody v mobilni fazi na retencnim faktoru k" pro vybranou

skupinu karbohydratii. Obrazek prevzat ze zdroje [18].

Vliv pH mobilni faze zavisi pfedev§im na povaze analyzovanych latek a typu
HILIC SP. Kovlivnéni retence jsou casto vyuzivany pufry, nejCastéji octan
amravencan amonny. Pfiddnim pufru do mobilni fidze dochdzi kredukci
elektrostatickych sil mezi analyzovanou latkou a SP a to jak pfitazlivych, tak
odpudivych. Plati, Ze se zvySujici se koncentraci pufru se snizuje retence analyzovanych
latek s opaénym nabojem neZ ma SP a to vlivem redukce pfitazlivych sil. Naopak

retence latek se stejnym nédbojem vzhledem ke SP je vyssi [1][9].

V neposledni fade je vyznamna také volba rozpoustédla pti piipravé vzorku.
Obecné ve vSech LC aplikacich by mélo byt pouzito rozpoustédlo stejné nebo
vlastnostmi velmi blizké slozeni mobilni fdze [11]. V porovnani s ostatnimi typy
separaci je v HILIC vybér rozpoustédla vzorku pro tvar piku a separacni ucinnost
kriticky (Obréazek 16). Naptiklad pti 95% zastoupeni ACN v mobilni fazi by mnozZstvi
ACN v rozpoustédle vzorku nemélo klesnout pod 90% [24].
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Obrazek 16: VIiv zastoupeni vody v rozpoustédle vzorku na tvar piku. Kolona Acquity
BEH HILIC. (1) hypoxantin, (2) cytosin, (3) kyselina nikotinova, (4) prokainamid.
Obrazek prevzat ze zdroje [24].

HILIC mdd, stejné jako RP, mize probihat za izokratick¢ nebo gradientové
eluce. Nicméné na rozdil od RP je izokratickd eluce s vysokym obsahem ACN
v mobilni fazi Castéji vyuzivana. Gradientova eluce se aplikuje s pocate¢ni vysokou
koncentraci ACN, obvykle 95%, a postupné se zvySuje zastoupeni vody v mobilni fazi.

Pribéh gradientové eluce umoziuje eluci siln€ zadrzovanych latek [8][15].

3.3. Vyhody metody HILIC

HILIC pfedstavuje vhodnou alternativu pro kapalinovou chromatografii
na normalnich fazich a odstrafiuje nevyhody spojené s jeji aplikaci, jako je naptiklad
uzivani toxickych organickych rozpoustédel, Spatnd rozpustnost polarnich analyth

v nepolarnich mobilnich fazich a Spatna reprodukovatelnost analyzy [9].

Mobilni faze s vysokym obsahem organického rozpoustédla typicka pro HILIC
ma niz8i povrchové napéti, ¢imz zvySuje intenzitu signalu a citlivost detekce pii spojeni
s ionizaci elektrosprejem (ESI) a naslednou detekci MS. Navic je HILIC mdd vhodny
1 pro analyzu bazickych latek, které ve srovnani s RP vykazuji lepsi tvary pikt. Vlivem
vysokému podilu organické sloZky v mobilni fazi je také generovan niZsi zpétny tlak
na kolon¢€, aproto je mozné pouziti vys$Sich pritokd mobilni fize a ziskdni vySSi

separacni ucinnosti. [5][9]. Slozeni HILIC mobilni faze je také velmi casto plné
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kompatibilni s eluénim ¢inidlem pouzitém pii extrakci na tuhou fazi (SPE) a tudiz je

mozné vynechat krok odpafeni a znovu rozpusténi pied LC separaci [25].

Vzhledem k selektivité je HILIC SP také vhodnou druhou dimenzi ve spojeni
s RP SP v 2D chromatografii. Pouziti 2D chromatografie vyznamné zvySuje pikovou

kapacitu a separacni G¢innost chromatografick€ho systému [15].

3.4. Vyhodnoceni vysledku

Retenéni faktor

Jednou ze zékladnich veli¢in chromatografick€ého systému je reten¢ni faktor k’.

Kvalitni separace je zaji$téna, je-lik” > 1.

k' = (tR,i— tm) /tm

tri - retencni Cas analytu 1.ty — mrtvy ¢as systému (Casovy interval od zacatku nasttiku
vzorku do okamZiku detekce maximalni koncentrace sloZzky, ktera neni stacionarni

fazi zadrzovana).

Vvhodnoceni retence v zavislosti na ruzném sloZeni mobilni faze

Z experimentalné¢ naméfenych hodnot se sestroji kiivky vyjadiujici funkci
k™ =1 (%W), kdy %W vyjadiuje objemovy podil ACN v mobilni fazi, nebo k" = f (¢),

kde c je koncentrace pufru, ¢imz se usnadni jejich vyhodnoceni.

Vvhodnoceni selektivity

Rozdil v selektivit¢ se vyjadfuje jako zdvislost retencniho faktoru dané
slouceniny pii dvou riznych podminkach. Za pouziti linearni regrese se ziska korelacni
koeficient r. Rozdil selektivity dané latky pti dvou rtiznych podminkach se pak vypocita

podle vztahu:
s=1-1

Pokud je s’ rovno nule, znamend to, ¢ za dvou testovanych podminek
nedochazi ke zmén¢ selektivity. Naopak je-li tato hodnota rovna 1, selektivita je zcela
odlisna. Selektivitu miizeme porovnavat bud’ pro dvé rizné stacionarni faze, nebo jednu

kolonu pt1 pouziti dvou riznych typli mobilni faze.
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3.5. Pouzité analyty

Atenolol a metoprolol jsou latky ze skupiny B-sympatolytik, jinak oznacované
jako kardioselektivni betablokatory, pouzivané nejCastéji k 1€cbe¢ arterialni hypertenze,

vSech forem ischemické choroby srde¢ni a srdeCnich arytmii [26][27].

Pindolol je zastupce se skupiny neselektivnich [-blokétorii s ¢asteCnou
sympatomimetickou aktivitou (ISA), diky niz nedochazi k tak vyraznému snizeni tlaku

krve. Pindolol také ptsobi antiarytmicky. [26][27].

Acebutolol je B-blokdtor pouzivany terapii arterialni hypertenze a srde¢nich

arytmii [27].

Propranolol - dalsi zastupce neselektivnich B-sympatolytik, ktery se diky svym

uc¢inkiim pouziva v terapii arterialni hypertenze, ale také jako mirné anxiolytikum [27].

Cytosin je heterocyklickd pyrimidinova nukleova baze. Nukleotidy, v nichz je

obsazen, jsou dilezitym kofaktorem pti fosforyla¢nich reakcich [28].

Uracil — heterocyklickd sloucenina odvozend od pyrimidinu. Derivat uracilu

fluorouracil se pouziva jako cytostatikum v terapii celé fady malignich tumort [26][29].

Adenin — heterocyklickd purinova dusikatda baze. Je soucasti DNA

(deoxyribonukleova kyselina) a RNA (ribonukleova kyselina) [28].

Guanin je heterocyklicka purinova dusikatd baze. Je soucasti DNA 1 RNA
a jako soucast guanosintrifosfitu je alternativou ATP (adenosintrifosfat) v nékterych
biochemickych déjich. Je pouzivan jako ptidavek do Sampont, lakii na nehty a podobné

[26].

Adenosin je nukleosid skladajici se z nukleové baze adeninu a cukerné slozky
ribdzy. Je pritomen ve vSech lidskych bunkach a ovliviiuje celou fadu fyziologickych
procesti. Funguje jako neuromoduldtor a regulator homeostazy. Pouzivan je jako

antiarytmikum [26][30].

Guanosin — nukleosid sloZeny z nukleové baze guaninu a cukerné slozky ribozy
spojenych vzajemné glykosidickou vazbou. Z jeho struktury je odvozeno antivirotikum

acyklovir [29].
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Cytidin je nukleosid tvofeny pyrimidinovou nukleovou bazi cytosinem
aribozou. Je zakladni slozkou nukleovych kyselin a zjeho molekuly je odvozeno

cytostatikum cytarabin [27].

Uridin — nukleosid tvofeny wuracilem a ribézou vzijemné spojenych

glykosidickou vazbou. Tvofi dilezity stavebni kdmen nukleovych kyselin [28].

Thymin — heterocyklicka pyrimidinova slou€enina, kterd je zékladni stavebni

slozkou nukleovych kyselin [29].

Pyridoxin (vitamin Bs) je oznaceni pro tii pyridinové derivaty — pyridoxin,
pyridoxal a pyridoxamin. Aktivni formu pak tvofi pyridoxal-5-fosfat, ktery je dlezitym

kofaktorem enzymu [27].

Kreatinin vznikd ve svalech zdusikaté organické kyseliny kreatinu.
Koncentrace kreatininu v krvi vypovida o funkci ledvin a vySetfeni jeho clearence se

pouziva pro stanoveni spravné funkce glomeluralni filtrace [26].
Tyrosol je obsazen v olivovém oleji. Zaroven je silnym oxidantem [26].

Nikotinamid je amid kyseliny nikotinové, kterd je soucasti fady enzymul
a ve vysokych davkach je pouzivana k rozsifovani cév a snizovani hladiny cholesterolu

v krvi. Je povazovan za nejstar$i hypolipidemikum [26][27].

Kofein — methylxantin obsazeny v ¢aji a kavé. Ma stimula¢ni G¢inky na CNS
(centralni nervovy systém). Ve farmacii je ptfidavan do viceslozkovych 1é¢ivych

ptipravki pro lécbu bolesti a migrény [27].

Paracetamol je aktivnim metabolitem fenacetinu. Pouzivd se jako bezpecné

analgetikum a antipyretikum [27].

Theophyllin je methylxantinovy derivat obsazeny v Caji a kavé. Stimuluje CNS

a diky svym bronchodilata¢nim G¢inkiim je pouzivdm v terapii astma bronchiale [27].

Thiamin je ve vod€ rozpustny vitamin oznaCovany také jako B;. Zdrojem tohoto
vitaminu jsou piedevSim obiloviny, maso, pivovarské kvasnice, med a ofechy. Thiamin

piiznive ovliviluje nervovy systém a pusobi proti unavé [28].
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Kyselina p-anisova je pfirozenou soucasti anyzu a ma antiseptické ucinky. Je

castym meziproduktem pii ptiprave slozitéjSich organickych molekul [26].

Kyselina 2,3-dihydroxybenzoova a Kyselina gentisova jsou po chemické
strance blizké kyselin¢ salicylové. Ve farmacii je pouzivana piedevSim sodnd sul

kyseliny gentisové pro své analgetické, antipyretické a také antirevmatické ucinky [26].

Kyselina p-hydroxybenzoova je izomerem kyseliny salicylové. Jeji estery
oznaCované jako parabeny (methylparaben, ethylparaben apod.) jsou vyuzivany

v potravinafstvi a farmacii jako protiplisiové konzervanty [26][30].

Kyselina salicylova je vychozi latkou kyseliny acetylsalicylové. Vyuziva se

v koznim l¢katstvi pro své keratoplastické a keratolytické vlastnosti [30].

Kyselina gallova s glukozou vytvari ester tanin. Ten se diky svym vlastnostem

vyuziva v lokalni adstringencni terapii [26].

Kyselina vanilova je fenolickd kyselina obsazend v hroznech. Je

meziproduktem v procesu syntézy vanilinu z kyseliny ferulové [26].

Kyselina kavova je organickd sloucenina osahujici fenolickou a akrylovou
funk¢ni skupinu, fadici se mezi tzv. hydroxyskoficové kyseliny. Nachazi se ve vSech

vvvvvv

zdrojti biomasy [31][32].

Kyselina ferulova je tzv. hydroxyskoticovou kyselinou. Esterovou vazbou je

vazana k hemicelulose jako soucast potravinové vlakniny [26][32].

Kyselina sinapova je dalSim zastupcem hydroxyskoticovych kyselin. Ester

MW w

Kyselina syringova je jednoduchou fenolickou kyselinou. Je soucasti oleje

palmy Acai a také obsazena v hroznech [32].

Kyselina askorbova (vitamin C) je dilezitym antioxidantem, kofaktorem, podili
se na syntéze kolagenu a karnitinu. Hraje dileZitou roli pfi rastu kosti, zubt, vazi, cév.

Podili se na funkci imunitniho systému a hojeni ran [27].
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Kyselina Sikimova tvoii meziprodukt biosyntézy aromatickych latek, predevsim

aminokyselin tyrosinu a fenylalaninu [26].

