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)LJ���� VKRZV� ;36� VSHFWUD� RI� &�V FRUHOHYHO�IRU�WKH�RULJLQDO�&�� ILOP�PHDVXUHG�IRUWKH� ILUVW� ��� PLQ�� �VROLG� OLQH�� DQG� IRU���PLQ�� DIWHU� �� K� RI�PHDVXUHPHQW� �GDVKHGOLQH��� 7KH� &�V�VSHFWUXP� RI� &�� FRQVLVWVIURP� D� PDLQ� OLQH� �ELQGLQJ� HQHUJ\� (E  ����H9� IXOO�ZLGWK�DW�KDOI�PD[LPXP�):+0
∆(E  ����� H9�� DQG� D� �VKDNH�XS�� VDWHOOLWHSHDN� �(E  ����Ü���� H9��� 7KLV� VDWHOOLWHVWUXFWXUH�FKDUDFWHUL]HV�&�� DQG�DSSHDUV�GXHWR� WKH� π�HOHFWURQ� WUDQVLWLRQ� IURP� RFFXSLHGWR�XQRFFXSLHG�YDOHQFH�PROHFXODU�RUELWDOV�DV�VRFLDWHG�ZLWK� WKH�&�V FRUH�KROH�JHQHUDWLRQ�7KH� WUHDWPHQW� RI� WKLV� VSHFWUD� VKRZV� WKHVDPH�VDWHOOLWH�VWUXFWXUH�DQG�LQWHQVLW\�DV�UH�SRUWHG� LQ� >��@�� 'XULQJ� PHDVXUHPHQW� DW;�UD\� LUUDGLDWLRQ� VRPH� VPDOO� VKRXOGHU� RQPDLQ� SHDN� DSSHDUHG� DW� WKH� KLJKHU� ELQGLQJHQHUJ\� VLGH� �pE≈ ���� H9��� ,QWHQVLW\� RI� WKLVVKRXOGHU� LQFUHDVHG� DQG� VDWXUDWHG� DW� PHDV�XUHPHQW�WLPH�DERXW���K��7KH� &�V VSHFWUXP� RI� SKRWRSRO\PHUL]HGIXOOHUHQH�LV�YHU\�VLPLODU�WR�RQH�IRU�RULJLQDOIXOOHUHQH� ZLWK� VPDOO� �DERXW� �� ��� GHFUHDVHRI� WKH� LQWHQVLW\� RI� WKH� VKDNH�XS� VDWHOOLWHGXH�WR�WKH�UHGXFWLRQ�RI�π�HOHFWURQV�RQ�D� &��PROHFXOH� LQ� WKH� SROLPHUL]DWLRQ� >��@�� 6KRXO�GHU� DW� WKH� KLJKHU� ELQGLQJ� HQHUJ\� DOVR� DS�SHDUHG� LQ� &�V�VSHFWUD� RI� SKRWRSRO\PHUL]HGIXOOHUHQH� GXULQJ� PHDVXUHPHQW�� EXW� LW� ZDVVPDOOHU�DQG�QRW� IRU�DOO� VDPSOHV��7KH� LQWHQ�VLW\� RI� WKLV� VKRXOGHU� IRU� GLIIHUHQW� VDPSOHVFRUUHODWHG� ZLWK� WKH� LQWHQVLW\� RI� 2�V FRUHOHYHO�SHDN��7DEOH���2�V FRUH� OHYHO� VSHFWUD� IRU� DOO� VDPSOHV�RULJLQDO� DQG� SRO\PHUL]HG�� SUHVHQWHG� DVLQJOH� SHDN� ZLWK�(E  ������±���� H9�� DQG
∆(E  ����±���� H9�� 7KH� RULJLQ� RI� WKLV� OLQHZDV�GLVFXVVHG� LQ� >��@�DQG� LW�ZDV�DWWULEXWHGWR�R[\JHQ�LQ�+�2 PROHFXOHV�DGVRUEHG�RQ�WKH
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&�� ILOP�� $XWKRUV� RI� >������@� FRQVLGHUHGWKDW�DGVRUEHG�2� PRVWO\�GHVRUEHG�IURP�WKHILOP� DW� ����z� DQG� KLJK� YDFXXP� FRQGLWLRQ�7KLV� OLQH� DOVR� FDQ� EH� DWWULEXWHG� WR�&±2±+JURXSV�� ZKLFK� KDYH� ELQGLQJ� HQHUJ\� RI�2�VFRUH�OHYHO�LQ�WKH�VDPH�UHJLRQ�>��@��7KH�VKRXO�GHU� DW� pE  ����� H9� �VHH� )LJ����� DOVR� FDQ� EHDOVR�FRQQHFWHG�ZLWK�&±2±+ JURXSV�>��@��'XULQJ� ;36� PHDVXUHPHQW� XQGHU� ;�UD\LUUDGLDWLRQ� D� ORW� RI� VHFRQGDU\� HOHFWURQV� DS�SHDU�LQ�IXOOHUHQH�ILOP��,W�ZDV�VKRZQ�LQ�>��@WKDW� VHFRQGDU\� ORZ� HQHUJ\� HOHFWURQV��ZKLFKDSSHDU� LQ� WKH� V\VWHP�� VROLG� 2��&���*D$VVXEVWUDWH� GXULQJ� SKRWRQ� LUUDGLDWLRQ� DW�  ���� z�� FDQ� EH� FDSWXUHG� E\� R[\JHQ�$XWKRUV�RI�>��@�SD\�QR�DWWHQWLRQ�WR�SURFHVVRI�HOHFWURQ�FDSWXULQJ�E\�D�&�� PROHFXOH��,QRXU�RSLQLRQ�VXFK�SURFHVV�SOD\V�DQ�LPSRUWDQWUROH� LQ�WKH�IXOOHUHQH�R[LGDWLRQ�UHDFWLRQ��EH�FDXVH�HOHFWURQ�DIILQLWLHV�RI�2� DQG�&�� HTXDOWR������H9�>��@�Ò������H9�>��@��UHVSHFWLYHO\�KHQFH� IXOOHUHQH� FDQ� FDSWXUH� HOHFWURQ� HDVLHUWKDQ�R[\JHQ��7KH�GHFD\�RI�FDUEDQLRQ�&��� DWWKH� SUHVHQFH� RI� DGVRUEHG� +�2 PROHFXOHVOHDGV� WR� SDUWO\� IXOOHUHQH� R[LGDWLRQ�ZLWK� UH�DFWLRQ�SURGXFWV�FRQWDLQLQJ�K\GUR[\O�JURXSV�6R��WKH�IXOOHUHQH�R[LGDWLRQ�UHDFWLRQ�ZLWKUHDFWLRQ� SURGXFWV� FRQWDLQLQJ� K\GUR[\OJURXSV� FDQ� RFFXU� RQ� WKH� VXUIDFH� RI� &��ILOPV�QRW� H[SRVHG� WR� DPPRQLD�XQGHU�;�UD\LUUDGLDWLRQ�GXULQJ�;36�PHDVXUHPHQW���7KLVSURFHVV� OHDGV�WR� LQFUHDVLQJ�RI�WKH�2�V SHDNLQWHQVLW\� LQ� ;36� VSHFWUD� GXULQJ� PHDVXUH�

PHQW�� (OHPHQW� DWRPLF� FRQFHQWUDWLRQV� LQDQDO\]HG� OD\HU� �ZKLFK� WKLFNQHVV� ZDV� HVWL�PDWHG� LQ� >��@�DV����c��DQG�FRQWHQW�RI�R[\�JHQ� DQG� QLWURJHQ� DWRPV� SHU� RQH�&�� PROH�FXOH�DUH�VKRZQ�LQ�7DEOH���7KH� PHDQ� YDQ� GHU� :DDOV� GLDPHWHU� RIZDWHU�KDV�EHHQ�UHSRUWHG�DV������c >��@��7KHGLDPHWHUV� RI� WHWUDKHGUDO� DQG� RFWDKHGUDOFDYLWLHV� IRU� WKH� ODWWLFH�SDUDPHWHU� RI� IXOOHU�HQH� DUH� ����� c DQG� ����� c�� UHVSHFWLYHO\>��@��6R��+�2 