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 RESULTS AND DISCUSSION

The efficiency of the electroless deposition was valuated by a comparison of SEM images taken 

using different modalities of detection (NTS BSD and In Lens). In Table SI 1 the name of each 

image and the characteristics of the represented sample is reported.

NTS BSD is a retractable five diode backscattered electron detector (BSD) used for qualitative 

compositional imaging in high vacuum. With this modality, areas of the sample with heavier 

elements appear brighter. Thus, NPSi NPs covered with gold are easily recognizable as those 

particles in the image with higher contrast respect to the background.

In Lens SE detector is a high resolution secondary electron (SE) detector that reduces the 

percentage of SE and SE signals observed and artefacts. With this modality, the resolution is 

improved, while shadow contrasts are lost making the sample look flatter than it is. It is used to 

image NPs regardless of their composition.

The efficiency of deposition is greater than 80% for all configuration of growth and approaches 

unity in all cases for deposition time greater than approximately 40 min. From the SEM images of 

the samples. We analysed the nano-porous silicon nanoparticles (NPSi NPs) using two different 

SEM modalities: (i) NTS BSD and (ii) In Lens (Fig. SI 1 and 2).

From the analysis of NPSi NPs imaged using either the NTS BSD and the In Lens SE modality, we 

determined the number of silicon particles correctly covered with metallic gold at the end of the 

process of electroless deposition ( ), and the total number of particles in a sample ( ). The 𝑁𝑔𝑜𝑙𝑑 𝑁𝑡𝑜𝑡

ratio of the particles covered with gold to the total number of particles in a sample, represents the 

efficiency of the process , .  indicates the percentage of NPSi NPs, initially 𝜂 𝜂 = 𝑁𝑔𝑜𝑙𝑑/𝑁𝑡𝑜𝑡 𝜂

contained in the solution before the process of electroless deposition, correctly functionalized with 

metallic gold at the end of the process. Ratios were calculated using either the number of particles 

measured in a SEM micrograph ( ), and the area of those particles derived through image analysis 𝜂𝑁

algorithms ( ). Results indicate that the efficiency of the process is as high as  considering the 𝜂𝐴 90%

number of particles in the image ( ), and is higher than  considering the total area of the 𝜂𝑁~0.9 90%

particles ( ), for a fixed temperature  and a time of deposition of  (data 𝜂𝐴~0.93 𝑇 = 50° 𝑡 = 24 ℎ

from Fig SI 1). The same analysis repeated for different temperatures and times of the process 

indicates that the efficiency of the process is generally high – the lowest measured value of 

efficiency being  after 10 minutes of electroless growth at  (Tab SI 2, data from 𝜂𝐴~0.81 𝑇 = 50°
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Fig SI 2). This, in turn, implies that the number of silicon particles left in solution (i.e., not-treated) 

a few minutes after the deposition is low.

Segmentation and analysis of SEM Images

SEM images were analyzed with Matlab®. Images were first converted 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. Structures that were lighter than 

their surroundings and connected to the image border were suppressed. The images were segmented 

by a watershed transformation and a distance transform was used as segmentation function to split 

out the regions, identifying the single nanoparticles. The number of nanoparticles and their area 

were obtained through the regionprops function. The final area is the mean of the nanoparticle areas 

in the image.
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Tab. SI1

Sample 
name

Sample characteristics

T11 Si and Au nanoparticles - T1 10min
T12 Si and Au nanoparticles - T1 60min
T13 Si and Au nanoparticles - T1 120min
T14 Si and Au nanoparticles - T1 24h
T21 Si and Au nanoparticles - T2 10min
T22 Si and Au nanoparticles - T2 60min
T23 Si and Au nanoparticles - T2 120min
T24 Si and Au nanoparticles - T2 24h

Fig. SI1
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Fig. SI2
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Tab. SI2

–T11ηn 0.9560

–T13ηn 0.9124

–T21aηn 0.8670

–T21bηn 0.8700

–T11η𝐀 0.8610

–T13η𝐀 0.9130

–T21aη𝐀 0.9010

–T21bη𝐀 0.8100


