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Gold is an unreactive metal and its chemical interactions
with hydrogen have only recently been explored. Here we
report the formation of gold hydride above 40 GPa and 2200
K in x-ray free electron laser heated diamond anvil cells us-
ing various hydrocarbons as hydrogen sources. Above 40
GPa, a hexagonal phase emerges close to the gold melt-
ing point, corresponding to a hydride with stoichiometry
Au2Hx, with x increasing from 0 to near 1 with pressure
from 40 to 80 GPa. This is a high-temperature phase which
reverts to face centered cubic gold on cooling to 295 K.
Accompanying DFT-MD simulations are in excellent agree-
ment with experiment and reveal the structure to consist of
an hexagonal close packed gold lattice with atomic hydrogen
disordered in the interstices. The hydrogen is superionic and
exhibits high diffusivity through the crystalline gold lattice.
Our results present the first solid-state binary compound of
gold and hydrogen.

Introduction
Gold is one of the least reactive metals and its chemistry, in
particular its interactions with hydrogen, has only been ex-
plored recently [1,2]. Much of the work had been performed
in the gas phase or at liquid helium temperatures, although
recent developments in organometallic chemistry have led
to the successful synthesis of hydrogen complexes [3], and
complexes of gold with hydrogen ligands. [2,4,5] In the gas
phase, gold hydride and gold deuteride species have been
inferred from UV absorption spectra [6] and photoelectron
spectroscopy [7]. Cryogenic studies have reacted laser ab-
lated gold with hydrogen and excess inert gas which was
then condensed at 3.5 K [8,9]. This results in the formation
of isolated AuH, AuH2, (H2)AuH, and the ions AuH –

2 and
AuH –

4 , all of which decompose on warming.
The gold–hydrogen bond has an unusually covalent na-

ture for a metal–hydrogen interaction owing to the high
electronegativity of gold, which arises from relativistic ef-
fects [10]. On the Pauling scale, the electronegativity of gold
is 2.54, which is higher than that of hydrogen, 2.2, with
the result that the Au-H bond is expected to have a neg-

atively polarized gold atom. This motivated studies which
have demonstrated Au as a hydrogen bond acceptor [1,11–13].
Hydrogen–gold interactions are of interest in the field of
catalysis, where heterogeneous gold nanoparticles exhibit
excellent selectivity for certain hydrogenation reactions [14].
Hydrogen has further been observed to bond with gold nan-
oclusters due to the enhanced reactivity of the surface elec-
tronic states [15,16].

There has been a similar degree of interest in gold hy-
drides in the solid state. Gold forms no binary hydrides at
ambient pressure, but the widespread nature of transition
metal hydrides under pressure has prompted studies of the
gold–hydrogen system under pressure, as the hydrogen affin-
ity of most metals greatly increases. This can cause metals
which do not form hydrides at ambient pressure to adopt
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novel high-pressure compounds with hydrogen [17–19], and
greatly increase the hydrogen content of others [20–22]. High
pressure hydrides are of interest of various fields including
hydrogen storage [23] and high temperature superconductiv-
ity [21,22]. However, a solid state binary hydride of gold has
remained elusive, with a few publications reporting its ab-
sence at high pressure [24–26], and likely many more failed
attempts which have gone unreported.

Hydrogen is challenging to contain at high pressure due
to its reactions with pressure cell components and high mo-
bility within many materials resulting in its loss from the
sample environment [27]. Owing to its supposed non-hydride
forming nature, gold coatings are widely used as a hydro-
gen permeation barrier in the study of high-pressure hydro-
gen [28–31], offering further indication that the low hydrogen
solubility in gold observed near ambient conditions [32] per-
sists to megabar pressures.

Theoretical studies of the gold–hydrogen system have found
no stable binary hydrides [24,26], but the addition of alkali
metals has been suggested for the synthesis of a stable ternary
hydride [24]. Only two ternary gold-metal-hydrides are ex-
perimentally known: Nb3AuHx and Ti3AuHx, with 1 < x <
4.2. Both have cubic A15 structures, but gold is the minor-
ity species with another hydride forming metal [33,34].

