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Abstract

The heat capacity of 9.70 and 11.35 mol% yttria stabilized zirconia ((ZrO2)1–x(Y2O3)x;
x=0.0970, 0.1135) was measured by adiabatic calorimetry between 13 and 300 K, and some ther-
modynamic functions were calculated and given in a table. A large excess heat capacity extending
from the lowest temperature to room temperature with a broad maximum at about 75 K was found
in comparison with the heat capacity calculated from those of pure zirconia and yttria on the basis
of simple additivity rule. The shape of the excess heat capacity is very similar to the Schottky
anomaly, which may be attributed to a softening of lattice vibration. The amount of the excess
heat capacity decreased with increasing yttria doping, while the maximum temperature did not
vary. The relationships among the excess heat capacity, defect structure and interatomic force
constants, and also the role of oxygen vacancy were discussed.

Keywords: heat capacity, oxygen defect, softening in lattice vibration, thermodynamic func-
tions, yttria stabilized zirconia

Introduction

The structure of pure zirconia ZrO2 is monoclinic at room temperature, and it un-
dergoes monoclinic-tetragonal and tetragonal-cubic structural phase transitions at
1440 and 2670 K in the atmosphere, respectively. However, the fluorite type cubic
structure of the high temperature phase can exist at room temperature by doping
lower valent metal oxides (e.g. CaO, Y2O3, lanthanoid sesquioxides, etc.); that is so-
called stabilized zirconia (YSZ). By incorporating the di- or tri-valent metal oxides,
the oxygen vacancies are formed on the anion sublattice for charge compensation.
The oxygen ions become mobile via the vacancies at high temperatures, and the sta-
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bilized zirconia is an excellent superionic conductor. In the region of low dopant
concentrations, the conductivity increases with increasing dopant concentration.
However, the conductivity exhibits a maximum at about 8 mol% in the case of yttria,
and a further doping reduces the conductivity [1]. On the other hand, the activation
energy of the electronic conductivity shows a minimum at the concentration and it
increases by further doping. Such behaviour has been explained by vacancy-vacancy
interaction [2], dopant-vacancy association [3, 4] and formation of microdomains
[5], etc. Therefore, the information regarding the details of defect structure is impor-
tant to elucidate the mechanisms for the oxygen conductivity.

The defect structure of stabilized zirconia has been studied extensively by means
of X-ray [6, 7], electron [8] and neutron diffraction [9–11], and site selective spec-
troscopy [12]. Many authors have reported that the anions and cations are displaced
from their ideal positions of the fluorite structure due to the oxygen vacancies, and
the anion sublattice is distorted [8]. The EXAFS technique has been also employed
to investigate the local structure [13–16], and the analysis of the data shows that the
oxygen vacancies are sited in the first neighbors to Zr ion and Y ion is always in 8
coordination. A similarity has been also suggested of the local structure of 7 coordi-
nated zirconium cations to those in monoclinic zirconia. By the stabilization of the
cubic structure and the complex oxygen displacements, the cation-anion and anion-
anion interactions should be significantly altered. 

It is well known that the defects in the crystal induce some localized modes, and
alter the vibrational density of states and thus the lattice heat capacity. The defect-in-
duced modes should be related to the local defect structures, and they can be studied
by heat capacity measurements. Recently, for the 7.76 mol% yttria stabilized zir-
conia, we have found an excess heat capacity extending from the lowest temperature
to room temperature with a broad maximum at about 75 K, compared with the cal-
culated heat capacity from those of pure zirconia and yttria based on the simple ad-
ditivity rule [17]. It has been proposed that the excess heat capacity is caused by a
softening in the lattice vibrations, which is ascribed to the formation of oxygen de-
fects and/or the stabilization of the cubic structure. In the present study, we have ex-
tended the experiments to further doping samples; 9.70 and 11.35 mol% yttria stabi-
lized zirconia. The results will be analyzed together with the previous results [17]
from the viewpoint of lattice vibration. The relationship between the local defect
structure and excess heat capacity will be discussed. Some thermodynamic functions
calculated from the measured heat capacity values will be tabulated.

