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DEVRUSWLRQ�DQG�DWRPLF�HPLVVLRQ�VSHFWURPHWU\��&KHODWLQJ�UHV�

LQV� DUH� GLVWLQJXLVKHG� IURP�RUGLQDU\� W\SHV� RI� LRQ� H[FKDQJH

UHVLQV�E\�WKH�VHOHFWLYLWLHV�DQG�ILUPQHVV�ZLWK�ZKLFK�WKH\�ELQG

HOHPHQWV��7KH�VHOHFWLYH�SURSHUWLHV�RI�FKHODWLQJ�LRQ�H[FKDQJHU

IRU�SDUWLFXODU�PHWDO� LRQV�DUH�PDLQO\�EDVHG�RQ�WKH�QDWXUH�RI

WKH�IXQFWLRQDO�JURXS��PLQRU�H[WHQG�RQ�WKH�VL]H��FKDUJH��DQG

RWKHU�SK\VLFDO�SURSHUWLHV�RI�WKH�UHVLQ��

&RQIRUPLQJ�ZLWK�WKH�KDUG�DQG�VRIW�DFLGV�WKHRU\��WKH�IXQF�

WLRQDO� JURXS� FRQWDLQLQJ� 6� GRQRU� DWRPV� LQWHUDFWV� VWURQJO\

ZLWK�WKH�VRIW�DFLG��OLNH�KHDY\�PHWDOV��$PRQJ�WKHVH�JURXSV�

WKLROV��a�� GLWKLRFDUEDPDWH��� GLWKLR]RQH��� DQG� WKLRVHPLFDUE�

D]LGH��DUH�RI�SDUWLFXODU�LQWHUHVW��0XFK�KDV�EHHQ�UHSRUWHG�RQ

WKLV�WRSLF�DQG�UHFHQWO\�UHYLHZHG�E\�4X���'XROLWH�*7����DQG

6SKHURQ�7KLRO������EHDULQJ�WKLRO��6+��JURXSV�DUH�FRPPHU�

FLDOO\�DYDLODEOH�UHVLQV�HPSOR\HG�LQ� WKH�VHSDUDWLRQ�RI�KHDY\
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'XROLWH�*7���� LV�D�PDFUR�SRURXV� UHVLQ�EDVHG�RQ�D�FURVV

OLQNHG�SRO\VW\UHQH�PDWUL[��7KH� IXQFWLRQDOLW\�RI� WKH�UHVLQ� LV

SURYLGHG�PDLQO\�E\�WKH�WKLRO�JURXS��ZLWK�PLQRU�TXDQWLWLHV�RI

WKH�VXOIRQLF�DFLG�JURXS��,W�ZDV�GHYHORSHG�IRU�WKH�UHPRYDO�RI

PHUFXU\� IURP� ZDVWH� ZDWHU� E\� $OF]R� &KHPLFDOV� �1HWKHU�

ODQGV���DQG�UHFHQWO\�,JOHVLDV�HW�DO��XHVG�LW�WR�VHSDUDWH�SUHFLRXV

PHWDOV� RI� JROG� DQG� SDOODGLXP� IURP� GLOXWHG� OLTXRUV���� 7KH
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DQG� WKH� S+� ZDV� DGMXVWHG� WR� ���� E\� ����0� RI� 1D2+� DQG
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VXEVHTXHQW�VWXGLHV�ZHUH�FDUULHG�RXW�DW�WKH�IORZ�UDWH�RI�����

P/�PLQ�

7DEOH���VKRZV� WKH� VROXELOLW\�SURGXFWV���RI� WKH�PHWDO� VXO�

ILGHV�DQG� WKH�DGVRUSWLRQ�SHUFHQWV�DW� VHYHUDO�S+� OHYHOV��)RU

HDFK�PHWDO�LRQ�LQYHVWLJDWHG��WKH�DGVRUSWLRQ�SHUFHQW�LQFUHDVHV

ZLWK� LQFUHDVLQJ� S+�� UHDFKLQJ� D� PD[LPXP� DW� QHXWUDO� S+�

$J�,���&X�,,���DQG�3E�,,���ZKLFK�KDYH�D� ORZ�VROXELOLW\�SUR�

GXFW�� DUH� DGVRUEHG� FRPSOHWHO\� DW� S+� ����� 7KHUHIRUH�� WKHLU

UHODWLYH� DIILQLWLHV� WR� WKH� LRQV� FDQ�QRW� EH� FRPSDUHG��&G�,,��

ZKLFK� KDV� D� VROXELOLW\� SURGXFW� RI� ��−������ LV� FRPSOHWHO\

DGVRUEHG�DW�S+������

2Q� WKH� RWKHU� KDQG�� =Q�,,��� )H�,,,��� 0Q�,,�� DQG� $O�,,,��

ZKLFK�KDYH�D�ODUJHU�VROXELOLW\�SURGXFW�RI�PHWDO�VXOILGH�FRP�

SDUHG� ZLWK� $J�,��� &X�,,��� 3E�,,�� DQG� &G�,,��� VKRZ� ORZHU

DGVRUSWLRQ�SHUFHQWV����������DW�S+����7KH�DGVRUSWLRQ�SHU�

FHQWV�RI�=Q�,,���)H�,,,���0Q�,,��DQG�$O�,,,��DUH�DOVR�VPDOOHU�DW

S+����DOWKRXJK�PRUH�WKDQ�����RI�HDFK�LV�DGVRUEHG��,Q�WKLV

FDVH�� DGVRUSWLRQ�SHUFHQWV� DUH� QRW� SURSRUWLRQDO� WR� VROXELOLW\

SURGXFWV�� DQG� DIILQLWLHV� WR� =Q�,,�� DQG� $O�,,,�� GR� QRW� VKRZ

ODUJH�GLIIHUHQFHV��DOWKRXJK�WKHLU��ORJ�.VS�YDOXHV�GLIIHU�E\����

,W� VHHPV� WKDW� PLQRU� IXQFWLRQDO� JURXS� �VXOIRQLF� DFLG�� DOVR

SOD\V�DQ�LPSRUWDQW�UROH�LQ�WKH�DIILQLW\�RI�WKH�UHVLQ��ZKHQ�WKH

VROXELOLW\� SURGXFW� RI� PHWDO� VXOILGH� EHFRPH� ODUJH� �!��−����

7LWUDWLRQ�RI� WKH� UHVLQ�ZLWK�1D2+�VROXWLRQ� VKRZHG� WKDW� WKH

UHODWLYH�DPRXQW�RI�VXOIRQLF�DFLG�JURXS� WR� WKLRO� LV� OHVV� WKDQ

�����7KH�WULYDOHQW�LRQ�RI�$O�,,,��VKRZV�KLJKHU�DIILQLW\�WKDQ

GLYDOHQW�0Q�,,��DOWKRXJK�$O�,,,��KDV�D�ODUJHU�VROXELOLW\�SUR�

GXFW��EHFDXVH�WKH�WULYDOHQW�LRQ�RI�$O�,,,��KDV�D�KLJKHU�DIILQLW\
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7KH��ORJ�.VS�YDOXHV�RI�PHWDO�K\GUR[LGH�IRU�)H��0Q�DQG�$O

DUH� ������ ����� DQG� ������ UHVSHFWLYHO\�� 7KH� VROXELOLWLHV� RI

PHWDO� K\GUR[LGHV� DUH� FRPSDUDEOH� WR� RU�PXFK� VPDOOHU� WKDQ

WKRVH�RI�WKH�PHWDO�VXOILGHV�
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LWLHV�RI�WKH�LRQV�LV�WR�FRQGXFW�FROXPQ�EUHDNWKURXJK�VWXGLHV���

SSP�RI�PL[HG�VROXWLRQ�RI�VHYHQ�LRQV�ZHUH�LQWURGXFHG�WR�WKH
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LW\�SURGXFW�RI�=Q�DQG�$O�GLIIHU�E\�������7KLV�WHQGHQF\�LV�VLP�

LODU�ZLWK�WKH�DGVRUSWLRQ�SHUFHQW�VWXGLHV�VKRZQ�LQ�7DEOH����,Q

WKLV�FDVH��D�PLQRU�IXQFWLRQDO�JURXS��VXOIRQLF�DFLG��DOVR�SOD\V

D�UROH�LQ�WKH�DIILQLW\�IRU�WKH�UHVLQ��DQG�WKH�DIILQLW\�WR�WKH�VXO�

IRQLF� DFLG� GHFUHDVHV� LQ� WKH� RUGHU� RI�$O�,,,���1L�,,��� =Q�,,��

+RZHYHU��1L�,,���0Q�,,�� DQG� =Q�,,��� ZKLFK� KDYH� WKH� VDPH

FKDUJH� DQG� URXJKO\� VDPH� HIIHFWLYH� LRQLF� UDGLXV� ����� SP�

VKRZ� VLPLODU� EUHDNWKURXJK� FXUYHV�� $OVR�� WULYDOHQW� $O�,,,�

VKRZV� D� VLPLODU� EUHDNWKURXJK� FXUYH� DOWKRXJK� LW� KDV� WKH

VPDOOHVW�.VS�YDOXH�

)LJXUH���VKRZV�WKH�EUHDNWKURXJK�FXUYH�DW�S+����7KH�FXUYH

VKRZV� VLPLODU� EHKDYLRU� ZLWK� )LJXUH� �� H[FHSW� WKH� EUHDN�

WKURXJK�FDSDFLWLHV�RI� WKH� LRQV�DUH� LQFUHDVHG��&X�,,��KDV� WKH

ODUJHVW�EUHDNWKURXJK�FDSDFLW\��DQ�LQFUHDVH�IURP����WR����P/�

%UHDNWKURXJK� FDSDFLWLHV� IRU� 3E�� &G� DQG� =Q� DUH� DOVR

LQFUHDVHG�DERXW������1L�,,���0Q�,,���=Q�,,��DQG�$O�,,,��KDYH

VDPH�WKH�EUHDNWKURXJK�FDSDFLWLHV��7KHUHIRUH��LW�FDQ�EH�FRQ�

FOXGHG�WKDW�WKH�DIILQLW\�IRU�WKH�LRQV�RI�'XROLWH�*7����FKHODW�

LQJ�UHVLQ�GHSHQGV�PDLQO\�RQ�WKH�VROXELOLW\�SURGXFW�RI�PHWDO

VXOILGHV�ZKHQ�WKH�YDOXHV�DUH�VPDOO�����−�����$OVR��WKLV�VWXG\

VXJJHVWV�WKDW�WKH�LRQV�RI�ORZ�VROXELOLW\�SURGXFWV�RI�PHWDO�VXO�

ILGHV�� LQFOXGLQJ� ,Q�,,,�� �S.VS  ������� %L�,,,�� �S.VS  ������

&X�,���S.VS  �������+J�,���S.VS  �������+J�,,���S.VS  �����

DQG�RWKHUV��ZLOO�KDYH�KLJK�DIILQLW\�WR�WKH�LRQV��2Q�WKH�RWKHU

KDQG��ZKHQ�WKH�VROXELOLW\�SURGXFW�RI�PHWDO�VXOILGH�EHFRPHV

DV�ODUJH�DV���−���� WKH�DIILQLW\�WR�WKH�LRQV�GHFUHDVHV��DQG�WKH

PLQRU�IXQFWLRQDO�JURXS�RI�VXOIRQLF�DFLG�EHFRPH�PRUH�LPSRU�

WDQW�LQ�WKH�DIILQLW\�SKHQRPHQRQ��

$FNQRZOHGJPHQW� 7KH�DXWKRUV�ZLVK�WR�DFNQRZOHGJH�WKH
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