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IRU� &H� GHWHUPLQDWLRQ� LQ� PLFURJUDPP� DPRXQWV� LQ� WKH� SUHVHQFH� RI� $O�� &D�� DQG� 6U� LQ
PDFURVFDOH�DPRXQWV��$�SURFHGXUH�KDV�EHHQ�GHYHORSHG�WR�GHWHUPLQH�FHULXP�LQ�FHULXP�GRSHG
OLWKLXP�FDOFLXP� DQG� OLWKLXP�VWURQWLXP� IOXRUR�DOXPLQDWHV� DW� WKH� VWDQGDUG� GHYLDWLRQ� QRW
H[FHHGLQJ������
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/L&D$O)�� DQG� /L6U$O)�� VLQJOH� FU\VWDOV� H[�KLELW� QXPHURXV� DGYDQWDJHV� HYLGHQFLQJ� D
JRRG� SURPLVH� IRU� DSSOLFDWLRQ� WKHUHRI� LQ
YDULRXV� VFLHQWLILF� DQG� HQJLQHHULQJ� ILHOGV�
7KH� PXOWL�FRPSRQHQW� FRPSRVLWLRQ� RI� WKRVH
PDWHULDOV�PDNHV�LW�SRVVLEOH�WR�YDU\�SXUSRVH�
IXOO\� WKH� SURSHUWLHV� WKHUHRI� E\� LQWURGXFLQJ
YDULRXV�DFWLYDWLQJ�DGGLWLYHV��7KH�UDUH�HDUWK
LRQV�� LQ� SDUWLFXODU�� FHULXP�� DUH� XVHG� PRVW
VXFFHVVIXOO\�DV�OXPLQHVFHQW�GRSDQWV�LQ�IOXR�
ULGHV�� 7KH� FHULXP�GRSHG� IOXRUR�DOXPLQDWHV
WDNH� WKH� ODVHU� SURSHUWLHV� >�@�� ,W� KDV� EHHQ
HVWDEOLVKHG� WKDW� D� VLPLODU� HPLVVLRQ� LQ� /L�
&D$O)��&H� DQG� /L6U$O)��&H� PD\� EH� FDXVHGQRW� E\� SKRWRQV� EXW� DOVR� E\� LRQL]LQJ� UDGLD�
WLRQ� >�@��7KH�PDWHULDO�KDV�EHHQ�IRXQG�WR�EH
RI�SURPLVH�DV�D�IDVW�VFLQWLOODWRU�IRU�ORZ�HQ�
HUJ\� UDGLDWLRQ�� 0RUHRYHU�� WKRVH� FU\VWDOV
SRVVHVV�WKH�GRVLPHWULF�SURSHUWLHV�DQG�FDQ�EH
XVHG�LQ�WKHUPROXPLQHVFHQFH�GRVLPHWHUV�>�@�

&KORURSKRVSKRQD]R� ,,,� �&3��� ����ELV���
FKORUR���SKRVSKRQREHQ]ROD]R�����GLK\GUR[\�
QDSKWDOHQH�����GLVXOIRQLF� DFLG�� LV� NQRZQ� WR
EH�D�UHDJHQW�XVHG�WR�GHWHUPLQH�D�QXPEHU�RI
HOHPHQWV�� LQFOXGLQJ� UDUH�HDUWK� �5(�� >�Ü�@
DQG� DONDOL�HDUWK� HOHPHQWV� �$(�� >����@�� ,Q� D

ZHDNO\� DFLGLF� PHGLXP�� FKORURSKRVSKRQD]R
,,,� IRUPV� ���� FRPSRVLWLRQ� JUHHQ�FRORUHG
FRPSOH[HV� �.� ���������� >��@��� ZLWK� FHULXP
VXEJURXS�5(��EOXH�FRORUHG�RQHV�ZLWK�$O�DQG
EOXH�JUHHQ�RQHV�ZLWK�$(�

:H� KDYH� VHOHFWHG� FKORURSKRVSKRQD]R� ,,,
DV�D�UHDJHQW�EHFDXVH�LWV�UHDFWLRQ�ZLWK�&H�,,,�
LV� FKDUDFWHUL]HG� E\� D� KLJK� VHQVLWLYLW\� DQG
FRQWUDVW�� 7KH� SUHVHQFH� RI� ±32�+�� JURXS� LQWKH� &3� PROHFXOH� SURYLGHV� LWV� DELOLW\� WR� LQ�
WHUDFW� ZLWK� FDWLRQV� LQ� VROXWLRQV� KDYLQJ� D
KLJKHU�DFLGLW\�DV�FRPSDUHG�WR�UHDJHQWV�FRQ�
WDLQLQJ� RWKHU� DQDO\WLFDO� JURXSV�� VXFK� DV� ±
$V2�+��LQ�DUVHQD]R��,,,��>��@��0RUHRYHU��WKHFRQWUDVW�RI�WKH�5(�LRQ�UHDFWLRQV�ZLWK�&3�LV
KLJKHU� WKDQ� LQ� WKRVH� ZLWK� WKH� ZLGHO\� XVHG
DUVHQD]R��,,,���WKDW�LV�GXH�WR�&O�LQWURGXFWLRQ
LQWR�WKH�S�SRVLWLRQ�ZLWK�UHVSHFW�WR�D]R�JURXS
LQ�WKH�UHDJHQW�PROHFXOH�>�@��7KH�UHDJHQW�VH�
OHFWLYLW\� LV� UHODWLYHO\� ORZ�� WKHUHIRUH�� ZKHQ
GHWHUPLQLQJ� WKH� PLFURJUDPP� DPRXQWV� RI
5(� LQ� WKH� SUHVHQFH� RI� PDFURVFDOH� DPRXQWV
RI�RWKHU�LRQV��WKH�FRPSRQHQW�WR�EH�DQDO\]HG
LV� XVXDOO\� VHSDUDWHG�� PRVW� RIWHQ� XVLQJ� H[�
WUDFWLRQ�SURFHGXUHV��7KH�VHSDUDWLRQ�PHWKRGV
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DUH� ODERULRXV� DQG� WLPH�FRQVXPLQJ� HQRXJK
>�����@�

7KH� DLP� RI� WKLV� ZRUN� LV� WR� VWXG\� WKH
FRPSOH[LQJ�FRQGLWLRQV�RI�&H�,,,���$O��&D��DQG
6U�ZLWK�FKORURSKRVSKRQD]R�,,,�DQG�WR�HODER�
UDWH� D� VLPSOH� DQG� VHQVLWLYH� PHWKRG� IRU� FH�
ULXP� GHWHUPLQDWLRQ� LQ� WKH� SUHVHQFH� RI
DERYH�PHQWLRQHG� HOHPHQWV� ZLWKRXW� SUHOLPL�
QDU\�VHSDUDWLRQ�

7KH� &H±&3� FRPSOH[� VSHFWUXP� FRQWDLQV
WZR�PD[LPD�DW�����DQG�����QP��VHH�)LJ�����
7KH�OLJKW�DEVRUSWLRQ�PD[LPD�RI�$(�&3�FRP�
SOH[HV� DW� S+�t��� DUH� ZLWKLQ� WKH� ���� WR
���� QP� UDQJH�� )RU� FKORURSKRVSKRQD]R� ,,,�
OPD[� ����� QP�� ZKLOH� LQ� DOXPLQXP� VSHF�WUXP�� WKHUH� LV� D� EURDG� PD[LPXP� DW� ���Ü
����QP�

,W�LV�VHHQ�LQ�)LJ����WKDW�SUHVHQWV�WKH�DEVRUS�
WLRQ�VSHFWUD�RI�&H�,,,���$O��&D��DQG�6U�FRPSOH[HV
ZLWK� FKORURSKRVSKRQD]R� ,,,� DW� S+� ������ WKH
LQFUHDVHG� DFLGLW\� RI� WKH� VROXWLRQ� UHVXOWV� LQ
GHFRPSRVLWLRQ� RI� &D� DQG� 6U� FRPSOH[� ZLWK
FKORURSKRVSKRQD]R�,,,�DQG�LQFUHDVHG�DEVRUS�
WLRQ� LQWHQVLW\� RI� WKH�&H�,,,�±&3� FRPSOH[� DW
ORQJHU�ZDYHOHQJWKV�� ,Q� WKLV�FDVH�� WKH� VHQVL�
WLYLW\� DQG� VHOHFWLYLW\� RI� WKH� UHDFWLRQ� LV� HQ�
KDQFHG�FRQVLGHUDEO\�

7KH�VWXG\�RI�WKH�FRPSOH[�DEVRUSWLRQ�GH�
SHQGHQFHV�RQ�WKH�DFLGLW\�KDV�VKRZQ�WKDW�DW
FHULXP�GHWHUPLQDWLRQ�� LW� LV� MXVW�WKH�S+����
WR� ���� LQWHUYDO� WKDW� LV� RSWLPXP�� :LWKLQ
WKDW� UDQJH�� WKH� &H±&3� DEVRUSWLRQ� DWWDLQV
LWV�PD[LPXP�ZKLOH� WKH� KLQGHULQJ� HIIHFW� RI
WKH� PDWUL[� HOHPHQWV� EHFRPHV� PLQLPL]HG�
$OXPLQXP�ZDV�PDVNHG�E\�VXOIRVDOLF\OLF�DFLG
DW� ����� 0� FRQFHQWUDWLRQ�� +RZHYHU�� RXU
VWXGLHV� KDYH� VKRZQ� WKDW� WKH� KLQGHULQJ� LQ�
IOXHQFH� RI� WKH� PDMRU� FRPSRQHQWV� RI� /L±&D
DQG� /L±6U� IOXRUR�DOXPLQDWHV� LV� QRW� HOLPL�
QDWHG�FRPSOHWHO\��EHFDXVH�WKH�PRODU�FRQFHQ�

WUDWLRQV� WKHUHRI� LQ� WKH� VROXWLRQ� WR� EH� DQD�
O\]HG� H[FHHGV� WKDW� RI� WKH� DFWLYDWLQJ�&H� E\
IRXU� RUGHUV� RI� PDJQLWXGH�� 7KHUHIRUH�� WR
SURYLGH� WKH� FRUUHFW� UHVXOWV�� ZH� KDYH� SUR�
SRVHG�WR�LQWURGXFH�WKH�PDWUL[�HOHPHQWV�LQWR
WKH� UHIHUHQFH� VROXWLRQ� ZKHQ�PHDVXULQJ� WKH
OLJKW� DEVRUSWLRQ� LQ� WKH� VROXWLRQ� XQGHU
DQDO\VLV��WKXV�HOLPLQDWLQJ�WKH�HIIHFW�WKHUHRI
RQ�WKH�FHULXP�GHWHUPLQDWLRQ�UHVXOW��7KH�UH�
DJHQW� H[FHVV� VKRXOG� EH� DW� D� IDFWRU� RI� ��
ZLWK�UHVSHFW�WR�FHULXP�FRQFHQWUDWLRQ�

7KH� OLJKW� DEVRUSWLRQ� LQ� WKH� VROXWLRQV� LV
LQ� SURSRUWLRQ� ZLWK� FHULXP� FRQFHQWUDWLRQ
ZLWKLQ� WKH� UDQJH� RI� ����� WR� ���� PJ�P/�
:KHQ� FRQVWUXFWLQJ� WKH� FDOLEUDWLRQ� SORWV�
$O����&D���RU�6U���VKRXOG�EH�LQWURGXFHG�LQWR
WKH� VROXWLRQV� DW� FRQFHQWUDWLRQV� VLPLODU� WR
WKH� FRQWHQW� RI� WKH� HOHPHQWV� LQ� WKH� VDPSOHV
WR� EH� VWXGLHG�� ,W� KDV� EHHQ� HVWDEOLVKHG� LQ
H[SHULPHQW� WKDW� WKH�YDULDWLRQ�RI� WKH�PDMRU
FRPSRQHQW� FRQFHQWUDWLRQV� ZLWKLQ� ��� WR

)LJ����� $EVRUSWLRQ� VSHFWUD� RI� FKORURSKRV�
SKRQD]R�,,,�DQG�LWV�FRPSOH[HV�ZLWK�&H�,,,���$O�
&D�� DQG�6U� DW� S+������ F�&3�� �����Ü��PRO�/�
F�&H�� �F�$O�� �F�&D��� �F�6U�� �����Ü��PRO�/�

)LJ����� $EVRUSWLRQ� VSHFWUD� RI� FKORURSKRV�
SKRQD]R�,,,�DQG�LWV�FRPSOH[HV�ZLWK�&H�,,,���$O�
&D�� DQG�6U� DW� S+������ F�&3�� �����Ü��PRO�/�
F�&H�� �F�$O�� �F�&D��� �F�6U�� �����Ü��PRO�/�

)LJ����� $EVRUSWLRQ� RI� &H�� $O�� &D�� DQG� 6U
FRPSOH[HV� ZLWK� FKORURSKRVSKRQD]R� ,,,� DV� D
IXQFWLRQ� RI� S+�� F�&3�� �������Ü��PRO�/�
F�&H�� ��������Ü�� PRO�/�� F�$O�� �F�&D�� 
F�6U�� �����Ü��PRO�/�
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��� �� �UHO��� GRHV� QRW� LQIOXHQFH� WKH� FHULXP
GHWHUPLQDWLRQ�

%DVLQJ� RQ� WKH� VWXGLHV�� SURFHGXUHV� KDYH
EHHQ�HODERUDWHG�IRU�FHULXP�GHWHUPLQDWLRQ�LQ
FHULXP�GRSHG�/L±&D� DQG�/L±6U� IOXRUR�DOXPL�
QDWHV�� 7R� VROXELOL]H� WKH� VDPSOHV�� SHUFKORULF
DFLG�LV�XVHG��)OXRULGH�WKDW�KLQGHUV�&H�GHWHU�
PLQDWLRQ� LV�UHPRYHG�E\�HYDSRUDWLRQ�WR�GU\�
QHVV�� 7KH� YDOLGLW\� RI� SURFHGXUHV� KDV� EHHQ
FRQILUPHG� E\� PHWURORJLFDO� FKDUDFWHULVWLFV
�7DEOH�����7DEOH���SUHVHQWV�WKH�FHULXP�GHWHU�
PLQDWLRQ� UHVXOWV� LQ� /L&D$O)��&H� DQG
/L6U$O)��&H� VDPSOHV�� 7KH� UHODWLYH� VWDQGDUGGHYLDWLRQ�GRHV�QRW�H[FHHG������
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3UHSDUDWLRQV�� 3URF��,5($�� ��QG� ,VVXH�� �
�������>LQ�5XVVLDQ@�
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� ���$�0�/XNLQ�� 7�9�&KHUQ\VKRYD�� %�9�=KDGDQRY�
*�9�=DYDULNKLQD�� LQ�� &KHPLFDO� 5HDJHQWV� DQG
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