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The low-pressure stabilization of superconducting hydrides with high critical temperatures (T cs)
remains a significant challenge, and experimentally verified superconducting hydrides are gener-
ally constrained to a limited number of structural prototypes. Ternary transition-metal complex
hydrides (hydrido complexes)—typically regarded as hydrogen storage materials—exhibit a large
range of compounds stabilized at low pressure with recent predictions for high-T c superconductiv-
ity. Motivated by this class of materials, we investigated complex hydride formation in the Mg–Pt–H
system, which has no known ternary hydride compounds. Guided by ab initio structural predictions,
we successfully synthesized a novel complex transition-metal hydride, Mg4Pt3H6, using laser-heated
diamond anvil cells. The compound forms in a body-centered cubic structural prototype at mod-
erate pressures between ∼8–25GPa. Unlike the majority of known hydrido complexes, Mg4Pt3H6

is metallic, with formal charge described as 4[Mg]2+· 3[PtH2]
2−. X-ray diffraction (XRD) mea-

surements obtained during decompression reveal that Mg4Pt3H6 remains stable upon quenching to
ambient conditions. Magnetic-field and temperature-dependent electrical transport measurements
indicate ambient-pressure superconductivity with T c (50%) = 2.9K, in reasonable agreement with
theoretical calculations. These findings clarify the phase behavior in the Mg–Pt–H system and
provide valuable insights for transition-metal complex hydrides as a new class of hydrogen-rich
superconductors.

I. INTRODUCTION

Hydrides hold significant scientific and practical im-
portance as candidates for high-temperature supercon-
ductors and energy storage materials. In particular, the
remarkable superconducting critical temperatures (T cs)
observed in hydride materials have drawn intense re-
search interest in recent years [1, 2]. Many studies in-
dicate high-T c superconductivity in binary hydrides at
pressures exceeding 150GPa, including H3S [3], CaH6 [4–
6], YH6 [7–9], YH9 [7, 9, 10], and LaH10 [9, 11–13]. Nev-
ertheless, the low-pressure recovery/stabilization of these
materials or discovery of alternative high-T c hydrides at
near-ambient pressure remains a major challenge.

The configurational space of binary hydrides is rela-
tively constrained, with limited structural and composi-
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tional variability in known high-T c compounds. Conse-
quently, attention has shifted towards ternary hydrides,
which offer larger structural diversity and a wider range
of possible prototypes. Ternary hydrides offer the po-
tential for enhanced physical and chemical properties
through the tuning of additional degrees of freedom,
and may enable enhanced performance and versatil-
ity [14]. An intuitive approach to generating ternary hy-
drides involves the substitution of elements within the
metal sublattice, as demonstrated by alloy compounds
like (La,Y)H6 [15], (La,Y)H10 [15], (La,Ca)H10 [16],
(La,Al)H10 [17], (La,Ce)H9 [18], (Y,Ce)H9 [16], and
(Lu,Y)4H23 [19]. This type of alloying approach typi-
cally involves trade-offs between pressure stability and
superconducting transition temperatures. To date, this
approach has not significantly expanded the richness of
ternary prototype structures. The search for stoichiomet-
ric ternary compounds with well-defined crystal struc-
tures remains a significant and ongoing challenge. Ex-
tensive efforts have been devoted to theoretically predict-
ing superconductors in new ternary hydrides [17, 20–27].
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However, only a few of these predictions have been exper-
imentally confirmed. Recently, a stoichiometric ternary
hydride in a fluorite-type backbone, LaBeH8, was syn-
thesized with T c = 110K at 80GPa [28]. Another
lanthanum-based borohydride LaB2H8 was experimen-
tally reported with T c = 106K at 90GPa [29].

