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Abstract: 3D metal nanostructures are often the basis of several applications such as in catalysis, 1

plasmonics, medical diagnosis, therapy, drug screening, ophthalmologic, and biomedical applications. 2

Porous gold nanoparticles (PGNs) are intensively investigated due to their outstanding morphological 3

as well as advantageous optical properties. Unfortunately, the thermal stability of these open-porous 4

structures is poor, i.e. even as a result of low-temperature annealing (150◦C in air), their porosity 5

disappears and they lose their favorable optical properties. In order to preserve their beneficial 6

properties, a thin metal oxide coating can be applied. Changing the coating’s thickness and/or 7

composition, the optical response of the PGNs can also be tuned in a wide wavelength region. 8

Moreover, these nanoparticles can be synthesized also in support-free form, which makes them more 9

attractive from an application point of view. This review article summarizes some of the preparation 10

modes of these complex nanostructures (fixed and support-free), as well as their thermal stability 11

and optical responses. 12

Keywords: porous gold nanoparticles, plasmons, optical absorption, dewetting, dealloying, support- 13

free nanoparticles 14

1. Introduction 15

Nanomaterials show significantly different mechanical, optical, electrical, and chemical 16

properties than their bulk counterparts. The main concept of nanomaterials is that their 17

size is limited between 1 and 100 nm in at least one of their dimensions. The applications 18

of nanomaterials have a long history, in spite of the fact that the mechanism and the reason 19

for their interesting properties were still intact and undiscovered for a long time: PbS 20

nanostructure has been applied as a hair dyeing technology by the Ancient Egyptian [1], 21

furthermore, the unique optical properties of the 4th century roman Lycurgus cup also 22

come from the presence of gold-silver nanoparticles in their main matrix [2]. Technological 23

developments, e.g. the appearance of electron – and atomic microscopes, as well as the 24

improvement of fabrication methods lead to a better understanding of nanomaterials and 25

their direct and targeted production became notable. 26

Metal nanoparticles are the frontiers of nanostructures in several applications such as 27

in biomedical application [3–5], phototherapy [6–9], imaging [10,11], drug delivery [12,13], 28

biosensor [14]. The main aspect of their usage is that they exhibit outstanding optical re- 29

sponse, i.e. they show a great absorption peak in the visible region. Metal nanoparticles also 30

have great antibacterial activity, which makes them a promising candidate in nanomedicine 31

technology [15]. The reason for their excellent optical properties was explained in 1908 32

by Gustav Mie, who theorised this behaviour for spherical particles based on Maxwell’s 33

equations [16]. When light interacts with metal nanoparticles, the electron in its conductive 34

band starts to oscillate in a collective way and the quantum of the oscillation is the so-called 35

plasmon. The electrons are localised in the nanoparticles, resulting in a so-called localised 36

surface plasmon resonance (LSPR). This property gives rise to sharp absorption peaks in 37
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the optical spectrum and strong electromagnetic near-field enhancements. The size and 38

shape of the nanoparticles as well as their surrounding medium have a high impact on its 39

optical response [17]. Porous gold nanoparticles have greater plasmonic properties than 40

their solid counterparts, i.e. the dipole plasmon peak appears in the near-infrared region, 41

which broadens the applicability of PGNs for instance in biosensors, catalysis, plasmonics, 42

medical diagnosis, therapy, drug screening, ophthalmologic devices. Hu et. al. reported 43

a method using near-infrared light to heat hollow porous gold nanoparticles for thermal 44

decomposition of NH4HCO3 [18]. 45

The fabrication of porous nanoparticles can happen in several ways such as ambient 46

wet-chemical method [19], nanoimprint lithography[20], one-step solution phase method at 47

room temperature[21], laser-induced process [22], however, the most common and precise 48

way to prepare porous gold nanoparticles is the dewetting-dealloying procedure. Wang 49

et al. were the first to prepare porous gold nanoparticles using these two methods over a 50

wide diameter range [23]. 51

In this review article, we present a method for the preparation of porous gold nanopar- 52

ticles by the dewetting-dealloying method based on the literature results. The thermal 53

stability of PGN is one of the most important issues for its applicability, and we summarize 54

the thermal properties as well as the possibilities to stabilize the morphology up to high 55

temperatures. We also show how the optical properties of this unique nanostructure can be 56

tuned over a wide wavelength range, extending its applicability. Finally, we will demon- 57

strate a method for the support-free synthesis of porous gold nanoparticles in water. The 58

