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PHENOXYACETIC ACID DERIVATIVES ON

SILICA GEL AND DIOL BONDED SILICA GEL
HPTLC PRECOATED PLATES

Maria L. Bieganowska, Anna Rompa¶a

Department of Inorganic and Analytical Chemistry
Medical Academy, Staszica 6

20-081 Lublin, Poland

ABSTRACT

The HPTLC behavior of closely related N-phenylamide
derivatives of phenoxyacetic acid has been studied on silica gel
and diol-modified silica gel layers developed with binary non-
aqueous mobile phases (ethyl acetate, dioxane, or methyl ethyl
ketone in n-heptane or dichloromethane).  The influence of the
different polar modifiers on the retention was illustrated as linear
plots of RM = f(log c).  The separation selectivities of the
investigated compounds on silica gel and diol phases were
compared as RM(silica) vs. RM(diol) relationships.

INTRODUCTION

The chromatographed N-phenylamides of phenoxyacetic acid are an
interesting group of biologically active compounds.  They have been widely
analyzed by reversed-phase thin-layer and column chromatography. Their
retention was compared with their pharmacological activity expressed by two
effects, the inhibition of prostaglandin synthetase and the strength of binding to
albumins.1-3   
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Table 1

Constants for RM = RM
0 - m log c; Intercept (RM

0); and Slope (m)
Structures of Investigated Compounds

O CH2 CO NH

X Z

HPTLC Diol-Modified Silica
MEK Dioxane

n-Heptane n-Heptane
No. X Z m RM

0 m RM
0

1 --- o-COOH -2.28 -1.03 -2.18 -0.87
2 o-Me o-COOH -2.91 -1.02 -2.59 -0.75
3 o-Me p-COOH -2.45 -1.16 -2.01 -0.89
4 m-Me o-COOH -1.99 -0.99 -2.13 -0.93
5 p-Me o-COOH -2.46 -1.12 -2.12 -0.86
6 p-Me m-COOH -2.15 -1.05 -1.95 -0.81
7 p-Me o-COOH, 4-Me -2.50 -0.91 -2.53 -0.87
8 p-Me o-COOH, 6-Me -2.13 -1.06 -1.97 -0.88
9 p-Me o-COOH, 4-Cl -2.74 -0.90 -2.37 -0.67
10 p-Me o-COOH, 6-Cl -2.29 -1.01 -1.90 -0.73
11 p-Me o-COOH, 4-Br --- --- --- ---
12 p-Me o-COOH, 5-NO2 --- --- --- ---
13 p-Cl o-COOH -2.06 -0.96 -2.01 -0.93
14 p-Cl o-COOH, 4-Cl -2.23 -0.79 -2.51 -0.79

Many phenoxycarboxylic acids applied as pesticides have been analyzed
on different adsorbents: silica gel;4-6 cellulose;7 silver nitrate impregnated silica
gel;8 and NH2-, CN-, and diol-modified silica gel.9  Our studies were per-
formed using silica gel and diol phases and different non-aqueous mobile phase
systems.

The compounds investigated (including positional isomers), differing from
one another by one functional group in the ring (hydrophobic and hydrophilic
substituents), provide information on molecular interactions in these systems.
The effects of individual substituents on retention were quantified by ∆RM

values.
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EXPERIMENTAL

The solutes were chromatographed at 20 ± 22oC on HPTLC silica gel and
HPTLC diol plates 10 x 10 cm from E. Merck (Darmstadt, Germany) in a
horizontal sandwich chamber with a glass mobile phase distributor.10  Samples
(2 µL) of solutions (0.2% w/v) of the solutes in methanol were spotted 1 cm
from the bottom edge of the plate.  The development distance was 8 cm.  The
spots were located under UV light at λ = 254 nm.  The other chromatographic
conditions used are given either in the figure captions or in the text.  All solvents
were pro analysis grade from Polish Reagents (POCh, Gliwice).

RESULTS  AND  DISCUSSION

The investigated compounds listed in Table 1 have been chromatographed
on silica gel and diol-modified silica HPTLC plates using non-aqueous binary
mobile phase sometimes containing the ion-association reagent
triisopentylamine.  It seemed worthwhile to extend our previous
chromatographic investigations of these compounds1-3,11 on hydrophilic
adsorbents in order to evaluate the retention selectivity and mechanism of
adsorption.  The mechanistic model of competitive adsorption of solute and
solvent molecules for the polar adsorbents (silica and alumina) elaborated by
Snyder-Soczewi̧ski can also be applied for interpretation of the solute behavior
on diol-modified silica gel.  This model is quantitatively described by the
following, linear equation:12-15

RM = log (1-RF)/RF = RM
o - m log c (1)

where c is the volume percentage concentration of the more polar solvent in the
mobile phase; RM

o (intercept) = RM for pure modifier c = 1 (i.e., the right-hand
ordinate) is related to the strength of solute stationary phase binding.  The slope
(m), which is constant for the system, represents the average number of solute
molecule-active adsorption sites.

