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ABSTRACT: In single-channel scanning electrochemical cell microscopy, Evr Tl
the applied potential during the approach of a micropipette to the substrate "
generates a transient current upon droplet contact with the substrate. Once
the transient current exceeds a set threshold, the micropipette is

v

oil

a0, Alalloy

automatically halted. Currently, the effect of the approach potential on the £
subsequent electrochemical measurements, such as the open-circuit potential Ew= 25V E =15V 3
and potentiodynamic polarization, is considered to be inconsequential. o, ”0
Herein, we demonstrate that the applied approach potential does impact the B '
extent of probe-to-substrate interaction and subsequent microscale electro- 22 =© "
chemical measurements on aluminum alloy AA7075-T73. e O E_(PDP 00me) )

1. INTRODUCTION

Scanning electrochemical cell microscopy (SECCM) enables
direct electrochemical measurements at microscopic sites by
scanning a droplet cell over a substrate surface.' > The droplet
landing on the substrate is the key step in SECCM
experiments, the mechanism of which varies with the types
of pipettes. In the two-channel pipette system,”™ a bias
potential is applied between two quasi-reference counter
electrodes (QRCEs), producing a conductance current (i)
between the two channels. The pipette is oscillated, giving rise
to an alternating component of the i, which is used as the
feedback signal for droplet landing. In the single-channel
SECCM, a potential (E,,,) is applied during the approach of
the micropipette to the substrate. A transient current (img) is
produced when the droplet makes contact with the substrate,
triggering the pipette to stop moving down.”” Other droplet
landing feedback signals are also reported in the single-channel
system, such as fear force,*’ alternating current,’’ and
potential.”'' These need more complex equipment or
elaborate operations to support them.

Due to the ease of operation, single-channel SECCM using
the direct transient current (itrig) as the feedback signal has
been widely used in various fields.”"*™'® Recently, it was
introduced into the field of metal corrosion for the exploration
of the microstructure feature-related corrosion activities.'” >
To gain insight into the microscopic electrochemical measure-
ments in the SECCM experiments, the current and potential
changes due to the droplet landing process were analyzed from
the E,,,. perspective.

In the single-channel pipette system, iy;, must have a higher
magnitude than the background noise, which is the minimal
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threshold; otherwise, the micropipette will not stop until the
tip glass makes contact with the substrate. For a given
micropipette diameter, the magnitude of i, depends on the
conductivity of the substrate, the composition of the
electrolyte, and E,,. Since the substrate and electrolyte are
often experimentally fixed, the magnitude of iy, is primarily
controlled by E,,.. For conductive substrates or electrolytes
containing active redox species, such as carbon-based
materials,” "> battery materials,”*° 3% Au,'®'®3! pt>'0 Fc/
Ec',* [Fe(CN)¢]**/**," and [Ru(NH,)s]*/3,7* it is easy to
achieve a iy, higher than the current threshold despite
applying a small E,,,,. For example, an E,,, of 0.65 V (vs Ag/
AgCl) applied to a LiFePO, composite electrode gave rise to a
iwig up to 9 pA (threshold = 2 pA) upon contact with a droplet
cell at the end of a 100 nm diameter pipette.” An E,ppr of =200
mV (vs the reversible hydrogen electrode (RHE)) applied on a
conductive noble graphene substrate generated a capacitive
current high enough to trigger a 70 nm diameter pipette filled
with 0.5 M H,SO, to stop upon the droplet contact with the
graphene substrate.”*

When studying corroding alloys, the electrolytes typically do
not contain added active redox species since they will influence
the corrosion mechanism. iy, is mainly dependent on
corrosion reactions such as metal dissolution and oxygen
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reduction reactions (ORR), but the concentrations of reactants
are typically low compared to other systems.””****' Addi-
tionally, iy, is expected to have a lower magnitude on passive
metals compared to conductive substrates due to the presence
of surface oxides that reduce the surface conductivity.’**
Single-channel SECCM measurements on Zn*' Cu,'' and
low-carbon steel,'”* have been reported, but they used acidic
electrolytes, in which the corrosion of substrates was more
aggressive than in neutral electrolytes. In such cases, a
sufficiently large iy, is easy to achieve. In fact, the effects of
E,p are present to varying degrees depending on the
substrates but have never been elucidated,” probably because
it was considered to be innocuous to subsequent microscopic
electrochemical measurements.

