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Abstract

The ability of porous graphitic carbon (PGC) to separate structural isomers has been reported in high-performance liquid chromatography
(HPLC). This paper presents studies carried out in subcritical fluid chromatography (SubFC). Various polar and nonpolar modifiers were added
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 on
aromatic isomer separations were studied. Two types of selectivity behaviour appear. The first one, related to steric recognition, is due to the
number of contact points between the compounds and the flat surface of PGC. In this case, retention orders are often identical to that reported
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n HPLC. The second is related to the favourable interaction between the polar moieties of the solutes and the stationary phase. In t
etention and selectivity strongly depend on the mobile phase composition. Thus, the separations obtained are greatly enhanced, comp
btained in HPLC. The retention and selectivity variations observed when the composition of the mobile phase is changed are discuss

inear solvation energy relationships (LSERs). Practical applications are presented, namely benzene, toluene, ethylbenzene and xyle
nd flavour molecules separations.
2005 Elsevier B.V. All rights reserved.

eywords: Supercritical fluid chromatography; Linear solvation energy relationship; Porous graphitic carbon; Substituted aromatic; Isomers

. Introduction

The separation of isomers is a topic of a great interest as
someric species generally have different biological activities.
owever, the substituent position on an aromatic ring (ortho,
eta, para) or the double bond conformation, or the non aro-
atic cycle conformation (cis, trans), induces few differences

n interactions between the analytes and the mobile phase or in
oiling temperature between isomers. Shape selectivity, when

t occurs, arises from interactions in the stationary phase[1],
hich implies that the isomeric solutes establish different inter-
ctions with the stationary phase. Consequently, such separa-

ions require especially suited chromatographic system.
In liquid chromatography, this kind of separation first

epends on the physical state of the stationary phase, solid
r liquid like. In reversed-phase liquid chromatography with
olvated bonded octadecyl chains (ODS), the retention is gov-
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erned by a partition retention mechanism. In this case, so
are surrounded by the alkyl chains, and generally, confo
tional changes can not provide the required energetic differe
inducing retention variations. However, with large and r
compounds, such as polynuclear aromatic hydrocarbons (P
[2] or carotenoid pigments[3], the increase in rigidity of th
bonded chains, related to a decrease in temperature, favou
separation between planar and non planar or between line
bent compounds. Thus, some type of isomeric separation i
sible on highly ordered polymeric ODS.

Alumina and amorphous silica have geometrically heter
neous surfaces, which are far from flat at the atomic leve
can distinguish molecules on the basis of specific effects,
as dipole and H-bonding interactions[4]. Thus, isomeric sep
arations of polar compounds are possible on these stati
phases.

With solid adsorbents, such as porous graphitic carbon (P
and carbon-clad zirconia[5], interactions take place on a flat a
rigid solid surface. For compounds which do not possess
functionality group to undergo interactions other than disper
forces (hydrocarbonaceous compounds), a steric recognit
021-9673/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2005.09.002
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mainly based on the number of contact points between solute and
adsorbent[6]. Enhanced dispersion interactions and overlap of
� electrons, achieved for planar aromatic solute molecules, is a
critical factor of retention, therefore, a critical factor for sepa-
ration on PGC[4,7]. For instance, the increase in planarity of
cyclohexanes induces a greater retention on PGC[8]. Satisfac-
tory separations were also reported for butyl- and nonylphenol
polyethoxylate (NPE) isomers[9]. As expected, the retention
of the more branched isomers is lower than that of the linear
isomers.

Moreover, any type of functional group, be it polar or not,
causes an increase in retention on PGC, making it different from
both the polar adsorbents (alumina and silica gel) and the non-
polar bonded phases (ODS). This makes PGC highly suitable
for the separation of both polar and nonpolar species.

