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? TBdEX/V A�HZ?G?�D L�V�X H4FIH V�K ?q\g? K^V H4Y X D h�L�TGL��gdE�5] H l k � º � egL DI\ X D V D�HZ?BH R�V8] D L Y K^V�K ?G?
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�¦TBdE�5] H l k ÿ PSR�X HZF K^V�TGR�N�TGK^dM]�K F DMA V�X H�H�~S\�H ]�T FIH L/V�K ?QY8H V�� \æA�D ] FIH K Y �5] HZFIH L/V DMA
V�X H4\ X D V D�HZ?BH R�V8]�TGR H ¤ H R�VUO

h H ] H4HZF TBV8V H N���L ?BHZY�Y V�X H�A ] H ��� H L�R�_ DMA V�X H4? TBdEX/V�h+K Y dM] H K^V H ]�V�X�KML Y8DEFIH
F TGL�T F � F a^K ? � H RUK ?G?BH N�V�X H ¬¥Å�¥Æ�Õ®Å�¯�Ë�°#Ìb¥Æ2Ìq±�ÆS«�²MÎ O;��X H L�V�X H4A ] H ��� H L�R�_À´�h+K Y
dM] H K^V H ]@V�X�KML�V�X H V�X5] HZY X DE? N A ] H ��� H L�R�_Me Y8DEFIH�HZ?BH R�V8] D L Y h H ] H4HZF TBV8V H N A ] DEF V�X H
FIH V�K ?q\g? K^V H h�TBV�X Y � igY V�KML/V�TGK ? TGL�TBV�TGK ?�Y8\�HUH N Y O �-A V�X H TGL/V H L Y TBVb_ DMA V�X H.? TBdEX/V+h+K Y
TGL�R�] H K Y8H N�h�X�T ?BH TBV Y�A ] H ��� H L�R�_�h+K Y R D L Y V�KML/VUegV�X H RU�5]�] H L/V ?BH a HZ?BH N D ¤
K^V�K:X�TBdEX H ]
a^K ? � H h�X�TGR�X Y X D h H N�V�X�K^V FID ] H�HZ?BH R�V8] D L Y h H ] H�HZF TBV8V H N \�H ]�V�T FIH ��L�TBV+h�X�T ?BH V�X H
�STGL H V�TGR H L H ]�dET HZY�DMA V�X H4\ X D V D�HZ?BH R�V8] D L Y h H ] H V�X H.Y K FIH O C�D h H a H ]Zegh�X H L�V�X H
A ] H ��� H L�R�_ DMA V�X H.FID L D R�X5] DEF K^V�TGR ? TBdEX/V+h+K Y TGL�R�] H K Y8H N�e5V�X H �STGL H V�TGR H L H ]�dET HZY�DMA
V�X H4\ X D V D�HZ?BH R�V8] D L Y TGL�R�] H K Y8H N \ ] DM\�D ]�V�T D L�K ?G? _MO¦W�X HZY8H�DMigY8H ]�a^K^V�T D L Y R D � ? N�L D V i�H
H�~S\g? KMTGL H N i _�R ? K Y�Y TGRUK ?�FIH R�X�KML�TGR Y KML�N HZ?BH R�V8] D N5_SL�K F TGR Y O
W�X H�DMigY8H ]�a H N \ X H L DEFIH L�K�] HZY � ? V A ] DEF V�X H,Í@xWP3GbK6x T L�K^V��5] H�DMA ]�KMN�TGK^V�T D L�O
�Q?BH R�V8] DEF K^dEL H V�TGR�]�KMN�TGK^V�T D L�X�K Y�i�D V�X�h+KZa H KML�N \ K^]�V�TGR ?BH�\ ] DM\�H ]�V�T HZY O'W�X H�H L H ]�dM_
TGL�KML HZ?BH R�V8] DEF K^dEL H V�TGR4h+KZa H T Y K ? h+KZ_ Y�HZF TBV8V H N�KML�N�K igY8D ] i�H N�TGL \ KMR��^K^d HZY RUK ?G?BH N
�bUVI9K
I3G<X9D ] Í@xWP3GbK
P egh�TBV�X H L H ]�dM_ \ ] DM\�D ]�V�T D L�K ? V D V�X H4A ] H ��� H L�R�_ DMA V�X H ]�KMN�TGK^V�T D L
� ´ �ÏÎ$Ð9Ñ � OW�X�T Y R D ]�] H R�V�KML�K ? _ Y T Y h+K Y N H a HZ?BDM\�H N i _ >@?Bi�H ]�V � TGL Y V H TGL�TGL l º^kE¼� h�X�TGR�X�X H h D L�V�X H f DMi�HZ?�\ ]�TB½ H TGL \ X/_ Y TGR YA�D ] �;i ��T ? N�TGL5d D L�KML�K Y�Y � FI\ V�T D L F KMN H
¼�_ H K^] Y�H K^] ? T H ] i _ � K ~��Q? KML�R���OQW�X H�H L H ]�dM_ � DMA K \ X D V D L�T Y�H ����K ? V D K
R D L Y V�KML/V U
���Q? KML�R�� é Y R D L Y V�KML/V � V�T FIHZY TBV é Y�A ] H ��� H L�R�_À´ � R4T Y V�X H.Y8\�HUH N DMA'? TBdEX/V
� j�O ºMºM¹�½ l k9Ò F,u¥YÏ� KML�N Ñ T Y V�X H h+KZa HZ?BH L5dMV�X DMA V�X H4? TBdEX/V ��ÿ
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>6\ X D V D L�K^]�]�TBaSTGL5d9K^V�V�X H4Y �5] A KMR H�DMA V�X H�FIH V�K ?�\g? K^V H T Y K igY8D ] i�H N i _�KML HZ?BH R�V8] D L�O
W�X�T Y+H L H ]�dM_�V8]�KML Y8A�H ]�T Y KML�K ?G?Û��D ] � L D V�X�TGL5d \ ] D R HZY�Y O;W�X H�HZ?BH R�V8] D L�d H V Y K ?G? V�X H
H L H ]�dM_ DMA V�X H4\ X D V D L D ]�L D L H K^V�K ?G? O �-A V�X�T Y+H L H ]�dM_�T Y dM] H K^V H ]@V�X�KML�V�X H ��¯g�{
Ì-±�«�²M¬¥³�¯�«ÔÓ e�V�X H�HZ?BH R�V8] D L F KZ_ HZY RUK \�H4A ] DEF V�X H4Y �5] A KMR H OQW�X H�H�~ R HZY�Y�H L H ]�dM_�T Y
R D L Y8H ]�a H N�TGL�V�X H4HZ?BH R�V8] D L�K Y �STGL H V�TGR H L H ]�dM_Me �8µ·¶�¸ O;W�X H ] HZ? K^V�T D L Y X�T \�i�H Vbh HUH L
V�X H4H L H ]�dM_ DMA V�X H�\ X D V D L�e�V�X H h D ]�� A ��L�R�V�T D L�e5KML�N�V�X H �STGL H V�TGR H L H ]�dM_ DMA V�X H
HZ?BH R�V8] D L�T Y+H�~S\ ] HZY�Y8H N�TGL�V�X H4A�DE?G?BD h�TGL5d H ����K^V�T D L �wÕ T Y V�X H.F K Y�Y�DMA V�X H�HZ?BH R�V8] D L�e
KML�NÀÖ3×8Ø%Ù:T Y V�X H a HZ?BD RUTBVb_ DMA V�X H4HZ?BH R�V8] D L ��ÿ

º µ·¶�¸ �
l
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¨WtÍÂ�tÍÂ Ô.Å�¯�¬®¯�ÆSË�Æ�²M¬®¥¯�«#ÕZÈ;Æ�²M¬®¥¯gÕZ²E¯gÈ�Î#Êg«�°#²^Å�ÆSÉÖ³�²EÊgË¥Æ�Ê�²M¬¥³Íó�³Í¬ÏÎ ¯gÌ
ÊgË�³�È¦Å�Ê5¬¥³�²�ÊgËw{gÆS«�Æ�Õ:Êg«�°#ÊgËw{�Î�«�Æ�Õ

� L \ X D V D�HZ?BH R�V8] D L Y8\�H R�V8] DEY R DM\ _Me FIDE?BH RU� ?BHZY KML�N�K^V DEF:Y K^] H R D ] H4D ]�a^K ?BH L�R H
T D L�TB½ H N F K^�STGL5dIV�X HZF \�DEY TBV�TBa HZ? _�R�X�K^]�d H N�OQ� D ]�V�X H.Y K FIH K^V DEF D ] FIDE?BH RU� ?BH e5V�X H
R D ] H T D L�TB½ZK^V�T D L H L H ]�dM_�T Y X�TBdEX H ]+V�X�KML�V�X H a^K ?BH L�R H T D L�TB½ZK^V�T D L H L H ]�dM_MOQW�X H ] H K Y8D L
A�D ]�V�X�T Y T Y V�X H�FID ] H4Y V8] D L5d ? _ HZ?BH R�V8] DEY V�K^V�TGR4K^V8V8]�KMR�V�T D L i�H Vbh HUH L�V�X H R D ] H4HZ?BH R�V8] D L Y
KML�N�V�X H�\�DEY TBV�TBa HZ? _�R�X�K^]�d H N�L���R ?BH � Y O;W�X H a^K ?BH L�R H4HZ?BH R�V8] D L Y K^] H4FID ] H.Y X�T HZ? N H N
A ] DEF V�X H L���R ?BH � Y�i _�V�X H TGL�L H ] HZ?BH R�V8] D L Y h�X�TGR�X�] HZY � ? V Y TGL ?BD h H ]@T D L�TB½ZK^V�T D L
H L H ]�dET HZY O
� L�R�X HZF T Y V8]�_Me�R�X HZF TGRUK ? ] H KMR�V�TBaSTBVb_�T Y K�h�TGN H R D L�R HU\ VUOQW�X H ] H K^] H.F KML/_�Vb_ \�HZY�D ]
R ? K Y�Y8HZY+DMA R�X HZF TGRUK ? ] H KMR�V�T D L Y V�X�K^V�RUKML�V�K^� H�\g? KMR H TGL�L�K^V��5] H�D ]�TGL�V�X H�? K i�D ]�K^V D ]�_MO
P DEFIH�DMA V�X HZY8H R ? K Y�Y8HZY�DMA ] H KMR�V�T D L Y RUKML i�H L���R ?BHUDM\ X�T ? TGR Y � igY V�TBV��5V�T D L Y�� P ¸ l e
P ¸ j � e HZ?BH R�V8] DM\ X�T ? TGR@KMN�N�TBV�T D L Y4��> N�·;j�e > N�·'¸ � e HZ? T F TGL�K^V�T D L�] H KMR�V�T D L Y9��� l e � l R i e
� j � egK^] DEF K^V�TGR Y � igY V�TBV��5V�T D L Y eSR D L�R H ]�V H N�] H KMR�V�T D L Y egKML�N A ] HUH�� ]�KMN�TGRUK ? ] H KMR�V�T D L Y O
>@?G?�DMA V�X HZY8H ] H KMR�V�T D L Y�A�DE?G?BD h*V�X H TB] D h�L�R�X�K^]�KMR�V H ]�T Y V�TGR�] H KMR�V�T D L FIH R�X�KML�T Y�F:Y h�TBV�X
D L H4D ] Y8H a H ]�K ? ] H KMR�V�T D L Y V HU\gY O;W D N H V H ] F TGL H V�X H ] H KMR�V�TBaSTBVb_ DMA K:R DEFI\�D ��L�N
A�DE?G?BD h�TGL5dIK Y8\�H RUTÛ��R@] H KMR�V�T D L FIH R�X�KML�T Y�F e5h H L HUH N�V D TGL/a HZY V�TBdEK^V H.H KMR�X�] H KMR�V�T D L
Y V HU\ TGL�K:R�X HZF TGRUK ? ] H KMR�V�T D L�O
J+X HZF TGRUK ? ] H KMR�V�TBaSTBVb_�RUKML i�H4FIH K Y �5] H N i _�V�X HHN=P9K;O.DMA K Y8\�H RUTÛ��R�] H KMR�V�T D L�OQW�X H
A K Y V H ]@KI] H KMR�V�T D L D RURU�5]Ze�V�X H4FID ] H ] H KMR�V�TBa H K^] H V�X H.FIDE?BH RU� ?BHZY4� K^V DEF:YÏ� KMR�V�TGL5d�TGL
V�X H ] H KMR�V�T D L�OQW�X H4F K^dEL�TBV���N H�DMA V�X H ]�K^V H T Y�FIH K Y �5] H N i _�K�]�K^V H R D L Y V�KML/V���O
> L D V�X H ] \ K^]�K FIH V H ] Y � Y8H N�V D�FIH K Y �5] H R�X HZF TGRUK ? ] H KMR�V�TBaSTBVb_�K^] H V�X H R�X�KML5d HZY TGL
H L/V�X�K ?B\ _ �0Ú ¡ � KML�N�ê�T i�igYA ] HUH4H L H ]�dM_ �0Ú¥Û.� O Ú ¡ T Y ] HZ? K^V H N�V D,Ú¥Û V�X5] D �5dEX
V�X H4H ����K^V�T D L Ú¥Û � Ú ¡  ÂÜ Ú¥Ý h�X H ] H WÚT Y V�X H K igY8DE? �5V H V HZFI\�H ]�K^V��5] H TGL¡ HZ? aSTGL�KML�N Ú¥Ý T Y V�X H�H L/V8] DM\ _�R�X�KML5d HZY O
> R�X HZF TGRUK ? ] H KMR�V�T D L F KZ_�R D L Y T Y V DMA'Y8H a H ]�K ? ] H KMR�V�T D L Y V HU\gY OQW�X H4Y�?BD h HZY V
] H KMR�V�T D L Y V HU\ T Y V�X H�D L H h�X�TGR�X�N H V H ] F TGL HZY V�X H ]�K^V H�DMA V�X H�D a H ]�K ?G? ] H KMR�V�T D L�OQW�X�T Y
Y V HU\ T Y RUK ?G?BH N�V�X HHN=P9K;O�Þ�O@K;O�N T SwGWSwG2|,X�K;O;� KML�N�h�T ?G? V�X H ] HUA�D ] H N H RUTGN H V�X H ] H KMR�V�TBaSTBVb_
DMA V�X H R DEFI\�D ��L�N ��YÏ�;A�DE?G?BD h�TGL5d�K Y8\�H RUTÛ��R FIH R�X�KML�T Y�F O'W�X H ]�K^V H N H V H ] F TGL�TGL5d Y V HU\
X�K Y V�X H X�TBdEX HZY V�KMR�V�TBa^K^V�T D L H L H ]�dM_ ��� Ø � TGL�KI] H KMR�V�T D L�OQW�X�T Y RUKML i�H ]�K^V�T D L�K ? TB½ H N
A ] DEF V�X H4> ]�]�X H L�TG� YH ����K^V�T D L ÿ

� �Ïß ½ � �Bà�áâ9ã � µ �
� L�V�X�T Y+H ����K^V�T D L�e5��T Y V�X H ]�K^V H R D L Y V�KML/VUe > T Y V�X H4> ]�]�X H L�TG� Y R D L Y V�KML/VUe � T Y V�X H
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G

Reactant(s)

Product(s)

Transition state (TS 1)

Transition state (TS 2)

Delta G 1

Delta G 2

Delta G

Reaction coordinate

Intermediates

�¦TBdE�5] H lMl ÿQ��D V H L/V�TGK ?qH L H ]�dM_�N�TGK̂ dM]�K F:Y�A�D ]�K�Vbh D̂ �bY V HU\ ] H KMR�V�T D L�O

dEK Y R D L Y V�KML/VUe�KML�N�WÚT Y V�X H K igY8DE? �5V H V HZFI\�H ]�K̂ V��5] H TGL�¡ HZ? aSTGL�O'W�X H ]�K̂ V H R D L Y V�KML/V
��N5] DM\gY T A V�X H KMR�V�TBâ K̂ V�T D L H L H ]�dM_�TGL�R�] H K Y8HZY O � L��gdE�5] H lMl egKI] H KMR�V�T D L�R D�D ]�N�TGL�K̂ V H
DMA K�Vbh D̂ �bY V HU\ ] H KMR�V�T D L�T Y�Y X D h�L�K Y KML H�~ K FI\g?BH O
>@Y h H RUKML Y8HUH e Ú¥Û � T Y+? K̂ ]�d H ]�V�X�KML Ú¥Û�»��0Ú T Y+H�~S\ ] HZY�Y8H N�K Y [ HZ? V�K � OW�X�T Y+FIH KML YV�X�K̂ V�V�X H �g] Y V Y V HU\ T Y V�X H4D L H h�TBV�X�V�X H X�TBdEX HZY V�KMR�V�TBâ K̂ V�T D L H L H ]�dM_ ��D ]@X�TBdEX HZY V
Ú¥Û=Y TGL�R H(Ú¥Û T Y N�TB] H R�V ? _ \ ] DM\�D ]�V�T D L�K ? V D�� Ø � egKML�N�h�T ?G? V�X H ] HUA�D ] H�i�H V�X H ]�K̂ V H
N H V H ] F TGL�TGL5d Y V HU\ TGL�V�X H ] H KMR�V�T D L�O
W�X H ]�K̂ V H N H V H ] F TGL�TGL5d Y V HU\ T Y � Y ��K ?G? _:V�X H.Y V HU\ h�X H ] H RUK̂ ] i�D RUK̂ V�T D L Y K̂ ] H4A�D ] FIH N�O
�Q?BH R�V8] DM\ X�T ? TGR@KMN�N�TBV�T D L�] H KMR�V�T D L Y T Y KML H�~ K FI\g?BH�DMA K:R ? K Y�Y�DMA ] H KMR�V�T D L Y TGL�h�X�TGR�X
V�X H ]�K̂ V H N H V H ] F TGL�TGL5d Y V HU\ T Y V�X H RUK̂ ] i�D RUK̂ V�T D L A�D ] F K̂ V�T D L�O > V�V�X�T Y+\�D TGL/VUe5h H RUKML
Y8HUH K Y T F T ? K̂ ]�TBVb_ i�H Vbh HUH L�] H KMR�V�TBaSTBVb_�TGL HZ?BH R�V8] DM\ X�T ? TGR�KMN�N�TBV�T D L�] H KMR�V�T D L Y KML�N
\ X D V D�HZ?BH R�V8] D L Y8\�H R�V8] DEY R DM\ _MO � L \ X D V D�HZ?BH R�V8] D L Y8\�H R�V8] DEY R DM\ _Megh H L HUH N�K:R H ]�V�KMTGL
K FID ��L/V H L H ]�dM_�V D T D L�TB½ H K FIDE?BH RU� ?BH�D ]�KML�K̂ V DEF V D d H V�K \ ] D N���R�V+h�TBV�X�K
\�DEY TBV�TBa H R�X�K̂ ]�d H OW�X H4Y V�K̂ ] Y TBdEL �;ä̂ �+i _�V�X H T D L�TB½ H N H V�X H L H4FIDE?BH RU� ?BH TGL��gdE�5] H l j
N H L D V HZY V�X H T D L�TB½ H N�RUK̂ ] i�D L�K̂ V DEF O cH RUKM� Y8H.DMA V�X H4HZ?BH R�V8] D L H dEK̂ V�TBaSTBVb_ DMA V�X H
T D L�TB½ H N�RUK̂ ] i�D L�K̂ V DEF egTBV \ � ?G?GY V�X H�å)HZ?BH R�V8] D L Y V D h+K̂ ]�N Y TBV Y8HZ?BA KML�N�R�] H K̂ V HZY KML
HZ?BH R�V8] D L \ KMTB]�h�X�TGR�X�T Y�?BD RUK ? TB½ H N�K̂ V�V�X H4Y K FIH RUK̂ ] i�D L�K̂ V DEF OQW�X�T Y+HZ?BH R�V8] D L
V8]�KML Y8A�H ] F K̂ � H V�X H4D V�X H ]�RUK̂ ] i�D L�K̂ V DEFÑ\�DEY TBV�TBa HZ? _�R�X�K̂ ]�d H N�O��TB� H h�T Y8H TGL
HZ?BH R�V8] DM\ X�T ? TGR \ ] D V D L�KMN�N�TBV�T D L Y e�h H L HUH N�K:R H ]�V�KMTGL�KMR�V�TBâ K̂ V�T D L H L H ]�dM_�TGL D ]�N H ]�V D
d H V@KIRUK̂ ] i�D RUK̂ V�T D L�TGL/V H ] FIH N�TGK̂ V H h�TBV�X�K \�DEY TBV�TBa H R�X�K̂ ]�d H O � L i�D V�X�RUK Y8HZY e�V�X H ] H T Y
K A�D ] F K̂ V�T D L DMA¦Y8\�H RUT HZY h�TBV�X \�DEY TBV�TBa H R�X�K̂ ]�d HZY e�KML�N�V�X H V D V�K ? L�� F.i�H ] DMA
L D L ��i�D L�N�TGL5d�KML�N i�D L�N�TGL5d HZ?BH R�V8] D L Y T Y V�X H4Y K FIH O � L��gdE�5] H l j�e H V�X H L H�� J »UC ¿ � T Y� Y8H N�K Y KML H�~ K FI\g?BH O
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�¦TBdE�5] H l j ÿ� K^V H N H V H ] F TGL�TGL5d \ ] D V D L�K^V�T D L�KML�N�R D ] H T D L�TB½ZK^V�T D L DMA¦H V�X H L H O

� a H L�V�X D �5dEX H L H ]�dET HZY TGL/a DE? a H N�TGL�]�K^V H N H V H ] F TGL�TGL5d \ ] D V D L�K^V�T D L Y KML�N�R D ] H
T D L�TB½ZK^V�T D L Y K^] H L D V�R DEFI\ K^]�K ig?BH e�V�X HHK6N%O�GJÞ TGL�K Y8H ]�T HZY�DMA¦FIDE?BH RU� ?BHZY K^] H
R DEFI\ K^]�K ig?BH O � L�V�X�T Y V�X HZY T Y e5V�X�T Y�Y8H ]�T HZY h�T ?G? R D L Y T Y V DMA K ? � H L HZY KML�N�K ? ��_SL HZY O
>@Y h�T ?G?�i�H4Y8HUH L�e�V�X H R D ] H T D L�TB½ZK^V�T D L H L H ]�dET HZY K^] H � Y8H N�TGL Y V H KMN DMA V�X H a^K ?BH L�R H
H L H ]�dET HZY OQW�X H ] H K Y8D L A�D ]�V�X�T Y T Y V�X H R DEFI\g?BH�~ TBVb_ DMA V�X H a^K ?BH L�R H4Y8\�H R�V8]�KSO � L�K
X/_SN5] D RUK^] i�D L�eSV�X H ] H K^] H4FIDE?BH RU� ? K^] D ] i TBV�K ?GY h�TBV�X�N�TÛ¤ H ] H L/V H L H ]�dET HZY O;W�X HZY8H h�T ?G?
K ?G? K \�\�H K^]�TGL�V�X H.Y8\�H R�V8]�� F KML�N�dETBa H.F KML/_ \�H K^� Y h�X�TGR�X�K^] H ] HZ? K^V�TBa HZ? _�N�T)L�RU� ? V
V D KML�K ? _�½ H O � V�T Y�FID ] H K \�\ ] DM\ ]�TGK^V H V D R D ] H T D L�TB½ H V�X H4FIDE?BH RU� ?BHZY O � L�V�X�T Y RUK Y8H e�TBV
T Y ] HZFID a H N HZ?BH R�V8] D L Y�A ] DEF V�X H l Y�D ] i TBV�K ? TGL�V�X H RUK^] i�D L�K^V DEF:Y OW�X H ] HZY � ? V DMA
V�X�T Y T Y K Y8\�H R�V8]�� F h�TBV�X A�H h H ]�h HZ?G? N H ��L H N \�H K^� Y.� V�X H L�� F.i�H ] DMA�\�H K^� Y T Y
H ����TBa^K ?BH L/V�h�TBV�X�V�X H L�� F.i�H ] DMA R�X HZF TGRUK ?G? _�TGL H ����TBa^K ?BH L/V�RUK^] i�D L�K^V DEF:YÏ� OW�X HZY8H
Y8\�H R�V8]�� F:Y K^] H.FID ] H�H K Y _�V D KML�K ? _�½ H egKML�N�V�X H ] HUA�D ] H V�X H.FIDE?BH RU� ?BHZY K^] H R D ] H
T D L�TB½ H N�TGL Y V H KMN DMA a^K ?BH L�R H T D L�TB½ H N�O � L�V�X�T Y RUK Y8H egh H K^] H L D V�TGL/V H ] HZY V H N�TGL�V�X H
H L H ]�dM_ ?BH a HZ?GY�DMA V�X H N�TÛ¤ H ] H L/V�a^K ?BH L�R H�D ] i TBV�K ?GY O'��X�K^V�h H h+KML/VUe�T Y V D � Y8H V�X H
H L H ]�dET HZY�A ] DEF V�X H4H�~S\�H ]�T FIH L/V�K ?�Y8\�H R�V8]�� F TGL D ]�N H ]�V D dEKMTGL�TGL Y TBdEX/V�TGL�R�X HZF TGRUK ?
] H KMR�V�TBaSTBVb_MO � L�KMN�N�TBV�T D L�e5N�TÛ¤ H ] H L/V \ ] D R HZY�Y8HZY V�K^�STGL5d \g? KMR H TGL�V�X H4FIDE?BH RU� ?BHZY TGL�V�X H
\ X D V D T D L�TB½ZK^V�T D L \ ] D R HZY�Y K^] H TGL/a HZY V�TBdEK^V H N�OW�X HZY8H�\ ] D R HZY�Y8HZY e5h�X�TGR�X�K^] H4A �5]�V�X H ]
N HZY R�]�T i�H N�TGL�R�X�K \ V H ]�¸�egX�KZa H V D:i�H V�K^� H L�TGL/V D KMRUR D ��L/V�TGL�V�X H �gV8V�TGL5d \ ] D R H N��5] H
TGL D ]�N H ]�V D d H V@K Y d D�D N��gV8V�TGL5d:K Y�\�DEY�Y T ig?BH O¦W�X H �gV8V�TGL5d \ ] D R H N��5] H T Y+A �5]�V�X H ]
N HZY R�]�T i�H N�TGL�R�X�K \ V H ]�¼�O
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>@Y h H h�T ?G?�Y8HUH TGL�R�X�K \ V H ]�¼�e�V�X H aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY+DMA K Y8\�H RUTÛ��R FIDE?BH RU� ?BH
d H L H ]�K^V H N A ] DEF K \ ] D dM]�K F RUK ?G?BH N�ê�j^��J*T Y �gV8V H N�V D KML H�~S\�H ]�T FIH L/V�K ?�Y8\�H R�V8]�� F
TGL�K9�gV8V�TGL5d \ ] D dM]�K F RUK ?G?BH N � d D ] � ] D OQW�X H L�� F.i�H ] DMA¦\ ] D � ?BHZY T Y V�X H4Y K FIH K Y V�X H
L�� F.i�H ] DMA R�X HZF TGRUK ?G? _�TGL H ����TBa^K ?BH L/V�RUK^] i�D L�K^V DEF:Y TGL�V�X H4FIDE?BH RU� ?BH O;W�X H
T D L�TB½ZK^V�T D L H L H ]�dM_�N�TÛ¤ H ] H L�R H�i�H Vbh HUH L�V�X H TGL H ����TBa^K ?BH L/V�RUK^] i�D L�K^V DEF:Y TGL�V�X H
FIDE?BH RU� ?BH T Y RUK ?G?BH N�V�X H¥Q�U<O T S0Q�P3}AX�U�S æ�K KML�N�T Y N H L D V H N Ú ¹ O
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W�X H4F K^dEL�TBV���N H�DMA�Ú ¹ dETBa HZY � Y a H ]�_�T FI\�D ]�V�KML/V�TGL A�D ] F K^V�T D L�O � V�dETBa HZY � Y
TGL A�D ] F K^V�T D L�K i�D �5V�V�X H ] H KMR�V�TBaSTBVb_ DMA V�X H RUK^] i�D L�K^V DEF:Y h�TBV�X�TGL�K FIDE?BH RU� ?BH
� TGL/V8]�K FIDE?BH RU� ? K^] � KML�N�V�X H ] H KMR�V�TBaSTBVb_ DMA K Y8\�H RUTÛ��R�RUK^] i�D L�K^V DEF TGL D L H.FIDE?BH RU� ?BH
R DEFI\ K^] H N�V D KIRUK^] i�D L�K^V DEF TGL�K:N�TÛ¤ H ] H L/V FIDE?BH RU� ?BH�� TGL/V H ] FIDE?BH RU� ? K^] � O8Z�L�V�X H
i K Y T Y+DMA V�X�T Y eSh H K^] H K ig?BH V D:\ ] H N�TGR�V+V�X H ] H KMR�V�TBaSTBVb_�h�TBV�X�TGL�K Y8H ]�T HZY�DMA¦FIDE?BH RU� ?BHZY O
>@Y�FIH L/V�T D L H N�TGL Y8H R�V�T D L l O j�O j�egV�X H ] H T Y K Y T F T ? K^]�TBVb_ i�H Vbh HUH L�] H KMR�V�TBaSTBVb_�TGL
HZ?BH R�V8] DM\ X�T ? TGR@KMN�N�TBV�T D L�] H KMR�V�T D L Y KML�N \ X D V D�HZ?BH R�V8] D L Y8\�H R�V8] DEY R DM\ _MOW�X�T Y
Y T F T ? K^]�TBVb_�RUKML i�H4Y8HUH L�TGL�V�X H ] HZ? K^V�TBa H4H L H ]�dET HZY.� L D V�V�X H K igY8DE? �5V H¥� TGL/a DE? a H N�TGL
V�X H R�] H K^V�T D L DMA'Y8\�H RUT HZY h�TBV�X \�DEY TBV�TBa H R�X�K^]�d H O � L HZ?BH R�V8] DM\ X�T ? TGR�KMN�N�TBV�T D L
] H KMR�V�T D L Y e�V�X H ]�K^V H N H V H ] F TGL�TGL5d Y V HU\ T Y � Y ��K ?G? _:V�X H�A�D ] F K^V�T D L DMA V�X H
RUK^] i�D RUK^V�T D L�TGL/V H ] FIH N�TGK^V H O � L Y8DEFIH4HZ? T F TGL�K^V�T D L�] H KMR�V�T D L Y.��� l � KML�N�L���R ?BHUDM\ X�T ? TGR
Y � igY V�TBV��5V�T D L Y ] H KMR�V�T D L Y9� P ¸ l � e�V�X H ]�K^V H N H V H ] F TGL�TGL5d Y V HU\ T Y K ?GY8D V�X H4A�D ] F K^V�T D L
DMA KIRUK^] i�D RUK^V�T D L�TGL/V H ] FIH N�TGK^V H O � L�V�X�T Y h+KZ_Me�L D V D L ? _ HZ?BH R�V8] DM\ X�T ? TGR@KMN�N�TBV�T D L
] H KMR�V�T D L Y RUKML i�H R D L�L H R�V H N�V DI\ X D V D�HZ?BH R�V8] D L Y8\�H R�V8] DEY R DM\ _Me i �5V+K ?GY8DIHZ? T F TGL�K^V�T D L
] H KMR�V�T D L Y KML�N�L���R ?BHUDM\ X�T ? TGR Y � igY V�TBV��5V�T D L�] H KMR�V�T D L Y � l k � O
[]\wç èpéêh;l5h0cRh
eÄaVi]_;a<ë5_
iJcRh
e:l5n
>@Y�FIH L/V�T D L H N�TGL�V�X H4\ ] H aST D � Y�Y8H R�V�T D L�e�V�X HUD ] H V�TGRUK ? RUK ? RU� ? K^V�T D L Y h H ] H N D L H TGL
D ]�N H ]�V D d H V�V�X H L H R HZY�Y K^]�_�TGL A�D ] F K^V�T D L�V D RUK ? RU� ? K^V H V�X H R�X HZF TGRUK ?qY X�T A V Ú ¹ O
W�X HZY8H R�X HZF TGRUK ?�Y X�T A V Y h H ] H RUK ? RU� ? K^V H N A ] DEF V�X H�HZ?BH R�V8] D L�TGR H L H ]�dET HZY+DMA V�X H TGL�TBV�TGK ?
KML�N���L�K ?;� T D L�TB½ H N �Y V�K^V H4DMA V�X H4FIDE?BH RU� ?BHZY h�X H ] H ½ H ] D:\�D TGL/V H L H ]�dET HZY9� è �Q�+�
h H ] H V�K^� H L�TGL/V D KMRUR D ��L/VUO � L�KMN�N�TBV�T D L�e D V�X H ] \ K^]�K FIH V H ] Y�? TB� H�D ] i TBV�K ?�H L H ]�dET HZY
�0ìÏ� e HZ?BH R�V8] DEY V�K^V�TGR \�D V H L/V�TGK ?GY.�;í4� egKML�N�ê�T i�igYA ] HUH4H L H ]�dET HZY.�
Û.� h H ] H4H�~ V8]�KMR�V H N
A ] DEF V�X H RUK ? RU� ? K^V�T D L Y KML�N�� Y8H N A�D ]�N�TÛ¤ H ] H L/V \ �5] \�DEY8HZY O'W�X Hrî�P3x2X�X�S0P3Gï9ð)Y8H V DMA
\ ] D dM]�K F:Y h+K Y � Y8H N�TGL�V�X H RUK ? RU� ? K^V�T D L Y O;W�X H¥P�Á(SwGWS6K6S0I RUK ? RU� ? K^V�T D L Y K^] H4A �5]�V�X H ]
N�T Y RU� Y�Y8H N�TGL�R�X�K \ V H ] £ O
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W�X�T Y�Y8H R�V�T D L�h�T ?G? N HZY R�]�T i�H X D hÚV�X H4H�~S\�H ]�T FIH L/V�K ?�A KMRUT ? TBVb_�T Y�i ��T ? V+� \ KML�N�X D h
V�X H4H�~S\�H ]�T FIH L/V�T Y N D L H O
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W�X H ] H K^] H.F KML/_ A KMRUT ? TBV�T HZY TGL�V�X H h D ] ? N�V�X�K^V \ ] D N���R H�Y _SL�R�X5] D V8] D L�]�KMN�TGK^V�T D L�O
Z�L H�DMA V�X HZY8H T Y V�X H4��>����b? K i�D ]�K^V D ]�_ ?BD RUK^V H N�TGL�����L�N�egP�h H N H L�O � L�V�X H
A�DE?G?BD h�TGL5d Y8H R�V�T D L Y e�K:R ?BDEY8H ]@N HZY R�]�T \ V�T D L DMA V�X�T Y�A KMRUT ? TBVb_�h�T ?G?�i�H dETBa H L�O;�¦TBdE�5] H l ¸
Y X D h Y KML D a H ]�aST H h DMA V�X H4��>����b? K i�D ]�K^V D ]�_MOW�X H ] H T Y KIV�X�TB]�N ��>���� ]�TGL5d:��L�N H ]
R D L Y V8]���R�V�T D L�V�X�K^V�T Y L D V Y X D h�L�TGL�V�X�T Y �gdE�5] H O

�¦TBdE�5] H l ¸ ÿ> L D a H ]�aST H h DMA V�X H4��>����b? K i�D ]�K^V D ]�_MO

W�X H4? TBdEX/V�T Y d H L H ]�K^V H N�TGL�K \ ] D R HZY�Y h�X�TGR�X�R D L Y T Y V Y�DMA¦Y8H a H ]�K ?�Y V HU\gY OQ�¦TB] Y VUe5V�X H
HZ?BH R�V8] D L Y K^] H d H L H ]�K^V H N A ] DEF KML HZ?BH R�V8] D L Y8D �5]�R H RUK ?G?BH N�V�X H�HZ?BH R�V8] D L�dE��L�O;W�X HZY8H
HZ?BH R�V8] D L Y�F � Y V i�H KMRUR HZ?BH ]�K^V H N�V D K Y8\�HUH N�L H K^]�V�X H.Y8\�HUH N DMA'? TBdEX/VUO;W D KMR�X�T H a H
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V�X�T Y e5K9]�KMR H V8]�KMR�� F TB��] D V8] D L�KMRUR HZ?BH ]�K^V D ] ��Y T F T ? K^]V D K�� � f > J � T Y � Y8H N�O;W�X H L�V�X H
HZ?BH R�V8] D L Y K^] H TGL�M H R�V H N�TGL/V D���>��v� e5V�X H �g] Y V ��>���� ]�TGL5d5O C�H ] H V�X H�HZ?BH R�V8] D L Y K^] H
Y8H L/V�V�X5] D �5dEX���L�N�� ? K^V D ] Y KML�N i�H L�N�TGL5d F K^dEL H V Y K^V�N�TÛ¤ H ] H L/V i�H K F:? TGL HZY V D
\ ] D N���R H�? TBdEX/V�h�TBV�X F KML/_�h+KZa HZ?BH L5dMV�X Y OW�X�T Y�? TBdEX/V�T Y�FID L D R�X5] DEF K^V�TB½ H N�KML�N
� Y8H N�TGL�N�TÛ¤ H ] H L/V H�~S\�H ]�T FIH L/V Y O
W�X H KMRUR HZ?BH ]�K^V H N HZ?BH R�V8] D L Y TGL�V�X H.��>��v�b� ]�TGL5dIRUKML�K ?GY8DIi�H TGL�M H R�V H N�TGL/V D V�X H
? K^]�d H ] ��>��v���b� ]�TGL5d5O C�H ] H V�X H4HZ?BH R�V8] D L Y K^] H4A �5]�V�X H ]�KMRUR HZ?BH ]�K^V H N�V D K:X�TBdEX H ]
H L H ]�dM_MOQW�X HZY8H4HZ?BH R�V8] D L Y K^] H.Y8H L/V�V�X5] D �5dEX���L�N�� ? K^V D ] Y+D ]�h�TBdMd ?BH ] Y V D:\ ] D N���R H K
a H ]�_�TGL/V H L Y8H4? TBdEX/V i�H K F V�X�K^V�d D�HZY V�X5] D �5dEX�K FID L D R�X5] DEF K^V D ]�V D dETBa H.? TBdEX/V+h�TBV�X
Y8\�H RUTÛ��R@h+KZa HZ?BH L5dMV�X Y OW�X�T Y�? TBdEX/V�T Y�H L�N�TGL5dI� \ K^V�V�X H4H L�N Y V�K^V�T D L�h�X H ] H TBV�RUKML
i�H � Y8H N A�D ] H�~S\�H ]�T FIH L/V Y O
W�X H�HZ?BH R�V8] D L�dE��L�e5]�KMR H V8]�KMR�� F TB��] D V8] D L�e�� � f > J@e ��>��v� e ��>��v��� e5KML�N
i�H K F:? TGL H@�-£ lMl K^] H4A �5]�V�X H ]�N HZY R�]�T i�H N�TGL�V�X H4A�DE?G?BD h�TGL5d Y8H R�V�T D L Y O
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W�X H4Y8D �5]�R H h�X�TGR�X \ ] D N���R HZY V�X H�HZ?BH R�V8] D L Y T Y V�X H4HZ?BH R�V8] D L�dE��L � lMl�� OQW�X�T Y N H aSTGR H
K ?GY8D KMRUR HZ?BH ]�K^V HZY V�X H�HZ?BH R�V8] D L Y�i _�� Y TGL5dIK Y V H KMN5_ HZ?BH R�V8]�TGR�� HZ? N�O'�¦TBdE�5] H l £:D L�V�X H
A KMRUTGL5d \ K^d H.Y X D h Y KML H�~ K FI\g?BH�DMA KML HZ?BH R�V8] D L�dE��L�O
� L�V�X H�HZ?BH R�V8] D L�dE��L�e5V�X H RUK^V�X D N H T Y X H K^V H N�V D K:R H ]�V�KMTGL�V HZFI\�H ]�K^V��5] H V D RUKM� Y8H
HZF T Y�Y T D L DMA�HZ?BH R�V8] D L Y�A ] DEF V�X H4Y �5] A KMR H4DMA V�X H RUK^V�X D N H OQW�X H RUK^V�X D N H R D L Y T Y V Y+DMA
K FIH V�K ?�D ]@R DEFI\�D ��L�N Y+? TB� H�i K^]�TG� F�DZ~ TGN H e c K�Z9e D ] ? KML/V�KML�TG� F X H�~ K i�D ]�KML H e� ���
	 O cH RUKM� Y8H.DMA KIa DE? V�K^d H.i�H Vbh HUH L�V�X H RUK^V�X D N H KML�N�KML D N H e�V�X H�HZ?BH R�V8] D L Y K^] H
KMRUR HZ?BH ]�K^V H N�V D h+K^]�N Y V�X H KML D N H O � L�V�X�T Y h+KZ_Me�K i�H K F DMA�HZ?BH R�V8] D L Y T Y+\ ] D N���R H N�O
W�X H�H L H ]�dM_ DMA V�X H4HZ?BH R�V8] D L Y T Y TGL�R�] H K Y8H N i _�TGL�R�] H K Y TGL5d�V�X H a DE? V�K^d H.i�H Vbh HUH L�V�X H
RUK^V�X D N H KML�N�KML D N H O �-A KMRUR HZ?BH ]�K^V�TGL5d:dEK \gY KML�N u®D ]�]�K \ TGN ? _�K ? V H ]�L�K^V�TGL5d�� HZ? N Y K^] H
� Y8H N�e5h H RUKML�d H V H a H L�X�TBdEX H ] H L H ]�dET HZY�DMA V�X H�HZ?BH R�V8] D L Y O
> N�TÛ¤ H ] H L/Vh+KZ_ DMA ] HZ?BH K Y TGL5d HZ?BH R�V8] D L Y�A ] DEF V�X H�Y �5] A KMR H�DMA V�X H RUK^V�X D N H egT Y V D � Y8H
\ X D V D�HZF T Y�Y T D L�h�X H ] H V�X H RUK^V�X D N H T Y TB]�]�KMN�TGK^V H N i _�K Y V8] D L5d ? K Y8H ] \ � ?GY8H O
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� � f > J�T Y KML�K i�i ] H aSTGK^V�T D L A�D ] ? TGL H K^]�KMRUR HZ?BH ]�K^V D ]�KML�N�T Y KML�TGL Y V8]�� FIH L/Vh�X�TGR�X
KMRUR HZ?BH ]�K^V HZY�\ K^]�V�TGR ?BHZY TGL�K Y V8]�KMTBdEX/V ? TGL H � lMl�� e � l j � O � L D ]�N H ]�V D ] H KMR�X�X�TBdEX
H L H ]�dET HZY e�TBV�T Y L H R HZY�Y K^]�_�V D K ? V H ]�V�X H a DE? V�K^d H TGL Y TGN H V�X H � � f > J@OgW�X H L H R HZY�Y K^]�_
A ] H ��� H L�RUT HZY K^] H X�TBdEX�e5KML�N i�H RUKM� Y8H4DMA V�X�T Y e D L H�DMA V H L�V�K ? � Y K i�D �5V�]�KMN�T D
A ] H ��� H L�R�_�KMRUR HZ?BH ]�K^V D ] Y O
W�X H V�T F TGL5dIT Y+D L H4\ ] DMig?BHZF K^V�V�X�T Y+\�D TGL/VUO'��X H L�V�X H�HZ?BH R�V8] D L Y KMRUR HZ?BH ]�K^V HZY KML�N
dEKMTGL�K:L D L � ] HZ? K^V�TBaST Y V�TGR�a HZ?BD RUTBVb_MegV�X H V�T FIH a^K^]�_STGL5d HZ?BH R�V8]�TGR@� HZ? N F � Y V i�H
R D L/V8] DE?G?BH N \ ] DM\�H ] ? _IV D KMR�X�T H a H KML DM\ V�T F K ? TGL/V H ]�KMR�V�T D L i�H Vbh HUH L�V�X H � HZ? N�KML�N�V�X H
\ K^]�V�TGR ?BHZY O
W�X H4Y V8]���R�V��5] H�DMA V�X H ��TGN H ] åDMH � � f > J*T Y�Y X D h�L�TGL��gdE�5] H l ¼�OQW�X�T Y N H aSTGR H
R D L Y T Y V Y�DMA K Y8H ]�T HZY�DMA R�_ ? TGL�N5]�TGRUK ? V�� i�HZY h�X�TGR�X�K^] H4\g? KMR H N�K ?BD L5dIV�X H.?BD L5dETBV���N�TGL�K ?
K ~ T Y�DMA KML H a^KMRU��K^V H N�d ? K Y�Y R�_ ? TGL�N H ]ZO >@? V H ]�L�K^V H V�� i�HZY K^] H R D L�L H R�V H N�V D�DM\�\�DEY TBV H
V H ] F TGL�K ?GY+DMA KML�] A d H L H ]�K^V D ]ZO c _ Y8HZ?BH R�V�TGL5dIV�X H ] A a DE? V�K^d H KML�N A ] H ��� H L�R�_MegK
a^K^]�T H Vb_ DMA X H KZa�_�T D L Y RUKML i�H KMRUR HZ?BH ]�K^V H N�KMR�] DEY�Y V�X H dEK \gY KML�N i ��L�R�X H N
Y T F � ? V�KML HUD � Y�? _MO
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�¦TBdE�5] H l µ ÿ W�X H4>@? a^K^] H ½ ? TGL H K^]�KMRUR HZ?BH ]�K^V D ]ZO

