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3KRWRFDWDO\WLF R[LGDWLRQ RI YRODWLOH RUJDQLF FRPSRXQGV LQ ZDWHU

DQG DLU KDV UHFHLYHG PXFK DWWHQWLRQ DV D SRWHQWLDO WHFKQRORJ\ RI

SROOXWLRQ DEDWHPHQW� +HWHURJHQHRXV SKRWRFDWDO\VLV LV WKH DPELHQW

WHPSHUDWXUH SURFHVV LQ ZKLFK WKH VXUIDFH RI DQ LOOXPLQDWHG VHPL�

FRQGXFWRU DFWV DV D FKHPLFDO UHDFWLRQ FDWDO\VW E\ XVLQJ EDQG JDS

OLJKW� 7KHVH VHPLFRQGXFWRU FRPSRXQGV XVXDOO\ KDYH D PRGHUDWH

HQHUJ\ EDQG JDS ������ H9� EHWZHHQ WKHLU YDOHQFH DQG FRQGXFWLRQ

EDQGV� 7KH VHPLFRQGXFWRU SKRWRFDWDO\VW IRU WKH UHDFWLRQ PXVW EH

��� SKRWRDFWLYH� ��� DEOH WR XWLOL]H YLVLEOH DQG�RU QHDU�89 OLJKW� ���

ELRORJLFDOO\ DQG FKHPLFDOO\ LQHUW� ��� SKRWRVWDEOH� L�H�� QRW OLDEOH WR

SKRWRDQRGLF FRUURVLRQ IRU H[DPSOH� ��� LQH[SHQVLYH >0LOOV HW DO��

����@� %\ FRPPRQ FRQVHQW� WKH 7L2� VDWLVILHV FULWHULD ������� DQG LV

RQH RI WKH EHVW VHPLFRQGXFWRUV IRU SKRWRFDWDO\WLF UHDFWLRQV� 0DQ\

UHVHDUFKHUV KDYH SURYHG WKDW 7L2� LV DQ H[FHOOHQW SKRWRFDWDO\VW WKDW

FDQ EUHDN GRZQ PRVW NLQGV RI UHIUDFWRU\ RUJDQLF SROOXWDQWV� LQFOXG�

LQJ GHWHUJHQWV� G\HV� SHVWLFLGHV DQG KHUELFLGHV XQGHU 89�OLJKW LU�

UDGLDWLRQ >/LQVHELJOHU HW DO�� ����@�

$OWKRXJK 7L2� LV WKH PRVW XVHIXO SKRWRFDWDO\VW� WKH VHDUFK IRU

QHZ PDWHULDOV LQ KHWHURJHQHRXV SKRWRFDWDO\VLV FRQWLQXHV WR EH D

PDWWHU RI LQWHUHVW DW WKH SUHVHQW� 'RSLQJ RI WLWDQLD ZLWK WUDQVLWLRQ

PHWDO LRQV KDV EHHQ WHVWHG DV D SURPLVLQJ ZD\ RI LPSURYLQJ WKH

SKRWRFDWDO\WLF DFWLYLW\ RI 7L2�� 7KH EHQHILW RI WUDQVLWLRQ PHWDO GRS�

LQJ VSHFLHV LV WKH LPSURYHG WUDSSLQJ RI HOHFWURQV WR LQKLELW HOHF�

WURQ�KROH UHFRPELQDWLRQ GXULQJ LOOXPLQDWLRQ� 7KH SUHVHQFH RI PHWDO

LRQV GHWHUPLQHV WKH IRUPDWLRQ RI D SHUPDQHQW VSDFH FKDUJH UHJLRQ

ZKRVH HOHFWULF IRUFH LPSURYHV WKH HIILFLHQF\ RI KROH�HOHFWURQ VHSD�

UDWLRQ DQG FRQVHTXHQWO\ WKH FKDUJH WUDQVIHU >3DOPLVDQR HW DO�� ����@�

)URP D FKHPLFDO SRLQW RI YLHZ� PRUHRYHU� LW VKRXOG EH DOVR REVHUYHG

WKDWPHWDO LRQ�GRSHG7L2� LV HTXLYDOHQW WR WKH LQWURGXFWLRQ RI GHIHFWV�

L�H�� 7L�� LQ WKH ODWWLFH� +RZHYHU� WKH UHDFWLYLW\ RI GRSHG 7L2� DS�

SHDUV WR EH D FRPSOH[ IXQFWLRQ RI WKH GRSDQW FRQFHQWUDWLRQ� WKH HQ�

HUJ\ OHYHO RI WKH GRSDQWV ZLWKLQ WKH 7L2� ODWWLFH� WKHLU G�HOHFWURQLF

