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A SIMPLE DEPENDENCE OF THE CAPACITY
RATIO ON THE COMPOSITION OF THE
MOBILE PHASE IN LIQUID-SOLID
CHROMATOGRAPHY

M. Boréwko

Department of Theoretical Chemistry
M. Curie-Sklodowska University
20-031 Lublin, Poland

ABSTRACT

The general dependence of the capacity ratio on the composition
of the multicomponent mobile phase is presented. The effectis
conmected with difference of molecular sizes of solutes and
solvents are considered. A simple linear dependence for the
binary mobile phase is proposed and tested on experimental data,

INTRODUCTION

Significant progress has been made during the last twenty
years in the theory of liguid adsorption chromatography. The
fundamental results have been summarized in several reviews (1-4).
The most general formulation has been proposed by Jaroniec and
his coworkers (5-9). Their aprroach based on the theory of
adsorption from multicomponent solutions.

In this paper the effects connected with difference of mole=-
cular sizes of solutes and solvents are discussed., The general

equation defining the capacity ratic of a given solute chroma=-
1837
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tographed in a multicomponent eluant is presented. The special
case of this equation for a binary mixed solvent is compared

with the relationship of Soczewiriski (10). A new linear depen-
dence for a binary mobile phase is proposed. Based on this
relationship a simple numerical procedure is presented for eva-
luating the ratio of molecular areas of the solute and solvents,
and the constant characterizing adsorption equilibrium in the
mixed eluant, This method is examined by using TIC data for seve=-
ral organic compounds chromatographed in benzene-cyclohexane ani

chloroform~carbon tetrachloride eluants on alumina,

THEORETICAL

Let us consider a chromatographic process for the substance
"s" in n-ccmponent mobile phase at the energetically homogeneous
surface, I.et us assume that molecular sizes of all solvents are
equal. This assumption seems to be quite realistic and it has
often beén used in theoretical considerations (2-4), In this
case the chromatographic process may be described by the following

series of exchange reactions:
1 T - 1
(8)* + r(1) = (s) + r(i) (1)

where symbols (;))l and (J)r (j=142,¢44,n,8) denote molecules of
jth component in the ¢th phase; the superscripts 1 and 7 refer

to the mobile and stationary phase, respsctively. The stoichio-
metric coefficient r is defined as a ratio of the partial molar

areas of the solute (ws) and solvents (w1-w2=...-wn.w) (11):

ro= wg/w . (2)
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The equilibrium constant of the reaction 1 is given by (4):

Kgy = Foy (x7/x3) (x5/x)T (3)

where the function Fsi is equal to:

Foy = (g7, £0) (r1/ £ )%, (4)

and f; denotes the activity coefficient of the jth component
in the g¢th phase,
According to the suggestion of Everett (11) the constant L

may be expressed as follows:

Kgy = ©gy exp ( (Bg - rEy)/ kgl ) (5)

where Cqy is the entrory factor, Ej denotes the adsorption
energy of the jth component and kB is the Boltzman constant,

It follows from equation 3 that:

o

1/r 1
X3 (6)

isr
kT (Fgyr Kgy) ™0 xy

where k is the distribution coefficient of the solute "s™

defined by:
T 1
k = xg /x5 (7)

The summation of the mole fractions in the stationary phase

leads to:

2okl TR

Z. X, = i/r

= A TUGE (8)

After a simple transformation we obtain

kK = ( ; (Fyy 7 xu)"r ‘:11. )T 9)
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When F =1 (i=1,25+¢4,n) we have:

n
K© o= (Z x)VT)T (10)
=1

-

where k° and ki denote the capacity ratios of the solute "s"
in the mixed solvent and a pure solvent "i", respectively;
k=g k (3 is the constant characteristic for the chromato-
graphic bed) (1),

It is easy to prove that for F ;=1 and cg =1 (im1,25000yn) the
following equalities are satisfied:

i’r . 171
Kgi = k; and Ki:l - (kJ/ki) = (kj/ki) (11)

where KiJ is the constant characterizing adsorption from binary
solution (i,3) (12).

Let us discuss the dependence of the capacity ratio upon
the mobile phase composition for a binary mixed eluant. In this

case equation 10 becomes a simple linear form:

(xk)=VT . ax} + b (12)
where
a = kDTVE - k)™VT am b o= (k))TVE (13)

When molecular areas of the solute and solvent are equal (re1)
equation 12 is identical with that proposed by Jandera and
Churacek (13), and strictly derived in terms of Snyder’s

approach by Narkiewicz et al (14):

S L 50 B (S MU I B 9 (14)

In order to compare equation 12 with the well-known

relationship of Soozewinski (10):
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v

in k = 1ln k; - T 1ln x} ' (15)

1

we discuss the function 1n kX’ vs, 1ln X3 calculated according

to equation under consideration, For high values of mole
fractions x} this function may be approximated by the

following linear relationship:

Ink” = 1n k{ - niln x% . (16)

The coefficient n may be calculated by using of equation 12:

n = -lm  (dlnk'/dlnxy) = (1 = 1/K,) (17
x}_,1

Let us notice that when the 1st solvent is very strongly

adsorbed (K12—> <) the coefficient nxr, and equations 12

and 15 give the same results for high values cf mole fraction
oL

In Figure 1 an comparison of the functions 1n k vs. ln x}
calculated from equation 12 with the linear relationship of
3oczewinski is presented. This figure shows these curves

plotted for r=2 and different values of the constant K12

characterizing adsorption in the binary solution (1,2).

