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&RQIHUHQFH 3DSHU

6\QWKHVLV�DQG�&KDUDFWHUL]DWLRQ�RI�5X�,,��DQG�&R�,,,��&RPSOH[HV�
ZLWK�6FKLII�%DVHV�'HULYHG�IURP�6DOLF\ODOGHK\GH

$UMHWD�5XVKLWL��'LMH�'HKDUL���0XKDPHW�6KHKDEL���6KHINHW�'HKDUL�

�'HSDUWPHQW�RI�&KHPLVWU\��)DFXOW\�RI��1DWXUDO�6FLHQFHV�DQG�0DWKHPDWLFV��8QLYHUVLW\�RI�7HWRYR��VWU��,OLQGHQ�Q�Q��������7HWRYR��5HSXEOLF�RI�
0DFHGRQLD�

�H�PDLO�FRUUHVSRQGLQJ�DXWKRU��VKHINHW�GHKDUL#XQLWH�HGX�PN

$EVWUDFW

1HZ�FRPSOH[HV�RI�5X�,,��DQG�&R�,,,��KDYH�EHHQ�V\QWKHVL]HG�ZLWK�6FKLII�EDVHV������SKHQ\OLPLQR�PHWK\O��SKHQRO
DQG������+�������WULD]RO���\OLPLQR��PHWK\O��SKHQRO��5X�,,��FRPSOH[HV�KDYH�EHHQ�V\QWKHVL]HG�IURP�>5X�1+���@�
&O���DQ�DPPRQLD�FRPSOH[�IRUPHG�IURP�WKH�UHGXFWLRQ�RI�UXWKHQLXP�,,,��FKORULGH�ZLWK�K\GUD]LQH��ZKHUHDV�&R�,,,��
FRPSOH[HV�KDYH�EHHQ�V\QWKHVL]HG�IURP�>&R�1+���@�&O���,Q�ERWK�FDVHV�WKH�ELGHQWDWH�OLJDQG�RI�WKH�6FKLII�EDVH�
UHSODFHV�WZR�DPPRQLD�PROHFXOHV�LQ�WKH�DPPRQLD�FRPSOH[��7KH�UHDFWLRQV�DUH�FDUULHG�RXW�DW�URRP�WHPSHUDWXUH��
6FKLII�EDVHV�DQG�FRPSOH[HV�KDYH�EHHQ�FKDUDFWHUL]HG�E\�HOHPHQWDO�DQDO\VLV��,5�DQG�89�9,6�VSHFWUD��7KH�UHVXOWV�
KDYH�VKRZQ�WKDW�WKH�DPPRQLD�FRPSOH[HV�KDYH�UHDFWHG�ZLWK�WKH�6FKLII�EDVHV�LQ�PRODU�UDWLR������PHWDO��OLJDQG���
5X�,,��FRPSOH[HV�DUH�PROHFXODU��QHXWUDO���ZKHUHDV�FREDOW�FRPSOH[HV�DUH�FDWLRQLF��7KH�UHVXOWV�DUH�LQ�DFFRUGDQFH�
ZLWK�DQ�RFWDKHGUDO�HQYLURQPHQW�DURXQG�WKH�5X�,,��DQG�&R�,,,��LRQV�

.H\ZRUGV� 5XWKHQLXP�DQG�&REDOW�6FKLII�EDVH�FRPSOH[HV��,5�DQG�89�9,6�VSHFWURVFRS\

,QWURGXFWLRQ

6FKLII�EDVHV�DUH�RUJDQLF�PROHFXOHV�GHULYHG� IURP�DPLQHV�DQG�FDUERQ\O�FRPSRXQGV��ZKLFK�FRQWDLQ�D]RPHWKLQH�
JURXS��7KH\�DUH�YHUVDWLOH�OLJDQGV�WKDW�PD\�EH�XVHG�IRU�GLIIHUHQW�SXUSRVHV��)RU�H[DPSOH� +RGQHWW�DQG�'XQQ���������
(O�PDVU\� HW� DO�� �������� -DUUDKSRXU� HW� DO� ������� DQG� +DQLD� ������� LQYHVWLJDWHG� DQWLWXPRUDO�� DQWLPLFURELDO��
DQWLEDFWHULDO��DQWLIXJDO��DQWLYLUDO�DQG�DQWLFDQFHU�SURSHUWLHV�RI�6FKLII�EDVHV�DV�IUHH�OLJDQGV�>���@��6FKLII�EDVHV�DUH�
DOVR�XVHG�DV�OLJDQGV�LQ�WKH�FRPSOH[HV�ZLWK�WUDQVLW�PHWDOV�>���@��0DQ\�PHWDO�FRPSOH[HV�ZLWK�YDULRXV�6FKLII�EDVHV�
KDYH� EHHQ� LQWHQVLYHO\� VWXGLHG� PRVWO\� EHFDXVH� RI� WKHLU� SKDUPDFHXWLFDO�� PLFURELRORJLFDO� DQG� ELRFKHPLFDO�
LPSRUWDQFH��7KH�PHWDO�FRPSOH[HV�JHQHUDOO\�H[KLELW�VLJQLILFDQW�DFWLYLW\�DJDLQVW�*UDP�SRVLWLYH�EDFWHULD��HVSHFLDOO\�
6�� DXUHXV� >���@�� &REDOW� FRPSOH[HV� ZLWK� VDOLF\OLGHQHLPLQH� OLJDQGV� H[KLELW� FRQVLGHUDEOH� LQKLELWLRQ� RI� EDFWHULDO�
JURZWK�>�����@��ZKLOH�UXWKHQLXP�FRUUHVSRQGLQJ�FRPSOH[HV�NLOO�SDWKRJHQV�DV�ZHOO�>�@��2Q�WKH�RWKHU�KDQG��VRPH�
UXWKHQLXP�FRPSOH[HV�KDYH�VKRZQ�SURPLVLQJ�DQWLFDQFHU�DFWLYLW\�DQG�KDYH�EHHQ�FRQWLQXRXVO\�LQYHVWLJDWHG�DV�WKH�
PRVW�LPSRUWDQW�QRQ�SODWLQXP�EDVHG�DQWLFDQFHU�FDQGLGDWHV�LQ�FOLQLFDO�WULDOV�>�����@�
:H�VWDUWHG�V\QWKHVLV�RI�VRPH�QHZ�5X�,,��DQG�&R�,,,��FRPSOH[HV�ZLWK�6FKLII�EDVHV�GHULYHG�IURP�VDOLF\ODOGHK\GH��
+HUH�ZH� UHSRUW� WKH�SUHSDUDWLRQ� DQG� FKDUDFWHUL]DWLRQ�RI�5X�,,�� QHXWUDO� DQG�&R�,,,�� FDWLRQLF� FRPSOH[HV�ZLWK���
��SKHQ\OLPLQR�PHWK\O��SKHQRO DQG������+�������WULD]RO���\OLPLQR��PHWK\O��SKHQRO�

0DWHULDOV�DQG�PHWKRGV

$OO�UHDJHQWV�DQG�FKHPLFDOV�ZHUH�XVHG�DV�REWDLQHG�IURP�$OGULFK�DQG�0HUFN��7KH�LQIUDUHG�VSHFWUD�ZHUH�GHWHUPLQHG�
RQ�D�3HUNLQ�(OPHU�6\VWHP������)7�,5�VSHFWURPHWHU�ZLWK�.%U�SHOOHWV��7KH�89�9LV� VSHFWUD�ZHUH� UHFRUGHG�RQ�
/.%��8OWUDVSHF�������
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3UHSDUDWLRQ�RI�6FKLII�EDVHV

