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Aspecte teoretice (modelarea procesului)

Conform aspectelor comentate in raportul coroborat pentru perioada 2011-2013
(intocmit Tn luna Octombrie 2013), echipa proiectului propusese o0 noua modelare a
procesului de injectie a volumelor mari de proba dizolvata in solventi nemiscibili cu faza
mobila. Noul model propus si sustinut de date experimentale reconsidera procesul ca o
cuplare on-line intre extractia lichid-lichid cu faza extrasa imobilizata in pat solid (RP-SLE) si
cromatografia de lichide cu mecanism in faza inversa (RPLC).

Procesul poate fi sumar descris prin urmatoarele etape: I. transportul "dopului” de
diluent in capul coloanei cromatografice; lla. procesul de formare a canalelor de curgere a
fazei mobile prin "dopul” de diluent, simultan cu procesul de extindere spatiala a acestuia in
capul coloanei cromatografice; llb. extractia analitilor din diluent in faza mobila (faza extrasa
este diluentul, faza extractantd este faza mobila; faza extrasa este imobilizata la suprafata
fazei stationare din coloana cromatografica); llla. continuarea procesului de extractie lichid-
lichid a analitilor intre diluent si faza mobila si "re-injectia” analitilor in faza stationara libera
existenta imediat dupa zona ocupata de diluent, ajunsa la extensia maxima; lllb. migrarea
fronturilor analitilor in coloana cromatografica ramasa liberd si realizarea separarii
cromatografice propriu-zise.

Pentru modelul prezentat, urmatoarele conditii simplificatoare au fost asumate: 1.
diluentul (D) Tnlocuie complet faza mobila (FM) in capul coloanei cromatografice, imediat
dupa injectie; 2. "dopul” de diluent ramane imobil dupa transferul sau in capul coloanei
cromatografice si dupa extinderea sa spatiala maxima; 3. solubilitatile reciproce ale diluentului
si fazei mobile sunt considerate neglijabile; 4. caracterul hidrofob al diluentului este
semnificativ similar cu cel al fazei stationare (FS); 5. modelul nu ia in considerare transferul
de masa longitudinal/axial si radial/transversal avand ca efect largirea frontului analitului;
transferul de masa radial/transversal este considerat instantaneu, pe cand difuzia
longitudinala/axiala este considerata nula; 6. numarul de canale prin care FM penetreaza
"dopul” de diluent este semnificativ similar cu numarul de canale de curgere ale FM prin
umplutura coloanei cromatografice; 7. contributia FS la distributia analitului in zona ocupata
de diluent este neglijabila, cu alte cuvinte contributia FS la dilutia analitului in zona cu diluent
este minima; 8. fenomenul de digitatie viscoasa (viscous fingering) la interfetele dintre
lichidele nemiscibile este neglijabil.

Neglijarea fenomenului de digitatie viscoasa nu este intdmplatoare. La interfata dintre
diluent si faza mobila, fenomenul de digitatie viscoasa este anulat prin extinderea zonei de



diluent (etapa lla.). La cealalta interfata faza mobila/diluent, digitatia viscoasa este practic
anulata de formarea canalelor de curgere ale FM prin "dopul” de diluent.

In urma aplicarii unui algoritm de calcul (prezentat in raportul anterior, dar si imbunatit
din punctul de vedere a formalismului matematic) se ajunge la urmatoarea expresie a
factorului de retentie aparent (kapp) pentru un analit injectat in coloana cromatografica intr-un
volum mare de diluent nemiscibil cu faza mobila
kapp=%+k(l—m)=oc(§—tkj+k [1]
unde o=V;y/Vy este volumul de injectie redus (Vo fiind volumul mort al coloanei),
K reprezinta constanta de distributie a analitului A intre FM si diluent,
1 este factorul de extensie a zonei ocupate de diluent, 1=S¢/(Sp-S1), unde Sy este
sectiunea efectiva de curgere a FM prin coloana cromatografica iar S1 este sectiunea efectiva
de curgere a FM prin zona ocupata de diluent (dupa extensia sa spatiala finala),

k este factorul de retentie al analitului in cauza, determinat in urma injectiei unui
volum mic de proba dizolvata in faza mobila.

Daca relatia [1] descrie observatiile experimentale (mai precis scaderea liniara a
factorului de retentie aparent odata cu cresterea volumului injectat), panta relatiei liniare (K/2-
1K) ar trebui sa fie negativa, ceea ce ar fi echivalent cu situatia in care K<2*Ky*S/S,, unde Kq
este constanta de repartitie cromatografica a analitului in coloana, S este sectiunea efectiva a
fazei stationare in coloana, iar S, este sectiunea efectiva a diluentului dispus in faza
stationara dupa extinderea la maxim a "dopului” de diluent.

Din datele experimentale ce urmeaza a fi detaliate, se observa ca factorul de retentie
aparent kapp depinde mai putin de valoarea K, dependenta sa functionala in raport cu o fiind
datorata termenului k. In consecinta, se poate considera ca variatia Kapp CU o (0k,, /O ) este

preponderent influentata de factorul de extensie 1 al diluentului. Factorul de extensie al D este
un parametru geometric si nu trebuie corelat cu nici un fenomen de repartitie cromatografica.
El va depinde doar de fortele care intervin la interfata D/FS respectiv D/FM. Stabilizarea unui
film de diluent de o anumita grosime la suprafata FS poate fi interpretata prin intermediul
fortelor care apar la interfete intre filme subtiri (disjoining forces).

Date experimentale

S-a studiat efectul diluentului la injectia unui amestec multicomponent constituit din
analiti caracterizati prin valori log P diferite. Studiul s-a efectuat pe o singura faza stationara,
in conditii de debit si temperatura bine definite.

Solutii proba: Amestecul de separat contine urmatorii analiti: metil paraben (log
P=1,96), etil paraben (log P=2,47), propil paraben (log P=3,04), butil paraben (log P=3,57),
pentil paraben (log P=3,96), hexil paraben (log P=4,35) si octil paraben (log P=5,43). Solutiile
stoc au fost obtinute prin dilutia 1/20 din solutii 2000 pg/mL in metanol (in cazul diluentilor
hexan, heptan si izooctan) sau acetat de etil (in cazul diluentilor decan si dodecan). Diluentii
enumerati sunt la randul lor caracterizati prin urmatoarele valori log P: hexan — 3,90; heptan —
4,66; isooctan — 4,09; decan — 5,01; dodecan — 6,10. Solutiile corespunzatoare volumelor de
injectie mai mari de 1 uL se obtin prin dilutia corespunzatoare a solutiei stoc n diluentul dorit,
in asa fel incat cantitatea de analit incarcata in coloana sa fie intotdeauna 200 ng.

Volume injectate: 1, 5, 10, 20, 50, 75, 100 L.
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Coloana cromatografica: Zorbax SB- C18 , 5 cm x 4,6 mm id. x 1,8 ym d.p,,
termostata la 25 °C.

Conditii cromatografice: Solventul A — apa de uz cromatografic; Solventul B —
acetonitril; Elutie Tn conditii izocratice. Compozitia fazei mobile: Solvent A/Solvent B = 60/40
(v/v). Debitul a fost de 1,5 mL/min.

