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Abstract

Principal component factor analysis was applied to two sets of data consisting of the gas—liquid partition
coefficient for 30 solutes on 22 stationary phases or 67 solutes on 10 stationary phases at 121.4°C. Three or four
factors were required to characterize the data and were identified as contributions from cavity formation and
dispersion interactions, solvent hydrogen-bond base interactions, and orientation interactions typical of aromatic
and aliphatic compounds. None of the stationary phases were identified as significant hydrogen-bond acids. The
contribution from cavity formation and dispersion were combined into a single factor while orientation interactions
were divided into two contributions representing either the additional polarity of polarizable solutes (aromatic
compounds) or a family type behavior resulting from a structural contribution to the number of solute—solvent
interactions calculated using the cavity model. There is good general agreement between the assignments made
using the principal component factor model and results obtained previously using the solvation parameter model.

1. Introduction

A number of attempts have been made to
develop a quantitative scale of solvent selectivity
to characterize the retention properties of gas
chromatographic stationary phases based on the
Gibbs free energy of solution for a series of
reference compounds |1-5]. Reference com-
pounds were selected assuming that each com-
pound was retained by a single dominant inter-
molecular interaction and the stationary phases
were ranked in accordance with their capacity to
retain the reference compounds. This approach
had to be abandoned when it was demonstrated

* Corresponding author.

that suitable reference compounds for individual
intermolecular interactions did not exist and that
the calculated selectivity parameters based on
the above approach were dependent on the size
of the reference compound as well as its capacity
for polar interactions [5-7]. A new approach was
required that enabled a separation of molecular
size and solute—solvent interactions to be made.

The cavity model of solution is a suitable
model for separating the contribution of solute
size from specific solute~solvent interactions [8—
10]. The size contribution is represented by the
cavity term, which accounts for the work that
must be done to create a cavity in the solvent of
a suitable size to accommodate the solute. This is
a solvent property as it depends only on the free
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energy required to disrupt solvent-solvent inter-
actions in preparing the cavity. The magnitude of
the cavity term will depend on the cohesive
character of the solvent and the size of the solute
transferred to the solvent. For transfer of the
solute from the gas phase to the stationary phase
to be favorable the contribution of solute-sol-
vent interactions set up once the solute is trans-
ferred to the solvent must exceed the free energy
required to disrupt solvent—solvent interactions
in preparing the cavity. This difference in free
energy is responsible for the variation in gas—
liquid partition coefficients observed for different
solutes in the same solvent and the same solute
in different solvents. Intuitively, this model pro-
vides a reasonable qualitative picture of the
solvation process but as a quantitative model it is
limited by the lack of an exact method to
calculate the contribution of solute—solvent and
solvent—solvent intermolecular interactions to
the solvation process for conditions typical of gas
chromatographic experiments. Semi-empirical
solutions are available, however.

The first of these solutions is due to Abraham
and co-workers, and in a slightly modified ver-
sion by Carr and co-workers, as outlined in a
companion paper [11]. The general equation for
the solvation process in gas-liquid chromatog-
raphy proposed by Abraham and co-workers is
represented by Eq. 1.

log K, =c+rR,+smi +aal + bBY +1log L'

(h

where K| is the gas-liquid partition coefficient,
R, the solute excess molar refraction, w5 the
effective solute dipolarity/polarizability, a} the
effective solute hydrogen-bond acidity, B3 the
effective solute hydrogen-bond basicity and L'
the solute gas-liquid partition coefficient on n-
hexadecane at 25°C. The explanatory variables
listed above are solvation parameters derived
from equilibrium constants or calculated from
gas chromatographic measurements and are free
energy related parameters characteristic of the
monomeric solute. The solvent properties 7, s, a,
b and [ are unambiguously defined: the r con-
stant refers to the ability of a solvent to interact

with solute n- or mr-electron pairs; the s constant
to the ability of the solvent to take part in
dipole—dipole and dipole-induced dipole inter-
actions; the a constant is a measure of the
hydrogen-bond basicity of the solvent; the b
constant is a measure of the hydrogen-bond
acidity of the solvent and the / constant incorpo-
rates contributions from solvent cavity formation
and solute—solvent dispersion interactions, and
more specifically in gas—liquid chromatography
indicates how well the phase will separate mem-
bers of a homologous series. For an uncharacter-
ized phase the solvent properties r, s, a, b and /
are determined from the experimentally derived
gas—liquid partition coefficient for a minimum of
15 to 30 varied solutes with known explanatory
variables using the statistical analysis technique
of mulitiple linear regression analysis.

