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IT) RESEARCH OF THE BEST CHROMATOGRAPHIC SYSTEM
BY DIFFERENT PRELCADING IN THIN LAYER FOR A
TRANSPOSITION ON COLUMN
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*X aboratoire de Chimie Analytique III - Université Claude
Bernard Lyon I ~ 43, bd du 11 novembre 1918 -
69622 VILLEURBANNE Cedex

ABSTRACT

A high performance thin layer chromatographic method
for aromatic compounds separation with absorbant deactivation has
been given in the precedent work. Our aim was to transpose the
results obtain from HPTLC to HPLC. The two types of results were
then related by a transposition coefficient, KtR which interprets
the geometrical variations of the two chromatographic methods. The
values obtained for KtR represent fairly well the Tinear relation
between the retentions in thin layer chromatography and those in
column chromatography. We have thus desmontrated the possibility
of modifying adsorbent activity in the same manner in thin Tlayer
as in column chromatography by the fixation of chemical compounds,
thus allowing the separation of relatively polar compounds.
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1) INTRODUCTION

We showed that it is possible to make polar character sub-
stances migrate and to resolve them by thin Tayer chromatography
on silica (Ref 1,2). This is produced by adsorbent activity
modification, by preloading either with different relative mois-
ture or with polar character entities (formid acid, diethylamine).
In all chromatographic separations effectuated on thin layer, we
used benzene as the migration solvent with relatively weak solvent
strength. The obtained results on conventional plates (Ref 1,2)
are confirmed in HPTLC with formic acid as the preloading compound.
They led us to transpose the method in column HPLC, this techn{que
is faster and more easily usable from a quantitative point of view.
Moreover, this method helps to facilitate routine analysis.
Earlier works (Ref 3,4) showed that satisfactory results of trans-
position are obtained for a system of given phases providing that
the separation mechanism is the same in thin layer and in column ;
in this case the different retentions between the two techniques
are due to the ratio of stationnary and mobil phases quantities.
These differences are expressed by the transposition coefficient

K,p in the following relationship :

tR
- L1
KhpLe = Ker o7 (1
HPTLC
where - -1 corresponds %o k‘HPLC
Rf
HPTLC

I1) TRANSPOSITION CONDITIONS DETERMINATION

II-1 : Preliminary Experiments With The HPTLC Method

We chromatographied phenols and benzoic acids variou-
sly substituted on HPTLC silica plate "Merck" after modification
of the activity, by formic acid according to the previously des-
cribed method (Ref 2) )
The obtained retentions are referred to as examples in figure 1-2

for benzoic acid for different deactivation rates. They show
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that the introduction of formic acid as deactivant in the vapor
phase favours the migration of these compounds as a function of
their polarity, whether we use water or diethyleneglycoimonoethyl-
ether (DEGMEE) to prepare the formic acid solutions for preloading.
At the same time, we know that to make a correct transposition we
must choose in HPTLC an average Rf zone (Ref 3). Indeed for low

Rf values, the compounds are relatively too tightly bound in

these column, an on the other hand for too high Rf, they are
eluted too quickly to be well resolved. In the case of deactiva-
tion with formic acid in DEGMEE solution, this happens for rates
close to 52-60% of HCOOH by volume. For these percentages we
showed that the separations follow an adsorption mechanism

(Ref 8). So in this deactivation field we have used a certain
percentage of deactivant on the silica in HPTLC that we must
recover from the silica that was used in the column.

HCOOH/DEGMEE
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GUINCHARD ET AL.

1128

- T v

7 HINDIL

suazuag uTl HOQIH %

ury ¢

110z Alenuer vz +0 :8T

v pspeo jumog

BOTTIS
uo pexXTI HOODH %

oz

“9e

\J



18: 04 24 January 2011

Downl oaded At:

SEPARATION OF POLAR AROMATIC COMPOUNDS. 1II 1129

1I-2 : Isotherm Determination of Deactivant Fixation on Station-

nary Phase

From precedent results, we are led to determine the
deactivant amount previously fixed on thin layer silica by the
vapor phase above preloading solution so as to recover the
same condition of deactivation in column by passing through the
mobile phase containing the deactivant compound.

Thus, two series of measurements were necessary :tracing
at least a part of the deactivant fixation isotherm in HPTLC ‘and
in HPLC conditions.

For HPTLC, we obtained by weighing the isotherm represented on

the figure 3. This shows that for preloading solutions with 50 or
60% vol/vol HCOOH in DEGMEE we have a level of deactivant fixation
on thin layer respectively equal to 13,9 and 29,3% by weight.

For HPLC we used Lichrosorb 5 uwhichoffered the same
characteristic as HPTLC silica.

After agitating ten minutes, particles of Lichro-
sorb mixed with different formic acid solutions in benzene, we
separated the two phases. Then we dosed the formic acid remaining
in benzenic phase by non aqueous protometry. In this way we deduced
the formic acid adsorption isotherm, represented in figure 4.

