
-��1HSDO�&KHP��6RF���9RO����������

���

&KHPLFDO�6\QWKHVLV�RI�6LOYHU�1DQRVWUXFWXUH��6L]H�
'HSHQGHQW�(OHFWURQLF�3URSHUWLHV�

5RMLWD�3DQWD�DQG�6DELWD�6KUHVWKD

&HQWUDO�'HSDUWPHQW�RI�&KHPLVWU\��7ULEKXYDQ�8QLYHUVLW\��.LUWLSXU��.DWKPDQGX��1HSDO�
(PDLO��VKUHVWKDVDELWD#KRWPDLO�FRP�

$EVWUDFW�

6\QWKHVLV�RI�QDQRSDUWLFOHV�KDV�EHHQ�WKH�VXEMHFW�RI�D�ORW�RI�VWXGLHV�GXH�WR�LWV�FRPPHUFLDO�GHPDQGV�DQG�
ZLGH� DSSOLFDELOLW\� LQ� YDULRXV� ILHOGV� VXFK� DV� FKHPLVWU\�� SK\VLFV�� ELRORJ\��PDWHULDO� VFLHQFH�� HQJLQHHULQJ��
PHGLFLQH� HWF�� 6LOYHU� QDQRSDUWLFOHV� FDQ� EH� V\QWKHVL]HG� E\� XVLQJ� QXPEHU� RI� PHWKRGV� VXFK� DV� FKHPLFDO��
SK\VLFDO�� JUHHQ� PHWKRGV� HWF�� 7KLV� SDSHU� UHSRUWV� WKH� FKHPLFDO� V\QWKHVLV� RI� VLOYHU� QDQRVWUXFWXUH�� )RU�
V\QWKHVLV� VLOYHU� QLWUDWH� VROXWLRQ� LV� XVHG� DV� D� PHWDO� SUHFXUVRU� DQG� VRGLXP� ERURK\GULGH� LV� XVHG� DV� D�
UHGXFLQJ� DJHQW�� � )RXU� GLIIHUHQW� VHWV� RI� VDPSOHV� ZHUH� V\QWKHVL]HG� E\� YDU\LQJ� WKH� DPRXQW� RI� VLOYHU�
SUHFXUVRU��7KH�IRUPDWLRQ�RI�QDQRVWUXFWXUH�ZDV�FRQILUPHG�E\�SUHVHQFH�RI�VXUIDFH�3ODVPRQ�UHVRQDQFH�LQ�
DEVRUSWLRQ�VSHFWUD��(OHFWURQLF�SURSHUWLHV�DQG�RSWLFDO�EDQG�JDS�FDOFXODWLRQ�ZDV�GRQH�E\�XVLQJ�DEVRUSWLRQ�
VSHFWURVFRS\��$EVRUSWLRQ� VSHFWURVFRS\� VKRZHG� WKDW� WKH�PD[LPXP�DEVRUSWLRQ�ZDV� UHG� VKLIWHG�ZKHQ� WKH�
DPRXQW�RI�VLOYHU�SUHFXUVRU�DGGHG�ZDV�LQFUHDVHG��LQGLFDWLQJ�WKH�LQFUHDVLQJ�RI�VL]H���6LPLODUO\��LW�ZDV�IRXQG�
WKDW� WKH�RSWLFDO� EDQG�JDS�ZDV�GHFUHDVH�ZLWK� LQFUHDVLQJ� WKH�DPRXQW�RI� VLOYHU�SUHFXUVRU��0RUHRYHU�� WKH�
DQWLPLFURELDO�DFWLYLW\�RI� V\QWKHVL]HG�VLOYHU�QDQRSDUWLFOHV�ZDV�VWXGLHG�DJDLQVW�ERWK� WKH�JUDP�SRVLWLYH�DV�
ZHOO�DV�JUDP�QHJDWLYH�EDFWHULD�VXFK�DV�6WDSK\ORFRFFXV�DXUHXV��(��FROL�DQG�3VHXGRPRQDV�UHVSHFWLYHO\��

.H\ZRUGV��6LOYHU�1DQRSDUWLFOH��HOHFWURQLF�DQG�RSWLFDO�SURSHUW\��$QWLEDFWHULDO�DFWLYLW\��

,QWURGXFWLRQ��

1DQRWHFKQRORJ\� KDV� JUHDW� LPSRUWDQFH� LQ� WKH� ILHOG� RI� VFLHQFH� DQG� WHFKQRORJ\� WR� SURGXFH� WKH�
QDQRPDWHULDOV���1RZDGD\V��EHFDXVH�RI�WKH�YHUVDWLOH�DQG�DGYDQWDJHRXV�SURSHUWLHV�RI�QDQRSDUWLFOHV�VXFK�DV�
XQLTXH� FKHPLFDO�� RSWLFDO�� PDJQHWLF�� PHFKDQLFDO� DQG� HOHFWURQLF� SURSHUWLHV�� WKH� V\QWKHVLV� DQG� VWXG\� RI�
QDQRSDUWLFOHV� KDV� EHFRPH� JUHDW� LQWHUHVW����� 7KHUHIRUH�� WKH\� DUH� DOVR� XVHG� DV� FDWDO\VLV�� HOHFWURQLFV� DQG�
SKRWRQLFV��7KH�VWXG\�DQG�SUHSDUDWLRQ�RI�QDQR�VL]H�PDWHULDO�LV�LQWHUHVW�LQ�UHVHDUFK�DQG�WHFKQRORJ\�EHFDXVH�
RI�WKHLU�LQFUHDVLQJ�DSSOLFDWLRQV�LQ�HOHFWURQLF�VWXG\�PHGLFDO�VFLHQFH�DQG�SDUWO\�EHFDXVH�RI�WKHLU�LQFUHDVLQJ�
XQLTXH� SURSHUWLHV� GLIIHULQJ� IURP� WKH� EXON� VWDWH� RI� WKRVH��6LOYHU� KDV� WKH� KLJKHVW� HOHFWULFDO� FRQGXFWLYLW\�
����[� ��A��6�P�� DPRQJ� DOO� WKH�PHWDOV�� VR� WKDW� VLOYHU� QDQRZLUHV� DUH� DOVR� FRQVLGHUHG� DV� YHU\� SURPLVLQJ�
FDQGLGDWHV�LQ�IOH[LEOH�HOHFWURQLFV���

7KHUH�DUH�YDULRXV�PHWKRGV�UHSRUWHG�IRU�WKH�V\QWKHVLV�RI�VLOYHU�QDQRSDUWLFOHV�VXFK�DV�FKHPLFDO�PHWKRG���
HOHFWURFKHPLFDO� UHGXFWLRQ��� VRQRHOHFWURFKHPLFDO��� ODVHU� DEODWLRQ��*UHHQ� V\QWKHVLV��� ��HWF�� �$PRQJ� WKHP��

&RUUHVSRQGLQJ�DXWKRU
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FKHPLFDO� UHGXFWLRQ� DQG� JUHHQ� V\QWKHVLV� DUH� PRVWO\� XVHG�� 7KLV� SDSHU� UHSRUWV� WKH� FKHPLFDO� UHGXFWLRQ�
PHWKRG�LQ�ZKLFK�PHWDO�VDOW�L�H��VLOYHU�QLWUDWH�LV�XVHG�DV�D�PHWDO�SUHFXUVRU�DQG�VRGLXP�ERURK\GULGH�LV�XVHG�
DV� D� UHGXFLQJ� DJHQW�� 7KH� VDPSOHV� ZHUH� FKDUDFWHUL]HG� E\� SRZGHU� ;�5D\� 'LIIUDFWLRQ� �;5'��� )RXULHU�
7UDQVIRUP�,QIUDUHG�6SHFWURVFRS\��)7,5���(QHUJ\�'LVSHUVLYH�6SHFWURVFRS\��('6��DQG�6FDQQLQJ�(OHFWURQ�
0LFURVFRS\��6(0���7KH�HOHFWURQLF�DQG�RSWLFDO�SURSHUWLHV�RI�QDQRSDUWLFOHV�DUH�GHSHQGHQW�XSRQ�WKH�VKDSH�
RI� VL]H� RI� WKH� SDUWLFOHV�� 7KH� IRUPDWLRQ� RI� WKH� VL]H� RI� WKH� QDQRSDUWLFOHV� LV� GHSHQGHQW� XSRQ� GLIIHUHQW�
H[SHULPHQWDO�FRQGLWLRQV�HJ��S+�RI�VROXWLRQ��UHDFWLRQ�WLPH��FRQF��RI�PHWDO�SUHFXUVRU�HWF��7KLV�SDSHU�UHSRUWV�
WKH�VL]H�GHSHQGHQW�HOHFWURQLF�DQG�RSWLFDO�SURSHUWLHV�RI�QDQRSDUWLFOHV��7KH�VL]H�RI�QDQRSDUWLFOHV�ZDV�YDULHG�
E\�FKDQJLQJ�WKH�FRQF��RI�PHWDO�SUHFXUVRU��

6LOYHU�QDQRSDUWLFOHV�SUHYHQW�WKH�JURZWK�RI�ERWK�*UDP�SRVLWLYH�DQG�*UDP�QHJDWLYH�EDFWHULD�DW�D�YHU\�
ORZ�FRQFHQWUDWLRQ�WKDQ�DQWLELRWLFV�ZLWKRXW�DQ\�VLGH�HIIHFWV��7KHUHIRUH��LQ�GHYHORSLQJ�URXWHV�RI�V\QWKHVLV��
DQ�HPSKDVLV�ZDV�PDGH�WR�FRQWURO�WKH�VL]H�RI�VLOYHU�QDQRSDUWLFOHV��7KHUH�DUH�GLIIHUHQW�PHFKDQLVPV�KDYH�EHHQ�
SURSRVHG�IRU�WKH�DQWLEDFWHULDO�DFWLYLW\�RI�VLOYHU�QDQRSDUWLFOHV�EXW�H[DFW�PHFKDQLVP�LV�QRW�NQRZQ�WLOO�����

%HFDXVH� RI� WKH� DQWLEDFWHULDO� SURSHUW\� RI� VLOYHU� QDQRSDUWLFOHV�� LW� KDV� EHHQ� XVHG� LQ� FRQVXPHU�� KHDOWK�
UHODWHG�DQG�LQGXVWULDO�SURGXFWV��0RUHRYHU��GXH�WR�LWV�SRWHQWLDO�DSSOLFDWLRQ�WR�ELRORJLFDO�IXQFWLRQV�VXFK�DV�
FDQFHU� WKHUDS\� DQG� LPDJLQJ�� $J13� ELRV\QWKHVLV� KDV� UHFHQWO\� DWWUDFWHG� FRQVLGHUDEOH� DWWUDFWLRQ� RI�
UHVHDUFKHUV�LQWHUHVWHG�LQ�WKH�ILHOG����

([SHULPHQWDO�0HWKRGV�

6\QWKHVLV�RI�6LOYHU�1DQRVWUXFWXUH�

6RGLXP�ERURK\GULGH�����P0����P/��VROXWLRQ�ZDV�KHDWHG�ZLWK�VWLUULQJ��:KHQ�WKH�VROXWLRQ�ZDV�DERXW�
WR�ERLO� WKHQ�VLOYHU�QLWUDWH�VROXWLRQ����P0��ZDV�DGGHG�GURSZLVH��7KHQ�WKH�VROXWLRQ�ZDV�WXUQHG�WR�EURZQ�
FRORU� VROXWLRQ� IURP�GDUN�SLQN�FRORU�ZKLFK� LQGLFDWHV� WKH� IRUPDWLRQ�RI� VLOYHU�QDQRSDUWLFOHV��2XU�VWXG\� LQ�
WKLV�SDSHU�LV�WR�VWXG\�WKH�HOHFWURQLF�SURSHUWLHV�RQ�GLIIHUHQW�VL]HV�RI�QDQRSDUWLFOHV��7KH�VL]H�ZDV�YDULHG�E\�
YDU\LQJ� WKH� DPRXQW� RI� VLOYHU� SUHFXUVRU� L�H�� VLOYHU� QLWUDWH�� )RXU� GLIIHUHQW� VDPSOHV� ZHUH� SUHSDUHG� ZLWK�
GLIIHUHQW�DPRXQW�RI�VLOYHU�QLWUDWH�VROXWLRQ�RI�VDPH�VWUHQJWK���P0��

6DPSOH�&������P/����P0�VRGLXP�ERURK\GULGH�VROXWLRQ������P/���P0�VLOYHU�QLWUDWH�VROXWLRQ��
6DPSOH�&������P/����P0�VRGLXP�ERURK\GULGH�VROXWLRQ�����P/���P0�VLOYHU�QLWUDWH�VROXWLRQ��
6DPSOH�&������P/����P0�VRGLXP�ERURK\GULGH�VROXWLRQ�������P/��P0�VLOYHU�QLWUDWH�VROXWLRQ��
6DPSOH�&������P/����P0�VRGLXP�ERURK\GULGH�VROXWLRQ������P/���P0�VLOYHU�QLWUDWH�VROXWLRQ��

0HDVXUHPHQWV��

7KH�89�9LV�VSHFWUD� LQ�VROXWLRQ�ZDV�FDUULHG�RXW� LQ�86%������3KRWRQLFV�LQ�UDQJH����������QP��7KH�
(';�PHDVXUHPHQW�ZDV�GRQH�RQ�+RULED�0RGHO�(0$;������+��7KH�VXUIDFH�PRUSKRORJ\�RI�WKH�VDPSOHV�
ZDV� LQYHVWLJDWHG� E\� XVLQJ� VFDQQLQJ� HOHFWURQ� PLFURVFRSH� �6(0�� +,7$&+,�� 6�������� 3RZGHU� ;�UD\�
GLIIUDFWLRQ��;5'��+,7$&+,��6��������ZDV�XVHG�WR�VWXG\�WKH�FU\VWDOOLQLW\�RI�VDPSOH����

$QWLPLFURELDO�WHVW� �

$QWLPLFURELDO�VWXG\�RI�ERWK�V\QWKHVL]HG�QDQRSDUWLFOHV�ZHUH�VWXGLHG�E\�$JDU�'LIIXVLRQ�7HVW�RU�0XOOHU�
+LQWRQ�$JDU��0+$��WHVW�DJDLQVW�RQH�JUDP�SRVLWLYH�EDFWHULD�6��DXUHXV�DQG�WZR�JUDP�QHJDWLYH�EDFWHULD�(��
FROL�DQG�SVHXGRPRQDV�DHUXJLQRVD��7KH�0+$�SODWHV�ZHUH�OHIW�RYHUQLJKW�DW�URRP�WHPSHUDWXUH�WR�FKHFN�IRU�
DQ\� FRQWDPLQDWLRQ� WR� DSSHDU�� 7KH� EDFWHULD� WHVW� RUJDQLVPV� ZHUH� JURZQ� LQ� QXWULHQW� EURWK�� 6WDQGDUG�
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2SWLFDO�%DQG�*DS�&DOFXODWLRQ�

7KH� JDS� EHWZHHQ� WKH� YDOHQFH� EDQG� DQG� FRQGXFWLRQ� EDQG� LV� NQRZQ� DV� EDQG� JDS�� 7KH� EDQG� JDS� LV�
GLIIHUHQW� LQ� FRQGXFWRU�� VHPLFRQGXFWRU� DQG� LQVXODWRU�� 7KH� EDQG� JDS� LV� FKDQJHG� ZLWK� VL]H� IRU� WKH� VDPH�
PDWWHU��7KHUH� LV� UHODWLRQVKLS�EHWZHHQ� WKH�RSWLFDO�DEVRUSWLRQ�VSHFWUXP�RI�PHWDO�QDQRSDUWLFOHV�E\�VXUIDFH�
3ODVPRQ�DEVRUSWLRQ�DQG�WKHLU�VL]HV��7KH�EDQG�JDS�RI�VLOYHU�QDQRSDUWLFOHV�ZDV�FDOFXODWHG�RQ�WKH�EDVLV�RI�
IRUPXOD�DV�JLYHQ�EHORZ��

�%DQG�JDS��%*�� ������PD[LPXP�DEVRUEDQFH��HY����

7DEOH����HOHFWURQLF�VSHFWUXP�REVHUYHG�DQG�EDQG�JDS�RI�V\QWKHVL]HG�VLOYHU�QDQRSDUWLFOHV�

6DPSOHV %DQG�JDS�HY��

6DPSOH�&� �����

6DPSOH�&� �����

6DPSOH�&� �����

6DPSOH�&� �����

7KLV�WDEOH�VKRZV�WKH�EDQG�JDSV�RI�GLIIHUHQW�VDPSOHV�RI�VLOYHU�QDQRSDUWLFOHV��7KHUH�DUH�YDULRXV�IDFWRUV�
DIIHFWLQJ�WKH�EDQG�JDS�VXFK�DV�WHPSHUDWXUH��FRQFHQWUDWLRQ�RI�PHWDO�SUHFXUVRU�HWF��,Q�WKH�DERYH�FDVH��WKH�
EDQG� JDS� GHFUHDVHV�ZLWK� WKH� LQFUHDVH� LQ� FRQFHQWUDWLRQ� RI� VLOYHU� QLWUDWH� VDOW� IRU� FKHPLFDO� V\QWKHVLV� DQG�
GHFUHDVH�ZLWK�LQFUHDVH�LQ�WHPSHUDWXUH�IRU�JUHHQ�V\QWKHVLV��

7KH�89�9LV�VSHFWURVFRS\�VKRZV�WKDW�DV�WKH�DPRXQW�LQFUHDVHV�WKH�VL]H�RI�QDQRSDUWLFOHV�DOVR�LQFUHDVHV�EXW�
WKH�EDQG�JDS�GHFUHDVHV��

(QHUJ\�'LIIUDFWLRQ�;�UD\�6SHFWURVFRS\��(';��$QDO\VLV�

(QHUJ\� 'LVSHUVLYH� 6SHFWURVFRS\� �('6�� DQDO\VLV� ZDV� FDUULHG� RXW� WR� LQYHVWLJDWH� WKH� FKHPLFDO�
FKDUDFWHUL]DWLRQ�RI�VDPSOH�DQG�WKH�('6�VSHFWUXP�RI�VDPSOH�KDYLQJ�����PHWDOOLF�VLOYHU�ZDV�REWDLQHG��

3RZGHU�;�UD\�'LIIUDFWLRQ��;5'��$QDO\VLV�

7KH�ILJXUH�EHORZ�VKRZV�WKH�;5'�SDWWHUQ�RI�VLOYHU�QDQRSDUWLFOHV�V\QWKHVL]HG�IURP�FKHPLFDO�UHGXFWLRQ�
PHWKRG�V\QWKHVLV��6L]H�RI�WKH�SDUWLFOHV�KDV�EHHQ�FDOFXODWHG�XVLQJ�'HE\H�6FKHUUHU�IRUPXOD�ZKLFK�LV�JLYHQ�
E\�' ����� ��� �&RV ��:KHUH�'�LV�WKH�VL]H�RI�WKH�SDUWLFOH�� �LV�WKH�ZDYHOHQJWK�RI�;�UD\�� ��H[SUHVVHG�LQ�
UDGLDQ��LV�WKH�IXOO�ZLGWK�DW�KDOI�PD[LPXP��):+0��DIWHU�FRUUHFWLQJ�WKH�LQVWUXPHQW�SHDN�EURDGHQLQJ�DQG�
LV�WKH�%UDJJ¶V�DQJOH���7KH�DYHUDJH�VL]H�RI�WKH�QDQRSDUWLFOHV�LV�IRXQG�LQ�WKH�UDQJH�RI������QP��

)LJXUH����;5'�RI�FKHPLFDOO\�V\QWKHVL]HG�VLOYHU�QDQRVWUXFWXUHV��
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&RQFOXVLRQV�

'XH�WR�WKH�ZLGH�DSSOLFDELOLW\�DQG�FRPPHUFLDO�GHPDQGV��WKH�V\QWKHVLV�RI�VLOYHU�QDQRSDUWLFOHV�KDV�EHHQ�
LQFUHDVHG�� ,W� FDQ� EH� V\QWKHVL]HG� WKURXJK� SK\VLFDO�� FKHPLFDO� DQG� ELRORJLFDO� PHWKRGV�� $PRQJ� WKHP�
FKHPLFDO�DQG�JUHHQ�V\QWKHVLV�DUH� WKH�EHVW�PHWKRGV�EHFDXVH�RI� LWV�DFFXUDF\�DQG�JRRG�SURGXFW�\LHOG�DQG�
JUHHQ�V\QWKHVLV�LV�HFRQRPLFDO�DQG�HFR�IULHQGO\��

,Q�FKHPLFDO�PHWKRG��VRGLXP�ERURK\GULGH��1D%+���LV�XVHG�DV�D�UHGXFLQJ�DJHQW�DQG�VLOYHU�QLWUDWH��$J12���
DV� D� PHWDO� SUHFXUVRU�� 7KH� FKDUDFWHUL]DWLRQ� WHFKQLTXHV� VXFK� DV� 89�9LV�� (';�� )7,5�� 6(0� DQG� ;5'�
FKDUDFWHUL]HV�WKH�V\QWKHVL]HG�VLOYHU�QDQRSDUWLFOHV��7KH�89�9LV�VSHFWURVFRS\�VKRZV�WKDW�WKH�VKLIW�RI�EDQG�
WR� D� KLJKHU� DORQJ� ZLWK� LQFUHDVH� LQ� FRQFHQWUDWLRQ� DQG� LW� DOVR� VKRZV� WKH� LQFUHDVH� LQ� VL]H� RI� VLOYHU�
QDQRSDUWLFOHV��7KH�(';�VKRZV�WKH�PD[LPXP�SUHVHQFH�RI�HOHPHQW�LV�VLOYHU�L�H�������

7KH� 6(0� VKRZV� WKH� V\QWKHVL]HG� VLOYHU� QDQRSDUWLFOHV� DUH� URG� VKDSHG� ;5'� VKRZV� WKH� DYHUDJH� VL]H� RI�
V\QWKHVL]HG�VLOYHU�QDQRSDUWLFOHV�LV�DERXW��QP�7KH�DQWLPLFURELDO�DFWLYLW\�RI�FKHPLFDOO\�V\QWKHVL]HG�VLOYHU�
QDQRSDUWLFOHV�DJDLQVW�ERWK�*UDP�SRVLWLYH�DV�ZHOO�DV�JUDP�QHJDWLYH�EDFWHULD�KDYH�EHHQ�VWXGLHG�DQG�LW�JLYHV�
WKH�EHWWHU�UHVXOWV�IRU�JUDP�QHJDWLYH�EDFWHULD�SVHXGRPRQDV�DHUXJLQRVD��
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