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Palladium is a prototypical hydride-forming metal, which can accommodate a
large volume of hydrogen through the formation of either interstitial or complex
hydrides. Interstitial palladium hydrides, especially those with exceptionally high
hydrogen loadings, have attracted considerable interest from the low-energy
nuclear reaction (LENR) community, as they have been invoked to explain
the anomalous nuclear effects related to the known but controversial Pons-
Fleischmann experiment. Complex palladium hydrides also constitute a class
of solid-state hydrides that present stoichiometric PdH2, PdH3, or PdH4 units
within the crystal structure, but remain unexplored as far as the unusual H/Pd
ratio is concerned. This minireview gives a brief introduction to these two types
of solid-state palladium hydrides, with the hope of providing some information
for materials development relevant to LENR research.
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1 Introduction

In March 1989, Stanley Pons and Mattin Fleischmann announced that they had
seen signs of room-temperature nuclear fusion when they electrolyzed deuterated lithium
hydroxide (LiOD) in heavy water (D2O) using palladium electrodes (Fleischmann et al.,
1989). Such a phenomenon, known as cold fusion, raised hopes of a cheap and abundant
source of energy, but also triggered strong skepticism because nuclear fusion is thought
to happen only at temperatures up to tens of million degrees such as in the Sun. A
lack of details in their experiment, on the other hand, frustrated efforts to replicate this
work. Despite numerous endeavors from laboratories worldwide, there is, unfortunately,
no sufficient evidence to support the existence of cold fusion. Some scholars believed that
loading the palladium cathode with plenty of deuterium is a necessary precursor to trigger
fusion, under the hypothesis that the deuterium atoms could be squeezed into palladium
lattice to help them fuse under normal conditions (Storms, 2002; Storms, 2003). In the
1990s, McKubre (2015), who led one of the largest projects on cold fusion, suggested
that only when the palladium cathode was saturated with hydrogen beyond a threshold
of H/Pd > 0.875 could the nuclear effect be observed. Such an influence of H/Pd ratio
on excess energy production was also reported by Kunimatsu et al. These studies infer
that the failure to meet the threshold conditions is a major reason for the unsuccessful
replication. However, there are also studies arguing that the factors preventing replication of
the Pons-Fleischmann experiment were associatedwith the properties of the bulk palladium
and impurities within the electrolyte, and the nuclear-active environment is complicated
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that contains certain impurities such as lithium, oxygen, and
perhaps no palladium at all (Storms, 2002). It was proposed that
the deposition of various impurities makes the surface a complex
alloy, which forms a suitable structure capable of storing a large
amount of deuterium (Storms, 2003). Unfortunately, neither the
structure nor the composition of such alloy hydrides has been
identified so far. Almost 30 years after the original event, Google
gathered a group of scientists from University of British Columbia,
Massachusetts Institute of Technology, University of Maryland, and
Lawrence Berkeley National Laboratory to revisit the case of cold
fusion (now rebranded as low-energy nuclear reactions, LENR),
wherein learning how to create, characterize, and sustain highly
hydrided palladium is a priority in their research (Berlinguette et al.,
2019). The experimental findings again concluded no credible
evidence that cold fusion is possible. Nevertheless, they manifested
that there are still some fascinating aspects to the materials
science of palladium-hydrogen system, and palladium hydride
materials with a larger H/Pd ratio remain interesting in the
LENR research.

Apart from the binary or alloy interstitial palladium deuterides
that may form in Pons-Fleischmann experiment, we, on the
other hand, wonder whether complex palladium deuteride such as
Li2PdD2 could form under the electrochemical condition where
LiOD, D2O, and Pd are present. From electrochemical point
of view, the reaction (1) would need a driving force of ca.
−1.91 V at ambient conditions, which is lower than that of the
reaction (2).

2LiOD+Pd = Li2PdD2 +O2 (ΔrG
0 ≈ 736.5kJ/mol,E0 ≈ −1.91V)

(1)

D2O+ 2Pd = 2PdD+ 0.5O2 (ΔrG
0 ≈ 230.0kJ/mol,E0 ≈ −1.19V)

(2)

Despite having unusual H/Pd ratios (H/Pd = 2), such a complex
hydride Li2PdD2 has received far less attention in the LENR-related
research. Complex palladium hydrides are composed of palladium
hydride complex anions and alkali/alkaline earth/rare earth metal
cations, wherein a number of H atoms bind to the palladium
center covalently to form hydride complexes with a variety of H-
coordination modes including PdH2, PdH3, and PdH4 (Yvon and
Renaudin, 2006). Very recently, this type of solid-state Pd hydrides
has been found highly active in catalyzing semi-hydrogenation of
alkylenes to alkenes (Guo et al., 2021), as well as in promoting
dinitrogen fixation and ammonia synthesis (Yan et al., 2021).

In this context, a survey of various palladium-based hydrides
might provide some implications on the materials exploration for
nuclear fusion. Excellent reviews have been published detailing the
synthesis, structures, and properties of the sub-stoichiometric PdHx
(x < 1), which readers may like to refer to (Flanagan and Oates,
1991; Jewell and Davis, 2006; Setayandeh et al., 2020). The focus
of this minireview is on the solid-state palladium hydrides with a
H/Pd ratio equal to or higher than 1, which are of fundamental
interest in fusion reactions. Herein, the advancements in the
research of both interstitial and complex palladium hydrides are
briefly accounted, mainly from the aspects of formation, bonding,
structure, and stability.

2 Interstitial palladium hydrides

Interstitial hydrides generally derive from hydrogenation of
metals or alloys, in which hydrogen atoms randomly occupy the
interstitial positions of the metal lattice. Except for an expansion
and an occasional distortion of the lattice, hydrogenation usually
leaves the metallic matrix intact (Latroche, 2004). They are
also known as metallic hydrides considering that the nature of
metal-hydrogen bond is generally considered to be metallic. In
contrast to the covalent hydrides, metallic hydrides often have
non-stoichiometric compositions and disordered structures, which
preclude local H configurations and reliable interatomic distances
from being determined by conventional experimental methods.
Therefore, the bonding properties of metallic hydrides are less
well characterized, but can be learned in depth by combing with
theoretical calculations. Palladium is a prototypical hydride-forming
metal which absorbs hydrogen at ambient conditions, forming
fcc palladium hydride limited to a stoichiometry of PdHx (x ≈
0.7) (Lewis, 1982; Flanagan and Oates, 1991; Klotz and Mattson,
2009). Further absorption of hydrogen to create highly hydrided
palladium is challenging as increasing repulsive interactions of Pd-
H would diminish the hydrogen capacity (Borgschulte et al., 2020).
As a matter of fact, an exponential increase in hydrogen pressure
is required to achieve a hydrogen content larger than 0.7. For
instance, the equilibrium hydrogen pressure for the formation of the
stoichiometric PdH was estimated in the gigapascal (GPa) range.
(Lewis, 1982; Berlinguette et al., 2019). There are very few studies
that provide convincing experimental evidence for a bulk loading
of x ≥ 1 in the binary PdHx (Möller et al., 1982; Fukai and Ōkuma,
1993; Fukai and Ōkuma, 1994), mainly because it is difficult to
be synthesized and characterized accurately without specialized
laboratory facilities.

