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

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

MS45-O5�%FSJWJOH�B�DIFNJDBM�DPOUFYU�GPS
QSPUFJO�CPVOE�NPOPTBDDIBSJEFT

+PO�"HJSSF��,FWJO�$PXUBO�

���:PSL�4USVDUVSBM�#JPMPHZ�-BCPSBUPSZ�%FQBSUNFOU�PG�$IFNJTUSZ
5IF�6OJWFSTJUZ�PG�:PSL�&OHMBOE

FNBJM��KPO�BHJSSF!ZPSL�BD�VL
"OZ� BUUFNQU� BU� HBJOJOH� DIFNJDBM� JOGPSNBUJPO� GSPN� B

QVCMJD� TUSVDUVSBM� CJPMPHZ� SFQPTJUPSZ� TVDI� BT� UIF� 1SPUFJO
%BUB� #BOL� 	1%#
� TIPVME� EFBM� XJUI� UIF� GBDU� UIBU� NBOZ
EFQPTJUFE�TUSVDUVSFT�DPOUBJO�FSSPST��3FNFEJBUJPO�FGGPSUT�UP
EBUF�IBWF�XJUI�UIF�FYDFQUJPO�PG�1%#�3&%0�<�>�GPDVTFE
PO� UIF� DPSSFDUJPO� PG� OBNJOH� QSPCMFNT�XIJMF� UIF� BUPNJD
DPPSEJOBUFT� SFNBJO� VOUPVDIFE� VOUJM� B� OFX� FOUSZ
TVQFSTFEFT� UIFN��5IFSFGPSF� TDJFOUJTUT� BSF� FODPVSBHFE� UP
VTF�BT�NBOZ�WBMJEBUJPO�UPPMT�BT�QPTTJCMF�JO�PSEFS�UP�BSSJWF
BU�NFBOJOHGVM�DPODMVTJPOT��`
4USVDUVSBM�GJOHFSQSJOUJOH�JT�B�QSPDFTT�UIBU�TUBSUJOH�GSPN

B� TFU� PG� EFQPTJUFE� BUPNJD� NPEFMT� FYUSBDUT� B� DIFNJDBM
DPOUFYU�GPS�B�UBSHFU�OPO�QSPUFJO�DPNQPVOE��5IF�SFTVMUJOH
GJOHFSQSJOU� DBO� CF� VTFE� GPS� EFUFDUJOH� UIF� DPNQPVOEmT
GFBUVSFT� BOE� DPOUFYU� JO� BO� FMFDUSPO� EFOTJUZ� NBQ� UIVT
BMMPXJOH� GPS� JUT� JOUFSQSFUBUJPO� JO� UFSNT� PG� BUPNJD
QPTJUJPOT��5IF�BQQSPBDI�XIJDI�JT�BMSFBEZ�BO�JOUFHSBM�QBSU
PG� UIF�/BVUJMVT�TPGUXBSF�GPS� UIF�BVUPNBUFE�EFUFDUJPO�BOE
NPEFMMJOH�PG�OVDMFJD�BDJE�<�>�IBT�SFDFOUMZ�CFFO�FYUFOEFE
UP� XPSL� XJUI� DZDMJD� DBSCPIZESBUFT�� )PXFWFS� UIF
QSFSFRVJTJUF� TZTUFNBUJD� BOBMZTJT� PG� UIF
NPOPTBDDIBSJEF�DPOUBJOJOH� FOUSJFT� JO� UIF� 1%#� BSDIJWF
IBT�VODPWFSFE�OFX�JTTVFT�JOWPMWJOH�SJOH�DPOGPSNBUJPO�UP
CF� BEEFE� UP� UIF� BMSFBEZ� LOPXO� OPNFODMBUVSF� QSPCMFNT
<�>��"�DVSBUFE�TFU�PG�TUSVDUVSFT�TVJUBCMF�GPS�GJOHFSQSJOUJOH
IBT� CFFO� QSPEVDFE� BGUFS� DPNCJOJOH� QSJPS� DIFNJDBM
LOPXMFEHF� JOUP�B� MJTU�PG�WBMJEBUJPO�DSJUFSJB� JNQMFNFOUFE
JO� UIF� 1SJWBUFFS� QBDLBHF� <�>�� 5IF� JNQBDU� PG� DIFNJDBM
WBMJEBUJPO� PO� UIF� GJOHFSQSJOUJOH�NFUIPE� BOE� JUT� QSBDUJDBM
BQQMJDBUJPOT�XJMM�CF�EJTDVTTFE�
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FNBJM��PMJWFS�PFDLMFS!VOJ�MFJQ[JH�EF
-BZFSFE� DPNQPVOET� EFSJWFE� GSPN� 4C�5F�� BOE

