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ABSTRACT

A good optimization routine should correctly find the best chromatographic separation conditions
for mixtures of known or unknown constituents. The chromatographer must define the number of the
parameters to be optimized and their ranges. However, the more parameters to be optimized and the more
they interact, the more difficult and time-consuming the optimization procedure will be. A system capable
of performing fully automated optimization of mobile phase selectivity in reversed-phase liquid chromato
graphy was built. The optimization routine searches for the best conditions (trying to maximize a chroma
tographic response function) and for the points, inside defined experimental borders, where the least
available experimental information is available. By conducting the experiment under the predicted opti
mum conditions and an additional experiment under conditions corresponding to the least density of
information, the system was forced not to search for a local maximum, but to approach the global opti
mum. Peak tracking, an important part of any optimization process in high-performance liquid chromato
graphy, was an integral part of the optimization software and was based on fuzzy theory. This imple
mentation of an on-line identification of the sample components made a fully automated optimization of
the mobile phase composition possible. Once a suitable separation had been achieved, it was necessary to
validate the procedure, special attention being focused on robustness. The robustness test appraises the
outcome of small variations in method conditions on the analytical performance. An important feature of
this robustness analysis was the three-dimensional representation of the data as the hypersurface which
helps to relate robustness to elution characteristics.

INTRODUCTION

The use of computer-aided procedures for the optimization of separation selec
tivity in reversed-phase high-performance liquid chromatography (HPLC) has been
extensively studied during the last decade, and various approaches are available to
rationalize development and optimization. Excellent overviews on optimization tech
niques in chromatography can be found in the literature [1-3]. Owing to the wide
variety of separation principles accessible for HPLC separations, systematic method
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348 R. M. SMITH, C. M. BURR

TABLE IX

REGRESSION EQUATIONS RELATING CHANGE IN INTERACTION INCREMENT TO
ELUENT CONCENTRATION FOR INTERACTIONS OF SUBSTITUENTS WITH PHENOLIC
HYDROXYL

Substituent Coefficients of regression equation
pairs

Methanol Acetonitrile

a b c a b c

OH + 2-NH 2 0.0479 -2.853 176 0.0510 -1.103 94
OH + 3-NH 2 0.0550 -3.550 93" 0.0387 -2.505 88
OH + iI-NH2 0.1714 -16.031 378" 0.0759 -5.774 102

OH + 2-Br -0.0557 5.868 -157 -0.0127 0.614 -11
OH + 2-CI -0.0371 3.937 -107 -0.0137 1.038 -23
OH + 3-Br

I IOH + 4-Br
35 -0.0002 -0.968 63

OH + 3-Cl
OH + 4-CI

OH + 2-0H 0.0728 -5.723 238 0.0945 -5.748 199
OH + 3-0H 0.0686 -5.828 181" 0.0144 0.640 19
OH + 4-0H 0.0857 -6.726 132" 0.0246 0.475 -36

OH + 2-CHO 0.0100 1.380 143 0.0455 -3.008 355
OH + 3-CHO -0.0050 1.430 37 90
OH + 4-CHOb 35

OH + 2-COCH 3 0.0357 -0.305 214 -0.0257 5.048 138
OH + 3-COCH 3 0.0421 -3.667 166 0.0062 -0.150 85
OH + 4-COCH 3 50' 0.0161 -0.725 40

OH + 2-CONH 2 -0.0229 3.763 140 -0.1500 16.957 -114
OH + 4-CONH 2 -0.0064 2.221 -11"

OH + 2-CW -0.0753 7.537 -118
OH + 3-CN -0.1043 11.834 -191 120
OH + 4-CN b -0.0384 4.080 -23

OH + 2-0CH3 -0.0071 -0.237 33 -0.0036 1.470 -8
OH + 3-0CH 3 18 -0.0246 2.402 -30
OH + 4-0CH3 -16 -0.0264 2.801 -77

OH + 2-C02CH 3 0.0300 0.660 178 -0.0302 5.542 176
OH + 3-C02CH 3 70 55
OH + 4-C02CH 3 53e 38

OH + 2-CH 3 0 -14
OH + 3-CH 3 } 0.0093 -1.544 43

-0.0064 0.227 -26
OH + 4-CH 3 -32

OH + 2-NO/ -0.1255 14.60 -217
OH + 3-N02 107 111
OH + 4-N02

b

OH + 2-Ph 0 -0.0482 4.846 -105
OH + 3-Ph

} 0.0007 -0.606 28 }-0.0204 1.317 -26
OH + 4-Ph

a Includes all data points including those based on capacity factors < 0.2.
b Compound suspected of ionization particularly in methanol-buffer.
c Excludes increments based on capacity factors <0.2.
d Only two data points based on capacity factors > 0.2.
e Mean excludes 80% methanol values as it appears to be an outlier.





























































































































































































































































































































































































































































































































































































































































































































































































































































































778 C. R. YONKER, R. D. SMITH

Values for the absolute adsorbed amount of methane and the density of the sorbate
were determined from the Gibbs isotherms. This investigation was the first work
employing tracer pulse chromatography on a chromatographic stationary phase.

Findenegg and co-workers [37,38] later studied the physical adsorption of kryp
ton and propane on graphitized carbon black. The differential molar enthalpy of
adsorption was derived from the temperature dependence of the Henry's law con
stant. Gibbs adsorption isotherms for supercritical fluids at the critical temperature
were seen to pass through an adsorption maximum between 0.5pc and the critical
density, p.:

The initial studies of high-pressure gas adsorption on solid surfaces demon
strated the important result of a maximum being reached in the Gibbs isotherm as a
function of pressure. This adsorption maximum appeared to occur between a reduced
density of 0.5 and 1.0. The use of tracer pulse chromatography for the determination
of Gibbs adsorption isotherms demonstrated the applicability of this technique to
SFC. In SFC, the chromatographic surface consists of a bonded polymer (capillary
SFC) or a bonded hydrocarbon chain (packed-column SFC). The chromatographic
stationary phase adds complexity to the sorption mechanism and increases the in
termolecular dynamics between the fluid solvent and the stationary phase.

The initial work of Sie et al. [10] investigated the solubility of the supercritical
fluid in a typical bulk stationary phase. This study demonstrated that supercritical
carbon dioxide was soluble in a coated liquid stationary phase. The swelling of a
bonded polymeric stationary phase in capillary SFC was demonstrated by Springston
et al. [11] for SE-30 using supercritical butane and carbon dioxide. Butane expanded
SE-30 to nearly three times its initial thickness, whereas the swelling observed with
carbon dioxide was much less. These interactions between the fluid mobile phase and
the stationary phase could alter the chromatographic retention mechanism for SFC.

Lochmiiller and Mink [12,13] studied the adsorption isotherms of ethyl acetate,
methanol and Lhexanol on silica from supercritical carbon dioxide with the peak
maxima method. Their results of fitting the adsorption isotherms to the Langmuir
equation suggest monolayer adsorption for .the fluid modifier. Modifier surface cov
erage was determined as a function of temperature at constant density and was seen
to decrease with increasing temperature. The retention of substituted and unsub
stituted aromatic solutes was determined in the presence of methanol modifier (0-1 %,
w/v) in supercritical carbon dioxide. For methoxynaphthalene and nitronaphthalene,
the retention was lower than expected owing to competition between the solute and
methanol for the active sites on the silica surface. For chloronaphthalene, the reten
tion increased in the presence of methanol on the silica surface. This behavior was
ascribed to either an increase in dispersive interactions with the modified silica surface
because of covered active sites or lateral interactions between the solute molecule and
the adsorbed methanol. The selectivity for a given solute pair was studied in the
methanol-modified fluid, in which one solute molecule competed with methanol for
the active sites on the silica surface and the other did not. The selectivity between
these two solutes reached a maximum as a function of methanol modifier concentra
tion (ca. 0.4%, w/v) and decreased with increasing methanol concentration. The
relationship between surface site coverage and methanol modifier concentration con
trolled the change in selectivity for this system. l-Hexanol was more effective in
covering active sites on the silica surface because of its greater molecular surface area.
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