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The heat capacities, C,, of the alkali metal nitrates, MNO, (M =Li, Na, K, Rb, and Cs), in the solid
and liquid states have been measured between 50 and 450 °C by means of adiabatic calorimetry. We have
measured with a fair degree of accuracy the C, values for the MNO, systems, because the existing data on
NaNO, and KNO, above 250 °C are quite scanty. Some empirical rules, some of which may extend to other
salts, have been obtained from the results on G, for the five alkali nitrates in the solid and liquid states.
For the molten MNQO,, the heat capacities at a constant volume, Gy, were obtained from the thermodynamical
relationship between €y and C,, using the experimental values of C,; the Cj values have been interpreted

in terms of the interionic and intraionic portions.

It has become a common theme of research to
develop technology for the storage of thermal energy
and for heat transfer, employing molten salts; the
study of their thermal properties has thus acquired
a practical meaning. The salt of most interest is mol-
ten alkali-metal nitrate, for it has better physical and
chemical properties than other salts. Some of these
properties are its low melting point, f,, its non-
volatile, nondecomposite, and noncorrosive character-
istics, and its high heat capacity. The existing data
on the heat capacity at constant pressure Cp, for NaNO,
and KNO,, which were obtained from the slopes of
the curves of the heat content wversus temperature,!)
are quite scanty, in particular just below and above
tmp- The thermal property? of most interest in this
paper is the heat capacity as an important parameter.
This work describes briefly an adiabatic calorimeter
used to measure high-temperature heat capacities with
a fair degree of accuracy (2.09). The C, results are
shown for the five alkali-metal nitrates MNO, (M=
Li, Na, K, Rb, and GCs) in the solid and liquid states
between 50 and 450 °C. Their heat-capacity data
have given rise to some empirical rules, which may
extend to other salts. The high heat-capacities ob-
served will also be discussed in terms of their interionic
and intraionic contributions.

Experimental

Materials. The salts used were pure-grade recrystal-
lized reagents. The KNO, was supplied by Prof. G. J.
Janz, Rensselaer Polytechnic Institute, and the NaNO, and
LiNO; of a special grade, by Wako. The purity of the
RbNO,; and GCsNO,; purchased from Alfa was 99.9%.
Metallic impurities indicated: for KNO,, Si 0.1—0.5, Mg
0.1—0.5, Fe 0.1—0.5, and Ca 0.5—2.0 ppm; for NaNO,,
Pb 0.007, K 0.008, Cu 0.002, Fe 0.003 mass percentage;
for LiINO;, Pb 0.001, Na 0.05, K 0.05, Cu 0.0005, Mg
0.005, Ca 0.01, Ba 0.001, Fe 0.005 mass percentage.

Apparatus and Procedure. Measurements of the high-
temperature heat capacity, C), were made with an adiabatic
calorimeter. The adiabatic shield control consists of a
PID-SCR circuit, a constant wattage supply, a heater of
platinum-wire, and multi-junction thermocouples. The tem-
perature difference between the sample in a calorimetric
ampoule (i.e., a platinum cylindrical vessel of ca. 7.5 cm?®)
and the adiabatic shield was controlled within 0.1 °C be-
tween 50 and 450 °C. Since the heat emissivity of the
gold metal is very small, the inner adiabatic jacket and

the outer vessel of the sample container are gold-plated.
The adiabatic calorimeter may be sufficiently protected
from the heat leakage due to thermal radiation. In order
to get avoid any oxidation and corrosion of the interior of
the calorimeter over the entire temperature range of this
work, heat-capacity measurements were made under Ar gas
of ca. 2.5x10*Pa at room temperature introduced into the
vacuum cell of the calorimeter. The values of C) in J K-
g~! were computed from the following equation:

Cp = (W-L8)[(M-A8) — (M'[M)Cy, (1)

where W (in watts) is the electric power supplied by the
internal heater, Af (in seconds) is the time required for
increasing the temperature by A@ degrees and is deter-
mined by the clock timer unit, and M is the weight (i.e.,
10—15g) of the sample. The heat capacity of the empty
calorimeter, M’C),’, was obtained in a preliminary measure-
ment. The temperature measurement was carried out with
a Pt-Rh thermocouple calibrated by a cryoscopic method
for pure-grade recrystallized reagents, KNO,, K,SO,,
Ag,S0O,, and KCIO,.

