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This paper describes a new approach for quantification
of rates of molecular transport through patterned, or
otherwise heterogeneous, porous films supported on con-
ductive substrates. Scanning Electrochemical Microscopy
(SECM) has been used to image molecular sieving of
redox active probes by thin, electropolymerized films of
Fe(5-amino-1,10-phenanthroline)3

2+ on micropatterned
and microdisk array electrodes. Films as thin as 12 nm
completely block redox mediators with average molecular
diameters greater than 12 Å, whereas smaller diameter
probes (radii 5-8 Å) were observed to permeate selec-
tively. SECM tip currents measured for three different
redox permeants/mediators are observed to decrease with
increasing polymer thickness, consistent with a transport
model that includes partitioning into and diffusion within
the polymer films. Permeabilities, PDf, within the poly-
[Fe(5-NH2-phen)3

2+] films have been quantitatively de-
termined from the SECM tip currents and are in excellent
agreement with data previously obtained from rotating-
disk electrochemistry. This new methodology provides a
versatile approach for quantitative investigation of mem-
brane transport and permeation selectivity with good
lateral spatial resolution.

The rational design and preparation of mesoporous materials
that demonstrate size- and chemo-selective transport is of par-
ticular technological significance and economic importance in the
contexts of catalysis,1 separations,2 and chemical sensing.3 Avail-
able methods for investigation of transport selectivity of membrane
and thin-film materials include, for example, quartz crystal mi-
crogravimetry (QCM),4 rotating-disk electrochemistry (RDE),5 and
two-compartment diffusion cells.6 While these techniques provide

useful quantitative information, they generally measure bulk
membrane transport properties and therefore represent ensemble-
averaged molecular transport. It is therefore difficult to distinguish
or measure individual component contributions arising from
heterogeneous membrane composition (e.g., pinholes; cracks; and
variations in crystallinity, thickness, and interface roughness).

Scanning electrochemical microscopy (SECM) has recently
emerged as a powerful technique for investigation of mass
transport, combining high-resolution visualization of surface
topography with interfacial chemical and electrochemical reactivity
information.7 SECM has been used to study mass transport across
synthetic8 and biological membranes9 and biomaterials;10 ion
transport and charge transfer within polymer films11 and gels;12

and mass transport across liquid/liquid interfaces.13 The kinetics
and thermodynamics of solute partitioning at the interface of two-
phase systems have been analyzed as a function of SECM tip/
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substrate separation and current-time transients.14 Because each
selected molecular probe has its own characteristic redox poten-
tial, SECM has the ability to differentiate individual fluxes of
different analytes in a multicomponent solution.

We have become interested in development of experimental
methods for investigation of ion and molecular transport through
nanostructured, mesoporous materials. Of particular interest is
the examination of size-selective transport through films of
transition metal containing cyclophanes (molecular squares15 and
rectangles16) and electrodeposited polymer films.17 Our initial
studies of these polymer films,17 and earlier studies by Murray et
al.,18 showed (via rotating-disk voltammetry measurements involv-
ing redox-active probe molecules) that electropolymerized films
of Fe(5-NH2-phen)3

2+ possess nearly perfect molecular sieving
properties, and are permeable to solutes with diameters less than
∼12 Å. We have a particular interest in acquiring the ability to
measure permeant transport rates while spatially differentiating
between heterogeneous membrane/film regions or morphologies
on surfaces.

We have therefore initiated SECM imaging of molecular
transport in polymerized [Fe(5-NH2phen)3

2+] films as a well-
characterized model system for development and application of
SECM methods for investigating transport through films of
mesoporous molecular materials. This paper describes the ap-
proach used to image molecular sieving qualitatively and to
determine film permeation rates quantitatively within the polymer
films using an SECM methodology.

EXPERIMENTAL SECTION
Chemicals. Iron(II) tris(5-amino-1,10-phenanthroline) hexaflu-

orophosphate (denoted Fe(5-NH2-phen)3
2+) was prepared accord-

ing to standard methods,19 using 5-amino-1,10-phenanthroline
ligand purchased from Polysciences, Inc. Aqueous solutions were
prepared using ultrapure (18 MΩ cm) water (Barnstead Milli-
pore). All other chemicals were used as received.

Instrumentation. Scanning electrochemical microscopy was
performed with a CH Instruments model 900 SECM. All voltam-
metry and SECM measurements were performed in aqueous
solutions using a Pt counter electrode and an Ag/AgCl reference
electrode. The SECM tip position was visually observed with a
CCD camera (Panasonic KR222, Edmund Scientific) and a video
monitor. Prior to all SECM scans, the potentials of the tip and
substrate were held for a minimum of 60 s.

Atomic force microscopy (AFM) was performed using a Digital
Instruments Multimode Nanoscope IIIa. All measurements were
obtained in tapping mode using single etched silicon (TESP)
Nanoprobe SPM tips (cantilever length 125 µm and resonance
frequency 307-367 Hz, Digital Instruments). Thickness measure-
ments of the polymer films on ITO were obtained using the
“section” analysis feature of the Digital Nanoscope software
(version 4.23r2).

Preparation of Substrates and Electrodes. Indium tin-oxide
(ITO) coated glass slides (Delta Technologies) were cleaned by
soaking in a 20/80 (V/V) ethanolamine/water solution at 80 °C
for 15 min, followed by sonication and rinsing with water.
Micropatterned ITO substrates were prepared by spin coating
photoresist (Shipley 1822) onto precleaned ITO slides at a
spinning rate of 4000 rpm for 50 s, dried at 90 °C for 30 min,
followed by rinsing with chlorobenzene. The photoresist-coated
substrates were then placed in a Quintel Q-2001CT mask aligner,
exposed for 50 s through a 50 µm × 50 µm grid, and immediately
developed in a 1:1 dilution of Shipley Microposit developer and
water.

In addition, a microdisk array, consisting of the exposed tips
of six individual 25-µm-diameter Pt wires (Goodfellow) sealed in
glass and contained within a single 1-cm-diameter epoxy (Shell
Epon 828 Resin, Miller-Stephenson) cylinder, was constructed.20

The microdisk array cylinder was machined, to expose the
microelectrodes in a flat surface, and then polished with succes-
sively finer grades of alumina (to 0.03 µm, Buehler). The
microelectrode areas were determined from limiting currents
obtained during reductive scans in aqueous solutions of 5 mM
[Ru(NH3)6]Cl3 using standard methods.21

SECM tips consisting of 8-µm diameter carbon fibers (Alfa
Aesar) were electrically connected to tungsten wires using
conductive silver epoxy (Grace) and sealed in glass microcapil-
laries using a fast curing, insulating epoxy (ITWDevcon, Danvers,
MA). The exposed carbon fiber was insulated by electrodeposition
of poly(oxyphenylene) according to literature methods.22 The tip
of the carbon fiber was freshly exposed using a sharp blade prior
to each experiment; and the area of the carbon fiber disk electrode
was determined from cyclic voltammetry limiting currents, as
described above.

Preparation of Electropolymerized Films. Polymer films
were formed during cycling of the electrical potential of the
supporting platform in aqueous solutions containing 0.5 mM Fe-
(5-NH2phen)3

2+ as described previously.17 The coated platforms
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were removed from the polymerization solution and rinsed with
copious amounts of water. AFM images of the electropolymerized
films on ITO were obtained after removing the photoresist grid
by rinsing with acetone.

RESULTS AND DISCUSSION
To develop new methods for the study of mass transport

processes, it is first necessary to employ a model system. Our
previous work17 reported permeation rates obtained from RDE
voltammetry through polymer films electropolymerized onto disk
electrodes with large surface areas, >0.25 cm2. We sought to
utilize this information to develop a new SECM methodology for
these measurements. A schematic of these two techniques is
illustrated in Scheme 1. The left-hand side of Scheme 1 depicts
the measurement of molecular transport to a rotating disk
electrode through first the bulk solution and the polymer film. In
comparison, SECM can be used to image mass transport from
the conductive support surface, by positioning the SECM probe
above the substrate (Scheme 1, right) and poising the potential
to detect species diffusing from the film (e.g., the “collector”).
The well-characterized electropolymerized films were chosen as
a model system for development of SECM, with the goal of using
these experiments in our studies of nanostructured molecular
materials.15,16

Since the polymerized Fe(5-NH2-phen)3
2+ films were previously

found to be amorphous and defect free,17 imaging these surfaces
by SECM would likely result in relatively nondescript current
responses that would provide little additional information. Con-
sequently, we prepared intentionally structured films by carrying
out the Fe(5-NH2-phen)3

2+ polymerization on a micropatterned
substrate featuring a known, regular array of conductive and
insulating areas. The patterned films allow facile quantification of

transport rates and also provide a means for locating specific target
areas on the surface. In addition, the pattern serves as a reference
registry for pre- and post-surface characterization by ex-situ
methods (e.g., AFM, XPS, and EDX). The ITO support material
can be used as the working electrode in the oxidation of Fe(5-
NH2phen)3

2+ to form thin polymer films of controllable thickness
within the patterned ITO holes. An optical micrograph of an ITO
substrate, patterned with a photoresist mask using standard
photolithographic methods, is shown in Figure 1A. The process
produces a continuous array of evenly spaced 50 µm × 50 µm
conductive microelectrodes (white squares in Figure 1A), sepa-
rated by an insulating photoresist grid that is ∼200 nm thick.

