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We have recently reported a new strategy for modifying %
hydrocarbon surfaces based on the use of glued Langmuir 3
Blodgett (LB) monolayer$:2 Specifically, we showed that a

sk r}? N % rkozﬁf 4 i

monolayer ofl, which was ionically cross-linked (i.e., “glued”)

at the air/water interface with poly(styrenesulfonate) (PSS,) Figure 1. (A) Stylized illustration showing (1) a down-trip of a
Cquld be deposited onto a hydrocarbon surface by one LB doWn'hydrophobic substrate through a compressed and non-glued surfactant
trip (Chart 1). We further showed that a subsequent up-trip monolayer, (2) decompression of the monolayer at the air/water
interface, and (3) removal of substrate into air and return of surfactants
Chart 1 to the air/water interface. Part B is the same as part A, except the
surfactant monolayer is glued and remains intact as a monolayer upon
removal into the air.
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through a decompressed monolayef oésulted in a modified
surface without any additional surfactant being picked up from, POM 2

or returned to, the air/water interface. This deposition behavior

is in sharp contrast to conventional (i.e., non-glued) monolayers, Although the structure of this assembly was found to be stable
where surfactants are often redeposited at the air/water interfaceafter 24 h, as judged by atomic force microscopy (AFM)
on the up-trip under such conditions. In Figure 1, we show a analysis, we have since discovered that extended contact with

stylized illustration of this difference. air results in a substantial change in surface structure. Appar-
ently, the driving force for exposure of the hydrocarbon chains
* Corresponding author. E-mail: slr0@lehigh.edu. to air induces this rearrangement. In Figure 2, we show AFM
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Figure 2. Height image (AFM, tapping mode % 5 um, left) and section profiles (¥ 1 um, right) of a glued monolayer df on a silicon wafer
that had been silylated with-octadecyltrichlorosilane after 22 h (top), 34 h (middle), and 73 h (bottom) exposure in air. Experimental conditions
that were used to fabricate this film were similar to those previously descttbed.
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Figure 3. Surface pressurearea isotherms foR over water (solid
line) and 5.0 mM PSS (dashed line) at 26; inset shows surface

surfactant, having a large number of hydrophobic contacts with
the substrate, would produce a more robust assembly. In this
case, cooperative forces between the large number of hydro-
carbon tails of the surfactant and the hydrocarbon surface would
be expected to reduce the possibility of “turnover” and rear-
rangement of the assembly in air. In the work that is reported
herein, we have tested this hypothesis using a simple imide
derivative of commercially available poly(octadecylmaleic
anhydride) (POM, averadd,, ca. 40 000, Polysciences). Thus,

2 was readily obtained by treatment of POM with an excess of
2-dimethylaminoethylamine (Scheme31At neutral pH, this
polyamine is expected to be largely protonated and capable of
being ionically cross-linked with PSS.

Prior to LB deposition, the monolayer properties and gluing
behavior of2 were first examined at the air/water interface. In
Figure 3 are shown the surface presstaeea isotherms a2
in the absence and in the presence of PSS in the aqueous
subphase. Compression @f on the surface of pure water
produced stable monolayers having a limiting area of cat-42

viscosity over (a) water, and (b) 5.0 mM PSS after the monolayers P . - .
were equilibrated at 20 dyn/cm for 60 min and subsequently exposed 1A /repeat unit. Subsequent expansion and recompression

to a 6.0 mm slit opening of a canal viscometer. cycles yielded the same surface pressamea curve. Compres-
sion of 2 over an aqueous subphase containing 5.0 mM of repeat
images of such a surface after 22, 34, and 73 h in air. By Units of PSS (averag®l, ca. 70 000, Aldrich) generated a
extending this exposure time, initial “peak-to-valley” distances Similar surface pressur@rea curve except that the limiting area
of ca. 0.5 nm increase to ca. 5.0 nm. increased to ca. 72 1 AZrepeat unit.
To improve the stability of such glued LB monolayers, we We then tested the stability this glued monolayeRaf air,
hypothesized that the substitution df with a polymeric after being deposited onto a silicon wafer that had been silylated
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Figure 4. Height image (AFM, tapping mode % 5 um, left) and section profiles (¥ 1 um, right) of a glued monolayer & on a silicon wafer
that had been silylated with-octadecyltrichlorosilane and exposed to air for 24 h (top), 190 h (middle), and 274 h (bottom).
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Figure 5. Height image (AFM, tapping mode & 5 um, left) and section profiles (¥ 1 um, right) of a non-glued monolayer @on a silicon
wafer that had been silylated witiroctadecyltrichlorosilane and exposed to air for 24 h (top), 190 h (middle), and 274 h (bottom).
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with n-octadecyltrichlorosilane (OTS). Experimental procedures continue to be widely used; that is, oxidation via corona
that were used were similar to those previously described for discharge and plasma treatméft.

the deposition ofl. on a similar surfacé.In brief, a monolayer

of 2 was spread on the surface of an aqueous subphase Acknowledgment. This work was supported by the Depart-
containing PSS (5 mM repeat unit concentration,°25, and ment of Energy (Grant DE-FG02-05ER15720).
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glued LB film approach for the modification of hydrocarbon

surfaces offers a mild alternative to “brute-force” methods that MA701939P



