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Pentlandite is a mineral of utmost economic importance for
it is the main source of Ni in massive sulfide ores. The crystal
chemistry of pentlandite is of great interest because the metal-
to-sulfur ratio implies unusual valence of Fe and Ni atoms. Its
low-temperature heat capacity has so far not been measured.

Heat capacity measurements were carried out over the tem-
perature range 6–306 K using the adiabatic low-temperature
calorimetric system described by Drebushchak et al. (2000).
The calorimeter was made of Ni (mass 22.7 g, internal volume
6 cm3). Pentlandite of Fe4.60Ni4.54S8 composition with a unit
cell parameter of 10.119(1) Å (cubic, Fm3m) was investigated.
Total sample mass was 8.6221 g. Synthesis of the sample was
described in detail by Drebushchak et al. (1998).

Six series of measurements (52 points) were performed.
The results are listed in Table 1 in order of T. These values
were used for the evaluation of smoothed thermodynamic func-
tions of pentlandite (see Table 2). In smoothing below 15 K,
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ABSTRACT

The heat capacity of synthetic pentlandite Fe4.60Ni4.54S8 was measured over the temperature range
6–306 K. Experimental values of CP (T) indicate that there are no phase transitions. The thermody-
namic functions CP (T), H(T) – H(0), and S(T) – S(0) were evaluated: CP (298.15) = 442.7 J/mol·K,
S(298.15) – S(0) = 474.9 J/mol·K, and H(298.15) – H(0) = 76280 J/mol (molar mass: 779.877 g).
Below 10 K, the heat capacity of pentlandite fits the regression CP(T) = a T + b T3. The linear term
is typical of metals and known as an electronic contribution to the heat capacity. This agrees with
the hypothesis that there is metal bonding among cations in tetrahedral sites.

TABLE 1. Experimental heat capacities for pentlandite Fe4.60Ni4.54S8

(molar mass: 779.877 g)

T Cp T Cp T Cp

(K) (J/mol·K)  (K) (J/mol·K) (K) (J/mol·K)
6.26 0.669 53.19 79.50 179.06 334.2
8.02 0.942 58.88 94.12 189.51 346.6
9.92 1.419 63.47 105.9 199.68 358.0
11.10 1.964 68.74 119.8 207.86 366.8
12.30 2.219 74.11 134.0 214.89 373.6
13.35 2.924 79.85 148.5 228.80 387.1
14.53 3.841 81.41 151.1 236.35 393.9
15.83 4.802 86.89 165.2 245.20 401.5
17.38 6.117 93.44 181.2 256.64 411.0
19.18 8.073 100.55 197.6 270.23 422.0
21.43 10.64 108.23 215.0 281.51 430.5
24.07 14.68 116.42 232.1 287.39 434.6
27.16 20.07 126.11 251.0 293.86 439.8
30.76 26.90 137.56 272.0 294.54 439.4
34.66 35.02 148.81 291.0 297.38 442.4
38.73 44.12 159.06 306.8 300.33 444.5
43.06 54.18 168.92 321.1 306.06 448.5
47.99 66.08

TABLE 2. Molar thermodynamic properties of pentlandite
Fe4.60Ni4.54S8  (molar mass: 779.877 g)

T CP
0 (T) S (T) – S (0) H 0m(T) – H 0m (0)

(K)  (J/mol·K) (J/mol·K) (J/mol–1)
(5) (0.3830) (0.3006) (0.8030)
10 1.507 0.848 5.065
15 4.114 1.890 18.346
20 8.985 3.691  50.23
25 16.18 6.421 112.1
30 25.42 10.17 215.7
35 35.79 14.86 368.3
40 46.99 20.36 575.0
45 58.68 26.57 839.2
50 71.18 33.38 1163
60 97.00 48.65 2004
70 123.1 65.55 3104
80 148.4 83.66 4463
90 172.7 102.5 6069
100 196.5 122.0 7916
120 239.2 161.7 12284
140 276.2 201.4 17446
160 308.3 240.4 23299
180 335.4 278.4 29744
200 358.5 314.9 36686
220 378.7 350.0 44062
240 397.1 383.8 51824
260 413.8 416.2 59933
280 429.3 447.5 68367
300 444.1 477.6 77100
298.15        442.7 ± 1.1                 474.9 ± 2.8           76280 ± 310

the experimental values were found to fit a sum of linear and
cubic terms: CP = a T + b T3 where a = 0.052 ± 0.011 J/mol·K2

and b = 0.988 ± 0.034 mJ/mol·K4. In coordinates CP/T vs. T2, a
straight line intersects the b-axis at point a as shown in Figure
1. Such a relationship between heat capacity and temperature
is typical of metals.

The coefficient of the electronic contribution to the heat
capacity is 0.052 ± 0.011 J/mol·K2. One mole of pentlandite
contains 9.14 moles of metal atoms (Fe + Ni). The effective
contribution of one mole of metal to the electronic heat capac-
ity is 5.7 ± 1.2 mJ/mol·K2. This value agrees well with those
for pure Fe and Ni: 5.0 and 7.1 mJ/mol·K2, respectively (Blatt
1968).

Based on refinements of the crystal structures of natural
pentlandites, Rajamani and Prewitt (1973) proposed that there


