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SAMs of dodecanethiol (SC12)

Figure S1 shows the S 2p region XP spectrum of a dodecanethiol-SAM on preferentially

oriented Au(111) substrate. The main peak –S 2p3/2 at 162 eV– is attributed to adsorbed

tiolate (S2). The weak and broad peak whit S 2p3/2 at 163.4 eV is attributed either ph-

ysisorbed thiols or disulfide molecules originated by radiation damage. The S3 contribute

to 3.4 % of the total S 2p signal. This means that the radiation is reasonably low or not

significant in our experiments.

Figure S 1 – S2p region XP spectrum for SC12-SAM.: the red curve corresponds to S2 and
the green curve is assigned to S3
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Surface Coverage by XPS data

The surface coverage of thiol on Au is defined by:

Au

1 ML of Au

l
θS =

S atoms

Au atoms on surface
(1)

The intensity of a XPS peak for a homogeneous solid is given by:1

Ii = JKσiLi(γ)×
∫ ∞
z=0

Ni exp [−z/λ cosα] dz (2)

where J is the X-ray flux, K describe instrumetal factors, σi is the photo-emission cross-

section of the element i, Li(γ) is the assymetry factor with γ as the angle between X-ray

source and the spectrometer, Ni is the number of atoms of the elements i in a thickness z, λ

is the inelastic mean free path of electrons through the solid, and α is the angle between the

surface normal and the direction to the analyzer (α = 90◦ in our case). The intensity due to

the emission from the volumen element of thikness d, Idi , is related to the total intentisy I∞i

by the Lamber-Beer law:

Idi = I∞i

[
1− exp

(
−d
λ

)]
(3)

To estimate λ it is useful to consider the effective attenuation lenght, EAL.2 According

to Cumpson and Seah,3 the EAL for an element of atomic number z results::

EAL [nm] = 0.316a3/2
{

EK

Z0.45[ln(EK/27) + 3]
+ 4

}
(4)
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where EK is the kinetic energy of the electrons and a is the mean lattice parameter (in nm)

a = 108

(
Aw
ρNAv

)1/3

(5)

In the last relation Aw is the atomic weight (in g), ρ is the density and NAv the Avogadro’s

number. In order to express the EAL as the equivalent number of monolayer, the equation

4 can be divided by equation 5. For organic materials:4,5

EALOrg.Mat.[nm] =
31

(EK)2
+ 0.087

√
EK; EK < 100eV (6)

EALOrg.Mat.[nm] = 0, 00837× (EK)0,842; EK > 100eV (7)

The XPS intensity due to the Au atoms on the outer surface layer is expressed according:

I1ML
Au = I∞Au

[
1− exp

(
− 1

λAu

)]
= JKσAuLAuAN

1ML
Au (8)

where A is the sampled area and NAu is the number of Au atoms on surface. However,

the total intensity I∞Au is attenuated by the organic layer of thicknes l deposited on the Au

surface. Then, the meassured intensity, ImAu, is:

ImAu = I∞Au exp

(
− l

λOrg(EK,Au)

)
(9)

For a thiol monolayer, the intensty of S is given by:

IS = JKσSLSANS (10)

and the signal of the S atom is attenuated by the organic layer (the hydrocarbon chains of

the thiols) over it:

ImS = IS exp

(
− l

λOrg(EK,S)

)
(11)
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Finally, the surface coverage of S on Au can be calculated the equation:

θS =
NS

NAu

=
ImS
ImAu

σAuLAu
σSLS

exp(−l/λOrg(EAu))
exp(−l/λOrg(ES))[1− exp(−1/λAu)]

(12)

This equation can be simplified introducing some approximations. In our case γ = 54.7◦

, then Li = 1. For Al Kα X-ray source (hν = 1486.6 eV) the kinetic energy of S 2p and Au

4f electrons are rather close. Then, the attenuation experienced by S 2p and Au 4f are very

similar. Then, the equation 12 can be expressed as:

θS =
NS

NAu

≈ ImS
ImAu

σAu
σS

1

[1− exp(−1/λAu)]
(13)

Finally, in table S 1 we provide the values of the constants sigma, lambda, etc. used to

estimate the θS. The meassuered intensities Imi for each component is the area under the

fitted curve after baseline sustraction.