Experimental

The samples of 9.70 and 11.35 mol% yttria stabilized zirconia polycrystals were
prepared by a hydrolysis method from a mixture of ZrOCl2⋅8H2O (Tosoh Co. Ltd.,
Japan) and YCl3 (commercial grade) solutions. The product was spray-dried, fol-
lowed by a treatment in steam flow for dechlorination. The powder obtained was cal-
cined at 1120 K. The averaged particle size was estimated to be about 0.45 µm esti-
mated by scanning electron microscope observations. The powder was pressed into
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a plate uniaxially under 50, and then isostatically cold-pressed under 200 MPa. The
green compact was sintered at 1770 K in air for 4 h. It has been established that the
sintered sample which has reduced specific surface area is little influenced by sur-
face adsorption effects [18]. A single phase of the cubic structure of the samples was
confirmed by X-ray powder diffractometry at room temperature. The yttrium con-
tent of the samples were determined to be x=0.0970 and 0.1135 in (ZrO2)1–x(Y2O3)x
by inductively coupled plasma spectrometry. The density of the sintered samples
was 94, 91 per cent of the theoretical value for 9.70 and 11.35 mol% yttria stabilized
zirconia, respectively.

Heat capacity measurements have been made by using a homemade adiabatic
calorimeter [19, 20]. A working thermometer was a platinum resistance thermometer
(type 5187L, H. Tinsley and Co., Ltd.), which is permanently mounted together with
the calorimeter heater on the calorimeter vessel. The thermometer was calibrated at
National Physical Laboratory (England) vs. the ITS-90 between 13 and 306 K. The
calorimeter vessel, which is made of a gold-plated copper, has a mass of about 29.36
g including the thermometer and a calorimeter heater, etc. The sample used for the
calorimetry was amounted to 18.7671 and 16.1482 g of 9.70 and 11.35 mol% yttria
stabilized zirconia, respectively. The temperature increment by a single heat input
for each measurement was about 1 in the lowest temperature region, and it increased
to about 2 K at room temperature. The heat capacity of the sample at 50, 150 and 300
K amounted to 25, 38 and 45%, and 22, 34 and 42% of the total heat capacity (the
sample and the calorimeter vessel) for 9.70 and 11.35 mol% yttria stabilized zirconia
samples, respectively. No anomalous behavior, such as self-heating, supercool phe-
nomena or discontinuity of heat capacity, was observed during the experiments.

Results and discussion

The heat capacity of 9.70 and 11.35 mol% yttria stabilized zirconia
{ (ZrO2)1–x(Y2O3)x; x=0.0970, 0.1135} has been measured by adiabatic calorimetry
between 13 and 300 K. The primary data of the molar heat capacity of 9.70 and
11.35 mol% yttria stabilized zirconia without curvature corrections are given in Ta-
bles 1 and 2, respectively. The smoothed heat capacity curve was calculated using a
method of least square fitting; the data were divided into several temperature regions
and then fitted by polynomial expressions. The heat capacity below 13 K was esti-
mated by a graphical smooth extrapolation. The standard molar thermodynamic
functions derived from the smoothed heat capacity values at rounded temperatures
are given in Tables 3 and 4.

