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5HFHLYHG�6HSWHPEHU���������
&H���GRSHG�\WWULXP�EURPLGH�VFLQWLOODWLRQ�FU\VWDOV�ZLWK�WKH�DFWLYDWRU�FRQFHQWUDWLRQ������

�� DQG� ��PRO����� KDYH� EHHQ� JURZQ� E\� %ULGJPDQ�6WRFNEDUJHU�PHWKRG�� 7KH� UDGLROXPLQHV�
FHQFH�VSHFWUD�RI�WKHVH�PDWHULDOV� LQFOXGH�DV\PPHWULF�EDQG�ZLWK�WKH�PD[LPXP�DW�����QP�
7KLV� EDQG� FRQVLVWV� RI� WZR� RYHUODSSLQJ� EDQGV�ZLWK� WKH�PD[LPD� DW� ���� DQG� ���� QP��7KH
VFLQWLOODWLRQ�SXOVH�GHFD\�FXUYHV�IRU�WKH�REWDLQHG�PDWHULDO�PD\�PH�DSSUR[LPDWHO\�GHVFULEHG
E\�WZR�FRPSRQHQWV�ZLWK�WKH�GHFD\�FRQVWDQWV����DQG�����QV�DQG�WKH�IUDFWLRQ�RI�WKH�IDVWHU
FRPSRQHQW�LV�������7KH�GHSHQGHQFH�RI�WKH�OLJKW�\LHOG�RI�WKH�VWXGLHG�PDWHULDO�DJDLQVW�&H��
FRQFHQWUDWLRQ�DFKLHYHV�PD[LPXP�DW���PRO���RI�&H����ZKHUH� WKH� OLJKW�\LHOG� LV������YV�
1D,�7O��DSSUR[LPDWHO\��������SKRWRQV�SHU�0H9��
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���,QWURGXFWLRQ
&H���GRSHG� UDUH� HDUWK� KDOLGHV� DWWUDFW

FRQVLGHUDEOH�DWWHQWLRQ�RI�PDWHULDO�VFLHQWLVWV
VLQFH�EHJLQQLQJ�RI�WKH���VW�FHQWXU\�>�@��7KH
GLVFRYHU\�RI�QHZ�/D&O��&H���DQG�/D%U��&H��EULJKW� VFLQWLOODWRUV� SURPRWHG� DQ� LQWHQVLYH
VHDUFK�IRU�VLPLODU�KLJK�HIILFLHQW�FRPSRXQGV
>����@�� 6XFK� LQYHVWLJDWLRQV� UHVXOW� LQ� GLVFRY�
HU\� RI� &H���GRSHG� JDGROLQLXP� >�Ü�@�
SUDVHRGLPLXP� >�@� DQG� OXWHWLXP� >����@� KDO�
LGHV� DQG� VHYHUDO� FRPSRXQGV� GHPRQVWUDWHG
WKH� VFLQWLOODWLRQ� FKDUDFWHULVWLFV� H[FHHGLQJ
WKRVH� IRU� VXFK� FRPPRQ� VFLQWLOODWRUV� DV
1D,�7O� RU�&V,�7O�� 7KH� GRSHG� LRGLGHV� �H[FOXG�
LQJ�/D,��&H����SRVVHVV�KLJKHU�OLJKW�\LHOG�YDO�

XHV�FRPSDULQJ�ZLWK�WKH�FRUUHVSRQGLQJ�FKOR�
ULGHV� DQG� EURPLGHV� DQG� VRPHWLPHV� WKLV� SD�
UDPHWHU�DSSURDFKHV� WR���������SKRWRQV�SHU
0H9� >�@��+RZHYHU��WKH�URXWLQH�V\QWKHVLV�RI
KLJK�SXUH� UDUH� HDUWK� LRGLGHV� LV� H[WUHPHO\
GLIILFXOW�� LW� LQFOXGHV� WKH� GLUHFW� V\QWKHVLV
DQG� YDFXXP� GLVWLOODWLRQ� RI� WKH� REWDLQHG� LR�
GLGH� >�@�� 'XH� WR� WKLV� UHDVRQ�� &H���GRSHG
UDUH�HDUWK�FKORULGHV�DQG�EURPLGHV�PD\�EH�RI
LQWHUHVW� IRU�PDWHULDO� VFLHQWLVWV�� EXW�SURSHU�
WLHV� RI� HDFK� QHZ� PDWHULDO� FDQ� QRW� EH� SUH�
GLFWHG� DQG� WKHLU� SUDFWLFDO� VWXG\LQJ� LV
QHHGHG�

7KH�SXUSRVH�RI�WKLV�ZRUN� LV�WR�VWXG\� OX�
PLQHVFHQFH� DQG� VFLQWLOODWLRQ� SURSHUWLHV� RI

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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&H���GRSHG�<%U�� ZKLFK� SURSHUWLHV� ZHUH� QRWVWXGLHG�\HW�
���([SHULPHQWDO

<%U�� ZDV� REWDLQHG� E\� GLVVROXWLRQ� RI� DZHLJKW� RI� <�2�� ���������� LQ� FRQFHQWUDWHG
DTXHRXV�+%U� RI� UHDJHQW� TXDOLW\� WDNHQ� ZLWK
WKH�H[FHVV�RI������6HSDUDWHO\�WKH�DPRXQW�RI
&H2�� ������ ��� SURYLGLQJ� FRQFHQWUDWLRQ� RI
&H���LQ�WKH�ILQDO�FU\VWDO�HTXDO�WR��������DQG
�� PRO��� ZDV� GLVVROYHG� LQ� +%U� XQGHU� WKH
KHDWLQJ�
�&H2�p����+%U�o��&H%U����%U�n����+�2� ���

7KH�VROXWLRQV�ZHUH�PL[HG�DQG�WKH�ZHLJKW
RI�DPPRQLXP�EURPLGH����������FRUUHVSRQG�
LQJ�WR�1+�%U�<%U��PRODU�UDWLR�QRW�OHVV�WKDQ
�� ZDV� DGGHG� WR� WKH� VROXWLRQ� RI� UDUH� HDUWK
EURPLGHV�� 7KHQ� WKLV� PL[WXUH� ZDV� GULHG� LQ
DLU�DW����Ü����&��FUXVKHG�DQG�GULHG�LQ�YDF�
XXP��Sd���3D��DW�VORZ�LQFUHDVH�RI�WHPSHUD�
WXUH� IURP� ���� WR� ����&� ZLWK� ��K� VWRS� DW
����&��7KH�REWDLQHG�<%U��&H���ZDV�SODFHG�LQTXDUW]�DPSRXOH�RI����PP�GLDPHWHU��PHOWHG
DQG� NHSW� IRU� D� GD\� LQ� YDFXXP� �Sd���3D��
7KH� FU\VWDOV� ZHUH� JURZQ� E\� %ULGJPDQ�
6WRFNEDUJHU�PHWKRG��WKH�WHPSHUDWXUH�DW�WKH
GLDSKUDJP�ZDV�����&��WHPSHUDWXUH�JUDGLHQW
ZDV� �� �&�FP� DQG� WKH� UDWH� RI� WKH� DPSRXOH
GHVFHQW�ZDV������PP�K��7KH�REWDLQHG�LQJRW
ZDV� FRROHG� WR� WKH� URRP� WHPSHUDWXUH� ZLWK
WKH� UDWH� RI� ��&�K�� 7KHQ� WKH� LQJRW� ZDV� FXW
DQG� WKH� GHWHFWRUV� RI� ��� PP� GLDPHWHU� DQG
��PP�KHLJKW�ZHUH�SUHSDUHG�

5DGLROXPLQHVFHQFH�VSHFWUD�ZHUH�UHFRUGHG
XQGHU����$P�VRXUFH�H[FLWDWLRQ��J�������NH9�
ZLWK� WKH� XVH� RI� 0'5���� PRQRFKURPDWRU�
7KH� SXOVH�KHLJKW� VSHFWUD� ZHUH� REWDLQHG
XQGHU����&V��J������NH9��DQG����$P�LUUDGLD�
WLRQ� DQG� UHJLVWHUHG�XVLQJ�307�+DPDPDWVX
5�����

7KH� VFLQWLOODWLRQ� SXOVH� VKDSHV� RI
<%U��&H��� GHWHFWRUV� ZHUH� REWDLQHG� E\� GH�OD\HG�FRLQFLGHQFH� PHWKRG� >��@�� 7ZR� ����%
�(OHFWURQ�7XEHV�/WG���SKRWRPXOWLSOLHUV�ZHUH
XVHG� IRU� WKH� GHWHFWLRQ� VFLQWLOODWLRQ� SKRWRQV
ERWK� LQ� �VWDUW�� DQG� LQ� �VWRS�� FKDQQHOV� RI
WKH� RSWLFDO� SDUW� RI� WKH� VHW�XS�� 'HWHFWRUV
ZHUH� LUUDGLDWHG� E\� JDPPD� SKRWRQV� RI� D
���(X� UDGLRQXFOLGH� VRXUFH� �J�� ���� �����
���� NH9��� 7KH� SKRWRPXOWLSOLHU� LQ
WKH��VWDUW�� FKDQQHO� ZDV� XVHG� WR� JLYH� WKH
]HUR�WLPH� VLJQDO�� ,W� ZDV� SODFHG� LQ� RSWLFDO
FRQWDFW�ZLWK�WKH�VFLQWLOODWRU��$�VFLQWLOODWLRQ
SXOVH�ZDV�DWWHQXDWHG�E\�D�GLDSKUDJP�WR�VLQ�
JOH�SKRWRQ�PRGH�DQG�LW�ZDV�GHWHFWHG�E\�WKH
SKRWRPXOWLSOLHU� WR� JHQHUDWH� GHOD\HG� WLPLQJ
VLJQDO�LQ�WKH��VWRS��FKDQQHO��

���5HVXOWV�DQG�GLVFXVVLRQ
6LQFH� \WWULXP� EURPLGH� FU\VWDOV� DUH� UH�

IHUUHG� WR� OD\HUHG� PDWHULDOV�� WKH� JURZWK� RI
SHUIHFW� VLQJOH� FU\VWDOV� LV� YHU\� FRPSOLFDWHG�
$OWKRXJK� WKH� JURZWK� DQG� FRROLQJ� URXWLQH
ZDV� WRR� FRQWLQXRXV� ����Ü����K��� LW� GLG�QRW
SURYLGH� KLJK� TXDOLW\� RI� WKH� JURZQ� FU\VWDO�
%HFDXVH�RI�WKLV�UHDVRQ�VRPH�SDUDPHWHUV��H�J��
HQHUJ\�UHVROXWLRQ��FDQ�QRW�EH�PHDVXUHG�

5DGLROXPLQHVFHQFH� VSHFWUXP� RI� &H���
GRSHG�<%U��UHFRUGHG�DW�URRP�WHPSHUDWXUH�LV
SUHVHQWHG� LQ�)LJ����� ,Q� WKLV� VSHFWUXP� WKHUH
LV�RQO\�RQH�DV\PPHWULF�EDQG�ZLWK�WKH�PD[L�
PXP�SODFHG�DW������H9������QP���7KLV�EDQG
FDQ�EH�GLYLGHG�LQ�FRPSRQHQWV�FRUUHVSRQGLQJ
WR� WUDQVLWLRQ� IURP� �G� OHYHO� WR� �� OHYHOV� RI
JURXQG� VWDWH� RI� &H��� Û� �)���� DQG� �)���ZLWK� PD[LPD� SODFHG� DW� ����� H9� ����� QP�
DQG������H9������QP��

7R�REWDLQ� LQIRUPDWLRQ�DERXW�FRPSRVLWLRQ
RI�WKH�VFLQWLOODWLRQ�SXOVH�RI�<%U��&H���PDWH�
ULDO� WKH� FXUYHV� RI� VFLQWLOODWLRQ� SXOVH� GHFD\
ZHUH� REWDLQHG� �)LJ������ 7KH\� DUH� GHVFULEHG
E\� WZR� FRPSRQHQWV� IRU� ERWK� PDWHULDOV� DF�
FRUGLQJ�WR�WKH�IROORZLQJ�HTXDWLRQ�

,�W�� �,����§©$�H[S�W�e�W����$�H[S�W�e�W��·¹�� ���
ZKHUH�,��DQG�,�W��DUH�WKH�LQLWLDO�DQG�FXUUHQWLQWHQVLWLHV�RI�WKH�VFLQWLOODWLRQ�SXOVH��W�LV�WKH
WLPH��$��DQG�$��DUH�WKH� LQLWLDO� IUDFWLRQV�RIIDVW� DQG� VORZ� FRPSRQHQWV� LQ� WKH� VFLQWLOOD�
WLRQ� SXOVH�� UHVSHFWLYHO\�� DQG� W�� DQG� W�� DUHWKH�GHFD\�FRQVWDQWV�RI�IDVW�DQG�VORZ�FRPSR�
QHQWV���

7KH� IDVW� FRPSRQHQW� RI� WKH� VFLQWLOODWLRQ
SXOVH�RI�<%U��&H���LV�FKDUDFWHUL]HG�E\����QVGHFD\�FRQVWDQW�DQG�LWV�IUDFWLRQ�LV�������7KH

