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ABSTRAKT

Solvatacni model (LSER) byl pouzit ke studiu retenéniho chovani latek v kapalinové
a plynové chromatografii. V prvni kapitole byl studovan popis retence 21 latek
solvatacnim modelem na reverzni stacionarni fazi, v Sirokém rozmezi slozeni mobilni
faze methanol-voda a acetonitril-voda. Retence aromatickych sloucenin byla obecné
|épe popsana solvatacnim modelem, nez alifatickych sloucenin.

Byl sledovan vliv jednotlivych analyt(, pouzitych pro formulaci LSER modelu, na
celkovou schopnost popisu retence modelem. OdlisSnych vysledk( v odhadu retence bylo
dosazeno pouZitim regresniho souboru latek obsahujicim pouze slou¢eniny aromatickeé,
nebo naopak jen alifatické. Rozdilné vysledky také poskytoval solvatacni model
formulovany pouze z kyslikatych derivat(, nebo naopak dusikatych derivat( organickych
latek.

Druha kapitola prace, tematicky zamérena na plynovou chromatografii, se zabyvala
popisem retence 152 izomer( C5-C8 alkend LSER modelem. Solvatacni deskriptor L
alkentl byl ziskdn odhadovymi metodami Havelec-Sevéik (HS) a Platts-Butina (PB),
deskriptor E byl pfimo vypocten podle jeho definice.

Na zakladé pouzitych metod k odhadu deskriptori byly sestaveny dva modely k
popisu retence alkenl, model HS a model PB. Byla zjisténa vys$si chyba odhadu retence
pro cis izomery alkenl, pocitané modelem HS. Po uUpravé modelu HS odstranénim
prispévku pro cis interakce, bylo dosazeno vyznamného zlepseni v popisu retence.

Oba modely byly pouZity k odhadu retence 59 alkeni C5-C7. Model HS s
deskriptory L,us nocis @ E,caic POSkytnul pfesnéjsi popis retence, ve srovnani s modelem PB.
Dale byla popisovdna retence skupiny 93 oktenl, nejlepSich vysledk( bylo dosazeno
modelem PB pomoci deskriptor(i L,pg a E,.ac. Na zavér byla studovana retence celé
skupiny C5-C8 alken(, kde se vyraznéji projevovala heteroskedasticita rezidui u dvou-
deskriptorovych modell. V pfipadé jedno-deskriptorovych modeld HS a PB nebyla
heteroskedasticita jednoznacné prokdzana. Nejlepsi popis retence 152 alken( s jedinym

deskriptorem L poskytnul model HS.
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1. UVOD

Kapalinova a plynova chromatografie patfi mezi nejvyznamnéjsi separacni metody
pouzivané v analytické chemii. Déleni latek témito metodami je slozZity proces, zalozeny
na rliznorodych interakcich mezi analyty a separacnim prostiedim, tvorenym stacionarni
a mobilni fazi. Celkovy popis tohoto déje zatim neni zcela objasnén.

Vzhledem k rozsahu pouziti separacnich metod je studium mechanismu retence v
chromatografii vyznamnym smérem pfispivajicim k rozvoji analytické chemie. Vhodna
volba experimentalnich podminek je zakladem pro provedeni kvalitni analyzy. Znalost
mechanismu déleni latek v chromatografii mUze hrat klicovou roli ve volbé metody a
optimalizaci podminek separace.

Solvatacni model odvozeny od teorie linear solvation energy relationships (LSER)
popisuje separaci latek v chromatografii z kvalitativniho a kvantitativniho hlediska. V
soucasné dobé patfi mezi nejpouzivanéjsi a nejvice vyhledavané pristupy k popisu
retence. Model znazorniuje jednotlivé interakce separacniho déje pomoci parametr(
analytu a mobilni ¢i stacionarni faze.

PredloZzena prace se zabyva popisem retence latek v kapalinové a plynové
chromatografii pouzitim solvataéniho modelu. Vysledky experimentdlni prace jsou
tematicky znazornény ve dvou hlavnich kapitolach. Prvni c¢ast se zabyva studiem
solvatacniho modelu v kapalinové chromatografii s rGznym slozenim mobilni faze typu
methanol-voda a acetonitril- voda. Je sledovdna schopnost popisu retence solvatacnim
modelem vybrané skupiny 21 latek v Sirokém rozmezi slozeni mobilni faze, od 1 % do
100 % organického rozpoustédla. Druhd ¢ast je vénovana popisu retence alkenl
solvata¢nim modelem v plynové chromatografii. Pro vSech 152 izomertd C5-C8 alkenu
jsou vypocitany solvatacni deskriptory L, E pomoci odhadovych metod a nasledné

pouzity pro popis retence skupiny alkend.

2. CiLE PRACE

Cilem prace v kapitole 4.1 je studium popisu HPLC retence rliznorodé skupiny 21 latek

pomoci LSER modelu. Pozornost je zamérena na Siroké rozmezi sloZzeni mobilni faze,



zejména na krajni oblasti, kde vyrazné prevazuje jedna slozka nad druhou. Cilem prace v
kapitole 4.2 je popsat retenci vSech izomer( C5-C8 alkenl pomoci vypoctenych LSER

deskriptort a zdroven porovnat dvé metody pouzité k vypoctu deskriptoru L.

3. MATERIAL A METODIKA

3.1 Retencni modely v chromatografii

V této kapitole je zndzornén LSER model, ktery je hlavnim tématem této prace.
Déle je zminén dalsi retencni model (LSST), nebot byl pouZit v kombinaci s LSER

modelem k popisu retence skupiny 21 latek v kapitole 4.1.

3.1.1 Abrahamiv solvata¢ni model (LSER)

Soucasna podoba LSER vztahu, formulovaného Michaelem H. Abrahamem, pro popis

retence v kapalinové a plynové chromatografii je vyjadrena [1,2]:

logk=vV+eE+sS+aA+bB+c LC (kapalina-kapalina) (1)
logk=IL+eE+sS+aA+bB+c GC (plyn-kapalina) (2)
k retencni faktor analytu,

v McGowanuv charakteristicky objem,

E prebytkova molarni refrakce,

S deskriptor dipolarity/polarizovatelnosti,

A celkova acidita vodikové vazby analytu,

B celkova bazicita vodikové vazby analytu,

L logaritmus rozdélovaciho koeficientu plyn-hexadekan (logL*®).

V rovnicich (1) a (2) velkd pismena V, E, S, A, B, L oznacuji deskriptory (parametry)
analytu podle specifickych typl interakci. Mala pismena v, e, s, a, b, |, ¢ jsou regresni

koeficienty, které zahrnuji vlastnosti stacionarni faze, mobilni faze a teploty. Retence



analytu (logk) muize byt ve vztazich (1) a (2) vyjadiena i jinymi veli¢inami, jako napf.

retencnim indexem (R/) nebo logaritmem specifického retenéniho objemu.

3.1.2 LSST model (Linear solvent strength theory)

Tento velmi rozsSireny model v kapalinové chromatografii popisuje zavislost retence

analytu na objemovém zlomku organického rozpoustédla v mobilni fazi [3,4,2]:
logk = logk, - S¢ (3)

k retencni faktor solutu pro dané slozeni mobilni faze, tvorené binarni smési
vody a organického rozpoustédla,

k., retencéni faktor solutu v mobilni fazi tvorené ¢istou vodou,

@ objemovy zlomek organického rozpoustédla v mobilni fazi,

S parametr zahrnujici vlastnosti solutu a daného organického rozpoustédia.

Pouzitelnost vztahu (3) je omezena platnosti na Uzky rozsah slozeni mobilni faze,
nejvétsi odchylky nastavaji v krajnich koncentracich organického rozpoustédla (¢ - 0 a
¢ > 1). Urcitého zlepSeni rovnice (3) lze dosdhnout kvadratickou zavislosti, kterd je

platnd v celém rozsahu slozeni mobilni faze [2,5]:
logk = logk,, + S1¢ + 52¢2 (4)

Varianta modelu LSST uvedena v rovnici (4) byva nejcastéji v praxi pouzivana.

3.2 Odhadové metody vypoctu solvatacnich deskriptort

Databdze solvatacnich deskriptori v rovnicich (1) a (2) obsahuje vice nez 5000
sloucenin. Deskriptory latek, které nejsou zahrnuty v zminéné databazi, lze vypocitat
s urcitou presnosti pomoci odhadovych metod. Odhad deskriptord S, A, B byva zatizen

vétsi chybou [1,6,7], ale parametry L a E je mozné témito metodami urcit pomérné



presné. V soucasnosti existuji také programy pro vypocet LSER deskriptor( (ACD/Labs
Absolv). V této ¢asti jsou popsany dvé metody pouzité k vypoctu deskriptoru L v kapitole
4.