According to isotherm 4, we see that a solution.with
2% in volume of formic acid is sufficient to obtain a formic acid
fixation equal to 23% in weight. Thus we can compare HPTLC and
HPLC (23% is an intermediate value between the observed limit of

satisfactory percentages in HPTLC 13,9 and 29,3%.

III) TRANSPQSITION
ITI-1 : Experimental Conditions

We used a HPLC apparatus which we built using a
"Hibar Merck" column 25 cm x # 4 mm full of Lichrosorb Si 60,5 u.
The flow rate was 0,85 ml min—l, The pressure loss was 90 bars.
Elution patterns were monitored at 254 nm. First we equilibrated
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the column by passing formic acid (2% solution in benzene), thus

we obtained the required deactivation rate. Then we determined
the retention time for a non retained naphtalene compound.
Then ve determined the retention times of a certain number of benzoic

acids and phenols (tR) with the benzene containing formic acid ;

2% in volume as mobile phase, hence we deduced the K'HPLC values

(K'WpLe -

to
t

0

[11-2 : Results

t

)

¥ Transposition validity

From these values of the pair of k‘HPLC and RfHPTLC
we calculated the transposition coefficients ktR with equation 1.
We gathered the obtained results in the figures 5 and 6. They
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FIGURE 5
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FIGURE 6

confirm the validity of the transposition relationship mentioned

for the studied system. We note that the same compound possesses
a retention time constant over time. This latter result proves
the stability of equilibrium between adsorbent formic acid and
solvent.
% Improvement in detection : Research of another
system

The benzene used as initial solvent in HPTLC, then
transposed in column does not allow the detection of the peaks
with a good sensibility so we pursued this work using dichlo-
romethan which has a greater solvent strength than that of
benzene and which presents the advantage of absorbing 1ittle
in UV at 254 nm unlike benzene (Ref 7). Then we easily adjusted
the new chromatographic system in HPTLC, then in HPLC using the

1131
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previous method which had reveated itself as being satisfactory.
We give the Rf and tn for different deactivation rates of silica
(figures 5,10 and table 11)

We see that dichloromethan which had a solvent strength
s1ightly higher than benzene leads to slightly superior Rf in the
same preloading conditions.

Furthermore it is easy to draw in HPLC, formic acid fixation
isotherm CH2C12 solutions at different concentrations of deactivant
as we did with the benzene. The results are given in figure 7.

These data allow to etablish the concentration of formic
acid in mobil phase ; CH2C12 which corresponds to a same deactiva-
tion in HPLC and in HPTLC. For example a 5% HCOOH solution in

} 7 ncoow fixed SOLVENT : CH,Cl,

30, on silica

20k

7 HCOOH in CH2C12

1 g i i Py s e i 3 1 —
8 9 10

FIGURE 7
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'
K HPLC

FIGURE 9

CH2012 gives a fixation level of 18% in weight on the silica
column. In HPTLC this is obtained with the preloading by a 53%
solution by volume of formic acid in DEGMEE {figure 3).

We reproduce (fig 11) a chrohatogramm of the
different solutes studied. Under such conditions we see that
separation was satisfactory.

Having different experimental values of RfHPTLC
and k'HPLC we again verified in these conditions the transposition
relation

k 1

‘HeLe = Kir -1
RfpTLC
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We give in table 2 the different values obtained
for KtR' The figures 9 and 10 illustrate well enough the Tinear
relation between k'HPLC and ( 1 - 1) expressed by the

RfupTLC
equation 1.
Moreover our preceding work in this domain (Ref 1,2) had allowed
us to conclude that the principal mechanism of the chromatography
with such preloading was adsorption {essentially for lower concen-
trations, less than 30% by weight of fixed formic acid on adsorbent
then in our case. A 1imit equal to approximatively 30% correspounds
to a monolayer which saturates silica.

t
HPLC

005 01

] —

FIGURE 10
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IV) CONCLUSION

In this work we show that it is possible to modify
quantitatively and in a controlled manner the adsorbent activity
by a chemical compound fixation both in HPLC and in thin layer
chromatography. Thus we can bring about different separations of
relatively polar compounds of to different chemical series in one
run.
Indeed, depending on the solute which one wants to analyse it is
nossible to fix on the adsorbents either acidic or basic substances
and to choose after previous study in thin layer chromatography,
the best concentration in the preloading compound for an ef-
ficient and se]ebtive transposition in order to effectuate routine
analysis in column HPLC.

In our particular case with the chosen system and
solute used, the realization of deactivation in HPTLC and HPLC
conditions appears to be relatively easy when working a field
where the mechanism of separation seems to correspond to
adsorption phenomenon,

If the verification of the trénsposition relation
k'HPLC = KtR( 1 _ 1) is quite good in our conditions,

RfupTLC
it is necessary to be cautious, the knowledge of conditions for
obtaining isoactivity between thin layer and column chromatography
is most important to determine the conditions of a separation.

Thus in this study we were able to make polar compounds
migrate in adsorption chromatography, polar compounds which are
cenerally analysed in partition chromatography on low polar
absorbents but rarely used silica (ref 6). The method that we
adapted, after our study, with benzene allowed us to pass easily
to dichloromethan.
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