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6FKRRO RI &KHPLVWU\� 8QLYHUVLW\ RI +XOO� &RWWLQJKDP 5RDG� +XOO +8� �5;� 8.�

5HFHLYHG�����������

$EVWUDFW

7KLV SDSHU GHVFULEHV DQ LQYHVWLJDWLRQ LQWR WKH SUHVHQFH RI DUWHIDFWV DVVRFLDWHG ZLWK WKH

FROXPQ SURSHUWLHV RQ PHWDO VSHFLDWLRQ LQ FKURPDWRJUDSKLF V\VWHPV DQG LGHQWLILHV SRVVLEOH

OLPLWDWLRQV RI FROXPQV XVHG� 7KH DQDO\WLFDO SURFHGXUH GHYHORSHG FRQVLVWHG RI D +LJK

3HUIRUPDQFH /LTXLG &KURPDWRJUDSK\ FRXSOHG ,QGXFWLYHO\ &RXSOHG 3ODVPD�0DVV

6SHFWURPHWU\ V\VWHP� 7KH VHSDUDWLRQ FKDUDFWHULVWLFV RI WZR UHYHUVHG�SKDVH KLJK�

SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ FROXPQV� +DPLOWRQ &���353�� SRO\��VW\UHQH

GLYLQ\OEHQ]HQH� FR�SRO\PHU DQG D FRQYHQWLRQDO VLOLFD EDVHG &���2'6� ZHUH DVVHVVHG EDVHG

RQ WKH VHSDUDWLRQ RI PHWDO VSHFLHV SUHVHQW DW WUDFH OHYHOV DV VROXEOH ORZ PROHFXODU ZHLJKW

RUJDQLF DFLG VSHFLHV� $ V\QWKHWLF GLJHVWLYH V\VWHP ZDV DOVR HPSOR\HG LQ WKLV VWXG\ EDVHG RQ

DQ HQ]\PRO\VLV SURFHGXUH WR JHQHUDWH GLHWDU\ DYDLODEOH PHWDO VSHFLHV LQ WKH SUHVHQFH RI

ILEUH DQG PXOWLYLWDPLQV� ,Q JHQHUDO� WKH &���2'6 FROXPQ ZDV IRXQG WR JLYH D EHWWHU

VHSDUDWLRQ RI WKH RUJDQLF VSHFLHV SUHVHQW FRPSDUHG WR WKH &���353�� FROXPQ GXH WR WKH

DWWUDFWLRQ RI KLJKO\ SRODU VSHFLHV WR XQFDSSHG VLODQRO JURXSV LQ WKH &���2'6 FROXPQ� 7KH

VWXG\ LOOXVWUDWHG WKDW VDPSOHV PD\ LQWHUDFW ZLWK WKH UHVLGXDO VLODQRO JURXSV DQG DV D UHVXOW

SURGXFH DUWHIDFWV RI WKH FKURPDWRJUDSKLF UHWHQWLRQ PHFKDQLVP� SHDN WDLOLQJ DQG ORVV RI

FKURPDWRJUDSKLF UHVROXWLRQ�

.H\ ZRUGV� PHWDO VSHFLDWLRQ� +3/&� LQGXFWLYHO\ FRXSOHG SODVPD�PDVV VSHFWURPHWU\ �,&3�

06��

,QWURGXFWLRQ

,Q� GLHWDU\� VWXGLHV� WKH�PHDVXUHPHQW� RI� WKH� WRWDO� FRQFHQWUDWLRQ� RI� D� WUDFH� HOHPHQW

SURYLGHV� OLWWOH� LQIRUPDWLRQ� DERXW� LWV� ELRDYDLODELOLW\�� DV� WKH� FRPSOH[� PHFKDQLVPV� RI

LQWHVWLQDO�DEVRUSWLRQ�DQG�FHOO�DQDWRP\�YDU\�IURP�XQLFHOOXODU�WR�PDPPDOLDQ�VSHFLHV�
�
��$

KLJK� GHJUHH� RI� FKHPLFDO� VSHFLDWLRQ� FDQ� H[LVW� IRU� DQ\� WUDFH� HOHPHQW� LQ� ELRORJLFDO

V\VWHPV�
�
� IRU� H[DPSOH� QRW� DOO� IRUPV� RI� LURQ� DUH� HIIHFWLYH� LQ� WKH� WUHDWPHQW� RI� LURQ

GHILFLHQF\��,Q�DGGLWLRQ�LW�PD\�EH�QHFHVVDU\�WR�UHGXFH�LURQ�,,,��WR�LURQ�,,��EHIRUH�LW�FDQ�EH

DEVRUEHG�E\�LQWHVWLQDO�PXFRXV��ZLWK�WKH�UHGXFWLRQ�EHLQJ�FDUULHG�RXW�E\�UHGXFLQJ�DJHQWV
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VXFK� DV� DVFRUELF� DFLG�� 7KH� YDOHQFH� RI� DQ� HOHPHQW� DOVR� JUHDWO\� DIIHFWV� LWV� ELRORJLFDO