The equation enables the interpretation of the retention mechanism relative
to solute, solvent, and adsorbent characteristics. The retention  vs solvent
composition relationships are very important for selection of an optimal system
for a given set of chromatographed compounds.

The experimental data are presented as plots of RM values against volume
percentage concentration of dioxane or ethyl acetate as modifiers in pure
dichloromethane  (Figs. 1 and 2)  or in dichloromethane containing low     amounts
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Figure 5. Correlation of RM1  for 30% ethyl acetate in dichloromethane with RM2 for 30%
dioxane in dichloromethane.  Adsorbent: silica gel.  Compound numbers as in Table 1.

of  triisopentylamine (Figs. 3 and 4) and also as diagrams of RM1 vs RM2

correlations for modifiers 1 and 2 (Figs. 5-7)  and  for  adsorbents  (diol and
silica, Fig. 8).  Linear relationships  RM = f(log c) (Figs. 1 and 2)  were obtained
for almost all the modifier concentrations used, in accordance with  equation 1.

The differentiated slopes depending on the difference in mobile phase
strength and number of polar groups in the analyte molecule caused the
individual lines plotted in the figures to sometimes cross (changes in spot
sequence), giving the possibility of optimizing the systems for separation of
particular pairs of compounds.  The majority of the solutes were well separated
in both  systems.  RM values in the optimum range of 0.2-0.8 were obtained in
most cases (lower RM values are indicative of faster migration).  For some
individual pairs of compounds, better separation was obtained with higher
modifier concentration and for other pairs with lower.

Dioxane is a significantly stronger modifier than ethyl acetate, so that for
its lower concentration  comparable RM values for both systems were obtained.
In all cases, RM values decreased with increasing amount of polar modifier in
the mobile phase.
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Figure 6. Correlation of RM1 for 40% ethyl acetate in dichloromethane with RM2 for 40%
ethyl acetate in dichloromethane + 0.25% triisopentylamine.  Adsorbent: silica gel.
Compound numbers as in Table 1.

The highest RF values were obtained for solutes with ortho carboxylic
group.  Their hydrophilic properties were decreased owing to intramolecular H-
bonds formed between vicinal carboxylic and amido groups (compounds 1,2,5);
similarly, a halogen atom introduced into the molecule (especially in the para
position) also caused a decrease in hydrophilic properties.  The compounds with
free proton-donor carboxylic group forming hydrogen bond linkages with
silanol groups as active centers of silica gel were strongly adsorbed.  Somewhat
better separation for some isomers was obtained when ion-associating
triisopentylamine was added to the mobile phase (Figs. 3 and 4).

For comparison of the selectivities of the systems used, the difference
between retention parameters (RM) was quantitatively expressed by ∆RM (RMn -
RM1)  values  in  Table 2,  and also by diagrams of RM1 vs RM2 relationships
(Figs 5-7).
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Table 2

Retention and Selectivity Parameters, ∆RM (RMn - RM1) Values
For Silica Gel Adsorbent

Diluent: Dichloromethane Diluent: n-Heptane
30% 40% Ethyl 50%

Dioxane Acetate Dioxane
+0.25% 40% + 25% +0.25%

30% Triisopentyl Ethyl Triisopentyl 50% Triisopentyl
Dioxane Amine Acetate Amine Dioxane Amine

