CHAPTER 4
RESULT AND DISCUSSION

4.1 Silhulation Section

4.1.1 Ability of Fac ) W}llﬁcomponent Analysis

tra of p ymponents were generated by using

in real infrared spectra. The
Gaussian peaks wi ities were use to demonstrated
the characteristic ed spectra were shown in

Figure 4.1.
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Figure 4.1 Simulated spectra of five pure components.
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First the three-component system of components 1, 2, and 3 was
studied. The simulated spectra of the mixture at twenty different compositions were
generated and shown in Figure 4.2. By using the rule of five of the number of
calibration sample in calibration set, fifteen samples were used as a calibration

sample. Five testing samples were used for the test. Table 4.1 shows the results
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Table 4.1  Comparison between true value of volume fraction and results obtained

by factor analysis of three-component system.

Mixture | Component | Volume Result from Aactual value -
fracth ctor analysis Calculated value
i i 000 | 971 0.0029
2 -0.0035
3 0 ! 0.0006
2 =3 ( -0.0007
2 A 0.0008
3 b h) -0.0007
3 1 00—t \0! 0.0007
2 ) -0.0007
3 . 50 ' 0.0000
2 1 02000° 1% /.. 0.1989 "0.0011
2 o 0 -0.0025
3 /s 86 0.0014
5 1. A i 0.0022
030 -0.0029
3 : 1993 0.0007
ﬂ‘lJH’J NYNTNYINT

AR A

results obtained by factor analysis of four- and five-component system, respectively.
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Table 4.2 Comparison between true value of volume fraction and results obtained

by factor analysis of four-component system.

Mixture | Component | Volume Result from Aactual value —

fraction ctor analysis Calculated value
1 \ / 004 -0.0004

-0.0003

0 20 -0.0001

0.0007
-0.0024

-0.0004
-0.0003

Bl W N = B NN

ATl 0.0031
1 4000, |, -0.0009
oL

. -0.0003

. ) -0.0002
TES / 981 0.0019

Al W N
.
[
_th
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-0.0014

4 -0.0002

3 ﬂ -0.0003

0.3000 0.2981 0.0019
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07002 "™ -0.0002
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3 0.1000 0.1901 % -0.0001
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Table 4.3 Comparison between true value of volume fraction and results obtained
by factor analysis of five-component system.
Mixture | Component | Volume Result from Aactual value -
fractio ctor analysis Calculated value
1 10931 0.0069
2 0.0044
1 3 0 0.0000
4 8. -0.0028
5 -0.0086
1 v 0.0055
Z 00. 20.0065
2 3 0. 0.0085
4 2000: /) \ -0.0010
5 0.1000~ 1 0.10¢ -0.0065
1 2000 - 1 0.0097
2 _0.1000, 038 -0.0038
3 0. 0.0135
-0.0050
g 4 W 20.0144
1 ¢ 0.1000 o 0.0948 0.0052
. -0.0055
4 Py ]mgm@ 0.0107
4 0.1000 0.1087 70,0087
q 04017 %0017
9 1 0.2000 0.1915 0.0085
2 0.2000 0.2047 -0.0047
5 3 0.2000 0.1869 0.0131
4 0.2000 0.2042 -0.0042
9 0.2000 0.2022 -0.0022
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The quality of the prediction is investigated by the analysis of the following

predicted residual error sum of square (PRESS) and the variance of prediction (s%)
(Appendix C). Table 4.4 shows PRESS and s” of the prediction when factor analysis

was applied to the mixture of three-, four-, and five-component system.

Table 4.4

PRESS and s° of f:

System
Three-compone S 4,‘{1
(component 1, 2 |
Four-component s v m-\!}f;
(component 1, 2, 3, Bl
Five-component syste . =
(component 1, 2, 3, 4, and 5 y m ==
e e A

sis in multicomponent analysis.

X

6.9 X 107

0.0081

From Table m, as the number of component@m the system increases, the

Bl 11111 1131001 DAY
give the higﬂvﬂﬂ i il decreased when the

number of component in the systenfincreases.

ARTANN TN {1AN1a Y
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4.1.2 Effect of Random Error or Noise in Simulated Spectra

In actual measurement there is random error or noise in the data. The
random noise is caused from the measurement of the spectra and the determination of

the concentration of component. The analyses were performed on the simulated

of components 1, 2 and " : 0.4. The simulated spectra
without added noise ang fiulated spectra with arying quantities of added noise

etor analysis were shown in

\
\\ Spen

were shown in Figure 4
Table 4.5.
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Figure 4.3 Simulated spectraof 0.5:0.1 : 0.4 mixture of

components 1, 2, and 3 with added noise.
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Table 4.5 Relative error of the results from factor analysis when applied to simulated
spectrum of 0.5:0.1:0.4 mixture of components 1, 2, and 3 with

added noise.