Detectie: DAD, lungime de unda analitica 254 nm.

Abordéari concomitente: S-au determinat constantele de repartitie K ale analitilor de
interes, la distributia acestora intre heptan (ca diluent) si faza mobila. Determinarile s-au facut
prin metoda “palniei de separare”, prin amestecarea de volume egale de diluent si faza
mobila. Analitii, existenti in diluent, au avut o concentratie initiala de 10 ng/mL fiecare.
Echilibrul de distributie a fost considerat a fi obtinut dupa o amestecare timp de 24 ore, la un
mixer orizontal, cu o viteza de 500 rpm. Determinarile cantitative s-au efectuat folosind
metoda cromatografica prezentata, si calibrarile adecvate. Bilantul de masa determinat prin
insumarea cantitatilor analizate in cele doua faze dupa obtinerea echilibrului de distributie in
raport cu cele initiale s-au incadrat in intervalul 98,1 - 100,6%.

Analitii considerati au fost separati si in conditiile in care faza mobila a fost in mod
deliberat saturata cu heptan. Operatia s-a realizat prin agitarea unei faze pre-amestecate
apa/acetonitril 6/4 (v/v) cu heptan, timp de 24 ore, in raport volumetric 17/1. Analitii au fost
injectati sub forma unor solutii in metanol (concentratie nominala individuala 1 mg/mL),
volumul injectat fiind de 1 uL. S-au realizat injectii succesive pana la obtinerea unei retentii
stabile.

Pentru efectuarea unor investigatii de natura termodinamica, solutul butil-
paraben (dizolvat in heptan) a fost injectat in coloana cromatografica folosind volume
crescatoare (20, 40, 60, 80 si 100 pL), in conditile in care temperatura procesului de
separare a fost variata in intervalul 20-45 °C, cu increment de 5 °C. Ca referinta, s-a injectat o
solutie de analit in metanol (volum injectat 1 pL) in conditile de lucru specificate.
Determinarea valorilor de entalpie si entropie standard aparente asociate procesului s-a
realizat prin trasarea dependentelor functionale van't Hoff (In kapp = f (1/T)).

Rezultate si discutii

Datele experimentale arata in mod explicit faptul ca, indiferent de analit sau diluent,
factorul de retentie aparent (kapp) Scade odata cu cresterea volumului injectat, respectiv odata
cu volumul de injectie redus (a). Rezultatele sunt prezentate in Tabelul 1. Regresiile liniare in
cauza au intotdeauna pante negative. De remarcat ca indiferent de situatie, coeficientii de
corelatie determinati sunt mai mari de 0,99.

Deoarece constantele de repartitie (K) ale analitilor intre heptan si faza mobila au fost
determinate experimental, in conformitate cu formalismul prezentat in raportul anterior dar si
in articolul publicat in Analytical Methods, se pot calcula 1, lungimea maxima ocupata de zona
de diluent (W) si lungimea de coloana ramasa disponibila pentru procesul de separare
cromatografica (L"°). Datele sunt prezentate in Tabelul 2. Din Tabelul 2 se pot observa
urmatoarele: 1. 1 ar trebui sa constant, caci se refera doar la un anumit diluent introdus in
sistemul cromatografic. Acest lucru se obtine de altfel si experimental, dar fara a considera
datele obtinute pentru injectii de 1 si 5 pulL. Foarte probabil, astfel de volume de diluent
injectate nu pot ocupa in manierd omogena sectiunea coloanei cromatografice, ramanand
astfel canale de curgere ale FM neocupate de acesta. Un astfel de proces ar trebui sa aiba ca
urmare o distorsionare a geometriei picului cromatografic, fapt confirmat si ilustrat in Figura 1.
2. Injectia unui volum de diluent aproximativ egala cu 1/5 din volumul mort al coloanei, duce,
in cazul heptanului, la ocuparea a ceva mai mult de jumatate din lungimea acesteia. In
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consecinta, datoritd “scurtarii” de fapt a coloanei cromatografice, eficienta picurilor
cromatografice scade proportional cu lungimea de coloana disponibild pentru procesul de
separare.

Tabelul 1. Observatii experimentale privind scaderea liniara a factorului de
retentie aparent (kapp) Tn functie de volumul de injectie redus (a=Vi,j/Vo).

Caracteristicile Analiti
Diluent regresiei liniare
Kapp=f(0) MeP EtP PrP BuP PeP HeP OcP
Panta -2.387 -5.144 -10.912 -22.374 -45.845 -95.813 | -392.974
Hexan Ordonata la origine 1.26 2.33 4.57 9.06 18.00 35.88 131.34
Coeficient de corelatie 0.9976 0.9990 0.9995 0.9997 0.9997 0.9996 0.9991
Panta -2.295 -5.045 -10.715 -21.925 -44.822 -93.271 | -411.107
Heptan Ordonata la origine 1.27 2.35 4.60 9.09 18.09 35.96 140.45
Coeficient de corelatie 0.9964 0.9984 0.9994 0.9996 0.9995 0.9996 0.9997
Panta -2.114 -4.796 -10.366 -21.387 -43.902 -92.047 | -409.310
Iso-Octan Ordonata la origine 1.26 2.34 4.59 9.10 18.08 36.08 142.22
Coeficient de corelatie 0.9960 0.9987 0.9996 0.9999 0.9998 0.9998 0.9997
Panta -2.025 -4.970 -11.103 -23.005 -47.240 -99.732 | -444.952
Decan Ordonata la origine 1.51 2.72 5.23 10.26 20.32 40.54 160.11
Coeficient de corelatie 0.9938 0.9984 0.9996 0.9999 0.9998 0.9997 0.9996
Panta -2.137 -5.102 -10.971 -22.113 -46.101 -97.501 | -445.343
Dodecan Ordonata la origine 1.528 2.735 5.250 10.297 20.402 40.694 | 161.327
Coeficient de corelatie 0.9979 0.9997 0.9996 0.9998 0.9999 0.9999 0.9997

in Tabelul 3 sunt ilustrate comparativ date de eficientd asociatd picurilor
cromatografice, dupa cum urmeaza: Ny - eficienta aparentd, asa cum rezultd ea din
experimentele de injectie de volume crescatoare de diluent in coloana cromatografica; N -
eficienta rezultata in urma injectiei de volume crescatoare de proba dizolvata in fazd mobila;
Ncac - eficienta calculata plecadnd de la injectile de proba in faza mobila, corectata cu
lungimea efectivd a coloanei ramase disponibile pentru procesul cromatografic (L"°/L) in
cazul injectiei de volume crescatoare de diluent nemiscibil (N.B. in aceasta situatie, N¢qc ar
trebui sa fie similar cu Ngpp).