An alternative approach is due to Poole and
co-workers [6,9] and results in the following
general equation for the solvation process

AGE™(X) = AG P (HO)Y + AG o (X)
+AGM(X) )

where AG{°'""(X) is the partial Gibbs free energy
of solution for the transfer of solute X from the
gas phase to the stationary phase S,
AG"™(HC)" is the partial Gibbs free energy of
solution for an n-alkane with an identical Van
der Waals volume to solute X in the stationary
phase S, AG{,(X) is the partial Gibbs free
energy of interaction for the polar contribution
of solute X in a non-polar reference solvent
squalane, SQ, calculated as shown by Eq. 3, and
AG!™(X) is the partial Gibbs free energy of
interaction for the polar contribution of solute X
to solvation in solvent S.

AG§o(X) = AG 3" (X) — AG 3" (HO)Y 3)

Experimentally, evaluation of Eq. 2 requires
the determination of the gas—liquid partition
coefficient for solute X on the stationary phase S
and the reference phase squalane as well as the
determination of the gas-liquid partition coeffi-
cients for an appropriate number of n-alkanes on
both phases to construct the linear relationship
between the Van der Waals volume of the n-
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alkanes and the logarithm of their gas-liquid
partition coefficient. All the terms in Eq. 2 can
then be evaluated. The contribution from cavity
formation and dispersion interactions to the
solvation process is represented by the sum of
the first two terms on the right-hand side of Eq.
2. The AG{"(X) parameter represents the sum
of the polar interactions such as orientation and
hydrogen bond formation to the solvation pro-
cess. For simple molecules AG J"'(X) depends on
the type of functional group present in a solute
and can be treated as an incremental constant for
prediction purposes. Poole and co-workers have
used Eq. 2 to characterize the properties of 28
common stationary phases [6,9], to compare the
solvation properties of 12 analogous alkanesulfo-
nate and perfluoroalkanesulfonate liquid organic
salts [12], and to study the influence of tempera-
ture on the selectivity of 10 stationary phases
[13,14].

A comparison of the two models represented
by Egs. 1 and 2 shows acceptable agreement for
the contribution of the sum of cavity formation
and dispersion interactions (Eq. 4) and the
contribution of polar interactions to the solvation
process (Eq. 5) at 121.4°C [9,12,13,15,16]. There
is, perhaps, a small numerical difference in the
magnitude of the sum of cavity formation and
dispersion interactions to solvation estimated by
both models but this does not affect the agree-
ment in general trends indicated by both models
at a constant temperature. A more detailed
comparison of the contributions of individual
intermolecular interactions to solvation esti-
mated by both models requires that a method be
developed to identify these contributions to the
free energy terms indicated in Eq. 2. This should
be possible using chemometric techniques, such
as principal component factor analysis, which are
explored in this paper.

AG"(HC)Y + AGT,(X)
=1.806 >, (c +1 log L'%) 4

AG{'(X)=1.806 2, (rR, + sl +aal! + bp")
)

The application of principal component analy-

sis and factor analysis to gas chromatographic
data was pioneered by the research groups
headed by Wold, Chastrette, Chretien and How-
ery and is reviewed in detail elsewhere [17-20].
In most cases the retention index data base of
McReynolds was used to identify factors able to
explain retention and to identify the similarity of
solutes and solvents. The relationship between
specific factors and fundamental intermolecular
interactions was not made in these studies,
perhaps in part due to the unreliable nature of
some of the McReynolds data as well as the fact
that the retention index is a composite term
expressing properties of both the individual
solutes and the retention index standards on the
different stationary phases [4,9]. We have re-
moved these objections in this paper by using the
gas-liquid partition coefficients as the charac-
teristic retention parameter.

2. Experimental

The name, abbreviation and composition of
the stationary phases used in this study are
summarized in Table 1. The gas—liquid partition
coefficients at 121.4°C were taken from previous
studies and are corrected for interfacial adsorp-
tion [3,15]. For data analysis it is necessary that
the gas—liquid partition coefficient is accurately
known for all phases in that data set. This
resulted in the use of two data sets for evaluation
purposes containing the results for 30 solutes on
22 phases and 67 solutes on 10 phases (the 10
phases are also contained in the 22-phase set).

To compare results obtained from the solva-
tion parameter model with those obtained by the
application of principal component factor analy-
sis to the cavity model represented by Eq. 2, the
appropriate gas-liquid partition coefficients
equivalent to the Gibbs free energy terms with a
molar standard state were used. For computa-
tional purposes the following expressions were
used:

log K| (cavity—dispersion) =

log (IKYY (X)]s - [KL (X]so)/[KT K))so  (6)

where K}'V(X) is the gas-liquid partition coeffi-
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Identification and abbreviations for stationary phases

No. Abbreviation Name*
1 SQ Squalane*

2 SE-30 Poly(dimethylsiloxane)

3 OV-105 Poly(cyanopropylmethyldimethylsiloxane)*

4 OV-3 Poly(dimethylmethylphenylsiloxane), 10 mol% phenyl groups
5 ov-7 Poly(dimethylmethylphenylsiloxane), 20 mol% phenyl groups
6 OV-11 Poly(dimethylmethylphenylsiloxane), 35 mol% phenyl groups
7 OoVv-17 Poly(methylphenylsiloxane)*

8 ov-22 Poly(methylphenyldiphenylsiloxane), 65 mol% phenyl groups
9 OV-25 Poly(methylphenyldiphenylsiloxane), 75 mol% phenyl groups
10 OV-330 Poly(dimethylsiloxane)/Carbowax copolymer

11 OV-225 Poly(cyanopropylmethylphenylmethylsiloxane)*

12 QF-1 Poly(trifluoropropylmethylsiloxane)*

13 DDP Didecylphthalate

14 PPE-5 1,3-bis(3-phenoxyphenoxy)benzene

15 CW-20M Poly(ethylene glycol)*

16 US0HB Poly(ethylene glycol) (Ucon 50 HB 660)

17 THPED N,N,N’,N’-Tetrakis(2-hydroxypropyl)ethylenediamine*

18 EGAD Poly(ethylene glycol adipate)

19 DEGS Poly(diethylene glycol succinate)*

20 TCEP 1,2,3-Tris(2-cyanoethoxypropane)*

21 QTS Tetra-n-butylammonium 4-toluenesulfonate*

22 QBES Tetra-n-butylammonium N ,N-(bis-2-hydroxyethyl)-2-aminoethanesulfonate

* An * indicates membership of the 10-phase data set.

cient for an n-alkane with an identical Van der
Waals volume to solute X and is derived from
the linear relationship between log K Ev and the
Van der Waals volume, V,, for the n-alkanes on
each stationary phase.

log K{¥V(X)=myV, +b, (7)

where m_ and b, are the coefficients obtained by
linear regression. Log K, (X) is the gas-liquid
partition coefficient for solute X on stationary
phase S or SQ as indicated by the subscript. The
contribution of polar interactions is given by
log K™(X) =log ([K,(X)]

) [K:W(X)]SQ)/([KL(X)]SQ

JLOMCIIN] ®

where log K|"(X) is the gas-liquid partition

coefficient corresponding to the term AG™(X)
in Eq. 2.

