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Abstract of Thesis

In this thesis, the competition between the micellizaiton and phase and liquid-liquid phase
separation in  thermosensitive block  copolymer poly(N-isopropylacrylamide)-b-
poly(N-vinyl-2-pyrrolidone) (PNIPAM-b-PNVP) in agueous solution was studied. At 30 °C or
higher temperature, poly(N-isopropylacrylamide) (PNIPAM) becomes hydrophobic, while
poly(N-vinyl-2-pyrrolidone) (PNVP) is hydrophilic even at high temperatures close to the boiling
temperature of water.

Prior to study the block copolymer PNIPAM-b-PNVP, the phase behaviors of
homopolymer PNIPAM aqueous solution was studied by small angle X-ray scattering (SAXS)
upon heating.(Figure 1(a)) Chapter Il described the details of SAXS results of PNIPAM aqueous
solution form 25 °C to 73 °C. The Below 29°C, the solution mostly contains the polymer single
random coil chain with a minor scattering component of the loosely packed random coil. When
the temperature reached to 31 °C and 33 °C, the liquid-liquid phase separation occurred, and the
minor scattering component transfers to polydisperse spherical particles from the loosely packed
random coil. As the temperature goes up to 35°C or higher, the main scattering component of the
single random coil chain also transforms to spherical particles and there is no change in SAXS
profiles between 35 °C to 73 °C. In addition, a tiny amount of globules of the PNIPAM chains
coexist with spherical particles was also observed in the solution above 35°C. These findings
indicate that the PNIPAM solution is not the thermodynamically equilibrium state in this
temperature range.
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Figure 1 (a) Chemical structure of PNIPAM and appearance of its aqueous solution (¢ = 0.01 g/cm®) in the
one-phase (at 20 °C) and two-phase (at 40 °C) regions. (b) SAXS results of thermosensitive block
copolymer PNIPAM-b-PNVP in aqueous solution at different temperature.

Chapter Il investigated the competition between the micellization and the liquid-liquid
phase separation in aqueous solutions of the PNIPAM-b-PNVP samples with different PNIPAM
content x and total molecular weight (shown in Figure 1(b)) upon heating by theory and SAXS
measurements. SAXS profiles obtained were analyzed to determine the weight fractions of the
spherical micelle, the spherical droplet, and the isolated chain in aqueous solutions of three
PNIPAM-b-PNVP samples with different x as a functions of temperature. When x decreases,




PNIPAM-b-PNVP prefers to form the spherical micelle rather than to form spherical droplets of
the concentrated phase. Moreover, micellization and liquid-liquid phase separation temperatures
increase with decreasing the degree of polymerization of the PNIPAM block chain. These degrees
of polymerization dependences were semiqualitatively explained by the theory based on the
lattice model.

In Chapter 1V, the PNIPAM homopolymer was mixed with the PNIPAM-b-PNVP block
copolymer in aqueous solution. Upon heating, the liquid-liquid phase separation took place in the
mixture solution, a network structure was observed in the phase-separating solution by optical
microscopy, and the polymer-rich phase shrunk. Block copolymer single chains may be adsorbed
on the polymer-rich droplet surface of the PNIPAM homopolymer to soften the surface and to
help the coalescence of the droplet. The SAXS profiles obtained indicated that the phase
separation of the PNIPAM homopolymer and the micellization of the PNIPAM-b-PNVP block
copolymer occurred almost independently, probably because the degree of hydration and the
hydrophobicity are considerably different between PNIPAM and PNIPAM-b-PNVP.
Furthermore, because the PNIPAM homopolymer is frozen above ca. 35 °C, is may be difficult to
incorporate with PNIPAM-b-PNVP at high temperatures, although the block copolymer chain
may modify the surface of PNIPAM spherical particles.
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Figure 2. Microscopic observations of phase-separating aqueous solutions of PNIPAM;j19o (left)
and of the mixtures of PNIPAMi100 and the block copolymer, PNIPAMgo-b-PNVP365 oOF
PNIPAM3;-b-PNVP1, (middle) 10 min after the temperature jump to 50 °C. Right panels show
the time evolutions of the mixture solutions. For all the solutions, the weight % concentration of
the homopolymer and block copolymer were 2 wt%.
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