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Why do we need good structures?
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Part 1

Assembling Molecules
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The Schrodinger Equation
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https://chem.libretexts.org/Courses/University_of_Arkansas_Little_Rock/Chem_1402:_General_Chemistry_1_(Belford)/Text/6:_The_Structure_of_Atoms/6.6:_The_Shapes_of_Atomic_Orbitals

Base Principle

Atoms have OCD (obsessive compulsive disorder) Brian Groene

Sharing is Caring

rather share electrons than having
iIncomplete shells

@ Electron
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Octet And 18-Electron Rules
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Lewis Structures




Orbital Hybridization
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Orbital Hybridization
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Orbital Hybridization
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To Make It Complicated:

Atoms are picky with whom they hang out
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Hard-Soft Acid-Base

Atoms are picky with whom they hang out
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Hard-Soft Acid-Base

Atoms are picky with whom they hang out
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From 2D to 3D
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Z-Matrix
El # oo # /A #

O 1 120

C 1 155 2| 120

N 3 145 1 1095 2 120
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Z-Matrix
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https://github.com/tmpchem/computational_chemistry

Automated 3D-Structure Generation

R

Open-Source Cheminformatics
and Machine Learning
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Use rules above to connect atoms

!

(use fragments to simplify)

!

Optimize the Geometry (FF or QM) —» <
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Automated 3D-Structure Generation
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What can go wrong... will go wrong
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Always Question Your Data

5GTR
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S .

So fix it with widely used software

Explicit violation of octet rule! {
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Tipps and Tricks

* Follow the rules above and the structure will be reasonable (at least in gas).

 Some groups like to be charged. Use pKa and pKb tables.

p,
4
¥
4

» Rather consistently wrong, than sometimes (inconsistently) correct.
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Tipps and Tricks

» Use Databases for double-checking
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Part 2

Structure Refinement
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https://upload.wikimedia.org/wikipedia/commons/4/4c/DNA_Structure+Key+Labelled.pn_NoBB.png

How to find problems in structures 101

You look very closely...
and you find the error




If You don’t Know, Ask Physics

* Physically wrong structures (and electron counting) affects:
* Force Field Parametrization (fails).

* Quantum Mechanics convergence (zero to none).

 But also good structures have problems:

 Dancing Charge problem.
* Population Analysis.

 Geometry Optimization or Dynamics.

28



Example of Convergence of Wavefunction

iteration
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Example of Convergence of Wavefunction
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Peptides and Dancing Charges
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https://upload.wikimedia.org/wikipedia/commons/0/08/Tetrapeptide_structural_formulae_v.1.png

Population Analysis and Bond Orders

N=@— s > H=0— s WO (s

0.000 | 2.555 | 0.357

2.555 | 0.000 | 1.385

@ 0.357 | 1.385 | 0.000
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Bond Order Matrices

Supposed to be aromatic
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Optg and MD
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Optg and MD
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Potential Energy Surface
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https://www.degruyter.com/document/doi/10.1515/pac-2017-0104/html

MD of Incorrect Structure
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Optg of (same) Incorrect Structure




Radicals Force Their Way

* Two electrons were missing (radical).

* Those atoms panicked: incomplete shells

* They did all they could to refill shells

2W76 39



Molecules as Minima in Surfaces
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Conformers: different minima obtained by rotation

along single bond

40
10.1002/9780470125793.ch1



All Conformers are equal... are they?

Conformer A Conformer B

Solvent 1 Solvent 2
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All Conformers are equal...
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Simple Algorithms for Flndlng Conformers

Lets rotate (all) bonds

360 \
N struct — 7

360 \ °©
— (=) =262144
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Simple Algorithms for Finding Conformers

Lets use tree... searches
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Problems of being Systematic
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https://upload.wikimedia.org/wikipedia/commons/a/ab/Conformations_of_B-glucopyranose.png

Problems of being Systematic
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Walk Over PES and Ergodicity
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https://upload.wikimedia.org/wikipedia/commons/a/ab/Conformations_of_B-glucopyranose.png

Speeding Ergodicity


https://upload.wikimedia.org/wikipedia/commons/a/ab/Conformations_of_B-glucopyranose.png
https://upload.wikimedia.org/wikipedia/commons/a/ab/Conformations_of_B-glucopyranose.png

Metadynamics Conformer Search

Start with fast, but reasonable
Only for small molecules, different methods yield similar minima.

After running low-level model chemistries, increase the level as much
as possible for your resources.

FF < SEOM < DFT <Y

In between runs, optimise all structures.

‘Use previous ensemble as starting point for next run.
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How Important are the conformers?



https://upload.wikimedia.org/wikipedia/commons/a/ab/Conformations_of_B-glucopyranose.png

Which Conformers are relevant?

This Is a semi-classical approach, valid when quantum effects 51
are not relevant for statistics.



Which Conformers are relevant?

Ludwig Boltzmann

AE AG,

Pi — Pi —
AE, AG,
2 8jexp ( kBT> 2 8jexp (— - )
VALIDITY: VALIDITY:
*Gas phase *Any phase
*All structures similar ‘Entropy Is considered

(Similar vibrations)

This Is a semi-classical approach, valid when quantum effects 50
are not relevant for statistics.



Summary
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NOT SURE'IFWE DID A GREAT J0B...

OR NO'ONEIPAID ATTENTION



Conformational Entropy and Ergodicity
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Conformational Entropy and Ergodicity
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