We systematically analyzed the effects of E,,, on the
microscale open-circuit potential (OCP) and potentiodynamic
polarization (PDP) measurements on an Al alloy AA7075-T73
in the oil-immersed single-channel micropipette
SECCM.""*"** Due to the presence of a barrier oxide film,
the Al surface is less reactive. E,, is thus decisive for the
production of a sufficiently large i, and droplet landing. We
demonstrate that E,,,. controls the extent of micropipette—
substrate interactions, impacting the subsequent microscale
measurements of corrosion potential (E and the pitting
density.

COKT)

2. EXPERIMENTAL SECTION

2.1. Chemicals and Materials. Sodium chloride (NaCl,
anhydrous, 99.8%) and mineral oil (M5310) were purchased
from Sigma-Aldrich. Al alloy AA7075-T73 was supplied by the
National Research Council (NRC, Canada, Saguenay). A 3.5
wt % NaCl electrolyte solution was prepared using ultrapure
water (Milli-Q Reference Water Purification System, Millipore,
18.2 MQ cm resistivity at 25 °C).

Single-channel micropipettes were fabricated from quartz
glass capillaries (Sutter Instrument, Novato, CA) with
dimensions of (0.d./i.d.) 1.0/0.3 mm, using a CO,-laser puller
(P-2000, Sutter Instruments, USA). Pulling parameters for a
~2 pm diameter opening pipette: line 1: heat = 58S, filament =
2, velocity = 30, delay = 130, pull = 30. Pulling parameters for a
~10 pm diameter opening pipette: line 1: heat = 750, filament
= 4, velocity = 10, delay = 130, pull = 4. After pulling, the
diameter of the tip opening was estimated from the optical
image and a more precise value can be measured from the
scanning electron microscopy (SEM) image (Figure S1).

An Ag/AgCl wire was prepared by chemically coating a
0.125 mm diameter Ag wire (Goodfellow Metals, Huntingdon,
England) with a AgCl film in the household bleach (Clorox,
Canada).**™* The main gradient of bleach is NaOCl, which
oxidizes Ag into AgCl. The stability and reproducibility of the
bleach oxidized Ag/AgCl electrode have been demonstrated in
our previous work.”” Note that, unless otherwise specified, all
potentials reported below have been calibrated to the Ag/AgCl
wire in the 3.5 wt % NaCl solution, which has a 5§ mV
difference with respect to the saturated calomel electrode
(SCE).

Glassy carbon (GC) was successively polished with 1, 0.3,
0.1, and 0.05 ym-diameter alumina powder (Struers, USA) on
polishing clothes (Struers, Canada), followed by sonication in
ultrapure water before drying in air.

2.2. Aluminum Alloy Sample Preparation and Surface
Characterization. Al alloy AA7075-T73 was polished with a
320 grit SiC paper (Struers, Canada), followed by 9 and 3 ym

colloidal diamond suspensions (Struers, Canada), on a MD
Chem cloth pad (Struers, Canada), using a TegraPol-25
polishing wheel (Struers, USA). A mirror-like surface was
achieved after the final polishing step by employing a colloidal
silica suspension (Struers, Canada) on the MD Chem cloth.
The sample surface was then rinsed with anhydrous ethanol
and sonicated in ultrapure water for the removal of the
residuals of silica suspensions before drying in air. The sample
was fixed in a cell holder (Figure S2), in which a layer of
mineral oil was added on the surface of the sample for oil-
immersed SECCM.

