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

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

MS37-O2�4QJO�DSPTTPWFS�NBUFSJBMT��GSPN
NPMFDVMBS�NPUJPO�UP�TXJUDIBCMF�NFDIBOJDBM

QSPQFSUJFT
)FMFOB�+��4IFQIFSE��1BVM�3BJUICZ�

���6OJWFSTJUZ�PG�#BUI�6,

FNBJM��)�+�4IFQIFSE!CBUI�BD�VL
5IF� TQJO� DSPTTPWFS� 	4$0
� QIFOPNFOPO� JOWPMWFT� UIF

TXJUDIJOH� PG� B� USBOTJUJPO� NFUBM� DPNQMFY� CFUXFFO� IJHI
TQJO� 	)4
� BOE� MPX� TQJO� 	-4
� TUBUFT� BT� B� SFTVMU� PG� TPNF
QFSUVSCBUJPO� UP� UIF� TQFDJFT� 	GPS� FYBNQMF� DIBOHFT� JO
UFNQFSBUVSF� PS� QSFTTVSF� PS� BT� B� SFTVMU� PG� MJHIU
JSSBEJBUJPO
�`�.PMFDVMBS� TQFDJFT� JO� UIF�)4� BOE� -4� TUBUFT
BSF�EJTUJOHVJTIFE�CZ�EJGGFSFODFT�JO�UIFJS�DPMPVS�NBHOFUJD
NPNFOU�BOE�TUSVDUVSF�<�>�`
5IF� TUSBJO� BTTPDJBUFE� XJUI� 4$0� IBT� SFDFOUMZ� CFFO

EFNPOTUSBUFE�BT�BO�BDUJWF�DPNQPOFOU�JO�BDUVBUJOH�EFWJDFT
<�>�BOE�JU�JT�DMFBS�UIBU�NFDIBOJDBM�QSPQFSUJFT�QMBZ�QJWPUBM
SPMF� JO� UIF� TXJUDIJOH� QIFOPNFOPO�� 5IVT� JU� JT� TVSQSJTJOH
UIBU� XIJMF� UIF� WPMVNFUSJD� BOE� NPSQIPMPHJDBM� DIBOHFT
BTTPDJBUFE� XJUI� UIF� TXJUDIJOH� FWFOU� BSF� VTVBMMZ� XFMM
DIBSBDUFSJTFE� CZ� USBEJUJPOBM� DSZTUBMMPHSBQIJD� NFUIPET
FMBTUJD� NPEVMJ� BOE� UIFJS� DPSSFMBUJPO� XJUI� NPMFDVMBS
TUSVDUVSF�IBWF�OFWFS�CFFO�UIPSPVHIMZ�BOBMZTFE�
4JOHMF� DSZTUBM� 9�SBZ� EJGGSBDUJPO� UFDIOJRVFT� BU� FMFWBUFE

QSFTTVSF� BOE� WBSJBCMF� UFNQFSBUVSFT� DPNQMJNFOUFE� CZ
TQFDUSPTDPQJD� BOE� NBHOFUJD� TUVEJFT� IBWF� CFFO� VTFE� UP
QSPCF� UIF� TUSVDUVSF�QSPQFSUJFT� SFMBUJPOTIJQ� PG� B� TFSJFT� PG
NPMFDVMBS� 'F**� EFSJWBUJWFT�`� "� SBOHF� PG� GBTDJOBUJOH
QSFTTVSF�JOEVDFE�CFIBWJPVST�IBT�CFFO�PCTFSWFE�QSPWJEJOH
VOQSFDFEFOUFE� JOTJHIU� JOUP� UIF� ESJWJOH� GPSDFT� CFIJOE� UIF
EZOBNJD� TPMJE� TUBUF� QSPDFTTFT�`� &YBNQMFT� JODMVEF
OFHBUJWF� MJOFBS� DPNQSFTTJPO� UIBU� JT� TUSVDUVSBMMZ
BOUBHPOJTUJD� UP� UIF� SFRVJSFNFOUT� PG� 4$0� <�>� BOE
QSFTTVSF�JOEVDFE� TUFQQFE� 4$0� BDDPNQBOJFE� CZ
TZNNFUSZ� CSFBLJOH� <�>��.PSF� JNQPSUBOUMZ� UIFTF� TUVEJFT
IBWF�GPS�UIF�GJSTU�UJNF�BMMPXFE�B�TZTUFNBUJD�JOWFTUJHBUJPO
JOUP� UIF� SFMBUJPOTIJQ� CFUXFFO� DSZTUBM� TUSVDUVSF� BOE
NFDIBOJDBM� QSPQFSUJFT� GPS� B� GBNJMZ� NPMFDVMBS� 4$0
DPNQMFYFT��`
<�>� .�� "�� )BMDSPX� 	&E�
� 4QJO�$SPTTPWFS� .BUFSJBMT�

1SPQFSUJFT�BOE�"QQMJDBUJPOT�8JMFZ������
<�>� )�� +�� 4IFQIFSE� et al.� Nature Commun.� ����� 

����
<�>�)��+��4IFQIFSE�et al.�Angew. Chem.������ �����
<�>� )�� +�� 4IFQIFSE� et al.� Phys. Rev. B.� ����� 

������
� .PMFDVMBS� .BUFSJBMT� .FDIBOJDBM� 1SPQFSUJFT� 4QJO

$SPTTPWFS�4USVDUVSF�1SPQFSUZ�$PSSFMBUJPOT

MS37-O3�6OEFSTUBOEJOH�QPMZNPSQI
TUBCJMJUZ�BOE�QIBTF�USBOTGPSNBUJPOT�CZ
DPNCJOJOH�BC�JOJUJP�MBUUJDF�EZOBNJDT

NVMUJ�UFNQFSBUVSF�FMBTUJD�TDBUUFSJOH�BOE
JOFMBTUJD�TDBUUFSJOH�NFBTVSFNFOUT

"OEFST�0��.BETFO��"OOB�"��)PTFS��.POJLB�,PWBDJD��*PBOB
4PWBHP�

��� %FQBSUNFOU� PG� $IFNJTUSZ� 6OJWFSTJUZ� PG� $PQFOIBHFO
$PQFOIBHFO�%FONBSL�

FNBJM��NBETFO!DIFN�LV�EL
5IF�SFMBUJWF�TUBCJMJUZ�PG�QPMZNPSQIJD�NPMFDVMBS�DSZTUBMT

JT� OPU� FBTZ� UP� BTTFTT� OFJUIFS� GSPN� FYQFSJNFOU� OPS� GSPN
BC�JOJUJP�BQQSPBDIFT��%FTQJUF�SFDFOU�BEWBODFT�JO�QFSJPEJD
%'5� DBMDVMBUJPOT� XIJDI� IBWF� IFMQFE� DSZTUBM� TUSVDUVSF
QSFEJDUJPO�USFNFOEPVTMZ� JU� JT�TUJMM�OPU�QPTTJCMF�UP�QSFEJDU
UIF� SFMBUJWF� TUBCJMJUJFT� BU� BNCJFOU� DPOEJUJPOT�� *O� UIJT
DPOUSJCVUJPO� XF� VTF� NPEFMT� PG� UIFSNBM� NPUJPO� EFSJWFE
GSPN`BC�JOJUJP� MBUUJDF� EZOBNJDBM� DBMDVMBUJPOT� JO
SFGJOFNFOUT�BHBJOTU�9�SBZ�EJGGSBDUJPO�EBUB� <�>� BOE� TIPX
IPX� UIJT� DBO� MFBE� UP� BO� VOEFSTUBOEJOH� PG� UIF� EJGGFSFOU
DPOUSJCVUJPOT�PG�FOUSPQZ�BOE�FOUIBMQZ�UP�UIF�GSFF�FOFSHJFT
PG� UIF� EJGGFSFOU� QPMZNPSQIJD� TUSVDUVSFT�� 8F� VTF� UIF
UFUSBNPSQIJD� BOUJ�UVCFSDVMPTJT� ESVH� QZSB[JOBNJEF� <�>� BT
UFTU� DBTF�� 1ZSB[JOBNJEF� VOEFSHPFT� TFWFSBM� TPMJE�TUBUF
QIBTF�USBOTGPSNBUJPOT�BT�B�GVODUJPO�PG�UFNQFSBUVSF�BOE�JU
JT�UIVT�QPTTJCMF�UP�DPOTUSVDU�B�UFOUBUJWF�QIBTF�EJBHSBN�PG
UIF�SFMBUJWF�TUBCJMJUJFT�<���>�XIJDI�DPNQBSF�GBWPVSBCMZ�UP
PVS� NPEFMJOH� FGGPSUT�� "EEJUJPOBMMZ� JOFMBTUJD� 9�SBZ� BOE
OFVUSPO�EJGGSBDUJPO�NFBTVSFNFOUT�IBWF�CFFO�QFSGPSNFE�JO
PSEFS�UP�GVSUIFS�WBMJEBUF�UIF�SFTVMUJOH�NPEFMT�

���)PTFS�"��"��BOE�.BETFO�"�����`%ZOBNJD�2VBOUVN
$SZTUBMMPHSBQIZ�� -BUUJDF`EZOBNJDBM� NPEFMT� SFGJOFE
BHBJOTU� EJGGSBDUJPO� EBUB��Acta Cryst. A�Advances� �����
Submitted����8BIMCFSH� /�� $JPDIPO� 1�� 1FUSJDFL� 7�� �
.BETFO� "�� ��� 1PMZNPSQI� 4UBCJMJUZ� 1SFEJDUJPO�� 0O� UIF
*NQPSUBODF� PG� "DDVSBUF� 4USVDUVSFT�� "� $BTF� 4UVEZ� PG
1ZSB[JOBNJEF�� $SZTUBM� (SPXUI� �� %FTJHO� ��� ���v���
	����
���� $BTUSP� 3�� "�� FU� BM�� "� OFX� JOTJHIU� JOUP
QZSB[JOBNJEF� QPMZNPSQIJD� GPSNT� BOE� UIFJS
UIFSNPEZOBNJD� SFMBUJPOTIJQT�� $SZTUBM� (SPXUI��� %FTJHO
��� ���v���� 	����
����$IFSVLVWBEB� 4�� 5IBLVSJB�3���
/BOHJB�"��1ZSB[JOBNJEF�1PMZNPSQIT��3FMBUJWF�4UBCJMJUZ
BOE�7JCSBUJPOBM�4QFDUSPTDPQZ��$SZTUBM�(SPXUI���%FTJHO
�������v�����	����
�

� 1PMZNPSQIJTN�-BUUJDF�%ZOBNJDT�%FOTJUZ�'VODUJPOBM
5IFPSZ�%FCZF�8BMMFS�GBDUPST


