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Python-based Simulations of Chemistry Framework

- Open-source

- Python-based (intuitive)

- Gaussian type orbital(GTO) for cluster systems

- GTO + planewave for periodic systems

2Q. Sun, et al., WIREs Comput. Mol. Sci. 8, e1340 (2018)
Q. Sun, et al., J. Chem. Phys. 153, 024109 (2020)

Introduction: PySCF
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① Google Colab & 새 노트 click

①

Introduction: Settings
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② Define/Modify note title

③ PySCF installation →

④ Add 코드
② Left-click + modification

③ Take care of the spacing, 
run▶ button(or Crtl + Enter)

④

pip install pyscf

Introduction: Settings
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⑤ VESTA (Visulaization for Electronic and STructural Analysis)

K. Momma, et al., J. Appl. Cryst. 44, 1272-1276 (2011)

워드패드(or 메모장) → save *.xyz

Num. of atoms
Comment line

Element X Y Z

(optional)

Introduction: Settings
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Part I. Basic Density Functional Theory Calculation

Input & Output for H2O monomer

Exercise) H2O dimer interaction energy 

Part II. Geometry Optimization

Input & Output for LiH    *database

Exercise) CH3OH optimization

Part III. Dispersion Correction

Introduction: Settings
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Part I. Basic DFT Calculation
<Input code>

!! Take caution !!
bracket (), spacing, 
comma, enter ...

Click or Ctrl+EnterRun →①

②
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Import package

Define ‘mol’ from ‘gto’
→ atom : nuc. type, coordinates (xyz, Å)
→ spin, charge: spin state(2S) and charge
→ basis : basis sets ⇒ Prof. Sherrill’s note

* http://vergil.chemistry.gatech.edu/notes/

→ Verbose : print level(4)

→ (UKS)RKS : (Un-)Restricted Kohn Sham
w/o 𝛼𝛼,𝛽𝛽 distinction. orbital occupation = 2 or 0

→ kernel() : perform calculation
→ analyze() : population analyze

<Input code>

Part I. Basic DFT Calculation
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• Check if the input is 
well defined as the user thinks/wants!

<Output>

Part I. Basic DFT Calculation
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Part I. Basic DFT Calculation
<Input code> in Gaussian 16

<Input code> in ORCA
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Total energy [Eh]HOMO, LUMO → Gap

<Output>

Part I. Basic DFT Calculation
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* 𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐸𝐸𝑁𝑁𝑁𝑁 + 𝑇𝑇 + 𝐸𝐸𝑁𝑁𝑁𝑁 + 𝐽𝐽 + 𝐸𝐸𝑋𝑋𝑋𝑋

RKS

UKS

<Output>

Part I. Basic DFT Calculation
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𝛿𝛿+ ≈ 0.31 𝛿𝛿+ ≈ 0.31

𝛿𝛿− ≈ −0.62

Population analysis
→ Mulliken charge (LCAO-MO) 
→ Bader charge, ...

B3LYP/ccpvdz

<Output>

Part I. Basic DFT Calculation
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Exercise 1. Water dimer interaction energy

* Interaction energy 
E(AB) – E(A) – E(B)

B3LYP/ccpvdz 
Result) -6.810 kcal/mol

Ele. X Y Z

Mon1
O 0.000 0.000 0.000
H -0.635 0.628 0.391
H 0.869 0.421 0.090

Mon2
O -0.277 0.479 -2.567
H -0.975 -0.048 -2.956
H -0.230 0.212 -1.603

* 1 Hartree = 627.509 kcal/mol

Part I. Basic DFT Calculation
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B3LYP PBE

cc-pVDZ -6.810 -7.985

cc-pVTZ -4.469 -5.565

cc-pVQZ -3.659 -4.757

Ref. -3.395 kcal/mol
DLPNO-CCSD(T)-F12/aug-cc-pVQZ

Exercise 1. Water dimer interaction energy

S. Song, et al., Nat. Commun. 14, 799 (2023)

Part I. Basic DFT Calculation
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• Comprehensive insight into {functional/basis sets} is required.

Part I. Basic DFT Calculation
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** pip install pyberny (geometry optimizer)

<Input code>

Part II. Geometry Optimization
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* Calculated point

• Finding optimal(most stable) structure
for a given system {charge, spin state, ...}

Li H

Part II. Geometry Optimization
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** verbose = 4

→X  Y  Z (Li)
→X  Y  Z (H)

⇒ Optimal distance Li-H (PBE/ccpvdz) : 1.62 Å

<Output>

Part II. Geometry Optimization
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Database <Cluster system>

https://cccbdb.nist.gov/introx.asp

Part II. Geometry Optimization
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②

①

Database <Cluster system>

Part II. Geometry Optimization
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Basis sets

︙ ︙ ︙

General tips)
- The rightmost one with a similar name(basis sets)
- e.g.) B3LYP or CCSD(T) / aug-cc-pvqz

Methods

https://cccbdb.nist.gov/introx.asp

Database <Cluster system>

Part II. Geometry Optimization
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Gaussian-type orbital, GTO

�𝐻𝐻Ψ = 𝐸𝐸Ψ

Ψ

(Basis functions)
* Dunning family) cc-pVnZ, n=D,T,Q,5,...

Pople) 6-31G + {*, +, ()}

cc-pVDZ
6-31G

cc-pVTZ
6-311G

aug-cc-pVTZ
6-311+G

* Basis sets
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Exercise 2. CH3OH(Methanol) optimization
Suppose CH3OH structure is unknown. (can not find in database.)

CH4 X Y Z

C 0.0000 0.0000 0.0000

H 0.6386 0.6386 0.6386

H -0.6386 -0.6386 0.6386

H -0.6386 0.6386 -0.6386

H 0.6386 -0.6386 -0.6386

Strategy) Replace one H with OH in the CH4 structure.

Part II. Geometry Optimization
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CH3OH
(ini. gue.) X Y Z

C 0.0000 0.0000 0.0000
H 0.6386 0.6386 0.6386
H -0.6386 -0.6386 0.6386
H -0.6386 0.6386 -0.6386
O 0.6386 -0.6386 -0.6386
H 1.1386 -0.9386 -0.9386

Exercise 2. CH3OH(Methanol) optimization
Suppose CH3OH structure is unknown. (can not find in database.)

Strategy) Replace one H with OH in the CH4 structure.

Part II. Geometry Optimization
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1.106 Å

1.424 Å

<VESTA> <OVITO>

A. Stukowski, Modelling Simul. Mater. Sci. Eng. 18, 015012 (2010)

Exercise 2. CH3OH(Methanol) optimization

Part II. Geometry Optimization



대한화학회제131회학술발표회 27

** Generating a reasonable initial guess structure (Maestro)

https://www.schrodinger.com

Exercise 2. CH3OH(Methanol) optimization

Part II. Geometry Optimization
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Select H 

Set (dihedral-)angle, length

Exercise 2. CH3OH(Methanol) optimization

** Generating a reasonable initial guess structure (Maestro)

(if needed)Add H

Part II. Geometry Optimization
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①

https://materialsproject.org

Database <Periodic system>

Part II. Geometry Optimization
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e.g.) Bi2Te3 unitcell structure

Database <Periodic system>

Part II. Geometry Optimization
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* VESTA
Bi2Te3.poscar
→ Bi2Te3.vasp

Database <Periodic system>
e.g.) Bi2Te3 unitcell structure

Part II. Geometry Optimization



대한화학회제131회학술발표회 32

* POSCAR format
Comment line
Scaling factor
Lattice vectors
Atoms
Number of atoms
Positions

Database <Periodic system>
e.g.) Bi2Te3 unitcell structure

Part II. Geometry Optimization
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(Grimme) DFT-D4

E. Caldeweyher, et al., J. Chem. Phys. 150, 154122 (2019)

* Lots of dispersion correction methods. (XDM, MBD, vv10, ...)
⇒ DFT-D4 linked with PySCF

𝐸𝐸𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐸𝐸𝐷𝐷𝐷𝐷𝐷𝐷 + 𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝐸𝐸𝐷𝐷𝐷𝐷𝐷𝐷 : Part I

Part III. Dispersion Correction
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Part III. Dispersion Correction
<Input code> Added line

* Interaction energy

𝐸𝐸𝑖𝑖𝑖𝑖𝑖𝑖 = 𝐸𝐸𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 − 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚 − 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚𝑚

Part I. 𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐸𝐸𝐷𝐷𝐷𝐷𝐷𝐷(𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵, 𝑃𝑃𝑃𝑃𝑃𝑃… )

Part III. 𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠 = 𝐸𝐸𝐷𝐷𝐷𝐷𝐷𝐷 + 𝑬𝑬𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅
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Ref. -3.395 kcal/mol
DLPNO-CCSD(T)-F12/aug-cc-pVQZ

B3LYP B3LYP-D4 PBE PBE-D4
cc-pVDZ -6.810 -7.501 -7.985 -8.427
cc-pVTZ -4.469 -5.160 -5.565 -6.007
cc-pVQZ -3.659 -4.350 -4.757 -5.199
• (D4) Independent on basis sets
• Mostly improved results (exceptions of course exist.) right here..

Exercise 1. Water dimer interaction energy

Part III. Dispersion Correction

PBE-D4 value corrected 
(23.05.01)



대한화학회제131회학술발표회 36

Part I. Basic DFT Calculation
• Make sure the input is well defined as the user intended.
• Comprehensive insight into {functional/basis sets} is required.

Part II. Geometry Optimization
• Initially, refer to the published database.
• If the desired structure does not exist, 

initial structure can be created from similar structures.

Part III. Dispersion Correction
• Almost all of the dispersion corrected DFT calculations 

give improved results. This file is uploaded to tccl.yonsei.ac.kr 
and the copyright belongs to TCCL

Summary
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