> V�K FIDEFIH L/V�h�X H L�V�X H ] A a DE? V�K^d HZY K^] H4F K ~ T F � F D L H KMR�X HZ?BH R�V8] D N H e
KMRUR HZ?BH ]�K^V�T D L�V�K^� HZY�\g? KMR H TGL H a H ]�_�dEK \ O >�A V H ]�R�] DEY�Y TGL5dIV�X HZY8H dEK \gY e�V�X H�\ K^]�V�TGR ?BHZY
H L/V H ]�V�X H.FIH V�K ?G? TGR�R�_ ?G? TGL�N5]�TGRUK ?�HZ?BH R�V8] D N HZY h�X�TGR�X�KMR�V@K Y K Y X�T HZ? N�V D V�X H4HZ?BH R�V8]�TGR
� HZ? N Y O¦W�X HZY8H�\ K^]�V�TGR ?BHZY V�X H L H�~ TBVQV�X H�HZ?BH R�V8] D N H K A V H ]+V�X H � HZ? N�TGLIV�X H L H�~ VQdEK \ X�K Y
R�X�KML5d H N \�DE? K^]�TBVb_MO;W�X H ] H K Y8D L�h�X/_�V�X H.?BH L5dMV�X DMA V�X H R�_ ? TGL�N5]�TGRUK ?gHZ?BH R�V8] D N HZY d H V Y
?BD L5d H ]�K Y V�X H�\ K^]�V�TGR ?BHZY K^] H KMRUR HZ?BH ]�K^V H N�e�T Y V�X�K^V�V�X H�\ K^]�V�TGR ?BH@i�H K F F � Y V�K^]�]�TBa H K^V
V�X H L H�~ V�dEK \ h�X H L�V�X H ] A a DE? V�K^d HZY K^V�V�X�K^V�dEK \ K^] H K \�\ ] DM\ ]�TGK^V H�A�D ]�KMRUR HZ?BH ]�K^V�TGL5d5O
� L��gdE�5] H l µIh H RUKML Y8HUH V�X H.Y V8]���R�V��5] H�DMA V�X H.>@? a^K^] H ½ ? TGL H K^]�KMRUR HZ?BH ]�K^V D ]ZOW�X�T Y
N H aSTGR H h+K Y N H a HZ?BDM\�H N�TGL l º £ µ i _ [ ]ZOQ�;O >@? a^K^] H ½.KML�N�X�T Y R D h D ]�� H ] Y O+W�X�T Y
� � f > J�T Y�i K Y8H N D L�K Y8DEFIH h�X�K^V�N�TÛ¤ H ] H L/V \ ]�TGL�RUT \g?BH O > Y T F T ? K^] Y8H ]�T HZY�DMA
R�_ ? TGL�N5]�TGRUK ?�FIH V�K ?qHZ?BH R�V8] D N HZY h H ] H � Y8H N�e i �5V FID ��L/V H N�K ?BD L5dIV�X H.?BD L5dETBV���N�TGL�K ?
K ~ T Y�DMA KML H a^KMRU��K^V H N FIH V�K ?G? TGR�R�_ ? TGL�N H ]ZO¦W�X H � HZ? N�T Y KMRUR HZ?BH ]�K^V�TGL5d A�D ]�h+K^]�N A�D ]
D L H X�K ?BA�DMA V�X H ] A R�_SR ?BH egKML�N�N H KMRUR HZ?BH ]�K^V�TGL5d i KMR���h+K^]�N A�D ]�V�X H L H�~ V�X�K ?BA R�_SR ?BH O
� KMR�X FIH V�K ?G? TGR HZ?BH R�V8] D N H.Y X�T HZ? N Y V�X H4\ K^]�V�TGR ?BHZY+A ] DEF V�X H�HZ?BH R�V8]�TGR�� HZ? N Y h�X H L�V�X H _
V8]�KZa HZ? TGL�V�X H h�] D L5d:N�TB] H R�V�T D L ��Y K FIH K Y�A�D ]�V�X H ��TGN H ] åDMH.Y V8]���R�V��5] H¥� O
W�X H ]�KMR H V8]�KMR�� F TB��] D V8] D L�X�K Y K F K^dEL H V�h�X�TGR�X�T Y�Y8\g? TBV�TGL/V D Vbh D X�K ?BA�Y e5KML�N�V�X H
KMRUR HZ?BH ]�K^V�TGL5d�RUKZaSTBVb_�T Y+H L ? K^]�d H N�TGL/V D KI� � f > J@OgW�X H�\ ]�TGL�RUT \g?BH T Y V�X H.Y K FIH e i �5V
? K^]�d H ] H L H ]�dET HZY RUKML i�H dETBa H L�V D V�X H4HZ?BH R�V8] D L�TGL H KMR�X�V��5]�L�KML�N�KMRUR HZ?BH ]�K^V H V�X H
HZ?BH R�V8] D L Y � \ V D K A�H h l kMk ��H Ü ��Y8HUH �gdE�5] H l®¿ D L�V�X H4A KMRUTGL5d \ K^d H¥� O
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� L��gdE�5] H l ¸ D L \ K^d H j l i�D V�X ��>��v� KML�N ��>��v���Y V D ]�K^d H ]�TGL5d Y K^] H.Y X D h�L�O
W�X H Vbh D ]�TGL5d Y�Y � \�\�D ]�V] HZY8H K^]�R�X�TGL�KMRUR HZ?BH ]�K^V D ] \ X/_ Y TGR Y e�L���R ?BH K^] \ X/_ Y TGR Y � Y TGL5d
H L H ]�d H V�TGR HZ?BH R�V8] D L Y egKML�N�] HZY8H K^]�R�X�� Y TGL5d Y _SL�R�X5] D V8] D L�]�KMN�TGK^V�T D L�O'W�X HZY8H ] HZY8H K^]�R�X
K^] H K Y TGL�R ? ��N H N�T Y RUT \g? TGL HZY? TB� H�Y �5] A KMR H.Y RUT H L�R H e Y8HZF TGR D L�N���R�V D ] \ X/_ Y TGR Y e F K^V H ]�TGK ?GY
Y RUT H L�R H egK^V DEF TGR4KML�N FIDE?BH RU� ? K^] \ X/_ Y TGR Y e5R�X HZF T Y V8]�_Me i T DE?BD dM_�KML�N FIH N�TGRUTGL H � l ¸ � O
��>��v� T Y KML HZ?BH R�V8] D L Y V D ]�K^d H ]�TGL5dIh�X�TGR�X�] H R H TBa HZY V�X H�HZ?BH R�V8] D L Y�A ] DEF K
]�KMR H V8]�KMR�� F TB��V8] D V8] D L�KMRUR HZ?BH ]�K^V D ]@h�TBV�X�KML H L H ]�dM_ DMA K i�D �5V l kMk ��H Ü9O�W�X H
N�TGK FIH V H ] DMA V�X�T Y ]�TGL5dIT Y K i�D �5V l k F O � L�V�X H4��>��v� ]�TGL5d5e5V�X H�HZ?BH R�V8] D L Y K^] H
A �5]�V�X H ]�KMRUR HZ?BH ]�K^V H N�V D KML H L H ]�dM_ DMA K i�D �5V�¼^kMk ��H a i�HUA�D ] H V�X H _ ?BH KZa H V�X H ]�TGL5d
V D K i�H K F:? TGL H@D ]�V�X H4��>��v��� ]�TGL5d5O'W�X H4? T A�H V�T FIH�DMA V�X H4i�H K F T Y K^] D ��L�N�¸ � ¼
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�¦TBdE�5] H l®¿ ÿ W�X H ]�KMR H V8]�KMR�� F TB��] D V8] D L�O

X D �5] Y eSh�X�TGR�X FIH KML Y V�X�K^V�V�X H ]�TGL5d:X�K Y V D:i�H ] H � ?G?BH N�K A V H ] H KMR�X £���� X D �5]ZO
��>��v��� T Y KML HZ?BH R�V8] D L Y V D ]�K^d H ]�TGL5d�h�X�TGR�X�] H R H TBa HZY V�X H4HZ?BH R�V8] D L Y�A ] DEF ��>��v�
h�TBV�X�KML H L H ]�dM_ DMA K i�D �5V�¼^kMk ��H Ü9OgW�X H N�TGK FIH V H ] DMA V�X�T Y ]�TGL5d�T Y K i�D �5V�jMº F O � L
V�X H.��>�������� ]�TGL5d5eSV�X H4HZ?BH R�V8] D L Y K^] H�A �5]�V�X H ]�KMRUR HZ?BH ]�K^V H N�V D K F K ~ T F � FÁH L H ]�dM_
DMA K i�D �5V l O ¼�ê H Ü9O�W�X�T YH L H ]�dM_�T Y�FID ] H4\ ] HZY8H ]�a H N�TGL�V�X�T Y ]�TGL5dIR DEFI\ K^] H N�V D
��>��v� e Y8D V�X H.? T A�H V�T FIH@DMA V�X H�i�H K F T Y�?BD L5d H ]ZO;W�X�T Y�FIH KML Y V�X�K^V D L H TGL�M H R�V�T D L
\�H ]�N�KZ_�T Y+H L D �5dEX�O
cD V�X DMA V�X H ]�TGL5d Y+\ ] D N���R H X�£3GJQ�U�N=I9K6N=I3GN=PRÞ3S0P9K6S0I3G O > L�KMRUR HZ?BH ]�K^V H N \ K^]�V�TGR ?BH
V8]�KZa HZ? TGL5d D L�K:RU�5]�a H N�V8]�K!M H R�V D ]�_ HZF TBV Y ]�KMN�TGK^V�T D L�O'��X H L FID aSTGL5d:K^V�] HZ? K^V�TBaST Y V�TGR
Y8\�HUH N Y e5V�X�T Y ]�KMN�TGK^V�T D L�T Y+HZF TBV8V H N�K Y K:L�K^]�] D h6R D L H V�KML5d H L/V�V D V�X H4\ K^V�X DMA V�X H
\ K^]�V�TGR ?BH � l £ � OQW�X�T Y T Y T ?G? � Y V8]�K^V H N�TGL��gdE�5] H l ¹ D L�V�X H4A�DE?G?BD h�TGL5d \ K^d H � l ¼ � O
P�_SL�R�X5] D V8] D L�]�KMN�TGK^V�T D L�T Y d H L H ]�K^V H N�h�X H L�] HZ? K^V�TBaST Y V�TGR HZ?BH R�V8] D L Y�D ] \�DEY TBV8] D L Y K^] H
KMRUR HZ?BH ]�K^V H N�KML�N���L�N H ]�d D�HZY K:R�X�KML5d H.DMA N�TB] H R�V�T D L�TGL�K F K^dEL H V�TGR�� HZ? N�O'W�X�T Y
FIH KML Y V�X�K^V�V�X H4\ K^]�V�TGR ?BHZY KML�N�V�X H.F K^dEL H V�TGR@� HZ? N�K^] H KMR�V�TGL5d:V D d H V�X H ]�TGL�K
Y _SL�R�X5] D L D � Y�F KML�L H ]ZO

Â�t ¨WtBÞ ø Æ�ÊgÉÖË�³�«�Æ�©UÞ�¨g¨
�¦TBdE�5] H l º D L�V�X H L H�~ V \ K^d H9Y X D h Y�Y R�X HZF K^V�TGRUK ?G? _�X D h i�H K F:? TGL H��-£ lMl T Y
R D L Y V8]���R�V H N � l ¸ � O
W�X H �g] Y V�N H aSTGR H4DMA��-£ lMl T Y V�X H ��L�N�� ? K^V D ]ZO > L���L�N�� ? K^V D ]�X�K Y�\�H ]�T D N�TGR F K^dEL H V�TGR
Y V8]���R�V��5] HZY h�TBV�X�] HZ? K^V�TBa HZ? _�h H K^� F K^dEL H V�TGR�� HZ? N Y O'W�X H�\�H ]�T D N�TGRUTBVb_�RUKM� Y8HZY V�X H
HZ?BH R�V8] D L�V D�H�~S\�H ]�T H L�R H KIX�K^] FID L�TGR DEY RUT ?G? K^V�T D L�K Y TBV FID a HZY TGL�V�X H K ~ TGK ? N�TB] H R�V�T D L�O
W�X�T Y ] HZY � ? V Y TGL�K FID V�T D L�h�X�TGR�X�T Y R�X�K^]�KMR�V H ]�TB½ H N i _ Y�F K ?G? KML5dE� ? K^] H�~ RU�5] Y T D L Y
RUK ?G?BH N���L�N�� ? K^V�T D L Y O cH RUKM� Y8H.DMA V�X HZY8H h H K^� F K^dEL H V�TGR�� HZ? N Y eSV�X H K FI\g? TBV���N H�DMA
V�X�T Y ��L�N�� ? K^V�T D L�T Y+A�D ]�R H N�V D:i�H4Y�F K ?G? O'W�X�T Y ] HZY � ? V Y TGL�KIL�K^]�] D hÚ]�KMN�TGK^V�T D L�R D L H O
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�¦TBdE�5] H j^k ÿ¦> L DM\ V�TGRUK ?�? KZ_ D �5V DMA K FID N�TÛ� H N.P � ¿ kMk \g? KML H dM]�K^V�TGL5d FID L D R�X5] DEF K^V D ]ZO

W�X�T Y�?BH KMN Y V D ]�KMN�TGK^V�T D L�h�TBV�X Y�F K ?G? KML5dE� ? K^]�N�TBa H ]�d H L�R H KML�N�] HZ? K^V�TBa HZ? _�L�K^]�] D h
Y8\�H R�V8]�K ? h�TGN5V�X�O
P�_SL�R�X5] D V8] D L�]�KMN�TGK^V�T D L�T Y+\ ] D N���R H N�K Y V�X H�HZ?BH R�V8] D L Y�\ K Y�Y V�X5] D �5dEX�V�X H
��L�N�� ? K^V D ] Y O'W�X H�H L H ]�dM_ ?BDEY�Y�DMA V�X H4HZ?BH R�V8] D L i�H K F V D�Y _SL�R�X5] D V8] D L�]�KMN�TGK^V�T D L�T Y
] HU\g?BH L�T Y X H N�h�TBV�X�K�]�KMN�T D^��A ] H ��� H L�R�_�KMRUR HZ?BH ]�K^V D ]ZOW�X�T Y T Y K:RUKZaSTBVb_�h�TBV�X�KML�K ~ TGK ?
HZ?BH R�V8]�TGR@� HZ? N DEY RUT ?G? K^V�TGL5dIK^V�V�X H4A ] H ��� H L�R�_ DMA K^]�]�TBa^K ?�DMA'Y8H ��� H L/V�TGK ?�HZ?BH R�V8] D L
i ��L�R�X HZY O
W�X H ]�KMN�TGK^V�T D L�R DEF TGL5d D �5V DMA KML���L�N�� ? K^V D ] F � Y VV�X H L i�H@Y8\�H R�V8]�K ?G? _�� ? V H ] H N i _�K
FID L D R�X5] DEF K^V D ]+V D9A �5]�V�X H ]L�K^]�] D hâV�X H ] HZ? K^V�TBa H@Y8\�H R�V8]�K ?gi KML�N5h�TGN5V�X�V D K Y ��TBV�K ig?BH
a^K ? � H�DMA
���� h�X H ] H Ñ T Y V�X H h+KZa HZ?BH L5dMV�X DMA V�X H TGL�R DEF TGL5d ? TBdEX/VUO � L�KMN�N�TBV�T D L�eSV�X HFID L D R�X5] DEF K^V D ]�� ? V H ] Y+D �5V�K ?G? V�X H ��L/h+KML/V H N�h+KZa HZ?BH L5dMV�X Y KML�N ?BH V Y V�X5] D �5dEX�V�X H
h+KZa HZ?BH L5dMV�X Y V�X�K^V�K^] H � Y8H N�TGL�V�X H�H�~S\�H ]�T FIH L/VUO;W�X H4FID L D R�X5] DEF K^V D ]@K^V �-£ lMl T Y
V�X H P � ¿ kMk \g? KML H dM]�K^V�TGL5d FID L D R�X5] DEF K^V D ] ��� ê ����� V�X H ] H K^] H4D V�X H ]��STGL�N YDMA
FID L D R�X5] DEF K^V D ] Y�? TB� H V�X H4Y8\ X H ]�TGRUK ? dM]�K^V�TGL5d FID L D R�X5] DEF K^V D ] � P�ê ���8� � l µ � O
�¦TBdE�5] H j^k Y X D h Y K FID N�TÛ� H N�a H ] Y T D L DMA V�X H P � ¿ kMk FID L D R�X5] DEF K^V D ] � l®¿!� OQW�X H
�gdE�5] H T Y�Y X D h�TGL5dIVbh D:\g? KML H dM]�K^V�TGL5d Y TGL�V�X H.FID L D R�X5] DEF K^V D ]�h�X�T ?BH TBV Y X D � ? N i�H
D L ? _ D L H4A�D ]�KML)P � ¿ kMkSe i �5V�V�X H�\ ]�TGL�RUT \g?BH T Y V�X H4Y K FIH O
W�X H P � ¿ kMk:T Y V�X H RU�5]�] H L/V�KML�N FIDEY V \�DM\ � ? K^] DMA V�X H4F KML/_�a H ] Y T D L Y+DMA
FID L D R�X5] DEF K^V D ] Y OQ�5] DEF V�X H �gdE�5] H h H RUKML Y8HUH V�X�K^V�V�X H TGL�R DEF TGL5d9]�KMN�TGK^V�T D L
V8]�KZa HZ?GY V�X5] D �5dEX�K \ TGL�X DE?BH�i�HUA�D ] H TBV�T Y R DE?G? T F K^V H N i _�K \ K^]�K i�DE?BD TGN�K ?gF TB]�] D ] ��� l � O
W�X�T Y R DE?G? T F K^V H N ? TBdEX/V�T Y ] H y H R�V H N i _�K \g? KML H�F TB]�] D ]�KML�N�K \g? KML H dM]�K^V�TGL5d i�HUA�D ] H
V�X H.FID L D R�X5] DEF K^V�TB½ H N ? TBdEX/V�T Y+A�D RU� Y8H N i _�K:L H h \ K^]�K i�DE?BD TGN�K ?�F TB]�] D ] ��� j � KML�N
?BH KMN�TGL/V D KIa H ]�V�TGRUK ?G? _�KMN�M�� Y V�K ig?BH�H�~ TBV Y�? TBV ��� P � Og�¦TGL�K ?G? _MeSV�X H N�TBa H ]�dETGL5d i�H K F T Y
] H���A�D RU� Y�Y8H N i _�KIV D ] D TGN�K ?qF TB]�] D ] ��� W �i�HUA�D ] H TBV�T Y+H L�N�TGL5dI� \ TGL�V�X H4Y K FI\g?BH O
> V�V�X H4H L�N DMA V�X H4i�H K F:? TGL H e�h H ��L�N�V�X H4H L�N Y V�K^V�T D L ��Y8HUH �gdE�5] H j l D L�V�X H L H�~ V
\ K^d H¥� � l ¹ � e � l º � O C�H ] H V�X H4H�~S\�H ]�T FIH L/V Y K^] H RUK^]�]�T H N D �5VUO
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W�X�T Y+H L�N Y V�K^V�T D L�T Y+H ����T \�\�H N�h�TBV�X�KML�KML5d ?BH ] HZY8DE? a H N�PSRUT H L/V�K�P � P � j^kMk
X HZF T Y8\ X H ]�TGRUK ? KML�K ? _�½ H ] � j^k � OQW�X�T Y T Y�\ ] D N���R H N i _�PSRUT H L/V�K � L Y V8]�� FIH L/V Y�>@c e
` \�\gY K ? KSe�P�h H N H L�e�KML�N�N HZY TBdEL H N A�D ]�dEK Y�\ X�K Y8H e Y8DE? TGN Y V�K^V H e ? TG����TGN Y e�KML�N�V�X�TGL
� ?GF Y V���N�T HZY O
W�X H�H L�N Y V�K^V�T D L�R D L Y T Y V Y�DMA V�X5] HUH�\ K^]�V Y.��A�D ] Y8DE? TGN Y K FI\g?BHZY KML�N�L D V�� Y8H N i _�� YÏ�
TGL�KMN�N�TBV�T D L�V D V�X H P � P � j^kMk:KML�K ? _�½ H ]���V�X H TGL/V8] D N���R�V�T D L�R�X�K F.i�H ]Ze5V�X H
\ ] HU\ K^]�K^V�T D L�R�X�K F.i�H ]ZegKML�N�V�X H KML�K ? _ Y T Y R�X�K F.i�H ]ZOQW�X H TGL/V8] D N���R�V�T D L�R�X�K F.i�H ]@T Y
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T Y V�X H4H�~ TBV �bY�? TBV DMA V�X H4FID L D R�X5] DEF K^V D ]ZO
W�X H4Y8H V8V�TGL5d Y � Y8H N�TGL�KIVb_ \ TGRUK ? RUK^] i�D L l Y�FIH K Y �5] HZFIH L/V�K^] H.Y X D h�L�TGL�V�K ig?BH l D L
V�X H L H�~ V \ K^d H O�5] DEF FIH K Y �5] HZFIH L/V�V D�FIH K Y �5] HZFIH L/VUe DMA V H L Y8DEFIH4DMA V�X HZY8H
\ K^]�K FIH V H ] Y L HUH N�V D:i�H KMN�M�� Y V H N�O
� L D ]�N H ]�V D d H V�K Y R D ]�] H R�V H L H ]�dET HZY K Y�\�DEY�Y T ig?BH@A ] DEF V�X H4Y8\�H R�V8]�� F e�K Q�P3} S
Á�N=P9K6S0I3G
T Y L H R HZY�Y K^]�_MOW�X H L H�~ V�KML�N ? K Y V Y8H R�V�T D L�TGL�V�X�T Y R�X�K \ V H ]�h�T ?G? V HZ?G?qFID ] H K i�D �5V
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W�K ig?BH l ÿ P H V8V�TGL5d Y � Y8H N�TGL�KIVb_ \ TGRUK ?qFIH K Y �5] HZFIH L/V
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X D hÚV�X�T Y T Y N D L H O

Â�tÍÂ�tÍÂ ��«�Æ�¥Ø�Î ²EÊgË�³w��¥Ê5¬¥³�¯�«
��TBV�X Y _SL�R�X5] D V8] D L�]�KMN�TGK^V�T D L�eSV�X H KMRURU�5]�KMR�_�h�TBV�X�h�X�TGR�X�V�X H�\ X D V D L H L H ]�dM_�T Y
�SL D h�L�T Y L D V�X�TBdEX � j £ � OQW�X�T Y�FIH KML Y V�X�K^V�V�X H K \�\ K^] H L/V \ X D V D L H L H ]�dM_ F KZ_
R�X�KML5d H.A ] DEFÁD L H N�KZ_�V D KML D V�X H ]�h�TBV�X�K�dETBa H L Y8H V8V�TGL5d DMA V�X H4FID L D R�X5] DEF K^V D ]ZO
W�X�T Y X�K \�\�H L Y N�� H V D TGL Y V�K i T ? TBV�T HZYQD ]�T FI\�H ] A�H R�V�T D L Y+DMA V�X H TGL Y V8]�� FIH L/VUO5Z�L H
H ¤ H R�V�V�X�K^V�dETBa H.FIH K Y �5] HZFIH L/V H ]�] D ] Y e�T Y R�X�K^]�d H KMRURU� F � ? K^V�T D L�TGL�V�X H dEK Y R HZ?G?
N��5]�TGL5d�K FIH K Y �5] HZFIH L/VUOQW�X�� Y e A�D ]���L�N�TGL5d�KMRURU�5]�K^V H T D L�TB½ZK^V�T D L H L H ]�dET HZY e�TBV�T Y
L H R HZY�Y K^]�_�V D TGL�R ? ��N H KML�TGL/V H ]�L�K ?�Y V�KML�N�K^]�N � RUK ? T i ]�KML/V �QA�D ]�h�X�TGR�X�V�X H T D L�TB½ZK^V�T D L
H L H ]�dM_�T Y h HZ?G? �SL D h�L�OQW�X�T Y RUK ? T i ]�KML/V�T Y�FIH K Y �5] H N�V D d H V�X H ]@h�TBV�X�V�X H4Y K FI\g?BH
��F T ~SH N�V D d H V�X H ] � V D d H V�V�X H.Y8\�H R�V8]�K DMA¦i�D V�X�V�X H RUK ? T i ]�KML/V�KML�N�V�X H.Y K FI\g?BH TGL
V�X H.Y K FIH4Y8\�H R�V8]�� F O
> d D�D N�RUK ? T i ]�KML/V Y X D � ? N�X�KZa H TBV Y�\�H K^��R ?BDEY8H V D V�X H R DEFI\�D ��L�N DMA TGL/V H ] HZY VUe i �5V
L D V D a H ] ? K \�\ TGL5d5O > d D�D N�RUK ? T i ]�KML/V Y X D � ? N�K ?GY8D:i�H KZa^KMT ? K ig?BH K^V�K ?BD h6R DEY VUO � L
RUK^] i�D L l Y�FIH K Y �5] HZFIH L/V Y�i�D V�X�J�Z » KML�N�J+� ¿ FIHUH V�V�X HZY8H ] H ����TB] HZFIH L/V Y OW�X H RUK ? T i ]�KML/V Y�FIH L/V�T D L H N�TGL�V�K ig?BH j D L�V�X H�A KMRUTGL5d \ K^d H e�h H ] H RUK ? T i ]�K^V H N H K^] ? T H ]
i _EP0Q �p£3N�X$O@KwUúO@K·P3} Q � jM¼ � i _�� Y TGL5d�V�X H K^]�d D L�j \ ¾SR » ? TGL H O > ]�d D L�T Y K FID L�K^V DEF TGRdEK Y egKML�N�X�K Y L D aST i ]�K^V�T D L�K ?�H�~ RUTBV�K^V�T D L�OQW�X H ] HZY � ? V DMA V�X�T Y T Y V�X�K^V�V�X H a H ]�V�TGRUK ?
KML�N�KMN�TGK i K^V�TGR H L H ]�dET HZY K^] H TGN H L/V�TGRUK ? O'W�X H ] HU\�D ]�V H N�T D L�TB½ZK^V�T D L H L H ]�dM_ DMA¦> ]
j \ ¾SR » e�j £ ¹�O µMjMº H Ü9egT Y h HZ?G? �SL D h�L�TGL�V�X H4? TBV H ]�K^V��5] H KML�N ? T HZY�£ k � ¼^k H Ü=KZh+KZ_ A ] DEFV�X H RUK^] i�D L l Y T D L�TB½ZK^V�T D L H L H ]�dET HZY O � L�V�X H.Y K FIH h+KZ_�K Y N HZY R�]�T i�H N�K i�D a H egV�X H
RUK ? T i ]�KML/V ��> ] � h+K Y�FIH K Y �5] H N�V D d H V�X H ]@h�TBV�X�V�X H R DEFI\�D ��L�N DMA TGL/V H ] HZY V�h�X�TGR�X
TGL�R ? ��N HZY K ?G? V�X H R DEFI\�D ��L�N Y�Y X D h�L�TGL�V�K ig?BH j D L�V�X H L H�~ V \ K^d H O
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W�K ig?BH j ÿ > N�TGK i K^V�TGRÚRUK^] i�D L l Y T D L�TB½ZK^V�T D L H L H ]�dET HZY ��H Ü �àDMA N�TÛ¤ H ] H L/V Y�F K ?G?
FIDE?BH RU� ?BHZY
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� KMR�X ? TGL H TGL�K Y8\�H R�V8]�� F X�K Y KIdETBa H L ? TGL HZY X�K \�H O � L�R D ] H4\ X D V D�HZ?BH R�V8] D L
Y8\�H R�V8] DEY R DM\ _MegV�X�T Y�? TGL HZY X�K \�H T Y TGLVy�� H L�R H N i _ Y8H a H ]�K ?q\ X/_ Y TGRUK ?�\ ] D R HZY�Y8HZY O;W�X�T Y
R�X�K \ V H ]�h�T ?G? N HZY R�]�T i�H V�X HZY8H4\ ] D R HZY�Y8HZY O

ç�\;[ ¯�e:n!cúaVe:_;_;h;n3h
e:l h;l:c9`WdRi]a2cRh
e:l °�¯����9³Hi]l5kêk5h-��`WdR`bl:cjé5dReAi]k�`bl5h;l��� i]a2c9eAd�n
��X H L�R D ] H4\ X D V D�HZ?BH R�V8] D L Y8\�H R�V8] DEY R DM\ _�T Y RUK^]�]�T H N D �5V D L ? TBdEX/V HZ?BHZFIH L/V Y�Y ��R�X�K Y
RUK^] i�D L�e5V�X H.> �5d H ] \ ] D R HZY�Y N DEF TGL�K^V HZY V�X H4Y8H R D L�N�K^]�_�N H RUKZ_ � jMµ � O > L D ] F K ?
> �5d H ] \ ] D R HZY�Y T Y T ?G? � Y V8]�K^V H N�TGL � K � TGL��gdE�5] H jM¸ D L�V�X H�A�DE?G?BD h�TGL5d \ K^d H � j ¿!� O � L
V�X H L D ] F K ?�> �5d H ] \ ] D R HZY�Y egKIR D ] H4HZ?BH R�V8] D L�T Y�H M H R�V H N�TGL/V D R D L/V�TGL���� F i _�KML
TGL�R DEF TGL5d \ X D V D L�O;W�X�T Y T Y+A�DE?G?BD h H N i _�KIN H RUKZ_ DMA KIa^K ?BH L�R H4HZ?BH R�V8] D L�TGL/V D V�X H
R D ] H e�h�X�TGR�X�RUKM� Y8HZY KML H M H R�V�T D L DMA KIa^K ?BH L�R H�HZ?BH R�V8] D L�TGL/V D R D L/V�TGL���� F O;W�X�T Y
Y8H R D L�N ��H M H R�V H N HZ?BH R�V8] D L�T Y RUK ?G?BH N�KML > �5d H ] HZ?BH R�V8] D L�O
�-A V�X H4Y8H R D L�N ��H M H R�V H N > �5d H ] HZ?BH R�V8] D L�T Y�FID aSTGL5d A K Y V H ]�V�X�KML�V�X H4\ X D V D�HZ?BH R�V8] D L�e
V�X H.> �5d H ] HZ?BH R�V8] D L�h�T ?G? RUK^V�R�X�� \ h�TBV�X�V�X H�\ X D V D�HZ?BH R�V8] D L�KML�N \ K Y�Y TBV � TGL�V�X H
> �5d H ] \ ] D R HZY�Y e�V�X H N H RUKZ_ DMA V�X H a^K ?BH L�R H�HZ?BH R�V8] D L�TGL/V D V�X H R D ] H X�K \�\�H L Y
X�S T xV})K
P3G�O%I3x2X�} £ h�TBV�X�V�X H�H M H R�V�T D L DMA V�X H X�TBdEX ? _ H L H ]�d H V�TGR > �5d H ] HZ?BH R�V8] D L � O
��X H L�V�X�T Y X�K \�\�H L Y eSV�X H4\ X D V D�HZ?BH R�V8] D L §^A�HUHZ?GY%§ KML H ¤ H R�V�TBa H R�X�K^]�d H.DMAQï j A ] DEF
V�X H T D L�TB½ H N�K^V DEF D ] FIDE?BH RU� ?BH h�X�TGR�X�T Y�?BHUA V i�H X�TGL�N�e�KML�N�T Y ] H V�K^]�N H N�V D K:X�TBdEX H ]
N H dM] HUH R DEFI\ K^] H N�h�TBV�X�KML H ¤ H R�V�TBa H R�X�K^]�d H4DMAQï l OQW�X H4> �5d H ] HZ?BH R�V8] D L�h�T ?G? d D
A ] DEF §^A�HUHZ? TGL5d § K:R�X�K^]�d H.DMA;ï j�V D�ï l K A V H ]�V�X H4\ K Y�Y K^d H4DMA V�X H4\ X D V D�HZ?BH R�V8] D L�O
W�X�T Y+Y8\�HUH N Y V�X H4> �5d H ] HZ?BH R�V8] D L H a H L FID ] H OQW�X�T Y\ ] D R HZY�Y T Y RUK ?G?BH N �<I�X�K%�=Q�I3}w} SYX�S0I3G
SwGbK;O�N=PRQ$K6S0I3G KML�N�T Y T ?G? � Y V8]�K^V H N�TGL ��i�� TGL��gdE�5] H jM¸ D L�V�X H L H�~ V \ K^d H OW�X�T Y
� J �b��H ¤ H R�V�dETBa HZY KML�K Y _ F:FIH V8]�TGR ? TGL H h�X�TGR�X�T Y K FI\g? TÛ� H N D L�V�X H
?BD h � �STGL H V�TGR ��H L H ]�dM_ Y TGN H���D ]�V�X H X�TBdEX � T D L�TB½ZK^V�T D L ��H L H ]�dM_ Y TGN H¥�;DMA V�X H.Y8\�H R�V8]�� F O
W�X H ] H K^] H V�X5] HUH N�TÛ¤ H ] H L/V i ] D KMN H L�TGL5d A KMR�V D ] Y h D ]�V�X FIH L/V�T D L�TGL5d5O'W�X H �g] Y V D L H
T Y RUK ?G?BH N�V�X HH} S æ$O@K6S T O�Á�N=I$PRÞ�O�GWSwG2|2�0ÚI�+� e�h�X�TGR�X�T Y�H�~S\ ] HZY�Y8H N�TGL�V�X H�A�DE?G?BD h�TGL5d
H ����K^V�T D L ÿ8Ú º Ú ���D�»�Ð j�OQW�X�T Y+H ����K^V�T D L�T Y �SL D h�L�K Y V�X H.C�H T Y8H L i�H ]�d é Y��L�R H ]�V�KMTGL/Vb_ \ ]�TGL�RUT \g?BH h�X H ] H4Ú � T Y V�X H N H RUKZ_�V�T FIH�D ] ? T A�H V�T FIH�DMA V�X H R D ] H X DE?BH O �»T Y+H ����K ? V D »JÐ j å h�X H ] H » T Y��Q? KML�R�� é Y R D L Y V�KML/VUO > R DEF:FID L ? T A�H V�T FIH@i ] D KMN H L�TGL5dDMA KIRUK^] i�D L l Y�? TGL H T Y l kMk FIH Ü9O �-A h H�\ �5V+V�X�T Y a^K ? � H TGL/V D V�X H�H ����K^V�T D L�e5h H d H V�K
? T A�H V�T FIH�DMA V�X H R D ] H X DE?BH�DMA K i�D �5V@¸ ~ l k � ��� Y8H R D L�N Y�D ]@¸ A�HZF V DEY8H R D L�N Y O
> Y8H R D L�N i ] D KMN H L�TGL5d A KMR�V D ]@T Y V�X H�i ] D KMN H L�TGL5dIN�� H V D V�X H N�TÛ¤ H ] H L/V�R DEFI\�D L H L/V Y
DMA V�X H TGL Y V8]�� FIH L/VUO'W�X H�H L H ]�dM_�KML�K ? _�½ H ]�T Y K Y�Y8D RUTGK^V H N�h�TBV�X�KML���L�R H ]�V�KMTGL/Vb_�TGL
KMN�N5V�T D L�V D KML H L H ]�dM_�N�T Y V8]�T i �5V�T D L DMA V�X H�\ X D V D L Y O
[ DM\�\g?BH ] i ] D KMN H L�TGL5d � ¸^k � T Y K�V�X�TB]�N��STGL�N DMA¦i ] D KMN H L�TGL5d A KMR�V D ]�h�X�TGR�X D ]�TBdETGL�K^V HZY
A ] DEF V�X H �STGL H V�TGR H L H ]�dM_ DMA V�X H dEK Yð��\ X�K Y8H K^V DEF:Y�D ] FIDE?BH RU� ?BHZY�DMA V�X H.Y K FI\g?BH
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Core level

Valence levels

hv

O

.

O

.
O

. Auger electron

Core level

Valence levels

hv

O

.

O

.

O

. Auger electron

(a) (b)

�¦TBdE�5] H jM¸ ÿ;> L�T ?G? � Y V8]�K^V�T D L DMA K�L D ] F K ?�> �5d H ]+V8]�KML Y TBV�T D L � K � KML�N�K \�DEY VR DE?G? T Y T D L
TGL/V H ]�KMR�V�T D L ��� J ������i�� O

X�KZaSTGL5dI]�KML�N DEF FID V�T D L�O;W�X�T Y+A KMR�V D ]@X�K Y KI] HZ? K^V�TBa HZ? _ Y�F K ?G? TGLVy�� H L�R H�D L�V�X H
i ] D KMN H L�TGL5d DMA V�X H.Y8\�H R�V8]�KSO
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W�X H aST i ]�K^V�T D L�K ?�Y V8]���R�V��5] H�DMA KML HZ?BH R�V8] D L�TGR�V8]�KML Y TBV�T D L�T Y�H�~S\g? KMTGL H N i _�V�X H� ¥Êg«�²�{�á ò ¯�«�°�¯�«#È�^³�«�²/³�È¦Ë�Æ � jM¹ � ÿ
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²EÊg«â¥Æ�ÕZÈ;¯�«�°5t
cH RUKM� Y8H.DMA V�X H4HZ?BH R�V8] D L�TGR�V8]�KML Y TBV�T D L�eSV�X H4HZ?BH R�V8] D L�N H L Y TBVb_�TGL�V�X H K^V DEF D ]
FIDE?BH RU� ?BH T Y ]�K \ TGN ? _:] HZFID a H N A ] DEF D L H.Y8\�H RUTÛ��R@] H dET D L�KML�N i ��T ? V+� \ TGL�KML D V�X H ]ZO
W�X H TGL�TBV�TGK ?G? _ Y V�K^V�T D L�K^]�_�L���R ?BH T H�~S\�H ]�T H L�R H V�X�T Y L H h A�D ]�R H � HZ? N�e5KML�N Y V�K^]�V Y V D
aST i ]�K^V H�i _ Y h�TGL5dETGL5d A�D ]�h+K^]�N Y KML�N i KMR���h+K^]�N Y�A ] DEF V�X H TB] D ]�TBdETGL�K ?�\�DEY TBV�T D L�O'W�X H
Y V�K^V�T D L�K^]�_ H ����T ? T i ]�TG� F=\�DEY TBV�T D L DMA V�X H L���R ?BH T�TGL�V�X H TGL�TBV�TGK ?�HZ?BH R�V8] D L�TGR Y V�K^V H T Y
V�X H ] HUA�D ] H K Y V�K^V�T D L�K^]�_�V��5]�L�TGL5d \�D TGL/V�TGL�V�X H ��L�K ?�HZ?BH R�V8] D L�TGR Y V�K^V H OW�X�T Y�FIH KML Y
V�X�K^V�V�X H.FIDEY V�TGL/V H L Y8H aST i ] D L�TGR@V8]�KML Y TBV�T D L�T Y�A ] DEF V�X H dM] D ��L�N�aST i ]�K^V�T D L�K ?�Y V�K^V H
V D V�X H aST i ]�K^V�T D L�K ?�Y V�K^V H9? _STGL5d�a H ]�V�TGRUK ?G? _�K i�D a H TBV � V�X H K^]�] D h6TGL��gdE�5] H j £:D L�V�X H
A KMRUTGL5d \ K^d H¥� OW�X�T Y T Y RUK ?G?BH N�V�X H ó�Æ�®¬¥³�²EÊgËQ¬®¥Êg«�Õ®³Í¬¥³�¯�« egKML�N�V�X H.FIDE?BH RU� ? K^]
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Y X�K^� H�� � \�Y8\�H R�V8]�K DMA�i T \ X H L/_ ? KML�N \5� V H ] \ X H L/_ ? O'W�X HZY8H4FIDE?BH RU� ?BHZY K^] H´;7B�6�;���3�!�]')&���7���D���;���!C>¶µ���
�����·V�&��;�3E]���3�B�C=�����]7���#"�#��F¸ D·�6�;���3�!�]')&��:D���;���!�>¶µ���
�����¹V�&��;�3E]���3���C=�����]#"�#��F
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Core level

Valence 
levels

hv

O

.
O

.