3.2.1 Metoda Havelec-Sevcik

Metoda autor(l Havelec a Sev¢ik (HS) je uréena pouze pro odhad deskriptoru L. Byla
vyvinuta na zdkladé vysledkl vicendsobné linedrni regrese, provadéné na 939
alifatickych a 1075 aromatickych slouéenindch z databdze LSER deskriptor( [8,9].

Vysledna hodnota deskriptoru L pro studovanou latku (X) je uréena rovnici (5):

Ly = 3 +FG,+>m «SC,+ Y.n-IC, (5)
i=1 k=1

=1

FG, SC, IC pocet jednotlivych funkénich skupin (FG), strukturnich ptispévkl (SC) a
interak¢nich prispévkd (/C) tvofricich slou¢eninu X,

i, j, k identifikacni ¢isla danych funkénich skupin (i), strukturnich prispévk (j) a
interakénich prispévka (k),

I,m, n regresni koeficienty pro prispévky funkénich skupin (/), strukturnich prispévki

(m) a interakénich prispévka (n).
Hodnoty jednotlivych prispévk( jsou uvedeny v tabulce 1.
3.2.2 Metoda Platts-Butina
Metoda vyvinutd autory Platts, Butina a ostatni (PB) je uréena pro vypocet 6 LSER
deskriptort (L, E, S, A, B, By) s rGznou presnosti odhadu jednotlivych parametr(i [10,11].

Vypocet deskriptoru L metodou PB je podobny jako v pripadé metody HS. Hodnoty

jednotlivych prispévk( této metody jsou uvedeny v tabulce 1.



Tabulka 1
Fragmenty (skupiny) a hodnoty jejich prispévki se smérodatnou odchylkou (sd) pouzité

k vypoctu deskriptoru L pomoci metod HS a PB

Metoda HS Metoda PB

Skupina
hodnota sd hodnota sd

(-CH3) 0,340 0,006 0,321 0,009
(-CH,-) 0,502 0,001 0,499 0,002
(-CH<) 0,467 0,012 0,449 0,011
(>C<) 0,443 0,021 0,443 0,025
(=CH;) 0,249 0,016 0,244 0,021
(=CH-) 0,504 0,013 0,469 0,004
(>C=) 0,658 0,020 0,624 0,008
cis izomer 0,112 0,040 - -
Interakce alkylG * 0,119 0,013 - -
Konstanta® - - 0,130 0,025

Yinterakce sousedicich alkylt: jsou-li na uhlikatém fetézci navazany vedle sebe alkylové skupiny,
pricita se tento prispévek. Netyka se alkyll navazanych na uhliky, mezi nimiz je dvojna vazba
?tato konstanta se automaticky pfi¢ita ke kazdé potitané hodnoté deskriptoru

4. VYSLEDKY A DISKUZE

4.1 Popis retence skupiny 21 latek LSER modelem v mobilnich fazich

methanol-voda a acetonitril-voda

Tato ¢ast navazuje na vysledky diplomovych praci [12,13], kde byla zpracovavana
data z HPLC retence na reverzni stacionarni fazi v Sirokém rozsahu sloZzeni mobilni faze.
V uvedenych pracich byla méfena vybrana skupina 21 latek, zahrnujici rizné druhy
organickych sloucenin, v mobilnich fazich methanol-voda a acetonitril-voda v rozmezi 1
az 100 % obj. obsahu organického rozpoustédla. Cilem zminénych praci byla predikce
retence danych analytll LSER modelem v rizném sloZzeni mobilni faze.

Podminkou vybéru slouéenin byla dostupnost LSER deskriptorl, moznost UV
detekce a alespon ¢astecna rozpustnost ve vodé. Byla vybrana reverzni stacionarni faze s

navazanym C-8 uhlovodikovym fetézcem (LiChrospher 60 RP-select B, 125 mm x 4 mm,



velikost ¢astic 5 um). Vysledky v této ¢asti Cerpaji ze stejnych experimentalnich dat,

pouzitych v uvedenych diplomovych pracich. V kapitole 4.1 bylo studovano nékolik

raznych hledisek popisu retence skupiny 21 latek LSER modelem.

Byla vyhodnocena velikost chyby predikce retence (absolutni hodnota) pro jednotlivé

analyty ze vSech mobilnich fazi. Poradi sloucenin podle rostouci chyby predikce je

znazornéno v tabulce 2.

Tabulka 2
Poradi latek podle rostouci chyby predikce pro mobilni faze methanol-voda a acetonitril-
voda

MeOH-voda Chybg ACN-voda Chylga

predikce predikce

1  Nitrobenzen 0,031 1  Propylformiat 0,031
2  Ethylformiat 0,043 2  Nitrobenzen 0,049
3  Chloroform 0,048 3  Anilin 0,053
4  Nitroethan 0,053 4  Benzaldehyd 0,054
5 Anilin 0,054 5 Cyklohexanon 0,060
6 Cyklohexanon 0,072 6 Benzylalkohol 0,063
7 Benzaldehyd 0,075 7  Ethylformiat 0,067
8  Propylformiat 0,085 8  Benzonitril 0,068
9 Benzylalkohol 0,091 9 2-Pentanon 0,068
10 Nitromethan 0,113 10 Chloroform 0,080
11 Benzamid 0,113 11 Nitroethan 0,085
12 Benzonitril 0,118 12 Benzamid 0,104
13 2-Pentanon 0,124 13 2-Nitroanilin 0,104
14 2-Nitroanilin 0,135 14 Nitromethan 0,109
15 Benzen 0,164 15 o-Kresol 0,123
16 Dichlormethan 0,167 16 Benzen 0,150
17 o-Kresol 0,176 17 Fenol 0,165
18 Butyraldehyd 0,190 18 Dichlormethan 0,174
19 Fenol 0,274 19 Butyraldehyd 0,205
20 Diethylether 0,305 20 N,N-Dimethylformamid 0,226
21 N,N-Dimethylformamid 0,374 21 Diethylether 0,284

Primér aromatické 0,123 Primér aromatické 0,093

Priamér alifatické latky 0,143 Primér alifatické latky 0,126
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V prostredi mobilni faze methanol-voda primérna chyba predikce ¢inila hodnotu 0,123
pro aromaty a 0,143 pro alifatické latky. V pfipadé mobilni faze acetonitril-voda ukazuje
podobny trend, hodnota chyby predikce je rovna 0,093 pro aromaty a 0,126 pro
alifatické slouceniny. Ukazalo se, Ze aromatické slouceniny byly |épe popsané

solvata¢nim modelem, nez alifatické slouceniny.

Dale byl pouzit model LSST (kap. 3.1.2) k znazornéni zavislosti retencniho chovani latek
na sloZzeni mobilni faze. V prostfedi mobilni faze methanol-voda byla retence latek

modelem LSST lépe popsana, nez v pfipadé acetonitril-voda.

Byla sledovdana podobnost model( LSER a LSST v popisu retence jednotlivych latek, na
zakladé velikosti rezidui analytd. Ukazala se pomérné mald shoda obou modeld v popisu
retence. Nelze fici, Ze latky dobre popsané modelem LSER byly zaroven dobfe popsané i
modelem LSST. Z hlediska popisu retence, model LSST se ukazal citlivéjSi na sloZeni
mobilni faze v prostredi acetonitril-voda. V krajnich oblastech slozeni mobilni faze, kde
vyraznéji prevazuje jedna slozka nad druhou, je vyssi chyba popisu retence, nez
v prostredni oblasti sloZeni. V pfipadé methanol-voda, model LSST vykazoval vyrovnanou

hodnotu chyby popisu retence v celém slozeni mobilni faze.

Nasledné byla pouzita kombinace model( LSST a LSER pro popis retence. Divodem byla
moznost kompenzace odchylek od pravidelného retenéniho chovani analyt( v krajnich
oblastech slozeni mobilni faze. Nahrazenim mérené retence latek hodnotami
vypoctenymi pomoci modelu LSST, ktery predpokladd pravidelné chovani analytd, by se
zminéné odchylky eliminovaly.

Hodnoty retence latek vypoctené modelem LSST byly dosazeny misto mérené
retence (logk) v regresnim modelu. Byla provedena MLR a sestaven upraveny LSER
model. Na zakladé hodnot F-statistiky regrese byla vyhodnocena schopnost popisu
modelu a porovnana s plvodnim LSER modelem. Ukazalo se, Ze zavedenim upravenych
hodnot retence do modelu LSER, vypoctenych pomoci modelu LSST, nedoslo k zlepSeni
popisu retence. Model LSER |épe popisoval experimentdlni hodnoty logk, i pres jejich
odlehlost od pravidelného pribéhu retence zndzornéného LSST vztahem.

Na zavér kapitoly 4.1 bylo studovano, jaky ma vliv vybér latek pouzitych ke

konstrukci LSER modelu na vysledny popis retence modelem. Skupina 21 analyt(

11



obsahuje latky aromatické i alifatické, stejné tak kyslikaté a dusikaté derivaty
organickych sloucenin. Analyty byly rozdéleny podle chemické struktury na skupiny
zahrnujici podobné slouceniny.