The molar heat capacities of 9.70 and 11.35 mol% yttria stabilized zirconia are
plotted as a function of temperature in Fig. 1, together with the previous results of
pure zirconia and 7.76 mol% yttria stabilized zirconia [17]. It looks apparently that
the yttria stabilized zirconia of higher yttria doping has larger heat capacity. How-
ever, in the lowest temperature region, the sample of 11.35 mol% yttria doped zir-
conia has the smallest value of heat capacity as seen in Fig. 2; the crossing over oc-
curs at about 60 K. As the vibrational motions should be highly excited in the higher
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Table 1 Molar heat capacity of (ZrO2)0.9030(Y2O3)0.0970 (M=133.169 g mol–1)

T/
K

Cp, m/
J K–1mol–1

T/
K

Cp, m/
J K–1mol–1

T/
K

Cp, m/
J K–1mol–1

T/
K

Cp, m/
J K–1mol–1

T/
K

Cp, m/
J K–1mol–1

(Series 1) 61.988 10.264 122.80 28.646 185.99 44.169 252.07 55.466

14.647 0.2058 63.886 10.840 124.85 29.269 188.20 44.647 254.20 55.771

15.647 0.2600 65.738 11.406 126.94 29.803 190.42 45.082 256.31 56.046

16.720 0.3252 67.626 11.982 129.08 30.397 192.66 45.538 258.42 56.331

17.894 0.4050 69.584 12.585 131.19 30.983 194.91 45.992 260.52 56.594

19.140 0.5015 71.546 13.186 133.28 31.546 197.15 46.414 262.61 56.864

20.405 0.6140 73.478 13.782 135.41 32.125 199.37 46.831 264.70 57.127

21.705 0.7437 75.447 14.392 137.58 32.724 201.61 47.285 266.80 57.389

23.102 0.9036 77.454 15.016 139.73 33.279 203.86 47.709 268.96 57.672

24.576 1.0890 79.417 15.630 141.87 33.834 206.10 48.112 271.14 57.948

26.058 1.2974 81.342 16.223 144.02 34.413 208.33 48.516 273.34 58.233

27.569 1.5254 83.253 16.812 146.15 34.945 210.54 48.922 275.57 58.460

29.167 1.7948 85.175 17.405 148.28 35.507 212.74 49.293 277.79 58.715

30.803 2.0890 87.140 18.019 150.46 36.051 214.96 49.711 279.99 59.019

32.465 2.4116 89.171 18.647 152.67 36.592 217.19 50.145 282.19 59.272

34.181 2.7607 91.240 19.280 154.86 37.140 219.41 50.461 284.39 59.563

35.963 3.1473 93.326 19.920 157.02 37.674 221.62 50.821 286.58 59.768

37.767 3.5567 95.389 20.550 159.17 38.198 223.82 51.211 288.78 60.008

39.570 3.9877 97.449 21.181 161.30 38.690 226.01 51.578 291.02 60.278

41.391 4.4369 99.511 21.801 163.41 39.206 228.19 51.911 293.24 60.492

43.183 4.9003 101.58 22.427 165.51 39.705 230.36 52.259 295.46 60.727

45.011 5.3801 103.67 23.055 167.59 40.181 232.55 52.598 297.67 60.971

46.905 5.8865 105.81 23.691 169.65 40.625 234.76 52.928 299.88 61.207

48.830 6.4207 107.97 24.342 171.69 41.092 236.96 53.247

50.727 6.9565 110.09 24.963 173.73 41.548 239.14 53.605

52.579 7.4843 112.18 25.572 175.74 41.981 241.32 53.941

54.434 8.0193 114.31 26.198 177.75 42.430 243.49 54.257

56.322 8.5706 116.48 26.832 179.74 42.849 245.65 54.559

58.214 9.1337 118.62 27.435 181.76 43.299 247.80 54.861

60.094 9.6971 120.72 28.044 183.84 43.717 249.94 55.185
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Table 2 Molar heat capacity of (ZrO2)0.8865(Y2O3)0.1135 (M=134.867 g mol–1)