Notably, a well-defined class of ternary hydrides,
known as transition-metal complex hydrides [30], of-
fers a broad range of structural and chemical diver-
sity. These complex hydrides—typically containing tran-
sition metals from groups VII (Mn) to XII (Zn)—
consist of alkali or alkaline-earth metal cations paired
with homoleptic transition-metal-hydride complex an-
ions (hydrido complexes), and are regarded as promis-
ing candidates for hydrogen storage. Their electronic
configurations are typically analogous to those of co-
ordination compounds, following conventional electron-
counting rules through charge transfer within the sur-
rounding cationic matrix [30]. The geometric config-
urations of hydrido complexes can be categorized into
distinct types based on the coordination number of the
central transition metal. Examples include tricapped
trigonal prismatic (CN=9) [31], pentagonal bipyramidal
(CN=7) [32], octahedral (CN=6) [33], square pyrami-
dal (CN=5) [34], and tetrahedral or planar geometries
(CN=4) [35]. Additional lower-coordination configura-
tions, such as triangular/T-shaped (CN=3) [36, 37] and
linear (CN=2) [38], have also been reported. This struc-
tural versatility, combined with very high hydrogen con-
tent, highlights the untapped potential of hydrido com-
plexes for further exploration as superconducting mate-
rials. Nevertheless, only a handful (less than ∼10 %)
of the hundreds of known hydrido complexes are metal-
lic [30], owing to the conventional electron counting rules
usually obeyed by these compounds. Previous studies on
the complex hydrides BaReH9 [39] and Li5MoH11 [40] in-
dicate metallization and superconductivity and with T c

near 7K at very high pressures [39].

Recent computational predictions suggest ambient-
pressure, high-T c superconductivity ranging from 65–
170K in the complex hydride Mg2IrH6 [41–43]. Mg2IrH6

is metastable, but might be accessible through an insu-
lating Mg2IrH7 intermediate phase predicted to be sta-
ble above 15GPa [43], or by hydrogenation of cubic
Mg2IrH5 [44]. In parallel, Mg2PtH6 was also predicted to
exhibit a high superconducting transition temperature in
the range of 64–80K and was suggested to be thermody-
namically stable on the convex hull [41]. These findings
suggest significant potential for transition-metal hydride
complexes beyond conventional hydrogen storage mate-
rials and demonstrate the possibility of high-T c hydride
superconductivity within a new family of low-pressure
materials.

Using crystal structure prediction methods in combi-
nation with high-pressure and high-temperature (HPHT)
experiments, we explored the phase behavior and com-
pound formation in the Mg–Pt–H system. A new
transition-metal hydride complex, Mg4Pt3H6, was found

to be the only thermodynamically stable ternary com-
pound in this system and was synthesized using laser-
heated diamond anvil cells (DACs) at pressures between
∼8–25GPa. Synchrotron X-ray diffraction measure-
ments were used to elucidate the structure of this body-
centered cubic (BCC) hydride, which is comprised of
Mg2+ cations and linear [PtH2]

2− complexes. Mg4Pt3H6

is recoverable to ambient pressure with metallic conduc-
tivity and a superconducting transition with T c (50%)
= 2.9K.

II. METHODOLOGY

Structure prediction and ab initio calculations.
We employed crystal structure prediction (CSP) tech-
niques [45] to determine low-energy phases within the
Mg–Pt–H system. Structures within 100meV/atom of
the ambient-pressure convex hull were considered from
existing materials databases, in particular the Open
Quantum Materials Database [46], Alexandria [47], and
the Materials Project [48]. The accurate computa-
tional validation of the six known ground-state binary
compounds (MgH2, Mg3Pt, Mg2Pt, MgPt, MgPt3 and
MgPt7) [49–51] demonstrates the robustness and relia-
bility of our structure prediction methodologies. In order
to streamline this process, we employed the standard-
ized OPTIMADE API [52]. These structures served as a
starting point for training an ephemeral data-driven po-
tential (EDDP) [53] which was then combined with the ab
initio Random Structure Search (AIRSS) technique [54]
to generate an additional 19,756 Mg–Pt–H structures,
relaxed at 10GPa of external pressure to establish for-
mation energies. Structures within 100meV/atom of
this hull were then re-optimized at ambient pressure us-
ing DFT forces and stresses calculated with the quan-
tum espresso software [55]. Calculations employed
the Perdew-Burke-Ernzerhof (PBE) exchange-correlation
functional in the generalized gradient approximation
(GGA) [56], v1.5 of the GBRV pseudopotentials [57], a
Monkhorst-Pack [58] k-grid with a spacing of at most
0.04 Å−1, and a 40Ry plane-wave cutoff. Dynamic sta-
bility was examined using phonon spectrum calculations
through the finite displacement method as implemented
in the PHONOPY code [59].
Precursor preparation. Initial hydride synthesis

