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Datoritéd re-esalonarii proiectului initial pe o perioada extinsa (pana in luna Septembrie a
anului 2016), prezentul raport se refera la Obiective si Activitati consemnate in Planul de Realizare a
Proiectului, Anexa IV la Contractul de Finantare nr. 310/05.10.2011.

S-au avut in vedere urmatoarele obiective si activitati:

O1. Identificarea unor domenii de aplicare a LVI de diferiti solventi nemiscibili:
O1A1. Aplicatii in controlul de calitate a produselor farmaceutice;
O1A2. Aplicatii in controlul calitatii mediului.
02. Obtinerea de date privind procesul bazat pe injectia de volume mari de solventi nemiscibili
in cromatografia de lichide:
O2ALl. Verificarea diverselor componente organice ale fazei mobile (mecanism RP)
care se preteaza la procese LVI de diluenti nemiscibili;
O2A2. Verificarea diverselor mecanisme de separare (NP, ANP, HILIC).
03. Identificarea unor potentiale domenii de aplicare a LVI in diferiti solventi nemiscibili:
O3AL1. Aplicatii in analiza alimentelor.
O4. Analizarea posibilitatilor de caracterizare a hidrofobicitatii compusilor organici prin procesul
de injectie de volume mari de diluenti nemiscibili cu faza mobila - studii preliminare:
O4A1. Studiul injectiei de volume mari de solventi structurati in RPLC - studii
preliminare.
05. Diseminarea rezultatelor:
O5AL1. Publicarea datelor experimentale in reviste de specialitate cotate ISI.
O5A2. Participarea la manifestari stiintifice.

Pentru O1A2 / O2A1:

A fost evaluata posibilitatea Tnlocuirii acetonitrilului cu lactat de etil in compozitia fazelor mobile
utilizate pentru cromatografia de lichide cu faza inversa. Aplicatia aleasa este una de mediu, ea
referindu-se la separarea hidrocarburilor aromatice polinucleare (PAHs) pe o coloana conventionala
cu fazd stationara de tip silicagel modificat chimic cu radicali octadecil, in conditile inlocuirii
acetonitrilului cu lactatul de etil. S-a avut in vedere determinarea compozitiei de faza mobila cu lactat
de etil care produce atat o retentie, cat si o selectivitate similare cu cele obtinute cu faza mobila care
contine acetonitril. Aplicatia analiticd poate fi consideratd posibila, acceptand totusi céateva
compromisuri in termeni de ordine de elutie, eficientd cromatograficd si sensibilitate (luand in
considerare detectia UV). Aspectele termodinamice legate de procesul cromatografic de separare au
fost, de asemenea, evaluate comparativ pentru cele doua sisteme de elutie. Corelatiile dintre ordinea
de elutie si cativa descriptori moleculari au fost, in egald masura, luate in consideratie, ilustrand ideea
ca mecanismul de separare ramane acelasi, atat in cazul utilizarii lactatului de etil, cat si a
acetonitrilului.

Amestecul de analiti supus separarii este urmatorul: naftalina (A); acenaftilen (B); fluoren (C);
acenaften (D); fenantren (E); antracen (F); fluoranten (G); piren (H); crisen (l); benzo(a)antracen (J);
benzo(b)fluoranten (K); benzo(k)fluoranten (L); benzo(a)piren (M); dibenzo(a,h)antracen (N);
benzo(g,h,i)perilen (O) si indeno(1,2,3-c,d)piren (P).
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Parametrii regresiilor liniare, care caracterizeaza relatia dintre logaritmul factorului de retentie
(log k) si logarimul procentului de modificator organic in faza mobila, sunt consemnati in tabelul de
mai jos.

Tabel 1. Parametrii regresiilor liniare pentru functia log k = f (log % modificator organic).

Modif. Organic Compus A B C D E F G H
Panta -4.2411 -4.4725 -4.6544 -4.4837 -4.9476 -5.0278 -5.0658 -5.1404
Lactat de etil | Intercept 7.7420 8.1768 8.7255 8.4442 9.2080 9.4031 9.5114 9.6595
Iy 0.9987 0.9987 0.9985 0.9984 0.9983 0.9985 0.9980 0.9984
Panta -3.8469 -4.0150 -4.3572 -4.2085 -4.5166 -4.5389 -4.7739 -4.6100
ACN Intercept 7.4546 7.8538 8.6297 8.3726 8.9797 9.0741 9.5985 9.3603
Iy 0.9987 0.9999 0.9999 0.9987 0.9986 0.9999 0.9986 0.9999
Modif. Organic Compus | J K L M N (o) P
Panta -5.6073 -5.6707 -5.6837 -5.8652 -5.7701 -6.1766 -5.7674 -5.9837
Lactat de etil | Intercept 10.6214 10.7593 10.8761 11.2247 11.0470 11.9068 11.1102 11.5444
Iy 0.9980 0.9981 0.9979 0.9976 0.9979 0.9968 0.9976 0.9977
Panta -5.1810 -5.1667 -5.4330 -5.5098 -5.2363 -5.8086 -5.3121 -5.5983
ACN Intercept 10.5372 10.5335 11.1768 11.3432 10.8822 12.0437 11.1922 11.7115
Iy 0.9988 0.9999 0.9990 0.9990 0.9999 0.9999 0.9999 0.9993

Echivalenta intre procentul de lactat de etil si cel de acetonitril din faza mobila, care genereaza
o retentie cromatografica similara, este ilustrata in Tabelul 2.

Tabel 2. Compozitii ale fazelor mobile contindnd lactat de etil si acetonitril avand drept
consecinta o retentie cromatografica similara a analitilor de interes.

Analiti % Lactat de etil
% ACN 70 65 62.5 60 55

A 55.1 51.5 49.7 47.9 44.3
B 53.5 50.1 48.3 46.6 43.1
C 56.0 52.2 50.3 48.4 44.7
D 56.0 52.2 50.3 48.4 44.6
E 53.8 50.2 48.5 46.7 43.1
F 53.8 50.4 48.6 46.8 43.3
G 52.7 49.1 47.3 45.6 42.0
H 51.6 48.3 46.6 45.0 41.6
I 52.5 49.0 47.2 45.5 42.0
J 52.6 49.2 47.4 45.7 42.2
K 514 47.9 46.1 44.3 40.8
L 51.7 48.2 46.4 44.7 41.2
M 50.5 47.2 45.5 43.9 40.5
N 51.6 48.2 46.4 44.7 41.2
) 48.4 45.2 43.6 42.0 38.8
P 49.9 46.6 44.9 43.2 39.8

Medie 52.6 49.1 47.3 45.6 42.1

SD 2.10 1.96 1.90 1.83 1.70

Relatia matematica % lactat de etil=0,7 x % acetonitril+ 3,6 descrie corect conditiile
experimentale Tn care retentia cromatografica a analitilor de interes este practic egala.

