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SUMMARY

" The adsorpuve behaviour of fcur supports in reversed-phase thin-layer chro-
matography was investigated. Oleyl alcohol was used as the stationary phase and
methanol-water mixtures as the mobile phase. A series of 4-hydroxycoumarins were
used as test compounds. Kieselguhr and cellulose show adsorption. Kieselgel also is
not a good support, probably because of its large specific surface area. Kieselguhr
modified by silanization behaves as a support without adsorptive sites. The R,, values
obtained with silanized Kieselguhr as the support corrclatc very well with the par-
tition coeﬁiments for the octanol-water system.

INTRODUCTION

It is sometimes very difficult or even impossible to determine partition coef-
ficients by means of shake-flask experiments, but instead one can use reversed-phase
chromatography. This is a good alternative technique, especially when the com-
pounds are available in small amounts, when they contain impurities or when they are
liable to decompose. Sometimes there is a discrepancy between the values of the
partition coefficients obtained chromatographicaily and those obtained with shake-
flask experiments. In such instances it has generally been concluded that in addition
to-a partiticning process there has been adsorption of the compounds on to the solid
support’—>. However, it is not always possible to compare the results of the two
methods and it is clear that the values obtained chromatographicaily may not always
be reliable. Mirrlees ez al.® assumed that if in the case of some test compounds (with
known partition coefficients) it is only partitioning that causes retentionin a reversed-
phase high-performance liquid chromatographic (RP-HPLC) system, then this must
also hold for every other compound in that system. However, we think this is rather
speculative. Hulshoff and Perrin’-® developed a method for examining whether or not
adsorption occurs in a reversed-phase thin-layer chromatographic (RP-TLC) system.
Using oleyl alcohol as the stationary phase they found that Kieselguhr is a good
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support for phenothiazines and benzodiazepines.. Experiments in our Iaboratory,,
_however, have indicated that Kieselguhr is not an'inert support for a series of 4-

-hydroxycoumarin derivatives. For this reason special’ attention has been given in tlns

investigation to the choice of support in RP-TLC for some acidic: compounds.. A
séries’ of 4—hydr0xycourna.nn derivatives-were used to demonstrate the influence of -
-several supports.

.THEOR.ETICAL

Hulskoff and Perrin’, using methanol-water mixtures as the mobile phase,
derived the relationship between the partition coefficient and a number of chromato-
graphic parameters in an RP-TLC system. They express this relationship as follows:

Ry =log P + log ¢ + bC H

where P is the partition coefficient of a neutral species in the stationary phase-water
system, ¢ is the stationary phase/mobile phase phase-volume ratio, C is the methanol
concentration (%, v/v) in the mobile phase and & is a constant depending on the
compound and on the chromatographic system used. Of the two variables ¢ and C,
one can be kept constant. At a given loading of the support the phase-volume ratio.
, is a constant.

-.If at a constant loading the methanol concentration, C, in the mobile phase is
vaned and if the measured R, values are plotted against C; then one expects to find a
straxght line with an intercept given by log P + log & = Ry, ie., RH values with
1009, water as solvent in the mobile phase. As ¢ is a constant fora gnen RP-TLC
system., Ry, 1s a measure of the log P value of a compound. ;

" On the other hand, the composition of the mobile phase can be kept constant
and zhe phase-volume ratio, ¢, can be varied by using different amounts of stationary
phase. If it is assumed that ¢ is a linear function of the amount of stationary phase,
then

Ry =log P+ logk + logsS (2)

(see Append:x A for derivation), where _P is the partition coefficient if the mobile _
phaszis not 100 9 water but is a mixture of water and methanol, & is a constant and S
is the-amount of stationary phase calculated as.grams per gram of unloaded support.
A graph of R;; against log S should be a straight line with a slope of unity. If the
experimental slopes deviate from _unity, this means that processes other than I.qmd—
liquid-partitioning are involved in the retention mechanism. -

‘When retention is caused by both. liquid-liquid pamnomng and adsorptzon on
10 the solid “support a reianonsh:p more ‘compiex than eqn. 2 must be .used: (see
Appendix-B for derivation): "

Ry“=log P+ tog k- log S + log (I + KS™1snd) tzj |

where K, is theé:adsorption constant (¢m), 54 is the specific surface area of the support
'(tm";g) and'd;is: the .density.of the stationary phase (g/cm?®).-If K, = 0, then the
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adsorption term in eqn. 3 is zero and eqn. 3 reduces to eqn. 2. In the case of adsorp-
tion, K, > 0 and the relationship between R,, and log S is no longer linear.