Nejprve bylo 21 latek uspordddno do dvou souborl, obsahujicich pouze
aromatické slouceniny a pouze alifatické slou€eniny. V kazdé skupiné byla provedena
MLR postupné pro vSechny mobilni faze. Vysledna hodnota F-statistiky regrese byla

pouzita ke srovnani popisu retence LSER modelem v obou skupinach.

120 - 400
90 - S 300
S 2
3 3
S 60 —=— Arom < 200 -
Q . o
< —— Alif —=— Arom
w .
30 100 —=— Alif
0 T T T T 1 0 T T T T 1
0 20 40 60 80 100 0 20 40 60 80 100
% MeOH % ACN
a) b)

Obr. 1a,b)
Znazornéni hodnot F-statistiky regrese LSER modelu podle slozeni mobilni faze pro

skupinu latek aromatickych (Arom) a alifatickych (Alif) v prostredi:

a) methanol-voda,
b) acetonitril-voda (bod odpovidajici 10 % acetonitrilu (Alif) ma F-hodnotu = 1896, 2)

V obou mobilnich fazich, methanol-voda a acetonitril-voda, se na zakladé hodnot F-
statistiky ukazalo, Ze skupina aromatickych latek vykazuje lepSi popis retence LSER
modelem v porovndni s alifatickymi slouc¢eninami (obr. 1a,b).

Dale byly latky rozdéleny na dvé skupiny kyslikatych sloucenin a dusikatych.
Nasledujici postup byl stejny jako v predchozim pripadé. Na obr. 2 je zobrazena F-

statistika regrese pro skupiny kyslikatych a dusikatych derivatd podle sloZzeni mobilni

faze methanol-voda a acetonitril-voda.
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Obr. 2a,b,c,d)

Znazornéni hodnot F-statistiky regrese LSER modelu pro skupiny latek podle sloZeni
mobilni faze:

a) dusikaté derivaty (N) pro mobilni fazi methanol-voda,

b) kyslikaté derivaty (O) pro mobilni fazi methanol-voda,

c) dusikaté derivaty (N) pro mobilni fazi acetonitril-voda,

d) kyslikaté derivaty (O) pro mobilni fazi acetonitril-voda

V mobilni fazi methanol-voda soubor dusikatych analyt( ukazal vysoké hodnoty F-
statistiky (obr. 2a), dalece prevysujici hodnoty puvodniho souboru 21 sloucenin.
Kyslikaté slouceniny poskytly podstatné mensi F-hodnoty (obr. 2b). V mobilni fazi
acetonitril-voda dusikaté latky rovnéz ukazaly vyssi F-hodnoty (obr. 2c), v porovnani s
puvodnim souborem vsech analytl. Skupina kyslikatych sloucenin (obr. 2d) vykazovala
podstatné mensi F-statistiku, znazornujici vyznamnost LSER modelu pouze pro polovinu

mérenych mobilnich fazi (v rozmezi slozeni 1 - 40 % acetonitrilu).
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Na zdkladé uvedenych vysledk(l je patrna citlivost LSER modelu na volbu analytl pro

konstrukci regresniho modelu.

4.2 Popis retence C5-C8 alken( LSER modelem: pouziti dvou metod vypoctu

deskriptoru L

V soucasnosti neni Zadna prace, kterd by se zabyvala popisem retence celé skupiny
izomerd alkenl LSER modelem v plynové chromatografii. Divodem mize byt
nedostupnost experimentdlnich deskriptor(i analytl. Databaze solvataénich deskriptor(
alkenl s 5 az 8 uhliky v molekule (C5-C8) zahrnuje pouze 39 latek z celkového poctu 152
sloucenin. Proto zde byly pouZity odhadové metody (kap. 3.2) k ziskdni hodnot
deskriptort L, E potfebnych k popisu retence alkent na nepoldrnich stacionarnich fazich.

Deskriptor E byl pfimo vypocten podle definice ze znalosti indexu lomu alkenu a
McGowanova charakteristického objemu Vy [14]. Deskriptor L byl ziskdn pomoci metod
Havelec-Sevéik (HS) a Platts-Butina (PB). Experimentalni hodnoty retence alken(i na
stacionarnich fazich skvalanu a polydimethylsiloxanu (PDMS) byly ziskany na zakladé
praci skupiny Sojak-Kubinec [15,16]. Na zakladé MLR mérenych hodnot retence alken( a
jejich deskriptort byly sestaveny dva LSER modely pro odhad retence alkend, podle
pavodu deskriptoru L, model HS a model PB. Schématicky postup prace je znazornén na
obr. 3.
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Retence

Experimentalni

Odhad
I
Vypocet deskriptor(
I
I |
L deskriptor E deskriptor
I
I I
HS metoda PB metoda
I |
MLR analyza
I
I |
HS model PB model
I |
Porovnani
Obr. 3

Diagram schématického postupu prace

4.2.1 Popis retence C5-C7 alkentli

Vypoctené hodnoty deskriptort L ys a Lpg byly pouzity k popisu retence 59 alkenu
C5-C7. Na zakladé analyzy rezidui jednotlivych latek, byla zjisténa vyssi chyba odhadu
retence pro cis izomery alken(, pocitané modelem HS. Ndasledné byla provedena
korekce deskriptoru L ys vylouCenim prispévku cis interakce (tab. 1). Poté byla vypoctena
nova hodnota L us no ¢is bez pFispévku cis interakce pro vSechny alkeny. Takto upraveny
model HS poskytoval podstatné lepsi odhad retence, nez plvodni model. Retence viech

59 alkent byla pocitdna rovnicemi s jednim deskriptorem (L) a poté s obéma deskriptory

(L, E), jak je uvedeno ve vztazich (6) az (9):
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Rl,calc sQ = 185;0(i3r3)L,HS nocis t 72:9(i30r9)E/calc + 9413(i8;8) (6)
(model HS R*=0,985; F = 1804; SE(RI) = 8,1; Q*=0,983; n = 59)

Rl caie sq = 189,1(24,5)L pg + 105,3(+40,4)E, carc + 79,5(12,0) (7)
(model PB R?=0,974; F = 1032; SE(RI) = 10,6; Q*= 0,971; n = 59)

Rl,calc PDMS = 187;4(i3r0)L,HS nocis T 69:9(i27r4)E/calc + 97;1(i7;8) (8)
(model HS R*=0,988; F = 2354; SE(RI) =7,1; Q°=0,987; n =59)

Rllcak; PDMS = 191,6(1‘4,3)L'p5 + 10219(i3814)E/calc + 82,2(1'11,4) (9)
(model PB R*=0,977; F=1171; SE(RI) =10,1; Q*= 0,975; n =59)

V rovnicich (6) az (9) je Rl cac sq Vypocteny retencni index alkend na skvalanu, R/ .,

povs VYpocteny retencni index alkend na PDMS, hodnoty v zavorkach (%) jsou chyby

odhadu regresnich koeficient(, dale R? je koeficient determinace, F je hodnota Fisherovy

F-statistiky, SE(RI) oznaluje smérodatnou odchylku odhadu zévisle proménné (RI), Q% je

predikovany koeficient determinace (chv) a n je pocet bodu (latek) v regresi. Na obr. 4

je zndzornéna vypoctend retence (Rl calc) C5-C7 alken( v porovndni s experimentalni

retenci (Rl exp) podle rovnic (6) aZ (9).
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Obr. 4a,b,c,d)

Porovndni vypoctené retence (R/ calc) s namérenou retenci (R/ exp) pomoci dvou-
deskriptorového modelu:

a) retence na skvalanu pocitand modelem HS,

b) retence na skvalanu pocitana modelem PB,

c) retence na PDMS pocitana modelem HS,

d) retence na PDMS pocitand modelem PB.

