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Thermodynamic properties of
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The thermodynamics of interstitial solutions are conceptually different from the
thermodynamics of substitutional solutions because the state corresponding to pure
solute is experimentally inaccessible for the interstitial solution. The thermodynamic
functions for the ideal and regular interstitial solutions are given and expressions for the
critical point, spinodal curve, solvus, two solid-phase equilibrium, and specific heat are

derived for the regular interstitial solution.

1. Introduction

The concept of the regular solution has proven to
be a useful one for the understanding of sub-
stitutional solid solutions because some features
of their behaviour can be described by this simple
model [1]. In the regular solution model the
entropy of mixing is assumed to be ideal and the
enthalpy of mixing for a binary substitutional
solution is represented by some simple function
of the mole fraction of one of the components.
Essentially similar treatments have been employed
for interstitial solutions without explicitly con-
sidering the treatments as regular interstitial
solutions, for example, the early model for Pd—-H
given by Lacher [2]. The regular interstitial
solution has been relatively successful for the
description of some aspects of metal—H interstitial
solutions because the H—H interaction, under free
surface conditions, has been shown to arise from
elastic interactions which are long-range [3] and
may, therefore, be described by mean field theory.
If each interstitial H interacts with all of the other
interstitial H atoms, the interaction can be de-
scribed by a dependence upon r*, where 7 is the
H-to-metal atom concentration ratio, which is
similar to the dependence of the enthalpy of
mixing upon composition for regular substitutional
solutions. The configurational entropy change for
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Hsolution isideal since, in the absence of blocking,
one H atom can occupy one interstice. This model
can also be referred to as a mean field—small hard
core model. Small hard core model implies the
absence of blocking whereas large hard core means
that, although only one solute can occupy an
interstice, the solute can block neighboring inter-
stices for occupation. In the present thermo-
dynamic discussion the mode] will be referred to
as the regular interstitial solution model without
specification of the nature of the solute—solute
interaction.

The thermodynamic descriptions of interstitial
solutions have employed mainly partial thermo-
dynamic properties and a comprehensive, unified
thermodynamic treatment, such as is available for
substitutional solutions [1, 4, 5], is lacking. The
difference between substitutional solutions and
interstitial solutions is that in the former solution
(binary) either pure component can serve as a
reference state since both are physically realizable,
but for interstitial solutions the state of pure
interstitial solute is not physically realizable. For
example, the state corresponding to pure hydrogen
is not experimentally accessible for metal—
hydrogen interstitial solutions. The purpose of this
development is to present the thermodynamic
formalism for the regular interstitial solution and
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no attempts will be made to make detailed com-
parisons of the resulting equations with exper-
imental data. Besides the early work of Lacher
[2], the regular interstitial solution model has
been employed by many others, for example,
Rudman [6] has employed it for metal—H systems
and Hillert and Jarl for h ¢ p systems [7]; McLellan
[8] has also discussed this approximation. How-
ever, as mentioned above, a comprehensive,
unified treatment is not available and, due to the
great recent interest in interstitial solutions, it
seems timely to present this compendium of the
thermodynamics of regular interstitial solutions.

2. General aspects of the thermodynamic

properties of interstitial solutions
Since the pure solute state is not generally
accessible, the logical choice for a standard state
for the interstitial solution is at infinite dilution.
For this reason, a more convenient choice for the
compositional variable is r or 8, where 8 is the
atom fraction of solute species to interstices
(occupied and unoccupied). It is also convenient
to express the integral quantities in ways other
than per mole of total components. The following
treatment will be limited to binary interstitial
solutions.

The mole fraction of solute in the lattice of
interstitial sites, X;, will be defined by

(D

where n;, ny and ny; are the number of moles of
solute atoms in interstices, the number of moles
of vacant interstices, and the number of moles of
solvent (metal) atoms, respectively, and f§ is the
number of interstices per metal atom. When
defined in this manner, X; = 6 = 1 is, in principle,
accessible for the interstitial solution and, there-
fore, this modified definition of mole fraction
is more analogous to that for the substitutional
solution than would be the usual definition.
Integral thermodynamic parameters will be
designated by subscripts which will also be used
to designate the species. Some useful integral
quantities for the general state function, Y, are:

Y
Yo = ;
m ny +ny )
Y
Y, = —;
T ©)
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Y

