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aBstraCt

Water can form different chemical bonds with the ionic entities composing silicate melts. Because 
RI�WKDW��LWV�LQÀXHQFH�RQ�WKH�SK\VLFR�FKHPLFDO�SURSHUWLHV�RI�PDJPDV�FDQ�YDU\�ZLWK�VLOLFDWH�FRPSRVLWLRQ�
and water content, temperature, and pressure. To further our understanding of how silicate chemical 
FRPSRVLWLRQ�JRYHUQV�SURWRQ�GLVWULEXWLRQ�LQ�PDJPDV��WKH�HQYLURQPHQW�RI�SURWRQV�LQ�K\GURXV�DONDOL��/L��
1D��.��VLOLFDWH�JODVVHV�ZDV�YDULHG�DV�D�IXQFWLRQ�RI�WKH�W\SH�RI�DONDOL�PHWDO�DQG�WRWDO�ZDWHU�FRQWHQW��)URP�
1H MAS NMR spectroscopy, H+�DUH�GLVWULEXWHG�DPRQJ�¿YH�GLIIHUHQW�VWUXFWXUDO�HQYLURQPHQWV�LQ�DONDOL�
VLOLFDWH�JODVVHV��2QH�RI�WKHVH�HQYLURQPHQWV�LV�LQ�WKH�IRUP�RI�+22�PROHFXOHV��+2Omol). The four others 
DUH�WKH�SURWRQ�HQYLURQPHQWV�DVVRFLDWHG�ZLWK�6L�2+�ERQGLQJ��DQG�SHUKDSV�DOVR�ZLWK�0�2+�ERQGLQJ�
�ZLWK�0� �/L��1D��RU�.���7KRVH�HQYLURQPHQWV�GLIIHU�LQ�WKHLU�2�2�GLVWDQFH�DQG�H[WHQW�RI�K\GURJHQ�
bonding. H2Omol�VSHFLHV�DUH�ORFDWHG�LQ�DQ�HQYLURQPHQW�ZLWK�DQ�2�2�GLVWDQFH�RI�a����SP��2+– groups 
DUH�LQ�HQYLURQPHQWV�ZLWK�2�2�GLVWDQFHV�IURP�����WR�����SP��7KH�LRQLF�UDGLXV�RI�WKH�DONDOLV��DQG�KHQFH�
WKHLU�LRQLF�¿HOG�VWUHQJWK��GHWHUPLQHV�WKH�IUDFWLRQ�RI�ZDWHU�GLVVROYHG�DV�+2Omol and OH– groups, as well 
DV�WKH�GLVWULEXWLRQ�RI�SURWRQV�LQ�WKH�YDULRXV�2+–�HQYLURQPHQWV��7KH�PHDQ�YROXPH�RI�WKH�++ oxygen 
coordination sphere was calculated using the 1H+ NMR signal intensity and the mean O-O distance 
around H+��,QFUHDVLQJ�LRQLF�UDGLXV�RI�WKH�DONDOL�PHWDO�LQ�VLOLFDWH�JODVVHV�UHVXOWV�LQ�D�GHFUHDVH�RI�WKLV�
PHDQ�YROXPH��7KH�SDUWLDO�PRODU�YROXPH�RI�ZDWHU�LQ�WKH�FRUUHVSRQGLQJ�PHOWV�GHWHUPLQHG�WKURXJK�RWKHU�
WHFKQLFV�VHHPV�WR�YDU\�LQ�D�FRPSDUDEOH�ZD\��7KHUHIRUH��WKH�FKHPLFDO�FRPSRVLWLRQ�RI�VLOLFDWH�PHOWV�PD\�
FRQWURO�WKH�SDUWLDO�PRODU�YROXPH�RI�GLVVROYHG�ZDWHU�EHFDXVH�RI�LWV�LQÀXHQFH�RQ�WKH�VWUXFWXUDO�HQYLURQ-
ment of protons. This probably also plays a role in determining water solubility.

