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Abstract

We present a new technique for the quantification of water in glasses down to the parts per million 
level, using confocal microRaman spectroscopy with the recently developed “Comparator Technique.” 
To test this method, we used a suite of glasses and gemstone-quality garnets with varying chemical 
compositions. Water contents were independently determined with proton-proton (pp) scattering and 
infrared (IR) spectroscopy. Moreover, water concentrations obtained for the garnets were compared to 
data from a study by Maldener et al. (2003) using nuclear reaction analysis (NRA). For each sample, 
we recorded Raman spectra in the frequency range from 3100 to 3750 cm–1 and standardized them 
using an independently well-characterized glass. In this paper, we demonstrate the usefulness of this 
technique for quantifying water concentrations in natural and synthetic glass samples and garnets, and 
verify its adaptability for concentrations from 40 wt ppm up to 40 wt% H2O. However, in the case of 
absorbing material (e.g., Fe-bearing samples), the suggested method needs to be modified to overcome 
problems due to heating and melting of those phases. Furthermore, we propose an integrated molar 
absorption coefficient for water in quartz glass, εitot = 72 000 ± 12 000 Lmol–1

H2Ocm–2, for quantitative 
IR spectroscopy that is higher than a previously reported value of Paterson (1982) or that predicted 
by the general calibration trend determined by Libowitzky and Rossman (1997).
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Introduction

Confocal microRaman spectroscopy has proven useful for 
the accurate and rapid determination of the total water content 
(H2OT) of natural and synthetic glasses with a wide range of 
compositions (Thomas 2000, 2002; Thomas et al. 2006; Thomas 
and Davidson 2006, 2007), for concentrations from 0.1 to over 40 
wt%, with high precision (<10% relative error) and high spatial 
resolution (about 1 µm). Using the “Comparator Technique” (see 
Thomas and Davidson 2006), the water content of a sample can 
be determined by simple comparison with a known standard, and 
consequently, a calibration curve is unnecessary. This method 
was confirmed in an independent study by Di Muro et al. (2006), 
in which the advantages and disadvantages of external vs. internal 
calibrations as well as composition, reproducibility, preparation, 
and spectra treatment issues were extensively discussed. Based 
on our experience, internal standardization (Thomas 2000; 
Chabiron et al. 2004; Zajacz et al. 2005; Behrens et al. 2006; 
Di Muro et al. 2006) employing normalization of the total H2O 
(H2OT) band to either the T-O-T (T = tetrahedrally coordinated 
cations) bending band near 500 cm–1, or the T-O stretching band 
near 1000 cm–1, is unsuitable for concentrations <0.1 wt% be-

cause of potential high errors due to, e.g., the strong influence of 
variable glass compositions and/or interference peaks from the 
embedding medium, or the host matrix, on the internal reference 
intensity. Using an external reference material permits an inde-
pendent selection and adoption of suitable measurement condi-
tions according to specific requirements, which is particularly 
important for the measurement of very small amounts of H2OT 
in geological samples. Since the Raman signal in the frequency 
range of 2800 to 4000 cm–1 is directly proportional to the H2OT 
concentration, and the integrated intensity increases linearly with 
the concentration, the determination of water is dramatically 
simplified by adopting an external calibration combined with 
a well-characterized reference glass. However, until now, the 
lower detection limit remained unexplored. The object of this 
paper was to verify the utility of this Raman method for the de-
termination of water concentrations at the parts per million level, 
using well-characterized samples with water contents <0.1 wt% 
independently quantified by nuclear reaction analysis (NRA), 
proton-proton (pp)-scattering, and infrared (IR) spectroscopy. 

Analytical techniques

Samples
The samples in this study were polished sections of a set of natural and syn-

thetic silicate glasses with basaltic to rhyolitic compositions (see also Thomas and 
Davidson 2007), two synthetic quartz glasses, and four gem-quality garnet crystals 
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