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Abstract:  7KH� VROXELOLW\� LQ� EHQ]HQH� DQG� HWKDQRO� RI� ����������WHWUDPHWK\O�����������WHWUD�
EXW\OSRUSK\ULQ�ZLWK�YDULRXV�VXEVWLWXHQWV�LQ�WKH������SRVLWLRQV�RI�WKH�PROHFXOH�LV�LQYHVWLJDWHG�

$�FRPSDUDWLYH�DQDO\VLV�RI�WKH�LQIOXHQFH�RI�DON\O�VXEVWLWXHQWV�RQ�SRUSK\ULQ�VROXELOLW\�LV�FDUULHG

RXW�

Keywords: 6ROXELOLW\��SRUSK\ULQ�

Introduction

6ROXELOLW\� LV�RQH�RI� WKH�PRVW� LPSRUWDQW�SK\VLFDO�FRQVWDQWV� RI� WKH� VXEVWDQFH� VLPLODU� WR�PHOWLQJ� WHP�

SHUDWXUH��ERLOLQJ�SRLQW��HWF�

,Q� VSLWH� RI� WKH� IDLUO\� JUHDW� LPSRUWDQFH� RI� VROXELOLW\�PHWKRGV� LQ� SK\VLFRFKHPLFDO� LQYHVWLJDWLRQV�� WKH

VROXELOLW\�YDOXHV�DUH�LPSRUWDQW�SULPDULO\�IRU�SUDFWLFDO�UHDVRQV��H�J��IRU� WKH�VHOHFWLRQ�RI�RSWLPXP�FRQGL�

WLRQV�IRU�V\QWKHVLV��UHFWLILFDWLRQ��DQG�IRU�WKH�VWXG\�DQG�SUDFWLFDO�DSSOLFDWLRQV�RI�FRPSRXQGV�

7KH�RQO\�PHWKRG�IRU�GHWHUPLQDWLRQ�RI�WKH�VROXELOLW\�YDOXH�RI�FRPSOH[�DQG�PDFURF\FOLF�FRPSRXQGV��

SRUSK\ULQV�����DQG�WKHLU�FRPSOH[HV���LV�H[SHULPHQWDWLRQ�

8VXDOO\�WKH�SRUSK\ULQV�GLVSOD\�ORZ�VROXELOLW\�YDOXHV�LQ� WKH�PDMRULW\�RI�RUJDQLF�VROYHQWV�DQG�DUH�DOVR

TXLWH�LQVROXEOH�LQ�ZDWHU�GXH�WR�WKH�UHODWLYHO\�KLJK�HQHUJ\�RI�WKHLU�PROHFXODU� ODWWLFHV�DQG�WKHLU�PRGHUDWH

HQHUJLHV�RI�VROYDWLRQ�ZLWK�UHVSHFW�WR�WKH�ORZ�SRODULW\�FKHPLFDO�ERQGLQJ�RI�WKH�PDFURF\FOH�
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5�������������PV�VXEVWLWXHQWV��5����������������������β�VXEVWLWXHQWV�

)LJXUH���

$V�WKH�H[SHULPHQWDO�LQYHVWLJDWLRQV�VKRZHG��SRUSK\ULQ�VROXELOLW\�YDOXHV�LQ�RUJDQLF�VROYHQWV�HVVHQWLDOO\

GHSHQG� RQ� WKHLU� VWUXFWXUH�� L�H�� RQ� WKH� IXQFWLRQDO� VXEVWLWXWLRQ� RI� K\GURJHQ� DWRP� LQ� WKH� S\UUROHV

�����������������������PV�SRVLWLRQV��������������RU�1+�JURXSV�RI�WKH�FRRUGLQDWLRQ�FHQWHU��$�PDFURF\�

FOH
V�VROXELOLW\�FDQ�GHFUHDVH�RU�LQFUHDVH�WHQ��KXQGUHG�RU�HYHQ�D�WKRXVDQG�WLPHV�GHSHQGLQJ�RQ�WKH�QDWXUH�

QXPEHU�DQG�SRVLWLRQ�RI�WKH�IXQFWLRQDO�VXEVWLWXHQWV��)RU�DON\OSRUSK\ULQV�WKH�ODVW�IDFWRU�LV�WKH�PRVW�HVVHQ�

WLDO��,Q�WKLV�SDSHU�WKH�GDWD�REWDLQHG�PDLQO\�LQ�WZR�VROYHQWV���EHQ]HQH�DQG�HWKDQRO���DUH�GLVFXVVHG�

5HVXOWV�DQG�'LVFXVVLRQ

7KH�OHQJWK�RI�WKH�DON\O�VXEVWLWXHQWV�KDV�QR�FRQVLGHUDEOH�HIIHFW�RQ�WKH�VROXELOLW\�YDOXHV��7KH�PV�DON\O

VXEVWLWXHQW�WKDW�FDXVHV�D�PD[LPXP�LQFUHDVH�RI�WKH�VROXELOLW\�YDOXHV�GHSHQGV�RQ�WKH�SRUSK\ULQ�VWUXFWXUH

DQG� WKH� QDWXUH� RI� WKH� VROYHQW�� $PRQJ� �����GLDON\OVXEVWLWXWHG� ����������WHWUDPHWK\O�����������WHWUD�

EXW\OSRUSK\ULQV��WKH������PHWK\OVXEVWLWXWHG�SRUSK\ULQ�GLVSOD\V�PD[LPXP�VROXELOLW\�YDOXHV�

0HWK\O� JURXSV� LQWURGXFLQJ� LQWR� WKH� �����SRVLWLRQV� RI� β�RFWDPHWK\OSRUSK\ULQ� SUDFWLFDOO\� GRHV� QRW
FKDQJH�WKH�SRUSK\ULQ�VROXELOLW\��7KH�PDMRULW\�RI�RFWDON\OSRUSK\ULQV�ZLWK�DON\O�VXEVWLWXWHQWV��IURP�+�WR

&�+���LQ�β�SRVLWLRQV�GLVSOD\�DYHUDJH�VROXELOLW\�YDOXHV�LQ�EHQ]HQH�������⋅�����PRO�O���7DEOH�����7KH�QXP�
EHU�RI�WKH�DON\O�JURXSV��WKHLU�OHQJWK�ZLWKLQ�WKH�DERYH�PHQWLRQHG�OLPLWV�DQG�WKHLU�SRVLWLRQV�LQ�WKH�FDVH�RI

β�RFWDON\OSRUSK\ULQ� LVRPHUV� FDXVHV� D� GLIIHUHQFH� EHWZHHQ� WKH� VROXELOLW\� YDOXHV� LQ� EHQ]HQH� RI� QR�PRUH
WKDQ�WZR�RU�WKUHH�IROG��DSSHUHQWO\��DV�D�FRQVHTXHQFH�RI�WKH�FKDQJHV�WR�PROHFXODU�LQWHUDFWLRQV�ZLWKLQ�WKH

FU\VWDOV�>�@�

$V�LV�HYLGHQW�IURP�WKH�VROXELOLW\�YDOXHV�RI�WKH�HWLRSRUSK\ULQ�LVRPHUV�WKH�PXWXDO�SRVLWLRQ�RI�WKH�VXE�

VWLWXHQWV� LQ� WKH� SRUSK\ULQ� PDFURF\FOH� LV� RQH� RI� WKH� PRVW� LPSRUWDQW� IDFWRUV� GHWHUPLQLQJ� β�
RFWDON\OSRUSK\ULQ�VROXELOLW\�YDOXHV��(WLRSRUSK\ULQ�LVRPHUV�ZLWKRXW�V\PPHWU\�D[LV�DUH�PRVW�VROXEOH�>�@�

7KH�VROXELOLW\�YDOXHV�RI�β�RFWDON\OSRUSK\ULQV� LQ�DOFRKROV� ��PHWKDQRO�� HWKDQRO��SURSDQRO�� DUH� IDU� OHVV
WKDQ�LQ�EHQ]HQH�DQG�HVVHQWLDOO\��E\�DQ�RUGHU��GHSHQG�RQ�WKH�SRUSK\ULQ�VWUXFWXUH�



Molecules 2000, 5 ���

β�2FWDPHWK\OSRUSK\ULQ�LV�DQ�H[FHSWLRQ�RI�DOO�β�RFWDON\OSRUSK\ULQV��,W�LV�KDUGO\�VROXEOH�LQ�WKH�PDMRULW\
RI�RUJDQLF�VROYHQWV�DQG�KDV�YHU\�ORZ�VROXELOLW\�YDOXHV�HYHQ�LQ�EHQ]HQH�

0V�DON\OVXEVWLWXWLRQ�JHQHUDOO\�LQFUHDVH�WKH�SRUSK\ULQ�VROXELOLW\�YDOXHV�LQ�EHQ]HQH�LQ�VHYHUDO�WLPHV�DQG

LQ�HWKDQRO�RI�DSSUR[LPDWHO\�E\�DQ�RUGHU�>�@��$V�D�UHVXOW�WKH������GLDON\OVXEVWLWXWLRQ�β�RFWDON\OSRUSK\ULQ
VROXELOLW\� LQ� EHQ]HQH� EHFRPHV� ��

��
�PRO�O�� 6KDUS� LQFUHDVH� RI� WKH� VROXELOLW\� YDOXHV� LV� REVHUYHG� IRU� PV�

PHWK\OVXEVWLWXWHG�SRUSK\ULQV� WR� EH� FRPSDUHG�ZLWK� WKH�PV�XQVXEVWLWXWHG� SRUSK\ULQV� IXWKHU� LQFUHDVH� RI

SRUSK\ULQ� VROXELOLW\�� ,QFUHDVLQJ� WKH� DON\O� OHQJWK� XS� WR� &�+�� LQ� �����SRVLWLRQV� UDLVH� XQHYHQO\� WKH� β�
RFWDPHWK\OSRUSK\ULQ�VROXELOLW\�PDNLQJ�LW�FRPPHQVXUDEOH�ZLWK�RWKHU������GLDON\O�β�RFWDON\OSRUSK\ULQV�

)RU� VWXGLHG� PV�VXEVWLWXWHG� β�RFWDPHWK\OSRUSK\ULQV� PD[LPXP� VROXELOLW\� YDOXH� REVHUYHG� IRU� �����
GLSURS\OVXEVWLWXWHG�SRUSK\ULQ�LQ�EHQ]HQH�DQG������GLEXW\OVXEVWLWXWHG�SRUSK\ULQ�LQ�HWKDQRO��,W�VKRXOG�EH

QRWHG� WKDW� WKH� LQIOXHQFH�RI�PV�DON\O� VXEVWLWXWLRQ� RQ� WKH� SRUSK\ULQ� VROXELOLW\�ZDV� LQYHVWLJDWHG� RQO\� IRU

�����VXEVWLWXWHG�SRUSK\ULQV��+RZHYHU��LW�PD\�EH�VXSSRVHG�WKDW�WKH�JUHDWHU�QXPEHU�RI�PV�DON\O�VXEVWLWX�

HQWV� WKH�PRUH�SRUSK\ULQ�VROXELOLW\�YDOXHV��7KLV� VXSSRVLWLRQ�FRUURERUDWHV�� IRU�H[DPSOH�� WKH� IDFW� WKDW���

KH[\OVXEVWLWXWLRQ� LQ� ����������WHWUDPHWK\O�����������WHWUDEXW\OSRUSK\ULQ� LQFUHDVH� LWV� VROXELOLW\� LQ� SUR�

SDQRO�LQ�����WLPHV�>�@�L�H��OHVV�WKDQ������VXEVWLWXWLRQ�

7KH�GDWD�RQ�VROXELOLW\�RI�1�DON\OVXEVWLWXWHG�SRUSK\ULQV�KDYH�DSSHDUHG�UDWKHU�XQH[SHFWHG�>�@��0DJQL�

ILFDWLRQ� RI� WKH� SRUSK\ULQ� VROXELOLW\� DW� WKH� H[SHQVH� DON\O� JURXS� LQWURGXFLQJ� GLUHFWO\� LQWR� FRRUGLQDWLRQ

FHQWHU�RI�WKH�PROHFXOH�GHSHQGV�JUHDWO\�RQ�WKH�SRUSK\ULQ�QDWXUH��%HFDXVH�WKH�JLYHQ�ZRUN�LV�GHYRWHG�WR

RFWDON\OSRUSK\ULQ� VROXELOLW\�� ZH� VKDOO� GLVFXVV� WKH� LQIOXHQFH� RI� 1�PHWK\OVXEVWLWXWLRQ� WR� β�
RFWDHWK\OSRUSK\ULQ�VROXELOLW\�

$ON\O�JURXS�LQWURGXFLQJ�GLUHFWO\�LQWR�FRRUGLQDWLRQ�FHQWHU�RI�β�RFWDHWK\OSRUSK\ULQ�LQFUHDVHV�PDFURF\�
FOH�VROXELOLW\�LQ�WHQ�WLPHV��1�PHWK\O�β�RFWDHWK\OSRUSK\ULQ�LV�RQH�RI�WKH�PRVW�VROXEOH�SRUSK\ULQV�QRW�RQO\
DPRQJ�DON\OSRUSK\ULQV�EXW�DOVR�DPRQJ�WKH�SRUSK\ULQV�ZLWK�DQ\�GLIIHUHQW�VWUXFWXUH��WDEO����7KH�VROXELOLW\

RI�WKLV�SRUSK\ULQ�LQ�HWKDQRO�LV�FRPPHQVXUDEOH�ZLWK�WKH�VROXELOLW\�RI�β�RFWDHWK\OSRUSK\ULQ�LQ�EHQ]HQH�
7KXV��WKH�GDWD�RI�WKH�7DEOH�FRQILUP��WKDW�SRVLWLRQ�RI�DON\O�JURXSV�LQ�WKH�PDFURF\FOH�RI�WKH�SRUSK\ULQ

PROHFXOH�UHQGHU�ODUJH�LQIOXHQFH�RQ�LWV�VROXELOLW\��DOORZLQJ�WR�YDU\�WKH�SRUSK\ULQ�VROXELOLW\�YDOXHV�LQ�OLPLWV

RI�VHYHUDO�RUGHUV�

([SHULPHQWDO

7KH� SRUSK\ULQV� ������GLPHWK\O�����������WHWUDEXW\O�����������WHWUDPHWK\OSRUSK\ULQ�� �����GLHWK\O�

����������WHWUDEXW\O�����������WHWUDPHWK\OSRUSK\ULQ�� �����GLSURS\O�����������WHWUDEXW\O�����������

WHWUDPHWK\OSRUSK\ULQ�� �����GLEXW\O�����������WHWUDEXW\O�����������WHWUDPHWK\OSRUSK\ULQ�� ZHUH� V\QWKH�

VL]HG�E\�WKH�PHWKRG�>�@��7KH�VROYHQWV�FOHDUHG�E\�NQRZQ�PHWKRGV��WKH�FRQWHQW�RI�ZDWHU� LQ�VROYHQWV�GLG

QRW�H[FHHG��LQ�EHQ]HQH����������LQ�HWKDQRO����������6ROXELOLW\�VWXGLHG�E\�WKH�PHWKRG�RI�LVRWKHUPDO�VDWX�

UDWLRQ�ZLWK�SHFWURSKRWRPHWULFDO�PRQLWRULQJ�RI�FRQFHQWUDWLRQ��7KH�HUURU�RI�WKH�PHWKRG�PDNHV����
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7DEOH����6ROXELOLW\�RI�DON\OSRUSK\ULQV�LQ�EHQ]HQH�DQG�HWKDQRO��DW��������.��

Substitution in porphyrin Solubility, S⋅105 mol./l.

ms-substitutionN

5,15 10,20

pyrrolic substitution benzene ethanol Ref.

1 -CH= -CH= 2,3,7,8,12,13,
17,18-CH3

2.0 non soluble 1.

2 -CH= -CH= 2,7,12,17-CH3-
-3,8,13,18-C2H5

390 15 2.

3 -CH= -CH= 2,8,12,18-CH3-
-3,7,13,17-C2H5

160 1.8 2.

4 -CH= -CH= 2,8,13,18-CH3-
-3,8,12,17-C2H5

180 3.1 2.

