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,VSLWLYDQD�MH�PRJX`QRVW�NYDQWLWDWLYQRJ�RGUH_LYDQMD�SHURNVLGD�VSHNWURIRWRPHWULM�
VNRP�PHWRGRP��SRPR`X�EDNUD�L�HWDQVNH�NLVHOLQH��5HDNFLMD�MH�SUD`HQD�X�SULVXVWYX
NLVHRQLND� L]� YD]GXKD� L� SUL� VOHGH`LP� XVORYLPD�� F�&+�&22+�� ������PRO�GP��
P�&X�� ��������J��W� �����±���~&�X]�NRQVWDQWQR�PH^DQMH��.RQFHQWUDFLMD�SHURN�
VLGD�MH�YDULUDQD�RG�������PRO�GP��GR�������PRO�GP���3UD`HQ�MH�SRUDVW�NRQFHQ�
WUDFLMH�EDNUD�VSHNWURIRWRPHWULMVNRP�PHWRGRP��2GUH_HQH�VX�L�SRaHWQH�EU]LQH�UHDN�
FLMH�X�]DYLVQRVWL�RG�NRQFHWUDFLMH�YRGRQLN�SHURNVLGD��1DMSUHFL]QLML�UH]XOWDWL�RYRP
PHWRGRP�GRELMHQL�VX�SUL�NRQFHQWUDFLMDPD�SHURNVLGD�RG�������GR�������PRO�GP��
0LQLPDOQD�NRQFHQWUDFLMD�SHURNVLGD�RGUH_HQD�RYRP�PHWRGRP�MH��������PRO�GP��
2GUH_HQD�MH�L�HNVSHULPHQWDOQD�YUHGQRVW�]D�UHG�UHDNFLMH�X�RGQRVX�QD�SHURNVLG�Q� 
 �����±������8WYU_HQR�MH�L�GD�MH�UHDNFLMD�EDNUD�L�HWDQVNH�NLVHOLQH�VD�NLVHRQLNRP
L]�YD]GXKD�QXOWRJ�UHGD�X�RGQRVX�QD�NLVHRQLN��1DYHGHQL�UH]XOWDWL�PRJOL�EL�GD�VH
LVNRULVWH�]D�GHWDOMQLMH�REMD^QMHQMH�VDPRJ�PHKDQL]PD�UHDNFLMH��=QDaDMQR�QLCH�NRQ�
FHQWUDFLMH� SHURNVLGD� PRJOH� EL� VH� RGUHGLWL� VPDQMLYDQMHP� NRQFHWUDFLMH� HWDQVNH
NLVHOLQH��UDGRP�X�LQHUWQRM�DWPRVIHUL�L�NRQVWUXLVDQMHP�SURWRaQRJ�VLVWHPD�

8YRG
3RVOHGQMLK�JRGLQD�VH�LQWHQ]LYQR�SURXaDYDMX�UHDNFLRQL�VLVWHPL�PHWDO�¬

PRQRNDUERNVLOQD�NLVHOLQD��.DUERNVLOQH�NLVHOLQH�VH�NDR�ODNR�GRVWXSQD�JR�
ULYD�NRULVWH�X�SURFHVLPD�GLUHNWQH�NRQYHU]LMH�KHPLMVNH�X�HOHNWULaQX�HQHU�
JLMX��3HURNVL�GHULYDWL�RYLK�NLVHOLQD�VSDGDMX�X�JUXSX�YHRPD�HILNDVQLK
SUHaL^`LYDaD�RWSDGQLK�YRGD��=DWR�MH�RG�YHOLNRJ�WHRULMVNRJ�L�SUDNWLaQRJ
]QDaDMD�SURXaDYDQMH�UHDNWLYQRVWL�PRQRNDUERNVLOQLK�NLVHOLQD�VD�PHWDOLPD�X
SULVXVWYX�SHURNVLGD��NRUR]LMH�PHWDOD�L�VORERGQR�UDGLNDOVNLK�UHDNFLMD�NRMH�VH
SUL�WRPH�GH^DYDMX��

,PDMX`L�RYR�X�YLGX�MDYOMD�VH�SRWUHED�]D�QRYRP��EU]RP��VSHNWURIR�
WRPHWULMVNRP�PHWRGRP�NRMD�`H�VH�NRULVWLWL�]D�NYDQWLWDWLYQR�RGUH_LYDQMH
SHURNVLGD��X]�XWUR^DN�PDOH�NROLaLQH�ODNR�GRVWXSQLK�UHDJHQDVD�

&LOM�UDGD�MH�UD]YLMDQMH�QRYH�VSHNWURIRWRPHWULMVNH�PHWRGH�]D�NYDQWLWD�
WLYQR�RGUH_LYDQMH�SHURNVLGD�UHDNFLMRP�EDNUD�L�HWDQVNH�NLVHOLQH�
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7HRULMVNH�RVQRYH
%DNDU�MH�G�HOHPHQW�NRML�VH�X�QDSRQVNRP�QL]X�QDOD]L�L]D�YRGRQLND��RG�

QRVQR�LPD�QH^WR�SR]LWLYQLML�VWDQGDUGQL�UHGRNV�SRWHQFLMDO��)LOLSRYL`��/L�
SDQRYL`�������

(~��&X���&X�� ������9
(~��+��+��� ������9
,]�RYRJ�UD]ORJD�EDNDU�QH�PRCH�GD�UHDJXMH�VD�NLVHOLQDPD�NRMH�VX�VODED

RNVLGDFLRQD�VUHGVWYD�MHU�QHPD�VSRVREQRVW�UHGXNFLMH�YRGRQLND�L]�RYDNYH
YUVWH�NLVHOLQH��(WDQVND�NLVHOLQD�VSDGD�X�JUXSX�RUJDQVNLK��PRQRNDUERNVLOQLK
NLVHOLQD�NRMH�VX�VODED�RNVLGDFLRQD�VUHGVWYD��=DNOMXaDN�MH�GD�EDNDU�QH
UHDJXMH�VD�HWDQVNRP�NLVHOLQRP�

0H_XWLP��X�SULVXVWYX�NLVHRQLND�NDR�LQLFLMDWRUD��UHDNFLMD�L]PH_X�EDNUD
L�HWDQVNH�NLVHOLQH�MH�LSDN�PRJX`D��

3UHGORCHQL�PHKDQL]DP�RYH�UHDNFLMH�SRGUD]XPHYD�VWYDUDQMH�VORERGQLK
UDGLNDOD��NDR�L�SURFHV�HOHNWURKHPLMVNH�NRUR]LMH��.LVHRQLN�UDVWYRUHQ�X�YRGL
GRYRGL�GR�VWYDUDQMD�SHURNVLGQRJ�UDGLNDOD�NRML�UHDJXMH�VD�HWDQVNRP�NLVHOL�
QRP�L�JUDGL�YHRPD�MDNR�RNVLGDFLRQR�VUHGVWYR��SHURNVLHWDQVNX�NLVHOLQX��

&+�&22+�→�&+�&222+
3ULVXVWYR�SHURNVLHWDQVNH�NLVHOLQH�RPRJX`DYD�RNVLGRYDQMH�EDNUD�GR

&X��� MRQD��'H0HR��������'RELMHQL�UDVWYRU�MH�SODYH�ERMH��D�QDVWDOH
SURPHQH�PRJX�VH�PHULWL�VSHNWURIRWRPHWULMVNL��

'R�QDYHGHQH�UHDNFLMH�GROD]L�L�NDGD�VH�XPHVWR�NLVHRQLND�UHDNFLRQRP
VLVWHPX�GRGD�YRGRQLN�SHURNVLG��3UHGQRVW�UHDNFLMH�VD�SHURNVLGRP�MH�]QDWQR
YH`D�UHDNWLYQRVW�VLVWHPD�L�PQRJR�NUD`H�YUHPH�WUDMDQMD�UHDNFLMH��

0HUHQMHP�]DYLVQRVWL�NRQFHQWUDFLMH�EDNUD�RG�YUHPHQD�WUDMDQMD�UHDN�
FLMH��GROD]L�VH�GR�SRaHWQLK�EU]LQD�UHDNFLMH�SUL�UD]OLaLWLP�NRQFHQWUDFLMDPD
YRGRQLN�SHURNVLGD��1HSR]QDWH�NRQFHQWUDFLMH�SHURNVLGD�VH�PRJX�RGUHGLWL�QD
RVQRYX�]DYLVQRVWL�NRMD�VH�GRELMD�HNVSHULPHQWDOQLP�PHUHQMHP�SRaHWQLK
EU]LQD�UHDNFLMH�L�RGJRYDUDMX`LK�SRaHWQLK�NRQFHQWUDFLMD�YRGRQLN�SHURNVLGD�

0DWHULMDO�L�PHWRGH
1DSUDYOMHQL�VX�UDVWYRUL�HWDQVNH�NLVHOLQH�L�YRGRQLN�SHURNVLGD��.RQFHQ�

WUDFLMD�HWDQVNH�NLVHOLQH�X�UDVWYRUX�MH�ELOD�NRQVWDQWQD��F� �����±�����PRO�GP���
GRN� MH� NRQFHQWUDFLMD� YRGRQLN�SHURNVLGD� YDULUDOD� X� UDVSRQX� RG
������±�������PRO�GP��GR������±�������PRO�GP���8�RYH�UDVWYRUH�GRGD�
YDQD�MH�NRQVWDQWQD�PDVD�EDNUD�X�SUDKX��������±�������J���.RQVWDQWQD
EU]LQD�PH^DQMD�SRVWLJQXWD�MH�PDJQHWQRP�PH^DOLFRP��D�WHPSHUDWXUD�UDV�
WYRUD�MH�SRGH^DYDQD�X�RSVHJX�����±���~&��,]�UDVWYRUD�MH�VYDNLK��¬��PLQXWD
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X]LPDQ�DOLNYRW�X]�SUHWKRGQR�FHQWULIXJLUDQMH��.RQFHQWUDFLMD�EDNUD�X�GREL�
MHQLP�UDVWYRULPD�PHUHQD�MH�VSHNWURIRWRPHWURP��*%&�&LQWUD�����89�9LV�
LEOH�6SHFWURPHWHU��QD�WDODVQRM�GXCLQL�RG�����QP�

'RELMHQD�MH�]DYLVQRVW�NRQFHQWUDFLMH�EDNUD�RG�YUHPHQD�WUDMDQMD�UHDN�
FLMH��0HWRGRP�SRaHWQLK�EU]LQD��GLIHUHQFLMDOQL�PHWRG��RGUH_HQD�MH�]DYLVQRVW
SRaHWQLK�EU]LQD�QDVWDMDQMD�MRQD�EDNUD�RG�SRaHWQLK�NRQFHQWUDFLMD�YRGRQLN
SHURNVLGD��2GUH_HQ�MH�L�PLQLPXP�GHWHNFLMH�SHURNVLGD�SRPR`X�RYH�PHWRGH�

5H]XOWDWL�L�GLVNXVLMD
1D�VOLFL���MH�SULND]DQ�XWLFDM�NLVHRQLND�L]�YD]GXKD��NDR�L�UD]OLaLWLK�NRQ�

FHQWUDFLMD�YRGRQLN�SHURNVLGD�QD�UHDNFLMX�EDNUD�L�HWDQVNH�NLVHOLQH��.RQFHQ�
WUDFLMD�EDNUD�X�UDVWYRUX�UDVWH�VD�SRUDVWRP�NRQFHQWUDFLMH�YRGRQLN�SHURNVLGD�
3ULPH`XMHPR�GD�VH�EU]LQD�UHDNFLMH�]QDWQR�QH�PHQMD�VYH�GRN�VH�X�UDVWYRUX
QDOD]L�SHURNVLG��8�WUHQXWNX�NDGD�VDY�SHURNVLG�L]UHDJXMH��SURPHQD�NRQFHQ�
WUDFLMH�EDNUD�X�GDWRP�YUHPHQVNRP�LQWHUYDOX�VH�GUDVWLaQR�VPDQMXMH��'DOML
SRUDVW�RYH�NRQFHQWUDFLMH�XVORYOMHQ�MH�VDPR�UHDNFLMRP�HWDQVNH�NLVHOLQH�VD
NLVHRQLNRP�L]�YD]GXKD��8WLFDM�VDPRJ�NLVHRQLND�VH�PRCH�XRaLWL�X�UDVWYRUX
X�NRPH�QLMH�ELR�SULVXWDQ�SHURNVLG��'RELMD�VH�OLQHDUQD�]DYLVQRVW�NRMD
XND]XMH�GD�MH�UHDNFLMD�QXOWRJ�UHGD�X�RGQRVX�QD�NLVHRQLN�L�GD�NRQFHQWUDFLMD
EDNUD�]DYLVL�LVNOMXaLYR�RG�NRQFHQWUDFLMH�HWDQVNH�NLVHOLQH�

0HWRGRP�SRaHWQH�EU]LQH��0HGHQLFD��0DOH^HY�������RGUH_HQ�MH�UHG
UHDNFLMH��NDR�L�]DYLVQRVW�SRaHWQH�EU]LQH�UHDNFLMH�X�IXQNFLML�RG�NRQFHQWUDFLMH
SHURNVLGD��1D�VOLFL���VH�PRCH�YLGHWL�NDNR�VH�PHQMD�NRQFHQWUDFLMD�EDNUD�X
IXQNFLML�RG�YUHPHQD��.RHILFLMHQWL�SUDYDFD�RYLK�SUDYLK�RGJRYDUDMX�SRaHWQLP

6OLND����
3URPHQD�DSVRUEDQFHUDVWYRUD�X�IXQNFLML�RGYUHPHQD

)LJXUH���
&KDQJH�RI�VROXWLRQ
DSVRUEDQFH�DV�DIXQFWLRQ�RI�WLPH
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EU]LQDPD�UHDNFLMD�]D�GDWH�NRQFHQWUDFLMH�YRGRQLN�SHURNVLGD��2SDGDQMHP
NRQFHQWUDFLMH�SHURNVLGD�VPDQMXMH�VH�L�EU]LQD�UHDNFLMH��^WR�MH�X�VNODGX�VD
RaHNLYDQMLPD�

=DYLVQRVW�SULURGQRJ�ORJDULWPD�EU]LQH�UHDNFLMH�RG�NRQFHQWUDFLMH�SHURN�
VLGD�SULND]DQD�MH�QD�VOLFL����'RELMHQD�MH�OLQHDUQD�]DYLVQRVW�SRPR`X�NRMH
VH�PRCH�RGUHGLWL�NRQFHQWUDFLMD�SHURNVLGD�VD�QDMYH`RP�JUH^NRP�RG����
.DNR�MH�XNXSQD�EU]LQD�UHDNFLMH�RGUH_HQD�L]UD]RP�

V = k [H2O2]
 n , 

6OLND���
3URPHQDNRQFHQWUDFLMH�EDNUD�XIXQNFLML�RG�YUHPHQD
SUL�UD]OLaLWLPNRQFHQWUDFLMDPDSHURNVLGD

)LJXUH���
&KDQJH�RI�FRSSHUFRQFHQWUDWLRQ�DV�DIXQFWLRQ�RI�WLPH�DW
GLIIHUHQW�SHUR[LGHFRQFHQWUDWLRQV

6OLND����
=DYLVQRVW�SRaHWQHEU]LQH�UHDNFLMH�RGNRQFHQWUDFLMH�YRGRQLN
SHURNVLGD

)LJXUH���,QLWLDO�UHDFWLRQ�UDWH�DV
D�IXQFWLRQ�RI�K\GURJHQ
SHUR[LGH�FRQFHQWUDWLRQ�
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JGH�MH�N�¬�NRQVWDQWD�EU]LQH�UHDNFLMH��D�Q�¬�UHG�UHDNFLMH��.RHILFLMHQW�SUDYFD
RYH�SUDYH�RGJRYDUD�UHGX�UHDNFLMH��$QDOL]RP�VH�NRQDaQR�PRCH�GR`L�GR�HN�
VSHULPHQWDOQH�YUHGQRVWL�]D�UHG�UHDNFLMH�EDNUD�L�HWDQVNH�NLVHOLQH�X�SULVXVWYX
SHURNVLGD��

n = 0.96 ± 0.05

.RQFHQWUDFLMD�SHURNVLGD�X�LVSLWLYDQLP�UDVWYRULPD�MH�YDULUDOD�RG�������GR
�����PRO�GP���=D�NRQFHQWUDFLMH�SHURNVLGD�RG������¬�����JUH^ND�PHUHQMD�MH
PDQMD�RG�����GRN�MH�SUL�QLCLP�NRQFHQWUDFLMDPD�JUH^ND�SULEOLCQR�����

5D]ORJ�WRPH�VX�YHRPD�QLVNH�NRQFHQWUDFLMH�SHURNVLGD�NRML�EU]R
L]UHDJXMH�VD�EDNURP�WDNR�GD�VH�SURPHQD�EU]LQH�QH�PRCH�L]PHULWL�VD�]DGR�
YROMDYDMX`RP�VWDWLVWLaNRP�WDaQR^`X��0LQLPDOQD�NRQFHQWUDFLMD�SHURNVLGD
L]PHUHQD�RYRP�PHWRGRP�MH��������PRO�GP���

9HRPD�ELWDQ�IDNWRU�NRML�XWLaH�QD�SURPHQX�EU]LQH�UHDNFLMH�MH�WHPSHUD�
WXUD��0DOH�SURPHQH�WHPSHUDWXUH�L]D]LYDMX�YHOLNH�JUH^NH�X�L]UDaXQDYDQMX
EU]LQH�VDPH�UHDNFLMH��=DWR�MH�ELWQR�GD�WRNRP�UHDNFLMH�WHPSHUDWXUQH�DPSOL�
WXGH�QH�EXGX�YHOLNH��

=DNOMXaDN
3UHGORCHQD�PHWRGD�VH�PRCH�NRULVWLWL�]D�NYDQWLWDWLYQR�RGUH_LYDQMH

SHURNVLGD��1DMSUHFL]QLML�UH]XOWDWL�VH�GRELMDMX�SUL�PHUHQMX�NRQFHQWUDFLMD
SHURNVLGD�X�RSVHJX�RG�������PRO�GP��GR������PRO�GP���*UH^ND�RYLK�PHU�
HQMD�VH�NUH`H�RG���GR�����3UL�PDQMLP�NRQFHQWUDFLMDPD�UHODWLYQD�JUH^ND
]QDWQR�UDVWH��0LQLPDOQD�NRQFHQWUDFLMD�L]PHUHQD�RYRP�PHWRGRP�L]QRVL
�������PRO�GP���1D�UH]XOWDWH�WRNRP�PHUHQMD�XWLFDOR�MH�L�UD]ODJDQMH�YR�
GRQLN�SHURNVLGD��SULVXVWYR�NLVHRQLND��NDR�L�PDQMH�YDULMDFLMH�WHPSHUDWXUH�

�3UHFL]QRVW�PHUHQMD�PRJOD�EL�VH�SREROM^DWL�NRQVWUXLVDQMHP�SURWRaQRJ
VLVWHPD�L�VWDOQLP�SUD`HQMHP�SRUDVWD�NRQFHQWUDFLMH�EDNUD��=QDWQR�PDQMD
NRQFHQWUDFLMD�SHURNVLGD�EL�VH�PRJOD�RGUHGLWL�VPDQMLYDQMHP�NRQFHQWUDFLMH
HWDQVNH�NLVHOLQH�L�UDGRP�X�LQHUWQRM�DWPRVIHUL��^WR�EL�PRJDR�ELWL�SUHGPHW
GDOMHJ�LVWUDCLYDQMD�

/LWHUDWXUD
'H0HR�6��������'RHV�FRSSHU�PHWDO�UHDFW�ZLWK�DFHWLF�DFLG"�-RXUQDO�RI&KHPLFDO�(GXFDWLRQ����������
)LOLSRYL`�,���/LSDQRYL`�6��������2S`D�L�DQRUJDQVND�NHPLMD�,,��=DJUHE�>NROVND�NQMLJD
0HGHQLFD�0���0DOH^HY�'��������(NVSHULPHQWDOQD�IL]LaND�KHPLMD��%HR�JUDG��$NDGHPVND�^WDPSDULMD
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=RUDQ�5LVWDQRYL`
6SHFWURSKRWRPHWULF�0HWKRG�IRU�4XDQWLWDWLYH�'HWHUPLQDWLRQRI�3HUR[LGH�E\�5HDFWLRQ�EHWZHHQ�&RSSHU�DQG�$FHWLF�$FLG

7KH�DLP�RI�WKLV�SDSHU�ZDV�WR�GHYHORS�D�QHZ�VSHFWURSKRWRPHWULF�PHWKRG
IRU�TXDQWLWDWLYH�GHWHUPLQDWLRQ�RI�SHUR[LGH�E\�UHDFWLRQ�EHWZHHQ�FRSSHU�DQG
DFHWLF�DFLG��7KH�VWDQGDUG�UHGR[�SRWHQWLDO�RI�FRSSHU�LV�KLJKHU�WKDQ�WKH�K\GURJHQ
SRWHQWLDO��ZKLFK�LV�ZK\�FRSSHU�FDQQRW�UHDFW�ZLWK�DFLGV�WKDW�DUH�ZHDN�R[LGL]LQJ
DJHQWV��$FHWLF�DFLG�LV�D�ZHDN�R[LGL]LQJ�DJHQW��VR�FRSSHU�FDQQRW�UHDFW�ZLWK�LW�
+RZHYHU��WKLV�UHDFWLRQ�LV�SRVVLEOH�LQ�WKH�SUHVHQFH�RI�R[\JHQ��7KH�UHDFWLRQ
PHFKDQLVP�LQYROYHV�WKH�IRUPDWLRQ�RI�D�VWURQJ�R[LGL]LQJ�DJHQW�¬�SHUR[\DFHWLF
DFLG��7KLV�DFLG�R[LGL]HV�FRSSHU�LQWR�FRSSHU�LRQ��'H0HR��������7KH�FRQFHQ�
WUDWLRQ�RI�SHUR[LGH�FDQ�EH�GHWHFWHG�E\�WKH�VSHFWURSKRWRPHWULF�PHWKRG��

7KH�UHDFWLRQ�RFFXUV�LQ�WKH�VDPH�ZD\�ZKHQ�WKHUH�LV�K\GURJHQ�SHUR[LGH
LQ�WKH�VROXWLRQ��7KLV�UHDFWLRQ�LV�IDVWHU�WKDQ�WKH�UHDFWLRQ�ZLWK�R[\JHQ��ZLWK�
RXW�K\GURJHQ�SHUR[LGH�LQ�WKH�VROXWLRQ��

7KH�UHDFWLRQ�V\VWHP�ZDV�PDGH�IURP�D�FRQVWDQW�FRQFHQWUDWLRQ�RI�DFH�
WLF�DFLG��F� ������PRO�GP��������J�RI�FRSSHU�SRZGHU�DQG�GLIIHUHQW�FRQFHQ�
WUDWLRQV�RI�K\GURJHQ�SHUR[LGH��IURP�������WR�������PRO�GP���� 7KH
WHPSHUDWXUH�RI�WKH�VROXWLRQ�ZDV�����±���~&��7KH�VROXWLRQ�ZDV�FRQVWDQWO\
VWLUUHG��7KH�FRSSHU�SDUWLFOHV�ZHUH�VHSDUDWHG�ZLWK�FHQWULIXJH�DQG�WKH��FRQ�
FHQWUDWLRQ�RI�FRSSHU�LRQ�ZDV�PHDVXUHG�VSHFWURSKRWRPHWULFDO\�HYHU\����
PLQXWHV��IL[HG�ZDYHOHQJWK�λ� �����QP���7KH�UDWH�RI�WKH�UHDFWLRQ�ZDV�GH�
WHUPLQHG�DV�WKH�FRQFHQWUDWLRQ�DV�D�IXQFWLRQ�RI�WKH�UHDFWLRQ�WLPH��

7KH�UHDFWLRQ�LV�YHU\�VORZ�ZKHQ�WKHUH�LV�QR�SHUR[LGH�LQ�WKH�VROXWLRQ�
7KDW�PHDQV�WKDW�R[\JHQ�IURP�WKH�DLU�IRUPV�D�YHU\�ORZ�FRQFHQWUDWLRQ�RI
SHUR[LGH�UDGLFDOV��,Q�WKH�SHUR[LGH�VROXWLRQ�WKLV�FRQFHQWUDWLRQ�LV�PXFK
KLJKHU�DQG�WKHVH�UDGLFDOV�DUH�UHVSRQVLEOH�IRU�WKH�KLJKHU�FRQFHQWUDWLRQ�RI
&X����7KLV�H[SODLQV�WKH�GHSHQGHQFH�RI�WKH�UHDFWLRQ�UDWH�IURP�SHUR[LGH
FRQFHQWUDWLRQ��)LJXUH�����

,Q�)LJXUH���ZH�FDQ�VHH�WKH�GHSHQGHQFH�RI�WKH�UHDFWLRQ�UDWH�QDWXUDO
ORJDULWKP�IURP�SHUR[LGH�FRQFHQWUDWLRQ��%DVHG�RQ�WKLV��ZH�FDQ�GHWHUPLQH
WKH�XQNQRZQ�FRQFHQWUDWLRQ�RI�SHUR[LGH�IURP�������WR�������PRO�GP�
�UHODWLYH�HUURU�¬������7KH�ORZHVW�GHWHUPLQHG�FRQFHQWUDWLRQ�RI�SHUR[LGH
ZDV��������PRO�GP���,Q�WKLV�FDVH��WKH�UHDFWLRQ�HQGV�YHU\�IDVW�DQG�WKH�FRQ�
FHQWUDWLRQ�FDQQRW�EH�GHWHUPLQHG�ZLWK�VXIILFLHQW�VWDWLVWLFDO�H[DFWQHVV�

7KH�UHDFWLRQ�RUGHU�ZDV�GHWHUPLQHG�E\�WKH�GLIIHUHQWLDO�PHWKRG��7KH
H[SHULPHQWDO�YDOXH�IRU�WKH�SHUR[LGH�UHDFWLRQ�RUGHU�LV�Q� �����±������$OVR�
VOLJKW�FKDQJHV�RI�WHPSHUDWXUH�FDXVH�YHU\�GLIIHUHQW�UHVXOWV�IRU�WKH�UDWH�RI
WKH�UHDFWLRQ��IRU�WKH�VDPH�FRQFHQWUDWLRQ�RI�SHUR[LGH��

7KLV�PHWKRG�FDQ�EH�XVHG�IRU�VSHFWURSKRWRPHWULF�GHWHUPLQDWLRQ�RI�SHUR[�
LGH�IRU�FRQFHQWUDWLRQV�KLJKHU�WKDQ�������PRO�GP���)XUWKHU�LQYHVWLJDWLRQV�FDQ
LQFOXGH�UHDFWLRQV�ZLWK�ORZHU�FRQFHQWUDWLRQV�RI�DFHWLF�DFLG��ORZHU�WHPSHUDWXUH
DQG�ZRUN�LQ�QRQ�R[\JHQ�FRQGLWLRQV��$OVR��ORZHU�FRQFHQWUDWLRQV�RI�SHUR[�
LGH�FDQ�EH�GHWHUPLQHG�E\�GHVLJQLQJ�IOXLG�V\VWHP�DQG�SHUPDQHQW�PHDVXULQJ
RI�&X���
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