was attempted from a 2:1 mixture of Mg (Sigma Aldrich,
99.5%) and Pt (Sigma Aldrich, 99.95%) powders heated
under 160 bars of high-purity hydrogen (Robert’s Oxy-
gen, 99.995%) in a sealed autoclave-type reactor at 450
◦C for 8 days. Following heating, the reactor was cooled
to ambient temperature and no ternary hydride phases
were produced. Powder X-ray diffraction (XRD) analy-
sis of the product revealed the formation of intermetallic
Mg3Pt with trace impurities of Mg2Pt and Mg3Pt2 (Fig.
S2). The product was found to be stable in air and was
used as a precursor in subsequent high-pressure experi-
ments.
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Synthesis and characterization. HPHT synthe-
sis runs were conducted using symmetric, BX90-type, or
non-magnetic miniature DACs with anvil culet diame-
ters of 300–500 µm. Starting precursors were compressed
into a pellet with a thickness of ∼5–10 µm and loaded
into a sample chamber (diameter ∼150–250 µm) within
a rhenium gasket that was pre-indented to a thickness
of ∼40 µm. Starting precursor materials consisted of ei-
ther the Mg3Pt intermetallic phase described above, or
well-mixed 2:1 Mg/Pt elemental powders (pressed as thin
pellets). Samples containing elemental Mg were loaded
inside a high-purity Ar glovebox to prevent possible ox-
idation. Subsequent to precursor loading, high-density
fluid hydrogen (or ammonia borane for electrical trans-
port samples) was loaded as a reagent and pressure-
transmitting medium.

Samples were compressed to various target pressures
between 8.6–24.4GPa, and one- or two-sided heating
was performed using infrared laser heating systems (typ-
ically ∼100W, 1070 nm ytterbium fiber lasers). Pres-
sures were estimated by the frequency shift of the dia-
mond Raman edge [60] and through internal Pt or Au
diffraction standards [61, 62]. Temperature was esti-
mated by fitting the thermal radiation spectra to the
Planck radiation function from the heated sample po-
sition [63]. In most cases, a chemical reaction was ob-
served at low laser powers (∼1600K). XRD patterns
for starting materials were measured using a Bruker D8
diffractometer (Cu-Kα) equipped with a 2mm collima-
tor and VANTEC-500 area detector. Focused monochro-
matic synchrotron XRD measurements were carried out
in transmission geometry at beamline ID27 [64] of the
European Synchrotron Radiation Facility (runs 1–3, λ
= 0.3738 Å) using a Dectris Eiger 9M CdTe detector,
at beamline I15 of the Diamond Light Source Facility
(runs 4–5, λ = 0.4246 Å) using a Eiger2 CdTe 9M de-
tector, and at beamline 13-ID-D of GSECARS, Argonne
National Laboratory (run 6, λ = 0.3344 Å) using a Pila-
tus CdTe 9M detector. The sample–detector distance
and other geometric parameters were calibrated using
CeO2 or LaB6 standards, and two-dimensional diffrac-
tion patterns were integrated using the DIOPTAS pack-
age [65]. For in situ diffraction measurements, pressure
determination was established using the equation of state
(EOS) of Pt or Au (runs 1–4) and the Raman shift of
diamond (run 5). Rietveld profile refinements were per-
formed using the GSAS-II program [66]. The P–V equa-
tion of state (EOS) for Mg4Pt3H6 was fitted using the
third-order Birch–Murnaghan equation implemented in
the EoSFit software package [67].

