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Possible Origins of Embrittlement

Crystallization

Hydrolysis

Disentanglement

Hydrogen bonds

Physical aging = densification
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Widom equation and test particle insertion method

Widom equation in its original form for chemical potential of pure liquid

ex OF % NVT Widom (1963)
“ v V. T
=F*(N+LV,T)—F*(N,V,T) N—oo : rigorous
N=N :free energy of transfer from vacuum
Zya(V,T) Center of mass of the (N+1)th particle
_ AN+, N is fixed at (0,0,0).
= len<exp{ v (r )}>N 5

Free energy of transfer of a solute with rotational degrees of freedom Q
from vacuum to inside of the system of interest

AG = —len<exp{—,BV(ro,.Q);RN)}>RN X

1. canonical importance sampling Adams (1974)

< CXPp { _,BV(’”, Q; RN) } >r,.Q;RN : random sampling  (inefficient)
.
< _Ul r€XPp { —pV(r, L2, RN) } drd Q2 >RN : canonical ensemble



Efficient and rigorous sampling

2. Multi-particle simultaneous sampling
Interactions
V(R ,r", 2" =V, (R")+V (R",r", 2"

N N
V,(RY)= Z Z V,(R,,R,) :environment-environment interaction

1>J J

n m N
V(R",r",Q")= ZZ Z V. ,(r,,R,) :solute-environment interaction
i o J

MD r,: atom a of solute molecule i
N R, : environmental molecule |
. F, F __dry(R7) n : number of solute molecules
1 M ‘a dR m,: number of atoms of the solute molecule i
1 1 N : number of atoms of the environmental molecules
. F, o av (R",r",02")
a; a —
M, r, T : temperature of interest
® D~107cm?/s T :sampling temperature
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Efficient and rigorous sampling

3. High temperature sampling : single-particle distribution

p(r) <6XP(—

AU(r) =

AS(r)=

V(r;R",0)
kT’

)..

&

‘9‘

T : temperature of interest

T’ : sampling temperature
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3D map
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A hypothesis (1) two effects of water on PLA
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SS curve of swallen PLA
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SS curve of swallen PLA
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Long-time collective properties AE
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1175 1 4 PLA, no water
A 1170 - v PLA + water 0.5%
< 1165 . i I TE - 8N
' b T i Telye
IR RERE - B

Bl g m(B3
1135 . . . - - - - - ;Eﬁ t —ﬁl

0 500 1000 1500 2000 2500 3000 3500 4000
x1077

4 PLA, no water ) . . .
v PLA +water 05% |* A quick shrinkis observed in Swollen PLA;

n .
. 1 . . 1 .
e ]
—<=
-

—d—
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% 1 } i l % compressibility, i.e., the deviation in volume,
i

{ { { % f i i ’} i t . indicating the hardening behavior;
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Short-time single-particle properties (1)

RM S F Of the atoms ] - PLA, no water - PLA + water 0.5wt%

RERWE~AIT: £
AG BEZIEEODLS S g

_—

1.709 + 0.793 2.337 £1.001

n

aging patr; 0 10000 20000 30000 40000
Atom Serial of PLA
G 4 6
Dry PLA E 1 4 PLA, no water
low transition rate E 54 v PLA + water 0.5wt%
: r
02 4' l
= |
| fluctuati A
wi:I:gIZw freqauec:::y g RE ¥ ] { { } l
o 2l A
Swollen PLA o iz'i%l%fuli{ . HH b1, g
wollien igh transition rate ; FYE I
A\ BN ARREES £ 77 15 B8 08 FERRDARY
| fluctuat N PLA chain backbone atoms (C, O)
?ma . vetuation 0 L T 1 L] 1 T 1 L
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tensile test path

V

large

PLA with wate el th
e
6 hours
different group of structures

group of < ry P ’7»‘
in 6 hours D
low transition rate

fluctuation

with low frequency AG| high transition rate
S~ |
N7 Voo
small fluctuation aging p;ath crystal

with high frequency

25



Thank you!

26



	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26