We have shown previously17 that the extent of polymer film
growth is a function of the number of applied anodic cycles, with
the films reaching a self-limiting thickness, d, of ∼50 nm. Figure
1B is a tapping-mode AFM image of one of the ITO squares coated
with a poly[Fe(5-NH2phen)3

2+] film obtained after 100 voltammet-
ric cycles. From the AFM image, the dimensions of the polymer-
coated ITO hole are 48 µm × 46 µm and the surface of the
polymer film is apparently amorphous and defect-free. The image
cross-section (Figure 1C) reveals the average film thickness to
be 51 nm, consistent with our earlier observations of polymer film
growth on glassy carbon and ITO surfaces.17

Scheme 1. Cartoon Comparing the Mass
Transport during Rotating Disk Electrochemistry
(left) and SECM (right) Experiments, Where O
and R Represent the Oxidized and Reduced
Forms of the Redox Probe, Respectively; Ds and
Df Are the Diffusion Coefficients in the Solution
and Film, Respectively; d Is the Thickness of the
Filma

a The partition coefficent, P, for the analyte across the polymer/
solution interface is not depicted

Figure 1. (A) Optical micrograph of a 500 µm × 500 µm area of
ITO substrate with a photoresist pattern. (B) Tapping mode AFM
image of a micropatterned electropolymerized poly(Fe(5-NH2-
phen)3

2+) film, with (C) the image cross-section.
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A SECM image of a micropatterned ITO substrate, obtained
using the experimental approach depicted in the right-hand panel
of Scheme 1, is shown in Figure 2A. In this experiment, the
potential of the substrate (Esub) is held at -0.35 V (vs Ag/AgCl),
fully reducing Ru(NH3)6

3+ to Ru(NH3)6
2+ (i.e., the substrate is the

“generator”), and the SECM tip is used to “sense” the amount of
generated Ru(NH3)6

2+ using an applied potential (Etip) of 0 V (i.e.,
the tip is the collector). The bright areas in the image indicate
higher current at the SECM tip and correspond to the roughly
50 µm × 50 µm bare ITO holes. The photoresist layer is
impermeable to Ru(NH3)6

3+ so that the tip current obtained above
these areas is lower. The finite amount of current obtained above
the photoresist layer is a result of the growth of the Ru(NH3)6

2+

diffusion layer from the bare ITO subtrate.23 The currents
observed in Figure 2A (and in other SECM images below) are
independent of scan direction.

We have previously shown that the poly-[Fe(5-NH2-phen)3
2+]

films possess the ability to exclude redox probes selectively on

the basis of their size; we also observed that the permeation
current for smaller probes decreased with increasing film thick-
ness.17 The films’ selectivity implied the absence of large numbers
of defect sites, but given the large area of the electrode surfaces
in the RDE experiment, a direct relationship between microscale
structure and transport behavior could not be derived. SECM is
capable of simultaneously mapping both surface topography and
probe permeation rates, and was thus used both to image selective
permeation qualitatively and to assess the permeation rates within
the films quantitatively.

Imaging Size-Selective Molecular Sieving. Figure 2 shows
gray scale SECM images of an identical region of a patterned ITO
substrate with bare ITO (A, B, C) or ITO with a 12-nm-thick poly-
[Fe(5-NH2phen)3

2+] film (A′, B′, C′). The series of images was
taken using aqueous solutions of three redox probes of varying
diameters and charge: 5 mM Ru(NH3)6

3+, diameter 5.5 Å(A, A′);
5 mM Fe(phen)3

2+, diameter 13 Å(B, B′); and 8 mM Fe(bathophen-
anthroline(SO3)2)4-, diameter 24 Å(C, C′). In all six images, the
SECM tip is maintained at constant height24 and applied potential
(0 V vs Ag/AgCl), acting as collector for the redox mediator which
is electrogenerated at the substrate. Current is therefore only
observed for species that permeate the polymer film.

