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7$9/D� </&:6� &"/&� )�"/&�N,� 3?� 4E/� 6F064&CB/6�;&6�
B&7BF7&4/D���E/�#$C$#F#�&"/&-�J(((�)$C�&"/&�FC$46,�
;&6�4&:/C�?3"�B&7BF7&4$C.�&C�&%/"&./�?3"�/&BE�."3�
F<�)CV ,���E/�434&7�&"/&�3?�&77�4E/�</&:6�;&6�&03F4��
!�L�*(+�&"/&�FC$46��

&'�!	!��
��� ��������� �E/� D$??/"/C4$&4$�
3C�0/4;//C� 4E/� �.3&4�."3F<6��:* �&CD�:J�0&6/D��
3C� � $C4/C6$4>� 6</B4"&7� D&4&� ;&6� </"?3"#/D�� �$"647>-�
D&4&�)2*'�#�9�$3C6-�?"3#�4E/�"&C./�0/4;//C�1!�&CD�
2!(�#�9,�;/"/�73.&"$4E#$B&77>�4"&C6?3"#/D���E/C�4E/�
D&4&�<"/�6/7/B4$3C�0>�F6/�3?���$6E/"M6�"&4$3�#/4E3D�
;&6�D3C/-�0&6/D�3C�0&6$B��$B"363?4��LB/7W�64&4$�
64$B&7� ?FCB4$3C6���/L4-�����;&6�F6/D-�;E/"/0>�4E/�
CF#0/"� 3?� %&"$&07/6� ;&6� "/DFB/D� 43� 4E/� ?$"64� ?3F"�
<"$CB$<&7� B3#<3C/C46� F6$C.� �&$6/"� 6B"//C� 4/64� $C�
3"D/"� 43� &%3$D� 4E/� B7&66$?$B&4$3C�#3D/7� 3%/"?$44$C.��
�E/C-�4E/�����&C&7>6$6�;&6�</"?3"#/D�&CD�B7&66$?$�
B&4$3C�&BBF"&B>�;&6�B&7BF7&4/D�0>�B"366�%&7$D&4$3C�
#/4E3D���E/���������&C&7>6$6�;&6�/L/BF4/D�F6$C.�
�4&4."&<E$B6W��/C4F"$3C�X���/RF$<</D�;$4E�&�#F74$�
%&"$&4/�64&4$64$B6�<&B:&./�
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,������C�4E$6�64FD>-�J1�%37&4$7/�B3#<3FCD6�&C&7>9/D�
0>��������������;/"/�?3FCD�)#/C4$3C/D�&DD$4$�
3C&77>�$C�&�6B$/C4$?$B�7$4/"&4F"/,-�3F4�3?�;E$BE�2J�;/"/�
B3C?$"#/D�3C�4;3�B37F#C6��C3C�<37&"����!��$�&CD�
<37&"� ���@&L-� ;E/"/&6� !� ;/"/� %/"$?$/D� 0>� F6$C.�
&F4E/C4$B�64&CD&"D6� )�&07/�*,���E/�#364�&0FCD&C4�
)�"/&N,�6F064&CB/6-�3C�&%/"&./�$C�&77�&C$#&7�."3F�
<6-�;/"/��E/L&C&7-� �</C4>7?F"&C-�C3C&C&7-�E/<4&C&7-�
3B4&C&7-�  �/4E>7?F"&C-� &CD� *�3B4/C�1�37�� �E/� #364�
&0FCD&C4�B3#<3FCD6�<"/6/C4� $C�<&"4$BF7&"�."3F<6�
;/"/�&6� ?3773;6�� $C� 4E/� ?$"64�.3&4�#/&4�."3F<�:* ���
E/L&C&7-� �</C4>7?F"&C-�C3C&C&7-�3B4&C&7-�E/<4&C&7-�
 �/4E>7?F"&C-�&6�;/77� &6�*�3B4/C�1�37�&CD�</C4&C&7-�
&CD� $C� 4E/� 6/B3CD�.3&4�#/&4�."3F<� :J� �� E/L&C&7-�
 �</C4>7?F"&C-�C3C&C&7-�E/<4&C&7-�3B4&C&7-� �/4E>7?F�
"&C-�&6�;/77�&6�1�#/4E>70F4&C&7�&CD�0/C9&7D/E>D/��
)�"&<E� *,�� �4FD>� 3C� .3&4� #/&4� )�&D"F.&� /4�&7�-�
 (*(,�6E3;6�4E&4�4E/�7&"./64�B7&66/6�3?�%37&4$7/�B3#�
<3FCD6�&"/�&7D/E>D/6-�E>D"3B&"03C6-�:/43C/6-�&CD�
&7B3E376�� �4�;&6�6$#$7&"� $C�3F"�;3":�� J�&7D/E>D/6-�
*+�E>D"3B&"03C6-�*1�:/43C/6-�* �&7B3E376�;/"/�?3�
FCD�� 	4E/"� B7&66/6� ;/"/�� **� 6F7?F"� B3#<3FCD6-��
!� ?F"&C6-�*�/64/"-�*�&B$D-�&CD�*� 7&B43C/-�&6�;/77�&6�
*� C$4"3./C-� &CD� *� C$4"3./C� &CD� 6F7?F"� B3C4&$C$C.�
B3#<3FCD���E/�."/&4/64�6E&"/6�3?�&7D/E>D/6�)&03�
%/�'!N,�&CD�?F"&C6�)&03%/�*+N,�$C�.3&4�#/&4�;/"/�
?3FCD�� �7B3E376� &CD� :/43C/6� &BB3FC4/D� ?3"� &03F4�
2�*N� 43�!�!N-�;E/"/&6� 6F7?F"� B3#<3FCD6�;/"/� $C�
&#3FC46�0/4;//C�*�2N�&CD� �PN����7&"./�CF#0/"�
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3-Methylbutanal 