TVCTUJUVUFE� WBSJBOUT� UIFSFPG� DPOTUJUVUF� POF� PG� UIF� NPTU
JNQPSUBOU� DMBTTFT� PG� FGGJDJFOU� UIFSNPFMFDUSJD� NBUFSJBMT�
5IFZ� DPOUBJO� EJTUPSUFE� SPDLTBMU�UZQF� TMBCT� TFQBSBUFE� CZ
WBO� EFS�8BBMT� HBQT�� *O� HFSNBOJVN� BOUJNPOZ� UFMMVSJEFT
GPS� FYBNQMF� UIF� UIFSNPFMFDUSJD� QSPQFSUJFT� DBO� CF
FOIBODFE�CZ�TVCTUJUVUJOH�(F�XJUI�4O�PS�$E�PS�CZ�QBSUJBMMZ
SFQMBDJOH� 4C� CZ� *O�� *O� BEEJUJPO� EPQJOH� XJUI� "H
BQQSPBDIFT� PUIFS� FGGJDJFOU� NBUFSJBMT� MJLF� "H4C5F��1SFDJTF�TUSVDUVSBM�EBUB�BSF�FTTFOUJBM�GPS�UIF�VOEFSTUBOEJOH
PG� TUSVDUVSF�QSPQFSUZ� SFMBUJPOTIJQT�� *O� TVDI� DPNQPVOET
FMFNFOUT�XJUI�TJNJMBS�FMFDUSPO�DPVOUT�TVDI�BT�"H�$E�*O
4O�4C�BOE�QPTTJCMZ�5F�TIBSF�UIF�TBNF�8ZDLPGG�QPTJUJPOT
XIJDI� NBZ� BEEJUJPOBMMZ� DPOUBJO� WBDBODJFT�� 8IFSFBT
WBDBODJFT�UFOE�UP�PSEFS�UIF�PUIFS�FMFNFOUT�	PGUFO�TFWFSBM
PG�UIFN
�BSF�VTVBMMZ�NJYFE�JO�EJGGFSFOU�SBUJPT�PO�EJGGFSFOU
QPTJUJPOT��*O�TPNF�DBTFT�QFSJPEJD�DPODFOUSBUJPO�HSBEJFOUT
XFSF�PCTFSWFE�
*O�DPOUSBTU� UP�DPOWFOUJPOBM�TUSVDUVSF�BOBMZTFT� SFTPOBOU

9�SBZ� EJGGSBDUJPO� JT� BO� FYDFMMFOU� UPPM� UP� EJGGFSFOUJBUF
FMFNFOUT�XJUI� VTVBMMZ� MPX� TDBUUFSJOH� DPOUSBTU� <�>� BOE� UP
SFWFBM�TVDI�QBSUJBM�PSEFSJOH�QIFOPNFOB��4ZODISPUSPO�EBUB
DPMMFDUFE� OFBS� UIF� BCTPSQUJPO� FEHFT� BSF� BGGFDUFE� CZ
EJTQFSTJPO� DPSSFDUJPO� UFSNT� µGm� PG� VQ� UP� ��� FMFDUSPOT�
+PJOU�SFGJOFNFOUT�XJUI�NVMUJQMF�EBUBTFUT�DPMMFDUFE�BU�BMM�,
FEHFT�JOWPMWFE�BOE�BU�XBWFMFOHUIT�GBS�GSPN�FEHFT�BSF�UIF
NPTU� TVJUBCMF� TUSBUFHZ� BOE� BWPJE� NBOZ� TIPSUDPNJOHT� PG
bUSBEJUJPOBMc�g�TZOUIFTFT�	XIJDI�UIVT�BQQFBS�PCTPMFUF
��"
OVNCFS�PG�QSBDUJDBM�BTQFDUT�XFSF�BOBMZ[FE�JO�EFUBJM�<�>�TP
UIBU�RVFTUJPOT�MJLF�bXIJDI�JT�UIF�PQUJNBM�XBWFMFOHUI c�PS
bIPX� JT� CFBNUJNF� VTFE� NPTU� FGGJDJFOUMZ c� DBO
VOFRVJWPDBMMZ� CF� BOTXFSFE�� 7BSJPVT� TPVSDFT� GPS� µGm
WBMVFT�XFSF�FWBMVBUFE�UIF�CFTU�CFJOH�FYQFSJNFOUBM�WBMVFT
PCUBJOFE� GSPN�GMVPSFTDFODF�EBUB�WJB� UIF�,SBNFST�,SPOJH
USBOTGPSN� BOE� WBMVFT� UIBU� BSF� SFGJOFE� VTJOH� DPNQBSBCMF
bDBMJCSBUJPO� DPNQPVOETc�� 5IF� UBML� BJNT� BU� HJWJOH
QSBDUJDBM�HVJEFMJOFT�SBUIFS�UIBO�UIFPSFUJDBM�DPOTJEFSBUJPOT
BOE�BEESFTTFT�CPUI�TJOHMF�DSZTUBM�BOE�QPXEFS�UFDIOJRVFT�
)PX� DBO� TUBUF�PG�UIF�BSU� QSFDJTJPO� CF� DPNCJOFE� XJUI
bIJHI�UISPVHIQVUc �`


