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ABSTRACT

Determination of optimal composition of a mixed mo-
bile phase used in separation of different substances by
adsorption TLC methods is performed usually by the ex-
perimental trial and error method. In this paper we have
presented and discussed equations permitting to deter-
mine the relationships between Ry values of the sub=~
stances and the composition of binary and ternary mobile
phases on the basis of measured chromatographic and ad-
sorption parameters and experimentally determined parti-
tion coefficients of the substance between the mobile
phase components, A good agreement between theoretical
and experimental data has been shown., The results of
these investigations allow for more precise prediction
of the mobile phase optimal composition for the mixture
separation,

247

Copyright © 1989 by Marcel Dekker, Inc.



14: 06 24 January 2011

Downl oaded At:

248 ROZYLO ET AL.

INTRODUCTION

Adsorption thin-layer chromatography is widely
known as a typical analytical method and is used above
all in separation of many mixtures,.,This method is used
especially in cases when we are interested in rapid
and simple analyses.This relates mainly to the analyses
connected with the determination of contamination de-
gree of biotop, biotop protection, pharmaceutical and
clinical investigations as well as to pilot investiga-
tions for column liquid chromatography [ 1-3].,

Good separation of the mixture can be obtained on-
ly in the case when the chromatographic system is char-
acterized by appropriate selectivity.Recently publish-
ed criteria of optimization of the mixture separation
process are of typically mathematical nature [2,4] and
in this respect are less useful for practical solution
of the problem of choosing optimal chromatographic sys-
tems.This is due among others to the fact that in chro-
matographic techniques mainly multicomponent mobile
phases are used, Choice of optimal composition of such
phases is very difficult and realized mainly in an ex-
perimental way, Some new possibilities of choice of
optimal composition of a ternary mobile phase are pro-
vided by the analysis of chromatographic parameters of
such mobile phases proposed by Rézylo and O$cik-Mendyk
[5].In this method the experimental data are presented
on the Gibbs triangle in the form of the isolines i,e,
the 1lines connecting the points corresponding to the
same RF values ( or RF1 RF2 values where subscripts 1
and 2 correspond to individual components of the mix-
ture separated),

Moreover,in spite of knowing adsorption TLC principles
and many papers on chromatographic systems optimization
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the problem of optimal mobile phases remains still un-
solved,In this connection, investigations on simple and
useful equations describing adsorption TLC process are
necessary, Pery [6] has shown how many valuable conclu-
sions relating to chromatographic practice can be drawn
from the equations derived by Snyder[7] and Soczewiriski
[8].

Some new possibilities in the field of adsorption
chromatographic system optimization are provided by the
equation derived by O$cik [ 9]. This equation relates Ry
value of the chromatographed substance using a multi-
component mobile phase to Rm values of the same chroma=-
tographed substance using single components of the mo-
bile phase.For the binary mobile phase this equation is
of the form:

R = X,R, + XZRMZ + (v1 - Xl)(ARMI'Z + A12) (1)

R + R and Ry denote Ry values of the chromatograph-

ed substance in the binary mobile

phase and in pure solvents 1 and 2

respectively, 1 being the more polar

solvents;

X4 and Xy the molar fractions of the mobile

phase components;

Y the molar fraction of a more polar
solvent in the surface phase;

= log HTE where kzz denotes a partition coef-
ficient of a given substance between
the solvents forming the binary mo-
bile phase;
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Particular terms of the equation(1) have the following
physico-chemical meaning:

RM1 and RM2 express the adsorption affinities of the
chromatographed substance in solvents 1 and 2 respect-
ively;

A12 denotes the parameter characterizing the intermole-
cular interactions between the chromatographed sub-
stance and a component of the mobile phase;

(Yl_ X1) - excess adsorption of a more polar component
of the mobile phase which permits to evaluate the ef-
fect of adsorption phenomena on the chromatographic
process mechanism, This quantity is strictly connected
with adsorption equilibrium constant in the system in
question,

