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THEORETICAL FOUNDATIONS OF LIQUID ADSORPTION CHROMATOGRAPHY
WITH MIXED ELUENT

M.Jaroniec and J.A.Jaroniec
Institute of Chemistry, M.Curie-Sk}odowska University,
20031 Lublin, Poland

INTRODUCTION

One of the main advantages of liquid-solid (adsorption)
chromatography (LSC) with mixed eluent is the possibility of
modification of the capaclty ratio over a wide range by changing
the eluent composition [1),It means that the resolution and the
analysis time may be optimized by correct choice of the eluent
composition (isocratic LSC) or by eluent programing during the
chromatographic process (gradient LSC),Optimization of the chromato-
graphic process requires of the knowledge of dependence of
the chromatographic quantities on the eluent composition {2-5],
Increasing interest in gradient LSC [2-13] has created a pressing
need for the elucidation of the theoretical basis of LSC with

mixed eluent,

Many attempts have been made to describe the dependence
of the capacity ratio on the eluent composition [14-211,
The fundamental ideas in this field have been formulated by
Snyder [14,21,22], Ofcik [23-25] and Soczewifiski (15,26] ,and
developed theoretically by Jaroniec et al,[27-341,They pointed
many factors determining the LSC process with mixed eluent :

(a) competitive character of solute and solvent adsorption,
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(b) non-specific and specific solute-solvent and solvent-solvent
interactions in the mobile and surface phases,

(¢) association or dissociation of components in the mobile and
gsurface phases,

(d) differences in molecular sizes of solutes and solvents,

(e) multilayer character of the surface phase and contribution
of the partition phenomena in the LSC process,

(f) orientation of solute and solvent molecules in the surface
phase, and

(g) energetic heterogeneity of the adsorbent and topography of
adsorption sites onto surface.

These factors determined mainly the adsorption effects in the

LSC process,The other group of factors, such as : diffusion,

porous structure of the adsorbent, parameters characterizing the

eluent flow, etc., determines kinetics of the LSC process.

The problem of their optimization is described in the many

monographs devoted to chromatography.
In this chapter we shall present the theoretical studies

dealing with the effects specified in the points (8) - (g&).

One of the first formulations of the LSC process with mixed eluent

has been made by Oficik [23~-25] .Basing on the thermodynamics of

conformal solutions {351, he derived an equation for the RM,s

value of the s~th solute chromatographed in n-component eluent,

This equation has been derived for energetically homogeneous
80lid surfaces,lIts theoretical analysis is presented in the
papers [25,27,16]1,The clasical OBcik’s equation has been recently
extended to energetically heterogeneous solid surfaces [36-38],
Moreover,it has been widely examined by using the thin-layer
chromatographic (TLC) data [39-45]1.I% is difficult to discuss

the influence of the factors (a)~(g) on the LSC process in terms
of the OBcik’s formulation,because it is t0oo much general and
gives a scanty information about mechanism of the LSC process,
Therefore,our discussion will be concentrated on the theoretical

treatments assuming a definite model of the LSC process.
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The most popular treatment of LSC with mixed eluent has
been formulated by Snyder [14,22) ,which assumes the competitive
character of solute and solvent adsorption,This treatment involves
also energetic heterogeneity of the solid surface [14] and
solute-solvent localization effects [46].Recently,Snyder’s
treatment has been extended to LSC with multicomponent eluent
[16,27,47-49]1 ,The LSC model of Snyder [14,21] has been considera-
bly enriched by Soczewifiski siudies [15,261,0n the other hand,
Jaroniec et al.[16,27-34] described theoretically the LSC process
by applying the general theory of adsorption from multicomponent
liquid mixtures on solid surfaces and utilizing the fundamental
studies of Snyder [14,22) and Soczewifiski [15,26] .The treatment
of Jaroniec et al, involveas energetic heterogeneity of the solid
surface [27-29,50-55],non~ideality of both phases [27,28,33],
differences in molecular sizes of solute and solvents [29,31,56],
and solute-solvent and solvent-solvent interactions in the mobile
phase 130,31,57-601.Recent studies of Jaroniec et al.[29,37,56,611
concern the correlation between adsorption and chromatographic
parameters.An attempt of a global description of the LSC process
with mixed eluent,involving different effects specified in the
pointe (a)-(g),has been undertaken by M,Jaroniec¢ and J.A.Jaroniec
£311,This chapter has been written basing on the paper (311,
We shall show that the majority of equations derived for the
cgpacity ratio in LSC with mixed eluent may be obtained from our
general treatment; they are : equations of Snyder [14], Snyder-

Soczewifski [21,26], Slaats et al.(62].

GENERAL CONSIDERATIONS

One of the most important quantities in LSC 1s the capacity
ratio k; swhich is defined as the ratio of the number of moles
of the s-th component in the surface phase to the number of moles
of this component in the mobile phase.The other fundamental chromato-
graphic quantities, such as retention volume, retention time,

selectivity and resolution, may be expressed by means of the capacity
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ratio.The capacity ratio k; is proportional to the distribution
coefficient kS H

8, 1 .
ks = xS/xs = C ks &)

where C 1is a parameter which is assumed,toc a first approximation,
to be characteristic of a2 given adsorbent and independent of the
nature of the eluent [14,33).In the above x: and xz are the total
mole fractions of the s-th solute in the surface (s) and mobile
(liquid) (1) phases,respectively.

The fundamental quantities employed in TLC are RF and RM .These
values are related to the capacity ratio by the following equation

[631 :

R

M,s = log [(1-RF,s)/RF,s] = log kg (2)

Eq.{(2) may be used for interconversion of equations applied in
LSC and TILIC.

Let us consider the LSC process for the s-th substance (solute)
chromatographed in n-component eluent,The components of the mixed
eluent are numbered successively beginning from the most efficient
eluting solvent to the weakest solvent.Thus, 1-st solvent 1g the
more efficient one,however, n-th component is the weakest solvent,
One of the main assumptions of the proposed model is that concerning
the competitive character of solute and solvent adsorption,

The adsorption process may be represented by the following

reversible phase-exchange reactions (28] :

1) 4 a8 = 58 | 4 (D) por 12 1,2,...,0m1 (3)
s(l) +r i(s)i;zs(S) +r i(l) for i = 1,2,...,n (4)

where the subscripte (1) and (s) refer to the mobile and surface
phases,respectively, "i" and "s" denote molecules of the i-th solvent
and s-th solute, and r 1is the ratio of molecular sizes of the s-th
solute and the i-th solvent,The reactions (3) and (4) have been
written by assuming the equality of molecular sizes of all solvents,

i,e,,
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Wi=Wy= cir =W =W (5)

and inequality of molecular sizes of solute and solvents :

w_ #fw (6)

Thus,the parameter r 1is defined as follows :
r = \Vs/' (7)

The next assumptions are following :

(a) the surface phase is assumed to be monolayer,

(b) the total number of moles of all solvents in the surface phase
is constant and independent upon the presence of solute
molecules,because the solute concentration is infinitely low,and

(¢) molecules of solute and solvents have a spherical shape.

