
 
 

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

�
� � � �� �� � � � � �! �� � � � � � 	 � 
 "�� � � 
 �� 	 
 �#
 � 
 � � � 
 �� � � 
 � � � � �

� � $ 
 � %� ��#� � &� � �� � �'
 
 	 � �%�� � � �� 	 �� %�� �� � � � � �� 	 
 �� � � � � � 	 � 
 �� � � � � � 	 
 � �

�

�
�
�
� � � � �� �
 � � � �
 � � �� � 
 � � 
 � � � �� � � � � � � � �  �
�
� 
 � � �� � � � ! � 
 �
 � � �" � ! � � ! 
� � �#� � 
� � � �� � � ! 
 
� � � �
� �� � � � 

 ��	 
� � 
 � � �
�
$ %� � � � %�	 
� &
� � �' 
!%�� 
� 
�
 � 
! � �� � 
 � � %�' 
!%�" � ! � � ! 
� � �#� � � ( �� � � � � � ! � � �� � �� � � � � � �� ! 
� � �
�
) 
� %�� �" � �

 � �� �
 � � �* ++
� 
� � ! �#� � � ! 
+
� 
 ! 
� � �
� �, � %
� � � � �+� � �� �
 � � � �
 � � �� � 
 � � 
 � � � �
� � � � � � � � � �
�

� 
� 
�
 � 
! � �� � 
 � � %�' 
!%�" � ! � � ! 
� � �#� � � ( �
( � 
 �� 
 � 
 	 � �� 	 ��	 
 
 ) ��� �� � �� � �� � 
 
 �� � � � � � � �� � ��� �* � �� � � � � � �� � �� 	 +�
� �� ��� � �� � �� 
 � � � � �$ �� � �� 
 � 
 	 � �� 	 ��	 
 
 ) �
 	 � * �
 � �� � 
 � � 
 � �� 
 ��� * ���� � �� %�� 
 � � � � �� 
 � � �� � �* � �� � � � � �	 � �
� 
 � 
 	 � �� 	 ��	 
 �� 
 � �$ �� � �� � � � 
 �� %�� � � � � � 	 
 � �� � 	 � � �	 
 
 �$ �� � �	 �� � 
 �� � � � �� � 
 � � � � ����* � � � �
 � +�

�
�
�
- � � . � 
� � � 
 ��#� � � ! 
+
� 
 ! 
� � �+� � �� � � � � � � � � �' 
!%�� 
� 
�
 � �� 
 � � �
� � � � ! � 
 �� � � %�
 � �#� � � � � � �
 � � �) � � � �� � � ��
�
�



 
�
� � � � � � �� � /� � �	 
� � 
 � � �
�
( � 
 �%� 	 
 � � 
 	 � � ��� 	 
 �
 �%%�� � �� �� � � ��
 	 � 
 �� %�� � 
 
 � 	 �� 
 � � � � � �� 	 �� � �
 	 � 
 ��� �� � �� � � � �
 
 �� 
 
 , � � � 
 �
� � � � � � � � � � � � � �� �� 
 � � 	 �, � 
 � �%� � �� �� � �� �� � 
 
 �� %�
 �%%
 � 
 	 � �� 
 , � �� 
 � 
 	 � � +�
�
� � � 
 �� 	 � �� � � � "�%� � �
 ) � � � �
 "�� � 
 ��	 � 
 � 
 � � 
 
 ��	 �� � � �
 �� 	 
 �
 %%
 � ��� 
 �� 
 � � � � � �� 	 � �$ � ��
 �� � � 
 � � ��	 �� �
� � 
 � � �� �
 	 � � 	 � 
 
 �� 
 � � �� �	 � �� � $ 
 � �� 	 
 -� � ��	 �� �� � �� �� 
 �
 � � �� 
 -� 
 	 � �� �� 
 �
 
 � 
 � � �� 	 �� � � � 
 � � �
 � � +�'� �� � 	 �
* 
 �� %%�� � 
 
 �� � � � �� � �� �� � 
 � �%�� �� � � 
 � � �� � � �� � � 
 
 �� � �� �� � �� � �� 	 � �%� � �� � 
 �
 
 � 
 �� � � 
 	 � �� 	 
 ��	 � � � 
 � � � �� 	 �
� %��	 	 � � � � �� 
 �� 	 � �� � �� � ��� 
 � � � 
 � +�
�

�
�
�
. �� � �� � � � � � � � � � � � �� � � � ��
 � �� �� � � �
 � � �� %�� � �� � * �
 ��	 %� � � � � �� 	 �� 
 �� � �� 
 �� � �� �� � 
 � �%�� �� � � � �
 /�
� � � � �
 ) �� � �0	 � � * 
 � �� %�� 
 � &�1"�� � � � � 	 
 	 � �, � � 	 � �� � ��0� 
 � &�� � 
 � 1�� 	 
 ��
 
 	 � �� � �0� 
 � 
 	 � �� 	 �� �� 
 1+�
2 � ��� � �� 	 �� � � � � � � 
 �3� 
 � 
 � 
 	 � �� 	 �� � 
 �%�� � � ��$ � �� � � � � 
 � 
 � � �� � 	 �* 
 �
 
 � �� 
 
 �%� � � �� �� � � � � � � � � � � � "�
� � 
 �� � � 
 �� � 	 �	 � � �* 
 �� %%�� � 
 
 �%� � �� � � � � 	 
 	 � ��
 
 	 � �� � +��
�
( � 
 �	 
 � 
 � � �� � �� � �* � � � �, � � 	 � �%� �� 	 
 ��
 
 	 � �%� �� � 
 � �� � ��� � � � � � 	 
 � ��	 �� � � � �
 ) �� � � � �� 
 � �� � �� 
 � ��
� � � � �
 � �� � � �* 
 
 	 �� �� � � � �� � � �%� � �� � 
 �
 
 � 
 �� � � 
 	 � �� %�� �� � � �
 � � �� %�� � � � �� � 
 � � � � � 
 � � �� �0� � 1�
�	 � � � � � 
 	 � � +��
�
�

�



 
�
( � 
 �� � � � 
 	 � � �� 	 �� %�� �� � � �� � � � � � � � � � � � � �$ ��� �� �� � � � �� � 
 � � � � � 
 � 
 � �0� � � � � 1��� �� 	 ��� � � � � � 	 � �� 	 
 �
� � $ 
 � %� ��� 	 � �� � �� � ��� � � ��� � � � �%� � ���� � � 
 � �� � 
 ��
 
 	 � �%�� � � �� 	 �� %�� � � � �
 ) �� � � � �� 
 � ��	 �
 �%%
 � 
 	 � �%�
 �
 � +��
�
( � 
 �� � �	 �� � � � � � � � �%� � ��� 
 ��
 
 	 � �%�� � � �� 	 �� %�4� 	 &	 � $ 	 � 4"��� � � � � � �� � �� � "�� � 	 � �� � � ��	 �� � 
 �� � � � � � 
 � �
� � � � � �	 � �� %�
 ) � 
 � �� 
 	 � � ��� � � � �� � 
 � � � � �$ ��� �� � � � 
 �� � 
 � 
 	 � ��	 �� � � � 
 � � �� ��� � � � �� � 
 � � � � ����* � � � �
 � +�
( � � �� � ��� "�� � 
 �� � � � �� � � * � * �
 ���* � � � � �� � � � � 
 � �� � 
 �� � � � �
 
 
 �%� � �� 	 �� 	 &	 � $ 	 �� � � � � 	 
 	 �"�
 � � � �$ ��� �� �

 �%%
 � 
 	 � �
 
 � � 
 
 �� %�� �� ��� � �� � +�5
 ��� * �
 ��
 
 	 � �%�� � � �� 	 ��� "�� � 
 � 
 %� � 
 "�� � 	 	 
 � � 
 
 �� � �� � 
 �
 ) � 
 	 � �� %�
� � 
 � � � � �� �� ��� � �� � +�
�

�
�
� 
 � 
 � � ��� � � � 
 � � �� ��� � ���* � � � �
 � �� � 
 �� � 
 � � �� � � ��� * �
 "�
 � � � �� � � � � � � 
 � �� 
 
 �* � �� �� �� � �	 � � * 
 � �� %�
� 
 %
 � 
 	 � 
 �� � 
 � � � � +�'� �� � � � �* 
 �
 � � � � � �� 
 