Figure 2 parts A and A′ show that the SECM tip current
obtained for the oxidation of Ru(NH3)6

2+ above the film-covered
substrate (A′) is ∼25% lower than the current above bare ITO
(A). Images (not shown) obtained with the redox mediators
ferrocenemethanol (FcMeOH), ferricyanide, and ferrocyanide
(with diameters 4.5, 6.0, and 6.0 Å, respectively) show similarly
attenuated tip currents over polymer-covered substrates. In
contrast, the redox mediators Fe(phen)3

2+ and Fe(bphen(SO3)2)3
4-

(Figure 2 parts B′, C′) have little or no observable tip permeation
current (corresponding to the re-reduction of Fe(phen)3

3+ and
Fe(bphen(SO3)2)3

3-, respectively) over the film-covered ITO. An
identical effect is observed with Co(phen)3

2+ (not shown). SECM
images are readily obtained using these probes on bare ITO
(Figure 2 parts B, C). The lack of signal observed for Fe(phen)3

3+

and Fe(bphen(SO3)2)3
3- in the images of the film-covered substrate

results from their exclusion from the polymer film on the basis
of molecular size, where species with radii greater than 12 Å
(Figure 2 parts B′,C′) are apparently completely blocked by the
film, consistent with earlier reports.17,18 The advantage of SECM
is that we are simultaneously able to assess the film’s spatial
uniformity and size selectivity.

Quantification of Molecular Permeation Rates. The at-
tenuation of the current response for Ru(NH3)6

2+ (as in Figure
2A′) results from the well-known contribution of permeation within
the polymer film to the overall mass transport rate, where the
total current at an electrode, ilim

∞, may be expressed as18

In eq 1, iMT is the mass transport limited current for the electrode
and iP is the permeation current. Equation 1 was originally

(23) The details of the diffusion profiles above the pattern have not been
extensively investigated, but are expected to be similar to observations made
during SECM of porous membranes. See ref 7d.

(24) An approach curve is performed prior to only the first scan, so that the tip
height above the substrate is ∼2 µm. Subsequent scans are performed at
the same fixed height to eliminate distance effects from the analysis.

Figure 2. SECM images of a patterned array using a 4-µm radius
carbon fiber tip held at 0 V (vs Ag/AgCl) scanning at a rate of 30
µm/s of (A, A′) 4.8 mM [Ru(NH3)6]Cl3 and Esub ) -0.35 V; (B, B′) 5.1
mM [Fe(phen)3](SO4) and Esub ) +0.5 V; (C, C′) 4.3 mM Na4[Fe-
(bphen(SO3)2)3] and Esub ) +1.0 V. The images on the left (A, B, C)
are scans of bare ITO patterned substrate. The right-hand images
(A′, B′, C′) are images taken at the same tip-substrate separation
distance (2 µm) as in (A, B, C), but the substrate is a ∼12-nm-thick
film of electropolymerized Fe(5-NH2-phen)3

2+ on ITO. Current scales
(S) are 4.3 nA for (A, A′); 7.1 nA (B, B′); and 1.2 nA (C, C′).

1
ilim
∞ ) 1

iMT
+ 1

ip
(1)
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developed for the limiting current measured using a film-covered
electrode. For a microelectrode with radius r (i.e., a SECM tip),
the current obtained at infinite distance from a bare substrate, i∞

() iMT), is given by the well-known equation25

so that the limiting current in eq 1 is rewritten for a microdisk
electrode measuring the diffusion of redox mediator at an infinite
distance away from a film-covered substrate18

where Ds and Df are the diffusion coefficients in the solution and
film, respectively; P is the solute partition coefficient;26 C is the
redox mediator solution concentration; n is the number of
electrons transferred per redox event; and F is Faraday’s constant.

Equation 3 may be rearranged to give:

When the SECM tip is close to a conductive substrate and the
experiment is operated in “feedback” mode, the tip current is
enhanced according to the equations27

where L is the ratio of tip height above the substrate to its radius,
and k1, k2, k3, and k4 are geometric factors that depend on the
relative radii of the electroactive tip and its insulating sheath.27

Since there are no redox-mediator-dependent variables in KG, and
(25) Howell, J. O.; Wightman, R. M. Anal. Chem. 1984, 56, 524.
(26) P is defined as the ratio of solute concentrations in the film and in the

solution, Cf/C.
(27) (a) Amphlett, J. L.; Denuault, G. J. J. Phys. Chem B 1998, 102, 9946. (b)

Martin, R. D.; Unwin, P. R. Anal. Chem. 1998, 70, 276.