2-Ethylfuran 

 

Hexanal 
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2-Pentylfuran 

Octanal
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 + + �"#$%&�'(�) (*+,-��&."/0�*�� !�12

�3#<3FCD*

�� 

:* :J �/?/"/CB/61����
!�6$

@&L

�"/&
NL*(

��
L*(

�"/&
NL*(

��
L*(

* �B/4&7D/E>D/�)�, Y!(( P*1 '�(P *�J1 *!�(2 (�'! �$#�/4�&7��) (( ,
 �/4E&C/4E$37 Y!(( 'J *�P( (�' 1�+P (�2P �&D"F.&�/4�&7��) (*(,
1 �B/43C/�)�, Y!(( + 1 *1�*( *�P+ *1�J 1� + �$#�/4�&7��) (( ,
2 �$#/4E>7�6F7?$D/ !1' P!J 1� + (� P J� 2 1�1+ �$#�/4�&7��) (( ,
! �&"03C�D$6F7?$D/ !2+ P1* (�(* (�(* *�(+ (�(1 �&D"F.&�/4�&7��) (*(,
'  ��/4E>7<"3<&C&7 !P( + * 1� J (�*( +�** (�1! �F/C3�/4�&7��) (*2,
P  -1��F4&C/D$3C/�)�, '(( � (�*1 (�(2 (�'1 (�(1 �&D"F.&�/4�&7��) (*(,
+ �F4&C&7 '( ++* (�1! (�(1 (�* (�(1 �$#�/4�&7��) (( ,
J  ��F4&C3C/ '(2 � 2�2! (�*J *(�(* *�'* �$%&6��&ñ/D3�/4�&7��) (*1,
*(  ��/4E>7?F"&C '*1 +P! (�2( (�(' (�'! (�(P �E&E$D$�)*JJ2,
** �/4E>74E$3/4E&C/ ' + + J (�(! (�(* (�(2 (�(* �&#�/4�&7��) ((1,
* �B/4$B�&B$D�)�, '!1 � (�(J (�(( P�'* 2�P1 �$%&6��&ñ/D3�/4�&7��) (*1,
*1 1��/4E>70F4&C&7 ''P � * �+( (�!!  +�!'  �(! �F/C3�/4�&7��) (*2,
*2  ��/4E>70F4&C&7 'P' J*' !�'+ (�P( *(�!(  �'P �F/C3�/4�&7��) (*2,
*! �E$3<E/C/ '+( *(*J (�*' (�(2 (� ' (� * �&D"F.&�/4�&7��) (*(,
*' *��/C4/C�1�37 'J **P* *�(' (�(P *!�'1 !�!P �&D"F.&�/4�&7��) (*(,
*P  ��/C4&C3C/ 'J' � (�PP (�*( (�+* (�1P �&�/4�&7��) (*(,
*+ *�/<4/C/ 'J+ � *�(' (� ! (�1P (�(! �&D"F.&�/4�&7��) (*(,
*J �/C4&C&7 P(+ J+* *2�'*  �!'  *�!* (�2! �F/C3�/4�&7��) (*2,
