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Abstract

Magnetic susceptibility measurements have been performed with deformed single-crystal Pd loaded with a low conc
of hydrogen. A diamagnetic contribution to the paramagnetic susceptibility of Pd has been observed below 30 K that is a
to a condensed hydrogen phase at low temperature along dislocation cores in the deformed, single crystal Pd matrix.
 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Recently Ashcroft[1] has presented arguments th
hydrogen–metal alloys, in particular dense hydrid
of IVa group, may exhibit high temperature sup
conductivity (HTS) over a modest external press
range. These arguments are based on similarities
tween electronic structure of hydrogen–metal allo
and the high temperature superconductor MgB2 [2].
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0375-9601/$ – see front matter 2005 Elsevier B.V. All rights reserved
doi:10.1016/j.physleta.2005.03.052
-

In Ashcroft’s consideration, the feasibility of HTS
highly-loaded metal hydrides was related to met
hydrogen band overlap increasing both the elec
concentration and optical phonon energy. This resu
in strong electron–phonon coupling and the possi
ity of HTS. The advantage of IVa group hydrid
for achieving HTS is that, in a chemical sense, th
systems have undergone a form of pre-compress
and once impelled by further external pressure to
ter metallic phase, the electrons from both hydrog
and metal may participate in common overlapp
bands[1].
.
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There is another approach to achieve a compres
metallic hydride state with a high coupling consta
and this is the topic of the work presented here. D
location defects are strong, abundant traps of in
stitial hydrogen and deuterium, as has been pr
ously demonstrated in small angle neutron scatte
(SANS) measurements[3]. In this past work it was
found that dislocations in hydride-cycled, single cry
tal Pd were specific trapping sites for deuterium. F
to the small-angle data yielded a trapping efficiency
4–5 deuterons per Å of dislocation line length an
dislocation density of approximately 2× 1011 cm−2

[3]. These measurements were performed at e
librium at room temperature with a bulk concent
tion of 5.5 × 10−3 [D]/[Pd]. Non-equilibrium SANS
measurements were also performed to investigate
effect of the deuterium-dislocation trapping intera
tion on the diffusive behavior[4]. Analysis of these
data yielded a trapping energy of 0.2 eV. This
sult represents a concentration-weighted average
all trapping sites, including the weaker dislocati
strain field sites far for the dislocation core[4,5].
Kirchheim investigated the dislocation trapping
teraction at lower concentrations of residual hyd
gen (∼ 10−4 [H]/[Pd]) and found trapping energy o
∼ 0.7 eV [6]. This energy suggests deep binding
dislocation core sites.

The local concentration of deuterium (hydroge
at dislocations can be estimated from the equilibri
SANS results mentioned above. If the trapped d
terium is assumed to reside within approximately 10
of the dislocation core[3], and if the Pd atomic num
ber density near the dislocation is assumed to be e
to the bulk density, the local deuterium concentrat
is approximately 0.2 [D]/[Pd]. This is considerably
higher than the equilibrium bulk concentration sp
ified above. The assumption regarding the Pd num
density near dislocations is generally thought not to
correct, at least within one or two Burgers vectors
the core. Except for the broad statement that the
atomic density is significantly reduced at the cores
dislocation, the atomic density is not known[7]. In any
event, the local deuterium (hydrogen) concentrat
near the dislocation core is likely much higher th
0.7 [D]/[Pd].

The pressure inside the cores of dislocations
be comparable with a palladium bulk modulus[7] (up
to 180 GPa[8]) and the conditions of both hydroge
,

l

pre-compression and external pressure are essen
fulfilled. This is the basis for the above statement t
a compressed metallic hydride state can be obta
via an alternative route—trapping at dislocation co
in deformed Pd. The electron properties of stoich
metric Pd hydride phases (withx greater than 1) hav
not been studied previously because these compo
are unstable at ambient conditions[9,10]. However,
anomalies in the electron transport properties be
300 K in highly-loaded Pd hydrides have been
ported[11–13]. The superconducting transition tem
perature of stable Pd hydrides isT ∼ 8–9 K. It has
been suggested that strong electron–phonon coup
to the optical modes, suppression of spin fluctuat
in Pd lattice, and sd-hybridization of hydrogen and
electrons are involved in the superconducting tra
tion [9,14].