PROHFXOH� FDQ�RFFXS\�RQO\�RF�WDKHGUDO� FDYLWLHV� RI� IXOOHUHQH� ODWWLFH� DQGRQO\�RQH�+�2 PROHFXOH�FDQ�EH�LQ�RQH�FDYLW\�KHQFH�WKH�UDWLR�EHWZHHQ�R[\JHQ�DQG�&�� FDQQRW� EH� PRUH� WKDQ� ��� %XW� LW� ZDV� ���� IRURULJLQDO� ILOP� �7DEOH�� VDPSOH�1R���� WKH�ILUVW��� PLQ�� RI� PHDVXUHPHQW��� $SSDUHQWO\�� WKHPRVW�DPRXQW�RI�ZDWHU�ZDV�DGVRUEHG�RQ�WKHVXUIDFH�HGJHV�RI�FU\VWDOOLWHV�IRUPLQJ�IXOOHU�HQH� ILOPV�� )XUWKHU� ;�UD\� LUUDGLDWLRQ� OHDGVWR� LQFUHDVLQJ� RI� R[\JHQ� FRQWHQW� DQG� LWVVDWXUDWLRQ� RQ� WKH� OHYHO� RI� DERXW� �� R[\JHQDWRPV�SHU�RQH�&�� PROHFXOH�7KLV� LQFUHDVLQJ� VXJJHVWV� WKDW�� DW� ILUVW�ZDWHU�DGVRUEHG�RQ�WKH�FU\VWDOOLWH�VXUIDFH�UH�DFWV� ZLWK� IXOOHUHQH�� WKHQ� ZDWHU�� DGVRUEHGGHHSHU�LQ�ILOP��/RZ�GLIIXVLRQ�FRHIILFLHQW�IRUZDWHU� LQ� IXOOHUHQH� ODWWLFH� OLPLWV� WKLV� SURF�HVV����3RO\PHUL]HG� ILOPV� FRQWHQWHG� VXIILFLHQWO\OHVV� DPRXQW� RI� R[\JHQ� �VHH� 7DEOH�� VDPSOH1R���� DQG� ZHUH� PRUH� VWDEOH� WR� ;�UD\� LUUD�GLDWLRQ�GXULQJ�;36�PHDVXUHPHQW��7KLV� FDQ
7DEOH��$WRPLF�FRQFHQWUDWLRQ�RI�HOHPHQWV�DQG�WKHLU�UDWLR�WR�&�� PROHFXOH��HVWLPDWLRQ�RI�VWRFKDVWLFHUURU�VKRZQ�
6DPSOH &RQGLWLRQ &���DW��

±��� 2��DW��
±��� 1��DW��

±��� &����PRO� 2��PRO� 1��PRO�
±���1R����RULJLQDO�� ���PLQ�;�UD\ ���� ��� ��� � ��� ���1R����RULJLQDO�� ��K�;�UD\ ���� ��� ��� � ��� ���1R����SRO\PHU� ���PLQ��;�UD\ ���� ��� � � ��� ��1R����RULJLQDO� 1+� ����DWP�����PLQ��;�UD\ ���� ��� ��� � ��� ���

1R����RULJLQDO� 1+� ���DWP�����PLQ��;�UD\ ���� ��� ��� � ��� ���
1R����RULJLQDO� 1+� ���DWP�����K�;�UD\ ���� ��� ��� � ��� ���
1R����SRO\PHU� 1+� ��DWP�����PLQ��;�UD\ ���� ��� ��� � ��� ���
1R����SRO\PHU� 1+� ����DWP�����PLQ��;�UD\ ���� ��� ��� � ��� ���
1R����SRO\PHU� 1+� ���DWP�����PLQ��;�UD\ ���� ��� ��� � ��� ����
1R����SRO\PHU� 1+� ���DWP�����K�;�UD\ ���� ��� ��� � ��� ���
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EH� H[SODLQHG� E\� GLIIHUHQFH� LQ� PRUSKRORJ\DQG�VWUXFWXUH�EHWZHHQ�RULJLQDO�DQG�SRO\PHU�L]HG�ILOPV��6KDSH�DQG�UHODWLYH�LQWHQVLW\�RI�;36�VSHF�WUD� RI� &�V�� 2�V DQG� 1�V�FRUH� OHYHOV� ZHUHDQDO\]HG�DOVR�IRU�VDPSOHV�H[SRVHG�WR�DPPR�QLD�� )LJ���� VKRZV� &�V VSHFWUD� RI� SRO\PHU�L]HG� IXOOHUHQH� EHIRUH� ��� Û� VROLG� OLQH�� DQGDIWHU����Û�GDVKHG�OLQH��H[SRVLWLRQ�WR�DPPR�QLD� DW� SUHVVXUH� ��� DWP�� IRU� ��� GD\V�� 6SHF�WUXP� �� PHDVXUHG� IRU� WKH� ILUVW� ��� PLQ��VSHFWUXP� �� �GDVKHG�GRWWHG� OLQH�� Û� IRU���PLQ��DIWHU���K�RI�;�UD\�LUUDGLDWLRQ��&�V�VSHFWUD� IRU� RULJLQDO� IXOOHUHQH� H[SRVHG� WRDPPRQLD�KDG�WKH�VDPH�IRUP��1R�GHSHQGHQFHRI�&�V�VSHFWUD�VKDSH�RQ�H[SRVLWLRQ�WLPH�DQGSUHVVXUH� ZDV� GHWHFWHG�� 7KH� KLJK�HQHUJ\VKRXOGHU�LQ�&�V VSHFWUD�ZDV�REVHUYHG�IRU�DOOVDPSOHV� H[SRVHG� WR� DPPRQLD� �HYHQ� LQ� WKHILUVW���PLQ��RI�PHDVXUHPHQW���7KLV�VKRXOGHUDOVR�LQFUHDVHG�GXULQJ�;�UD\�LUUDGLDWLRQ��VHH)LJ�����&�V VSHFWUD�WUHDWHG�RQ�FRPSXWHU� �)LJ����VKRZ�� WKDW� WKLV� VKRXOGHU� FDQ� EH� DWWULE�XWHG� WR� VPDOO� SHDN� DW� ELQGLQJ� HQHUJ\pE  ������� H9�� 0D[LPXP� RI� LWV� LQWHQVLW\ZDV�DERXW�����IURP�LQWHQVLW\�RI�PDLQ�SHDNDW� pE  ����� H9�� /LWHUDWXUH� GDWD� DQDO\VLV>������@�VKRZV�WKDW�SHDN�DW�������H9�FDQ�EHDWWULEXWHG�DV�WR�D�ERQG�EHWZHHQ�FDUERQ�DQGR[\JHQ� �OLNH�±&±2±&± RU�&±2±+��� DV� WR�DQLPLQH� ERQG� EHWZHHQ� FDUERQ� DQG� QLWURJHQ�±1 &����3RVVLELOLW\� RI� WKH� ODWHVW� ERQG�ZLOOEH� GLVFXVVHG� ODWHU� RQ� WKH� EDVH� RI� DQ� HOH�PHQWV�FRQFHQWUDWLRQ�DQDO\VLV��7KH�2�V FRUH�OHYHO�VSHFWUXP�IRU�H[SRVHGWR� DPPRQLD� ILOPV�ZDV� WKH� VDPH� DV� RQH� IRURULJLQDO� ILOPV� DQG� KDV� (E  ������±����H9�

7KH� 2�V VLJQDO� LQGLFDWHV� WKH� SUHVHQFH� RIDGVRUEHG� ZDWHU� RU� K\GUR[\O� JURXSV� LQ� WKHDQDO\]HG�OD\HU�RI�DPPRQLD�H[SRVHG�ILOPV���,QFUHDVLQJ�RI�R[\JHQ�DWRPV�DPRXQW�GXU�LQJ� ;�UD\� LUUDGLDWLRQ� DOVR� REVHUYHG� IRU� DOOW\SHV�RI�ILOPV��VHH�7DEOH���7KH�VKDSH�RI�1�VFRUH� OHYHO� VSHFWUD� GHSHQGHG� RQ� DPPRQLDSUHVVXUH�� )LJ���� VKRZV�1�V�VSHFWUD� IRU� SR�O\PHUL]HG� IXOOHUHQH� H[SRVHG� WR� DPPRQLD� DWSUHVVXUH� �� DWP�� �D�� DQG� ��� DWP�� �E��� 7KHVSHFWUXP�RQ�)LJ���E�FRQVLVWV�IURP�WKH�PDLQSHDN� DW� ELQGLQJ� HQHUJ\� ������ H9� DQG� DSHDN� DW� (E  ������� H9�� ZKLFK� DSSHDUHG� DWSUHVVXUH� ���� DWP�� 7KH� PDLQ� SHDN� FDQ� EHFRQQHFWHG� ZLWK� DPPRQLD� PROHFXOH�1+��DGVRUEHG�E\�IXOOHUHQH�ILOP��7KH�SHDN�DW(E  ������� H9� FDQ� EH� DWWULEXWHG� WR� LRQ1+���� 7KLV� SHDN� DOVR� ZDV� REVHUYHG� LQ� >��@GXULQJ� LQYHVWLJDWLRQ�RI� LQWHUDFWLRQ�EHWZHHQ&�� DQG� QLWURJHQ� FRQWDLQLQJ� SRO\PHUV� DQGZDV�DWWULEXWHG�WR�SURWRQLWHG�QLWURJHQ�DWRP�7KH�QLWURJHQ�FRQFHQWUDWLRQ�VKRZHG�ZHDN�GH�SHQGHQFH�RQ�DPPRQLD�SUHVVXUH�DQG�GLG�QRWFKDQJH�GXULQJ�;�UD\�LUUDGLDWLRQ��VHH�7DEOH��,WV�PD[LPXP�ZDV�DERXW���DWRP�SHU�RQH�&��PROHFXOH��:H�DVVXPHG�WKDW�WKLV�QLWURJHQ�LVFRQQHFWHG� ZLWK� DGVRUEHG� DPPRQLD�� VR� LWVFRQFHQWUDWLRQ� GHSHQGV� RQ� ILOP� DGVRUSWLRQDELOLW\��L�H��ILOP�VWUXFWXUH�DQG�PRUSKRORJ\�$V�ZH� GLVFXVVHG� DERYH�� ORZ� HQHUJ\� HOHF�WURQV�� ZKLFK� DSSHDUV� DW� ;�UD\� LUUDGLDWLRQGXULQJ� ;36�PHDVXUHPHQW� LQIOXHQFH� RQ� WKH&��� R[LGDWLRQ�SURFHVV��$PPRQLD�OLTXDWHV�LQ

)LJ�����;36� VSHFWUD� RI�&�V FRUH� OHYHO� RI� WKHSRO\PHUL]HG�&�� ILOP�EHIRUH�H[SRVLWLRQ�WR�DP�PRQLD� �VDPSOH� 1R���Û� VROLG� OLQH�� DQG� DIWHUH[SRVLWLRQ� DW� ��� DWP�� �VDPSOH� 1R���� GDVKHGOLQH� Û� WKH� ILUVW� ��� PLQ�� RI� PHDVXUHPHQW�GDVKHG�GRWWHG�OLQH�Û�DIWHU���K�RI�;�UD\�LUUD�GLDWLRQ�� )LJ����� 7UHDWHG� RQ� FRPSXWHU�;36� VSHFWUD� RI&�V FRUH� OHYHO� RI� WKH� SRO\PHUL]HG� &�� ILOPEHIRUH� H[SRVLWLRQ� WR� DPPRQLD� �D� Û� VDPSOH1R���� DQG� DIWHU� H[SRVLWLRQ� DW� ��� DWP�� SUHV�VXUH�� WKH� ILUVW� ��� PLQ�� PHDVXUHPHQW� �E� ÛVDPSOH�1R����
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ILOP�SRUHV�DW�KLJK�SUHVVXUH��6HFRQGDU\�HOHF�WURQV� FDQ� EH� VROYDWHG� E\� OLTXLG� DPPRQLD�KHQFH� WKHLU� OLIHWLPH� DQG� FRQFHQWUDWLRQ� LQILOP� LQFUHDVH�� 