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

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

.4����3FDFOU�BEWBODFT�JO
EJGGSBDUJPO�JOTUSVNFOUT

EFUFDUPST�BOE�EBUB�QSPDFTTJOH

$IBJST��5SFWPS�'PSTZUI
�3PTBOOB�3J[[J

MS39-P1�/PWFM�QPXEFS�EJGGSBDUPNFUSZ
DPODFQUT�VTJOH�.P�BOE�"H�SBEJBUJPO��TFF

NPSF�
.BSUJKO�'SBOTFO�
�.JMFO�(BUFTILJ�
�3PFMPG�EF�7SJFT�
�%FUMFW

(PFU[�
�.BSDP�4PNNBSJWB�

��� 1"/BMZUJDBM� #�7�
� -FMZXFH� �
� ����� &"� "MNFMP
� 5IF
/FUIFSMBOET

FNBJM��NBSUJKO�GSBOTFO!QBOBMZUJDBM�DPN
*O� UIF� WBTU� NBKPSJUZ� PG� QPXEFS� EJGGSBDUPNFUFST
`$V

,�"MQIB� SBEJBUJPO� JT� VTFE�� 'PS� DFSUBJO� BQQMJDBUJPOT

IPXFWFS
� UIF� �� LF7� QIPUPOT� BSF� OPU� JEFBM
� F�H�� GPS� in
operando� TUVEJFT`PO� FMFDUSPDIFNJDBM� DFMMT�� "MTP� OFX
BQQMJDBUJPOT
� MJLF� 1BJS�%JTUSJCVUJPO� 'VODUJPO� BOBMZTJT
� PS
9�SBZ� JNBHJOH� BQQMJDBUJPOT� MJLF� $PNQVUFE� 5PNPHSBQIZ
SFRVJSF� TIPSUFS� XBWFMFOHUI� SBEJBUJPO�� .PTU� TUBOEBSE
MBCPSBUPSZ� EJGGSBDUPNFUFST� BSF`OPU� PQUJNJ[FE� GPS� �IBSE�
SBEJBUJPO
� IPXFWFS
� BT� UIJT� NPSF� QFOFUSBUJOH� SBEJBUJPO
QVUT� BEEJUJPOBM� EFNBOET� PO� UIF� CFBN� QBUI� 	PQUJDBM
FMFNFOUT�BOE�EFUFDUPST
��5IFSFGPSF
�NBOZ�PG�UIFTF�TUVEJFT
BSF�EPOF�BU�TZODISPUSPO�CFBNMJOFT�
*O� UIJT� DPOUSJCVUJPO
� XF�MM� QSFTFOU� UIF� TUSJLJOH� SFTVMUT

UIBU� DBO� CF� PCUBJOFE� XJUI� PQUJNJ[FE� PQUJDT� BOE� MBSHF
NPOPMJUIJD� IZCSJE� QJYFM� EFUFDUPST� XJUI� VOJRVF� $E5F
TFOTPST� GPS� IBSE� SBEJBUJPO
� TIPXJOH� UIBU� UIF� MBC
EJGGSBDUPNFUFS� DBO� TPNFUJNFT� CF� B� QSFGFSSFE� BMUFSOBUJWF
PWFS�TZODISPUSPO�CFBN�UJNF��`

� *OTUSVNFOUBUJPO
� EFUFDUPST
� QPXEFS� EJGGSBDUJPO
� JO
PQFSBOEP
�1%'

MS39-P2�/FX�QPTTJCJMJUJFT�JO�TUSVDUVSBM
TUVEJFT�VTJOH�JOTJEF�Y�SBZ�TPVSDFT

(ZVMB�'BJHFM�
�(BCPS�#PSUFM�
�.JLMPT�5FH[F�

���4PMJE�4UBUF�1IZTJDT� *OTUJUVUF
�8JHOFS�3FTFBSDI�$FOUFS
�)�����

10#���
�#VEBQFSTU
�)VOHBSZ

FNBJM��HG!T[GLJ�IV
5SBEJUJPOBMMZ
� TUSVDUVSF� EFUFSNJOBUJPO� PG� DSZTUBMMJOF

TVCTUBODFT�JT�EPOF�CZ�Y�SBZ�EJGGSBDUJPO�FYQFSJNFOUT��5IF
TPVSDF� JO� UIFTF� FYQFSJNFOUT� JT� XFMM� TFQBSBUFE� GSPN� UIF
TBNQMF�BOE�VTVBMMZ�BO�BMNPTU�QBSBMMFM�QSPCF�CFBN�JT�VTFE�
'VSUIFS
�UIF�TBNQMF�IBT�UP�CF�SPUBUFE�UP�NBOZ�PSJFOUBUJPOT
UP� GVMGJMM� #SBHH� DPOEJUJPO� BOE� UP� NFBTVSF� FOPVHI
SFGMFDUJPOT� GPS� TUSVDUVSF�EFUFSNJOBUJPO��5IJT� BSSBOHFNFOU
NBLFT� UIF� TUVEZ� PG� UJNF� EFQFOEFOU� TUSVDUVSBM� DIBOHFT

