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Typical scheme of ab Initio calculations
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A 4

> Approximate geometry of molecule

_ Geometry optimization
Interpretation of

th It A

© restiits Hartree-Fock calculation
Comparison with the
Experimental data \




Methods for accounting of electron
correlations

1. Configuration Interaction methods:
CIS, CISD, CISDT, CISDTQ, ...

2. Manyparticle perturbation theory:
MP2, MP3, MP4(SDQ), MP4, ...

3. Coupled Cluster Theory:
CCD, CCSD, CCSD(T), ...

4. Density Functional Theory:
B3LYP, CAM-B3LYP, PBE, M062X, ...



Perturbation theory (a toy example)

X°+c=0

The solution X == \ —C
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Perturbation theory (a toy example)

order equation solution
o X9 4+c=0 X = +/—c
b
1 2xW4+p® =0 xW = -
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Perturbation theory (a toy example)

X°+0.5x-1.1=0

Order PT correction Solution

0 1.048808848 |x,= 1.048808848
-1.048808848 |x, =-1.048808848
1 -0.25 X, = 0.798808848
-0.25 X, = -1.298808848
2 0.029795706 |x,= 0.828604554
-0.029795706 |x, =-1.328604554
3 0 x1= 0.828604554
0 x2=-1.328604554
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-0.000423234 |x,= 0.828181320
0.000423234 |x,=-1.328181320

Exact solution 4 1 0.828192933
x,= -1.328192933




MBPT, Moller-Plesset, MP, 1934 r
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H0 Unperturbed Hamiltonian. No interelectron interaction
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EEm -l o - bi])} P

€, T8, =& — & Implemented in GAMESS

EG) = Z<O Vv (o | V]wp ) {ws [ V]0)

[8a+8b-8i €, )(8;+8;—8i €, ]
E® =E®(©S)+EWD(D)+EW(T)+E“(Q)
a N
e 3 {OVIVe) (Vo V]Vo)-(ve VIO
€, TELT... TE-E-E;-....-E,
\_ J

Gaussian: MP2, MP3, MP4(SDQ), MP4 9



Energies in MP theory

E A ——— Hartree-Fock
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To be continued
The Coupled Cluster Theory
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