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Can electron energy-loss spectroscopy (EELS) be used to quantify hydrogen in minerals
from the O K edge?
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Abstract
The proposition has been made and is now gaining popular acceptance that electron energy-loss
spectroscopy (EELS) attached to a transmission electron microscope (TEM) can be used to semiquantitatively measure H in minerals—specifically, that there is a pre-peak to the O K edge near 530
eV whose intensity is a measure of H concentration in OH- and H2O-bearing minerals. I show here
that the O K edges from H-bearing minerals, free of electron-beam damage, lack a peak near 530 eV.
Instead, under electron irradiation in the TEM, a transient peak near 530 eV can form in H-bearing
as well as anhydrous minerals. The intensity of the transient peak is dependent on total fluence and
fluence rate. The origin of the radiation-induced peak at 530 eV is from O2 liberated during damage
by the incident electron beam. In conclusion, there is no evidence for an OH peak near 530 eV from
H-bearing minerals.
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Introduction

The effects of the electron beam on H in inorganic materials
are poorly known, partly because H is difficult to detect. A highenergy electron can displace the H through knock-on displacement and radiolysis from inelastic scattering, though the relative
contributions from the two mechanisms are unknown. Whatever
the mechanisms, hydrated minerals are sensitive to the electron
beam in the TEM. For example, during electron irradiation,
brucite, Mg(OH)2, is readily decomposed to amorphous and then
crystalline MgO (van Aken and Langenhorst 2001).
Hence, the report of a pre-peak to the O K edge that is a
measure of OH concentration (Wirth 1997; Wirth and Wunder
2000) is intriguing. This pre-peak appears to occur at a range
of energies from 525 eV (Heimann and Wirth 2006) to 532 eV
(Klein-BenDavid et al. 2007), although it is most commonly
quoted as 528 eV (Wirth 1997; Wirth and Wunder 2000; Khisina et al. 2001; Khisina and Wirth 2002; Wirth et al. 2007).
According to Wirth (1997) and Wirth and Wunder (2000), the
intensity of the pre-peak is not affected by electron irradiation in
the TEM. Consequently, this pre-peak has been used as evidence
for OH or H2O in a wide range of materials, such as inclusions
in olivine (Khisina and Wirth 2002), amorphous Ca phosphates
(Heimann and Wirth 2006), “hydrous” cavities in diamond
(Klein-BenDavid et al. 2007), Phase Egg (Wirth et al. 2007),
phlogopite (Logvinova et al. 2008), and in glass veins in type
B1 CAIs in carbonaceous chondrites (Paque et al. 2009). Despite
the apparent utility of this method, alternative explanations have
been provided for the 528 eV pre-peak to the O K edge (van Aken
et al. 1998; Jiang and Spence 2006).
Here I test the hypothesis that the “528 eV peak” is a measure
of OH or H2O in minerals.

Electron energy-loss spectroscopy (EELS) with a transmission electron microscope (TEM) is a valuable analytical tool
for the mineral sciences and provides chemical and bonding
information from nanometer-sized regions (Egerton 1996). EELS
is the X-ray equivalent of X-ray absorption spectroscopy (XAS)
and each technique has its unique advantages.
EELS is well suited to light-element analysis, i.e., from Li
to F, where the core-loss signals are non-overlapping, covering
the energy-loss range from ca. 55 to 690 eV. Elemental H and
He also produce core-loss signals, with K edges near 13 and
22 eV, respectively. One of the goals of electron microscopy
has been to develop techniques for quantification of H, but a
routine methodology remains elusive because bonded H does
not produce a core-loss edge, as the only core electron (H 1s)
is involved in bonding. Instead, the presence of H changes the
electronic structure as evident at the core-loss edges, e.g., van
Aken et al. (1999) and Chen et al. (2009). A further difficulty
with H analysis in the TEM is the beam-sensitivity of many
H-bearing materials.
The effect of the electron beam in the TEM on inorganic
materials has been extensively studied and depends on factors
that include incident electron energy, probe-current density, dimensions of the irradiated volume, and sample temperature (Rez
and Glaisher 1991; Garvie and Craven 1994; Rez et al. 1995;
Egerton 1996; Rightor et al. 1997; Egerton et al. 2004, 2006;
Garvie et al. 2004). The electron beam can cause permanent
and temporary damage to the specimen during observation in
the TEM, through effects such as heating, electrostatic charging, radiolysis, displacement damage, and sputtering (Egerton
et al. 2004).

Materials and methods
The majority of the EELS spectra were acquired with a Philips 400-ST TEM
with a GATAN 766 DigiPEELS spectrometer. The microscope was equipped with

* E-mail: lgarvie@asu.edu
0003-004X/10/0001–092$05.00/DOI: 10.2138/am.2010.3290

92

