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A fountain pen probe has been developed to extend the scope of scanning electrochemical microscopy

(SECM) experiments to dry surfaces. The fountain pen is fabricated by UV-photoablation of

a polyethylene terephthalate (PET) film and consists on one side of one microchannel for flowing an

electrolyte solution to the open tip, integrating a reference/counter electrode and on the other side

a carbon track. The exposed tip of the track forms the working electrode located close to the

microchannel outlet. The fountain pen can operate in a pointillist mode where a nanolitre droplet at the

bottom of the probe connects it to a well-defined surface area to study locally the substrate, but can also

operate in a scanning mode leaving a linear wet track of solution behind it to monitor the surface

activity. The electrochemical characterization of the proposed fountain pen probe was performed by

cyclic voltammetry, approach curves and lateral line scans over insulating and conductive substrates,

showing that the flow rate and the probe-substrate distance have a major influence on its

electrochemical behavior. An SECM image of a gold on glass EPFL logo is presented as a proof-of-

concept that fountain pen probes can be employed for the detection of surface activity when scanning in

a contact regime.
Introduction

Recently, a lot of attention has been paid to scanning electro-

chemical microscopy (SECM), a scanning probe technique, for

characterizing the chemical reactivity or topography of surfaces

with a high resolution and sensitivity,1–6 as well as for per-

forming quantitative kinetic measurements at different inter-

faces (e.g. liquid/liquid, solid/liquid and gas/liquid).7–16 SECM

takes advantage of the fast mass transport at a microelectrode

to achieve a steady-state current for the oxidation or the

reduction of a present redox mediator.11,17 By moving the probe

horizontally and measuring the amperometric probe current iT
as a function of horizontal coordinates (x, y), a 3D image is

build, where changes in iT are directly correlated to the changes

in surface activity or topography. Quantitative kinetic infor-

mation is also obtained from comparing experimental results

with numerical simulations of combined mass transport and

interfacial kinetic models.7,18–21 Therefore, SECM has been

successfully applied to the screening of catalysts,22 to the study

of corrosion23 and biological processes24,25 and to surface

patterning.26–29

Additionally, since the SECM positioning system and the

micrometre sized probe provide localized electrochemical char-

acterization within areas ranging from nm2 to mm2, the study of
aLaboratoire d’Electrochimie Physique et Analytique, Ecole Polytechnique
F�ed�erale de Lausanne, Station 6, CH-1015 Lausanne, Switzerland. E-mail:
hubert.girault@epfl.ch; Fax: +41 21-693 3667; Tel: +41 21-693 3145
bDepartment of Pure and Applied Chemistry, Center of Interface Science
(CIS), Faculty of Mathematics and Natural Sciences, Carl von
Ossietzky University of Oldenburg, D-26111 Oldenburg, Germany

† Electronic supplementary information (ESI) available: Details of probe
geometry and mounting and further explanation of the probe-substrate
distance employed. See DOI: 10.1039/c0ay00096e

This journal is ª The Royal Society of Chemistry 2010
electrochemical processes occurring at microenvironments can

also be performed by SECM.30–32 In order to extract reliable

information, different constraints have to be considered. On the

one hand, the electrochemical cell has to be contained within

a microscopic volume, which requires not only the use of small

electrodes (i.e. working, reference and counter electrodes), but

also a special arrangement of a miniaturized electrochemical cell

in such a way that electrode collision does not occur upon

scanning. On the other hand, considering that solute concen-

trations in low volume systems can vary drastically upon solvent

evaporation, experimental artifacts may arise and surface

modifications have to be minimized (e.g. to avoid precipitation

processes).

Micrometer sized electrodes are readily prepared by different

techniques, such as by sealing a microwire (e.g. platinum wire or

a carbon fiber) either in a glass pipette, in a resin such as

epoxy5,33 or in an insulating polymer film.34–36 Additionally,

integrated three37 or two31,32 electrode cells have been intro-

duced to simplify the electrochemical cell design, to impede

collisions between electrodes and to allow an easier positioning

of the electrochemical cell. The scanning droplet cell introduced

by Lohrengel et al. is based on a three-electrode cell setup,

where a capillary containing the reference and counter electrode

delivers an electrolyte droplet on a conductive surface. The

working electrode is thus defined by the wetted area.37 Despite

common potentiostatic techniques can be employed with this

setup for surface activity studies, it is restricted to the study of

conductive substrates. Spaine and Baur reported a positionable

microcell supported in a theta glass capillary.31 The working

electrode located at one of the channels was composed of

a carbon fiber sealed with epoxy, while a Ag/AgCl wire was

positioned as the reference electrode at the other compartment

within a concentrated solution of NaCl. This device was
Anal. Methods, 2010, 2, 817–823 | 817
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completed by a salt bridge at the bottom of the pulled glass

capillary, which allows the electrical connection and a physical

separation between the reference electrode and the analyte

solution. Both voltammetric and SECM measurements were

performed successfully at subnanolitre volumes. In spite of that,

the preparation of this dual probe is cumbersome and a high

expertise is required. Additionally, the mechanical stability of the

probe is easily compromised by any probe-substrate crash.

Another procedure for preparing integrated two electrode

microcells was recently introduced by Turcu et al. where

a common glass-encapsulated microelectrode was chemically

coated with an Ag film and used as reference electrode.32 The

main advantage of this dual system is the simplicity of the device

and its preparation method. Steady-state voltammetry and

SECM images of Pt bands in a nanolitre droplet were obtained as

a proof-of-concept of the functionality of the proposed dual

system. In order to decrease the influence of solution evaporation

on the SECM imaging, Turcu et al. covered a nanolitre droplet of

the redox mediator solution with a layer of paraffin oil, but with

adsorption of this oil onto the microelectrode only between 3 to

4% of the initial current changes were observed after 50 min of

continuous scanning on a Pt band microarray. With the purpose

of avoiding any contamination, special attention has to be paid

to the positioning of the redox mediator droplet, the microelec-

trode and then the covering mineral oil layer. The latter obliges

the use of a physical barrier that precludes the paraffin leakage,

limiting at the same time the scanned area. The use of a humidity

chamber to provide a controlled water-saturated atmosphere or

the addition of glycerin to the supporting electrolyte have been

also employed with the purpose of decreasing the effect of

evaporation on microsystems.31,38–41 Recently, Juncker et al.

introduces a multipurpose microfluidic probe (MFP) which

result from the coupling of microfluidics and scanning probes.42

The MFP is based on two apertures placed at the bottom of the

device from where solution is injected and aspirated, creating

a locally microfluidic flow that covers the sample surface. Taking

advantage of microfluidic probes, evaporation problems could

be overcome by flowing constantly solution to the gap in between

the probe and the sample surface. A similar concept has been

already applied in atomic force microscopy (AFM) for surface

patterning, where a fluidic channel is introduced into the AFM

cantilever, allowing the fluid transport from a reservoir to the

end of the cantilever.43–46

The present work introduces a fountain pen probe for SECM,

fabricated by ablating two parallel and aligned microchannels on

opposite sides of a polyethylene terephthalate (PET) sheet. One

of the microchannels is filled with carbon ink before coating and

the carbon track tip is used as working electrode, while the other

is covered by lamination and is used for flowing solution to the

tip. An integrated two-electrode cell is completed by a third

microchannel filled with Ag/AgCl ink and that is in physical

contact with the solution flowing through the microchannel. This

new probe is based on the same preparation method of the

recently developed soft stylus probe,47 but introduces a fluidic

microchannel and a counter/reference electrode (CE/RE) that

may extend the scope of SECM to the scanning of dry surfaces in

a contact regime. As a proof-of-concept a gold on glass EFPL

logo was imaged by using the fountain pen probe in scanning

contact regime.
818 | Anal. Methods, 2010, 2, 817–823
Experimental

Chemicals

Ferrocene methanol (FcCH2OH, $97%, Sigma-Aldrich) and

KNO3 ($99%, Buchs, Switzerland) were used as received.

Deionized water was produced by a Milli-Q plus 185 model

from Millipore (Zug, Switzerland). Fountain pen probes were

produced using 100 mm thick polyethylene terephthalate

films, Melinex (PET, Dupont, Wilmington, DE, USA) and

50 mm polyethylene/polyethylene terephthalate (PE/PET,

Payne, Wildmere Road, Banbury, England) lamination foils.

Laser-machined tracks in PET were filled by Electrador

carbon ink (Electra Polymer & Chemicals Ltd., Roughway

Mill, Dunk Green, England) for the working electrode and

by Ag/AgCl ink (ERCON, Wareham, MA, USA) for the CE/

RE electrode.
Preparation of a gold micro EPFL logo on glass

Glass slides were treated with piranha solution and cleaned by

sequential sonication in ethanol, acetone and purified water

followed by drying under a stream of Argon. A gold EPFL logo,

100 nm thick, was prepared in an Edwards Auto 306 evaporator

operating at a pressure less than 5 � 10�6 mbar. A metallic mask

defined the EPFL logo pattern (1000 mm � 1400 mm). The film

growth was initiated by the thermal evaporation of a 1 nm thick

chromium (99.99%, Balzers) layer at <0.1 nm s�1 in order to

enhance the adhesion of the Au layer. Gold (99.99%, Balzers)

was subsequently evaporated at <0.1 nm s�1 up to 5 nm, before

increasing the deposition rate to 0.2 � 0.3 nm s�1 for the depo-

sition of a 100 nm layer. An optical picture of the EPFL logo

pattern was obtained by using a scanning laser microscope (VK

8700, Keyence).
SECM measurements

SECM measurements were carried out using a custom-built

SECM setup running under SECMx software48 and comprising

an IVIUM compactstat (IVIUM Technologies, The Nether-

lands) operating in a classical three-electrode mode or under

bipotentiostatic conditions. Data analyses were carried out using

MIRA software.49 The electrochemical cell comprises Ag/AgCl

as CE/RE and a carbon track as working electrode. All potentials

are reported with respect to the Ag/AgCl electrode. After pol-

ishing, the quality of the electrode was checked with a Laborlux

D optical microscope (Leitz, Germany). All the samples were

mounted on the bottom of a flat cell construction and investi-

gated at room temperature (20 � 2 �C).

For using the new probe in the contact regime, the probe was

mounted with a slight tilt with respect to the sample surface

thanks to the tapering and the stiffness of the probe. When the

probe was pressed against the sample the polymeric probe bends

in a way that the cross-section of the carbon track is closer to the

sample than the opening of the microfluidic channel (inset of

Fig. 3a, later). In order to enable imaging, a new routine was

included in the SECMx software that allows examining a surface

in contact and contact-less regime during the forward and the

backward scanning, respectively. During the forward scan the

probe is pressed against the sample, bent, and dragged over it.
This journal is ª The Royal Society of Chemistry 2010
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This is possible without damaging the studied surface, if the

sample material is harder than the PET sheet from which the

probe was made. After completion of the forward scan, the probe

is lift off the sample surface by a preset stroke height so that the

probe is freely suspended. It is then moved horizontally back to

the start position of the line scan followed by an incremental step

in the low frequency scan direction. The probe is brought again

into mechanical contact with the sample by a vertical translation

equal to the negative value of the stroke height and the next line

scan in the contact mode commences. Images are constructed

from the data acquisition of forward line scans in contact mode.

By doing this, the probe bending degree and bending direction

are always the same within one image frame when scanning in

contact regime.
Fountain pen probe preparation

Three microchannels were prepared into a polyethylene tere-

phthalate (PET) film by laser ablation through a metallic mask

using a 193 nm ArF excimer laser beam (Lambda Physik,

G€ottingen, Germany, fluence ¼ 0.2 J, frequency ¼ 50 Hz) as

reported in previous works.47,50,51 The width, depth and length of

the prepared microchannels were 35 mm, 40 mm and 6.5 cm for

the open microchannel, 15 mm, 20 mm and 4 cm for the working

electrode (WE) and 35 mm, 40 mm and 2 cm for the CE/RE. The

open microchannel and the one dedicated as WE were aligned at

each side of the PET film, while the open microchannel and the

one used as CE/RE were perpendicularly connected over the

same PET face (Fig. 1). Carbon and Ag/AgCl inks were applied

(manually with a spatula) to create conductive tracks for the WE

and CE/RE, respectively. After curing the conductive tracks at

80 �C for 1 h, one PE/PET film lamination was applied over the

electrode and one underneath. A reservoir was glued at one of the

extremities of the open microchannel to allow the connection

with an external pumping syringe system (KD Scientific). A cross

section of the microchannel was then exposed by mechanical

cutting and polishing by successively finer diamond lapping discs

(Ultra-prep, Buehler, Schlieren, Switzerland) with different

particle sizes of 30 mm, 6 mm, and 0.1 mm using a custom-built

polishing machine. In order to avoid the blocking of the fluidic

microchannel during the polishing process, it was first filled by

capillarity with a saturated KCl solution that was left to crys-

tallize. Then, the electrode was polished and finally submerged in
Fig. 1 a) Schematic representation of the fountain pen probe used as

working electrode for SECM; b) optical image of the carbon electrode

exposed by mechanical polishing.

