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BC1D8ED23<F()*GDHI!

Air-Water Interface !
X-ray Reflectometer (XR)!

Air-Water Interface !
Neutron Reflectometer (NR)!

XR -------  Electron Density NR -----  Scattering Length Density  

RINT TTR-MA in our laboratory!

F.L.
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Beam dump
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Sample stage

9 m from moderator
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4th slit & 
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Active anti-
vibration table

ARISA at KENS, Japan 
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Air-Water Interface Neutron Reflectometer (NR)!

NR -----  Scattering Length Density "

ARISA-II at J-Parc, Japan 

Laboratory for Fundamental Polymer Chemistry, Department of Polymer Chemistry, Kyoto University 

PIp-h2 layer

PSS carpet layer

PSS brush layer
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poly ( Et 
2 SB - b -MAA) 

Ph 

Et 2 Si 

m C 
Ph 2 

H 

Me COOH 

n 

hydrophobic hydrophilic 

n m 
H 

SO 3 - H 
+ 

s  -Bu 

PIp-h  2 - b  -PSS 

Weak Acid Strong Acid 

PIp-h2-b-PAA!

Ionic Amphiphilic Diblock Copolymers for Monolayer Study 

Form insoluble 

monolayer at !
air-water interface!

Long hydrophobic chain!

X-Ray,neutron reflectivity!

Polymer brush!
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!How different in brush formation mechanism? 

PIp-b-PNMe2VP 
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Carpet-Only/ Carpe+Brush Structure Transition 

Laboratory for Fundamental Polymer Chemistry, Department of Polymer Chemistry, Kyoto University 

Brush Density 

Hydrophilic Chain Length 

Salt Concentration 

Water

AirHydrophobic Layer

Hydrophilic "Carpet"

Polyelectrolyte "Brush"

Carpet Only

Carpet + Brush

~15Å, almost constant

x 

y 

Structure Transition 

Carpet + Brush 

Carpet Only 

Parameters x, y are… 

n = 40 - 50 
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Reversibility of Carpet-Only/Carpet+Brush Structure Transition 

by Compression and Expansion 
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Reversibility was confirmed 
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poly (!Et!2!SB!-!b!-MAA)!

Ph!

Et!2!
Si!

m!
C!
Ph!2!

H!

Me!COOH!

n!

hydrophobic!hydrophilic!

NR 

Comprehensive Use of XR and NR 

m=23, n=49 
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Hydrophilic Chain Length Dependence of the Critical Brush Density 

Strong Acid Weak Acid 

Electrostatic Repulsion? 
Steric Factor? 
Interface Stabilization? 

Important 
Factor 

n!m 
H 

SO 3 - H + 

s  -Bu 

poly ( Et 
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Ph 

Et 2 Si 

m C 
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Me COOH 
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hydrophobic hydrophilic 

Laboratory for Fundamental Polymer Chemistry, Department of Polymer Chemistry, Kyoto University 

Brush formation mechanism is different for strong and weak acids? 

:"

Brush nanostructure is not 
affected by added salt ions 
because they can not go into 
the brush layer. 

Added small ions go into the brush layer. 
The brush chains shrink up because the 
electrostatic repulsion between chain is 
shielded. 

Critical Salt Concentration 

Salt concentration 

Laboratory for Fundamental Polymer Chemistry, Department of Polymer Chemistry, Kyoto University 

Critical Salt Concentration 

Salt Effect on Strongly Ionic Polyelectrolyte Brush 

Higher Ion 
 Concentration 

Lower Ion 
 Concentration Lower Ion 
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Fig.  XR profiles  for (Ip-h2)220

-b - (SS)55 monolayers on 
water containing NaCl at 
various concentrations in 
subphase at 30mN/m. 
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SO 3 - H + 

s  -Bu 

The effective 
degree of 
dissociation is 
ONLY 8%. ;<"
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Counterion Concentration in Brush Layer 

During compression 

Ion concentration in the bulk 

solution is larger than that in 

brush layer.!

Ion concentration in brush layer 

became higher then salt ions 

went out.!
Density profiles for PSSNa layers in salt-free  solution 

(top) and 1M NaCl aqueous solution (bottom).!
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Salt-free!

Electron density increased due to!
high density of PSSNa brush.!

Electron density decreased  

when salt ions went out of the 

brush layer and increased 
again due to high density of 

the brush.!
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Small Ion Squeezing 

Osmotic/Salted Brush 
Transition by Brush 

Density 
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low salt concentration (~0.10M)!

no salt!

Salt effect on PAA brush layers!

The salt effect on (Ip-h2)m-b-(AA)n (m:n = 

76:77) monolayer on the water surface at 

same brush density(J0.50 nm-2).!

F Constant carpet layer thickness (18~30 ")!
F>Brush layer thickness shows maximum at 0.10M!
FSurface pressure also shows maximum at 0.10M!

At constant brush density!

m:n = 76:77!

Change of degree of dissociation ! of PAA!

Extension of 

brush chain by 

enhanced 

electrostatic 

repulsion 

high salt concentration (0.10M~)!

Shirinking of 

brush chain by 

shielding effect 

by salt ions 
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Salt Concentration Dependence --- NR Profiles!

Fig. NR profiles and scattering density profiles for poly(Et2SB-d10)23-b-
poly(MAA)49 monolayer monolayer on subphase with different NaCl 
concentrations at 35mN/m.  

Increase of Roughness!

35mN/m!

Et2SB layer!

Et2SB+MAA!
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poly ( Et 
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No  Fit 

XR can be fitted 
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Contrast-Variation by NR --- Small Ion distribution!

Fig. NR profiles and scattering density profiles for poly(Et2SB-d10)23-b-poly(MAA)49 monolayer 
monolayer at 35mN/m on various subphase.  

5The same monolayer structure was 

evaluated from 1M NaBr system and 

KM NaClLD2O/H2O) system(No 
contribution from Cl- ions)!

--->  No contribution from Br- ions in 
NaBr system.!

Nb(Cl-)=Nb(D2O/H2O)!
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No good agreement 
for 1M NaCl system 

--> Contribution from 
Cl- ion distribution? 
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Possible Cl- ion Distribution !

Fig. 5NR profiles with fitting curve in which Cl- ion distribution is considered. (left)  

Scattering length density obtained by the fitting. (right) 

1M NaCl (D2O) profile was well fitted with taking the Cl- ion distribution into account with the 
same monolayer structure determined y contrast matching method.!
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These Polymers are Non-Surface Active! 
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-
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These polymers become “Non-Surface Active” under suitable conditions of m:n 
and ionic strength 

Non-surface active but form micelles in solution 
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Amphiphilic Ionic Di(Tri)block 
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Sphere/Rod Transition and Micelle Structure Parameters 

n m

SO3
-
Na

+

P.Kaewsaiha, K.Matsumoto, H.Matsuoka, 
Langmuir, 23(18),  9162-9169 (2007). 

SANS Analysis 

Very 
Stable 
against 
Salt 
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Analytical:    122M

Effective:   0.120.2M

Mechanism of High Stability against Salt Addition  

of Polyelectrolyte Grafted Particles  

small ions 

micelle core 

Polyelectrolyte 
brush 

(corona) 

ion concentration 
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Emulsion Polymerization 
with no foam 

Styrene, K2S2O8,  

H2O, 70oC  

Dialysis, ion-exchange 

 St57-b-SSNa59 

Synthesis of polyelectrolyte grafted colloidal particle 

polySt 

Latex 
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PSt core 

PSS chain 

Application as an Emulsifier 
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Control  of “Non”-Surface Activity 

Synthesis of Amphiphilic Diblock Copolymer with Weak Acid 

PSt-b-PAA!

Living Radical Polymerization!

Sample #! m:n ! Mw/Mn!

1! 50:51! 1.33!

2! 27:51! 1.32!

3! 58:142! 1.28!
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pH 3 pH 5 pH 10 

Matsuoka Laboratory, Department of Polymer Chemistry, Kyoto University 

Foam Formation Behavior of St50-b-AA51 

[polymer]=2.5 mg/ml!

pH!Surface Active! Surface “Non”-Active!

Almost 

No Foam!

Very Good  

Foam Formation!

Matsuoka Laboratory, Department of Polymer Chemistry, Kyoto University 
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