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SELECTIVITY IN REVERSED
LIQUID CHROMATOGRAPHY

S.M. PETROVIC AND S. LOMIC
Institute of Microbiological
Processes and Applied Chemistry
University of Novi Sad
V. Vlahoviéa 2, 2100 Novi Sad
Yugoslavia

ABSTRACT

Utilizing experimentally estimated capacity factiors
and calculated activity coefficients of the solutes in
the mobile phase, as well as octadecylsilica stationary
phases of varying coverage, the selectivity of separation
in a reversed-phase liquid chromatographic system is stu-
died. The retention times were measured for n-alkanes
(CS-C7), n-alcohols (C5-C7) and benzene derivatives in
methanol - water mobile phases. A strictly linear rela-
tionship between the experimentally determined selecti-
vity factor (a) and the calculated selectivity factor in
the mobile phase (a™) is observed. The relative retention
in the stationary phase (as) is independent of the mobile
phase strength and the silica surface coverage, i.e., a®
is merely a function of the molecular structure of rela-
ted solutes. Therefore, a change in surface coverage does

not lead to a change in a.
59
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INTRODUCTION

The prime intention of method development in liquid
chromatography (LC) is to achieve satisfactory resolution
of the sample components. The important factor for the
calculation of the chromatographic resolution is the seled-
tivity of a separation system. The selectivity factor (a)
in LC with a certain support and mobile phase composition!
is defined as the ratio of the capacity factors (k) of
two solutes. As the capacity factor of a solute in LC

has been expressed in terms of activity coefficients (1-4),

the selectivity can be characterized in the following

way (5):
m
o .2 2N a” (1
"k, T .m_s ~ _s
1 ;Y5 o«

where ¥ is the activity coefficient of a solute in the
mobile (m) or the stationary (s) phase and a is the
selectivity factor. By definition, solute 2 is more re-
tained.

In reversed-phase liquid chromatography (RPLC) the
selectivity factor in the mobile phase (™) will be depen-
dent on the hydrophilic interactions between the aqueous
mobile phase and the polar moieties of the two solutes.
On the other hand, the relative retention in the stati-
onary phase (as) will be determined mainly by the hydro-
phobic interasction between the bonded alkyl ligands

and the non-polar moieties of the two solutes. Both,
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changes in the mobile phase composition and changes in
the concentration of bonded n-alkyl ligands (6,7) affect
chromatographic retention. In RPLC, retention can usually

be described by the approximate relationship:

1n ki = 1ln kiw - me (2)

where ¢ is the volume fraction of organic solvent in the
mobile phase, kiw is the value of ki with water as the
mobile phase (¢ = 0), and m, is a constant characteristic
for the organic solvent and the solute i. Formerly, it

has been also shown (3) that:

n y§ = 1n Y - mle (3)

where 7? is the activity coefficient of a solute in water
and mi is a constant. When the my in eqn. 2 is approxi-

mately equal to mi in eqn. 3 then:

d(ln a) _ d(1ln o™

a0 = 3% (w)

Am, = Am] =
1 1

where Ami and Am{ are equal to m, - m1 and mé - ma, res-
pectively. For the accurate evaluation of o™ reliable
YT values are required. The activity coefficients of so-
lutes in the aqueous mobile phase can be determined from
experimental gas-liquid (1,8-10) or combined gas-liquid
and liquid-liquid (11,12) chromatographic data. Alterna-
tively, it can be estimated by the method of Pierotti
et al. (13), "a priori" calculated (3) utilizing the

UNIFAC group model of activity coefficients (14-16) or

estimat:d from the aqueous solubilities of solutes (17).
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Several studies (e.g. 6,7) have shown an increase
in the capacity factor with increasing concentratjon of
bonded n-alkyl ligands on the surface of the stationary
phase. In one of these studies (6) an increase of the
selectivity factor (a) with increasing bonded-phase
carbon content is demonstrated.

To compare the selectivity factor (a) of a pair of
solutes with the selectivity factor in the mobile phase
(am), the capacity factor of various solutes were expe-
rimentally determined using HPLC, methanol-water mobile
phases and a range of well characterized monomeric ODS
stationary phases. The activity coefficients of solutes

in the mobile phase were "a priori" calculated or were

estimated from aqueous solubilities.

