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&KU\VREHU\O� �%H$O2O4�� LV� D� W\SLFDO�%H�PLQHUDO� IRXQG� LQ�
PHWDPRUSKRVHG�JUDQLWH�SHJPDWLWHV��)UDQ]�DQG�0RUWHDQL��������
,W�RFFXUV�LQ�DVVRFLDWLRQ�ZLWK�TXDUW]��EHU\O��DONDOL�IHOGVSDUV��PXV-
FRYLWH��SKHQDNLWH��DQG�RWKHU�PLQHUDOV�GHSHQGLQJ�RQ�ORFDO�JHR-
FKHPLFDO�DQG�P-T�FRQGLWLRQV��ýHUQê��������,W�FRPPRQO\�IRUPV�
DV�D�EUHDNGRZQ�SURGXFW�RI�WKH�SULPDU\�SHJPDWLWLF�EHU\O��)UDQ]�
DQG�0RUWHDQL�������DW�HOHYDWHG�WHPSHUDWXUHV������DQG������q&��
DQG�SUHVVXUHV�����WR����NEDU��LQ�WKH�SUHVHQFH�RI�ZDWHU��&HPLþ�
HW�DO���������,Q�SHJPDWLWHV��LW�LV�JHQHUDOO\�IRXQG�LQ�WKH�IRUP�RI�
VPDOO�HXKHGUDO�JUDLQV�RU�ODUJHU�LGLRPRUSKLF�FU\VWDOV�HPEHGGHG�
LQ�TXDUW]�PXVFRYLWH�PDWUL[��&RUQHMR�DQG�%DUWRUHOOL�������

%HU\OOLXP�DOXPLQDWH��FKU\VREHU\O��%H$O2O4���FU\VWDOOL]HV�LQ�
WKH�ROLYLQH�W\SH�VWUXFWXUH��D�KH[DJRQDO�FORVH�SDFNHG��hcp��DQDORJ�
RI�WKH�FXELF��ccp��VSLQHO��0J$O2O4��VWUXFWXUH��)DUUHOO�HW�DO���������
,W�KDV�D�VOLJKWO\�GLVWRUWHG�2�VXEODWWLFH�ZLWK�$O���DQG�%H�� ions par-
WLDOO\�RFFXS\LQJ�RFWDKHGUDO��ò��DQG�WHWUDKHGUDO��ó��LQWHUVWLFHV��,Q�
WKH�OLWHUDWXUH��WKHUH�DUH�VHYHUDO�VWUXFWXUH�UHSRUWV�IRU�FKU\VREHU\O��
ZKLFK�GR�QRW�GLIIHU�DV�PXFK�LQ�WKH�OHQJWKV�RI�FHOO�SDUDPHWHUV�DV�
WKH\�GR�LQ�WKH�D[LDO�VHWWLQJ�RI�WKH�RUWKRUKRPELF�XQLW�FHOO�OHDGLQJ�
WR�YDULRXV�SRVVLEOH�VSDFH�VXEJURXSV��7KH�FKU\VREHU\O�VWUXFWXUH�
ZDV�ILUVW�VWXGLHG�E\�%UDJJ�DQG�%URZQ���������,Q�WKHLU�DQDO\VLV�
WKH�FKU\VREHU\O�VWUXFWXUH�ZDV�FRUUHODWHG�ZLWK�WKH�hcp�ZXUW]LWH�
DQG�FRUXQGXP�VWUXFWXUHV�RI�SULPDU\�R[LGHV��%H2�DQG�D�$O2O�, 
and ccp�VWUXFWXUH�RI�0J$O2O4�VSLQHO��7KH�DXWKRUV�XVHG�D�FU\VWDO-
ORJUDSKLF�VHWWLQJ�ZKHUH�WKH�RUWKRUKRPELF�c�D[LV�LV�VHW�SDUDOOHO�

ZLWK�WKH�VWULDWLRQV�RQ�WKH�PDLQ�SLQDFRLGDO�IDFHV��ZKHUHDV�WKH�a-
D[LV�LV�SDUDOOHO�WR�WKH�SVHXGR�KH[DJRQDO�D[LV�RI�WKH�FU\VWDO��5RVH�
�������%DVHG�RQ�WKLV�D[LDO�VHWWLQJ�WKH\�GHWHUPLQHG�D�VSDFH�JURXS�
VK

