EF pa(CE5EAE (CsPbBr3) it {TERHIEEIR

FH1EMEBIAMIP-StructureFactory XFMSHEBIRELZ, ALMEIIEESEITERENRES
B, TESEUTHE:

o ZEHIRIEIN/HI

s WENESEERRIRISERE
o (RUE(LESINE

o GRPELSIEEE

SINEEESTE

o FEEERBYKIITIAMIPEIER:, BRRERRHLIBETESIEE. MEENTENEE, B2
EJAMIPZEA,

e #EMInputkiScriptsfE@—HRT, AEZBRTEIEOuUtputBR, ATEMEERREILH Y

HWEOutputBRER, BTUTEREERNEE. EEREXN:

| -Input
| -Scripts
| -output
| -forHTCalculations
|-single
| -double
|-2D
| -non-passivation
| -passivation
| -defect
| -moire_supercell

BliEOutputB R, BLUTHMAE:

e (FMSheliES, TE&RiHH:

>>> mkdir -p Output/forHTCalculations/single
>>> mkdir -p Output/forHTCalculations/double
>>> mkdir -p Output/2D/non-passivation

>>> mkdir -p Output/2D/passivation

>>> mkdir -p Output/defect/moire_supercell

* HfTPythonfta:

>>> import os
>>> output=['Output/forHTCalculations/single"',



'"Output/forHTCalculations/double’,
'"Output/2D/non-passivation’,
'Output/2D/passivation’,
'Output/defect/moire_supercell']

>>> for path in output: os.system('mkdir -p {}'.format(path))

1. £5t3RY5 A /et
AT PIZSHILA B HAEBEA (CsPbBr3)9fil.

R NHRETLERHTLA TR, BHIEnputiiScriptsttFE—BREX, HERERFInput
BRI, FrEmEHEEafFOutputE R, Output for comparsion BFRF 7 1IEHHRY
R, TLARTRIE.

# BLERE

>>> from jamip.db.connect import Structure,Read,Write

>>> from jamip.db.materials.molStructure import MolStructure

>>> from jamip.db.materials.molComposition import MolComposition
>>> from jamip.db.modeling.structureFactory import StructureFactory
>>> import numpy as np

Z5H3iEEY

Read(path, dtype) FBFMIHHEEREEND., HP, pathAERIEEER. dtypeAs43EEL, BRI
BHKRIE: 1) B CIF, POSCAR, XDATCAR, LIRCALYPSOHIHEEHT; 2) HFEEM:
xyzFdmol,

# KGRI
>>> raw=Read('../Input/CsPbBr3.vasp', dtype='poscar').run()
>>> s@=Structure().create(raw_structure=raw)

# D FErY
>>> raw = Read('../Input/molecule/CH3NH3.xyz"', dtype='xyz').run()
>>> MA=MolStructure().create(raw_structure=raw)

ERt, ATLUSEUAMIPEEREREHREFIENE (FMARNEIRETIE SN, BFERIJAMIPFERIIE
TEREERTD)

>>> FA=MolComposition.objects.get(formula="CN2H5").structure_set.all()[Q]

Lk e )

P, Write(structure, path, dtype) BFHIHJAMIPHFRIZER, Eib, structure SZ51I%95:,
path/oiaitHE®{Z, dtype/sSZ42£8, BRISIFHREA: 1) BiREH: CIF. POSCAR; 2) 5F
2549 xyz#mol,



2.

>>> Write(structure=sf.structure,
path="../Output/defect/CsPbBr3_twist.vasp',
dtype="'poscar"').run()

WETESEEREREEEE

T

BRETTIESN, StructureFactory3RmRRI7T ARSI FHETUR(E, BITER—1Tan <R al LAZEELH

SZIREEHNRE;
SREVGEHIEEIGRIEEHS, AFIStructureFactoryZ XG5 AYE 4 structure;

,—

17T

EWEERIESRET, RiFisUpdatedinfofflisPersist/gFalse, FILARERESEFIINLIRE;
ENERTE IR ERMSE, SoBRStructureziiupdate() 75/ RELNEEUELSH, LB

REERA—EL

2.1.59555KH 4549 (ABX3)

BEIRISIA. BFIX(LHITTRER, WESEEIRGEIE.