Fyzikaln¢ chemické vlastnosti analyzovanych latek jsou uvedeny v Tabulce 1.

pKal | pKa2 M,

Analyt Chemicky nazev log P
(kys) (baz) [g.mol™]

2-{4-(2RS)-2-hydroxy-3-

Atenolol (isopropylamino)propoxyfenyl }ace 0,335 13,88 9,43 266,34
tamid
(RS)-1-(isopropylamino)-3-[4-(2-
Metoprolol 1,632 13,89 9,43 267,36

methoxyethyl)fenoxy]propan-2-ol

(RS)-1-(1H-indol-4-yloxy)-3-
Pindolol ) ) 1,680 13,94 3,77 248,32
(isopropylamino)propan-2-ol

(RS)-N-{3-acetyl-4-[2-hydroxy-3-

Acebutolol (propan-2-ylamino)propoxy] 1,769 13,78 9,40 336,43
fenyl} butanamid

(RS)-1-(1-methylethylamino)-3-(1-

Propranolol 2,900 13,84 9,50 259,34
nafthyloxy)propan-2-ol

Cytosin 4-aminopyrimidin-2(1H)-on -1,962 9,00 4,18 111,10
Uracil pyrimidin-2,4,(1H,3H)-dion -1,037 8,95 -4,19 112,09
Adenin 9H-Purin-6-amin -1,581 9,36 - 244,20
Guanin 2-amino-1H-purin-6(9H)-on -0,960 9,63 3,40 150,13

9-(b-D-ribofuranosyl)-9H-purin-6-
Adenosin ) -0,775 13,11 3,82 267,24

ylamin
2-amino-9-[3,4-dihydroxy-5-
Guanosin (hydroxymethyl)oxolan-2-yl]-3H- -1,466 13,24 3,12 283,24
purin-6-on
4- amino- 1- [3, 4- dihydroxy- 5-

Cytidin (hydroxymethyl) tetrahydrofuran- -1,808 13,48 4,26 243,22

2- yl] pyrimidin- 2- on

1-[(3R,4S,5R)-3,4-dihydroxy-5-
Uridin (hydroxymethyl)oxolan-2- -1,581 9,39 - 244,20
yl]pyrimidine-2,4-dion

Tabulka 1: Fyzikalné chemické viastnosti pouZitych analytii.
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e, pKal | pKa2 M,
Analyt Chemicky nazev log P
(kys) (baz) [g.mol™]
5-methylpyrimidin-2,4(1H,3H)-
Thymin ) -0,621 9,24 -4,15 126,11
dion
2-methyl-3-hydroxy-4,5-
Pyridoxin ) o -0,831 9,63 5,01 169,2
bis(hydroxymethyl)pyridin
2-amino-1,5-dihydro-1-methyl-4H-
Kreatinin imidazol-4-on, 2-amino-1-methyl- -0,802 - 6,89 113,12
4-imidazolidinon
Tyrosol 4-(2-hydroxyethyl)fenol 0,851 10,17 - 138,16
Nikotinamid Pyridin-3-karboxamid -0,368 14,83 3,54 122,13
Kofein 1,3,7-trimethylxanthin -0,628 - 0,52 194,19
Paracetamol N-acetyl-p-aminofenol 0,475 9,86 1,72 151,16
Theophylin 1,3-dimethyl-7H-purine-2,6-dion -0,276 8,60 1,64 180,16
3-[4-amino-2-methyl-5-pyrimidin-
Thiamin yl)methyl]-5-(2-hydroxy-ethyl)-4- - - - -
methylthiazoliniumchlorid
Kyselina p-anisova 4-methoxybenzoova kyselina 1,776 4,47 - 152,15
Kyselina 2,3- . )
3,5-dihydroxybenzoova kyselina 0,808 3,96 - 154,12
dihydroxybenzoova
Kyselina p- )
4-hydroxybenzoova kyselina 1,401 4,57 - 138,12
hydroxybenzoova
Kyselina gentisova 2,5-dihydroxybenzoova kyselina 1,396 3,01 - 154,12
Kyselina salicylova 2-hydroxybenzoova kyselina 2,011 3,01 - 138,12
Kyselina gallova 3,4,5-trihydroxybenzoova kyselina 0,531 4,33 - 170,12
4-hydroxy-3-methoxybenzoova
Kyselina vanilova ) 1,304 4.45 - 168,14
kyselina
(E)-3-(4-hydroxy-3-methoxy-
Kyselina ferulova 0,963 4,58 - 194,18

phenyl)prop-2-anova kyselina

Tabulka 1 (pokracovani): Fyzikalné chemické viastnosti pouzitych analytii.
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o pKal | pKa2 M,
Analyt Chemicky nazev log P
(kys) (baz) [g.mol™]
Kyselina kavova 3,4-dihydroxyskorticova kyselina 0,663 4,58 - 180,16
3-(4-hydroxy-3,5-
Kyselina sinapova dimethoxyphenyl)prop-2-anova 0,997 4,53 - 224,21
kyselina
4-hydroxy-3,5-dimethoxybenzoova
Kyselina syringova ) 1,283 4,33 - 198,17
kyselina
(5R)-5-[(1S)-1,2-dihydroxyethyl]-
Kyselina askorbova ] -2,410 4,37 - 176,13
3,4-dihydroxyfuran-2-(5H)-on
trihydroxycyklohexenkarboxylova
Kyselina Sikimova -2,220 4,48 - 174,15

kyselina

Tabulka 1 (pokracovani): Fyzikalné chemické viastnosti pouzitych analytii.
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4. Experimentalni ¢ast

4.1. Pristrojové vybaveni

UltiMate 3000 RS (Dionex, Sunnyvale, CA, USA) slozeny z:
o UltiMate 3000 RS Pump
o UltiMate 3000 RS Autosampler
o UltiMate 3000 RS Diode Array Detektor
o UltiMate 3000 RS Column Compartment

e ACQUITY Ultra Performance LC (Waters, Milford, MA, USA) slozeny z:
o ACQ-binary solvent manager
o ACQ-sample manager

o ACQ-column manager

o ACQ-PDA detektor

e Analytické vahy Sartorius 2004 MP, Sartourius, Némecko
e Vakuova pumpa a filtra¢ni zatizeni Millipore, Millipore Corp., USA
e Automatické pipety se §pi¢kami Biohit, Fischer Scientific, CR

e Laboratorni pH metr Hanna, Fischer Scientific, CR

4.2. Testované analytické kolony

Specifikace testovanych HILIC kolon je uvedena v Tabulce 2.

Nazev Vyrobce Typ faze Navazana Rozméry Velikost Velikost
skupina (mm) ¢astic (um) | poru (A)
Atlantis Silica o
HILIC Waters Silikagel - 2,1 x 100 3 100
Luna NH, Phenomenex | Silikagel | Aminopropyl- 2,0x 100 3 100

Tabulka 2: Specifikace testovanych HILIC kolon.

_31 -




4.3. Pouzité chemikalie

Standardy:

acebutolol (>98%), adenin (>99%), adenosin (>99%), askorbova kyselina (>99%)),
atenolol (>98%), cytidin (>99%), cytosin (>99%), dihydroxybenzoova kyselina (>99%),
ferulova kyselina (>99%), gallova kyselina (>98%), gentisova kyselina (>98%), guanin
(>99%), guanosin (>99%), kavova kyselina (>98%), kofein (>98%), kreatinin (>98%),
metoprolol (>98%), nikotinamid (>98%), p-anisova kyselina (>99%), p-OH-benzoova
kyselina (>99%), paracetamol (>97%), pindolol (>98%), propranolol (>99%),
pyridoxin (>98%), salicylova kyselina (>99%), sinapova kyselina (>98%), syringova
kyselina (>95%), Sikimova kyselina (>99%), theophyllin (>97%), thiamin (>99%),
thymin (>99%), tyrosol (>98%), vanilova kyselina (>97%), uracil (>99%), uridin
(>99%).

Vsechny standardy — Sigma-Aldrich, CR.

Chemikalie:

e Acetonitril (HPLC gradient grade), Sigma-Aldrich, CR

e Hydroxid amonny (>25%), Sigma-Aldrich, CR

e Kyselina octova (>99%), Sigma-Aldrich, CR

e Octan amonny (>98%), Sigma-Aldrich, CR

e Ultradista voda z Millipore MilliOrg, Millipore Corp., USA

4.4. Piiprava zasobnich roztoku

VétSina zasobnich roztoktli byla ptipravena v koncentraci 1 mg/ml rozpusténim
5 mg standardu v 5 ml acetonitrilu. Vyjimkou jsou pindolol, acebutolol, propranolol,
kreatinin, thiamin, askorbova kyselina, Sikimova kyselina, adenin, guanosin, cytosin,
cytidin, uridin, uracil, thymin a adenosin, které byly rozpoustény ve smési acetonitrilu
a vody (50:50); a pyridoxin, ktery byl rozpoustén ve vod¢€. Zasobni roztok guaninu byl
pfipraven v koncentraci 100 pg/ml a to rozpusténim 0,5 mg standardu ve smési 5 ml

vody a 100 pl hydroxidu amonného (50:1).
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4.5. Piiprava pracovnich roztoki

Pracovni roztoky byly pfipravovany v den potieby postupnym fedénim

zasobnich roztokll. Koncentrace vétSiny pracovnich roztokll pouZitych k méfeni byla

10 pg/ml s vyjimkou atenololu, metoprololu, pyridoxinu, kreatininu a kyseliny

askorbové, které byly pouzity v koncentraci 100 pg/ml.

SloZeni tediciho ¢inidla bylo zvoleno v zavislosti na slozeni mobilni faze

s odchylkou maximaln¢ 10% ACN. Jako fedici smési byly pouzity roztoky ACN:voda
v riazném pomeéru - 10:90, 30:70, 50:50, 70:30, 90:10.

4.6. Priprava mobilnich fazi

0,5 mM roztok octanu amonného o pH = 4,8 byl pfipravovan nepipetovanim
25 ml 5 mM roztoku octanu amonného (AmAc) o pH = 4,8 do vody v 250 ml
odmérné bance a doplnén vodou po rysku. V ptipadée potieby bylo pH upraveno
roztokem amoniaku nebo kyselinou octovou.

5 mM roztok octanu amonného o pH = 4,8 byl pfipravovan napipetovanim
71,3 ul koncentrované kyseliny octové do piiblizné¢ 200 ml vody. Za stalého
michdni byl po kapkach pfidavan vodny roztok amoniaku, aZ bylo dosazeno
pH = 4,8. Nasledn¢ byl tento roztok kvantitativné preveden do odmérné banky
o obsahu 250 ml a doplnén vodou po rysku.

50 mM roztok octanu amonného o pH = 4,8 byl pfipravovan napipetovanim
713 ul koncentrované kyseliny octové do piiblizné 200 ml vody. Za stalého
michdni byl po kapkach pfidavan vodny roztok amoniaku, aZ bylo dosazeno
pH = 4,8. Nasledn¢ byl tento roztok kvantitativné preveden do odmérné banky
o obsahu 250 ml a doplnén vodou po rysku.

200 mM roztok octanu amonného o pH = 4,8 byl pfipravovan napipetovanim
2,852 ml koncentrované kyseliny octové do piiblizné¢ 200 ml vody. Za stalého
michdni byl po kapkach pfidavan vodny roztok amoniaku, aZ bylo dosazeno
pH = 4,8. Nasledn¢ byl tento roztok kvantitativné preveden do odmérné banky
o obsahu 250 ml a doplnén vodou po rysku.

50 mM roztok octanu amonného o pH = 3,8 byl pfipravovan napipetovanim
713 ul koncentrované kyseliny octové do piiblizné 200 ml vody. Za stilého

michdni byl po kapkach pfidavan vodny roztok amoniaku, aZz bylo dosazeno
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pH = 3,8. Nasledn¢ byl tento roztok kvantitativné preveden do odmérné banky
o obsahu 250 ml a doplnén vodou po rysku.

e 50 mM roztok octanu amonné¢ho o pH = 6,8 byl pfipravovan rozpusténim
0,1927 g ¢istého octanu amonného ve vodé a doplnén v 250 ml odmérné banice
vodou po rysku. V ptipadé potteby bylo pH upraveno roztokem amoniaku nebo

kyselinou octovou.