Electrical transport measurements. Electrical
transport measurements were performed using non-
magnetic DACs with the Resistivity option of the Quan-
tum Design Physical Property Measurement System
(PPMS, Model 6000). Here, four Pt electrodes were cut
from 12µm foil and placed within the sample chamber of
an insulating gasket comprised of a c-BN–epoxy compos-
ite. A sample precursor pellet was loaded in contact with

the electrodes and was surrounded by ammonia borane
to release hydrogen upon heating. Four-probe resistance
measurements with a maximum excitation current out-
put of 100µA were employed to eliminate the contact
resistance of the electrodes, and temperature-dependent
measurements between 1.9–300K were performed before
and after sample heating. Magnetic fields up to 0.3T
were used to investigate the upper critical field.

III. RESULTS AND DISCUSSION

A. Stable Mg–Pt–H Compounds

The ternary phase diagram of Mg–Pt–H at ambi-
ent pressure was constructed and visualized using the
thermodynamic convex hull (Fig. 1a). This allowed
the identification of thermodynamically stable Mg–Pt–
H phases as those with negative formation enthalpy rela-
tive to all other phases (on-hull). A unique stoichiometric
Mg4Pt3H6 compound was identified as the only ternary
structure that remains on the convex hull from ambient
pressure to at least 10 GPa. We note that Mg2PtH6, pre-
viously estimated to be thermodynamically stable at low
pressure [41], is predicted to lie ∼220meV/atom above
the convex hull at 0GPa. Mg4Pt3H6 crystallizes in the
body-centered cubic space group Im 3̄m (No. 229; Z =
2) and contains Mg2+ cations and linear [PtH2]

2− 14-
electron complexes. The platinum atoms reside on the
6b Wyckoff sites with 4/mm.m symmetry and are coor-
dinated by two linear hydrogen atoms occupying the 12e
Wyckoff positions with 4/m.m symmetry. Mg ions oc-
cupy the 8c Wyckoff sites with .3̄m symmetry (Fig. 1b).
The calculated Pt–H bond length of 1.657 Å is similar
to other known platinum hydrido complexes, with bond
lengths typically ranging from 1.58 to 1.66 Å [30]. The
metal sublattice is similar to the Pt3O4 structure type,
which contains Pt and O atoms on the 6c and 8b positions
in space group Pm 3̄n (No. 223), respectively. Mg4Pt3H6

is related to the complex hydride Ca8Rh6H24, which con-
tains the same metal sublattice and a three-dimensional
network of corner-sharing octahedra with bridging and
terminal H atoms (e.g., [Rh3H12]

8n−
n ) [68], opposed to the

linear [PtH2]
2− complex anions observed for Mg4Pt3H6.

Notably, Mg4Pt3H6 is predicted to be electron-imprecise
with formal charge described as 4[Mg]2+· 3[PtH2]

2−.
While metallic complex transition-metal hydrides are
known (see for example ref. [30]), they are exceedingly
uncommon, with only a handful of examples among the
hundreds of known compounds.
Phonon dispersion calculations show that Im 3̄m

Mg4Pt3H6 is dynamically stable at ambient pressure, as
evidenced by the absence of imaginary frequencies (Fig.
S1) [69]. Im 3̄m Mg4Pt3H6 exhibits the expected sep-
aration of hydrogen-dominant modes at high frequen-
cies and heavier-element modes at lower frequencies.
The predicted dynamic and thermodynamic stability of
Mg4Pt3H6 at low pressure provides a solid foundation for
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FIG. 1. a Ternary phase diagram of the Mg–Pt–H system
at ambient pressure based on DFT calculations. Various
structures, represented by squares, are colored according to
their distance from the convex hull, with red solid circles rep-
resenting thermodynamically stable structures. Fm 3̄m Pt,
P63/mmc Mg, and Pa 3̄ H2 were used as elemental ground-
state structures. b The crystal structure of Im 3̄m Mg4Pt3H6.
Mg, Pt and H atoms are shown as yellow, gray and pink
spheres, respectively.

experimental synthesis efforts.