Determination of the equation terms do not cause many
difficulties. Rm values of the substance in pure sol-
vents 1 and 2 are determined experimentally, The dif-
ference (Y1-X1) may be determined experimentally from
the excess adsorption isotherm or from an adsorption
equilibrium constant( this second method is significant-
ly simpler because it does not require any additional
measurements) using the relationships [ 10,11]

- log K12 = AR (2)

M1,2
or

Ky, = 10 “2RMy » (3)

12

and the adsorption isotherm equation proposed by
Everett [12], A o Parameter can be calculated by means
of its fitting to diparameter equation (1) or from ex-
perimentally determined partition coefficients of the
chromatographed substance [13,14].

in the considered chromatographic system the term
+ Ap) = C has for each substance a constant

( Ry
1,2 .
value. Thus equation (1) can be presented in the form:
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R = X,R + X4R +(Y1-X

2 c (4)

1)

Assuming the ideality of bulk and surface phases
as well as energetical homogeneity of the adsorbents
surface,we can transform the equation(4) to the linear
form wusing adsorption isotherm equation proposed by
Everett [12].Equation (4 )will have then the following

form: -
Xy X2 1 1
G = =———+X1=a)<1+b(5)
RM12- XlRMl- XZRMZ C |<12 -1
where
1
a= % b= 1
C K12 -
and thus:
K =2 1
12 ° b + 1 and A12 = -a— -ARMl o (6)

Equation (5) permits to determine K12 and A12 parameters
from G = f(Xl) function and from boundary conditions of
the straight lines. This is possible because for Xy = 0]
G =b, and for X,=1 G =a + b, Equations (2) and (5)
permit to calculate Kio values., As starting assumptions
used in derivation of these equations are based on dif=-

ferent theories [10,11], values calculated from equa-

K
tion (2) will be denotedigs Kiona and the same values
calculated from equation (5) as Kypge It has been stated
[16,17] that the values of these parameters are strongly
dependent on properties of the chromatographed substan-
ces. In case of strongly adsorbed substances K12A val=
ues are significantly higher than K126 values,

When the chromatographed substance does not contain
strongly adsorbed groups the K126:> K12A' The com-

and K values with K value ob-

parison of K 12

124 i2G
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tained from direct measurements of the adsorption of
the mobile phase components in the absence of the
chromatographed substance [16]shows that these values
are significantly lower than Kyoe

In practice, K12A§nd Kyog values depend on the
properties of all components of chromatographic system
and on the dynamics and kinetics of the chromatographic
process. For this reason, under these conditions K12G
and K12A values are not the adsorption equilibrium
constants,neverthless they are strictly connected with
the process. Defining these values as ,adsorption
parameters" appears to be more precise. These values

together with Alon and A characterize the chromato-

graphic process under cgﬁgideration. These parameters
can provide some information on adsorption TLC and
thus be useful in the process optimization,

The main purpose of the investigations described
in this paper consists in showing applicability of
equations (1) ,(2) and (5) in TLC system optimization,
especially in selection of appropriate multicomponent
mobile phases,

METHODS

The'RF values were measured by adsorption TLC for
different aromatic compounds.For nitrobenzene, aniline,
2,6=dimethylnitrobenzene, o=nitroaniline, 2,6«dinitro=-
aniline and isomeric dinitrobenzene,nitrotoluenes and
toluidines aluminim oxide 150 neutral ( Merck ) was used
as the adsorbent, The solutions tetrahydrofurane, ethyl
acetate, methyl ethyl ketone, dioxane and acetone in
n-heptane were used as the mobile phases,

For heterocyclic bases ( Tables 3 and 4), aniline and
l1-naphthol the following binary solutions were used as
the moblile phases: carbon tetrachloride + n-heptane,
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trichloroethylene + carbon tetrachloride, chloroform +
+ benzene, benzene + carbon tetrachloride, chloroforms+
+ trichloroethylene, The silica gel G (Merck) was used
as the adsorbent,

