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SUMMARY 

ION-PAIR 

A theory for ion-pair chromatography is developed, based on a Langmuir-like 
adsorption isotherm and the Gouy-Chapman theory for an electrically charged sur- 
face. It is found that the predictions made by the theory agree qualitively and semi- 
quantitatively with experimental results. A useful consequence of the theory is 
that when the charges of ions Y and R are of equal magnitude but of opposite signs 

and when the charges are of equal magnitude and sign 

where the constants are independent of the concentration of amphiphilic modifier in 
the mobile phase. 

INTRODUCTION 

Liquid chromatographic analysis of organic ions is often carried out with a 
mobile phase modified with amphiphilic molecules. This analytical technique is usu- 
ally called ion-pair chromatography. There are a number of different theories con- 
cerning the physico-chemical interpretation of the experimental findings. The theo- 
retical and experimental findings have been summarized in ref. 1. 

Most of the published theories define a scheme for the various equilibria that 
may exist in the system. Relationships between the capacity factor, k’, and the cor- 
responding equilibrium constants are then derived. However, it is generally found 
that when long-range forces between the molecules are of importance the equilibrium 
constants vary with the composition of the system. A well known example is the 
Debye-Hiickel corrections made for ionic systems. 
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This work presents a theory where the contributions from the chemical and 
electrostatic energies are separated. In ion-pair chromatography the electrostatic en- 
ergy is related to the electrostatic potential of the surface, which in turn depends on 
the charge density on the surface, i.e., the concentration of adsorbed amphiphilic 
ions. The importance of this electrostatic potential for the retention of solute mole- 
cules has also been proposed by Cantwel12. He writes that “there appears to have 
been little recognition of the role played by the surface potential created by the 
sorption of Pf in enhancing the surface sorption of S-“. An interesting work by 
Deelder and Van den Berg3 shows that the Stern-Gouy-Chapman theory well de- 
scribes the adsorption of sodium 1-dodecanesulphonate on octadecyl modified silica. 

This paper derives equations for the adsorption isotherm of the amphiphilic 
ion used as modifier in the mobile phase. The adsorption isotherm is then used to 
derive equations for the capacity factor for solute ions. It is of the Langmuir type 
and has been applied to calculate adsorption isotherms for amphiphilic ions at the 
oil-water interface4. The Gouy-Chapman theory for a plane surface is used to derive 
the equations relating.the amount of adsorbed amphiphilic ions to the electrostatic 
potential of the surface. 

THEORETICAL 

The general assumption is that the adsorption of a charged organic molecule, 
QZQ, on the stationary phase is primarily governed by two factors: the electrostatic 
repulsion (attraction) from (to) the surface, governed by the electrostatic potential 
of the surface, 11/0, and the charge of the molecule, zQ; and the free energy of ad- 
sorption of the molecule, - AGQ (kijmol), when Il/,, = 0. Assuming that the maxi- 
mum possible concentration of Q”Q molecules on the surface is no mol/m2 and using 
the isotherm that applied previously for adsorption of surfactants at the oil-water 
interface4, one obtains 

BCQ . expK- AGQ - G#'$oYRTI 

nQ = 1 + B(CQ/no) * eXp[(- AGQ - z~F'bo)/R~ 
(1) 

where nQ is the concentration (mol/m2) of molecule QZQ on the surface, cQ is the 
concentration (mol/m3) of the amphiphilic modifier Q”Q in the mobile phase, F is the 
Faraday number and B is a constant representing the thickness of the surface layer. 

If Q’Q is added to the solvent as the salt QX and X-‘Q is not adsorbed, the 
concentration of Q”Q on the surface determines the electrostatic potential of the sur- 
face. To calculate the adsorption isotherm for Q’Q the relationship between nQ and 
$0 has to be determined. This is obtained from the Poisson-Boltzmann equation for 
a planar surface and the well known Gouy-Chapman theory5. Since it is essential 
for a proper understanding of the final results, a derivation of the equations will be 
given here. Readers not interested in the derivation may proceed to eqn. 11 which is 
the isotherm obtained. 