B. Synthesis of Im 3̄m Mg4Pt3H6

Following the systematic evaluation of stable phases
in the Mg–Pt–H system, we conducted a series of experi-
ments to validate computational predictions over a range
of pressure–temperature conditions. Initial attempts to
synthesize the target ternary compound by directly react-
ing well-mixed metal powders with hydrogen at 160 bar
and 450 ◦C in an autoclave-type reactor resulted only
in the formation of Mg–Pt binaries, chiefly Mg3Pt (Fig.
S2) [69], with no hydrides produced. This observation

suggests that Mg4Pt3H6 is not thermodyamically stable
at ambient pressure under conditions of finite temper-
ature, and indicates that entropic contributions are not
negligible to the ambient-pressure convex hull. Neverthe-
less, Mg4Pt3H6 was predicted to exhibit thermodynamic
stability to at least 10 GPa, which prompted additional
synthesis experiments under elevated pressure conditions
with the use of laser-heated DACs.

High-pressure synthesis experiments were conducted
using intermetallic Mg3Pt and homogeneous elemental
metal powder precursors, reacted directly with molecular
H2 at pressures ranging between 8.6 to 24.4GPa. Upon
laser heating samples to temperatures above ∼1600K,
new diffraction peaks were immediately observed using
in situ synchrotron powder XRD. In all six experimental
runs, diffraction peaks were readily indexed to a BCC
lattice with a ≈ 6.3 Å, in good agreement with predic-
tions for Mg4Pt3H6. With additional laser annealing in
runs 1, 5, and 6, phase-pure powder samples of this cubic
phase were produced, as illustrated in Fig.2a and Fig.
S3. While the Im 3̄m phase was the dominant product
observed across all samples, we also observed Pm 3̄m-
MgPt3 [49] and unreacted Mg3Pt in some samples, likely
reflecting local compositional and/or thermal gradients
during heating.

The synthesis of high-quality, phase-pure powder en-
abled the use of Rietveld refinement, as shown in Fig.
2a for a pattern obtained at 15GPa. The excellent
agreement between observed powder diffraction inten-
sities and the predicted Mg4Pt3H6 model confirms the
metallic Im 3̄m sublattice, and the refined lattice parame-
ter of a = 6.233(4) Å at 15GPa is in close agreement with
the DFT-predicted value of a = 6.276 Å, further validat-
ing the structural prediction. While we are unable to de-
termine hydrogen atomic positions from X-ray scattering,
use of the calculated 12e (x,0,0) position, in combination
with the experimental lattice parameter, yields a Pt–H
bond distance of 1.636 Å at 15GPa. Experimentally and
computationally determined crystallographic parameters
for Mg4Pt3H6 are listed in Table S1 [69].

To further examine the stability and compressibility of
the synthesized Mg4Pt3H6 phase, we performed in situ
XRD measurements during decompression (Fig. S4) at
room temperature across three independent experiments
(runs 3–5). Notably, we also collected XRD patterns on
two recovered samples at ambient pressure, as shown in
Fig 2b and Fig. S4a. XRD patterns collected 12 hours
after fully releasing the pressure confirmed the structural
stability of Im 3̄m Mg4Pt3H6 upon quenching to ambient
pressure. These results confirm that the novel Mg4Pt3H6

compound is recoverable to ambient conditions, however,
structural degradation of the Mg4Pt3H6 phase was ob-
served after several months when the sample was stored
in air. We note that many known hydrido complex com-
pounds are sensitive to air and moisture.

The experimental P–V data of Mg4Pt3H6 from all
six experimental runs were fitted to a third-order Birch-
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FIG. 2. a Representative synchrotron powder XRD pattern
(red points) for a sample synthesized at 15GPa (measured at
room temperature) with Rietveld refinement (Rwp = 1.46%
and Rp = 2.83%) of the predicted Im 3̄m Mg4Pt3H6 struc-
ture (black line). The blue line shows the Rietveld residual
and vertical ticks marks indicate allowed Bragg reflections.
b Rietveld refinement (Rwp = 2.48% and Rp = 1.53%) of
the experimental XRD data at ambient pressure. Impurity
peaks from Pm 3̄m-MgPt3 and the Re gasket are represented
by green and purple ticks, respectively. c Pressure–Volume
data for Im 3̄m Mg4Pt3H6 obtained from all runs during de-
compression. The solid and dashed lines represent the ex-
perimental and DFT-PBE equations of state, respectively,
as determined using the 3rd-order Birch–Murnaghan equa-
tion. Pressure markers for different experimental runs are
indicated.

