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Of Problems and Solutions...

Geometry Interactions and Forces

4

Spectra -~ Energies

Chemical Behaviour Physical Properties

http://www.chemspider.com/Chemical-Structure.236.html; retrieved on 10.2.2020, 16:05
https://www.pharmawiki.ch/wiki/index.php?wiki=Albumin; retrieved on 10.2.2020, 16:11
D. Bitounis, R. Fanciullino, A. lliadis, J. Ciccollini, ISRN Pharm. 2012, 2012, 1-11. 04/12/2020
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Ab Initio Methods: Hartree-Fock

H|W) = E|w)

* Self-Consistent Field

* Born-Oppenheimer Approximation and Mean
Field Approach

* Little consideration of correlation and no
dispersive interactions

N
pHP - 1_[ W,
=1

https://www.geni.com/people/Douglas-Rayner-Hartree/6000000057386026412; retrieved on 2.10.2020, 20:53

E. Schrodinger, Ann. Phys. 1926, 384, 734-756.

D. R. Hartree, Math. Proc. Camb. Philos. Soc. 1928, 24, 89-110.

P. Lowdin, J. Math. Phys. 1962, 3, 1171-1184. 04/12/2020
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Ab Initio Methods: Hartree-Fock

e Slater determinant

* Fulfills the antisymmetry
principle

* indistinguishability of electrons

bi(Da(l)  BLBR)  byaBl)

wSD - 2 : : . :
INE [ (N)adN) - 0,(N)BN) =+ by oN)B(N)

https://deacademic.com/dic.nsf/dewiki/1470334; retrieved on 2.10.2020, 20:50
https://history.aip.org/phn/11406001.html; retrieved on 30.11.2020, 19:49
T. Amos, L. C. Synder, J. Chem. Phys. 1964, 41, 1773-1783. 04/12/2020
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Roothaan-Hall

FC = SCE

F . =Hcore +2Juv — Kuv

* Self-Consistent Field
Er = E

* High computational cost
* Small molecules, systematic errors

* Improvement: Post-HF methods

http://www.quantum-chemistry-history.com/Roothaal.htm; retrieved on 2.10.2020, 21:25
http://www.quantum-chemistry-history.com/Hall1.htm; retrieved on 2.10.2020, 21:25

C. C. Roothaan, Rev. Mod. Phys. 1951, 23, 69-89.

G. G. Hall, Proc. R. Soc. Lond. A 1951, 205, 541-552.

T. Amos, Mol. Phys. 1962, 5, 91-104.

S. M. Blinder, Am. J. Phys. 1965, 33, 431-443 04/12/2020
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The Active Space
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L. Serrano-Andrés, J. J. Serrano-Pérez, Handbook of Computational Chemistry, pg. 528, 2014. 04/12/2020


https://media.springernature.com/original/springer-static/image/chp:10.1007/978-94-007-0711-5_14/MediaObjects/978-94-007-0711-5_14_Fig8_HTML.gif
https://media.springernature.com/original/springer-static/image/chp:10.1007/978-94-007-0711-5_14/MediaObjects/978-94-007-0711-5_14_Fig8_HTML.gif

JUSTUS-LIEBIG-UNIVERSITAT GIESSEN |7

Perturbation Theory

H=H,+AV

* Taylor expansion for the eigenvalues and eigenfunctions
* Solving the corresponding eigenvalue equations

* MP1: No improvement over HF
< (O)‘V‘w > all) Epr = EMPy ., Evpy
* MP2, MP3, MP4, CASPTn, NEVPT

C. Mgller, M. S. Plesset, Phys. Rev. 1934, 46, 618-622.

A. Dalgarno, Proc. Roy. Soc. A. 1959, 251, 282-290.

B. Levy, G. Berthier, Int. J. Quantum Chem. 1968, 2, 307-319.

J. Verbeek, J. H. van Lenthe, Int. J. Quantum Chem. 1991, 40, 201-210.

K. Hirao, Chem. Phys. Lett. 1992, 190, 374-380.

C. Angeli, R. Cimiraglia, S. Evangelisti, T. Leininger, J. P. Malrieu, J. Chem. Phys. 2001, 114, 10252-10264. 04/12/2020
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Perturbation theory: Dispersion

TE

Sandwich T-Shaped Parallel Displaced Geometry
4.50 1.48 5.59 dE>CF/kcal - mol?
-2.13 -2.84 -3.33 dEMP2/kcal - moll
-1.48 -2.46 -2.48 dECCSPM/keal - mol?

P. Hobza, H. L. Selzle, E. W. Schlag, J. Am. Chem. Soc. 1994, 116, 3500-3506.

R. L. Jaffe, J. Chem. Phys. 1996, 105, 2780-2788.

S. Tsuzuki, K. Honda, T. Uchimaru, M. Mikami, K. Tanabe, J. Am. Chem. Soc. 2002, 124, 104-112.

M. O. Sinnokrat, E. F. Valeev, C. D. Sherril, . Am. Chem. Soc. 2002, 124, 10887-10893. 04/12/2020
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Configurational Interaction (Cl)

OCC Vir OCC Vir

W= oW+ zz:c Wi+ Zz Wi

|<J Ir<s

* Full Cl

e exact solution of Schrodinger
equation at CBS limit

* High computational cost
* CISD, CID, CISDT
* MRCI-methods

o T+ LTI
- & LI4T

o e+ TII

L
T

C. D. Sherrill, H. F. Schaefer, Adv. Quantum Chem. 1999, 34, 143-269.
D. Zgid, E. Gull, G. K. Chan, Phys. Rev. B 2012, 86,165128.
R. J. Buenker, S. D. Peyerimhoff, W. Butscher, Mol. Phys. 1978, 35, 771-791. 04/12/2020
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Coupled Cluster (CC)

* All excitations considered
* Exact solution of Schrédinger equation

* Truncation: Singles, Doubles, Triples, Quadruples...
* Higher excitations are approximated due to exponential ansatz

e State of the art: CCSD(T)
* MRCC-methods

F. Coester, Nuc. Phys. 1958, 7, 421-424.

D. L. Freeman, Phys. Rev. B 1977, 15, 5512-5521.

S. A. Kucharski, R. J. Bartlett, J. Chem. Phys. 1992, 97, 4282-4288.

M. Kallay, J. Gauss, J. Chem. Phys. 2005, 123, 214105. 04/12/2020
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Density functional theory (DFT)

Elo(r)]

* Thomas-Fermi
* Uniformal electron gas

* Hohenberg Kohn theorems
e properties of a molecular system unambigiously can be traced back to p

¢ Eo[po(r)]
* Kohn-Sham

* No simplification of solving the Schrodinger equation
e Calculation for non-interactive system with same density

L. H. Thomas, Math. Proc. Cambridge Phil. Soc. 1927, 23, 542-548.

E. Fermi, Z. Phys. 1928, 48, 7379.

P. Hohenberg, W. Kohn, Phys. Rev. B 1964, 136, 864-871.

W. Kohn, L. J. Sham, Phys. Rev. 1965, 140, A1133-A1138. 04/12/2020
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DFT: Exchange-correlation energy

N

1= Y (bl 392 - s

X) +EXClo()]

N
1))+ Z(X"zflp(r) ar

Local density approximation (LDA)
* VWN, PZ81, PW92...

Generalized Gradient Approximmation (GGA)
* B, PBE, PW91, LYP, P86, PBE, PWO91...

meta-GGA
 B88, PKZB, TPSS, MO06...

Hybrid Functionals: B3LYP, B3PW91, B3P86...

http://psicode.org/psi4manual/1.2/dft_byfunctional.html#gga; retrieved on 5.10.2020, 19:47
N. Mardirossian, M. Head-Gordon, Mol. Phys. 2017, 115, 2315-2372. 04/12/2020
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Benchmark
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Conclusion

Interacting orbitals Stabilization energy Stabilization energy

kcal - mol!

Cis-Butene: 4
o C(sp?)-H > [C 1 0.02058 1.99993 3.96742 ___@8.@1201 5.97942 |
C 2 -8.42222 1.99993 4.40858  B.01366 6.42222
trans-Butene € 3  -8.65734 1.99998 4.648087  ©.00929 6.65734 g
, C 4 -8.65734 1.99998 4.64807  ©.00929 6.65734
oC(sp?) H=> | 5 a.2197 0.00000 8.77857  0.80167 0.78024
: _ H 6  8.21976 0.00000 0.77857  ©.00167 0.78024
iso-Butene: H 7  8.22115 0.00000 8.77749  ©.80136 0.77885 2
oC(sp?)-H-> H 8 e.21976 0.00000 8.77857  ©.80167 0.78824
H 9  @.22115 0.00000 8.77749  ©.80136 B.77885
H10  8.21976 0.00000 8.77857  ©.80167 B.78024
H11  8.19750 ?.00000 0.80091  ©.00159 0.80250
H12  8.19750 0.00000 0.80091  0.00159 0.80250

* Total * B©.00008
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Thanks to...
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