6ROYDWHG� HOHFWURQV� LQWHUDFWZLWK� D�&�� PROHFXOH� SURGXFLQJ� D� FDUEDQLRQ&���� ZKLFK� GHFD\� OHDGV� WR� IXOOHUHQH� R[LGD�WLRQ� ZLWK� UHDFWLRQ� SURGXFWV� FRQWDLQLQJ� K\�GUR[\O�JURXSV��:DWHU� DQG� DPPRQLD�� DGVRUEHG� E\� WKHILOP�VXUIDFH��DUH� LQ�WKH�LRQ�PROHFXODU�HTXL�OLEULXP� �UHDFWLRQ�� 1+� ��+�2  �1+�� �2+±���$�FDUEDQLRQ�&��± FDQ�EH�VWDELOL]HG�E\IRUPLQJ� LRQ� VDOW� &��±1+�� ZLWK� DPPRQLDLRQ��ZKLFK� FDQ� SHQHWUDWH� WR� FU\VWDO� RFWDKH�GUDO�FDYLWLHV�DW�KLJK�DPPRQLD�SUHVVXUH��6R�D� FDUEDQLRQ� ERQGV� DQ�DPPRQLD� LRQ�� L�H�� UH�PRYHV�LW�IURP�WKH�HTXLOLEULXP�VKRZQ�DERYH�PDNLQJ� IRU� LQFUHDVLQJ�RI�DQ�DPRXQW�RI�K\�GUR[\O� LRQV� LQ� WKH� ILOP�� 6R� DPPRQLD� LRQFRQFHQWUDWLRQ� GHSHQGV� RQ� FDUEDQLRQ� &��±FRQFHQWUDWLRQ� DQG� FDQ� QRW� EH� PRUH� WKHQDPRXQW�RI�&�� PROHFXOHV��EHFDXVH�WKH�SURF�HVV�RI�WZR�HOHFWURQV�FDSWXULQJ�E\�D�IXOOHUHQHPROHFXOH�KDV� ORZ�SUREDELOLW\��7KLV� H[SODLQVVDWXUDWLRQ�RI�1�V VLJQDO�LQ�;36�VSHFWUD�IRUDPPRQLD�H[SRVHG�ILOPV��,I�LPLQH�ERQGV�OLNH±1 &� IRUPHG�GXULQJ�LQWHUDFWLRQ��WKH�VDWX�UDWLRQ� ZRXOG� QRW� REVHUYH�� EHFDXVH� LQ� WKLVFDVH� IRUPLQJ�PRUH� WKHQ� RQH� QLWURJHQ� ERQGSHU�RQH�&�� PROHFXOH�ZRXOG�EH�SRVVLEOH��6R�HYLGHQWO\�� DPPRQLD� XQUHDFWV� FKHPLFDOO\ZLWK� IXOOHUHQH��ERWK�GXULQJ�H[SRVLWLRQ��DQGDW�IXUWKHU�;�UD\�LUUDGLDWLRQ���+\GUR[\O�LRQV�UHDFWV�ZLWK�&�� E\�PHFKD�QLVP�RI�QXFOHRSKLOH��DWWDFKPHQW�DQG�WKH�UH�

DFWLRQ� UHVXOWV� LQ� IXOOHUROHV� &���2+�Q�� QPDLQO\� GHSHQGV� RQ� DPRXQW� RI� DGVRUEHGZDWHU�� ZKLFK� LV� D� VRXUFH� RI� K\GUR[\O� LRQV�DQG�GRHV�QRW�GHSHQG�RQ�DPRXQW�RI�&�� PROH�FXOHV�� 7KHUHIRUH� WKH� LQWHQVLW\� RI� WKH� 2�VVLJQDO�DQG�WKH�SHDN�DW�pE  �������H9�LQ�&�VVSHFWUD�RI�WKH�ILOPV�LQFUHDVHG�GXULQJ�;�UD\LUUDGLDWLRQ��7R�HOLPLQDWH�HIIHFWV�FRQQHFWHG�ZLWK�SRVVL�EOH� K\GURFDUERQV� FRQWDPLQDWLRQ� RI� WKHIXOOHUHQH� ILOP� VXUIDFH�� VDPSOHV� RI� 6L VXE�VWUDWH� ZHUH� LQYHVWLJDWHG� EHIRUH� DQG� DIWHUH[SRVLWLRQ� WR� DPPRQLD�� 1R� FKDQJLQJ� LQDWRPLF�FRQFHQWUDWLRQ�RI�HOHPHQWV�DQG�VKDSHRI� WKH�&�V VSHFWUXP� IRU� K\GURFDUERQV� FRQ�WDPLQDWLRQ�RQ�WKH�6L