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Real world chemistry is mixtures
✤Most mixtures stored as text or 

custom spreadsheets


✤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
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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) notation
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)
Journal of Cheminformatics (2019)

10.1186/s13321-019-0357-4



Content creation

✤Draw with editor


github.com/cdd/mixtures


✤ ... or import existing data
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Fine chemicals as text
✤Catalogs & inventories favour short descriptions of mixtures


✤Machine learning for text-to-mixture works well:
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ACS Omega (2021)
10.1021/acsomega.1c03311
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Mixtures as spreadsheets
✤Each component defined by a column (or several)...
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CDD Vault
✤Mixture composer


✤Destination for 
each column


✤Build mixture 
hierarchy from rows


✤Name-to-structure, 
lookup databases, 
links to ID codes
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High throughput screening
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Drug tablet formulation
✤Represent active ingredient by structure & 

concentration


✤Other materials (excipients):


‣ polymers


‣ organic molecules


‣ salts


‣ amorphous materials
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J Pharm Sci (2009)
10.1002/jps.21422 

active

ingredient

excipients



Cosmetics
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Consumer Products
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abrasive hand cleaner dishwashing liquid



Hazards
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storage 2-8 °C

flash point -49 °C

storage 15 °C 

flash point -4 °C

volatile

extreme danger

sealed ampule

less

dangerous



Mixtures QSAR
✤Using chemical structure to model properties has a long history


✤Modelling mixtures adds additional layers:


‣ data capture has to be solved first


‣ adapt cheminformatics for multiple structures


‣ factor in concentrations


‣ use other descriptors when structures absent


✤Several demo examples...
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Example 1: Theophilline

✤ https://bit.ly/3Kqb5VA


✤Solubility is limiting factor


✤Sourced from multiple papers
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Example 2: Eutectic solubility
✤ https://bit.ly/3IWFKJV


✤Have solubility of CO2 and SO2 in 
various solvent combinations
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Polymers: Chi
✤ χ is an measure of entropy of 

mixing


✤Values for polymer + [polymer 
or solvent or other]


✤ 2-component mixtures


✤Data taken from Materials 
Genome Project...
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Spreadsheet
✤Content arrives in tabular form


✤Expanding into full mixtures - 2 steps:


1. register each named structure


2. use Vault to compose into mixtures
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Register structures
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Markup into mixtures
✤CDD Vault importer: Compose Mixtures
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Gather data
✤Select all chemical objects 

with a Flory-Huggins Chi 
property


✤ 172 unique datapoints


✤Data gathering is generic: 
applies to any mixture-
formatted content with this 
property
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Model
✤ For polymer components, do some simple processing:


✤Generate ECFP4 fingerprints / fold into 2048 bit vector


✤Add vectors for component 1 & component 2: values are [0, 1, 2]


✤Model descriptors ➪ chi using LightGBM (tree-based gradient boost)
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Results

MAE = 0.208

    R2 = 0.696

22

✤Can propose:


‣ arbitrary polymer structure


‣ arbitrary other molecule


‣ predict entropy of mixing (χ)


✤Dataset is small and diverse...


✤ ... cross validation not great, need 
more data


✤Database of mixtures & χ-values?


✤Bring into training set



The Future
✤Digitise mixtures, like for molecules - self describing


✤Put them in repositories


‣ with measured properties


‣ open databases (like PubChem)


‣ or just a huge data lake


✤ Then focus on


‣ queries, analysis, model building - the fun part!


‣ describing components that are not simple molecules
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alex@collaborativedrug.com

(PS: we're hiring)


