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Heat Capacity of Vanadium-Oxygen Alloy
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Heat capacities of vanadium—oxygen alloys with various compositions, VOq eg34, VOo 1127, VO 125, and
VOy.1206, Were measured from 320 to 920K by adiabatic scanning calorimetry. A heat capacity anomaly
due to order—disorder rearrangement of oxygen atoms was observed for all the compositions. The
transition temperatures from o’ to g phase were found to be 780, 791, 786, and 768K for VO g0,
VOo.1127, VOo.124s, and VOy 1206, Tespectively. The transition temperatures from B’ to B were also
observed to be 665 and 660K for VOy ;245 and VO 1206, Tespectively, but they shifted to lower tempera-
tures in repeated measurements. The excess heat capacity due to order—disorder transition was ob-
tained by assuming that the heat capacity can be expressed as the sum of a harmonic term of lattice
vibration, a dilational term, an electronic term, and an anharmonic term of lattice vibration. The
entropy changes due to the transition for VOy g4, VOy.1127, VOo.1245, and VO 120 were determined from
the excess heat capacities to be 1.90, 2.88, 2.82, and 2.88 J K~! mole-!, respectively, values which
were explained by calculating the entropy changes due to the order—disorder rearrangement of oxygen
atoms in the superstructures of VO, alloys. From the O/V dependence of the transition temperature

and entropy change, the most stable composition of the o' phase was thought to be V40;.

1. Introduction

Interstitial atoms like oxygen, nitrogen,
and carbon are known to distribute in octa-
hedral sites in vanadium metal with body-
centered cubic structure (I, 2) and form
long-range ordered structures (3-5). Phase
studies (3, 6-8) on the vanadium-rich oxy-
gen alloy have shown that there are three
phases, a, o', and B’, at low temperatures
for the O/V compositions, 0-0.04,
0.08-0.13, and 0.16-0.3, respectively. The
structural study of these phases has been
done by many investigators (3, 9-11). In
the o phase, the oxygen atoms are distrib-
uted in octahedral sites (O, Oy, O, in a bcc
metal subcell, where the O, O,, and O,
sites have their neighboring metal atoms
along the axes x, y, and z, respectively. In
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the o’ phase, the oxygen atoms preferen-
tially occupy octahedral O, and O, sites to
give tetragonal symmetry and form a super-
structure with 4 X 4 X 6 metal subcells
(3, 10). Similarly in the B’ phase, the oxy-
gen atoms prefer to occupy the O, site, giv-
ing tetragonal symmetry, and form a super-
structure with 4 X 4 x 2 metal subcells
(11). In the B phase, the high-temperature
form of both o’ and B’ phases, oxygen at-
oms preferentially occupy octahedral O,
sites to give tetragonal symmetry without
long-range ordering (6, 12). Order-disorder
phase transitions from «’ to p and from g’
to B have been observed around 780 and
670K, respectively, using X-ray diffraction
(7, 8) and heat capacity measurement (3).

In nonstoichiometric compounds such as
VO,, the change in heat capacity due to the
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compositional change is usually small, as
the Kopp-Neumann law predicts, so long
as the classical lattice vibration is predomi-
nant in the heat capacity (13). However,
when phase transition occurs, as in the
cases of TiO; (14), Ni;_Se; (15), Us0,_,
(16), Mn,Fe;_,04 (17), and Fe;_.Cr,0;
(18), the heat capacity and resulting en-
thalpy and entropy changes due to the tran-
sition vary with composition, which would
give useful information for understanding
the mechanism of the transition.

Hiraga and Hirabayashi (3) measured the
heat capacity of VO, with various O/V ra-
tios and found that the entropy changes
measured for the transition were much
smaller than the calculated values based on
the superstructure proposed by them.

In this paper, we measured the heat ca-
pacity of VO, with x values 0.0834, 0.1127,
0.1245, and 0.1296, and the entropy change
due to the phase transition was obtained as
a function of composition by resolving the
heat capacity into harmonic vibrational,
dilational, anharmonic vibrational, elec-
tronic, and excess terms. The thermal ex-
pansion of VO, 1127 has also been measured
with the use of high-temperature X-ray dif-
fraction, in order to estimate the dilational
term of the heat capacity.

