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Comparison of adsorption properties of Florisil and silica
in high-performance liquid chromatography

I. Retention behaviour of monofunctional model solutes
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ABSTRACT

Earlier investigations demonstrated some special properties of Florisil and a greater selectivity than silica for the adsorption of some
pairs of organic compounds. Differences in selectivity of the two adsorbents may be characterized by graphical correlations of retention
parameters for these adsorbents. Consideralion of relationship between log k', and log k' ., allows the interpretation of some
factors that influence the adsorptive behaviour of organic compounds. The retention behaviour of several monofunctional aromatic
compounds (quinoline bases, nitroarenes, primary and secondary aromatic amines and phenols) was therefore investigated by high-
performance liquid chromatography in chromatographic systems using Florisil and silica and binary mobile phases consisting of

heptane and a polar medifier (isopropanol, 1,4-dioxane or tetrahydrofuran).

INTRODUCTION

Florisil {magnesium silicate), produced mainly
for thin-layer chromatography (TLC) or for classic
column chromatography is frequently used in prac-
tical separations because of its special selectivity
[1.2]. However only a single theoretical study of its
properties has been published [3,4].

Soczewinski and co-workers [5--7] found that the
molecular model of adsorption elaborated for silica
can also be used for describing the adsorption beha-
viour of organic compounds on Florisil. Some in-
formation on the mechanism of adsorption from
solution in polar solvents can be obtained from re-
lationships between R, (log k") and log {eluent com-
position).

Systemaltic studies of these relationships have
been performed earlier for a number of model com-
pounds belonging to different chemical groups [8,9]
using TLC in sandwich tanks and Florisil as an ad-
sorbent. These experiments indicated that steric and
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mesomeric effects have a significant influence on the
chromatographic parameters of organic solutes: Al-
though TLC in sandwich tanks operated in a quasi-
column manner (continuous development, samples
spotted behind the solvent front) [10] made it pos-
sible to obtain results close to those abtained in col-
umn chromatography [11], they were less accurate.
Therefore, it was of interest to verify those observa-
tions using high-performance liquid chromatogra-
phy (HPLC).

Tn this work, the retention behaviour of several
monofunctional aromatic compounds (quinoline
bases, primary and secondary aromatic amines,
phenols) was investigated by HPLC in chromato-
graphic systems using Florisil and binary mobile
phases consisting of heptane and a polar modifier
(tetrahydrofuran, 1,4-dioxane or isopropanol).
These chromatographic data were compared with
earlier results obtained for silica by HPLC [12,13].
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EXPERIMENTAL

The chromatographic experiments for Florisil
were performed at 19 + 1°C using a Type 302 liquid
chromatograph (Institute of Physical Chemistry,
Polish Academy of Sciences, Warsaw, Poland)
equipped with syringe pump and a UV detector
(254 nm) at a flow-rate of 1.2 ml/min. Single solutes
were injected in the eluent with the help of a 5-ul
injection valve.

HPLC-grade 10-um Florisil was prepared in the
Institute of Inorganic Chemistry (Gliwice, Poland).
Florisil (Fluka, Buchs, Switzerland) for TLC was
miiled in a Model 100 AFG counterflow-fluid mill
produced by Alpine (Augsburg, Germany). Particle
segregation of ground Florisil was made in several
stages in a Model 100 MZR pneumatic separator
(Alpine). Characteristics of this separator were ob-
tained by a CILAS 715E laser granulometer (Alca-
tel, France). Separated material was analysed in a
Model A 200 LS pneumatic apparatus (Alpine).
The porosity parameters (determined using a Carlo
Erba porosimeter) of the fraction used as a column
packing were specific surface area (BET) 340 m?/g
and total porosity 46.2%.

The column (150 x 4 mm 1.D.) was packed with
10-um Florisil by the slurry method. It had an effi-
ciency of about 3000 theoretical plates determined
by the adsorption of diphenylamine or 1-nitronaph-
thalene using 2% tetrahydrofuran in n-heptane as
the eluent. The void volume of the column was de-
termined by injection of pure n-heptane. The exper-
imental results represent the averages of three runs.