Here we report the x-ray free electron laser (XFEL) syn-
thesis of a hexagonal gold hydride with stoichiometry Au2Hx,
with x < 1, above ∼2200 K and 40 GPa. XFEL pump-
probe measurements indicate that it adopts a hexagonal
structure, reminiscent of that of Cu2H [25], with a hexagonal
close packed (hcp) Au lattice, but decomposes on cooling to
ambient temperature, where face centered cubic (fcc) gold is
recovered with no evidence of dissolved hydrogen. Density
functional theory molecular dynamics (DFT-MD) calcula-
tions support the structural assignment and indicate that
hydrogen is superionic in the lattice. This result highlights
the importance of studying novel extreme conditions chem-
istry and properties at high-pressure and high-temperature
conditions, rather than considering only samples quenched
back to ambient temperature.

Results and Discussion
The samples consisted of gold embedded in various hydro-
carbons compressed in diamond anvil cells (DACs). The
hydrocarbon served as insulation for the anvils, the pressure
transmitting medium, and the hydrogen source, as hydrogen
is produced by the precipitation of the carbon as diamond
or graphite depending on pressure [35–37]. Methane (CH4),
polyethylene ((CH2)n), polystyrene ((C8H8)n) and coronene
(C24H12) were used.

Gold was heated and probed using high-intensity x-rays
at the European XFEL. X-ray pulses of < 50 fs duration
were incident on the gold sample in pulse trains with a fre-
quency of 4.5 MHz. The transit of each x-ray pulse through
the sample results in the deposition of heat into the sample,
as well as the collection of an x-ray diffraction (XRD) pat-
tern. The XFEL pulse duration is shorter than the timescale
of nuclear motion [38,39], so the diffraction occurs before the
lattice response and the XRD probes the structure of the
sample at the maximal cooling time, 222 ns after the pre-
vious pulse. The time-resolved temperature was measured
using streaked optical pyrometry (SOP) [36,38]. A diagram
of the experimental setup is shown in Figure 1, with full
experimental details given in the Supporting Information.

Up to 39 GPa initial pressure, no reaction between hydro-
carbons and gold is observed, though diamond is observed
to precipitate in agreement with previous results [36], imply-
ing that there is an excess hydrogen-rich phase remaining.
At, and above, a starting pressure of 41 GPa, new peaks
with a strikingly different texture from fcc gold emerge in
the diffraction pattern as shown in Figures 2 and 3. Diffrac-
tion patterns with the new phase present always also show
an increased background signal attributed to liquid diffuse
scattering from molten gold, as well as residual fcc gold. The
appearance of the new phase in the presence of liquid dif-
fuse scattering suggests that it occurs at high temperatures
close to the melting point of gold. This diffuse scattering
is subtracted with the background when fitting crystalline
phases, but is shown in Supplemental Figure S1. The pres-
ence of fcc gold is attributed to temperature gradients in
the probed area [40].

The new peaks are of higher intensity than could arise
from the low Z hydrogen or carbon, and are of similar in-
tensity to those of the remaining fcc gold, implying that
they must arise from a phase containing the much more
strongly scattering gold. They can be indexed to an hcp
structure. In all cases the hexagonal {100} and {101} peaks
of the emergent phase are clearly observed, allowing both a
and c to be fitted reliably, giving c/a ratios close to ideal.
In many cases other peaks are also resolvable as shown in
the integrated powder x-ray diffraction patterns in Figure 3
and Supplemental Figures S2 and S3. The hcp {002} peak
overlaps with the {111} peak of the residual fcc gold, but
has a different texture in the diffraction images consisting
of isolated spots rather than lines, see Figure 2. This is in-
dicative of fewer larger crystallites forming compared to the
powder rings of the unreacted fcc gold. The reduced pow-
der statistics results in variable peak intensities for the hcp
gold hydride based on the orientations at which the crystals
form with the result that higher order peaks only appear in
some patterns.

The peaks arising from the new phase appear and persist
only at high temperature and are absent in the quenched
sample, implying that it is only stable at high temperature.
After cooling, only peaks from fcc gold and diamond formed
by precipitation from the hot hydrocarbon [36] are observed
as shown in Figure 3. Diffraction maps of a cell after XFEL
exposure at the PETRA-III synchrotron source (beamline
P02.2), which offers higher q resolution and smaller probe
beam than the XFEL, revealed only fcc gold with no resid-
ual hcp phase. Raman spectra taken after the XFEL ex-
periment in a sample where gold hydride was synthesized
from methane indicate that on decomposition gold hydride
forms molecular hydrogen in addition to fcc gold. H2 is ob-
served in the form of (CH4)2H2

[41]. Supplemental Figure S4
shows the H2 Raman stretching feature, demonstrating the
presence of excess hydrogen from the decomposition of the
hydrocarbon and hydride.