BOE�FYQFSJNFOUT�BU�OPO�BNCJFOU�DPOEJUJPOT�WFSZ�EJGGJDVMU

FTQFDJBMMZ� JO� UIF� TIPSU� UJNF� TDBMF�� *O� BEEJUJPO
� JO� UIFTF
USBEJUJPOBM� EJGGSBDUJPO� FYQFSJNFOUT� UIF� QIBTF� PG� UIF
TDBUUFSFE�XBWF�JT�MPTU
�XIJDI�NBLFT�TUSVDUVSF�TPMVUJPO�OPO
USJWJBM�� 5IFTF� EJGGJDVMUJFT� DPVME� CF� PWFSDPNF� CZ� VTJOH
JOTJEF�Y�SBZ�TPVSDFT�XJUIJO�UIF�TBNQMF��*O�UIF�FBSMZ�EBZT
PG� Y�SBZ� DSZTUBMMPHSBQIZ�.BY� WPO� -BVF� XPSLFE� PVU� UIF
UIFPSZ�PG�EJGGSBDUJPO�GPS�TPVSDFT�MPDBUFE�JO�UIF�TBNQMF�<�>�
"U� UIF� TBNF� UJNF� UIJT� XBT� BMTP� FYQFSJNFOUBMMZ
EFNPOTUSBUFE�CZ�8��,PTTFM�<�>��5IF�QBUUFSO�PCUBJOFE�UIJT
XBZ� JT� DBMMFE� ,PTTFM� QBUUFSO�� -BUFS
� JU� XBT� UIFPSFUJDBMMZ
TIPXO�UIBU�OPU�POMZ�UIF�QPTJUJPO�BOE�NBHOJUVEF�PG�#SBHH
SFGMFDUJPOT
� CVU� BMTP� UIFJS� QIBTF� DBO� CF� EFUFSNJOFE� CZ
NFBTVSJOH�UIF�GJOF�TUSVDUVSF�PG�,PTTFM�MJOFT�<�
�>��*O�TQJUF
PG� UIFTF� BEWBOUBHFT� ,PTTFM� DPOF� BOBMZTJT� JT� OPU� XJEF
TQSFBE�� 5IFSF� BSF� TPNF� FYQFSJNFOUT� VTJOH� FMFDUSPO
NJDSPTDPQFT� GPS� FYDJUBUJPO� PG� Y�SBZ� GMVPSFTDFODF
� CVU
BMNPTU�OP�XPSL�VTJOH�Y�SBZ�FYDJUBUJPO��9�SBZ�FYDJUBUJPO�JT
BEWBOUBHFPVT� JG� CVML� TUSVDUVSBM� QSPQFSUJFT� IBWF� UP� CF
EFUFSNJOFE�� 'VSUIFS
� JO� ,PTTFM� QBUUFSO� TUVEJFT� OP
RVBMJUBUJWF�QIBTF�EFUFSNJOBUJPO�XBT�EFNPOTUSBUFE�TP�GBS�
)FSF� XF� EFTDSJCF� B� TFUVQ� CVJMU� GPS� UIF� NFBTVSFNFOU� PG
,PTTFM� QBUUFSOT
� FYDJUFE� CZ� TZODISPUSPO� SBEJBUJPO�� 8F
BMTP� TIPX� UIBU� UIF� SFTPMVUJPO�PG� UIJT� TFUVQ� JT� FOPVHI� GPS
UIF�EFUFSNJOBUJPO�PG�UIF�QIBTF�PG�#SBHH�SFGMFDUJPOT��`
<�>�-BVF�.��7PO
�	����
��"OO��1IZT�
�-Q[�� 
�����
<�>�,PTTFM�8
�-PFDL�7�BOE�7PHFT�)
�	����
�Z. Physik
���

<�>�+��.��$PXMFZ
�"DUB�$SZTU��	����
�� 
���
<�>�+��5��)VUUPO
�(�5��5SBNNFMM�+�1��)BOOPO
�1IZT�3FW�

	����

� 
����
�1IBTF�EFUFSNJOBUJPO
�,PTTFM�MJOFT


