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Abstract ; Micelle formation and adsorption at the TiQO: interface of a series of
polystyrene-polyethylene oxide(PS-PEQ) block copolymer in aqueous solution was studied
using fluorescence probing and small-angle X-ray methods. Further, the stability of
aqueous TiO; dispersion in the presence of copolymer was investigated by
microelectrophoresis, optical density and sedimentation measurements. The dissolution of
pyrene as fluorescent probe in aqueous surfactant solution leads to a slow decrease of
the I/Is ratio, as the copolymer concentration increase; I; and Is are respectively the
intensities of the first and third vibrionic peaks in the pyrene fluorescence emission. The
behaviour was due to the characteristics of the copolymers and/or to the copolymer
association efficiency in water. Moreover, the adsorption at the plateau level increases
with decreasing PEO until chain length. The zeta potential of TiO: particles decreases
with increasing copolymer concentration and reaches a plateau value. Finally, stabilization
using block copolymers was more effective with samples having higher weight fractions
of PS block.

Keywords ; micelle formation, block copolymer, adsorption stabilization.
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Table 1. Physical Characterstics of PS-PEO Copolymer Micelles

Comp'd. Nes | Newo | Capp(mg/t) | Kx10® | Ru(A) | Re(A) | Ro(A) (R“];fd/
PS-PEO(10-20) | 10 | 45 43 5.22 108 45 | 188 36
PS-PEO(10-30) | 10 | 68 65 3.76 144 37 | 229 48
PS-PEO(10-50) 10 117 150 1.93 175 32 30.9 4.7

Nes and Nppo are, respectively, the number of repeat units of the PS and PEO blocks,
Capp is the onset copolymer concentration at which the Ii/I3 ratio remains constant. K is
the partition coefficient of pyrene between the micellar phase and water, evaluated from
Eg. (6) Rm, Rc and Rg are, respectively, the micells hydrodynamic radius, the core radius

and calculated PEO gyration radius in water.
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Fig. 1. Fluorescence emission of pyrene
solubilized in PS-PEQO copolymer
aqueous solution (PS-PEO(10-20)
A=335nm).
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Fig. 2. Vanation of fluorescence intensity
ratio of pyrene (10°M) solubilized
in PS-PEO aqueous solution vs.
volume fraction of the hydrophobic
core of the micelles, ¢ps. The
lines through the data points are
the best fits of Eg.(6) to the
experimental results (O; PS-PEO
(10-20), @;PS-PEO (10-30), and
3;PS-PEO(10-50)).
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Fig. 3. Adsorption isotherms of disblock
copolymers from water onto TiO:
particles (O;PS-PEO(10-20),
@;PS-PEO(10-30), and
®:PS-PEO(10-50)).
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Fig. 4 Dependence of the electrokinetic
potential of TiO: particles on the
copolymer concentration, pH 55 (O;
PS-PEO(10-20), @; PS-PEO(10-30),
and @ PS-PEO(10-50)).
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Table 2. The Surface Characteristics of TiO:-PS-PEO Copolymer Aqueous Suspensions

Surface
Comp’d. I max(mg/m?) | Density | Z(A) | £/2R¢ | {(mv) | L ﬁ( A)| LJ/Rg
8 (A
PS-PEO(10-20) 5.02 0.0106 9.8 0.26 7 142.0 7.88
PS-PEO(10-30) 2.35 0.0036 16.8 0.38 5 156.5 6.81
PS-PEO(10-50) 2.20 0.0012 30.0 0.49 4 1954 6.33

Y ; The separation distance between adsorbed PEO chains
L« ; The electrokinetic thickness of adsorbed polymer layer
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Table 3. Stability Behaviour of Aqueous TiQO2 Suspension in the Absence and Presence of

PS-PEO Copolymer, pH 5.5

Comp'd. Optical Density” Copolymer Concentration Sedimentation Rate
( A =500nm) (g/8) (ml/hr)
Bare SiO: 0.3 - 7.20
0.35 0.40 247
PS-PEO(10-20) 0.35 095 2.15
0.35 2.01 2.30
0.40 0.45 3.85
PS-PEO(10-30) 0.40 0.65 3.84
0.40 1.92 3.72
0.31 051 4.05
PS-PEO(10-50) 0.31 0.62 415
0.31 1.93 4.06

* Optical density of the supernatant measured after settling the suspension during 5Shr

B PEOEE Zo|(Npo)d F7t°l wet F71
HE Aol #AIHJD, &5 TiOFE4
BEAbo] dig Aol 71 wE AAEEE 7}
gt} o|AL EEFFF ol Ze HAA
S PSEARES %E NEE AIETOR
N ®Hth o & A8&E dedeE AE B
g Fch. thA] T3E PEO At&dol7t #
AU JAIFRE e AREL B F2
HSHS AFsA ddh o]RE nAEHY
FHAE(S)AA nERY FHHQA A F
o &ste Y942 7ldsAE ged. PEOE
Zxl&e] o]yt S AEE B EEA
ol TiOA HEHo| FAFT PSAES
PEOAIE o] EAIAZE olfF& FE3HA
gEHE F¢ FAESE o]} PEOALE
dol7} F71E W BEZFFFTHEL 2 B
oo ZAg3sEa agln ols MY dE
Ay G B njde] g Hojrt FFol
o]FYAE RLR By PEORENAN TiO:
DAEHE UE(6)9 Tae 7tnFHA TiO:
oYzt AEE ASE ol HFHoE
Fx3 A7 dolezte] 11dF FIHA
2 2

4. d B

n¥2AF PSE 4dAT EAFHE 7HAx
ozl PEO EAFEES e EETFHE
2 olo tig mlAL HYLE FRE Z
' B4 343 FFHE T FAH
th o]E9 vidAaries PEO AM&EZe] 2
71l 4GS Wtk TiOnAFHAAH F3t
#& PEOE ZAIE H ol (Nppo)d] 7ol dhe}
7o o] FHFe AAE BolAM ¥
2 74488 7 A EHAA PEOH
&4 FHaH ok g Lol FFAE FTF
g9 PSA7e 23ty A ujgtrh PSR
7F & A% A8dd U RS nAFEHAA
F%9 PEOEEL £9F%oz FIHIT 4
Z5 s Aoty 2 A PSe B} & FA
&9 FAe AAEE go]l £ TiOE
2ol=jizle &3S W gl

- 125 -



Vol. 18, No. 2 (2001)

AnES

1. T. N. Khan, P. H. Mobbs, C. Price, and
J. R. Quintana, Eur. Polym. J., 23, 191
(1987).

2. A. Jada, B. Siffert, and G. Riess,
Colloids Surf., 15, 203 (1993).

3. A. Jada, G. Hurtrez, B. Siffert, and G.
Riess, Macromol. Chem. Phys., 197,
3697 (1996).

4 P. L. Kuo, M. Okamoto, and N. ].
Turro, J. Phys. Chem., 91, 2934 (1987).
5. A. Johner and ] F. Joany,

Macromolecules, 23, 5299 (1990).

6. D. H. Napper, “Polymeric Stabization of
Colloidal Dispersions”, Academic Press,
New York (1993).

7. R. J. Dorgan, M. Stamm, C.
Toprakcioglu, R. Jerome, and L. ].
Fetters, Macromolecules, 26, 5321
(1993).

8. D. A. Guzonas, D. Boils, C. P. Tripp,
and M. L. Hair, Macromolecules, 25,
2434 (1992).

9. J. V. Dawkins, M. ]J. Guest, and G.
Taylor, in : Th. F. Tadros (Ed), "The
Effect of Polymers on Dispersion
Properties”, Academic Press, London,
(1982).

10. E. Parsonage, M. Turell, H. Watanabe,
and R. G. Nuzzo, Macromolecules, 24,
1987 (1991).

+84

11

12.

13.

14.

15.

16.

17.

18.

18.

20.

21.

- 126 -

ESETHEANA AsEE FU] F& AAY 9

. J. Ding, J. Tao, A. Guo, S. Stewart, N.
Hu, V. 1. Bariss, and G. Liu,
Macromolecules, 29, 5398 (1996).

F. Miano, A. Bailey, P. F. Luckham,
and Th. F. Tadros, Colloids Surf, 68,
9 (1992).

K. Devanand and J. C. Seler,
Macromolecules, 24, 5943 (1991).

M. A C. Stuart and ]. W. Mulder,
Colloids Surf,, 15, 42 (1985).

B. Siffert, A. Jada, and J. E. Letsango,
J. Colloid Interface Sci., 163, 327
(1994).

M. Berger, W. Richtering, and R.
Mulhaupt, Polym. Bull. (Berlin), 33,
521 (1994).

0. Anthony and R. Zana,
Macromolecules, 27, 3885 (1994).

M. Wilhelm, C. L. Zhao, Y. Wang, R.
Xu, M. A Winnik, J. L. Mwia, G.
Riess, and M. D. Croucher,
Macromolecules, 24, 1033 (1991).

T. Cao, P. Munk, C. Ramireddy, Z.
Tuzar, and S. E. Weffer,
Macromolecules, 24, 6300 (1991).

R. Varoqui, Nouv. J. Chem. 6, 187
(1982).

M. A. C. Stuart, F. H. W. H. Waajen,
and S. S. Dukhin, Colloid Polym. Sci.,
262, 423 (1984).



