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Abstract

The properties of McReynolds’ constants were studied by a detailed statistical/chemometric analysis. The electronic structure, geomet
and hydrophobicity of the McReynolds’ test compounds (benzene, 1-butanol, 2-pentanone, 1-nitropropane, pyridine, 2-methyl-2-pentanol,
iodobutane, 2-octyne, 1,4-dioxane anghidrindane) were calculated at the level of PM3 semiempirical quantum chemical method and empirical
formulas. The predominant pattern was revealed using cluster and principal component analyses (CA and PCA). Dependence of McReync
constants on the calculated chemical descriptors was modeled by multiple linear regression (MLR) with stepwise selections, principal compor
regression (PCR) and partial least-square regression (PLSR). A novel statistical approach was developed for case-and-variable selection !
the PCR and PLSR methods for characterizing and modeling the polarity of 25 gas chromatography (GC) stationary phases (phthalates, adip
sebacates, phosphates, citrates and nitrils). Highest occupied molecular orbital energy, dipole moment, averaged isotropic polarizability anc
apolar solvent accessible surface area; and energy of the lowest unoccupied molecular orbital and total solvent accessible surface aréa were st
to describe the McReynolds’ constants based on the results obtained2isimgl adjusted??. Six of the 10 test compounds were found to be
sufficient for the description of the polarity of the columns studied.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The polarity concept was intended to use for the character-
ization of the interaction of the stationary phase and the solute
Itis a continuously arising question for chromatographers tan the basis of its structure. Basically, polarity means that the
find an easy-to-use method to characterize the stationary phas®re polar is a stationary phase, the greater is the retention of a
and solute interaction to forecast gas chromatographic retempolar solute compared to a non-polar solute as e.g-akane,
tion behavior. Which stationary phase (column type) is suitablesee e.g. in Ref[2]. On this basis, the polarity is the sum of
to separate possibly all or as many solutes in a complex mixvarious intermolecular interactions (inductive, dispersive, orien-
ture as possible? In this respect we have to know the polarittation and H-bonding). In gas chromatography, the interactions
and selectivity of a column. The selectivity is the ability of the do not depend only on the stationary phase, but also on the solute
stationary phase to participate in specific intermolecular interacand its functional group. The polarity is a term difficult to define:
tions. Depending on the extent of the interactions, some solutesg. dipole moment is often used as a symbol of polarity but in
may be dissolved better or to a smaller extent in a given statiorchromatographic interactions it cannot be used as a single mea-
ary phase finally resulting in some separatifitjs sure. Some empirical measures for the polarity and/or selectivity
parameters of the stationary phases are available: McReynolds’
polarity (P)[3], Kovats coefficientKc) [4], retention polarity
(Rp) [5], Snyder’s selectivity paramete®], Castello’sAC [7]
mpon ding authors. andAGchz [8]. The polarity/selectivity properties of thirty sta-
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found. The first groupK, Kc, Rp andAC) and the second group Although the polarity is often used for predicting retention
(Snyder’s selectivity parameters, Castella’€) of the polarity ~ data, several other factors may influence absorptioh A num-
scales can characterize the column mainly by their polarity anter of quantitative structure-retention relationship (QSRR) stud-
selectivity, respectively. The most influential properties are: (iies were performed on different series of compounds and good
polarity, (i) hydrogen donating and accepting ability and (iii) correlations were found betwedn (Kovats retention index)
dipole interactions. The principal components of retention datand the theoretically calculated data for molecules with differ-
for oxo compounds were correlated with the physical properent functional groups (azo compounfds], alkenes and azo
ties (molar refractivity Rv), boiling point (Tgp), molar volume  compoundg19], dialkyl hydrazone$20], alkeneq21], alkyl-
(Vm)) [10]. A predictive model was suggested by partial least-benzene§2?], phenol derivative§?3], primary, secondary and
square regression (PLSR) metHad]. tertiary amineg24], etc.). Generally, the elution data related to
According to the thermodynamic concept the reluctance obne or only few columns were used. In the QSRR studies the
the liquid phase to accept a hydrocarbon may be considerezbrrelation between the Kovats retention indices and molecular
as a measure of polarity. The measure of this behavior is théescriptors obtained by various methods (experimental, empir-
partial molar Gibbs free energy of solution for a methylene grougcal results or theoretical methods) were studied in order to
[8,12,13] obtain linear multivariate functions for the prediction of the
According to the most well-known and widely used retention properties of the compounds (see[@8)). There can
Rohrschneider-McReynolds concept, the Kovats retentiobe found some criticism on using quantum chemical descriptors
index difference of some specific test compopih the column  [27], but their application is supported by their sucdd$s-21,
studied {p) and squalaneldy) provides a measure of polarity 24,25]
[3,14,15](Eq. (1)). By definition the polarity of squalane is 0, In this study, we investigate the correlation between the
because it was considered as an apolar (reference) phase: McReynolds’ polarity scalf8] and the structural/physical prop-
erties of McReynolds’ test compounds used for characteriz-
AL =Ip— Igq (1) ing the columns. We analyze, what structural descriptor(s)
(HOMO: energy of the highest occupied molecular orbifal),
In the Rohrschneider concept the intermolecular forces are addi-UMO: energy of the lowest unoccupied molecular orb{ta},
tive which are characterized by several factors both characteristitipole moment ) {3}, isotropic average polarizability at 0 eV
for the solute ¢, b, ¢, d, ¢) and the stationary phase ¢, z, u,s):  electric field ¢) {4}, volume of the moleculeW{) {5}, loga-
rithm of the octanol-water partition coefficient (18y {6} and
Al j(calc) = aixj + biy; + cizj + diuj + e;s; (2) total, polar and apolar solvent accessible surface area (SASA,
pSASA and apSASA, respectively]y,8,9 of McReynolds’
Al j(calc.) is the difference in Kovats indices between the phaseest molecules[{] benzene[2] 1-butanol [3] 2-pentanong4]
of interestand squalans, y;, z;, u; ands; are calculated for each 1-nitropropane|5] pyridine, [6] 2-methyl-2-pentanol[7] 1-
phase from the difference in Kovats indices of benzene, ethandbdobutane[8] 2-octyne,[9] 1,4-dioxane[10] cis-hidrindane)
methyl ethyl ketone, nitromethane and pyridine, respectivelyhave the greatest influence on the McReynolds’ numbers. The
aj, b, ¢i, di, ande; are empirical coefficients, which can be cal- calculations were performed by the PM3 semiempirical quan-
culated from retention data for each solute using various liqguidum chemical and chemometric methods (cluster analysis (CA),
phases. In the simplest caseb;, c;, d;, ande; equal to 1s (or  principal component analysis (PCA), multiple linear regres-
only one equals to 1, and the other is 0), however, if we knowsion (MLR), principal component regression (PCR) and par-
Al;j(calc.) in advance the profiles, (b, c, ..., andx, y,z,...)  tial least-square regression (PLSR)). A recently developed,
can be estimated by factor analysis (FA§]. novel chemometric method: case/variable selection by princi-
Rohrschneider originally used five compounds, but latepal component and partial least-square regression (CVS—PCR
McReynolds analyzed 68 compounds on 25 columns andnd CVS—PLSR) — for building descriptive models was also
selected the 10 compounds characterizing the columns thapplied.
best[3]: benzene, 1-butanol, 2-pentanone, nitropropane, pyri-
dine, 2-methyl-2-pentanol, 1-iodobutane, 2-octyne, 1,4-dioxan@. Calculations
and cis-hidrindane. The most informative of these, benzene,
1-butanol, 2-pentanone, nitropropane and pyridine, are either The structural descriptors, HOMO, LUM@ andx were cal-
the same compounds Rohrschneider used or homologs ofilated for the 10 McReynolds’ test molecules with full geom-
Rohrschneider’'s compounds. etry optimization by the PM3 semiempirical quantum chemical
The criterion of selecting the test compounds was the abilitynethod implemented in MOPAC928]. The gradient norms
to participate in various types of interactions with the differentwere always less then 0.01 kcal/mhal/The force matrix was
stationary phases through inductive, donor—acceptor forces or Hbositive definite for the small molecules supported that we found
bonding (H+ donor and acceptor). While 2-methyl-2-pentanokonformational minima. At some simple molecules 2-5 con-
and 1-iodobutane were found to increase the precision of predidermers were calculated and the thermodynamically most stable
tion, such influence of 2-octyne, 1,4-dioxane an¢hidrindane  structure was always accepted. The SASA, pSASA, apSASA
could be negligible. McReynolds’ relative polarity scale was(radius of probe solvent molecule was set to 0.14 nvhand
characterized for more than 200 liquid phases. log P were calculated by VEGAR9].
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