In case of phenol, 2,3-dichlorophenol, 3,4~dichloro-
phenol and 2,6-dichlorophencl, ternary solutions
chloroform(1) + toluene(2) + carbon tetrachloride(3)
were used as the mobile phase, In these mixtures the
volume ratio of components 2 and 3 was always kept
constant (equal to 1:1),

The chromatographic process was carried out by ascend-
ing technique on adsorbent layers of 0.3mm in thickness
in glas chambers saturated with mixed solvent vapours,
All the measurements were carried out under thermostat-
ic conditions at 298°K.The detection of the substances
was carried out by reaction with iodine, The Ru values
were calculated using the equation of Bate-Smith and
Westall,

The partition coefficients ki% of heterocyclic bases
aniline and 1~-naphthol in the binary mobile phases were
indirectly obtained in the following way., First, the
partition coefficient of the substance was measured be-
tween component 1 of the mobile phase and water (k;Tw)

ou ).

and then between component 2 and water (k2 w

From these values k can be calculated,

12
K™ = k1 w

12 °© _“_J_z,w
The partition coefficients of the examined substances

between the individual mobile phase components and
water were obtained by determining their partition iso=-
therms between the phases for very low concentrations
(0,001-0,00025 mol/l ). Water was presaturated with the
appropriate organic solvents.The concentrations of the
substance in the water phase were determined polaro-
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graphically and by coulometric bromination. The parti=-
tion coefficients measured in this way are presented
in Tables 3 and 4,

The results of the measurements of and of the
theoretical calculations according to equations (1), (2
and ( 5) are given in Tables 1 - 4 and Figs. 1 - 5,

RESULTS AND DISCUSSION

In the previous paper [18] Agp values calculated
from the equation (1) were compared with such physico-
chemical quantities characterizing the test substances
as pKa values or adsorption energy of the functional
groups. It has been stated that some correlations be=
tween these quantities exist allowing for wider inter=-
pretation of A12 parameter., In case of adsorption
chromatography system optimization, adsorption para-
meters play a very important role, In this connection
a comparison of these parameters with such physico-

TABLE 1

The soclvent strength parameter £° and the solubility
parameters [21] of the more active components of the
mobile phases

o
£
Solvent AL,0, 5+ 1 &y &, | 6inl %
Tetrahydrofurane; 0,45] 9.1 7.6 3.5 0.8 3.7
Ethyl acetate 0.58]| 8.9 7.0 4,0 1.0 2.7
Methyl ethyl 0.51) 9.5 | 7.1 | 4.7| 1.2 3.2
ketone
Acetone 0.,56] 9,6 6,8 5.1 1,5 3,0
Dioxane 0,56|10.,1 7.8 5.2 1.0 4.6
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chemical values a solvent strength parameters [7] and
solubility parameters [19-20] of active components of
the mobile phases appears to be advisable,The mixtures
containing proton acceptor solvents tetrahydrofurane,
ethyl acetate, dioxane, methyl ethyl ketone, acetone
and nonactive solvent n~heptane were used as the mo=-
bile phases in the investigations. In this case, the
existence of strong, specific interactions among the
mobile phase components can be excluded. Thus K12 val-

ues will be dependent on competitive interactions:
adsorbent—substance and adsorbent—active component of

the mobile phase, as well as on the association of mole-
cules of the mobile phase active component ( 1—1 associa=-
tion ) and on the interaction between the molecules of
the chromatographed substance and the mobile phase
active components ( s—1 association).Investigations by
Oécik-Mendyk and Rézylo [22] have shown that in case of
such chromatographic systems ( containing alumina,mobile
phase of N+B type and the aromatic nitro compounds)
association of 1-1 type significantly predominates,
As the active solvent strongly interact with the adsorb-
ent surface and its concentration is usually high, as-
sociation of the active solvents should significently
influence chromatographic parameters, Thus an assump=
tion can be made that a correlation exists between Kio
parameter and the above mentioned physico-chemical val-
ues characteristic for proton donor solvents.