O

..
Shake-up

�¦TBdE�5] H j ¿ ÿ> L�T ?G? � Y V8]�K^V�T D L DMA V�X H4Y X�K^� H�� � \�\ ] D R HZY�Y O

��L Y K^V��5]�K^V H N�e�KML�N�K Y h�T ?G?�i�H4Y8HUH L�TGL Y8H R�V�T D L�µ�O ¸�e Y8DEFIH�DMA V�X H ��L Y K^V��5]�K^V H N
FIDE?BH RU� ?BHZY TGL�V�X�T Y V�X HZY T Y�Y X D h K�V H L�N H L�R�_ DMA¦Y X�K^� H�� � \ O ` L Y K^V��5]�K^V H N FIDE?BH RU� ?BHZY
Y X D h6K:X�TBdEX H ]�V H L�N H L�R�_ DMA'Y X�K^� H�� � \ R DEFI\ K^] H N�V D�Y K^V��5]�K^V H N FIDE?BH RU� ?BHZY+i�H RUKM� Y8H
DMA V�X H4Y�F K ?G? N�TÛ¤ H ] H L�R H TGL H L H ]�dM_ i�H Vbh HUH L�V�X H4C Z � ZvKML�N�� ` � ZvTGL�V�X HZY8H
FIDE?BH RU� ?BHZY O
W�X H�H ¤ H R�V DMA V�X�T Y�\ ] D R HZY�Y RUKML i�H4Y8HUH L�TGL�V�X H4\ X D V D�HZ?BH R�V8] D L Y8\�H R�V8]�K:K Y K ?BD h H ]
TGL/V H L Y TBVb_ \�H K^��O;W�X�T Y�FIH KML Y V�X�K^V�V�X H.Y8\�H R�V8]�� F Y X D h Y K \�H K^��h�TBV�X�K ?BD h H ]
TGL/V H L Y TBVb_�V�X�KML \ ] H N�TGR�V H N i _�V�X HUD ]�_ ��Y V D TGR�X�T DEFIH V8]�TGRUK ? N H V H ] F TGL H N � O;W�X H ] H K Y8D L
A�D ]�V�X�T Y?BD h H ]�TGL/V H L Y TBVb_Me�T Y V�X H TGL/a DE? a HZFIH L/V DMA V�X H R D ] H�HZ?BH R�V8] D L Y TGL�V�X H�Y X�K^� H�� � \
\ ] D R HZY�Y TGL Y V H KMN DMA�i�H TGL5dIT D L�TB½ H N A ] DEF V�X H.FIDE?BH RU� ?BH KML�N�N H V H R�V H N�O cH RUKM� Y8H TBV�T Y
V�X H N H V H R�V H N HZ?BH R�V8] D L Y V�X�K^V \ ] D N���R HZY V�X H TGL/V H L Y TBVb_�TGL�V�X H.Y8\�H R�V8]�� F eSh H h�T ?G? d H V
K \�H K^��h�TBV�X�K ?BD h H ]�TGL/V H L Y TBVb_�V�X�KML H�~S\�H R�V H N�OQW�X H4Y X�K^� H�� � \�HZ?BH R�V8] D L�h�T ?G? K ?GY8D
dETBa H K:R H ]�V�KMTGL�TGL/V H L Y TBVb_�TGL�V�X H4Y8\�H R�V8]�� F e i �5V�TGL�KML�KML D V�X H ] H L H ]�dM_�] H dET D L�O
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W D KML�K ? _�½ H KML�N�TGL/V H ] \ ] H V�V�X H N�K^V�KIh H d H V A ] DEF K \ X D V D�HZ?BH R�V8] D L Y8\�H R�V8] DEY R DM\ TGRUK ?
H�~S\�H ]�T FIH L/VUe5h H L HUH N�V D�DE?GY V D N D V�X�T Y O8Z�L H a H ]�_�T FI\�D ]�V�KML/V+V D�DE? V�X�K^V�X HZ?B\gY � Y
h�TBV�X�V�X�T Y e�T Y V�X H K i TGL�TBV D RUK ? RU� ? K^V�T D L�O;W�X�T Y h�T ?G?�i�H N�T Y RU� Y�Y8H N FID ] H R ?BDEY8HZ? _�TGL
V�X�T Y R�X�K \ V H ]ZO � L�TBV�TGK ? KML�N���L�K ?�Y V�K^V H4H ¤ H R�V Y KML�N�¡ D�DM\gF KML é Y V�X HUD ] HZF h�T ?G? K ?GY8D
i�H N�T Y RU� Y�Y8H N�O

³�\;[ èpéêh;l5h0cRh
eþ`b_
`ba2c9dRe:l5h;aÂn!c9d�ë5a2cRë�dR`ÔaVi]_;a<ë5_
iJcRh
e:l5n
�Q?BH R�V8] D L�TGR Y V8]���R�V��5] H4FIH V�X D N Y � Y8H V�X H.? KZh DMA ����KML/V�� F FIH R�X�KML�TGR Y ]�K^V�X H ]�V�X�KML
R ? K Y�Y TGRUK ?�\ X/_ Y TGR Y K Y V�X H4i K Y T Y+A�D ]�V�X H TB]�R DEFI\ �5V�K^V�T D L Y � £ ¼ � O�¾���KML/V�� F FIH R�X�KML�TGR Y
Y V�K^V HZY V�X�K^V�V�X H�H L H ]�dM_�KML�N D V�X H ]�] HZ? K^V H N \ ] DM\�H ]�V�T HZY+DMA K FIDE?BH RU� ?BH�D ]@KML�K^V DEF
F KZ_ i�H�DMi V�KMTGL H N i _ Y8DE? aSTGL5d�V�X HHK6S T O���SwGJÞ�O;�WO�GJÞ�O�GbK�¿�À�Q�U�NÂÁIRÞ3SwG2|2O�N?O%Í@xWP9K6S0I3G Ò � £ ¿!� ÿ

¡YÃ � º Ã � l k �Ä T Y �SL D h�L�K Y V�X H�H L H ]�dM_ DM\�H ]�K^V D ]@KML�N�T Y RUK ?G?BH N�V�X H.C K F T ? V D L�TGKML�eSh�X�T ?BHÆÅ T Y
V�X H4H L H ]�dM_ DMA V�X H4Y _ Y V HZF V�X H�H ����K^V�T D L�T Y N HZY R�]�T i TGL5d5O Ã T Y RUK ?G?BH N�V�X H
v5P3�9O6æ�xVGJQ$K6S0I3G egKML�N�K ?G? V�X H TGL A�D ] F K^V�T D L�K i�D �5V�K�dETBa H L Y _ Y V HZF T Y�H L�R D N H N�TGL�V�X�T Y
A ��L�R�V�T D L�O'W�X H4C K F T ? V D L�TGKML�R D L Y T Y V Y�DMA KI�STGL H V�TGR ��Ç�� KML�N \�D V H L/V�TGK ?;� P �H L H ]�dM_
DM\�H ]�K^V D ] ÿ
¡ � Ü ïÉÈ O�'~ KMR�V Y8DE? �5V�T D L Y V D:H ����K^V�T D L l k�K^] H L D V�R DEFI\ �5V�K^V�T D L�K ?G? _ \ ]�KMR�V�TGRUK ?�A�D ]�KML/_ i �5V
V�X H.Y�F K ?G?BHZY V Y _ Y V HZF:Y O �Q?BH R�V8] D L�TGR Y V8]���R�V��5] H�FIH V�X D N Y K^] H R�X�K^]�KMR�V H ]�TB½ H N i _�V�X H TB]
a^K^]�T D � Y�F K^V�X HZF K^V�TGRUK ? K \�\ ] DZ~ T F K^V�T D L Y V D TBV Y�Y8DE? �5V�T D L�O
W�X H h D ]�N Y�§ K i TGL�TBV�T DR§ X�KZa H V�X H TB] D ]�TBdETGL A ] DEF V�X H ��K^V�TGL ? KML5dE��K^d H egKML�N�RUKML i�H
V8]�KML Y�? K^V H N�TGL/V DIH L5d ? T Y X�K Y�§^A ] DEF V�X H�i�H dETGL�L�TGL5d § O'W�X�T Y�FIH KML Y V�X�K^V�V�X H
R DEFI\ �5V�K^V�T D L�T Y�Y8DE?BHZ? _ i K Y8H N D L�V�X H4? KZh Y�DMA ����KML/V�� F FIH R�X�KML�TGR Y KML�N D L�V�X H
a^K ? � HZY�DMA K Y�F K ?G? L�� F.i�H ] DMA�\ X/_ Y TGRUK ? R D L Y V�KML/V Y@? TB� H V�X H4Y8\�HUH N DMA¦? TBdEX/VUe5V�X H
F K Y�Y8HZY KML�N�R�X�K^]�d HZY�DMA�HZ?BH R�V8] D L Y KML�N�L���R ?BH T e5KML�N �Q? KML�R�� é Y R D L Y V�KML/VUe v-S6KwUVI3x<K
� Y TGL5d \ K^]�K FIH V H ] Y N H ]�TBa H N A ] DEFÁH�~S\�H ]�T FIH L/V�K ? N�K^V�K�V D:Y T FI\g? T A _�V�X H R DEFI\ �5V�K^V�T D L�O
C�D h H a H ]Ze�KML HZ?BH R�V8] D L�TGR Y V8]���R�V��5] H4FIH V�X D N�h�X�TGR�X�T Y+i K Y8H N D L H�~S\�H ]�T FIH L/V�K ? N�K^V�KSe
T Y RUK ?G?BH N�K X$O T S+�%O T �JSwN�S0Q�P3} T O@KwUVI$Þ O
P HZF T ��HZFI\ TB]�TGRUK ? KML�N�K i TGL�TBV�T DIFIH V�X D N Y N�TÛ¤ H ]�TGL�R DEFI\ �5V�K^V�T D L�K ? R DEY V�KML�N
KMRURU�5]�KMR�_ DMA ] HZY � ? VUOP HZF T ��HZFI\ TB]�TGRUK ? RUK ? RU� ? K^V�T D L Y K^] H ] HZ? K^V�TBa HZ? _�TGL H�~S\�H L Y TBa H KML�N
\ ] D aSTGN H ] H K Y8D L�K ig?BH ����K ? TBV�K^V�TBa H N HZY R�]�T \ V�T D L DMA'FIDE?BH RU� ? K^] Y _ Y V HZF:Y KML�N A KMTB] ? _Ê ,w���
����
� �C)#w�!#19#�3�!#�@�]/=���0�*��
����$/;�!�SË&��!� ��D���:Ì@73�%�
� &��B�3���]�
���')&��
�
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KMRURU�5]�K^V H ����KML/V�TBV�K^V�TBa H4\ ] H N�TGR�V�T D L YDMA¦H L H ]�dET HZY KML�N Y V8]���R�V��5] HZY�A�D ] Y _ Y V HZF:Y h�X H ] H
d D�D N \ K^]�K FIH V H ] Y8H V Y�H�~ T Y VUO � L�R D L/V8]�K Y VUe�K i TGL�TBV�T D RUK ? RU� ? K^V�T D L Y+\ ] D aSTGN H X�TBdEX
����K ? TBVb_�����KML/V�TBV�K^V�TBa H�\ ] H N�TGR�V�T D L YQA�D ]�K i ] D KMN�]�KML5d H�DMA�Y _ Y V HZF:Y O;W�X�T Y+FIH KML Y V�X�K^V
V�X H _�K^] H L D V ? T F TBV H N�V D KML/_ Y8\�H RUTÛ��R�R ? K Y�Y�DMA'Y _ Y V HZF O
W�X H R DEFI\ �5V�K^V�T D L�K ?�\ ] D dM]�K F � Y8H N�TGL�V�X�T Y V�X HZY T Y T Y RUK ?G?BH N î�P3x2X�X�S0P3Gï9ð � £ µ � O
W�X�T Y+\ ] D dM]�K F T Y RUK \ K ig?BH�DMA¦\ ] H N�TGR�V�TGL5d F KML/_ \ ] DM\�H ]�V�T HZY+DMA¦FIDE?BH RU� ?BHZY KML�N
] H KMR�V�T D L Y O
� KMR�X�RUK ? RU� ? K^V�T D L Y V�K^]�V Y�D �5V�h�TBV�X�KML�TGL \ �5V� ?BH h�X H ] H V�X H�§ dE� HZY�Y%§:Y V8]���R�V��5] H�DMA
V�X H.FIDE?BH RU� ?BH T Y�Y8\�H RUTÛ� H N�O �'~ KMR�V�a^K ? � HZY�DMA�i�D L�N�TGL5d ?BH L5dMV�X Y e5V�X5] HUH�� K^V DEF KML5d ?BHZY e
KML�N�V D ] Y T D L�K ? KML5d ?BHZY K^] H dETBa H L�TGL�KßÞ � T P9K6N�S�© TGL�V�X H TGL \ �5V� ?BH:� V�X H.Y V8]���R�V��5] H�DMA
V�X H.FIDE?BH RU� ?BH RUKML�K ?GY8DIi�H4Y8\�H RUTÛ� H N�TGL�K�J+K^]�V HZY TGKML�R D�D ]�N�TGL�K^V H.Y _ Y V HZF�� O
W�h D:D V�X H ]�a H ]�_�T FI\�D ]�V�KML/V \ K^]�K FIH V H ] Y V�X�K^V�K ?GY8D X�KZa H V D:i�H4Y8\�H RUTÛ� H N�TGL�V�X H
TGL \ �5VQ� ?BH e�K^] H V�X H¥Q�P3}�Q@xV}�P9K6S0I3G T O@KwUVI$Þ KML�N Á%P�X�SYX(X$O@K OQW�X H ê�KM� Y�Y TGKML \ ] D dM]�K F
R D L/V�KMTGL Y�F KML/_�N�TÛ¤ H ] H L/V�V�X HUD ] H V�TGRUK ?q\ ] D R H N��5] HZY R D ]�] HZY8\�D L�N�TGL5d9V D N�TÛ¤ H ] H L/V
K \�\ ] DZ~ T F K^V�T D L FIH V�X D N Y.��FIDEY V DMA V H L�] HUA�H ]�] H N�V D K Y N�TÛ¤ H ] H L/V }~O��9O�} X I#æ�KwU<O%I3N�£5� O
W�X H N HZY R�]�T \ V�T D L DMA V�X H N�TÛ¤ H ] H L/V ?BH a HZ?GY�DMA V�X HUD ]�_�� Y8H N�TGL�V�X�T Y V�X HZY T Y RUKML i�H
A�D ��L�N�TGL Y8H R�V�T D L £ O l O l e £ O l O j�e�KML�N £ O l O ¸�O
>6i K Y T Y�Y8H V�T Y K F K^V�X HZF K^V�TGRUK ? ] HU\ ] HZY8H L/V�K^V�T D L DMA V�X H.FIDE?BH RU� ? K^] D ] i TBV�K ?GY+DMA K
FIDE?BH RU� ?BH O;W�X H�i K Y T Y�Y8H V�RUKML i�H TGL/V H ] \ ] H V H N�K Y ] HZY V8]�TGR�V�TGL5d H KMR�X HZ?BH R�V8] D L�V D K
\ K^]�V�TGRU� ? K^]�] H dET D L DMA¦Y8\ KMR H OQ��K^]�d H ] i K Y T Y�Y8H V Y T FI\�DEY8H�A�H h H ]@R D L Y V8]�KMTGL/V Y�D L
HZ?BH R�V8] D L Y KML�N FID ] H KMRURU�5]�K^V HZ? _�K \�\ ] DZ~ T F K^V H�H�~ KMR�V FIDE?BH RU� ? K^] D ] i TBV�K ?GY O'W�X H
? K^]�d H ] i K Y T Y�Y8H V Y ] H ����TB] H�FID ] H R DEFI\ �5V�K^V�T D L�K ? ] HZY8D �5]�R HZY KML�N�RUK ? RU� ? K^V�T D L�V�T FIH O
��D ] H TGL A�D ] F K^V�T D L�K i�D �5V i K Y T Y�Y8H V Y KML�N�V�X H�i K Y T Y�Y8H V�� Y8H N�TGL�V�X�T Y V�X HZY T Y e�T Y
dETBa H L�T Y�Y8H R�V�T D L £ O l O £ O

ÞAt ¨Wt ¨ Ã9Å�Æú��Ê�®¬®¥Æ�ÆEá � ¯�²�{D�=� � � Ë�Æ/ó�ÆSË¯gÌ�¬¥Å�Æ�¯g®Î
��TBV�X H�~S\�H ]�T H L�R H�A ] DEF X HZ? TG� F e5TBV�T Y X DM\�HZ?BHZY�Y V D:i�HZ? T H a H V�X�K^V D L H RUKML���L�N H�~ KMR�V
Y8DE? �5V�T D L Y+A�D ]�K^V DEF:Y h�TBV�X FID ] H V�X�KML�j HZ?BH R�V8] D L Y O � V�T Y�FID ] H4\ ]�KMR�V�TGRUK ? V D
K \�\ ] DZ~ T F K^V H V�X H K^V DEF K Y K Y _ Y V HZF R D L Y T Y V�TGL5d DMA ¤ TGL�N HU\�H L�N H L/V HZ?BH R�V8] D L Y TGL�K\�D V H L/V�TGK ?0È���à� � � £ ¹ � O
W�X H�\�D V H L/V�TGK ?0È���à� � N D�HZY L D V D L ? _�R D L Y T Y V DMA V�X H4HZ?BH R�V8] DEY V�K^V�TGR.K^V8V8]�KMR�V�T D L�V D V�X H
L���R ?BH T e i �5V�K ?GY8D V�X H KZa H ]�K^d H9HZ?BH R�V8] DEY V�K^V�TGR4] HU\ � ?GY T D L�V D V�X H�D V�X H ] HZ?BH R�V8] D L Y O �-A
HZ?BH R�V8] D L S T Y TGL�K D L H4\ K^]�V�TGR ?BH4Y V�K^V H���D L H,I3N$Á�S6K
P3} �âá � ��à� � e�V�X H R�X�K^]�d H N H L Y TBVb_
  �   á � �9à� � �   » h�T ?G? dETBa H K:R D L/V8]�T i �5V�T D L�V D V�X H4\�D V H L/V�TGK ? V�X�K^V�V�X H4D V�X H ] HZ?BH R�V8] D L Y§^A�HUHZ?~§ OQW�X H�\�D V H L/V�TGK ?�DMA¦HZ?BH R�V8] D L � T Y V�X H L���R ?BH � Y K^V8V8]�KMR�V�T D L \g? � Y V�X H ] HU\ � ?GY T D L
A ] DEF V�X H�D V�X H ] HZ?BH R�V8] D L YUÿ

È���à�/ã � �m  ¤ � »£RåAì � �/ã ï £�+äæåç ã�èdé
� »   á � �9à� � �   »£RåAì �   à�/ã   à� �   � ¾ � � � lMl �

W�X H h+KZa H.A ��L�R�V�T D L DMA¦HZ?BH R�V8] D L � h�T ?G? V�X H L Y K^V�T Y8A _�K�PSR�X5] åD N�TGL5d H ] H ����K^V�T D L�h�TBV�X
V�X�T Y+\�D V H L/V�TGK ? ÿ

�  
�» »j Õ�ê »ã ïÉÈ��!à�/ã � � á ã �!à�/ã � � ì ã á ã �!à�/ã � � l j �

W�X H�D ] i TBV�K ?GY�á � h�X�TGR�X�K \�\�H K^] Y TGL�V�X H4\�D V H L/V�TGK ?�H L H ]�dM_�V H ] F egT Y L D V��SL D h�L�O
W�X H ] HUA�D ] H h H X�KZa H V D�Y8HUH ��K X$O�} æ Q�I3G<X�SYX�K;O�GbK�Y8H V DMA¦D ] i TBV�K ?GY e5X H L�R H V�X H L�K FIH
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ÕZÆSË�Ì á�²E¯�«�Õ®³�ÕU¬®ÆS«�¬ßë¦ÆSË�°I� < ò � � O5W�X�T Y T Y N D L H�i _ \ �5V8V�TGL5d�V�X H4D ] i TBV�K ?GY TGL/V D V�X H
\�D V H L/V�TGK ? KML�N ?BH V�V�X HZF ] HU\ ] D N���R H V�X HZF:Y8HZ? a HZY K Y�Y8DE? �5V�T D L Y O � L \ ]�KMR�V�TGR H V�X�T Y
H ����K^V�T D L�T Y�Y8DE? a H N i _ S6K;O�N=P9K6S0I3G OW�X H TBV H ]�K^V�T D L \ ] D R HZY�Y TGL/a DE? a HZY V�X H�A�DE?G?BD h�TGL5d ÿ
> L�TGL�TBV�TGK ?�\�D V H L/V�TGK ? T Y R�X DEY8H L�e�V�X H h+KZa HUA ��L�R�V�T D L Y K^] H RUK ? RU� ? K^V H N�egKML�N�V�X H L H h
O6Ë4O%Q$K6Sw�9O�\�D V H L/V�TGK ? T Y RUK ? RU� ? K^V H N A ] DEF V�X H è Y V�K^V HZY h�TBV�X�V�X H.?BD h HZY V H L H ]�dM_Meg��L/V�T ?
Y8HZ?BAÍ� R D L Y T Y V H L�R H T Y KMR�X�T H a H N�O
W D d H V�KML H K Y T H ]�RUK ? RU� ? K^V�T D L�e5V�X H�H ¤ H R�V�TBa H.\�D V H L/V�TGK ?0È�� � � T Y KZa H ]�K^d H N D a H ]@V�X H
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KML�N�V�X H N�TÛ¤ H ] H L/V+��L�K ?�Y V�K^V HZY K^] H � Y8H N�K Y KML�TGL \ �5VUO'W�X H�\ ] D dM]�K F K ?G?BD h Y+A�D ]
TGL�N�TBaSTGN���K ?gY RUK ? TGL5d DMA V�X H�A ] H ��� H L�RUT HZY e \�H ] A�D ] F �5]�KML�R�� � J D L�N D L�KML�K ? _ Y T Y+A�D ]�V�X H
V D V�K ?G? _ Y _ F:FIH V8]�TGR FID N HZY e�KML�N \ ] D aSTGN HZY R DEFI\ �5V�K^V�T D L DMA R�X�KML5d H TGL�L D ] F K ?
R D�D ]�N�TGL�K^V H e Ú�I O �-D L�TB½ZK^V�T D L DMA RUK^] i�D L l Y�?BH a HZ?GY T Y KMRUR DEFI\ KML�T H N i _�aST i ]�K^V�T D L�K ?
H�~ RUTBV�K^V�T D L Y egKML�N�V�X H TGL/V H L Y TBVb_ DMA�H KMR�X�aST i ]�K^V�T D L�K ?�? TGL H RUKML i�H R DEFI\ �5V H N
KMRUR D ]�N�TGL5dIV D V�X H �5]�KML�R�� � J D L�N D L \ ]�TGL�RUT \g?BH � ¸M¹ � OQW�X H�\ ] HZY8H L/V ?BH a HZ?�DMA V�X HUD ]�_
H�~ K^dMd H ]�K^V HZY V�X H R D L/V8]�KMR�V�T D L�TGL�J �bC i�D L�N Y V�X�K^V�V�K^� HZY�\g? KMR H N��5]�TGL5d9V�X H
T D L�TB½ZK^V�T D L DMA'Y8\b¾ RUK^] i�D L Y+i _�kSO ¸ \gF � l \gF T Y l k � � » F���� TGL�V�X�T Y V�X HZY T Y e5V�X�T Y a^K ? � H
h+K Y K ?GY8D � Y8H N A�D ]�V�X H4Y8\ » RUK^] i�D L�K^V DEF:YÏ� OW�X�T Y a^K ? � H T Y V�K^� H L A ] DEF a H ]�_
KMRURU�5]�K^V H RUK ? RU� ? K^V�T D L Y+DMA'FIH V�X�KML H � £ k � KML�N H V�X�KML H � £ l�� O C�H L�R H egh�X H L�V�X H
�5]�KML�R�� � J D L�N D L A KMR�V D ] Y9��Y8HUH.Y8H R�V�T D L�¸�O j � h H ] H R DEFI\ �5V H N�e�J �bC i�D L�N Y K^V�V�X H
T D L�TB½ H N�RUK^] i�D L�K^V DEF:Y h H ] H.?BH L5dMV�X H L H N�KMRUR D ]�N�TGL5d ? _MO
W�X H RUK ? RU� ? K^V H N�X�K^] FID L�TGR A ] H ��� H L�RUT HZY K^] H.Y�? TBdEX/V ? _:V D�D X�TBdEX�K Y R DEFI\ K^] H N�h�TBV�X
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2-BUTYNE

C2

C1

C2-split = 101 meV.
Gaussian width = 42 meV.
The C1- and C2-areas are 
not 1:1.

1 2 1

H3C-CC-CH3
2

�¦TBdE�5] H jMº ÿ> L � d D ] � �gV DMA j ��i �5Vb_SL H O

H�~S\�H ]�T FIH L/V�K ?�A ] H ��� H L�RUT HZY O >@?G? V�X H aST i ]�K^V�T D L�K ?�A ] H ��� H L�RUT HZY h H ] H V�X H ] HUA�D ] H.Y RUK ?BH N
i _�K A KMR�V D ] DMA kSO ºMº�e H�~ R HU\ V A�D ]�V�X H4Y _ F:FIH V8]�TGR.J �bC Y V8] H V�R�X�TGL5d FID N H�D L�V�X H R D ] H
T D L�TB½ H N�RUK^] i�D L�K^V DEF h�X�TGR�X�h+K Y�Y RUK ?BH N i _�K A KMR�V D ] DMA kSO ºM¼�O

G�\wç �/�AeAdú¯¥dRe
��X H L�K ?G? V�X H.Y8\�H R�V8]�KIK^] H.Y � F:FIH N�TGL�V�X H PSRUT H L/V�K \ ] D dM]�K F e�KML�N�K ?G? V�X H
V�X HUD ] H V�TGRUK ? aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY d H L H ]�K^V H N�TGL�ê�j^��J@egh H RUKML�V8]�_�V D �gV�V�X H
\ ] D � ?BHZY V D V�X H4H�~S\�H ]�T FIH L/V�K ?�Y8\�H R�V8]�� F O'W�X H�\ ] D dM]�K F h H K^] H � Y TGL5d�V D N D V�X�T Y
�gV8V�TGL5d5e�T Y RUK ?G?BH N � d D ] � ] D � £ j � O > L�TGL/V8] D N���R�V�T D L�V D X D h6V D � Y8H V�X�T Y+\ ] D dM]�K F T Y
dETBa H L�TGL�K \�\�H L�N�T ~�c O > L H�~ K FI\g?BH�DMA K�j ��i �5Vb_SL H.Y8\�H R�V8]�� F �gV8V H N�TGL � d D ]@T Y
Y X D h�L�TGL��gdE�5] H jMº � V�X H KML�K ? _ Y T Y+DMA V�X�T Y�Y8\�H R�V8]�� F T Y N D L H TGL Y8H R�V�T D L�µ�O l � O
W�X H TGL/V H L Y TBVb_�T Y+\g?BD V8V H N�K ?BD L5d:V�X H�D ]�N�TGL�K^V H h�X�T ?BH V�X H RUK^] i�D L l Y T D L�TB½ZK^V�T D L
H L H ]�dM_�T Y+\g?BD V8V H N�K ?BD L5d:V�X H K igY RUT Y�Y8H O;W�X H RUTB]�R ?BHZY TGL�V�X H4Y8\�H R�V8]�� F T Y V�X H
Y � F:FIH N H�~S\�H ]�T FIH L/V�K ? N�K^V�KSOW�X H4? TGL HZYi�H L H K^V�X�V�X H RUK^] i�D L�j \�H K^� � J�j � KML�N
RUK^] i�D L l \�H K^� � J l � K^] H V�X H V�X HUD ] H V�TGRUK ? RUK ? RU� ? K^V H N�aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY O'W�X HZY8H
\ ] D � ?BHZY K^] H KMN�N H N�V D d H V�X H ]@V D dETBa H KIV D V�K ?q\ ] D � ?BH�Y X D h�L i _�K ? TGL H K ?GFIDEY V
D a H ] ? K \�\ TGL5dIh�TBV�X�V�X H�H�~S\�H ]�T FIH L/V�K ? N�K^V�KSO >@Y RUKML i�H4Y8HUH L�e5V�X H aST i ]�K^V�T D L�K ?
\ ] D � ?BH�DMA¦H KMR�X�R�X HZF TGRUK ?G? _�TGL H ����TBa^K ?BH L/V+RUK^] i�D L�K^V DEF T Y N H V H ] F TGL�TGL5d9V�X H4Y X�K \�H
DMA V�X H4Y8\�H R�V8]�� F O
W�X H RUK ? RU� ? K^V H N�R�X HZF TGRUK ?qY X�T A V Y K^] H � Y8H N�V D N H V H ] F TGL H TGL�TBV�TGK ?�H L H ]�dET HZY�DMA V�X H
V�X HUD ] H V�TGRUK ?q\ ] D � ?BHZY O � V�T Y K ?GY8D K Y�Y � FIH N�V�X�K^V�V�X H TGL/V H L Y TBVb_�K^] H K Y�DMA V�X H N�TÛ¤ H ] H L/V
R�X HZF TGRUK ?G? _�TGL H ����TBa^K ?BH L/V�RUK^] i�D L�K^V DEF:Y�Y X D � ? N i�H K \�\ ] DZ~ T F K^V HZ? _ H ����K ? O �-A V�X HZY8H
TGL�TBV�TGK ? dE� HZY�Y8HZY K^] H L D V�V D V�K ?G? _�TGL�K^dM] HUHZFIH L/V�h�TBV�X�V�X H4H�~S\�H ]�T FIH L/V�K ? N�K^V�KSe�h�X�TGR�X
V�X H _ Y8HZ? N DEF K^] H e�V�X H V�X HUD ] H V�TGRUK ?�\ ] D � ?BHZY X�KZa H V D:i�H KMN�M�� Y V H N�K ?BD L5dIV�X H K igY RUT Y�Y8H
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KML�N�V�X H�D ]�N�TGL�K^V H V D�F K^� H V�X HZF �gV�K Y�F ��R�X�K Y�\�DEY�Y T ig?BH h�TBV�X D �5V F K^�STGL5d:TBV
��L5] H K Y8D L�K ig?BH O � V�T Y ��L5] H K Y8D L�K ig?BH h�X H L�V�X H ] HZY � ? V�TGL5d.�gV8V H N�R�X HZF TGRUK ?qY X�T A V Y KML�N
TGL/V H L Y TBVb_�K^] H KI]�K^V�T DEY K^] H L D V�h�X�K^V�h H4H�~S\�H R�V�V�X HZF V D:i�H h�X H L�h H R DEFI\ K^] H
V�X HZF V D V�X H V�X HUD ] H V�TGRUK ? ] HZY � ? V Y e5KML�N�V�X H�A KMR�V�V�X�K^V�V�X H L�� F.i�H ] DMA T D L�TB½ H N
HZ?BH R�V8] D L Y�A ] DEF K Y8\�H RUTÛ��R�RUK^] i�D L�K^V DEF K \�\ ] DZ~ T F K^V HZ? _ Y X D � ? N i�H�H ����K ? V D V�X H
L�� F.i�H ] DMA T D L�TB½ H N HZ?BH R�V8] D L Y�A ] DEF KML�KML D V�X H ]@R�X HZF TGRUK ?G? _�TGL H ����TBa^K ?BH L/V�RUK^] i�D L
K^V DEF TGL�V�X H�FIDE?BH RU� ?BHI� V�X H L�� F.i�H ] DMA T D L�TB½ H N HZ?BH R�V8] D L Y N H V H R�V H N�TGL�V�X H KML�K ? _�½ H ]
K^] H N�TB] H R�V ? _ \ ] DM\�D ]�V�T D L�K ? V D V�X H TGL/V H L Y TBVb_�K^] H K YÏ� O
W�X H KMN�M�� Y V FIH L/V Y K ?BD L5dIV�X H K igY RUT Y�Y8H KML�N D ]�N�TGL�K^V H K^] H�H K Y T ? _�N D L H TGL � d D ]ZO >�A V H ]
KI] D �5dEX�KMN�M�� Y V FIH L/VUe5V�X H N H V�KMT ?GY K^] H N D L H TGL � d D ] i _�K í�S6K RUK ? RU� ? K^V�T D L�O;W�X�T Y
RUK ? RU� ? K^V�T D L�T Y+A�D RU� Y TGL5d D L F K^�STGL5dIV�X H�J » a^K ? � H K Y�Y�F K ?G? K Y�\�DEY�Y T ig?BHI�KJ » T Y V�X H
?BH K Y V Y ����K^] HZY �gV�d D�D N�L HZY�Y�\ K^]�K FIH V H ] � OQW�X�T Y�FIH KML Y V�X�K^V�V�X H V�X HUD ] H V�TGRUK ?�\ ] D � ?BHZY
K^] H KMN�M�� Y V H N�TGL�V�X H L H R HZY�Y K^]�_�N�TB] H R�V�T D L�K ?BD L5dIV�X H K igY RUT Y�Y8H KML�N D ]�N�TGL�K^V H V D
F K^� H V�X HZF D a H ] ? K \ K Y�F ��R�X�K Y�\�DEY�Y T ig?BH ��L�N H ]�V�X H ] HZY V8]�TGR�V�T D L Y+� X�KZa H9Y8\�H RUTÛ� H N
TGL�V�X H4� d D ] Å�O%P��3K
P�Á�}~O O � L�V�X�T Y V�K ig?BH egK ?G? V�X H4\ K^]�K FIH V H ] Y�DMA V�X H V�X HUD ] H V�TGRUK ?
\ ] D � ?BHZY K^] H R D L/V8] DE?G?BH N�O;W�X HZY8H K^] H4\ K^]�K FIH V H ] Y�? TB� H � D ] H L/V8½ZTGKML�h�TGN5V�X Y � ¿ e
ê�KM� Y�Y TGKML�h�TGN5V�X Y ���ZegKML�N�V�X H K Y _ F:FIH V8]�TGR \ K^]�K FIH V H ] � V�X H N H dM] HUH4DMA K Y _ F:FIH V8]�_
RUKML i�H�A�D ��L�N A ] DEF H ����K^V�T D L�jM¼ � TGL�KMN�N�TBV�T D L�V D V�X H TGL/V H L Y TBVb_MegKML�N�T D L�TB½ZK^V�T D L
H L H ]�dM_MOQW�X H�í�S6K RUK ? RU� ? K^V�T D L�T Y�A�DE?G?BD h H N i _�KMLú¤ x<K
I RUK ? RU� ? K^V�T D L�V D�Y8HUH T A V�X H
�gV8V�TGL5d:T FI\ ] D a HZY�H a H L FID ] H OQW�X HZY8H N�TÛ¤ H ] H L/V�RUK ? RU� ? K^V�T D L Y KML�N�V�X H�J » a^K ? � H K^] H
A �5]�V�X H ]�N�T Y RU� Y�Y8H N�TGL�K \�\�H L�N�T ~�c O

ß  !L ÕÀÕ � � � L � l
M j �

l
M ì>N ·  

l
M ì>O&P r$Q . � � jM¼ �

h�X H ] H�ì>N · �
·(R(SUT» ¿$V » � KML�N ì>O&P r$Q . � » ��» ¿$V » � O º µ·¶�¸ T Y V�X H �STGL H V�TGR H L H ]�dM_ DMA V�X H\ X D V D�HZ?BH R�V8] D L�T D L�TB½ H N A ] DEF V�X H.FIDE?BH RU� ?BH TGL H Ü9e�h�X�T ?BH�ì>N ·àT Y V�X H �STGL H V�TGR H L H ]�dM_

DMA V�X H�\ X D V D�HZ?BH R�V8] D L�TGL�K^V DEF TGR4��L�TBV Y�� KM� � O ì>O&P r$Q . T Y V�X H �STGL H V�TGR H L H ]�dM_ DMA V�X H
> �5d H ] HZ?BH R�V8] D L�TGL�K^V DEF TGR4��L�TBV Y4� KM� � � ¸M¹ � OQW�X�T Y�FIH KML Y V�X�K^V�V�X H K Y _ F:FIH V8]�_
TGL�R�] H K Y8HZY h�TBV�X�N H R�] H K Y TGL5dI�STGL H V�TGR H L H ]�dM_ DMA V�X H�\ X D V D�HZ?BH R�V8] D L�KML�N�TGL�R�] H K Y TGL5d
�STGL H V�TGR H L H ]�dM_ DMA V�X H4> �5d H ] HZ?BH R�V8] D L ��i�H R DEFIHZY ½ H ] D h�X H L º µ·¶�¸ T Y K i�D a H4D ]
H ����K ? V D jM¼^k H Ü � O
� ����K^V�T D L�jM¼IT Y KML�K \�\ ] D KMR�X i _�a^KML�N H ]�P�V8]�K^V H L H V�K ? O � £ ¸ � h�X�TGR�X FID N HZ?GY V�X H
H ¤ H R�V DMA�\�DEY V�R DE?G? T Y T D L�TGL/V H ]�KMR�V�T D L ��� J ������Y8HUH.Y8H R�V�T D L�¸�O l � h�TBV�X�K:� D ] H L/V8½ZTGKML
? T A�H V�T FIH h�TGN5V�X DMA l kMk FIH ÜvKML�N�K�ê�KM� Y�Y TGKML�h�TGN5V�X DMA µM¼ FIH Ü A�D ]�V�X H
TGL Y V8]�� FIH L/V�K ? ] HZY8DE? �5V�T D L�O
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W�X H4FIDE?BH RU� ?BHZY K^] H4\ ] HZY8H L/V H N�TGL D ]�N H ] DMA V�X H TGL�R�] H K Y TGL5dIL�� F.i�H ] Y+DMA RUK^] i�D L
K^V DEF:Y TGL�V�X H.FIDE?BH RU� ?BH TGL�V�X H �g] Y V Y8H R�V�T D L Y O � L�KMN�N�TBV�T D L�e5K:R ?BDEY8H ]�N HZY R�]�T \ V�T D L DMA
V�X H R�X HZF TGRUK ? ] H KMR�V�TBaSTBVb_�KML�N�dM] D ��L�N�KML�N���L�K ?�Y V�K^V H.H ¤ H R�V Y�DMA V�X H K ? � H L HZY KML�N
K ? ��_SL HZY T Y dETBa H L�TGL�V�X H Vbh D ��L�K ?�Y8H R�V�T D L Y O

\�\;[ ý,g�`Ôé8ë-c9`bl�`bnri]l5k é8ë-c$s�l�`bn
� L�V�X�T Y�Y8H R�V�T D L�K ?G? V�X H�H�~S\�H ]�T FIH L/V�K ? KML�N�V�X HUD ] H V�TGRUK ? ] HZY � ? V Y+DMA l ��i �5V H L H e
� RUT YÏï V8]�KML YÏ��� j ��i �5V H L H e l ��i �5Vb_SL H egKML�N�j ��i �5Vb_SL H K^] H dETBa H L�O >vY R�X HZF K^V�TGR
Y V8]���R�V��5] H�DMA V�X HZY8H.FIDE?BH RU� ?BHZY RUKML i�H�Y8HUH L�TGL��gdE�5] H ¸^k ÿ

CH2

CH3

CH3

CH3

CH3 CH3

CH

CH3

CH3 CH3

1 2 3

4 5

�¦TBdE�5] H ¸^k ÿ W�X H�Y V8]���R�V��5] HZY+DMA l ��i �5V H L H�� l � egRUT Yð� j ��i �5V H L H:� j � e�V8]�KML Yð� j ��i �5V H L H�� ¸ � e
l ��i �5Vb_SL H���£�� e�KML�N�j ��i �5Vb_SL H�� ¼ � O

>@?G?�DMA V�X HZY8H4FIDE?BH RU� ?BHZY h H ] H.FIH K Y �5] H N�K^V�K \ X D V D L H L H ]�dM_ DMA ¸M¸^k H Ü�� 	 KML�N�KML
��L�N�� ? K^V D ]+dEK \�DMA ¸^kSO ¿ µ F:F OJ+T Yð� KML�N�V8]�KML Yð� j ��i �5V H L H h+K Y�FIH K Y �5] H N
H�~S\�H ]�T FIH L/V�K ?G? _�K Y K F T ~ V��5] H e5KML�N�L D V�TGL�N�TBaSTGN���K ?G? _MO l ��i �5V H L H KML�N
� RUT YÏï V8]�KML YÏ��� j ��i �5V H L H h H ] H.FIH K Y �5] H N�K^V ��>����b? K i TGL�����L�N�TGL�P�h H N H L�h�TBV�X�K
\ K Y�Y TGL5d H L H ]�dM_ ���;\��QDMA j^k H Ü9egKML�¹^kMk�P � P �bY�? TBVUe5KML�N�K Y V HU\�H L H ]�dM_ DMA l k FIH Ü9O
l ��i �5Vb_SL H KML�N�j ��i �5Vb_SL H h H ] H4FIH K Y �5] H N�K^V�V�X H4> N5a^KML�R H N���TBdEX/V@P D �5]�R H���> �¦P � TGL
cH ]�� HZ?BH _ � J+K ? T A�D ]�L�TGK � TGL ` P > ��L�N H ]�R DEFI\ K^]�K ig?BH R D L�N�TBV�T D L Y O
>�i TGL�TBV�T D RUK ? RU� ? K^V�T D L Y h H ] H RUK^]�]�T H N D �5V D L�K ?G? V�X HZY8H.FIDE?BH RU� ?BHZY e5h�X H ] H K Y V�X H
V8]�KML Yð� j ��i �5V H L H ] HZY � ? V Y h H ] H � Y8H N�TGL�V�X H KML�K ? _ Y T Y TGL Y V H KMN DMA V�X H RUT Yð� j ��i �5V H L H
] HZY � ? V Y O'W�]�KML Yð� j ��i �5V H L H h+K Y R�X DEY8H L i�H RUKM� Y8H�DMA TBV Y X�TBdEX H ]�dM] D ��L�N Y V�K^V H.Y V�K i T ? TBVb_
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W�K ig?BH ¸ ÿ W�X HUD ] H V�TGRUK ? RUK ? RU� ? K^V H N�KML�N H�~S\�H ]�T FIH L/V�K ? TGL/V8]�K FIDE?BH RU� ? K^]¦R�X HZF TGRUK ?�Y X�T A V Y
�0Ú ¹ �DMA l ��i �5V H L H e l ��i �5Vb_SL H e�V8]�KML Yð� j ��i �5V H L H egKML�N�j ��i �5Vb_SL H O

z ¯�Ë�Æ�²/±�Ë�Æ ö ¬®¯�É Ú ¹ = Ø$` = �8Æ98 � Ú ¹ Q Ù>a �8Æ98 �F C t��6_6]dcb] g F ; ;g : ;BA)k F L ;BA)k F ;g J ;BA)kp?pH ;BAHOkp@g k ;BA4J�; F ;BA4J�L�LF C t��6_�lOcb] g F ; ;g : ;BAH F ; ;BA)k = Lg J F A: = @ F A4JpH�:g k ;BAH�H = ;BA4L F H|�s6adccb C�:�C t��6_6]dcb] g F ; ;g : C9;BA4J F : C9;BA)k F�F:�C t��6_�lOcb] g F ; ;g : C F A:�:9J C F A4J�J�@
R DEFI\ K^] H N�V D RUT Yð� j ��i �5V H L H O;W�X H dM] D ��L�N Y V�K^V H.Y V�K i T ? TBV�T HZY h H ] H.FIH K Y �5] H N�KML�N
R DEFI\ K^] H N A ] DEF V�X H4HZ?BH R�V8] D L�TGR�KML�N�½ H ] D:\�D TGL/V H L H ]�dET HZY�i K Y8H N D L c ¸^�/ã � KML�N
��� jIRUK ? RU� ? K^V�T D L Y O
l ��i �5V H L H4H�~ T Y V Y TGL�V�X5] HUH�\�DEY�Y T ig?BH R D L A�D ] F K^V�T D L Y �gK § V8]�KML Y%§¥� R D L A�D ] F K^V�T D L�e�K
§ RUT Y%§¥� R D L A�D ] F K^V�T D L�egKML�N�K Y � H h � R D L A�D ] F K^V�T D L�O+P H R D L�N ��D ]�N H ] �æåDE?G?BH ] �b�Q?BHZY�Y8H V
V�X HUD ]�_ Y X D h H N�V�X�K^V�V�X H.Y � H h � R D L A�D ] F K^V�T D L�h+K Y V�X H.FIDEY V Y V�K ig?BH�D L H OQ��TB� H h�T Y8H e
V�X H.Y V�K^dMd H ] H N�R D L A�D ] F K^V�T D L DMA j ��i �5Vb_SL H h+K Y�A�D ��L�N�V D:i�H V�X H4FIDEY V Y V�K ig?BH�D L H
R DEFI\ K^] H N�V D V�X H�H R ? T \gY8H N�j ��i �5Vb_SL H O l ��i �5Vb_SL H X�K Y�D L ? _ D L H�\ ] DMi K ig?BH
R D L A�D ] F K^V�T D L�O
� L�V�K ig?BH ¸�e�V�X H V�X HUD ] H V�TGRUK ? RUK ? RU� ? K^V H N�KML�N H�~S\�H ]�T FIH L/V�K ? TGL/V8]�K FIDE?BH RU� ? K^]
R�X HZF TGRUK ?qY X�T A V Y4�0Ú ¹ � K^] H4\ ] HZY8H L/V H N�O;W�X H RUK^] i�D L�K^V DEF:Y K^] H L�� F.i�H ] H N A ] DEF V�X H
H L�N DMA V�X H.FIDE?BH RU� ?BH h�X H ] H V�X H N D � ig?BH�D ]�V8]�T \g?BH�i�D L�N�T Y�?BD RUK^V H N�OQW�X HZY8H
R�X HZF TGRUK ?qY X�T A V Y h H ] H � Y8H N�TGL�V�X H �gV8V�TGL5d \ ] D R H N��5] H TGL � d D ]@K Y K Y V�K^]�VUO � L�V�X H
FIDEY V�RUK Y8HZY e�V�X HZY8H.Y X�T A V Y X�KMN�V D:i�H KMN�M�� Y V H N�TGL�V�X H4DM\ V�T F TB½ZK^V�T D L�V D:DMi V�KMTGL�K
i�H V8V H ]��gVUOQ�5] DEF V�X H V�K ig?BH e�h H RUKML Y8HUH V�X�K^V�V�X H RUK^] i�D L Y8H ��� H L�R H T Y�\ ] HZY8H ]�a H N
A�D ]�K ?G? V�X H.FIDE?BH RU� ?BHZY O;W�X H4Y X�T A V�N�TÛ¤ H ] H L�R HZY�i�H Vbh HUH L�V�X HUD ]�_�KML�N H�~S\�H ]�T FIH L/V
a^K^]�T HZY�A ] DEF k�V D l j^k FIH Ü9egKML�N�V�X H KZa H ]�K^d H N�TÛ¤ H ] H L�R H�i�H Vbh HUH L�V�X HUD ]�_�KML�N
H�~S\�H ]�T FIH L/V�T Y K \�\ ] DZ~ T F K^V HZ? _ £ k FIH Ü9O

í]t ¨Wt ¨ ¨Má��¦±q¬®ÆS«�Æ
W�X H�\ X D V D�HZ?BH R�V8] D L Y8\�H R�V8]�� F DMA l ��i �5V H L H T Y�Y X D h�L�TGL��gdE�5] H ¸ l OQW�X H4Y8H ��� H L�R H
DMA V�X H T D L�TB½ZK^V�T D L H L H ]�dET HZY�DMA V�X H4A�D �5]�R�X HZF TGRUK ?G? _�N�TÛ¤ H ] H L/V�RUK^] i�D L�K^V DEF:Y h+K Y
N H V H ] F TGL H N�V�X HUD ] H V�TGRUK ?G? _�KML�N�K \�\g? T H N�V D V�X H.Y8\�H R�V8]�� F O >@Y h H RUKML Y8HUH egRUK^] i�D L
K^V DEF L�� F.i�H ] l X�K Y V�X H.Y�F K ?G?BHZY V�T D L�TB½ZK^V�T D L H L H ]�dM_�h�X�T ?BH RUK^] i�D L�¸IX�K Y V�X H
X�TBdEX HZY VUO'W�X H TGL/V H ] \ ] H V�K^V�T D L DMA V�X�T Y e5T Y V�X�K^V�RUK^] i�D L l T YH�~S\�H R�V H N�V D�i�H V�X H4FIDEY V
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Ionization energy (eV)

1-BUTENE

C1

C4, C2, C3
H2C=CH-CH2-CH3

1 2 3 4

Gaussian width = 65 meV.
The C1-, C2-, C3-, and 
C4-areas are equal.

�¦TBdE�5] H ¸ l ÿ W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� FÁDMA l ��i �5V H L H O

] H KMR�V�TBa H RUK^] i�D L�K^V DEF TGL�V�X�T Y�FIDE?BH RU� ?BH O
W�X H4? T A�H�� V�T FIH�DMA V�X H R D ] H X DE?BH e5V�X H�dAI3N%O�GbK Þ S0P3G�v-S0Þ9KwU egh+K Y � ~SH N�V D l kMk FIH Ü
� h�X�TGR�X�h+K Y � Y8H N�TGL�K ?G? V�X H �gV8V�TGL5d \ ] D R H N��5] HZYÏ� h�X�T ?BH V�X Hjî�P3x2X�X�S0P3GÂv-S0Þ9KwU2� V�X H
TGL Y V8]�� FIH L/V�K ? ] HZY8DE? �5V�T D L � h+K Y � ~SH N�V D µM¼ FIH Ü9OgW�X H � D ] H L/V8½ZTGKML�h�TGN5V�X�h+K Y
V�K^� H L A ] DEF � £M£ � e5h�X�T ?BH V�X H ê�KM� Y�Y TGKML�h�TGN5V�X�h+K Y V�K^� H L A ] DEF � ¸M¹ � O >@Y h H.Y X�K ?G?
Y8HUH e�V�X H ] H K^] H4H�~ K FI\g?BHZY+DMA¦D V�X H ]�ê�KM� Y�Y TGKML�h�TGN5V�X Y O
>@Y�FIH L/V�T D L H N�TGL Y8H R�V�T D L�¼�O ¸�egV�X H TGL/V H L Y TBVb_�K^] H KI]�K^V�T DEY�i�H Vbh HUH L�K ?G? V�X H
TGL H ����TBa^K ?BH L/V�RUK^] i�D L�K^V DEF:Y TGL�V�X H4FIDE?BH RU� ?BH4Y X D � ? N i�H K \�\ ] DZ~ T F K^V HZ? _ H ����K ? O
W�X H TGL/V H L Y TBVb_�K^] H KI]�K^V�T DEY h H ] H K ?GY8DIDMi V�KMTGL H N A ] DEF V�X H �gVUO � L�V�K ig?BH ¹�e�V�X H
KMN�TGK i K^V�TGR�KML�N�a H ]�V�TGRUK ?�H L H ]�dET HZY�DMA¦H KMR�X DMA V�X H4A�D �5]�N�TÛ¤ H ] H L/V�RUK^] i�D L�K^V DEF:Y TGL
l ��i �5V H L H K^] H V�K i � ? K^V H N�O
W�X H�� d D ]��gV8V�TGL5d \ ] D R HZY�Y�Y V�K^]�V H N D �5V�h�TBV�X�V�X H RUK^] i�D L Y8H ��� H L�R H.Y X D h�L�TGL�V�K ig?BH
¸�O [ �5]�TGL5d�V�X H �gV8V�TGL5d DMA¦i�D V�X�V�X H�\�DEY TBV�T D L�KML�N�V�X H TGL/V H L Y TBVb_ DMA V�X H aST i ]�K^V�T D L�K ?
\ ] D � ?BHZY V D V�X H4H�~S\�H ]�T FIH L/V�K ?�Y8\�H R�V8]�� F eSV�X H J l � J £^� J�j � J�¸ Y8H ��� H L�R H N�TGN�L D V
R�X�KML5d H O
W�X H ] HZY � ? V�KML/V�RUK^] i�D L�K^V DEF T D L�TB½ZK^V�T D L H L H ]�dM_ Y8H ��� H L�R H�� J l � J £^� J�j � J�¸ � RUKML i�H
H�~S\g? KMTGL H N i _�V�X H R D L�R HU\ V DMA5U�£��WO�N=Q�I3G!e�xR|�P9K6S0I3G � µM¸ � e�h�X�TGR�X�K \�\�H K^] Y TGL�K ?G? V�X H
K ? � H L HZY KML�N�K ? ��_SL HZY N�T Y RU� Y�Y8H N�TGL�V�X�T Y V�X HZY T Y O
� L�a^K ?BH L�R H�i�D L�N�V�X HUD ]�_MegX/_ \�H ]�R D L�M��5dEK^V�T D L�T Y K Y8\�H RUTGK ? Vb_ \�H�DMA ] HZY8D L�KML�R H h�X�TGR�X
T Y � Y8H N�V D N HZY R�]�T i�H TGL/V H ]�KMR�V�T D L Y�i�H Vbh HUH L�V�X H�å�Y _ Y V HZF KML�N Y � igY V�TBV�� H L/V�dM] D � \gY O
>@? ��_ ? dM] D � \gY K^V8V�KMR�X H N�V D RUK^] i�D L � RUK^] i�D L�N D � ig?BH@i�D L�N�KMR�V�K Y�HZ?BH R�V8] D L�N D L D ] Y V D
V�X H�å�Y _ Y V HZF egKML�N § L D:i�D L�N § ] HZY8D L�KML�R H.Y V8]���R�V��5] HZY K^] H TGL/V8] D N���R H N�V D TGL�N�TGRUK^V H
V�X�T Y+HZ?BH R�V8] D L�TGR4TGL/V H ]�KMR�V�T D L�O;� D ] l ��i �5V H L H e�V�X H X/_ \�H ]�R D L�M��5dEK^V�T D L�T Y K Y�Y X D h�L�TGL
�gdE�5] H ¸Mj�O
> N HU\ ] D V D L�K^V�T D L DMA V�X H J C@» dM] D � \�?BH KMN Y V D K ?BD RUK ? TB½ZK^V�T D L DMA KML HZ?BH R�V8] D L \ KMTB]
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1-butene Hyperconjugated 1-butene

:

�¦TBdE�5] H ¸Mj ÿC _ \�H ]�R D L�M��5dEK^V�T D L DMA l ��i �5V H L H O

K^V�V�X H4H L�N�RUK^] i�D L�K^V DEF h�X H ] H V�X H N D � ig?BH�i�D L�N�h+K Y�?BD RUK^V H N � V8]�KML Y8A�H ] DMA
HZ?BH R�V8] D L�N H L Y TBVb_ A ] DEF J�¸�V D J l � OQW�X H�H ¤ H R�V DMA V�X�T Y T Y V�X�K^V�V�X H dM] D ��L�N Y V�K^V H
HZ?BH R�V8] D L�N H L Y TBVb_�K^] D ��L�N�V�X H�H L�N�RUK^] i�D L�K^V DEF T Y X�TBdEX H ]�V�X�KML�V�X H�HZ?BH R�V8] D L
N H L Y TBVb_�K^] D ��L�N�V�X H4D V�X H ]�RUK^] i�D L�K^V DEF:Y TGL�V�X H.FIDE?BH RU� ?BH O;W�X�T Y ] HZY � ? V Y TGL�K
N H R�] H K Y8H TGL�V�X H4H L H ]�dM_�] H ����TB] H N�V D R D ] H T D L�TB½ H V�X H4H L�N�RUK^] i�D L�K^V DEF O cH RUKM� Y8H
DMA V�X�T Y eSV�X H4H L�N�RUK^] i�D L�K^V DEF T Y V�X H�D L H h�TBV�X�V�X H.?BD h HZY V�T D L�TB½ZK^V�T D L H L H ]�dM_MO
��X H L�h H V�K^� H K ?BD�D ��K^V�V�X H TGL�N�TBaSTGN���K ? aST i ]�K^V�T D L�K ?�\ ] D � ?BHZYDMA V�X H�A�D �5]�RUK^] i�D L
l Y T D L�TB½ZK^V�T D L Y eSh H RUKML�L D V�TGR H V�X�K^V H KMR�X \ ] D � ?BH X�K Y K ?BD L5d�V�KMT ? h�TBV�X�K Y X D � ? N H ]
TGL�V�X H X�TBdEX�T D L�TB½ZK^V�T D L H L H ]�dM_�]�KML5d H OW�X H K \�\�H K^]�KML�R H4DMA V�X H V�KMT ?GY RUKML i�H
H�~S\g? KMTGL H N i _�V�X H N�TÛ¤ H ] H L/V�aST i ]�K^V�T D L�K ?�H�~ RUTBV�K^V�T D L Y V�X�K^V�V�K^� H.\g? KMR H TGL�V�X H
R D ] H�� T D L�TB½ZK^V�T D L \ ] D R HZY�Y O cD V�X i�H L�N�TGL5d�KML�N Y V8] H V�R�X�TGL5d FID N HZY K^] H�H�~ RUTBV H N�TGL�V�X H
R D ] H T D L�TB½ZK^V�T D L�e i �5V�TBV�T Y�F KMTGL ? _�J �bC��bY V8] H V�R�X�TGL5d FID N HZY V�X�K^V�T Y V�X H4D ]�TBdETGL DMA V�X H
Y X D � ? N H ] Y TGL�V�X H X�TBdEX�T D L�TB½ZK^V�T D L H L H ]�dM_�]�KML5d H�DMA V�X H4\ ] D � ?BH O
�-A h H R DEFI\ K^] H V�X H TGL/V H L Y TBVb_�K^] H K Y h�TBV�X�V�X H L�� F.i�H ] DMA X/_SN5] D d H L�K^V DEF:Y�A�D ] H KMR�X
RUK^] i�D L�K^V DEF TGL l ��i �5V H L H e�h H RUKML���L�N�KIV8] H L�N�O;W�X H4FID ] H X/_SN5] D d H L�K^V DEF:Y
R D L�L H R�V H N�V D K Y8\�H RUTÛ��R�RUK^] i�D L�K^V DEF egV�X H4? K^]�d H ]�V�X H TGL/V H L Y TBVb_�K^] H K DMA V�X H
Y X D � ? N H ] A�D ]�V�X H R D ]�] HZY8\�D L�N�TGL5d9aST i ]�K^V�T D L�K ?�\ ] D � ?BH O'W�X�T Y RUKML�K ?GY8D:i�H4Y8HUH L�TGL
] HUA�H ] H L�R HZY � µ £ � KML�N � µM¼ � O

í]t ¨WtÍÂ ò ³�Õgf�¬®¥Êg«�Õ�á�Â�á��¦±q¬®ÆS«�Æ
j ��i �5V H L H T Y K Y _ F:FIH V8]�TGR FIDE?BH RU� ?BH h�TBV�X D L ? _�Vbh D R�X HZF TGRUK ?G? _�TGL H ����TBa^K ?BH L/V
RUK^] i�D L�K^V DEF:Y dETBaSTGL5d D L ? _�Vbh D aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY TGL�V�X H�\ X D V D�HZ?BH R�V8] D L
Y8\�H R�V8]�� F Y X D h�L�TGL��gdE�5] H ¸M¸�O
� H RUKML�L D V�TGR H K Y8\g? TBV DMA ¼M¸ FIH Ü i�H Vbh HUH L�V�X H Vbh D aST i ]�K^V�T D L�K ?g\ ] D � ?BHZYQDMA RUK^] i�D L
K^V DEF L�� F.i�H ]�j�OQW�X�T Y�Y8\g? TBV�K \�\�H K^] Y+i�H RUKM� Y8H4DMA R ?BDEY8H TGL/V H ]�KMR�V�T D L i�H Vbh HUH L�V�X H
R D ] H4D ] i TBV�K ?GY+DMA V�X H Vbh D ��L Y K^V��5]�K^V H N�RUK^] i�D L�K^V DEF:Y OQW�X H�i�D L�N ?BH L5dMV�X i�H Vbh HUH L
Vbh D RUK^] i�D L�K^V DEF:Y N H R�] H K Y8H TGL�V�X H4D ]�N H ] )   ) ¢ ) � ) ¢ )EhY) e5h�X�TGR�X
FIH KML Y V�X�K^V�V�X H V8]�T \g?BH@i�D L�N�X�K Y V�X H.Y X D ]�V HZY V i�D L�N�� ¿ O cH RUKM� Y8H4DMA V�X H4Y X D ]�V
i�D L�N ?BH L5dMV�X�e5V�X H�H ����TBa^K ?BH L/V�R D ] H4D ] i TBV�K ?GY K^] H d H V8V�TGL5d�R ?BDEY8H ]@KML�N�RUKML�TGL/V H ]�KMR�V
h�TBV�X H KMR�X D V�X H ]�V D dETBa H K Y8\g? TBV8V�TGL5d�N�� H V D TGL�R DEFI\g?BH V H�?BD RUK ? TB½ZK^V�T D L DMA V�X H R D ] H
� Ê 	���-/=�%�
 9&��/#Y/=�%�
 9&����0� ��D�. - 9&��3�B� �:��1�1!�
&]�!� ���%�
#. *Æ2�F øSþji��*!�
��-/=�%�
 9&��/#Y/=�%�
 9&����!&�7� �. � 9&��3���1�1!�
&]�!� ���%�
#. *Æ2�F ��� i��*�VA��� . -�
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293.0E292.5292.0291.5291.0290.5290.0289.5
Ionization energy (eV)

CIS+TRANS-
2-BUTENE

C2-split = 53 meV.
Gaussian width = 65 meV.
The C1- and C2-areas are equal.

H3C-CH=CH-CH3
1 12 2

C2

C1

�¦TBdE�5] H ¸M¸ ÿ W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� FÁDMA RUT YÏï V8]�KML Yð� j ��i �5V H L H O

X DE?BH�� V�X�T Y �STGL�N DMA'Y8\g? TBV8V�TGL5d�T Y+A �5]�V�X H ]�N�T Y RU� Y�Y8H N�TGL�] HUA�H ] H L�R H � ¸Mj � KML�N � µMµ � � OQW�X H
Y8\g? TBV8V�TGL5d DMA K Y _ F:FIH V8]�TGR�K ? ��_SL H T Y V�X H ] HUA�D ] H L D ] F K ?G? _ i TBdMd H ]�V�X�KML A�D ]�V�X H
R D ]�] HZY8\�D L�N�TGL5d�K ? � H L H O
�-A V�X H�H L H ]�dET HZY�DMA V�X H Vbh D R D ] H.D ] i TBV�K ?GY h H ] H.Y TBdEL�TÛ��RUKML/V�N�TÛ¤ H ] H L/VUe5V�X H
TGL/V H ]�KMR�V�T D L i�H Vbh HUH L�V�X H Vbh D R D ] H4D ] i TBV�K ?GY h D � ? N i�H a H ]�_ Y�F K ?G? KML�N�V�X H
] HZY � ? V�KML/V Y8\g? TBV8V�TGL5d9a H ]�_ Y�F K ?G? TGL�N HU\�H L�N H L/V DMA V�X H N H dM] HUH4DMA ��L Y K^V��5]�K^V�T D L�O'W�X�T Y
T Y V�X H RUK Y8H4A�D ]@��L Y _ F:FIH V8]�TGR FIDE?BH RU� ?BHZY O C�D h H a H ]Ze�T A V�X H.FIDE?BH RU� ?BH T Y�Y _ F:FIH V8]�TGR^e
? TB� H j ��i �5V H L H e�V�X H R D ] H4D ] i TBV�K ?GY X�KZa H9Y T F T ? K^] H L H ]�dET HZY KML�N�RUKML�TGL/V H ]�KMR�V�V D dETBa H K
Y TBdEL�TÛ��RUKML/V Y8\g? TBV8V�TGL5d5O � L�V�X�T Y RUK Y8H e�V�X H N H dM] HUH4DMA ��L Y K^V��5]�K^V�T D L�h�T ?G?g\g? KZ_�KI] DE?BH
] H dEK^]�N�TGL5dIV�X H4F K^dEL�TBV���N H�DMA V�X H.Y8\g? TBV8V�TGL5d5O
W�K ig?BH ¹IT Y�Y X D h�TGL5dIV�X H KMN�TGK i K^V�TGR�KML�N�a H ]�V�TGRUK ?�H L H ]�dET HZY�DMA j ��i �5V H L H e�h�X H ] H
RUK^] i�D L�jIT Y V�X H�D L H h�TBV�X�V�X H.?BD h HZY V�KMN�TGK i K^V�TGR H L H ]�dM_MO
>@Y h H RUKML Y8HUH e�V�X H.Y8H ��� H L�R H�DMA V�X H RUK^] i�D L�K^V DEF:Y TGL�V�X H �gV8V H N Y8\�H R�V8]�� F T Y V�X H
Y K FIH K Y+\ ] H N�TGR�V H N i _:V�X HUD ]�_ Y X D h�L�TGL�V�K ig?BH ¸�OQW�X�T Y RUKML�K ?GY8D9i�H ]�K^V�T D L�K ? TB½ H N i _
� Y TGL5d�V�X H R D L�R HU\ V DMA X/_ \�H ]�R D L�M��5dEK^V�T D L�O
W�X H J�j �bY8\g? TBV+h+K Y�DM\ V�T F TB½ H N�V D ¼M¸ FIH Ü=TGL�V�X H �gV8V�TGL5d5e5h�X�T ?BH V�X H R D ] H X DE?BH4? T A�H
V�T FIH KML�N�ê�KM� Y�Y TGKML�h�TGN5V�X�h+K Y � ~SH N�V D l kMk FIH Ü=KML�N�µM¼ FIH Ü ] HZY8\�H R�V�TBa HZ? _MOQW�X H
TGL/V H L Y TBVb_�K^] H KI]�K^V�T DIi�H Vbh HUH L)J l KML�N�J�j9h+K Y � ~SH N�V D l ÿ l OQW�X�T Y h+K Y N D L H
i�H RUKM� Y8H h H4H�~S\�H R�V�V�X H TGL/V H L Y TBV�T HZYDMA V�X H N�TÛ¤ H ] H L/V�RUK^] i�D L�K^V DEF:Y V D:i�H
Y V D TGR�X�T DEFIH V8]�TGR Y T F T ? K^]ZO � L�KMN�N�TBV�T D L�eSV�X H�i TBdMd H ] Y X D � ? N H ]�TGL�V�X H V�KMT ?�DMA V�X H
aST i ]�K^V�T D L�K ?�\ ] D � ?BH�DMA J l R DEFI\ K^] H N�V D V�X�K^V DMA J�j�egRUKML i�H�H�~S\g? KMTGL H N i _
R DEFI\ K^]�TGL5dIV�X H L�� F.i�H ] DMA X/_SN5] D d H L�K^V DEF:Y R D L�L H R�V H N�V D V�X H�H L�N�RUK^] i�D L�K^V DEF:Y
h�TBV�X�V�X H L�� F.i�H ] DMA RUK^] i�D L�K^V DEF:Y R D L�L H R�V H N�V D V�X H TGL�L H ]�RUK^] i�D L�K^V DEF:Y OW�X�T Y
]�K^V�T D T Y µ ÿ j�egh�X�TGR�X FIH KML Y V�X�K^V�V�X H TGL/V H L Y TBVb_�K^] H K DMA V�X H J l �bY X D � ? N H ] Y X D � ? N i�H
K \�\ ] DZ~ T F K^V HZ? _�V�X5] HUH V�T FIHZY�i TBdMd H ]�V�X�KML�V�X H TGL/V H L Y TBVb_�K^] H K DMA V�X H J�j �bY X D � ? N H ]ZO
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Ionization energy (eV)

1-BUTYNE

C1

C2,C4

C3

Gaussian width = 42 meV.
The C1-, C2-, C3-, and 
C4-areas are equal.

H-CC-CH2-CH3
1 2 3 4

�¦TBdE�5] H ¸ £5ÿ W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� FÁDMA l ��i �5Vb_SL H O

>@Y�\ ] H aST D � Y�? _�L D V H N�e�V�X HZY8H.Y X D � ? N H ] Y K \�\�H K^] Y TGL�V�X H.Y8\�H R�V8]�� F N�� H V D
H�~ RUTBV�K^V�T D L Y�DMA J �bCvY V8] H V�R�X�TGL5d FID N HZY O

í]t ¨WtGÓ ¨Má��¦±q¬ÏÎ�«�Æ
W�X H�DMi V�KMTGL H N H�~S\�H ]�T FIH L/V�K ? KMN�TGK i K^V�TGR�KML�N�a H ]�V�TGRUK ?qH L H ]�dET HZY�DMA l ��i �5Vb_SL H K^] H
Y X D h�L�TGL�V�K ig?BH ¹�OQ�5] DEF V�X�T Y V�K ig?BH h H RUKML Y8HUH V�X�K^V�RUK^] i�D L l T Y V�X H�D L H h�TBV�X�V�X H
?BD h HZY V�KMN�TGK i K^V�TGR H L H ]�dM_Me�K Y h+K Y V�X H RUK Y8H.A�D ] l ��i �5V H L H OQW�X H4Y8H ��� H L�R H4DMA V�X H
RUK^] i�D L�K^V DEF:Y9� J l � J�j � J £^� J�¸ � RUKML i�H�H�~S\g? KMTGL H N i _�X/_ \�H ]�R D L�M��5dEK^V�T D L�KML�N�T Y
V�X H.Y K FIH K Y�\ ] H N�TGR�V H N i _�V�X HUD ]�_MO
W�X H RUK^] i�D L l Y�\ X D V D�HZ?BH R�V8] D L Y8\�H R�V8]�� FÁDMA l ��i �5Vb_SL H T Y�Y X D h�L�TGL��gdE�5] H ¸ £ O
l ��i �5Vb_SL H X�K Y+A�D �5]�R�X HZF TGRUK ?G? _�TGL H ����TBa^K ?BH L/VRUK^] i�D L�K^V DEF:Y h�X�TGR�X�dETBa H ]�T Y8H V DIA�D �5]
N�TÛ¤ H ] H L/V�aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY TGL�V�X H.Y8\�H R�V8]�� F O >@Y�H�~S\�H R�V H N�e�J�¸�KML�N�J £ X�KZa H
V�X H4i ] D KMN HZY V Y X D � ? N H ] Y N�� H V D J �bCvY V8] H V�R�X�TGL5dIaST i ]�K^V�T D L Y O'W�X H � D ] H L/V8½ZTGKML�KML�N
ê�KM� Y�Y TGKML�h�TGN5V�X�h+K Y � ~SH N�V D l kMk FIH Ü=KML�N £ j FIH Üv] HZY8\�H R�V�TBa HZ? _b�;Ò¥O;W�X H
TGL/V H L Y TBVb_�K^] H KI]�K^V�T DEY�i�H Vbh HUH L�V�X H4A�D �5]�TGL H ����TBa^K ?BH L/V�RUK^] i�D L�K^V DEF:Y h H ] H � ~SH N�V D
i�H�H ����K ? O >@Y h H.Y X�K ?G?�Y8HUH4A�D ]@j ��i �5Vb_SL H e�V�X H TGL/V H L Y TBVb_�K^] H KI]�K^V�T D T Y4GJI9K l ÿ l OW�X H
] H K Y8D L A�D ]�V�X�T Y T Y+H�~S\g? KMTGL H N�TGL Y8H R�V�T D L�µ�O l O £ O

í]t ¨WtBÞ Â�á��¦±q¬ÏÎ�«�Æ
W�X H�\ X D V D�HZ?BH R�V8] D L Y8\�H R�V8]�� F DMA j ��i �5Vb_SL H T Y�Y X D h�L�TGL��gdE�5] H ¸M¼�egKML�N�V�X H
KMN�TGK i K^V�TGR�KML�N�a H ]�V�TGRUK ?�H L H ]�dET HZY�DMA V�X H Vbh D R�X HZF TGRUK ?G? _�TGL H ����TBa^K ?BH L/V+RUK^] i�D L
�¶Û=	���·/=�%�
 9&���2#�-1���&��
&@#. #/��0�
&�� �019#/��0�
7��Ï&�'02)#Y �7!�+*!��5���3��$#Y �7!�+*!���V���
·&� !�;��� ��=���%�5� � �� � � ��æû�#. )*�>l^���. � ')&��
��� ��E;*OU-�!��F

µ^k
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Ionization energy (eV)

2-BUTYNE

C2

C1

C2-split = 101 meV.
Gaussian width = 42 meV.
The C1- and C2-areas are 
not 1:1.

1 2 1

H3C-CC-CH3
2

�¦TBdE�5] H ¸M¼ ÿ W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� FÁDMA j ��i �5Vb_SL H O

K^V DEF:Y K^] H V�K i � ? K^V H N�TGL�V�K ig?BH ¹�O
W�h D:A�H K^V��5] HZY TGL�V�X H.Y8\�H R�V8]�� FÁDMA j ��i �5Vb_SL H K^] H h D ]�V�X FIH L/V�T D L�TGL5d5O'W�X H �g] Y V
A�H K^V��5] H T Y V�X H ��L H ����K ? TGL/V H L Y TBVb_�K^] H K Y�DMA J l KML�N�J�j�O � V�T Y L D V Y X D h�L�TGL�V�X H
Y8\�H R�V8]�� FÁDMA j ��i �5Vb_SL H e i �5V � d D ] Y X D h H N�V�X�K^V�V�X H TGL/V H L Y TBVb_�K^] H K DMA J�j9h+K Y
X T P3}w}~O�N V�X�KML�V�X H TGL/V H L Y TBVb_�K^] H K DMA J l OQW�X�T Y ��L H ����K ? TBVb_�RUKML i�H�H�~S\g? KMTGL H N i _
V�K^�STGL5d:TGL/V D KMRUR D ��L/V�V�X H�X�UVP��RO���x!�o�JN=I$Q�O�X�X O+W�X�T Y T Y K \ ] D R HZY�Y h�X�TGR�X A ] H ��� H L/V ? _
D RURU�5]�TGL Y _ F:FIH V8]�TGR���L Y K^V��5]�K^V H N FIDE?BH RU� ?BHZY O � V�K ?GY8D:D RURU�5] Y TGL���L Y _ F:FIH V8]�TGR
��L Y K^V��5]�K^V H N FIDE?BH RU� ?BHZY e i �5V�L D V�V D�Y ��R�X�K Y TBdEL�TÛ��RUKML/V�N H dM] HUH O >@Y N HZY R�]�T i�H N�TGL
Y8H R�V�T D L�¸�O £ e�V�X H.Y X�K^� H�� � \�\ ] D R HZY�Y T Y K \ ] D R HZY�Y TGL�h�X�TGR�X�R D ] H4HZ?BH R�V8] D L Y K^] H
H�~ RUTBV H N A ] DEF V�X H X�TBdEX HZY V D RURU� \ T H N FIDE?BH RU� ? K^] D ] i TBV�K ?Q��C Z � Z � V D V�X H4?BD h HZY V
��L D RURU� \ T H N FIDE?BH RU� ? K^] D ] i TBV�K ?;� � ` � Z � OgW�X�T Y X�K \�\�H L Y N�� H V D V�X H.Y�F K ?G?�H L H ]�dM_
N�TÛ¤ H ] H L�R H�i�H Vbh HUH L�V�X H Vbh D�� Z é Y O cH RUKM� Y8H.DMA V�X�T Y e ?BD h6TGL/V H L Y TBVb_ Y K^V HZ?G? TBV HZY
K \�\�H K^] Y TGL�V�X H4Y8\�H R�V8]�K:K^V \�DEY TBV�T D L Y R D ]�] HZY8\�D L�N�TGL5d9V D V�X�T Y+H L H ]�dM_�N�TÛ¤ H ] H L�R H e
KML�N ?BHZY�Y+DMA V�X H ��L�K¥¤ H R�V H N�R D ] H.HZ?BH R�V8] D L Y K^] H N H V H R�V H N�TGL�V�X H KML�K ? _�½ H ]ZegKML�N�V�X H
] HZY � ? V�KML/V�TGL/V H L Y TBVb_�K^] H K:T Y�Y�F K ?G?BH ]ZO
W�X H4Y8H R D L�N A�H K^V��5] H T Y V�X H J�j �bY8\g? TBV DMA l kMk FIH Ü � N�� H V D TGL�R DEFI\g?BH V H4?BD RUK ? TB½ZK^V�T D L
DMA V�X H R D ] H X DE?BH¥� O;� H L D V�TGR H N�V�X�K^V�V�X H J�j �bY8\g? TBV�TGL�j ��i �5V H L H h+K Y ¼M¸ FIH Ü9e Y8D
h�X�K^V�T Y V�X H ] H K Y8D L A�D ]�V�X H�? K^]�d H ] Y8\g? TBV+TGL�V�X H RUK Y8H�DMA j ��i �5Vb_SL H�� W�X H V8]�T \g?BH@i�D L�N
T Y�Y X D ]�V H ]�V�X�KML�V�X H N D � ig?BH�i�D L�N�e Y8D V�X H N�T Y V�KML�R H�i�H Vbh HUH L�V�X H R D ] H4D ] i TBV�K ?GY TGL
V�X H K ? ��_SL H T Y�Y�F K ?G?BH ]�V�X�KML A�D ]�V�X H R D ]�] HZY8\�D L�N�TGL5d�K ? � H L H OQW�X�T Y K ?G?BD h Y V�X H R D ] H
D ] i TBV�K ?GY TGL�V�X H K ? ��_SL H V D TGL/V H ]�KMR�V FID ] H V�X�KML�TGL�V�X H K ? � H L H e�h�X�TGR�X���L�K ?G? _:] HZY � ? V Y
TGL�K ? K^]�d H ] Y8\g? TBV8V�TGL5d�TGL�V�X H K ? ��_SL H R DEFI\ K^] H N�V D V�X H K ? � H L H OQW�X H TGL/V H L Y TBVb_�K^] H K
]�K^V�T DIDMA V�X H Vbh D�Y8\g? TBV8V H N \ ] D � ?BHZY T Y l ÿ l O

µ l



CH2 CH3

CH

CH3

CH3 CH3

1 2

3 4

CH3

CH3

�¦TBdE�5] H ¸Mµ ÿ W�X H�Y V8]���R�V��5] H9DMA l ��\�H L/V H L H�� l � e�V8]�KML Yð� j ��\�H L/V H L H�� j � e l ��\�H L/Vb_SL H�� ¸ � e
KML�N�j ��\�H L/Vb_SL H���£�� O

W�K ig?BH@£5ÿ P H V8V�TGL5d Y � Y8H N�N��5]�TGL5d4V�X H�FIH K Y �5] HZFIH L/V Y+DMA V�X H�\�H L/V H L HZY KML�N \�H L/Vb_SL HZY O
Ô@Ê�ÕZÕ:ÆS«�Æ�¥Ø�Î7�=��È � �8Æ98 � :9;< � < á�Õ®Ë�³Í¬ = ;�;< ¬®Æ�ÈâÆS«�Æ�¥Ø�Î ��É2Æ98 � F ;
Ã9³�É2Æ�È;Æ��ÕU¬®Æ�ÈI�8ÕZÆ�² � ;BA:K «�°¦±�Ë�Ê5¬®¯g�ØgÊ�ÈI��ÉÖÉ � J�;BA4@�L

z ¯�«�¯�²^Å�¥¯�É2Ê5¬®¯g�Õ®Ë�³Í¬��4M�É � H
\�\w® ý,g�`ÔfC`bl:c9`bl�`bnri]l5k fC`bl:c$s�l�`bn
� L�V�X�T Y�Y8H R�V�T D L�h H h�T ?G? V�K^� H K:R ?BDEY8H ] ?BD�D ��K^V�V�X H V�X HUD ] H V�TGRUK ? KML�N H�~S\�H ]�T FIH L/V�K ?
] HZY � ? V Y+DMA l ��\�H L/V H L H e�V8]�KML Yð� j ��\�H L/V H L H e l ��\�H L/Vb_SL H egKML�N�j ��\�H L/Vb_SL H OQW�X H
Y R�X HZF K^V�TGR Y V8]���R�V��5] HZY�DMA V�X HZY8H.FIDE?BH RU� ?BHZY K^] H.Y X D h�L�TGL��gdE�5] H ¸Mµ�O
>@?G?�DMA V�X HZY8H4FIDE?BH RU� ?BHZY h H ] H.FIH K Y �5] H N�K^V�K \ X D V D L H L H ]�dM_ DMA ¸M¸^k H Ü=K^V
��>����b? K i TGL�����L�N�TGL�P�h H N H L�OP DEFIH4DMA V�X H.Y8H V8V�TGL5d Y � Y8H N�N��5]�TGL5d9V�X H
FIH K Y �5] HZFIH L/V Y�DMA V�X HZY8H.FIDE?BH RU� ?BHZY K^] H�\ ] HZY8H L/V H N�TGL�V�K ig?BH�£ O
>�i TGL�TBV�T D RUK ? RU� ? K^V�T D L Y h H ] H RUK^]�]�T H N D �5V D L�K ?G?�£�FIDE?BH RU� ?BHZY O l ��\�H L/Vb_SL H X�K Y Vbh D
N�TÛ¤ H ] H L/V�R D L A�D ] F K^V�T D L Y TGL�V�X H dM] D ��L�N Y V�K^V H.DMA R DEFI\ K^]�K ig?BH�H L H ]�dM_MO � V�T Y
T FI\�D ]�V�KML/V�V D �SL D hÚV�X H4H L H ]�dM_ DMA V�X H�\�DEY�Y T ig?BH R D L A�D ] F K^V�T D L Y e i�H RUKM� Y8H V�X H Vbh D
R D L A�D ] F K^V�T D L Y�F KZ_�dETBa H aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY V�X�K^V�K^] H.Y TBdEL�TÛ��RUKML/V ? _�N�TÛ¤ H ] H L/VUO
W�X H RUK ? RU� ? K^V H N�KML�N H�~S\�H ]�T FIH L/V�K ? TGL/V8]�K FIDE?BH RU� ? K^]�R�X HZF TGRUK ?qY X�T A V Y+DMA V�X H
\�H L/V H L HZY KML�N \�H L/Vb_SL HZY K^] H4\ ] HZY8H L/V H N�TGL�V�K ig?BH ¼�OQW�X HZY8H R�X HZF TGRUK ?qY X�T A V Y h H ] H
� Y8H N�K Y K Y V�K^]�V�TGL5d \�D TGL/V�TGL�V�X H�� d D ]��gV8V�TGL5d5e�KML�N�K ?GY8D TGL�V�X�T Y RUK Y8H V�X H �gV8V H N
R�X HZF TGRUK ?qY X�T A V Y h H ] H L D V�V�X H4Y K FIH K Y V�X H4Y V�K^]�V�TGL5d \�D TGL/VUO;W�X�T Y K ? V H ]�TGL5dIN�TGN�L D V
R�X�KML5d H V�X H TGL/V8]�K FIDE?BH RU� ? K^]�RUK^] i�D L Y8H ��� H L�R H4A�D ] D V�X H ] FIDE?BH RU� ?BHZY V�X�KML l ��\�H L/V H L H
� J�¸IKML�N�J £:Y h�TBV�R�X H N \g? KMR HZYÏ� OQW�X H N�TÛ¤ H ] H L�R HZY�i�H Vbh HUH L�V�X HUD ]�_�KML�N H�~S\�H ]�T FIH L/V

µMj



W�K ig?BH ¼ ÿ W�X HUD ] H V�TGRUK ? RUK ? RU� ? K^V H N�KML�N H�~S\�H ]�T FIH L/V�K ? TGL/V8]�K FIDE?BH RU� ? K^]¦R�X HZF TGRUK ?�Y X�T A V Y
�0Ú ¹ �DMA l ��\�H L/V H L H e Y � H h � l ��\�H L/Vb_SL H egV8]�KML Yð� j ��\�H L/V H L H egKML�N�j ��\�H L/Vb_SL H O

z ¯�Ë�Æ�²/±�Ë�Æ ö ¬®¯�É Ú ¹ = Ø$` = �8Æ98 � Ú ¹ Q Ù>a �8Æ98 �F Cnm ]dc6_6]dcb] g F ; ;g : ;BA4J = L ;BA4J =�=g J ;BA4JpH9@ ;BA4J�?9kg k ;BA4JpH�H ;BA4J = ;g H ;BA4J F�= ;BA4J�;�?
ogp ]rq C F Cnm ]dc6_�lOcb] g F ; ;g : ;BAH�:9J ;BAHOkpJg J F A F ?p: F A: F Jg k ;BAH9LpH ;BA4L F ?g H ;BA:9L9k ;BA4J�? F|�s6adccb C�:�Cnm ]dc6_6]dcb] g F ; ;g : C9;BA4JpH9? C9;BA)k6:�:g J C9;BA)k6H�: C9;BAH9J Fg k C9;BA4;�Lp:9@ C9;BA4;9k = ;g H C9;BA F :9? C9;BA F @pH:�Cnm ]dc6_�lOcb] g F ; ;g : C F A: =GF C F A4J�; =g J C F A4J9k6H C F A)kpJpHg k C9;BA F ;�L C9;BA F ; =g H C9;BA4@�@pH C9;BA4@�L�@

a^K^]�T HZY�A ] DEF k�V D lMl®¿ FIH Ü9e�h�X�T ?BH V�X H KZa H ]�K^d H N�TÛ¤ H ] H L�R H T Y K \�\ ] DZ~ T F K^V HZ? _�¸^k
FIH Ü9O

í]tÍÂ�t ¨ ¨Má�È;ÆS«�¬®ÆS«�Æ
W�X H4Y8\�H R�V8]�� FÁDMA l ��\�H L/V H L H T Y+\ ] HZY8H L/V H N�TGL��gdE�5] H ¸ ¿ O l ��\�H L/V H L H X�K Y K:N D � ig?BH
i�D L�N ?BD RUK^V H N�K^V�V�X H�H L�N DMA V�X H RUK^] i�D L�R�X�KMTGL�e�KML�N�TBV�T Y L�� F.i�H ] H N A ] DEF V�X�T Y
��L Y K^V��5]�K^V H N H L�N�O
l ��\�H L/V H L H X�K Y �ga H R�X HZF TGRUK ?G? _�TGL H ����TBa^K ?BH L/V�RUK^] i�D L�K^V DEF:Y h�X�TGR�X�dETBa H �ga H
N�TÛ¤ H ] H L/V�aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY TGL�V�X H.Y8\�H R�V8]�� F O'W�X H4Y V�K^]�V�TGL5d Y8H ��� H L�R H4DMA V�X HZY8H
\ ] D � ?BHZY TGL�V�X H �gV8V�TGL5d \ ] D R HZY�Y e5h+K Y V�X H4D L H4Y X D h�L�TGL�V�K ig?BH ¼ ÿ J l e�J�¼�e�J £ e�J�¸�e
KML�N�J�j�OQW�X�T Y T Y L D V�V�X H.Y K FIH K Y V�X H �gV8V H N Y8H ��� H L�R H.Y X D h�L�TGL�V�X H4Y8\�H R�V8]�� F
h�X�TGR�X�T Y J l e�J�¼�e�J�¸�e�J £ e�KML�N�J�j�O+J�¸�KML�N�J £:Y h�TBV�R�X H N \g? KMR HZY h�TBV�X D L H
KML D V�X H ]ZOQW�X H R�X HZF TGRUK ?qY X�T A V Y+DMA V�X HZY8H Vbh D RUK^] i�D L�K^V DEF:Y K^] H a H ]�_ Y T F T ? K^]ZO'W�X�T Y
FIH KML Y V�X�K^V�TBV�T Y X�K^]�N�V D N�TÛ¤ H ] i�H Vbh HUH L�V�X HZY8H Vbh D RUK^] i�D L�K^V DEF:Y h�TBV�X�] HZY8\�H R�V+V D
T D L�TB½ZK^V�T D L H L H ]�dET HZY�i�D V�X�V�X HUD ] H V�TGRUK ?G? _�KML�N H�~S\�H ]�T FIH L/V�K ?G? _MO C�D h H a H ]ZeqJ l T Y V�X H
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Ionization energy (eV)

1-PENTENE

C5, C3, C4, C2
H2C=CH-CH2-CH2-CH3

1 2 3 4 5

Gaussian width = 65 meV.
The C1-, C2-, C3-, C4-, and 
C5-areas allowed to vary
independently.

C1

�¦TBdE�5] H ¸ ¿ ÿ W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� F DMA l ��\�H L/V H L H O

�g] Y V�KMN�TGK i K^V�KML�N�X�K Y V�X H4?BD h HZY V@T D L�TB½ZK^V�T D L H L H ]�dM_MOQW�X�T Y RUKML i�H�H�~S\g? KMTGL H N i _
V�X H X�TBdEX HZ?BH R�V8] D L�N H L Y TBVb_�K Y�Y8D RUTGK^V H N�h�TBV�X�N D � ig?BH KML�N�V8]�T \g?BH@i�D L�N Y O cH RUKM� Y8H.DMA
V�X�T Y e5h H�H�~S\�H R�V�J l V D:i�H V�X H4FIDEY V�] H KMR�V�TBa H RUK^] i�D L�K^V DEF TGL l ��\�H L/V H L H O
>@Y�FIH L/V�T D L H N H K^] ? T H ]Ze�J C��bY V8] H V�R�X�TGL5d�aST i ]�K^V�T D L Y RUKML i�H�Y8HUH L�TGL�V�X H�Y8\�H R�V8]�� F�i _
R D L Y TGN H ]�TGL5d�V�X H X�TBdEX ��H L H ]�dM_ §MY X D � ? N H ] Y%§ O'W�X H TGL/V H L Y TBV�T HZY+DMA V�X HZY8H�§MY X D � ? N H ] Y%§
K^] H a^K^]�_STGL5dIKMRUR D ]�N�TGL5d:V D V�X H L�� F.i�H ] DMA'C�� K^V DEF:Y TGL�V�X H J C � dM] D � \ TGL�V�X HFIDE?BH RU� ?BH O;W�X H4FID ] H4C�� K^V DEF:Y egV�X H X�TBdEX H ]�V�X H TGL/V H L Y TBVb_�K^] H K DMA V�X H�§MY X D � ? N H ] §
i�H R DEFIHZY � µ £ � e � µM¼ � OQW�X H KMN�TGK i K^V�TGR�KML�N�a H ]�V�TGRUK ?qH L H ]�dET HZY�DMA l ��\�H L/V H L H RUKML i�H
Y8HUH L�TGL�V�K ig?BH ¹�O >@Y h H RUKML Y8HUH4A ] DEF V�X H V�K ig?BH e�J l T Y R ?BH K^] ? _�V�X H4D L H h�TBV�X�V�X H
?BD h HZY V�T D L�TB½ZK^V�T D L H L H ]�dM_MOW�X H4Y8H ��� H L�R H�DMA V�X H RUK^] i�D L�K^V DEF:Y TGL�V�X H �gV8V H N
Y8\�H R�V8]�� F RUKML�K^dEKMTGL i�H�H�~S\g? KMTGL H N i _�V�X H R D L�R HU\ V DMA X/_ \�H ]�R D L�M��5dEK^V�T D L�O

í]tÍÂ�tÍÂ Ã¥Êg«�Õ�á�Â�á�È;ÆS«�¬®ÆS«�Æ
��TB� H l ��\�H L/V H L H e l ��\�H L/Vb_SL H egKML�N�j ��\�H L/Vb_SL H e�V8]�KML Yð� j ��\�H L/V H L H X�K Y �ga H R�X HZF TGRUK ?G? _
TGL H ����TBa^K ?BH L/V�RUK^] i�D L�K^V DEF:Y OQ� H.Y X D � ? N�V�X H ] HUA�D ] H4H�~S\�H R�V�V�X�T Y�FIDE?BH RU� ?BH V D X�KZa H
�ga H N�TÛ¤ H ] H L/V�aST i ]�K^V D L�K ?�\ ] D � ?BHZY TGL�V�X H�\ X D V D�HZ?BH R�V8] D L Y8\�H R�V8]�� F O'W�X H R�X DEY8H L
d HUDEFIH V8]�_ DMA V�X�T Y�FIDE?BH RU� ?BH T Y V�X H V8]�KML Yð� R D LS�gdE�5]�K^V�T D L�h�TBV�X�V�X H4H V�X/_ ? dM] D � \Ö� J £
KML�N�J�¼ �D ]�T H L/V H N�TGL�K §M? TGL H K^] §�F KML�L H ] ��Y8HUH �gdE�5] H ¸M¹ � O
W�X H4Y8\�H R�V8]�� FÁDMA V8]�KML Yð� j ��\�H L/V H L H T Y+\ ] HZY8H L/V H N�TGL��gdE�5] H ¸Mº�OW�X H RUK^] i�D L�K^V DEF:Y
K^] H L�� F.i�H ] H N A ] DEF V�X H ��L Y K^V��5]�K^V H N H L�N�O >@Y h H RUKML Y8HUH e�J�jIKML�N�J�¸IX�KZa H V�X H
?BD h HZY V�T D L�TB½ZK^V�T D L H L H ]�dET HZY K Y�H�~S\�H R�V H N A ] DEF V�X H X�TBdEX HZ?BH R�V8] D L�N H L Y TBVb_
K Y�Y8D RUTGK^V H N�h�TBV�X�V�X H N D � ig?BH�i�D L�N�O;W�X H KMN�TGK i K^V�TGR�KML�N�a H ]�V�TGRUK ?qH L H ]�dET HZY K^] H
\ ] HZY8H L/V H N�TGL�V�K ig?BH ¹�OQW�X H V�X HUD ] H V�TGRUK ? KML�N��gV8V H N�RUK^] i�D L�K^V DEF Y8H ��� H L�R H T Y V�X H
Y K FIH O

µ £
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Ionization energy (eV)

2-PENTENE

C3, C2

C5, C4, C1
H3C-CH=CH-CH2-CH3

1 2 3 4 5

Gaussian width = 65 meV.
The C1-, C2-, C3-, C4-, and 
C5-areas are not equal.

�¦TBdE�5] H M̧º ÿ W�X H RUK̂ ] i�D L l Y�Y8\�H R�V8]�� FÁDMA V8]�KML Yð� j ��\�H L/V H L H O

µM¼



1

2

�¦TBdE�5] H�£ k ÿ W�X H4Y V8]���R�V��5] H�DMA-§ V8]�KML Y%§¥� l ��\�H L/Vb_SL H�� l � KML�N Y � H h � l ��\�H L/Vb_SL H�� j � O

í]tÍÂ�tGÓ ¨Má�È;ÆS«�¬ÏÎ�«�Æ

l ��\�H L/Vb_SL H X�K Y Vbh D R D L A�D ] F K^V�T D L Y TGL�h�X�TGR�X i�D V�X�R D � ? N i�H V�X H.FIDEY V Y V�K ig?BH4D L H O
W�X�T Y T Y V�X H.? TGL H K^] § V8]�KML Y%§¥� l ��\�H L/Vb_SL H KML�N Y � H h � l ��\�H L/Vb_SL H O > RUR D ]�N�TGL5dIV D V�X H
��� j � RUK ? RU� ? K^V�T D L Y e Y � H h � l ��\�H L/Vb_SL H9Y X D � ? N i�H V�X H4FIDEY V Y V�K ig?BH dM] D ��L�N Y V�K^V H
R D L A�D ] F K^V�T D L DMA V�X HZY8H Vbh D OW�X H4��� j � RUK ? RU� ? K^V�T D L Y h H ] H4i K Y8H N D L [ �¦W � ] HZY � ? V Y
h�X�TGR�X Y8H L Y K^V�T D L�K ?G? _�TGL�N�TGRUK^V H N�V�X H�DM\�\�DEY TBV H�� V�X�T Y T Y K ?GY8D V�X H RUK Y8H4A�D ]�j � X H�~ _SL H¥� O
cH RUKM� Y8H.DMA K:X�TBdEX H ]�KMRURU�5]�KMR�_ DMA KML ��� j � RUK ? RU� ? K^V�T D L�R DEFI\ K^] H N�V D K
[ �¦W � RUK ? RU� ? K^V�T D L�e�V�X H aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY h H ] H d H L H ]�K^V H N A ] DEF V�X H
Y � H h � R D L A�D ] F K^V�T D L�OQW�X H ] H T Y K \�DEY�Y T i T ? TBVb_ DMA KML H ����T ? T i ]�TG� Foi�H Vbh HUH L�V�X H4Y � H h �
KML�N § V8]�KML Y%§¥� R D L A�D ] F K^V�T D L�e i �5V i�H RUKM� Y8H@DMA K F K!M D ]�TBVb_ DMA V�X H�Y � H h � R D L A�D ] F K^V�T D L
� ¹ l	s Y � H h � e D L ? _�V�X�T Y+D L H h+K Y V�K^� H L�TGL/V D KMRUR D ��L/VUOW�X H N�T Y V8]�T i �5V�T D L DMA V�X H
R D L A�D ] F K^V�T D L Y h+K Y N H V H ] F TGL H N i _ H�~ V8]�KMR�V�TGL5d:V�X H L H R HZY�Y K^]�_�TGL A�D ] F K^V�T D L A ] DEF
V�X HUD ] H V�TGRUK ? RUK ? RU� ? K^V�T D L Y4� V�X H RUK ? RU� ? K^V�T D L Y h�X H ] H V�X H N�T Y V8]�T i �5V�T D L�T Y N H V H ] F TGL H N�e
h�T ?G?�i�H�Y X D h�L�TGL FID ] H N H V�KMT ? TGL Y8H R�V�T D L�µ�O ¸�O ¼Ih�X H ] H j � X H�~ _SL H T Y N�T Y RU� Y�Y8H N � OQP HUH
�gdE�5] H�£ k A�D ]�KML�T ?G? � Y V8]�K^V�T D L DMA V�X H Vbh D R D L A�D ] F K^V�T D L Y O
W�X H4Y X�K \�H�DMA V�X H aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY+DMA V�X H Vbh D l ��\�H L/Vb_SL H R D L A�D ] F K^V�T D L Y h H ] H
TGN H L/V�TGRUK ? e H�~ R HU\ V�V�X H J l Y T D L�TB½ZK^V�T D L DMA RUK^] i�D L�K^V DEF L�� F.i�H ]�¼ � V�X H.FIH V�X/_ ?
dM] D � \�� O;��X H L i�D V�X�R D L A�D ] F K^V�T D L Y h H ] H.F T ~SH N�TGL�V�X H4Y K FIH4� d D ]��gV8V�TGL5d5e�L D
T FI\ ] D a HZFIH L/V DMAtJ » h+K Y�DMigY8H ]�a H N�O >@Y h H.Y X�K ?G?�Y8HUH TGL Y8H R�V�T D L�µ�O ¸�O ¼�egV�X H �gV8V�TGL5d
DMA j � X H�~ _SL H T FI\ ] D a HZY h�X H L�K F T ~ V��5] H�DMA aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY+DMA Vbh D N�TÛ¤ H ] H L/V
R D L A�D ] F K^V�T D L Y K^] H � Y8H N�O
W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� FÁDMA l ��\�H L/Vb_SL H T Y�\ ] HZY8H L/V H N�TGL��gdE�5] H�£ l egKML�N�V�X H
KMN�TGK i K^V�TGR�KML�N�a H ]�V�TGRUK ?�H L H ]�dET HZY RUKML i�H�A�D ��L�N�TGL�V�K ig?BH ¹�O
>@Y h H RUKML Y8HUH4A ] DEF V�K ig?BH ¹�e�V�X H RUK^] i�D L�K^V DEF:Y K^] H R ?BH K^] ? _ Y8HU\ K^]�K^V H N A ] DEF D L H
KML D V�X H ]�h�TBV�X�N�TÛ¤ H ] H L/V �ð��é Y OQW�X H V�X HUD ] H V�TGRUK ? KML�N��gV8V H N�RUK^] i�D L�K^V DEFÑY8H ��� H L�R H
T Y V�X H.Y K FIH O+J l X�K Y V�X H4?BD h HZY V �ð� KML�N�T Y V�X H ] HUA�D ] H�H�~S\�H R�V H N�V D:i�H V�X H.FIDEY V
] H KMR�V�TBa H RUK^] i�D L�K^V DEF TGL l ��\�H L/Vb_SL H O
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Ionization energy (eV)

SKEW-1-PENTYNE
H-CC-CH2-CH2-CH3

1 2 3 4 5

Gaussian width = 65 meV.
The C1-, C2-, C3-, C4-, and 
C5-areas are kept equal.

C1

C5, C2, C4

C3

�¦TBdE�5] H�£ l ÿ W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� FÁDMA l ��\�H L/Vb_SL H O

í]tÍÂ�tBÞ Â�á�È;ÆS«�¬ÏÎ�«�Æ
j ��\�H L/Vb_SL H X�K Y�D L ? _ D L H�\ ] DMi K ig?BH R D L A�D ] F K^V�T D L�OQW�X H RUK^] i�D L l Y�Y8\�H R�V8]�� F DMA
j ��\�H L/Vb_SL H T Y�\ ] HZY8H L/V H N�TGL��gdE�5] H�£ j�O � L�V�K ig?BH ¹�e�V�X H KMN�TGK i K^V�TGR�KML�N�a H ]�V�TGRUK ?
H L H ]�dET HZY K^] H.? T Y V H N�O
W�X H��ð��é Y�DMA V�X H N�TÛ¤ H ] H L/V�RUK^] i�D L�K^V DEF:Y K^] H K ?GY8D TGL�V�X�T Y RUK Y8H R ?BH K^] ? _ Y8HU\ K^]�K^V H N�e
KML�N�V�X H(§MY X D � ? N H ] Y%§ V�X�K^V�X�KZa H TBV é Y�D ]�TBdETGL A ] DEF V�X H J �bCvY V8] H V�R�X�aST i ]�K^V�T D L Y+DMA
J l KML�N�J�¼IRUKML H K Y T ? _ i�H4Y8HUH L�TGL�V�X H.Y8\�H R�V8]�� F O >@Y�H�~S\�H R�V H N�e�J�j�KML�N�J�¸�X�KZa H
V�X H.?BD h HZY V�T D L�TB½ZK^V�T D L H L H ]�dET HZY�i�H RUKM� Y8H4DMA V�X H X�TBdEX HZ?BH R�V8] D L�N H L Y TBVb_�K Y�Y8D RUTGK^V H N
h�TBV�X�V�X H V8]�T \g?BH@i�D L�N�TGL�KMN�N�TBV�T D L�V D V�X H�H ¤ H R�V DMA X/_ \�H ]�R D L�M��5dEK^V�T D L�O
\�\wç ý,g�`þg�`65-`bl�`bnji]l5k g�`65�s�l�`bn
W�X H X H�~SH L HZY KML�N�X H�~ _SL HZY N�T Y RU� Y�Y8H N�TGL�V�X�T Y�Y8H R�V�T D L�K^] H l � X H�~SH L H e
V8]�KML Yð� j � X H�~SH L H e�V8]�KML Yð� ¸ � X H�~SH L H e l � X H�~ _SL H egj � X H�~ _SL H e�KML�N�¸ � X H�~ _SL H e5h�X�TGR�X�dETBa HZY
KIV D V�K ?qDMA¦Y T ~ N�TÛ¤ H ] H L/V FIDE?BH RU� ?BHZY O8Z@V�X H ]�R D LS�gdE�5]�K^V�T D L Y�? TB� H RUT Yð� j � X H�~SH L H KML�N
RUT Yð� ¸ � X H�~SH L H K^] H4\�DEY�Y T ig?BH e i �5V�h H R�X DEY8H V D�Y V���N5_�V�X H V8]�KML Yð� T Y8DEFIH ] Y�i�H RUKM� Y8H�DMA
V�X H TB]�X�TBdEX H ] H L H ]�dM_�R DEFI\ K^] H N�V D V�X H R D ]�] HZY8\�D L�N�TGL5d�V8]�KML Yð� R D LS�gdE�5]�K^V�T D L Y O
>@Y h H h�T ?G?�Y8HUH TGL Y8H R�V�T D L�µ�O ¸�O ¼�e�j � X H�~ _SL H R D L Y T Y V Y�DMA K F T ~ V��5] H�DMA Vbh D
R D L A�D ] F K^V�T D L Y TGL�TBV Y dM] D ��L�N Y V�K^V H � § V8]�KML Y%§¥� j � X H�~ _SL H KML�N Y � H h � j � X H�~ _SL H O� D ]
V�X H4D V�X H ]�X H�~SH L HZY KML�N�X H�~ _SL HZY e5V�X H ] H K^] H.Y8H a H ]�K ?�\�DEY�Y T ig?BH R D L A�D ] F K^V�T D L Y h�X�TGR�X
F KZ_ H�~ T Y VUO;� D ] H KMR�X�X H�~SH L H KML�N�X H�~ _SL H e�V�X H4? TGL H K^] u¥Y V8] H V�R�X H N�d HUDEFIH V8]�_�h+K Y
� Y8H N�O;W�X H aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY d H L H ]�K^V H N A ] DEF V�X HZY8H.FIDE?BH RU� ?BHZY h H ] H h HZ?G? �gV8V H N
V D V�X H TB] H�~S\�H ]�T FIH L/V�K ?�Y8\�H R�V8]�� F:Y O;W�X�T Y TGL�N�TGRUK^V H N�V�X�K^V�V�X H R�X DEY8H L�d HUDEFIH V8]�_�h+K Y
KMN H ����K^V H V D N HZY R�]�T i�H V�X H.Y8\�H R�V8]�� F O'W�X H ] HUA�D ] H TBV+h+K Y L D V�L H R HZY�Y K^]�_�V D N D
RUK ? RU� ? K^V�T D L Y+D L�V�X H�D V�X H ] \�DEY�Y T ig?BH R D L A�D ] F K^V�T D L Y O;�¦TBdE�5] H�£ ¸ Y X D h Y V�X H
Y V8]���R�V��5] HZY�DMA V�X H.Y T ~ N�TÛ¤ H ] H L/V�X H�~SH L HZY KML�N�X H�~ _SL HZY O
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Ionization energy (eV)

2-PENTYNE
C3, C2

C5

C4, C1
CH3-CC-CH2-CH3
1 2 3 4 5

Gaussian width = 65 meV.
The C1-, C2-, C3-, C4-, and 
C5-areas are not equal.

�¦TBdE�5] H�£ j ÿ W�X H RUK̂ ] i�D L l Y�Y8\�H R�V8]�� FÁDMA j ��\�H L/Vb_SL H O

CH2

CH3

CH3

CH3

CH3

CH3

CH

CH3

CH3

CH3

CH3

CH3

2 3

4
5 6

1

�¦TBdE�5] H�£ ¸ ÿ W�X H�Y V8]���R�V��5] H�DMA l � X H�~SH L H2� l � eQV8]�KML Yð� j � X H�~SH L H2� j � eQV8]�KML Yð� ¸ � X H�~SH L H
� ¸ � e l � X H�~ _SL H���£�� e�j � X H�~ _SL H�� ¼ � e�KML�N�¸ � X H�~ _SL H�� µ � O

µM¹



>@Y�A�D ]�V�X H4\�H L/V H L HZY KML�N \�H L/Vb_SL HZY egK ?G? V�X H X H�~SH L HZY KML�N�X H�~ _SL HZY h H ] H4FIH K Y �5] H N
K^V ��>����b? K i TGL�����L�N�egP�h H N H L�O;W�X H R�X DEY8H L \ X D V D L H L H ]�dM_�h+K Y K ?GY8D TGL�V�X�T Y RUK Y8H
¸M¸^k H Ü9OgW�X H4Y8H V8V�TGL5d Y � Y8H N�TGL�V�X HZY8H4FIH K Y �5] HZFIH L/V Y h H ] H V�X H.Y K FIH K Y V�X DEY8H
Y X D h�L�TGL�V�K ig?BH�£ e H�~ R HU\ V�K�P � P Y�? TBV DMA ¹^kMk�TGL Y V H KMN DMA º^kMkSO
>�i TGL�TBV�T D RUK ? RU� ? K^V�T D L Y h H ] H RUK^]�]�T H N D �5V D L�K ?G?�Y T ~�FIDE?BH RU� ?BHZY O;W�X�T Y h+K Y K ?GY8D
N D L H�A�D ] Y � H h � l � X H�~ _SL H KML�N Y � H h � j � X H�~ _SL H OQW�X H4Y � H h � R D L A�D ] F K^V�T D L Y h H ] H
TGL/V H ] HZY V�TGL5d i�H RUKM� Y8H V�X H _�h H ] H KId D�D N�K ? V H ]�L�K^V�TBa H V D V�X H R D ]�] HZY8\�D L�N�TGL5d
§ V8]�KML Y%§¥� R D LS�gdE�5]�K^V�T D L Y h�TBV�X�] HZY8\�H R�V�V D dM] D ��L�N �bY V�K^V H.Y V�K i T ? TBVb_MO;W�X H4��� j � ] HZY � ? V Y
Y X D h H N�V�X�K^V § V8]�KML Y%§¥� l � X H�~ _SL H h+K Y�FID ] H.Y V�K ig?BH V�X�KML Y � H h � l � X H�~ _SL H e�KML�N�V�X�K^V
Y � H h � j � X H�~ _SL H h+K Y�FID ] H.Y V�K ig?BH V�X�KML § V8]�KML Y%§¥� j � X H�~ _SL H OW�X�T Y h�T ?G?�i�H�A �5]�V�X H ]
N�T Y RU� Y�Y8H N�TGL Y8H R�V�T D L�µ�O ¸�O £ KML�N�µ�O ¸�O ¼�O
W�X H R�X HZF TGRUK ?qY X�T A V Y+DMA K ?G? V�X H X H�~SH L HZY KML�N�X H�~ _SL HZY h H ] H RUK ? RU� ? K^V H N�egKML�N�V�X HZY8H
K^] H4\ ] HZY8H L/V H N�TGL�V�K ig?BH µ�OW�X H X H�~SH L HZY KML�N�X H�~ _SL HZY K^] H L�� F.i�H ] H N A ] DEF V�X H
��L Y K^V��5]�K^V H N H L�N�O
W�X HZY8H R�X HZF TGRUK ?qY X�T A V Y h H ] H � Y8H N�K Y K Y V�K^]�V�TGL5d \�D TGL/V�TGL�V�X H�� d D ]��gV8V�TGL5d
\ ] D R H N��5] HZY O'�5] DEF V�X H V�K ig?BH e5h H RUKML Y8HUH V�X�K^V�V�X H�H�~S\�H ]�T FIH L/V�K ? R�X HZF TGRUK ?qY X�T A V Y
K^] H L D V�V�X H.Y K FIH K Y V�X H V�X HUD ] H V�TGRUK ? OQW�X�T Y�Y X�T A V�N�TÛ¤ H ] H L�R H�?BH KMN Y V D L D R�X�KML5d H TGL
V�X H TGL/V8]�K FIDE?BH RU� ? K^]�RUK^] i�D L Y8H ��� H L�R H egKML�N�TBV�a^K^]�T HZY�A ] DEF kIV D l ¸Mj FIH Ü9OgW�X H
KZa H ]�K^d H N�TÛ¤ H ] H L�R H T Y K \�\ ] DZ~ T F K^V HZ? _�¸^k FIH Ü � V�X H.Y K FIH K Y�A�D ]�V�X H4\�H L/V H L HZY KML�N
\�H L/Vb_SL HZYÏ� O

í]tGÓ]t ¨ ¨MáÏÅ�Æ/ÇqÆS«�Æ
W�X H R D ] H4\ X D V D�HZ?BH R�V8] D L Y8\�H R�V8]�� FÁDMA l � X H�~SH L H T Y�Y X D h�L�TGL��gdE�5] H�£M£ O l � X H�~SH L H
X�K Y�Y T ~ R�X HZF TGRUK ?G? _�N�TÛ¤ H ] H L/V�RUK^] i�D L�K^V DEF:Y h�X�TGR�X�] HZY � ? V Y TGL Y T ~ N�TÛ¤ H ] H L/V
aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY h�TBV�X�N�TÛ¤ H ] H L/V�T D L�TB½ZK^V�T D L H L H ]�dM_MO�J l T Y V�X H�D L H h�TBV�X�V�X H
?BD h HZY V�T D L�TB½ZK^V�T D L H L H ]�dM_MOW�K ig?BH º Y X D h Y V�X�T Y KMN�TGK i K^V�TGR�KML�N�a H ]�V�TGRUK ?�H L H ]�dM_�TGL
KMN�N�TBV�T D L�V D V�X H�H L H ]�dET HZY�DMA V�X H4D V�X H ]�RUK^] i�D L�K^V DEF:Y O
>@Y h H RUKML Y8HUH e�V�X H RUK^] i�D L Y8H ��� H L�R HZY K^] H V�X H4Y K FIH h�X H L�h H R DEFI\ K^] H V�X H
V�X HUD ] H V�TGRUK ? ] HZY � ? V Y h�TBV�X�V�X H �gV8V H N D L HZY OQW�X H aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY h H ] H h HZ?G?
�gV8V H N�V D V�X H�H�~S\�H ]�T FIH L/V�K ?�Y8\�H R�V8]�� F O

í]tGÓ]tÍÂ Ã¥Êg«�Õ�á�Â�áÏÅ�Æ/ÇqÆS«�Æ
W�X H R D ] H4\ X D V D�HZ?BH R�V8] D L Y8\�H R�V8]�� FÁDMA V8]�KML Yð� j � X H�~SH L H T Y+\ ] HZY8H L/V H N�TGL��gdE�5] H�£ ¼�O
W�X H TGL/V H L Y TBVb_�K^] H K Y�DMA J�jIKML�N�J�¸IK^] H.Y�? TBdEX/V ? _ Y�F K ?G?BH ]�V�X�KML�V�X H TGL/V H L Y TBVb_�K^] H K Y
DMA V�X H�D V�X H ]@RUK^] i�D L�K^V DEF:Y OW�X H ] H K Y8D L A�D ]�V�X�T Y T Y V�X H.Y X�K^� H�� � \�\ ] D R HZY�Y O;W�X�T Y
FIDE?BH RU� ?BH X�K Y�Y T ~ N�TÛ¤ H ] H L/V�RUK^] i�D L�K^V DEF:Y TGL�h�X�TGR�X�J�¸IX�K Y V�X H4Y�F K ?G?BHZY V
T D L�TB½ZK^V�T D L H L H ]�dM_MOQW�X H KMN�TGK i K^V�TGR�KML�N�a H ]�V�TGRUK ?�H L H ]�dET HZY K^] H�\ ] HZY8H L/V H N�TGL�V�K ig?BH º�O
W�X H RUK^] i�D L Y8H ��� H L�R H TGL�V�X H.Y8\�H R�V8]�� F T Y V�X H4Y K FIH K Y V�X H V�X HUD ] H V�TGRUK ?qD L H OQW�X H
aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY K^] H h HZ?G? ] HZY8DE? a H N�KML�N�h HZ?G? �gV8V H N�V D V�X H4H�~S\�H ]�T FIH L/V�K ?
Y8\�H R�V8]�� F O

í]tGÓ]tGÓ Ã¥Êg«�Õ�áÏÓSáÏÅ�Æ/ÇqÆS«�Æ
W�]�KML Yð� ¸ � X H�~SH L H T Y KML�K ? � H L H h�TBV�X�V�X H�\�DEY�Y T i T ? TBVb_ DMA K F TB]�] D ] \g? KML H KML�N�K
) »�� K ~ T Y K Y�Y _ F:FIH V8]�_ HZ?BHZFIH L/V Y OQW�X�T Y+F K^� HZY V�X�T Y�FIDE?BH RU� ?BH:� KML�N�¸ � X H�~ _SL H¥�+FID ] H
Y _ F:FIH V8]�TGRUK ? V�X�KML�V�X H�D V�X H ]@X H�~SH L HZY KML�N�X H�~ _SL HZY O;W�X�T Y�FIH KML Y V�X�K^V�V�X�T Y

µMº



W�K ig?BH µ ÿ W�X HUD ] H V�TGRUK ? RUK ? RU� ? K^V H N�KML�N H�~S\�H ]�T FIH L/V�K ? TGL/V8]�K FIDE?BH RU� ? K^]¦R�X HZF TGRUK ?�Y X�T A V Y
�0Ú ¹ �@DMA l � X H�~SH L H e¦V8]�KML Yð� j � X H�~SH L H e�V8]�KML Yð� ¸ � X H�~SH L H e l � X H�~ _SL H e'j � X H�~ _SL H e¦KML�N2¸ �
X H�~ _SL H O

z ¯�Ë�Æ�²/±�Ë�Æ ö ¬®¯�É Ú ¹ = Ø$` = �8Æ98 � Ú ¹ Q Ù>a �8Æ98 �F C `b] N ]dcb] g F ; ;g : ;BA4J = ? ;BA)k6:9;g J ;BA4J�J�@ ;BA4J�LpHg k ;BA:9J�J ;BA: F ?g H ;BA4J�;p: ;BA4J�L�;g L ;BA: = L ;BA4J�;p:|�s6adccb C�:�C `b] N ]dcb] g F ; ;g : C9;BA4J�@p: C9;BA)kpJ Fg J C9;BA)kp@ F C9;BAH�H9;g k C9;BA F�= k C9;BA:OkpJg H C9;BA F kp@ C9;BA F JpHg L C9;BA F H9J C9;BA F ? =|�s6adccb C9JpC `b] N ]dcb] g F ; ;g : ;BA4;pH = ; ;BA F J Fg J C9;BA4J�@�? C9;BA4J�L�;F C `b] N lOcb] g F ; ;g : ;BAH9J�? ;BAH9J�;g J F A F @p: F A F�= :g k ;BA)k6H9L ;BA)k6H9Jg H ;BA)kpL = ;BA)kp? =g L ;BA)k F H ;BA4JpH9J:�C `b] N lOcb] g F ; ;g : C F A4Jp: F C F A4JpH9Jg J C F A4J�L�J C F A)kpL9kg k C9;BA:�H9; C9;BA:9@�?g H C9;BA4@ = L C9;BA4?p: =g L C F A4;pH9; C F A4;�; =JpC `b] N lOcb] g F ; ;g : ;BA4L�L�J ;BA4L9kpLg J C9;BA4L�J = C9;BA4@�@ F
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Ionization energy (eV)

1-HEXENE

C1

C4,C6,C5,C3,C2

Gaussian width = 65 meV.
The carbon intensity areas 
are equal.

CH2=CH-CH2-CH2-CH2-CH3
1 2 3 4 5 6

�¦TBdE�5] H�£M£5ÿ W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� F DMA l � X H�~SH L H O
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Ionization energy (eV)

TRANS-2-HEXENE The areas of C2 and C3 are slightly smaller 
than the areas of the other carbon atoms.
The areas of C1, C4, C5, and C6 are equal.
Gaussian width = 65 meV.

C3, C2

C4, C6, C5, C1

CH3-CH=CH-CH2-CH2-CH3
1 2 3 4 5 6

�¦TBdE�5] H�£ ¼ ÿ W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� FÁDMA V8]�KML Yð� j � X H�~SH L H O
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Ionization energy (eV)

Gaussian width = 65 meV.
C3 is splitted by 36 meV.
The carbon intensity areas 
are not equal.

C3

C1

C2
CH3-CH2-CH=CH-CH2-CH3
1 2 3 3 2 1

TRANS-3-HEXENE

�¦TBdE�5] H�£ µ ÿ W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� FÁDMA V8]�KML Yð� ¸ � X H�~SH L H O

FIDE?BH RU� ?BH�� KML�N�¸ � X H�~ _SL H¥�i�HZ?BD L5d Y V D V�X H ) » � \�D TGL/V�dM] D � \ e5h�X�T ?BH V�X H4D V�X H ]X H�~SH L HZY KML�N�X H�~ _SL HZY.��H�~ R HU\ V A�D ]�V�X H4Y � H h R D L A�D ] F K^V�T D L YÏ�D L ? _�X�KZa H.D L H
F TB]�] D ] \g? KML H h�X�TGR�X ?BH KMN Y V D V�X H )�A \�D TGL/V+dM] D � \ O [ �5]�TGL5d H L H ]�dM_ DM\ V�T F TB½ZK^V�T D L Y
TGL�ê�KM� Y�Y TGKML�e5V�X H ��L�K ?G? _ DM\ V�T F TB½ H N FIDE?BH RU� ?BH�DMA V H L H L�N H N�� \ h�TBV�X�L H TBV�X H ]�K
F TB]�] D ] \g? KML H L D ]�K ) »�Y _ F:FIH V8]�_ HZ?BHZFIH L/VUO � L�V�X�T Y RUK Y8H egV�X H.FIDE?BH RU� ?BHZY+i�HZ?BD L5d Y
V D V�X H ) � \�D TGL/V�dM] D � \ O cH RUKM� Y8H.DMA V�X H ) »�Y _ F:FIH V8]�_ HZ?BHZFIH L/VUegV8]�KML Yð� ¸ � X H�~SH L H� KML�N�¸ � X H�~ _SL H¥� X�K Y�D L ? _�V�X5] HUH R�X HZF TGRUK ?G? _�TGL H ����TBa^K ?BH L/V�RUK^] i�D L�K^V DEF:Y O cH RUKM� Y8H
DMA V�X H R ?BDEY8H TGL/V H ]�KMR�V�T D L i�H Vbh HUH L�V�X H J�¸�R D ] H4D ] i TBV�K ?GY TGL�V8]�KML Yð� ¸ � X H�~SH L H egV�X H
aST i ]�K^V�T D L�K ?�\ ] D � ?BH�DMA J�¸�T Y�Y8\g? TBV8V H N�TGL/V D Vbh D�Y8HU\ K^]�K^V H N \ ] D � ?BHZY h�TBV�X�K Y8\g? TBV8V�TGL5d
DMA ¸Mµ FIH Ü � N�� H V D TGL�R DEFI\g?BH V H�?BD RUK ? TB½ZK^V�T D L DMA V�X H R D ] H X DE?BH¥� O;W�X�T Y RUKML i�H�Y8HUH L
TGL��gdE�5] H�£ µ�O
W�X H TGL/V H L Y TBVb_�K^] H K DMA J�¸IT Y�Y�? TBdEX/V ? _ Y�F K ?G?BH ]�V�X�KML A�D ]�J l KML�N�J�jIN�� H V D V�X H
Y X�K^� H�� � \�\ ] D R HZY�Y O+PSTGL�R H V8]�KML Yð� ¸ � X H�~SH L H4D L ? _�X�KZa H V�X5] HUH N�TÛ¤ H ] H L/V�RUK^] i�D L
K^V DEF:Y egTBV�T Y�FID ] H�H K Y _�V D�Y8HU\ K^]�K^V H V�X H RUK^] i�D L�K^V DEF:Y h�X�TGR�X�TGL�V��5]�L F K^� HZY TBV
\�DEY�Y T ig?BH V D ] HZ? K ~ V�X H ] HZY V8]�TGR�V�T D L Y+D L�K^] H KI]�K^V�T DEY OQW�X�T Y�FIH KML Y V�X�K^V�TBV�T Y L D V�V�X�K^V
T FI\�D ]�V�KML/V�V D X�KZa H K:RUK^] i�D L�TGL/V H L Y TBVb_�K^] H K:]�K^V�T D h�X�TGR�X�T Y l ÿ l O >@Y�H�~S\�H R�V H N�e�J�¸
T Y V�X H RUK^] i�D L�K^V DEF h�TBV�X�V�X H.?BD h HZY V�T D L�TB½ZK^V�T D L H L H ]�dM_MOW�X H KMN�TGK i K^V�TGR�KML�N
a H ]�V�TGRUK ?�H L H ]�dET HZY�DMA V8]�KML Yð� ¸ � X H�~SH L H K^] H�\ ] HZY8H L/V H N�TGL�V�K ig?BH º�O

í]tGÓ]tBÞ ¨MáÏÅ�Æ/Ç�Î�«�Æ
l � X H�~ _SL H X�K Y KIV8]�T \g?BH@i�D L�N ?BD RUK^V H N�K^V�V�X H4H L�N DMA V�X H RUK^] i�D L�R�X�KMTGL�KML�N�X�K Y�Y T ~
R�X HZF TGRUK ?G? _�N�TÛ¤ H ] H L/V�RUK^] i�D L�K^V DEF:Y OW�X H�Y8\�H R�V8]�� F DMA V�X�T Y K ? ��_SL H T Y�Y X D h�L�TGL
�gdE�5] H�£ ¿ O
>@Y�FIH L/V�T D L H N�TGL�V�X H TGL/V8] D N���R�V�T D L ��Y8H R�V�T D L�µ�O ¸ � egVbh D�\�DEY�Y T ig?BH R D L A�D ] F K^V�T D L Y
RUK ?G?BH N Y � H h � KML�N § V8]�KML Y%§¥� l � X H�~ _SL H h H ] H TGL/a HZY V�TBdEK^V H N�OQW�X HZY8H K^] H T ?G? � Y V8]�K^V H N�TGL
�gdE�5] H�£ ¹�O
>�A V H ] \�H ] A�D ] F TGL5d ��� j � RUK ? RU� ? K^V�T D L Y�D L�V�X HZY8H Vbh D R D L A�D ] F K^V�T D L Y e�TBV�h+K Y�A�D ��L�N
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Ionization energy (eV)

1-HEXYNE H-CC-CH2-CH2-CH2-CH3
1 2 3 4 5 6

Gaussian width = 65 meV.
The carbon intensity 
areas are not equal.