Obtinerea datelor experimentale pentru dependentele van't Hoff (In k = f(1/T)) a permis
determinarea valorilor entalpiei si entropiei libere asociate retentiei cromatografice in cazul utilizarii
fazelor mobile acetonitril/apa, respectiv lactat de etil/apa.

Dependenta functionala dintre -AHC si In k=3 °c), prezentata in Figura 1b, ilustreaza faptul ca
fenomenul de compensare dintre entalpie si entropie, obtinut atat la separarea PAHs in sistemele
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acetonitril/apa si lactat de etil/apa (Figura 1a), care pledeaza pentru conservarea mecanismului de
separare in cele doua conditii de elutie, nu se datoreaza erorilor experimentale ce intervin pe durata
determinarii entalpiei (in Figurile 1a si b, punctele figurate cu negru corespund analitilor separati in
sistemul lactat de etil/apa, in timp ce punctele figurate cu gri corespund analitilor separati in sistemul
acetonitril/apa).

Tabel 3. Aspecte termodinamice care ilustreaza retentia PAHs, in conditiile inlocuirii in faza
mobila a acetonitrilului cu lactatul de etil (conditiile corespund unei selectivitati similare).

Acetonitril/apa = 70/30 (v/v)
Analit B A . AH° AS° AG® (25 °C)

X KJmol 'K | Jmol’K" | KJmol'K"
A 878 | -2.21| 0.9847 -7.30 -7.6 -5.04
B 1043 | -2.55| 0.9923 -8.67 -10.4 -5.56
C 1108 | -2.43 | 0.9922 -9.21 9.5 -6.39
D 1025 | -2.11| 0.9860 -8.52 6.7 -6.51
E 1138 | -2.40 | 0.9876 -9.46 9.2 -6.73
F 1276 | -2.74 | 0.9926 -10.61 -12.0 -7.03
G 1290 | -2.57 | 0.9886 -10.73 -10.6 -7.57
H 1422 | -2.87 | 0.9922 -11.83 -13.1 -7.92
| 1538 | -2.96 | 0.9906 -12.79 -13.9 -8.65
J 1594 | -3.11 | 0.9929 -13.25 -15.1 -8.76
K 1741 | -3.24 | 0.9915 -14.48 -16.2 -9.65
L 1801 | -3.38 | 0.9919 -14.98 -17.4 -9.80
M 1899 | -3.62 | 0.9931 -15.79 -19.3 -10.02
N 2073 | -3.81] 0.9930 -17.24 -20.9 -11.00
0 2024 | -3.80 | 0.9937 -16.83 -20.8 -10.62
P 2072 | -3.82 | 0.9925 -17.23 -21.0 -10.97

Lactat de etil/apa = 45/55 (v/v)

Analit B A . AH° AS° AG? (25 °C)

y KJmol 'K | Jmol’K" | KJmol'K"
A 1427 | -2.97 | 0.9889 -11.86 -13.9 -7.71
B 1495 | -3.08 | 0.9913 -12.43 -14.9 -8.00
C 1765 | -3.43 | 0.9927 -14.67 -17.8 -9.37
D 1739 | -3.34 | 0.9922 -14.46 -17.0 -9.39
E 1780 | -3.49 | 0.9924 -14.80 -18.3 -9.34
F 1876 | -3.67 | 0.9919 -15.60 -19.8 -9.70
G 1921 | -3.71| 0.9913 -15.97 -20.1 -9.99
H 1925 | -3.68 | 0.9913 -16.00 -19.8 -10.09
| 2283 | -4.44 | 0.9897 -18.98 -26.2 -11.18
J 2281 | -4.36 | 0.9900 -18.97 -25.5 -11.36
K 2466 | -4.74 | 0.9894 -20.51 -28.6 -11.97
L 2573 | -5.00 | 0.9892 -21.39 -30.8 -12.22
M 2514 | -4.86| 0.9893 -20.90 -29.7 -12.06
N 2857 | -5.54 | 0.9887 -23.75 -35.3 -13.23
0 2578 | -4.91| 0.9891 -21.43 -30.1 -12.47
P 2774 | -5.40 | 0.9890 -23.06 -34.1 -12.89

Corelatiile care se stabilesc intre datele de retentie a analitilor de interes in cele doua sisteme
alternative de elutie si descriptorii moleculari asociati acestor analiti, descrise in Tabelul 4, pledeaza in
egala masura pentru faptul ca mecanismul de separare nu se modifica la trecerea de la acetonitril la
lactat de etil, drept componenta organica in faza mobila.

3



0 4.5000
y=1.7255x +7.1633 y=0.1873x - 0.4053

ey = 0.9905 fy = 0.9877
4.0000 -

3.5000 +

3.0000 +

2.5000 -

30 °C)

-20 4

AS°

2.0000 +

In k(T

25
1.5000 ~

230 4
1.0000 +

-35 4
0.5000 +

Figura 1a

Figura 1b

-40 T T T 0.0000 T T
-25 -20 -15 -10 -5 0 0.00 5.00 10.00 15.00 20.00 25.00

AH® -AH°

Figura 1. Compensarea dintre entalpie si entropie observata la separarea PAHs pe o faza
stationara de tip ODS, in conditiile elutiei in sistemul acetonitril/apa, respectiv lactat de etil/apa.

Tabelul 4. Relatiile dintre datele de retentie obtinute in cele doua sisteme alternative de elutie
si descriptorii moleculari ai analitilor de interes.

Modificator Descriptor My Vi log P S 0 F L/B
organic Functie M,=f(log k) V,=f(log k) Log P=f(log k) | Log S=f(log k) y=f(log k) F=f(log k) L/B=f(log k)
ACN medie ry 0.9941 0.9918 0.9937 -0.9701 0.9964 0.9974 0.3540
S 0.0010 0.0017 0.0009 0.0007 0.0006 0.0010 0.0111
Lactat de etil |-Medie Ny 0.9800 0.9852 0.9865 -0.9584 0.9832 0.9874 0.4367
S 0.0040 0.0043 0.0024 0.0048 0.0021 0.0023 0.0156
Concluzii:

Este posibila inlocuirea acetonitrilului cu lactat de etil in fazele mobile, pentru separari RPLC.
Ea poate fi consideratd ca fiind utila, Tn conditile actuale de a transforma cromatografia intr-o
alternativa verde in chimie. Lactatul de etil este miscibil cu apa in orice proportie si produce un regim
de presiune acceptat de instrumentatia disponibila comercial. Pentru analitii considerati, o retentie
similara a fost obtinutd cu faze mobile contindnd cu 15% mai putin lactat de etil decat acetonitril.
Pentru a atinge totusi o selectivitate comparabild, fazele mobile contindnd lactat de etil trebuie sa fie
cu cca. 20-25% mai sarace in modificator organic. Desi selectivitatea separarilor cu lactat de etil in
faza mobila nu difera substantial de separarile care utilizeaza acetonitril, durata acestora va fi
considerabil mai mare. Asa cum reiese din functia Van Deemter, rezistenta crescuta la transferul de
masa in faza mobild contindnd lactat de etil impune exploatarea coloanei in conditii optime de
deplasare a fazei mobile. O crestere a acesteia va atrage dupa sine o pierdere semnificativa de
eficientd. Doud mari dezavantaje ale inlocuirii acetonitrilului prin lactat de etil vor trebui totusi luate n
considerare: o lungime de unda de cut-off ridicata a lactatului de etil va reduce drastic sensibilitatea
determinarilor; lactatul de etil de puritate cromatografica nu este disponibil comercial.

