
www.rsc.org/advances

RSC Advances

This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. This Accepted Manuscript will be replaced by the edited, 
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 



� �

�

5HYHUVLEOH� SKRWRUHVSRQVLYH� FKLUDO� OLTXLG� FU\VWDO� DQG� PXOWLVWLPXOL�

UHVSRQVLYH�RUJDQRJHOV�EDVHG�RQ�D�FKROHVWHURO�D]REHQ]HQH�GLPHVRJHQ� �

�

;LDRSLQJ�7DQ�
�D
�=KL�/L�

�D�
0HQJ�;LD�

�D�
;LDRKRQJ�&KHQJ

D
�

�

>D@� .H\�/DERUDWRU\�RI�0HGLFLQDO�&KHPLVWU\�IRU�1DWXUDO�5HVRXUFHV��&KHPLVWU\�'HSDUWPHQW��

<XQQDQ�8QLYHUVLW\��.XQPLQJ��<XQQDQ���������3��5��&KLQD�

)D[��������������������

(�PDLO��[KFKHQJ#\QX�HGX�FQ�

�

�

$EVWUDFW�� � $Q� D]REHQ]HQH� EDVHG� PHVRJHQ� ZLWK� D� &1� JURXS� DW� RQH� HQG� DQG� D� FKROHVWHURO�

FDUERQDWH� DWWDFKHG� WR� WKH� RSSRVLWH� HQG� ZDV� V\QWKHVL]HG�� 7KLV� FRPSRXQG� LV� D� UHYHUVLEOH�

SKRWRUHVSRQVLYH�FKLUDO�OLTXLG�FU\VWDO��FDSDEOH�RI�IRUPDWLRQ�RI�PXOWLVWLPXOL�UHVSRQVLYH�RUJDQRJHOV�

LQ�RUJDQLF�VROYHQWV��7KH�OLTXLG�FU\VWDOOLQH��SKRWR�UHVSRQVLYH�DQG�JHOOLQJ�SURSHUWLHV�DV�ZHOO�DV�FKLUDO�

LQGXFWLRQ�DQG�FKLUDO�DPSOLILFDWLRQ�SURSHUWLHV�ZHUH�GHPRQVWUDWHG�E\�SRODUL]LQJ�RSWLFDO�PLFURVFRS\�

�320��� GLIIHUHQWLDO� VFDQQLQJ� FDORULPHWU\� �'6&��� VFDQQLQJ� HOHFWURQ� PLFURVFRS\� �6(0��� DWRPLF�

IRUFH� PLFURVFRSH� �$)0��� DQG� DIIHFWHG� E\� 89� LUUDGLDWLRQ�� 7KH� FRPSRXQG� FDQ� DFW� DV� FKLUDO�

PHVRJHQLF� G\H� GRSDQWV� WR� LQGXFH� D� KLJK� KHOLFDO�WZLVWLQJ� FKLUDO� SKDVH� LQ� WKH� FRPPRQ� QHPDWLF�

SKDVH�RI��&%��7KLV�FRPSRXQG�FDQ�VKRZ�UHYHUVLEOH�SKRWRUHVSRQVLYH�SURSHUWLHV�LQ�VROXWLRQ��LQ�WKH�

OLTXLG�FU\VWDOOLQH�VWDWH�DQG�LQ�WKH�JHO�VWDWH��7KH�JHO�IRUPHG�E\�WKLV�FRPSRXQG�LQ�RUJDQLF�VROYHQWV�

FDQ�EH�UHYHUVLEOH�PRGLILHG�XQGHU�GLIIHUHQW�HQYLURQPHQWDO�VWLPXOL�LQFOXGLQJ�OLJKW��WHPSHUDWXUH�DQG�

VKHDU��6(0�DQG�$)0�UHYHDO�WKDW�WKH�JHODWRU�PROHFXOHV�VHOI�DVVHPEOH�LQWR�KHOLFDO�ILEHUV�RI���±����

QP�LQ�ZLGWK�DQG�WHQV�RI�PLFURPHWHUV�LQ�OHQJWK�DQG�WKHVH�ILEHUV�IRUP�WKUHH�GLPHQVLRQDO�QHWZRUNV�� �
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7ZR�LPSRUWDQW�PRLHWLHV�LQ�WKH�VXSUDPROHFXODU�FKHPLVWU\�RI�OLTXLG�FU\VWDOV�DUH�D]REHQ]HQH�DQG�

FKROHVWHURO��7KH�D]REHQ]HQH�JURXS�LV�ZHOO�NQRZQ�IRU�LWV�SKRWRUHVSRQVLYH�FKDUDFWHULVWLFV
>�������������@

�

DQG� WKH� FKROHVWHVWHU\O� XQLW� LV� VSHFLDO�� EHFDXVH� RI� ERWK�� LWV� FKLUDOLW\
> � � � @

� DQG� LWV� JHODWLRQ�

SURSHUWLHV
>��������@

�� ,W� LV�SRVVLEOH�WR�FRPELQH�WKH�SKRWRUHVSRQVLYH�SURSHUW\�RI�D]REHQ]HQH�ZLWK�WKH�

FKLUDO� FKDUDFWHULVWLF� DQG� JHODWLRQ� DELOLW\� RI� FKROHVWHURO� WR� JHQHUDWH� QHZ� NLQG� RI� PROHFXODU� VHOI�

DVVHPEO\� V\VWHPV� VXFK� DV� /&V� DQG� JHOV� ZLWK� SKRWRUHVSRQVLYH� FKLUDO� FKDUDFWHU�� 8QV\PPHWULFDO�

FKROHVWHURO�D]REHQ]HQH� FRXSOHV� ZHUH� UHSRUWHG� PRVWO\� DV� PHVRJHQV� ZKLFK� FRXOG� IRUP� FKLUDO�

PHVRSKDVHV� LQFOXGLQJ� EOXH� SKDVHV� �%3��
>�����������@

� FKLUDO� QHPDWLF� �1�
>�����������@

�� WZLVW� JUDLQ�

ERXQGDU\��7*%�
>��@
�DQG�FKLUDO�VPHFWLF�&��6P&�

>��@�
SKDVHV�ZLWK�SKRWRUHVSRQVLYH�FKDUDFWHU�ZKLFK� �

FRXOG�EH�DSSOLHG�IRU�RSWLFDO�VZLWFKLQJ��LQ�OLTXLG�FU\VWDO�GLVSOD\��KRORJUDSK\�DQG�GDWD�VWRUDJH�
>���� ����

��@
��7KRXJK�WKH�JHODWLRQ�SURSHUWLHV�RI�GLPHVRJHQV�ZHUH�XVXDOO\�QRW�FRQVLGHUHG��VRPH�UHSRUWV�DERXW�

V\PPHWULFDO� WULPHVRJHQV� LQFRUSRUDWLQJ� WZR� FKROHVWHURO� JURXSV� DV� WHUPLQDO� JURXSV� DW� D� FHQWUDO�

D]REHQ]HQH� FRUH� XQLW�� ZHUH� IRFXVHG� RQ� WKH� PXOWLUHVSRQVLYH� EHKDYLRXU� FRPELQLQJ� /&� SKDVH�

IRUPDWLRQ� DQG� JHO� IRUPDWLRQ
>�����������@�

� 2QO\� UHFHQWO\� JHODWLRQ� SURSHUWLHV� RI� /&� GLPHVRJHQV�

FRPELQLQJ�D]REHQ]HQH�DQG�FKROHVWHURO�XQLWV��KDYH�EHHQ�UHSRUWHG�
�>��@

�+RZHYHU��LQ�WKLV�FDVH�WKH�/&�

SKDVH� FKDUDFWHUL]DWLRQ� ZDV� RQO\� SUHOLPLQDU\� DQG� FKLUDOLW\� RI� WKH� IRUPHG� /&� SKDVHV� ZDV� QRW�

FRQVLGHUHG�
� �
+HUHLQ� ZH� UHSRUW� D� QHZ� XQV\PPHWULF� FKROHVWHURO�D]REHQ]HQH� GLPHVRJHQ� ZKLFK�

VKRZV�SKRWRUHVSRQVLYH�/&��FKLUDO�LQGXFWLRQ��DV�ZHOO�DV�JHO�IRUPDWLRQ��,Q�DGGLWLRQ��WKH�VWUXFWXUH�RI�

WKH� GLPHVRJHQ� UHSRUWHG�KHUH� LV� GLIIHUHQW� IURP�SUHYLRXV� H[DPSOHV
>��������@

� E\� KDYLQJ� D�&1�JURXS�

LQVWHDG�RI�DON\O��DF\O�RU�DONR[\�FKDLQV�DW�WKH�D]REHQ]HQH�PRLHW\��7KH�&1�JURXS�LV�NQRZQ�WR�PDNH�

D�VLJQLILFDQW�GLIIHUHQFH� LQ�/&�VHOI�DVVHPEO\�FRPSDUHG� WR�DOO�RWKHU�VXEVWLWXHQWV��DV�HYLGHQFHG�E\�

WKH�JUHDW�VXFFHVV�RI�WKH�F\DQRELSKHQ\OV��Q�&%¶V��FRPSDUHG�WR�DQ\�RWKHU�ELSKHQ\O�EDVHG�/&�
�>��@

�

7KH�PHVRSKDVH�EHKDYLRU�RI�WKH�GLPHVRJHQ����VHH�6FKHPH����UHSRUWHG�KHUH�ZDV�FDUHIXOO\�VWXGLHG�

E\�320�DQG�'6&��,W�VKRZV�D�FKLUDO�QHPDWLF�SKDVH��1��RQ�KHDWLQJ�DQG�D�SKDVH�WUDQVLWLRQ�EHWZHHQ�

1�DQG�D�VPHFWLF�&�SKDVH��6P&��RQ�FRROLQJ��7KLV�FKLUDO�PHVRJHQLF�G\H�FDQ�EH�DGGHG�DV�GRSDQW�

WR� D� ODUJH� DPRXQW� RI� D� FRPPRQ� QHPDWLF� OLTXLG� FU\VWDO� KRVW� WR� LQGXFH�PHVRSKDVH� FKLUDOLW\� DQG�

PDJQLI\� WKH�SKRWRFRQWUROOLQJ� HIIHFW��7KH�JHODWLRQ� WHVW� UHYHDOHG� WKDW� WKLV� FRPSRXQG�FRXOG� JHODWH�

RUJDQLF� VROYHQWV��7KH� JHOV� FRXOG� UHVSRQG� WR� D� QXPEHU� RI� HQYLURQPHQWDO� VWLPXOL� LQFOXGLQJ� OLJKW��

WHPSHUDWXUH�DQG�VKHDU� IRUFHV��6(0�VWXGLHV� UHYHDOV� WKDW� WKH�JHODWRU�PROHFXOHV� VHOI�DVVHPEOH� LQWR�

ILEHUV� ZKLFK� IXUWKHU� RUGHU� LQWR� WKUHH�GLPHQVLRQDO� QHWZRUNV�� $)0� UHYHDO� WKDW� WKH� ILEHUV� KDYH�

KHOLFDO�FRQIRUPDWLRQV��7KH�SKRWRUHVSRQVLYH�FKDUDFWHU�RI�WKLV�FRPSRXQG�ZDV�SURYHQ�LQ�VROXWLRQ��LQ�

WKH�/&�VWDWH�DV�ZHOO�DV�LQ�WKH�JHO�VWDWH��
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6FKHPH���6\QWKHVLV�RI�FRPSRXQG���5HDJHQWV�DQG�FRQGLWLRQV���L��+&O��1D12���+�2���a��&����K��

������LL����FKORURHWKDQRO��.�&2���.,��'0)�����&�����K��������LLL��WROXHQH��S\ULGLQH��FKROHVWHU\O�

FKORURIRUPDWH�������

�

7KH�GLPHVRJHQ���ZDV�V\QWKHVL]HG�VWDUWLQJ�ZLWK�DQ�D]R�FRXSOLQJ�UHDFWLRQ�EHWZHHQ�WKH�GLD]RQLXP�

VDOW� RI� ��DPLQREHQ]RQLWULOH� DQG� SKHQRO�� 7KH� REWDLQHG� D]REHQ]HQH��� ZDV� IXUWKHU� HWKHULILHG�ZLWK�

��FKORURHWKDQRO�\LHOGLQJ���� � ��ZDV�WKHQ�FRQGHQVHG�ZLWK�FKROHVWHU\O�FKORURIRUPDWH�JDYH�WKH�ILQDO�

SURGXFW����7KH�WDUJHW�FRPSRXQG�ZDV�SXULILHG�E\�FROXPQ�FKURPDWRJUDSK\�DQG�FU\VWDOOL]DWLRQ�IURP�

PHWKDQRO�FKORURIRUP���������

�

/LTXLG�FU\VWDOOLQH�SURSHUWLHV� �

�

7KH� OLTXLG� FU\VWDOOLQH� SURSHUWLHV� RI� FRPSRXQG���ZHUH� VWXGLHG� E\� SRODUL]LQJ� RSWLFDO�PLFURVFRS\�

�320�� 2SWLSKRW� ��� 1LNRQ�� LQ� FRQMXQFWLRQ� ZLWK� D� )3� ��� +7� KHDWLQJ� VWDJH�� 0HWWOHU��� 7KH� 89�

LUUDGLDWLRQ�ZDV�FDUULHG�RXW�E\�D����P:�FP
�
�89�ODPS�ZLWK�D�����QP�SHDN�ZDYHOHQJWK��

&RPSRXQG� ��ZDV� LQYHVWLJDWHG�E\�320�DQG�'6&�� WKH�REVHUYHG�SKDVH�EHKDYLRU� LV� VKRZQ� LQ�

6FKHPH����,W�IRUPV�RQO\�WKH�FKLUDO�QHPDWLF�SKDVH��1��RQ�KHDWLQJ��EXW�D�SKDVH�WUDQVLWLRQ�EHWZHHQ�

WKH�1�SKDVH�DQG�D�FKLUDO�VPHFWLF�&�SKDVH��6P&��ZDV�REVHUYHG�RQ�FRROLQJ��)LJ��6����7KH�1�

SKDVH�ZDV�LGHQWLILHG�E\�WKH�FRH[LVWHQFH�RI�FKROHVWHULF�VFKOLHUHQ�WH[WXUHV�DQG�IDQ�OLNH�WH[WXUHV��)LJ��

�D���2Q�FRROLQJ�PDLQO\�WKH�IDQ�WH[WXUH�LV�IRUPHG��EXW�DSSO\LQJ�VKHDU�IRUFH�WUDQVIRUPV�WKH�WH[WXUH�

LQWR�D�FKROHVWHULF�RLO\�VWUHDNV� WH[WXUH� �VHH�)LJ���E���7KH�1�SKDVH�ZDV�REVHUYHG�RQO\� LQ�D�VPDOO�

WHPSHUDWXUH� UDQJH� ��� .�� RQ� KHDWLQJ�� 'XULQJ� FRROLQJ�� WKH� 1� SKDVH� GHYHORSV� DW� ���� �&�� DQG�

FKDQJHV�WR�D�VPHFWLF�&�SKDVH�DW������&��)LJ���F��� �

7KH� OLJKW� LQGXFHG� SKDVH� FKDQJHV� ZHUH� VWXGLHG� LQ� WKH� IROORZLQJ� ZD\�� 2Q� FRROLQJ� IURP� WKH�

LVRWURSLF� VWDWH�� WKH� VDPSOH� ZDV�PDLQWDLQHG� DW� ���
�
�&� IRU� ��PLQXWHV� RU� ORQJHU� WR� UHDFK� WKHUPDO�
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�0��� WKH� WUDQV�FLV� WUDQVLWLRQ�ZDV� FRPSOHWHO\� DFKLHYHG� LQ� ���� V� �VHH� )LJ�� �D���8QGHU� YLVLEOH�

OLJKW��WKH�UHYHUVH�WUDQV�FLV�WUDQVLWLRQ�SURFHVV�ZDV�DFKLHYHG�ZLWKLQ�����V��VHH�)LJ���E���
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)LJ�� ��7LPH� GHSHQGHQW�89�6SHFWUD� RI��� LQ�&+�&O�� VROXWLRQ� �F�  � ��
��
�PRO� /

