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6RPH�VSHFLILF�SURSHUWLHV�RI�FU\VWDOV�FDQ�FRQVWLWXWH�DQ�H[FHOOHQW�EDVH�WR�MXVWLI\�WKH�SURGXFWLRQ�RI�JODVV�

FHUDPLF�PDWHULDOV�� ,Q� WKLV�ZD\�� WKH�SDSHU� GHPRQVWUDWHV� WKH�SRVVLELOLW\�RI� DWWDLQLQJ� ³LQWHOOLJHQW�PDWHULDOV´�

IURP� JODVVHV�� ,QWHOOLJHQW� PDWHULDOV� FDQ� EH� GHILQHG� DV� PDWHULDOV� WKDW� UHVSRQG� WR� HQYLURQPHQWDO� FKDQJHV��

UHODWLYHO\�WR�WKH�H[FHOOHQW�FRQGLWLRQV�LPSRVHG�E\�WKH�HQYLURQPHQW��DQG�PDQLIHVW�LWV�IXQFWLRQV�LQ�DFFRUGDQFH�

ZLWK� WKHVH� FKDQJHV�� ,Q� WKLV�ZD\� DQG�ZLWK� RQH� H[WUD� YLHZ�� WKH� YHUVDWLOLW\� RI� WKH� JODVV� SURFHVVLQJ� DQG� WKH�

XQTXDOLILHG�SRVVLELOLWLHV�IRU�WKH�FU\VWDOV�DWWHQWLRQ��E\� WKH�FRQWUROOHG�FU\VWDOOL]DWLRQ�RI�WKHVH�JODVVHV�� LQVHUW�

WKH�JODVV�FHUDPLF�SURFHVV�LQ�D�VSHFLDO�IRUP�DV�RQH�QHZ�NLQG�RI�LQWHOOLJHQW�PDWHULDOV�DWWDLQLQJ��,QWULQVLFDOO\�

WR� WKH� JODVV� FHUDPLFV� XVH� DUH� WKH� EHQHILWV� RI� WKH� JHQHUDO� SURSHUWLHV� LQKHUHQW� WR� FHUDPLFV� �IRU� H[DPSOH��

DEUDVLRQ�UHVLVWDQFH�DQG�WKH�KLJK�WHPSHUDWXUHV�UHVLVWDQFH���7KLV�DVSHFW�DOVR�IDYRUV�WKH�PDJQLI\LQJ�RI�WKH�DUHD�
RI�LQWHOOLJHQW�PDWHULDOV�DSSOLFDWLRQ��([SHULPHQWDO�UHVXOWV�EDVH�WKH�SURSRVDO�DQG�SRVVLEOH�XVHV�DUH�GLVFXVVHG��

:RUG�NH\��LQWHOOLJHQW�PDWHULDOV��JODVV��JODVV�FHUDPLF��

�

,QWURGXFWLRQ�

,QWHOOLJHQW�PDWHULDOV�FDQ�EH�GHILQHG�DV�PDWHULDOV�WKDW�UHVSRQG�WR�HQYLURQPHQWDO�FKDQJHV��
UHODWLYHO\�WR�WKH�H[FHOOHQW�FRQGLWLRQV�LPSRVHG�E\�WKH�HQYLURQPHQW��DQG�PDQLIHVW�LWV�IXQFWLRQV�
LQ� DFFRUGDQFH�ZLWK� WKHVH� FKDQJHV�� 7KXV�� VWXGLHV� FRUUHODWLQJ� FHUDPLF� SURSHUWLHV�� XQWLO� WKHQ�
FRQVLGHUHG� GLVDGYDQWDJHRXV�� ZLWK� WKH� ´LQWHOOLJHQWµ� IXQFWLRQV� RI� PDWHULDOV�� FRQVWLWXWH� DQ�
LQQRYDWLRQ�LQ�WKH�VFLHQWLILF�ILHOG�DQG�VXJJHVW�D�QHZ�DSSURDFKLQJ�WR�VRPH�RI�WKHVH�SURSHUWLHV��
$QRUWKLWH�&U\VWDOV��&D$O�6L�2���DWWDLQHG�E\�FRQWUROOHG�FU\VWDOOL]DWLRQ�RI�JODVV�FDQ�EH�FLWHG�DV�
DQ� H[FHOOHQW� H[DPSOH�� 7KHVH� FU\VWDOV� SUHVHQW� ORZ� FRUURVLRQ� UHVLVWDQFH� ZKHQ� LQ� DFLG�
HQYLURQPHQWV��ZKDW�� LQ�D� ILUVW�YLHZ�FDQ�VHHPV�DV� D�SUREOHP�� LV�GLVFXVVHG� LQ� WKLV�ZRUN�DV� D�
SURSHUW\� WR� EH� H[SORUHG�� DVVRFLDWHG� RU� QRW� WR� RWKHU� SURSHUWLHV�� DV� UHVLVWDQFH� WR� KLJK�
WHPSHUDWXUHV�DQG�DEUDVLRQ��,W�FDQ�PDJQLI\�FRQVLGHUDEO\�WKH�XVH�SRVVLELOLWLHV�RI�WKLV�PDWHULDO��

;�UD\� GLIUDFWLRQ� �;5'�� ZDV� XVHG� WR� GHWHUPLQH� WKH� FU\VWDOOLQH� SKDVHV� RI� WKH� JODVV�
FHUDPLF��GLVFORVLQJ� WKH�SUHVHQFH�RI� DQRUWKLWH� DQG�RUWRFODVH��7KH�YLVFRVLW\� UHGXFWLRQ�RI� WKH�
EDVH�JODVV�GXH�WR�WKH�DGGLWLRQ�RI�D�VPDOO�TXDQWLW\�RI�SRWDVVLXP�FDXVHG�WKH�VSURXWLQJ�RI�WKH�
RUWRFODVH�SKDVH��7KH�RUWRFODVH�SKDVH�LQWHUDFWV�ZLWK�DQRUWKLWH�FU\VWDOV�IRUPLQJ�D�VROLG�VROXWLRQ�
���7KH�6FDQQLQJ�(OHFWURQ�0LFURVFRS\��6(0���KDG�EHHQ�XVHG�WR�HYDOXDWH�WKH�PLFURVWUXFWXUH�
PRUSKRORJ\��

7KH�PHWKRGRORJ\� GHVFULEHG� LQ� OLWHUDWXUH� IRU� HYDOXDWLRQ� RI� WKH� FKHPLFDO� UHVLVWDQFH� RI� JODVV�
FHUDPLFV�GHULYHG�IURP�WKH�WHUQDU\�V\VWHP�&D2���$O�2����6L2��ZDV�FRQVLGHUHG�IRU�WKH�WHVWV�

���
7KH� PDWHULDO� EHKDYLRU� LQ� IXQFWLRQ� RI� WKH� HQYLURQPHQW� S+� FKDQJHV� ZDV� DQDO\]HG�� $�
GLVFXVVLRQ�RI�WKH�´PDWHULDO�LQWHOOLJHQW�EHKDYLRUµ�LV�FDUULHG�RXW��



%LEOLJUDSKLF�5HYLHZ�

7KH� LQWHOOLJHQW�PDWHULDO� LV� D� QHZO\� FUHDWHG� FRQFHSW� DQG� LV� D� FRPSOH[� VFLHQFH��ZKLFK� LV�
EDVHG� RQ� WKH� FRQWHPSRUDU\�PDWHULDOV� VFLHQFH� DQG� WKH� LQIRUPDWLRQ� VFLHQFH� ��� 7KLV� FRQFHSW�
GHVFULEH� WKH� GHVLJQ� RI� D� PDWHULDO�� VR�FDOOHG� ´7DLORUHG� 0DWHULDOµ�� FDSDEOH� WR� SOD\� VHYHUDO�
IXQFWLRQV� E\� LWV� RZQ� QDWXUH�� DV� D� VHQVRU�� D� SURFHVVRU� RU�� LQ� RWKHU� ZRUGV�� DV� D� FDUULHU� RI�
IHHGEDFN�IHHGIRUZDUG� IXQFWLRQV� LQ� FRPELQDWLRQ� ZLWK� WKH� PDWHULDO� UHPDLQGHU� SURSHUWLHV���
7KH�SURSRVDO�RI�HVWDEOLVKPHQW�RI� WKLV�QHZ�VFLHQWLILF�ILHOG� LV� WR�DVVHPEOH�VPDUWHU�VWUXFWXUHV�
DQG� DFKLHYH� KLJK� SHUIRUPDQFH� V\VWHPV� UHODWHG� WR� WKH� UHFRJQLWLRQ� SRWHQWLDO�� GLVFULPLQDWLRQ��
DGMXVWDELOLW\�� HWF�� 7KH� LQWHOOLJHQW� PDWHULDOV� DUH� UHODWHG� WR� D� ZLGH� DUHD� RI� UHVHDUFKHV�� DQ�
LQWHUGLVFLSOLQDU\�ILHOG�UHODWHG�WR�WKH�WHFKQRORJ\��LQYROYLQJ�PHGLFLQH��SKDUPDF\��FKHPLVWU\�DQG�
HQJLQHHULQJ� �PDWHULDOV�� PHFKDQLFDO�� HOHFWURQLFV�� LQ� WKH� PRVW� GLYHUVH� DUHDV� RI� VFLHQFH� DQG�
WHFKQRORJ\��ELRPDWHULDLV��SRO\PHUV��PHWDOV��VHPLFRQGXFWRUV��FHUDPLF���

8QWLO� QRZ�� WKH� LQWHOOLJHQW�PDWHULDOV� ILHOG� KDV� EHHQ� FRXUVHG� WR� WKH�PHGLFLQH�� SKDUPDF\�
DQG�ELRPDWHULDLV�ZLWK�WKH�GHYHORSPHQW�RI�DUWLILFLDO�VNLQ��RU�HQFDSVXODGRUHV�RI�GUXJV�WKDW�WKH\�
QHHG� WR� DFW� LQ� VSHFLILF� UHJLRQV� RI� WKH� KXPDQ� ERG\�� DQG� RWKHUV�� 5HVHDUFKHV� DOVR� KDV� EHHQ�
GHYHORSHG� LQ� WKH� ILHOG� RI� PHFKDQLFDO� HQJLQHHULQJ� ZLWK� WKH� VKDSH� PHPRU\� DOOR\V�� DQG� LQ�
HOHFWURQLF� HQJLQHHULQJ� XVLQJ� VPDOOHU� DQG� PRUH� HIILFLHQW� LQWHJUDWHG� FLUFXLWV� DQG�
VHPLFRQGXFWRUV�� +RZHYHU�� DOPRVW� QRWKLQJ� ZDV� GHYHORSHG� XVLQJ� FHUDPLF� PDWHULDOV� LQ� WKH�
VFRSH�RI� LQWHOOLJHQW�PDWHULDOV�� ,Q�WKLV�ZD\�� WKLV�ZRUN�VXJJHVWV�DQG�H[HPSOLI\� WKDW� LQWHOOLJHQW�
PDWHULDOV� FDQ� EH� JHQHUDWHG� IURP� WKH� JODVV� FRQWUROOHG� FU\VWDOOL]DWLRQ�� 7KH� LGHQWLILFDWLRQ� RI�
´LQWHOOLJHQW�SURSHUWLHVµ�RI�FU\VWDOV�WKDW�DUH�SRVVLEOH�WR�EH�DWWDLQHG�IURP�JODVVHV�GHVLJQDWHV�D�
QHZ�DSSOLFDWLRQ�OLQH�IRU�JODVV�FHUDPLF�PDWHULDOV��

7KH�FU\VWDO�IRUPDWLRQ�DQG�JURZWK�IURP�JODVVHV�DUH�RQO\�SRVVLEOH�LI�WKH�FKHPLFDO�
FRPSRVLWLRQ�RI�WKH�VWDUW�PL[WXUH�FDUULHV�DQ�DGHTXDWH�DPRXQW�RI�D�IRUPLQJ�JODVV�DJHQW�PDVV��
7KXV��D�IRUPXODUL]DWLRQ�EDVHG�RQ�WKH�WHUQDU\�V\VWHP�&D2���$O�2����6L2��ZDV�SUHSDUHG�

���7KH�
VHOHFWHG�UHJLRQ�ZDV�RI�WKH�$QRUWKLWH�GXH�WR�D�SDUWLFXODU�IHDWXUH�RI�LWV�FU\VWDOV��WR�UHSO\�WKH�S+�

HQYLURQPHQW�FKDQJHV��,WV�FU\VWDOOLQH�QDWXUH�KDV�WULFOLQLF�V\PPHWU\��D≠E≠F�α≠β≠γ≠��°���
)LJXUH���D�����7KH�FU\VWDO�KDV�WHQ�SODQV��)LJXUH���E���+RZHYHU��LW�LV�NQRZQ�WKDW�$QRUWKLWH�FDQ�
FU\VWDOOL]H�IROORZLQJ�RWKHU�V\PPHWULHV��DV�SVHXGR�RUWRUURPELF��RUWRUURPELF�DQG�KH[DJRQDO����

�
)LJXUH�����7\SLFDO�$QRUWKLWH��&D$O�6L�2���IHDWXUHV���D��WULFOLQLF�V\VWHP�XQLW�FHOO�DQG��E��FU\VWDO�VKDSH��

%DVLFDOO\�� WKH�$QRUWKLWH�SK\VLFDO� DQG�FKHPLFDO� SURSHUWLHV� DUH�RI� WKH�SODJLRFODVH� ���7KLV�
PLQHUDO� FDWHJRU\� GHVFULEHV� D� VROLG� VROXWLRQ� EHWZHHQ� $QRUWKLWH� �&D$O�6L�2��� DQG� $OELWH�
�1D$O6L�2���RU�2UWRFODVH��.$O6L�2����ZLWK�WKH�IROORZLQJ�WKHRUHWLFDO�SURSHUWLHV��KDUGQHVV�RI���
WR�����0RKV��E��ZKLWH��JUL]]O\��EOXLVK��UHGGLVK�RU�JUHHQLVK�FRORU��F��JODVV�EULJKWQHVV��G��YHU\�
JRRG�FOLYDJH� LQ�^���`�DQG�^���`��H��GHQVLW\�RI�����WR�������I��FU\VWDOV�ZLWK�SULVPV�RU�SODWH�
VKDSH��7KH�$QRUWKLWH�SUHVHQWV�D�GLYHUJHQW�IHDWXUH�RI�WKH�UHVW�PDWHULDOV�RI�WKLV�PLQHUDORJLFDO�
VXE�JURXS��SODJLRFODVH���WKLV�FU\VWDO�LV�YXOQHUDEOH�WR�DFLG�HQYLURQPHQWV��



([SHULPHQWDO�3URFHGXUH�

7KH�UDZ�PDWHULDOV�KDG�EHHQ�KRPRJHQL]HG�DQG�FDVWLQJ�LQ�$O�2��FUXFLEOH�DW������&�IRU���
KRXUV��5XWLOOH��7L2���ZDV�XVHG�DV�QXFOHDWLQJ�DJHQW�

���7KH�UHVXOWDQW�JODVV�ZDV�TXHQFKHG�LQ�DLU�
DQG��ODWHU��QXFOHDWHG������&�SHU����PLQXWHV��DQG�FU\VWDOOL]HG�������&�SHU����PLQXWHV���*ODVV�
FHUDPLF� SRZGHU�ZDV� SUHSDUHG�ZLWK� SDUWLFOH� VL]H� LQIHULRU� RI� ���PP� IRU� WKH�;5'� DQDO\VLV��
2WKHU�VDPSOHV�KDG�EHHQ�VXEPLWWHG�WR�WKH�FKHPLFDO�UHVLVWDQFH�WHVWHV��UHPDLQLQJ�IRU����KRXUV�
WR� ��R&� LQ� DFLG�� EDVLF� RU� QHXWUDO� VROXWLRQV�� FRQFHQWUDWHG� RU� GLOXWHG�� 'XH� WKH� JODVV� KDG�
SUHVHQWHG� LQGLFDWLRQV� RI� WKH� RFFXUUHQFH� RI� GLIIHUHQW� RULHQWDWLRQV� RI� WKH� FU\VWDOOL]DWLRQ�� LQ�
DFFRUGLQJ�WR�SUHYLRXV�SDSHUV����EHLQJ�DEOH�WR�SUHVHQW�GLIIHUHQW�XQLW�FHOO�IHDWXUHV�LQ�WKH�VXUIDFH�
DQG� LQ� WKH� YROXPH�� WHVWV� KDYH� EHHQ� H[HFXWHG� IRU� VDPSOHV� ZLWK� WKH� VXSHUILFLDO� OD\HU� DQG�
VDPSOHV� WKDW� KDG� WKLV� OD\HU� UHPRYHG�� *ODVV� FHUDPLFV� VDPSOHV� KDG� EHHQ� SUHSDUHG� DQG�
HYDOXDWHG�LQ�D�6FDQQLQJ�(OHFWURQ�0LFURVFRSH��6(0���

5HVXOWV�

7KH� ;�UD\� GLIIUDFWLRQ� DQDO\VLV� RI� WKH� JODVV� FHUDPLF� GLVFORVHG� WKDW� $QRUWKLWH� FU\VWDOV�
�&D$O�6L�2����-&3'6����������KDG�EHHQ�IRUPHG�IURP�WKH�JODVV��2UWRFODVH�FU\VWDOV��.$O6L�2��
��-&3'6����������DQG�5XWLOOH��7L2����-&3'6����������DOVR�KDG�EHHQ�GHYHORSHG��)LJXUH����

)LJXUH���±�;�UD\�GLIIUDFWLRQ�LGHQWLI\LQJ�WKH�JODVV�FHUDPLF�FU\VWDOOLQH�SHDNV��

)LJXUH� ��D�� VKRZV� WKH�PLFURVWUXFWXUH�PRUSKRORJ\��GHWDFKLQJ� WKH�FKHPLFDO� DWWDFNHG�
����+)�����VHFRQGV��FU\VWDOV�DUHD��ORZHUHG��)LJXUH���E��VKRZV�D�YLJRURXVO\�DWWDFNHG�UHJLRQ�
RI�WKH�VXSHUILFLDO�DQG�YROXPHWULF�JURZWK�LQWHUIDFH��ZKHUH�LW�KDV�D�FOHDU�FKDQJH�RI�RULHQWDWLRQ��

� )LJXUH���±�*ODVV�FHUDPLF�PLFURJUDSK�GLVFORVLQJ�WKH�FU\VWDOOL]HG�DUHD���D��OLJKWO\�DWWDFNHG�DQG��E��

VXSHUILFLDO�DQG�YROXPHWULF�FU\VWDOOL]DWLRQ�LQWHUIDFH�YLJRURXVO\�DWWDFNHG��

7DEOHV���DQG���SUHVHQW�WKH�UHVXOWV�REWDLQHG�IURP�WKH�FKHPLFDO�DWWDFN�UHVLVWDQFH�WHVWHV�
RI�WKH�VDPSOHV�ZLWK�DQG�ZLWKRXW�WKH�VXSHUILFLDO�OD\HU��UHVSHFWLYHO\��
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7DEOH�����6DPSOHV�ZLWK�WKH�VXSHUILFLDO�OD\HU��

6ROXWLRQ� /RVV�RI�0DVVD����� ,QLWLDO�0DVV��J�� )LQDO�0DVV��J��

����+�62�� ����� ������� �������

+12���FRQF�� ����� ������� �������

����+12�� ������ ������� �������

+&O�FRQF�� ����� ������� �������

����+&O� ����� ������� �������

1D2+�FRQF�� ������ ������� �������

1D2+���� ����� ������� �������

1D�&2������ ����� ������� �������

+�2�GHVWLODGD� ����� ������� �������

7DEOH�����6DPSOHV�ZLWKRXW�WKH�VXSHUILFLDO�OD\HU��YROXPH��

6ROXWLRQ�
/RVV�RI��0DVV�����

,QLFLDO�0DVV��J�� )LQDO�0DVV��J��

����+�62�� ������� ������� �������

+12���FRQF�� ������� ������� �������

����+12�� ������� ������� �������

+&O�FRQF�� ������ ������� �������

����+&O� ������ ������� �������

1D2+�FRQF�� ����� ������� �������

1D2+���� ����� ������� �������

1D�&2������ ������ ������� �������

+�2�GHVWLODGD� ����� ������� �������

�

'LVFXVVLRQV�

0LFURJUDSKV�RI�SUHYLRXV�SDSHUV�KDG�SUHVHQWHG�WKH�VDPH�PLFURVWUXFWXUH�PRUSKRORJ\�RI�
WKH�REWDLQHG�PDWHULDO����$QRUWKLWH�FU\VWDOV��&D$O�6L�2���KDG�EHHQ�IRUPHG�IURP�WKH�JODVV��ZLWK�
WKH�SUHVHQFH�RI�.$O6L�2��H�7L2��FU\VWDOV�WRR��



7KH�DFLG�DWWDFN�ORZ�UHVLVWDQFH�RI�WKH�PDWHULDO�LV�DWWULEXWHG�WR�WKH�&D$O�6L�2�FU\VWDOV��DV�
FLWHG� LQ� OLWHUDWXUH� ��� 7KH� ORVV� RI� PDVV� ZDV� PRUH� DFFHQWHG� IRU� WKH� VDPSOHV� WKDW� KDG� WKH�
VXSHUILFLDO�OD\HU�UHPRYHG��ZKLFK�LQGLFDWH�D�SDUWLFXODU�GLIIHUHQFH�EHWZHHQ�VXSHUILFLDO�OD\HU�DQG�
WKH�YROXPH����

7KH�PROGLQJ� JODVVHV� YHUVDWLOLW\� DOOLHG� ZLWK� WKH� JRRG� DEUDVLRQ� UHVLVWDQFH� DQG� WKH� KLJK�
WHPSHUDWXUHV�UHVLVWDQFH�RI�WKH�$QRUWKLWH�SKDVH��DFFRUGLQJ�WR�OLWHUDWXUH��������VXJJHVWV�WKDW�JODVV�
FHUDPLFV� ULFKHV� LQ� WKLV� FU\VWDO� FRQVWLWXWH� DQ� GLIIHUHQWLDWHG� LQWHOOLJHQW� PDWHULDO� EHLQJ� DEOH��
LQFOXVLYHO\��WR�EH�XVHG�LQ�HQYLURQPHQWV�WKDW�RIIHU�ZRUN�FRQGLWLRQV�XQGHU�XSSHU�FODVV�DWWULWLRQ�
DQG�RU�WHPSHUDWXUHV�DERYH�RI�WKH�HQYLURQPHQW�WHPSHUDWXUH��

&RQFOXVLRQV�

7DNLQJ�DV�DQ�H[DPSOH�WKH�JODVV�FHUDPLF�PDWHULDO�RI�WKLV�SDSHU��LW�FDQ�EH�DIILUPHG�WKDW�
LV�SRVVLEOH� WR�DWWDLQ�D�PDWHULDO�ZLWK�SURSHUWLHV� WKDW�FKDUDFWHUL]H�´LQWHOOLJHQW�PDWHULDOVµ�IURP�
JODVV�FU\VWDOOL]DWLRQ��

�

�

��'8'
$��5��DQG�5(-/��/���$�*UDQGH�(QFLFORSpGLD�GRV�0LQHUDLV��(GLWRULDO�,QTXpULWR�/WGD���������
3RUWXJDO��S�����������

��6751$'��=GHQN��LQ�*ODVV�&HUDPLF�0DWHULDOV��/LTXLG�SKDVH�VHSDUDWLRQ��QXFOHDWLRQ�DQG�FU\VWDOOL]DWLRQ�
�&]HFKRVORYDNLD���������

�� 7$.$*,�� 7���$� SHUVSHFWLYH� RI� WKH� ,QWHOOLJHQW�0DWHULDOV�� LQ�)LUVW� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ�
,QWHOOLJHQW�0$WHULDOV�� ������ HGLWHG� E\�7DNDJL��7�� 7DNDKDVKL��.��$L]DZD��0���0L\DWD�� 6���
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