-: - In order to demonstrate the effect of adsorption as given in eqn. 3 some calcu-
lations were performed. In Fig. 1 log S + log (I + K,S 1s,d)) is plotted against log
S.:Some calculated curves are shown for some selected values of K s,d,. Curve 1
represents the situation where no adsorption occurs, whereas curves 2 and 3 were
calculated using increasing values of K. It is clear that if very strong adsorption
occurs a séraight line with zero slope will be found, because then it will be possible to
write eqn. 3 as

Ry = log P + logk + log(K,s.d) @)
In Fig. 1 the region between the two dashed lines represents the usual loading range of
the support. The important conclusion to be drawn from this figure is that the curves
in this range can be considered as straight lines independent of the degree of adsorp-
tion. In other words, one should not look for deviations from linearity in order to
detect adsorption phenomena; instead, one can use the slopes of the lines obtained by
plotting R,, against log S to detect adsorption, as suggested by Fig. 1. The degree to
which the slope of the line deviates from unity when R,, is plotted against log S'is a
measure of the adsorption.
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Fig. 1. Theoretical curves of log S + log (1 + K, S~ !s,d)) versus log S. The broken lines indicate the region
of the usual loading range (S = 0.02-0.06). For curves i, 2 and 3 K 5,4, = 0, 0.02 and 0.10, respectively.
These values were chosen so as to obtain values for the slopes of the curves (considered as straight lines)
between the broken lines of the same order of magnitude as found in this investigation. See also Table I.
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‘More extended calculatlons were perfornied -to.demonstrate_the points just
discussed. In Table T it can be seen that in the usual loading range straight lines are
indeed obtained, as ‘shown by the values of the correlation .coefficient; r. In Fig. 2
values of the slopes of the lines discussed above are given. This ﬁgure may be used to
obtain the value of K,s,d. for a slope value found experimentally. It should be noted
that this relationship is valid irrespective of the kind of support and. the kind of
stationary phase.

TABLE I

SLOPES OF THE THEORETICAL CURVES OF LOG s + LOG (1 + K,S"'s,d) VERSUSLOG S
FOR SEVERAL VALUES OF K54,

The values of S uséd wercOO" 10.03, 0.04, 0.05 and 0.06. Thcsiop:s ‘of the curves in the second column
were calculated from the curves given in Fig. 1; a linear behaviour is assumed over the range § = 6.02-
0.06. This reeion is indicated by the brokcu lines i m Fg. L “The oom.-lauon coeﬁncms, r, were obtained
from 2 lmw least«squans mcthod

KASAQ', ) Slope . Correlatior
G o B T : coefficient, r
0.000 1.000 -

0.001 0.971 1.000

0003 0917  1.000

0.005 0.870 1.000

oo - 0771 0999
0.020 - 0.630 0.998

0.030 0534 0997
0.840° 0.463 - 09%6

0.050 0418 099
0060 - 0368 . 0995
0670 = .- 0333 - 0994

0.080 - 0305 0.994

0.090 0281 - 0.993

0100 0260 0963

In j;;rim:'_iple there may be another way of detecting adsorption’. Eqn. 3 can be
-rearranged to
-'Rl"; = PkK,s\d, + 1 + PkS’ 5
7 7

A graph of Rp7! aga:nst S wﬂl bea stralght line. If the intercept with the Ry 'axisis
Zumq “then obviously Ky approachcs zero. A correlation between the magnitude of
the-deviation from umity and.the magnitude of adsorptlon is difficult to establish,
because P is one of the factors of the adsorption term of eqn. 5 For this réason we
prefcr 0 use eqn. 3'in cmder to ‘check whether there has been adsorption on to the
solid support.in RP-TLC.".
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Fig. 2. K,s,4d, as a function of the slope (s) using the numbers in Table L. This relaiionship can be best
represented by a sixth degree polynomial function: K,s.d, = 2.3772 5° — 10.1914 5° + 18.1304 s* —
17.3027 5° + 9.5433 5= — 3.0330 5 + 0.4762. This figure permits the calculation of K, s,d, if the experi-
mental value of s is known. An example of such a calculation is given in the text.

