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aBstraCt

Previous studies of hydrous glasses and melts with infrared spectroscopy have led to the conclusion 
that the IR combination peaks near 4500 and 5200 cm–1�UHÀHFW�WKH�H[LVWHQFH�RI�2+– (hydroxyl) groups 
DQG�+2Omol�ZDWHU�PROHFXOHV�LQ�WKRVH�PDWHULDOV��+HUH��ZH�VKRZ�WKDW�WKH�JODVV�FKHPLFDO�FRPSRVLWLRQ�
FDQ�LPSDFW�SURIRXQGO\�WKH�LQWHQVLWLHV�DQG�IUHTXHQFLHV�RI�WKH�IXQGDPHQWDO�2�+�VWUHWFKLQJ�VLJQDO�DQG��
therefore, potentially those of the 4500 and 5200 cm–1 combination peaks. In alkali silicate glasses, 
FRPSRVLWLRQDO�HIIHFWV�FDQ�JLYH�ULVH�WR�SHDNV�DVVLJQHG�WR�IXQGDPHQWDO�2�+�VWUHWFKLQJ�DW�IUHTXHQFLHV�
as low as 2300 cm–1��7KLV�H[SDQGHG�UDQJH�RI�5DPDQ�LQWHQVLW\�DVVLJQHG�WR�2�+�VWUHWFK�LV�LQFUHDVLQJO\�
important as the ionic radius of the alkali metal increases. As a result, the combination of the funda-
PHQWDO�2�+�VWUHWFK�LQ�2+–�JURXSV�ZLWK�WKH�6L�2�+�VWUHWFK�ORFDWHG�QHDU�����FP–1 gives rise to a complex 
combination signal that can extend to frequencies much lower than 4200 cm–1. This combination signal 
WKHQ�EHFRPHV�XQUHVROYDEOH�IURP�WKH�KLJK�IUHTXHQF\�OLPE�RI�WKH�EDQG�DVVLJQHG�WR�IXQGDPHQWDO�2�+�
VWUHWFK�YLEUDWLRQ�LQ�WKH�LQIUDUHG�VSHFWUD��,W�IROORZV�WKDW��ZKHQ�2�+�VWUHWFK�VLJQDOV�IURP�2+– groups 
extend to below 3000 cm–1, the 4500 cm–1�SHDN�GRHV�QRW�UHSUHVHQW�WKH�WRWDO�2+– signal. Under such 
FLUFXPVWDQFHV��WKLV�LQIUDUHG�SHDN�PD\�QRW�EH�D�JRRG�SUR[\�IRU�GHWHUPLQLQJ�WKH�FRQFHQWUDWLRQ�RI�2+– 
hydroxyl groups for glassy silicate materials.
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IntroDuCtIon

Water dramatically affects the physical properties of silicate 
melts and glasses (see the review by Mysen and Richet 2005), 
and, as a result, is of key importance in both industrial and geo-
logic processes. An important feature of water dissolved in glassy 
and molten silicate materials is that it exists both as molecules 
�+2Omol��DQG�DV�K\GUR[\O�JURXSV��2+–) bonded to the silicate 
network. It has often been stated that those two different species 
give rise to IR combination peaks at ~5200 and ~4500 cm–1, 
respectively (Davis and Tomozawa 1996; Efimov and Pogareva 
������0DOIDLW� ������6FKROW]H� ������6WROSHU� �������7KH�2+– 
groups are bonded to the tetrahedral network of silicate glasses 
DQG�PHOWV�� IRUPLQJ�6L�2+�DQG�$O�2+�ERQGV�E\�EUHDNDJH�RI�
bridging oxygen bonds (Si-O-Si, Al-O-Al, and Si-O-Al) (see for 
instance Moulson and Roberts 1961; Scholtze 1960; Stolen and 
Walrafen 1976; Stolper 1982). This solution mechanism results 
in depolymerization of the silicate network (see for instance the 
study of Mysen and Cody 2005). In contrast, water dissolved in 
WKH�IRUP�RI�+2Omol species does not change melt polymerization. 
$V�D�UHVXOW��WKH�GLVVROXWLRQ�RI�ZDWHU�DV�2+–�JURXSV�RU�DV�+2Omol 
species has different effects on the polymerization and hence 
properties of hydrous silicate amorphous materials. These dif-
ferences are reflected in transport properties of hydrous melts, 
glass transition temperature (see for instance Deubener et al. 
2003), solidus temperatures, melt/mineral phase equilibria, and 
element partitioning (see for a review Mysen and Richet 2005).

7KH�ZDWHU�VSHFLDWLRQ�� LQ� WHUPV�RI�+2Omol� VSHFLHV�DQG�2+– 
groups, varies with total water concentration and temperature 
(Behrens and Yamashita 2008; Nowak and Behrens 1995; Stolper 
1982). It also depends on composition (Deubener et al. 2003; 
0RUHWWL�HW�DO���������+RZHYHU��LW�LV�QRW�NQRZQ�KRZ�WHPSHUDWXUH�
effects vary with bulk composition, and how bulk compositional 
variables govern solution mechanisms and solubility.

FTIR spectroscopy may be used to examine such effects by 
using the combination peaks often located near 4500 and 5200 
cm–1�LQ�WKH�VSHFWUD��+RZHYHU��DV�D�ILUVW�VWHS��LW�LV�QHFHVVDU\�WR�
ascertain exactly what governs the frequency and integrated 
intensity of the 4500 and 5200 cm–1 combination peaks in the 
IR spectra of hydrous silicate glasses (and melts). An example 
of this is the recent work of Malfait (2009) who concluded that 
the 4500 cm–1 IR peak is formed by the combination of the fun-
GDPHQWDO�2�+�VWUHWFKLQJ�PRGH�DW�a�����FP–1�ZLWK�WKH�6L�2�+��
DQG�SUHVXPHG�$O�2�+��VWUHWFKLQJ�YLEUDWLRQDO�PRGH��7KH�$O�2�+�
vibrational mode can occur near 800 cm–1��ZKHUHDV�WKH�6L�2�+�LV�
near 920 cm–1��&RPELQHG�ZLWK�WKH�IXQGDPHQWDO�2�+�VWUHWFKLQJ�
mode at 3600 cm–1 in simple aluminosilicate glasses, the exact 
frequency of the 4500 cm–1 would be somewhat correlated, 
therefore, with the Al/Si of the glass. Concerning the 5200 cm–1 
peak, it is attributed to arise from the combination of the 3600 
cm–1 stretching and 1630 cm–1�EHQGLQJ�PRGHV�RI�+2Omol species 
(Scholtze 1960; Stolper 1982).

7KH�LQIUDUHG�VLJQDO�DVVLJQHG�WR�2�+�VWUHWFK�LQ�2+–�DQG�+2Omol 
species, usually characterized by an asymmetric band centered 
near 3600 cm–1, can have a complex shape in some silicate 
glasses, where broad bands extend into the 2000–3000 cm–1 


