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7KH� GHYHORSPHQW� RI� K\EULG� RUJDQLF�LQRU�
JDQLF�PDWHULDOV�ZLWK�D�VXSUDPROHFXODU�VXUIDFH
OD\HU�LV�D�UDWKHU�FRPSOLFDWHG�WDVN�>����@��7ZR
GLIIHUHQW�SUHSDUDWLRQ�URXWHV�KDYH�EHHQ�XVX�
DOO\� XVHG�� 7KH� ILUVW� RQH� LV� EDVHG� RQ� WKH
VXUIDFH� PRGLILFDWLRQ� RI� DOUHDG\� REWDLQHG
FDUULHUV� >�@�DQG�DV�WKH�VHFRQG�ZD\��WKH�VRO�
JHO�PHWKRG�LV�XVHG�ZKHUH�WKH�PDWUL[�DQG�LWV
VXUIDFH�OD\HU�DUH�IRUPHG�VLPXOWDQHRXVO\�>�@�
(DFK�RI�WKRVH�PHWKRGV�LQFOXGHV�VRPH�DGYDQ�
WDJHV�DQG�VRPH�GUDZEDFNV��7KXV��WKH�VRO�JHO
PHWKRG� DOORZV� WR� REWDLQ� SRO\VLOR[DQH�PDWH�
ULDOV� LQ� RQH� VWDJH� ZLWK� ERWK� HPEHGGHG� >�@
DQG� FRYDOHQWO\� ERXQGHG� FDOL[DUHQH� DQG� F\�
FORGH[WULQ�PROHFXOHV�>����@�KDYLQJ�D�ZHOO�GH�
YHORSHG�SRURXV�VWUXFWXUH��+RZHYHU��WKH�V\Q�
WKHVLV� RI� VXFK� K\EULG�PDWHULDOV� E\� WKH� VRO�
JHO�PHWKRG�ZLWK� WKH� FRQWHQWV� RI� IXQFWLRQDO
JURXSV� FORVH� WR� ���� PPRO�J� DQG� DERYH� LV
SUREOHPDWLF��7KLV� LV�GXH�ILUVW�RI�DOO� WR�JHR�
PHWULFDO� VL]HV� RI� PROHFXOHV� WRJHWKHU� ZLWK
ORZ� VROXELOLW\� WKHUHRI� LQ� ZDWHU� DQG�RU
QRQDTXHRXV� VROYHQWV�� %HVLGHV�� D� SDUW� RI
IL[HG� PROHFXOHV� UHPDLQV� XQDYDLODEOH� IRU
VXEVWUDWHV�� $SSOLFDWLRQ� RI� FKHPLFDO� PRGLIL�
FDWLRQ� PHWKRG�� IRU� H[DPSOH�� RI� VLOLFD� VXU�

IDFH�SURYLGHV�PDWUL[HV�ZLWK�FRYDOHQWO\�IL[HG
VXSUDPROHFXODU� OD\HU�� ZKHUH� SUDFWLFDOO\� DOO
IXQFWLRQDO�JURXSV�DUH�DYDLODEOH�>����@��+RZ�
HYHU�� WKH� FRQWHQW� WKHUHRI� LV� XVXDOO\� DERXW
RQH� RUGHU� ORZHU� WKDQ� LQ� WKH� FDVH� RI
SRO\VLOR[DQH� PDWULFHV� REWDLQHG� E\� VRO�JHO
PHWKRG�� 2Q� WKH� RWKHU� KDQG�� WKH� PDWHULDOV
REWDLQHG� LQ� WKLV� ZD\� DUH� FKDUDFWHUL]HG� E\
JRRG�DGVRUSWLRQ�NLQHWLFV�
$� FRPSURPLVH� FRXOG� EH� SURYLGHG� E\� WKH