4.7. Vlastni méreni

Vsechna méfeni probihala za stejnych podminek pro obé kolony. Byla pouzita
izokraticka eluce, teplota na kolon¢ 30 °C, teplota v autosampleru 4 °C a nastfikovany
objem vzorku 2 pl. Jako mobilni fdze byla pouzita smés acetonitrilu a octanu amonného
o riizné koncentraci a pH se stabilnim pritokem 0,4 ml.min'. Detekce byla provedena

pomoci PDA detektoru pti vlnové délce 254 nm.

4.8. Schéma experimenti

Pouzité chromatografické HILIC kolony:

e Kolona Atlantis HILIC Silica (3 um, 2,1 mm x 100 mm, Waters)

e Kolona Luna NH, (3 um, 2,0 mm x 100 mm, Phenomenex)

BliZsi specifikace kolon viz Tabulka 2.
Testované analyty:

e acebutolol, adenin, adenosin, askorbovéa kyselina, atenolol, cytidin, cytosin,
dihydroxybenzoova kyselina, ferulova kyselina, gallovd kyselina, gentisova
kyselina, guanin, guanosin, kdvovéa kyselina, kofein, kreatinin, metoprolol,
nikotinamid, p-anisova kyselina, p-OH-benzoova kyselina, paracetamol,
pindolol, propranolol, pyridoxin, salicylova kyselina, sinapova kyselina,
syringova kyselina, Sikimova kyselina, theophyllin, thiamin, thymin, tyrosol,

vanilova kyselina, uracil, uridin.
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Pouzité vodné slozky mobilni faze:

50 mM AmAc pH = 3,8
0,5 mM AmAc pH =4,8
5 mM AmAc pH =4,8
50 mM AmAc pH =48
200 mM AmAc pH =4,8
50 mM AmAc pH = 6,8
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5. Vysledky a diskuze

5.1. Vyhodnoceni retence v zavislosti na koncentraci ACN v mobilni fazi

Pro hodnoceni retence byla vyuZita jako mobilni faze smés 50 mM AmAc
a acetonitrilu, pH =4,8. Z experimentdlné¢ namétenych hodnot byly sestrojeny lin-lin
kiivky zavislosti k™ = £ (%W), kdy %W vyjadiuje objemovy podil ACN v mobilni fazi
a k” reten¢ni faktor. Pro tuto analyzu bylo vybrano deset analyta, zahrnujicich zastupce
neutralnich, bazickych, kyselych latek a nukleovych bazi. Kiivky byly sestrojeny zvIast

pro kazdou kolonu a skupinu latek.
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5.1.1. Atlantis HILIC Silica (50 mM AmAc; pH = 4,8)

Létka 5% | 10% | 15% | 20% | 30% | 40% | S0% | 60% | 70% | 80% | 85% | 90% 95%
ACN | ACN | ACN | ACN | ACN | ACN | ACN | ACN [ ACN | ACN | ACN | ACN | ACN
Pyridoxin 0,244 | 0,197 | 0,178 | 0,178 | 0,172 | 0,174 | 0,176 | 0,261 | 0,362 | 0,408 | 0,576 | 0,917 | 1,899
Nikotinamid | 0,277 | 0,192 | 0,177 | 0,127 | 0,098 | 0,080 | 0,074 | 0,106 | 0,136 | 0,198 | 0,276 | 0,460 | 0,864
Theophyllin | 0,124 | 0,090 | 0,151 | 0,065 | 0,047 | 0,032 | 0,022 | 0,046 | 0,089 | 0,108 | 0,163 | 0,301 | 0,563
Atenolol 0,732 | 0,402 | 0,322 | 0,297 | 0,290 | 0,343 | 0,443 | 0,669 | 1,185 | 2,727 | 5,390 | 14,841 -
Propranolol | 1,470 | 0,549 | 0,141 | 0,311 | 0,272 | 0,268 | 0,287 | 0,369 | 0,656 | 1,200 | 2,182 | 5,245 | 22,641
Cytosin 0,126 | 0,101 | 0,322 | 0,084 | 0,078 | 0,080 | 0,099 | 0,175 | 0,352 | 0,556 | 0,901 | 1,819 | 6,016
Adenin 0,212 | 0,168 | 0,089 | 0,127 | 0,113 | 0,095 | 0,106 | 0,163 | 0,308 | 0,429 | 0,650 | 1,191 | 3,316
Gentisova Kys. [ -0,089 | -0,097 | 0,073 |-0,109 | -0,130 | -0,153 | -0,175 | -0,197 | -0,230 | -0,218 | -0,207 | -0,156 | 0,109
Vanilova kys | -0,039 [ -0,049 | -0,102 | -0,055 | -0,066 | -0,075 | -0,088 | -0,068 | -0,013 | 0,035 | 0,202 | 0,726 | 2,154
Sikimova kys | -0,074 [-0,078 | -0,053 | 0,081 | -0,093 [ -0,095 | -0,083 | 0,013 | 0,149 | 0,742 | 1,932 | 6,357 | 29,514

Tabulka 3: Hodnoty k' pro analyzované latky. Kolona Atlantis HILIC Silica (50 mM

AmAc; pH = 4,8).
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Graf 1: Zavislost lin-lin pro neutralni latky. Kolona Atlantis HILIC Silica

(50 mM AmAc; pH = 4,8).
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Graf 2: Zavislost lin-lin pro bazické latky. Kolona Atlantis HILIC Silica
(50 mM AmAc; pH = 4,8).
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Graf 3: Zavislost lin-lin pro nukleové baze. Kolona Atlantis HILIC Silica

(50 mM AmAc; pH = 4,8).
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Graf 4: Zavislost lin-lin pro kyselé latky. Kolona Atlantis HILIC Silica
(50 mM AmAc; pH = 4,8).

U vSech ctyt skupin analyzovanych latek byla pozorovana retence odpovidajici
HILIC médu, tj. retence se zvySovala se zvysujici se koncentraci ACN v mobilni fazi,
a to predevsim pifi >85% ACN. Analyt s vyssi hydrofilicitou z kazdé skupiny byl vzdy
zadrzovan vice, napt. kyselina Sikimova (log P = -2,220). Hodnoty k" analyzovanych
latek jsou uvedeny v Tabulce 3. Nizkou retenci vykazovaly kyselé analyty (Graf 4), coz
je zpusobeno odpudivymi silami mezi negativnim ndbojem kyselin a c¢asteCnym
negativnim nabojem na zbytkovych Si-OH skupindch na povrchu silikagelu. Pomérné
dobfe byla zadrzovdna vyrazn€ hydrofilni kyselina Sikimova. Ve vétSiné ptipadi,
predevSim pii nizsi koncentraci ACN, byly kyselé latky eluovany s mrtvym objemem
kolony. Neutralni analyty (Graf 1) a nukleové baze (Graf 3), které se svymi fyzikalné
chemickymi vlastnostmi blizi latkdm neutrdlnim byly kolonou pomérné slabé
zadrzovany. Nejvyraznéjsi retenci vykazovaly latky bazické (Graf 2), ty byly vyraznéji
zadrzovany jiz pti ACN >70%. Na retenci bazickych latek se podili iontové vazby mezi
kladné¢ nabitym analytem anegativné nabitymi zbytkovymi Si-OH skupinami
na povrchu silikagelu. Kromé HILIC retence byl relativné lipofilni propranolol

(log P =2,900) zadrZovéan i v RP modu.
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5.1.2. Luna NH; (50 mM AmAc; pH =4,8)

Létka 5% 10% 15% | 20% | 30% | 40% | 50% | 60% | 70% | 80% | 85% | 90% | 95%
ACN ACN | ACN | ACN | ACN | ACN | ACN | ACN | ACN | ACN | ACN | ACN | ACN
Pyridoxin | 0.125 | 0,107 | 0107 | 0102 | 0150 [ 0213 [ 0201 | 0430 | 0647 | 1042 | 1417 | 2117 | 4211
Nikotinamid | 0320 | 0272 | 0242 | 0214 | 0189 | 0,172 | 0178 | 0216 | 0299 | 0445 | 0546 | 0673 | 0,820
Theophylin | 0,140 | 0128 | 0,133 | 0,127 | 0,125 | 0,116 | 0,120 | 0,157 | 0238 | 0404 | 0548 | 0816 | 1684
Atenolol - - - - - - - - - ] 0056 | 0223 | 0747 | 3,054
Propranolol | 0,133 | 0108 | 0092 [ 0,086 | 0078 | 0,072 | 0,068 | 0,066 | 0,063 | 0.060 | 0.068 | 0,132 | 0,694
Cytosin 0172 | 0184 | 0200 | 0198 | 0244 | 0308 | 0407 | 0611 | 0989 [ 1,820 | 2692 | 4449 | 10,201
Adenin 0487 | 0425 | 0378 | 0331 | 0302 | 0307 | 0353 | 0483 | 0727 | 1263 [ 1,843 | 2991 | 6707
Ge':'s“va 131,592 | 104,435 | 83,073 | 67.126 | 50222 | 37.819 | 31,114 | 26,656 | 24,106 | 24,652 | 29.720 | - -
ys.
Vanilova kys. | 58,883 | 48,641 | 40362 [ 34057 [ 25555 | 21,310 | 19,847 | 19,022 | 22287 | 30273 | 41,758 | - -
Sikimova
" 11302 | 11,860 | 12,468 | 13,196 | 16,222 | 20368 | 27,345 | 39,848 | 65,700 | - - - -
ys.
Tabulka 4: Hodnoty k' pro analyzované latky. Kolona Luna NH,
(50 mM AmAc; pH = 4,8).
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Graf 5: Zavislost lin-lin pro neutralni latky. Kolona Luna NH;
(50 mM AmAc; pH = 4,8).
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Graf 6. Zavislost lin-lin pro bazické latky. Kolona Luna NH, (50 mM AmAc; pH = 4,8).
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Graf 7: Zavislost lin-lin pro nukleové baze. Kolona Luna NH,
(50 mM AmAc; pH = 4,8).
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Graf 8: Zavislost lin-lin pro kyselé latky. Kolona Luna NH; (50 mM AmAc; pH = 4,8).

U vSech ctyt skupin analyzovanych latek byla pozorovana retence odpovidajici
HILIC mddu, tj. retence se zvySovala se zvySujicim se procentudlnim zastoupenim
ACN v mobilni fazi a to pfedev§im pi1 >85% ACN. Hodnoty k" analyzovanych latek
jsou uvedeny v Tabulce 4. Neutralni latky (Graf 5) a nukleové baze (Graf 7) na této
koloné byly zadrzovany vice v porovnani s kolonou Atlantis HILIC Silica, ptfi¢emz
nejzadrZzovanéjsi neutralni latkou byl opét nejvice hydrofilni pyridoxin (log P = -0,831).
Bazické latky (Graf 6) jsou stejn¢ jako staciondrni faze za danych podminek nabity
kladné. Vzhledem k odpudivym elektrostatickym sildm byly baze jen slabé zadrZzovany
na rozdil od kolony Atlantis HILIC Silica a ve vétSiné piipadi eluovany s mrtvym
objemem kolony. Z tohoto divodu nebylo mozné ziskat hodnoty k" pro atenolol
pi1 <80% ACN. Naopak pfi analyze kyselych latek vykazovala kolona Luna NH; velmi
silnou retenci v HILIC modu (Graf 8). Jelikoz retence velmi strmé stoupala se zvySujici
se koncentraci ACN v mobilni fazi, nebylo mozné tyto latky z Casovych divodi
a z divodu rozmyti chromatografickych piki hodnotit az do 95% ACN. Nicméné
z naméfenych hodnot je patrné, Ze nejvice zadrzovanou latkou je nejvice hydrofilni
kyselina Sikimova (log P =-2,220). Kyseliny byly navic velmi vyrazné zadrZovany

1 v RP mddu, a to v opacném potadi v porovnani s HILIC modem.
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5.2. Vyhodnoceni retence analyti v zavislosti na koncentraci pufru

Pro hodnoceni retence analyt byla jako mobilni faze pouzita smes acetonitrilu
a octanu amonn¢ho, pH 4,8 o rtiznych koncentracich (0,5, 5, 50 a 200 mM) v poméru
90:10. Z experimentdlné naméfenych hodnot za pouZziti retencniho faktoru byly
sestrojeny kiivky zavislosti k™ = f (¢), kdy ¢ vyjadiuje koncentraci pufru v mM. Kiivky

byly sestrojeny zvlast’ pro neutralni, bazicke, kyselé latky a nukleové baze.
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5.2.1. Neutralni latky — Atlantis HILIC Silica (pH = 4,8; 90% ACN)

Latka 0,5 mM 5 mM 50 mM 200 mM
Pyridoxin 2,540 0,915 0,829 0,842
Kreatinin 3,337 2,552 2,261 2,275

Tyrosol 0,149 0,010 -0,025 -0,027
Nikotinamid 0,551 0,338 0,387 0,323
Kofein 0,432 0,299 0,226 0,125
Paracetamol 0,191 0,080 0,045 0,019
Theophyllin 0,411 0,295 0,268 0,222

Tabulka 5: Hodnoty k' pro neutralni latky. Kolona Atlantis HILIC Silica
(pH = 4,8; 90% ACN).
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——o— Pyridoxin  —— Kreatinin Tyrosol Nikotinamid
—¥— Kofein —8— Paracetamol —— Theophyllin

Graf 9: Zavislost k" na koncentraci pufru pro neutralni latky. Kolona Atlantis HILIC
Silica (pH = 4,8, 90% ACN).

