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Platinum (Pt) is one of the most widely used functional materials for high-pressure and high-temperature
experiments. Despite the crucial importance of its transport properties, both experimental and theoretical studies
are very limited. In this study, we conducted density functional theory calculations on the electrical resistivity,
the Seebeck coefficient, and the thermal conductivity of solid face-centered cubic Pt at pressures up to 200 GPa
and temperatures up to 4800 K by using the Kubo-Greenwood formula. The thermal lattice displacements
were treated within the alloy analogy, which is represented by means of the Korringa-Kohn-Rostoker method
with the coherent potential approximation. The electrical resistivity decreases with pressure and increases with
temperature. These two conflicting effects yield a constant resistivity of ∼70 μ� cm along the melting curve.
Both pressure and temperature effects enhance the thermal conductivity at low temperatures, but the temperature
effect becomes weaker at high temperatures. Although the pressure dependence of the Seebeck coefficient
is negligibly small at temperatures below ∼1500 K, it becomes larger at higher temperatures. It requires a
calibration of a thermocouple such as Pt-Rh in high-pressure and -temperature experiments.

DOI: 10.1103/PhysRevB.100.214302

I. INTRODUCTION

Platinum is one of the most important functional materials
in high-pressure geoscience and solid state physics, because
of its chemical and structural stability with respect to pres-
sure and temperature. The application includes, for example,
pressure markers [1–3], laser absorbers [4], electrodes [5],
capsules for hydrous systems [6], and thermocouples [7] in
high-pressure apparatuses.

Its transport properties are important and closely related
with each other [8,9] and, thus, extensive studies are reported
for Pt at ambient pressure [10–23]. For example, the electrical
resistivity, the Seebeck coefficient, and the thermal conduc-
tivity are reported to be 10.87 μ� cm, −5.28 μV/K, and
71.6 W m−1 K−1 at 300 K, respectively [10–12]. However,
high-pressure measurements on the electrical resistivity [24],
the Seebeck coefficient [7], and the thermal conductivity
[25] are very limited. Furthermore, recent high-pressure and
-temperature measurements of the electrical resistivity [26]
and the thermal conductivity [27] of Fe were inconsistent with
each other, because of the technical difficulties for measure-
ments of these transport properties [28].

From the point of view of first-principles calculations, the
resistivity and the thermal conductivity of solid Fe at high
pressure and temperature have been computed either by means
of the density functional perturbation theory (DFPT) [5,29]
or the first-principles molecular dynamics (FPMD) combined
with the Kubo-Greenwood formula [30]. The recently pro-
posed alloy analogy method allows us to simulate the phonon
scattering within the coherent potential approximation (CPA)
[31–33]. This method was applied to Fe at high pressure and
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temperature to determine the electrical and thermal transport
properties of the Earth’s core [34,35]. It is worth mentioning
that the alloy analogy method is suitable to calculate the
Seebeck coefficient. Until recently, most of the first-principles
studies of the Seebeck coefficient have been based on the
Boltzmann equation with the assumption that the mean free
time of electrons is constant with respect to the energy
[36,37]. This is because of the technical difficulty to calculate
the electron scattering. Wang et al. [37] demonstrated that
the Seebeck coefficient is a thermodynamic quantity that can
be computed solely on the electron density of states (DOS).
However, the electron DOS depends on the scattering. Kou
and Akai [33] successfully calculated the Seebeck coefficients
of transition metals with electron scattering by using the alloy
analogy method at ambient pressure.

As shown above, the previous studies on the electronic
transport properties (electrical resistivity, Seebeck coefficient,
and thermal conductivity) of Pt are limited at high pressure.
Therefore, we calculated the electronic transport properties
up to 200 GPa and 4800 K by means of the Korringa-Kohn-
Rostoker (KKR) method combined with the alloy analogy
within the coherent potential approximation (CPA) [32,33].
Up to 100 GPa, the transport properties are calculated with
a 10-GPa step in order to supply reference data set for a
Kawai-type multianvil apparatus (KMA) experiments. As an
example, we discuss the problem of the temperature deter-
mination by using a Pt-Rh thermocouple under the deep
lower mantle pressure and temperature conditions. We further
calculated the transport properties at 150 and 200 GPa, which
is sufficient for diamond-anvil cell (DAC) experiments.

II. METHODS

Within the alloy analogy model [32,33], the thermal
atomic displacements were represented as a discrete set of
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Nv displacement vectors �Rv(T ). The band structure of Pt
with finite temperature lattice vibrations can be, thus, repre-
sented as a pseudoalloy with the Nv pseudocomponents with
|�Rv(T )| =

√
〈u2〉 by the coherent potential approximation

(CPA). Using the Debye theory, the mean square displacement
was represented as

〈u2〉 = 9h̄2

mkB�D

{(
T

�D

) ∫ �D/T

0

z

exp(z) − 1
dz + 1

4

}
, (1)

where h̄ is the reduced Planck’s constant (the Dirac’s con-
stant), m is the atomic mass, kB is the Boltzmann’s constant,
�D is the Debye temperature, and T is temperature. Neglect-
ing the zero-point vibration, it becomes

〈u2〉 = 9h̄2T

mkB�2
D

. (2)

Following the previous calculations [32,33], we set Nv = 14
for most of the present calculations. We also tested Nv = 4,
6, 8, 12, and 20, for convergence at 0 GPa, whose coordinates
are identical to the vertex positions of regular polyhedrons that
are inscribed in a sphere with the radius of r =

√
〈u2〉. The lat-

tice parameter and the Debye temperature are obtained from
the experimentally determined equation of state of Pt at each

pressure and temperature condition [2]. The Kohn-Sham
equation was solved by means of the Korringa-Kohn-Rostoker
(KKR) Green function method, which is implemented in
the AKAIKKR package [38]. The Perdew-Burke-Ernzerhof
(PBE) type of generalized gradient approximation (GGA) was
adapted to the exchange-correlation potential [39]. The crystal
potential was approximated by using the atomic spherical
approximation (ASA). The maximum angular momentum
quantum number was set to l = 3. Relativistic effects were
considered in the scalar relativistic approximation. The con-
ductivity was calculated from the Kubo-Greenwood formula
with the vertex correction [33,36,40–42]. By using Kn, the
electrical resistivity ρ, the Seebeck coefficient S, and the
thermal conductivity k can be calculated as follows,

1

ρ
= K0, (3)

S = − 1

eT

K1

K0
, (4)

k = 1

e2T

(
K2 − K2

1

K0

)
, (5)

Kn =
∫ ∞

−∞
σ (ε)(ε − μ)n

(
−∂ f

∂ε

)
dε, (6)
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FIG. 1. (a) Electrical resistivity, (b) Seebeck coefficient, (c) thermal conductivity, and (d) Lorenz number of Pt as function of temperature
at 0 GPa. Colored symbols are present calculations with Nv = 4 (*), 6 (�), 8 (�), 12 (�), 14 (•), and 20 (♦). These symbols are largely
overlapped in (a), (c), whereas they are somewhat scattered in (b), (d). Gray broken lines indicate the literature data of the electrical resistivity
[10], the Seebeck coefficient [11], the thermal conductivity [12], and the Lorenz number [10,12]. Cross symbols are previous experiments of
resistivity [13,14,16–19], Seebeck coefficient [15–17,20,21], and thermal conductivity measurements [14,18,22,23]. Open gray circles indicate
the previous calculation [33]. Note that the results are almost independent of the Nv except for the Seebeck coefficient, and consistent with the
literature.
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(b) Seebeck coefficient (μVK-1)
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(c) Thermal conductivity (Wm-1K-1)
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(d) Lorenz number, L × 108 (WΩK-2)
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FIG. 2. Pressure and temperature dependence of (a) the electrical resistivity, (b) the Seebeck coefficient, (c) the thermal conductivity, and
(d) the Lorenz number of solid fcc Pt up to 100 GPa. The gray region represents the liquid stability field [43]. All the source data are in
Tables I–IV.

where σ (ε) is the conductivity, ε is the energy, μ is the
chemical potential, and f is the Fermi-Dirac distribution func-
tion. For the conductivity calculation, 65 701 k points were
used in the irreducible Brillouin zone. The energy-dependent
conductivity σ (ε) is calculated within the complex energy
mesh with 201 energy points. The real part of the energy range
is from εF − 10εHWHM to εF + 10εHWHM, where εF is the
Fermi energy and εHWHM = ln(3 + 23/2)kBT is the half width
at half maximum (HWHM) of ∂ f /∂ε. A small imaginary part,
i.e., η = 0.000 01 Ry, was attached to the energy mesh.

