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Supporting Information 1. Determining the porosity of Mesoporous surfaces. 

Acquired SEM images of MEP1 (Figure S1a) and MEP2 (Figure S1d) samples were analyzed with 

Matlab® to extract sample porosity (Table S1). Images were first converted to grayscale, preprocessed 

to enhance contrast by contrast-limited adaptive histogram equalization (CLAHE) and low-pass 

filtered to remove constant power additive noise before being binarized (Figures S1b,e) with Otsu’s 

method. Morphological opening was performed to remove any small white noises in the image, and 

morphological closing to remove any small holes in the object (Figures S1c,f). The areas of all pores 

(black pixels) were summed and related to the total area of the considered image, according to 

Equation S1: 

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 (%) =
∑ 𝐴𝑝𝑜𝑟𝑒

𝐴𝑡𝑜𝑡
100 (S1) 

where 𝐴𝑝𝑜𝑟𝑒  is the value of the area of each pore, and 𝐴𝑡𝑜𝑡is the total area of the acquired image. 

 

Figure S1. SEM micrographs of (a) MEP1 and (b) MEP2 substrates and corresponding binarization; 

(c–f) processed images after morphological opening and closing to remove noise and holes in the 

objects. 
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Table S1. Determined values of porosity for the mesoporous surfaces. 

 Porosity std 

MEP1 12.47 1.91 

MEP2 40.60 2.90 

Supporting Information 2. Extracting Au NP diameter. 

Au NP SEM micrographs (Figure S2a) were analyzed with Matlab® to extract Au NP diameter 

(Table S2). Images were first converted to grayscale, preprocessed to enhance contrast by contrast-

limited adaptive histogram equalization (CLAHE) and low-pass filtered to remove constant power 

additive noise before being binarized with Otsu’s method. Morphological opening was performed to 

remove any small white noises in the image, and morphological closing to remove any small holes in 

the object. The images were segmented by watershed transformation and a distance transform was 

used as segmentation function to split out the regions. Watershed transform is known for its tendency 

to oversegment an image because each local minimum, no matter how small, becomes a “catchment 

basin”. For this reason we (i) filtered out tiny local minima using imextendedmin function (ii) modified 

the distance transform so that no minima occured at the filtered-out locations. This procedure is 

called "minima imposition" and was implemented via the function imimposemin. 

With watershed segmentation, single nanoparticles were identified (Figure S2b). The diameter 

of the image regions were calculated through the regionprops function. 

 

Figure 2. (a) SEM micrographs of Au NPs. (b) In red Au NP centroids, identified by watershed 

segmentation. 

Table S2. Determined values of nanoparticle diameter. 

Diameter std 
8.02 1.01 

 