Celkové dvou-deskriptorovy model lépe popisoval retenci C5-C7 alken(i. V obou

pripadech model HS poskytoval lepsi odhad retence.
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4.2.2 Popis retence C8 alkent

Byly ziskany deskriptory L s, Lpg @ E pro 93 izomerl oktenl, podobné jako v kap.
4.1.2. Deskriptor L s no ¢is S€ rovnéz ukazal jako vhodnéjsi k popisu retence alkend,
porovnanim s Lus. Dale byl pouzit dalsi model k odhadu deskriptor(, zalozeny na
programu ADME Absolv 2.0. Tento model se nakonec ukazal jako malo vyhovuijici
k popisu retence alken, v porovnani s pavodnimi modely HS a PB. V rovnicich (10) aZ

(13) jsou zobrazeny modely HS a PB pro popis retence s obéma deskriptory:

Rl,calc sQ = 13512(i1014)L1HS no cis + 10316(i44/3) EICa|C + 26416(i33)5) (10)
(model HS R*=0,775; F=155; SE(RI) =12,9; Q*=0,757; n = 93)

Rl cacsq = 114,2(£7,4)L, 0 + 222,2(+34,8)F, carc + 327,5(+24,0) (11)
(model PB R*=0,825; F=212; SE(RI) = 11,4; Q" = 0,810; n = 93)

Rl,calc PDMS = 14313(1-912)L1HS nocis T 10215(1-3818) EICa|C + 24617(i2913) (12)
(model HS R?=0,833; F=224; SE(RI) = 11,3; Q*=0,757; n = 93)

Rl caicpoms = 119,6(£6,4)L,p5 + 231,1(£30,0)E, . + 318,2(£20,7) (13)
(model PB R°=0,874; F=311; SE(RI) = 9,8; Q"= 0,863; n = 93)

V rovnicich (10) az (13) je vyznam jednotlivych symboll stejny jako v predchozich

vztazich. Na obr. 5 jsou zndzornény hodnoty vypoctené a experimentdlni retence okten(

podle uvedenych rovnic (10) az (13).
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Obr. 53,b,c,d)

Porovnani vypoctené retence (R/ calc) s naméfenou retenci (R/ exp) pomoci dvou-
deskriptorového modelu:

a) retence na skvalanu pocitand modelem HS,

b) retence na skvalanu pocitana modelem PB,

c) retence na PDMS pocitand modelem HS,

d) retence na PDMS pocitand modelem PB

Model PB s pouzitim deskriptor(i L pg a E 5 poskytnul lepsi popis retence 93 oktend,
ve srovnani s modelem HS. Dvou-deskriptorovy LSER model pro popis retence oktent
ukazal vyraznéjsi rozdily mezi modely HS a PB, predevSim ve velikosti regresnich
koeficientll a vyznamu jednotlivych ¢lenl rovnic. Deskriptor L,us no cis N€jlépe koreloval
s retenci oktenu, lze jej povaZovat za optimdlni proménnou pro pouZiti v jedno-

deskriptorovém modelu.
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4.2.3 Popis retence C5-C8 alkenli

V posledni ¢asti kapitoly 4 byla pouzita retencni data spojena v jeden celek a byl
studovan popis retence vsech C5-C8 alkenu, zahrnujici 152 slouéenin. V rovnicich (14) az

(17) jsou zobrazeny modely HS a PB s jedinym deskriptorem L:

Rl,calc sQ ~ 183:8(12:4)L:HS no cis + 107:7(i 7;9) (14)
(model HS R?=0,974; F =5709; SE(RI) = 12,3; Q° = 0,974; n = 152)

Rl caicsq = 189,3(%3,1)L,pp + 95,2(£ 9,9) (15)
(model PB R’=0,962; F = 3743; SE(RI) = 15,1; Q> = 0,961; n = 152)

Rl,calc PDMS = 186;2(i2;1)L;HS no cis + 109;8(i 6;9) (16)
(model HS R?=0,981; F = 7579; SE(RI) = 10,9; Q* = 0,980; n = 152)

Rl,calc PDMS = 19117(i219)L1PB + 9713(i 913) (17)
(model PB R?=0,967; F = 4421; SE(RI) = 14,1; Q> = 0,966; n = 152)

V rovnicich (14) az (17) je vyznam jednotlivych symbol( stejny jako v predchozich
vztazich. Podle uvedenych rovnic, model HS poskytuje lepsi popis retence v porovnani
s modelem PB. Rozdil mezi obéma modely s jednim deskriptorem je vyraznéjsi, nez u
skupiny oktenli. Hodnoty vypoctené retence C5-C8 alkenl jedno-deskriptorovymi
modely HS a PB podle rovnic (14) az (17) byly porovndny s experimentdlni retenci a

graficky znazornény (obr. 64, b, c, d).
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Obr. 6a,b,c,d)

Porovndni vypoctené retence (R/ calc) s namérenou retenci (R/ exp) pomoci jedno-
deskriptorového modelu:

a) retence na skvalanu pocitand modelem HS,

b) retence na skvalanu pocitand modelem PB,

c) retence na PDMS pocitana modelem HS,

d) retence na PDMS pocitana modelem PB.

Dale byla ovéfovana statisticka platnost regresnich modeld v rovnicich (14) az (17).
Byla provedena analyza rezidui podle testll homoskedasticity (nahodnost a nezavislost
rezidui) pomoci 5 rlznych testl. Na zdkladé vysledkl testld nelze jednoznacné
rozhodnout o platnosti modell, nebot zhruba polovina z péti testld prokazala

heteroskedasticitu. Vysledné hodnoty se u vétsiny testd pohybuji blizko kritickych
hodnot.
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Rezidua obou model(i v rovnicich (14) az (17) jsou znazornény na obr. 7. V uvedenych

grafech je patrné nerovnomérné rozlozeni bodu.
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Obr. 73,b,c,d)

Hodnoty rezidui vypoctené retence C5-C8 alken( (R/ exp - Rl calc) podle rovnic (14) az
(17) pro:

a) odhad retence na skvalanu modelem HS,

b) odhad retence na skvalanu modelem PB,

c) odhad retence na PDMS modelem HS,

d) retence na PDMS modelem PB.

V pfipadé rovnic s obéma deskriptory L, E byla heteroskedasticita rezidui prokdzana

ve vSech pfipadech. Zavérem lze shrnout, Ze zddny z model( HS a PB pfi pouZiti dvou

deskriptort L, E nespliiuje podminky platnosti regresniho modelu. Modely HS a PB
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s jednim deskriptorem L lze povaZzovat za platné, ale celkové méné vhodné pro popis

retence C5-C8 alkend.

5. ZAVERY

Solvatacni model byl pouzit ke studiu retencniho chovani latek v kapalinové a
plynové chromatografii. V prvni kapitole, zabyvajici se kapalinovou chromatografii, byl
studovan popis retence 21 latek solvatacnim modelem na reverzni stacionarni fazi v
Sirokém rozmezi slozeni mobilni faze methanol-voda a acetonitril-voda. Ukazalo se, ze
aromatické slouceniny byly lépe popsané solvatacnim modelem, neZ alifatické
slouceniny.

Retencni chovani jednotlivych analytl bylo studovdno pomoci modelu LSST. V
prostredi mobilni faze methanol-voda byla retence latek |épe popsana modelem LSST,
nez v pfipadé acetonitril-voda. Dale byla pouZita kombinace model( LSER a LSST, za
ucelem zlepsit popis retence latek v krajnich oblastech sloZzeni mobilni faze, kde analyty
vykazuji nepravidelnou retenci. Takto upraveny model neposkytnul lepsi popis retence
oproti plivodnimu LSER modelu.

Byl sledovan vliv jednotlivych analyt(, pouZitych pro formulaci LSER modelu, na
celkovou schopnost popisu retence modelem. Odlisnych vysledk( v odhadu retence bylo
dosazeno pouzitim regresniho souboru latek obsahujiciho pouze slouceniny aromatickeé,
nebo naopak jen alifatické. Rozdilné vysledky také poskytoval solvataéni model
formulovany pouze z kyslikatych derivat(, nebo naopak dusikatych derivatl organickych

|atek.

Druhd kapitola prace, tematicky zamérena na plynovou chromatografii, se zabyvala
popisem retence skupiny 152 izomerld C5-C8 alkend LSER modelem, na stacionarnich
fazich skvalanu a polydimethylsiloxanu. Solvatacni deskriptory alkent byly ziskany
pomoci odhadovych metod. Deskriptor L byl po&itdn metodami Havelec-Sev¢ik (HS) a
Platts-Butina (PB), deskriptor E byl pfimo uren podle hodnot indexu lomu a
McGowanova charakteristického objemu Vy alken(.

Na zakladé pouzitych metod k odhadu deskriptor(i byly sestaveny dva modely k

popisu retence alkend, model HS a model PB. Byla zjisténa vyssi chyba odhadu retence
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pro cis izomery alkenl, pocitané modelem HS. Po uUpravé modelu HS odstranénim
prispévku cis interakce, bylo dosazeno podstatného zlepseni v popisu retence.