III. RESULTS AND DISCUSSIONS

The results of the present calculations with Nv � 12 well
reproduce the literature data at ambient pressure [10–12].
Figure 1 shows the results of the electrical resistivity, the
Seebeck coefficient, the thermal conductivity, and the Lorenz
number of Pt at 0 GPa with various Nv compared with
literature values [10–12]. The electrical resistivity increases
with increasing temperature, and shows excellent agreement
with previous experiments [10] up to a melting temperature
of T = 2042 K [43,44] [Fig. 1(a)]. It is worth mentioning
that Nv = 4 is enough for the electrical resistivity calculation.
The calculated Seebeck coefficients are always negative, and
their absolute values increase with increasing temperature.
Our calculations reproduce the general trends of temperature
dependence, but are systematically higher than the value
determined from experiments [11]. This systematic error may
relate to the effect of thermal expansion [37]. Wang et al. [37]

suggested that the isobaric Seebeck coefficient contains the
constant volume contribution and thermal expansion contri-
bution, which is 10% − 20% of the former. In this study, we
calculated the constant volume contribution only. In contrast
to the electrical resistivity, the Seebeck coefficient depends
on Nv, and Nv � 12 is required for the convergence. The
calculated thermal conductivity is insensitive to temperature,
which is consistent with the literature value [12] [Fig. 1(c)].
The calculated thermal conductivity is also insensitive to
Nv. Because we calculated the electrical resistivity and the
thermal conductivity separately, it is possible to evaluate the
pressure and temperature dependences of the Lorenz number,
L(P, T ) = ρ(P, T )k(P, T )/T . The Lorenz number is calcu-
lated to be L = 2.50 × 10−8 W � K−2 at 0 GPa and 300 K,
which is very close to the Sommerfeld value of the Lorenz
number LSomm = π2k2

B/3e2 ∼= 2.445 × 10−8 W � K−2, where
e is an elementary charge. The Lorenz number increases with
increasing temperature, which indeed exhibits temperature de-
pendence. This behavior is consistent with the Lorenz number
calculated from the literature data [10,12] [Fig. 1(d)].

Considering the convergence with respect to Nv at 0 GPa,
we adopted Nv = 14 for calculations at high pressure and high
temperature up to the melting temperature [43]. The results up
to 100 GPa are shown in Fig. 2, and higher-pressure values
are plotted in Fig. 3. All the numerical values of the present
calculation with Nv = 14 are found in Tables I–IV.

Figure 4 shows the pressure dependence of the electri-
cal resistivity at 300 K. The electrical resistivity decreases
with increasing pressure, which is consistent with a previous
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FIG. 3. Pressure and temperature dependence of (a) the electrical resistivity, (b) the Seebeck coefficient, (c) the thermal conductivity, and
(d) the Lorenz number of solid fcc Pt up to 200 GPa. Pressure conditions are 0 (purple), 50 (green), 100 (cyan), 150 (orange), and 200 GPa
(yellow). Previous studies at ambient pressure are also plotted for comparison. Gray broken lines indicate the literature data of the electrical
resistivity [10], the Seebeck coefficient [11], the thermal conductivity [12], and the Lorenz number [10,12]. Cross symbols are previous
experiments of resistivity [13,14,16–19], Seebeck coefficient [15–17,20,21], and thermal conductivity measurements [14,18,22,23]. Open gray
circles indicate the previous calculation [33]. Gray squares represent the previous thermal conductivity measurements at high pressures between
35 and 55 GPa [25].

measurement result [24]. Considering both pressure and tem-
perature effects, the electrical resistivity increases with in-
creasing temperature, whereas it decreases with increasing

pressure [Fig. 2(a)]. At high temperatures, isoresistivity
curves become parallel to the melting curve determined by
Belonoshko and Rosengren [43], which is consistent with

TABLE I. Electrical resistivity of fcc Pt at high pressure and temperature (μ� cm).