The experimental errors may originate from two major
sources. Firstly, sample characteristics associated with endo-
thermic reactions, such as decomposition and evaporation,
should be considered.® In this work, however, the weight-
loss of the sample between 50 and 450 °C ranged from
0.019% to 0.06%. Thus, the endothermic heat resulting
from the decomposition or evaporation of MNO, may not
affect any magnitudes of ¢, within the present experimental
uncertainty. Secondly, the calorimeter operation was tested
by measuring the G, of standard synthetic sapphire (99.99
wt% purity). The magnitude of the experimental error
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attributable to the heat leakage was less than two per cent
of G, of the sample for the temperatures of interest; Fig.
1 shows that our results of synthetic sapphire agree with 60—
the selected values cited in the text published by TPRCY
and with the existing data, which were measured by a
reliable adiabatic calorimeter and which prove the precision 40—
to be +0.3% and give an accuracy of +0.6%.5 This
agreement is sufficient for our present purposes. The
amount of argon gas in the interior of the stainless-steel zoL
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Fig. 3 for NaNQO,).1,6-16) Fig. 2. Temperature dependence of the heat capacity
NaNO;: Figure 3 demonstrates that the many ex- of LINO;: O, this work; QK, Ref. 1; —(s01id) and
isting data on the C, of NaNQOj in the solid and liquid [(liquid), Ref. 21. In this and in Figs. 3—6 .thc
states are quite scanty and not in good agreement. temperatures of #, and tm, shown by the vertical

lines were referred from the literature data and the
temperature in parentheses, the location of which is
pointed out by an arrow, was determined in this

Our data are in close agreement with the data of
Sokolov and Schmidt,’) and of Carling'® except for
the neighborhood of the solid-state transition tem-
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275 and 276 °C). Our data also agree with the data
of Miekk-0jal® between f, and ¢,,; the data of
Reinsborough and Wetmore!® immediately below ¢,
are slightly less than ours. On the other hand,
Mustajoki’s data!® (for heating) above ¢, , which are
located above the €, values (see the horizontal arrows
in Fig. 3) obtained from the temperature dependence
of enthalpy by Goodwin and Kalmus! and by Barir
and Knacke,!® are larger than the data of this work,
Sokolov and Schmidt,'» and Carling'® by ca. 149
above the level of precision of each of the data. It
may also be noted that Goodwin and Kalmus’!) data
just below 1., agree satisfactorily with those of this
work, Sokolov and Schmidt, and Carling,'® but the
former does not show any broad cusp-shaped peak in
the heat capacity curve. The change in the heat
capacity on fusion at ¢,,, AC5(f,,), is given as the
difference between the heat capacities just below ¢,
and immediately above ¢, ,, wherein the experimental
values which show the peak of C, around the tem-
perature, fp, located slightly higher than ¢,, should
be omitted. Thus, AC3(f,,) may be defined by:

LCG (tp) = ‘1;_13 [Co(tmp+9)] — Jim [Coltmp—0)],  (2)

where the suffixes 1 and s stand for the liquid

and solid states respectively. The mark of lim in-
ad or 6’0

dicates the extrapolation of ¢, until ¢,,; 6 and ¢’

are positive. Under an ideal condition that both ¢
and ¢’ are equal to zero, f, should be equal to ¢,
Figure 3 shows that AC5(¢,,) for NaNOj; is almost
zero, as well as KNO;.  On the other hand, AC3(¢,,)

in the literature data is either negative or positive
(i.e., Goodwin and KalmusY: 15.0]J K-1mol-1,
Mustajoki!®: 3.3, Janz e al'®: —56.0, Barin and
Knacke?®: —2.6, and Sokolov and SchmidtV): 2.9).
The magnitude of ca. 3 J K-1mol-1 is almost com-
parable with the experimental uncertainty in the C,
values.

KNO,;: There exist data in the literatures which
are scattered similar to NaNO,. Our data are in
close agreement with the data of Sokolov and
Schmidt” and of Carling!'® as in the case of NaNQO,.
Further, our data have reproduced also the data of
Person” and of Goodwin and Kalmus.)? To our
knowledge there exist no data for KNO, above ¢,
(t.e., the 129.8 °C observed in this work), though
Mustajoki'® reported the data for MNO, (M=Na,1?
Rb,1® and Cs20) in the solid and liquid states. In
this work, AC3(¢,,)=0, and in Carling’s data it also
seems to be zero, but in the literature data 17.4 J K-1
mol—! has been reported by Goodwin and Kalmus?
and 2.9 by Barin and Knacke.!” For both NaNO,
and KNOj, the values extrapolated to room temper-
ature agree well with their heat capacities at the low
temperatures measured by Southard and Nelson,” as
is shown in Figs. 3 and 4.

The magnitudes and the temperature dependence
of the €, values were not determined from the slopes
of the curves of the heat content and the corresponding
temperatures with sufficient accuracy, for the differ-
ences in the ¢, values between our data and the data
of Goodwin and Kalmus or the data tabulated by
Barin and Knacke are dependent on the systems above



July, 1983]

TaBLE 1.

Heat Capacities of Alkali-metal Nitrates

EXPERIMENTAL HEAT CAPACITIES OF ALKALI METAL NITRATES MNO3

(M=Li, Na, K, Rb, anp Cs) IN THE SOLID AND LIQUID STATES
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t Cp t Cp t Cp ¢ Cp ¢ C/, 14 Cp
°CG JK-!mol-! °C JK-1mol-! °C JK-lmol-t °C JK-1mol-!? °C JK-1mol-! °C JK-1mol-!?
LiNO3 Solid-Liquid transiticn
59.7 91.6 131.7 101.4 192.2 108.7 351.5 140.8 388.1 139.4 422.7 139.8
60.7 93.0 134.7 101.2 193.2 111.1 355.6 139.6 392.2 139.7 427.8 140.4
64.8 93.4 136.8 104.0 198.3 110.6 361.7 140.4 396.3 141.6 428.8 142.0
70.0 94.1 141.9 103.6 200.3 110.6 363.7 141.1 397.3 139.5 432.9 139.2
75.1 94.5 142.9 104.0 203.4 110.9 371.9 141.4 402.4 139.4 436.9 140.0
77.2 93.8 147.0 104.9 208.5 111.7 371.9 141.6 404.4 140.0 438.0 139.1
85.4 95.4 151.1 104.0 208.5 111.9 377.0 139.8 407.5 140.4 443.0 138.9
85.4 95.1 152.2 105.7 213.7 112.7 380.0 140.8 412.6 139.5 445.1 141.0
90.6 97.2 157.3 105.8 216.7 112.6 382.0 139.5 412.6 139.6 453.2 140.2
93.6 96.7 159.4 104.5 218.8 112.8 387.1 140.0 420.7 140.0
95.7 97.0 162.4 106.5 223.9 114.0
100.8 99.1 167.6 106.5 224.9 114.2 RONO 3
106.0 99.7 167.6 107.4 229.0 114.9
110.1 98.7 172.7 107.6 233.1 116.0 60.7 108.1 93.6 115.5 126.5 120.5
111.1 99.2 175.8 108.3 234.1 115.2 64.8 110.9 95.7 116.4 134.7 120.2
116.2 99.8 177.8 107.9 239.2 116.2 69.0 111.6 106.0 117.7 136.8 122.3
118.3 99.3 182.9 110.0 241.3 118.9 70.0 110.3 110.1 118.2 141.9 122.0
121.4 102.7 184.0 108.2 244.3 120.0 75.1 112.4 111.1 119.9 147.0 128.8
126.5 102.5 188.1 108.8 77.2 110.6 116.2 118.4 151.1 124.2
{ d-Licui siti 80.3 113.7 118.3 118.3 152.2 127.7
Solid-Liquid transition 85.4 112.5 121.4 119.5 157.3 127.6
275.0 141.4 315.8 141.3 356.6 140.8 90.6 114.0 126.5 120.1 159.4 127.7
280.1 141.8 320.9 141.6 361.7 140.5 .
282.2 140.3 326.0 141.3 366.8 140.9 Phase transition I
285.2 140.8 331.1 139.3 371.9 141.4 198.3 149.8 208.5 151.9 216.7 151.5
290.3 139.3 331.1 139.7 377.0 140.5 200.3 153.7 208.5 152.1 218.8 153.5
290.3 140.5 336.2 141.0 382.0 140.0 203.4 149.1 213.7 154.3
295.4 141.4 339.3 140.7 387.1 141.6 .
298.5 138.9 341.3 141.3 392.2 140.7 Phase transition IT
300.5 140.7 346.4 140.5 397.3 141.1 254.6 149.0 264.8 148.8 275.0 153.2
305.6 140.5 347.4 138.9 402.4 140.3 257.6 150.4 265.8 148.5 280.1 160.8
310.7 140.9 351.5 141.6 259.7 147.2 274.0 153.8 282.2 160.0
314.8 140.1 355.6 139.1 o
Phase transition III
NaNO3 300.5 156.6
59.7 98.9 90.6 104.1 126.5 111.0 solid-Liquid transition
60.7 100.6 95.7 105.9 131.7 112.6 326.0 145.9 366.8 147.0 412.6 145.6
64.8 100.9 100.8 106.3 134.7 114.4 331.1 146.3 371.9 145.1 417.6 145.3
69.0 100.8 101.9 107.8 136.8 114.3 336.2 146.9 371.9 146.8 420.7 145.9
70.0 100.1 106.0 106.5 141.9 115.1 339.3 146.9 377.0 144.7 427.8 145.7
75.1 101.4 110.1 108.9 142.9 116.2 341.3 147.9 380.0 146.9 428.8 146.2
77.2 102.7 111.1 108.8 147.0 116.1 346.4 145.1 382.0 147.6 436.9 144.8
80.3 102.9 116.2 108.6 151.1 117.8 347.4 146.2 387.1 145.4 438.0 145.1
85.4 101.9 118.3 110.6 152.2 117.6 351.5 146.8 392.2 144.5 445.1 146.0
85.4 103.7 121.4 110.5 157.3 117.7 355.6 146.3 397.3 146.9 453.2 145.1
356.7 147.9 404.4 146.2 453.2 144.7
159.4 118.5 184.0 126.2 208.5 135.5 361.7 146.0 407.5 146.0
162.4 121.0 188.1 126.5 208.5 136.7 363.7 146.8 412.6 144.4
167.6 122.1 192.2 128.8 213.7 137.1
162.6 122.7 193.2 130.2 216.7 139.2 CsNO3
175.8 125.2 198.3 130.9 218.8 141.3
177.8 125.3 200.3 132.2 223.9 142.3 04.8 108.2 95.7 111.5 131.7 124.0
182.9 126.4 203.4 133.4 69.0 109.9 101.9 111.9 134.7 1%g.i
iti 70.0 106.0 106.0 114.6 136.8 1
Phase transition 75.1 110.1 110.1 114.2 141.9 124.7
298.5 139.1 300.5 141.1 305.6 138.8 77.2 113.1 111.1 114.2 142.9 121.4
id-Liqui iti 80.3 111.5 116.2 117.9 147.0 125.5
Solid-Liquid transition 85.4 111.1 118.3 115.6 151.1 125.5
331.1 140.0 347.4 139.8 371.9 139.7 85.4 110.9 121.4 119.5 152.2 128.5
331.1 139.9 351.5 139.3 377.0 138.6 90.6 109.9 126.5 116.6
336.2 138.5 355.6 138.5 380.0 138.5 93.6 111.5 126.5 117.9
339.3 139.9 361.7 138.6 396.3 138.6 .
341.3 138.7 363.7 139.1 397.3 138.7 Phase transition
346.4 139.2 366.8 138.5 402.4 139.0 177.8 142.9 257.6 147.0 331.2 148.1
182.9 143.1 259.7 147.7 336.2 149.1
KNO3 184.0 143.3 264.8 146.4 339.3 147.9
188.1 140.9 265.8 147.7 341.3 147.7
54.6 101.2 77.2 102.1 106.0 109.3 192.2 141.2 269.9 148.7 346.4 147.4
59.7 99.7 85.4 103.2 110.1 107.0 193.2 143.1 274.0 147.4 347.4 148.1
60.7 101.9 85.4 103.9 111.1 110.4 198.3 142.3 275.0 148.9 351.5 149.1
64.8 100.6 93.6 105.2 116.2 109.1 200.3 141.5 280.1 147.7 355.6 147.4
69.0 101.9 95.7 106.9 118.3 109.2 203.4 143.3 282.2 147.9 356.6 146.8
70.0 101.5 100.8 107.0 126.5 110.9 208.5 145.4 285.2 147.9 361.7 147.9
75.1 103.0 101.9 106.6 208.5 144.0 290.3 14;.7 363.7 147.;
iti 213.7 143.5 290.3 149.3 366.8 147.
Phase transition 216.7 143.5 295.4 149.1 371.9 148.3
159.4 128.4 218.8 129.3 269.9 133.4 218.8 145.8 298.5 147.7 371.9 147.4
162.4 131.5 223.9 129.9 274.0 136.3 224.9 144.6 300.5 149.3 377.0 147.9
167.6 128.7 224.9 128.8 275.0 134.7 229.0 147.2 305.6 148.9 380.0 148.1
167.6 126.0 229.0 130.9 280.1 135.5 233.1 145.6 306.6 148.5 382.0 145.8
172.7 127.0 233.1 151.3 285.2 136.0 234.1 146.6 310.7 148.3 387.1 147.6
175.8 127.7 234.1 129.9 290.3 136.1 139.2 145.8 314.8 149.3 388.1 146.6
177.8 126.8 239.2 130.2 295.4 137.1 241.3 147.0 315.8 147.9 392.2 147.9
182.9 127.6 241.3 132.4 298.5 138.7 244.3 145.0 320.9 149.3 396.3 147.7
184.0 127.0 244.3 131.6 300.5 137.8 249.5 147.4 323.0 147.2 397.3 146.8
188.1 127.5 249.5 131.4 305.6 139.0 249.5 147.2 326.0 148.1 402.4 146.2
192.2 127.4 249.5 132.5 306.6 138.4 254.6 147.6 331.1 147.6 404.4 147.4
198.3 128.2 254.6 130.9 310.7 138.5 e .
200.3 127.6 257.6 132.9 314.8 140.1 Solid-Liquid transition
208.5 128.7 259.7 134.0 315.8 140.7 432.9 143.9 443.0 141.7 448.1 141.1
213.7 128.2 264.8 133.1 320.9 139.1 436.9 142.5 445.1 142.7 453.2 142.7
216.7 129.6 265.8 132.7 323.0 140.4 438.0 141.7
tmp- In comparison with the former our data are  The temperature coefficients of C, below ¢, , are quite
larger by ca. 239, for LINO,, smaller by ca. 109, for  different between the previously reported data (i.e.,

NaNO, and cquivalent in magnitude for KNQOy;
comparison with the latter, our data are smaller by
¢a. 129, for NaNO,; and larger ca. 129, for KNO,.

in

Barin and Knacke,1®

Goodwin

and

Kalmus,V)

Schiiller,® and Regnault,®) and our data for NaNO,

and KNO,.

It may thus be concluded that the reli-
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ability of the literature data above ¢, is satisfactory
only in the cases of Sokolov and Schmidt, and Carling.
We had better say that the thermodynamic values
of Gibbs free energy tabulated by Barin and Knacke
are sufficiently accurate.

LiNO,: Above 150 °C no satisfactory results were
previously obtained.»?)) No broad peaks associated
with the reversible solid-state transition have been ob-
served in the C, measurements with an increase in
the temperature. The substance of LiNO, is unique
among the other alkali-nitrates because the difference
AC3(ty,) 1s not zero: AC3(t,,)=23.2J K~1mol,
and no reversible solid-state transition takes place.

RbNO;: To our knowledge, the only existing data
on C, are the data measured by Mustajoki.l® The
three reversible thermal transitions below ¢, and the
solid-liquid transition are shown in Fig. 5. The data
of Mustajoki above the first solid-phase transition tem-
perature, which varies with the authors (e.g., 160 °C
was reported by Mustajoki while it is 166.3 °C in this
work), are larger than ours by ca. 119, as in the system
of NaNO;. The value of AC3(¢,,) may be slightly
negative or almost zero, though it can not be estimated
with accuracy because of the phase transition imme-
diately below #,,; the value reported by Mustajokil?)
is —14.2 J K- mol-L.