Component3 | Average

0.4000 #

relative
error

,%P \ 0.3996 0.40
1 0.49 ////‘& \\ 0.4035 1.22
2 0.4 'lt"/ﬁﬁ?\‘{\\\ NS .0.4154 3.75
R/, € o\

m_dﬂ; F

. el
& - N
et

i

Noise Component 1
Level 0.5000

Noise Free 0.49

i .a‘:.;-
The results from Tabl 0 4.5 1at the average relative error is only
0.41 % when noise-free data w were .ﬂc \ ( en the noise was added to the
original data at le . ‘,___________*_:l__;_ﬁ__,,,,,,_ creases to 1.22 % and 3.75

A sult obtained by factor
analysis with high noise does not highly differs ﬁ’o@the original. The average
relative error from thesdata with added noise level 3 is 6.07 %, this shows the

Hiitation ofﬁ W’g %Ejeﬂ;@ew %}n&}eﬂaﬁm condition rarely

occurs in the réél measurement.

QW']a\ﬂﬂ‘ifL! AN Y

%, respectively.
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4.1.3 Effect of Peak Overlap in Simulated Spectra

In a real system, multicomponent infrared spectra always have a peak
overlap that makes the conventional analytical method difficult. Can factor analysis
still be used for this case? This part|
spectra with the ability of f:

u:‘\\‘
The components 6, 7, and aerated as the structures shown in

- | T—
Figure 4.4. They do no _differ’so much ifl peak.width and peak position since they
will be used to demgast =i v .%‘- T ""3 overlap presents in the mixture

xa 1"

'. ied the effect of peak overlap in infrared

spectra. Figure 4.5 il e at volume fraction 0.2: 0.2 :
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Figure 4.4 Simulated spectra of component 6, 7, and 8.



34

0.7

06 [ :\

PR
\
0.5 ! ' 7%

0.4

Absorbance

0.3

0.2

0.1

0.0

100

» overlaps between components 6
and 7 at 15-17 cm™and/Bétween compon {,50-60 cm™. To study the
ability of factor a '-":}r'; /sis when hanc 7 ‘ ﬂ synthetic spectra of the
components 6, 7 anﬁ N fractions that presented the peak
overlap were tested. AQier analyzmg the dig by factor analysxs program, the results
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Table 4.6  Volume fractions of pure component obtained from factor analysis with
spectral overlap. '

Testing  Sample Results obtained by FA Average
No Volume fraction | Componeh Component | Component o
Comp.1: Comp.2 : Co 2 3 Rebiifve
Error
1 0.8:0.1 ;¢ xm"‘ 01015 0.0995 0.71
2 0.2 : 0.3.40" //'yﬂ’& %‘3\ 0.4983 0.43
3 0.6: JI/:’LE&\ ‘\\ 0.1992 0.62
4 0.3:0.3; I/ ).298 \ \\\ 0.3984 0.63
5 l I f!a‘ -l\\\%i\ 0.3978 0.73
» \
‘M:
(a2 ok ‘

The result obtained f fﬁ& % ¢ shown in Table 4.6 indicates that
when factor analysisiis used, peak-overlap problem. i§ minimized. Because factor
analysis monitors th ;‘~—_ y ..'}‘ a particular wavelength,
while the conventionE method uses ] ape o peaksmr the analysis.

ﬂum‘wamwmm
Q‘W’]ﬂ\ﬂﬂimﬂﬂﬂﬂﬁﬂﬂﬂ
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4.1.4 Effect of Nonlinearity in Simulated Spectra

Since factor analysis is applicable under the Beer-Lambert assumption
the linear relationship between the absorbance and the concentration of the sample is

assumed. However, nearly all-actual data from the measurement contain some

components in the system and the non-ideal behavior in the instrument. These cause
the nonlinearities such as-peak shift and band Bieadening. In order to make the data
as realistic as possible 7 :
nonlinear effects we det the| data of  comp nent 1 by deducing every

absorbance value by

[4.1]
[4.2]

where A nonlinearity iS the n alue of the absorbance with the nonlinearity and A is

‘response between a perfectly linear,

—8— 5% nonlinear

—a— 20%nonlinear

Volume fraction

Figure 4.6 The difference in the response between perflectly

linear, 5 % , and 20% nonlinerity added.
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According to Figure 4.7, the absorbance with nonlinearity is
significantly different from the original data at the approximate volume fraction 0.6.
The nonlinearlity data of component 1 was mixed with components 2 and 3 at
volume fractions 0.6, 0.7, and 0.8.

