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S Properties of High-density Polymer Brushes

1. High grafting density (0.1~1.0 chains/nm?)
2. Thickness and molecular weight are controllable.
3. Repulsive force due to osmotic pressure in good solvent

Normal Load ‘-

Osmotic
Pressure

Good solvent

Immobilization with covalent bonds

Highly resistant against
Polymer Brush— compression in good solvent —>
due to osmotic pressure.

Low-friction
Surface

Polymer Brush is expected to show quite different behavior from bulk
polymer because of the presence of anchoring point to the substrate.
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5 Neutron Reflectivity Analysis of Swollen Polymer Brush
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2 Introduction

Structure and Graft density of Polymer Brush

"Grafting-to“ method "Grafting-from“ method

Adsorption of end-functionalized polymers  Surface-initiated polymerization from the substrate

block I s to th bstrats
orblock copolymers o fhe subsirats High-density Polymer Brush

h/N~g¥ Semi-dilute Brush
Mushroom structure

Low High

<0.01 chains/nm? ~ 0.1 chains/nm? 0.1 ~ 1.2 chains/nm?
Graft density

Thickness ~100 nm
* Chain conformation is a coil dimension
* Large steric hindrance by polymer chains

Graft density : The number of polymer chains at the surface per unit area
(chains/nm?)

Why Neutron Reflectivity?
Surface-grafted Polymer (Polymer Brush)

Polymer brush is a system formed by densely tethered polymers on a
solid surface, of which chains are stretched away from the surface.

The behavior of polymer brushes in solvent has important
technological implications for various applications.

™
However, it is difficult to analyze the interface structure and the Polymer Brush
thickness of the extended brush because a continuous layer of

solvated chains will be formed. Neutron Reflectivity

Neutron reflectivity measurements are appropriate for the study of
the influence of solvent on polymer brush structure.

Incident Beam |

Reflected Beaml -

Teflon Receiver

slit
Polymer Brush D,0

-Solvent quality (Good solvent, poor solvent) dependence of brush thickness
+Relationship between brush thickness and graft density

6 This Work

Neutron Reflectivity Analysis at the Interface of D,0 / High-density
Polyelectrolyte Brush Prepared by surface-initiated ATRP
CHy

GHe T
CH,-C Br CH,—C: Br
|—(~ SR |+ Crer o
CO,(CH)oNMesCl COOCH,CH,0P0;CH,CH,NMe;

Poly{(2-methacryloyloxyethyl)trimethylammonium chloride} Poly(2-methacr phosphor
PMT, PMPC

What’s going to happen in the high-

Effect of salt concentration
@] density polymer brush ?

o)
(o) NaCi

Electrostatic Repulsive

Reflected Beam I

Incident Beam a3
| Detector

__J
slit D,0  PolymerBrush

Teflon Receiver DS
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Surface-initiated Atom Transfer Radical Polymerization

(1) Immobilization of Surface Initiator

— Chenmical Vapor Adsorption
Hydrophilic Quartz Plate  a 428 K for 3 h o’
65 mm x 65 mm
(Piranha solution, VUV)

‘Br
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CHy bt \
OH OH OH 7
——————————————— (M pys<o5amG.0owmARM)
i

I
60~
Surface-initiator

(2) Surface-initiated ATRP
ch, O MPC

o o omd I
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\.‘."/.}(” + Br%l\ *
OFt
CuBr/ Me;bpy, 40 °C, 4 h Free Polymer

Surface-initiator Free Initiator
(Sacrificial Initiator) PolyBrrner Brush
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O-ring
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- Neutron Reflectivity (MINE @ JRR3 TOKAI, Japan)
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S1 DS
S2 -Teflon Receiver =

Wave length = 0.88 nm (A% = 2.7%) I D
Irradiated Area (Length on Sample surface) = 55 mm p,0 PolymerBrush oos |
Inc. angle =0.2"-1.0°:$1=1.0 mm, $2=0.37 mm, DS=10 mm Cotntar

Ing, angle = 1.0°20°:S11.0 mm, $2=0.79 mm, DS=10

Inc. angle = 2.0°-3.0°:81=1.5 mm, $2=1.31 mm, DS=10

e

Inc. gngle = 3.0°-4 5°:81=2.0 mm, $2=1.83 mm, DS=10 ) ]

i &5fiertng lengih densiy profle ™™ Fitting by Parratt Reflective Curves

. | uaz/D,0 _ pamatiz2 K« :& _fuartz/ DO

£E . Quartz+Brush / D,0
E 2 >
8% \ 2z £

N 8 3

£ Quartz+Brush / D,0 2 8

g2 & T

@3

Distance from Surface / nm
q 1 nmt 0 G

Fitting Parameters
-scattering density Repeat the simulation of scattering length
“thickness density profile until best fit curve is obtained.