Yi = n_I, (4)
Y

o= Bry’ ®)

where m, s, i and | are defined by Equations 2 and
5. These integral quantities are related to each
other using Equations 1 to 5 by

Y = (1+60)Ym; (6)
n=@+am; @
Y, = Yy ®)
Y] = GYi. (9)

The following general equations relating the
integral and partial molar thermodynamic par-
ameters which will be derived are valid for any
thermodynamic state function, Y

Y = mY;+nyYy, (10)

where

Yy = @Y/dnpr, p, ny
and

Yy = @Y/ony)r, p, ny

i.e., subscripts in capitals refer to partial molar
quantities. When expressed per mole of interstices,
Equation 10 becomes

1
Yl = GYI +EYM. (11)

The Gibbs—Duhem equation is
ny dYy +ny dYy = 0Oat constant p, 7. (12)

j:dYM - —f:rdyl (13)

and

1,0 0
Efo dvy = —(eyl—fo YIdo), (14)

which gives
1
B

since Y/ = Y1(0 = 0). Substitution of Equation
15 into Equation 11 gives

[}
Yy = Y10 = 0)+fo Y; d0 —0Y; (15)

[}
Y, = Y,(0 =0)+ jo Y;d6  (16)



from which it follows that

Y1 = (0Y)/00)7, p, nyy (17

and

% Yy = Y1—0(0Y1/00)r nap
Equations 17 and 18 are equivalent to the method
of intercepts for evaluating partial molar quantities
from integral quantities [1]. In a plot of ¥; against
0 the tangent intercept if Y3y and Yy is obtained
from the tangent slope at 6.

The ideal interstitial solution is defined with
respect to the ideal partial configurational entropy
at a standard pressure p° and corresponding
volume V°, that is,

Slid(po s Vo s ZI) =

(18)

lim |
zI—>0,p~>p,V—*V

=S —RlInz,

0 [SI(ZI) + R ln ZI] _R 111 ZI

(19)

where z;=0/(1 —8). The corresponding ideal
chemical potential is

ul(®, Vo, zp) =

lim
zy=>0,pr—=>p° V> V°

= “'Io +RTIIIZI.

f(z)) —RTnz;] +RTInz;

(20)

These definitions are valid under either conditions
of constant pressure or constant volume [9]. It

follows from Equation 20 that
n =0, @1

which is consistent with the definition of an ideal
solution. From Equation 15,

1 1

-8 = -84 —RIn(1—0). 22)
p 8
The integral ideal entropy per mole of interstices is
i i 4
Sid= g1 _p Gln(l _6)+ln(1 —9)

= §»1¢—R[OInO+ (1—0)In (1 —6)].(23)

The ideal chemical potential of the metal is given
from Equations 15 and 20 as
; 1
lu;\;i ==uly +RTIn(1—0)
B B
and the integral free energy, Gi9, is obtained from
Equations 11, 20 and 24

24

f(see legend)—

Ideal interstitial solution behaviour:
(42 — u2)/RT for Curve I; f= (udS — 1i4%)/8RT for Curve

M; f=(Gi® — GP)/RT for Curve L. Gf = uf [RT has been
chosen as —2 and § has been chosen as 1.

Figure 1 f=

. a1
Gi = 04 + punt =

1
(eu{’ + E“g‘) +RT[61n0 +(1—0)In (1—6)].
(25)
Fig. 1 shows plots of (11® —uf)/RT, (uai — usy)/
BRT and (G{% —G)/RT, where G = (1/B)uS;,
and p? /RT has been chosen as —2.

3. The thermodynamics of the regular
interstitial solution

For regular binary substitutional solutions the

relative enthalpy of mixing is expressed as

AEImix = ul(l _X1)> (26)

where A is a constant, X, is the mole fraction of
one of the components and AH, ;. refers to one
mole of solution. This definition for the enthalpic
component of the regular substitutional solution
results from the consideration of nearest neigh-
bour constant interaction energies of pairing [1].
It follows from Equation 26 that

(aAHmix/aXl)T,P = >\(1 _2X1): (27)

which has the same dependence upon the com-

positional variable as the following equation,
H; = H{ +6Hy, (28)

where Hpy is an interaction enthalpy coefficient.
Equation 28 will be used to describe the enthalpic
component of the regular interstitial solution.
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From Equations 15 and 28

1 9?2
~-Hy = ——Hyg+—
8 M 5 A 8
is obtained, and, from Equations 16 and 28 this
gives

iy 29)

