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ABSTRACT 

UFe2 is problematic material in nuclear reactor. Study of this material is useful 

to increase nuclear reactor life. Here we examine different physical properties of UFe2 

by using DFT (LDA and GDA) methods by using recent ABNIT code. Details of 

methodology are discussed. We found that LDA and GGA potentials are not sufficient 

to explain the behaviour of this solid. Further development in atomic potential of this 

material is discussed. 

INTRODUCTION 

UFe2 is a metallic material (1-6). The 

general crystal structure of UFe2 is fcc (space 

group 227-Fd-3m) with various lattice 

dimension between 13.046 to 13.337 Å (7). 

The cubic C15-type Lave phase compound 

UFe2 orders in ferromagnetic structure with 

Curie temperature of Tc - 165 K (1). Neutron 

and magnetic Compton scattering 

measurements show that the magnetization of 

this compound is due to the magnetic 

moment associated with the Fe atoms (0.38 

μB-0.6 μB) , depending upon the 

stoichiometry, while the magnetic moment at 

the uranium site is almost zero (2-5). The 

latter is due to a near cancellation of the spin 

(-0.22 μB) and orbital (0.23 μB ) contribution 

to the uranium moment in the compound. In 

an another study done by B Lebech et all (6) 

shows that net magnetic moment at the U site 

in the crystal is only 0.01 μB by polarized 

neutron experiment. A study done by Boring 

et al (6) conformed the crystal structure by 

using DFT. They concluded that magnetism 

in this system is due to exchange spitting and 

not by charge-transfer effect. There results 

slightly differ from the results discussed in 

(5). They calculated almost equal amount of 

sharing of magnetic moment (0.640 μB ) in 

opposite direction between U and Fe atoms 

for 13.337 Å lattice constant and found it 

decreases by varying lattice size to 13.046 Å 
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of the crystal. The value of magnetic moment 

of U site and Fe site were - 0.29 μB and + 

0.38 μB respectively at this lattice constant. 

The magnetic properties in this material are 

connected to the highly correlated d and f 

electrons.  

Because of the success of the DFT 

(LDA, GGA) calculations for the ground 

state properties of the highly d and f electrons 

magnetic elements it seems reasonable to 

attempt to explain the physical properties of 

this material. 

METHODOLOGY 

As explained by Yun et al. (7) the 

density functional theory is a quantum 

mechanical approach to predicting the 

ground-state properties of materials, it has 

been successfully applied to such things as 

bulk materials, surfaces, interfaces, 

superlattices, and point defects. The most 

prominent feature of DFT, as compared with 

previous many-body theories, is that it 

describes the interacting electrons by means 

of the single -electron density without 

introducing approximate many- body wave 

functions. In 1964, Hohenberg and Kohn [8] 

proved that the total energy of an electron gas 

is a unique functional of the single-electron 

density. The electron density minimizing the 

total energy functional is the exact single-

particle density of the ground state. 

Subsequently, Kohn and Sham[9] have 

provided a practical scheme, in which the 

total-energy functional is expressed, using a 

set of fictitious single-particle orbitals, i, as 

follows: 

𝐸 Ψ𝑖 =  Ψ∗
𝑖(−

ħ
2

2𝑚
)Λ

2
Ψ𝑖𝑑

3𝒓 +   𝑉𝑖𝑜𝑛  𝑟 𝑛 𝑟 𝑑3𝒓         +
𝒆𝟐

𝟐
 

𝒏 𝒓 𝒏 𝒓′ 

 𝒓−𝒓′ 
𝑑3𝒓𝑑3𝒓′ +

𝐸𝑥𝑐  𝑛 𝒓  𝐸𝑖𝑜𝑛  𝑅  

           (1) 

In Equation 1, Eion is the Coulomb energy 

associated with interactions among the nuclei 

at positions {Ri}, Vion is the electron-ion 

potential, n(r) is the electronic density given 

by  

𝑛 𝑟 =   𝜓𝑖 𝑟  
2

𝑖

 