Further assumpiions concern interactions in the surface and mobile

phases and energetic heterogeneity of the adsorbent surface,

A MODEL INVOLVING NON-SPECIFIC INTERACTICNS BETWEEN MOLECULES OF
SOLUTE AND SOLVENTS

Homogeneous solid surfaces
The non-gpecific interactions between molecules of solute and

solvents in the mobile and surface phases are deacribed in termes
of the activity coefficients.The activities of the s-th solute and

i-th solvent in the mobile and surface phases are defined as follows:

a: = x: fg (8a)
ol axlel  fori-1,2,...0m (8b)
ag = xg f: (9a)
32 = xg rg for i=1,2,...4n (ov)

where f: » f: s fz and fi are the activity coefficlents of the s-th
golute and i-th solvent in the surface and mobile phases,respectively,
The activity coefficients f: and fg are functions of the composition
of the surface solution,whereas, fé and f% are functions of the

composition of the bulk solution.
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According to our previous studiee [16,28,31] the reaction (4) for
i=1 and the set of reactions (3) characterize synonymously the LSC
process with mixed eluent.The thermodynamic equilibrium constants

corregponding to these reactions may be writtem in the following

form :
T r
en, (M) s (nl), (10)
81 ™ ol ‘g £ x? 81
8 8
-] 1 8 1
th _ % 3 for S -
Kin";r"? -;11—'-;:-— 'Bin for i= 1,2,...,n-1 (11)
1
where
£2 (r} )r
B, = o] —— (12)
st = LI} o8
ta f1
8 1
B, = f1 -f—“- for i= 1,2 n-1 (13)
in ;}" fs 9Cy0cay
n

Combining eqs.(1) and (10) we obtain the most general equation for
the capacity ratio of the s-th solute chromatographed in n-component

eluent on an energetically homogeneous solid surface :

k) = K22 (C 8,7 (/T (14)
or
1n k; = ln(K:¥/C) +r 1n(x?/x}) ~ 1n B, (15)

The mole fraction of 1-st solvent in the surface phase may be

calculated according to the following expression :

th 1
(Ks°/B, ) x
x: - n-T1n n 1 (16)

xi + ;{; (ng/ﬂin) xi

Eq.(16) is one of the fundamental equations in the theory of adsoxrp-

tion from multicomponent liquid mixtures [64~68],This equation

describes adsorption of 1-8t solvent from n-component liquid mixture
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on a homogeneous solid surface by assuming equality of molecular
gizes of all solvents (eq.5) and non-ideality of the bulk and
surface solutions ( 8;, # 1 for 1=1,2,...40n-1),.5imilarly,eq.(14)
has been derived by applying these same assumptions as in the case
of eq,(16) and including an additional assumption (6).

Now,we shall consider the special cases of eq.(14).Assuming in
eq.(14) ideality of the surface phase (ff = £ = £3 = ...=fp = 1),
non-ideality of the mobile phase (fi ¥ f% # f% oo ¥ f: # 1) and

r # 1 (difference in the molecular sizes of solute and solvents)

we have :
. th 1 s 1T
kg = Kgq (£5/C) (x,/8y) (S¥P]
and
n-1
- sl /o) ke (8)
=

If the elution strength of the 1-st solvent is considerably greater

than the strengths of the other solvents,then the mole fraction
8

xy is practically equal to unity in the whole concentration region
of x% except at low concentrations of the 1-st solvent,Taking this

fact into account in eq.(17) we get the relationship :

1

1n k) = 1n(KE2/C) = r 1n al + 1n £} (19)

8
The above relationship has been derived and examined experimentally
by Slaats et al, [62) ,However,eq.(19) with r=1 and a regular mobile
phase has been discussed by Jaroniec et al.[33],

Assuming both phases to be ideal and r#t in eq.(14) we have :

Ky = (KEN/0) («§/xh)T (20)
where
n~1
x8 = K xl/(xd o ;E;KI§ x}) (21)

Eq.(20) has been derived by Jaroniec et al,[56] and it was widely
examined by using TLC data for binary eluents,For x$-1 (large
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difference in elution strength between the 1-st and other solvents),

eq.(20) gives :

1n &, = In(k2/c) - r 1n x} (22)

Theoretical studies [27,33] show that the capacity ratio of the s-th
golute in the 1-s8t pure solvent is connected with Kz? in the
following way :

kG, = KiB/C (23)

Then,eq,(22) assumes a more simpler form :

in k; = 1n k's'l - r 1ln x?'- (24)

Eq.(24) ,known as the Snyder-Soczewifigki relationship [21,26],
is one of the most popular equations in the theory of LSC,Jandera and
Churacek (69) derived this equation by using Snyder’s relationship
for elution strength of a binary solvent [14,21]1,The correct
analysis of Snyder’s ireatment [14] leads to eq.(24) with r=1 ,The
derivation of eq.{(24) in terms of Snyder’s treatment {14) by Jandera
and Churacek (691 is slightly inconsistent [27,70] .However,the full
form of this equation results from theoretical considerations of
Soczewifiski (26] and our studies [16,29,31,561.Eq.(24) is widely
used for characterizing LSC systems [71-861; in reference (71l
the chromatographic systems comply with this equation are discussed,
The very important relationship (25) may be obtained from
egs.(20),(21) and (23) for r = 1 ; it is

a-1
1/k = Z; X3/, (25)

This relationship has been derived by Jaroniec et al,{27] in terms
of the theory of adsorption from ideal multicomponent liquid
mixtures on homogeneous solid surfaces.,It may be rewritten in the

equivalent form:
n-1

K, = Z x? k2, (26)
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Eq.(66) assumes the additivity of the capacity ratios k;i for
i=1,2,..0.,0 ,and in this form it has been written by Snyder [14].