Figure 3. Current response as the SECM is scanned across the
patterned array surface, in a 3 mM aqueous solution of FcMeOH,
Esub ) +0.5 V and Etip ) 0 V (vs Ag/AgCl), for substrates with 12-
nm- (A, -•-•-•-) or 38-nm-thick (B, -•-•-•-) metallopolymer films or over
bare ITO (s). The tip currents scanning the polymer films (-•-•-•-)
have been shifted on the current axis by +10 nA to overlay the
response for the bare substrate (s).

i∞ ) 4nFrDsC (2)

1
if
∞ ) 1

4nFrDsC
+ d

nFAPDfC
(3)

Figure 4. Plot of normalized tip current (i/if) versus polymer film
thickness (d) for (A) the photoresist/ITO patterned substrate and (B)
the Pt microdisk array of the redox mediators Ru(NH3)6

3+ (1),
Fe(CN)6

4- (b), and FcMeOH (9) using Esub ) -0.35, +0.4, and +0.35
V, respectively, and Etip ) 0 V vs Ag/AgCl.

if
∞ )

4nFrDsC

[1 +
4Dsd
πrPDf]

(4)

i ) KGi∞ (5)

KG ) k1 +
k2

L
+ k3 exp

k4

L
(6)
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using the same notation as eq 5, the current at the SECM tip
during positive feedback above a film-covered substrate may be
written as:

Combining eqs 5 and 7, if the tip geometry and its height above
the substrate are constant (as in our experiments), the following
is obtained:

By substituting in eqs 3 and 4

we obtain:

A linear relationship between the normalized current (i/if) and
film thickness is expected.28

To test eq 10, polymer films of varying thickness on the
patterned ITO/photoresist substrates were prepared, but with only

half of each pattern containing polymer films.29 Using these
assemblies, the SECM tip was scanned linearly at fixed height,
with the substrate as generator and the tip as the collector as
described above. Figure 3 shows examples of the tip current
obtained during scans over patterns featuring 12- and 38-nm thick
polymer films, compared with that obtained during scans over
bare ITO under identical conditions. Note that the polymer film
currents in Figure 3 are offset upward by 10 nA for visual
illustration. Substantial attenuation of tip current occurs in scans
of the film-covered versus bare ITO, a result of permeation within
the polymer film. Tip currents also diminish with increasing
polymer-film thickness, for example, comparing parts A and B of
Figure 3, as predicted by eq 10. To quantify the relationship
between SECM tip response and substrate film thickness, the
amplitudes of the peak-to-peak currents in Figure 3 are taken as
the background-subtracted tip current and then normalized to the
response obtained over bare ITO. The line scans obtained across
the surface also allow a large number of data points to be rapidly
collected, so that signal averaging (which reduces the effects of(28) This model assumes that the diffusion coefficients for the oxidized and

reduced forms of the redox mediator are equivalent. Differences in transport
rates based on oxidation state have been observed by SECM previously
(see ref 27b) and, in the more complicated experiments here, would likely
result in nonlinear terms in eq 10.

(29) Polymer films less than 10 nm thick were excluded from the study because
of the anomolous permeation behavior previously observed for them. See
ref 17.

Table 1. Permeation Rates in Poly-(Fe(5-NH2-phen)3
2+)

Films Measured Using Scanning Electrochemical
Microscopy vs Rotating Disk Electrochemistry

SECM
RDE

permeant
Ds × 106 a

(cm2 s-1)
PDf × 109 (ITO)b

(cm2 s-1)

PDf × 109

(disk)c

(cm2 s-1)
PDf × 109 d

(cm2 s-1)

