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Dynamic density functional study of the phase
separated structures of thin polymer blend film
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We study the phase-separated structures of thin polymer blend films using dynamic density functional
simulations. Thin film is sandwiched between free surface and substrate wall, and we realize these effects in
our simulations to include the void phase with the wall potential. We can obtain the simulation results of the
layered structure near the free surface, that near the wall, and the bulk-like phase-separated structure inside
the film. These structures have already been seen at the early time steps of our simulations. As the time
evolves, the domain growth occurs, and at the free surface we can observe the transient roughening
structures. We assume that the surface roughening is due to the formation of droplets on the polymer phase.
In this simple model of the droplets, we consider the balance of the interfacial tensions among the two kinds
of polymer phases and the void phase, and we can obtain the condition for the surface roughening. The
simulations using the set of parameters derived from the roughening conditions can successfully reproduce

the theoretically predicted structures.
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Fig. 1 Coarse-grained model of the polymers in the dynamic
density functional formalism.
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time=250

Fig. 2 3D images of calculated densities of polymers A ((a)-
(c)) and B ((d)-(f)) for the time=50 ((a),(d)),
150((b),(e)), and 250((c),(f)). White and black
areas show the regions of high and low densities of
each species in the simulation box.
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Fig. 3 Calculated interfacial structures between the
polymers and the void at the time=50(a), 100(b),
150(c), 200(d), and 250(e).

JSR TECHNICAL REVIEW No0.108/2001



Fig. 4 Model for Neumann triangle condition. This shows
the equilibrium force balance among the interfacial

tensions,y g,Y av,» @ndy g,. Definition of angle B is
also shown in this figure.
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Fig. 5 Calculated interfacial structure of polymer A (a),
polymer B (b), and the void (c).

time=2500000000000000000000005
OadD b0 cOOOOOOO0O0O0O0O0O00O0O0O0O0OOO
OoooooOAOBOvoidOOOOOOOO0OOO0O0OO
oobooobooooooboboooboobooAObOOOnn
OOBOOOODOOOOOOvoidOOODOOOOOOO
CvoidOOOOOOOO0O0O0OOOO0O0OOOOO000O0
020000000000000D0O0000
OalbOOOO0OD0OO0OOOOOOOOAOOOO
oooooooboobooboBOoOOOOOOOOOO
O0000ooo00oOO0OveidOOO0000O008 cOO
oboooooooooboooboboooooooooon
obOo40000000000O0O000C0O0O0DO00O0000
obobooooooooboooboboooooooooon
oboooooooocobooobooboooobooobooooo
ooooooooooooo
uboboooooobooboooboooooooooooon
ooboooooooobooobooooobooboooon
ooooooooooboooboooboooogoooon
oooooooobooooo

JSR TECHNICAL REVIEW No0.108/2001



g ogo
cobooobooooooooocoboooooooon
gboooooobooooobooboooboooboooo
gboboooboobooooooobobocoboooooooa
gbobooooobooooooobobooboooooooag
gooooooboooooboobooobooooood
goooooobooooobooboooboooooog
gooooooboooooboobooooooobooog
goooooobooooooobobooobooobooog
gbooooooboooooboobobooooooooog
goboooobooooooooboooobobooooood
gboooboooboooooobocoboooboooooooo
gobooooobobooooooboooobobooooooa
gboboooooboooobooboboooilcooona
ooooooooood

cobobooboooooooobocoboooboooao
goooobooboooooooobooboooooog
gbooooooboooooooooooboooooood
goooooooooooo

ooboooboooooboooooooobooooo
goooooobooooobooboboooboooooog
gooooooobooobocooboboooooooa
gbooooooboooooobooboboooooooooa
gboooboooboooooobocobobooboooobooooa
gbooooooboooooooboocoboooooooa
gboooocooboobooooobooboooobooooa
gobooobooboooooooboboooooboooa
goboooooboooooooboboobooooooa
gooooooooooo

od
gobboooobooobobooobobooobooo
goboboooboboooboNEDOOODDOOOODO
ggobbooobboobbooobbooobooo
gobooobobooobuoobbooboooboomo
goobooooboomuoboboboooobobobog

oo
goboooooboooboboboooooooda, 56, 674
119990

gooo

1) de Gennes* ODOOOOO-0O00O0OO0OO
0000000000 (1984).

2) J. G. E. M. Fraaije, J. Chem. Phys., 99, 9202
(1993).

3) R. Hasegawa, M. Doi, Macromolecules, 30, 3086
(1993).

4) 00000 o0ooooooooooooodg
ooodoooooooooooono, 56, 762
(1999).

5 000000DoOoO0ooooooooood
O, 56, 674 (1999).

6) 000000 DO0OO,19,2,(1998).

7) G. Krausch, C. A. Dai, E. J. Kramer, J. F. Marko,
F. S. Bates, Macromolecules, 26, 5566 (1993).

8) K. Tanaka, J.-S. Yoon, A. Takahara, T. Kajiyama,
Macromolecules, 28, 934 [0 199507 .

9) T. Kajiyama, K. Tanaka, S.-R. Ge, A. Takahara,
Prog. Surf. Sci., 52, 1 (1996).

10) G. J. Fleer, M. A. Cohen Stuart, J. M. H. M.
Scheutjens, T. Cosgrove, “Polymers at
Interfaces,” Chapman and Hall, London, (1993)
Sec. 4.

11) G. Brown, A. Chakrabarti, Phys. Rev. A, 46, 4829
(1992).

12) J. D. Gunton, M. San Miguel, P. S. Sahni, “Phase
Transitions and Critical Phenomena”, Vol. 8,
Academic Press, New York, (1983).

13) A. Hariharan, S. K. Kumar, T. P. Russell, J.
Chem. Phys., 98, 6516 (1993).

14) R. Yerushalmi-Rosen, T. Kerle, J. Klein, Science,
285, 1254 (1999).

15) H. Morita, T. Kawakatsu, and M. Doi, to be
submitted.

16) S. Wu, “Polymer Interface and Adhesion”,
Marcel Dekker, NY (1982) p 14.

JSR TECHNICAL REVIEW No0.108/2001





