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Abstract: Aerogels can bridge the nanoscopic to the macroscopic world. One phys-
ical phenomenon typically limited to the nanoscopic world is the occurrence of
localized surface plasmon resonances (LSPRs), which are observed in conductive
nanoparticles. Once brought into close contact, assemblies or superstructures of
these nanoparticles often lose their plasmonic properties in the transition stage
towards the bulk material. Therefore, LSPRs are typically not observed in macro-
scopic objects. The present work aims at voluminous nanoparticle-based aerogels
with optical properties close to that of the initial colloidal solution and the pos-
sibility to manipulate the final plasmonic properties by bringing the particles into
defined distances. In detail, Ag nanocrystals with silica shells ranging from 0 to
12 nm are employed as building blocks, which are assembled from their solution
into macroscopic three-dimensional superstructures by freezing and subsequent
lyophilization. These cryogelated aerogels are synthesized as monoliths and thin
films in which the Ag nanocrystals are arranged in defined distances according
to their silica shell. The resulting aerogels exhibit plasmonic properties ranging
from a behavior similar to that of the building blocks for the thickest shell to a
heavily distorted behavior for bare Ag nanocrystals.
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1 Introduction

Optical properties of nanoparticles have raised a considerable amount of interest
in the last years. While the effects of e.g. localized surface plasmon resonances
(LSPRs) are known and researched for more than 100 years [1, 2], a fundamen-
tal understanding of the physics behind them was only obtained in the past two
decades [3-5]. Nanochemistry utilized this knowledge for modifying the optical
properties of materials by two complementary routes. The first route is to synthe-
size tailor-made nanoparticles by chemically controlling their composition, size
and shape [6-9]. Following this route allows to modify the optical properties to a
large extent (e.g. the spectral position of the LSPR) [10, 11]. The second route is the
assembly of nanoparticles into arrays or self-assembled ordered structures, and
exploiting interparticle interactions like plasmon coupling [3, 5, 12-16]. Typically,
both methods need to be combined when it comes to utilization of nanomaterials
in applications like sensing, spectroscopy or in (photo)catalysis [14, 15, 17, 18].
However, the possibilities of assembling colloidal nanoparticles are insufficient,
especially in terms of controlling optical properties of the resulting macroscopic
objects. Literature describes various methods for one- and two-dimensional
assemblies [3, 12, 13, 19]. Up to now there is no satisfying procedure to build volu-
minous macroscopic structures while retaining control on the plasmonic proper-
ties. Yet, one possible method to retain the nanoparticle properties and exploit
interparticle interactions can be aerogel formation [20, 21]. In principle there are
two different methods to create these highly voluminous and porous systems.
On the one hand aerogels can be produced by supercritical drying of previously
created hydrogels. In this regard hydrogels of metal oxides or polymers are often
obtained via sol-gel processes as developed by Kistler [22] and further developed
by others in the subsequent decades [23]. Another developed approach to gelate
nanocrystals of different materials in aqueous solutions bases on the adjustment
of the surface chemistry [24-29]. However, the hydrogelation is time consum-
ing and has limitations in organizing the nanoparticles (e.g. 1- or 2-dimensional
arrangement cannot be formed) resulting in a random network. Furthermore,
hydrogelation via surface chemistry has to be adapted individually for different
particles with different surface chemistry. Alternatively, cryogelation as a route
to aerogels was recently published, and is based on freezing aqueous colloidal
nanoparticle solutions in liquid nitrogen and freeze dry them [30]. Cryogelated
aerogels are fabricated much faster (typically within a day) and without the limi-
tations from adjusting the surface chemistry. Furthermore, plasmonic properties
in macroscopic objects could be demonstrated for cryogelated aerogels [30].

