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/ Surface and Interface of Polymers

Air.

/

J Surface

] Bulk Polymer

J Interface

ESESN,

Bulk - - - -Polymer chain VS Polymer chain sxab\e
Surface - - - -Polymer chain VS Air (or none) U“gtab\e

Interface - - - -Polymer chain VS Other polymer chain ““stab\e
or Solvents

00000
Mobility Up or Down (@) © Asymmetric chemical interaction
T4 Up or Down . . + physical factor
o o

/ Synchrotron Radiation

// * X-ray beam BLO3XU g

Pr‘igi 8

http://www.spring8.or.jp/e/

» Beam Intensity : 100,000,000 times (vs X-ray beam @Lab.)
» Beam Divergence : 0.00086° (0.01° @Lab.)

» One measurement : < 1sec (30 min @Lab.)

in situ or operand measurements
+ SAXS, WAXD, XAFS, IR, CT,,,, etc.

/ Synchrotron Radiation

// + Neutron beam J-PARC MLF@Tokai

e CROSS X-ray beam
- NeUtron beam « detect the difference

of densities

* no electric charge
« distinguish isotopes (nucleus)

« sensitive to atomic and molecular structure
« high transmittance

* detect hydrogen and deuterium
Polymer VS water
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/ Outlines

/
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/ Neutron Reflectivity (NR)

Inc|dent

// Interferen::e of light  Beam \ / / g:;l;cted
Neutron beam Layer i

Scattering vector : g = 4wsin@/A__ | [Scattering length density (SLD) |
Scattering
Incident Vestor (@) Refiection p = Napmass b,
Inciden ~
Intensity () _.-~"" In!ensuy ) M,, oy

For example,,,
Film
B — p(H;0) = -0.22x10% nm?
= -4 -2
Reflectivity : R(q) = I/, P(D0) = 6.33x10 nm
p(polymer) = 1~2 x 10 nm2
Bragg’s Law : nA=2dsin6

/ Neutron Reflectivity (NR)
/ Advantage of NR neutron beam

{ distinguish isotopes (nucleus)

high transmittance
« detect hydrogen and deuterium

* Neutron beam from substrate + Distribution of absorption components
Interface between polymer and water Volume fraction of mixture
from the contrast of SLDs
For example,,,
p(layer) = p(polymer)xdyoymer
Incident I} +P(D0) xdozo
1
Substrate
Beam Reflected
Beam Concluded..

Water 2%+

") a.‘:

/ This Work 3
¢ Synthesized N
Ni"o Poly(4-Trifluoromethylphenyl
methacrylate)(P(CF,))
O (:Fz
|I Li Poly(4-Methylphenyl methacrylate)
(P(CHy))

Ha

Poly(4-Pentafluorosulfanylphenyl ﬁ@o Poly(4-Phenyl methacrylate)

methacrylate)(P(SF5)) @ (P(H))

&

\

) ) Fluorine-containing
Spin-coating functional groups

‘-/ Surface (-3Fs -CFa)
properties Aftect?
Thin film
< Surface property

2022/3/25



/Contact angle

V/

Table The water and ethylene glycol contact angles and
surface free energy values of four spin-coated films.

Ethylene Surface
Glycol free

contactangle energy  pigher fluorine content

deg. deg. mJ/m2 in a side chain
P(SF5) d j 15.0 N
96 73

Water
Sample  contact angle

P(CF53) 224
P(CHj) 92 68 24.7 ~V’
P(H) 81 57 129.0
P(H) P(SF) Weaker affinity with water/

organic solvent
Lower Surface free energy

E.Y

Fig. Photographs of water droplets on surfaces
of spin-coated films of P(H) and P(SF;).

/NR profiles

@ PpisFy) () P(CFy)
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g/ nm? afom?
P(CF;), P(SF5) Double-layer model P(H), P(CH;)  Triple-layer model

D,0 or D,0/H,0 D,0 or D,0/H,0

mAdsorbed layer

Adsorbed layer

/Conclusions
o o o =0
[} o} o} (o}
Q. QU &

P(SF3) P(CF3) P(CH3)

Hydrophobicity
Interaction with water

Water content in top surface region
Top surface layer
Water i34 o

I TN R v

SiO, SiO,
Si Si 10
/" Neutron Reflectivity (NR)
// Advantage of NR  Neytron beam
« distinguish isotopes (nucleus)
« high transmittance
« detect hydrogen and deuterium
* Neutron beam from substrate « Distribution of absorption components

Volume fraction of mixture
from the contrast of SLDs

For example,,,
p(layer) = p(polymer)x oy mer

Interface between polymer and water

Layer
\
Substrate

Incident
Beam

Reflected
Beam Concluded....