EXPERIMENTAL

Chemicals were of analytical-reagent grade unless specified otherwise. Deminer-
alized water was used throughout.

Acenocoumarol (Sintrom; Ciba-Geigy, Arnhem, The Netherlands), coumet-
arol (Dicumoxane; ACF, Maarssen, The Netherlands), ethyl biscoumacetate
(Tromexan; Ciba-Geigy) and phenprocoumon (Marcoumar; Hoffinan-La Roche,
Mijdrecht, The Netherlands) were giits from the manufacturers.

4-Hydroxycoumarin (Merck, Darmstadt, G.F.R.), warfarin sodium (British
Pharmacopoeia quality; ACF), methanol (Merck), 38 9/ hydrochloric acid (Merck),
cellulose MN 300 (Machery, Nagel & Co., Diiren, G F R.), Kieselgel H (Merck),
Kieselguhr MN (Machery, Nagel & Co.), dichloromethane (Baker, Deventer, The
Netherlands) and chlorotrimethylsilane (Aldrich-Europe, Beerse, Belgium) were used
as supplied.

Oleyl alcohol (Merck), containing 959 cis-9-octadecen-1-ol, was passed
through a glass column (60 x 2.5 cm L.D.), the lower half of which was filled with
basic aluminium oxide (Merck) and the upper half with charcoal pelicts (Norit, Am-
sterdam, The Netherlands). The resulting product was colourless and odourless, the
density at 25°C being 0.848 g/cm>.

Silanization of Kteselguhr

. Silanized Kieselguhr was prepared by adding 30 ml of chlorotrimethylsilane to
a stirred suspension of 300 g of Kieselguhr MN in 2.5 1 of dichloromethane at room
temperature. Stirring was stopped after 1 h and the silanized Kieselguhr was allowed
to settle. The yellow supernatant was decanted and the silanized Kieselguhr was
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washed by multiple decantations with methanol until the supernatant was colourless.
Finally, the silanized Kieselguhr was dried at 60°C. Three preparations yielded identi-
cal results. )

Freparation of TLC plates
Using standard TLC equipment (Shandon Southern, Camberley, Great Britain)
glass plates (20 x 20 cm) were covered with a 0.25-mm layer of a slurry consisting of a
mixture of the support, stationary phase (oleyl alcohol) and ethanol (sec Table II). A
Warring blender was run at maximum speed for | min to homogenize the slurries. The
values of the loading, S, ranged from 0.01 to 0.07. The plates were allowed to dry for
.16 k at room temperature. The mobile phases consisted of solutions of hydrochloric
acid in methanol-water mixiures. The methanol concentration in the mobile phase
ranged from 20 to 70 (v/v); 0.1% solutions were made of 4-hydroxycoumarin,
acenocoumarin, warfarin and phenprocoumon in methanol and 0.05 9 solutions wete
made of coumetarol and ethyl biscoumacetate in dichloromethane.

TABLE I -
COMPOSITION OF THE SLURRIES USED TO PREPARE THE TLC PLATES

The amounts given ar: sufficient for five plates (20 x 20 cm). To each slurry oleyl alcohol was added in an
amount dependent on the desired final loading S.

Suppors Solven:
Name ) Amount (g) - Amount (ml) Etharol
. - concentration .

(% viv)
Kieseiguhr MN ~ 20, 85 70
Cellulose MN 300 15 A 80 95
Kiesalgel H .20 : s S0
Kieselguhr, sila- - ’

nized : 19 55 %0

) Volumes of 1 ul of the solutions was spotted on the plates, in varying allo-
cations, ai 1.5-cma intervals along a line 2 em from the lower edge of the plate. Each
compound was spotted twice on the same plate. A migration of 10 cm on all plates
was obtained by cutting the ldyer at 12 cm from the lower edge. After development,
the spots were revealed by spraying with a freshly prepared mixture of equal volumes
of 1% iron(III) chloride in 50 / ethanol and 1 9/ potassium hexacyanoferrate(lil) in