In this work we investigate the impact of assembling nanoparticles into macro-
scopic monolithic aerogels using the cryogelation method. We concentrate on the
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optical properties of Ag nanocrystal aerogels without a silica shell and with two
differently thick silica shells to fabricate voluminous macroscopic aerogels with
optical properties close to that of the colloidal solution. The reason to use Ag as
plasmonic material results from its distinct and undisturbed LSPR. In contrast to
Au nanopaticles, there is no spectral overlap between the LSPR and the electronic
interband transition. Thus, occurring effects and changes in view of the plasmonic
properties can be ascertained more easily. The nanoparticles are assembled either
as micrometer thin aerogel films on glass supports or as macroscopic monolithic
aerogels. By assembling the nanoparticles with tuned silica shell thicknesses,
the Ag nanocrystals are brought into defined distances to each other. The aero-
gels are investigated for their optical properties as well as their morphology via
spectroscopic and electron microscopical characterizations, respectively. Finally
we discuss the sophisticated nature of the aerogel extinction spectra which are
affected by a complex interplay of plasmon coupling and further optical effects.

2 Experimental section

2.1 Materials

Ethylene glycol (99%) was purchased from ABCR. Polyvinylpyrrolidone
(Mw =55,000, PVP), sodium hydroxide (>98%, NaOH), acetone (99%), (3-ami-
nopropyl)trimethoxysilane (97%, APTMS), sulfuric acid (95-97 wt%, H,SO,)
and ammonium hydroxide solution (28-30 wt%, NH4OH) were purchased from
Sigma Aldrich, Germany. Silver nitrate (99.85%, AgNO,) was purchased from
Acros. 2-propanol (99.5%), hydrogen peroxide (35 wt%, H,0,) and ethanol (99.8%)
were purchased from Roth. Tetraethyl orthosilicate (>99.8%, TEOS) was pur-
chased from Merck. All chemicals were used as received. Deionized water was
used to disperse both the synthesized Ag nanocrystals and Ag-SiO, core-shell
nanoheterostructures.

2.2 Synthesis of colloidal Ag nanocrystals

The colloidal Ag nanocrystals were synthesized according to the procedure
of Zhang et al. [31]. Initially, 2.5 g PVP was dissolved under vigorous stirring
in 200 mL ethylene glycol. Then 0.5 g AgNO, was added to the same solution.
After the dissolution of the Ag precursor, the reaction mixture was heated up to
130 °C with a heating rate of around 7.4 °C/min and the reaction was allowed to
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proceed for 90 min. When the solution has reached room temperature again, the
Ag nanocrystals were precipitated by adding 800 mL acetone. Finally, the sample
was separated from the reaction mixture employing centrifugation at 3773g for
15 min, followed by the redispersion in 40 mL deionized water.

2.3 Synthesis of colloidal Ag-SiO, core-shell
nanoheterostructures

In order to grow a silica shell around the colloidal Ag nanoparticles, a procedure
described by Zhang et al. [31] was employed. First of all, 752 mL of the in water
dispersed Ag nanocrystals was dissolved in 80 mL isopropanol using an ultrasonic
bath. Subsequently, the solution was stirred at 40 °C for 30 min, followed by the
addition of 4 mL NH,OH. After the temperature has stabilized, a specific TEOS
amount was injected into the reaction mixture initiating the shell growth. The
thickness of the silica shell could be controlled by the added quantity of the silica
precursor. In this regard, the TEOS amount was 20 pL and 80 puL, respectively, in
order to receive two different shell thicknesses. In total, the reaction was allowed
to proceed under stirring for 2 h at 40 °C. Subsequently, the resultant nanohetero-
structures were washed several times with water and ethanol. Finally, the Ag-SiO,
core-shell nanoheterostructures were redispersed in 4 mL deionized water.

