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Visualization of Single-Chain Conformations of a low surface pressure less than 0.1 mN/m. Therefore, the area
Synthetic Polymer with Atomic Force Microscopy was not well-controlled during the deposition, and the deposition
ratio could not be determined. However, the deposition was
always reproducible. The samples were observed in air by a
commercial AFM (NanoScopelll, Digital Instruments) with a
silicon cantilever (resonance frequency, 3@®0 kHz; spring

Hashimoto Polymer Phasing Project, ERATO, JRDC constant, 7690 N/m)_ using the ta_pping modg. AFM image_s
Keihanna Plaza. Seika Kyoté 619-02,Japan are shown in the height mode without any image processing
Department of Polymer Chemistry ~ €xcept flattening.

Graduate School of Engineering, Kyoto Weisity The surface pressure of the block copolymer increased
Kyoto 606-01, Japan  monotonically with decreasing area. The conventional linear

extrapolation of the high-pressure limb of the curve to zero
Receied Naember 17, 1995 pressure yields a limiting aredyp, of 6.96 x 10? nm¥molecule

) o ) (0.709 n#¥/mg)? Figure 1a shows an AFM image of a sample
The conformational characteristics of linear macromolecules i ansferred at an area of 1&. PS monoblock particles

are one of the most important physical factors for an interpreta- (diameter, 1315 nm; thickness, 2.5 nm) such as those shown
tion and understanding of their properties. Numerous works by A, B a’nd C are fc;rmed on m,ica. They tend to aggregate to
have in fact b.een reported along this line since the early stagesigrm stringlike structures such as those shown by D, E, F, G,
of polymer sciencé. It would be extremely stimulating for new 54 H: for example, the stringlike structures D and E contain
insights into polymer behavior if we could directly observe a fiye and three monoblock particles, respectively (see Figure 1b).
single-chain conformation qf macromolecules with MICrOSCOpY- These particles or strings are surrounded by a condensed PMMA
We report here our experimental result that the random coil monolayer (thickness, 0:0.5 nm). This monolayer on the
conformations of single synthetic polymer molecules frozen on mica should reflect the condensed monolayer formed on the
a substrate were succesgfully |d¢ntlfled for the first time. water surfacé® Figure 1c is a schematic representation of a
Recent developments in scanning probe microscopy, such assingle block copolymer on mica which is actually seen as A in
scanning tunneling microscopy (STM) and atomic force mi- {he'micrograph. A small number of large particles seen as I, J,
croscopy (AFM), enable us to identify structures of single ang K are multimolecular particles which could be easily
molecules (or atoms) in organic and inorganic mateﬁals. distinguished from the smaller and thinner PS monoblock
However, these observations have usually been limited to theparticles. The smaller PS particles were identified to be
molecular structures in crystalline and liquid crystalline orders. onoblock particles because of their sfzéf we assume that
Reliable observation of random coil conformations of amor- e ps monoblock particles are flat ellipsoidal shapes with the
phous polymer molecules has not yet been achiéescept measured thickness of 2.5 nm and that they have the same
for the case of large biomolecules such as DNA. density as bulk PS (1 g/ch from the molecular weight of the
The sample used was a polystyrdsieek-poly(methyl meth-  pg pjock the diameter of the particles is expected to be 14 nm,
acrylate) diblock copolymer which has the number average j, good agreement with the observed diametérs.
molecular weights of 154 800 for polystyrene (PS) and 392 300 Figure 2a is an example of AFM images of a sample prepared
for poly(methyl methacrylate) (PMMA) with the polydispersity  nger the same conditions as in Figure 1, but observation was
index of 1.08 (Polymer Source Inc.). The polymers were spread gone after keeping the specimen in Figure 1 in 100% relative
from solutions with a polymer concentration 0&410°° g/mL humidity (RH) air fa 1 h and 79.3% RH air for an additional
in benzene (spectroscopic grade) onto a water surface @25 26 . Surprisingly, the PMMA molecule was significantly
in a commercial LB trough (FSD-50, USI). This spreading g|ongated, and the thicknesses of the PMMA molecules were
con(_jmon is similar to that used for obtaining PS monomolecular equced to 0.40.2 nm. Figure 2b shows a schematic repre-
particles>™® A single layer formed on the water surface Was gentation of a possible molecular conformation. Both the sizes
deposited onto a freshly cleaved mica by pulling it out of the ot the PS core and the number of chains consistently indicate
water while compressing the film at constant pressure (the hat the aggregate contains three molecules. The curvilinear
vertical dipping method). In order to observe individual lengths along PMMA molecules correspond to 3549 nm.
molecules, we have tried to transfer monolayers at the extremelyrrom the molecular weight, the length of the fully stretched
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Figure 1. (a) AFM image of a P&-PMMA monolayer immediately after deposition on mica, (b) an enlarged and contrast-enhanced image of the
stringlike structures of D and E in a, which are composed of PS monoblock particles indicated with the arrows, and (c) a schematic representation
of a condensed monolayer composed of a single block copolymer, which is actually seen in region A in a.
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Figure 2. (a) AFM image of a P®-PMMA monolayer deposited on mica under the same conditions as in Figure 1. However, the AFM observation
was done after keeping the sample in 100% RH airlftn and 79.3% RH air for an additional 26 h. (b) Schematic representation of a possible
molecular conformation. The curvilinear lengths of the lines are A, 549; B, 403; C, 314 nm. The end-to-end distances are A, 122; B, 73; C, 189
nm.

for nonionic polymers. We believe that this is because the segmentsegment interactions of the PMMA, segment
chains take the conformations highly restricted in two- substrate interactions, and segmentter interactions, as well
dimensional space on mica. The thin absorbed water layeras the thickness of the water layer absorbed on the substrate.
formed on the mica surface due to high humidity (thickness, \ye may propose a coarse-grained picture for the rearrangement
0.5 nm at 79% RFf:1) may enhance motion of the chains and g, that the attractive interactions between the segments are

their conformational rearrangements on the substrate. The .
rearrangement should depend on detailed balances between thgutwelghed by those between the segments and substrate.
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