Eq.(25) for n=2 gives the following important relationship (701:

1/, = 1k, + (1/kgy = V/kgp ) x} (27)

The same type of dependence of the capacity ratio upon the mobile

phase composition results from Scott and Kucera itreatment (181,

Heterogeneous solid surfaces

Let us consider an energetically heterogeneous solid surface
showing L types of adsorption sites,Let h1 be the ratio of the number
of adsorption sites of the 1-th type to the total number of adsorption
sites,The ratios h1 for 1=1,2,,..,L fulfil the relationship :

L

Z; By = 1 (28)

The capacity ratio of the s-th solute on the entire heterogeneous

solid surface k;,t is defined as follows [14,16,34]:

L
k;’t = ; hy k;’l (29)

where k;,l is the capacity ratio of the s-th solute for the 1-th
type of adsorption sites.The mathematical form of k;,l is analogous
to eq.(14).Since eq.{14) contains the activity coefficients of solute
and solvents in the surface phase,which are functiona of the surface
phase composition,we consider their definitions by assuming two
different distributions of adsorption sites on the surface,.Theoretical
coneiderations of adsorption modele with non-ideal surface phase
require always of an additional assumption about topography of
adsorption sites on the surface [67,681,Usually two models of hetero-
geneous surfaces are considered.According to the first model the
adsorption sites are distributed randomly onto surface,whereas,

the second assumes the patchwise distribution of adsorption sites,
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For the patchwise asurfaces the activity coefficients are functions
of composition of surface solution being on the 1-th surface patch,
However,for surfaces of random distribution of adsorption sites
the activity coefficients are functions of the mole fractions

of solute and solvents refering to the entire surface solution.
The total mole fraction x?,t ,refering to the entire surface,

1s expressed as follows :

L
8 8
x) 4 = E hy xy 4 (30)

Taking into account the above discussion concerning the activity
coefficients in the surface phase and eq.(14),we can write the

following expressions for k;,l s

k; 1 K:?,l (¢ 1331’1)'1 (x?'l/x})r for patchwise surfaces (31)

k;,l = K:?,l (c Bs1.tf1(x$‘l/x})r for random surfaces (32)

Subastituting eqs.(31) and (32) to eq.(29) we obtain the expressions
for the capacity ratio on heterogeneous surfacea of patchwise and
random distribution of adsorption sites,The most important equation

is obtained for random surfaces; it is :

Ke,t = °-1 (31 ) ; s 5,07 (33)
"

8
where fg,t and r1.t are functions x$’t . xg,t seeey x:’t .
It has been shown in the paper [34] that for adsorbents characterigzed
by quasi-Gaussian energy distribution eq.(33) may be approximated

as follows :
’ - zth .8 \r/m
kg g = C a ) Kgq (x1't) (340
, 1

where

n-1
8 xth 1
x§ = (KR 11/B1n,t)m/£x%)m+z;(l(i TR J (35)
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and m is the heterogeneity parameter relating to the width of the

quasi-Gaugsian distribution and i::'iu an average from K:?ﬁ‘valuea.
Now,we consider the special cases of eq.(34) in a manner

analogous to that adopted in the previous section,

For ideal surface phase and non-ideal mobile phase eqs.(34) and

{35) assume the following form:

kg,y = O £5 (DT R (xf HT/m (36)
and
x5 . = (KR a})™/ [(al)"‘ {:(x{ﬁ a}) } (37

For m=1 eq.(37) reduces to eq.{18); however, for x:’t = 1 it becomes
eq.(19) .According to eq.(36) ,for a large difference in elution
strengths between the 1-st and other solvents,the energetic hetero-
genelty of the adsorbent surface does not influence the capacity
ratio,because we obtain for x?,t = 1 the eame relationship as for
homogeneous solid surfaces (cf.eq.19).Since eq.(36) has been obteined
for ideal surface phese,it may be applied for heterogeneous surfaces
showing quasi-Gausaian energy distribution and arbitrary topography
of adsorption sitesLQS].

If both phases are ideal,eqs.(34) and (35) reduce to the

following expressions :

kg p = O KSIGpTT ("7,t)‘r/m (38)
where

n-1
2§ . = (Kip xp [(x}l)“‘ * {:(Ki )™ } (39)

For x?’t =1 eq.(38) becomes the Snyder-Soczewifiski relationship (24).
For r=1 (equal molecular sizes of solutes and solvents) eqs,(38)

and (39) give the following relationship :
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< 1
. M 2 . m
(1/ks,t) = (xi/ksi't) (40)

Eq.(40) defines the capacity ratio kg , by means of the capacity
?
ratios k;i t and the parameter m ,This equation has been derived
’
by Jaroniec et al,{34),This equation may be rewritten in the other

form :
n

which for m=1 reduces to the relationship (26).
Eq.{(40) was examined by using HPLC data {34) and TLC deta for
binary (51] and ternary eluents (52,531,The chromatographic data

for binary eluents were presented in the following linear form :

(k4 XD e gy )70 4 gy, 07 Gp/xD” (42)

In the case of TLC data eq,(42) may be rewritien as follows [511:

R; ~-m
(x% 10 MeBy T o Ay (x%/x%)m + By (43)
where
-BER, -m R,
ay =10 W82 g . q0 Ml (44)

However,in the case of ternary eluents eq.(40) for TLC gives [52,531:

F = (xp 10 e, Ay(x3/xp)™ + By (45)
where

Ay = 10" et (46)
and

By = 10-m ", 62 + (x%/x%)m 0 ™3 (a7

If the experimental data Ry ; are measured at x%/x% = const ,

the dependence F vs, (x}/x%)m is linear.

For the purpose of illustraiion we presented the results of numerical
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analysis of TLC data made by means of eq,(45).These results concern
the TLC data for eight polycyclic hydrocarbons chromatographed in
¢hloroform(1)/toluene{2)/benzene(3) and chloroform{1)/toluene(2)/
carbon tetrachloride(3) eluents on silica gel at 25°C (521,

All measurements were carried out at x3/x2=1.0 .Pig,1 shows the
linear dependence (45) for selected solutes.It follows from this
figure that eq.(45) gives a good representation of the above