.H\ZRUGV��:DWHU��VLOLFDWH�JODVVHV��SURWRQ�VROLG�VWDWH�105��SURWRQ�HQYLURQPHQW�

IntroDuCtIon

Water plays a fundamental role in the dynamics of the past and 
present Earth because of its major impact on the physicochemical 
SURSHUWLHV�RI�VLOLFDWH�PDWHULDOV��$V�WKH�PDLQ�YRODWLOH�FRPSRQHQW�
LQ�QDWXUDO�PDJPDV��ZDWHU�SURIRXQGO\�GHFUHDVHV�WKHLU�YLVFRVLW\�
�5LFKHW�HW�DO��������VR�WKDW��IRU�LQVWDQFH��LW�SDUWO\�FRQWUROV�WKH�
EHKDYLRU� RI� YROFDQLF� HUXSWLRQV��/LTXLGXV� SKDVH� UHODWLRQV� DQG�
YROXPH�SURSHUWLHV�RI�PDJPDV�DUH�DOVR�LQIOXHQFHG�E\�GLVVROYHG�
ZDWHU��H�J���.XVKLUR�������2FKV�DQG�/DQJH�������

6LQFH� WKH�ZRUN�RI�:DVVHUEXUJ� �������� LW� LV�FRPPRQO\�DV-
VXPHG�WKDW�ZDWHU�GLVVROYHG�LQ�VLOLFDWH�PHOWV�EUHDNV�WKHLU�6L�2�6L�
OLQNDJHV��DV�GHVFULEHG�E\�

H2Omol(melt ) +Si�O�Si(melt ) � 2 Si�OH(melt )  ���

In this suggested solution mechanism, H2Omol is molecular 
ZDWHU�GLVVROYHG�LQ�WKH�PHOW��7KH�6L�2+�ERQGV�DUH�IRUPHG�WKURXJK�
H2Omol dissociation into OH–�JURXSV�YLD�UHDFWLRQ�ZLWK�6L�2�6L�
bonds. A consequence of reaction 1 is depolymerization of the 
silicate melt structure, which, in turn, may lead to changes in its 
SK\VLFDO�SURSHUWLHV��)RU�H[DPSOH��WKLV�VLPSOH�VROXWLRQ�PHFKDQLVP�
H[SODLQV�TXDOLWDWLYHO\�WKH�GHFUHDVH�RI�WKH�YLVFRVLW\�RI�DOXPLQR-

VLOLFDWH�PHOWV�REVHUYHG�XSRQ�ZDWHU�DGGLWLRQ��5LFKHW�HW�DO��������
,QIUDUHG�DEVRUSWLRQ�VWXGLHV�RI�K\GURXV�JODVVHV�DQG�PHOWV�KDYH�

demonstrated the presence of both OH– groups and H2Omol spe-
FLHV��'DYLV�DQG�7RPR]DZD�������(ILPRY�DQG�3RJDUHYD�������
0DOIDLW�������6FKROW]H�������6WROSHU��������5HVXOWV�RI�UHFHQW�
NMR spectroscopic studies of depolymerized silicate glasses 
�&RG\�HW�DO��������0\VHQ�DQG�&RG\�������;XH�DQG�.DQ]DNL�
������������������������KDYH�OHG�WR�WKH�VXJJHVWLRQ�WKDW�ZDWHU�DOVR�
FDQ�UHDFW�ZLWK�DONDOL�DQG�DONDOLQH�HDUWK��0��QHWZRUN�PRGLI\LQJ�
cations to form M-OH bonds in depolymerized melts. Results 
IURP�WKHUPRG\QDPLF�PRGHOLQJ�RI�VLOLFDWH�PHOWV��0RUHWWL�������
0RUHWWL�HW�DO��������DQG�5DPDQ�VWXGLHV��/H�/RVT�HW�DO��������
0\VHQ� DQG�9LUJR� ����D�� ����E�� UHLQIRUFH� VXFK� K\SRWKHVLV��
1RWDEO\��ZKHUHDV�IRUPDWLRQ�RI�7�2+�ERQGV��7� �WHWUDKHGUDOO\�
coordination cations such as Si4+ and Al3+) in melts might cause 
QHWZRUN�GHSRO\PHUL]DWLRQ��IRUPDWLRQ�RI�0�2+�ERQGV�PD\�OHDG�
WR�PHOW�SRO\PHUL]DWLRQ��H�J���)UDVHU�������0RUHWWL�������0RUHWWL�
HW�DO��������;XH�DQG�.DQ]DNL�������������������������

Temperature controls the ratio of OH– to H2Omol species in 
VLOLFDWH�PHOWV��%HKUHQV�DQG�<DPDVKLWD�������1RZDN�DQG�%HKUHQV�
������6KHQ�DQG�.HSSOHU��������7KH�HIIHFW�RI�WKH�PHOW�FKHPLVWU\�LV�
OHVV�HYLGHQW��0RVW�VWXGLHV�IRFXV�RQ�JODVVHV��ZKLFK�SUHVHUYH�D�UH-
cord of the structure of melts at their glass transition temperature 
�Tg). The latter depends on water content and on silicate composi-
WLRQ��VHH�IRU�D�UHYLHZ�0\VHQ�DQG�5LFKHW��������,W�IROORZV�WKDW�WKH�


