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Figure S1 displays a SKPFM image collected for a patterned reference sample con-

taining regular Al, Si, and Au domains (purchased from Bruker) measured with an ana-
logue Pt tip under the same experimental condition used for the characterization of the Al 
alloy. 

. 

Figure S1. SKPFM images of an Al-Si-Au patterned grid (collected when the Pt-coated tip is bi-
ased): Topographic (a) and contact potential difference (b) images. Right panels show the corre-
sponding cross section profiles. 

The Figure S2 depicts the SEM-EDX images of the bare substrates before the deposi-
tion of the 4-nitrobenzenediazonium films deposition. Some Fe intermetallic particles 
were observed in the studied substrates.  
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Figure S2. FE-SEM images and EDX maps of the bare substrates after the (a) SC, (b) ESC and (c) 
EIP treatments. 

The Figure S3 shows the AFM images and cross-section profiles of the Al-7075 sub-
strates after the different applied surface treatments. As described in the manuscript, the 
EIP substrate displayed the lowest roughness, a fact explained from the ion-polish treat-
ment applied on this surface. 
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Figure S3. Representative 10 × 10 µm2 AFM images collected from Al-7075 substrates after differ-
ent surface treatments: SC (a), ESC (b), and EIP (c). The corresponding cross section profiles are 
displayed on the right panels. 

The Table S1 shows the C and N composition of the studied 4-NBD-electrografted 
substrates, after applying the large and the short potential ranges. This composition has 
been determined by EDX analysis and shows higher nitrogen and carbon signals for the 
ESC and EIP substrates, in comparison with those observed for the SC substrate. This fact 
evidenced the successful formation of the film on ESC and EIP, due to the increase in its 
activity after the applied chemical treatments described in the section 2.1 of the manu-
script. 

Table S1. Carbon and nitrogen composition determined by EDX of the electrografted 4-NBD films 
applying the large and short potential ranges. 

Substrate 
 Large potential range  Short potential range 

 wt % C wt % N  wt % C wt % N 

SC  1.00 0.57  0.86 0.00 

ESC  10.57 1.74  4.24 0.96 

EIP  8.20 1.40  0.76 0.65 
 

The Figure S4 depicts the AFM images obtained for the electrografted 4-NBD films 
deposited on an EIP substrate after applying the large potential range. From the cracks 
present in this organic layer, the thickness of the as-deposited film was estimated. This 
value is between 30 and 90 nm. 

 
Figure S4. 5.0 × 5.0 µm2 AFM image collected from an EIP-modified Al-7075 substrates after cy-
cling in a 2 mM 4-NBD-containing ACN solution, left panel. The corresponding cross section pro-
file showing the thickness of the nitrophenylene layer is displayed on the right panel. 

The Figure S5 shows the Raman spectra for the 4-NBD electrografted films deposited 
on the ESC and the EIP substrates. The assignments for these bands are detailly described 
in the section 3.5 of the manuscript. 
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Figure S5. Raman spectra of the 4-NBD-electrografted ESC and EIP substrates applying the large 
and short potential ranges. 

In the Figure S6, the SKPFM images obtained for the films deposited on the EIP sub-
strate applying the large potential range are presented, where it is possible to appreciate 
both the preferential formation of the film on the AlxOy surface and the characteristic mor-
phology of the crystalline IMPs, i.e. centred apex-shaped, as described in the sections 3.6 
and 3.7, respectively. 

 
Figure S6. 5.0 × 5.0 µm2 SKPFM images collected from an EIP-modified Al-7075 substrate after cycling in a 2 mM 4-NBD-
containing ACN solution within the large potential range. 

The Figure S7 displays the 3D AFM images of the 4-NBD films electrografted on an 
EIP substrate applying both, the large and short potential ranges. The images show that 
there is a lack of film in the borders of the intermetallic particle, which has been explained 
from the interface formed between the IMP and the AlxOy. 
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Figure 7. 2.0 × 2.0 µm2 3D AFM images collected from an EIP-modified Al-7075 substrates after 
cycling in a 2 mM 4-NBD-containing ACN solution as indicated in section 3.7. 

Since Cu and Fe are the major components in the cathodic intermetallic articles as 
shown by FE-SEM/EDX and SKPFM analysis, CV measurements have been carried out on 
freshly polished polycrystalline Cu and Fe electrodes to clarify the mechanism for the dif-
ferential electrografting process of nitrophenylene films occurred onto Al-7075 surfaces. 
Figure SI8a shows the cyclic voltammograms registered for the Cu substrate in a deaer-
ated solution 0.1 M TTBAFB4 in ACN containing 2 mM 4-NBD. The characteristic irre-
versible wave corresponding to the reduction of the diazo group is expected to occur at 
potentials even more positive than the oxidation of the metallic surface itself, especially 
in the case of iron [1–3]. For that reason, we have consequently -constrained the positive 
limit for the potential range considered herein. An electrochemical redox couple with the 
cathodic wave appearing at −1.6 VAg/ AgCl and the anodic one at −1.0 VAg/ AgCl can be ob-
served, which is attributed to the electrochemical response of the nitro groups present in 
the grafted nitrophenylene layer with their corresponding reduction to nitro radical anion 
and its subsequent oxidation, respectively [4–5]. Interestingly, when a freshly polished 
copper electrode is cycled within the same potential range, but in the absence of 4-NBD 
for a non-deaerated 0.1 M TTBAFB4 in ACN, an irreversible diffusion-controlled voltam-
metric peak centered at −1.3 VAg/ AgCl can be observed in the first voltammogram, which 
can be assigned to the reduction of molecular oxygen O2 to the superoxide radical anion 
O2•−, as can be seen in the Figure SI8b. A similar range for this reaction has been recently 
reported by Breton and co-workers for a glassy carbon electrode [6]. The current densities 
associated with this peak decrease after each cycle, as can be seen in Figure S8b, which is 
indicative of the depletion of O2 at the solid-liquid interface during successive scans. This 
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would account for an active electroreduction of molecular oxygen occurring in this range 
of negative applied potentials. 
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Figure S8. Cyclic voltammograms registered at 0.05 V·s−1 for freshly polished polycrystalline Cu 
(upper panels) and Fe (lower) in a in a deaerated 2 mM 4-NBD containing 0.1 M TTBAFB4 ACN 
solution (a and c) and in a 0.1 M TTBAFB4 ACN solution (b and d). 

A similar behavior was found for the polycrystalline iron electrode, Figure S8c. With 
a cathodic wave appearing at −1.4 VAg/AgCl and the anodic one at −0.9 VAg/AgCl attributable 
to the electrochemical response of the nitro groups in the grafted film. In parallel, the dif-
fusion-controlled irreversible wave at −1.7 VAg/AgCl, together with the preceding shoulder 
at −0.9 VAg/AgCl, (see Figure S8d) is attributed to the reduction of oxygen. 

As previously stated, the generation of the superoxide radical has been related to the 
inhibition of the growth of multilayered nitrophenylene films onto conductive electrodes 
[6]. Similarly, during the formation of nitrophenylene films on Al-7075 by cycling within 
the large potential range, the very negative potentials applied herein would be responsible 
for the generation of superoxide radical from residual oxygen and water in the ACN so-
lution at the solid-liquid interface of the cathodic intermetallic particles (mostly formed 
by Fe and Cu). In this regard, a synergistic effect of ferrous ion and copper oxide for the 
generation of this radical superoxide has been reported by Zhang et al [7,8]. This would 
result in the subsequent inhibition of the film growth onto these particles, while no signif-
icant impact might be observed on the film electrodeposited on the Al oxide matrix. 
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