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Morphologies in Acetone-Annealed Polystyrene-Poly(methyl
methacrylate) Diblock Copolymer Thin Films

Pan, Zhongcheng  Peng, Juan™
(State Key Laboratory of Molecular Engineering of Polymers, Department of Macromolecular Science, Fudan University,
Shanghai 200433, China)

Abstract The time development of morphologies and structures of symmetric and asymmetric polysty-
rene-b-poly(methyl methacrylate) (PS-b-PMMA) diblock copolymer thin films after annealing in acetone
vapor was investigated by tapping mode atomic force microscopy (AFM). Film thickness played an impor-
tant role in the morphology evolution of symmetric PS-b-PMMA (fps~=fpmma, frs 18 the volume fraction of
the PS in PS-6-PMMA, fpmma is the volume fraction of the PMMA) thin film. When film thickness was con-
trolled according to their equilibrium bulk lamellar period, all the investigated thin films of PS-6-PMMA
with different molecular weights can change from disordered pattern to nanoscale depression and at last to
striped structures. In the case of asymmetric PS-b-PMMA systems, when the content of PS segment was low
(25%, 36%), film morphology changed from disordered state to regularly packed spheres and directly to
stripes, respectively; when the content of PS segment was high (70%), film morphology changed from dis-
ordered pattern to relatively flat state. The formation mechanisms of different film morphologies have been
discussed in detail.
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Table 1 Characteristics of the symmetric and asymmetric
PS-b-PMMA diblock copolymers used in this work

Label PS-b-PMMA® N°  fos® xN* Lo¢ MM,

PS-b-PMMA 1 106~99 2009 056 42 76 1.09
PS-b-PMMA 2 170~168 3315 0.54 70 106 1.10
PS-b-PMMA 3 868~857 16197 0.54 357 315 1.30
PS-b-PMMA 4 47.4~1404 1860 0.25 39 72 1.11
PS-b-PMMA 5 65~115 1775 036 37 70 1.10
PS-b-PMMA 6  124.6~534 1732 0.70 36 69 1.07

“ The former number and the latter is number average molecular weight of PS
and PMMA, respectively, all molecular weight are in kg/mol. ® N, degree of
polymerization. ¢ fps, volume fraction of the PS block calculated from fps=
(Wps/pps)/(Wps/pps)+ (1 — Wes)/ppmma) by using the following densities for
the PS and PMMA block: pps=1.05 gecm % and prmva=1.18 gecm 30381 d)(
is determined from »=(0.028 +-0.002)+(3.940.06)/T as reported in literature
for PS-5-PMMAP?). ¢ Ly is the equilibrium bulk lamellar period, L(,°<N2/3 (32401,
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Figure 1 AFM height images of PS-b-PMMA 1 (0.5%) thin films after annealing in acetone vapor for (a) 0, (b) 15, (d) 24, (e) 48 and (f)
168 h. FFT pattern in the inset of Figure 1(b) indicates a perfect hexagonal arrangement of the depressions. (c) The corresponding phase

contrast image of Figure 1(b)
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Figure 2 The characteristic length development as a function of

acetone vapor annealing time for PS-b-PMMA 1 (0.5%), PS-b-

PMMA 2 (0.5% and 1%) and PS-5-PMMA 3 (0.5% and 1%) thin
films
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Table 2 Phase structure features of PS-b-PMMA 1~3 thin films as a function of acetone vapor annealing time*

Time/h
0o 3 5 12 24 48 72 96 120 168
0.5% PS-b-PMMA 1 W W D D D+L L L L L L
0.5% PS-b-PMMA 2 W W W+D D+L L L L L L L
0.5% PS-b-PMMA 3 W W S+C S+C S+C S+C S+C S+C S+C S+C
1.0% PS-b-PMMA 2 W D D D D+L L L
1.0% PS-b-PMMA 3 W D D D D D D D D L

¢ W=wormlike structures; D=depressions; L=1amellae; S=spheres; C=cylinders.
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Figure 3 AFM height images of PS-6-PMMA 4 thin films from 0.5% toluene solution after annealing in acetone vapor for (a) 0, (b) 1

and (c) 12 h, FFT pattern in the inset of Figure 3(c) indicates a perfect hexagonal arrangement of the spheres, (d) the corresponding TEM

image of Figure 3(c)
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Figure 4 AFM height images of PS-b-PMMA 5 thin films from 0.5% toluene solution after annealing in acetone vapor for (a) 0, (b) 1,

(c)5and (d) 12 h
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Figure 5 The characteristic length development as a function of
acetone vapor annealing time for PS-b-PMMA 4~5 (0.5%) thin
films

Bl 6 PS-b-PMMA 6 (0.5%)MLAE P A5 A BEAS R I 1)
M i B (@) 0, (b) 3 h

Figure 6 AFM height images of PS-6-PMMA 6 thin films from
0.5% toluene solution after annealing in acetone vapor for (a) 0
and (b) 3 h
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ST AR IS AR JE S e 1 FOAH 3 85 5 e AR 1 i i 5
FECRRIE K BE).
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