DFWLRQ�� FKURPLXP� �,9�� LV�PXFK�PRUH� WR[LF� WKDQ� FKURPLXP� �,,,���ZKLFK� LV� DQ� HVVHQWLDO

IRUP�RI�FKURPLXP�
�
� �7KH�XVH�RI�+3/&�FRXSOHG�,&3�06�V\VWHPV�IRU� WKH� LGHQWLILFDWLRQ

RI�HOHPHQWDO� VSHFLHV� LQ� IRRGV�KDV�SURYHG� D�YHU\�XVHIXO� WRRO
���

RIIHULQJ�KLJK� UHVROXWLRQ

VHSDUDWLRQV� DQG� YHU\� VHQVLWLYH� HOHPHQWDO� GHWHUPLQDWLRQV�
����

� IRU� H[DPSOH� RUJDQRWLQ

VSHFLHV� LQ� PDULQH� PXVFOH� VDPSOHV�
��
� DUVHQREHWDLQH� LQ� ILVK�

��
� DQG� GLPHWK\ODUVLQDWH� LQ

KXPDQ� XULQH�
��
� 7KH� FRXSOLQJ� RI� +3/&� WR� ,&3�06� FDQ� KRZHYHU� FRPSURPLVH� WKH

RSHUDWLQJ� SHUIRUPDQFH� RI� WKH� VHSDUDWLRQ� DQG� GHWHFWLRQ� SURFHVVHV�� )RU� H[DPSOH� LQ

DFKLHYLQJ� WKH� DSSURSULDWH� VHSDUDWLRQ� RI� HOHPHQWDO� VSHFLHV� RQH� PD\� UHTXLUH� D

FKURPDWRJUDSKLF�HOXHQW�WKDW�ZLOO�VXEVHTXHQWO\�FDXVH�VDOW�GHSRVLWLRQ� LQ� WKH�QHEXOL]HU�RI

WKH� ,&3�06�
��
�&KURPDWRJUDSKLF� V\VWHPV� DUH� FRPPRQO\�XVHG� LQ� VSHFLDWLRQ� VWXGLHV�EXW

OLWWOH�LV�NQRZQ�DERXW�WKHLU�SRWHQWLDO�WR�LQGXFH�IRU�H[DPSOH�PHWDVWDEOH�VSHFLHV�GXULQJ�WKH

VHSDUDWLRQ�SURFHVV�WKXV�OHDGLQJ�WR�WKH�SRVVLELOLW\�RI�SURGXFLQJ�DUWHIDFWV�DVVRFLDWHG�ZLWK

WKH�PHWKRGRORJ\��&RQVHTXHQWO\��FROXPQ�DQG�HOXHQW�VHOHFWLRQ�PD\�VHULRXVO\�FRPSURPLVH

WKH� LGHDO� FKURPDWRJUDSKLF� FRQGLWLRQV� VHOHFWHG� LQ� VSHFLDWLRQ� VWXGLHV�� 5HYHUVHG�SKDVH

VWDWLRQDU\� SKDVHV� KDYH� EHHQ� ZLGHO\� XVHG� LQ� PDQ\� OLTXLG� FKURPDWRJUDSKLF

DSSOLFDWLRQV�
�����

� $V� VDPSOHV� EHFRPH� PRUH� FKHPLFDOO\� FRPSOLFDWHG� PRUH� LQYROYHG

LQWHUDFWLRQV�EHWZHHQ�VRUEHQW�DQG�VDPSOH�DUH� OLNHO\� WR�RFFXU�DQG� WKH�FRPSOH[LW\�RI� WKH

DQDO\VLV�ZLOO�XQGRXEWHGO\�LQFUHDVH��,Q�DGGLWLRQ�PDQ\�FROXPQV�RSHUDWH�ZLWK�D�QDUURZ�S+

UDQJH�H�J��&���2'6��ZKLFK�PD\�DOVR�FRPSURPLVH�WKH�FROXPQ�SHUIRUPDQFH��,Q�RUGHU�WR

DYRLG� WKHVH� OLPLWDWLRQV�� SRO\PHU� EDVHG�� VLODQRO�IUHH�� PRUH� VWDEOH� UHYHUVHG�SKDVH� &���

353���FROXPQ�KDV�DOVR�EHHQ�XVHG�LQ�VSHFLDWLRQ�VWXGLHV�
��

([SHULPHQWDO

,QVWUXPHQWDWLRQ

$� 3HUNLQ�(OPHU� 0RGHO� 6HULHV� �� �1RUZDON�� &RQQHFWLFXW�� 86$�� +3/&� �+LJK

3HUIRUPDQFH�/LTXLG�&KURPDWRJUDSK\�� SXPS�� DQG�+HZOHWW�3DFNDUG� ��� ��ELW� FRPSXWHU�

0RGHO�+3����$�SORWWHU�DQG�0RGHO������GLVF�GULYH��:DOGEURQQ��*HUPDQ\��ZHUH�XVHG

IRU�FKURPDWRJUDSK\�DQG�GDWD�SURFHVVLQJ��89�GHWHFWLRQ�ZDV�FDUULHG�RXW�XVLQJ�+3����$

PRGHO� GLRGH�DUUD\� 89� V\VWHP� �+HZOHWW�3DFNDUG�� RSHUDWLQJ� DW� IRXU� ZDYHOHQJWKV�� ���
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QP������QP������QP�DQG�����QP��$�5KHRG\QH��%HUNHOH\��&DOLIRUQLD��86$��PRGHO�����

LQMHFWRU� ZLWK� D� ��� �O� VDPSOH� ORRS� ZDV� XVHG� WR� LQWURGXFH� VDPSOHV� LQWR� WKH

FKURPDWRJUDSKLF�V\VWHP��7KH�FROXPQ�DIWHU�WKH�89�GLRGH�DUUD\�GHWHFWRU�ZDV�SDLUHG�ZLWK

DQ� ),$� PDQLIROG�� ZKLFK� FRQVLVWHG� RI�� D� 5KHRG\QH� LQMHFWLRQ� YDOYH� �0RGHO� ����

$QDFKHP��/XWRQ��%HGIRUGVKLUH��8.��ILWWHG�ZLWK�D�����O�VDPSOH� ORRS�DQG�WKHQ� WR�D�'H

*DODQ�QHEXOL]HU�E\�PHDQV�RI�����PP�L�G��7HIORQ��WXELQJ��7KH�,&3�06�LQVWUXPHQW�XVHG

ZDV�D�9*�3ODVPD4XDG��9*�LQVWUXPHQWV��:LQVIRUG��&KHVKLUH��8.���WXQHG�XVLQJ�D����QJ

PO���VWDQGDUG�VROXWLRQ�RI�%H��0J��<��8��%L��(X��&R��/D�DQG�,Q���7KH�DQDO\WLFDO�FROXPQV

ZHUH� D� VW\UHQH� EDVHG� UHYHUVHG�SKDVH� &���353��� FROXPQ� �+DPLOWRQ�� 5HQR�� 86$�� DQG

FRQYHQWLRQDO� VLOLFD� EDVHG� UHYHUVHG�SKDVH� &���2'6� FROXPQ� �+LFKURP�� 5HDGLQJ�� 8.��

6ZLQQHN� ILOWHUV� ������ �P�� XVHG� ZHUH� REWDLQHG� IURP� 0LOOLSRUH� :DWHU� $VVRFLDWHV

�+DUURZ�� 8.�� DQG� D� WHPSHUDWXUH�FRQWUROOHG� ZDWHUEDWK� XVHG� LQ� WKH� H[SHULPHQWV� ZDV

SXUFKDVHG� IURP� *UDQW� LQVWUXPHQWV� �&DPEULGJH�� 8.��� $� 'HFRQ� )6� 0LQRU� PRGHO

XOWUDVRQLF�EDWK��+RYH��(DVW�6XVVH[��8.��ZDV�XVHG�WR�UHPRYH�DQ\�GLVVROYHG�R[\JHQ� LQ

WKH�PRELOH� SKDVH�� 7KH� RSWLPXP� RSHUDWLQJ� SDUDPHWHUV� IRU� WKH�+3/&�� ,&3�06� DQG� ),

V\VWHP�DUH�VKRZQ�LQ�WDEOH���DQG�WKH�LQWHUIDFLQJ�V\VWHP�XVHG�IRU�WKH�FRXSOLQJ�RI�+3/&

WR� ,&3�06� LV� VKRZQ� VFKHPDWLFDOO\� LQ� ILJXUH� ��� 7KH� ),$�PDQLIROG� FRQWDLQLQJ� D� ��� �O

VDPSOH�ORRS�ZDV�DOVR�LQFRUSRUDWHG�LQ� WKH�V\VWHP�WR�VLPSO\�DFKLHYH�GLUHFW�DQDO\VLV� LQWR

WKH�,&3�06�IRU�FDOLEUDWLRQ�SXUSRVHV�
��

5HDJHQWV�DQG�6WDQGDUGV

$OO� JODVVZDUH� DQG� VWRUDJH� ERWWOHV� XVHG� ZHUH� VRDNHG� LQ� ����� QLWULF� DFLG� �Y�Y�

RYHUQLJKW�DQG�ULQVHG�ZLWK�IUHVK�KLJK�SXULW\�XOWUD�KLJK�TXDOLW\��8+4��ZDWHU�SULRU�WR�XVH�

$OO� WKH�HQ]\PHV� �3HSVLQ�SRUFLQH�&DW��1R��3������3DQFUHDWLQ�SRUFLQH�&DW��1R��3�����

$P\ODVH�SRUFLQH�&DW��1R��$������DQG�ELOH�VDOWV��&DW��1R��%������ZHUH�SXUFKDVHG�IURP

6LJPD� &KHPLFDOV� �3RROH�� 'RUVHW�� 8.��� $OO� RWKHU� UHDJHQWV� ZHUH� RI� $QDOD5� JUDGH� DV

VXSSOLHG� E\� %'+� �3RROH�� 'RUVHW�� 8.��� +LJK�SXULW\� 8+4� VWDQGDUG� ZDWHU� �VSHFLILF

UHVLVWLYLW\� ��� 0:� FP
��
�� ZDV� XVHG� LQ� DOO� H[SHULPHQWV�� $� �� PJ� PO

��
� VWDQGDUGV� RI

&RSSHU�,,���=LQF�,,�� DQG� ,URQ�,,,�� DV� WKH�QLWUDWH� �%'+��'RUVHW��8.�� LQ� ���QLWULF� DFLG�

ZDV�XVHG�DV�WKH�VWRFN�VWDQGDUG�VROXWLRQ�
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)LJXUH����6FKHPDWLF�UHSUHVHQWDWLRQ�RI�+3/&���,&3���06�V\VWHP�

7DEOH�����+3/&���,&3���06�LQVWUXPHQWDO�SDUDPHWHUV�
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+3/&�SDUDPHWHUV�BB

�����0RELOH�SKDVH �����PRO�O���.&O��LQ�8+4�ZDWHU���S+����

�����)ORZ�UDWH ���PO�PLQ�� ����

�����,QMHFWLRQ�YROXPH����O�� ��

�����5XQ�WLPH���V ����

�����7HPSHUDWXUH����& $PELHQW

�5HYHUVHG���3KDVH�&ROXPQV

�����+DPLOWRQ�&���353�� �����3DUWLVLO�&���2'6

/HQJWK���FP� ���� /HQJWK���FP ����

3DUWLFOH�VL]H����P ���� 3DUWLFOH�VL]H����P ���

,&3���06�SDUDPHWHUVBB

�*DV�IORZ���O�PLQ��

�����1HEXOL]HU� �����

�����&RRODQW� �����

�����$X[LOLDU\ ����

��)RUZDUG�SRZHU���: ����

��'HWHFWLRQ�PRGH ������7LPH�5HVROYHG�$QDO\VLV

��'ZHOO�WLPH����V ���9DULDEOH

��6SUD\�&KDPEHU �������:DWHU�FRROHG�
6FRWW
�W\SH

��1HEXOL]HU�W\SH �������9�*URRYH��'H�*DODQ

��,VRWRSHV �������
��
)H��

��
)H��

��
&X��

��
&X��

��
=Q��

��
=Q

),�SRUWBB

��6DPSOH�ORRS�YROXPH ����O

��7HIORQ�WXEH�OHQJWK� � ����FP

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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:RUNLQJ� VWDQGDUGV�ZHUH� SUHSDUHG� E\� VHULDO� GLOXWLRQ� RI� WKH� VWRFN� VWDQGDUGV� RQ� D� GDLO\

EDVLV��&LWULF�DFLG�VWRFN�VROXWLRQ�ZDV�SUHSDUHG�E\�GLVVROYLQJ�������J�+�&LW�+�2�LQ�����

PO�RI�8+4�ZDWHU��$���PJ�PO
��
� DVFRUELF�DFLG� VWRFN� VROXWLRQ�ZDV�SUHSDUHG�E\�$QDOD5

JUDGH�UHDJHQW�RI�-DQVVHQ�&KLPLFD��*HHO��%HOJLXP��DQG������PRO�O
��
�.&O�DV�+3/&�HOXHQW

GHJDVVHG�IRU����PLQ�XVLQJ�XOWUDVRQLF�EDWK�ZDV�XVHG�

(Q]\PRO\VLV�3URFHGXUH�DQG�7UDFH�(OHPHQWDO�$QDO\VLV

$� V\QWKHWLF� GLJHVWLYH� V\VWHP� �VWRPDFK� DQG� LQWHVWLQDO� WUDFW�� ZDV� FRQVWUXFWHG� WR

LQFRUSRUDWH� DQ� HQ]\PRO\VLV� SURFHGXUH�� 7KH�PHWKRGRORJ\� DGDSWHG� IURP� WKH� SURFHGXUH

GHYHORSHG�E\�&UHZV�HW�DO�
��
�DQG�UHFRPPHQGHG�E\�WKH�$QDO\WLFDO�0HWKRGV�&RPPLWWHH

��

DV�VXLWDEOH�IRU�VSHFLDWLRQ�VWXGLHV��6DPSOHV�ZHUH�KRPRJHQLVHG�ZLWK�WKH�HQ]\PH�PL[WXUH

DQG�LQFXEDWHG���K�IRU�VWRPDFK�DQG���K�IRU�LQWHVWLQDO�WUDFW�DW�����&�LQ�D�VKDNLQJ�ZDWHU�

EDWK��$OO�H[WUDFWLRQV�ZHUH�SHUIRUPHG�LQ�GXSOLFDWH�WRJHWKHU�ZLWK�EODQNV��7KH�ILUVW�RI�WKH

VHW�ZDV�SUHSDUHG�LQ�GXSOLFDWH�DQG�FRQWDLQHG�RQO\�SHSVLQ����K�JXW�WUDFW��ZKLOVW�WKH�VHFRQG

VHW�DIWHU�SHSVLQ�GLJHVWLRQ�KDG�SHSVLQ�DQG�SDQFUHDWLQ�DGGHG����K�LQWHVWLQDO�WUDFW��

,QLWLDOO\�WKH�VDPSOHV¶�S+�ZDV�DGMXVWHG�WR�����DIWHU�WKH�DGGLWLRQ�RI�JDVWULF�MXLFH�E\

DGGLQJ�DQ�DSSURSULDWH�DPRXQW�RI�����PRO�O
��
�K\GURFKORULF�DFLG��$IWHU���K�WKH�ILUVW�VHW�ZDV

UHPRYHG� DQG� DGMXVWHG� WR� S+� ����� WKHQ� FHQWULIXJHG� DW� ����� USP� IRU� ��� PLQ� DQG� WKH

VXSHUQDWDQW� ILOWHUHG� WKURXJK� D� ������P�0LOOLSRUH� ILOWHU�� � ,Q� RUGHU� WR� UHGXFH� DQ\� HIIHFW

IURP� PLFURELDO� DFWLYLW\� FDXVLQJ� FKDQJHV� LQ� WKH� FRPSRVLWLRQ� RI� WKH� SRODU� GLVVROYHG

RUJDQLF�FRPSRXQGV�
��
�VXSHUQDWDQWV�ZHUH�VWRUHG�LQ�D�IULGJH�LQ�WKH�GDUN�DW����&��8VXDOO\

WKH�DQDO\VLV�RI�VDPSOHV�ZDV�SHUIRUPHG�ZLWKLQ�KRXUV�DQG�VDPSOHV�ZHUH�QHYHU�VWRUHG�IRU

PRUH�WKDQ����K�

7KH�VHFRQG�GLJHVWLRQ�VHW�ZDV�DQDO\WLFDOO\�SUHSDUHG�DV�DERYH�DQG�WKHQ�LQFXEDWHG

IRU�D�IXUWKHU���K�DW�����&�DIWHU�WKH�S+�KDG�EHHQ�DGMXVWHG�ZLWK�VDWXUDWHG�1D+&2��WR�S+

����DQG�LQWHVWLQDO�MXLFH�DGGHG��$IWHU���K��WRWDO���K��� WKH�VHFRQG�GLJHVWLRQ�VHW��LQWHVWLQDO

WUDFW�� ZDV� DGMXVWHG� WR� QHXWUDO� S+�� DQG� WKHQ� FHQWULIXJHG� DW� ����� USP� IRU� ��� PLQ� DQG

ILOWHUHG� WKURXJK� D� ����� �P� 0LOOLSRUH� ILOWHU�� $IWHU� ILOWUDWLRQ�� DOLTXRWV� ZHUH� LQMHFWHG

WKURXJK� D� ),� SRUW� DQG�+3/&� FROXPQV� DQG� DQDO\VHG� E\� ,&3�06�� 7UDFH� HOHPHQWV� DQG

GLHWDU\� FRPSRQHQW� ZHUH� DGGHG� WR� WKH� HQ]\PRO\VLV� SURFHGXUH� DV� IROORZV�� ���� PJ� O
��
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&X�,,��DQG�=Q�,,�����PJ� O
��
�)H�,,,��RI�HOHPHQWDO� VSLNHV���J�RI�.HOORJJ¶V�$OO�%UDQ� ILEUH

DQG����J�RI�%RRWV�PXOWLYLWDPLQ�WDEOHWV�

5HVXOWV�DQG�'LVFXVVLRQ

,Q�WKLV�ZRUN�WZR�RI�WKH�PRUH�SRSXODU�UHYHUVHG�SKDVH�FROXPQV�KDYH�EHHQ�XVHG�LQ

VSHFLDWLRQ� VWXGLHV�RQH�SRO\PHU�EDVHG� DQG� WKH�RWKHU� VLOLFD�EDVHG� LQ� FRQMXQFWLRQ�ZLWK� D

GLRGH�DUUD\� DQG� ,&3�06� GHWHFWRUV� WR� LQYHVWLJDWH� WKH� HIIHFW� RI� WKH� FROXPQ� VWDWLRQDU\

SKDVHV� DQG� VROLG� VXSSRUW� PD\� KDYH� RQ� VSHFLDWLRQ� XVLQJ� D� VHULHV� RI� VROXEOH� IUDFWLRQV

REWDLQHG� IRU� WKH�EHQHILW� RI� WKLV� VWXG\� IURP� WKH� VWDQGDUG� DFLG� VROXWLRQV� DQG� D� V\QWKHWLF

GLJHVWLYH�V\VWHP�
�

7KH�VXEVWUDWH�RI�WKH�FROXPQ�SDFNLQJ�PDWHULDO�FDQ�EH�DQ�LPSRUWDQW�FRQVLGHUDWLRQ

LQ�HOHPHQWDO�VSHFLDWLRQ�VWXGLHV�DQG�QHHGV�WKHUHIRUH� WR�EH� LQYHVWLJDWHG�IRU� WKH� LQIOXHQFH

WUDFH� HOHPHQWV� DQG� ORZ�PROHFXODU�ZHLJKW� RUJDQLF� VSHFLHV�PD\� KDYH� RQ� LW�� 7KLV� SDSHU

WKHUHIRUH�ZLOO�LQLWLDOO\�IRFXV�RQ�WKH�FRPSDULVRQ�EHWZHHQ�WKH�VHSDUDWLRQ�FKDUDFWHULVWLFV�RI

UHYHUVHG�SKDVH�&���2'6��VLOLFD�EDVHG��DQG�&���353����VW\UHQH�EDVHG��FROXPQV�IRU�WZR

RUJDQLF� DFLGV� �DVFRUELF� DFLG� DQG� FLWULF� DFLG�� DQG� WKUHH� WUDFH� HOHPHQWV� �&X�,,��� =Q�,,��

)H�,,,����)LJXUH���VKRZV�WKH�89�GLRGH�DUUD\�FKURPDWRJUDPV�DQG�,&3�06�GDWD�IRU�IRXU

VHOHFWHG�H[DPSOHV�DV�IROORZV����D��&���2'6��+�$VF�ZLWK�WKUHH�HOHPHQWV��&X�,,���=Q�,,�

DQG�)H�,,,������E��&���353����+�$VF�DQG�WKH�VDPH�WKUHH�HOHPHQWV�DV�IRU���D������F��&���

2'6��+�&LW�DQG�WKH�VDPH�WKUHH�HOHPHQWV�DV�IRU���D��DQG���G��&���353����+�&LW�DQG�WKH

VDPH�WKUHH�HOHPHQWV�DV�IRU���D���7KH�RYHUODSSHG�FKURPDWRJUDP�UHSUHVHQWV�WKH�,&3�06

GDWD��7KH� FKURPDWRJUDP�XQGHU� WKH� ,&3�06� FKURPDWRJUDP� FRUUHVSRQGV� WR� WKH�+3/&�

89�GLRGH�DUUD\�VHW�DW�WKH�ZDYHOHQJWK�RI�����QP��$OWKRXJK�IRXU�ZDYHOHQJWKV�����������

����DQG����QP��ZHUH�VHOHFWHG�RQ�WKH�GLRGH�DUUD\�WR�KHOS�FKDUDFWHULVH�WKH�89�SHDNV�WR

ZKLFK�WKH�PHWDO�SHDNV�RI�WKUHH�HOHPHQWV��&X��=Q��)H��PD\�EH�DVVRFLDWHG��KRZHYHU�RQO\

WKH�89�FKURPDWRJUDP�DW����QP�LV�VKRZQ�IRU�VLPSOLFLW\�

7KH� &���2'6� FROXPQ� VHHPV� WR� JLYH� D� FRPSOHWH� VHSDUDWLRQ� RI� WKH� FLWULF� DQG

DVFRUELF� DFLG� DOWKRXJK� ERWK� DUH� LGHQWLILHG� LQ� WKH� WZR� V\VWHPV� DW� DOO� ZDYHOHQJWKV� IRU

DVFRUELF� DFLG�� KRZHYHU� RQO\� ���� QP� DQG� ���� QP� JDYH� UHVSRQVH� VLJQDOV� IRU� WKH� FLWULF

DFLG�V\VWHP��7KLV�UHVXOW�VXJJHVWV�WKDW�WKH�&���2'6�FROXPQ�RIIHUV�D�EHWWHU�VHSDUDWLRQ�RI
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WKH� RUJDQLF� VSHFLHV� SUHVHQW� EXW� WKLV� KDV� FRUUHVSRQGLQJO\� SRRUHU� UHVROXWLRQ� RI� WKH

