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7KH� V\QWKHVLV� DQG� UHVHDUFK� RI� OXPLQHV�
FHQW�QDQRVL]HG�PDWHULDOV�DUH�D�JUHDW�LQWHUHVW
LQ� PRGHUQ� PDWHULDOV� VFLHQFH�� 7KH� SDUWLFOH
VL]H� GLPLQXWLRQ� RI� FU\VWDOOLQH� FRPSRXQGV
DQG� WKH� FRQWUROOHG�PRUSKRORJ\� WKHUHRI�PD\
UHVXOW� QRW� RQO\� LQ� QHZ� SURSHUWLHV� DV� FRP�
SDUHG� WR� WKH� EXON� FU\VWDOV� EXW� DOVR� LQ� DQ
H[WHQVLRQ� RI� WKH� DSSOLFDWLRQ� ILHOG�� 7KH
SK\VLFRFKHPLFDO� SURSHUWLHV�� LQ� SDUWLFXODU�
WKH� RSWLFDO� RQHV�� RI� QDQRPDWHULDOV� DUH
NQRZQ�WR�GHSHQG�KHDYLO\�RQ�WKH�QDQRFU\VWDO
VL]H�DQG�PRUSKRORJ\��7KH�GHYHORSPHQW�RI�D
KLJK�TXDOLW\�SKRVSKRU�PDNHV�LW�QHFHVVDU\�WR
VROYH� VRPH�SUREOHPV�� LQ�SDUWLFXODU�� WR�RSWL�
PL]H� WKH� V\QWKHVLV� FRQGLWLRQV� DQG� WR� VWXG\
WKH� FRQWURO� SRVVLELOLW\� RI� WKH� JURZLQJ
QDQRFU\VWDO�VKDSH�DQG�VL]H�
7KH� QDQRFU\VWDOV� RQ� WKH� EDVLV� RI� ODQWKD�

QLGH�RUWKRSKRVSKDWHV�DUH�DPRQJ�WKH�PDWHUL�

DOV� RI� JRRG� SURVSHFWV� GXH� WR� WKH� VSHFWUDO
IHDWXUHV��WKH�SUHVHQFH�RI�D�XQLTXH��I�WUDQVL�
WLRQ�LQ�WKH�OXPLQHVFHQFH�VSHFWUXP�DV�ZHOO�DV
D� KLJK� FKHPLFDO� DQG� KHDW� UHVLVWDQFH�� 7KH
PDWHULDOV�DUH�XVHG�ZLGHO\�DV�SKRVSKRUV�DQG
VFLQWLOODWRUV�� LQ� OXPLQHVFHQFH� GHYLFHV�� OD�
VHUV��IOXRUHVFHQW�SUREHV�LQ�ELRORJ\��7KH\�DUH
SURPLVH� IRU� PDQXIDFWXULQJ� RI� SODVPD� GLV�
SOD\V� DQG� KLJK�WHPSHUDWXUH� SURWRQ� FRQGXF�
WRUV�>�Ü�@�
7KH�XVH�RI�WUDGLWLRQDO�V\QWKHWLF�PHWKRGV

�K\GURWKHUPDO� DQG� VROLG�SKDVH� RQHV� >����Ü
��@�� UHTXLUHV� D� FRPSOLFDWHG� HTXLSPHQW� DQG
KLJK�WHPSHUDWXUHV��6XFK�D�V\QWKHVLV�UHVXOWV
LQ� IRUPDWLRQ� RI� SURGXFWV� ZLWK� DQ� XQFRQ�
WUROODEOH�JUDQXORPHWU\�WKDW�PXVW�EH�JURXQG�
VR� UHTXLULQJ� DQ� DGGLWLRQDO� SURFHVV� VWDJH�
0RUHRYHU�� WKH� KLJK�WHPSHUDWXUH� V\QWKHWLF
SURFHVVHV� KLQGHU� WKH� FRQWURO� RI� WKH� ORFDO
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VXUURXQGLQJ� V\PPHWU\� RI� FDWLRQV� LQ� WKH
FU\VWDO� ODWWLFH� DQG� WKH� DGMXVWPHQW� RI� DFWL�
YDWLQJ�LRQ�FRQFHQWUDWLRQ�LQ�SRVLWLRQV�ZLWK�D
ORZ�ORFDO�V\PPHWU\�
7KH�5(�RUWKRSKRVSKDWHV��LQ�WKH�/D�WR�'\

VHTXHQFH�� REWDLQHG� IURP� DTXHRXV� VROXWLRQV
KDYH�KH[DJRQDO�FU\VWDO�VWUXFWXUH��LWV�VWDELO�
LW\� EHLQJ� SURYLGHG� E\� WKH� SUHVHQFH� RI
���� PROH� FU\VWDO� ZDWHU� SHU� /Q32�� IRUPXODXQLW� ZLWKLQ� FKDQQHOV� H[WHQGLQJ� DORQJ� WKH
KH[DJRQDO� D[HV� >��@�� 7KLV� VWLSXODWHV� D
WKUHDG�OLNH� RU� QHHGOH� VKDSH� RI� /Q32�� SUH�FLSLWDWHG� IURP� DTXHRXV� VROXWLRQV�� ,W� LV� WKH
PLFURHPXOVLRQ� WHFKQLTXH� >��@� WKDW�SURYLGHV
D� QDUURZ� VL]H� GLVWULEXWLRQ� WKDW� LV� D� WUDGL�
WLRQDO� PHWKRG� RI� QDQRFU\VWDO� V\QWKHVLV�� ,Q
WKLV�FDVH��WKH�VL]H�RI�WKH�JURZLQJ�FU\VWDO�LV
DVVXPHG�WR�EH�OLPLWHG�E\�WKH�VL]H�RI�D�ZDWHU
GURSOHW� VXUURXQGHG� ZLWK� D� PRQROD\HU� RI� D
VXUIDFWDQW� �6$6��� 7KH� SKRVSKRU� SDUWLFOHV
REWDLQHG� XVLQJ� WKDW� WHFKQLTXH� DUH� QRW� DJ�
JUHJDWHG��UHJXODUO\�VKDSHG�DQG�VKRZ�D�QDU�
URZ� VL]H� GLVWULEXWLRQ� WKDW� LV� RI� LPSRUWDQFH
IRU�ODQWKDQLGH�RUWKRSKRVSKDWHV�LQWHQGHG�IRU
FRDWLQJ�RI�SODVPD�GLVSOD\V�>���������@��+RZ�
HYHU�� DV� WR� QDQRFU\VWDOV�ZLWK� D� SURQRXQFHG
FU\VWDO� ODWWLFH� DQLVRWURS\�� LQFOXGLQJ� WKH
KH[DJRQDO� PRGLILFDWLRQ� RI� JDGROLQLXP� RU�
WKRSKRVSKDWH�� WKH� PHQWLRQHG� UXOH� PD\� QRW
EH� IXOILOOHG� GXH� WR� D� KLJK� VWDELOLW\� RI� WKH

FU\VWDO� ODWWLFH� DORQJ� WKH� F� D[LV� DQG� WKXV� D
SUHGRPLQDQW� JURZ� LQ� WKDW� GLUHFWLRQ�� 6LQFH
WKH�LQLWLDO�IRUPDWLRQ�VWDJH�RI�5(�RUWKRSKRV�
SKDWHV� FRQVLVWV� LQ� IRUPDWLRQ� RI� DPRUSKRXV
GLVSHUVLRQV�� WKH� FU\VWDOOL]DWLRQ� SURFHVV� FDQ
EH� DFFHOHUDWHG� XVLQJ� XOWUDVRQLF� DJLWDWLRQ
>������@�
7KH� DLP� RI� WKLV� ZRUN� LV� WR� VWXG\� WKH

SRWHQWLDOV� WR� FRQWURO� WKH� OHQJWK�WR�GLDPHWHU
UDWLR� RI� *G32��(X��� QDQRFU\VWDOV� LQ� WKHFRXUVH� RI� ORZ�WHPSHUDWXUH� V\QWKHVLV� IURP
DTXHRXV� VROXWLRQV� DV� ZHOO� DV� WR� VWXG\� WKH
HIIHFW�RI�WKH�QDQRFU\VWDO�PRUSKRORJ\�RQ�WKH
V\PPHWU\� RI�(X��� ORFDO� VXUURXQGLQJ� LQ� WKH
FU\VWDO� ODWWLFH�XVLQJ� WKH� OXPLQHVFHQFH� VSHF�
WURVFRS\�PHWKRG�
7KH� JDGROLQLXP� RUWKRSKRVSKDWH� QDQRFU\V�

WDOV�GRSHG�ZLWK�HXURSLXP�LRQV�ZHUH�REWDLQHG
E\� SUHFLSLWDWLRQ� IURP� DTXHRXV� VROXWLRQV��PL�
FURHPXOVLRQ�PHWKRG�DQG�E\�D�WHFKQLTXH�XVLQJ
XOWUDVRXQG�� 7KH� *G�±[(X[32�� FRPSRXQGV
ZHUH�V\QWKHVL]HG�E\�PL[LQJ�WKH�VROXWLRQV�RI
SUHFXUVRUV��*G12��DQG�+�32���LQ�D�WKHUPR�VWDWHG� JODVV� DW� FRQVWDQW� S+� ��� ZLWKLQ� WKH
WHPSHUDWXUH�UDQJH����WR����&��7KH�VDPSOHV
XQGHU� VWXG\� ZHUH� DFWLYDWHG� E\� LQWURGXFLQJ
HXURSLXP� QLWUDWH�� &(X��� EHLQJ� �� WR� �� DW���7KH�IRUPHG�QDQRFU\VWDOV�RI�GRSHG�JDGROLQLXP

)LJ�����0RUSKRORJ\� �È�� DQG�;5'� SDWWHUQ� �E�
RI� SRO\FU\VWDOOLQH� *G����(X����32�� SUHSDUHGE\�SUHFLSLWDWLRQ�IURP�DTXHRXV�VROXWLRQV�

)LJ����� 0RUSKRORJ\� �È�� DQG�;5'� SDWWHUQ� �E�
RI� *G����(X����32�� QDQRZLUHV� SUHSDUHG� E\SUHFLSLWDWLRQ� IURP� DTXHRXV� VROXWLRQV� XQGHU
XOWUDVRQLF�WUHDWPHQW��
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RUWKRSKRVSKDWH� ZHUH� LVRODWHG� E\� FHQWULIXJD�
WLRQ�� ZDVKHG� WKULFH� ZLWK� GRXEOH�GLVWLOOHG
ZDWHU� DQG� GULHG� IRU� ��� K� DW� ����&�� :KHQ
SUHSDULQJ�*G32��(X��� E\� WKH� PLFURHPXOVLRQWHFKQLTXH��VRGLXP�ELV����HWK\O�KH[\O�VXOIRVXF�
FLQDWH� �DHURVRO� 27�� &��+��2�61D�� ZDV� XVHGDV� WKH� VXUIDFWDQW�� 7KH� FRQFHQWUDWLRQ� UDWLR
:� �>+�2@�>6$6@�ZDV� YDULHG� IURP� �� WR� ���7KH� QDQRFU\VWDOV� REWDLQHG� LQ� PLFURHPXO�
VLRQV� ZHUH� FHQWULIXJHG� RII� ������� USP��
ZDVKHG� WKULFH� ZLWK� GRXEOH�GLVWLOOHG� ZDWHU
DQG�HWKDQRO��DQG�DLU�GULHG�IRU���K�DW�����&�
7KH� XOWUDVRXQG� WUHDWPHQW� RI� WKH� ZRUNLQJ
VROXWLRQ� GXULQJ� WKH� V\QWKHVLV� ZDV� FDUULHG
RXW� XVLQJ� DQ� 8='1�$� XOWUDVRQLF� GLVSHUVHU
DW����N+]�IUHTXHQF\�
7KH� PRUSKRORJ\� H[DPLQDWLRQ� RI� GRSHG

JDGROLQLXP� RUWKRSKRVSKDWH�*G����(X����32�SRO\FU\VWDOV� REWDLQHG� E\� SUHFLSLWDWLRQ� IURP
VROXWLRQV�KDV�VKRZQ�WKDW�DW�WKH�LQLWLDO�IRUPD�
WLRQ� VWDJHV�� DPRUSKRXV� SDUWLFOHV� RI
*G����(X����32�� FRPSRVLWLRQ�DUH� IRUPHG����KODWHU�� WKH� SDUWLFOHV� DUH� DJJORPHUDWHG�� DQG
DIWHU� �� K� V\QWKHVLV�� DJJUHJDWHV� DUH� IRUPHG
ZKHUH� WKH� LQGLYLGXDO� FU\VWDOOLWHV� DUH� RI
����QP�WR���PP�VL]H��)LJ���D��
)LJ����SUHVHQWV� WKH�;3$�DQDO\VLV� UHVXOWV

IRU�*G����(X����32��SRO\FU\VWDOV�REWDLQHG�E\SUHFLSLWDWLRQ� IURP� DTXHRXV� VROXWLRQV�� 7KH
;5'� SDWWHUQV� FRPSULVH� D� VHW� RI� PDMRU� UH�
IOHFWLRQV�EHORQJLQJ�WR�WKH�KH[DJRQDO�FU\VWDO
ODWWLFH� RI� JDGROLQLXP� RUWKRSKRVSKDWH�� 1HL�
WKHU�DPRUSKRXV�QRU�PLQRU�SKDVHV�KDYH�EHHQ
UHYHDOHG��WKH�GLIIUDFWLRQ�UHIOHFWLRQV�DUH�ZLG�
HQHG�
7R� DYRLG� WKH� DJJORPHUDWLRQ� GXULQJ� WKH

V\QWKHVLV��WKH�UHDFWLRQ�PL[WXUH�ZDV�DJLWDWHG
XVLQJ� XOWUDVRXQG�� 7KH� XOWUDVRXQG� SURYLGHG
DQ� DFFHOHUDWHG� UHDFWLRQ�� DQG� DV� HDUO\� DV
DIWHU� ��� PLQ� RI� V\QWKHVLV�� WKH

*G����(X����32�� ZDV� VHHQ� WR� IRUP� DQLVRW�URSLF� QDQRFU\VWDOV� �QDQRZLUHV�� RI� DERXW
��� QP� LQ� GLDPHWHU� DQG� XS� WR� �� PP� OHQJWK
�)LJ���D���7KH�;5'�SDWWHUQ�FRPSULVHV�DOVR�D
VHW� RI� PDMRU� UHIOHFWLRQV� EHORQJLQJ� WR� WKH
KH[DJRQDO� FU\VWDO� ODWWLFH� RI� JDGROLQLXP� RU�
WKRSKRVSKDWH��)LJ���E��
7KH� ODWWLFH� SDUDPHWHUV� DQG� WKH� FRKHUHQW

VFDWWHU� DUHD� IRU� SRO\FU\VWDOV� DQG� IRU
QDQRFU\VWDOV� LQ�WKH�QDQRZLUH�DQG�QDQRSODWH
VKDSHV� KDYH� EHHQ� GHWHUPLQH� IURP� WKH� GLI�
IUDFWLRQDO� UHIOHFWLRQ� SRVLWLRQV� DQG� DUH� SUH�
VHQWHG� LQ�7DEOH��7KH� ODWWLFH�SDUDPHWHUV� DUH
VHHQ� WR� DJUHH�ZLWK� UHIHUHQFH�GDWD� DQG�YDU\
ZLWKLQ�WKH�H[SHULPHQWDO�HUURU��
7R� VWDELOL]H� WKH� VL]H� RI� *G����(X����32�QDQRZLUHV�� WKH� V\QWKHVLV� ZDV� FDUULHG� RXW

XVLQJ� WKH� PLFURHPXOVLRQV�� 7KH
*G����(X����32�� QDQRSDUWLFOHV� REWDLQHG� LQWKH� PLFURHPXOVLRQV� XQGHU� VWLUULQJ� E\� D
PDJQHWLF� VWLUUHU� IRU� �� K� DW� URRP� WHPSHUD�
WXUH� DUH� EXQGOHV� FRQVLVWLQJ� RI� QHHGOH�OLNH
ILEHUV�RI���u����QP�VL]H��)LJ������6LQFH�WKH

)LJ����� 7(0� LPDJH� RI� *G����(X����32�� SUH�SDUHG�LQ�PLFURHPXOVLRQV�IRU���K�DW�7� ����&�

)LJ�����7(0�LPDJH�RI�*G����(X����32��SUHSDUHG�XVLQJ�XOWUDVRXQG�DW�:� ����DQG�7� ����&� �È��DQG
:� �����7� ����&��E��
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DTXHRXV� SKDVH� YROXPH� LQ� WKH� PLFURHPXO�
VLRQV�LV����WR����QP��WKH�UHDJHQW�H[FKDQJH
EHWZHHQ�WKH�ZDWHU�GURSV�LV�KLQGHUHG��WKHUH�
IRUH��XOWUDVRQLF�PL[LQJ�ZDV�XVHG� LQ� DOO� WKH
IXUWKHU� H[SHULPHQWV� FDUULHG� RXW� LQ� WKH�PL�
FURHPXOVLRQ�V\VWHPV�
7KH� H[SHULPHQWV� KDYH� VKRZQ� WKDW� WKH

IRUPDWLRQ�RI�LVRODWHG�*G32��(X���QDQRFU\V�WDOV� LV� SRVVLEOH� ZLWKLQ� WKH� FRQFHQWUDWLRQ
UDWLR�:� �&+�2�&$27�IURP���WR�����WKH�YDUL�DWLRQ� LQ� :� GRLQJ� QRW� HIIHFW� VLJQLILFDQWO\
WKH�QDQRFU\VWDO� VL]H��$W�:������PDLQO\� WKH
FRQJORPHUDWHV� FRQVLVWLQJ� RI� QHHGOH�OLNH
QDQRFU\VWDOV�ZLWK�D�FRQVLGHUDEOH�VL]H�GLVSHU�
VLRQ�DUH� IRUPHG��7KH�WHPSHUDWXUH�HOHYDWLRQ
WR���Ü���&�UHVXOWV�LQ�FU\VWDOOLQH�IRUPDWLRQV
RI�XS�WR���PP�LQ�OHQJWK�DQG�XS�WR�����PP�LQ
GLDPHWHU� �)LJ���D��� 7KH� WHPSHUDWXUH� GURS
�GRZQ� WR� ����9�� IDYRUV� DJJORPHUDWLRQ� RI
LUUHJXODUO\� VKDSHG� SDUWLFOHV�� 7KH� WHPSHUD�
WXUH�HOHYDWLRQ�ZLWKLQ�WKH�RSWLPXP�UDQJH�UH�
VXOWV� LQ� IRUPDWLRQ� RI� QDQRFU\VWDOV� FKDUDF�
WHUL]HG� E\� D� ODUJH� OHQJWK�WR�GLDPHWHU� UDWLR
�O�G��� 7KH� QDQRFU\VWDOV� REWDLQHG� LQ� RSWL�
PL]HG�FRQGLWLRQV��)LJ���E��DUH�FKDUDFWHUL]HG
E\�D�QDUURZ�VL]H�GLVWULEXWLRQ��7KH�QDQRFU\V�
WDO�VL]H�LV�RI���u���QP��
)LJ���� SUHVHQWV� WKH� OXPLQHVFHQFH� VSHFWUD

�OH[�� ������� QP�� 7� ����&�� RI
*G����(X����32�� QDQRSRZGHUV�� QDQRZLUHV�DQG� QDQRSODWHV�� 7KH� VSHFWUXP� DSSHDUDQFH
FRUUHVSRQGV� WR� WKH� PDLQ� WUDQVLWLRQV
�'�Ü�)-��-� �������������W\SLFDO�RI�OXPLQHV�FHQFH� RI� WULYDOHQW� HXURSLXP�� 7KH� SRVLWLRQV
DQG� LQWHQVLWLHV� RI� WKRVH� WUDQVLWLRQV� GHSHQG
RQ� WKH� V\PPHWU\� DQG� WKH� FU\VWDO� ILHOG
VWUHQJWK� LQ� WKH� HXURSLXP� SRVLWLRQV�� 7KH
PRVW� LQWHQVH� OXPLQHVFHQFH� LV� REVHUYHG� IRU
WKH� �'�Ü�)�� WUDQVLWLRQ� SRLQWLQJ� WKH� HPLV�VLRQ�LQ�WKH�EULJKW�RUDQJH�UHJLRQ��7KH�LQWHQ�
VLW\� UDWLR� �.�� RI� HOHFWULF� GLSROH� WUDQVLWLRQ
�'�Ü�)��,('�� DQG� WKDW� RI� WKH�PDJQHWLF� GL�SROH�RQH��'�Ü�)���,0'��FDQ�EH�FRQVLGHUHG�DVD� V\PPHWU\� PHDVXUH� RI� WKH� FRRUGLQDWLRQ
VSKHUH�� 7KH� KLJKHU� WKDW� UDWLR� LV�� WKH� ORZHU
LV� WKH� VXUURXQGLQJ� V\PPHWU\� RI� WKH� LRQ
EHLQJ� VXEVWLWXWHG�� 7KH� FDOFXODWHG� YDOXHV� RI

