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Collection of known results (1)
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Collection of known results (2)

b D
b
/ ™~

Core Hamiltonian Hartree-Fock potential
A 1, < Z - . A
h(1) = = V3 = 3 =~ OB WAL A
2 a=1 1A b

F Dy, (1) = e,5,(1)



Collection of known results (3)
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Koopman’s theorem
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Closed shell H-F _
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Since the electron contains -1 charge, when
a = b, there is non-zero Coulomb interaction

between the electron r, part and r, part.
J. ., = <(aalaa) # 0

But fortunately, the exchange term can precisely
counter the self-interaction. So the exchange
term from H-F is also called exact exchange.

K = (aalaa)=J,
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Atomic orbitals . Closed shell:

HO7A\O, I, K,
Molecular orbitals N/
* F(1)=h(1)+ ) [27,(1) = K(D)
b
Operators:
h!jy%,f}; g|a>:8a‘d>
Problem: Atomic orbitals
Solve the eigenvalue problem: always too complicated to
use.
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or numerical calculation: Roothaan eution
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Introduce a set of known functions In principle, this
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F = F(C)

X'SX =1 So if we choose: X =S12 * X'SX = §—126S§-12 — 1

C = X’
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Choose the matrix X

First, diagonalize the overlap matrix: S = UsU"

Y\

Symmetric X =S =Uus U’ X = Us™ 12 Non-symmetric




PySCF

The Python-based Simulations of Chemistry Framework

PySCF is an open-source collection of electronic structure modules powered by Python. The package aims
to provide a simple, lightweight, and efficient platform for quantum chemistry calculations and methodology
development.

currently v.1.7.1

# set up the H2 molecule
import numpy as np

import scipy.linalg

from pyscf import gto, scf
r=1.4

# Set up H2 molecular geometry and basis
mol = gto.M(
atom = [['H', (0, O, 0)],

[ H, (xr, 0, 0)]1,
basis = "sto-3g", unit="bohr")




1.4a2.dev1136 Psi4 modules Index

PSi4: OPEN-SOURCE QUANTUM CHEMISTRY




Usage of basis
Pople Style Basis Sets

STO-nG basis sets: Minimum basis set. \

Slater type orbital
consisting of n PGTOs.

K-nImG basis sets: Split valence type,
* K (in front of *-’): how many PGTOs are used

for representing the core orbitals.

* nim (after ‘-’): how many functions the valence
orbitals are split into, how many PGTOs are
used.

* nl: a doublet split valence.

 nlm: a triplet split valence.



(s- and p- functions) G (polarization functions)

The outer part of valence
orbitals, represented by 1

PGTO.

3-21G

The core orbitals are a \

contraction of three
PGTOs. The inner part of valence orbitals is a

contraction of 2 PGTOs.



The outer part of valence
orbitals, represented by 1

PGTO.

6-31G

The core orbitals are a \

contraction of 6
PGTOs. The inner part of valence orbitals is a

contraction of 3 PGTOs.



6-31G*=6-31G(d)

e

Add a set of d-type basis functions
to the heavy atoms.



6-31G**=6-31G(d,p)

Ad{set of d-type basis functions

to the heavy atoms, and add a single
set of p-type function to H.



The number of 6-31G™ basis functions;

H: 2+3=5
(1s, 18’), (2ps, 2py, 2pz)

Li to F: 1+2+ 2*3 +6 = 15
(1s, core), (2s,25’)  (2p, 2p°) (2d, 6 functions in Cartesian coordinate



Add diffuse functions (+)

The first “+’: One set of diffuse s- and p-functions on heavy atoms.
The second ‘+’: a diffuse s-function is added to hydrogen atoms.

6-31+G(d)
6-311++G(2df,2pd)
6-311++G(3df,3pd)



Beyond Hartree-Fock

Correlation energy

E. .. =E

corr — “non—rel EHF

Static correlation

Weak or broken bonds involving a large occupation of antibonding
orbitals cannot be described by a single determinant.

Dynamic correlation

Remaining correlation associated with the instantaneous short-
range electron-electron interactions.



Configuration Interaction (Cl)
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Manybody Perturbation, MP
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MP2 does not work well at geometries far from equilibrium.
Not variational.



Coupled Cluster, CC

CC wavefunction ansatz
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