WHPSODWH�PHWKRG�>��@�WKDW�FDQ�EH�UHDOL]HG�LQ
WZR�YDULDQWV��7KH�ILUVW�RQH�LV�WKH�RQH�VWDJH
SURGXFWLRQ� RI� IXQFWLRQDOL]HG� PHVRSRURXV
VLOLFDV�� ZKHQ� WKH� VWUXFWXUH�IRUPLQJ� DQG
IXQFWLRQDOL]LQJ�DJHQWV�DUH�LQWURGXFHG�VLPXO�
WDQHRXVO\�>��@�LQWR�WKH�LQLWLDO�UHDFWLRQ�VROX�
WLRQ��$IWHU� WKH� VXUIDFWDQW� UHPRYDO� �XVXDOO\
E\� H[WUDFWLRQ� ZLWK� D� QRQDTXHRXV� VROYHQW��
WKH� QDQRSRURXV� VLOLFD� PDWUL[� FRQWDLQV� UH�
TXLUHG� IXQFWLRQDO� JURXSV� LQ� WKH� VXUIDFH
OD\HU��7KH�VHFRQG�SRVVLELOLW\�LV�WKH�WZR�VWHS
PHWKRG��)LUVW��WKH�PHVRSRURXV�VLOLFD�LV�SUH�
SDUHG� �WKH� VXUIDFWDQW� EHLQJ� UHPRYHG� IURP
PHVRSKDVH� E\� FDOFLQDWLRQ�� ZLWK� FRQVHTXHQW
FKHPLFDO� PRGLILFDWLRQ� RI� LWV� VXUIDFH� FRQ�
WDLQLQJ� VLODQRO� JURXSV� XVLQJ� NQRZQ� DS�
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SURDFKHV� >�����@��'HYHORSPHQW� RI� WKHVH� WZR
YDULDQWV�RI�WKH�WHPSODWH�PHWKRG�IRU�IRUPD�
WLRQ� RI� VXSUDPROHFXODU� OD\HUV� DQG� FRPSDUL�
VRQ� RI� SURSHUWLHV� RI� REWDLQHG� PDWHULDOV
�DPRQJ� WKHPVHOYHV� DQG� ZLWK� PDWHULDOV� RE�
WDLQHG� E\� WKH� VRO�JHO� PHWKRG� DQG� PHWKRG
UHVXOWLQJ� LQ�DPRUSKRXV�VLOLFD�VXUIDFH�PRGL�
ILFDWLRQ�� LV� QR� GRXEW� RI� D� JUHDW� SUDFWLFDO
LPSRUWDQFH�� 1RZDGD\V�� VLPLODU� PDWHULDOV
DUH�UHFRPPHQGHG�IRU�DSSOLFDWLRQ�LQ�FKURPD�
WRJUDSK\�>��@�DQG�DGVRUSWLRQ�SURFHVVHV�>��@�
7KH�DLP�RI�WKLV�ZRUN�LV�WR�GHYHORS�WKH�WHFK�
QLTXHV�RI�PHVRSRURXV�VLOLFD�PRGLILFDWLRQ�E\
FDOL[>�@DUHQH� DQG� E�F\FORGH[WULQ� JURXSV�� WR
REWDLQ�VDPSOHV�RI�VXFK�K\EULG�PDWHULDOV�DQG
LQYHVWLJDWH�WKHLU�VWUXFWXUH��
7KH� LQLWLDO� PHVRSRURXV� 6%$���� VLOLFD