* 509 ethanol®. This mixture gives blue spots on a yellow background-

-7 The diagonaFmethod described by Hulshoff and Perrin’ was used to check

‘whether ‘or. not the. condmons had changed-during development. If:the plates are

ethbrated for2 hina chromatographlc chamber saturated with the vapour of the

" ‘mobile phase before: development then onecan be certain that the condmons do not

alter dunng develepment. -The' temperatute was mamtamed at 25°C.- -
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ADSORPTION BEHAVfOUR OF SUPPORTS iN TLC
RESULTS AND DISCUSSION

To examine the possxblc adsorptmn of some 4—hydroxycoumann derivatives on
to several supports, the compounds were chromatographed at constant mobile phase
composition, but with varying amounts of stationarv phase. The Ry values obtained
were plotted against log S.

The results for Kieselguhr MN as support are shown in Fig. 3. A lmear rela-
tionship is found. The values of the slopes of these lines are given in Table IIL. The
slopes are smaller than unity; it is clear that adsorption on to the Kieselgubr plays a
significant role in the retention process.

0.5 4

-0.2+4
-0.84

-0.6 4

-0.84

-1.8 -1.6 -1.8 -1.2 -1.0 tog S

Fig. 3. Ry, values of 4-hydroxycoumarins plotted versus log S using Kieselguhr MN as support. Every
point is the mean of 6-8 determinations. The drawn lines were calculated using the least-squares method
for linear regression. 1, 4-Hydroxycoumarin; 2, warfarin; 3, acenocoumarin; 4, pkenprocoumon; 3, ethyl
biscoumacetate; 6, coumetarol. Mobile phass: 1 M HCl in 309 (v/v) methanol for compounds 1-3 and 1
A HCl in 609 (v/v) methanol for compounds 4-6.

On the other hand, phenothiazines’ and benzodiazepines® as representatives of
lipophilic basic and neutral compounds, respectively, did not show adsorption on to
Kieselguhr, provided that the loading was above a certain minimum value. Acids are
good proton donors for hydrogen-bridge formation with silanol sites of the solid
support; this might cause adsorption of the (acidic) 4-hydroxycoumarin derivatives
on to Kieselguhr.

With the help of the calculated functiop given in the legend to Fig. 2, the X,
values of the several 4-hydroxycoumarin derivatives were calculated in the cases
where Kieselguhr served as the support. For this calculation the value of the specific
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TABLE:H ) L I -

SLOPES OF THE STRAIGHT LI\'ES OF Ry VERSUS LOG S, AND THE ADSORP’HON CON-
STANT K, FOR KIESEL.GUHR AS SUPPORT

The expenmemal slopes were obtained from Figs. 3-6. In the last cofumn the value for the adsorption
coastant K, is given; calculated as described in the text. Standard deviations are given in parentheses.”

Compound Slope - : K.-107
S - ; - - fem)
Kieselguhr _ Cellulose ~ Kieselgel Silanized - ;
. Kieselguhr

4-Hydroxycoumarin 0.80 (+0.03) 0.46(20.02) 0.89 (+0.13) 1.06(3+0.07) 24(304)
Warfarin 0.67 (£0.04) 0.51 (£0.02) 1.19(+0.03) 1.00{+0.10) 4.7 (+0.8)
Acenocoumarin 0.62 (+0.06) 0.43(+0.02) 1.15(1008) 1.02(X+011) 58(+14)
Phenprocoumon 0.66 (£0.11) 0.69(£0.03) 1.23(£0.07) 1.05¢(+0.10) 4.9 (+20)
Ethyl biscoumacetate 0.70 (+0.11) 0.41 (+0.01) 082(+0.11) 1.09(30.10) 4.0(+1.8)

0.69 (£0.09) 0.49 (£0.02) 1.19(+0.06) .1.12(+0.07) 4.2(£1.6)

Coumetarol

surface area, s,, of Kieselguhr was assumed to be 4.2-10% cm?/g (ref. 10) and the
density, d., of oleyl alcohol was taken to be 0.848 g/cm?. The resulting K, values are
given in the last column in Table III. Asshauer and Halasz!! found K, values of the
same order of magnitude for the adsorption of some organic solvents on to Porasil A
as support in a gas liquid chromatographic system.