HYy 62
H, = GHI +7 + —
Equations for the chemical potentials and free
energy of the regular interstitial solution can be
obtained from the above equations for the en-
thalpies and from the ideal entropies (Equations
19,22 and 23)

Hy;. (30)

f
up = MY +0Hy, +RT1n( —oy (31
1 1, 0
EuM = EMM —? Hi;+RTIn(1—0) (32)
and
1 62
G, = (GIJ? +EM%/1) +> Hn

+RT{PIO+(1—6)In(1—60). (33)

Fig. 2 shows plots of (uy — uf)/RT, (um — 1)/

_ 0
BRT and (G;—G{)/RT, where G = (1/8)u¥s
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Figure 2 Regular interstitial solution behaviour where:
f= (uy=p)/RT for Curve I; f= (up— uM)/BRT for
Curve M; f=(Gi— Gf)/RT for Curve L G{ = ujy/8,
I ? JRT has been chosen as — 2, Hyp/RT has been chosen as
—10 and g has been chosen as 1. The broken horizontal
line has been drawn by the rule of equal areas and its
location determined the value of (ul—u‘f )RT for the
two-phase coexistence region. The location of the equal
tangents to Curve 1 determines the coex1st1ng phase com-
positions.
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and Hyy/RT is chosen as —10 and u? /RT is chosen

—2 with = 1. It can be seen that there is an
extensive range where phase separation occurs for
the solute and this is reflected in values of iy
which also show an instability range when plotted
against 67!, The rule of equal areas can be em-
ployed for (u; — u?)/RT in order to determine the
value of this function for the two-phase coexist-
ence region; alternatively, the rule of equal areas
can be used in plots of (uy — u$,)/RT against 07
to determine the value of this function for the
two-phase coexistence region. The phase boun-
daries may be located, as shown in Fig. 2, by
values of 6 corresponding to equal tangents to the
Gl plot.

In contrast to some substitutional solutions
where AV, can be zero, for interstitial solutions
it is clear that AV; must be finite when solute is
“mixed” with metal atoms. It will be assumed in
our definition of the regular interstitial solution
that the solute has a finite partial molar volume

which is independent of 6, i.e., V1 = V2. From
Equation 11, we have
-
or
Vs = V7 + Py, (35)

and it follows from a development analogous to
that which leads to Equation 15 that

L =i +f Vo do —ovp
6 M ﬁ I I
1 0
=3 Vm. (36)

Therefore, according to this definition of the
regular interstitial solution, where ¥y is assumed to
be independent of 8, V; must also be indepen-
dent of #. Thus Vegard’s law applies if the limiting
compositions are considered to be # =0 and
@ = 1, the latter limit is analogous to a mole
fraction of unity for a binary substitutional
solution.

3.1. Critical point, spinodal and equation
of state for the regular interstitial
solution

At the spinodal, [E)(MI/T)/E)B)]Ts =

fore, from Equation 31

0 and, there-



[O(ui/T) a0y, = —~

I
e
+
'JU
L

1
—+
os (1 - es))
(37
and, therefore,

Hy 1

RT; 0s(1 —64) (38)

where 8, as a function of T, can be obtained by
solving Equation 38, that is

1 [1 rT|"”
s = st |—-+—— 39
S 2 [4 HH} (39
At the critical point,
9% (ui/T) (S S
———=0=—R|= =0
00? 92 (1— c)2
(40)

and 6, =%. From Equation 38 at T, =T, and
6. = % we obtain

Hyy = —4RT,. (41)

Substitution of Equation 41 into Equation 39
gives

(42)

Since both the spinodal and binodal are sym-
metrical about @ =%, it follows that 8, + 0, =1
where a and b indicate the phase boundaries
and 6, >0,. (Lacher [2] bhas shown that the
binodal must be symmetrical about % and it
follows from Equation 39 that the spinodal
must also be symmetric about 1.) At the binodal
the chemical potentials of each component must
be equal and, therefore, from Equations 31 and 32

we have

0,Hy +RTIn (6,/(1 —0,)

= ebHII +RTIn eb/(l —Gb) (43)
and

03

— EHH +RTIn(1—0,)
03

= - D) HII +RT1H (1 —Gb)‘ (44)
From Equations 43 and 44 we obtain

Op =0 3% = 0 0uf0)  (45)

and, employing equation 41, gives

! 1
0.4 9 0.6 0.8 [He]

[e} |
0 0.2

Figure 3 Spinodal and binodal curves for the regular
interstitial solution using the same parameters as for
Fig. 2. B = binodal curve and S = spinodal curve.

T/T, = 2(20, — 1)/In [6,/(1 —0,)]. (46)

Fig. 3 shows the spinodal curve (Equation 39) and
the binodal curve (Equation 46) for the regular
interstitial solution.

Equation 45 has been earlier derived by
Alefield [10] in a different manner and given in
the form

M = tanh (—HyMJ4RT), 47)

where M is analogous to an order parameter and is
defined as (8, —0,).

3.2. Equation of state of the regular
interstitial solute

The equation of state of the regular interstitial

solute will be derived; it is first necessary to intro-

duce the specific volume occupied by the inter-

stitial solute which is given by the reciprocal of

the lattice ratio,

(48)

Note that Vi differs from Vy. The latter is the
partial molar volume of the solute in the solution
(Equations 34 and 35) and the former is a dimen-
sionless quantity, the reciprocal of the lattice
ratio. At constant temperature:

duy = Vi dp* = 07 dp*, (49)

where p* is the “pressure” for the regular inter-
stitial solute and it has units of Jmol™ solute™
This quantity is the three-dimensional analogue
of the spreading pressure [11] which has units of
Jm™2. From Equation 49 we obtain
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@utfo0)r, = 5 @"/20)s,

= &%)/, (50

where K* is the compressibility of the regular
interstitial solute. From Equation 31

(Ou1/00)r, p = Hy +RT

6(1—8)

1
= @0, (1)
From integration of Equation 51 we obtain an
expression for p*, the equation of state,

p* = JH 02 ~RTI (1—0).  (52)

At small values of # Equation 52 reduces to an
equation of the form of the ideal gas law, and the
compressibility from Equations 50 and 51 is

K*™ = Hy6? +RTO/(1—0); (53)

as 0 >0, K* > and as 6 > 1, K* > 0. At T,
K* = 4/Hy;. An equation similar to Equation 53
has been derived for metal-H systems [12].

From Equation 32 it can be seen that

1

g —ugy) = —p". (54)
Equation 54 also follows from the Gibbs—Duhem
relation and Equation 49, that is,

(55)

d
M _ _gay = —dp*.

g
The chemical potential of the metal is, therefore,
related to the “pressure” of the interstitial solute
within the metallic matrix.

3.3. The phase change reaction

With reference to Fig. 2 the phase change repre-
sents the appearance of the condensed phase from
the dilute phase without addition of solute. This
cannot be realized experimentally under iso-
thermal conditions but, nonetheless, the following
equations describe such a hypothetical first-order
phase transition:

AH(a—>b) = HP —H}

= (6p —0.)(H + 3 Hyy); (56)
AS(a~>b) = (8p —0,)57; (57)
AG(a—>b) = (8 —6.)(HP + 1Hy —TST); (58)
3240

and from Equations 34 and 35
AV(a—>b) = (8, —0,) V?P. (59)

At the critical point all of these quantities vanish,
as expected for a first-order phase transition, but it
should be noted that when the phase change
occurs via reaction with one mole of solute, these
quantities do not vanish at the critical point.

The phase change occurs experimentally under
isothermal conditions via reaction with the pure
solute species which is generally a diatomic gas, for
example, H,, O, and N,. The thermodynamics of
of the phase change vig reaction with solute will
be illustrated with metal—H, systems, but this
treatment is applicable to other regular interstitial
solutions. The reaction of H, to form a hydride
phase from the H-saturated solution is represented
by
MH, N MH,,
b—a) @—a

This reaction can be written as
AGGH, + a—>b) =
AHGH, +a~ b)—TASGH, +a~ b)

=RT In py?