P (GPa)

T (K) 0 10 20 30 40 50 60 70 80 90 100 150 200

300 12.31 10.45 9.11 8.10 7.30 6.66 6.13 5.68 5.29 4.96 4.66 3.61 2.94
600 23.34 19.88 17.40 15.49 14.01 12.83 11.83 10.98 10.25 9.62 9.06 7.04 5.76
900 33.57 28.55 24.94 22.19 20.15 18.50 17.11 15.92 14.90 14.01 13.23 10.37 8.53
1200 43.18 36.72 32.05 28.53 25.91 23.78 21.99 20.49 19.20 18.08 17.10 13.51 11.18
1500 52.48 44.51 38.85 34.65 31.43 28.79 26.59 24.75 23.18 21.84 20.65 16.45 13.68
1800 61.84 52.13 45.44 40.51 36.73 33.63 31.01 28.82 26.94 25.36 23.99 19.15 16.00
2100 71.55 59.91 51.99 46.25 41.88 38.33 35.33 32.80 30.61 28.75 27.15 21.65 18.15
2400 81.51 67.86 58.59 51.96 46.94 42.92 39.55 36.68 34.22 32.08 30.24 24.00 20.11
2700 76.03 65.37 57.75 52.02 47.49 43.74 40.55 37.83 35.42 33.34 26.23 21.94
3000 72.32 63.67 57.20 52.11 47.93 44.41 41.49 38.77 36.46 28.44 23.66
3300 69.73 62.47 56.81 52.19 48.31 45.03 42.15 39.61 30.67 25.33
3600 68.02 61.62 56.52 52.26 48.64 45.55 42.79 32.96 27.00
3900 73.42 66.53 60.96 56.29 52.35 49.21 46.04 35.32 28.70
4200 71.53 65.46 60.40 56.12 52.58 49.36 37.74 30.46
4500 70.05 64.62 59.96 56.02 52.65 40.22 32.35
4800 69.79 65.13 59.63 56.63 42.75 34.25
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TABLE II. Seebeck coefficient of fcc Pt at high pressure and temperature (μV K−1).

P (GPa)

T (K) 0 10 20 30 40 50 60 70 80 90 100 150 200

300 –1.87 –1.49 –1.12 –0.89 –0.51 –0.77 –0.88 –1.05 –1.23 –1.39 –1.54 –2.50 –4.27
600 –3.77 –4.12 –4.21 –4.36 –4.08 –3.93 –3.82 –3.74 –3.67 –3.63 –3.60 –3.73 –4.13
900 –7.55 –7.93 –8.46 –8.96 –8.23 –7.84 –7.52 –7.21 –6.93 –6.68 –6.47 –5.90 –5.88
1200 –13.19 –13.31 –13.81 –14.26 –13.72 –13.39 –12.97 –12.45 –11.90 –11.37 –10.89 –9.30 –8.81
1500 –17.74 –18.59 –18.98 –19.09 –18.97 –19.15 –19.15 –18.82 –18.25 –17.56 –16.97 –13.83 –12.74
1800 –19.88 –22.17 –23.07 –23.33 –23.38 –23.80 –24.30 –24.47 –24.51 –24.09 –23.43 –19.56 –17.59
2100 –19.89 –23.68 –25.57 –26.43 –26.77 –27.28 –28.00 –28.56 –29.29 –29.51 –29.35 –25.81 –23.10
2400 –18.50 –23.56 –26.60 –28.17 –28.96 –29.67 –30.48 –31.38 –32.38 –33.17 –33.65 –31.54 –28.82
2700 –22.37 –26.33 –28.69 –30.02 –31.01 –31.97 –32.99 –34.11 –35.29 –36.29 –36.61 –34.29
3000 –25.22 –28.27 –30.12 –31.46 –32.61 –33.72 –34.27 –36.28 –37.61 –40.38 –39.13
3300 –27.18 –29.53 –31.17 –32.55 –33.78 –34.82 –36.43 –37.98 –42.80 –43.05
3600 –28.14 –30.34 –31.94 –33.33 –34.61 –36.13 –37.67 –44.06 –45.97
3900 –26.87 –29.11 –30.86 –32.46 –33.85 –34.19 –36.87 –44.40 –47.90
4200 –27.62 –29.59 –31.28 –32.77 –33.72 –35.71 –44.05 –48.93
4500 –28.07 –29.81 –31.47 –32.86 –34.57 –43.21 –49.09
4800 –26.98 –28.13 –31.50 –31.22 –42.02 –48.83

