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THE INFLUENCE OF THE SPECIFIC SUKFACE AREA OF
ADSORBENT UPON THE OPTIMIZATION OF THE FPROCESS
OF ADSORPTION THIN=-LAYER CHROMATOGRAPHY

J.K.ROZYLO, I.MALINOWSKA and M.FONIEWAZ

Institute of Chemistry,M.Curie-Sktodowska University
20-031 Lublin, POLAND

ABSTRACT

An important aspect of the influence of specific surface
area of adsorbent on RM values of substances obtained in
the process of adsorption thin-layer chromatography has
been presented in the paper. The experiments have been con-
ducted with four adsorbents, each having different specific
surface area, that is, from 50 to 500 m2/g and with the use
of mixed binary solvent mobile phases of benzene-aliphatic
alcohol type. It has been proved that RM values of investi-
gated substances of group B change pegulary according to
the specific surface area of adsorbent for individual con-
centrations of mobile phase., The relationship may be des-
cribed by means of square trinominal. The parameters of
trinominal may be tabulated and the differentiation of the
parameters for particular substances is observable at the
same time. The relationship in question may be utilized to
calculate RM values of studied substances on any adsorbent
with known specific surface area.
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INTRODUCTION

In chromatographic investigations great attention is
raid to adsorbents with different surface structure, in
their monographs Geiss (1) and Snyder (2) denoted much
attention to the importance of microporous structure of
adsorbent in the process of thin-layer chromatography.

The interest in the role of specific surfabe area of
adsorbent in thin-layer chromatography is still current
due to the increasing importance of this method as a pilot
technique for determining the optimum mixture separation
conditions on analitical and preparative scale (3 - 7).

The previously observed linear relationships of the dif-
ference of RM values of substances for pure eomponents of
mixed binary solvents mobile phases from the specific sur-
face area of adsorbents are not to convenient to use in the
routine process of optimization of separation conditions.

In the present paper an analysis of relationships between
RM values of substances and specific surface area of adsor-
bent with the preservation of equal concentrations of mobile
phase on adsorbents with different size of specific surface

area has been made.

MATERIALS AND METHODS

In order to solve the problem in question the measurements
of RF (RM) values of model substances have been made by means
of the method applied in adsorption thin-layer chromatogra -
phy. Silica gel f-my Merck (7) with different specific sur-
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face area (s) have been used asaddsorbent, that is, 500;
400; 150 and 50 m2/g. Polycyclic compounds, the molecules
of which contained heteroatoms have been used aschromatogra-
prhed substances. All studied substances under experiment
showed electrodonor properties and constant dipole moment.

The chromatografphed substances were:

Substances Pimentel and lMcClellan
classification (8)
phenol AB
acridine B
qitinoline B
6-methylquinoline B
7-methylquinoline B
8=-methylquinoline B

As mobile phases were used binary mixtures of N(B)-AB
type solvents, that is, benzene-methanol, benzene-ethanol
and benzene-propanol.

The way in which the chromatographic process was con-
ducted and the visualization of the substances under inves=-
tigations have been presented in many earlier publications
(9-12). The results of the experiments performed have given
in a form of diagrams of RM values according to the size

of specific surface area of adsorbent vs RM (Figs. 1-&) .

RESULTS AND DISCUSSION

Molecular interactions in chromatographic process are

of very complex nature. It is known that RM values of chro-
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FIGURE 1. Linear relationship R =f s for nonactive chromatographic
substances. Mobile phase: methylcycloheksane-benzene.
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FIGURE 2. Relationship RM=f s for active solutes. Mobile phase:
benzene-methanol.
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FIGURE 3. Relationship R,=f s for active solutes. Mobile phase:
benzene-ethanol.
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FIGURE 4. Relationship RM=f s for active solutes. Mobile phase:
benzene=propanol.
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matographed substances depend upon the kind of investigated
substances, property of solvents constituting mobile phase
and property of adsorbent. In the paper an attention has
been paid to the size of specific surface area of adsorbents
and to RM values of chromatographed substances which are
connected with them. In earlier works (13) there has been
discussed a problem of relationships between RM values of
chromatographed substances and the specific surface area of
adsorbent for substances which exhibit neither electrodonor
nor electroacceptor properites (class N ) and do not posses
significant dipole moment. In the case of such substances in
systems of benzene-hydrocarbon ( class N-N) and benzene alco-
hol (class N B - AB type@. The relationship between RM va=-