The Van der Waals volume for the test solutes
were calculated with the molecular modeling
program MacroModel 2.0 (Department of
Chemistry, University of New York, New York,
NY, USA) executed on a VAX 11/750 computer
(Digital Equipment, Merrimack, NH, USA) [6].
Principal component and cluster analysis for data
interpretation was performed using Pirouette
V1.1 (Infometrix, Seattle, WA, USA) on a
Epson Apex 200 computer (Epson America,
Torrance, CA, USA). Raw varimax rotation
without additional data preprocessing was used
for the principal component factor analysis. The
raw rotation method gave consistently better
results than any of the weighted or normalized
rotation techniques. The characteristic phase
constants obtained from application of the solva-
tion parameter model to the data sets discussed
in this paper are taken from Ref. [11].
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3. Results and discussion

The cavity model of solution provides a
reasonable framework for understanding the
retention properties of solutes in gas-liquid
partition chromatography. It quite reasonably
identifies two sets of factors underlying retention
attributable to the contributions of solvent—sol-
vent and solute—solvent interactions but does not
identify the specific factors involved. These can
be fairly confidently identified as dispersion,
induction, orientation, hydrogen-bond acid—
base, and perhaps electron donor-acceptor in-
teractions (at least for isotropic solvents). The
individual importance of these interactions for
any system considered is a characteristic proper-
ty of both the solvent and the solute, and in the
absence of explicit information of the solute or
solvent contribution, there is no simple approach
to establishing the relevant complementary prop-
erties of the uncharacterized solvent (or solute)
based on the singular observation of retention.
One possible solution based on the assignment of
characteristic properties to the solute, which are
proportional to the specific factors, can be used
to isolate the complementary solvent properties
by multiple linear regression analysis, as dis-
cussed in a companion paper [11]. An alternative
approach, based on exploratory data analysis,
uses abstract mathematical constraints to reduce
the dimensionality of the data to a smaller
number of abstract factors retaining the useful
information contained in the original data, which
are subsequently converted to physically mean-
ingful factors by a factor analytical procedure.
There are many approaches to converting the
abstract factors to meaningful physical factors as
detailed in general texts on factor analysis [20-
26], which will not be discussed here. Factor
analysis, in general, is performed to acquire a
new understanding of a problem and must be
judged by logical chemical constraints since, in
the end, the answers provided may be true or
abstract factors, and the mathematical procedure
used in their isolation will not be able to dis-
tinguish between the two alternatives.

In this paper we have used the principal
component method of data reduction to identify

the abstract factors and the method of varimax
rotation to convert the abstract factors to termi-
nal factors for interpretation {21,22,25,26]. A
characteristic property of the principal compo-
nent method is that the first principal component
will tend to be a weighted average of all the
variables present in the data set and the second
and succeeding principal components will tend to
contain about equal loadings of opposite sign. In
the absence of a single dominant general factor
this is unlikely to represent a realistic factor
solution for most chemical problems. The mathe-
matical operation of rotation is employed to
obtain a simpler structure which it is hoped will
more closely resemble the true situation. By
rotation the principal component axes are relo-
cated within the factor hyperspace such that as
many row points as possible lie close to the final
factor axes, with only a small number of points
remaining between the rotated axes. Varimax
rotation is an example of an orthogonal rotation
method that seeks simplicity among the factors
by maximizing the total variance of the squared
loadings. This is the method employed in these
studies as implemented in the Pirouette software
environment.

Principal component analysis of either the 10
or 22 stationary phase sets indicates that a single
component accounts for >98% of the total
variance of the contribution of cavity formation
and dispersion interactions to the solvation pro-
cess. After rotation of the principal components
additional factor axis are produced that contain
substantial variance (Table 2). All the principal
component factors, however, are strongly corre-
lated with each other (both within a rotation set
and between different rotation sets), r>>0.95.
Also, the product of the score and loading
coefficients for each solute on all phases are
significantly correlated to Z(C +1 log L"'®) from
the solvation parameter model. These and other
tests indicate that rotation of the principal com-
ponents produces phantom factors highly corre-
lated to principal component 1 for the non-
rotated factor matrix. It must be concluded that
only a single factor can be isolated to describe
the contribution of cavity formation and disper-
sion interactions in the cavity model. This is not
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Table 2

Variance extracted by principal component factor analysis
applied to the cavity formation and dispersion interaction
term of the data set containing 23 solutes and 21 phases

Table 3

Variance extracted by principal component factor analysis
applied to the polar interaction term for the data set
containing 67 solutes on 10 phases

Number of Principal Variance
rotations component accounted for (%)
0 1 99.83

2 0.14

3 0.03
2 1 50.15

2 49.81

3 0.03
3 1 20.25

2 48.15

3 31.60

so surprising since the free energy involved in
cavity formation and the free energy resulting
from dispersion interactions in solution are both
likely to be dependent on solute size.