Table 1 lists values characteristic for the mobile phase
active components:solvent strength parameter g° [7] and
solubility parameters 6T and their dispersion Sd' orien-~
tation 80, induction éjﬁ and proton acceptor components
[19-21].

Table 2 presents K,, . and Kio6 values of the chromato-
graphed aromatic nitro and amino compounds on aluminium
oxide 150 neutral.A comparison of these parameters with
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l K126

126G

20+

201
126

10+

FIGURE 1

Relationships between the adsorption parameters K12G
calculated from equation (5) and the 6&n values of
the preferentially adsorbed component of the binary

mobile phases, Adsorbent: aluminium oxide 150 neutral.



14: 06 24 January 2011

Downl oaded At:

258 ROZYLO ET AL.

K| K12A
24 1100
200 1
150
15071
K12 2
100 T r100
50T 50
08 1.0 12 1.5
J;n in
FIGURE 2
Relationships between the adsorption parameter l<12A
calculated from dependence (2) and the §. val=-

in
ues of more active components of the binary mobile

phases, Adsorbent: aluminium oxide 150 neutral,

the data in Table 1 shows the absence of any correla-~
tion between &°© and K12A , and Kypg+ A comparison of
the & ° values for ethyl acetate, dioxane, methyl ethyl
ketone and acetone with the excess adsorption isotherms
of these solvents from n-heptane [ 23] shows that €° is
not connected with the value of surface excess of the
mobile phase active component, but with the localiza-
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tion of the maximum of the solvent adsorption isotherm.
This maximum corresponds to the localization of the
minimum on the R, = f(Xi) curves.,

The comparison of K12A and KlZG values and the
solubility parameters of the proton acceptor mobile
phase components indicates to the correlation between
these values. A 1linear relationship between the
parameters and the induction component of solubility
parameter is observed, It is presented in Figs. 1 and
2.An analogous relationship is also observed when the
compounds of a completely different chemical nature
(policyclic aromatic hydrocarbons, naphthols) are used
as model substances. Thus, one can suppose that this
relationship can be useful in Kion and K12G determina~
tion in the chromatographic system containing mobile
phases of N+B type and aluminium oxide as adsorbent,

Assuming that ARM values are the measure of the
chromatographic system selectivity for mixture of two
substance, on the basis of equation (1) the relation-
ship permitting calculation of ORy, of the substances
can be obtained [24,25] . This relationship has the
following form:

i,j - s _ i,] i,j]
MRy o™ Pad + (21 - #1)(d +an;p)s ARy, (7)
where
AR$i32 is the difference between the RM values of
,

substances i and j, when using the binary
mobile phase 1+2;

d = ARi - ARj where
My ,2 My,2
i _ pl i J i J
AR = R - R and AR =R, - R
Mp,2 ™ M2 Mi,2 M M2
RY R and R3 RJ show the RM values of substance

1
My 7 Mo M1’ Mo
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i and j, when using the pure solvent 1 and 2 as the mo=-
bile phase, respectively;

¢i and ¢1 — volume fractions of the active component of
the mobile phase in the surface and bulk phase,respec-

tively;

i'J - ]"OO_ Jlo':’ i'm j,O°
AASY = log ki log k12 where k12 and k12

are hypothetical partition coefficients of the sub-
stances i and j among the mobile phase components;

i _ &) .
Mo RM2 in pure solvent 2,

AR;z'j = R
In equation {7) the concentration of the mobile phase
is expressed in the form of a volume fraction. In case
of high size differences of molecules forming the mo-
bile phase this way of expressing the concentration is
more reasonable.

As for determination of each equation term,as mention-
ed above, Ry values of the substances in pure solvents
1 and 2 are experimentally determined, The term (¢f-¢1)
can be determined from experimentally determined excess
adsorption isotherm or ;alculateq from equation (2).