Table 4.7 Results of perfectly linee 7:d nonlinearity in simulated spectra

Mixture | Component t"??';‘f £ g —— Result
: 5% 20%
nonlinearlity nonlinearlity
1 0.7990
0.0995 0.0995
0.1013 0.1014
2 0.6994 0.6992
2 0.1012 0.1013
3 0.1994 0.1995
3 1 0.5978 0.5976
2 0.3029 03031
Y 10.0993 0.0993
4 7] 05027 03029
T 03006 .E]O.2989 02987
3 4| 04000 03984 0.3983 03984
5 0,199, 0.1988
5 1036 ] 4032 | 04034
3 0.4000 978 &N P | 03978
| , 1 '%ﬂ%ﬁ’& 0.1117
T x 0.0064 0.0065 0.0067

The results from Table 4.7 show that the nonlinearity reduces the accuracy of
factor analysis, but do not highly differ from the original data.
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4.1.5 The Improvement of Prediction Quality in Factor Analysis

According to the three rules of the number of calibration sample in

calibration set, when the higher accuracy of the result was required, the number of

calibration sample will be increased. Table 4.8 presents the performance of factor

analysis with three-compo

sample.

—

Table 4.8 Comparison

):ing the different number of calibration

I

L

lue

obtained by factor analysis of

three-compo number of calibration sampie.
PEET A AN
Mixture | Componént | Res imber of calibration samples
Ol;: _ﬂ ::J:. Rule 15 (Rule of 5) 30 (Rule of10)
1 1 o] *;‘,E i 64 0.4971 0.4988
2 4 T -i' 5 0.4035 0.4007
3 0; #E—#_: - 1» 0.0994 0.9995
2 I u’féw' 7 0.1007 0.0988
f=—0.1000 L 0992 0.1001
375 |08 0.8007 0.8002
3 1 = 0.4000 0.3990 0.3993 0.3998
2 ©120.1000 Ay 04007 0.1007
W 0.50 501 }fjp.ﬂoo 0.5005
4 U 1 0.2000 P 0'1984-&. 0-19891; 0.1995
A 7) VI P 7o
q 0.4986 0.4986 0.4900
5 1 0.5000 0.4993 0.4978 0.4990
2 0.3000 0.3043 0.3029 0.3011
3 0.2000 0.1985 0.1993 0.1995
PRESS 0.10171 0.10169 0.10164
s? 0.00645 0.00650 0.00648
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The results from Table 4.8 demonstrate that the prediction quality of
factor analysis increases when the number of calibration samples increases. In
another word, the greater number of samples in calibration set gives the better result.
In real measurement the rule of number of calibration sample in calibration set often
be compromised. Because the more accuracy requires the additional time and budget.

It is nice to have at least an adeq ate er of calibration samples in calibration set

that can provide the acceptah
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4.2  Experimental Section

4.2.1 Determination of 0-, m-, and p-xylene in Ternary Xylene Mixture

Factor analysis was applied to the real mixtures of 0-, m-, and p-xylene.

pure Xylene isomers and twenty

spectra of ternary xylene mixt e we owirifilagures 4.7 and 4.8, respectively.
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Figure 4.7 Infrared spectra of o-, m-, and p-xylene.
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The experi mentally ob pectra were loaded to factor analysis
The first set called calibration

‘-‘"" ous proportions and three

program. Twen , :

set, which conta ned tw
pure xylene spectr: e other set called testing set, ﬁch contained the five spectra
for testing. The resulﬁﬁ five samples obtained by factor analysis were shown in

Table 43 ﬂ‘lJEJ’JVlEJ‘Vl‘ﬁWEJ’]ﬂ‘i
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Table. 4.9 Results of five testing samples obtained from factor analysis program.

Component Mixture No.
1 2 3 4 5
o-xylene
True value 0.5000 [« #1 0.4000 0.3333 0.0000
Found by EFA | 0.4939 5160 52 03238 | 0.0000
Difference. 0.00 0160 —-0.014 0.0005 0.0000
p-xylene - ' N N
True value 0. 0800 0.3333 0.3333
Found by EFA | 0.2 G:6000" | |0, 03651 | 03331
Difference. .00 0.0000 4 1 0:01 0.0082 0.0002
m-xylene i %:..’f: , : A R
True value 0.3 - oS00 0. 0.3333 0.6666
Found by EFA 0.2988 .r.;;zi;f 0.5031 0.3110 0.6669
Difference 0.0012 . 1:9.0160 0031 0.0223 0.0003
PRESS J - |
y i s :
s Llil m

qm AENIVADNT o
ML TR T tatki iglok 1< ]

factor analysis. This could be improved if the nature of physical property of xylene
that affects with the xylene spectra was studied.

