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Introduction

High-density and well-defined surface-grafted polymer, so-called
"polymer brush".' isa promising method for improving the lubn cation
properties of solid surfaces.? Especially, the water lubrication systems
using hydrophilic polymer or polyelectrolyte brush have also been
well-studied by Klein,3 Osada," and Sheth et al® because of its
applications to medical implant devices® such as artificial jeints as well
as environmentally friendly technologies. The authors have also
reported that hydrophilic polymer brush with hydroxy groups on the
side chains exhibit a low friction coefficient in water.” In the human
body, phospholipid and hyaluronic acid act as a boundary lubricant, and
play important rele in lowenng friction and in the protection of
articular cartilage. In this work, the authors focused on specially-
designed methacrylate containing a phosphorylcholine unit in the side
chain, 2-methacryloylozyethyl phosphorylcholine (MPC). Poly(MPC)
is well known as a super-hydrophilic and biocompatible polymer. The
high-density poly(MPC) brush is expected to have improved the
water-lubrication properties.

Experimental

The preparation procedure for the silicon wafer imm obilized with
the radical initiator was described previously® A typical
surface-initiated ATRP of MPC was performed as foll ows: the initiator-
immobilized  silicon  wafer, CuBr (0025  mmol), 44'-
dimethyl-2,2'-bipyridyl (0.050 mmol), ethyl 2-bromoisobutylate (EB,
0.025 mmel), and methanol solution of MPCT (6.5 mmol) were
introduced into a glass tube under argon  atmosphere. The
polymenization reaction was cartied out at 303 K for 12 h under argon
to simultaneously generate poly(MPC) brush from the sbstrate and
free poly (WP C) from EB. The reaction mixture was poured inte THF to
precipitate the free polymer, and the wafer was washed with methanol
using a Soxhlet apparatus for 12h.

The frictional coefficient of the polymer brushes was recorded on a
Tribostation Type32 (Shinte Sdentific Co. Ltd) by sliding a glass ball
{($pl0 mm) on the substrates over a distance of 20 mm at a sliding
velooty of 90 mmimin under loading of 0.4% I at 228 K. Humidity
was contrelled by a bBlowing ratio of dry Iy gas and humid air The
theoretical contact area between a glass ball probe and a slicon wafer
under these conditi ons can be calculated to be 3.51 % 107 m® by Hertz's
contact theory, and the average pressure on the contact area was

estimatedto be 139 MPa
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Figure 1. Chemical structure of poly(WMPC) brush

Results and discussion

The number-average molecular weights (M) of obtained
polg(MPC)  brushes on slicon wafer were estimated to  be
approzmmately 30,000 ~ 20,000 by size-exclusion chromatography of
the corresponding free polymer using water as a eluent The AFM
observation revealed that a homogeneous polymer layer was formed on
the substrate, and the surface roughness was 0.8 ~ 1.5 nm in a dry state
ina 5 %5 pm’® scanning area. The thickness of the polymer brush was
determined to be ca. 1030 nm by ellipsometer The graft density was
estimated to be ca 0.20 chainfnm?® based on the linear relationship
between M, and the thickness. Advancing and receding contact angles
of poly(WMPC) brush against water were 117 and 5 ~ 7°, respectively,
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indicating a stable super hydrophilicity of poly(MPC) brush

Figure 2(a) shows the friction coeffident of poly(MPC) brush
surface measured by sliding a glass ball in air, water, and toluene at 298
K Under the &y My atmosphere, a high fniction coefficient was
observed probably due to the strong adhesive interaction between
poly(MMPC) brush and the glass probe In contrast, the brush surface
afforded a lower fnction coefficient with increasing humidity. It 1s
supposed that water molecules adsorb on the surface of highly
hydrophilic poly(MMPC) brush and work as a lubncant to moderate the
interaction between brush and probe. In addition, water-swollen
poly(MMPC) brush compressed by a probe sphere would generate a
repulsive force against a high normal load due to the osmotic pressure
originating from steric interactions between the high-density brushes
and probes.’” These water-lubrication systems restrict the drect contact
of a probe with the substrate to reduce the friction force Contrary to
our expectations, the fiction coefficient in water was higher than that
in humid ar condition. These results suggest that in  water,
hydrodynamic lubrication would take place by the drainage of wiscous
water from the polymer brush laver as it 15 squeezed by two solid
surfaces with a narrow gap,! although additional experimental
evidence 15 needed to confirm this hypothesis. Futthermore, swollen
and extended poly(MPC) brush chains in water should have increased
actual contact area between brush and probe to result in a higher
friction coefficient, compared with in the case of humid air. In toluene,
which 15 a poor solvent for polyIMPC), a higher friction coefficent was
observed, probably because the interaction between polymer and glass
probeincreased.

&g amilar  lubrication tendency was observed when a
brushammobilized glass ball was used as a sliding probe, as shown in
Figure 2(b). The friction coefficient under the highly humidified air
condition was significantly reduced to 0.02, which is lower than that
vnder agqueous conditions. It is supposed that hydrophilic MPC units
covered with water molecules effectively reduce the friction force,
creating a good water lubnication systerm.

In conclusion, the anthors found that effective water lubrication takes
place on the surface of high-density hydrophilic poly(WMPC) brush,
even in humid ar, resulting in extremely low friction and excellent
wWeal [esistance.
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Figure 2. Friction coefficient of polv(IMPC) brush under sliding a glass
ball (a) and brush-grafted-glass ball (b) in air, water and toluene.

References

[1] Advincula, B. O, Brittain, W J, Caster, . C.; Eithe, J. Polvmer
Brushes, Wiley-VCH: Weinheim, 2004

[2] Sakata, ¥, Kobayashi, I ; Otsuka, H.; Takahara, & Folvwe J 2005,
37,767

[3] Kampf, N.; Gohy, J. -F, Jérdme, B.; Klen, T J Polywe Seci. Fart B
Folyw. FPhys. 2005, 43, 193,

[4] Ohsede, T; Takashina, R.; Gong, I. B, Osada, Y Lamgmeuir 2005,
20,6549

[5] 3heth, 3 E.; Efremova, IV, Leckband, D. E. . Phys. Chere. 52000,
104,7652.

[6] Matsuda, T.; Kanelo M., Ge, 3. Biomat. 2003, 24, 4507,

[7] Moro, T., Takaton, Y, Ishihara, ¥, Konno, T, Takigawa, T;
Matsushita, T.; Chung, U., Makamura, K., Eawaguchi H. Nature
Mat. 2004, 3, 82,

[8] Kobayashi, M, Takahara, & Chew. Lei 2005, 34, 15582,

[9] Ishihara, E.; Ueda, T.;, Makabayashi, I, Polywe. L 1990, 22, 355

[10] Tamameoto, 3, Ejaz, M, Tsuji, T, Matmmoto, 1., Fukuda, T
Macromolecules 2000, 33, 5602

[11] Fredrickson, G H.; Pincus, P Langmuir 1991, 7,781