TLC data,The parameters m , A3 and B3 y,found from the linear plots
(45) ,are summarized in Table 1.In this table the Ry-values for
polycyclic hydrocarbons chromatographed in single solvents, 1.e.,
RM,s1 ’ RM,sZ N RM.EB are also given,These values have been used
for prediction of the parameters A4 and B3 according to eqgs.(46) and
(47), and are denoted by Ag and Bg (c.f., Table 1).The parameters
Ag and Bg,ealculated directly from experimental values of RM,s1 N
RM’52 and RM,sB according to eqs.(46) and (47),and those evaluated
from TLC data for ternary eluents by means of eq.(45), are compared
in Table 1 ,It follows from this comparison that differences between
A3 and Ag . B3 and Bg are rather small.Analysis of the parameter m
shows that it is practically independent on the kind of pelycyclic
hydrocarbon ;it is characteristic for a given eluent and adsorbent,
Similar results were also obtained for other TLC systems [34,51,87).
A good agreement between A3 and Ag , B3 and Bg y,and insignificant
dependence of m on type of the solute create possibility for
predicting the RM’s—values for solutes chromatographed in ternary
eluents by means of the experimental values of RM,s1 s RM,s? , RM,s}
and the parameter m ,Such prediction is impossible for chromato-
graphic systems,which show great differences in A3 and Ag ,

B3 and Bg ,and for which the parameter m depends strongly upon type
of the solute.A great difference between A3 and A% ’ B3 and Bg
is observed for mobile phases of strong specific interactions

between molecules of solute and solvents.In the next section we

shall discuss the equations involving the specific solute-solvent and

solvent-golvent interactione in the mobile phase.
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1

2 4 )

(x3/ x5)"

2

Figure 1. Linear dependences plotted according to Eq. 45 for
selected polycyclic hydrocarbons in chloroform (1)/toluene (2)/
benzene (3) (parts A & B) and chloroform (1)/toluene (2)/carbon

tetrachloride (3) (parts C & D).

@ = pyrene; (P = benzopyrene; O = phenanthrene; © = chrysene;
© = fluoranthene; @ = naphthalene. Figure taken from ref. [52],

with permission of the copyright owner.

The mathematical properties of equations involving the adsorbent

heterogeneity we shall illustrate by using the following expression :

-R m ~R m
Ry = =(1/m) logl(xy10 M8~ 4 (xl10 M82)" (48)

Eq. (48) has been obtained by combining eq.{40) for n=2 and eq,(2),
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Table 1

Parameters Characterizing TLC Data of Polycyclic Hydrocarbons
in Three-Component Mobile Phases on Silica Gel at 25°C [ 5%, ]

Substance Ru.g4 Ru.52, Ru, 53 m A3 A; B3 B;
chioroform(1}/toluene{2)/benzene(3)
Pyrene -043 -0.27 -0.25 098 244 285 3862 3.58
Benzopyrene -0.41 -0.25 037 1.02 2.55 262 3.96 4.17
Phenanthrene -0.41 -0.27 -0.38 1.04 260 2.66 4.30 444
Chrysene -0.41 -0.25 -0.35 1.04 247 266 4.37 412
Fluoranthene -0.41 -0.24 —0.36 1.06 253 272 4.27 419
Anthracene -0.41 -0.23 -037 1.06 268 272 3.89 421
Dipheny! -0.41 -0.28 -0.39 104 2.82 2.99 507 493
Naphthalene -0.43 -0.27 -0.40 104 275 2.81 449 450

chloroform(1)/toluene(2)/carbon tetrachloride (3)

Pyrene -043 -0.27 0.02 090 229 244 3.10 272
Benzopyrene -0.41 -0.25 0.17 084 2.00 2.21 291 233
Phenanthrene -0.41 -0.27 0.16 0.82 194 2.18 304 240
Chrysene -0.41 —0.25 014 0.88 211 229 296 241
Fluoranthene -0.41 -0.24 012 0.80 195 212 274 2.33
Anthracene -0.41 -0.23 0.16 0.80 1.94 212 282 2.30
Diphenyl -0.41 -0.28 ot 0.80 1.82 218 3.03 249
Naphthalene -0.43 -0.27 002 0.76 213 213 2.81 263

Fig.2 shows the dependence RM,s on x# calculated according to eq,(48)
for RM,s1 =0,5 , RM,52‘1‘° (fig.2a) , RM'B1=-O.5 ’ RM.52‘1‘° (fig.2B)
and for different values of m .The dependence RM,E(X%) calculated
for m=1 (homogeneous solid surface) is a decreasing function,
However,the curves Rn's(x%) relate to m smaller than unity can show
a minimum,This minimum is deeper when difference between RM,81 and
RM,sZ is small and the parameter m is close to zero.Thus,a strong
heterogeneity of the adsorbent surface (m close to zero) may be

the reason of minimum on the curve RM 5(x}) [341,
»

A MODEL INVOLVING SOLUTE-SOLVENT AND SOLVENT-SOLVENT SPECIFIC
INTERACTIONS IN THE MOBILE PHASE

Homogeneous solid surfaces
The specific interactions between molecules of solute and
solvents in the mobile phase may be represented by suitable
quasi-chemical reaciions,the preducts of which are multimolecular

complexes (associates).We assume that such associates form in the
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Figure 2. Theoretical functions R ) calculated according to
Eq. 48 for R =0.5; R =1.0 (pért A =~0.5, R

M,st > TM,s2 M,s2=1.0
(part B) and different values of m. Figure taken from Ref. [51]
with permission of the copyright owner.

mobile phase only [31] ,However,the silanol groups of the silica

surface or other active groups in the case of other adsorbents

can compete with complexes in the surface phase,Thus,stronger

interactions of molecules of solute and solvents with the active

groups and adsorption sites can preclude solute~solvent and solvent-

solvent associates in the surface phase,Taking into account the

possibility of destruction of solute-solvent and solvent-solvent

associates in the surface phase by the active groups,we assume that

these complexes form in the mobile phase only.

In n-component mobile phase the different types of multimolecular

apsociates can be formed,Therefore,in theoretical considerations

we assume formation of the most probable associates.Three types

of associates play an important role in the chromatographic process.,

They are [30,311 :

(1) associates consisted from one molecule of solute and some
molecules of the most polar solvent,

(2) associates consisted from molecules of the most polar solvent,and
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(3) associates consisted from molecules of the most polar solvent and
molecules of another solvent.

The chromatographic models assuming the formation of double

associates of 1-st, 2-nd and 3-rd type in the mobile phase were

discussed theoretically in the ref,[30]1.In (301 the three main

equations for the capacity ratio have been derived by assuming

that only one type of double associates can be formed,However,in [(57]

a model assuming the simultaneous formation of double associates

of 1-st and 2-nd type in the mobile phase was discussed.A most

general model has been considered in the ref, (311 .,According to this

model molecules of solute and 1-st solvent form associates in the

mobile phase,This process may be described by the followlng quasi-

chemical reversible reactions :
M a1 W = ga (49)

p 1D — (1) () (50)

The first reasction represents the formation of {q+1)-molecular
associates in the mobile phase,which consist from one molecule of
solute and q molecules of 1-st solvent,However,the reaction (50)
represents the formatlion of p-molecular associates by molecules

of 1-st solvent only.The equilibrium constants of the reactions (49)
and (50) are expressed as follows :

Lq = xq/[ xs€x1)q] (51)

My = x/(x)? (52)

In the above X and x, are the mole fractions of unassocliated

molecules of the s~-th solute and 1-s8t solvent,respectively,however,

xq and x,, are mole fractions of (gq+1)-molecular and p-molecular

associates formed in the mobile phame according to the reactions (49)

P
of the number of associates to the total number of molecules in the

and (50),The mole fractions xq and x_ are defined as the ratio

mobile phase,The total mole fractions of the s-th solute and all

solvents in the mobile phase are expressed as follows :
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1 . - ; q
Xg = Xy + X = X+ Lq xg(x4) (53)
x% =Xy + QX 4D X, VX +p My (x1)p (54)
x{ = x; for 1=2,3,...,n (55)

Since,the value of the mole fraction xq is limited by the mole

fraction Xg ,however, x:

eq.(54) is very small in comparison to x, and may be neglected.

is infinitely low, the term ¢ xq in

However,in the surface phases the association effects are neglected,

i,e.,

x; =y, and x5 =y, for 1=1,2,...,n (56)

where Vg and yy are the mole fractions of unassociated molecules

of the s-th solute and i-th solvent in the surface phase,respectively,
The soclution of eq.(54) with respect to x4 is a function of

x} si.e.,

x; = X(x73 P, M) (57
For double associates (p=2) the solution of eq.(54) is the following :
xq = X(x}; 2,Mp) = (8] /2 <11/ ¢am,) (58)

Analytical solutions of eq.(54) are also possible for three- and
four~molecular complexes ,i.,e,, p=3 and p=4.However,eq.(53) may be

easlly solved with respect to xg 8

1
X = xﬂ /(1 + L

) x1q) (59

Q@

Next,we assume that in the phase-exchange reaction (4) the unassocia-
ted molecules take part only.Thus,the equlibrium constant K:? is

defined as follows (c.f. eq.10):

th

K51 = (ys/xs)(x1/y1)r (60)

Taking into account eq.(56),i.e., Yg= x: and y, = x? yand

substituting eqs.(57) and (59) to eq.(60),we have

th 1 1
Kjp = Cx:/xs)t 1(x1:p.Mp)/x? 1T 01+ quq(x};p,Mp)l (61)
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Combining eqe.(61) and (1) we obtain a general equation for the
capacity ratio involving the solute-solvent and solvent-solvent

assocliation :
. th 8 r . -
kg =(K*h/0)t X1/X(x%;p,Mp)] 1+ quq(x}.p,mp)] 1 (62)

For x% =1 eq,(62) gives the expression for the capacity ratio k;1
of the g-th solute in 1-st solvent :

' th -r q -1
kg, = (Kg9/C) D, 1+ Lq Dp ] (63)
where

D, = X(1:p.Mp) (64)

Eq.(62) may be rewritten in the form,which contains k;1 instead of K

h

Por this purpose the equilibrium constant K:1 may be evaluated from

eq.(63) and substituted to eq.(62) :

kg = Kyq DT L4 D% x3/X(x7sp, M1 T D14 X (x7ip M1 (65)

p p

Now,we consider the special cases of eq.(62) or its other form,

eq.(65).Por Mp= O (then p=1) eq.(54) gives
xy=X(x}51,0)= x] (66)
Then,eq. (62) reduces to the following expression :
ky = (KE/0) (=§/xp /i (a T (67)

Eq.(67) involves solute-solvent association in the mobile phase and
difference in molecular sizes of solute and solvents,For Lq=0
(absence of solute-solvent association) eq.(67) gives the relation-
ship (20) ,however, for Lq-O and x?-1 it becomes the Smyder-
Soczewifiski relationship (22),.These relationships were discussed

in the section devoted to non-specific interactions in LSC process,
Similarly,for Lq=0 and r=1 eq.(67) gives eq.(25),which wae diecussed

in the previous section.

81
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Eq.(67) may be transformed to the following linear form :
-1
o =1 1,yr th thy r .1y G
(kg) ™' (x8/x3 )T = (K23/C) -+ (L C/R D (x7) (68)

Two special cases of eq,{(68) are interesting for analysis of the

chromatographic data,They are obtained from eq.(68) for r=1 :
B/ ] th,y -1 th 1,4
x1/(ksx1) = (KB1/C) +(LqC/KB1) (xp) (69)
and for g=1 @
o\ - h
1) xB/xhT = ot v (et o (70)

‘The mole fraction x? appearing in equations (69) and (70) may be
evaluated by means of eq.(21).Assuming x?=1 (this assumption is
frequently used in LSC) eqs.(69) and (70) reduce to the very simple
relationships :

(k] = (KE/O™" + (1 o/RE (x? (71)

) Mh T = &E/TT 4 ek x (72)

Egqs.(71) and (72) are especially convenient for interpretation of
the chromatographic data,because they define in a simple way the

capacity ratio.Eq.(71) for q=1 becomes the relationship obtained

by Soczewifiski {151, Jaroniec and Piotrowska [30]; it is

1/(k;, x3) = (KE/0)™1 w(n okt xd (73)

This relationship was widely examined by using HPLC data (58,59].
In [57]1 the following equation for the capacity ratio has been

derived :

. -1 -
=16 K25 3,270 1 (8 V2070 qu, o 1y (e 22070 (70

For small values of M, eq.(74) gives [57]:

Ky = (kB0 (et tecng-2mpak 174 ¢75)

Egs.(74) may be obtained from eq,{62) by assuming r=T , g=1 and
p=2 . For L,=0 eq.(75) gives
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b1y ethyay =1 L thy .1 ‘
1/ Gexdy = (kg1 - (amye/ei (76)

The dependence 1/(k;x}) va, x% is linear for two different models:
(1) model assuming formation of double associates (1s) in the mobile
phase,and
(2) model assuming formation of double associamtes from molecules
of 1-st solvent in the mobile phase,
The slope of eq.(73) is positive,whereas,the slope of eq.(76) is

negative.This last difference can be very useful in interpretation

1
1

indicates that solute-solvent association dominate,however,

of the experimental data.The positive slope of (k'Bx?“)"1 Ve, X

the negative slope of this dependence means that solvent-solvent
agsociation play dominating role 130,881,

