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�
$EVWUDFW�
�
$�QHZ�PHWKRG� LV� SURSRVHG� RI� DQDO\VLV� RI� HPXOVLRQV�ZLWK� WKH� DLG� RI� OLJKW� VFDWWHULQJ�� LQ�ZKLFK� LW� LV�
SRVVLEOH�WR�VHSDUDWH�LQ�WKH�GHWHFWLQJ�VLJQDO�WKH�FRQWULEXWLRQV�RI�WKH�SDUWLFOHV�RI�GLIIHUHQW�VL]HV�DQG�WKXV�
WR� GHWHUPLQH� WKH� SDUWLFOH� GLVWULEXWLRQ� DFFRUGLQJ� WR� WKH� VL]HV�ZLWK� LPSURYHG� DFFXUDF\�� 7KH� HIIHFW� LV�
DFKLHYHG�E\� LQWURGXFLQJ� LQWR� WKH�HPXOVLRQ�DGGLWLRQDOO\�DQ�XOWUDVRQLF�EHDP�ZKLFK�� DV� D� UHVXOW�RI� WKH�
'RSSOHU�HIIHFW��PRGXODWHV� WKH�VFDWWHUHG� OLJKW� LQ�IUHTXHQF\��$SSOLFDWLRQ�RI�D�VSHFLDO� IUHTXHQF\�SKDVH�
GHWHFWRU��VHQVLWLYH�WR�WKH�DPSOLWXGH�RI�WKH�IUHTXHQF\�GHYLDWLRQ��PDNHV�LW�SRVVLEOH�WR�VHSDUDWH�WKH�VLJQDOV�
IURP�WKH�SDUWLFOHV�RI�GLIIHUHQW�VL]HV��
�
���,QWURGXFWLRQ�
�
7KH�OLJKW��VFDWWHUHG�E\�DQ�HQVHPEOH�RI�SDUWLFOHV��FRQWDLQV�LPSRUWDQW�LQIRUPDWLRQ�DERXW�WKHVH�SDUWLFOHV��
+RZHYHU��H[WUDFWLRQ�RI�WKLV� LQIRUPDWLRQ��L�H���VROXWLRQ�RI�WKH�LQYHUVH�SUREOHP�RI�GLIIUDFWLRQ��HYHQ�IRU�
WKH� FDVH� RI� KRPRJHQHRXV� HPXOVLRQ�� SUHVHQWV� �ZLWKRXW� DGGLWLRQDO� DVVXPSWLRQV�� LQ� PDQ\� FDVHV�
SUDFWLFDOO\� LQVXUPRXQWDEOH� GLIILFXOWLHV�� %XW� LI� WKH� HQVHPEOH� RI� SDUWLFOHV� LQ� WKH� HPXOVLRQ� LV�
PXOWLFRPSRQHQW�� WKHQ� ZLWK� WKH� DLG� RI� VFDWWHULQJ� RI� OLJKW� LW� LV� GLIILFXOW� WR� GHWHUPLQH� HYHQ� WKH� WRWDO�
SDUWLFOH� FRQFHQWUDWLRQ�� VLQFH� VFDWWHULQJ� FURVV�VHFWLRQ� GHSHQGV� RQ� WKH� SDUWLFOH� VL]H�� 6LQFH� WKLV�
GHSHQGHQFH�FKDQJHV�IURP� � �WR� � ��ZLWKRXW�WKH�NQRZOHGJH�RI�WKH�SDUWLFOH�GLVWULEXWLRQ�RQ�VL]HV�WKH�ILQDO�
FRQFHQWUDWLRQ�FDQQRW�EH�GHWHUPLQHG�>����@��$W�WKH�VDPH�WLPH��WKH�GHWHUPLQDWLRQ�RI�SDUWLFOH�GLVWULEXWLRQ�
DFFRUGLQJ�WR�WKH�VL]HV�ZLWK�WKH�DLG�RI�VFDWWHULQJ�RI�OLJKW�ZLWK�UHDVRQDEOH�DFFXUDF\�LV�DOVR�LPSRVVLEOH��
VLQFH� WKH� VFDWWHUHG� OLJKW� IURP� WKH� SDUWLFOHV� RI� GLIIHUHQW� W\SHV� DQG� VL]HV� RYHUODSV� DW� DQ\� DQJOHV�� $W�
SUHVHQW�� WKHUH� LV� QR� SURFHGXUH� IRU� VHSDUDWLRQ� RI� WKH� FRQWULEXWLRQ� RI� LQGLYLGXDO� FRPSRQHQWV� WR� WKH�
UHFRUGHG�VLJQDO���
,Q� WKH� SUHVHQWHG� SDSHU� LV� SURSRVHG� D�PHWKRG� RI� VHSDUDWLRQ� RI� WKHVH� FRQWULEXWLRQV�� ZKLFK� JLYHV� WKH�
SRVVLELOLW\�WR�FDUU\�RXW�WKH�DQDO\VLV�RI�SDUWLFOH�GLVWULEXWLRQ�RI�VL]HV�ZLWK�WKH�DYHUDJH�UHVROXWLRQ�EHWWHU�
WKDQ� �∆ �≈������,Q� WKH�H[LVWLQJ�SURFHGXUHV� LW� LV�XVXDOO\� OHVV� WKDQ� �∆ �≈����ZKLFK�LV� LQVXIILFLHQW�IRU�
SUDFWLFDO�SXUSRVHV�LQ�WKH�UHJLRQ�RI�KLJK�WHFKQRORJLHV��
�
���6FKHPDWLF�GLDJUDP�RI�LQVWUXPHQW�
�
7KH�HVVHQFH�RI�PHWKRG�FRQVLVWV�LQ�WKH�IROORZLQJ��)LJ�����7KH�EHDP�RI�XOWUDVRXQG�LV�LQWURGXFHG�LQWR�WKH�
FXYHWWH� ZLWK� WKH� HPXOVLRQ�� 7KH� SDUWLFOH� RI� HPXOVLRQ� SHUIRUPV� RVFLOODWLRQV� XQGHU� WKH� DFWLRQ� RI� WKH�
XOWUDVRXQG��7KH�DPSOLWXGH�RI�RVFLOODWLRQV�GHSHQGV�RQ�WKH�VL]H��DQG�GHQVLW\��RI�WKH�SDUWLFOH��'XH�RI�WKH�
'RSSOHU�HIIHFW� WKH�VFDWWHUHG�OLJKW� LV�VKLIWHG�LQ�WKH�IUHTXHQF\��6LJQDO�ZLWK� WKH�GLIIHUHQFH�IUHTXHQF\�LV�
VHSDUDWHG�E\�KHWHURG\QLQJ�WKH�VFDWWHUHG�DQG�LQFLGHQW� OLJKW� LQ� WKH�SKRWRGHWHFWRU��7KH�GHYLDWLRQ�RI�WKH�
IUHTXHQF\�RI�VFDWWHUHG�OLJKW��DQG��FRUUHVSRQGLQJO\��RI�WKH�VLJQDO�IURP�WKH�SKRWRGHWHFWRU��LV�GHWHUPLQHG�
E\�WKH�DPSOLWXGH�RI�RVFLOODWLRQV��L�H��RI�WKH�SDUWLFOH�VL]H���ZKLOH�WKH�PRGXODWLRQ�IUHTXHQF\�LV�LGHQWLFDO�
IRU�DOO�SDUWLFOHV�DQG�LV�HTXDO�WR�WKH�GRXEOHG�XOWUDVRQLF�IUHTXHQF\��7KH�XVH�RI�D�VSHFLDO�IUHTXHQF\�SKDVH�
GHWHFWRU�� VHQVLWLYH� WR� WKH�PD[LPXP� GHYLDWLRQ�� PDNHV� LW� SRVVLEOH� WR� GLYLGH� WKH� FRQWULEXWLRQV� WR� WKH�
VFDWWHUHG�VLJQDO�IURP�WKH�SDUWLFOHV�RI�GLIIHUHQW�VL]HV�DQG�WKXV�WR�GHWHUPLQH�WKH�SDUWLFOH�GLVWULEXWLRQ��
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)LJ�� ��� 6FKHPDWLF� LGHD� RI� LQVWUXPHQW�� �� �� FXYHWWH�� �� �� ODVHU�� �� ��
SKRWRGHWHFWRU�� �� �� JHQHUDWRU� RI� XOWUDVRXQG�� �� �� SLH]RUDGLDWRU� RI�
XOWUDVRXQG������EHDP�RI�XOWUDVRXQG�����UHFRUGHU����DQG�����LQFLGHQW�
DQG�VFDWWHUHG�OLJKW�EHDPV��
�
�
�
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�
�

DFFRUGLQJ�WR�WKH�VL]HV��,W�LV�QDWXUDO�WKDW�ZLWK�WKH�LQWHUSUHWDWLRQ�RI�UHVXOWV�LW�LV�QHFHVVDU\�WR�FRQVLGHU�WKH�
GHSHQGHQFH�RI�GLIIHUHQWLDO�VFDWWHULQJ�FURVV�VHFWLRQ�RQ�WKH�SDUWLFOH�VL]H��7KH�UHVROXWLRQ�RI�WKH�PHWKRG�LV�
GHWHUPLQHG�ILUVW�RI�DOO�E\�WKH�ILOWHU�SDVV�EDQG�RI�WKH�IUHTXHQF\�SKDVH�GHWHFWRU�DQG�WKHUHIRUH�LW�FDQ�EH�
PDGH�KLJK��
�
���/LJKW�VFDWWHULQJ�E\�RVFLOODWLQJ�SDUWLFOH�
��
&RQVLGHU� WKH� SURFHVV� RI� OLJKW� VFDWWHULQJ� E\� WKH� SDUWLFOH�� ZKLFK� RVFLOODWHV� LQ� WKH� WUDYHOOLQJ� DFRXVWLF�
ZDYH��,I�WKH�KDUPRQLF�WUDYHOOLQJ�ZDYH�KDV�WKH�LQWHQVLW\�, � ��WKHQ�WKH�DPSOLWXGH�RI�RVFLOODWLRQ�YHORFLW\�RI�
WKH�PHGLXP�ZLOO�EH�Y � 00 /2 F, ρ= ��ZKHUH�ρ�LV�WKH�GHQVLW\�RI�OLTXLG��F � �LV�WKH�YHORFLW\�RI�VRXQG�LQ�WKH�
OLTXLG�� 6WRNHV
V� IRUFH� DFWV� RQ� D� SDUWLFOH� DV� D� UHVXOW� RI� IOXLG� IULFWLRQ� DJDLQVW� WKH� SDUWLFOH�� ZKLFK� ZH�
FRQVLGHU�WR�EH�VSKHULFDO��

�
� � � � D) πη6= �Y�–Y � ���� � � � � � ����
�
ZKHUH�Y�DQG�Y � �DUH�WKH�LQVWDQWDQHRXV�YHORFLWLHV�RI�SDUWLFOH�DQG�OLTXLG��D�LV�WKH�UDGLXV�RI�WKH�SDUWLFOH��η�LV�
YLVFRVLW\�� 6ROXWLRQ� RI� WKLV� HTXDWLRQ�� WRJHWKHU� ZLWK� WKH� HTXDWLRQ� RI� PRWLRQ�� JLYHV� WKH� SRVVLELOLW\� WR�
GHWHUPLQH�WKH�UHODWLRQ�EHWZHHQ�WKH�YHORFLW\�DPSOLWXGH�RI�WKH�SDUWLFOH�DQG�WKH�YHORFLW\�DPSOLWXGH�RI�WKH�
PHGLXP��ZKLFK�LV�FRQYHQLHQWO\�H[SUHVVHG�E\�RII�EHDW�FRPSOH[�WUDQVPLVVLRQ�IDFWRU�RQ�WKH�YHORFLW\�.��
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WKH�IUHTXHQF\�RI�XOWUDVRXQG���)LJ�����,W�LV�HYLGHQW�WKDW�WKH�RVFLOODWLRQ�YHORFLW\�RI�VPDOO�SDUWLFOHV�DFWXDOO\�
DSSURDFKHV�WKH�RVFLOODWLRQ�YHORFLW\�RI�WKH�OLTXLG��ZKLOH�ODUJH�SDUWLFOHV�DUH�SUDFWLFDOO\�PRWLRQOHVV��,Q�WKH�
UDQJH������–��� � �WKH�SDUWLFOH�YHORFLW\�VWURQJO\�GHSHQGV�RQ�WKH�SDUWLFOH�VL]H��$FFRUGLQJO\��LQ�WKLV�UDQJH�
LW�LV�SRVVLEOH�WR�UHDFK�KLJK�UHVROXWLRQ��,I�WKH�LQFLGHQW�OLJKW�RI�WKH�ODVHU�DQG�GLUHFWLRQ�RI�VFDWWHULQJ�DUH�
V\PPHWULFDO�ZLWK� UHVSHFW� WR� WKH� EHDP�RI� VRXQG� DQG� WKH� DQJOH� EHWZHHQ� WKHP� LV�ϑ� �)LJ����� WKHQ� WKH�
IUHTXHQF\�VKLIW�RI�WKH�VFDWWHUHG�OLJKW�∆ν�ZLOO�EH��
�

� � ���Y � �F�Q�VLQ� ���� �� � � � � � ����
�
ZKHUH�ν�LV�WKH�IUHTXHQF\�RI�WKH�ODVHU�HPLVVLRQ��Q�LV�WKH�UHIUDFWLYH�LQGH[�RI�WKH�OLTXLG���
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)LJ�����'HSHQGHQFH�RI�WKH�WUDQVPLVVLRQ�IDFWRU�RI�WKH�YHORFLW\�RQ�WKH�QRUPDOLVHG�VL]H�RI�WKH�SDUWLFOH��
[� �D�D � ��

�
���5HVROXWLRQ�RI�WKH�LQVWUXPHQW��
�
7KH�UHVROXWLRQ�RI�WKH�PHWKRG�LV�GHWHUPLQHG�E\�WKH�VORSH�RI�FXUYH�.�[��DQG�E\�WKH�UDWLR�RI�WKH�SDVVEDQG�
RI�WKH�UHFRUGHU� )�ZLWK�PD[LPXP�GHYLDWLRQ�RI�WKH�IUHTXHQF\�RI�WKH�VFDWWHUHG�OLJKW�∆ν � ���

�
� � D � D� �� � �� )���G.�G[���� � � � � � ����
�

)LJ���SUHVHQWV�WKH�GHSHQGHQFH�RI�G.�G[�RQ�[��,W�LV�HYLGHQW�WKDW�WKH�PD[LPXP�UHVROXWLRQ�ZLOO�EH��IRU�[� �
���L�H��ZKHQ�D� �D � ���LW��LV��HTXDO��WR�D � D� �� � �� )�� 2 ��2Q��WKH��ERXQGDULHV��RI��UDQJH�������–���D � �LW�
GHFUHDVHV� DSSUR[LPDWHO\� ��� WLPHV�� 7KH� UHVROXWLRQ� UDSLGO\� GHFUHDVHV� RXWVLGH� WKH� ERXQGDULHV� RI� WKH�
UDQJH�� ,Q� WKH� HIIHFW�� LQ� WKH� UDQJH� � D ��� 	 �  � ���D � � �� � D ��
 � �  � ��D � � � DW� RQH� VLGH� RI� WKH� ERXQGDU\�� WRWDO�
FRQFHQWUDWLRQ�RI�DOO�SDUWLFOHV�VPDOOHU�WKDQ�D ��� 	 �ZLOO�EH�UHFRUGHG��DQG��DW�WKH�RWKHU�ODUJHU�WKDQ�D �

 � ���
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�
)LJ�����'HSHQGHQFH�RI�WKH�VORSH�RI�FXUYH�.�[��RQ�
WKH�QRUPDOLVHG�VL]H�RI�WKH�SDUWLFOH� � � � � ���&XUYH�
GHVFULEHV� D� FKDQJH� WKH� UHVROXWLRQ� ZLWK� WKH�
GHYLDWLRQ�RI�D�SDUWLFOH�UDGLXV�IURP�RSWLPXP� � ��
�
�
�
�
�

���1XPHULFDO�HVWLPDWLRQV�
�
1XPHULFDO� HVWLPDWLRQV� OHDG� WR� WKH� IROORZLQJ� UHVXOWV�� )RU� WKH� ZDWHU� DQG� WKH� LQWHQVLW\� RI� XOWUDVRXQG�
, �:�FP � �� WKH� DPSOLWXGH� RI� RVFLOODWLRQ� YHORFLW\� HTXDOV� DSSUR[LPDWHO\� Y � � ≈� ��� FP�V�� 7KXV�� IRU� WKH�
XOWUDVRQLF�IUHTXHQF\�RI�WKH�RUGHU�RI����N+]�WKH�RSWLPDO�UDGLXV�LV� � �≈�����µP���7KLV�JLYHV�WKH�UDQJH�RI�
WKH�PHDVXUHG�UDGLL�RI�SDUWLFOHV�DSSUR[LPDWHO\�IURP�����WR���µP��L�H��H[DFWO\�WKH�UDQJH�ZKLFK�LV�PRVW�
GLIILFXOW� IRU� WKH� PHDVXUHPHQW� E\� RWKHU� PHWKRGV�� %\� D� FKDQJH� LQ� WKH� IUHTXHQF\� DQG� WKH� SRZHU� RI�
XOWUDVRXQG��WKH�PHDVXUHG�UDQJH�FDQ�EH�VOLJKWO\�GLVSODFHG��)RU�WKH�ODVHU�ZRUNLQJ�LQ�WKH�JUHHQ�GRPDLQ��
WKH�PD[LPXP�IUHTXHQF\� VKLIW�RI� WKH� VFDWWHUHG� OLJKW�∆ν � �ZLOO�EH�RI� WKH�RUGHU�RI�����N+]��8VLQJ� WKH�
UHFRUGLQJ�GHYLFH�ZLWK�WKH�IUHTXHQF\�SDVVEDQG��RI�WKH�RUGHU�RI���N+]��WKH�PD[LPXP�UHVROXWLRQ�ZLOO�EH�
DSSUR[LPDWHO\������DQG�LW�GHFUHDVHV��RQ��WKH�ERXQGDULHV�RI�WKH�RSHUDWLQJ�UDQJH�WR�a���DQG�UHDFKHV�RQH�
ZKHQ� � ���� � �RU�ZKHQ� � ��� � ��,Q�PDQ\�SUDFWLFDO�FDVHV�ODUJH�SDUWLFOHV�DUH�IHZ�LQ�WKH�HPXOVLRQ��WKH\�
DUH�VHGLPHQWV���RQ�WKH�RWKHU�KDQG�WKH�LQIOXHQFH�RI�VPDOO�SDUWLFOHV��DV�D�UXOH��GRHV�QRW�GHSHQG�RQ�WKHLU�
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VL]H��7KHUHIRUH�GHFUHDVH�RI�WKH�UHVROXWLRQ�RQ�WKH�ERXQGDULHV�RI�WKH�UDQJH�DQG�LQIRUPDWLRQ�RQO\�DERXW�
WKH�WRWDO�FRQFHQWUDWLRQ�RI�ERWK�VPDOO�DQG�ODUJH�SDUWLFOHV�VHHPV�WR�EH�QRW�D�VXEVWDQWLDO�OLPLWDWLRQ��
�
���&RQVWUXFWLRQ�RI�LQVWUXPHQW�
�
7HFKQLFDO� LQVWUXPHQW��ZKLFK�RSHUDWHV�RQ�WKH�EDVLV�RI�WKH�SULQFLSOH�GHVFULEHG�DERYH��FDQ�EH�GHVLJQHG�
DQDORJRXVO\� ZLWK� WKH� XVXDO� VSHFWUXP� DQDO\]HU�� VKRZLQJ� WKH� SDUWLFOH� GLVWULEXWLRQ� RQ� VL]HV� LQ� WKH�
HPXOVLRQ�LQ�UHDO�WLPH�GLUHFWO\�RQ�WKH�GLVSOD\�VFUHHQ��7KH�SURSRVHG�SURFHGXUH�DQG�WKH�WHFKQLFDO�VROXWLRQ�
RI� WKH� LQVWUXPHQW� IRU� GHWHUPLQLQJ� WKH� SDUWLFOH� VL]HV� GLVWULEXWLRQ� LQ� WKH� HPXOVLRQV� ZLWK� LPSURYHG�
UHVROXWLRQ�DUH�SURWHFWHG�E\�WKH�SDWHQW�$��������������������������������*��1��������

�
���&RQFOXVLRQ�
�
7KH�DUWLFOH�GHVFULEHV�WKH�PHWKRG�RI�GHWHUPLQDWLRQ�RI�SDUWLFOH�GLVWULEXWLRQ�RQ�WKH�VL]HV�LQ�WKH�HPXOVLRQV�
ZLWK�WKH�PD[LPDO�UHVROXWLRQ�HTXDO�WR�D � D�≈������RQ�WKH�DYHUDJH�RYHU�WKH�UDQJH�WR������6XFK�D�KLJK�
UHVROXWLRQ�LV�UHDFKHG�GXH�WR�WKH�IDFW�WKDW�LQ�WKH�UHFHLYLQJ�HTXLSPHQW��WKH�FRQWULEXWLRQV�WR�WKH�VFDWWHUHG�
VLJQDO� IURP� WKH� SDUWLFOHV� RI� GLIIHUHQW� VL]HV� DUH� VHSDUDWHG�� )RU� WKLV� SXUSRVH�� DQ� DGGLWLRQDO� XOWUDVRQLF�
ZDYH� LQWR� WKH� HPXOVLRQ� LV� LQWURGXFHG�� LQ� ZKLFK� WKH� SDUWLFOHV� SHUIRUP� RVFLOODWRU\� PRWLRQV�� 7KH�
IUHTXHQF\�RI�RVFLOODWLRQ� LV� HTXDO� WR� WKH�XOWUDVRQLF� IUHTXHQF\��KRZHYHU�� WKH� DPSOLWXGH�RI�RVFLOODWLRQV�
GHSHQGV�RQ�WKH�VL]H��DQG�GHQVLW\��RI�WKH�SDUWLFOH��WKH�DPSOLWXGH�RI�ODUJH�SDUWLFOHV�DSSURDFKHV�]HUR��WKH�
DPSOLWXGH� RI� VPDOO� SDUWLFOHV� LV� LQ� HIIHFW� HTXDO� WR� WKH� DPSOLWXGH� RI� RVFLOODWLRQV� RI� WKH� OLTXLG�� 7KH�
VFDWWHUHG� OLJKW� GXH� WR� WKH� 'RSSOHU� HIIHFW� ZLOO� EH� VKLIWHG� LQ� IUHTXHQF\�� WKH� PD[LPXP� GHYLDWLRQ� RI�
IUHTXHQF\� GHSHQGLQJ� RQ� WKH� SDUWLFOH� VL]H�� 7KH� XVH� RI� D� VSHFLDO� IUHTXHQF\�SKDVH� GHWHFWRU� ZLWK� WKH�
QDUURZ�EDQG�ILOWHU�PDNHV�LW�SRVVLEOH�WR�VHSDUDWH�IURP�WKH�REWDLQHG�VLJQDO�WKH�SDUW��ZKLFK�FRUUHVSRQGV�
WR� WKH� OLJKW�VFDWWHUHG�E\� WKH�SDUWLFOHV�RI� WKH�FHUWDLQ�VL]H� �ZLWK� WKH�SRVVLEOH� UHVROXWLRQ���6FDQQLQJ� WKH�
IUHTXHQF\� RI� ILOWHU� DOORZV� LQ� WKH� UHDO� WLPH� WR� REWDLQ� RQ� WKH� GLVSOD\� VFUHHQ� WKH� SDUWLFOH� GLVWULEXWLRQ�
DFFRUGLQJ�WR�WKH�VL]HV��
7KH�SDSHU� JLYHV� WKH� WKHRUHWLFDO� DQDO\VLV� RI� RSHUDWLRQ� RI� WKH� SURSRVHG� LQVWUXPHQW� DQG� WKH� QXPHULFDO�
HVWLPDWLRQV��ZKLFK� VKRZ�WKDW�DW� WKH� UHDVRQDEOH� UHTXLUHPHQWV� IRU� WKH�HOHPHQWV�RI� WKH� LQVWUXPHQW� �WKH�
SRZHU�DQG�WKH�XOWUDVRQLF�IUHTXHQF\�HWF���LW�LV�SRVVLEOH�WR�UHDFK�D�KLJK�UHVROXWLRQ��

�
$FNQRZOHGJHPHQW�
�
7KH�SDSHU�ZDV�ILQDQFLDOO\�VXSSRUWHG�E\�WKH�6WDWH�&RPPLWWHH�IRU�6FLHQWLILF�5HVHDUFK��*UDQW�1R���7��$�
�������
�
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Limits of Parametrs of Suspensions by Light Scattering”,Optica and Spectroscopy, 82, 280�����
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