Din Tabelul 3, se pot observa urmatoarele: 1. la injectia de volume crescatoare de
proba dizolvata in faza mobila, pentru analitii mai putin retinuti in faza stationara, se observa
o deteriorare a eficientei odata cu volumul injectat. Acest fapt se datoreaza incapacitatii fazei
stationare de a focusa analitii pe durata injectiei, deplasarea frontului fiind oarecum simultana
cu incarcarea probei in coloana cromatografica; 2. la injectia de volume crescatoare de
diluent nemiscibil cu faza mobila, pentru analiti mai putin retinuti in faza stationara,
deteriorarea eficientei este mai putin evidenta (se obtin eficiente sensibil mai bune decét in
cazul injectiei de volume mari de faza mobila); 3. prin compararea cu valorile calculate din
datele de reducere a lungimii coloanei cromatografice disponibile separarii, valorile aparente
sunt mai mari. Aceasta inseamna ca extractia analitilor din diluent catre faza mobila ajuta la
refocusarea frontului de analit; 4. in cazul analitilor puternic retinuti in faza stationara, injectia
de volume crescatoare in faza mobila nu deterioreaza valorile de eficienta, datorita focusarii
acestora in faza stationara; 5. valorile eficientei aparente, masurate in conditiile injectiei de
volume crescatoare de diluent nemiscibil sunt mai mici decét cele obtinute la injectiile in faza



Tabelul 2. Calculul valorilor 1, W si L', in cazul utilizarii heptanului ca diluent. Valorile
constantelor de distributie diluent/faza mobila (K) au fost determinate experimental. Volumul
mort al coloanei (Vo) determinat experimental este 0.447 mL, iar volumul fazei stationare 0,1
mL (marime sugerata de producatorul coloanei cromatografice).

Vinj o 1 w L iilb

o) < 10° K| ke | K[ Ko | KoK [ 0 | L oLy | (mm) L/
1 2.237 1.27 - 0.27 | 49.73 | 0.995
5 11.186 1.25 Sl en 1.35 | 48.65 | 0.973

. ) _ o o . ) .
MeP 10| 22371 | 1219 w [21] Y 2.70 | 47.30 | 0.946
20| 44743 || 116 |S| V| & [20]| S5 |_539 | 4461|0892
50 | 111.857 0.98 21 | L% | 4348 | 3652 | 0730
100 | 223.714 0.77 1.8 26.96 | 23.04 | 0.461
1 2.237 2.35 - 0.27 | 49.73 | 0.995
5 11.186 2.31 - | 8« 1.35 | 48.65 | 0.973
10| 22371 | % 223 | Q< | 2 (24| TN 2.70 | 47.30 | 0.946

EtP : & : Sl ol 8 ' R : : '
20 44743 | 212 || ® | & | 21 N @ 539 | 44.61 | 0.892
50 | 111.857 1.74 23| & 13.48 | 36.52 | 0.730
100 | 223.714 1.24 2.1 26.96 | 23.04 | 0.461
1 2.237 4.59 - 0.27 | 49.73 | 0.995
5 11.186 450 - | T 1.35 | 48.65 | 0.973
10 22.371 | s 435 | & | Y 2 2.1 7 2.70 | 47.30 | 0.946

PrP - 0 . Sla| © - " R : : :
20 44743 | ¥ 412 ||~ | & [22] 2 @ 5.39 | 44.61 | 0.892
50 | 111.857 3.34 24 | & 13.48 | 36.52 | 0.730
100 | 223.714 2.23 2.3 26.96 | 23.04 | 0.461
1 2.237 9.06 - 0.27 | 49.73 | 0.995
5 11.186 8.92 - | 3o 1.35 | 48.65 | 0.973
10 22371 | < 857 | 3| @ < | 23 7 2.70 | 47.30 | 0.946

BuP : S : o] B : R : : :
20| 44743 |° 806 S|~ | T 24| 2 @ 5.39 | 44.61 | 0.892
50 | 111.857 6.59 24 | & 13.48 | 36.52 | 0.730
100 | 223.714 4.22 2.4 26.96 | 23.04 | 0.461
1 2.237 17.94 - 0.27 | 49.73 | 0.995
5 11.186 17.81 - | =« 1.35 | 48.65 | 0.973

ITe} o | © 0 ? Tf

PepP 10] 22371 | &| 17.06 [ 2| 2| o [22]| b)Y 2.70 | 47.30 | 0.946
20| 44743 || 1508 || F| & | 25| ¥ | 5309|4461 | 0.802
50 | 111.857 13.01 25 | L% | 4348 | 3652 | 0.730
100 | 223.714 8.11 25 26.96 | 23.04 | 0.461
1 2.237 35.69 - 0.27 | 49.73 | 0.995
5 11.186 35.31 - 2w 1.35 | 48.65 | 0.973
10| 22871 5| sl =] L |25] T | 270 4730 | 0.946

HeP : ® : Bls| © ' 0 R : : '
20| 44743 || 3161 |o|®| T |26 9D 5.39 | 44.61 | 0.892
50 | 111.857 25.32 26 | L% | 1348 | 3652 | 0730
100 | 223.714 15.22 2.6 26.96 | 23.04 | 0.461
1 2.237 139.80 - 0.27 | 49.73 | 0.995
5 11.186 136.89 .| Y 1.35 | 48.65 | 0.973

. . . ol o ot . ) .
OcP 10| 22371 || 13138 | 8| = | © |32] L 2.70 | 47.30 | 0.946
20| 44743 | 3| 12008 [N | &5 [ 2 |32 ]| =@ 5.39 | 44.61 | 0.892
50 | 111.857 93.47 30| £ ® | 1348 | 3652 | 0.730
100 | 223.714 49.12 2.9 26.96 | 23.04 | 0.461




mobild, dar raméan superioare valorilor calculate. Aparent, aceasta situatie este dificil de
interpretat, atata vreme céat extractia analitilor hidrofobi din diluent de catre faza mobila polara
este mai putin favorizata (reinjectia analitilor in capul coloanei cromatografice ramase
disponibile pentru separare se face intr-o perioada mai lunga). in fapt, si de aceastd data
refocusarea analitilor in faza stationara este favorizanta si impiedica o pierdere exagerata de
eficienta).

Tabelul 3. Privire comparativa asupra valorilor eficientei cromatografice asociate picurilor
analitilor de interes (eficienta aparenta pentru injectii de volume crescatoare de diluent
nemiscibil cu faza mobila - Napp; eficienta pentru injectile de volume crescatoare de faza
mobila - N; eficienta calculatda din lungimea efectiva in care se realizeaza separarea
cromatografica, la injectia de volume crescatoare de diluenti nemiscibili - Ncac; diluentul
utilizat a fost heptanul).

Vinj L”Ib/L N | Napp | Neaic N | Napp | Ncalc N | Napp | Neaic N | Napp | Neaic
MeP EtP PrP
1] 0.995 6988 7128 7092 7951 8845 8801 8711 9601 9553
5| 0.973 5602 5757 5602 7030 7569 7365 8037 8923 8682
10 | 0.946 5087 5550 5250 6800 6944 6569 7785 8576 8113
20 | 0.892 3860 5096 4546 5465 6972 6219 7003 7031 6272
50 | 0.730 1541 4830 3526 2671 6113 4462 4514 6889 5029
100 | 0.461 485 4577 2110 906 4817 2221 2071 4615 2128
BuP PeP HeP OcP
1| 0.995 8596 9705 9656 8028 8790 8746 7042 7525 7487 5001 4353 4331
51 0.973 8181 9435 9180 7807 8468 8239 7206 7625 7419 5115 4542 4419
10 [ 0.946 8050 8581 8118 7824 8001 7569 7066 6542 6189 5015 4326 4092
20 [ 0.892 7744 7351 6557 7669 6593 5881 7077 5385 4803 4972 3647 3253
50 | 0.730 6627 6717 4903 7379 5945 4340 6939 5039 3678 5044 3458 2524
100 | 0.461 4289 3832 1767 6292 3327 1534 6609 2674 1233 5212 1413 651

MAY L ep A

OcP
B

Volum injectat: 1 pL

OcP

Diluen?:
Dodecan
Decan
Iso-Octan

Heptan
—

Hexan / S
10 15\\ 40 45 min
Figura 1. Distorsiunea picurilor de analit la injectia de volum mic de diluent nemiscibil,
datorita ocuparii neomogene a sectiunii de curgere in coloana de catre diluent (A). Obtinerea

unei eficiente si simetrii crescute a picului cromatografic la injectia de volume crescatoare de
diluent nemiscibil cu faza mobila (B).




