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O
Amplex Red Resorufin

Figure S1. Reaction between Amplex Red and H;0O: in a 1:1 stoichiometry in the presence of
horseradish peroxidase (HRP), generating resorufin with a UV-vis absorption band at 571 nm.

Note S1. Equations to calculate the number of electrons transferred per O, during ORR in (a) M-
TPY SAM, (b) M-TPY HBM, and (c) M-TPY HBM DBA.

Given that the ORR catalyzed by M-TPY SAM undergoes a mixture of 2e”and 4e™ processes, while
the ORR facilitated by M-TPY HBM and M-TPY HBM DBA respectively involves a mixture of 1e™
and 4e7,!

(a) $(M-TPY SAM) = 2(X) +4(1 - X)

(b) ®(M-TPY HBM) = (X) + 4(1 — X)

(c) $(M-TPYHBM DBA) = (X) +4(1 = X)  \where

_ mole of 0, required for H,0, generation
~ \mole of 0,required for both H,0 and H,0, generation

mole of 0, required for H,0, generation

= mole H,0, of generated during ORR

mole of 0, required for H,0 generation
_ (total charge required for both H,0 and H,0, generation — charged required for H,0, generation
- Faraday constant X number of electrons required by 1 mole of 0, for H,0 generation

Faraday constant = 96500 C/mol

Number of electrons required by 1 mole of O, for H,0 generation =4
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Figure S2. Quantification of H,0, generated during ORR catalyzed by M-TPY SAM, M-TPY HBM,
and M-TPY HBM DBA (M = Cu, Ni, Mn). (a, c, d) Standard calibration curve for H,0; in different
concentrations including 0.001 mM, 0.0025 mM, 0.005 mM, and 0.010 mM), and (b,c,f) UV-vis
characterization of resorufin at 571 nm.
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Figure S3. Preparation procedure of S-tritylated TPY.
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4'-((6-(tritylthio)hexyl)oxy)-2,2".6', 2" -terpyridine (S-tritylated TPY')

Molecular Weight: 607.82
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Figure S4. 'H NMR (top) and 3C NMR (bottom) spectra of S-tritylated TPY.
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Effect of ligand dilution ratios on structural integrity of Cu-TPY HBM. Cyclic
voltammograms of a SAM of Cu-TPY diluted with 1-butanethiol (C4-SH) in a (a) 1:10, (b) 1:50 or
(c) 1:100 ratio (blue) or diluted with 1-pentanethiol (C5-SH) in a (d) 1:10 ratio (blue) covered by
a monolayer of DMPC lipids (red) in a solution of 1 mM KzFe(CN)s in 100 mM KCl at a scan rate of
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Figure S6. Comparison of oxygen reduction activity on different electrode surfaces. Linear sweep
voltammograms of a bare Au electrode (yellow), a SAM of TPY ligands (grey), Cu-TPY SAM (blue),
Ni-TPY SAM (purple), and Mn-TPY SAM (cyan) on Au electrode in an Oz-saturated 100 mM pH 7
sodium phosphate buffer solution at a scan rate of 10 mV/s. The changes in ORR current densities
measured at 0.400 V versus RHE.
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Figure S7. Metal content characterization of M-TPY SAM (M = Cu, Ni, Mn) by (a-c) ICP-MS analysis,
and (d) their mass activity of ORR in a pH 7 100 mM sodium phosphate buffer at a scan rate of
10 mV/s.

Table S1. Metal quantification results of M-TPY SAM (M = Cu, Ni, Mn).

Sample Relative to lstq (M:Rh) M?:Lg:;::?)t(a) Me:::O(i;:r:‘i;'t(b)
Cu-TPY SAM 0.77 6.62 0.033
Ni-TPY SAM 0.09 4.70 0.024
Mn-TPY SAM 0.21 3.88 0.019

(@) represents the metal content that was measured on the Au electrode, with each having a
surface area of 1 x 1 cm?2. ) represents the metal content that was measured within the overall
volume of M-TPY SAM, considering its 2-nm thickness. The total volume amountsto 1 x 1 x 2 x
107 cm3.
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Figure S8. Oxygen reduction activity of M-TPY SAM (M= Cu, Ni, Mn) in absence and presence of
0.. Linear sweep voltammograms of a SAM of M-TPY on Au electrode in a N-saturated (grey) or
a Oz-saturated (blue) 100 mM pH 7 sodium phosphate buffer solution at a scan rate of 10 mV/s.
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Figure S9. Structural integrity of lipid monolayer in M-TPY HBM (M = Cu, Ni, Mn). Cyclic
voltammograms of a SAM of M-TPY (blue) covered by a monolayer of DMPC lipids (red)
incorporated with 1 molar equivalent of DBA (orange) in a solution of 1 mM KzFe(CN)s in 100 mM
KCl at a scan rate of 50 mV/s.
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Figure S10. Oxygen reduction activity of M-TPY HBM (M = Cu, Ni, Mn) with or without cholesterol
incorporation. Linear sweep voltammograms of a SAM of M-TPY (blue) covered by a monolayer
of DMPC lipids (red) or a monolayer of DMPC lipids incorporated with 20% w/w cholesterol (red,
dotted) in a Oz-saturated 100 mM pH 7 sodium phosphate buffer solution at a scan rate of 10
mV/s.
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Figure S11. Oxygen reduction activity of M-TPY HBM (M = Cu, Ni, Mn) incorporated with
cholesterol and DBA. Linear sweep voltammograms of a SAM of M-TPY (blue) covered by a
monolayer of DMPC lipids incorporated with 20% w/w cholesterol (red, dotted) and 1 molar
equivalent of DBA (orange, dotted) in a O,-saturated 100 mM pH 7 sodium phosphate buffer
solution at a scan rate of 10 mV/s.
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Figure S12. Structural integrity of lipid monolayer in M-TPY HBM (M = Cu, Ni, Mn) incorporated
with cholesterol and DBA. Cyclic voltammograms of a SAM of M-TPY (blue) covered by a
monolayer of DMPC lipids incorporated with 20% w/w cholesterol (red, dotted) and 1 molar
equivalent of DBA (orange, dotted) in a solution of 1 mM KsFe(CN)s in 100 mM KCl at a scan rate
of 50 mV/s.
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