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SROLVKHG� VXUIDFHV� RI�XQGRSHG�&G7H� DQG�&G�±[=Q[7H� VLQJOH� FU\VWDOV� DW� RQH�� DQG� WZR�VWDJHFKHPLFDO�WUHDWPHQW�LQFOXGLQJ�FRQVHFXWLYH�SURFHGXUHV�RI�FKHPLFDO�PHFKDQLFDO�DQG�FKHPLFDO�
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WKHVH� QDQR�QHHGOHV� YDU\� IURP� ��� WR� ��� QP�� GHSHQGLQJ� RQ� WKH� VHPLFRQGXFWRU� QDWXUH�
FKHPLFDO�WUHDWPHQW�PHWKRGV�DQG�SROLVKLQJ�HWFKDQW�FRPSRVLWLRQ�
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7KH�VHPLFRQGXFWRU�VLQJOH�FU\VWDOV�RI�FDG�
PLXP� WHOOXULGH� DQG� =Q[&G�±[7H� VROLG� VROX�WLRQV�DUH�ZLGHO\�XVHG� LQ�WKH�PDQXIDFWXULQJ
RI�ZRUNLQJ�HOHPHQWV�IRU�YDULRXV�PRGHUQ�PL�
FURHOHFWURQLFV� GHYLFHV�� 7R� REWDLQ� WKH� KLJK�
TXDOLW\� SROLVKHG� VXUIDFH�� RI� D� JUHDW� LPSRU�
WDQFH�LV�WKH�SURSHU�VHOHFWLRQ�RI�HWFKDQW�FRP�
SRVLWLRQV� EHLQJ� XVHG� DW� LQWHUPHGLDWH� VWDJHV
RI� DEUDVLYH�FKHPLFDO� WUHDWPHQW� IRU� FKHPL�
FDO�PHFKDQLFDO�DQG�FKHPLFDO�G\QDPLF�SROLVK�
LQJ�� %URPLQH�FRQWDLQLQJ�PL[WXUHV� DUH�PRVW
RIWHQ� XVHG� IRU� FKHPLFDO� WUHDWPHQW� RI� WKH
,,Ü9,�VHPLFRQGXFWRU�VXUIDFHV�>����@��,Q�PRVW
FDVHV�� WKH� SROLVKLQJ� DFWLRQ� RI� WKH� HWFKDQW
FRPSRVLWLRQ� LV� LQWHQVLILHG� DV� WKH� VROXWLRQ
YLVFRVLW\� LQFUHDVHV��7KLV� FRXOG�EH�H[SODLQHG
E\� GHFUHDVLQJ� HWFKLQJ� UDWH� GXH� WR� VORZHG
HOLPLQDWLRQ� RI� WKH�GLVVROXWLRQ� SURGXFWV� DQG

DUULYDO�RI�WKH�IUHVK�HWFKDQW�SRUWLRQV�WR� WKH
FU\VWDO�VROXWLRQ� LQWHUIDFH�� 7KHUHIRUH�� LW� LV
H[SHGLHQW�WR�XVH�JO\FRO�DQG�ODFWLF�DFLG�LQ�WKH
HWFKDQW� FRPSRVLWLRQV� EDVHG� RQ� +�2�±+%U�7KHVH� VROYHQWV� LQFUHDVH� VRPHZKDW� WKH� YLV�
FRVLW\� RI� WKH� HWFKDQW� FRPSRVLWLRQV� WKXV� UH�
VXOWLQJ� LQ� GHFUHDVH� RI� WKH� VHPLFRQGXFWRU
PDWHULDO� GLVVROXWLRQ� UDWH� LQ� VXFK� VROXWLRQV�
LQFUHDVH�RI�WKH�SROLVKLQJ�VROXWLRQ�UHJLRQV�DV
ZHOO� DV� LQ� WKH� VXUIDFH� TXDOLW\� LPSURYHPHQW
DIWHU�WKH�HWFKLQJ�
7KH� FKHPLFDO�G\QDPLF� SROLVKLQJ� RI� XQ�

GRSHG�DQG�GRSHG�&G7H�DQG�=Q[&G�±[7H�VROLGVROXWLRQV� ZLWK� WKH� HWFKDQW� FRPSRVLWLRQV
+�2�±+%U�JO\FRO�LV�GHVFULEHG�LQ�>����@�ZKHUHWKH� FRQFHQWUDWLRQ� UDQJHV� RI� SROLVKLQJ� VROX�
WLRQV�KDYH�EHHQ�GHWHUPLQHG�DQG�WKH�HWFKLQJ
PHFKDQLVP� LQYHVWLJDWHG�� ,W� KDV� EHHQ� HVWDE�
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OLVKHG� WKDW� WKH� HWFKLQJ� UDWHV� RI� WKH� DERYH�
PHQWLRQHG� VLQJOH� FU\VWDOV� LQ� VXFK� VROXWLRQV
DUH� UHODWLYHO\� ORZ� ����dYd���PP�PLQ��� DQG
WKH� GLVVROXWLRQ� LQ� WKH� SROLVKLQJ� VROXWLRQV
SURFHHGV�DFFRUGLQJ�WR�GLIIXVLRQ�PHFKDQLVP�
$V�WKH�]LQF�FRQWHQW�LQ�WKH�=Q[&G�±[7H�VROLGVROXWLRQV�LQFUHDVHV��DQ�LQVLJQLILFDQW�HWFKLQJ
UDWH� LQFUHDVH� RFFXUV�� EXW� WKH� FRQFHQWUDWLRQ
UDQJHV� RI� WKH� SROLVKLQJ� VROXWLRQV� GR� QRW
FKDQJH�HVVHQWLDOO\�>�@��7KH�LQYHVWLJDWLRQV�RI
WKH� FKHPLFDO�PHFKDQLFDO� DQG� FKHPLFDO�G\�
QDPLF� SROLVKLQJ� RI� WKH� VLQJOH� FU\VWDOV� RI
XQGRSHG� DQG� GRSHG� &G7H� DQG� =Q[&G�±[7HVROLG� VROXWLRQV� ZLWK� WKH� +�2�±+%U±&�+�2�HWFKDQW� FRPSRVLWLRQV� KDYH� VKRZQ� WKDW� WKH
SROLVKLQJ�VROXWLRQV�RFFXS\�DOPRVW�WKH�ZKROH
VWXGLHG�FRQFHQWUDWLRQ�UDQJH�DQG�WKH�HWFKLQJ
UDWH� LV� ���Ü����� PP�PLQ� IRU� &G7H�� ���Ü
�����PP�PLQ� IRU� =Q����&G����7H� DQG� ���Ü�����PP�PLQ� IRU� =Q���&G���7H� >����@�� 7KHJRDO� RI� WKLV� ZRUN� LV� WR� VWXG\� WKH� VLQJOH
FU\VWDO� VXUIDFHV� RI� XQGRSHG� &G7H� DQG
=Q[&G�±[7H� VROLG� VROXWLRQV� WUHDWHG�ZLWK� WKH+�2�±+%UÜJO\FRO� DQG� +�2�±+%U±&�+�2�SROLVKLQJ�HWFKLQJ�FRPSRVLWLRQV�
7KH�HWFKDQW�FRPSRVLWLRQV�EDVHG�RQ�DTXH�

RXV� VROXWLRQV� RI� +�2�±+%U±&�+�2�� DQG+�2�±+%UÜJO\FRO� V\VWHPV� RSWLPL]HG� E\� XVEHIRUH�>�Ü�@�ZHUH�XVHG�IRU�WKH�FKHPLFDO�SRO�
LVKLQJ�RI�&G7H� DQG� �&G�±o=Qo7H� VROLG� VROX�WLRQV�� 7KH� VXUIDFH� WUHDWPHQW� ZDV� UHDOL]HG
XQGHU�UHSURGXFLEOH�K\GURG\QDPLF�FRQGLWLRQV
DW����Ü����z�DQG�WKH�GLVF�URWDWLRQ�VSHHG�RI
WKH����PLQÜ���7KH�FKHPLFDO�G\QDPLF�SROLVK�
LQJ� VHWXS� ZDV� XVHG� IRU� WKHVH� H[SHULPHQWV�
7KH� LQYHVWLJDWLRQV� ZHUH� FDUULHG� RXW� XVLQJ
WKH����Ü��PP�WKLFN�VLQJOH�FU\VWDO�SODWHV�RI
DERXW�����FP��DUHD�FXW�RXW�RI�WKH�>���@�RUL�
HQWHG� S�&G7H� LQJRWV�� DV� ZHOO� DV� RI
&G����=Q����7H� DQG� &G���=Q���7H� VROLG� VROX�WLRQV�� ��� �� +%U� �VSHFLDO� SXULW\� JUDGH��
�����+�2��������ODFWLF�DFLG�DQG�JO\FRO��DOO
UHDJHQWV� FKHPLFDO� SXULW\� JUDGH�� ZHUH� XVHG
WR�SUHSDUH�WKH�HWFKLQJ�FRPSRVLWLRQV��$OO�VR�
OXWLRQV� ZHUH� DJHG� EHIRUH� WKH� HWFKLQJ� GXULQJ
WZR�KRXUV�WLOO�WKH�IXOO�VWRSSLQJ�RI�WKH�JDVVLQJ
GXH�WR�WKH�UHDFWLRQ�EHWZHHQ�WKH�LQLWLDO�HWFKDQW
FRPSRQHQWV��+�2�����+%U� �%U������+�2�7KH�VDPSOHV�ZHUH�JOXHG�E\�WKH�QRQZRUN�
LQJ� VLGH� WR� TXDUW]� VXEVWUDWHV� DQG� SODFHG
LQWR� WKH� 7HIORQ� KROGHU� RI� WKH� FKHPLFDO�G\�
QDPLF� SROLVKLQJ� XQLW�� %HIRUH� WKH� HWFKLQJ�
WKH� GDPDJHG� OD\HU� RI� ��� WR� ���� PP� WKLFN�
QHVV� ZDV� UHPRYHG� IURP� WKH� SODWH� VXUIDFHV
SUHYLRXVO\� JURXQGHG� DQG� PHFKDQLFDOO\� SRO�
LVKHG�� XVLQJ� WKH� VDPH� HWFKDQW� FRPSRVLWLRQ
LQ�ZKLFK�WKH�QH[W�VWXGLHV�ZHUH�FDUULHG�RXW�
7KH� FKHPLFDO�PHFKDQLFDO� SROLVKLQJ� RI� WKH

VHPLFRQGXFWRUV�ZDV� UHDOL]HG�RQWR� WKH� FRYHU
E\�D�FDPEULF�WLVVXH�JODVV�SROLVKLQJ�SDG��7KH
HWFKLQJ�SROLVKLQJ�VROXWLRQ�ZDV�VXSSOLHG�DW�D
FRQWUROOHG�UDWH��$IWHU�WKH�FKHPLFDO�PHFKDQL�
FDO� DQG� FKHPLFDO�G\QDPLF� SROLVKLQJ�� WKH
VDPSOHV� ZHUH� ULQVHG� ZLWK� �����0�1D�6�2�VROXWLRQ��ZDWHU�� LVRSURSDQRO��DQG�PHWKDQRO�
$� �'� 6XUIDFH� 3URILOHU� 1HZ9LHZ� ����6� DW
����u�PDJQLILFDWLRQ�ZDV�XVHG�WR�REWDLQ�WKH
VXUIDFH� LPDJH� LQ� ZKLWH� OLJKW�� H[DPLQH� LWV
PLFURVWUXFWXUH� DQG� PHDVXUH� LWV� URXJKQHVV
DIWHU�VRPH�SURSRVHG�YDULDQWV�RI�WKH�FKHPLFDO
WUHDWPHQWV�DW�YDULRXV�WHFKQRORJLFDO�UHJLPHV�
$V� D� UHVXOW� RI� WKH� H[SHULPHQWDO� VWXGLHV�

LW�KDV�EHHQ�GHWHUPLQHG�WKDW�WKH�PLFURVWUXF�
WXUH� RI� WKH� &G7H� DQG� =Q����&G����7H� DQG=Q���&G���7H�VROLG�VROXWLRQV�VXUIDFHV�WUHDWHGXVLQJ� WKH� GHYHORSHG� WHFKQRORJLFDO� SURFH�
GXUHV�DUH�FKDUDFWHUL]HG�E\�KLJK�TXDOLW\�DQG
KLJK� OXVWHU�� 7KH� URXJKQHVV� �5]�� GRHV� QRWH[FHHG������PP�� WKXV� PHHWLQJ� WKH� UHTXLUH�
PHQWV� WR� WKH� VXUIDFH� SUHSDUDWLRQ� LQ� WKH
PDQXIDFWXULQJ�RI�YDULRXV�VHPLFRQGXFWRU�GH�
YLFHV�� +RZHYHU�� D� PRUH� GHWDLOHG� VWXG\� RI
WKH� IRUPHG� SROLVKHG� &G7H� DQG� =Q[&G�±[7HVXUIDFHV� KDV� VKRZQ� WKDW� LQ�PRVW� FDVHV�� WKH
SROLVKHG�VXUIDFHV�DUH�QRW�SHUIHFWO\�VPRRWK�
,Q� )LJ��� VKRZQ� DUH� WKH� VXUIDFH� PLFUR�

VWUXFWXUH� RI� WKH� =Q����&G����7H� VROLG� VROX�WLRQ� DIWHU� WZR�VWDJH� WUHDWPHQW�� LQFOXGLQJ
FKHPLFDO�PHFKDQLFDO� DQG� FKHPLFDO�G\QDPLF
SROLVKLQJ�ZLWK� WKH�+�2�±+%U±JO\FRO� SROLVK�LQJ�HWFKDQW�FRPSRVLWLRQV��D��E��F���DV�ZHOO�DV
VLPLODU� SLFWXUHV� IRU� QRPLQDOO\� XQGRSHG
&G7H� ������ SROLVKHG� WKH�+�2�±+%U±&�+�2�SROLVKLQJ�HWFKDQW�FRPSRVLWLRQ��G��H��DQG�IRU
=Q���&G���7H�VROLG�VROXWLRQ��I��DIWHU�WKH�FRU�UHVSRQGLQJ� LQWHUVWDJH� ULQVLQJ�� ,W� LV� HYLGHQW
WKDW� WKH� REWDLQHG�&G7H��=Q����&G����7H� DQG=Q���&G���7H�VXUIDFHV�DUH�FKDUDFWHUL]HG�E\�DKLJK� OXVWHU� DQG� KLJK� SROLVKLQJ� TXDOLW\�
+RZHYHU�� DSHULRGLF� QDQR�VL]HG� QHHGOH�
VKDSHG� IRUPDWLRQV� DUH� UHYHDOHG� RQ� WKH� SRO�
LVKHG� VXUIDFHV�� ZKLFK� DSSHDUHG� LQ� WKH
FRXUVH� RI� FKHPLFDO� SROLVKLQJ�� 7KH� VL]H� RI
WKHVH� QDQRQHHGOHV� YDULHV� EHWZHHQ� ��� DQG
���QP�� GHSHQGLQJ� IURP� WKH� VHPLFRQGXFWRU�
FKHPLFDO�WUHDWPHQW�PHWKRGV�DQG�WKH�SROLVK�
LQJ�HWFKLQJ�FRPSRVLWLRQ��,W�IROORZV�IURP�WKH
VXUIDFH�URXJKQHVV�DQDO\]H�WKDW�WKH�DULWKPH�
WLF�DYHUDJH�SURILOH�GHYLDWLRQ�5D� IRU�WKH�XQ�GRSHG�&G7H� DQG�&G�±[=Q[7H� VROLG� VROXWLRQVVLQJOH�FU\VWDOV�DIWHU�WKH�FKHPLFDO�WZR�VWDJH
WUHDWPHQW�� LQFOXGLQJ� FKHPLFDO�PHFKDQLFDO
DQG� FKHPLFDO�G\QDPLF� SROLVKLQJ� ZLWK� WKH
+�2�±+%UÜJO\FRO� DQG� +�2�±+%U±&�+�2�SROLVKLQJ� HWFKLQJ� FRPSRVLWLRQV�� YDULHV
ZLWKLQ� OLPLWV� RI� ��� WR� ��� QP�� DQG� WKH� LQ�
UHJXODULW\�SURILOH�KHLJKW�LV�RI���WR����QP�
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7KH� SKDVH� DQG� HOHPHQWDU\� FRPSRVLWLRQV
RI� VXFK� QHHGOH�VKDSHG� IRUPDWLRQV� KDYH� QRW
EHHQ� VWXGLHG� LQ� WKLV� ZRUN�� +RZHYHU�� LW� LV
SRVVLEOH� WR� VXSSRVH� WKDW� WKHVH� IRUPDWLRQV
PXVW� EH� HQULFKHG� LQ� WHOOXULXP�� VLQFH� WKH
FDGPLXP� WHOOXULGH� GLVVROXWLRQ� LQ� WKH� DFLG
VROYHQWV�LV�OLPLWHG��DV�D�UXOH��E\�WKH�GLVVROX�
WLRQ� RI� WHOOXULXP� VXEODWWLFH� >�@�� 2EYLRXVO\�
VXFK�DSHULRGLF�QDQRVL]HG�QHHGOH�VKDSHG�IRU�
PDWLRQV� FRXOG� DSSHDU� DOVR� LQ� WKH� FRXUVH� RI
FKHPLFDO�VXUIDFH�SROLVKLQJ�RI�RWKHU�VHPLFRQ�
GXFWRUV�� 7KLV� VKRXOG� EH� WDNHQ� LQWR� DFFRXQW
DW� WKH� FKHPLFDO� SROLVKLQJ�� VLQFH� WKHLU� SUHV�
HQFH�FRXOG�LQIOXHQFH�WKH�SK\VLFDO�SURSHUWLHV
RI�WKH�IRUPHG�PHWDO�VHPLFRQGXFWRU�FRQWDFWV
DQG� DW� WKH� PDQXIDFWXULQJ� RI� WKH� GHYLFH
ZRUNLQJ�HOHPHQWV�
7KXV�� DSHULRGLF� QDQRVL]HG� QHHGOH�VKDSHG

