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

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

MS39-P14�5SFOET�PO�NVMUJMBZFS�9�SBZ
PQUJDT�BOE�TDBUUFSMFTT�QJOIPMFT

+nSH�8JFTNBOO��'SBOL�)FSUMFJO��"OESFBT�,MFJOF��$BSTUFO
.JDIBFMTFO��6XF�)FJEPSO��$ISJTUPQIFS�6NMBOE��.JDIBFM

4UnSNFS�

��� *ODPBUFD� (NC)� .BY�1MBODL�4USBTTF� �� ������ (FFTUIBDIU
(FSNBOZ
��� )FMNIPMU[[FOUSVN� (FFTUIBDIU� .BY�1MBODL�4USBTTF� �� �����
(FFTUIBDIU�(FSNBOZ

FNBJM��XJFTNBOO!JODPBUFD�EF
"� MBSHF� WBSJFUZ� PG� 9�SBZ� PQUJDT� JT� SFRVJSFE� GPS� CFBN

BMJHONFOU� HVJEBODF� PS� NPOPDISPNBUPS� BQQMJDBUJPOT� BU
TZODISPUSPO�CFBNMJOFT��8F� JOWFTUJHBUFE�WBSJPVT� UZQFT�PG
NVMUJMBZFS�PQUJDT� GPS�FOFSHZ�SBOHFT�CFUXFFO�TFWFSBM�LF7
BOE�VQ�UP����LF7��'PS�IJHI�CSJHIUOFTT�MBCPSBUPSZ�TPVSDFT
MJLF�UIF�MBUFTU�*ODPBUFD�.JDSPGPDVT�4PVSDF�*r4�PS�NFUBMKFU
CBTFE� TPVSDFT� PQUJDT� XJUI� TJNJMBS� TIBQF� FSSPST� BSF
OPXBEBZT�OFFEFE��5IFZ�BSF�VTFE�BT�NPOPDISPNBUPST�BOE
CFBN� TIBQJOH� EFWJDFT� JO� QSPUFJO� BOE� TNBMM� NPMFDVMF
DSZTUBMMPHSBQIZ� BT� XFMM� BT� JO� QPXEFS� EJGGSBDUJPO� BOE
TNBMM�BOHMF�TDBUUFSJOH�
8F� XJMM� QSFTFOU� OFX� EFWFMPQNFOUT� PG� ��EJN� CFBN

TIBQJOH�.POUFM� 0QUJDT� GPS� TZODISPUSPO� BQQMJDBUJPOT� BOE
GPS�IJHI�CSJMMJBODF�MBCPSBUPSZ�FRVJQNFOU��"U�TZODISPUSPOT
TVDI� BT� %-4� /4-4� BOE� "14� EJGGFSFOU� UZQFT� PG� UIFTF
PQUJDT�BSF�OPX�VTFE�GPS�FYBNQMF�JO�BOBMZ[FS�TZTUFNT�GPS
JOFMBTUJD� TDBUUFSJOH�� 'PS� UIF� PQUJDT� B� QFSGFDU� NVMUJMBZFS
DPBUJOH�IBWF�UP�CF�QSPEVDFE�XJUI�B�QSFDJTJPO�XJUIJO�t���
PG�UIF�TJOHMF�MBZFS�TQBDJOH��7FSZ�MPX�TIBQF�FSSPST�CFMPX
����ON�BOE�GJHVSF�FSSPST�CFMPX���BSDTFD�BSF�SFRVJSFE�GPS
UIF� TVCTUSBUFT�� *O� TVNNBSZ� UIJT� FOTVSFT� BMTP� GPS
MBCPSBUPSZ�TPVSDFT�TVQFSC�GMVY�EFOTJUJFT�PG�BCPWF���Y�����
QIUT�T�NN��
*O� UIJT� DPOUSJCVUJPO� XF� XJMM� BMTP� QSFTFOU� DVUUJOH�FEHF

SFTVMUT� PG� B� ��� DN� MBUFSBMMZ� HSBEFE� NVMUJMBZFS� PQUJDT
EFWFMPQFE�GPS�TQFDJBM�NJOJ�TZODISPUSPOT�XJUI�B�EFWJBUJPO
UP�B�TQFDJGJFE�GJMN�TIBQF�PG�MFTT�UIBO�������
#FTJEFT� UIF� NVMUJMBZFSPQUJDT� PUIFS� DPNQPOFOUT� TIBQF