The larger number of solutes available for the
10 stationary phase set allowed a greater level of
flexibility in assigning the number of factors for
the contribution of the polar interaction term to
the cavity solution model. Principal component
analysis indicated that about 98% of the variance
could be accounted for by a single component
which after rotation suggested that up to three
principal component factors were significant
(Table 3). Detailed evaluation of the factor
loadings and deletion of certain solute types
from the solute set was used to preliminary
establish the identity of the factor axes. For the
complete data set with three factor rotations the
first principal component factor was heavily
weighted towards aliphatic solutes capable of
strong orientation interactions with dipolar aro-
matic solutes in an intermediate position and
weakly dipolar aromatic and all solutes with a
capacity to function as hydrogen-bond acids
weakly loaded (Table 4). The second principal
component factor was heavily weighted towards
solutes with a capacity for hydrogen-bond acid
interactions with all other solutes lightly loaded.
The third principal component factor was heavily
weighted towards aromatic solutes and weakly
weighted towards aliphatic and aromatic hydro-
gen-bond acid solutes. There are two possible

Principal component Number of factor rotations

0 2 3

Complete data set (67 solutes)

1 97.83 53.68 42.23

2 1.54 45.69 39.12

3 0.54 0.54 18.56
Aliphatic compounds only (38 solutes)

1 98.56 75.06 75.40

2 1.24 24.74 20.88

3 0.11 0.11 3.64
Aromatic compounds only (28 solutes)

1 98.55 55.28 54.17

2 1.18 44.45 23.84

3 0.02 0.21 21.93

assignments for this factor. The characteristic
factor used to represent the cavity is the Van der
Waals volume. The solvent accessible surface
area of the cavity would be a more logical term
to account for the number of solute—solvent
interactions but this term can not be calculated
in a straightforward manner for the types of
solvent involved in these studies. The shape of
the cavity for aromatic and other cyclic com-
pounds is likely to be different from that for
straight-chain aliphatic compounds and the can-
cellation of interactions proposed in the model
for aliphatic compounds by an n-alkane of identi-
cal Van der Waals volume a better approxi-
mation than is obtained for the aromatic and
cyclic compounds. Factor three, therefore, could
arise in an artificial way to compensate for
differences in the capacity of straight chain
aliphatic compounds and aromatic (possibly also
aliphatic cyclic compounds) to enter into solute—
solvent intermolecular interactions. An alterna-
tive explanation is to assign principal component
factor 3 to a capacity to enter into induction
interactions based on the greater polarizability of
aromatic compounds compared to aliphatic com-
pounds. Deleting the aromatic compounds from
the data set and repeating the principal com-
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ponent factor analysis shows that factor three is
substantially reduced in the percentage of the
variance it contains (3.64% in the 3 factor
rotation) and is heavily weighted to the single
compound 1,1,2,2-tetrachloroethane. Consider-
ing just the aromatic compounds in the original
data set then the principal component factor 3 is
responsible for a significant fraction of the total
variance (21.93% in the 3 factor rotation). In
this case the identity of factors 1 and 2 are
switched. Of course the variance represented in
a data set is not independent of either the
identity or the number of solutes in the data set
so that the data entries cannot be directly com-
pared in any quantitative sense. The changes are
so large in this case that they can safely be used
as a qualitative indication of the features in-
volved.

Confirmation of the above indications was
sought by comparison to the contributing factors
isolated with Abraham’s solvation parameter
model (see [11]). The comparison was made
using the data set for 22 phases and 30 solutes.
Principal component factor 1 is well correlated to
the product term sar5 (Fig. 1), with a correlation
coefficient r*=0.92. The quality of the fit is
influenced by the poor agreement of PPE-5 and
DDP with the other phases. Principal component
factor 2 is correlated to the product term aa’

0.6

o
»

PC FACTOR 1
o
o

0.0
0

S‘RZ

Fig. 1. Plot of principal component (PC) factor 1 extracted
from the polar interaction term of the cavity model against
the solvation parameter model parameter for dipole—dipole
and dipole-induced dipole interactions for nitrobenzene. The
numbered stationary phases are identified in Table 1.

