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Heat Capacity 1. Introduction

Tooru Atake

(Received May 22, 2001; Accepted July 18, 2001)

Elementary concepts of heat capacity are reviewed, and the important role of heat
capacity in the thermodynamic studies of materials is explained. The definition of heat capacity
is given at first, and the peculiar properties of liquid water are pointed out on the basis of
classical thermodynamics. At low temperatures, the heat capacity of solids is described by quantum
mechanics, and the Einstein and Debye models are introduced in this regard. The heat capacity
of solids is described with some examples from new functional materials.
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Fig.1 Heat capacity of HO.
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Fig.2 (a) Model of atomic vibration in a crystal.
(b) Energy levels of a harmonic vibration.
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Fig.3 Heat capacity curves of Einstein and Debye
models.
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Fig.4 (a) Schematic illustration of lattice vibrations
in an elastic cotinuum. (b) Frequency distribution
of lattice vibrations based on Einstein and Debye
models. g(v) is the number of vibrations per unit
frequency band dvj omg(v)dv 0 3Na.
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Fig.5 Heat Capacity of KCl and diamond.
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Fig.6 Debye characteristic temperatures (normalized
by O.) of some alkali halides derived from
the heat capacity.
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Fig.7 Calculated frequency distribution of the lattice
vibrations in yttria stabilized zirconia (several
mol per cents of Y,03 in ZrOy).
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Fig.8 Heat capacity of diamond (e ) and graphite (o)
in a logarithmic scale.
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Fig.9 Heat capacity of Li,Ge;Oi5 (LGO; e ) and
LiNaGesOg (LNG; o).
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Fig.10 Excess heat capacity due to the ferroelectric phase
transition in LGO (e ) and LNG (o).
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Fig.11 Normalized heat capacity Cp* of LGO (e ) and
LNG (o).
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Fig.12 Heat capacity difference between the normalized

heat capacity of LGO and LNG. ACy* O Cp*LeoO
Cp*Lne.
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Fig.13 Heat capacity of pure zirconia and yttria stabilized
zirconia.
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Fig.14 Normalized heat capacity of pure ziorconia and
yttria stabilized zirconia.
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Fig.15 Heat capacity of pure zirconia and yttria stabilized

zirconia at low temperatures.
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Fig.16 Heat capacity of Pb(MgusNbz3)Os (PMN; o),
PbTiOs (PT; O), and BaTiOz (BT; a).
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Fig.17 Frequency distribution of lattice vibrations derived
from the measured heat capacity on the basis
of Einstein and Debye models.
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Fig.18 Heat capacity of PMN (o), PT (O) and BT
(A) in a logarithmic scale.
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