
��UI�&VSPQFBO�$SZTUBMMPHSBQIJD�.FFUJOH
���SE���UI�"VHVTU�����
�3PWJOK
�$SPBUJB

Acta Cryst.�	����
��" 
�T����``````````````````�``````````````````�``````````````````�``````````````````�```````````�

MS20-P5�1SFTTVSF�JOEVDFE�TUSVDUVSBM
DPMMBQTF�PG�UIF�IZESPRVJOPOF�v�GPSNJD�BDJE
DMBUISBUF��B�QSFTTVSF�NFEJVN�EFQFOEFOU

OPO�MJOFBS�PQUJDBM�QIBTF�USBOTJUJPO
&TQFO�&JLFMBOE�
�.BKB�,��5IPNTFO�
�4PMWFJH�3��.BETFO�
�+BDPC

0WFSHBBSE�
�.BSL�4QBDLNBO�
�#P�#��*WFSTFO�

���$FOUFS�GPS�.BUFSJBMT�$SZTUBMMPHSBQIZ
�%FQBSUNFOU�PG�$IFNJTUSZ
BOE�J/"/0
�"BSIVT�6OJWFSTJUZ
�%,������"BSIVT�$
�%FONBSL
��� 4DIPPM� PG� $IFNJTUSZ� BOE� #JPDIFNJTUSZ
� .���
� 6OJWFSTJUZ� PG
8FTUFSO� "VTUSBMJB
� ��� 4UJSMJOH� )XZ
� $SBXMFZ
� ����
� 8FTUFSO
"VTUSBMJB

FNBJM��FJLFMBOE!DIFN�BV�EL
"T�PG� UIF�CFHJOOJOH�PG� UIF���TU�DFOUVSZ�TVQSBNPMFDVMBS

DIFNJTUSZ� BOE� DSZTUBM� FOHJOFFSJOH� IBWF� CFDPNF� DFOUSBM
BSFBT� GPS� UIF� EFWFMPQNFOU� PG� PSHBOJD� NBUFSJBMT
� XJUI
BQQMJDBUJPOT� BT� EJWFSTF� BT� UBSHFUFE� ESVH� EFMJWFSZ

DIFNJDBM� TFQBSBUJPO
� TFOTPST� BOE� DBUBMZTJT�� :FU
� JU� JT
TUSJLJOH� UIBU� UIF� GVOEBNFOUBM� DIFNJTUSZ� HPWFSOJOH� FWFO
TJNQMF�TFMG�BTTFNCMZ�QSPDFTTFT�BSF�OPU�XFMM�VOEFSTUPPE�<�>
5IF�DIBMMFOHF�PG�TUVEZJOH�NPMFDVMBS�BHHSFHBUFT�BSF�UIFJS
JOIFSFOU� DPNQMFYJUZ
� XJUI� FWFO� UIF� TJNQMFTU� NPMFDVMBS
DSZTUBM� IBWJOH� OVNFSPVT� TVQFSJNQPTFE� JOUFSNPMFDVMBS
JOUFSBDUJPOT
� BMM� PG� XIJDI� DPOUSJCVUF� UP� UIF� DPIFTJWF
FOFSHZ� PG� UIF� TPMJE�� 5P� CFUUFS� VOEFSTUBOE� TFMG�BTTFNCMZ
QSPDFTTFT
� POF� OFFET� UP� RVBOUJUBUJWFMZ� EFUFSNJOF� UIF
EJGGFSFOU� JOUFSNPMFDVMBS� JOUFSBDUJPOT� FOFSHJFT�� 4QBDLNBO
BOE�DPXPSLFST�IBWF�EFWFMPQFE�B�DPNQVUBUJPOBM�BQQSPBDI
UP�DBMDVMBUF�BDDVSBUF� JOUFSNPMFDVMBS� JOUFSBDUJPOT�FOFSHJFT
DBMMFE� energy frameworks. *O� UIJT� TUVEZ� energy
frameworks� BSF� VTFE� UP� MPPL� BU� DIBOHFT� JO� IPTU�HVFTU
JOUFSBDUJPO� FOFSHJFT� GPS� UIF� IZESPRVJOPOF�GPSNJD� BDJE
DMBUISBUF� TZTUFN� 	)2�)$00)
� XIFO� TVCKFDUFE� UP
FYUFSOBM� QSFTTVSF�� 4JOHMF� DSZTUBM� IJHI�QSFTTVSF
DSZTUBMMPHSBQIZ� JT� UIF� QFSGFDU� FYQFSJNFOUBM� NFUIPE� GPS
QSPCJOH� JOUFSNPMFDVMBS� JOUFSBDUJPOT� CZ� GPSDJOH� UIF� IPTU
BOE� HVFTU�NPMFDVMFT� UPHFUIFS�� 'VSUIFSNPSF� B� OFX� QIBTF
USBOTJUJPO� JT� GPVOE� JO�XIJDI� UIF� IPTU� TUSVDUVSF� DPMMBQTFT
BOE� UIF�HVFTU�NPMFDVMFT�NJHSBUF�PVU�PG� UIF�DBWJUJFT��5IF
IJHI�QSFTTVSF� QIBTF� JT� B� OPO�MJOFBS� PQUJDBM� NBUFSJBM

JOUFSFTUJOH� JO� JUmT�PXO�SJHIU� GPS�EFWFMPQJOH�QIPUPOJD�BOE
PQUPFMFDUSJD�EFWJDFT��5IF�energy frameworks�DBO�IFSF�CF
VTFE�UP�FYQMBJO�UIF�QIBTF�USBOTJUJPO�BOE�XIZ�JU�POMZ�UBLFT
QMBDF�XIFO�VTJOH�B�IZESPTUBUJD�QSFTTVSF�NFEJVN�`
"MUPHFUIFS� UIJT� XPSL� QSFTFOUT� B� NFUIPE� GPS� HBJOJOH

RVBOUJUBUJWF� JOGPSNBUJPO� BCPVU� EJGGFSFOU� JOUFSNPMFDVMBS
JOUFSBDUJPO�FOFSHJFT�BT�B�GVODUJPO�PG�QSFTTVSF
�XIJDI�XJMM
FOBCMF�VT� UP�CFUUFS�VOEFSTUBOE� UIF� GPSNBUJPO�PG�DPNQMFY
TVQQSBNPMFDVMBS�BHHSFHBUFT�
4�*�� 4UVQQ� BOE� -�$�� 1BMNFS.� Chemistry of Materials
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DPOOFDUJOH�IPTU�NPMFDVMFT�DPSSFTQPOE�UP�UPUBM�JOUFSBDUJPO�FOFSHJFT
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� FOFSHZ� GSBNFXPSLT
� JOUFSNPMFDVMBS� FOFSHJFT

IJHI�QSFTTVSF� DSZTUBMMPHSBQIZ
� IPTU�HVFTU� JOUFSBDUJPOT
� PSHBOJD
DMBUISBUFT�


