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Constant Pressure and Constant Volume Heat Capacities of Crystals
- Analysis of the Heat Capacities of Alkali Metal Chlorides and Corundum -

Takasuke Matsuo, Nobuki Tanaka, Osamu Y amamuro, and Akira Inaba

(Received May 9, 2002; Accepted July 4, 2002)

Experimental values of the heat capacity of alkali metal chlorides (LiCl, NaCl, KClI,
RbCI and CsCl) and corundum Al,Os have been decomposed into C, and (Cp-Cy) contributions
by non-linear least squares analysis. The (Cp-Cy) values thus derived are compared with those
calculated from the expansivity and stiffness. The agreement is satisfactory for NaCl, KCI, and
RDbCI. For LiCl and CsCl, the calculated values exceeded those from the heat capacities by 20
0 30 %. For corundum the difference is of the same magnitude (25 %) but in the opposite sign.
Possible reasons for the difference are discussed. The fitting procedure used in the analysis has
revealed an unexpected tendency in the heat capacity of corundum at higher temperatures (1800

0 2250 K).
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Fig.1 The linear thermal expansivity a (T) of NaCl vs.
temperature and the best-fit curve BiDeb(O/T)
(10 B2T). The experimental data are taken from
refs.6-10.
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Fig.2 The heat capacity C,(T) of NaCl. The best-fit

4-parameter representation and calculated C, and
Cp 0O Cy values.
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Fig.3 The best-fit Debye and Einstein temperatures
of NaCl vs. the data set. The horizontal axis is
the upper limit temperature of the fitting interval.
The lower limit was fixed at 5K.
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Fig.4 The best-fit value of the CpO C, correction
coefficient A of NaCl. See Fig.3 for the meaning
of the horizontal axis.
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Fig.5 The heat capacity of corundum Al.Oz and the-
best fit curves. The experimental data are taken
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Fig.6 The heat capacity of corundum Al,Oz and its

decomposition into C, and C, . The experimental
data are taken from ref. 28.
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Fig.8 The best-fit value of the C,0 C, correction
coefficient A of corundum vs. the upper limit
temperature T, of the fitting data set. The
experimental data are taken from refs.28, 29 and
30.
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Fig.10 The C,0O C, values of corundum Al,Os from the
expansivity and stiffness (crosses) and from the
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Table 1 Linear expansivity and stiffness at 300 K of alkali metal chlorides and the heat capacity difference ACO
Co0 C, calculated thereby, compared with those derived from the experimental values of the heat capacity.

TO 300 K a(T)/Ko1 cu/TPa c12/TPa Cs4/TPa Vm Cy Cpo ACcac ACsit
LiCl 4.381005 0.0482 0.0190 0.0247 2.041005 46.06 48.14 2.85 2.08
NaCl 3.961005 0.0185 0.0132 0.0127 2.701005 47.71 50.35 2.69 2.64
KCI 3.691005 0.0403 0.0065 0.0063 3.761005 48.40 51.06 2.34 2.66
RbClI 3.631005 0.0365 0.0067 0.0048  4.32100° 48.92 51.55 2.44 2.64
CsCl 4.681005 0.0366 0.0088 0.0081 4.221005 49.08 52.36 4.12 3.28

VmO molar volume in m3 mol o1
Cv, Cp, ACcac and ACsi; in JKo1molo?
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00000000000000000 CpoCyvOAC2TO
goooooooooooobbOooooooobooo
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00 6p/To16,
Deb(Op/T)0 77.927(T/Op)3 (A1)

oo 160 6p/TO 6.7,
Deb(6Gp/T)0 0.59522(1 0 (((Gp/T)O 0.86335)/4.7573)2949)
(A2)

OO0  6.70 GolT,

Deb(Gp/T)O
0.62663exp(0 ((Op/T)/3.5621)19922)0
0.37341/(10((Gp/T)/6.8099)35919)  (A3)
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00  6/To160
(1/T)Upen(@o/T) 0 19.482(T/Op)? (A4)

00 160 Gu/To 100

(UT)Upen( O/ T)D
0.00211520 0.090043(T/Op)0
1.2815(T/©p)20 13.375(T/Gp)? (A5)
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od 100 6p/TO 60
(UT)Upen(Go/T)O

0.032330 0.94698(T/Gp)0
9.4533(T/Gp)20 12.850(T/ @) (A6)

oo 60 Gp/TO 30

(L/T)Upen(Gp/T)O
0.0349080 0.022415(T/Gp)0
5.4209(T/Gp)20 7.4685(T/BGp)3 (A7)

0ogd 30 6p/TO

(1/T)Upen(Gp/T)O
1.2267exp(0 (Gp/T)/2.1176)0
0.24352exp(0 2(Gp/T)/2.1176)0
0.01663exp(C0 3(Op/T)/2.1176) (A8)
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