.� DUH�SUHVHQWHG� LQ�7DEOH��7KH�.� LV� VHHQ� WR
YDU\� GHSHQGLQJ� RQ� WKH� VDPSOH�PRUSKRORJ\�
,W� LV� DSSUHFLDEO\� KLJKHU� IRU� QDQRZLUHV� DQG
QDQRSODWHV�� WKXV� LQGLFDWLQJ� WKDW� LQ
*G����(X����32��QDQRFU\VWDO�PDWULFHV��WKHUHLV� DQ� LQFUHDVHG� FRQFHQWUDWLRQ� RI� HXURSLXP
LRQ� ORFDOL]DWLRQ�VLWHV� LQ� ORZ�V\PPHWU\�SRVL�
WLRQV�ZLWK�UHVSHFW�WR�WKH�VXEVWLWXWHG�FDWLRQ�
7KXV�� LVRODWHG� OXPLQHVFHQW� QDQRFU\VWDOV

VKDSHG� DV� ��� WR� ��� QP� WKLFN� QDQRZLUHV� RI
XS�WR���PP�OHQJWK�KDYH�EHHQ�REWDLQHG�IURP
DTXHRXV� VROXWLRQV� ZLWK� VXEVHTXHQW� XOWUD�
VRQLF� WUHDWPHQW�� 7KH� FRPELQDWLRQ� RI� VRQR�
FKHPLFDO� DQG� PLFURHPXOVLRQ� WHFKQLTXHV
PDNHV� LW� SRVVLEOH� WR� VXSSUHVV� WKH� SUHGRPL�

)LJ����� /XPLQHVFHQFH� VSHFWUD� RI
*G����(X����32�� SRO\FU\VWDOV� �È��� QDQRSODWHV�E���QDQRZLUHV��F��

7DEOH�� 6XPPDUL]HG� UHVXOWV� RI� ;3$� DQG
VSHFWUDO� DQDO\VLV� RI� WKH� VWXGLHG
*G32��(X���VDPSOHV

*G32��(X�� /������
QP

D��QP °��QP ,('�,0'
3RO\FU\VWDOV �� ����� ����� �����
1DQRSODWHV �� ����� ����� �����
1DQRZLUHV �� ����� ����� �����
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QDWLQJ�JURZWK�RI�*G����(X����32��QDQRFU\V�WDOV�DQG�WKXV�WR�FRQWURO�WKH�QDQRFU\VWDO�VL]H
DQG� VKDSH�� 7KH� HIIHFW� RI� *G����(X����32�QDQRFU\VWDO� PRUSKRORJ\� RQ� WKH� OXPLQHV�
FHQFH� VSHFWUD� WKHUHRI� KDV� EHHQ� GHPRQ�
VWUDWHG�� ,W� KDV� EHHQ� HVWDEOLVKHG� WKDW� LQ� WKH
QDQRFU\VWDO� PDWULFHV�� DQ� LQFUHDVHG� FRQFHQ�
WUDWLRQ�RI�HXURSLXP�LRQ�ORFDOL]DWLRQ�VLWHV�LQ
ORZ�V\PPHWU\� SRVLWLRQV�ZLWK� UHVSHFW� WR� WKH
VXEVWLWXWHG�FDWLRQ�WDNHV�SODFH�

$FNQRZOHGJPHQW�� $XWKRUV� DUH� WKDQNIXO
WR� =�,�.ROXSDHYD� DQG� 6�9�'XNDURY� ZKR� DV�
VLVWHG�LQ�GHWHUPLQDWLRQ�RI�WKH�SKDVH�FRPSR�
VLWLRQ� DQG� PRUSKRORJ\� RI� WKH� VWXGLHG� VDP�
SOHV�
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