
-��1HSDO�&KHP��6RF���9RO����������

����

,QIOXHQFH�RI�$FWLYDWLQJ�$JHQWV�RQ�WKH�$GVRUSWLYH�3URSHUWLHV�RI�
%HWHO�QXW�%DVHG�$FWLYDWHG�&DUERQ��

6DKLUD�-RVKL��DQG�3XVSD�/DO�+RPDJDL�

�'HSDUWPHQW�RI�$SSOLHG�6FLHQFHV��3XOFKRZN�FDPSXV��,2(��7ULEKXYDQ�8QLYHUVLW\��/DOLWSXU��1HSDO�
�$PULW�FDPSXV��7ULEKXYDQ�8QLYHUVLW\��.DWKPDQGX��1HSDO�

(PDLO��KRPDJDLSO#JPDLO�FRP�

$EVWUDFW�

,Q�WKLV�VWXG\��D�VHULHV�RI�DFWLYDWHG�FDUERQV��$&V��ZHUH�SUHSDUHG�IURP�%HWHO�QXW�E\�FKHPLFDO�DFWLYDWLRQ�
XVLQJ� =Q&O��� +�32�� DQG� 1D2+� DV� DFWLYDWLQJ� DJHQWV�� 7KH� UHVXOWDQW� DFWLYDWHG� FDUERQV� �$&V�� ZHUH�
FKDUDFWHUL]HG� E\� LRGLQH� QXPEHU� �,1��� PHWK\OHQH� EOXH� QXPEHU� �0%1��� VXUIDFH� DUHD�� VFDQQLQJ� HOHFWURQ�

0LFURVFRS\��6(0�DQG�)RXULHU�WUDQVIRUP�LQIUDUHG�VSHFWURVFRS\��)7,5���7KH���\LHOG�RI�+ 32 �DFWLYDWHG�

FDUERQ� LV� KLJKHU� IROORZHG� E\� =Q&O � DQG�1D2+�� $&� SUHSDUHG� E\� XVLQJ�+�32�� DV� DQ� DFWLYDWLQJ� DJHQW�
VKRZHG�KLJKHU�LRGLQH�QR���PHWK\OHQH�EOXH�QR��DQG�VXUIDFH�DUHD�RI�����PJ�JP������PJ�JP�DQG�����P��JP�

UHVSHFWLYHO\��,W�LQGLFDWHG�WKH�SUHVHQFH�RI�D�ODUJH�DPRXQW�RI�PLFUR�DQG�PHVRSRUHV�LQ�WKH�+ 32 �DFWLYDWHG�

FDUERQ��$V�VKRZQ�E\�6(0�PLFURJUDSKV��+ 32 �DQG�=Q&O DFWLYDWHG�FDUERQV�KDYH�ZHOO�GHYHORSHG�SRUH�
VWUXFWXUH�FRPSULVLQJ�RI�PDFURSRUHV�DQG�PLFURSRUHV�RQ�LWV�H[WHUQDO�VXUIDFH��+RZHYHU�WKHLU�SRUH�VWUXFWXUH�
LV�GLIIHUHQW�GHSHQGLQJ�RQ�WKH�DFWLYDWLQJ�DJHQW��'HVSLWH�WKH�GLIIHUHQW�FKHPLFDO�DFWLYDWLQJ�DJHQW�XVHG��DOO�WKH�
SUHSDUHG�$&V�DUH� DPRUSKRXV� QDWXUH� DQG� VKRZHG� VLPLODU� R[\JHQ�FRQWDLQLQJ� VXUIDFH� IXQFWLRQDO� JURXSV�
�FDUER[\O��FDUERQ\O�DQG�SKHQROLF�JURXSV���$PRQJ�WKH�GLIIHUHQW�DFWLYDWLQJ�DJHQWV��+�32��VHHPV�WR�EH�EHVW�
DFWLYDWLQJ�DJHQWV�DV�WKH�%HWHO�EDVHG�$&�REWDLQHG�E\�XVLQJ�WKLV�DJHQW�KDV�KLJK�DGVRUSWLRQ�FDSDFLW\��

.H\ZRUGV��%HWHO�QXW��DFWLYDWHG�FDUERQ��DFWLYDWLQJ�DJHQWV�

,QWURGXFWLRQ�

$FWLYDWHG�FDUERQ��$&��LV�D�SRURXV�FDUERQDFHRXV�PDWHULDO�ZLWK�WKH�KLJKO\�GHYHORSHG�VXUIDFH�DUHD��7KH�
FKDUDFWHULVWLFV�RI�DFWLYDWHG�FDUERQ��$&��DUH�LQWHUQDO�SRURVLW\�DQG�WKHLU�UHODWHG�SURSHUWLHV�VXFK�DV�VXUIDFH�
DUHD��SRUH�YROXPH��SRUH�VL]H�GLVWULEXWLRQ��DQG�WKH�SUHVHQFH�RI�VXUIDFH�IXQFWLRQDO�JURXSV��7KHVH�SURSHUWLHV�
SOD\V�NH\�UROH� LQ� WKH�DGVRUSWLYH�FDSDFLWLHV�RI�$&V��$FFRUGLQJ� WR� ,83$&��SRUHV�RI�$&�DUH�FODVVLILHG� LQ�
WKUHH� JURXSV��PLFURSRUHV� �GLDPHWHU� �� ��� QP��PHVRSRUHV� ��� QP��� GLDPHWHU� �� ��� QP��� DQG�PDFURSRUHV�
�GLDPHWHU�!����QP�����$&V�ZLWK�DEXQGDQFH�RI�PLFURSRUHV��GLDPHWHUV�!���QP��DUH�XVHG�IRU�DGVRUSWLRQ�RI�
VPDOO�PROHFXOHV�DQG�KLJKO\�GHYHORSHG�PHVRSRURXV�$&V�DUH�XVHG�IRU�WKH�DGVRUSWLRQ�RI�ODUJHU�PROHFXOHV�
�GLDPHWHUV� �� �� QP���'XH� WR� KLJK� DGVRUSWLYH� FDSDFLW\�� WKH\� DUH� FRPPRQO\� XVHG� LQ� YDULRXV� DSSOLFDWLRQV�
VXFK�DV�DGVRUSWLRQ��FDWDO\VW�VXSSRUW��JDV�VHSDUDWLRQ�DQG�VWRUDJH��VROYHQW�UHFRYHU\�DQG�GHFRORUL]LQJ��VXSHU�
FDSDFLWRUV��DQG�DV�HOHFWURGHV����

$&�FDQ�EH�SUHSDUHG� IURP�FDUERQDFHRXV�PDWHULDOV�E\�FDUERQL]DWLRQ� LQ� LQHUW�DWPRVSKHUH�IROORZHG�E\�
DFWLYDWLRQ�RI�FDUERQL]HG�SURGXFW��&DUERQL]DWLRQ�OHDGV�WR�WKH�IRUPDWLRQ�RI�IL[HG�FDUERQ�ZLWK�UXGLPHQWDU\�

&RUUHVSRQGLQJ�DXWKRU
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SRUH�VWUXFWXUH�DQG�DFWLYDWLRQ�HQODUJH�WKH�SRUHV�GLDPHWHU�DQG�DOVR�FUHDWH�QHZ�SRUHV��7KHUH�LV�EDVLFDOO\�WZR�
PHWKRGV� DFWLYDWLRQ�� SK\VLFDO� DQG� FKHPLFDO� DFWLYDWLRQ��3K\VLFDO� DFWLYDWLRQ� LQFOXGHV� WKH� FDUERQL]DWLRQ�RI�
WKH�UDZ�PDWHULDO�DQG� WKH�DFWLYDWLRQ�RI� WKH�FDUERQL]HG�SURGXFW�XVLQJ�VWHDP�DQG�&2��DW�KLJK� WHPSHUDWXUH�
����±������&���,Q�FKHPLFDO�DFWLYDWLRQ�� WKH�UDZ�PDWHULDO� LV�ILUVW� WUHDWHG�ZLWK�GHK\GUDWLQJ�DJHQWV�VXFK�DV�
+�32���=Q&O���.2+��1D2+��+�62���.&O�HWF�DQG�FDUERQL]DWLRQ�LV�FDUULHG�RXW� LQ�DQ�LQHUW�DWPRVSKHUH�DW�
UHODWLYHO\� ORZ� WHPSHUDWXUHV� ����±�����&����7KH� W\SH�RI� FKHPLFDO� DJHQW� LV� VHOHFWHG�DV�D� IXQFWLRQ�RI� WKH�
FKDUDFWHULVWLFV�RI� WKH�GHVLUHG�$&��&KHPLFDO�DFWLYDWLRQ�PHWKRG�KDV�VHYHUDO�DGYDQWDJHV�RYHU� WKH�SK\VLFDO�
DFWLYDWLRQ� PHWKRG� ZKLFK� LQFOXGHV� WKH� KLJK� VXUIDFH� DUHD�� UHODWLYHO\� KLJKHU� \LHOG�� ORZHU� DFWLYDWLRQ�
WHPSHUDWXUH�DQG�VKRUWHU�WLPH�QHHGHG�IRU�DFWLYDWLQJ�PDWHULDO���

7KH�PRVW� LPSRUWDQW�FKDUDFWHULVWLF�RI�DQ�$&�LV� LWV�DGVRUSWLRQ�FDSDFLW\�ZKLFK�LV�KLJKO\�LQIOXHQFHG�E\�
WKH�SUHSDUDWLRQ�FRQGLWLRQV�VXFK�DV�DFWLYDWLRQ�FRQGLWLRQ��DFWLYDWLQJ�DJHQW�DQG�QDWXUH�RI�SUHFXUVRU��$PRQJ�
WKHVH��DFWLYDWLQJ�DJHQWV�KDYH�D�JUHDW�LQIOXHQFH�RQ�WKH�SRUH�GHYHORSPHQW�DQG�VXUIDFH�FKDUDFWHULVWLFV�RI�WKH�
$&�SURGXFHG�� ,W� HOLPLQDWHV� WKH� LPSXULWLHV� VXFK� DV� DOFRKRO�� DFLGV�� DOGHK\GH�� HWF�� FRQWDLQHG� LQ� WKH� SRUHV�
GXULQJ�FDUERQL]DWLRQ�VR�WKDW�WKH�SRUHV�RI�FDUERQ�EHFRPH�RSHQHG�DQG�WKH�GLDPHWHU�RI�WKH�SRUHV�DQG�VXUIDFH�
DUHD�RI�DGVRUEHQW�LQFUHDVH��7KH�PRVW�ZLGHO\�XVHG�DFWLYDWLQJ�DJHQWV�DUH�=Q&O���+�32���.2+�DQG�1D2+

���
+�32��DQG�=Q&O��DUH�XVHG�IRU�WKH�DFWLYDWLRQ�RI�OLJQRFHOOXORVLF�PDWHULDOV��ZKLFK�KDYH�QRW�EHHQ�FDUERQL]HG�
SUHYLRXVO\��ZKHUHDV�1D2+�DQG�.2+�DUH�XVHG�IRU�WKH�DFWLYDWLRQ�RI�FRDO�SUHFXUVRUV�RU�FKDUV����

,Q� WKH� ODVW� GHFDGHV�� WKH� XVH� RI� DOWHUQDWLYH� SUHFXUVRUV� IURP� LQGXVWULDO� ZDVWHV� DQG� DJULFXOWXUDO� E\�
SURGXFWV� KDV� JDLQHG� LPSRUWDQFH� EHFDXVH� RI� WKH� DEXQGDQW� VXSSO\� DW� QR�RU� ORZ� FRVWV��7KHVH� DJULFXOWXUDO�
PDWHULDOV�LQFOXGH�FRUQFRE���FKHUU\�VWRQH���EDPERR���FRFRQXW�VKHOO��HWF��%HWHO�QXW�RU�$UHFD�QXW�LV�WKH�VHHG�
RI�WKH�RULHQWDO�SDOP�$UHFD�FDWHFKX�/LQQDHXV��%HWHO�QXW�FRQWDLQV�FHOOXORVH��KHPLFHOOXORVH��OLJQLQ�DONDORLGV�
DQG�7DQLQV�JHQHUDOO\�UHTXLUHG�IRU�WKH�SURGXFWLRQ�RI�SRURXV�FDUERQ�PDWHULDOV��,Q�WKH�SUHVHQW�VWXG\��%HWHO�
�$UHFD�FDWHFKX��QXW�ZHUH�VHOHFWHG�DV�SUHFXUVRU�IRU�SUHSDUDWLRQ�RI�$&�EHFDXVH�RI�WKHLU�ZLGH�DYDLODELOLW\�LQ�
6RXWK� (DVW� $VLD�� 7KH� DLP� RI� WKH� SUHVHQW� ZRUN� ZDV� WR� VWXG\� LQIOXHQFH� RI� DFWLYDWLQJ� DJHQWV� RQ� WKH�
DGVRUSWLYH�SURSHUWLHV�RI�%HWHO�QXW�GHULYHG�$&����

([SHULPHQWDO�0HWKRGV�

0DWHULDOV�

7KH�%HWHO� QXWV�ZHUH� SXUFKDVHG� IURP� ORFDO�PDUNHW��.DWKPDQGX��1HSDO��7KH� FKHPLFDOV� XVHG� IRU� WKLV�
LQYHVWLJDWLRQ�DQG�DQDO\VLV�ZHUH�DOO� DQDO\WLFDO�JUDGH��8OWUD�KLJK�SXUH� �8+3��QLWURJHQ�ZDV�XVHG� IRU� LQHUW�
DWPRVSKHUH�GXULQJ�FDUERQL]DWLRQ� %HWHO�QXWV�ZHUH�ZDVKHG�ZLWK�GLVWLOOHG�ZDWHU�DQG�GULHG�LQ�DQ�DLU�RYHQ�DW�
���R&�IRU����KUV�DQG�WKHQ�FUXVKHG�LQWR�SRZGHU��7KH�QXW�SRZGHU�ZDV�WKHQ�VLHYHG�WR�REWDLQ�WKH�IUDFWLRQ�RI�
VL]H������P�

3UHSDUDWLRQ�RI�DFWLYDWHG�FDUERQ��

���JP�RI�GULHG��FUXVKHG�%HWHO�QXW�SRZGHU�ZDV�VHSDUDWHO\�PL[HG�ZLWK�+�32���=Q&O��DQG�1D2+�LQ�WKH�
UDWLR� RI� ���� E\�ZHLJKW�� 7KHQ�� WKH�PL[WXUHV�ZHUH� VWLUUHG�ZLWK� JODVV� URG� DW� ��R&� XQWLO� FRPSOHWHO\� GULHG��
7KHQ�� VDPSOHV� ZHUH� GULHG� LQ� DQ� RYHQ� DW� ����&� IRU� ��� KRXUV�� 7KH� GULHG� VDPSOHV� ZHUH� VHSDUDWLYHO\�
FDUERQL]HG� LQ� D� KRUL]RQWDO� WXEXODU� IXUQDFH� DW� ����&� XQGHU� D� FRQWLQXRXV� QLWURJHQ� IORZ� RI� QLWURJHQ� ����
PO�PLQ��IRU���KUV��7KH�UHVXOWDQW�$&V�ZHUH�WUHDWHG�ZLWK����1D+&2��VROXWLRQ��LQ�FDVH�RI�DFWLYDWLQJ�DJHQW�
+�32����DQG�+&O�VROXWLRQ��LQ�FDVH�RI�DFWLYDWLQJ�DJHQW�1D2+���7KH�FDUERQ�ZDV�VXEVHTXHQWO\�ZDVKHG�ZLWK�
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ZDUP�GLVWLOOHG�ZDWHU XQWLO�WKH�S+�RI�ZDVKLQJ�EHFDPH�QHXWUDO��7KH�VDPSOH�ZDV�WKHQ�GULHG�DW����R�&�IRU����
KUV�DQG�VLHYHG�WR�JHW�WKH�SDUWLFOHV�RI�VL]H����� P��7KLV�$&�ZDV�VWRUHG�IRU�IXUWKHU�XVH���

&KDUDFWHUL]DWLRQ�RI�DFWLYDWHG�FDUERQ�

,RGLQH� QXPEHU� RI� $&V� ZDV� GHWHUPLQHG� DFFRUGLQJ� WR� $670� '�������� PHWKRG���� 0HWK\OHQH� EOXH�
QXPEHU� RI� $&V� ZDV� GHWHUPLQHG� E\� VLQJOH� SRLQW� DGVRUSWLRQ� LVRWKHUP� VWXGLHV� DFFRUGLQJ� WR� 6WDQGDUG�
0HWKRG��� 6XUIDFH� DUHD� RI� $&� ZDV� HVWLPDWHG� E\� LRGLQH� DQG� PHWK\OHQH� EOXH� QXPEHUV� XVLQJ� PXOWLSOH�
UHJUHVVLRQV���� 6XUIDFH� IXQFWLRQDO� JURXS� RI� WKH� $&V� ZDV� LGHQWLILHG� XVLQJ� )RXULHU� 7UDQVIRUP�,QIUDUHG�
�)7,5��VSHFWURVFRS\��)7,5�VSHFWUD�ZHUH�UHFRUGHG�EHWZHHQ������DQG�����FP ��RQ�D�1LFROHW������)7,5�
�7KHUPR�(OHFWURQ�&RUSRUDWLRQ���7KH� VXUIDFH�PRUSKRORJ\�ZDV� VWXGLHG�E\� VFDQQLQJ� HOHFWURQ�PLFURVFRSH�
�6(0��+LWDFKL� 6������� 6WUXFWXUDO� DQDO\VLV� ZDV� FDUULHG� RXW� E\� SRZGHU� ;�UD\� GLIIUDFWLRQ� �;5'�� XVLQJ�
5LJDNX�0LQL)OH[,,�&�V\VWHP�ZLWK�&X. �� � ���������c��UDGLDWLRQ�DW�D�VFDQQLQJ�UDWH�RI��R�PLQ ���

5HVXOWV�DQG�'LVFXVVLRQ�

<LHOG�RI�WKH�DFWLYDWHG�FDUERQ�

7KH�SHUFHQWDJH�\LHOG�RI�%HWHO�QXW�$&V�XVLQJ�GLIIHUHQW�DFWLYDWLQJ�DJHQWV�LV�VKRZQ�LQ�7DEOH����

7DEOH�����7KH�SHUFHQWDJH�\LHOG�RI�%HWHO�QXW�$&V�XVLQJ�GLIIHUHQW�DFWLYDWLQJ�DJHQWV�

$FWLYDWHG�FDUERQ� <LHOG�����

1D2+�DFWLYDWHG�FDUERQ� ���

=Q&O��DFWLYDWHG�FDUERQ� ���

+�32��DFWLYDWHG�FDUERQ ���

7KH�UHVXOWV�VKRZHG�WKDW���\LHOG�RI�+ 32 �DFWLYDWHG�FDUERQ�LV�KLJKHU�IROORZHG�E\�=Q&O �DQG�1D2+��,W�
PD\� EH� EHFDXVH� + 32 � SURPRWHV� GHSRO\PHUL]DWLRQ�� GHK\GUDWLRQ�� DQG� UHGLVWULEXWLRQ� RI� FRQVWLWXHQW�
ELRSRO\PHUV��,W�IDYRUV�WKH�FRQYHUVLRQ�RI�DOLSKDWLF�WR�DURPDWLF�FRPSRXQGV��,W�LQFUHDVHV�WKH�\LHOG�RI�$&��,Q�
FDVH� RI� =Q&O�� DFWLYDWLRQ�� =Q&O�� DV� D� /HZLV� DFLG� DQG� HQKDQFHV� WKH� DURPDWLF� FRQGHQVDWLRQ� DQG�
SRO\PHUL]DWLRQ� UHDFWLRQV� RI� WKH� FDUERQ� VWUXFWXUH��$V� D� UHVXOW�� WKH� YRODWLOH�PROHFXOHV� DUH� VWDELOL]HG� DQG�
LQFUHDVHG� WKH� FDUERQ� \LHOG�� 7KH� ORZHU� SHUFHQWDJH� \LHOG� RI� 1D2+� DFWLYDWHG� FDUERQ� LV� GXH� WR� WKH�
LQWHUFDODWLRQ�RI�WKH�PHWDOOLF�VRGLXP�WR�WKH�FDUERQ�PDWUL[��,W�UHVXOWV�LQ�WKH�GHFUHDVH�RI�WKH�\LHOG�RI�WKH�$&����
+HQFH��LW�FRQILUPV�WKDW��DFWLYDWLQJ�DJHQW�QRWDEO\�DIIHFW�WKH�\LHOG�RI�$&��6LPLODU�UHVXOW�ZDV�REVHUYHG�LQ�WKH��$&�
SURGXFHG�E\�5XEEHU�VHHG�SHULFDUS�XVLQJ�0LFURZDYH�,QGXFHG�GLIIHUHQW�FKHPLFDO�DFWLYDWLQJ�DJHQW�����

,RGLQH�1XPEHU�DQG�PHWK\OHQH�EOXH�QXPEHU�

$GVRUSWLRQ�RI�LRGLQH�DQG�PHWK\OHQH�EOXH�G\H�IURP�DTXHRXV�VROXWLRQ�LV�FRQVLGHUHG�D�VLPSOH�DQG�TXLFN�
WHVW� IRU� HYDOXDWLQJ� WKH� DSSUR[LPDWH� VXUIDFH� DUHD� RI� $&V�� ,RGLQH� QXPEHU� LV� WKH� PLOOLJUDPV� RI� LRGLQH�
DGVRUEHG� E\� �JP�RI� FDUERQ���� ,RGLQH� LV� D� VPDOO�PROHFXOH�ZLWK�PLQLPXP�SRUH� GLDPHWHU� ���c�ZKHUHDV�
PHWK\OHQH� EOXH� LV� D�PHGLXP� VL]H�PROHFXOH�ZLWK�PLQLPXP�SRUH� GLDPHWHU� ���c�� ,RGLQH� QXPEHU� FDQ�EH�
FRUUHODWHG�ZLWK�DELOLW\�RI�DGVRUEHQW�WR�DGVRUE�ORZ�PROHFXODU�ZHLJKW�VXEVWDQFHV�VR�LW�LQGLFDWHV�WKH�PLFUR�
SRURVLW\�RI�$&��0HWK\OHQH�EOXH�QXPEHU�LV�GHILQHG�DV� WKH�PLOOLJUDP�RI�PHWK\OHQH�EOXH�DGVRUEHG�RQWR���
JP�RI�FDUERQ����0HWK\OHQH�EOXH�QXPEHU�LQGLFDWHV�DELOLW\�RI�DGVRUELQJ�KLJK�PROHFXODU�ZHLJKW�VXEVWDQFHV�
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LQGLFDWLQJ� WKH� PHVR�SRURVLW\���� � ,RGLQH� QR��� PHWK\OHQH� EOXH� QR�� DQG� VXUIDFH� DUHD� RI� %HWHO� QXW� $&V�
SUHSDUHG�E\�XVLQJ�GLIIHUHQW�DFWLYDWLQJ�DJHQWV�DUH�SUHVHQWHG�LQ�)LJXUH������

)LJXUH����,RGLQH�QR���PHWK\OHQH�EOXH�QR��DQG�VXUIDFH�DUHD�RI�%HWHO�QXW�$&V�XVLQJ�GLIIHUHQW�DFWLYDWLQJ�DJHQWV��

,RGLQH�QR���PHWK\OHQH�EOXH�QR��DQG�VXUIDFH�DUHD�RI�WKH�+�32��DFWLYDWHG�FDUERQ�LV�PXFK�KLJKHU�ZKHQ�
FRPSDUHG�WR�=Q&O��DQG�1D2+�DFWLYDWHG�FDUERQ��7KXV��LW�LQGLFDWHV�WKDW��ERWK�+�32��DFWLYDWHG�FDUERQ�OHG�
WR�WKH�PRVW�PLFUR�DQG�PHVR�SRURXV�PDWHULDO�ZLWK�KLJK�VXUIDFH�DUHD��7KH�PLFUR��PHVR�SRURVLW\�DQG�VXUIDFH�
DUHD� LQFUHDVHG� LQ� WKH�RUGHU�RI�+�32��$&�!�=Q&O��$&�!�1D2+�$&��7KH�YDULDWLRQ� LQ�PLFUR�DQG�PHVR�
SRURVLW\� RI� WKHVH� $&V� PLJKW� KDYH� UHVXOWHG� LQ� WKH� GLIIHUHQFHV� LQ� WKHLU� UHDFWLYLW\� ZLWK� WKH� GLIIHUHQW�
DFWLYDWLQJ�DJHQWV�ZKLFK�LQ�WXUQ�DUH�UHODWHG�WR�WKH�GLIIHUHQW�DFWLYDWLRQ�PHFKDQLVP��7KH�GLIIHUHQFHV�DPRQJ�
WKH� HIIHFW� RI� HDFK� RI� WKHVH� DFWLYDWLQJ� DJHQWV� LV� WKDW�� 1D2+� SURGXFHV� RQO\� ZLGHQV� WKH� PLFURSRURVLW\�
GLDPHWHU�� ZKLOH� =Q&O�� GHYHORSV� ERWK� ZLGH� PLFURSRUHV� DQG� VPDOO� PHVRSRUHV�� +�32�� IRUPV� ODUJH�
PHVRSRUHV�DQG�HYHQ�PDFURSRUHV����+HQFH��WKH�UHVXOWV�LQGLFDWH�WKDW�WKH�DFWLYDWLQJ�DJHQW�KDV�D�VLJQLILFDQW�
HIIHFW�LQ�WKH�SRUH�VWUXFWXUH�RI�%HWHO�QXW�$&�ZKLFK�GLUHFWO\�FRUUHODWHV�WR�WKH�DGVRUSWLRQ�FDSDFLW\�RI�WKH�$&��

6(0�,PDJHV�

7KHVH�6(0�LPDJHV�DUH�SULPDULO\�XVHG�WR�REVHUYH�VXUIDFH�PRUSKRORJ\�DQG�WRSRJUDSK\�RI�$&��,W�DOVR�
H[KLELWV� WKH� QDWXUH� DQG� VL]H� RI� WKH� SRUH�� GHSHQGLQJ� RQ� WKH� PDJQLILFDWLRQ� RI� WKH� LPDJH� WDNHQ�� 6(0�
PLFURJUDSKV RI�%HWHO�QXW�$&V�SUHSDUHG�E\�XVLQJ�GLIIHUHQW�DFWLYDWLQJ�DJHQWV�DUH�SUHVHQWHG�LQ�)LJXUH����

�$��1D2+�DFWLYDWHG�FDUERQ������������%��=Q&O��DFWLYDWHG�FDUERQ��������������&��+�32��DFWLYDWHG�FDUERQ�

)LJXUH����6(0�PLFURJUDSKV�RI�$&�XVLQJ�GLIIHUHQW�DFWLYDWLQJ�DJHQWV�

$V� VKRZQ� LQ� )LJ�� ��� WKH� VFDQQLQJ� HOHFWURQ� PLFURJUDSKV� �6(0�� RI� WKH� VXUIDFH� PRUSKRORJ\� RI� WKH�
FDUERQ�SUHSDUHG�IURP�GLIIHUHQW�DFWLYDWLQJ�DJHQWV�DUH�FRPSDUHG��7KH�H[WHUQDO�VXUIDFH�RI�1D2+�DFWLYDWHG�
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FDUERQ� �)LJXUH����$�� VKRZV� WKH� IRUPDWLRQ�RI� ODUJH�PDFURSRUH� VWUXFWXUH�ZLWKRXW�DQ\�PHVRSRUHV��=Q&O�
DFWLYDWHG�FDUERQ�VKRZV�ZHOO�GHYHORSHG�SRURVLW\��)LJXUH����%���+RZHYHU��PHVRSRUHV�VWUXFWXUH�LV�QRW�IXOO\�
GHYHORSHG�� 2Q� WKH� RWKHU� KDQG�� H[WHUQDO� VXUIDFH� RI� +�32�� DFWLYDWHG� FDUERQ� �)LJXUH�� �� &�� H[KLELWV�
KHWHURJHQHRXV� GLVWULEXWLRQ�RI� ILQH�PHVRSRUHV�� �'XULQJ� FDUERQL]DWLRQ�� DFWLYDWLQJ� DJHQWV� JHWV� HYDSRUDWHG�
OHDYLQJ�WKH�VSDFH�SUHYLRXVO\�RFFXSLHG�E\�WKH�UHDJHQWV�WKDW�UHVXOWV�LQ�IRUPDWLRQ�RI�WKH�SRUHV�DQG�FDYLWLHV�
RQ�WKH�VXUIDFH�RI�WKH�$&��7KHVH�SRUHV�FDQ�DFW�DV�FKDQQHOV�WR�WKH�PLFUR�SRURXV�QHWZRUN�ZKLFK�LQFUHDVHV�
WKH�VXUIDFH�DUHD�IRU�DGVRUSWLRQ��7KH�PHFKDQLVPV�RI�FKHPLFDO�DFWLYDWLRQ�XVLQJ�WKHVH�DFWLYDWLQJ�DJHQWV�DUH�
TXLWH� GLIIHUHQW�� 7KH� PHFKDQLVP� E\� ZKLFK� 1D2+� DFWLYDWHV� LQYROYHV� WKH� GLVLQWHJUDWLRQ� RI� VWUXFWXUH�
IROORZLQJ�LQWHUFDWDODWLRQ�DV�ZHOO�DV�VRPH�JDVLILFDWLRQ�E\�R[\JHQ�PROHFXOHV�RI�K\GUR[LGH��=Q&O��DFWLYDWLRQ�
SURPRWHV� WKH� H[WUDFWLRQ� RI� ZDWHU� PROHFXOHV� IURP� WKH� OLJQRFHOOXORVLF� VWUXFWXUHV� ZKLFK� OHDGV� WR� WKH�
JHQHUDWLRQ� RI� SRURVLW\�� 7KH� DFWLYDWLRQ� PHFKDQLVP� ZLWK� +�32�� LQYROYHV� SURPRWLQJ� ERQG� FOHDYDJH�
UHDFWLRQV�DQG�IRUPDWLRQ�RI�FURVV�OLQNV�E\�DFLG�FDWDO\VLV����,RGLQH�DQG�PHWK\OHQH�EOXH�QR��DOVR�VXSSRUWHG�
WKLV�UHVXOW��+HQFH��WKH�DFWLYDWLQJ�DJHQW�LQIOXHQFHG�WKH�WRSRJUDSKLFDO�FKDUDFWHULVWLFV�RI�WKH�%HWHO�QXW�EDVHG�
FDUERQ�VXUIDFHV���

)RXULHU�7UDQVIRUP�,QIUDUHG��)7,5��6SHFWUD

$GVRUSWLRQ�FDSDFLW\�RI�$&�LV�GHWHUPLQHG�E\�SRURVLW\��DV�ZHOO�DV�WKH�IXQFWLRQDO�JURXS�SUHVHQW�RQ�WKH�
VXUIDFH��$PRQJ�YDULRXV� VXUIDFH� IXQFWLRQDO� JURXSV�� WKH� R[\JHQ�QLWURJHQ�FRQWDLQLQJ�JURXS�ZDV� IRXQG� WR�
SOD\� D� FULWLFDO� UROH� LQ� WKH� XSWDNH�RI� SRODU� FRPSRXQGV�� )7,5� VSHFWUD� RI� WKH�%HWHO� QXW�$&V� SUHSDUHG�E\�
XVLQJ�GLIIHUHQW�DFWLYDWLQJ�DJHQWV�DUH�SUHVHQWHG�LQ�)LJXUH�����

)LJXUH����)7,5�VSHFWUD�RI�%HWHO�QXW�$&V�XVLQJ�GLIIHUHQW�DFWLYDWLQJ�DJHQWV�

7KH�VSHFWUD�RI�DOO�WKH�$&�VDPSOHV�GHULYHG�IURP�%HWHO�QXW�ZLWK�+�32���=Q&O���DQG�1D2+�KDYH�PDQ\�
VLPLODU�IHDWXUHV��7KH�)7,5�VSHFWUD�H[KLELW�D�EURDG�EDQG�DURXQG������FP ��ZKLFK�FDQ�EH�DWWULEXWHG�WR�±2+�
IXQFWLRQDO�JURXSV�RI�SKHQRO��DOFRKRO��DQG�FDUER[\OLF�DFLG����$EVRUSWLRQ�SHDNV�VOLJKWO\�DERYH������FP���LQ�
$&� FRUUHVSRQGV� WR� WKH� VWUHWFKLQJ�YLEUDWLRQ�RI�& &�XQVDWXUDWHG�$ONHQHV� ���� � 7KH�EDQG� ORFDWHG� DW� �����
FP ��LV�FRUUHVSRQGV�WR�WKH�VWUHWFKLQJ�YLEUDWLRQ�RI�& 2�LQ�NHWRQHV��DOGHK\GH��ODFWRQH��DQG�FDUER[\O����7KH�
EDQG�DURXQG������FP���DQG������FP���DUH�DVVRFLDWHG�ZLWK�& &�VWUHWFKLQJ�LQ�DURPDWLF�ULQJV�IRXQG�RQ�WKH�
OLJQLQ�VWUXFWXUH����6LPLODUO\��WKH�SHDNV�DURXQG������FP ��PD\�EH�DWWULEXWHG�WR�WKH�&�2�VWUHWFKLQJ�EDQGV�RI�
HWKHUV��SKHQRO�RU�ODFWRQHV���:HDN�SHDNV�LQ�WKH�UHJLRQ�RI����±����FP ��LQ�)7,5�VSHFWUD�LQGLFDWH�&�+�RXW�
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RI�SODQH�EHQGLQJ�LQ�WKH�DURPDWLF�ULQJV��)URP�WKH�)7,5�GDWD��,W�FDQ�WKXV�EH�FRQFOXGHG�WKDW�WKDW�DOO�WKH�$&V�

FRQWDLQ� R[\JHQDWHG� IXQFWLRQDO� JURXSV� VXFK� DV� ±2+�� !& 2��&22+�� DQG� ODFWRQHV�� 6LPLODU� UHVXOWV�ZHUH�
REVHUYHG� LQ� WKH�DFWLYDWHG�/DSVL� VHHG�VWRQH�FDUERQ���� ,W� VHHPV� WKDW� WKH�DFWLYDWLQJ�DJHQWV� VXFK�DV�+�32���
=Q&O��DQG�1D2+�GR�QRW�KDYH�PXFK�LQIOXHQFH�RQ�WKH�W\SH�RI�R[\JHQDWHG�VXUIDFH�IXQFWLRQDO�JURXSV���

;�UD\�GLIIUDFWLRQ��

;5'�LV�WKH�XVHIXO�PHWKRG�WR�VKRZ�WKH�FU\VWDOOLQH�DQG�DPRUSKRXV�PDWHULDOV��;�UD\�GLIIUDFWLRQ�SDWWHUQ
RI�%HWHO�QXW�$&V�SUHSDUHG�E\�XVLQJ�GLIIHUHQW�DFWLYDWLQJ�DJHQWV�LV�SUHVHQWHG�LQ�)LJXUH����

)LJXUH�����;�UD\�GLIIUDFWLRQ�SDWWHUQ�RI�%HWHO�QXW�$&V�XVLQJ�GLIIHUHQW�DFWLYDWLQJ�DJHQWV�

)LJXUH����VKRZV�;5'�SDWWHUQV�RI�$&V�SUHSDUHG�IURP�%HWHO�QXW�XVLQJ�GLIIHUHQW�DFWLYDWLQJ�DJHQWV��;5'�
SDWWHUQV�RI�DOO�WKH�VDPSOHV�VKRZV�RQH�EURDG��DW�GLIIUDFWLRQ�DQJOH�RI�DERXW������DQG�RQH�ZHDN�GLIIUDFWLRQ�
SHDN��DW�GLIIUDFWLRQ�DQJOH�RI�DERXW������FRUUHVSRQGLQJ�WR�WKH�������DQG�������SODQHV�RI�JUDSKLWLF�FOXVWHUV��
7KH�SHDN�LQWHQVLWLHV�DUH�UHODWLYHO\�ZHDN�� LQGLFDWLQJ�WKDW� WKH�JUDSKLWLF�VWUXFWXUHV�DUH�QRW�IXOO\�GHYHORSHG��
6HYHUDO�UHVHDUFKHUV�UHSRUWHG�WKDW�$&�WR�EH�DPRUSKRXV�PDWHULDOV��.KDOLO�HW�DO����������)URP�WKH�UHVXOWV��LW�
LV�LQGLFDWHG�WKDW��DFWLYDWLQJ�DJHQWV�GRHV�QRW�PDNH�DQ\�FRQVLGHUDEOH�GLIIHUHQFHV�FU\VWDOOLQH�VWUXFWXUH�RI�$&��

&RQFOXVLRQV�

+LJK�VXUIDFH�DUHDV�$&V�ZHUH�SUHSDUHG�E\�FKHPLFDO�DFWLYDWLRQ�%HWHO�QXW�SRZGHU�ZLWK�+�32��DW������&���
$V�VKRZQ�E\�6(0�LPDJH��=Q&O��PRVWO\�IRUPV�PLFURSRUHV�LQ�WKH�FDUERQ�QHWZRUN��ZKLOH�SKRVSKRULF�DFLG�
IRUPV�ERWK�PLFUR��DQG�PHVRSRUHV��1D2+�DFWLYDWLRQ�UHVXOWV�PLFURSRURXV�FDUERQ�ZKLFK�LV�PD\�EH�GXH�WR�
WKH�GHVWUXFWLRQ�RI�WKH�FHOOXORVH�VWUXFWXUH�FDXVHG�E\�WKH�1D2+�DFWLYDWLRQ��)7,5�DQDO\VLV�VKRZV�WKDW�DOO�WKH�
$&V�DUH�ULFK�LQ�R[\JHQDWHG�VXUIDFH�IXQFWLRQDO�JURXSV�DQG�DUH�FU\VWDOOLQH�LQ�VWUXFWXUH��$PRQJ�WKH�YDULRXV�
DFWLYDWLQJ�DJHQWV��+�32��LV�EHWWHU�DFWLYDWLQJ�DJHQW�IRU�WKH�SUHSDUDWLRQ�RI�$&�IURP�%HWHO�QXW���

$FNQRZOHGJHPHQWV�
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7KH� DXWKRUV� ZRXOG� OLNH� WR� H[SUHVV� VLQFHUH� JUDWLWXGH� WR� 3URI�� 'U�� 5DMD� 5DP� 3UDGKDQDQJD�� &HQWUDO�
'HSDUWPHQW� RI� &KHPLVWU\�� 7ULEKXYDQ� 8QLYHUVLW\�� 1HSDO� IRU� KLV� VXSSRUW� DQG� FRQVWUXFWLYH� VXJJHVWLRQV�
WKURXJKRXW� WKH� UHVHDUFK�ZRUN��7KH� DXWKRUV�JUDWHIXOO\� DFNQRZOHGJHV� WKH�8QLYHUVLW\�*UDQWV�&RPPLVVLRQ�
IRU�IXQGLQJ�WKLV�UHVHDUFK�ZRUN���
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