2. Experimental

2.1. Sample Preparation

V metal flake and V,0s powder were
used as received. The purity of the V metal
was more than 99.7% and the major impuri-
ties were Mo (0.02%). As (0.005%), and Fe
(0.005%). It was washed with dilute HCI
solution and dried before use. The purity of
the V,0s powder was 99.99%, and it was
reduced to V,0; by heating it for 18 hr at
900°C in a hydrogen gas stream. The V metal
flake and V,0; powder were mixed in an
appropriate ratio and melted a few times
using a plasma jet furnace. The sample was
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sealed in a quartz tube, annealed two days
at 1000°C, and cooled to room temperature
over a period of 6 days. The sample was
crushed into less than 3 mm in size using a
stainless-steel mortar. The O/V ratio of the
sample was determined from the weight
gain of the sample by oxidizing it to V,0;s at
650°C for 3 weeks.

2.2. Heat Capacity Measurement

Heat capacities of VO, were measured
with an adiabatic scanning calorimeter (19);
in this calorimeter the power supplied to
the sample was measured continuously,
and the heating rate was kept constant re-
gardless of the kind and amount of sample.
The heating rate chosen was 2K min~!, and
the measurement was carried out between
320 and 920K under a pressure of about 130
Pa of nitrogen. The heating rate and adia-
batic control were usually maintained
within +0.005K min~! and +0.01K, respec-
tively. The crushed sample was sealed in a
quartz vessel filled with helium gas at about
20 kPa. The sample was annealed at 870K
and cooled to room temperature over a pe-
riod of 1 week before measurement.

2.3. High-Temperature X-Ray Diffraction

High-temperature X-ray diffractometry
of VO, 1127 was carried out in order to esti-
mate the dilational term of the heat capacity
of VO,. Details of the technique were de-
scribed elsewhere (20). X-Ray diffraction
lines were observed in an argon gas atmo-
sphere at about 1 kPa in the temperature
range from room temperature to 810K. The
scanning rate for 20 was 0.25° min~!, and
the measurement was carried out in a short
period to avoid oxidation of the sample.

3. Results

3.1. Heat Capacity of VO,

The results of the heat capacity measure-
ment on VO34, VOo.1127, VOo.1245, and
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TABLE I
HEeAT CapaciTy oF VO,

T VOo.0834 VOo.u1z7 VOo.1245 VOo.1296
(K) (MW, 52.276) (MW, 52.745) (MW, 52.933) (MW, 53.015)
320 26.96 27.49 27.68 27.84
360 27.74 28.30 28.49 28.76
400 28.39 29.07 29.16 29.50
440 28.92 29.78 29.87 30.14
500 29.88 30.69 30.70 31.14
540 30.88 31.40 3119 32.20
600 32.15 32.51 32.64 34.20
640 3331 33.40 33.92 36.39
655 33.53 33.66 34.88 37.26
660 33.85 33.85 35.80 37.57
665 33.95 33.94 36.67 36.57
700 35.00 34.66 34.91 35.72
740 37.12 36.38 36.93 40.66
760 38.76 38.15 40.70 63.41
768 42.11 40.54 46.50 75.68
780 70.24 55.22 82.85 41.66
784 62.37 78.22 93.28 37.04
786 56.71 98.40 96.27 36.65
790 39.11 113.18 82.77 36.57
800 33.71 53.19 36.04 36.58
860 34.09 36.32 36.30 37.24
920 34.32 36.68 36.68 37.53

VOy.1296 are listed in Table I and are also
shown in Figs. 1 and 2. As seen in the fig-
ures, a heat capacity anomaly due to order—
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FiG. 1. Heat capacity of VOqgg4 and VO j127. The
left-hand ordinate, the plots, and the resolution of heat
capacity shown on the lower side are for VO 4. The
right-hand ordinate, the plots, and the resolution of
heat capacity shown on the upper side are for VO, ;,;.
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F1G. 2. Heat capacity of VOq 245 and VOy 2. The
left-hand ordinate, the plots, and the resolution of heat
capacity shown on the lower side are for VOq ;5. The
right-hand ordinate, the plots, and the resolution of
heat capacity shown on the upper side are for VOy 15.
The dotted lines shown between 600 and 700K are the
data for the second run.

disorder transition from the o’ to B phase
is observed around 780K for each sample
and another anomaly from the B’ to B phase
is observed around 660K for VO 245 and
VOy.1296. The transition temperatures are
listed in Table II. The measurement was
carried out repeatedly for the same sample
without annealing, and the results were es-
sentially the same within the error of
+0.5% except for the vicinity of the peak of
the heat capacity. The transition tempera-
tures obtained in the second run are also
listed in Table II. It is seen that the transi-
tion temperatures obtained in the second
run are nearly the same as those in the first
run for the transition from «’ to B, but for
the transition from B’ to B they shift consid-
erably to the lower-temperature side, and
the shape of heat capacity anomaly
changes, as shown by the dotted curve in
Fig. 2. This would indicate the effect of
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TABLE II

TRANSITION TEMPERATURES AND THE ENTROPY
CHANGE FOR THE REACTION

Transition
temperature
T (K)
Second Entropy change
o First run run AS (J K1 mole-!)
0.0834 780(c’ to B) 779 1.90 = 0.06°
0.1127 791(c’ to B) 791 2.88 * 0.07¢
0.1245 665(B' to B) 662 a2.82 + 0.09%
786(a’ to B) 784
0.1296 660(B’ to B) 632 22.88 = 0.09°
768(a’ to B) 768

@ The sum of entropy change for the transitions ' — 8 and
B’ — B is given.

5 The error due to measurement of heat capacity only is
estimated.

quenching of the sample; the cooling rate of
the sample in the calorimeter is too fast to
be ordered completely from B to B’.

3.2. Temperature Dependence of the
Lattice Constant of VOy 1127

Figure 3 shows the temperature depen-
dence of the lattice constant of VOy ;27 ob-
tained by high-temperature X-ray diffrac-
tion. The lattice constants obtained at room
temperature, a = 0.3112 and ¢ = 0.2991
nm, are in good agreement with those by
Hiraga and Hirabayashi (3) and Henry et
al. (7). Anomalies in the thermal expansion
observed higher than 480K are thought to
be due to an order—disorder transition from
the o' to B phase. Below about 480K,
where a linear thermal expansion is ob-
served, the temperature dependence of the
lattice constant can be expressed as

a (nm) = 0.3111{1 + 1.800

x 1075 - (T — 273)/K}, (1)
¢ (nm) = 0.2990{1 + 0.669

x 1075 - (T — 273)/K}, (2)

where T indicates the temperature in de-
grees Kelvin.
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4. Discussion

4.1. Resolution of Heat Capacity

The heat capacity of VO,, C,, is ex-
pressed by the sum

Cp=Ch+Cd+Cah+Ce+AC, 3)

where C,, is the harmonic term of the lattice
vibration, C4 the dilational term, Cy, the an-
harmonic term of the lattice vibration, C.
the electronic term, and A C the excess heat
capacity due to order—disorder transition.
Hence the excess heat capacity AC can be
obtained by subtracting the terms Cp, Cy,
Can, and C, from the measured C,.

4.1.1. Harmonic term of lattice vibration.
The harmonic term of the lattice vibration
is estimated from the data of elastic con-
stants (27) and neutron inelastic scattering
(22) as follows. Greiner et al. (21) measured
the elastic constants of vanadium-oxygen
alloy as a function of O/V ratio up to O/V =
0.0358, where the crystal structure is bcc o
phase. Using Houston’s method applied to
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Fi16. 3. Lattice constants of a and c axes of VO ;5
as a function of temperature.
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cubic crystals (23), the Debye temperature
can be expressed as

@ = _’l_:_ (QS/A)IBJ—IB’ ()

where A is the cell volume, s the number of
atoms per cell, 4 Planck’s constant, k Boltz-
mann’s constant, and J is the constant de-
termined by elastic constants Cy;, Cyz, and
Cy. Using Eq. (4) and the values of Cy,,
Ci2, and Cy4 at 300K (21), Debye tempera-
tures for VOO.O(X)Z, VOO.O]OS, VOo,o]ss, and
VOy.053 are calculated to be 387.6, 395.6,
403.4, and 411.9K, respectively; these are
plotted against O/V in Fig. 4. Sumin et al.
(22) measured the neutron inelastic scat-
tering spectrum at 300K for VOgg;; and
VOy.20s samples. In the case of VO 31, the
Debye model is suitable to represent the
frequency spectrum as an approximation
since the intensity of the optical branch was
found to be negligibly small. The applica-
tion of a Debye model to the case of VOq g3;
yields a Debye temperature of 409K. In the
case of VOy s, the spectrum was similar to
that of Vg3 in the low-energy region and
the cutoff energy 36.5 meV (424K) was de-
termined by the Debye model, but two ad-
ditional peaks were observed at 60 (696K)
and 82 meV (952K). These are assigned to

600

o /X

0% oio a5 020

o/v

FIG. 4. Single Debye parameter as a function of O/V
ratio. @, calculated from elastic constants (21); O,
estimated from the data of neutron inelastic scattering
(22).
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optical modes coming from the local vibra-
tions of oxygen atoms. Therefore, the har-
monic heat capacity Cy, for VQqs can be
expressed as

Ch = 3R{D(@24/T) + 0.205 x % E(696/T)
+0.205 X $ EQ52/T)}, (5)

where D(x) is the Debye function, E(x) the
Einstein function, and the factors % and %
are determined by taking into account the
degeneracy of the local modes, which are
polarized along the faces perpendicular and
parallel to the c¢ axis, respectively. Since
Eq. (5) is not expressed with a single pa-
rameter, the value of C}, expressed by Eq.
(5) is fitted at 300K by a single Debye func-
tion,

Ch=(0+x)-3R-D(Op/T), 6)

where x is O/V ratio.

For x = 0.205 we obtain the Debye tem-
perature 8p = 545K. These Debye tem-
peratures thus determined for VOg3; and
VOy.20s are also shown in Fig. 6, where a
fairly good linear relationship between O/V
and Debye temperature is observed. Small
deviations from the linear line for VOy g3,
and VOyg3sg are thought to be due to disre-
gard of optical modes, which increase as O/
V increases. A similar linear relationship
has also been observed in the systems such
as NbO, (24), VC, (25), and NiH, (26). The
increase of the Debye temperature with O/
V ratio corresponds to similar behavior of
hardness with O/V (6). By interpolation of
the linear relationship shown in Fig. 4, the
Debye temperatures for VOy o834, VOo.1127,
VOq.1245, and VOy 120 are determined to be
453, 477, 486, and 490K, respectively, and
then the harmonic term of the lattice vibra-
tion Cy, is calculated as shown in the broken
lines in Figs. 1 and 2.

4.1.2. Dilational term. The dilational
term of the heat capacity C4 can be ex-
pressed as

Ca=TIBCT, 0]



T = VB Cy), ®)

where I is the Griineisen parameter, which
is nearlv constant with temperature varia-

nevRizy s A3 ARl el alla

tion, B the thermal expansivity, C, the heat
capacity at constant volume, V the molar
volume, and « the isothermal compressibil-
ity. The value of T for VOy y;2; is estimated
as follows: the compressibility k is calcu-
lated from the elastic constants using the

relation for a cubic crystal,

Uk = ¥(Cy + 2Cr2), )]
where 1/k is the isothermai buik moduius.
The value of 1/k at 300K is obtained as a
function of O/V up to O/V = 0.0358 using

the data by Gremer et al. (21), and it is
extrapolated to VOp 127, from which the
value of k for VO, 27 is obtained to be
6.235 X 10="? Pa~!. The molar volume V is

1rnlatad
calculated from lattice constants g and c at

room temperature and the expansivity B is
obtained from Egs. (1) and (2). Then, I' for
VOy.1127 is determined as 2.24. The values
of T for other compositions are assumed to
be ihe same as 2.24 and the dilational terms
C, for all the compositions are calculated
by Ea. (7). The calculated values Cy + Cy4
are shown in Figs. 1 and 2.

4.1.3. Electronic and anharmonic terms
of the heat capacity. We have no available
data to estimate the electronic and anhar-

monic terms of the heat capacity as a func-

tion of O/V ratio. Accordingly, it is as-
sumed that at lower temperatures the
excess heat capacity is negligibly small and
the sum of the electronic and anharmonic

u:uua vdall UC L,a.u,unau:u llUlll Lllc cxpci‘i-
mental data as the following,

P

Cp—'Ch—Cd=Ce+Cah=(‘y+b)T,
(10)

where v is the coefficient of the high-tem-
perature electronic heat capacity and b is
the coefficient of anharmonic heat C&p&Cuy
Using the observed values of C, between

320 and 450K and the calculated values of
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FiG. 5. Sum of the coefficients of electronic and
anharmonic heat ranamhpc as a function of Q/V ratio

at high temperatures. O, The present study; the range
marked at the plot shows the estimated error. @, The

datum actimatad hv Shimizn of 2l (27 ncine hant ca_
Gatum C5iimaica OY SniMmiZu &7 4., {4/ Using ndat Ca-

pacity data at high temperatures. A, The datum ob-
tained from heat capacity measurement at high tem-
peratures (29).