Desi modelul matematic pleaca de la ipoteza simplificatoare ca "dopul” de diluent
nemiscibil nu se deplaseaza in coloana cromatografica, acest fapt este infirmat experimental.
Asa cum poate fi observat in Figura 2 (monitorizata atat UV cét si RID) se poate observa c3,
dupa elutia ultimului analit, apare si frontul diluentului care s-a deplasat in coloana
cromatografica (mult mai lent decét analitii de interes).

Norm.
MeP

EtP

PrP

BuP

100 pL injectie in Heptan — UV (270 nm)

100 pL injectie in Heptan - RID

10 20 30 40 50 mir
Figura 2. Monitorizarea simultana a cromatogramei in UV si RID, la injectia unui volum
de 100 uL de heptan.

Plecand de la observatia ca "dopul” de diluent din capul coloanei cromatografice poate
functiona ca un saturator al fazei mobile in diluent, ne-am pus firesc intrebarea daca nu
cumva scaderea factorilor de retentie observata experimental nu se datoreaza in fapt saturarii
fazei mobile cu diluent. De aceea am recurs la studiul retentiei analitilor de interes in cazul
utilizarii unei faze mobile saturate in prealabil cu diluent (heptan). Rezultatele demersului
experimental sunt prezentate in Figura 3.

Se poate observa ca retentia scade continuu in conditiile saturarii fazei mobile cu
diluent. Echilibrul de repartitie al diluentului din faza mobila catre faza stationara (observat
prin stabilizarea retentiei analitilor de interes) se obtine dupa circa 800 x V,. In mod evident,
procesul de saturare a fazei mobile cu diluent nu poate influenta procesul cromatografic pe
durata scurta, deci formalismul matematic dezvoltat pentru modelarea fenomenului raméane
valabil.

Trasarea dependetelor functionale In k = f(1/T) (reprezentare van't Hoff), in conditiile
cresterii continue a volumului de diluent nemiscibil injectat, in comparatie cu injectia de volum
mic (1 pL) in metanol, a permis calculul valorilor de entalpie si entropie standard aparente
asociate procesului. Valorile calculate sunt prezentate in Tabelul 4.

in mod surprinzétor, dependentele functionale van't Hoff sunt liniare, in ciuda faptului
ca la injectia de volume mari de diluent nemiscibil cu faza mobila actioneaza doua procese
diferite (extractia lichid/lichid si separarea cromatografica).
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Figura 3. Variatia retentiei analitilor de interes la utilizarea unei faze mobile saturate in

diluent.

Valorile de entalpie standard aparentd (AH°) variaza de la -11.52 la -13.32 kJ la
cresterea volumului injectat de la 20 la 100 uL. Entalpia standard aparenta (ASP) variaza si ea
de la - 8.90 la -20.17 JK™', pentru aceeasi variatie a volumului de diluent nemiscibil injectat.
Asa cum se poate observa din Figura 4, relatia dintre AH® si AS® determinate la diverse
volume injectate este una liniara, fapt explicat prin procesul de compensare entalpie/entropie.
Daca in dependenta liniara din Figura 4 se adauga si punctul determinat de valorile AH° Si
AS® obtinute la injectia a 1 pL de prob& in metanol (procesul de extractie diluent/faza mobila
lipseste), se poate lesne observa ca liniaritatea rezultata se deterioreaza. Se poate astfel
demonstra ca injectia de volume mari in diluenti nemiscibili se bazeaza pe doua procese
distincte: extractia analitilor din diluent de catre faza mobila si procesul cromatografic de
separare. Deoarece ambele procese au la baza interacti similare (bazate pe
similaritatea/disimilaritatea caracterului hidrofob), relatiile functionale van't Hoff isi pastreaza
aspectul liniar.

y = 6.4453x + 65.363 .
101 fy = 0.9892

AS' (UK

~y =6.0933x + 60.822
ry = 0.9974

-20 1

-25

-13.5 -13 -12.5 -12 -11.5 -1

AH(kJ mol™)

Figura 4. Reprezentarea grafica a efectului de compensare entalpie/entropie
observata la injectia de volume crescatoare de proba in diluenti nemiscibili cu faza mobila.



Tabelul 4. Date termodinamice calculate din dependentele functionale van't Hoff,
la injectia de volume crescatoare de diluent nemiscibil cu faza mobila.

Vi | Dilvent | Ink | T | 1T B | A" | r, | AHY | ASY
(ul) CC) | (K (kJ) | (JKT)
2.8 20 | 0.003411 -9.21
2.20 25 | 0.003354 917
1 | MeOH 213 30 | 0003299 | 439198 | -24680 | 09972 | -1157 | -8.07 |—213
2.05 35 | 0.003245 -9.09
196 40 | 0.003193 -9.05
192 45 | 0.003143 -9.01
2.15 20 | 0.003411 -8.91
2.08 25 | 0.003354 -8.86
20 | Heptan 2.01 30 | 0003299 | 438505 | -25681 | 09990 | -1152 | -8.90 |02
193 35 | 0.003245 8.77
185 40 | 0.003193 8.73
178 45 | 0.003143 -8.68
2.02 20 | 0.003411 -8.59
195 25 | 0.003354 -8.53
40 | Heptan 1.87 30 | 0003299 | 440781 | 27765 | 09994 | -1171 | -1064 | 248
179 35 | 0.003245 -8.43
172 40 | 0.003193 -8.37
164 45 | 0.003143 -8.32
189 20 | 0.003411 -8.27
181 25 | 0.003354 -8.20
60 | Heptan 1.73 30 | 0003299 | 444371 | 30312 | 09998 | -12.00 | -12.75 |—5-14
166 35 | 0.003245 -8.07
158 40 | 0.003193 -8.01
150 45 | 0.003143 -7.95
173 20 | 0.003411 7.87
164 25 | 0.003354 9.17
80 | Heptan 1.56 30 | 0003299 | 450594 | -3.4613 | 09999 | -12.66 | -16.33 |—>13
148 35 | 0.003245 -9.09
140 40 | 0.003193 -9.05
132 45 | 0.003143 -9.01
154 20 | 0.003411 -7.40
144 25 | 0.003354 7.30
100 | Heptan 1.34 30 1 0003299 | 444470 | -30236 | 09936 | -1332 | -20.17 /-2
131 35 | 0.003245 -7.10
118 40 | 0.003193 -7.00
111 45 | 0.003143 -6.90
* panta regresiei liniare In k = f(1/T);

*%*

ordonata la origine a regresiei liniare In k = f(1/T);
coeficientul de corelatie a regresiei liniare In k = f(1/T);

*k*k

in final, ne-am pus problema in ce méasura gradul de variatie al factorului de retentie cu
volumul injectat (0ok,,, /aa) observat in cazul proceselor de injectie de volume progresiv

crescatoare de diluenti nemiscibili cu faza mobila nu poate fi cumva corelat cu caracterul de



hidrofobicitate al analitului, exprimat de valoarea logaritmului constantei de distributie intre n-
octanol si apa (log Ko sau log P). Asa cum se poate observa din Figura 5, intre valorile log
(0k,, /00 ) si log Kow determinate pentru analitii luati in lucru (seria alchil parabenilor), se

stabileste o relatie liniara caracterizata printr-o valoare a coeficientului de corelatie foarte
apropiata de valoarea 1 (mai precis 0,9998).

