
$QQDOHV�GH�OD�)RQGDWLRQ�/RXLV�GH�%URJOLH��9ROXPH�����QR�������� ���

/RZ�(QHUJ\�7UDQVPXWDWLRQ�RI�$WRPLF�1XFOHL�RI�&KHPLFDO�(OHPHQWV
9�'�.8=1(7629��*�9�0,6+,16.<��)�0�3(1.29��9�,�$5%8=29��9�,�=+(0(1,.
��������'XEQD� 0RVFRZ�UHJLRQ��5&$3��3URPLVKOHQQD\D�VW������5XVVLDP\VK#QUPDLO�MLQU�UX

$%675$&7��$�VKRUW�UHYLHZ�RI�H[SHULPHQWDO�UHVXOWV�LQGLFDWLYH�RI�WKH�H[LV�WHQFH� RI� D� IRUELGGHQ� SK\VLFDO� SKHQRPHQRQ� ± D� WUDQVIRUPDWLRQ� RI� VRPH�DWRPLF� QXFOHL� LQWR� RWKHU� DWRPLF� QXFOHL� DW� ORZ� HQHUJLHV� � LV� JLYHQ��$V� WKLV�WDNHV�SODFH��QR�JDPPD�UD\�TXDQWD��QHXWURQV��DQG�EHWD�SDUWLFOHV�DFFRPSDQ\�LQJ�VXFK�QXFOHDU� WUDQVIRUPDWLRQV�ZHUH�IRXQG��7KH�DPSOLWXGH�RI�WKH�LPSDFW�RI�VXFK� WUDQVPXWDWLRQ�DFKLHYHV D�YDOXH�RI�a�������7KH�UHVXOWV�RI�RXU�FKHFN�H[SHULPHQWV�RQ�ORZ�HQHUJ\�HOHPHQW�WUDQVPXWDWLRQ�DQG�D�FDOFXODWLRQ�RI�SRV�VLEOH�HQG�SURGXFWV�WKDW�DUH�\LHOGHG�LQ�WKLV�SURFHVV�XQGHU�FRQVLGHUDWLRQ�RI�HQ�HUJ\�EDODQFHV�RI�QXFOHDU�UHDFWLRQV�DUH�VKRZQ��7KUHH�PHFKDQLVPV�RI�SURKLEL�WLRQ�RI�WUDQVPXWDWLRQ�SKHQRPHQRQ�ZLWKLQ�PRGHUQ�SK\VLFDO�FRQFHSWLRQV�DUH�LQGLFDWHG�� 7KH� FRQFOXVLRQ� LV� GUDZQ� WKDW� D� VROH� SRVVLELOLW\� WR�PDWFK� WKHVH�SURKLELWLRQV�ZLWK�WKH�REVHUYHG�WUDQVPXWDWLRQ�SURFHVVHV�FRQVLVWV�LQ�LQFUHDV�LQJ�WKH�UHDFWLRQ�GRPDLQ�XS�WR�DWRPLF�GLPHQVLRQV�
5(680(� 2Q�GRQQH�XQ�EUHI�DSHUoX�GHV�UpVXOWDWV�H[SpULPHQWDX[�LQGLTXDQW�O
H[LVWHQFH�G¶XQ�SKpQRPqQH�SK\VLTXH�LQWHUGLW� OD�WUDQVIRUPDWLRQ�GHV�QR\DX[�DWRPLTXHV� G
XQV� pOpPHQWV� FKLPLTXHV� HQ� G¶DXWUHV� VRXV� O
DFWLRQ� GHV� EDVVHV�pQHUJLHV��'DQV�FHV�WUDQVIRUPDWLRQV�LO�Q¶DSSDUDvW�SDV��GH�UD\RQ�;�JDPPD��GH�QHXWURQV� HW� GH� SDUWLFXOHV� ErWD�� /
DPSOLWXGH� GH� O
HIIHW� G¶XQH� WHOOH�WUDQVPXWDWLRQ�HVW�GH�O¶RUGUH�GH�JUDQGHXU�GH�������2Q�GRQQH�OHV�UpVXOWDWV�GH�QRV� H[SpULHQFHV� GH� FRQWU{OH� GH� OD� WUDQVPXWDWLRQ� GH� EDVVH� pQHUJpWLTXH� GHV�pOpPHQWV� HW� OH� GpFRPSWH� GHV� SURGXLWV� SRVVLEOHV� ILQDX[� UpVXOWDQW� GDQV� FH�SURFHVVXV�TXL�GRQQH� OD�EDODQFH�pQHUJpWLTXH�GHV�UpDFWLRQV�QXFOpDLUHV��7URLV�PpFDQLVPHV� GH� OD� WUDQVPXWDWLRQ� DFWXHOOHPHQW� VXSSRVpH� LQWHUGLWH� VRQW�SURSRVpV�� 2Q� HQ� WLUH� OD� FRQFOXVLRQ� TXH� OD� VHXOH� SRVVLELOLWp� SRXU� UHQGUH�FRPSWH�GH�FHV�LQWHUGLFWLRQV�HW�GHV�WUDQVPXWDWLRQV�REVHUYpHV�HVW�G¶pWHQGUH�OH�GRPDLQH�GH�UpDFWLRQ�MXVTX
DX[�GLPHQVLRQV�DWRPLTXHV�



��� 9�'�.X]QHWVRY�HW�DO�
,QWURGXFWLRQ$W� WKH� SUHVHQW� WLPH�� LQIRUPDWLRQ� DERXW� QHZ�SK\VLFDO� SKHQRPHQRQ�± ORZ�HQHUJ\� WUDQVPXWDWLRQ�RI�DWRPLF�QXFOHL�RI� FKHPLFDO� HOHPHQWV�� KDV�DSSHDUHG�LQ� OLWHUDWXUH� DQG�SULYDWH� FRPPXQLFDWLRQV�� ,Q� SDUWLFXODU�� ORZ�HQHUJ\�HOHPHQW�WUDQVPXWDWLRQ��/((7��LV�VHHQ�DW�HOHFWULF�H[SORVLRQ�RI�PHWDO�IRLOV� LQ�D� OLTXLG�GLHOHFWULF� PHGLXP�� DW� HOHFWURQ�EHDP� PHOWLQJ� RI� ]LUFRQLXP� LQJRWV� LQ� D�YDFXXP�IXUQDFH�DQG�DW�XOWUDVRXQG�SURFHVVLQJ�RI�DTXHRXV�VDOW�VROXWLRQV�7KH�SXUSRVH�RI�WKH�SUHVHQW�ZRUN�LV�WR�FDUU\�RXW��DW�WKH�-,15��'XEQD��5XV�VLD��D�FRPSDUDWLYH�DQDO\VLV�RI�OLWHUDWXUH�GDWD�RQ�/((7�SKHQRPHQRQ��WR�UHS�UHVHQW�UHVXOWV�RI�RXU�FKHFN�H[SHULPHQWV�RQ�IRLOV�HOHFWULF�H[SORVLRQ��WR�FDOFX�ODWH� SRVVLEOH� ILQDO� SURGXFWV� RI� WUDQVPXWDWLRQ� XQGHU� FRQVLGHUDWLRQ� RI� HQHUJ\�EDODQFHV�RI�QXFOHDU�UHDFWLRQV�
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LQFUHDVHV�LQ�VROXWLRQ�DV�WLPH�JRHV�RQ��8QIRUWXQDWHO\��WKH�DXWKRU�GLG�QRW�VKRZ�LQ�KLV�SDSHU�WKH�HOHPHQW�FRPSRVLWLRQ�RI�/L&O�DQG�&V&O�VDOW�VROXWLRQV�SULRU�WR�XOWUDVRQLF�DFWLYDWLRQ��+RZHYHU��ZH�FDQ�GR�DQ�LQGLUHFW�EDFNJURXQG�HYDOXDWLRQ�E\� VSHFWUD� FRPSDULVRQ�RI�/L&O�DIWHU��� DQG����KRXU� WUHDWPHQW�� ,W� VKRXOG�EH�QRWHG� WKDW�� DW� WKH� HOHPHQW� VROXWLRQ� DQDO\VLV�� WKH� VDWXUDWLRQ� LV� REVHUYHG� IRU�PDQ\�HOHPHQWV�DW�D�FRQFHQWUDWLRQ�RI�������LW�LV�OLNHO\�WR�EH�FRQQHFWHG�WR�WHFK�QLTXH� OLPLWDWLRQV� RI�PDVV�VSHFWURPHWHU�PHDVXUHPHQWV�� 7KLV�PDWWHU� VWURQJO\�FRPSOLFDWHV�D�TXDQWLWDWLYH�HYDOXDWLRQ�RI�WKH�UHVXOW�2QH� FDQ� DIILUP� WKDW� WKH� H[SHULPHQWDO� GDWD� EURXJKW� E\� $�.ODGRY� DUH� DQ�HYLGHQFH�RI�DGPL[WXUH�DFFXPXODWLRQ�RI�IRUHLJQ�HOHPHQWV�([SHULPHQWV�ZLWK�UDGLRDFWLYH�LVRWRSHV����&V����&R�����+J�����3W�����6Q����.�DUH� DOVR� GHVFULEHG� LQ� WKLV� SDSHU�� 7KH� DXWKRU� LQVLVWV� WKDW� KLV� LQVWDOODWLRQ�FKDQJHV�WKH�TXDQWLW\�RI�UDGLRDFWLYH�QXFOHL��L�H��D�WUDQVPXWDWLRQ�RI�UDGLRDFWLYH�LVRWRSHV�LQWR�VWDEOH�LVRWRSHV�RFFXUV��)XUWKHUPRUH��WKH�DXWKRU�QRWHV�D�YROXPH�GHFUHDVH� RI� UDGLRDFWLYH� VROXWLRQ� LQ� WKH� DFWLYDWRU� GHVSLWH� WKH� JXDUDQWHHG� LP�SHUPHDELOLW\�RI�WKH�GHYLFH��7KH�DYHUDJH�UDWH�RI�VROXWLRQ�UHGXFWLRQ�LV����PO�K�6HSDUDWHO\��WKH�DXWKRU�HVWDEOLVKHV�D�IDFW�RI�UHJLVWUDWLRQ�RI�VRPH�UDGLDWLRQ�DQG�RI�FRUUHODWLRQ�RI� LWV� LQWHQVLW\�ZLWK�D�FKDQJH�RI�DFWLYDWRU�RSHUDWLRQ�PRGH��$�VXEVWDQWLDO�DFWLYLW\�GHFUHDVH�RI�SOXWRQLXP�EHU\OOLXP�QHXWURQ�VRXUFH�DIWHU�WKH�RSHUDWLRQ�RI�DFWLYDWRU� LV�VSHFLDOO\�VWUHVVHG��7KH�VRXUFH�ZDV�ORFDWHG�DW�D�GLV�WDQFH� RI� ���� P� IURP� WKH� DFWLYDWRU�� 7KH� DXWKRU� DVVXPHV� FDYLWDWLRQ� WR� EH� DPDLQ�DFWLQJ�IDFWRU�LQ�WKH�UHSUHVHQWHG�WHFKQRORJLFDO�SURFHVVHV�7R� FRQFOXGH� WKH� VHFWLRQ�� ZH� QRWH� WKDW� GLIIHUHQW� DXWKRUV� LQ� WKH� DERYH�ZRUNV�� LQGHSHQGHQWO\� IURP� HDFK� RWKHU� DQG� XVLQJ� YDULRXV� SK\VLFDO� LQVWDOOD�WLRQV� FRXOG� REVHUYH� WKH� ORZ� HQHUJ\� HOHPHQW� WUDQVPXWDWLRQ�� (OHPHQW�FRPSRVLWLRQ� RI� HQG� SURGXFWV� LQ� WKHVH� H[SHULPHQWV� KDV� FRPPRQ� IHDWXUHV��IRUHLJQ�HOHPHQWV� WKDW�ZHUH�DEVHQW� LQ� WKH� LQLWLDO�PDWHULDO� DSSHDU�� WKH�FRQWHQW�RI� OLJKW� HOHPHQWV� IURP� 1D� WR� =Q� VXEVWDQWLDOO\� LQFUHDVHV�� 1R� UDGLRDFWLYH�UDGLDWLRQ�ZDV�UHJLVWHUHG�GXULQJ�WKH�WHVWV��7KH�HQG�SURGXFW�LV�QRW�UDGLRDFWLYH�
������&KHFN�H[SHULPHQWV�RQ�HOHPHQW�WUDQVPXWDWLRQ�DW�HOHFWULF�H[SORVLRQ
�����7HFKQLTXH�RI�H[SHULPHQWV7KH� VXEMHFW� RI� RXU� LQYHVWLJDWLRQ� ZDV� EDUHO\� DQ� DQDO\VLV� RI� HOHPHQW� DQG�LVRWRSH� FRPSRVLWLRQ� RI� WKH� VXEVWDQFH� WKDW� ZDV� LQ� WKH� ZRUNLQJ� FHOOV� RI� WKH�LQVWDOODWLRQ�SULRU�WR�DQG�DIWHU�HOHFWULF�H[SORVLRQ� )RLO�HOHFWULF H[SORVLRQV�ZHUH�FDUULHG�RXW�E\�XV� WRJHWKHU�ZLWK� WKH�JURXS�RI�/�,�8UXWVNRHY�DW� WKHLU� LQVWDOOD�WLRQ�>�@��7KUHH�WHFKQLTXHV�RI�DQDO\VLV�ZHUH�XVHG�IRU�WKDW�SXUSRVH��PDVV�VSHF�WURPHWULF� DQDO\VLV� �06$��� [�UD\� IOXRUHVFHQFH� DQDO\VLV� �;)$��� JDPPD� DQG�QHXWURQ�DFWLYDWLRQ�DQDO\VLV��*$$�DQG�1$$��
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7KH�VDPSOHV�WR�EH�DQDO\]HG�FDQ�EH�FRQGLWLRQDOO\�GLYLGHG�LQWR�WZR�JURXSV��7KH�ILUVW�JURXS�LQFOXGHG�WKH�VDPSOHV��ZKLFK�ZHUH�REWDLQHG�LQ�RXU�SUHVHQFH��XQGHU�RXU�VXSHUYLVLRQ��7DEOH��D���2XU�GLVWLOOHG�ZDWHU�ZDV�XVHG�LQ�WKRVH�H[�SHULPHQWV��WKH�FKDUJLQJ�SURFHGXUH�RI�H[SORVLRQ�FHOOV��WKH�H[SORVLRQ�LWVHOI�DQG�ZDWHU� PDQDJHPHQW� LQWR� JODVV� FRQWDLQHUV� FRQWDLQLQJ� VXVSHQGHG� SURGXFWV� RI�IRLO� HOHFWULF� H[SORVLRQ�ZDV� YLVXDOO\� FRQWUROOHG� LQ� RXU� SUHVHQFH�� 7KH� VHFRQG�JURXS� LQFOXGHG� DVVD\V� REWDLQHG�ZLWKRXW� RXU� FRQWURO� �7DEOH��E���7KH�FRQGL�WLRQV�IRU�WKH�H[SHULPHQW�± ORDG�PDWHULDO��OLTXLG�GLHOHFWULF�PHGLXP��ZKHUH�WKH�HOHFWULF� H[SORVLRQ� RFFXUV�� HOHFWULF� IHDWXUHV� RI� GLVFKDUJH� ZHUH� FKRVHQ� LQ� D�ZD\� WKDW� ZRXOG� JXDUDQWHH� WKH�PD[LPXP� RXWSXW� RI� IRUHLJQ� HOHPHQWV� DQG� LW�ZDV�EDVHG�RQ�D�EURDG� VHOHFWLRQ�RI�H[SHULPHQWDO�GDWD�RQ�HOHFWULF�H[SORVLRQV�FDUULHG�RXW�E\�WKH�JURXS�RI�/�,�8UXWVNRHY�

7DEOH���Z 7KH�OLVW�RI�WKH�LQYHVWLJDWHG�VDPSOHV�UHFHLYHG�XQGHU�RXU�FRQWURO��� VDPSOH ORDG��IRLO� PHGLXP 1XPEHU�RI�VDPSOHV��� 7D +�2 ���� 7L��� +�2 ���� 7D���)H�1L���7D +�2� ���� ���� 7D���3E���7D +�2� ���� �
7DEOH���E�7KH�OLVW�RI�WKH�LQYHVWLJDWHG�VDPSOHV�UHFHLYHG�ZLWKRXW�RXU�FRQWURO��� VDPSOH ORDG��IRLO� PHGLXP 1XPEHU�RI�VDPSOHV����� � 7D���3E���7D +�2� ���� ������ ��� 7D���3E���7D +�2� ���� ������ � 7D���3E���7D +�2� ����� ������������������� 7L��� JO\FHULQ ���� 7L��� +�2 ���� 7L��� +�2� ���� ���� 1L +�2 �

:H�VWHDPHG�WKH�VDPSOHV��REWDLQHG�LQ�WKLV�ZD\�ZLWK�VXVSHQGHG�SURGXFWV�RI�IRLO�HOHFWULF�H[SORVLRQ�LQ�ZDWHU SKDVH��LQ�JODVV�FRQWDLQHUV�XQGHU�GU\LQJ�ODPSV�DW�D�WHPSHUDWXUH�a��y���qK DQG�WKHQ�SRXUHG�WKHP�LQWR�FDVVHWWHV�PDGH�IURP�SOH[LJODVV� DQG� ���PP� WKLFN�P\ODU� IRLO� DQG� WKHQ� WKH\�ZHUH� GULHG� XQGHU� WKH�VDPH�FRQGLWLRQV��7KH�JO\FHULQ�EDVH�DVVD\V�ZHUH�VWHDPHG�RQ�HOHFWULF�UDQJH�DW�D� WHPSHUDWXUH�a ����qK XS� WR� WKH�PRPHQW�ZKHQ�D�YLVLEOH� OLTXLG�UHVLGXH�UH�PDLQHG� RQ� WKH� ERWWRP� RI� JODVV� FRQWDLQHUV�� 7KDW� UHVLGXH� ZDV� SRXUHG� LQWR�FDVVHWWHV�DQG�ZDV�GULHG�XQGHU�GU\LQJ� ODPSV�DW�D� WHPSHUDWXUH�a������qK�� ,Q�ERWK�FDVHV�WKH�WHPSHUDWXUH ZDV�FRQWUROOHG�E\�D�WKHUPRFRXSOH��7KH�GU\�VDP�SOHV�ZHUH�VXEPLWWHG�IRU�IXUWKHU�DQDO\VLV�
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7KH�UHVXOWV�RI�DQDO\VHV�DUH�VXPPDUL]HG�LQ�WDEOHV�DQG�SDUWO\�UHSUHVHQWHG�DV�EDU�FKDUWV��$�IROORZLQJ�UHPDUN�VKRXOG�EH�GRQH�IRU�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH� PDWHULDO� SUHVHQWHG�� )URP� DOO� WHFKQLTXHV� XVHG�� WKH� YROXPH� DFWLYDWLRQ�WHFKQLTXH�E\�QHXWURQV�RU�JDPPD�TXDQWD�LV�WKH�PRVW�VHQVLWLYH�RQH�DQG�IUHH�RI�LQDFFXUDFLHV�LI�FRPSDUHG�ZLWK�;)$�DQG�06$�WHFKQLTXHV��+RZHYHU��LQ�RUGHU�WR�GHWHUPLQH�WKH�FRQWHQW�RI�D�SDUWLFXODU�HOHPHQW�E\�DFWLYDWLRQ�WHFKQLTXH��WKH�VDPSOH� VKRXOG� EH� LUUDGLDWHG� DQG� LWV� DFWLYLW\� VKRXOG� EH� PHDVXUHG� GXULQJ� D�WLPH�� ZKLFK� LV� WKH�PRVW� VXLWDEOH� IRU� WKLV� HOHPHQW�� 7KHUHIRUH�� WKH� IROORZLQJ�VWUDWHJ\� WR� DQDO\]H� VDPSOHV� KDV� EHHQ� DGRSWHG�� $W� WKH� ILUVW� VWDJH�� HOHPHQW�VDPSOH� DQDO\VLV� ZDV� FDUULHG� RXW� E\�PHDQV� RI� [�UD\� IOXRUHVFHQFH� DQG�PDVV�VSHFWURPHWHU� DQDO\VLV�� 7KHVH� PHDVXUHPHQWV� VLQJOHG� RXW� HOHPHQWV� ZKLFK�VDPSOH�FRQWHQW�GLIIHUHG�IURP�WKHLU�FRQWHQW�LQ�LQLWLDO�PDWHULDOV��$W�WKH�VHFRQG�VWDJH��H[SHULPHQWV�RQ��J�Q�� RU��Q�J��DFWLYDWLRQ�RI�VDPSOHV�ZHUH�UXQ�LQ�RUGHU�WR�FRQILUP�WKH�UHVXOWV�REWDLQHG�E\�SUHYLRXV�WHFKQLTXHV��)RU�WKLV�SXUSRVH�WKH�VDPSOHV�ZHUH�LUUDGLDWHG�DQG�PHDVXUHG�LQ�FRQGLWLRQV��ZKLFK�ZHUH�WKH�RSWLPDO�RQHV� IRU�D�SDUWLFXODU�HOHPHQW��5HIHUHQFH�VDPSOHV�FRQWDLQLQJ�D�NQRZQ�TXDQ�WLW\�RI� WKH�HOHPHQW�LQ�TXHVWLRQ�ZHUH�LUUDGLDWHG�VLPXOWDQHRXVO\�ZLWK�VDPSOHV��7KH� PHDVXUHPHQWV� RI� JDPPD�UDGLDWLRQ� RI� DFWLYDWHG� VDPSOHV� DQG� UHIHUHQFH�VDPSOHV�ZHUH� FDUULHG�RXW� DW� WZR�*H�/L��GHWHFWRUV�� ,I� QHHG�EH�� WKH�DFWLYDWHG�VDPSOHV� ZHUH� PHDVXUHG� VHYHUDO� WLPHV�� 7KLV� WHFKQLTXH� DOORZHG� WR� LPSURYH�WKH�FRQWHQW�GHWHUPLQDWLRQ�SUHFLVLRQ�IRU�HOHPHQWV�LQ�TXHVWLRQ�LQ�VDPSOHV�;�UD\�VDPSOH�VSHFWUD�RI�[�UD\�IOXRUHVFHQFH�DQDO\VLV�ZHUH�REWDLQHG�DW� WKH�6L�/L��VSHFWURPHWHU�ZLWK� D� UHVROXWLRQ����� H9��7KH� VSHFWURPHWHU� HQDEOHG� WR�ILQG� RXW� HOHPHQWV� VWDUWLQJ� IURP� VFDQGLXP�� (OHFWURQ� VKHOO� H[FLWDWLRQ� RI� WKH�DWRPV� LQ� VDPSOHV� ZDV� SHUIRUPHG� E\� UDGLRDFWLYH� VRXUFHV� ���&G� DQG� ���$P��6HQVLWLYLW\�OHYHO�RI�WKH�VSHFWURPHWHU�HTXDOHG��IRU�YDULRXV�HOHPHQWV�DQG�VDP�SOHV�XS�WR�������/DVHU�PDVV�VSHFWURPHWHU�06������ZDV�XVHG�WR�IXOILOO�PDVV�VSHFWURPHWULF�PHDVXUHPHQWV�� ,RQV� ZHUH� UHJLVWHUHG� RQ� SKRWRJUDSKLF� ILOP�� 7KH� GHQVLW\� RI�ILOP� EODFNHQLQJ� ZDV� PHDVXUHG� E\� DXWRPDWHG� VSHFWUXP� PHDVXUHU�� 6DPSOHV�ZHUH�SUHSDUHG�E\�WKH�WHFKQLTXH�RI�SUHVVXUH�WHVW�RI�GU\�PDWHULDO�RQ�DQ�DOXPL�QXP� VXEVWUDWH�� $WRP� LRQL]DWLRQ� RI� VDPSOH� VXEVWDQFH� RFFXUUHG� LQ� WKH� ODVHU�UDGLDWLRQ�IRFXV�UDQJH�WKDW�ZDV�XVHG�WR�VFDQ�WKH�VDPSOH�VXUIDFH��7KH�GLDPHWHU�RI� LRQL]DWLRQ� ]RQH� ZDV� a��� PP�� (OHPHQWV� WR� EH� GHWHUPLQHG� UDQJHG� IURP�OLWKLXP�WR�XUDQLXP��5HODWLYH�OLPLW�RI�HOHPHQW�GHWHFWLRQ�ZDV�HTXDO�XS�WR�������7KH� JDPPD� DQG� QHXWURQ� DFWLYDWLRQ� RI� VDPSOHV� ZDV� FDUULHG� RXW� DW� WKH�HOHFWURQ�DFFHOHUDWRU�ZLWK�D�PD[LPXP�HOHFWURQ�HQHUJ\����0H9�DQG�D�FXUUHQW�������P$��'HSHQGLQJ� RQ� DQ� HOHPHQW� WR� EH� DQDO\]HG�� WKH�VDPSOHV�ZHUH� OR�FDWHG� HLWKHU� LQ� WKH� JDPPD�TXDQWXP� EHDP� RU� LQ� WKH� WKHUPDO� QHXWURQ� ILHOG��*DPPD�UDGLDWLRQ� RI� LUUDGLDWHG� VDPSOHV� DQG� UHIHUHQFH� VDPSOHV� ZHUH� PHD�
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VXUHG�DW� WZR�*H�/L��GHWHFWRUV�ZLWK�D�YROXPH����FP���7KH�HQHUJ\�UHVROXWLRQ�RI�VSHFWURPHWHUV�ZDV�����NH9��7KH�VHQVLWLYLW\�OHYHO�RI� WKH�WHFKQLTXH�IRU�WKH�HOHPHQWV�XQGHU�DQDO\VLV�DPRXQWHG�WR����� J�J��7KH� VDPH�*H�/L��GHWHFWRUV�ZHUH� XVHG� ILUVW� WR� FKHFN� � WKH� GU\� VDPSOHV� LQ�RUGHU�WR�GHWHFW�LQ�WKHP�WKH�JDPPD�DFWLYLW\��7KH�EHWD�DFWLYLW\�RI�VDPSOHV�ZDV�FKHFNHG� E\ PHDQV� RI� WKH� GRVLPHWHU�'.6�%��ZLWK� D� ��PP� JDV� FRXQWHU�� ,W�VKRXOG�EH�QRWHG�ULJKW�DZD\�WKDW�QR�JDPPD� RU�EHWD�DFWLYLW\�ZDV�GHWHFWHG�LQ�DQ\�VDPSOH�
�����0HDVXUHPHQW�UHVXOWV�DQG�WKHLU�GLVFXVVLRQ7RWDOO\�ZH�KDYH�DQDO\]HG�WKH�UHVXOWV�RI����H[SHULPHQWV��)XUWKHUPRUH��ZH�KDYH� WDNHQ� WR� DQDO\VLV� VDPSOHV� RI� FXUUHQW� VXSSO\� HOHFWURGH� DQG� IRLOV� WKDW�ZHUH� XVHG� DV� HOHFWULF� ORDG�� &RPSRVLWLRQ� RI� DGPL[WXUHV�� FRQWDLQHG� LQ�ZDWHU�DQG�SRO\HWK\OHQH��ZDV�DOVR�DQDO\]HG��&RPSRVLWLRQ�RI�DGPL[WXUHV�LQ�JO\FHULQ�ZDV� WDNHQ� IURP� WKH� WHFKQLFDO� SDVVSRUW�� 7KH� TXDQWLW\� RI� VDPSOHV� DQG� IRLO�VDPSOHV�WRWDOHG��������;)$�VSHFWUD�����PDVV�VSHFWUD�DQG�����JDPPD�VSHFWUD�DIWHU�*$$�DQG�1$$�ZHUH�REWDLQHG�'XH� WR� D� VLJQLILFDQW� YROXPH� RI� WKH� IDFWV�� ZH� VLQJOHG� RXW� WKH� REWDLQHG�PHDVXUHPHQW� UHVXOWV� DQG� FRUUHVSRQGLQJ� FRPPHQWV� DV� $SSHQGL[�� 0HDVXUH�PHQW�GDWD�DUH�JLYHQ�LQ�7DEOHV������DQG�SDUWO\�DUH�GHSLFWHG�LQ�EDU�FKDUWV��7KH�SUHVHQW�VHFWLRQ�GHVFULEHV�WKH�UHVXOWV�RI�VDPSOH�DQDO\VHV�DV�DJJUHJDWHG�GDWD�RI�DOO�H[SHULPHQWV�$V�D� UHVXOW�RI� HOHFWULF� H[SORVLRQ�RI� WDQWDOXP� IRLO� LQ�GLVWLOOHG�ZDWHU��PDVV�VSHFWURPHWU\� VKRZHG� DQ� LQFUHDVHG� FRQWHQW� LQ� DVVD\V� RI� WKH� IROORZLQJ� HOH�PHQWV�� 1D�� $O�� .�� &D�� 0Q�� )H� DQG� 1L�� 7KH� [�UD\� IOXRUHVFHQFH� DQDO\VLV���GHPRQVWUDWHG�WKH�SUHVHQFH�RI�QLFNHO��PRO\EGHQXP�DQG�OHDG��:H�UHPLQG�\RX�WKDW� WKH�;)$�DOORZHG� WR�GHWHFW�HOHPHQWV�VWDUWLQJ�IURP�VFDQGLXP��7KH�VDPH�DVVD\V� VKRZHG�D�VXEVWDQWLDO�TXDQWLW\�RI� WLWDQLXP�WKDW�JHWV� WR� WKH�VROXWLRQ�DV�ZH�VXSSRVH�DV�D�UHVXOW�RI�VXEVWDQFH�VHSDUDWLRQ�IURP�WKH�FHQWUDO�FXUUHQW�VXS�SO\� HOHFWURGH� PDGH� RI� WLWDQLXP�� ,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� RQO\� LQ� WKLV�H[SHULPHQW� DQG� LQ� RQH� RI� WKH� H[SHULPHQWV� ZKHUH� WDQWDOXP� DQG� OHDG� ZHUH�XVHG�DV�D�ORDG��DQG�D�RQH�SHUFHQW�K\GURJHQ�SHUR[LGH��+�2���DV�XVHG�DV�OLTXLG�GLHOHFWULF� PHGLXP� �/'0��� ZH� IRXQG� D� VXEVWDQWLDO� FKDQJH� LQ� WKH� LVRWRSLF�DEXQGDQFH�UDWLR�RI�WLWDQLXP��,W�VKRXOG�EH�QRWHG�WKDW�RXU�H[SHULPHQWV�GLG�QRW�VKRZ�DQ\� ULJLG�FRUUHODWLRQ�EHWZHHQ� WKH�DSSHDUDQFH�RI� IRUHLJQ�HOHPHQWV�DQG�WKH� FKDQJH� RI� WKH� LVRWRSLF�DEXQGDQFH� UDWLR� RI� WLWDQLXP�� DV�ZDV�REVHUYHG� LQ�KLV� H[SHULPHQWV� E\�/�,�8UXWVNRHY� >�@��7KLV� LV� OLNHO\� WR� EH� FRQQHFWHG� WR� WKH�IDFW� WKDW� WKH� OHYHO� RI� IRUHLJQ� HOHPHQWV� LQ� WKH� PDMRULW\� RI� RXU� H[SHULPHQWV�GRHV� QRW� H[FHHG� ���� SHUFHQW�� ZKLOH� WKLV� OHYHO� LQ� WKH� H[SHULPHQWV� E\�/�,�8UXWVNRHY� DYHUDJHG� IRXU� SHUFHQW�� 7KXV�� LQ� WKH� PDMRULW\� RI� RXU� H[SHUL�
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PHQWV�� LVRWRSLF�VKLIW� LV�ZLWKLQ� WKH�HUURUV�DGPLVVLEOH�IRU� WKH�06$�WHFKQLTXH��+RZHYHU�LW�VKRXOG�EH�VWUHVVHG�WKDW�LQ�WZR�RXW�RI�WKUHH�FDVHV�WKH�OHYHO�RI�IRU�HLJQ� HOHPHQWV� H[FHHGHG� ��� SHUFHQW� �7DEOH� ���$SSHQGL[HV���$V�ZH� OLQN� WKH�DSSHDUDQFH�RI� WLWDQLXP� LQ� WKHVH�DVVD\V� WR� WKH�VXEVWDQFH�VHSDUDWLRQ�IURP�WKH�WLWDQLXP� FXUUHQW� VXSSO\� HOHFWURGH�� WKH� FKDQJH� RI� LVRWRSLF� FRPSRVLWLRQ� RI�WLWDQLXP�HYLGHQFHV�LWV�SDUWLFLSDWLRQ�LQ�WUDQVPXWDWLRQ�UHDFWLRQV�,Q�FDVHV��ZKHQ�VLPXOWDQHRXVO\�WDQWDOXP�DQG�OHDG�IRLOV�VHUYHG�DV�ORDG��DQG�K\GURJHQ� SHUR[LGH� VROXWLRQ� VHUYHG� DV� OLTXLG� GLHOHFWULF�PHGLXP��PDVV� VSHF�WURPHWU\�DOVR� VKRZHG�DQ� LQFUHDVHG�FRQWHQW�RI� DGPL[WXUH�HOHPHQWV� LQ�DVVD\V�DQG�DSSHDUDQFH�RI�IRUHLJQ�HOHPHQWV�VXFK�DV��1D��$O��6L��3��.��&D��)H��1L��&X��7KH�[�UD\�IOXRUHVFHQFH�DQDO\VLV�GHPRQVWUDWHV�DQ�LQFUHDVHG�FRQWHQW�RI�0Q��1L�LQ�DVVD\V�DQG��DGGLWLRQDOO\��LW�GHWHFWV�WKH�SUHVHQFH�RI�DQWLPRQ\�:KHQ� WDQWDOXP� DQG� LURQ�QLFNHO� IRLOV� ZHUH� VLPXOWDQHRXVO\� XVHG� DV� ORDG��DQG�RQH�SHUFHQW�K\GURJHQ�SHUR[LGH�ZDV�XVHG�DV�PHGLXP��WKH�PDVV�VSHFWURV�FRS\� DQDO\VLV� GHWHFWHG� LQ� WKH� DVVD\V� GHYLDWLRQV� LQ� WKH� FRQWHQW� RI� HOHPHQWV�1D�� 6L�� .�� &D�� &X�� 1E�� 7KH� [�UD\� IOXRUHVFHQFH� DQDO\VLV� GHPRQVWUDWHG� WKH�SUHVHQFH�RI�DQWLPRQ\�LQ�DVVD\V�:KHQ�WLWDQLXP�IRLO�ZDV�XVHG�DV�ORDG��DQG�ZDWHU�RU�RQH�SHUFHQW�K\GURJHQ�SHUR[LGH�ZDV�XVHG�DV�PHGLXP��WKH�06�DQDO\VLV�GHWHFWHG�LQ�WKH�DVVD\V�GHYLD�WLRQV�LQ�WKH�FRQWHQW�RI�HOHPHQWV�1D��$O��6L��.��&D��0Q��1L��&X��$J��6Q��6E��%D�� 7D�� 3E�� 7KH� [�UD\� IOXRUHVFHQFH� DQDO\VLV� GHWHFWHG� WKH� SUHVHQFH� RI� HOH�PHQWV�0Q��1L��&X��=Q��<��=U��0R�� ,Q��6Q��6E� 3E��$�UHODWLYH�JURZWK�RI�DG�PL[WXUH�HOHPHQWV�DQG�D�OHYHO�RI�IRUHLJQ�HOHPHQWV�FRPSDUDEOH�WR�WKH�VHQVLWLY�LW\� OHYHO�RI�H[SHULPHQW�WHFKQLTXH��ZKHUH�WLWDQLXP�IRLO�XQGHUZHQW�DQ�HOHFWULF�H[SORVLRQ� LQ� RQH�SHUFHQW� K\GURJHQ� SHUR[LGH�� LV� VKRZQ� LQ� GHPRQVWUDWLRQDO�ILJXUH��D�� ,Q�WKH�FDVH�� WKDW�JO\FHULQ��&�+�2���ZDV�XVHG�DV�D�PHGLXP��WKH�[�UD\� IOXRUHVFHQFH� DQDO\VLV� VKRZHG� D� VWDEOH�� IURP� RQH� DVVD\� WR� DQRWKHU�� LQ�FUHDVH�RI�VXFK�DGPL[WXUH�HOHPHQWV�DV��0Q��)H��1L��&X��=Q��,Q�RQH�H[SHULPHQW�ZKHUH� WKH� FRQGLWLRQV� RI� GLVFKDUJH� IORZ� ZHUH� FKDQJHG�� QR� PDQJDQHVH� ZDV�IRXQG��EXW�LQVWHDG�RI�LW��DQ�LQFUHDVHG�FRQWHQW�RI�OHDG�ZDV�UHJLVWHUHG��)LJ���E�)LJ�� �F� UHSUHVHQWV� WKH� UHVXOWV� RI�PDVV� VSHFWURPHWULF� DQDO\VLV� RI� DQ� DVVD\�REWDLQHG� WKURXJK� HOHFWULF� H[SORVLRQ� RI� QLFNHO� IRLO� LQ� GLVWLOOHG� ZDWHU�� 7KH�06$� DQDO\VLV� VKRZHG� DQ� LQFUHDVHG� FRQWHQW� RI� DGPL[WXUH� HOHPHQWV� LQ� WKH�DVVD\� 1D��6L��.��&D DQG�DSSHDUDQFH�RI�QHZ� IRUHLJQ�HOHPHQWV��=U��1E��$J��6Q�� 6E�� %D�� 7D�� 7KH� DSSHDUDQFH� RI $J� DQG� 6E� ZDV� QRWHG� LQ� DOO� W\SHV� RI�DQDO\VLV��0RUHRYHU��WKH�[�UD\�IOXRUHVFHQFH�DQDO\VLV�VKRZHG�D�SUHVHQFH�RI�<��=U�DQG�3E�LQ�WKDW�DVVD\��7KH�*$$�DQG�1$$�FRQILUPHG�WKH�DSSHDUDQFH�RI�IRUHLJQ�HOHPHQWV�LQ�WKH�DVVD\V�VXFK�DV��1D��0Q��6E�DQG�GLVSOD\HG�FKORULQH�LQ�WKH�DVVD\V��L�H��DQ�HOH�PHQW�WKDW�GRHV�QRW�JHW�UHJLVWHUHG�E\�RWKHU�W\SHV�RI�DQDO\VLV�DYDLODEOH��
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b)  XFA
titanium in glycerin
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)LJ�����5HODWLYH�JURZWK�RI�DGPL[WXUH�HOHPHQWV�DQG�IRUHLJQ�HOHPHQWV�RXWSXW�LQ�DVVD\V�DIWHU� HOHFWULF� H[SORVLRQ� IRU� WKH�PRVW� H[SOLFLW� H[SHULPHQWV��$QDO\VLV� WHFKQLTXH�� ORDG�PDWHULDO�� DQG�GLHOHFWULF�PHGLXP�DUH� VKRZQ� LQ�)LJXUHV��(OHPHQWV��ZKLFK�SUHVHQFH� LV�VXUH��EXW�WKH�DEVROXWH�YDOXH�RI�DGPL[WXUH�KDV�DQ�XSSHU�OLPLW��DUH�VKRZQ�ZLWK�D�GRWWHG�OLQH��VHH�$SSHQGL[��
+HUH�LW�LV�QHFHVVDU\�WR�GLVFXVV�DOO�SRVVLEOH�VRXUFHV�RI�EULQJLQJ�LQ�RI�LPSX�ULWLHV� WKDW� DUH� SUHVHQW� LQ� WKH� H[SHULPHQW�� WKH� LQIOXHQFH� RI� DVVD\�SUHSDUDWLRQ�WHFKQLTXHV�DQG�VRXUFHV�RI�V\VWHPDWLF�HUURUV�RI�WKH�DQDO\VHV�DSSOLHG�$W�HOHFWULF�H[SORVLRQ��D�SDUWLDO�GHSUHVVXUL]DWLRQ�RFFXUV��GXH�WR�D�SRZHUIXO�K\GUDXOLF�VKRFN��DQG�WKLV�FDXVHV�DQ�HPLVVLRQ�RI���y����RI�VXEVWDQFH�LQ�WKH�VXUURXQGLQJ� VSDFH� DORQJ� WKH� VXUIDFH� RI� FXUUHQW� VXSSO\� HOHFWURGHV�� 7KDW� LV�ZK\�LW�LV�QRW�DSSURSULDWH�WR�WDON�DERXW�DEVROXWH�DGPL[WXUH�FRQWHQW�RI�IRUHLJQ�HOHPHQWV��DQG�ZH�TXRWH�KHUH�DOO�GDWD�LQ�UHODWLYH�FRQFHQWUDWLRQV�)RXU� W\SHV� RI� VRXUFHV� RI� HOHPHQW� DGPL[WXUHV� DUH� SUHVHQW� LQ� WKH� H[SHUL�PHQWV� GHVFULEHG�� ZKLFK� FDQ� LQIOXHQFH� WKH� HQG� UHVXOW�� OLTXLG� GLHOHFWULF� PH�GLXP� ± GRXEOH�GLVWLOOHG� ZDWHU�� JO\FHULQ�� K\GURJHQ� SHUR[LGH�� SRO\HWK\OHQH�ZDOOV�RI H[SORVLRQ�FHOOV��WLWDQLXP�URG�RI�WKH�FHQWUDO�FXUUHQW�VXSSO\�HOHFWURGH��PDWHULDO� RI� IRLOV� WR� EH� H[SORGHG� �ORDG��� $GPL[WXUH� SHUFHQWDJH� DQDO\VLV� LQ�FHQWUDO� HOHFWURGH� DQG� GLVSRVDEOH� ORDG� IRLOV� ZDV� UXQ� VLPXOWDQHRXVO\� ZLWK�HOHFWULF� H[SORVLRQ� DVVD\� DQDO\VLV��2Q�RQH�KDQG�� LW� DOORZHG� WR� GLUHFWO\� FRP�SDUH� WKH� HOHPHQW� SHUFHQWDJH�� RQ� WKH� RWKHU� KDQG�� WR� UHGXFH� PD[LPDOO\� DQ�DEVROXWH�YDOXH�RI�V\VWHPDWLF�HUURU��7KHUHIRUH�� WKHVH�GDWD�DUH�LQFOXGHG�LQ�WKH�VDPH�7DEOHV������DV�WKH�DVVD\�GDWD�$GPL[WXUH� GDWD� LQ� OLTXLG� GLHOHFWULF PHGLD� DQG� SRO\HWK\OHQH� DUH� JLYHQ� LQ�WKH�$SSHQGL[��7KH�YROXPH�RI� OLTXLGV� LQ�H[SORVLRQ�FHOOV� DPRXQWHG� WR�������FP���+HQFH�LW�LV�HDV\�WR�HYDOXDWH�WKDW�WKH�DVVD\�DGPL[WXUH�FRQWULEXWLRQ�IURP�WKH�OLTXLG�GLHOHFWULF�PHGLD��WDNLQJ�LQWR�DFFRXQW�WKHLU�YROXPHV��LV�VXEVWDQWLDOO\�OHVV� WKDQ� WKH� DGPL[WXUH� YDOXH� LQ� IRLOV� DQG� FHQWUDO� WLWDQLXP� HOHFWURGH�� 7KH�



��� 9�'�.X]QHWVRY�HW�DO�
TXHVWLRQ�RI� SRO\HWK\OHQH� VHHPV� WR� EH�PRUH�FRPSOLFDWHG��(OHFWULF� H[SORVLRQ�LQ�OLTXLG�PHGLXP�LV�DFFRPSDQLHG�E\�D�EODVW�ZDYH�ZKHUH�WKH�SUHVVXUH�RQ�FHOO�ZDOOV�PD\� DFKLHYH� YDOXHV� WKDW� DUH� FDSDEOH� WR� GHVWUR\� WKH� VXUIDFH� SRO\HWK\�OHQH�OD\HU��,W� LV�REYLRXV�WKDW�WRJHWKHU�ZLWK�SRO\HWK\OHQH��WKH�DGPL[WXUHV�GLV�VROYHG� LQ� SRO\HWK\OHQH� JHW� LQWR� WKH� OLTXLG�� 0DVV� VSHFWURPHWULF� DQDO\VLV�VKRZHG� QR� FDUERQ� LQ� WKH� DVVD\V� XQGHU� LQYHVWLJDWLRQ�� +RZHYHU�� LQ� SULYDWH�FRPPXQLFDWLRQV��/�,�8UXWVNRHY� UHSRUWV� D� SUHVHQFH�RI� FDUERQ� LQ� WKH�DPRXQW�XS� WR� ��� LQ� VRPH� H[SHULPHQWV� DQG�KH�EHOLHYHV� WKDW� LWV� DSSHDUDQFH� LV� FRP�SOHWHO\� UHODWHG� WR� WKH� GHVWUXFWLRQ� RI� SRO\HWK\OHQH� ZDOO� RI� H[SORVLRQ� FHOO��7KHUHIRUH��ZH�QRUPDOL]HG�WKH�SUHVHQFH�RI�RWKHU�DGPL[WXUH�HOHPHQWV�HPLWWHG�IURP�SRO\HWK\OHQH�YV��RQH�SHUFHQW�FDUERQ�DGPL[WXUH�7KH�H[SHULPHQWV�ZLWK�HOHFWULF�H[SORVLRQV�RI� IRLOV�PDGH�IURP�7D��)H��3E��1L� RU� WKHLU� FRPELQDWLRQV� VKRZHG� WKH� SUHVHQFH� RI� WLWDQLXP� LQ� DVVD\V�� WKH�FRQWHQW� RI� WLWDQLXP� UXQV� XS� WR� GR]HQV� SHUFHQW�� :H� DVVRFLDWH�� DV� VKRZQ�DERYH�� WKH� DSSHDUDQFH� RI� WLWDQLXP� LQ� DVVD\V� ZLWK� D� GHVWUXFWLRQ� RI� FHQWUDO�FXUUHQW� VXSSO\� HOHFWURGH� GXULQJ� WKH� IORZ� RI� FXUUHQW� SXOVH�� 2WKHU� HOHPHQW�LPSXULW\� FRQWULEXWLRQ� IURP� WKH� HOHFWURGH� ZDV� HYDOXDWHG� E\� WKH� VDPH� WHFK�QLTXH�DV�WKDW�IRU�SRO\HWK\OHQH��+\SRWKHWLFDO�PHFKDQLVPV�RI�VHOHFWLYH�H[WUDF�WLRQ� RI� RQH� RU� DQRWKHU� HOHPHQW� IURP� WKH� HOHFWURGH� RU� IURP�SRO\HWK\OHQH� DW�HOHFWULF�H[SORVLRQ�ZHUH�QRW�WDNHQ�LQWR�FRQVLGHUDWLRQ�7KH�DGPL[WXUH�DQDO\VLV�DFFRUGLQJ�WR�WKH�DERYH�WHFKQLTXH�VKRZHG�WKDW�WKH�DSSHDUDQFH�RI�VRPH�FKHPLFDO�HOHPHQWV�LQ�DVVD\V�LV�LQ�QR�ZD\�FRQQHFWHG�ZLWK�WKH�GHVWUXFWLRQ�RI�WLWDQLXP�HOHFWURGH�RU��HYHQ�PRUH�VR��RI�SRO\HWK\OHQH�7KH�GDWD�JLYHQ�LQ�7DEOHV������GHPRQVWUDWH�WKDW�WKH�HOHPHQW�SHUFHQWDJH�LQ�RQH�DQG� WKH� VDPH�DVVD\�GLIIHUV�VLJQLILFDQWO\�GHSHQGLQJ�RQ�DQ�DQDO\VLV� WHFK�QLTXH�� 6XFK� VXEVWDQWLDO� GLIIHUHQFHV� DUH� FDXVHG� E\� V\VWHPDWLF�PHDVXUHPHQWV�HUURUV�KDYLQJ�GLIIHUHQW�QDWXUH�WKH�[�UD\�IOXRUHVFHQFH�DQG�PDVV�VSHFWURPHWULF�DQDO\VHV�7KH� VRXUFH� RI� HUURUV� DW� [�UD\� IOXRUHVFHQFH� DQDO\VLV� LV� WKDW� WKH� JDPPD�TXDQWD�RI�YDULRXV�HQHUJ\�SDVV�WKH�YROXPH�WKLFNQHVV�LQ�GLIIHUHQW�ZD\V��6RIWHU�JDPPD�TXDQWD� DUH� DGVRUEHG� E\� WKH� DVVD\� VXEVWDQFH�� 7KHUHIRUH�� GHSHQGLQJ�RQ�DVVD\�FRPSRVLWLRQ��LWV�PDLQ�HOHPHQW��DQG�WKLFNQHVV�� WKH�UHODWLYH�HOHPHQW�FRQWHQW� YDULHV�� )XUWKHUPRUH�� DQ� DVVD\� LV� SUHGRPLQDQWO\� FRPSRVHG� RI� WKH�HOHPHQW��ZKLFK�ZDV�D� ORDG�DW�HOHFWULF�H[SORVLRQ��7KLV�PDNHV� WKH�[�UD\� OLQHV�RI�VRPH�HOHPHQWV� WR�EH�VXSHULPSRVHG�RQ�WKH�³SRZHUIXO´�SHDNV�RI�PDLQ�HOH�PHQW��,Q�VRPH�FDVHV�WKLV�FDXVHV�DQ�LQFUHDVHG�HUURU�LQ�TXDQWLW\�GHWHUPLQDWLRQ�RI�HOHPHQWV�DQDO\]HG�LQ�DQ�DVVD\��LQ�RWKHU�FDVHV��WKLV�PDNHV�LW�LPSRVVLEOH�WR�GR�VXFK�DQDO\VLV�IRU�VRPH�HOHPHQWV�7KH� V\VWHPDWLF�PDVV� VSHFWURPHWU\�HUURU� LV�GHWHUPLQHG�E\� WKH�ZD\�RI� LRQ�EHDP�SURGXFWLRQ�DQG�SKRWRJUDSKLF�ILOP�DQDO\VLV�WHFKQLTXH��$W�DVVD\�LRQL]D�
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WLRQ��WKH�ODVHU�EHDP�EXUQV�RXW�DW�VDPSOH�VXUIDFHV�WKH�VSRWV�RI�a���PP��&KD�UDFWHULVWLF�ORFDO�IRUPDWLRQV�RI����PP�DQG�PRUH�WKDW�DSSHDU�DW�HOHFWULF�H[SOR�VLRQ�PDNH�WKH�DVVD\�FRQWHQW�YDU\�JUHDWO\�GHSHQGLQJ�RQ�ZKDW�SODFH�RI�VDPSOH�VXUIDFH�WKH�ODVHU�EHDP�KDV�JRW�WR�7KH� LRQ�TXDQWLW\�RI�RQH�RU�DQRWKHU�HOHPHQW� LV�GHWHUPLQHG�E\�EODFNHQLQJ�GHQVLW\�RI�WKH�SKRWRJUDSKLF�ILOP�WKDW�LV�ORFDWHG�LQ�WKH�IRFDO�SODQH�RI�PDJQHWLF�DQDO\]HU��7KH�UHODWLYH�HOHPHQW FRQWHQW� LQ�DQ�DVVD\�LV�GHWHUPLQHG�E\�UHODWLYH�EODFNHQLQJ�RI� WKH�SKRWRJUDSKLF�ILOP�IRU�WKLV�HOHPHQW�DQG�IRU�WKH�PDLQ�DVVD\�HOHPHQW��PD[LPDO�EODFNHQLQJ���7KH�G\QDPLF�UDQJH�RI�PLFURGHQVHPHWHU�ZDV�VPDOOHU� WKDQ� TXDQWLW\� UDWLR� RI� DGPL[WXUHV� DQG� PDLQ� HOHPHQW�� 7KHUHIRUH�� D�FDVFDGH�FDOLEUDWLRQ�RI� WKH�LQVWUXPHQW�KDG�EHHQ�FDUULHG�RXW� LQ�WKH�SURFHVV�RI�PHDVXUHPHQWV��ZKDW� LQHYLWDEO\� LQGXFHV� DQ� DGGLWLRQDO� VSUHDG� RI� WKH� GDWD��$�WKRURXJK� ILOP� DQDO\VLV� E\� PHDQV� RI� PLFURSKRWRPHWHU� VKRZHG� WKDW�� GXULQJ�ILOP� SUHSDUDWLRQ�� GHIHFWV� DUH� IRUPHG� DW� WKH� SODFHV� RI� EODFNHQLQJ�ZKLFK� GH�FUHDVH� WKH� EODFNHQLQJ� GHQVLW\�� 7KLV� IDFW� GRHV� DOVR� FRQWULEXWH� LWV� V\VWHPDWLF�HUURU� WR� D� ILQDO� UHVXOW�� )RU� DERYH� UHDVRQV�� WKH� UHVXOWV� REWDLQHG�E\�PHDQV�RI�;)$�DQG�06$�DQDO\VHV�DUH�� IRU� ORZ�DGPL[WXUH� OHYHOV� LQ�VDPSOHV�� UDWKHU�RI�TXDOLWDWLYH� WKDQ� RI� TXDQWLWDWLYH� QDWXUH��$V� DOUHDG\� QRWHG�� WKH� VWUXFWXUH� RI� D�GU\�DVVD\�FRQWDLQV�H[SOLFLW�KHWHURJHQLRXV�LQFOXVLRQV��ZH�GLG�QRW�KRPRJHQL]H�WKHP�WR�DYRLG�DQ�XQFRQWUROOHG�EULQJLQJ�LQ�RI�IRUHLJQ�HOHPHQWV��)RU�WKLV�UHD�VRQ�� ERWK� ;)$� DQG� 06$� WHFKQLTXHV� \LHOG� D� ORFDO� HOHPHQW� FRQFHQWUDWLRQ�ZKDW�UHVXOWV�LQ�D�VXEVWDQWLDO�GLIIHUHQFH�RI�DGPL[WXUH�FRPSRVLWLRQ�ZLWKLQ�RQH�DVVD\�DQG�LQ�WKH�IDFW�WKDW�FRPSRVLWLRQ�GDWD�GLIIHU�IURP�WKH�DYHUDJH�YDOXHV�RI�HOHPHQW�FRQFHQWUDWLRQ�LQ�DQ�DVVD\�7KH YROXPH� DFWLYDWLRQ� DQDO\VLV� KDV� SUDFWLFDOO\� QR� VRXUFHV� RI� V\VWHPDWLF�HUURUV��7KH�GLVDGYDQWDJH�RI� WKH� WHFKQLTXH� LV� WKDW�QRW�DOO� VWDEOH� LVRWRSHV�FDQ�EH�DFWLYDWHG�LQ�RUGHU�WR�DQDO\]H�WKHLU�FRQWHQW�LQ�VDPSOHV�7R� FRQFOXGH� WKH� FKHFN� H[SHULPHQWV� FDUULHG�RXW��PRVW� VXEVWDQWLDO� H[SHUL�PHQW� IHDWXUHV� VKRXOG� EH� QRWHG�� 2XU� LQYHVWLJDWLRQV� FRQILUPHG�� LQ� JHQHUDO�WHUPV��WKH�UHVXOWV�RI�H[SHULPHQWV�RQ�HOHPHQW�WUDQVPXWDWLRQ�DW�HOHFWULF�H[SOR�VLRQ�RI�IRLOV�LQ�GLHOHFWULF�PHGLXP�REWDLQHG�E\�WKH�JURXS�RI�/�,�8UXWVNRHY��$V�D� UHVXOW�RI�HOHFWULF�H[SORVLRQV�� WKH�DVVD\V�VKRZ�IRUHLJQ�HOHPHQWV�DQG�D�VXE�VWDQWLDOO\� LQFUHDVHG� DGPL[WXUH� FRQWHQW� RI� VRPH� HOHPHQWV��ZKLFK� DUH� SUHVHQW�LQ�LQLWLDO�IRLOV�DQG�WLWDQLXP�HOHFWURGH�URG�:H�KDYH�UHFRUGHG�WKH�DSSHDUDQFH�RI�IRUHLJQ�HOHPHQWV�LQ�DVVD\V�DQG�DQ�LQ�FUHDVHG�FRQWHQW�RI� DGPL[WXUH�HOHPHQWV��7KHVH�HOHPHQWV� LQFOXGH��1D��$O��6L��3��.��&D��&O��0Q��)H��1L��&X��=Q� <��=U��0R��$J�� ,Q��6Q��6E��%D��7D��3E��'HFUHDVHG�HOHPHQW�DGPL[WXUHV�WKDW�DUH�SUHVHQW�LQ�IRLOV�DUH�REVHUYHG�LQ�VRPH�DVVD\V��$EVROXWH�TXDQWLW\�RI�QHZ HOHPHQW�DWRPV��ZKLFK�DSSHDUHG�DIWHU�HOHF�WULF�H[SORVLRQV��DUH�LQ�WKH�UDQJH�����y�����
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$�FKDQJH�LQ�WLWDQLXP�LVRWRSLF�DEXQGDQFH�UDWLR�LV�VHHQ�LQ�VRPH�DVVD\V�7KH� FRPSRVLWLRQ� DQG� TXDQWLW\� RI� DGPL[WXUHV� DIWHU� HOHFWULF� H[SORVLRQ� GH�SHQGV�ERWK�RQ�ORDG�FRPSRVLWLRQ DQG�OLTXLG�GLHOHFWULF�PHGLXP�*DPPD�DQG�EHWD�DFWLYLW\�ZHUH�QRW�IRXQG�LQ�DQ\�DVVD\�

�����$QDO\VLV�RI�ORZ�HQHUJ\�HOHPHQW�WUDQVPXWDWLRQ�,Q�SUHYLRXV�VHFWLRQV��GHYRWHG�WR�H[SHULPHQWDO�FKHFN�RI�HOHPHQW�FRPSRVL�WLRQ�FKDQJH�DV�D�UHVXOW�RI�WUDQVPXWDWLRQ��D�UHOLDEOH�LQFUHDVH�RI�FRQWHQW�RI�RQH�JURXS� RI� HOHPHQWV� DQG� WKH� DSSHDUDQFH� RI� RWKHU�� IRUHLJQ� HOHPHQWV� KDV� EHHQ�QRWHG�� )XUWKHUPRUH�� HOHFWULF� H[SORVLRQ� H[SHULPHQWV� UHYHDOHG� D� YLRODWLRQ� RI�LVRWRSH�FRPSRVLWLRQ�RI�7L��,W�VKRXOG�EH�QRWHG�VWUDLJKW�DZD\�WKDW�VXFK�HOHPHQW�WUDQVIRUPDWLRQV� FDQQRW� EH� H[SODLQHG� IURP� WKH� SRLQW� RI� YLHZ� RI� PRGHUQ�SK\VLFDO� QRWLRQV� ERWK� EHFDXVH� RI� LPSRVVLELOLW\� IRU� QXFOHL� WR� RYHUFRPH� WKH�&RXORPE� EDUULHU� DQG� EHFDXVH� RI� LPSRVVLELOLW\� WR� FRQVWUXFW� HOHPHQWV� RE�VHUYHG�ZKLOH�WKH�QXPEHU�RI�SURWRQV�LV�FRQVHUYHG��7R�HOLPLQDWH�WKH�ODVW�FRQ�WUDGLFWLRQ��ZH� KDYH� WR� LQFOXGH� HOHFWURQV� LQWR� LQSXW� RU� RXWSXW� FKDQQHOV�� WKXV�VXSSRVLQJ�D�SRVVLELOLW\�RI�ZHDN�UHDFWLRQV�ZLWK� l HOHFWURQV��L�H��WR�DFFRXQW�IRU�LPSUREDEOH�UHDFWLRQV�IRU�FKDUJH�WUDQVIRUPDWLRQV�
Q Q] ] O H$ OH $ OQ� �� o � �������� Q Q] ] O H$ $ OH OQ��o � � � �

ZKHUH� Q] $ LV�D�QXFOLGH�ZLWK�D�FKDUJH�=�DQG�DQ�DWRPLF�QXPEHU�Q�$QRWKHU� SUREDELOLW\� SURKLELWLRQ�RI� WUDQVPXWDWLRQ�SURFHVVHV� LV� NLQHWLFV�� ,W�DSSHDUV�EHFDXVH� WKH�QXFOHL�FDQQRW�FROOLGH�GXULQJ�HOHFWULF�H[SORVLRQ�DV�RIWHQ�DV�WR�SURYLGH�IRU�WKH�TXDQWLW\�RI�QHZ�HOHPHQWV��XS�WR������%HORZ�ZH�GLVFXVV�QXPHULFDO�VFDOHV�RI� WKHVH�WKUHH�SURKLELWLRQV��6LQFH�DOO� WKHVH�SURKLELWLRQV�IRU�WUDQVPXWDWLRQ� SURFHVVHV� WKH� IRUP� RI� H[WUHPHO\� ORZ� SUREDELOLW\� RI� WKH� SUR�FHVV� ZH�VKDOO�XVH��IRU�VLPSOLFLW\�SXUSRVHV��WKH�WHUP��SUREDELOLW\�SURKLELWLRQV��+RZHYHU�� LW� LV� FRPSOHWHO\� QRW� HYLGHQW� WKDW� FRQVHUYDWLRQ� ODZV� OLQNHG� ZLWK�VSDFH�DQG�WLPH�SURSHUW\�DUH�REVHUYHG��8QIRUWXQDWHO\��ZH�DUH�ODFNLQJ�H[SHUL�PHQWDO�GDWD� WR�FKHFN� WKH�DQJXODU�PRPHQWXP�FRQVHUYDWLRQ� ODZ��+RZHYHU�� LW�LV� SRVVLEOH� WR� FKHFN� WKH� HQHUJ\� FRQVHUYDWLRQ� ODZ�� 2XU� SUREOHP� GHILQLWLRQ�UHGXFHV�VXFK�D�FKHFN�WR�WKH�WDVN�WR�VHH�H[RWKHUPLF�QXFOHDU�UHDFWLRQV�OHDGLQJ�WR� IRUHLJQ� HOHPHQWV��ZKLFK� FDQ�EH�REVHUYHG� H[SHULPHQWDOO\��(QHUJ\� UHOHDVH�LQ�WKHVH�UHDFWLRQV�RFFXUV�RZLQJ�WR�D�GLIIHUHQFH�LQ�WKH�VXPV�RI�DWRPLF�QXFOHL�PDVVHV� LQ� WKH� LQSXW� DQG� RXWSXW� UHDFWLRQ� FKDQQHOV�� $W� WKH� VDPH� WLPH�� LW� LV�PHDQW�WKDW�WKH�HQHUJ\�EDODQFH�VKRXOG�DFFRXQW�QRW�IRU�WKH�QXFOHXV�PDVV�RQO\��EXW� IRU� WKH� l PDVV� RI� HOHFWURQV��0RUHRYHU�� WR� SURYLGH� IRU� WKH� SXULW\� RI� WKH�FKHFN��EHORZ�ZH�WRRN�LQWR�DFFRXQW�WKH�HOHFWURQ�ELQGLQJ�HQHUJ\�LQ�DWRPV��WRR�
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5HIHUHQFH�ERRN�>�@�ZDV�XVHG�WR�DQDO\]H�SRVVLEOH�UHDFWLRQV��7KH�7DEOH�LQ�FOXGHG�VWDEOH�DQG�UDGLRDFWLYH�LVRWRSHV�ZLWK�KDOI�OLYHV�PRUH�WKDQ����\HDUV��RU��LQ�FDVH�RI� WKH�DEVHQFH�RI� VWDEOH� LVRWRSHV��DQ� LVRWRSH�ZLWK�PD[LPDO�SRVVLEOH�OLIHWLPH�ZDV� WDNHQ�� 7KH� ELQGLQJ� HQHUJ\� RI� HOHFWURQV� RI� DQ� DWRP�ZDV� WDNHQ�LQWR� DFFRXQW� DFFRUGLQJ� WR� IRUPXOD� � � ����$( = ZLWKLQ� WKH 7KRPDV�)HUPL�PRGHO�>�@�

�����5HDFWLRQV�RI�ORDG�HOHPHQWV�7L�DQG�1L7L� DQG� 1L� UHDFWLRQV� KDYH� EHHQ� FRQVLGHUHG� IRU� WKH� DQDO\VLV�� %HFDXVH� RI��OLPLWHG� WHFKQLFDO�SRVVLELOLWLHV��ZH�DFFRXQWHG� IRU�QRW�PRUH� WKDQ� WKUHH�RXWSXW�QXFOLGHV��L�H���DOO�UHDFWLRQV�ZHUH�FRQVLGHUHG�
� �� �� �Q QQ] H] ]/ $ $ $ OH O 4Q� � � � �� �� �� �� � �� � �QQ QQ] H] ] ]/ $ $ $ $ OH O 4Q� � � � � �� ��

� �� �� �Q QQ] ] ]/ $ OH $ $ O 4Q��  � � � �� �� �� � �� � �QQ QQ] ] ] ]/ $ OH $ $ $ O 4Q��  � � � � ��XQGHU� DGGLWLRQDO� FRQGLWLRQV�� QXFOHRQ� QXPEHU� FRQVHUYDWLRQ�Q��� Q�  /Q DQG�Q��Q��Q� /Q�� WRWDO� FKDUJH� FRQVHUYDWLRQ� ]��]� /]�r O DQG�]��]��]� /]�r ODQG� SRVLWLYH� EDODQFH� RI� HQHUJ\�4t ��� $� SUHOLPLQDU\� FRQFOXVLRQ� DERXW� WKH�SRVVLELOLWLHV�RI�VXFK�UHDFWLRQV� IROORZV�IURP�FRQVLGHUDWLRQ�RI�ELQGLQJ�HQHUJ\�SHU�QXFOHRQ� LQ� WKH�QXFOHL�RI� LQLWLDO� VXEVWDQFH��)LJ����7KXV�� WKH�PDLQ�LVRWRSH���1L��a������ZKLFK�KDV�D�PLQLPDO��IURP�DOO�QLFNHO� LVRWRSHV��ELQGLQJ�HQHUJ\�

)LJ�����%LQGLQJ�HQHUJ\�SHU�QXFOHRQ�LQ�DWRPLF�QXFOHL�



��� 9�'�.X]QHWVRY�HW�DO�
SHU� QXFOHRQ� ������Fw<�� FDQ� JHQHUDWH�� LQ� UHDFWLRQV� ZLWK� WKUHH� RXWSXW� QX�FOLGHV�� D� PD[LPDO� KHDY\� HOHPHQW� ZLWK� = ��� �VWURQWLXP��� 7KH� FDOFXODWLRQV�VKRZ� WKDW� VXFK� IXVLRQ� LV�SRVVLEOH� LQ� UHDFWLRQV�ZLWK� WHQ�ZHDN� LQWHUDFWLRQV� LQWKH�UHDFWLRQ�

�� �� ���� �� ��� �� � �� ���� �H1L H )H 6U 0H9Q��  � � �$W� WKH� VDPH� WLPH�� WKH� PRVW� OLJKW� SURGXFW� RI� UHDFWLRQV�± FDOFLXP� LV� RE�WDLQHG�LQ�IRXU�UHDFWLRQV�
�� �� �� ���� �� �� ��� � � ����H1L H &D 1L =Q 0H9Q��  � � � � ��� �� �� ���� �� �� ��� � � ����H1L H &D 1L =Q 0H9Q��  � � � � ��� �� �� ���� �� �� ��� � � ����H1L H &D 1L 1L 0H9Q��  � � � � ��� �� �� ���� �� �� ��� � � ����H1L H &D 1L 1L 0H9Q��  � � � � �5HDFWLRQV� ZLWK� SURWRQ� QXPEHU� FRQVHUYDWLRQ� GR� QRW� H[LVW�� 7KH� PD[LPDO�TXDQWLW\�RI�HOHPHQWV�DW�WKH�RXWSXW�IDOOV�RQ�RWKHU�LVRWRSHV�RI�QLFNHO�DQG�LURQ�7LWDQLXP�KDV�D�EURDGHU�VSHFWUXP�RI�RXWSXW�HOHPHQWV��7KXV��WKH�PDLQ�LVR�WRSH� ��7L� �a������ ZLWK� ELQGLQJ� HQHUJ\� SHU� QXFOHRQ� ������ 0H9�� FDQ� EH�\LHOGHG� E\� ]LUFRQLXP�� WKH� PD[LPDO� KHDY\� HOHPHQW�� LQ�PDQ\� UHDFWLRQV��:H�ZLOO�TXRWH�D�VLQJOH�UHDFWLRQ��ZLWK�WZR�RXWSXW�IUDJPHQWV�

�� �� ���� �� ��� � � ����H7L H &U =U 0H9Q��  � � � �6LOLFRQ� LV� WKH�PRVW� OLJKW�HOHPHQW�REWDLQHG�LQ�UHDFWLRQV���7L�EHWZHHQ�HDFK�RWKHU��7KHUH�DUH�PDQ\�UHDFWLRQV�DQG�ZH�ZRQ¶W�TXRWH�WKHP�7KH� PRVW� OLJKW� WLWDQLXP� LVRWRSH� ��7L� ZLWK� D� UHODWLYH� FRQWHQW�a��� KDV� D�PLQLPDO�ELQGLQJ�HQHUJ\�SHU�QXFOHRQ�������0H9�DQG�FDQ�JHQHUDWH�FDGPLXP�LQ�UHDFWLRQV�ZLWK�ILYH�LVRWRSHV���7L�DQG�VL[�HOHFWURQV�
�����5HDFWLRQV�ZLWK�PHGLXP�HOHPHQWV:H�VWDUW� IURP�D� WULYLDO� VWDWHPHQW� WKDW� DQ\�HOHPHQWV�RI�SHULRGLF� WDEOH�FDQ�EH�REWDLQHG� IURP�SURWRQV�� WDNLQJ� LQWR�DFFRXQW�ZHDN� LQWHUDFWLRQ��1RW�JLYLQJ�KHUH� FDOFXODWLRQV��ZH� LQGLFDWH�� WKDW� HOHPHQWV� IURP���2� WR� ���8� FDQ� EH� EXLOW�IURP� WKH�JURXS�2+��:DWHU�H[WHQGV� WKLV URZ� LQWR� WKH�VSKHUH�RI�VXSHU�KHDY\�HOHPHQWV��LQWHUSRODWLRQ�RI�FXUYHV�\LHOGV�D�FURVVLQJ�DUHD�DW�=|�����5HDFWLRQV�RI�PHGLXP�HOHPHQWV�ZLWK�ORDG�HOHPHQWV�DUH�RI�PXFK�JUHDWHU�LQ�WHUHVW��$V�DQ�H[DPSOH��ZH�FRQVLGHU� UHDFWLRQV���1L�DQG���7L�ZLWK�/�HOHPHQWV��2��(QHUJ\� RXWSXWV� LQ� WKH� UHDFWLRQV� ��1L�ZLWK�/�HOHPHQWV� ��2� DUH� JLYHQ� LQ�



/RZ�(QHUJ\�7UDQVPXWDWLRQ�RI�$WRPLF�1XFOHL�RI�&KHPLFDO�(OHPHQWV ���
)LJ��%��7KH�HOHPHQW�QXPEHU��=���ZKLFK�LV�FRQVWUXFWHG�RI�VXFK�FRPELQDWLRQV��LV�SORWWHG�DORQJ�WKH�D[LV�RI�DEVFLVVD��$�UHDFWLRQ�ZLWK�SXUH�R[\JHQ�LV�JLYHQ�IRU�FRPSDULVRQ��6LQFH�WKHUH�DUH�PDQ\� DV�D�UXOH��RXWSXW�FKDQQHOV�ZLWK�DQ�RXWSXW�RI� D� JLYHQ� HOHPHQW��ZH� VKRUWO\� LQGLFDWH� WKH� FRQVWUXFWLRQ� WHFKQLTXH�RI� WKHVH�FXUYHV��7KH�IROORZLQJ�VFKHPH�KDV�EHHQ�FKRVHQ�IRU�UHDFWLRQV�ZLWK�SXUH�R[\�JHQ�� (OHPHQW� ZLWK� QXPEHU� =� ZDV� FKRVHQ� IURP� UHDFWLRQV� ZLWK� WZR� RXWSXW�HOHPHQWV�DQG�D�PLQLPDO�YDOXH�/�

� �� ������ � � �� � �Q / Q H] / ] O/ 2 OH $ $ O 4 ]Q�� � ��  � � � d �
,Q� FDVHV��ZKHQ� D� JLYHQ� HOHPHQW� GRHV� QRW� H[LVW� LQ� WKH� LQGLFDWHG� UHDFWLRQ��WKH�HOHPHQW�ZDV�SUHVHQW�LQ�UHDFWLRQV�ZLWK�WKUHH�RXWSXW�HOHPHQWV��,Q�)LJXUH��D�GRWWHG� OLQH�FRUUHVSRQGV� WR�VXFK�HOHPHQWV�����:�ZLWK�ELQGLQJ�HQHUJ\�SHU�QX�FOHRQ�������0H9�DW�/ ���LV�WKH�KHDYLHVW�HOHPHQW�WKDW�FDQ�EH�REWDLQHG�IURP�WKLV� R[\JHQ� LVRWRSH�ZLWK� ELQGLQJ� HQHUJ\�SHU�QXFOHRQ�������0H9��)RU�R[\�JHQ�UHDFWLRQV�ZLWK�QLFNHO��DQ�RXWSXW�FKDQQHO�ZLWK�D�PLQLPDO�YDOXH�RI�/�DQG�D�PD[LPDO�YDOXH�RI�HQHUJ\�UHOHDVH�4�ZDV�FKRVHQ�

� �� ��� ���� ��� �� � ��� � �Q / Q H] / ] O/ 2 1L OH $ $ O 4Q� �� � � �� �  � � �

)LJ�����1HZ�HOHPHQWV�DGPL[WXUH� LQ� WKH�DVVD\����� �1L���+�2���SHUFHQWDJH�ZLVH��$�� DQG� HQHUJ\� UHOHDVH� LQ� UHDFWLRQV� ��1L�DQG� ��2�DV�D� IXQFWLRQ�RI�FKDUJH RI�DQ�HOHPHQW�WR�EH�V\QWKHVL]HG��%��
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$W� WKDW�� DOO� RXWSXW� FKDQQHOV�ZHUH� WZR�HOHPHQW� FKDQQHOV��/HW�XV�QRWH� WKDW�KLJK�³EURFNHQQHVV´�RI� WKH�HQHUJ\�UHOHDVH�FXUYH� LQ� WKHVH� UHDFWLRQV� LV� ODUJHO\�GHWHUPLQHG� E\� WKH� DOWHUQDWLRQ� RI� WKH� TXDQWLW\� /�� WKDQ� E\� WKH� GLIIHUHQFH� RI�ELQGLQJ�HQHUJ\�RI�RXWSXW� HOHPHQWV��1HRG\PLXP��ZKLFK�UHTXLUHV���DWRPV�RI�R[\JHQ��LV�WKH�KHDYLHVW�HOHPHQW��REWDLQHG�LQ�WKHVH�UHDFWLRQV�

�� �� �� ���� �� � ��� �� �� ���� �H2 1L H & 1G 0H9Q�� �  � � �7KH�PRVW�EULJKW�GDWD�RI�WKH�DVVD\�����DUH�JLYHQ�LQ�)LJ��$�IRU�FRPSDULVRQ�$W�WKDW��HOHPHQWV��ZKLFK�SUHVHQFH�LV�FHUWDLQ��DUH�PDUNHG�ZLWK�ILOOHG�VTXDUHV��EXW� DQ� DEVROXWH� YDOXH� RI� WKH� DGPL[WXUH� SOD\V� WKH� UROH� RI� XSSHU� OLPLW� �VHH�$SSHQGL[��� ,W� LV� VHHQ� WKDW� LQ� UHDFWLRQV�EHWZHHQ���1L�DQG���2�ZH�FDQ�REWDLQ�PRUH� DQG� PRUH� QHZ� HOHPHQWV��ZLWK� WKH� H[FHSWLRQ� RI� WDQWDOXP�� $� SRVVLEOH�FRQILJXUDWLRQ� RI� LQLWLDO� VDPSOH�� FRQWDLQLQJ� ERWK� QLFNHO� DQG� R[\JHQ�� FDQ� EH�R[LGH� ILOP�� ,Q� WKLV� FDVH�� QLFNHO� R[LGH� �,,�� KDV� D� ODWWLFH��ZKLFK� LV� VLPLODU� WR�1D&O��L�H��RQH�QLFNHO�LRQ�KDV���FORVHVW�QHLJKERUV��R[\JHQ�DWRPV��7KH�DSSHD�UDQFH� RI� WDQWDOXP� FDQ� EH� H[SODLQHG� E\� UHDFWLRQV� EHWZHHQ� HOHPHQWV� RI� WKH�PHGLXP�RQO\��,Q�SDUWLFXODU��LW�FDQ�EH�EXLOW�IURP�R[\JHQ��5HDFWLRQV�RI�R[\JHQ�ZLWK� WLWDQLXP� JHQHUDWH� HOHPHQWV� IURP� K\GURJHQ� WR� �����6P �� ,Q� RUGHU� QRW� WR�UHSHDW� WKH� ILJXUH� VLPLODU� WR� )LJ�� ��� ZH� JLYH� )LJ���� ZKHUH� DQ� H[SHULPHQWDO�HOHPHQW� GLVWULEXWLRQ� DQG� WZR�GLVWULEXWLRQV�FDOFXODWHG�QRW�E\�HQHUJ\� UHOHDVH��EXW� E\� WKH� FRPELQDWLRQ� TXDQWLW\� RI� RXWSXW� HOHPHQWV� LQ� UHDFWLRQV� EHWZHHQ�WLWDQLXP���� DQG� WLWDQLXP�ZLWK� R[\JHQ� DUH� FRPSDUHG�� ,W� LV� VHOI�HYLGHQW� WKDW�GLVWULEXWLRQV�ERXQGDULHV�RQO\�FDQ�EH�FRPSDUHG�:H� GRQ¶W� TXRWH� KHUH� ILJXUHV�ZLWK� FDUERQ�SDUWLFLSDWLRQ��:H� MXVW�PHQWLRQ�WKDW�� LQ� UHDFWLRQV�ZLWK� WZR� RXWSXW� HOHPHQWV��ZH� FDQ� REWDLQ� IURP� FDUERQ� DOO�HOHPHQWV��GRZQ�WR�DVWDWLQH�
�� � ���� � ���� �� �� ���� �H& H /L $W 0H9Q��  � � �5HDVRQLQJ� IURP�DVVXPSWLRQ� WKDW� D� SUREDELOLW\� RI� SURGXFWLRQ�RI� QHZ�HOH�PHQWV� GHFUHDVHV� DV� WKH� TXDQWLW\� RI� QXFOHL� LQ� LQSXW� DQG� RXWSXW� FKDQQHOV� GH�FUHDVHV��RQH�FDQ�FRQFOXGH�WKDW�WKH�IROORZLQJ�JURXS�RI�HOHPHQWV�� 1D��$O��6L��.��&D��&O��0Q�� )H��1L��&X��=Q�± LV� JHQHUDWHG�E\� WKH� HOHPHQWV� RI� ORDG� DQG�ORDG�PHGLXP��$QRWKHU� JURXS� RI� HOHPHQWV�� 0R��$J�� ,Q�� 6Q�� 6E�± LV� JHQH�UDWHG�LQ�FRPELQDWLRQ�RI�HOHPHQWV�RI�ORDG�DQG�PHGLXP��7KH�KHDYLHU�HOHPHQWV�� 3E��7D�± FDQ�EH�JHQHUDWHG�E\�PHGLXP�HOHPHQWV�RQO\� ,Q�WKLV�FDVH��WKH�PH�GLXP�VKRXOG�FRQWDLQ�HLWKHU�FDUERQ�RU�WKH�JURXS��2+���/HW�XV�UHPLQG�\RX�WKDW�WKHVH�FDOFXODWLRQV�ZHUH�IRU�D� OLPLWHG�TXDQWLW\�RI�RXWSXW�QXFOLGHV�� WKHLU�QXP�EHU�VKRXOG�QRW�H[FHHG�WKUHH�



/RZ�(QHUJ\�7UDQVPXWDWLRQ�RI�$WRPLF�1XFOHL�RI�&KHPLFDO�(OHPHQWV ���
7KXV�� DQ� DQDO\VLV� FDUULHG� RXW� WR� FKHFN� WKH� HQHUJ\� FRQVHUYDWLRQ� ODZ� IRU�QHZ�HOHPHQWV�REWDLQHG�LQ�H[SHULPHQWV�ZLWK�HOHFWULF�H[SORVLRQ�RI�ORDG�VKRZV�WKDW�DOO�DGPL[WXUH�HOHPHQWV�FDQ�EH�REWDLQHG�IURP�LQLWLDO�QXFOHL�DW�D�SRVLWLYH�HQHUJ\�RXWSXW��+RZHYHU�� WKH�H[SHULPHQW�RQ�FKDQJLQJ� WKH�HOHPHQW�FRPSRVL�WLRQ�RI�SXUH�]LUFRQLXP�WKDW�KDV�EHHQ�GLVFXVVHG�LQ�WKH�ILUVW�SDUW�RI�WKH�SDSHU��VKRXOG�EH�DQDO\]HG�DGGLWLRQDOO\��EHFDXVH� WKH�]LUFRQLXP�PHOWLQJ�RFFXUUHG�LQ�D�YDFXXP��,�H���QDWXUDO� LVRWRSH�FRPSRVLWLRQ�RI�=U� LV� WKH�RQO\�LQLWLDO�HOHPHQW�IRU� WKH�SURGXFWLRQ�RI�DOO�HOHPHQWV�VKRZQ�LQ�)LJ����GRZQ�WR�/X��ZKLFK�ELQG�LQJ�HQHUJ\�SHU�QXFOHRQ�LV�VXEVWDQWLDOO\�OHVV��WKDQ�LQ�DOO�]LUFRQLXP�LVRWRSHV�

)LJ�����&RPSDULVRQ�RI�H[SHULPHQWDO�HOHPHQW�FRPSRVLWLRQ�RI�VDPSOH�����DIWHU�HOHF�WULF� H[SORVLRQ� ZLWK� FDOFXODWHG� UHODWLYH� SUREDELOLWLHV� RI� FUHDWLRQ� RI� HOHPHQWV�� D���VDPSOH������ORDG�± 7L��PHGLXP�� +�2��������E��FDOFXODWLRQ�PDGH�IRU�IRXU�QXFOHL�RI���7L�LQ�WKH�LQSXW�UHDFWLRQ�FKDQQHO��F��FDOFXODWLRQ�PDGH�IRU�VL[�QXFOHL�RI���2�DQG���7L�LQ�WKH��LQSXW�UHDFWLRQ�FKDQQHO�
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�����5HDFWLRQV�ZLWK�=U$� VSHFWUXP� RI� HOHPHQWV� REWDLQHG� DIWHU� ]LUFRQLXP� PHOWLQJ� LV� VKRZQ� LQ�)LJ����:H� REWDLQHG� WKLV� VSHFWUXP�E\� WUDQVIRUPDWLRQ� RI�PDVV� VSHFWUD� )LJ����5HDFWLRQV� RI� WZR� PDLQ� LVRWRSHV� ����=U �a����� SURFHHG� WR� GHFD\� VLGH� DQG�\LHOG�HOHPHQWV� IURP�VLOLFRQ� WR�VWURQWLXP��7KH�UHDFWLRQ�VSHFWUXP�RI�WZR�LVR�WRSHV� ����=U �a������ LV�PXFK�PRUH� UHDFK� DQG� LQFOXGHV� GHXWHULXP�� DQG� WKHQ�VSUHDGV�FRQWLQXRXVO\� IURP�FDUERQ� WR�SDOODGLXP��:H�FDQ�REWDLQ� IURP�GHXWH�ULXP� KHDYLHU� DQG� KHDYLHU� HOHPHQWV�� +RZHYHU�� WR� UHPRYH� DOO� GRXEWV� DERXW�OLJKW�JDV�SDUWLFLSDWLRQ�LQ�IXUWKHU�UHDFWLRQV��ZH�QRWH�WKDW�FDUERQ�DOVR�\LHOGV�DOO�HOHPHQWV� VKRZQ LQ� )LJ���� 7KHUH� DUH� VL[� UHDFWLRQV� ZLWK� FDUERQ� RXWSXW� IURP�WZR�DWRPV� ����=U ��ZKLFK�ZH�GR�QRW�TXRWH�KHUH�EHFDXVH�RI�WKHLU�REYLRXVQHVV��5HDFWLRQV� WKDW� UHVXOWV� LQ� KHDY\� HOHPHQWV� DUH� VXSSRVHG� WR� KDYH� WZR�PHFKD�QLVPV�� 7KH\� DUH� HLWKHU� D� VXFFHVVLYH� SURGXFWLRQ� RI� FDUERQ� DQG� RWKHU� OLJKW�HOHPHQWV��ZKLFK�KDYH�D�ELQGLQJ�HQHUJ\�SHU�QXFOHRQ�WKDW�LV�FORVH�WKDW�RI�FDU�ERQ�� DQG� WKHLU� IXUWKHU� SDUWLFLSDWLRQ� LQ� WKH� IRUPDWLRQ� RI� QHZ� HOHPHQWV� RU� D�SDUWLFLSDWLRQ�RI�D�JUHDWHU�TXDQWLW\�RI�]LUFRQLXP�DWRPV�LQ�WKH�UHDFWLRQ�VLPXO�
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Z Elements)LJ�� ��� (OHPHQW� FRPSRVLWLRQ� RI� ]LUFRQLXP� LQJRW�� )LOOHG� EDU� JUDSKV� VWDQG� IRU� DIWHU�HOHFWULF�H[SORVLRQ��XQILOOHG�EDU�JUDSKV�VWDQG�IRU�EHIRUH�HOHFWULF�H[SORVLRQ�



/RZ�(QHUJ\�7UDQVPXWDWLRQ�RI�$WRPLF�1XFOHL�RI�&KHPLFDO�(OHPHQWV ���
WDQHRXVO\�� 7KH� ODWWHU� GRHV� QRW� VHHP�REYLRXV�� DQG�ZH�TXRWH� KHUH� D� UHDFWLRQ�WKDW�JHQHUDWHV�SODWLQXP��DQ�HOHPHQW�WKDW�LV�KHDYLHU�WKDQ�/X��)LJ����

�� �� ����� �� ���� �� �� �� ����H=U 7L 3W H Fw<Q�o � � � �� �*HQHUDOO\�VSHDNLQJ��WKH�JHQHUDO�IRUPXOD�RI�WKLV�UHDFWLRQ
�� �� ����� �� ���� �� �� ��� �� ��� H/ =U / 7L 3W / H / 4Q�o � � � � � � �� �DW� ��/ ! KDV� D� SRVLWLYH� HQHUJ\�RXWSXW�4��'HVSLWH� WKH� DSSHDUDQFH�RI� SODWL�QXP�� WKH� FKDUJH� EDODQFH� RI� WKLV� UHDFWLRQ� LQGLFDWHV� D� SUHGRPLQDQFH� RI� OLJKW�HOHPHQWV�� /HW� XV� WHOO� IRU� LQIRUPDWLRQ� WKDW� DW� / ��� WKH� HQHUJ\�RXWSXW� RI� WKH�UHDFWLRQ�LV������0H9�3HUIRUPHG�FDOFXODWLRQV�VKRZ�WKDW�WKH�SURGXFWLRQ�RI�IRUHLJQ�HOHPHQWV�LQ�D�ORZ� HQHUJ\� WUDQVPXWDWLRQ� UHDFWLRQ� GRHV� QRW� FRQWUDGLFW� WR� HQHUJ\� FRQVHUYD�WLRQ� ODZ�� 0RUHRYHU�� VRPH� UHDFWLRQV� KDYH� VXFK� D� VLJQLILFDQW� HQHUJ\� RXWSXW�WKDW� WKH\� FRXOG� EH� D� EDVH� IRU� HQHUJ\� JHQHUDWLQJ� LQVWDOODWLRQV�� ,W� LV� VHOI�HYLGHQW��DW�D�PXFK�JUHDWHU�SRUWLRQ�RI�QXFOHL�WR�EH�WUDQVIRUPHG�DQG�DW�XQGHU�VWDQGLQJ�RI�SK\VLFDO�UHDVRQV�FDXVLQJ�WKH�ORZ�HQHUJ\�WUDQVPXWDWLRQ�

����'LVFXVVLRQ�RI�WKHRUHWLFDO�SURKLELWLRQV�RI�ORZ�HQHUJ\�WUDQVPXWDWLRQ$V�ZH�KDYH�DOUHDG\�PHQWLRQHG�DERYH��WUDQVPXWDWLRQV�DW�ORZ�HQHUJLHV�FDQ�QRW� EH� H[SODLQHG�ZLWKLQ�PRGHUQ�SK\VLFDO� FRQFHSWLRQV��7R�EH�PRUH�SUHFLVH��WKH�SRUWLRQ�RI�FKDQJLQJ�QXFOHL�PXVW�EH�VR�WLQ\�WKDW�LW�FDQQRW�EH�GHWHFWHG��:H�VHH�WKUHH�WKHRUHWLFDO�SURKLELWLRQV�IRU�WUDQVPXWDWLRQ�SKHQRPHQRQ��WKH�LPSRV�VLELOLW\�WR�SDVV�WKH�&RXORPE�EDUULHU��VPDOO��WR�WKH�OLPLW��SUREDELOLWLHV�RI�ZHDN�SURFHVVHV� DQG� VPDOO� SUREDELOLWLHV� RI� PXOWL�SDUWLFOH� FROOLVLRQV�� HYHQ� LI� WKH�&RXORPE� EDUULHU� LV� DEVHQW�� ,Q� RUGHU� WR� UHO\� RQ� QXPHULFDO YDOXHV� RI� WKHVH�VPDOO�SUREDELOLWLHV��ZH�TXRWH�WKHLU�HVWLPDWHG�YDOXHV�7KH�&RXORPE�EDUULHU�FDQ�EH�DFFRXQWHG�IRU�IURP�WKH�HYDOXDWLRQ�RI�QXFOHDU�UHDFWLRQ�FURVV�VHFWLRQ�DW�ORZ�HQHUJLHV�
�_ ��� _U &V V <� �

ZKHUH� �_ � � _& U< LV�D�VTXDUHG�&RXORPE�ZDYH�IXQFWLRQ�RI�WKH�UHODWLYH�PRWLRQ�RI�QXFOHL�GHWHUPLQLQJ� WKH�SUREDELOLW\�RI�SDVVLQJ� WKH�&RXORPE�EDUULHU��V� LV�QXFOHDU�UHDFWLRQ�FURVV�VHFWLRQ�DW�WKH�³VZLWFKHG�RII´�&RXORPE�EDUULHU��%HORZ�ZH� VKDOO� XVH� LWV� JHRJUDSKLFDO� VFDOH�HTXDO� WR�RQH�EDUQ� � ����� �kf ���7KHQ�� D�SUREDELOLW\� RI� QXFOHDU� UHDFWLRQ� SHU� WLPH� XQLW�� UHODWHG� WR� RQH� DWRP�� ZLOO� EH�GHWHUPLQHG�E\�D�VLPSOH�IRUPXOD�
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Q U: QYV| �ZKHUH�Q LV�DWRPLF�GHQVLW\�RI�PDWWHU��DQG�Y LV�D�UDWH�RI�QXFOHDU�FROOLVLRQV�DW�D�FHUWDLQ� HQHUJ\�(��7DNLQJ� LQWR�DFFRXQW� WKH�H[SUHVVLRQ� IRU� WKH�YDOXH�RI�&RX�ORPE� ZDYH� IXQFWLRQ� LQ� ]HUR� DW� VPDOO� HQHUJLHV� � � �_ ��� _ � �ND& H NDS S�<  �VHH��IRU�LQVWDQFH��>�@���ZKHUH�N LV�D�ZDYH�QXPEHU��FRUUHVSRQGLQJ�WR�QXFOHDU�FROOLVLRQV HQHUJ\��DQG�D LV�%RKU�UDGLXV�IRU�&RXORPE�SDUDPHWHUV�RI�FROOLGLQJ�QXFOHL�� ZH� FDQ� REWDLQ� DQ� HYDOXDWLRQ� RI� SUREDELOLW\� RI� WLWDQLXP� QXFOHL� UHDF�WLRQV�SHU�RQH�VHFRQG�

�� ������ ���� �� (Q: H�| � �+HUH��WKH�HQHUJ\�(�VKRXOG�EH�VXEVWLWXWHG�LQ�H9�XQLWV��,�H��D�SUREDELOLW\�RI�QXFOHDU� UHDFWLRQ�DW� D� W\SLFDO� HQHUJ\�RI�RQH�HOHFWURQ�YROW� LV�GHWHUPLQHG�E\�D�GHFLPDO� GHJUHH�a �������7KXV�� QR� QXFOHDU� UHDFWLRQ�ZLWK� WLWDQLXP�ZLOO� WDNH�SODFH�GXULQJ�WKH�OLIHWLPH�RI�WKH�8QLYHUVH�DW�WKHVH�HQHUJLHV��,Q�RUGHU�WR�DYRLG�K\SRWKHVLV�RQ�FXPXODWLYH�SURFHVVHV��OHW�XV�QRWH�WKDW�HYHQ�LI�WKH�QXFOHL�KDG�DQ�HQHUJ\�RI�WKH�YROWDJH�DSSOLHG�WR�HOHFWURGHV�RI���NH9��WKHQ�LQ�WKLV�FDVH�D�SUR�EDELOLW\� ZRXOG� EH� GHWHUPLQHG� E\� D� GHFLPDO� RUGHU�a���� DQG� ZRXOG� EH�� DV�EHIRUH�� LQFUHGLEOH� LQ� WKH� 8QLYHUVH�� 2QH� FDQ� VD\� WKDW� WKH� &RXORPE� EDUULHU�IRUELGV�SUDFWLFDOO\�DEVROXWHO\�UHDFWLRQV�REVHUYHG�LQ�WKH�H[SHULPHQW�/HW�XV�QRZ�GLVFXVV�WKH�PDJQLWXGH�RI�YHORFLWLHV�RI�ZHDN�WUDQVLWLRQV��,Q�RU�GHU� WR� DYRLG� WKH� FRPSOH[LW\� RI�PRGHO�SUHVHQWDWLRQV��ZH� VKDOO�SURFHHG� IURP�GLPHQVLRQV� FRQVLGHUDWLRQV� DQG� H[SHULPHQWDO� YDOXHV� RI� OLIHWLPHV� RI� UDGLRDF�WLYH�QXFOHL�WKDW�FDSWXUH�DQ�HOHFWURQ��6XFK�QXFOHL�FDQ�OLYH�IRU�\HDUV��+RZHYHU��WKHUH�H[LVW�VXFK�UDGLRDFWLYH�QXFOHL��ZKLFK�OLIHWLPH�LV�GHWHUPLQHG�E\�PLQXWHV��)RU� H[DPSOH�� WKH� QXFOHXV� RI� WXQJVWHQ� �����: FDSWXUHV� DQ� HOHFWURQ� LQ� WKH�FRXUVH�RI������PLQXWHV��)RU�HYDOXDWLRQ�� OHW�XV�WDNH�DQ�RYHUVWDWHG�YHORFLW\�RI�HOHFWURQ�FDSWXUH�E\�D�QXFOHXV�± RQH�WUDQVLWLRQ�SHU�VHFRQG��'LPHQVLRQDO�FRQ�VLGHUDWLRQV� DOORZ� WR� ZULWH� GRZQ� DQ� H[SUHVVLRQ� IRU� WKH� YHORFLWLHV� RI� ZHDN�WUDQVLWLRQV�LQ�WKH�IRUP�
Z: a ( D'! �

ZKHUH�'(� LV�HQHUJ\�UHOHDVHG�DW�ZHDN� LQWHUDFWLRQ��DQG�TXDQWLW\�D LV�GLPHQ�VLRQOHVV�FRQVWDQW��'RXEOH�DQG� WULSOH�EHWD� WUDQVLWLRQV�ZLOO�EH�GHWHUPLQHG� MXVW�E\� WKH�GHJUHH�� L�H�� �D DQG� �D ��FRUUHVSRQGLQJO\��/HW�XV�HYDOXDWH� WKLV�TXDQ�WLW\��)RU� � �Z: k_d DQG� �( Fw<'  ��ZH�REWDLQ�D a ����� 7KH�W\SLFDO�WLPH�RI�GXUDWLRQ�RI�FXUUHQW�IORZ�DW�HOHFWULF�H[SORVLRQ�LV����PV��,W�PHDQV�WKDW�HYHQ�
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DW�VXFK�RYHUVWDWHG�YHORFLWLHV�RI�ZHDN�WUDQVLWLRQV��ZH�ZRXOG�QRW�REWDLQ�PRUH�WKDQ� WKRXVDQGWK�SHUFHQW�RI� WUDQVIRUPHG�QXFOHL��,I�ZH�WDNH�LQWR�DFFRXQW� WKDW��DV� D� UXOH�� WZR�ZHDN� WUDQVLWLRQV�SHU�QXFOHXV�RFFXU� LQ�JLYHQ� IRUPXODV�� WKHQ�D�YHORFLW\� RI� GRXEOH� ZHDN� WUDQVLWLRQV� ZLOO� EH�a ���� � VHF� �� D� TXDQWLW\��ZKLFK�GHWHUPLQHV� RQH� GRXEOH� WUDQVLWLRQ� SHU� KXQGUHG� PROHV� RI� VXEVWDQFH� GXULQJ�H[SHULPHQW�WLPH�7KH�ODVW�SUREDELOLW\�SURKLELWLRQ�LV�NLQHPDWLFV�� LW� LV�GHWHUPLQHG�E\�GLPHQ�VLRQV�RI�QXFOHL��ZKLFK�DUH�WRR�VPDOO�HYHQ�IRU�WKUHH�SDUWLFOH�FROOLVLRQV��5HDOO\��D�SUREDELOLW\�RI�D�SDUWLFOH�SDLU�WR�JHW�LQWR�WKH�YROXPH�9��RFFXSLHG�E\�D�WKUHH�SDUWLFOH�� LV� � �7RW9 9 �� ZKHUH� 7RW9 LV� D� IXOO� YROXPH� RFFXSLHG� E\�1 SDUWLFOHV��7KH� TXDQWLW\� RI� GRXEOH� FRPELQDWLRQV� IURP� 1 SDUWLFOHV� ZLOO� EH� HTXDO� WR�� � �1 �� 7KXV�� YROXPH� 9� DOZD\V� FRQWDLQV� � � �9 Q WKUHH�SLHFH� VHWV� RI� SDU�WLFOHV�� )RU� YHORFLW\� HYDOXDWLRQ� RI� SUREDELOLW\� RI� WKUHH�SDUWLFOH� FROOLVLRQ�IRUPDWLRQ��WKH�ODVW�TXDQWLW\�VKRXOG�EH�GLYLGHG�RYHU�WKH�WLPH�RI�W\SLFDO�VWD\�LQ�WKLV�YROXPH�

.: a � � � �9 Q W �:H� KDYH� WZR� OHQJWK� SDUDPHWHUV�� 5�� GHWHUPLQLQJ� WKH� YROXPH� 9� DQG� D�PHDQ� GLVWDQFH� EHWZHHQ� SDUWLFOHV� �� �Q� �� WKDW� LV� ZK\� WKH� W\SLFDO� WLPH� W LV�GHWHUPLQHG�E\�DQ� LQWHUYDO� IURP� �� � �Q Y� WR� �5 Y ��/HW�XV� WDNH�DQ�RYHUVWDWHG�YHORFLW\� RI� IRUPDWLRQ� RI� WKUHH�SDUWLFOH� FROOLVLRQ� IRUPDWLRQ� DFFRUGLQJ� WR� WKH�VKRUWHVW� WLPH� �5 YW  �� (YDOXDWLQJ� WKH� VL]H� RI� QXFOHXV�5 DV� ���� FP� �� WKH�PRWLRQ�HQHUJ\�RI� WLWDQLXP�QXFOHL�DV���H9�DQG�WDNLQJ�WKH�GHQVLW\�RI�PHWDOOLF�WLWDQLXP�� ZH� UHFHLYH� .: a ���� � VHF� �� 7KXV�� D� SUREDELOLW\� RI� WKUHH�SDUWLFOH�FROOLVLRQV��UHODWHG�WR�RQH�DWRP��ZLOO�KDYH�D�VFDOH�a ����� GXULQJ�WKH�WLPH�RI�H[SHULPHQW��ZKLOH�WKH�REVHUYHG�YDOXH�LV�a������,�H��WKUHH�SDUWLFOH��DQG�PRUH��FROOLVLRQV�DUH�FOHDUO\�QRW�VXIILFLHQW�IRU�WKH�SURGXFWLRQ�RI�WKH�REVHUYHG�TXDQ�WLW\�RI�HOHPHQWV��7KH� FRQVLGHUHG� SUREDELOLW\� SURKLELWLRQV� IRU� QXFOHDU� WUDQVPXWDWLRQ� DW� WKH�HQHUJ\� VFDOH� RI� �� H9�FDQQRW�EH�RYHUSDVVHG�ZLWKLQ� WUDGLWLRQDO�SK\VLFDO� FRQ�FHSWLRQV�� ,W� HVSHFLDOO\� FRQFHUQV� WKH� NLQHWLF� SURKLELWLRQ�� ZKLFK� FDQQRW� EH�RYHUSDVVHG�HYHQ�E\� LQWURGXFWLRQ�RI�K\SRWKHWLF�SDUWLFOHV��ZKLFK�DUH�LQWHUPH�GLDULHV� WR�EULQJ�WKH�QXFOHL�FORVHU� WR�HDFK�RWKHU��+RZHYHU��H[SHULPHQWDO�GDWD�VKRZ� WKH� H[LVWHQFH�RI� WUDQVPXWDWLRQ��$V�NLQHWLF� SURKLELWLRQ� LV� EDVHG�RQ�GL�PHQVLRQV�RI�D�QXFOHXV��OHW�XV�HYDOXDWH��ZKDW�VKRXOG�EH�WKH�VL]H�RI�LQWHUDFWLRQ�DUHD�5�� VXIILFLHQW� WR� REWDLQ� RQH�SHUFHQW� RI� WUDQVPXWHG�QXFOHL� GXULQJ����PV��6LPSOH� FDOFXODWLRQV� \LHOG� D� VXUSULVLQJ� YDOXH�a ��� FP� �� ,I�ZH� WDNH�PD[LPDO�
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WLPH� ��� �Q YW � �� ZH� REWDLQ� 5 a ��� FP� �� ,�H�� ERWK� HYDOXDWLRQV� JLYH� D� VL]H�FORVH�WR�WKH�VL]H�RI�DQ�DWRP��/HW�XV�QRWH�WKDW�LI�D�QXPEHU�RI�SDUWLFOHV�SDUWLFL�SDWLQJ� LQ� WKH� UHDFWLRQ� LQFUHDVHV�� WKHQ� WKH� TXLFNO\� DWWDLQDEOH� OLPLW� 5a �� �Q�GRHV�QRW�GHSHQG�RQ�UHDFWLRQ�YHORFLWLHV�FKRVHQ�RU�RQ�W\SLFDO�FROOLVLRQ�WLPHV��/HW�XV�QRWH�WKDW��DW�VXFK�GLPHQVLRQV�RI�LQWHUDFWLRQ�DUHD��QRW�RQO\�UHPRYHG�DUH�SURKLELWLRQV�LPSRVHG�E\�WKH &RXORPE�EDUULHU��WKH�&RXORPE�EDUULHU�LW�VHOI�MXVW�GLVDSSHDUV��EXW�ZHDN�LQWHUDFWLRQ�LV�VXEVWDQWLDOO\�DFFHOHUDWHV��7KLV�WDNHV�SODFH�EHFDXVH� WKH� TXDQWLW\� D FRQWDLQV� D� PXOWLSOLHU� HTXDO� WR� YROXPH� UDWLR� RI� D��QXFOHXV�DQG�DQ�DWRP��,I�ZH�VXEVWLWXWH�WKH�TXDQWLW\� � �����5D � LQ�WKH�H[SUHVVLRQ�IRU�GRXEOH�EHWD�SURFHVV�LQVWHDG�RI�D DQG�VHW�WLPH�RI����PV�DQG�SUREDELOLW\�RI�������ZH�FDQ�GHILQH�WKH�TXDQWLW\�5��,W�DOVR�SURYHV�WR�EH�HTXDO�WR�WKH�VL]H�RI�DQ�DWRP� 5 a ��� FP� �� 7KHUHIRUH�� ZH� FDQ� RYHUSDVV� DOO� DERYH� SURKLELWLRQV� IRU�QXFOHL�� ZKLFK� VL]H� LV� HTXDO� WR� WKDW� RI� DQ� DWRP��:H� FDQQRW� LQGLFDWH�PHFKD�QLVPV� FDXVLQJ� VXFK� ELJ� GLPHQVLRQV� RI� DWRPLF� QXFOHL� LQ� FRQGLWLRQV� RI� DQ�H[SHULPHQW��:H�MXVW�VWDWH�WKH�RQO\� WR�RXU�PLQG��SRVVLELOLW\�RI�WUDQVPXWDWLRQ��$V� D� K\SRWKHVLV��ZH� FDQ� H[SUHVV� DQ� RSLQLRQ� RQ� WKH� FKDQJH� RI� IXQGDPHQWDO�SK\VLFDO� FRQVWDQWV� XQGHU� FRQGLWLRQV� RI� D� SK\VLFDO� H[SHULPHQW� RQ� HOHPHQW�WUDQVPXWDWLRQ�

&RQFOXVLRQ�,I� \RX� FRPSDUH� HOHFWULF� H[SORVLRQ� H[SHULPHQWV� ZLWK� ]LUFRQLXP� PHOWLQJ�DQG� XOWUDVRQLF� DFWLYDWLRQ� H[SHULPHQWV� �86$��� DWWHQWLRQ� VKRXOG� EH� GUDZQ� WR�WKH�WLPH�GLIIHUHQFH�RI�WKH�ORZ�HQHUJ\�WUDQVPXWDWLRQ�SURFHVV�LQ�WKHVH�WHVWV��,I��LQ� WKH�ILUVW�FDVH�� WKH�SURFHVV�WDNHV�WHQV�PLFURVHFRQGV��LQ�RWKHU�FDVHV�LW�WDNHV�WHQV� PLQXWHV� DQG� HYHQ� VRPH� GD\V�� 7KRXJK� ZH� NQRZ� QHLWKHU� ZKDW� WLPH� LV�QHFHVVDU\� IRU� WKH� WUDQVPXWDWLRQ� SURFHVV� WR� WDNH� SODFH�� QRU� ZKDW� WLPH� WKH�FRQGLWLRQV� IRU� WKLV� UHDFWLRQ� WR�EH� LQLWLDWHG�DUH�DYDLODEOH�LQ�WKH�PHGLXP��LW� LV�SODXVLEOH� WR� DVVXPH� WKDW� WUDQVPXWDWLRQ� UHDFWLRQ� GHQVLW\� SHU�PHGLXP�XQLW� LV�PXFK�JUHDWHU� DW� ]LUFRQLXP�PHOWLQJ�DQG�XOWUDVRQLF�DFWLYDWLRQ� WKDQ�DW�HOHFWULF�H[SORVLRQ��'XH� WR� WKH� DERYH��ZH� FDQ� DVVXPH� WKDW� WUDQVPXWDWLRQ� UHDFWLRQ� DW�HOHFWULF� H[SORVLRQ� SURFHHGV�� WR� D� VXEVWDQWLDO� GHJUHH�� XQGHU� SDUWLFLSDWLRQ� RI�LQLWLDO� PDWHULDO� RQO\�� ZKLOH� VHFRQGDU\� HOHPHQWV�� UHSUHVHQWLQJ� SURGXFWV� RI�SUHYLRXV� WUDQVPXWDWLRQV�� FDQ� EH� LQYROYHG� LQ� WKH� UHDFWLRQ� DW� ]LUFRQLXP�PHO�WLQJ� DQG� XOWUDVRQLF� DFWLYDWLRQ�� 7KLV� FDQ� KDYH� D� UDGLFDO� LPSDFW� RQ� WKH� VSHF�WUXP� RI� ILQDO� SURGXFWV� LQ� WKH� ORZ� HQHUJ\� HOHPHQW� WUDQVPXWDWLRQ� UHDFWLRQ��0RVW�SUREDEO\�� WKLV�H[SODLQV�DQ� LUUHJXODULW\�RI�DSSHDUDQFH�RI�HOHPHQWV�ZLWK�=!���DW�HOHFWULF�H[SORVLRQ��)LJ�����������DQG�DQ�DSSHDUDQFH�RI�D�EURDG�VSHF�WUXP�RI� FKHPLFDO� HOHPHQWV� �)LJ���� DW� ]LUFRQLXP�HOHFWURQ� EHDP�PHOWLQJ� DQG�XOWUDVRQLF�DFWLYDWLRQ��)LJ��G��
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7KH� DERYH� H[SHULPHQWDO� GDWD� RQ� WUDQVPXWDWLRQ� SURFHVVHV� RI� FKHPLFDO�HOHPHQWV�� GHVSLWH� DOO� WKHLU� IUDJPHQWDULQHVV�� KDYH� D� UHJXODULW\� FRPPRQ� IRU�YDULRXV� H[SHULPHQWV��0RUHRYHU�� D� VLPSOH� FDOFXODWLRQ� RI� HQHUJ\� EDODQFH� UH�YHDOV�SRVVLEOH�SDUWLFLSDQWV�RI�QXFOHDU�UHDFWLRQV��,Q�SDUWLFXODU��WKUHH�DQG�PRUH�DWRPV� VKRXOG� EH� DWWUDFWHG� LQWR� WKH� LQSXW� FKDQQHO� WR� H[SODLQ� DOO� HOHPHQWV��ZKLFK�DUH�REVHUYHG��7KLV�QHFHVVDULO\�UHTXLUHV�WR�H[WHQG�WKH�UHDFWLRQ�VSKHUHV�XS�WR�DWRPLF�DQG�JUHDWHU�GLPHQVLRQV��7KH�QDWXUH�RI�DSSHDUDQFH�RI�VXFK�FRQ�GLWLRQV� LV�XQNQRZQ��/HW�XV QRWH� WKDW� WKH�FRUUHFWQHVV�RI� WKH�EDODQFH� WKDW�KDV�EHHQ� FRQVLGHUHG� ZKHQ� WKH� OHSWRQ� QXPEHU� LV� FRQVHUYHG� FDQ� EH� FKHFNHG� E\�PHDQV�RI�UHJLVWUDWLRQ�RI�QHXWULQR��DQWLQHXWULQR��EXUVW�7KH�DXWKRUV�ZLVK�WR�H[SUHVV�WKHLU�DSSUHFLDWLRQ�WR�/�,�8UXWVNRHY��IRU�JUDQ�WLQJ� D� SRVVLELOLW\� WR� UXQ� FKHFN� H[SHULPHQWV�� WR� 9�0�'XERYLN� IRU� LQLWLDWLQJ�GLVFXVVLRQV��DQG�9�9�3DYOHQNR�IRU�LQIRUPDWLRQDO�VXSSRUW�
$SSHQGL[,Q�YLHZ�RI�H[WUDRUGLQDU\�UHVXOWV�RI�WKH�SUHVHQW�SDSHU��ZH�KDYH�FRQVLGHUHG�LW�QHFHVVDU\� WR�SUHSDUH�FRPPHQWV�RQ�HDFK�FKHFN�H[SHULPHQW��UHSUHVHQWHG�LQ�7DEOHV��DQG�WR�UHSUHVHQW��IRU�REYLRXVQHVV��WKH�FRQWHQW�RI�VRPH�7DEOHV�DV�EDU�FKDUWV�'DWD�RQ�PDVV� VSHFWURPHWULF�PHDVXUHPHQWV�DUH�JLYHQ� LQ�7DEOHV��±���GDWD�RQ�[�UD\�IOXRUHVFHQFH�DQDO\VLV�DUH�GHPRQVWUDWHG�LQ�7DEOHV��±���DQG�GDWD�RQ�DFWLYDWLRQ� DQDO\VLV� DUH� VKRZQ� LQ� 7DEOH� ���'DWD� RQ� VDPSOH� ���� DUH� EURXJKW�WRJHWKHU� LQ�7DEOH�����$GPL[WXUH�FRPSRVLWLRQV��FRQWDLQHG� LQ�ZDWHU��JO\FHULQ�DQG� SRO\HWK\OHQH� DUH� JLYHQ� LQ� 7DEOHV� ������� (OHPHQWV� WKDW� DSSHDUHG� DIWHU�HOHFWULF�H[SORVLRQ��EXW�QRW�UHJLVWHUHG�LQ�LQLWLDO�PDWHULDOV��IRLOV��WLWDQLXP�HOHF�WURGH��� DV�ZHOO� DV�HOHPHQWV��ZKLFK�FRQWHQW� LQ� WKH�DVVD\V� LQFUHDVHG��DUH�EROG�W\SHG� LQ�7DEOHV��$V� WKLV� WDNHV� SODFH�� D� VWDWLVWLFDO� UHTXLUHPHQW�RQ�H[FHHGLQJ�WZR�VWDQGDUG�HUURUV�LV�PHW��0DUNHG�ZLWK�FLUFOHV�DUH�HOHPHQWV��ZKLFK�ZHUH�QRW�UHJLVWHUHG� LQ� DVVD\V�� EXW� KDG� EHHQ� UHJLVWHUHG� LQ� LQLWLDO�PDWHULDOV�� (OHPHQWV��ZKLFK� FRQWHQW� LQ� DVVD\V� GHFUHDVHG�� DUH� XQGHUOLQHG��$� V\PERO� OHVV�RU� HTXDO��d��LQ�7DEOHV�LQGLFDWHV��LQ�FDVHV�RI�[�UD\�IOXRUHVFHQFH�DQDO\VLV��DV�ZHOO�DV�LQ�WKRVH�RI�JDPPD�DQG�QHXWURQ�DFWLYDWLRQ�DQDO\VLV��D�WHFKQLTXH�VHQVLWLYLW\�OLPLW�IRU�D�JLYHQ�HOHPHQW�,Q�FDVH�RI�PDVV�VSHFWURPHWULF�DQDO\VLV�WKH�V\PERO�OHVV�����PHDQV�WKDW�WKLV�HOHPHQW�ZLWK�DOO�LWV�LVRWRSHV�ZDV�UHJLVWHUHG�DW�D�JLYHQ�OHYHO�RI�VHQVLWLYLW\��EXW�WKH�VWDWLVWLFDO�UHTXLUHPHQW�RQ�H[FHHGLQJ�WZR�VWDQGDUG�HUURUV�LV�QRW�PHW�IRU�DQ�LVRWRSH�ZLWK� WKH� ORZHVW�SHUFHQWDJH��$W�WKDW�� WKH�PDLQ�HOHPHQW�LV�GHWHUPLQHG�UHOLDEO\��'XH� WR� WKLV��ZH�FRQVLGHU� WKH�DSSHDUDQFH�RI�VXFK�HOHPHQWV� LQ�H[SH�ULPHQW�DV�UHOLDEOH�DQG�PDUN�WKHP�RQ�EDU�FKDUWV�ZLWK�VHSDUDWH�VTXDUHV�
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0DQ\�PDVV� VSHFWUD� LQGLFDWH� WKH� DYDLODELOLW\� RI� JROG� LQ� WKH� DVVD\V��+RZ�HYHU��QHXWURQ�DFWLYDWLRQ�DQDO\VLV�ZLWK�D�JRRG�VHQVLWLYLW\�OHYHO��d ���Â������KDV�QRW� UHYHDOHG� WKLV� HOHPHQW� LQ� DQ\� DVVD\V��2XU� DWWHQWLRQ� LV� GUDZQ� WR� WKH� IDFW�WKDW� WKH� DSSHDUDQFH� RI� PDVV� ���� LQ� VSHFWUD� IDLUO\� ZHOO� FRLQFLGHV� ZLWK� WKH�SUHVHQFH�RI�WDQWDOXP�LQ�DVVD\V��7KDW�LV�ZK\�ZH�FRQVLGHU�WDQWDOXP�R[LGH�WR�EH�UHVSRQVLEOH�IRU�WKH�DSSHDUDQFH�RI�PDVV�����LQ�VSHFWUD�,Q�WKH�H[SHULPHQW�1R������WDQWDOXP�ZDV�XVHG�DV�D�ORDG��DQG�ZDWHU�VHUYHG�DV�PHGLXP��7KH�UHVXOWV�RI�06�DQDO\VLV�RI�VDPSOHV���������������)LJ��F��DUH�JLYHQ�LQ�7DEOH��E��)XUWKHU��LQ�DOO�ILJXUHV��ILOOHG�EDU�JUDSKV�VWDQG�IRU�WKH�VWDWH�DIWHU�HOHFWULF�H[SORVLRQ��HIIHFW���XQILOOHG�EDU�JUDSK�VWDQG�IRU�WKH�VWDWH�EHIRUH�HOHFWULF� H[SORVLRQ� �EDFNJURXQG��� )LOOHG� DQG�XQILOOHG� VTXDUHV� VKRZ� WKH� OHYHO�RI�VHQVLWLYLW\�IRU�HIIHFW�DQG�EDFNJURXQG��FRUUHVSRQGLQJO\��7KH�DVVD\�FRPSR�VLWLRQ� VKRXOG�EH�FRPSDUHG�ZLWK�FRPSRVLWLRQ�RI�7D��ZKLFK� LV� UHSUHVHQWHG� LQ�7DEOH���DQG����,W�LV�VHHQ�WKDW�HOHPHQWV�1D��$O��.��&D��1L�KDYH�DSSHDUHG��7KH�FRQWHQW� RI�1D� LV� HVSHFLDOO\� JUHDW� LQ� WKHVH� DVVD\V�� ����DQG������� ,W� FDQ�EH�VHHQ� WKDW� WKH� DVVD\� DOVR� FRQWDLQV�7L�� ,WV� SUHVHQFH� LV� OLNHO\� WR� KDYH� D� WULYLDO�H[SODQDWLRQ��$�VXEVWDQWLDO�HQHUJ\�UHOHDVH�DW�FRQWDFWV�RI�IRLO�DQG�FHQWUDO�HOHF�WURGH�FDQ�EH�UHOHDVHG�DW�HOHFWULF�H[SORVLRQ��RZLQJ�WR�WKLV�D�PDWWHU�IURP�WLWD�QLXP�HOHFWURGH�FDQ�JHW� LQWR�VROXWLRQ��DUFLQJ��EUDNLQJ�XS�RI�D�VXEVWDQFH��� ,Q�WKLV�FDVH�� WKH�FRQWHQW�RI�FHQWUDO�HOHFWURGH�VXEVWDQFH�LQ�DQ�DVVD\�FDQ�DPRXQW�WR� GR]HQV� RI� SHUFHQW�� 1DWXUDOO\�� DOO� DGPL[WXUHV� SUHVHQW� LQ� WLWDQLXP� FDQ� JHW�LQWR�OLTXLG�GLHOHFWULF�PHGLXP��,W�VKRXOG�EH�QRWHG�KHUH�WKDW�WKRXJK�)H�DQG�0QDUH�SUHVHQW�LQ�WDQWDOXP�IRLO�DQG�LQ�WLWDQLXP�HOHFWURGH��7DEOHV���DQG�����WKHLU�FRQFHQWUDWLRQ��KRZHYHU��KDV�LQFUHDVHG�VXEVWDQWLDOO\��,W� LV�HVSHFLDOO\�VHHQ�IRU�0Q�� ,W� FDQQRW� EH� H[SODLQHG�E\� WULYLDO� UHDVRQV��$V�ZH� VKDOO� VHH� LQ�ZKDW� IRO�ORZV�� WKLV� LV�D� UHJXODU HIIHFW��7KHVH�DVVD\V�ZHUH�DOVR� LQYHVWLJDWHG�E\�PHDQV�RI�;)$��7DEOH�����1L��DV�ZHOO�DV�0R�DQG�3E�DUH�UHYHDOHG�LQ�WKHVH�DVVD\V�E\�;)$�� WKRXJK� LQ� VPDOOHU� TXDQWLWLHV�� 7LWDQLXP� LVRWRSH� FRPSRVLWLRQ� LQ� WKH�DVVD\�LV�JLYHQ�LQ�7DEOH��D��,W�FDQ�EH�VHHQ�WKDW�WLWDQLXP LVRWRSH�UDWLR�FKDQJHG�DQG�EHFDPH�GLIIHUHQW�IURP�WKH�QDWXUDO�LVRWRSH�UDWLR����7L�����7L�����7L�����7L�����7L� �������������������������������>�@�,Q�WKH�H[SHULPHQW�1R������WLWDQLXP�ZDV�XVHG�DV�D�ORDG��DQG�ZDWHU�VHUYHG�DV�PHGLXP��'DWD�RQ� WKH�DVVD\V�������DQG�������VKRZ�DQ�LQFUHDVHG�FRQWHQW�RI�1D��6L��$J� 6Q��6E��%D��7D��DSSHDUDQFH�RI�.��&D��DQG�D�GHFUHDVHG�FRQWHQW�RI�1L��7DEOH��E���7KH�FRQWHQW�RI�1L�LQ�LQLWLDO�WLWDQLXP�IRLO�IRUPHG��������LQ�WKH�DVVD\�������± �������DQG�QR�QLFNHO�ZDV� IRXQG� LQ� WKH�DVVD\������� 7KH�;)$��7DEOH����DQG�06�DQDO\VLV��7DEOH��E��VKRZ�D�SLFWXUH��ZKLFK�LV�VRPH�ZKDW�GLIIHUHQW��7KH�DSSHDUDQFH�RI�1L�LQ�DVVD\V�DQG�YDULDWLRQV�RI�LWV�TXDQWLW\�FDQ�EH�H[SODLQHG�E\�WKH�LQJUHVV�RI�WLWDQLXP�HOHFWURGH�LQ�WKH�DVVD\��7KLV�FDQ�QRW�EH�VDLG�DERXW�0Q��ZKLFK SUHVHQFH�LQ�WKH�DVVD\�GRHV�VXEVWDQWLDOO\�H[FHHGV�
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WKH� FRQWHQW� RI� 0Q� LQ� IRLO� DQG� WLWDQLXP� HOHFWURGH�� =LUFRQLXP� DQG� QLRELXP��7DEOH� ��� DUH� IRXQG� LQ� IRLO��EXW�QRW� LQ� WKH�DVVD\V��7KH�;)$��7DEOH���� FRQ�ILUPHG� WKH� DSSHDUDQFH�RI�6Q��6E� LQ� DVVD\V� DQG� VKRZHG� D�SUHVHQFH�RI�RWKHU�IRUHLJQ�HOHPHQWV��VXFK�DV�,Q��3E��7KH�DSSHDUDQFH�RI�6E�DQG�FRQWHQW�LQFUHDVH�RI�1D��0Q�LV�FRQILUPHG�E\�DFWLYDWLRQ�DQDO\VLV��7DEOH�����7KH�JDPPD�DFWLYD�WLRQ�DQDO\VLV�VKRZHG�D�SUHVHQFH�RI�FKORULQH�LQ�WKH�DVVD\V�$� FRPSOLFDWHG� HOHFWURGH�� ZLWK� LURQ� IRLO� SODFHG� EHWZHHQ� WDQWDOXP� IRLOV��ZDV�XVHG�DV�ORDG�LQ�WKH�H[SHULPHQW�1R�������2QH�SHUFHQW�K\GURJHQ�SHUR[LGH�ZDWHU� VROXWLRQ� �+�2��� VHUYHG� DV�PHGLXP��7KH�GDWD� RQ� WKLV� DVVD\�DUH� UHSUH�VHQWHG� LQ�7DEOHV��D�DQG����$Q�06�DQDO\VLV�RI� LURQ�IRLO�ZDV�QRW�FDUULHG�RXW�DQG�GDWD�RQ�LWV�FRPSRVLWLRQ�DUH�WDNHQ�IURP�WKH�;)$��'HYLDWLRQV�LQ�WKH�FRQ�WHQW�RI�VXFK�HOHPHQWV�DV�&X��1E�ZHUH�IRXQG�LQ�WKH�DVVD\V�E\�06$�WHFKQLTXH��7KH� [�UD\� IOXRUHVFHQFH� DQDO\VLV� VKRZHG� D� SUHVHQFH� RI� DQWLPRQ\� LQ� DVVD\V��0RUHRYHU��WKH�DVVD\V�DIWHU�HOHFWULF H[SORVLRQ�UHYHDOHG�D�VXEVWDQWLDO�FKDQJH�LQ�WKH�UDWLR�RI�QLFNHO��LURQ�DQG�PDQJDQHVH��7DE�����$� FRPSOLFDWHG� HOHFWURGH�� ZLWK� OHDG� IRLO� SODFHG� EHWZHHQ� WDQWDOXP� IRLOV��ZDV�XVHG�DV�ORDG�LQ�WKH�H[SHULPHQW�1R������2QH�SHUFHQW�K\GURJHQ�SHUR[LGH�ZDWHU�VROXWLRQ��+�2���VHUYHG�DV�PHGLXP��7KH�UHVXOWV�DUH�JLYHQ�LQ�7DEOHV��D��)LJ���F��� �� �)LJ���D�� DQG� ��� 0DVV� VSHFWURPHWULF� DQDO\VLV� VKRZHG� DQ� LQ�FUHDVHG�FRQWHQW�RI�1D��6L��.��&D��)H��1L��&X� LQ� WKH�DVVD\V��DQG�SKRVSKRUXV�ZDV�IRXQG�LQ�WKH�DVVD\�1R��������+HUH��D�VXEVWDQWLDO�VKLIW�LQ�WKH�LVRWRSH�UDWLR�IRU� ��7L� XS� WR� ���r���� VKRXOG� EH�PHQWLRQHG�� ,W� VKRXOG� EH� VWUHVVHG� WKDW� 7L�FRXOG�DSSHDU�LQ�WKH�DVVD\�DV�D�UHVXOW�RI�WKH�LQJUHVV�RI�WLWDQLXP�HOHFWURGH�LQWR�VXEVWDQFH� VROXWLRQ��7KH�;)$�FRQILUPHG�DQ� LQFUHDVHG�FRQWHQW�RI�1L�DQG� UH�YHDOHG� DQ� LQFUHDVH� RI� 0Q�� 6E� LQ� WKH� DVVD\� �7DEOH� ���� $FWLYDWLRQ� DQDO\VLV�VKRZHG� D� SUHVHQFH�RI� FKORULQH� DQG� DQ� LQFUHDVH� RI�1D��0Q��6E� LQ� WKH�DVVD\�1R��������7DEOH����1LFNHO�ZDV�XVHG� DV� ORDG� LQ� H[SHULPHQW�1R�����DQG�ZDWHU� VHUYHG�DV�PH�GLXP��7KH�GDWD�RQ� WKLV� H[SHULPHQW�DUH� VKRZQ� LQ�7DEOHV��E��)LJ��D��DQG�����)LJ���E��� 7KH�06�DQDO\VLV� VKRZHG� DQ� LQFUHDVHG� FRQWHQW� RI� DGPL[WXUH� HOH�PHQWV�LQ�WKH�DVVD\��1D��6L��.��&D DQG�DSSHDUDQFH�RI�QHZ�± IRUHLJQ�HOHPHQWV��=U��1E�DQG�$J��0RUHRYHU��WKH�06�DQDO\VLV�VKRZHG�D�SUHVHQFH�RI 6Q��6E��%D�DQG�7D�LQ�WKLV�DVVD\��WKH�SUHVHQFH�RI�WKHVH�HOHPHQWV�LQ�WKH�DVVD\�H[FHHGV��E\�WZR�RUGHUV�RI�PDJQLWXGH��WKHLU�SUHVHQFH�LQ�IRLO�DQG�FHQWUDO�HOHFWURGH�VDPSOHV��7KH�DSSHDUDQFH�RI�$J�DQG�6E�ZDV�QRWHG�LQ�DOO�NLQGV�RI�DQDO\VLV��7DEOH������)XUWKHUPRUH�� WKH�;)$�DQDO\VLV�VKRZHG�WKH�SUHVHQFH�RI�<��=U�DQG�3E�LQ�WKH�DVVD\�7LWDQLXP�ZDV� XVHG� DV� ORDG� LQ� WKH� H[SHULPHQW�1R�� ����� DQG� RQH�SHUFHQW�K\GURJHQ� SHUR[LGH� ZDWHU� VROXWLRQ�� ZKLFK� ZDV� SUHYLRXVO\� VDWXUDWHG� ZLWK�K\GURJHQ�DQG�KHOLXP��VHUYHG�DV�PHGLXP��7KH�GDWD�DUH�FROOHFWHG�LQ�7DEOHV��E�
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�)LJ��E��DQG����7KH�06�DQDO\VLV�VKRZHG�DQ� LQFUHDVHG�FRQWHQW�RI�DGPL[WXUH�HOHPHQWV $O��6L��.��&D��0Q��1L DQG�DSSHDUDQFH�RI�IRUHLJQ�HOHPHQWV�7D�DQG�3E� LQ� WKH�DVVD\��:H�KDYH� WR�QRWH� WKDW 7D DQG�3E�DUH�DEVHQW� LQ� WKH� WLWDQLXP�IRLO� DQG�HOHFWURGH��)XUWKHUPRUH�� WKH�06�DQDO\VLV�VKRZHG�D�SUHVHQFH�RI $J��6Q��6E��%D� LQ� WKLV� DVVD\�� WKH� SUHVHQFH�RI� WKHVH�HOHPHQWV�H[FHHGV��E\� WKUHH�VHYHQ� WLPHV� WKHLU�SUHVHQFH� LQ� IRLO� DQG�FHQWUDO�HOHFWURGH�VDPSOHV��7KH�;)$�DQDO\VLV��7DEOH����FRQILUPHG�WKH�DSSHDUDQFH�RI�6Q��6E��3E�DQG�IRXQG�DQRWKHU�IRUHLJQ� HOHPHQW�± \WWULXP��7KH�HOHPHQWV�&X��=Q��=U�DUH�SUHVHQW� LQ� WLWDQLXP�HOHFWURGH�DQG�IRLO��+RZHYHU��WKH�DVVD\�VKRZHG�DQ�LQFUHDVHG�FRQWHQW�RI�WKHVH�HOHPHQW��7DEOH�����ZKDW�FDQ�EH�KDUGO\�H[SODLQHG�E\�DQ�LQJUHVV�RI�PDWHULDO�RI�IRLO� DQG� HOHFWURGH LQ�ZDWHU�PHGLXP� DW� HOHFWULF� H[SORVLRQ��7KH� H[SORVLRQ�RI�1D��0Q�DQG�6E�LV�FRQILUPHG�E\�DFWLYDWLRQ�DQDO\VLV��7DEOH�����&KORULQH�ZDV�IRXQG�LQ�WKH�DVVD\�7LWDQLXP� ZDV� XVHG� DV� ORDG� LQ� H[SHULPHQW� 1R������ DQG� ZDWHU� VHUYHG� DV�PHGLXP�� 7KH� UHVXOWV� RI� WKH� ;)$� DUH� JLYHQ� LQ� 7DEOH� �� �)LJ���F��� DQG� WKH�UHVXOWV�RQ�DFWLYDWLRQ�DUH�JLYHQ� LQ�7DEOH����:H�FDQ� VHH� IURP�WKHVH�GDWD� WKDW�ERWK� WHFKQLTXHV� \LHOG� D� VXEVWDQWLDO� LQFUHDVH� RI�0Q� FRQWHQW� LQ� WKH� DVVD\� LI�FRPSDUHG� ZLWK� LWV� SUHVHQFH� LQ� WLWDQLXP� IRLO� DQG� WLWDQLXP� HOHFWURGH��$Q� LQ�FUHDVH�RI�1D��&X��=Q�LV�IRXQG�LQ�WKLV�DVVD\��DQG�DOVR�IRUHLJQ�HOHPHQWV�VXFK�DV�0R��3E��7DEOH����DQG�&O�DQG�6E��7DEOH����DUH�GHWHFWHG��7KH�[�UD\�IOXRUHV�FHQFH�DQDO\VLV�LQ�WKH�HOHPHQW�UDQJH�,Q�± %D�ZDV�QRW�FDUULHG�RXW�7LWDQLXP�ZDV�XVHG DV�ORDG�LQ�H[SHULPHQWV�1R������������������������DQG�JO\FHULQ� �&�+�2��� VHUYHG� DV�PHGLXP��7LWDQLXP� IRLO�1R���ZLWK�RWKHU�RXWSXW�GDWD�� GLIIHUHQW� IURP� WKRVH� RI� WLWDQLXP� IRLO�1R��� IURP�SUHYLRXV� H[SHULPHQWV�ZDV�XVHG�LQ�WKHVH�H[SHULPHQWV��7KH�GDWD�RQ�WKH�H[SHULPHQWV�ZHUH�JDLQHG�E\�WKH�;)$�DQDO\VLV�RQO\��VHH�7DEOH���DQG�)LJ���D�G���7KRXJK�VXFK�HOHPHQWV�DV�0Q��)H��1L��&X��=Q�DUH�SUHVHQW�LQ�WLWDQLXP�IRLO�DQG�WLWDQLXP�HOHFWURGH��WKHLU�UHODWLYH� FRQWHQW� DIWHU� HOHFWULF� H[SORVLRQ� KDV� SUDFWLFDOO\� LQFUHDVHG� E\� WZR�RUGHUV�RI�PDJQLWXGH��$OO�WKHVH�H[SHULPHQWV�ZHUH�FDUULHG�RXW�XQGHU�WKH�VDPH�FRQGLWLRQV��ZLWK�WKH�H[FHSWLRQ�RI�FXUUHQW�SXOVH�DPSOLWXGHV�VXSSOLHG�WR�ORDGV��7KH� PD[LPDO� FXUUHQW� TXDQWLW\� ZDV� UHDOL]HG� LQ� WKH� H[SHULPHQW� ����� /HW� XV�QRWH�WKDW�3E�DSSHDUV�DQG�0Q�GLVDSSHDUV�LQ�WKLV�H[SHULPHQW��VHH�)LJ���D��,Q�WKH�H[SHULPHQWV�1R�����������DQG������D�FRPSRVHG�HOHFWURGH�ZLWK�OHDG�IRLO�EHWZHHQ�WDQWDOXP�IRLOV�ZDV�XVHG�DV�D� ORDG��+\GURJHQ�SHUR[LGH�DTXHRXV�VROXWLRQ�ZLWK�FRQFHQWUDWLRQV��������DQG�����FRUUHVSRQGLQJO\�ZDV�XVHG�DV�PHGLXP��7KH�06$�GDWD�DUH�JLYHQ�LQ�7DEOH��E��)LJ������DQG�GDWD�JDLQHG�E\�PHDQV�RI�;)$�DQG�DFWLYDWLRQ�DQDO\VLV�± LQ�7DEOHV���DQG����7KHVH�WHVWV�VKRZ�WKDW� H[SHULPHQWV� SURYLGH� IRU� D� JRRG� UHVXOWV� UHSHWLWLRQ��0DVV� VSHFWURPHWULF�DQDO\VLV�VKRZHG�DQ�LQFUHDVHG�FRQWHQW�RI�1D��$O��6L��.��&D��)H��1L��&X�LQ�WKH�DVVD\V��%RWK�;)$��7DEOH����DQG�1$$�VKRZ�D�FRQVLGHUDEOH�LQFUHDVH�RI�0Q�
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LQ�WKHVH�DVVD\V��%HVLGHV�WKDW��IRUHLJQ�HOHPHQWV�&O��7DEOH����DQG�6E��7DEOHV������� DSSHDU� LQ� WKHVH�DVVD\V��7KH�DGPL[WXUH� LQFUHDVH�RI�1D�DQG�DSSHDUDQFH�RI�6E�LV�FRQILUPHG�E\�DFWLYDWLRQ�DQDO\VLV�
7DEOH��Z��,VRWRSH�FRPSRVLWLRQ�RI�WKH�WLWDQ�SUHVHQW�LQ�VDPSOHV��06$��PDVV�����
��7L����7L����7L����7L����7L� �������������������������6DPSOH�,VRWRSH ����� ����� ����� ����� ����� ����� �����
7L �� ������ ������ ������ ������ ������ ������� ������7L �� ������ ������ ������ ������ ������ ������� ������7L �� ����� ����� ����� ����� ����� ����� �����7L �� ������ ������ ������ ������ ������ ������ ������7L �� ������ ������ ������ ������ ������ ������ ������

7DEOH��E��(OHPHQWV�FRPSRVLWLRQ�RI�VDPSOHV��06$��PDVV����
VDPSOH�HOHPHQW� ����� ����� ����� ����� ����� ����� �����

1D ������� ������ ������� ������ ������ ������ ������$O ������ ������� ������� �������� ������� ������� �������6L ������� ������� ������ ������� �������� ������ ������3 ������. ������ ������ ������� ������� ������� �������&D ������ ������ ������ ������ ������� �������7L ����� ����� �� ��� ����� ������� ������ �������0Q ������ ������ ������� ������� ������ �������� ��������)H ������ ������ ������ ������ ������ ������� �������1L ������ ������ ������� ������ ������� �������&X q q q q ������� q �������=Q q q q q q q �=U q � q q � � �1E �������0R ������$J �������� �������� �������� �������� ��������6Q �������� �������� �������� �������� ��������6E �������� �������� �������� �������� ��������%D �������� �������� �������� �������� ��������7D ����� ����� �������� �������� ����� ����� �����$X �������� �������� �������� �������� ��������3E �������� ����� �����
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7DEOH�Z��,VRWRSH�FRPSRVLWLRQ�RI�WKH�WLWDQ�SUHVHQW�LQ�VDPSOHV��06$��PDVV����
��7L����7L����7L����7L����7L� �������������������������6DPSOH�,VRWRSH ��� ��� ����� ����� ����� ����� IRLO�7L��7L��� ������ ������ ������ ������ ������ ������ ������7L��� ������ ������ ������ ������ ������ ������ ������7L��� ����� ����� ����� ����� ����� �� ��� �����7L��� ������ ������ ������ ������ ������ ������ ������7L��� ������ ������ ������ ������ ������ ������ ������
7DEOH��E��(OHPHQWV�FRPSRVLWLRQ�RI�VDPSOHV��06$��PDVV����
VDPSOH�HOHPHQW ��� ��� ����� ����� ����� �����

1D ������ ������ ������ ������ ������ ������$O ������ ������� ������ ������ ������� ������6L ������ ������ ������ ������� ������ �������. ������ ������� ������� ������� ������� ������&D ������ ������� ������� ������� ������� ������7L ������ ������ ����� ������� ������ �������&U �0Q ������� ������� ���� ��� �������� ������� �������)H ������ ������� ������� ������ ������� ������&R �������1L ������ ����� ������� ������ ������� ������&X � ������� � � ������� �=Q � � � � �=U ������ � � � �$V �1E � �������0R �$J �������� ������� �������� �������� �������� ��������6Q �������� �������� �������� �������� �������� ��������6E �������� �������� �������� �������� �������� ��������%D �������� �������� �������� ���� �������� ��������7D ������� �������� ������� ����� ����� �������: �$X �������� �������� �������� �������� �������� ��������3E ������� ����� ����� ����� �����
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c) Sample 662-7, Ta in H
2
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c)  Sample 666-1, Ta+Pb in H
2
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d)  Sample 671-7  Ti in glicerin
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