CHAPTER 2
THEORETICAL BACKGROUND

2.1 Basic Concept of Fourier Transform Infrared Spectroscopy
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Founer transform infrared (FT-IR) spectroscopy, which has significant advantages

over traditional instrument. FT-IR spectroscopy has improved the quality of infrared
data at the same time and made data collection faster and easier. Additionally, the
computerized nature of FT-IR instrument allows manipulation of the digital data to

obtain information that would be previously remained hidden.



The absorption of infrared radiation is associated with the vibration of
chemical bonds. The absorption spectrum contains a wealth of information about the
elements comprising a material and the structure in which those elements are

bounded.”®

Attenuated total tanc &py utilizes the phenomenon of
total internal reflection (ki . A beam of.sadiation entering a crystal will
undergo total internal g e the ar ple of ineidence at the interface between

the sample and the crys than the critical angle. The critical angle is a

with the ATR crystal, cam %9 nergy at the wavelength where the material

absorbs. The resultant atg ec? f ation measured and plotted as a function of a
o e e 1

wavelength by the spectro mpter and. g ~rise to the absorption spectral

characteristics of the sample.

Figure 2.1 An attenuated total reflectance cell

The crystal used in ATR cell is made from material, which has low solubility
in water and is of very high refractive index. Such material includes zinc selenide

(ZnSe), germanium (Ge), and thallium/iodide complex (KRS-5). Different designs of



ATR cells allow both liquid and solid samples to be examined. The nature of the
technique produces a less intense solvent contribution to the overall infrared

spectrum. Moreover, solvent spectra can be easily subtracted from the sample

spectrum of interest.”
2.3  Multicomponent Analysis | red Spectroscopy

Measuring the con ln@ species in a complex mixture by
infrared spectroscopy ed through-application of the Beer-Lambert law.
The Beer-Lambert e \\\': Q "“-n. between the absorbance and
concentration of an ihgf o escribed that the spectrum of the

mixture is a linear co at) Fthe spectr of ¢ * e components in the mixture.

The absorbsz

component is given by;

to the presence of a single

[2.1]

where:

A isth
K isﬂ absorbance ¢o or that@mponent and wavelength,
C is thesconcentration of the component.
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for the multifile components and n}ultlple wavelengths
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=2 Kw Cc [2.2]
=1
where:
A, is the absorbance at the w™ wavelength,
K is the absorbance coefficient at the w™ wavelength for the cth
component,

C. is the concentration of the ¢™ component,



n is the total number of components.

2.4  Factor Analysis

Factor analysis (FA) is a mathematical technique for interpreting

multidimensional data set. Originally jit, was developed to solve the problems in
e E0L LT %sﬁﬂly used in various areas of

number of component or factor

When facto rated spectroscopy, this technique
assumes that the infg \'\ the Beer-Lambert law. The
spectra of the mixtur: io‘ e individual spectrum of each

2.5.1 Matﬁn a1l Consic and Dafa Organization

- Q

ﬂ ﬂ%ﬂmﬁfﬁconvemem to organize
the data intm In spectroscopy, w er‘l e absorbance spectra of a number of
samples, e % mql ixture matrix.
Factﬁ sﬁlﬁﬁﬁﬁsmj sentrat salues for each
comp(?nent of sample called concentration matrix and the data of pure component

spectra called original data matrix.
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2.5.1.1 Mixture Matrix

Using column-wise organization, the mixture matrix holds

the spectral data. Each spectrum is placed into the absorbance matrix as a column

vector:

[2.3]
where Ay is the absor K : > ample s. If the spectra of 30
samples at 15 differenit wavelengths were measu ach spectrum would be held in
a column vector contaifing' 1 5/absor ' L values ese 30 column vectors would be

assembled into the mixfuire - 15X30 in size (15 rows, 30

columns).

, 32_""
mlm al ) ax@lds the concentration data.