)LJ����� 7KH� UDGLROXPLQHVFHQFH� VSHFWUXP� RI
<%U����PRO���&H��� DW� ����.� REWDLQHG� XQGHU
���$P� LUUDGLDWLRQ� ���� DQG� LWV� DSSUR[LPDWLRQ
�FXUYH� ���� /LQHV� �� DQG� �� SUHVHQW� FRPSRQHQWV
FRUUHVSRQGLQJ�WR��GÜ�I�WUDQVLWLRQV�LQ�&H���LRQ�

9�/�&KHUJLQHWV�HW�DO����6WXG\�RI�VFLQWLOODWLRQ����
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GHFD\� FRQVWDQW� RI� WKH� VORZ� FRPSRQHQW� LV
����QV��6R��ZH�FDQ�FRQFOXGH�WKDW�<%U��&H��LV�UHIHUUHG�WR�IDVW�VFLQWLOODWRUV�

7KH� OLJKW� \LHOG� RI� WKH� REWDLQHG�PDWHULDO
LV�HVWLPDWHG�RQ�WKH�EDVLV�RI�WKH�SXOVH�KHLJKW
VSHFWUD�UHFRUGHG�XQGHU����$P�DQG����&V�H[�
FLWDWLRQ�� WKH� H[DPSOHV� DUH� SUHVHQWHG� LQ
)LJ�����$V�VHHQ��WKH�OLJKW�\LHOG�RI�<%U��&H��PDWHULDOV� LV� HVVHQWLDOO\� ORZHU� WKDQ� WKDW� RI
1D,�7O��,W�LV�RI�LQWHUHVW�WR�WUDFH�WKH�HIIHFW�RI
&H���FRQFHQWUDWLRQ�RQ�WKH�OLJKW�\LHOG�RI�WKH
REWDLQHG� PDWHULDOV�� 6XFK� GHSHQGHQFHV� DUH
SUHVHQWHG�LQ�)LJ����

$V� LW� LV� NQRZQ�� GLIIHUHQW�&H���DFWLYDWHG
UDUH� HDUWK�EDVHG� KDOLGH� VFLQWLOODWRUV� DUH
NQRZQ�WR�SRVVHVV�PD[LPDO�OLJKW�\LHOG�YDOXHV
LQ� WKH� DFWLYDWRU� FRQFHQWUDWLRQ� UDQJH� IURP
���� WR� VHYHUDO� PRO���� 7KHUHIRUH�� LW� LV
HQRXJK� WR� REWDLQ� �Ü�� SRLQWV� LQ� RUGHU� WR
KDYH� LPDJLQDWLRQ� DERXW� WKH�GHYHORSPHQW� RI
VFLQWLOODWLRQ� SDUDPHWHUV� ZLWK� WKH� DFWLYDWRU
FRQFHQWUDWLRQ�� ,Q� RXU� FDVH� �� SRLQWV� IRU
<%U��&H��� DOORZ� WR� FOHDU� XS� WKLV� TXHVWLRQ�7KH�OLJKW�\LHOG�RI�&H�GRSHG�\WWULXP�EURPLGH
DFKLHYHV�PD[LPXP�DW�FRQFHQWUDWLRQ�RI�&H��
QHDU���PRO����7KH�PD[LPDO�HVWLPDWHG�YDOXH
RI�WKH�OLJKW�\LHOG�LV�������a�������SKRWRQV
SHU� 0H9��� ,Q� )LJ���� ZH� FDQ� VHH� XVXDO� IRU
DFWLYDWHG�PDWHULDO�VHFWLRQV�RI�WKH�FRQFHQWUD�
WLRQ�GHSHQGHQFH��,QLWLDO�JURZWK�RI�WKH�OLJKW
\LHOG� LV� FDXVHG� E\� LQFUHDVH� RI� OXPLQHVFHQFH
FHQWHUV�LQ�WKH�VFLQWLOODWRU�DQG��DW�FRQFHQWUD�
WLRQV�H[FHHGLQJ���PRO���WKH�OLJKW�\LHOG�GH�
FUHDVHV�RZLQJ�WR�FRQFHQWUDWLRQ�TXHQFKLQJ�RI
WKH� OXPLQHVFHQFH�� ZKLFK� LV� SURSHU� MXVW� IRU
DFWLYDWHG� VFLQWLOODWRUV�� ,Q� WKH� YLFLQLWLHV� RI