           (2) 

and Exc(n(r)) is the exchange-correlation 

energy functional. For a given ionic 

configuration, {Rj}, the minimum value of 

the Kohn-Sham energy functional is equal to 

the total energy of the Kohn-Sham energy 

functional is equal to the total energy of the 

electronic ground state. Therefore, it is 

necessary to determine the set of wave 
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functions,ψio , that minimizes the Kohn-Sham 

energy functional. This can be done by 

numerically obtaining the solution to the 

Schrodinger-like equations of materials, the 

so-called Kohn-Sham equations, 

[−
ħ

2

2𝑚
𝛻2 + 𝑉𝑖𝑜𝑛  𝒓 + 𝑉𝑥𝑐 (r)]𝜓𝑖 𝐫 =  𝜀𝑖𝜓𝑖(𝐫)    (3) 

where ψi is the wave function of electronic 

state i, εi is the corresponding Kohn-Sham 

eigenvalue, and the terms inside the square 

bracket can be regarded as an effective 

single-particle Hamiltonian. The Hartree 

potential of the electrons, VH, is given by  

𝑉𝐻 =  𝑒2  
𝑛(𝒓)

 𝒓−𝒓′ 
𝑑3𝐫     (4) 

The exchange-correlation potential, VXC, is given formally by the functional derivative  

𝑉𝑥𝑐 =
𝛿𝐸𝑥𝑐 [𝑛 𝑟 ]

𝛿𝑛 (𝑟)
      (5) 

The Kohn-Sham equations represent a 

mapping of the interacting many-electrons 

system onto a system of non- interacting 

electrons under an effective potential caused 

by the other electrons. The Kohn-Sham 

equations must be solved self-consistently: 

the occupied electronic states generate a 

charge density that produces the electronic 

potential that is used to construct the 

equation. As stated above, the exchange-

correlation contribution in Eq. (3) is only a 

formal expression. The simplest and most 

common approach for the practical 

implementation of the exchange-correlation 

interaction is the LDA. In the LDA, EXC is 

constructed by assuming that the exchange-

correlation energy per electron at a point r in 

the electron gas, εXC (r), is equal to the 

exchange-correlation energy per electron in a 

homogeneous electron gas that has the same 

density as the electron gas at point r. 

𝐸𝑥𝑐  𝑛 𝑟  =  𝜀𝑋𝐶 𝑟 𝑛 𝑟 𝑑3𝑟    (6) 

From its construction, the LDA has problems 

in describing systems with rapidly varying 

charge density. Thus, the GGA incorporates 

the effect of spatially varying the charge 

density by adding dependence on the charge 

density gradient of Eq. (6). Nevertheless, 

both the LDA and the GGA are known to 

have difficulty describing the electronic 

structure of the strongly correlated materials. 

The 5f orbital in the actinide atoms and 

compounds is one example of the strong 

Coulomb repulsion effects. Researchers have 

proposed different remedies to compensate 

for the incapability of the LDA. For instance, 

Anisimov et al. [10, 11] proposed a 

simplified version of the LSDA+U energy 

functional; however, their version is not 

invariant with respect to unitary 
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transformation. Later, Dudarev et al. [12] 

corrected the functional of Anisimov et al. 

into the covariant form shown below, 

𝐸𝐿𝐷𝐴+𝑈 = 𝐸𝐿𝐷𝐴 + 
1

2
(𝑈 − 𝐽)  (𝑇𝑟𝜌

𝜎 − 𝑇𝑟𝜎 (𝜌𝜎𝜌𝜎)) (7) 

where ρ
σ
 is the density matrix of f electrons, 

is the projection of spin, and U and J are the 

spherically averaged matrix elements of 

screened Coulomb electron- electron 

interaction. This approach can be interpreted 

as the addition of a penalty functional to the 

conventional DFT-LDA total energy, which 

forces the on-site Coulomb repulsion. It is 

important to note that the total energy will 

depend on the parameters U and J. As seen in 

Eq. (7), the parameters U and J do not enter 

separately and the difference (U- J) is only 

meaningful.  

 

RESULT AND DISCUSSION 

Previously in this work, we 

performed the LDA calculations (13, 14) 

using the exchange correlation function 

derived by Teter (Teter parameterization) 

(15) but we get limited success. We choose 

following lattice parameters. 