Zmény retence neutrdlnich latek v zavislosti na koncentraci pufru byly
zanedbatelné (Graf 9) s vyjimkou pyridoxinu a kreatininu, které maji v porovnani

s ostatnimi latkami z této skupiny vyS$i hodnotu pKa2 (Tabulka 1). Hodnoty k’

analyzovanych latek jsou uvedeny v Tabulce 5.
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5.2.2. Bazické latky — Atlantis HILIC Silica (pH = 4,8; 90% ACN)

Latka 0,5 mM 5 mM 50 mM 200 mM
Atenolol - - 13,989 8,419
Metoprolol - - 6,378 2,452
Pindolol - 20,518 4,827 1,957
Acebutolol - 29,292 7,888 3,544
Propranolol - 19,055 4,361 1,765

Tabulka 6: Hodnoty k' pro bazické latky. Kolona Atlantis HILIC Silica
(pH = 4,8; 90% ACN).
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Graf 10: Zavislost k" na koncentraci pufru pro bazické latky. Kolona Atlantis HILIC
Silica (pH = 4,8, 90% ACN).
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Bazické latky jsou za danych podminek kladné nabité a stacionarni faze nese
vlivem zbytkovych Si-OH skupin &astecné negativni naboj. Vzhledem k vzniklym
piitazlivym elektrostatickym sildm jsou baze touto kolonou dobie zadrzovany a je
pozorovan znacny vliv koncentrace pufru. ZvySenim koncentrace pufru v mobilni fazi
dochazi k redukci elektrostatickych sil a sniZzeni retence (Graf 10). Hodnoty k’
analyzovanych latek jsou uvedeny v Tabulce 6. Vyrazna retence bazickych latek
neumoznila z casovych divodi ziskani hodnot k’ pro analyzované latky pfi niZsi

koncentraci pufru v mobilni fazi.
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5.2.3. Nukleové baze — Atlantis HILIC Silica (pH = 4,8; 90% ACN)

Latka 0,5 mM 5 mM 50 mM 200 mM
Uracil 0,418 0,253 0,209 0,291
Adenosin 1,205 0,949 0,818 0,992
Cytosin 2,363 1,805 1,668 1,990
Guanin 1,563 1,255 1,235 1,762
Adenin 1,645 1,321 1,039 1,021
Guanosin 1,366 1,158 1,206 2,227
Cytidin 1,742 1,479 1,511 2,578
Uridin 0,500 0,361 0,364 0,635

Tabulka 7: Hodnoty k' pro nukleové baze. Kolona Atlantis HILIC Silica
(pH = 4,8; 90% ACN).
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Graf 11: Zavislost k" na koncentraci pufru pro nukleové baze. Kolona Atlantis HILIC
Silica (pH = 4,8, 90% ACN).
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Nukleové baze mohou byt za danych podminek jen velmi slabé ionizovany,
a proto jsou v tomto ohledu povazovany spiSe za latky neutralni. Jejich retence se se
zvysujici koncentraci pufru vyznamné neméni (Graf 11). Pfi analyze nukleovych bazi je
patrny vliv hydrofilnich interakci. Napt. hydrofilngjsi cytosin (log P = -1,962) je
zadrzovan vice v porovnani s lipofiln€jsim guaninem (log P = -0,960) a obdobné cytidin
(log P = -1,808) je zase zadrzovan vice v porovnani s guanosinem (log P = -1,466).

Hodnoty k" analyzovanych latek jsou uvedeny v Tabulce 7.
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5.2.4. Kyselé latky — Atlantis HILIC Silica (pH = 4,8; 90% ACN)

Latka 0,5 mM 5 mM 50 mM 200 mM
p-anisova kys. 0,003 0,094 0,640 0,788
2,3-OH benzoova kys. 0,137 0,090 0,115 0,106
p-OH benzoova kys. 0,036 0,095 0,632 0,976
Gentisova kys. 0,170 0,260 0,340 0,130
Salicylova Kys. 0,120 0,190 0,220 -
Gallova Kys. 0,014 0,437 - -
Vanilova kys. 0,013 0,137 0,788 1,099
Ferulova Kys. 0,025 0,157 0,798 1,016
Kavova kys. 0,028 0,099 1,401 2,277
Sinapova kys. 0,130 0,211 0,955 0,657
Syringova Kys. 0,016 0,198 1,031 1,348
Askorbova kys. 0,230 0,169 1,400 3,286
Sikimova kys. 0,473 2,042 7,182 -

Tabulka 8: Hodnoty k' pro kyselé latky. Kolona Atlantis HILIC Silica
(pH = 4,8; 90% ACN).
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Graf 12: Zavislost k" na koncentraci pufru pro kyselé latky. Kolona Atlantis HILIC
Silica (pH = 4,8, 90% ACN).

Zvysend koncentrace pufru redukuje odpudivé sily vzniklé mezi zaporné
nabitymi Si-OH skupinami na povrchu silikagelu a zdporné nabitymi kyselymi analyty.
Diky tomu jsou kyselé latky se zvySujici se koncentraci pufru vice zadrzovany
(Graf 12). Nejveétsi efekt méa koncentrace pufru na nejvice hydrofilni kyselinu
askorbovou (log P = -2,410) a kyselinu Sikimovou (log P = -2,220). Hodnoty k’
analyzovanych latek jsou uvedeny v Tabulce 8, pficemz hodnoty k™ pro kyselinu
salicylovou, gallovou a Sikimovou pii vyS$si koncentraci pufru v mobilni fazi nebyly

ziskany z divodu pfili§ rozmytych pika.
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5.2.5. Neutralni latky — Luna NH, (pH = 4,8; 90% ACN)

Latka 0,5 mM 5 mM 50 mM 200 mM
Pyridoxin 1,469 1,688 2,413 2,450
Kreatinin 0,405 0,384 0,454 0,224

Tyrosol 0,557 0,590 0,688 0,491
Nikotinamid 0,229 0,214 0,260 0,075
Kofein 0,537 0,537 0,595 0,347
Paracetamol - - 0,840 0,445
Theophyllin - 0,152 0,549 1,713

Tabulka 9: Hodnoty k' pro neutralni latky. Kolona Luna NH, (pH = 4,8, 90% ACN).
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Graf 13: Zavislost k" na koncentraci pufru pro neutralni latky. Kolona Luna NH,
(pH = 4,8; 90% ACN).

Zmény retence neutralnich latek pii zvySujici se koncentraci pufru byly
zanedbatelné, s vyjimkou theophyllinu a pyridoxinu (Graf 13), které maji niZsi hodnotu
pKal v porovnani s ostatnimi latkami (Tabulka 1). U téchto dvou analytli dochézi se
zvysujici se koncentraci pufru ke zvySeni retence. Hodnoty k™ analyzovanych latek jsou
uvedeny v Tabulce 9. Paracetamol pti koncentraci pufru 0,5 mM a 5 mM a theophyllin
pii1 koncentraci pufru 0,5 mM byly eluovany s mrtvym objemem kolony.
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5.2.6. Bazické latky — Luna NH; (pH = 4,8; 90% ACN)

Latka 0,5 mM 5 mM 50 mM 200 mM
Atenolol - 0,003 0,782 1,443
Metoprolol - -0,206 0,167 0,282
Pindolol -0,145 -0,126 0,229 0,459
Acebutolol -0,152 -0,099 0,254 0,489
Propranolol 2,403 2,488 1,994 1,631

Tabulka 10: Hodnoty k' pro bazické latky. Kolona Luna NH, (pH = 4,8, 90% ACN).
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Graf 14: Zavislost k" na koncentraci pufru pro bazické latky. Kolona Luna NH,
(pH = 4,8; 90% ACN).

Z grafu je patrné, Ze se zvySujici koncentraci pufru dochazi ke zvySeni retence
(Graf 14) z diavodu redukce odpudivych sil mezi kladné nabitou bazickou latkou
a kladn¢€ nabitym povrchem amino stacionarni faze. Je tedy pozorovan opacny efekt
koncentrace pufru neZ na kolon€ Atlantis HILIC Silica. VétSina bazickych latek byla
béhem analyzy pii niz§i koncentraci pufru eluovdna s mrtvym objemem kolony.

Hodnoty k" analyzovanych latek jsou uvedeny v Tabulce 10.
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5.2.7. Nukleové baze — Luna NH; (pH = 4,8; 90% ACN)

Latka 0,5 mM 5 mM 50 mM 200 mM
Uracil 0,863 0,828 1,202 0,972
Adenosin 2,160 2,437 3,153 2,860
Cytosin 2,614 2,863 3,879 4,586
Guanin - - 7,080 8,335
Adenin 1,860 1,895 2,364 2,497
Guanosin 4,268 - - 5,929
Cytidin - 4,683 4,264 3,160
Uridin 2,349 2,596 2,745 2,740

Tabulka 11: Hodnoty k' pro nukleové baze. Kolona Luna NH, (pH = 4,8, 90% ACN).
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Graf 15: Zavislost k" na koncentraci pufru pro nukleové baze. Kolona Luna NH,
(pH = 4,8; 90% ACN).

Retence nukleovych bazi, které maji spiSe neutralni charakter, se se zménou
koncentrace pufru nijak vyrazné nezménila (Graf 15). Analyza guaninu, cytidinu
a guanosinu byla problematické. Pfedev§im pfi niz§im zastoupeni pufru v mobilni fazi
nebyly tyto latky zadrZovany nebo byly jejich piky pfili§ rozmyté. Hodnoty k’

analyzovanych latek jsou uvedeny v Tabulce 11.
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5.2.8. Kyselé latky — Luna NH; (pH = 4,8; 80% ACN)"

Latka 0,5 mM 5 mM 50 mM 200 mM
p-anisova kys. - 68,976 12,709 4,152
2,3-OH benzoova kys. - 110,816 21,254 7,665
p-OH benzoova kys. - 159,807 33,442 10,943
Gentisova kys. - 110,542 22,200 7,794
Salicylova Kys. - 51,631 9,436 3,344
Vanilova kys. - 156,592 30,734 9,549
Ferulova kys. - 126,950 22,884 6,622
Sinapova kys. - 127,667 22,086 6,295
Syringova Kys. - 130,000 26,806 8,979
Askorbova kys. - 81,060 83,832 27,271

Tabulka 12: Hodnoty k' pro kyselé latky. Kolona Luna NH, (pH = 4,8, 80% ACN).

' POZN.: Retenéni faktory kyselych latek byly ziskany pii koncentraci 80% ACN, protoze pfi 90% ACN,
byly jejich retenéni ¢asy pro praktické pouziti prili§ vysoké.
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Graf 16: Zavislost k" na koncentraci pufru pro kyselé latky. Kolona Luna NH,
(pH = 4,8; 80% ACN).

