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SUMMARY

A new eguation for the capacity ratio has been derived on the basis of
Sayder’s assumption concerning the additivity of the capacity ratio in liquid chroma-
tography with multicomponent mobile phase. This equation involves the hetero-
geneity of interactions of all adsorbed molecules with adsorbent surface (adsorbent
heterogeneity) and solute-solvent interactions. The effects of solute-solvent inter-
actions have been included in the modified Snyder equation according to the Oscik
approach to liquid chromatography with multicomponent mobile phase.

INTRODUCTION

Increasing interest in gradient liquid chromatography (LC) as a rapid method
of analysis requires further theoretical studies on isocratic liguid adsorption chroma-
tography. These studies are necessary for exact description of the gradient elution
chromatography!. One of the main guantities used in LC is the capacity ratio. The
most important problem in LC with multicomponent mobile phase is evaluation of
the capacity ratio by means of the capacity ratios characterizing the LC with pure
solvents. Many attempts bave been made to solve this problem. The most advanced
investigations have been reported and compared in ref. 2.

In this paper we shall continue the theoretical considerations presented in the
previous parts of this series®S. The result of these considerations will be a2 new equa-
tion for the capacity ratio taking into account the solute-solvent interactions. This
equation will be derived by applyisg Snyder’s assumption concerning the additivity
of the capacity rafio in LC with multicomponent mobile phase?-S and the Oscik ex-
pression determining the contribution of the solute—solvent interactions to the capacity
ratio’.
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THEORETICAL

LC with multicomponent mobile phase
it has becn shown in ref. 4 that the capacity ratio kg, for s-th chromatographed

solute in. r~component mobile phase on heterogeneous solid surfaces of quasi-gaus-
sian easrgy distribotion may be expressed as follows:

Kine = Z, Koal'™ ®

where k(;, is the capatity ratio for sth solute in the /-th pure soivent, y, is the mole
fraction of the jth solvent in the adsorbed phase, 5 = (1,2,...,n) is an n-diiiensional
vector used to denote the capacity ratio for s-th solute in r-component mobile phase,
and m is the heterogeneity parameter defining the shape of the quasi-gaussian energy
distribution. The physical meaning of the parameter m is explained ia ref. 4. This
par~meter characterizes mainly the system adsorbent-solvent mixture; however, its
dependence on the kind of solute mayv be neglected for many adsorption systems.
For m = 1, eqn. 1 becomes the Sayder equation for homogeneous adsorb-

ents™*S:

P
Kim:e = ‘§1 Kz @

For many experimental systems, the theoretical values of &gy, calculated according
to eqgn. 2. differ from the experimental ones. For description of such systems, Snyder®
intreduced the following modification of egn. 2:

. a -
kr;m: = ‘-:-1 k(o:}’t —+ 2 ) 3

where A4 is the parameter characterizing the deviation of k¢, values, predicted by
eqn. 2, from experimental ones. Comparirg egn. 3 with Oscik’s relationship™?, we
can express A by the following eguation:

4= :Lj:‘ Ao — x0) @

wherz x; is the mole fraction of the ith solvent in the mobile phase, and A4, is the
constant characterizing the interactions of solute “s™ with the binary solvent mix-
tere “i—n". The physical meaning of this constant is more exactly explzined in the
papers’'. If egn. 4 is added to eqn. 1, we have

/=

k:m, = té'x k('z):.}’t + :g Ay — x1) )

Equn. 5 defines the capacity ratio for sth solute in z-componeat mobile phase by means
of the capacity ratios k¢;,, the heterogeneity parameter m, and the parameters 4,
determining the solate—solvent interactions. For m=1, egp. 5 reduces to ihat de-
scribing LC with homogensous adscroent. Eqn. 5 contzins the mole fractions of all
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solvents in the adsorbed phase, which may be determined according to the following
equation®¥:

e = Cedlkecn ! ,él Gfkesd® for i=1,2..,n

‘This eqn. was derived in ref. 9 by applying the theory of adsorption from liguid
mixtures on heterogeneous solid surfaces. However, in ref. 4 this equation has been
applied to determine the capacity ratio for LC with multicomponent mobile phase.

LC with binary mabile phase

- In practical applications, chromatographic systems with two-component
mobile phases are of great importance. For such systems egn. 5 assumes the follow-
ing form:

kgane = kgt ™ + k! ™ + 4010 — X)) ©
where

¥ = K%, [(x; + Kiaxp) ™
and

K,z = kzz)Jk;nz ®)

For homogeneous adsorbents egn. 6 reduces to the simpler form:

kazs = ks + kayyz + A — x) )
where

= Kpxa/(x: + Kipx,) 19)

Eqn. 9 ma 7 be transformed to the following linear form:

dx) =K — D@+ 41"+ B+ 47 ' x,y a1y
where

G(xp) = x1x2f(Kans — kyexr — Kenexd) 12
and

B = kays — keys (13)

The parameters 4,, and K;, may be calculated from the slope and ordinate of the
straight line G(x;) vs. x;.

Below, we shall examine eqns. 9, 6 and 11 by using TLC data obtained for
different solutes.
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RESULTS AND DISCUSSION

Egn. 6 is a simple sum of two following expressions:

F =&y ™ + Eas?™ 14
and

Fo = A4.,(- — Xx)- (15)

The theorctical curves, czlculated according to egn. 14, were presented in ref. 4.
Usuaslly, they are decreasing functions or show a minimum. The function I5 is an
excess adsorption isotherm for the first solvent multiplied by the constant 4,,.. For
small valucs of A, the contribution of the expression 15 in the capacity ratio (egn. 6)
is small. However, for hizher values cf A,, the expression 15 strongly influences the
shape of eqn. 6. For many mobile pkases often used in TLC and LC, the exeess ad-
sorption isotherm (3; — x;) shows a maximum (see ref. 10, in which the basic types
of adsorption isoiherms from liquid mixtures are presentea).

For m = 1 the fanction 14 is 3 decreasing one. Then, the function 6 can shows
a minimum for 4;, < 0 and a maximum for 4,; > 0.

For m < 1 the functioz 14 can shows a minimum®. Thus, this minimum will
be greater for 4,, << 0 and smaller for 4,, > 0. Since the modified Oscik equation® is
formally analogous to egn. 6, b= theoretical curves from eqn. 6 are similar to those
presenied in refs. 7, 8 aad 11.

For illastrative purposes, the TLC data investigated experimentally by
Raézylo™® have been used for examination of eqns. 1, 6, 9 and 11. Numerical calcula-
tions kavz been made for four solutes: o-nitrophenol, quinoline, 2-methylquinoline
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Fig 1. Dependencss Rueane ¥5. X plotted according to eqn. 6 (salid ine), eqn. 9 (short dashes) and
cqa. 1 (leng dasies) for o-pitrophenol in beszene-acetone on silica gel. The mole fraction x, refers to
scetone.
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and 4-methylguinoline in benzene—acetone (2:1) on silica gel at 25°. Other details
comncerning the chromatographic measurements are given in refl 12.

- Egns. 1, 6, 9 and 11 may be used to describe the LC and TLC data. In the case
of TLC data, the mpactty ratios kg and kg, should be replaced by the following
expressions:

R
kzns = 10 M(i)=s (16)

R
K¢z, = 10 uans an

where Ry, is the Ry, vaiue for sth solute in the ith pure solvent, and Rmu,, is the Ry
value for sth solute in the mobile phase “1-27.

First, we compared the chromatography parameters calculated by means of
eqns. 1, 6 and 9 for o-nitrophenol in benzene-acetone (2:1) on silica gels Fig. 1
presents the curves Ry s). ¥s. X; plotted according to egns. 9 (short dashes), 6 (solid
line) and 1 (loag dashes). Fable I summarizes the chromatographic parameters
appearing in eqns. 1, 6 and 9. It follows from Table I that the standard deviation
(8.D.) is smallest for eqn. 6 and highest for egn. 9. Eqn. 6 involves both effects: ad-
sorbent heterogeneity (the parameter n1) and solute-solvent interactions (the param-
eter A4,.). However, egn. 9 involves the solute-solvent interactions only, whereas
eqn. 1 includes the adsorbent heterogeneity. Comparison of eqns. 1 and 9'3 shows
that the effects of adsorbent heterogeneity are often greater than the effects of solute—
solvent interactions.

TABLE 1

PARAMETERS m, 4,; AND K,: CALCULATED FOR FOUR SOLUTES IN BENZENE-
ACETONE (2:1) ON SILICA GEL

Solute Egn. m Ay K> Ruenys Rucys S.D.
o-Nitrophenol 9 — —0.35 4.47 —0.33 0.06 0.054
1 0.64 — 4.47 0.035
Y 0.78 —037 447 003
11 — —0.43 488 0.052
Quinoline 11 — —1.37 78.0 —0.37 1.51 0.08
2.Methylquinoline 11 — —1.36 85.3 —0.50 Z69 0.09
4-Methylquinoline i1 -

—0.87 81.7 —0.33 1.6% <0.04

Now we shall discuss the constant K,,. According to the theoretical consivara-
tions, this constant characterizes the mobile phase only. Usually, it is evaluated by
means of the following expressiop”8-12-1¢;

K;; = 10~ 3Fuam: (18)

where ARyazs = Ruaye — Ry is the average difference of Rygpy: 2nd Rygys
calculated for 2 given mobile phase and different solutes. The constants K, and 4,,
may be also evaluated by means of egn. 1!, which is the linear form of egn. 9. In
Table I the parameters K;,, 4,, and S. D, calculated by means of egn. 11, are summa-
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nized for s-nitrophenol and quinocline bases. The constant K, = 4.88 is very similar
to that obtained from eqn. 18. Interesting results have been obtzined for quinoline
bases. All coustants K, are simtiar and their average value is 81.6. The analogous
value, calcuisted from egn. 18, is 81.2!2. This close agreement is observed for two
reasons: the experiment2l data for quinoline bases give almost linear plots with
eqn. ! (se= Fig. 2), and the interactions of quincline bases with adsorbent surface
and mobile phace are similar.
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Fig. Z. Linezr Jependences G(x,) plottet according to eqn. 11 for guinoline bases in benzene—
scetone on stz g2l Quinoline (@3, 2-methylquinoline (P} and 4-methylquinoline (O). The mole
fracticn x, refsrs to zcetone.
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