3

[ )

PC FACTOR 2

. 1.0 1.5
0 0.5 u

Fig. 2. Plot of principal component factor 2 extracted from
the polar interaction term of the cavity model against the
solvation parameter model parameter for solvent hydrogen-
bond base interactions for octanol.

(Fig. 2), with a correlation coefficient r* = 0.96.
Principal component factor 3 is correlated to the
sum L(s7' +rR,) (Fig. 3), r* =0.81 with QF-1
considerably removed from the best line through
the other phases (climinating QF-1, r*=0.95).
The product term sy is also well correlated to
factor 3 but not rR, by itself. Inspection of the
plots shows that combining s75 and rR, im-
proves the fit of CW-20M, OV-22, OV-25 and
U50HB with the best line through the data but

1.07
0.61

0.2

PC FACTOR 3

0 1 H 2 3
LRy +sn 2)

Fig. 3. Plot of principal component factor 3 extracted from
the polar interaction term of the cavity model against the sum
of the terms representing dipole—dipole, dipole-induced
dipole and electron-pair interactions in the solvation parame-
ter model for benzonitrile. The numbered stationary phases
are identified in Table 1.
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QF-1 is still in poor agreement with the other
phases. Numerically, rR, is generally small com-
pared with sz}’ so that its ability to significantly
influence the correlation is not very great. Its
inclusion with the properties of factor 3 seems
reasonable but is not essential in defining the
meaning of factor 3. The 7} parameter is a
dipole/polarizability parameter and its correla-
tion with properties of factor 1 and 3 is not
inconsistent with factor 1 representing the prop-
erties of dipolar aliphatic compounds and factor
3 the dipolar and polarizability properties of
aromatic compounds. For example benzene and
cyclohexane are not considered to have signifi-
cant dipole character but benzene is significantly
more polarizable than cyclohexane and this is
reflected in their =} parameters of 0.52 for
benzene and 0.10 for cyclohexane. The correla-
tion coefficients are independent of the solute’s
identity. There is good agreement between the
product of the scores and loading coefficients for
the 22-phase data set and the 10-phase data set
for the solutes they have in common that are
highly loaded on the individual factor axes. The

Table 5

score coefficients correlate with the phase con-
stants of Abraham’s model for both data sets but
the absolute value of the score coefficients de-
pends on the number of data entries and, for this
reason, we have made the comparison using the
product terms in both models. Thus the original
assignments that factor 1 is determined by the
capacity for orientation type interactions, factor
2 for solvent hydrogen-bond base interactions,
and factor 3 for either induction interactions or
aromatic character are reasonable.

Based on these solutions a ranking of station-
ary phases by their capacity for different inter-
molecular interactions can be given (Table 5).
The relative contributions are scaled within a
column but not across rows. The phase QF-1 has
significantly different contributions for orienta-
tion interactions for aromatic and aliphatic com-
pounds and is omitted to avoid using two scales
for this interaction. The score coefficients for
principal component factor 1 and principal com-
ponent factor 3 for the polar interactions ob-
tained from the cavity model are otherwise
highly correlated, r*=0.96, and differences in

A ranking of stationary phases by their capacity for specific interactions based on the score coefficients obtained by principal

component factor analysis

Stationary Cavity and Stationary phase Orientation Stationary Hydrogen-bond
phase dispersion phase phase basicity
DDP 10.39 TCEP 3.94 QBES 3.10
USO0HB 10.03 DEGS 3.26 QT8 2.96
OV-105 9.89 QBES 3.14 TCEP 2.42
OoV-3 9.87 QTS 2.74 DEGS 2.18
oVv-7 9.79 CW-20M 2.62 CW-20M 1.98
SE-30 9.79 OV-225 2.44 THPED 1.91
OV-11 9.55 EGAD 2.28 EGAD 1.72
OVv-17 9.38 DDP 2.15 OV-330 1.48
PPE-5 9.14 THPED 1.98 OV-225 1.40
ov-22 8.99 OV-330 1.94 DDP 1.25
OV-25 8.85 OV-25 1.38 US0HB 1.24
THPED 8.68 0ov-22 1.31 OV-25 0.72
OV-330 8.59 U5S0HB 1.20 OV-22 0.64
OVv-225 7.69 OoV-17 1.15 PPE-5 0.64
QTS 7.57 OV-11 1.04 OV-17 0.59
EGAD 7.57 PPE-5 1.03 OV-11 0.53
CW-20M 7.31 ov-7 0.76 OoV-7 0.42
QBES 5.70 OV-3 0.53 OV-105 0.34
DEGS 5.48 OV-105 0.48 OV-3 0.20
TCEP 5.00 SE-30 0.18 SE-30 0.16
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ORIENTATION
»N