Pentru O1A1/ O2A2:

A fost evaluata posibilitatea utilizarii unei faze stationare care functioneaza multimodal (RP +
HILIC) in evaluarea lipofilicitatii intrinseci a unei familii de analiti (oxime cuaternare), care sunt utilizati
ca reactivatori ai acetilcolinesterazei inhibate cu compusi organo-fosforici (sunt compusi care pot fi
potential utilizati ca antidot in conditiile intoxicatiei cu derivati organo-fosforici).

Setul de compusi considerati este ilustrat din punct de vedere structural in Figura 2.




# Substituent Substituent (R) Pozitia functiunii A .
P cronim
(R) oximice
OH 1 Etil -C2Hs 2,3,4 2-PAE, 3-PAE, 4-PAE
NN 2 Butil -C4Hs 2,3 2-PAB, 3-PAB
N 3 Hexil -CeH1s 2,3,4 2-PAH, 3-PAH, 4-PAH
= 4 | Octi -CeHir 2.3 4 2-PAO. 3-PAO, 4-PAO
5 Decyl -C1oHa 2,3 2-PAD, 3-PAD
N 6 Dodecil -Ci2Has 2,3,4 2-PAL, 3-PAL, 4-PAL
N 7 Benzil -CHz-CeHs 2,3,4 2-PABnN, 3-PABn, 4-PABn
| 8 Ethil-fenil ~(CH,)2-CeHs 2,3,4 2-PAPE, 3-PAPE, 4-PAPE
R 9 Propil-fenil ~(CH2)3-CsHs 3 3-PAPP
10 | Butil-fenil -(CH2)4-CsHs 3,4 3-PAPB, 4-PAPB
11 | 4-Metilbenzil | -CH»-CeH,s-CHs 2,3,4 2-PAMB, 3-PAMB, 4-PAMB
12 4-t-Butilbenzil -CHz-C6H4-C(CH3)3 3,4 3-PATB, 4-PATB

Figura 2. Structura chimica a analitilor investigati.

Faza stationara utilizata este un silicagel modificat chimic cu radicali dodecil-diol. Interactia
analitilor cu catena hidrocarbonata face ca mecanismul previzionat de separare sa fie unul de faza
inversa. Totusi, mai ales in contextul utilizarii unor faze mobile foarte bogate in modificator organic (in
speta acetonitrilul), datoritd unui strat de apa retinut prin punti de hidrogen la nivelul hidroxililor
terminali, faza stationard poate functiona si in mecanism HILIC. Aparitia simultand a celor doua
mecanisme, Tn functie de compozitia fazei mobile, face ca retentia sa creasca la cele doua extremitati
ale intervalului in care este situat procentul de modificator organic din faza mobila. La mijlocul
intervalului, este de asteptat o retentie scazuta, generatéa doar de transferul reciproc al analitului intre
stratul lipofil, asociat catenei hidrocarbonate si stratul hidrofil de apa legatd la nivelul hidroxililor
terminali. Procesul este ilustrat in Figura 3.
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Figura 3. Maniere de interactie a analitului la nivelul unei faze stationare cu functionare bimodala.

in contextul ilustrat mai sus, retentia analitilor la nivelul unei astfel de faze stationare, prin
utilizarea unor faze mobile a caror continut in modificator organic variaza in intervalul 0 - 100%, va
urmari un profil parabolic. Minimul de retentie coincide cu situatia ilustratd in Figura 3. Deoarece, in
acest caz, retentia analitului va depinde in mod univoc doar de transferul reciproc al acestuia intre
straturile lipofil si hidrofil, ea trebuie sa fie corelabila cu caracterul intrinsec de lipofilicitate a analitului,
si, in consecinta, cu valoarea log P a acestuia.

Profilele de retentie pe o astfel de faza stationara avand forma parabolica (forma de ,U”), pot
genera informatii care, la randul lor, pot fi corelate cu valorile log P ale analitilor in cauza. Plecand de
la reprezentarile primare k = f(% modificator organic), sau log k = f(% modificator organic), pot fi
identificati o serie de descriptori corelabili cu gradul de lipofilicitate moleculara, dupa cum urmeaza:
Kmin Si log Kmin, reprezentand factorul de retentie minim (respectiv logaritmul acestuia), asa cum rezulta
din profilul de retentie; ISOELUT si LOGISOELUT, reprezentand % de modificator organic din faza
mobila (respectiv logaritmul acestuia) pentru care retentia cromatograficad este minima, asa cum
rezulta din conditia de minim aplicata functiei binomiale ilustrand profilul de retentie; ISOELUT1 si
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LOGISOELUT1, reprezentand % de modificator organic din faza mobila (respectiv logaritmul acestuia)
pentru care retentia cromatografica este minima, asa cum rezultd din conditia de egalitate aplicata
celor doua functii liniare ce descriu partea descrescatoare, respectiv crescatoare a profilului de
retentie; ISOELUT2 si LOGISOELUT2, reprezentdnd % de modificator organic din faza mobila
(respectiv logaritmul acestuia) pentru care retentia cromatografica este minima, asa cum rezultad din
conditia de egalitate aplicata celor doua functii putere ce descriu partea descrescatoare, respectiv
crescéatoare a profilului de retentie; k., respectiv log k,,", reprezentand extrapolarea prin dependenta
liniard a retentiei (respectiv log k) corespunzatoare unei ipotetice faze mobile constituita din 100%
apa; k.”", respectiv log k,”", reprezentand extrapolarea prin dependenta binomiala a retentiei
(respectiv log k) corespunzatoare unei ipotetice faze mobile constituita din 100% apa; Hyl, respectiv
log Hyl, reprezentdnd extrapolarea prin dependentda liniara a retentiei (respectiv log k)
corespunzatoare unei ipotetice faze mobile constituita din 100% modificator organic.
Situatiile descrise mai sus sunt ilustrate in Figura 4a si b.
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Figura 4. Descriptori ai lipofilicitatii, asa cum rezulta ei din profilele de retentie obtinute

pentru analitii studiati pe faza stationara care functioneaza bimodal.

Valorile descriptorilor experimentali ai lipofilicitatii au fost corelate cu valorile log P calculate

prin diverse modele computationale. Rezultatele sunt ilustrate in Tabelul 5.

