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GHSHQGHQFH�RI�GLHOHFWULF�FRQVWDQW�
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&DOFLXP�FRSSHU� WLWDQDWH� �&D����&X�����7L2��&&72�� LV� FKDUDFWHUL]HG� E\� KLJK� GLHOHFWULF
FRQVWDQW� YDOXHV� �RI� WKH� RUGHU� RI� ���� DW
�� N+]� IUHTXHQF\� IRU� FHUDPLF� VDPSOHV� >�@
DQG�WKLQ�ILOPV� >�@�DQG�XS� WR����� IRU�VLQJOH
FU\VWDOV�>�@��DQG�LV�RI�LQWHUHVW�LQ�WKH�ILHOG�RI
PDWHULDOV� IRU� FDSDFLWRUV�� 7KH�&&72� FU\VWDO
VWUXFWXUH� LV� FKDUDFWHUL]HG� E\� D� FHQWUDOO\
V\PPHWULFDO�FXELF�XQLW�FHOO��WKH�VSDFH�JURXS
,P��� D�� �����������c�� FRQWDLQLQJ� IRXU� IRU�
PXOD� XQLWV� $%2�� �$� �&D� DQG� &X�� %� �7L�>����@�� 7KH� 7L��� FDWLRQV� DUH� ORFDWHG� ZLWKLQ
R[\JHQ� RFWDKHGURQV� DWWDFKHG� WRJHWKHU� E\
YHUWLFHV� DQG� &D��� DQG� &X���� EHWZHHQ� WKH
RFWDKHGURQV� LQVLGH� RI� LFRVDKHGURQV�� 7KH
SHURYVNLWH�OLNH� VWUXFWXUH� RI� FDOFLXP�FRSSHU
WLWDQDWH�DOORZV�ERWK�LVRYDOHQW�DQG�KHWHURYD�
OHQW� VXEVWLWXWLRQV� LQ� WKH� SRVLWLRQV� RI� FDO�
FLXP��FRSSHU��$��DQG�WLWDQLXP��%��ZLWK�IRU�
PDWLRQ�RI�D�ZLGH�YDULHW\�RI�VROLG�VROXWLRQV�
7KHUH� DUH� IHZ� SXEOLFDWLRQV� UHODWHG� WR

SUHSDUDWLRQ� RQ� WKH� EDVLV� RI� FDOFLXP�FRSSHU
WLWDQDWH�� ,Q� SDUWLFXODU�� V\QWKHVHV� RI� FRP�

SRXQGV�LVRVWUXFWXUDO�WR�&&72�KDYH�EHHQ�UH�
SRUWHG� >����@� ZKHUH� WKH� $� VLWHV� RI� WKH
SHURYVNLWH� FU\VWDO� ODWWLFH� DUH� RFFXSLHG� E\
ELYDOHQW� FDWLRQV� �0����&X����7L2��� 0� �&G�6U��� WULYDOHQW�RQHV� �0���&X����7L2���0� �UDUH�HDUWK�FDWLRQV��RU�XQLYDOHQW�RQHV�ZLWK�VLPXOWD�
QHRXV�WLWDQLXP�VXEVWLWXWLRQ�LQ�WKH�%�VLWH�ZLWK
SHQWDYDOHQW�FDWLRQV� �1D&X����7L����0����2���0 �7D��1E��6E���/DWHU��QHZ�FRPSRXQGV�RQ�WKH
EDVLV�RI�&&72�ZHUH�REWDLQHG�XVLQJ�VXEVWLWX�
WLRQ� IRU� 7L�� ,Q� SDUWLFXODU�� WKH� HIIHFW� RI
�&D����&X�����7L2��GRSLQJ�ZLWK�QLRELXP��LURQ���WR���PRO�����>����@�DV�ZHOO�DV�ZLWK�QLFNHO
DQG� FREDOW� >�@� RQ� WKH� GLHOHFWULF� SURSHUWLHV
KDV� EHHQ� VWXGLHG�� 7KH� LQWURGXFWLRQ� RI� QLR�
ELXP� DQG� HVSHFLDOO\� RI� LURQ� LQWR� WKH� WLWD�
QLXP� SRVLWLRQ� UHVXOWV� LQ� UHGXFHG� GLHOHFWULF
FRQVWDQW� YDOXHV� RI�&&72�� 7KH� GRSLQJ�ZLWK
FREDOW� LQFUHDVHV� WKH� GLHOHFWULF� FRQVWDQW� XS
WR� �������� 7KH� REVHUYHG� GHSHQGHQFH� RI� GL�
HOHFWULF� SURSHUWLHV� RQ� WKH� GRSLQJ� HOHPHQW
QDWXUH� RIIHUV� D� SRVVLELOLW\� WR�GHYHORS�QRYHO
FHUDPLF�PDWHULDOV�RQ�WKH�EDVLV�RI�FDOFLXP�FRS�
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SHU� WLWDQDWH� VROLG� VROXWLRQV� KDYLQJ� LPSURYHG
HOHFWURSK\VLFDO� FKDUDFWHULVWLFV�� 7KLV� ZRUN� LV
DLPHG�DW�V\QWKHVLV�RI��&D����&X�������±�[���1[7L2��1� �%L�� /D�� V\VWHP� VROLG� VROXWLRQV� DQG� DW
WKH� VWXG\� RI� WKH� GRSDQW� FRQWHQW� RQ� WKH
SKDVH� FRPSRVLWLRQ� DQG� GLHOHFWULF� SURSHUWLHV
RI�WKH�V\QWKHVL]HG�VXEVWDQFHV�
7KH� VWRLFKLRPHWULF� UDWLRV� RI� LQLWLDO� FRP�

SRXQGV� UHTXLUHG� WR� IRUP� WKH� &&72� EDVHG
VROLG� VROXWLRQV� ZLWK� WULYDOHQW� VXEVWLWXHQWV
�1���� �ZKLFK� DUH� ELVPXWK� DQG� ODQWKDQXP
FDWLRQV�� ZHUH� FDOFXODWHG� DFFRUGLQJ� WR� WKH
IRUPXOD� �&D����&X�������±�[���1[7L2�� DVVXP�LQJ� WKDW� WKH� GRSLQJ� FDWLRQV� RFFXS\� WKH� $
SRVLWLRQ� LQ� WKH� $%2�� SHURYVNLWH�� FDOFLXPDQG�FRSSHU�FDWLRQV�EHLQJ�VXEVWLWXWHG�VLPXO�
WDQHRXVO\�� 7KH� SRO\FU\VWDO� VDPSOHV� RI
�&D����&X�������±�[���1[7L2�� �[� ������� ���������� IRU�%L� DQG�[� ������� ������ ����� IRU�/D�
ZHUH� SUHSDUHG� E\� VROLG� SKDVH� V\QWKHVLV
VWDUWLQJ�IURP�FDOFLXP�FDUERQDWH�&D&2��DQG&X2��7L2���/D�2���%L�2��R[LGHV��$OO� WKH� LQ�LWLDO�PDWHULDOV�ZHUH�RI�VSHFLDO�SXULW\�JUDGH�
7KH�EOHQGV�ZHUH�DQQHDOHG�LQ�DLU�DW�����r��&
IRU� �� K�� 5HSHDWHG� JULQGLQJ�DQQHDOLQJ� F\FOHV
ZHUH� FDUULHG� RXW� LI� QHFHVVDU\�� 7KH� RSWLPXP
V\QWKHVLV� FRQGLWLRQV� ZHUH� GHWHUPLQHG� EDVLQJ
RQ� WKHUPDO�DQDO\VLV�DQG�;�UD\� SKDVH� H[DPL�
QDWLRQ�� 7KH� GLIIHUHQWLDO� WKHUPDO� DQDO\VLV
�'7$��DQG� WKHUPRJUDYLPHWULF�DQDO\VLV� �7*�
ZHUH� FDUULHG� RXW� XVLQJ� DQ� 2'����� GHULYD�
WRJUDSK� �020�� LQ� DLU� ZLWKLQ� WKH� WHPSHUD�
WXUH�LQWHUYDO�RI����WR������&�DW�WKH�KHDWLQJ
UDWH�RI���GHJ�PLQ��7KH�;�UD\�SKDVH�VWXGLHV
ZHUH� FDUULHG� RXW� XVLQJ� D� 6,(0(16� '���
GLIIUDFWRPHWHU� �WKH� %UDJJ�%UHQWDQR� JHRPH�
WU\��&X�.D�HPLVVLRQ��O� ��������c��JUDSKLWHPRQRFKURPDWRU� LQ� WKH� GLIIUDFWHG�EHDP�� WKH
DQJXODU� UDQJH� ���d�Td������ WKH� VFDQ� VWHS
������� DFFXPXODWLRQ� WLPH� ��� V� LQ� HDFK
SRLQW���7KH�SKDVHV�ZHUH�LGHQWLILHG�E\�PHDQV
RI� 3')��� OLEUDU\� DQG� WKH� (9$� VHDUFK� V\V�
WHP� LQFOXGHG� LQ� WKH� GLIIUDFWRPHWHU� VRIW�
ZDUH�� 7KH� SKDVHV� ZHUH� DQDO\]HG� TXDQWLWD�
WLYHO\� DFFRUGLQJ� WR� WKH� 5LWWYHOG� PHWKRG
XVLQJ� WKH� )XOO3URI� SURJUDP�� )RU� HOHFWULFDO
PHDVXUHPHQWV�� VLOYHU� HOHFWURGHV� ZHUH� DS�
SOLHG� RQWR� ����PP� WKLFN� FHUDPLF� WDEOHWV� RI
���PP�LQ�GLDPHWHU��7KH�GLHOHFWULF�FRQVWDQW
ZDV� PHDVXUHG� XVLQJ� DQ� (���� XQLYHUVDO
EULGJH�DW���N+]�IUHTXHQF\�
7KH� &&72� SUHSDUDWLRQ� FRQGLWLRQV� KDYH

