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http://www.youtube.com/watch?v=ZQ3KtucI97o


An Atom in Many Molecules

For 10k models

10k atoms from:
-16800 distortions from 168 C7H10O2 isomers
-9k GDB molecules with 7 to 9 atoms CONF/molecule

M. Rupp, R. Ramakrishnan, OAvL, JPCL (2015), arXiv



An Atom in Many Molecules
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Atomic charges



Atomic parameters for force-fields

T. Bereau, D. Andrienko, OAvL, JCTC (2015)



Atomic parameters for force-fields

T. Bereau, D. Andrienko, OAvL, JCTC (2015)



Atomic parameters in OM2

OM2 orbital exponent for Carbon (“screening”) 
selected due to high sensitivity

P. Dral, OAvL, W. Thiel, JCTC (2015)
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Δ-ML

Ramakrishnan et al, J Chem Theory Comput (2015)
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Ramakrishnan et al, J Chem Theory Comput (2015)

Ranking 10k diastereomers derived from 6k constitutional isomers of C
7
O

2
H

10
→ Global minimum, and its 10 closest isomers … 

Δ-ML
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PM7 1k 10k
86          → 74 → 58 kcal/mol

R Ramakrishnan et al JCTC (2015)

Δ-ML



ML

R Ramakrishnan et al JCTC (2015)

Δ-ML
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Crystals 

Faber et al, Phys Rev Lett (2016) arxiv.org/abs/1508.05315

● most abundant quaternary crystal structure in Inorganic Crystal Structure Database

● can  emit light when exposed to ionic radiation (→ Scintillator candidates)

● transparent, glossy, colorless and soft crystal in Fm3m space group 

● AlNaK
2
F

6
 found in Rocky Mountains, Virginia, or the Apennines



Reduction in cost:
DFT: ~20 M CPU hours (optimized)
ML:  ~20 CPU hours (not optimized)

Crystals 

Faber et al, Phys Rev Lett (2016) arxiv.org/abs/1508.05315



Crystals 

Faber et al, Phys Rev Lett (2016) arxiv.org/abs/1508.05315

Discovery of 
~90 new crystals!!!



Crystals 

Faber et al, Phys Rev Lett (2016) arxiv.org/abs/1508.05315
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Crystals 

Faber et al, Phys Rev Lett (2016) arxiv.org/abs/1508.05315

Lowest Possible Total Oxidation State (LPTOS)



Crystals 

Faber et al, Phys Rev Lett (2016) arxiv.org/abs/1508.05315



http://www.youtube.com/watch?v=S6r6yWuKs7g


Inductive (Data)
1. Assume a law
2. Metric
3. Examples
4. Infer
5. New combination

Fast (ms)
Arbitrary reference 
Automatic improvement

Transferable?
Minimally condensed

Deductive (Laws)
1. Assume a law
2. Approximate
3. Solve
4. Predict
5. New regimes

Slow (depending on approx.)
Approximation dependent
Human improvement

Transferable?
Maximally condensed 

Conclusions II
Scientific method - proper way to gain knowledge 