5 -CH= -CH= 2,8,13,17-CH3-
-3,7,12,18-C2H5

520 21 2.

6 -CH= -CH= 2,3,7,8-CH3
-12,13,17,18-C2H5

290 5.0 5.

7 -CH= -CH= 2,8,12,18-CH3
3,7,13,17-C4H9

210 1.8 1.

8 -CH= -CH= 2,3,7,8,12,18-CH3
-13,17-C4H9

- 1.6 4.

9 -C(CH3)= -CH= 2,3,7,8,12,13,17,18-CH3 9.1 non soluble 3.

10 -C(C2H5)= -CH= 2,3,7,8,12,13,17,18-CH3 730 18 3.

11 -C(C3H7)= -CH= 2,3,7,8,12,13,17,18-CH3 1340 34 3.

12 -C(C4H9)= -CH= 2,3,7,8,12,13,17,18-CH3 470 45 3.

13 -C(CH3)= -CH= 2,8,12,18-C4H9

3,7,13,17-CH3

1840** 84 1.

14 -C(C2H5)= -CH= 2,8,12,18-C4H9

3,7,13,17-CH3

1330* 67 1.

15 -C(C3H6)= -CH= 2,8,12,18-C4H9

3,7,13,17-CH3

680 28 1.

16 -C(C4H9)= -CH= 2,8,12,18-C4H9

3,7,13,17-CH3

390 20 1.

17 15-CH=,
5-C(C6H13)=

-CH= 2,3,7,8,12,18-CH3
-13,17-C4H9

- 7 4.

-CH= -CH=
18           N-CH3

2,3,7,8,12,13,17,18-C2H5 >10000 275 5.


$YHUDJHG�YDOXHV�IRU�YDULRXV�PRGLILFDWLRQV�REWDLQHG�RQ�D�PHWKRG�>�@�
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5HIHUHQFHV�DQG�1RWHV

�� 7URSKLPHQNR��*�0���%HUH]LQ��%�'��7KH�LQIOXHQFH�RI�DON\OVXEVWLWXWLRQ�LQ�SRUSK\ULQV�RQ�LWV�VROXELOLW\

LQ�RUJDQLF�VROYHQWV��5XV��-��&RRUG��&KHP����������������

�� 7URSKLPHQNR��*�0���6HPHLNLQ��$�6���%HUH]LQ��0�%���%HUH]LQ��%�'��7KH�LQIOXHQFH�RI�HWLRSRUSK\ULQV

LVRPHULVDWLRQ�RQ�LWV�SK\VLFR�FKHPLFDO�SURSHUWLHV��5XV��-��&RRUG��&KHP����������������

�� 0DPDUGDVKYLOL��*�0���0DPDUGDVKYLOL��1�=K���*ROXEFKLNRY��2�$���%HUH]LQ��%�'��7KH� LQIOXHQFH� RI

DON\O� EULGJH� VXEVWLWXHQWV� RQ� SRUSK\ULQ� VROXELOLW\�� $EV�� RI� 9,,�WK� ,QWHUQDWLRQDO� &RQIHUHQFH� �7KH

3UREOHPV�RI�6ROYDWDWLRQ�DQG�&RPSOH[�)RUPDWLRQ�LQ�6ROXWLRQ���,YDQRYR�����������

�� 7URSKLPHQNR��*�0���6HPHLNLQ��$�6���%HUH]LQ��0�%���%HUH]LQ��%�'��7KH� LQIIOXHQFH�RI� VXEVWLWXWLRQ

RI�RQH�PV�SRVLWLRQ�LQ�RNWDON\OSRUSK\ULQV�RQ�LWV�FRRUGLQDWLRQ�SURSHUWLHV�LQ�Q�SURSDQRO��5XVV��-��1H�

RUJ��&KHP�����������������

�� 0DPDUGDVKYLOL��*�0���%HUH]LQ��'�%���%HUH]LQ���%�'��0HQGHOHHY�&RPPXQLFDWLRQ��LQ�SUHVV��

�� =GDQRYLFK��6�$���0DPDUGDVKYLOL��1�=K���*ROXEFKLNRY��2�$��5XVV��-��2UJ��&KHP����������������

Samples Availability: Available from the authors.
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