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Chapter 1 Introduction and Necessary Fundamental
Knowledge of Mathematics

1.1 Chemometrics: Definition and Its Brief History

The term chemometrics was first introduced by Svante Wold in the early 1970s when he
applied a scientific project from Swedish government. Terms like biometrics and econometrics
were also introduced into the fields of biological science and economics. Afterward, the
International Chemometrics Society was established when Svante Wold and Bruce R. Kowalski
met in 1974 [1-1]. Since then, chemometrics has been developing and is now widely applied to
different fields of chemistry, especially analytical chemistry in view of the numbers of papers
published, conferences and workshops being organized, and related activities.

“A reasonable definition of chemometrics remains as how do we get chemical relevant
information out of measured chemical data, how do we represent and display this information,
and how do we get such information into data?” as mentioned by Wold [1-1]. Both the
academic and industrial sectors have benefited greatly in employing this new tool in different
areas. As pointed out by Professor Yu Ruqin [1-2], a renowned analytical chemist and also a
member of Chinese academy, “Chemometrics with the use of statistics and related mathematical
techniques forms a new area in chemistry. According to D. L. Massart, its targets are to
design or select optimal measurement procedures and experiments as well as to extract a
maximum of information from chemical data. With these unique features and applications,
some believe that chemometrics provides an important theoretical background for analytical
chemistry”,

According to the International Chemometrics Society, chemometrics can be defined as
“hemometrics is a new chemical discipline that uses the theory and methods from mathematics,
statistics, computer science and other related disciplines to optimize the procedure of chemical
measurement, and to extract chemical information as much as possible from chemical data. ”

Howery and Hirsch [1-3] in the early 1980s classified the development of the chemomettics
discipline into different stages. The first stage is before 1970. A number of mathematical
methodologies were developed and standardized in different fields of mathematics, behavioral science,
and engineering sciences. In this period, chemists limited themselves mainly to data analysis, including
computation of statistical parameters such as the mean, standard deviation, and level of confidence,
Howery and Hirsch, in particular, appreciated the research on correlating vast amounts of chemical
data to relevant molecular properties. These pioneering works form the basis of an important area of
the quantitative structure-activity relationship (QSAR) developed more recently.

The second stage of chemometrics falls in the 1970s, when the term chemometrics was
coined. This new discipline of chemistry (or subdiscipline of analytical chemistry by some)
caught the attention of chemists, especially analytical chemists, who not only applied the
methods available for data analysis but also developed new methodologies to meet their needs.

There are two main reasons why chemometrics developed so rapidly at that time: (1) large piles
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of data not available before could be acquired from advanced chemical instruments (for the first
time, chemists faced bottlenecks similar to those encountered by social scientists or economists
years before on how to obtain useful information from these large amounts of data) and (2)
advancements in microelectronics technology within that period. The abilities of chemists in
signal processing and data interpretation were enhanced with the increasing computer power.

The future evolution of chemometrics was also predicted by Howery and Hirsch in their
article [1-3] and later by Brown [1-1]. Starting from the early 1980s, chemometrics was
amalgamated into chemistry courses for graduates and postgraduates in American and European
universities. In addition, it became a common tool to chemists. Since the early 1980s,
development of the discipline of chemometrics verified the original predictions. Chemometrics
has become a mainstay of chemistry in many universities of America and Europe and some in
China and other countries. Workshops and courses related to chemometrics are held regularly at
conferences such as the National Meetings of American Chemical Society (ACS) and the
Gordon Conferences, as well as at symposia and meetings of the Royal Society of Chemistry and
International Chemometrics Society. For instance, four courses were offered under the title
“Statistics/Experimental Design /Chemometrics” in the 226th ACS National Meeting held in
New York in September 2003 [http://www. acs. org]. The course titles are “Chemometric
Techniques for Qualitative Analysis”, “Experimental Design for Combinatorial and High-
Througput Materials Development”, “Experimental Design for Productivity and Quality in
R&D,” and “Statistical Analysis of Laboratory Data”. Furthermore, chemometrics training
courses are held regularly by software companies like such as CAMO [1-4] and PRS [1-5]. Ina
review article [ 1-6] on the 25 most frequently cited books in analytical chemistry (1980—
1999), four are related to chemometrics: Factor Analysis in Chemistry by Malinowski [1-77,
Data Reduction and Error Analysis for the Physical Sciences by Bevington and Robinson [1-
8], Applied Regression Analysis by Draper and Smith [1-97, and Multivariate Calibration by
Martens and Naes [1-10] with rankings of 4, 5, 7 and 16, respectively. The textbook
Chemometrics: Statistics and Computer Applications in Analytical Chemistry [1-11] by Otto
was the second most popular “bestseller” on analytical chemistry according to the Internet
source www. amazon. com on February 16, 2001. The Internet source www. chemistry. co. nz
listed “Statistics for Analytical Chemistry” by J. Miller and J. Miller as one of the eight
analytical chemistry bestsellers on January 21, 2002 and February 10, 2003. ”

More importantly, there were two international journals, named as “Journal of
Chemometrics” and “Chemometrics and Intelligent Laboratory Systems” appeared in 1987 from
both American and Europe. It is a mark that chemometrics has been growing as a mature
chemical discipline in chemistry.,

1.2 The Relationship between Analytical Chemistry and Chemometrics

As pointed out by Danzer[1-12], a famous analytical chemist in Germany, analytical
chemistry is a problem-solving science. Independent from the concrete analytical method, the

course of action, called analytical process, is always very similar. The analytical process starts
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with the analytical question on the subject of investigation and forms a closed chain to the
answer to the problem. Using a proper sampling technique a test sample is taken that is
adequately prepared and then measured. The measured data are evaluated on the basis of a
correct calibration and then interpreted with regard to the object under study.

The analytical process in the broader sense is represented in Fig. 1. 1.

r—‘ Problem |-——
Sampling strategy ‘ 1 Problem solving

L JL Object under study Jl

Sampling Interpretation
Test 1 | Measuring 2 R 3 | Measured | 4 | Analytical | 5 R
1 — Information
sample sample Signal values data 0
\\____L-_-Tf’
6 : Latent ! 7
! vgr_ig\gles '

1 Sample preparation 4 Evaluation/calibration

2 Measurement 5 Data evaluation & interpretation

3 Signal validation 6 & 7 Chemometrics

Fig. 1.1 The analytical process [1-12]

Analytical chemistry possesses today a sound basis of chemical, physical, methodical,
metrological, and theoretical fundamentals. The first of these is usually taken as the basis of classical
textbooks on analytical chemistry. The others is found in diverse publications in the field of analytical
chemistry and chemometrics. It is essential to state that chemometrics is not the theoretical basis of
analytical chemistry but it contributes significantly to it. Frequently, analytical chemistry is considered
to be a measuring science in chemistry. Therefore, its object is the generation, evaluation,
interpretation, and validation of measuring signals as well as the characterization of their uncertainty.
With this aim, the analyst needs knowledge of the general analytical process, statistics, optimization,
calibration, chemometric data analysis, and performance characteristics.

In recent times, analytical chemistry has stimulated not only chemistry but many fields of
science, technology and society. Conversely, analytical chemistry itself has always been heavily
influenced by fields like nuclear engineering, materials science, environmental protection,
biology, and medicine. Fig. 1. 2 shows by which challenges analytical chemistry has been
stimulated to improved performances within the last half century,

Wilhelm Ostwald [1-13], who published the first comprehensive textbook on analytical
chemistry, emphasized in it the service function of analytical chemistry. This fact has not
changed until now. Interactions with all the fields of application have always had a promoting
influence on analytical chemistry.

It can be seen from the figure, with the development of science and technology, demands

from social service for analytical chemistry became more and more. Consequently, a lot of new



