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

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

MS38-P14�$PNCJOBUJPO�PG�TPMJE�TUBUF�/.3

%'5�BOE�931%�GPS�EFUFSNJOBUJPO�PG�B
UIFPQIZMMJOF�����BNJOPCFO[PJD�BDJE

DPDSZTUBM�QIBTF
+PTw�"�1��'FSOBOEFT�
�.BSJBOB�4BSEP�
�-ViT�.BGSB�
�%VBOF

$IPRVFTJMMP�-B[BSUF�
�/PSCFSUP�.BTDJPDDIJ�

��� $*$&$0
� 6OJWFSTJEBEF� EF� "WFJSP
� $BNQVT� EF� 4BOUJBHP

���������"WFJSP
�1PSUVHBM
��� -BCPSBUPSJP� EF� &TUVEJPT� $SJTUBMPHSeGJDPT
� *"$5

$4*$�6OJWFSTJEBE� EF� (SBOBEB
� "W�� EF� MBT� 1BMNFSBT� �
� &������
"SNJMMB
�(SBOBEB
�4QBJO
��� %JQBSUJNFOUP� EJ� 4DJFO[B� F� "MUB� 5FDOPMPHJB
� 6OJWFSTJU�
EFMMm*OTVCSJB
�������$PNP
�*UBMZ

FNBJM��KBGFSOBOEFT!VB�QU
5IFPQIZMMJOF� BOE� ��BNJOPCFO[PJD� BDJE� JO� ���� SBUJP

TFMFDUJWFMZ
� BOE� RVBOUJUBUJWFMZ
� HFOFSBUF
� CZ� -JRVJE
"TTJTUFE�(SJOEJOH� 	-"(

� B�OFX�DPDSZTUBM�QIBTF� 	 
�� *UT
TUSVDUVSF�XBT�SFUSJFWFE�CZ�DPOWFOUJPOBM� MBCPSBUPSZ�9�SBZ
QPXEFS� EJGGSBDUJPO� NFUIPET
� VTJOH� UIF� QSPHSBNNF
501"4�BDBEFNJD� GPS� TPMWJOH� BOE� SFGJOJOH� UIF� TUSVDUVSF�
5IF� VOVTVBM� BCTFODF� PG� IZESPHFO�CPOE� JOUFSBDUJPOT
JOWPMWJOH� UIF� BNJOP� HSPVQT� SFRVJSFE� GVSUIFS� WBMJEBUJPO

QFSGPSNFE�CZ�TPMJE�TUBUF�/.3�BOE�*3�DIBSBDUFSJ[BUJPO�
5IF�VTF�PG��%��%� �)�IJHI�SFTPMVUJPO� TPMJE�TUBUF�/.3

UFDIOJRVFT� QSPWJEFE� TUSVDUVSBM� JOTJHIU� PO� MPDBM� MFOHUI
TDBMFT� SFWFBMJOH� JOUFSOVDMFBS� QSPYJNJUJFT� BOE� SFMBUJWF
PSJFOUBUJPOT� CFUXFFO� UIF� CVJMEJOH� CMPDLT� PG� UIF� UJUMF
DPNQPVOE� UIVT� QSPWJEJOH� JOGPSNBUJPO� PO� UIF� UZQF� PG
IZESPHFO�CPOE� TZOUIPOT� GPSNFE��%'5�DBMDVMBUJPOT�XFSF
BMTP� FNQMPZFE� UP� HFOFSBUF� NFBOJOHGVM� TUSVDUVSFT� BOE
DBMDVMBUF� /.3� �)� BOE� ��$� DIFNJDBM� TIJGUT� UP� GVSUIFS
WBMJEBUF�UIF�931%�NPEFM�

� B
�'JOBM�3JFUWFME� SFGJOFNFOU�QMPU��#MVF� BOE�CMBDL�CBST
SFGFS� UP� UIF� BOHVMBS� QPTJUJPOT� PG`� #SBHH� SFGMFDUJPOT� GPS`�� BOE� UIF
NJOPS� ��BNJOPCFO[PJD� BDJE� 	���
� DPOUBNJOBOU
� SFTQFDUJWFMZ�� C

�)� ."4� /.3� TQFDUSVN� PG� �`� 	#������� 5�`� ��� L)[� ."4
�� D

0WFSMBQ�PG�UIF�TUSVDUVSFT�PCUBJOFE�CZ�931%�BOE�%'5�

� QPXEFS� EJGGSBDUJPO
� TPMJE� TUBUF� OVDMFBS� NBHOFUJD
SFTPOBODF
�%'5
�501"4
�$"45&1

MS38-P15�"%1T�TJNVMBUJPOT�BT�BO
BEEJUJPOBM�TPVSDF�PG�GJOF�TUSVDUVSBM

JOGPSNBUJPO
'SBODFTDP�1VO[P�
�(JVTFQQF�.��-PNCBSEP�

���%JQBSUJNFOUP� EJ� 4DJFO[F� EFM� 'BSNBDP�6OJWFSTJU�� EFHMJ� 4UVEJ� EJ
$BUBOJB
���%JQBSUJNFOUP� EJ� 4DJFO[F� EFM� 'BSNBDP�6OJWFSTJU�� EFHMJ� 4UVEJ� EJ
$BUBOJB