UIF� 9�SBZ� CFBN�� 'PS� NBOZ� FYQFSJNFOUBM� TFU�VQT� UIF
DPMMJNBUPS� BOE� QJOIPMF� TZTUFN� QMBZT� B� TJHOJGJDBOU� SPMF�
1BSBTJUJD� BQFSUVSF� TDBUUFSJOH� DBVTFT� MPTT� JO� EBUB� RVBMJUZ
FTQFDJBMMZ� JO� 4"94� BOE� (*4"94� BQQMJDBUJPOT�� 7BSJPVT
NFBTVSFNFOU� SFTVMUT� XJMM� CF� QSFTFOUFE� TIPXJOH� UIF
JNQSPWFNFOU� PG� EBUB� RVBMJUZ� XJUI� *ODPBUFDmT� TDBUUFSMFTT
QJOIPMFT�DBMMFE�4$"5&9��5IFTF�QJOIPMFT�BSF�FJUIFS�NBEF
PG�(FSNBOJVN�GPS�FOFSHJFT��������LF7�PS�PG�5BOUBMVN�GPS
FOFSHJFT� �� ����� LF7� BOE� BSF� BWBJMBCMF� XJUI� EJBNFUFST
GSPN���NN�EPXO�UP����rN�BOE�CFMPX�
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FNBJM��IPMHFS�PUU!CSVLFS�DPN
/FX� UFDIOJRVFT� GPS� FYQFSJNFOUBM� EFTJHO� CFDPNF

BWBJMBCMF�XJUI� UIF�1)050/�EFUFDUPSmT�DPOUJOVPVT�TDBOT
JO� TIVUUFSMFTT� NPEF�� 6OUJM� UPEBZ� DSZTUBM� TDSFFOJOH� IBT
CFFO� B� UJNF�DPOTVNJOH� UBTL� UIBU� IBSEMZ� SFWFBMFE� NPSF
UIBO� UIF�VOJU�DFMM� EJNFOTJPOT��'PS�POF� TFDPOE�FYQPTVSFT
JO� TIVUUFSMFTT� NPEF� PWFSBMM� EBUB� DPMMFDUJPO� UJNFT� BSF
SFEVDFE�CZ� BT�NVDI� BT� �����BT� MPOH�PWFSIFBE� UJNFT�PG
$$%� EFUFDUPST� BSF� FMJNJOBUFE�� .PEFSO� IJHI�GMVY� 9�SBZ
TPVSDFT�BMTP�HFOFSBMMZ�MFBE�UP�TIPSUFS�FYQPTVSF�UJNFT�QFS
EFHSFF� GPS� B� HJWFO� TBNQMF�� $POTFRVFOUMZ� UIF
DPNCJOBUJPO� PG� UIF� 1)050/� EFUFDUPS� XJUI� UIF� OFX
9�SBZ�TPVSDFT�BMMPXT�DPMMFDUJOH�PGUFO�DPNQMFUF�EBUB� TFUT
JO�BT�MJUUMF�BT����T�
5IFTF� TDBOT� QSPWJEF� JNQSFTTJWFMZ�NPSF� SFGMFDUJPOT� GPS

JOEFYJOH� UIBO� USBEJUJPOBM� NBUSJY� TDBOT� JO� GBS� MFTT� UJNF�
5IF�IVHF�BNPVOU�PG�JOGPSNBUJPO�FOBCMFT�UIF�TPQIJTUJDBUFE
BOBMZTJT� PG� UIF� EJGGSBDUJPO� QBUUFSO� F�H�� GPS� NVMUJGPME
UXJOOJOH� PS� NPEVMBUJPO� VTJOH� UIF� QPXFSGVM� UPPMT
BWBJMBCMF� JO� UIF� OFXMZ� SFMFBTFE� "1&9�� TPGUXBSF� TVJUF�
#BTFE� PO� UIJT� FYBNJOBUJPO� DSZTUBM� EFGFDUT� BSF� RVJDLMZ
JEFOUJGJFE� XIJDI� NBZ� TVHHFTU� UIF� NFSJU� PG� QJDLJOH
BOPUIFS� DSZTUBM�� "T� BO� BEEJUJPOBM� CFOFGJU� FWFO� UIF
TUSVDUVSF� EFUFSNJOBUJPO� DBO� CF� QFSGPSNFE� SFWFBMJOH� UIF
DIFNJDBM� DPOTUJUVUJPO� PG� UIF� DSZTUBM�� 5IJT� GBDJMJUBUFT� BO
FBTZ� EFDJTJPO�NBLJOH� UP� EJTDPOUJOVF� PS� DPOUJOVF� UIF
FYQFSJNFOU� XJUI� JNQSPWFE� LOPXMFEHF� GPS� BO� FWFOUVBMMZ
EFTJSFE�NPSF�FYIBVTUJWF�EBUB�DPMMFDUJPO�
5ZQJDBM� EBZ� UP� EBZ� FYBNQMFT�XJMM� CF� QSFTFOUFE� UBLJOH

BEWBOUBHF�PG�UIF�MBUFTU�1)050/�"14�EFUFDUPS�BOE�9�SBZ
TPVSDF� DPNCJOBUJPOT� TIPXJOH� IPX� DPNQMFUF� EBUB
DPMMFDUJPOT� DBO� CF� GJOJTIFE� JO� UIF� UJNF� GSBNF� PG� B
USBEJUJPOBM�QSF�FYQFSJNFOU�
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