The hcp peaks which emerge at high temperature are
narrower than those of the unreacted fcc gold, see Figures
2 and 3. This is due to thermal gradients in the gold cou-
pler and is also observed in other XFEL pump-probe ex-
periments [36,42]. The XFEL beam has a wider low intensity
region surrounding the central high intensity focus which
causes negligible heating, but does contribute signal from
unheated gold on the detector, while near the beam cen-
ter the gold is molten, see Figure S1. Thus the fcc gold
peaks have contributions from gold at temperatures span-
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Figure 1. Setup of the XFEL experiment: 352 x-ray pulses from the XFEL are incident on the sample at 4.5 MHz (center), with diffraction
recorded on the large area AGIPD detector (upper right). The left upper panel shows the sample configuration with perforated gold foil
embedded in a hydrocarbon and compressed between diamond anvils. The lower panels show the streaked optical pyrometry data, with a
raw spectrogram on the left, where red corresponds to a stronger signal; white lines are the intensity vs wavelength averaged over time and
total intensity vs time. Temperature extracted from the spectrogram on the left via fitting to a Planck function is shown on the right.

ning from near ambient to the melting point, ∼ 2500 K [43].
The hcp gold hydride is only stable at high temperature
and is therefore subject to smaller thermal gradients. Ad-
ditionally, it undergoes recrystallization on formation, as
indicated by the distinct texture of the hydride diffraction,
shown in Figure 2. This will relax nonhydrostatic strain
and remove strain broadening in the hydride which might
be present in the unreacted fcc gold.

Unit cell volumes fitted for many runs in different samples
are shown in Figure 4, with the individual cell parameters
and c/a ratio in Supplemental Figure S5. The volume per
gold atom of the fitted hcp unit cell is larger than that of fcc
gold at the same pressure. The hcp structure does not occur
in pure gold at this pressure, which suggests the formation
of gold hydride, with the hydrogen accounting for the ex-
cess volume. Copper, another group 11 element, is known
the form a hexagonal Cu2H hydride with P 3̄m1 symmetry
(anti-CdI2-type structure) at 18.6 GPa [25], in which hydro-
gen atoms occupy alternate inter-layers. This has a c/a
ratio of 1.66, similar to the values obtained for the novel
gold compound which is generally between 1.65 and 1.7.
The measured volume shows variation at a given pressure,
independent of the hydrocarbon used as a hydrogen source
material. This variation is larger than can be attributed to
fit uncertainty and is likely due to a combination of tem-
perature and pressure variations and reaction rate limita-
tions [36], leading to variable stoichiometry of the hydride.

The structure of the hexagonal gold hydride was explored
using DFT-MD, starting with Au2H in the Cu2H structure,
and successively and randomly removing hydrogen atoms
to create H-deficient structures, which produced unit cell
volumes similar to those observed experimentally. The sim-
ulations were conducted at 2500 K and pressures covering
the range of experimental observations, as shown in Fig-

ures 4 and S7. For all compositions, we find the hydrogen
atoms to be highly mobile in the lattice, and they rapidly
(≲ 0.2 ps) equilibrate to occupy the interstices in all layers
equally. While there are significant dynamics in the gold lat-
tice, it overwhelmingly retains the hcp structure as revealed
by a Voronoi cell topology analysis [44,45] as shown in Sup-
plemental Figure S8. While the c/a ratio in the hexagonal
structure cannot be directly extracted from simulations, the
anisotropic stress is reduced for ratios slightly above ideal,
see Supplemental Figure S6, in agreement with experimen-
tal data, see Supplemental Figure S5.

The novel phase is assigned to be a hydride rather than
a carbide or novel phase of pure gold, for several reasons.
First, its volume is higher than expected for pure gold imply-
ing an additional constituent, see Figure 4. Second, other
XFEL pump-probe experiments which used gold couplers
to heat water using a similar sample geometry did not form
hcp gold at similar conditions [42] . This implies that the
hydrocarbon is involved in the formation of the hcp phase.
Hydrogen is much more strongly bound in water than in
hydrocarbons [46], and dehydrogenation of hydrocarbons by
metals is well known even at ambient temperature and mild
pressure [47–49]. Third, under the conditions studied, carbon
is precipitated from the hot hydrogen-carbon mixture as di-
amond which can be detected in the powder x-ray diffraction
pattern shown in Figure 3, leaving excess hydrogen. Fourth,
the formation of gold carbide is improbable as there is in-
sufficient excess volume, and no reaction with the carbon
from the diamond anvils has been observed in gold heated
in DACs [38,42,43].

