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$EVWUDFW�
$V D UHVXOW RI H[SHULPHQWDO VWXGLHV RQ WKH GHDON\ODWLRQ RI WHWUD�2�SURS\O�S�WHUW�EXW\O

FDOL[>�@DUHQH �� ZH KDYH IRXQG WKDW E\ WUHDWLQJ � ZLWK WKH VWRLFKLRPHWULF DPRXQW RI $O&O��

WKH WUL� GL DQG PRQR�2�SURS\O�S�WHUW�EXW\O FDOL[>�@DUHQH DUH REWDLQHG LQ JRRG \LHOG� ,Q WKHVH

UHDFWLRQV WHUW�EXW\O JURXSV DW WKH XSSHU ULP DUH XFKDQJHG�

,QWURGXFWLRQ�

7KH�H[WHQVLYH�XVH�RI�FDOL[DUHQHV�DQG�LQ�SDUWLFXODU�FDOL[>�@DUHQDV��LQ�VXSUDPROHFXODU�

FKHPLVWU\
�
�MXVWLILHV�WKH�HIIRUWV�RI�VHYHUDO�UHVHDUFK�JURXSV�WR�ILQG�V\QWKHWLF�PHWKRGRORJLHV�

IRU� WKHLU� VHOHFWLYH� IXQFWLRQDOL]DWLRQ� ERWK� DW� WKH� XSSHU� DQG� ORZHU� ULP�� 6HYHUDO� XVHIXO�

V\QWKHWLF� PHWKRGRORJLHV� KDYH� EHHQ� UHSRUWHG� ZKLFK� DOORZ� WKH� V\QWKHVLV� RI� WHWUD�

VXEVWLWXWHG� FDOL[>�@DUHQDV� DW� WKH� ORZHU� ULP�
�
�$SDUW� IURP�RQH� H[DPSOH�E\�*XWVFKH�ZKR�

UHSRUWHG� WKH� V\QWKHVLV� RI� PRQRDOO\OR[\� FDOL[>�@DUHQH�
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� QR� JHQHUDO� PHWKRGRORJ\� LV�

DYDLODEOH�IRU�WKH�V\QWKHVLV�RI�FDOL[>�@DUHQH�PRQR�DON\O�HWKHUV��6HYHUDO�DWWHPSWV�WR�REWDLQ�

WKHVH�FRPSRXQGV�E\�GLUHFW�DON\ODWLRQ�RI�S�WHUW�FDOL[>�@DUHQH�IDLOHG��WKLV�UHDFWLRQ�JLYLQJ�

WHWUD
�
�DQG�GLDON\ODWHG�

���
�SURGXFWV�RU�PL[WXUH�RI�FRPSRXQGV���
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5HVXOWV�DQG�GLVFXVVLRQ�

$Q� DOWHUQDWLYH� WR� GLUHFW� DON\ODWLRQ� IRU� JHQHUDWLQJ� SDUWLDOO\� DON\ODWHG� FDOL[>�@DUHQDV�

LQYROYHV� VHOHFWLYH� GHDON\ODWLRQ� RI� WKH� UHDGLO\� DYDLODEOH� WHWUD�2�� SURS\O�S�WHUW�EXW\O�

FDOL[>�@DUHQH�E\�PHDQV�RI�VWLRFKLRPHWULF�DPRXQWV�RI�$O&O���%\�WKLV�SURFHGXUH���������

\LHOGV�RI�WUL��GL�DQG�PRQR�2�SURS\O�S�WHUW�EXW\O�FDOL[>�@DUHQH�KDYH�EHHQ�REWDLQHG���



$FWD�&KLP��6ORY���������������������

6� 7DJKYDHL�*DQMDOL� $� 0RGMDOODO� 6HOHFWLYH GHDON\ODWLRQ RI WHWUD�2�SURS\O�S�WHUW�EXW\O�«

����

23U

23U

23U

W�%X

W�%X

W�%X

3U2W�%X W�%X

W�%X

W�%X

5
�

5
�

W�%X

�D� Q � 5� 2+� 5� 5� 5� 23U

�E� Q � 5� 5� 2+� 5� 5� 23U

�F� Q � 5� 23U� 5� 5� 5� 2+

Q HT

�

$O&O
�

7ROXHQH

57
5
�

5
�

6FKHPH��

7KH�FDYLW\�RI�WKH�XSSHU�ULP�FDQ�EH�PRGLILHG�E\�LQWURGXFLQJ�VXEVWLWXHQWV�DW�WKH�SDUD�

SRVLWLRQV� RI� WKH� SKHQRO� ULQJV� RI� FDOL[>�@DUHQH�� *XWVFKH� HW� DO�� KDYH� GHVFULEHG� WKH�

PRGLILFDWLRQ� YLD� D�&ODLVHQ� UHDUUDQJHPHQW�
�
� 7KH\� SUHSDUHG� FDOL[>�@DUHQH� E\� DOXPLQLXP�

FKORULGH�FDWDO\]HG� GHEXW\ODWLRQ� RI� S�WHUW�EXW\O� FDOL[>�@DUHQH� DW� WKH� XSSHU� ULP�� 7KH�

FRPSDULVRQ�EHWZHHQ�WKLV� WZR�UHDFWLRQ�VKRZ�WKDW�WKH�GHDON\ODWLRQ�RI�2�3U�JURXSV�DW�WKH�

ORZHU�ULP�WDNH�SODFH�EHIRUH�GHDON\ODWLRQ�RI�WHUW�EXW\O�DW�WKH�XSSHU�ULP�����

7KH� FDOL[>�@DUHQH� WHWUDSURS\OHWKHU� �� LV� SURGXFHG� LQ� TXDQWLWDWLYH� \LHOG� E\� VLPSOH�

DON\ODWLRQ�SURFHGXUH�
�
�7KH�FRPSRXQG��� LV�XVHG�IRU�GHDON\ODWLRQ�VWHS��6FKHPH��DQG� WUL��

GL��DQG�PRQR�SURS\OHWKHUV�DUH�REWDLQHG�LQ��������DQG�����\LHOG��UHVSHFWLYHO\��

$OO� SURGXFWV� VKRZ� D� FRQH� FRQIRUPDWLRQ�
�
� ,Q� FRPSRXQGV� �D� DQG� �F� WKH�

�
+�105�

VSHFWUD� VKRZ� D� W\SLFDO� SDWWHUQ� UHSUHVHQW� E\� WZR� GRXEOHWV� IRU� WKH� HTXDWRULDO� DQG� WZR�

GRXEOHWV� IRU� WKH� D[LDO� SURWRQV� RI� WKH� EULGJLQJ� PHWK\OHQH� �$U&+�$U��� &RPSRXQG� �F�

LQWHUHVWLQJO\�VKRZV� WZR�VKDUS�VLJQDOV� IRU� WKH� WKUHH�2+�JURXSV��RQH�DW�������SSP���+��

DQG� RQH� DW� ����� SSP� ��+��� 7KH� KLJK� FKHPLFDO� VKLIW� IRU� WZR�2+�JURXSV� LQGLFDWHV� WKDW�

WKHVH�WZR�+�ERQGV�DUH�ZHDNHU�WKDQ�WKH�RWKHU�RQH�DQG�DUH�WKRVH�SUREDEO\�IRUPHG�E\�WKH�

WZR� RSSRVLWH� SKHQROLF� 2+� JURXSV� ZLWK� WKH� QHLJKERXU� DONR[\� R[\JHQ� DWRP� ZLWK�

DFFRUGLQJ� WR� PROHFXODU� PHFKDQLFV� FDOFXODWLRQV�� EHDUV� OHVV� QHJDWLYH� FKDUJH� WKDQ� D�

K\GUR[\O�R[\JHQ�DWRP�� �6FKHPH����
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$FNQRZOHGJPHQWV�

6DHHG�7DJKYDHL�*DQMDOL� LV� JUDWHIXO� WR� WKH�5HVHDUFK�&RXQFLO� RI�7HKUDQ�8QLYHUVLW\��

*HQHURXV� VXSSRUW� IURP�3URI��'U�� -�� ,SDNWVFKL�� ,QVWLWXWH� RI�2UJDQLF�&KHPLVWU\��*LHVVHQ�

8QLYHUVLW\�LV�KLJKO\�DFNQRZOHGJHG���
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2SD]LOL VPR� GD ] REGHODYR WHWUD�2�SURSLO�S�WHUW�EXWLONDOLNV>�@DUHQD V VWHKLRPHWULþQR

PQRåLQR $O&O� ODKNR SULSUDYLPR WUL� GL LQ PRQR�WHWUD�2�SURSLO�S�WHUW�EXWLONDOLNV>�@DUHQH� 3UL

WKH SUHWYRUEDK RVWDQHMR WHUF�EXWLOQH VNXSLQH QD JRUQHMP UREX QHGRWDNQMHQH�


