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Abstract: 

We present the investigation of Magnetite using density functional theory in this contribution, the properties of 

Fe3O4, which makes it usable for a material for nanoparticles in magnetic fluid, will be discussed. The Fermi Energy and 

Density of States were calculated. 
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1. Introduction 

Magnetic fluids are interesting materials used in various technical applications. They consist of magnetic 

nanoparticles, base liquid and surfactant layer of ferromagetic or ferimagnetic particles [1]. The Fe3O4 is mostly 

used as a material for magnetic particles because it has chemically inert properties. The structure of Fe3O4 is inverse 

spinel at room temperature [2]. The structural formula in Fe2O3. FeO, where the (Y) is trivalent and the second 

atom (X) is divalent. The formula for spinel is XY2O4, it is possible to fill all the octahedral with Y (trivalent) 

atoms and the tetrahedral with X (divalent) atoms. We cannot reverse the roles of X and Y and fill all the sites. If 

we were to try, we could only fill half the octahedral with X, and thetetrahedral would only take up half the Y 

atoms. Such a structure is called an inverse spinel. In reality, most spinels are somewhere between the two end 

states [3].  

In magnetite, the tetrahedral and octahedral sites form two magnetic sub lattices with the spin moments on the 

X sublattice antiparallel to those on the Y sublattice. The proposed electronic structure of the octahedralFe2+ cations 

corresponds to a situation where an extra electron resides in the lowest unoccupied t2g orbital located a Fermi 

level. Such an occupation then would give rise to the 100% spin-polarized charge carriers desired for spintronic 

applications [4, 5]. 

2. Program VASP  

The Vienna Ab initio Simulation Package (VASP) is an application for atomic scale materials modelling; 

for example electronic structure calculations and quantum-mechanical molecular dynamics. It allows calculations 

of Born-Oppenheimer molecular Dynamics, Relaxation using conjugate gradient, Quasi-Newton or damped 

molecular Dynamics, Nudged elastic band methods (transitions states search) Climbing dimer method (transition 

state search), many optical and magnetic properties. 

3. Little bit of theory 

The magnetic properties depend of the electronic structure in the materials. To study electronic structure the 

Density functional theory (DFT) was used. The fundamental equation to solve is the time-independent Schrödinger 

equation 

HΨ = EΨ                                                                                      (1) 

The Density functional theory consists of two fundamental Hohenberg-Kohn-Sham theorems 

a.) The ground-state energyE0 of a many-bodysystem is a unique functional of the particle densityn(r⃗). 

b.) The ground-state energy functional E[n(r⃗)] has its minimum relative to variations δn(r⃗) of the particle 

density at the equilibrium density n0(r⃗) 
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                                                     E0 = E[n0(r⃗)] = min{E[n(r⃗)]}                                                                   (2) 

 

δE[n(r⃗)]

δn(r⃗)
|

n(r⃗⃗)=n0(r⃗⃗)

= 0 

 

The Hamiltonian H of a many electron-system in an external potential V is given by  

 

                                                                      H = T + Vee + V,                                                                        (3) 

 

Where Vee is electron-electron interaction potential. The ground-state energyE0can be expressed in the form 

 

 

                                                                      E0 = ⟨Ψ0|H|Ψ0⟩                                                                          (4) 

 

and the particle density 

 

                                                                      n0(r⃗) = |⟨Ψ0|r⃗⟩|2                                                                        (5) 

 

4. Results 

Density of states (DOS) of a system describes the number of states per interval of energy that are available 

to be occupied. The projector augmented-wave PAW pseudopotentials (PPs) [6, 7] and the Perdew–Burke–

Ernzerhof (PBE) exchange-correlation functional were used. [8].We considered two steps. In the first stage we 

calculated the structure of materials with the ionic and electronic relaxation. The number of K-Points was 6. The 

second step was DOS calculation. All calculations were performed at zero temperature 0 K. In this case the number 

of K-Points increased to 18. 

 

Fig. 1.Structure of elementary cell. 

Each electronic and ionic contribution in energy and ionic contributions to sum of forces were calculated. 

The precision of total (free) energy between two ionic relaxation steps was set up 10-5. The calculation was 

performed using 2201 points to ensure good resolution. Energy range from -10eV to 15 eV was used. The Fermi 

energy was calculated as 5.57 eV.  

The structure of magnetite is shown on Fig 1. Fig. 2 shows density of states profile, the valence and 

conducting band. The density of states profile is in the summary state does not distinguish between spin up and 

down. 

 

Fig. 3 shows the DOS in bands structure. System looks like insulator, but in temperature T=123 K the 

Verwey transition will occur and the system will be in conducting state. It depends on the change of the crystal 

and electronic structure [9]. 
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Figure 2. Summary Density of states of Fe3O4 

 

 
Fig. 3. DOS and Band structure 

 

5. Conclusions 

The Density of States of Magnetite was calculated below Verwey transition at temperature 0K. The 

Density of States curve shows insulator behaviour. The properties of Fe3O4 make it a suitable to a material for 

nanoparticles in magnetic fluids and is also usable in spintronics. The Fermi energy was obtained as 5.57 eV. 
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