Murnaghan equation of state (EOS) in the form

P (V ) =
3

2
B0

(V0

V

) 7
3

−
(

V0

V

) 5
3


1 +

3

4

(
B

′
0 − 4

) (V0

V

) 2
3

− 1


 .

The experimental EOS closely aligns with theoretical
calculations, showing a volume deviation of 1.5–2% over
the entire pressure range, as shown in Fig. 2c, provid-
ing further confirmation of the synthesis of Mg4Pt3H6.
The slightly larger computational volumes obtained us-
ing the GGA method are consistent with trends observed
in other materials, typically overestimating experimental
values by 1–2% [70, 71]. The experimental bulk modulus
was determined to be B0 = 86.3(9)GPa with a pressure

derivative of B
′

0 = 4.39(8), in excellent agreement with

the calculated values of B0 = 87.8GPa and B
′

0 = 4.45.
Given experimental limitations in determining quantita-
tive hydrogen contents, we also explored the possibility
for alternative Pt coordination schemes (e.g., [PtH4]

2−)
or interstitial hydrogen occupation and compared calcu-
lated volumes with experiment. No alternative compo-
sitions were found to exhibit better EOS agreement and
no other compounds were found to be thermodynami-
cally stable; thus, thermodynamically stable Mg4Pt3H6

is the only compound consistent with our experimental
observations.

C. Electronic Structure

Following the experimental validation of Mg4Pt3H6, we
performed additional theoretical and experimental stud-
ies of its electronic properties. The calculated electronic
band structure and projected density of states (PDOS)
of Mg4Pt3H6 at ambient pressure are presented in Fig.
3. As expected based on electron count, Mg4Pt3H6 is
metallic with several bands crossing the Fermi level along
high-symmetry directions. The PDOS shows that occu-
pation at the Fermi level arises predominantly from d
and p states of Pt, with small contributions from H and
Mg atoms. Electronic dispersion of platinum and hydro-
gen are also strongly correlated, reflecting hybridization
in the [PtH2]

2− complex anions.
Magnesium within Mg4Pt3H6 takes the valence state

of +2, most common among other compounds. Bader
charge analysis [72] of the Im 3̄m Mg4Pt3H6 structure at
ambient pressure shows an average charge of 1.37 e− per
H and 11.36 e− per Pt, indicating an average transfer of
2.1 e− to every PtH2 complex from surrounding Mg. The
formal charge description of 4[Mg]2+· 3[PtH2]

2− results
in an imbalance of +2 per formula unit, giving rise to
the metallic properties of the compound. This finding
marks an unusual departure from the vast majority of
previously known, platinum-based complex hydrides
that are typically charge balanced [73]. Among the
previously reported hydrido complexes of Pt—for exam-

ple, 2Sr2+·[PtH4]
2− ·2H− [74], 2Li+·[PtH2]

2− [75],
2Na+·[PtH4]

2− [76], 3K+·[PtH4]
2−·H− [77],



6

FIG. 3. Electronic band structure (left panel) and projected
DOS (right panel) of Im 3̄m Mg4Pt3H6 at ambient pressure.
Point sizes indicate the respective projected weight and the
dotted horizontal line represents the Fermi level.

2K+·Rb+·[PtH4]
2−·H− [77], 5Li+·[Pt2H9]

5− [78],
and 2Na+·[PtH6]

2− [79]—we are unaware of a single
known metallic compound. A small number of metallic
complexes are known, Ca8Rh6H24 (4nCa

2+·[Rh3H12]
8n−
n ,

with idealized valence “Rh1.33”) being the most closely
structurally related to Mg4Pt3H6 [68].

