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7KH� FORVH� DWWHQWLRQ� RI� UHVHDUFKHUV� WR
FRPSRVLWHV� FRQWDLQLQJ� PDJQHWLF� QDQRSDUWL�
FOHV� LV� GXH� WR� WKH� IDFW� WKDW� WKRVH� SRVVHVV
VSHFLILF� SURSHUWLHV� WKDW� DUH� QRW� FKDUDF�
WHULVWLF� RI� D� VROLG� PDJQHWLF� PDWHULDO�� 7KH
GLIIHUHQFHV� REVHUYHG� LQ� WKHLU�&XULH� RU�1HHO
WHPSHUDWXUHV� UHDFK� KXQGUHGV� RI� GHJUHHV�
%HVLGHV�� WKH\�H[KLELW�D�QXPEHU�RI� VXFK�XQ�
XVXDO� SURSHUWLHV� DV� JLJDQWLF� PDJQHWRUHVLV�
WDQFH��DQRPDORXVO\�ODUJH�PDJQHWRFDORULF�HI�
IHFW��HWF��>�@�

7KH�PRGHUQ�PHGLFLQH�LV�NQRZQ�WR�HPSOR\
PDJQHWLF�PHGLFDO� SUHSDUDWLRQV� RQ� WKH� EDVLV
RI� PDJQHWLWH� LQFOXGLQJ�� IRU� H[DPSOH�� UD�
GLRRSDTXH�FRQWUDVW�DJHQWV��7KXV��%HOLNRY�HW
DO�� >�@� GHVFULEHG� D� UDGLRRSDTXH� FRQWUDVW
DJHQW� FRQWDLQLQJ�PDJQHWLWH� LQ� D� OLTXLG� FDU�
ULHU�� QDPHO\�� WHWUDGHFDQH�� ,Q� >�@�� DQ� DTXH�
RXV�FROORLGDO�VROXWLRQ�RI�PDJQHWLWH�KDV�EHHQ
SURSRVHG� DV� DQ� HIILFDFLRXV� KDHPRVWDWLF
DJHQW� ZKLFK� LV� DOVR� XVHG� WR� YLVXDOL]H� ELR�
ORJLF� WLVVXHV� WKDW� LQFOXGH� DSRIHUULWLQ� �SUR�
WHLQ� VKHOO� RI� IHUULWLQ�� ZLWK�PDJQHWLWH� FU\V�
WDOV�LQ�LWV�SRUHV�

$PRQJ� SURPLVLQJ� GHYHORSPHQW� ILHOGV� RI
PDJQHWLF� PDWHULDOV� ZLWK� H[WHQGHG� VXUIDFH�
WKHUH� LV� SUHSHUDWLRQ� RI� VRUEHQWV� >�@� DV�ZHOO
DV� PDJQHWRVHQVLWLYH� QDQRFRPSRVLWHV� IRU� D
JXLGHG� WUDQVSRUW� RI� PHGLFDO� DJHQWV� >�Ü�@�
0DJQHWLF�WKHUDSHXWLF�IRUPV�PD\�FRQWDLQ�QR

SKDUPDFHXWLFDO�VXEVWDQFH��ZLWK�WKH�FXUDWLYH
HIIHFW� SURGXFHG� LQ� VXFK� D� FDVH� UHVXOWLQJ
IURP�WKH�DFWLRQ�RI�D�FRQVWDQW�PDJQHWLF�ILHOG
�ZKRVH� VRXUFH� LV� D� PDJQHWLF� WKHUDSHXWLF
IRUP� E\� LWVHOI�� RU� RI� DQ� H[WHUQDO� KLJK�IUH�
TXHQF\� PDJQHWLF� ILHOG�� 7RSLFDO� DQG� XUJHQW
GHYHORSPHQW� WDVNV� LQ� WKH� PRGHUQ� SKDUPD�
FHXWLFV� >��Ü��@� LQFOXGH� SUHSDUDWLRQ� RI� FRP�
ELQHG�PHGLFDO�DJHQWV�IRU�GLDJQRVWLFV�DQG�WKHU�
DS\�WKDW�DUH�HIIHFWLYH�DW�D�FHOO�OHYHO�DQG�WKDW
DUH�EDVHG�RQ�PDJQHWLF�FDUULHUV��$�JUHDW�DWWHQ�
WLRQ�RI�UHVHDUFKHUV�LV�DOVR�DWWUDFWHG�E\�SRVVL�
ELOLW\�RI�FUHDWLQJ�QDQRFRPSRVLWHV�IRU�YLUDO�GH�
FRQWDPLQDWLRQ�RI�GRQRU�EORRG�DQG�SODVPD��

%\� YDU\LQJ� VL]HV�� VKDSH�� FRPSRVLWLRQ�
DQG�VWUXFWXUH�RI�QDQRSDUWLFOHV��LW�LV�SRVVLEOH
WR� FRQWURO�ZLWKLQ� VRPH� OLPLWV� WKH�PDJQHWLF
FKDUDFWHULVWLFV� RI� FRPSRVLWHV�� +RZHYHU�
VXFK�D�FRQWURO�LV�QRW�DOZD\V�SRVVLEOH�GXULQJ
WKH�V\QWKHVLV�RI�QDQRSDUWLFOHV��VR�WKDW�SURS�
HUWLHV� RI� HYHQ� VLQJOH�W\SH� PDWHULDOV� PD\
YDU\� FRQVLGHUDEO\�� ,Q� SDUWLFXODU�� WKH� PDJ�
QHWLF� FKDUDFWHULVWLFV� RI� IHUURPDJQHWLFV� GH�
SHQG� KHDYLO\� RQ� WKH� VL]H� RI� SDUWLFOHV� IRUP�
LQJ�WKHLU�VWUXFWXUH��

,Q�YLHZ�RI�WKH�DERYH�VWDWHG��WKLV�ZRUN�LV
DLPHG� DW� GHYHORSPHQW� RI� D� SURFHGXUH� IRU
V\QWKHVL]LQJ� D� QDQRGLPHQVLRQDO� PDJQHWLWH
ZLWK� D� SUH�VSHFLILHG� SDUWLFOH� VL]H� GLVWULEX�
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WLRQ��LQ�SDUWLFXODU��ZLWK�D�QDUURZ�VLQJOH�GR�
PDLQ�RQH��

:KHQ�PDJQHWLWH�LV�XVHG�IRU�PHGLFDO�SXU�
SRVHV�� LWV� QDQRSDUWLFOHV� PXVW� FRPSO\� ZLWK
WKH� IROORZLQJ� UHTXLUHPHQWV�� 7KH� SDUWLFOH
VL]H� VKRXOG� QRW� H[FHHG� DERXW� ��� QP� �IRU
SDUWLFOHV�WR�EH�DEOH�WR�JR�WKURXJK�FDSLOODULHV
ZLWKRXW�FDXVLQJ�HPEROL]DWLRQ���WKH�SDUWLFOHV
VKRXOG� SRVVHVV� DQ� DGHTXDWH� PDJQHWLF� ILHOG
VHQVLWLYLW\� �L�H��� KDYH� D� VXIILFLHQWO\� KLJK
PDJQHWLF�PRPHQW�� LQ� WHFKQLFDOO\� DWWDLQDEOH
ILHOG�UDQJH�IRU�KDQGOLQJ�WKH�SDUWLFOHV�LQ�WKH
EORRG�IORZ�DW�LWV�SK\VLRORJLF�SDUDPHWHUV��,Q
WKH� FDVH� RI� PDJQHWLF� QDQRSDUWLFOHV�� WKLV
YDOXH� FRLQFLGHV� ZLWK� D� WKHRUHWLFDO� HVWLPDWH
RI� WKH� VPDOOHVW�PDJQHWLF� GRPDLQ� VL]H� IRU� D
ODUJH�PDMRULW\� RI�PDJQHWLF�PDWHULDOV�� ,W� LV
WR�QRWH�KHUH� WKDW�PDJQHWLWH�SDUWLFOHV� LQ� LWV
VLQJOH�GRPDLQ� VWDWH� SRVVHVV� WKH� KLJKHVW� FR�
HUFLYH� IRUFH�� (VWLPDWLRQV� VKRZ� WKDW� DW
����.��WKH�VL]H�RI�D�VSKHULFDO�VLQJOH�GRPDLQ
PDJQHWLWH� SDUWLFOH� LV� DERXW� ��� QP� >�@�� WKH
FDUULHUV�VKRXOG�EH�DEOH�WR�FDUU\�D�QHFHVVDU\
VHW�RI�FKHPRWKHUDSHXWLFDO�DJHQWV�� WKH�SKDU�
PDFHXWLFDO� VXEVWDQFH� DGPLQLVWUDWHG� VKRXOG
RFFXS\�DQ� HVVHQWLDO� SDUW� RI� WKH�SUHSDUDWLRQ
YROXPH��WKH�RUJDQLVP�WUHDWHG�VKRXOG�QRW�EH
RYHUORDGHG� ZLWK� D� PDJQHWLF� PDWHULDO�� WKH
VXUIDFH� SURSHUWLHV� RI� FDUULHUV� VKRXOG� SUR�
YLGH� IRU� D� PD[LPDO� ELRFRPSDWLELOLW\� DQG
PLQLPDO� DQWLJHQLFLW\�� DIWHU� SHUIRUPLQJ
WKHLU� IXQFWLRQV�� WKH�PDJQHWLF� FDUULHUV� XVHG
VKRXOG� XQGHUJR� ELRGHJUDGDWLRQ�� ZLWK� WKH
GHJUDGDWLRQ�SURGXFWV�EHLQJ�UHDGLO\�UHPRYHG
RXW�RI�DQ�RUJDQLVP�RU�EHLQJ�QRWHG�IRU�WKHLU
PLQLPDO�WR[LFLW\�

7KH� PDJQHWLWH� V\QWKHVLV� SURFHGXUH
VKRXOG� SURYLGH� WKH�PDWHULDO� LQ� WKH� IRUP�RI
SDUWLFOHV�RI�VSHFLILHG�VL]H�DQG�VKDSH��LQ�DQ\
FDVH��WKH�GLVWULEXWLRQ�RI�VL]HV�VKRXOG�QRW�EH
FRQVLGHUDEOH�DQG�EH�FRQWUROODEOH�E\�WKH�V\Q�
WKHVLV�FRQGLWLRQV���7KH�PRVW�FRPPRQO\�XVHG
PHWKRG�IRU�V\QWKHVL]LQJ�PDJQHWLWH�QDQRSDU�
WLFOHV�LV�WKH�FKHPLFDO�FRQGHQVDWLRQ�SURSRVHG
E\� (OPRUH� >��@�� 7KH� PHWKRG� FRQVLVWV� LQ� D
UDSLG� QHXWUDOL]DWLRQ� RI� VDOWV� RI� EL�� DQG� WUL�
YDOHQW�LURQ�ZLWK�DQ�H[FHVV�RI�DONDOL�RU�DTXH�
RXV� DPPRQLD�� ,Q� RUGHU� WR� SURGXFH� KLJKO\
GLVSHUVHG�SUHFLSLWDWH��LW�LV�QHFHVVDU\�WR�SUR�
YLGH� FRQGLWLRQV� IRU� LQWHQVH� QXFOHDWLRQ�� 7R
WKDW� HQG�� VXSHUVDWXUDWHG� VROXWLRQV� RI� VDOWV
FDQ� EH� XVHG� DQG� HYHQ� PHOWV� RI� WKHLU� ORZ�
PHOWLQJ�FU\VWDOOLQH�K\GUDWHV�>��@��7KH�SDUWL�
FOH�JURZWK�UDWH�DW� WKH�QXFOHDWLRQ�VWDJH�FDQ
EH�ORZHUHG�DQG�DGMXVWHG�E\�GHFUHDVLQJ�FU\V�
WDOOL]DWLRQ� WHPSHUDWXUH��ZKLFK�SURYLGHV� WKH
DWWDLQLQJ�DQG�PDLQWDLQLQJ�DV� ORQJ�DV�SRVVL�
EOH� D� VXEVWDQWLDO� VXSHUVDWXUDWLRQ� LQ� VHSD�
UDWH� ORFDO� KHWHURJHQHRXV� UHJLRQV� RI� D� VROX�

WLRQ�� ZKLFK�� LQ� LWV� WXUQ�� UHVXOWV� LQ� IRUPD�
WLRQ� RI� QXPHURXV� FU\VWDOOL]DWLRQ� VLWHV��$Q\
ORFDO�VXSHUVDWXUDWLRQ�DW�WKH�QXFOHXV�JURZWK
VWDJH�FDQ�EH�SUHYHQWHG�E\�D�SURSHU�VWLUULQJ
RI� VROXWLRQV�� ,Q� VXFK� D� FDVH�� WKHUH� DUH� QR
FRQGLWLRQV� IRU� IRUPDWLRQ� RI� QHZ� QXFOHL�
ZKLFK�PDNHV� LW� SRVVLEOH� WR� REWDLQ� SDUWLFOHV
ZLWK� D� QDUURZ� VL]H� GLVWULEXWLRQ�� WR� FRQWURO
WKHLU�VL]H�DQG��WKHUHE\��WR�LQFUHDVH�WKH�\LHOG
RI�VLQJOH�GRPDLQ�PDJQHWLWH�SDUWLFOHV�

7KH�PDLQ�SDUDPHWHUV�WKDW�GHILQH�WKH�ILQ�
LVKHG�SURGXFW�SURSHUWLHV� DUH� FRQFHQWUDWLRQV
RI� VWDUWLQJ� VDOWV� DQG�SUHFLSLWDWLQJ� DJHQW�DV
ZHOO� DV� WKH� V\QWKHVLV� WHPSHUDWXUH� DQG� WKH
PL[LQJ�UDWH�RI�VROXWLRQV��7KH�ODWWHU�SDUDPH�
WHU� RI� WKH� KHWHURJHQHRXV� V\QWKHVLV� LV� WKH
OHDVW� DPHQDEOH� WR� FRQWURO�� ZKLOH� LW� LV� RI� D
JUHDW�LPSRUWDQFH�LQ�GHILQLQJ�WKH�FRQFHQWUD�
WLRQ�JUDGLHQWV�RI�VWDUWLQJ�VDOWV� LQ�WKH�UHDF�
WLRQ�]RQH�GXULQJ�WKH�IRUPDWLRQ�RI�PDJQHWLWH
QXFOHL�DQG�WKHLU�VXEVHTXHQW�JURZWK��,Q�IDFW�
ZKHQ� WZR� FRQFHQWUDWHG� VROXWLRQV� RI� PL[�
WXUHV� RI� GLIIHUHQW� YDOHQFH� LURQ� VDOWV� DQG
SUHFLSLWDWLQJ�DJHQW��DPPRQLD��DUH�PL[HG�UH�
VXOWLQJ�LQ�DSSHDUDQFH�DQG�JURZWK�RI�QXFOHL�
WKH�UHDFWLRQ�RI� LQVROXEOH�SURGXFW� IRUPDWLRQ
SURFHHGV�DW� LQWHUIDFHV�RI�WZR�OLTXLG�SKDVHV�
7KH� QXPEHU� RI� D� QHZ�SKDVH� QXFOHL� DQG� WKH
VWUXFWXUH� RI� WKH� IRUPHG� FU\VWDOV�GHSHQG�RQ
FRQFHQWUDWLRQ� JUDGLHQWV� RI� WKH� VWDUWLQJ
VDOWV�� 7R� SUHVHW� DQG� PRQLWRU� WKH� GHVLUHG
FRQFHQWUDWLRQ�JUDGLHQW�RI�VWDUWLQJ�FRQVWLWX�
HQWV� DV� ZHOO� DV� WR� PDLQWDLQ� LW� FRQVWDQW� LQ
WKH�VROXWLRQ� IRU�D� FHUWDLQ�SHULRG�RI� WLPH� LV
D�UDWKHU�GLIILFXOW�WHFKQRORJLFDO�WDVN��'XULQJ
WKH� PL[WXUH� VWLUULQJ� DQG� IRUPDWLRQ� RI� WKH
UHDFWLRQ� SURGXFWV�� WKH� FRQFHQWUDWLRQV� RI
VWDUWLQJ� FRQVWLWXHQWV� LQ� WKH� QHDUHVW� VXU�
URXQGLQJ� RI� WKH� UHDFWLRQ� SURGXFW� GHFUHDVH
�GRZQ� WR� WKH� HTXLOLEULXP� YDOXHV� FKDUDF�
WHULVWLF� RI� WKH� VSHFLILHG� WHPSHUDWXUH� DQG
FRQFHQWUDWLRQV� DW� WKH� KHWHURJHQHRXV� LQWHU�
IDFH� VDWXUDWHG� VROXWLRQ�VROLG� PDJQHWLWH��
WKXV� UHVXOWLQJ� LQ� FHVVDWLRQ� RI� QHZ� QXFOHL
IRUPDWLRQ� DQG� LQ� JURZWK� RQVHW� RI� VHSDUDWH
SDUWLFOHV�XQGHU�FRQGLWLRQV�PRUH�FORVH�WR�WKH
HTXLOLEULXP�RQHV��7R� VHW� UDWKHU� VHYHUH� FRQ�
GLWLRQV�RI�V\QWKHVLV�DQG�WR�LQFUHDVH�FRQFHQ�
WUDWLRQV�RI�VDOWV�LQ�WKH�LQLWLDO�DTXHRXV�VROX�
WLRQ�� VRPH� UHVHDUFKHUV� >��@� UHVRUW� HYHQ� WR
LQFUHDVLQJ� RI� WKH� V\QWKHVLV� WHPSHUDWXUH� XS
WR�����.��PHOWLQJ�SRLQW�IRU�WKH�FU\VWDO�K\�
GUDWH��� ,Q� WKLV� FDVH�� WKH� QXFOHDWLRQ� DQG
JURZWK� RI� FU\VWDOV� SURFHHG� LQ� FRQGLWLRQV
WKDW�YDU\�LQ�WKH�FRXUVH�RI�RQH�DQG�WKH�VDPH
V\QWKHVLV�� 7KH� PDWHULDO� SUHSDUHG� LQ� WKLV
ZD\� LV� QRWHG� IRU� D� FRQVLGHUDEOH� VFDWWHU� LQ
LWV�PDLQ� SDUDPHWHUV� �SDUWLFOH� VL]H� GLVWULEX�
WLRQ�� GHJUHH� RI� FU\VWDOOLQLW\�� SK\VLFDO� FKDU�
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DFWHULVWLFV���7R�DWWDLQ� WKH�SXUSRVH� VSHFLILHG
DERYH�� LW� LV� QHFHVVDU\� WR�PDLQWDLQ� FRQVWDQW
YDOXHV� RI� WKH� DSSURSULDWH� WHPSHUDWXUH� DQG
FRQFHQWUDWLRQ� JUDGLHQW� RI� FRQVWLWXHQWV� LQ
WKH�UHDFWLRQ�]RQH�

7KH� DERYH�VWDWHG� FRQGLWLRQV� QHFHVVDU\� WR
SURYLGH� D� VWDEOH� SUHGLFWDEOH� UHVXOW� PD\� EH
UHDOL]HG� LQ� WKH� KHWHURJHQHRXV� V\QWKHVLV� RI
PDJQHWLWH� DW� LQWHUIDFHV� RI� D� VROLG� SKDVH
�IUR]HQ� VROXWLRQ� RI� VDOWV�� DQG� OLTXLG� SKDVH
�H[FHVV�RI�DPPRQLD�VROXWLRQ�DW�D�IL[HG�FRQ�
FHQWUDWLRQ��� 'XULQJ� WKH�PHOWLQJ� RI� WKH� VDOW
VROXWLRQ�� LW� LV� SRVVLEOH� WR� PDLQWDLQ� D� FRQ�
VWDQW��DV�D�ILUVW�DSSUR[LPDWLRQ��FRQFHQWUDWLRQ
JUDGLHQW�DW�WKH�WKLQ�SKDVH�LQWHUIDFH�OD\HU��2Q
WKH�RQH�KDQG��WKHUH�LV�DQ�H[FHVV�RI�DPPRQLD
VROXWLRQ�� ZKLOH� RQ� WKH� RWKHU� KDQG�� WKH� VROLG
SKDVH�PHOWLQJ�SURYLGHV�D�VROXWLRQ�ZLWK�D�SUH�
VSHFLILHG� FRQVWDQW� FRQFHQWUDWLRQ� RI� UHDFWLRQ
FRPSRQHQWV�ZKLFK�LV�LQYROYHG�LQ�WKH�UHDFWLRQ�
,Q� FRQWUDVW� WR� WKH� KHWHURJHQHRXV� V\QWKHVLV�
WKH� JURZWK� RI� QDQRSDUWLFOHV� VWRSV� DW� VRPH
GLVWDQFH�IURP�WKH�IUR]HQ�VDOW�VROXWLRQ�VXUIDFH
GXH� WR�WKH�HVVHQWLDO�DEVHQFH�RI�WKH� LURQ�VDOW�
7KLV�PDNHV�LW�SRVVLEOH�WR�SUHYHQW�DQ\�XQFRQ�
WUROOHG�JURZWK�RI�WKH�IRUPHG�SDUWLFOHV�DQG�WR
SUHVHUYH�WKHLU�SULPDU\�VL]H�

7KH�HQGRWKHUPLF�SURFHVV�RI�WKH�VDOW�VROX�
WLRQ�PHOWLQJ�XQGHU�WKH�VROLG�l� OLTXLG�HTXL�
OLEULXP� FRQGLWLRQV� SURYLGHV� WKH� FRQVWDQW
WHPSHUDWXUH� LQ�WKH�UHDFWLRQ�]RQH��WKXV�SUR�
PRWLQJ�IRUPDWLRQ�RI�QDQRGLPHQVLRQDO�SDUWL�
FOHV�ZLWK�D�FORVH�VL]H�GLVWULEXWLRQ��,W�LV�DOVR
HYLGHQW�WKDW�WKH�ORZ�WHPSHUDWXUH�RI�WKH�UH�
DFWLYH� VXVSHQVLRQ� LQKLELWV� DQ\� DJJUHJDWLRQ
RI� QHDU�FULWLFDO�QXFOHL� DQG� WKHLU� VXEVHTXHQW
UHFU\VWDOOL]DWLRQ�WKDW�ZRXOG�UHVXOW�LQ�IRUPD�
WLRQ�RI�ODUJH�SDUWLFOHV�ZLWK�XQGHVLUHG�VWUXF�
WXUL]DWLRQ�

$V� WR� WKH� WKH� UHDFWRU� �)LJ����� GHVLJQ�� LW
FRQVLVWV�RI�D�EHDNHU�����FRQWDLQLQJ�DPPRQLD
VROXWLRQ�����DQG�D�IOXRURSODVWLF�URG�����ZLWK�D
IUR]HQ� F\OLQGHU� RI� WKH� VDOW� VROXWLRQ� ���� RI� D
FHUWDLQ�FRPSRVLWLRQ�DW�RQH�HQG�LPPHUVHG�LQWR
WKH� DPPRQLDF� VROXWLRQ� ZKLOH� WKH� URG� VHFRQG
HQG� LV� IDVWHQHG� WR� WKH� URWRU� RI� D�PRWRU� ����
7KH�PDJQHWLWH�����IRUPHG�GXH�WR�WKH�UHDFWLRQ
LV�SUHFLSLWDWHG�DW�WKH�EHDNHU�ERWWRP�

0DJQHWLWH�QDQRSDUWLFOHV�ZHUH�V\QWKHVL]HG
DV�GHVFULEHG�ORZHU��,URQ�VXOIDWH�)H62���+�2ZDV� GLVVROYHG� LQ� WKH� PLQLPDO� DPRXQW� RI
ZDWHU�������J�SHU�����J�+�2�DW�����.���7KHVWRLFKLRPHWULF�DPRXQW�RI�IHUULF�FKORULGH�ZDV
KHDWHG�XS� WR�����.�DQG�SRXUHG�XQGHU�VWLU�
ULQJ�LQWR�WKH�SUHYLRXV�VROXWLRQ��7KH�PL[WXUH
REWDLQHG�ZDV�D�FRQFHQWUDWHG�VROXWLRQ�RI�LURQ
VDOWV��$���7KHQ��VRPH�DPRXQW�RI�VROXWLRQ�$
DQG�ZDWHU�DW�D�FHUWDLQ�UDWLR�LQ�D�WKLQ�SODVWLF
EHDNHU�ZDV�FRROHG�GRZQ�WR�D�WHPSHUDWXUH�E\
DERXW� ��� .� ORZHU� WKDQ� WKH� FU\VWDOOL]DWLRQ
SRLQW�RI�WKH�PL[WXUH�DW�WKH�SUHVHW�FRPSRVL�
WLRQ� �)LJ�����GDVKHG� OLQH���7KH�GHVLUHG� FRRO�
LQJ�ZDV�DWWDLQHG�ZLWK�WKH�KHOS�RI�URG��� �RI
D� ORZ� WKHUPDO� FRQGXFWDQFH�� LQVHUWHG� LQWR
WKH�SODVWLF�EHDNHU��$IWHU�IUHH]LQJ��WKH�SODV�
WLF� EHDNHU� ZDV� UHPRYHG� E\� KHDWLQJ� LW� LQ� D
ZDWHU� EDWK�� 7KH� URG� ��ZDV� DWWDFKHG� WR� WKH
PRWRU� URWRU� DQG� WKHQ� WKH� IUR]HQ� VDOW� VROX�
WLRQ� F\OLQGHU� ZDV� LPPHUVHG� LQWR� DPPRQLD
VROXWLRQ� RI� DQ� DSSURSULDWH� FRQFHQWUDWLRQ�
7KH�URWDWLRQ�VSHHG�ZDV�DERXW�����USP��7KH
F\OLQGHU� WKDZLQJ� UHVXOWHG� LQ� IRUPDWLRQ� RI
WKH� VDOW� VROXWLRQ� RI� D� SUH�VSHFLILHG� FRQFHQ�
WUDWLRQ�WKDW�UHDFWHG�ZLWK�WKH�DPPRQLD�VROX�
WLRQ� WR� IRUP� D� KLJKO\� GLVSHUVH� PDJQHWLWH�

)LJ�����'HSHQGHQFH�RI�IUHH]LQJ�WHPSHUDWXUH�7
RI�WKH��VDOW�VROXWLRQ�$�RQ�ZDWHU�YROXPH�IUDF�
WLRQ�t+�2�

)LJ����� %ORFN� GLDJUDP� RI� D� VHWXS� IRU� FU\R�
JHQLF�V\QWKHVLV�RI�PRQRGRPDLQ�PDJQHWLWH�
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7KH�PDJQHWLWH�ZDV�SUHFLSLWDWHG�XVLQJ�D�FRQ�
VWDQW� PDJQHWLF� ILHOG� DQG� WKHQ� WKH� VROXWLRQ
ZDV� GHFDQWHG�� 7KH� PDJQHWLWH� SUHFLSLWDWH
ZDV� UHSHDWHGO\� ZDVKHG� WR� UHPRYH� DOO� WKH
DQLRQV�SUHVHQW�LQ�WKH�VROXWLRQ�

)ROORZLQJ�WKH�DERYH�GHVFULEHG�SURFHGXUH�
ZH�KDYH�SUHSDUHG�VDPSOHV�RI� VSKHULFDO�SDU�
WLFOHV� RI� FU\VWDOOLQH�PDJQHWLWH��7KH� VSHFLILF
VXUIDFH� DUHD� RI� WKH� GULHG� SRZGHU�PHDVXUHG
E\�WKH�DUJRQ�DGVRUSWLRQ�PHWKRG�ZDV�ZLWKLQ
WKH� LQWHUYDO� RI� ��Ü����P�JÜ�� �)LJ������ 'H�
SHQGLQJ� RQ� WKH� V\QWKHVLV� FRQGLWLRQV�� WKH
SDUWLFOH� VL]H� ZHUH� ZLWKLQ� OLPLWV� RI� �� WR
���QP�� WKH�SDUWLFOHV�ZHUH�QRWHG� IRU� D�YHU\
QDUURZ�VL]H�GLVWULEXWLRQ��)LJ������

:H� KDYH� DOVR� GHWHUPLQHG� WKH� FRQGLWLRQV
QHFHVVDU\�WR�SUHSDUH�D�PRQRGRPDLQ�PDJQHW�
LWH��ZLWK� WKH� LQ� VLWX� FRQWURO� RI� WKH�SDUWLFOH
VL]H� UHDOL]HG� XVLQJ� D� 'LJLWDO� ,QVWUXPHQWV
1DQR6FRSH� IRUFH� QDQRVFRSH� �)LJ������ 7KH
SUHVHQFH�RI�D�FU\VWDOOLQH�VWUXFWXUH�ZDV�FRQ�
ILUPHG� E\� ;�UD\� GLIIUDFWLRQ� �)LJ����� DQG
PHDVXUHPHQWV�RI�PDJQHWLF�FKDUDFWHULVWLFV�

7KH�SURFHGXUH�SURSRVHG�SURYLGHV�D�QXP�
EHU� RI� DGYDQWDJHV�� ,W� PDNHV� LW� SRVVLEOH� WR
HIIHFW� D� GLUHFW� V\QWKHVLV� RI� PRQRGRPDLQ
PDJQHWLWH�SDUWLFOHV�DW�D�KLJK�\LHOG��WR�VSHQG
HFRQRPLFDOO\� WKH� VWDUWLQJ� UHDJHQWV�� DQG� WR
VLPSOLI\� WKH� VXEVHTXHQW� VHSDUDWLRQ� RI� D
KLJKO\�GLVSHUVHG�SURGXFW�

7KXV�� WKH� GHYHORSHG� V\QWKHWLF� SURFHGXUH
SURYLGHV�WKH�SUHSDUDWLRQ�RI�QDQRGLPHQVLRQDO
PDJQHWLWH� SDUWLFOHV� DW� VROLG�OLTXLG� SKDVH� LQ�
WHUIDFHV� DW� D�SUHGLFWHG�\LHOG� RI� D� ODUJH� IUDF�

)LJ����� 'LDPHWHU� GLVWULEXWLRQ� RI� PDJQHWLWH
QDQRSDUWLFOHV��

)LJ����� ;�UD\� SRZGHU� GLIIUDFWLRQ� RI� QDQRGL�
PHQVLRQDO�PDJQHWLWH��

)LJ�����'HSHQGHQFH� RI� WKH�PDJQHWLWH� SDUWLFOH
DYHUDJH�GLDPHWHU�DQG�WKH�SRZGHU�VSHFLILF�VXU�
IDFH�DUHD� �D�DQG�E��UHVSHFWLYHO\�RQ�WKH�ZDWHU
GLOXWLRQ� H[WHQW� RI� FRQFHQWUDWHG� VROXWLRQ� $�
�t+�2���YROXPH�IUDFWLRQ�RI�+�2��

)LJ�����$)0� LPDJH� RI�QDQRGLPHQVLRQDO�PDJ�
QHWLWH�SDUWLFOHV�RQ�SROLVKHG�VXUIDFH�RI�VLOLFRQ
VLQJOH�FU\VWDO�

3�3�*RUE\N�HW�DO����&U\RJHQLF�V\QWKHVLV�RI����

�� )XQFWLRQDO�PDWHULDOV�������������



WLRQ� RI� SDUWLFOHV� RI� D� SUH�VSHFLILHG� VL]H� �LQ
SDUWLFXODU�� RI� PRQRGRPDLQ� SDUWLFOHV��� 6RPH
VWUXFWXUDO� DQG� SK\VLFDO� SURSHUWLHV� RI� KLJKO\
GLVSHUVHG� PDJQHWLWH� KDYH� EHHQ� VWXGLHG� GH�
SHQGLQJ� RQ� WKH� V\QWKHVLV� FRQGLWLRQV��

$FNQRZOHGJHPHQW��7KLV�ZRUN�KDV�EHHQ�IL�
QDQFLDOO\� VXSSRUWHG� E\� WKH� 6FLHQFH� DQG
7HFKQRORJ\�&HQWHU��SURMHFW�67&8�¢������
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