No. RF ∆RM RF ∆RM RF ∆RM RF ∆RM RF ∆RM RF ∆RM

1 0.77 --- 0.79 --- 0.26 --- 0.37 --- 0.33 --- 0.42 ---
2 0.80 -0.08 0.88 -0.29 0.28 -0.04 0.32 0.11 0.53 -0.35 0.60 0.31
3 0.53 0.47 0.60 0.40 0.21 0.13 0.28 0.18 0.28 0.11 0.35 0.12
4 0.66 0.24 0.77 0.05 0.22 0.09 0.28 0.18 0.40 -0.13 0.53 -0.19
5 0.74 0.07 0.80 -0.03 0.26 0.00 0.32 0.11 0.44 -0.20 0.53 -0.19
6 0.40 0.69 0.53 0.52 0.15 0.30 0.14 0.55 0.28 0.11 0.33 0.16
7 0.82 -0.13 0.92 -0.42 0.28 -0.04 0.33 0.07 0.48 -0.27 0.55 -0.22
8 0.26 0.97 0.42 0.71 0.08 0.61 0.08 0.83 0.33 0.00 0.44 -0.04
9 0.54 0.45 0.57 0.45 0.16 0.27 0.17 0.45 0.28 0.11 0.62 -0.35
10 0.08 1.58 0.39 0.76 0.04 0.93 0.04 1.15 0.13 0.52 0.22 0.40
11 0.53 0.47 0.59 0.42 0.17 0.23 0.15 0.52 0.33 0.00 0.75 -0.61
12 0.15 1.27 0.57 0.45 0.04 0.93 0.06 0.96 0.04 1.08 0.26 0.31
13 0.66 0.24 0.71 0.19 0.21 0.12 0.26 0.22 0.33 0.00 0.47 -0.09
14 0.42 0.66 0.48 0.60 0.22 0.09 0.13 0.59 0.24 0.20 0.56 -0.24

Fig. 5 shows the comparison two modifiers, ethyl acetate and dioxane.
The points are widely dispersed.  A pair of solutes at similar abscissa values and
different ordinates is poorly separated in system 2 (abscissa coordinate) but
separated much better in system 1, and vice versa.

For ethyl acetate, the dispersion of correlation points is less pronounced.
In this instance, the RM values are in the range of 0.88 units for ethyl acetate and
1.68 units for dioxane and, hence, dioxane is more selective solvent.
Compounds 1,2,7 and 10,12 were not separated by use of ethyl acetate but were
well separated by use of dioxane, but for compounds 1,5 and 3,11, ethyl acetate
was the more selective solvent.

Figs. 6 and 7 depict that the retention and selectivity of investigated
compounds can be affected not only by the nature and concentration of modifier,
but  also  by  addition  of  an  ion-associating  reagent  to  the mobile phase.
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Figure 7. Correlation  of RM1  for 30% dioxane in dichloromethane  with RM2  for  30 %
dioxane in dichloromethane + 0.25% triisopentylamine.  Adsorbent: silica gel.
Compound numbers  as in Table 1.

The majority of the solutes were better separated in these systems (see
solutes 1,2,7 and 10,12 in Fig. 6 and 4,13 in Fig. 7).  The experimental results
obtained on diol-modified silica gel layers are presented in Table 1 as the
parameters of Eq. 1.  In accordance with the mechanistic model based on the law
of mass action, the RM vs log c plots are linear (r > 0.984) for almost all
investigated concentration ranges of modifiers.
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Figure 8. Correlation of RM for 30% dioxane in n-heptane (adsorbent: diol silica gel)
with RM for 50% dioxane in n-heptane (adsorbent: silica gel).  Compound numbers as in
Table 1.

The absolute slope values of about 2-3 indicate two or three point
interactions with the adsorbent surface as well as the solvation equilibria.  The
retention behavior and separation selectivity of the solutes on silica gel and diol-
modified silica phases was directly compared by RM1 vs RM2 correlation (Fig. 8)
obtained using the same solvents in both systems.

A lower concentration of dioxane was needed for elution with comparable
RF values on diol phase; the adsorptive properties of diol surface are weaker.16

The correlation line of the strongly dispersed points in the diagram is
expressed by the following equation:

RM(silica) = 0.47 - 0.54 RM(diol)  n = 12; r = 0.230 (2)

The very low correlation coefficient indicates individual differences in
selectivity of both adsorbents and that the chemical character of the surface-
active centers (acidic silanol groups on the silica surface and alcoholic OH
groups on the diol surface) is quite different.17-20  The proton-donor-acceptor
groups of the solute molecule play a significant role in the mechanism of
adsorption on polar sorbents but, in case of diol layers, also non-polar methyl
groups or halogen cause non-specific interactions with non-polar fragment of
diol-ligands (dihydroxy alkyl groups) and, thereby, this stationary phase can be
also used in the reversed-phase mode.  Non-specific interactions cause a
weakened strength of polar properties of the diol-silica phase.
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CONCLUSIONS

The results obtained show the usefulness of silica gel and diol-silica
adsorbents for chromatographic analysis of the investigated compounds.  The
comparison the data obtained for different mobile phases and adsorbents permits
the choice of selective systems for two-dimensional chromatography and also
for re-chromatography, especially for difficult separations of closely related
compounds.
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