To maintain electroneutrality in the system, the charge of the surface is the 
same as the charge in the solution but of opposite sign. When performing chro- 
matography with amphiphilic ions as modifiers, the solvent usually contains inor- 
ganic ions too and this has to be considered in order to obtain the general solution 
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of the equations. It is assumed that these ions contribute to the double layer but are 
not adsorbed on the surface. To be able to obtain an explicit solution we must restrict 
ourselves to the case where all ions in the system have charges of equal magnitude, 
i.e., +z and --z. The condition of electroneutrality is 

where x is the distance from the surface, e(x) is the electrostatic potential at x, 
lzil = IzQI, Co,i represents the concentration of the positively charged ion i at 
infinite distance from the surface and eo,j is concentration of the corresponding nega- 
tively charged ionj; to simplify the equations the concentration unit is mol/m3. The 
summation symbols indicate that a number of different positively and negatively 
charged ions may be present. It is important to point out that the concentration of 
Q”Q is included in the summation. Furthermore, there is electroneutrality at infinite 
distance from the surface, i.e. 

c CO,i = CCO,j = CC0.i (3) 
i, + j, - 1 

since all the charges are of the same magnitude. By using the definition of sinh(x) we 
can now rewrite eqn. 2 as: 

n@QF = 21zQ1 

According to the Poisson equation the following relationship holds 

d2$ -P(X) _- 
ii? - END 

(4) 

where p(x) is the charge density (C/m3) in the mobile phase at a distance x from the 
surface, a0 is the permittivity in a vacuum and D is the dielectric constant of the 
mobile phase. The charge density at x can also be written as follows: 

= -2lzQl 

f(: > 
CCo,i sinh 

Ia~lW(x) RT 
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Combining eqns. 4-6 one obtains 

nozoF = EOD 
O” d2\1/ s =dx = - E,,D 

( > 
9 
dx 

(7) 
z = o 

0 

since d$/dx --, 0 as x -P co. Integration of eqn. 5, after inserting the expression for 
p(x) in eqn. 6, gives: 

W 

8 CC0.i RT 

[ 1 (i > 
112 

TG= 

sinh IzWC4 

EOD 2RT 

At the surface 1c/ = e. and combining eqns. 7 and 8 gives: 

nGQF = (8eODRTCO,i)l” sinh E 

(8) 

(9) 

This is the equation obtained from the Gouy-Chapman theory. 
Inverting this equation and using the relationship sinh-’ .x = In[x + (x2 + 

1)ri2], see, e.g., ref. 6, one obtains: 

When eqn. 10 is substituted into eqn. 1 and considering that it is an odd function, 
eqn. 11 is obtained: 

Solving this equation for nQ for different values of cQ gives the adsorption isotherm 
for Q”Q. 

The theory used to calculate the adsorption isotherm for QZQ may also be used 
to calculate the retention of a solute molecule, Y ‘Y, as a function of the concentration 
of Q% on the surface and, thus indirectly, as a function of the concentration of Q’Q 
in the mobile phase. The starting equation is again eqn. 1, with all the subscripts Q 
changed to Y. The next step is to evaluate the relationship between $. and the 
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concentrations of adsorbed ions on the surface, nQ and ny. This can be done by using 
eqn. 10 by adding the concentrations of the absorbed species, with proper consider- 
ation of their charges, and we obtain the following equation: 

2RT 
+o = E In (12) 

This equation has then to be introduced in the equations for the isotherms of nQ and 
ny, respectively. It is readily seen that it is not possible to obtain an equation where 
ny is solely dependent on np. Thus, it can be concluded that the general case has to 
be treated by an iteration procedure. 

It is the influence on I)* of the adsorbed Yzu ions that makes the evaluation 
difficult. In the limit where this influence is negligible, i.e., when TZQZQ 2~ nyzy, the 
equation for the adsorption isotherm of Y simplifies to: 

nY = BCY . exp[(-dGt - z~F~,~~)~RT] (13) 

Since I),, is assumed to be determined by f?Q, eqn. 10 applies giving 

nY = Bcy . exp 

(e + [fjE$$$& + 1]“2 i”‘;” (14) 

since jZQ[ = IZila From the definition of the capacity factor we obtain 

kry = A’ f exp 

[ -&r + [&~~& + 1~‘2~zy’zQ (15) 

where A’ = BA,/V, and As/V, is the phase ratio. We have thus obtained an 
equation for the capacity factor of a solute molecule as a function of the concentra- 
tion of amphiphilic modifier on the surface, which through eqn. 11 is related to the 
concentration of amphiphilic modifier in the mobile phase. 
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RESULTS AND DISCUSSION 

