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All your byte are belong to us
• Just because a reaction scheme is digital… 

• … doesn’t mean it’s of any use to a computer.
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Production Raster Graphics
4

Generic molfile 

 15 16  0  0  0  0  0  0  0  0999 V2000 
   -3.9510    4.0500    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0 
   -5.2500    3.3000    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0 
   -2.6519    3.3000    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0 
   -5.2500    1.8000    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0 
   -3.9510    1.0500    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0 
   -2.6519    1.8000    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0 
   -1.2306    3.7694    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0 
   -0.3482    2.5611    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0 
   -1.2240    1.3407    0.0000 N   0  0  0  0  0  0  0  0  0  0  0  0 
   -6.5490    4.0500    0.0000 N   0  3  0  0  0  0  0  0  0  0  0  0 
   -7.8481    3.3000    0.0000 O   0  5  0  0  0  0  0  0  0  0  0  0 
   -6.5490    5.5500    0.0000 O   0  0  0  0  0  0  0  0  0  0  0  0 
    1.1518    2.5673    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0 
    1.9072    1.2714    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0 
    1.8964    3.8695    0.0000 C   0  0  0  0  0  0  0  0  0  0  0  0 
  1  2  1  0  0  0  0 
  1  3  2  0  0  0  0 
  2  4  2  0  0  0  0 
  4  5  1  0  0  0  0 
  5  6  2  0  0  0  0 
  6  3  1  0  0  0  0 
  3  7  1  0  0  0  0 
  7  8  2  0  0  0  0 
  8  9  1  0  0  0  0 
  9  6  1  0  0  0  0 
  2 10  1  0  0  0  0 
 10 11  1  0  0  0  0 
 10 12  2  0  0  0  0 
  8 13  1  0  0  0  0 
 13 14  1  0  0  0  0 
 13 15  1  0  0  0  0 
M  CHG  2  10   1  11  -1 
M  END
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Production Vector Graphics
• Manuscripts usually delivered as PDFs:
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Spreadsheets

• Data gives the impression of organisation 
• Very high degrees of freedom, nothing for structures
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Common Scheme
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Digitally Friendly
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Representation

• For machines: representation 
must be very rigidly defined 

• For humans: can generate 
diagram programmatically 

• MDL RXN/RDfile ~50% there 

• DataSheet XML with Experiment 
aspect 

http://molmatinf.com/fmtaspect.html

9

StructureStep Role

1

1

1

1

1

1

2

2

Reactant

Reagent

Product

Product

Stoich.

1

1

1

1

1

1

1

1

Reactant

Reagent

Reagent

Reagent

http://molmatinf.com/fmtaspect.html


MOLECULAR MATERIALS INFORMATICS

Balancing
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Quantities
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Green Metrics
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• Totals for reactants, products & waste 
• For each non-waste product: yield, PMI, E-factor, 

Atom-E… always calculated, always recorded
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Reaction Transforms
• Reaction = specific description of experiment

1 2 3
4

1 2

3

4

• Transform = the generic form of a reaction
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Convenience
• Apply to a molecule...
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Decision Making
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Yield PMI E-factor Atom 
Economy

100% 2.18 1.18 100%

84% 12.49 11.49 93.3%

82% 19.17 18.17 87.4%

100% 8.26 7.26 56.3%

63% 8.93 7.93 73.3%
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Model Building
• Most reaction data is noisy and incomplete 

• Imagine opportunities with quantity & quality...
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• For example: model solvent substitution
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Conclusions & Future

• Most published reactions intractible to machines 

• Most reaction informatics formats 50% complete 

• Full description has immediate benefits... 

• ... eventual large scale machine learning. 

• μPublications with provenance: the path to open 
repositories - but requires attention to content
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