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This is a loose collection of thoughts 
about the "chemo" in chemometrics. 
The reader should not try to find too 
much structure in the text. The topic is 
much too wide to be treated in full in 
such a limited space . So there is no 
promise of an exhaustive treatment, but 
it is hoped that the ideas expressed here 
may serve as a source of inspiration for 
readers. 

To find out what the chemo in 
chemometrics means, a look at the def­
inition is in order. The definition used 
by NAMICS (the North American 
chapter of the International 
Chemometrics Society) is: 
Chemometrics is the chemical discipline that 
uses mathematical, statist ical and other 
methods employingformal logic 
1. To des(gr1 or select optimal measure­

ment procedures and experiments 

2. To provide maximum relevant chemical 
information by analysing chemical data 

This definition is found in a book by 
Massart et al. 1 and in the NAMICS 
home page. 

I have a problem with the term "for­
mal logic" . Logic is not a property of 
nature. It is a human invention that 
works locally in closed environments. 
Except for the likes of officer Spock 
and Sherlock Holmes, logic should 
have a very low status. 

Something that is missing in the defi­
nition of chemometrics is computer sci­
ence. I have mentioned this on a few 
ea rlier occasions. 2- 4 Chemometrics 
rarely uses analytical solutions or simple 
calculations. Most solutions are iterative 
and all calculations are based on fast 
computation and efficient database man­
agement. Chemometricians are becom-

ing more and more dependent on this. 
Also, visualisation in 3-D and colour is 
playing an increasingly important role. 
The role of communi cation in all 
aspects of life is, of course, also reflected 
in chemometrics . There are different 
names for this phenomenon, but "the 
internet" describes all these aspects fairly 
well. Other parts of chemometrics that 
fall mainly under computer science are 
neural networks and genetic algorithms. 
In Reference 5 our dependence on 
computers is mentioned. 

The chemo part of chemometrics is 
not really well-defined. A possible 
extreme interpretation of the definition 
is that statisticians and mathematicians 
(computer scie nti sts too) can just 
receive data on a diskette and do supe­
rior work. This is, however, not the 
case : fortunately for us. There are a 

I 

-
Renishaw Ran1an Complete Solutions Through Innovation 

Renishaw pic, Transducers Systems Division 
Old Town, Wotton-under-Edge Glos GL12 7DH, UK 
Tel +44 1453 844302 Fax +44 1453 844236 
E-mail: raman@renishaw.co.uk Internet: http://www.renishaw.co.uk 

RENISHAW~ 
The Raman Innovators 

Research Raman Spectrometers 
• spectroscopy, mapping and imaging applications 

• high efficiency and stability 

• microscopy and macro sampling 

Process Control Raman Instruments 
• compact, robust, high efficiency 

• fibre optic and macro sampling 

CCD Cameras 
• ultra low noise, latest in-house technology 

• ideal for spectroscopic and imaging applications 

Diode Lasers 
• 780nm purpose designed for Raman excitation 

• gives low fluorescence Raman spectra 

Applications 
• Raman and photoluminescence spectroscopy 

• semiconductors and superconductors 

• pharmaceuticals, chemicals and polymer science 

• forensic science 

• materials and hard coatings 

• corrosion studies and electrochemistry 

CIRCLE 018 FOR FURTHER INFORMATION 

Spectroscopy Europe 9/4 (1997) © Spectroscopy Europe 1997 31 



I 

-

------TONY DA \ 1IES COLUMN------

number o f situations where th e chemo 
comes in strongly. In the chemometri cs 
literature this is not always emphasised . 
Impressive equations seem to be more 
attrac tive than a chemical interpretation 
and this gives the false id ea th at any 
math em ati c ian or stati sti c ian could 
have do ne a better j ob . They co uld 
have done a better job with the equa­
tio ns, but no t with solving th e cherni­
cal problem . By the way, statisti cians, 
mathematicians and computer scientists 
do excellent work . The fac t that this 
text is about the chemo in chemomet­
ri cs should not be seen as criticism o f 
any other branch of science. 

A classical definiti on o f the chemo in 
chemom etrics is that it refers o nly to 
analytical chemistry. Thi definiti on is 
incomplete, but chemometrics seems to 
have made its more spec ta cular and 
co mm e rc ia l ad va n ces in analy ti cal 
chentistry. There is no harm in looking 
to oth er fi elds o f chemistry to find out 
what more can be done. It would also 
increase the status of chemometrics. 