Retence kyselych latek na amino stacionarni fazi je obecné velmi vysoka
(Graf 16). Pti 0,5 mM AmAc nebyly hodnoty k™ zmétfeny z dlivodu velmi dlouhych
retenCnich Casl, piipadné¢ rozmytych pikii. Hodnoty k' analyzovanych latek jsou
uvedeny v Tabulce 12. Z grafu je patrné, Ze zvySujici se koncentrace pufru vyrazné
snizuje retenci kyselych latek, k cemuz dochazi vlivem redukce ptitazlivych sil mezi
zaporn€ nabitymi kyselymi latkami a kladn€ nabitou amino stacionarni fazi. Byl tedy

prokazan opacény efekt nez u kolony Atlantis HILIC Silica.
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5.3. Vyhodnoceni selektivity

K porovnani selektivity byly sestrojeny kiivky zavislosti reten¢niho faktoru
kazdého analytu pfi rlznych hodnotich pH 3,8 (kysel¢) a 6,8 (neutrdlni). Vliv
bazického pH nebyl studovan vzhledem k omezené stabilité kolon. Nasledné byla také
porovnana selektivita kolon vzajemné pti pH 3,8 a 6,8. K experimentu byla vyuzita

mobilni faze 50 mM octan amonny:ACN (10:90).
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5.3.1. Porovnani selektivity kolony Atlantis HILIC Silica p¥i pH 3,8 a 6,8 (50 mM
AmAc; 90% ACN)

Latka k1 (pH 3,8) k2 (pH 6,8) Latka k1 (pH 3,8) k2 (pH 6,8)
Atenolol 21,160 16,258 Kreatinin 2,680 2,603
Metoprolol 10,879 5,895 Tyrosol 0,051 0,041
Pindolol 9,359 4,709 Nikotinamid 0,483 0,453
Acebutolol 13,451 8,205 Kofein 0,305 0,322
Propranolol 8,929 4,358 Paracetamol 0,083 0,096
Uracil 0,255 0,325 Theophylin 0,300 0,341
Adenosin 0,939 1,060 Thiamin 0,216 0,263
Cytosin 1,906 2,033 p-anisova kys. 0,187 0,933
Guanin 1,296 1,618 2,3-OH benzoova 0,104 20,080

kys.

Adenin 1,313 1,300 Gentisova kys. 0,046 0,072
Guanosin 1,166 1,714 Vanilova kys. 0,232 1,172
Cytidin 1,489 2,075 Ferulova kys. 0,223 1,202
Uridin 0,364 0,539 Sinapova kys. 0,282 1,383
Pyridoxin 1,018 1,044 Syringova kys. 0,348 1,401

Tabulka 13: Hodnoty k' testovanych Tabulka 13 (pokracovani): Hodnoty

latek pri pH = 3,8 a pri pH = 6,8. k'’ testovanych latek pri pH = 3,8
Kolona Atlantis HILIC Silica (50 mM a pri pH = 6,8. Kolona Atlantis
AmAc; 90% ACN). HILIC Silica (50 mM AmAc; 90%
ACN).
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Graf 17: Porovnani selektivity kolony Atlantis HILIC Silica p7i pH = 3,8 a 6,8.

Selektivita kolony Atlantis HILIC Silica pti pH 3,8 a pH 6,8 je podobna
pro viechny &tyfi skupiny latek, coz dokazuji hodnoty s?, pro kyseliny s> = 0,147, baze
s*=0,0025, nukleové baze s = 0,1068 i neutralni latky s> = 0,0011. Selektivita
pro jednotlivé skupiny latek je znazornéna v Grafu 17. Hodnoty k" analyzovanych latek

jsou uvedeny v Tabulce 13.
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5.3.2. Porovnani selektivity kolony Luna NH, p¥i pH 3,8 a 6,8 (50 mM AmAc;

90% ACN)’
Latka k1 (pH 3,8) k2 (pH 6,8) Latka k1 (pH 3,8) k2 (pH 6,8)
Atenolol 0,447 0,898 Tyrosol 0,382 0,358
Metoprolol - 0,154 Nikotinamid 0,625 0,592
Pindolol 0,070 0,281 Kofein 0,236 0,183
Acebutolol 0,060 0,300 Paracetamol 0,484 0,491
Propranolol 0,110 0,158 Theophylin 0,567 0,803
Uracil - 1,079 Thiamin 0,874 0,779
Adenosin 2,903 2,981 Gentisova kys. 40,700 12,720
Cytosin 4,067 4,229 Salicylova kys. 51,294 5,469
Adenin 2,729 2,909 Vanilova kys. 36,553 24,888
Cytidin 6,323 6,789 Ferulova kys. 24,676 19,904
Uridin 2,564 2,679 Sinapova kys. 24,580 18,832
Pyridoxin 1,513 2,034 Syringova kys. 41,936 22,841
Tabulka 14: Hodnoty k' testovanych Tabulka 14 (pokracovani): Hodnoty k’
latek pri pH = 3,8 a pri pH = 6,8. testovanych latek pri pH = 3,8 a pri pH
Kolona Luna NH (50 mM AmAc; = 6,8. Kolona Luna NH, (50 mM
90% ACN). AmAc; 90% ACN).

> POZN.: Reten¢ni faktory kyselych latek byly hodnoceny pfi koncentraci ACN 80%. Pfi vyssim
zastoupeni ACN, byly retencni ¢asy kyselin pfili§ vysoké.
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Graf 18: Porovnani selektivity kolony Luna NH, pri pH = 3,8 a 6,8.

Selektivita kolony Luna NH, se pti pH = 3,8 a 6,8 nelisi pro neutralni latky
(s* = 0,0348), nukleové baze (s> = 0,0012), ani pro latky bazické (s> = 0,092). Nicméné
pro kyselé analyty se selektivita kolony za danych podminek vyrazng lisi (s* = 0,6796).
Selektivita pro jednotlivé skupiny latek je znazornéna na Grafu 18. Hodnoty k’

analyzovanych latek jsou uvedeny v Tabulce 14.
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5.3.3. Porovnani selektivity Atlantis HILIC Silica a Luna NH; (50 mM AmAc;
90% ACN; pH = 3,8)°

Latka k1 (Atlantis) k2 (NH2) Latka k1 (Atlantis) k2 (NH2)
Atenolol 21,160 0,447 Tyrosol 0,051 0,382
Metoprolol 10,879 - Nikotinamid 0,483 0,625
Pindolol 9,359 0,070 Kofein 0,305 0,236
Acebutolol 13,451 0,060 Paracetamol 0,083 0,484
Propranolol 8,929 0,110 Theophylin 0,300 0,567
Uracil 0,255 - Thiamin 0,216 0,874
Adenosin 0,939 2,903 p-anisova kys. 0,187 -
Cytosin 1,906 4,067 2,3 'OHk"y’:.“z““V"‘ 0,104 .
Guanin 1,296 - Gentisova kys. 0,046 40,700
Adenin 1,313 2,729 Salicylova Kys. - 51,294
Guanosin 1,166 - Vanilova Kys. 0,232 36,553
Cytidin 1,489 6,323 Ferulova Kys. 0,223 24,676
Uridin 0,364 2,564 Sinapova Kys. 0,282 24,580
Pyridoxin 1,018 1,513 Syringova kys. 0,348 41,936
Kreatinin 2,680 2,022
Tabulka 15: Hodnoty k' testovanych Tabulka 15 (pokracovani): Hodnoty k’
latek pro kolony Atlantis HILIC Silica a testovanych latek pro kolony Atlantis
Luna NH, (90% ACN; pH = 3,8). HILIC Silica a Luna NH> (90% ACN;
pH = 3,8).
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Graf 19: Porovnani selektivity kolon Atlantis HILIC Silica a Luna NH; p7i pH = 3,8.

Selektivita kolon Luna NH; a Atlantis HILIC Silica se pti pH = 3,8 v malé mife
lisila pro latky bazické (s> = 0,1961) a pro latky neutralni (s*> = 0,1751). Vyrazngjsi
rozdily selektivity se projevily pro nukleové baze (s> = 0,6827). Pro kyseliny byla
selektivita kolon zcela odlina (s* = 0,9645). Selektivita pro jednotlivé skupiny latek je

znazornéna na Grafu 19. Hodnoty k" analyzovanych latek jsou uvedeny v Tabulce 15.
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5.3.4. Porovnani selektivity Atlantis HILIC Silica a Luna NH, (50 mM AmAc;
90% ACN; pH = 6,8)"

Latka k1 (Atlantis) k2 (NH2) Latka k1 (Atlantis) k2 (NH2)
Atenolol 16,258 0,898 Tyrosol 0,041 0,358
Metoprolol 5,895 0,154 Nikotinamid 0,453 0,592
Pindolol 4,709 0,281 Kofein 0,322 0,183
Acebutolol 8,205 0,300 Paracetamol 0,096 0,491
Propranolol 4,358 0,158 Theophylin 0,341 0,803
Uracil 0,325 1,079 Thiamin 0,263 0,779
Adenosin 1,060 2,981 p-anisova kys. 0,933 -
i 2 4,22 - A
Cytosin ,033 229 2,3-OH benzoova 20,080 )
kys.
Guanin 1,618 -
Gentisova kys. 0,072 12,720
Adenin 1,300 2,909
Salicylova Kys. - 5,469
Guanosin 1,714 -
Vanilova Kys. 1,172 24,888
Cytidin 2,075 6,789
Ferulova kys. 1,202 19,904
Uridin 0,539 2,679
Sinapova kys. 1,383 18,832
Pyridoxin 1,044 2,034
Syringova Kys. 1,401 22,841
Kreatinin 2,603 2,353
Tabulka 16: Hodnoty k' testovanych Tabulka 16 (pokracovani): Hodnoty k’
latek pro kolony Atlantis HILIC Silica a testovanych latek pro kolony Atlantis
Luna NH, (90% ACN; pH = 6,8). HILIC Silica a Luna NH; (90% ACN;
pH = 6,8).
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Graf 20: Porovnani selektivity kolon Atlantis HILIC Silica a Luna NH; pri pH = 6,8.

Selektivita kolon Atlantis HILIC Silica a Luna NH; se pti pH = 6,8 pro kyselé
latky (s* = 0,3483), pro nukleové baze (s> = 0,2347) a pro bazické latky (s* = 0,0723)
liSila méné neZ pii pH = 3,8 (Graf 19). Vétsi rozdil v selektivité se projevil pii analyze
neutralnich latek (s* = 0,2113). Selektivita pro jednotlivé skupiny latek je zndzornéna na

Grafu 20. Hodnoty k™ analyzovanych latek jsou uvedeny v Tabulce 16.

Podle ocekavani nemélo pH vyrazny vliv na retenci neutralnich latek. V ptipadé
ionizovatelnych analyth plati, Ze jsou vice zadrzovany v nabité formé¢ vzhledem k jejich
vys$$i hydrofilité. Pti zvySeni pH je stupen ionizace bazickych analyta snizen, jsou méné
hydrofilni a retence na zaporné nabitém povrchu kolony Atlantis HILIC Silica mirné
klesa. Kysel¢ latky pti pH = 6,8 deprotonizuji, jsou hydrofilng;si a jsou kolonou Atlantis
HILIC Silica zadrzovany vice. Opacny efekt byl pozorovan u kolony Luna NHj.
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6. Zavér

Diplomova préace se zabyvala vlivem koncentrace ACN, pH a koncentrace pufru
vmobilni fizi na retenci a selektivitu kolon Atlantis HILIC Silica (3 pm,

2,1 mm x 100 mm) a Luna NH; (3um, 2,0 mm x 100 mm).

Kolona Atlantis HILIC Silica vykazovala chovani typické pro HILIC mdd,
tj. retence stoupala se zvySujicim se mnoZstvim ACN v mobilni fazi a to predevSim
od >85% ACN. Kolona Luna NH, kromé HILIC chovani navic vykazovala silnou
retenci kyselych latek v RP modu, tj. retence klesala se snizujicim se mnoZstvim vody
v rozmezi 5-30% ACN. Kyseliny byly kolonou Luna NH; zadrzovany velmi silné jak
v RP médu, tak v HILIC modu a to jiz pii 80% ACN v mobilni fazi.

S rostouci koncentraci pufru na koloné Atlantis HILIC Silica retence bazickych
latek klesala a retence kyselin se zvySovala. Naproti tomu na kolon¢ Luna NH; se
retence bazickych latek zvySovala a retence kyselych latek se velmi vyrazné snizovala.
ProtoZze kolona Luna NH, vykazovala velmi silnou retenci kyselych latek, nebylo

mozné provést testovani za pouziti 0,5 mM AmAc.

Pti porovnani selektivity kolony Atlantis HILIC Silica pii pH = 3,8 a pH = 6,8
nebyl zaznamenan vyrazny rozdil v selektivité ani pro jednu z testovanych skupin
analytd. U kolony Luna NH; byl rozdil v selektivité pti pH = 3,8 a pH = 6,8 vyrazny
pro kyselé analyty (s* = 0,6796).

Pti porovnavani selektivity kolon Atlantis HILIC Silica a Luna NH; pfi pH = 3,8
byl zaznamenan rozdil u nukleovych bazi (s> = 0,6827) a vyrazny rozdil u latek
kyselych, pii jejichz analyze byla selektivita zcela odligna (s> = 0,9645).
Pti porovnavani selektivity pti pH = 6,8 byl rozdil podobny jako pti pH = 3,8, pfi¢emz
rozdil v selektivitd bazickych latek (s*= 0,0723) byl nizsi a rozdil v selektivit& kyselych
latek byl také nizsi (s> = 0,3483).