T/
K

Cp, m/
J K–1mol–1

T/
K

Cp, m/
J K–1mol–1

T/
K

Cp, m/
J K–1mol–1

T/
K

Cp, m/
J K–1mol–1

T/
K

Cp, m/
J K–1mol–1

(Series 1) 78.647 15.363 153.20 37.070 239.34 54.205 231.1 52.930

13.968 0.1583 80.507 15.946 155.30 37.600 241.55 54.517 233.29 53.251

15.057 0.2098 82.390 16.536 157.42 38.125 243.75 54.852 235.47 53.559

16.227 0.2721 84.282 17.129 159.54 38.637 245.95 55.116 237.66 53.927

17.485 0.3496 86.166 17.716 161.64 39.154 248.13 55.513 239.88 54.254

18.803 0.4423 88.005 18.293 163.72 39.656 250.31 55.806 242.09 54.564

20.179 0.5556 89.802 18.852 165.84 40.161 252.48 56.092 244.28 54.950

21.624 0.6934 91.669 19.445 168.02 40.670 254.67 56.377 246.47 55.242

23.106 0.8548 93.624 20.057 170.20 41.164 256.88 56.702 248.65 55.503

24.489 1.0228 95.579 20.661 172.39 41.678 259.08 56.972 250.85 55.881

25.835 1.2034 97.536 21.267 174.59 42.176 261.27 57.248 253.07 56.178

27.343 1.4278 99.476 21.859 176.78 42.642 263.46 57.605 255.28 56.430

28.853 1.6702 101.47 22.480 178.94 43.107 265.64 57.825 257.49 56.793

30.326 1.9258 103.50 23.097 181.10 43.587 267.84 58.131 259.68 57.063

31.895 2.2186 105.51 23.705 183.26 44.050 270.06 58.403 261.87 57.328

33.559 2.5470 107.47 24.300 185.44 44.508 272.28 58.671 264.05 57.666

35.185 2.8902 109.41 24.885 187.63 44.965 274.48 58.893 266.22 57.916

36.901 3.2698 111.32 25.462 189.86 45.435 276.68 59.185 268.38 58.195

38.760 3.7004 113.19 26.016 192.10 45.890 278.88 59.456 270.54 58.431

40.561 4.1368 115.04 26.565 194.33 46.348 281.07 59.675 272.69 58.729

42.354 4.5888 116.87 27.105 196.54 46.781 283.24 59.977 274.83 58.967

44.155 5.0556 118.67 27.631 198.75 47.222 285.42 60.231 276.99 59.225

46.005 5.5492 120.45 28.151 200.93 47.657 287.58 60.421 279.18 59.510

47.897 6.0659 122.21 28.667 203.11 48.049 289.74 60.767 281.39 59.757

49.744 6.5812 123.95 29.194 205.27 48.462 291.89 60.962 283.62 60.028

51.575 7.0995 125.67 29.652 207.43 48.848 294.03 61.179 285.85 60.290

53.448 7.6393 127.38 30.135 209.57 49.255 296.18 61.347 288.06 60.529

55.344 8.1935 129.06 30.607 211.70 49.637 298.31 61.648 290.27 60.814

57.255 8.7619 130.73 31.079 213.81 50.018 300.43 61.866 292.47 60.987

59.171 9.3340 132.39 31.517 215.92 50.368(Series 2) 294.67 61.239

61.027 9.8944 134.02 31.994 218.02 50.803 209.34 49.209 296.86 61.484

62.801 10.432 135.65 32.441 220.11 51.114 211.52 49.605 299.05 61.705

64.501 10.963 137.26 32.879 222.19 51.462 213.69 49.995

66.238 11.489 138.85 33.308 224.26 51.830 215.85 50.357
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temperature region, the heat capacity value becomes to the classical limiting value
with increasing temperature, which should be proportional to the degrees of free-
dom, that is the number of atoms in the chemical formula. Therefore, at high tem-