1
1 1

may be approximated by stright lines 16 even for comparatively

wWhen K , are sufficiently high the functions Iln k'vs. 1ln x
low concemtrations of the 18t solvent., The slopes of these
lines vary according to equation 17, and they tend to r when
K12 increases. It means that an interpretation of the coeffia
cient n determined from experimental linear dependence ln k’

ve, ln x% requires the knowledge of adsorption properties

of both solvents. Analogous results have been obtained by Bordwko

and Jaroniec (15) which proved that the coefficient n depen-
ded upon several different parameters characterizing

adsorbente-adsorbate and adsorbate~adsorbate interactions,
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In k'

n x

FIGURE 1. Theoretical functions ln k'vs, 1ln x} calculated

from equation 12 (—-) and linear dependences 16 (...) for
qd =1, T = 2 and different values of the constant L P

The weakely dashed line corresponds to Snyder-Soczewinski
relationship.

Thus, the rhysical meaning of the experimental slope n should
be very carefully analysed.

The relationahip of Soczewiriski may be applied to describe
of the chromatographic system in which the 2nd solvent is pra=-
ctically absent in the stationary phase, However, the Snyder
treatment leading to equation 14, involves the adsorption of
the 2nd solvent but it neglectes the difference in molecular
sizes of the solute and solvents,

Concluding, it should be pointed out that model culminating
in equation 12 involves both adsorption of the 2nd solvent as

the diftference in molecular areas of the solute and solvents,
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ANALYSIS OF EXPERIMENTAL DATA

Equation 12 was applied to describe the experimental data mea-
sured by Oécik and Chojnacka (16). Calculations have been
performed for two mobile phases: benzene-cyclohexane and
chloroformecarbon tetrachloride. For these mixed eluants the
molecular areas of bcth solvents are equal (1). The following
solutes were congidsred: 6-methylquinoline (A), isoquiniline

(B), acridine (C) znd 5,6,-benzoquinoline (D).

TABLE 1

X
Parameters r” ’ K1°, K12, r and n determined according to

the procedure discussed in the paper.

Solute r K12 K12 r n

Mobile phase: benzene (1) - cyclohexane (2)

A 2.38 3,10 8.59 1.25 1.11
B 0.83 17.3 8.59 1.11 0.98
c 1.52 8412 8.59 1.47 1.30
D 0.99 5.83 €.59 0.81 0,72

Mobile phase: chloroform (1) - carbon tetrachloride (2)

A 4.17 1456 1.94 2.78 1.35
B 5,00 1.36 1.94 2.33 1413
c 1.49 3.03 1.94 2,50 1.21
D 3.33 1.80 1.94 2.94 1.43
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wWhen the ratio r is known from the other measurements
equation 12 may be immediately used to describe of experimen-
tal data, The molecular areas of most popular chromatographic
solvents are summarized by Snyder (1). Unfortunately, the
area occuried by sclute molecules is usually not available in
literature. Therefore, the parameters r were datermined from
chromatographic data,

In this paper the ratios r have been found numerically.
The procedure had two steps.

First, optimal parameters r” have been obtained by minimi-
zation of the standard deviation:

Rl . 1 1 2 172

SD = (ﬁ (kexp(*1,q) = k' (x7,) )7 (p=1))
where p denotes the number of experimental points whereas
k;xp(x}'q) and k'(x}’q) are experimental and theoretical
values of the capacity ratio for a given x}'q. The optimal
parameter r” was that for which the dependence SD vs, r reached
a minimum. The optimal values r* and adsorption constants K:Z
calculated from equations 11 are summarized in Table 1, As follows
from the analysis of the results constants K:z are not characte~
ristic for a given mixed solvent and they depends upon the
solutes., In this situation the second step of an optimization
was applied. The constant K12 for a given eluant has been
calculated as the arithmetic mean of suitable values K:Z. Next,
the values r corresponding to this value of adsorption constant
were determined from formula 11 ( r = 1n (k; /ky) 7/ 1n K,,). These
values are also presented in Table 1. The adsorption constant
K12 for mobile phase benzene-cyclchexane is bigger than for
mixed solvent chloroform-carbon tetrachloride. However, values
r determined for benzene-cyclohexane are smaller than those

calculated for the second solvent,
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FIGURE 2. Comparison of the experimental points (circles) with
linear dependence 12 (solid lines) for 6-methylquinoline (4),
isoquinoline (B), acridine (C) and 5,6-benzoquinoline (D)} chro-
matographed in: (a) benzene-cyclohexane, (b) chloroform-carbon
tetrachloride on alumina.

Table 1 presents coefficients n calculated by means of equation
17 for the optimal values r and K12. These coefficients are
always smaller than r,

Figures 2a and 2b show linear dependence 12 plotted for
parameters r and K12 sunmarized in Table 1, The agreement of
experimental points with theoretical lines is satisfactory.

For one system only (isoquiﬁoline in 06H6-06H12) a systematic
deviation from the linear relationship 12 is observed. In this
case the parameter r" is considerably more useful to approximate

of experimental data.
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FIGURE 3, Theoretical curves 1n k 'vs. 1ln x% calculated from

equation 12 (—), stright lines 16 (~-=) and experimental
points for the solutes B and C chromatogaphed in benzene-
cyclohexane on aluminaj parameters K12 and r are presented
in Table 1.

The experimental data were also described by using of the
linear dependence 16. Two aystems only (isoguinoline(B) and
acridine (C) in °6H6'06H12) may be described by means of equation
16 in the wide concentration region (Figure 3). The coefficients
n were determined graphically from experimental curves: Dy = 0.92
and By = 1.24. These values are in a good agreement with theo-
retical slopes from Table 1,

The presented analysis of the experimental data testifies to

a practical usefulnes of the proposed equation 12,
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