C1

C6, C4, C5, C2

C3

�¦TBdE�5] H�£ ¿ ÿ W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� FÁDMA l � X H�~ _SL H O

1

2

�¦TBdE�5] H�£ ¹ ÿ W�X H�Y V8]���R�V��5] H�DMA-§ V8]�KML Y%§¥� l � X H�~ _SL H�� l � KML�N Y � H h � l � X H�~ _SL H�� j � O

¿ ¸



1
2

�¦TBdE�5] H�£ º ÿ W�X H�Y V8]���R�V��5] H�DMA-§ V8]�KML Y%§¥� j � X H�~ _SL H�� l � KML�N Y � H h � j � X H�~ _SL H�� j � O

V�X�K^V�V�X H�§ V8]�KML Y%§¥� R D L A�D ] F K^V�T D L�h+K Y�FID ] H4Y V�K ig?BH V�X�KML�V�X H.Y � H h � R D L A�D ] F K^V�T D L�O
W�X H4��� j � RUK ? RU� ? K^V�T D L Y h H ] H4i K Y8H N D L�] HZY � ? V Y�A ] DEF [ �¦W � RUK ? RU� ? K^V�T D L Y h�X�TGR�X
dEKZa H V�X H4Y K FIH ] HZY � ? V Y O'W�X�T Y h+K Y L D V�V�X H RUK Y8H4A�D ]@j � X H�~ _SL H KML�N l ��\�H L/Vb_SL H OW�X H
[ �¦W � ] HZY � ? V Y TGL�N�TGRUK^V H N�V�X�K^V�V�X H(§ V8]�KML Y%§¥� R D L A�D ] F K^V�T D L DMA j � X H�~ _SL H.Y X D � ? N i�H
FID ] H.Y V�K ig?BH V�X�KML�V�X H4Y � H h � R D L A�D ] F K^V�T D L�OW�X H4��� j � ] HZY � ? V Y TGL�N�TGRUK^V H N�V�X H
DM\�\�DEY TBV H O
W�X H N�TÛ¤ H ] H L�R H TGL�dM] D ��L�N Y V�K^V H.H L H ]�dET HZY�i�H Vbh HUH L�V�X HZY8H Vbh D R D L A�D ] F K^V�T D L Y
K \�\�H K^]�V D:i�H4Y8D:? K^]�d H V�X�K^V�V�X H4Y � H h � R D L A�D ] F K^V�T D L�R D � ? N i�H�HZ? T F TGL�K^V H N A ] DEF
V�X H �gV8V�TGL5d DMA l � X H�~ _SL H OQW�X H [ �¦W6RUK ? RU� ? K^V�T D L Y TGL�N�TGRUK^V H N�K:N�T Y V8]�T i �5V�T D L DMA º ¿ns
DMA V�X H(§ V8]�KML Y%§¥� R D L A�D ] F K^V�T D L�KML�N�¸ s DMA V�X H.Y � H h � R D L A�D ] F K^V�T D L�e�h�X�T ?BH���� j
TGL�N�TGRUK^V H N�ºM¸ s § V8]�KML Y%§ KML�N ¿ns Y � H h4O cH RUKM� Y8H.DMA V�X�T Y e5V�X H aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY
A ] DEF V�X H(§ V8]�KML Y%§¥� R D L A�D ] F K^V�T D L�h H ] H V�X H�D L ? _ \ ] D � ?BHZY V�X�K^V�h H ] H � Y8H N�TGL�V�X H
� d D ]��gV8V�TGL5d \ ] D R H N��5] H O;W�X H ] HZY � ? V�KML/V�KMN�TGK i K^V�TGR�KML�N�a H ]�V�TGRUK ?�H L H ]�dET HZY K^] H.Y X D h�L
TGL�V�K ig?BH º�O

í]tGÓ]tÍ´ Â�áÏÅ�Æ/Ç�Î�«�Æ
>@FID L5d�K ?G? V�X H4FIDE?BH RU� ?BHZY�\ ] HZY8H L/V H N�TGL�V�X�T Y V�X HZY T Y egj � X H�~ _SL H X�K Y�i�HUH L�V�X H.FIDEY V
V�T FIH�� R D L Y � F TGL5dIKML�N�N�T)L�RU� ? V FIDE?BH RU� ?BH V D RUK ? RU� ? K^V H KML�N��gVUO > V�V�X H.Y K FIH V�T FIH e
TBV�X�K Y�i�HUH L�V�X H4FIDEY V�TGL/V H ] HZY V�TGL5d:KML�N Y8\�H RUTGK ?�FIDE?BH RU� ?BH V D h D ]���h�TBV�X�O'W�X H h D ]��
h�TBV�X�V�X�T Y�FIDE?BH RU� ?BH T Y L D V�_ H V@R DEFI\g?BH V H N�e�KML�N D L ? _ \ ] HZ? T F TGL�K^]�_I] HZY � ? V Y h�T ?G?gi�H
\ ] HZY8H L/V H N�O
>@Y�FIH L/V�T D L H N H K^] ? T H ]Zegj � X H�~ _SL H X�K Y Vbh D TGL/V H ] HZY V�TGL5d:R D L A�D ] F K^V�T D L Y OQW�X HZY8H K^] H
Y � H h � j � X H�~ _SL H KML�N § V8]�KML Y%§¥� j � X H�~ _SL H KML�N�K^] H T ?G? � Y V8]�K^V H N�TGL��gdE�5] H�£ º�O
W�X H h D ]�� Y V�K^]�V H N D �5V�h�TBV�X�RUK ? RU� ? K^V�T D L Y+D L�V�X H(§ V8]�KML Y%§¥� R D L A�D ] F K^V�T D L A�DE?G?BD h H N
i _�d H L H ]�K^V�T D L DMA V�X H R D ]�] HZY8\�D L�N�TGL5d9aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY O'W�X H ] HZY � ? V DMA V�X H
�gV8V�TGL5d DMA V�X�T Y R D L A�D ] F K^V�T D L�T Y�Y X D h�L�TGL��gdE�5] H ¼^kSO
>@Y h H RUKML Y8HUH e Y8DEFIH4DMA V�X H aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY K^] H L D V�h HZ?G? �gV8V H N�V D V�X H
H�~S\�H ]�T FIH L/V�K ?�Y8\�H R�V8]�� F O;W�X H TGL/V H L Y TBVb_�N�T Y V8]�T i �5V�T D L DMA V�X H aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY
DMA J�j�e�J�¸�egKML�N�J�µ�T Y L D V�R D L Y T Y V H L/V�h�TBV�X�V�X H�H�~S\�H ]�T FIH L/V�K ? ] HZY � ? VUO¦��X�K^V�R D � ? N
i�H V�X H ] H K Y8D L ��YÏ�A�D ]�V�X�T Y�� J D L/V�K F TGL�K^V�T D L DMA V�X H V HZY V Y K FI\g?BH N��5]�TGL5d9V�X H
FIH K Y �5] HZFIH L/V�h+K Y�D L H�\�DEY�Y T i T ? TBVb_MO >�A V H ]�N D TGL5d:L H h FIH K Y �5] HZFIH L/V Y h�TBV�X�K:L H h
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Ionization energy (eV)

TRANS-2-HEXYNE

C3,C2

C6,C5

C4

C1

Gaussian width = 65 meV.
The carbon intensity 
areas are equal.

CH3-CC-CH2-CH2-CH3
1 2 3 4 5 6

�¦TBdE�5] H ¼^k ÿ W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� FÁDMA�§ V8]�KML Y%§¥� j � X H�~ _SL H O

Y K FI\g?BH�DMA j � X H�~ _SL H4A ] DEF KML�KML D V�X H ] \ ] D N���R�V�T D L�R DEFI\ KML/_MegV�X H ] HZY � ? V�KML/V
Y8\�H R�V8]�� F h+K Y TGN H L/V�TGRUK ? V D V�X H �g] Y V D L H OQW�X H ] HUA�D ] H e�V�X H ] H X�KMN�V D:i�H�D V�X H ]
] H K Y8D L Y�A�D ]�V�X�T Y+i KMN��gV8V�TGL5d5O
� H V�X H L ?BD�D � H N�K^V�V�X H4D V�X H ] \�DEY�Y T ig?BH R D L A�D ] F K^V�T D L Y�DMA j � X H�~ _SL H OQW�X H�D V�X H ]
Vbh D R D L A�D ] F K^V�T D L Y h H ] H.Y � H h � j � X H�~ _SL H KML�N § RUT Y%§¥� j � X H�~ _SL H O � L § RUT Y%§¥� j � X H�~ _SL H e
V�X H4H V�X/_ ? dM] D � \Ö� J�¼�KML�N�J�µ � T Y Vbh�T Y V H N l ¹^kru A ] DEF V�X H4D ]�TBdETGL�K ? d HUDEFIH V8]�_ DMA
§ V8]�KML Y%§¥� j � X H�~ _SL H OW�X H [ �¦W � RUK ? RU� ? K^V�T D L Y�Y X D h H N�V�X�K^V�V�X H(§ RUT Y%§¥� d HUDEFIH V8]�_�h+K Y
H L H ]�d H V�TGRUK ?G? _���L A KZa D �5]�K ig?BH e�KML�N H L�N H N�� \ h�TBV�X�V�X H4Y � H h � R D L A�D ] F K^V�T D L�TGL�V�X H
H L H ]�dM_ DM\ V�T F TB½ZK^V�T D L�OQP�� H h � j � X H�~ _SL H V��5]�L H N D �5V�V D:i�H V�X H.FIDEY V Y V�K ig?BH
R D L A�D ] F K^V�T D L DMA V�X HZF K ?G? O;W�X�T Y h+K Y V�X H ] HZY � ? V DMA V�X H.��� j � RUK ? RU� ? K^V�T D L Y�i K Y8H N
D L�V�X H [ �¦WÚ] HZY � ? V Y O'W�X H ] HUA�D ] H e5aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY+DMA V�X�T Y R D L A�D ] F K^V�T D L�h+K Y
d H L H ]�K^V H N�e�KML�N�V�X H ] HZY � ? V Y V��5]�L H N D �5V�V D:i�H4Y8DEFIH h�X�K^V�N�TÛ¤ H ] H L/V�R DEFI\ K^] H N�V D
§ V8]�KML Y%§¥� j � X H�~ _SL H OW�X H@\ ] D � ?BHZYDMA J�j�egJ�¸�e�KML�N�J�µ9N�TGN�L D V�X�KZa H V�X H�Y K FIH4Y X�K \�H
TGL�V�X H Vbh D N�TÛ¤ H ] H L/V�R D L A�D ] F K^V�T D L Y O � L�R D L/V8]�K Y VUegV�X H4\ ] D � ?BHZY+DMA J l e�J £ egKML�N�J�¼
K^] H ��L�K¥¤ H R�V H N�OQW�X H4Y8\�H R�V8]�� FÁDMA'Y � H h � j � X H�~ _SL H RUKML i�H4Y8HUH L�TGL��gdE�5] H ¼ l O
� L A KMR�VUe�h H RUKML�]�K^V�T D L�K ? TB½ H V�X�T Y N�TÛ¤ H ] H L�R H�i _�V�K^�STGL5d:K ?BD�D ��K^V�K FID N HZ?�DMA
j � X H�~ _SL H O � L § V8]�KML Y%§¥� j � X H�~ _SL H egV�X H N�T Y V�KML�R H4i�H Vbh HUH L)J�µ�KML�N�J�j ï J�¸�T Y�? K^]�d H
KML�N�V�X H ] H T Y�? TBV8V ?BH TGL/V H ]�KMR�V�T D L i�H Vbh HUH L�V�X H4\ ] D V D L Y�DMA J�µIKML�N�V�X H(å�i�D L�N YDMA
V�X H V8]�T \g?BH@i�D L�N�O C�D h H a H ]Ze�h�X H L�V�X H4H V�X/_ ? dM] D � \Ö� J�¼IKML�N�J�µ � TGL
§ V8]�KML Y%§¥� j � X H�~ _SL H T Y Vbh�T Y V H N l j^kru�V D K Y � H h � j � X H�~ _SL H R D L A�D ] F K^V�T D L�e5V�X H
N�T Y V�KML�R H�i�H Vbh HUH L)J�µ�KML�N�J�j ï J�¸�X�K Y�i�H R DEFIH4Y�F K ?G?BH ]ZeSh�X�TGR�X�TGL�V��5]�L�TGL�R�] H K Y8HZY
V�X H TGL/V H ]�KMR�V�T D L i�H Vbh HUH L�V�X H J�µ \ ] D V D L Y KML�N å)HZ?BH R�V8] D L Y O
[ �¦W6RUK ? RU� ? K^V�T D L Y+DMA'Y � H h � j � X H�~ _SL H.Y X D h H N�V�X�K^V�V�X H N�T Y V�KML�R H�i�H Vbh HUH L�V�X H J�µ
\ ] D V D L�KML�N�J�¸9h+K Y j�O ¹Mjwv> TGL�V�X H dM] D ��L�N Y V�K^V H O+W�X�T Y N�T Y V�KML�R H h+K Y j�O ¹ ¿ v>6A�D ]
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Ionization energy (eV)

SKEW-2-HEXYNE
C3,C2

C6,C5

C4

C1

Gaussian width=65 meV. 
The carbon intensity 
areas are equal.

CH3-CC-CH2-CH2-CH3
1 2 3 4 5 6

�¦TBdE�5] H ¼ l ÿ W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� FÁDMA¦Y � H h � j � X H�~ _SL H O

V�X H J�j�R D ] H T D L�TB½ H N Y V�K^V H e�j�O ¹M¼ v> A�D ]�V�X H J�¸IR D ] H T D L�TB½ H N Y V�K^V H e�KML�N�j�O jM¹ v>6A�D ]
V�X H J�µ�R D ] H T D L�TB½ H N Y V�K^V H OW�X�T Y ] HZY � ? V+dETBa HZY KML�TGL�N�TGRUK^V�T D L DMA�d:O�v-SYX TGL/V H ]�KMR�V�T D L Y
h�X H ] H V�X H(å�HZ?BH R�V8] D L Y KMR�V@K Y KI� H h�T Y�i K Y8H KML�N�V�X H J�µ \ ] D V D L Y KMR�V�K Y K:� H h�T Y
KMRUTGN�O;�5] DEF V�X HZY8H4i�D L�N�N�T Y V�KML�R HZY e5V�X�T Y TGL/V H ]�KMR�V�T D L Y X D � ? N i�H4? K^]�d HZY V A�D ]�V�X H
��L�K ?�Y V�K^V H TGL�h�X�TGR�X�J�µ�T Y R D ] H T D L�TB½ H N�O5Z�L H T FI\�D ]�V�KML/V�] H K Y8D L A�D ]�V�X�T Y e5T Y V�X H
? K^]�d H ] HZ?BH R�V8] DEY V�K^V�TGR.K^V8V8]�KMR�V�T D L i�H Vbh HUH L�V�X H�å)HZ?BH R�V8] D L Y KML�N \ ] D V D L�K^V8V�KMR�X H N�V D
V�X H4\�DEY TBV�TBa HZ? _�R�X�K^]�d H N�RUK^] i�D L�K^V DEF O � L�V�X H RUK Y8HZY h�X H ] H J�j�KML�N�J�¸IK^] H R D ] H
T D L�TB½ H N�eSV�X H4\�DEY TBV�TBa HZ? _�R�X�K^]�d H N�RUK^] i�D L�K^V DEF:Y X�KZa H K:X�TBdEX H ]�K i T ? TBVb_�V D ] HU\�HZ? V�X H
\ ] D V D L�K^V8V�KMR�X H N�V D J�µ�O;W�X�T Y ] HZY � ? V Y TGL�K ? K^]�d H ]�N�T Y V�KML�R H�i�H Vbh HUH L�V�X H J�µ
\ ] D V D L�KML�N�J�¸�O
W�X H N�TÛ¤ H ] H L�R H�i�H Vbh HUH L�V�X H V�X HUD ] H V�TGRUK ?�Y8\�H R�V8]�KIRUKML i�H K^V8V8]�T i �5V H N�V D V�X H
i ] D KMN H ]�aST i ]�K^V�T D L�K ?g\ ] D � ?BHZYDMA J�j�e�J�¸�e�KML�N�J�µ DMA�Y � H h � j � X H�~ _SL H ] HZ? K^V�TBa H V D V�X H
R D ]�] HZY8\�D L�N�TGL5d \ ] D � ?BHZY+DMA-§ V8]�KML Y%§¥� j � X H�~ _SL H OW�X H �gV8V H N Y8\�H R�V8]�� FÁDMA
Y � H h � j � X H�~ _SL H h+K Y�Y�? TBdEX/V ? _ i�H V8V H ]�V�X�KML�V�X H �gV8V H N Y8\�H R�V8]�� FÁDMA
§ V8]�KML Y%§¥� j � X H�~ _SL H e i �5V�TBV�h+K Y L D V Y K^V�T Y8A KMR�V D ]�_MOCZ�L H h+KZ_�V D T FI\ ] D a H V�X H �gVUe5h+K Y
V DúQ�I T Á�SwG�O V�X H aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY+A ] DEF i�D V�X�R D L A�D ] F K^V�T D L Y TGL�V�X H.Y K FIH
H�~S\�H ]�T FIH L/V�K ?�Y8\�H R�V8]�� F O >@Y h H.Y X�K ?G?�Y8HUH e�V�X�T Y dEKZa H K�d D�D N�] HZY � ? VUO'W�X�T Y�FIH KML Y
V�X�K^V�V�X H R D ] H T D L�TB½ZK^V�T D L DMA J�j�e�J�¸�egKML�N�J�µ T x2X�K+?BH KMN�V D N�TÛ¤ H ] H L/V+��L�K ?Û�bY V�K^V H
d HUDEFIH V8]�T HZY O
W�X H�\�H ]�R H L/V�K^d H R D L/V8]�T i �5V�T D L A ] DEFÁH KMR�X�R D L A�D ] F K^V�T D L�TGL�V�X H.Y K FIH dEK Y�F T ~ V��5] H
h+K Y�A�D ��L�N A ] DEF V�X HUD ] H V�TGRUK ? RUK ? RU� ? K^V�T D L Y V D:i�H ¼Mµ s Y � H h6KML�N £M£ s § V8]�KML Y%§ O � L
V�X H4A�DE?G?BD h�TGL5d5e5TBV�T Y�Y X D h�L�X D hÚV�X HZY8H L�� F.i�H ] Y K^] H RUK ? RU� ? K^V H N�O;W�X H a^K ? � HZY � Y8H N
TGL�V�X�T Y RUK ? RU� ? K^V�T D L�T Y+\ ] HZY8H L/V H N�TGL�V�K ig?BH ¿ O
W D RUK ? RU� ? K^V H V�X H�\�H ]�R H L/V�K^d H R D L/V8]�T i �5V�T D L DMA V�X H Vbh D R D L A�D ] F K^V�T D L Y e5h H � Y8H V�X H
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W�K ig?BH ¿ ÿ ê�T i�igY�A ] HUH�H L H ]�dET HZY2� êxu � e HZ?BH R�V8] D L�TGR H L H ]�dET HZY�A ] DEF [ �¦W KML�N ��� j
?BH a HZ?GYQDMA V�X HUD ]�_Me5KML�N�V�X H R D ]�] HZY8\�D L�N�TGL5d Ú a^K ? � HZYQDMAA§ V8]�KML Y%§¥� j � X H�~ _SL H KML�N Y � H h �
j � X H�~ _SL H O

y Ã¥Êg«�Õ y á�Â�áÏÅ�Æ/Ç�Î�«�Æ < {gÆ��Iá�Â�áÏÅ�Æ/Ç�Î�«�Æ Ú¥Û u � Ú º �={�zt{5É2¯�Ë �
| u m�} ��|!q C�:9J9k×AH9@�?�;�@�L ad� C�:9J9k×AH9@�@p:9L�L ad� :�A F :9?j m�} ��|!q C�:9J9k×A4L�?pH = :�H ad� C�:9J9k×A4L�?pH9@pH F ad� ;BA)k6H9@j m \�~ : q C�:9J�JBA =GF J�J�? = ad� C�:9J�JBA =GF J�? F H ad� C F A F�F�=
H�~S\ ] HZY�Y T D L Y X D h�L�TGL H ����K^V�T D L�jMµ�O

Ú¥Û � Ú¥Û u ï>¥ Ü �w�t� � jMµ �
ê=T Y V�X H ê�T i�igYA ] HUH4H L H ]�dM_Me � T Y V�X H dEK Y R D L Y V�KML/V@KML�N�T Y+H ����K ? V D ¹�O ¸ l
�EFIDE?6� ��¡ � �Ue�WÚT Y V�X H K igY8DE? �5V H V HZFI\�H ]�K^V��5] H TGL�¡ HZ? aSTGL�KML�N�T Y+H ����K ? V D jMºM¹�O l ¼:¡Ie
KML�N�¾vT Y V�X H ] H KMR�V�T D L���� D V�T H L/VUO > V H ����T ? T i ]�TG� F e Ú¥Û T Y�H ����K ? V D ½ H ] D egKML�N�¾vT Y
H ����K ? V D V�X H4H ����T ? T i ]�TG� F R D L Y V�KML/V@¡IO�W�X�T Y dETBa HZY � Y V�X H4A�DE?G?BD h�TGL5d H�~S\ ] HZY�Y T D L ÿ

� � � ���8�r�â9ã � j ¿ �
� H K Y�Y � FIH V�X�K^V�V�X H ] H T Y KML H ����T ? T i ]�TG� Foi�H Vbh HUH L�V�X H Vbh D j � X H�~ _SL H
R D L A�D ] F K^V�T D L YUÿ

§ W�]�KML Y%§¥� j � X H�~ _SL H��� P�� H h � j � X H�~ _SL H

W�X H�H ����T ? T i ]�TG� F R D L Y V�KML/V@¡ DMA V�X�T Y ] H KMR�V�T D L�RUKML i�H�H�~S\ ] HZY�Y8H N�K Y Ø��Ø ã h�X H ] H ���T Y V�X H KMR�V�TBaSTBVb_ DMA V�X H.Y � H h � R D L A�D ] F K^V�T D L�egKML�N �  T Y V�X H KMR�V�TBaSTBVb_ DMA V�X H§ V8]�KML Y%§¥� R D L A�D ] F K^V�T D L�OW�X�T Y R D L Y V�KML/V@RUKML i�H ] HZ? K^V H N�V D V�X H�A KMR�V�V�X�K^V ÿ
��� ï �  � l O l K^V DEF TGR4��L�TBV � KM� � T Y+H ����K ? V D jMµMj ¿ O ¸M¹�� �EFIDE?6� ��OW�X H [ �¦W � RUK ? RU� ? K^V�T D L Y ] HZY � ? V H N�TGL�K:N�T Y V8]�T i �5V�T D L�h�TBV�X ¿ k s § V8]�KML Y%§ KML�N�¸^k s
Y � H h4OQW D RUK ? RU� ? K^V H V�X H�\�H ]�R H L/V�K^d H N�T Y V8]�T i �5V�T D L DMA V�X H Vbh D R D L A�D ] F K^V�T D L Y�A ] DEF
V�X H.��� j � ] HZY � ? V Y e A�DE?G?BD h�TGL5d H�~S\ ] HZY�Y T D L�h+K Y � Y8H N ÿ

Ú¥Û u ��� * j � � Ú¥Û u � � ¸ ����* �   Ú º � � ¸ ����* �qïþÚ º ��� * j � � jM¹ �
` Y TGL5dIV�X HZY8H�H ����K^V�T D L Y egKIN�T Y V8]�T i �5V�T D L�h�TBV�X�¼Mµ s Y � H h KML�N £M£ s § V8]�KML Y%§ h+K Y
DMi V�KMTGL H N�O;W�X�T Y���� j � ] HZY � ? V�V HZ?G?GY � Y V�X�K^V�V�X H ] H T Y K ?GFIDEY V�KML H ����K ? N�T Y V8]�T i �5V�T D L
DMA V�X H Vbh D R D L A�D ] F K^V�T D L Y TGL�V�X H dEK Y�\ X�K Y8H O
W�X H L H�~ V Y V HU\ h+K Y V D�F T ~ V�X H aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY+DMA V�X H Vbh D R D L A�D ] F K^V�T D L Y TGL
V�X H.Y K FIH j � X H�~ _SL H.Y8\�H R�V8]�� F h�TBV�X�KML�TGL/V H L Y TBVb_�K^] H K�N�T Y V8]�T i �5V�T D L�R D L Y T Y V H L/V
h�TBV�X�V�X H4\�H ]�R H L/V�K^d H N�T Y V8]�T i �5V�T D L�RUK ? RU� ? K^V H N A ] DEF V�X H.��� j ?BH a HZ?�DMA V�X HUD ]�_MOW�X H
RUK ? RU� ? K^V H N�R�X HZF TGRUK ?�Y X�T A V Y h H ] H � Y8H N�V D ��L�N�V�X H TGL�TBV�TGK ?�H L H ]�dET HZY OQW�X H �gV8V H N
Y8\�H R�V8]�� F T Y�Y X D h�L�TGL��gdE�5] H ¼Mj D L�V�X H�A�DE?G?BD h�TGL5d \ K^d H O
� H RUKML�L D V�TGR H KML�T FI\ ] D a HZFIH L/V DMA V�X H.Y8\�H R�V8]�� F O � KMR�X�RUK^] i�D L�K^V DEF X�K Y Vbh D
N�TÛ¤ H ] H L/V�aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY h�X�TGR�X�dETBa HZY KIV D V�K ?qDMA l j � j ~ µ �+\ ] D � ?BHZY TGL�V�X H
Y8\�H R�V8]�� F O;W�X H�Y X�K \�H�DMA V�X H�ig? KMR�� ? TGL H:� TGL/V H dM]�K^V�T D L DMA K ?G? V�X H aST i ]�K^V�T D L�K ?
\ ] D � ?BHZYÏ� T Y V�X H4Y K FIH K Y V�X H4Y X�K \�H�DMA V�X H4H�~S\�H ]�T FIH L/V�K ?�? TGL H:� RUTB]�R ?BHZYÏ� O;W�X H �gV8V H N
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2-HEXYNE
C3,C2

C6,C5

C4

C1

Fitted intensity areas of 
46 (44) % trans and 54 
(56) % skew. Within each 
conformation, the area is
equal. C5 and C6 switched 
places during the fitting.

CH3-CC-CH2-CH2-CH3
1 2 3 4 5 6

Gaussian width = 65 meV.
 

�¦TBdE�5] H ¼Mj ÿ W�X H RUK̂ ] i�D L l Y�Y8\�H R�V8]�� FÁDMA j � X H�~ _SL H�� K F T ~�DMA¦Y � H h KML�N § V8]�KML Y%§/� O

\�H ]�R H L/V�K̂ d H N�T Y V8]�T i �5V�T D L DMA V�X H Vbh D R D L A�D ] F K̂ V�T D L Y T Y ¼ £ s Y � H h6KML�N £ µ s § V8]�KML Y%§ e
h�X�TGR�X�T Y L D V A K̂ ]�KZh+KZ_ A ] DEF V�X H RUK ? RU� ? K̂ V H N�O
� L D ]�N H ]�L D V�V D�?BD�DEY8H V�X H R D L/V8] DE?qD a H ]�K ?G? V�X H�\ K̂ ]�K FIH V H ] Y TGL�V�X H �gV8V�TGL5d
\ ] D R H N��5] H eSh H X�KMN�V D:A�D ]�R H.Y8DEFIH4DMA V�X H4\ K̂ ]�K FIH V H ] Y L D V�V D R�X�KML5d H N��5]�TGL5d9V�X H
�gV8V�TGL5d5O;W�X H TGL/V H L Y TBVb_�K̂ ] H K Y h H ] H4A�D ]�R H N�V D:i�H�H ����K ? TGL�KMN�N�TBV�T D L�V D�A�D ]�RUTGL5d�V�X H
ê�KM� Y�Y TGKML�KML�N�� D ] H L/V8½ZTGKML�h�TGN5V�X Y V D:i�H R D L Y V�KML/VUOW�X H RUK̂ ] i�D L Y8H ��� H L�R H TGL�V�X H
Y8\�H R�V8]�� F h+K Y V�X H.Y K FIH K Y V�X H V�X HUD ] H V�TGRUK ?q\ ] H N�TGR�V H N H�~ R HU\ V A�D ]�J�¼�KML�N�J�µ��
V�X H _ Y h�TBV�R�X H N \g? KMR HZY N��5]�TGL5d�V�X H �gV8V�TGL5d5O;W�X H ��L�K ?G? _�KMN�TGK i K̂ V�TGR�KML�N�a H ]�V�TGRUK ?
H L H ]�dET HZY�DMA j � X H�~ _SL H K̂ ] H�\ ] HZY8H L/V H N�TGL�V�K ig?BH º�O
PSTGL�R H V�X H aST i ]�K̂ V�T D L�K ?�\ ] D � ?BHZY+DMA K ?G? V�X H RUK̂ ] i�D L�K̂ V DEF:Y���H�~ R HU\ V�J�µ �DMA
V8]�KML Yð� j � X H�~ _SL H X�KZa H9Y�F K ?G?BH ]�T D L�TB½ZK̂ V�T D L H L H ]�dET HZY V�X�KML�V�X H R D ]�] HZY8\�D L�N�TGL5d
\ ] D � ?BHZY+DMA¦Y � H h � j � X H�~ _SL H egV�X H KMN�TGK i K̂ V�TGR�KML�N�a H ]�V�TGRUK ?qH L H ]�dET HZY h H ] H4A�D ��L�N A ] DEF
V�X H J l � e�J�j � e�J�̧ � e�J £̂ � egKML�N�J�¼ ��\ ] D � ?BHZY�DMA V8]�KML Yð� j � X H�~ _SL H KML�N�J�µ ��\ ] D � ?BH�DMA
Y � H h � j � X H�~ _SL H OW�X H�H L H ]�dM_�N�TÛ¤ H ] H L�R HZY�i�H Vbh HUH L�V�X HZY8H Vbh D R D L A�D ] F K̂ V�T D L Y h�TBV�X
] HZY8\�H R�V�V D V�X H aST i ]�K̂ V�T D L�K ?�\ ] D � ?BHZY e5â K̂ ]�_ A ] DEF µ9V D j l ¹ FIH Ü9OgW�X H ] HZ? K̂ V�TBa HZ? _
? K̂ ]�d H â K ? � H�DMA j l ¹ FIH ÜvT Y V�X H J�µ � N�TÛ¤ H ] H L�R H O

í]tGÓ]tGí ÓSáÏÅ�Æ/Ç�Î�«�Æ
W�X H RUK̂ ] i�D L l Y�Y8\�H R�V8]�� FÁDMA ¸ � X H�~ _SL H T Y�Y X D h�L�TGL��gdE�5] H ¼M̧�O̧ � X H�~ _SL H X�K Y V�X5] HUH
R�X HZF TGRUK ?G? _�N�TÛ¤ H ] H L/V�RUK̂ ] i�D L�K̂ V DEF:Y O >@Y h H RUKML Y8HUH egV�X H aST i ]�K̂ V�T D L�K ?�\ ] D � ?BHZY K̂ ] H
h HZ?G? �gV8V H N�V D V�X H�H�~S\�H ]�T FIH L/V�K ?qY8\�H R�V8]�� F O'W�X H TGL/V H L Y TBVb_�K̂ ] H K DMA J�̧�T Y�Y�? TBdEX/V ? _
Y�F K ?G?BH ]�V�X�KML A�D ]�V�X H4D V�X H ]�RUK̂ ] i�D L�K̂ V DEF:Y N�� H V D�Y X�K̂ � H�� � \ O
PSTGL�R H V�X H Vbh D R H L/V8]�K ? K̂ V DEF:Y TGL�V�X�T Y�FIDE?BH RU� ?BH h�TBV�X�K�V8]�T \g?BH�i�D L�N i�H Vbh HUH L�V�X HZF
K̂ ] H R�X HZF TGRUK ?G? _ H ����TBâ K ?BH L/VUe5h H RUKML H�~S\�H R�V�K Y8\g? TBV8V�TGL5d DMA V�X H R D ] H4D ] i TBV�K ?GY TGL/V D K
|2O�N=PRÞ�O.D ] i TBV�K ? KML�N�KML xVG2|2O�N=PRÞ�O9D ] i TBV�K ?�i�H RUKM� Y8H�DMA V�X H4Y�F K ?G?�i�D L�N ?BH L5dMV�X
K Y�Y8D RUTGK̂ V H N�h�TBV�X�V8]�T \g?BH�i�D L�N Y�� N�� H V D TGL�R DEFI\g?BH V H4?BD RUK ? TB½ZK̂ V�T D L DMA V�X H R D ] H X DE?BH¥� O
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C3

C1

C2

Gaussian width = 65 meV.
C3 is splitted by 115 meV.
The carbon intensity 
areas are not equal.

CH3-CH2-CC-CH2-CH3
1 2 3 1233-HEXYNE

�¦TBdE�5] H ¼M¸ ÿ W�X H RUK^] i�D L l Y�Y8\�H R�V8]�� FÁDMA ¸ � X H�~ _SL H O

W�X�T YFIH KML Y V�X�K^V�V�X H TGL/V H ]�KMR�V�T D L i�H Vbh HUH L�V�X H R D ] H�D ] i TBV�K ?GYY X D � ? N�TGL�R�] H K Y8H h�TBV�X
N H R�] H K Y TGL5d i�D L�N ?BH L5dMV�X�e�KML�N�V�X H N H dM] HUH4DMA'Y8\g? TBV8V�TGL5d Y X D � ? N�V�X H ] HUA�D ] H TGL�R�] H K Y8H
h�TBV�X�N H R�] H K Y TGL5d i�D L�N ?BH L5dMV�X�O;W�]�T \g?BH�i�D L�N Y K^] H.Y X D ]�V H ]�V�X�KML�N D � ig?BH�i�D L�N Y e
h�X�TGR�X FIH KML Y V�X�K^V�V�X H TGL/V H ]�KMR�V�T D L i�H Vbh HUH L�V�X H R D ] H4D ] i TBV�K ?GY TGL�¸ � X H�~ _SL H4Y X D � ? N
i�H dM] H K^V H ]�V�X�KML A�D ]�V8]�KML Yð� ¸ � X H�~SH L H OQW�X�T Y�Y X D � ? N�] HZY � ? V�TGL�K ? K^]�d H ] Y8\g? TBV8V�TGL5d DMA
J�¸�TGL�¸ � X H�~ _SL H V�X�KML A�D ]�V8]�KML Yð� ¸ � X H�~SH L H O � L�N HUH N�e5V�X�T Y T Y K ?GY8D V�X H RUK Y8H TGL�V�X H
H�~S\�H ]�T FIH L/V�K ?�Y8\�H R�V8]�KIh�X H ] H h H RUKML DMigY8H ]�a H K�J�¸ �bY8\g? TBV8V�TGL5d DMA lMl ¼ FIH Ü=TGL
¸ � X H�~ _SL H R DEFI\ K^] H N�V D ¸Mµ FIH ÜvTGL�V8]�KML Yð� ¸ � X H�~SH L H OW�X H ��L�K ? KMN�TGK i K^V�TGR�KML�N
a H ]�V�TGRUK ?�H L H ]�dET HZY�DMA ¸ � X H�~ _SL H K^] H dETBa H L�TGL�V�K ig?BH º�TGL�h�X�TGR�X�V�X H4H L H ]�dET HZY�DMA J�¸
K^] H4H�~ V8]�KMR�V H N A ] DEF V�X H ��L5d H ]�KMN H�\�H K^��O
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W�K ig?BH ¹ ÿ'> N�TGK i K^V�TGR�KML�N:a H ]�V�TGRUK ?�H L H ]�dET HZYQDMA V�X H�i �5V H L HZY e i �5Vb_SL HZY e \�H L/V H L HZY eSKML�N
\�H L/Vb_SL HZY O

z ¯�Ë�Æ�²/±�Ë�Æ ö ¬®¯�É ö °¦³�ÊW��Ê5¬¥³�²�ÆS«�Æ�¥Ø�Î �8Æ98 � 84Æ�®¬¥³�²EÊgË+ÆS«�Æ�¥Ø�Î �8Æ98 �F C t��6_6]dcb] g F : = ;BA4;�JpH : = ;BA:9;�Jg : : = ;BA)kp; F : = ;BAHOkp@g J : = ;BA)k�k6H : = ;BA4L�J�Jg k : = ;BAH9?p: : = ;BA4@�@�Jg x bg�9_�s6adccb C�:�C t��6_6]dcb] g F : = ;BAH9;p: : = ;BA4L =�=g : : = ;BA F�F H : = ;BA:9@pHF C t��6_�lOcb] g F : = ;BA4;pH9L : = ;BA: F�=g : : = ;BAH�H�: : = ;BA4@�Jp:g J : =GF A)kp;�? : =GF AH9?�Lg k : = ;BA4L�@ F : = ;BA4?pH9;:�C t��6_�lOcb] g F : =GF A4J�J�; : =GF A)k = ;g : :9? = A =�= J : = ;BA F k6HF Cnm ]dc6_6]dcb] g F :9? = A =�= L : = ;BA F H�Hg : : = ;BA4J = H : = ;BAHOk6:g J : = ;BA4J�?�; : = ;BAH9@�@g k : = ;BA4J�?�L : = ;BAH9@�@g H : = ;BA4J�;9k : = ;BAH9;p:|�s6adccb C�:�Cnm ]dc6_6]dcb] g F : = ;BA)kpL = : = ;BA4L�Lp:g : : = ;BA4;9kp@ : = ;BA F�= kg J :9? = A = J�? : = ;BA4;�?�?g k : = ;BA)k6:9; : = ;BA4L F Lg H : = ;BA: = k : = ;BA)kp@�@F Cnm ]dc6_�lOcb] g F : = ;BA4;�;�@ : = ;BA F @p:g : : = ;BAHOk6H : = ;BA4@p:�:g J : =GF A: F @ : =GF A)k F Lg k : = ;BA4L�;pH : = ;BA4@�@9kg H : = ;BA)k F ; : = ;BA4L F k:�Cnm ]dc6_�lOcb] g F : =GF A:�: = : =GF A)kp;9kg : :9? = A = :9; : = ;BA4;�?�;g J :9? = A4@ = k :9? = A = HOkg k : =GF A F :9; : =GF A4J�;�Jg H : = ;BA)kpLp: : = ;BA4L9kp@
¹^k



W�K ig?BH º ÿQ> N�TGK i K^V�TGR�KML�N�a H ]�V�TGRUK ?qH L H ]�dET HZY�DMA V�X H X H�~SH L HZY KML�N�X H�~ _SL HZY O

z ¯�Ë�Æ�²/±�Ë�Æ ö ¬®¯�É ö °¦³�ÊW��Ê5¬¥³�²�ÆS«�Æ�¥Ø�Î7�8Æ98 � 84Æ�®¬¥³�²EÊgË+ÆS«�Æ�¥Ø�Î �8Æ98 �F C `b] N ]dcb] g F :9? = A = H = : = ;BA F�F @g : : = ;BA4J�@ = : = ;BAH�:9@g J : = ;BA4Jp:Ok : = ;BAH�:9?g k : = ;BA F @�@ : = ;BA4J�@ =g H : = ;BA4J F�= : = ;BAH F Jg L : = ;BA:9L F : = ;BA)kpL�;|�s6adccb C�:�C `b] N ]dcb] g F : = ;BA)k�kp; : = ;BA4L�J�Jg : : = ;BA4;�; = : = ;BA F H�Hg J :9? = A4? = ; : = ;BA4;pH Fg k : = ;BA F�= @ : = ;BA)kp;�Lg H : = ;BA4J�;pH : = ;BAH9;9kg L : = ;BA:�H F : = ;BA)k6HOk|�s6adccb C9JpC `b] N ]dcb] g F : = ;BA:�H�H : = ;BA)kpL�;g : : = ;BA4J�?�L : = ;BAH9?p:g J :9? = A4?pH = : = ;BA4; F kF C `b] N lOcb] g F :9? = A = LpH : = ;BA F : =g : : = ;BA)k = H : = ;BA4L�@ Fg J : =GF A F H9@ : =GF A4JpHOkg k : = ;BA)k F ? : = ;BA4L�;�;g H : = ;BA)k6HOk : = ;BA4L9k6:g L : = ;BA4J F ? : = ;BAH F ;:�C `b] N lOcb] g F : =GF A:9;pH : =GF A4J�?�;g : :9? = A4?pH�: : = ;BA4;�; =g J :9? = A4@9k F :9? = A4? =�=g k : = ;BA = :9@ : =GF A F JpHg H : = ;BA4J�@�L : = ;BAH9L Fg L : = ;BA F�= L : = ;BA)k6:9@JpC `b] N lOcb] g F : = ;BA)kpJ�@ : = ;BAH = ?g : : =GF A4;�?�J : =GF A:9L�Lg J :9? = A4L�L�L :9? = A4?pHOk
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� § õ wQz þ�n-ø�u�ü�w�ø�n�|�þ]�9þð|Vû
� V�T Y V�T FIH V D � Y8H K ?G? V�X H N�K^V�K \ ] HZY8H L/V H N�TGL�V�X H4\ ] H aST D � Y�Y8H R�V�T D L Y V D ] HZ? K^V H V�X�T Y
V D R�X HZF TGRUK ? ] H KMR�V�TBaSTBVb_MO >@Y�FIH L/V�T D L H N�TGL�V�X H �g] Y V�R�X�K \ V H ]ZegV�X H R D L�R HU\ V DMA
] H KMR�V�TBaSTBVb_�T Y+DMA dM] H K^V�T FI\�D ]�V�KML�R H TGL�R�X HZF T Y V8]�_�KML�N�RUKML i�H4FIH K Y �5] H N
H�~S\�H ]�T FIH L/V�K ?G? _�TGL F KML/_�h+KZ_ Y O
� L D ]�N H ]�V D R�] H K^V H R D ]�] HZ? K^V�T D L \g?BD V Y h�X H ] H KIdETBa H L \ X/_ Y TGRUK ?�\ K^]�K FIH V H ] DMA KML
K ? � H L H4D ]�K ? ��_SL H T Y+\g?BD V8V H N�K^dEKMTGL Y V�V�X H R D ]�] HZY8\�D L�N�TGL5d�T D L�TB½ZK^V�T D L H L H ]�dET HZY egTBV�T Y
L H R HZY�Y K^]�_�V D � Y8H�H�~S\�H ]�T FIH L/V�K ? N�K^V�KIh�X�TGR�X�RUKML�dETBa H TGL A�D ] F K^V�T D L�] HZ? K^V H N�V D
R�X HZF TGRUK ? ] H KMR�V�TBaSTBVb_MO � X/_ Y TGRUK ?�\ K^]�K FIH V H ] Y � Y8H N�TGL�V�X�T Y V�X HZY T Y K^] H ]�K^V H R D L Y V�KML/V Y
� � � e�dEK Y�\ X�K Y8H�i K Y TGRUTBV�T HZY4� ê c�� e�KML�N \ ] D V D L�K�L�L�TBV�T HZY4����>�� O�PSTGL�R H V�X H ]�K^V H
R D L Y V�KML/V���T Y N�T Y RU� Y�Y8H N H K^] ? T H ]�TGL Y8H R�V�T D L Y l O l O ¸:KML�N l O j�O j�e D L ? _�dEK Y�\ X�K Y8H
i K Y TGRUTBVb_ � ê c�� KML�N \ ] D V D L�K�L�L�TBVb_ ����>�� h�T ?G?�i�H N�T Y RU� Y�Y8H N�TGL�V�X H4A�DE?G?BD h�TGL5d5O
ê�K Y�\ X�K Y8H�i K Y TGRUTBVb_�T Y N H ��L H N�K Y V�X H L H dEK^V�TBa H4DMA V�X H ê�T i�igY+H L H ]�dM_ �0Ú¥Û u �
R�X�KML5d H K Y�Y8D RUTGK^V H N�h�TBV�X�V�X H4A�DE?G?BD h�TGL5d�] H KMR�V�T D L�TGL�V�X H dEK Y�\ X�K Y8H � ¼ � ÿ

c6ïvC ¦  !® c+C ¦
C�H L�R H e�V�X H dEK Y�\ X�K Y8H�i K Y TGRUTBVb_ DMA V�X H ] H KMR�V�TGL5d Y8\�H RUT HZY�c RUKML i�H h�]�TBV8V H L�K Y
ê c���c�� � ��Ú¥Û u®OW�X H@\ ] D V D L�K�L�L�TBVb_ ����>��QDMA�Y8\�H RUT HZY+c T Y N H ��L H N�K Y V�X H L H dEK^V�TBa H�DMA V�X H�H L/V�X�K ?B\ _
R�X�KML5d H�Ú ¡ u A�D ]�V�X H�\ ] D V D L�K^V�T D L DMA¦c � ¼ � OQW�X H ] HUA�D ] H e5V�X H�\ ] D V D L�K�L�L�TBVb_ DMA V�X H
] H KMR�V�TGL5d Y8\�H RUT HZY�c TGL�V�X H ] H KMR�V�T D L�K i�D a H���Y K FIH K Y � Y8H N A�D ]�V�X H ê c N H ��L�TBV�T D L �
RUKML i�H h�]�TBV8V H L�K Y���>���c�� � ��Ú ¡ u¥O;W�X�T Y�FIH KML Y V�X�K^V�K ? K^]�d H ] \ ] D V D L�K�L�L�TBVb_KML�N i K Y TGRUTBVb_ DMA¦c R D ]�] HZY8\�D L�N Y V D dM] H K^V H ]�N�T)L�RU� ? Vb_�TGL�] HZFID aSTGL5d�K \ ] D V D L A ] DEF
c+C ¦OPSTGL�R H�Ú¥Û u � Ú ¡ u  pÜ Ú¥Ý u@TGL�h�X�TGR�X Ú¥Ý u@T Y V�X H4H L/V8] DM\ _�R�X�KML5d H KML�N�WT Y V�X H K igY8DE? �5V H V HZFI\�H ]�K^V��5] H e�ê c KML�N ��> K^] H TGL/V H ]�R D L/a H ]�V H N�h�TBV�X�V�X H4A�DE?G?BD h�TGL5d
] HZ? K^V�T D L Y X�T \qÿ