The full spectra of mixed xylene contained various spectral regions
that present the different results. The full spectrum of 1:1:1 of o-, m-, and p-xylene

was studied as the example. The figure of 1:1:1 volume fraction of o-, m-, and p-

xylene spectrum was shown in Figure 4.9.
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Table 4.10  Results of the real 1:1:1 mixture of three xylene isomers obtained by

applying factor analysis to various spectral regions.

Spectral Volume fraction obtained by factor analysis
region p-xylene m-xylene
(cm™) 0.3333

2800-3100 0.0470
1750-1950 0.4036

850-1250 0.3240

600-900 0.3229

500-4000 0.3162

aromatic nng There?- '-st the cha S0 p-alene at 795 cm™, m-xylene

at 768 cm™, and o-xylegp at 739 cm™ in this reglon As described in chapter 1, the
conventional dfifrére sﬁ However, this band
presents the deviatio ; ?Je:[ﬂm ﬁw and causes the conventional method
inapp ﬁi ﬂ m 1d solve this
probleﬁ %ﬁ aﬁsﬂﬁu (ﬂﬁes g YL g]i :1 of o-, m-,

and p-xylene by applying least-square method pointed out that this region give the

bad result caused from their narrow band-shape and must apply the baseline fitting

and first derivative to the sample spectra before performed least-squares analysis.

The combination region 1750 1950 cm™ shows bad result because
this region contains low intensity and there may be the effect of poor baseline

correction. For the region of C-H stretching 2800-3100 cm, this region gives the
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poorest results. From the previous study's, it was described that this band is the most
spectral variation in mid-infrared region. This shows the limitation of factor analysis
when applied to the data that presents the great deviation from Beer-Lambert law.

The result from the region of 850-1250 cm™ is shows the poor

accuracy. Haleness and Easterling'® pointed out that this band contains the strong and

AUt Inenineng
IR TN NGNS Y
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4.2.2 Determination of 0-, m-, and p-xylene in Real Mixed Xylene.

The study of the ability of factor analysis being used to determine o-,
m-, and p-xylene in the actual mixed xylene which unknown proportions of three
isomers was performed. In addition, the actual mixed xylene contains three isomers

and other components such as tolue thyl benzene or other aromatic substance

upon the source of mixed xy. of mixed xylene was shown in

25
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gure 4. mdnfrared Sﬁmﬂ of unknown mixed xylene.

ﬂuﬂ’él‘iflﬂ TN

e unknown rmxeck xylene was s‘ggarated into 2 Rarts, one was sent

AR IR ST AT TR Mo e ot v

d; spectroscopy. The 1 ed spectrum of unknown mixed xylene was
measured and recorded as the testing sample. The calibration set was constructed
from fifteen mixed xylene with varying amount of o-, m-, and p- xylene. The results
of 0-, m-, and p- xylene in the unknown mixed xylene obtained by factor analysis
were shown in Table 4.11 compared with the results from GC testing. The detail and
reported result of GC testing are shown in Appendix D.
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Table 4.11 Results of 0-, m-, and p-xylene in mixed xylene obtained from infrared

spectroscopy and GC.
Component Quantitative Analysis Technique
Applied FA to IR Gas Chromatography
- (% weight)
o-xylene 10.9
m-Xylene 3
p-xylene 9.9

of the three isomers is obse ults of both techniques, the

unknown mixed xylene confaing/-: € MOs ’n 0- and p-xylene, respectively.
When the differences between i rest ‘?L om two techniques were considered, they

are approxxmatelyu,h% &Mﬁ& 11 data. This resu _’1 licated the feasibility of

The differenges between the results obtained from two methods should

come m ey S FLHE IS L F I Sene 5 o cormen

problem in factor analysis. In this gxpenment only three 1some£sJof Xylene were

L TN A e
to be censtant. The error also possib mes from numerical method of factor

analysis when the technique is applied to mixture in which some components are
varied. Moreover, there are the variations from unexpected effect in the real mixed
xylene. This clearly indicates that the stability of factor analysis depends on several
factors. As a consequence, the factor analysis should be studied and tested with the
real mixed xylene until the satisfying result is obtained prior to apply with the real

measurement.
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