Table S 1 – Parameters used for coverage calculation with an Al Kα X-Ray source

Element σ a (Mbarn) λAu (# of monolayers)

S 0.02265 —
Au 0.2511 5.15b

a - https://vuo.elettra.eu/services/elements/WebElements.html
b - calculated from equation 4

XP spestra of Au, C and O

The broad XP spectrum (survey) show all the signals present. No other elements than Au,

S, C and O where found. No Hg contamination is found.

The spectra for O 1s and C 1s are the expected for a sample prepared ex-situ. For

MPA we expect the presence of three components in the C 1s XPS spectrum: one for every

kind of carbon in the adsorbed molecules. Although the large widths of the peaks do not

allow for an unambiguous fitting of the spectrum, we can tentatively assign the features
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Figure S 2 – Survey spectra for Me-MPA self-assambled monolayer on Au.

in the spectrum following previous reports.6 First, the higher binding energy peak (broad

peak around 288.5 eV) was associated to the carboxylic acid function (−COOH). Second,

the most intense signal (centered at 284.8 eV) has contributions from the methylene carbon

(−CH2−) and adventitious carbon. Lastly, the poorly resolved peak at 286.5 eV is due

to carbon of the mercapto group (CH2−S). On the other hand, the carbon signal in the

XPS spectrum (C 1s) of Me-MPA has at least four components, which cannot be precisely

resolved do to the low separation among some of them. However, we can associate some

of the peaks in the C1s region with the different carbon environments. The higher BE

peak corresponds to the ester carbonyl (288.6 eV),7–9 while the spike centered at 286.5 eV

would present contributions from the carbon singly bound to one oxygen (ester function,

CH3−O) and the carbon of the mercapto group (−CH2−S). Lastly, the most intense peak

has contributions from the methylene carbon (−CH2−) and adventitious carbon.

The O 1s spectrum of MPA shows a broad peak that is probably composed of at least

two components. The dominating low binding energy component observed at 531.42 eV

is assigned to both the carbonyl oxygen (C=O) of the carboxylic acid function and the
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Figure S 3 – Comparison of XP spectra of O 1s, C 1s and Au 4f for MPA and Me-MPA

deprotonated carboxyl group (COO– ).10 Meantime, the shoulder at about 532.8 eV is due

to the non-deprotonated carboxyl oxygen (-OH). However, the asymmetry on the higher BE

side could also be related to the contribution of some coadsorbed water6 or ethanol molecules.

On the other hand, for Me-MPA, the contributions of two kinds of non-equivalent oxygen can

be clearly distinguished in the O 1s region. Indeed, the peak at 531.8 eV can be assigned to

the carbonyl oxygen (C=O), while the higher binding energy one (533.2 eV) to the carboxyl

oxygen (O bonded to the methyl group).8

Finally, the Au 4f region for both MPA and MPA SAMs presents spectra that are typical

of alkanethiol SAMs.11 The salient features are: (i) Au 4f7/2 components located 84.0 eV

and FWHMs about 0.7 eV. Both figures are coincident with those found for dodecanethiol

SAMs within the experimental error.
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Electrochemical data of SAMs treated in NaOH

The Figure S4 demonstrates the strong effect of NaOH on the integrity and composition

of Me-MPA SAMs. The orange-dashed line shows the data for a Me-MPA SAM grown in

toluene. The continuous-black line show the desorption curve for a SAM exposed for 4 hours

to a 0.1 M NaOH aqueous solution.

Figure S 4 – Electrodesorption curves for MeMPA SAMs. Orange-dashed line: as prepared
SAM. Black-continuous line: Me-MPA SAM exposed for 4 hours to a 0.1 M NaOH aqueous
solution.
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