method may have good potential for biomedical applications. 59

2. Dewetting-dealloying 60

Thompson et.al. described the mechanism of dewetting in 2012 and they stated when 61

the heat treatment of a thin film occurs, the thin films develop into islands or nanoparticles 62

due to the metastable state of the film after deposition [24]. The temperature of the 63

dewetting process is not necessarily higher than the melting point of the material, i.e. the 64

phenomenon takes place in the solid state. In general, dewetting consists of three steps: i) 65

hole formation of thin film, ii) which is followed by the increasing of the hole iii) till the 66

films break into islands. Several properties of the thin films have a high impact on the 67

dewetting process (thickness, grain size, temperature etc.). Thickness and temperature 68

have a strong influence on the speed of the dewetting, for instance, hole formation is easier 69

in thinner films. The main driving force of dewetting is the minimization of energy, i.e. 70

the system is forced to decrease the total energy of the free surfaces between the film and 71

substrate as well as between the film-substrate interface. 72

The most common example of dewetting is the fabrication Au-Ag alloy nanoparticles 73

on a substrate material. In that case, gold and silver thin films are deposited on the surface 74

of the substrate material from a high-purity material. Afterward, the sample is annealed 75

at high temperature (from 200◦C to 1000◦C) in an inert gas atmosphere (Ar, Ar+H2, N2) 76

for the desired time. As a result of the dewetting, nanoparticles of Au-Ag alloy form on 77

the surface of the substrate. The properties of these nanoparticles strongly depend on the 78

initial thickness and the condition of the heat treatment. This fact gives the opportunity to 79

vary the diameter of nanoparticles only by manipulating the initial thickness of the bilayer. 80

To reach a porous gold structure, dealloying process is used in general. During 81

this process, the selective etching of silver occurs and as a consequence porous gold 82

nanostructure form. Dealloying is when one or more component is selectively dissolved 83

from a homogeneous alloy. The alloy and the etching solvent react with each other and the 84

more noble metal is able to move freely along the interface between the solving medium and 85

the alloy during the dissolution of the less noble component. However, the composition of 86

the initial alloy is a crucial point in terms of the process. Finally, the remaining component 87

rebuilds a new 3D open porous structure [25]. In the case of Au-Ag nanoparticles, silver is 88

selectively etched from the alloy nanoparticles using nitric acid. The time, the temperature, 89

and the concentration of HNO3 can drastically alter the morphology of PGNs. Figure 1. 90
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shows schematically the dewetting and dealloying procedures in the fabrication of porous 91

gold nanoparticles. 92

Figure 1. Illustration of dewetting and dealloying procedures

3. Thermal stability 93

The thermal stability of porous gold is a major area of interest within the field of 94

applications and has been intensively studied in the last years. Kosinova et.al reported the 95

fabrication of PGNs and their low thermal stability [26]. They demonstrated the formation 96

of doughnut-like gold nanoparticles using thermal coarsening. In their work, PGNs with a 97

diameter ranging from 100 to 500 nm were successfully fabricated on SiO2/Si substrate 98

using the dewetting-dealloying method. Unfortunately, this 3D structure lost its original 99

morphology even after low-temperature (150◦C) annealing in air and vacuum that was 100

characterized using high-resolution scanning electron microscopy (HR-SEM). Figure 2. 101

shows HR-SEM images of PGNs as-dealloyed and annealed in vacuum for half an hour 102

from [26,27]. The development of doughnut-like nanoparticles is controlled by diffusion 103

processes of thermal coarsening. They found that the optimal temperature is 350◦C and 104

approximately one hour of annealing in air. Not only an experimental but also a qualitative 105

2D model of PGNs thermal coarsening was presented and it was illustrated that the higher 106

positive average surface curvature in the near-surface regions compared with the outer parts 107

of PGNs causes the closure of the originally opened porous structure. They also have shown 108

that the annealing atmosphere has a high impact on the formation of the microstructural 109

evolution of PGNs, and as a consequence, PGNs show higher thermal stability during 110

annealing in a vacuum. In this work, a successful and simple transition method from open 111

to close porosity of PGNs is reported using diffusion-controlled processes. 112

However, the thermal stability of PGNs is a crucial property for the application. It 113

is well-known that porous metals are promising candidates for sensors, or biomedical 114

applications [28], but this thermal instability limits their utilization for instance in high- 115

temperature applications. 116

According to Biener et.al., a few nanometers thick alumina or titania layer can stabilize 117