the recent laser-heated diamond-anvil cell measurement and
theoretical calculations [44–46]. This gives a constant re-
sistivity value of ∼70 μ� cm along the melting curve. This
phenomenon is consistent with the model suggested by Stacey
and Anderson [47], which predicts that the electrical re-
sistivity of Fe becomes constant along the melting curve.
McWilliams et al. [25] applied the Stacey’s constant resistivity
model [47] to Pt. This idea is initially proposed by Stacey
and Anderson [47] based on the Lindeman’s melting criterion,
which suggests that melting occurs when the mean square
displacement of ions reaches a specific value. Because the
electrical resistivity also depends on the mean square dis-
placement, Stacey and Anderson [47] considered that the
phonon-contributed resistivity of pure metals becomes con-
stant along the melting curve. However, the model cannot be

used for metals that exhibit strong resistivity saturation be-
havior such as Fe [5]. The resistivity saturation phenomenon
is predicted to occur at high resistivity comparable with
the Ioffe-Regel condition (∼150 μ� cm) [48]. The resistivity
of Pt at the melting temperature is ∼70 μ� cm at ambient
pressure. This value is sufficiently smaller than ∼150 μ� cm.
Indeed, the temperature dependence of ambient pressure re-
sistivity is almost free from the saturation behavior. Our
calculation predicted that the resistivity of Pt is constant along
the melting curve; therefore, we considered that the effect
of saturation is small within the pressure and temperature
conditions calculated in this study. Therefore, the Stacey’s
constant resistivity model [47] is applicable for Pt.

Figure 5 represents the temperature dependence of the
thermal conductivity at 0, 50, and 100 GPa. The thermal

TABLE III. Thermal conductivity of fcc Pt at high pressure and temperature (W m−1 K−1).

P (GPa)

T (K) 0 10 20 30 40 50 60 70 80 90 100 150 200

300 60.83 71.40 81.78 92.06 101.90 112.31 122.21 132.01 141.71 151.33 160.91 208.20 254.32
600 66.92 78.33 89.12 99.80 109.83 119.51 129.14 138.67 148.10 157.45 166.70 212.41 257.89
900 73.47 86.15 98.50 110.57 120.65 130.46 140.12 149.63 158.99 168.21 177.34 222.18 267.09
1200 80.05 93.89 107.75 121.47 133.23 144.31 154.69 164.52 174.00 183.23 192.37 236.74 281.53
1500 84.25 99.74 114.56 129.14 143.11 156.77 169.46 180.94 191.47 201.31 211.64 254.90 300.16
1800 85.94 103.02 118.84 134.20 149.33 164.74 179.89 193.81 206.90 218.58 229.27 275.91 321.91
2100 85.94 104.11 120.92 137.01 152.75 168.95 185.51 201.23 217.06 231.21 244.16 296.68 344.62
2400 85.19 104.00 121.61 138.21 154.34 170.83 187.94 205.19 222.26 238.48 253.67 314.04 366.09
2700 103.25 121.27 138.27 154.63 171.20 188.39 206.19 224.00 241.47 258.35 327.87 384.64
3000 120.46 137.66 154.11 170.63 187.71 205.51 222.10 241.67 259.52 337.05 399.39
3300 136.72 153.19 169.51 186.38 203.97 221.39 240.18 258.53 342.09 410.10
3600 151.70 168.20 184.75 202.00 219.79 238.12 256.28 343.85 417.10
3900 150.80 166.77 182.90 199.88 217.46 233.08 253.40 343.23 420.96
4200 165.38 181.27 197.76 214.98 231.25 250.15 341.06 422.27
4500 179.64 195.67 212.54 229.53 247.54 337.89 421.34
4800 191.49 206.62 227.08 240.61 334.22 419.48
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TABLE IV. Lorenz number of fcc Pt at high pressure and temperature, L × 108 (W � K−2).