The nature of the polar substituents (such as OH, NO2,
COOH, NH2 or halogens), their effects on the electron den-
sity distribution in the benzene ring, their ability to create intra-
or intermolecular interactions, such as hydrogen bonding, all
influence charge transfer, dipole–dipole, acidic or basic interac-
tions between the solutes and the stationary and mobile phases.
Therefore, PGC is especially suited for separation of di-ortho,
mono-ortho and non-ortho polychlorinated biphenyls (PCBs).
Ortho substitutions reduce the planarity of the two rings, as the
dihedral angle formed by the two aromatic rings depends on the
number ofortho substituents[10–12].

sur
f ould
s roge
n er o
i tera
t

the
f ns o
P ape
t een
i

any
c ed o
l ham
p nce
l

l

w
crip

t case
l eme
t t,
d ity.
i ctive
i ons
f
a ;
t
T l-

tilinear regression of the retention data for a certain number of
solutes with known descriptors, reflect the magnitude of dif-
ference for that particular property between the mobile and
stationary phases. Consequently, the coefficients also reflect the
system’s relative selectivity towards that particular molecular
interaction. This model was recently applied in subcritical fluid
chromatography (SubFC) with PGC[19,20].

The use of supercritical fluids as a mobile phase is
indeed expected to improve the separation efficiency, thanks to
increased diffusion coefficients. Wen and Olesik[21] showed
that the addition of low amounts of CO2 to a methanol–water
mobile phase created a buffered mobile phase in SFC, thus alter-
ing the retention of acidic and basic isomers without modifying
their retention order. Obviously, such modifications of mobile
phase properties could be dramatically enhanced by the use of
super/or subcritical mobile phases, with greater carbon dioxide
amounts mixed with different organic solvents used as modifiers.
Additionally, the varied nature of modifiers that can be added
to carbon dioxide could provide different separations on PGC
[20,22], and the LSER could help in understanding isomeric
separations.

This paper presents the study of isomer selectivities of di-
and tri-substituted aromatic compounds in SFC with PGC. The
influence of mobile phase composition on retention order and
separation were investigated. The results presented in our two
previous papers[19,20]were used to support many discussions
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Moreover, PGC displays an energetically homogeneous
ace[6]. However, despite this surface homogeneity that w
implify the retention phenomenon (as compared to hete
eous bonded silica), understanding of the retention ord

somers can be unclear, due to the numerous types of in
ions occurring on PGC.

Additionally, understanding is further complicated by
act that the authors, having presented isomeric separatio
GC, used very different liquid mobile phases from one p

o another, thus leading to different retention orders betw
somers[6,13–17].

An insight into the retention mechanism occurring in
hromatographic system can be brought by studies bas
inear solvation energy relationships (LSER). Using Abra
arameters[18], the classical equation used in high-performa

iquid chromatography (HPLC) is:

ogk = c + eE + sS + aA + bB + vV (1)

herek is the solute retention factor.
In this equation, capital letters represent the solute des

ors, related to particular interaction properties, while lower
etters represent the system constants, related to the compl
ary effect of the phases on these interactions.c is a constan
epending on specific column parameters, such as porosE

s the excess molar refraction (calculated from the refra
ndex of the molecule) and models polarizability contributi
rom n and� electrons;S, the solute dipolarity/polarizability;A
ndB, the solute overall hydrogen-bond acidity and basicityV,

he McGowan characteristic volume in units of cm3 mol−1/100.
he system constants (c, e, s, a, b, v), obtained through a mu
-

-
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n the current paper. Besides, some practical applications o
eric separation on PGC in SubFC are presented.

