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AbstrAct

The crystal structure of the lead uranyl-carbonate mineral widenmannite has been solved from 
SUHFHVVLRQ�HOHFWURQ�GLIIUDFWLRQ�GDWD�DQG�UH¿QHG�XVLQJ�ERWK�HOHFWURQ�GLIIUDFWLRQ�GDWD�DQG�V\QFKURWURQ�
powder-diffraction data. Widenmannite is orthorhombic, Pmmn, with a� ������������b� �������������c 
 ������������c��DQG�V� ������������c3��7KH�VWUXFWXUH�ZDV�VROYHG�E\�FKDUJH�ÀLSSLQJ�DQG�UH¿QHG�WR�DQ�
R1� ��������RQ�WKH�EDVLV�RI�����XQLTXH��REVHUYHG�UHÀHFWLRQV�IURP�HOHFWURQ�GLIIUDFWLRQ�GDWD��DQG�WR�Rp 
RI��������DQG�RF�RI��������IURP�;�UD\�SRZGHU�GDWD��7KH�LGHDOL]HG�VWUXFWXUH�IRUPXOD�RI�ZLGHQPDQQLWH�
is Pb2�2+�2>�822��&23�2], Z = 2. However, both data sets suggest that the widenmmanite structure is 
not that simple. There are two symmetrically independent, partly occupied U sites. The substitution 
PHFKDQLVP�FDQ�EH�ZULWWHQ�DV�8���22���3E�2+�2�ļ�8���22��:KHQ�WKH�8����VLWH�LV�RFFXSLHG��WKH�8���
O2 group is absent, the two OH groups are substituted by O2– and one Pb2+-vacancy. The chemical 
formula of the real structure should be written as Pb2–x�2+�2–2x>�822��&23�2], where x is the probability 
RI�WKH�VXEVWLWXWLRQ�8����ĺ�8�����7KH�SUREDELOLW\�RI�RFFXUUHQFH�RI�8����UH¿QHV�WR�x� �����������IURP�
the powder-diffraction data and to x� ����������IURP�WKH�HOHFWURQ�GLIIUDFWLRQ�GDWD��7KHUH�LV�RQH�3E�VLWH�
�QHDUO\�IXOO\�RFFXSLHG���ZKLFK�LV�FRRUGLQDWHG�E\����DQLRQV��XS�WR�WKH�GLVWDQFH�RI�����c���LQFOXGLQJ�2�
and OH–��7KH�VKRUWHU�3E�2�ERQGV�IRUP�D�VKHHW�VWUXFWXUH��ZKLFK�LV�OLQNHG�E\�WKH�ZHDNHU�ERQGV�WR�WKH�
XUDQ\O�FDUERQDWH�FKDLQV�WR�IRUP�D�WKUHH�GLPHQVLRQDO�IUDPHZRUN�VWUXFWXUH�
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introduction

:LGHQPDQQLWH�LV�RQH�RI����XUDQ\O�FDUERQDWHV�NQRZQ�IURP�
Nature as secondary alteration products of uraninite, typically 
IRUPHG�LQ�ROG�RSHQ�PLQLQJ�DGLWV�RI�XUDQLXP�PLQHV��.ULYRYLFKHY�
DQG�3OiãLO��������'LVVROXWLRQ�RI�QDWXUDOO\�RFFXUULQJ�822+x��x = 
�±�����²XUDQLQLWH�XQGHU�R[LGL]LQJ�FRQGLWLRQV�PDLQWDLQV�D�KLJK�
concentration of U����DV�XUDQ\O�LRQ�822

2+��LQ�SHUFRODWLQJ�JURXQG-
ZDWHU��%XFN�HW�DO��������0RUULV�HW�DO���������7KH�8�� phases are 
also important alteration products of UO2 in spent nuclear fuel 
�)RUV\WK�DQG�:HUPH�������:URQNLHZLF]�HW�DO���������$�JRRG�
NQRZOHGJH�RI� WKH� VWUXFWXUDO�DQG� WKHUPRG\QDPLF�VWDELOLWLHV�RI�
uranyl carbonates is particularly germane to the environmental 

FKHPLVWU\�RI�XUDQLXP��&ODUN�HW�DO��������)LQFK�������1HX�HW�DO��
������GXH�WR�WKH�SRWHQWLDOO\�KLJK�PRELOLW\�RI�8�LQ�FDUERQDWH�
EHDULQJ�JURXQGZDWHUV��/DQJPXLU�������*UHQWKH�HW�DO��������

Widenmannite was first described from the Michael mine in 
:HLOHU��6FKZDU]ZDOG��*HUPDQ\��E\�:DOHQWD���������DV�RUWKR-
rhombic Pb2�822��&23�3, with a� �������b� �������c� �������c���
and V� ������c3���Z = 2 with possible space groups Pnmm, Pnm21, 
or P22121. Furthermore, occurrences worldwide were reviewed 
UHFHQWO\�E\�3OiãLO�HW�DO����������IRFXVLQJ�RQ�ZLGHQPDQQLWH�DQG�
LWV�RFFXUUHQFH�DW�WKH�%ĜH]RYp�+RU\�GHSRVLW��3ĜtEUDP�RUH�GLVWULFW�
�&]HFK�5HSXEOLF���$W�WKLV�ORFDOLW\��ZLGHQPDQQLWH�ZDV�IRXQG�ZLWK�
RWKHU�XUDQ\O�PLQHUDOV�DW�WKH�-iQVNi�YHLQ��ZKHUH�LVRWRSLF�GDWLQJ�
of widenmannite showed the presence of two generations related 
to different alteration processes.

To date, all attempts to solve the crystal structure of wid-
enmannite have been unsuccessful, as widenmannite forms 
ILQH�JUDLQHG� SRRUO\� FU\VWDOOLQH� DJJUHJDWHV� WKDW� \LHOG�;�UD\�
SRZGHU�GLIIUDFWLRQ�SDWWHUQV�RI�LQVXIILFLHQW�TXDOLW\�IRU�DE�LQLWLR�
structure solution. This study presents the solution of the crystal 
structure of widenmannite from precession electron-diffraction 
�3('��DQG�KLJK�UHVROXWLRQ�V\QFKURWURQ�SRZGHU�GLIIUDFWLRQ�GDWD��
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