In present the work, the magnetic properties of
formed, single crystal PdHx with a very low overall
loading ratio ofx = 4.0×10−4 [H]/[Pd] were studied.
Comparative magnetic measurements carried out
a 1 T SQUID indicate an appearance of a strong
magnetic contribution to the paramagnetic respons
the Pd matrix at temperatures below 30 K in a we
magnetic field(H � 5.0 Oe). In a higher magnetic
field this phase exhibit an antiferromagnetic behav
with Curie–Weiss temperatureθ = −29 K.

2. Experimental

High purity (99.999%) Pd single crystal grown b
Metal Crystals and Oxides of Cambridge, UK was e
ployed in this work. The cylindrical ingot was grow
by Czochralski method with a [110] cylinder axi
10 cm in length and 1 cm in diameter. A sample w
dimensions of 2.7 × 2.7 × 0.6 mm3 (corresponding
mass of 52 mg) was cut from the as-grown ingot us
a low speed diamond saw and mechanically polis
to remove surface irregularities. This sample was
nealed in a vacuum of 10−8 Torr at 800◦C for five
hours. The magnetic susceptibility measurement
this annealed single crystal sample (without deform
tion or hydrogen loading) were performed and rep
sent the background response of the Pd matrix.

Deformation of this same single crystal Pd sa
ple was subsequently performed by cycling throu
the Pd–H miscibility gap. This cycling procedure
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known to create a relatively uniform dislocation su
structure as incoherent phase boundaries pass thr
the sample[3,4]. Cycling was carried out by expo
sure to hydrogen gas at 930 Torr at 390 K for s
eral hours in a closed volume of approximately 1 lit
The pressure reduction within the closed volume w
monitored to determine when equilibrium was o
tained, signaling the completion of theα → α′ hy-
dride phase transformation. The reverse phase tr
formation(α′ → α) was then induced by exposing th
hydrogen-loaded sample to a vacuum of 10−6 Torr at
430 K for several hours.

The formation and decomposition of the hydri
phase, as just described, represents one cycle a
the miscibility gap in the Pd–H system. The sam
used here was cycled twice. A final annealing step
the sample was performed at 573 K for two hours. T
removed all but the most strongly trapped hydrog
as discussed in the introduction and quantified be
Magnetic susceptibility measurements of the sam
in this state represent the foreground response o
deformed Pd matrix with an overall hydrogen atom
ratio of 4.0× 10−4 [H]/[Pd].

Magnetic measurements were carried out usin
Quantum Design MPMS 1T-SQUID. The Pd sa
ple, for both the background and foreground m
surements, was placed in gelatin capsule and wrap
with a small piece of cotton. The orientation of sa
ple was such that the long axes were normal to
direction of translation for the magnetic susceptib
ity measurements. Measurements with magnetic fl
gate showed that without an applied ultra-low fie
condition, the SQUID has residual magnetic field
�H ≈ −0.2 G. Ultra-low field installation with de
gaussing of the shielding produced a remnant field
than 1 mG. The sensitivity of SQUID was found
be higher than 5× 10−8 emu based on a calibratio
measurement with the Pd standard at room tem
ature. The sample was cooled from 298 K to 2.0
at H = 0 after zero field installation at room tem
perature to perform zero field cooling (ZFC) me
surements of the magnetic moment. After the m
surement of magnetic moment versus field,M(H),
at given temperature, the sample was heated atH =
0 to 350 K inside the SQUID. The cooling of P
samples to the next chosen temperature was
ducted at nominalH = 0 without zero field installa
tion.
h

-

s

Thermal desorption analysis was used to estim
the residual hydrogen concentration in the sample a
the magnetic susceptibility measurements were
formed. The sample was heated from 20◦C to 930◦C
at a constant rate 9.0◦C per minute in baseline vac
uum of 10−8 Torr. The residual gasses released
the sample were recorded with a with Leybold Infic
Transpector quadrupole mass spectrometer. Cal
tion of the hydrogen release was done using a kn
mass of TiH2 powder (approximately 0.1 mg) with
decomposition temperature near 400◦C.

3. Experimental results

A comparison of the thermal desorption analy
(TDA) measurements for the single crystal Pd sa
ple with and without hydrogen is shown inFig. 1.
Both measurements were performed after the m
netic susceptibility measurements since the first T
measurement removes all hydrogen. The witho
hydrogen TDA measurement was performed imme
ately following the with-hydrogen measurement wi
out removal of the sample from vacuum. The n
area under the with-hydrogen curve after subtrac
of the without-hydrogen curve was used to det
mine the overall hydrogen concentration in the sa
ple, x = 4 ± 0.5 × 10−4 [H]/[Pd]. The two curves
shown inFig. 1 terminate at 930◦C. This is the up-
per limit of the TDA system. Notice that the tw
curves are converging, a consequence of elevate2
background levels at high temperature and ne
complete outgassing of the foreground sample.
termination of the TDA measurements leads to
underestimation of the hydrogen concentration
roughly 10%, resulting in maximum possible co
centration of 4.5 × 10−4 [H]/[Pd]. We do not con-
sider this error to be significant given the uncertai
in the dislocation density and local Pd number d
sity near dislocation, as discussed in the introd
tion.

The binding energy of hydrogen in the sample w
estimated from the TDA data using the Garlic–Gibs
model[15]. In this formalism, the activation energy fo
hydrogen release is given by

(1)εH = kB
T2T1

T2 − T1
ln(P2/P1),
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e sample
energy were
Fig. 1. Thermal desorption analysis measurements of single crystal Pd with (solid line) and without (dotted line) hydrogen. The sam
used for the magnetic moment measurements was used for the TDA measurements. The total hydrogen concentration and binding

determined from these data (see text).
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wherekB is the Boltzmann constant andP1/T1 and
P2/T2 are two points on the rising edge of the hyd
gen release peak in the net TDA curve (not shown
that T2 > T1 andP2 > P1. Here we equate the act
vation energy for release to the binding energy of
trapped hydrogen. The result of this analysis isεH =
1.6 ± 0.2 eV. This binding energy is well above th
enthalpy of Pd hydride formation (|�H | = 0.18 eV
[16]) and the activation energy for bulk diffusion (E =
0.23 eV[17]).

Thermal desorption analysis of the hydrogen tr
ping interaction at dislocations presented above in
cates low residual hydrogen concentration and a la
binding energy in the H-cycled single crystal Pd sa
ple (x = 4 × 10−4 [H]/[Pd] and εH = 1.6 eV, re-
spectively). These values represent the loaded s
after a two hour anneal at 573 K. Unlike the ca
discussed in Refs.[3,4] (at an equilibrium concen
tration of 5.5 × 10−3 [D]/[Pd]) where the trapped
deuterium was located at both coreand elastic strain
field sites, the residual hydrogen after annealing i
the strongest trapping sites. The high binding ene
supports this conclusion. These sites will be with
approximately one Burgers vector (2.75 Å) of the d
location core, precisely where the host density is
known. The single crystal material and cycling pr
cedure used here were the same as that used fo
SANS work. However, the two-hour 573 K anneal w
not performed in the previous work. We suspect t
annealing procedure reduced the dislocation den
by inducing a small amount of polygonization or ove
lap of the dislocation strain fields.

We can use the dislocation density from the SA
work to estimate a local hydrogen concentration
dislocations after the two hour 573 K annealing pro
dure. Accordingly to Maxelon et al.[5], the equation
connecting the effective hydrogen concentrationxeff at
the dislocation core to the segregation radius along
cylindrical dislocation coreRH is given by

(2)xeff = α〈[H]/[Pd]〉
πρdR

2
H

,

where α ∼ 1.4 is the factor counting the reductio
in Pd atomic density along the dislocation. This fa
tor can be estimated from core sites in deformed
as a/b, wherea and b are the lattice constant an
Burgers vector magnitude, respectively. Substitut
of these parameters into Eq.(2) gives an upper limit
of xeff = 1.35, suggesting a superstoichiometric h
dride formation at deep dislocation core sites in
H-cycled and 573 K annealed Pd single crystal.



418 A.G. Lipson et al. / Physics Letters A 339 (2005) 414–423

t
Fig. 2. DC mass magnetization versus temperature in a magnetic field of 0.5 Oe for annealed Pd (open boxes), PdHx (open triangles), and ne
subtraction (solid boxes). The net data exhibit a diamagnetic contribution to the paramagnetic response of Pd.
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The mass magnetization versus temperature
a weak field (H = 0.5 Oe) ZFC measurements
the foreground (PdHx), background (annealed Pd
and net subtraction (PdHx–Pd) are shown inFig. 2.
These data demonstrate that the magnetization o
hydrogen-loaded sample PdHx is significantly lower
than annealed single crystal Pd over the tempera
range of 2� T < 40 K. The negative component o
the magnetization represents, we believe, a diam
netic contribution from a condensed hydrogen-r
phase along the dislocation cores in the deformed
gle crystal Pd matrix.

