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Fig. S1 An example of ex situ (A) and in situ (B) STM images of AQ2-SAMs on Au(111) electrodes. 

Electrolyte: 20 mM KH2PO4 (aq) (pH = 4.75). 
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Fig. S2 Typical change in Cdl as a function of applied potential (pH 4.5) for bare Au(111) electrode 

(red), AQ1-SAM (black) and AQ2-SAM (blue). 
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Equation S1: 

𝐼𝑚(𝑍𝐶𝑃𝐸) =
1

𝑗𝜔𝐶
⟹ 𝐶 =

𝑌0𝜔
𝑛−1

sin⁡(
𝑛𝜋
2
)

 

 

Since: 

𝑍𝐶𝑃𝐸 =
1

𝑌0
𝜔−𝑛 [cos (−

𝑛𝜋

2
) + 𝑗 sin (−

𝑛𝜋

2
)]⁡; ⁡𝑗 = ⁡√−1 

 

𝐼𝑚(𝑍𝐶𝑃𝐸) =
1

𝑌0
𝜔−𝑛⁡𝑗 sin (−

𝑛𝜋

2
) 

 

1

𝑌0
𝜔−𝑛⁡𝑗 sin (−

𝑛𝜋

2
) =

1

𝑗𝜔𝐶
 

 

−
1

𝑌0
𝜔−𝑛𝜔 sin (−

𝑛𝜋

2
) =

1

𝐶
 

 

1

𝑌0
𝜔1−𝑛 sin (

𝑛𝜋

2
) =

1

𝐶
 

 

Thus: 

𝐶 =
𝑌0𝜔

𝑛−1

sin (
𝑛𝜋
2
)
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Fig. S3 Plot representing the change in real part of Faradaic admittance (Y’) as a function of 

frequency for the equivalent circuit, Figure 3. The calculation was made according to the 

equation: 𝑌′𝜔−1/2 = 𝜃𝜎−2𝜔3/2 (1 + 𝜃2𝜎−2𝜔2)⁄ , where ω is the angular frequency, 1/σ is Cr and 

θ is Rp [E. Laviron, J. Electroanal. Chem. 1979, 105, 35-42]. 
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Fig. S4 Anodic current range for AQ1-SAMs at small overpotentials. The apparent α value 

calculated from the slope of the line is ca. 1.6. 
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Fig. S5 Anodic range of Laviron analysis for AQ1-SAMs. Insert: variation of y = │ηred/ηox│ with 

peak-to-peak separation (∆Ep > 0.2/n V), where n is the number of electrons and η the 

overpotential. The α value calculated from the slope of the line is ca. 0.7, which yields a ks value 

of ca. 6.1 s−1.  As shown in the insert, the anodic and cathodic ranges seem very symmetric, since 

y = 1. 
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Equation S2: 

∫ 𝑓(𝑥)𝑔(𝑥)𝑑𝑥
∞

−∞

=
1

√4𝜋𝜆′
exp⁡(−

𝜆′

4
−
𝜂′

2
)∫ exp⁡(−

(𝑥 − 𝜂′)2

4𝜆′
)

1

2cosh⁡(
𝑥
2
)
𝑑𝑥

∞

−∞

 

 

where: 

𝑥 =
𝜀

𝑘𝐵𝑇
 𝜆 = 𝜆′𝑘𝐵𝑇 𝑒𝜂 = 𝜂′𝑘𝐵𝑇 

 

The following integral: 

∫ 𝑓(𝜀)𝑔(𝜀)
∞

−∞

𝑑𝜀 = ∫ 𝐻2√
𝜋

𝜆𝑘𝐵𝑇ħ
2

∞

−∞

exp(−
(𝜆 + 𝑒𝜂 − 𝜀)2

4𝜆𝑘𝐵𝑇
)

1

1 + exp (
𝜀

𝑘𝐵𝑇
)
𝑑𝜀 

 

Can be rearranged as: 

𝐴𝑘𝐵𝑇∫ exp(−
(𝜆 + 𝑒𝜂 − 𝜀)2

4𝜆𝑘𝐵𝑇
)

1

1 + exp⁡(
𝜀

𝑘𝐵𝑇
)
𝑑𝜀

∞

−∞

= 

 

𝐴𝑘𝐵𝑇∫ exp(−
𝜆2 + 2𝜆𝑒𝜂 − 2𝜆𝜀 + (𝑒𝜂)2 − 2𝑒𝜂𝜀 + 𝜀2

4𝜆𝑘𝐵𝑇
)

∞

−∞

1

1 + exp (
𝜀

𝑘𝐵𝑇
)
𝑑𝜀 = 

 

𝐴𝑘𝐵𝑇∫ exp(−
𝜆2

4𝜆𝑘𝐵𝑇
−

2𝜆𝑒𝜂

4𝜆𝑘𝐵𝑇
+

2𝜆𝜀

4𝜆𝑘𝐵𝑇
−
𝜀2 − 2𝑒𝜂𝜀 + (𝑒𝜂)2

4𝜆𝑘𝐵𝑇
)

∞

−∞

1

1 + exp⁡(
𝜀

𝑘𝐵𝑇
)
𝑑𝜀 = 

 

𝐴𝑘𝐵𝑇∫ exp(−
𝜆′

4
−
𝜂′

2
+
𝑥

2
−
(𝑥 − 𝜂′)2

4𝜆′
)

∞

−∞

1

1 + exp⁡(𝑥)
𝑑𝑥 = 

 

𝐴𝑘𝐵𝑇∫ exp(−
𝜆′

4
−
𝜂′

2
+
𝑥

2
) exp(−

(𝑥 − 𝜂′)2

4𝜆′
)

∞

−∞

1

1 + exp⁡(𝑥)
𝑑𝑥 = 

 

𝐴𝑘𝐵𝑇∫ exp(−
𝜆′

4
−
𝜂′

2
) exp⁡(

𝑥

2
) exp(−

(𝑥 − 𝜂′)2

4𝜆′
)

∞

−∞

1

1 + exp⁡(𝑥)
𝑑𝑥 
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Since, the Fermi function can be converted into: 

1

1 + exp(𝑥)
= exp (−

𝑥

2
)

1

2cosh (
𝑥
2
)

 

 

Thus: 

𝐴𝑘𝐵𝑇exp(−
𝜆′

4
−
𝜂′

2
)∫ exp(−

(𝑥 − 𝜂′)2

4𝜆′
)

∞

−∞

1

2 cosh (
𝑥
2
)
𝑑𝑥 

 

𝑘𝐵𝑇 = 𝑘𝐵𝑇√4𝜋𝜆
′

1

√4𝜋𝜆′
 

 

We therefore obtain the equation reported by S.Feldberg Anal. Chem. 2010, 82, 5176−5183, 

and C. Chidsey Science 1991, 251, 919−922: 

1

√4𝜋𝜆′
exp(−

𝜆′

4
−
𝜂′

2
)∫ exp(−

(𝑥 − 𝜂′)2

4𝜆′
)

∞

−∞

1

2 cosh (
𝑥
2
)
𝑑𝑥 
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Appendix with NMR spectra recorded for the following compounds: 

2-(3-hydroxyprop-1-yn-1-yl)anthracene-9,10-dione (4) 
 
 

 
S-(3-(9,10-dioxo-9,10-dihydroanthracen-2-yl)prop-2-yn-1-yl)ethanethioate (6) 
 
 

 
2,6-bis(3-hydroxyprop-1-yn-1-yl)anthracene-9,10-dione (3) 
 
 

 
S,S'-((9,10-dioxo-9,10-dihydroanthracene-2,6-diyl)bis(prop-2-yne-3,1-diyl)) diethanethioate (5) 
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2-(3-hydroxyprop-1-yn-1-yl)anthracene-9,10-dione (4): 1H-NMR (400 MHz, DMSO-d6) 
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2-(3-hydroxyprop-1-yn-1-yl)anthracene-9,10-dione (4): 13C-NMR(101 MHz, DMSO-d6) 
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S-(3-(9,10-dioxo-9,10-dihydroanthracen-2-yl)prop-2-yn-1-yl)ethanethioate (6): 1H NMR (400 
MHz, Chloroform-d) 
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S-(3-(9,10-dioxo-9,10-dihydroanthracen-2-yl)prop-2-yn-1-yl)ethanethioate (6): 13C NMR (101 
MHz, Chloroform-d) 
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2,6-bis(3-hydroxyprop-1-yn-1-yl)anthracene-9,10-dione (3): 1H NMR (400 MHz, Chloroform-d) 
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2,6-bis(3-hydroxyprop-1-yn-1-yl)anthracene-9,10-dione (3): 13C NMR (101 MHz, DMSO-d6) 
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S,S'-((9,10-dioxo-9,10-dihydroanthracene-2,6-diyl)bis(prop-2-yne-3,1-diyl))diethanethioate 
(5):  1H NMR (400 MHz, DMSO-d6) 
 

 


