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“Ordered” structure in dilute solutions of sodium polystyrenesulfonates
as studied by small-angle x-ray scattering®

Norio Ise,” Tsuneo Okubo,” Shigeru Kunugi,” Hideki Matsuoka,” K. Yamamoto,®
and Yasuo Ishii®

Department of Polymer Chemistry, Kyoto University, Kyoto and Tochigi Research Laboratories, Kao
Corporation, Ichikai-machi, Haga-gun, Tochigi, Japan
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Colloidal Crystal of polyelectrolyte grafted latex particles

Colloidal Crystal of
polyelectrolyte grafted
latex particles

Matsuoka Laboratory, Department of Polymer Chemistry, Kyoto University
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Figure 1. USAXS curves of MS30 latex dispersed in water at :
various salt concentrations. [Latex] = 4.3 vol %. The ordinate

has been shifted by 2 decades to avoid superimposing the data. "
The solid line (at the bottom) is the theoretical curve for an .
isolated sphere of diameter 2600 A with polydispersity 4% which )
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PHYSICAL REVIEW E VOLUME 53, NUMBER 2 FEBRUARY 1996

Evaluation of the counterion distribution around spherical micelles in solution
by small-angle neutron scattering

Kimio Sumaru, Hideki Matsuoka, and Hitoshi Yamaoka*
Department of Polymer Chemistry, Kyoto University, Kyoto 606-01, Japan

George D. Wignall
Neutron Scattering Group, Solid State Division, Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge, Tennessee 37831
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FIG. 4. Scattering length densities p of 6-vol % samples in
the CSI model as functions of the distance from the center of a
micelle 7 at four contrast conditions (see Table II).

FIG. 1. I (q) (M, @, and A) and n,P(q) ( , calculated
with the CSI model) of 6-vol % samples at three contrast condi-
tions (Table II) plotted against scattering vector ¢. (a) and (b)
are different only in their I scale.
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Langmuir 2000, 16, 9177—-9185

Neutron Spin—Echo Study of the Dynamic Behavior of
Amphiphilic Diblock Copolymer Micelles in Aqueous

Solution

Hideki Matsuoka, Yusuke Yamamoto, Minoru Nakano, Hitoshi Endo, and

Hitoshi Yamaoka™ '

Department of Polymer Chemistry, Kyoto University, Kyoto 606-8501, Japan

Reiner Zorn, Michael Monkenbusch, and Dieter Richter

Institute fiir Festkorperforschungs, Forschungszentrum Jilich GmbH,
D-52425 Julich, Germany

Hideki Seto and Youhei Kawabata

FIAS, Hiroshima University, Higashi-Hiroshima, Hiroshima 739-8521, Japan

Michihiro Nagao

Neutron Scattering Laboratory, Institute of Solid State Physics, The University of Tokyo,
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Figure 3. Model fitting of SANS profiles for N496 (a) and
MN338 (b) in 1 wt % D,O solutions at 25 "C. The dots are the
experimental data, the gray line (upper line in the small g
region and with peak in large g region) was obtained by the
core—shell spherical model. K, is the core radius, R, Is the radius
of core + shell, and N is the aggregation number (N, in Table
1). The black line (lower curve in the low g reglon which shows
monotonical decrease) is the fitting curve for a higher g region
(g = 0.1) by Debye function for the scattering from Gaussian
coll. K is the radius of gyration of the coll (Fgca.e in Table 1).
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Figure 4. Typical example of echo signalat 21 °C for 5% N496;
where g is 0.06 A-1.
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Figure 1. Structure of amphiphilic diblock copolymer used in
this study.
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Figure 5. The time correlation function obtained by NSE (Fie.)
for WM496 micelles in 5% D20 solution at 21 "C {a) and 45 °C (b).
The solid and dotted lines show the best-fit curves obtained by
single-exponential fitting.
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These Polymers are Non-Surface Active!

