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Abstract

The theoretically predicted linear correlation between the volupefficient of thermal expansion and the thermal heat capacity was
investigated for highly symmetrical atomic arrangements. Normalizing the data on these thermodynamic parameters to the Debye temperatur
gives practically identical curves from zero kelvins to the Debye teaipeg. This resulis consistent with the predicted linear correlation. At
tempeatures higher than the Debye temperature the normalized values of the thermal expansion are always higher than the normalized value |
the reat capacity. The correlation detected has significant computational advantage since it allows calculating the volume coefficient of therma
expansion from one experimental value by using the Debye function.

(© 2005 Elsevier Ltd. All rights reserved.

1. Introduction The mean interatomic distance to a good approximation
is proportional to the mean vibrational energy per atom in a

The volume coefficient of thermal expansiciy) is  SOlid [2]. The thermal energy of a systen@Q™"*™3) is the

described as product of the mean vibrational energy of an atom and the
number of atoms in the system. The zero-term energy of the
1 /dv : . : .
ay = — | — (1) atoms is not included in the thermal energy. Introducing a
V \dT Jp constant(a) allows one to substitute for the mean interatomic

where V is the volume, T is the temperature, an® is distance the thermal energy of a system.(2jjcan be rewritten

the presste. The volume coefficient of thermal expansion isthen as

temperature dependg requiring numerous experiments for its a [thhermal((R(T»)}
P=0

complete description. The experiments are time-consuming ank(M]p=o = n aT ©)
technically difficult at extreme temperatures. _
The theory of thermal expansion is well defined. The volumeéVheren is the nunber of moles.

i : , ; Lo thermal e qofi
expansion can be determined by calculating the anharmonic The molar thermal heat capacityy)™*™is defined as

term of the lattice vibration (e.g.1[2]). This traditional 1 [fT+T

approach has been challenged by a simple classical m&dgl [ c(p)thermal = T / 3Q(p)thermal

which gave good or excellent agreement with the experimental 1 dQ(;)the”“a'

data for Ne, Ar, Kr, and Xe. In these calculations it was assumed S — (4)

that the potential is of Lenmd-Jones type and that the mean . o o
value of theinteratomic atomic distanc@R)) can be used to Wherep = g (gas).s (solid),! (liquid). Combining Eqs(3) and

calculate the thermal expansion: (4) gives
_ 1 [dRM) [ev(T)]p_o =a|c(eMema| (5)
fa(Mleco = | g2 @ [ Jooo

The molar thermal heat capacity is pressure independent. The
pressure has an effect on the equilibrium separatids) of
*Tdl.: +1 786 247 5414; fax: +1 305 348 3877. the atoms, which is incorporated in the constant. The pressure
E-mail address: jozsef.garai@fiu.edu effect on Ry can be accommodated by assuming that the
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introducedconstanta) is pressureependent:
Normalized Values of

The Volume Coefficient of Thermal Expansion [O[V (T)] p=ap I:C(S)thermail . (6)

and The Molar Heat Capacity at Constant Pressure

1.6 7

The pressure up to a few GPa has a minor effect on the heat
14 1

, capacity p]. In this pressure range the molar thermal heat
121 o capacity can be replaced with the constant pressure molar heat
el capacity:
0.8 |
06 e e oot [av(M]p =ap[c(s)]p. )
041 mes HQ&ELEJM'L Eqg. (7) predids a linear correlation between the volume
02 | S coefficient of thermal expangicand the rolar heat capacity at
Y0 200 400 600 800 1000 1200 1400 1600 constant pressure. This correlation will be considered in detail.

Temperature [K]

_ ) » _ 2. Correlation between the volume coefficient of thermal
Fig. 1. Normalized values of_ the volwercoefficent of thermal expansion and expansion and themolar heat capacity

the molar volume heat capacity at constant pressure as a function of temperature

for K, Cu, and Ti.

Experimental data for highly symmetrical monatomic
arrangementsg] Ag, Al, Au, Ba, Co, Cr, Cu, Fe, K, Ni, Pb,
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Fig. 2. The solid lines are the calculated volume coefficients ofriabexpansion while the dots represent the experimental valjes [
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Pt, Ti, V have been used to investigate the predicted correlatioand

between the volume coefficient of thermal expansion and the hw hop T
molar heat capacity at atmosplepressure. Thexperimental X = 2rkaT and xp = 2nkaT = i
vaues of these two thermodynamic parameters were not

necessarilydeternined at the same temperature. In order towhereR is the universafjas constant) is Planck’s constant,
make these parameters comparable, the two data sets wevelS the freuency,«p is the Debyefrequency andTp is
normalized to the Debye temperature. It has been found thdfe Debye temperature. This equation has to be evaluated
the normalized values of theolume coefficient of thermal numerically [L0].

expansion and the heat capacities are practically identical below Using the @perimental value of the volume coefficient
the Debye temperature. Above the Debye temperature th@f thermal expansion at the Debye temperatdsdTp))
normalized values of the volume coefficient of the thermalthe voume coefficient of thermal expansion was calculated
expansion are higher than the normalized values of the hed&eétween zero kelvins and the Debye temperature. The
capacity. The characteristic behavior is showiFig. 1 These calculated and the experimental values are plottédgn2 On
results are interpreted as follows. The identicality of thethe basis of visual inspectiome can say thatie correlations
curves of the normalized values of the volume coefficient ofare excellent for elements (Ag; Al; Au; Cu; Ni; Pb; Pt) with
thermal &pansion and the molar heat capacity at atmospheritace centered cubic structure, very good for Co and Ti with
pressure confirms the predicté@tkar correlation between these hexagonal close packed structure and good for elements (Ba;
thermodynamic parameters from zero kelvins to the Deby&r: Fe; K; V) with body centered cubic structure.

temperature. The igher normalized values of the volume )

coefficient of thermal expansion above the Debye temperaturg Conclusions

mightbethe result of the additional expansion caused by lattice
vacanciesT,8].

(10)

The theoretically predicted linear correlation between
the voume coefficient of thermal expansion and the heat
capacity has been confirmed foghiy symmetrical monatomic
arrangements.

The detected correlation allows calculating the volume
coefficient of thermal expansion from an experiment conducted
at a preferred chosen temperature.

3. Computational advantages

Employing the linear correton detected between the
volume cefficient of thermal expansion and the molar thermal
heat capacity allows calculagnthe volume cefficient of
thermal &pansion from any experiment. Using K@) for two References
different temperatures and dividing the first equation by the
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