
���������� �� 	 
	��� ���	��� 
�����
�
 
� ��	������	���

������
����� �������� 	�� ���������	���� �� �������	�
�	�	

Paul Geladi* and Jennie Forsström†
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Figure 1. Three-way data set of 11 batches� 40 times� 1050 wavelengths.
PARAFAC decomposes the array into A-loadings, B-loadings and C-loadings. A
pseudorank = 3 solution is shown here. The A-loadings explain differences between
the batches, the B-loadings can be interpreted as time profiles and the C-loadings
can be interpreted as spectra.
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Table I. Chemicals used and amounts
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Table II. Experimental design used (32� 2 center points).
Reactant ratio is given as mole acetic acid/mol isoamyl alcohol.
Catalyst is given in grams added. The experiments with* form a
Koshal design. No separate response is measured. The

responses are taken from the PARAFAC loadings
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Table III. Pure components and mixtures measured. Six
replicates were used to form mean spectra

��'�������� �&�� �
&&��

�FEF G��"���

�9E��D—�D�E8 7����

�9E��D—�D�E85�FEF 7����5
��"���

�E8�D—DE ����

�E8�D—DE5�FEF ����5
��"���

�9E��DE �&����&

�9E��DE5�FEF �&����&5
��"���

��
����� '�(���� A�(����

��
����� '�(����5�FEF A�(����5
��"���

E�D -
���

Figure 2. Score plot of first and second normalized scores of
440� 1050 mean-centered data matrix. A clear block effect
separating early (1–5) and late (6–11) batches is seen in the huge
first component.
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Figure 3. First loading of mean-centered 440� 1050 matrix. A spectral
interpretation of this loading indicates what went wrong to cause the block
effect. It is therefore called ‘block’ loading.

Figure 4. Dendrogram of pure chemicals and mixtures in Table III and ‘block’
loading. The dendrogram was calculated on the 11 PCA scores by the k-
means method.
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Figure 5. Reduced 32 design or three-level two-factor Koshal
design. The amount of catalyst is flipped compared to the designs
given in the literature.

Figure 6. MSC-corrected, Savitzky–Golay first-derivative spectra of one batch.
The wavelength regions 400–550 and 2100–2500 nm showed only baseline
and noise and were removed.

Table IV. Results of PARAFAC model for 6� 40� 776 array as
sums of squares (SS)
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Table V. Analysis of reduced 32 design with four PARAFAC A-
loadings as responses. Values with # indicate a model without
interaction term.* means 95% confidence interval;** means 99%

confidence interval
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Figure 7. Loading plot of a2 and a3 showing effect of amount of
catalyst and reagent ratio. Each point in the plot shows a run in
the design as molar ratio/amount of catalyst. Arrows
approximately show important directions in the plot: increasing
reagent ratio and (less pronounced, but present) increasing
amount of catalyst.
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Figure 8. Score plot t2 against t1 for 14� 776 matrix with pure
components and mixtures of Table III and four C-loadings.
Because of the orthogonality of the scores and the similarity of
the eigenvalues, the plot is approximately Euclidean and
distances can be interpreted as such.

Figure 9. Line plot of c2 loading. Some identified regions are indicated.
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Figure 10. B-loadings in a line plot.

Figure 11. Scatter plot of b1 and b3. Some important times are
indicated.

��������� � ���� ���� -�&�� B !���* C��+ �� 
�������
��� ����� 56; 8��$88:

A��������� � 
 

��� ���
��� ��������� 88>



��� ������� �� ��� ������� �
���* ��� ��  ������ 
������

'���&� '
� 
���'� �&�
���+

"�!������������

3�� 
������ ���&� &�#� �� ��
�# �
K� ������� .='�
0

=���������* ���'����� <���/  �� ��&���� ���� ��� ��������

'����* ����� �0 
��� .N
��&���#
 )��������* <��� � �&����
&

�������/  �� ��&���� ���� ��� �
&��&
�����* 
�� 	�����#

�&'6���� .='�
0 =���������* ���'����� <���/  �� 
����� ��

���
��� ���������+

�1&1�1�'1.