The adsorption isotherm 

J. STAHLBERG 

From eqn. 11 it is possible to calculate the adsorption isotherm for the am- 
phiphilic modifier QZQ. The relationship between nQ and cQ is slightly complex, so 
when cQ is known the equation has to be evaluated by suitable numerical methods. 
Eqn. 11 is derived from eqn. 1 from which it is seen that the amount of Q’Q adsorbed 
depends on the following parameters: the concentration of Q”Q in the mobile phase, 
cQ; the free energy of adsorption for QZQ, - AG;Q; the electrostatic potential of the 
surface, $O; the thickness of the surface layer, B; the maximum possible concentration 
of Q’Q on the surface, no, and the charge of QIQ, zQ. However, according to eqn. 10, 
the electrostatic potential of the surface, $o, also depends on a number of parameters: 
the surface concentration of Q*Q, n Q; the charge of Q’Q; the dielectric constant of the 
mobile phase, D, and the concentration of ions in the mobile phase,Cco,i . 

A number of parameters must thus be considered. A few numehcal examples 
are given to demonstrate how some of these parameters influence the adsorption 
isotherm. These examples are compared with adsorption isotherms from the litera- 
ture. 
Il,XlC 
mollm 

20 

15 

10 

5 

0 20 30 C, mollm’ 

Fig. 1. Calculated adsorption isotherms for Q'Q from eqn. 11 with zQ = f I, for different values of 
AGb (kJ/mol). T = 298K, D = 80; ZcO.i = 500 mM, n 0 = 3.321 . 10e6 moI/m$ B = 2 10e9 m. 
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It is important to note that the theory cannot be expected to give a full quan- 
titative description of an adsorption isotherm as determined by liquid chromato- 
graphic (LC) methods. Its validity is determined by the limitations of the Gouy- 
Chapman theory and the use of a Langmuir-like isotherm. Some of these limitations 
are: 

the theory is derived for a planar surface but the particles used in LC are highly 
porous. The measured adsorption will therefore depend on the distribution of pore 
radii 

the thickness of the surface layer, B, and the value ofdGo are unknown 
the theory is a mean-field approximation and as such it does not consider 

correlation effects between the ions 
the ACg value may depend on the concentration ofQ”a at the surface 
It is also important to note that if the pH of the system is such that the silanol 

groups on the surface are ionized, a proper correction must be made for the corre- 
sponding electrostatic potential. 

Fig. 1 shows calculated adsorption isotherms for various values of - AGQ 

(kJ/mol). It is seen that a plateau is reached and that its value increases when the 
hydrophobicity of the ion Q increases; this is in accordance with experimental find- 
ings, e.g., ref. 7. The logarithmic derivatives of these curves, Fig. 2, can be compared 
to the adsorption isotherm for various quaternary ammonium ions, Fig. 3, obtained 
by Bartha and Vigh7. The qualitative information in the two figures is the same, e.g., 
as - AG, increases the slope of the curve decreases. Another way to change the value 
of - AGQ is to change the composition of the mobile phase. In the same paper’, the 
adsorption isotherm of tetrabutylammonium bromide from mobile phases containing 

‘0g no 
mollm 

-5.5 

-6 

n,=3.32~ lob mol/m* 
,..__. ___ _____........._..... ___ . . . . ..__....... _..~ . . . 

P 
II 
wmole .g" 
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1 
Pm loo _ 

mmole . I“ 
4 cc3 mol/m3 

Fig. 2. The adsorption isotherms in Fig. 1 with a log-log scale. 

Fig. 3. Adsorption isotherms of tetramethylammonium chloride (TMACI), tetraethylammonium chloride 
(TEACI), tetrapropylammonium bromide (TPrAB) and tetrabutylammonium bromide (TBABr) on Li- 
Chrosorb RP-18 from 25 mM orthophosphoric acid-25 mA4 sodium dihydrogenphosphate (PH = 2.1) 
buffer at constant bromide concentration (200 mkf) at 25°C (from ref. 7) (P, = concentration of quat- 
ernary ions on the surface; P,,, = concentration of quatemary ions in the mobile phase). 
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Fig. 4. Adsorption isotherms of tetrabutylammonium bromide on LiChrosorb RP-18 from 0, 12.5, 25, 
37.5, 50,60 and 70% (v/v) methanol-aqueous phosphate buffer eluents (25 mM orthophosphoric acid-25 
mM sodium dihydrogenphosphate; pH = 2.1-3.4; [Br-] = 200 mM; 25’C) (from ref. 7). 

different concentrations of methanol was reported, Fig. 4. An increase in the con- 
centration of methanol will give a lower - dGo, so the results can also be qualitatively 
compared to Fig. 2. 

The adsorption isotherms of the different quaternary ammonium ions are not 
suitable for a quantitative comparison with the theory because the unknown param- 
eters dGo and no are difficult to predict. However, these parameters are semi-quan- 
titatively predictable for linear amphiphilic molecules by comparison of data from 

I I I I I 
0.1 0.5 1 5 10 

Fig. 5. Comparison between the calculated (full line) and experimental (0) adsorption isotherms for 
sodium I-octanesulphonate on octadecylsilica at 40°C. Eluent: phosphate buffer (SO mM Na+; pH = 
3.00). Experimental points from ref. 3. 
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a water-oil interface4. Deelder and Van den Berg3 measured the adsorption isotherms 
of octanesulphonate and dodecanesulphonate in the RP-1X-water system. A semi- 
quantitative comparison of the theoretical adsorption isotherm with the reported 
adsorption isotherm is made in the following way: 

the value of IzO is set to 3.32 . 10e6 mol/m2 (50 AZ per molecule), approximately 
the same as that found for linear molecules at the oil-water interface (45-55 AZ per 
molecule)9; 

the thickness of the surface layer is set to 20 A; 
the reported value for nQ at the lowest concentration, cQ, is used to calculate 

tiO according to eqn. 10; 
the value of dGo is then calculated from eqn. 1; 
the value obtained for dCo is then used in eqn. 11 to calculate the complete 

adsorption isotherm. 
Calculation of - AGQ according to this procedure gives x 16 kJ/mol for oc- 

tanesulphonate and z 37 kJ/mol for dodecanesulphonate. From measurements at 
the oil-water interface, these values are expected to be 2&25 and 30-38 kJ/mol, 
respective1y4. So the calculated value for - AGQ is lower than expected for octane- 
sulphonate but is in the expected range for dodecanesulphonate. 

In Figs. 5 and 6 the theoretical adsorption isotherms for octanesulphonate and 
dodecanesulphonate are compared with the results of Deelder and Van den Berg3. 
Despite the previously mentioned limitations of the theory, the quantitative agree- 
ment between the theoretical and experimental data is good. 

Eqn. 11 shows that the concentration of Q’Q on the surface, nQ, increases with 
the concentration of non-adsorbed ions in the mobile phase, CC~,~, when the concen- 
tration of Q’Q in the mobile phase is kept constant. This is in agreement with the 
experimental findings, e.g., ref. 1. 

Fig. 6. Comparison between the calculated (full line) and experimental (0) adsorption isotherms for 
sodium I-dodecanesulphonate on octadecyl silica from phosphate buffer at 40°C (10 mM Na+; pH = 
3.00). Experimental points from ref. 3. 
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The capacity factors of solute molecules 
The reservations made concerning the validity of the equation for the adsorp- 

tion isotherm also apply to the equation for the capacity factor. Another important 
restriction of eqn. 15 is that it is valid only when adsorption of the solute molecule 
does not change the electrostatic potential of the surface. If this condition is not 
fulfilled in the chromatographic system, the adsorption isotherm for the solute will 
depend on its concentration in the mobile phase. 

Eqn. 15 gives the relationship between the capacity factor for a solute molecule 
and the concentrations of the amphiphilic molecules on the surface. It is seen that, 
with all factors kept constant, the capacity factor depends only on the surface con- 
centrations of the amphiphilic molecules. It is shown in ref. 10 that this is the case 
for various alkanesulphonates. 

0.1 

0 
1.0 

I 
2.0 I 2.5 log k' 

Fig. 7. Comparison between the limiting law, eqn. 16, and experimental results from ref. 11 where: 

nQbQiF ” = (~E~DR?-CC,.~)“~ + 

[ (~QI~QIO* 

~&,DRTZC,,~ 
+ 1 
1 112 

For experimental conditions, see Table 1. 
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For comparison of eqn. 15 with experimental data we rewrite it as follows 

log 
nQbQIF 

(8EoDRTZCo,i)"* + 
bQlzQlf12 

XEoDRTA’Co,i 
2 log k’ + c( (16) 