Tabelul 5. Corelatii intre descriptorii determinati experimental si cei calculati prin algoritmii

cunoscuti.
Coeficienti de corelatie

n o < N O o <
Seturi de valori & 2 %’ < ) % - 8 0 B 5
corelate o O = = 9 9 T = S g 2

< < = 9 X x = < - »
Kmin 0958 | 0977 | 0934 | 0.963 | 0.977 | 0.983 | -0.758 | 0.935| 0.943 | 0.884 | 0.969
l0g Kmin 0938 0977 | 0927 | 0.973 | 0.964 | 0.978 | -0.849 | 0.954 | 0.944 | 0.918 | 0.969
ISOELUT 0842 | 0915| 0.835| 0.942| 0.895]| 0.899 | -0.891| 0.914 | 0.904 | 0.931 | 0.902
LOG ISOELUT 0.809 | 0.881| 0.810| 0.904 | 0.865| 0.873| -0.874| 0.880| 0.855| 0.894 | 0.864
ISOELUT 1 0479 0512 | 0460 | 0508 | 0.484 | 0.529 | -0.518 | 0.577 | 0.393 | 0.537 | 0.503
LOG ISOELUT 1 0.678 | 0.740| 0.661| 0.752| 0.700 | 0.750 | -0.817 | 0.806 | 0.640 | 0.788 | 0.738
ISOELUT 2 0.552 | 0.598 | 0526 | 0.602| 0.558 | 0.621| -0.730 | 0.668 | 0.493 | 0.642 | 0.609
LOG ISOELUT2 0.193 | 0.209 | 0117 | 0.214| 0.201] 0.226 | -0.267 | 0.240 | 0.135] 0.232 | 0.227
Ky " 0.788 | 0.784 | 0.767 | 0.753 | 0.793 | 0.787 | -0.546 | 0.803 | 0.770 | 0.652 | 0.770
log K" 0.847 | 0.862 | 0.836 | 0.843| 0.862| 0.863| -0.672| 0.878 | 0.840| 0.766 | 0.845




kwb'n 0.754 0.812 0.756 0.787 | 0.817 0.800 | -0.570 0.814 | 0.778 0.714 | 0.771

log kWbln 0.139 0.278 0.202 0.304 0.246 0.239 -0.377 0.257 0.259 0.374 0.230

HYL 0.488 0.472 0.479 0.413 0.458 0.502 -0.327 0.520 0.363 0.363 0.464

LOG HYL 0.430 0.405 | 0.420 0.346 | 0.400 0.440 | -0.245 0.464 0.298 0.291 0.396
Concluzii:

Se poate concluziona faptul ca profilul de retentie rezultat in urma separarii cromatografice pe
o faza stationara care functioneaza bimodal (RP + HILIC) poate furniza descriptori ai lipofilicitatii
moleculare semnificativ corelati cu valorile ce rezulta prin aplicarea algoritmilor computationali clasici.
Dintre acesti descriptori experimentali, valorile minime de retentie (logaritmate sau nu, Kmin Si 10g Kmin)
si valorile de compozitie ale modificatorului organic in faza mobila asociate retentiei minime (ISOELUT
sau LOG ISOELUT), sunt cei mai bine corelati cu valorile rezultate prin aplicarea algoritmilor
chemometrici.

Pentru O3A1:

A fost evaluata posibilitatea compararii holistice prin metode chemometrice a amestecurilor
naturale foarte complexe, in speta a ceaiurilor. Aplicarea metodelor chemometrice cunoscute, PCA si
HCA, a fost aplicata la serii de date reprezentand cromatogramele RPLC, respectiv spectrele de masa
(cu monitorizarea ionilor pozitivi, respectiv negativi) a unor extracte de ceaiuri verzi. Se propune si o
alta metoda alternativa de evaluare a rezultatelor, bazata pe regresia liniara. Nevoia unei alternative la
evaluarile chemometrice clasice este generata de capabilitatea limitata a software-urilor chemometrice
de a prelucra seturi foarte mari de date (astfel, software-ul Statistica acceptd matrici de corelatie
limitate la 1000 de variabile, in conditiile in care cromatogramele sau spectrele de masa sunt siruri
numerice cu peste 8000 de termeni). Atata vreme cat tehnicile chemometrice se rezuma in aplicatiile
amintite la o simpla comparare a formelor, este evident faptul ca o frecventa de achizitie crescuta a
datelor va permite reproducerea mai corecta a profilelor comparate. A existat in egalda masura dorinta
de a evalua modul in care repetabilitatea instrumentala afecteaza puterea de discriminare a tehnicilor
chemometrice amintite.

In acest sens, cinci tipuri de ceaiuri verzi disponibile comercial (notate de la T1 la T5) au fost
supuse extractiei in etanol (0,1 g substanta solida la 2 mL de etanol; vortexare 1 minut la 2500 rpm;
pastrare la intuneric timp de 7 zile; centrifugare si prelevarea supernatantului). Extractul etanolic a fost
supus separarii cromatografice, in mecanism de faza inversa, pe o coloana Eclipse XDB C18 (15 cm
x 4,6 mm i.d. x 3,5 ym d.p), cu o faza mobild compusé din acetonitril si solutie apoasa de acid formic
0,1% (v/v) in regim de gradient de compozitie a fazei mobile (min/solvent organic % (v/v): 0.0/5%;
5.0/10%; 20.0/35%; 25.0/55%; 30.0/100%; 35.0/100%; 35.01/5%; 45.0/5%). Frecventa de achizitie a
datelor a fost de 5 Hz. Durata separarii a fost de 35 minute, Tn consecinta, sirurile numerice asociate
unei cromatograme constau din 10500 de termeni. Fiecare proba de ceai in parte a fost injectata de 5
ori succesiv. Pentru PCA si HCA, sirurile numerice au fost reduse prin medierea a 10 valori succesive.
Spectrele de masa au fost obtinute prin infuzia extractelor etanolice direct in sursa de ionizare a unui
spectrometru de masa de tip electrospray, folosind un flux purtator format din acetonitril/solutie
apoasa de acid formic 0,1% = 1/1 (v/v) cu debit de 0,5 mL/min. Spectrele de masa obtinute prin
monitorizarea ionilor pozitivi si negativi au fost masurate cu o rezolutie spectrald de 0,1 a.m.u., in
intervalul 20 -1100 a.m.u. Sirurile numerice astfel obtinute au avut 10800 date. Pentru PCA si HCA,
aceste siruri au fost reduse prin medierea a cate 10 date succesive.

Rezultatele compararii prin PCA a celor 5 tipuri de ceaiuri verzi (cromatograme, (+)MS si
respectiv (-)MS) sunt prezentate in Figura 5 a-c. Se poate observa faptul ca PCA realizeaza
discriminarea intre cele 5 tipuri de ceaiuri verzi. Se poate de asemenea observa ca variabilitatea
instrumentala nu afecteaza puterea de discriminare a tehnicii PCA.

