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Mater. Res. Soc. Jpn, Vol.29 (1), p.251-254 (2004). mee
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Incident X-ray .. /
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Diffracted X-ray
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g: Scattering vector( =4mindA) /nm’!
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> Slightly tilting R; groups
(Perpendicular to the surface)

R; groups <

Hexagonal packing

Carbonyl group

> Lamellar structures
> (Parallel to the surface)

J
Before amjzealmg . The d-spacing was lager than that of
> Coexistence of different PTFE (0.49 nm).
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Surface-initiated ATRP of FA-C,
Purged with Ar
)- CHa 2-\
CH,=C
o=
| 4 Linear
. °® COOCH,CH,(CF,),CFs %@f _Polymer
FA-C_ / CuBr/ Cybpy ]
o ® Benzotrifluoride / 125 °C @ {ﬁb
0 TT Polymer

e —— Br Free Initiator ML Brush
~L OEt (Sacrificial Initiator) —

. ATRP

r
Rl ~—C—Br Cubr ~— C-CH,~C-Br

G=0 | Cu Br
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In-plane GIWAXD Out-of-plane GIWAXD
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H I “ N
exa_gona < . PFA-.C8 > PFA-C,
packing = Spin-cast Film ‘B Spin-cast Film
S [100 nm] & \J [100 nm]
E " R BT PR B T R E RN R T N TR TN TR T N RN SN T T R
5 10 15 20 25 (00|1) 5 10 15 20
L LA AL R L LI L DL L L L B L L R L7/ AL A L L L L R L L AL L A R L L B
<> PFA-CgBrush PFA-Cg Brush
0.58 0.5’ nm T
nm g=2.21nm" (d=2.84 nm)
. g=4.02nm" (d= 1.56 nm)
0.58 nm [43 nm] S g =6.00 nm" (d= 1.05 nm)
- ©
S ~
© Gy = 12.6 nm™ (d > Higher order-diffractions due to Lamella
' } =0l B \L structure
D | [11 nm] 7 qC)
. E £ \.J\ [43 nm] | N6 giffraction pattern
"n £ was observed from
i [T 0m] |- hort brush film
—C— — .
H—C COO(CH2)2(CF2)gF [4 nm]
CH2 f
A\ | 5 10 15 20 25 5 10 15 20
qu nm qz/ nm-1

Diffraction peak of q,, = 12.6 nm-! in In-plane GIWAXD is attributed to ordering of Rf groups along
perpendicular direction to the substrate.
Thicker brush (thickness > 40 nm) showed diffraction in Out-of—plane GIWAXD profile originated

kyu: oM Lamella structure. 4 yamaguchi et al. , Polym. J., 40, 854-860(2008).



Molecular Aggregation Structure of PFA-C, Brush Thin Film

< [Lamellar structure
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High Pressure Neutron Reflectivity (NR)

~Ildeal tool to determine the in-situ film quality under compressed gases ~
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Neutron Reflectivity

NG7 Neutron Reflection Spectrometer
@ National Institute of Standards and Technology (NIST)

100 = | | | | =
@®Wavelength = 0.476 nm 1
@AL/A=25% 107 - 7
@Film thickness: L,= 60 nm 102 _ _
@®No labeling (deuteration) of polymer 5 403
@ Isothermal condition (T=36°C) © ~ 0.1MPa 7
@®Pressure range: 0.1 < P < 15MPa =104 _°©° _
@ Accumulation time: 4 h/run E 105 L Ocpo 6.9MPa
2 .9 o
o o 10° - 8.2MPa |
PFA-Cg brush thin film o 107 - x
10.3MPa
108 - %%dm -
| 0— s.(/\}o*kj\* | 109 Q@
/N ~
CgF17 |
< > 0.01 0.02 0.03 0.04 0.05 0.06
Thickness in Air = 60 nm q,/ A
(i




Data analysis for density profiles

The brush density profiles were taken to have the
form [Karim, PRL, (1994) ]

f(z)=f, [1-(z/h)’]%, z<h (1)
0 , Zz>h

fo: polymer volume fraction at SiO,

surface.

h: thickness of brush
a: profile component (SCF calculation)

a=1; good solvent,
a=0.5; theta solvent

“Tail” of the brush profile was
considered as a convolution of eq.
(1) with a Gaussian function.

1000 1500 2000
Depth (A) :
Fas

0 500

o sl

e o | F = I
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Alternative measures of solvent quality

200 - . - . - 1.0 (Good)
A
PFA-Cg ;
< 150 |- : 4
= o
B © N
= 100 . S =
5 100 ; : c 105 ® (9) |=
& -
5 o
= 50 | <
® @® Interfacial width
. ® «
0 I ' ! : ! ' 0.0 (Poor)
0 5 10 15

Pressure / MPa

Both parameters showed the similar trend, indicating that the solvent: quallty of CO
was significantly improved above 10MPa. B Al

ey _ : {
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Water thin layer act as anti-stain surface that "
resembles the characteristics of a snail shell B
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Incident Neutron Beam I

(RRXREFF BHEEBREOERZR)

I Reflective Neutron Beam
1 6( , Quartz Substrate I‘> Djet;tor
)
SI1 | |?C?$C5?f§f S \: TS TS |- Teflon Case DS
S2 ™~PMPC Brush

Apparatus: MINE@JRR-3 TOKAI

Wave length = 0.88 nm (AL = 2.7%)

Irradiated Area(Length on Sample surface) = 55 mm

Inc. angle = 0.2°-1.0°:S1=1.0 mm, S2=0.37 mm, DS=10 mm
Inc. angle = 1.0°-2.0°: S1=1.0 mm, S2=0.79 mm, DS=10 mm
Inc. angle = 2.0°-3.0°: S1=1.5 mm, S2=1.31 mm, DS=10 mm
Inc. angle = 3.0°-4.5°:S1=2.0 mm, S2=1.83 mm, DS=10 mm

1.0 M NaCl / D,O

Neutron Scattering Length Density Profile

Scattering length density
104 nm™

Distance from Surface / nm
) Cl
in D,O Na* or

bi1/00s | 8

L ., ' i |
0 25 50 75 100 125

Na* Cl

+

ﬁ

M. (GPC-MALLS)= 144,000
: Thickness = ca. 36 nm (RH=30%)

Neutron Reflective Curves and Corresponding Fits

Neutron reflectivity
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PMETA Z5=/NaCl K& R E TDHMEFRGELE

Apparatus: MINE@JRR-3 TOKAI CH3 Poly(META-CI) brush
Wave length = 0.88 nm (AL = 2.7%) CH>- C%—Br M. = 86000
Irradiated Area(Length on Sample surface) = 55 mm n

- - 2
Inc. angle =0.2° -1.0° :S1=1.0 mm, $2=0.37 mm, DS=10 mm COQ(CHQ)QNMeSCI 0 = 0.36 chains/nm

Inc. angle = 1.0° -2.0° :S1=1.0 mm, S2=0.79 mm, DS=10 mm
Inc. angle =2.0° -3.0° :S1=1.5mm, S2=1.31 mm, DS=10 mm
Inc. angle = 3.0° -4.5° :S1=2.0 mm, S2=1.83 mm, DS=10 mm

Volume fraction curve of poly(META-CI)

10° R in 1.0 M NaCl /D,O
. [ ! ‘ ‘ ! 0.25

10 T O(a) \}olumefracfon curve 1
, 6.0 0.20 Q(b Parabollc flt

10 . e R R

—
o
W

5.0

Neutron reflectivity
S o

—
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S

4.0

o.0L L BScsct

‘ ‘ S S 0O 20 40 60 80 100 120

P B Tt v I [ T Distance from surface (2) / nm
02 04 06 08 0O 20 40 60 80 100 120

q/nm- Distance from surface / nm

5:.
Volume fraction (¢ ) of META-
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Neutron Reflectivity from PDMAPS Brush/D,0O Interface

Br
NR(JRR-3 MINE) oS o
Sample(Quartz) CH3~C~COO(CH,)aN-(CH)5SO3
Incident Beam Slit CHy CH,
Neutron Beam n
— H ......... H

S1 S2

Detector

Reflectivity Curves Depth-Scattering Density Profile Volume Fraction of PDMAPS

0
107 — ; ; 6.510°
107 | | 610}
10° _
2> N 5.5107°
> = 1
210
S . E 510
% 10 %
[ o "
o 4.5 10

0O 100 200 300 400 500
Distance from quartz surface / nm

0O 100 200 300 400 l_500
Q?tance from quartz surface / nm




0.1 M NaCl/H,O
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PMPC Z == dDCononsolvencyFIEREIZH 1S ¢ -FRE51EFE

Apparatus: ARISA@KENS

Wave length = 0.12~0.60 nm (A% = 5.0%) PMPC Brush
Irradiated Area (Length on Sample surface) = 55 mm : Mn. = 359,500 _ .
Inc. angle = 0.3° : S1=0.68 mm, S2=0.14 mm, DS=10 mm : Thickness = ca. 25 nm (humid 50%)
Inc. angle =0.6" : $1=1.33 mm, $2=0.27 mm, DS=10 mm Neutron Reflective Curves and Corresponding Fits
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Swelling Behavior: AFM Images of PMPC Brush
in Air and Aqueous Solutions
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