FRQILJXUDWLRQ� WKH GLVWULEXWLRQ RI GRSDQWV� WKH HOHFWURQ�GRQRU FRQ�

FHQWUDWLRQ� DQG WKH OLJKW LQWHQVLW\ >+RIIPDQQ HW DO�� ����@� 6RPH EULHI

PHQWLRQV WR WKLV VXEMHFW KDYH DSSHDUHG LQ WKH OLWHUDWXUH� EXW WKHUH

GRHV QRW H[LVW D FRPSOHWH DQG H[KDXVWLYH UHYLVLRQ >/LWWHU HW DO�� ����@�

,Q WKLV SDSHU� WLWDQLD SDUWLFOHV ZHUH SUHSDUHG IURP 7L&O�� 7KH XVH

RI LQRUJDQLF VDOW SUHFXUVRU UDWKHU WKDQ RUJDQLF DONR[LGH SUHFXUVRU

QRW RQO\ FDQ UHGXFH WKH FRVW RI V\QWKHVLV� EXW DOVR FDQ DYRLG WKH XVH

RI RUJDQLF VROYHQW WR GHFUHDVH SROOXWLRQ� $QG� ZH GRSHG WKH LURQ RU

WXQJVWHQ LRQ RQ WKH 7L2� SDUWLFOHV WR LPSURYH WKH SKRWRFDWDO\WLF FKDU�

DFWHULVWLFV� 3KRWRGHJUDGDWLRQ RI DFHWDOGHK\GH ZDV WHVWHG WR H[DP�

LQH D QXPEHU RI SUHSDUDWLRQ YDULDEOHV ZKLFK DIIHFW WKH SKRWRFDWD�

O\WLF DFWLYLW\ RI )H� RU :�GRSHG 7L2� FDWDO\VW�

(;3(5,0(17$/

�� &DODO\VW 3UHSDUDWLRQ

7L2� DQG PHWDO GRSHG WLWDQLD ZHUH SUHSDUHG E\ SUHFLSLWDWLRQ

PHWKRG XVLQJ WLWDQLXP WHWHUDFKORULGH �7L&O�� $OGULFK &R��� LURQ WUL�

FKORULGH KH[DK\GUDWH �)H&O�Â�+�2� $OGULFK &R��� DQG WXQJVWHQ WHW�

UDFKORULGH �:&O�� $OGULFK &R��� )H&O�Â�+�2RU:&O� ZDV GLVVROYHG

LQWR GLVWLOOHGZDWHU DQG NHSW EHORZ � R&�7L&O�ZDV DGGHG GURS�ZLVHO\

WR WKH DTXHRXV VROXWLRQ WR VXSSUHVV WKH DFWLYH K\GURO\VLV UHDFWLRQ�

)RU WKH FDVH RI SXUH7L2�� 7L&O�ZDV VORZO\ GURSSHGGLUHFWO\ WRZDWHU�

7KH REWDLQHG VXVSHQVLRQV ZHUH NHSW LQ FRROLQJ EDWK IRU � KRXU

WR FUHDWH SKRWRFDWDO\VW SDUWLFOHV ZLWK FRQVWDQW VWLUULQJ� 7KH VROXWLRQ

ZDV WKHQ GLDO\]HG E\ XVLQJ 6SHFWUD�3RU �0:&2�������� PHP�

EUDQH� $IWHU WKH UHPRYDO RI VROYHQW E\ XVLQJ D URWDU\ YDFXXP HY�

DSRUDWRU� WKH VROLG ZDV FDOFLQHG DW YDULRXV WHPSHUDWXUHV ��������
R&� LQ RSHQ DLU IRU � KRXUV�

�� 5HDFWLYLW\ 0HDVXUHPHQW

3KRWRFDWDO\WLF GHFRPSRVLWLRQ RI JDVHRXV DFHWDOGHK\GH ZDV H[�

DPLQHG E\ PHDVXULQJ WKH FRQFHQWUDWLRQ RI DFHWDOGHK\GH DV D IXQF�

WLRQ RI LUUDGLDWLRQ WLPH XQGHU 89 OLJKW LOOXPLQDWLRQ ZLWK WZR �:

IOXRUHVFHQW ODPS� )LJ� � VKRZV WKH DSSDUDWXV IRU PHDVXUHPHQW RI

SKRWRFDWDO\WLF DFWLYLW\� 7KH JDVHRXV UHDFWLRQ ZDV FDUULHG RXW LQ D
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ILOP W\SH TXDUW] UHDFWRU� ZKLFK LV HTXLSSHG ZLWK D JDV UHFLUFXODWLRQ