“roughness
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11 NR Measurement of PMTAC Brush/ NaCl D,0

Apparatus: MINE@JRR-3 TOKAI PMTAC Brush

Wave length .= 0.88 nm (8= 2.7%), 4= (4 /%) sin 8 CH, Mn = 86,000

Iradiated Area Length on Sample surface) = 55 mm Z .

Inc. angle =0.2°-1.0°:$1=1.0 mm, $2=0.37 mm, DS=10 mm CH;*(‘Z%Br Thickness = 46 nm (humidity =50%)
Inc. angle = 1.0°2.0°:S1=1.0 mm, $2=0.78 mm, DS=10 mm [ 7n 1)

Inc. angle = 2.0°3.0°:1=1.5 mm, S2=1.31 mm, DS=10 mm CO,(CH,):NMesCl

Inc. angle = 3.0°-4.5°:$1=2.0 mm, $2=1.83 mm, DS=10 mm
Neutron Scattering Length

Neutron Reflective Curves and <
Density Profile

Corresponding Fits

+PMTAC

-
G “brush / D,0

£ 5

8 DO ° PMTAC brush /

8 2 5% — 1.0MNaCl,,

® 5°

5 22

] 1.0 M NaCl, £ PMTAC brush /

3 “ 2 5.6 M NaCl,,

z " a
8
12

5.6 M NaCl,,
q/nm- Distance from Surface / nm

Swollen brush structures were almost same both in pure D,O and 1.0 M NaCl solution.

M. Kobayashi, Y. Terayama, M. Hino, K. Ishihara, A. Takaharar, J. Phys.: Conf. Ser. in-press.
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10 Parabolic Function

Preparation of Polyelectrolyte Brush

7
CH,=C
Q @ CH,
Br CO,(CH2),0PO4(CHz),NMey ] PMPC Brush
CHp~C=8r
Br CuBr / Me,bpy / MeOH / 303 K | Q ®
CO,(CH,),0PO4(CH),NMe;
: Mn = 80,000
: Thickness = 35 nm (humid 50%)
: Graft density = 0.22 chains/nm?
CH;

|
CH,=C

CHy

® O
Br CO,(CH,);NMe;Cl :
ar  CuCl/PMDETA CHa~¢ Frer

]
H,O/iPrOH (9/1) / 298 K, 3 h CO,(CH,),NMe;Cl
PMTAC Brush

: Mn = 86,000
: Thickness = 46 nm (humid 50%)

: Graft density = 0.36 chains/nm?
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Neutron Scattering length

density / 104 nm2
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ZE
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(b) l/ (a)

Volume fraction (®) of Monomer
units in D,O solution

parabolicPI#\ 5185 BHEE BT ERET Distance from surface (2) / nm

Vol fracti
S.T. Milner, TA. Witten, M.E. Cates Macromolecules, 21,2610 (1998) :E;; St

12 lonic Strength and Polyelectrolyte

’7 V=83 nm?

to ) Ly=83nm 1=3.1 mol/lL
Osmotic
Pressure M iayoc000
D, =M, /194

= 443 repeating units

and
Local Charge K
0 = 0.36 chains/nm?

Density

1 nm?

Polyelectrolyte Brush

In general, an isolated polyelectrolyte in pure water forms a relatively expanded state due to
the electrostatic repulsion of ionic functional groups in the chain, while it would shrink in salt
solution by the reduction of electrostatic repulsion between polymer chains.

However,salt ion cannot be diffused into a high-density polymer brush layer due to the high
osmotic pressure and high local charge density. Therefore, the thickness of polyelectrolyte
brush in solution was hardly changed in 1.0 M NaCl solution.

Pincus et al. (Macromolecules 1991, 24, 2912-2919)

Klein et al. ( Nature 1994, 370, 634. )

Ruhe et al. (4dv. Polym. Sci. 2004, 165, 79-150)

S. Minko (J. Macromol. Sci. Part C: Polym Rev. 2006, 46, 397-420)
Kurihara et al.( Langmuir 2002, 18, 3932)

Matsuoka et al.( Langmuir 2004, 20, 6754)



13 NR Measurement of PMTAC Brush/5.6 M NaCl D,0 14 NR Measurement of PMPC Brush at Solution Interface
'C Brush

rus
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350'\1:)\:5‘%” g Distance from Surface / nm
2 @ No difference in brush thickness was observed between NaCl solution and pure D,0O
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15 PMPCADEH FEEESDILE (DLS) 16 Conclusions

T T CHy

— — 1t ] @ Swollen structure PMTAC brush strongly depended on salt concentration.
D 215x (g) : EMPP/-(\:MPS 1® 4 +CHZ’f%T ® Shrunk brush structure was observed in 5.6 M NaCl solution by NR and
2o 1008 o Napss ] COOCH,CH0POLCH,CH;\Me, AFM, while relatively extended chain structure was formed in 1.0 M NaCl
<2 (D) © Bz-PVPBr ‘éCHz’(‘;H# o solution.
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. ; a . CHs (@ PMPC showed stable swollen structure even in salt solution. This is the
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