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

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

.4����.FDIBOJDBM�FGGFDUT�BOE
QSPQFSUJFT�PG�PSEFSFE�NBUUFS

$IBJST��1BO�F�/BVNPW
�)FMFOB�4IFQIFSE

MS33-O1�1IPUPNFDIBOJDBM�FGGFDUT�JO
DSZTUBMT��UIF�SPMF�PG�UFNQFSBUVSF��"�DBTF

TUVEZ�PG�MJOLBHF�JTPNFSJ[BUJPO�JO
<$P	/)�
�/0�>$M	/0�


&MFOB�7��#PMEZSFWB�
�
�"OBUPMZ�"��4JEFMOJLPW�
�4UBOJTMBW�"�
$IJ[IJL�
�
�#PSJT�"��;BLIBSPW�
�
�&MFOB�7��#PMEZSFWB�
�

��� /PWPTJCJSTL� 4UBUF� 6OJWFSTJUZ
� VM�� 1JSPHPWB
� �
� /PWPTJCJSTL
�������3VTTJBO�'FEFSBUJPO
�FCPMEZSFWB!ZBIPP�DPN
��� *OTUJUVUF� PG� 4PMJE� 4UBUF� $IFNJTUSZ� BOE� .FDIBOPDIFNJTUSZ� 4#
3"4
�VM��,VUBUFMBE[F
���
�/PWPTJCJSTL�������

FNBJM��FCPMEZSFWB!ZBIPP�DPN
5IF�SFTFBSDI�PO�NFDIBOJDBMMZ�SFTQPOTJWF�TJOHMF�DSZTUBMT

IBE� EFWFMPQFE� BOE� XBT� WFSZ� BDUJWF� CBDL� JO� UIF� ����T�
%BUJOH� KVTU� CBDL� PWFS� B� EFDBEF
� UIJT� GJFME� XBT� SFWJWFE
BMPOHTJEF� UIF� HSPXJOH� SFBMJ[BUJPO� UIBU� UIF� NFDIBOJDBM
FGGFDUT�JO�DSZTUBMT�DBO�CF�VUJMJ[FE�BT�EZOBNJD�FMFNFOUT�JO
NBDSPTDPQJD� EFWJDFT
� BOE� TFWFSBM� SFTFBSDI� HSPVQT� IBWF
CFFO�QBSUJDVMBSMZ�QSPMJGJD�JO�UIJT�SFTFBSDI�GJFME�<�>��0OF�PG
UIF� JTTVFT� XIFO� TUVEZJOH� UIFTF� USBOTGPSNBUJPOT� JT� UP
DPSSFMBUF� UIF� EFHSFF� PG� OJUSP�OJUSJUP� QIPUPUSBOTGPSNBUJPO
BOE� UIF� NBDSPTDPQJD� NFDIBOJDBM� SFTQPOTF�� *O� BO� FBSMZ
TUVEZ� PG� PVS� HSPVQ� XF� IBWF� QSPQPTFE� UP� VTF� UIF
RVBOUJUBUJWF� NFBTVSFNFOUT� PG� UIF� FMBTUJD� CFOEJOH� PG
OFFEMF�TIBQFE� DSZTUBMT� PG� <$P	/)�
�/0�>$M	/0�
� PO
JSSBEJBUJPO�UP�GPMMPX�UIF�LJOFUJDT�PG�UIF�USBOTGPSNBUJPO�BOE
UIF�FGGFDU�PG�UIF�FMBTUJD�DPNQSFTTJPO�PO�UIF�RVBOUVN�ZJFME
<���>�� 8F� IBWF� OPX� SFWJTJUFE� UIJT� TZTUFN� BOE� IBWF
NPEJGJFE� UIF� FYQFSJNFOU� EFTJHO
� JO� PSEFS� UP� GPMMPX� UIF
FGGFDUT�PG�UFNQFSBUVSF�JO�UIF�SBOHF�GSPN�����,�UP�����,
PO�UIF�USBOTGPSNBUJPO��5IJT�NBEF�JU�QPTTJCMF�UP�GPMMPX�UIF
SPMF�PG�UFNQFSBUVSF�JO�UIF�QIPUPNFDIBOJDBM�FGGFDU
�UBLJOH
JOUP� BDDPVOU� CPUI� UIF� MBUUJDF� TUSBJO� SFMBUFE� UP� UIF
BOJTPUSPQJD�UIFSNBM�FYQBOTJPO�BOE�UIF�SFWFSTF�OJUSJUP�OJUSP
JTPNFSJ[BUJPO� 	TUVEJFE� CZ� WBSJBCMF�UFNQFSBUVSF
TJOHMF�DSZTUBM� 9�SBZ� EJGGSBDUJPO
�� "� EJSFDU� FYQFSJNFOUBM
FWJEFODF� PG� UIF� GFFE�CBDL� BSJTJOH� PO� QIPUPDIFNJDBM
OJUSP�OJUSJUP� BOE� PO� SFWFSTF� UIFSNBM� OJUSJUP�OJUSP
JTPNFSJ[BUJPO�XBT�PCUBJOFE��5IF�TUVEZ�DBO�CF�DPOTJEFSFE
BT� B� DBTF� TUVEZ
� SFQSFTFOUBUJWF� GPS� BOZ� QIPUPJOEVDFE
USBOTGPSNBUJPO� JOEVDFE� JO� OFFEMF�MJLF� DSZTUBMT� XIFO
JSSBEJBUFE� GSPN� POF� TJEF� 	J�F�� XJUI� B� HSBEJFOU� PG
USBOTGPSNBUJPO�EFHSFF�OPSNBM�UP�UIF�TVSGBDF
��`
5IF� SFTFBSDI� XBT� TVQQPSUFE� CZ� 3'#3� 	QSPKFDU

�����������
��`
��````�/BUI�/�,�
� 1BOEB�.�,�
� 4BIPP� 4�$�
�/BVNPW� 1�

$SZTU&OH$PNN
�����
���
�����������
��````�#PMEZSFWB�&�7�
�4JEFMOJLPW�"�"�
�$IVQBLIJO�"�1�


-ZBLIPW�/�;�
�#PMEZSFW�7�7�
�1SPDFFE��"DBE��4DJ��6443
����
����
���������

��````� #PMEZSFWB� ²�7�
� 4JEFMOJLPW� ³�³�� 1SPDFFE�� 4#
6443
�$IFN��4DJ�
�����
��
���������
��````� :BLPCTPO� #�*�
� #PMEZSFWB� &�7�
� 4JEFMOJLPW� "�"�

1SPDFFE��4#�6443
�$IFN��4DJ�
�����
��
������
��````� #PMEZSFWB� &�7�
� .PM�� $SZTU�� -JR�� $SZTU�� *OD�

/PO�-JO��0QU������
����
�������
��````�#PMEZSFWB�&�7��$PPSE��$IFN��3VTT�
�����
���	�



��������
,FZXPSET�� CFOEJOH� DSZTUBMT
� QIPUPNFDIBOJDBM� FGGFDUT
� UIFSNBM
FYQBOTJPO
�DPPSEJOBUJPO�DPNQPVOET