This journal is ª The Royal Society of Chemistry 2010
water for 4 h until the KCl was totally dissolved and the electrode

was ready to use.
Results and discussion

Fig. 1a shows a schematic representation of the fountain pen

probe prepared by the method presented above. As it can be seen

the fountain pen probe integrates a two electrode system, where

the electrical connection between the WE and the CE/RE is made

by the solution that is flowing through the open microchannel.

From Fig. 1b it is possible to see the good parallel alignment

between the open microchannel (thickness ¼ 35 mm, width ¼
40 mm) and the microelectrode (thickness ¼ 20 mm, width ¼
15 mm). The microchannel prepared for the working electrode is

almost completely filled with carbon ink. The working electrode

has a trapezoid-like shape defined by the cross-section of the

prepared microchannel, which can be easily reproduced.

The electrochemical characterization of the fountain pen

probes was performed by cyclic voltammetry, approach curves

and horizontal line scans over conductive and insulating

substrates. Before each experiment, an aqueous solution of

FcCH2OH in KNO3 was allowed to flow out until a drop of the

solution covered completely the tip of the electrode and made

a physical contact with the substrate (see inset in Fig. 2a and

Fig. S1, ESI†). Fig. 2a presents the cyclic voltammogram of

FcCH2OH at a fountain pen probe at a flow rate of 25 mL h�1 and

0 mL h�1. Since the electrode was placed around 500 mm above

the sample, a steady state bulk situation can be assumed. The

steady state currents obtained for both cases results from the

pseudo-hemispherical diffusion present at the microelectrode.

Despite the very low charging current observed, the slope of the

rising part of the curve is lower than expected for a reversible

redox couple due to a high ohmic drop between the CE/RE and

the WE. This can be overcome by increasing the concentration of

the supporting electrolyte, increasing the area of the CE/RE

electrode and by reducing the actual separation distance between

these two electrodes (i.e. 4 cm). According to Fig. 2a, the flow

rate has little influence on the cyclic voltammetry when the

electrode is located far away from the substrate, the small

increase observed at 25 mL h�1 being most likely due to an

enhanced mass transport.

Approach curves at a flow rate equal to 25 mL h�1 over an

insulating glass and a conductive gold film were performed

resulting in the curves shown in Fig. 2b (continuous lines), and

compared qualitatively to approach curves (dashed lines)

obtained in the same conditions, but using the carbon working

electrode immersed classically in the electrolyte above the

substrate. The latter case corresponds to the recently developed

soft stylus probe.47 As expected a decrease of the current is

recorded when the soft stylus probe is approached to an insu-

lating substrate, while a current increase is observed when it is

approached towards a conductive surface. In contrast, the

fountain pen probe gives a continuous increase of the current

profile in approach curves both, over glass or over gold. This is

due to the fact that the blocking of the redox mediator diffusion

is counterbalanced by the solution flux out of the microfluidic

channel. Moreover, it has to be taking into account that the

lateral flux to the electrode surface will become faster as the

probe is located closer to the surface. As a consequence, an
Anal. Methods, 2010, 2, 817–823 | 819
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Fig. 2 a) Cyclic voltammetry at a fountain pen probe in 3.14 mM FcCH2OH and 0.1 M KNO3 at a flow rate of 25 mL h�1 (dashed lines) and 0 mL h�1

(continuous line). Scan rate 10 mV s�1. b) Experimental approach curve of a fountain pen probe (continuous line) and a soft stylus probe (dashed line)

over unbiased gold electrode (1) and insulating glass (2). ET¼ 0.40 V, translation rate¼ 0.5 mm s�1 and flow rate¼ 25 mL h�1. The insets in Fig. 2a and 2b

show the conditions in which the experiments were performed.
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enhanced positive feedback behavior is observed. When the soft