. Experimental

.1. Chemicals

Solvents used as modifiers were HPLC grade meth
MeOH), acetonitrile (ACN), tetrahydrofuran (THF), etha
EtOH) (VWR Prolabo, Val-de-Fontenay, France),n-propano
nPrOH) (Carlo Erba, Milan, Italy), isopropanol (iPrOH) (S
eypin, France) and hexane (HXN) (J.T. Baker). Carbon dio
as provided by Alphagaz (Bois d’Arcy, France). The solv
ere chosen, as previously discussed[20], so as to provid
wide range of size, polarity, hydrophobicity and hydrog

onding ability, therefore, inducing a wide variety of interacti
ith the solutes.
The series of isomer families were chosen, in the same

er, so as to provide a wide variety of substituents. The isom
ystems chosen were selected for simplicity, to provide s
nsight as to the retention mechanism, and not for any anal
mportance. Differently substituted benzenic species, all c

ercially available, were studied (seeTable 1). Solutions o
hese compounds were prepared in methanol. For each iso
roup, solutions of both the individual isomers and a mix
f the isomers were prepared. The solute descriptors us

he solvation parameter model were taken from several so
23–25]and are summarized inTable 1.

Additionally, for application demonstrations, toluene, et
enzene, propylbenzene, linalool, nerol, geraniol, campho
enthone were also used.
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Table 1
Chromatographic solutes and LSER descriptors

Compound E S A B V

1 o-Xylene 0.663 0.56 0.00 0.16 0.9980
2 m-Xylene 0.623 0.52 0.00 0.16 0.9980
3 p-Xylene 0.613 0.52 0.00 0.16 0.9980
4 o-Cresol 0.840 0.86 0.52 0.30 0.9160
5 m-Cresol 0.822 0.88 0.57 0.34 0.9160
6 p-Cresol 0.820 0.87 0.57 0.31 0.9160
7 2,3-Dimethylphenol 0.850 0.85 0.52 0.36 1.0569
8 2,4-Dimethylphenol 0.840 0.80 0.53 0.39 1.0569
9 2,5-Dimethylphenol 0.840 0.79 0.54 0.37 1.0569

10 2,6-Dimethylphenol 0.860 0.79 0.39 0.39 1.0569
11 3,4-Dimethylphenol 0.830 0.86 0.56 0.39 1.0569
12 3,5-Dimethylphenol 0.820 0.84 0.57 0.36 1.0569
13 o-Isopropylphenol 0.822 0.79 0.52 0.44 1.1978
14 m-Isopropylphenol 0.811 0.92 0.55 0.46 1.1978
15 p-Isopropylphenol 0.791 0.89 0.55 0.38 1.1978
16 o-Chlorophenol 0.853 0.88 0.32 0.31 0.8975
17 m-Chlorophenol 0.909 1.06 0.69 0.15 0.8975
18 p-Chlorophenol 0.915 1.08 0.67 0.20 0.8975
19 o-Nitrophenol 1.045 1.05 0.05 0.37 0.9490
20 m-Nitrophenol 1.050 1.57 0.79 0.23 0.9490
21 p-Nitrophenol 1.070 1.72 0.82 0.26 0.9490
22 o-Nitrobenzylalcohol 1.059 1.11 0.45 0.65 1.0900
23 m-Nitrobenzylalcohol 1.064 1.35 0.44 0.64 1.0900
24 p-Nitrobenzylalcohol 1.064 1.39 0.44 0.62 1.0900
25 o-Nitrotoluene 0.866 1.11 0.00 0.28 1.0320
26 m-Nitrotoluene 0.874 1.10 0.00 0.25 1.0320
27 p-Nitrotoluene 0.870 1.11 0.00 0.28 1.0320
28 o-Methylacetophenone 0.780 1.00 0.00 0.51 1.1550
29 m-Methylacetophenone 0.806 1.00 0.00 0.51 1.1550
30 p-Methylacetophenone 0.842 1.00 0.00 0.52 1.1550

E, excess molar refraction;S, dipolarity/polarizability;A, hydrogen bond acidity;
B, hydrogen bond basicity;V, McGowan’s characteristic volume; values from
references[18–20].