VXUIDFH�GXULQJ�H[SRVL�WLRQ�DQG�;�UD\�LUUDGLDWLRQ�REVHUYHG��:H�RE�VHUYH�QR� VXIILFLHQW� GLIIHUHQFH� LQ�;36� VSHF�WUD� IRU� RULJLQDO� DQG� SRO\PHUL]HG� IXOOHUHQHILOPV�H[SRVHG� WR�DPPRQLD��1R�FKHPLFDO� LQ�WHUDFWLRQ�&�� ZLWK� DPPRQLD� IRU� ERWK� W\SHVRI�ILOPV�ZDV�REVHUYHG�6R��WKLV�VWXG\�VKRZV��WKDW�DPPRQLD�GRHVQRW� LQWHUDFW� FKHPLFDOO\� ZLWK� WKH� IXOOHUHQHILOP�� ERWK� RULJLQDO� DQG� SRO\PHUL]HG�� 7KLVUHVXOW�H[SDQGV�WKH�UDQJH�RI�SUDFWLFDO�DSSOL�FDWLRQ� RI� IXOOHUHQH� ILOPV��ZKLFK� DUH� FKHPL�FDOO\� VWDEOH� WR� DFWLYH� JDVHV�� +RZHYHU�� DLUKXPLGLW\�FDQ�OHDG�WR�DFFHVVRU\�HIIHFWV��FRQ�QHFWHG� ZLWK� DSSHDUDQFH� RI� DPPRQLD� LRQVDQG� IRUPDWLRQ� RI� K\GUR[\O� LRQV��ZKLFK� FDQHQKDQFH�ILOP�SKRWRR[LGDWLRQ��7KLV�ZRUN�ZDV�VXSSRUWHG�E\�6FLHQFH�DQG7HFKQRORJ\� &HQWHU� LQ� 8NUDLQH� �SURMHFW1R������� 5HIHUHQFHV���/�0DUTXHV�� 0�0H]RXDU�� -�/�+RGHDX�� 1XQH]�5HJXHLUR�0�HW�DO���6FLHQFH����������������������/�$�&KHUQR]DWRQVNLL�� 1�5�6HUHEU\DQD\D�%�1�0DYULQ�� &KHP��3K\V��/HWWHUV�� ����� �������������$�+LJXFKL��7�$JDWVXPD��6�8HPL\D��7�.RMLPDHW� DO��� -�� $SSO�� 3RO\PHU� 6FLHQFH�� ���� �������������7��6�&KXQJ�� 6�6�&KDQ�� 5�:DQJ� HW� DO��� -�0HPEUDQH�6FLHQFH��������������������%�0RURVLQ�� 5�$�$VVLQN�� 5�*�'XQQ� HW� DO��3K\V��5HY��%����������������������5�$�$VVLQN�� -�(�6FKLUEHU�� '�/R\� HW� DO��� -�0DWHU��5HV���������������������-�(�6FKLUEHU��5�$�$VVLQN��*�$�6DPDUD�HW�DO��3K\V��5HY��%����������������������6�0DUJDGRQQD��.�3UDVVLGHV��+�6KLPRGD�HW�DO��3K\V��5HY��%�����������������������:�.�)XOODJDU�� 3�$�5H\QROGV�� -�:�:KLWH�6ROLG�6WDWH�&RPPXQ����������������������<�,ZDVD�� 7�7DNHQREX�� +�.LWDQR�� $�0DHGD�3K\VLFD�&�����Ü����������������

)LJ����� 7UHDWHG� RQ� FRPSXWHU�;36� VSHFWUD� RI1�V FRUH� OHYHO� RI� WKH� SRO\PHUL]HG� &�� ILOPH[SRVHG� WR� DPPRQLD� DW� SUHVVXUH� �� DWP��D�ÛVDPSOH�1R����DQG����DWP���E�Û�VDPSOH�1R����
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����)�=KRX�� &�-HKRXOHW�� $�-�%DUG�� -��$P��&KHP�6RF�������������������������;�&KHQ�� <�0DQLZD�� 1�0XURJD� HW� DO��� &KHP�0DWHU����������������������$�0�5DR��3�=KRX��.�$�:DQJ�HW�DO���6FLHQFH���������������������9�$�.DUDFKHYWVHY�� 2�0�9RYN�� $�0�3ORFKRW�QLFKHQNR��$�9�3HVFKDQVNLL��LQ��$,3�&RQI��3UR�FHHG������6WUXFWXUDO�DQG�(OHFWURQLF�3URSHUWLHVRI� 0ROHFXODU� 1DQRVWUXFWXUHV�� ;9,� ,QWHUQ�:LQWHUVFKRRO� RQ� (OHFWURQLF� 3URSHUWLHV� RI1RYHO� 0DWHULDOV�� .LUFKEHUJ�� 7LURO�� $XVWULD��������S��������9�$�.DUDFKHYWVHY��3�9�0DWHLFKHQNR��1�<X�1HG�EDLOR HW�DO���&DUERQ����������������������&�(QNYLVW�� 6�/XQHOO�� %�6MRJUHQ� HW� DO��� 3K\V�5HY��%�����������������������-�2QRH�� $�1DNDR�� .�7DNHXFKL�� 3K\V��5HY��%����������������������-�2QRH�� .�7DNHXFKL�� .�2KQR�� <�.DZD]RH�� -�9DF��6FL��7HFKQRO��$����������������������*�+�.UROO��3�-�%HUPLQJ��<�&KHQ�HW�DO���&KHP�3K\VLFV�/HWWHUV������������������

����6�'HOSHX[�� )�%HJXLQ�� 5�%HQRLW� HW� DO��� (XU�3RO\P��-����������������������.�6LHJEDKQ�� &�1RUGOLQJ�� $�)DKOPDQ� HW� DO��1RYD�$FWD�5HJLDH�6RFLHWDWLV�6FLHQWLDUXP�8S�VDOLHQVLV��VHU�,9�9�����8SVDOD������������&5&� +DQGERRN� RI� &KHPLVWU\� DQG� 3K\VLFV���WK (GLWLRQ��&5&�3UHVV�,QF�������Ü����������0�6�'UHVVHOKDXVH�� *�� 'UHVVHOKDXVH�� )XQGD�PHQWDO� 3URSHUWLHV� RI� )XOOHUHQHV�� LQ�� 3�&�(N�OXQG��$�0�5DR��(GV����)XOOHUHQH�3RO\PHUV�DQG)XOOHUHQH� 3RO\PHU� &RPSRVLWHV�� 6SULQJHU� 6H�ULHV�LQ�0DWHULDO�6FLHQFH���� ��������S��������)�)UDQNV�� :DWHU�� �QG� (GLWLRQ� $� 0DWUL[� RI/LIH��5R\DO�6RFLHW\� RI�&KHPLVWU\��&DPEULGJH�����������)XOOHUHQHV�DQG�)XOOHUHQH�3RO\PHU�&RPSRVLWHV�HG�� E\� 3�&�(NOXQG� DQG� $�0�5DR�� 6SULQJHU9HUODJ��1HZ�<RUN������������3UDFWLFDO� 6XUIDFH� $QDO\VLV� E\� $XJHU� DQG;�UD\� 3KRWRHOHFWURQ� 6SHFWURVFRS\�� HG�� E\'�%ULJJV�� 0�3�6HDFK�� -�:LOH\� 	� 6RQV�� 1HZ<RUN������������6�+�*RK�� 6�<�/HH�� =�+�/X�� &�+�$�+XDQ�0DFURPRO��&KHP��3K\V��������������������
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