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5HFHLYHG�-XO\��������
7KH� UHVXOWV� RQ� WLPH� GHSHQGHQFH� RI� RSWLF� DEVRUSWLRQ� VSHFWUD� RI� +�2�=Q2� DQG+�2�=Q2�&3&/� VXVSHQVLRQV� ZHUH� UHSRUWHG�� 7KH� WZR� VWHSV�PHFKDQLVP� RI� FRDJXODWLRQ� RI=Q2� QDQRVL]HG� SDUWLFOHV� KDV� EHHQ� RIIHUHG�� ��� WKH� SDVVLYDWLRQ� RI� =Q2� SDUWLFOHV� QDQRVL]H

VXUIDFH� E\�=Q22+±� UHVXOWLQJ� IURP� LQWHUDFWLRQ�ZLWK�2+±� JURXSV� H[LVWLQJ� LQ�ZDWHU��$V� D
VHFRQG�UHVXOW�RI�WKLV�LQWHUDFWLRQ�=Q2�QDQRVL]HG�SDUWLFOHV�REWDLQ�WKH�QHJDWLYH�FKDUJH�ZKLFK
SUHYHQWV� WKH� FRDJXODWLRQ�� ��� WKH� QH[W� FRPSHQVDWLRQ� RI� FKDUJHV� ZLWK�+�� LQ� ZDWHU�� $V� D
UHVXOW�WKH�QHXWUDO�FRPSRXQGV�IRUP�WKDW�GRHV�QRW�SUHYHQW�IURP�WKHLU�FRDJXODWLRQ�DQG�=Q2
SUHFLSLWDWLRQ� IURP� DTXHRXV� VROXWLRQ�� 7KH� DGGLQJ� RI� FHW\OS\ULGLQLXP� FKORULGH� VXUIDFWDQW
LQWR� VXVSHQVLRQ� LQFUHDVH� WKH�FRPSHQVDWLRQ�RI� WKH� FKDUJH�RI�=Q2� QDQRVL]HG�SDUWLFOHV� WKDW
FDXVHV�WKH�SURFHVV�RI�LWV�FRDJXODWLRQ�DQG�WHQGV�URGHOLNH�V\VWHPV�IRUPLQJ�
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���,QWURGXFWLRQ�
,QYHVWLJDWLRQV�RI�GLIIHUHQW�FRPSRXQGV�LQ�

IOXHQFH�RQ�SURSHUWLHV�RI�QDQRVL]HG�SDUWLFOHV
LQ� OLTXLG� FU\VWDO� PHGLD� EHFDPH� XUJHQW� UH�
FHQWO\�� 7KH� SHUFHSWLEOH� FKDQJHV� RI� RSWLFDO
FKDUDFWHULVWLFV� RI� OLTXLG� FU\VWDOV� ZLWK� ORZ
FRQFHQWUDWLRQ� RI� QDQRVL]HG� SDUWLFOHV�� OHVV
WKHQ���ZW�����ZHUH�GHWHFWHG�LQ�D�QXPEHU�RI
H[SHULPHQWV� >�Ü�@��+RZHYHU�WKH�PDLQ�SURE�
OHP�LV�WKH�IRUPDWLRQ�DQG�SURYLVLRQ�RI�KRPR�
JHQLF� GLVWULEXWLRQ� RI� QDQRSDUWLFOHV� LQ� WKH
OLTXLG� FU\VWDO� PHGLXP�� )RU� H[DPSOH�� VXFK
SUREOHP�KDV�EHHQ�VXFFHVVIXOO\�VROYHG�IRU�WKH

FDUERQ� QDQRWXEHV� LQ� WKHUPRWURSLF� OLTXLG
FU\VWDOV�>�@�

7KH� =Q2� LV� YHU\� SURPLVLQJ� DQG� FRQYHQ�
LHQW�PDWHULDO� IRU�JHWWLQJ� GLIIHUHQW� W\SHV� RI
QDQRVWUXFWXUDO� V\VWHPV�� $V� D� FRQILUPDWLRQ
RI�WKLV�VWDWHPHQW�FDQ�EH�WKH�KXJH�DPRXQW�RI
SXEOLFDWLRQV� UHODWHG� WR� WKHVH� QDQRSDUWLFOHV
LQYHVWLJDWLRQV�� IRU� H[DPSOH� >�Ü�@�� 7KLV� DW�
WHQWLRQ� WR� =Q2� QDQRSDUWLFOHV� LQ� WKH� GLIIHU�
HQW� IRUP�DQG�PHGLD� LV� FRQGLWLRQHG�E\� WKHLU
SUDFWLFDO� DSSOLFDWLRQ� LQ� YDULRXV� ILHOGV� RI
HOHFWURQLFV��VRODU�HOHPHQWV�>�@��PLFURUHVRQD�
WRUV� >��@�� 89� GHWHFWRUV� >��@�� DQG� JDV� VHQ�
VRUV�>��@��7KHUHIRUH��DQ�LQYHVWLJDWLRQ�RI�WKH
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RSWLFDO�FKDUDFWHULVWLFV�RI�V\VWHPV�FRQWDLQLQJ
OLTXLG� FU\VWDOV� DQG� =Q2� QDQRSDUWLFOHV� LV
YHU\�LPSRUWDQW�DQG�DSSOLFDEOH�SUREOHP���

%XW� WKH� DEVHQFH� RI� PHWKRG� RI� IRUPLQJ
KRPRJHQHRXV� DQG� XQLIRUP� GLVWULEXWLRQ� RI
=Q2�QDQRSDUWLFOHV� LQ� OLTXLG�FU\VWDOV�DW�SUH�
VHQW� WLPH� GRHV� QRW� DOORZ� XV� WR� GR� VXFK� LQ�
YHVWLJDWLRQV��:KHUHDV�ZDWHU� LV� WKH� EDVLV� RI
O\RWURSLF� OLTXLG� FU\VWDO� FHW\OS\ULGLQLXP
FKORULGH�KH[DQRO�EULQH� >��@� LW� LV� YHU\� LP�
SRUWDQW� WR� LQYHVWLJDWH� DW� ILUVW� WKH� EHKDYLRU
RI�=Q2�QDQRVL]HG�SDUWLFOHV� LQ�DTXHRXV�VROX�
WLRQ�RI�FHW\OS\ULGLQLXP�FKORULGH��&3&/���

$Q� LQIOXHQFH� RI� ZDWHU� RQ� OXPLQHVFHQFH
SURSHUWLHV� RI� =Q2� QDQRSDUWLFOHV� LQ� DOFRKRO
PHGLXP�ZDV� VWXGLHG� LQ� WKH�ZRUNV� >������@�
,W� ZDV� UHYHDOHG� WKDW� LQFUHDVLQJ� ZDWHU� FRQ�
FHQWUDWLRQ� LQ� WKH� VROXWLRQ� UHVXOWHG� LQ� GH�
FUHDVLQJ� WKH� LQWHQVLW\� RI� OXPLQHVFHQFH�
%XUDNRY�� 1HYDU� DQG� 1HGHONR� >��@� UHSRUWHG
DERXW�VXFFHVVIXO�IRUPDWLRQ�RI�=Q2�QDQRSDU�
WLFOHV� E\� DQ� HOHFWULFDO� GLVFKDUJH� LQ� GLVWLO�
ODWHG� ZDWHU�� $IWHU� VHGLPHQWDWLRQ� RI� WKRVH
QDQRSDUWLFOHV� DW� VLOLFRQ� SODWH� DQG� HYDSRUD�
WLRQ�RI� VXVSHQVLRQ� DW� WKH� WHPSHUDWXUH����&
WKH�DXWKRUV�RI�WKH�SDSHU�>��@�KDG�IL[HG�WKH
LQWHQVLYH� OXPLQHVFHQFH�RI�VHGLPHQW��7KDW�LV
ZK\� WKH� SUREOHP� RI� LQWHUDFWLRQ� RI� =Q2
QDQRSDUWLFOHV�ZLWK�ZDWHU�LV�QRW�VROYHG�\HW�

:H� UHSRUW� LQ� WKH� SUHVHQW� ZRUN� RQ� WKH
UHVXOWV�RI�RSWLF�DQG�VSHFWURVFRSLF�LQYHVWLJD�
WLRQV� RI� DTXHRXV� VXVSHQVLRQ� ZLWK� =Q2
QDQRVL]HG�SDUWLFOHV�DQG�WKH� LQIOXHQFH�RI�FH�
W\OSLULGLQLXP�FKORULGH�VXUIDFWDQW��

���([SHULPHQWDO�PHWKRGV
=Q2� QDQRSRZGHU� ZLWK� WKH� JUDLQ� GLPHQ�

VLRQ������QP�RI�WKH�6LJPD�SURGXFWLRQ��WKH
PD[LPXP�RI�=Q2�QDQRVL]HG�SDUWLFOHV�GLVWUL�
EXWLRQ�E\� VL]H� LV�QHDU� WKH����QP��KDV� EHHQ
XVHG� IRU� WKH� LQYHVWLJDWLRQV� LQ� WKLV� ZRUN�
7ZR� YDULDQWV� RI� VXVSHQVLRQ� ZHUH� SUHSDUHG
DQG� LQYHVWLJDWHG�� WKH� ILUVW� RQH� LV
+�2��������=Q2� DQG� WKH� VHFRQG� RQH� Û
+�2��������=Q2������� �� &3&/� ZW�� ��
7KH� VXVSHQVLRQV� ZHUH� GLIIHUHQW� IURP� HDFK
RWKHU�ZLWK�WKH�REWDLQLQJ�PHWKRG��$�SUHSDUD�
WLRQ� RUGHU� RI� WKH� VXVSHQVLRQV� LV� IROORZLQJ�
DIWHU� ZHLJKWLQJ� WKH� =Q2� QDQRSRZGHU� ZDV
SODFHG� LQ� WKH� JODVV� ERWWOH� ZLWK� ZDWHU� DQG
DIWHU�PL[LQJ�LW��WKH�VXVSHQVLRQ�ZDV�KRPRJH�
QL]HG� LQ� 8OWUDVRXQG� EDWK� DW� ���&� GXULQJ
���PLQ��7KH�GLIIHUHQFH�IRU�+�2Ü=Q2Ü&3&/V\VWHP� ZDV� WKDW� EHIRUH� PHFKDQLFDO� PL[LQJ
WKH�PL[WXUH�ZDV�KHDWHG�XS� WR����&� IRU�KR�
PRJHQHRXV� DTXHRXV� GLOXWLRQ� RI� WKH� VXUIDF�
WDQW�

7KH� VSHFWUD� RI� RSWLFDO� DEVRUEWLRQ� ZHUH
LQYHVWLJDWHG� LQ�VSHFWUDO�UHJLRQ����Ü����QP

ZLWK� XVLQJ� PRQRFKURPDWRU� RI� WKH� =05��
W\SH�� 7KH� VXVSHQVLRQ� ZDV� SODFHG� LQ� TXDUW]
FXYHWWH�ZLWK� WKH� WKLFNQHVV� �����PP� RI� WKH
LQYHVWLJDWHG�OD\HU��7KH�VXUIDFH�HOHFWURQ�PL�
FURVFRSH� 5(00$�������� ZDV� XVHG� IRU� RE�
VHUYDWLRQ� RI� WKH� =Q2� QDQRVL]HG� SDUWLFOHV�
)RU� SURELQJ� LQ� PLFURVFRSH� WKH� VXVSHQVLRQ
ZDV�SODFHG�RQ� WKH�FRQGXFWLYH� ,72�W\SH�VXU�
IDFH�SDG�WKDQ�LW�ZDV�GULHG��

���5HVXOWV�DQG�GLVFXVVLRQ
+\GUDWLRQ�RI�=Q2�QDQRSDUWLFOHV��LQ�RWKHU

ZRUGV� D� IRUPDWLRQ� RI�=Q�2+���� ZDV� FRQVLG�HUHG� E\� DXWKRUV� >��@� DV� D� UHDVRQ� RI� ZDWHU
LQIOXHQFH� RQ� OXPLQHVFHQW� SURSHUWLHV� RI� WKH
=Q2� SDUWLFOHV�� 7R� HVWLPDWH� WKH� FKDUDF�
WHULVWLFV�RI�WKH�K\GUDWLRQ�SURFHVV�WKH�GLUHFW
;�UD\�SKDVH� DQDO\VLV� RI� WKH�+�2�=Q2� VHGL�PHQW� ZDV� SHUIRUPHG� DIWHU� RYHU� D� ORQJ� SH�
ULRG�RI�WLPH��!����K���RI�WKH�=Q2�QDQRVL]HG
SDUWLFOHV� VRMRXUQ� LQ� ZDWHU�� 7KH� VHGLPHQW
GU\LQJ�ZH� FDUULHG� RXW�DW� URRP� WHPSHUDWXUH
IRU�SUHYHQWLQJ�RI�SRVVLEOH�GHFRPSRVLWLRQ�RI
=Q�2+��� LI� LW� ZDV� IRUPHG� �=Q�2+��� GHFRP�SRVHV� DW� D� WHPSHUDWXUH� OLWWOH� ODUJHU� WKDQ
����&���$V� LW� LV�VKRZQ�DW�GLIIUDFWLRQ�JUDSK
�)LJ�����WKH�;�UD\�SKDVH�DQDO\VLV�ZLWK�DFFX�
UDF\� d���� �WKH� DFFXUDF\� RI�;�UD\� DQDO\VLV
IRU�=Q�� SRLQWV� DW� DQ� DEVHQFH� RI�=Q�2+��� LQWKH� V\VWHP�� $OO� GLIIUDFWLRQ� PD[LPD� EHORQJ
WR�=Q2�� 7KDW� LV�PHDQ� WKDW� WKH� SUHVHQFH� RI
=Q�2+��� FRPSRXQG� DW� WKH� =Q2� VXUIDFH� DW
DTXHRXV�VROXWLRQ�LV�DYDLODEOH�RQO\�DV�VXUIDFH
SDVVLYDWLRQ�SURFHVV��7KH�DXWKRUV�5�6UHHMD�HW
DO�� PHQWLRQHG� LQ� WKHLU� UHFHQW� ZRUN� >��@
DERXW� WKLQ� SDVVLYDWLRQ� OD\HU� RI� =Q�2+��� RQWKH� VXUIDFH� RI� =Q2� QDQRVL]HG� SDUWLFOHV� LQ
300$�PDWUL[���

,Q�)LJ����WKH�WLPH�FKDQJHV�RI�RSWLFDO�GHQ�
VLW\�VSHFWUD�RI�WKH�+�2�������=Q2��)LJ���D�
DQG� +�2�������=Q2��� �&3&/� �)LJ���E�

)LJ����� ;�UD\� GLIIUDFWRJUDPH� RI� WKH� SUHFLSL�
WDWH� RI� WKH� VXVSHQVLRQ� =Q2�+�2� GU\LQJ� DW���� .�� 7KH� OLQHV�Û� FDOFXODWHG� SURILOHV� =Q2
FRPSRXQG����

0�0�2PHOFKHQNR�HW�DO����2SWLF�DQG�VSHFWURVFRSLF����

)XQFWLRQDO�PDWHULDOV������������� ���



V\VWHPV��$V�ZH�FDQ�VHH�LQ�WKH�)LJ���D�RQ�WKH
VSHFWUD� IRU� WKH� +�2��������=Q2� V\VWHP
WZR� EDQGV� �QHDU� ���� QP� DQG� ���� QP�� DUH
ZHOO�REVHUYHG��7KH�EDQGV� LQWHQVLWLHV� FKDQJH
LGHQWLFDOO\� LQ�WLPH�ZLWK�UHVSHFW�WR�WKH�ILUVW
UHFRUGLQJ� VSHFWUXP� �)LJ������ ,W� LV� DSSDUHQW
IURP�WKH�)LJ�����WKDW�WKH�ERWK�SHDN�PD[LPD
DUH� OLWWOH� VKLIWHG� VLGHZD\V� RI� WKH� VKRUW
ZDYH�OHQJWKV�� ,Q� SDUWLFXODU� WKH� SHDN� DW
���� QP� LV� VKLIWHG� WR� ���� QP� GXULQJ
�����PLQ� �QHDUO\����K���$W� WKH�GHFUHDVH�RI
SHUFHQW�RI�WKH�=Q2�LQ�+�2�=Q2�V\VWHP�WKHLQWHQVLW\��WKH�SRVLWLRQLQJ�DQG�WKH�FKDUDFWHU
RI� WLPH� FKDQJHV� RI� WKH� GRPLQDWH� SHDN
�����QP��DUH�SUDFWLFDOO\�VLPLODU�WR�WKHVH�SD�
UDPHWHUV� RI� WKH� V\VWHPV� ZLWK� KLJKHU� FRQ�
WHQWV� RI�=Q2��+RZHYHU� WKH�EDQG�����QP� LV
IXOO\� OHYHOOHG� DQG� WKH� VSHFWUXP� EHFRPH
VLPLODU� WR� WKH� VSHFWUXP� IRU� WKH
+�2��������=Q2���&3&/� VXVSHQVLRQ
�)LJ���E��� 7KH� VSHFWUXP� UHWXUQ� SUDFWLFDOO\
WR� WKH� VWDUWLQJ� FXUYH� DIWHU� WKH�����K�SURF�
HVVLQJ�RI�WKH�+�2�=Q2�V\VWHP�LQ�WKH�8OWUD�
VRXQG�EDWK��ORZHVW�FXUYH�RQ�)LJ���D���

,W� VKRXOG� EH� PHQWLRQHG� WKDW� WKH� VSHFWUD
RQ�)LJ����DUH� LQ�D�JRRG�DJUHHPHQW�ZLWK�WKH
VSHFWUD� REWDLQHG� LQ� WKH� ZRUN� >��@� IRU� =Q2
QDQRVL]HG� SDUWLFOHV� LQ� DOFRKRO� VXVSHQVLRQV
DQG� WKH� DEVRUSWLRQ� SHDN� DW� ���� QP� FRUUH�
ODWHV� ZLWK� DEVRUSWLRQ� H[FLWRQLF� SHDN� �DW
����QP��IRU�=Q2�QDQRVWUXFWXUHG�ILOPV�>��@�
7KLV�FRQILUPV�WKDW�ZH�KDYH�QDQRSDUWLFOHV�RI
=Q2� LQ� WKH� DTXHRXV� VXVSHQVH� DQG� K\GUDWHV
DUH�DEVHQW��7KH�VKLIW�RI�WKH�SHDN�DW�����QP
WR� WKH� VKRUWZDYH� UHJLRQ� WHVWLILHV� WKDW� WKLV
PD[LPXP�LV�FRQGLWLRQHG�E\�OLJKW�VFDWWHULQJ
RQ� =Q2� QDQRVL]HG� SDUWLFOHV��:LWK� WKH� ODSV
RI�WLPH�WKH�DPRXQW�RI�FRDJXODQWV�RI�ELJ�VL]H
GHFUHDVHV�LQ�WKH�DTXHRXV�VROXWLRQ��,W�LV�DOVR
FRQILUPHG� E\� WKH� )LJ���E� RQ� ZKLFK� ZH� FDQ
VHH� WKDW� � DGGLQJ� RI� &3&/� WR� WKH
+�2��������=Q2� VROXWLRQ� LQFUHDVHV� WKH
VHGLPHQWDWLRQ� RI� =Q2� ELJ� FRDJXODWHG� FRP�
SOH[HV��$V� D� UHVXOW� RI� WKLV� SURFHVV� RQO\� GL�

PLQXWLYH� QDQRSDUWLFOHV� RI� =Q2� OHIW� LQ� WKH
VROXWLRQ�� 7KHUH� DUH� FKDQJHV� DW� WKH� VKRUW�
ZDYH� UHJLRQ� Û� WKH� SHDN� DW� ���� QP� IDGHV
DZD\�� DQG� PD[LPXP� DW� ���� QP� LV� SUHVHQW
DW�HYHU\�FXUYH��

%ORRPLQJ� RI� +�2��������=Q2� DQG
+�2��������=Q2���&3&/�VXVSHQVLRQV�XS
WR�WRWDO�GLVDSSHDULQJ�RI�WKH�DEVRUSWLRQ�PD[�
LPD� �)LJ����� LV� XQGRXEWHGO\� FRQQHFWHG� ZLWK
WKH�GHFUHDVH�RI�WKH�=Q2�QDQRVL]HG�SDUWLFOHV
FRQFHQWUDWLRQ� LQ� VXVSHQVLRQ� WKDW� LV� ZLWK
WKHLU� SUHFLSLWDWLRQ�� 6LPSOH� HYDOXDWLRQ� E\� D
6WRNHV�IRUPXOD�VKRZV�WKDW�WKH�WLPH�RI�SUH�
FLSLWDWLRQ� LQ� ZDWHU� IRU� WKH� =Q2� QDQRSDUWL�
FOHV�ZLWK�GLPHQVLRQ�RI�WKH�JUDLQ�����QP�LV
VHYHUDO�GHJUHHV�PRUH�WKDQ�WLPH�REVHUYHG� LQ
RXU� H[SHULPHQW�� ,W� PHDQV� WKDW� LQ� RXU� VXV�
SHQVLRQV� WKH� FRDJXODWLRQ� SURFHVV� RI� =Q2
QDQRVL]HG� SDUWLFOHV� WR� VXEPLFURQ� FRPSOH[HV
WDNH� SODFH� DQG� WKHVH� FRPSOH[HV� SUHFLSLWDWH
TXLW� UDSLGO\�� ,Q� FDVH� RI� +�2�������=Q2
VXVSHQVLRQV�SUHFLSLWDWHG�=Q2�QDQRVL]HG�SDU�
WLFOHV� FRDJXODWH� LQ� WKH� IRUPOHVV� FRQJORPHU�
DWH�� ZKLOH� LQ� +�2��������=Q2����&3&/
VXVSHQVLRQV� WKHVH� SDUWLFOHV� IRUP� URG�OLNH
VWUXFWXUHV��)LJ������

)LJ�����7LPH�HYROXWLRQ�RI�WKH��������=Q2��
+�2�VXVSHQVLRQ�VSHFWUD�DW�WKH�SHDN������QP�

)LJ����� 2SWLFDO� GHQVLW\� VSHFWUD� RI� WKH� VXVSHQVLRQ� D�� ������ �=Q2�+�2�� E�� ������ �=Q2� �
+�2����&3&/��
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$V�VKRZQ� LQ�)LJV������� WKH� WLPH�FKDQJHV
RI� RSWLFDO� GHQVLW\� RI� VXVSHQVLRQ
�������=Q2�+�2� KDYH� �� UHJLRQV� ZLWK� WKHGLIIHUHQW� VLJQV� RI� WLPH� FKDQJHV� �WKH� VLJQ
FKDQJH�LV�UHDOL]HG�LQ�WKH�OLPLW��Ü��K���7KHVH
FLUFXPVWDQFHV� WHVWLI\� DERXW� WZR� GLIIHUHQW
PHFKDQLVPV�RI� LQWHUDFWLRQ�RI�=Q2� QDQRSDU�
WLFOHV� ZLWK� ZDWHU� ZKLFK� DUH� GRPLQDWHG� LQ
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