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INTRODUCTION 
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%OXPVWHLQ�XVHG�WKH�WHUP��1DQR�FRPSRVLWH��IRU�WKH�ILUVW�WLPH�LQ������>�@��,Q�DQ�HIIRUW�WR�LQFUHDVH�WKH�KHDW�VWDELOLW\�RI�QDQR�

VLOLFDWH�UHLQIRUFHG�SRO\PHWK\O�PHWKDFU\ODWH��300$���WKH�SULPLWLYH�QDQRFRPSRVLWH�ZDV�UHVHDUFKHG�>�@�LQ�������,Q�WHUPV�

RI�WKHLU�FRQVWLWXHQWV��1DQR�FRPSRVLWHV�DUH�FRPSDUDEOH�WR�WUDGLWLRQDO�FRPSRVLWHV��ZLWK�WKH�H[FHSWLRQ�RI�WKH�VL]H�RI�WKH�

UHLQIRUFHPHQW��ZKLFK�LV�W\SLFDOO\�LQ�WKH�UDQJH�RI�KXQGUHGV�RI�QDQRPHWHUV��:KLOH�UHTXLULQJ�VLJQLILFDQWO\�OHVV�ILOOHU�WKDQ�

FRQYHQWLRQDO� FRPSRVLWHV� �KHUHLQDIWHU� UHIHUUHG� WR� DV� FRPSRVLWHV� RU� FRQYHQWLRQDO� FRPSRVLWHV� IRU� VKRUW��� WKH� GURS� IURP�

PLFUR�UDQJH� WR� 1DQR�UDQJH� RI� ILOOHUV� RIIHUV� DPD]LQJ� UHLQIRUFLQJ� LQ� QDQRFRPSRVLWHV�� UHVXOWLQJ� LQ� QHJOLJLEOH� ZHLJKW�

LQFUHDVHV�>�@��'XH�WR�WKHLU�VXSHULRU�SURSHUWLHV��LQFOXGLQJ�PHFKDQLFDO�>�@��WKHUPDO�>�@��HOHFWULFDO�>�@��HOHFWURFKHPLFDO�>��@��

HOHFWURPDJQHWLF�>��@��DQG�JDV�EDUULHU�SURSHUWLHV�>��@��PDQ\�QDQRFRPSRVLWHV�KDYH�EHHQ�GLVFRYHUHG�DQG�FRPPHUFLDOO\�XVHG�

LQ�D�YDULHW\�RI�LQGXVWULDO�ILHOGV�� LQFOXGLQJ��EXW�QRW�OLPLWHG�WR��DHURVSDFH�>�@��DXWRPRELOH�>�@��DQG�PHGLFLQH�>�@��'XH�WR�

WKHVH�H[FHOOHQW�TXDOLWLHV��1DQR�FRPSRVLWHV�KDYH� IRXQG�DGGLWLRQDO�XVHV� LQ� WKH�FUHDWLRQ�RI�PLFURVWUXFWXUHG�FRPSRQHQWV��

FRQWLQXLQJ�WKH�PRGHUQ�PDQXIDFWXULQJ�WUHQG�RI�GRZQVL]LQJ��7KH�0LFURHOHFWURQLFV�KDV�EHQHILWHG�JUHDWO\�IURP�WKH�XVH�RI�

1DQR�FRPSRVLWHV��>��@��'XH�WR�LWV�SHUIHFW�HOHFWULFDO�FRQGXFWLYLW\��VWRUDJH�PRGXOXV��DQG�HQYLURQPHQWDO�VWDELOLW\��FDUERQ�

QDQRWXEHV��&17V��UHLQIRUFHG�SRO\LPLGH�QDQRFRPSRVLWH�LV�VXLWDEOH�IRU�PLFURHOHFWURQLFV�GHYLFHV��DFFRUGLQJ�WR�7DQJ�HW�DO��

>��@��,Q�FRQWUDVW�WR�WKHLU�FOHDQ�PDWUL[�HTXLYDOHQWV��VRPH�DSSOLFDWLRQV��VXFK�DV�KLJK�SHUIRUPDQFH�WUDQVLVWRUV�PDGH�RI�SRO\�

��YLQ\OSKHQRO��393��7L2��QDQRFRPSRVLWH�>��@�RU�KLJK�HQHUJ\�GHQVLW\�FDSDFLWRUV�PDGH�RI�SRO\�YLQ\OLGHQHIOXRULGH�7L2��

QDQRFRPSRVLWH�>��@��KDYH�GHPRQVWUDWHG�VXSHULRU�SHUIRUPDQFH��)XUWKHUPRUH��WKLV�WUHQG�WRZDUG�VKULQNLQJ�PLJKW�DSSO\�WR�

ERWK�PLFURPHFKDQLFDO�DQG�PLFURHOHFWURQLF�FRPSRQHQWV��:KHQ�FUHDWLQJ�PLFUR�SURGXFWV��QDQRFRPSRVLWHV�PD\�EH�XVHG�DV�

DQ�DOWHUQDWLYH�WR�FRPSRVLWHV�DQG�DOOR\V�>��@��)RU�LQVWDQFH��&17V�RU�FDUERQ�QDQRILEHU��&1)��QDQRFRPSRVLWHV�ZLWK�JUHDWHU�

VWUHQJWK�WR�ZHLJKW�UDWLR�DQG�IOH[LELOLW\�FRXOG�UHSODFH�FRQYHQWLRQDO�FRPSRVLWHV�>��@�VXFK�DV�FDUERQ�ILEUH��JODVV�ILEUH��RU�

.HYODU�UHLQIRUFHG�SODVWLFV�LQ�WKH�PDQXIDFWXUH�RI�DLUIUDPH�>��@�RU�ZLQJV�>��@�RI�PLFUR�DLU�YHKLFOHV��0$9V���&17�(SR[\�

DQG� &17�33� QDQRFRPSRVLWHV� KDYH� EHHQ� XVHG� E\�.XPDU� HW� DO�� WR� FUHDWH� WKH� DUWLILFLDO� ZLQJV� IRU�0$9V� >��@��7KH� WUL�

ELRORJLFDO�SURSHUW\��ZHDU�UHVLVWDQFH��DQG�JHQHUDO�PHFKDQLFDO�SURSHUWLHV�RI�PHWDO�QDQRFRPSRVLWHV�ZHUH�IXUWKHU�HQKDQFHG�

E\�WKH�DGGLWLRQ�RI�FHUDPLF�QDQRSDUWLFOHV�>��@��$V�D�UHVXOW��WKHVH�1DQR�FRPSRVLWHV�FRXOG�EH�HPSOR\HG�WR�FUHDWH�PLFUR�

JHDUV�>��@��OLQNDJH�URGV��RU�SLVWRQV�>��@��,W�ZRXOG�EH�UHTXLUHG�WR�UHVHDUFK�WKH�PHFKDQLFDO�SURSHUWLHV�DV�ZHOO�DV�ZRUNDEOH�

SURFHVVLQJ�PHWKRGV�WR�FUHDWH�1DQR�FRPSRVLWHV�GXH�WR�WKHLU�HQRUPRXV�SRWHQWLDO�WR�GHYHORS�PLFUR�SURGXFWV��,Q�WHUPV�RI�

GLPHQVLRQDO� DQG� JHRPHWULFDO� DFFXUDF\� DV� ZHOO� DV� VXUIDFH� TXDOLW\�� WKH�PDMRULW\� RI� FXUUHQW�PHWKRGV� IRU� FUHDWLQJ�1DQR�

FRPSRVLWHV� �7FDQ� RQO\� SURGXFH� D� QHDU�QHW�VKDSH�� 3RVW�SURFHVVLQJ� RU� ILQLVKLQJ� WHFKQRORJLHV� ZLOO� WKHUHIRUH� DOZD\V� EH�

QHFHVVDU\��6HYHUDO�SURGXFWLRQ� WHFKQLTXHV�� LQFOXGLQJ�/,*$� �/LWKRJUDSK\��(OHFWURSODWLQJ�� DQG�0LFUR�H[WUXVLRQ�DGGLWLYH�

PDQXIDFWXULQJ� >��@�� ODVHU� PLFURPDFKLQLQJ� >��@�� DQG� PROGLQJ�� >��@�� 0HFKDQLFDO� PLFURPDFKLQLQJ� DQG� PLFUR�('0�

�(OHFWULFDO�'LVFKDUJH�0DFKLQLQJ��>��@�,Q�RUGHU�WR�FUHDWH�WLQ\��SUHFLVH�FRPSRQHQWV�DQG�PLFUR�VWUXFWXUHG�FRPSRQHQWV�>��@� 
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1$12�&20326,7(6 

 

:KLOH� WKHLU� ILQDO�SURSHUWLHV�GHSHQG�RQ� WKH�ERQGLQJ�DW� WKH�PDWUL[�ILOOHU� LQWHUIDFH�� WKH�DUUDQJHPHQW�RI� ILOOHUV� LQVLGH� WKH�

PDWUL[��DV�ZHOO�DV�WKH�JHRPHWU\�DQG�FRQWHQW�RI�WKH�ILOOHUV��QDQRFRPSRVLWHV�W\SLFDOO\�UHWDLQ�WKH�XQLTXH�FKDUDFWHULVWLFV�RI�

ERWK�WKH�PDWUL[�DQG�WKH�ILOOHUV�WKDW�GLVWLQJXLVK�WKHP�IURP�DOOR\V��1DQRFRPSRVLWHV�DOVR�GLIIHU�IURP�FRPSRVLWHV�LQ�ZKLFK�

RQH�RI�WKH�ILOOHU
V�GLDPHWHUV�LV�EHWZHHQ�RQH�DQG�RQH�KXQGUHG�QDQRPHWHUV��QP���7KH�QH[W�VHFWLRQV�ZLOO�JR�WKURXJK�HDFK�

FDWHJRU\
V�GLVWLQFW�FKDUDFWHULVWLFV�DV�ZHOO�DV�KRZ�ILOOHU�SKDVHV�DIIHFW�WKHP��7KH�SRWHQWLDO�RU�FRPPHUFLDO�DSSOLFDWLRQV�RI�

YDULRXV� QDQRFRPSRVLWHV� ZLOO� EH� GLVFXVVHG� LQ� OLJKW� RI� WKHLU� GLVWLQFWLYH� IHDWXUHV�� 3DUDOOHO� WR� WKH� H[SODQDWLRQ� RI�

QDQRFRPSRVLWHV�� D� FRPSDULVRQ� EHWZHHQ� QDQRFRPSRVLWHV� DQG� FRPSRVLWHV� ZLOO� EH� PDGH� LQ� RUGHU� WR� KLJKOLJKW� WKH� NH\�

GLVWLQFWLRQV�EHWZHHQ�WKHP�LQ�WHUPV�RI�WKH�HIIHFWV�RI�ILOOHU�FRQWHQW��VL]H��DQG�FKDUDFWHULVWLFV� 

&203$56,21�2)�&20326,7(6�$1'�1$12�&20326,7(6� 

 

$V�ZDV�DOUHDG\�HVWDEOLVKHG��WKH�VL]H�RI�WKH�ILOOHUV�LV�WKH�SULPDU\�GLVWLQFWLRQ�EHWZHHQ�QDQRFRPSRVLWHV�DQG�FRQYHQWLRQDO�

FRPSRVLWHV��7KH�VL]H�RI�WKH�ILOOHUV�KDV�VKUXQN�IURP�D�IHZ�PLOOLPHWUHV�LQ�FODVVLF�FRPSRVLWHV�WR�PLFUR�VFDOH��������P��LQ�

PRGHUQ�FRPSRVLWHV��DQG�PRUH�UHFHQWO\��QDQRFRPSRVLWHV�ZLWK�ILOOHUV�ZLWK�GLPHQVLRQV�LQ�WKH�QDQRPHWHU�UDQJH��7KH�SULPDU\�

JRDO� RI� ILOOHU� VL]H� UHGXFWLRQ� LV� WR� DFKLHYH� KRPRJHQHRXV� ILOOHU� GLVWULEXWLRQ�ZLWKLQ� WKH�PDWUL[�� ZKLFK�ZLOO� ORZHU� VWUHVV�

FRQFHQWUDWLRQV�LQVLGH�WKH�FRPSRVLWH�VWUXFWXUH�DQG�XOWLPDWHO\�LPSURYH�LWV�PHFKDQLFDO�SURSHUWLHV�>��@��$GGLWLRQDOO\��VPDOOHU�

ILOOHUV�KDYH�JUHDWHU�VXUIDFH�HQHUJLHV��ZKLFK�FUHDWH�VWURQJHU�ERQGV�ZLWK�WKH�PDWUL[�>��@�DQG�LQFUHDVH�WKH�V\VWHP
V�VWLIIQHVV�

DQG�VWUHQJWK�>��@��(VVHQWLDOO\��EDVHG�RQ�WKH�ILOOHU�VFDOH��WKHUH�DUH�WZR�SULPDU\�W\SHV�RI�FRPSRVLWH�UHLQIRUFLQJ�PHFKDQLVPV��

7KH�FRQWLQXRXV�PHFKDQLVP�LV�XVHG�WR�H[SODLQ�PLFUR�ILOOHUV��VKRZLQJ�WKDW�WKH\�EHDU�D�SRUWLRQ�RI�WKH�ORDG�VXSSOLHG�IURP�

WKH� PDWUL[� DQG� WKDW� WKH� VWLFNLQHVV� RI� WKH� PDWUL[�ILOOHU� FRQWDFW� GHWHUPLQHV� KRZ� HIIHFWLYH� UHLQIRUFHPHQW� LV� >��@�� 7KH�

VWUHQJWKHQLQJ�PHWKRG�LV�XVHG�IRU�QDQR�ILOOHU����±����QP��ZKHQ�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�PDWUL[�DQG�ILOOHU�RFFXUV�DW�WKH�

PROHFXODU�OHYHO��$FFRUGLQJ�WR�WKLV�PHWKRG��WKH�QDQR�ILOOHUV�SUHYHQW�WKH�PDWUL[�IURP�GHIRUPLQJ�SODVWLFDOO\�E\�SUHYHQWLQJ�

LWV�GLVORFDWLRQV��ZKLFK�LQFUHDVHV�WKH�PDWHULDO
V�VWUHQJWK�DQG�KDUGQHVV� 

7KH�LPSDFW�RI�ILOOHU�VL]H�RQ�WKH�PHFKDQLFDO�FKDUDFWHULVWLFV�RI�SRO\PHU�FRPSRVLWHV�KDV�EHHQ�VWXGLHG�E\�FHUWDLQ�UHVHDUFKHUV��

,W�ZDV�IRXQG�WKDW�WKH�VL]H�RI�ILOOHUV�KDG�QR�GLVFHUQLEOH�LPSDFW�RQ�WKH�WHQVLOH�PRGXOXV�RI�FRPSRVLWHV�LQ�WKH�PLFUR�UDQJH��

6HYHUDO�H[SHULPHQWDO�ILQGLQJV�VXJJHVWHG�WKDW�HPSOR\LQJ�GLIIHUHQW�SDUWLFOH�VL]HV�RI�$O�2��������P���JODVV���������P���RU�

VLOLFD�������P��GLG�QRW�VLJQLILFDQWO\�LPSURYH�RU�HYHQ�ZRUVHQ�WKH�PRGXOL�RI�HSR[\�EDVHG�FRPSRVLWHV�>��@��:LWK�33�&D&2��

>��@��SRO\�EHQ]R[D]LQH�&D&2��>��@��RU�SRO\HVWHU�$O�>��@��WKH�VLPLODU�WHQGHQF\�ZDV�GLVFHUQLEOH��$GGLWLRQDOO\��LW
V�XQFOHDU�

KRZ�ILOOHU�VL]H�DQG�FRPSRVLWH�WHQVLOH�VWUHQJWK�UHODWH�WR�RQH�DQRWKHU��:KLOH�VRPH�UHVHDUFK�FODLPHG�WKDW�XWLOLVLQJ�PLFUR�VLOLFD�

SDUWLFOHV�WR�VWUHQJWKHQ�HSR[\��WHQVLOH�VWUHQJWKV�RI�FRPSRVLWHV�VLJQLILFDQWO\�LQFUHDVHG�ZLWK�WKH�UHGXFWLRQ�LQ�ILOOHU�VL]H�>����

��@��DQRWKHU�UHVXOW�VKRZHG�QR�WUHQG�RI�WHQVLOH�VWUHQJWK�YDULDWLRQ�RI�HSR[\�$O�2��ZKHQ�GHFUHDVLQJ�WKH�ILOOHU�VL]H�>��@��,Q�

JHQHUDO�� LW� FDQ� EH� VHHQ� WKDW� WKH� HIIHFW� RI� ILOOHU� VL]H� RQ� WKH�PHFKDQLFDO� SURSHUWLHV� RI� FRPSRVLWHV� DW� WKH�PLFURVFDOH� LV�

QHJOLJLEOH��7KH�GLVFXVVLRQ� DERYH�GHPRQVWUDWHV� WKH� QHHG� WR� H[SORUH� WKH� LPSDFW� RI� ILOOHU� VL]H� DW� QDQRVFDOHV� LQ�RUGHU� WR�

GHWHUPLQH�ZKHWKHU�RU�QRW�WKHLU�LPSDFW�RQ�WKH�PHFKDQLFDO�FKDUDFWHULVWLFV�RI�FRPSRVLWHV�LV�PRUH�VHQVLWLYH�WKDQ�WKDW�RI�WKHLU�

PLFUR�FRXQWHUSDUWV��6QDLO�VKHOO�SRZGHU�LQ�GLIIHUHQW� ILOOHU�VL]HV������������DQG�����QP��ZDV�PRGLILHG�E\�2QXHJEX�DQG�

,JZH�>��@�WR�UHLQIRUFH�33��:LWK�WKH�UHGXFWLRQ�RI�ILOOHU�VL]H��LW�ZDV�VHHQ�WKDW�WKH�WHQVLOH�PRGXOXV��IOH[XUDO�VWUHQJWK��DQG�

LPSDFW�VWUHQJWK�DOO�LPSURYHG��7KHVH�LPSURYHPHQWV�ZHUHQ
W�VLJQLILFDQW��WKRXJK��)RU�HDFK�ZHLJKW�IUDFWLRQ��IRU�LQVWDQFH��WKH�

WHQVLOH�VWUHQJWKV�URVH�E\�DERXW����ZKHQ�WKH�ILOOHU�VL]H�ZDV�UHGXFHG�IURP�����WR�����QP��2QO\�ZKHQ�WKH�ILOOHU�VL]H�ZDV�

NHSW�EHORZ�����QP�GLG�WKH�PHFKDQLFDO�FKDUDFWHULVWLFV�RI�FRPSRVLWHV�VLJQLILFDQWO\�LPSURYH��7KLV�HIIHFW�ZDV�FRQILUPHG�

ZKHQ�'HYDSUDNDVDP�HW�DO��>��@�FRQGXFWHG�D�FRPSDULVRQ�RI�PLFUR�DQG�QDQR�ILOOHUV�LQ�WHUPV�RI�WKH�PHFKDQLFDO�SHUIRUPDQFH�

RI�SRO\PHU�FRPSRVLWHV��7KLV� VWXG\�XVHG�QDQR��DQG�PLFUR�VLOLFD�ZLWK� VL]HV� UDQJLQJ� IURP���� WR����QP��DQG� WKH� UHVXOWV�

VKRZHG�WKDW�WKH�QDQRFRPSRVLWH�KDG�OHVV�FKDQJH�LQ�LWV�PRGXOXV�DQG�KDUGQHVV�WKDQ�WKH�FRPSRVLWH�ZKHQ�YDULHG�ORDGLQJV�

ZHUH�DSSOLHG��7KH�XQLIRUP�GLVWULEXWLRQ�RI�QDQR�ILOOHUV�DQG�WKHLU�VWURQJHU�LQWHUIDFLDO�PDWUL[�ILOOHU�ERQGLQJ�LQ�FRPSDULVRQ�

WR�PLFUR�ILOOHUV�ZHUH�XVHG�WR�H[SODLQ�WKH�SKHQRPHQRQ��VRPH�PRUH�VWXGLHV�DOVR�UHYHDOHG�WKDW�ILOOHU�VL]HV�KDG�D�GRPLQDQW�

LPSDFW�RQ�PHFKDQLFDO�SURSHUWLHV�ZKHQ�WKH\�ZHUH�ORZHUHG�EHORZ����QP��$�FRQVLGHUDEOH�GHJUHH�RI�UHLQIRUFHPHQW�FRXOG�EH�

DFKLHYHG�XWLOL]LQJ�ILOOHUV�ZLWK�GLDPHWHUV�LQ�������QP��ZKLFK�ZDV�DOVR�FRQILUPHG�E\�(GZDUGV�>��@��$FFRUGLQJ�WR�>��@��

�FULWLFDO�VL]H��UHIHUV�WR�WKH�ILOOHU�VL]H�WKUHVKROG�DW�ZKLFK�WKH�PHFKDQLFDO�FKDUDFWHULVWLFV�RI�FRPSRVLWHV�QRWLFHDEO\�LPSURYH��

7KH�LQIOXHQFH�RI�&17V�UDWLR�RQ�WKH�VWUHQJWKHQLQJ�EHKDYLRXU�RI�SRO\HWKHQH�EDVHG�QDQRFRPSRVLWHV�ZDV�VWXGLHG�E\�.XPDU�

HW�DO��>��@� 

7KH\�VWDWHG�WKDW�WKH�KLJK�FRQWDFW�VXUIDFH�DUHD�DQG�UREXVW�LQWHUIDFLDO�ERQGLQJ�RI�&17�SRO\PHU�DOORZHG�IRU�D�VLJQLILFDQW�

LPSURYHPHQW�LQ�KDUGQHVV�DQG�HODVWLF�PRGXOXV�ZKHQ�XVLQJ�KLJK�DVSHFW�UDWLR�&17V��$GGLWLRQDOO\��EHFDXVH�RI�WKH�VPDOOHU�

GLDPHWHU�DQG�ORQJHU�OHQJWK�RI�KLJK�DVSHFW�UDWLR�&17��PHFKDQLFDO�ORFNLQJ�ZDV�PRUH�FRPPRQ��$OWKRXJK�VRPH�WKHRUHWLFDO�

PRGHOV�RU�VLPXODWLRQV�ZHUH�GLVFRYHUHG��WKH�PDMRULW\�RI�WKH�SHUWLQHQW�VWXGLHV�H[FOXVLYHO\�IRFXVHG�RQ�H[SHULPHQWDO�ZRUN��  

7R�JLYH�TXDQWLWDWLYH�DQDO\VLV�DQG�H[SODQDWLRQ�RI�WKH�VWUHQJWKHQLQJ�PHFKDQLVP��FRQVWLWXWLYH�PRGHOV�ZRXOG�EH�QHFHVVDU\��

,Q�RUGHU�WR�H[DPLQH�WKH�LPSDFW�RI�PDWUL[�GHQVLW\��FKHPLFDO�FURVV�OLQNV�DW�WKH�LQWHUIDFH��DQG�PRUSKRORJLFDO�&17�GHIHFWV�

RQ�LQWHUIDFLDO�VKHDU�VWUHQJWK��,66��DQG��VXEVHTXHQWO\��&17�SXOO�RXW��&KRZGKXU\�DQG�2NDEH�>��@�XWLOLVHG�WKH�PROHFXODU�

G\QDPLF��0'��DSSURDFK��)URP�WKH�VLPXODWLRQ�� ?VLW�ZDV�HVWDEOLVKHG�WKDW�KLJK�PDWUL[�GHQVLW\��SUHVHQFH�RI�FURVV�OLQN�DQG�

VPDOO�FURVV�OLQN�VZLWFKLQJ�FRQWULEXWHG�WR�KLJK�,66��$GGLWLRQDOO\��WKH�HIIHFWV�RI�&17�ZDYLQHVV��GLDPHWHU��YROXPH�IUDFWLRQ��

3RLVVRQ
V� UDWLR�� DQG�PDWUL[�PRGXOXV� RQ� WKH� LQWHUIDFLDO� VWUHQJWK� RI� SRO\PHU�6:&17�KDYH� EHHQ� HYDOXDWHG� XVLQJ� D� �'�
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UHSUHVHQWDWLYH�YROXPH�HOHPHQW��59(��WHFKQLTXH�>��@��%DVHG�RQ�WKH�DIRUHPHQWLRQHG�LQYHVWLJDWLRQV��LW�FDQ�EH�FRQFOXGHG�

WKDW�GHWHUPLQLQJ�WKH�LQWHUIDFLDO�ERQGLQJ�EHWZHHQ�1DQR�ILEHU�DQG�PDWUL[�LV�FUXFLDO�IRU�GHWHUPLQLQJ�ORDG�WUDQVPLVVLRQ�DQG��

FRQVHTXHQWO\��WKH�HIIHFWLYHQHVV�RI�WKH�UHLQIRUFHPHQW
V�PHFKDQLFDO�VWUHQJWKHQLQJ��;LDR�DQG�=KDQJ�>��@�H[DPLQHG�WKH�VWUHVV�

WUDQVPLVVLRQ�EHKDYLRU�RI�6:&17�LQ�DQ�HSR[\�PDWUL[�XVLQJ�WKH�&R[�PRGHO�IRU�VROLG�ILEHUV�>��@� 

6WUHVV�WUDQVIHU�HIILFLHQF\��ZKLFK�LV�WKH�UDWLR�RI�WKH�PD[LPXP�WHQVLOH�VWUHVV��PD[��WR�WKH�PD[LPXP�VKHDU�VWUHVV��PD[��LQ�

WKH�LQWHUIDFLDO�VHFWLRQ��VHUYHG�DV�WKH�SULPDU\�LQGLFDWRU��,OOXVWUDWHV�WKH�LPSDFW�RI�6:&17�OHQJWK��GLDPHWHU��DQG�WKLFNQHVV��

$GGLWLRQDOO\��D�FRPSDULVRQ�RI�WKH�HIIHFWLYHQHVV�RI�VWUHVV�WUDQVIHU�EHWZHHQ�FDUERQ�ILEHU��&)��DQG�6:&17�KDV�DOVR�EHHQ�

PDGH��DVVXPLQJ�WKDW�&)�KDV�WKH�VDPH�KROORZ�VWUXFWXUH�DQG�GLPHQVLRQV�DV�6:&17��7KH�DQDO\WLFDO�ILQGLQJV�GHPRQVWUDWHG�

D�QRWDEOH��������LPSURYHPHQW�LQ�HSR[\�6:&17�FRPSRVLWH�RYHU�HSR[\�&)�FRPSRVLWH��7KLV�LPSURYHPHQW�ZDV�FDXVHG�

E\�DQ�LQFUHDVH�LQ�<RXQJ
V�PRGXOXV�DQG�D�VWUXFWXUDO�FKDQJH��IURP�D�VROLG�WR�D�KROORZ�FRQVWUXFWLRQ���ZKLFK�FRQWULEXWHG�����

DQG������UHVSHFWLYHO\��7KLV�OHG�WR�WKH�FRQFOXVLRQ�WKDW��ZKHQ�FRPSDUHG�WR�WKHLU�PLFUR�FRXQWHUSDUW��1DQR�ILEHUV�ZLWK�KLJKHU�

DVSHFW�UDWLR�DQG�WHQVLOH�FKDUDFWHULVWLFV�FDQ�RIIHU�KLJKHU�UHLQIRUFLQJ�HIILFLHQF\��$FFRUGLQJ�WR�VRPH�UHVHDUFKHUV�� XWLOL]LQJ�

1DQR�ILOOHUV�DW�ORZHU�ORDGLQJV�WKDQ�PLFUR�ILOOHUV�FDQ�\LHOG�DQ�LGHQWLFDO�RU�HYHQ�JUHDWHU�VWUHQJWKHQLQJ�HIIHFW��$FFRUGLQJ�WR�

)RUQHV�>��@��ZKHUHDV�WKH�VDPH�UHVXOW�PLJKW�EH�REWDLQHG�E\�HPSOR\LQJ�WKUHH�WLPHV�WKH�DPRXQW�RI�JODVV�ILEUH�RU�PRUH�QDQR�

FOD\�PRQWPRULOORQLWH��007��SODWHOHWV��WKH�PRGXOXV�RI�Q\ORQ���ZRXOG�EH�GRXEOHG�E\�PL[LQJ�RQO\�DURXQG�����ZW���RI�

WKHVH�SODWHOHWV��$FFRUGLQJ�WR�&DPSEHOO�>��@��D�FRPSRVLWH�PD\�DWWDLQ�WKH�UHTXLVLWH�VWUHQJWK�DQG�VWLIIQHVV�ZKHQ�XWLOLVLQJ�

HLWKHU� ��� YW��RU� ���ZW��RI�PLFUR�ILEHUV�� 6LQFH�1DQR� FRPSRVLWHV� KDYH� SURYHQ� WR� EH� DQ� HIIHFWLYH�PDWHULDO� WR� XVH� LQ�

GHPDQGLQJ� DSSOLFDWLRQV� WKDW� UHTXLUH� H[FHOOHQW� VWUHQJWK� WR�ZHLJKW� UDWLR�� LW� FDQ�EH� VHHQ� WKDW� WKH\� FDQ�SURYLGH� H[FHOOHQW�

PHFKDQLFDO� SURSHUWLHV�ZLWK� ORZ� ILOOHU� FRQWHQWV��ZKLFK� FDQ� RQO\� EH� REWDLQHG� XVLQJ� KLJK� ILOOHU� FRQWHQW� LQ� FRQYHQWLRQDO�

FRPSRVLWHV�>��@��/L�DQG�6DLJDO�>��@�XVHG�VKHDU�ODJ�DQDO\VLV�DQG�WKH�UHSUHVHQWDWLYH�YROXPH�HOHPHQW��59(��WR�FRQILUP�WKH�

LPSURYHPHQW�LQ�VWUHVV�WUDQVIHU�HIILFLHQF\�FDXVHG�E\�WKH�LQFUHDVH�LQ�QDQRWXEH�GLDPHWHU��7KH\�DOVR�WRRN�LQWR�DFFRXQW�WKH�

LQIOXHQFH�RI�ILEUH�YROXPH�SHUFHQW��ZKLFK�ZDV�QRW�WDNHQ�LQWR�DFFRXQW�LQ�RWKHU�LQYHVWLJDWLRQV��5HVHDUFKHUV�DOVR�ORRNHG�DW�

WKH�PHFKDQLVPV�XQGHUO\LQJ� WKH�VWUHQJWKHQLQJ�HIIHFWLYHQHVV�RI�QDQR�ILOOHUV� VXFK�&17�LQ�001&V��ZKLFK� LQFOXGH� ORDG�

WUDQVIHU�>��@��2URZDQ�VWUHQJWKHQLQJ�>��@��DQG�WKHUPDO�H[SDQVLRQ�PLVPDWFK�>��@��$FFRUGLQJ�WR�>��@��WKH�DGGLWLRQ�RI�&17�

OHG�WR�DQ�LQFUHDVH�LQ�VWUHQJWK�WKDW�ZDV�FDXVHG�E\�WKH�PHWDO�PDWUL[
V�UHILQHG�SDUWLFOH�VL]H�>��@��7KH�HIIHFW�RI�UHLQIRUFHPHQW�

VL]H�DOVR�FRQVLGHUDEO\�LQIOXHQFHG�WKH�VWUHQJWKHQLQJ�EHKDYLRXU�RI�001&V��VLPLODU�WR�SRO\PHU�EDVHG�QDQRFRPSRVLWHV�>��±

��@�� +RZHYHU�� RQO\� D� IHZ� SXEOLVKHG� PRGHOV� RIIHUHG� D� WKRURXJK� MXVWLILFDWLRQ� IRU� WKH� &17� UHLQIRUFHG� 001&V
�

VWUHQJWKHQLQJ�PHFKDQLVP��7R� HYDOXDWH� WKH� HODVWRSODVWLF� EHKDYLRXU�RI�&17� UHLQIRUFHG�001&V��%DUDL� DQG�:HQJ� >��@�

FUHDWHG�D�WZR�VFDOH�PRGHO��WDNLQJ�LQWR�DFFRXQW�WKH�LQWHUIDFH�FKDUDFWHULVWLFV�DQG�&17�DJJUHJDWLRQ�DV�WKH�WZR�NH\�HOHPHQWV�

LPSDFWLQJ�WKH�ORDG�WUDQVIHU��7KH�HIIHFW�RI�ERWK�WKH�PDWUL[�JUDLQ�VL]H�DQG�WKH�ILOOHU�VL]H�RQ�WKH�VWUHQJWKHQLQJ�SURFHVV�RI�

PHWDO�&17�QDQRFRPSRVLWHV�ZDV�LQFRUSRUDWHG�LQ�D�GLVORFDWLRQ�PRGHO�FUHDWHG�E\�'RQJ�HW�DO��>��@��7KH\�DVVHUWHG�WKDW�DW�

VPDOO�SDUWLFOH�VL]H�DQG�ODUJH�&17�YROXPH��WKH�ORDG�WUDQVIHU�HIIHFW�ZDV�LPSURYHG� 

 

0(&+,1,&$/�&+5$&7(56,,&6�2)�1$12�&20326,7(6� 

,W�LV�REYLRXV�IURP�WKH�GHVFULSWLRQV�RI�WKH�GLVWLQFWLRQV�EHWZHHQ�QDQRFRPSRVLWHV�DQG�FRPSRVLWHV�LQ�WKH�SUHFHGLQJ�VHFWLRQ�

WKDW�XVLQJ�QDQR�ILOOHUV�WR�UHLQIRUFH�D�PDWUL[�PDWHULDO�FRXOG�UHVXOW�LQ�JUHDWHU�UHLQIRUFHPHQW�HIILFDF\�WKDQ�GXH�WR�WKHLU�FXWWLQJ�

HGJH�PHFKDQLFDO�FKDUDFWHULVWLFV�DQG�XQLTXH�QDQRVWUXFWXUHV��PLFUR�ILOOHUV��&17V��JUDSKHQH��DQG�QDQRFOD\V�DUH�RQO\�D�IHZ�

RI�WKH�ODWHVW�DSSOLFDWLRQV�RI�1DQR�ILOOHUV��GXH�WR�WKHLU�FRPSDWLELOLW\�DQG�JUHDW�VWUHQJWK��DUH�WKH�PRVW�ZLGHO\�XVHG�UHLQIRUFLQJ�

PDWHULDOV��(IIHFWLYHQHVV�RI�UHLQIRUFHPHQW�XVLQJ�PHWDOV��FHUDPLFV��DQG�SRO\PHUV�DV�WKH�WKUHH�EDVLF�PDWUL[�PDWHULDOV��7KH�

PRVW�SHUWLQHQW�VWXGLHV
�SULPDU\�JRDO�LV�WR�H[DPLQH��WKH�GLIIHUHQFHV�LQ�WHUPV�RI�GHQVLW\�EHWZHHQ�WKH�FOHDQ�PDWUL[�DQG�WKH�

PDWUL[� HQKDQFHG�1DQR�ILOOHUV� WKH�PRVW� W\SLFDO� DUH�PHFKDQLFDO�� WKHUPDO�� DQG� HOHFWULFDO� TXDOLWLHV�� LQVLGH� WKH� VROHO\� WKH�

PHFKDQLFDO�TXDOLWLHV�ZLOO�EH�WDNHQ�LQWR�DFFRXQW�JLYHQ�WKH�OLPLWHG�QHHGV�IRU�WKH�RWKHU�SDUWV�WKDW�GHDO�ZLWK�1DQR�FRPSRVLWHV
�

PLFURPDFKLQLQJ��7KHUH�DUH�QXPHURXV�YDULDEOHV�WKDW�FDQ�DIIHFW�KRZ�ZHOO�QDQR�ILOOHUV�DUH�UHLQIRUFHG��LQFOXGLQJ�GLYLGHG�LQWR�

WKUHH�PDMRU�FDWHJRULHV��1DQR�VFDOH�QDWXUH��LQWHUDFWLRQ�EHWZHHQ�ILOOHUV�DQG�PDWULFHV��DQG 

 

�LLL��0DNLQJ�XS�WHFKQLTXHV� 

 

1$12�&20326,7(6�%$6('�21�&17� 

&17V�DUH�FDUERQ�DOORWURSHV�FRPSRVHG�RI�D�VLQJOH�OD\HU�RI�FDUERQ�DWRPV�WKDW�KDV�EHHQ�UROOHG�XS�LQWR�D�F\OLQGULFDO�VKDSH��

&17V�KDYH�GLDPHWHUV�DQG�OHQJWKV�WKDW�UDQJH�IURP�����WR�����P�DQG�������QP��UHVSHFWLYHO\�>��@��DQG�WKH\�KDYH�D�YHU\�

KLJK�DVSHFW�UDWLR�GXH�WR�WKHLU�WXEXODU�VWUXFWXUH��0DWHULDOV�KDYLQJ�VXUIDFH�DUHDV�EHWZHHQ�����DQG�����P��SHU�J�DUH�DYDLODEOH�

>��@��,LMLPD�PDGH�WKH�LQLWLDO�GLVFRYHU\�RI�&17�LQ�D�7(0�LPDJH�LQ������>��@��DQG�WKH�VDPH�DXWKRU�DOVR�FUHDWHG�WKH�ILUVW�

VLQJOH�ZDOOHG�FDUERQ�QDQRWXEH�LQ������>��@��&17�KDV�EHHQ�XVHG�LQ�D�ZLGH�YDULHW\�RI�LQGXVWULHV��LQFOXGLQJ�PHGLFDWLRQ�

GHOLYHU\�>��@��KHDOWKFDUH�>��@��HOHFWURQLFV�>��@��HOHFWULFV��DQG�WKHUPDO�DSSOLFDWLRQV�>��@��&17V�KDYH�HQRUPRXV�SRWHQWLDO�

DSSOLFDWLRQV� RQ� FRPSRVLWH� UHLQIRUFHPHQW� EHFDXVH� RI� WKHLU� KLJK� VWUHQJWK�WR�ZHLJKW� UDWLR�� DVSHFW� UDWLR�� WKHUPDO�� DQG�

HOHFWULFDO�SURSHUWLHV�>������@� 

 

&17�5(,1)25&('�1$12&20326,7(6�:,7+�32/<0(5�0$75,&(6 

  

'XH�WR�WKHLU�VXSHULRU�LQWHUIDFLDO�LQWHUDFWLRQ�RYHU�FHUDPLF�>��@�RU�PHWDO�PDWUL[�>��@�DQG�WKH�DQDORJRXV�FKDUDFWHULVWLFV�RI�
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RUJDQLF� VWUXFWXUH�� &17V� KDYH� EHHQ� XVHG� WR� VWUHQJWKHQ� SRO\PHUV�� ,Q� OLJKW� RI� WKLV�� LW� KDV� EHHQ� REVHUYHG� WKDW� VRPH�

SRO\PHU�&17�QDQRFRPSRVLWHV�KDYH�WHQVLOH�VWUHQJWKV�EHWZHHQ�����DQG���*3D�DQG�<RXQJ
V�PRGXOL�EHWZHHQ���DQG�����*3D�

>��@��8VLQJ�&17V�DV�UHLQIRUFHPHQW�JHQHUDOO\�LPSURYHG�WKH�PHFKDQLFDO�SURSHUWLHV�RI�VRPH�SRO\PHUV�� LQFOXGLQJ�HSR[\�

>�����@��SRO\VW\UHQH��36��>��@��SRO\HWK\OHQH�>������@��300$�>������@��SRO\��SSKHQ\OHQH�EHQ]RELVR[D]ROH���3%2��>��@��

SRO\YLQ\O�DOFRKRO��39$��>��@��SRO\HVWHU�HODVWRPHUV��3((��>��@��SRO\FDUERQDWH��3&��>��@��SRO\DPLGH���>��@��7R�SUHYHQW�

DJJORPHUDWLRQV�RU�EXQGOHV�WKDW�DGYHUVHO\�LQIOXHQFH�WKH�PHFKDQLFDO�SURSHUWLHV�RI�301&V��W\SLFDOO\�ZKHQ�&17V�FRQWHQW�

H[FHHGV�������WKH�RSWLPDO�&17�ORDGLQJ�PXVW�EH�FDUHIXOO\�H[DPLQHG�>��@���7KH�GHWULPHQWDO�LPSDFW�RQ�WKH�WHQVLOH�VWUHQJWK�

RI�QDQRFRPSRVLWH�LV�VSHFLILFDOO\�FDXVHG�E\�WKH�LQDGHTXDWH�LQWHUIDFLDO�LQWHUDFWLRQ�EHWZHHQ�&17�DQG�SRO\HVWHU�>�����������

������@��7KH�PRVW�SRSXODU�GLVSHUVLRQ�WHFKQLTXHV�IRU�FUHDWLQJ�SRO\PHU�EDVHG�QDQRFRPSRVLWHV�DUH�VROXWLRQ�PL[LQJ��LQ�VLWX�

SRO\PHUL]DWLRQ�GU\�PL[LQJ��DQG�PHOW�PL[LQJ��7KH�HIIHFWV�RI�GLVSHUVLRQ�WHFKQLTXHV��GU\�PL[LQJ�DQG�VROXWLRQ�PL[LQJ��RQ�

WKH�PHFKDQLFDO�FKDUDFWHULVWLFV�RI�33�&17�QDQRFRPSRVLWHV�KDYH�EHHQ�VWXGLHG�E\�(VDZL�HW�DO��7KH�RXWFRPHV�VKRZHG�WKDW�

GU\�PL[LQJ��DV�RSSRVHG�WR�VROXWLRQ�PL[LQJ��SURGXFHG�D�KLJKHU�OHYHO�RI�&17�GLVWULEXWLRQ��7KH�SRO\PHU
V�EUHDNGRZQ�DQG�

LWV�KLJK�YLVFRVLW\�DV�D�UHVXOW�RI�WKH�VROXWLRQV
�DGGLWLRQ��ZKLFK�UHVWULFWHG�WKH�GLVSHUVLRQ�RI�&17V��ZHUH�IDFWRUV�LQ�WKH�OHVV�

VLJQLILFDQW� LQFUHDVHV� LQ�PHFKDQLFDO�FKDUDFWHULVWLFV�ZKHQ�VROXWLRQ�PL[LQJ�ZDV�XVHG��$GGLWLRQDOO\��XVLQJ�XOWUDVRQLFDWLRQ�

GXULQJ�VROXWLRQ�PL[LQJ�PD\�FDXVH�GDPDJH�WR�WKH�&17�VWUXFWXUH��ZKLFK�KDV�D�QHJDWLYH�LPSDFW�RQ�WKH�PHFKDQLFDO�VWUHQJWK�

RI�QDQRFRPSRVLWHV�>��@��$ORQJ�ZLWK�WKH�LPSDFW�RI�&17�FRQFHQWUDWLRQ��H[WHQVLYH�HYLGHQFH�SRLQWV�WR�WKH�LQIOXHQFH�RI�&17�

VWUXFWXUH� RQ� WKH� PHFKDQLFDO� FKDUDFWHULVWLFV� RI� &17�EDVHG� QDQRFRPSRVLWHV�� 6LQFH� &17V� FRPH� LQ� D� YDULHW\� RI� IRUPV��

LQFOXGLQJ� 6:&17V�� GRXEOH�ZDOOHG� &17V� �':&17V��� DQG� 0:&17V�� WKHLU� GLYHUVH� DUFKLWHFWXUHV� DQG� SK\VLFDO�

FKDUDFWHULVWLFV� UHVXOW� LQ� D� UDQJH� RI� PHFKDQLFDO� UHLQIRUFLQJ� HIILFDFLHV��� 6LQFH� 6:&17V� DQG� ':&17V� KDYH� KLJKHU�

PHFKDQLFDO�FKDUDFWHULVWLFV��DVSHFW�UDWLRV��DQG�VSHFLILF�VXUIDFH�DUHDV�WKDQ�0:&17V��WKHLU�LQFOXVLRQ�FRXOG�WKHRUHWLFDOO\�

UHVXOW�LQ�VWURQJHU�PHFKDQLFDO�SURSHUWLHV��$GGLWLRQDOO\��FRPSDUHG�WR�&17V�ZLWK�D�ORZHU�OD\HU�VWUXFWXUH��0:&17V�KDYH�D�

ORZHU�HIIHFWLYH�VXUIDFH�DUHD�GXH�WR�WKHLU�PXOWL�OD\HU�VWUXFWXUH��+RZHYHU��WKH�GHJUHH�RI�KRPRJHQHLW\�LQ�WKH�&17�GLVWULEXWLRQ�

ZLWKLQ�WKH�SRO\PHU�PDWUL[�DOVR�DIIHFWV�KRZ�VXFFHVVIXO�WKH�UHLQIRUFHPHQW�LV��,Q�WKLV�LQVWDQFH��':&17V�GLG�QRW�DJJUHJDWH�

OLNH�6:&17V�GLG��ZKLFK�FRQWULEXWHG�WR�D�JUHDWHU�LPSURYHPHQW�LQ�WHQVLOH�FKDUDFWHULVWLFV��7KLV�SKHQRPHQD��WKDW�0:&17�

GLVSHUVLRQ�LQVLGH�3&�PDWUL[�ZDV�VLJQLILFDQWO\�PRUH�HIIHFWLYH�WKDQ�6:&17�UHJDUGOHVV�RI�WKH�IDEULFDWLRQ�SURFHGXUHV��ZDV�

IXUWKHU�VXSSRUWHG�E\�)RUQHV�HW�DO��>���@�DQG�6HQQHWW�HW�DO��>���@��,Q�FRQWUDVW�WR�0:&17��WKH\�FODLPHG�WKDW�6:&17�KDG�

D�KLJKHU�SURSHQVLW\�WR�UH�DJJORPHUDWH�GXULQJ�V\QWKHVLV��PDNLQJ�H[IROLDWLRQ�PRUH�FKDOOHQJLQJ� 

7KH�PHFKDQLFDO�FKDUDFWHULVWLFV�RI�SRO\PHU�EDVHG�QDQRFRPSRVLWHV�DUH�PRVWO\�LQIOXHQFHG�E\�&17�DOLJQPHQW�LQ�DGGLWLRQ�WR�

VWUXFWXUH��6HYHUDO�WHFKQLTXHV��LQFOXGLQJ�VKHDU�IORZV�>���@��H[�VLWX�DOLJQPHQW�>���@��IRUFH�ILHOG�DQG�PDJQHWLF�ILHOG�LQGXFHG�

DOLJQPHQW�>���@��HOHFWURVSLQQLQJ�LQGXFHG�DOLJQPHQW�>���@��DQG�OLTXLG�FU\VWDOOLQH�SKDVH�LQGXFHG�DOLJQPHQW�>���@��FRXOG�

EH�XVHG�WR�DFKLHYH�WKLV�SURSHUW\� 

VRPH�H[SHULPHQWDO�ILQGLQJV�WKDW�GHPRQVWUDWH�KRZ�DOLJQHG�&17�EDVHG�QDQRFRPSRVLWHV�KDYH�LPSURYHG�WHQVLOH�SURSHUWLHV�

ZKHQ�FRPSDUHG�WR�QRQ�DOLJQHG�&17�EDVHG�QDQRFRPSRVLWHV��:KHQ�&17�DOLJQPHQW�ZDV�XVHG��LW�PD\�EH�PRVWO\�H[SODLQHG�

E\�WKH�LVRWURSLF�QDWXUH�RI�QDQRFRPSRVLWHV��ZKLFK�DOVR�LPSURYHG�GLVWULEXWLRQ�DQG�GHFUHDVHG�&17�DJJORPHUDWLRQ�ZKHQ�

ILOOLQJ�LQWR�WKH�SRO\PHU�PDWUL[� 

$GGLWLRQDOO\�� IXQFWLRQDOL]DWLRQ�KDV�EHHQ� UHJDUGHG�DV�D� VXFFHVVIXO�ZD\� WR� VWUHQJWKHQ�&17V
� LQWHUDFWLRQ�DGKHVLRQV� ZLWK�

SRO\PHU� PDWUL[� DQG�� DV� D� UHVXOW�� LQFUHDVH� WKH� HIIHFWLYHQHVV� RI� PHFKDQLFDO� FKDUDFWHULVWLFV� WKURXJK� ORDG� WUDQVPLVVLRQ��

$FFRUGLQJ�WR�.KDUH�HW�DO��>���@��DGGLQJ�DPLGR�DQLPH�IXQFWLRQDOL]HG�&17V��I&17V��WR�HSR[\�UHLQIRUFHPHQW�LPSURYHG�

PHFKDQLFDO� TXDOLWLHV� PRUH� WKDQ� SULVWLQH�&17V� �S�&17V�� �E\� DURXQG� ���� RI� <RXQJ
V� PRGXOXV��� /RZHU� LQWHUSKDVH�

FRPSUHVVLRQ��PDWUL[�VWUXFWXUH�LQWHJULW\��UHGXFWLRQ�RI�PDWUL[�PRELOLW\��VWDEOH�FRYDOHQW�FRQQHFWLRQV�RI�HSR[\�)&17V��DQG�

VXEVHTXHQWO\�IDFLOLWDWHG�ORDG�WUDQVPLVVLRQ�ZHUH�VRPH�RI�WKH�SULPDU\�H[SODQDWLRQV�FLWHG�� 

7KH�LQFOXVLRQ�RI�&17V�VKRZHG�YDULRXV�YDULDWLRQV�RI�IUDFWXUH�VWUDLQ�DQG�WRXJKQHVV�� LQ�FRQWUDVW�WR�WKH�HQKDQFHPHQWV�RI�

WHQVLOH� VWUHQJWK� DQG�<RXQJ
V� PRGXOXV�� 7KH� IUDFWXUH� VWUDLQ� LPSURYHPHQW� WUHQGV� IRU� WKHUPRSODVWLF� DQG� WKHUPRVHWWLQJ�

UHLQIRUFHG�E\�&17V�DW�YDU\LQJ�ZHLJKW�FRQWHQWV��,W�ZDV�VKRZQ�WKDW�HDFK�ILOOHU�ORDGLQJ�GUDVWLFDOO\�UHGXFHG�WKH�IOH[LELOLW\�RI�

WKHUPRSODVWLF� QDQRFRPSRVLWHV�� $OWKRXJK� SHUWLQHQW� LQYHVWLJDWLRQV� KDYH� GHPRQVWUDWHG� WKLV� SKHQRPHQD�� D� WKRURXJK�

H[SODQDWLRQ�KDV�QRW�\HW�EHHQ�SXW�IRUWK��$FFRUGLQJ�WR�:DQJ�HW�DO��>���@��D�VWURQJ�LQWHUIDFH�LQWHUDFWLRQ�EHWZHHQ�WKH�PDWUL[�

DQG�ILOOHU�PD\�EH�WR�EODPH�IRU�WKH�GHFUHDVH�RI�IOH[LELOLW\�WKDW�UHVXOWV�IURP�WKH�DGGLWLRQ�RI�0:&17�1+��WR�3RO\LPLGH�

�3,���$V�D�UHVXOW��WKH�IOH[LELOLW\�RI�WKLV�PDWHULDO�PD\�EH�UHGXFHG�GXH�WR�UHVWULFWLRQV�RQ�WKH�PRELOLW\�RI�SRO\PHU�FKDLQV�XQGHU�

ORDGLQJ��7KH�GHVFULSWLRQ�RI�LQWHUIDFLDO�VWUHQJWK��KRZHYHU��KDV�QRW�EHHQ�SUHVHQWHG�WR�VXEVWDQWLDWH�WKLV�DVVHUWLRQ��&RQWUDULO\��

XQOLNH�WKHUPRSODVWLF�QDQRFRPSRVLWHV��WKH�IUDFWXUH�VWUHVVHV�RI�WKHUPRVHWV�PLJKW�EH�LQFUHDVHG�E\�WKH�LQFOXVLRQ�RI�&17V�DW�

VSHFLILF�DPRXQWV�RI�FRQWHQW��&KHQ�HW�DO��>���@�UHSRUWHG�WKDW�WKH�VFDWWHUHG�&17�WRXJKHQHG�WKH�EULWWOH�HSR[\�SKDVH�ZKHQ�

HSR[\�ZDV�UHLQIRUFHG�E\�0:&17��*RMQ\�HW�DO��>���@�YDOLGDWHG�WKLV�LQFUHDVH�LQ�IDLOXUH�VWUDLQ�DW�FHUWDLQ�ORZ�ILOOHU�ORDGLQJV�

�EHORZ���ZW����+LJKHU�&17�ORDGLQJV�FDXVHG�&17�DJJORPHUDWLRQ��ZKLFK�UHGXFHG�WKH�IUDFWXUH�VWUDLQ�E\�FRQFHQWUDWLQJ�

VWUHVV� DQG� ZHDNHQLQJ� WKH� LQWHUIDFLDO� FRQWDFW� EHWZHHQ� WKH� SRO\PHU� DQG� &17�� 7KHVH� H[SODQDWLRQV� ZHUH� VKRZQ� XVLQJ�

VFDQQLQJ�HOHFWURQ�PLFURVFRSH��6(0��LPDJHV�WR�VKRZ�WKH�GLVSHUVLRQ�RI�&17V�DW�YDULRXV�ILOOHU�FRQWHQWV� 

'XH�WR�WKHLU�KLJK�DVSHFW�UDWLR�DQG�VWLIIQHVV��&17V�KDYH�EHHQ�LGHQWLILHG�DV�D�YLDEOH�UHLQIRUFLQJ�FDQGLGDWH�WR�UHSODFH�JODVV�

ILEUH��*)��RU�FDUERQ�ILEUH��&)��LQ�RUGHU�WR�LQFUHDVH�WRXJKHQLQJ�HIILFLHQF\�>���@��7KH�IROORZLQJ�LV�DQ�H[SUHVVLRQ�IRU�WKH�

PLFUR�PHFKDQLFDO�WRXJKHQLQJ�PHFKDQLVP�RI�SRO\PHU�UHLQIRUFHG�&17�QDQRFRPSRVLWHV� 

7KH�LQWHUIDFH�VWUHQJWK�DQG�DSSOLHG�ORDG�KDYH�DQ�LPSDFW�RQ�WZR�&17�SURSHUWLHV������IUDFWXUH�EULGJLQJ�E\�&17V�DQG�����

&17�GH�ERQGLQJ�DQG�SXOO�RXW�RU�EUHDNLQJ�>��������@��2Q�WKH�EDVLV�RI�WKLV�VFKHPDWLF��LW�FDQ�EH�VKRZQ�WKDW�&17V�VKRXOG�



 

,QWHUQDWLRQDO�-RXUQDO�RI�

0XOWLGLVFLSOLQDU\�6FLHQFHV�DQG�$UWV 

(�,661������������ 

9ROXPH�����1XPEHU�����6HSWHPEHU������ 

KWWSV���GRL�RUJ����������LMPGVD�Y[L[�[[[[ 
 

 