Table 2 Continued

T/
K

Cp, m/
J K–1mol–1

T/
K

Cp, m/
J K–1mol–1

T/
K

Cp, m/
J K–1mol–1

T/
K

Cp, m/
J K–1mol–1

T/
K

Cp, m/
J K–1mol–1

68.044 12.048 140.63 33.795 226.34 52.150 217.99 50.795

69.850 12.607 142.64 34.333 228.47 52.487 220.16 51.116

71.628 13.159 144.73 34.888 230.62 52.861 222.34 51.436

73.400 13.711 146.87 35.448 232.79 53.190 224.51 51.844

75.169 14.267 148.99 35.996 234.97 53.527 226.70 52.190

76.886 14.805 151.09 36.532 237.15 53.805 228.91 52.527

Fig. 1 Molar heat capacity of pure zirconia and yttria stabilized zirconia. • – Pure zirconia
[17]; ▲ – 7.76 mol% YSZ [17]; ∆ – 9.70 mol% YSZ; ◊  –11.35 mol% YSZ

Fig. 2 Molar heat capacity of pure zirconia and yttria stabilized zirconia plotted as CpT
 –3 vs.

T. • – Pure zirconia [17]; ▲ – 7.76 mol% YSZ [17];  ∆ – 9.70 mol% YSZ; ◊ – 11.35
mol% YSZ
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peratures the yttria stabilized zirconia of high yttria doping has larger heat capacity
because the number of atoms in the chemical formula (ZrO2)1–x(Y2O3)x increases
with increasing the value of x. On the other hand, the heat capacity should depend
not only on the degrees of freedom but also on the force constants at low tempera-
tures where the vibrational motion is not highly excited; classical thermodynamics
should not be applicable, but quantum mechanical effects should be considered. In
Fig. 2, the yttria stabilized zirconia shows much larger heat capacity than pure zir-
conia, which is due to so-called low-lying modes. It should be noted that the ionic
conductivity at elevated temperatures shows also a maximum at about the composi-
tion of 8–10 mol% of yttria doping.

In order to analyze the effect of yttria doping quantitatively, the heat capacity of
yttria stabilized zirconia was calculated from the heat capacity of pure zirconia and
yttria based on the simple additivity rule; (1–x)Cp

ZrO2 + xCp
Y2O3, where Cp

ZO2 and
Cp

Y2O3 are the heat capacity of pure zirconia [17] and yttria [21], respectively. The dif-
ference between the experimental (Cp

YSZ) and the calculated heat capacity of yttria
stabilized zirconia is given as:

∆Cp = Cp
YSZ −[(1−x)Cp

ZrO2 + xCp
Y2O3] (1)

The results of the calculation for 7.76, 9.70 and 11.35 mol% yttria stabilized zirconia
are shown in Fig. 3, where large excess heat capacity is seen clearly extending from
the lowest temperature to room temperature with a broad maximum at about 75 K.
The shape of the excess heat capacity is very similar to a typical Schottky anomaly
[22]. In the previous paper [17], it has been reported that the such anomaly is sup-
posed to be a result of a kind of softening in lattice vibrations, which may be due to
the formation of oxygen vacancy and/or the structural modification from monoclinic
to cubic structure by the yttria doping. In Fig. 3(a), the excess heat capacity de-
creases with increasing the dopant concentration. Figure 3(b) shows a scaled plot of
the excess heat capacity by the factor of a derived from their peak heights. It should
be noted that the shapes of the excess heat capacities are extremely similar to each
other and the maximum temperature is not influenced by the composition. Accord-
ing to the explanation on the basis of the softening in lattice vibration [17], such be-
haviour implies that the softening modes vanish gradually with proceeding yttria
doping, and the vibrational density of states of yttria stabilized zirconia may become
that of simple additivity rule.