Oba modely byly pouzity k odhadu retence 59 alkent C5-C7. Model HS s obéma
deskriptory L s no cis @ E caic poskytnul pfesnéjsi popis retence, ve srovnani s modelem PB.
Dale byla popisovdna retence skupiny 93 oktend, nejlepsich vysledk( bylo dosazeno
modelem PB pomoci deskriptorl Lpg, @ Ecy.. Na zavér byla studovana retence celé
skupiny C5-C8 alkend, kde se vyraznéji projevovala heteroskedasticita rezidui, zvlasté u
dvou-deskriptorovych modell. V pripadé jedno-deskriptorovych modeli HS a PB nebyla
heteroskedasticita jednoznacné prokazana. Nejlepsi popis retence 152 alkend s jedinym

deskriptorem L poskytnul model HS.
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SEZNAM SYMBOLU A ZKRATEK

celkova acidita vodikové vazby analytu

a regresni koeficient LSER rovnice

B celkova bazicita vodikové vazby analytu

By celkova bazicita vodikové vazby solutu (proménliva bazicita)
b regresni koeficient LSER rovnice

konstanta LSER rovnice
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C5-C8 organicka sloucenina s 5 az 8 uhliky v molekule

E prebytkova molarni refrakce

E caic vypocteny deskriptor E

e regresni koeficient LSER rovnice

F Fisherova F-statistika

FG pocet funkénich skupin

@ objemovy zlomek organického rozpoustédla v mobilni fazi

GC plynova chromatografie

HPLC  vysokoucinnd kapalinova chromatografie

HS metoda Havelec-Sevéik

IC pocet interakénich prispévkl

k retencni faktor analytu

Ky retencéni faktor solutu v mobilni fazi tvorené Cistou vodou

L logaritmus rozdélovaciho koeficientu plyn-hexadekan (logL*®)

Lys deskriptor L po&itany metodou Havelec-Sev¢ik

L s nocis deskriptor L pocitany metodou Havelec-Sevéik bez cis interakce

L pg deskriptor L pocitdny metodou Platts-Butina

/ regresni koeficient LSER rovnice

LC kapalinova chromatografie

LSER  Linear solvation energy relationships

n pocet bod( (latek) v regresi

PB metoda Platts-Butina

PDMS polydimethylsiloxan

Q predikovany koeficient determinace (R%/)

R’ koeficient determinace

RI retencni index

S deskriptor dipolarity/polarizovatelnosti

S parametr zahrnujici vlastnosti solutu a organického rozpoustédla
regresni koeficient LSER rovnice

sd smérodatna odchylka

SE(RI) smérodatna odchylka odhadu zavisle proménné (RI/)

SC pocet strukturnich prispévku

%4 McGowanuv charakteristicky objem

v regresni koeficient LSER rovnice

Vi McGowanuv charakteristicky objem
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ABSTRACT

The solvation model based on LSER was applied to study the retention behaviour of
analytes in liquid and gas chromatography. In a first chapter, a retention description of
21 solutes was investigated by using the solvation model in a wide range of mobile
phase composition methanol-water and acetonitrile-water. Generally, the retention of
aromatic compounds was better described by the solvation model, compared to
aliphatic compounds.

Effect of the particular analytes used to formulate the LSER model on ability of
retention description was studied. Different results of a retention estimation was
achieved by using the regression set of compounds including aromatic solutes only or by
contrast aliphatic solutes only. The solvation model developed on the basis of oxygen
derivatives provided distinct results in comparison to model formulated with nitrogen
derivatives only.

The second chapter of this work, focused on gas chromatography, dealt with a
description of retention of 152 isomers C5-C8 alkenes by the LSER model. The solvation
descriptor L was obtained by using two estimation methods Havelec-Sev¢ik (HS) and
Platts-Butina (PB), the descriptor E was calculated according to its definition.

Two models for retention description of alkenes were constructed, the HS model
and the PB model, derived from the methods for estimation of descriptors. Higher error
of the estimated retention calculated by the HS model was found for cis isomers of
alkenes. After a modification of the HS model by omitting the contribution for cis
interaction was achieved a significant improvement in the retention description.

Both the models were used to estimate the retention of 59 alkenes C5-C7. The HS
model with descriptors L,us no c¢is and E,cac provided the more accurate retention
description compared to the PB model. Next, a retention description of 93 octenes was
carried out and the best results were achieved by the PB model using the descriptors L,ps
and E,... Finally, retention of all 152 alkenes C5-C7 was studied, where noticeable
heteroscedasticity of residuals occurred at the two-descriptor models. In case of the
one-descriptor models HS and PB, heteroscedasticity was not entirely proved. The best
retention description of 152 alkenes with only single descriptor L provided the HS

model.
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1. INTRODUCTION

Liquid and gas chromatography rank among the most important separation methods
used in analytical chemistry. Separation of compounds by these methods is a complex
process based on various interactions among the analytes, the stationary phase and the
mobile phase. A general description of this phenomenon has not been completely
explained yet.

Considering a range of the separation methods applications, research on the
chromatographic retention mechanism is an important direction contributing to
progress in analytical chemistry. Appropriate choice of the experimental conditions is
basis for performance of good analysis. Understanding of the mechanism of analytes
separation in chromatography can play an essential role in selection of suitable methods
and optimization the separation conditions.

The solvation model derived from the linear solvation energy relationships (LSER) theory
describes the chromatographic separation of compounds from a qualitative and
quantitative point of view. Nowadays, it ranks among the most employed and the most
frequented approaches to retention description. The model represents particular
interactions of the separation process with parameters of the analyte, the stationary
phase and the mobile phase.

The presented work deals with retention description of compounds in liquid and gas
chromatography by using the solvation model. The experimental results are thematically
depicted in two main chapters. The first part is focused on a study of the solvation
model in liquid chromatography with different mobile phase composition of methanol-
water and acetonitrile-water mixtures. The ability of retention description by the
solvation model of selected group of 21 compounds is investigated in a wide range of
mobile phase composition, from 1 % to 100 % of organic solvent. The second part is
aimed at retention description of alkenes by the solvation model in gas
chromatography. For all 152 isomers of C5-C8 alkenes, the solvation descriptors L, E are
calculated by using estimation methods and subsequently applied to the retention

description of the alkenes group.



2. AIMS OF THE STUDY

The aim of the work in Chapter 4.1 is to study of HPLC retention description of a varied
group of 21 analytes using the solvation model. Attention is focused on a wide range of
mobile phase composition, especially in border areas, where one component
predominates over the other one.

The aim of the work in Chapter 4.2 is to describe retention of all isomers of C5-C8
alkenes by the calculated LSER descriptors and simultaneously compare two methods

employed to calculate the descriptor L.

3. MATERIALS AND METHODS

3.1 Retention models in chromatography

The LSER model, which is the main subject of this thesis, is represented in Chapter 3.1.1.
Next, another retention model (LSST) is mentioned, because it has been used in a
combination with the LSER model for a retention description of the group of 21

compounds in Chapter 4.1.

3.1.1 Abraham solvation model (LSER)

The contemporary form of the LSER relation developed by Michael H. Abraham for

retention description in liquid and gas chromatography is expressed [1,2]:

logk=vV+eE+sS+aA+bB+c LC (liquid-liquid) (1)
logk=IL+eE+sS+aA+bB+c GC (gas- liquid) (2)
k retention factor of the analyte,

4 the McGowan characteristic volume,

E the excess molar refraction,

S the dipolarity—polarizability descriptor,

A the overall hydrogen-bond acidity of the analyte,

B the overall hydrogen-bond basicity of the analyte,



L logarithm of the partition coefficient gas-hexadecane (logL™).

In Equations (1) and (2), the capital letters V, E, S, A, B, L denote descriptors
(parameters) of the analyte according to the specific interactions. The small letters v, e,
s, a, b, |, c are the regression coefficients including properties of the stationary phase,
the mobile phase and temperature. Retention of the analyte in Eq. (1) and (2) can also
be described by other quantities as retention index (R/) or logarithm of the specific

retention volume.
3.1.2 LSST model (Linear solvent strength theory)

This very frequently used model in liquid chromatography describes dependence of the

analyte retention on the volume fraction of organic solvent in the mobile phase [3,4,2]:
logk = logk, - S¢ (3)

k  the solute retention factor for the mobile phase composition consisting of binary
mixture of water and organic solvent,

k. the solute retention factor for the mobile phase consisting of pure water,

@ the volume fraction of organic solvent in the mobile phase,

S parameter including properties of the solute and the organic solvent.

Application of Equation (3) is limited to a narrow range of mobile phase composition,
the highest deviations occur in the border concentrations of organic solvent (¢ - 0 a
@ - 1). Some improvements of Eq. (3) can be achieved by quadratic relation which is

valid for the whole range of the mobile phase composition [2,5]:
logk = logk,, + S1¢ + 52¢2 (4)

The variant of the LSST model mentioned in Eq. (4) is most frequently used in practical

applications.



3.2 Estimation methods of calculation of solvation descriptors

The database of the solvation descriptors in Eq. (1) and (2) includes more than 5000
compounds. Descriptors of substances not involved in the mentioned database can be
calculated with limited accuracy by using the estimation methods. Calculation of the
descriptors S, A, B is performed with a higher deviation [1,6,7], but the parameters L and
E can be determined quite precisely by these methods. Nowadays, programs for
calculation of the LSER descriptors are also available (ACD/Labs Absolv). Two methods

used to calculate the descriptor L are represented in this chapter.

3.2.1 The Havelec-Sevéik method

A method of the authors Havelec and Sevéik (HS) is intended only to estimate the
descriptor L. It was established on the basis of the results of MLR analysis performed on
939 aliphatic and 1075 aromatic substances from the LSER descriptor database [8,9].