where c( is unknown and is assumed to be a constant and independent of nQ. Since, 
eqn. 16 only holds in the limit (nyzY/nQzQ) + 0, an experimental plot according to 
this equation will give a slope ( - tQ/?.+) in the high concentration limit. Fig. 7 shows 
experimental adsorption data obtained by Tilly-Melinl ’ which are expressed in ac- 
cordance with eqn. 16 where Q = tetrabutylammonium ion and Y = naphthale- 
nesulphonate ion. The numerical value for D in this mixture of solvents is estimated 
to be 78 from (X,D, -I- X2Dz) where Xi is the mole fraction of solvent component 
i and Di is the dielectric constant of the pure solvent i. The full line represents the 
theoretical line with slope = ;4 and it is seen that the slope of the experimental curve 
tends to this value in the high concentration limit of Q. The values for co and cy for 
the experimental point with the lowest concentration of amphiphilic modifier are 
5.6 B 10e5 and x 1 . 10-’ M respectively. So eqn. 16 cannot be expected to hold for 
the lower concentrations. 

From eqn. 11 it is possible to calculate nQ for a given cQ, and the obtained 
value may be inserted in eqn. 15 giving k$ as a function of cQ’ 

Fig. 8 presents calculated curves for the case when the charge of the solute 

k’, , 

0 io i0 

cd mol/m3 

Fig. 8. Capacity factors calculated from eqns. 15 and 1 I as a function of cy for different values of de;, 
(kJ/mol). ZQ = -zy = f I; --AC; = 5 kJ/mol; ZQ,.~ = 500 mM; D = 80; T = 298 K; n0 = 3.321 
1Om6 mol/m2: A’ = 0.2. 
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Fig. 9. Capacity factors calculated from eqns. 15 and 11 as a function of 
(kJ/mol). ZQ = zY = f 1; -de, = 12.4 kJ/mol; Ic,,~ = 500 mM; D = 
lo-6 mol/m*; A’ = 0.2. 
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Fi 10. Capacity factors calculated from eqns. I5 and 11 as a function of cp for different values of Zc”.,. 
- Tb = 15 kJ/mol; -AGt = 5 kJ/mol; zQ = -zY = f 1; D = 80; no = 3.321 . lo-“ mol/m*; 
T 298 K: A’ = 0.2. 
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molecule is of the opposite sign, and Fig. 9 the same sign, as the amphiphilic modifier, 
for different values of the free energy of adsorption of the amphiphilic modifier. The 
curves are similar to those usually obtained in chromatographic experiments. It is 
also seen that the capacity factor changes sensibly with the value for - AGQ. see e.g., 
refs. 10 and 12. In Fig. 10 is shown an example calculated from eqns. 11 and 15 of 
how the ionic strength influences the capacity factor. It is found that, when the ionic 
strength increases, the capacity factor decreases when the charge of the solute ion is 
opposite to that of the amphiphilic modifier, but when the charge of the solute ion 
is the same as that of the amphiphilic modifier k’ increases. Both of these trends are 
in accord with the experimental findings8. 

From eqns. 10 and 13 it can be concluded that for two solute molecules, Y 
and R, the following relationships hold 

k;kk = At2 . exp(- AGk - AGC) x constant (17) 

where the charges of R and Y are of equal magnitude and of opposite sign and 

k; 
- = exp( + AGR - AcPy) z constant 
kk 

where the charges of R and Y are of equal magnitude and sign. These relationships 
are easily obtained by considering the fact that the electrostatic potential, tiO, is 
independent of the solute molecule. The experimental data’ l,i3 presented in Tables 
I and II are in accordance with the obtained equations. It must be pointed out that 
eqn. 1.5 holds only in the limit (nyzY/nazo) -+ 0. Since cy is z 1 . 10m5 A4 this 
condition is not fulfilled which may explain the small trend observed. These data give 
strong support to one of the hypotheses made in this work, i.e., when varying cQ it 
is the electrostatic potential of the surface that determines the changes in the capacity 
factor for organic ions. 

A phenomenon that is not included in the present theory is the effect of sec- 

TABLE I 

THE DEPENDENCE OF k;, ks AND k;k;, ON co 

Y = Naphthalenesulphonate; R = w-diethylamino-2,6-dimethylacetanilide; QX = tetrabutylammonium 
phosphate. Data are from ref. 11. Experimental conditions: mobile phase, acetonitrileewater (10:90); phos- 
phate buffer pH = 3.0; CC~.~ = 0.1 M; column, PBondapak C ts, surface area = 150 m2/g (according to 

the manufacturer), dimensions 200 x 3 mm; 296 K. 