EHHQ� GHWHUPLQHG� SUHYLRXVO\� EDVLQJ� RQ� WKH
GLIIHUHQWLDO� WKHUPDO� DQDO\VLV� DQG� ;�UD\
SKDVH� H[DPLQDWLRQ� UHVXOWV� >��@�� 7KH� '7$
DQG�7*�FXUYHV�DUH�VLPLODU�WR�HDFK�RWKHU�IRU
EOHQGV� RI� &&72� DQG� WKRVH� RI�&&72� EDVHG
VROLG�VROXWLRQV��$W�����&��FDOFLXP�FDUERQDWH
GHFRPSRVLWLRQ� RFFXUV� DQG� DERYH� ����&�� D

FRPSRXQG� LVRVWUXFWXUDO� WR� WKH� FDOFLXP�FRS�
SHU�WLWDQDWH�LV�IRUPHG��7KH�WHPSHUDWXUH�LQ�
FUHDVH�DERYH������&�UHVXOWV� LQ�UHGXFWLRQ�RI
GLYDOHQW�FRSSHU�LQWR�XQLYDOHQW�RQH�DFFRUGLQJ
WR� WKH� UHDFWLRQ��&X2�o��&X�2���2�� DQG� LQWKH�PL[WXUH�PHOWLQJ�DW������&�
7KH�;�UD\�DQDO\VLV�RI�WKH�V\QWKHVL]HG�VROLG

VROXWLRQV��&D����&X�������±�[���%L[7L2���[� ������������ ����� �&&%72�� DQG� �&D����&X�������±�[���/D[7L2��[� ������������������ �&&/72�� FRQILUPV� WKH
IRUPDWLRQ� RI� FRPSRXQGV� KDYLQJ� WKH� FXELF
FU\VWDO� ODWWLFH� RI� FDOFLXP�FRSSHU� WLWDQDWH�
7KH� GLIIUDFWLRQ� SHDNV� FRUUHVSRQG� WR� WKH
E�F�F�� VWUXFWXUH� RI� WKH�,P�� VSDFH�JURXS�DF�
FRUGLQJ� WR� >�@�� $� VPDOO� DPRXQW� RI� &D7L2�LPSXULW\� KDV� EHHQ� UHYHDOHG� LQ� WKH� VWXGLHG
VDPSOHV� DORQJ� ZLWK� WKH� SULPDU\� SKDVH
&&%72�&&%72� �VHH� 7DEOH��� DQG� )LJ�����
7KH� FDOFLXP� WLWDQDWH� DPRXQW� LQFUHDVHV� LQ
SDUDOOHO�ZLWK�WKH�GRSDQW�FRQFHQWUDWLRQ�
7KH� &D7L2�� SUHVHQFH� LQ� WKH� UHDFWLRQSURGXFWV� HYLGHQFHV� WKDW� WKH� VROLG� VROXWLRQV

IRUPHG� FRQWDLQ� D� ORZHU� FDOFLXP� FRQFHQWUD�
WLRQ� WKDQ� WKH� LQLWLDO� UDZ�EOHQG�� WKXV�� WKHLU
FRPSRVLWLRQ�GRHV�QRW�DQVZHU�WR�WKH�IRUPXOD
�&D����&X�������±�[���1[7L2��DVVXPHG�LQLWLDOO\�%DVLQJ� RQ� WKH� TXDQWLWDWLYH� ;�UD\� SKDVH
DQDO\VLV� GDWD�� WKH� WUXH� FRPSRVLWLRQV� ZHUH
GHWHUPLQHG�IRU�WKH�IRUPHG�VROLG�VROXWLRQV�RI
FDOFLXP�FRSSHU� WLWDQDWH� GRSHG� ZLWK� ELVPXWK
DQG�ODQWKDQXP��&&172���VHH�7DEOH����
3URFHHGLQJ�IURP�WKH�VROLG�SKDVH�UHDFWLRQ
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)LJ����� ;�UD\� GLIIUDFWLRQ� SDWWHUQV� RI
�&D����&X�������±�[���1[7L2��VROLG�VROXWLRQV�
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WKH� WUXH� FRPSRVLWLRQV� RI� WKH� IRUPHG� VROLG
VROXWLRQV� ZHUH� GHWHUPLQHG� EDVLQJ� RQ� WKH
PDWHULDO� EDODQFH� HTXDWLRQ� ZLWK� SDUDPHWHUV
[��D�DQG�XQNQRZQ�\��N��P�
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ZKHUH�[� LV� WKH�1� �1� �%L��/D��PROH�IUDFWLRQ
LQ�WKH�LQLWLDO�UDZ�EOHQG��\��WKH�1�PROH�IUDF�
WLRQ� WKDW� LQ� WKH� IRUPHG� VROLG� VROXWLRQ�� N�
WKH�&D7L2��PROH�IUDFWLRQ��P��WKH�PROH�IUDF�WLRQ�RI�&X�DQG�&D�FRQWHQW�GHYLDWLRQ�EHWZHHQ
WKH�VROLG�VROXWLRQ�DQG�LQLWLDO�EOHQG���D�Ü�WKH
FRQWHQW� RI� WKH� VXEVWDQFH� LQ�SURGXFWV� RI� UH�
DFWLRQ�� 0ÜWKH� PROHFXODU� PDVV� RI� WKH� VXE�
VWDQFH� LQ�FRQVLGHUDWLRQ��7KH�FRPSRVLWLRQ�RI
WKH� IRUPHG� VROLG� VROXWLRQV� FRUUHVSRQGV� WR
IRUPXODV� SUHVHQWHG� LQ� WKH� ULJKW�KDQG� FRO�
XPQ� RI� 7DEOH���� 7KH�PRODU� IUDFWLRQ� RI� FDO�
FLXP� LQ� WKH� IRUPHG� VROLG� VROXWLRQV� RI� FDO�
FLXP�FRSSHU� WLWDQDWH� GRSHG� ZLWK� ELVPXWK
DQG� ODQWKDQXP� LV� VHHQ� WR� GHFUHDVH� DV� FRP�
SDUHG� WR� WKDW� LQ� WKH� UDZ� EOHQG�� ZKLOH� WKH
FRSSHU�PRODU� IUDFWLRQ� LQFUHDVHV�XS� WR������
WKRVH� RI� ELVPXWK� DQG� ODQWKDQXP� LQFUHDVH�
WRR�

7KH� FKDQJHV� LQ�&D����&X���� DQG� FDWLRQLF
YDFDQFLHV� DV� IXQFWLRQV� RI� ELVPXWK� ��� WR
���� PRO���� DQG� ODQWKDQXP� ��� WR
����� PRO���� DUH� SORWWHG� LQ� )LJ����� 7KH
SRLQWV� IRU� /D���&X�7L�2��� ZLWK� FRQWDLQLQJ��� PRO��� RI� ODQWKDQXP� >�@� DUH� VKRZQ� LQ
WKH�SORWV�� WRR��$V�WKH�WULYDOHQW�GRSDQW�FRQ�
FHQWUDWLRQ� ULVHV� IURP� �� WR� ��� PRO���� WKH
FDOFLXP� FRQWHQW� GHFUHDVHV� OLQHDUO\� IURP
���PRO���WR����WKDW�RI�FRSSHU�UHPDLQV�FRQ�
VWDQW� ���r�� PRO���� DQG� WKDW� RI� YDFDQFLHV
LQFUHDVHV�IURP�����WR�����PRO����7KH�WULYD�

OHQW� ELVPXWK� DQG� ODQWKDQXP� FDWLRQV� GLV�
SODFH�WKH�FDOFLXP�RQHV�RXW�RI�WKH�$�SRVLWLRQ
RI� WKH� &D����&X����7L2�� SHURYVNLWH� VWUXF�WXUH�� 7KH� LQWURGXFWLRQ� RI� WULYDOHQW� FDWLRQV
LQWR� WKH� GLYDOHQW� FDOFLXP� SRVLWLRQ� LV� D� KHW�
HURYDOHQW� VXEVWLWXWLRQ� DQG� UHVXOWV� LQ� IRUPD�
WLRQ�RI�FDWLRQLF�YDFDQFLHV�DFFRUGLQJ�WR�WKH�HOHF�
WULFDO�QHXWUDOLW\�HTXDWLRQ��&D��� ��1������ ���
EHLQJ� WKH� FDWLRQLF� YDFDQF\�� 7KH� FRPSRVLWLRQ
RI� VROLG� VROXWLRQV�EHLQJ� IRUPHG� LQ� WKLV� FDVH
GRHV�QRW�FRUUHVSRQG�WR�WKH�LQLWLDOO\�VXSSRVHG
IRUPXOD� �&D����&X�������±�[���1[� [��7L2�� EXWWR�&D����±�[��&X����1[� [��7L2�� ZKHUH�1� �%L�/D�� 7KH� SUHGRPLQDQW� VXEVWLWXWLRQ� RI� ELV�
PXWK� DQG� ODQWKDQXP� IRU� FDOFLXP� LQ� WKH� $

)LJ����� 'HSHQGHQFHV� RI� &D���� &X���� DQG� FDW�
LRQLF� YDFDQFLHV� FRQWHQWV� LQ� %L� DQG� /D� GRSHG
&&72� VROLG� VROXWLRQV�YHUVXV� WKH�GRSDQW� FRQ�
FHQWUDWLRQ�

7DEOH����3KDVH�FRPSRVLWLRQ�RI�UHDFWLRQ�SURGXFWV�RI��&D����&X�������±�[���1[7L2���&&172��IRUPDWLRQ
'RSDQW 'RSDQW

FRQWHQW��[�
&DOFXODWHG�FRPSRVLWLRQ
�EDVLQJ�RQ�UDZ�EOHQG�

3KDVH�FRPSRVLWLRQ�RI�UHDFWLRQ�SURGXFWV
�;�UD\�DQDO\VLV�����E\�PDVV
&&172 &D7L2�

%L ���� &D�����&X�����%L����7L2� ��� Ü
���� &D�����&X�����%L����7L2� ���� ���
���� &D�����&X�����%L���7L2� ���� ����

/D ���� &D�����&X�����/D����7L2� ���� ���
���� &D�����&X�����/D����7L2� ���� ���
���� &D�����&X�����/D����7L2� ���� ���
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SRVLWLRQ� RI� WKH� &&72� VWUXFWXUH� LV� GXH� WR
VLPLODU� YDOXHV� RI� LRQLF� UDGLL� RI� VDLG� HOH�
PHQWV�
7KH� SDUDPHWHU� D� RI� WKH� FXELF� XQLW� FHOO

KDV�EHHQ�FDOFXODWHG�IRU�DOO�WKH�&&172�FRP�
SRVLWLRQ� XVLQJ� WKH� 5LWWYHOG� PHWKRG�� )LJ���
VKRZV� WKH� GHSHQGHQFH� RI� SDUDPHWHU� D� IRU
&&%72� �OLQH� ��� DQG�&&/72� �OLQH� ��� RQ� WKH
ELVPXWK� DQG� ODQWKDQXP� FRQFHQWUDWLRQ�� UH�
VSHFWLYHO\�� 7KH� OLQHDU� GHSHQGHQFH� RI� WKH
XQLW�FHOO�SDUDPHWHUV�RQ�WKH�FRPSRVLWLRQ�DQ�
VZHUV� WR� WKH� 9HJDUG� UXOH�� WKXV� FRQILUPLQJ
DGGLWLRQDOO\� WKH� IRUPDWLRQ� RI� WKH� VXEVWLWX�
WLRQ� VROLG� VROXWLRQV� DQG� WKH� FRUUHFWQHVV� RI
WKH� FRPSRVLWLRQ� GHWHUPLQDWLRQ� WKHUHRI�� 7KH
SDUDPHWHU�D�RI�WKH�FXELF�XQLW�FHOO�LQFUHDVHV
VOLJKWO\�DV� WKH�GRSDQW�FRQWHQW�ULVHV�� WKLV� LV
H[SODLQHG� E\� WKH� VPDOO� VL]H� GLIIHUHQFH� EH�
WZHHQ�WKH�FDWLRQV�&D�;,,����������c���/D�;,,���������c�� DQG� %L��� ������c� ZKHQ� EHLQJ� H[�
WUDSRODWHG� WR� WKH� FRRUGLQDWLRQ� QXPEHU� ���
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