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Alloy System Lattice Model
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Clusters

• We used density functional theory (DFT) along with the cluster 

expansion formalism to study Heusler alloyed structures.
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• Heusler alloys  are a large family 

of interesting materials with 

applications in information storage 

and spintronics.

• Some of these alloys exhibit half-

metallic characteristics, making 

them more attractive for device 

applications.

• Electronic and magnetic properties 

of these alloys can be extensively 

tuned through chemical 

substitution.

• Studied Fe3-xVxGe (cubic and 

hexagonal), Fe3-xCrxGe 

(hexagonal), Co2-xVxFeGe (cubic) 

and Co2Fe1-xVxGe (cubic).

Conclusions

The DFT+U corrected Density of States (DOS) confirm the half-

metallic nature of these alloys. Calculated magnetic moments match 

experimental and Slater-Pauling values.

We used DFT as an input to the cluster expansion to search for energetically stable alloys 

in the cubic and hexagonal phases. Each data point represents the energy of a random 

structure created.

After structural relaxation, our values for lattice constant are in good agreement 

with measured values.

Optical micrograph of cubic Fe3-xVxGe.

Fe3-xCrxGe exists in the hexagonal phase.

Properties of Heusler alloys can effectively be tuned by varying 

chemical substitution. Our results are in good agreement with 

experiment and confirm half-metallic properties of Co2-xVxFeGe and 

Co2Fe1-xVxGe.

• For Co-based alloys, we applied DFT+U correction to treat strongly 

localized d electrons.

• U parameter is the energy bound on a Hubbard-like correction term to 

the energy functional, determined semi-empirically.

𝐸 𝜌 = 𝑇𝑠 𝜌 + 𝑉𝑒𝑥𝑡[𝜌] +𝑉𝐻[𝜌] + 𝐸𝑥𝑐 [𝜌] + 𝐸𝑈 [𝜌] 
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