-—1s~.-t. jr-:z,.,-xa' tegS .- o 1ot

. F’ g. 4Ry varus ot‘ éhydroxycoumanns plotied versuslog § usmu Ceﬂul‘ose MN 300 as support. Furiher
detaﬁsasmF’g.3 exceptfortﬁcmoﬁepnase,whxchwasﬂi}fﬁﬁmﬁ {va}metﬁanoi =

LU ~hE
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~.. .. The resnlts for cellitfose - MN 300 are shown in Fig. 4. As with Kieselguhr,
straight lines are obtained when R, is plotted against log S. The slopes of the lines in’
‘Fig: 4; given in Table III, are smaller than those for Kieselguhr. It can be concluded
that adsorption piays an important role here also. However, Bird and Marshall*>
found that cellulose had only some very. weak adsorptive sites for penicillins. . .
~The results for Kieselgel are shown in Fig.- 5. The behaviour of Kieselgel is
remarkable: straight lines with slopes smaller and larger than unity are obtained when
Ry, is plotted against log S (see also Table HI). Obviously Kieselgel does not mest the
requirements for an inert support. Other reports in the literature point to adsorption
phenomena when Kieselgel is used. Kuchafr ez al.** found considerable adsorption on
to Kieselgel G in an RP-TLC system for two series of aryl-aliphatic acids; neverthe-
iess, they used the R,, values they obtained as substitutes for log P values. Biagi et
al'*, using octanol-impregnated Kieselgel G, found the relationship log P,_, = 0.569
Ry, + 1.354 (n = 39, r. = 0.838) between the partition coefiicient in the system
octanol-water and the Ry, values for a series of benzediazepines. The correlation
coeflicient is low and the coefficient 0.569 deviates considerably from unity (see egn.
1); this suggests that partitioning was not the only process involved in the chromato-

graphic system used. :
The specific surface area of Kieselgel is so large that it is of considerable

Ru

-0.54

-0.84

-1.8 -1.6 -1.8 -1.2 -1.0 flog$S

Fig. 5. R,, values of 4-hydroxycoumarins plotted versies log S using Kieselgel as support. Further details as
in Fig. 3. The points measured at the lowest S value were excluded in the calculation of the drawn lines.
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" importance. Scott and Kucera'? found that for somesolvents, whxcn had a mean
" molecular diameter of about 6.6 A and covered-a surface area of about-34.2 AZ, on
average 6.6 - 10?9 solvent molecules per gram of Kieselgel are needed to form a mono-
molecular layer. Assuming for oley} 2lcohol 2 mean molecular diameter of 8 A; which
corresponds to a surface area of 50 A2, one finds that a mean number of 4.5-10%%
molecules or 0.20 g of oleyl alcohol is needed to form a monomolecular layer per
gram of Kieselgel. It is reasonatble to say that the amount of stationary phase required
to form = monomolzcular layer depends mainly on the surface area of the support. If
values of 4.2 and 620 m?/g are assumed!?-!6 for the specific surface areas of Kiesel-
guhr and Xieselgel, respectively, then it can be estimated that 0.0014 g of oleyl alcohol
per gram of Kieselguhr is needed to form a monomolecular fayer. As these numbers
only give the order of magnitude, it is clear that with Kieselgel the usual amounts of
oleyl alcohol in' RP-TLC are certainly not enough to form a monomolecular layer,
whereas with Kieselguhr a multimolecular layer is-formed. It is very unlikeiy that a
raonomolecular layer will behave as a bulk phase, whereas it is very likely-that a
multimolecular layer will do so. This effect, combined with adsorption phenomena, is
probably the reason for the strange behaviour of Kieselgel.

The zesults obtained so far urged.us to seek a better support that showed no
adsorptive properties. We found this support by blocking the active silanol sites of
Kieselguhr MN with chlorotrimethylsilane. The method used to medify the Kiesel-
guhr is in fact a slight modification of the method proposed by Little and co-work-
ers'?-1%_ They found that carbon tetrachloride is the best solvent in which to perform

Ry

0.21

C.01

-0.8%

;u_s-

~5.3

- ~1.8 -1.6  -1.8 -1.2 -1.8 logS.. - .