and functionalize the structure of nanoporous metals [29]. It was demonstrated that even 118

only 1 nm ALD deposited alumina films can stabilize the nanoscale morphology of disk- 119

shaped samples of porous gold up to 1000◦C, as well as its mechanical properties (such 120

as stiffness, hardness) have improved due to the covering layer. Titania covering was 121

also the focus of their work, and it was found that the titania layer is also appropriate 122

to stabilize the porous structure up to high temperatures. On the other hand, the titania 123

covering layer gives an outstanding catalytic activity for the titania-coated porous gold 124

nanoparticles (TPGNs). Even so, pristine TiO2/Au film is catalytically in-active for CO 125

oxidation, however, after 600◦C heat-treatment the coated porous gold film become more 126

active than the as-prepared one. Jia and co-workers also investigated the catalytic activity 127

of titania-coated porous gold electrodes fabricated wet chemical methods and reported 128

a remarkable activity during methanol photoelectrocatalytic reactions [30]. Atta et.al has 129

developed titania on gold nanostars by a simple hydrothermal route, and highlighted the 130

fact that LSPR bands of titania-coated gold nanostars absorb the near-infrared radiation 131

and at the same time significantly enhance the H2 evolution [31]. Findings in [29–31] are in 132
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Figure 2. (a, c) Top view and (b, d) cross-sectional SEM images of PGNs: (a, b) as-dealloyed and
(c, d) annealed in vacuum for 30 min. (Reprinted from Fabrication of hollow gold nanoparticles by
dewetting, dealloying and coarsening, Volume 102, Acta Materialia [26])

good agreement with the crystallography changes of titania coating at this temperature 133

range. It is well-known that ALD-deposited titania is amorphous up to 150◦C deposition 134

temperature [32], and this fact is directly in line with the low catalytic activity of ALD 135

deposited pristine TiO2 [30,33,34]. 136

As far as PGNs thermal stability is concerned, Kosinova et.al demonstrated that a few 137

nanometer thick alumina coating can passivate the surface of PGNs as well as preserve 138

the morphology of PGNs up to high temperature (900◦C) [35]. To cover the PGNs evenly 139

and uniformly with Al2O3, they used the plasma-enhanced atomic layer deposition (PE- 140

ALD) method due to its low deposition temperature, which hinders the diffusion of gold 141

during the deposition. Alumina-coated porous gold nanoparticle (APGN) samples were 142

annealed at different temperatures from 350◦C to 900◦C in air for an hour and changes 143

in the morphology were observed using SEM. Up to 600 ◦C the structure of APGNs was 144

stable, however, above this temperature dark and light parts appeared on the surface of the 145

APGNs in the SEM images. The dark parts are poor in gold, which indicates that the slow 146

diffusion of gold started during the annealing at this temperature. After high-temperature 147

annealing, solid, faceted gold nanoparticles formed and left behind an empty alumina shell. 148

Due to the difference between the thermal expansion coefficients of gold and alumina, the 149

covering layer becomes fragmented, which gives the opportunity for gold to diffuse out on 150

the surface of the alumina shell. The main driving force is to reduce the total energy of all 151

surfaces and interfaces in the system. 152

TPGNs were also the subject of studies in terms of thermal stability [36]. Covering of 153

TPGNs was performed using ALD and TPGNs samples were annealed under the same 154

conditions as in Kosinova’s work. Similarities were reported with the findings of Biener 155

et. al., i.e. titania coating can preserve the morphology of PGNs up to 600◦C and its 156

morphology is unchanged up to 600◦C. However, dark and light parts appear on the 157

surface of TPGNs in the SEM images above this temperature. This also corresponds to the 158

findings of Kosinova et.al. [35]. Annealing the TPGNs above 800◦C their structure changes 159
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dramatically; the gold forms a solid, spherical particle, which is covered by a titania layer, 160

forming a core-shell structure. The authors presented the following scenario which takes 161

place between the low and high-temperature states. Close to the melted state of gold, due to 162

its high surface diffusivity, the gold atoms diffuse inward, forming a nano-sphere, pushing 163

the rutile flakes – which evolve due to the allotropic phase transformation – outward, to 164

the surface of the gold particle. The allotropic phase transition of titania was confirmed 165

using electron diffraction. The driving force for this process presumably is to reduce the 166

total TiO2/Au interface as much as possible. The key is that this process can only start after 167

the titania coating layer starts to transform into the rutile phase.

