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aBstract

7KH�SUHVHQW�VWXG\�DLPV�SULPDULO\�DW�UH¿QLQJ�D�VWUXFWXUH�PRGHO�IRU�LQWHUOD\HU�FDWLRQV�DQG�+2O mol-
ecules in tri-hydrated (3W) smectite (d001 = 18–19 Å). The <2 PP�IUDFWLRQ�RI�WKH�6:\���VRXUFH�FOD\�
�ORZ�FKDUJH�PRQWPRULOORQLWH��ZDV�VDWXUDWHG�E\�0J2+, Ca2+, Ba2+, or Na+�FDWLRQV��EHIRUH�FROOHFWLRQ�RI�
;�UD\�GLIIUDFWLRQ��;5'��SDWWHUQV�DW�����UHODWLYH�KXPLGLW\��([SHULPHQWDO�d001�YDOXHV�GHULYHG�IRU�WKH�
HVVHQWLDOO\�KRPRJHQHRXV��:�K\GUDWHV�SURYLGHG�YROXPH�FRQVWUDLQWV�IRU�*UDQG�&DQRQLFDO�0RQWH�&DUOR�
�*&0&��VLPXODWLRQV��&RPSXWHG�DWRPLF�GHQVLW\�GLVWULEXWLRQ�RI�LQWHUOD\HU�VSHFLHV�ZHUH�XVHG�LQ�WXUQ�WR�
FDOFXODWH�;5'�LQWHQVLWLHV�RI���l�UHÀHFWLRQV��7KH�DJUHHPHQW�EHWZHHQ�FDOFXODWHG�DQG�H[SHULPHQWDO���l 
LQWHQVLWLHV�DOORZHG�YDOLGDWLQJ�WKH�*&0&�UHVXOWV�RI�ERWK�LQWHUOD\HU�+22�FRQWHQW�DQG�GLVWULEXWLRQ�RI�
interlayer species (cations and H22�PROHFXOHV���&RPSXWHG�DWRPLF�GHQVLW\�SUR¿OHV�GR�QRW�FRUUHVSRQG�
WR�WKH�XVXDO�PRGHO�RI�WKUHH�GLVFUHWH�SODQHV�RI�+22�PROHFXOHV�EXW�UDWKHU�H[KLELW�WZR�VKDUS�SODQHV�RI�
H22�PROHFXOHV�ZHWWLQJ�WKH�FOD\�VXUIDFHV��DW�a����c�IURP�WKH�FOD\�OD\HU�VXUIDFH���$GGLWLRQDO�+2O mol-
HFXOHV�EHORQJ�WR�FDWLRQ�K\GUDWLRQ�VKHOOV�RU�GH¿QH�D�SRRUO\�RUJDQL]HG�HQVHPEOH�¿OOLQJ�LQWHUQDO�YRLGV��
7KLV�DOWHUQDWLYH�PRGHO�VXJJHVWV�WKDW�WKH�VWDELOLW\�RI�WKH��:�K\GUDWH�UHVXOWV�IURP�WKH�GXDO�LQWHUDFWLRQ�
RI�VRPH�+22�PROHFXOHV�ZLWK�LQWHUOD\HU�FDWLRQ��WKURXJK�WKHLU�VHFRQG�K\GUDWLRQ�VKHOO��DQG�ZLWK�WKH�����
FOD\�VXUIDFH��&RPSXWHG�DWRPLF�GHQVLW\�SUR¿OHV�ZHUH�DSSUR[LPDWHG�WR�SURSRVH�DQ�LQWHUOD\HU�VWUXFWXUH�
PRGHO�IRU��:�VPHFWLWH��7KLV�VLPSOL¿HG�PRGHO�LQFOXGHV�WZR�VHWV�RI�WZR�SODQHV��V\PPHWULFDO�UHODWLYH�
WR�WKH�LQWHUOD\HU�PLG�SODQH��IRU�+22�PROHFXOHV�DQG�RQH�VHW�IRU�LQWHUOD\HU�FDWLRQV��7KLV�PRGHO�DOORZV�
UHSURGXFLQJ�H[SHULPHQWDO�;5'�SDWWHUQV�IRU� WKH�GLIIHUHQW�VDPSOHV� LQYHVWLJDWHG�DQG�WKXV�UHSUHVHQWV�
D�YDOLG�VHW�RI�SDUDPHWHUV�IRU�URXWLQH�TXDQWLWDWLYH�DQDO\VLV�RI�;5'�SUR¿OHV�LQ�DQ�HIIRUW�WR�GHWHUPLQH�
VPHFWLWH�UHDFWLYLW\�FORVH�WR�ZDWHU�VDWXUDWHG�FRQGLWLRQV��,PSOLFDWLRQV�RI�VXFK�VWXGLHV�DUH�FUXFLDO�WR�SUR-
YLGH�H[SHULPHQWDO�FRQVWUDLQWV�RQ�WKH�EHKDYLRU�RI�WKH�PDLQ�YHFWRU�RI�HOHPHQW�WUDQVIHU�XQGHU�FRQGLWLRQV�
FRPPRQ�LQ�VXU¿FLDO�HQYLURQPHQWV�DQG�SUHYDLOLQJ�LQ�ZDVWH�UHSRVLWRULHV��,Q�DGGLWLRQ��WKH�SUHVHQW�VWXG\�
SURYLGHV�DQ�H[SHULPHQWDO�YDOLGDWLRQ�RI�VWUXFWXUH�PRGHOV�GHULYHG�IURP�WKH�ZLGHO\�XVHG�&OD\))�PRGHO��
DQG�WKXV�DOORZV�LWV�XVH�WR�SUHGLFW�WKH�IDWH�RI�ZDWHU�LQ�FOD\H\�V\VWHPV�FORVH�WR�ZDWHU�VDWXUDWHG�FRQGLWLRQV�
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ORQLWH��;�UD\�GLIIUDFWLRQ��0RQWH�&DUOR��VLPXODWLRQ