* ß � Û �  ÂÜ Ú¥Ý u � jMº �
� L�KMN�N�TBV�T D L�V D ] HUA�H ] H L�R HZY � µ ¿!� KML�N � µM¹ � e5] HUA�H ] H L�R H � µMº � R D L/V8]�T i �5V H N�N�K^V�KIh�X�TGR�X
R D � ? N i�H � Y8H N�V D�F K^� H R D ]�] HZ? K^V�T D L Y h�TBV�X�V�X H KMN�TGK i K^V�TGR H L H ]�dET HZY O � L Y8DEFIH�DMA V�X H
R D ]�] HZ? K^V�T D L Y e5V�X H a H ]�V�TGRUK ?�H L H ]�dET HZY h H ] H K ?GY8D � Y8H N�V D ��L�N�h�X H V�X H ]�V�X H�\g?BD V Y
h H ] H N5]�K F K^V�TGRUK ?G? _�R�X�KML5d H N D ]�L D VUO
>@Y�\�D TGL/V H N D �5V�TGL�] HUA�H ] H L�R H � µ ¿!� e�V�X H ] H K^] H V�X5] HUH ] H KMR�V�T D L Y V HU\gY TGL�KML
KMRUTGN � RUK^V�K ? _�½ H N�X/_SN5]�K^V�T D L�] H KMR�V�T D L�OQW�X H4Y V HU\ h�TBV�X�V�X H.?BD h HZY V�]�K^V H N H V H ] F TGL HZY
V�X H.F K^dEL�TBV���N H�DMA V�X H ]�K^V H R D L Y V�KML/V���KML�N�V�X H ]�K^V H4DMA V�X H4D a H ]�K ?G? ] H KMR�V�T D L�O � L
V�X�T Y RUK Y8H egV�X H4\ ] D V D L�K^V�T D L Y V HU\ T Y V�X H ]�K^V H N H V H ] F TGL�TGL5d Y V HU\ O cH RUKM� Y8H.DMA V�X�T Y e
h H RUKML�R DEFI\ K^] H V�X H ��a^K ? � HZY h�TBV�X�V�X H T D L�TB½ZK^V�T D L H L H ]�dET HZY O
W�X H ] H KMR�V�TBaSTBVb_�N�K^V�K DMA¦Y8DEFIH K ? � H L HZY KML�N�K ? ��_SL HZY TGL�KMRUTGN � RUK^V�K ? _�½ H N�X/_SN5]�K^V�T D L
] H KMR�V�T D L Y K^V@jM¼guZJ@e�T Y V�K^� H L A ] DEF ] HUA�H ] H L�R H � µ ¿!� KML�N�T Y�\ ] HZY8H L/V H N�TGL�V�K ig?BH l kSO

¹Mj



W�K ig?BH l k ÿ;��H KMR�V�TBaSTBVb_:N�K^V�K DMAqY8DEFIH K ? � H L HZY KML�N�K ? ��_SL HZY TGL�KMRUTGN � RUK^V�K ? _�½ H N�X/_SN5]�K �
V�T D L�] H KMR�V�T D L Y K^V�jM¼guZJ@O

z ¯�Ë�Æ�²/±�Ë�Æ { ��� ��z � � Õ � � Ë�¯gØ{ ���F C `b] N ]dcb] ;BA)kpJp:ON F ; � Ò C9?BA4J�LF C `b] N lOcb] ;BA:�:�HON F ; � Ò C9?BA4LpH|�s6adccb C9JpC `b] N ]dcb] ;BA F :9@9N F ; �G¿ C9@BA = ;JpC `b] N lOcb] ;BAH9L�?9N F ; � Ò C9?BA:�HF C t��6_6]dcb] ;BA:9J�J9N F ; � Ò C9?BA4L�JF C t��6_�lOcb] ;BA:�H9?9N F ; �bì C = AHOk|�s6adccb C�:�C t��6_6]dcb] ;BA)k�kp?9N F ; � Ò C9?BA4JpH:�C t��6_�lOcb] ;BA4L F�F N F ; � ��� C F ;BA: F
~�s6u m ]dcb] ;BA:9J�?9N F ; � Ò C9?BA4Lp:
~�s6u m lOcb] ;BA4L�@9k�N F ; � �=� C F�F A F @

� ] D V D L�K�L�L�TBV�T HZY KML�N�dEK Y�\ X�K Y8H�i K Y TGRUTBV�T HZYDMA'Y8HZ?BH R�V H N FIDE?BH RU� ?BHZY+A ] DEF ] HUA�H ] H L�R H
� µMº � K^] H�\ ] HZY8H L/V H N�TGL�V�K ig?BH lMl OW�X HZY8H4FIDE?BH RU� ?BHZY h H ] H.Y8HZ?BH R�V H N i�H RUKM� Y8H V�X H _
R D � ? N i�H ] HZ? K^V H N�V D�Y8DEFIH�DMA V�X H4FIDE?BH RU� ?BHZY�\ ] HZY8H L/V H N�TGL�V�X�T Y V�X HZY T Y O
[ TÛ¤ H ] H L/V \g?BD V Y�i K Y8H N D L�V�X HZY8H Vbh D V�K ig?BHZY KML�N�V�X H4D L HZY�\ ] HZY8H L/V�TGL5dIV�X H R D ] H
T D L�TB½ZK^V�T D L H L H ]�dET HZY�DMA V�X H N�TÛ¤ H ] H L/V�K ? � H L HZY KML�N�K ? ��_SL HZY e�K^] H R D ]�] HZ? K^V�T D L Y
i�H Vbh HUH L \ ] D V D L�K�L�L�TBV�T HZY e5dEK Y�\ X�K Y8H�i K Y TGRUTBV�T HZY e5KMN�TGK i K^V�TGR H L H ]�dET HZY e�KML�N�a H ]�V�TGRUK ?
H L H ]�dET HZY OQW�X H N�TÛ¤ H ] H L/V�R DEF.i TGL�K^V�T D L Y dETBa HZY TGL�V D V�K ?qA�D �5]�N�TÛ¤ H ] H L/V \g?BD V Y O
W�X H�\g?BD V�TGL��gdE�5] H ¼ £:D L�V�X H L H�~ V \ K^d H.Y X D h Y K ? TGL H K^]�R D ]�] HZ? K^V�T D L i�H Vbh HUH L
\ ] D V D L�K�L�L�TBV�T HZY KML�N�KMN�TGK i K^V�TGR H L H ]�dET HZY OQW�X H ] H KMR�V�TBaSTBVb_�T Y�H�~S\�H R�V H N�V D TGL�R�] H K Y8H
h�TBV�X�TGL�R�] H K Y TGL5d \ ] D V D L�K�L�L�TBV�T HZY KML�N�N H R�] H K Y TGL5d:KMN�TGK i K^V�TGR�RUK^] i�D L l Y T D L�TB½ZK^V�T D L
H L H ]�dET HZY OQW�X�T Y T Y R D L Y T Y V H L/V�h�TBV�X�V�X H L H dEK^V�TBa H.Y�?BDM\�H�DMA V�X H RU�5]�a H TGL�V�X H �gdE�5] H O
� L�KMN�N�TBV�T D L�e�h H RUKML Y8HUH V�X�K^V�V�X H K ? � H L H4D ]@K ? ��_SL H�i�H R DEFIHZY�FID ] H ] H KMR�V�TBa H
��? K^]�d H ] ��>�� V�X H4?BD L5d H ]�V�X H RUK^] i�D L�R�X�KMTGL�T Y O � L�dEK Y�\ X�K Y8H�\ ] D V D L�KMN�N�TBV�T D L Y e
j � X H�~ _SL H T Y+\ ] H N�TGR�V H N�V D�i�H V�X H.FIDEY V�] H KMR�V�TBa H h�X�T ?BH�H V�X/_SL H.Y X D � ? N i�H V�X H4?BH K Y V
] H KMR�V�TBa H O�¦TBdE�5] HZY ¼M¼�e�¼Mµ�e�KML�N�¼ ¿ K^] H�i K Y TGRUK ?G? _ Y X D h�TGL5dIV�X H4Y K FIH K Y �gdE�5] H ¼ £ O
� L��gdE�5] H ¼M¹IV�X H L H dEK^V�TBa H9?BD dEK^]�TBV�X FÁDMA V�X H ]�K^V H R D L Y V�KML/V�� �Í�b?BD d:� � T Y�\g?BD V8V H N
K^dEKMTGL Y V�V�X H KMN�TGK i K^V�TGR H L H ]�dET HZY�DMA N�TÛ¤ H ] H L/V�K ? � H L HZY KML�N�K ? ��_SL HZY O;W�X H ��a^K ? � HZY
K^] H.FIH K Y �5] H N�TGL�V�X H4? TG����TGN \ X�K Y8H TGL�KMRUTGN � RUK^V�K ? _�½ H N�X/_SN5]�K^V�T D L�] H KMR�V�T D L Y K^V
jM¼guZJ@O�W�X H KMN�TGK i K^V�TGR H L H ]�dET HZY K^] H.FIH K Y �5] H N�TGL�V�X H dEK Y�\ X�K Y8H O
� L�V�X�T Y RUK Y8H e�K Y V8]�KMTBdEX/V ? TGL H dETBa HZY K i KMN�R D ]�] HZ? K^V�T D L�O'��X H L�V�X H R D ]�] HZ? K^V�T D L ? TGL H
T Y�Y8\g? TBV8V H N�TGL/V D Vbh D�Y8HU\ K^]�K^V H9? TGL HZY TGL�h�X�TGR�X D L H T Y ] HU\ ] HZY8H L/V�TGL5dIV�X H K ? � H L HZY KML�N
V�X H4D V�X H ]�T Y ] HU\ ] HZY8H L/V�TGL5d�V�X H K ? ��_SL HZY e i�H V8V H ]�R D ]�] HZ? K^V�T D L Y K^] H4DMi V�KMTGL H N�O;W�X H
R D ]�] HZ? K^V�T D L�R D�H L�RUT H L/V Y K^] H ] HZ? K^V�TBa HZ? _ ?BD h4e i �5V�K�] D �5dEX�V H L�N H L�R�_�RUKML i�H4Y8HUH L�TGL
V�X HZY8H Vbh D�? TGL HZY O
W�X H R�X HZF TGRUK ? ] H KMR�V�TBaSTBVb_ � TGL�KML�KMRUTGN�RUK^V�K ? _�½ H N�X/_SN5]�K^V�T D L�] H KMR�V�T D L � T Y�H�~S\�H R�V H N
V D TGL�R�] H K Y8H h�TBV�X�N H R�] H K Y TGL5d�KMR�V�TBa^K^V�T D L H L H ]�dET HZY.�Í�b?BD d�� � KML�N�KMN�TGK i K^V�TGR�RUK^] i�D L
l Y T D L�TB½ZK^V�T D L H L H ]�dET HZY O;W�X H N�TB] H R�V�T D L DMA V�X H Vbh D RU�5]�a HZY T Y R D L Y T Y V H L/V�h�TBV�X�V�X�T Y
H�~S\�H R�V�K^V�T D L�O > dEKMTGL�e�V�X H R�X HZF TGRUK ? ] H KMR�V�TBaSTBVb_�TGL�R�] H K Y8HZY h�TBV�X�V�X H L�� F.i�H ] DMA
RUK^] i�D L�K^V DEF:Y TGL�V�X H K ? � H L H KML�N�K ? ��_SL H O � L H ����K^V�T D L�¸^kSegV�X H4? TGL H K^]�] HZ? K^V�T D L Y X�T \
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W�K ig?BH lMl ÿ � ] D V D L6K�L�L�TBV�T HZY�����>�� KML�N�dEK Y�\ X�K Y8H)i K Y TGRUTBV�T HZY
� ê c���DMA N�TÛ¤ H ] H L/V
K ? � H L HZY KML�N�K ? ��_SL HZY O

z ¯�Ë�Æ�²/±�Ë�Æ Ô ö �8Æ98 � ��ø �8Æ98 �:�C `b] N lOcb] ?BA4JpH ?BA4; =:�Cnm ]dc6_�lOcb] ?BA4J = ?BA4;�LF C `b] N ]dcb] ?BA4J9k ?BA4;9kF C `b] N lOcb] ?BA:9? ?BA4;p::�C t��6_�lOcb] ?BA4;9k @BA4@p:
~�s6u m ]dcb] @BA4@�? @BA)k =
~�s6u m lOcb] @BA4@pH @BA)k =j�_O`b]dcb] @BA4;pH LBA4@pHj�_O`6lOcb] LBA4L9k LBA4J =

2-hexyne
1-hexene

1-hexyne

2-butyne
Ethene Ethyne

R2 = 0,9671
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289,5 290 290,5 291 291,5
Adiabatic carbon 1s ionization energy (eV)
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Propene

�¦TBdE�5] H ¼ £5ÿ;> R D ]�] HZ? K^V�T D L DMA�\ ] D V D L�K�L�L�TBV�T HZY h�TBV�X:KMN�TGK i K^V�TGR�RUK^] i�D L l Y T D L�TB½ZK^V�T D L
H L H ]�dET HZY O
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R2 = 0,9665
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8,5

9

289,5 290 290,5 291 291,5

Vertical carbon 1s ionization energy (eV)
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2-hexyne

2-pentyne
1-hexene

1-hexyne
2-butyne

Propene
Propyne

Ethene
Ethyne

�¦TBdE�5] H ¼M¼ ÿ@> R D ]�] HZ? K^V�T D L DMA;\ ] D V D L�K�L�L�TBV�T HZY h�TBV�X�a H ]�V�TGRUK ? RUK^] i�D L l Y T D L�TB½ZK^V�T D L
H L H ]�dET HZY O

2-hexyne

2-pentyne

Propene

1-hexene
1-hexyne

2-butyne

Ethene
Ethyne

R2 = 0,9618

6

6,5

7

7,5

8

8,5

289,6 290,1 290,6 291,1
Adiabatic carbon 1s ionization energy (eV)
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�¦TBdE�5] H ¼Mµ ÿ4> R D ]�] HZ? K^V�T D L DMA dEK Y�\ X�K Y8H�i K Y TGRUTBV�T HZY h�TBV�X�KMN�TGK i K^V�TGR�RUK^] i�D L l Y T D L �
TB½ZK^V�T D L H L H ]�dET HZY O
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R2 = 0,9609

6,2

6,7

7,2

7,7

8,2

8,7

289,75 290,25 290,75 291,25

Vertical carbon 1s ionization energy (eV)

G
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) 2-hexyne

2-pentyne
1-hexene

1-hexyne

2-butyne
Propene

Propyne

Ethene Ethyne

�¦TBdE�5] H ¼ ¿ ÿ�> R D ]�] HZ? K^V�T D L DMA dEK Yq\ X�K Y8H'i K Y TGRUTBV�T HZY h�TBV�X�a H ]�V�TGRUK ? RUK^] i�D L l Y T D L�TB½ZK^V�T D L
H L H ]�dET HZY O

i�H Vbh HUH L�V�X H L H dEK^V�TBa H.?BD dEK^]�TBV�X F DMA V�X H ]�K^V H R D L Y V�KML/V�� �Í�b?BD d:� � KML�N�V�X H
KMR�V�TBa^K^V�T D L H L H ]�dM_ � Ø.T Y�Y X D h�L � N H ]�TBa H N A ] DEF V�X H.> ]�]�X H L�TG� YQH ����K^V�T D L�e Y8HUH
Y8H R�V�T D L l O j�O j A�D ] Y _ F.i�DE?�H�~S\g? KML�K^V�T D L YÏ� O

  j;� ¸^kE¸x� � ±�� � � º Ø¥ Ü   �w� ß � ¸^k �
> L D V�X H ] \�D TGL/V�T Y V�X H N�TÛ¤ H ] H L/V Y�?BDM\�HZY O'W�X H K ? ��_SL H RU�5]�a H X�K Y K Y�? TBdEX/V ? _�X�TBdEX H ]
Y�?BDM\�H V�X�KML�V�X H K ? � H L H RU�5]�a H e�h�X�TGR�X�TGL�N�TGRUK^V HZY V�X�K^V Y � igY V�TBV�� H L/V H ¤ H R�V Y�D L
] H KMR�V�TBaSTBVb_�TGL�KMRUTGN � RUK^V�K ? _�½ H N�] H KMR�V�T D L Y K^] HH}�P3N0|2O�N�A�D ]�K ? ��_SL HZY V�X�KML�V�X H
R D ]�] HZY8\�D L�N�TGL5d�K ? � H L HZY � ì O > \�DEY�Y T ig?BH ] H K Y8D L A�D ]�V�X�T Y N�TÛ¤ H ] H L�R H T Y V�X H4Y X D ]�V H ]
i�D L�N ?BH L5dMV�X�TGL�K ? ��_SL HZY R DEFI\ K^] H N�V D K ? � H L HZY OQW�X H V8]�T \g?BH@i�D L�N H N�RUK^] i�D L�K^V DEF:Y
h�T ?G?�i�H TGLVy�� H L�R H N FID ] H�i _�V�X H4Y � igY V�TBV�� H L/V Y+i�H RUKM� Y8H V�X HZY8H RUK^] i�D L�K^V DEF:Y K^] H
R ?BDEY8H ]�V D V�X H.Y � igY V�TBV�� H L/V Y V�X�KML�T Y V�X H RUK Y8H.A�D ]�V�X H K ? � H L HZY O
� H RUKML DMigY8H ]�a H V�X�K^V�V�X H Vbh D RU�5]�a HZY K^] H R ?BH K^] ? _ Y8HU\ K^]�K^V H N�OCZ�L H TGL/V H ] \ ] H V�K^V�T D L
DMA V�X�T Y T Y V�X�K^V�V�X H K ? � H L HZY KML�N�K ? ��_SL HZY�A�DE?G?BD h6N�TÛ¤ H ] H L/V N%O%PRQ$K6S0I3G T O%Q�UVP3GWSYX T X TGL
V�X H KMRUTGN � RUK^V�K ? _�½ H N�X/_SN5]�K^V�T D L�] H KMR�V�T D L Y O+ê H L H ]�K ?G? _Me�V�X H K ? ��_SL HZY X�KZa H K:X�TBdEX H ]
KMR�V�TBa^K^V�T D L H L H ]�dM_ ��� Ø � V�X�KML�V�X H K ? � H L HZY O
W�X H4? K Y V�T FI\�D ]�V�KML/V \�D TGL/V�TGL�V�X�T Y �gdE�5] H T Y V�X H R D L/a H ]�d H L�R�_ DMA V�X H Vbh D RU�5]�a HZY
h�TBV�X�V�X H TGL�R�] H K Y TGL5dIL�� F.i�H ] DMA RUK^] i�D L�K^V DEF:Y TGL�V�X H R�X�KMTGL�O �-A h H4H�~ V8]�K \�DE? K^V H
V�X HZY8H Vbh D RU�5]�a HZY e5V�X H _�h�T ?G? R�] DEY�Y O;W�X�T Y�FIH KML Y V�X�K^V�V�X H N�TÛ¤ H ] H L�R H TGL�] H KMR�V�TBaSTBVb_
i�H Vbh HUH L�KML�K ? � H L H KML�N�R D ]�] HZY8\�D L�N�TGL5d�K ? ��_SL H a^KML�T Y X HZY K Y V�X H RUK^] i�D L�R�X�KMTGL Y
d H V Y�? K^]�d H4H L D �5dEX�O � V�T Y V�X H ] HUA�D ] H L�K^V��5]�K ? V D�i�HZ? T H a H V�X�K^V�V�X H ] H KMR�V�T D L
FIH R�X�KML�T Y�F:Y KML�N Y � igY V�TBV�� H L/V H ¤ H R�V Y�DMA V�X H K ? � H L HZY KML�N�K ? ��_SL HZY h�T ?G? d H V FID ] H
Y T F T ? K^]ZO
�¶ó 	���� �:� �A/#&����0� �6�
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R2 = 0,7736

R2 = 0,5935

6

7

8

9

10

11

12

289,6 289,7 289,8 289,9 290 290,1 290,2 290,3

Adiabatic carbon 1s ionization energy (eV)

- l
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g 
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3-hexyne

1-hexyne

2-butyne

1-butyne

Propyne

Trans-3-hexene
1-hexene

1-butene

2-butene

Propene

Alkynes

Alkenes

�¦TBdE�5] H ¼M¹ ÿÖ> R D ]�] HZ? K^V�T D L i�H Vbh HUH L�KMR�V�TBa^K^V�T D L H L H ]�dET HZY��Í�b?BD dæ� � KML�N#KMN�TGK i K^V�TGR
RUK^] i�D L l Y T D L�TB½ZK^V�T D L H L H ]�dET HZY�DMA¦Y8DEFIH K ? � H L HZY KML�N�K ? ��_SL HZY O

� L��gdE�5] H ¼Mº�e�KMR�V�TBa^K^V�T D L H L H ]�dET HZY.�Í�b?BD d:� � K^] H�\g?BD V8V H N�K^dEKMTGL Y V�a H ]�V�TGRUK ? J l Y
T D L�TB½ZK^V�T D L H L H ]�dET HZY�A�D ]@N�TÛ¤ H ] H L/V�K ? � H L HZY KML�N�K ? ��_SL HZY O;W�X H V H L�N H L�RUT HZY TGL�V�X�T Y
�gdE�5] H K^] H V�X H4Y K FIH K Y TGL��gdE�5] H ¼M¹�e i �5V+V�X H ] H T Y+D L H4\�D TGL/V�h D ]�V�X FIH L/V�T D L�TGL5d5O
PSTGL�R H V�X H KMR�V�TBa^K^V�T D L H L H ]�dET HZY K^] H N HU\�H L�N H L/V D L�V�X H V8]�KML Y TBV�T D L Y V�K^V H d HUDEFIH V8]�T HZY
DMA V�X H ] H KMR�V�TGL5d FIDE?BH RU� ?BHZY e�TBV�T Y+H�~S\�H R�V H N�V�X�K^V�KMN�TGK i K^V�TGR�KML�N�a H ]�V�TGRUK ?qH L H ]�dET HZY
h�T ?G? dETBa H N�TÛ¤ H ] H L/V�R D ]�] HZ? K^V�T D L Y.� KML�N�R D ]�] HZ? K^V�T D L�R D�H L�RUT H L/V YÏ� h�TBV�X�V�X H KMR�V�TBa^K^V�T D L
H L H ]�dET HZY OQ� D ]�V�X H KMN�TGK i K^V�TGR H L H ]�dET HZY V�X H d HUDEFIH V8]�_ DMA V�X H.FIDE?BH RU� ?BHZY T Y R�X�KML5d H N�e
h�X�T ?BH V�X H d HUDEFIH V8]�_�T Y ��L�R�X�KML5d H N A�D ]�V�X H a H ]�V�TGRUK ?�H L H ]�dET HZY O � L�V�X H V8]�KML Y TBV�T D L
Y V�K^V H.DMA KML�KMRUTGN�RUK^V�K ? _�½ H N�X/_SN5]�K^V�T D L�] H KMR�V�T D L�e�V�X H d HUDEFIH V8]�_ DMA V�X H K ? � H L H4D ]
K ? ��_SL H T Y ��L�R�X�KML5d H N�O cH RUKM� Y8H4DMA V�X�T Y�Y T F T ? K^]�TBVb_ i�H Vbh HUH L�V�X H a H ]�V�TGRUK ? KML�N
KMR�V�TBa^K^V�T D L H L H ]�dET HZY e5h H4H�~S\�H R�V�V�X HZY8H R D ]�] HZ? K^V�T D L Y V D:i�H�i�H V8V H ]�V�X�KML�V�X H
R D ]�] HZ? K^V�T D L Y h�X�TGR�X�TGL/a DE? a H KMN�TGK i K^V�TGR H L H ]�dET HZY O;�5] DEF �gdE�5] H ¼Mº�e�h H RUKML Y8HUH V�X�K^V
V�X H K ? � H L H RU�5]�a H X�K Y K i�H V8V H ]�R D ]�] HZ? K^V�T D L�h�X�T ?BH V�X H K ? ��_SL H RU�5]�a H X�K Y KIh D ] Y8H ]
R D ]�] HZ? K^V�T D L�O;�5] DEF V�X�T Y e5h H RUKML�L D V Y8HUH V�X�T Y+H ¤ H R�V@R ?BH K^] ? _�TGL�V�X HZY8H Vbh D �gdE�5] HZY O
C�D h H a H ]Ze�V�X�T Y+H ¤ H R�V@T Y4GJI9K+H�~S\�H R�V H N�V D:i�H4Y8HUH L�TGL�V�X H R D ]�] HZ? K^V�T D L Y�i�H Vbh HUH L
KMN�TGK i K^V�TGR u a H ]�V�TGRUK ?qH L H ]�dET HZY KML�N \ ] D V D L�K�L�L�TBV�T HZY4����>��=u dEK Y@\ X�K Y8H�i K Y TGRUTBV�T HZY
� ê c�� O � L�V�X�T Y RUK Y8H egV�X H ] H K^] H L D V8]�KML Y TBV�T D L Y V�K^V HZY KML�N�KMR�V�TBa^K^V�T D L H L H ]�dET HZY V D
V�K^� H TGL/V D KMRUR D ��L/VUO cH RUKM� Y8H4DMA V�X�T Y e5TBV�T Y V�X H4Y K FIH h�X H V�X H ]�V�X H4FIDE?BH RU� ? K^]
d HUDEFIH V8]�_�T Y R�X�KML5d H N � KMN�TGK i K^V�TGR �D ]���L�R�X�KML5d H N � a H ]�V�TGRUK ?�� OQ��X H L�h H R DEFI\ K^] H
V�X H R D ]�] HZ? K^V�T D L�R D�H L�RUT H L/V Y�DMA �gdE�5] HZY ¼ £ e�¼M¼�e�¼Mµ�egKML�N�¼ ¿ egV�X H _�K^] H a H ]�_ Y T F T ? K^]ZO
>6\�DEY�Y T ig?BH@H�~S\g? KML�K^V�T D L DMA V�X H V8] H L�N�TGL�V�X H Vbh D RU�5]�a HZY egT Y V D K Y�Y � FIH K ?G?
FIDE?BH RU� ?BHZY TGL�V�X H Vbh D �gdE�5] HZY V D:A�DE?G?BD h*V�X H.> N�·'j FIH R�X�KML�T Y�F K Y�\ ] DM\�DEY8H N�TGL
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Vertical carbon 1s ionization energy (eV) 
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3-hexyne

1-hexyne

2-butyne

1-butyne

Propyne

Trans-3-hexene

1-hexene

1-butene

2-butene

Propene

Alkynes

Alkenes

�¦TBdE�5] H ¼Mº ÿ¦> R D ]�] HZ? K^V�T D L i�H Vbh HUH L9KMR�V�TBa^K^V�T D L H L H ]�dET HZY+�Í�b?BD d�� � KML�N.a H ]�V�TGRUK ? RUK^] i�D L
l Y T D L�TB½ZK^V�T D L H L H ]�dET HZY�DMA'Y8DEFIH K ? � H L HZY KML�N�K ? ��_SL HZY O

] HUA�H ] H L�R H � µ ¿!� O � L�V�X�T Y�FID N HZ? eSV�X H ] HZ? K^V�TBa HZ? _�X�TBdEX H ] H L H ]�dM_ DMA V�X H aSTGL/_ ? RUK^V�T D L
TGL/V H ] FIH N�TGK^V H�DMA¦\ ] DM\ _SL H e l ��i �5Vb_SL H egKML�N�j ��i �5Vb_SL H T Y V�X H ] H K Y8D L A�D ]�V�X H4Y�F K ?G?BH ]
��a^K ? � H O l � X H�~ _SL H KML�N�¸ � X H�~ _SL H4A�DE?G?BD hÚV�X H4> N�·'j FIH R�X�KML�T Y�F TGL i�D V�X
TGL/V H ] \ ] H V�K^V�T D L Y�i�H RUKM� Y8H V�X H aSTGL/_ ? RUK^V�T D L�TGL/V H ] FIH N�TGK^V HZY�DMA V�X HZY8H K ? ��_SL HZY K^] H
FID ] H.Y V�K i T ? TB½ H N i _�V�X H.? K^]�d H ]�KML�N HZ?BH R�V8] D L�N D L�K^V�TGL5d:K ? ��_ ? dM] D � \gY O
> ?BD RUK ? V8] H L�N�TGL��gdE�5] H ¼M¹IKML�N��gdE�5] H ¼Mº:T Y+\ ] HZY8H L/V H N�TGL��gdE�5] H µ^kSOCZ�L H�\�DEY�Y T ig?BH
] H K Y8D L A�D ]�V�X�T Y V8] H L�N�e�T Y V�X�K^V�V�X H R D ] H T D L�TB½ZK^V�T D L H L H ]�dM_�N D�HZY L D V�V�K^� H TGL/V D
KMRUR D ��L/V H ¤ H R�V Y V�X�K^V�K^] H T FI\�D ]�V�KML/V�TGL�KML�KMRUTGN � RUK^V�K ? _�½ H N�X/_SN5]�K^V�T D L�] H KMR�V�T D L�O
W�X H�|2O%I T O@K6N�S0Q�P3}�Q�UVP3G2|2O.DMA V�X H.FIDE?BH RU� ?BHZY V�X�K^V�V�K^� H.\g? KMR H TGL�K:X/_SN5]�K^V�T D L
] H KMR�V�T D L�T YD L H�H ¤ H R�VUOW�X H ] H K^] H d HUDEFIH V8]�TGRUK ? R�X�KML5d HZY�DMA V�X H4FIDE?BH RU� ?BHZY TGL�KIR D ] H
T D L�TB½ZK^V�T D L \ ] D R HZY�Y K ?GY8D e i �5V+V�X HZY8H R�X�KML5d HZY RUKML�L D V i�H R DEFI\ K^] H N�V D V�X H4i TBdMd H ]
FIDE?BH RU� ? K^]�d HUDEFIH V8]�TGRUK ? R�X�KML5d H TGL�K:X/_SN5]�K^V�T D L�] H KMR�V�T D L�O [ TÛ¤ H ] H L/V�KML�N
��L�R DEFI\ K^]�K ig?BH V8]�KML Y TBV�T D L Y V�K^V H d HUDEFIH V8]�T HZY�F KZ_�K ?GY8DI\ K^]�V ? _ H�~S\g? KMTGL�V�X H V8] H L�N�O
W�X H V8] H L�N�TGL��gdE�5] H µ^kSe F KZ_�K ?GY8DI\ K^]�V ? _ i�H�H�~S\g? KMTGL H N i _�K:R H ]�V�KMTGL�N�TÛ¤ H ] H L�R H
i�H Vbh HUH L�V�X H.> N�·'jIKML�N > N�·;¸ FIH R�X�KML�T Y�F:Y O >@Y�FIH L/V�T D L H N�TGL Y8H R�V�T D L l O l O l e�KML
T FI\�D ]�V�KML/V�N�TÛ¤ H ] H L�R H�i�H Vbh HUH L > N�·;j�KML�N > N�·'¸IT Y V�X�K^V�RUK^] i�D RUK^V�T D L Y K^] H�A�D ] FIH N
TGL > N�·'j�] H KMR�V�T D L Y h�X�T ?BH V�X�T Y T Y L D V�V�X H RUK Y8H4A�D ] > N�·;¸�] H KMR�V�T D L Y O;W D�? TGL5�
R�X HZF TGRUK ? ] H KMR�V�TBaSTBVb_�V D ] HZY � ? V Y+A ] DEF \ X D V D�HZ?BH R�V8] D L Y8\�H R�V8] DEY R DM\ _Me�V�X H ]�K^V H
N H V H ] F TGL�TGL5d Y V HU\ TGL�V�X H R�X HZF TGRUK ? ] H KMR�V�T D L F � Y V�TGL/a DE? a H K A�D ] F K^V�T D L DMA K
Y8\�H RUT HZY h�TBV�X�K \�DEY TBV�TBa H R�X�K^]�d H O�PSTGL�R H V�X�T Y T Y L D V�V�X H RUK Y8H4A�D ]�V�X H.> N�·'¸
] H KMR�V�T D L Y e�h H RUKML H�~S\�H R�V�V�X HZY8H ] H KMR�V�T D L Y V D:i�H4?BHZY�Y R D ]�] HZ? K^V H N�V D T D L�TB½ZK^V�T D L
H L H ]�dET HZY V�X�KML > N�·;j9] H KMR�V�T D L Y KML�N�dETBa H KML D a H ]�K ?G? h D ] Y8H ]@R D ]�] HZ? K^V�T D L � T A V�X H
> N�·'¸ FIH R�X�KML�T Y�F T Y+A�DE?G?BD h H N�V D�Y8DEFIH4H�~ V H L/V � O+W�X�T Y+F KZ_�K ?GY8DI\ K^]�V ? _ i�H�D L H�DMA
V�X H ] H K Y8D L Y�A�D ]�V�X H ] HZ? K^V�TBa HZ? _ ?BD h R D ]�] HZ? K^V�T D L�R D�H L�RUT H L/V Y TGL��gdE�5] HZY ¼M¹:KML�N�¼Mº�O
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Adiabatic carbon 1s ionization energy (eV)
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3-hexyne (Splitted)

Trans-3-hexene (Splitted)

1-hexene

1-hexyne

�¦TBdE�5] H µ^k ÿ'�b?BD d�� \g?BD V8V H N�K^dEKMTGL Y V ?BD h HZY V�KMN�TGK i K^V�TGR�RUK^] i�D L l Y T D L�TB½ZK^V�T D L H L H ]�dET HZY
DMA Vbh D X H�~SH L HZY KML�N�X H�~ _SL HZY O

� L�V�X H�A�DE?G?BD h�TGL5d5e Y8DEFIH R D ]�] HZ? K^V�T D L Y h�X H ] H V�X H4?BD h HZY V@KMN�TGK i K^V�TGR�R D ] H T D L�TB½ZK^V�T D L
H L H ]�dET HZY K^] H4\g?BD V8V H N�K^dEKMTGL Y V�V�X H L�� F.i�H ] DMA RUK^] i�D L�K^V DEF:Y TGL�V�X H4Y8\�H RUTÛ��R�K ? � H L H
D ]�K ? ��_SL H O
�¦TBdE�5] H µ l Y X D h Y KML H�~S\�D L H L/V�TGK ? R D ]�] HZ? K^V�T D L i�H Vbh HUH L�KMN�TGK i K^V�TGR H L H ]�dET HZY KML�N�V�X H
L�� F.i�H ] DMA RUK^] i�D L�K^V DEF:Y TGL�V�X H RUK^] i�D L�R�X�KMTGL DMA K ? � H L HZY KML�N�K ? ��_SL HZY h�TBV�X�V�X H TB]
N D � ig?BH�D ]�V8]�T \g?BH�i�D L�N ?BD RUK^V H N�K^V�V�X H�H L�N DMA V�X H RUK^] i�D L�R�X�KMTGL � J l � O
W�X�T Y �gdE�5] H dETBa HZY V�X H.Y K FIH�\ TGR�V��5] H K Y V�X H4D L H4\ ] HZY8H L/V H N�TGL��gdE�5] H ¼M¹IKML�N�¼Mº�O
W�X H N�TÛ¤ H ] H L�R H�DMA V�X H KMN�TGK i K^V�TGR H L H ]�dET HZY�DMA KML�K ? � H L H KML�N�V�X H R D ]�] HZY8\�D L�N�TGL5d
K ? ��_SL H a^KML�T Y X HZY K Y V�X H RUK^] i�D L�R�X�KMTGL�d H V Y�?BD L5d H ]ZO;W�X�T YFIH KML Y V�X�K^V+V�X H�H�~S\�H R�V H N
R�X HZF TGRUK ? ] H KMR�V�TBaSTBVb_�N�TÛ¤ H ] H L�R H�i�H Vbh HUH L�KML�K ? � H L H KML�N�K ? ��_SL H4Y X D � ? N�a^KML�T Y X�T A
V�X H RUK^] i�D L�R�X�KMTGL�d H V Y@?BD L5d H L D �5dEX�Oê H L H ]�K ?G? _Me5V�X H K ? � H L H T Y+H�~S\�H R�V H N�V D:i�H
FIDEY V�] H KMR�V�TBa H R DEFI\ K^] H N�V D V�X H R D ]�] HZY8\�D L�N�TGL5dIK ? ��_SL H O
� L��gdE�5] H µMj�e5V�X H K ? � H L HZY KML�N�K ? ��_SL HZY X�KZa H V�X H TB]�N D � ig?BH KML�N�V8]�T \g?BH�i�D L�N ?BD RUK^V H N
i�H Vbh HUH L�RUK^] i�D L�jIKML�N�¸�O � L�V�X�T Y RUK Y8H egh H N D L D V�d H V�K:R D L/a H ]�d H L�R�_ DMA V�X H Vbh D
RU�5]�a HZY K Y V�X H RUK^] i�D L�R�X�KMTGL�d H V Y@?BD L5d H ]ZO � L Y V H KMN�e�V�X H RU�5]�a HZY K^] H N�TBa H ]�dETGL5d
Y8DEFIH h�X�K^V�h�TBV�X�TGL�R�] H K Y TGL5dIL�� F.i�H ] DMA RUK^] i�D L�K^V DEF:Y TGL�V�X H R�X�KMTGL�O � L�V�X�T Y RUK Y8H e
V�X H ] H K^] H ] HZ? K^V�TBa HZ? _ ? K^]�d H K ? ��_ ? dM] D � \gY+i�D L�N H N�V D:i�D V�X���L Y K^V��5]�K^V H N�RUK^] i�D L
K^V DEF:Y O � L�V�X�T Y dM] D � \�DMA ��L Y K^V��5]�K^V H N FIDE?BH RU� ?BHZY eSV�X H4\g?BD V�T Y TGL�N�TGRUK^V�TGL5d�V�X�K^V�V�X H
K ? ��_SL HZY�Y X D � ? N i�H V�X H4FIDEY V�] H KMR�V�TBa H O
� L�V�X H V�X�TB]�N \g?BD V Y X D h�L�TGL��gdE�5] H µM¸�e D L ? _�V�X H.Y _ F:FIH V8]�TGRUK ? K ? � H L HZY KML�N�K ? ��_SL HZY
K^] H � Y8H N�O � L�V�X�T Y�\g?BD VUe5V�X H Vbh D RU�5]�a HZY R�] DEY�Y�H KMR�X D V�X H ]�d D TGL5d A ] DEF J�j9V D J £ O
W�X�T Y+\g?BD V Y X D h Y KIR�] DEY�Yð��D a H ]@h�TBV�X�] HZY8\�H R�V�V D N�TÛ¤ H ] H L�R HZY TGL�R�X HZF TGRUK ? ] H KMR�V�TBaSTBVb_
d D TGL5d A ] DEF H V�X H L H�u®H V�X/_SL H V D j ��i �5V H L H�u j ��i �5Vb_SL H O
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Propyne

Propene 1-butyne

1-butene
1-pentyne

1-pentene
1-hexyne

1-hexene

�¦TBdE�5] H µ l ÿ.> N�TGK i K^V�TGR H L H ]�dET HZY�\g?BD V8V H N
K^dEKMTGL Y V�V�X H L�� F.i�H ] DMA RUK^] i�D L
K^V DEF:Y TGL
K ? � H L HZY KML�N2K ? ��_SL HZY h�X H ] H V�X H N D � ig?BH KML�N
V8]�T \g?BHIi�D L�N
T Y.?BD RUK^V H N i�H Vbh HUH LàJ l
KML�N�J�j�O
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2-butene

2-butyne
2-pentene

2-pentyne

2-hexene

2-hexyne

�¦TBdE�5] H µMj ÿ.> N�TGK i K^V�TGR H L H ]�dET HZY�\g?BD V8V H N
K^dEKMTGL Y V�V�X H L�� F.i�H ] DMA RUK^] i�D L
K^V DEF:Y TGL
K ? � H L HZY KML�N2K ? ��_SL HZY h�X H ] H V�X H N D � ig?BH KML�N
V8]�T \g?BHIi�D L�N
T Y.?BD RUK^V H N i�H Vbh HUH LàJ�j
KML�N�J�¸�O
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Ethyne

Ethene

2-butene

2-butyne Trans-3-hexene

3-hexyne

�¦TBdE�5] H µM¸ ÿ.> N�TGK i K^V�TGR H L H ]�dET HZY�\g?BD V8V H N
K^dEKMTGL Y V�V�X H L�� F.i�H ] DMA RUK^] i�D L
K^V DEF:Y TGL
Y _ F:FIH V8]�TGRUK ? K ? � H L HZY KML�N�K ? ��_SL HZY O

