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MS15-O2�4USVDUVSF�QSPQFSUZ�SFMBUJPOTIJQT
BSJTJOH�GSPN�BOJPO�PSEFS�JO�TPMJE�PYZOJUSJEFT
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FNBJM��K�Q�BUUGJFME!FE�BD�VL
.FUBM� PYZOJUSJEFT� BSF� BO� JNQPSUBOU� DMBTT� PG� FNFSHJOH

NBUFSJBMT� UIBU� JO� PQUJNBM� DBTFT� NBZ� DPNCJOF� UIF
BEWBOUBHFT� PG� PYJEFT� BOE� OJUSJEFT�� 5IFZ� HFOFSBMMZ� IBWF
HSFBUFS� BJS� BOE�NPJTUVSF� TUBCJMJUZ� UIBO� QVSF� OJUSJEFT� CVU
XJUI�TNBMMFS�CBOEHBQT�UIBO�DPNQBSBCMF�PYJEFT�MFBEJOH�UP
VTFGVM� FMFDUSPOJD� PS� PQUJDBM� QSPQFSUJFT�� "OJPO� PSEFS� JT
JNQPSUBOU� GPS� DPOUSPMMJOH� BOE� UVOJOH� QSPQFSUJFT� BOE
OFVUSPO� EJGGSBDUJPO� QSPWJEFT� HPPE� 0�/� DPOUSBTU� GPS
FYQFSJNFOUBM� EFUFSNJOBUJPOT� PG� MPDBM� PS� MPOH� SBOHF�0�/
PSEFS� JO� TPMJET��%JGGFSFODFT� JO� DIBSHF� TJ[F� BOE� DPWBMFOU
CPOEJOH� CFUXFFO� PYJEF� BOE� OJUSJEF� BSF� UIF� JNQPSUBOU
GBDUPST� UIBU� ESJWF� BOJPO� PSEFS�� 'PS� FYBNQMF� B� SPCVTU
QBSUJBM�BOJPO�PSEFS�JO�4S.0�/�	.���/C�5B
�BOE�SFMBUFE
PYZOJUSJEF�QFSPWTLJUFT�ESJWFO�CZ�DPWBMFODZ�SFTVMUT� JO� UIF
EJTPSEFSFE�[JH�[BH�./�DIBJOT� UIBU� TFHSFHBUF� JOUP�QMBOFT
XJUIJO� UIF� QFSPWTLJUF� MBUUJDF� <����>�� 5IJT� MFBET� UP
VOVTVBM� TVC�FYUFOTJWF� TDBMJOH� PG� FOUSPQZ� EFTDSJCFE� BT
lPQFO�PSEFSm�<�>��-PDBM�BOJPO�PSEFS�JT�JNQPSUBOU�UP�PQUJDBM
NBUFSJBMT��4J[F�NJTNBUDI�CFUXFFO�IPTU�BOE�EPQBOU�DBUJPOT
MFBET� UP� MPDBM� 0�/� DMVTUFSJOH� UIBU� UVOFT
QIPUPMVNJOFTDFODF� TIJGUT� TZTUFNBUJDBMMZ� JO
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� QIPTQIPST� MFBEJOH� UP� B� SFE
TIJGU�XIFO�UIF�.���#B�BOE�4S�IPTU�DBUJPOT�BSF�MBSHFS�UIBO
UIF�&V���EPQBOU�CVU�B�CMVF�TIJGU�XIFO�UIF�.���$B�IPTU�JT
TNBMMFS�<�>��`
<�>� M. Yang et al. Nature Chem. �� ��� 	����
�� <�>

Attfield, J.P. Cryst. Growth. Des.���������	����
��<�>�L.
Clark, J. Or�-Sol�, K.S. Knight, A. Fuertes & J.P.
Attfield,�Chem. Mat.� ��� ����� 	����
�� <�>�J Or�-Sol�, L
Clark, N Kumar, W Bonin, A Sundaresan, JPAttfield, C.
N. R. Rao and A Fuertes��Journal of Materials Chemistry
C�������������	����
�� <�>�P.J. Camp et al.�+"$4����
�����	����
��<�>�W-T Chen et al. JACS ���������	����
�
,FZXPSET��QFSPWTLJUF�PYZOJUSJEF

MS15-O3�&OFSHZ�SFMBUFE�BTQFDUT�PG
DPNQMFY�NFUBM�CPSPIZESJEFT�BOE�IJHIFS

CPSBOFT��#FZPOE�IZESPHFO�TUPSBHF
1BTDBM�4DIPVXJOL��:PMBOEB�4BEJLJO��.BUUFP�#SJHIJ��&NJMJF

%JEFMPU��3BEPWBO�$FSOZ�

��� -BCPSBUPSZ� PG� $SZTUBMMPHSBQIZ� %2.1� 6OJWFSTJUZ� PG� (FOFWB
���2VBJ�&SOFTU�"OTFSNFU�$)������(FOFWB

FNBJM��QBTDBM�TDIPVXJOL!VOJHF�DI
'PMMPXJOH� UIF� JOJUJBM� XBWF� PG� JOUFSFTU� ESJWFO� CZ� UIF

FYUSFNF� IZESPHFO� EFOTJUJFT� BOE� UIF� QPUFOUJBM� UP� EFWFMPQ
FGGJDJFOU� PO�CPBSE� IZESPHFO� TUPSBHF� B� EFFQFS
VOEFSTUBOEJOH� PG� UIF� CVJMEJOH� QSJODJQMFT� VOEFSMZJOH
CPSPIZESJEFT�IBT�BMMPXFE�VT�UP�FYQMPSF�CFZPOE�IZESPHFO
TUPSBHF� JO� UIF� QBTU� ZFBST�NBLJOH� VTF� PG� GVSUIFS� TQFDJGJD
QSPQFSUJFT� SFMBUFE� UP� UIF� CPSPIZESJEF� BOJPO� <#)�>��� *OQBSUJDVMBS� B� DMPTF� TUSVDUVSBM� SFMBUJPOTIJQ� UP�NFUBM� PYJEFT
BOE�IBMJEFT�QSPWJEFT�VT�XJUI�B�SPBENBQ�UP�B�OFX�DMBTT�PG
NBUFSJBMT� GPMMPXJOH� UIF� XFMM�EFGJOFE� EFTJHO� DPODFQUT
EFWFMPQFE�GPS�HBSOFUT�TQJOFMT�PS�QFSPWTLJUFT�GPS�JOTUBODF�
"U� UIF� TBNF� UJNF� UIF� #)�� HSPVQ� JNQMFNFOUT� JUT� PXO
TQFDJGJD� TUSVDUVSBM� QFDVMJBSJUJFT� BOE� JT� MJHIUFS� JO� XFJHIU
UIBO�NPTU�IBMJEF�BOJPOT��8JUI�PVS�DPOUSJCVUJPO�XF�XJTI�UP
QSFTFOU� OFX� EFWFMPQNFOUT� JO� UIF� GJFME� PG� CPSPIZESJEF
QFSPWTLJUFT�UBSHFUJOH�FOFSHZ�SFMBUFE�BQQMJDBUJPOT�TVDI�BT
IZESPHFO�TUPSBHF� TPMJE� TUBUF� QIPTQIPST� PS� NBHOFUJD
SFGSJHFSBOUT�� 8IJMF� IFUFSPQPMBS� EJ�IZESPHFO� DPOUBDUT
GBDJMJUBUF�)��FMJNJOBUJPO�UIF�IPNPQPMBS�DPOUBDUT�HJWF�SJTF
UP� FYPUJD� NFDIBOJTNT� DBQBCMF� PG� TUBCJMJ[JOH� MBUUJDF
JOTUBCJMJUJFT�BU�IJHI�UFNQFSBUVSFT�JO�UIF�QFSPWTLJUF�MBUUJDF
CSFBLJOH�EPXO�UIF�JOUVJUJWF�UFNQFSBUVSF�CFIBWJPVS�PG�UIF
MBUUJDF� UZQF� UIBU� DPNNPOMZ� MFBET� UP� B� EFDSFBTF� PG
QPMBSJ[BUJPO�BU�IJHI�UFNQFSBUVSFT��%FTQJUF�B�SJDI�TQFDUSVN
PG� #�)� WJCSBUJPOT� MBOUIBOJEF� MVNJOFTDFODF� EPFT� OPU
TVGGFS� GSPN� WJCSBUJPOBM� RVFODIJOH� JO� A-O��	#)�
�� PS
A
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���'JSTU� SFTVMUT�XJMM�BMTP�CF�EJTDVTTFE�PO� UIF

NBHOFUPDBMPSJD� FGGFDU� PG� (E���DPOUBJOJOH� CPSPIZESJEFT
MJHIUXFJHIU� QBSBNBHOFUJD� NBUFSJBMT� MBDLJOH� FYDIBOHF
JOUFSBDUJPOT� BOE� QPUFOUJBMMZ� VTFGVM� GPS� NBHOFUJD
SFGSJHFSBUJPO��`
5IF�WJWJE�TUSVDUVSBM�EZOBNJDT�PG�UIF�CPSPIZESJEF�BOJPO

BSF� FYQMPJUFE� JO� UIF� EFWFMPQNFOU� PG� TPMJE� TUBUF
FMFDUSPMZUFT� CBTFE� PO� DPNQMFY� IZESJEFT�� 5IF
FMFDUSPDIFNJDBM� TUBCJMJUZ� PG� CPSPIZESJEFT� JT� DPNQBSBCMF
UP`�PUIFS�NBUFSJBM�HSPVQT�BOE�DBUJPO�NPCJMJUZ�JT�QSPNPUFE
CZ�UIF�QBEEMF�XIFFM�FGGFDU�PG�#)���7FSZ�SFDFOUMZ� MBSHFS
BOJPOT� TVDI� BT� <#��)��>��� PS� <#��)��>��� IBWF� FNFSHFE� BT
JNQSPWFE��QBEEMF�XIFFMT���)FSF�XF�FYUFOE�UIJT�DPODFQU
UP� NJYFE�BOJPO� DPNQPVOET� BOE� XJMM� QSFTFOU
UPQPTUSVDUVSBM� BOBMZTFT� SFWFBMJOH� QPTTJCMF� �%� NJHSBUJPO
QBUIT� JO� /B�#)�#��)���� &MFDUSJDBM� JNQFEBODF
TQFDUSPTDPQZ� TIPXT� UIBU� JUT� JPOJD� DPOEVDUJWJUZ� JT� JO� UIF
PSEFS�PG������4�DN�BU�����,�XJUI�BO�BDUJWBUJPO�FOFSHZ�PG
��������F7�FWJEFODJOH�UIF�IJHI�NPCJMJUZ�PG�/B���`
,FZXPSET�� QPXEFS� EJGGSBDUJPO� TPMJE� TUBUF� FMFDUSPMZUF� EJTPSEFS
CPSPIZESJEF