0.563 20.3 5.28 107 
1.90 34.7 3.17 110 
2.85 43.3 2.76 120 
4.76 57.4 2.24 129 

19.0 111 1.21 134 
47.5 178 0.782 139 
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TABLE II 

THE DEPENDENCE OF k;, k; AND k;/kh ON cg 

Y = D-propoxyphene; R = Transerga#; QX = tetrabutylammonium phosphate. Mobile phase: 
acetonitrile-water (25:75), pH = 3.0; ZC~,~ = 0.1 M. The data are from ref. 13. 

1.50 7.19 5.81 1.24 
2.99 5.54 4.50 1.23 
4.99 4.53 3.71 1.22 
6.99 3.94 3.28 1.20 

ondary ions14. Since similar effects are well known in colloid chemistry as the Hof- 
meister or lyotropic series this deviation from the theory is expected. 

CONCLUSIONS 

It can be concluded that the theory described is in good agreement with the 
general observations made in chromatographic practice. Since the theory is developed 
from the Gouy-Chapman theory and from the Langmuir isotherm it is also well 
founded in physical chemistry. 

An observation that has been the subject of many discussions is that k’ reaches 
a plateau and may even decrease when the concentration of the amphiphilic modifier 
in the mobile phase increases, e.g., refs. 1,lO. In some cases the decrease is explained 
by the fact that the concentration of amphiphilic modifier is above the critical micelle 
concentration’. The possibility of solute-induced micelle formation at concentrations 
below the critical micelle concentration of the amphiphilic modifier must also be 
considered. However, these effects may not explain all the cases where a decrease is 
found and an additional explanation is required. That a plateau is reached is ex- 
plained by the present theory, since it is based on the Langmuir isotherm. It is shown 
in ref. 10 that the decrease in k’ is mainly due to an increase in the ionic strength of 
the mobile phase. Thus, the decrease in k’ may be explained on the basis of eqn. 15 
by a combination of three effects: the concentration of Q”Q on the surface, nQ, ap- 
proaches the maximum possible, no; the increase in QX in the mobile phase decreases 
k’ because L’;co,i increases and it is usually found that for uncharged molecules k’ 
decreases with increasing concentration of QZQ on the surfacelO. This indicates that 
the adsorption energy for these solute molecules decreases. A corresponding decrease 
in AGy is expected. 

ACKNOWLEDGEMENTS 

The author is most greatful to Dr. A. Tilly-Melin who has kindly put her 
unpublished data at my disposal, Professor M. Almgren for most valuable discussions 
during the preparation of this work and Drs. L. Uppstriim and A. Furangen for 
valuable discussions of the manuscript. 



THEORETICAL MODEL FOR ION-PAIR CHROMATOGRAPHY 245 

REFERENCES 

I R. H. A. Sore1 and A. Hulshoff, Adv. Chromatogt. (N.Y.), 21 (1983) 87. 
2 F. Cantwell, 1. Pharm. Biomed. Anal., 2 (1984) 153. 
3 R. S. Deelder and J. H. M. van den Berg, J. Chromatogr., 218 (1981) 327. 
4 J. T. Davies and E. K. Rideal, Interfacial Phenomena, Academic Press, New York, 2nd ed., 1963, Ch. 

4. 
5 A. W. Adamson, Physical Chemistry of Swfaces, Wiley, New York, 4th ed., 1982, Ch. V. 
6 Standard Mathematical Tables, CRC Press, Cleveland, OH, 19th ed., 1971. 
7 A. Bartha and Gy. Vigh, J. Chromatogr., 260 (1983) 337. 
8 A. Bartha, H. A. H. Billiet. L. de Galan and Gy. Vigh, J. Chroma/ngr., 291 (1984) 91. 
9 R. D. Vold and M. J. Vold, Colloid and Interface Chemistry, Addison-Wesley, London, 1983. 

10 A. Bartha, Gy. Vigh, H. A. H. Billiet and L. de Galan, J. Chromatogr., 303 (1984) 29. 
I1 A. T. Melin, unpublished results. 
12 C. T. Hung, R. B. Taylor and N. Paterson, J. Chromatogr., 240 (1982) 61. 
13 A. T. Melin, M. Ljungcrantz and G. S&ill, J. Chromatogr., 185 (1979) 225. 
14 L. R. Snyder and J. J. Kirkland, Introduction to Modern Liquid Chromatography, Wiley, New York, 

2nd ed., 1979, Ch. 11. 