The determination of A and Aiz parameters provides

i
12
some problems, They can be determined by fitting them
to diparameter equation (1) . However this procedure is
time-consuming. A,, is equal to the logarithm of the
hypothetical partition coefficient of the substance
between totally miscible binary mobile phase compo-
nents., For this reason the values of the partition
coefficient of the substance between pure components
of the mobile phase and the liquid immiscible with
these components can be used ( the procedure is de=-
scribed in METHODS).A12 values calculated by ‘this pro-
cedure are listed in Table 3., The analysis of the data
listed in this Table shows that a full agreement be-
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tween A12p and A12A values does not exist, For some
substances the difference between these values can be
relatively high (e.g. for 8~hydroxyquinoline chromato-
graphed by wusing the solution of chloroform in tri-
chloroethylene or aniline chromatographed in benzene +

+ chloroform mixture)., These differences are probably
due to the conditions in which the partition process
occurs, It relates mainly to the values of the ratio of
the surface area of the liquid—liquid interface to the
volume of the phases and disturbances taking place dur-
ing the partition process, These disturbances may be
due to different interactions of the liquid, used for
determination of the hypothetical partition coefficient,
Moreover, they can be caused by the chromatographic
process dynamics. Adsorption of the chromatographed
substance on the liquid=liquid interface can play an
important role [14,26,27]. All the factors, mentioned
above, are reflected in the values of the partition
coefficient, determined by wusing an indirect method,
and in the differences between A12p and A12A values,
Ao values listed in Table 4 confirm this suggestion,

In the Table 4 AIZAY
to equation (1) , while Aip values were calculated from

alues were obtained by fitting them

equation (1) and( ¢f - ¢1) values from experimentally
determined excess adsorption isotherm, A12G values were
obtained from equation (5) and A12p values were calcu-
lated from experimentally determined partition coeffi-
cients in the trichloroethylene—water and benzene—water
systems. From the comparison of the parameters values,
it can be observed that in the system containing benze-
ne+trichloroethylene as the mobile phase and silica gel
as the adsorbent, A12A‘ A12 and A,pg Parameters slight-
ly differ, while the differences between the values of
the above parameters and A12p parameter are significant-
ly high.
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TABLE 4
Ars values calculated by different way.

Solute A12a M2 P26 Mizp
Quinoline 0.0356 0.0442 0.,0338 0.0569
6-Methylquinoline 0.,2300 0,2281 0,2650 0,0170
8-Methylquinoline -0,1500 -0,1770 =-0.1513 =-0.2291
8-Hydroxyquinoline -0,0762 -0,0254 -0.0752 -0.1523
8-Nitroquinoline 0.1400 0,1129 0,1347 0.,6149
Acridine -0,0950 -0,0182 =-0,1097 0,1987
Aniline 0,7810 0,7747 0,7731 0,4914
1=-Naphthol 0,1350 0.,1290 0,1122 0.1673

The analysis of the data listed in Tables 3 and 4
indicates that A12A has wusually higher values than

those of A In this connection, the question arises

12p*
whether the differences between A12A and A values

permit the use of the experimentally determiigd parti-
tion coefficients in the chromatographic systems opti-
mization,

A comparison of RM values of chromatographed substances
calculated from equation (1) and A12p values with the
parallel experimental values shows a good agreement be-

tween them, R, = f(g,) for 8~hydroxyquinoline and iso-

quinolines shoxn on Fig. 3 is an example of the agree-

ment. Thus it can be assumed that hypothetic partition

coefficients A12p of the chromatographed substances,

determined by indirect method, may be successfully used
for calculating AR;szvalues.

