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

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

MS15-P10�"�LBMFJEPTDPQF�PG
IZQFSDPPSEJOBUFE�BMLBMJ�NFUBM�JNJEB[PMBUFT�

TJOHMF�TPVSDF�QSFDVSTPST�GPS�IZCSJE
CPSPIZESJEFT

%BNJS�"��4BGJO�
�,PFO�3PCFZOT�
�/JLPMBZ�"��5VNBOPW�

7PSBLTNZ�#BO�
�:BSPTMBW�'JMJODIVL��

��� *OTUJUVUF� PG� $POEFOTFE� .BUUFS� BOE� /BOPTDJFODFT
� 6OJWFSTJUFq
DBUIPMJRVF�EF�-PVWBJO
�1MBDF�-��1BTUFVS��
������-PVWBJO�MB�/FVWF

#FMHJVN

FNBJM��EBNJS�B�TBGJO!HNBJM�DPN
;FPMJUJD� JNJEB[PMBUF� GSBNFXPSLT� 	;*'T
� BSF� BO

PVUTUBOEJOH� DMBTT� PG� .0'T
� DPOTUSVDUFE� GSPN
UFUSBIFESBMMZ� DPOGJHVSFE� USBOTJUJPO� NFUBM� DBUJPOT� MJOLFE
UISPVHI� CSJEHJOH� JNJEB[PMBUF� 	*N
� TQBDFST�� ;*'T� BSF
TUSVDUVSBMMZ� JTJPNPSQIJD� UP� [FPMJUFT� TJODF� UIF
NFUBM�*N�NFUBM� BOHMF� JT� TJNJMBS� UP� UIF� 4Jv0v4J� BOHMF
	����
� JO� UIF� MBUUFS� DPNQPVOET�� 5IJT� GFBUVSF� XBT
FYQMPJUFE� UP� QSPEVDF� B� IVHF� WBSJFUZ� PG� QPSPVT� USBOTJUJPO
NFUBM�CBTFE�;*'T��0VS�JOJUJBM�HPBM�XBT�UP�DPNCJOF�*N�BOE
BMLBMJ�NFUBM� CPSPIZESJEFT� JO� UIF� TBNF� TUSVDUVSF�XJUI� UIF
GPSNBUJPO� PG� QPSPVT� CPSPIZESJEF� DPNQPVOET
� XIFSF� *N
TFSWFT� BT� B� TUSVDUVSBM� VOJU� PG� UIF� GSBNFXPSL
� XIJMF
CPSPIZESJEF� BOJPOT� QSPWJEF� XJUI� GVODUJPOBMJUZ�
4VSQSJTJOHMZ
� XF� GPVOE� UIBU� BMLBMJ� NFUBM�CBTFE
JNJEB[PMBUFT�BSF�OPU�TUSVDUVSBMMZ�DIBSBDUFSJ[FE�TP�GBS��5IJT
NJHIU� CF� FYQMBJOFE� CPUI� CZ� UIFJS� HFOFSBM� VOBWBJMBCJMJUZ
BOE� CZ� FGGJDJFOU� IZESPMZTJT�� 5IVT
� UIF� DPPSEJOBUJPO
DIFNJTUSZ� PG� *N� UPXBSET� BMLBMJ� NFUBM� DBUJPOT� 	-J�
� /B�
BOE� ,�
� SFNBJOT� B� DIBMMFOHF�� 8JUI� UIJT� JO� NJOE� BOE
JOTQJSFE�CZ�UIF�TUPSBHF�QSPQFSUJFT�PG�;*'T
�XF�IBWF�UVSOFE
PVS� BUUFOUJPO� UP� *N�CBTFE� DPPSEJOBUJPO� DPNQPVOET� XJUI
-J�
� /B�� BOE� ,�� BT� XFMM� BT� EFUFSNJOBUJPO� PG� UIFJS
TUSVDUVSFT�
)PNPMFQUJD� �%� .0'�MJLF� TUSVDUVSFT� </B	*N
>