 "�� � � � � � "�� � � � �� � 
 �� � 
 �� %�� � � � 
 � � �� ����* � � � �
 � ��	 �� � �� � �
� � � �� %�
 	 �� 
 � 
 � � ��
 � � $ * � � &� "�� 	 
 �� 
 � &�� � � �� 	 � 
 	 � ��� �� %�
 	 �� 	 � 
 ��� * �
 +�
�
'� ��� �$ 
 ���&	 � $ 	 "�� � � � ��	 �� �� 
 � � 
 � � � � � 
 �� � � � � � � � 
 
 �� � � ��� � � �� 	 "�� � 
 �� 
 � �
 � �� %�	 �� � 
 � � � � � * � 	 � �

 �� � 
 ��	 �� ���	 
 � � �� � 
 
 +�� � � � 
 � � �� 
 �� 
 � &� �
 �� � 
 �� � �� 
 � � �� � ��	 � 
 � � � �� "��	 � � 
 � 
 �� %��	 � � 
 � � �	 � ��	 � 
 � � � �� �� � �
� * � 
 � � 
 
 ��	 ��� � � � 
 � � � ��
 ) � 
 � �� 
 	 � � +�
�
�
�
�
�
�



 
�
( � 
 �
 � � � * � � 
 �� � 	 � � �	 � ���	 
 � � �� 
 � 
 	 � �� 	 ��	 
 
 ) �
 � � � "�� 
 � �� � 
 � 
 
 �� � �	 � �� 	 �� �&� 	 
 �� �) � � � 
 �� 	 �� 	 �� � � �� � �
� � �� � 	 �� 	 
 �� � �	 � �� �� � �� �� . � 6� �� 	 
 �� �� . 66� �0%� ��� �� � �
 �
 � � � ��
 � � 
 � � 1�� �) � � � 
 �� 	 �� �� � �� � �� 	 
 +�
�
( � 
 ���* � � � � �� � � � � ��� �	 � � �
 	 � � � � �%� � �� 
 ��� * �
 ��
 
 	 � �%�� � � �� 	 �� %�� 	 &	 � $ 	 �� � � � � � 	 
 � "�� �	 � 
 ��� 	 �
%� � � � 
 	 � � � �� 	 �� � � � 
 � 	 � �� � 	 �* 
 �� �� ��� � �%� � �� 
 � 
 � � ��� � � � � � 	 
 � +�
( � 
 � 
 %� � 
 �� 	 � � � 
 � �%���
 � ��� �	 
 
 
 
 
 7�
�
( � 
 ���* � � � � �$ � � �� * �� �	 
 
 �� 	 
 
 � �� � 
 �� � 	 
 �� �� 	 � �� � � $ 	 ��	 �( � * �
 � +  
�
( � * �
 � +�'	 � � � � � 
 	 � �� � 	 
 �� �� 	 � �
�

 
�
�
8�	 
 � � �� 
 � 
 	 � �� 	 ��	 
 
 ) �085'1�� � �� 
 � �� � 
 �� � 
 �� � � � �� � �� � * �
 �� � � �� 
 "�� �	 � 
 �� � 
 � �
 � �	 � � �
 
 � 
 	 
 �� 	 �
��	 
 � � �� 
 �� � �� � "�� � �� � 	 ��
 	 � � � "�� 	 
 �� 
 � � 
 � � � � � 
 �� � � � � � � +�
�
�
�
�
�
�
�
�
�
�
�
. � � � � � � �� �� 
 � � � � �� � �	 � ��$ � �%���
 � � /��
�  ��� �� ��� � �� � �
� � ��85'�� � � 
 
 � 
 	 � ��
�
�
�
�

Gas Chromatograph GCMS-QP2010-Plus (Shimadzu)
Automatic sampler AOC-20i (Shimadzu)
inlet split/splitless injector
column Supelcowax 30 m x 0.25 mm x 0.25 � m (Supelco)

SPB-5ms 30 m x 0.25 mm x 0.25 � m (Supelco)
carrier gas Helium in costant linear velocity mode (35 cm/s)
Oven program temperature 50°C to 280°C (or 350°C) at 3°C/min
Mass Spectrometer QP2010-Plus
Ion source temperature 220°C
Interface temperature 250°C
Scan range 50-550 u
Electron Impact (EI) 70 eV

100 x  n +  
tR(x) – tR(z) 

tR(z+1) – tR(x) 
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