�VDPSOH�$��ZDV� V\QWKHVL]HG� DV�GHVFULEHG� LQ
>��@�� $IWHU� SUHOLPLQDU\� K\GUR[\ODWLRQ� RI
6%$���� ZLWK� K\GURFKORULF� DFLG� DQG� GU\LQJ
LQ�YDFXXP��WKLV�PDWHULDO�ZDV�PRGLILHG�ZLWK
PDFURF\FOLF�FRPSRXQGV�E�F\FORGH[WULQ��E&'�
IURP�ZDWHU�HWKDQRO�VROXWLRQ� �VDPSOH�%��DQG
FDOL[>�@DUHQH� IURP� WROXHQH� VROXWLRQ� �VDPSOH
&���,Q�WKH�ODVW�FDVH��WKH�WHFKQLTXH�ZDV�FORVH
WR�WKDW�GHVFULEHG�E\�6��6KLUDLVKL�HW�DO��>��@�
ZKHUH� WKH� VLOLFD� VXUIDFH� ZDV� SUHOLPLQDULO\
WUHDWHG�ZLWK�6L&O����7KH���&�&3�0$6�105�VSHFWUD�ZHUH�UH�
FRUGHG�ZLWK�%UXNHU�$&�����VSHFWURPHWHU�DW
I �����0+]��7KH� ��6L� &3�0$6�105� VSHF�
WUD� ZHUH� UHFRUGHG� DW� I ����� 0+]�� 7HWUD�
PHWK\OVLODQH�ZDV�XVHG�DV�D�UHIHUHQFH�VWDQG�
DUG�� 7KH� VPDOO�DQJOH�;�UD\� SRZGHU� GLIIUDF�
WLRQ� �;5'�� GDWD� ZHUH� WDNHQ� RQ� D
'521������ XVLQJ� &X.D� UDGLDWLRQ� �O� 
��������c��� 7KH� VFDQQLQJ� ZDV� FDUULHG� RXW
ZLWKLQ� ���Ü����� �T�� GHJ�� 7KH� WUDQVPLVVLRQ
HOHFWURQ� PLFURVFRSLF� �7(0�� PHDVXUHPHQWV
ZHUH�SHUIRUPHG�XVLQJ� D�-(0������ �-(2/��
6WUXFWXUDO�DGVRUSWLRQ� FKDUDFWHULVWLFV� ZHUH
FDOFXODWHG� IURP� ORZ�WHPSHUDWXUH� QLWURJHQ
DGVRUSWLRQ� LVRWKHUPV� �.HOYLQ�������&RVWHFK

0LFURDQDO\WLFDO��� 3ULRU� WR� WKH� DGVRUSWLRQ
PHDVXUHPHQWV��HDFK�VDPSOH�ZDV�GHJDVVHG�DW
����&�LQ�YDFXXP��7KH�VSHFLILF�VXUIDFH�DUHD
ZDV�GHWHUPLQHG�E\�WKH�%(7�PHWKRG�>��@�DQG
WKH� HIIHFWLYH� SRUH� GLDPHWHU� E\� WKH� %-+
PHWKRG�>��@�
���$V�IROORZV�IURP�WKH�HOHPHQWDO�DQDO\VLV

GDWD�� WKH� FRQWHQW� RI� IXQFWLRQDO� JURXSV� LQ
6DPSOH� %� ZDV� ����� PPRO�J� �QLWURJHQ�� �RU
����� PPRO�J� FDUERQ��� ZKLOH� LQ� 6DPSOH� &�
����� PPRO�J� �FDUERQ��� 7KH� SUHVHQFH� RI
IXQFWLRQDO� JURXSV� LQ� WKH� V\QWKHVL]HG� VDP�
SOHV�ZDV�DOVR�FRQILUPHG�E\� ,5�VSHFWURVFRS\
GDWD� �1LFROHW� 1(;86� )7,5� VSHFWURPHWU�
DQG� FRQILPHG� E\� VROLG�VWDWH�105� VSHFWURV�
FRS\� GDWD�� 7KXV�� WKH� ��&� &3�0$6� 105
VSHFWUXP� RI� VDPSOH� %� �)LJ����� FRQWDLQV
WKUHH�ORZ�LQWHQVLW\�VLJQDOV�DW������������DQG
�����SSP�W\SLFDO�IRU�FDUERQ�DWRPV�RI�SURS\O
FKDLQ� �{6L&+�Ü�� Ü&>&+�@&Ü� DQG� Ü&+�1+Ü�UHVSHFWLYHO\��� 7KH� ORZ�LQWHQVLW\� VLJQDOV� DW
����� DQG������SSP�WKDW�FDQ�EH� DVVLJQHG� WR
WKH� 1�1��GLPHWK\OIRUPDPLGH� �'0)�� FDU�
ERQ\O� FDUERQ� DWRP� �LQ� '0)� VSHFWUXP� WKH\
DUH� DW� ����� DQG� ����� SSP� >��@�� ZKLFK� ZDV
XVHG� DV�D� VROYHQW� IRU�DONR[\VLO\O�GHULYDWLYH
RI�E&'�DUH�DOVR�SUHVHQWHG�LQ�WKLV�VSHFWUXP�
7KUHH� LQWHQVH� VLJQDOV� DW� ������ ������ DQG
����� SSP� DUH� FKDUDFWHULVWLF� IRU� FDUERQ
DWRPV� RI� JOXFRSLUDQR]H� F\FOHV� ERXQGHG� WR
R[\JHQ�DWRPV��7KH�PHGLXP�LQWHQVLW\�VLJQDO
DW� ������ SSP� EHORQJV� WR� DQRPHULF� FDUERQ
DWRP��2±&±2�
,Q� WKH� ��&� &3�0$6� 105� VSHFWUXP� RI

