
7KH�UROH�RI�JODVV�LQ�DOXPLQD�EDVHG�HQJLQHHULQJ�FHUDPLFV�

'XäDQ�*DOXVHN���XERä�%DÿD�DQG�3DYRO�ãDMJDOtN�
,QVWLWXWH�RI�,QRUJDQLF�&KHPLVWU\��6ORYDN�$FDGHP\�RI�6FLHQFHV��'XEUDYVND�FHVWD�����������%UDWLVODYD��

6ORYDN�5HSXEOLF�
�

1HDUO\� DOO� W\SHV� RI� HQJLQHHULQJ� SRO\FU\VWDOOLQH� FHUDPLFV�SURGXFHG� DQG� VWXGLHG� WRGD\� FRQWDLQ� FHUWDLQ�

SRUWLRQ�RI�JODVV�ORFDWHG�DW�ERXQGDULHV�EHWZHHQ�WKH�PLFURFU\VWDOV�RI�D�FHUDPLF�PDWHULDO��JUDLQ�ERXQGDULHV���

RU� LQ� WULSOH� JUDLQ� ERXQGDU\� MXQFWLRQV�� 7KH� JODVV� LV� IRUPHG� DW� VLQWHULQJ� WHPSHUDWXUH� IURP� UDZ�PDWHULDO¶V�

LPSXULWLHV�� RU� IURP� VXEVWDQFHV� DGGHG� LQWHQWLRQDOO\� WR� DVVLVW� VLQWHULQJ� RU� WR� PRGLI\� WKH� SURSHUWLHV� RI�

SRO\FU\VWDOOLQH� PDWHULDO�� 7KH� SDSHU� JLYHV� D� EULHI� UHYLHZ� RQ� WKH� UROH� RI� JODVV� LQ� WKH� PRVW� ZLGHO\� XVHG�

HQJLQHHULQJ�FHUDPLFV�WRGD\��$O�2���7KH�PRVW�UHFHQW�UHVXOWV�RI�RXU�VWXG\�RI�WKH�LQIOXHQFH�RI�VPDOO�DPRXQWV�

RI� JODVV� �XS� WR� ��� YRO�� ��� DQG� RI� JODVV�IRUPLQJ� DGGLWLYHV� 6L2��0J2� DQG� 6L2��&D2� RQ� VLQWHULQJ��

PLFURVWUXFWXUH��PLFURVWUXFWXUH�GHYHORSPHQW��DQG�URRP�WHPSHUDWXUH�PHFKDQLFDO�SURSHUWLHV�LQFOXGLQJ�ZHDU��

RI�SRO\FU\VWDOOLQH�DOXPLQD�EDVHG�HQJLQHHULQJ�FHUDPLFV�DUH�SUHVHQWHG�IRU�LOOXVWUDWLRQ��

�

,QWURGXFWLRQ�

([FHSW� RI� H[WUHPHO\� SXUH� PDWHULDOV� SUHSDUHG� E\� VSHFLDO� �DQG� H[SHQVLYH�� SURFHVVLQJ�
URXWHV� IURP� KLJK� SXULW\� UDZ� PDWHULDOV�� YLUWXDOO\� DOO� LQGXVWULDOO\� SURGXFHG� SRO\FU\VWDOOLQH�
FHUDPLFV�FRQWDLQ�FHUWDLQ�DPRXQW�RI�JODVV��$�PDUJLQDO�H[DPSOH�RI�JODVV�FRQWDLQLQJ�FHUDPLFV�LV�
SRUFHODLQ��ZKLFK�W\SLFDOO\�FRQVLVWV�RI�EHWZHHQ����DQG������RI�JODVV�ZLWK�GLVSHUVHG�QHHGOHV�RI�
PXOOLWH� DQG� ODUJHU� JUDLQV� RI� VLOLFD�� ��+RZHYHU�� VXFK� FHUDPLFV� DUH� EH\RQG� WKH� VFRSH� RI� WKLV�
SDSHU��7KLV�ZLOO�EH�IRFXVHG�RQ�HQJLQHHULQJ�FHUDPLFV�FRQWDLQLQJ�W\SLFDOO\�OHVV�WKHQ����YRO����
RI�JODVV�DQG�XVHG�SULPDULO\�IRU�DSSOLFDWLRQV�ZKHUH�JRRG�PHFKDQLFDO�SURSHUWLHV�DUH�UHTXLUHG��
ERWK�DW� URRP�DQG�KLJK� WHPSHUDWXUHV��$V�ZLOO�EH� VKRZQ�EHORZ��JODVV�SOD\V� D� FUXFLDO� UROH� LQ�
VXFK� PDWHULDOV�� LQIOXHQFLQJ� VLJQLILFDQWO\� ERWK� WKH� PLFURVWUXFWXUH� DQG� WKH� PHFKDQLFDO�
SURSHUWLHV��

*ODVV� LQ� HQJLQHHULQJ� FHUDPLFV� LV� XVXDOO\� SUHVHQW� LQ� WKH� IRUP� RI� D� ILOP� DW� JUDLQ� ERXQGDULHV�
ZLWK�WKLFNQHVV�RI�VHYHUDO�QDQRPHWUHV��RU�FXPXODWHV�LQ�PXOWLSOH�JUDLQ�ERXQGDU\�MXQFWLRQV��VR�
FDOOHG�WULSOH�SRFNHWV��'LUHFW�KLJK�UHVROXWLRQ�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\�PHDVXUHPHQWV�
UHYHDOHG�WKDW�JUDLQ�ERXQGDULHV�RI�DOXPLQD�FHUDPLFV�VLQWHUHG�ZLWK�DGGLWLRQ�RI�&D2�DQG�6L2��
ZHUH�FRYHUHG�ZLWK�D�FRQWLQXRXV�OD\HU�RI�DPRUSKRXV�FDOFLXP�DOXPLQRVLOLFDWH����7KH�WKLFNQHVV�
RI�VXFK�OD\HU�ZDV�LQGHSHQGHQW�RQ�WKH�DPRXQW�RI�LPSXULWLHV�RU�VLQWHULQJ�DLGV��EXW�YDULHG�ZLWK�
WKH�FRPSRVLWLRQ�RI�WKH�DPRUSKRXV�SKDVH��&D2�FRQWHQW�LQ�WKLV�FDVH���&DOFXODWLRQV�EDVHG�RQ�
WKH� VLPSOLILHG� JHRPHWULFDO� PRGHO� RI� WKH� SRO\FU\VWDOOLQH� PDWHULDO� PLFURVWUXFWXUH� DVVXPLQJ�
FRQVWDQW� HTXLOLEULXP� WKLFNQHVV� RI� WKH� JODVV� OD\HU� DW� DOO� JUDLQ� ERXQGDULHV�� VXJJHVWHG� WKDW� DV�
OLWWOH�DV������YRO����RI�LPSXULWLHV�DUH�VXIILFLHQW�WR�IRUP�D�FRQWLQXRXV�JODVV\�ILOP�DW�DOO�JUDLQ�
ERXQGDULHV�� �� 7KH� HTXLOLEULXP� WKLFNQHVV� LV� DFKLHYHG� IRU� UHVSHFWLYH� JUDLQ� ERXQGDU\� JODVV�
FRPSRVLWLRQ�DQG�H[FHVV�JODVV�LV�FXPXODWHG�LQ�WKH�WULSOH�SRFNHWV�������7KH�VL]H�RI�WULSOH�SRFNHWV�
WKHQ�LQFUHDVH�ZLWK�LQFUHDVLQJ�DPRXQW�RI�JODVV�LQ�WKH�PDWHULDO��

2QH�RI�WKH� LPSRUWDQW�IHDWXUHV�RI�JODVV\�SKDVH� LQ�FHUDPLFV� LV� LWV� WHQGHQF\�WR�FU\VWDOOL]DWLRQ��
&U\VWDOOL]DWLRQ� FKDQJHV� WKH� FRPSRVLWLRQ� RI� JODVV�� GHSOHWLQJ� LW� RI� FRPSRQHQWV�� ZKLFK� WKHQ�
EHFRPH� WKH�EXLOGLQJ� VWRQHV�RI� FU\VWDOOLQH�SKDVHV��&U\VWDOOL]DWLRQ� WKHQ� UHVXOWV� LQ� FKDQJHV�RI�
VWUXFWXUH��WKHUPDO�SURSHUWLHV��WKHUPDO�H[SDQVLRQ��IRU�H[DPSOH��DQG�WHPSHUDWXUH�GHSHQGHQFH�
RI� YLVFRVLW\� RI� WKH� JODVV�� ,QWHUHVWLQJO\�� DV� VKRZQ�E\�5DM� DQG�/DQJH� ��� WKH� FU\VWDOOL]DWLRQ� RI�
VPDOO�TXDQWLWLHV�RI�JODVV�VHJUHJDWHG�DW�JUDLQ�ERXQGDULHV� LV�PRUH�GLIILFXOW� WKDQ�FU\VWDOOL]DWLRQ�



RI� EXON� JODVV� RI� WKH� VDPH� FRPSRVLWLRQ��7KH� UHDVRQ� LV� WKDW� WKH� IOXLG� DW� JUDLQ� ERXQGDULHV� LV�
FRQVWUDLQHG�� $Q\� YROXPH� FKDQJH� GXULQJ� WKH� SKDVH� WUDQVIRUPDWLRQ� ULVHV� WKH� VWUDLQ� HQHUJ\��
ZKLFK�RSSRVHV�WKH�WUDQVIRUPDWLRQ��8QGHU�VXFK�FLUFXPVWDQFHV��JODVV�DW�JUDLQ�ERXQGDULHV�PD\�
QRW� FU\VWDOOL]H� DW� DOO�� RU� PD\� FU\VWDOOL]H� RQO\� SDUWLDOO\�� 7KH� FU\VWDOOL]DWLRQ� RFFXUV� WKHUHIRUH�
SULPDULO\�LQ�WULSOH�SRFNHWV��7KH�GLUHFW�FRQVHTXHQFH�LV�WKDW�WKH�JUDGLHQW�RI�FRPSRVLWLRQ�H[LVWV�
EHWZHHQ�WKH�JUDLQ�ERXQGDU\�DQG�WKH�DGMRLQLQJ�WULSOH�SRFNHW�ZKHUH�FU\VWDOOL]DWLRQ�RFFXUV���

*UDLQ� ERXQGDU\� JODVVHV� LQIOXHQFH� WKH� SURSHUWLHV� RI� FHUDPLFV� LQ� PDQ\� ZD\V�� )LUVWO\�� WKH�
SUHVHQFH� RI� WKH� DPRUSKRXV� SKDVH� �RU� JODVV� IRUPLQJ� PHOW� DW� WKH� SURFHVVLQJ� WHPSHUDWXUH��
SURPRWHV� GHQVLILFDWLRQ� E\� LPSURYLQJ� WKH� SDUWLFOH� UHRUJDQL]DWLRQ� E\� YLVFRXV� IORZ�� DQG� E\�
DGGLWLRQDO� PHFKDQLVPV�� OLNH� VROXWLRQ�UHSUHFLSLWDWLRQ� RI� PDWUL[� JUDLQV� DQG� GLIIXVLRQ� RI� WKH�
FHUDPLF� PDWUL[� SKDVH� WKURXJK� WKH� PHOW�� �� 6HFRQGO\�� WKH� SUHVHQFH� RI� WKH� OLTXLG� UHVXOWV� LQ�
IRUPDWLRQ�RI�PDUNHGO\�GLIIHUHQW�PLFURVWUXFWXUH� FRPSDUHG� WR� WKDW�RI� WKH�PDWHULDOV� VLQWHUHG�
ZLWKRXW�WKH�SUHVHQFH�RI�WKH�PHOW��,Q�VRPH�FDVHV�WKH�FRQVHTXHQFH�RI�OLTXLG�SKDVH�VLQWHULQJ�LV�
PLFURVWUXFWXUH� UHILQHPHQW� GXH� WR� PRUH� PRGHUDWH� FRQGLWLRQV� UHTXLUHG� WR� REWDLQ� WKH� IXOO\�
GHQVH� PDWHULDO�� +RZHYHU�� LQ� PRVW� FDVHV� WKH� DEQRUPDO� JUDLQ� JURZWK� LV� REVHUYHG� LQ� /36�
FHUDPLFV�DV�D�FRQVHTXHQFH�RI�VR�FDOOHG�2VWZDOG�ULSHQLQJ��,Q�WKLV�FDVH�ODUJHU�JUDLQV�JURZ�RQ�
H[SHQVH�RI�VPDOOHU�RQHV�GXH�WR�WKH�FRQFHQWUDWLRQ�JUDGLHQW�RI�WKH�GLVVROYHG�PDWUL[�SKDVH�LQ�
WKH�PHOW� EHWZHHQ� WKH� FRQYH[� RXWHU� IDFHV� RI� ODUJH� JUDLQV� DQG� FRQFDYH� IDFHV� RI� WKH� VPDOOHU�
RQHV�� 2IWHQ� WKH� SUHVHQFH� RI� SODWH�OLNH�� RU� QHHGOH�OLNH� JUDLQV� LV� REVHUYHG� LQ� FHUDPLF�
PLFURVWUXFWXUHV�DV�D�FRQVHTXHQFH�RI�2VWZDOG�ULSHQLQJ���

$V� FDQ� EH� H[SHFWHG�� WKH�PDWHULDOV�ZLWK�TXDOLWDWLYHO\� GLIIHUHQW�PLFURVWUXFWXUHV� VKRZ� D�ZLGH�
UDQJH� RI� PHFKDQLFDO�� HOHFWULFDO� DQG� WKHUPDO� SURSHUWLHV�� 3UHVHQFH� RI� JODVV�� IRU� H[DPSOH��
UHGXFHV�WKH�WKHUPDO�FRQGXFWLYLW\�RI�SRO\FU\VWDOOLQH�DOXPLQD���5RRP�WHPSHUDWXUH�PHFKDQLFDO�
SURSHUWLHV� �IUDFWXUH� WRXJKQHVV�� EHQG� VWUHQJWK�� ZHDU� UHVLVWDQFH�� DUH� UHODWHG� WR� SUHVHQFH� RI�
JODVV�YLD�PLFURVWUXFWXUH�FKDUDFWHULVWLFV�RI�WKH�PDWHULDO��$OWKRXJK�QRW�SURYHG�H[SHULPHQWDOO\��
WKH� PROHFXODU� G\QDPLF� VLPXODWLRQV� SHUIRUPHG� E\� %ORQVNL� DQG� *DURIDOLQL�� VXJJHVW�� WKDW�
VLOLFDWH� JODVVHV� VWUHQJWKHQ� WKH� DOXPLQD�DOXPLQD� JUDLQ� ERXQGDULHV�� LQFUHDVH� IUDFWXUH� HQHUJ\��
FKDQJH�WKH�IUDFWXUH�PRGH�IURP�LQWHU��WR�WUDQVJUDQXODU�DQG��DV�D�FRQVHTXHQFH��PD\�LQFUHDVH�
WKH� IUDFWXUH� WRXJKQHVV� RI� WKH�PDWHULDO�� 7KH� JUDLQ� ERXQGDU\� VWUHQJWK� LV� DOVR� LQIOXHQFHG� E\�
UHVLGXDO� VWUHVVHV� JHQHUDWHG� LQ� WKH� PDWHULDO� LQ� WKH� FRXUVH� RI� FRROLQJ� IURP� SURFHVVLQJ�
WHPSHUDWXUH� GXH� WR� WKHUPDO� H[SDQVLRQ� PLVPDWFK� EHWZHHQ� JODVV� DQG� FU\VWDOOLQH� FHUDPLF�
PDWUL[��,I� WKH�WKHUPDO�H[SDQVLRQ�RI�JODVV� LQ�WULSOH�SRFNHWV� LV� ORZHU�WKDQ�WKDW�RI�PDWUL[�� WKH�
JUDLQ�ERXQGDULHV�DUH�DW�URRP�WHPSHUDWXUH�´ZHGJHGµ�RU�ZHDNHQHG�E\�WKH�SUHVHQFH�RI�JODVV��
7KH�JODVV�ZLWK�KLJKHU�WKHUPDO�H[SDQVLRQ�WKDQ�WKH�WKHUPDO�H[SDQVLRQ�RI�PDWUL[�´FODPSVµ�WKH�
JUDLQ� ERXQGDULHV� WKXV� PDNLQJ� WKHP� VWURQJHU�� 7KXV�� HYHQ� LI� WKH� PLFURVWUXFWXUHV� RI�
SRO\FU\VWDOOLQH�PDWHULDOV�DUH�TXDOLWDWLYHO\� LGHQWLFDO��PDUNHGO\�GLIIHUHQW�PHFKDQLFDO�SURSHUWLHV�
FDQ� EH� REWDLQHG� GXH� WR� YDULRXV� WKHUPDO� H[SDQVLRQV� RI� JODVVHV� LQ� WKH� PDWUL[�� 7KLV�
GHPRQVWUDWHG� LQ� FDVH� RI� 6L�1�� 3HWHUVRQ� DQG� 7LHQ

��� ZKR� SUHSDUHG� D� VHW� RI� PDWHULDOV� ZLWK�
SUDFWLFDOO\� LGHQWLFDO�PLFURVWUXFWXUHV�� EXW�ZLWK� IUDFWXUH� WRXJKQHVV� YDU\LQJ� EHWZHHQ� �� DQG� ��
03D�P������

([WUHPHO\� LPSRUWDQW� LV� WKH� LQIOXHQFH� RI� JODVV� RQ� KLJK� WHPSHUDWXUH�PHFKDQLFDO� SURSHUWLHV��
6RIWHQLQJ� RI� WKH� JODVV\� SKDVH� DW� KLJK� WHPSHUDWXUHV� LPSDLUV� HVSHFLDOO\� IOH[XUDO� VWUHQJWK� DQG�
FUHHS�UHVLVWDQFH����

$V� VHHQ� IURP� WKH� SUHYLRXV� WH[W�� WKH� SUHVHQFH� RU� DEVHQFH� RI� JODVV� LQ� WHFKQLFDO� FHUDPLFV�
LQIOXHQFHV� YLUWXDOO\� DOO� DVSHFWV� RI� D� FHUDPLF� PDWHULDO�� UDQJLQJ� IURP� SURFHVVLQJ� FRQGLWLRQV�
WKURXJK�PLFURVWUXFWXUH�FKDUDFWHULVWLFV�WR�SURSHUWLHV�RI�WKH�ILQDO�PDWHULDO��6RPH�RI�WKH�UHVXOWV�



DFTXLUHG� LQ� WKH� FRXUVH� RI� RXU� VWXG\� RI� OLTXLG�SKDVH� VLQWHUHG� DOXPLQD�EDVHG� SRO\FU\VWDOOLQH�
FHUDPLF�PDWHULDOV�DUH�SUHVHQWHG�LQ�WKH�IROORZLQJ�VHFWLRQV��

�
6LQWHULQJ�DQG�0LFURVWUXFWXUH�

0RVW�FRPPHUFLDO�DOXPLQDV�FRQWDLQ�LQWHQWLRQDO�DGGLWLRQV�RI�6L2���&D2�RU�0J2��WRJHWKHU�
ZLWK� VPDOO� DPRXQWV� RI� DONDOLQH� R[LGHV�� )URP� WKLV� SRLQW� RI� YLHZ� WKH� W\SLFDO� JODVV� LQ�
SRO\FU\VWDOOLQH� DOXPLQD� FHUDPLFV� UHVHPEOHV� E\� LWV� FRPSRVLWLRQ� XVXDO� VLOLFDWH� LQGXVWULDOO\�
SURGXFHG� JODVVHV�� 7KH� SULQFLSDO� GLIIHUHQFH� LV� KLJK� FRQWHQW� RI� DOXPLQLXP� R[LGH�� ZKLFK� LV�
WUDQVIHUUHG� WR� WKH� PHOW� E\� GLVVROXWLRQ� RI� WKH� DOXPLQD� PDWUL[� JUDLQV�� $PRQJ� WKH� V\VWHPV�
PHQWLRQHG�� WKH� DOXPLQD�FDOFLD�VLOLFD� V\VWHP� LV� RI� FRQVLGHUDEOH� LPSRUWDQFH�� EHFDXVH� WKH�
HXWHFWLF� WHPSHUDWXUHV� RI� WKH� V\VWHP� UDQJH� EHWZHHQ� �����DQG�������&� IDFLOLWDWLQJ� WKH�
IRUPDWLRQ�RI�D�OLTXLG�DW�UHODWLYHO\�ORZ�WHPSHUDWXUHV�DQG�WKHUHIRUH�IDVW�GHQVLILFDWLRQ��$GGLWLRQ�
RI�6L2��DQG�&D2�WR�WKH�DOXPLQD�SRZGHU�JHQHUDWHV�VHYHUDO�YROXPH�SHUFHQW�RI�D�OLTXLG�DQG�WKH�
SURFHVV� LQYROYLQJ�VROXWLRQ�UHFU\VWDOOL]DWLRQ�RI�DOXPLQD�SDUWLFOHV� LQ� WKH� OLTXLG�DFFHOHUDWHV� WKH�
VLQWHULQJ� RI� DOXPLQD�� DV� LOOXVWUDWHG� E\� )LJXUH� ��� 8QOLNH� WKH� DOXPLQD� VLQWHUHG� ZLWKRXW� WKH�
SUHVHQFH� RI� OLTXLG�ZKRVH�PLFURVWUXFWXUH� LV� VKRZQ� LQ�)LJXUH� ��� D�PDWHULDO� FRQWDLQLQJ� ODUJH��
SODWHOLNH�RU�URGOLNH�α�DOXPLQD�JUDLQV�LV�XVXDOO\�IRUPHG�DV�D�FRQVHTXHQFH�RI�WKH�VLOLFD�DQG�RU�
FDOFLD� DGGLWLRQ�� 7KH� GHYHORSPHQW� RI� WKH� HORQJDWHG� JUDLQV� ZLWK� LQFUHDVLQJ� WHPSHUDWXUH� LV�
LOOXVWUDWHG� E\� ILJXUHV� �D�G�� 7KH� DEQRUPDO� JUDLQ� JURZWK� LQ� DOXPLQD� LV� REVHUYHG� ZKHQ� WKH�
DGGLWLYHV�DUH�SUHVHQW�DERYH�FULWLFDO�FRQFHQWUDWLRQV� URXJKO\�FRUUHVSRQGLQJ�WR�WKHLU�VROXELOLW\�
OLPLWV� LQ�WKH�DOXPLQD�FU\VWDOV����7KH�GULYLQJ�IRUFH�RI�IRUPDWLRQ�RI�WKH�SODWHOLNH�JUDLQV�LV�WKH�
XQHYHQ�GLVVROXWLRQ�RI�YDULRXV�FU\VWDOORJUDSKLF�IDFHV�RI�α�DOXPLQD�FU\VWDOV�GXH�WR�DQLVRWURS\�
RI�WKH�VROLG�OLTXLG�LQWHUIDFLDO�HQHUJLHV������
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)LJ����7KH�LQIOXHQFH�RI�VLQWHULQJ�DGGLWLYHV�RQ�GHQVLIL�� )LJ����0LFURVWUXFWXUH�RI�DOXPLQD�GHQVLILHG��

FDWLRQ�RI�DOXPLQD�FHUDPLFV�� ZLWKRXW�DGGLWLYHV�
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)LJ�� �� 7KH�PLFURVWUXFWXUH� GHYHORSPHQWW� RI�&D2��6L2��VLQWHUHG� DOXPLQD�� 7KH� SODWHOHWV� DUH� GHYHORSHG� E\�

2VWZDOG� ULSHQLQJ� ±� GLVVROXWLRQ� DQG� UHSUHFLSLWDWLRQ� RI� WKH� DOXPLQD� PDWUL[� JUDLQV�� 7KH� VLQWHULQJ�

WHPSHUDWXUHV��D�±������°&��E�±������°&��F�±������°&��G�±������°&��

�

)LJ����7KH�7(0�PLFURJUDSK�RI�WKH�JODVV�FRQWDLQLQJ�WULSOH�SRFNHW�DQG�WKH�DGMRLQLQJ�JUDLQ�ERXQGDULHV�RI�WKH�

0J6L2��VLQWHUHG� SRO\FU\VWDOOLQH� DOXPLQD�� 7KH� DUURZV� PDUN� WKH� PDWUL[� GHIHFWV� IRUPHG� DV� D�

FRQVHTXHQFH�RI�WKHUPDO�H[SDQVLRQ�PLVPDWFK�EHWZHHQ�DOXPLQD�DQG�WKH�JODVV����±�VWUDLQ�IULQJH����±�

VXEJUDLQ�ERXQGDU\����±�DUUD\�RI�GLVORFDWLRQV��

7KH�WKHUPDO�H[SDQVLRQ�PLVPDWFK�EHWZHHQ�WKH�DPRUSKRXV��JODVV\��JUDLQ�ERXQGDU\�SKDVH�
DQG�WKH�DOXPLQD�PDWUL[�JUDLQV�SKDVH�JHQHUDWHV�LQ�WKH�FRXUVH�RI�FRROLQJ�IURP�WKH�SURFHVVLQJ�
�VLQWHULQJ��WHPSHUDWXUH�VLJQLILFDQW�IOXFWXDWLQJ�UHVLGXDO�VWUHVVHV��ZKLFK�FDQ�DFKLHYH�DV�PXFK�DV�
����03D�ERWK� LQ�FRPSUHVVLRQ�DQG� WHQVLRQ��7KH�7(0�PLFURJUDSK�RI� WKH�0J6L2��VLQWHUHG�
DOXPLQD�VKRZQ�RQ�)LJXUH���LQGLFDWHV�WKDW�WKH�DOXPLQD�JUDLQV�DGMRLQLQJ�WKH�WULSOH�SRFNHW�DUH�
KHDYLO\� VWUHVVHG�DQG�VWUDLQHG��7KH� VWUHVV�VWDWH�RI� WKH�PDWHULDO�KDV� WKHQ�GLUHFW�FRQVHTXHQFHV�



IRU� WKH� PHFKDQLFDO� SURSHUWLHV�� LQFOXGLQJ� EHQGLQJ� VWUHQJWK�� IUDFWXUH� WRXJKQHVV� DQG� ZHDU�
UHVLVWDQFH��

0HFKDQLFDO�3URSHUWLHV�DQG�:HDU�

7KH�DGGLWLRQ�RI�VLOLFDWH�VLQWHULQJ�DGGLWLYHV�JHQHUDOO\�WHQGV�WR�GHFUHDVH�WKH�GHQVLW\��<RXQJ·V�
PRGXOXV�� VWUHQJWK�� KDUGQHVV� DQG� UHIUDFWRULQHVV� RI� DOXPLQD� FHUDPLFV�� 3RZHOO�'RJDQ� DQG�
+HXHU��� VWXGLHG� LQ� GHWDLO� D� VHW� RI� �����/36� DOXPLQDV� FRQWDLQLQJ� YDULRXV� DGGLWLYHV� LQFOXGLQJ�
&D2��0J2��6L2��DQG�1D�2��7KH�PHFKDQLFDO�SURSHUWLHV��HVSHFLDOO\�WKH�IUDFWXUH�VWUHQJWK��ZHUH�
VHULRXVO\� DIIHFWHG� E\� WKHUPDO� H[SDQVLRQ� RI� JODVV� DQG� WKH� H[WHQW� RI� LWV� FU\VWDOOLVWDLRQ� GXH� WR�
YROXPH� FKDQJHV� DQG� DVVRFLDWHG�PLFURFUDFN� IRUPDWLRQ� LQ� WKH� FHUDPLF� ERG\� LQ� WKH� FRXUVH� RI�
GHYLWULILFDWLRQ����7KH�SUHVHQFH�RI�JUDLQ�ERXQGDU\�JODVV�LV�QRW��KRZHYHU��QHFHVVDULO\�GHOHWHULRXV��
7KH�DQLVRWURSLF�PLFURVWUXFWXUH�ZLWK�HORQJDWHG�RU�SODWHOLNH�JUDLQV�LV�PRUH�OLNHO\�WR�GLVSOD\�VR�
FDOOHG�5�FXUYH�EHKDYLRXU��WKH�LQFUHDVH�RI�IUDFWXUH�HQHUJ\�ZLWK�LQFUHDVLQJ�OHQJWK�RI�WKH�FUDFN��DV�
D� FRQVHTXHQFH� RI� WRXJKHQLQJ� E\� JUDLQ� EULGJLQJ�� JUDLQ� SXOO�RXW� DQG� FUDFN� GHIOHFWLRQ�� ZLWK�
FRUUHVSRQGLQJ�LQFUHDVH�RI�IUDFWXUH�WRXJKQHVV�RI�WKH�PDWHULDO����+RZHYHU��RXU�UHVXOWV�LQGLFDWH��
WKDW�LQ�FDVH�RI�WKH�/36�DOXPLQD�LV�WKH�WRXJKHQLQJ�HIIHFW�UHODWLYHO\�PRGHVW��

7KH�XVH�RI�VLOLFDWH�EDVHG�VLQWHULQJ�DGGLWLYHV�OHDGV�DOVR�WR�VLJQLILFDQW�LPSURYHPHQW�RI�WKH�ZHDU�
UHVLVWDQFH�RI�DOXPLQD��DQG�WKLV� LV�ZHOO�UHFRJQL]HG�LQGXVWULDOO\��5HFHQW�ODERUDWRU\�VWXGLHV�XVLQJ�
PRGHO� KLJK� SXULW\� DOXPLQDV� RI� FRQWUROOHG� FRPSRVLWLRQ� KDYH� VKRZQ� WKH� JHQHUDOO\� EHQHILFLDO�
HIIHFWV� RI� *URXS� ,,� PHWDO� VLOLFDWH� DGGLWLRQV� RQ� WKH� ZHDU� UHVLVWDQFH� RI� DOXPLQD� PDWHULDOV����
6HYHUDO�PRGHOV� KDYH�EHHQ�SURSRVHG� IRU� WKH�PHFKDQLVP�RI� DFWLRQ� RI� WKH� DPRUSKRXV� VLOLFDWH�
GXULQJ�ZHDU��EXW�LWV�H[DFW�IXQFWLRQ�KDV�QRW�EHHQ�FRQFOXVLYHO\�HVWDEOLVKHG��$V�FRQFOXGHG�LQ�RXU�
SUHYLRXV�ZRUN��� LQ� WKH�0J6L2�� OLTXLG�SKDVH� VLQWHUHG�DOXPLQDV� WKH� LQWHUJUDQXODU� VLOLFDWH� ILOPV�
DSSHDU�WR�KDYH�WKH�PDLQ�IXQFWLRQ�RI�VWUHQJWKHQLQJ�WKH�JUDLQ�ERXQGDULHV��DQG�PDWHULDO� ORVV�LQ�
WKHVH�PDWHULDOV� RFFXUV� DW� PXFK� UHGXFHG� UDWHV�� +LJK� IOXFWXDWLQJ� VWUHVVHV� LQ� WKH�0J6L2�� DQG�
&D6L2�� VLQWHUHG�PDWHULDOV� UHVXOW� IURP� WKH� WKHUPDO� H[SDQVLRQ� FRHIILFLHQW� GLIIHUHQFHV� EHWZHHQ�
WKH�DOXPLQD��DQG�WKH�JUDLQ�ERXQGDU\�PDJQHVLXP�DOXPLQRVLOLFDWH�JODVV��7KHVH�VWUHVVHV�DSSHDU�WR�
LQIOXHQFH�PLFURFUDFN� SURSDJDWLRQ� UDWH� E\� FDXVLQJ� VORZLQJ� WKH� UDWH� DW� ZKLFK� D� WUDQVJUDQXODU�
FUDFN�FDQ�SURSDJDWH�DFURVV�WKH�ERXQGDU\��'HSHQGLQJ�RQ�WKH�FRPSRVLWLRQ�DQG�DPRXQW�RI�WKH�
JUDLQ�ERXQGDU\�SKDVHV��WKH�ZHDU�UHVLVWDQFH�RI�WKH�/36�DOXPLQDV�LV���WR����WLPHV�KLJKHU�WKDQ�WKH�
ZHDU�UHVLVWDQFH�RI�WKH�SXUH�DOXPLQD�ZLWK�WKH�HTXLYDOHQW�PHDQ�JUDLQ�VL]H��)LJXUH���DQG�����

&RQFOXVLRQ�

7KH�SUHVHQFH�RI�JODVV�LQ�SRO\FU\VWDOOLQH�FHUDPLF�PDWHULDOV�LV�DQ�LPSRUWDQW�IDFWRU�VWURQJO\�
LQIOXHQFLQJ� DOO� DVSHFWV� RI� WKH� PDWHULDO�� IURP� WKH� SURFHVVLQJ� FRQGLWLRQV� WKURXJK�
PLFURVWUXFWXUH�FKDUDFWHULVWLF�WR�WKH�PHFKDQLFDO�SURSHUWLHV��+RZHYHU��HVSHFLDOO\�LQ�FDVH�RI�WKH�
DOXPLQD�EDVHG�PDWHULDOV�WKH�GHWDLOHG�XQGHUVWDQGLQJ�RI�WKH�PHFKDQLVPV�UHVSRQVLEOH�IRU�DFWLRQ�
RI�WKH�DGGLWLYHV�LV�VFDUFH��DQG�IXUWKHU�ZRUN�LV�UHTXLUHG��
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)LJ����7KH�GHSHQGHQFH�RI�ZHDU�RQ�WKH�RYHUDOO�DPRXQW�RI�� )LJ����7KH�LQIOXHQFH�RI�WKH�FKHPLFDO��

WKH�DGGHG�0J6L2��VLQWHULQJ�DGGLWLYH��� FRPSRVLWLRQ� RI� WKH� VLQWHULQJ� DGGLWLYHV�

� �V\VWHP�&D2�6L2��DQG�0J2�6L2���RQ�ZHDU�

� RI�DOXPLQD��

$FNQRZOHGJHPHQW�

7KH� ILQDQFLDO� VXSSRUW� RI� WKLV� ZRUN� E\� WKH� 6ORYDN� 1DWLRQDO� *UDQW� $JHQF\� XQGHU� WKH�
SURMHFW�1R�����������DQG�E\� WKH�1$72�6FLHQFH� IRU�3HDFH�3URJUDPPH��FRQWUDFW�1R�6I3�
�������LV�JUDWHIXOO\�DFNQRZOHGJHG��

�

�
�

��+ODYiþ�-���%DVLF�WHFKQRORJ\�RI�VLOLFDWHV��617/��3UDKD���������S����������
��ULN��-05��
��6RQJ�+��DQG�&REOH�5�/���-�$P�&HUDP�6RF������S������������������
��5DM�5���-�$P�&HUDP�6RF������S������������������
��&ODUNH�'�5���-�$P�&HUDP�6RF������S����������������
��5DM�5��DQG�/DQJH�)�)���$FWD�0HWDOO������S��������������������
��0DULRQ�-�(���+VXHK�&�+��DQG�(YDQV�$�*���-�$P�&HUDP�6RF������S�����������������
��%ORQVNL�6��DQG�*DURIDOLQL�6�+���-�$P�&HUDP�6RF������S��������������������
��3HWHUVRQ�,�0��DQG�7LHQ�7��<���-�$P�&HUDP�6RF������S������������������
��� %HUQDUG�*UDQJHU� *��� 'XFNORV� 5��� &UDPSRQ� -��� &DOpV� %��� LQ� 7KH� SURFHVVLQJ�� SURSHUWLHV� DQG�
DSSOLFDWLRQV� RI� PHWDOOLF� DQG� FHUDPLF� PDWHULDOV�� HGLWHG� E\�0�+�� /RUHWWR� DQG� &�-�� %HHYHV� �,&&��
%LUPLQJKDP���������9RO�������S����������

��
�6�,��%DH��6��%DLN��-�$P�&HUDP�6RF����������������������

��
�+��6RQJ��5�/��&REOH��-�$P�&HUDP�6RF����������������������

��
�3RZHOO�'RJDQ�&�$���+HXHU�$�+���-�$P�&HUDP�6RF����������������������

��
�3RZHOO�'RJDQ�&�$���+HXHU�$�+���5HDG\�0�-���0HUULDP�.���-�$P�&HUDP�6RF���������������������

��
�%HFKHU�3�)���-�$P�&HUDP�6RF��������������������

��
�7ZLJJ�3�&���'DYLGJH�5�:���5REHUWV�6�*���5LOH\�)�/���.H\�(QJ�0DWHU�����������������������������

��
�*DOXVHN�'���%U\GVRQ�5���7ZLJJ�3�&���5LOH\�)�/���$WNLQVRQ�$���=KDQJ�<��+���-�$P�&HUDP�6RF���
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