Now,we return to eq,(65).We shall discuss eq.{(65) for r=7
and x? smaller than unity.Thies last essumption means that the surface
phase contains molecules of all solvents.Such situation is observed
for solvents having similar adsorption energies.In the case of
agsociation of 1-st solvent in the bulk phase,the mole fraction x?
is given by the expression analogous to eq.{(21):

n-1
x? = K?g XCx};p,Mp)l/[.xi + K?g X(x%;p,Mp) + E Kzﬁxi ] “n

Combining eqs.(62) and (77) we have

Tl 4n 774
. - th 1 th 1 ;E i
ks h ¢ 1K:? K1n [xn * K1n X(x1;p,Mp) * Kinxi]

SR RS C TR NI (78)

1
For boundary-concentrations, i.e., x7 = 1 and xi =0 for 1=2,3,...,n,
the capacity ratio ki, is defined by eq.(63) with r=1,The equili-

brium constants Kio , KLo and K'2 fulfil the following condition :

th th ,th
Kin = Kon/Kgy 9

where
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K, = kK¢ for 1=2,3 (80)
21 = Kgp r 1=2,3,...,n

Since,1-st solvent forms p-~molecular complexes in the bulk phase,
the relationship between k;1 and K:E is more complex than that
defining k;i {1=2,3,..,,n) by means of K:? .Taking into account
eqs.(63) and (80} in eq.(78),we have :

n -4
kK, g{X(x%;p,Mp)/[k;1Dp(1+Lquq)] * ;E;(xi/k;i)} .

L1 +1, xq(x};p,mp)1“1 (81)

For Mp=0 eq.(81) gives :

= 1 -4 1
4 1 ’ 4 qy -1
kg ={§1/[k81(1+Lq)} + E (xi/ksi)} [1+Lq(x1) 1 {82)

The influence of association constants on the dependence k;(x%)
we shall discuss on the basis of eq.(81) for binary eluent, i.e.,
k’ X(x¥;p,M ) /tk’ D _(14L D D1 + (x/k%.) Nﬂu
g = 13P vy 81”p 9”p 2/ "g2
t 1+quq(x%;p,mp)]'1 (83)

Figs. 3-5 present the theoretical dependences k;(x}) calculated

sccording to eq.(83) for different values of g , Lq » P and Mp .
In all figures the part A shows the functions k;(x}) calculated for
ks‘l 1
Moreover,in figs,3-5, the dependences ln k; v8, Xj are also

= 1 and k ,=5 ,however,the part B relates to k;1=1 and k;2=100.

presented,

Fig.3 shows the k;-curves calculated for different values of Lq .
The parameter g was equal to unity ; it means that one molecule

of 1-st solvent bounds one molecule of the solute,The k;—curves

for k;2:$»k;1 lie above the Snyder-Soczewifiskl curve .The distances
between the successive k;-curves increase gradually with increasing
of Lq .The more complex behaviour of the k;-curves 1s observed

for similar values of kg, and kgs (c.f.,fig.44).This non-regular

behaviour of k;—curves presented in fig.4A 1s caused by assuming
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Figure 3. Theoretical fupctions'ks(xl) and lnk (1nx1) calculated
according to Eq. 83 for k_,=1, k 2:5 %part ISH Is(‘lzl, k', =100 (part B);
M =0, q-1, and L =1 (the $51id 1$he), 5 (the dasfied 1inds and 10

(ghe dotted l’ine?. The Snyder-Soczewinski curve is denoted by the

dashed line.

In ks

05

L
In X4

Figure 4. Functions as in Fig. 3 calculated for L =0, M =1 and
p=2 {(the solid line}, 4 (the dashed line), and 6 %the aBrred line).
The other parameters as in Fig. 3.
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Figure 5. Functions as in Fig. 3 calculated for L =0, p=2, and
M = 1 (the solid line), 5 (the dashed line), and 18 (the dotted line).
mhe other parameters as in Fig. 3.

the constancy of k;1 i it means that the k;-curves are

calculated at different values of K:? (c.f., €q.63).A set of the
k;—curves calculated for one value of Kg? shows a regular behaviouri60]
Pig. & shows the k;~curves calculated for Lq= o, Mp=1 and
different values of p =2,4 and 6.However,fig,6 presents the k;-curvee
for Lq=0 , p=2 and Mp=1 y 5 and 10,Thege curves lie below the Synder-
Soczewifiski curve (the dashed-dotted line).Thus,association of
molecules of 1-st solvent causes decrease of k;-valuesin comparison
to those predicted by Snyder-Soczewifiski model,however,association
between molecules of soclute and 1-st solvent gives opposite effect
(c.f.,figa.4 and 6).
The k;-curvea presented in figs.3 5 were also plotted in
the logarithmic scale.In this scale the Snyder-Soczewifiski curve
(the dashed~dotted line) is linear.It follows from figs. j-5 that

many curves lnk; vs, 1ln x} may be approximated by the straight line
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Figure 6. Experimental depemdence R vs. x1 and the linear depen-

dence (22) for o-nitrophenol in benzérsme/cyclohexane eluent on silica
gel at 20 C. Benzene is denoted as lst solvent.

in a wide concentration region,Although,these curves have been

plotted for r=f,their slopes are not equal to thoss predicted by
Snyder-Soczewifski relationship (22).Thus,the analysis of the
chromatographic data by means of Snyder-Soczewifiski relationship (22)
creates a difficulty in physico-chemical interpretation of its
slope,because a good linearity of the dependence of 1n k; vsg, 1n x%
is observed for different models of the LSC process.According to
Snyder-Soczewifiski model the ordinate of the linear plot (22)

is equal to k;1 .However,the ordinates of the linear segments

of the 1n ki -plots (c.f.,figs.3-5) are not equal to kiq -

This fact may be very helpful during the interpretation of Snyder-

Soczewlfiski plots.

