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Abstract

The ability of porous graphitic carbon (PGC) to separate structural isomers has been reported in high-performance liquid chromatogra
(HPLC). This paper presents studies carried out in subcritical fluid chromatography (SubFC). Various polar and nonpolar modifiers were ad
to the carbon dioxide mobile phase, in proportions ranging from 5 to 40%. The effects of both the nature and the percentage of the modifier
aromatic isomer separations were studied. Two types of selectivity behaviour appear. The first one, related to steric recognition, is due to
number of contact points between the compounds and the flat surface of PGC. In this case, retention orders are often identical to that repc
in HPLC. The second is related to the favourable interaction between the polar moieties of the solutes and the stationary phase. In this case
retention and selectivity strongly depend on the mobile phase composition. Thus, the separations obtained are greatly enhanced, compared to
obtained in HPLC. The retention and selectivity variations observed when the composition of the mobile phase is changed are discussed bast
linear solvation energy relationships (LSERS). Practical applications are presented, namely benzene, toluene, ethylbenzene and xylenes (B
and flavour molecules separations.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction erned by a partition retention mechanism. In this case, solutes
are surrounded by the alkyl chains, and generally, conforma-
The separation of isomers is a topic of a great interest asonal changes can not provide the required energetic differences
isomeric species generally have different biological activitiesinducing retention variations. However, with large and rigid
However, the substituent position on an aromatic rioghp, compounds, such as polynuclear aromatic hydrocarbons (PAHS)
meta, para) or the double bond conformation, or the non aro-[2] or carotenoid pigmentg3], the increase in rigidity of the
matic cycle conformationc{s, trans), induces few differences bonded chains, related to a decrease in temperature, favours the
in interactions between the analytes and the mobile phase or separation between planar and non planar or between linear and
boiling temperature between isomers. Shape selectivity, whelpent compounds. Thus, some type of isomeric separation is pos-
it occurs, arises from interactions in the stationary pHa$e sible on highly ordered polymeric ODS.
which implies that the isomeric solutes establish different inter- Alumina and amorphous silica have geometrically heteroge-
actions with the stationary phase. Consequently, such sepanmaeous surfaces, which are far from flat at the atomic level but
tions require especially suited chromatographic system. can distinguish molecules on the basis of specific effects, such
In liquid chromatography, this kind of separation first as dipole and H-bonding interactiofd. Thus, isomeric sep-
depends on the physical state of the stationary phase, solatations of polar compounds are possible on these stationary
or liquid like. In reversed-phase liquid chromatography withphases.
solvated bonded octadecyl chains (ODS), the retention is gov- With solid adsorbents, such as porous graphitic carbon (PGC)
and carbon-clad zircon[a], interactions take place on a flatand
rigid solid surface. For compounds which do not possess any
* Corresponding author. Tel.; +33 1 69336131; fax: +33 1 69336048. functionality group to undergo interactions other than dispersion
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mainly based on the number of contact points between solute anitinear regression of the retention data for a certain number of
adsorbenf6]. Enhanced dispersion interactions and overlap ofolutes with known descriptors, reflect the magnitude of dif-
7 electrons, achieved for planar aromatic solute molecules, isference for that particular property between the mobile and
critical factor of retention, therefore, a critical factor for sepa-stationary phases. Consequently, the coefficients also reflect the
ration on PG{4,7]. For instance, the increase in planarity of system’s relative selectivity towards that particular molecular
cyclohexanes induces a greater retention on P& CSatisfac-  interaction. This model was recently applied in subcritical fluid
tory separations were also reported for butyl- and nonylphenathromatography (SubFC) with PG(9,20]
polyethoxylate (NPE) isomel®]. As expected, the retention The use of supercritical fluids as a mobile phase is
of the more branched isomers is lower than that of the lineaindeed expected to improve the separation efficiency, thanks to
isomers. increased diffusion coefficients. Wen and Olegllt] showed
Moreover, any type of functional group, be it polar or not, that the addition of low amounts of GQo a methanol-water
causes an increase in retention on PGC, making it different frormobile phase created a buffered mobile phase in SFC, thus alter-
both the polar adsorbents (alumina and silica gel) and the noring the retention of acidic and basic isomers without modifying
polar bonded phases (ODS). This makes PGC highly suitablheir retention order. Obviously, such modifications of mobile
for the separation of both polar and nonpolar species. phase properties could be dramatically enhanced by the use of
The nature of the polar substituents (such as OH;NO super/or subcritical mobile phases, with greater carbon dioxide
COOH, NH or halogens), their effects on the electron den-amounts mixed with different organic solvents used as modifiers.
sity distribution in the benzene ring, their ability to create intra-Additionally, the varied nature of modifiers that can be added
or intermolecular interactions, such as hydrogen bonding, alio carbon dioxide could provide different separations on PGC
influence charge transfer, dipole—dipole, acidic or basic interad20,22], and the LSER could help in understanding isomeric
tions between the solutes and the stationary and mobile phasegparations.
Therefore, PGC is especially suited for separation afrdio, This paper presents the study of isomer selectivities of di-
monowortho and nonertho polychlorinated biphenyls (PCBs). and tri-substituted aromatic compounds in SFC with PGC. The
Ortho substitutions reduce the planarity of the two rings, as thnfluence of mobile phase composition on retention order and
dihedral angle formed by the two aromatic rings depends on theeparation were investigated. The results presented in our two
number ofortho substituent$10-12] previous paperfl9,20]were used to support many discussions
Moreover, PGC displays an energetically homogeneous suin the current paper. Besides, some practical applications of iso-
face[6]. However, despite this surface homogeneity that wouldneric separation on PGC in SubFC are presented.
simplify the retention phenomenon (as compared to heteroge-
neous bonded silica), understanding of the retention order &. Experimental
isomers can be unclear, due to the numerous types of interac-
tions occurring on PGC. 2.1. Chemicals
Additionally, understanding is further complicated by the
fact that the authors, having presented isomeric separations on Solvents used as modifiers were HPLC grade methanol
PGC, used very different liquid mobile phases from one pape(MeOH), acetonitrile (ACN), tetrahydrofuran (THF), ethanol
to another, thus leading to different retention orders betwee(EtOH) (VWR Prolabo, Val-de-Fontenay, Francejpropanol
isomerg6,13-17] (nPrOH) (Carlo Erba, Milan, Italy), isopropanol (iPrOH) (SdS,
An insight into the retention mechanism occurring in anyPeypin, France) and hexane (HXN) (J.T. Baker). Carbon dioxide
chromatographic system can be brought by studies based ovas provided by Alphagaz (Bois d’Arcy, France). The solvents
linear solvation energy relationships (LSER). Using Abrahamwere chosen, as previously discusg@d], so as to provide
parameterfl8], the classical equation used in high-performancea wide range of size, polarity, hydrophobicity and hydrogen-

