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Figure 1. Averaged recorded pure spectra of reactant and product.
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Figure 2. A. Imposed spectra of reactant without shape differences (full line), with realistic shape differences (dotted line) and with large
shape differences (broken line). B. Differences between imposed pure spectrum without shape differences and imposed pure spectra
with realistic shape differences (dotted line) and large shape differences (broken line).

Figure 3. A. Imposed spectra of product without shape differences (full line), with realistic shape differences (dotted line) and with large
shape differences (broken line). B. Differences between imposed pure spectrum without shape differences and imposed pure spectra with
realistic shape differences (dotted line) and large shape differences (broken line).
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Figure 4. Individual reaction rate constant estimates using CCR.

Figure 5. Difference spectra obtained for reactant and product using one individual batch.
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Table I. Simulation results for different constraints (constr.) in the case of perfect a priori knowledge and two different noise levels. The
relative error is indicated between parentheses in the columns of the accuracies
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Table II. Simulation results for different constraints (constr.) in the case of imperfect a priori knowledge and two different noise levels.
Noise has been added to the pure spectra in the case of the use of constraints. The relative error is indicated between parentheses in the

columns of the accuracies
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Table III. Simulation results for different constraints (constr.) in the case of imperfect a priori knowledge and two different noise levels.
Realistic (r) or large (l) shape differences have been introduced in the pure spectra in the case of the use of constraints. The relative error

is indicated between parentheses in the columns of the accuracies
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Figure 6. Spectral residuals of one individual batch process using unconstrained CCR.
The spectral residuals have been plotted using an interval of 10 residual spectra.

4��
��/�� � ���� D��� A���
 E '���+ <��( �� ����	������� ����
 68@ �$#��

4�����	���� ��	�� �.�	��� �����	���� �! ��	����� �	�� �����	��� 76



��	����� �	�� �����	��� 	�� 	��� ������� �� ��� �	�� !�/��� 	�

	������8�( :� �� ������� ��	� 	����9��	���
 ��� ��	� �������

�	� ���� !���� �� ���� �	���( 0�� ������� ����� �� 5�/���� 6�

	�� 6) 	�� ��!!�����+ ���	��� �� ��� �	�� �! ������	��� ��<'+

�	��� �! ��� ������������� �! ��� ���	� ����� ���!	�� 	�� ���

	���������( 0��� �	� ��	� �� 	 �	�/� ��	� �! ��	����� �	��

�����	�� �����	��� �! ��/	���� 	�����	���� 	�� ������� �� ���

������	� �	�	( 0��� �����  ��� ��	
 	 ���� �����	�� ���� �! ���

����� ����� �! ��� ������	� �	�	 �� �����	���(

'�"�,� -
�%������ !	� 
���& �	���������
5��� ��� �9��������� 	�� �����	�����+ /��������� �	� ��

!�����	��� !�� ����/ ������	����  ��� ������� �� ��� 	����	�


�! ��	����� �	�� �����	�� �����	��� �	��� !�� ��� 8������

�
���� ��������� �� ���� �	���( :! ��� ��	����� ������	

����	�� �� ���	� ��/���� �� ��� ���� ���������  ���� ���
 ���

������� �� �����	���
 ������� &�� ����������
 �� ��� ����

���������, 	�� ��� .�	���
 �! ��� ������	���� �� ��/�+ �� ��

����������� �� ��� ����� ������	����( 0��� ����� ������	��


�! ��� ��	����/ 	�������/ ������� �	�� 	 ���� ������	�

����������
 �� ���  	�����/�� ���������( :! ��� ��	�����

������	 ����	�� ���	� ��/���� �� ��� ���� ���������  ���� ���


��� ������� �� �����	���
 ������� &����������
 �� ��� ����

���������,+ �� �� ������ �� ��� ��������	���� ������ ���� ��

��� �	�� �! 	 �� ����������
 �� ���  	�����/�� ��������� !��

���� �������(

0	��� :� /���� 	 /����	� �������  ���� �	
 /���� ���

	�����	���� �! ������	���� �� 44� !�� 	 �	�/� ������	� �����	�

�! ��� ��	��	�� 	�� ������� �������( 0�� ��������� ���� �� ���

	����	�
 �! ��	����� �	�� �����	�� �����	���( 5�� ��� 8������

�
���� ���������� �� ���� �	���+ ��� ��	��	�� �� ��� �����	��

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

�����	�� ������� �� ��� ���� ���������( � �	�/� �����	� ��

������� ��� ��� ��� ���� ������	 �! ��� ��	��	�� 	��

�������( 0	��� :� ����	��>�� ��� !���� ��/ �������(

�( 4������� ��� ���!��� � ���	�� 8�� ���/� �	�� !��� 0	��� :�

&��� 	��� 0	��� :, !�� ��� �����	�� ������� �� ��� ����

��������� &��	��	��,( :� �� ���!�� �� 	���
 ������	����

���������/ ���� �������+ ���	��� 	 /	�� �� 	����	�
 �!

��	����� �	�� �����	�� �����	��� �� ���	���� �! ������	��� �

�� ������	��� �= �� �����������( :� ��� �	�� �! ��� ����

�����	�� ������� �� ��� ���� ��������� &�������, �� �� ���


���!�� �� ��������� ������	���� ���������/ ���� �������

&������	��� = �� ������	��� �=,(

�( 5�� ��� �����	�� ������� �� �� ���
 �	��!�� �� 	���


������	���� !�� ��� �����!��� � ���	�� 8�� ���/� &�����,

�	�� &��� 	��� 0	��� ::,( 5�� ��� ���������	�� ������� �� ��

��������� ���!�� �� 	���
 �����!��� ������	����(

7( 5�� ��	������ ��	�� ��!!������� &��� 	��� 0	��� :::, �� ��

���!�� �� 	���
 ������	���� !�� ���� �
��� �! �������

&������	��� �+ ������	��� �=+ ������	��� =,+ ������	��
 !��

��� ���������	�� ������� &������	��� �= 	�� ������	���

=,(

�( :� ��� �	�� �! �	�/� ��	�� ��!!������� &��� 	��� 0	��� :::,

������� �� ������� ���� ������	 �� �� ��� ���!�� �� 	���


������	���� 	� 	��( F� ����+ !�� 	 ��/� ����� ����� 	�� ���

���������	�� ������� �� �� ��������� ���!�� �� 	���


������	��� = �� ��� �	�� �! �	�/� ��	�� ��!!�������(

:� ��	�����+ ���!��� � ���	�� 8�� ���/� �� ����� 	�	��	���(

Figure 7. Contour plots of sum of squares of spectral residuals obtained using a simulated data
set and a grid of k1 and k2 values. The reaction rate constant estimates found in these particular
cases are indicated by asterisks.

Table IV. Overview of the use of constraints with respect to the accuracy of reaction rate constant estimates in the case of the presence of
a dominant or a non-dominant species in the time direction and a large spectral overlap of this species with another species present: very

useful (��), useful (�), sometimes useful (�/�), harmful (�), very harmful (��)
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