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SUMMARY

The retention order of o-, m- and p-isomers of polar substituted benzenes
has been investigated on columns packed with silica gel with a hydroxylated surface,
the ecluent being r~-hexane with different poiar additions. The elution order is
determined by the s:ature and position of the substituent groups. their influence on
the electron density distribution in the benzene ring, the possibility of the formation
of intra-molecular and inter-molecular hydrogen bomds and the orientation of
adsorbate molecules relative to the adsorbent surface.

INTRODUCTION

In gas-adsorption chromatography (GAC) on polar adsorbents the additional
aon-specific inter-molecular interaction of the hydrocarbon parts of molecule with
the adsorbent considerably diminishes the difference in total adsorpiion energy of
o-, m- and p-isomers of aromatic compounds. Ther=fore, the selectivity of such.well
known polar adsorbents as porous silica with a hydroxylated surface towards these
isomers in GAC is usually lower than in liquid-adsorption chromatography (LAC).
Adequate separation of these isomers in GAC is obtained only upen a further in-
crease in the adsorbent specificity, for example when using such ion adsorbents as
BaSO; (ref. 1). When using non-polar or weakly polar eluents, LAC provides the
separation of ¢-, m- and p-isomers of aromatic compounds even on suck a weakly
specific adsorbent as hydroxylated silica. The higher sclectivity towards these isomers
in LAC compared with GAC is caused by the fact that LAC separation is much more
influenced by differences in specific inter-molecular interactions beiween polar
groups of the molecule and polar groups or ions of the adsorbent®>4. The non- ific
inter-molecular interaction of an adsorbent with methyl and methylene groups of
benzene derivatives is not as important as in GAC, because the melecules of the
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eluent (saturated hydrocarbons) also contain these groups. However, inter-molecular
interactions of methyl and methylene groups of benzene derivatives with similar
groups of eluent molecules are of considerable importance. It has been shown® that
with mono-n-alkylbenzenes, beginning with ethylbenzene, the increase in the length
of the n-alkyl substituent leads to a decrease in the retention on the hydroxylated
surface of silica gel owing to the inter-molecular interaction with the eluent (n-
hexane).

The LAC separation of isomers of substituted benzenes with polar groups in
o-, m- and p-positions on silica gel, eluted with saturated hydrocarbons containing
some polar additions, is ensured by the different abilities of the polar substituents
to form hydrogen bonds with silanol surface groups, the electron density distribution
in the benzene nucleus of these molecules and their orientation relative to the
adsorbent surface.

LAC has been used successfuily for the separation of o-, m- and p-isomers of
alkylphenols and chlorophenols®-’, methyl- and chloroanilines®-? and other isomers!®:!!
the aim being to maximize adsorbent selectivity; the adsorbent was impregnated
with cadmium and silver salts.

In this work we studied the regularities of the order of retention of benzene
derivatives with different substituents in the o-, m- and p-positions on the hydrox-
ylated surface of silica gel wher cluting with weakly polar eluents.

EXPERIMENTAL

A TSVET-304 liquid chromatograph equipped with a UV detector (254 nm)
was used at room temperature for the measurements. Stainless-steel columas (length
20 cm, I.D. 4 mm) were packed with hydroxylated silica gel C-3 (with a specific
surface area of 260 m?/g and a particle size of 10-15 um) by the slurry packing
method from chloroform. n-Hexane—chloroform—isopropanol was used as the eluent.
The retention of o-, m- and p-isomers of benzene derivatives containing CH;, fert.-
C.:H,, Cl, Br, OH, COOCH;, NH. and NO, substituents was investigated.

RESULTS AND DISCUSSION

At a small surface coverage adsorption from non-polar or weakly polar
eluents on silica gel with a hydroxylated surface, and the corresponding retenticn
volumess, are determined mainly by specific intermolecular interactions and, if it is
possible, by hydrogen bonding between polar groups of the adsorbed molecules and
surface silanol groups*'3. When separating alkyl-substituted e-, m- and p-isomers of
aromatic hydrocarbons (R substituents) the order of elution of these isomers is
influer.ced by the change in the electron density distribution in the benzene ring®.