The res t o f this text contains some 
loose examples in which the chemo is 
superior to mathematical and statistical 
interpretations: 
- rank determinatio n and precision in 

regression analysis 
- situations with outliers 
- situatio ns with missing data 
- fac tor rotation and non-uniqu eness 

in three-way fac tor analysis, the role 
of scaling. 

For rank determination in regression 
analysis , mostly for partial least squares 
(PLS) and principal component regres­
sion (PC R ) models, th ere are a number 
of criteria and tricks for separating the 
meaningful rank from the noisy part of 
the data . C ross- validatio n is very popu-

lar and extremely overrated . There is 
this fal se beli e f th at sin ce th ere is a 
number that can be calculated and that 
this number is " best", this must be the 
truth . One of the reasons for this mis­
belief is that it is easy to write software 
that gives this number auto mati ca lly . 
All other methods of rank determina­
tion require some thinking. This does 
not mean that cross-validatio n is bad , 
just that it should not be used as the 
only method. So what is the chemical 
interpretaci on that should supplement 
cross-validation ' peccral interpretacion 
of loadings is meaningful. Good exam­
pl es ca n b e fo und in M art e n s and 
N a:s 6 What is the chemical interpreta­
tion o f th e many PC R or PLS compo­
nents th at are o ft en nee ded in nea r 
infrared spectroscopy calibratio n? H ere 
th ere is no need to look for a mathe­
matical or stati stical solutio n. The solu­
tion should come from a better under­
standin g of th e chemistry and spec­
troscopy and chis will require a lot o f 
future work. 

More about the chemo in calibration 
follows. When reading calibration liter­
ature it sometim es looks as if eve ry­
body is in a contest to find the lowest 
prediction errors . A few remarks need 
to be made here: 
- N o m a tt e r w ha t Y o u publi sh , 

so meb od y w ill modify th e tec h­
niqu e and find lowe r predi cti o n 
errors . 

- It is not meaningful to find predic­
tion errors chat are lower chan nat­
ural va riabili ry. 

- Most published improvem ents are 
not statistically significant. 

Th e cri c k h ere is to find a good 
expressio n of natural va riabiliry . An y 
predi cti o n error that co mes cl ose or 

fa lls below chat is good enough. This is 
chemi cal common sense. There is also 
the fac t chat predi ctio n error may not 
b e th e o nl y thin g loo ked for. 
Inte rpretaci o n is eq uall y impo rtant. 
This becom es a duali ry . A model chat 
gives good chemical/ physical interpre­
tatio ns may be different and have a di f­
ferent predictio n erro r than o ne chat 
gives good predictions. 

A simple trick that has not been used 
very o ften in regression is that the error 
va riance of the calibration and test sam­
ples should be the sa me. It is easy to 
construct an F- test for this. Even bet­
te r , wo uld be to compare th e hi s­
tograms of calibration residual and test 
residual with a x2-cest, but this requires 
quite a lot of calibratio n and test sam­
ples. See Figure 1 fo r a schematic pre­
sentatio n. 

For missing data, th ere is no unique 
one-size-fits-all solution. There are di f­
ferent situations with patterned and less 
patterned missing data. Missing data are 
too o ften trea ted as if th ey were ran­
do mly distributed over the data array. 
Many statisti cal and mathematical tricks 
are useful but, in some situations, com­
mo n sense and a chemica l interpreta­
tion are needed. One should be aware 
of the patterns and th eir sources. These 
sources may be related to the underly­
ing chemistry. 

The same is true fo r the special kind 
o f miss in g data w here measurements 
end up below the detection lim..it. This 
may seem trivial, but a number of C1c­
to r analys is and o ch er algorithm are 
ve ry se nsiti ve to th e way in w hi ch 
bel ow-de tec tion -lii~it data are report­
ed. Especially w ith no n- lin ea r meth­
ods, th e cho ice o f represe ntati o n of 
below- detec ti o n- limit data is impor-

Near Infrared Spectroscopy on a PC Card 
WORLD'S FIRST AND ONLY NIR SPECTROGRAPH ON A CARD! 

32 

• InGaAs Linear TE Cooled Arrays 
• 900nm to 1 700nm and 11 OOnm to 2200nm 
• Permanent Wavelength Calibration 
• Fiber Optic Input 

A~~JI2!2!£ 
Sentronic Gmbh 
Dresden, Germany 

we have 
solutions 

to your 
problems. 

call us! 