��PRO���RI�&H��� WKHUH� LV� D� SODWHDX��ZKHUH
ERWK�HIIHFWV�DUH�UHFLSURFDOO\�FRPSHQVDWHG�

&RQFHUQLQJ� WKH� OLJKW� \LHOG� RI� &H�GRSHG
\WWULXP�KDOLGHV� LW� VKRXOG�EH�QRWHG� WKDW� WKH
OLJKW�\LHOG�RI�<&O��&H���FDQ�EH�HVWLPDWHG�DV
������SKRWRQV�0H9�>��@�DQG�WKLV�YDOXHV�IRU
<,��&H���LV��������SKRWRQV�0H9�>�@��6R��WKH
VFLQWLOODWLRQ� SURSHUWLHV� RI�<%U��&H��� DUH� LQ�WHUPHGLDWH� EHWZHHQ� WKRVH� RI� WKH�PHQWLRQHG
KDOLGHV�� 3ULQFLSDOO\�� WKH� ULVH� RI� WKH� OLJKW
\LHOG� RI�&H�GRSHG� \WWULXP� KDOLGHV�ZLWK� WKH
LQFUHDVH�RI�DQLRQ�UDGLXV� LV� VXEMHFWHG� WR�WKH
FRPPRQ� UXOH� WKDW� WKH� OLJKW� \LHOG� LQFUHDVHV
ZLWK� WKH� GHFUHDVH� RI� WKH� EDQG� JDS� RI� WKH
VFLQWLOODWRU��ZKLFK�GHFUHDVHV�LQ��&O±%U±,��VH�
TXHQFH�

���&RQFOXVLRQV
7KLV� ZRUN� UHSRUWHG� DERXW� JURZWK

<%U��&H��� FU\VWDOV� ZLWK� GLIIHUHQW� DFWLYDWRUFRQFHQWUDWLRQV�� 7KH� FU\VWDOV� GHPRQVWUDWHG

)LJ�����7KH�VFLQWLOODWLRQ�SXOVH�GHFD\�FXUYH�RI
<%U����PRO���&H���UHFRUGHG�XQGHU����(X�J�H[�
FLWDWLRQ� ���� EODFN��� WKH� IDVW� FRPSRQHQW� ���
GDVKHG��$�� �������W�� ����QV���WKH�VORZ�FRP�
SRQHQW�����OLJKW�JUH\��$�� �������W�� �����QV�GHYLDWLRQ�RI�FDOFXODWHG�FXUYH�IURP�WKH�H[SHUL�
PHQWDO�RQH�����JUH\��

)LJ����� 7KH� GHSHQGHQFHV� RI� OLJKW� \LHOG� RI
<%U��&H���YV��&H���FRQFHQWUDWLRQ�LQ�WKH�FKDUJH�([FLWDWLRQ�VRXUFHV�DUH����$P�����DQG����&V�����

)LJ�����7KH�SXOVH�KHLJKW�VSHFWUD�RI�<%U��&H��FU\VWDOV� FRQWDLQLQJ� ���� ����� �� ���� DQG� �� ���
PRO���RI�DFWLYDWRU�LQ�FRPSDULVRQ�ZLWK�VWDQG�
DUG�VDPSOH�RI�1D,�7O�����

9�/�&KHUJLQHWV�HW�DO����6WXG\�RI�VFLQWLOODWLRQ����

��� )XQFWLRQDO�PDWHULDOV�������������



W\SLFDO�OD\HUHG�VWUXFWXUH��7KH�UDGLROXPLQHV�
FHQFH� VSHFWUD� RI� WKH� PDWHULDOV� FRQWDLQ� RQH
DV\PPHWULF�EDQG�IRUPHG�E\�RYHUODSSLQJ�WZR
SHDNV�FRUUHVSRQGLQJ�WR��GÜ�I�WUDQVLWLRQV�LQ
FHULXP� LRQ�� 7KH� VFLQWLOODWLRQ� OLJKW� GHFD\
FXUYHV�DUH�GHVFULEHG�E\�WZR�FRPSRQHQWV�IRU
DOO� WKH� PDWHULDOV�� 7KH� GHFD\� SDUDPHWHUV� RI
<%U��&H��� VFLQWLOODWRUV� DUH� HVWLPDWHG�� 7KH
OLJKW� \LHOG� IRU� <%U��&H��� FU\VWDOV� ZHUH� GH�WHUPLQHG�� 7KH� FRQFHQWUDWLRQ� GHSHQGHQFH
SDVVHV�WKURXJK�WKH�PD[LPXP�DW���PRO���RI
&H��� DQG� WKH� UXQQLQJ� RI� WKH� GHSHQGHQFHV
FRUUHVSRQGV� WR� WKDW� IRU� DFWLYDWHG� VFLQWLOOD�
WLRQ�PDWHULDOV�

5HIHUHQFHV
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