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Abstract

This paper describes how different multivariate analysis and classification methods can be used, to characterize the gas chromatographic
separation of complex hydrocarbon mixtures in three columns coupled in series. Principal component analysis (PCA), correspondence factor
analysis (CFA), and hierarchical ascending classification (HAC) were used as potential tools for evaluating the experiments on single columns
and on column series. It has been demonstrated that: (1) multivariate analysis with PCA and CFA offers a powerful strategy to search for
the main factors influencing the separation of hydrocarbons without a priori knowledge of the key factors of the separation. (2) With CFA
the contribution of retention due to vapour pressure can be minimized. The use of retention indices, whichmakathes as reference
compounds, also helps to decrease the dominant focus on vapour pressure in favor of the more selectivity-based interaction forces. (3)
CFA helps to analyze the degree of relevance of the chosen experimental design to the most important factors, controlling chromatographic
selectivity.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction been envisaged more successf{8ly The selectivity of a col-
umn series at isothermal conditions can in general be tuned
The main task for the separation of complex mixtures by by variation of the lengths of the coupled columns or by con-
capillary gas chromatography (CGC) is to find the optimum trol of the carrier gas flow rates in individual columns. Sev-
separation system selectivity. The selectivity of a gas chro- eral papers were published dealing with the theory and prac-
matographic separation can be modified by temperature, thetice of gas-chromatographic analysis on two-column systems
stationary phase polarity or by a combination of bfith [4-14]. The use of more than two columns may, however,
Mixed stationary phases have been proposed in order to deenlarge the experimental dimensions in which the selectiv-
velop optimized stationary phase selectivity, initially. How- ity may be tuned. A theory and its experimental verification
ever, the final selectivity of mixed stationary phases often do have been published for the separation of a complex mixture
not result from a linear combination of the pure stationary of hydrocarbons on a gas chromatographic system consisting
phases due to their mutual physicochemical interac{idhs  of three different capillary columrig5].
This explains why the use of serially coupled columns has  In gas chromatography, retention is a phenomenon that
depends dominantly on solute-stationary phase interactions.
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[16,17] These methods allow the simultaneous evaluation ation times (r) listed in Table 1using the equation:
relatively large amount of data, greatly facilitating the clar- PR
ification of both practical and theoretical problems. These k; = RiTM
chemometric procedures have already been extensively em- M
ployed in chromatography for: (1) identification of the basic wherety is a corresponding retention time of methane.
factors influencing retention and separation, (2) comparison  Retention indicesl() of each hydrocarbon)(were calcu-
of various stationary and mobile phases, (3) assessment of théated from corresponding retention timgs)(isted inTable 1
relationship between molecular structure and retention be-using the equation:
havior (quantitative structure—retention relationship, QSRR) L
and (4) elucidation of correlations between retention behav- ; _ In(tR,i/ 1R 2)

I; =100; + 10
ior and biological activity18—21] In(tg ./1R .4 1)

As each chemometric procedure generally highlights only
one, or only a few features of the chromatographic problem
under analysis, the concurrent application of more than one
technique is more the rule than the excepfib®,21]

The aim of the present paper is to show how differ-
ent multivariate analysis and classification methods can be/Rz+1 > Ri > IRz
used, to characterize the gas chromatographic separation of
complex mixtures of hydrocarbons in three columns cou- 2.1. Chemometrics methods
pled in series. Principal component analysis (PCA), corre-
spondence factor analysis (CFA), and hierarchical ascending For the calculations of PCA, CFA and HAC the program
classification (HAC) were used as potential tools for eval- Statistica 4.3 for Windows was us§zP].
uating the experiments on single columns and on column
series.

wherery, is adjusted retention timfr = rr — v } andzde-
notes number of carbon atoms imealkane elutes before
considered hydrocarbon)( The retention times of the-
alkanes and other hydrocarbons should increase in the order:

3. Results and discussion

2. Experimental 3.1. Principal component analysis (PCA) and
correspondence factor analysis (CFA)

Three columns with different polarities were used: . _ o
The hydrocarbons in the used model mixture exhibit only

A. SE 30, 30mx 0.32mmx 0.25um (from Machery- slight differences in chromatographic behaviour both on the

Nagel, Germany); individual chromatographic columns as well as the column
B. SE 54, 25mx 0.25 mmx 0.25um (from RIC, Belgium); series. This is why a multivariate analysis was used to detect
C. Nucol (bonded polyethyleneglycol, SUPELCO, Belle- these small differences.

fonte, USA), 15 mx 0.25 mmx 0.25um (from Supelco, The retention factorsk() and retention indiced;] on the

USA). column series are expected to be a linear combination of the

retention data on single colum{i,3]. As the retention in-

The columns were coupled in series by press-fit connec- dices for the column series have no direct physical interpreta-
tors. The HP 5890 A (Hewlett-Packard, Avondale, USA) gas tion, we will focus our attention only on the retention indices
chromatograph with split injector and FID was used for all for the three uncoupled columns. Therefore the calculations
measurements. were performed using two data matrices. The first matrix con-

The inlet carrier gas pressure was measured by an additaining retention factors was of size %17, which includes
tional U-manometer with an accuracy of 100 Pa. An aneroid all 51 sample constituents on seven different columns (A, B
manometer was used to measure the outlet pressure with amnd C) or column series (ABC, ACB, BCA and CBA). The
accuracy of 10 Pa. second matrix containing retention indices was of size 21

The chromatograms were evaluated by HP 3365 Chem-(all 51 sample constituents on three different columns A, B
Station software (Hewlett-Packard, Avondale, USA). and C. Both for the retention factors and the retention indices

Hydrogen was used as a carrier gas. The oven temperaturéCA and CFA were performed.
was 60°C. The PCA map of retention factors is shown kig. 1,

The characterization of the sample constituents and theirwhich corresponds to the first factorial plan defined by the
corresponding retention times on the three single columns A, two main factorial axes. Only these two main factorial axes
B and C and four different column series ABC, CBA, BCA are significant. This implies that only two interaction mech-
and ACB is listed inTable 1 anisms influence the separation. The variation along the first

The retention factors and retention indices have chiefly principal component is related the variation of vapour pres-
been processed for calculations. Retention factgys{each sure of the compounds, it takes into account 97.3% of the
hydrocarbonij were calculated from corresponding reten- variance, i.e. of the information content. The second main
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