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

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

KN-3�)JHI�QSFTTVSF�TZODISPUSPO�SBEJBUJPO
DSZTUBMMPHSBQIZ�GSPN�PSHBOJD�DPOEVDUPST�UP

DIFNJTUSZ�JO�UIF�MPXFS�NBOUMF
)BOGMBOE�.JDIBFM�

��� &VSPQFBO� 4ZODISPUSPO� 3BEJBUJPO� 'BDJMJUZ� ��� BWFOVF� EFT
.BSUZST�$4�������������(SFOPCMF�'SBODF

FNBJM��IBOGMBOE!FTSG�GS
*%��"� JT� B� TUBUF� PG� UIF� BSU� IJHI� QSFTTVSF� EJGGSBDUJPO

CFBNMJOF�BU�UIF�&43'��*U�VTFT�NPOPDISPNBUJD�EJGGSBDUJPO
XJUI� MBSHF� BSFB� EFUFDUPST�� 1PXEFS� BOE� TJOHMF� DSZTUBM
EJGGSBDUJPO� FYQFSJNFOUT� DBO� CF� QFSGPSNFE� BU� IJHI
QSFTTVSFT� JO� EJBNPOE� BOWJM� DFMMT� QFSNJUUJOH� BDDVSBUF
EFUFSNJOBUJPO� PG� DSZTUBMMPHSBQIJD� QSPQFSUJFT� PG� UIF
JOWFTUJHBUFE�TBNQMFT��4PPO�*%��"�XJMM�CF� SFQMBDFE�CZ�B
OFX� BOE� JNQSPWFE� CFBNMJOF� *%��#�� 3FDFOU� UFDIOJDBM
BEWBODFT�IBWF�TJHOJGJDBOUMZ�BEEFE�UP� UIF�VUJMJUZ�PG�TJOHMF
DSZTUBM� 9�SBZ� EJGGSBDUJPO� FYQFSJNFOUT� BU� IJHI� QSFTTVSFT
<�>��/FX�XBZT�PG�TVQQPSUJOH�EJBNPOE�BOWJMT�MJLF�#PFIMFS
"MNBY�BOWJMT�<�>�IBWF�DPOTJEFSBCMZ�JODSFBTFE�UIF�WPMVNF
PG�BDDFTTJCMF�SFDJQSPDBM�TQBDF��6TF�PG�)FMJVN�PS�/FPO�BT
QSFTTVSF� USBOTNJUUJOH� NFEJVN� FYUFOET� TVCTUBOUJBMMZ� UIF
QSBDUJDBCMF� QSFTTVSF� SBOHF�� 'MBU� QBOFM� EFUFDUPST� IBWF
OPUJDFBCMZ� EFDSFBTFE� UIF� EBUB� DPMMFDUJPO� UJNF� BOE
JODSFBTFE�UIF�BDDVSBDZ��%BUB�DBO�CF�DPMMFDUFE�BU�MPX�BOE
IJHI� UFNQFSBUVSFT�� &WFO� TJOHMF� DSZTUBM� EJGGSBDUJPO
FYQFSJNFOUT�XJUI�MBTFS�IFBUJOH�IBWF�CFDPNF�QPTTJCMF�<�>�
)FSF� XF� XJMM� QSFTFOU� TFWFSBM� FYBNQMFT� UP� JMMVTUSBUF� UIF
SFDFOU�QSPHSFTT�
8PSL� QFSGPSNFE� JO� DPMMBCPSBUJPO� XJUI� .�� .FSMJOJ

6OJWFSTJUe�EFHMJ�4UVEJ�EJ�.JMBOP�*UBMZ
<�>�.��.FSMJOJ�.�� )BOGMBOE� )JHI� 1SFTTVSF� 3FTFBSDI

������������
<�>� 3�� #PFIMFS� ,�� %F)BOUTFUUFST� )JHI� 1SFTTVSF

3FTFBSDI�������������
<�>�-��%VCSPWJOTLZ�5��#PGGB�#BMMBSBO�,��(MB[ZSJO�"�

,VSOPTPW� %�� 'SPTU� .�� .FSMJOJ� .�� )BOGMBOE� 7�#�
1SBLBQFOLB� 1�� 4DIPVXJOL� 5�� 1JQQJOHFS� /�
%VCSPWJOTLBJB�)JHI�1SFTTVSF�3FTFBSDI�������������

�IJHI�QSFTTVSF�DSZTUBMMPHSBQIZ

KN-4�4USVDUVSF�BOE�NFDIBOJTN�PG
SFTQJSBUPSZ�DPNQMFY�*�B�HJBOU�NPMFDVMBS

QSPUPO�QVNQ
-FPOJE�4B[BOPW�

��� *OTUJUVUF� PG� 4DJFODF� BOE� 5FDIOPMPHZ� "VTUSJB� ,MPTUFSOFVCVSH
�����"VTUSJB

FNBJM��TB[BOPW!JTU�BD�BU
/"%)�VCJRVJOPOF� PYJEPSFEVDUBTF� 	DPNQMFY� *
� JT� UIF

GJSTU� BOE� MBSHFTU� FO[ZNF� JO� UIF� SFTQJSBUPSZ� DIBJO� PG
NJUPDIPOESJB� BOE� NBOZ� CBDUFSJB�� *U� DPVQMFT� FMFDUSPO
USBOTGFS� CFUXFFO� /"%)� BOE� VCJRVJOPOF� UP� UIF
USBOTMPDBUJPO�PG�GPVS�QSPUPOT�BDSPTT�UIF�NFNCSBOF��*U�JT�B
NBKPS� DPOUSJCVUPS� UP� UIF� QSPUPO� GMVY� VTFE� GPS� "51
HFOFSBUJPO�JO�NJUPDIPOESJB�CFJOH�POF�PG�UIF�LFZ�FO[ZNFT
FTTFOUJBM� GPS� MJGF� BT�XF�LOPX� JU��.VUBUJPOT� JO� DPNQMFY� *
MFBE� UP� UIF�NPTU� DPNNPO�IVNBO�HFOFUJD� EJTPSEFST�� *U� JT
BO� -�TIBQFE� BTTFNCMZ� GPSNFE� CZ� NFNCSBOF� BOE
IZESPQIJMJD�BSNT��.JUPDIPOESJBM�DPNQMFY�*�DPOTJTUT�PG���
TVCVOJUT�PG�BCPVU���.%B� JO� UPUBM�XIJMTU� UIF�QSPLBSZPUJD
FO[ZNF�JT�TJNQMFS�BOE�HFOFSBMMZ�DPOTJTUT�PG����DPOTFSWFE
bDPSFc� TVCVOJUT�� 8F� VTF� UIF� CBDUFSJBM� FO[ZNF� BT� B
bNJOJNBMc� NPEFM� UP� VOEFSTUBOE� UIF� NFDIBOJTN� PG
DPNQMFY�*��8F�IBWF�EFUFSNJOFE�UIF�GJSTU�BUPNJD�TUSVDUVSFT
PG� DPNQMFY� *� TUBSUJOH� XJUI� UIF� IZESPQIJMJD� EPNBJO
GPMMPXFE�CZ�UIF�NFNCSBOF�EPNBJO�BOE�GJOBMMZ�UIF�SFDFOU
TUSVDUVSF� PG� UIF� FOUJSF� 5IFSNVT� UIFSNPQIJMVT� DPNQMFY
	����L%B� ��� TVCVOJUT� ��'F�4� DMVTUFST� ���5.�IFMJDFT
�
4USVDUVSFT� TVHHFTU� BO� VOVTVBM� NFDIBOJTN� PG� DPVQMJOH
CFUXFFO� FMFDUSPO� USBOTGFS� JO� UIF� IZESPQIJMJD� EPNBJO
	JOWPMWJOH� _� ��� f� MPOH� DIBJO� PG� �� DPOTFSWFE� 'F�4
DMVTUFST
� BOE� QSPUPO� USBOTMPDBUJPO� JO� UIF� NFNCSBOF
EPNBJO� WJB� MPOH�SBOHF� 	VQ� UP� _���� f
� DPOGPSNBUJPOBM
DIBOHFT�� *U� SFTFNCMFT� B� TUFBN� FOHJOF� XJUI� DPVQMJOH
FMFNFOUT� 	BLJO� UP� DPVQMJOH� SPET
� MJOLJOH� QBSUT� PG� UIJT
NPMFDVMBS� NBDIJOF�� *� XJMM� EJTDVTT� PVS� DVSSFOU� XPSL
XIJDI�JT�BJNFE�BU�FMVDJEBUJOH�UIF�NPMFDVMBS�EFUBJMT�PG�UIF
DPVQMJOH�NFDIBOJTN� UISPVHI�EFUFSNJOBUJPO�PG� TUSVDUVSFT
PG� UIF� DPNQMFY� JO� EJGGFSFOU� SFEPY� TUBUFT� XJUI� WBSJPVT
CPVOE� TVCTUSBUFT�JOIJCJUPST� VTJOH� CPUI� 9�SBZ
DSZTUBMMPHSBQIZ�BOE�OFX�DSZP�&.�NFUIPET�

�SFTQJSBUPSZ�DPNQMFY�*�HJBOU�NPMFDVMBS�QSPUPO�QVNQ


