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7KH� FU\VWDOOL]DWLRQ� SURFHVVHV� RFFXUULQJ� LQ� YLWULILHG� PXQLFLSDO� ZDVWH� LQFLQHUDWLRQ� DVKHV� GXULQJ�

KHDWLQJ�� DV� D� EDVLV� IRU� ILQH� FU\VWDOOLQH� JODVV�� FHUDPLFV� DQG� ILUH� UHVLVWDQW� IRDP� JODVV� ZHUH� VWXGLHG��

3\UR[HQH�FU\VWDOOL]DWLRQ� LV�DFFRPSDQLHG�E\�JODVV� VWUXFWXUH�FRPSRQHQWV� UHGLVWULEXWLRQ��'XH� WR�&D�DQG��

)H�LQFRUSRUDWLRQ�LQWR�S\UR[HQH�VWUXFWXUH��VXUURXQGLQJ�JODVV�LV�SRRUHU�LQ�WKHP�DQG�HQULFKHG�ZLWK�6L�DQG�

$O��+HDW�WUHDWHG�DVK�SURSHUWLHV�DUH�WKH�FXPXODWLYH�HIIHFW�RI�FU\VWDOOL]HG�SKDVH�SURSHUWLHV�DQG�SURSHUWLHV�

RI�UHVLGXDO�JODVV\�PDWUL[���

�

�

9LWULILFDWLRQ�DV�PXQLFLSDO�ZDVWH�QHXWUDOL]DWLRQ�PHWKRG��

,QFUHDVLQJ�DPRXQW�RI�PXQLFLSDO�ZDVWH�KDV�EHFRPH�RQH�RI�WKH�VHULRXV�SUREOHPV�RI�
KXPDQ�FLYLOL]DWLRQ��$FFRUGLQJO\�WKH�VLJQLILFDQFH�RI�PXQLFLSDO�VROLG�ZDVWH� LQFLQHUDWLRQ� LV�
FRQWLQXRXVO\�LQFUHDVLQJ��,QFLQHUDWLRQ�UHGXFHV�WKH�YROXPH�RI�ZDVWHV�E\������EXW�LW�OHDYHV�
D� FRQVLGHUDEOH� DPRXQW� RI� DVK� DV� VROLG� UHVLGXH�� ,Q� WKH� VROLG� SURGXFWV� RI� WKH� ORZ�
WHPSHUDWXUH�IOXLGDO�FRPEXVWLDQ�SURFHVV��WKHUH��UHPDLQ��KHDY\�PHWDOV�DQG�WKH�FDUFLURJHQLF�
GLR[DQHV� DQG� IXUDQHV� LQ� D� IRUP� � HDVLO\�ZDVKHG� DZD\� E\� JURXQG�ZDWHUV��0L[LQJ� RI� WKH�
DVKHV�ZLWK� FHPHQW� DQG�SHOOHWL]DWLRQ�RI� WKH�PL[WXUH� WR� UHGXFH� WKH� OHDFKLQJ�RI� WKH� WR[LF�
VXEVWDQFHV�GRHV�QRW�JXDUDQWHH�SHUPDQHQW�SURWHFWLRQ�DJDLQVW� WKLV�KD]DUG��9LWULILFDWLRQ� LV�
RQH�RI�WKH�SURPLVLQJ�WHFKQRORJ\�IRU�LQHUWLVDWLRQ�RI�WKLV�UHVLGXH���

7KH�DGYDQWDJHV�RI�WKH�PHWKRG�RI�ZDVWH�QHXWUDOL]DWLRQ�E\�ZD\�RI�YLWULILFDWLRQ�DUH�DV�IROORZV��

7KH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�JODVVHV�PD\�FKDQJH�LQ�D�ZLGH�UDQJH�DQG�GXH�WR�WKLV�PDQ\�
ZDVWH� FRPEXVWLRQ� DVKHV� FDQ� EH� YLWULILHG� LQ� WKHLU� RULJLQDO� IRUP� RU� ZLWK� DSSURSULDWH�
DGGLWLRQV��ZKLFK�PD\�EH�WKH�ZDVWH�RU�RWKHU�E\�SURGXFWV��7KH\�PRGLI\�WKH�DVK�FRPSRVLWLRQ�WR�
PDNH�LWV�YLWULILFDWLRQ�HDVLHU�RU�DSSOLFDEOH�IRU��UHF\FOLQJ���

7KURXJK�DSSURSULDWH�VHOHFWLRQ�RI�JODVV\�DVK�FRPSRVLWLRQ�LW�LV�SRVVLEOH�WR�PDNH�LW�FRPSOHWHO\�
UHVLVWDQW�WR�ZDWHU��DQG�WKH�KD]DUGRXV�FRPSRQHQWV�SUHVHQW�LQ�WKH�JODVV�QRW�ZDVKDEOH�LQWR�WKH�
HQYLURQPHQW��

)RU�WKLV�UHDVRQ��LQ�WKH�GHYHORSHG�FRXQWULHV���YLWULILFDWLRQ�RI�WKH�VROLG�UHPDLQGHUV�RI�ZDVWH�
FRPEXVWLRQ� LV� LQFUHDVLQJO\� XVHG� DV� WKH� PRVW� HIIHFWLYH� PHWKRG� WR� QHXWUDOL]H� WKHLU� WR[LF�
SURSHUWLHV�� 7KLV� UHIHUV� LQ� SDUWLFXODU� WR� WKH� UHPDLQGHUV� RI� WKH� FRPEXVWLRQ� RI� ZDVWHV� IURP�
KRVSLWDOV�FRQVLGHUHG�WR�EH�SDUWLFXODUO\�GDQJHURXV��

9LWULILFDWLRQ� RI�ZDVWHV�PD\� EH� FDUULHG� RXW� LQ� D� VWDQGDUG� WDQN� IXUQDFH� RU� LQ� VSHFLDOO\�
DGRSWHG�IXUQDFHV��KHDWHG�ZLWK�HOHFWULFLW\��XWLOL]LQJ�WKH�-RXOH�HIIHFW��LQ�WKH�LQGXFWLRQ�IXUQDFHV�RU�
DUF�IXUQDFHV��5HFHQWO\��WKH�SODVPD�ZDVWH�YLWULILFDWLRQ�SURFHVV�LQ�ZKLFK�WKHUPDO�SODVPD�LV�XWLOL]HG��
KDV� EHFRPH�PRUH� DQG� PRUH� SRSXODU�� 7KH� SODVPD� SURFHVV� ZKLFK� HQDEOHV� YLWULILFDWLRQ� DW� WKH�
WHPSHUDWXUH�XS�WR������&�LV�HVSHFLDOO\�DGYDQWDJHRXV�IRU�ZDVWH�FRPEXVWLRQ�DVKHV�SURFHVVLQJ��$W�



WKLV� WHPSHUDWXUH� WKHUH� WDNHV� SODFH� WKH� GHFRPSRVLWLRQ� RI� GLR[DQHV� DQG� IXUDQHV� DQG�
UHPRYLQJ�RI�PDQ\�WR[LF�HOHPHQWV���3E��&G��+J�DQG�RWKHUV��ZKLFK�HVFDSH�IURP�WKH�PHOW�DQG�DUH�
WUDSSHG�E\�VSHFLDO�ILOWHUV��ZKLOH�RWKHUV�UHPDLQ�LQ�WKH�PHOW�DQG�EHFRPH�LQFRUSRUDWHG�LQWR�JODVV�
VWUXFWXUH�IRU�JRRG��

7KH�SODVPD�SURFHVVLQJ�RI�LQGXVWULDO�ZDVWH�LV�XVHG�LQ�WKH�86$�DQG�)UDQFH�WR�QHXWUDOL]H�
DVEHVWRV�ZDVWH�SURGXFWV��LQ�WKH�86$�DQG�$XVWUDOLD���WR�QHXWUDOL]H�KD]DUGRXV�WR[LF�ZDVWH��
LQ�-DSDQ������RI�PXQLFLSDO�ZDVWH�DUH�QHXWUDOL]HG�LQ�FRPEXVWLRQ�FKDPEHUV�DQG�D�FRQVLGHUDEOH�
DPRXQW�RI�WKH�DVKHV�LV�YLWULILHG���

7KHUPDO�SODVPD�UHDFWRU�IRU�FRPEXVWLRQ�DQG�YLWULILFDWLRQ�RI�ZDVWHV�IURP�KRVSLWDO�DQG�
RWKHU�KD]DUGRXV�ZDVWHV�KDV�EHHQ�FRQVWUXFWHG���

9LWULILFDWLRQ� LV� DQ� HQHUJ\� FRQVXPLQJ� SURFHVV� DQG� LWV� XVH� FDQ� EH� MXVWLILHG� LI� KLJK�
TXDOLW\�SURGXFWV�DUH�PDGH�RI�JODVV\�DVK��8S�WR�QRZ��REWDLQLQJ�JODVV�FHUDPLF�PDWHULDOV�DV�D�
PHWKRG�RI�YLWULILHG�PXQLFLSDO�ZDVWH�LQFLQHUDWLRQ��XWLOL]DWLRQ�LV�PDLQO\�FRQVLGHUHG��7KHVH�
PDWHULDOV� FDQ� EH� REWDLQHG� E\� EXON� FU\VWDOOL]DWLRQ� RI� � JODVV\� DVK��� RU� E\� YLVFRXV� IORZ�
VLQWHULQJ�RI�JODVV�SRZGHUV�DQG�FU\VWDOOL]DWLRQ���0LFURVWUXFWXUH�RI�JODVV�FHUDPLFV�REWDLQHG�
E\� D� EXON� DV� ZHOO� DV� VLQWHUHG� SRZGHU� FU\VWDOOL]DWLRQ� KDV� EHHQ� WKH� VXEMHFW� RI� GHWDLOHG�
VWXGLHV����

/DWHO\�LW�KDV�EHHQ�GHPRQVWUDWHG�WKDW�YLWULILHG�DQG�SRZGHUHG�DVK��DIWHUZDUGV�GHQVLILHG�E\�
FRPSUHVVLRQ�DW� WKH� WHPSHUDWXUH� RI� DERXW� ���� �� �����&� LV� IRDPLQJ�� SURGXFLQJ� D� SRURXV�
LQVXODWLQJ�PDWHULDO�VLPLODU�WR�D�IRDP�JODVV��7KH�DGYDQWDJHRXV�SURSHUW\�RI�WKH�YLWULILHG�DVK�LV�
WKDW�LW�FDQ�IRDP��HYHQ�ZLWKRXW�DQ\�DGGLWLRQ�RI�D�VSHFLDO�IRDPLQJ�DJHQW��XVXDOO\�VRRW��DQG�WKH�
REWDLQHG�IRDPHG�JODVV�KDV�QRZ�EHFRPH�DQ� LQVXODWLQJ��YDOXDEOH�PDWHULDO�RQ�DFFRXQW�RI� LWV� ILUH�
UHVLVWDQFH���

*ODVV\�DVK�VKRZV��KLJK�FU\VWDOOL]DWLRQ�DELOLW\��,QYHVWLJDWLRQV�KDYH�EHHQ�XQGHUWDNHQ�RQ�
WKH�EHKDYLRU�RI�YLWULILHG�DVKHV�GXULQJ�KHDWLQJ�DQG�WKH�SURFHVVHV�RFFXUULQJ�LQ�WKHP��HVSHFLDOO\�
RQ� WKH� FU\VWDOOL]DWLRQ� DFFRPSDQ\LQJ� WKH� IRUPDWLRQ� RI� WKH� IRDP� JODVV�� &U\VWDO� SKDVH�
GHYHORSPHQW� ZLWK� WKH� WHPSHUDWXUH� LQFUHDVH� ZDV� WKH� VXEMHFW� RI� D� GHWDLOHG� � VWXG\�� 7KH�
REWDLQHG�UHVXOWV�DUH�WKH�VXEMHFW��RI�WKLV�SDSHU��

�

,QYHVWLJDWHG��PDWHULDOV�

7KHUPDO� UHDFWLRQV� RI� YLWUHRXV� DVK� � IURP� WKH�PXQLFLSDO� FRPEXVWLRQ� SODQW� 9RQ�5ROO��
*HUPDQ\�DV�ZHOO� DV� IXUQDFH� DVKHV� IURP�D�ZDVWH� FRPEXVWLRQ�SODQW� LQ�:DUVDZ� DQG� IURP�D�
FRPEXVWLRQ�SODQW�RI�KRVSLWDOV�ZDVWH�LQ�/RG]�ZHUH�H[DPLQHG��7KH�DVKHV�IURP�ERWK�WKHVH�SODQWV�
ZHUH�PHOWHG�LQ�D�ODERUDWRU\�IXUQDFH�DW������&�DQG�WKH�REWDLQHG�PHOW�ZDV�YLWULILHG�E\�SRXULQJ�LW�
RQWR�D�VWHHO�SODWH��7KH�FKHPLFDO�FRPSRVLWLRQ�RI�WKHVH�DVKHV�LV�VLPLODU���7DEOH������7KH\�DUH�&D�
DQG�)H�ULFK�DOXPLQRVLOLFDWH�JODVVHV��

9LWUHRXV� DVK�KRPRJHQHLW\�KDV�EHHQ� VWXGLHG�E\�6(0�DQG�('6�PHWKRGV�� ,W� KDV�EHHQ���
UHYHDOHG� WKDW� WKH� JODVV\� DVKHV� FRQWDLQ� VHYHUDO� LQKRPRJHQLWLHV�� 7KH\� DUH� LQFOXVLRQV� RI�
HOHPHQWDU\�FDUERQ�RI� � WKH�GLPHQVLRQ����²����XP��DQG� VPDOO�TXDQWLWLHV�RI� �YHU\� ILQH�&�
SDUWLFOHV�DUH�GLVSHUVHG�LQ�WKH�EXON�RI�JODVV��'URSOHWV�RI�JODVV�RI�WKH�KLJK�6L2��RU�6L2���DQG�
$O�2�� FRQWHQW�DUH�FRPPRQ��*UDLQV�RI�D� IHZ�XP�VL]H� �RI�&D�DQG�)H�VLOLFDWHV�� IUHH�&D2�
DQG� FKORULGHV� �� .&�� DQG� &D&O��� DUH� ORFDOO\� YLVLEOH�� �3ODFHV� HQULFKHG�ZLWK�&X� �KDFH�EHHQ�
LGHQWLILHG��

�

�
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9LWULILHG�JODVV�FU\VWDOOL]DWLRQ�

'7$�FXUYHV�RI�JODVVHV��LQGLFDWH�WKDW�WKH�JODVV�WUDQVIRUPDWLRQ�WHPSHUDWXUH���7J���FKDQJHV�
IURP�����WR�����&��DQG�WKH�WHPSHUDWXUH�RI�WKH�H[RWKHUPLF�FU\VWDOOL]DWLRQ��SHDN��7F�����FKDQJHV�
IURP�����WR�����&�GHSHQGLQJ�RQ�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�JODVV��7F�FRUUHVSRQGV�WR�WKH�
PD[LPXP��UDWH�RI�FU\VWDO�SKDVH�YROXPH�LQFUHDVH��7*�FXUYH�RI�WKH�9RQ�5ROO�JODVV��ZKLFK�LV�
WKH�UHDFKHV�LQ�)H2��LQGLFDWHV�RQ�DQ�LQFUHDVH�RI�WKH�VDPSOH�ZHLJKW�DW�����������&�GXH�WR�LURQ�
R[LGDWLRQ�

�'7$�FXUYHV�VKRZV�WKDW�WKH�UHGXFWLRQ�RI�LURQ�FRQWHQW�E\�UHPRYLQJ�SLHFHV�RI�PHWDOLF�LURQ���
GHLURQHG�DVK�IURP�:DUV]DZD�SODQW��)H�2��FRQWHQW���O�ZW������FDXVHV�WKH�LQFUHDVH�RI�WKH�7J�
WHPSHUDWXUH�E\����&��DQG� WKH�7F�WHPSHUDWXUH� LQFUHDVHV�IURP�����WR�����&��7KH�UHGXFHG�
FRQWHQW�RI�LURQ�R[LGHV��ZKLFK�DUH�WKH�PRGLILHUV��FDXVHV�WKH�LQFUHDVH�RI�WKH�YLVFRVLW\�RI�WKH�
JODVV�� VORZLQJ� GRZQ� WKH� FU\VWDOOL]DWLRQ� SURFHVV�� ,URQ� LV� DOVR� DQ� HVVHQWLDO� FRPSRQHQW� RI� WKH�
FU\VWDOOL]LQJ�S\UR[HQHV��

0LFURVFRSLF�RSWLFDO�LQYHVWLJDWLRQV�RI�WKH�SURJUHVV�RI�EXON�FU\VWDOOL]DWLRQ�LQ�VROLG�SLHFHV�RI�
JODVV��FDUULHG�RXW�RQ�VDPSOHV�KHDWHG�IRU���KUV�LQ�D�JUDGLHQW�WHPSHUDWXUH�IXUQDFH��KDYH�VKRZQ�
WKDW� WKLV� SURFHVV� EHJLQV� DERYH� WKH� WUDQVIRUPDWLRQ� WHPSHUDWXUH� �� ����&� ���$ERYH� ����&� WKH�
VDPSOH�VWDUWV�WR�FU\VWDOOL]H��EXW�WKH�SURFHVV�LV�VORZ��DW�����&������KRXUV�KHDWLQJ�LV�QHFHVVDU\�WR�
REWDLQ�����EXON�FU\VWDOOL]DWLRQ�RI�WKH�VDPSOH��$ERYH�����&�WKHUH�WDNHV�SODFH�WKH�JURZWK�RI�
WKH�ZHOO�VKDSHG�S\UR[HQH�FU\VWDOV��ZKLFK�WDNH�WKH�IRUP�RI�SULVPDWLF��GDUN�FRORUHG�FU\VWDOV�RI�
UKRPERKHGUDO�FURVV���VHFWLRQ��7KH\�DUH�VXUURXQGHG�E\�FRORUOHVV�JODVV��

6(0�RI�D�VDPSOH�FU\VWDOOL]HG�IRU���KRXUV�DW�����&�FRQILUPV�WKH��FU\VWDOOLQH�VWUXFWXUH�RI�
WKH�PDWHULDO��7KH�PDLQ�FU\VWDO�SKDVHV�DUH�&D��)H�S\UR[HQHV�ZLWK�$O�DQG�0Q�DGPL[WXUHV���

7KH� DQDO\VLV� RI� FKDQJHV� LQ� WKH� FRQFHQWUDWLRQ� RI� WKH� PDLQ� FRPSRQHQWV� RI� D� VDPSOH�
FU\VWDOOL]HG�DW�����&�VKRZV�WKDW�DW��SODFHV�ZKHUH�S\UR[HQH�FU\VWDOV�RFFXU���DQ�LQFUHDVH�LQ�WKH�



FRQFHQWUDWLRQ�RI�&D��0J��)H��&U�LQ�WKHP�LV�REVHUYHG��7KH�VXUURXQGLQJ�JODVV�EHFRPHV�SRRUHU�
LQ�WKHVH�FRPSRQHQWV��WKLV�UHIHUV�LQ�SDUWLFXODU��WR�)H�7KLV�JODVV��RQ�WKH�RWKHU�KDQG��LV�HQULFKHG�
ZLWK�6L��DONDOLHV�DQG�$O��*ODVV�RI�VXFK�OLNH�FRPSRVLWLRQ�KDV�ORZ�FU\VWDOOL]DWLRQ�DELOLW\�DQG�
LWV�YLVFRVLW\�VKRXOG�LQFUHVH���6XIILFLHQWO\�KLJK�YLVFRVLW\�LV�QHFHVVDU\��WR�PDNH�WKH�JODVV�IRDPLQJ���

7KH�FRQFOXVLRQ�RI�WKH�LQYHVWLJDWLRQV�LV�WKDW�WKH�FU\VWDOOL]DWLRQ�PHFKDQLVP�RI�S\UR[HQHV�LQ�WKH�
YLWUHRXV�DVK�FRQVLVWV�LQ�WKH�GLVSODFHPHQW�RI�WKH�FDWLRQ�PRGLILHUV�LQ�WKH�JODVV�VWUXFWXUH�ZLWKLQ�
WKH�VLOLFDWH�IUDPHZRUN�ZKLFK�LWVHOI�XQGHUJRHV�RQO\�D�UDWKHU�VPDOO�UHRULHQWDWLRQ��

$� VSHFLILF� IHDWXUH� RI� WKH� YLWULILHG� DVK� EXON� FU\VWDOOL]DWLRQ� SURFHVV� LV� WKH� IRUPDWLRQ� ORQJ�
YHLQV�� IRUPHG� E\� ILQH� JUDLQV� RI� &D2� ULFK� VLOLFDWHV� �� &D�� )H��0Q� ��>6L2�@� �� PRQWLFHOOLWH� ��
FRQWDLQLQJ� $O� DGPL[WXUH�� ,W� GLIIHUV� IURP� WKH� S\UR[HQH� DQG� JODVV\� PDWUL[� LQ� WKH� ORZHU�
FRQWHQW�RI�)H�DQG�0Q���5HFHQW�LQYHVWLJDWLRQV�LQGLFDWH�WKDW�WKH�YHLQV�DUH�IRUPHG�DW�SODFHV�RI�
&X� FROORLGDO� JUDLQV� SUHFLSLWDWLRQ�� &RRSHU� JUDLQV� DUH� WKH� VHOHFWLYHO\� DFWLQJ� QXFOHDWRUV� IRU� &D�
RUWRVLOLFDWHV�IRUPDWLRQ��

7KH� RFFXUUHQFH� RI� YHLQV� IRUPHG� RI� FRPSRVLWH�&D2��0Q2��=Q2� DQG� )H� R[LGHV�ZDV� DOVR�
REVHUYHG�LQ�WKH�FU\VWDOOL]HG�DVK��7KH\�DUH�WKH�HIIHFW�RI��YLWUHRXV�DVK�LQKRPRJHQHLW\���

�

)RDP�JODVV�FU\VWDOOL]DWLRQ�

7KH� VWUXFWXUH�RI� IRDP�JODVV�REWDLQHG� IURP�YLWULILHG� DVK�E\�KHDWLQJ� DW� ����&� IRU���
PLQ��FRQVLVWV�RI� WKH�VSKHULFDO�SRUHV� � ��DERXW����YRO����� LQ�WKH�PDWUL[� IRUPHG�E\�SDUWO\�
FU\VWDOOL]HG�JODVV��('6�VSHFWUD�VKRZ��WKDW�WKH�FU\VWDOOL]HG�SKDVH�LV�WKH�&D��)H��VLOLFDWH��$V�
VKRZQ�E\�;5'��LW�LV�PRQRFOLQLF�S\UR[HQH�RI�GLRSVLGH�VWUXFWXUH�W\SH��2Q�WKH�VXUIDFH�RI�
SRUHV� WKH� FDOFLXP� RUWRVLOLFDWH� &D)H6L2�� �� PHOOLOLWH� �� KDV� EHHQ� DOVR� IRXQG�� 'XULQJ�
FU\VWDOOL]DWLRQ�D�FRQVLGHUDEOH�SRUWLRQ�RI�)H�LV�LQFRUSRUDWHG�LQWR�WKH�VLOLFDWHV�VWUXFWXUH�DQG�
WKH�JODVV�EHFRPHV�LPSRYHULVKHG�RI�WKLV�FRPSRQHQW��7(0�DQG�('6�VWXGLHV��LQGLFDWH�WKDW��
S\UR[HQH�FU\VWDOV�FRQWDLQ�DSSUR[LPDWHO\������1D������.�������0J������&D�����)H����0Q����
$O����7L�����6L���DWRPLF�SHUFHQW����*ODVV��VXUURXQGLQJ�WKH�FU\VWDOV�FRQWDLQV�����1D�����.����
0J�� ��� &D�� ��)H�� ���� 0Q�� ��� $O�� ���� 7L� ��6L� �� DWRPLF� SHUFHQW��� � 7KLV� LQGLFDWHV� WKDW�
FU\VWDOOL]DWLRQ��FRQVLGHUDEO\�FKDQJHV�WKH�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�JODVV\��VNHOHWRQ�RI�
WKH� IRDP� JODVV�� PDNLQJ� � LW� PRUH� FKHPLFDOO\� GXUDEOH� DQG� LQFUHDVLQJ� LWV� VRIWHQLQJ�
WHPSHUDWXUH��0HFKDQLFDO�VWUHQJWK�LV�LPSURYHG�DV�ZHOO��

)RDPLQJ�WHPSHUDWXUH�RI�WKH�VWXGLHG�YLWULILHG��DVKHV�FRUUHVSRQGV�WR�WKH�WHPSHUDWXUH�
RI��KLJK�FU\VWDOOL]DWLRQ��UDWH�DQG��ERWK��SURFHVVHV�FDQ�UXQ��SDUDOOHOO\��

�

&RQFOXVLRQV��

9LWULILHG��ZDVWH�FRPEXVWLRQ�DVKHV�DUH�&D�DQG�)H�UHDFK�DOXPLQRVLOFDWH�JODVVHV�RI�KLJK�
FU\VWDOOL]DWLRQ� DELOLW\�� &U\VWDOOL]DWLRQ� SURFHVV� VWDUWV� DW� DERYH� ����&� � DQG� ILQH� FU\VWDOV� ���
DERXW� �� XP� ORQJ� � DW� ����� &� �� � RI� &D�)H�� S\UR[HQH� RI� GLRSVLGH� VWUXFWXUH� DUH� IRUPHG��
$ERYH� ����&� � FRDUVH� �� DERXW� ��� XP� LQ� VL]H� ��� SULVPDWLF� FU\VWDOV� RI� UKRPELF� � FURVV�
VHFWLRQ��RI� WKH�S\UR[HQHV�RI�VHFRQG�JHQHUDWLRQ��FU\VWDOOL]H��7KH�FRQWHQW�DQG�WKH�VL]H�RI�
FU\VWDOV�LQFUHDVHV�XS�WR������&��DW�KLJKHU�WHPSHUDWXUH�WKH\�DUH�UHPHOWHG��

$� FRPSDFW� �� ILQH� FU\VWDOOLQH� VWUXFWXUH� RI� JODVV�FHUDPLF� PDWHULDOV� RI� KLJK� PHFKDQLFDO�
VWUHQJWK�FDQ�EH�IRUPHG�ZKHQ�YLWULILHG�DVK� � LV�KHDWHG� �DW� ������&��7KURXJK�DSSURSULDWH�
WKHUPDO� WUHDWPHQW� LQ� WKH� UDQJH� ���� ²� ����� &� LW� LV� SRVVLEOH� WR� REWDLQ� PDWHULDO� RI��
QDQRFU\VWDOOLQH�VWUXFWXUH��

9LWUHRXV�DVK��SRZGHUHG�DQG��PHFKDQLFDOO\�GHQVLILHG���LV�DEOH�WR�IRDP�DW�WKH�WHPSHUDWXUH�



UDQJH�����²������&����7KLV�SURSHUW\�RIIHU�WKH�SRVVLEOH�WR�XVH�� LW�IRU�WKH�SURGXFWLRQ�RI��
SRURXV���LQVXODWLQJ�PDWHULDOV�VLPLODU�WR�IRDP�JODVV��)RDPLQJ�WHPSHUDWXUH�RI�YLWUHRXV�DVK��
FRUUHVSRQGV� WR� WKH� WHPSHUDWXUH� RI� LWV� KLJKHVW� � FU\VWDOO]DWLRQ� UDWH� �� 'XH� WR� WKLV� �� WKH�
REWDLQHG� IRDPHG� JODVV�FHUDPLF� PDWHULDO� SRVVHVHV� � D� KLJKHU� FKHPLFDO� GXUDELOLW\� DQG�
WHPSHUDWXUH� RI� VRIWHQLQJ� DV� ZHOO� DV� � EHWWHU� PHFKDQLFDO� SURSHUWLHV�� DV� FRPSDUHG� ZLWK�
WUDGLWLRQDO��IRDP�JODVV���

�

$FNQRZOHGJPHQWV�

7KH� LQYHVWLJDWLRQV� ZHUH� FDUULHG� RXW� ZLWK� D� ILQDQFLDO� VXSSRUW� RI� WKH� 1DWLRQDO�
&RPPLWWHH�IRU�6FLHQWLILF�5HVHDUFK�RI�3RODQG��JUDQW�3%=�.%1����72����������6(0���
('6�LQYHVWLJDWLRQV�ZHUH�FRQGXFWHG�DW�WKH�,QVWLWXWH�RI�0HWDOOXUJ\�DQG�0DWHULDO�6FLHQFH�RI�
3ROLVK�$FDGHP\�RI�6FLHQFH�LQ�.UDNRZ�XQGHU�WKH�VXSHUYLVLRQ�RI�SURI��-��'XWNLHZLF]��6DPSOH�
RI�9RQ�5ROO�JODVV�ZDV�VHQW�NLQGO\�E\�SURI��+��+HVVHQNHPSHU��78�%HUJDNDGHPLH�)UHLEHUJ��

�

�
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��.��&HG]\QVND��=��.RODFLQVNL��3ROLVK�-RXU��$SSO��&KHP������S������������������

��$�5��%RFFDFFLQL��&HUDP��%XOO������S����������������

��$��5��%RFFDFFLQL�DW�DOO��*ODVV�7HFKQRO������S�����������������

��-��0D��5LQFRQ��0��5RPHUR��$�5��%RFFDFFLQL��-��0DWHU��6FL������S������������������

��%��3URF\N����-��.XFKDUVNL�DQG�/��6WRFK��3ROLVK�&HUDPLF�%XOOHWLQ�����S������������������
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