As well as supporting the experimentally proposed struc-
ture, the calculations can offer additional insight into the
gold hydride phase. Simulations on pure gold at 2500 K
in the same pressure range with fcc and, theoretical, hcp
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Figure 2. AGIPD diffraction image sequence from a run of gold
in coronene starting at 56 GPa, λ = 0.6888 Å. Hydride peaks are
marked with {hkl}. Top: an azimuthally unwrapped (‘caked’) im-
age from the AGIPD detector. The image is the final pulse (num-
ber 352) from the middle panel. Diffraction from the hydride is
primarily in isolated spots differentiating it from the residual fcc
gold and indicating a few larger crystallites rather than fine powder.
Middle: Background-subtracted integrated diffraction patterns from
each pulse of the run with intensity normalized to account for jitter
in the pulse energies showing the hydride to form around after pulse
200. Bottom: LeBail fit to the background-subtracted integrated
pattern of the final pulse showing the hcp hydride with residual fcc
gold. Data is in black, fit in orange and residual is lower black trace.
Ticks indicate allowed peak positions. Data above 31◦ are not fit-
ted as the diamond anvil cell shadowed higher angles. The asterisk
indicates a peak from the tungsten gasket. Similar data from other
runs are shown in Supplemental Figures S2 and S3.

structures find their volumes to be very similar. Consider-
ation of the excess volume of the DFT-MD simulated gold
hydrides over pure hcp gold allows for an estimate of the
hydrogen content of the experimentally observed gold hy-
dride, as shown in Figure 4. Comparison of the unit cell
volumes for gold hydrides of varying hydrogen content and
hydrogen-free gold simulated in an hcp lattice reveals that
the volume per hydrogen atom decreases with pressure but
is insensitive to composition, as illustrated in Supplemental
Figure S9, showing that the linear mixing approximation
holds in this regime. Comparison to the experimentally fit-
ted volumes reveal the gold hydride to be hydrogen-poor
with stoichiometry Au2Hx with x increasing from close to
0 at 40 GPa to almost 1 by 80 GPa, see Figure 4. On re-
moving hydrogen from the lattice, no ordering is observed
in the vacancies.

The DFT-MD simulations ran for up to 15 ps for a few
cases which allowed the trajectories of the ions to be in-
vestigated as a function of time. They reveal the hydrogen
atoms to be superionic in the hcp gold lattice, exhibiting
rapid diffusion through it. The mean squared displacements
of both atom types as a function of time are shown in Sup-

Figure 3. Background-subtracted integrated powder x-ray diffrac-
tion before (top), during (middle) and after (bottom) heating of gold
embedded in coronene at 57 GPa. The upper black lines show the
data with a LeBail fit in orange, the lower black line is the residual.
The new peaks occur only at high temperature and correspond to
a hexagonal close packed structure with peaks labeled. The {100},
{101} and {102} peaks are well resolved, while the {002}, {210}
and {211} peaks partially overlap with fcc gold peaks. Pyrometry
(Figure 1) gives T = 3500(500) K, however, the presence of solid
fcc gold implies strong thermal gradients such that the sample is
partially below the melting point of gold. Patterns are from single
XFEL pulses of λ = 0.6888 Å, the “before" and “after" patterns
were taken with a highly attenuated beam to avoid heating. The
diamond formed by loss of hydrogen from the coronene is detectable
during and after heating. The peak marked with an asterisk during
heating is from the tungsten gasket.

plemental Figure S10 for Au54H15 at ∼ 65 GPa and 2500 K
(sample configuration during the simulation shown in Fig-
ure 5). Gold atoms remain bound to their lattice sites with
low diffusivity, but hydrogens diffuse rapidly, with values of
D = 3.0(0.9)× 10−6 cm2/s and D = 5.9(0.9)× 10−4 cm2/s,
respectively. Given the virtually constant atomic volume
of hydrogen in the hydride structure with composition, see
Supplemental Figure S9, alterations to hydrogen-hydrogen
interactions are likely to be limited and diffusion constants
do not differ significantly at a given pressure. However,
there is a general trend of decreasing diffusivities, within a
factor of 2 − 3, for the pressure range considered (40 − 80
GPa).

