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Premise
✤Most mixtures stored as text or 

custom table layouts


✤Value of upgrading to 
cheminformatics is well 
established...


✤ ... with the right datastructure, 
always just one script away from 
what you need


✤ If you can represent it, you can 
model it

2

Molfile Mixfile

InChI MInChI

1980's 2020's



Mixfile/MInChI ✤ Format needs to be:


‣ hierarchical


‣ embed structures when possible


‣ include concentration information


‣ tolerate uncertainty


✤More verbose ELN-friendly form is Mixfile


✤Concise form with canonical components is 
MInChI (mixtures InChI)

MInChI=0.00.1S/C4H8O/c1-2-4-5-3-1/h1-4H2&C6H12/
c1-6-4-2-3-5-6/h6H,2-5H2,1H3&C6H14/c1-3-5-6-4-2/
h3-6H2,1-2H3&C6H14/c1-4-5-6(2)3/h6H,4-5H2,1-3H3&C6H14/
c1-4-6(3)5-2/h6H,4-5H2,1-3H3&C6H14N.Li/c1-5(2)7-6(3)4;/
h5-6H,1-4H3;/q-1;+1/n{6&{1&{3&2&4&5}}}/
g{1mr0&{1vp0&{5:7pp1&1:2pp1&1:5pp0&1:5pp0}7vp0}}
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(JSON-serialised)



Data Creation
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github.com/cdd/mixtures collaborativedrug.com



Formulation Example
✤Many consumer products are well described 

from a chemical perspective


✤Some components are more easily defined 
than others


✤When structure is not available, can use 
external identifiers


✤Hierarchy encodes information about the 
design of the product


✤Concentrations can be expressed with 
uncertainties
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Comparisons with Structures

InChI=1S/C7H6O3/c8-6-4-2-1-3-5(6)7(9)10/h1-4,8H,(H,9,10)

≡ substructure of

n n

MW 300-500 MW 400-700
≅

Y1.2Ba0.8CuO4 ≅ YBa2Cu3O7−δ
≅
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Search Queries

>40%has

has INCI: COCAMIDE DEA

has not substructure

✤ Looking for a certain subset of 
external cleaning surfactants, 
phosphate-free
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Informatics Example
✤Solubility of theophylline


✤Often delivered in liquid form with mixed solvents: optimising 
proportion of drug is important


✤Consider a scenario where:


‣ all data was provided in Mixtures InChI form


‣ these data exist in openly available repositories


✤Query:


‣ check that theophylline is present and has concentration


‣ check that other ingredients are solvents


✤Consider 4 papers with relevant solubility, published over 20 years...

theophylline

nasal anti-inflammatory
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https://tinyurl.com/

y3svytfp

➫ 4:13:00



Papers (x4)
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All Together for QSAR
Solubility

0.699 1
15.19 1
1.04 1
3.142 1
0.784 1
0.91 1
6.3 1
13.7 1
11.6 1
13.58 1
6.73 1
9.3 1
8.20 0.8 0.2
16.38 0.5 0.5
13.60 0.2 0.8

(+8 more similar)
15.39 0.333 0.667
26.6 0.5 0.5
17.97 0.083 0.584 0.333
19.06 0.708 0.292
22.59 0.417 0.25 0.333
26.52 0.283 0.25 0.3 0.167

(+14 more similar)

n
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Deep Eutectics / Carbon Capture
✤Mixtures of ionic & neutral solvents can 

absorb gases like CO2
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DOI: 10.1021/ef5028873

✤Want to model?


‣ finding data in literature is hard


‣ curating is extremely laborious


✤Each datapoint is a mixture...



Mixturfication
✤Data entry easier as 

tabular content


✤Mixture hierarchy is 
implicit
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Mixtures
✤Convert each row into a self-contained Mixfile...


✤ ... have solubility of CO2 and SO2 in various solvent combinations


✤Could be looked up in a database of mixtures from many different sources
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Free Wilson-esque
✤ Tabulate components as column headings, with proportions - scriptable


✤Build a basic regression model (PLS)...
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Cross-populate
✤Empty cells set to max(Tanimoto ECFP4 × concentration)
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10-most Significant Descriptors
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Labelling Caveat
✤Mixture data not quite free of implicit assumptions...
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saturated

single

phase,

liquid

✤Need additional metadata, e.g.


‣ ontologies


‣ IUPAC terminology


✤Work in progress



Summary

✤Open protocols, tools & example data available for representing mixtures


✤New workflows become practical with cheminformaticisation of mixtures


✤Much work to be done to catch up with structure databases


✤Community building is key


✤Many industries: lab chemistry, drug formulations, consumer products, 
agriculture, analytical standards, safety...

18



Questions?

✤Contact:


Alex M. Clark alex@collaborativedrug.com (Collaborative Drug Discovery)

19

Journal of Cheminformatics (2019)

10.1186/s13321-019-0357-4

Open Source

  github.com/cdd/mixtures  

CDD Vault

  collaborativedrug.com  

✤Also: Leah McEwen (Cornell, InChI, IUPAC)