The dependence of the magnetic moment on ex
nal field was measured up to 200 Oe at several
ferent temperatures in an effort to identify the orig
of the diamagnetic contribution. The measureme
of both samples at 2 K up to 10 Oe are shown
Fig. 3. The hysteretic behavior of both samples is
ident, with the PdHx sample exhibiting the stronge
effect. This irreversible magnetization effect was o
served at all temperatures below 298 K (not show
and suggests the occurrence of a spin glass-like be
ior possibly related to frustrated localized spin state

The moment versus external field dependence
Fig. 3have essentially different characters: (1) the
-

tal width�H of hysteresis loop atM = 0 of the PdHx
sample (�H = 7.5 Oe) is much higher than that o
the annealed Pd sample (�H = 3.7 Oe); (2) the slope
of the virgin part of hysteresis loop for PdHx is lower
than that for Pd; and (3) in contrast to the annea
Pd sample, the virgin part of magnetization curve
PdHx has an inflection point atH ∼ 3.5 Oe. This last
observation could indicate non-paramagnetic beha
of the PdHx sample. To verify this hypothesis the v
gin curve of both samples was fit to the paramagn
Langevin function[18]

M = M0
[
coth(µH/kBT ) − (kBT/µH)

]
,

whereµ is the effective magnetic moment in units
Bohr magnetons,µB. These fits are shown inFig. 4.
The best fit to the initial magnetization curve for PdHx

yieldsµ = 0.24µB, but does not successfully descri
the M(H) behavior. On the other hand, the initi
magnetization curve for annealed Pd sample is s
factorily fit with the Langevin function, resulting i
µ = 0.27µB. The value of this moment places an u
per limit on Fe impurities at approximately 10 app
consistent with the known purity of the original P
ingot and is thought to be responsible for a low te
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.

on
Fig. 3. Low-field magnetic moment versus external field for annealed Pd (solid boxes, thick lines) and PdHx (open circles, thin lines) at 2 K
Both samples exhibit a hysteresis, with the PdHx sample having the largest value.

Fig. 4. Initial magnetic moment versus external field for annealed Pd (solid boxes) and PdHx (open boxes). Fits to the Langevin equati
describing the paramagnetic response are shown. The PdHx sample is not well fit with this equation.
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boxes),
nse at low
Fig. 5. Net magnetic moment (PdHx–annealed Pd) versus external field for initial magnetization (solid circles), demagnetization (open
and remagnetization (open triangles) at 2 K. Arrows indicate the direction of changing external field. The strong diamagnetic respo
field (< 5 Oe) and irreversible behavior are characteristic of a type II superconductor with flux pinning.
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perature tails observed both in Pd (bgr) and PdHx(fg)
M(T ) curves inFig. 2 [19].

The measured net moment (PdHx–annealed Pd) a
a function of external field obtained from the da
shown inFig. 3 is shown inFig. 5. The net momen
exhibits a minor hysteresis loop with a strong diam
netic slope at low field (below approximately 5 Oe
This minor loop is superimposed on a broad diam
netic “substrate” behavior with a much lower slope o
to higher magnetic field. The detailed considerat
of demagnetization part of the netM(H) measure-
ment showed a factor of four jump in the mome
between 9.5 and 3.5 Oe when the magnetic field
reversed. The net magnetic moment behavior at 1
(not shown) is similar to that at 2 K, but with a le
noticeable inflection in the initial magnetization cur
and a smaller diamagnetic slope at low field. At 50
the differences in the hysteretic behavior between
Pd and PdHx measurements (not shown) have all b
disappeared, as has the inflection point in the Pdx

measurement. As a consequence, the minor loop
teresis is absent.

The magnetic susceptibility as a function of te
perature can be determined from the netM(H) data
recorded in this study (2.0, 10.0, 50.0, 100.0, a
298 K). This was done for both low(H < 5 Oe) and
high (10< H < 100 Oe) fields and is shown inFig. 6.
The low- and high-field susceptibilities are equivale
at 100 K and above. However, the low-field susc
tibility exhibits a strong diamagnetic transition belo
approximately 50 K that is absent at high field. T
net DC susceptibility of 15 nm Pd colloid particle
derived from Ref.[20] is shown inFig. 6 for compar-
ison. Notice that the high-field net response from
PdHx sample is similar to the Pd colloid response a
differs only in absolute magnitude. The reduced pa
magnetic susceptibility observed from colloidal Pd
Van Leeuwen et al. was attributed to a reduction in
Stoner factor that resulted from increased crystal
disorder in the nano-sized particles[20]. This explana-
tion was based on earlier work by Meyer and Striz
which demonstrated that radiation-induced crystal
disorder causes a reduction in the susceptibility
Pd [21]. Van Leeuwen et al. developed a scaling l
for the susceptibility versus Pd particle size[20]. Us-
ing this scaling law for our net data, we estimate
characteristic dispersion length of approximatelyl ∼
60± 15 nm. In the present case this internal disper
corresponds to the average dislocation spacing in
cled single crystal Pd given byl ∼ (9/ρ )1/2 [7] where
d
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xes), and
nset
urie–Weiss
Fig. 6. Magnetic susceptibility versus temperature for the net data at high field (open circles), the net data at low field (solid bo
net 150 nm colloidal Pd (solid triangles) from Ref.[20]. The low-field net susceptibility exhibits a diamagnetic transition below 50 K. I
shows inverse susceptibility versus temperature of net data at high field. The linear response is consistent with antiferromagnetic C
behavior.
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ρd is the dislocation density. The dispersion length
therefore associated with a dislocation density of
proximately 1.6–4.2× 1011 cm−2, in good agreemen
with the SANS measurements discussed in the in
duction.

The high-field net susceptibility exhibits an antife
romagnetic Curie–Weiss behavior below 100 K. T
is best seen inFig. 6 inset, a plot of the inverse su
ceptibility versus temperature at high magnetic fi
assumingχ0 = −1 × 10−6 emu/g. These data ar
fit to the Curie–Weiss law,χ = χ0 + C/(T − θ),
where is the Curie–Weiss temperature[22], yielding
θ = −29 K. This value agrees well with the transitio
temperatureTc � 30 K observed in the net mass ma
netization data inFig. 2. The antiferromagnetic (AFM
behavior confirms that the irreversibleM(H) loops
observed below 30 K (Figs. 3 and 5) cannot result,
for example, from ordering of ferromagnetic impu
ties in Pd. The effect of such ordering on the magn
susceptibility of a PdFex (x ∼ 0.01) alloy at low tem-
perature has been observed in Ref.[21].
4. Discussion and summary of results

A few points of discussion exist related to the fie
and temperature dependencies of the magnetic m
surements presented here.

1. The net magnetic moment at low temperature c
not be explained solely by the segregation of d
magnetic impurities in the PdHx sample, includ-
ing residual hydrogen. This is because the m
nitude of this response is several orders gre
than the diamagnetic contribution of residual h
drogen and other diamagnetic impurities[20]. In
fact, Jamieson and Manchester did not observ
diamagnetic contribution to the Pd paramagne
response for [H]/[Pd] below 0.01[19].

2. The reduction in the paramagnetic response of
PdHx sample compared to the annealed Pd sam
cannot be explained by a dispersion effect, as
been observed in colloidal Pd particles. Althou
the net susceptibility at high field exhibits a beha
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ior similar to the colloidal Pd system, the low fie
data indicate a strong diamagnetic transition
low 30 K that cannot be explained by a dispers
effect. This dispersion effect originates from a
duction in the Stoner factor, which is temperatu
and field independent. The diamagnetic transit
observed here is clearly temperature and field
pendent.

3. The low-temperature, low-field behavior of t
initial magnetization of the PdHx sample canno
be fit with the paramagnetic Langevin function,
contrast to annealed Pd sample. The total width
the hysteresis loop in the magnetic moment of
PdHx sample is higher than annealed sample
increases non-linearly below 100 K (not show
In addition, anomalies exist at low field in the d
magnetization and remagnetization net respo
that correspond to the inflection point of the in
tial magnetization of the PdHx sample. Thus, the
resulting behavior of the net magnetization is n
a result of a difference in paramagnetic respon

4. The behavior of the initial magnetization of th
PdHx sample cannot be attributed to redistrib
tion of ferromagnetic impurities in the Pd sam
ple induced by hydride cycling. This is becau
the net susceptibility at high field exhibits an a
tiferromagnetic behavior below 100 K. Howeve
the effect of PdHx irreversible magnetization ob
served below 100 K cannot, in principle, rule o
the occurrence of a spin-glass behavior (in co
istence with antiferromagnetism[23]), reflecting
the frustrated nature of Pd/PdHx nanoparticles a
localized spins[18].