Substrate

+p(D;0) *¢nz0
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/ Introduction
Vinyl polymer Poly(substituted methylene)
C1 polymer . ﬁ an "}N
n Mobility J\ =
X POIarity Bas de Bruin, etal, Organometallics, 29, 2823~
2826(2010)
C2 polymer Side chain density)
Poly(acetic acid)
Polyacrylic acid
A «  Water-soluble polymer " Interaction
« P /di ble di
oo : P:Fnet; isposable diaper HO (0] with water
+  Adhesive Water

Biocompatibility ~ Anti-icing effects

Side chains \/f,_/?

/NR @ J-PARC

/ Neutron reflectivity

/' SLD profiles

N

/A
C1-PAASO [ —Wet

C1-PAA40 C1-PAABO
K7 7 7
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4 4 3
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2 0 0
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s C2-PAA40 5CZ-PAASO 6C2-PAA'| 00
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=
é ; s J/ g
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Fig. SLD profiles of C1-PAA and C2-PAA spin-coated films under 10%RH and 90%RH.
Volume fraction of Shape of

Thickness D,0 SLD profiles

Incident Reflected =
beam beam 20\’ -«h :: %
’1. 3
Identification 3
Layer 1 N g
Substrate aC
» Measurement condition (@25 °C) Dry
100
= [[—keep (10%RH)
% 80 |== Measurement ( —
ool pry Wet —>
2 o,
S0l | (@10%RH) (@90%RH)
L Wet
22 i (90%RH) p,0
0 : : : : : : : : o0y 7
0 2 4 6 8 10 12 14 16 18 —r
Time (h) (-
Fig. Program of humidity change at 25 °C. 14
/Conclusions
// Poly(substituted methylene)
W Water adsorption layer
n m 3
o on o o m k)
C1-PAA “' Nl
- E}'( "2 o ) g
- I A | -
I:I
— |
Molar fraction of carboxyl side chain -
S )
C2-PAA Y | &
i S
O
[

Different swelling properties

Different swelling behavior

16
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/" Introduction
// Adhesion Thermal expansion
P —

5 f coefficient mismatch
Epoxy resin

v Mechanical properties Residual stress

v Insulation
<

Failure

Deformation D h
etachment Defects

Industrial products

Alternative Residual stress

‘o o A measurement
Vehicle gl
-Low cost Reliability
-Light weight 17,

/' 26 Profiles of Laminated it.PP
V/ = —

Peak shift it.PP Peak shift it.PP/EP
A laminate film - Laminate film

i w=60°

Intensity (a.u.)
Intensity (a.u.)

8.5 9.0 95 10 85 9.0 95 10
206 (deg.) 26 (deg.)
Fig. X-ray diffraction profiles of it.PP/it.PP reinforced with glass fiber film (left)
and it.PP/EP film (right) at different azimuth angles at a=2.0° .
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Tensile stress

Parallel

~ l o]
to the surfage w \\% W
RF S boonoooanos s “haooooo 10

/ X-ray Diffraction Stress Measurement

X-ray diffraction OW

W=00 N W=60° \w=30°

Surface

Tensile stress

\

a

sin2y method

Residual stress

&y = (+ vo)ay sin?y I
d v E, E. "
o v,: Poisson’s ratio of adherend
B E;:Elastic modulus of adherend

sin? o,:Residual stress
v £ :Residual strain 18

Residual strain €,

/ Residual Stress

v/

0.7

A _(A+v9o ., Vs
9 Ew——tSln w—EUr
> 0.6
F O
o
% 05
I
3
2 04 Compressive 1.9 MPa
o
03¢ 0.2 0.4 0.6 0.8

sin2y
Fig. Relationship between the residual strain of the it.PP/EP film
and sinZy. «

Compressive‘l

e
Glass fiber stress
reinforced it.PP 20
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/ Thickness Dependence of Residual Stress

// B —In 0.99
x= H
/,L P

. sina " sin (260 — a)
< 0
% p: Linear absorption coefficient (/cm)
2
o
2-50 1
R e A,
2 :' Stress
'g 1 concentration
-10.0

EP it.PP

-15.0 . . \ . .
0 100 200 300 400 500 600

X-ray penetration depth x (um)

Fig. Relationship between residual stresses of it.PP/EP sheets
with 240 s plasma treatment and X-ray penetration depth. 21

/" Conclusions

/ > W
VgV

O Reflection method

X-ray s

Compressive

Polymer-polymer interface

O Dependence of it.PP thickness

_______

1
I\ Stress

1 -
1 : concentration
(mm———
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/ Summary

V/

Measurements with Synchrotron Radiation

What? How?

Observation of undetectable structure and interaction
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