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Creating Structure with Pymatgen Package and Application to the First-Principles Calculation

Dae-Hyung Lee and Dong-Hwa Seo

School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology(UNIST), Ulsan 44919, Korea

(Received September 1, 2022; Revised September 27, 2022; Accepted September 27, 2022)

Abstract: Computational material science as an application of Density Functional Theory (DFT) to the discipline of material
science has emerged and applied to the research and development of energy materials and electronic materials such as semi-
conductor. However, there are a few difficulties, such as generating input files for various types of materials in both the same
calculating condition and appropriate parameters, which is essential in comparing results of DFT calculation in the right way. In
this tutorial status report, we will introduce how to create crystal structures and to prepare input files automatically for the Vienna
Ab initio Simulation Package (VASP) and Gaussian, the most popular DFT calculation programs. We anticipate this tutorial
makes DFT calculation easier for the ones who are not experts on DFT programs.
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Reduced Formula: NaCl
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Fig. 2. Python code which generates periodic crystal structure with
Structure class in pymatgen and its result.

from pymatgen.core import Molecule

coords = [[0.000000, 0.000000, 0.000000],

[0.758602, 0.000000, 0.504284], Se= Structure.from_fiIE('NaCI.vaSD')
[0.758602, 0.000000, -0.504284]] print("Original unit cell : {}".format(s.composition))
h2o = Molecule(species = ['0', 'H', 'H'], coords = coords)
print (h2o) s.make_supercel | {scaling_matrix=[2,2,2])
print("2x2x2 supercell : {}".format(s.composition))

Full Formula (H2 01)

Reduced Formula: H20 (n = A
Charge = 0.0, Spin Mult = | prim s.get_primitive_structure()

Sites (3) print("Primitive cell : {}".format(prim.composition))
0o 0.000000 0.000000 0.000000

Original unit cell : Na4 Cl4
2H OS2 0.000000  -0.504z84 23@x2 supercel | : Nas2 C132
' ' ' Primitive cell : CI1 Nal
Fig. 1. Python code which generates molecular structure with Fig. 3. Python code which generates supercell and primitive cell

Molecule class in pymatgen and its result. with methods in Structure class and its result.
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= Structure. fron_file('NaCl.vasp")

Na'] = ‘Li
rst_species, sites, s_lat, sg_info = s[0], s.sites, s.lattice, s.get_space_group_info()
Iler_index_135 = s.get_miller_index_from_site_indexes(site_ids = [1,3,5])

spacing = s_lat.d_hkI(miller_index = [0,1,0])

int("The first species : {}".format(first_species))
int("Sites of NaCl : *)
for site in sites :
print(site)
int("Lattice : ")
int(s_lat)
int(“Space group : {} (#{})".format(sg_info[0), sg_info[1]))
int("Miller index of plane generated by s[1], s[3], and s[5] : {}".format(miller_index_135))

or
pr
Th
Si

(0.
(2.
(2.

5.
0.
0.
Spi
Hi
d-

int("d-spacing for (0, 1, 0) plane : {}(Angstrom)".format(d_spacing))

e first species : [0. 0. 0.] Li
tes of NaCl :

0. 0.] Li
822.820. ]Li
82 0. 2.82) Li
. 2.822.82] Li
820. 0. )¢l
64 2.820. ]1¢Cl
82 2.82 2.82] CI

0. 2.82) Cl
ttice

640000 0.000000 0.000000
000000 5.640000 0.000000
000000 0.000000 5.640000

ace group : Fm-3m (#225)
Iler index of plane generated by s(1], s[3], and s[5] : (0, 1, 0)
spacing for (0, 1, 0) plane : 5.64(Angstron)

Fig. 4. Python code handling crystal structure with methods in
Structure class and its result.

from pymatgen.analysis.diffraction.xrd import XRDCalculator

= Structure. from_file( 'NaCl.vasp')
xrd = XRDCalculator(wavelength = 'Cuka')
xrd.show_plot(s)
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Fig. 5. Python code calculating XRD pattern with XRDCalculator class
in pymatgen and its result.
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POTCAR Al o] WA &]o] 9lojo} strt. Pymatgen.
io.vasp.sets B 59| MPRelaxSet1} 2+ GGA+U
relaxation 74te] 43 mtd55 Adsh= 2~
MPHSERelaxSety} 242 HSE06 AAMS] 42 oAU &=
S 4P ’dsh 224, MITMDSetit 22 A2 24}
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=Ad3HAD Initio Molecular Dynamics, AIMD) AJAt
o 4 mtd 55 A/ st 22 5 92 functional
U ARSI s e A shrE FejAgol Uk,
o9 AL L B FUTN), AW A ol Set
o)A 5g ol g3
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= AH&SH Sl ALl thet R
oIt} AAF set=S A o]El

user_incar_settings, user_potcar_functional, user_

?__
write_input HA = ol

ol =S AAEE &
=== o o=

potcar_settings, user_kpoints_settings =.9] oIx}t
£¢ 248 7 9 nY 5o} WatulEES AL
2 2L 4 o} I3 6(a) PBE GGA+U A4t (b)
HSE06 Alttoll thel VASP 93 mtd 52 A3/dste o
Alo]tt, 0]9]9] ¢ W& DFT functional set59] &5 %

ST =
AH&-2 pymatgen SUH[O]A] [14]0f]A] ZFeldd 4 Y.
MITRelaxSet& Ceder 1£9] high-throughput 7]
A 22 AE [15]0A AgH mietujEs5 HigoR
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from pymatgen.io.vasp.sets import MITRelaxSet

= Structure. fron_file( 'LiCo02.vasp')
incar_setting = {"ALGO" : "Fast",
“NSW" : "199"}
potcar_setting = {"Li" “Li_sv", "Co" : "Co", "0"
kpoints_setting = {"grid_density" : "500"}
relax = MITRelaxSet(s, wuser_incar_settings = incar_setting,
user_potcar_functional = "PBE",
user_potcar_settings = potcar_setting,
user_kpoints_settings = kpoints_setting)
relax.write_input('.")

"0}

from pymatgen.io.vasp.sets import MPHSERelaxSet

= Structure. from_file('LiCo02.vasp")
hse = MPHSERelaxSet (s, user_potcar_functional =
hse.write_input('.")

'PBE_54")

Fig. 6. Python code generating VASP input files for (a) GGA+U
calculation and (b) HSEQ6 calculation.
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from pymatgen.io.vasp.sets import M|TMDSet

s = Structure. from_file('LiCo02.vasp')
heatup = MITMDSet(s, start_temp=100, end_temp=500, nsteps=400
user_incar_settings={"SHASS" : "-1"})

thermo = MITMDSet(s, start_temp=500, end_temp=500, nsteps=500
user_incar_settings={"SMASS" : "0", "POTIM" : "1"})

heatup.write_input (' /heatup")

thermo.write_input('/therno")

Fig. 7. Python code generating VASP input files for AIMD
calculation in heatup stage and at 500 K temperature.

(a)

from pymatgen.analysis.diffusion.neb.pathfinder import IDPPSolver
from pymatgen.io.vasp.sets import MITNEBSet

init_st = Structure.fron_file('P0S
final_st = Structure.from_file('P0

[init_st, final_st], nimages = 7)
species=["Na'])

solver = |DPPSolver.from_endpoints(endpoints =
nev_path = solver.run(maxiter=5000, tol=le-5,

gtol=le-3,

neb = MITNEBSet (new_path)
neb.write_input('.")

(b)

Fig. 8. (a) Python code generating NEB images from structures before
and after diffusion, and VASP input files for NEB calculation and (b)
Generated initial NEB diffusion pathway.

2.7 Gaussian & ujl MM

B Pymatgen2 EZojA 2 O-F VASP Qo x
Gaussian, ABINIT, LAMMPS, CP2K S9j tj& n g
DS chet 2 mh A 715 = AlBsIh 13 9

from pymatgen.io.gaussian import Gaussianlnput
from pymatgen.core import Molecule

coords = [[0, 0, 0], [0, 1.2, 0]]
02 = Molecule(species = ['0", '0'], coords = coords)

g_input = Gaussianlnput(mol = 02,
spin_multiplicity = 3,
functional = 'b3lyp’,
basis_set = '6-31G',
linkO_parameters = {"%nproc” : 8, “"Xmen" :
dieze_tag = ‘#p')

*2000M% "},

cart_coords=True)

g_input.write_file(' INPUT.gjf",

%smem=2000MW
%nproc=8

0 0.000000 0.000000
0OOOO 1.200000 0.000000

Fig. 9. Python code generating Gaussian input files for B3LYP calculation
of triplet O2 molecule and its result.
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