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abStract

7KH� FU\VWDO� VWUXFWXUH� RI� DOXPRK\GURFDOFLWH�ZDV� GHWHUPLQHG� XVLQJ� V\QFKURWURQ�;�UD\� UDGLD-
WLRQ��$OXPRK\GURFDOFLWH�FU\VWDOOL]HV� LQ� WKH� WULFOLQLF�P1� VSDFH�JURXS�ZLWK�XQLW�FHOO�SDUDPHWHUV��a = 
���������b� ����������c� ����������c��Į� �����������ȕ� �����������Ȗ� �����������DQG�V = �������c���7KLV�
PLQHUDO� KDV� WKH� IRUPXOD�&D$O��&2�)��2+�4ǜ�+�2�DV� RSSRVHG� WR� WKH� FRPPRQO\� DFFHSWHG� IRUPXOD�
&D$O��&2�)��2+�4ǜ�+�2��7KH�IRXUWK�ZDWHU�PROHFXOH�LQWHUDFWV�ZLWK�WKH�VWURQJO\�ERQGHG�SRO\KHGUDO�
XQLW�RI�WKH�VWUXFWXUH�WKURXJK�K\GURJHQ�ERQGV�DQG�FRQQHFWV�WKUHH�DGMDFHQW�XQLWV��7KLV�ZDWHU�PROHFXOH�
SOD\V�D�PDMRU�UROH�LQ�FU\VWDO�VWDELOLW\��2Q�KHDWLQJ�WKH�VDPSOH��WKLV�IRXUWK�ZDWHU�PROHFXOH�HVFDSHV�IURP�
WKH�FU\VWDO�VWUXFWXUH�DV�D�¿UVW�RQH�DW�ORZHU�WHPSHUDWXUH��a�����&��WKDQ�WKH�RWKHU�ZDWHU�PROHFXOHV�LQ�
WKH�FU\VWDO�VWUXFWXUH��a�����&���

$QDO\VLV�DQG�GHVFULSWLRQ�RI�WKH�DOXPRK\GURFDOFLWH�FU\VWDO�VWUXFWXUH�DQG�SDUWLFXODUO\�RI�WKH�LQWHU-
PROHFXODU�LQWHUDFWLRQV��WRJHWKHU�ZLWK�D�FRPSDULVRQ�WR�WKH�FU\VWDO�VWUXFWXUHV�RI�RWKHU�PLQHUDOV�ZLWK�WKH�
analog formula M��M��

� �&2�)��2+�4ǜQ+�2��VXJJHVWV�WKDW�WKLV�PLQHUDO�LV�DQ�H[WHQVLRQ�RI�WKH�GXQGDVLWH�
JURXS�WKDW�VKRXOG��ZH�SURSRVH��EH�IRUPHG�IRU�DOO�PLQHUDOV�ZLWK�WKH�DERYH�IRUPXOD��GXQGDVLWH��GUHV-
VHULWH��VWURQWLRGUHVVHULWH��SHWWHUGLWH��NRFKViQGRULWH��K\GURGUHVVHULWH��DQG�DOXPRK\GURFDOFLWH���7KH\�DOO�
H[KLELW�YHU\�VLPLODU�SDWWHUQV�RQ�+LUVKIHOG�VXUIDFHV��+LUVKIHOG�VXUIDFHV�DSSHDU�WR�EH�D�YHU\�XVHIXO�WRRO�
LQ�WKH�DQDO\VLV�RI�LQWHUDFWLRQV��FODVVL¿FDWLRQ��DQG�YDOLGDWLRQ�RI�PLQHUDO�FU\VWDO�VWUXFWXUHV�
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introduction

,Q�WKLV�ZRUN��ZH�XVH�WKH�DOXPRK\GURFDOFLWH�VWUXFWXUDO�GDWD�DV�
a case study to stress the applications of Hirshfeld surfaces as 
DQ�H[FHOOHQW�WRRO�WR�FKDUDFWHUL]H�LQWHUPROHFXODU�LQWHUDFWLRQV�LQ�
PLQHUDOV�LQ�JHQHUDO��+LUVKIHOG�VXUIDFHV�FDQ�EH�FRPSXWHG�IRU�DOO�
FU\VWDO�VWUXFWXUHV�GHWHUPLQHG�XS�WR�QRZ��:H�KDYH�DSSOLHG�WKHP�
WR�DOXPRK\GURFDOFLWH��DQG�WR�D�EURDGHU�JURXS�RI�PLQHUDOV�ZLWK�
DOUHDG\�HVWDEOLVKHG�FU\VWDO�VWUXFWXUHV��7KH�SRWHQWLDO�VLPLODULW\�
RI� WKH�+LUVKIHOG�VXUIDFH�SORWV�FDQ�EH�XVHG�DV�D�EDVH�IRU�FODV-
VLILFDWLRQ�RI�PLQHUDOV�DV�ZH�KDYH�GRQH�IRU�WKH�GXQGDVLWH�JURXS�
GHPRQVWUDWLQJ�WKDW�DOXPRK\GURFDOFLWH�IRUPV�DQ�H[WHQVLRQ�RI�WKLV�
JURXS��,Q�IDFW��+LUVKIHOG�VXUIDFHV�FDQ�DOVR�EH�XVHG�WR�YDOLGDWH�
DOO�NQRZQ�PLQHUDO�VWUXFWXUHV�EHFDXVH�LQFRUUHFW�SRVLWLRQV�RI��IRU�
H[DPSOH��K\GURJHQ�DWRPV��OHDG�WR�FRQWUDGLFWLRQV�LQ�UHODWHG��VR�
FDOOHG��ILQJHUSULQW�SORWV�

,Q�WKLV�ZRUN�ZH�DOVR�SUHVHQW�GHWDLOV�RI�WKH�FU\VWDO�VWUXFWXUH�
RI� DOXPRK\GURFDOFLWH�� ,W�ZDV� LGHQWLILHG� E\�%LOLELQ� ������� LQ�
VDPSOHV�FROOHFWHG�QHDU�WKH�YLOODJH�RI�3ROLHFKLQR��:HVWHUQ�6LEH-
ULD��5XVVLD��DQG�ZDV�QDPHG�E\�KLP�DIWHU�WKH�PDLQ�FRPSRQHQWV�
RI�LWV�FKHPLFDO�FRPSRVLWLRQ��$OWKRXJK�WKH�PLQHUDO�LV�NQRZQ�WR�

RFFXU�LQ�D�IHZ�GR]HQ�ORFDOLWLHV�DURXQG�WKH�ZRUOG��LW�FDQ�VWLOO�EH�
FRQVLGHUHG�DV�D�UDUH�DQG�QRW�WKRURXJKO\�LQYHVWLJDWHG�VSHFLHV��$V�
LW�GLIIUDFWV�;�UD\V�YHU\�ZHDNO\�� WKHUH�KDYH�EHHQ�QR�SXEOLVKHG�
GDWD�RQ�WKH�FU\VWDO�VWUXFWXUH�RI�DOXPRK\GURFDOFLWH��7KLV�PLQHUDO�
EHJLQV� D� VHULHV� RI� VWXGLHV� RI� NQRZQ�PLQHUDOV�ZLWK� XQNQRZQ�
FU\VWDO�VWUXFWXUHV�

$OXPRK\GURFDOFLWH� KDV� WKH� JHQHUDOO\� DFFHSWHG� IRUPXOD��
&D$O��&2�)��2+�4ǜ�+�2�� ,W� XVXDOO\� IRUPV� YHU\� WLQ\� QHHGOH�
OLNH�FU\VWDOV��VSRUDGLFDOO\�H[FHHGLQJ���PP�LQ�OHQJWK��)LJ������
%HFDXVH�RI�WKH�SRRU�TXDOLW\�DQG�YHU\�VPDOO�VL]H�RI�WKH�FU\VWDOV��
the crystal structure of alumohydrocalcite has not previously 
EHHQ�GHWHUPLQHG��&U\VWDOV�RI�DOXPRK\GURFDOFLWH�DUH�FRPSRVHG�
RI� VPDOO� VSKHUXOHV� DQG� UDGLDO� DJJUHJDWHV�� EXW� WKLQ�� FRPSDFW�
HQFUXVWDWLRQV�DQG�SRZGHU\��HDUWK\�PDVVHV�DUH�DOVR�IRXQG��0RVW�
DOXPRK\GURFDOFLWH�DJJUHJDWHV�DUH�ZKLWH�RU�SDOH�FRORUHG��VWDLQHG�
E\�LPSXULWLHV��&KURPLDQ�YDULHWLHV�DUH�SLQN�WR�SXUSOH��7KH�PLQHUDO�
LV�YHU\�VROXEOH�LQ�DFLGV��DQG�LV�GHFRPSRVHG�E\�ERLOLQJ�ZDWHU��,W�
FU\VWDOOL]HV�IURP�ORZ�WHPSHUDWXUH�K\GURWKHUPDO�RU�FDUERQDWHG�
PHWHRULF�ZDWHU�DFWLQJ�RQ�DUJLOODFHRXV�RU�FDUERQDWH�URFNV�DQG�PD\�
EH�DVVRFLDWHG�ZLWK�GLFNLWH��DOORSKDQH��JLEEVLWH��FDOFLWH��DUDJRQLWH��
VLGHULWH��EDULWH��TXDUW]��DQG�RWKHU�PLQHUDOV�

%DVHG�RQ�DOXPRK\GURFDOFLWH�IURP�1RZD�5XGD��/RZHU�6LOHVLD��
3RODQG���ZH�SURSRVH�D�FU\VWDO�VWUXFWXUH�IRU�WKLV�PLQHUDO�GHWHU-
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