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DQG�1D�&2��JUDLQV�WKDW�DUH�LQ�GLUHFW�FRQWDFW��3UHFLSLWDWLRQ�RI�DQ�LQWHUPHGLDWH�FU\VWDOOLQH�1D�2•6L2��SKDVH�DW�

WKH� UHDFWLRQ� LQWHUIDFH� LV� REVHUYHG�� 7KH� VHFRQG� VWDJH� FRPPHQFHV� ZLWK� WKH� PHOWLQJ� RI� 1D�&2�� DQG� WKH�

ZHWWLQJ�RI�WKH�SDUWLDOO\�UHDFWHG�TXDUW]�JUDLQV��7KH�UHDFWLRQ�FRQWLQXHV�XQWLO�WKH�TXDUW]�DQG�1D�&2��DUH�IXOO\�
UHDFWHG�DQG�RQO\�FU\VWDOOLQH�1D�2•6L2��LV�SUHVHQW��7KH�ILQDO�VWDJH�LV�WKH�PHOWLQJ�RI�1D�2•6L2��REVHUYHG�DW�
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0$6� 105� VSHFWURVFRS\� KDV� EHHQ� XVHG� WR� IROORZ� WKH� EDWFK� PHOWLQJ� RI� D� �6L2��
�1D�&2��PRODU�UDWLR�EDWFK��0$6�105�KDV�EHHQ�H[WHQVLYHO\�XVHG�WR�VWXG\�ERWK�VLOLFDWH�JODVV�
DQG� FU\VWDOOLQH� PLQHUDOV����������� 7KH� HTXDO� VHQVLWLYLW\� WR� ERWK� JODVV� DQG� FU\VWDOOLQH� PDWHULDOV�
PDNHV�0$6�105�LGHDOO\�VXLWHG�WR�VWXG\�SDUWLDOO\�PHOWHG�JODVV�EDWFKHV��� ��6L�0$6�105�LV�
VHQVLWLYH� WR� FKDQJHV� LQ� WKH� SRO\PHULVDWLRQ� RI� WKH� PDWHULDO�� 7KH� FRUQHU�VKDULQJ� 6L2��
WHWUDKHGUD� RI� TXDUW]� DUH� GHVLJQDWHG� 4��� ZKHUH� 4Q� UHIHUV� WR� WKH� 6L2�� WHWUDKHGURQ� ZLWK� Q�
EULGJLQJ�R[\JHQV��%2���7KH�UHDFWLRQ�RI�DONDOL�FDUERQDWHV�ZLWK�TXDUW]�SURGXFHV�DQ�LQWHUIDFH�
ZKHUH�WKH�6L2��QHWZRUN�KDV�EHHQ�GHSRO\PHULVHG��IRUPLQJ�QRQ�EULGJLQJ�R[\JHQV��1%2��DQG�
WKHUHIRUH�D�UDQJH�RI�4Q�VSHFLHV��4��DQG�4��VSHFLHV�ZRXOG�EH�HTXLYDOHQW�WR�D�JODVV��RU�FU\VWDO��
RI�FRPSRVLWLRQ�1D�2•6L2��DQG�1D�2•�6L2��UHVSHFWLYHO\��
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7KH�PRGHO� EDWFK� ZLWK� ��PRO�� 6L2�� DQG� ��PRO��1D�&2�� ZDV� SUHSDUHG� IURP� KLJK�
SXULW\� TXDUW]� DQG� ���� ��&�HQULFKHG� 1D�&2�� �(XULVR�7RS�� )UDQFH��� ZLWK� ���ZW�� )H�2��
DGGHG� WR� HQKDQFH� VSLQ�ODWWLFH� UHOD[DWLRQ�� 6DPSOHV� RI� ���PJ� RI� EDWFK�ZHUH� KHDWHG� LQ� D� 3W�
FUXFLEOH�DW�D�UDWH�RI���R&�PLQ�DQG�DLU�TXHQFKHG�IURP���������������������DQG�����R&��0$6�
105� H[SHULPHQWV� ZHUH� SHUIRUPHG� RQ� WKH� VDPSOHV� RQ� D� %UXNHU� $YDQFH� '6;� ����
VSHFWURPHWHU� ZLWK� D� SULQFLSDO� ILHOG� VWUHQJWK� RI� ���7�� � 6SHFWUD� ZHUH� DFTXLUHG� ZLWK� D� �PP�
0$6�SUREH�VSLQQLQJ�DW��N+]�DQG���N+]�IRU���6L�DQG���1D�UHVSHFWLYHO\��7KH�FKHPLFDO�VKLIWV�
DUH�UHIHUHQFHG�WR�706�IRU���6L�DQG�DTXHRXV�1D&O�IRU���1D��
�

�



5HVXOWV�

6LOLFRQ����

�
7KH���6L�0$6�105�VSHFWUD�IRU�WKH�VHULHV�RI�SDUWLDOO\�PHOWHG�VDPSOHV�KHDWHG�WR�VSHFLILHG�

WHPSHUDWXUHV�DQG�TXHQFKHG�DUH�VKRZ�LQ�)LJXUH����7KH�VSHFWUD�FOHDUO\�VKRZ�WKDW�DQ�LQFUHDVH�
LQ�KHDW�WUHDWPHQW�SURPRWHV�WKH�IRUPDWLRQ�RI�D�VHFRQG�QDUURZ�SHDN�DW�a����SSP��7KLV�SHDN�
LV� GXH� WR� FU\VWDOOLQH� 4�� VSHFLHV� �1D�2•6L2���� 7KH� VSHFWUXP� RI� WKH� ���

R&� VDPSOH� ZLWK�
LPSURYHG�6�1�RI� WKH� LQWHUPHGLDWH�SKDVHV� �DW� WKH�H[SHQVH�RI� WKH�TXDUW]�SHDN�� LV� VKRZQ� LQ�
ILJ���� 7KH� EURDG� UHVRQDQFH� SHDN� FHQWUHG� DW� a� ���SSP� LV� DWWULEXWDEOH� WR� JODVV\� 4��
�1D�2•�6L2���SKDVH��7KH�IRUPDWLRQ�RI�DQ�LQFUHDVLQJ�DPRXQW�RI�JODVV\�SKDVH�LV�REVHUYHG�DV�
WKH� VDPSOH� LV� KHDWHG� SDVW� WKH� PHOWLQJ� WHPSHUDWXUH� RI� 1D�2•6L2��� 7KH� VDPSOH� KHDWHG� WR�
����R&�LOOXVWUDWHV�WKH�GUDPDWLF�EURDGHQLQJ�RI�WKH�UHVRQDQFH�OLQH�GXH�WR�WKH�JUHDWHU�UDQJH�RI�
ERQG�DQJOHV�DQG�ERQG�OHQJWKV�LQ�WKH�JODVV\�1D�2•6L2��VWUXFWXUH�FRPSDUHG�WR�WKH�FU\VWDOOLQH�
HTXLYDOHQW�� 6RPH� FU\VWDOOLQH�1D�2•6L2�� UHPDLQV� DW� ����

R&�DQG� LV� FOHDUO\� VHHQ� DV� D� QDUURZ�
SHDN�RQ�WRS�RI�WKH�EURDG�UHVRQDQFH�SHDN��
�

6RGLXP����

6RPH�RI�WKH���1D�0$6�105�VSHFWUD�DUH�VKRZQ�LQ�)LJ�����7KH���1D�VSHFWUXP�RI�WKH�UDZ�
JODVV�EDWFK�L�H��1D�&2��LV�FKDUDFWHULVHG�E\�WZR�SHDNV�LQ�WKH�UDQJH�²���WR�²��SSP��,QFUHDVHG�
KHDW�WUHDWPHQW�SURPRWHV�WKH�JURZWK�RI�D�SHDN�DW�a��SSP�GXH�WR�1D�2•6L2��DQG�WKH�GHPLVH�
RI�WKH�1D�&2��SHDNV��7KH�VSHFWUD�RI�WKH�VDPSOH�KHDWHG�WR����

R&�LV�FKDUDFWHULVHG�E\�RQO\�RQH�
SHDN�GXH�WR�1D�2•6L2���$�EURDG�SHDN�UHDSSHDUV�LQ�WKH�UDQJH�� � �²���WR�²��SSP�LQ�WKH�ODVW�
VSHFWUD�RI� WKH�VHULHV��7KLV�EURDGQHVV� LV�GXH�WR�WKH�JODVV\�SKDVH�WKDW�ZDV�HYLGHQW� LQ�WKH� ��6L�
VSHFWUD��6XFK�EURDGQHVV�LV�DOVR�VHHQ�LQ�WKH�VSHFWUD�RI�WKH����R&�VDPSOH�ZKHQ�WKH�GLIIHUHQFH�
VSHFWUXP�LV�REWDLQHG��QRW�VKRZQ��E\�VXEWUDFWLQJ�WKH���1D�VSHFWUXP�RI�WKH�UDZ�EDWFK��

'LVVFXVVLRQ�

7KH�ILUVW�VWHS�RI�WKH�UHDFWLRQ�EHWZHHQ�TXDUW]�DQG�1D�&2�� WDNLQJ�SODFH�DW����
R&�LV�WKH�

IRUPDWLRQ� RI� FU\VWDOOLQH�1D�2•6L2�� E\� VROLG�VWDWH� UHDFWLRQ�� 7KLV� LV� VKRZQ� ERWK� LQ� WKH�
��6L�

VSHFWUXP� ZLWK� WKH� OLQH� DSSHDULQJ� DW� a���SSP� DQG� E\� WKH� ��1D� VSHFWUXP� ZLWK� WKH� OLQH�
DSSHDULQJ�DW�a��SSP��7KH�IRUPDWLRQ�RI�1D�2•6L2��FRQWLQXHV�DV�D�IXQFWLRQ�RI�KHDWLQJ�DW�WKH�
H[SHQVH� RI� WKH� TXDUW]� DQG� 1D�&2��� 7KH� ILUVW� RFFXUUHQFH� RI� D� JODVV� SKDVH� LV� REVHUYHG� DW�
���R&�� WKHUHIRUH� LQGLFDWLQJ� WKH� IRUPDWLRQ�RI� D� VLOLFDWH�PHOW��7KLV� FRUUHVSRQGV� WR� WKH�EURDG�
SHDN� FHQWUHG� DW�a� ���SSP� DQG� FRUUHVSRQGV� WR� WKH� FKHPLFDO� FRPSRVLWLRQ� RI�1D�2•�6L2���
7KH� IRUPDWLRQ� RI� WKLV� JODVV� SKDVH� FRXOG� HLWKHU� EH� GXH� WR� WKH� PHOWLQJ� RI� DQ� HTXLYDOHQW�
FU\VWDOOLQH� SKDVH� RU� E\� WKH� IXUWKHU� UHDFWLRQ� RI� WKH� 1D�2•6L2�� ZLWK� TXDUW]�� &U\VWDOOLQH�
1D�2•�6L2��PHOWV�DW�a���

R&��WKHUHIRUH�LW�LV�WKHUPRG\QDPLFDOO\�SRVVLEOH�IRU�WKLV�FRPSRXQG�
WR�SUHFLSLWDWH�IROORZLQJ�WKH�UHDFWLRQ�RI�TXDUW]�DQG�1D�&2��EHWZHHQ����

R&�DQG����R&��7KLV�
ZRXOG� WKHQ� PHOW� ZKHQ� DSSURDFKLQJ� LWV� DFWXDO� PHOWLQJ� SRLQW� SURGXFLQJ� WKH� JODVV� SKDVH�
REVHUYHG� DIWHU� TXHQFKLQJ�� $OWHUQDWLYHO\� D� UHDFWLRQ� DW� WKH� LQWHUIDFH� RI� WKH�1D�2•6L2�� DQG�
TXDUW]� FRXOG� DOVR� OHDG� WR� WKH� IRUPDWLRQ� RI�1D�2•�6L2��� 6LQFH� QR� VDPSOHV� KDYH� \HW� EHHQ�
KHDWHG� WR� WHPSHUDWXUHV� LQ� WKH� UHJLRQ� ���R&� WR� ���R&� LW� LV� QRW� SRVVLEOH� WR� FRQILUP� HLWKHU�
PHFKDQLVP�� � ,Q�VLWX� ;�UD\� GLIIUDFWLRQ� VWXGLHV� DUH� SUHVHQWO\� EHLQJ� FDUULHG� RXW� ZKLFK� FDQ�
FRQILUP�WKH�UHDFWLRQ�PHFKDQLVP��

%\� ���R&� ERWK� TXDUW]� DQG�1D�&2�� KDYH� IXOO\� UHDFWHG� VLQFH� WKH� VLJQDO� DW� a� ����SSP� KDV�
GLVDSSHDUHG�IURP�WKH���6L�VSHFWUD�DQG�QR�1D�&2��FRQWULEXWLRQ�LV�SUHVHQW�LQ�WKH�

��1D�VSHFWUD���



7KH� VDPSOH� LV� FRPSRVHG� RQO\� RI� FU\VWDOOLQH� 1D�2•6L2�� DW� ���
R&�� 7KH� VLOLFDWH� PHOW�

�1D�2•�6L2��� REVHUYHG� DW� ���
R&� LV� QR� ORQJHU� SUHVHQW�� 7KLV� LQGLFDWHV� D� UHDFWLRQ� RI�

1D�2•�6L2�� ZLWK� 1D�&2�� WR� IRUP� FU\VWDOOLQH� 1D�2•6L2��� ZKLFK� ZRXOG� EH� WKH� PRVW�
WKHUPRG\QDPLFDOO\�VWDEOH�SURGXFW�DW�WKLV�WHPSHUDWXUH���

$�VLJQLILFDQW�FKDQJH�LQ�WKH���6L�VSHFWUD�DSSHDUV�DERYH�WKH�PHOWLQJ�SRLQW�RI�1D�2•6L2���%URDG�
UHVRQDQFH� SHDNV� GXH� WR� JODVV� SKDVHV� DUH� REVHUYHG� FRUUHVSRQGLQJ� WR� WKH� PHOWLQJ� RI� WKH�
FU\VWDOOLQH� 1D�2•6L2�� VWUXFWXUH�� 7KH� EURDGQHVV� RI� WKH� SHDN� LQGLFDWHV� WKH� GLVRUGHUHG�
HQYLURQPHQW�RI�WKH�6L�DWRPV�LQ�WKH�QHZO\�IRUPHG�PHOW��

&RQFOXVLRQ�

��6L�DQG� ��1D�0$6�105�KDV�EHHQ�XVHG� WR�VWXG\�WKH� UHDFWLRQV�RI�D�6L2��1D�2�PRGHO�
JODVV� EDWFK�� ,W� KDV� EHHQ� FOHDUO\� VKRZQ� WKDW� TXDQWLWDWLYH� LQIRUPDWLRQ� FRQFHUQLQJ� WKH�
IRUPDWLRQ�DQG�HYROXWLRQ�RI�LQWHUPHGLDWH�UHDFWLRQ�SURGXFWV�FDQ�EH�DFTXLUHG��6ROLG��FU\VWDOOLQH�
1D�2•6L2�� LV� WKH� SULPDU\� UHDFWLRQ� SURGXFW� RI� WKH� TXDUW]� DQG� 1D�&2�� UHDFWLRQ� EHWZHHQ�
���R&�DQG����R&��(YLGHQFH� IRU� WKH� IRUPDWLRQ�RI� D�1D�2•�6L2��PHOW� DW� ���

R&� LV�REWDLQHG�
IURP�WKH�EURDG�UHVRQDQFH�SHDN�DW�a���SSP�LQ�WKH���6L�VSHFWUD��$W�WHPSHUDWXUHV�JUHDWHU�WKDQ�
����R&�WKH�PHOWLQJ�RI�FU\VWDOOLQH�1D�2•6L2��LV�REVHUYHG�LQ�WKH�

��6L�VSHFWUD�ZLWK�WKH�GUDPDWLF�
EURDGHQLQJ�RI�WKH�UHVRQDQFH�OLQH���
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