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

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

MS25-P8�5IF�TVCTUJUVUJPO�FGGFDU�PG
DISPNJVN�PO�UIF�QIZTJDBM

QSPQFSUJFT`-B����`&V����4S���.O��Y`$SY0�`OBOPDSZTUBMMJOF
.BSX�OF�0VNF[[JOF��.BS�(BSDiB�)FSOeOEF[��'FEFSJDP

.PNQFeO��.PIBNFE�0VNF[[JOF�

��� -BCPSBUPJSF� EF� 1IZTJDP�DIJNJF� EFT�.BUwSJBVY�%wQBSUFNFOU� EF
1IZTJRVF� 'BDVMUw� EFT� 4DJFODFT� EF� .POBTUJS6OJWFSTJUw� EF
.POBTUJS������5VOJTJB�
��� *OTUJUVUP� EF�$JFODJB� EF�.BUFSJBMFT�$4*$� 4PS� +VBOB� *OwT� EF� MB
$SV[�T�O�������.BESJE�	4QBJO
�

FNBJM��PVNF[[JOF!IPUNBJM�DP�VL
/BOPDSZTUBMMJOF� QPXEFST� PG� -B����#B����.O��Y$SY0�QFSPWTLJUFT�IBWF�CFFO�TZOUIFTJ[FE�CZ�UIF�TPM�HFM�NFUIPE�

9�SBZ� EJGGSBDUJPO� BMPOH� XJUI� UIF� 3JFUWFME�SF�OFNFOU
TIPXT� UIF� GPSNBUJPO� PG� QVSF� DSZTUBMMJOF� QIBTF� XJUI
SIPNCPIFESBM� TZNNFUSZ� 	TQBDF� HSPVQ� 3��$� OP�� ���
�
.BHOFUJD� NFBTVSFNFOUT� JOEJDBUF� UIBU� UIF� GFSSPNBHOFUJD
EPVCMF�FYDIBOHF�JOUFSBDUJPO�JT�XFBLFOFE�XJUI�JODSFBTJOH
$S�DPODFOUSBUJPO�SFTVMUJOH�JO�B�TIJGU� JO�5$�GSPN����,�UP
���,� BT� Y� WBSJFE� CFUXFFO� �� BOE� ������ 'VSUIFSNPSF� BMM
TBNQMFT� VOEFSHP� B� QBSBNBHOFUJD� 	1.
� �� GFSSPNBHOFUJD
	'.
�QIBTF� USBOTJUJPO� BU�5���5$��#BTFE�PO� UIF� JEFB� UIBU
EPQFE�NBOHBOJUFT� DPOTJTU� PG� GFSSPNBHOFUJD�NFUBMMJD� BOE
QBSBNBHOFUJD�TFNJDPOEVDUJOH� 	.�4$
� SFHJPOT�DPFYJTUJOH
JO�UIF�TBNF�TQFDJNFO�B�HPPE�GJU�PG�UIF�SFTJTUJWJUZ�XJUI�UIF
QIFOPNFOPMPHJDBM�QFSDPMBUJPO�NPEFM�NBZ�CF�PCUBJOFE�CZ
DPNCJOJOH�UIF�DPOUSJCVUJPOT�PG� UIF�SFTJTJUJWJUZ�BCPWF�BOE
CFMPX� 5.�4$� CZ� B� TJOHMF� FYQSFTTJPO� JO� UIF� UFNQFSBUVSF
SFHJPO� CFUXFFO� ��� BOE� ���,�� 8F� GPVOE� UIBU� UIF
FTUJNBUFE�SFTVMUT�BSF�JO�HPPE�BHSFFNFOU�XJUI�UIF�PCUBJOFE
FYQFSJNFOUBM� EBUB�� 5IF� NBYJNVN� NBHOFUJD� FOUSPQZ
DIBOHF� 	�4.
� BOE� UIF� SFMBUJWF� DPPMJOH� QPXFS� 	3$1
� GPS
UIF�DPNQPTJUJPO�Y�����BSF�GPVOE�UP�CF�SFTQFDUJWFMZ�����
+�LH���,���BOE�����+�LH���GPS�B���5�GJFME�DIBOHF�NBLJOH�PG
UIJT� NBUFSJBM� B� QSPNJTJOH� DBOEJEBUF� GPS� NBHOFUJD
SFGSJHFSBUJPO�OFBS�SPPN�UFNQFSBUVSF��"SSPUU�QMPU�BOBMZTFT
BOE� B� VOJWFSTBM� DVSWF�NFUIPE�XFSF� BQQMJFE� UP� TUVEZ� UIF
PSEFS�PG�UIF�NBHOFUJD�USBOTJUJPO�JO�UIJT�TZTUFN�`
,FZXPSET�� /BOPDSZTUBMMJOF� NBOHBOJUFT3JFUWFME� SFGJOFNFOU
NBHOFUJD�QSPQFSUJFT�NPEJGJFE�TPM�HFM�1FDIJOJ�NFUIPE

MS25-P9�4ZOUIFTJT�TUSVDUVSBM
DIBSBDUFSJTBUJPO�NBHOFUJD�BOE�EJFMFDUSJD
QSPQFSUJFT�TUVEZ�PG�4S'F��0���$P'F�0�DPNQPTJUF

,BUBS[ZOB�,PXBMTLB��"OES[FK�)JMD[FS��#BSU¢PNJFK
"OES[FKFXTLJ��&XB�.BSLJFXJD[��7BTZM�,JO[IZCBMP��"EBN

1JFUSBT[LP�

��� *OTUJUVUF� PG� -PX� 5FNQFSBUVSF� BOE� 4USVDUVSF� 3FTFBSDI� 1"4
8SPD¢BX�1PMBOE
���*OTUJUVUF�PG�.PMFDVMBS�1IZTJDT�1"4�1P[OB¤�1PMBOE

FNBJM��L�LPXBMTLB!JOU�QBO�XSPD�QM
/BOPDSZTUBMMJOF� GFSSJUFT� BSF� LOPXO� BT� UIF� SFNBSLBCMF

DMBTTFT� PG�NBUFSJBMT� EVF� UP� UIFJS� GBTDJOBUJOH� BQQMJDBUJPO�
0G� QBSUJDVMBS� JOUFSFTU� BSF� IBSE�TPGU� GFSSJUF� DPNQPTJUFT
FTQFDJBMMZ� TJODF� UIFZ� DBO� CF� DPOTJEFSFE� BT�NBHOFUJDBMMZ
FYDIBOHF�DPVQMFE�TZTUFNT�<���>�```````````
5IF� 4S'F��0���$P'F�0�� DPNQPTJUF� IBT� CFFO� PCUBJOFE

CZ� TPMJE� TUBUF� SFBDUJPO� BU� T
s
�� ����� P$� BOE� WBSJPVT

TZOUIFTJT� UJNF� tT�� �� I� �� I� ��� I� BOE� ��� I�� 5IF� 9�SBZ
EJGGSBDUJPO�	9m1FSU�1"/BMZUJDBM
� JOEJDBUFT�JO�UIF�TBNQMFT
PCUBJOFE� BU� tT�� �� I� �� I� ��� I� UISFF� QIBTFT�� 4S'F��0��	P���mmc
�$P'F�0��	Fd��m
�BOE�'F�0��	R-3c
�XIFSFBT
JO� UIF� TBNQMF� TJOUFSFE� GPS� ��� I� POMZ� 4S'F��0��� BOE$P'F�0��XIJDI�SFWFBM�EJGGFSFOU�NPSQIPMPHZ�JO�4DBOOJOH
&MFDUSPO� .JDSPTDPQZ� JNBHFT� 	'&*� /PWB� /BOP4&.
�
%JFMFDUSJD� SFTQPOTF� 	QFMMFUT� "MQIB�"� /PWPDPOUSPM
� BOE
UFNQFSBUVSF� WBSJBUJPO� PG� NBHOFUJ[BUJPO� 	11.4� 74.
QSPCF
� PG� UIF� TBNQMF� TJOUFSFE� GPS� tT����� I� BSF� TIPXO� JO
'JHVSF����5IF�UFNQFSBUVSF�BOE�GSFRVFODZ�EFQFOEFODFT�PG
�*� XFSF� GPVOE� UP� CF� DPSSFMBUFE� XJUI� SFTQFDUJWF
EFQFOEFODFT�PG��'�BOE�SFMBUFE�UP�IJHIMZ�DPOEVDUJOH�HSBJOT
XJUI�QPPS�DPOEVDUJOH�HSBJO�CPVOEBSJFT�PG�UIF�GFSSJUFT�<�>�
<�>�%��3PZ�$��4IJWBLVNBSB�1��4��"OJM�,VNBS�+��.BHO�

.BHO��.BUFS������	����
�-���
<�>� 4�� .�� )PRVF� $�� 4SJWBTUBWB� '�� ,VNBS� /�

7FOLBUFTI� )�� /�� %BT� %�� ,�� 4BIB� ,�� $IBUUPQBEIZBZ
.BUFS��3FT��#VMM�����	����
������
<�>�,��*XBVDIJ�+QO��+��"QQM��1IZT�����	����
������

'JHVSF� ��� 5FNQFSBUVSF� EFQFOEFODFT� PG� EJFMFDUSJD� QFSNJUUJWJUZ� �'
�''�FMFDUSJD�DPOEVDUJWJUZ��' BOE�NBHOFUJ[BUJPO�.�	;'$��[FSP�GJFME
DPPMJOH�'$��GJFME�DPPMJOH�DPOEJUJPOT
�

,FZXPSET��GFSSJUF�DPNQPTJUF