Rezultatele compararii prin HCA a celor 5 tipuri de ceaiuri verzi (cromatograme, (+)MS si
respectiv (-)MS) sunt prezentate in Figura 6 a-c. Se poate observa faptul ca HCA realizeaza
discriminarea intre cele 5 tipuri de ceaiuri verzi. Se poate, de asemenea, observa ca variabilitatea
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instrumentala nu afecteaza puterea de discriminare a tehnicii HCA. Se poate observa ca tehnica HCA,
aplicata cromatogramelor RPLC asociaza ceaiurile T1 si T4, respectiv T2 si T5. HCA aplicata
spectrelor de masa a ionilor pozitivi asociaza ceaiurile T2 si T3, respectiv T4 si T5. HCA aplicata
spectrelor de masa a ionilor negativi asociaza in acelasi mod ceaiurile T2 si T3, respectiv T4 si T5.
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Figura 5. Prelucrari PCA a datelor provenite de la analiza RPLC-UV, (+) MS si (-) MS a celor 5
tipuri de ceaiuri verzi.
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Figura 6. Prelucrari HCA a datelor provenite de la analiza RPLC-UV, (+) MS si (-) MS a celor 5
tipuri de ceaiuri verzi.

O maniera noua de comparare a datelor experimentale se bazeaza pe utilizarea regresiei
liniare. Cele 5 siruri numerice obtinute pentru fiecare ceai in parte (Tx1 - Tyxs) se compara prin
reprezentarea succesiva a cate doua siruri (unul plasat in abscisa, celalalt in ordonata - Vezi Figura
7). Pentru graficul de corelatie, se calculeaza dreapta de regresie (caracterizatd prin pantad si
intercept) si coeficientul de corelatie. Pentru cele 20 de aranjamente posibile (aranjamente de 5 siruri
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luate cate 2), se calculeaza valorile medii ale pantelor, interceptiilor si coeficientilor de corelatie,
precum si abaterile standard asociate. Pentru fiecare parametru al regresiei liniare in parte se
stabileste un domeniu normal de variatie (medie +/- 2 x abatere standard). in cazul comparatiei a
doua ceaiuri (de exemplu Ty si T,) se vor compara reciproc doua seturi a cate 5 siruri numerice.
Comparatia T,/T, va pastra intotdeauna sirurile asociate probei T, in abscisa. Se obtin astfel 25
regresii liniare, caracterizate prin panta, intercept si coeficient de corelatie. Se calculeaza valorile
medii asociate si domeniile normale de variatie. Se vor reprezenta in spatiul tridimensional domeniile
normale de variatie pentru cei 3 parametri ai regresiilor liniare (Ox - panta, Oy - intercept, Oz -
coeficient de corelatie). Volumele astfel generate indica in ce masura compararea probelor intre ele
se situeaza la distanta mai mare sau mai mica de volumul generat de compararea sirurilor in interiorul
fiecarui tip de proba (pentru a fi si mai ilustrativ, pentru probele individuale de ceai repetate fiecare de
cate 5 ori, se poate alege volumul determinat de variatile maxime pe cele 3 axe de coordonate).
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Figura 7. Compararea prin regresie liniara a sirurilor numerice experimentale rezultate prin
analiza succesiva a extractelor etanolice din ceai verde.

O astfel de maniera de comparare reduce drastic numarul variabilelor, de la cateva mii la doar
trei (pantd, intercept si coeficient de corelatie). In acest fel, sirurile de date experimentale pot fi
generate cu un numar practic neliminat de termeni, ceea permite considerarea cu mare acuratete a
profilelor comparate.

Pentru interpretarea mai usoara a comparatiilor efectuate, in Figura 8a-c sunt prezentate
proiectile volumelor generate in cele trei planuri (xOy, yOz, xOz) pentru cazul probelor de ceai
analizate prin (+)MS.
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Figura 8. Proiectile volumelor in cele trei suprafete ale spatiului cartezian rezultate in
urma compararii spectrelor (+)MS ale extractelor etanolice din ceaiuri verzi reprezentate
prin reducerea dimensionalitatii de la 10800 de variabile la numai 3.
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Se poate lesne observa ca, metoda permite discriminarea intre cele 5 tipuri de ceai (fiecare
proba fiind analizata de 5 ori succesiv). Suprafetele rezultate din comparatia T4-T5, respectiv T2-T3,
se plaseaza in imediata apropiere a suprafetelor determinate de compararea celor 5 repetari pentru
fiecare din cele 5 tipuri de ceai, ceea ce confirma observatii HCA (ceaiurile T4 si T5 se grupeaza, asa
cum se grupeaza ceaiurile T2 si T3).

Concluzii:

Metoda de reducere a variabilelor experimentale prin considerarea parametrilor regresiilor
liniare (panta, intercept si coeficient de corelatie) rezultate prin compararea sirurilor de date furnizeaza
informatii cel putin comparabile cu metodele chemometrice PCA si HCA. Variabilitatea instrumentala
nu influenteaza puterea de discriminare a nici uneia dintre metodologiile discutate.

Pentru O4A1:

Se evalueaza posibilitatea injectiei de volume mari de lichide supramoleculare (SUPRAS).
Lichidele supramoleculare sunt mentionate in literatura (F.J. Ruiz et al., Anal. Chem., 2007, 79, 7473-
7484; A.B. Gomez et al., Anal. Chem., 2012, 84, 342-349; C. Burton et al., Anal. Chem., 2013, 85,
11137-11145) ca fiind obtinute n sisteme ternare apa/solvent organic/agent tensioactiv neionic. Mai
precis, este vorba de coacervarea in micele inverse a alcanolilor sau a acizilor grasi carboxilici in
medii contindnd apa si tetrahidrofuran. Lichidele supramoleculare alcatuite din agregarea micelelor
inverse pot servi drept medii de extractie cu potential experimental foarte important, deoarece pot
retine compusi polari in mediul din interiorul micelei, compusi apolari in mediul hidrofob produs de
lanturile hidrocarbonate (peretele micelar), dar in acelasi timp exercitdnd un efect de excluziune
stericd a compusilor cu moleculd mare (de ex. proteine, acizi humici, polizaharide) din matricea
extrasa. Potentialul utilizarii lichidelor supramoleculare ca agent de extractie este evident, atat pentru
analiza de mediu, cat si in bioanaliza.

Deoarece sensibilitatea determinarilor este influentatd in mod direct de volumul de proba
injectata, studiul injectiei de lichide supramoleculare in cromatografia de lichide reprezintad un subiect
de interes evident.

S-a studiat efectul injectiei de volume mari de proba a unor solutii contindnd carbamazepina,
obtinute in apa, tetrahidrofuran, octanol, si solvent supramolecular preparat in sistemul apa/THF/n-
octanol. Separarea s-a realizat pe o coloana ODS 5cm L x 4,6 mmi.d. x 1,8 um d.p., utilizand o faza
mobila constituitd din solutie apoasa de acid formic 0,1% (v/v) si acetonitril. Debitul utilizat a fost de
0,6 mL/min, iar temperatura coloanei a fost mentinuta la 25 °C. Detectia este UV, la 254 nm. Volumele
de injectie utilizate au fost de 1, 5, 10, 20, 50 pL, iar cantitatea absoluta de analit incarcata in coloana
a fost de 1 pg. S-a lucrat atét in conditii izocratice, cu 75% componenta apoasa in faza mobila, cat si
in conditii de gradient de elutie (10% componentad organica pentru 1 min., la 100% componenta
organica in 6 min., unde se mentine timp de 5 min.). Au fost injectate solutii de carbamazepina in apa,
tetrahidrofuran, octanol si SUPRAS. Rezultatele sunt prezentate in Figura 9 a-e. SUPRAS a fost
obtinut prin amestecul a 1,5 mL solutie apoasa de carbamazepina, cu 1,5 mL THF si 0,35 mL octanol.