 ( /<4&C/�)�, P*( � *1�*P (�11 *'�J! 2�!' �&D"F.&�/4�&7��) (((,
 *  ��4E>7?F"&C P** J!P 12� 1 (�1J 1P�!( 1�2J �&D"F.&�/4�&7��) (*(,
  �$#/4E>7�D$6F7?$D/ P21 *('P (�1' (�  *�!2 (�'! �&D"F.&�/4�&7��) (*(,
 1 �37F/C/�)�, PP( *(1! (�'' (�*! *�1+ (�(2 �&D"F.&�/4�&7��) (*(,
 2 *��/C4&C37 PP+ * '( *�!J (� 1 2�'! !� 2 �&D"F.&�/4�&7��) (*(,
 !  ��/4E>74E$3<E/C/ PPJ � P�JP (�'1 *(�P! 1� J �&D"F.&�/4�&7��) (*(,
 '  �/L&C3C/ PJJ � *�(2 (�** *�1( (� * �&�/4�&7��) (*(,
 P /L&C&7 P+! *(PJ 22 �P (�!P 1! �+ 1+�*! �F/C3�/4�&7��) (*2,

 + 1��	B4/C/�3"�1�#/4E>7� �E/<4/C/ +*2 � (�( (�(( (�(2 (�( 
�&D"F.&�/4�&7��) (*(,=��

�$#�/4�&7��) (( ,

 J  �	B4/C/ +*J +2P (�2! (�(+ (�  (�( �&D"F.&�/4�&7��) (*(,
1( *-1�	B4&D$/C/ + 2 � (�*J (�(J (�(' (�(* �&D"F.&�/4�&7��) (*(,
1* �/C4>7�?3"#&4/ + * � !�1 (�(! !�(( (�J* �$%&6��&ñ/D3�/4�&7��) (*1,
1 �F"?F"&7 + P � (�(P (�(* (�(+ (�(* �&D"F.&�/4�&7��) (*(,
11 )�,� �E/L/C&7 +!+ � (�(+ (�(* (�*2 (�( �F/C3�/4�&7��) (*2,
12 �4E>70/C9/C/ +'* � (�** (�(( (�(! (�(* �&D"F.&�/4�&7��) (((,
1! <�X>7/C/ +'! � (�(+ (�(* (�(! (�(2 �&D"F.&�/4�&7��) (((,
1' 1��/4E>73B4&C/ +P � (�(2 (�(( (�(1 (�( �E&E$D$�)*JJ2,
1P *�/L&C37 +P* *1'*  �21 (�21 1�  (�*P �&D"F.&�/4�&7��) (*(,

-�.��/�%
	*����0�
��12�	*�+	������	!$	,�������!����	*�&�
$��'�����	���������/3�!	��'��0�/32�����4�!	��'��0�42

-�.����/��%
	*���0%	�
,5���12�'�$��+�'�����	�����,�!��,���
$�����'��	���,��	.��	��/3�!�������0�/32���4�!�������0�42
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��	����

 J�"#$%&�'(�) (*+,-��&."/0�*�� !�12

1+ �4>"/C/ ++ � (�' (�(J (�1P (�*+ �&D"F.&�/4�&7��) (*(,
1J  �E/<4&C3C/ ++' � *(�+J (�2 +�12 *�*( �F/C3�/4�&7��) (*2,
2( 1�/<4&C37 +++ � (�(* (�(* (�(2 (�( �&"F4E�&CD��/"C/6�) (**,

2* )�,�2�/<4/C&7� +J! * 1P (�J! (�(J *�1* (�(+
�&D"F.&�/4�&7��) (((,=��
�&D"F.&�/4�&7��) (*(,

2 /<4&C&7 +J' **+( 2'�'+ '�J2 !+�'J J�2( �F/C3�/4�&7��) (**,
21 ���F4>"37&B43C/ J( *'*2 (�+2 (�(2 (�+ (�1 �$%&6��&ñ/D3�/4�&7��) (*1,
22 �$#/4E>7�6F7?3C/ J(J *J* (�1* (�(! (� ( (�( �$%&6��&ñ/D3�/4�&7��) (*1,
2!  �/<4/C37 J21 *2J' (�(P (�( (�( (�( �E&E$D$�)*JJ2,
2' 1��4E>7B>B73</C4&C3C/ J!2 � (�*2 (�(( (�*P (�(1 �&D"F.&�/4�&7��) (*(,
2P �/C9&7D/E>D/ J!P *!*2 **�*+ *�+1   �2* P�2+ �&D"F.&�/4�&7��) (((,
2+ �$#/4E>7�4"$6F7?$D/ J'1 � (�(+ (�(1 (� 2 (� ' �&D"F.&�/4�&7��) (*(,
2J *�/<4&C37 JP* *2'1 2�*1 *�' 2�P1 (�1' �&D"F.&�/4�&7��) (*(,
!( *�	B4/C�1�3C/ JP* � (�(! (�(( (�(J (�(2 �F/C3�/4�&7��) (*2,
!* *�	B4/C�1�37 JPP *2!P  '�(1  �+1 *J�*2 *�*! �F/C3�/4�&7��) (**,
!  -1�	B4&C/D$3C/ J+ *1 ! P�  (�+* 1�P' *�!* �&D"F.&�/4�&7��) (*(,
!1  ��/C4>7?F"&C J+P *  ' *''�( 21�'' * +� !'�1+ �F/C3�/4�&7��) (**,
!2 �E$3<E/C/� �B&"03L&7D/E>D/ JJ *'JJ (�(2 (�(* (�(1 (�(2 �E&E$D$�)*JJ2,
!! 1�	B4&C37 JJP � (�(! (�(* (�(2 (�(* �&D"F.&�/4�&7��) (*(,
!'  �) �</C4/C>7,?F"&C *((! * JP '�J! 1�J1 *2�P* P�PP �7#3"/�/4�&7��) (((,
!P 	B4&C&7�)�, *((1 * +2 !*�2' !�!( !!�JJ P�*2 �F/C3�/4�&7��) (*2,
!+  ��B/4>74E$&937/ *(*( � (�11 (�(+ (�+ (� 1 �&�/4�&7��) (*(,
!J  - -P-P�)3"� - -2-2,��/4"&#/4E>73B4&C/ *( ! � (�1+ (�*P (�!P (�' �//�/4�&7��) ((1,
'( *-1�E/L&D$/C/-�1�/4E>7� �#/4E>7� *( 2 *2(' *�'J (�*(  �'1 *�1P �&"F4E�&CD��/"C/6�) (**,
'* 1�	B4/C� �3C/ *(1+ *2( (�(+ (�(1 (�(2 (�(! �&"F4E�&CD��/"C/6�) (**,
' �/C9&B/4&7D/E>D/ *(1+ � (�1( (�(* (�P+ (� 1 �&D"F.&�/4�&7��) (*(,
'1  ��4E>7E/L&C37 *(2' � (�(( (�(( (�(1 (�(1 �&D"F.&�/4�&7��) (((,
'2 )�,� �	B4/C&7 *(!+ *2 2 *�++ (�1+  �'2 *�'J �&�/4�&7��) (* ,
'!  ��B/4>7<>""37/ *('( *J+ (�(1 (�(* (�PJ (�*( �&"F4E�&CD��/"C/6�) (**,
'' )�,� �	B4/C�*�37 *('' *'* *�1J (�PP *�(P (�1( �&D"F.&�/4�&7��) (*(,
'P *�	B4&C37�)�, *('J *!'2 '�+* (� 2 '�1( *�+2 �&D"F.&�/4�&7��) (((,
'+  �C3C&C3C/ *(+2 *1+'  �*( (� + *�J1 (�1! �&D"F.&�/4�&7��) (*(,
'J '��3C/C&7 *(J � (� 1 (�(' (�*' (�(2 �&"%Z/9��$%&6�/4�&7��) (*(,
P( 
CD/B&C/�)�, *(JP � (�1! (�( (�11 (�(* �&D"F.&�/4�&7��) (((,
P* �3C&C&7 **( *1J( '1�** 1�J '+�P+ *1�PP �F/C3�/4�&7��) (**,
P !�FCD/B/C-�J�#/4E>7� ***' � (�2J (�** (�'( (�1J �3"/C93�/4�&7��) (*2,
P1 *- -2��"$4E$37&C/-�1-!�D$#/4E>7 **1+ � (�(( (�(( (�(( (�(( �E&E$D$�)*JJ2,
P2  ��/B&C3C/ **J( *2J *�!! (�2' *�'+ (�'' �&D"F.&�/4�&7��) (*(,
P! �/B&C&7 * (1 � *� * (� + *�1* *�(! �F/C3�/4�&7��) (*2,
P' 1��3D/B>C/ *   � (�(2 (�(( (�(J (�(' �3C.6/4:F7�/4�&7��) (*',
PP  ��/B/C&7 * '! *' P (�(+ (�(+ (�P2 (�!! �F/C3�/4�&7��) (**,
P+  ��/B/C�*�37 * +2 � (�(J (�(2 (�* (�*! �&"%Z/9��$%&6�/4�&7��) (*(,
PJ  �C�	B4>7?F"&C * J1 � *�J2 (�*! 1� 2  �+( �&�/4�&7��) (*(,
+( �"$D/B&C/�)�, * J+ � (� * (�(* (�1( (�*! �&D"F.&�/4�&7��) (((,
+* 
CD/B&C&7 *1(' *'(* (� J (�(( (�2P (�1J �&"F4E�&CD��/"C/6�) (**,
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1(1( �"#$%&�'(�) (*+,-��&."/0�*�� !�12

+  -2��/B&D$/C&7 *1*2 � (�(2 (�(* (� + (� ' �F/C3�/4�&7��) (**,
+1 )�,� �
CD/B/C&7 *1'1 *P2J (�*+ (�(' (�12 (� 2 �&D"F.&�/4�&7��) (((,
+2 �3D/B&C&7 *2(J *P(2 (�** (�** (�*J (� ! �F/C3�/4�&7��) (**,
+! !-J�
CD/B&D$/C� �3C/-�'-*(�D$#/4E>7 *2'( � (�(1 (�(( (�(* (�(* �$C.�/4�&7��)*JJ1,
+' �"$D/B&C&7 *!*' � (�** (�(* (�* (�*( �$%&6��&ñ/D3�/4�&7��) (*1,
+P �/4"&D/B&C&7 *'(+ *J1* (�* (�(P (�*2 (�(' �&D"F.&�/4�&7��) (((,
++ /<4&D/B&C/ *'J+ � (�(2 (�(* (�(! (�(* �3"/C93�/4�&7��) (*2,
+J �/C4&D/B&C&7 *P*+  (*P (�*' (�(* (�*2 (�(! �&D"F.&�/4�&7��) (((,
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