��
�� �D�� WUDQV�WR�FLV�

LVRPHUL]DWLRQ�XQGHU�LUUDGLDWLRQ�ZLWK�����QP�89�OLJKW�IROORZHG�E\��E��FLV�WR�WUDQV� LVRPHUL]DWLRQ�

XQGHU�LUUDGLDWLRQ�ZLWK�YLVLEOH�OLJKW��

�

*HODWLRQ�EHKDYLRU� �

�

7DEOH���*HODWLRQ�SURSHUWLHV�RI���DW�URRP�WHPSHUDWXUH
D�

�

6ROYHQW� � � � � � � ��

F\FORSHQWDQRQH� � 7*�������

F\FORKH[DQRQH� � 7*�������

��EXWDQRO� � 3�

WROXHQH� � 7*�������

S\ULGLQH� � 7*�������

����GLR[DQH� � *�������

F\FORKH[DQH� � 3�

'0)� � *�������

'062� � 3�

Q�KH[DQH� � ,�

D�*� �WXUELG�JHO��7*� �WUDQVSDUHQW�JHO��3� �SUHFLSLWDWH��,� �LQVROXEOH��IRU�JHOV��WKH�PLQLPXP�JHODWLRQ�

FRQFHQWUDWLRQV�DW�URRP�WHPSHUDWXUH�DUH�VKRZQ�LQ�SDUHQWKHVHV��PJ�P/���

�

� �

�D�� �E��

Page 7 of 11 RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



� �

�

)LJ����0XOWLVWLPXOL�UHVSRQVLYH�RUJDQRJHOV�IRUPHG�E\�FRPSRXQG���LQ�'0)����PJ�PO���

�

7KH�JHODWLRQ�DELOLW\�RI�FRPSRXQG���ZDV�HYDOXDWHG�LQ�YDULRXV�RUJDQLF�VROYHQWV�DQG�WKH�UHVXOWV�

DUH�VXPPDUL]HG� LQ�7DEOH����&RPSRXQG���FDQ�JHODWH� LQ�F\FORKH[DQRQH��F\FORSHQWDQRQH�� WROXHQH��

S\ULGLQH������GLR[DQH�DQG�'0)��DQG�SUHFLSLWDWHV�LQ���EXWDQRO��F\FORKH[DQH�DQG�'062��VHH�7DEOH�

���)LJ������
�
+HQFH���� FDQ�RQO\� IRUP�JHOV� LQ� VRPH�PHGLXP�SRODU�RUJDQLF� VROYHQWV��:KHUHDV� LW� LV�

LQVROXEOH�LQ�Q�KH[DQH�DQG�IRUPV��'�FU\VWDOV�LQVWHDG�RI��'�ILEURXV�DJJUHJDWHV�LQ�SRODU�VROYHQWV
>��@
��

S�S�LQWHUDFWLRQV�DV�ZHOO�DV�YDQ�GHU�:DDOV�IRUFHV�SOD\�DQ�LPSRUWDQW�UROH�IRU�WKH�DJJUHJDWLRQ�RI�WKH�

FRPSRXQG�LQ�VROYHQWV�DV�H[LVW�LQ�PDQ\�D]REHQ]HQH�FKROHVWHURO�EDVHG�JHODWRUV�
>��������������������@

� 7KH�

RUJDQRJHOV� H[KLELW� PXOWLSOH� VWLPXOL�UHVSRQVLYH� EHKDYLRU� XSRQ� H[SRVXUH� WR� D� QXPEHU� RI�

HQYLURQPHQWDO� VWLPXOL� LQFOXGLQJ� OLJKW�� WHPSHUDWXUH�� DQG� VKHDU�� HWF�� ,UUDGLDWLRQ�ZLWK�89� OLJKW�� RU�

DSSOLFDWLRQ� RI� KHDW� RU� VKHDU� UHVXOWHG� LQ� D� VRO� VWDWH� WKURXJK� GLVUXSWLRQ� RI� WKH� QRQ�FRYDOHQW�

LQWHUDFWLRQV�EHWZHHQ�WKH�PROHFXOHV��WKH�JHO�VWDWH�FDQ�EH�UHFRYHUHG�E\�UHPRYDO�RI�VXFK�VWLPXOL��VHH�

)LJ������6XFK�PXOWLSOH�VWLPXOL�UHVSRQVLYH�EHKDYLRUV�FRXOG�EH�XVHIXO�IRU�GUXJ�FRQWUROOHG�UHOHDVH
>��@
��

HQHUJ\�WUDQVIHU
>��@
��KDUGHQHUV�RI�VROYHQWV�DQG�VHQVRUV�HWF�

>��@
�

� �

)LJ����6(0�LPDJHV�RI�WKH�JHOV�RI�WKH�D]REHQ]HQH�FRPSRXQG�����D��VFDOH�EDU�LV���P�DQG��E��VFDOH�

EDU�LV����P��

�

,Q�RUGHU� WR�REWDLQ�D�YLVXDO� LQVLJKW� LQWR�WKH�PRUSKRORJLHV�RI� WKH�PROHFXODU�DJJUHJDWLRQ�PRGH��

WKH� PLFURVWUXFWXUHV� RI� WKH� JHO� ZHUH� H[DPLQHG� ZLWK� 6FDQQLQJ� (OHFWURQ� 0LFURVFRS\� �6(0��� DV�

�D�� �E��
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VKRZQ�LQ�)LJ�����7KH�[HURJHO�IRUPHG�E\���LQ�'0)�DUH�ILEHUV�RI���±����QP�LQ�ZLGWK�DQG�WHQV�RI�

PLFURPHWHUV�LQ�OHQJWK�DQG�WKHVH�ILEHUV�IRUP�WKUHH�GLPHQVLRQDO�QHWZRUNV�VR�WKDW�WKH�PDFURVFRSLFDO�

IORZ� RI� WKH� VROXWLRQ� VWRSV� WR� LQGXFH� WKH� IRUPDWLRQ� RI� D� VROLG�OLNH� JHO�� WKH� WKUHH� GLPHQVLRQDO�

QHWZRUNV�IRUPHG�IURP�VHOI�DVVHPEO\�RI�FRPSRXQG���LQWR�D�ILEURXV�VWUXFWXUH�ZHUH�UHVSRQVLEOH�IRU�

WKH� JHODWLRQ�� 6LPLODU� ILEURXV� VWUXFWXUHV� ZHUH� DOVR� REVHUYHG� LQ� RWKHU� D]REHQ]HQH� FRQWDLQLQJ�

JHOV�
>�����@

�0RUHRYHU��$)0�REVHUYDWLRQ�LGHQWLILHG�WKDW�WKH�ILEHUV�KDYH�KHOLFDO�FRQIRUPDWLRQ��VHH�)LJ��

6����:H�DOVR�REVHUYHG�WKH�WKUHH�GLPHQVLRQDO�QHWZRUNV�IRU�WKH�JHO�IRUPHG�E\���LQ�'0)����PJ�PO��

E\�320��)LJ��6����%\�DSSO\LQJ�VKHDU�IRUFH�WR�WKH�JHO�EHWZHHQ�WZR�WKLQ�RUGLQDU\�JODVV�SODWHV��WKH�

ILEURXV� VWUXFWXUH�GLVDSSHDUV� �)LJ��6���� DQG� WKH�JHO� LV� WUDQVIRUPHG� LQWR�D�YHVLFXODU� VWUXFWXUH� �)LJ��

6����7KHVH�REVHUYDWLRQV� LPSO\� WKDW�ZLWKRXW�VKHDU��� WHQGHG� WR�DJJUHJDWH� LQWR� OLQHDU�ILEHUV�GXH� WR�

�±��LQWHUDFWLRQV�EXW�LW�IRUPV�YHVLFXODU�VWUXFWXUHV�XQGHU�PHFKDQLFDO�VWLPXOL�ZKLFK�SDUWO\�RYHUFRPH�

WKH�UHODWLYHO\�ZHDN��±��LQWHUDFWLRQV�� �

�

&RQFOXVLRQ�

�

� � $�QHZ�XQV\PPHWULF�D]REHQ]HQH�EDVHG�GLPHVRJHQ�ZLWK�D�&1�JURXS�DW�RQH�HQG�DQG�D�FKROHVWHURO�

FDUERQDWH� IL[HG� YLD� DQ� R[\HWK\OHQH� VSDFHU� WR� WKH� RSSRVLWH� HQG� RI� WKH� D]REHQ]HQH� XQLW� ZDV�

V\QWKHVL]HG� DQG� LQYHVWLJDWHG� ZLWK� UHVSHFW� WR� LWV� /&� DQG� JHODWLRQ�EDVHG� VHOI� DVVHPEO\� DQG� LWV�

SKRWRUHVSRQVLYH� EHKDYLRU�� $� SKDVH� VHTXHQFH� &U�1�,VR� LQ� WKH� KHDWLQJ� SURFHVVLQJ� DQG�

1�6P&�&U�LQ�WKH�FRROLQJ�SURFHVV�ZDV�REVHUYHG�ZKLFK�LV�PRGLILHG�E\�89�YLV�OLJKW�LUUDGLDWLRQ��

%HLQJ�D�FKLUDO�PHVRJHQLF�G\H�GRSDQW�WKLV�FRPSRXQG�KDV�D�YHU\�JRRG�VROXELOLW\�LQ�D�QHPDWLF�OLTXLG�

FU\VWDO���&%��KRVW��ZKHUH�LW�FDQ�LQGXFH�PHVRSKDVH�FKLUDOLW\�DQG�PDJQLI\�WKH�SKRWR�FRQWURO�HIIHFW��

7KH� JHODWLRQ� WHVW� H[KLELWHG� WKDW� WKH� JHOV� IRUPHG� E\� WKLV� FRPSRXQG� LQ� RUJDQLF� VROYHQWV� KDYH�

PXOWLSOH� VWLPXOL�UHVSRQVLYH� EHKDYLRU� XSRQ� H[SRVXUH� WR� D� QXPEHU� RI� HQYLURQPHQWDO� VWLPXOL��

LQFOXGLQJ� WHPSHUDWXUH�� OLJKW� DQG� VKHDU� IRUFHV�� 6XFK�PXOWLIXQFWLRQDO�PDWHULDOV� KDYH� SRWHQWLDOV� LQ�

GLVSOD\V��DV�FKLUDO�PHVRJHQLF�G\H�GRSDQWV��SKRWRFKHPLFDO�PROHFXODU�VZLWFKHV��QHZ�YHUVDWLOH� ORZ�

PROHFXODU�PDVV�JHODWRUV�DQG�RWKHU�DSSOLFDWLRQV��6(0�DQG�$0)�UHYHDO�WKDW�WKH�JHODWRU�PROHFXOHV�

VHOI�DVVHPEOH�LQWR�ILEHUV�ZLWK�KHOLFDO�FRQIRUPDWLRQ�IRUPLQJ�WKUHH�GLPHQVLRQDO�QHWZRUNV�� �

$FNQRZOHGJPHQW�

7KDQNV�DUH�GXH�WR�3URI�&�7VFKLHUVNH��8QLYHUVLW\�+DOOH��IRU�KLV�SUHFLRXV�DQG�KHOSIXO�FULWLFLVP�RI�

WKLV�PDQXVFULSW��7KLV�ZRUN�ZDV�VXSSRUWHG�E\� WKH�1DWLRQDO�1DWXUDO�6FLHQFH�)RXQGDWLRQ�RI�&KLQD�

>1R�� ����������1R�� ��������@�� WKH�<XQQDQ�1DWXUDO� 6FLHQFH� )RXQGDWLRQ� �����)$����� DQG� WKH�

<XQQDQ�(GXFDWLRQ�'HSDUWPHQW�)RXQGDWLRQ��='����������

�
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3UHVV��%RFD�5DWRQ��)/����������������G��7��,NHGD��2��7VXWVXPL��6FLHQFH�������������������� � � �
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Graphical Abstract 
 

Reversible photoresponsive chiral liquid crystal and multistimuli responsive 

organogels based on a cholesterol-azobenzene dimesogen 

 

Xiaoping Tan,
 a
 Zhi Li,

 a 
Meng Xia,

 a 
Xiaohong Cheng

∗ a
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 Key Laboratory of Medicinal Chemistry for Natural Resources, Yunnan University, Kunming 650091, P. R. 

China 

 

 

 

Cholestrol-azobenzene dimesogens showing chiral induction and chiral amplification 

effects can self assemble into photoresponsive N* and SmC* phase and 

multiresponsive gels. 
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