V\VWHP� $FHWDOGHK\GH ZDV IHG ZLWK D VDWXUDWRU DV WKH OLTXLG� ZKLFK

ZDV FRPSOHWHO\ HYDSRUDWHG DQG PL[HG ZLWK 2� SULRU WR HQWHULQJ WKH

UHDFWRU� 7KH LQOHW FRQFHQWUDWLRQ RI DFHWDOGHK\GH ZDV ��� SSP� ,U�

UDGLDWLRQ ZDV FRQGXFWHG DW URRP WHPSHUDWXUH DIWHU WKH HTXLOLEULXP

EHWZHHQ JDVHRXV DQG DGVRUEHG UHDFWDQWV ZDV DFKLHYHG� )LQDOO\� WKH

FRQFHQWUDWLRQ RI DFHWDOGHK\GH ZDV DQDO\]HG E\ JDV FKURPDWRJUD�

SK\ �6KLPDG]X *&��$� 3RUDSDN 7 FROXPQ� ZLWK D IODPH LRQL]D�

WLRQ GHWHFWRU �),'��

�� $QDO\VLV 0HWKRGV

7KH VL]H RI 7L2� DQGPHWDO GRSHG 7L2� ZDV PHDVXUHG E\ WKH G\�

QDPLF OLJKW VFDWWHULQJ PHWKRG XVLQJ D OLJKW VFDWWHULQJ PHDVXULQJ DS�

SDUDWXV �%URRNKDYHQ 3DUWLFOH 6L]HU� =HWDSOXV�� 7R GHWHUPLQH WKH FU\V�

WDO SKDVH RI WKH SUHSDUHG 7L2� DQGPHWDO GRSHG 7L2�� ;�UD\ SRZGHU

GLIIUDFWLRQ �;5'� ZDV PHDVXUHG RQ D 5LJDNX ;�UD\ GLIIUDFWRPHWHU

ZLWK &X .α UDGLDWLRQ VRXUFH� 5DPDQ VSHFWUXP ZDV DOVR DQDO\]HG

E\ XVLQJ D5DPDQ VSHFWURPHWHU �-RELQ<YRQ7������ZLWK $U ODVHU�

5(68/76 $1' ',6&866,21

7KH PHDQ SDUWLFOH VL]HV IRU WKH SXUH DQG PHWDO GRSHG 7L2� DUH

VKRZQ LQ 7DEOH �� 7KH VL]H GLVWULEXWLRQ RI WKH 7L2� SDUWLFOHV ZDV

XQLIRUP DQG WKH PRVW SUREDEOH SDUWLFOH VL]H ZDV DERXW � QP� ,W LV

UHDVRQDEOH WR LJQRUH WKH HIIHFWV RI SDUWLFOH VL]H RQ FU\VWDOORJUDSKLF

UHVXOWV DQG SKRWRFDWDO\WLF DFWLYLW\�

)LJ� � VKRZV WKH;5'VSHFWUD RI LURQ�GRSHG7L2�� $OO RI WKH WLWDQLD

SUHSDUHG DW URRP WHPSHUDWXUH LQ WKLV V\VWHP ZHUH LQ WKH DQDWDVH

IRUP� $OWKRXJK WKH FRQWHQW RI )H LRQ ZDV LQFUHDVHG XS WR ��PRO��

DQ\ FU\VWDOOLQH SKDVH ZKLFK ZDV UHODWHG ZLWK )H FRPSOH[ FRXOG QRW

EH IRXQG� ,Q WKH 5DPDQ VSHFWUD RI )LJ� �� KRZHYHU� VRPH DGGLWLRQDO

SHDNV H[FHSW WKH 7L2� SKDVH ZHUH GHWHFWHG� ,Q DERYH ��PRO� )H�

7L2� VDPSOHV� SHDNV RI ��� DQG ��� FP
−� ZHUH DWWULEXWHG WR )H&O��

ZKLFK ZDV XVHG IRU WKH SUHFXUVRU RI )H LRQ� :KHQ )H FRQFHQWUD�

WLRQ ZDV PRUH WKDQ ��PRO�� LURQ FRXOG QRW EH LQWHUFDODWHG FRP�

SOHWHO\ LQWR WKH 7L2�� $W WKRVH FRQWHQWV� )H&O� UHPDLQHG DW WKH VXU�

IDFH RI 7L2�� 7KH EDQGV DW ��� DQG ��� FP
−� ZKLFK ZHUH SUHVHQWHG

LQ DOO RI WKH VDPSOHV FRXOG EH DVVLJQHG WR DQDWDVH 7L2� LQ DJUHH�

PHQW ZLWK ;5' UHVXOWV LQ )LJ� �� +RZHYHU� SXUH 7L2� VKRZV WKH

FKDUDFWHULVWLF EDQG DW ��� FP−� >*RWLF HW DO�� ����@� 7KH SHDN DW ���

FP−� VKRXOG EH VKLIWHG IURP ��� FP−�� 7KLV VKLIW WR KLJKHU SRVLWLRQ

LQ WKH 5DPDQ VSHFWUXP PLJKW EH UHODWHG WR WKH GHFUHDVH RI SDUWLFOH

VL]H >*RWLF HW DO�� ����@� ,Q ERWK RI ;5' DQG 5DPDQ VSHFWUD� DQ\

LURQ FRPSOH[ H[FHSW WKH )H SUHFXUVRU FRXOG QRW EH IRXQG� 7KLVPLJKW

EH GXH WR WKH JRRG GLVSHUVLRQ RI )H LRQ LQ WKH 7L2� ODWWLFH�

7XQJVWHQ�GRSHG 7L2� QDQR SDUWLFOHV VKRZHG GLIIHUHQW FU\VWDOOR�

JUDSKLF UHVXOWV IURP LURQ�GRSHG 7L2�� 7KH;5' VSHFWUD RI:�GRSHG

7L2� LQ )LJ� � SUHVHQWHG DQDWDVH SKDVH 7L2� DQG ���WXQJVWDWH� $V

WKH FRQFHQWUDWLRQ RI WXQJVWHQ LQFUHDVHG� ���WXQJVWDWH SHDN ZDV GH�

FUHDVHG� ,W ZDV FRQILUPHG E\ 5DPDQ VSHFWUD LQ )LJ� �� 7KH EDQGV

DW ���� ��� DQG ��� FP−�ZHUH DVVLJQHG WR DQDWDVH SKDVH 7L2�� $QG�

WKDW RI ��� FP−� ZDV DWWULEXWHG WR WKH ���WXQJVWDWH DFFRUGLQJ WR WKH

UHIHUHQFH >6FKRO] HW DO�� ����@ DQG;5' UHVXOWV� 6LPLODUO\ ZLWK LURQ�

GRSHG 7L2�� WKH SHDN DW ��� FP
−� ZDV VXSSRVHG WR EH VKLIWHG IURP

)LJ� ��([SHULPHQWDO DSSDUDWXV IRUPHDVXUHPHQW RI SKRWRFDWDO\WLF
DFWLYLW\�

7DEOH �� 7KH PHDQ SDUWLFOH VL]HV RI SXUH 7L2� DQG PHWDO GRSHG

7L2� FROORLGV

'RSDQW
'RSDQW FRQFHQWUDWLRQ �PRO��

� �3XUH� ��� ��� � ��

)H
� QP

� QP � QP � QP � QP

: � QP � QP � QP � QP

)LJ� �� ;5' VSHFWUD RI �D� ���� �E� ���� �F� � DQG �G� ��PRO� )H
GRSHG 7L2��

)LJ� �� 5DPDQ VSHFWUD RI �D� ���� �E� ���� �F� � DQG �G� ��PRO�)H
GRSHG 7L2��
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��� FP−�� 7KLV PLJKW DOVR FRUUHVSRQG WR WKH UHGXFWLRQ RI 7L2� SDU�

WLFOH VL]H� %HFDXVH WKH WXQJVWHQ R[LGH ZDV GHWHFWHG LQ 5DPDQ DQG

;5' VSHFWURVFRSLHV� WXQJVWHQ ZRXOG EH OHVV GLVSHUVHG WKDQ LURQ�

7KH SKRWRFDWDO\WLF R[LGDWLRQ XVLQJ )H� RU :�GRSHG 7L2� ZLWK

YDULRXV PHWDO FRQFHQWUDWLRQV ZDV HYDOXDWHG RQ WKH EDVLV RI WKH SKR�

WRGHJUDGDWLRQ UDWLR RI DFHWDOGHK\GH� )RU WKH FRPSDULVRQ RI SKRWR�

FDWDO\WLF UHDFWLRQ UDWH� WKH SVHXGR �VW RUGHU UHDFWLRQ HTXDWLRQ ZDV

LQWURGXFHG LQ WKLV SDSHU DV IROORZV�

ZKHUH N LV WKH DSSDUHQW UDWH FRQVWDQW DQG >&@ LV WKH UHDFWDQW FRQ�

FHQWUDWLRQ >1LPORV HW DO�� ����@� $OO RI WKH SKRWRFDWDO\WLF UHDFWLRQV

ZHUH ZHOO ILWWHG WR WKLV SVHXGR �VW RUGHU UHDFWLRQ NLQHWLFV� )LJV� �

DQG � VKRZ WKH SKRWRFDWDO\WLF DFWLYLW\ RI PHWDO GRSHG WLWDQLD ZLWK

YDULRXV FRQFHQWUDWLRQV RI PHWDOV� $V WKH FRQFHQWUDWLRQ RI : RU )H

LRQ ZDV LQFUHDVHG� WKH UHDFWLYLW\ ZDV GHFUHDVHG� $OWKRXJK LURQ RU

WXQJVWHQ SUHFXUVRU ZDV QRW IRXQG E\ ;5' DQG 5DPDQ VSHFWUD� KLJK

FRQFHQWUDWLRQ RI PHWDO LRQ RU VXUIDFH PHWDO R[LGH FRXOG KLQGHU WKH

SKRWRFDWDO\WLF SURFHVV RI 7L2�� 7KHVH UHVXOWV DUH LQ DJUHHPHQW ZLWK

RWKHU OLWHUDWXUH >/LQVHELJOHU HW DO�� ����� /LWWHU HW DO�� ����@� 7KH FRQ�

FHQWUDWLRQ RI WKH EHQHILFLDO WUDQVLWLRQ PHWDO GRSDQWV PLJKW EH YHU\

VPDOO DQG ODUJH FRQFHQWUDWLRQV PLJKW EH GHWULPHQWDO� $FFRUGLQJ WR

$QSR HW DO�� WKH VXUIDFH�LVRODWHG PHWDO LRQ VSHFLHV DUH DFWLYH VLWHV

IRU WKH SKRWRFDWDO\WLF UHDFWLRQ� 2QO\ D ORZ FRQFHQWUDWLRQ RI PHWDO

LRQ FRXOG IRUP WKH LVRODWHG VSHFLHV RQ WKH VXUIDFH RI 7L2�� 7KHUH�

IRUH� WKH: DQG )H FRQWHQWV ZHUH IL[HG DW D YHU\ ORZ FRQFHQWUDWLRQ

���� PRO�� ZKLFK VKRZHG WKH KLJKHVW UHDFWLRQ UDWH�

7KH SKRWRFDWDO\WLF DFWLYLWLHV RI )H� DQG:�GRSHG 7L2� LQ )LJV� �

DQG � ZHUH ORZHU WKDQ WKDW RI FRPPHUFLDO 7L2��3���� RI ZKLFK WKH

UHDFWLRQ FRQVWDQW ZDV ������PLQ−�� ,W PLJKW EH GXH WR WKH ORZ FU\�

VWDOOLQLW\ RI:� RU )H�GRSHG 7L2� DV VKRZQ LQ )LJV� � DQG �� 7R SUR�

PRWH WKH FU\VWDOOLQLW\ RI 7L2�� WKH VDPSOHV ZHUH VLQWHUHG DW ��� DQG

��� R&� 7KH ;5' SDWWHUQV RI ���PRO� LURQ�GRSHG 7L2� ZLWK YDU�

LRXV FDOFLQDWLRQ WHPSHUDWXUHV DUH VKRZQ LQ )LJ� �� 7KHUH ZDV QR QR�

WLFHDEOH SKDVH WUDQVIRUPDWLRQ ZLWK VLQWHULQJ GXUDWLRQ� $OO WKH SHDNV

ZHUH DVVLJQHG WR DQDWDVH 7L2� SKDVH� $V PHQWLRQHG DERYH� )H LRQ

ZDV ZHOO GLVSHUVHG LQ WKH 7L2� ODWWLFH� ,Q WKH FDVH RI WXQJVWHQ�GRSHG

7L2�� KRZHYHU� VRPH SKDVH FKDQJH RFFXUUHG� 7KH SHDN RI ���WXQJ�

VWDWH GLVDSSHDUHG DIWHU KHDW WUHDWPHQW DV VKRZQ LQ )LJ� �� $QG� WLWDQLD
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)LJ� �� ;5' VSHFWUD RI �D� ���� �E� ���� �F� � DQG �G� ��PRO�:
GRSHG 7L2��

)LJ� �� 5DPDQ VSHFWUD RI �D� ���� �E� ���� �F� � DQG �G� ��PRO�:
GRSHG 7L2��

)LJ� �� 3KRWRFDWDO\WLF DFWLYLW\ RI ���� ���� �� ��PRO�)H GRSHG7L2�

�N LV UDWH FRQVWDQW��

)LJ� �� 3KRWRFDWDO\WLF DFWLYLW\ RI ���� ���� �� ��PRO�:GRSHG7L2�

�N LV UDWH FRQVWDQW��
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SKDVH UHPDLQHG DW DQDWDVH MXVW DV WKH LURQ�GRSHG VDPSOH� 7KH GLV�

DSSHDUDQFH RI ���WXQJVWDWH FRXOG EH GXH WR EHWWHU GLVSHUVLRQ RI WXQJ�

VWHQ RQ WKH VXUIDFH RI 7L2� DQG LQFRUSRUDWLRQ LQWR WKH 7L2� ODWWLFH

E\ FDOFLQDWLRQ SURFHVV >/LWWHU HW DO�� ����@�

)LJV� �� DQG �� VKRZ WKH SKRWRFDWDO\WLF DFWLYLW\ RI LURQ� DQG WXQJ�

VWHQ�GRSHG 7L2�� 7KH UHDFWLRQ UDWH ZDV GUDVWLFDOO\ LQFUHDVHG DIWHU

��� R& KHDW WUHDWPHQW� )XUWKHUPRUH� WKH SKRWRFDWDO\WLF DFWLYLW\ RI

LURQ� RU WXQJVWHQ�GRSHG 7L2� ZDV KLJKHU WKDQ WKDW RI V\QWKHVL]HG

SXUH 7L2� DQG FRPPHUFLDO 7L2�� 'XULQJ WKH FDOFLQDWLRQ� PHWDO LRQ

LQLWLDOO\ SUHVHQWHG DW WKH VXUIDFH ZRXOG GLIIXVH LQWR WKH ODWWLFH ZLWK

LQFUHDVLQJ WKH FU\VWDOOLQLW\ RI 7L2� >/LWWHU HW DO�� ����@� 7KLV FRXOG

SURPRWH WKH SKRWRFDWDO\WLF DFWLYLW\ RI PHWDO�GRSHG 7L2�� +RZHYHU�

LQ ��� R& VLQWHULQJ� SKRWRUHDFWLYLW\ RI )H� RU :�GRSHG 7L2� ZDV

VOLJKWO\ GHFUHDVHG� $OWKRXJK WKH ;5' VSHFWUD LQ )LJV� � DQG � GR

QRW SUHVHQW DQ\ EXON LURQ R[LGH RU WXQJVWHQ R[LGH� LURQ R[LGH RU WXQJ�

VWHQ R[LGH PLJKW ORZHU WKH SKRWRFDWDO\WLF DFWLYLW\�

&21&/86,21

$OO RI WKH PHWDO�GRSHG WLWDQLD SUHSDUHG LQ WKLV SDSHU VKRZHG DQD�

WDVH SKDVH RI 7L2�� )RU WKH LURQ� RU WXQJVWHQ�GRSHG 7L2�� DQ\ EXON

SKDVHZDV QRW IRXQG LQ ERWK RI ;5' DQG5DPDQ VSHFWUD DW ORZ ORDG�

LQJV� ,W PLJKW EH GXH WR WKH JRRG GLVSHUVLRQ RI )H LRQ LQ WKH 7L2�

ODWWLFH� ,Q WKH VWXG\ RI SKRWRFDWDO\WLF DFWLYLW\ RI PHWDO�GRSHG 7L2��

DV WKH FRQFHQWUDWLRQ RI : RU )H LRQ ZDV LQFUHDVHG� WKH UHDFWLYLW\

ZDV GHFUHDVHG� 7KH UHDFWLRQ UDWH ZDV GUDVWLFDOO\ LQFUHDVHG DIWHU ���
R& KHDW WUHDWPHQW� 7KH SKRWRFDWDO\WLF DFWLYLW\ RI LURQ� RU WXQJVWHQ�

GRSHG 7L2� ZDV KLJKHU WKDQ WKDW RI FRPPHUFLDO 7L2�� %\ WKH VLQWHU�

LQJ SURFHVV� PHWDO LRQ PLJKW HDVLO\ HQWHU WKH ODWWLFH ZLWK LQFUHDVLQJ

WKH FU\VWDOOLQLW\ RI 7L2�� ,W PD\ SURPRWH WKH SKRWRFDWDO\WLF DFWLYLW\

RI 7L2��

$&.12:/('*(0(17

7KLV ZRUN ZDV VXSSRUWHG E\ WKH %UDLQ .RUHD �� 3URMHFW� DQG

.RUHDQ ,QVWLWXWH RI (QYLURQPHQWDO 6FLHQFH DQG 7HFKQRORJ\�

5()(5(1&(6

$QSR� 0�� =KDQJ� 6� *�� 0LVKLPD� +�� 0DWVXRND� 0� DQG <DPDVKLWD�

)LJ� �� ;5' VSHFWUD RI ���PRO�)H�7L2� �D� XQFDOFLQHG� DQG FDO�

FLQHG DW �E� ��� R&� �F� ��� R& DQG �G� ��� R&�

)LJ� �� ;5' VSHFWUD RI ���PRO�:�7L2� �D� XQFDOFLQHG� DQG FDO�
FLQHG DW �E� ��� R&� �F� ��� R& DQG �G� ��� R&�

)LJ� ��� 3KRWRFDWDO\WLF DFWLYLW\ RI ���PRO� )H GRSHG 7L2�� SXUH

7L2� DQG FRPPHUFLDO 7L2� �N LV UDWH FRQVWDQW��

)LJ� ��� 3KRWRFDWDO\WLF DFWLYLW\ RI ���PRO� : GRSHG 7L2�� SXUH
7L2� DQG FRPPHUFLDO 7L2� �N LV UDWH FRQVWDQW��



��� 6� 6� /HH HW DO�

1RYHPEHU� ����

+�� ³'HVLJQRI3KRWRFDWDO\VWV(QFDSVXODWHGZLWKLQ WKH=HROLWH )UDPH�

ZRUN DQG &DYLWLHV IRU WKH 'HFRPSRVLWLRQ RI 12 LQWR 1� DQG 2� DW

1RUPDO 7HPSHUDWXUH�́ &DWDO\VLV 7RGD\� ��� ��� �������

*RWLF� 0�� ,YDQGD� 6HNXOLF� $�� 0XVLF� 6�� 3RSRYRLF� 6�� 7XUNRYLF� $�

DQG )XULF� .�� ³0LFURVWUXFWXUH RI1DQRVL]HG 7L2� 2EWDLQHG E\ 6RO�

*HO 6\QWKHVLV�́ 0DWHULDOV /HWWHUV� ��� ��� �������

+RIIPDQQ�0�5��0DUWLQ� 6� 7�� &KRL�:� DQG%DKQHPDQQ�'�:�� ³(Q�

YLURQPHQWDO $SSOLFDWLRQV RI 6HPLFRQGXFWRU 3KRWRFDWDO\VLV�́ &KHP�

5HY�� ��� �� �������

/LQVHELJOHU� $� /�� /X� *� DQG<DWHV� -� 7�� ³3KRWRFDWDO\VLV RQ 7L2� 6XU�

IDFH� 3ULQFLSOHV� 0HFKDQLVPV� DQG 6HOHFWHG 5HVXOWV�́ &KHP� 5HY��

��� ��� �������

/LWWHU� 0� ,� DQG 1DYLR� -�$�� ³3KRWRFDWDO\WLF 3URSHUWLHV RI ,URQ�'RSHG

7LWDQLD 6HPLFRQGXFWRUV�́ -� 3KRWRFKHPLVWU\ DQG 3KRWRELRORJ\ $�

&KHPLVWU\� ��� ��� �������

0LOOV� $� DQG +XQWH� 6� /�� ³$Q 2YHUYLHZ RI 6HPLFRQGXFWRU 3KRWRFD�

WDO\VLV�́ -� 3KRWRFKHPLVWU\ DQG 3KRWRELRORJ\ $� &KHPLVWU\� ���� �

�������

1LPORV� 0�5�� :ROIUXP� (� -�� %UHZHU� 0� /�� )HQQHOO� -�$� DQG %LQW�

QHU�*�� ³*DV3KDVH+HWHURJHQHRXV3KRWRFDWDO\WLF2[LGDWLRQRI(WK�

DQRO� 3DWKZD\V DQG .LQHWLF 0RGHOLQJ�́ (QYLURQ� 6FL� 7HFKQRO�� ���

���� �������

3DOPLVDQR�/� DQG6FODIDQL�$�� ³7KHUPRG\QDPLFV DQG.LQHWLFV IRU+H�

WHURJHQHRXV 3KRWRFDWDO\WLF 3URFHVV�́ LQ+HWHURJHQHRXV 3KRWRFDWDO\�

VLV� HGLWHG E\ 0� 6FKLDYHOOR� -RKQ:LOH\ 	 6RQV �������

6FKRO]� $�� 6FKQ\GHU� %� DQG:RNDXQ� $�� ³,QIOXHQFH RI &DOFLQDWLRQ

7UHDWPHQW RQ WKH 6WUXFWXUH RI *UDIWHG :R[ 6SHFLHV RQ 7LWDQLD�́ -�

0ROHFXODU &DWDO\VLV $� &KHPLFDO� ���� ��� �������

=KDQJ� <�� ;LRQJ� *�� <DR� <DQJ� :� DQG )X� ;�� ³3UHSDUDWLRQ RI 7LWD�

QLD�%DVHG&DWDO\VWV IRU )RUPDOGHK\GH3KRWRFDWDO\WLF2[LGDWLRQ IURP

7L&O� E\ WKH 6RO�*HO0HWKRG�́ &DWDO\VLV 7RGD\� ��� �� �������


