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Pyprocar

- Simple, single line commands

- Supports multiple DFT codes

$pyprocar.bandsplot(‘PROCAR’,mode=‘parametric’,

orbitals=[4,5,6],code=‘vasp’…)

VASP, Quantum Espresso, Abinit, Elk, Lobster

Siesta*, DFTB+*

Lobster

ElkQuantum Espresso

DFT Numerical data

Herath, Uthpala, et al. "PyProcar: A Python library for electronic structure 
pre/post-processing." Computer Physics Communications 251 (2020): 107080.
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Plotting band structures

Perform a combination of one or more projections. 

V – dt2g

pyprocar.bandsplot(..,mode=‘parametric’,atoms=[1],

orbitals=[4,5,7])

ax=pyprocar.bandsplot(..,mode=‘plain’,code=‘elk’)

pyprocar.bandsplot(..,mode=‘parametric’,code=‘vasp’,ax=ax)    

Export plots as matplotlib objects for further processing



Plotting band structures

La0.7Sr0.3MnO3

Spin up

Spin down

Collinear spin calculations

pyprocar.bandsplot(.., spin=1 , separate=True)



pyprocar.bandsplot(mode='plain’,

linestyles=['solid', 'dashdot’],

colors=["black", "red"],

elimit=[-5, 5],
savefig="SrVO3-spin-pol.png",

show=True,

legend=True,

)

plain

ebs_plot = pyprocar.bandsplot(mode='scatter',

legend=False,

spins=[0, 1],

orbitals=['p'],
atoms=['Bi'],

weighted_color=True,

weighted_width=True,

elimit=[-2,2]

)
pyprocar.bandsplot(mode='plain',

legend=False,

opacities=[0.5],

elimit=[-2,2],

ax=ebs_plot.ax)

scatter + plain

Plotting band structures



Plotting band structures

pyprocar.bandsplot(.., spin=1)

Sx

pyprocar.bandsplot(.., spin=2)

SyBiSb

Non-collinear spin calculations



Density of States

Partial Density of States + Band structure
pyprocar.bandsdosplot(vasprunfile=‘vasprun.xml’,

bands_file=‘PROCAR’,bands_mode=‘parametric’,dos_mode=‘parametric,’

orbitals=[1,2,3],atoms=[2,3,4],..)

pyprocar.dosplot(mode=‘stack_orbitals’)pyprocar.dosplot(mode=‘plain’)



Band unfolding

• Useful to unfold bands from supercells to compare with primitive cell.

E.g. - 10% of V doping can induce superconductivity in ZrB2. A 2 x 2 x 2 supercell was used to see the changes in the 

electronic structure. 

Unfolded band structure of supercellPrimitive cell band structure

pyprocar.unfold( fname='PROCAR', supercell_matrix=np.diag([2, 2, 2]), ispin=None, show_band=True, width=4, ...)



Primitive Conventional Conventional 1x1x3

ebs_plot = pyprocar.bandsplot(procar="PROCAR", poscar="POSCAR", outcar="OUTCAR", kpoints="KPOINTS",

mode='parametric',

atoms=['As'],

unfold_mode=unfolding_mode,

transformation_matrix= np.dot(np.diag([1, 1, 3]),M),

weighted_width=True,

[[-1, 1, 1],

[1, -1, 1],

[1, 1, -1]]

[[1, 0, 0],

[0, 1, 0],

[0, 0, 3]]



2D spin texture
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pyprocar.fermi2D(‘PROCAR’,st=True,energy=1,

spin=1,noarrow=True)

pyprocar.fermi2D(‘PROCAR’,st=True,energy=1,

spin=1,noarrow=False)

Represent with arrows

• Visualize the constant energy surface spin textures in a system.

• Spin texture in BiSb monolayer. Useful to investigate Rashba and 
Dresselhaus type spin-splitting effects. 



3D Fermi surface

Plotting from external data:
Fermi velocity projection

pyprocar.fermi3D(mode=‘external’

,color_file=‘data.dat’...)

other: effective mass, electron-
phonon coupling 

Plain Fermi surface – MgB2

pyprocar.fermi3D(mode=‘plain’...)