P (GPa)

T (K) 0 10 20 30 40 50 60 70 80 90 100 150 200

300 2.50 2.49 2.48 2.48 2.48 2.49 2.50 2.50 2.50 2.50 2.50 2.51 2.49
600 2.60 2.60 2.58 2.58 2.56 2.56 2.55 2.54 2.53 2.52 2.52 2.49 2.48
900 2.74 2.73 2.73 2.73 2.70 2.68 2.66 2.65 2.63 2.62 2.61 2.56 2.53
1200 2.88 2.87 2.88 2.89 2.88 2.86 2.84 2.81 2.78 2.76 2.74 2.67 2.62
1500 2.95 2.96 2.97 2.98 3.00 3.01 3.00 2.98 2.96 2.93 2.91 2.80 2.74
1800 2.95 2.98 3.00 3.02 3.05 3.08 3.10 3.10 3.10 3.08 3.06 2.94 2.86
2100 2.93 2.97 2.99 3.02 3.05 3.08 3.12 3.14 3.16 3.17 3.16 3.06 2.98
2400 2.89 2.94 2.97 2.99 3.02 3.05 3.10 3.14 3.17 3.19 3.20 3.14 3.07
2700 2.91 2.94 2.96 2.98 3.01 3.05 3.10 3.14 3.17 3.19 3.19 3.13
3000 2.90 2.92 2.94 2.96 3.00 3.04 3.07 3.12 3.15 3.19 3.15
3300 2.89 2.90 2.92 2.95 2.99 3.02 3.07 3.10 3.18 3.15
3600 2.87 2.88 2.90 2.93 2.97 3.01 3.05 3.15 3.13
3900 2.84 2.84 2.86 2.89 2.92 2.94 2.99 3.11 3.10
4200 2.82 2.83 2.84 2.87 2.89 2.94 3.06 3.06
4500 2.80 2.81 2.83 2.86 2.90 3.02 3.03
4800 2.78 2.80 2.82 2.84 2.98 2.99

conductivity is strongly enhanced by applying pressure,
whereas the temperature effect is insignificant. The previous
measurements of the thermal conductivity at 35, 50, and
55 GPa are also plotted for comparison [25]. Our calcu-
lation is consistent with the previous measurement result.
Figure 2(c) shows the pressure and temperature dependence of
the thermal conductivity. The thermal conductivity increases
with increasing pressure and temperature at low temperatures.
McWilliams et al. [25] fit their thermal conductivity data to the
simple planar function: k = aP + bT + c. However, our cal-
culation predicts that such a simple expression cannot apply
at high temperature, because its thermal conductivity is almost
insensitive to the temperature at high temperature. This can be
understood as follows: the Bloch-Grüneisen law predicts lin-
ear temperature dependence of the electrical resistivity at high
temperatures, which is cancelled out with the linear tempera-
ture dependence of the Wiedemann-Franz law. The calculated
Lorenz number as functions of pressure and temperature is
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FIG. 4. Electrical resistivity of Pt as function of pressure at
300 K. Solid line with filled square symbols represents the present
calculation and open circles indicate the previous measurements
[24].

shown in Fig. 2(d). Similar to the ambient pressure, the Lorenz
number exhibits temperature dependence. It increases with
temperature, and reaches a maximum value around 1500 K.
Then, it is flattening, and finally its value gets smaller at higher
temperature. Such temperature-dependent Lorenz number is
already reported at high pressure [42,49]. Within the calcu-
lated pressure and temperature range, the maximum value
was obtained to be L = 3.20 × 10−8 W � K−2 at 100 GPa and
2400 K, which is 30% higher than the Sommerfeld value of
LSomm