Figure 3. (a) Cross-section view of TPGNs by FIB and imaged TEM/EDS after annealing 900◦C for
an hour. The porous structure of the gold totally disappeared and collapsed completely into a solid
sphere. Note that Au sphere on the right in figure. (b) Au elemental distribution, (c) Ti elemental
distribution, and (d) Au and Ti distribution. (Reprinted from [36] , with the permission of AIP
Publishing.)

168

4. Optical response (LSPR) 169

Metal nanoparticles are often used in different applications, such as in sensors, catalyst, 170

cancer therapy, environment protection etc. [37–44]. One of the biggest advantages of this 171

nanostructures is the localized plasmon resonance (LSPR), i.e the free electrons in their 172

conduction electron band interact with the incoming light and oscillate. The quantum of 173

the oscillation is the so-called plasmon. The resonance frequency can be controlled and 174

modified by the shape, size and spacing of the nanoparticles (or nanostars, nanorods). 175

Porosity complicates the interpretation of PGNs extinction properties, which leads to more 176

enhanced plasmonic properties than in the case of solid NPs, i.e. plasmon resonance band 177

can be shifted from the visible to the near-infrared range, which makes an appropriate 178

candidate for example in skin cancer therapy [43–45]. The exact mechanism and theory of 179

the LSPRs in PGNs are thoroughly described and detailed in the literature [38,46,47]. 180

Optical response of solid and porous gold nanoparticles can be drastically different 181

from each other due to the porosity. To prove this fact, Wenye et. al [48] fabricated solid 182

silver-gold alloy and porous gold nanoparticles with controlled particle size using the 183

combination of dewetting and subsequent dealloying procedures. Extinction spectra of 184
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Figure 4. Extinction spectra of solid silver-gold alloy nanoparticles (dashed lines) and porous gold
nanoparticles (continuous line). The same color corresponds same average diameter of particles. What
can be clearly seen in this figure is the difference between solid alloys and porous gold nanoparticles.
Another interesting note is that the porosity also shifts the plasmon peak to the infrared region
(Reprinted with permission from [48] Copyright 2017 American Chemical Society.)

solid silver gold and porous gold nanoparticles were measured from 350 nm to 1500 nm. 185

Different sizes of nanoparticles were investigated in their work, however, the porosity of 186

PGN was fixed 187

Figure 4 shows the measured absorption spectra of silver-gold alloy and porous gold 188

nanoparticles with an average diameter from 54 to 393 nm. It is clearly seen that the position 189

of the plasmon peaks shifts into the red direction with the increase of the average diameter 190

in both cases [48]. One can see that the appearance of the porosity also leads to a red shift 191

of the plasmon peaks. (Compare the dashed line with the same color and a continuous one 192

to see the shift.) 193

Figure 5. (a), (b) and (c) SEM images show porous gold nanoparticles with different pore size
distribution. Corresponding extinction spectra are plotted in (d) diagram Reprinted with permission
from [48] Copyright 2017 American Chemical Society.

Wenye et.al. prepared PGNs with different porosity and the optical extinction spectra 194

were measured and the result is presented in Figure 5. It reveals that there has been a 195

significant shift in the position of the dipole plasmon peak, which corresponds with the 196

size of the pores, i.e. the larger the pore size, the larger the shift to the infrared region. 197
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Not only the effect of pore size but also the effect of a thin Al2O3 covering layer have 198

been investigated by Wenye et.al. Figure 6 shows the optical response of pristine, 5 nm, 199

and 10 nm alumina-coated PGN, however, the pore size of PGN was fixed. Comparing the 200

black line with blue and red ones it is clearly seen that the dipole plasmon peak position 201

has shifted ∼ 150 nm to the red direction. This shift is caused due to the change in the local 202

refractive index surrounding the nanoparticles. 203

Figure 6. Extinction spectra of PGN and APGN are shown. Comparing the black line with blue
and red ones is clearly shown the effect of the covering layer, which is an approximately 150 nm
red-shift in the position of dipole plasmon peak. (Reprinted with permission from [48] Copyright
2017 American Chemical Society.)

The optical response of TPGN was also investigated [36]. It is well-known that titania 204

has a much greater (∼2.3) refractive index than alumina (∼1.6). As a consequence, coating 205

PGN with titania gives a significantly higher red-shift (∼400 nm) of the dipole plasmon 206

peak. The optical properties of this hybrid TPGN were measured after heat treatment. It 207

was found that the optical absorption spectra do not change due to heat treatment up to 208

700◦C, however, above this temperature the position of the dipole plasmon peak started 209

to shift to the shorter wavelength. As far as the morphological properties are concerned 210

after this step, slow diffusion of gold was observed. Annealing at higher temperatures, the 211

position of the dipole plasmon peak has shifted in the visible range. As for the morphology, 212

it has drastically changed, i.e. solid gold nanoparticles covered with a thick layer of titanium 213

dioxide were formed on the substrate surface due to the phase transformation of titanium 214

dioxide. These two things together explain the change of the extinction spectra. First, the 215

dipole plasmon peak position of solid gold nanoparticles is located in the visible region, 216

however, the thick titania layer, which covers it, affects a slight red-shift in the position of 217

this peak. 218

With these experiments, it has been shown that the optical properties of porous gold 219

nanoparticles can be tuned in a controllable way over a wide range of wavelengths by 220

proper annealing conditions than by changing the interparticle distance, the size, and the 221

porosity of the PGNs. 222

From an application point of view, the stability of these tuned TPGN nanostructures is 223

also important and expected to be enhanced. Indeed, no change was observed in the peak 224

position of samples previously treated at high temperatures following annealing at 750C. 225

Another opportunity to tune the optical response of PGN is to change the local 226

refractive index of its surrounding medium. As it was shown by Kosinova et. al, and 227
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Wenye et.al, alumina coating causes a 150 nm red-shift. In the case of titania coating, this 228

shift increases up to 400 nm due to the high refractive index of TiO2 (∼2.3). Using a mixture 229

of Al2O3 and TiO2 as ring layer, the optical response of PGN can be tuned in a controlled 230

and continuous way, because the refractive index of the covering layer can be modified by 231

the ratio of the two different metal-oxides [49]. 232

Figure 7. Relative position of dipole plasmon peak of mixed-oxide coated PGNs with different ratio
of Al2O3/TiO2. It can clearly see that the higher the content of titania, the higher shift of the dipole
plasmon peak to the red. Reprinted from [49], with the permission of Springer Nature.

Relative dipole plasmon peak’s position of mixed oxide coated PGNs are plotted in 233

Figure 7. The plot clearly shows that the higher the titania content of the covering layer, 234

the higher the red-shift in the position of the dipole plasmon peak. These findings are in 235

good accordance with the refractive indices of the mixed metal-oxide layers which were 236

measured [49]. 237

Due to the preparation method, PGNs are usually fixed on a solid substrate. PGNs 238

produced in suspension could dramatically widen their application. 239

To achieve this, Juhász et. al. deposited thin gold-silver layers on CaF2 substrates, and 240

the bilayer structure was heat treated at 850◦C in argon flow for half an hour to perform 241

the dewetting process. [50] The next step was the dealloying of silver, which was combined 242

with the removal of PGNs from the substrate material. The CaF2 substrate is appropriate for 243

high-temperature annealing during the dewetting step, however, it easily reacts with the 244

nitric acid at room temperature and as a result, PGNs can be detached from the substrate 245

in the dealloying step. The liquid containing the detached PGNs was centrifugated and 246

suspended using deionized water. Since PGNs are separated and deposited simultaneously, 247

this method is called the 1-step method. A so-called two-step method was also developed. 248

Here the PGNs have been fabricated in the dewetting-dealloying process on the Si/SiO2 249

substrate with the previously described method. Hydrofluoric acid was applied to remove 250

PGNs from the substrate, which was followed by two-step centrifugation and suspension 251

in deionized water as well. 252

Samples were analyzed using an inductively coupled plasma optical emission spec- 253

trometer to estimate the quantity of PGNs in the solution. It was found that approximately 254

70% of the amount of gold was detached and suspended after the 2-step centrifugation. 255

Dynamic light scattering (DLS) was used to measure the particle size in aqueous solution. 256

DLS measurements showed a significant increase in the PGN’s diameter. The larger mean 257

size of suspended particles after centrifugation was explained by the principle of DLS 258

measurements, i.e. the system detects the hydrodynamic radius of the suspended PGNs, 259
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Figure 8. Extinction spectra of PGN in suspension and on substrate are shown in this figure. The
blue line corresponds to the absorption of PGN on substrate. Black and red lines show the optical
response of PGN in water. The difference between the blue and black/red line is indisputable: the
half-width of the absorption spectra in the case of suspension is much narrower, which makes PGN
in suspension greater in the application’s point of view.[50]

and it is naturally larger than its physical size, which was calculated using scanning electron 260

microscopy images. 261

Another optional explanation for the increase in the mean particle size is the aggrega- 262

tion of the particles and a small alteration in the shape of the particles due to centrifugation 263

steps. The morphology as well as the optical response of the support-free particles have 264

been checked. As a consequence of the treatment, the optical response of PGN has signifi- 265

cantly changed. Figure 8. shows the extinction spectra of the PGNs suspended in water 266

and fixed to the substrate. The blue line corresponding to PGN on the substrate, the black 267

and red lines show the optical response of PGN in suspension. It must be pointed out that 268

the half-width of suspended PGNs is much narrower (compare the black/red lines to the 269

blue one). The centrifugation step has a strong effect on the size distribution and/or the 270

morphology of the PGNs. As a consequence, the mean particle size of the detached PGNs 271

is significantly larger which causes their size distribution to be significantly narrower than 272

on the substrate. To check this, the immobilized PGNs were desiccated on sapphire and 273

investigated by SEM. The green line indicates the appropriate optical response. It is clearly 274

seen that the position of the plasmon peak does not change in the near-infrared region, 275

while its intensity has drastically decreased due to the low amount of desiccated PGNs. 276

5. Conclusion and Future 277

In this review article, the outstanding properties of porous gold nanoparticles have 278

been reported. Porous gold nanoparticles have excellent optical properties because they 279

have a great extinction in the infrared region. However, they are thermally very unstable. 280

They found that these nanoparticles lose their porous structure after annealing at low 281

temperatures (150◦C) in different atmospheres. To overcome this disadvantage, coating 282

the nanostructure with a few nanometres thick metal oxide layer can stabilize the PGNs 283

until high-temperature annealing. It was shown that alumina-coated PGNs are stable 284

up to 1000◦C, while titania-coated PGNs remain intact up to 700◦C. Above 700◦C, the 285

phase transformation of titanium dioxide occurs and the layer of a few nanometers thick 286

cannot protect the porous structure of the PGNs, resulting in slow diffusion of gold. 287

Further increase in temperature (800◦C) causes the titanium dioxide layer to crack into 288

tiny flakes, and the gold, transforming into solid nanoparticles (nanospheres), pushes the 289

titanium dioxide flakes onto the nanoparticle surface. As a result, the porous nanoparticle 290
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is transformed into a solid particle coated with a thick layer of titanium dioxide. This 291

strongly influences its extinction spectrum. i.e. after heat treatment, the plasmon peak is 292

shifted from the near-infrared to the visible range. Based on this property, it is possible to 293

tune the optical response of PGNs over a wide wavelength range by appropriate thermal 294

treatment. 295

Another way of adjusting the optical extinction of PGNs is to vary the local refractive 296

index of the surrounding medium in a controlled way. The fact that alumina produces a 297

150 nm redshift and titanium dioxide a 400 nm red-shift in the dipole plasmon peak offers 298

a great opportunity to tune the plasmon peak position in this range using a mixture of the 299

two metal oxides. It was proved that the higher the titania content of the coating layer, the 300

higher the red-shift of the relative dipole plasmon peak’s position. 301

In the dewetting-dealloying process nanoparticles are fabricated in immobilized form 302

on a substrate material. To broaden their application potential, two new methods to 303

synthesize them in water were developed. In the one-step method, CaF2 was used as a 304

substrate material. During the dealloying process with nitric acid, the acid also detaches 305

the nanoparticles from the substrate. In the case of the two-step method dilute solution 306

of HF was used to detach the dealloyed porous gold nanoparticles from the Si/SiO2 307

substrate. In both cases, centrifugation was used to separate the nanoparticles from the 308

acidic medium, after which the PGNs were suspended in water. It has been shown that 309

PGNs also exhibit high plasmonic properties after deposition, i.e. the absorption peak 310

is in the near-infrared region. The half-width of the peak is significantly reduced for the 311

deposited particles compared to PGNs on the substrate, which can be explained by a change 312

in size distribution and/or morphology. 313

Porous gold nanoparticles can find a wide range of applications from catalyst to 314

biomedical ones and the reason is their high surface/volume ratio as well as their excellent 315

optical properties and tunability. In this review article, we have summarized the results of 316

studies on their thermal stability and the possibility of modifying the optical response of 317

the particles by conventional and simple methods. 318
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