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1: Sample 1 KBF B3RV —X L FDFEHEL LY AL DA X—. (a) 10mer, (b) 20mer, (c) 40mer. (b),
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Abstract

In order to realize polymer materials informatics (MI), it is necessary to simulate high-order structures
peculiar to polymers that affect material properties under appropriate conditions and to find

machine-learnable descriptors. ,

There is no example that has been completely realized yet. The main

purpose of this study is to explore the feasibility of polymer MI by combining large-scale MD and
machine learning. As an approach, in order to solve a huge number of combinations of search target
problems, we are studying the realization of Al that indicates the direction of characteristics by using a
descriptor that abstracts the higher-order structure. As a method of abstracting higher-order
structures, we focused on persistent homology of topology. As the first step, it was shown that the
higher-order structure can be expressed by performing all-atom MD calculation for the polymer melt
and analyzing its coordinates by persistent homology. As the second step, by performing the same
analysis for various types of polymer melts and performing machine learning using a random forest as
the descriptor, higher prediction accuracy can be obtained compared to the descriptor by the

conventional fingerprint.

Keywords

Materials Informatics, Higher-order structure, Dielectric constant, Persistent homology, Machine

learning

1 Representation of higher-
order structures by persis-
tent homology

Under the periodic boundary conditions of MD, it
is generally considered that there is no dependence
on the physical properties of cell size, but there are
some reports on the dependence on polymers.[1]. In
all-atom MD of NBR (Acrylonitrile-Butadiene) poly-
mer melt with the same density (set to 0.98) but
different cell size and polymer chain length, When
an electric field is applied and the dielectric con-

stant at equilibrium is calculated, a clear dependence

At this time, the radial distribution func-
tion (RDF) does not change, suggesting that higher-

arose.

order structures, rather than those close to adjacent
atoms, contribute to the physical characteristics. (Fig.
la, b) . We use LAMMPS(Version Lammps-22Augl8,
http://lammps.sandia.gov) and Dreiding force. Charge
has assigned at AM1-BCC. After calculating the NPT
ensemble 500K, 1000atm and 1lns, annealing is per-
formed with the NVT ensemble 300K and 1ns to obtain

the initial structure.

Therefore, we have verified whether higher-order
structures can be expressed by applying persistent
homology, which has been attracting attention in

recent years. Persistent homology is a field of topology,

-24-5



Annual Report of the Earth Simulator April 2020 - February 2021

and a two-dimensional persistent diagram is obtained
from the three-dimensional coordinate information of
all atoms of MD. Here, we consider alpha complex
and alpha filtration. The circle is virtually enlarged
from the coordinates of the atom, the size at which
the area surrounded by the circle is generated is the
birth time, and the circle is further increased, and
the size at which the area surrounded by the circle
disappears is death. Defined as time. The horizontal
axis is birth time and the vertical axis is death time,
This
is called a persistent diagram [2]. In 3D coordinates,

and the relationship is plotted for all regions.

there are Oth to 2nd order persistent diagrams, and
the 2nd order persistent diagrams represent the size
of the voids.
persistent diagrams from all atomic coordinates of MD

As a result of obtaining second-order

according to cell size and polymer chain length, a clear
change in void structure was observed, unlike the radial
distribution function. Under the condition of a small
cell where the cell and the polymer easily contact,
the persistent figure aggregated and diffused in the
large cell. Furthermore, for quantitative comparison,
the number of Persistent Betti numbers (PBNs) [3]
is calculated, and it is confirmed that the graph
became smoother as the cell size increased (Fig. 1
¢). From these experimental facts, it is found that
the persistent diagram is suitable as a method for
expressing the higher-order structure of the polymer
melt. The calculation of the persistent diagram is
(Version 2.8.1,
aimr.tohoku.ac.jp/hiraoka_lab/homcloud-
english.html)[4].

using Homcloud http://www.wpi-

2 Dielectric constant predic-
tion of polymer melt using
persistent homology as a de-
scriptor

Since the persistent diagram can be represented by a
bit length determined by vectorization, it can be used
as a descriptor in machine learning [5]. Therefore, we
have performed all-atom MD of 229 teacher data of
polymer melt with monomer ratio and blending, and
obtained the results of atomic coordinates and dielec-

tric constant at 300K. Learning as two types, a vec-

torized quadratic persistent diagram obtained with the
ECFP6

which is a general fixed-length binary Fingerprints rep-

objective variable as the dielectric constant.

resentation format is used for comparison. In learning,
there are more explanatory variables than the number
of teacher data. Therefore, by repeatedly executing a
random forest as a variable selection method, a vector
selected in large numbers iss used as a descriptor. Using
the selected descriptor, a regression prediction model
based on a random forest model is constructed again.
Scikit-learn (Version 0.23.0, https://scikit-learn.org/)
is used for these studies. As a result, it is confirmed
that the descriptor of the persistent diagram can obtain
better prediction accuracy than ECFP6, which cannot
express the higher-order structure (Fig. 2).
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Figure 1: The change in dielectric constant (DC), the radial distribution function (RDF), Persistent
Betti Number (PBNs). Error bars in DC represent +30. (a) DC effect of polymer chain length in
sample 1. (b) RDF effect of polymer chain length in sample 1 and 20nm cell size. Nitrogen means RDF
around nitrogen atom. (¢) 2nd PBNs of 300K and 10 mer.
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Figure 2: Calculation and prediction results of dielectric constant of melt polymer. (a) Fingerprints
(ECFP6) are used as descriptor. Accuracy Test/Train = 0.37/0.39. (b) Selected vector from persistent
diagram by random forest are used as descriptor. Accuracy Test/Train = 0.58,/0.81.
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