Se poate observa ca THF utilizat ca solvent inplica injectia unui volum foarte redus de proba
(max 1 pL). Injectia Tn octanol poate fi de 20 pL, in conditiile izocratice date. In aceleasi conditii,
volumul maxim de SUPRAS injectat poate fi de 10 yL. Aceasta limita se conserva si in cazul elutiei in
gradient.

Concluzii:

Volume relativ mari de lichide supramoleculare pot fi injectate in cromatografia de lichide (a nu
se ignora faptul ca pentru coloana considerata, volumele de injectie recomandate sunt de 1-2 pL).
Aceste rezultate preliminare indica potentialul semnificativ al utilizérii SUPRAS ca agent de extractie
in procesele de pregatire a probelor complexe de mediu sau biologice.

10



nnnnn

Figura 9. Injectii de volume crescatoare a 1 pug carbazepina dizolvata in (a) apa; (b)
THF; (c) Octanol; (d) SUPRAS in conditii izocratice si (e) SUPRAS in conditii de elutie in
gradient.

Concluzii generale

In perioada 16 Decembrie 2014 — 15 Decembrie 2015, echipa proiectului a realizat 2 articole
publicate in reviste cotate ISI, dupa cum urmeaza:

1. P. Lazar, S. Udrescu, F. Tache, F. Albu, N. Grinberg, A. Medvedovici, Revisting large
volume injection in non-miscible diluents: an on-line reversed phase supported liquid extraction / liquid
chromatography scenario, Analytical Methods (2015) 7(1) 342-352. |.F.=1.821

2. F. Micale, F. Albu, E.E. lorgulescu, A. Medvedovici, F. Tache, Ethyl lactate as a greener
alternative to acetonitrile in RPLC: A realistic appraisal, Journal of Chromatographic Science (2015)
53(10) 1701-1707. |.LF.=1.363

Rezultatele prezentate in publicatile enumerate mai sus corespund urmatoarelor obiective
(O) si activitati (A) ale proiectului:
Publicatia 1. O4A1;
Publicatia 2. O1A2; O2A1;
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Diseminarea rezultatelor obtinute prin derularea proiectului s-a efectuat si prin prezentarea
unor conferinte plenare in cadrul urmatoarelor simpozioane:

Simpozion 1. International Workshop "Food Chemistry & Engineering”, Ovidius University of
Constanta, Faculty of Applied Sciences and Engineering - Romania, Mai 15-16, 2015; conferinta
plenara: Green chromatographic assay of PAHs in dietary supplements and foodstuff (A.
Medvedovici, F. Micale, E. Tache), Book of Abstracts: KN1 - pg. 7.

Simpozion 2. 1% International Conference "From science to guidance and practice, 19-21 Octombrie
2015, Bucuresti - Romaénia; conferinta plenara: Chromatographic approaches for evaluation of the
hydrophobic characteristics of chemical compounds with emphasis on newly developed separation
mechanisms (A. Medvedovici, V. Voicu), Book of Abstracts: - pg. 1, 56. ISBN: 978-973-708-854-3.

Publicatiile si conferintele plenare amintite anterior contribuie si la obiectivul O5A1, O5A2 al
proiectului, privitor la diseminarea rezultatelor cercetarii. Publicatiile de mai sus includ la sectiunea
Acknowledgements referirea la grantul de cercetare in derulare. Prezentarile Power Point ale
conferintelor plenare amintite contin pe ultima plansa referirea la grantul de cercetare in derulare.

Publicatiile (pagina 1 si pagina continand sectiunea Acknowledgements sau acceptul pentru
publicare) au fost postate pe site-ul proiectului http://www.chimie.unibuc.ro/cercetare/analitica
/lvihplc/index.htm. Prezentarile la conferintele mentionate au fost postate, in integralitate, pe acelasi
site.

Gestionarea si actualizarea permanentad a site-ului proiectului rdspunde in egald masura
Obiectivului 5.

Datele obtinute, manuscrisele publicate (sau acceptate pentru publicare) si conferintele
plenare prin care s-au diseminat rezultatele, sunt conforme si cu obiectivele, respectiv activitatile
redistribuite Tn urma modificarii duratei proiectului (Anexa IV la contractul de finantare nr. 310/2011).
Varianta in limba Engleza a prezentului Raport Stiintific este disponibila pe site-ul proiectului.
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Universitatea din Bucuresti

Sos. Panduri nr. 90-92, Bucuresti-050663, Romania
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According to some recently publshed studies, large volume inpection (L) of dduents immiscinle with the
suents used In reversed phase blqud chromatography [RPLC) appears to be fzasinle, despite the widely
acceptad mules governing inEcton related phenomena The process was previously descnbed and was
successfully applied in practice. The present study describes a simple theoretical model explaining LVI of
dilusnts mmEcinie with the mabile phase in BPLE: the model relies on the on-ine couping of reversed
phase supported bgud extraction (RP-5LE) to the chromatograpnic separation. The complance of the
theoretical model with expenmental observations was tested by uwsing data collected Tor VI of a
homologous senss of para-hydrosy alkyl benzoates fmethyl etnyl propyl, butyl pentyl, hesyl and octyl
congenars) in bgued akanss (hewans, heptans, =o-octans decans and dodecans)l The 5P conssted of
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Large Volume Injection (LVI) in chromatography relates to the
continuous challenge of increasing method  sensitivity.™*
Injection phenomena arising in liquid chromatography (L)
were extensively studied with respect to the strength™" and
vizeosity'=" of the sample diluent ([)) and their recurrent impact
on the chromatographic parameters illustrating etention, band
spread, and peak shape. The injection produces a thermody-
namic disturbance in the chromatographic system. Column
loadahbility in a LVl complex phenomenon depends directly on
its intrinsic characteristics (length, internal diameter, particle
size, and phase ratin), mobile phase (MFP) composition and
elution conditions, D characteristics, and the specific properties
of the analytes (4). LC injection phenomena should be also
congidered in a close relationship with the widely applied
sample preparation methods, primarily delivering the target
compounds in a wide variety of organic solvents.'* Moreover,
remaoval of solvents producing unwanted phenomena in LC and
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their replacement by adequate ones strongly impacts on the
characteristics of the sample preparation approaches and
directly influences the overall accuracy and precision.

The possibility of using D immiscible with the MF in RPLC
was already demonstrated.”** The process was successfully
applied in the pharmaceutical field“-* and in bicanalysis =-2
Injection in immiscible [ was also used for estimation of the
hydrophobic characteristics of a series of pharmaceutical
compounds® However, determination of the retention corre-
sponding to a hypothetical condition assuming the absenoe of
the D is more related to the intrinsic behavior of the analvte in
the chromatographic column, rather than an illustration of
injection related phenomena.

The possibility of introduction in the chromatographic
column of large volumes of samples in immiscible D to the MP
was explained through the competitional equilibria between the
analyte and the D molecules for the adsorption sites in the
stationary phase (SP)L% Consequently, the process hecomes
experimentally possible, without affecting peak shapes, if the
affinityof the D for the 5P is higher than that of the analvie, Asa
dimet consequence, a part of the 5P in the column's head
becomes unavailable for the compounds contained in the
sample, their retention lineardy decreasing with the increase of
the injection volume. It results that an essential condition for
achieving LVI of immiscible D in RPLL is an increased hydro-
phobic character of the D compared to analytes. The process
generally occurs with a loss in the peak efficiency, although
band forusing was also reported in some apecific conditions, ™
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log K, of the studied compounds.

injection of 1 pL solution in methanol (accounted only for the
chromatographic separation process) is added to the plot, the
correlation coefficient is reduced to 0.9609,

One can conclude that the thermodynamic study revealed
the existence of the distinctive LLE and the RF chromatographic
stages, As both stages are based on similar interactions of the
analyte distributed between a hydrophobic phase [ and 5F)
and the MP, van't Hoff plots remain linear, The slight increase
of the enthalpy on increasing the D volume is well compensated
by the entropy change. Through analyzing the compensation
plots, the small difference between the chromatographic sepa-
ration taken alone and the on-line coupling between EP-SLE
and BPLC resulted in a reduction of the correlation coefficients.
A large entropy change indicates that the solute molecules are
retained with less random movement in the SP than they were
in the [ layer.

1.5 Hwlrophobicity indicating scale

From eqn (19) it results that the slope of the linear regression
by = fla) depends on the retention factor of the model
compound in the chromatographic column and its partition
constant from the MP to the D (K). Consequently, the slope of
the linear regression should globally empress the affinity of the
analyte towards hydrophobic media (the D and the 5F), or
towards the hydrophilic MP. Thus, a correlation between the
lof Kow of the analytes and the slope of the linear regression kg
= fla) should be ohservable. Fig. 5 illustrates the correlation
between the calculated log K, values of the target compounds
and the logarithms of the slopes of the lincar regressions i, =
[fiz), taken as absolute values, when using heptane as D on
injection. One can observe the excellent comwelation between the
two sets of data,

Similar correlations were established between log Kew and
the logarithms of the absolute slopes resulting from the injec-
tion of all analytes in the other I (see the ESLT Part 7). In fact,
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the data generated in all D are similar, as long as their hydro-
phaobic characteristics are similar with respect to the hydro-
phaobic characteristics of the SP. [t appears that the slope of the
lingar relationship between Ly and o may successfully act as a
hydrophobicity descriptor.

4. Conclusions

Large volume injection (LVI) of immiscible [ in reversed phase
liquid chromatography [RPLC) may be successfully described by
means of a reversed phase supported liquid extraction process
(EP-SLE) on-line coupled to the chromatographic separation.
The simple mathematic model being developed fully explains
the linear relationship experd mentally established between the
apparent retention factor (k) and the reduced injected
volume (& = V¥ ") The model is based on the immobiliza-
tion of the D plug immediately after its trmnsfer in the column’s
head, followed by the formation of MP channels. The formation
of MP channels leads to inflation of the D plug and allows
liguidliguid extraction of the analytes. The chromatographic
separation follows the SLE process in the part of the column
remaining after inflation of the D plugup to its maximal extent.
The model allows the calculation of the column cross-section
ocoupied by the D. The model was verified on a homologous
series of parg-alkyl hwdroxybenzoates, using hexane, heptane,
iso-octane, decane, and dodecane as D A rapid liguid-liquid
extraction from the D in the MP leads to analyte focusing and
improves band spreading in the case of rapidly eluting
compounds, as compared to the situation of injection of large
volumes of samples dissolved in the MP. For analytes poorly
extracted from the [ by the MP, band spreading is limited by re-
focusing in the SP. It was experimentally proven that D satura-
tion of the MP is not responsible for the retention factor
reduction under the given conditions. The SLE and RPLC
processes  consecutively acted according to the proposed
mechanism, and are obsemable in the enthalpy-entropy
compensation plots, if compared to the chromatographic
separation conditions taken alone. It also results that the
logarithm of the slope of the linear relationship between by,
and «, taken as the absolute value, may successfully act as a
hydrophobicity deseriptor. IV of immiscible D in RFLC is also
one of the most direct proofs that the chromatographic reten-
tion mechanism is based on adsorption. Under the experi-
mental conditions, the adsorption based chromatographic
retention is “guenched” by the D
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Abstract

Appropriate substitution of acetonitrile (ACN) in mobile phases for reversed-p hasa liquid chromatog-
raphy [RPLC) by low toxicity, ecologically friendly alternative solvents emargas as a graaner ap-
proach in sepamtion sciances. Ethyl lactate is considared as a green sohlent in organic synthasis,
industrial extraction processas and many other applicative fialds. Its ability to substituta ACN in mo-
bila phases for RPLC application s was baraly investigatad, The feasibility of such a raplacermeant was
tested for the separation of the mixtura of 16 polyeyclic aromatic hyd e arbons listed by the Environ-
mantal Protaction Agency. The analytical approach was found to be achievable, with some compmo-
misas intarms of elution order, peak efficiency and UV detectability. Thermodynamic aspects of the
chromatographic process ware also comparatively assessed. Corralations betwean tha elution ordar

and some molacular descriptors wem also discussad.

Introduction

The sense of a “green” chromatographic solvent expresses the goal to
mundmmze the environmental imrpact r\=11.|.|'ru1.3 From its use in the Sepa-
rati on process, The degree of greenness of an organic solent & provid-
edby its environmental | healthand salety (EHS) properties andithe life
cycle amemment (LCA) (1, 2}

Chromatographic echndgues have the potential to be greener dur-
ing all steps of the analyss, Fom sample collection and preparation to
separation and final determination. The approaches to get greener sep-
arations differ according to the type of chromatography. In bguid
chromatography, the main direction focuses on the reduction of sol-
vent Consurm e and r\ep|m'nu1.f af inode and envi ronmenta U'y haz-
ardious sulvents with more benign altematives (1), The most popular
green solvents are water, supercrtical carbon diowide (OO and jonde
bepuids, In spite of the increasing interest, less attention was given to
bio-based solvents and today some of them are already commercial -
tredd, ie, propylene carbonate, ethyl lactate (EL) and n-limonene (4],