���_�3 D J H  
 

EH�RULHQWDWHG�WUDQVYHUVHO\�WR�WKH�SURSDJDWHG�FUDFNV�ZKHUH�WKH�EULGJLQJ�PHFKDQLVP�RSHUDWHV�LQ�RUGHU�WR�DWWDLQ�WKH�KLJKHVW�

IUDFWXUH�WRXJKQHVV��,I�&17V�DUH�GLVWULEXWHG�UDQGRPO\�RU�ORQJLWXGLQDOO\��LW�ZLOO�QRW�VLJQLILFDQWO\�DIIHFW�IUDFWXUH�WRXJKQHVV�

>���@��$GGLWLRQDOO\��WKH�LPSDFW�RI�WUDQVYHUVH�DOLJQPHQW�PLJKW�RQO\�ZRUN�DW�PRGHVW�&17�ORDGLQJV� 

$FFRUGLQJ� WR� VRPH� UHVHDUFK�� WKH� IUDFWXUH� WRXJKQHVV� RI� SRO\PHU�&17�QDQRFRPSRVLWHV� LV� HQKDQFHG� WR� D�PD[LPXP�RI�

DURXQG� ����ZKHQ� ��ZHLJKW� SHUFHQW� RI� ILOOHUV� DUH� XWLOLVHG�� DQG� LW� GHFUHDVHV�ZKHQ� WKLV� OHYHO� LV� H[FHHGHG� GXH� WR� ILOOHU�

DJJORPHUDWLRQ�>��������@��+RZHYHU��DW�ORZ�ILOOHU�FRQWHQWV����ZW����WKH�UDQGRP�GLVWULEXWLRQ�RI�&17V�GLG�QRW�H[KLELW�D�

VLJQLILFDQW�LPSURYHPHQW�LQ�WRXJKQHVV�>���@��$GGLWLRQDOO\��&KHQ�HW�DO>���@��
V�DQDO\VLV�RI�WKH�LPSDFW�RI�LQWHUIDFH�VWUHQJWK�

DQG�&17� OHQJWK�RQ� IUDFWXUH� WRXJKQHVV��7KH\� DUJXHG� WKDW� FRQVLGHULQJ� VLPSO\� WKH� OHQJWK� RI� WKH� ILEUHV�RU� WKH� LQWHUIDFH�

FKHPLFDO�ERQG�GHQVLW\�ZRXOG�QRW�LQFUHDVH�IUDFWXUH�WRXJKQHVV��ERWK�PXVW�EH�WDNHQ�LQWR�DFFRXQW��7KHVH�LQGLFDWRUV�SHUIRUPHG�

EHVW�DW��±����DQG�����QP��UHVSHFWLYHO\� 

7KHLU�H[SHULPHQW�KDV�YDOLGDWHG�WKLV�WKHRUHWLFDO�DQDO\VLV�WKURXJK�RSWLPDO�&17�EULGJLQJ� 

7KH�IUDFWXUH�WRXJKQHVV�RI�QDQRFRPSRVLWHV�KDV�DOVR�EHHQ�LPSDFWHG�E\�WKH�VKDSH�RI�&17V��*HQHUDOO\��UHLQIRUFLQJ�SRO\PHUV�

ZLWK�ORQJ�&17�PD\�DFKLHYH�KLJK�IUDFWXUH�WRXJKQHVV�GXH�WR�LWV�KLJK�ORDG�WUDQVIHU�DQG�KHQFH�ERRVWLQJ�WKH�LQWHUIDFH�VKHDU�

VWUHQJWK�>��������@� 

'XH�WR�':&17
V�JUHDW�FRPSDWLELOLW\�ZLWK�WKH�HSR[\�PDWUL[��ORZ�FRQFHQWUDWLRQV�RI�LW��OHVV�WKDQ�����ZHLJKW�SHUFHQW��KDYH�

GHPRQVWUDWHG�D�QRWDEOH�LPSURYHPHQW�LQ�WKH�IUDFWXUH�WRXJKQHVV�RI�HSR[\�EDVHG�QDQRFRPSRVLWHV�������+RZHYHU��0:&17�

FRXOG�EH�D�VXSHULRU�UHLQIRUFLQJ�FDQGLGDWH�WR�LQFUHDVH�IUDFWXUH�WRXJKQHVV�WKDQ�RWKHU�W\SHV�RI�&17V�E\�DGRSWLQJ�SURSHU�

GLVSHUVLRQ� WHFKQLTXHV� DQG� IXQFWLRQDOL]DWLRQ� ������ ,Q� JHQHUDO�� WKH� OLQN� EHWZHHQ� QXPHURXV� SDUDPHWHUV�� LQFOXGLQJ�&17�

FRQWHQW��VWUXFWXUH��DOLJQPHQW��WUHDWPHQW��DQG�SURFHVVLQJ�WHFKQLTXH��KDV�UHYHDOHG�D�FRQYROXWHG�UHODWLRQVKLS�ZKHQ�LW�FRPHV�

WR�WKH�LPSURYHPHQW�LQ�IUDFWXUH�WRXJKQHVV�ZKHQ�UHLQIRUFLQJ�SRO\PHU�ZLWK�&17V��:LWK�WKH�DIRUHPHQWLRQHG�FRQVLGHUDWLRQV�

WDNHQ�LQWR�DFFRXQW�� 

&21&/86,21� 

7KLV�SDSHU
V�LQLWLDO�VHFWLRQ�FRYHUHG�SHUWLQHQW�LQYHVWLJDWLRQV��VXFK�DV�WKH�FUHDWLRQ�DQG�FKDUDFWHULVDWLRQ�RI�QDQRFRPSRVLWHV��

%DVHG�RQ�WKDW��LW�KDV�EHHQ�IRXQG�WKDW�WKH�PHFKDQLFDO�SURSHUWLHV�RI�QDQRFRPSRVLWHV�ZHUH�LPSURYHG�E\�WKH�UHLQIRUFHPHQW�

SURYLGHG�E\�QDQR�ILOOHUV��7KH�QDWXUH�RI�WKH�ILOOHU�DQG�PDWUL[��KRZ�WKH\�LQWHUDFW��WKH�VL]H�RI�WKH�ILOOHU��DQG�WKH�IDEULFDWLRQ�

WHFKQLTXHV� DOO� DIIHFW� WKH� H[WHQW� RI� HQKDQFHPHQW�� 7KURXJK� PRGHOOLQJ� DQG� H[SHULPHQWDO� PHWKRGV�� WRXJKHQLQJ� DQG�

WRXJKHQLQJ� PHFKDQLVPV� ZHUH� DOVR� XVHG� WR� H[SODLQ� WKHVH� YDULDQFHV��7KH� UHYLHZ� SDSHU
V� DWWHQWLRQ� KDV� EHHQ� GUDZQ� WR�

QDQRFRPSRVLWH�PDWHULDOV�WKDW�PXVW�XQGHUJR�PHFKDQLFDO�PLFURPDFKLQLQJ�SURFHGXUHV�WR�JHQHUDWH�WKH�ILQLVKHG�DUWLFOH��7KHVH�

LQFOXGH� PHWDO�FHUDPLF� QDQRFRPSRVLWHV�� SRO\PHU�JUDSKHQH�� DQG� SRO\PHU�&17� QDQRFRPSRVLWHV�� 7KH� PHFKDQLFDO�

SURSHUWLHV�ZLOO�EH�FRQQHFWHG�ZLWK�YDULRXV�PDFKLQLQJ�PHDVXUHV��DQG�WKLV�VHFWLRQ�RI�WKH�UHYLHZ�ZLOO�VHUYH�DV�WKH�IRXQGDWLRQ�

IRU�DQDO\VLQJ�WKH�PDFKLQDELOLW\�RI�QDQRFRPSRVLWHV�ZKHQ�XVLQJ�PHFKDQLFDO�PLFURPDFKLQLQJ�WHFKQLTXHV� 
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