liquid chromatography (HPLC) is: bonding ability, therefore, inducing a wide variety of interactions
with the solutes.

logk =c+eE+sS+aA+bB+ vV (1) The series of isomer families were chosen, in the same man-
ner, so as to provide a wide variety of substituents. The isomeric

wherek is the solute retention factor. systems chosen were selected for simplicity, to provide some

In this equation, capital letters represent the solute descripgnsight as to the retention mechanism, and not for any analytical
tors, related to particular interaction properties, while lower casémportance. Differently substituted benzenic species, all com-
letters represent the system constants, related to the complemanercially available, were studied (s&able 1. Solutions of
tary effect of the phases on these interactiens. a constant, these compounds were prepared in methanol. For each isomeric
depending on specific column parameters, such as pordsity. group, solutions of both the individual isomers and a mixture
is the excess molar refraction (calculated from the refractivef the isomers were prepared. The solute descriptors used in
index of the molecule) and models polarizability contributionsthe solvation parameter model were taken from several sources
from n andm electronsyg, the solute dipolarity/polarizabilityy [23—25]and are summarized ifable 1
andB, the solute overall hydrogen-bond acidity and basidity; Additionally, for application demonstrations, toluene, ethyl-
the McGowan characteristic volume in units oftmol~1/100.  benzene, propylbenzene, linalool, nerol, geraniol, camphor and
The system constants, , s, a, b, v), obtained through a mul- menthone were also used.
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