The surfaces were imaged by an optical microscope and
SEM (FEI Helios Nanolab 660 dual beam, 5 keV). The surface
topography was scanned by atomic force microscopy (AFM)
with a molecular force probe controller (Asylum Research-an
Oxford Instruments Company, Santa Barbara, CA) equipped
on an MFP3D microscope working in alternating contact
mode in air. The cantilevers were model ACTA (AppNano,
Mountain View, CA).

2.3. Macro-PDP Measurements. Macro-electrochemical
measurements were conducted using a multichannel VSP-300
potentiostat (BioLogic Science Instruments, USA). The
polished samples were mounted in a corrosion cell (K0235
Flat Cell, Princeton Applied Research, AMETEK Scientific
Instruments) with an area of 1 cm? exposed to a 3.5 wt % NaCl
electrolyte solution. A SCE and platinum mesh served as the
reference and counter electrode. Prior to PDP measurement,
OCP was measured for 20 min, allowing the corrosion system
to reach a stationary state where E,,,(OCP) was obtained. The
PDP measurement was carried out in the range of E_,.(OCP)
+ 250 mV at a scan rate of 0.167 mV/s in the positive
direction (from negative to positive potentials). A current
exceeding the set current limit (10 mA) ended the potential
sweep.

2.4, Oil-immersed Single-Channel Micropipette Scan-
ning Electrochemical Cell Microscopy. Since the 3.5 wt %
NaCl solution evaporates rapidly in air, SECCM was carried
out under mineral oil as previously reported to prevent the
crystallization of the droplet at the end of the micro-
pipette.'"2"*** Al electrochemical measurements were
performed using an EIProScan 3 system (HEKA, Germany;
bipotentiostat model PG340) in a Faraday cage (Acoustic
Isolation Novascan Ultracube, Ames IA, USA) on a vibration
isolation table (Micro 60 Halcyonics Active Vibration Isolation
Platform, Novascan, Ames IA, USA). A micropipette was filled
with the 3.5 wt % NaCl electrolyte using a microneedle, as
shown in Figure S3. A Ag/AgCl wire was inserted from the top
of the micropipette serving as a QRCE. The substrate surface
was covered with a thin layer of mineral oil, sufficient to
submerge the droplet at the end of the micropipette
throughout the experiment. The micropipette was brought to
the working electrode (WE) substrate under oil at a rate of 1
pm/s with 1 nm data sampling while E,,,. was applied. Once
the movement of the micropipette was triggered to stop, OCP
(30 s) followed by PDP (from —1.3 to —0.3 V at a scan rate of
100 mV/s) measurements were carried out in the established
droplet cell.

3. RESULTS AND DISCUSSION

3.1. E,ppr Determines the Type of Landing. Depending
on the choice of E,,, two types of landings were observed,
droplet contact (DC) landing and pipette contact (PC)

landing, as shown in Figure lab. E,,, was selected in the

https://doi.org/10.1021/acs.analchem.2c02459
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Figure 1. SECCM-scanned surfaces of Al alloy AA7075-T73: (a) corrosion products left by DC landings and (b) indentations left by PC landings.
(c) AFM topographic map of the Al alloy surface with PC landings. (d) Line scan across the indentations of three PC landings.
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Figure 2. (a) Currents recorded during the process of the micropipette approach to the substrate for the PC (upper curve) and DC landings (lower
curve). (b) Chronoamperometry was carried out at an approach potential of —1.5 V for 10 ms immediately after the micropipette made contact
with the Al alloy AA7075-T73. The first recorded current pointed by the red arrow was approximated to be iy;,. The black trace represents the
background noise under the experimental conditions at that time. (c) First current points measured upon landing (itrig) in chronoamperometry
were plotted as a function of approach potentials. (d) E.,,(OCP) maps of AA7075-T73 generated by SECCM with different E ppe Were

superimposed on optical microscopic images of the scanned surfaces.