Recent years have seen considerable development in gold
chemistry, and particularly chemical interactions between
hydrogen and gold. The unexpected reactivity of gold at
combined high-pressure and high-temperature conditions im-
plies that the general inertness of gold does not hold under
extreme conditions, where it exhibits enhanced reactivity.
How broadly this is applicable to other noble metals, or
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Figure 4. The pressure dependence of the experimentally measured
volumes of gold hydride imply increasing hydrogen content with pres-
sure. Top: Volume per two gold atoms from experiment and DFT-
MD results at 2500 K. Curves are 2nd-order Birch-Murnaghan fits
to DFT-MD results, the shades of gray correspond to different con-
centrations of hydrogen (number of atoms in the 3x3x3 supercell
with 54 gold atoms, Au54Hx). DFT-MD volumes of pure Au at 2500
K with fcc (gold) and hcp (dark red) structures are virtually indis-
tinguishable. Points show experimental data colored by precursor
hydrocarbon, error bars cover the possible bounds on pressure dur-
ing heating, as discussed in the Supporting Information. Bottom:
Hydrogen content per hcp unit cell in the experiments based on
the hydrogen excess volumes from DFT-MD. The hcp {100} and
{101} peaks were used for fitting as other peaks are not always well
resolved. Error bars correspond to plausible pressure range and vari-
ation in H content based on that pressure range.

chemistry in general is yet to be determined. The gold hy-
dride reported here is the first observed binary solid state
compound of gold and hydrogen. It forms at pressure above
40 GPa and near the melting point of gold, ∼2500 K [43].
On cooling at high pressure, the hydride decomposes re-
covering fcc gold. Gold chemistry at extreme conditions
impacts high-pressure experiment where gold is widely as-
sumed to be an inert sample component used for determin-
ing pressure, sample containment and as a coupler for heat-
ing DACs [31,36,50]. The results here, shown in Supplemen-
tal Figure S11, show that care must be taken in extrapola-
tion of existing thermal equations of state to temperatures
near the melting point and that unexpected chemistry at
extreme conditions must be considered in designing such
experiments.

The unexpected reactivity of gold and hydrogen serves
as another example of unusual chemistry occurring at ex-
treme pressures. The field of extreme conditions chemistry
has seen many surprising developments in recent years, such
as alkali metal polyhalides [51,52], unusual structures of the
higher metal nitrides [53–55], and XFEL induced chemistry
in yttrium hydride [56]. The opening of novel chemistry by
pressure arises from the pressure–volume contribution to
the free energy approaching, or even exceeding, that of the
chemical bonds with the result that energetically less favor-

Figure 5. Snapshot from the molecular dynamics simulations for
Au54H15 (3x3x3 supercell) at ∼ 65 GPa and 2500 K, with Au atoms
in gold and H atoms in blue. The boundaries of the hexagonal cell
are shown by black lines, with supercell constants of a = b = 8.305
Å and c = 13.561 Å. The structure is projected down the c-axis
(left) and the a-axis (right).

able bonding schemes may become thermodynamically sta-
ble if they allow for sufficiently increased density [57]. Most
previous studies of extreme conditions chemistry have in-
vestigated quenched samples. The discovery of a compound
which is stable only at combined high-pressure and high-
temperature suggests a new avenue of extreme conditions
chemical interactions which can only be explored in situ.

Our calculations find that the hydrogen ions are superi-
onic in the gold hydride presented here. Superionicity has
been reported in some high-pressure hydrides with high hy-
drogen:metal ratios [58–62], but is less known in binary metal-
rich hydrides such as the gold hydride reported here [63]. For
example, LaH10 is predicted to exhibit superionicy in the hy-
drogen at 170 GPa and 1500 K, albeit with less than a third
of the hydrogen diffusivity reported here [64]. Iron hydride
has also been predicted to become superionic at extreme
conditions, with implications for hydrogen transport at the
Earth’s core mantle boundary [63]. However, with the excep-
tion of water [42,65–68], there have been limited in situ exper-
iments on materials which are superionic at high-pressure
and high-temperature, and it is possible that future studies
will find superionicy in further metal-rich hydrides. Such
conditions have become more experimentally accessible in
recent years [39,66,68,69] and it may be that the novel modi-
fications to gold chemistry at extreme conditions reported
here will be paralleled in other materials.