Ch and Gy, the value of (y + b) is

mined w1th the condition that the term
(Cp, — Ch — Cy) vanishes at 0 K. The sums
thus determined, Ch+ Cq + Ce + Cy, for
various O/V ratios are shown in Figs. 1 and
2. The value of (y + b) obtained is shown in
Fig. 5 as a function of O/V ratio. It is seen
from Fig. S that (v + b) increases gradually
with O/V ratio. Shimizu et al. (27) have re-
ported the values of the coefficient of elec-
tronic heat capacity <y for pure vanadium as
a function of temperature from both a theo-

retical calculation and an estimation using
sumanoer ng

data of high-temperature heat capacity
(28). They have found that y has a high
value of 8.9 mJ K2 mole~! at 0 K and de-
creases with increase of temperature, and

ala e gags am

about 4.6 mJ K2 mole~! in the range be-
tween 300 and 900K. Kohlhaas et al. (29)
have reported the y value at high tempera-
tures to be around 3.5 mJ K~2 mole~! from
the measurement of high-temperature heat
capacity. A similar vaiue for (y + b) of va-
nadium metal at high temperatures has also
been obtained recently by Takahashi (30)
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using laser flash calorimetry. The (y + b)
value extrapolated to O/V = 0 in Fig. 5
seems to be in good agreement with these
values for pure vanadium metal. In the
cases of NbO, (24), TiO, (31), and VH,
(32), y decreases as the oxygen-to-metal ra-
tio increases, since oxygen atoms may be
negatively charged. If it is true in VO, the
increase of the coefficient of anharmonic
heat capacity b with O/V should be larger
than the decrease of y with O/V, since (y +
b) increases with O/V as shown in Fig. 5.
The increase of the anharmonic term with
O/V may be caused by destruction of the
local symmetry of the lattice by the intro-
duction of interstitial oxygen atoms.

4.2. Entropy Change due to
Order-Disorder Transition

The excess heat capacity AC calculated
from Eq. (3) is shown in Figs. 1and 2 as a
function of temperature, where the values
of the terms Cy, Cy, C., and C,, are esti-
mated as described in the preceding sec-
tion. At 920K, the highest temperature in
this experiment, it is seen that A C still has a
finite value, showing the presence of short-
range ordering at higher temperatures. The
short-range ordering in the order~disorder
transitions is a well-known feature in alloy
systems (33, 34), and Kirkwood’s theory
(35) predicts that the excess heat capacity
AC changes with T2 at far above transition
temperatures. Hence the values of AC
above 920K are estimated by extrapolation
to a very high temperature assuming
Kirkwood’s theory. Thus the entropy
change due to order~disorder transition can
be obtained and the results are shown in
Table II and Fig. 6, where the sum of the
entropy changes for o’ — B and B’ — B is
shown for the samples with O/V larger than
0.12 and the error due to the measurement
of heat capacity is shown for all the sam-
ples. The error due to estimation in the
baseline heat capacity and due to extrapo-
lation of the excess heat capacity to a high
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F16. 6. Observed and calculated entropy changes for
the order—disorder transition. O, Observed data; the
range marked at the plot shows the experimental error.
@, Data by Hiraga and Hirabayashi (3). ——, Calcu-
lated values according to Eqs. (11)-(13). -+, Calcu-

lated values according to Eq. (14) as well as Eqs. (11)-

(13).

temperature are estimated to be the same
order of magnitude as the experimental er-
ror. The results by Hiraga and Hirabayashi
(3) are also shown in Fig. 6 for comparison.
It is seen from Fig. 6 that the values by
Hiraga and Hirabayashi (3) are considera-
bly lower than ours in spite of small differ-
ences in heat capacity data between the two
measurements. Their smaller entropy
changes may be mainly due to overestima-
tion of the baselines of the heat capacity
data, although the method to determine the
baseline was not described in their paper
3.