In the separation of o-, m- and p-isomers with polar R and —R sub-
stituents three basic cases may be observed. In the first case, both polar sub-
stituents are similar type, in the o-position, they do not form strong intra-molecular
bonds, or intra-molecular hydrogen bonds in particular (the polar substituents may
be diferent, but it is important that they do not exhibit strong intra-molecuiar
interactions in the o-position). In this case the dipole moment increases in the order
P < m < o. The same order would be expected in the retention of these isomers.

In the second case, both substituents are also polar, identical or not identical
and in the o-position strong, intra-molecunlar interactions come into play. Therefore,
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the o-isomers of such compounds should be retained less than the n- and p-isomers.
Their dipole moments depend on the electron-donating or electron-accepting character
of the substituent groups which influence the electron density in the benzene ring. For
most of the investigated compounds falling into this group, the dipole moments
follow the order 0 < m << p. However, in addition to the electron density distribu-
tion, the orientation of the molecule relative to a particular surface and also the
influence of the cluent must be considered.

In the third case, one substituent is polar and the other is non-polar (alkyl
group). The contribution of the non-polar substituent itself to the retention volume
in LC is negligible, but a +R substituent increases the electron density in the benzene
ring. However, this effect is smaller than the influence of strong inter-molecular
interactions between the substituent polar group of the molecule and surface silanol
groups. Therefore, an increase in retention may be expected in the sequence
o0 < m < p, i.e., in the order of decrease in the shiclding of polar group with alkyl
substituent.

Retention volumes of isomers of 16 benzene derivatives were measured in
order to establish the retention regularities of such o-, m- and p-iscmers on silica gel
with a hydroxylated surface (Table I). An increase in the capacity ratio, K., for
silica gel columns with increase in dipole moment is observed for most of the benzene
derivatives investigated. With dioxybenzenes and toluidines a decrease in K, is
observed with the increase in dipole moment, corresponding to the elution order
P < m < o. It should be noted, however, that the molecular dipole moment does not
represent the total capacity of the molecule to engage in specific interactions with the
adsorbent.

When the substituent polar groups do not form intra-molecular bonds, the
isomers are generally retained in the order p << m << 0. This order corresponds to
the increase in the total dipole moment of the molecule and to the probability that
both polar groups interact with the hydroxyl groups of the silica gel surface.

Fig. 1 shows the chromatograms of o-, m- and p-isomers of dimethyl
phthalate, methyl nitrobenzoate and xylene. All of these isomers are retained in the
order p < m << o because in this instance no strong intra-molecular bonds are formed
between the substituent groups. Therefore, o-isomers are the most retained as their
dipole moments are the highest and they can take the most advantageous position
relative to the hydroxyl groups on the silica gel surface.

Fig. 2 shows the chromatograms of nitroaniline, nitrophenol, bromophenol
and dihydroxybenzene isomers. The order of retention of these compounds is
p < m < p, which it is opposite to that of the isomers of the first group. In this
instance o-isomers are the least retained as the inter-molecular interaction of their
polar groups with the silanol groups of the adsorbent surface are weakened by
intra-molecular hydrogen bounds between closely positioned substituent groups
(NH, .. .NO,; OH...NO,; OH..Br; OH...OH).