The chromatographic experiments with silica
were performed using a Perkin-Elmer (Norwalk,
CT, USA) Model 1210 liquid chromatograph with
dual syringe pumps and a UV detector (254 nm).
The column (125 X 4 mm 1.D.) was packed with
10-ym LiChrosorb Si 60 (E. Merck, Darmstadt,
Germany) with a declared surface area (BET) of
500 m? g. For further details see, refs. 12 and 13.

As mobile phases, n-heptane solutions of isopro-
panol (for HPLC, E. Merck), 1,4-dioxane (for
HPLC, Romil Chemicals, Shepshed, UK) and
tetrahydrofuran (for chromatography, redistilled,
International Enzymes, Windsor, UK) were used.

RESULTS AND DISCUSSION

The experimental results for the solutes listed in
Table 1 are illustrated graphically as plots of log &’
(capacity factor) against log ¢ (concentrations; %,
v/v), where ¢ is the concentration of the polar com-
ponent of the solvent. Fig. 1 shows these relation-
ships for monofunctional solutes (of class AB ac-
cording to the Pimentel-McClellan classification
[14]) in the system with Florisil and tetrahydro-
furan-n-heptane as eluent. The plots obtained for
Florisil are linear, in accordance with the Snyder—
Soczewinski model of adsorption [15.16]. The
slopes of the lines can be differentiated: for anilines
the plots are slightly steeper than those for the phe-
nols. This indicates stronger adsorption of aromatic
amines than phenols on the acidic centres of the
Florisil surface.

Fig. 2 shows correlation plots of log k&' values
obtained for monofunctional solutes adsorbed on
Florisil against log &' values of these compounds

TABLE |
SOLUTES INVESTIGATED

Solute Abbreviation
Aniline An
I-Aminonaphthalene 1AN
2-Aminonaphthalene 2AN
4-Methylaniline 4MAn
2,3-Dimethylaniline 23MAnR
2.4-Dimethylaniline 24MAn
2.5-Dimethylaniline 25MAn
N-Benzylaniline BylAn
Diphenylamine dipA
Phenol P
3-Methylphenol IMP
4-Methylphenol 4MP
2,3-Dimethylphenol 23MP
2,5-Dimethylphenol 25MP
Thymol T
2-Napthol 2HN
Quinoline Q
6-Methylquinoline 6MQ
7-Methylquinoline T™MQ
8-Methylguinoline sMQ
3-Methylisoquinoline IMIQ
5,6-Dimethylquinoline 26MQ
Benzophenone Bf

1-Nitronaphthalene ININ
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Fig. 1. Plots of log k’ versus log (concentration of modifier in the
mobile phase) (¢, %, v/v) for monofunctional aromatic com-
pounds. Active solid Florisil; mobile phase, tetrahydrofuran—n-
heptane. For identification of solutes, see Table I.

adsorbed on silica in different eluent systems. These
correlations illustrate the differences in adsorption
on the Florisil and silica surfaces. In all three dia-
grams for three eluent systems, tetrahydrofuran—n-
heptane, dioxane-n-heptane and isopropanol-n-
heptane for phenols and for aniline derivatives (pri-
mary aromatic amines) respectively two correlation
lines can be plotted. These lines can be expressed by
the following equations:

(a) for tetrahydrofuran as a modifier:
for phenols (upper line):

log k'Erorisit = 1.29 log &'gijica +0.05; r=0.89 (n=28)
for anilines (lower line):

10g k' Frorisit = 0.82 log k'sijica — 0.28; r=0.84 (n=16)
(b) for dioxane as a modifier:

for phenolé (upper hne);

log k'piorisn = 1.98 log k' gica —0.19; r=0.98 (n=17)
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for anilines (lower line):
lOg k,Floris“: 1.33 log klsmca"o.37; r=0.97 (n= 7)

(¢) for isopropanol as a modifier:
for phenols (upper line):

log klﬂorisj] =1.62 log k’sj]jca + 008, r=0.88 (n = 7)
for anilines (lower line):

10g k,Florisil =1.50 log k,silica_- 037, r=0.94 (n= 7)

For combined phenols and anilines much lower
correlation coefficients (r) would be obtained.