EXPERIMENTAL
A Model ALC/GPC 244 1liquid chromatograph (Waters
Assoc., Milford, MA, U.S.A.) equipped with a Model 440UV
detector and an RUO1 differential refractometer was emp-
loyed. The chromatograms were obtained with a Model M 730
data module.

The eluent was methanol (E. Merck, Darmstadt, F.R.G.),
mixed volumetrically with doubly distilled water in vari-
ous proportions. The range of capacity factors was kept
between 0.2-50 whenever it was possible; the range of
methanol concentrations was from 0 to 100%. The flow-rate

was 1 ml/min and the column temperature was maintained at
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22:0.50C. The mobile phase was filtered through a 0.5-um
Millipore filter (Millipore, Bedford, MA, U.S.A.).

LiChrosorb Si 60, 10 um (E. Merck) was used for pre-
paring ODS packings. Appropriate quantities of dimethyl-
octadecylchlorosilane (Fluka, Bucks, Switzerland) were
refluxed with dry silica (10 g) for 15 h in freshly dis-
tilled xylene, with 1 ml pyridine. Subsequently the bon-
ded silica was extensively washed with toluene, tetra-
hydrofuran, methanol and water.

The bonded phases were characterised by elemental
microanalysis and packed into 300 x 3.9 mm I.D. stain-
less~steel columns (Waters Assoc.) using a high-pressure
slurry-packing technique. The solutes were obtained from
various sources and are listed in Table 1. Deuterated
water (E. Merck) was used as a non-retained species for
determining the column dead volume.

The calculation of activity coefficients was des-

cribed previously (3).

RESULTS AND DISCUSSION

For the solutes listed in Table 1 the retention data
cbtained on columns of varying ODS coverage are presented
as slopes (mi) and intercepts (ln kiw) of egn. 2, ca%cu-
lated from experimentally determined capacity factors by
linear regression analysis. Correlation coefficients of
the linear regression of experimental capacity factors

varied from 0.9986 - 0.9999. The activity coefficients
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of n-alkanes and n-alkylbenzenes, used for the evalua-
tion of am, were calculated using the UNIFAC mathod
(14-16) as described previously (3). The YT values
calculated in this way are presented in Table 1 as slo-
pes (mi) and intercepts (1ln 1?) of eqn. 3. Correlation
coefficients of the linear regression of "a priori" cal-
culated YT values varied from 0.9988 - 1.0000. For alco-
hols and other benzene derivatives from Table 1 it has
been argued (3) that the UNIFAC parameters produce un-
reliable YT values. Therefore, for the calculation of

m

Y5 values of these solutes, their aqueous solubilities

(3,17-19) and the following equation (3) were used:

m —
iIn vy = 1n Yi,exp = ™i® (5)

Here, Ei is the average value (from various silica cove-
rages) of experimentally determined my values of a solute

from Table 1; Ym

. is the activity coefficient of the
i,exp

same solute in water, calculated from its aqueous solubi-
lity. In the previous paper (3) it was argued that on

the basis of experimentally determined aqueous solubility
of a compound and the slope of eqn. 2, it is possible to
calculate fairly reliable activity coefficients in the
mobile phase for different ¢ values. Both Ei and YT,exp
are also presented in Table 1.

The selectivity factors a and o" are calculated as
k2/k1 and Y?/YT, respectively. The most retained (refe-
rence) compound 2 for the penzene derivatives was ethyl-
benzene and for the aliphatic compounds heptane. Both

ln a and 1ln am were strictly linear (correlation coef-
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ficients varied from 0.9982 - 1.0000) with the variation
of the volume fraction of methanol in the aqueous mobile

phase (¢9), according to the equations:
ln a = 1n a, - Am;o (6)

and

m _ m ,
ln o = 1n o Am}og (7)

m
where 1n a, and 1ln a, are equal to ln(k2w/k1w) and
1n(yg/1?), respectively.

m .
of the various

The selectivity factors a and a
solute pairs are shown in Table 2 as the slopes and
intercepts of eqns. 6 and 7.

The values of the slopes (Ami values) of eqn. 6
for a given solute pair are very similar for stationary
phases of different coverages, indicating that the change
in selectivity (or retention) that results from a change
in @ is independent of the concentration of bonded ligands.
The same conclusion can be drawn from the data of Kaliszan
et al. (7). The mean Ami value of a solute pair is also
very close to the corresponding calculated Ami value,
suggesting the possibility of using eqn. 4 for the pre-
diction of changes in relative retention on the basis
of accurate mobile-phase activity coefficients. However,
for mobile-phase optimization in RPLC, the use of "a pri-
ori" calculated activity coefficients based on data from
other non-chromatographic sources can lead to large errors,
predominantly due to unreliable group interaction para-

meters (3). The experimental determination of activity colef-
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ficients in the aqueous liquid phase using GLC or GLC/LLC
methods have at least two imperfections: the number of solu-
tes studied is limited and the accuracy of the estimated
activity coefficients is insufficient. For example, Djerki
and Laub (12) determined for the first time the activity
coefficients of C3-C7 aliphatic aldehyde, ketone, ester and
alcohol solutes at infinite dilution in methanol, water and
mixtures of the two by appropriate combination of GLC and
LLC retention data. The slopes (mi) of eqn. 3, calculated
for n-alcohols are 1.8-2.4 times lower than those presented
in Table 1 for the same alcohols. According to the data of
Janini et al. (11), also determined by the GLC/LLC method,
the activity coefficients of phenol in water exceeds that
of o-cresol, indicating a higher aqueous solubility of
o-cresol. Comparing the different methods, the activity
coefficients based on the aqueous solubility of solutes and
HPLC data seem to be more reliable because the GLC technique
is limited primarily to the study of volatile solutes with
solvents of low vapor pressure at the column temperature.
Also, calculations in GLC are very sensitive to the satura-
tion vapor pressure of a solute. In the LLC technique, the
mobile and stationary phases must obviously be immiscible;
each must exibit sufficient solvency for the solutes such
that tre retention volumes are neither too small nor too
large to compromise the accuracy of their measurement.
However, the slopes of egqn. 7 calculated for some solutes

of Table 1 cn the basis of experimentally determined my
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values (eqn. 2) are also disputable, mainly due to the fact
that my values obtained on the same LC system may diverge
significantly from laboratory to laboratory. The experimental
my values of Hafkenscheid et al. (20) for some solutes are
about 50% higher than the values of Opperhuizen et al. (21),
although both experiments were carried out on Hypersil O0ODS
columns (5 um particles). On the other hand, the experimental
data of this study are in close agreement with, for example ,
corresponding data in refs. (7),(20),(22) and (23), obtained
with octyl-silica or ODS stationary phases from various
manufacturers.

The second factor in eqn. 6 affecting the relative
retention is the intercept (1ln aw), representing the extra-
polated value for the selectivity factor in water. The data
of Table 2 demonstrate an independence of o, on the concen-
tration of alkyl ligates on the stationary phase. That is,

a change in the silica surface coverage does not lead to a
change in the separation factor a. Data of ref. Q?) also
support this statement. Since there is a general krend in

RPLC of increasing retention with increasing surface coverage,
it may be concluded for the present set of solutes and with
metanol-wafer mixtures as the mobile phase that a change in
the surface coverage causes only a change in the phase ratio
of a system.

Retention data obtained with a standard gradient by
Antle et al. (24), estimated on commercial Zorbax ODS and

two Zorbax C-8 columns (differing in surface areas) demon-
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strate very small differences in a between octyl-silica and
ODS stationary phases (%1.9% with aqueous methanol and 13:7%
with aqueous acetonitrile) for a variety of solutes with.
simple and more complex molecular structures. For many of
the solutes tested, it was formerly had already been
concluded that selectivity is independent of bonded alkyl
chain length (25). Thus, it can be generally stated that

the optimization of a RPLC system can best be achieved by
changing the mobile phase composition or polarity of column.
Nevertheless, it should be noted here that for some solutes
and non-monomeric stationary phases (6) an increase in a was
demonstrated with both increasing surface coverage and
increasing alkyl chain length.

The substraction of the 1ln o, value for a solute pair of
Table 2 from the corresponding ln a$ value gives 1ln as value,
independent on both ¢ and surface coverage. Values of as
obtained in this way are presented in Table 3, together with
o and a3 values for solute pairs of Table 2. According to
eqn. 1, a linear relationship is obtained between a™ and a
with slope equal to a® with correlation coefficients varying
from 0.9997 - 0.9999. Values of a° calculated in this way
are also listed in Table 3.

