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Interpretation of micellar chromatographic retention behaviors of
ions with an electrostatic model
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A novel chromatographic model has been developed based on an electrostatic theory to
describe the retention behaviors of ions in micellar chromatography. A previously devel-
oped electrostatic model for ion-exchange chromatography is applied to the interpreta-
tion of the retention of ions on the octylsilanized stationary phase adsorbing hexade-
cyltrimethylammonium chloride (HTAC). The ion-pair formation between HTA" mole-
cules and counteranions is assumed for both micellar and stationary phase surfaces; the
ion-pair formation constant for HTA" and Cl” is reasonably determined as 0.005 m™® mol
from a comparison of the calculated dissociation degrees with reported values. The
resulting equations, derived by assuming the partition of ions to the spherical HTAC
micelles, allow us to calculate the retention volumes of ions. The retention volumes of

" Br and NO; are well explained by calculations based on the present theory. The com-
puted potential and the counteranion concentrations indicate that (1) the partition coef-
ficients of ions are not constant, but are functions of the micellar concentration at rela-
tively low added salt concentrations, and (2) at salt concentrations > 100 mM, both the
surface potential and the counteranion concentration in solution nominally become con-
stant; thus, the usual retention models based on two-phase partitions can reasonably
describe the retention behaviors of ions in micellar chromatography.

Keywords : micellar chromatography of ions; retention model; electrostatic theory;
cationic surfactant.
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Fig. 1 Changes in the surface potential of HTAGC
micelles, the concentration of C17, and the degree
of dissociation of C1~ from HTAC micelles with the
HTAC and added NaCl concentrations

K is assumed 0.005 m® mol ™.
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Fig. 2 Changes in (a) the surface potential of the
stationary phase and (b) capacity factors of a solute
(Ks" = 0.005 m” mol ') with the HTAC and added
NaC(l concentrations

Capacity factors are calculated with equation 9 by
assuming no micellar partition.
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Fig. 3 Comparison of calculated (curves) and
experimental retention times (plots) of Br and
NO;" with HTAC concentration

K K2 and KX are set to 0.005, 0.035, and 0.0105
m® mol™", respectively.
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Fig. 4 Comparison of calculated (curves) and

experimental retention times (plots) of Br

NOs  with added NaCl concentration

and

The same ion-pair formation constants as in Fig. 3
are set for the calculation.
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Table 1 Intercepts (/) and slope/intercept ratios (S/71) for calculated 1/K'-Cy plots
no Nacl added 10 mM 100 mM
Ky (=K ;
/1077 S/I 171077 S/ T 771077 S/1
0.5 —0.739 —3.40 —0.221 -11.4 3.13 0.812
0.2 - 0.653 —3.87 0.290 8.72 7.94 0.321
0.1 —0.508 —5.01 1.14 2.23 16.0 0.161
0.05 —0.220 —-11.7 2.84 0.909 32.0 8.11 x 107*
0.02 0.645 4,18 7.95 0.339 80.1 3.36 X 10°°
0.01 2.09 1.38 16.5 0.175 160 1.78 x 107*
0.005 4.97 0.656 33.5 9.71 X 10°* 521 9.87 % 1077
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