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Radical-induced oxidations (method 1)
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Radical-induced oxidations (method 2)
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Figure 1. Structures of investigated carotenoids.
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Table 1. Second-order rate constants kq for
quenching of singlet oxygen in C2H5OH/CHCl3/D2O
(50:50:1 v/v/v) at 37°C, and ��* absorptions
(CHCl3; maximum and second vibronic transition)
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Figure 2. Plot of singlet oxygen-quenching constant log(kq) versus singlet
excitation energy for the S0 → S2 transition of carotenoids. A tentative
abscissa is given for the predominantly unknown triplet energies; the E(T)
value of �-carotene25 was used for adjustment. From the slope of the onset,
�log(kq)/�E =�1/2.303RT, it can be concluded that there is a
proportionality of E(T) to E(S).
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Figure 3. Dependence of rate of
oxygen consumption on carotenoid
concentration and partial pressure of
oxygen for two selected carotenoids,
(a) �-carotene 1b and (b) astaxanthin
3b.
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Figure 4. (a) Peroxide formation of
pure methyl linoleate and in the
presence of antioxidants (50%
astaxanthin means that the standard
concentration 7.7�10�4

M is lowered
by 50%). (b) Normalised (with respect
to actinioerythrol=1) rates of oxidation
at p(O2)=200mbar (150Torr). The
rates of oxidation are extracted from
the experimental 200mbar graphs by
taking the intersection point with a
vertical line at 7.7�10�4

M.
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Figure 6. Simulated oxidation rates of
�-carotene for different oxygen partial
pressures and different carotenoid
concentrations using the reaction
sequence in Fig 5. These simulations
may be compared with (b) the
experimental oxidation rates of pure �-
carotene in chlorobenzene/AMVN.

Figure 5. Reaction sequence used not only to explain the formation of the
various products (epoxides, carbonyl compounds) but also to obtain an
already quite reasonable fit to our experimental results (see Fig 6).

*�%
�� ��� ����� ����� ������� �� �� �� ���� ����

������

8� :�� � ����� ���� �� ���� �� ������� ��� ��������

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

�������� �! ���������� 0����
 ��� ���
��� 5�������

����� �������� � 3� I������ ��� 3� =������

4������� (�������� �! '�������� ��� 8�������
�

?����������
� �3� G'51� (� ���� ���������� ���

�!������� �������� ��#����� 07�
 *1 �� ����� (� �� ���

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

�������� 0��������� ������� ���������1� ��� ����


���� �� ������ #���� ���������� :� �� ��� �������

������ ������� 0��� 7�
 �1�

8�� ����� �������� 0 ��
�
1 �������� !�� ��� �!:�����

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

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

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

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

����� ((( ����������� ������� ������������� ���������

������ ����������� ��� ���������� �!:��� �! �������

�������� 4� ��� �������������� 0��� "�"���������
���������� �! 7�1�

'���� ����� ���������������� ������
 �� ����������

�! ������������� ���������� ���� ��� �� �� ����
� ��� ���� �	
�� ���**-)*�/ 0������. "���1



Figure 7. Correlation of half-life of carotenoids against oxidation rate
expressed as a protection factor PF=[(oxidation rate without inhibitor)/
(oxidation rate with inhibitor)] �1. Half-life is determined as described in
method 1.

Figure 9. Formation of cumene hydroperoxide without inhibitor (squares)
and in the presence of flavonoids 17a (triangles), 17d (circles) and 18
(inverted triangles).
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Figure 8. Amount of hydroperoxide formed plotted against concentration of
antioxidants. Conditions: method 1, 200mbar oxygen pressure.

� ��� ���� �	
�� ���**-)*�/ 0������. "���1
�!��� � �������� ���� �! $������ 5 ���!���!� �! � ������

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

����� ((( ������������

F��� ���� ���������
 ��� ����������� ������� ��

��� :����
 ���� �����
 ��� O��������� �������������P

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

�������������� �6�6����%� �� ��������� �������

�! ��� ��������� �����! 0������� ����� ���������1 ���

�� ��������� (� 7�
 / ��� ������ �! ������������ ��

������� �
����� ��� ������������� �! ������������ 4�

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

8��� ��� ��
�� ����������� �� ������ ����� � ���

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

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

O�������� ����P ���� �� ������� �������� �� ���������

�����
���� ������� � ����� (( ������������� ������������
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which was recorded in chlorobenzene/propan-2-ol (80:20 v/v)
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Figure 10. Structures of flavonoids.
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Figure 11. Formation of cumene hydroperoxide without inhibitor and in the
presence of 3-hydroxyflavone, �-carotene and astaxanthin. Conditions:
method 1, but with cumene (3.57M) in chlorobenzene, AMVN (4.5�10�2

M),
inhibitor (10�3

M).
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Figure 12. Structures of indigoid dyes.
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Table 3. Second-order rate constants kq for
quenching of singlet oxygen in CHCl3 at 37°C,
and ��* absorptions (CHCl3)
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Figure 13. Plot of singlet oxygen-quenching constant log(kq) versus singlet
excitation energy of indigoids. From the slope of the onset, �log(kq)/
�E =�1/2.303RT, it can be concluded that there is a proportionality of E(T)
to E(S).
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Figure 14. Dependence of rate of oxygen consumption on indigoid 22b
concentration and partial pressure of oxygen according to method 2.
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