The gold hydride presented is stable only at high temper-
ature, implying that the transition is entropy driven. It is
only experimentally observed under conditions where calcu-
lations find the hydrogen to be superionic, and the entropic
contribution of the diffusive hydrogen may be required for
its stability. Previous attempts to synthesize gold hydride
may have succeeded where temperature and pressure were
high enough. However, where only quenched samples were
subject to structural analysis, as is common in DAC exper-
iments [25], the gold would have reverted to the fcc phase.
This might indicate that such unusual chemistry observed
only at high pressure and high temperature in the gold–
hydrogen system may occur in other systems, and, given
limited studies on metal-hydride chemistry in situ at at high
pressure and high temperature, other novel chemical behav-
iors are waiting to be found in the advancing field of XFEL
heating induced chemistry [36,39,56].

The gold–hydrogen system was previously subject to an
ab initio structure search which found no stable phases on
the convex hull [24]. Their calculations were performed at
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zero temperature and do not contradict results reported here
which find gold hydride to be stable only at high tempera-
ture. Interestingly, they proposed a metastable structure for
an Au2H phase at 200 GPa, but with Cm symmetry which
appears unrelated to the hexagonal structure observed here.
Combined with our experimental confirmation of stable Au-
H solid hydrides, this structure predicted at higher pressure
may point towards richer gold-hydrogen chemistry at even
more extreme conditions.

Hcp gold lattices have previously been investigated using
theoretical methods [70,71] and reported in gold nanoclus-
ters [72]. Other non-fcc lattices are also reported in gold
nanoparticles arising from strain effects [73,74], however, non-
hydrostatic strain will be annealed on formation of the hcp
phase, as the change in powder texture indicates it under-
goes recrystallization. As such, the introduction of hydro-
gen to the lattice is more likely to be the driving factor
for the transition from fcc to hcp. DFT calculations sug-
gest an fcc to hcp transition in gold at multi-megabar pres-
sures, though studies disagree on the transition pressure and
whether there are intermediate closed packed packed phases
with different stacking orders [71]. Experimentally, pure gold
with an hcp structure has been reported when heated at
pressures above 240 GPa [75], though another study found
it to remain fcc to at least 1065 GPa at ambient tempera-
ture [76].

Conclusion
In conclusion, we report the synthesis of gold hydride above
40 GPa close to the gold melting point using x-ray heat-
ing and diffraction in DACs at the European XFEL. The
resulting hydride has variable stoichiometry Au2Hx, with
x increasing from close to 0 at 40 GPa to almost 1 by 80
GPa. It has a hexagonal structure with lattice parameters
a = b ∼ 2.75 Å and c ∼ 4.60 Å at 55 GPa, possibly re-
lated to hexagonal Cu2H, also known at high pressure. On
cooling to ambient temperature, the gold hydride decom-
poses and fcc gold with undetectably low dissolved hydro-
gen is recovered. The failure of previous efforts to observe
gold hydride stability likely arises from its dissociation on
cooling which highlights unusual chemical interactions at
high pressure and high temperature, which remain poorly
explored. The restriction of gold hydride to high tempera-
ture conditions implies that its formation is entropy driven,
and that an unexplored avenue of chemistry occurs in mat-
ter at combined high-pressure and high-temperature condi-
tions. Accompanying DFT-MD simulations have been used
to constrain the hydrogen content in the experiments by
establishing a molar volume of hydrogen in Au2Hx. They
further reveal hydrogen to be superionic. This is the first
report of a binary solid in the gold–hydrogen system and
offers insight into the gold-hydrogen interaction. The result
implies that the assumed inertness of gold does not extend
to extreme conditions.

Supporting Information
Experimental details [50,77–99] are presented in the Support-
ing Information along with supplemental figures showing
additional diffraction data, Raman data, lattice parameters
and volumes, Voronoi cell topology analysis, and ionic mo-
bility data.
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Entry for the Table of Contents

Gold is an unreactive metal, but
on x-ray free electron laser heat-
ing pre-compressed gold in hy-
drocarbons forms gold hydride
above 40 GPa and 2200 K. The
hydride has an hcp gold lat-
tice in which superionic hydro-
gen atoms diffuse freely. On
cooling it reverts to fcc gold,
highlighting the unusual chem-
istry accessible under extreme
conditions.
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