Tato diplomova prace byla soucasti ucelené¢ studie testovani vlivu sloZeni
mobilni faze na retenci a selektivitu n¢kolika typl HILIC stacionarnich fazi a vysledky
celé studie byly publikovany v mezinarodnim imputovaném casopise Journal

of Separation Science, viz Ptiloha 1.
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1 Introduction

Clanek publikovany v ¢asopise Journal of Separation Science

Research Article

Study of the retention behavior of small
polar molecules on different types of
stationary phases used in hydrophilic
interaction liquid chromatography

The retention behavior of a large group of analytes {35} with varied properties (pk, and
logP) was studied on eight hydrophilic interaction LC columns with different surfaces,
stationary phase chemistries, and types of partides. The acetonitrile content (5-95%), bulfer
concentration {05200 mM), and pH of the mobile phase (3.8 and 6.8) were evaluated
for their effects on the retention behavior. The type of stationary phase had a significant
imparct on the selectivity and retention time of the tested analytes. Completely different
selectivity was observed on the aminopropy] stationary phase. [n this study, the influence
of the buffer concentration was similar for all tested colurnns, except for the aminopropyl
stationary phase. Increasing the buffer concentration led to decreased retention times for
the basic compounds and increased retention times for the addic compounds, while the
inverse behavior was observed on the aminopropyl stabonary phase. The selectivity of
the individual stationary phases was evaluated at pH 3.8 and 6.8, Much lower selectivity
differences between the stationary phases were observed at pH 6.8 than pH 3.8, Bare silica
stationary phases were used in the comparison of the particles {fused-core and fully porouws
particles of 3 and 1.7 jumj} and the columns provided by different manufacturers.

Keywords: Buffer concentration effects /Hydrophilic interaction liguid chromatog-

raphy / pH offacts / Retention mechanisms / Stationary phasos
DOl 10.1002/}s5c. 201400020

silica materials) were initially used for the separation of carbo-

Hydrophilic interaction liquid chromatography (HILIC) is an
alternative to RP and normal phase (NP) systems. RP and NP
systems have considerable problems when polar compounds
are analyzed. In RP systems, poor retention of the polar com-
pounds frequently results in imperfect peak shape. While
NP systems offer sufficient retention, they have worse repro-
ducibility than RP systems. Additionally, polar compounds
have low sclubility in NP solvents, and they are incompat-
ible with MS detection. Therefore, HILIC mode might be
considered the best method for the analysis of polar com-
pounds [1-3].

Although the acronym HILIC was first suggested by
Alpert in 1990, the number of publications on HILIC has
increased since 2003, which is due to the development of
many new types of HILIC statbionary phase [4]. The first gen-
eration of HILIC stationary phases (especially aminopropyl

Comespondence: Dr. Lucie Movakova, Department of Analytical
Chemistry, Faculty of Pharmacy, Chardes University in Prague,
Hayrovského 1203, Hradec Krélove, Czech Republic

E-mail: nol @amail.cz

Fax: +420-495067 164

Abbreviations: HILIC, Hydrophilic interaction liquid chro-

matography; MP, normal phase; UHPLE, ultra high perfor-
mance liquid chromatography

I 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

hydrates in 197% [5]. The first and second generation of HILIC
columns were developed during the 1980s. The first genera-
tion included bare silica and an aminopropyl stationary phase
attached 1o silica surfaces. The second generation included
gilica chemically modified with diol and amide groups [1,3]
The amide silica cdlumn has been available since 1985. Both
types of stationary phases have been used primarily for the
determination of peptides and proteins |6-8]. Another group
of stationary phases include poly{succinimide) and related
stationary phases, such as poly(2-sulfoethyl aspartamide} and
poly(2-hydroxyethyl aspartamide). The current selection of
commercially offered HILIC stationary phases is very large
and includes columns with many different surfaces (e.g. =il-
ica, palymers and hybrid materials) modified with a wide
range of functional groups [1,2]. The columns with sub-2 pm
particles that are compatible with ultra high performance lig-
uid chromatography {UHPLC), and fused-core particle tech-
nology are available in the HILIC mode as well [9-11].

The HILIC separation mode combines a polar stationary
phases and a less polar, mostly organic mobile phase [2]. In
most cases, the mobile phase contzins an aquecus acetoni-
trile mixture {=70% ACN), where water is the stronger elution
solvent [10, 12]. Water is immobilized on the polar stationary
phase surface, and the primary mechanism is hypothesized to
be partiticning between the water layer and organic-rich mo-
bile phase. However, other interactions, such as adsorption,
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2 H. Vickova et &l

ion exchange, hydrogen bonding, dipole—dipole interactions,
and weak hydrophobic interactions, contribute to the HILIC
separation mechanism and depend on the experimental con-
ditions [1]. The multimodal HILIC mechanism is influenced
by both the hydrophilic and hydrophobic interactions, which
is significant, especially for compounds with more than one
functional group |1,2] The selectivity of various HILIC sta-
ticnary phases is influenced by the sepamation mechanisms.
Several studies have evaluated the retention mechanisms and
selectivity of various HILIC stationary phases using different
groups of compounds, such as weak and strong acids, water-
soluble vitamins, and basic analytes [10, 12-19]. Four large
studies testing several stationary phases and large numbers
of compounds have been presented [14, 15, 19, 201 Kawachi
et al. [19] tested 15 siationary phases with respect to the
degree of hydrophilicity, the separation efficdency and the
selectivity for methylene and hydroxy groups with different
states and configurations. Based on these results, the HILIC
stationary phases were divided into the two main groups
according 1o the degree of hydrophilicity, and the resulis
weTe summarized using radar graphs, which indicated the
degree of selectivity for different functional groups and struc-
tures [19]. Another large study published by Dinh et al. [20]
compared the selectivity and understanding of the retention
mechanisms and investigated the relationship between the
functional groups of the stationary phases and their interac-
tion modes with 22 hydrophilic and polar stationary phases.
The resulis showed that all of the bare silica columns were
grouped close together because the selectivity was determined
by the adsorption, whereas the zwitterionic columns showed
selectivity that was atiributed 1o partiioning. The neutral and
aminopropyl columns demonstrated a combina tion of the ad-
sorption and partitioning mechanisms. The HILIC columns
with various chemistries provided radically different selec-
tivity. The phases with smaller pore diameters yielded longer
retention of analytes, but reducing the pore and particle diam-
eters did not significantly change the column selectivity [20].
A report published by Fountain et al. [15] studied the inffu-
ence of the mobile phase pH and stationary phase chemistry
on the retention, selectivity, and MS response. Five HILIC
columms {three commercial and two prototypes) and 28 com-
pounds were included in this study. The results demonstrated
alarge selectivity difference between pH 3 and 9 on the same
columm for both acidic and basic compounds. Out of the
tested HILIC stationary phases, the greatest selectivity dif-
ferences were observed for the cyanophenyl-bonded phase.
Important selectivity differences were observed beraeen ace-
torie and ACHN-containing mobile phases. However, acetone
was not suitable for direct replacement of ACN in HILIC
due to lower MS signals and a higher cut-off value in UV
detection [15]. Guo ot al. [14] presented the results from tests
of four polar siationary phases (aminopropyl, amide, silica,
and sulphobetaing). The effects of the ACH content, buffer
type and concentration, and pH on the retention of ten polar
analytes in HILIC separation were investigated. This study
confirmed that nonspecific secondary and ionic interactions
of the model compounds with the functional groups on the

C 2014 WILEY-VGH Verlag GmbH & Go. KGaA, Weinhaim
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stationary phase had an influence on the selsctivity. The most
sigmificant differences in selectivity were found for the acidic
compounds on the aminopropy] stationary phase and the ba-
sic analytes on the bare silica stationary phase. The bare silica
phase had the lowest retention out of the four tested station-
ary phases. The influence of the column temperature on the
retention was also investigated. A linear relationship betwesn
In k and 1T {temperature) was observed for all four tested
HILIC columns and RP mode. [n agreement with the above-
mentioned studies, the different retention characteristics of
the tested stationary phases were revealed. The bare silica
stationary phase had the weakest retention and a different
selectivity than the other three tested HILIC columns [14).
Several studies [21, 22] compared different types of organic
miodifiers (acetone and THF) on various HILIC stationary
phases and confirmed that ACN was the most suitable or-
ganic solvent for the HILIC mode, irtespective of the type of
HILIC stationary phase.

Although several studies have already tested the retention
mechanisms and selectivity of HILIC columns, a complex
study that includes the different types of HILIC stationary
phases, hybrid stationary phases used in UHPLC and sor-
bents with fused core particles has not yet been performed.

The aim of this study was to provide insight into the re-
tention mechanisms of a large group of HILIC columns, in-
duding unmedified and modified stationary phases (amino-
propyl, amide, diol, and cyanopropyl) with different types of
surfaces {silica and hybrid) and particle size {3 pm, 1.7 pm
and fused-core particles). The retention behavior and selec-
tivity were investigated under different chromatographic con-
ditions. The influence of the mobile phase parameters, such
as the ACN content, buffer concentration and pH, were stud-
ied. Unlike previous studies, the influence of ACN was tested
under both the HILIC and RP conditions (in the range of
5-95% ACN), and the changes in selectivity between pH 3.8
and &.8 were evaluated as well. Thirty five small polar com-
pounds were selected on the basis of their physicochemical
properties {logP and pA).

2 Materials and methods
2.1 Chemicals and reagents

Water was obizined from a Milli-Q water purification svs-
tem from Millipore (Bedford, MA, USA). HPLC-grade ACN,
acetic acid {=99.7%), ammonium hydroxide |>25%), and
ammonium acetate [=98%) were purchased from Sigma-
Aldrich (Prague, Czech Republic). All tested compounds,
atenolol {=98%), metoprolol {953, pyridoxine {=98%), cre-
atinine {=96%), cytosine (=999}, p-anisic acd (=99%), 2.3
hydroxybenzoic acid {=99%), p-hydroxybenzoic acid {=99%),
gentisic acid {>98%), yrosol (=98%), nicotinamide {>98%),
caffeine {=98%}, paracetamol {=97%), salicylic acid {=99%),
theophylline [=97%), gallic acid [>98%), vanillic acid
{=97%), ferullic acid (=~99%), caffeic acid [=98%), sinapic
acid (=98%), syringic acid [>95%), ascorbic acid (=99%),
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Table 1. Speacifications of the tested HILIC columns

Column name Phaze type Bonded group Dimension fmm)]  Particle size (pm]  Pore sire (A}  Surface ares 1n111'g]
Atlzntis Silica HILIC Silica Unbonded 11 = 100 3 100 3

Luna NH; Silica Aminopropyl- 20 = 100 3 100 400

Luna HILIC {diod| Sdlica Dihydrosypro pyl- 340 = 100 3 0o 00

Zorbax HILIC ples Edlica Unboaded 11 = 100 35 Bs 160

Azcentis ES Cyano Silica Diisopropyl cyanopropyl- 2.1 = 100 3 100 #50

Bscentis Express HILIC  Silica Unbonded 11 = 100 17 [fused cora) il 135

Acquity BEH HILIC hybride (BEH)  Unbonded 11 = 100 17 130 185

Acquity BEH AMIDE hybride (BEH)  Amide 11 = 100 1.7 130 185

shikimic acid (=99%), uracil [=99%}, adencsine [=99%),
guanine (=99%), adenine (=99%), guanosine {>99%), cy-
tidine (=999}, uridine (=99%), pindolal {>98%), acebutolol
{=9%%), propranolol {=99%), thiamin {=99%), and thyminse
{=99%%) were obtained from Sigma-Aldrich.

2.2 Standard solutions

Stock standard solutions of the individual analyies were pre-
pared by dissolving the appropriate amounts in ACN or in
a mixture of ACKN/water {50:50) to a final concentration of
1 mg/mL Only guanine was prepared at a concentration
100 pg/ml by dissolving in agueous ammonium hydroxdde
due to poor solubility. The working solutions of the analytes
were further diluted with 2 micture of ACN/water to match
the composition of the mobile phase. The concentrations of
the working solutions were 10 pg/ml with the exception of
atenolol, metoprolol, creatinine, pyridoxine and ascorbicacid,
which had concentrations of 100 pgfmlL

2.2 Investigation of the HILIC stationary phasas and
compounds

The tests were performed on eight different HILIC columns
that are listed in Table 1. All tested stationary phases had
polar character and were formed from silica or hybrid mate-
rials. Various modifications of the HILIC stationary phases
{bare silica, aminopropyl, amide, diol, and cyanopropyl) and
also the zame types of stationary phases provided by various
vendors were investigated in this study.