cathodic region, more negative than E_,, to prevent significant
metal dissolution and morphological changes during SECCM.
The E,, of pure Al (—1.329 V, Figure S4) was used as an
approximation for the Al alloy matrix area. DC landings were
obtained at E,p,,, of —2.5 V. Figure la shows white particles left
by the droplet on the alloy surface, which identified the area of
DC landing. PC landings obtained at an E,,, of —1.5 V left
dark circles on the alloy surface (Figure 1b), which were
consistent with the size of the tip opening of a ~2 ym diameter
micropipette. The pipette indentations were confirmed by
AFM mapping (Figure 1c,d). A line scan over three landings is
displayed in Figure 1d to quantify the indentation depth. At

locations 0 and 2, the depths are 13.24 and 13.23 nm,
respectively, exceeding the usual oxide film thickness (~2—4
nm),*”*" which indicates that the pipette physically damaged
the oxide film. Most of the indentations in Figure lc are
actually not full circles and are crescent-shaped in some cases.
This is attributed to the tilt of the micropipette opening
relative to the alloy surface.

The formation of DC and PC landings was tied to the
magnitude of iy;,, which determined when the approach of the
micropipette was stopped. Positive and negative fjg Were
observed for PC and DC, respectively (Figures 2a and SS). To
elucidate the landing process, iy, was measured at different

https://doi.org/10.1021/acs.analchem.2c02459
Anal. Chem. 2022, 94, 14603—-14610
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Figure 3. (a) Histograms of E_,,(OCP) obtained from the SECCM maps in Figure 2d at different E

E vs. Ag/AgCI(V)

E vs. Ag/AgCI(V)

appr (b) Anodic current increase and (c)

cathodic current decrease induce the negative shift of E,, according to the mixed potential theory. (d) Oxygen fluxes to the metal—electrolyte
interface at the DC and PC landings. Red arrows represent the oxygen flux from the oil phase to the droplet. The blue arrows represent the oxygen
flux from the bulk solution along the micropipette. (e) Cathodic polarization measurement of the ORR was carried out at a scan rate of 100 mV/s
upon a DC landing on the surface of GC in SECCM. The droplet was formed at the end of a 3.5 wt % NaCl solution-filled 10 gm-diameter

micropipette. DC landing was obtained at —1.5 V E,,,

(Figure S7). After the first ORR curve, the micropipette was moved down 1 ym three

consecutive times to diminish the droplet—oil interface followed by an ORR measurement each time. (f) ORR measurements were repeated four
times without further lowering the micropipette once the droplet landed on GC. The arrow shows the sequence of ORR measurements.

E, o with chronoamperometry carried out on the Al alloy
using a 2 ym diameter micropipette. The first current point on
the chronoamperogram curve was approximated to be iy;,. For
PC landings obtained with a —1.5 V E_,, the current was
positive at the first point (red arrow in Figure 2b) and then
progressively became negative with time. Theoretically, the
cathodic potential of —1.5 V should produce a negative
current. The positive current could be the current noise made
by the physical contact between the micropipette and alloy or
an anodic current of the oxidation of the freshly exposed
underlying Al due to the PC damaging the oxide film. We infer
that the DC-produced iy, was smaller than the current
threshold and thus could not stop the micropipette approach.
Consequently, the micropipette continued moving down until
PC generated a positive current to trigger the micropipette to
stop. Accordingly, to obtain DC landings, a more negative E,
is needed to generate a larger iy;,. Figure 2c shows the increase
of iyg (absolute value) with Eppr from —2 to —2.5 V. With
respect to a current threshold of 2 pA shown by the amplitude
of the background noise in Figure 2b, the iy, values at E,,
from —2 to —2.5 V are sufficient to produce DC landings. It
must be noted that the droplet was brought near the substrate
at a small rate (—1 pm/s) considering the time needed for the
droplet to rupture the oil before it makes contact with the
substrate.”” A high approach rate caused PC landings even at
the —2.5 V E,,, (Figure S6). Comparing the landings at
different approach rates and E,,, values (Figure S6), we
demonstrated that at a fixed rate, E,,, determined the types of
landings.

Although the PC landings damaged the oxide film, the
E.(OCP) map (1.5 V E,,,) can still qualitatively display
the correlation between the electrochemical activities and the

14606

alloy surface microscopic features similar to the maps of DC
landings obtained at E,,,, of —2.0 and —2.5 V (Figure 2d).
Moreover, the pipette indentation provides a way to mark the
scanned area for post-characterizations. However, from a
semiquantitative perspective, the difference in the types of
landings and values of E,,, leads to variations in the
electrochemical measurements, which will be discussed below
by comparing the E,,(OCP) and E,,(PDP) extracted from
the three maps in Figure 2d.

3.2. Effect of E,,, on E,,(OCP). E_, . (OCP) collected
from SECCM maps exhibit a dependence on Ey,, (-1.5, —2.0,
and —2.5 V) because of the differences between PC and DC
landings (Figure 3a). PC landings with Eqppr at —1.5 V gave rise
to more negative E..(OCP) compared to DC landings
obtained at Eappr4gf —2.0 and —2.5 V. According to the mixed
potential theory,” E_, shifting to more negative values is due
to the increase of anodic current (Figure 3b) or decrease of
cathodic current (Figure 3c). In DC landings, the presence of
the droplet—oil interface allows for additional oxygen flux
diffusing from the mineral oil to the droplet (Figure 3d, red
arrows).”"** However, in PC landings, the oxygen is entirely
supplied by the flux along the micropipette in the bulk solution
(Figure 3d, blue arrows). Because of the higher oxygen content
in mineral o0il,*~* the droplet—oil interface serves as a
reservoir that enhances the mass transport of oxygen to the
metal—electrolyte interface, leading to higher cathodic
currents.”'

To verify the enhancement of ORR in the presence of
droplet—oil interface, linear sweep voltammetry (LSV) was run
in the negative direction on a GC WE confined by the droplet
size in SECCM."™* A 10 um diameter micropipette was used
to generate a large droplet convenient for the adjustment of

https://doi.org/10.1021/acs.analchem.2c02459
Anal. Chem. 2022, 94, 14603—-14610
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droplet height to vary the droplet—oil interface area. The first
polarization curve of ORR was recorded upon droplet landing.
The micropipette was then moved down by 1 pm three times
in succession to reduce the droplet—oil interface area. After
each descent, a polarization curve was recorded to show the
effect of the reduced area on the ORR current (Figure 3e).
The absolute current decreased with the descent of the
micropipette, suggesting a decline in the mass transport of
oxygen. For comparison, LSV was repeated four times upon
the droplet landing without moving the micropipette down
further. The polarization curves did not exhibit significant
changes except for the first curve where the oxygen
concentration was expectedly higher at the beginning (Figure
3f). This proves that the presence of the droplet—oil interface
indeed contributes to an increase in the cathodic current,
leading to variations of E_,.(OCP) between the PC and DC
landings.

3.3. Effect of E,,,, on E,,(PDP). For a large area SECCM
map consisting of hundreds to thousands of landings, the
applied potentiodynamic methods at each landing point are
performed at high potential scan rates.”'*** For example,
SECCM maps of AA7075-T73 using positive PDPs were
acquired with a scan rate of 100 mV/s. The high scan rate
leads to an increase in the anodic current during PDP, which
results in a negative shift of E..(PDP) relative to the
E..(OCP) (Figure 4a).>' The anodic current-related
processes involve electron transfer at the metal—oxide interface
and the migration of metal cations within the oxide film that is
regarded as the limiting step.””~>> The migration of metal
cations is driven by the high electric field within the oxide film
at applied potentials,56 which is inversely proportional to the
thickness of the oxide film. Since the time for the anodic
growth of oxide film during PDP is less at a high scan rate, the
oxide film would be thinner compared to that at a low scan
rate. The electric field strength is thus stronger during a high-
scan-rate PDP, which facilitates the migration of cations within
the oxide film. As a result, the anodic current is predicted to be
higher.”’ Moreover, the potential scanned at a high rate will
generate capacitive chargin% currents that also lead to the
increase of anodic current.’” The increase of anodic current
induced by the high potential scan rate leads to E,,(PDP)
shifting to more negative values as illustrated in Figure 3b.

