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Introduction

Block copolymers have widely used in industry and science as their self-assembled
materials." The ability to separate between each block unit gives these materials
ingenious structures in nano-scale lamella, cylinder, sphere etc. This microphase separation
of a block copolymer can be driven by the enthalpy of repulsive interactions or the entropy
of negative volume change on mixing between block units. Here we introduce the novel
diblock copolymer with closed-loop phase behavior which is composed of lower critical
ordering transition (LCOT) and then upper critical ordering transition (UCOT) on heating
process. The control of these two transition zones in a block copolymer let it be able to

utilize as a smart material.
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Experimental

Diblock copolymers composed of polystyrene and poly(n-pentyl methacrylate) were
anionically polymerized on symmetric composition with narrow polydispersity.

The characteristics of copolymers are given Table 1. BCL-II,III are prepared by solution
mixing of BCL- I,V to induce proper transition zones. These two samples are not affected
negligibly by the dependence of each owing to little molecular weight difference between
BCL- I and V, as given polydispersity data.

Small angle x-ray scattering experiments were done as synchrotron source at 4C1 beam line,

Pohang Light Source using the wavelength, 0.1608 nm equipped a monochromatic device.

Table 1 Characteraction of block copolymers

sample code Mn Mw /Mn f pg (weight %)
..... BCL-I46470101501
BCL-II 48720 1.01 50.1
BCL-III 48860 1.01 50.1
BCL-IV 49900 1.01 50.1
BCL-V 51250 1.01 50.1

Rheological measurements are powerful methods to detect thermal transitions between an
ordered and disordered state of block copolymers as viscoelastic materials. These
measurements with parallel plates of 40mm diameter were performed as a dynamic

temperature and a dynamic frequency sweep within linear viscoelastic range.

Result & Discussion

Figure 1a gives the linear scale scattering intensity of BCL-IV as a function of the scattering
vector q = (4n/A)sin@, where A is wavelength q the scattering angle, shifted by 2.5TC with
increasing temperature. These profiles were acquired as circular average value of q with
2d-ccd detector. At temperatures below 139C, typical weak and broad peaks are observed
indicating a disordered block copolymer melt. As, however, passed at this temperature, the
first-order Bragg peak becomes intense and sharp. This observation indicates that on
heating process BCL-IV gives a disorder-to-order transition driven by entropic contribution

which corresponds to LCOT. Initial ordered peak maximum is q = 0.272 nm"
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corresponding to Bragg spacing of 23.1 and 23.4 at increased temperature of 210C. On
further heating, these strong peak are weak and broad at 220C which means a typical order-
to-disorder transition block copolymer melts by the reduction of unfavorable enthalpic
interaction which means UCOT.

The competition between enthalpic and entrbpic contribution of this diblock copolymer melt
endows it two distinct transitions namely LCOT and UCOT specially resulting in a

connected closed-loop phase diagram
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Figure 1. Small angle x-ray scattering for B-IV P(S-b-nPMA) as a function of the scattering vector at various
temperatures with a 2.5 °C increment.  For clarity, two SAXS profiles with the comresponding temperatures are

shown in bold

When the specific interaction does not exist between two block segments, the thermal
expansion stemmed from negative volume change on mixing drives disorder-to-order
transition named as at increased temperature unusually.

Russell et al. reported LCOT for the first time in a diblock copolymer of polystyrene-b-

poly(n-butyl methacrylate).®® These diblock copolymers have order-to-disorder transition at
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lower temperature and disorder-to-order transition at higher temperature, respectively.
When the molecular weight is low, the phase behaviors give two separated UCOT and LCOT
diagram. Hourglass type phase diagram was described in case of higher molecular weight.

Here our study show that competing between the enthalpic and entropic contribution in a
diblock copolymer melt give two transitions named LCOT and UCOT both resulting in

closed-loop phase behavior which does not appear in the most block copolymers so far.
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