Figure 4 presents the relationships Af?'j2= f(#,) for

i
M1
substance mixtures 1-naphthol+8=methylquinoline and
lsnaphthol+aniline calculated by equation (7) as well

as the relationships RM12= f(¢1) for pure component

of the mixtures, A comparison of the parallel relation-
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T T T
1—CHCl=CCH
2—ccu

2-CHG=CUZ

#

FIGURE

3

Experimental dots and calculated from equation (1)

(from A - solid lines

124

and

from A -=~~ dashed

12p

lines ) relationships between the RM values of iso=
quinoline = ) and 8=hydroxyquinoline - @ and the

volume fraction of the binary mobile phase on silica gel.
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R ij
M AR
1 T 2%,
| Lo
> S 0.2
-
15 0.0
+-02
NH,
e
| ©
. OH
o - QY
05L | _ I CH,
01 03 05 07 098
CHo=cCL, ; CeH
{2) {1}
FIGURE 4

Experimental ( points) and calculated from eq. (7) on
the basis of A (solid lines) and A (dashed lines)
124 13 12p

relationships between ARMi values and composition
of mobile phase for 1-naphth6f+aniline and 1-naphthol+
+8-methylquinoline mixtures and their RM12 = f(¢1)

relationships., Adsorbent: silica gel G.



14: 06 24 January 2011

Downl oaded At:

266 ROZYLO ET AL.

ships show that maximum of AR;i32= f(¢1) points out
to the optimum composition of the binary mobile phase
giving the best separation of the mixture components,

Maximum on the AR;iJZ = f(¢1) curve corresponds to

optimal composition of a binary mobile phase with per-
mits to obtain a best chromatographic separation of
the components of the chromatographed mixture,

Apart from binary mobile phases, ternary mobile
phases are also often used. An addition of the third
component to a binary mobile phase permits improve sig-

-1.0 l
01 03 05 07 Q3
CHCL
CGHSCH3/cc14 3 3
FIGURE 5

Relationship between the theoretical (eq. (8)(1ines))
and experimental (circles) Rm values and the compo~
sition of the ternary mobile phase,
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nificantly the separation of the mixture components, It
has been stated,that Oscik’s equation can also be help-
ful in the optimization of the chromatographic systems
containing such mobile phases [28] because it permits

to predict the course of the dependence of R,, values of

the substances separated from the mobile pha:e composi-
tion on the basis of the data obtained by using unary
and binary mobile phases.,.

In case of a ternary mobile phase, equation (1) can be

written as follows:

= S - -
Rme = Pop BRmys * #or ARM23*(¢1: ¢1t)(A13 + ARM13)+

]
"( Par = ¢2t)( Aoz * ARM23)+ Rms (8)
where
Rut is the Ry, value of the chromatographed sub-
stance when a ternary mobile phase is used;
ARy, s = Ryy = Rug for i =1 or 2
Ru. for i=1 or 2 or 3, is the Ru value of the
i
substance when pure solvent i is used as
the mobile phase;
¢§t and ¢it are the respective volume fractions of
component i of the ternary mobile phase in
the surface and bulk phase for i= 1 or 2 ;
Ajz = log ki3 for i=1 or 2 k13 is the value of

the hypothetical partition coefficient of
the chromatographed substance between pures
solvent i and 3; the AiS values can be cal-
culated from the experimental data when
the binary mobile phase i+3 is used,
The ¢§t values can be calculated from the following

equation [12]:



14: 06 24 January 2011

Downl oaded At:

268 ROZYLO ET AL.

K., #&.
i3 *i3
¢it = @)
1+ Kyg Fyg + Kaz Fo3
where
Kig = 10" 6RM; 2
for i=1 or 2
¢i:’> ., ¢it ¢3t

Figure 5 presents the theoretical relationships
calculated from equation (8) and experimentals ones of
RM values of phenol, 2,3-dichlorophenol, 3,4-dichloro-
phenol and 2,6-dichlorophenol to the composition of
the ternary mobile phase. A good agreement of both
relationships shows that equation (8) may be useful in
the optimization of this type of chromatographic sys-
tems.

In summing up the present results one can state
that they fully confirm the usefulness of equations
discusged in the paper to the optimization of adsorp-
tion chromatographic systems, It relates both to binary
and ternary mobile phases.
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