HOHPHQWDO� GLVWULEXWLRQ� GXH� WR� WKH� XQFDSSHG� SRODU� VLODQRO� JURXSV�� GLVSHUVLRQ� RU� VDOW

GHSRVLWLRQ� DW� WKH� RULILFH� RI� WKH� ,&3�06��$� JUDGXDO� GHFUHDVH� LQ� WRWDO�06� FRXQWV�ZHUH

DOVR�QRWLFHG�LQ�HDFK�UXQ�ZKHQ�VDPSOHV�ZHUH�LQMHFWHG�ZKLFK�ZDV�WKRXJKW�WR�EH�GXH�WR�WKH

VDOW� GHSRVLWLRQ� LQVLGH� RI� WKH� LQMHFWRU� WXEH� RI� ,&3�06�
��
� 7KH� VHSDUDWLRQ� FKDUDFWHULVWLFV

REVHUYHG�IRU�WKH�&���2'6�FROXPQ�PD\�VLPSO\�EH�DWWULEXWHG�WR�WKH�SDUWLFOH�VL]H���PP��RI

WKH�SDFNLQJ�PDWHULDO�DQG�WKH�FROXPQ�OHQJWK�����FP��FRPSDUHG�WR�WKH�&���353���FROXPQ

ZKLFK� KDV� D� ��PP�SDUWLFOH� VL]H� RI� WKH� SDFNLQJ�PDWHULDO� DQG� ��� FP� OHQJWK��+RZHYHU�

ORQJHU� FROXPQV� LQFUHDVH� WKH� UHWHQWLRQ� YROXPH� DQG� SRWHQWLDOO\� GHFUHDVH� WKH� SHDN

UHVROXWLRQ� RI� WKH� UHWDLQHG� VSHFLHV� DQG� LPSDLULQJ� WKH� GHWHFWLRQ� OLPLW��7KXV�� WKH� FROXPQ

SDFNLQJ�PDWHULDO�VXEVWUDWH�DSSHDUV�WR�EH�DQ�LPSRUWDQW�DVSHFW�RI�WKH�VHSDUDWLRQV�REVHUYHG

LQGLFDWLQJ� WKDW� WKH� FROXPQ�PD\�KDYH� SURSHUWLHV� DVVRFLDWHG�ZLWK�PDQXIDFWXUH� WKDW�PD\

LQIOXHQFH�VHSDUDWLRQV�RI�WKH�W\SH�GHVFULEHG�

,Q�ILJXUH��D��89�FKURPDWRJUDPV�RI�DVFRUELF�DFLG�IRU�WKH�&���2'6�FROXPQ�VKRZ

UHVSRQVHV�ZKLFK�DUH�DWWULEXWHG�WR�WKH�2+�ERQGHG�FKURPRSKRUHV������QP���& &�GRXEOH

ERQGV� LQ� ZKLFK� 2+� ERQGV� FRQMXJDWHG� FDXVH� EDWKRFKURPLF� VKLIW� DQG� D� K\SHUFKURPLF

HIIHFW��LQFUHDVLQJ�WKH�LQWHQVLW\�RI�DEVRUSWLRQ��& 2�GRXEOH�ERQGV������DQG�����QP���DQG

WKH�ILYH�PHPEHUHG�FDUERQ�ULQJ������QP���$�ODUJH�VROYHQW�IURQW�SHDN�LV�DOVR�REVHUYHG�DW

����QP�DVVRFLDWHG�ZLWK�XQUHWDLQHG��2+�ERQGHG��DQG�SRODU�VSHFLHV�LQ�WKH�VROYHQW��3HDN

DVVRFLDWHG�ZLWK� DVFRUELF� DFLG� UHWDLQHG� E\� &���2'6� FROXPQ�ZDV� GLVSOD\HG� D� VKRXOGHU

ZKLFK�PD\�LQGLFDWH�DQ�DGGLWLRQDO�RUJDQLF�VSHFLHV��SRVVLEO\�D�FRPSOH[�ZLWK�LURQ�

7KH� &���353��� FROXPQ� VKRZV� VLPLODU� SHDNV� WR� WKH� &���2'6� FROXPQ�� IRU

DVFRUELF�DFLG�WKH�RQO\�GLIIHUHQFH�EHLQJ�WKH�DEVHQFH�RI�WKH�VKRXOGHU��ZKLFK�LQWHUHVWLQJO\

PD\�EH�SUHVHQW�LQ�WKH�)H�LQ�,&3�06�GDWD��ILJXUH��E���)URP�,&3�06�FKURPDWRJUDP��]LQF

VKRZV�QR� UHWHQWLRQ�RQ� ERWK�&���2'6� �ILJXUH� �D�� DQG�&���353��� FROXPQV� �ILJXUH� �E��

,URQ� VKRZV� WZR� DSSDUHQW� SHDNV� RQ� WKH� &���2'6� FROXPQ� �ILJXUH� �D�� VSOLWWLQJ� LQWR� DQ

XQUHWDLQHG� DQG� UHWDLQHG� IRUP�� KRZHYHU�� RQ� &���353��� FROXPQ� PRVW� RI� WKH� LURQ� LV

UHWDLQHG�DQG�RQO\�D�VPDOO�VKRXOGHU�DSSHDUV�DIWHU�WKH�DVFRUELF�DFLG�SHDN��ILJXUH��E���3RRU

UHVROXWLRQ�ZDV� REWDLQHG� RQ� ERWK� FROXPQV� IRU� FRSSHU��ZKLFK� HOXWHG� ODWHU� WKDQ� WKH� ]LQF

DQG�LURQ�
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)LJXUH �� &RPSDULVRQV RI UHYHUVH SKDVH &���

2'6 DQG &���353�� FROXPQV UHVSRQVHV�

+3/&�89 GLRGH DUUD\ FKURPDWRJUDPV DW ���

QP RYHUODSSHG ZLWK ,&3�06 FKURPDWRJUDPV RI

VWDQGDUG VROXWLRQV ��D� &���2'6� +�$VF DQG

WUDFH HOHPHQWV� ��E� &���353��� +�$VF DQG WUDFH

HOHPHQWV� ��F� &���2'6� +�&LW DQG WUDFH

HOHPHQWV� ��G� &���353��� +�&LW DQG WUDFH

HOHPHQWV�

)LJXUH �� &RPSDULVRQV RI UHYHUVH SKDVH &���

2'6 DQG &���353�� FROXPQV UHVSRQVHV�

+3/&�89 GLRGH DUUD\ FKURPDWRJUDPV DW ���

QP ��D� &���2'6� S+ ���� +�&LW DQG +�$VF LQ

JXW V\VWHP� ��E� &���353��� S+ ���� +�&LW DQG

+�$VF LQ JXW V\VWHP� ��F� &���2'6� S+ ����

+�&LW DQG +�$VF LQ LQWHVWLQDO V\VWHP� ��G� &���

353��� S+ ���� +�&LW DQG +�$VF LQ LQWHVWLQDO

V\VWHP�

$V�WKH�PRELOH�SKDVH�DQG�VWDWLRQDU\�SKDVH�IXQFWLRQDO�JURXSV�DUH�WKH�VDPH�RQ�ERWK

FROXPQV�RQH�PXVW�FRQFOXGH�WKDW�LW�LV�WKH�XQFDSSHG�SRODU�VLODQRO�JURXSV�RQ�WKH�&���2'6

FROXPQ�DUH�FDXVLQJ�WKH�PRUH�SRODU�VHSDUDWLRQV�VHHQ�IRU�WKH�LURQ�

7KH�VHFRQG�OLJDQG�VWXGLHG��FLWULF�DFLG��FRQWDLQV�FDUER[\O�JURXSV��ZKLFK�KDYH�WKH

REVHUYHG� FKURPRSKRUHV� DW� ���� DQG����� QP� IRU� ERWK� WKH�&���353��� DQG� WKH�&���2'6

FROXPQV��7KH� UHWHQWLRQ� WLPH�ZHUH� VKLIWHG� WR� ORQJHU� WLPHV�GXH� WR�GLIIHUHQFH� LQ� FROXPQ

OHQJWK��&���2'6�FROXPQ��ZKLFK�RIIHUV�EHWWHU�UHVROXWLRQ�IRU�FRPSRXQGV�RQ�ERWK�,&3�06

DQG�89� V\VWHPV� H[FHSW� IRU� WKH� FRSSHU� FLWUDWH� V\VWHP� RQ� WKH� ,&3�06� FKURPDWRJUDP�

&RSSHU�DSSHDUV�WR�EH�VHSDUDWHG�RQ�ERWK�FROXPQV�VXJJHVWLQJ�WKH�FRSSHU�FRPSOH[�PD\�EH

PRUH�QRQ�SRODU�WKDQ�WKH�RQH�H[LVWLQJ�IRU�)H�DQG�UHO\�RQ�WKH�UHYHUVHG�SKDVH�SURSHUWLHV�RI

WKH�FROXPQV��,W�FDQ�EH�VHHQ�IURP�WKH�FKURPDWRJUDPV�WKDW�FLWULF�DFLG�PD\�EH�DVVRFLDWHG

(3a)

(3b)

(3c)

(3d)

Ascorbic acid

Citric acid

Ascorbic acid

Ascorbic acid

Ascorbic acid

Citric acid

Citric acid

Citric acid

Time [min]Time [min]

(2b)

(3a)

(2c)

(2d)

(2a)
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ZLWK�LURQ�DQG�FRSSHU�UDWKHU�WKDQ�]LQF�ZKLFK�KDV�D�ORZHU�VWDELOLW\�FRQVWDQW�WKDQ�WKH�RWKHU

WZR�HOHPHQWV�
��
� � ,URQ�KDV� WKH�KLJKHVW� VWDELOLW\� FRQVWDQW� RI� WKH�RUJDQLF� OLJDQGV� VWXGLHG�

WKXV�LW�KDV�WKH�PRUH�OLNHOLKRRG�RI�FRPSOH[LQJ�LPPHGLDWHO\�ZLWK�FLWULF�DFLG��ILJXUH��F�	

�G���7KH�GLIIHUHQW�EHKDYLRXU�RI�FRSSHU�PD\�DOVR�EH�D� UHVXOW� RI� LWV� DEVRUSWLRQ�RQWR� WKH

ZDOOV�RI�WKH�WXELQJ�EHWZHHQ�WKH�FROXPQ�DQG�WKH�QHEXOL]HU�
��
�)RU�VLPSOH�VROXWLRQV�VXFK�DV

WKRVH�XVHG�LQ�ILJXUHV�IURP��D�WR��G�&���2'6�FROXPQ�JLYHV�EHWWHU�UHVROXWLRQ�ZLWK�VLODQRO

DFWLYLW\� SRVVLEO\� SOD\LQJ� DQ� LPSRUWDQW� UROH� IRU� LURQ� VSHFLDWLRQ�� )LJXUH� �� VKRZV� WKH

89�GLRGH�DUUD\�FKURPDWRJUDPV�DW�����QP�IRU� IRXU� VHOHFWHG�H[DPSOHV�DV� IROORZV�� ��D�

&���2'6��S+�������+�&LW�DQG�+�$VF�LQ�*XW�V\VWHP����E��&���353����S+�������+�&LW�DQG

+�$VF�LQ�*XW�V\VWHP����F��&���2'6��S+�������+�&LW�DQG�+�$VF�LQ�LQWHVWLQDO�V\VWHP��DQG

��G�� &���353���� S+�� ����� +�&LW� DQG� +�$VF� LQ� LQWHVWLQDO� V\VWHP�� ,Q� FKURPDWRJUDSKLF

H[SHULPHQWV�LI�WKH�S+�RI�WKH�PRELOH�SKDVH�LV�����DQG�WKH�VDPSOH�S+�LV������WKH�TXHVWLRQ

UHPDLQV� RQ� WR� ZKDW� ZLOO� KDSSHQ� WR� WKH� VDPSOH� ZKHQ� LW� XQGHUJRHV� VHSDUDWLRQ� DW� D

GLIIHUHQW� S+�� 7KHUH� DUH�PDQ\� HIIHFWV� RU� LQIOXHQFHV� RQ� WKH� VDPSOH� S+� DSDUW� IURP� WKH

PRELOH�SKDVH�S+��)RU�LQVWDQFH�� LQWHUDFWLRQV�ZLWK�FROXPQ�PDWHULDO��ZKLFK�FRXOG�IXUWKHU

PRGLI\�WKH�S+�RI�WKH�VDPSOH�WKURXJK�WKH�UHOHDVH�RI�K\GURO\VHG�+
�
�RU�2+

�
�LRQV�

��
��,Q�WKH

V\QWKHWLF�GLJHVWLYH�V\VWHP��WKH�S+�RI�WKH�LQWHVWLQDO�WUDFW�LV�����DQG�VR�WKH�S+�OHYHO�RI�WKH

VDPSOH�ZKHQ�LQMHFWHG�LQWR�WKH�UHYHUVHG�SKDVH�FROXPQ�FRXOG�EH�DQ\WKLQJ�EHWZHHQ�S+����

DQG�S+������7KXV�DV�WKH�S+�FKDQJHV�FRQFHQWUDWLRQ�RI�WKH�VSHFLHV�SUHVHQW�ZLOO�FKDQJH�

,Q�WKH�V\QWKHWLF�GLJHVWLYH�V\VWHP�XVHG�LQ�WKLV�VWXG\��WKH�S+�RI�WKH�LQWHVWLQDO�WUDFW

LV� DW� ���� DQG� VR� WKH� S+� OHYHO� RI� WKH� VDPSOH� LQMHFWHG� RQWR� WKH� UHYHUVHG�SKDVH� FROXPQ

PLJKW�EH�NHSW�DW�WKDW�S+�DOWKRXJK�WKH�PRELOH�SKDVH�IRU�WKH�FKURPDWRJUDSKLF�VHSDUDWLRQ

PD\�EH�DW�S+������7KXV�VDPSOHV�PD\�LQWHUDFW�ZLWK�UHVLGXDO�VLODQRO�JURXSV�DQG�DV�D�UHVXOW

SURGXFH� DUWHIDFWV� RI� WKH� FKURPDWRJUDSK\� UHODWHG� WR� WKH� UHWHQWLRQ� PHFKDQLVP�� SHDN

WDLOLQJ��DQG�ORVV�RI�FKURPDWRJUDSKLF�UHVROXWLRQ�

)RXU� GLIIHUHQW� GLHWDU\� VDPSOHV� IURP� WKH� LQWHVWLQDO� SDUW� RI� WKH� JXW� PRGHO� ZHUH

LQMHFWHG�RQWR�WKH�&���353���DQG�&���2'6�FROXPQV��7KHVH�ZHUH��LQWHVWLQDO�FRQWURO��RQO\

SHSVLQ�SDQFUHDWLQ� GLJHVW��� .HOORJJ
V� $OO�%UDQ� ILEUH�� PXOWLYLWDPLQV�� DQG� D� PL[WXUH� RI

.HOORJJ¶V�$OO�%UDQ�ILEUH�DQG�PXOWLYLWDPLQV�DGGHG�LQWR�WKH�SHSVLQ�SDQFUHDWLQ�GLJHVW��)RU

WKH� LQWHVWLQDO� FRQWURO�� SHSVLQ�SDQFUHDWLQ� GLJHVW�� XVLQJ� WKH� &���353��� FROXPQ� ZHUH
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H[DPLQHG� DQG� IRXQG� WR� FRQWDLQ� QR� WUDFHV� RI� LURQ� KRZHYHU� VRPH� ]LQF� DQG� FRSSHU� DUH

SUHVHQW�ZLWK� WKH�]LQF�DSSHDULQJ� DV� DQ�XQUHWDLQHG�SHDN��7KH�YHU\� ORZ� OHYHOV� RI� FRSSHU

FRQFHQWUDWLRQ�REVHUYHG�ZHUH�WKRXJKW�WR�EH�LQWHUIHUHQFH�IURP�VRGLXP�VDOWV��DV�
��
$U

��
1D

�
�

SUHVHQW�DW�PRUH�WKDQ��J�/
��
�LQ�WKH�VDPSOHV��)ROORZLQJ�WKH�DGGLWLRQ�RI�ILEUH��WKH�]LQF�SHDN

EHFDPH� VSOLW� DQG� WKH� FRSSHU� SHDN� VKLIWHG� WR� D� ORQJHU� UHWHQWLRQ� WLPH�� 7KH� VHFRQG� ]LQF

SHDN�DQG�WKH�FRSSHU�SHDN�ZHUH�IRXQG�WR�EH�DVVRFLDWHG�ZLWK�WKH�FKURPRSKRUHV�REVHUYHG

ZLWK� WKH�89�GLRGH�DUUD\� DW� ����QP�VXJJHVWLQJ� WKH�SUHVHQFH�RI�& &�DQG�& 2�GRXEOH

ERQGHG�RUJDQLF�JURXSV��0RVW� RI� WKH� LURQ�ZDV� VHHQ� WR� HOXWH�ZLWK� WKH� VROYHQW� IURQW� DQG

WKLV�PLJKW�EH�GXH�WR�WKH�ORZ�OHYHO�RI�LURQ�SUHVHQW�LQ�WKH�VXSHUQDWDQW�DV�SRODU�LQRUJDQLF

VSHFLHV��ZKLFK�KDYH�OLPLWHG�LQWHUDFWLRQV�ZLWK�FROXPQ�PDWHULDO��,Q�WKH�SUHVHQFH�RI�ILEUH

DQG�PXOWLYLWDPLQV�� PRVW� RI� ]LQF� DQG� FRSSHU� DQG� WR� D� OHVV� H[WHQW� LURQ� DSSHDUHG� WR� EH

DVVRFLDWHG� ZLWK� WKH� UHWHQWLRQ� WLPH� RI� DVFRUELF� DFLG�� ,Q� VDPSOHV� FRQWDLQLQJ� RQO\

PXOWLYLWDPLQV�� FRSSHU� FRQFHQWUDWLRQV� ZHUH� QHJOLJLEOH� FRPSDUHG� WR� ILEUH� DQG

ILEUH	PXOWLYLWDPLQ�VDPSOHV��7KLV�VXJJHVWV�WKDW�WKH�ILEUH�VDPSOH�LV�ULFK�LQ�FRSSHU��0RVW

RI�WKH�]LQF�DQG�FRSSHU�DSSHDU�WR�EH�FRPSOH[HG�ZLWK�DVFRUELF�DFLG�DQG�WR�D�OHVVHU�H[WHQW

ZLWK� RUJDQLF� VSHFLHV� DVVRFLDWHG� ZLWK� ILEUH� DQG� PXOWLYLWDPLQV�� 7KH� VPDOO� DPRXQW� RI

FRSSHU�DQG�LURQ�ZKLFK�HOXWHG�ZLWK�WKH�VROYHQW�IURQW�LQ�WKH�SUHVHQFH�RI�PXOWLYLWDPLQV�DUH

PRVW� OLNHO\� WR� EH� KLJKO\� SRODU� LQRUJDQLF� VSHFLHV� RU� FRPSOH[HV� VXFK� DV� FRSSHU� QLWUDWH�

FRSSHU�FKORULGH��HWF��SRVVLEO\�DVVRFLDWHG�ZLWK� WKH�UHDJHQWV�XVHG�WR�DGMXVW�FRQGLWLRQV� LQ

WKH�JXW�PRGHO�V\VWHP�ZKLFK�KDYH�OLPLWHG�LQWHUDFWLRQV�ZLWK�FROXPQ�PDWHULDO�

+RZHYHU�� LQ� WKH� &���2'6� FDVH� WKH� HOHPHQWDO� DVVRFLDWLRQ� LV� QRW� VR� REYLRXVO\

ZLWK�DVFRUELF�RU�FLWULF�DFLG��:KDW�ZDV�DSSDUHQW�ZLWK�ERWK�FROXPQV�LV�WKDW�ERWK�]LQF�DQG

FRSSHU�VSHFLHV�VHHP�WR�EH�KLJKO\�SRODU�LQ�QDWXUH��DQ�HIIHFW�QRW�DWWULEXWHG�WR�DQ�DUWHIDFW�RI

WKH�FROXPQ�VWDWLRQDU\�SKDVH�� ,Q�DGGLWLRQ� WKH�DSSDUHQW� VSHFLDWLRQ�RI�]LQF�DQG�FRSSHU� LV

DVVRFLDWHG�ZLWK�ILEUH�UDWKHU�WKDQ�YLWDPLQ�DGGLWLRQV��ZKLFK�VXJJHVWV�WKH�SRVVLEOH�SUHVHQFH

RI� PHWDOORWKLRQHLQ� W\SH� FRPSOH[HV�
��
� � ,URQ� VHHPV� VHULRXVO\� HIIHFWHG� E\� WKH� &���2'6

FROXPQ�VWDWLRQDU\�SKDVH�FRPSDUHG�WR� WKH�&���353���FROXPQ�DQG�OLWWOH� LQIRUPDWLRQ�FDQ

EH�GHGXFHG�IRU� LW�RWKHU� WKDQ� WR�DVVXPH� WKDW� WKH�KLJKO\�SRODU�QDWXUH�RI� WKH� LURQ� VSHFLHV

SUHVHQW�DUH� UHDFWLQJ�ZLWK�XQFDSSHG�VLODQRO�JURXSV�RQ� WKH�&���2'6�FROXPQ�� ,Q�JHQHUDO

IRU�WKH�V\VWHPV�GHVFULEHG�WKH�&���2'6�FROXPQ�ZDV�IRXQG�WR�JLYH�D�EHWWHU�VHSDUDWLRQ�RI
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WKH�RUJDQLF� VSHFLHV�SUHVHQW� FRPSDUHG� WR� WKH�&���353��� FROXPQ��7KLV� LV� WKRXJKW� WR�EH