2.2. Chromatographic system

Chromatographic separations were carried out using equip
ment manufactured by Jasco (Tokyo, Japan, supplied by Prolab
Fontenay-sous-Bois, France). Two Model 980-PU pumps were
used, one for carbon dioxide and the other for the modifier. Con
trol of the mobile-phase composition was performed by the mod
ifier pump. The pump head used for pumping the carbon dioxide
was cooled to−2◦C by a cryostat (Julabo F10c, Seelbach, Ger-
many, supplied by Touzart et Matignon, les Ulis, France). When
the two solvents (modifier and CO2) were mixed, the fluid was
introduced into a dynamic mixing chamber PU 4046 (Pye Uni-
cam, Cambridge, UK) connected to a pulsation damper (Seder
supplied by Touzart et Matignon, les Ulis, France). The injector
valve was supplied with a 20�L loop (model 7125 Rheodyne,
Cotati, CA, USA).

The columns were thermostated by an oven (Jetstream 2 Plu
Hewlett-Packard, Palo Alto, CA, USA), regulated by a cryo-
stat (Haake D8 GH, Karlsruhe, Germany). The detector was
a UV–vis HP 1050 (Hewlett-Packard, Palo Alto, USA), with
a high pressure resistant cell. The detection wavelength wa
254 nm, except for flavours that were detected at 210 nm. Afte
the detector, the outlet column pressure was controlled by a Jasc
880-81 pressure regulator (Tokyo, Japan, supplied by Prolabo

Fontenay-sous-Bois, France). The outlet regulator tube (internal
diameter 0.25 mm) was heated to 80◦C to avoid ice formation
during the CO2 depressurization.

Chromatograms were recorded using the AZUR software
(Datalys, France).

The chromatographic column was Hypercarb porous
graphitic carbon (100 mm× 4.6 mm I.D., 5�m) provided by
Thermo-Hypersil Keystone (Les Ulis, France).

2.3. Chromatographic conditions

Samples were chromatographied using carbon dioxide with
5–40% (v/v) modifier. Total flow through the system was
3.0 mL min−1. Since the purpose of the present study is to inves-
tigate the effect of modifiers on the isomer separations, all the
experiments were performed at constant CO2 outlet pressure and
temperature. Column temperature was maintained at 25◦C (sub-
critical for all mobile phase compositions). Back pressure was
maintained at 150 bar. Inlet pressure varied among the different
mobile phase compositions between 175 and 200 bar.

Methylacetophenones, nitrobenzyl alcohols, isopropylphe-
nols and nitrotoluenes were studied in methanol-modified
mobile phases, while the other isomer groups were chromato-
graphed in all seven modifiers.
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.4. Retention factors

Retention factors (k) were determined using the relationsh

=
(

tr − t0

t0

)

heretr is the solute retention time, determined using the p
aximums (even when tailing did occur) andt0, the hold-up

ime measured on the first negative peak due to the unret
ilution solvent. All isomer solutes were injected separate
etermine retention order in each mobile phase condition

hen the isomer mixtures were injected.

. Results and discussion

.1. Elution order

At low percentages of the modifier (below 20%), the sep
ion was shown[20] to be dominated by the interactions betw
he solutes and the stationary phase covered with adsorbed
fier. With 10% methanol in the mobile phase, all isom

ixtures elutes in the same order, apart from xylene isome
As reported in HPLC[26], xylene isomers are eluting inmeta,

ara, ortho order. An identical elution order was reported
PLC on carbon-clad zirconia[5], which displays a retentio
ehaviour very similar to that of PGC[27].

The lower retention ofmeta-xylene is related to the small
umber of contact points between this isomer and the flat su
f porous graphitic carbon (three contact points, as oppos

our contact points for thepara- andortho-isomers)[26].
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The greater retention ofortho-xylene in comparison topara-
xylene could be due to the greater value of the E descriptor
(charge transfer) of the former, inducing a higher charge-transfer
interaction. Other studies on carbon surfaces suggested that the
electrons ofortho-isomer are more able to induce a significant
dipole in the carbon surface, whereas the electronic distribu-
tion in thepara-isomer is more symmetric, leading to smaller
induced dipoles[5].

The higher retention ofortho substituted compounds (‘ortho
effect’) is also observed with alumina and silica gel in HPLC
[4].

The elution order of all other isomeric mixtures isortho,
meta, para. Interaction between polar groups and the carbon sur-
face are thought to be particularly strong[5]. When approaching
PGC, the aromatic plane of the solute would tend to interact with
the planar graphite surface, with the polar side of the solute orien-
tated towards the surface. Thus, the polar aromatic solute would
not align in a parallel manner to the graphite surface, but rather
be orientated at a certain angle. Any alteration in a molecule
that decreases the degree to which the polar group can contact
the carbon surface weakens retention: when steric hindrance of
the polar group is large (as is the case withortho-methyl and
ortho-isopropyl groups), it cannot contact the carbon surface
as effectively: steric crowding around the polar group decreases
retention. Thus, as congestion around the polar group decreases,
retention increases.
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v. Hexane-modified mobile phases induced different variations
as thea coefficient increased with the percentage of hexane in
the mobile phase.

As expected from the LSER model, the increase in the mod-
ifier percentage reduces the retention factor for all studied com-
pounds.

For non acidic compounds, such as xylenes, methylace-
tophenones, nitrotoluenes ando-nitrophenol, these retention
variations are mainly related to the decrease ine and v val-

Fig. 1. Retention behaviour of representative isomeric solutes in methanol-
modified mobile phases: (a)o-, m-, p-nitrotoluenes; (b)o-, m-, p-nitrobenzyl
alcohols; (c)o-, m-, p-nitrophenols. Conditions: Hypercarb 100 mm× 4.6 mm,
dp = 5�m, 25◦C, back pressure 15 MPa.
Additionally, some intramolecular hydrogen bonding inte
ions have to be considered forortho-nitrophenol and chloroph
ol reducing the acidity of these compounds, therefore, la
ecreasing their retention, compared to theirmeta- andpara-

somers.
Consequently, in most cases, the selectivity betweenmeta-

ndortho-isomers is greater than the selectivity betweenpara-
ndmeta-isomers.

With larger amounts of the modifier in the mobile pha
he effect of the stationary phase on the selectivity is less
s the interactions between the solutes and the mobile
ramatically increase, modifying the separation. In this c
lution orders can be altered. For instance, the elution
f cresols is changed fromortho, meta, para to meta, ortho,
ara when the proportion of the modifier is increased from
0%. The solvation of themeta substituted phenolic compou

s probably higher than that of theortho-isomer, due to ster
rowding caused by the methyl group, thus leading to red
etention of the former.

.2. Variation of retention with the proportion of modifier

In our previous paper[20], we showed that retention on PG
ould be expressed by a reduced form of Eq.(1):

ogk = c + eE + aA + vV (3)

Thes andb coefficients were found not significant in the ch
atographic conditions studied. Additionally, when the con

ration of the modifier in the mobile phase was increased
hree coefficients remaining (e, a andv) were shown to decreas
he decrease ina values being larger than the decrease ine and
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ues, due to solvent adsorption onto the stationary phase, which
reduces the solute/stationary phase interactions (seeFig. 1a). For
acidic compounds (phenols and benzylic alcohols), the change
in mobile phase basicity, due to the increase in the modifier con-
tent, explains the large retention variation observed (seeFig. 1b).
Different behaviours are observed depending on the nature of the
modifier, according to our previous results[20]. Namely, ace-
tonitrile induces smaller retention decrease than the alcohols,
while hexane induces a retention increase.

Thus, in one group of isomers, the three compounds can
present a different behaviour, depending on their H-bond donat-
ing ability. For instance,ortho-nitrophenol is not acidic, due
to intramolecular hydrogen bonding between the hydroxyl and
nitro groups, whereas themeta- and para-isomers are acidic.
Therefore, the retention variation of theortho-isomer when the
modifier percentage is increased is lower than that of the two
other isomers (seeFig. 1c).