A group of 35 polar, pharmaceutically significant ana-
Ivtes, including acids, bases, amphoteric and neutral com-
pounds, was chosen for this study. The choices were made
with regard to the polarity and hydrophilicity {logP and pKa).
The tested compounds and their chemical properties are sum-
marizad in Table 2 {data obtained from the SciFinder Scholar
database].

24 Instrumentation and chromatography

An Acquity UPLC UHPLC system (Waters, Milford, MaA,
USA) consisting of an ACQ-binary solvent manager, ACQ-
sample manager, ACQ-column thermostat maintained at

& 2014 WILEY-VCH Verlag GmbH & Co. KiGaA. Weinheim

Tabde 2. Summary of the tested compounds and their physico-

chemical propertias
Compounds MWV logP pkar phaz
lacid]  (basic)
Atenodol FE3M 0335 13.88 943
Metoprolal X136 1632 13.88 943
Pindodal a3 1,680 1384 an
Acebutndol 64 1.768 1378 940
Progranoiol 3 2.000 1384 a50
Uracd 1nmm -; 285 —419
Adenosine xI2 0756 1n a2
Cytosing Mg -1882 900 418
Buanina 15113  —0.060 983 a4
Adenina 247 150 938 -
Guanosine 32 1466 13.24 a2
Cytidine 2377 1808 13.48 426
Uridine 47 160 238 -
Pyridaxine 16918 —0EN 9563 aM
Creatining 1312 0802 - =88
Tyrosol 13816 0.851 1017 -
Nicotinamide 17213 0368 1483 354
Caifeine 19418 —0628 - as?
Paracetamol 151.16 L.E75 9.85 171
Theaphline 18016 —0.778 260 164
Thismine - - - -
Thymine /|11 06 9.2 —415
p-hnisic acid 15215 1.778 14q -
1.3-Dihydroxy benzoic acid 15412 0.808 385 -
p-Hydroxy benzoic acid 13812 1.40 457 -
Gentisic acid 15412 1.398 m -
Salicylic acid 13812 am am -
Ballic acid 1z 053 11 -
Vanilic acid 16815 1.304 4145 -
Ferulic acid 19418 0.863 458 -
Caffeic acid 18016 0563 458 -
Einapic acid el | 0.7 453 -
Byringic acid 19817 1.283 11 -
Ascorbic acid M1 1810 i -
Shikimic acid 415 21230 448 -

MW: molecular weight. logP partition coefficient.

WC, and a photo dicde array detector was used for the
measurement. The Empower software was employed for the
data acquisition and analysis. The detection wavelength was
254 nm.
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4 H. Vickova st al.

The entire study was carried out with a mobile phase
consisting of ACN and an aqueous component {acetic acid or
ammenium zcetzte with different pH values). An aquecus—
organic mobile phase was purmnped isocratically at a Aow rate
of 0.3 or 0.7 mLymin based on the column dimensions. Dif-
ferent ACH contents {over the range of 5-95%), various buffer
concentrations (L5, 5, 50, and 200 mM) and two buffer pHs
[3.8 and 6.8) were tested to determine the retention and se-
lectivity differences. The pHs of the water components of the
maobile phases were adjusted using acetic acid or armmonium
hydroxide before mixing with ACN. The void retention times
of the columns were determined based on the retention time
of toluene and were used in the calculations of the retention
factors.

The following buffers were used: 50 mM ammonium
acetate at pH 4.8 for the evaluation of effect of the % of
ACH, 50 mM ammonium acetate at pH 3.8 and 6.8 for the
evaluation of the effect of the pH on the selectivity and 0.5,
5, 50, and 200 mM ammonium acetate at pH 4.8 for the
evaluation of the effect of the bulfer concentration.

25 Ewaluation of the selactivity and retantion
mechanism

The selectivity of individual stationary phases was evaluated
using linear regression and the comrelation coefficiem ()
of the plot The plots expressed the correlation between two
values of the retention factors obizined at two different con-
ditions. The selectivity (5} was caloulated using the following

equation:
F=1-r {1}

A value of ¥ indicated that the vao different stationary
phases did not have any significant selectivity difference. A
value of 1 indicated that the selectivity of both columns was
completely orthogonal [23].

The HILIC retention mechanism was assessed using the
two equations that describe a pure adsorptive or partitioning
process. The retention in BP chromatography is based on the
partiioning process described by the following equation:

logk' =logk's — Sg 2

where k' is the capacity factor for the weaker eluent compo-
nent {water) as the only mobile phase component, ¢ describes
the volume fraction {concentration) of the stronger member
of the binary mobile phase mixture, and 5 is the slope of logk’
versus o when fitted using a linear regression model [2,24].

The adsorption mechanism is described by the relation-
ship between the retention factor and volume fraction of the
stronger solvent in the mobile phase. This mechanism is typ-
ical for NP chromatography and is described as follows:

logk' = logk's — 2 log Ns @)
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where k' is the solute retention factor with pure B as the
eluent, As and ng are the cross-sectional areas occupied by the
solute molecule on the surface and B molecules, respectively,
and Ng is the mole fraction of the stronger member B in the
eluent |2, 25].

Based o these bwo equations, plots of logk and ¢ {lin-log
plot) and logk and loge (log-log plot) were constructed to help
describe the HILIC retention mechanisms. The lin—log plots
were used in the evaluation of the partitioning process, and
the log-log plots were used in the evaluation of the adsorp-
tion process. Both mechanisms were assessed via the linear
regression of the plots [16].

3 Results and discussion

3.1 Retention and selectivity of the HILIC stationary
phases

3.1.1 The effect of the acetonitrile content and the
stationary phase

The content of ACN in the mobile phase is considered to be
the most important factor influencing the retention in HILIC
mode after the choice of slationary phase [9). Nine typical
analytes, including two bases, nucleotide bases, neutral com-
pounds, and three acids, were chosen for the presentation of
the results. Their retentions were studied over the range of 5
95% at a constant buffer concentration of 50 mM to suppress
the ion-exchange interactions [26,27]. The aqueous part of the
miokile phase was adjusted to pH 4.8. Plots of the retention
factor kb = [ (% ACH) as a function of the stationary phases
with different chemistries were constructed and shown in
Fig. 1.

When the influence of the ACN content was invest-
gated over the range {5-95%), the typical HILIC behavior
that showed decreasing retention time with decreasing ACN
content (¥5-70%) and the typical RP behavior that showed
ircreasing retention time with decreasing ACK content (30—
5%) should be observed. However, the typical RP behav-
ior was chserved 1o a lesser extent for addic and newtral
compounds on all siationary phases except for cyanopropyl
and aminopropyl. Only one compound, propranolol, showed
intensive RP behavior on all stationary phases, which was
caused by its higher hydrophobicity (logP 2.9). In agreement
with the previously published studies, the typical HILIC be-
havior of decreasing retention ime with decreasing ACN con-
tent was ohserved for most of the investigated compounds on
all tested stationary phases. Generally, for all tested station-
ary phases, except for aminopropyl, the investigated neutral,
acidic and basic analytes were weakly retained in the range of
S0-80% ACN. A significant increase in the retention time was
observed at =85% ACN where the hydrophilic interactions
were dominated, which iz in agreement with the previousky
published results [14, 19]. However, theophylline and gen-
tisic acid were weakly retained at any concentration of ACHN
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Figure 1. Effect of the ACH content on the retention factors of selected analytes on the stationary phasas with different chemistries: bara
silica (A), BEH HILIC (B}, diol {C], amide (D}, cyanopropy! (E), aminopropyl (Fl. Mobile phase: ACNS0 mM ammonium acetste at pH 4.8,

on all stationary phases except for aminopropyl. Conversely,
shikimic acid, and basic compounds were the most strongly
retained at =90% ACN.

Atypical behavior was observed on the cyanopropyl sta-
ticnary phase. Except for shikimic acid, a lower retention of
the investigated neutral and acidic analytes was chserved in
the range of B0-95% ACHN (HILIC behavior) compared 1o
the range from 20 to 5% ACN (RP behavior). Most invest-
gated acidic and newtral compounds experienced greater re-
tention (k' 2-9) at RP conditions than HILIC conditions (F ap-
proximately 1). Only the beta-blockers inchuded in this stedy,

5 20714 WILEY-VCH Verlag GmbH & Co. KGaA, Weinhaim

that is, atenolol and proprancle], had both typical HILIC and
RP behavior. These compounds showed distinctive U-shaped
plots (Fig. 1).

The aminopropyl stationary phasze showed typical HILIC
and RP behavior as well {Fig. 1}. However, RP behavior was
observed only for the acidic compounds (except shikimic
acid), and HILIC behavior was ohserved for all of the investi-
gated compounds. The acids were retained extremely strongly
on the aminopropyl stationary phase in both modes (HILIC
and RP). Most of investigated acidic compounds were impos-
sible to analyze at =85% ACN, as their retention times werg
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Figura 2. Influence of the pH on the retention time of the tested analytes on the different stationary phases: bare silica (&), BEH HILIC (B),
diol (Cl, amide (D}, cyanopropyl (E], and aminopropyl (Fl. Mobile phase: ACN/SD mM ammaonium acetate (90:10) st pH 3.6 and 6.6.

longer than 2 h. Compared with the other stationary phases,
the basic compounds were much more weakly retained, even
at high ACN concentrations.

3.1.2 The effect of the mobile phase pH

The effect of the pH on the retention behavior in HILIC
was investigated at acidic and newtral pH (3.8 and 6.5} using
50 mM ammonium acetate. A basic pH was not passible due
to the stability limitations of most of the stationary phaszes. A
constant concentration of the buffer {50 mM) and a constant
content of ACH (W) were used. The pH of the water compo-
nent was adjusted using ammonium hydroxide or acetic acid
prior ko mixing with ACN. The resulis for all of the stationary
phases are shown in Fig. 2. Table 3 depicts the correlation co-
efficients and slopes of the linear regression plots, comparing
the retention factors of the nuclectide bases, neutral, basic,
and acidic compounds at pH 3.8 and 6.8.

As expected, the pH of mobile phase did not influence the
retention of any investigated nucleotide base or neutral com-

© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinhaim

pound as the analytes occurred in neutral state at the both pH
values (3.8 and 6.8). For ionizable compounds, the retention
time was influenced by the pH, and generally favored the
charged state due 1o its higher hydrophilicity. Thus, as the
pH increased, the retention times of the basic compounds
decreased, and the retention times of the acidic compounds
increased (Fig. 2). The acids occurred in their deprotonated
states at pH 6.8; therefore, their hydrophilicity was higher
than at pH 3.8

Bare silica stationary phases were much more retentive
for the basic compounds, especially the beta-blockers, includ-
ing atenolol, metoprolol, pindodol, acebutolol, and propra-
niolol {analytes with pK; = 9), than the other stationary phases.
The long retention times may be attributed to the ionic inter-
actions between the positively charged basic analytes, nega-
tively charged ionized silanol groups, and high hydrophilicity
of these analytes. While the acidic compounds were weakly
retained at pH 3.8, the most intensive influence of pH was
observed for these compounds on the bare silica stationary
phases [the linear plots of the acddic compounds are shown
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Table 3. Comrelation coefficients and slopas from the plots comparing the retention factors of the nucleotide bases, neutral, basic, and

acidic compounds at pH 3.8 and 6.8

Seationary phase Neutral compounds Mucleotide bases Basic compounds Acid compounds
Slope F Slope ¢ Siope F Slopa F

Dk 1.018 fike=] (R ] 0:ga2 06051 [ik==] 4117 0528
Cyanapropyl 0173 09% 0851 0883 04026 ul=] 1.385 0.3
Amide 0812 fike=c] R ] 0999 1072 oan 4014 0668
Aminopropy 1.m 0985 1688 0841 1Mz na0s 027 0.1
BEH HILIC 0.868 Jike =] 1.065 0863 1255 [ik== ] 1124 0728
Silica HILIC [Z0BRAX) 0.884 ik 1.0%6 0.852 nea? k=] 4190 0858
Silica HILIC [ATLANTIE} 10.966 [uk== 1.1m 0883 oars ngas EB&3 0am
Silica HILIC [fused core} 0.851 ke LM 0872 0615 [ik== ] 5470 0.850

in Fig. 2A and the slopes from the linear plots, which were
betweon 4 and 5.5 for all three bare silica stationary phases,
are shown in Table 3).