4 5 6 7 8 9 10 11
CAVITY AND DISPERSION

Fig. 4. Plot of the score coefficients representing orientation

against the cavity and dispersion contribution from the cavity

model. The numbered stationary phases are identified in
Table 1.

the ranking are restricted to minor changes in
order between coefficients with similar values.
Selectivity differences between phases can be
illustrated by plotting the various score coeffi-
cients against each other. The plot of orientation
against the cavity and dispersion contribution to
solution (Fig. 4), indicates the general correla-
tion between the cohesive character of the sol-
vent and its propensity for orientation interac-
tions. TCEP, DEGS and QBES are cohesive
solvents with the least favorable contributions
for cavity formation. Solutes with a limited
capacity for polar interactions will be retained
weakly compared to the other phases. DDP is

BASICITY

ORIENTATION

Fig. 5. Plot of the score coefficients representing hydrogen-
bond basicity against orientation contributions from the
cavity model. The numbered stationary phases are identified
in Table 1.

unique in that it has modest demands for cavity
formation compared to other solvents of similar
polarity. The plot of hydrogen-bond basicity
against orientation contributions to solution (Fig.
5) indicates that QBES, QTS, THPED, U50HB,
OV-330, CW-20M and EGAD are more basic
than other phases of similar orientation capacity.
In particular, the two liquid organic salts, QTS
and QBES, are strong hydrogen-bond bases.
This is expected since they are the only ionic
phases present in the data set. As would be
anticipated there is no general correspondence
between the capacity of a phase to function as a
hydrogen-bond base and the cavity and disper-
sion properties of the same phase. The cohesive
character of the solvent will be little influenced
by its capacity for hydrogen-bond basicity unless
it is simultaneously a hydrogen-bond acid. Since
none of the phases were identified as significant
hydrogen-bond acids by principal component
factor analysis this should not be the general
case. The absence of significant hydrogen-bond
acidity among the phases studied at the measure-
ment temperature is consistent with other ap-
proaches to characterizing the properties of these
phases [11].

For the series of poly(methylphenyl)siloxane
phases in Table 5 some correspondence between
the polar solvent properties of the stationary
phases and its composition would be anticipated.
This is the general case as illustrated by Egs.
9-11 below. The individual solvent contributions
represented by the score coefficients are well
fitted to a second order polynomial function with
mol% phenyl groups [P] as the independent
variable over the range 0 mol% phenyl groups
(SE-30) to 75 mol% phenyl groups (OV-25).

Cavity and dispersion

Score =9.84 — 1.17-10 [P] - 1.69 - 10 “[P]?
n=7,r =0.984 )]

Orientation

Score = 0.22 +2.94- 10 *[P] - 1.91- 10 *[P)?
n=7.r =0.992 (10)
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Hydrogen-bond basicity
Score = 0.14 + 1.29- 10 *[P] — 7.39- 10 °[P]?
n="7,r"=0.966 (11)

Principal component factor analysis is a valu-
able technique for providing insight into the
factors affecting the characteristic solvent prop-
erties of gas chromatographic stationary phases.
Its main limitation is that the solutions provided
may not be real in the chemical sense and it is
difficult or impossible to distinguish between
qualitative factors correlated to a significant
extent with real factors. Within these confines
the factor solutions extracted from the cavity
model seem to be realistic and useful for inter-
pretative purposes. Compared to previous
studies where principal component analysis alone
was used for interpretation [9,12-16] the factors
obtained by rotation are more sensible and are
to be preferred.
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