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[Introduction] Block copolymers can self-assemble into nanoscale ordered structures due to microphase separation. For di-block copolymers with fine controlled block sequence, lamellar, hexagonal-packed cylinder, bicontinuous cubic gyroid and body-centered cubic structures are confirmed as equilibrium structures. The nanoscale ordered structure is formed mainly by the results of repulsive interaction of copolymer components, however, the previous works are done for the copolymers with couples of component having weak repulsive interaction. We have reported the nanoscale ordered structure and phase transitions of amphiphilic di-block copolymer consisted with hydrophilic and hydrophobic sequences having azobenzene moietyies [1-3]. In this study the phase transition behavior of amphiphilic di-block copolymer was investigated by the simultaneous DSC-XRD method utilizing the synchrotron X-ray radiation beam.
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[Experimental] Amphiphilic di-block copolymers consisted with poly(ethylene oxide) (PEO) and azobenzene derivative methacrylate (AZO) were prepared by the atom transfer radical polymerization. Block sequences of PEO and AZO were determined by 1H-NMR and were shown as PnAm with degrees of polymerization (n and m).The simultaneous DSC-XRD measurements were carried out at the beam line 10C, Photon Factory, High Energy Accelerator Research Organization, Tsukuba, Japan. The wavelength of monochromatic X-ray for DSC-XRD was 0.1488 nm. The scattering X-ray was detected by a one-dimensional position sensitive proportional counter (PSPC, 512 channels, Rigaku Co. Ltd.). The distance between sample and PSPC was 550 mm, which covered 1.02 nm< s-1 = (2/q)-1 = (2sin/)-1 < 60.8 nm. The simultaneous DSC-XRD measurement was carried out by setting the simultaneous DSC [4] on the small X-ray scattering optics. The heating rate of DSC was 2 Kmin-1, and XRD profiles were stored for each 1 K. The temperature and enthalpy were calibrated by pure indium and tin. The sample sandwiched with two thin aluminum foils and cramped in an aluminum sample vessel [5]. Sample weight used was about 5 mg.
[Results and discussions] Transmission electron micrscopic image of nano order structure of P114A45 is shown in Fig.1. Black spots are the PEO domains existing in AZO matrix. Fourier transformation profile of TEM image in the area of 1 m x 1m suggested the monodomain consisting with the highly ordered hexagonal packed cylinder (Fig.1 B).

 DSC heating curves of block copolymers with various [image: image2.jpg]


block contents are shown in Fig.2. Four phase transitions observed during heating were assigned to the melting of PEO, two kinds of transitions relating to the liquid crystalline states (A and B in Fig.2) and the isotropic phase transition from low temperature side. PEO homopolymer showed about 10 oC super-cooling of crystallization on cooling, however, the degree of super-cooling for PEO domain of block copolymer was about 30 oC. This fact suggested that the phase transition of PEO existed in the phase separated domain was influenced by the copolymer sequence of AZO. The isotropic transition of azobenzene moieties was also influenced by PEO block component. Two phase transitions shown as A and B in Fig.2 were also influenced by block content. 
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The stacked XRD profile change for P114A45 observed by the simultaneous DSC-XRD is shown in Fig.3. Two peaks observed at low q range below 0.9 nm-1 were assigned to the nanoscale ordered structure and the peak at 2 nm-1 (d = 3.1 nm) was the smectic layer of liquid crystalline phase. The diffraction peaks of nanoscale ordered structure observed by the static XRD measurement suggested that the higher ordered hexagonal packed long cylinder structure. TEM and XRD results indicated the fine structure of P114A45, the long PEO cylinder islands existed at hexagonal lattice in the smectic liqid crystalline AZO sea as shown in Fig.1 (A). 

     The smectic layer distance evaluated from XRD profiles obtained by DSC-XRD was plotted with DSC curve in Fig.4. The distance and the diffraction intensity of smectic layer were changed at the transitions A and B. The smectic layer distance at temperature between the transition B and the isotropic transition scarcely changed even at the liquid crystalline state, and 3.3 nm was corresponded to the length of extended azobenzene moieties. The liquid crystalline phase between the A transition and the isotorpic transition was assigned to the smectic A phase. The liquid crystalline phase between transitions A and B was the smectic C phase.
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Fig.1 TEM image (A) and 2D FT image (B) for P114A45





Fig.2 DSC heating curves of P114A20, P114A45 and P114A100 at 5 Kmin-1.
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Fig.3 XRD profile change for P114A45 obtained by DSC-XRD on heating at 5 Kmin-1.
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Fig.4 Temperature change of smectic layer distance and DSC curve observed by DSC-XRD on heating at 5 Kmin-1. 
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