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ARTICLE INFO ABSTRACT

Keywords: In analytical chemistry, qualitative analysis is often associated with compound identification, while

Biomarker identification . . . . .

Chemometrics chemometrics offers a wide spectrum of data-analysis methods that extend the application of qualita-
tive analysis beyond compound identification. All chemical analyses that have a qualitative goal can or

Compound identification N o - . . atv
High-dimensional data should be considered as qualitative chemical analysis. Thanks to chemometrics, both qualitative and quan-

Qualitative analysis titative data can be included in qualitative analysis and modeled towards a qualitative analysis goal. We
Qualitative data provide an extensive overview on the vibrant relationship between chemometrics and qualitative anal-
Qualitative goal ysis. It includes a description of chemometric methods, their real-life applications in qualitative analysis,
Quantitative data challenges and possible solutions. Undoubtedly, the role of chemometrics will become pivotal in the future
\S/aarl?g;figl:s-c‘iﬁcation when more possibilities of qualitative analysis will be explored and new chemometric approaches will

be developed for high-dimensional data.
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1. Introduction: scope of qualitative analysis

According to the definition of the International Union of Pure
and Applied Chemistry (IUPAC [1],) qualitative analysis refers to anal-
yses in which substances are identified or classified on the basis of
their chemical or physical properties, such as chemical reactivity,
solubility, molecular weight, melting point, radiative properties
(emission, absorption), mass spectra, and nuclear half-life. This def-
inition originates from 1995. Nowadays, qualitative analysis applies
to not only identification of single chemical compounds but also
many other qualitative applications of analytical chemistry. One can
think about the following examples:

a. urine samples coming from healthy people and cancer pa-
tients can be qualified based on metabolic profiles measured by
capillary electrophoresis [2];

b. rice samples from the European Union can be identified among
rice samples from other locations based on NMR spectra [3];

c. biomarkers of a cholesterol-lowering food intervention can be iden-
tified among blood-lipid metabolites measured by LC-MS [4];

d. aset of wavelengths discriminating one type of beer from another
can be selected from NIR spectra of different beer samples [5];
and,

e. presence or absence of toxic compounds in urine samples can
be determined by studying NMR spectra [6].

In each of these examples, analytical measurements are em-
ployed to qualify samples, compounds, or groups of compounds. In
the recent book of Milman [7], identification/classification/
authentication of, e.g., foodstuffs, products, specimens, and materials,
is referred to as qualitative analysis II. An extension of the [UPAC
definition is therefore required to cover different aspects and ap-
plications of qualitative analysis. For the purpose of this review, we
define such an extension based on the framework of chemical anal-
ysis presented in the next paragraph.

We position qualitative analysis in the general framework of chem-
ical analysis as shown in Fig. 1. The goal of chemical analysis can be
either qualitative or quantitative (step s1 in Fig. 1). A qualitative goal
means that the objects of interest (e.g., samples, compounds) will be
qualified in one way or another; e.g., urine samples are qualified as
coming from either healthy or diseased based on their metabolic profile
(see example a). However, a quantitative goal focuses on the quantity/

quantities of compounds (e.g., the concentration of alanine in a plasma
sample). After defining the goal, samples are collected and analyzed
with an appropriate analytical method (steps s2-s3 in Fig. 1). The
outcome of such analysis is analytical chemical data (e.g., a chro-
matogram or an NMR spectrum) (step s4). Depending on the
measurement scale, data can be either quantitative or qualitative.

In some cases, the same data can be treated as both quantita-
tive and qualitative (e.g., chromatographic data can be treated as
qualitative when only the presence or absence of a peak at a speci-
fied retention time is of interest, or as quantitative when the
intensities of specified peaks are of interest). After the data have
been collected, exploration and translation of the analytical chem-
ical data into the required qualitative information takes place. This
is an essential step where chemometric methods play a pivotal role
(step s5 in Fig. 1). Since the acquired data are often multivariate in
nature, the selection and the application of an appropriate
chemometric method is an essential step and is not always straight-
forward. Two determining factors are the goal of the analysis and
the type of data (i.e., quantitative or qualitative).

For the purposes of this review, the definition and the scope of
qualitative analysis are specified as the analysis of both qualita-
tive and/or quantitative chemical data towards a qualitative goal (red
box in Fig. 1). It should be stressed that this definition is broader
than the definition of IUPAC because a) a qualitative goal is not
limited to single-compound identification and b) quantitative data
are also included in this definition of qualitative analysis.

For many analytical chemists, analysis of qualitative data towards
a quantitative goal is also an example of a qualitative analysis. One
typical example is quantitative structure activity relationship (QSAR)
models [8], where chemical structures are used to quantify the ac-
tivity of a given compound. However, in this review, we explicitly
focus on analysis towards a qualitative goal so we do not consider
QSAR modeling.

In this review, we describe the vibrant relationship between
chemometrics and qualitative analysis. We give an overview of
chemometric methods for qualitative analysis, their real-life appli-
cations, challenges and possible solutions. First, in Section 2, the main
differences between qualitative and quantitative data used in qual-
itative analysis are explained. Next, we discuss chemometric
approaches appropriate for the analysis of qualitative data (Section
3). Third, we detail chemometric approaches suitable for the anal-
ysis of quantitative data - towards a qualitative goal - in Section
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