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本研究では、指定した相分離構造に相分離するブロックポリマーを見つける方法を提案する。

これには、自由エネルギーをモノマー配列の関数として表現した 自由エネルギーランドスケープ

の使用が有効である。また、この自由エネルギーランドスケープを描くために、任意のモノマー

配列を持つプロックポリマーのミクロ相分離構造の自由エネルギーのモデルを提案する。

Block copolymer meltsωsemble into various ordered structures. This is because there are 

various interactions between different types of monomers， and the constraint that the monomers 

are connected by chemical bonds. This phenomenon also occurs in gradient copolymers[l]， which 

have a chemical distribution of the monomers along the polymer chain. The density functional 

theoηin which the仕eeenergy is represented by a functional of the densities of each types of 

monomers is useful in describing phase separation phenomena. Although this thωηis quite 

successful[2]， it does not answer the question "How to generate the desired microstructure?" 

In this work， we propose an idea to predict the molecular structure of the copolymer that 

assembles to a desired self-assembled microphase separated structure. We also propose a useful 

expression for the仕eeenergy functional which can be app1ied for any monomer distributions of 

gradient and block copolymers. 

The free energy functional is derived by using the standard procedure of the random phase 

approximation(RPA) . 
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whereゆK(r) is the volume仕actionof K-type monomer at r， K(=A， B，.一)represents the 

type of the monomer， c5ゆK(r)三ゆK(r)-(TK and (TK is the spatial average ofゆK(r). To 

叫 1Iratethevertexfunctions rZJ，p mintM1悶 themonomer distribution function K (s)， 

which gives us the probability of finding a monomer of type K at the s-th monomer of the 

polymer chain. We expr回 sthe monomer distribution function K (s) using the Fourier expansion 

as: K (s) = Lp KP cos (乎)• We expect that the asymmetry in the monomer distribution wi1l 

be important for the case of asymmetric microphase separated structures. Thus we faithfully 

evaluate not only the seωnd order but also the third order ve此exfunctions in equation (1) 
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using RPA. We approximate the higher order terms in the expansion by the entropic terms of 

the Flory-Huggins model. 

When we speci今thedensity fields仰K( r )， the free energy can be regarded as a functional 

of monomer distribution functions {K(s)}. Since we express {K(s)} in a Fourier expansion， 

the free energy is a function of the coefficients {KP}. Then， we can find the copolymer th抗

assembles to the desired structure with the coe百'cients{KP} give the仕eeenergy minimum. This 

is the free energy landscape(FEL). 

Figure 1-(b) is a simple example of the FEL. Here， the target microphase separated struc-

ture is a sinusoidal profile of a lamellar phase of A-B copolymers， where A and B-domains are 

symmetric， and its period is corresponds to the equilibrium period of the diblock-like copolymer 

(Figure 1-(a)). In Figure 1-(b)， the仕eeenergy is negative for the polymers with t4e parameter 

Al ~ 0.5. This is because we set the origin of the仕eeenergy to the仕eeenergy of the homか

geneous state. That is， the system is more stable when it assembles into the target microphase 

separated structure than into homogeneous. 

Since more stable microphase separated structures than the target structure can exist， we 

have to check the stability of our target structure. We will discuss this point at the meeting. 
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Figure 1: (a) The typical monomer distribution functions. (b) The free energy landscape for the 
sinusoidal profile of a lamellar structure as a target microphase separated structure. The origin 
of the企eeenergy is set to the free ener窃Tvalue of the homogeneous state. The coefficients are 
AO = 0.5， A1 + A2 = 0.5， AP = O(p三3).
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