GXH� WR� WKH�DWWUDFWLRQ�RI�KLJKO\�SRODU� VSHFLHV� WR�XQFDSSHG� VLODQRO� JURXSV�SUHVHQW� LQ� WKH

&���2'6�FROXPQ��7KH�&���353���FROXPQ�RQ�WKH�RWKHU�KDQG�LV�D�VW\UHQH�EDVHG�FROXPQ

SURGXFLQJ� DQ� HIIHFWLYH� SDVVLYH� VXEVWUDWH� VXUIDFH� DQG� ZKLFK� ZLOO� OHDG� H[FOXVLYHO\� WR

DFWLYH� &��� SKDVH� VHSDUDWLRQV�� 6XFK� VHSDUDWLRQV� DUH� PRUH� FRPPRQO\� DVVRFLDWHG� ZLWK

ODUJHU�RUJDQLF�QRQ�SRODU�FRPSRXQGV�UDWKHU�WKDQ�VPDOOHU�FRPSRXQGV�RI�WKH�W\SH�VWXGLHG�

7KXV� WKH� FROXPQ� SDFNLQJ�PDWHULDO� VXEVWUDWH� DSSHDUV� WR� EH� DQ� LPSRUWDQW� DVSHFW� RI� WKH

VHSDUDWLRQV� REVHUYHG� LQGLFDWLQJ� WKDW� WKH� FROXPQ� PD\� KDYH� SURSHUWLHV� DVVRFLDWHG� ZLWK

PDQXIDFWXUH�WKDW�PD\�LQIOXHQFH�VHSDUDWLRQV�RI�WKH�W\SH�GHVFULEHG�

&RQFOXVLRQV

$QDO\VLV� RI� HOHPHQWDO� VSHFLHV� JHQHUDWHG� XVLQJ� D� VWDQGDUG� VROXWLRQV� DQG� D

V\QWKHWLF�GLJHVWLYH�V\VWHP�ZLWK�+3/&�FRXSOHG�,&3�06�PHWKRGRORJ\�LGHQWLILHG�SRVVLEOH

OLPLWDWLRQV� ZLWK� WKH� FKURPDWRJUDSKLF� FROXPQV� VWXGLHG�� 8VLQJ� WKH� V\QWKHWLF� GLJHVWLYH

V\VWHP�� GLHWDU\� FRPSRQHQWV� VXFK� DV� PXOWLYLWDPLQV� DQG� ILEUH� ZHUH� DGGHG� WR� DOWHU� WKH

SRWHQWLDO� VSHFLDWLRQ�� VR�FKDQJLQJ� WKH�FKURPDWRJUDSKLF� VHSDUDWLRQV�� �:KLOVW� QR� VSHFLILF

FRPSOH[� IRUPV� ZHUH� LGHQWLILHG� IURP� WKH� PHWKRG� LW� FOHDUO\� LQGLFDWHG� WKDW� VDPSOH

SUHSDUDWLRQ�DQG�IDFWRUV�VXFK�DV�S+�DQG�OLJDQG�FRQFHQWUDWLRQ�ZHUH�LPSRUWDQW�SDUDPHWHUV

WR�FRQWURO��,W�ZDV�HYLGHQW�WKDW�DOO�WKH�VSHFLHV�REVHUYHG�KDG�D�ORZ�PROHFXODU�ZHLJKW�DQG

ZHUH� VWUXFWXUDOO\� VLPLODU� WR� FRPSRXQGV� VXFK� DV� FLWUDWH� DQG� DVFRUEDWH�� 7KH

FKURPDWRJUDSKLF� PHWKRG� XVHG� ZKLOVW� FDSDEOH� RI� VHSDUDWLQJ� ORZ� PROHFXODU� ZHLJKW

RUJDQLF� HOHPHQWDO� FRPSOH[HV� GLG� DSSHDU� VXEMHFW� WR� H[SHULPHQWDO� DUWHIDFWV� DVVRFLDWHG

ZLWK�PHWKRGRORJ\�XVHG��,Q�JHQHUDO�IRU�WKH�V\VWHPV�GHVFULEHG�WKH�&���2'6�FROXPQ�ZDV

IRXQG� WR� JLYH� D� EHWWHU� VHSDUDWLRQ� RI� WKH� RUJDQLF� VSHFLHV� SUHVHQW� FRPSDUHG� WR� WKH�&���

353��� FROXPQ�� 7KLV� LV� WKRXJKW� WR� EH� GXH� WR� WKH� DWWUDFWLRQ� RI� KLJKO\� SRODU� VSHFLHV� WR

XQFDSSHG�VLODQRO�JURXSV�SUHVHQW�LQ�WKH�&���2'6�FROXPQ��7KH�&���353���FROXPQ�RQ�WKH

RWKHU�KDQG� LV� D� VW\UHQH�EDVHG� FROXPQ�SURGXFLQJ� DQ� HIIHFWLYH�SDVVLYH� VXEVWUDWH� VXUIDFH

DQG�ZKLFK�ZLOO� OHDG� H[FOXVLYHO\� WR� DFWLYH�&��� SKDVH� VHSDUDWLRQV�� 6XFK� VHSDUDWLRQV� DUH

PRUH� FRPPRQO\� DVVRFLDWHG� ZLWK� ODUJHU� RUJDQLF� QRQ�SRODU� FRPSRXQGV� UDWKHU� WKDQ

VPDOOHU� FRPSRXQGV� RI� WKH� W\SH� VWXGLHG�� 7KXV� WKH� FROXPQ� SDFNLQJ� PDWHULDO� VXEVWUDWH
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PD\�KDYH�SURSHUWLHV�DVVRFLDWHG�ZLWK�PDQXIDFWXUH�WKDW�PD\�LQIOXHQFH�VHSDUDWLRQV�RI�WKH

W\SH�GHVFULEHG��7KH�PRGHOOLQJ�RI�VSHFLDWLRQ�UHDFWLRQV�PD\�EH�XVHG�WR�JDLQ� LQVLJKW� LQWR

SURFHVVHV� VXFK� DV� WKH� WR[LFLW\� DQG� ELRDYDLODELOLW\� RI� PHWDOV� LQ� ELRORJLFDO� V\VWHPV�� ,Q

DGGLWLRQ�WKH�VWXG\�LOOXVWUDWHG�WKH�LPSRUWDQFH�IRU�FDUH�LQ�VHOHFWLRQ�RI�FROXPQ�PDWHULDOV�RI

PHWDO�VSHFLDWLRQ�VWXGLHV�ZKHQ�WKH\�DUH� WR�EH�EDVHG�RQ�FROXPQ�VHSDUDWLRQV��)XUWKHU� WKH

XVH�RI�FRPSXWHU�SURJUDPV�PD\�SURYH�KHOSIXO�LQ�VHOHFWLQJ�VXLWDEOH�FROXPQV�
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9 SULVSHYNX VR SULND]DQL YSOLYL NRORQH �&���2'6 R]LURPD &���353��� LQ NURPDWRJUDIVNLK SRJRMHY �PRELOQD

ID]D V S+ ���� VWDQGDUGQD UD]WRSLQD V S+ ��� R]LURPD ���� QD VSHFLDFLMR NRYLQVNLK ]YUVWL �EDNUD� FLQND LQ

åHOH]D� Y SULVRWQRVWL DVNRUELQVNH LQ FLWURQVNH NLVOLQH� 3R NURPDWRJUDIVNL VHSDUDFLML VR ELOH RUJDQVNH

NRPSRQHQWH GHWHNWLUDQH VSHNWURIRWRPHWULþQR� NRYLQH SD ] ,&3�06� ,]ND]DOR VH MH� GD VH SUL L]EUDQLK SRJRMLK

VDPR EDNURYH LQ åHOH]RYH ]YUVWL GHOQR ]DGUåLMR QD REHK NURPDWRJUDIVNLK NRORQDK� YHQGDU MH ELOD ORþOMLYRVW

PHG REHPD NRYLQDPD VODED� &LQN VH SUL WHK SRJRMLK QL ]DGUåDO QD NRORQDK�


