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ABSTRACT. We fabricated gold nanoparticles on nanoporous silicon microparticles using 

electroless deposition in a hydrofluoric acid solution containing gold chloride. The reaction was 

followed by UV spectrometer analysis of the absorbance of the solution (proportional to the 

nanoparticles concentration) for two temperatures (20°C and 50°C). Results indicate that the 

process is autocatalytic, described by a pseudo-first order reaction, the apparent rate constant 

𝑘𝑜𝑏𝑠 of which was determined utilizing UV spectrometer data. We found that the reaction rate 

constant at 20°C is 7·10-3 s-1, and at 50°C is 2.9·10-2 s-1. Scanning electron microscope (SEM) 

analysis of samples and diffusion limited aggregation (DLA) simulations were used to validate 



results. This study aims to resolve the kinetics of electroless deposition of gold on silicon at the 

nanoscale, in the present state of art missing a quantitative characterization, for certain 

conditions of growth and given values of temperature and concentration of the reagents. Results 

may have applications to the synthesis of gold nanoparticles, and their use as nanosensors, drug 

delivery systems, or metal nano- meta- materials with advanced optical properties. 

 

INTRODUCTION 

Metal nano materials are of interest for those working in research and industry, owing to their 

improved physical and chemical characteristics and potential impact in fields such as electronics, 

medicine, biomedical engineering. The shape and the size of nanoparticles together with their 

organization in micro/nano structures influence their electrical and optical properties, increasing 

the attention in metal nanoparticles realization methods [1]. The controlled synthesis of metal 

nanoparticles or the deposition of a metallic layer is a challenge for nanotechnology research to 

improve the possibility of creating well-defined nanostructures exhibiting those physical and 

chemical characteristics required by specific applications. 

 Techniques for the synthesis of metal nanoparticles range from chemical methods, prevalently 

consisting in redox reaction or electroless processes [2, 3], , to electrochemical deposition [4], 

electron beam evaporation [5], chemical vapor deposition [6], or chemical spray pyrolysis [7]. In 

all cases, the aim of technique is granting maximum control over the size and shape of the final 

metal nanostructures. Two different strategies are being currently pursued to achieve a similar 

target, being: 

(i) a combination of nanotechnology and chemical techniques, where the former (including 

optical lithography, electron beam lithography, focused ion beam) create defined patterns where 

particles are deposited – typically by a chemical reaction of reduction; or, 



(ii) pure chemical methods, where an accurate choice and tuning of the process parameters 

(reactants concentrations, temperature, presence of additives, to cite a few) yield final structures 

with the intended characteristics.  

In both cases, electroless deposition is a key step of the process. Electroless deposition is a 

controlled autocatalytic deposition of metals on a surface by the reaction of a complex 

compound and a chemical reducing agent. It has recently attracted attention for its potential use 

in electronics, bioelectronics, biomedicine, energy, because of its ease of use, cost-effectiveness, 

tight control on shape and size of the intended structures, high precision and reproducibility. 

Electroless deposition involves the nucleation and growth of metal nanoparticles starting from 

the reduction in aqueous solutions of precursor metal salts by means of a reducing agent [8]. In a 

very commonly used version of this technique, the reducing agent is a substrate of silicon (Si): 

metal reacts oxidizing Si and reducing itself to metallic nanoparticles [3]. The optical properties 

of silver and gold nanoparticles make them largely used metals for fabrication of nanostructures 

with plasmonic behavior [9, 10]. In previous reported works, we have used a similar process to 

obtain nano-porous silicon substrates decorated with gold nanoparticles for cell-surface SERS 

analysis [11, 12], and plasmonic devices with arrays of ordered silver nano-particles for single 

molecule detection and biodetection [3, 9]. 

The output of the process and the characteristics of the structures exhibit a great very sensitivity 

to the parameters of the process, including temperature, concentration, reagents characteristics. 

To attain the maximum control over the technique and optimizing performance, one has to know 

the kinetics parameters of the reaction of electroless deposition. Several reports in literature 

investigated this process, sometimes focusing on specific reactions, especially pertaining the 

growth of gold or silver nanoparticles. 

In reference [13], Esumi et al. study the kinetic of gold and silver nanoparticles formation in 

aqueous solution of sugar-persubstituted poly(amidoamine) dendrimers in reference [14], Ismail 



et al study by reduction of silver(I) in the presence of surfactants and macromolecules, Patakfalvi 

and colleagues investigated the kinetics of homogeneous nucleation of silver nanoparticles 

stabilized by polymers [15]. The mechanism of the reaction of gold chloride and the associated 

kinetics parameters were found for the special cases of reaction with formic acid [16], and 

reaction with silicate surfaces [17]. Nevertheless, at the best of our knowledge, no studies report 

the electroless rate kinetics of deposition of gold on silicon surface. 

 

Here, we examined the reaction of gold chloride (AuCl3) with nanoporous silicon to determine 

its kinetics characteristics. We used for the study porous silicon nanoparticles (PSNPs), prepared 

by silicon anodization in an electrolytic cell containing a solution of fluorhydric acid 

(HF/water/ethanol), followed by ultrasonication of the silicon substrate [11]. Gold nanoparticles 

were realized adding to a solution of AuCl3 an appropriate amount of PSNPs (Figure 1). We 

then replicated the experiment setting two different values of temperature, T1 = 25° and T2 =

50° (Methods). Since the optical properties of gold colloidal solutions depend on the particle size 

and density [18], we monitored these variables over time deriving them from the light absorbed 

from the particles in solution as described in the methods. 

It is known that particles with a characteristics size below the wavelength of visible light 

generate, in response to an external electromagnetic radiation, either absorption or scattering 

phenomena [19]. One and the other are more or less relevant in relation to the particle size and 

the characteristics of the dielectric medium. For metals as silver or gold, the excitation of 

plasmon resonances in small particles (with a size less than approximately 70 𝑛𝑚 for gold) lead 

mainly to absorption of light. On the contrary, when particle size approaches the wavelength of 

visible light (> 350 𝑛𝑚), scattering offers the major contribution [20]. For the present 

configuration, SEM inspection of samples reveals that the mean particle size is mostly below 𝜆 – 



approaching 200 𝑛𝑚 only at high temperatures (T2 = 50°𝐶) and long reaction times (𝑡 >

60 𝑚𝑖𝑛) (Figure 2). 

On this basis we have assumed scattering less relevant than absorption: taking the latter, 

measured by an UV spectrometer, as an indicator of characteristics of the systems and the 

principal parameter from which to derive the time evolution of the system and its kinetics 

constants. 

 

MATERIALS AND METHODS 

Fabrication of porous silicon nanoparticles. Nano-porous silicon nanoparticles were obtained 

from nano-porous silicon substrates by ultrasonication. The procedure to realize a network of 

nano-pores in silicon flat samples consists on the anodization of boron-doped silicon wafer (100) 

with resistivity 5–10 Ω-cm, using an electrolyte mixture of hydrofluoric acid (25%), water 

(25%), and ethanol (50%). A current density cell of 20 mA/cm2 was applied to the electrolytic 

cell for 5 min at 25 °C. Samples were then rinsed by series washes in deionized water, ethanol 

and pentane [17, 21-23]. 

Electroless deposition of metals on silicon nanoparticles. In electroless deposition, metal ions 

in solution react with a reducing agent and the product metal nanoparticles are deposited on a 

substrate. The general law of the electroless process is: 

𝑀𝑒𝑛+  +  𝑅𝑒𝑑 = 𝑀𝑒0  +  𝑂𝑥 (1) 

where 𝑀𝑒𝑛+ are metal ions and Red is the reducing agent. 𝑛 electrons are exchanged between 

𝑅𝑒𝑑 and metal ions to produce the atomic metal 𝑀𝑒0. When the substrate is silicon, metal 

reduction is catalyzed by silicon, which contemporary reacts as reducing agent, yields electrons 

to the metal ions. 



In the case of gold ions in solution, the reaction takes the form: 

𝑆𝑖 + 2𝐻2𝑂 = 𝑆𝑖𝑂2  +  4𝐻+ + 4 𝑒− (2) 

silicon oxidation occurring at the anode, and 

𝐴𝑢3+ + 3𝑒− = 𝐴𝑢0 (3) 

gold reduction at the cathode [24]. Particle growth takes place by an initial nucleation phase with 

the formation of metallic nuclei, followed by a step of growth. Temperature, time of reaction and 

type of metals and the concentration of the solution’s components, influence the driving force of 

the reaction, the potential difference between the products and the reagents, as the shape and size 

of the growing nanoparticles. Here we have used a base solution of Hydrofluoric acid 0.15M and 

gold chloride (AuCl3) 5mM. De-ionized (D.I.) water (Milli-Q Direct 3, Millipore) was used for 

all experiments. Gold chloride (AuCl3) was purchased from Sigma and Hydrofluoric acid (HF) 

50% RPE ACS-ISO from Carlo Erba Reagents. All chemicals, unless mentioned otherwise, were 

of analytical grade and were used as received. P-type (100) silicon wafers were used as 

substrates. Substrates were cleaned with acetone and ethanol to remove possible contaminants. 

Hydrofluoric acid in solution has the function to eliminate the superficial oxide and create the 

dangling bonds necessary for metal reduction, as in the following reaction: 

𝑆𝑖𝑂2  + 6𝐻𝐹 = 𝑆𝑖𝐹6
2−  +  2𝐻+ + 2𝐻2𝑂. (4) 

Kinetics procedure. A test tube containing 10 ml of AuCl3 - HF solution was thermally 

equilibrated at the desired temperature (T1 environmental temperature, T2 50°C) in a constant 

temperature water bath. The reaction was started by adding 50 µl of PSNPs into the acid 

solution. The progress of the gold nanoparticles formation was followed spectrophotometrically 

by measuring the absorbance against blanks at definite time intervals at a wavelength of 560 nm, 

corresponding to the max peak in the absorption spectrum of the gold nanoparticles/HF solution 

(Figure 3). The UV–visible spectra of the samples were recorded for the wavelength range 300–



900 nm at 2-min intervals on a Perkin-Helmer Lambda spectrophotometer. The apparent rate 

constant k of the gold/silicon reaction was determined from the slope of the plot ln(𝑎/1 − 𝑎) vs 

time, where 𝑎 = 𝐴𝑡/𝐴∞; 𝐴𝑡 is the maxima absorbance at time 𝑡 and 𝐴∞ is the absorbance at ∞ 

[11]. 

Scanning Electron Microscopy analysis of samples. A Field Emission Gun - Scanning 

Electron Microscope (FEG-SEM) Zeiss Auriga equipped with high efficiency annular secondary 

detector (in lens) was used to evaluate the morphology of Au NP deposited on silicon. 

Accelerating voltage was set at 15 kV. 

Image analysis of SEM micrographs. SEM images were analysed with Matlab® to extract 

nanoparticles diameter. 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. All connected components that 

had fewer than 20 pixels were removed and structures that were 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. With watershed 

segmentation, single nanoparticles were identified. The corresponding diameters were extracted 

through the regionprops function. 

 

RESULTS AND DISCUSSION 

Experimental analysis of gold nanoparticles growth and kinetics. Results, Figure 3, are 

represented graphically as absorbance-wavelength profiles for two temperatures T1 and T2, 

corresponding to 20°C and 50°C respectively. The absorbance is dimensionless, it is not 

expressed as a fraction or a percentage: with Lambert-Beer the absorbance is defined as 𝐴 =



log10(𝐼0/𝐼), where 𝐼0 is the intensity of the initial incident radiation, and 𝐼 is the intensity of the 

radiation after leaving the medium. Since the transmittance is defined as 𝑇 = 𝐼/𝐼0, one can 

express A in terms of T as: 𝐴 = 𝑙𝑜𝑔10(1/𝑇). This automatically implies that, for any T<0.1 (i.e. 

the transmittance is lower than 10% of the initial radiation) A>1, thus values of absorbance 

greater than one are admissible, coherently with some of the results presented in Figure 3. The 

absorbance profile for both temperatures is typical of a solution containing gold nanoparticles: 

just after mixing the two solutions (HF/AuCl3 and PSNPs in water), the recorded UV–visible 

spectra of the mixture shows a maximum, a hump, around 560 nm, corresponding to the 

formation of the gold nanoparticles, which, in fact, manifest a maximum of UV absorbance 

around 520-560 nm [19, 20]. Increasing the reaction time, it is observable an increase of the 

maximum absorbance at about 560 nm, in particular for the reaction occurring at 50°C. This 

indicates the proceeding of the reaction with new gold nanoparticles formation. The higher is the 

temperature, more are the metal ions reduced and higher is the concentration of gold 

nanoparticles.  

The reaction kinetic is deduced observing the evolution of absorption at 560 nm with time 

(Figure 4). The starting of the reaction for both temperatures is slowly, followed by a rapid 

increase in Abs, more evident for the reaction at 50°C. In this last case, we note an induction 

time from the start of the reaction to about 20 min, a step between 20 min and about 120 min in 

which reaction proceeds very quickly, and a final step in which Abs tends to a plateau due to 

residual reaction, around 300 min. When temperature is 20°C the three steps are less evident and 

each phase is longer: the induction time is in the range 0-30 min, the second step, core of the 

reaction, occurs in the range 30-240 min, and the third stage over 240 min, suggesting an 

obvious slower reaction respect to the hot process.  

In Figure 4 data are fitted with sigmoidal curves (red lines), characterized by an initial slow 

stage indicating an induction period, a second stage manifesting a more or less rapid increment 

in gold nanoparticles concentration and a final steady state stage. The behaviour of the 



𝐴𝑢/𝑃𝑆𝑁𝑃𝑠 system, therefore, leads to think that an autocatalytic process is occurring, during 

which the second stage is a central period of auto-acceleration. In autocatalysis, a reaction 

product is a reactant and at the same time a catalyst for the same or a combined reaction. At the 

first metal ions in solution react with silicon microparticles reducing themselves and oxidizing 

silicon. In a second step, the newly made gold nanograins facilitate the electrons exchange 

between silicon and gold ions, accelerating the reaction, and so acting as catalysts, as described 

by equations 4. 

(𝑀𝑒0)𝑛 +  𝑀𝑒𝑛+ = (𝑀𝑒0)𝑛+1 (4) 

Results obtained by UV spectrometry lead to thinking to a mechanism of gold nanoparticles 

synthesis near to the method proposed by Turkevich [25] and later studied by J. Polte [26] 

precisely on gold nanoparticles synthesis. The method divides the growth mechanism in four 

steps: 1) rapid reduction of the gold precursor and nucleation; 2) coalescence of the nuclei and 

formation of nanoparticles; 3) diffusional growth step and 4) autocatalytic surface reduction. The 

first two steps are decisive to determine the total number of nanoparticles that will be formed, 

while in the last two steps the gold ions in solution are reduced on the present particles and, in 

particular, the process becomes very fast during the autocatalytic surface reduction. In the 

present study, the first three steps can be grouped in the induction period, instead the fourth steps 

can be attributed to the central period of auto-acceleration, prominent in the reaction, driving us 

to center on it the kinetic investigation. This choice permits us also to neglect porosity effect of 

the nanoparticles. In fact, if generally porosity influences kinetic of the reaction changing the 

contact area and the diffusion of reactants in the porous material, in the reaction between NPSi 

and Au ions, porosity weights only in the first stage (induction time) when the gold nanoparticles 

are immediately formed after the contact between silicon and gold ions and have still dimensions 

comparable with pores’ size and so diffusion into the porous material of products and reagents is 

still possible. Instead, during the second stage, for which we have calculated Kobs, gold 



nanoparticles grow on the surface of the silicon nanoparticles and their sizes are greater than 

pores dimensions, suggesting that reaction, at this stage, occurs only on a surface level.  

Considering the characteristic of an autocatalytic process of the 𝑁𝑃𝑆𝑖/𝐴𝑢𝐶𝑙3 reaction, we follow 

the progress of reduction by the function ln(a/1 − a), which is expected to have a linear trend 

against the reaction time, as it happens in simple autocatalysis [9, 10, 27]. The linear behavior in 

the intervals of time comprehending the induction and the reaction phases is confirmed by the 

plots of ln(a/(1-a)) versus time (Figure 5). Consequently, a pseudo first-order kinetic with 

respect to gold ions Au3+, in excess of silicon nanoparticles concentration, is an acceptable 

assumption. The rate law is, therefore, represented by 
d[Au3+]

dt
= kobs[Au3+]  where kobs depends 

from temperature. 

The observed rate constants (kobs) are determined from the slopes of the linear fit to the plots in 

the range 0-120 min: the rate constant at 20°C is 7·10-3 s-1, while the rate constant at 50°C is 

2.9·10-2 s-1. (Table 1) 

Observing graphs of Abs vs wavelength (Figure 3), it is perceptible that the absorption band, at 

560 nm, due to the presence of the gold nanoparticles, undergo a minor shift from 560 to 540 

nm, as evident in Figure 6 where the absorption band value is reported vs time. When the 

electroless reaction occurs at around 20°C, the shift of the maximum absorption band 

wavelength with time progression appears as a linear trend in the range 0-120 min, with a slope 

of -0.11 and a final wavelength value of the maximum absorption band of 547 nm, other that it 

remains around constant. When reaction temperature is 50°C, the variation in the maximum 

absorbance band wavelength is faster and a linear trend can be used to fit the first 50 min, 

obtaining a slope of -0.44, then a gradient 4 times higher than at 20°C. The tendency of the same 

peak at 50°C, after 50 min is near an asymptotic value around 542 nm. 

It is known, as Mie’s theory [28], that optical properties, such as absorption maxima and 

absorption intensity, are particle size dependent [18]. In our measurements, the decreasing with 



time of the maximum absorption band for both tested temperatures, indicates a diminution of the 

gold particles’ diameter. Solutions get richer of nanoparticles, the absorption values increase, 

but, at the same time, size of the new formed nanoparticles decreases. During this period (30 −

120 min for T1 and 20 − 50 min for T2) reaction is in the auocatalytic phase, and clustering of 

nanoparticles contemporary occurs, promoting the formation of nanoparticles with diameters 

higher than 200 nm, as observable by SEM images (Figure 1,7). These larger particles fall and 

deposit at the bottom of solution, consequently their contribute is not observable in a scattering 

peak at higher frequencies [29]. In solution only the smaller gold nanoparticles remain, with an 

increment of Abs, which justifies the increment of their density, but a diminution of wavelength 

of the maximum absorption peak, corresponding to the decreasing of their size [9]. The final 

diameter depends on the concentration of metal ions but also on colloidal stability, as most of 

discussed synthetic models regarding nanoparticles growth [26]. 

SEM images (Figure 1, 7) of nanoparticles at different time, for both temperatures, confirms that 

greater gold nanoparticles clusters are present at advanced reaction times, but contemporary the 

existence of small nanoparticles is manifest. In Figure 7 two steps points are reported for each 

temperature in order to understand the time evolution of the reaction. Consequently, the time 

points steps were for T1 10 min and 120 min and for T2 10 min and 60 min, corresponding to 

the intervals in which the reaction is of pseudo first order. Overcoming these limits, reaction 

slows down and particles sizes remains almost constant, around 350-400 nm.  

A comparison of SEM images taken using different modalities of detection (NTS BSD and In 

Lens) enables to derive the efficiency of the electroless deposition, as described in Supporting 

Information. 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. 

DLA simulations. We used a diffusion limited aggregation (DLA) scheme, precedently 

described in reference [23], to simulate the gold nanoparticle growth around spherical nano-



porous silicon precursors. In the simulations, the initial line of nucleation sites is a circle, 

representing the nano-porous silicon particle, with variable radius. We then use cellular automata 

to reproduce the displacement of gold ions in the domain prior deposition, with the underlying 

assumption that the trajectory of gold ions is random. Upon contact with the circular seed, ions 

in the grid are incorporated by the seed: an aggregate of a great many of smaller constituents is 

then formed by iteration (Figure 8a). For the present configuration, the sticking probability p of 

an ion to the aggregate is set as p = 1. Deterministic adhesion indicates that chemical reactions 

at the interface dominate over diffusion, the diffusion time being vastly larger than the deposition 

time. Figure 8a reports the steady state shape of the aggregates after 1 M cycles for the initial 

radius of curvature R of the seed varying between R = 10 and R = 40 pixels. For all reported 

values of R, the aggregate has a dendritic structure, with a succession of symmetric/non-

symmetric branchings creating a nested tree, similar to fractals. The time evolution of the total 

mass of the aggregates is reported in Figure 8b for a radius of curvature R = 30 pixels - the 

diagram reproduces the total mass N of the aggregate at a specific time t. At the early time of the 

process, the kinetics of formation of the aggregates is fast, with an initial bust in correspondence 

of which particle growth occurs instantaneously. After an initial expansion, gold nanoparticles 

continue to growth at a constant rate, consistently with the experimental results reported in 

Figures 4 and 5. The out-put of the model matches with the measured particle growth with a 

good level of accuracy at the initial time of the process. However, the DLA model does not 

reproduce the constant, steady-state regime as in the experiments, possibly because in the model 

ions are constantly released in the system (DLA model with constant source), while in real 

experiments the amount of gold chloride in solution is finite, and after consumption of the ions in 

solution the process cannot proceed indefinitely. In Figure 8c we report the curves of growth for 

all considered radius of curvature at the interface between the nano-porous silicon particle 

deposition layer and the solution: R = 10, 20, 30, 40 pixels. The rate of deposition and the 

overall aggregate mass deposited over time steadily increases with R, that is easily explained 



considering that the larger R, the higher the surface with which ions can interact. Nevertheless, 

and quite remarkably, the picture changes when one considers the density in place of the total 

mass of the aggregate. We define density of an aggregate, ρ, the value of its mass to the 

circumference of the initial seed upon which the aggregate was formed: ρ = N/2πR. In Figure 

8d ρ is reported as a function of time for different values of R. The density rises more steeply for 

the smallest R = 10, while the kinetics of growth is hampered for higher values of R. These 

findings are reinforced by the diagram in Figure 8e, where ρ, measured at the steady state, has a 

maximum at R = 10 and a minimum at R = 30 pixels. Results suggest that the process of 

chemical deposition – globally – takes advantage from a small size of the initial nucleation site. 

The morphological characteristics of the aggregates were investigated using the methods 

reported in reference [23]. For each configuration, we derived the density-density correlation 

function c(r) associated to the aggregate: c(r) contains the information about the internal 

architecture of a system as a function of system size r. We observe that the aggregates exhibit a 

scaling law behavior typical of fractals (Figure 8f). From the slope of β of c(r) in a log-log plot, 

we derived the corresponding value of fractal dimension as Df = 2 −  β~1.667, close to the 

theoretical limit 5/3. 

Regarding simulation’s results, it is to note that we modelled the process of particle growth in a 

2D space for mathematical convenience and to assuring fast computation times. While the 

process of electroless growth is 3-dimensional, this simulations campaign was not focused on 

reproducing the real growth and was more focused on finding a qualitative correlation between 

the particle radius of curvature (R) and the efficiency of growth, expressed in terms of the 

normalized density ρ. The aim of the simulations was establishing whether ρ was a function of 

R, i.e., whether the particle radius may influence the growth of gold on its external shell. Results 

indicate that ρ heavily depends on R. More sophisticated 3D numerical models that will be 

developed over time, may indicate that a similar dependence is even more relevant than in 

simplified 2D schemes. In 3D geometries, the surface exposed to electroless growth increases 



with the square of the particle radius (S∝R2), differently from the 2D analogue, where the border 

of the particle exposed to growth varies linearly with R, S∝R. 

 

CONCLUSIONS 

Gold nanoparticles were prepared on silicon microparticles by an electroless autocatalytic 

method. The reaction follows a pseudo first order kinetic and the observed kinetic constant is 

valuable measuring the absorbance of the solution by means of UV-visible spectrometer and 

calculating the slope of the plot ln(a/1 − a) vs time (a =  At/A∞;  At is the maxima absorbance 

at time t and A∞ is the absorbance at ∞). Results (trend on absorption peak of gold and SEM 

analysis) evidence that when reactions are completed, the maximum diameter of the gold 

particles is around 294 nm at 20°C and 650 nm at 50°C and also the concentration of 

nanoparticles, related to the absorbance of the reaction solution, is higher for the highest 

temperature. Then, spectroscopic analyses, calculation of the kinetic constant, SEM observations 

and size distributions show that reaction rate increases with temperature, as expected, but at the 

same time, higher temperatures generate an increment of the medium nanoparticles sizes and of 

the gold nanoparticles density. 
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FIGURE CAPTIONS 



Figure 1. Gold nanospheres production by porous silicon nanoparticles oxidation. 

Figure 2. SEM images of gold nanoparticles acquired after 120 min of reaction at temperature of 

50°C, corresponding to the final steady state of the process (see results section). 

Figure 3. Absorbance (Abs) spectra of the gold nanoparticles solutions at different times of 

reaction for temperature T1 (20°C) and T2 (50°C). 

Figure 4. Absorbance versus time plots for the gold nanoparticles solutions for temperature T1 

and T2 on at 560 nm. Upper line range 0-300 min, lower line range 0-3000 min. 

Figure 5. Plots of ln(a/(1-a) vs time for T1 and T2, experimental data (points) and fitting 

(continuous lines). 

Figure 6. Plots of gold absorbance band vs time for T1 and T2, experimental data (points) and 

fitting (continuous lines). 

Figure 7. SEM micrographs of gold nanoparticles in two experiments (T1 and T2) and two step 

time points for both temperatures. 

Figure 8. Numerical DLA aggregates as a function of the radius R of the circle of nucleation 

sites (a). Time evolution of the aggregate for R = 30 pixels (b). Time evolution of the aggregates 

for R = 10, 20, 30, 40 pixels (c). Time evolution of the density ρ of the aggregates (d). 

Normalized density ρ of the aggregates as a function of R (e). Density-density correlation 

function of the aggregates, with a typical scaling law behavior. 

Table 1. Observed rate constants (kobs) for the gold/Si reactions at T1=20°C and T2=50°C, 

determined from the slopes of the linear fit to the plots ln(a/(1-a)) vs time in the range 0-120 min. 
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Temperature °C kobs 

20 7·10-3 s-1 

50 2.9·10-2 s-1 
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