The points for secondary amines (diphenylamine,
N-benzylamine), nitronaphthalene and benzophe-
none are dispersed near these two lines. For all
compounds, especially in systems with tetrahydro-
furan and isopropanol, the correlation coefficients
are lower, which is due to differences in selectivity
between the two adsorbents. The correlation coeffi-
cients for dioxane are high and the lines are close to
each other. It seems that dioxane (class B) modifies
the Florisil and silica surfaces by ether oxygen. This
leads to adsorption of solutes by displacement and
solvation of molecules {12,17]. The adsorbed mole-
cules of dioxane on the Florisil or silica surface can
interact with the second ether oxygen with the chro-
matographed solutes. This leads to co-adsorption
of class AB solutes on the monolayer of dioxane,
which causes the differences in the surface proper-
ties of Florisil and silica in this system to decrease
and therefore the adsorption of solutes is similar.

It should be noticed that, for example, anilines
are separated on Florisil using isopropanol (Fig. 2¢)
in the range of 0.5 log k’ units and on silica only 0.3
log k' units, which means that the corresponding k'
values are in the range of about 3.2 units on Florisil
and 2 units on silica. A contrary effect can be ob-
served for the same group of compounds using
tetrahydrofuran as a modifier (Fig. 2a). In this in-
stance the log k' values are in the range of about
0.25 units for Florisil and 0.35 units for silica and
hence the separation of anilines on Florisil is worse.
It seems that tetrahydrofuran binds to the Florisil
surface, so that its specific polar properties de-
crease. Probably this results from the formation of
a monolayer of tetrahydrofuran molecules. This
film of adsorbed modifier molecules shields. and
deactivates particularly the surface of Florisil.
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Fig. 2. Correlation between log k' values of monofunctional aromatic compounds on Florisil and silica. Solutes: (@) phenols; (O)
anilines; (CJ) other compounds. Mobile phase: (a) tetrahydrofuran-n-heptane (15%, v/v, for Florisil and 20%. v/v, for silica); (b)
dioxane-n-heptane (20%, v/v, for both adsorbents); (c) isopropanol-n-heptane (5%, v/v, for both adsorbents).



ADSORPTION PROPERTIES OF FLORISIL AND SILICA. L.

logk (Florisill
@ 26MQ
1.2
® 3MiQ
10 © 26MQ
©5680
5680 @ ® 7MQ
08 NE L
MO @
M R oeMg
06 Qe
026MQ
8MQ @ 04
sl QO OUs%68a
02
D 8Ma
-06  -04 -02 02 04 06  logk'(SOp)
-0.2

Fig. 3. Correlation between log k' values of monofunctional sol-
utes (quinoline bases) on Florisil and silica using following sys-
tems: ([1) tetrahydrofuran—x»-heptane (40%, v/v, for Florisil and
20%., v/v, for silica); (W) dioxane--n-heptane (50%, v/v for Flo-
risil and 30%, v/v, for silica); (M) isopropanol-n-heptane (30%,
v/v for Florisil and 5% v/v, for silica).

The correlation plots of 1og k'Fiorisin against log
K'siica (Fig. 2) allow a comparison of the selectivities
of the systems. For instance, it can be seen that al-
though anilines are less strongly adsorbed on the
Florisil than on the silica surface, in most instances
they can be better separated using Florisil than sil-
ica, especially when using isopropanol or dioxane
as a modifier (see Fig. 2b and ¢). For example, iso-
mers such as dimethylanilines (23MAn, 24MAn,
25MAn) and aminonaphthalenes (1AN, 2AN) are
better separated on Florisil using isopropanol-n-
heptane or dioxane—#-heptane as the eluents. How-
ever, the adsorption of phenols on Florisil and on
silica is similar, although there are some individual
differences in chromatographic behaviour (e.g., di-
methylphenols). The isomers of xylenol are better
separated on Florisil than on silica with all the
cluent systems investigated (see Fig. 2). There are
greater differences for Florisil than for silica in the
retention of phenol and 2-naphthol and of phenol
and 4-cresol with all three eluent systems,
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The chromatographic properties of the above
systems can also be compared by the retention of
quinoline bases (class B). Quinolines are more
strongly adsorbed on Florisil than on silica in all the
systems investigated. The effect of shielding of the
Florisil surface and its deactivation, especially by
tetrahydrofuran molecules, can be observed (see
Fig. 3). In all instances the compounds can be better
separated using Florisil than silica. For example, in
all eluent systems methylquinolines (7MQ or 6MQ)
can be separated from dimethylquinoline (26MQ),
and also from quinoline (Q).