FNBJM��GQVO[P!VOJDU�JU
5IF� FGGFDU� PG� UIF� BUPNJD� UIFSNBM� NPUJPO� BCPVU� UIFJS

FRVJMJCSJVN� QPTJUJPOT
� 
� FOUFST� JO� UIF� DBMDVMBUJPO� PG� UIF
TUSVDUVSF�GBDUPS
�XIJDI�JT�B�GVODUJPO�PG�UIF�.JMMFS�JOEFYFT
EFGJOFE�CZ�UIF�WFDUPS�I
�BT�UIF�%FCZF�8BMMFS�GBDUPS
�5	 
�
5IF� DBMDVMBUJPO� PG� UIF� "%1T� GSPN� UIF� .%� TJNVMBUJPO
	 .%@DJG
� XBT� DBSSJFE� PVU� BT� GPMMPXT�� UIF� GJSTU� TUFQ
JOWPMWFE�UIF�DBMDVMBUJPO�PG�UIF�TZNNFUSJD�UFOTPS�6��GSPN
UIF� .%� USBKFDUPSZ� CZ� DPOWFSUJOH
� JO� FBDI� PG� UIF� /
TOBQTIPUT
� UIF� BUPNJD� $BSUFTJBO� DPPSEJOBUFT� 	r
� JOUP
GSBDUJPOBM�DPPSEJOBUFT�	r*

�BOE�BQQMZJOH�UP�UIF�GSBDUJPOBM
DPPSEJOBUFT�UIF�VTVBM�EFGJOJUJPOT�PG�NFBO�DPPSEJOBUFT�BOE
WBSJBODF�DPWBSJBODF�NBUSJY�� UIFSFBGUFS
� UIF�DBMDVMBUJPO�PG
UIF� BWFSBHF� WBMVFT� PG� UIF� DFMM� QBSBNFUFST� BOE� UIF
EFUFSNJOBUJPO� PG� UIF� BWFSBHFE� SFDJQSPDBM� MBUUJDF
QBSBNFUFST� MFOHUIT� XFSF� DBSSJFE� PVU�� 5IFTF� WBMVFT
� BT
DBMDVMBUFE� GSPN� UIF�.%� USBKFDUPSZ
�XFSF� VTFE� UP� GJOBMMZ
PCUBJO� .%@DJG�� "QBSU� GSPN� UIF� QPTTJCMF� DPNQBSJTPO
CFUXFFO�9�SBZ�BOE�OFVUSPO�JOGFSSFE�"%1�EBUB�v�UIF�MBUUFS
CFJOH� NPSF� USVTUBCMF� GPS� TFWFSBM� QIZTJDBM� SFBTPOT� v
WBMVBCMF� JOGPSNBUJPO� DPVME� CF� PCUBJOFE� GSPN� UIFJS
EFUBJMFE� BOBMZTJT�XJUI� B� QBSUJDVMBS� FNQIBTJT� OPU� POMZ� PO
UIFJS� TJ[F� CVU� PO� UIFJS� TIBQF� BOE� TQBUJBM� EJTUSJCVUJPO�� *O
UIJT�DPOUSJCVUJPO�XF�QSPWJEF�TFWFSBM�FYBNQMFT�v�TQBOOJOH

BNPOH� PUIFST
� GSPN� UIF� TUVEZ� PG� QPMZNPSQIJTN� BOE
QTFVEPTZNNFUSZ� UP� UIF� FOFSHZ� SBOLJOH� BOE� TUBCJMJUZ� PG
DSZTUBMMJOF� BSSBOHFNFOUT� 	���
� v� PO� FYUSFNFMZ� EJGGFSFOU
DIFNJDBM� TQFDJFT� UIVT�DPOGJSNJOH� UIF�XJEF�QFSUJOFODF�PG
UIF�QSPQPTFE�BQQSPBDI�`

���-PNCBSEP�(��.�
�3FTDJGJOB�"�
�1VO[P�'��'VODUJPOBM�IZCSJE�DP�DSZTUBMT�PG
IVNJD�TVCTUBODFT��B�HSPXUI�GPSFDBTU��$SZTU&OH$PNN�����
���
�����������

��� -PNCBSEP�(��.�
� 1VO[P� '�� 'BMTF� BTZNNFUSZ
� QTFVEPTZNNFUSZ
� EJTPSEFS

QPMZNPSQIJTN�BOE�BUPNJD�EJTQMBDFNFOU�QBSBNFUFST��+��.PM��4USVDU������
�����

���v����

��� -PNCBSEP� (�� .�
� 1PSUBMPOF� (�
� $IJBDDIJP� 6�
� 3FTDJGJOB� "�
� 1VO[P� '�
1PUBTTJVN� DBGGFBUF�DBGGFJD� BDJE� DP�DSZTUBM�� UIF� SBU� SBDF� CFUXFFO� DBUIFDPMJD� BOE
DBSCPYZMJD� NPJFUZ� JO� BO� BUZQJDBM� DP�DSZTUBM�� %BMUPO� 5SBOT�
� ����
� ��

�����v������

���-PNCBSEP�(��.�
�5IPNQTPO�"��-�
�#BMMJTUSFSJ�'��1�
�1BQQBMBSEP�"�
�5SVTTP
4GSB[[FUUP�(�
�5PNBTFMMJ�(��"�
�5PTDBOP�3��.�
� 1VO[P�'��"O� JOUFHSBUFE�9�SBZ
BOE�.PMFDVMBS�%ZOBNJDT�TUVEZ�PG�VSBOZM�TBMFOT�TUSVDUVSFT�BOE�QSPQFSUJFT��%BMUPO
5SBOT������
���
�����������


