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Study on relation of nano and macro scale polymer dynamics using improved
single-molecule tracking method
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The domestic production of plastics has been over 10 million tons. The
improvement of the efficiency of the production process is important for energy saving. The
comprehensive understanding of curing process of polymers is essential for the development efficient

polymer production process. In this study, we investigated the thermophysical properties of polymer
layer during curing process at the single-molecular scale using single molecule tracking (SMT)
method. The SMT method enables us to investigate or diffusion coefficient or the viscosity of the
polymer in which the probe molecule travels. As a result, we found that there were some diffusive
states in the polymer layer investigated in this study.



1930 80

1000
nm
Single-Molecule Tracking; SMT
SMT
1
(1) SMT
SMT 2 Mean Squared
Displacement; MSD MSD
MSD MSD
SMT
MSD SMT
/
SMT
SMT
2 SMT
SMT
EM-CCD
(1) SMT
SMT
r(tj41) =7(t) +V2DAtg(t) 1)
() tj(= jAt) D At
j & 1 0

At = 0.04
1 4 5% 95%



>
o

’—‘ Histogram for d(tj)
— Estimated GMM

w
o
g

Probability density
= N
o [

0 - — t t
0 0.5 1 1.5
Squared displacement, d(tj)
1
2
1.0 ]
0.8
=0.6
&
U 0.4__
- L=1
0.2 = 1=2 T
A | =3
Q& % :
10 20 30 40 50 60
Number of time steps
2
SMT
2 2
1 2 3
Bayesian
information criterion; BIC BIC BIC
2
2
2L+1
2 50
0.05



State

J

=0.3

Squared displacement, d(t))

oo Bo oot Pog "
10 20 30
Time step

> =
60 1 ‘s P aati
el 98 g, b
A0 17 von o B 036.0_ 36.8
2ot 07 o el
204, o, s By TRl
0 « ' ,':‘,_‘ « "’7 B
0 20 40 60
4 SMT
0.3
~ Slow state

0.2

y [pm]

0.1

5 SMT

@
SMT

¢ Medium state
—~ Fast state

‘IJ
[

& L agé; %

0

0.1 0.2
x [pm]

0.3

=1
-1.5 %
£
=]
-2 Q
2
(@)}
o
-2.5 —
-3



1) SMT

1
Y. Matsuda, |. Hanasaki, R. lwao, H. Yamaguchi, T. Niimi, Estimation of diffusive states from single-
particle trgjectory in heterogeneous medium using machine-learning methods, Physical Chemistry
Chemical Physics, Vol. 20, 2018.9, pp. 24099-24108,
DOI: 10.1039/C8CP02566E

9
R. lwao, Y. Matsuda, H. Yamaguchi, T. Niimi, Observation of PDM S curing process using SMT, The
15th International Conference on Flow Dynamics (ICFD2018), 2018.
R. lwao, Y. Matsuda, H. Yamaguchi, T. Niimi, Analysis of Curing Behavior of PDM S layer at Single-
Molecule Level, International Conference on Materials and Systems for Sustainability, 2017.
R. Iwao, Y. Matsuda, H. Yamaguchi, T. Niimi, Single-particle diffusion measurement inaPDM S layer
during curing process, 4th International Forum on Heat Transfer, 2016,
R. Iwao, Y. Matsuda, H. Yamaguchi, T. Niimi, Visualization measurement of nanoparticle diffusionin
a PDMS layer during curing process, The 27th International Symposium on Transport Phenomena,
2016,
14
2019.
PDMS
46 2018.

2018 2018.

2017.

http://www.matsuda.mmech.waseda.ac.jp/

o

EGAMI, yasuhiro

8 80292283



2018.10
NIIMI, tomohide

8 70164522