� \;[ ��l5h0cRh
i]_�i]l5k21·l�i]_4n!c9iJc9` `6��`ba2cRn
� L�V�X�T Y�Y8H R�V�T D L�egKML D �5V ? TGL H�DMA X D hÚV�X H TGL�TBV�TGK ? KML�N���L�K ?�Y V�K^V H K¥¤ H R�V Y V�X H
T D L�TB½ZK^V�T D L H L H ]�dM_ ��D ] Ú ¹ � h�T ?G?�i�H dETBa H L�O
� H ] HZFIHZF.i�H ] A ] DEF Y8H R�V�T D L £ O j�V�X�K^V Ú ¹ � ÚßÈ   Úñ¥ O Ú ¹ T Y+H ����K ? V D V�X HKMN�TGK i K^V�TGR H L H ]�dET H _ A ] DEF V�X H �gV8V H N H�~S\�H ]�T FIH L/V�K ?�Y8\�H R�V8]�� F KML�N�RUK ? RU� ? K^V H N
] HZ? K^V�TBa H V D�H V�X H L H�� V�X H KMN�TGK i K^V�TGR H L H ]�dM_ DMA jMº^kSO µMºM¼ H Ü � j £ � � O ÚßÈ T Y�A�D ��L�N i _
� Y TGL5d�V�X H4�'~ V H L�N H N�¡ D�DM\gF KML é Y V�X HUD ] HZF egKML�N Úñ¥ T Y+DMi V�KMTGL H N i _ Y � i V8]�KMR�V�TGL5d
Ú ¹ A ] DEF ÚßÈÑ�0ÚßÈ KML�N Úñ¥ h H ] H K ?GY8D RUK ? RU� ? K^V H N�] HZ? K^V�TBa H V D:H V�X H L H¥� OQW�X H
a^K ?BH L�R H R D ]�] HZ? K^V H N ?BH a HZ?GY�DMA V�X HUD ]�_�� Y8H N�TGL�V�X H RUK ? RU� ? K^V�T D L DMA�ÚßÈ e5h H ] H [ �¦W
KML�N ��� j�OQW�X H [ �¦WÚ] HZY � ? V Y h�T ?G?�i�H N�T Y RU� Y�Y8H N�TGL�V�X H�A�DE?G?BD h�TGL5d5O
� L��gdE�5] HZY µ £ e�µM¼�egKML�N�µMµ�e�V�X H4H L H ]�dM_�N�TÛ¤ H ] H L�R HZY+DMA V�X H V�X5] HUH4\ K^]�K FIH V H ] Y
�0Úñ¥ ¦ ÚßÈ ¦ Ú ¹ � K^] H4\g?BD V8V H N�K^dEKMTGL Y V�V�X H L�� F.i�H ] DMA RUK^] i�D L�K^V DEF:Y TGL�V�X H K ? � H L H
D ]�K ? ��_SL H R�X�KMTGL » �^O � L�V�X H �g] Y V \g?BD VUe5V�X H N D � ig?BH KML�N�V8]�T \g?BH�i�D L�N Y K^] H.?BD RUK^V H N�K^V
V�X H4H L�N DMA V�X H RUK^] i�D L�R�X�KMTGL ��i�H Vbh HUH L)J l KML�N�J�j � OQW�X H�H L H ]�dET HZY�A ] DEF J l h H ] H
� Y8H N�V D RUK ? RU� ? K^V H V�X H V�X5] HUH4\ K^]�K FIH V H ] Y O � L�V�X H.Y8H R D L�N \g?BD VUe5V�X H N D � ig?BH KML�N
V8]�T \g?BH�i�D L�N Y K^] H.?BD RUK^V H N i�H Vbh HUH L)J�j�KML�N�J�¸�O C�H ] H e i�D V�X�J�j ��i �5V H L H KML�N
i �5Vb_SL H¥� KML�N�J�¸ ��\�H L/V H L H e \�H L/Vb_SL H e�X H�~SH L H egKML�N�X H�~ _SL H¥�QH L H ]�dET HZY h H ] H � Y8H N�V D
RUK ? RU� ? K^V H V�X H�\ K^]�K FIH V H ] Y O � L�V�X H V�X�TB]�N \g?BD VUe D L ? _ Y _ F:FIH V8]�TGRUK ? K ? � H L HZY KML�N
K ? ��_SL HZY K^] H � Y8H N�O >@Y�A�D ]�V�X H�\ ] H aST D � Y dM] D � \�DMA K ? � H L HZY KML�N�K ? ��_SL HZY e i�D V�X�J�j
��i �5V H L H KML�N i �5Vb_SL H¥� KML�N�J�¸ � X H�~SH L H KML�N�X H�~ _SL H¥�H L H ]�dET HZY h H ] H � Y8H N�TGL�V�X H
\ K^]�K FIH V H ]@RUK ? RU� ? K^V�T D L Y O >@?G? V�X H�\g?BD V8V H N�a^K ? � HZY RUKML i�H�A�D ��L�N�TGL�V�K ig?BH l j D L
\ K^d H ºM¸�O
W�X H T D L�TB½ZK^V�T D L H L H ]�dET HZY � Y8H N�TGL�V�X H V�X5] HUH�\g?BD V Y R D ]�] HZY8\�D L�N�V D T D L�TB½ H N FIDE?BH RU� ?BHZY
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�¦TBdE�5] H µM¼ ÿ-Úñ¥ e ÚßÈ eEKML�N Ú ¹ a^K ? � HZY�\g?BD V8V H N�K^dEKMTGL Y V¦V�X H L�� F.i�H ] DMA RUK^] i�D L�K^V DEF:Y
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�¦TBdE�5] H µMµ ÿ-Úñ¥ e ÚßÈ eEKML�N Ú ¹ a^K ? � HZY�\g?BD V8V H N�K^dEKMTGL Y V¦V�X H L�� F.i�H ] DMA RUK^] i�D L�K^V DEF:Y
TGL Y _ F:FIH V8]�TGRUK ? K ? � H L HZY KML�N�K ? ��_SL HZY O

W�K ig?BH l j ÿ8Úñ¥ e ÚßÈ egKML�N Ú ¹ a^K ? � HZY�DMA N�TÛ¤ H ] H L/V�K ? � H L HZY KML�N�K ? ��_SL HZY O
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TGL�V�X H TB] �!S
Á�N=P9K6S0I3GJP3} dM] D ��L�N Y V�K^V H OW�X HZY8H�H L H ]�dET HZY K^] H �SL D h�L�K Y KMN�TGK i K^V�TGR
H L H ]�dET HZY OQW�X�T Y T FI\g? T HZY V�X�K^V�V�X H ] HZ? K ~ K^V�T D L H L H ]�dET HZY�Úñ¥ TGL�R ? ��N H R D L/V8]�T i �5V�T D L Y
A ] DEF i�D V�X HZ?BH R�V8] D L�TGR�KML�N�d HUDEFIH V8]�TGR�] HZ? K ~ K^V�T D L Y�DMA V�X H.FIDE?BH RU� ?BH O
W�X H�Úñ¥ a^K ? � HZY TGL�R�] H K Y8H h�TBV�X�TGL�R�] H K Y TGL5dIL�� F.i�H ] DMA RUK^] i�D L�K^V DEF:Y TGL�V�X H
RUK^] i�D L�R�X�KMTGL�e5h�X�TGR�X�RUKML i�H ��L�N H ] Y V D�D N i _�V�X H TGL�R�] H K Y TGL5dIK i T ? TBVb_ DMA V�X H
FIDE?BH RU� ?BH V D ] HZ? K ~�HZ?BH R�V8] D L�TGRUK ?G? _�KML�N�d HUDEFIH V8]�TGRUK ?G? _MO
W�X H�Úñ¥ a^K ? � HZY K ?GY8D TGL�R�] H K Y8H4Y�? TBdEX/V ? _�h�TBV�X�V�X H�\�DEY TBV�T D L DMA V�X H ��L Y K^V��5]�K^V H N
i�D L�N�O � L��gdE�5] H µ £ e�V�X H.?BD h HZY V�KMN�TGK i K^V�TGR H L H ]�dET HZY�DMA V�X H K ? � H L HZY KML�N�K ? ��_SL HZY
D ]�TBdETGL�K^V H�A ] DEF RUK^] i�D L�K^V DEF L�� F.i�H ] l OQW�X H L�� F.i�H ] DMA'Y �5]�] D ��L�N�TGL5d9L���R ?BH T�KML�N
V�X H4F K^dEL�TBV���N H�DMA V�X H�HZ?BH R�V8] D L�N H L Y TBVb_�K^] D ��L�N�V�X�T Y RUK^] i�D L�K^V DEF T Y�Y�F K ?G?BH ]+V�X�KML
T Y V�X H RUK Y8H4A�D ]�V�X H RUK^] i�D L�K^V DEF:Y�?BD RUK ? TB½ H N�TGL�V�X H R H L/V H ] DMA V�X H RUK^] i�D L�R�X�KMTGL�O � L
�gdE�5] HZY µM¼�KML�N�µMµ�V�X H4?BD h HZY V�KMN�TGK i K^V�TGR H L H ]�dET HZY+DMA V�X H K ? � H L HZY KML�N�K ? ��_SL HZY X�KZa H
V�X H TB] D ]�TBdETGL A ] DEF V�X HZY8H R H L/V8]�K ? RUK^] i�D L�K^V DEF:Y O cH RUKM� Y8H.DMA V�X�T Y e5V�X HZY8H.? K Y V
FIH L/V�T D L H N�K ? � H L HZY KML�N�K ? ��_SL HZY h�T ?G? X�KZa H K ? K^]�d H ]�V D V�K ? K FID ��L/V DMA¦HZ?BH R�V8] D L�TGR
KML�N�d HUDEFIH V8]�TGR�] HZ? K ~ K^V�T D L�TGL�V�X H ��L�K ?�Y V�K^V H O
�5] DEF V�X H V�X5] HUH �gdE�5] HZY h H L D V�TGR H V�X�K^V�K ?G? V�X H Ú ¹ a^K ? � HZY N H R�] H K Y8H h�TBV�X
TGL�R�] H K Y TGL5dIRUK^] i�D L�R�X�KMTGL ?BH L5dMV�X�O;W�X�T Y RUKML i�H ]�K^V�T D L�K ? TB½ H N�TGL�V H ] F:Y�DMA V�X H
TGL�R�] H K Y TGL5d HZ?BH R�V8] D L�N D L�K^V�TGL5d�K i T ? TBVb_ DMA V�X H�Y � igY V�TBV�� H L/V Y h�TBV�X�TGL�R�] H K Y TGL5d9L�� F.i�H ]
DMA RUK^] i�D L�K^V DEF:Y OW�X H dM] D ��L�N Y V�K^V H.HZ?BH R�V8] DEY V�K^V�TGR \�D V H L/V�TGK ?GY�ÚßÈ X�KZa H K Y X�T A V
V D h+K^]�N Y V�X H L H dEK^V�TBa H4Y TGN H@DMA V�X H�\g?BD VUe i �5V+K Y V�X H RUK^] i�D L�R�X�KMTGL ?BH L5dMV�X�TGL�R�] H K Y8HZY e
V�X H ÚßÈ a^K ? � HZY�Y V�K i T ? TB½ HZY O
PSTGL�R H V�X H V�X5] HUH4\ K^]�K FIH V H ] Y�Úñ¥ e ÚßÈ egKML�N Ú ¹ DMA V�X H K ? � H L HZY KML�N�K ? ��_SL HZY K^] H
RUK ? RU� ? K^V H N�] HZ? K^V�TBa H V D:H V�X H L H e�h H RUKML�R DEFI\ K^] H V�X H a^K ? � HZY.�0Úñ¥ e ÚßÈ egKML�N Ú ¹ �
DMA V�X H K ? � H L HZY h�TBV�X�V�X H R D ]�] HZY8\�D L�N�TGL5dIK ? ��_SL HZY O'��X�K^V�h H RUKML DMigY8H ]�a H4A ] DEF V�X H
V�X5] HUH4\g?BD V Y e�T Y V�X�K^V�V�X H Úñ¥ a^K ? � HZY�DMA V�X H K ? ��_SL HZY K^] H.? K^]�d H ]�V�X�KML A�D ]�V�X H
R D ]�] HZY8\�D L�N�TGL5d�K ? � H L HZY9��H�~ R HU\ V \ ] DM\ _SL H e l ��i �5Vb_SL H egKML�N�j ��i �5Vb_SL H¥� egh�X�T ?BH V�X H
F K^dEL�TBV���N H�DMA V�X H ÚßÈ a^K ? � HZY T Y�? K^]�d H ] A�D ]�V�X H K ? � H L HZY R DEFI\ K^] H N�V D V�X H
R D ]�] HZY8\�D L�N�TGL5d�K ? ��_SL HZY.��H�~ R HU\ V l ��i �5V H L H e�j ��i �5V H L H egKML�N�V8]�KML Yð� ¸ � X H�~SH L H¥� O � L
KMN�N�TBV�T D L�eSV�X H R�X HZF TGRUK ?�Y X�T A V Ú ¹ N H R�] H K Y8HZY�A ] DEF V�X H K ? � H L HZY KML�N�K ? ��_SL HZY h�X H ] H
V�X H N D � ig?BH KML�N�V8]�T \g?BH�i�D L�N�T Y�?BD RUK^V H N i�H Vbh HUH L)J l KML�N�J�j9V D V�X H K ? � H L HZY KML�N
K ? ��_SL HZY h�X H ] H V�X H N D � ig?BH KML�N�V8]�T \g?BH�i�D L�N�T Y�?BD RUK^V H N�V D h+K^]�N Y V�X H R H L/V H ] DMA V�X H
RUK^] i�D L�R�X�KMTGL�O;W�X�T Y�FIH KML Y V�X�K^V�V�X H4? K Y V FIH L/V�T D L H N FIDE?BH RU� ?BHZY X�KZa H V�X H4?BD h HZY V
T D L�TB½ZK^V�T D L H L H ]�dET HZY O
>@Y h H RUKML Y8HUH4A ] DEF �gdE�5] HZY µM¼:KML�N�µMµ�egV�X H K ? ��_SL HZY X�KZa H V�X H4?BD h HZY V�T D L�TB½ZK^V�T D L
H L H ]�dET HZY K Y V�X H RUK^] i�D L�R�X�KMTGL ?BH L5dMV�X�TGL�R�] H K Y8HZY O;W�X�T Y T Y L D V�V�X H RUK Y8H TGL��gdE�5] H µ £ O
� D ]�V�X�T Y dM] D � \�DMA K ? � H L HZY KML�N�K ? ��_SL HZY e5V�X H N�TÛ¤ H ] H L�R H TGL Ú ¹ a^KML�T Y X HZY K Y V�X H
L�� F.i�H ] DMA RUK^] i�D L�K^V DEF:Y TGL�V�X H RUK^] i�D L�R�X�KMTGL�TGL�R�] H K Y8HZY OQW�X�T Y T Y R D L Y T Y V H L/V�h�TBV�X
h�X�K^V�h H4DMigY8H ]�a H N�TGL��gdE�5] H µ l O
W�X H ] H T Y+D L H ��L�K ? ��� HZY V�T D L�V�X�K^V�X�K Y V D:i�H KML Y h H ] H N�O C�D h ? K^]�d H T Y V�X H
R D L/V8]�T i �5V�T D L A ] DEF ÚßÈ KML�N Úñ¥ V D V�X H R�X HZF TGRUK ?�Y X�T A V Ú ¹ ��� L��gdE�5] H µ £:D L
\ K^d H ºMj�h�X H ] H V�X H N D � ig?BH KML�N�V8]�T \g?BH�i�D L�N�T Y�?BD RUK^V H N i�H Vbh HUH L)J l KML�N�J�j�e�V�X H
F K^dEL�TBV���N H�DMA V�X H ÚßÈ KML�N Úñ¥ a^K ? � HZY�DMA V�X H K ? � H L HZY T Y K i�D �5V�V�X H.Y K FIH4H�~ R HU\ V
l ��i �5V H L H e5h�X H ] H�Úñ¥ T Y+? K^]�d H ]ZO � V�T Y K ?GY8D K i�D �5V+V�X H�Y K FIH�A�D ]�V�X H K ? ��_SL HZY e H�~ R HU\ V
l � X H�~ _SL H O >@?GY8DIA�D ]�V�X�T Y�FIDE?BH RU� ?BH e5V�X H�Úñ¥ a^K ? � H T Y L D V�TGR H K ig?BH X�TBdEX H ]�V�X�KML�V�X H
ÚßÈ a^K ? � H O � L�V�X�T Y RUK Y8H egV�X H ��L�K ?�Y V�K^V H4HZ?BH R�V8] D L�TGR4KML�N�d HUDEFIH V8]�TGR�] HZ? K ~ K^V�T D L�T Y
] HZ? K^V�TBa HZ? _�X�TBdEX H ]�V�X�KML�V�X H TGL�TBV�TGK ?�Y V�K^V H.HZ?BH R�V8] DEY V�K^V�TGR \�D V H L/V�TGK ?�H ¤ H R�VUO
� L��gdE�5] HZY µM¼IKML�N�µMµ�egh H RUKML Y8HUH V�X�K^V�V�X�T Y T Y K ?GY8D V�X H RUK Y8H4DMA j ��i �5V H L H e
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V8]�KML Yð� j � X H�~SH L H e�j ��i �5Vb_SL H e�j ��\�H L/Vb_SL H e�j � X H�~ _SL H egKML�N�¸ � X H�~ _SL H OQW�X H
TGL/V H ] \ ] H V�K^V�T D L DMA V�X�T Y T Y V�X�K^V�V�X H Úñ¥ R D L/V8]�T i �5V�T D L�d H V Y@FID ] H KML�N FID ] H
T FI\�D ]�V�KML/V�K Y V�X H RUK^] i�D L�R�X�KMTGL ?BH L5dMV�X�TGL�V�X H,P3} ��£3G�O TGL�R�] H K Y8HZY O;W�X�T Y T Y K ?GY8D V�X H
RUK Y8H4A�D ]�V�X H K ? � H L HZY e i �5V�L D V�V D�Y ��R�X�K:X�TBdEX�N H dM] HUH K Y V�X H K ? ��_SL HZY O
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>@?G? V�X H RUK ? RU� ? K^V H N�aST i ]�K^V�T D L�K ?�\ ] D � ?BHZY+DMA K ?G? V�X H4FIDE?BH RU� ?BHZY h H ] H h HZ?G? �gV8V H N�V D
V�X H4H�~S\�H ]�T FIH L/V�K ?�Y8\�H R�V8]�� F O'� D ]@K ?G? V�X H4FIDE?BH RU� ?BHZY�H�~ R HU\ V@j � X H�~ _SL H e D L ? _ D L H
R D L A�D ] F K^V�T D L DMA V�X H4FIDE?BH RU� ?BH h+K Y � Y8H N�V D d H L H ]�K^V H V�X H4\ ] D � ?BHZY O > RUR D ]�N�TGL5dIV D
V�X H V�X HUD ] H V�TGRUK ? RUK ? RU� ? K^V�T D L Y e D L H R D L A�D ] F K^V�T D L DMA V�X HZY8H4FIDE?BH RU� ?BHZY T Y
N DEF TGL�K^V�TGL5d5O'W�X�T Y T Y L D V+V�X H RUK Y8H�DMA j � X H�~ _SL H OQW�X�T Y �gV+h+K Y T FI\ ] D a H N i _�KMN�N�TGL5d
\ ] D � ?BHZY+A ] DEF Vbh D R D L A�D ] F K^V�T D L Y�DMA V�X H.Y K FIH.FIDE?BH RU� ?BH O;W�X�T Y+FIH KML Y V�X�K^V
j � X H�~ _SL H X�K Y V D:H�~ T Y V�TGL�KML H ����T ? T i ]�TG� F=i�H Vbh HUH L�V�X H.Y � H h � KML�N
§ V8]�KML Y%§¥� R D L A�D ] F K^V�T D L�h�TBV�X�R DEFI\ K^]�K ig?BH K FID ��L/V Y TGL�V�X H dM] D ��L�N Y V�K^V H OW�X H R D ] H
T D L�TB½ZK^V�T D L�K^V D L H4D ] FID ] H K^V DEF:Y�F � Y V ?BH KMN�V D N�TÛ¤ H ] H L/V+��L�K ?Û�bY V�K^V H d HUDEFIH V8]�T HZY e
KML�N�V�X H R�X HZF TGRUK ?�Y X�T A V A�D ] D L H�D ] FID ] H K^V DEF:Y�F � Y V i�H N�TÛ¤ H ] H L/VUO
W�X H4?BD h HZY V�KMN�TGK i K^V�TGR H L H ]�dET HZY K^] H N H R�] H K Y TGL5d:K Y V�X H RUK^] i�D L�R�X�KMTGL ?BH L5dMV�X
TGL�R�] H K Y8HZY O;W�X�T Y T Y V8]�� H4A�D ] i�D V�X�K ? � H L HZY KML�N�K ? ��_SL HZY O;W�X�T Y TGL�N�TGRUK^V HZY V�X�K^V�V�X H
K ? � H L HZY KML�N�K ? ��_SL HZY K^] H�FID ] H ] H KMR�V�TBa H TGL HZ?BH R�V8] DM\ X�T ? TGR@KMN�N�TBV�T D L�] H KMR�V�T D L Y K Y V�X H
R�X�KMTGL ?BH L5dMV�X�TGL�R�] H K Y8HZY O;� D ]�V�X H.Y�F K ?G?BHZY V�K ? � H L HZY KML�N�K ? ��_SL HZY�? TB� H�H V�X H L H KML�N
H V�X/_SL H KML�N�TGL�V�X H RUK Y8HZY h�X H ] H V�X H N D � ig?BH�D ]�V8]�T \g?BH�i�D L�N�T Y�?BD RUK^V H N�K^V�V�X H4H L�N
DMA V�X H RUK^] i�D L�R�X�KMTGL � J l � e�V�X H K ? � H L HZY X�KZa H V�X H4?BD h HZY V@KMN�TGK i K^V�TGR H L H ]�dET HZY O � L
RUK Y8HZY h�X H ] H V�X H N D � ig?BH�D ]�V8]�T \g?BH�i�D L�N�T Y�?BD RUK^V H N i�H Vbh HUH L�Vbh D RUK^] i�D L�K^V DEF:Y
h�X�TGR�X i�D V�X�K^] H4i�D L�N H N�V D:D V�X H ]@RUK^] i�D L Y e5V�X H K ? ��_SL HZY X�KZa H V�X H4?BD h HZY V
KMN�TGK i K^V�TGR H L H ]�dET HZY O
W�X H R D ]�] HZ? K^V�T D L i�H Vbh HUH L�V�X H dEK Y�\ X�K Y8H�i K Y TGRUTBV�T HZY�� ê c�� KML�N \ ] D V D L�K�L�L�TBV�T HZY
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\�H K^��N H ��L�TBV�T D L�V�K ig?BH O

W�X H4? TGL5�STGL5d DMA V�X H�H L H ]�dET HZY KMN�TGL/V H L Y TBV�T HZY T Y�F ��R�X FID ] H R DEFI\g?BH�~ O;W�X H _�X�KZa H.£
R DE? � F L Y+H KMR�X A�D ] ? TGL5�STGL5d Ð � ~ TGL5d.TGL A ] DEF K^V�T D L�O � L Y8H ]�V�TGL5d § l § TGL�V�X H�§ � § R DE? � F L� ~SHZY V�X H R D ]�] HZY8\�D L�N�TGL5d \ K^]�K FIH V H ]@KML�N�V�X H L H�~ V@¸�R DE? � F L Y h�T ?G?�i�H M�� Y V
TBdEL D ] H N�O;W�X H ] HUA�D ] H e5V D � Y8H4? TGL5�STGL5d5e F K^� H9Y �5] H V�X�K^V § � § R D L/V�KMTGL Y�§ k §�� f D V H
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V�X�K^V�V�X H h�TGN5V�X�KML�N�K Y _ F:FIH V8]�_ \ K^]�K FIH V H ] Y N�TGN�L D V�X�KZa H9Y8HU\ K^]�K^V H�§ � § R DE? � F L
KML�N�V�X H ] HUA�D ] H V�X H�D N�N § ºMº §�H L�R D N�TGL5d DMA V�X H � ~ h+K Y � Y8H N�O'W�X�T Y h+K Y N D L H TGL
D ]�N H ]�V D � HUHU\ V�X H L�� F.i�H ] DMA R DE? � F L Y K Y�Y�F K ?G? K Y�\�DEY�Y T ig?BH¥� O

W�X H ] H K^] H Vbh D Vb_ \�HZY�DMA¦? TGL5�STGL5d9_ D ��RUKML�� Y8H N HU\�H L�N�TGL5d DMA h�X�K^V��STGL�N DMA
TGL A ] DEF K^V�T D L�T Y KZa^KMT ? K ig?BH O
l � � H V é Y�Y KZ_�_ D ��X�KZa H j \�H K^� Y KML�N�_ D ���SL D hÚV�X�K^V�V�X H _�K^] H�H�~ KMR�V ? _ l O ¼ H Ü
K \ K^]�V�KML�N�V�X�K^V�V�X H TGL/V HZY TBVb_ DMA�\�H K^��j�T Y ¼^k s DMA�\�H K^� l O c �5V+_ D ��N D L é V+�SL D hÚV�X H
K igY8DE? �5V H�H L H ]�dET HZY KML�N�TGL/V H L Y TBV�T HZY O'W�X H L�dETBa H V�X H4\ K^]�K FIH V H ] Y�A�D ] \�H K^� l K Y�A ] HUH O
� D ] \�H K^��j�e H L/V H ] l O ¼:TGL�V�X H(§M� L § R DE? � F L�KML�N l TGL�V�X H(§/ï��5§ R DE? � F L�e5V HZ?G? TGL5d
V�X H �gV8V�TGL5d�] D �5V�TGL H V�X�K^V
� L ��\�H K^��j � � l � ¼ ï=� L ��\�H K^� l �� D ]�V�X H TGL/V HZY TBVb_ DMA�\�H K^��j�e�Vb_ \�H kSO ¼:TGL�V�X H(§^� L/V § R DE? � F L�KML�N l TGL�V�X H�§ � �5§
R DE? � F L�e FIH KML�TGL5dIV�X�K^V
� L/V ��\�H K^��j � � k�� ¼/� � L/V ��\�H K^� l �Z�L H RUKML�K Y h HZ?G?�? TGL5� \�H K^� l V DI\�H K^��j�e5h�X�TGR�X�h�T ?G?�i�H � HU\ V A ] HUH OQW�X H R D�H L�RUT H L/V Y
h D � ? N�V�X H L i�H   l O ¼ A�D ] H L H ]�dM_�KML�N�j�O k A�D ]�V�X H TGL/V H L Y TBVb_MOj � � H V é Y L D h6K Y�Y � FIH V�X�K^V�_ D ��X�KZa H.£:\�H K^� Y KML�N�_ D ���SL D h6V�X�K^V�V�X H4Y8\ KMRUTGL5d
i�H Vbh HUH L \�H K^� Y ¸IKML�N £:F � Y V i�H V�X H.Y K FIH K Y V�X H.Y8\ KMRUTGL5d i�H Vbh HUH L \�H K^� Y l KML�N
j�e i �5V�_ D ��N D L é V��SL D h4e�X D h F ��R�X�V�X�T Y�Y8\ KMRUTGL5d:T Y@Ê PSK FIH�A�D ]�V�X H TGL/V H L Y TBVb_  _ D ���SL D hÚV�X�K^V�V�X H ]�K^V�T DIDMA¦\�H K^��¸ Ð \�H K^� £:H ����K ?GY+\�H K^� l Ð \�H K^��j�e i �5V�N D L é V�SL D h i�HUA�D ] H X�KML�N�e5h�X�K^V�T Y V�X�T Y ]�K^V�T D O > L H�~ K FI\g?BH h D � ? N i�H K \ X D V D�HZ?BH R�V8] D L
Y8\�H R�V8]�� F K A K FIDE?BH RU� ?BH h�TBV�X�Vbh D�Y8\ TGL ��D ] i TBV Y8\g? TBV+R DEFI\�D L H L/V Y�i�D V�X�h�TBV�X�V�X H
Y K FIH aST i ]�K^V�T D L�K ?�\ ] D dM] HZY�Y T D L Y O � L�V�X�T Y RUK Y8H egK FID ] H KMN5a^KML�R H N ? TGL5�STGL5d
K^]�TBV�X FIH V�TGR Y X�K Y V D:i�H � Y8H N�O;� D ]@V�X H�H L H ]�dET HZY e�� HUHU\�\�H K^� Y l   ¸ A ] HUH O;� D ] \�H K^� £TBV�T Y V�X H L��SL D h�L�V�X�K^V�TBV Y�H L H ]�dM_ F � Y V i�H
� L ��\�H K^� £�� � º � � # �$�V� ¸ �qï*� º � � # �$�V� j �   � L ��\�H K^� l �8� OW D N D V�X�T Y e H L/V H ]@k:TGL�V�X H�§M� L § R DE? � F L DMA¦\�H K^� £ KML�N�V�X H L H L/V H ]@¸�e�j�egKML�N l TGL
V�X H �g] Y V §/ï * § ¦  � Î ± � � §/ï��5§ KML�N�TGL�V�X H V�X�TB]�N §   �5§ R DE? � F L�e5R D ]�] HZY8\�D L�N�TGL5d ? _MOã D ��RUKML�K ?GY8DIH L/V H ]@KIa^K ? � H N�TÛ¤ H ] H L/V A ] DEF k:TGL §M� L § egTGL�h�X�TGR�X�RUK Y8H V�X H4\�H K^��T Y
Y X�T A V H N A ] DEF TBV Y RUK ? RU� ? K^V H N \�DEY TBV�T D L i _�V�X�K^V�a^K ? � H O;� D ]�V�X H TGL/V H L Y TBV�T HZY e�V�X H4Y K FIH
?BD dETGR�K \�\g? T HZY   �<�!� #³# �$�V�  /l   ¸ A ] HUH KML�N�V�X H TGL/V H L Y TBVb_ DMA¦\�H K^� £�F � Y V i�H� L/V ��\�H K^� £�� � ¹ � � � # �$�V� ¸ � � � ¹ � � � # �$�V� j � Ð � L/V ��\�H K^� l �8� O � L/V H ] l TGL�V�X H�§^� L/V §R DE? � F L�KML�N�¸�e�j�egKML�N l TGL�V�X H(§ � * § ¦ § � * § ��� � § Ð �5§ R DE? � F L Y e5R D ]�] HZY8\�D L�N�TGL5d ? _MOc _ H L/V H ]�TGL5d:K:L�� F.i�H ] D V�X H ]�V�X�KML l TGL §^� L/V § egV�X H RUK ? RU� ? K^V H N�TGL/V H L Y TBVb_�T Y
F � ? V�T \g? T H N i _�V�X�T Y R D�H L�RUT H L/VUO

¿ �+�'~ V8]�K A�H K^V��5] HZY

W�X H �gV \ ] D dM]�K F R D L/V�KMTGL Y�A�H K^V��5] HZY V�X�K^V�K^] H.Y8\�H RUTÛ��R A�D ] Y8DEFIH4\ K^]�V�TGRU� ? K^]
K \�\g? TGRUK^V�T D L�KML�N�K^] H4\ ] DMi K ig? _ DMA L D TGL/V H ] HZY V�h�X�K^V Y8D�H a H ] A�D ]�V�X H d H L H ]�K ? � Y8H ]ZO
J+�5]�] H L/V ? _ Y ��R�X A�H K^V��5] HZY TGL�R ? ��N HMÿ
l � �¦TBV8V�TGL5dIh�TBV�X \�H K^� Y V�X�K^V�X�KZa H.H L H ]�dM_ � N HU\�H L�N H L/V@ê�KM� Y�Y TGKML�h�TGN5V�X Y O'W�X�T Y T Y
� Y8HUA � ? h�X H L�V�X H4H L H ]�dM_�] HZY8DE? �5V�T D L�T Y L D V�R D L Y V�KML/V i �5V�N HU\�H L�N Y+? TGL H K^] ? _ D L�V�X H
H L H ]�dM_ \�DEY TBV�T D L YDMA V�X H�\�H K^� Y O;W D KMR�V�TBa^K^V H V�X�T Y+A�H K^V��5] H eg_ D ��L HUH N�Vbh D ] HUA�H ] H L�R H
\�H K^� Y V�X�K^V�h�T ?G? N H ��L H V�X H h�TGN5V�X ��H L H ]�dM_�N HU\�H L�N H L�R�_ A ��L�R�V�T D L�O;W�X HZY8H�\�H K^� Y
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F � Y V i�H L H�~ V�V D:H KMR�X D V�X H ]@TGL�V�X H�\�H K^��V�K ig?BH O �-A KML/_ DMA V�X H4A�DE?G?BD h�TGL5d \�H K^� Y
V�X H L�X�K Y V�X H ê�KM� Y�Y TGKML ? TGL5� \ K^]�K FIH V H ] �   ����GWx T Á�O�N�I#æ�KwU<O(X$O%Q�I3GJÞ(�WO%P���� egTBV Yê�KM� Y�Y TGKML�h�TGN5V�X�h�T ?G?�i�H RUK ? RU� ? K^V H N i _ H�~ V8]�K \�DE? K^V�TGL5d:K ? TGL H V�X�K^V�d D�HZY V�X5] D �5dEX
V�X H Vbh D ] HUA�H ] H L�R H4\�H K^� Y TGL�h�TGN5V�X�a Y O H L H ]�dM_�R D�D ]�N�TGL�K^V HZY O;W�X H(§   §:Y TBdEL M�� Y VV HZ?G?GY V�X H4\ ] D dM]�K F V�X�K^V�V�X�T Y T Y L D V�V�X H4D ]�N�TGL�K^]�_ ? TGL5�STGL5d5O � KZ_ i�H V�X H4A�DE?G?BD h�TGL5d
H�~ K FI\g?BH R ? K^]�TÛ� HZY V�X�TGL5d Y K i TBV ÿ
� H V é Y N H ��L H�\�H K^� Y l KML�N�j�h�TBV�X
� L � l�� � l ��h�X F�� ê � � l�� � kSO l k § � u � § � k� L � j � � j ��h�X F�� ê � � j � � kSO l ¼ § � u � § � kV�X HZY8H h�T ?G?�i�H V�X H ] HUA�H ] H L�R H4\�H K^� Y O �-A h H L D h6KMN�N�KIV�X�TB]�N \�H K^��K Y
� L � ¸ � � ¼ ��h�X F�� ê � � ¸ � � k § � u � § �   jV�X H L�TBV Y ê�KM� Y�Y TGKML�h�TGN5V�X�h�T ?G?�i�H RUK ? RU� ? K^V H N�K Y
��h�X F�� ê � � ¸ � � ��h�X F�� ê � � l�� ï �&� � L � ¸ �   � L � l�� eh�X H ] H V�X H4Y�?BDM\�H � � ��h�X F�� ê � � j �   ��h�X F�� ê � � l�� Ð � L � j �   � L � l�� OW�X H ] HZY � ? V ÿ ��h�X F�� ê � � ¸ � � kSO ¸W�X H L�� FIH ]�TGRUK ? a^K ? � HZY h�T ?G? R�X�KML5d H.D L�R H V�X H �gV8V�TGL5d \ ] D R H N��5] H�Y V�K^]�V Y e i �5V�V�X H
] HZ? K^V�T D L Y X�T \�i�H Vbh HUH L�V�X HZF ] HZF KMTGL Y N H ��L H N i _�V�X H K i�D a H.H ����K^V�T D L Y O �-A _ D ��� ~
V�X H h�TGN5V�X DMA V�X H �g] Y V�] HUA�H ] H L�R H4\�H K^��e5V�X H L D L ? _�V�X H4Y�?BDM\�H ��RUKML�R�X�KML5d H O �-A _ D �
� ~�i�D V�X DMA V�X H ] HUA�H ] H L�R H�\�H K^� Y e�V�X H L�V�X H h�TGN5V�X Y+DMA K ?G? V�X H�H L H ]�dM_ � N HU\�H L�N H L/V ? _
? TGL5� H N \�H K^� Y h�T ?G? ] HZF KMTGL�� ~SH N�O
j �+>vFID N�TÛ��RUK^V�T D L DMA V�X H4� J �+? TGL HZY X�K \�H eS� Y TGL5d�V�X H4A � ?G? KML�K ? _�V�TGRUK ?�A�D ] F �Ee5h�X�TGR�X
T Y+Y ��TBV�K ig?BH K ?GY8D a H ]�_�R ?BDEY8H V D V�X H T D L�TB½ZK^V�T D L�V�X5] HZY X DE? N�O'W�X H X�UVP��WO4\ K^]�K FIH V H ] A�D ]
V�X�T Y Vb_ \�H T Y�é \ k é O � L FIDEY V�RUK Y8HZY egTBV�T Y K ?GFIDEY V�TGN H L/V�TGRUK ? V D V�X H:é \qé�Y X�K \�H e i �5V�T Y
F ��R�X Y�?BD h H ]�V D RUK ? RU� ? K^V H O

�9K Y N H ��L H N i _�a^KML�N H ]�P�V8]�K^V H L H V�K ? OBe�è�O � X/_ Y O [ e�a DE? O¹�e \ OQ¸M¼ � l ºM¹M¹ � O

¹ �+� ]�] D ]�KML�K ? _ Y T Y

P DEFIH V�T FIHZY TBV�T Y T FI\�D ]�V�KML/V�V D:DMi V�KMTGL H ]�] D ] i K^] Y�A�D ]�V�X H�H L H ]�dET HZY egTGL/V H L Y TBV�T HZY KML�N
D V�X H ]��gV�] HZY � ? V Y O'W�X H ] H K^] H a^K^]�T D � Y�FIH V�X D N Y�A�D ] H ]�] D ]�KML�K ? _ Y T Y O'W�X H4F KMR�] Dí�S6K¶Å·N�N=I3N�X e�h�X�TGR�X�T Y K \ K^]�V DMA V�X�T Y+\ KMR��^K^d H e�� Y8HZY���D L/V H�� J+K^] ?BD�Y T F � ? K^V H N�N�K^V�K
Y8H V Y V D:\�H ] A�D ] FÁH ]�] D ]�KML�K ? _ Y T Y O � V Y KMN5a^KML/V�K^d H9D a H ] D V�X H ] FIH V�X D N Y T Y V�X�K^V�TBV
h D ]�� Y h HZ?G? h�TBV�X Y V8] D L5d ? _�R D ]�] HZ? K^V H N \ K^]�K FIH V H ] Y O C�D h H a H ]Ze�N�� H V D V�X H L�K^V��5] H�DMA
V�X H.FIH V�X D N�e�TBV�T Y ]�K^V�X H ] Y�?BD h4O

W�X H4F KMR�] D T Y R D L/V�KMTGL H N�TGL�V�X H � ?BH í�S6K¶Å·N�N Q S ��æ e�h�X�TGR�X�_ D ��RUKML ?BD KMN H TBV�X H ]
F KML���K ?G? _ D ]ZegT A _ D � \g? KML�V D � Y8H TBV�] H dE� ? K^] ? _Me5RUKML i�H R DM\ T H N�V D V�X H Ç#|�I3N
Å·N=I$Q�O%Þ3xVN%O�X9A�DE? N H ]Ze A ] DEF h�X H ] H TBV ?BD KMN Y KM�5V DEF K^V�TGRUK ?G? _MO cHUA�D ] H ]���L�L�TGL5d.V�X H
F KMR�] D egX D h H a H ]Zeg_ D � Y X D � ? N�d H L H ]�K^V H K��gV�RU�5]�a H V�X�K^V�] HU\ ] HZY8H L/V Y V�X H.FIH K Y �5] H N
Y8\�H R�V8]�� F K Y h HZ?G? K Y�\�DEY�Y T ig?BH O � V F TBdEX/V i�H L H R HZY�Y K^]�_�V D V HZFI\�D ]�K^]�T ? _�] HZ?BH K Y8H
Y8DEFIH.? TGL5� H N D ]�� ~SH N \ K^]�K FIH V H ] Y�D ] H a H L�KMN�N�L H h \�H K^� Y OQW�X H TGN H K�X H ] H T Y V D
R�] H K^V H KIV HZFI\g? K^V H�A�D ]�V�X H4Y8\�H R�V8]�� F e5V�X�K^V�] HU\ ] HZY8H L/V Y K ?G? TBV Y�A�H K^V��5] HZY�i �5V�T Y�A ] HUH
DMA'Y V�K^V�T Y V�TGRUK ? L D T Y8H O >�A V H ]�d H L H ]�K^V�TGL5d Y ��R�X�K��gVUe5Vb_ \�H4D L�V�X H R DEF:F KML�N ? TGL HMÿ
N�� \g? TGRUK^V H�u®D N�e�L D T Y8HZ?BHZY�Y
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>�A V H ]�V�X�T Y eS] H a H ]�V i KMR���V D _ D �5] D ]�TBdETGL�K ? �gV Y8H V8V�TGL5d Y.� ] HZFID a H.H�~ V8]�K \�H K^� Y�H V�R^O �
KML�N�]���L�K9�gV D L�R H OQW�X H L Y V�K^]�V í�S6K¶Å·N�N=I3N�X O � V�V�K^� HZY�D L H4\ K^]�K FIH V H ]Ze GW}�I$I��bX.� V�X H
L�� F.i�H ] DMA'��D L/V H�� J+K^] ?BD�Y8\�H R�V8]�KIV D d H L H ]�K^V H.A ] DEF V�X H V HZFI\g? K^V H KML�N��gVUO � V�V�X H L
RUK ? RU� ? K^V HZY�Y V�KML�N�K^]�N�N H aSTGK^V�T D L Y�DMA V�X HHGW}�I$I��bX a^K ? � HZY+DMA¦H KMR�X��gV \ K^]�K FIH V H ]Ze Y8D
� Y8H _ D �5] D h�L�M���N5d HZFIH L/V DMA X D h F KML/_�a^K ? � HZY K^] H.Y K^V�T Y8A KMR�V D ]�_MO � L�d H L H ]�K ? e
L ?BD�DM\gY�Y X D � ? N�L é V i�H � jM¼�O �-A V�X H.F KMR�] D V�K^� HZY V D�D�?BD L5dIV D ]���L�eS_ D ��RUKML�TGL�R�] H K Y8HV�X H R D L/a H ]�d H L�R�_ ? T F TBV Y8DEFIH h�X�K^VUe�]���L�L�TGL5d À]O@K6x!� O
>�A V H ]@����TBV H KIh�X�T ?BH e5KIV�K ig?BH T Y d H L H ]�K^V H N�h�TBV�X H ]�] D ] i K^] Y4��Y V�KML�N�K^]�N�N H aSTGK^V�T D L YÏ�
A�D ] H KMR�X \ K^]�K FIH V H ]ZO � L�KMN�N�TBV�T D L�eSTGL�V�X H.? K Y V�R DE? � F L�V�X H ] H T Y K:R D�H L�RUT H L/V
Y X D h�TGL5dIX D h F KML/_�V�T FIHZY T Y V�X H�H ]�] D ] DMA V�X H�\�H K^��K^] H K ? K^]�d H ]�V�X�KML�V�X H4Y ����K^] H
] D�D V DMA V�X H K^] H KSOQ� D ]@h HZ?G?Û� N H ��L H N Y TGL5d ?BH�\�H K^� Y e5V�X�T Y�Y X D � ? N i�H R ?BDEY8H V D l e
h�X H ] H K Y�Y V8] D L5d ? _ D a H ] ? K \�\ TGL5d \�H K^� Y�D ] \�H K^� Y h�TBV�X�X�TBdEX i KMR���dM] D ��L�N�RUKML�X�KZa H
����TBV H4? K^]�d H R D�H L�RUT H L/V Y O�P F K ?G?�\�H K^� Y h�X�TGR�X�K^] H.? TGL5� H N i _ D V�X H ] \ K^]�K FIH V H ] Y
��Y ��R�X�K Y h�TGN5V�X YÏ� V D�Y V8] D L5d H ] \�H K^� Y egRUKML�X�KZa H V�X�T Y+\ K^]�K FIH V H ] ?BHZY�Y V�X�KML l O

>�\�\�H L�N�T ~

W�X H�A�D ] F � ? K A�D ]�V�X H4� J �+Y X�K \�H�é \qé T YUÿ

Î�Ä �3Ö � �¡ � � Ð � l ï4£ � � � ï � �   �@� � » Ðd�(Î4» Õ � » � � � � # � j8� �  !L Õ � � � ��� � j8� � � ï � �   �@� � Ðd�(Î4» Õ � �8� eh�X H ] H

� � � �  !L Õ � �(Î4» Õ Ð j
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