# HENXFUETTES

>>> A=['Na', 'K', 'Rb', 'Cs']
>>> B=['Ge', 'Sn', 'Pb']

>>> X=['C1l', 'Br', 'Br']

>>> for a@ in A:

>>> for bo in B:

>>> for x0 in X:

>>> sf=StructureFactory(structure=se)

>>> sf.substitute_atoms(atoms=s@.get_atoms_of_element('Cs'),
symbol_of_elements=a0)

>>> sf.substitute_atoms(atoms=s0.get_atoms_of_element('Pb"),
symbol_of_elements=bo)

>>> sf.substitute_atoms(atoms=s0.get_atoms_of_element('Br'),
symbol _of_elements=x0)

>>> Write(structure=sf.structure,

path="./Output/forHTCalculations/single/{}{}{}3.vasp'.format(ao,

dtype="poscar"').run()

HAREIRYT REBINSFi:

BiAABNS T, FEAMRRVENRT, BEABIVNDF.

===
FF o

>>> raw=Read('../Input/molecule/CH3NH3.xyz"', dtype="'xyz"').run()
>>> MA=MolStructure().create(raw_structure=raw)

>>> MA.label="MA' # FAAFPBEEN/NDFIRE

B, EFatRTES



>>> raw=Read("'../Input/molecule/CH3CH2NH3.mol"', dtype='mol').run()
>>> EA=MolStructure().create(raw_structure=raw)
>>> EA.label="EA'

>>> raw=Read("'../Input/molecule/CH3NH2CH3.mol"', dtype='mol').run()
>>> DEA=MolStructure().create(raw_structure=raw)
>>> DEA.label='DEA'

>>> raw=Read('../Input/molecule/CH30NH2.mol"', dtype='mol"').run()
>>> FM=MolStructure().create(raw_structure=raw)
>>> FM.label="FM'

>>> mol_A=[MA, EA, DEA, FM]
>>> for ma@ in mol_A:

>>> sf=StructureFactory(structure=s0)
>>> sf.del_atoms(atoms=s0.get_atoms_of element('Cs'))
>>> sf.insertMolecule(structure_of_molecule=mao,

position_in_molecule=ma@.mass_center,
position=s0@.get_atoms_of_element('Cs')[@].position)
>>> Write(structure=sf.structure,
path="../0utput/forHTCalculations/single/{}PbBr3.vasp'.format(ma0.label),
dtype="poscar').run()

ItEAh, BTLAMJAMIPEUE EE R ROISERN 3 F 4540 -

>>> mol_A_in_DB=[MolComposition.objects.get(formula="CN2H5").structure_set.all()[0],
MolComposition.objects.get(formula="'CH6N3").structure_set.all()[0],
MolComposition.objects.get(formula="'N2H5").structure_set.all()[@],
MolComposition.objects.get(formula="'NOH4"').structure_set.all()[@],
MolComposition.objects.get(formula="H4N").structure_set.all()[0]]
>>> for ma@ in mol A:

>>> sf=StructureFactory(structure=s0)
>>> sf.del_atoms(atoms=s0.get_atoms_of_element('Cs'))
>>> sf.insertMolecule(structure_of_molecule=mao,

position_in_molecule=ma@.mass_center,
position=s0.get_atoms_of_element('Cs')[0@].position)
>>> Write(structure=sf.structure,
path="../Output/forHTCalculations/single/{}PbBr3.vasp'.format(ma@.label),
dtype="poscar"').run()

2.2.NEEEKE 4519 (A2B1B2X6)
MEFTENUSAT 18, B TRE:

o HIFE2x2x20TERE;
o SRIA+1F0+ 3N TREEXI A% _LAYPD;
o RENEREEENIRIRGEA.,

>>> Bl=['Na', 'Ag'l # BlfuzZ
>>> B2=['In', 'Bi'] # B2{UizE
>>> for bl in B1:



>>> for b2 in B2:

>>> sf=StructureFactory(structure=s0)

>>> sf.supercell(dim=[2,2,2])

>>> sf.substitute_atoms(atoms=[['Pb', ©.25, 0.25, 0.25],
['Pb', ©.75, 0.25, ©.75],
['Pb', ©.75, 0.75, ©.25],
['Pb', 0.25, 0.75, 0.75]],

symbol_of_elements="Ag")
>>> sf.substitute_atoms(atoms=[['Pb', ©.75, 0.25, 0.25],
['Pb', ©.25, 0.25, ©.75],
['Pb', ©.25, 0.75, 0.25],
['Pb', ©.75, 0.75, 0.75]],
symbol_of_elements='Bi').primitive()
>>> Write(structure=sf.structure,
path="../Output/forHTCalculations/double/Cs{}{}Br3.vasp'.format(bl,
b2),
dtype="poscar"').run()

2.3 {RiE(bEEH
AR EEAVISIAY 451, RemATmE:

* MR 1X1x3i B,
o MHRFIRZS RGN, REREN/\ENEEEETT,
* BECHME SHEERTT.

>>> sf=StructureFactory(structure=s0)
>>> sf.supercell(dim=[1, 1, 3]).
>>> sf.removeUnit(unit=[0, 0.3, 2],
isMoveAtoms=False).removeUnit(unit=[0.7, 1, 2],
isMoveAtoms=False)
>>> dz=2 # z-direction

>>> for i in range(0, 5): # $EEKHRIEEL

>>> sf2=StructureFactory(structure=sf.structure)

>>> sf2.addUnit(unit=[0.33333, 0.66667, dz],
nrepeat=i)

>>> Write(structure=sf2.structure,

path="../Output/2D/non-passivation/CsPbBr3-2d-{}.vasp'.format(i+1),
dtype="poscar"').run()

BIVNG FEME SRR

>>> dz=2 # z-direction

>>> for i in range(9, 5):

>>> sf2=StructureFactory(structure=sf.structure)

>>> sf2.addUnit(unit=[0.33333, 0.66667, dz], nrepeat=i)

# RBCGRFUMNEzZARNSE, HEF
>>> atoms=sf2.structure.get_atoms_of_element('Cs")
>>> Cs=sorted(atoms, key=lambda atom: atom.position[dz])

>>> mol_A=[MA, EA, DEA, FM]



>>> for ma@ in mol A:

>>> sf3=StructureFactory(structure=sf2.structure)
# left

>>> sf3.del_atoms(atoms=[Cs[@]])

>>> sf3.insertMolecule(structure_of_molecule=mao,

position_in_molecule=ma@.mass_center,
position=Cs[@].position)

# right
>>> sf3.del_atoms(atoms=[Cs[-1]])
>>> sf3.insertMolecule(structure_of_molecule=mao,

position_in_molecule=ma@.mass_center,
position=Cs[-1].position)
label = ma@.label
>>> Write(structure=sf3.structure,
path="../Output/2D/passivation/CsPbBr3-2d-{}-{}.vasp'.format(i+1,
label),
dtype="poscar"').run()

2.4. kB

2.4.1 3IRBA:

RIS AERbE: EApythonA&randiint()/3i%, SRBUYEESCEIRBIREEEEL,

>>> from random import randint

>>> sf=StructureFactory(structure=s0)
>>> sf.supercell(dim=[3, 3, 3])

>>> Br=sf.structure.get_atoms_of_element('Br')

>>> indexs=[randint(@, len(Br)) for i in range(@, 3)] # IF/ZMEVIEF3 1 Br [FAHIZES/E
>>> del Br=[Br[i] for i in indexs]

>>> sf.del_atoms(atoms=del_Br)
>>> Write(structure=sf.structure,

path="../Output/defect/CsPbBr3_vacancy.vasp',
dtype="poscar"').run()

2.4.2 ZHER
MEFRRE, FEATUTEER:

o 1J5E1x8x8iEHE;

o LIX-ZABH IEERE—MX-YIRFE, LS H6;

o MBRBSEEFIZRORF, BRGZA R EFEoFEYARAENNERT,
s KRZERANETE;



o LIBigbismLaRmE, MArERHHRESH.

>>>
>>>

>>>

>>>

>>>
>>>

>>>

>>>

>>>

sf=StructureFactory(structure=s0)
sf.supercell(dim=[1, 8, 8])

degree=5
dzs=np.linspace(0, 1, 50)
for i in range(@, len(dzs)-1):
sf.rotation(atoms=sf.getUnit(unit=[dzs[i], dzs[i+1], 2]),
axis=[1, 0, 0],
theta=[degree, 'd'],
origin=[0, 0, dzs[i]])
sf.removeUnit(unit=[0, 0.25, 2],
isMoveAtoms=False).removeUnit(unit=[0.75, 1, 2],
isMoveAtoms=False)
sf.removeUnit(unit=[0.51, 1, 1],
isMoveAtoms=False)
sf.vacuum(direction=[0, @, -0.5, 'Direct'], isCenter=False)

# IRIEFRA, RNALRERT

>>>
>>>
>>>
>>>
>>>
>>>
>>>

>>>

add_atoms=[]
for atom@ in sf.structure.atoms:
if 0.05 < atom@.position[1] < 0.45: # AEBESHZTZRERMRELIR EHNEF
fad=atom@.to_formated_atom()
fao[2] = 1-fa0@[2]
add_atoms.append(fa®)
sf.add_atoms(atoms=add_atoms)

Write(structure=sf.structure,
path="../0Output/defect/CsPbBr3_twist.vasp',
dtype="poscar"').run()

2.4.3 HEE NI TRI—HEARELHS
—HEARENENIAREN S, FERTIUTEER:



o HI5E3x3x10%EH;
o ECHAMEFINETE, HMEXYE EIUBNRT, Fop—HsE;
o BTG, IBIEIEER T,

>>> sf=StructureFactory(structure=s0)
>>> sf.supercell(dim=[3, 3, 10]).vacuum(direction=[0, @, 10, 'Cartesian'],
isCenter=True).removeUnit(unit=[0.88, 1, 2],
isCenter=True)

>>> for i in range(0, 2):
>>> sf.removeUnit(unit=[0, 0.3, i],
isMoveAtoms=False).removeUnit(unit=[0.7, 1, i],
isMoveAtoms=False)
>>> degree=0.5
>>> dzs=np.linspace(@, 1, 50)
>>> for i in range(@, len(dzs)-1):
>>> sf.rotation(atoms=sf.getUnit(unit=[dzs[i], dzs[i+1], 2],
symbol of atoms=['Br', 'Cs']),
axis=[0, 0, 1],
theta=[degree*i, 'd'],
origin=[0.5, 0.5, 0])

>>> Write(structure=sf.structure,

path="../0Output/defect/CsPbBr3_spiral strain.vasp',
dtype="poscar"').run()

2.4.4 ERBRIREN

LAMOoS 9%, 12 BE/RBERE BEFUTIATSER:

* MERZRERT, BEIRNRTFESH,
° IEEIRLES;
o &P LEERT, MEINGEREERE.



# MoS2

"poscar').run()

raw)

../Input/MoS2.vasp', dtype

>>> raw=Read("’
>>> SO

structure=

Structure().create(raw_

=s0)

StructureFactory(structure

>>> sf

[e, @.1, 2],

>>> sf.removeUnit(unit

[9-9: 1, 2];

False).removeUnit(unit=

isMoveAtoms

False)

isMoveAtoms

[1e, 10, 1])

>>> sf.supercell(dim

=1

>>> degree

=[e.5, 1, 2]),

sf.getUnit(unit
[eJ 0} 1) ]J

>>> sf.rotation(atoms

axis

'],

=[degree,

theta

[e, o, @])

origin

sf.structure,
'../Output/defect/moire_supercell/MoS2_moire.vasp',
"poscar').run()

path=

>>> Write(structure

dtype