The negative shift of E,,(PDP) relative to E,,,(OCP) was
found to increase as E,, increased to more negative values
(Figure 4a). This was due to the increase of anodic currents
with more negative E,. (Figure 4b). The Al alloy surface
experienced a transient cathodic polarization at E,,,. upon the
DC.>%? As E, increased to sufficiently negative values,
hydrogen evolution occurred, increasing the concentration of
OH™ at the oxide—electrolyte interface that accelerated the
hydration of the oxide film.°°~®* This will lead to a more
porous structure, promoting the migration of cations through
the oxide film and thus the anodic current.”*** Consequently,
the negative shift of E. (PDP) resulting from the high
potential scan rate was more pronounced at more negative
E,pr values (Figure 4a).

The hydration and increased porosity render the oxide film
more susceptible to Cl™ attack, promoting pitting.”>°® During
PDP, a current transient was produced when pitting occurred
that exceeded the set current limit of 100 pA, ending the
potential sweep (Figure 4c, pink curve). In the absence of
pitting, the current was lower than 20 pA throughout the
anodic potential range (Figure 4c, cyan curve). Thereby, the
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Figure 4. (a) Histograms of E_,,, measured from OCP and PDP (100
mV/s) measurements in SECCM experiments with different E porr (b)
Averaged anodic currents at —0.7 V extracted from the PDP
measurements (Figure S8) at 2S5 landing locations plotted as a
function of E,j,. (c) Occurrence (pink) and absence (cyan) of pitting
in PDP measurements. (d) SECCM maps of pitting (pink) at

different E,.

magnitudes of the anodic currents at the end of the potential
sweep can be used to distinguish the pitting (pink) and
nonpitting (cyan) locations on the SECCM maps (Figure 4d).
At an E . from —1.5 to —2.0 V, there was a slight increase in
the pitting frequency, whereas at —=2.5 V E,,,,, pitting occurred
at a much higher frequency. This implies that the breakdown
potential of the oxide film is most likely between —2.0 and
—2.5 V under the SECCM experimental conditions. E,,, of
—2.5 V may have reached the breakdown potential so that
pitting readily occurred during PDP. The breakdown potential

of the oxide film is not constant, which varies with the anions
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and pH of the solution, thickness, alloying elements of the
oxide film, and so on.’**”°® This highlights that we can
promote the anodic processes by controlling the values of E,y,;,,
which increases the anodic current and the frequency of
pitting. This is meaningful for the microscopic measurements
of the oxide-covered metal surfaces, which produce extremely
low currents, making it difficult to discriminate small changes
of the surface structure. An important finding of our study is
that appropriately increasing the conductivity of the surface
oxide by controlling E,,;, allows us to increase the magnitude
of currents without eliminating surface heterogeneity. For
example, the difference between matrix and intermetallic
particles was maintained even after increasing E,,, as shown in
Figure 2d. Furthermore, the small difference in electro-
chemistry between grains can be discerned even by applying
a high E,,,, of —2.5 V (Figure S9), which will be discussed in
detail in our ongoing work.

To visualize the impact of E,,, on the electrochemical
measurements more directly, the PDP measurements at the
landings with and without E_;, are compared. To facilitate the
approach of the micropipette without E,,,, a 10 yum diameter
micropipette was used. As shown in Figure Sa, an E,,, of —2.0
V was applied at one location for the approach and the
micropipette was moved up a distance of 15 ym after the PDP
measurement. At the subsequent location, the micropipette
was moved down 15 um to obtain a droplet landing without

(a) Eappr 0 dl Eappr ¥ dl
— —> — —>
fd i fd i
(b) E__ (PDP)
corr —
60 —— 06 S
_ 4000000000000 0000000 08 0
£ o
Z20lecec0r000r000000000 15
<
> ole erevesesecesecece p
12 ¢
ol o
20 60 100 140 180 220 260 300 340
X (pm)
c d
( ) E o (PDP)-E_ (OCP) ( )
0.5 e E =20V - o E, =-20V
) R o Without E, . E 0.8 « Without Eppor
2 ol ® ®e ,° o o oot E 0.6 o%9%® © %0, °..... * ose
g 0‘0.‘.....".“““ £
g’ 3 04} . o 9
2 05 o ® oo ° % 0.2 ° °
W 00 [%o0qge0’® 060 004000% 000 9 S gl ceves ogee Sese 00’ peny,

0 20 40

Landing number

60 20 40

Landing number

60

Figure 5. (a) Schematic of the movement of a 10 ym diameter
micropipette in the SECCM measurement with E,,, applied at every
other landing. The micropipette was brought to the AA7075-T73
surface at an E,,,. of —=2 V. After OCP and PDP measurements, the
micropipette was moved up a distance of d = 15 ym and then laterally
moved to the next spot where the micropipette was moved down at d
= 15 um without E,,,, being applied. (b) E,,(PDP) maps from the
alternately applied E,,,, SECCM measurement. The points on the
grid lines represent the landings without E,,,. applied. Comparison
between the landings with and without E,,, being applied: (c) the
difference between E_, . (PDP) and E_,,(OCP); (d) anodic currents at
—0.7 V vs Ag/AgCl extracted from PDP curves.
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applying E,,,.. Without E . being applied, the E....(PDP)
values are more positive (Figure Sb, points on the grid lines)
and have negligible shifts with respect to E.,,(OCP) (Figure
Sc, red points). Additionally, the anodic currents were
extremely low (Figure Sd, red points), suggesting the inert
property of oxide film, which limits electrochemical measure-
ments at the microscale. In contrast, the application of —2.0 V
E, o produced larger anodic currents (Figure 5d, blue points),
reflecting the increased conductivity of the surface oxide. This
can amplify the small current differences between micro-
structural variations, which would otherwise be difficult to
distinguish between low currents.

4. CONCLUSIONS

This work demonstrates that the approach potential E,, in
SECCM affects the droplet—substrate interaction and the
microscale OCP and PDP measurements of Al alloy AA7075-
T73. E,, controls the magnitude of the triggering current i,
A large cathodic E,,,, generated a high iy, giving rise to DC
landings, while a small E,,,, resulted in PC landings due to the
presence of a passive oxide film on the Al alloy. At DC
landings, the droplet—oil interface enhanced the cathodic
reaction by introducing additional oxygen flux from the oil
phase to the droplet, resulting in more negative E.,,(OCP).
Additionally, E,, . (PDP) values obtained from the positive
PDP at 100 mV/s deviated from E_,,,(OCP) more seriously as
the E,, increased to more negative values. This was due to the
prior cathodic degradation of the oxide film at E,,,, which also
accounts for the higher pitting density when more negative
E,pr values were used. The elucidation of the effect of E,,, on
the microscale OCP and PDP measurements of Al alloy in the
single-channel micropipette SECCM provides a strategy to
regulate the electrochemical processes on the metal oxide
surface. Controlling E,,,. can appropriately increase the
conductivity of the metal surface oxides and thus the
magnitudes of currents but cannot eliminate the surface
heterogeneity. This will facilitate the use of small probes to
reveal small electrochemical differences on the metal surface,
such as between grain orientations.
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