Fig. 6. R,, values of 4-hydroxycoumarins plotted versus log S using suamzed szclguhr as support.
- Further detafis as in Fig. 3 The pomts mmsured at t!ie lowat S valuc were excluded in the wlculauon of
the drawn Hns; s RV - ,



'ADSORPTION BEHAVIOUR OF SUPPORTS IN TLC : 209.
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Fig. 7. Effect of the methanol conceatration, C (94, v/v), in the mobile phase on the R, values of 4-
hydroxycoumarins. Stationary phase: oleyl alcohol (loading S = 0.02) on silanized Kieselguhr as support.
Every point is the mean of 6-8 determinations. The drawn lines were calculated using the least-squares
mctirod for the linear regression. I = Hydroxycoumarin; 2 = warfanin; 3 = acerccoumarin; 4 =
phenprocoumon; 5 = ethyl biscoumacetate; 6 = coumetarol.

the chemical reaction. However, we preferred to use dichloromethane as the solvent
in order to achieve a better sedimentation rate in the decantation step. The method of
silanizing the Kieselguhr is simple. The adherence of the silanized Kieselguhr to the
glass plates is adequate and no decompeosition of the support occurs even with the
very acidic mobile phases we used in our investigations.

TABLEIV

SLOPES (6) AND INTERCEPTS (R,, ) OF THE LINES WHEN R,, IS PLOTTED VERSUS THE
METHANOL CONCENTRATION OF THE MOBILE PHASE, USINGOLEYL ALCOHOL AS THE
STATIONARY PHASE (LOADING S = 0.02) ADSORBED ON TO SILANIZED KIESELGUHR AS

SUPPORT

Also given are the partition coefficients (octanol-water) obtained from shake-flask experiments (log P,_,).
Standard deviations are given in parentheses.

Compound b Ry Correlation Log P,
coefficiert, r

4-Hydroxycoumarin —224(x0.05) 0.10(0.02) 0.5993 237 -
Warfarin —3.77(£0.03) 1.32(x0.01) 0.9959 3.28
Acesnocoumarin —384(%£0.08) 1.38(%0.03) 0.9993 3.24
Phenprocoumon —483(+0409) 273(%£0.05) 0.9995 4.56

Ethyl biscoumacetate —5.35(£0.17) 3.15(%0.09) 0.598% 4.93
Coumetarol —4.67(%0.13) 2.73(10.07) 0.5987 4.55
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The resuits obtained with silanized Kieselguhr as support are shown in Fig. 6.-
Straight lines are found when R,, is plotted against log S. The slopes of the lines and
the corresponding standard deviations are given in Table III. These slopes are unity
within one standard deviation, so the results for this support are superior to those for
any of the other supports discussed above. This proves clearly that silamzed Kiesel-
guhr behaves as a support without adsorptive sites.

Using silanized Kieselguhr as support and oleyl alcohol as stationary phase we
determined Ry, values witk several methancl-water mixtures as mobile phases. For
ail 4-hydroxycoumarin derivatives straight lines are obtained when R, is plotted
against C (see Fig. 7). Extrapolating to C = 0 gives R,,_vafues (see Table IV). Also
given in Table IV are the slopes, b, of the ines-in Fig. 7, together with the partition
coefficients in the octanol-water system obtained from shake-flask experiments*®.

To calculate the partition coefficient, P,, of a solute in one solvent system when
the partition coefficient, P,, of the same solute in another solvent system is known, a
Collander-type equation can be used?%-2!:

logP, =alogP, + ¢ (6)

where a and ¢ are constants characterizing the solvent systems involved. This type of
equation is useful for many solvent systems in which the non-polar phase is varied
and in which the polar phase is always water, particularly whén the solutes are
divided into proton donors, proton acceptors and neutral species®!