Ru(NH3)6
3+ 14.5 10 ( 2 6.7 ( 0.8 11 ( 3

Fe(CN)6
4- 7.2 18 ( 3 13 ( 3 19 + 4

FcMeOH 9.5 67 ( 3e 49 ( 5e 61 + 7
Fe(phen)3

2+ 6.1 (0.3)f not
deter-
mined

not detected

a Diffusion coefficient in solution, determined from eq 3 using
limiting currents obtained at a 4.1-µm-radius carbon fiber microdisk
electrode. b PDf values determined from eq 4 using the slope of the
plots in Figure 4A for films electropolymerized onto patterned ITO
substrates. c PDf values (as in (b)) from the plots in Figure 4B for films
on Pt microdisk electrodes. d PDf values from ref 17 determined using
RDE voltammetry. e Value measured for oxidized permeant, Fc-
MeOH1+. f Calculated from the tip current above a 12-nm-thick polymer
film (Figure 2B′); permeation current (,1 pA) was not observed for
thicker films.
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Figure 5. SECM images (40 µm × 40 µm × 2.1 nA) of 25-µm-
diameter Pt disk electrodes held at +0.5 V with films that are (A) 0
nm (bare electrode); (B) 12-nm-; (C) 22-nm-; (D) 29-nm-; (E) 34-nm-;
(F) 38-nm-thick. The aqueous solution contains 4.6 mM FcMeOH,
and the image was taken using a 4-µm-radius carbon fiber micro-
electrode tip (Etip ) 0 V vs Ag/AgCl) at a distance of 2 µm from the
Pt disk substrates, and a scan rate of 30 µm/s.
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differences in surface conductivity of the ITO, thickness of the
photoresist, and variation in tip height) is possible.

Normalized tip currents (i/if) are plotted versus polymer film
thickness in Figure 4A for patterned photoresist/ITO assemblies
in contact with aqueous solutions of the redox mediators Ru-
(NH3)6

3+ and FcMeOH. Note that the SECM tip senses the redox
reaction product as it diffuses from the substrate, so that the tip
currents result from redox reactions of Ru(NH3)6

2+ and Fc-
MeOH1+. Each point in the plot represents the average of at least
20 data points. As expected from eq 10, the permeation current
is inversely proportional to the thickness of the polymer film.
Using the slopes from the linear regression of these plots, the
permeabilities (PDf) for these species have been calculated from
eq 10 and are summarized in Table 1.

To further test the ability of SECM to assess permeabilities
quantitatively and to confirm that the photoresist mask did not
interfere with the analysis, the experiments were repeated using
an assembly consisting of six coplanar Pt microdisks. Metallopoly-
mer films of increasing thickness were sequentially electropoly-
merized on five of the six disk electrodes and the surface of the
assembly scanned by SECM. Figure 5 shows the three-dimen-
sional SECM images of the microdisks, taken at a 2-µm tip height
in an aqueous solution of FcMeOH, where disks A-F have
polymer films that are 0-, 12-, 21-, 28-, 31-, and 38-nm thick,
respectively. Figure 5 demonstrates that as the polymer film
thickness increases, the SECM tip current decreases: the
maximum current observed in Figure 5F is ∼70% of that observed
for a bare Pt disk (Figure 5A).30 Taking the maximum current
observed for each Pt microdisk and again normalizing for the bare
substrate response, the ratio of the currents, i/if, is plotted versus
polymer film thickness in Figure 5B for the permeants Ru(NH3)6

3+,
Fe(CN)6

4-, and FcMeOH. The values for PDf calculated from the
linear regression of these plots are given in Table 1, together with
the values obtained in previous RDE experiments.17 Comparison
of the data shows that the permeation rates obtained during
separate SECM and rotating-disk electrochemistry experiments
are in excellent agreement.

Finally, very small permeation tip currents are observed for
thin polymer films using the redox mediator Fe(phen)3

2+ (Figure
2B′), but are not observed for thicker (>12-nm) films. Using the
permeation current from Figure 2B′ (compared with that from
Figure 2B) and eq 4, a PDf value of 3 × 10-10 cm2/s is calculated.
Permeation currents for Fe(phen)3

2+, even for very thin metal-
lopolymer films, were not observable by RDE,17 highlighting the
sensitivity of SECM.

CONCLUSIONS
Scanning electrochemical microscopy has been used to image

size-selective permeation of redox-active species through thin
polymer films. The current response of the tip over either the
photoresist/ITO pattern or the Pt microdisk array is uniform, and
there is no evidence of film pinholes or cracks. Further improve-
ments in spatial resolution could well make SECM the preferred
approach for evaluating permeable film morphology. PDf values
for three redox probes measured by SECM correspond well with
those previously measured by RDE voltammetry, validating the
SECM method as a viable and powerful analytical tool for
quantitative, spatially resolved measurement of permeation rates.
Future studies will focus on applying this methodology to
investigate the influence of structural features (i.e., film morphol-
ogy and single-crystal orientation) on molecular transport through
mesoporous molecular “square” and “rectangle” materials.
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(30) SECM images of the uncoated microdisks, which are not shown here, have

tip current responses that are identical.
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