It has been pointed out previously (26-28) that in RPLC
the interaction of the solute with stationary phases of low
surface energy, such as n-alkyl chains attached to a silica

surface, is weak and non-selective. Thus, the driving force

for retention is the unfavourable interaction of a solute
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TABLE 3. Selectivity factors a s aE and o° for various

solute pairs of Table 2.

a¥ a® o’
W W m
aw/aw Eqn. 1 Mean

Ethylbenzene/
Toluene 5.21 5.70 1.09 1.01 1.05
Benzene 23.80 28.50 1.20 1.12 1.16
Acetophenone 27.94 66.69 2.39 2.38 2.39
o-Cresol 30.57 304.90 9.97 10.10 10.04
Benzyl alcohol 88.23 468.72 5.43 5.31 5.37
Phenol 115.58 1188.00 10.28 10.42 10.35
Aniline 117.92 502.70 4.26 4.33 k.30
Heptane/
Hexane 4.57 5.21 1.14 1.12 1.13
Pentane 21.54 27.66 1.27 1.15 1.21
Heptanol-1 by .70 395.44 8.85 8.13 8.49
Hexanol-1 184.93 1652.43 8.94 8.20 8.57
Pentanol-1 T42.48 6838.29 9.21 8.26 8.74

* Mean value of varying silica coverage in Table 2.

with the surrounding water molecules of the mobjle phase.
It can be generally concluded from the data in Table 3 (see
also ref. 3) that more polar solutes demonstrate a higher
affinity toward both the mobile and the stationary phase in
comparison with less polar solutes. The relative retention
in both phases increases from the less polar solutes such
as toluene and hexane to the more polar solutes such as
phenol and butanol. The increase in o is significantly
lower than that in a™. However, it can not be neglected,
especially for polar solutes. An increasing difference in
polarity between two solutes leads to an increase in as
A comparison of the data presented in Table 3 shows that

all three selectivity factors increase when the polarity
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difference between, for example two benzene derivatives is
increased, but the order of the increase is not the same.
For example, o™ for the solute pairs ethylbenzene/benzene
derivative is changed in the following order: phenol >
aniline > benzyl alcohol > o-cresol > acetophenone > benzene
> toluene. However, the increasing order of a® is different:
phenol > o-cresol > benzyl alcohol > aniline > acetophenone
> benzene > toluene. The reason for such different order is
the dual behaviour of n-alkyl bonded silica, i.e. reversed
phases possess both hydrophobic and the hydrophilic proper-
ties, even though untreated silica also shows reversed phase
behaviour in contact with aqueous mobile phases (24,29,30).
Phenol and o-cresol have approximately the same retention

in the stationary phase, because the hydrophobic moiety of
the bonded silica (alkyl chains) is only slightly selective
to the methyl group. The same phenomenon has also noticed
for alkanes and alkylbenzenes. The selectivity difference

in the stationary phase per methylene group for these solu-
tes is small. Thus, these solutes are separated in RPLC

only on the basis of their significantly different inter-
action with the mobile phase. On the other hand, the hydro-
philic moiety of the stationary phase is significantly
selective to the polar groups. The solubility of \benzyl
alcohol and aniline in water is similar, but their inter-
action with the stationary phase is different enough to
achieve separation (a$ = 1.07 , a, = 1.34). For the éniline/

phenol pair u$ and a® values are approximately equal, so
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their separation is poor. The situation is similar in the
case of acetophenone and o-cresol. Generally, it may be
concluded that n-alkyl bonded stationary phases are slightly
selective to the non-polar moiety of a sclute and are noti-

cably selective to polar solute groups.

CONCLUSIONS

"A priori" calculated activity coefficients can succes-
sfully be used for the prediction of the selectivity of the
mobile phase. For RPLC systems varying in the silica surface
coverage the selectivity factor a depends only on the
strength of the mobile phase. Therefore, the selectivity
factors a and o™ are linearly related to each other with the
proportionality constant equal to as. The relative retention
in the stationary phase (as) is an approximately constant
value, only slightly dependent on the mobile phase strength,
the silica surface coverage and/or the length of n-alkyl
bonded shains. Thus, the selectivity in the stationary phase
is only a function of the molecular structure of the solutes.
The stationary phases studied show a slight selectivity to
the hydrophobic moiety of solutes (e.g. methyl or methylene
groups), while the selectivity to the polar substituents is

significant and can not be neglected.
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