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

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

MS23-P6�`4USVDUVSBM�DIBSBDUFSJ[BUJPO�PG
RVBOUVN�EPU�MBUUJDFT�CZ�(*4"94��NPEFMT

BOE�TPGUXBSF�QBDLBHF�GisaxStudio

.BKB�#VMKBO�
�*HPS�.FLUFSPWJ��
�.BSLP�,BSMV�J��
�*WB
#PHEBOPWJ��3BEPWJ��
�%BSLP�.FLUFSPWJ��
�.BSLP�+FS�JOPWJ��


4JHSJE�#FSOTUPSGG�
�/JLPMB�3BEJ��
�7BDMBW�)PMZ�

��� 3V¼FS� #P�LPWJ�� *OTUJUVUF
� #JKFOJ�LB� DFTUB� ��
� ������ ;BHSFC

$SPBUJB
���'BDVMUZ�PG�&MFDUSJDBM�&OHJOFFSJOH�BOE�$PNQVUJOH
�������;BHSFC

$SPBUJB
���6OJWFSTJUZ�PG�3JKFLB
�%FQBSUNFOU�PG�1IZTJDT
�3BENJMF�.BUFK�J�
�
�������3JKFLB
�$SPBUJB
���&MFUUSB�4JODSPUSPOF�5SJFTUF
�44����LN������
� ������#BTPWJ[[B

*UBMZ
���$IBSMFT�6OJWFSTJUZ�JO�1SBHVF
�1SBHVF
�$[FDI�3FQVCMJD

FNBJM��NCVMKBO!JSC�IS
`8F� QSFTFOU� NPEFMT� GPS� TUSVDUVSBM� DIBSBDUFSJ[BUJPO� PG

OBOPTUSVDUVSFE�NBUFSJBMT� DPOTJTUJOH�PG�EJGGFSFOU�RVBOUVN
EPU� MBUUJDFT� CZ� (*4"94� 	HSB[JOH� JODJEFODF� TNBMM� BOHMF
Y�SBZ� TDBUUFSJOH
�� 5IFZ� FOBCMF� UIF� EFUFSNJOBUJPO� PG� UIF
TIBQF� BOE� BSSBOHFNFOU� QSPQFSUJFT� PG� UIF� GPSNFE
OBOP�PCKFDUT�BT�XFMM�BT� UIFJS�TUBUJTUJDBM�EJTUSJCVUJPOT��5IF
EFWFMPQFE� NPEFMT� BSF� JODPSQPSBUFE� JO� B� OFX� QSPHSBN
GisaxStudio. *U� DPOUBJOT� UXP� GBNJMJFT� PG� NPEFMT�
�3dLattice�GPS�UIF�BOBMZTJT�PG�UISFF�EJNFOTJPOBM�RVBOUVN
EPU� MBUUJDFT� GPSNFE� CZ� EJGGFSFOU� TFMG�BTTFNCMZ� QSPDFTTFT
BOE��iBeaM�XIJDI�JT�TVJUBCMF�GPS�UIF�BOBMZTJT�PG�(*4"94
JOUFOTJUZ� EJTUSJCVUJPOT� NFBTVSFE� PO� JPO�CFBN� NPEJGJFE
NBUFSJBMT�

GisaxStudio� JT� B� NPEVMBS
� NVMUJ�QMBUGPSN� QSPHSBN� GPS
(*4"94�BOBMZTJT�PG�WBSJPVT�OBOPTUSVDUVSFE�NBUFSJBMT�� *U
JT� XSJUUFO� JO� +BWB� QSPHSBNNJOH� MBOHVBHF
� GFBUVSJOH� B
HSBQIJDBM� VTFS� JOUFSGBDF
� CVJMU�JO� PQUJNJ[BUJPO� BMHPSJUINT
BOE� WJTVBMJ[BUJPO�� *U� TUPSFT� BMM� EBUB� JO� UIF� SFMBUJPOBM
EBUBCBTF� XIJDI� GBDJMJUBUFT� EBUB� FYDIBOHF� BOE
SFQSPEVDJCJMJUZ��*U�JT�GSFF�GPS�OPO�DPNNFSDJBM�VTF�BOE�DBO
CF� EPXOMPBEFE� GSPN� UIF
IUUQ���IPNFS�[QS�GFS�IS�HJTBYTUVEJP�

'JHVSF� ��� `0OF� PG� UIF`XJOEPXT� PG� UIF� QSPHSBN� GisaxStudio
TIPXJOH�UIF�FYQFSJNFOUBM�BOE�TJNVMBUFE�(*4"94�NBQT�

,FZXPSET��(*4"94
�(JTBY4UVEJP
�1SPHSBN
�2VBOUVN�EPU�MBUUJDFT

MS23-P7�4ZOUIFTJT�PG�DBSCPO
OBOP�POJPO�OJDLFM�IZESPYJEF�PYJEF
DPNQPTJUFT�GPS�FMFDUSPDIFNJDBM

TVQFSDBQBDJUPS�FMFDUSPEF�BQQMJDBUJPOT
.BSUB�&��1MPOTLB�#S[F[JOTLB�
�%JBOB�#SVT�
�,S[ZT[UPG

#S[F[JOTLJ�
�-VJT�&DIFHPZFO�

��� *OTUJUVUF� PG� $IFNJTUSZ
� 6OJWFSTJUZ� PG� #JBMZTUPL
� )VSUPXB� �

�������#JBMZTUPL
�1PMBOE
���%FQBSUNFOU� PG�$IFNJTUSZ
�6OJWFSTJUZ� PG�5FYBT� BU�&M�1BTP
� ���
8��6OJWFSTJUZ�"WF�
�&M�1BTP
�59������
�64"

FNBJM��NQMPOTLB!VXC�FEV�QM
5IF� IJHI� UFNQFSBUVSF� BOOFBMJOH� PG� VMUSB�EJTQFSTFE

OBOPEJBNPOET� 	�� ON
� BWFSBHF� TJ[F
� MFBET� UP� UIFJS
USBOTGPSNBUJPO�JOUP�$/0�TUSVDUVSFT�	����ON�JO�EJBNFUFS

���� TIFMMT

� UIBU� DBO� CF� BMTP� EFTDSJCFE� BT� NVMUJ�TIFMMFE
GVMMFSFOFT�� 5IF� JOUFSFTU� JO� DBSCPO� OBOP�POJPOT� JT� ESJWFO
CZ� UIFJS� VOVTVBM� QIZTJDP�DIFNJDBM� QSPQFSUJFT� BT� XFMM� BT
CZ� QSPNJTJOH� BQQMJDBUJPOT� JO� FMFDUSPOJDT
� PQUJDT
� BOE� JO
FOFSHZ�DPOWFSTJPO�BOE�TUPSBHF��*O�FMFDUSJDBM�EPVCMF�MBZFS
DBQBDJUPST� 	&%-$T
� UIF� FOFSHZ� DBO� CF� TUPSFE� WJB� JPO
BETPSQUJPO� BOE� UIF� DBQBDJUBODF� JT� BTTPDJBUFE� XJUI� BO
FMFDUSPEF�QPUFOUJBM�EFQFOEFOU� BDDVNVMBUJPO� PG� DIBSHF� BU
UIF� FMFDUSPEF� JOUFSGBDF� UISPVHI� QPMBSJ[BUJPO�� %VSJOH� UIF
DIBSHJOH�EJTDIBSHJOH� QSPDFTT� PG� DBSCPO�CBTFE� &%-$T