Heterogeneous solid surfaces

The equations for the capacity ratio,discussed in the preceding
section, have been derived by assuming association of solute and

solvent molecules in the mobile phase and ideality of the surface
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phase . Moreover,these equations have been discussed for energetically
homogeneous adsorbente,Extension of these equations to hetero-
geneous s0lid surfaces do not require of an additional information
about topography of adsorption sites onto surface,bascause we assume
1deality of the surface phase,This problem was dlscussed in the
section devoted to non-specific interactions in LSC process and
is exactly explained in the references [28,67,68].Thus,the theore-
tical considerations presented in this section are valid for
hetarogeneous surfaces of different distributions of adsorption sites
onto surface,

The total capacity ratio k;,t for the LSC process with
association effects in the mobile phase is defined by eq,.(29) in
which k;,l is expressed by equation analogous to eq.(62) :

X 5 = (K 81 2/0) x5 l/X(x1,p,M 31T [14L Xq(x1,p,M n-? (84)

Eqs.(29) and (62) give :

ko

a1 1, -r as,l -1
_— ¢T't X(x1,p,Mp)] [1+LqX <X1;p,Mp)l

nykh ,107 1) T (85)
l=4

Eq.(85) ie an extension of eq,(62) to energetically heterogensous
s0lid surfaces,For Mp=0 {neglect of association of 1-st solvent
molecules) eq.(85) reduces to the following expression :

L
Ky = 07 GDTT e (kDA E 1 Koh G DT (86)

Similarly as in the case of eq.(34),for quasi-gaussian energy
distribution eqs,.(85) and (86) may be approximated by the following

expressions :

. -1 =th - -1

Ky, = O K G 0™ mGdipa)) Tt x0Tt (e
. a1 %th .8 r/m ,_l\-r Q-1

kgt = € Kgy ("1,t) (x)™F 141 (x.,) 1 (88)
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Eqs.(87) and (88) for m=1 reduce to eqs.(62) and (67),respectively,
which have been derived for homogeneous solid surfaces.However,
for Mpso and quo (neglect of association effectws in the mobile
phase) eqs.(87) and (88) give the relationship (38),which relates
to the LSC model with ideal both phases on a heterogeneous solid
of quasi-gaussian energy distributlion.However,assuming x? =1

in egs.(87) and (88) we obtain :

e _ o1 pth 1, -r qr, 1, -1
ke =C Kﬂ1 [X€x1,p,Mp)1 [1+qu (x1,p,Mp)] (89)
-1 - -1
AR S CH R S R (90)
where
f;? = K:? for m=1 (on)

Eqse.(89) and (90) may be also obtained from eqs.(62) and (67) in which
x? ie assumed to be unity.Substituting in equations derived for
heterogeneous surfaces x? = 1 we neglected the heterogeneity effects
automatically,

An important equation is obtained from eq.(87) for »=1 :
. -1 = 1 -1 -1
K, o= O RS (2§ 1M x(ain, M1 T L X (ks p, ) (92)

The mole frection X?’t is given by the squation analogous to eq.(39):
n-1 .

x?’t = fgﬁ X(x};p.Mp)]m/{(xi)m + ffg x(x%;p,Mp)]m + ;(Kzgxi)m

T (e
Eq.(93) may be also applied to calculate xﬁ’t in eqs.(87) and (88),
Combining egs.(92) and (93) ,we obtain

-1 2thzth |, 1ym , , =the, 1 m &L gy 1 -1/

k;,t =0 Kg1 X4y {}xn) + I KTﬁx(x1;p'MP)) * ;E;(Kinxi) ¢

[1¥quq(x§;p.mp)l‘T (94)
For x} = 1 and xi=0 (i=2,3,...,n) eq.(94) gives :

, =th Qyy -1
Ky = (K51/C)[Dp(1+Lqpp )1 (95)
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Taking into account the relationship (79) and eq.{(9%) in eq.(94),

we have :

n -1/m
Ky = ~(t X(xipaMy) i D) ™ (141,0 D7 g(x%/k;i)m }

1

0+ LENx]5p, M1 (96)

For Mp=0 eq.(96) gives :
-1/m

)]
. 1 . -1 -1,m 1 ] m
kot ={“1"“‘s1) (141" 17 + 1;_ (xg/kgy) ¢ 0 3 hH BT (9

However,for m=1 eqs.(96) and (97) give the relationship derived
for homogeneous surfaces (c.f.,eqs.81 and 82),.

In this section we discussed many equations for the capacity
ratio,which can be obtained from the general relationship (87).
This relationship involves main factors determining the LSC process:
- competitive character of solute and solvent adsorption,

differences in molecular sizes of solute and solvents,

- solute-solvent association in the mobile phase,

- association of molecules of the most polar solvent in the mobile
phase,and

~ energetic heterogeneity of the adsorbent,

Applying & similar procedure to that described above we can derive

the further equations for the capacity ratio by assuming that the

mobile phase contains some types of associates of 1-st solvent and

they can bound one molecule of the solute,These equations contain

many unknown parameters,therefore,they are less useful for analysing

the HPLC and TLC data,

CORRELATION BETIWEEN ADSORPTION FROM MULTICOMPONENT LIQUID MIXTURES
AND LIQUID ADSORPTION CHROMATOGRAPHY WITH MIXED ELUENT

OBcik (23,241, Jaroniec et al,[27,28,60), Riedo and Koviats[89]
pointed on a great simllarity of the LSC process with mixed eluent
and adsorption from multicomponent 1iquid mixtures,Theoretical studies

of Riedo and Kovhtis [89] concentrate on derivation of relationships
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determining correlation between adsorption and chromatographic
fundamental quantities,The studles of Ofcik [23,24] and Jaroniec et
al.[27,28,60] base on the fundamental definition (1),which deter-
mines the dependence between the mole fraction of the s-th solute

in the surface phase (the typiecal adsorption quantity) and the
capacity ratio (the typical chromstographic quantity),and tend for
deriving the relationships describing adsorption and chromatographic
multicomponent systems,

The L3C process with one solute and n-component eluent is very
similar to the liquid adsorption process from {n+1)-component
mixtures,.In the ISC process concentration of a given solute is
assumed to be infinitely low ; this process relates to adsorption
of a solute from dilute n-component liquid mixtures [90],According
to the theory of single-solute adsorption from dilute solutions
on homogeneous solid surfaces,the mole fraction of the s-th solute
in the surface phase ig given by the following equation {90]:

n-1
xz = :g 1 /(x + ;E; gg xi) (98)
Eq.(98) has been derived for ideal both phases,Combining this
equation with the definition (1) ,we obtain

n=-1

. -1 th 1 th 1
ky = O Ko/ (xp + ZE;Kin xy) (99)

Combining eqs.(99),(79) and (80) we obtain the relationship (25).
Applying for x: different equations known in the theory of single-
gsolute adsorption from dilute solutiona on solid surfaces,we can
derive by means of eq,(1) different equationa for the capacity ratio.
The procedure basing on eq.(1) and that basing on eq.{14) lead to

the same equations for k; ,although the procedure basing on eq.(14)
is more universal because involves differences in molecular sizes

of solute and solvents.The procedure basing on eq.(1),introduced

in the paper [27],was developed by Borbwko et al, 55,601,

In (55] non-ideality and surface heterogeneity effects in LSC process
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were investigated,however,the paper [601 is devoted to the associa-
tion effects in LSC,

The capacity ratio for different LSC models is a funciion
of the mole fractions of solvents in the mobile and surface phases,
0f course, the mole fraction of a solvent in the surface phase
is the function of the mobile phase composition.In all equations
for the capacity ratio,discussed in the preceding sections,we
calculated the mole fraction of 1-st solvent in the surface phase
by using the equations known from the theory of adsorption from
multicomponent liquid mixtures.Now,we sygnalize the other possibility
of calculation of x% ; 1t may be evaluated directly from the
experimental excess adsorption isotherm n? by using the following

relationship (681:

x? = n?/n8 + x% (100)
where n? is the adsorption excess of 1-st component from n-compo-
nent liquid mixture,which is measured for eluent/adsorbent system
independently on the chromatographic measurements,and n® 1s the
total number of moles of a&ll solvents in the surface phase.

The parameter n®° may be determined directly from the excess
adsorption isotherm n? [91,921,Thus,in all equations for the capacity
ratio,discussed in the previous secitlons,the quantities x? and
x$,t may be replaced by the expression (100).Substituting eg,{100)
for x? ,we eliminate the parameters appearing in equations for x$
and introduce the parameter n® ,which may be evaluated from the
excens adsorption isotherm,The gtudies of LSC process ,in which
eq.{100) is utilized,wers presented in series of the papers [29,36,
28,56,611 .Now,we shall present some resulis i1llustrating a great
utility of the excess adsorption data in interpretation of HPLC and
TLC deta .

In [56,61] the TLC data for o-nitrophenol and some dichlorophenols
chromatographed in benzene/cyclohexane, acetone/benzene and

ethyl acetate/carbon tetrachloride eluents on silica gel at 20°¢
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were investigated.Application of Snyder-Soczewifiski relatiomship (22)
for describing these data gives deviations at low concentrations

of x} 31t results from the fact that eq.(22) gives non-physical
value of kg gt x% = 0.
Fig.6 shows the experimental dependence RH,B v, x} for o-nitro-
phenol and the dependence RM,s va, log x% (c.f.,2q.22) ,which is
linear for the concentrations x} greater than 0.3 ,In Fig.7 the
excess adsorption isotherms of benzene from cyclohexane, acetone [from
benzene and ethyl acetate from carbon tetrachloride on silica gel

at 20°C are presented,These excess adsorption data have been applied
to calculate the mole fraction x? according to eq.(100).
Substituting eq.(100) to #q4.(20) and transforming eq.(20) to TLC,

we obtain [56):
= +r log [ n¥/(n® xl) + 11 (101)
8 ,81 1 1
1]

It follows from eq.(101) that RM,s ig a linear function of
logl n$/(n®x}) #11 .In 156,611 we showed that the linear relation-
ship (101) ,associating the excess adsorption data and TLC data,
ie fulfiled for many chromatographic asystems,For the purpose of
illustration Fig. 8 shows the linear dependence (101) for o-nitro-
phenol chromatographed in three different mobile phases,for which
the exceses adsorption isotherms are presented in Fig.7 .The experi-
mental points (circles) lie on the straight lines even at low
concentrations x% sWhereas,for eq.(22) we observe deviations from
linearity at low values of x%.

Similarly,a good results have been obtained for TLC data
interpreted by eq.(38) assoclated with eq.(100); for TLC with binery
eluent egs.(38) and (100) give £29]:

Ry,s = Ry,g1 + (¥/m) log Ua§/m®)(x)™ + (xp '™ (102)

The parameters n® and m were evaluated by means of the following
equation [291:

8 x5 h 1/51
logl x1’t/(1 x7 )3 = n log KL + m log (x3/%3) (103)
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Figure 7. Excess adsorption isotherms for benzene (2)/acetone(l)
(@), cyclohexane(2)/benzene(1) ( (o]} ang carbon tetrachloride(2)/
ethylacetate(1l) (@) on silica gel at 20 C. Figure taken from

Ref [61] with permission of the copyright owner.

where x?,t is given by eq,(100).Eq.(103) is linear form of eq.(39)
for n=2,

Recent studies in this problem concern the application of the
excess adsorption data for characterization of the chromatographic
systems showing assoclation effects in the mobile phase,Such studies
have been made by means of eq.(69) and equation analogous to egs.

(75) and (76) (88):

G(x]) = x5/(x} k§) = (C/KED) + [(Ly-2My)c/kPh x3 (104)

Combining eqs.{104) and (100),we have
6(x}) = n$/(n®xdk) + 17k, = (/KM + t(ny-amy)o/k M=) (105)

Eq.(105) describes the LSC process with mobile phame,which contains
the mixed double solute-solvent associates and the pure associates
consisting from two molecules of 1~8t solventi,The other assumptions

are following :
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Figure 8. Dependence 1c>g(ne/nsx1 + 1) vs. R for o-nitrophenol
chromatographed in cyclohexane/%enzene (O),’garbon tetrachloride/
ethylacetate (@) and benzene/acetone (@) on silica gel at 20°C.
Figure taken from Ref. [61] with permission of the copyright owner.
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Figure 9. Excess adsorption isotherm for methanol from acetone on
silica gel at 20 C. Figure taken from Ref. [88] with permission
of the copyright owner.
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Gl

Figure 10. Dependence G(xl) vs. x1
in meth?nollaceione on silica gel at
x,/(k'x,) vs. x,, whereas the dashed
1 g 1 1

- ideal surface phase,
- association in the mobile phase,

-surface phase containe molecules of

for 2,3-dihydroxynaphthalene
20°c.  The solid liile denot?s
line denotes 1/(kéx1) vs. x;-

all solvents (x§<1),

-~ molecular sizes of solute and solvents are identical,and

- adsorbent is assumed to homegeneous,

In (88] the TLC data were measured for naphthalene derivatives in

methanol/acetone eluent on silica gel at 20°C.Eqs.(22) and (102)

do not fulfil of the above data,fig,
isotherm of methanol from acetone on
Fig. 10 ghows the dependence (k;x%)"1
the dependence X?/(k;x%) vs, x% (the
solute.It follows from fig. 10 that a

TLC data for naphthalene derivatives

9 presents the excess adsorption
gilica gel at 20°C.However,

ve, x} (the dashed line) and
801id line) for one selected
reasonable interpretation of

chromatographed in methanol/

acetone on silica gel requires of equations involving association

effects in the mobile phase and changeability of the surface phase
composition during the chromatographic process.
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