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Quantitative Analysis by Multivariate Analysis of Spectra.
Quantitative Analysis of Solid Samples by Multivariate Analysis
of X-ray Fluorescence and Infrared Spectra

Masanao TONAN
Tadashi OKADA

Multivariate analysis has been applied to the quantitative analysis of x-ray fluorescence and infrared

spectra. Problems arising from conventional linear regression by one variate were solved by

multivariate analysis and thus a simple and rapid quantitative analysis method of these spectra was

established.

The precision of the bromine contents in flame retardants determined by the multiple linear

regression (MLR) was nearly equal to that obtained by conventional chemical analysis. Comparison

was made for the precision of the fundamental parameter (FP) and MLR methods. Based on the

principal component regression analysis (PCR) of infrared spectra, a simple and rapid analysis method

has been developed for the quantitative determination of the degree of sulfonation in sulfonated

aromatic polymers. The precision of PCR and MLR was compared for multivariate analysis.
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Fig. 1 Structural formula of bromined flame
retardants.

Table 1 XRF instrument and mesurments conditions

Instrument conditions Mesurments conditions

System3080 RIGAKU CO.LTD. X-ray Crystal 20 counting time(sec)
X-ray tube Rh ! BrK., PET 13.90 10
Voltage (kv) 40 BrL. PET 146.50 10
Current(mA) 50 | CIK. e 92.60 100
Path  Vacuum(< 1Pa) | CK,  RX-50 32.60 100
diaphragm (mm) 10 ! Rheom LiF 18.55 100

detector SC(Rhcom)
F-PC(others)

(61)
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Fig. 2 Schematic of halogen analysis in flame
retardants.

*kMesured by ion chromatography.
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Fig. 3 Calibration curve for chlorine in flame
retardants.

Samples are bromine flame retardants.

Chlorine contents were determind by elemental
analysis method.

CIK, intensity are net peak hight subtracted
background.
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Fig. 4 Relationship between Br contents and Br
x-ray fluorescence intensity.

Samples are bromine flame retardants.

Br contents were determined by elemental analysis
method.

XRF-intensity are net peak hight subtracted
background.
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Fig. 5 Relationship between BrK. intensity and
brmine contents in organic matrix.

BrK. intensity was calculated by FP method for
organic matrix. (normalized : Br+C=100wt%)
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Fig. 6 XRF Spectra of flame retardants.
Rh-K. used as incident Xray.
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Fig. 7 Multiple linear regression between
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Fig. 8 Multiple linear regression between
bromine contents and XRF intensities.
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Fig. 9 Comparison of elemental analysis method
and XRF-MLR method for determination
of bromine in flame retardants.

Relative Error are abusolute value.

(XRFMLR) — (EA)
(EA)

Relative Error= |100x
%)

XRFMLR is determination of bromine by XRF-MLR

method.

EA is determination of bromine by elemental

analysis method.
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Table 2 Precision of each analysis method

Method ARE (%) RSD (%)
MR 0.2 0.6
FP(Br-L,) 0.5 0.8
FP(BrK,) 1.3 1.0
“Hmmwmmmwmﬁ ______________________ i

=

Average of relative erorr (ARE)= I

<XRFMLRi—EAiX100>2
EA;
n is number of mesured samples. )
XRFMLR is determination of bromine by MLR method.
EA is determination of bromine by elemental analysis
method.

Fig.10 SEM photograph of bromine flame retardants.
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Fig.11 Determination of degree of sulfonation

from sulfur weight content in sample by
elemental analysis method.

Degree of sulfonation Ds(%) was defined expression
@

Syt is sulfur weight content in sample by elemental
analysis method.

Mw,; and Mw, are molecular weight of Unit-1 and
Unit-2, respectively.
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Fig.12 Determination of degree of sulfonation by
'H-NMR spectrum.

Sk and S, are each net area subtracted background.
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Fig.13 IR spectra of some sulfonated polymers.

Peak intensity of 141lcm™!
degree of sulfonation. Ds is degree of sulfonation
NMR method. Each
normalized by peak intensity of 2924cm™".
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Fig.14 Relationship between degree of sulfonation
determined by conventional methods and

absorbance ratio of 1411lcm™'.

A(1411) and A(2924) are net absorbance of
1411cm™! and 2924cm !
background, respectively.
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Fig.15 IR spectrum of sulfonated polystyrene.

Peak 11 is internal standard peak that is assigned to
the C-H streching

Table 3 Correlation coefficient between principal

components and original explanatory variables

eoxrrl)lgzigiatory variable PC1T PC2 bes
A(699)** —0.787 —0.536 0.098
A(758) —0.705 —0.140 0.645
A(1010) 0.884 —0.431 0.143
A(1039) 0.829 —0.528 0.160
A(1128) 0.598 —0.649 0.086
A(1411) 0.971 0.071 —0.097
A(1453) —0.942 —0.103 0.026
A(1494) —0.984 0.072 0.022
A(1602) —0.542 —0.552 —0.584
A(2851) 0.250 0.926 0.031
Ds (%) *** 0.981  0.063  0.039
Eigenvalues 7.061 2.379 0.833
Proportion (%) 64.2 21.6 7.6

Cumulative proportion 64.2 85.8 93.4

(%)

Thirteen samples data(n=13) used for calculation
of principal component analysis.
*PC1l, PC2 and PC3 are principal components.
**A (i) is the net absorbance of wavenumber i
subtracted background.
***Ds(%) is degree of sulfonation by conventional
methods.
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Table 4 Correlation coefficient between principal
components and selected original explanatory
variables

Original

. PC1* PC 2 PC3
explanatatory variable

A(1411)** 0.988 0.038 0.151
A(1453) —0.975 —0 .260 0.096
A(1494) —0.969 0.240 0.057
Eigenvalues 2.866 0.099 0.035
Proportion (%) 95.5 3.3 1.2
Cumulative proportion 95.5 98.8 100
(%)

Only selected original explanatory variable in
thirteen samples data(n=13) used for calculation of
principal component analysis.
*PC1, PC2 and PC3 are principal components.
**A(i) is the net absobance of wavelength i
subtracted background.

(5) wEEE

RHFRE U CTRBHRIERICHER Lich - 30RH12
RICDWT, FRARLA R 7 b A—FERS BYR ST
(LAFIR-PCREE&EFET) & REELC X B ALK Y
{LEDFERMEL B Lic b D& Fig 17I0RT, 13&A
EDRABIC >V THFOEEBIZR VW —FERLTE
9D, IR-PCRIET ANV K VILENRBIFIERE 5 2 &M
KB Lo ME—, REFETRAA K VALENSEY & 7t -

4 _[ Correlation coefficient=0.984

gt o=
o2
5 &
v
= 1 =
h=)
Q
g 0 . . o od e S
E/ - -——O/@/ I I S—
o 2
[ ¥ /O

3 T_ IS, S,

—4

0 20 40 60 80 100

Ds (%)

Fig.16 Calibration curve of degree of sulfonation
ratio by PCR of first principal score.

Degree of sulfonation Ds{%) was determined by

NMR method except *data.

*Degree of sulfonation Ds(%) was determined by

elemental analysis method.
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Fig.17 Comparison of conventional method and
IR-PCR for determination of degree of
sulfonation in polymers.

Ds(9%) was deternined by conventional method that
is used by NMR method and elemental analysis
method.
*Ds(%) was detemined by elemental analysis
method.
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Table 5 Precision of each analysis method for
determination of degree of sulfonation in
aromatic polymers

Method ~ AREw(%)  AREw(%) RSD(%)
PCR 1.1 3.0 2.9 |
MLR 1.9 2.6 3.7
n .................. 12 ................... 1 3 ................... g ........ ‘
Average of relative erorr(ARE) =~r1-i~ i(mic_%hzmxlﬂﬂ)g

(%) M
n is number of mesured samples.
IR is Ds(%) determined by multiple analysis method of PCR
or MLR. |
CM is Ds(%) determined by conventional method of NMR or
Elemental analysis. ‘

Measure (IR spectra) [
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Multiple linear regression

Principal component regression analysis

Fig.18 Flow diagram of multivariate analysis.
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