The resultant descriptor value of the studied compound (X) is derived from Equation (5):

L, = 21/ \FG, +§mj .SC, + énk*lck (5)
FG, SC, IC the number of particular functional groups (FG), structural contributions
(5C) and interactional contributions (/C) forming the compound X,
i, j, k the identification numbers of the functional groups (i), structural contributions
(/) and interaction contributions (k),
I,m,n the regression coefficients for the contributions of the functional groups (/),

structural contributions (m) and interactional contributions (n).

The values of the particular contributions are given in Table 1.
3.2.2 The Platts-Butina method

A method developed by Platts, Butina et al. (PB) is intended to calculate six LSER

descriptors (L, E, S, A, B, By) with various precisions of estimation of the individual



parameters [10,11]. Calculation of the descriptor L by the PB method is similar to that
using the HS method. The values of the particular contributions from this method are

given in Table 1.

Table 1
Fragments and their values with the standard deviation (sd) used to calculate the

descriptor L using the HS and PB methods

HS method PB method
Group

value sd value sd
(-CH3) 0.340 0.006 0.321 0.009
(-CH»-) 0.502 0.001 0.499 0.002
(-CH<) 0.467 0.012 0.449 0.011
(>C<) 0.443 0.021 0.443 0.025
(=CH,) 0.249 0.016 0.244 0.021
(=CH-) 0.504 0.013 0.469 0.004
(>C=) 0.658 0.020 0.624  0.008
cis isomer 0.112 0.040 - -
Alkyl interaction® 0.119  0.013 - -
Intercept’ - - 0.130  0.025

! Interactions of adjacent alkyls; this contribution is added if they are bonded next to one another
on the carbon chain. This does not apply to alkyls on carbons connected by a double bond.
> This constant is automatically added to each calculated descriptor value.

4. RESULTS AND DISCUSSION

4.1 Retention description of 21 analytes by LSER model in methanol-water and
acetonitrile-water mobile phases

This part follows results of diploma theses [12,13] where HPLC retention data on
reverse stationary phase in a broad range of mobile phase composition were evaluated.
In the mentioned works, a selected group of 21 analytes including various types of
organic compounds was measured in methanol-water and acetonitrile-water mobile
phases in a range of 1 - 100 % vol. content of organic solvent. The aim of these works
was retention prediction of the analytes using the LSER model in different compositions

of mobile phase.



All the substances met the conditions of availability of the LSER descriptors, detectability
in UV range and at least partial solubility in water. A reversed stationary phase with
bonded C-8 alkyl chain (LiChrospher 60 RP-select B, 125 mm x 4 mm, particle size 5 um)
was selected. Results in this part originate from the same experimental data used in the
mentioned diploma theses. In Chapter 4.1, there were investigated several viewpoints

of retention description of 21 analytes by using the LSER model.

Firstly, the error of retention prediction (absolute value) of particular analytes was
evaluated in the all measured mobile phases. An order of compounds according to

increasing the error of prediction is displayed in Table 2.

Table 2
An order of compounds according to increasing error of prediction for the methanol-

water and acetonitrile-water mobile phases

MeOH-water Error‘ Of ACN-water Error. Of
prediction prediction
1 Nitrobenzene 0.031 1  Propylformate 0.031
2 Ethylformate 0.043 2  Nitrobenzene 0.049
3 Chloroform 0.048 3  Aniline 0.053
4  Nitroethane 0.053 4  Benzaldehyde 0.054
5 Aniline 0.054 5 Cyclohexanone 0.060
6 Cyclohexanone 0.072 6 Benzylalcohol 0.063
7  Benzaldehyde 0.075 7  Ethylformate 0.067
8 Propylformate 0.085 8 Benzonitrile 0.068
9 Benzylalcohol 0.091 9 2-Pentanone 0.068
10 Nitromethane 0.113 10 Chloroform 0.080
11 Benzamide 0.113 11 Nitroethane 0.085
12 Benzonitrile 0.118 12 Benzamide 0.104
13 2-Pentanone 0.124 13  2-Nitroaniline 0.104
14 2-Nitroaniline 0.135 14 Nitromethane 0.109
15 Benzene 0.164 15 o-Cresol 0.123
16 Dichloromethane 0.167 16 Benzene 0.150
17 o-Cresol 0.176 17 Phenol 0.165
18 Butyraldehyde 0.190 18 Dichloromethane 0.174
19 Phenol 0.274 19 Butyraldehyde 0.205
20 Diethyl ether 0.305 20 N,N-Dimethylformamide 0.226
21 N,N-Dimethylformamide 0.374 21 Diethyl ether 0.284
Average aromatic compounds 0.123 Average aromatic compounds 0.093
Average aliphatic compounds 0.143 Average aliphatic compounds 0.126
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For the methanol-water mobile phase, the average error of prediction provided value
0.123 for aromatic compounds and 0.143 for aliphatic compounds. In case of the
acetonitrile-water mobile phase the similar trend occurred, value of the error of
prediction was 0.093 for aromatic compounds and 0.126 for aliphatic compounds. It
turned out that aromatic substances were described by the solvation model better than

aliphatic.

Next, the LSST model (Chapter 3.1.2) was used to express relations between the
retention behaviour of analytes and the mobile phase composition. The retention of
compounds in the methanol-water mobile phase was described using the LSST model

better than in case of the acetonitrile-water mobile phase.

Similarity of the LSER and LSST model in the retention description of individual analytes
was studied according to residuals of the compounds. Both the models turned out to be
rather less similar to each other in the retention description. It cannot be stated that
analytes well described by the LSER model were well described by the LSST model. From
the point of view of retention description, the LSST model turned out to be more
susceptible to mobile phase composition in the acetonitrile-water system. In the border
areas of this mobile phase composition, where one component predominates over the
other one, the error of description was higher, than in the intermediate area of the
composition. In the methanol-water mobile phase, the LSST model provided balanced

values of the description error in whole range of the mobile phase composition.

Subsequently a combination of the LSER and LSST model was used to describe the
retention. The reason was a possibility of compensation of deviations from regular
retention behaviour in the border areas of the mobile phase composition. A substitution
of the measured retention of analytes for the calculated retention values by using the
LSST model would eliminate the mentioned deviations.

The measured retention values (logk) were replaced with the retention values calculated
by the LSST model. Next, MLR was carried out and a modified LSER model was
constructed. On the basis of F-statistics value of regression, the ability of the retention
description of the model was evaluated and compared to the original LSER model. It

turned out that the retention description was not improved by the substitution of the

11



measured retention for corrected retention values calculated by the LSST model. The
LSER model better described the experimental values logk in spite of their deviation

from the regular retention behaviour expressed by the LSST relationship.

At the end of Chapter 4.1, an influence of analytes selection used to construct the LSER
model on resulting retention description by the model was investigated. The group of 21
analytes includes both aromatic and aliphatic compounds as well as derivatives of
organic compounds with oxygen and nitrogen atoms. The analytes were split in groups
containing similar compounds from the point of view of chemical structure.

Firstly the 21 analytes were arranged in two sets including aromatic compounds
only and aliphatic compounds only. For each group, MLR was carried out in the all
mobile phase compositions. Resultant F-statistics value of regression was applied to

compare the retention description by the LSER model for both the groups.

120 400 -
90 - v 300 -
=
g S
g 60 - Arom “ 200 -
w
—— Alif —=— Arom
30 - 100 - —— Alif
0 T T T T 1 0 T T T T 1
0 20 40 60 80 100 0 20 40 60 80 100
% MeOH % ACN
a) b)
Fig. 1a,b)

F-statistics value of regression for the LSER model according to the mobile phase
composition for the aromatic group (Arom) and aliphatic group (Alif) of analytes:

a) methanol-water,
b) acetonitrile-water (a point assigned to 10 % acetonitrile (Alif): F-value = 1896.2)

For both the mobile phases methanol-water and acetonitrile-water, it turned out that

the aromatic group of analytes provided better retention description using the LSER

model compared to the aliphatic group on the basis of F-statistics (Fig. 1a,b).
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Next, the analytes were split in two sets including oxygen derivatives only and nitrogen
derivatives only. The procedure was similar to the previous case. F-statistics of

regression for the oxygen derivatives and nitrogen derivatives group is depicted in Fig. 2.

6000 - 160 -
5000 -
120 -
g 4000 - g
T 3000 - E“’
" 2000 - ——(N) ——(0)
40 -
1000 -
0 ! ! ! ! N 0 T T U T U
0 20 40 60 8 100 O 20 40 60 8 100
% MeOH % MeOH
a) b)
700 - 100
600 -
] 75
g 500 E
T 400 - S
L )
300 -
——(N) ——(0)
200 - 55 |
100 -
0 T T T T 1 O T T T T 1
0O 20 40 60 8 100 0O 20 40 60 8 100
% ACN % ACN
c) d)

Fig. 2a,b,c,d)

F-statistics value of regression for the LSER model according to the mobile phase
composition for the groups of analytes:

a) nitrogen derivatives (N) in the mobile phase methanol-water,

b) oxygen derivatives (O) in the mobile phase methanol-water,

c) nitrogen derivatives (N) in the mobile phase acetonitrile-water,

d) oxygen derivatives (O) in the mobile phase acetonitrile-water
In the mobile phase methanol-water, the group of nitrogen derivatives performed high

F-statistics values (Fig. 2a) by far exceeding values of the original group of 21 analytes.