High-pressure techniques are often needed to produce and
sustain highly hydrided palladium. Recent studies have shown that,
under sufficiently high pressures, the palladium matrix is capable
of dissolving more hydrogen atoms, reaching a stoichiometry of
PdH∼1 at around 2 GPa and room temperature (Brownsberger et al.,
2017; Guigue et al., 2020; Geballe et al., 2021). The formed PdH∼1
was suggested to crystallize in the NaCl-typed structure, with
hydrogen atoms filling the octahedral sites of the fcc Pd lattice.
However, further compression did not change the loading content,
even under a hydrogen pressure up to 100 GPa (Guigue et al., 2020).
High pressure has also been combined with high temperature to
generate metastable forms of palladium hydrides with an H/Pd ratio
larger than 1. By heating Pd to 700 °C in a hydrogen atmosphere
of 5 GPa, a stoichiometry of PdH∼1.33 was observed in the form
of Cu3Au-typed structure with ordered Pd vacancies (Fukai and
Ōkuma, 1994). The formation of this superabundant vacancy phase
has been confirmed by later studies, but the exact position of
the hydrogen atoms is uncertain and presumed to occupy the
octahedral sites (Dos Santos et al., 1999). Electrochemical loading is
another effective way to produce PdHx. In theory, a modest applied
potential rather than high-pressure hydrogen gas is required to
achieve a high hydrogen concentration (Maoka and Enyo, 1981;
Benck et al., 2019). In a recent study, the effects of Pd cathode
thickness, electrolyte type, and temperature on the hydrogen loading
content have been systematically investigated (Benck et al., 2019).
By using reliable techniques to quantify the H content, the study
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TABLE 1 Crystal structure information of selected interstitial palladium hydrides.

Space
group

Lattice constant Interatomic distance Cell
volume
(Å3)

H density
(1022/cm3)

Crystal
structure

Ref.

Cal. (Å) Exp. (Å) Pd-H
(Å)

Pd-Pd
(Å)

H-H (Å)

Pd Fm 3 m

a = 3.900 Å a = 3.890 Å

--- 2.758 --- 59.32 ---

Owen and
Yates
(1933),

Häglund et al.
(1993)

b = 3.900 Å b = 3.890 Å

c = 3.900 Å c = 3.890 Å

α = 90° α = 90°

β = 90° β = 90°

γ = 90° γ = 90°

PdH
(CaF2-type)

F43m

a = 4.240 Å

--- 1.836 2.998 2.998 76.19 5.25
Long et al.
(2018)

b = 4.240 Å

c = 4.240 Å

α = 90°

β = 90°

γ = 90°

PdH
(NaCl-type)

Fm 3 m

a = 4.129 Å a = 4.090 Å

2.065 2.920 2.920 70.40 5.68

Schirber
and

Morosin
(1975),

Long et al.
(2018)

b = 4.129 Å b = 4.090 Å

c = 4.129 Å c = 4.090 Å

α = 90° α = 90°

β = 90° β = 90°

γ = 90° γ = 90°

PdH1.33 Fm 3 m ---

a = 4.016 Å

2.008 2.840 2.840 64.77 6.18
Fukai and
Ōkuma
(1994)

b = 4.016 Å

c = 4.016 Å

α = 90°

β = 90°

γ = 90°

PdH2 Fm 3 m

a = 4.471 Å

--- 1.936 3.161 2.235 89.36 8.95
Long et al.
(2018)

b = 4.471 Å

c = 4.471 Å

α = 90°

β = 90°

γ = 90°

(Continued on the following page)
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TABLE 1 (Continued) Crystal structure information of selected interstitial palladium hydrides.

Space
group

Lattice constant Interatomic distance Cell
volume
(Å3)

H density
(1022/cm3)

Crystal
structure

Ref.

Cal. (Å) Exp. (Å) Pd-H
(Å)

Pd-Pd
(Å)

H-H (Å)

PdH3 Fm 3 m

a = 4.694 Å

--- 2.033 3.319 2.033 103.42 11.60
Long et al.
(2018)

b = 4.694 Å

c = 4.694 Å

α = 90°

β = 90°

γ = 90°

PdH3 P63/mmc

a = 3.079 Å

--- 1.958 3.865 1.716 56.36 10.65
Yang et al.
(2017)

b = 3.079 Å

c = 6.865 Å

α = 90°

β = 90°

γ = 120°

Pd0.25Rh0.75H Fm 3 m

a = 4.058 Å

--- 2.209 4.058 2.869 66.82 5.99

Yang et al.
(2017),

Yang et al.
(2018)

b = 4.058 Å

c = 4.058 Å

α = 90°

β = 90°

γ = 90°

Pd0.25Rh0.75H2 Fm 3 m

a = 4.380 Å

--- 1.896 4.380 2.190 84.03 9.52

Yang et al.
(2017),

Yang et al.
(2018)

b = 4.380 Å

c = 4.380 Å

α = 90°

β = 90°

γ = 90°

LiPdH P4/mmm ---

a = 2.796 Å

1.977 2.796 2.796 31.30 3.19
Noréus and
Rapp (1990)

b = 2.796 Å

c = 4.004 Å

α = 90°

β = 90°

γ = 90°

Note that H and Pd atoms are present by yellow and blue balls, respectively, and the other metal atoms are present in grey balls and marked with element symbols.
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TABLE 3 Crystal structure information of selected complex palladium hydrides.

