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Fig. 1. Schematic diagram of simulated polymers: (a) A
polymer in dilute solution; (b) an isolated grafted polymer

at low grafting density.
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Fig. 2. Flowchart of machine learning.
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Fig. 4. Simulation results of the mean square radius of gyra-

tion <R(23> versus temperature 7. The inset presents the
<Rg> derivative of T in relation to T.
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Fig. 5. Plots of the probability distribution of square radius
of gyration RZ for polymer at temperatures 7 = 0.01 (a),
0.5 (b), and 3.2 (c). The insets show the typical polymer

conformations at 7= 0.01 and 3.2.
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Fig. 6. Machine learning results of the mean probability of
polymer being in the compact globule state, Pg, versus tem-
perature 7. The inset shows the change of |dPq/dT| with

temperature 7.
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Fig. 7. Plot of the fluctuation of adsorption monomer num-

ber Uf,l of polymer chain versus temperature 7. The inset

presents non-adsorbed polymer at high temperature and ad-

sorbed polymer at low temperature.
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SPECIAL TOPIC—Machine learning in biomolecular simulations

Computer simulation and machine learning of polymer
collapse and critical adsorption phase transitions

Luo Qi-Rui’  Shen Yi-Fan?  Luo Meng-Bo 21
1) (NFTGo, Hangzhou 310013, China)
2) (School of Physics, Zhejiang University, Hangzhou 310027, China)

( Received 28 June 2023; revised manuscript received 23 July 2023 )

Abstract

Collapse and critical adsorption of polymers are two crucial phase transitions in polymer science, both are
accompanied by significant changes in polymer conformation. In this paper, Langevin dynamics and dynamic
Monte Carlo methods are used to simulate the collapse and critical adsorption of polymer, respectively, and
corresponding phase transition temperatures are estimated. Meanwhile, a large number of polymer
conformations at different temperatures are obtained. In the machine learning method, a large number of
extended random coil and collapsed spherical, desorption and adsorption conformations are used to train the
neural network, so that the neural network can learn the characteristics of different states of the polymer, and it
can quickly and accurately analyze the polymer conformations at different temperatures and obtain the
corresponding collapse phase transition temperature and critical adsorption temperature. The results
demonstrate that machine learning can correctly calculate the phase transition temperature of polymer system,
which provides new ideas and methods for machine learning technology in the study of polymer phase

transitions.
Keywords: polymer, collapse, critical adsorption, machine learning
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