introDuction

6PHFWLWH�FOD\V�DUH�XELTXLWRXV�LQ�VXUIDFH�HQYLURQPHQWV�DQG�
VHGLPHQWDU\�URFNV��IUHTXHQWO\�DV�D�PDMRU�PLQHUDO�FRPSRQHQW��
6PHFWLWH�OD\HU�VWUXFWXUH�LV�FRPSRVHG�RI�WZR�WHWUDKHGUDO�VKHHWV�
VDQGZLFKLQJ�DQ�RFWDKHGUDO� VKHHW� WR� IRUP�D�727�RU����� OD\HU��
,VRPRUSKLF�VXEVWLWXWLRQV�E\�ORZHU�YDOHQFH�FDWLRQV�RFFXUULQJ�LQ�
WHWUDKHGUDO�DQG�RU�RFWDKHGUDO�VKHHWV�LQGXFH�D�QHW�QHJDWLYH�FKDUJH�
RI�WKH�727�OD\HU��7KLV�GHILFLW�LV�FRPSHQVDWHG�IRU�E\�WKH�SUHVHQFH�
LQ�WKH�LQWHUOD\HU�VSDFH�RI�H[FKDQJHDEOH�FDWLRQV�ZKRVH�K\GUDWLRQ�
properties control smectite colloidal behavior and crystalline 
VZHOOLQJ��0RRQH\�HW�DO��������6DWR�HW�DO��������%HUHQG�HW�DO��
������%RHN�HW�DO������D��&DVHV�HW�DO��������<RXQJ�DQG�6PLWK�
������0DUU\�DQG�7XUT��������7KH�ODWWHU�LV�FKDUDFWHUL]HG�E\�WKH�

VWHSZLVH�H[SDQVLRQ�RI�WKH�OD\HU�WR�OD\HU�GLVWDQFH�ZLWK�LQFUHDVLQJ�
ZDWHU�DFWLYLW\��7KLV�H[SDQVLRQ�KDV�EHHQ�FRPPRQO\�GHVFULEHG�LQ�
WKH�OLWHUDWXUH�DV�WKH�LQFRUSRUDWLRQ�RI�������DQG��OHVV�IUHTXHQWO\����
SODQHV�RI�LQWHUOD\HU�+22�PROHFXOHV��OHDGLQJ�WR�WKH�ZHOO�NQRZQ�
1W (d001 = 11.6–12.9 Å), 2W (d001 = 14.9–15.7 Å), and 3W 
(d001 = 18–19 Å) hydration states, in addition to the dehydrated 
one [0W, d001� ����±�����c��1DJHOVFKPLGW�������%UDGOH\�HW�DO��
������+HQGULFNV�DQG�0HUULOO�������0RRQH\�HW�DO��������1RUULVK�
������:DONHU������@��6PHFWLWH�K\GUDWLRQ�SOD\V�D�SLYRWDO�UROH�LQ�
WKH�SK\VLFDO�DQG�FKHPLFDO�EHKDYLRUV�RI�WKH�HQYLURQPHQWV�ZKHUH�
VPHFWLWH�LV�IRXQG��H�J���%XUVW�������%RXPD�HW�DO��������9UROLMN�
������0DWVXGD�HW�DO��������7DNDKDVKL�HW�DO��������%RXWDUHDXG�
HW�DO��������%RXOOLHU�HW�DO��������7HUWUH�HW�DO������D������E��%LW-
WHOOL�HW�DO���������0RUH�VSHFLILFDOO\��VPHFWLWH�K\GUDWLRQ�GHJUHH�
FDQ�VWURQJO\�LPSDFW�G\QDPLFDO�SURSHUWLHV�RI�LQWHUOD\HU�FDWLRQV�
�0DOLNRYD�HW�DO��������������������0DUU\�HW�DO��������0LFKRW�HW�
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