D. Superconductivity

Following electronic structure calculations showing the
metallic nature of Mg4Pt3H6, we performed in situ four-
probe resistance measurements in non-magnetic DACs to
understand electrical transport behavior. Mg3Pt precur-
sor pellets were laser heated near ∼15GPa using ammo-
nia borane as a hydrogen source, and the pressure de-
creased to 12GPa after heating. Before heating, the pre-
cursor phase exhibited metallic behavior with decreasing
electrical resistance with decreasing temperature (Fig.
S5). After heating, samples remain metallic, in agree-
ment with the predicted metallic nature of Mg4Pt3H6,
however, a distinct drop to apparent zero resistance was
observed with a midpoint temperature of 3.2K at 12GPa
(Fig. 4a). This transition is suppressed under applied
magnetic fields, indicative of a superconducting transi-
tion in the metallic complex hydride (Fig. 4b). By fitting
the experimental midpoint transitions observed in the
R(T ) data under applied magnetic fields up to 0.2T to a
modified Ginzberg-Landau (GL) model [80] in the form
Hc2(T ) = Hc2(0)(1 − ( T

Tc
)2), where Hc2(T ) is the up-

per critical field and Tc is the superconducting midpoint
transition temperature, a value of 0.42T for µ0Hc2(0)
was obtained at 12GPa. The transition was maintained
upon decompression to ambient pressure with a slight
shift in the midpoint temperature to Tc = 2.9K (Fig. S6),
in agreement with the ambient-pressure recoverability of
Mg4Pt3H6 based on X-ray diffraction measurements.

Electron–phonon interactions were calculated using
density functional perturbation theory (DFPT) as
implemented in Quantum Espresso [55], and Tc was
estimated using the Allen–Dynes-modified McMillan
equation, [81] assuming a Coulomb pseudopotential
value of µ∗ = 0.1. Calculations demonstrate that
Mg4Pt3H6 is indeed superconducting, and we obtain
an electron–phonon coupling parameter λ = 0.35 and
a logarithmic-average phonon frequency ωlog = 493K,
resulting in an estimated Tc = 0.9K at 0GPa. The
small magnitude of Tc arises due to a low density of
electronic states at the Fermi level, the majority of
which are localized to the heavier elements (see Fig. 3),
resulting in weak electron–phonon coupling. The calcu-
lated superconducting transition temperature is lower
than experimental values, but remains well within the
expected accuracy for a weak-coupling superconductor.
In this regime, the precise value of Tc is very sensitive
to the exponential dependence of the value of λ. Choice
of the exchange–correlation functional, the value of
µ∗, the electronic smearing used to converge Brillouin

FIG. 4. a Electrical transport measurements of the syn-
thesized hydride under 12GPa. b Temperature dependence
of the electrical resistance under applied magnetic fields of
µ0H = 0–0.3T at 12GPa. Inset: Upper critical field versus
temperature following the criterion of 50% of the resistance
in the metallic state at 12GPa, fitted with the GL model [80].
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zone integrals, or the treatment of anharmonicity can
easily lead to variation of a few kelvin in Tc (Fig.
S7). Considering these factors, the calculated value is
consistent with experiment and captures the correct
physical behavior.

IV. CONCLUSION

In summary, we report the identification and synthe-
sis of a stoichiometric complex transition-metal hydride,
Im 3̄m Mg4Pt3H6, via synergisitic crystal structure pre-
diction and high-pressure experimental research. First-
principles calculations, supported by thermodynamic and
phonon stability analyses, reliably predicted the crystal
structure and metallic electronic nature of the first known
hydride in this ternary system. Experimental synthesis
using laser-heated diamond anvil cells with X-ray diffrac-
tion confirmed the formation of the cubic structure and
validated its compressibility. The hydride remains sta-
ble over a broad pressure range from 25GPa down to
ambient pressure, as demonstrated by in situ pressure-
quench measurements. Notably, electrical transport mea-
surements revealed a superconducting transition with T c

(50%) = 3.2K at 12GPa, gradually decreasing to 2.9K
at ambient pressure. These results indicate the possibil-
ity for a new class of low-pressure superconducting hy-

drides, and open new avenues for the design of complex
hydrogen-rich materials with variable electronic proper-
ties.
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