Space
group

Lattice
constant

Interatomic distance Cell
volume
(Å3)

H density
(1022/cm3)

Crystal
structure

Ref.

Pd-H (Å) H-H (Å)

Li2PdD2 I4/mmm

a = 3.120 Å

1.688 2.831 100.26 3.99 Yao et al. (2017)

b = 3.120 Å

c = 10.300 Å

α = 90°

β = 90°

γ = 90°

Li2PdD2
(16 GPa)

Pnma

a = 6.150 Å

1.765 2.317 157.21 5.09 Yao et al. (2017)

b = 2.800 Å

c = 9.130 Å

α = 90°

β = 90°

γ = 90°

Na2PdD2 I4/mmm

a = 3.599 Å

1.676 3.353 146.72 2.73
Noréus et al.

(1988)

b = 3.599 Å

c = 11.327 Å

α = 90°

β = 90°

γ = 90°

Na2PdD4 I4/mmm

a = 5.338 Å

1.606 2.272 188.46 4.24
Bronger and
Auffermann

(1995)

b = 5.338 Å

c = 6.614 Å

α = 90°

β = 90°

γ = 90°

CaPdD2 Pm 3 m

a = 3.690 Å

1.845 2.609 50.24 3.98
Bronger et al.

(1990)

b = 3.690 Å

c = 3.690 Å

α = 90°

β = 90°

γ = 90°

(Continued on the following page)
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TABLE 3 (Continued) Crystal structure information of selected complex palladium hydrides.

Space
group

Lattice
constant

Interatomic distance Cell
volume
(Å3)

H density
(1022/cm3)

Crystal structure Ref.

Pd-H (Å) H-H (Å)

K3PdD3 P42/mnm

a = 10.700 Å

1.680 3.359 1206.15 1.99
Bronger and
Auffermann

(1990)

b = 10.700 Å

c = 10.535 Å

α = 90°

β = 90°

γ = 90°

K2PdD4 I4/mmm

a = 5.831 Å

1.625 2.297 261.53 3.06
Kadir et al.
(1991)

b = 5.831 Å

c = 7.692 Å

α = 90°

β = 90°

γ = 90°

K3PdD5 P4/mbm

a = 7.432 Å

1.625 2.197 320.97 3.12
Bronger and
Auffermann

(1992)

b = 7.432 Å

c = 5.811 Å

α = 90°

β = 90°

γ = 90°

Sr2PdD4 Pnma

a = 7.584 Å

1.764 2.584 404.15 3.96
Olofsson-

Mårtensson et al.
(1999)

b = 5.498 Å

c = 9.693 Å

α = 90°

β = 90°

γ = 90°

LiSr2PdD5 P4/mmm

a = 3.902 Å

1.691 2.582 112.54 4.44
Yoshida et al.

(1993)

b = 3.902 Å

c = 7.393 Å

α = 90°

β = 90°

γ = 90°

(Continued on the following page)
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TABLE 3 (Continued) Crystal structure information of selected complex palladium hydrides.

Space
group

Lattice
constant

Interatomic distance Cell
volume
(Å3)

H density
(1022/cm3)

Crystal structure Ref.