The oxygen derivatives group provided substantially lower F-values (Fig. 2b).
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In the mobile phase acetonitrile-water, the nitrogen derivatives group also
demonstrated higher F-values (Fig. 2c) compared to the original group of 21 analytes.
The oxygen derivatives group (Fig. 2d) showed markedly lower F-statistics, describing
significance of the LSER model only for a half of the measured mobile phases (in range
of 1 - 40 % acetonitrile). On the basis of these results, there is an evident susceptibility

of the LSER model to selection of analytes for construction of the regression model.

4.2 Retention description of C5-C8 alkenes by LSER model: application of
two methods of calculation of descriptor L

Up to now, there has not been any study dealing with a retention description of
complete group of alkenes isomers by using the LSER model in gas chromatography.
Inaccessibility of the experimental descriptors of analytes can be a reason for that. The
solvation descriptors database of C5-C8 alkenes includes only 39 compounds of all 152
existing substances. Therefore, estimation methods (Chapter 3.2) were applied to obtain
values of the descriptors L, E required for retention description of alkenes on nonpolar
stationary phases.

The descriptor E was calculated directly according to its definition, with knowledge of
the refractive index of alkenes and the McGowan’s characteristic volume Vy [14]. The
descriptor L was obtained by using the Havelec-Sev¢ik (HS) and Platts-Butina (PB)
methods. Experimental values of alkenes retention on stationary phases squalane and
polydimethylsiloxane (PDMS) were taken from a study of Sojak-Kubinec et al. [15,16].
On the basis of MLR, two LSER models were constructed for estimation of the alkenes
retention, the HS model and the PB model, according to the origin of the descriptor

used. The schematic working procedure is depicted in Fig. 3.
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Retention

Estimation Experimental
|
Calculation of descriptors
|
I |
L descriptor E descriptor
|
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HS method PB method
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MLR analysis
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| |
HS model PB model
| |
Comparison

Figure 3

Diagram depicting the working procedure

4.2.1 Retention description of C5-C7 alkenes

Calculated values of the descriptors L ysand L pg were used to retention description
of 59 alkenes C5-C7. On the basis of the residual analysis of particular analytes, the
higher error of retention estimation was found for cis isomers of alkenes calculated by
the HS model. In the next step, a modification of the descriptor L ;s was carried out by
eliminating the contribution for cis interaction (Tab. 1). A new value of L s no s Was
calculated for all alkenes, without the contribution for cis interaction. Such the modified
HS model provided significantly better estimation of the retention than the original
model. Retention of all 59 alkenes was calculated by the LSER equations with a single

descriptor (L) and next with both descriptors (L, E), as is depicted in relations (6) to (9):

15



Rl cac sa = 185.0(£3.3)L, s nocis + 72.9(¢30.9)E,carc + 94.3(+8.8) (6)
(model HS R*=0.985; F = 1804; SE(RI) = 8.1; Q"= 0.983; n = 59)

Rl caicsq = 189.1(+4.5)L,pg + 105.3(240.4)E,oc + 79.5(212.0) (7)
(model PB R*=0.974; F = 1032; SE(RI) = 10.6; Q*= 0.971; n = 59)

Rl caic pomts = 187.4(+3.0)L, 15 no cis + 69.9(+27.4)E, cac + 97.1(+7.8) (8)
(model HS R*=0.988; F = 2354; SE(RI) =7.1; Q= 0.987; n =59)

Rllcak; PDMS = 1916(1'43)L,p3 + 1029(1-384)EIC3|C + 822(1‘114) (9)
(model PB R?=0.977; F = 1171; SE(RI) = 10.1; Q*= 0.975; n = 59)

In Eq. (6) to (9), Rl sq is the calculated retention index of alkenes on squalane, R/ .,
powvs iS the calculated retention index of alkenes on PDMS, values in parenthesis () are
errors of the estimated regression coefficients, R?is the coefficient of determination, Fis

the Fisher F-statistics, SE(RI) designates the standard error of dependent variable (R/),

Q* is the predicted (cross-validated) coefficient of determination (chv) and n is the
number of points (compounds) in the regression. The calculated retention (R/ calc) of C5-
C7 alkenes by Equations (6) to (9) was compared with the experimental retention (Rl exp)

and graphically depicted in Fig. 4.
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Fig. 4a,b,c,d)

Comparison of the calculated retention (R/ calc) with the measured retention (R/ exp) of
C5-C7 alkenes using the two-descriptor model:

a) retention on squalane calculated by the HS model,

b) retention on squalane calculated by the PB model,

c) retention on PDMS calculated by the HS model,

d) retention on PDMS calculated by the PB model

Generally, the two-descriptor model better described the retention of C5-C7 alkenes.

For the both cases, the HS model provided the more accurate estimation of the

retention.
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4.2.2 Retention description of C8 alkenes

The descriptors L s, L pg and E were calculated for 93 isomers of octenes, similarly as in
Chapter 4.1.2. The descriptor L us no cis turned out to be more suitable for the retention
description of alkenes compared to L s. Next, another model was applied to estimate
the LSER descriptors, based on the ADME Absolv 2.0 software. This model turned out to
be inconvenient for the retention description of alkenes, in comparison with the HS and
the PB models. In Equations (10) to (13), the HS model and the PB model are expressed

for the retention description of octenes using two descriptors.

Rl carc sq = 135.2(+10.4)L, 45 no cis + 103.6(+44.3) E,cac + 264.6(£33.5) (10)
(model HS R*=0.775; F=155; SE(RI) =12.9; Q°=0.757; n = 93)

Rl cacsq = 114.2(£7.4) L, + 222.2(+34.8)E, carc + 327.5(+24.0) (11)
(model PB R?=0.825; F=212; SE(RI) =11.4; Q*=0.810; n = 93)

Rl caic poms = 143.3(29.2) 15 no cis + 102.5(£38.8) E,caic + 246.7(+29.3) (12)
(model HS R®=0.833; F=224; SE(RI) =11.3; @*=0.757; n = 93)

Rl caicpoms = 119.6(+6.4)L,pg + 231.1(230.0)E, cic + 318.2(+20.7) (13)
(model PB R*=0.874; F=311; SE(RI) =9.8; Q*=0.863; n = 93)

In Eq. (10) to (13) the symbols and statistics have the same meaning as in the previous

equations. The calculated (R/ calc) and the experimental retention (R/ exp) of octenes
obtained by Eq. (10) to (13) are depicted in Fig. 5.
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Fig. 5a,b,c,d)

Comparison of the calculated retentions (R/ calc) with the experimental retentions
(Rl exp) of octenes using the two-descriptor model:

a) retention on squalane calculated by the HS model,

b) retention on squalane calculated by the PB model,

c) retention on PDMS calculated by the HS model,

d) retention on PDMS calculated by the PB model

The PB model with the descriptors Lpg and E .. performed the better retention
description of 93 octenes compared to the HS model. The two-descriptor LSER models
for the retention description of octenes revealed noticeable differences between the HS
and PB models, primarily in magnitude of the regression coefficients and importance of
the particular terms in the equations. The descriptor L,us no cis provided the highest
correlation with the octenes retention, it can be supposed to be an optimal variable for

the single-descriptor model.
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4.2.3 Retention description of C5-C8 alkenes

The retention data studied in the previous chapters were merged into one group and
the retention description of all C5-C8 alkenes (152 analytes) was investigated. In

Equations (14) to (17), the HS and PB model with the single descriptor L are displayed.

Rl cacsq = 183.8(22.4)L,1s nocis + 107.7(+ 7.9) (14)
(model HS R?=0.974; F=5709; SE(RI) = 12.3; Q* = 0.974; n = 152)

Rl caic sq = 189.3(#3.1)L,pg + 95.2(+ 9.9) (15)
(model PB R?=0.962; F = 3743; SE(RI) = 15.1; @* = 0.961; n = 152)

Rl carc poms = 186.2(£2.1)L, 15 no cis + 109.8(% 6.9) (16)
(model HS R?=0.981; F = 7579; SE(RI) = 10.9; Q* = 0.980; n = 152)

R/,cak; PDMS = 1917(i29)L,pB + 973(i 93) (17)
(model PB R?=0.967; F = 4421; SE(RI) = 14.1; Q* = 0.966; n = 152)

In Eq. (14) to (17) the symbols and statistics have the same meaning as in the previous
relations. According to the mentioned equations, the HS model performed the better
retention description compared to the PB model. A difference between both the models
with a single descriptor was more evident unlike the previous study of octenes. Values
of the calculated retention of C5-C8 alkenes by using the single-descriptor HS and PB
model in Eq. (14) to (17) were compared to the experimental retention and depicted in
Fig. 6.
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Fig. 6a,b,c,d)

Comparison of the calculated retention (R/ calc) with the experimental retention (R/ exp)
of C5-C8 alkenes using the single-descriptor model:

a) retention on squalane calculated by the HS model,

b) retention on squalane calculated by the PB model,

c) retention on PDMS calculated by the HS model,

d) retention on PDMS calculated by the PB model

Next, statistical validation of the regression models in Eq. (14) to (17) was carried out.
Residual analysis was performed on the basis of five different tests for
homoscedasticity. According to the results of tests, it is impossible to decide the model
validity because about a half of the five used tests proved heteroscedasticity in the HS
and PB models. The resultant values of the most tests were close to the critical values.
The residuals of both the models in Eq. (14) to (17) are depicted in Fig. 7. There is

evident an irregular distribution of points in the graphs.
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Fig. 7a,b,c,d)

The residual values of calculated retention of C5-C8 alkenes (R! exp - Rl calc) by Eq. (14)
to (17) for:

a) the retention estimation by the HS model on squalane,

b) the retention estimation by the PB model on squalane,

c) the retention estimation by the HS model on PDMS,

c) the retention estimation by the PB model on PDMS

In equations with both the descriptors (L, E), heteroscedasticity of residuals was proved
in all cases. Finally it can be concluded that none of the models (HS, PB) with the
descriptors L and E fulfilled the requirements of validity of regression model. The HS and
PB models with the single descriptor L can be regarded as valid but generally less

suitable for the retention description of C5-C8 alkenes.
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5. CONCLUSIONS

The solvation model was applied to study of retention behaviour of analytes in liquid
and gas chromatography. In the first chapter dealing with liquid chromatography,
retention description of 21 analytes by the solvation model was investigated on
reversed stationary phase in a wide range of mobile phase composition of methanol-
water and acetonitrile-water mixtures. Generally, the retention of aromatic compounds
was better described by the solvation model, compared to aliphatic compounds.
Retention of particular analytes was studied using the LSST model. The retention of
compounds in the methanol-water mobile phase was described by the LSST model
better than in case of the acetonitrile-water mobile phase. Next, the combination of the
LSER and LSST model was used to improve the retention description of analytes in the
border areas of the mobile phase composition, where an irregular retention of
compounds occurred. Such the modified model did not describe the retention better
than the original LSER model.

Effect of the particular analytes used to formulate the LSER model on ability of retention
description was investigated. Different results of the retention estimation was achieved
by using the regression set of compounds including aromatic solutes only or by contrast
aliphatic solutes only. The solvation model developed on the basis of oxygen derivatives
provided distinct results in comparison to model formulated with nitrogen derivatives

only.

The second chapter of this work, thematically focused on gas chromatography, dealt
with a retention description of 152 isomers of C5-C8 alkenes by the LSER model on
squalane and polydimethylsiloxane stationary phases. The solvation descriptors of
alkenes were obtained using estimation methods. The descriptor L was calculated by the
Havelec-Sevéik method (HS) and the Platts-Butina method (PB), the descriptor E was
directly determined according to the refractive index and the McGowan characteristic
volume of alkenes.

On the basis of the methods used for the descriptor estimation, two models for
retention description of alkenes were constructed, the HS model and the PB model. A
higher error of the retention estimation was found out for cis isomers of alkenes

calculated by the HS model. After a modification of the HS model by omitting the
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contribution for cis interaction was achieved a significant improvement in the retention
description.

Both the models were used to estimate the retention of 59 alkenes C5-C7. The HS model
with descriptors L,us no cis and E,cac provided the more accurate retention description
compared to the PB model. Next, a retention description of 93 octenes was carried out
and the best results were achieved by the PB model using the descriptors L,pg and E,c,c.
Finally, the retention of all 152 alkenes C5-C7 was studied, where noticeable
heteroscedasticity of residuals occurred at the two-descriptor models. In case of the
single-descriptor models HS and PB, heteroscedasticity was not entirely proved. The
best retention description of 152 alkenes with only the single descriptor L provided the
HS model.

6. REFERENCES

[1] M. Vitha, P.W. Carr: The chemical interpretation and practice of linear solvation
energy relationships in Chromatography, J. Chromatogr. A 1126 (2006) 143-194

[2] C.F. Poole, S.K. Poole: Column selectivity from the perspective of the solvation
parameter model, J. Chromatogr. A 965 (2002) 263-299

[3] L. R. Snyder, J. W. Dolan, J. R. Gant: Gradient elution in high-performance liquid
chromatography: |. Theoretical basis for reversed-phase systems, J. Chromatogr. 165
(1979) 3-30

[4] K. Valké, L. R. Snyder, J. L. Glajch: Retention in reversed-phase liquid
chromatography as a function of mobile-phase composition, J. Chromatogr. A 656
(1993) 501-520

[5] L. C. Tan, P. W. Carr: Extra-thermodynamic relationships in chromatography—study
of the relationship between the slopes and intercepts of plots of In k' vs. mobile phase
composition in reversed-phase chromatography, J. Chromatogr. A 656 (1993) 521-535
[6] C. F. Poole, S. N. Atapattu, S. K. Poole: Determination of solute descriptors by
chromatographic methods, Anal. Chim. Acta 652 (2009) Sp. Iss. 32-53

[7] A. Stenzel, S. Endo, K. U. Goss: Measurements and predictions of hexadecane/air
partition coefficients for 387 environmentally relevant compounds, J. Chromatogr. A
1220(2012)132-142

24



[8] P. Havelec, J. G. K. Sev¢ik: Extended additivity model of parameter loglL16, J. Phys.
Chem. Ref. Data 25(6) (1996) 1483-1493

[9] P. Havelec, J. G. K. Sev¢ik: Concept of additivity for a non-polar solute-solvent
criterion log L16

[10] J. A. Platts, D. Butina, A. Hersey: Estimation of Molecular Linear Free Energy
Relation Descriptors Using a Group Contribution Approach, J. Chem. Inf. Comput. Sci. 39
(1999) 835-845

[11] J. A. Platts, M. H. Abraham, D. Butina, A. Hersey: Estimation of Molecular Linear
Free Energy Relationship Descriptors by a Group Contribution Approach. 2. Prediction of
Partition Coefficients, J. Chem. Inf. Comput. Sci. 40 (2000) 71-80

Non-aromatic compounds, J. Chromatogr. A 677 (1994) 319-329

[12] S. Jirkal: Diplomové prace, PFf UK, Praha (2000)

[13] M. Machovcova: Diplomova prace, Prf UK, Praha (2005)

[14] M. H. Abraham, J. C. McGowan: The use of characteristic volumes to measure
cavity terms in reversed phase liquid chromatography, Chromatographia 23,4 (1987)
243-246

[15] L. Sojak, G. Addova, R. Kubinec: Gas chromatographic—mass spectrometric
characterization of all acyclic C5 - C7 alkenes from fluid catalytic cracked gasoline using
polydimethylsiloxane and squalane stationary phases, J. Chromatogr. A 947(2002) 103-
117

[16] L. Sojak, G. Addova, R. Kubinec, A. Kraus, A. Bohac: Capillary gas chromatography—
mass spectrometry of all 93 acyclic octenes and their identification in fluid catalytic
cracked gasoline, J. Chromatogr. A 1025(2) (2004) 237-253

LIST OF ABBREVIATIONS

the overall hydrogen-bond acidity of the analyte

a regression coefficient of the LSER equation

B the overall hydrogen-bond basicity of the analyte

By the overall hydrogen-bond basicity of the analyte (variable basicity)
b regression coefficient of the LSER equation

c constant of the LSER equation

C5-C8 organic compound with 5 to 8 carbon atoms in the molecule
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E
E,calc

FG

GC
HPLC
HS

K

L

L us

L s o cis

Lpo

/

sd
SE(RI)

the excess molar refraction
calculated descriptor E

regression coefficient of the LSER equation

Fisher F-statistics

number of functional groups

volume fraction of organic solvent in the mobile phase

gas chromatography

high performance liquid chromatography

the Havelec-Sev¢ik methods

number of interactional contributions

retention factor of the analyte

the solute retention factor for the mobile phase consisting of pure water
logarithm of the partition coefficient gas-hexadecane (logL™®)
descriptor L calculated by the Havelec-Sevéik method
descriptor L calculated by the Havelec-Sevéik method without cis interaction
descriptor L calculated by the Platts-Butina method
regression coefficient of the LSER equation

liquid chromatography

Linear solvation energy relationships

number of points (substances) in regression

the Platts-Butina method

polydimethylsiloxane

predicted coefficient of determination (R%)

coefficient of determination

retention index
the dipolarity-polarizability descriptor

parameter including properties of the solute and the organic solvent
regression coefficient of the LSER equation

standard deviation

standard deviation of the estimate of dependent variable (R/)
number of structural contributions

the McGowan characteristic volume

regression coefficient of the LSER equation

the McGowan characteristic volume
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