stylus probe touches the substrate surface, the probe is bended

and the current changes as a function of the bending. It should be

noted that the probe-sample distance change starts to differ

distinctly from the vertical position change of the positioning

system when the electrode physically touches the substrate. For

this reason, the distance measured from the surface to the lowest

point of the fountain pen (hP ¼ hA � lT) was defined as the

difference between the height of the attachment point of

the fountain pen with respect to the sample surface (hA) and the

length of the probe in the unbent state (lT). When the probe is

pressed against the surface a tilt angle (a) between the sample

surface and the probe will be established. Thus d is completely

defined by d ¼ hP + tL sin (a), where tL is the thickness of the

polymeric film that is between the sample surface and the carbon

electrode (see Fig. S2, ESI†).47 When the fountain pen probe is

closer to the insulating glass, a more efficient blocking of the

redox mediator diffusion is achieved. As a result, the redox

mediator flux that is coming from the open microchannel is

overcome and a decrease of the current is observed until the

probe starts to be bended and the current does not depend

anymore strongly on the vertical position of the positioning

system. Conversely, an increase on the current takes place when

the fountain pen probe is approached to the gold film as expected

from positive feedback in conventional SECM setups. It should

be noted that the fountain pen can cause positive feedback

although the sample potential is not externally controlled. This

can be expected if the area on the sample wetted by the electrolyte

is substantially larger than the active electrode area of the

fountain pen probe. In this situation a concentration cell can be

established between the sample areas in the vicinity of the probe

and more distant wetted regions on the conducting sample

regions.52 The fact that the fountain pen probe presents

a stronger positive and negative feedback than the soft stylus

probe47 is explained by a more parallel alignment between the

active electrode area and the substrate.
820 | Anal. Methods, 2010, 2, 817–823
From Fig. 2b, it can be observed that for detecting of surface

activity, the fountain pen probe must be used in a contact regime,

where the highest current contrast is achieved. This is confirmed

by performing lateral line scans over a glass–gold boundary at

different hp values (Fig. 3a, all the scans were aligned according

to the observed position of the glass–gold boundary). When the

probe is at 10 mm from the substrate, no current difference is

observed between the insulating and the conductive substrates.

At hP equal to �10 mm and �20 mm, a current contrast between

the insulating and conductive regions is observed as the blocking

of the redox mediator diffusion or its recycling can not be

shielded by the flowing solution. It is expected that the fountain

pen probe is not limited to work in contact regime, since it might

be also employed in a contact-less regime for micro-structuring

and patterning of dry surfaces.

In contrast to the bulk-like situation (Fig. 2a), the flow rate has

an important effect on the steady state currents, when the probe

is in close contact with the otherwise dry substrate (Fig. 3). When

the probe is approached to a conductive substrate, a slightly

higher current increase is observed for lower flow rates (Fig. 3b).

The latter might be explained by a lower dilution factor of the

redox mediator concentration when lower flow rates are

employed. In contrast, when approaching the probe to an insu-

lating substrate, lower currents are recorded as lower flow rates

are employed. This phenomenon is a consequence of a faster

depletion on the redox species concentration, when less species

are delivered to the gap in between the probe and the sample

surface. Therefore, higher current contrast between active and

non-active surfaces should be obtained when scanning with the

fountain pen probe at lower flow rates, as it is confirmed in

Fig. 3c. Fig. 3c shows several lateral line scans over a glass-gold

boundary with a fountain pen probe working in contact regime

(hP ¼ �20 mm) for three different flow rates. Despite a better

current contrast with a flow rate of 5 mL h�1, evaporation

processes started to become crucial, since microchannel blocking

by electrolyte precipitation took place. Flow rates values higher
This journal is ª The Royal Society of Chemistry 2010
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Fig. 3 a) Lateral SECM line scans in feedback mode with a polished

fountain pen probe over a glass partially covered by gold at a hP value of

10 mm (pointed line),�10 mm (dashed line) and�20 mm (continuous line).

ET ¼ 0.4 V, flow rate ¼ 25 mL h�1, step size ¼ 5 mm and translation rate

vT ¼ 25 mm s�1. 2.1 mM FcCH2OH with 0.1 M KNO3. b) Experimental

approach curves of a fountain pen probe over unbiased gold electrode (1)

and insulating glass (2) at a flow rate of 25 mL h�1 (continuous line), 15 mL

h�1 (dashed line) and 5 mL h�1 (pointed line). ET ¼ 0.4 V, translation rate

0.5 mm s�1. 2.1 mM FcCH2OH with 0.1 M KNO3. c) Lateral SECM line

scans in feedback mode with a fountain pen probe over a glass partially

covered by gold at a flow rate of 25 mL h�1 (continuous line), 15 mL h�1

(dashed line) and 5 mL h�1 (pointed line). hP ¼ �20 mm, ET ¼ 0.4 V, step

size ¼ 5 mm and translation rate vT ¼ 25 mm s�1. 2.5 mM FcCH2OH with

0.1 M KNO3. The inset in Fig. 3a shows the orientation of the probe

during forward scanning.

This journal is ª The Royal Society of Chemistry 2010
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than 25 mL h�1 showed delamination of the PE/PET covering

films due to the higher pressure required to achieve this flow rate.

For this reason, flow rates between 15 to 25 mL h�1 are suggested

as appropriate flow rates for SECM imaging with the fountain

pen.

It is important to recall that evaporation processes are a major

issue when working in microvolumes of liquids. To avoid this

major drawback, the use of a humidity chamber, the addition of

glycerin to the supporting electrolyte and the covering of the

aqueous microsystem with a mineral oil, have been

proposed.31,32,38–41 A different approach can be proposed by

using the fountain pen probe, since evaporation processes could

be partially counterbalanced by the constant flow of solution

from the open microchannel. With the aim of assessing this

possibility, an EPFL logo prepared by evaporation through

a mask was imaged under dry conditions by using a fountain pen

probe in a contact regime (Fig. 4). This image was build by using

a new routine included in the SECMx software, that allows to

examine a surface in contact and contact-less regime during the

forward and the backward scanning, respectively (see experi-

mental part). The experimental time employed for this image was

2.24 h, during which no apparent changes of the recorded current

due to evaporation process (i.e. drastically increase on the redox

mediator concentration) were observed. The only problem

arising from the evaporation of the supporting electrolyte is the

deposited material on the sample that actually could affect the

degree by which the fountain pen is bended. The latter is most

likely the reason for the small shift of the recorded position of the

letters ‘‘P’’, ‘‘F’’ and ‘‘L’’ in the bottom part of the image, as
Fig. 4 a) SECM image of a gold micro EPFL logo taken with a polished

fountain pen in feedback mode. The fountain pen was lift off after each

forward scan by a stroke height of 200 mm and placed back at the original

vertical position of the scanning but shifted by 20 mm in y direction. hP ¼
30 mm, ET ¼ 0.4 V, flow rate ¼ 20 mL h�1, step size ¼ 20 mm and

translation rate vT ¼ 20 mm s�1. 2.6 mM FcCH2OH with 0.1 M KNO3. b)

Optical picture of the micro EPFL logo employed for this experiment.

Anal. Methods, 2010, 2, 817–823 | 821
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compared with the optical picture of EPFL logo taken after the

SECM image was obtained from this sample (Fig. 4b). Future

work will be focused on the removal of the solution that is

flowing out from the open microchannel using a push–pull

system. Only small scratches on the gold film are observed in

Fig. 4b. They were most likely present on the sample before

imaging and may arise from handling the samples but not from

the scanning movement because they are not parallel to the

scanning movement and do not occur in a repetitive manner.

This is not unexpected because the gold and other substrate

materials are harder than the polymeric material employed for

the preparation of the fountain pen probe. In Fig. 4a, the EPFL

logo can be clearly observed due to the recycling of the redox

mediator obtained over the conductive gold film (positive feed-

back) and hindered diffusion of the redox mediator over the

insulating areas (negative feedback). The SECM image of the

EPFL logo shows the feasibility of applying the fountain pen

probe to surface activity characterization of dry surfaces. Addi-

tionally, the contact regime allows the fountain pen probe to

study moderately tilted surfaces without observing any topo-

graphical artifacts, as the gold micro EPFL logo was mounted

without any attempt of leveling the surface and a tilt would

otherwise clearly visible on scan length of 1400 mm.
Conclusions

The present work introduced the fabrication of a new fountain

pen SECM probe that may extend the scope of SECM to the

scanning of dry surfaces in a contact regime by delivering

a nanolitre droplet at the bottom of the probe. Electrochemical

experiments can be carried out over almost any surface. An

optimum flow rate between 15 and 25 mL h�1 was obtained for

spatially resolved surface activity characterization. Due to the

stiffness of the fountain pen probe, an almost constant probe-

substrate distance can be maintained when scanning in contact

regime. As a proof-of-concept the fountain pen probes can be

employed for surface activity detection as demonstrated by

a feedback image of a gold on glass pattern. Future experiments

are being focused on the extension of this new probe to

patterning and micro-structuring of dry surfaces.
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