IRUPDWLRQV� KDYH� EHHQ� UHYHDOHG� RQ� VXUIDFHV
RI� &G7H� DQG� &G�±[=Q[7H� VROLG� VROXWLRQVWUHDWHG�E\�FKHPLFDO� VXUIDFH�SROLVKLQJ�XVLQJ
WZR�VWDJH� PHWKRG� LQFOXGLQJ� FKHPLFDO�PH�
FKDQLFDO� DQG� FKHPLFDO�G\QDPLF� SROLVKLQJ
ZLWK� +�2�±+%UÜJO\FRO� DQG� +�2�±+%U±&�+�2�� HWFKLQJ� FRPSRVLWLRQV�� 7DNLQJ� LQWR

DFFRXQW� WKH� PLQLDWXUL]DWLRQ� RI� WKH� PRGHUQ
VHPLFRQGXFWRU� GHYLFHV�� VXFK� QDQRVL]HG� QHH�
GOH�VKDSHG� IRUPDWLRQV� FRXOG� LQIOXHQFH� WKH
SK\VLFDO�SURSHUWLHV�RI�WKH�ZRUNLQJ�HOHPHQWV
LQ�VXFK�GHYLFHV�

5HIHUHQFHV
� ���%�'�/XIW�� 9�$�3HUHYRVKFKLNRY�� /�1�9R]PL�

ORYD� HW� DO��� 3K\VLFR�FKHPLFDO� 0HWKRGV� IRU
7UHDWPHQW�RI�6HPLFRQGXFWRU�6XUIDFHV��5DGLR�L
6Y\D]���0RVFRZ��������>LQ�5XVVLDQ@�

� ���9�1�7RPDVKLN�� =�)�7RPDVKLN�� $�9�/\XE�
FKHQNR��$�9�)RPLQ��2SWRHOHNWURQLND�L�3ROXSUR�
YRGQ�� 7HNKQLND�� ,VVXH� ���� �� ������� >LQ
5XVVLDQ@�

� ���=�)�7RPDVKLN��,�%�6WUDWL\FKXN��9�1�7RPDVKLN
HW�DO���1HRUJDQ��0DWHU������������������

� ���=�)�7RPDVKLN�� ,�,�+QDWLY�� 9�1�7RPDVKLN�
,�%�6WUDWL\FKXN�� =K��1HRUJ��.KLP��� ���� ����
�������

� ���,�%�6WUDWL\FKXN�� =�)�7RPDVKLN�� 3�,�)H\FKXN�
9�1�7RPDVKLN�� .RQGHQV��6UHG\� L� 0H]KID]Q�
*UDQLWV\�������������������

� ���=�)�7RPDVKLN�� 9�1�7RPDVKLN�� ,�,�+QDWLY�
,�%�6WUDWL\FKXN�� 1HRUJ��0DWHU��� ���� ���
�������

)LJ��6XUIDFH�PLFURVWUXFWXUH�DIWHU�WUHDWPHQW�ZLWK�SROLVKLQJ�HWFKDQW�FRPSRVLWLRQV��+�2�±+%UÜJO\FROIRU�=Q����&G����7H��D��E��F��DQG�+�2�±+%U±&�+�2��IRU�&G7H��G��H��DQG�=Q���&G���7H��I��
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� ���9�1�7RPDVKLN�� $�$�6DYD�� =�)�7RPDVKLN�
,�%�0L]HWVND\D�� ,]Y��$1� 6665��1HRUJDQ�
0DWHU������������������

+ÈÓº¯ºÏäL¯ÓL���mº¯ËÓÓ«�ÓÈ�¹ºmË¯²Ó«²�&G7H�È�=Q[&G�±[7H�¹¯Ò�²LäL�Óºä���¯ÈmãËÓÓL~�n��ºäÈ�Ò}��{�l��ºäÈ�Ò}��,�,��ÓÈ�Lm��,�r�v�¯È�L®��}���lº¯ÈmË���Ð�n¯ÈÓ���{���,mÈÓL�	}È
�º}ÈÏÈÓº���º�m�¯ËÏ�ã	�È�L�º�Óº��L��mº°�È�L®Óº��²LäL�Óº��º¯º}Ò�¹ºmË¯²ÓL�äºÓº}¯Ò°�

�ÈãLm�ÓËãË�ºmÈÓº�º�&G7H��È��mË¯�Ò²�¯ºÏ�ÒÓLm�&G�±[=Q[7H��«}È�°}ãÈ�È¼�	°«� LÏ�¹º°ãL�ºm�ÓÒ²� º¹Ë¯È�L®� ²LäL}º�äË²ÈÓL�Óº�º� �È� ²LäL}º��ÒÓÈäL�Óº�º� ¹ºãL¯�mÈÓÓ«� º¹�ÒäLÏºmÈÓÒäÒ
¹ºãL¯�mÈã	ÓÒäÒ��¯ÈmÒã	ÓÒäÒ�°�äL�ÈäÒ�+�2�±+%U±Ë�ÒãËÓ�ãL}ºã	��È�+�2�±+%U�äºãº�ÓÈ}Ò°ãº�È� �&�+�2���� È��È}ºÎ�mL�¹ºmL�ÓÒ²�äLÎº¹Ë¯È�L®ÓÒ²�¹¯ºäÒmº}��ÓÈ�¹ºãL¯ºmÈÓL®�¹º�
mË¯²ÓL� Áº¯ä�
�	°«� ÓË¹Ë¯Lº�Ò�ÓL� ÓÈÓº¯ºÏäL¯ÓL� �ºã�È°�L� ��mº¯ËÓÓ«�� {� ÏÈãËÎÓº°�L� mL�
¹¯Ò¯º�Ò�ÓÈ¹Lm¹¯ºmL�ÓÒ}È��äË�º�Lm�²LäL�Óº��º¯º}Ò��È�°}ãÈ���¹ºãL¯�mÈã	ÓÒ²��¯ÈmÒã	�
ÓÒ²�}ºä¹ºÏÒ�L®�¯ºÏäL¯�ÓÈÓº�ºãº}�mÈ¯L
¼���äËÎÈ²�mL������º����Óä�

����

=�)�7RPDVK\N�HW�DO����1DQRGLPHQVLRQDO�IRUPDWLRQV�RQ����

��� )XQFWLRQDO�PDWHULDOV�������������


