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SECCM Setup Image

Figure S1: The micropipette was connected to a syringe filled with the electrolyte solution
by a PVC tube, allowing the immersion of the SCE (RE) and Pt wire (CE).
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Bulk OCP Measurement

Figure S2: Bulk OCP measurement of pure Al sample in neutral phosphate solution shows
the OCP value reaches at -1.05 V vs. SCE in 5 min.
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Experimental SECCM PDP Curves

The experimental PDP curves of pure Al are measured by SECCM in both neutral and

acidic phosphate solutions. Five representative curves at each scan rate for the calculation

of average PDP curves are shown in Figure S3.

Figure S3: 5 individual experimental PDP curves of pure Al at scan rates of 25, 50, 100, 200
mV s−1 measured in (a) neutral phosphate solution and (b) acidic phosphate solution.
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Cathodic Branches of PDP Curves

The cathodic branches of PDP curves (from -1 V to -0.5 V vs. SCE) at 4 different scan

rates are plotted as current vs. time to investigate the kinetic mechanism. It can be observed

in Figure S4 that the current decays within the first 3 s are well overlapped at all scan rates.

Figure S4: Current vs. time curves at 4 different scan rates.
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COMSOL Model for SECCM ORR

A COMSOL model is built to examine if the PDP cathodic branch is controlled by

the diffusion of O2 in the solution. The 2D-axisymmetric geometry in Figure S5 includes

a pipette filled with electrolyte solution, a droplet meniscus at the tip of pipette, a metal

surface contacting the droplet as the working electrode, and an oil phase surrounding all other

elements. The dimensions of the droplet-surface contact radius and the droplet height are

just rough estimates of the true values. The influence of the meniscus shape on the steady-

state current measured in SECCM has been proved to be little by numerical simulation.

(https://doi.org/10.1021/ac102191u) The kinetics of oxygen reduction reaction are assumed

to be limited by rate of O2 diffusion onto the metal surface. Consequently, the currents in

the model are computed based on Fick’s law.

Figure S5: The 2D-axisymmetric geometry of the COMSOL model.
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Tranfer Coeffcient

The transfer coefficient depends on the physical properties of the solute and the two

solvent phases. Given the difficulty of finding an identical system in the literature, the

estimated value of Kwo 2 × 10−6 is obtained from a study on the mass transfer of proteins

between PEG and citrate. (https://doi.org/10.1038/s41598-019-39797-9) In the model we

also tried parametric sweep of the transfer coefficient. When the transfer coefficient change

from 2×10-7 to 2×10-4 m/s, the current magnitude does not change (all overlapped with

the blue curve in Figure S6).

Figure S6: Simulation of ORR currents with transfer coefficient ranging from 2 × 10−7,
2× 10−6, 2× 10−5, 2× 10−4 m/s.
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Separate Anodic/Cathodic Branches of Simulated PDP

Curves

According to the mixed potential theory, the intersection point of anodic current and ca-

thodic current indicates the corrosion potential and corrosion current. In neutral phosphate

solution (Figure S7a) aand acidic phosphate solution (Figure S7b), the anodic currents show

different characteristics related to scan rates, which explains the different trends of Ecorr. The

corresponding oxide thickness change in neutral and acidic phosphate solution are shown in

Figure S7c and S7d, respectively.

Figure S7: Simulation of anodic currents at 4 scan rates and absolute cathodic currents,
along with the oxide thickness in nuetral (a) (c) and acidic (b) (d) phosphate solutions.
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High Field Model Parameters

Table S1: Parameters used in the high field model.

Parameters Neutral phosphate Acidic phosphate

A0 (cm2) 1.2×10−8

A (A/cm2) 6.5×10−12

βa (cm/V) 3×10−6

M (g/mol) 102

ρ (g/cm3) 3

F (C/mol) 96485

n 6

EAl2O3 (V vs. SCE) -1.8 -1.78

d0 (cm) 3.1 ×10−7 2.85 ×10−7

Rdiss (mol/cm2/s) 2 ×10−12 1.9 ×10−11

εp 0.95 0.85

j0c (A/cm2) 5.8 ×10−6 9.2 ×10−6

βc (V) -0.4 -0.58

Ec (V vs. SCE) -0.03 0.1
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XPS Measuring Oxide Thickness

The oxide thickness on pure Al is measured by XPS. After peak fitting, the oxide thickness

can be estimated by the peak area ratio of Al 2p in oxide versus Al 2p in metal:

d = λ0sinθln[
Nmλm

Noλo

Io
Tm

+ 1] (1)

where λ is is the effective attenuation length of the photoelectrons (λm/λo = 2.39 nm/2.92

nm), θ is the electron take-off angle with respect to the sample surface (θ = 90◦), N is the

volume density of metal atoms (Nm/No = 1.6), I is the intensity of the photoelectron peaks.

Table S2: Peak fitting of Al 2p in XPS and calculation of oxide thickness at 5 spots on pure
Al.

Al 2p3/2 metal Al 2p1/2 metal Al 2p oxide Ratio (Io/Im) d (nm)

Point 1 6291.61 3146.43 10303.74 1.09172 2.59

Point 2 6950.72 3476.06 12778.22 1.22552 2.80

Point 3 7654.27 3828.06 12629.97 1.09995 2.61

Point 4 5043.46 2522.19 2522.19 1.06757 2.55

Point 5 7467.83 3734.83 11650.28 1.03996 2.51
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ICP-OES Measuring Oxide Dissolution Rate

The chemical dissolution rate of Al2O3 on pure Al is measured by ICP-OES at three

wavelengths (308.215 nm, 394.401 nm, 396.152 nm). The sample solutions are obtained by

immersing pure Al in solutions (neutral and acidic phosphate) and then rinsing with 5%

V /V nitric acid. The dissolution rate is calculated by:

Rdiss =
[Al3+]Vsample

2MAt
(2)

Where [Al3+] is the concentration obtained from ICP-OES, Vsample is the volume of sample

solution (10 mL), M is the molar mass of Al2O3 (27 g/mol), A is the area of pure Al sample

that was immersed in the solution (1 cm2), t is the immersion time (12 h). The calculated

chemical dissolution rate of pure Al in neutral and acidic phosphate solutions are 5 × 10−12

mol/cm2/s and 1.76 × 10−11 mol/cm2/s, respectively.

Table S3: Concentration of Al3+ measured by ICP-OES.

Solutions
Al 308,215 nm

(ppm)
Al 394,401 nm

(ppm)
Al 396,152 nm

(ppm)
Average concentration

(ppm)

Blank 0 0 0 0

Standard 1 1 1 1 1

Standard 2 2 2 2 2

Standard 3 4 4 4 4

Standard 4 8 8 8 8

Standard 5 10 10 10 10

Sample 1
(neutral phosphate)

1.83 1.87 1.89 1.86

Sample 2
(acidic phosphate)

6.51 6.59 6.56 6.55
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Tafel Extrapolation of SECCM PDP Curves

Tafel extrapolation was applied to the experimental PDP curves in Figure 4. The corro-

sion potentials and corrosion current densities in 2 electrolyte solutions and at 4 scan rates

are shown in the Table S4 below.

Table S4: Tafel kinetics of experimental high scan rate PDP curves from SECCM.

Tafel fit Neutral phosphate Acidic phosphate

Scan rate (mV/s) Ecorr (V) jcorr (µA/cm2) Ecorr (V) jcorr (µA/cm2)

200 -0.320 24.2 -0.274 19.6

100 -0.335 37.6 -0.270 17.8

50 -0.380 43.3 -0.215 21.3

25 -0.340 33.8 -0.244 17.4
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Bulk PDP Curves

PDP measurements of pure Al were performed at 0.167 mV/s in neutral and acidic

phosphate solutions in the bulk scale. Corrosion current densities extracted from the PDP

curves (Figure S8) by Tafel extrapolation are 3.6 µA/cm2 in neutral phosphate solution and

11.2 µA/cm2 in acidic phosphate solution.

Figure S8: PDP curved measured at 0.167 mV/s in neutral and acidic phosphate solutions
in the bulk scale.
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COMSOL Model for SECCM PDP Simulation

Although our primary goal was to develop a model in Matlab that would be accessible to

all researchers, we also found it valuable to compare the numerical simulation in COMSOL,

particularly with regard to the non-linear diffusion of H+. The COMSOL model incorporates

the same high field theory equations as the Matlab model. However, the key difference lies

in the computation of H+ diffusion, which is handled by the Nernst-Planck equation within

the same geometry as the SECCM ORR model. Detailed information about the tertiary

current distribution physics can be found in the COMSOL report. The simulated PDP

curves exhibit a similarly sharp increase at noble potentials on the anodic branch (Figure

S9a). This suggests that, although the diffusion consideration in the Matlab model may not

be entirely accurate, it is still effective in demonstrating the impact of local pH changes on

the shape of the PDP curves. The simulated pH change is shown in Figure 9b.

Figure S9: (a)Simulated PDP curves by the COMSOL model. (b) Corresponding simulated
surface pH change.
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Equations of Calculating the Final H+ Concentration

Since the change of the amount of H+ should be equal to that of OH−:

[H+]i +∆[H+]− [H+]f = [OH−]i − [OH−]f (3)

Based on the equation of water dissociation, [H+]f can be solved with a quadratic equation:

[H+][OH−] = Kw (4)

[H+]2f + C[H+]f −Kw = 0 (5)

where the constant to solve the quadratic equation

C =
Kw

[H+]i
− [H+]i −∆[H+] (6)

where Kw is the water dissociation constant (10−14), [H+]i is the initial H+ concentration

(10−7 mol/L). The final H+ concentration can be determined:

[H+]f =
−C +

√
C2 + 4Kw

2
(7)
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