We therefore consider the strong diamagnetic c
tribution observed at low temperature and low m
netic field to be anomalous, inconsistent with expla
tions related to ferromagnetic impurities and resid
interstitial hydrogen. In the absence of these expla
tions, we attribute the net diamagnetic response to
condensation of a hydrogen-rich phase at or near d
cation cores in the deformed Pd matrix. The behav
of the net magnetic moment inFig. 5 is characteris-
tic of a type II superconductor with a lower critic
field of HC1 ∼ 3.5 Oe. However, this behavior is n
ideal since it is not reversible, but instead it exhib
the irreversible effects of flux pinning. Flux pinnin
in this case is a natural consequence of the con
sation of the hydrogen-rich superconducting phas
dislocation defects. Notice that AFM ordering and s
perconducting properties may often coexist in ty
II superconductors, such as Pd-nanoparticles/grap
sheets[22] and high temperature superconducting
rates[24]. In those cases, the AFM state can exist o
at higher field because at lower field the fluctuatio
destroy the long range AFM order[24].

The critical temperatureTC for the hydrogen-rich
superconducting phase can be estimated from the
lowing relation[1]:

(3)TC = 〈h̄ω〉
1.2kB

exp

[ −1.04(1+ λ)

λ − µ∗(1+ 0.62λ)

]
,

where〈h̄ω〉 is the characteristic average of phonon
ergy in the condensed phase,λep = λ(Pd) + λ(H) is
the electron–phonon coupling constant and repres
the sum from the Pd and hydrogen subsystems, anµ∗
is the Coulomb pseudopotential that accounts for
repulsive effect between electrons.

The magnitude of the electron–phonon coupl
constantλ(H) was found to be exactly proportional
the x = [H]/[Pd], at least in the range of 0.8 < x <

1.0, while the Pd contributionλ(Pd) did not depend on
concentration[14,25]. Assuming a linear dependen
of λ(H) on the [H]/[Pd] ratio abovex = 1.0 and us-
ing valuesλep = 0.56 andλ(Pd) = 0.143 calculated
for PdH1 [13], we obtainλep = 0.643 forxeff = 1.35.
Substituting an average characteristic phonon en
of 〈h̄ω〉 ∼ 58–105 meV (corresponding to the phon
energy range of a highly loaded Pd-black[26,27]) and
µ∗ ∼ 0.1–0.13[1,14,25]into Eq.(3), we find the value
of TC for the PdH1.35 compound at dislocation core
is in the range of 18� TC < 42 K. This range is in
good agreement with the diamagnetic transition
served here below 30 K.

The anomalous diamagnetic response observe
this work is an indication, we believe, of weak sup
conductivity in deformed Pd matrix. This superco
ductivity is attributed to a condensed hydrogen-r
quasi-metallic phase at dislocation defects where b
hydrogen and palladium atoms participate in comm
overlapping bands[1]. The diamagnetic response h
not observed directly, but rather only after subtracti
This is a consequence of the very low volume fract
of the deformed Pd sample participating in the sup
conducting phase transition (of order 10−4). In other
words, the absence of direct evidence for the diam
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netic effect characterizing type II superconductor
the result of a very small contribution of diamagne
response from the hydrogen-rich phase inside d
dislocation cores compared to the entire PdHx para-
magnetism response. Similar magnetic behavior fr
a minute superconducting fraction of∼ 5 × 10−4 at
T = 1.9 K (TC ∼ 3.6 K) for Pd nanoparticles sand
wiched between graphene sheets (Pd–MG) was
cently demonstrated by Suzuki et al.[22]. An effect
that could mask a direct diamagnetic response in Px
is the paramagnetic Meissner effect. This effect wo
be due to the sub-micrometer size mosaic struc
of our samples after the hydrogen cycling. These
homogeneities can result in magnetic flux capture
the mosaic boundaries, resulting in a paramagnetic
sponse belowTC at low field FC[28,29] and even in
ZFC [30] measurements[30].

Work is underway to increase the volume fracti
of condensed hydrogen phase thought to exist a
dislocation cores in PdHx .
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