VDPSOH�&� �)LJ������WZR�VLJQDOV�DW�������DQG
������ SSP� FKDUDFWHULVWLF� IRU� FDUERQ� DWRPV
RI� SKHQROLF� ULQJV� RI� FDOL[DUHQH� >��@� KDYH
EHHQ� LGHQWLILHG��7KHUH� LV�DOVR�D�PHGLXP� LQ�
WHQVLW\� VLJQDO�DW������SSP� LQ� WKH� VSHFWUXP
ZKLFK� LV� W\SLFDO� RI� FDUERQ� DWRP� RI
PHWK\OHQH� JURXSV� ELQGLQJ� WKHVH� ULQJV�� 7KH
PHGLXP� LQWHQVLW\� VLJQDO� DW� ������ SSP� FDQ
EH� DVVLJQHG� WR� FDUERQ� DWRPV� RI� SKHQROLF

)LJ�������&�&3�0$6�105�VSHFWUD�RI�VDPSOHV�%�DQG�&�
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ULQJ� ERXQG� ZLWK� K\GUR[\O� JURXS� �&±2+�
WKDW� LV� QRW� LQYROYHG� LQ� FRYDOHQW� ELQGLQJ� RI
PDFURF\FOH� WR� WKH� 6%$���� VXUIDFH�� 7KXV�
WKH���&�&3�0$6�105�VSHFWUD�HYLGHQFH�WKH
SUHVHQFH� RI� FDOL[DUHQH� DQG� F\FORGH[WULQ
IXQFWLRQDO�JURXSV�ERXQG�WR�VLOLFD�6%$����VXU�
IDFH�E\�VSDFHUV�{6L�&+���1+&�2�2Ü��VDPSOH�{�DQG�{6L±2±6L�2&��{��&��7KH� ��6L� &3�0$6�105� VSHFWUD� RI� WKHVH
VDPSOHV� �)LJ����� FRQWDLQ� D� ZHDN� VLJQDO� DW� Ü
���SSP�DQG�WZR�LQWHQVH�UHVRQDQFH�VLJQDOV�DW
Ü���� DQG� Ü���� SSP�� 7KHVH� VLJQDOV� FRUUH�
VSRQG� WR� 4��� >�{6L2��6L�25��@�� 4��
>�{6L2��6L25@� DQG� 4��� >�{6L2��6L@� VWUXFWXUDOXQLWV�� UHVSHFWLYHO\� �5� �+� DQG�RU� Û� LQ� WKH

FDVH� RI� VDPSOH� {� Û� HWKR[\� JURXS�� >��@�
0RUHRYHU��LQ�WKH�VSHFWUXP�RI�VDPSOH�%��WKHUH
DUH� WZR� ZHDN� VLJQDOV� DW� Ü��� DQG� Ü���SSP
ZKLFK� DUH� FKDUDFWHULVWLF� IRU� VWUXFWXUDO� XQLWV
����>�{6L2��6L�25�5¶@�DQG�����>�{6L2��6L5¶@��UH�VSHFWLYHO\� �5¶� �RUJDQLF� IXQFWLRQDO� JURXS��
7KH� DEVHQFH� RI� WKRVH� VWUXFWXUDO� XQLWV� LQ� WKH
��6L� &3�0$6� VSHFWUXP� RI� VDPSOH� &� �)LJ����
ZDV�H[SHFWHG�GHSHQGLQJ�RQ�WKH�FKRVHQ�ZD\�RI
FDOL[>�@DUHQH�IL[LQJ�
7KH� SRZGHU� ;5'� SDWWHUQV� RI� DOO� VDPSOHV

VKRZ� RQH�QDUURZ� LQWHQVH� ��T� � ����Ü����� DQG
WZR� PRGHUDWH� LQWHQVLW\� SHDNV� DW� �T� ����Ü�
�)LJ������ 7KH� SUHVHQFH� RI� WKHVH� UHIOHFWLRQV�Û
�������������DQG�������Û�LV�DVVRFLDWHG�ZLWK�WKH
S�PP�KH[DJRQDO�V\PPHWU\�>��@�
,Q� 7DEOH�� WKH� VWUXFWXUDO� SDUDPHWHUV� RI

REWDLQHG� VDPSOHV� FDOFXODWHG� IURP� WKH� ;5'
SDWWHUQV� GDWD� DUH� SUHVHQWHG��$V� LV� REYLRXV�
WKH�IL[LQJ�RI�PDFURF\FOHV�FDXVHV�LQFUHDVH�LQ
WKLFNQHVV� RI� SRUH� ZDOOV� �KZ�� WKDW�� LQ� WXUQ�UHVXOWV�LQ�UHGXFHG�PHVRSRUH�GLDPHWHU��GPH��,W� LV�DOVR�WR�QRWH�WKDW�PRGLILFDWLRQ�RI�6%$�
��� VLOLFD� �VDPSOH�$�� E\� EXON� RUJDQLF� JURXSV
GRHV�QRW�DIIHFW�WKH�VWUXFWXUDO�RUGHULQJ�GHJUHH
RI�WKH�REWDLQHG�PDWHULDOV� �VDPSOHV�%�DQG�&��
7KH� ;5'� UHVXOWV� DUH� LQ� D� JRRG� DJUHHPHQW
ZLWK� WKH�7(0�LPDJHV��7KH�7(0�LPDJHV�SUH�
VHQWHG�LQ�)LJ����VKRZ�WKH�KLJKO\�RUGHUHG�SRUH
VWUXFWXUH�RI�VDPSOH�$��)LJ���D��WKDW�LV�NHSW�DW
LWV� PRGLILFDWLRQ� E\� EXON� FDOL[>�@DUHQH� PROH�
FXOHV��VDPSOH�&���)LJ���E��
1LWURJHQ� DGVRUSWLRQ�GHVRUSWLRQ� LVRWKHUPV

RI�V\QWKHVL]HG�PDWHULDOV�DUH�SUHVHQWHG�LQ�)LJ����
7DEOH��6WUXFWXUDO�SURSHUWLHV�RI�V\QWKHVL]HG�VDPSOHV

6DPSOH 'HWHUPLQHG�IURP�QLWURJHQ�DGVRUSWLRQ 'HWHUPLQHG�IURP�;5'�GDWD
6VS��P��J 9V��FP��J G��QP G�����QP D���QP GPH��QP KZ��QP

$ ��� ���� ���� ���� ���� ���� ���
% ��� ���� ���� ��� ���� ��� ���
& ��� ���� ��� ���� ���� ��� ���

)LJ�������6L�&3�0$6�105�VSHFWUD�RI�VDPSOHV�%�DQG�&�

)LJ����� 3RZGHU� ;5'� SDWWHUQV� IRU� WKH� LQLWLDO
DQG�PRGLILHG�6%$����
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7KH� LVRWKHUPV� KDYH� 6�OLNH� FKDUDFWHU� ZLWK
WKH�FOHDU�K\VWHUHVLV�ORRS�DQG�EHORQJ�WR�W\SH
,9��DFFRUGLQJ�WR�,83$&�FODVVLILFDWLRQ�>��@��
7KLV� W\SH� RI� LVRWKHUP� LV� W\SLFDO� IRU� KLJKO\
RUGHUHG�PHVRSRURXV�PDWHULDOV�ZLWK� KH[DJR�
QDO� VWUXFWXUH� DQG� UHODWLYHO\� QDUURZ� UHJLRQ
RI� PHVRSRUH� ILOOLQJ� WKDW� LV� LQ� DFFRUGDQFH
ZLWK� 7(0� LPDJHV� ZKLFK� LQGLFDWHG� RFFXU�
UHQFH�RI�WKH�FORVH�VL]H�SRUHV�

7KH� DQDO\VLV� RI� VWUXFWXUDO�DGVRUSWLRQ
FKDUDFWHULVWLFV� RI� WKH� VDPSOHV� FDOFXODWHG
IURP� QLWURJHQ� DGVRUSWLRQ�GHVRUSWLRQ� LVR�
WKHUPV� �7DEOH�� WHVWLILHV� WKDW� WKH� VLOLFD� VXU�
IDFH� PRGLILFDWLRQ� ZLWK� E\� EXON� RUJDQLF
JURXSV�FDXVHV�D�GHFUHDVH�RI�WKH�VSHFLILF�VXU�
IDFH�DUHD��6VS��DV�ZHOO�DV�RI�WKH�SRUH�YROXPH�9V���7KLV� IDFW� LV� LQ�D�JRRG�DJUHHPHQW�ZLWKFRQFOXVLRQV� PDGH� IURP� SRZGHU� ;5'� SDW�
WHUQV��7DEOH��
7KXV�� LW� KDV� EHHQ� VKRZQ� WKDW� WKH� SUR�

SRVHG� DSSURDFKHV� DOORZ� WR� REWDLQ� PHVRSRU�
RXV� 6%$���� VLOLFD�PRGLILHG� E\� EXON� JURXSV
VXFK� DV� E�F\FORGH[WULQV� DQG� FDOL[>�@DUHQHV�
$FFRUGLQJ� WR� WKH� ;5'� GDWD� DQG� 7(0� LP�
DJHV��WKH�PRGLI\LQJ�RI�6%$����E\�VXFK�EXON
PDFURF\FOLF� JURXSV� GRHV� QRW� DIIHFW� WKH
VWUXFWXUH�RUJDQL]DWLRQ�GHJUHH�RI�WKH�V\QWKH�
VL]HG�PDWHULDOV�� 7KH� SUHVHQFH� RI� WKH� LQWUR�
GXFHG�IXQFWLRQDO�JURXSV�LQ�WKH�VWUXFWXUH�RI
WKH�V\QWKHVL]HG�VDPSOHV�LV�FRQILUPHG�E\�,5�
��&� DQG� ��6L� &3�0$6� 105� VSHFWURVFRS\�
7KH�V\QWKHVL]HG�PDWHULDOV�DUH�FKDUDFWHUL]HG
E\�D�GHYHORSHG�SRURXV�VWUXFWXUH��6VS� ����Ü����P��J�� 9V� �����Ü�����FP��J��� 7KH
VWUXFWXUDO� W\SH� RI� VDPSOHV� LV�NHSW�DW�PRGL�
I\LQJ� RI� 6%$���� E\� E�F\FORGH[WULQ� DQG
FDOL[>�@DUHQH�JURXSV�

5HIHUHQFHV
� ���-�'�/DPEHUW��&�/LX��0�7�%R\QH�HW�DO���&KHP�

0DWHU�������������������
� ���-�*�9RV�� 5�-�)RUVWHU�� 7�(�.H\HV�� ,QWHUIDFLDO

6XSUDPROHFXODU� $VVHPEOLHV�� -RKQ�:LOH\�� 8.
�������

� ���*�9�/LVLFKNLQ��$�<�)DGHHY��$�$�6HUGDQ�HW�DO��
&KHPLVWU\� RI� 6XUIDFH� *UDIWHG� &RPSRXQGV�
)L]PDWOLW��0RVFRZ��������>LQ�5XVVLDQ@�

)LJ�����7pl�LPDJHV�RI�VDPSOHV�k��È��DQG�&��E��

)LJ����� 1LWURJHQ� DGVRUSWLRQ�GHVRUSWLRQ� LVR�
WKHUPV� IRU� WKH� V\QWKHVL]HG� PDWHULDOV� DQG
WKHLU�36'V��
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