3
y=0.6512x-0.924

R?=0.9998
25 1

log (IK/2 — 1 KI)

0.5 1

0 1 2 3 4 5 6

log Kow

Figura 5. Reprezentarea grafica a corelatiei dintre log Koy a analitilor investigati in
prezentul studiu si logaritmul reducerii progresive a retentiei aparente odata cu cresterea
volumului de diluent nemiscibil injectat in coloana cromatografica (akapp/aa ).

In consecinta, log (0k,, /aa) poate fi considerat un descriptor al hidrofobicitatii

moleculare, iar procesul de injectie de volume mari a diluentilor nemiscibili cu faza mobila
poate fi considerat un proces care permite estimarea caracterului hidrofob al analitilor
considerati.
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Review

Alternative sample diluents in bioanalytical

LC~MS

Tha problem of sample diluent in bioanalytical LC—M3 is reviewed with a special focus on brgesvalume injections
and non-miscible solvents with mobile phase componants. Thase issues are related to the sample preparation
approach, which In many instances provides the sample diluent before injecting this into the chromatographic
cojumin. The sample valurms influences the quantitation Bmic of the chramatographic method, while its naturs may
influence the retention process of the injected analytes. The literature reports a few papers that are focused on
alternative sample diluents in bicanalytical LC—MS that are generally normiscible with mebile phase. The principle
of this approach and some of its current bicanalytical applications from fiterature are discussed, However, more
applications and more publications from HPLC users and vendars are expected in ths field, which could prove its

analydeal Importance and potentlal In bloanalysis.

LC=MS is nowadays the most utilized anahytical
vechnigque in bioanalysiz dae ro its sensiviviey and
bettzr contral of the selective detcrmination of
many species in biological matrices,

The current available LC with mass-
spectrometnic detection instrumentation, with
low o high resolution, has become the method
af chaice in small-molecule drug bioanalysia
{melecular mass less than 800 D) and iz abe
increasingly being applied as an aliernative to
li;lnd-bindin:sﬂnpfﬂrﬂtﬁhﬂmlrﬂuldzbenr
mination of biopharmaceuticals (1. The crend
af eliminating ‘old’ detection approsches in
HPLC wchnigues in favor of MS can casibr be
seen in the content of many papes: from special
ized journals such as Jowrninl of Chromatogra-
by B, Biowedical , Bfednalysi
and fowrnal of Pharmaccnsioal and Biomedical
Analyir. On the other hand, che introduction
of a new generation of HPLC instruments
{namely, UHPLC) thet surpasses the pressare
limitation of conventional equipment (400 bar}
and thar are capable of achieving LC reparations
at back-pressares up w approximately 1000 bar
are pow commercialized. This technology is
based on small particle size (up to 2 pm) as the
stationary phase mareeia], which allows high-
throughpur methods for bisanalytical purposes
w be de

Hewever, the qualicy ef analytical data is
highly influenced ot only by the analyticsl
instrument wsed o analyze more or less meme-
ber of samples, but also by the correctness
and the approach of carrying our the sample
preparation 3. The main task of this sep iz w

make the samples of hislagleal arigin amenable
to the HFLC-MS analysis, of to improve it
analytical perfamances,

The imporvanc: of sample preparation meth-
ods ax the frst stage in any bicanalyrical pro-
cediire 15 well kivown, and this also infleences
the performaneces of the chromatographic pro-
cerz and M5 derection [3-5]. This step i mainly
focused on the bsolation, enrichment or sructure
madification af target analyte{s) using different
types of LLE, SPE, solid-phase microextraction,
imattix precipitation or derivatiation. The final
sample, before injection invo the LC-MS sys-
tem, can be discussed by analyr: concentration
factor, interfercnces retained into the sample,
and sample solvent ). The solvent (dihsent) of
the final sample should exhibir 3 high salbil-
ity for targer analyres, and be appropriate o
both LC separation and M3 detection [0, It
can also be discussed acconding to its miscibil-
ity with the mobile phase, and especially by
its amount (velume] injected into the head of
analytical column, which in mrn influences the
LOQ of chromarographic method @10, The
mamure of satiopary phase and colomn dimen-
ston are also important from this poins of view,
In some special cases, stabilivy of tasget analytes
iz also an imporrant izsue relared 1o the sample
dilluent and s injection into the column ().
This Review emphasizes the impertance of the
injection dibuent in LO=M3 and new a]r!m:m'rc
salvents that can be used in this analyss, which

Yictar David®, Mihazla
Charegi & Andral

Medvedowici

\hhwnrilty of Bucbared, Faculty of

Chesn Ty,

are repotted in leratuse. The injected sample FUTURE

ampunt and itz selvent nature are two items thar
are discussed in this Review,

SCIE

=

il

10.4155/B00,1 32758 2003 Fulure Schence Lid

Bloanelysis (2013) B{240, 3051-3041

13

155N TTS7-6180



REVEEW | Davi. Cheregl & Mecvedovis)

Ky Term

Green solvents: Sebents thas
have 3 menimum impact on
Environment.

‘Graen’ solvents used as sample
diluents
Organic solvencs thar can be considersd az
‘green’ sofvents are desirable in pracuce because
they avaud texcicity and eoviconment problems
51521, although there i3 serious debate on how
green prapenty can be measired (53], They have
rarely been wsed for analytical purposss dus o
the specific conditions allowed for non-mische
salvents: extraction yield, selectivity and cost.
Aumaong them, many of the ionic Tipaneds are con-
sideteel ai green extraction sbvente, although
they are mostly vaed az symchesis solvens: racher
vhan salvencs for analytical purposes (4], A wseful
and green methosl for che extracoon of fass and
oils fromn brologeeal matrsees o Saxhler extrac-
tion wing d-limoenene as the bivsobeens, ar green
sobvent, instead of n-hexane (perralenm sobvent
(3%, Szarting from this information, sccording o
which limonene can be used 25 2 green solvent,
a stucly was recently focused on its potentdal in
application 1o LLE-based separation of simmas-
wagin, bovastarin, aned cheir hydrogyacid metaba-
lives from human plasma samples, followed by
direct injection of samples (3. [n this soady, ®
was shown that extraction of hydropbobec com-
pmrulsfmmhluh;itn]muri‘trﬂﬁhlhnﬂmnru.
in principle, posible, and hish-volume injecion
of aliquacs from this bydrephobic selvent can be
directly injected into the chromaregzaphic cal-
urmin. In chis way, the problems related vo che toxse
characrer of the elassie sobvents and unpleasant
warking conditions for the analys are overcame
by chis salvent, which is keas volarile than kower
bydrecarbon sodvenss. The pessibilny of gresning’
the sample preparattan is not oaly 2 new trend in
bivanahsie, bat it 15 also necessary, mainly when
Large number of samples soest be analyzed,
Subsrinution of aceronitrile a5 organic modifier
in mabile phases for KPFLC with mixoures of pro-
priene carbonate and ethanel has been proposed
as ‘goesnet’ for chromatographae applicatzons.
OF moae, these addiives in mobile phase peoved
oot 1o significamly modify the chromammgraphic
performance, such as the shurion andes, reeenvion
ame, peak efficiency or symmetry, tn several 1O
miechanizms such as RF, jn pairing and HILIC
(571 Moreaver, the effees of this replacement of
acetenittile with mixtuee of propylene carbanate
and ethanel seems noc o infuence che analyre
detectability by U'ovis or MS. The advantages
af replacing acetonntrile with propylens carbanate
and ethanol mixture in RFLC for bioanalytical
piarposcs has been shawn in a ecent smudy assaying
epalapril and enalaprilac i buman plasma (51,

Conclusion

Variows sample dituenns can be wied in LOC
depending on the retention mechanism of the
chromaregraphic pracess. They must salve the
probiem of solubility of analytes and not disuch
the elution process. For this reason, whawever the
sodvent ix, the injection wolume must be seall, up
ta 510 ul. For larger valume injection. the sam-
ple diluent must be in the mabile phase ara very
similar sobvent. To date. only a few albernatve
samiple elifuents are knowis for bronalytical priat-
poses. In RPLC same papers repore that bypdro-
phabic sobventscan be suceessfully used in LLE,
fallowed by bigh-volume injectinn of the arganic
phease. In this way, the tedions oprrations goven
by osganie layes prebevation, salvent evagaration,
and residue pedisiolation in a small vabume of
mabile phase az sample diluens ars avoided, The
utilization of aech solvents in large-scale soud-
ies for binequivalence purpases proved thae they
represent a very good solution for amplification
of mample preparation, aind we expect o ee in
the near future many studics from HPLC wsers
and vendogs redying on this approach, as well as
new organic diluents being studied for sample
inpection. If they fulfill environmentally friendhy
conditions, this will be another buge advantage
For bivanalysis and 1L.C,

Future perspective

Due wo the continuous demand for sample
preparation to be simplified lor bivanalysis,
a foces on alernative diluents in LO-MS is
expected 1o be of gresr inversss, Direct injec-
tion of the arganic phase resuliing fram LLE
or SPE in che chromatographec column will
umprove some analyucal parametecs, such as
tiine, precision and detection limit, There will
be permanent interest in organic solvents thar
fulfll the conditions imposed by green chemis-
try. [Due to its impertance in separation of very
pelar compounds, HILIC will be extensively
studicd from the sample difuent point of vicw,
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Aim: Diserimination powveer evahation of W=V and | + ) sledrospray ionizationimdss spedrometnic
eschun epues; {ES1-MS | indlividually considensd or aupled as detedions to reversed phase Figuid chramato
graphy (RPLC) in the charact rization ol Ginkgo Bilaha standandized extracs, is used in herbal medidines
and for dietary supplements with the help of Puzsy hisrardhical dustering (FHCL
Experimenial: Sevemesn hatches of Ginkgo Blohs commerndally avadlable stancdardirsd extrack Fom
seven manufictrens were measured during experiments All extracts were within the criteria of the
official manograph dedicated to drisd refined and quantifisd Ginkgo éxiracis in the Puropean
Pharmamposia. =Vis and {+ ) EBSEMS spectra of the bulk standardized exiracts in methanal were
acquired Additionally, an RPIC separation hased an a simple gradient shution profile was applied to the
standardired sxtracts. Detedtion was made through monisorng LV alsamption at 220 nm wavelsngth ar
tthe totad jon current (TIC) produced through { + ) ESEMS analysis. FHC was applisd to raw, centerned and
sealed data sets, or evalwating the disarimination power of the method with resped to the orgins afthe
extracts and to the batch to batch vari ability.
FResults: The discrimination power indreases with the inoease of the intrinsic selecfivity of the spectral
et que being wsad: UV-Vis o ME[ =)= M & L but it i strongly = neithve to dhemametn ¢ transfor ma-
tion of data. Jomparisan with duster anatysis (CA) and prindpal components aml yks (PCA) indicates
that the FHC algorithm praduces better clas sification. Hoveever, PCA and CA may be sucess sfully applied
1oy di seriminate betwesen the mamifacuring souraes of the standardized extracts, and at same extent, to
muanibar the inter-batch variahility. Although the chromangraphic dimension semibly contribates to the
diserimination power spectral M3 data may be med ax the lone powerdul holisfic altemative in
characterization of standandized Ginkgo Bilsba extracts.

@ 2013 Bsevier B.Y. All rights reserved

1. Introdoc tion

chemical mixtures of natwral origing with promising results in
various application fields swch as food [1.2) beverages [34)

Mowadays fingerprinting and pattern recognition algorithms
represent valuable tools for the charactenization of the complex

b wimtoms ANN, arificial newunanal networi 2mn, 2o mass unit;
CA, chaster analysis; DAD, d ke anray detecton; [ 4 851 positive) negatwe elacinn
Spray bon source; FHRC, Famy hierarchical clusthening; HPLL, nigh pressane bguid
chromategrapiry; 18], Backer-jain ndec; 10, binear dscominant analysis; mALL
mriilia borpion aren, M, mass speorometny; POA, poincipal components anays;
AN, mormalized pantiton coedfichent; PEN, nonmalized parstion emtnopy; PIC,
pamial kras squares; RAM, random access memony; BPIC, mversed phase Nguld
chramaegrapy; TIC, toml don ourrenm, TOL, mal aqganic caman ; UV, aitra-
wiode and wiside

* Cormspond ing aushor. Ted: 440 264 553533; faw 440 354 5300518
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agriculture |56 chemotavonomy [7.8)L herbal medicines |91
dietary supplements [10.11 L metabolic profiling [12-14] envimn-
mental [15,16] and standardization [17L The European Medicines
Agency 18] recommends that the appropriate fingerprinting
procedures should be based on chromatoegraphic technigues.
However, other techniques such as the spectral ones may lead
to interesting and useful results [19] as the US Food and Deg
Administatien | 20] recommends

Evohement of fingerprinting proedures during the last decade
has been supported by the appli@tion of powerful and advaned
chemometric methods, among which principal component analsis
(PCAL partial least squares (PLSL cluster analysis (CAL linear
discriminant analysts (LDA) and artificlal newronal networks (ANN)
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companng to RPLCH + IMS data This remalns valid for both raw
and scaled values.

