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

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

MS14-P8�4FFE�NFEJBUFE�TZOUIFTJT�PG
OBOPTJ[FE�DSZTUBMT�PG�#FUB�[FPMJUF

#PSJTMBW�;��#BSCPW��:VSJ�"��,BMWBDIFW�

��� *OTUJUVUF� PG� .JOFSBMPHZ� BOE� $SZTUBMMPHSBQIZ� #VMHBSJBO
"DBEFNZ�PG�4DJFODFT

FNBJM��CBSCPW!JND�CBT�CH
5IF� IJHI� JOEVTUSJBM� JOUFSFTU� UP� [FPMJUF� #FUB� PSJHJOBUFT

GSPN�UIF�CSPBE�4J�"M�SBOHF�JO�[FPMJUF�#FUB�	��v��
`BOE�JUT
QBSUJDVMBS� TUSVDUVSF� CFJOH� BO� JOUFSHSPXUI� PG� EJGGFSFOU
QPMZNPSQIT� BOE� UIFSFGPSF� CFJOH� EJTPSEFSFE� JO� POF
EJNFOTJPO�� 5IF� DPNCJOBUJPO� PG� UISFF�EJNFOTJPOBM� QPSF
BSDIJUFDUVSF� DPNQPTFE� PG� JOUFSTFDUJOH� ���SJOH� DIBOOFMT
XJUI�TUSPOH�BDJE�TJUFT�NBLFT�UIJT�[FPMJUF�VTFGVM�DBUBMZTU�JO
B� OVNCFS� PG� QSPDFTTFT� �� TVDI� BT� DBUBMZUJD� DSBDLJOH
IZESPJTPNFSJTBUJPO� BMLZMBUJPO� PG� BSPNBUJDT� BOE
FTUFSJGJDBUJPO� SFBDUJPOT`etc�� *O� PSEFS� UP� PCUBJO� OBOPTJ[FE
DSZTUBMT� PG� [FPMJUF� #FUB� IZESPUIFSNBM� TFFE�JOEVDFE
TZOUIFTJT� JT�QFSGPSNFE��/BOPTJ[FE�[FPMJUFT�BSF� JNQPSUBOU
JO� DBUBMZUJD� BOE� BETPSQUJWF� BQQMJDBUJPOT�� 4NBMMFS� DSZTUBMT
PG� [FPMJUFT� IBWF� MBSHFS� TVSGBDF� BSFBT� BOE� MFTT� EJGGVTJPO
MJNJUBUJPOT� DPNQBSFE� UP� [FPMJUFT� XJUI� NJDSPNFUFS�TJ[FE
DSZTUBMT��%VSJOH�UIF�TZOUIFTJT�UXP�UZQFT�PG�TFFET�BSF�VTFE
��DSZTUBM�TFFET�BOE�NPUIFS�MJRVPS��4FFE�JOEVDFE�TZOUIFTJT
CZ�VTJOH�PG�NPUIFS�MJRVPS�BT�TFFET�MFBET�UP�IJHI�ZJFME�PG
[FPMJUF�DSZTUBMT��$SZTUBM�HSPXUI�LJOFUJDT�PG�UIF�NBUFSJBM�BT
B�GVODUJPO�PG�TFFE�DPOUFOU�UZQF�PG�TFFET�BOE�4J�"M�SBUJP�PG
UIF� JOJUJBM� HFM� BSF� TUVEJFE�� "GUFS� UIF� PQUJNJ[BUJPO� PG
DSZTUBMMJ[BUJPO� DPOEJUJPOT� B� IJHIMZ� DSZTUBMMJOF� NBUFSJBM
XJUI� DSZTUBM� TJ[F� ���v���� ON� JT� TZOUIFTJ[FE�� 5IF
PCUBJOFE�DSZTUBMT�XFSF�DIBSBDUFSJ[FE�CZ�9�SBZ�EJGGSBDUJPO
TDBOOJOH� FMFDUSPO� NJDSPTDPQF� UIFSNPHSBWJNFUSJD
BOBMZTJT�BOE�JOGSBSFE�TQFDUSPTDPQZ��`

5IF� BVUIPST� BDLOPXMFEHF� UIF
GJOBODJBM� TVQQPSU� GSPN� UIF� PQFSBUJPOBM� QSPHSBNNF
ll)VNBO� 3FTPVSDFT� %FWFMPQNFOUmm� XJUIJO� QSPKFDU
#(���10������������������

�/BOP[FPMJUFT�;FPMJUF�#FUB�4FFE�BTTJTUFE�TZOUIFTJT

MS14-P9�3C.O10��;FPMJUF�"#8�5ZQF
.BUFSJBM��B�OFX�NVMUJGFSSPJD�NJOFSBM�SFMBUFE

NBUFSJBM
4��1SVHPWFDLJ��(��/wOFSU��-��-JO��3��,SFNFS��)��#FO�:BIJB�

$��3JUUFS��&��(BVEJO��0��*TOBSE�

��� 1"/BMZUJDBM� #�� 7�� -FMZXFH� �� ����� &"� "MNFMP� 5IF
/FUIFSMBOET
���%FQBSUNFOU� PG� 1IZTJDT� 4PVUIFBTU�6OJWFSTJUZ�/BOKJOH� ������
$IJOB
���.BY�1MBODL� *OTUJUVU� GV�S�'FTULP�SQFSGPSTDIVOH�)FJTFOCFSHTUSBTTF
��%�������4UVUUHBSU�(FSNBOZ
��� *OTUJUVU� EF� $IJNJF� EF� MB� .BUJFÙSF� $POEFOTFqF� EF� #PSEFBVY
	*$.$#
� 613�����$/34� 6OJWFSTJUw� #PSEFBVY� �� ��� "W� %S�
4DIXFJU[FS�������1FTTBD�$FEFY�'SBODF
��� *OTUJUVU�-BVF�-BOHFWJO�%JGGSBDUJPO�(SPVQ�#1����� �� SVF� +VMFT
)PSPXJU[�'�������(SFOPCMF�$FEFY���'SBODF
��� *OTUJUVU� /FqFM� $/34�6OJWFSTJUFq� +PTFQI� 'PVSJFS� ��� SVF� EFT
NBSUZST�#1�����������(SFOPCMF�'SBODF

FNBJM��TUKFQBO�QSVHPWFDLJ!QBOBMZUJDBM�DPN
5IF�SFMBUJPO�CFUXFFO�DSZTUBM�TUSVDUVSF�BOE�QSPQFSUJFT�PG

NJOFSBMT� BOE� NJOFSBM�SFMBUFE� NBUFSJBMT� JT� UIF� LFZ� GPS
UFDIOPMPHJDBM� CFOFGJU�� "� SFWJWBM� PG� UIF� JOWFTUJHBUJPO� PG
NJOFSBMT�SFMBUFE�NBUFSJBMT�CZ�UIF�QIZTJDJTUT�BOE�DIFNJTUT
UPPL� QMBDF� JO� UIF� SFDFOU� ZFBST� EVF� UP� SBJTJOH� JOUFSFTU� JO
NVMUJGFSSPJD� BOE� NBHOFUPFMFDUSJD� NBUFSJBMT�
.BHOFUPFMFDUSJD� NBUFSJBMT� BSF� QBSUJDVMBSMZ� PG� JOUFSFTU� BT
POF� DBO� DPOUSPM� UIFJS� NBHOFUJD� QSPQFSUJFT� CZ� UIF
BQQMJDBUJPO� PG� BO� FMFDUSJD� GJFME� BOE� WJDF�WFSTB�� 0O� UIF
PUIFS�IBOE�NJOFSBMT�IBWF�CFFO�B�MBSHF�TPVSDF�PG�NBUFSJBMT
GPS� NBHOFUPFMFDUSJD� DPNQPVOET�� 'BNJMJFT� MJLF� USJQIZMJUF
	-J.10��.���$P�'F�/J
�<�>�CPSBDJUFT�	.�#�0��9�.
�� USBOTJUJPO�NFUBM� JPO�.H�$E��9� �� IBMPHFO�0)� '� PS
/0�
� <�>� PS� QZSPYFOFT�".9�0�� 	"� ��-J�/B�$B��.��
USBOTJUJPO� NFUBM� JPO�� 9� �� 4J� (F
� IBWF� CFFO� XJEFMZ
JOWFTUJHBUFE�EVF�UP�UIFJS�NBHOFUPFMFDUSJD�BOE�NVMUJGFSSPJD
QSPQFSUJFT� <�>�� )FSF� XF� SFQPSU� PO� UIF� NBHOFUJD� BOE
EJFMFDUSJD� QSPQFSUJFT� PG� B� [FPMJUF�"#8�UZQF� NBUFSJBM
OBNFMZ�3C.O10��<��>��5IJT�NBUFSJBM�FYIJCJUT�B�DPNQMFY
BOE� SJDI� QIBTF� EJBHSBN� BT� GVODUJPO� PG� UFNQFSBUVSF� BT
JMMVTUSBUFE� JO� 'JHVSF� ��� 5IJT� TZTUFN� FYIJCJUT� �� EJGGFSFOU
QIBTFT�BT�GVODUJPO�PG�UFNQFSBUVSF�	5��������,�5��������,
5��������$�5��������$
�XJUI�DPNQMFY�JOUFSQMBZ�CFUXFFO
QIZTJDBM�BOE�DSZTUBMMPHSBQIJD�QSPQFSUJFT�
<�>� *�� ,PSOFW� FU� BM�� 1IZT�� 3FW�� #� ��� ������ 	����
�

+JZJOH� -J� FU� BM�� 1IZT�� 3FW�� #� ��� ������� 	����
�� +��1�
3JWFSB�'FSSPFMFDUSJDT���������	����
��%��7BLOJO�FU�BM�
1IZT�� 3FW�� #� ��� ������� 	����
�� %�� 7BLOJO� +�� -�
;BSFTULZ� +��1�� 3JWFSB� BOE�)�� 4DINJE� 1IZT�� 3FW�� -FUU�
��� ������� 	����
�� "�� 4DBSBNVDDJ� &�� #PVTRVFU� .�
'FDIOFS� .�� .PTUPWPZ� BOE� /�� "�� 4QBMEJO� 1IZT�� 3FW�
-FUU�������������	����
�
<�>� 3�� /FMNFT�� +�� 1IZT�� $�� 4PMJE� 4UBUF� 1IZT�� �

����������	����
�
<�>� 4�� +PEMBVL� FU� BM�� +�� 1IZT��� $POEFOT�� .BUUFS� ��

������� 	����
�� (�� /wOFSU� FU� BM�� 1IZT�� 3FW�� #� ��
������� 	����
�� (�� /wOFSU� FU� BM�� 1IZT�� 3FW�� #� ��
������� 	����
�� (�� /wOFSU� FU� BM�� 1IZT�� 3FW�� #�� ��
�������	����
�
<�>�(��/wOFSU�FU�BM��*OPSH��$IFN�������������������
<�>�(��/wOFSU�FU�BM��JO�QSFQBSBUJPO



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

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

'JHVSF����5FNQFSBUVSF�EFQFOEFODF�BCPWF�SPPN�UFNQFSBUVSF�	MFGU

BOE� BU� MPX� UFNQFSBUVSF� 	SJHIU
� PG� 3C.O10�� EFNPOTUSBUJOH� UIF
FYJTUFODF�PG���EJGGFSFOU�QIBTFT�JO�UIF�FYQMPSFE�UFNQFSBUVSF�SBOHF�

,FZXPSET��NVMUJGFSSPJD�QIBTF�USBOTJUJPONBHOFUPFMFDUSJD

MS14-P10�&OBNFM�NJDSPTUSVDUVSF�BOE�UPPUI
FNCSZPOJD�EFWFMPQNFOU

"OOB�,BMMJTUPWe���*WBO�)PSe�FL��1FUS��FKDIBO��3PNBO�4LeMB��

��� *OTUJUVUF� PG�(FPDIFNJTUSZ�.JOFSBMPHZ� BOE�.JOFSBM� 3FTPVSDFT
'BDVMUZ� PG� 4DJFODF� $IBSMFT� 6OJWFSTJUZ� "MCFSUPW� �� 1SBHVF� �
$[FDI�3FQVCMJD�
��� *OTUJUVUF� PG� (FPMPHZ� $[FDI� "DBEFNZ� PG� 4DJFODFT� W�W�J�
3P[WPKPWe�����1SBHVF���$[FDI�3FQVCMJD�
���%FQBSUNFOU�PG�;PPMPHZ�'BDVMUZ�PG�4DJFODF�$IBSMFT�6OJWFSTJUZ
7JOJ�Oe���1SBHVF���$[FDI�3FQVCMJD�

FNBJM��LBMMJTUPWB!HMJ�DBT�D[
*/530%6$5*0/
5PPUI� FOBNFM� JT� POF� PG� UIF� NPTU� SFTJTUBOU� JOPSHBOJD

DPNQPOFOUT� JO� UIF� NBNNBMJBO� CPEJFT� UIBU� TJHOJGJDBOUMZ
BGGFDU�CPUI�RVBMJUZ�BOE�MJGF�FYQFDUBODZ�PG�BO�JOEJWJEVBM��JU
EFQFOET�PO� UIF�NVUVBM�BSSBOHFNFOU�PG�BHHSFHBUFT�PG� UIF
IZESPYZBQBUJUF� DSZTUBMMJUFT� 	,PFOJHTXBME� �� $MFNFOT
����
� BOE� UIFJS� DIBSBDUFSJTUJD� QSPQFSUJFT�� 8IJMF� UIF
PSHBOJ[BUJPO�PG�BHHSFHBUFT�JT�DPOUSPMMFE�CZ�DPPQFSBUJPO�PG
DFMMVMBS� BDUJWJUZ� 	BNFMPCMBTUT
� BOE� QSF�FYJTUJOH� PSHBOJD
NBUSJY� 	#PTLFZ� ����
� UIF� JOGMVFODF� PG�)BQ� DSZTUBMMJUFT
QSPQFSUJFT�PO� UIF�FOBNFM�RVBMJUZ�IBT�OPU�CFFO�TUVEJFE� JO
EFUBJM� VQ� UP� OPX�� *O� UIF� QSFTFOU� TUVEZ� XF� GPDVT� PO� UIF
NJDSPTUSVDUVSF� 	J�F�� DSZTUBMMJUF� TJ[F�NJDSP�TUSBJO
� PG� )BQ
PG�UIF�MBCPSBUPSZ�NJOJQJH�NPMBST�XJUI�EJGGFSFOU�MFOHUIT�PG
FNCSZPOJD�EFWFMPQNFOU�TUBHF�BOE�JUT�JNQMJDBUJPOT�GPS�UIF
GJOBM�RVBMJUZ�PG�UIF�FOBNFM�
."5&3*"-4�.&5)0%4
4BNQMFT� GSPN����NJOJQJHT� 	BHFE� ��� �� ����NUIT
�XFSF

TUVEJFE��'JSTU� TFDPOE�BOE� UIJSE�NPMBS�PG� FBDI� JOEJWJEVBM
XFSF� VTFE� UP� PCUBJO� UFFUI�XJUI� UIF� TBNF� EFOUBM� GVODUJPO
CVU�XJUI�EJGGFSFOU�MFOHUI�PG�FNCSZPOJD�EFWFMPQNFOU�
3&46-54
8IJMF� UIF� DSZTUBMMJUF� TJ[F� BU� MBC�MD� EJSFDUJPO� JODSFBTFTGSPN�.�� `UP�.�� GPS� BMM� TBNQMFT� TUVEJFE� UIF�NJDSP�TUSBJO

TIPXT�BO�PQQPTJUF�USFOE�	'JH���
��5IF�QSPMPOHFE�QFSJPE�PG
.��NPMBS� GPSNBUJPO� MFBET� UP� FOBNFM�XJUI� MPXFTU� EFHSFF
PG� MBUUJDF� JNQFSGFDUJPO� BOE� IFODF� BSHVBCMZ� ZJFMET� UPPUI
XJUI�IJHIFTU� SFTJTUBODF� UP�CPUI�NFDIBOJDBM�BOE�DIFNJDBM
EBNBHF� BOE� DBO� QFSGPSN� JUT� GVODUJPO� GPS� B� MPOH� UJNF
QFSJPE� UP� FOTVSF� BO� BEFRVBUF� OVUSJUJPO�� .PSFPWFS� CZ
DPNQBSJOH�UIF�ZPVOH�BOE�PME�JOEJWJEVBMT�XF�TIPXFE�UIBU
UIF� FOBNFM� NJDSPTUSVDUVSF� PG� JOEJWJEVBM� NPMBS� UZQFT� JT
UJNF�JOWBSJBOU�
$0/$-64*0/4
*O� UIF� QSFTFOU� TUVEZ� XF� TIPXFE� UIBU� UIF� FGGFDU� PG

NFDIBOJDBM� BCSBTJPO� BOE�PS� UIF� DIFNJDBM� EFHSBEBUJPO
DBVTFE�CZ�UIF�PSBM�FOWJSPONFOU�	IFODF�UIF�TVCKFDUmT�BHF

PO� UIF� NJDSPTUSVDUVSF� DBO� CF� FYDMVEFE�� 8F� BMTP
EFNPOTUSBUFE� UIBU� UIF� MFOHUI� PG� UIF� UPPUImT� FNCSZPOJD
EFWFMPQNFOU�TUBHF�IBT�B�QPTJUJWF�FGGFDU�PO�UIF�RVBMJUZ�PG
JUT�FOBNFM�
3&'&3&/$&4
#PTLFZ� "�� -�� 	����
�� .JOFSBMJ[BUJPO� PG� CPOFT� BOE

UFFUI�� Elements� �� ��������� ,PFOJHTXBME� 8�� WPO� BOE
$MFNFOT� 8�� "�� 	����
�� -FWFMT� PG� DPNQMFYJUZ� JO� UIF
NJDSPTUSVDUVSF� PG� NBNNBMJBO� FOBNFM� BOE� UIFJS
BQQMJDBUJPO� JO� TUVEJFT� PG� TZTUFNBUJDT�� Scan. Micr.� �
���v�����`�`