CsNO,: The data of this work agree satisfactorily
with the data by Sato?? (see the dashed line in Fig.
6 between O and 100 °C but these temperatures are
located below ¢,). The data of Mustajoki?*® and
Flotow et al.?®) above 300 °C are larger than ours by
less than ca. 199%. The values of ¢, and t,, (ie.,
151.5°C and 405.5°C, and 152 °C and 406 °C as
reported by Mustajoki and by Flotow et al., respec-
tively) are rather low compared with ours (i.e., 157.2
°C and 411.7 °C, which lie below each of the data
in the other literature), as is shown in Fig. 6. The
experimental values of C, reported by Flotow et al.
increase linearly with an increase in the temperatures
over the entire temperature range above f,,, except
for the neighborhood of ¢,,. Our data show that
the heat capacities in the liquid state are almost inde-
pendent of temperature for all the alkali metal nitrates.
The C, values below ¢, in the Flotow et al. data are
smaller than ours and Mustajoki’s. The value of
AC3(t,,) measured by Mustajoki depends on the
systems, i.e., 15.0] K1 mol-! for NaNO;, —14.2 for
RbNO; and ca. 0 for CsNOg; in this work AC;(¢,,)=
0J K1mol! for all the alkali metal nitrates which
show a reversible solid-state transition. The values of
t,. and ¢, determined in this work are given by the
figures in parentheses. The literature values are shown
by the vertical lines in Figs. 2—6.

Some empirical rules which are possibly suitable
for other typical salts have been obtained from the
experimental results of C, for the five alkali metal
nitrates:

(1) The AC3(t,,) defined in Eq. 2 is almost zero
for MNO, accompanying the reversible solid-state tran-
sitions, i.e., NaNO,, KNO,;, RbNO,, or CsNO,.

(2) The heat capacities are independent of the
temperatures above ¢,  for all the nitrates. They
increase linearly with an increase in the temperature
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until the first phase-transition temperatures (z.e., 1.8 X
10-3J K-2g-1 between 50 and 230 °C for LiNOs,
2.3 x 103 between 50 and 150 °C for NaNO,, 1.5x 103
between 50 and 125 °C for KNO,, 1.2 x10-3 between
50 and 150 °C for RbNO;, and 1.0x10-3 between
50 and 150 °C for CsNO,); according to Southard
and Nelson,” whose data near room temperature are
shown by % in Figs. 3 and 4, the temperature coef-
ficients of C, for NaNO, and KNO; over the 100 °C
range below room temperature are 2.1x1073JK-2
g1 and 1.5x10-3, respectively. Therefore, between
—100 °C and 150 °C the C, values of NaNO; and
KNO, increases linearly with an increase in the tem-
peratures.

(3) Roughly speaking, the magnitude of the dis-
continuity, AC%®, at the temperature, ¢, corre-
sponding to the maximum value of C, is in inverse
proportion to the thermal expansion o, for the molten
MNO, systems except for RbNO,, which has three
phase transition points below ¢,

(4) Each of the NaNO,;, KNO,, and RbNOj sys-
tems has nearly the same magnitude of enthalpy re-
quired for all the reversible solid-transitions, though
the profile of C,, at ¢,, and the number of the transitions
below t,, are dependent on the specific substances.

We shall confine our attention here to the heat
capacities of MNOj in the liquid state. Starting from
a formula for the difference between C, and C,, one
obtains

C, w2ai MT
s B LA 3
& ‘. 3)
or:
2
T

Cp— Gy = 22m= (4)

Br

where u, oy, M, v,, and f, are the sound velocity,
the thermal expansivity, the molar weight, the molar
volume and the isothermal compressibility, respective-
ly.28) Equation 3 or 4 is useful because we can deter-
mine C, directly from the measured values of C, and
u or f,. The values of C, at 1.1 X T, are listed in
Table 2, together with the data of f,, u, a,, and v,.
The magnitudes of C}, obtained from the compressibility
data?5-26) are slightly larger than the C, values obtained
from the velocity data,?’-2%) for the molten CsNO,
or RbNO,; with a large molar volume, as is shown
in Table 2. No substantial difference between the
values of C;, determined using the ultrasonic velocity
data®”) and using the hypersonic velocity data?:2®) was
found for fused LiNO; and NaNO,. It is very inter-
esting that the y ratio, which is defined as C,/C, or
BrlBs (B,: adiabatic compressibility), increases roughly
with an increase in the molar volume, v,, among the
five alkali-metal nitrates in the liquid state. The heat
capacity C}, at a constant volume for the MNO; melts,
consisting of monatomic univalent cations, M+, and
complex univalent anions, NO,~, can be divided into
the interionic and intraionic portions:

CV — C%}”el‘ + C%}xtra, (5)
where C7*" is the sum of the contributions from the

translation and configuration for both M+ and NO,~
ions and where C¥*** is constructed of vibrational,
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TABLE 2 HEAT CAPACITY AT A CONSTANT PRESSURE OR VOLUME OF MOLTEN ALKALI-METAL NITRATES
Samoje LELIXTw) 10170 u? 10%® 108, C,0 Cy® 10 M 1,9
P K Nm—2  ms! K* ~m® JK3imol* Ny kg °C
LiNO, 582.7 18.12% — 2.88  36.6 15.7 1.08  68.95  256.5
20.026 — +1.2 15.9  1.07
— 17832 0.6 15.7  1.08
— 175129 15.8  1.07
NaNO, 641.7 19.82%) — 3.46  41.3 14.8  1.13  85.01  310.2
19.629 — 09 148 113
— 174029 139.1 +O-6 14.6  1.15
— 176129 e 14.6  1.15
— 176229 14.6  1.15
KNO, 670.5 22.4%) — 3.60  49.9 15.2  1.11 101.1 336.3
22.729 — 15.2  1.11
— 16832 103 T1Y 153 110
— 176629 ) 14.8  1.14
— 175129 14.8  1.14
RbNO,  645.4 23.5%) — 3.62  54.9 L9 152 116 147.49 313.5
20.929 — 146.0 T o 149 118
— 150628 o 14.7 1.19
CsNO, 753.4 33.62%) — 3.81  63.7 16 46 117 194.92 411.7
30.629 — 142.3 T, 144 119
— 119829 T 1401 1.21

a) Obtained from the measurement of (97/0P), in 26) and from the p-V-T studies in 25).
c¢) This work. d) Obtained using Eq. 3 or 4.

cities in 28) and 29), and ultrasonic velocities in 27).

rotational and electronic parts in the NO,~ ion.30)
The values of C3*/N,k; and CV*/N,kg are 6 and 1.5
respectively, in accord with the classical theory of the
heat capacity of an assembly of independent, rigid,
non-linear molecules for NO,~ ions.3%)

Under the assumption of a point charge model
for the univalent melts, the C¥**, C¥*"%, and Cy*°
values of the molten MNO; are equal to 3, 3, and
0 respectively in units of N,k;. The estimated value
of Cy/N,ky, 13.5, should be compared with the results
of the C},/ N, kg values of the five molten MNO; at 1.1 X
T, cited in Table 2, in which the disagreement may
originate mainly from the short estimation of C3™®
for molten MNO,. The molten alkali nitrates have
a higher heat capacity (i.e., ca. 15X N,kg) at a constant
volume than that (ca. 6.0 X N,k;) of molten alkali
chlorides because of the vibrational and rotational
contributions associated with NO;~. The hard-sphere
models3!+32) applied to the thermodynamic properties
of simple molten salts are not adequate for the molten
nitrates which consist of complex anions, NO;~, and
monatomic cations M™.

Once again let us focus on the difference, AC%?,
between the maximum value of C, near t,, and the
value of €, corresponding to the horizontal line linking
the open circles shown in the upper part of Figs. 2—6.
The ACY® quantity should not be confused with
the AC;(t,,) defined in Eq. 2 and should be infinite,
though it is apparently finite in the experimental
results. Such values of ACY® may originate from
the sudden appearance of the communal entropy at
the melting point because each ion can move anywhere
in the liquid, whereas in the crystal the ions are local-

b) Hypersonic velo-

ized systems.

Some of the techniques used have serious drawbacks,
since some previously reported data on heat capacities
in the liquid state are much too high, and their tem-
perature coefficients are not certainly less than the
positive values in the solid state.® The conclusion
in this work is that the heat capacity of each molten
alkali-metal nitrate is in the range from 138 to 148
J K-1mol! and is probably independent of the tem-
perature. At this point, it should be possible to regard
some sets of results above ¢, as better than others.
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