Pd-H (Å) H-H (Å)

LaMg2PdD7 P212121

a = 4.775 Å

1.706 2.100 453.30 6.18
Yvon et al.
(2007)

b = 11.716 Å

c = 8.104 Å

α = 90°

β = 90°

γ = 90°

Note that H and Pd atoms are present by yellow and blue balls, respectively, and the other metal atoms are present in grey balls and marked with element symbols.

concluded that the maximum H/Pd ratio achievable under ambient
conditions is 0.96 ± 0.02, and it is difficult to reach exceptionally
high hydrogen loading levels due to competing hydrogen desorption
reactions. A very recent work has claimed the formation of PdHx
with x up to 1.97 by means of electrolytic charging at a high
negative potential of ca. −2 eV vs. SHE (Fukumuro et al., 2020).
Ion implantation of deuterium into palladium was also reported
to produce over-stoichiometric palladium deuterides at cryogenic
temperatures (Möller et al., 1982;Myers et al., 1991).However, these
results have yet to be independently confirmed.

Obviously, the hydrogen content of the known PdHx is much
below the number of interstitial sites in the palladium lattice that can
be accessible by hydrogen. Higher hydrides are in principle possible
through occupation of the tetrahedral other than the octahedral
sites. Despite the lack of credible experimental evidence, there are
several theoretical studies predicting the stability and structures
of highly hydrided palladium such as stoichiometric PdH, PdH2,
and PdH3 (Houari et al., 2014; Yang et al., 2017; Long et al., 2018;
Liu et al., 2020). The monohydride PdH is considered in either
NaCl-typed fcc structure with hydrogen atoms filling all of the
octahedral positions, or CaF2-typed fcc structure with hydrogen
atoms filling half of the tetrahedral positions. Under high-pressure
conditions, the NaCl-typed PdH has been identified as the ground
state, consistent with the experimental finding. The hypothetical
dihydride PdH2 is also stabilized in a fcc structure with hydrogen
atoms occupying all tetrahedral positions. Formation of PdH2 has
been calculated to be thermodynamically favorable at hydrogen
pressures above 2.1 GPa, but was not observed experimentally even
up to 100 GPa (Guigue et al., 2020). When all interstitial sites of
Pd lattice are embedded by hydrogen atoms, a fcc PdH3 can be
created. However, such a fcc structure was recently suggested to
be energetically less stable than a hcp structure (Yang et al., 2017).
Moreover, the possibility of synthesizing palladium superhydrides
(PdH8, PdH10, PdH12, etc.) has been evaluated using DFT
calculations. It is suggested that, by combining pressure and
electrochemistry, superhydride PdH10 is likely to be formed in
a structure that consists of undissociated H-H pairs (Guan et al.,
2021). Another point to be noted here is that the incorporation
of hydrogen into Pd lattice may induce superconductivity, and the

palladium superhydrides have attracted great interest in the research
of high-temperature superconductors (Setayandeh et al., 2020).

The structural information of some selected PdHx varieties
is summarized in Table 1. It is clearly seen that the insertion of
hydrogen leads to an expansion of the Pd lattice, and high loading
levelsmay cause lattice distortion relative to the original fcc structure
of Pd. For the PdHx (x = 1–3) series with the same fcc structure, there
is a decrease in interatomic H-H distance and an increase in Pd-Pd
distance as the H/Pd ratio varies from 1 to 3. In the case of fcc PdH3,
the interatomicH-Hdistance is as low as 2.033 Å, and the volumetric
density of hydrogen reaches up to 11.6 × 1022 atom/cm3. Besides,
the impact of hydrogen insertion on the electronic properties has
been evaluated by theoretical simulations. A systematic analysis
on the electronic structures of PdHx (x = 1–3) has revealed that
the insertion of hydrogen does not alter the metallic character of
palladium, but results in a reduction of the density of states (DOS)
at the Fermi level (Houari et al., 2014; Yang et al., 2017; Long et al.,
2018). It is predicted that PdH2 shows semimetallic properties
because the DOS around Fermi level is very close to zero. Moreover,
for all the PdHx (x = 1–3) considered, the occupied states below the
Fermi level are mainly contributed by the Pd 4d electrons, with a
small H 1s component at the deeply lower energy parts.

It is known that the hydrogen absorption properties of palladium
can be tuned by alloying with other metal elements (Dekura et al.,
2019). To date, a few palladiummatrix alloys have been investigated
revealing enhanced hydrogen capacity relative to pure Pd, and
hence attracted attention in attempting to synthesizing hydrides
with a higher hydrogen content. A representative example is the
palladium-rhodium (Pd-Rh) alloy system, where the formation
of monohydride PdxRh1-xH and dihydride PdxRh1-xH2 has been
observed recently (Kuzovnikov andTkacz, 2017).When compressed
in a hydrogen atmosphere, the fcc Pd-Rh alloys can absorb hydrogen
and expand unit-cell volume to form fcc monohydrides at around
2 GPa and fcc dihydrides at around 10 GPa. Based on the simulated
structures, the hydrogen atoms tend to occupy the octahedral
sites for monohydrides and the tetrahedral sites for dihydrides
(Yang et al., 2017; Yang et al., 2018). The structural information of
two typical examples, i.e., the monohydride Pd0.25Rh0.75H and the
dihydride Pd0.25H0.75H2, is listed in Table 1. Palladium-lithium alloy
system is also known to present impressive hydrogen capacities, and
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the formation of nearly stoichiometric LiPdH∼1 has been indicated
in early reports either by sintering LiPd alloy under 270 MPa ofH2 or
by reacting an equimolar mixture of LiH and Pd under 1 MPa of H2
and 340°C (Noréus and Rapp, 1990; Schirber et al., 1991). Recently,
high-pressure technique has been applied to the lithium-palladium-
hydrogen system, but there is no conclusive evidence for the
formation of LiPdHxwith x > 1 at pressures up to∼10 GPa (Liu et al.,
2018; Frost et al., 2022). As shown in Table 1, the stoichiometric
LiPdH is arranged in a tetragonal structure which consists of planar
PdH units separated by Li atoms. The calculations on electronic
structure indicated that LiPdHpresentsmetallic behaviorswith large
electronic states at the Fermi energy.

3 Complex palladium hydrides

Most of the known metallic hydrides have a hydrogen-to-metal
ratio less than two, while in complex metal hydrides, a higher
ratio is quite common. Complex metal hydrides represent a class
of hydrogen-rich compounds (Yvon, 2003; Yvon and Renaudin,
2006). They derive their name from the presence of covalently
bonded metal hydride complexes within the crystal structure that
are often centered by d-block metal elements. The complexes are
anionic and stabilized by surrounding alkali, alkaline earth, or
rare earth metal cations. These hydride compounds, in most cases,
contain hydrogen bonded to TM elements only and has the general
formula Mm [TMHn] (TM = 3 days, 4 days, or 5 days elements; M
= alkali, alkaline-earth, or rare-earth elements), while some also
have additional hydride ions coordinated to the metal cations Mδ+,
corresponding to the formula Mm [TMHn][H]p. In contrast to
the interstitial hydrides mentioned above, complex hydrides have
covalent bonded hydrogens within the [TMHn] complexes, and
usually exhibit stoichiometric compositions, ordered structures, and
non-metallic properties at ambient conditions. Because of their rich
composition, diverse structure, flexible bonding environment, and
unique configuration chemistry, complex hydrides exhibit a range
of fascinating properties and functionalities that can be exploited in
the research fields such as hydrogen storge, thermal energy storage,
superconductor, optical sensing, and catalysis (Møller et al., 2017;
He et al., 2019; Takagi and Orimo, 2020; Wang et al., 2023).

Among the numerous complex metal hydrides reported up
to now, the palladium series show variable structural features as
palladium element forms hydride complexes with different formal
oxidation states and H-coordination geometries, encompassing
linear [Pd0H2]

2−, trigonal planar or T-shaped [Pd0H3]
3−, tetrahedral

[Pd0H4]4−, and square planar [PdIIH4]2− (Yvon, 2003; Parker, 2010).
Moreover, some of these compounds are capable of incorporating
additional ionic hydrides within the lattice, which further enriches
their compositions and structures. The general compositions,
structures, and synthesis of the known complex palladium hydrides
are summarized in Table 2.Themost common route for synthesizing
the Pd complex hydrides is to react Pd metal with a binary
hydride of the alkali, alkaline earth, or rare earth metal element
under hydrogen pressures (0.1–250 MPa) and elevated temperatures
(100°C–850°C). Exceptions are LiSr2PdH5 and LaMg2PdH7 that
derive from hydrogenation of the parent alloys (Yoshida et al.,
1993; Yvon et al., 2007). And in general, an increase of hydrogen
pressure is required to synthesize complex Pd hydrides with a higher

oxidation state. Examples are found for palladium in M3Pd0H3 and
M3Pd

IIH5, which form at 1 and 70 bar, respectively.
Table 3 shows the crystal structure information of some

representative complex palladium hydrides, which is mainly
determined by X-ray and neutron powder diffraction on deuterides.
As observed, there exists a wide range of crystal structure types,
but one common feature is the presence of ordered [PdDn] units
separated by a cationic sublattice. For each structure, the Pd-D bond
length as well as the shortest D-D distance are stated in Table 3. It
is seen that the Pd-D bond lengths range between 1.60 and 1.70 Å,
and the D-D distance usually exceeds 2.0 Å with the shortest value
occurring in LaMg2PdH7. Unlike the interstitial palladiumhydrides,
there are few reports about the behavior of complex hydrides
under extreme conditions. In a very recent work, the structural
characteristics of Li2PdD2was studied under pressures up to 50 GPa,
and a clear phase transition from tetragonal to monoclinic structure
was observed at around 10 GPa (Yao et al., 2017). Of particular
interest is the high-pressure structure of Li2PdD2, in which the
[PdD2] units are connected via extended chains. As a consequence,
the H-H distance is significantly reduced, and the hydrogen density
increases to a value of 5.09×1022/cm3 which is comparable to that of
the monohydride PdH.

The complex hydrides present a mixed ionic-covalent bonding
character, as there are not only covalent TM-H interactions
within [TMHn] units but also ionic interactions between [TMHn]
and surrounding electropositive metals. Assuming the full charge
transfer from the surrounding cation matrix, the bonding features
of [TMHn] complexes can be simply interpreted based on the
conventional electron counting rules and s-p-d hybridization
schemes. In terms of the Pd series, there are different bonding
configurations including (d10)sp3 for 18-electron [PdH4]4−, (d8)dsp2

for 16-electron [PdH4]2−, (d10)sp2 for 16-electron [PdH3]3−, and
(d10)sp for 14-electron [PdH2]2− (Yvon, 2003). To obtain a
better description of the bonding nature within the palladium
complex, the electronic structure of these hydrides has been
calculated (Olofsson-Mårtensson et al., 2000; Orgaz, 2007; Parker,
2010; Kiruthika et al., 2023). One noticeable bonding feature
is the existence of substantial covalency between the complex
hydrogen ligands and the surrounding metal cations (Olofsson-
Mårtensson et al., 2000). Such strongM-H interactions contribute to
the stabilization of palladiumcomplex hydrides throughdistributing
electron density away from the Pd center. Besides, the DOS
studies suggested that the complex palladium hydrides often show
nonmetallic properties with the band gap ranging from 0.36 to
3.03 eV. Notable exceptions are Li2PdH2 and Na2PdH2 that are
metallic, at least in certain directions.

4 Conclusion

In thisminireview, we describe the compositional and structural
characteristics of interstitial and complex Pd hydrides, both of
which show promise in accommodating large concentrations of
hydrogen. By comparison, interstitial hydrides have been gained
much more attention from the LENR community whereas complex
hydrides have much less. It is our hope that such a survey of
various kinds of solid-state palladium hydrides would contribute
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to materials exploration for LENR-related research, which in turn
would advance the understandings of the possible relevance of
palladium hydrides to the nuclear effects. In a broad sense, insights
into the fundamentals of palladium hydrides especially those
with unusual H/Pd ratios would be instructive to revealing their
latent properties and functionalities that can be exploited towards
other research fields. As a typical example, available studies have
manifested the potential of highly hydrided palladium in high-
temperature conductivity (Meninno and Errea, 2023).
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