As the R,,_values in this investigation represent the partition coeﬁic:ent in the
oleyl alcohcl-water system it should be possible to use a Collander-type equation to
correlate log P values in a certain solvent system and R,,_ values in another solvent
system We found the following correlation*:

log P, = 0839(-!-0.034)12,, + 2187 (£0. 072) 0
n.= 6;-r* = 0.994; s — 0.088: F.— 644 -
8.787 < slope**. < 0.931; 2.030 < intercept** < 2.344

The constant 2.187 in eqn. 7 is the'sum of the constant ¢ in eqn. 6 and the logarithm of
the phase-volume ratio, ¢. When the mobile phase is not pure water but a methanol—
water mixture, log P, and R, correlate well with each other. As an example, in eqn.
8 the correlation is glven when the methanol concentration C in the mobile phase is
307 (viv)e -

log P, = 1.192 (£0.029)R,, + 3.025 (+0.030) (8)
n = 6;r* = 0.998; s = 0.055; F = 1634
- L1300 < slope < 1.254; 2.962- < intercept < 3.088

We conclude thata CoHander—type equation can also be used when the orgamc phase
is kept constant and the aqueous phase is changed. The Alog P values in the solvent
system stationary phase—water are equal to the ARur values.

- # The standard deviation is ngen in parentﬁxs, n = number ot‘ compounds; r = correlation

coefficient; s =.standard exror of estimate or su, F = value of’ the F-test of significance.
R SR VA conﬁd]:nm mr.emaL
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However, these dlog P values are not equal to the 4R, values obtained using a
certain methanol-water mixture as the mobile phase. This would only have been true
if the coefficient b in eqn. 1 had been independent of the choice of the solute. Itis clear
from Fig. 7 and Table IV that b has a characteristic value for every compound. These
findings for 4—hyd:oxycoumarms are similar to the findings for phenothiazm&s and

benzodiazepines’®
RP-TLC has some drawbacks compared with RP-HPLC: a large number of

experiments are needed to obtain accurate R,,_values, and detection of the spots can
be a serious problem. One great advantage of RP-TLC, however, is the fact that it
enables one to examine the adsorption on to the solid support for every solute,
following the method described above in which various amounts of stationary phase
are used. In RP-HPLC it is very difficult to vary the loading of the support in the
column, and the loading is only possible within a very limited range??

APPENDIX A

Phase-volume ratio, ¢, as a linear function of the loading, S

It is assumed here that the total pore volume of the support is filled with
stationary and mobile phase. In other words, the pore volume of the support
available for the mobile phase decreases with increasing amounts of stationary phase,
according to the equation

Vo=V, —V, =V, —d'S 9)
where V_ and ¥, (cm®) are the volumes of the mobile and the stationary phase,
respectively, V, (cm®) is the total pore volume of the support, 4, (g/cm?) is the density
of the stationary phase and S is the amount of stationary phase in grams per gram of
unloaded support. The phase-volume ratio, ¢, is given by V/V_, or

d 1S S

=V 45 4dv,—-S (10)

In our investigations the S values range from 0.01 to 0.06. V, for Kieselguhr is 1.16
cm3/g (ref. 10) and 4, for oleyl alcohol is 0.848 g/cm?>. Using these values, Table V can
be compiled. It is ciear from this table that the relative change of (d,V, — §)7*!

small compared with the relative increase of S. The error is negligible when (4, V7, —
S) ! is considered to be constant. Therefore, the following relationship may be used:

_ ¢ = kS : (1)
This relationship was assumed earlier by Hulshoff and Perrin’.

TABLE V
DEPENDENCE OF (d,V, — S)"'ON §

s (dV,—S)"t S (dv,—5)!
0.01 1.0270 0.04 1.0597-
0.02 1.0377 0.05 1.0710

0.03 1.0486 0.06 1.0826
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APPEMDIX B’

Denwmm of eqn-3

‘The predominant mechanism of solute retention in liquid-liquid chromatogra-,
phy is.partitioning:-between the mobile phase and the liquid stationary phase. The
solute may also be retained by adsorption on to the solid support. Mathematically
this can be représented by the equation

AV e, 4+ Ade, -
Pow = T AVaew (iz)._
where Pom is: the ethbrmm constant of a solute in 2 chromatographic  system in-
which only liguid-liquid partitioning and adsorption on:to the solid support take
place, ¢, and'c,, (g/cm?) are the concentrations of the solute in adjacent volumes of
stationary phase (4 V,) and mobile phase (4V,) and c, (g/cm?) is the concentration of
the solute at the part of the surface aréa of the support (44) adjacent to 4¥,. Eqn. 12
can be rearranged to

S AV ey . AA- AV €x €. -
Pli=m=——f.= A 13
o 'AVm.cm+AV, AV, ¢ cn 3

where V,/V,, is the phase-volume ratio @, c,/c,, is the partition coefficient ,P (where s
indicates that a mixed solvent such as a methanol-water mixture is used as the mobile
phase) and . r;.uvc is the adsorption coefficient K, (cm)- Substatunon of these terms mto
egn. 13 glvm:

-AA

e ,p(1 4 k,\-ﬁ a4

InTLCR; can be deﬁned as the ratio of the amount of the solute in the mobile phase
and the total amount of solute:

AV ent

R s ety Y e (15)
Combiring egns. 12'and 15 one obtains the well known equation
Py = —— —'1 = antilog Ry _ (16)
R
Combining eqns. 11, 14 and 16 we obtain
a4 S
R,,—log,P-!-logk-i-logS-l-log(l+KA AV) a7

AA{AV can be replaced by S 1s,d,, si° (cmzlg) is the ‘'specific surface area of the
‘support and 2, (e/cm3) is'the density of the stationary phase. This results in -

=log P+ logk + log'S + log (I 4+ K S™'5,d) . (18) .



ADSORPTION BEHAVIOUR OF SUPPORTS IN TLC ]

[
ot
W

ACKNOWLEDGEMENTS

We are'grateful to Mrs. Ineke Bakker for technical assistance and to Professor
Dr. C. J. de Blacy and Professor Dr. R. F. Rekker for cntxcally reading the manu-
SCTipt.

REFERENCES

J. M. Pli-Delfina, J. Moreno and A. del Pozo, J. Pharmacokinet. Biopharm., 1 (1973) 243.

J. M. Pli-Deifina, J. Moreno, J. Durdn and A. del Pozo, J. Pharmacokinet. Biopharm., 3 (1975} 115.

J. M. MecCall, J. Med. Cherm., 18 (1975) 549.

S.-H. Unger, J. R. Cook ard J. S. Holleaberg, J. Phgrm. Sci., 67 (1978) 1364.

E. Soczewiiski and G. Matysik, J. Chromatogr., 96 (1974) 155.

M. S. Migmlees, S J. Mouilton, C. T. Murphy and P. J. Taylor, J. Med. Chem., 19 (1976) 615.

A. Hulshoff and J. H. Pertin, J. Chromarogr., 120 (1976} 65.

A Hulshoff and J. H. Perrin, J. Chromatogr., 129 (1976) 263.

M. Trkovnik, M. Kule§, I. Tabakovi¢ and M. Zedevi€, J. Chromatogr., 128 (1976) 227.

10 E. Stahl, Dinnschicht Chromatography, Springer, Berlin, Heidelberg, New York, 1967.

11 J. Asshauer and L. Haldsz, Aral. Chem., 45 (1973) 1142.

12 A. E. Bird and A. C. Marshall, J. Caromaiogr., 63 (1971) 313.

13 M. Kuchaf, V. Rejholec, M. Jelinkova, V. Ribek and O. Némecek, J. Chromarogr., 162 (1979) 197.

14 G. L. Biagi, A. M. Barbaro, M. C. Guerra, M. Babbini, M. Gaiardi and M. Bartoletti, J. Med. Chem.,
23 (1980) i93.

15 R. P. W. Scott and P. Kucera, J. Chromatogr., 171 (1979) 37.

16 L. R. Sayder, Principles of Adsorption Chromatography, Marcel Dekker, New York, 1968.

17 C.J. Little, A. D. Dale, J. A. Whatley and M. B. Evass, J. Chromatogr., 171 (1979) 431.

I8 C. 1. Little, J. A. Whatley, A. D. Dale and M. B. Evans, J. Chromarogr., 171 (1979) 435.

19 W. F. van der Giesen and L. H. M. Janssen, Int. J. Pharm., (1982) in press.

20 R. Collander, Acta Chem. Scand., 5 (1951) 774.

21 R. F. Rekker, The Hydrophobic Fragmental Cors:ant, Elsevier, Amsterdam, Oxford, New York, 1977.

22 K.-G. Wahlund and 1. Beijersten, J. Chromatogr., 149 (1978) 313.

O RSNV SN



