Automatic creation of new materials
Akinori Matsumoto
What would you do if you had a machine which could create new material with the
properties you desire? You may think such a convenient machine is impossible, but
something similar may become possible in the near future. Recently a group of
researchers has succeeded in creating unreported molecules emitting fluorescence, just

as they were intended to ™M,

Fluorescent molecules have a variety of applications in our daily lives. For example,
fluorescent molecules are useful in the
medical field. By connecting fluorescent
molecules to living cells, cellular activity can
be directly viewed under a microscope. This

makes it easier to observe the effects of new

disease treatments in experiments on mice 2.
In addition, fluorescent molecules are beginning to be used as a new material for
displays to replace liquid crystals. The displays made from fluorescent molecules not
only have the advantage of emitting light without heat, similar to liquid crystals but also

have other advantages such as flexibility and lower power consumption I,

Although many types of fluorescent molecules have already been utilized, they often
have drawbacks in terms of function, sustainability, and cost. To overcome such
shortcomings, new fluorescent molecules have always been sought after. Then, how can

we create new fluorescent molecules?



To answer this, let’s first see how fluorescent molecules emit light. A molecule is a
combination of many atoms that exhibit a single property. Based on the combination,
several ‘States’, each of which corresponds to a certain energy range exist. A molecule
at a state has energy in the corresponding range. When a photon strikes a fluorescent
molecule, the molecule moves to a state with a range of higher energy. Then the
molecule loses energy to the minimum value allowed in the new state. Eventually, the
molecule returns to its original state with lower energy. On the transition from the ‘new’
state to the original state, a photon with the same energy as the energy difference
between the states, i.e., fluorescence, is emitted. What we have to do is to find a new

stracture that this fluorescence mechanism works.

However, this is not an easy task at all because we cannot determine whether the
fluorescence emission occurs from the molecular structure alone. To confirm that a
candidate of a fluorescent molecule really emits fluoresce requires extensive
simulations. Therefore, the conventional approach has been to create a new fluorescent
molecule based on the structure of a known fluorescent molecule. However, a method
has recently been found that creates perfectly new fluorescent molecules almost

automatically.

How on earth can we do that? The first step is to represent structures of fluorescent
molecules as a single string by a method called SMILES (simplified molecular-input
line-entry system). With the SMILES strings, we can represent any structures of

molecules, including the types of bonds between atoms, as a one-dimensional sequence



of symbols. For example, “r, [, C, @, H, ], (, C, I,), F” in the SMILES represents
bromochlorofluoromethane, a molecule with a three-dimensional structure. Though
fluorescent molecules generally have a very complex three-dimensional structure, they
can be expressed with only a one-dimensional sequence of symbols. In this manner, we
obtain a series of one-dimensional sequences of symbols for a huge number of known

fluorescent molecules.

The second step is to build a model which predicts a SMILES string for an unknown
fluorescent molecule from the data of the SMILES strings of the known fluorescent
molecule. This can be done with an algorithm called a recurrent neural network (RNN).
The RNN is a class of artificial neural networks, which handles an ordered sequence of
data. Thanks to the SMILES, we can treat structures of molecules as machine-readable

information and the RNN is well suited to handle this one-dimensional information.

Now that we are finally ready to create a string in SMILES of fluorescent molecules.
Using a computer, we arrange symbols in SMILES almost randomly starting from the
first letter checking if they are likely to be fluorescent molecules. Here | say "almost
randomly™ because the computer does not create strings completely at random, but
rather it determines and focuses on sequences of symbols that are likely to be
fluorescent molecules. This is based on the method used by computers to find out the
best moves in chess. In the case of chess, a computer examines “almost randomly”
possible moves and finds the next move that is likely to win the game. In the case of
creating fluorescent molecules, the next move of chess corresponds to the next symbol

in SMILES.



However, the options for arranging symbols are so numerous that it is not possible to
arrange them in this way down to the last symbol. So, after arranging the symbols to
some extent, we apply the trained RNN we have just prepared to the string. Thanks to
training the RNN, it refers to the first half of the string and completes the rest of the
string to be a fluorescent molecule. Finally, we have a candidate for the fluorescent

molecule.

By this method, the group of researchers prepared 8 candidates of fluorescent
molecules which can actually be synthesized. The researchers synthesized these
molecules and found that six of the eight molecules were actually fluorescent

molecules.

This success is very valuable. First, the newly synthesized fluorescent molecules
themselves may have medical and industrial applications as | mentioned above. Another
important thing is that the molecules with the desired property were created almost
automatically. Creating such molecules has been difficult. Though the researchers do
not discuss in their paper whether the new fluorescent molecules they have synthesized
have an advantage compared with those that have already been utilized, we will be able
to create more new fluorescent molecules, among which such useful molecules may
exist. Furthermore, it will be possible to create new molecules with useful properties
other than fluorescent molecules. In the future, a world may come true in which we can

freely create materials with any properties we like.
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