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7KH�SUHVHQW�VWXG\�UHSRUWV�RQ�DQ�DOWHUQDWLYH�PHWKRGRORJ\�IRU�WKH�H[WUDFWLRQ�RI�+XPLF�6XEVWDQFHV
�+6��IURP�WKH�VRLO��7KH�H[WUDFWLRQV�ZHUH�FDUULHG�RXW�ZLWK�����0�.2+�IRU���K��DW�D�UDWLR�RI�������P�Y�
XQGHU�D�QLWURJHQ�DWPRVSKHUH��7KH�+6�ZHUH�VHSDUDWHG�E\�FHQWULIXJDWLRQ�EDVHG�RQ�WKHLU�VROXELOLW\�LQ
DOFDOLQH�VROXWLRQ��7KLV�PHWKRGRORJ\�ZDV�FRPSDUHG�ZLWK�WKH�XVXDO�SURFHGXUH�LQ�WKUHH�GLIIHUHQW�VRLO
VDPSOHV�DQG�LQ�RQH�VDPSOH�IURP�YHUPLFRPSRVW��7KH�\LHOG��(��(��UDWLR��DVK�FRQWHQW��DQG�WKH�HOHPHQWDO
FRPSRVLWLRQ��&��+��2��1��RI�WKH�H[WUDFWHG�+6�KDYH�EHHQ�GHWHUPLQHG��7KH�IXQFWLRQDO�JURXSV�ZHUH
LGHQWLILHG�E\�)RXULHU�WUDQVIRUP�LQIUDUHG�VSHFWURVFRS\��7KLV�QRYHO�SURFHGXUH�DGGV�D�QHZ�SHUVSHFWLYH
WR�WKH�H[WUDFWLRQ�RI�KXPLF�VXEVWDQFHV�GXH�WR�WKH�VKRUW�WLPH�DQG�KLJK�SHUIRUPDQFH�RI�WKH�H[WUDFWLRQ
LQ�UHODWLRQ�WR�WKH�XVXDO�SURFHGXUH�

.H\ZRUGV��KXPLF�VXEVWDQFHV��H[WUDFWLRQ��FKDUDFWHUL]DWLRQ

,QWURGXFWLRQ

7KH�PRVW�LPSRUWDQW�FODVV�RI�QDWXUDOO\�RFFXUULQJ�FRP�

SOH[�DJHQWV�LV�WKH�KXPLF�VXEVWDQFHV��+6���7KH\�FRPSULVH�D

FRPSOH[�PL[WXUH�RI�SK\VLFDOO\�DQG�FKHPLFDOO\�KHWHURJHQH�

RXV� VXEVWDQFHV� ZKLFK� VKRZ� D� UHODWLYHO\� KLJK� PROHFXODU

ZHLJKW�ZLWK� D� ODUJH� QXPEHU� RI� R[\JHQ�FRQWDLQLQJ� IXQF�

WLRQDO�JURXSV���&22+�DQG��2+�LQ�SDUWLFXODU���7KH�+6�DUH

IRUPHG�E\�VHFRQGDU\�V\QWKHVLV�UHDFWLRQV�GXULQJ�WKH�GHFD\

SURFHVV�DQG�E\�WUDQVIRUPDWLRQ�RI�ELRPROHFXOHV�RULJLQDWLQJ

IURP�GHDG�RUJDQLVPV�DQG�PLFURELDO�DFWLYLW\���7KHVH�FRP�

SRXQGV�DUH�LPSRUWDQW�LQ�VRLO�FRQVHUYDWLRQ��LQ�ZDWHU�KROGLQJ

FDSDFLW\��� DQG� LQ� WKH� FRPSOH[DWLRQ� RI�PHWDOV� LQ� DTXDWLF
V\VWHPV��

7KH� H[WUDFWLRQ� SURFHGXUH� LV� D� YHU\� LPSRUWDQW� VWHS� LQ
UHODWLRQ�WR�WKH�FKDUDFWHUL]DWLRQ�RI�KXPLF�VXEVWDQFHV��+6��
6HYHUDO�H[WUDFWLRQ�SURFHGXUHV�XVLQJ�DONDOLQH��FRPSOH[LQJ
DQG� VDOW� VROXWLRQV� KDYH� EHHQ� GLVFXVVHG� E\� +D\HV��� 7KH
,QWHUQDWLRQDO�+XPLF�6XEVWDQFHV�6RFLHW\��,+66��KDV�UHFRP�
PHQGHG����D�VWDQGDUG�SURFHGXUH��EDVHG�RQ�D�WUHDWPHQW�ZLWK
����0�1D2+�DW�URRP�WHPSHUDWXUH�IRU���K��XQGHU�1��DWPRV�
SKHUH��'HVSLWH�WKH�QXPHURXV�WHFKQLTXHV�XVHG�IRU�WKLV�SXU�
SRVH������+6�VSHFLILF�VWUXFWXUDO�FKDUDFWHULVWLFV�VWLOO�UHPDLQ
XQNQRZQ�� FKHPLFDO� DQDO\VHV� RI� XQWUHDWHG� VDPSOHV� KDYH
SURYLGHG� RQO\� OLPLWHG� LQIRUPDWLRQ� DQG� PDQ\� TXHVWLRQV

$UWLFOH

-��%UD]��&KHP��6RF���9RO�����1R����������������� ������� 6RF��%UDV��4XtPLFD
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FRQFHUQLQJ�WKH�IDFWRUV�WKDW�LQIOXHQFH�WKH�H[WUDFWLRQ�SURFH�
GXUH�QHHG�WR�EH�DQVZHUHG���

7KH� SXUSRVH� RI� WKH� SUHVHQW� ZRUN� LV� WR� UHSRUW� RQ� DQ
DOWHUQDWLYH�PHWKRGRORJ\� IRU� WKH� H[WUDFWLRQ� RI�+6�ZKLFK
UHTXLUHG�D� VKRUW� H[SHULPHQWDO� WLPH�SHULRG�DQG�JLYH�KLJK
\LHOGV�ZKHQ�FRPSDUHG�ZLWK�WKH�XVXDO�SURFHGXUH����

0DWHULDOV�DQG�0HWKRGV

6DPSOHV

7KH�VWXG\�KDV�EHHQ�PDGH�ZLWK�WKUHH�VDPSOHV�FROOHFWHG
IURP�VRLO�VXUIDFHV�RI�GLIIHUHQW�UHJLRQV�RI�6mR�3DXOR�6WDWH��
%UD]LO��7ZR�VDPSOHV�DUH�IURP�WKH�SHDW��D�UHFHQW�DQG�DQ�ROG
RQH�� FROOHFWHG� IURP� WKH� UHJLRQV� RI� 5LEHLUmR� 3UHWR� DQG
%DWDWDLV�� UHVSHFWLYHO\�� $� VDPSOH� RI� VHGLPHQW� IURP� WKH
&DQDQpLD� LVODQG� DQG� D� YHUPLFRPSRVW� IURP� D� YLYDULXP
ORFDWHG�LQ�WKH�FLW\�RI�6mR�&DUORV�

7KH�SURSRUWLRQ�RI�RUJDQLF�PDWHULDO�ZDV�GHWHUPLQHG�E\
FDOFLQDWLRQ� DW� WKH� WHPSHUDWXUH� RI� ���� �&� IRU� �� K���� 7KH
FKDUDFWHUL]DWLRQ�RI�WKH�VRLOV�LQ�WHUPV�RI�IHUWLOL]DWLRQ��&D��.�
0J��3��6��&(&��ZDV�GRQH� WKURXJK� WKH�PHWKRGRORJ\�GH�
VFULEHG� E\� 5DLM�� HW� DO����� 3K\VLFDO� DQG� FKHPLFDO� FKDUDF�
WHULVWLFV�RI�WKHVH�VRLOV�DUH�JLYHQ�LQ�7DEOH���

([WUDFWLRQ��VHSDUDWLRQ�DQG�SXULILFDWLRQ�RI�WKH�KXPLF

VXEVWDQFHV

$OWHUQDWLYH�PHWKRGRORJ\�

7KH�GULHG�VRLO�VDPSOHV�ZHUH�JURXQG�DQG�SDVVHG�WKURXJK
D���PP�VLHYH��)LYH�JUDPV�RI�WKH�UHVXOWLQJ�PDWHULDO�ZHUH
WUDQVIHUUHG�WR�D�URXQG�ERWWRP�IODVN�DQG����P/�RI�.2+�����
0��ZHUH�DGGHG�SHU�JUDP�RI�VRLO��7KH�VXVSHQVLRQ�ZDV�VWLUUHG
XQGHU�1��DWPRVSKHUH�IRU���K��7KHQ��WKH�KXPLF�PL[WXUH�ZDV
FHQWULIXJHWHG� DW� ����� J� IRU� ��� PLQ�� 7KH� QRQ�GLVVROYHG
IUDFWLRQ�ZDV�VHSDUDWHG�DQG�GLVFDUGHG��7KH�VXSHUQDWDQW��+6�
ZDV�HYDSRUDWHG�LQ�YDFXR�DQG�GULHG�LQ�D�IRUFHG�YHQWLODWLRQ
VWRYH�DW�����&�IRU�IXUWKHU�GHWHUPLQDWLRQ�RI�H[WUDFWLRQ�\LHOGV
DQG�DVK�FRQWHQW��1H[W��WKH�+6�ZHUH�SXULILHG�IROORZLQJ�WKH
SURFHGXUHV� ¨VHSDUDWLRQ� RI� WKH� QRQ�KXPLF� FRQWDPLQDQWV©
DQG�¨VHSDUDWLRQ�RI�WKH�LQRUJDQLF�FRQWDPLQDQWV©�IRU�LWV�VXE�
VHTXHQW�FKDUDFWHUL]DWLRQ�

8VXDO�PHWKRGRORJ\����

7KH�GULHG�VRLO�VDPSOHV�ZHUH�JURXQG�DQG�SDVVHG�WKURXJK
D���PP�VLHYH��)LYH�JUDPV�RI�WKH�UHVXOWLQJ�PDWHULDO�ZHUH
H[WUDFWHG�ZLWK�D�YROXPH�RI�����0�+&O�HTXDO�WR�WHQ�WLPHV
WKH� ZHLJKW� RI� WKH� VDPSOH�� 7KH� S+� RI� WKH� VROXWLRQ� ZDV
DGMXVWHG�EHWZHHQ���DQG���ZLWK�����0�+&O��7KH�VRLO�+&O
PL[WXUH�ZDV�VKDNHQ�IRU���K�DQG�WKH�VXVSHQVLRQ�ZDV��WKHQ�
DOORZHG�WR�VHWWOH��7KH�PL[WXUH�ZDV�FHQWULIXJHG�DW������J
IRU����PLQ��DQG�WKH�VXSHUQDWDQW�VHSDUDWHG�IURP�WKH�VHGL�
PHQW��7KH�VHGLPHQW�ZDV�QHXWUDOL]HG�ZLWK�����0�1D2+�WR
S+������DQG�D�YROXPH�RI�����0�1D2+�HTXDO�WR�WHQ�WLPHV
WKH�ZHLJKW�RI�WKH�VDPSOH�ZDV�DGGHG�XQGHU�QLWURJHQ�DWPRV�
SKHUH��7KH�PL[WXUH�ZDV�VKDNHQ�IRU���K�DQG�WKHQ�DOORZHG�WR
VHWWOH�RYHUQLJKW��7KH�VXSHUQDWDQW�ZDV�VHSDUDWHG�IURP�WKH
VHGLPHQW�E\�FHQWULIXJDWLRQ�DW������J�IRU����PLQ��DQG�WKH
VHGLPHQW�ZDV�GLVFDUGHG��7KH�VXSHUQDWDQW��+6��ZDV�HYDSR�
UDWHG� LQ� YDFXR� DQG�GULHG� LQ�D� IRUFHG�YHQWLODWLRQ�VWRYH�DW
����&�IRU�IXUWKHU�GHWHUPLQDWLRQ�RI�H[WUDFWLRQ�\LHOGV�DQG�DVK
FRQWHQW��1H[W��+6�ZHUH�SXULILHG�IROORZLQJ�WKH�SURFHGXUH
¨VHSDUDWLRQ�RI� WKH�QRQ�KXPLF�FRQWDPLQDQWV©�DQG�¨VHSDUD�
WLRQ�RI�WKH�LQRUJDQLF�FRQWDPLQDQWV©�IRU�LWV�VXEVHTXHQW�FKDU�
DFWHUL]DWLRQ�

3XULILFDWLRQ�RI�WKH�KXPLF�VXEVWDQFHV

6HSDUDWLRQ�RI�WKH�QRQ�KXPLF�FRQWDPLQDQWV
7KH�+6�H[WUDFW�FRQWDLQLQJ�QRQ�KXPLF�VXEVWDQFHV�ZDV

DSSOLHG� WR� D�PDFURSRURXV� UHVLQ�$0%(5/,7(�;$'����

FROXPQ��$IWHU�SUHYLRXV�WUHDWPHQW�RI�WKH�UHVLQ�ZLWK�PHWKD�
QRO�GHLRQL]HG� ZDWHU�� WKH� +6� ZHUH� GLOXWHG� LQ� GHLRQL]HG
ZDWHU� DQG� HOXWHG� LQ� D� �� P/�PLQ� GHVFHQGHQW� IORZ�� 7KH
HOXWLRQ�RI�WKH�+6�ZLWK�1D2+�����0�ZDV�SHUIRUPHG�LQ�D
��P/�PLQ�IORZ�

6HSDUDWLRQ�RI�WKH�LQRUJDQLF�FRQWDPLQDQWV
'ULHG�+6�ZHUH� SXULILHG� GXULQJ� �� K� VKDNLQJ� DW� URRP

WHPSHUDWXUH�ZLWK�D����P/�VROXWLRQ�FRPSRVHG�RI�����P/�RI
+&O��FRQF��������P/�RI�+)�VROXWLRQ��������Y�Y��DQG�GHLRQ�
L]HG�ZDWHU�XS�WR���OLWUH��1H[W��WKH�VDPSOHV�ZHUH�WUDQVIHUUHG
WR�GLDO\VLV�WXELQJ�DQG�GLDO\VHG�LQ�RUGHU�WR�UHPRYH�WKH�VDOW
FRQWHQWV��7KH�H[WHUQDO�ZDWHU�ZDV�UHSODFHG�WKUHH�WLPHV�DIWHU
����K�DQG�WKHQ�HYHU\����K�XQWLO�WKH�&O��FRXOG�QRW�EH�GHWHFWHG

�� 5RFKD�HW�DO� -��%UD]��&KHP��6RF�

7DEOH����3K\VLFDO�DQG�FKHPLFDO�FKDUDFWHULVWLFV�RI�VRLO�VDPSOHV��RYHQGULHG�EDVLV��
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�WKLV�SURFHGXUH�GHFUHDVHG�WKH�DVK�FRQWHQWV�RI�WKH�+6�EHORZ
���P�P���$IWHU� WKDW�� WKH�+6�ZHUH� HYDSRUDWHG� LQ� YDFXR�
GULHG� LQ� D� IRUFHG�YHQWLODWLRQ� VWRYH� DW� ��� �&� DQG� FKDUDF�
WHUL]HG� E\� WKH� VSHFWURVFRSLF� DQDO\VLV� LQ� WKH� YLVLEOH� DQG
LQIUDUHG�UHJLRQ�DQG�DOVR�E\�HOHPHQWDO�DQDO\VLV��

'LDO\VLV�WXELQJ�SXULILFDWLRQ
'LDO\VLV�WXELQJ��PROHFXODU�ZHLJKW�FXW�RII���������ZDV

FOHDQHG�E\�ERLOLQJ�LQ�����P�P��VRGLXP�K\GURJHQFDUERQDWH
�������PRO�/�1D�('7$�IRU����PLQ��IROORZHG�E\�ULQVLQJ�LQ
ERLOLQJ�GHLRQL]HG�ZDWHU��&OHDQ�WXELQJ�ZDV�VWRUHG�LQ�GHLRQ�
L]HG�ZDWHU�DW����&���

&KDUDFWHUL]DWLRQ

<LHOGV

7KH�\LHOG�RI�+6�ZDV�FDOFXODWHG�EDVHG�RQ�WKH�VRLO�PDVV
VXEPLWWHG�WR�H[WUDFWLRQ�������J��DQG�WKH�ZHLJKHG�RUJDQLF
PDWHULDO��20��H[WUDFWHG��7KH�UHVXOWV�DUH�JLYHQ�LQ�7DEOH���

$VK�FRQWHQW

7KH�DVK�FRQWHQW�RI�WKH�H[WUDFWHG�+6�ZDV�REWDLQHG�DIWHU
LJQLWLRQ�DW������&�IRU���K���

89�9,6�VSHFWURVFRS\

(��(��UDWLRV�ZHUH�GHWHUPLQHG�E\�GLVVROYLQJ�����PJ�RI
+6�LQ����P/�RI������0�1D+&2��VROXWLRQ��S+�EHWZHHQ����
������LQ�DOO�FDVHV��DQG�E\�PHDVXULQJ�RSWLFDO�GHQVLWLHV�DW����
DQG�����QP���RQ�D�9DULDQ�*%&�������$�VSHFWURSKRWRPHWHU�
7KH�UHVXOWV�RI�WKHVH�PHDVXUHPHQWV�DUH�JLYHQ�LQ�7DEOH���

,QIUDUHG�VSHFWURVFRS\

7KH�IXQFWLRQDO�JURXSV�RI�WKH�+6�ZHUH�FKDUDFWHUL]HG�E\
)RXULHU�WUDQVIRUP� ,5� VSHFWURVFRS\� �)LJ�� ���� 7KH� VSHFWUD
ZHUH�UHFRUGHG�E\�XVLQJ�D�1LFROHW�����6;�)7�VSHFWURPHWHU�
.%U�GLVFV�ZHUH�XVHG�WR�SUHSDUH�WKH�VDPSOHV���

(OHPHQWDO�DQDO\VLV

7KH�HOHPHQWDO�DQDO\VLV�RI�WKH�+6�H[WUDFWHG�ZDV�GHWHU�
PLQHG�E\�XVLQJ�D�3HUNLQ�(OPHU�������&�HOHPHQWDO�DQDO\VHU�
7KH�UHVXOWV�RI�WKHVH�PHDVXUHPHQWV�DUH�JLYHQ�LQ�7DEOH���

5HVXOWV�DQG�'LVFXVVLRQV

7DEOH���VKRZV�WKH�UHVXOWV�RI�WKH�HOHPHQWDO�FRPSRVLWLRQ
�&��+��2��1���\LHOGV�RI�WKH�H[WUDFWLRQ�DQG�(��(��UDWLR�RI�WKH
+6�H[WUDFWHG�E\� WKH�DOWHUQDWLYH�PHWKRGRORJ\�DQG�E\� WKH
XVXDO�SURFHGXUH� LQ� WKH�GLIIHUHQW� VRLO� VDPSOHV�DQG�YHUPL�
FRPSRVW�

<LHOGV�DQG�H[WUDFWLRQ�WLPH

7KH�H[WUDFWLRQ�RI�WKH�+6�IURP�WKH�VRLOV�XVLQJ�DONDOLQH
VROYHQWV�FRPSULVHV� WKH� LRQL]DWLRQ�RI� WKH�DFLG�JURXSV�DQG
VROYDWLRQ�RI�WKH�FRQMXJDWHG�EDVHV�LQ�DTXHRXV�PHGLXP��$W
ILUVW��DQ\�V\VWHP�ZKLFK�GLVSODFHV�RU�UHPRYHV�GLYDOHQW�DQG
SRO\YDOHQW�FDWLRQV�DQG�DOORZV�WKH�QHJDWLYH�FKDUJHV�RQ�WKH
PDFURPROHFXODU�PDWUL[�WR�UHSHO�HDFK�RWKHU��DQG�WR�JLYH�ULVH
WR�WKH�H[SDQVLRQ�RI�WKH�PROHFXOHV��VKRXOG�SURPRWH�VROYD�
WLRQ�� 7KH� FRQVHTXHQW� GLVVRFLDWLRQ��PROHFXODU� H[SDQVLRQ�
VROYHQW�SHQHWUDWLRQ��HWF��� UHVXOW� LQ� WKH�WUDQVIHUHQFH�RI� WKH
KXPLF�VXEVWDQFHV�IURP�WKH�VROLG�WR�WKH�VROXWLRQ�SKDVH�����
&RQVHTXHQWO\��WKH�VROXELOLW\�RI�KXPLF�VXEVWDQFHV��DQG�WKH
PROHFXODU�VL]H�GLVWULEXWLRQ�RI�WKH�VROXEOH�FRPSRQHQWV��LV
GHSHQGHQW�RQ�S+��LRQLF�VWUHQJWK�DQG�QDWXUH�RI�WKH�HOHFWUR�
O\WH�LRQV���

7KH�LQFUHDVH�RI�WKH�\LHOGV�DQG�WKH�UHGXFWLRQ�RI�WKH�+6
H[WUDFWLRQ�WLPH�XVLQJ�WKH�DOWHUQDWLYH�PHWKRGRORJ\�LV�DVVR�
FLDWHG�ZLWK�WKH�VXEVWLWXWLRQ�RI�WKH�DONDOL�XVHG�LQ�WKH�H[WUDF�
WLRQ�� 7KH� FRXQWHU� LRQV� 1D�� DQG� .��� UHVSRQVLEOH� IRU� WKH
LQWHUDFWLRQ�DQG�VROYDWLRQ�RI�WKH�QHJDWLYH�FKDUJHV�GLVVRFL�
DWHG�IURP�WKH�KXPLF�PDFURPROHFXOH��KDYH�GLIIHUHQW�EHKD�
YLRXUV� LQ� DTXHRXV�PHGLXP� �7DEOH� ��������7KHVH� GLIIHUHQW
FKDUDFWHULVWLFV�UHVXOWHG�LQ�WKH�LQFUHDVH�RI�WKH�\LHOGV�DQG�RQ
WKH�UHGXFWLRQ�RI�WKH�H[WUDFWLRQ�WLPH��ZKHQ�.2+�ZDV�XVHG�

9RO�����1R��������� ([WUDFWLRQ�RI�+XPLF�6XEVWDQFHV�IURP�2UJDQLF�6RLOV ��

7DEOH����&RPSDULVRQ�EHWZHHQ�WKH�HOHPHQWDO�FRPSRVLWLRQ��&�+��&�1�DQG�(��(��UDWLRV�DQG�\LHOGV�RI�+6�H[WUDFWHG�E\�WKH�XVXDO�SURFHGXUH��$��DQG�E\�WKH
DOWHUQDWLYH�PHWKRGRORJ\��%��

(OHPHQWDO�FRPSRVLWLRQ������DVK�IUHH�
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