The concentrations of thc components for e@h sample are placed into concentration

e FUHI NN TNEING
ol \‘iﬂ‘iwm’l’liﬂmﬂﬂ

Ccl Cc2 Cc3 - Ccs

J

where C. is the concentration of the ¢t component of sample s. If there are the
concentration of 4 components in each of the 30 samples, the concentration for each

sample would be held in a column vector containing 4 concentration values. The
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total sum of 4 concentration values equal to 1. These 30 column vectors would be

assembled into a concentration matrix, which would be 4X30 in size (4 rows, 30

columns).
2.5.1.3 Original Data Matrix
The o ure component matrix holds the
speatral data of each compoi tthat pla bsorbance matrix as a column
—————
vector:

[2.5]

where Sy is the absorbance at ‘_ th of component s. If 3 components

are measured at 15 i e of €ach component would be

.

held in a column vé ctor containing 15 ab: 5. These 3 column vectors
would be assembled into ai ch would be 15X3 in size (15

. 3 col !
rows, 3 columns) ¢a o

QHEANBNINEINT
AR AAINUNUITNIALL,,...

given by the sum of the increments of individual components. According to the Beer-
Lambert law from Equation [2.1] for absorption spectroscopy and the analogous
relation of matrix multiplication, the increment of mixture spectral intensity is given
by the product of the molar coefficient (generally of the pure component spectrum)

and the concentration of the components:
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n
aws = 2 Swe Ces [2.6]
ko

where ays is the W™ element of the spectral data matrix of the s™ mixture in the
spectral matrix, Sy is the w" point of the spectrum of the c™ component, and C¢

’; a matrix form, Equation [2.6] can be

is the concentration of the ¢

rewritten as:
[2.7]
This e ' flie key step in fe alysis. First, an experimental
data is conversed into afnixtufe matrix. This n R be mathematically obtained

from the original rix, which also relates to

significant physical para
2.6  Principal Compc

Principal cem st siep of factor analysis. PCA is
a feasible appro [ to-determine the | nponents in the mixture. To
determine the n r O ) Xturé, which contains the same
component by varylng composition, the spectra of various compositions of the

e A TV g e

in matrix A

AN ANNINNRANLAY

wavenumber mix.] mix.2 mix.3 mix.4

~ N
800 cm™ 0.1189 0.1955 0.3183 0.2569

A = 805 cm™! 0.4252 0.8749 1.0508 0.9628 [2.8]
810 cm™! 0.3988 0.8371 0.9772 0.9071

815cm™ | 0.1833 0.3787 04521 0.4154
N J
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The matrix of the mixture spectra data is not directly factor analyzable. Instead, a -
square symmetrical matrix, Z ,(also called the scatter matrix) is constructed:

Z=ATA [2.9]

Eigen analysis of the scatter matri

rrmnes an eigenvector matrix, L, which
diagonalizes Z:

[2.10]

where [A] is a diagon: i / Tlic/eiges ) ‘required to be orthonormal:
[2.11]

where I is the identity m > oy b f" of non lement in diagonal elements

Evolving fact: alcu atioﬂ'nethod in factor analysis.

EFA is also used for «etermining the mixture composition and to isolate the

compmet o AR MABTIE 1113

EFA précedure starts from ‘g mixture matnx which con51sts of m row, n

¥ ORIV A e
this subqet are fo anew o ed by adding a spec mixture.

The eigenvalue is calculated for every spectral subset. The increment of the number
of the mixtures increases the number of the obtained forward eigenvalues (A); of this
forward EFA. The backward EFA uses the same procedure but starts with the last
two mixture spectra and add the next spectrum up to the first spectrum in the mixture
spectra is added, the backward eigenvalues (L), are then obtained The eigenvalue
sets for both forward (A)r and backward (1), are plotted together as a function of the
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evolutionary variable. The concentration profiles of the k™ component found as the
boundary of the region under the curves of the forward and backward eigenvalues

and they are shown in Figure 2.2.
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2.8  Simple I(‘l_’}k" Regression

y EFA aﬁ usually relatively rough. The
iterative procedure called simple linear gegression (SLR) will be applied for their

unprovemeﬂ uxﬂ ’gm‘iqdﬁ%q %W@ '&}ﬂ iroﬁle The individual

components ‘ate normalized and agranged into rows of the matrlx C* and the spectra