3.3. Variation of selectivity with the percentage of modifier

Eq. (4) deduced from Eq.(1), relates the logarithm of
the selectivity between two compounds to their difference in

F
t
E

descriptor values:

logα = e∇E + s�S + a�A + b�B + v�V (4)

As only coefficientse, a andv were found to be significant
in the chromatographic conditions considered in this study, a
reduced form of Eq.(4) can be used:

logα = e�E + a�A + v�V (5)

As isomeric species are considered, the volume is identical
between two compounds, and Eq.(5) reduces to Eq.(6):

logα = e�E + a�A (6)

Consequently, except with hexane, when the modifier per-
centage is increased, the selectivity factors between two isomeric
compounds decreases, whatever be the nature of the substituents.
This is consistent with other observations on shape selectivity
in SFC[28]. Stronger mobile phases reduce the interaction of
solutes with the stationary phase and, since shape selectivity is
a stationary phase phenomenon, an increase in solvent strength
decreases shape selectivity.
ig. 2. Logarithm of selectivity factors plotted against methanol percentage in
he mobile phase: (a)m/o andp/m-nitrotoluenes; (b)m/o andp/m-nitrophenols.
xperimental conditions as inFig. 1.

F
t
d

ig. 3. Logarithm of selectivity factors plotted against modifier percentage in
he mobile phase. (a)p/m-xylenes; (b) 2,4/2,6-nitrophenols. Experimental con-
itions as inFig. 1.
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Fig. 4. Chromatograms of isomeric mixtures: (a) cresols with 7% methanol; (b) dimethylphenols with 20%n-propanol; (c) isopropylphenols with 5%n-propanol;
(d) chlorophenols with 15% methanol; (e) nitrophenols with 40% ethanol; (f) nitrobenzyl alcohols with 40% methanol; (g) nitrotoluenes with 40% methanol; (h)
methylacetophenones with 40% methanol. Experimental conditions as inFig. 1.
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Fig. 4. (Continued ).
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When the difference in acidity between two isomers is small
(or equal to zero), the variation of the selectivity factor is only
related to the variations of thee coefficient. Thus, the selectivity
variation with the percentage of the modifier is very small, as
evidenced inFig. 2a, where the selectivity variations between
nitrotoluene isomers are represented.

When the difference in acidity is large, as is the case for
nitrophenols (Fig. 2b), the increase in modifier percentage in
the mobile phase, leading to a large decrease in thea coefficient,
induces a large variation of the selectivity factor.

3.4. Variation of selectivity with the nature of modifier

As previously shown, thee coefficient does not vary greatly
when the nature of the modifier is changed. Thus, signifi-
cant changes in selectivity factors are not expected for iso-
meric compounds having close acidity values. This is evidenced
by Fig. 3a, where the logarithm of selectivity factor between
para- and meta-xylenes is plotted against modifier percent-
age, for the seven modifiers tested. The composition of the
mobile phase is seen to have no influence on such a sepa-
ration.

On the other hand, thea coefficient was shown to depend
greatly on the mobile phase composition. Thus, separations of
isomeric solutes having different acidic properties are expected
to depend on the nature of the modifier used. For instance, 2,6-
d ic
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p
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Fig. 5. BTEX separation with pure carbon dioxide as a mobile phase. Experi-
mental conditions as inFig. 1.

3.6. Applications

3.6.1. BTEX separation
A perfect separation of benzene, toluene, ethylbenzene,

propylbenzene and the three xylene isomers (BTEX) is obtained
on PGC with pure carbon dioxide as a mobile phase (Fig. 5).
Baseline resolution was never achieved between thepara- and
ortho-xylenes even when the smallest proportion of the modi-
fier was added to carbon dioxide. This can be observed inFig. 6,
where the selectivity factors between the critical pairs (ethylben-
zene/toluene,para/meta-xylenes,ortho/para-xylenes) is plotted
against methanol percentage in the mobile phase. One percent
of methanol in the mobile phase is shown to have a dramatic
effect on the selectivity betweenpara- andortho-xylene.