6FKLII�EDVHV�ZHUH�V\QWKHVL]HG�DFFRUGLQJ�WR�WKH�OLWHUDWXUH�SURFHGXUHV�>������@��
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6FKHPH�� 6FKLII�EDVHV��D������SKHQ\OLPLQR�PHWK\O�SKHQRO��+6%,��������� E�������+�������WULD]RO���\OLPLQR�PHWK\O�SKHQRO�
�+6%,,�

3UHSDUDWLRQ�RI�FRPSOH[HV

5X�,,��FRPSOH[�ZLWK�+6%,

7R�D�ZDWHU�VROXWLRQ�FRQWDLQLQJ��PPRO�RI�>5X�1+���@�&O���SUHYLRXVO\�SUHSDUHG�DV�UHSRUWHG�LQ�WKH�OLWHUDWXUH�>��@��
ZDV DGGHG��PPRO�RI�+6%, GLVVROYHG�LQ ���P/�HWKDQRO��7KH�PL[WXUH�ZDV�OHIW�IRU��K�DW�URRP�WHPSHUDWXUH��ZLWK�
FRQWLQXRXV�VWLUULQJ��'DUN�EURZQ�SUHFLSLWDWH�ZDV�IRUPHG�DIWHU�DGGLQJ�GLHWK\O�HWKHU��7KH�SURGXFW�ZDV�ILOWHUHG�DQG�
ZDVKHG�ZLWK�GLHWK\O�HWKHU��<LHOG�������,5��.%U��FP��������������������������������������������89�9,6��ȜPD[�QP���
������������������������������

5X�,,��FRPSOH[�ZLWK�+6%,,

7R�D�ZDWHU�VROXWLRQ�FRQWDLQLQJ��PPRO�RI�>5X�1+���@�&O� ZDV�DGGHG��PPRO�RI�+6%,, GLVVROYHG�LQ����P/�PHWKDQRO��
7KH�PL[WXUH�ZDV�OHIW�IRU��K�DW�URRP�WHPSHUDWXUH��ZLWK�FRQWLQXRXV�VWLUULQJ��7KH�SUHFLSLWDWH�IRUPHG�ZDV�ILOWHUHG�DQG�
ZDVKHG�ZLWK�GLHWK\O�HWKHU��<LHOG�������,5��.%U��FP����������������������������������������������������������
�����89�9,6��ȜPD[�QP��������������������������������������

&R�,,,��FRPSOH[�ZLWK�+6%,

>&R�1+���@�&O��� V\QWKHVL]HG� DFFRUGLQJ� WR� OLWHUDWXUH� >��@��ZDV�GLVVROYHG� LQ���P/�RI�ZDWHU���PPRO�+6%, ZHUH�
GLVVROYHG�LQ��P/�RI�ZDWHU�FRQWDLQLQJ���P/�1D2+��F� ��0���7KH�WZR�VROXWLRQV�ZHUH�PL[HG�DQG�OHIW�IRU��K�DW�
URRP�WHPSHUDWXUH��ZLWK�FRQWLQXRXV�VWLUULQJ��:KHQ�DGGLQJ�1+�&O��EURZQ�SUHFLSLWDWH�ZDV�IRUPHG��$IWHU�ILOWHULQJ��
WKH�SURGXFW�ZDV�ZDVKHG�ZLWK�GLHWK\O�HWKHU��<LHOG�������,5��.%U��FP����������������������������������������������
�����89�9,6��ȜPD[�QP�������������������������������������������(OHPHQWDO�$QDO��&DOF��IRU�&��+��&R1�2� �����
&���������+��������1���������)RXQG������&���������+��������1��������

,5�VSHFWUD
7KH�,5�VSHFWUD�RI�WKH�FRPSOH[HV�������������� VKRZ�EDQGV�DW������������DQG������FP�� UHVSHFWLYHO\��ZKLFK�FDQ�EH�
DWWULEXWHG�WR�1+� VWUHWFKLQJ�YLEUDWLRQ��$�EDQG�DW���������� ����������� FP�� FRUUHVSRQGV�WR�WKH�FRQMXJDWHG�&ൌ1�
VWUHWFKLQJ�YLEUDWLRQ��,Q�WKH�FRPSOH[HV��WKH�6FKLII�EDVHV�DUH�FRRUGLQDWHG��WKHUHIRUH�WKH�& 1�VWUHWFKLQJ�IUHTXHQF\�
LV�GLVSODFHG�WR�D�ORZHU�IUHTXHQF\��a�����FPí���7KH�GHFUHDVH�LQ�WKH�IUHTXHQF\�LQGLFDWH�D�GHFUHDVH�LQ�WKH�& 1�ERQG�
RUGHU�GXH�WR�WKH�FRRUGLQDWLRQ�RI�WKH�D]RPHWKLQH�QLWURJHQ�WR�WKH�PHWDOV�>��@��7KH�,5�VSHFWUD�RI�WKH�FRPSOH[HV������
����DQG���� DUH�VKRZQ�LQ�ILJXUH����ILJXUH���DQG�ILJXUH���UHVSHFWLYHO\�
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)LJ���� 7KH�,5�VSHFWUD�RI�FRPSOH[���� )LJ���� 7KH�,5�VSHFWUD�RI�FRPSOH[����

)LJ���� 7KH�,5�VSHFWUD�RI�FRPSOH[����

89�9,6�VSHFWUD
7KH�FRPSDULVRQ�RI�WKH�89�9,6�VSHFWUD�RI�5X�� LQ�K\GUD]LQH�VROXWLRQ��KH[DPPLQHUXWKHQLXP�,,��DQG FRPSOH[������
DUH�VKRZQ�LQ�ILJXUH����7KLV�ILJXUH�FOHDUO\�GHPRQVWUDWHV�WKH�UHGXFWLRQ�RI�5X�� ZLWK�K\GUD]LQH�WR�>5X�1+���@����DQG�
WKH�SUHVHQFH�RI�UXWKHQLXP�,,��LQ�FRPSOH[������5X�� LQ�WKHVH�VSHFWUD�DEVRUEV�DW�����QP��ZKLOH�>5X�1+���@�� DEVRUEV�
DW�����QP��7KLV�YDOXH�RI�5X�� FRUUHVSRQGV�ZLWK�WKH�DEVRUSWLRQ�RI�5X�� LQ�FRPSOH[�����DW�����QP�>��@�
)RU�WKH�IUHH�OLJDQG�+6%,��DV�VKRZQ�LQ�ILJXUH���� WKH�EDQGV� LQ�WKH�UHJLRQ�RI���������QP�LQ�89�9,6�VSHFWUD�DUH�
DWWULEXWHG�WR�Dߨ� ՜ ߨ�WUDQVLWLRQ�RI�WKH�D]RPHWKLQH�FKURPRSKRUH�DQG��WR�Dߨ� ՜ ߨ�WUDQVLWLRQ�RI�WKH�EHQ]HQH�ULQJ�
RI�VDOLF\ODOGHK\GH��7KH�G��G�EDQGV�RI�&R�,,,��DUH�QRW�REVHUYHG�GXH�WR�WKH�RYHUODSSLQJ�RI�WKH�OLJDQG�EDQGV�ZLWK�
WKRVH�RI�WKH�PHWDO��7KHVH�EDQGV�VKRXOG�EH�ORZ�LQ�LQWHQVLW\�LQ�WKH�UHJLRQ�RI���������QP�>��@�
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%DVHG�RQ WKHVH�UHVXOWV��WKH�IRUPXOD�>0H/��1+���@��0H� �5X�,,���&R�,,,���/� �+6%,��+6%,,��ZDV�VXJJHVWHG�IRU�WKH�
FRPSOH[HV��&R��,,,��FRPSOH[�ZLWK�+6%, LV�FDWLRQLF��WKHUHIRUH�WKH�FKORULGH�LRQ�DFWV�DV�FRXQWHULRQ�
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6FKHPH�� 6XJJHVWHG�VWUXFWXUHV�RI�WKH�FRPSOH[HV
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