Table 1. Lattice constant = 6.95670 Å 

S.N. Element Reduced coordinate 

1 U 0.375   0.37500   0.37500 

2 U 0.625   0.625     0.625 

3 Fe 0.0     0.0    0.0 

4 Fe 0.5     0.0    0.0 

5 Fe 0.0    0.50   0.0 

6 Fe 0.0    0.0     0.5 

 

Again we performed GGA calculation using 

Perdew-Burke-Ernzerhof GGA functional 

(13) with slight improvement in results. We 

note following values of total charge density 

and physical converged parameters (shown in 

table 2 and 3) 

Table 2. Total charge density and physical converged parameters 

S.No. Total Charge density [el/Bohr
3
 ]

 
Reduced coordinate Value 

1 7.0612E-01 
0.5600 0.6200 0.7600 

neighbour of U1 
Maximum 

2 2.5680E-04 
0.3800 0.3600 0.3800 

neighbour of U2 
Minimum 
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Table 3. Total charge density and physical converged parameters 

S.No. Physical property  .LDA  . GGA 

1 Fermi energy -0.29337 Ha -0.30499 ha -0.29337 Ha  -0.30499 Ha 

2 Magnitisation (in bohr-magneton)  ~0 ~0 

3 Converged lattice size (Å) ~7.46 ~7.42 

In the calculation kinetic energy 

cutoff up to 42 Hartree was used to expand 

the wave functions. The charge density was 

obtained by using 6 6 6 k-point grid within 

the Brillouin zone with 95 K points. Band 

structure was converged at this state. The 

Wigner- Seitz radii of U and Fe atoms were 

chosen to be default value of ABINIT, 

respectively. We then perform LDA and 

GGA calculations in spin-polarized case 

assuming U and Fe atoms have parallel spin 

in primitive cell. We also try to calculate 

magnetic moment of atoms in the primitive 

cell by assuming 2 Å sphere radius, arbitrary. 

The value of magnetization again come to 

zero as in previous calculations, results are 

shown in Table 4. Therefore we found that 

LDA and GGA potentials are not sufficient to 

explain the behaviour of this solid. 

Table 4 

S.No. Element 
Integrated 

_up_density 

Integrated 

_ dn_density 

Total 

(up-dn) 
Diff (up-dn) 

Sphere 

radius (Å) 

1 U 1.28412649  1.28412649  2.56825298 0.0 2 

2 U 1.28412658  1.28412658  2.56825315 0.0 2 

3 Fe 3.13156618  3.13156618  6.26313236 0.0 2 

4 Fe 3.13156618  3.13156618  6.26313236 0.0 2 

5 Fe 3.13156618  3.13156618  6.26313236 0.0 2 

6 Fe 3.13156618  3.13156618  6.26313236 0.0 2 

 

Here we find ground state energy      

(-1.7466855849E+02 Hartree), which is 

lower in comparison to non-spin polarized 

energy (-1.7466855692E+02 Hartree). 

Difference in these energies state may be 

considered as indication of magnetism in the 

metal. Similar results are also observed for 

opposite spin of U atoms in the primitive cell 

in spin-polarized calculations; One should 

take care both, spin-polarization and spin-

orbit coupling, to investigate full effect of 

spin-polarization in the LDA and GGA. It is 

also important to perform these calculations 

in view of relativistic effect as relativistic 

exchange splitting is important in 3d and 5f 

atoms. 

We not XC_LDA_C_vBH exchange-

correlation function (16) as spin-polarized 

calculations are sensitive to the combined 

correction terms (7) and necessary to 
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compere to PAW potentials of U and Fe. 

These potentials will be generated by use of 

Atompaw-3.1 code as unavailability of PAW 

potential of U (17). The parameters for the 

SP-GGA+U (6) will take to be U = 4.5 eV 

and J = 0.5 eV, and for Fe U=10 eV and 

J=0.1 eV based on previous report (6-7), We 

also note that the 5f Coulomb correlation 

energy was determined to be 4.6 • 0.8 eV 

from the energy difference in the two 

spectroscopy experiments (XPS and BIS) [1]. 
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