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Reactions at buried interfaces play critical roles in areas ranging

from corrosion contrélto cellular signaling. Toward this end, N uv N NH
we recently reported that electric force microscopy (EFMas

the remarkable ability to detect terminal group differences in o OH oH
alternating, micrometer-sized domains of alkanethiol-derived co co ¢o
monolayers (i.e., HO(ChheSH and CH(CH,):6SH) that were NH NH NH
buried under a 430 nm coating of polystyrene (PS)he G g (i
preliminary results described herein show that EFM can map - ij --------------- A’i} ----------- Rﬂ ---------

chemical transformations at buried organic interfaces. This
capability is demonstrated by imaging the transformation of the Figure 1. (8) Idealized schematic of the polystyrene/BASED/gold
interface formed between an azide-terminated monolayer and acomposite after the patterned transformation by UV irradiation through
PS overlayer as the azide group is photolytically coupled to the & photomask(p) Photoc_hemical ct_)nversion of the gzide terminus of
PS overlayer. BASED to a nitrene, which then binds to the aromatic groups of PS.
Figure 1 details the structure of the composite sample and the ) ) ) )

transformation induced by UV photolysis through a photomask. of the composite transformation under our photolysis condifions.
The composite consisted of a gold substrate, an azide-terminatedlhese experiments used five identically prepared composites,
monolayer, and a PS coating and was constructed in two stepsWhich were irradiated for 0, 2, 5, 15, or 30 min. After photolysis,
Step 1 formed the gold-bound thiolate monolayer by immersion €ach sample was rinsed extensively with toluene to remove

of a substrate into a 100M ethanolic solution of bis#-(4-
azidosalycylamido)ethyl] disulfide (BASED; Pierce Chemical) for
~12 h in the dark.Each substrate was then rinsed with ethanol

unreacted PS. Figure 2 presents the results, and includes the
spectrum for a thin PS film coated directly on a gold substrate.
With the use of the B=N=N stretching modes (out-of-phase at

and dried with a stream of nitrogen. Step 2 cast a PS overlayer~2120 cn1! or in-phase at 1280 cr) as a diagnostic of the

(400 + 50 nm via profilometry) onto the modified substrate by
spin coatilg a 5 wt %toluene solution. The transformation of
the monolayer was induced by the UV conversion of the azide
groups to nitrenes, which then coupled to the aromatic groups of
PS via an insertion process to form a secondary afine.

As a starting point, experiments using infrared reflection
spectroscopy (IRSwere conducted to determine the progression
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azide group and the -€H bending mode for the aromatic ring
(700 cm!) as an indicator for PS, three important conclusions
can be drawn from these data. First, there is no evidence of PS
in the spectrum of the nonphotolyzed composite. This finding
indicates that there is no detectable residue of PS after rinsing.
Second, the magnitude of the=M=N stretch decreases as
photolysis time increases to an undetectable level3® min.

This dependence is in accordance with the exhaustive loss of the
azide moiety upon continued irradiation. Third, the strength of
the aromatic G H bend increases with photolysis time. This
increase confirms that the amount of PS coupled to the gold
substrate via the thiolate monolayer increases in a manner
consistent with the process shown in Figure 1b.

Having established the general details for the transformation
of the composite under our photolysis conditions, we carried out
a series of experiments in which five identically prepared
composites were irradiated through a photomask for 0, 2, 5, 10,
and 20 min and imaged by EFM at a bias voltaget6fV.° The
phase shift A¢) of the oscillating cantilever was used as a
diagnostic for the changes in the attractive force between the tip

(8) Photolysis experiments used light from a 200-W medium-pressure
mercury lamp that was reflected off a dichroic mirror (reflectivity range: 260
400 nm) and focused on samples housed in a sealed plastic casing. The power
incident on the sample was estimated-26 mW/cn?. The photomask (Figure
1la) was used only in the EFM experiments.

(9) All EFM experiments were conducted with Nanoscope llla controller
and MultiMode SPM, (Digital Instruments) which was equipped with a 130-
um tube scanner and Extender module box. Silicon cantilevers (Nanosensors,
224um length and 3Gem width), coated with chromium (3 nm) and then
with gold (22 nm), were used as tips. An oscillation frequency near the resonant
frequency of 58 kHz was used for both topography and electric force
measurements. The EFM images were obtained at a lift-height of 50 nm.
Further details are given in ref 4.
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Figure 3. (a—€) EFM images (50um x 50 um) of a polystyrene/
BASED/gold composite as a function of UV irradiation time through a
Figure 2. (a—e) IRS spectra of polystyrene/BASED/gold composites as photomask. Exposure times a@ 0 min (no UV exposure)(b) 2 min,
afunction of UV irradiation time after washing extensively with toluéne.  (c) 5 min, (d) 10 min, and(e) 20 min. EFM images were collected at a
Exposure times arég) 0 min (no UV exposure)(b) 2 min, (c) 5 min, lift height of 50 nm and bias voltage (grounded sample}6fV. The

(d) 15 min, and(€) 30 min.(f) IRS spectrum of polystyrene on golg) thickness of the PS film was 4@B 50 nm.(f) Plot of the changes in the
Plot of reflectance absorbance for the=N=N stretch of the BASED phase shift (i.e.A(A¢)) between the irradiated and masked regions of
monolayer 2120 cnt?) (O), and aromatic €H bend of polystyrene the samples as a function of exposure time.

(~700 cml) (@) as a function of UV exposure time.

Wavenumbers (cm™)

dipole moment for the secondary amine linkage, however, is
Sintuitively much lower and is likely to be oriented more along
the surface parallel. Thus, the dipole moment of the azide moiety
couples more effectively with the5 V bias voltage and enhances

and grounded substrate. Note that a darker image contrast i
indicative of a stronger attractive force. The images, which are
shown in Figure 3, ae, undergo a marked change with increasing - .
irradiation time. The image of the as-prepared composite is devoid (e attractive force between the tip and substrate. We note that
of any recognizable pattern. After irradiation, however, a pattern IMages of a photolyzed composite at a bias voltage-6fV
consistent with that expected for the photomask appears in all of €xhibit @ reversal in image contrast (i.e., the attractive force at
the images. Moreover, the change in the phase shift f(@¢)) the_ irradiated domains is greater that tha_lt at t_he maskec_zl domains),
between the irradiated and masked regions of the samplesWh'Ch supports our qualitative mechanistic interpretation.
increases with irradiation time, as plotted in Figure 3f. The  In summary, we have shown that EFM can be applied as a
evolution of these images is consistent with the photolytically tool for mapping the chemical transformation of functional groups
induced conversion that is depicted in Figure 1b and confirmed buried under comparatively thick organic polymer films. Ongoing
by the data in Figure 2. These results therefore demonstrate thework is beginning to address factors that contribute to the contrast
ability of EFM to function as a technique for mapping chemical mechanism as well as those of importance to the vertical and
transformations at buried interfacs. lateral resolution.

We next briefly discuss the molecular origins of the contrast
mechanism. The images in Figure 3 show that the attractive force  Acknowledgment. Valuable discussions with Robin McCarley are
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aromatic azide moiety has a large dipole moment and is orientedY-S. Department of Energy by lowa State University under contract
with its negative end closer to the tip than its positive &ithe W-7405-eng-82.
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that was photolyzed for 20 min were40% of that for the composite after an Tangyunyong, P.; Houston, J. E.; Michalske, T. A.; Crooks, RJMPhys.
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