There are two possible mechanisms for the softening, which brings about the ex-
cess heat capacity. One is the impurity modes induced by the substituting yttrium
ions or oxygen vacancies, that is different from the normal vibrations in pure zir-
conia. The other is the difference between the atomic arrangements of the mono-
clinic and cubic structure, in which the atomic interactions and lattice vibrations are
different. In the former case, the excess heat capacity at low temperatures should in-
crease with increasing yttria doping. In fact, however, it shows a maximum at about
8 mol% doping, and we must assume another effect such as clustering of the vacan-
cies for further doping. In the latter case, the excess heat capacity deduced from the
simple additivity rule decreases monotonously with increasing yttria doping. In the
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cubic fluorite structure, zirconium ion should be in the site of 8 coordination with
oxygen ions, while in the monoclinic distorted structure of pure zirconia zirconium
ion is surrounded by 7 nearest neighbor anions. The local structural studies by
EXAFS [14–16] have reported that an oxygen vacancy is rather sited in the nearest
neighbor position of a zirconium ion, not in that of the trivalent yttrium ion expected
from the local charge compensation, and the mean coordination number of the zirco-
nium ion is reduced to 7. It has been also pointed out the similarity of the local envi-
ronment, such as coordination number and Zr–O interatomic distance, of the 7 fold
coordinated zirconium ion in the cubic stabilized zirconia to that in pure monoclinic
zirconia. The vibrational analysis on the Debye-Waller factors showed also the simi-
larity of the frequency of the Zr–O vibration in the stabilized zirconia to that pure
monoclinic zirconia [23]. Because the number of the vacancies is limited, a large
number of zirconium ions still remain in 8 coordination at low dopant concentra-
tions. With increasing yttria content, the number of 8 coordinated zirconium ions de-
creases and the sites are replaced by the 7 coordinated zirconium ions. Therefore the
softened modes are attributed to the vibrations of the 8 coordinated zirconium ions
and its surrounding anions. This well explains the behaviour of the excess heat ca-
pacity obtained in the present experiments. The amount of the excess heat capacity
is proportional to the number of the 8 coordinated zirconium ions, which either de-
crease with increasing yttria content. The good coincidence among the shapes of the
excess heat capacities shown in Fig. 3(b) implies the softening modes decrease with
increasing yttria content and the modes similar to the normal vibrations in pure

Fig. 3 Excess heat capacity derived from the assumption of simple additivity rule.
∆Cp = Cp

YSZ − [(1−x)Cp
ZrO2 + xCp

Y2O3]. ▲ – 7.76 mol% YSZ [17]; ∆ – 9.70 mol% YSZ; ◊ –
11.35 mol% YSZ (a). Excess heat capacity scaled with a factor of α . ▲  – 7.76mo1%
YSZ (α=1.00) [17]; ∆ – 9.70 mol% YSZ (α=1.13); ◊ – 11.35 mol% YSZ (α=1.36) (b)
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Table 3 Thermodynamic functions of (ZrO2)0.9030(Y2O3)0.0970 (M=133.169 g mol–1) Φm
o  =

∆0
TSm

 o − ∆0
THm

 o/T. The entropy value is assumed to be 0 at 0 K

T/
K

Cp,m
 o /

J K–1mol–1
∆0

THm
 o/

J mol–1
∆0

TSm
 o/

J K–1mol–1
Φm

o /
J K–1mol–1

 15 0.224   0.740  0.0633  0.0140

 20  0.5761   2.664  0.1716   0.03839

 30 1.942 14.51  0.6333  0.1497

 40 4.092 44.14 1.471  0.3675

 50 6.749 98.05 2.663  0.7019

 60 9.667 180.0  4.148 1.149

 70 12.71  291.8  5.866 1.698

 80 15.81  434.4  7.765 2.336

 90 18.90  607.9  9.806 3.051

100 21.95  812.2  11.96  3.833

110 24.94  1047    14.19  4.673

120 27.84  1311    16.48  5.561

130 30.65  1603    18.82  6.491

140 33.35  1923    21.19  7.456

150 35.94  2270    23.58  8.452

160 38.39  2642    25.98  9.472

170 40.71  3037    28.38  10.51  

180 42.91  3455    30.77  11.57  

190 45.00  3895    33.15  12.65  

200 46.97  4355    35.51  13.73  

210 48.82  4834    37.84  14.82  

220 50.56  5331    40.15  15.92  

230 52.20  5845    42.44  17.03  

240 53.74  6375    44.69  18.13  

250 55.18  6919    46.92  19.24  

260 56.53  7478    49.11  20.34  

270 57.80  8050    51.26  21.45  

280 59.01  8634    53.39  22.55  

290 60.15  9230    55.48  23.65  

298.15 61.02  9723    57.16  24.55  

300 61.22  9837    57.54  24.75  
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Table 4 Thermodyanmic functions of (ZrO2)0.8865(Y2O3)0.1135 (M=134.867 g mol–1)  
Φm