Orbital projected Fermi surface- MgB2: B-pz

pyprocar.fermi3D(mode=‘parametric’,

orbitals=[3],atoms=[1,2])

Spin texture surface- BiSb

pyprocar.fermi3D

(mode=‘parametric’,

spin_texture=True)

Export formats

- 2D : png, pdf, ps, …
- 3D : obj, ply, glb, xml…

- other : gif, mp4

Input formats

- PROCAR format
- bxsf format



3D Fermi surface
pyprocar.fermi3D(…,

iso_slider = True,

iso_range = 5,

iso_surfaces = 5,)

pyprocar.fermi3D(…,

extended_zone_directions=

[[1,0,0],[0,1,0],[0,0,1]])

pyprocar.fermi3D(…,

show_slice=True,

slice_origin = (0,0,0)

slice_normal = (1,0,0))

pyprocar.fermi3D(…
bands = [5],

show_slice=True,

slice_normal = (0,0,1),

slice_origin = (0,0,0), 

show_cross_section_area= True)



Fermi Surface - Abinit

With Abinit v9+ PROCAR is generated when prtprocar is set in the .in file.

However, due to parallelization, the PROCAR is split into multiple files. To fix this:

Pyprocar.cat(mergeparallel=True, code=“abinit”) in the directory where the PROCAR_ files are. In a 

future release this step will be automated.  

MgB2 Fermi surface SrVO3 Fermi surface

pyprocar.fermi3D(

“PROCAR”,

abinit_output=“abinit.out”,

code="abinit",

mode="plain",

interpolation_factor=4,

Another option: 

Subtract Fermi 
surface of 

different spin 

polarizations



MechElastic

- Simple, single line commands

- Supports multiple DFT codes

mechelastic.calculate_elastic(code="vasp", 

dim="3D",

infile="OUTCAR-Si_bulk")

VASP, Quantum Espresso, Abinit,

Quantum Espresso

DFT
Numerical data

- Elastic constants and EOS

Singh, Sobhit, et al. "MechElastic: A Python Library for Analysis of Mechanical 
and Elastic Properties of Bulk and 2D Materials." arXiv preprint arXiv:2012.04758

(2020).
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mechelastic.calculate_elastic(code="vasp", 

dim="3D",

infile="OUTCAR-Si_bulk")

MechElastic 3D Analysis 



MechElastic 3D Analysis 



The MechElastic 2D Analysis 

import mechelastic
mechelastic.calculate_elastic(code="vasp", 

dim=“2D",

infile="OUTCAR-graphene“

lattice_type = 'hexagonal')



EOS module

eos = EOS("EvsV.dat")

eos.plot_eos(au=False)

EvsV.dat

H=U+PVEnthalpy Curves

eos_object = EOS()

infiles = ["Rm-3m", "Pm-3m", 

"Im-3m", "I4_mcm", 

"C12-m1"]

natoms = [6, 1, 2, 9, 4]
eos_object.plot_enthalpy_curves(infiles,

eostype = ‘energy’,natoms, au=False)

Curve Fitting

Phase transition paths

A network plot of the phase transition paths for 

different phases of Bi. The color of the arrows 

represents the relative enthalpy for different phase 

transitions. 



2D and 3D Visualizations 

of Elastic Properties

Output1,meshes= mechelastic.calculate_elastic(…,

plot= ‘’3D”

elastic_calc= “POISSON”

show = True)

Output2,fig =  mechelastic.calculate_elastic(… , 

plot= ‘’2D”

elastic_calc= “POISSON”

show=True )



Perspectives

Development of two packages to perform electronic structure and elastic analysis of 

electronic structure calculations.

Perspectives:

Improve the Fermi surface topology.

Correlate Fermi area cross section with the De Haas-van Alphen Effect (Verstraete).

Compute the Gyrotropic Magnetic Effect (we need extra terms, Fermi curvature).

Extend the package to perform Wavefunction or density analysis.

Some ideas from the community are also considered.