The reduction m solvent consumption has been already discussed
(5], and some environmental friendly solvents have been also used:
weater (i), ethanal or iso-propanal (7], supercritical COy (8] and
pr\c:-'p‘ﬂmc:rh-cmfe {5=11}

{0 Tha Buotor 2005, Published by Oxdomd Uriversity Press. Al rights messrued. For Pemissions, pleass smait joormalks. prermssors@ooncom
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EL is one of the most promising candidaies among the known
alemative green organic solvents (12, 13). It is o varo readily
metabolioed to ethanal and hotic acid due i the esterase encymatic
activity, The ecotomicity of EL & also very low, as it rapidly and
completely undergoes biodegradability. In case of vapor release, EL
isa non-omne-depleting fluid, lis production from carbohydrate feal-
stock a5 starting materials makes it economically attractive, EL has
been successhul ly used in mdustrial extractive processes {14}, as disper-
sion solvent in magnetic tape costing (15], as co-solvent in organic
synthesis (16, 17} or surfactantless microemukions {18) and constim-
ent i skin protective formulations, A single repornt about fhe use of EL
as an omganic modifer in reversed -phase liquid chromatography
(RPLC) was identified in the edsting Lterature {15). The application
refers to the separation of paracetamaol, aspinn and caffeine in phar-
maceutical products, The content of EL in the mobile phase was lim-
ibed o 10094, the Separaton req_ul.rbd. acidic addition m the ehent (3%
acetic acidic) and the column was thermostated at §0°C,

Theaim of the present work was tohave a deeper msight about the
possbdity of ACN replacement by EL m RPLC applications. The set
of the analytes was mereased to 16 and consists n a2 mixiere of poly-
q.--:hc Aroamatic ]1.1_.-d.r\cx_'1 rhons (PAHS). The shtion was carmed out ot

m7m
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Table ll. Functional Correlation Between Molec ular Descripiors and Experimental Retention Data O btained Under ACN and EL Elution

Conedifions
(rganic modifier  Descriptor M, Vi log P 5 F3 F LB
Funcrion Mo=flgkl V,=fllbgkl LogFP=fllgkl LlLogS-flghkl r=flogkl F=flghk LiB = fllog k]
ACN Mean g, 041 LUREE ] 37 =970 0354 0.9974 03540
St dew QL0010 LT L0 a7 0004 0.0010 RN
EL Mean o, LAR00 0.SR52 MLIR&S =(L9584 0.5R32 09874 04367
St dew L0040 0043 L0024 L0048 21 0.0023 00156

The funcrional correlagon & expresssd as She mean valoe of the conelagon coefficens (| considening reencion dara under the differens regad mohde phase

[t e boeata

m-octanal and water {log P, Well-known geometrical deserprons for
PAHs are the van der Waals volume Vel and the van der Waals sur-
Bce area (A,). Other descr ptors refer to the molecular shape (length
i breadth ratio—LiB) orto the molecular topol ogy (the connectivity
index—y and the correlation factor—F). Maore often, by plotting the
experimental retention factors versus these descriptors and finding
the descriptors that produce the highest aorrelation, onecan determine
the most important factors controlling retention (23, 24).

Our aim was i compare comrelations obfained between some mo-
lecular deserprors {(Supplementary Material, Part 1) and the reention
behavior of PAHs under ACN and EL elution asnditions. If such eor-
relations do not substantially differ, one can consider that the shift
From ACH to ELin the mobile phase composition does not alter ner-
actions of the studied compounds with the stationary phase, Correla-
tion data are given in Table IL

One can observe that inear relationships were obtamed between
the considered maolecular descripiors and the logarthms of the reten-
tion factors, except for L/, Betier comelations are always obtained
when ACH is used 25 an orgamic modifier. However, correlations ob-
tained under EL elution conditions are not significantly lower, mean-
ing that mteractions solutes-stationary phase are basically the same
Bt that confirms also the thermodynamic aspects before mentioned,

If assuming that the cheom atographic separation of the tamget com-
pounds i driven by hydrophobicinteractons and ako cons dering the
eperimental findings with respect to enthalpylentropy com pensation
fillustrating that the replacement of the organic modifier has bitle in-
fluence on the analytektationary phase interactions ), the revemsal of
the elution order from some compounds under ELwater elution con-
ditions merits at least a tentative explanation, The reversal of the elu-
tiom order anses among DVC, ML, and O com pounds (i ustrating
achange in selectivity under ELfwater elution conditions) charactenz-
es analytes with very similar or identical kg P (for instance, com-
pounds M and L have log Pevalues of 552, whereas compounds B,
O anad P have log Povalues of 6.22), However, their water solubil ities
are d ifferent Iﬁupplﬂ'nmt:ry Material Part 51}, Information about
their sohubilites in ACN and EL is miming in the extting |terature,
i order to ames some comrelatons with the elution order, It may
be possible that the specific diflerent solubilities in the mobile phases
{ACH fwater and Elfwater, respectively ) are responsible with the re-
versal in the elution order within some groups of compounds charac-
teried by very smilaror identical log P,

Conclusion

Replacement of ACN by EL in mobile phases for RPLC appears to be
feasible, This may be considered an useful imue in the acual general
tendency of greening chromatographic processes, EL s fully miscible
with water and produces pressure drop regimes accepted by the usual
available instrumentation existing on the market, For the tesped

16

solutes, similar retention was obtained in mobile phases contaming
~15% of less EL Dm'np:md with ACN-baxed ones. However, for a
similar selectivity of the separation process, ~20=25% of less EL com-
pared with the ACN elution conditions i needed . Although optimized
selectivity with EL i the mo hile phase does not differ substantially
from that ohtaned under ACN eluition conditons, the :I'ﬂllLiTEd. dura-
tion of the separation proces is lager. As observed from the Van
Deemier plot, the increased resistance to the mass transfer m the mo-
hile phase, when using EL, mmposes working conditions close to the
optimal speed of the eluent through the column, further merease n
the flow rae generating an import ant reduction of eficiency. Two
major drawhbacks make ACH replacement by EL to be considened
with precautions. The first one refers i detection reasons: the cutof
wavelength of EL & sgnificantly much higher than that of ACHN. Con-
sequently, when using LTV detection, especially for rich omganic mod-
ifter mobile phase compositions and for separation of solutes lacking
of chromophores, detectability under EL elution conditions may be
fully compromised. When moniton ng chromatograms at lower ana-
lytical wavelengths, under EL gradient ehition conditions, the shif
of the baseline and the nodse will seriously affect the analytical resuls.
The second drawhack refers to the lack of availability fat least for the
maoment) on the market of chromatographic grade EL. Another sens-
ble ssue, which was not addresed in this work, deaks with the chem-
ical stability of EL under using acidic or alkaline condtions in the
maobdephases. Toconclude, ACH replacement by EL mn mobile phases
used in iquid chromatography & possible, but should be considened
with precaution,

Supplementary material

Supplementary materiak are available at Josermal off Clrosmd fogra prlrie
Seternce {httpefchromscl, oodhord) oumals omg L.
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