o  = ∆0
TSm

 o − ∆0
THm

 o / T. The entropy value is assumed to be 0 at 0 K

T/
K

Cp,m
 o /

J K–1mol–1
∆0

THm
 o/

J mol–1
∆0

TSm
 o/

J K–1mol–1
Φm

o /
J K–1mol–1

 15   0.207 0.652 0.0551 0.0116

 20    0.5400 2.441 0.1557 0.03367

 30   1.868 13.72 0.5952 0.1377

 40   3.999 42.50 1.408 0.3459

 50   6.652 95.45 2.579 0.6699

 60   9.584 176.5 4.048 1.107

 70 12.65 287.6 5.755 1.646

 80 15.78 429.7 7.648 2.277

 90 18.92 603.3 9.689 2.986

100 22.02 808.0 11.84 3.763

110 25.06 1044 14.09 4.599

120 28.02 1309 16.39 5.485

130 30.87 1604 18.75 6.415

140 33.62 1926 21.14 7.381

150 36.26 2276 23.55 8.378

160 38.76 2651 25.97 9.402

170 41.12 3050 28.39 10.45

180 43.35 3473 30.81 11.51

190 45.46 3917 33.21 12.59

200 47.46 4382 35.59 13.68

210 49.33 4866 37.95 14.78

220 51.09 5368 40.29 15.89

230 52.73 5887 42.59 17.00

240 54.28 6422 44.87 18.11

250 55.74 6972 47.12 19.23

260 57.11 7537 49.33 20.34

270 58.38 8114 51.51 21.46

280 59.59 8704 53.66 22.57

290 60.74 9306 55.77 23.68

298.15 61.62 9805 57.46 24.58

300 61.81 9919 57.84 24.78
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monoclinic zirconia increases simultaneously. Thus the similarity of the vibrations
related to the 7 coordinated zirconium ions of cubic stabilized zirconia to that of
pure monoclinic zirconia is suggested. The details of the phonon dispersion relations
of the stabilized zirconia are not fully clarified by the neutron studies because of the
static disorders in the oxygen sublattice [24, 25]. The heat capacity measured in the
present study apparently shows the drastic changes in the lattice vibrations. It is also
suggested from the relative difference in the vibrational frequencies that the 7 coor-
dinated zirconium ions are more tightly bonded to oxygen ions than the 8 coordi-
nated zirconium ions. Such difference in atomic interactions may be reflected on the
ionic conductivity, especially on the process of the exchanging oxygen and vacancy
at high temperatures. The relationship between the activation energy of the electric
conduction and the defect structure should be clarified by further studies.

Conclusions

The heat capacity of 9.70 and 11.35 mol% yttria stabilized zirconia has been
measured by adiabatic calorimetry between 13 and 300 K, and the results were ana-
lyzed together with the previous results on 7.76 mol% yttria stabilized zirconia and
pure zirconia. The excess heat capacity was found in comparison with the value cal-
culated on the basis of simple additivity rule. The excess heat capacity is attributed
to the stabilization of the cubic structure by the yttria doping. The softening modes
induced may be corresponded to the vibrations of 8 coordinated zirconium ion and
surrounding oxygen ions. However, such softening is reduced by increasing the
number of vacancies because the local atomic arrangement of the 7 coordinated zir-
conium ion in cubic stabilized zirconia may similar to that in the pure monoclinic
zirconia. The oxygen vacancies play an important role in the mechanism.
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