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Evaluation of spectra

Infrared spectroscopy is an extremely efficient analytical method
due to modest operating expenditure. The analytical results are
provided within a short period of time without the need of
extensive sample preparation. In particular, infrared
spectroscopy provides data which can be evaluated by gquantity
as well as by guality. The following will describe the gualitative
and guantitative evaluation of acquired spectra.

Aualitative evaluation of spectra

1. ldentify an unknown substance
2. Check the identification of a known substance

Auantitative evaluation of spectra

Tutorial "Evaluation of Spectra”
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Identify an unknown substance

a) Structural determination by interpreting spectra

A functional group within a maolecule is considered as a harmonic oscillator (see vibration theory) which in a first approximation vibrates without
being affected by the rest of the molecule. This results in the fact that a particular functional group shows IR absorption bands within

characteristic spectral ranges: this is called group vibrations.

This fact serves as the basis for spectral interpretation, whereby the position, (relative) intensity and half-width of a band decide whether a band

can be assigned to a specific structural group.

i NAY T g ﬂﬂ W
|| { " | ’\
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E:: m

4000 3800 3000 25000 2000 1500 1000 500
Wavenumber cme! I

blany functional groups of organic molecules show characteristic vibrations
corresponding to absarption bands within defined ranges of the IR spectrum.
These molecular vibrations are mainly restricted to the functional group and do
nat affect the remaining malecule, i.e. such functional groups can be identified by
their absorption band.

This circumstance, apart from a straightforeeard acquisition technigue, makes IR
spectroscopy to be one of the simplest, fastest and most reliable methods when
assighing a substance to its specific class of compounds. The position and
intensity of the absorption bands are extrermely specific in the case of a pure
substance. This enables the IR spectrum, similar to the huran fingerprint, to be
used as a highly characteristic feature for identification.

Tutorial "Evaluation of Spectra” t@
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Identify an unknown substance

t.) Comparing with spectral libraries (;u. e
Besides basic spectral interpretation, various comprehensive digital
spectral libraries have been compiled according to different chermical ]
clagses and groups of substance. These are provided, for example, by : .-h [l M}j\%
s ; : e %
cofmpanies Ilk_e Br_uker and_SadtIer. Apart from wnrkmg leth existing : B N ‘\\“" ] Am) --“]-Ils.\_l‘
spectral libraries, it iz possible to create your own libraries using Lo T e e R =
madern spectroscopic software see OPUS/SEARCH. Different spectra ] < J|
regarding the number of bands and half-width, may require different | ot 5
search algorithms. Therefore, OPUS/SEARCH has the flexibility in e 2 el
providing various search options. ol (:j/ "o [ S5 -—él
e [ 1
i: :xsnmnslm e 'I |II|
f AR |‘
Eﬁ‘fgmmum A I 1 | |J
sk, (] I ly
d ﬂ"-'?“.ﬂ'lm:“": Ld L] - ] . - - sl
[ e a
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Check the identity of a known substance

Infrared spectroscopy is a perect analytical tool for quality contral. It gives
the answer to the following question: "D oes the guality of the raw material
delivered to the receiving department comply with the specifications?" The
underlying concept is very easy:

identical material = identical IR spectrum

The identification is done by comparing measured spectra with

reference spectra already saved. The method is based upon the The same type of 0il? Test it maving the mouse-
following considerations: pointer above the two samples...

chemically different materials result in different spectra
real spectral differences exceed the reproducibility of repeated measurements

reference samples represent the expected sample variations caused by supplier,
batch, seasaon, purity, grain size etc.

Tutorial "Evaluation of Spectra”
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Reference library structure

It is important to note that the reference samples can vary to a certain degree, a circumstance that is experienced within quality control every day.
The spectrum of the material to be identified is compared with the reference sample by means of a valid tolerance previously defined. How to create a

reference library and to compare spectra will be described in the following.

2.} Calculate average spectrum & 3.) Library structure & validation

1.) Measure reference
threshold values

sample

Absorbance
Absorbance
)

Wavenumber cm-1

Wavenumber cm-1

Tutorial "Evaluation of Spectra”
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Identifying new samples

It is important to note that the reference samples can vary to a certain degree, a circumstance that is experienced within quality control every day.
The spectrum of the material to be identified is compared with the reference sample by means of a valid tolerance previously defined. How to create a
reference library and to compare spectra will be described in the following.

1.} Measure new samples 2.) Compare with library 3.} ldentify material

Tutorial "Evaluation of Spectra”
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Comparing spectra

1.0

Basically, to compare ane spectrum with a reference library, the spectral
distance between two spectra is calculated, which also defines the similarity
between these two spectra. There are several algorithms available to quantify
the spectral distance. Depending on the substance (or spectrum) and
considering your type of problem you have to select the most suitable
comparison method. The following describes the calculation of the Euclidean
distance and the comparison by factor analysis.

Salicylic acid

Y

The Euclidean distance is the surm of all single differences when comparing two
spectra point by point, i.e. the difference between two spectra is reduced to one

Absorbance
—lrue 0.8

single numerical value. The Euclidean distance can be used very well as the o f

measured value when comparing spectra. However, the size of this numerical S e Q f

value is not standardized and has always to be considered as a relative value. T T T T

Generally, this method can be used far all kinds of spectra 12000 10000 8000 600D 4000
Wavenumber cm-1

1.} Euclidean distance

Comparing spectra " point by point” Etj\’

\/Z Eampls[}‘ } Hefgmnce{f}‘t}}z

AL Absorbance walue at wawvelength A
1,2....i: Data points within the zelected spactral range
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Comparing spectra

2.) Factor analysis

Factor analysis is a variance analysis which is widely used as a general statistical
method to analyze data. It is based on the search of differences (variances) within the

reference data record. Factor analysis is also called principal component analysis, PCA,

The main features comprise:
orthogaonal data transfarmation
substantial data compression: represents the data

record by only a few latent variables

Advantages of factor analysis:
data compression

reduces considerably noise components

Tutorial "Evaluation of Spectra”

Factor analysis
1. The factor loading collects the largest part of the variance
in the data recard
2.1 The factor loading collects the largest part of the remaining
wariance

and =0 on ..
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Quantitative evaluation of spectra

The basic principle for guantitative evaluation in optical spectroscopy as well as in IR
spectroscopy is the Bouguer-Lambert-Beer Law which had already been defined in
1852. Quantitative determinations by means of IR spectroscopy are preferably
performed in solution. Transmission T of @ sample is defined as:

T=11l,

la is the intensity of the incident light beam, | is the intensity of the light
beam leaving the sample.

The percentage transmission (%T) is 100 =T. E

YWhen traversing the measurement cell, the light intensity decreases exponentially:
I=l,sexp(-e+c+b)
YWhere = is the molar absorption coefficient {in L mal-1 cm-1), ¢ is the sample concentration {in mol L-1) and b the thickness of the

measurement cell (in cm). The absorption coefficient = is a value which depends on either the wavelength or the wavenumber, which is typical
for the compound analyzed. From the equation above, it follows that:

log(lll)=-e*ce*b A=log(ly Il)=€=+ceb

where A is the absaorbance. Because of the Bouguer-Lamben-Beer Law, the relationship between absorbance and concentration of the
absorbing substance is a linear function.
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