For informational purpose, projecion of all samples in the space
defined by the membsership degrees to vanios clusters obitalned from
raw and scaled data sets ks presented in the Supplementary matenal:
Parts [ and E respectively. According to the technlgue of imestiz-
tion, classification power varies for raw data in the onder LW < RPLC]
[ = IS < RPLCUN == = IMS < RPLC+ IMS == (+ M5, while for the
scaled data the succession differs dighthe UV = RS - IMS = RPLCY
[ IS = RPLOFUV < [ — IV < (- M5

13, Compartson of FHC to PCA and CA reaulrs

The discrimination power provided by FHC may be abo
evalwated through comparison to results prod woed by the common
classification methods. more specifically PCA and CA. The PCA
eipenmvalues enlisted in Table 3 confirmed the FHC results, meaning
that the hyphenation of M5 to RPLC substantially favors discrimi-
nation power between samples.

Bath processing algorithms behave similarly on the given data
sets. Figs. 4 and 5 contaln clasifications produced through
application of PCA and CA, respec tively.

Bath PCA and CA produced solation of manufacturer A against
the others when considering all data sets, escept those originating
from { = J M5 and UV techingues. Exactly the same sitwation could be
observed on grouping manubcturers C—F against A and B Mamu-
facturer B was identified based on data provided by all technl ques
when processed by PCA Under CA procesing algornithm, RPLCUW
and UV taken individually failed to discriminate between manufac-
turer B and the other omes. Swocession within mamsfacturers B
hatches was obtained only with PCA and CA based on RPLCH - IMS
data set Exclusion of the EPLC dimension made processing proce-
dures insensitive tothe batch production arder.

PCA and CA did not allow identification of manufac turers E and
F. as individieal batches PCA and CA failled also to classify
manufacturers C and D, each containing two batches. Under PCA
processing conditions the classification power varied in the order
LA 2 = IMES 2 (o IMS = RPLCIUY < RPLC = IMS < RPLCJ -+ IMS.
The order is slightly modified when data were treated through the
CA algorithm: UV - = IMS < RPLC/UW < (4] M5 < RPLCK - IMS <
RALCH 4 M

4. Conclusions

It appeared from the experimental approach that batch to
batch discrimination may be achleved only throwgh EPLCT 4 IMS
and FHC or CA analysls of data. Mansfacturers A and B were easily
ldentified by either HPLC/MS or MS approaches. With respect
to the ability of discrimimation between manufacturers C-F. the
FHC approach s more powerful compared to PCA and €A Data
Intenpret atlon throwgh PCA allowed the kawer classification power
against the wsed chemometric treatments. Within the FHC treatment,
processing of raw and centered data produced similar classi fications,
while scaling data induced a negative effect on the discrimination
capacity that derived from their gathering tendency

As expected, the raw Intrinskc infrmation produced by the
analytical investigation technigue of samples plays an important nole
Im tuning the discrimination power. The chromatographic dimension
was necessary to ohserve the batch to batch variability. However, the
chromategraphic separation does not add significant insights with
respect to manufacturer's identification. The hollstlc comparison of
the class fication ability of the analytical techndques wsed during the
present work results in the following ranking order: LW < RPLCY
L0 [ = M < RPLOH = IMS < (4 M5 < RPLCE + IMS This hierarchy
seems difficult to interpret at a first sight. as long as the number of
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peaks in chromamgrams & relathvely the same irmespective to the
detection system that was wsed, while signals in the () - ) mass
spectra are identical. The last position oocupled by the UV spectio-
meetry can be easily explaimed, since differences between samples are
based on relathvely small shifts of the three or fowr exlsting absomp-
tion bands. The ability of the MS spectral imestigation modes to
over@me UV s ako obviows. The selectivity indeced by the RPLC
se paration is halaned by the lonization characteristics of the ESI and
the intrinsic sensitivity of the M5 detection. Compounds in samples
simultanecwsly lonize and the mild jonization technigue seriously
limits the fragmentation of the produeced molecular ions This results
in a limited overlapping of signals in the resulting spectra. while
conserving the ability to consider mast of the components from the
complex mixture induding minor ones Thus, the mass spectra
become perfect arriers of subtle differences and the discrimination
ability imcreases. The superiority of {4+ M5 over (=) M5 in detection
ks far more difficult © explain since nemtive lonization generally
aiurs more selectively @mpared to the positive one. However, one
should consider that the composition of the mobile phase was
optimized for positie lonization. Consequently, (=) M5 spectra
exhibit shznals having at least one order of magnitede lower inte nsity
compared @ (+) M5 ones. and the ahllity of observing minor
components decreases. The increased sensitivity in the positive
lonization maode accounts for a specific pattern added particularly
by these mdnor compounds in the samples and largely contributes ©
the increase of the differentl ation ability
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Revisiting large volume injection in non-miscible
diluents: an on-line reversed phase supported
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liquid extraction/liquid chromatography scenariof

Paul Lazar,” Stefan Udrescu,® Florentin Tache,” Florin Albu,®® Nelu Grinberg®

and Andrei Medvedovici™

Accarding to some recently publsnsd studies, lamgs volume injectan (LVI) of diusnts i scible with the
sluents wed In reversed phase byud chromatoaraphy IRPLC) appears to be feasinle, despite the widely
acceptad rules governing injection related phenomena The procsss was praviously described and was
successhully applied n practice. The present study describes 3 simple theoretical maode! explaining LV of
diusnts immecie with the maobile phase in BPLE; the model relies an the on-ling coupling of reversed
phase supported bgud extraction (RP-5LE) to the chromatographc separation. The camplance of the
theoretical modsl with expenmental obssrvations was tested by wsing data coliected for VI of a
nomologous senes of para-hydroery alkyl benzoates methyl ethyl propyl butyl pentyl hesyl and octyl
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cangensrs) in boued alkanes (hexane, heptans, so-octang, decans and dodecans)l The 5P comsted of

an octadecyl chemically modfied silica gel eluted with a misture of acstontrile Dwater 486 fwivl

D0 101035/ cdayD233 2
W rsc ongimethods

1. Introduction

Large Volume Injection (LVI) in chromatography relates to the
continuous  challenge of increasing method  sensitivity, ™
Injection phenomena arising in liquid chromatography (LC)
were extensively studied with respect to the strength™” and
viseosity'=* of the sample diluent (D) and their recurrent impact
onthe chromatographic parameters illustrating retention, band
spread, and peak shape, The injection produces a thermody-
namic disturbance in the chromatographic system. Column
loadability in a LVI complex phenomenon depends directly on
its intrinsic characteristics (length, internal diameter, particle
size, and phase ratio), mobile phase (MF) composition and
elution conditions, [ characteristics, and the specific properties
of the analytes {A). LC injection phenomena should be also
considered in a close relationship with the widely applied
sample preparation methods, primarily delivering the target
compounds in a wide variety of organic solvents.'' Moreover,
removal of solvents producing unwanted phenomena in LC and

*Laiversity of Bucharest, Foculty of Chemishy, Deparment of Analyocal Chemisry,
#30 Panduri Aw, Bucharest - O50G52, Romama Fmail awnedeadiyahoo. comy
Fay: +40 214 102 279; Tel 430 723 320 422

*Anafygcal Application Laborgiory, Aglom, & 408 Th, FRellady &ve, Buchorest -
0322265 Romaniz

“Chemical Development Deparoment, Roehringer Ingelheim Pharmaceuscals Inc, 200
FRudgehury Rd, Ridgefield, OT 068 770268, LA
# Electromic  supplementary  information
1001039 cdayd 1333

(E=l]  aamilble Se DO

Tris jrral B8 The Royal Sockety of Chamsiny 2004

Althowgh the mods! mainy focusss on explaning the bnear reducton of the retention time with the
Irpected volume, some aspects relating to zone spreading and thermodynamic aspacts are also discussed.

their replacement by adequate ones strongly impacts on the
characteristics of the sample preparation approaches and
dimeetly influences the overall acouracy and precision.