PH 49 351 47 348-653 • Fax 49 351 47 ~48-734 
www.sentronic.de 

• Real Time NIR Analysis 
• Process/Quality Control 
• Industrial Analytical Chemistry 
• Pharmaceutical QC 

CON TROL } 
_L DEVELOPMENT 
Cont rol Development, Inc. 
Indiana, USA 
Ph 1 219 288-7338 • Fax 1 219 288-7339 
www.controldev.com 

CIRCLE 019 FOR FURTHER INFORMATION 

Spectroscop y E uro pe 9/ 4 (1997) 



--TONY DAVIES COLUMN---

Figure 1. The histograms for the residuals from training and test data 
should look very similar. 

tant. They should probably be distrib­
uted randomly betwee n zero and the 
valid detection limit. Chemi cal com­
mo n se nse in interpretin g detec ti on 
limits is be tter th an usin g stand ard 
recipes. 

O utli ers are also ph enomena th at 
should no t be trea ted by mathemati cs 
or statistics. There are hundereds o f sta­
tisti cal recipes fo r detectin g outliers,7 

but unless there is a chemical interpre­
tati on, a mechani ca lly found outli er 
does not make sense . 

O ne o f th e fi e ld s wh ere th e 
"chemo" co m es in ve ry stro ngly is 
environmental chemistry . l was lu cky 
to be on a sabbatical stay at C larkson 
Uni ve rsit y, Po tsdam , N ew Y o rk 
Qan- Jun e 1997). The work that th ey 
do th ere is based o n en viro nm ental 
m eas urem ents, 8- 11 o ft en use d w ith 
two-way and three-way fac tor analysis 
(see Fi gure 2). Here we have so me­
thing interes ting: the data and results 
should be interpreted as mass and ion 
balances. W e also meet another duali ry 
(o r maybe a H eisenberg un certainty 
principl e). N o sca lin g o f th e data is 
co rrect. Fo r io n and mass balances, 
eve ry thin g sh o uld be ex presse d in 
molari ry or nonnali ry . Any scaling that 
takes away no rm ality does no t give 
results leading to a chemical interpreta­
tion. So now we can talk about a 11l1111 -

ber of different scalings: 
- Unit-free (scal ed by th e standard 

deviation) 

/ / / 

X = a, 

v 

b, 

This scaling is "equal opportuniry" . 
With o ut thi s sca lin g trace 
elements/ compounds always end up in 
the residual. 
- Scaled in concentration (ppm, ppb, 

g L- 1 etc) 
Thi s is h ow m os t res ults are 

expressed , and probably the least usefi.J! 
scaling of all. This is also how environ­
mental regulations are expressed. Moles 
are not popular with legislators. 
- Scaled in % or fraction (weight frac-

ti on, volume fra cti o n, mole fra c­
tion?) 

For so me pro bl ems with mi xtures 
this would be correct. Phase diagrams 
in ph ys ica l ch emi stry a re ofte n 
expressed like this. 
- sca led in molarity / no rm ality (but 

unless relatively dilute solutions in a 
we ll-b ehave d neutral so lve nt are 
used, molal.i ry would be better). 

Thi s is th e o nl y co rrec t sca lin g fo r 
interpretations o f io n and mass bal­
ances. 

The scalings influ ence th e analys is. 
They also influ ence the interpretation 
of parameters after the analysis. This is 
an extremely difficult matter, especially 
when many- way data are considered. 
(see Figure 2) 

An o th er interes tin g observa ti o n is 
th at o rth ogo n ality is a bad thin g . 
Concentrati ons and source contribu­
tions are all above zero. Introdu cin g 
o rthogonality fo rces certain va lu es to 
negati ve and that makes no chemica l 

y b. 

+ a, + ... ... 

Figure 2. Three-way factor analysis, here shown as a Parafac decom­
position, allows many scaling types. 
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se nse . A duality develops again. 
Methods with orthogonal factors are 
easily and quickly calculated. They are 
quite unique too. The real models with 
non-negative fac tors are difficult to cal­
cul ate, non-robust, non- unique and 
slow. The secret of getting anything at 
all is a chemical interpretation of the 
results. 

Figure 3 shows an impossible chemi­
cal reaction. This is immediately clear. 
Multivariate analysis with bad scaling 
and a mathematical or statistical inter­
pretation often contains reactions like 
these implicitly. T he complexity of the 
multivariate model effectively hid es 
w hat is really go ing on. Chemical 
interpretation is absolutely necessary in 
order to avoid blunders of this type. 

Chemometrics should never be an 
excuse for bad sampling or sloppy analy-

An impossible chemical reaction 

Na+CI ----+ NaCI 
1 gram + 1 gram 2 grams 

ses. There have been occasions where 
infomution was actually extracted from 
bad data , but by doing the sampling 
correctly and performing the best analy­
sis possible, one gets more robust and 
informative models. This is also part of 
the chemo in chemometrics. 
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