On the other hand, the entropy change
due to the order—disorder transition is cal-
culated theoretically as follows. In the
0.038 = O/V = 0.058 region, the transition
a + o' = a occurs. Since oxygen atoms
occupy any of the three octahedral sites O,,
O,, and O, in the o phase, the number of
available oxygen sites is 3N (when the
number of metal atoms is taken as N) and
the entropy change AS; is calculated as fol-
lows, assuming the ordering in the o’ phase
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is perfect,
BN)!
AS, = akln(xN) TGN — ) |
3 —_
= —aR{(3 -9Ih=—="+xln ;}
(11)

where a is the mole fraction of o’ phase at
low temperature, determined by the O/V
ratio of sample, and x is the O/V composi-
tion of the a' phase (x = 0.0833). AS, is
shown in a solid line in Fig. 6. In the O/V =
0.0833 region, the transition a’ — 8 occurs.
Since oxygen atoms occupy only O, sites in
the B phase, the number of available oxy-
gen sites is N and the entropy change A S is

NI
AS: = kIn TH N =M !
=-RixInx+ (1 —-x)In(1 —x)},

(12)

where x = 0.0833, and perfect ordering in
o’ phase is assumed. AS, is shown as a
solid line in Fig. 6. As will be shown later,
the region of existence of the pure o’ phase
ends around O/V = 0.12 and the presence
of a mixture of a’ and B’ phases is observed
above O/V = 0.12. Hence Eq. (12) holds at
compositions up to about O/V = 0.12. In
the 0.058 = O/V = 0.0833 region, the transi-
tiona + a’ ~ a + B occurs and the entropy
change AS; can be expressed by

AS3 =

—0.44a'R{(3 X ; X xIn ;}

—(1-a)Rxlnx+ (1 —-x)In{d — x)},
(13)

where a’ is the mole fraction of o’ — o, and
1 — a' is that of «’ — B. AS; is also shown
as a solid line in Fig. 6. As seen in Fig. 6,
the calculated value of AS for VOy 27 is in
good agreement with the observed one, but
the observed values for other compositions
are about 0.3 ~ 0.5 J K~! mole~! smaller
than the calculated ones. The discrepancy
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out-of-step
vector

FiG. 7. The superstructure of o’ phase (4 X 4 X 6
metal subcells) oxygen sites only are shown: sites a
are the sites for V,,0, sites b are extra sites for V40s,
and sites ¢ are extra sites for V;O.

for VOq s34 may be explained by assuming
the presence of the most stable a’ phase
V405 and partial disordering of the oxygen
atoms for compositions below VOq 1o4 in the
o' phase. Hiraga and Hirabayashi (3) pro-
posed a superstructure model of the o
phase as shown in Fig. 7, where the oxygen
atoms in a sites are for V2,0 (VO gs33) and
the additional oxygen atoms in b and c sites
are for V3O (VQq.125). It has been found that
the maximum transition temperature from
a' to B is near the composition VOq ; by the
present study and also by Hiraga and Hira-
bayashi (3), which may indicate that the
structure of the o’ phase is the most stable
at this composition. If we take away oxy-
gen atoms from the ¢ sites shown in Fig. 7
for the V4O structure, we obtain the V50s
structure, which is thought to be the most
stable one in the o’ phase, as this composi-
tion is VOq.14. When the O/V composition
is less than VOy o4, it can be assumed at
low temperatures that there is a residual en-
tropy due to the random removal of the ox-
ygen atoms from a and b sites of the V0s
structure. The residual entropy A S, at low
temperature is then given as

G

(@N - SN) '(3N) !

AS¢=klIn
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+38In 4—58 8}, 14

where O/V=15/48 —3and0=3=1/48(3 =
1/48 corresponds to the composition limit of
the pure o’ phase, V;;0). The resulting en-
tropy change from o' to B is expressed by
(AS; — AS,) and is shown as a dotted line in
Fig. 6, where it is seen that the observed
entropy change AS for VOq g4 is close to
this line.

In the case of higher O/V compositions,
VOy.1245s and VOp 1206, a heat capacity anom-
aly due to the B’ — B transition is observed
besides that due to o’ — B transition, which
indicates that the sample is a mixture of o’
and B’ phases at low temperature for these
O/V compositions. It is noted that the ob-
served entropy changes obtained by Hiraga
and Hirabayashi (3, 11) for the p’ — g tran-
sition at O/V compositions higher than 0.16
are much smaller than the calculated ones
according to Eq. (12), even though their
possible overestimation of the baseline heat
capacity is taken into account, which
shows the existence of partial disordering
of oxygen atoms in the B’ phase. The
smaller than calculated values observed for
the entropy change of VOy 1245 and VO 1206
may be understood as being due to the par-
tial disordering of oxygen atoms in the B’
phase.
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