The possibility of using D immiscible with the MP in RPLC
was already demonstrated.®** The process was successfully
applied in the pharmaceutical field-* and in bicanalysiz =-
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 toa hypothetical condition assuming the absence of
the D is more related to the intrinsic behavior of the analyte 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).% Consequently, the process becomes
experimentally possible, without affecting peak shapes, if the
affinityof the D for the SP is higher than that of the analyte, Asa
direct consequence, a part of the SP in the columns head
becomes unavailable for the compounds contained in the
sample, their retention lineady decreasing with the increase of
the injection volume. It results that an essential condition for
achieving LVI of immiscible I in RPLC 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 focusing was also reported in some specific conditions, ™

Anal Mathods 2004, o 10| 1
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Fig. 5 Functional relatonship establshed Detween the absolute
values of the slopes of the Inear regressions relating the appanent
retention factor [k, ) tothe reduced injected valume [V W, and the
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 09609,

One can conclude that the thermodynamic study revealed
the existence of the distinctive LLE and the BP chromatographic
stages, As both stages are based on similar interactions of the
analvte distributed between a hwdrophobic phase (D and SF)
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 RP-SLE
and RPLC resulted in a reduction of the correlation coeffi-
cients, A large entropy change indicates that the solute mole
cules are retained with less random movement in the SF than
they were in the D layer.

1.5, Hydrophobicity indicating scale
From eqn (19] it results that the slope of the lincar 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 5P, or
towards the hwdrophilic MP. Thus, a correlation between
the log Kew of the analytes and the slope of the linear regression
by = flz) should be observable. Fig. 5 illustrates the correlation
between the caleulated log K, values of the target compounds
and the logarithms of the slopes of the linear regressions
kagy = fla), taken as absolute values, when using heptane as
[y on injection. One can obserw the excellent correlation
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 analvtes in the other D (see the ESLY 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 hwdro-
phobic characteristics of the SP. It appears that the slope of the
linear relationship between kagyp and o« may successfully act asa
hydrophobicity descriptor.

4. Conclusions

Large volume injection (LVI) of immiscible D in reversed phase
liquid chromatography (RPLC) may be successfully described by
means of a reversed phase supported liquid extraction process
[HP-SLE) on-line coupled to the chromatographic separation.
The simple mathematic model being developed fully explains
the linear relationship exped mentally established between the
apparent retention factor (k) and the reduced injected
volume [ = Vig¥a "), The model is based on the immobiliza-
tion of the [ plug immediately after its transfer 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
ligquidiquid extraction of the analytes. The chromatographic
separation follows the SLE process in the part of the eolumn
remaining after inflation of the D plugup to its maximal extent.
The model allows the calculation of the column cross-section
occupied by the D. The model was verified on a homologous
series of parg-alkyl hwdroswbenzoates, using hexane, heptane,
iso-octane, decane, and dodecane as D, A rapid liguid-liguid
extraction from the D in the MP leads to analyte focusing and
improves band spreading in the case of rapidly euting
compounds, as compared to the situation of injection of large
volumes of samples dissolved in the MP. For analytes poorly
extracted from the I by the MP, band spreading is limited by re-
focusing in the SP. It was experimentally proven that [ satura-
tion of the MP is not responsible for the retention factor
reduction under the given conditions. The SLE and EPLC
processes  consecutively acted according to the proposed
mechanism, and are observable 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 &,
and o, taken as the absolute value, may successfully act as a
hydrophobicity descriptor. LVI 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 “gquenched” by the D
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ON THE HPLC/MS-MS ASSAY OF EPHEDRINES IN URINE: AN

EXPERIMENTAL APPRAISAL

Elena Emilia IORGULESCUP, Florm AT BU**, Florentin TACHE® and Andrei MEDVEDOVICT**

. University of Bucharzsst, Faculty of Chemistry, Depanment of Analytical Chepistry, £ $0-92 Papdun Ave., Bucharest-05046463,
Fomania.

. Apalytical Applicator Laboratory Agilrom, # 205 Th. Pallady Ave , Bucharest-0332484, Eomania.

Chromatographic separation of ephednnes faces the imperative discrinunation among
the diasterecisomeric pairs ephednne pseudoephedrme and
norephedrinemorpseudoephedrme,  respectively.  Addinonally, specific  elution
mechamsms and/or conditions are required to adequately control the peak symmetry.
A discussion about the necessary expenmental conditions to fulfil such goals 1s
presented Three alternatives were selected for the assay at sub-ppm level of
ephednnes m wne through HPLCMS-MS: 1) ion pair reversed phase hgqmd
chromatography with a perfluonnated ion par agent; i) reversed phase ligud
chromatography on a phenyl modified silicagel as a stationary phase; 111) on-line sehd
phase exfraction and reversed phase liqmd chromatopgraphy under alkaline elution
conditions. These altematives were comparatively discussed with respect to thewr

gquality specifications.

INTRODUCTION
Ephednnes are conmmonly used as simmlants, decongestants, and appefite suppressants. Ephedrines
belong to the alkaleids class, acang through the mcrease of noradrenalime on adrenergic receptors. Due to

their mereased abahity to cross the blood brain barmer, they are acting as central nervous system stimmlants,
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CONCLUSIONS

Although simple with respect to their chemical stmctures, ephednnes require special chromatographic
elution conditions in order to sinmltaneously preserve selectivity agamst the critical pairs NEWPE and EFE
and peak symumetry. After studying the retention behaviour on different stationary phases and separation
mechanism, three alternatives were retained: one uses IP retention mechamsm with a perflucrmated 1on
pairing agen: (HFBA) on an octadecy]l chemucally modified silicagel. the other uses an FP retention
mechanism modulated by means of the n-m interactions on a phenyl modified silicagel, winle the last one
requires alkaline elufion condifions under BP separation mechamsm on polymeric, stongly end-capped
octadecyl silicagel. The last method used an on-line SPE/RPLC approach, the SPE procedure being achieved
on & vinylpyrrolidone/divinylbenzens copolymer (Oasis HLE).

The proposed methods were validated, and behave similarly with respect to most of their quality
charactenistics. Incwrred wrine samples bemg analvzed by means of the three altematives produces
comparable results. Comparisen between the concenmation values obtained for ephedrine (E) by means of
the Bland-Altman approach revealed the good comeladon between the results produced through application
of the three altemnative methods on the incwrred samples, although some of the experimental values exceaded

the upper limit of gquantitation (ULOQ) determuned during validation.
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