lues of these substances in these mobile phase in given as

RM =as + b 1

Values for a and b are chosen in a numerical way. In the
paper we deal with the relationship between RM values and
the specific surface area of adsorbent for substances ha-
ving electrodonor properties and belonging to groups A and
AB according to Pimentel and McClellan. In this case diagrams
RM vs 5 are not straight lines but they have the shape of

parabola. This relationship fs given as:
RM = as2 + bs + ¢ 2

Graphical relationships of RM Vs s have been shown in
Figs. 2=4. The parameters a,b and c of equation 2 depend

upon the kind of chromatographed substance and applied
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mobile phase. For each chromatographed substance there

have been calculated and dtabulated the values of parame-
ters a,b and ¢ according to equation 2 for individual mo-
bile phase compositions. The parameters have been presented
in Tab. I-III. Parameter a denotes specific molecular inter-
actions within chromatographic system. Certain regularities
may be observed in systems under investigations. The slig~
hest differences between parameters a for individual sub-
stances appear together with greater concentrations of
alcohol in mobile phase. For quinoline and its methyl de-
rivatives the values of parameter a decrease with the incre=-
ase of molecular weight of alcohol which is a more active
component of mobile phase, It follows from the data in

Tab. I-III that the values of parameters a and b greatly
depend upon the size of the molecular area of chromatogra=-
phed substances As and upon the configuration of free elec=-
trons within the molecule of a given substance. Though ac=-
riuine and quinoline belong to the sane group of compounds
according to Pimentel and Mc¢Clellan classification, we may
cleary see the differences in the values of the above men-
tioned parameters. It is caused by the differences in con=-
figurations of free electrons within the molecules of the
compound in question.

The values of parameters a and b are also greatly diffe-
rent in tne case of quinoline and its methyl derivatives.
Though the value of adsorption energy of methyl group on
8102 is nearly zero. The differences in the configuration

of free electrons in the molecules of substances under in-
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vestigations are seen in the values of their dipole moments
and that has an influence on the differentiation of parame~
ters a and b of multinominal.

The smaller is the molecule of alcohol which is a more
active component of mobile phase the smaller are the diffe-
rences in the values of parameter a (from the concentration
W1 = 0,7 of volume fraction) o The regularities are most
distincly observed in the case of benzene-methanol mobile
phase. It is understood becouse of the fact that mathanol
is the solvent of the greatest elution strenght among the
solvents we used. For benzene-propanocl system the relation-
ship is not maintained due to the significantly lower elutior
strength of the mobile phase,

In the investigated systems the smallest values of pa=-
rameter a appear for acridine. It is also seen that for
phenol the values of parameters a and b greatly differ
from the value of these parameters for remaining solutes.,
It may be explained by the different ability of phenol
to make hydrogen bonds with the remaining substances of
group B.

The values of parameter ¢ denote molecular interac-
tions at-specific surface area of adsorbent equal to O

(s=0) in a given chromatographic system, that is, the in-
teractions of the type: chromatographed substance S1 -

- component "1" of mobile phase (M,) and chromatographed

1
substance {51) ~ component "2" of mobile phase (Mz) .
In a graphical form, the interactions may be shown as

follows:
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The values of parameter c¢ change with the composition of
mobile phase due to the fact that systems we investigated
are non-ideal. The diagrams of relationships ¢ vs‘-F1
correspond in their shapes to relationships RM vs \?1;
but the values of parameter ¢ are in each case lowre then
the corresponding RM values.

In table IV there have been shown RM values for chosen
chromatographed substances obtained experimentally and
calculated from equation 2. As it is seen from the given
data there exists satisfactory agreement between theoreti-
cal and experimental data. The connection of the values of
parameter a,b and c with physico~chemical quantities being
characteristic of chromatographic system will allow us to
avoid the series of tiring experimental measurements and

to obtained greater universality of chromatographic data.
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