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As have been illustrated by many authors over the past decades,
the Langmuir-Blodgett (LB) technique provides very powerful
tool for building well-ordered thin films.1 Due to the amphiphilic
nature of the molecules commonly used in LB films, the structures
perpendicular to the film surface have been controlled in the very
sophisticated manner, while the structures parallel to the film
surface still remain ill-controlled. In bulk, block copolymers
which are composed of block chains immiscible to each other
are known to form regular microphase-separated structures such
as spheres, cylinders, and lamellae, etc., with the size of polymer
chain dimensions.2 We have made, for the first time, a LB film
of a block copolymer, both of which blocks are known to form
the monolayer on the water surface and successfully obtained a
two-dimensionally microphase-separated monolayer, with each
domain composed of the monolayer of the each block.3 This new
way to control the lateral morphology of LB films should be useful
to construct highly functionalized LB films. The size of the
domains was 1 order of magnitude larger than that expected for
highly segregated chain, indicating that the chains in the domains
are significantly elongated and interpenetrate with other chains.
The sample used was a poly(methyl methacrylate)-block-poly-

(octadecyl methacrylate) diblock copolymer (PMMA-b-PODMA)
which was polymerized by the high-speed living anionic polym-
erization technique with metalloporphyrin as an initiator and a
bulky Lewis acid as a polymerization promoter.4 The number
average molecular weights was 5.84× 104 for PMMA and 1.75
× 105 for PODMA, and the polydispersity index was 1.04. The
polymer solutions with a polymer concentration of 4× 10-6 g/mL

in benzene were spread onto a water surface5 at 25 °C in a
commercial LB trough (FSD-50, USI, Japan). The layer formed
on the water surface was compressed to a state with a relatively
large specific area, 0.70 m2/mg, where the surface pressure was
not detectable, kept for 8 h, and deposited onto a freshly cleaved
mica by pulling it out of the water while compressing the film at
1 mN/m with a transfer ratio of 1( 0.1. The samples deposited
on a mica were observed in air by a commercial atomic force
microscope (AFM, NanoScopeIII, Digital Instruments) with a
silicon cantilever (resonance frequency 300-400 kHz; spring
constant 70-90 N/m) using the tapping mode. AFM images are
shown in the height mode without any image processing except
flattening.
The surface pressure vs area curves of the block copolymer

showed monotonic increase with decreasing area. The conven-
tional linear extrapolation of the high-pressure limb of the curve
to zero pressure yields a limiting area,A0copolymerof 0.55 m2/mg,
in good agreement with the value (0.56 m2/mg) which is estimated
on the basis of the additive rule of the two domain areas using
the A0 values measured for each homopolymer (A0PMMA 0.955
m2/mg; A0PODMA 0.43 m2/mg) and the copolymer composition
(ΦPODMA 75 wt %) asA0PODMAΦPODMA + A0PMMA(1 -ΦPODMA).
Figure 1 shows two representative AFM images of the LB film.
Clearly phase-separated structures with the regular spacings were
observed, where the bright area with a larger height from the
substrate corresponds to PODMA domains and the dark with a
smaller height corresponds to PMMA. A close look shows that
there are two different sizes of domains: the larger (the major)
ones are branched long rods, short rods, and disks with the width
of 60 to 90 nm and the smaller (the miner) ones indicated by the
arrows are interconnected into “network-like” structures of
PODMA having a width of 20-50 nm coexisting with PMMA
domains. The Fourier transform of the images show two peaks
which correspond to the spacings of 155 and 125 nm for the larger
and the smaller domains, respectively.
The heights,t, observed for the both domains were 2.3-2.5

nm and 0.8-1.0 nm, respectively. These are in good agreement
with the height estimated for each monolayer domain (tPODMA )
2.31 nm; tPMMA ) 0.86 nm) using the limiting areas of the
homopolymers,A0PODMA and A0PMMA, and the bulk densities
(FPMMA ) 1.22 g/cm3; FPODMA ) 0.96 g/cm3 6 ) as t ) F-1A0-1.
The area ratio of PODMA domains in Figure 1 is 0.66, which is
also in good agreement with the value (0.59) estimated assuming
the additive rule of each domain area using the limiting areas of
the homopolymers and the composition of the block copolymer
as (A0PODMAΦPODMA)/(A0PODMAΦPODMA + A0PMMAΦPMMA). From
the reasonable thickness and the area ratio of the domain, we
conclude that each domain is composed of the monolayer of the
each block.
de Gennes showed that in two-dimensional melt, a single ideal

chain could build up the two-dimensional bulk density without
interpenetrating into other polymer chains. In another word, the
single chains may exist as perfectly segregated chains (2D
segregated chain).7 This makes a strong contrast to the well-
known situation in the three-dimensional melt where a single
polymer chain should interpenetrate significantly into other
polymers to build up the bulk density. If polymer chains exist
as perfectly segregated chains in the two-dimensionally mi-
crophase-separated domains, the domain size of microphase
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separation should be close to the size of perfectly segregated chain.
The areas for the perfectly segregated block chains are 131 nm2/
block for the PODMA block and 92.6 nm2/block for the PMMA
block, judging from the molecular weights,A0PODMA andA0PMMA.
In the schematic representation of Figure 2, we show a disk-like
domain picked up from Figure 1 with a possible molecular
arrangement (A). The size of the domain is 1 order of magnitude
larger than that expected for 2D segregated chain (B), and the
PODMA domain is estimated to contain 50 PODMA blocks.
Thus, the chains in given domains should be highly elongated
normal to the interface and interpenetrated significantly with

neighboring chains,8 contradictory to the de Gennes picture of
the segregated chains with no interchain interpenetration in two-
dimensional space. This unique chain elongation and interpen-
etration may be driven by repulsive interactions of PODMA and
PMMA block chains across the microdomain interface and
interactions of them with the water and air. The ODMA side
groups in the PODMA block can crystallize due to its long
hydrocarbon chain. A strong aggregation due to crystallization
should affect the conformation of the PODMA backbone chains
in 2D space and their packing in the PODMA domains. This
fact may also account for the extraordinary large domain size
observed here. This point should be confirmed by using perfectly
amorphous block copolymers; this will be explored in future work.
In conclusion, from a block copolymer we have, for the first

time, succeeded in obtaining two-dimensionally microphase-
separated monolayer with each domain composed of the mono-
layer of each block. We expect that this will be a promising
way to construct highly functional LB films with regular lateral
morphology.
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Figure 1. AFM images of a PMMA-b-PODMA monolayer deposited on mica. The bright area with a larger height corresponds to the monolayer
domain composed of PODMA block, and the dark area with a lower height corresponds to that of PMMA block. There are two different sizes of
domains. The arrows indicate the smaller (the miner) “network-like”structures. See the text for details.

Figure 2. A schematic representation of a possible molecular conforma-
tion of the block copolymer (A) in the disk-like domain picked up from
Figure 1. PODMA block chains and PMMA block chains are segregated
in PODMA and PMMA domains, and the chemical junctions of the block
copolymers are placed at the interface. The domain size is 1 order of
magnitude larger than that expected for perfectly segregated chain (B),
indicating that the block copolymer chains in the domains are elongated
and significantly interpenetrate with other chains.
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