Non-surface active but form micelles in solution

Amphiphilic lonic Di(Tri)block

Copolymers | N
p y ﬂCﬁHB -

_ Et  Et
\S./ H
Ph/6 ¢

These polymers become “Non-Surface Active” under suitable conditions of m:n
and ionic strength 1
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Micelle Formation but No-Adsorption

Surface tension does not decrease, but cmc is detected by dye solubilization

e . surface tension of aqueous solution
O : UV absorbance of aqueous solution

Surface tension (mN/m)

Surface tension does not reduce.
Very low foam formation activity. (no salt
However, there are micelles in solution.
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Surface tension of (Ip-h2), -b-(SSNa)., agueous solutions and
hydrophobic dye adsorption (495 nm) as a function of polymer concentration.
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Foam Formation and Salt Effect

Good foam formation by salt addition, which is quite different from “normal surfactant”

Low-molecular weight ionic surfactant lonic amphiphilic diblock copolymer

13
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Image Charge at the Interface

----- The Origin of “Non-Surface Activity”
The image charges repulsion prevents polymer adsorption at water surface.

interface between two medea

with different dielectric constante
QT=_(Ea-EW)Q b
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strong i E :
electrostatic o> &1 < o
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: image charge
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repulsion

micelle formation
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Structure Analysis of Polymer Micelle by SANS

Core-Shell Model Pedersen Model
> raw data raw data
—— core-shell Pedersen

model fit.

model fit.

di(q)/d © (cm'l)

(25:40)

Matsuoka Laboratory, Department of Polymer Chemistry, Kyoto University
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Core-Corona Model and Effect of Polydispersity

SAXS
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& with theoretical curves of the simple core—shell model, taking
= 28 the micellar size distribution into consideration.
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Ref: M.Nakano et al., Macromolecules 1999, 32, 7437-7443
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Structure Analysis of Polymer Micelle by SANS

Core-Shell Model Pedersen Model

P() giere = {(Pc — PIVF (D gtare + (05 — POVSF 5@ e}’
3(sin(gRc) — gR cos(gR))

(gR.)
3(sin(gR;) — gR cos(gRy))

(GRS’

Fl@) phere =

Fo(@)ppere =
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Cryo-TEM Image of Polyelectrolyte Grafted Latex Particles

"

e
= 'ijl

4 .F_"'-lI n

Figure 2. Cryo-TEM images of vitrified 1 wt % 5PB suspensions. The
conirast is enhanced compared to the original particles (C) by replacing
the sodium counterions of the polyelectrolyte chains by cesmum ions (A)
and, additionally, by B5.A molecules (337 me per g SPB) which are adsorbed
in close comelation to the polyelectrolyte chains (B)."°

J. Am. Chem. Soc., 127, 9688 (2005)
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SANS Profiles for Plph,-b-PSSNa Micelles

Sphere to rod transition by longer hydrophobic chain and by salt addition

n g lm @ Longer hydrophobic chalns @
SO?)_Na |
High salt concentratlon

F (131:54)

B (25:40) | | . C(38:50) .. D (62:40)

I ()

10 10?2 10t 10°10° 102  10% 105 10° 107 110'1 10°10° 102 _110'l 10°
q (A q(A™Y q (A% q(A™

SANS profiles for Plph2-b-PSSNa D20 solutions (1 wt %) without salt (filled circle) and
withl M NaCl aq (open circle). Solid lines are fitting curves by a simple core-shell model.
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Micelle Structure: Sphere to Rod Transition by Salt Addition

© dat
SAN S """"" IrDa:clie?s:n model fit.

— Core-shell model fit.
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Sphere/Rod Transition and Micelle Structure Parameters

SANS Analysis
Critical salt concentration
4.5 PN o—e@ 100
O © :
£ af S ~
g 35¢ 3\ 1 % ¢
) R O ] C_E -
e= i ° 180 o X
% 3—§0'1 — ””100 ] ='€
7 : H b LI ©
F (Ip- -b-(SSNa ]
55t (Ip-hy)es-b-( )409 20

10° 10° 10 10"
Salt concentration[mol/L]

P.Kaewsaiha, K.Matsumoto, H.Matsuoka,
Langmuir, 23(18), 9162-9169 (2007).
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Mechanism of High Stability against Salt Addition
of Polyelectrolyte Grafted Particles
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/ ion concentration . ‘
: Analytical: 1~2M Qo
small ions Effective: 0.1~0.2M
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lonic Amphiphilic Diblock Copolymers

uojreziiawAjod Buiall Ag s1awAjodod %20|q JO SISSYIUAS

Non-Surface
Activity

Water soluble

Micelle Formation

Molecular properties Nanostructure Transitior
such as surface activity
XR
NR

: ’. i.‘ .. S
Monolayer on the water surfaceg

Nanostructure and Transition

Polyelectrolyte Brush

at the Air/Water Interfac
26 26
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Air-Water Interface Air-Water Interface
X-ray Reflectometer (XR) Neutron Reflectometer (NR)

RINT TTR-MA in our laboratory ARISA-I1 at J-Parc, Japan (formerly at KEK)
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Salt Concentration Dependence --- NR Profiles

hydrophobic hydrophilic

RANNS
Et, SB+MAA without salt Ve o
0.01M
, 0.1 poly ( Et ,SB -b-MAA)
10 -~ 1M
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o E‘t 3 K o I
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e x 3 4 b Et SB —88]|\./||\/|
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XR can be fitted

Fig. NR profiles and scattering density profiles for poly(Et,SB-d,),5-b-
poly(MAA),, monolayer monolayer on subphase with different NaCl 28

concentrations at 3
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Contrast-Variation by NR --- Small lon distribution

hydrophobic hydrophilic

LANY:

MeCOOH
poly (Et,SB-b-MAA)

The same monolayer structure was

evaluated from 1M NaBr system and No good agreement

1M NaCl(D,0/H,0) system(No
contribution from CI- ions)

---> No contribution from Br- ions in

NaBr system.

for 1M NaCl system

--> Contribution from
Cl- ion distribution?

10! ]
1M NaCl (D O)
i * 1M NaBr (D_O)
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4 fit.
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Fig. NR profiles and scattering density profiles for poly(Et,SB-d,),,-b-poly(MAA),,, monolayer 29
monolayer at 35mN/m on various subphase.

Matsuoka Laboratory, Department of Polymer Chemistry, Kyoto University




Possible Cl-ion Distribution

1M NaCl (D20) profile was well fitted with taking the CI- ion distribution into account with the
same monolayer structure determined by contrast matching method.

0
10 * IMNaCI(D O) Concentrated Cl- ion layer just beneath the carpet layer
fit. with small ion distribution
3-box model fit. 7
C Clion
— 107 6 &
>, i
S s °F
5 oL A F ™~
QL 10* © i Profile for monolayer [only
d 3 I~
o o : 35mN/m
Z 2k
F —— 1M NaBr (D O)
10° - )
1| — 1M NaClI (D,0)
0 ] ;_IJ L | |
-100 -50 0 50 100 150 200
10°® z[A]
q LA ] tsuoka, E. Mouri, P. K iha, Y
. . . o . . . . . . . . .4WatsuoKa, . Mouril, P. Kaewsalina, Y.
Fig. NR profiles with fitting curve in which CI- ion distribution is considered. @%ﬁﬂy& Y. Suetomi. K. Matsumoto, N.
Scattering length density obtained by the fitting. (right) Torikai, Trans. MRS-J, 32(13@97-302

007).
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Counterion and Salt lon Distribution in the Polyelectrolyte Brush is unknown.

\\\}.f

micelle core ®

@
®
ion concentration . .

/ Analytical: 1~2M '
Effective: 0.1~0.2M

o
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Visual Observation of Phase Transition

| s .-
O\H/q{w_, ﬂ;\&\,ch H PNIPAM
g J v:r

PNIPAM

Conc" 1 mg/mi
PNIPAM-b-PMAPTAC
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