We believe that the modifier adsorbed onto the stationary
phase reduces the possibility of close contact between the solutes
and the PGC surface. The energy of solute–adsorbent interac-
tions is very much dependent upon the distance between the

F obile
p -
m

imethylphenol, with its double-ortho substitution, is less acid
han 2,4-dimethylphenol, due to different steric crowding o
henolic group, as evidenced by the values of theirA coefficients
0.39 as opposed to 0.53, seeTable 1). Consequently, the sep
ation of these two isomeric solutes is strongly dependent o
ature and percentage of the modifier, as shown inFig. 3b. For
ll modifiers but hexane, the selectivity is better at low perc
ges. If the proportion of the modifier needs to be increas
educe analysis time, a modifier maintaining a high select
an be chosen.

.5. Choice of appropriate separation conditions

Considering all these preliminary investigations, appro
te mobile phase conditions were determined for each iso
ixture. The best separations obtained are presented inFig. 4.
Cresol isomers were perfectly separated with a low am

7%) of methanol in the mobile phase (Fig. 4a), while a per
ect separation of the six dimethylphenol isomers was n
eached. However, the use ofn-propanol as a modifier, indu
ng better column efficiency and peak symmetry, led to
hromatogram presented inFig. 4b, where five peaks a
isible.

Perfect baseline separation was never reached formeta- and
ara-isomers of chloro- and isopropylphenols (Fig. 4c and d)
gain, the use ofn-propanol as a modifier led to sharper pe
For nitro-substituted compounds (Fig. 4e–g) and methylace

ophenone (Fig. 4h) isomer families, satisfactory separati
ere obtained even with high proportions of the modifier. Th
ue to the fact that an extended� system dramatically increas
etention on PGC[14,29].
ig. 6. Selectivity factors plotted against methanol percentage in the m
hase. Ethylbenzene/Toluene;para/meta-xylene; ortho/para-xylene. Experi
ental conditions as inFig. 1.
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Fig. 7. (a) Separation of linalool, nerol and geraniol (cis and trans isomers),
obtained with 10% ethanol; (b) separation of camphor and menthone obtaine
with 3% ethanol. Experimental conditions as inFig. 1.

surface and the force centers in the solute molecule[6]. With
pure carbon dioxide mobile phase, the close proximity of the
molecular surface of a solute and the stationary phase, made
possible by mutual steric compatibility, is a critical factor for
retention to be favourable, leading to pronounced steric selec-
tivity. This would also explain why such a separation was never
achieved in liquid mobile phases as the participation of not only
the solid stationary phase but also the organic solvents resid-
ing on the stationary phase is important to effect separation in
practice.

3.6.2. Flavours
The separations presented inFig. 7demonstrate that PGC is

equally good for other types of isomerisms. For these separa-
tions, ethanol was used as a modifier, as is generally the case for
flavours.

The position of the hydroxyl group in linalool (first compound
eluted inFig. 7a) is less favourable to a close contact with the
carbon surface than that of nerol and geraniol, at the end of the
aliphatic chain. Nerol and geraniol arecis andtrans isomers and
are also very well separated.

In the same manner, close contact of the camphor molecule
with the PGC surface is not possible, due to its bridged struc-
ture, while the more planar menthone shows enhanced steric
compatibility, as evidenced by its longer retention time.
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. Conclusion

The use of carbon dioxide and organic modifiers in SF
ery well suited to the separation of aromatic isomers on P
he solvation parameter model is relevant to understand sel

ty variations between aromatic isomers, when the compos
f the mobile phase is varied.

Very good separations were obtained for most isom
ixtures, apart from the more challenging dimethylphe
ixture.
Beyond these simple isomer separations, further work

e carried out to investigate the separation of more complic
someric mixtures, either by increasing the column length o
oupling PGC with other stationary phases allowing com
entary shape selectivity.
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