Similar retention behavior and pH effects for the acidic
analytes were observed on the diol stationary phase. However,
the diol stationary phase was much less retentive for the basic
compounds than the bare silica stationary phase (eg the
retention factor of atenolol was 4.1 on the diol stationary
phase and 21.1 on the bare silica stationary phase at pH 3.8).
The effect of the pH on the basic compounds was similar (the
linear plots of the basic compounds are shown in Fig. 2 for
the bare silica and diol stationary phases and the slopes from
the linear plots, which were approximately 0.6, are shown in
Table 3).

The basic compounds showed a lower dependence on the
pH when using the amide stationary phase. Nonetheless, a
stronger dependence on the pH was oh=erved for the acidic
compounds compared ko bare silica siztionary phase. Com-
pared to the other stationary phases, different retention be-
haviors for the nuclestide bases were observed on the amide
stationary phase; they were retained twice as long. It could be
conchded that the amide stationary phase provided enhanced
selectivity for this group of compounds.

Completely different behavior was observed on the
aminopropy] stationary phase. Short retention times and in-
significant changes in the retention time were observed for
the basic and neutral compounds. This behavior can be at-
tributed to the existence of electrostatic repulsion between the
ionized basic compournds and the positively charged amino
groups of the stationary phase. The influence of the pH and
the long retention times on the aminopropyl stationary phase
were significant for the investigated acids. Because the acids
{pK; = 4.5) were deprotonated at pH 6.8, they were more
strongly retained due to the ionic interactions with the posi-
tively charged aminopropyl groups.

The influence of the pH was compared for the different
types of bare silica columns (various manufacturers) and for
different particle types (fused core and fully porous particles).
As expected, no influence of the particle type for similar
matetials was found. The hybrid and silica-based sationary
phases were compared with respect to pH as well. The resulis

i 2014 WILEY-VCH Vlerlag GmbH & Co. KGaA, Weinhaim
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Figure 3. Influence of the buffer concentration on the retention
time of the tested analytes on bare silica (A1, aminopropyl (B]
and amide {C) stationary phases. Mobile phase: ACM/ammonium
acetate at pH 4.8 {B0:10}
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Table 4. {A) the comparison of the selectivity of the bare silica and other stationary phasaes for nucleotide bases, neutral, basic, and acidic
compounds, and (B} the comparison of the selectivity of the aminopropyl and other stationary phases for the nucleatide bases,

neutral, basic, and acidic compounds

Stefionary phaze Meutral compounds Mucleotide bases Basic compounds Acid compounds
s(pH38  s'[pHES] S [pH3B  S[pHER  (pH3IE  s'{pHEB & {pHEE  s* [pHEH

1Al
Dial 00287 0.0M6 01502 00888 0120 onm 0.0857 01558
Cyanopropy 00853 0.1053 0.3753 040865 03657 ogm 07754 0.831
Amide 0.0689 1.0534 0453 03m 00626 00647 0.8377 0337
Aminapropyl 0.1608 01311 DEZBL 02708 04315 02150 08616 05871
BEH HILIC 0.0006 0.0023 note3 0052 00025 00023 omn 0.0008
Siica HILIC {ZOABAX] 00041 0.0017 0.0007 00057 0.0005 00019 00875 0.0013
Silica HILIC (fused core) 00ie 0.0082 0.0007 000 00013 0,005 00045 0.004%

18]
Diil 0oTm 0.1054 08751 09852 02842 00203 05304 0.5340
Cyanopropy 05068 03251 0.8472 08778 08677 0.6708 0.BET 07622
BAmide e 0.0254 0.8823 02387 03254 053 07128 (i
BEH HILIC 04110 04125 07425 024 0z2m onm 0am2 04480
Siica HILIC (ZORBAX] 05M2 0.3973 06026 02670 04154 01778 08455 02123
Silica HILIC |ATLANTIS) 0.1608 0.13t1 06284 T3 04315 02150 08516 05571
Siica HILIC {fused core) 0.4034 0.5385 06021 01420 044 0.2439 08993 06825

demonstrated a smaller pH effect on the hybrid stationary
phase than on the silica-based stationary phases (Fig 2ZA
and B).

3.1.2 The offect of the buffer concentration

The effect of buffer concentration was tested in the range
of 0.5-200 mM. A mixture of ACN/ammonium acetate at
pH 4.8 and a ratio of 90:10 was used as the mobile phase
for all tested columns, except for the aminopropyl stationary
phase, where a ratio of 80:20 was used. The influence of the
buffer concentration on the retention Gmes of the selected
compounds on bare silica, aminopropyl and amide stationary
phases is shown in Fig. 3.

The changes in the retention times for the nuclectide
bases and neutral analytes (except for creatinine and pyri-
doxine) were negligible. All tested stationary phases showed
nearly the same behavior. The retenfion times for most
acidic compounds on maost modified and bare silica station-
ary phases were slightly longer as the buffer concentration
increased. A higher concentration of the buffer weakened the
electrostatic repulsion between the negatively charged acd
and the negatively charged stationary phase due 1o the depro-
tenation of the silanol groups. The smallest influence of the
buffer concentration was observed on the cyanopropyl sta-
tionary phase. The largest changes in the retention times for
the tested acids were shown on the aminopropyl stationary
phase. The effect of the buffer concentration was even more
significant and inverse for the basic compounds. Thus, with
increasing buffer concentration, the retention time decreased
for the bare silica stationary phase, as shown in Fig. 3A. A
similar behavior was observed for the other stationary phases,
except for the aminopropyl stationary phase.

S 2014 WILEY-VCH Verlag GmbH & Co. HKGa#, Weinhaim

The fact that, on all of the stationary phases despite
the different functional groups (incduding cyanopropyl and
the hybrid stationary phases), the buffer concentration in-
fluenced the retention of both the acidic and basic com-
pounds indicated that the increased retention time could be
due to the hydrophilic partitioning process, which is affected
by the increased volume and hydrophilicity of the immoki-
lized liquid layer, leading to stronger retention of the analytes
[9, 141

A completely different effect of the buffer concentration
was observed on the aminopropyl stationary phase (Fig. 3B).
The retention increased with increasing buffer concentra-
tion for the basic compounds and decreased significantly for
acidic compounds. A very long retention time (=120 min) and
strong dependence on the buffer concentration was observed
for the acdic compounds; therefore, ACN/ammonium ac-
etate at pH 4.8 and a ratio of 80:20 was used as the mohile
phase. The retention factors for most of the acidic compounds
were =120 in 5 mM ammonium acetate; therefore, itwas im-
possible to include the lowest buffer concentration (0.5 mM
ammaonium zcetzte} in this sndy.

3.2 The selectivity and retantion mechanism of the
stationary phases

Eight HILIC columns were chosen for this study: bare sil-
ica and modified silica-based stationary phases {aminopropyl,
amide, diol, and cyanopropyl) with different types of surfaces
{silica and hybrid} and particles {fully porous particles of 3 pm
and 1.7 pm and fused core particles). Columns with the same
stationary phase were provided by two different vendors. The
selectivity of these columns was compared at both acidic and
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Table 5. Summary of the correlation coefficients of the in-log and log-log plots for all of the tested columns and selected compounds
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Bare silica HILIC  Diol Amide Cyanopropyl Aminoprogyl BEH HILIC Ascentis expross

lintog logdog findeg logdog  lindog logdog lindog log-leg Bn-og logdog lindog logtog  lindog  logeg

Compounds

Atenolod 09578 0BS9E 09141 099895 09400 08844 0B85 00883 09902 09537 049733 09800 09650  O.GESS
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Figure 4. Plots of log k versus volume fraction of water in the mobile phase for the bare silica (4) and aminopropyl stationary phases (C).
Plots of log k versus log volume fraction of water in the mobile phase for the bare silica (B} and aminopropyl stationany phases (D). Mobila
phase: ACNEDY mM ammonium acetate at pH 4.8.

neutral pH (3.8 and 6.8). The differences in the selectivity
were evaluated on bare zilica (the column of first choice and
the gold standard for HILIC) and all other columns separately
for the nuclestide bases and the neutral, basic and acidic com-
pounds. The values of 5 {selectivity differences) are shown in
Table 4A.

The results indicated that, in most cases, much higher se-
lectivity differences were obtained at pH 3.8 than pH 6.8, The
most important changes in selectivity between pH 3.8 and
6.8 were found for the acidic compounds on the aminopropyl

1S 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

[ = 0.962 and 0.597) and amide stationary phases [ = 0,838
and 0.337). Insignificant changes in selectivity were observed
on the diol and cyanopropyl columns between pH 3.8 and 6.8
When compared to the bare silica staticnary phase, no differ-
ences in selectivity were observed for the neutral compounds
on any column. Very similar selectivity were found on the bare
silica and diol stationary phases for the nucleotide bases, neu-
tral, acidic, and basic analytes. The cyanopropyl column had
a completely different selectivity for the basic compounds at
both pH values (#* = 0.966 for pH 3.8 and 0.911 for pH 6.8).
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The amide stationary phase differed from the other station-
ary phases in selectivity for the acidic compounds at pH 3.8
[Table 4A). In agreement with the previous study [14], the
largest differences in selectivity for all compounds were ob-
served on the aminopropyl stationary phase. Therefore, the
values of £ for the aminopropyl stationary phase were calou-
lated and compared to the other stationary phases; they are
showm in Table 45,

Three bare silica stationary phases (Atlantis silica HILIC,
BEH HILIC, and Ascentis Express HILIC) were used in the
comparison of the selectivity of columns with different sur-
faces |silica and hybrid} and different types of particles (fused
core and flly porows materials). As expected. the selectivity
of these columns were similar at both pH values. Therefore,
the influence of the hybrid material and fused core material
on the selectivity of individual columns was negligible. The
selectivity of the two bare silica stationary phases provided by
two different vendors were found to be the same (Table 4A).

The experiments used for the estimation of the retention
mechanisms were conducted under the same conditions as in
section 3.1. The evaluation of the retention mechanism was
performed over an agueous fraction range from 5 to 309,
The log-lin and log—log plots were constructed for the eval-
uation of the influence of the concentration of the aqueous
fraction on the overall retention mechanism. The correlation
coefhicients of the lin-log and log-log plois are shown in
Table 5. The lin—log and log-log plots for the bare-silica and
aminopropyl stationary phases are shown in Fig. 4. How-
ever, based on the resulis in Table 5, very poor linearity for
both the lin-log and log-log plots was observed for most sta-
ticnary phases. Sufficient linearity in the log-log plots was
obtzined only for a few compounds: atenclol, propranclod,
cytosine, and adenine on the bare silica and diol stationary
phases. For these reasons, the determination of the retention
mechanisms, espedally the contribution of the adsorption
and partitioning mechanisms, was difficult to perform. In
conclusion, the HILIC retention behavior for all of the inves-
tigated stationary phases was influenced by the mixed-mode
retention mechanisms, which is in agreement with the pre-
viously published smedies 15, 19, 28-32).

4 Concluding remarks

This study was [ocused on an investigation of the retention
behavior and HILIC mechanisms of 15 analytes depending
on the ACN%, pH, and concentration of a buffer. HILIC sta-
ticnary phases with various chemistries provided different
retention times and selectivity for the tested analytes. Com-
pletely different retention times and selectivity were found,
especially for the aminopropyl stationary phase. Very strong
retention was found for the acidic compounds due to the ion-
exchange effect Conversely, the bare silica stationary phase
was much more retentive for the basic compounds compared
to the other tested stationary phases due to the interactions
between the surface silanols and ionized analytes. With the
exception of the aminopropyl stationary phase, the influence

& 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Wainhaim
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of the buffer concentration was similar for all of the tested
columnsz. As the buffer concentration increased, retention of
the basic compounds decreased, and retention of the acidic
compounds increased. The pH of the mobile phase did not in-
fluence the retention of the neutral compounds or nucleotide
bases. However, for the ionizable compounds, the retention
was significantly influenced by the pH. Generally, as the pH
increased, retention time of the basic compounds decreased,
and retention time of the adidic compounds increased on all
stationary phases except for aminopropyl, where an opposite
effect was observed. The selectivity of the individual station-
ary phases was evaluated at pH 3.8 and 6.8. In this study,
a lower selectivity for all of the tested stationary phases was
observed at pH 6.8 compared to pH 3.8, Bare silica stationary
phases were used in the comparison of the fused core column
and the fully porous stationary phases with a particle size of 3
and 1.7 pm. The retention of analytes on the same stationary
phase provided by two different vendors was also compared
and a similar behavior was observed.
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