n
� BOE

<,	*N
>
n
� 	'JHVSF��
�XFSF�PCUBJOFE�CZ� UIF�EJSFDU� SFBDUJPO

PG�UIF�DPSSFTQPOEJOH�IZESPYJEF�BOE�*N)
�XIJMF�<-J	*N
>
nXBT� QSPEVDFE� VTJOH� B� TUFQXJTF� TZOUIFUJD� BQQSPBDI

UISPVHI� UIF� GPSNBUJPO� PG� IFUFSPMFQUJD� DPNQPVOET
<-J	*N)
	*N
>

n
� BOE� <-J	%.40
	*N
>

n
� FBDI� FYIJCJUJOH� B

�%� TIFFU�MJLF� TUSVDUVSF�� 6TJOH� BO� FRVJNPMBS� NJYUVSF� PG
UXP� PS� UISFF� BMLBMJ� NFUBM� IZESPYJEFT� ZJFMEFE
IFUFSPOVDMFBS� IPNPMFQUJD� �%� .0'�MJLF� TUSVDUVSFT
<-J,	*N
�>n
� </B,	*N
�>n
� </B�,	*N
�>n� BOE
<-J����/B����,	*N
�>n� PS� B� IFUFSPMFQUJD� DPNQMFY
<-J����/B����	*N)
�	*N
�>n� DPOTUSVDUFE� GSPN� �%� TIFFUT�
5IVT
� UIF� QSFTFODF� PG� UIF� QBSFOU� MJHBOE� *N)� JO� UIF
TUSVDUVSF� PG� SFQPSUFE� DPNQPVOET� EFDSFBTFT� UIF
EJNFOTJPOBMJUZ� PG� UIF� GSBNFXPSL� GSPN� �%� UP� �%�� 5IF
DPPSEJOBUJWF�EFNBOE�PG� UIF�NFUBM�DBUJPO� JO� JT� JODSFBTJOH
XJUI�BO�JODSFBTF�PG�UIF�JPOJD�SBEJJ��5IF�-J��DBUJPO�FYIJCJUT
B�TUSPOH�QSPQFOTJUZ�UP�GPSN�IFUFSPMFQUJD�TUSVDUVSFT
�XIJMF
UIF�,��DBUJPO�BMMPXT�UP�DPPSEJOBUF�UIF�*N�SJOH�UISPVHI�UIF
��TZTUFN�� 8IJMF� UIF� BMLBMJ� NFUBM� DBUJPOT� GPVOE� JO� UIF
$4%�TIPX�QSFGFSSFE�DPPSEJOBUJPO�UP�UIF�OJUSPHFO�BUPN�JO
UIF� QMBOF� PG� *N
� UIF� BMLBMJ� NFUBM� TJUFT� JO� UIJT� XPSL� BSF
EJTUSJCVUFE� PWFS� B� MBSHFS� SBOHF� GSPN��� UP� ���
� BOE� TIPX
FWFO�B�XJEFS�EJTUSJCVUJPO�UIBO�GPS�OPO�BMLBMJ�NFUBM�DBUJPOT
GPVOE�JO�UIF�$4%�	'JHVSF��
�

'JHVSF����$PPSEJOBUJPO�PG�UIF�NFUBM�DBUJPOT�	UPQ�MFGU
�BOE�QBDLJOH
	UPQ� SJHIU
� JO� <,	*N
>

n
��%JTUSJCVUJPO�PG� UIF�NFUBM� TJUFT� BSPVOE� *N

GPS�UIF�TUSVDUVSFT�SFQPSUFE�IFSFJO�	CPUUPN�MFGU

�GPS�UIF�TUSVDUVSFT�PG
TVCTUJUVUFE� *N�XJUI� BMLBMJ� 	CPUUPN�NJEEMF
� BOE�XJUI� PUIFS�NFUBM
DBUJPOT�	CPUUPN�SJHIU
�

,FZXPSET��BMLBMJ�NFUBM�DBUJPOT
�DSZTUBM�TUSVDUVSF
�JNJEB[PMF
�NFUBM
PSHBOJD�GSBNFXPSLT
�[FPMJUJD�JNJEB[PMBUF�GSBNFXPSLT


