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EPYZDZDMJOF� JO� CPUI� DSZTUBM� GPSNT� JT� BOBMZ[FE� BOE
DMBTTJGJFE� JO� UFSNT� PG� UPQPMPHJDBM� BOBMZTJT
� JOUFSBDUJPO
FOFSHJFT� BOE� TPVSDF� GVODUJPO� DPOUSJCVUJPOT�� *OUFSBDUJPO
FOFSHJFT�BSF�BMTP�DPNQBSFE�XJUI�UIF�SFTVMUT�PG�UIFPSFUJDBM
QFSJPEJD�DBMDVMBUJPOT�
5IF� BEEJUJPOBM� QSPUPO� CPVOE� UP� UIF� 0�� PYZHFO� JO� UIF

DBTF� PG� EPYZDZDMJOF� IZESPDIMPSJEF� EPFT� OPU� DIBOHF� UIF
HMPCBM� DPOGPSNBUJPO� PG� UIF� BOUJCJPUJD� NPMFDVMF
� CVU� JU
TJHOJGJDBOUMZ�JOGMVFODFT�UIF�EJTUSJCVUJPO�PG�DIBSHFT�BOE�UIF
SFTVMUJOH� FMFDUSPTUBUJD� QPUFOUJBM� PG� UIF� NPMFDVMF�� "T� UIF
PYZHFO�BUPN�0��JT�EJSFDUMZ�JOWPMWFE�JO�UIF�JOUFSNPMFDVMBS
JOUFSBDUJPOT� PG� EPYZDZDMJOF� XJUI� UIF� IPTU� QSPUFJOT

BWBJMBCJMJUZ� PG� UIF� FMFDUSPO� EFOTJUZ� EJTUSJCVUJPO� GPS� CPUI
QSPUPOBUFE� BOE� EFQSPUPOBUFE� WBSJBOU� FOBCMFT�NPSF� FYBDU
QSFEJDUJPO� PG� UIF� BOUJCJPUJD�QSPUFJO� JOUFSBDUJPOT� BU
EJGGFSFOU�IPTU�QSPUFJO�QSPUPOBUJPO�TUBUFT�
5IF�DPOGPSNBUJPO�PG�UIF�BOUJCJPUJD�JO�UIF�DSZTUBM� MBUUJDF

PG�CPUI�GPSNT�JT�DPNQBSFE�XJUI�UIF�DPOGPSNBUJPO�LOPXO
GPS� UIF� BOUJCJPUJD�UBSHFU� QSPUFJO� DPNQMFYFT� EFQPTJUFE� JO
1%#�� 5IF� NBKPS� EJGGFSFODF� JT� UIF� CSFBLJOH� PG� UIF
JOUSBNPMFDVMBS� IZESPHFO� CPOE� OFUXPSL� JO� PSEFS� UP� GPSN
UXP� QSPUFJO�MJHBOE� DPOUBDUT�� 5IF� EJGGFSFODFT� BSF� BMTP
FYQMPSFE� CZ� NFBOT� PG� )JSTIGFME� TVSGBDF� BOBMZTJT� PG� UIF
EPYZDZDMJOF�JO�UIF�DSZTUBM�OFUXPSL�BOE�EPYZDZDMJOF�JO�UIF
QSPUFJO�FOWJSPONFOU�
".�BOE�,8�BDLOPXMFEHF�GJOBODJBM�TVQQPSU�XJUIJO�UIF

