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What 1s chemometrics?

The application of mathematical or
statistical methods to chemical data

Wikipedia 2009
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Foundation of chemometrics:

Chemometrics: Theory and Application
American Chemical Society Symposium Series 52
American Chemical Society, Washington, 1977
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What Is statistics?

The mathematics of collection, organization,
and interpretation of numerical data,
especially the analysis of population
characteristics by inference from sampling

www.thefreedictionary.com
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http://www.thefreedictionary.com/

Foundation of statistics:

YSYRFIffQa ! RAOlI yOSR
3 Volume Set, 6th Edition
John Wiley & Sons, December 2008

ISBN: 978-0-340-81493-2
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What is metrology?

The science that deals with measurement

www.thefreedictionary.com
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http://www.thefreedictionary.com/

Basic metrology:

A The measurand, e.g.
time, length, mass
A The object, i.e.

the particular specimen being measured
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Volumetric standards from Roman times

Technical University of Denmark

Market square
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Foundation of modern metrology:

GUM: Guide to the Expression of Uncertainty

In Measurement JCGM 100
VIM 3: International Vocabulary of Metrology
JCGM 200

Bureau International des Poids et Mesures, 2008

P. Giacomo (1981) Metrologia
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http://www.bipm.org/en/publications/guides/gum.html
http://www.bipm.org/en/publications/guides/gum.html
http://www.bipm.org/en/publications/guides/vim.html

What is the problem?

Communication is impeded because we use
inconsistent terminology C in other words:

WE DO NOT UNDERSTAND EACH OTHER
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Examples

Error C uncertainty C variability
Trueness C accuracy C correctness
Measurand C analyte ¢ determinand

CAUSES OF MISUNDERSTANDING
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Who Is to blame?

WE are to be blamed......
because we developed these sciences to
their current state

WITHOUT INTERDISCIPLINARY DISCIPLINE
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Who solves the problem?

YOU are the new champions........
Learning from the mistakes of the past
generation how to

SETTLE INTERDISCIPLINARY DISPUTES
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A chemometric vocabulary

JUPAC project: A glossary of concepts
and terms in chemometrics

D. Brynn Hibbert, Pentti Minkkinen, N.M. Faber, and
Barry M. Wise

Anal. Chim. Acta 642(2009) 3-5
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http://www.sciencedirect.com/science/journal/00032670
http://www.sciencedirect.com/science/journal/00032670
http://www.sciencedirect.com/science/journal/00032670
http://www.sciencedirect.com/science/journal/00032670




Measurand

Quantity
intended to be measured

VIM3 JCGM 200:2008
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Error

Measured quantity valueminus a
Referenceguantity value

VIM3 JCGM 200:2008
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Uncertainty

Non-negative parameter characterizing
the dispersion of the quantity values
being attributed to a measurand

VIM3 JCGM 200:2008
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Definition of the Measurand |

AAN uncertainty without corresponding
specification of the measurand
IS misleading

AA result without corresponding
definition of the measurand
IS worthless
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Metrology in Chemistry - MiIC

ADetermination of something, e.qg.
pH, TOC, alcohol, insulin, gold, C-14
Aln something, e.g.

an archaelogical specimen, blood, lake
water, soll, the universe
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Definition of the Measurand ||

AThe determinand, i.e.
the chemical species to be determined
AThe specified amount of material

to which the measurement should apply
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Measurement result

4

Measurement result is generally expressed
as a single measured quantity value and a

measurement uncertainty

VIM3 JCGM 200:2008
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Traceablility

Property of a measurement result whereby the
result can be related to a reference through an
unbroken chain of calibrations, each
contributing to the measurement uncertainty

VIM3 JCGM 200:2008
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Masse [ 1kg

Technical University of Denmark
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Uncertainty

A result without a statement of
uncertainty Is useless - because

No conclusions can be made from it
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Uncertainty

A result with an incorrect statement of
uncertainty iIs dangerous - because

Wrong conclusions can be made from it
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Error of the 1st kind

Failure to reject
an erroneous null-hypothesis
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Error of the 2nd kind

Rejection of
a correct null-hypothesis
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No indication of uncertainty
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Indication of uncertainty
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Change of calibration
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Certified reference material

Series 2

Sampling

Series 1 uncertainty

Frequency
distribution

Certified value
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Change of uncertainty |
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Change of uncertainty Il
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Change of scatter |
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Test for statistical control

n replicates

TR

G } distribution with nT 1 degrees of freedom
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Change of scatter |
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The appropriate solution

1) Measurement data y;; ,U;
2) Uncertainty budget

3) Maximum Likelihood PCA

Comprehensive Chemometrics, ed. by S. Brown, R. Tauler, B. Walnak
Elsevier 2009
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Test for statistical control

P principal components

Y0

L2 (Y - y.,)2
ZZ

=1 =1 J

G } distribution with (I-P)(J-P) degrees of freedom
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The new challenge

How to transform the
Metrological Uncertainty Budget
INto an

Uncertainty Covariance Matrix

i







Chemometric challenges

1) A chemometric vocabulary
2) Metrological concepts

3) Incorporation of uncertainty
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Chemometric challenges

Who shall accept
these challenges?
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