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NGUYEn QUAnG HOC1*, BUI DUC TInh1, NGUYEn DUC HIEn2 

THE MELtING AND tHE DEBYE TEmPERAtURE OF FOR BCC AND FCC MEtALS UNDER PRESSURE:  
A CALcULAtION FROm tHE StAtIStIcAL MOmENt MEtHOD

We build the melting theory and the theory of the Debye temperature for defective and perfect cubic metals mainly based on 
the statistical moment method. Our theoretical results are applied to metals Ni, Pd and Pt. Our calculations of melting temperatures 
agree well with experiments and other calculations. Our other calculations are highly reliable. 
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1. Introduction

Studying on the melting of the crystal is a classic problem. 
Experimental techniques consist of the laser-heating diamond 
anvil cell (LH DAC) [1] and the shock wave (SW) [2]. Main 
theories and simulations are the molecular dynamics simula-
tion (MD) [3] and the ab initio calculations [4]. However, the 
experiments do not agree with theoretical results for the melt-
ing of some transition metals [5]. At the melting point, many 
physical quantities such as the atomic volume, the density, the 
enthalpy, the entropy, etc. have jumps. Although some theoreti-
cal researchers tried to solve this problem [6,7], the obtained 
results are still limited. 

Researchers have been interested the melting of metals 
Ni, Pd and Pt. At 0.1 MPa, The BCC structure of Ni has the lat-
tice constant a = 3.5328×10–10 m and the melting temperature 
1728 K at 0,1 MPa. The experimental melting curve of Ni has 
the constant dT/dP = 33 K/GPa up to 1923K and 6 GPa [8,9]. 
The melting curve of Ni was experimentally and theoretically 
determined in [10-12]. The behavior of Ni was studied at room 
temperature by calculation up to 34 TPa[13]. According to X-ray 
diffraction study, the FCC structure of Ni is stable at 298K up to 

65 GPa [14] and up to 55 GPa for nanocrystalline Ni [15]. The 
BCC structure of Pd has the lattice constant a = 3.8902×10–10 m 
and the melting temperature 1827K at 0.1 MPa. The behavior 
of Pd was studied by X-ray diffraction up to 80 GPa and 298 K 
[16,17], by calculation [18] and in [19,20]. The FCC structure 
of Pt has the lattice constant a = 3.9239×10–10 m and the melting 
temparature 2057 K at 0.1 MPa. The behavior of Pt was studied 
at melting by calculations [12,21-23]. The melting curve has an 
initial dT/dP = 42 K/GPa up to 6 GPa and ~2300 K [24]. The 
melting curve was presented by the equation T (K) = 2057 + 
27.2P – 0.1497P2, where P is in GPa [25].

In recent years, many simulations and theoretical studies on 
the influences of factors such as temperature, pressure, atomic 
number, impurities,... on structural, mechanical; thermodynamic, 
melting and electrical properties, phase transtions of metals, al-
loys and polymers have been published [26-37].

In this paper, we present the melting theory and the theory 
of Debye temperature for cubic metals mainly builded by the 
statistical moment method (SMM). Our theory is applied to 
metals Ni, Pd and Pt. We compare and interpret the numerical 
results obtained. 
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