1PMJTI� /$/� ."&4530� HSBOU
� EFDJTJPO� OVNCFS
%&$���������"�45��������



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

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

'JHVSF����5IF�FMFDUSPTUBUJD�QPUFOUJBM�BSPVOE�EPYZDZDMJOF�NPJFUZ�JO
EPYZDZDMJOF�NPOPIZESBUF�

,FZXPSET��EPYZDZDMJOF
�BOUJCJPUJD
�QSPUFJO�MJHBOE�JOUFSBDUJPOT

MS28-P3�%JUIJBEJB[PMZM�SBEJDBMT��`
TUSVDUVSFT�BOE�DIBSHF�EFOTJUJFT�PG�UIFJS

DSZTUBMT�BOE�DPDSZTUBMT
4¢BXPNJS�%PNBHB¢B�
�,S[ZT[UPG�,P���
�4FBO�8��3PCJOTPO�
�%FMJB

"��)BZOFT�
�,S[ZT[UPG�8P×OJBL�

��� %FQBSUNFOU� PG� $IFNJTUSZ
� 6OJWFSTJUZ� PG� 8BSTBX
� 8BST[BXB

1PMBOE
��� %FQBSUNFOU� PG� $IFNJTUSZ� BOE� 1PMZNFS� 4DJFODF
� 4UFMMFOCPTDI
6OJWFSTJUZ
�3FQVCMJD�PG�4PVUI�"GSJDB

FNBJM��TMBXEPN!DIFN�VX�FEV�QM
1VSFMZ� PSHBOJD� TZTUFNT� DBO� FYIJCJU� DPOEVDUJWJUZ


TVQFSDPOEVDUJWJUZ� PS� NBHOFUJDBMMZ� PSEFSFE� QIBTFT� �
QSPQFSUJFT`�VTVBMMZ� UIPVHIU�BT� SFTUSJDUFE�POMZ� GPS� DSZTUBMT
DPOUBJOJOH� NFUBMMJD� DFOUSFT� 	$V
� .O
� FUD�
�� 0OF� PG� UIF
NPTU� JOUSJHVJOH� HSPVQT� PG� TVDI� TZTUFNT� JT� B� GBNJMZ� PG
EJUIJBEJB[PMZM� SBEJDBMT�<�>� 5IFTF� SBEJDBMT� BSF� DIFNJDBMMZ
TUBCMF
� TP� UIFZ� DBO� CF� BSSBOHFE� JO� DMPTFMZ� QBDLFE
TUSVDUVSFT�� 3FMBUJWFMZ� IJHI� FMFDUSPTUBUJD� QPMBSJ[BUJPO
BMMPXT�GPS�JOUFS��BOE�JOUSBNPMFDVMBS�4¬/�JOUFSBDUJPOT��*O
UIF�DSZTUBM�QIBTF
�UIF�EJUIJBEJB[PMZM`HSPVQ�PGUFO�DP�FYJTUT
XJUI� B� QIFOZM� NPMFDVMBS� GSBHNFOU
� XIJDI� GVSUIFS
TUBCJMJ[FT� UIF� DSZTUBM� MBUUJDF� CZ� JOUSPEVDJOH� BO
JOUFSNPMFDVMBS� ������ BSPNBUJD� JOUFSBDUJPOT� 	F�H�
QIFOZM¬QFSGMVPSPQIFOZM� TUBDL� JOUFSBDUJPO
�� 5IF� TQJO
TUSVDUVSF� PG� UIFTF� DPNQPVOET� JT� TUSPOHMZ� DPVQMFE� UP� UIF
DSZTUBM�TUSVDUVSF��0OF�DBO�UIFO�USZ�UP�BEKVTU�UIF�NBHOFUJD
QSPQFSUJFT� 	F�H�� '.�"'.� PSEFSJOH
� PG� TVDI� TZTUFNT� CZ
TNBMM� DIBOHFT� PG� TUSVDUVSBM� QBSBNFUFST� 	F�H�� EJTUBODFT
CFUXFFO� NPMFDVMFT� JO� TUBDL
�� 5IJT� BOE� PUIFS� JOUSJHVJOH
QSPQFSUJFT� TVHHFTU� UIBU� UIF� EJUIJBEJB[PMZM� SBEJDBMT� BSF
QSPNJTJOH� DBOEJEBUFT� GPS� UIF� DPOTUSVDUJPO� PG� NPMFDVMBS
EFWJDFT�
5IF�TDPQF�PG�UIF�XPSL�XBT�UP�EFUFSNJOF�UIF�RVBOUJUBUJWF

FMFDUSPO�EFOTJUZ�EJTUSJCVUJPO�BOE�JUT�QBSBNFUFST�	��BOE�µ�
JO�DSJUJDBM�QPJOUT
�JOUFHSBUFE�DIBSHFT
�FUD�
�GPS�UIF�TFSJFT`PG
NPEFM� DSZTUBMT� PG� SBEJDBMT� CFMPOHJOH� UP� EJUIJBEJB[PMZM
GBNJMZ�<�>� 5IF� )BOTFO�$PQQFOT� NVMUJQPMF� FYQBOTJPO� PG
FMFDUSPO� EFOTJUZ� NPEFM� XBT� SFGJOFE� BHBJOTU� UIF� IJHI
SFTPMVUJPO� 	TJOs� �� £� �� ���f��
�� 9�SBZ� EJGGSBDUJPO� EBUB� UP
PCUBJO�UIF�CFTU�NPEFMT�PG�UIF�FMFDUSPO�EFOTJUZ�EJTUSJCVUJPO
JO� HJWFO� DSZTUBMT�� 5IFTF� NPEFMT� XFSF� UIFO� VTFE� UP
DBMDVMBUF�RVBOUJUBUJWF�FMFDUSPO�EFOTJUZ�QSPQFSUJFT�VTJOH�UIF
#BEFSmT� 2VBOUVN� 5IFPSZ� PG� "UPNT� JO� .PMFDVMFT
	25"*.
� TVDI� BT� DSJUJDBM� QPJOUT� QBSBNFUFST� 	�$1
� µ�$1
CPOE�QBUIT

�BUPNJD�CBTJOT�PS� JOUFHSBUFE�FMFDUSPO�EFOTJUZ
QBSBNFUFST� 	JOUFHSBUFE� DIBSHFT
� BUPNJD� NVMUJQPMFT� BOE
WPMVNFT
�FUD
��5IF�PCUBJOFE�SFTVMUT�BOE�EFUBJMFE�BOBMZTJT
PG�EJUIJBEJB[PMZM�SBEJDBMT�TIPVME�IPQFGVMMZ�IFMQ�JO�B�CFUUFS
VOEFSTUBOEJOH� PG� UIF� NBHOFUJD� QIFOPNFOB� JO� PSHBOJD
TZTUFNT�
<�>�3BXTPO
�+��.�
�"MCFSPMB
�"�
�8IBMMFZ
�"�
�+��.BUFS�

$IFN����
�	����

������������<�>�$��"MMFO
�%�"��)BZOFT

$�.�� 1BTL
� +�.�� 3BXTPO
� $SZTU&OH$PNN� ��
� 	����


����������
,FZXPSET��FMFDUSPO�DIBSHF�EFOTJUZ
�SBEJDBMT
�DPDSZTUBMT