�+ %�&
�� � 
�� �0 
��� �+ 3������
� '���&��� � 
 

���
���
��� ��������� ������� '�������� 
� ��
� �� �
���
������������+ �� ��� �����
���� ����� ?; �$�+

�+ !'�&�� �+ ��''���� �� �������
� 
�
&���� ����  ��


��� ������� �
�
+ �� 
�������
��� ����� 5<; ��$�>+

8+ %�&
�� �+ ��
&���� � '�&����
� .'�&���'���/ �
�
+

�������
��� ������� ���� ����� ��:�� =; ��$8�+

�+ !'�&�� �+ 3������
� 
�
&����+ ���
&�'� 
�� ���������+

�������
��� ������� ���� ����� ����� 5<; ��8$�9>+

9+ G�� �+ ����	��; ������
& 
�� 
��&��
�����+ 
�����
���
��� ������� ���� ����� ���>� 9>; ���$�>�+

F+ C
� E* !����� �* E
���� � 
�� A�<��
&� � .���/+
�����
�� ������� ��
 �	�������  ��� !�������+ ��
����;
,�� T��#* ,T* ��:�+

>+ ����� � 
�� G�&
��� ! .���/+ �	���"��  ��� !�������+
,�����E�&&
��; �'�����
'* ��:�+

:+ ��������� � 
�� G�� � .���/+ !����
& �����+ A�&���
�

�
&����+ �� 
�������
��� ����� 5;; ��8$88�+

�+ �&&���� ,* G����� �* G����
�� < 
�� �������( �+
��
�
������
���� � 

�&�� ��
�� ��'
���� ���� '
&� 
�
�������
�  
���� 
�
&���� � ��
� �� �
��� ������
+ �� ���
�����
���� ���>� <; �9>$�FF+

��+ D�
���� G* 	�
�� 3 
�� E���&� �+ #
������� ��� �����
��
����� "��� !����������� �� $��� ��� %�&�
�'� !������� .���
���/+ C���'
� !������S� 
�� 3������
&; C�����* ���8+

��+ G���� < 
�� ����"
# 7 .���/+ (������� �� ���
����
�
��
!�������+ A
���& <�##��; ,�� T��#* ,T* ����+

��+ %�&
�� �* A
�<���
&& < 
�� A
����� E+ C���
��"
����

�� ��
���� ����������  �� ��
���� �
��� ��U���
���
������
 � '�
�+ !���� �����
���� ��:9� 9?; ���$9��+

�8+ !
���"#� � 
�� %�&
� A+ !'������� 
�� ��  ������
����
� �
�
 
� ��'�&�S�� &�
�� �6�
��� ����������+ !����

���� ��F�� 96; �F�>$�F8�+

��+ E��#��� <+ <����
����� �� ������������+ ���
 ���
�
��
!������� ����� ); �$�8+

�9+ !�&�'��� %+ $	���������� �� )
'���� 
������
� .��� ���/+
-�&��; ,�� T��#* ,T* ��:F+

�F+ 	�������K' �+ )������ ������
��' �� ��� ����
�*������ �� ������
���� "��� �������������� 	���' ���
 ���
�
�� �����
������ ���
�	����"�� ��������+ +��� ����
�* ='�
0 =���������* ����+

�>+ 	�( A 
�� -������&& �+ )
'���� 
������
�+ ����� 
��
G
��&���; G�����* A�* ����+

�:+ �0 
��� �+�	����"�� &��	��������� �� ��� ��� ��������������
���� 	���' #!�!$!
+ +��� ����
�* ='�
0 =���������*
����+

��+ %�'���&��� �* A���&&�� L 
�� !���
�� <+ !� ��
��
������; L�����* �� 
�������
��� ����� 5;; ��$���+

��+ �!,�!% -�
���� .�/ ��
 ���)�+ A
�����#�; ,
���#* A�*
����+

��+ -��� G 
�� %
&&
���� ,+ #���,������ /�0 ��
 1�� "���
�!,�!%+ 7���������� ����
���; A
����* -�* ���:+

��+ A����� � 
�� A�����'��� <+ �������� �	
���� ���������
�'�� #
����� ��� #
��	�� )�����2����� 1���'  ���'���
+���
������+ -�&��; ,�� T��#* ,T* ���9+

�8+ %����� !* -��������� �* G�4&�'
 ! 
�� !'�&�� �+
A���&&��� � ������������� ������� �
�
 ����� ����
'���&� �� ��������
�� �(����
& �� ��'
����* �� 
�����
���
��� ����� 5<; ���$���+

��������� � ���� ���� -�&�� B !���* C��+ �� 
�������
��� ����� 56; 8��$88:

88: �+ %�&
�� 
�� �+ 	�������K'


	mk1