∼= 2.445 × 10−8 W � K−2.
Figure 2(b) shows the Seebeck coefficient as functions

of pressure and temperature. At low temperatures (T �
1500 K), the Seebeck coefficient is almost pressure inde-
pendent. However, it shows strong pressure dependence at
temperature higher than 1500 K. Pt is widely used as a R-type
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previous measurements at high pressures between 35 and 55 GPa
[25].
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(Pt-Pt87Rh13) or S-type (Pt-Pt90Rh10) thermocouple in a
high-pressure and high-temperature experimental apparatus
such as a piston cylinder or a Kawai-type multianvil apparatus
(KMA). However, no pressure correction has been made, so
far [50]. A single wire method has been conducted to measure
the electromotive force (EMF) at high pressure, but because
of its technical difficulty, the maximum pressure condition
is restricted to be 7.2 GPa [51] and the temperature range is
less than 1273 K [7,50,51]. Also, intercomparison of multiple
thermocouples has been carried out only up to 15 GPa and
2073 K [52]. On the other hand, recent technical advances
of KMA have expanded the range of experimental pressure
and temperature. By using sintered diamond cubic anvils,
the maximum pressure reaches more than 120 GPa [53]. For
high-temperature generation, a boron-doped diamond heater
enables us to heat the sample to ∼4000 K [54]. Indeed, such
a high-pressure and high-temperature condition corresponds
to the region where the Seebeck coefficient exhibits strong
pressure dependence. Let us estimate the significance of
the pressure dependence of the Seebeck coefficient on the
temperature reading by using the Pt-Rh thermocouple. The
Seebeck coefficient of Pt is −31.12 μV K−1 at 40 GPa and
3000 K. With a compression to 100 GPa at the identical
temperature, it becomes −37.61 μV K−1, which is ∼20%
enhancement. Assuming that the Seebeck coefficient of the
Pt-Rh alloy exhibits the same pressure dependence, a ∼20%
enhancement on the relative Seebeck coefficient results in a
∼600 K enhancement on the apparent temperature. This un-
certainty is larger than the typical temperature error (∼200 K)
in laser-heated diamond-anvil cell experiments [4]. Therefore,
developments of temperature measurement become one of
the most important tasks for high-pressure and -temperature
experiments in the KMA.

Let us summarize the trends of the present calculation
results (Figs. 1 and 2). The electrical resistivity increases
linearly with increasing temperature. The linearity continues
up to 200 GPa following the Bloch-Grüneisen law, which
in turn means that the resistivity saturation is not significant
[Fig. 3(a)]. The Seebeck coefficient decreases with temper-
ature and shows the minimum value. The temperature at
which the Seebeck coefficient shows the minimum increases
with pressure [Fig. 3(b)]. The thermal conductivity increases
with temperature at low temperature, and the temperature

dependence becomes small at high temperature [Fig. 3(c)].
The Lorenz number is not a constant, but varies with
temperature [Fig. 3(d)]. It increases with temperature and
shows the maximum, then decreases. These trends are com-
monly observed at the pressure and temperature range inves-
tigated in this study.

IV. CONCLUSION

We computed the electronic transport properties (electri-
cal resistivity, Seebeck coefficient, and thermal conductivity)
of solid face-centered cubic (fcc) Pt by using the KKR-
CPA method combined with the alloy analogy [32,33] up
to 200 GPa and 4800 K. Ambient pressure results are con-
sistent with the literature data [10–12]. For the convergence
with respect to the number of the pseudocomponents, Nv =
4 is sufficient to calculate the electrical resistivity and the
thermal conductivity, whereas Nv � 12 is required for the
Seebeck coefficient. Our calculations at high pressure are also
consistent with the results of previous experiments [24,25].
The electrical resistivity is almost constant along the melting
temperature, which is consistent with the previous modeling
[25,47]. The Lorenz number exhibits the temperature depen-
dence, and it becomes L = 3.20 × 10−8 W � K−2 at 100 GPa
and 2400 K, which is 30% higher than the Sommerfeld value
of LSomm

∼= 2.445 × 10−8 W � K−2. The Seebeck coefficient
is insensitive to pressure at the temperature below 1500 K.
However, above 1500 K, the Seebeck coefficient exhibits
strong pressure dependence. Recent technical developments
of multianvil high-pressure experiments can generate over
120 GPa [53] and ∼4000 K [54]. In such high-pressure and
-temperature conditions, special calibration is needed for the
temperature measurements using the Pt-Rh thermocouple.
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