3H,(g, latm) + (60)

(equilibrium),
(61)

where $H, +a—b represents Reaction 60. For
the reactions:

M+ %Hg - MH, (62)

and

b
M+ —2-H2 - MH, (63)

the free energy changes are BAG® and PAGP,
respectively. By subtracting the free energy change
for Reaction 62 from that of Reaction 63, an ex-
pression for the free energy change of Reaction 60
can be obtained,

AGP  AG}
(eb —0,) (Gb - oa)

AGGH, +a~b) =

1 Oy
= ——— AGy do
(0, —0,) fea "
(64)

and for the enthalpy and entropy changes, from
Equations 19 and 28 and Reactions 62 and 63, we
have



AHGH, +2-1b)

It

! jeb AHy d6

(9b - Ba) 0,
= AHY +$Hyy (65)
and
1 [
ASGH, +a—>b) = ———— | ASy df
a (6p —02) J‘Ba H
= ASY. (66)

Aside from the fact that values given in Equations
64 to 66 are relative to 3H, (g, 1atm) and those
in Equations 56 to 58 are not, the former differ
from the latter only by the multiplicative term
(6, —0,)7!, that is, the presence of this term
prevents the values in Equations 64 to 66 from
going to zero at the critical point. The constancy
of values of AH(3H, + a - b) often observed for
metal-H systems over an extended temperature
range [6, 13] follows from Equation 65 provided
that the change in heat capacity ACy, is nil and
provided that the regular interstitial solution is a
good approximation for the metal—H system.

For Reaction 60 the change of volume is given
by

AV(H, +a—>b) = V§ —%Vﬁz (1 atm, T).
(67)

3.4. Solvus line for a regular interstitial
solution

The solvus line is defined as the line relating the
solute concentrations at which a new phase first
appears to the temperature. This temperature
dependence is described by plots of lna versus
T where a is the r-value for the solute-saturated
solution at which the new phase first appears.
Experimental data for solvus lines are generally
given in terms of g instead of #, so this nomen-
clature will be used here. At equilibrium in the
region of coexistence of two condensed phases for
a metal—H solution

[d(Aug/TYA(A/T)]a

i

[d(Auy/T)A(1/TH],
AH(AH, + a—b), (68)

il

where Apy is the chemical potential of the solute
relative to a standard state of solute removed from
the solution. Since the phase compositions are
functions of temperature, we can write for the a
boundary:

[d(Aug/T)/AT)]y = [0(Aun/T)B(1/T)]a
+ [3(Aun/T)/or]r [dr/d(T™)]

= AH(%Hz + a">b).
(69)

Since [8(Auy/T)/0(1/T)], = AHy (at a), we can
solve for the solvus line slope

—RdIna/d(T™)
_ —AHGH, +a->b)+ Ay (ata) _

= [@us/Tor]y

sol-

(70)
It has been shown by the authors {14] that for
metal—H systems only in the limit as a—> 0 does
AH; correspond to the decomposition of one
mole of H in the hydride phase to form one mole
of H in the H-saturated metal.
For the regular interstitial solution Equation 70
can be reduced to

— AHGH, +a~b)+ AHY + Hyua/B

AHg, =
! B, Huua/p
f—a RT
Hyu(0,—}%
= HH( a 2) ; (71)
1 +HHH6,,
1—-6, RT
in the limit as 6, >0 Equation 71 reduces to

—4Hyy. Thus, in the limit of 8, — O for a regular
interstitial solution the enthalpy change for de-
composition of one mole of H in the condensed
phase to one mole of H in the solute-saturated
solution is —3 Hyy.

Since, at equilibrium the chemical potential of
the solute must be equal in the hydride phase and
saturated dilute phase, AG¢ o, = 0. On the other
hand, the temperature derivative of a solvus free
energy, d(AGE ,/T)/aT™!, has been employed to
determine AH,, (Equation 70, where, more
exactly, AGE;=—RTIn(a/f—a) instead of
—RTIna. It can be shown that this is an excess
solvus free energy [15].

AGH; = AGeo — AGSH), (72)

where AGS, is the ideal solvus free energy. The
expression for AGlY, can be obtained from the
free energy change for the solvus process of de-
composition of one mole of H in the hydride
phase to one mole of H in the saturated solution.

This is obtained from the sum of the free energy
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changes for the reverse of Reaction 60, —AuY,
where this value results from Equations 65 and 66,
because the Hyy term is omitted for the ideal
change, and from Equation 20, ie., Auy +
RT In Zy, where Zy = a/ff as g - 0. Therefore,

AGE, = —RTIna/p. (73)

The excess solvus entropy is given by differen-
tiation of Equation 73 with respect to tempera-
ture:

—(AG5,) /0T, = ASE,
=R 1Ina/f+ RT(0 Ina/dT),

= RIna/f + AH,o)/T. (74)

For the regular interstitial solution, AHgy,/T
=— Hyy/2T (from Equation 71) and from
Equation 45, HHH/2T R lna/f in the limit as
a—0. Therefore ASE =0 (as a—0) for the
regular interstitial solution.

It can also be shown for the regular interstitial
solution that AV o =0. This follows from
Equations 34 to 36 and from the definition of the
solvus process. This result leads to the conclusion
that there should be no effect of a uniform hydro-
static stress on the solvus composition for a regular
interstitial solution [16].

3.5. Formation of stoichiometric hydrides
Standard thermodynamic quantities for hydride
(stoichiometric) formation refer to the reaction:

M (pure) + %H2 (g, 1 atm)

(75)

= MHy,; where b is an integer.

From the two reactions

1
Eb—_;_)MHa +3H, (g, 1atm)
(b i )MHb (b is an integer); AH(3H, +a—>b)
(76)
and

M(r=0) +4 H2 (g, 1atm) = MH,; AHZ,
amn
where ¢ is not an integer. We can derive an expres-
sion for AH{(MH,)) as follows:
(b —a) AH(GH, +a—~b) + AHZ.
(78)

AH) (MHy) =

3242

For the regular interstitial solution using Equation
65 and the relation
a 2 H
= [ AHydr = anmg + 5 R
0 2 B
(79

we obtain for AH? (MH,,)

H

AH? (MH,) = bAHY + HHH[ (——a) }
Hyy,
Y

= (b—a) AHGH, a~ b)+aAHS + "5

(80)
when ¢ - 0, AH? = bAHY + (b/2)Hyy =
bAH(H, +a—Db). In order to evaluate AHY,
therefore, values for the thermodynamic par-
ameters near r —> 0 are needed, that is values of
AHY and Hyy. Alternatively, AHf values can be
expressed in terms of the solvus using Equations
71 and 78 to eliminate AH, , 1,

H, aH,
AHP = bAHY +\ab—— |22 — (b —a) 21
H H (‘1 2) ( ay—=>= BRT
g8
+ AHsob (81)
ﬁ._
whena > 0,
AH? = b(AHY — AH,,). (82)

In the limit as @ >0, Hyy is not required; only
AH,,, and AHY are needed.

3.6. Specific heat for a two-(condensed)

phase regular interstitial solution
Equation 30 gives the integral enthalpy which
can be written for a two-condensed phase co-
existence region as

0 0,

Hl , (83)

where the coefficients in front of the enthalpy
terms are the fractions of the solution in the
two phases and 6 = 8, + 0y,. Equation 83 can be
rewritten for the regular interstitial solution using
Equation 30 so that

HY H
My g—9,(1—6,)]

(84)

and



/ 6 HY
Hl_e\HI‘) "'EHII>‘_'—ﬁM

= 2upa—gy—0,0-0,)1,

> (85)

where it can be seen that Hy is defined as the
enthalpy arising from the coexistence of the
two phases, that is, the enthalpy difference
between a two-phase mixture at overall solute
content § and the enthalpy of a single phase of the
same content. The excess heat capacity corre-
sponding to HY, is given by

H, 6
Ct=dHeaT =" (28, — 1) 2
Hy ae,
=l —1)—2—
a1, %~ Daairy

=—2R (20, — 1)[d8,/d(T/T.)]. (86)

Using Equation 46 to evaluate d,/d(T/T.) we
obtain

—4(20, —1)*0,(1 — 0,)(Te/T)’
40,(1 — Ba)(Tc/T) —1

_ —M*(1—M*)(T/T)
C (A-M)(T/T) -1

where M =20, —1 and from Equation 9,
Cf = C§/6 where CY is the heat capacity arising
from the existence of the two phases per mole of
solute. Fig. 4 shows a plot of Cf/R against T/7,
for 8 =%, (for the regular interstitial solution
8 =1, but for real systems it can be less than 1).

CR =

@87)

C/R

¢

ol
] 0.2

0.4

0.6
/T,

Figure 4 Excess heat capacity arising from the coexist-
ence of two phases employing Equation 85.

When values of C for solid—H systems are con-
sidered for the two-phase coexistence region this
effect should be allowed for but most workers
have not done so, for example, see Nace and Aston
[17]; however, recently, Heibel efal [18] have
derived an equation similar to Equation 87 in order
to explain two-phase heat capacity data for Nb—H.
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