Fig. 3 shows chromatograms of isomers of fert.-butylphenol, nitrotoluene and
cresol. The substituent groups in the molecules of these compounds do not form
strong intra-molecular bonds. However, the retention order o < m < p in this in-
stance is the same as for molecules in which both substituent groups are polar. This
retention order is explained by the fact that in these instances the polar group is
shielded by methyl or fert.-butyl groups, the effect being most notabie when two
tert.-butyl groups are in the o-position relative to the hydroxyl group.
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Fig. 1. Chromatogram of isomers (elution order p < m < 0) on silica gel with a hydroxylated sur-
face. () and (b) column 20 cm x 4 mm LD, silica gel C-3, particle size 10-15 um, eluent n-hexane—
chlorofarm (90:10), flow-rate 1.2 cm®/min; (c) column 30 cm x 4 mm LD, silica gel KCC-4, particle
size 5-8 pm, eluent n-hexane, flow-rate 3.7 c®/min [data in (c) from ref. 5.
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Fig. 2. Chromatogram of isomers (elution order o < m < p) ou silica gel C-3 with a bydroxylated
surface, particle size 10-15 um, column 20em X 4 mm LD. (a), (b) and (c) eluent n-hexane-chloro-
form-isopropanol (75:20:5), fow-rate 1.2cm/min; (d) elueat n-hexane—chloroform-isopropanol
(78:20:2), flow-rate 1.5 cn®/min.
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Fip. 3. Chromatogram of isomers (elutlon order 0 < m < p) on silica gel C-3 with a2 hydroxylated
surface, particle size 10-15 um, column 20 cm X 4 mm 1.D. (a) Eluent n-hexane, flow-rate 2 cm®/
min; (b) eluent n-hexane-chloroform—isopropanol (78:20:2), flow-rate I cm’/min; (c) eluent »-
hexape—chloroform-isopropanol (75:20:5), flow-rate 2 co’/min.

Hence it has been shown that the order of retenticn of o-, m- and p-isomers
with different functional groups is influenced by several factors such as the nature of
the substituents, their probable intra-molecular interaction in the o-position, their
infiuence on the electron density distribution in the benzene ring (--R and —R
substituents) and steric hindrance (caused by non-polar substituents in the o-position)
to the formation of strong specific inter-molecular interactions between a polar sub-
stituent of the molecule and the silanol group of the adsorbent surface. The regular-
ities obtained for the order of retention of o-, m- and p-isomers help in predicting the
retention order for isomers of many similar compounds, taking into account the
character of the substituent groups, their mutual influence (possibility of intra-
molecular bond formation) and their specific inter-molecular interaction with the
polar adsorbent with a favourable orientation.

REFERENCES

. D. Belyakovza, A. V. Kiselev and G. A. Soloyan, Chromatograpfia, 3 {(1970) 254.

. R. Snyder, Principles of Adsorptiorr Chromatography, Marcel Dekker, New York, 1968.

o Kn'kland Modern Practice of Liqiuad Chromatography, Wiley-Interscience, New York, 1971.

. Kiselev and Ya. 1. Yashin, Adsorbisionnaye Gazovaya i Zhidkostraya Khromatografya

Gas az:d Liguid Adsorption Chromatograpfiy), Khimiya, Moscow, 1979.

. N. Ageyev, A. V. Kiselev and Ya. 1. Yashin, Dokl. Akad. Naxk SSSR, 249 (1979) 377.

. Huszin, P. Kunzelmann and H. Schildknecht, J. Chromatogr., 137 (1977) 53.

. Husain and M. Kifayatulla, J. Chromatogr., 168 (1979) 517.

. Kunzru and R. W. Frei, J. Chromatogr. Sci., 12 (1574) 191.

9 C. R. Vogt, T. R. Ryan and J. S. Baxter, J. Ckromarogr., 136 (1977) 221.

10 M. Popl, V. Dolansky and ¥. Mostecky, J. Crromazogr., 117 (1976) 117.

11 R. Aigner and H. Spitzy, Aral. Crem._, 48 (1976) 381.

12 W. Golkiewicz, Wiad. Chem., 29 (1975) 645.

13 O. V. Osipov and V. L. Minkin, Spravptshnik po Dipolnym Momertam ( Reference Book or Dipole
Morernts), Vysshaya Shkola, Moscow, 1965.

4 U N e
“b“ﬁﬁ

W~ O\ A
guny



