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Abstract. We synthesized the polymer brushes by conventional free radical polymerization and
investigated the morphology evolution of block copolymer nanostructure on the brush treated
surfaces. Our simple approach utilized a functionalized free radical initiator to add hydroxyl group
to a chain end and an excess amount of a chain transfer agent to control the molecular weights of
the brushes. The synthesized polymer brushes had narrow molecular weight distribution as well as
hydroxyl end group and were successfully grafted onto silicon oxide layer by simple spin-coating
and annealing process. The orientation of poly(styrene-block-methyl methacrylate)s (PS-bPMMAs) coated on the brush grafted surface was finely controlled by the surface modification by
polymer brushes.

Introduction
The self-assembled nanostructures of organic materials have been widely researched because it
is obvious that they can be utilized in various applications such as nanocomposites, optoelectronic
devices and ultrahigh density nanodots or nanowire arrays, memory and capacitor devices and
sensors, etc [1~4]. In particular, the nanofabrication using block copolymer nanostructure has
following merits. Firstly, the size of nanostructure is efficiently controlled by varying the molecular
weight of block copolymer. Secondly, the synthesis of block copolymer is relatively well-known.
Thirdly, the chemical structure of each block can be designed for each application. Recently various
methods such as the application of external field, solvent aging and neutral surface etc. have been
developed to controls the orientation and ordering of nanostructures of block copolymers. The
neutral surface has been widely applied to control over the orientation of the anisotropic selfassembled structures of block copolymers. The neutral surface can be achieved by deposition of
polymer brush or self-assembled monolayer (SAM). The chemical neutrality implies that the
interfacial energies of the two components towards the brush layer are identical.
We synthesized polystyrene (PS) and poly(styrene-ran-methyl methacrylate) (P(S-r-MMA))
brushes through bulk free radical polymerization and investigated the formation of poly(styreneblock-methyl methacrylate) (PS-b-PMMA) block copolymer nanostructure on those brush modified
surfaces.
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Experimental Procedure
Hydroxyl terminated PS and P(S-r-MMA) brushes were synthesized by conventional free
radical polymerization. Brief synthesis procedures are as follows: 2,2’-Azobis[2-methyl-N-(2hydroxyethyl)-propionamide] as a free radical initiator, styrene (or styrene and methyl
methacrylate) as monomers, and 2,4-diphenyl-4-methyl-1-pentene as a chain transfer agent were
premixed at room temperature under N2. After the mixing process, a bulk polymerization was
conducted at 70 °C for about 8 hrs. The reaction was terminated by quenching the reaction mixture
to room temperature. Reaction products were washed several times by purified water in a separating
funnel in order to remove the unreacted initiator and then precipitated into methanol. Molecular
weight and molecular weight distribution of the synthesized polymer brushes were measured by
GPC. The molecular composition and the sequence distribution of PS and PMMA in the P(S-rMMA) brush were characterized by H1-NMR. A thin film of random copolymer brush was spin
coated onto the silicon wafer. The brushes coated substrates were annealed at 160 °C for more than
48 hrs. After the annealing, unreacted polymer brushes were removed by rinsing several times with
toluene [5]. Thin films of PS-b-PMMAs were deposited onto the brush-treated silicon wafer
surfaces by spin-coating. The thickness of the thin films ranges from 35 to 70 nm. A block
copolymer thin film was annealed at 180 °C for a sufficiently long time under vacuum. The
thermodynamically equilibrated self-assembled structures were characterized by AFM and SEM
without any sample treatment.
Results and Discussion
PS and P(S-r-MMA) brushes. The prepared PS-brush had Mw=10,000 and Mw/Mn = 1.51
while P(S-r-MMA) brush had Mw=12,800 and Mw/Mn =1.43. In this work, the free radical
initiator containing hydroxyl group provided the surface reactive functionality at a chain end and
the chain transfer agent controlled the molecular weight as well as molecular weight distribution.
The fraction of PS in the P(S-r-MMA) brush was 0.62 [6]. Every P(S-r-MMA) brush chain had the
randomly distributed sequence of PS and PMMA repeating units. PS and P(S-r-MMA) brushes
were covalently grafted onto the piranha treated silicon substrate. The thickness of finally grafted
polymer brush layers were around 4.7 nm [7].

Fig.1 (a) Optical images of 25k-26k PS-b-PMMA with the thickness of 66.6nm on the PS brush grafted silicon wafer
(b) The schematic of cross section AB
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The morphology of PS-b-PMMAs on PS brush. Figure 1 shows optical images of 25k-26k
PS-b-PMMA with the thickness of 66.6 nm on the PS brush grafted silicon wafer and the schematic
of cross section of block copolymer film. The block copolymer thin film self-assembled on the
brush surface does not show any chemical modulation on the top side of film. In order to confirm
the nanostructure inside the thin film, the thickness of the block copolymer thin film was adjusted
around 67 nm, which corresponds to the 2.2 times of the lamellar thickness (30 nm) of the block
copolymer. The unique island morphology was observed. The morphology evolution strongly
suggests that the block copolymer formed surface parallel oriented lamellae and PS block in P(S-bMMA) was located at the film-surface interface. The morphology results from the selective
preference of PS toward PS component of the block copolymer.
The nanostructure of PS-b-PMMAs on PS-r-PMMA brush. Fig. 2 shows the AFM images of
the top side of the symmetric block copolymer thin films. Layered structures of symmetric block
copolymers were observed signifying that lamellae were orientated to the surface perpendicular
direction inside the thin films. When a surface has equivalent interfacial tension towards the two
polymeric components of a diblock copolymer, the anisotropic nanostructure such as cylinders or
lamellae of the diblock copolymer orients surface perpendicular direction due to the geometrical
confinement enforced by the flat substrate surface. The present result signifies that the random
copolymer brush treated surface was chemically neutral towards PS and PMMA and homogeneous
below the tens of nanometers length scale.

Fig.2 AFM images of PS-b-PMMA on the random copolymer brush (a) 52k-52k with film thickness of 62.3nm (b) 33k39k with film thickness of 70.7nm (c) 25k-26k with film thickness of 40.7nm

The nanostructure of an asymmetric PS-b-PMMA on random copolymer brush is shown in
Fig 3. Because PMMA block was the minor component, it constituted cylinder cores. The
asymmetric PS-b-PMMA on random copolymer brush shows the hexagonal arrangement of
cylinders where the diameter of cylinder and the center-to-center distance between them were 20
and 43 nm, respectively. The morphology evolution indicates that the brush layer acts as a
perfectly neutral surface to the cylindrical PS-b-PMMA also. The well-oriented cylinder structure
has a great of potential as a nano-template material, since the PMMA component in cylinder cores
can be easily removed by UV irradiation and subsequent acetic acid etching [8].
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Fig.3 SEM images of 46k-21k PS-b-PMMA with the thickness of 35nm on the random copolymer brush

Conclusion
PS brush and PS-r-PMMA random copolymer brush were synthesized by conventional free
radical polymerization and applied to control the orientation of lamellar and cylinder structure of
the PS-b-PMMAs. The block copolymer showed surface perpendicular orientations of lamellae and
cylinders on the neutral surface of random brush due to the confinement from hard substrate surface.
In contrast, surface parallel orientation of lamellae was observed on the surface of the block
copolymer thin films self-assembled on PS brush surface, because brush surface selectively prefers
PS component in the block copolymer. Our present result showed that the polymer brushes
synthesized by conventional free radical polymerization can be applied to finely tune the surface
energy and it can be successfully utilized for nanofabrication process.
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