°f“3WﬁWTT?WWﬂ“JW€Tﬂ°EJ

S*=AC* (C*Cc*)! [2.12]

The concentration profiles

Physically incorrect negative values in the matrix S* are set equal to zero, and matrix

S* thus corrected is used to calculate the new concentration matrix:

C*=(S*TS)'s*TA [2.13]
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Any negative values in the elements of the matrix C* are set equal to zero, the rows
of matrix C* are normalized to the matrix C and iteration is repeated from Equations

[2.12] and [2.13] until convergence is achieved.'

Aug NN

SRRl R G

Figure 2.3  Key steps in Factor Analysis
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2.9  Applying Factor Analysis for Quantitative Analysis of Multicomponent
Mixture by Infrared Spectroscopy

When factor analysis is applied for quantitative analysis of multicomponent
mixture by infrared spectroscopy, there are many problems to be considered for

making the analysis successful.

of the aceuracy of the result from factor
analysis is based on mixture d ata matrix. The mixture data
matrix is separated into #Wwo Sets . nd sample set. The calibration
set contains the data®f thé mixgre y - 3 us p " tions of all components and the
data of pure component cofisi . 118 \ improvement in the accuracy
of a concentration valdes fcaft in majc improvement in the analytical

performance of the calibration ope ) that calibration set.

G i o
TR

There,are thifée Tules of fiumber of Xperimental data in the calibration

set that based on the fitmber o

¢ a N
ﬂymﬂmxwm of sample should be
normally attempted to prepare. It says “Use three times the number of component in
2 t3] > '; : ¢
e A T A I YT e TN e
samp 3 X d e iofy'set./ This i dw ing preliminary

or exploratory work.

2. The rule of Five is a better guide for the minimum number of
sample to use. It says “Use five times the number of component in the mixture”. This
rule allows enough samples to reasonably represent all possible combinations of
concentration values for a three-component system increase, the number of sample

should be use for systems with large numbers of components.



17

3. The rule of Tenis better still “Use ten timesthe number of
component in sample”. This rule will usually be able to create a solid calibration for

typical applications.

2.10 Literature Review

There are several fi ‘ metrics, which have been used for

quantitative analysis of i alytical techniques.

Haaland | crved i nteraction spectrum when the
" from | of a mixture. They also
applied the weighted deas res :,j?" on. b “using baseline adjusted to peak

Lesia et al.'” uSed/two : ques, least-squares fitting and

cross-correlation for three coﬁjpfgﬁen analysi nfrared absorption spectroscopy.

The research was studied uggm effect of peak width variations in degree of peak
overlap and mgnahg—nmae ratio. e that both least-squares and
cross-correlation ean be used deviation. The comparison of
the result showed ﬂg the réu wﬂ better than that from cross-

correlation.

ﬂ‘lJﬂ’WIEJW‘i’WS’]ﬂ‘ﬁ

Chan %hd Compton'® studked the quantltatlve infrared a&yysis by using the

pnnﬂlmﬁ ?ﬁ fﬁ‘lf? dﬁl}ﬂ' ) method. The
systems of two- ee-component ene were used to study the performance of

both methods.

Factor analysis method was studied to solve the problem in quantitative
analysis of the raman spectra of weakly interacting component by Sasic et al.!®
Target factor analysis (TFA) and evolving factor analysis (EFA) were applied to the

raman spectra of dichloromethane, 1,2-dichloroethane, and carbon tetrachloride. The
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results demonstrated the concentrations of substances with low intense bands are

successfully determined. However, the result obtained from EFA is better than that
from TFA. .

AUEINENINYINS
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