Fig. 4 compares the selectivity of Florisil with dif-
ferent solvent systems as the log k' ““spectrum” ob-
tained for a constant concentration of a modifier
(comparable solvent strength) for monofunctional
solutes of class AB. The different slopes of the
straight segments of lines indicate marked changes
in selectivity; changes in the sequence of the elution
of the compounds are also apparent. The effect of
the individual substituents on retention can be

Fig. 4. Graphical comparison of log 4’ values obtained for Flo-
risil. Mobile phases: tetrahydrofuran (15%), dioxane (20%) and
isopropanol (5%) in n-heptane (H).
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Fig. 5. (a) Correlation of log k&’ values for 20% (v/v) of dioxane (Dx) in n-heptane against log &’ values for 10% (v/v) of tetrahydrofuran
(THF) in n-heptane. Active solid, Florisil. (b) Correlation of log k&’ values for 5% (v/v) of isopropanol (iPrOH) in n-heptane against log
k' values for 10% (v/v) of tetrahydrofuran in n-heptane. Active solid, Florisil; correlation line plotted for primary anilines. (c)
Correlation of log k&’ values for 5% (v/v) of isopropanol in n-heptane against log &’ values for 20% (v/v) of dioxane in n-heptane. Active

solid, Florisil.
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quantified by direct estimation from these dia-
grams.

Another method for comparison of the investi-
gated eluent systems is to plot the log k* versus log
k’ relationships obtained using Florisil as an active
solid and different modifiers in the mobile phase for
all the investigated monofunctional solutes of class
AB.

Comparison of dioxane-n-heptane and tetra-
hydrofuran—n-heptane eluent systems shows a com-
mon correlation line for all the compounds investi-
gated (see Fig. 5a). However, there is a wide spread
of points within each group; moreover, it is advan-
tageous from the viewpoint of differences in selec-
tivity between these modifiers (i.e., there are no sep-
arate parallel correlation lines for phenols and ani-
lines as when using silica [12]).

Fig. Sb illustrates the correlations between the
eluents isopropanol-n-heptane and tetrahydro-
furan-n-heptane. The points for aromatic primary
amines form the upper line, which can be expressed
by the following equation:

log k’iPrOH=0-93 log k’THF~004a r=0.91 (n=7)

The points for phenols are dispersed below this line.

Fig. 5c presents a correlation of isopropanol-n-
heptane and dioxane-n-heptane systems. The
points form two crossing lines. The upper line for
anilines can be expressed by the following equation:

log k"ipron=10.98 log k'p,+0.10; r=0.95n="7)
For the lower line for phenols the equation is
log k'ipron=0.43 log k'p,— 0.02; r=0.83 (=7

These relationships show the specific properties of
dioxane as a modifier and indicate that phenols are
strongly adsorbed on the Florisil surface modified
by dioxane molecules forming a film with ether ox-
ygen—electrodonor atoms opposing the bulk phase.
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- CONCLUSIONS

In spite of a number of analogies between ad-
sorption on Florisil and on silica, especially for AB
class compounds, distinct differences in the acidity
of the adsorption centres and their distribution
were observed (e.g., stronger adsorption of quino-
lines of class B and capability for separation of iso-
mers). Either Florisil or silica may be used as a com-
plementary adsorbent for some particular separa-
tions.

Modifiers such as isopropanol and dioxane are
very interesting from the viewpoint of selectivity,
especially the dioxane system, where an additional
co-adsorption mechanism is observed.
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