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Solubility isotherms
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Coexistence curve
Critical point

Critical exponents

For PdHx
Tc= 566 K
εn= -0.20 eV
Tc=566 K
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System
Experiment

β
Mean field

theory

3-dim
Ising
model Experiment

γ
Mean field
theory

3-dim
Ising
model

CO2 0.35 1/2 5/16 1.26 1 5/4
Xe 0.35 1.26
4He 0.359 1.24
3He 0.361 1.18
O2 0.353 1.25
n-pentane 0.35 1.25
CrBr3 0.368 1.21
Gd 0.37 1/2 5/16 1.25 1 5/4
Ni 0.37 1.28
YIG ≡
Y3Fe5O12 0.38

1.31

Pd-H (a) 0.55 1/2 5/16 1.01 ± 0.1 1 5/4
Pd0.9Ag0.1H(b) 1.02 ±

0.04
EuO 0.368 1.29

a) From de Ribaupierre and Manchester (1974a, 1974b and 1975)
b) Buck and Alefeld (1971)
*)Table in part out Capocaccia et al. (1971). See also  Stanley (1971)

Critical exponents for various systems

What is this telling us ? Fluctuations in the number of H in a sphere of radius b 
containing nH H atoms

For PdHx, ρmiVb=(16π/3)(b/a)3 and in the BW approximation

As (T-Tc)/Tc>10-3
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The range of the H-H interaction



The interaction cannot be electronic
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Gibbs free energy

with

and an eleastic deformation energy

Conservation of number of particles
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Spinodal decomposition

Define a new function M

with

This leads to

which plays the role of chemical potential

( )0

2
~)()( HH

H
HelasticH cc

dx
dccgcgM −−⎟

⎠
⎞

⎜
⎝
⎛++= μα

( ) 0~)()( 0

2

=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−⎟

⎠
⎞

⎜
⎝
⎛++∫ HH

H
HelasticH cc

dx
dccgcgdx μαδ

( ) 2

2

0 22~
dx

cdcc
dc
dg H

HH
H

αημ −−+=

Spinodal decomposition

To lowest order this diffusion equation is solved with
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x
LjH ∂

μ∂~
−= 0=+

x
j

t
c HH

∂
∂

∂
∂

⎥
⎦

⎤
⎢
⎣

⎡
−+⎟

⎠
⎞

⎜
⎝
⎛+= 4

4

2

22

3

3

2

2

2

2

22
x
c

x
c

x
c

dc
gd

x
c

dc
gdL

t
c HHH

H

H

H

H

∂
∂α

∂
∂η

∂
∂

∂
∂

∂
∂

t
xi

H eCec Ω=  λ ⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛+⎟

⎠
⎞

⎜
⎝
⎛
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+−=Ω 422

2 1212
λ

α
λ

η
Hdc
gdL

Spinodal decomposition

Maximum at wavelength

Coherent spinodal

t
xi

H eCec Ω=  λ

0 1 2 3 4 5

-4

-2

0

2

4

6

8

10
G rowth rate Ω

λ

η

αλ
2

2

2

2

+
=

Hdc
gd

( ) ( )HH ccnkT −−−= 12ηε

Incoherent spinodal

(1 )spinodal H HkT nc cε= − −

Spinodal decomposition



Coherent and incoherent grains

coherent

incoherent

PdH0.6

Pd
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Purpose of this talk
All we did so far is independent of 

the boundary of a sample.

There are in fact also 
macroscopic density modes    
that are both size and shape 

dependent

Hydrogen is an 
interstitial

Hydrogen 
induces 

lattice strains

Elastic H-H interaction
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Hookes’s law
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Hookes’s law: stress and strains
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Equilibrium of forces
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Solution for displacements u(r)
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Macroscopic density modes Hydrogen in an alloy

Multi-site lattice-gas model

H occupies tetrahedral sites formed of (4-j )-Mg and j-V atoms. 
There are 5 clusters 1§ j § 5
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H occupies tetrahedral sites formed of (4-j )-Mg and j-V atoms. 
There are 5 clusters 1§ j § 5
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Pair probabilities in a MgyV1-y alloy
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crystalline

No plateau in amorphous films
Pressure-

composition 
isotherms of 
Pd-Ag alloys

Influence of only 5% U impurities in Pd


