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Abstract
The surface energy (hydrated surfaces) of fayalite (a-Fe2SiO4) was determined to be 2.47 ± 0.25 J/m2
using high-temperature oxide melt solution calorimetry. This is larger than the surface energy of
magnetite (Fe3O4), but lower than that of forsterite (a-Mg2SiO4). The changes in the positions of the
quartz-fayalite-magnetite (QFM) and quartz-iron-fayalite (QIF) buffers with particle size reduction
were calculated. QFM is lowered in fO2 by 3–7 log units as a function of temperature for 30 nm particles
while QIF is raised by 1–2 log units. The estimated surface energy difference between olivine and
spinel polymorphs decreases the pressure of the olivine-spinel transition in Fe2SiO4 by about 1 GPa.
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Introduction
Oxidation–reduction equilibria of nanoscale iron oxides have
been shown to depend significantly on particle size because the
phases involved have different surface energies (Navrotsky et
al. 2010). Although surface energies have been measured for
hematite, maghemite–magnetite solid solutions, and ulvospinel
(Majzlan et al. 2003; Lilova et al. 2014), few experimental data
are available for silicates. Fayalite (a-Fe2SiO4) is involved in
several “redox buffers” that define oxygen fugacity in synthetic
and petrologic systems, including important extraterrestrial materials, and participates in high-pressure phase transitions, thus
its surface energy is needed to understand the behavior of these
reactions when small particles are involved. In addition, because
there has been significant discussion of olivines as mantle
water reservoirs (Férot and Bolfan-Casanova 2012), this work
determines the enthalpy of the hydrated fayalite surface using
high-temperature oxide melt solution calorimetry of one bulk
and several nanophase fayalite samples.

Experimental procedures
Materials
Several samples of fayalite were analyzed in this experiment. Powdered
nanophase samples, indicated as fayalite FS21, 22, 23, 24, and 26, were used as
received from Michael DeAngelis. A sample of bulk fayalite was prepared by
Donald Lindsley (5-15-17 fayalite). The synthesis of the nanophase fayalite was
described in detail by DeAngelis et al. (2012). The bulk Fe2SiO4 (5-15-17 fayalite)
was prepared by mixing silica and Fe2O3 and grinding them together for 2 h under
ethanol in an agate mortar. “Fe-sponge” was then added and ground for an additional
40 min. The mix was wrapped in silver foil and inserted into a silica-glass tube,
which was evacuated and sealed, then annealed in a furnace at 930–940 °C for 10
days. X‑ray diffraction (XRD) showed that the product was ~97% fayalite, ~1.4%
quartz, ~1.3% wüstite, and ~0.5% metallic Fe. This material was then re-ground
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and annealed for 15 days to react the small amount of silica, wüstite, and Fe to
fayalite. A third heating was performed with additional Fe-sponge due to a small
leak that caused a partial oxidation of one end of the sample during the second
run. This was run for about 45 days, XRD of the final product showed ~1% free
quartz, ~99% fayalite, with no unreacted wüstite. Optical examination in refractive
index oil confirmed the presence of quartz; other than a few globules of silver, there
were no opaque particles, strongly suggesting the absence of hematite, wüstite,
magnetite, and metallic Fe. The absence of the latter two was further confirmed
by testing with a magnet, to which no sample adhered.

Characterization
The amount of surface water on each of the nano-sized samples was determined by simultaneous thermogravimetry and differential scanning calorimetry
(TG-DSC). Each fayalite sample was heated in argon from room temperature to
1073 K at 10 K/min in a Setaram Labsys Evo instrument.
X‑ray diffraction (XRD) of the bulk sample was performed on a Rigaku
Miniflex 600, using CuKa radiation. Data were processed with Match!3 software,
and the unit-cell parameters were determined by Rietveld refinement using FullProf. The characterization of the nano fayalite samples was described in detail by
DeAngelis et al. (2012).

Calorimetry
High-temperature oxide melt solution calorimetry was performed using the
Setaram AlexSYS—the commercial version of the Tian Calvet twin calorimeter
described previously by Navrotsky (1977, 1997, 2014). In the drop solution calorimetry experiment, samples in the form of pellets (between 4 and 6 mg) were
dropped from room temperature (298 K) into molten 2PbO·B2O3 solvent at 1073 K
in a platinum crucible. Pure oxygen was flushed through the system and bubbled
through the solvent at 110 and 5 mL/min, respectively, to remove the evolved water
vapor and assist in the complete oxidation of Fe2+ to Fe3+. More details about the
reproducible final oxidation state of Fe-containing compounds dissolved in lead
borate can be found in Lilova et al. (2012).

Results
Characterization
The XRD of the bulk sample showed fayalite (a = 4.815,
b = 10.468, c = 6.084 Å) with about 1% free silica as quartz.
According to DeAngelis et al. (2012), the nano fayalite samples
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