UIF� FMFDUSPEF�NBUFSJBM� JT� OPU� FMFDUSPDIFNJDBMMZ� BDUJWF�� *O
QTFVEPDBQBDJUPST� UIF� FMFDUSPEF� NBUFSJBM� JT
FMFDUSPDIFNJDBMMZ� BDUJWF� BOE� GBSBEBJD� SFBDUJPOT� UBLF
QMBDF��5IF�UZQF�PG�DIBSHF�TUPSBHF�NFDIBOJTN�EFUFSNJOFT
UIF� FMFDUSPDIFNJDBM� QFSGPSNBODF� PG� &%-$T� BOE� UIF
FMFDUSPEF� NBUFSJBMT� BSF� BMTP� DSVDJBM�� /FX� UZQFT� PG
TVQFSDBQBDJUPST� XIJDI� DPNCJOF� UIF� BEWBOUBHFT� PG� CPUI
EPVCMF� MBZFS� DBQBDJUPST� BOE� QTFVEPDBQBDJUPST� BSF� UIF
TVCKFDU� PG� UIJT� XPSL�� $BSCPO� OBOP�POJPO� 	$/0
� BOE
/J	0)
�� PS�/J0� DPNQPTJUFT�XFSF� QSFQBSFE� CZ� B� TJNQMF
NFUIPE
�XIJDI� JT�CBTFE�PO�DIFNJDBM� MPBEJOH�PG�/J	0)
�PO� UIF�DBSCPO�TVSGBDF��5IF�FMFDUSPDIFNJDBM�QSPQFSUJFT�PG
UIF�SFTVMUJOH�DPNQPTJUFT�XFSF�TUVEJFE�UP�JOWFTUJHBUF�UIFJS
QPUFOUJBM� BT� TVQFSDBQBDJUPST�� 5IF� TBNQMFT� XFSF
DIBSBDUFSJ[FE� CZ� USBOTNJTTJPO� BOE� TDBOOJOH� FMFDUSPO
NJDSPTDPQJD�NFUIPET
�QPXEFS�EJGGSBDUJPO� UFDIOJRVFT�BOE
CZ� EJGGFSFOUJBM�UIFSNPHSBWJNFUSJD� BOBMZTFT�� 5FYUVSBM
QSPQFSUJFT� XFSF� DIBSBDUFSJ[FE� VTJOH� OJUSPHFO� HBT
BETPSQUJPO� BOBMZTFT�� 1SJTUJOF� JOPSHBOJD� TBNQMFT� PG� /J0
BOE�/J	0)
��SFWFBMFE�EJGGFSFOU�NPSQIPMPHJFT�BOE�QPSPVT
DIBSBDUFSJTUJDT� XIFO� DPNQBSFE� UP� UIPTF� PG� UIF� $/0
DPNQPTJUFT
� XIJDI� TIPXFE� VOJRVF� FMFDUSPDIFNJDBM
QSPQFSUJFT�� 5IF� FMFDUSPDIFNJDBM� QFSGPSNBODF� PG� UIF
$/0�/J	0)
�� PS� $/0�/J0� DPNQPTJUFT� JT� MBSHFMZ
BGGFDUFE�CZ�UIF�NBTT
�UIF�NPSQIPMPHZ�BOE�EJTUSJCVUJPO�PG
UIF� /J	0)
��/J0� QIBTF�� 5IF� FMFDUSPDIFNJDBM� QSPQFSUJFT
PG� UIFTF� FMFDUSPEFT� XFSF� JOWFTUJHBUFE� VTJOH� DZDMJD
WPMUBNNFUSJD� BOE� FMFDUSPDIFNJDBM� JNQFEBODF
TQFDUSPTDPQJD� BOBMZTFT�� $PNQBSFE� XJUI� QSJTUJOF� $/0T
	���'�H

�NPEJGJFE�$/0T�XJUI�UIF�JOPSHBOJD�DPNQPOFOUT
TIPX� JNQSPWFE� FMFDUSPDIFNJDBM� QFSGPSNBODF� 	DB�� ����
'�H�GPS�$/0T�/J	0)
��BOE�DB������'�H�GPS�$/0T�/J0
�
8F�HSBUFGVMMZ�BDLOPXMFEHF�UIF�GJOBODJBM�TVQQPSU�PG�UIF

/BUJPOBM� 4DJFODF� $FOUSF
� 1PMBOE
� HSBOU
���������&�45�������
,FZXPSET�� DBSCPO� OBOP�POJPO
� DPNQPTJUF
� TVQFSDBQBDJUPS

DBQBDJUBODF