����ZKLFK�LQ�+HUPDQQ�0DXJXLQ�QRWDWLRQ�FRUUHVSRQGV�WR�Pbnm 
������/DWHU��WKH�VWUXFWXUH�ZDV�UHILQHG�LQ�Pnma������VSDFH�JURXS�
�6ZDQVRQ�HW�DO��������)DUUHOO�HW�DO���������ZKLFK�FRUUHVSRQGV�WR�
DQRWKHU�FU\VWDOORJUDSKLF�VHWWLQJ�XVHG�LQ�WKH���WK�FHQWXU\��H�J���
6FKUDXI��������,Q�WKLV�VHWWLQJ��WKH�RUWKRUKRPELF�c-D[LV�LV�SDUDOOHO�
WR�WKH�SVHXGR�KH[DJRQDO�D[LV�RI�WKH�FU\VWDO��)XUWKHU�VHWWLQJ�WKDW�
FDQ�EH�IRXQG�LQ�WKH�OLWHUDWXUH�UHIHUV�WR�WKH�Pmnb������VSDFH�JURXS�
�3DODFKH�HW�DO��������7DEDWD�HW�DO���������'HSHQGLQJ�RQ�WKH�D[LDO�
VHWWLQJ��WKH�9�VKDSHG�WZLQV�RI�FKU\VREHU\O�DUH�UHIHUUHG�WR�DV��������
�������DQG��������UHVSHFWLYHO\��,Q�DGGLWLRQ�WR�WKH�VLPSOH�FRQWDFW�
WZLQV�� F\FOLF� VL[OLQJV� SURGXFHG�E\� UHSHDWHG� WZLQQLQJ� DURXQG�
WKH�SVHXGR�KH[DJRQDO�D[LV�DUH�TXLWH�FRPPRQ��H�J�� 5RVH�������
6FKPHW]HU��������&KU\VREHU\O�FU\VWDOV�RIWHQ�FRQWDLQ�LQFOXVLRQV�
RI�GLIIHUHQW�PLQHUDOV��:KHQ�RULHQWHG��WKHVH�LQFOXVLRQV�VFDWWHU�OLJKW�
DORQJ�WKH�VSHFLILF�RULHQWDWLRQ�ZLWKLQ�WKH�KRVWLQJ�FU\VWDO��NQRZQ�
DV�FDW¶V�H\H�HIIHFW�RU�FKDWR\DQF\��0DUGHU�DQG�0LWFKHOO��������
GHPRQVWUDWHG�WKDW�LQ�FKU\VREHU\O�WKLV�HIIHFW�LV�FDXVHG�E\�RULHQWHG�
SUHFLSLWDWLRQ�RI�UXWLOH��([VROXWLRQ�RI�SUHFLSLWDWHV�LQ�PRUH�WKDQ�
RQH�GLUHFWLRQ�FDXVHV�D�PXOWLSOH�FKDWR\DQF\�RU�DVWHULVP��ZKHUH�
WKH�UD\V�RI�OLJKW�DUH�LQWHUVHFWLQJ�DW�FKDUDFWHULVWLF�DQJOHV�ZKHQ�
YLHZHG�DORQJ�VSHFLDO�RULHQWDWLRQV��$�VLPLODU�HIIHFW�LV�DFKLHYHG�LQ�
IOX[�JURZWK�E\�GRSLQJ�FKU\VREHU\O�ZLWK�WLWDQLXP�DQG�DQQHDOLQJ�
LQ�R[\JHQ�DWPRVSKHUH��$FFRUGLQJ�WR�6FKPHW]HU��������WKLV�HIIHFW�
LV�PRVW�OLNHO\�FDXVHG�E\�WKH�H[VROXWLRQ�RI�UXWLOH��8QWLO�WKH�SUHVHQW�
WKHVH�VWUXFWXUDO�SHFXOLDULWLHV�KDYH�QRW�\HW�EHHQ�VWXGLHG�LQ�GHWDLO�

7KH�FKDOOHQJH�RI�RXU�LQYHVWLJDWLRQ�ZDV�WR�VROYH�WKH�VWUXFWXUH�
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