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Fig. 1 shows a comparison of oxygen K-edge
spectra of differently concentrated NaOH(aq).
The differences between the two concentrations
are relatively minor and, most importantly, the
overall trends are reproduced by the theoretical
model calculations. Due to the slightly higher
statistical accuracy of the spectra taken of the
13 m solution, we use these data in the main
text. Fig. 2 shows a comparison of spectra
also shown in Fig. 2 for each temperature in
order to directly compare the influence of the
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Figure 1: Experimental oxygen K-edge spectra
from 7 m and 13 m aqueous NaOH solutions
compared with spectra calculated from AIMD
simulation data at 5 m concentration.
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electrolytes on the shape of the oxygen K-edge.
All spectra of the HCl solution show decreased
pre- and main-edge intensities, whereas up to
400 ◦C the post-edge is slightly enhanced when
compared to the spectra of pure water. The
spectra of the NaOH solution are noticeably
blue-shifted and the spectra recorded in the
supercritical regime show smaller pre-edge in-
tensity and considerably enhanced post-edge
features in comparison to neat water. All rela-
tive trends are reproduced by the simulations,
also shown in Fig. 2. Oxygen-oxygen and

Figure 2: Comparison of experimental and
computational results for the different systems
(blue lines for H2O, green lines for aqueous HCl,
and red solid lines for aqueous NaOH) (a)-(d).

oxygen-hydrogen radial distribution functions
(RDF) for pure water (data taken from1), aque-
ous NaOH, and aqueous HCl at different tem-
peratures and pressures are shown in Figs. 3
and 4. Fig. 3 shows them as temperature se-
ries for each of the three solutions separately,
whereas Fig. 4 shows a comparison of the RDFs
of the different solutions for each temperature
point. In all cases, the first solvation shell shifts
to higher distances with increasing temperature
(see left column in Fig. 3), as expected because
of the lower densities at higher temperatures.
However, the O-O RDF shows considerable con-
traction upon solvation of both HCl and NaOH
throughout the probed (p, T ) range when com-
pared to neat water (see Fig. 4). This is in line

Figure 3: Comparison of the oxygen-oxygen
and oxygen-hydrogen RDFs extracted from the
molecular dynamics simulations.

with our interpretation based on the oxygen
K-edge fingerprints that addition of HCl and
NaOH stabilize the water structure at higher
T . Consistent with our earlier observation, the
RDFs of the NaOH solution always peak at
shorter distances compared to those of HCl.
The O-O RDFs of the NaOH solution exhibit
a considerable sharpening at lower T . This
general behavior has been observed earlier and
has been described as ion solvation having a
similar effect as the application of pressure.2–4

All O-H RDFs of HCl(aq) and NaOH(aq) show
the first solvation shell at closer distances r
than in neat water (right column of Fig.s 3 and
4). At 22 ◦C the NaOH O-H RDF also shows
a narrower and higher peak, as a sign of higher
local order around the hydroxide anions. How-
ever, this higher local order comes along with a
smaller number of overall water-water H-bonds
at ambient temperature for NaOH(aq) (com-
pare Fig. 3 c)). The O-H RDFs underline the
increased hydrogen bonding observed at higher
temperatures: the first and second peaks both
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remain at shorter distances in the solutions of
NaOH and HCl compared to neat water, which
is in line with our experimental observation of
an increased hydrogen bonding and tetrahedral-
order signatures in the oxygen K-edge spectra.

This material is available free of charge via

Figure 4: Comparison of the RDFs of the dif-
ferent solutions for each sampled temperature
and pressure.

the Internet at http://pubs.acs.org/.
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