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Anthropogenic reaction parameters — the missing
link between chemical intuition and the available
chemical space
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* There are several anthropogenic factors that
limit the reaction parameters and thus the
scope of synthetic chemistry

* We argue that these are at least partly
responsible for limited access to new
chemistries



Model of chemical reactions
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Substances & Reactions
Growth of substances and reactions
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Architecture and Evolution of Organic Chemistry’

Marcin Fialkowski Dr., Kyle . M. Bishop, Victor A. Chubukov, Christopher ). Campbell,
Bartosz A. Grzybowski Prof. Dr. . . . .
Data from Beilstein (organic chemistry)

First published: 8 November 2005 Full publication history
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() 9,550,398 substances

9,293,250 reactions

The number of substances and the
number of chemical reactions have
Increased exponentially



SCIENTOMETRIC STUDIES ON CHEMISTRY I:
THE EXPONENTIAL GROWTH OF CHEMICAL SUBSTANCES,

Scientometrics,

Vol. 39, No. 1 (1997) 107-123
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(1) During the whole period the fofal curve corresponds quite well to a stable

exponential growth (i.e. a straight line in semi-logarithmic scale) with an annual rate of
5.5% and doubling time of 12.9 years.



Substances & Reactions - growth
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What would have happened without wars?
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What would have happened without wars?

Annual rate = Doubling time Substances-
(%) (years) reactions by
2015
New 4.6 15.4 966,965
substances
Peaceful new 5.5 12.9 3,226,240
substances
New reactions 5.0 14.2 977,233
Peaceful new 6.6 10.8 18,161,557

reactions

We would have explored by far more
chemical space!




Substances

How chemists have explored
the space of substances?

Number of Substances
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Do chemists combine many
reactants per reaction?
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They combine few of them (1-2)



Frequency

Many using a
single educt
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Do chemists produce many
substances per reaction?
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They produce few substances per reaction (1-2)
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Chemists combine few reactants, but are they well distributed?
Do chemists try to use homogeneously their reactants?
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Chemists produce few substances per reaction, are they
trying to populate the space of substances homogeneously?
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What about combinations of elements?
Are chemists exploring new combinations or do they keep
exploring the traditional ones?

CO,+HO - CH O +O_ == COH
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= Chemists explore
new combinations



What about combinations of elements?
Are chemists exploring new combinations or do they keep
exploring the traditional ones?

CO,+HO - CH O +O_ == COH
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The rate of new combinations has slowed down since 1980.



Are these new combinations large or small?
CO,+HO - CH O +O_ =% COH == Size 3
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Conclusions

* Chemists have historically used a small set of starting materials
to produce a larger set of substances.

 The combined educts have been traditionally 2 to get 1 or 2
products.

« Since 2000 the exploration of the space has been carried out
using more and more educts per reaction and reporting more
and more products.

* They explore each time more combinations of elements but the
sizes of the combinations are about 4 elements per combination

* Chemists have traditionally explored more combinations of
elements, but the rate of innovation is slowing down since 1980.

» World wars (WWSs) caused a drop in chemical novelty for
substances & reactions. WW1 took production back around 30
years and WW2 around 15.



Open questions

* Modelling the evolution of the network
- Random hypergraphs
- Barabasi-Albert model for hypergraphs

 To what extent chemical reactions & substances are
novel?

* Are there preferred transformations (rewriting rules)?

* What is the meaning of chemical organisations here?

- What is the meaning of closed sets of reactions for the
Industry?
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