2.4 Synthesis of cryogelated aerogels

As previously reported by us for the gelation of other nanoparticles [30], the colloi-
dal solutions were initially washed by means of a centrifuge filter (Merck Millipore,
10 kDa regenerated cellulose membrane) and concentrated up to a nanoparticle
volume fraction of around 0.3%. For the fabrication of cryogelated aerogel films
on a substrate, we first prepared glass supports by cleaning with piranha acid
(HZSO .H,0,) and eventually functionalizing with 5 M NaOH or APTMS. Then the
colloidal solution was brought on the substrate via doctor-blading and immediate
dipping into liquid nitrogen. After 5 min in the liquid nitrogen bath the slide was
brought into a freeze dryer (Christ, Alpha 1-2LD plus) for at least 4 h with a pressure
of 0.025 mbar. To obtain different film thicknesses, different volumes of nanoparti-
cle solution were poured into rectangular molds with a constant area. Prior to this,
the molds on the glass slides were created using adhesive tape.

The aerogel monoliths were prepared by drop-wise addition of the concen-
trated colloid direct into liquid nitrogen stored in a 20 mL vial. After storing it for
around 10 min in liquid nitrogen, the complete sample vial was placed inside a
freeze dryer for at least 24 h with a pressure of 0.025 mbar.
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2.5 Optical characterization

The UV-VIS extinction spectra of the colloidal solutions were measured in a 3 mL
quartz cuvette with a path length of 10 mm in transmission mode using a Cary
5000 spectrophotometer from Agilent Technologies. Absorption measurements
were recorded with the same spectrophotometer equipped with an Agilent DRA-
2500 integrating sphere and the cuvette in center-mount position. For the meas-
urements of the nanoparticles, 5 uL of the as synthesized colloids were diluted
with 3 mL deionized water. The thin aerogel films and aerogel monoliths were
measured using a solid sample holder for the aerogel films and a 1 mL quartz
cuvette filled with air and a path length of 4 mm for the monoliths, respectively.
The scattering spectrum of the colloidal Ag nanocrystals was calculated by sub-
tracting the absorption spectrum form the extinction spectrum.

2.6 Scanning electron microscope analysis

The samples were measured with an electron microscope JEOL JFM 6700F oper-
ating at 2kV. Samples were prepared by placing small pieces onto an adhesive
polymer carbon pod on top of the sample holder.

2.7 Transmission electron microscope analysis

TEM analyses were performed by means of a FEI Tecnai G2 F20 microscope,
equipped with a field emission gun operated at 200 kV. For this purpose, the col-
loidal solutions were initially diluted with deionized water and then dropped on
a carbon coated copper grid (Quantifoil, 300 mesh). In the case of aerogels, the
grid was carefully pressed several times against the sample.

3 Results and discussion

3.1 Synthesis and characterization of Ag and Ag-SiO,
nanoparticles

First of all, a solution of spherical Ag nanocrystals was synthesized according to
the method reported by Zhang et al. as described in Section 2 [31]. Here, Ag* ions
were reduced by ethylene glycol in the presence of polyvinylpyrrolidone (PVP) at
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high temperatures producing nanoparticles with a mean diameter of 68 +12 nm
(Figure S1A, Supporting Information). The benefits of this synthesis are the
simple scalability and the high quantity of nanoparticles, which are essential for
the preparation of aerogels by lyophilization. As can be seen from the UV-VIS
spectrum (Figure 1a, black curve), the sample exhibits an increased extinction
in the wavelength regime from 350 nm to 500 nm with a maximum at 415 nm.
This characteristic feature of nanoscaled Ag is ascribed to the occurrence of the
so-called LSPR and results from the resonant density oscillation of the conduc-
tion band electrons. It is known, that Ag nanocrystals undergo surface oxidation
under aerobic conditions [32]. Therefore, the plasmonic properties should be gen-
erally influenced by a silver oxide layer in this work. Concerning this matter, the

—_—
——— Ag-SiO, (5 nm)
—— Ag-Si0, (12 nm)

Normalized extinction ﬂ

300 400 500 600 700 800
Wavelength / nm

Fig. 1: Normalized extinction spectra (a) of colloidal Ag nanocrystals (black curve) and
colloidal Ag-SiO, core-shell nanoheterostructures possessing a silica shell thickness of
5nm (red curve) and 12 nm (blue curve), respectively. The measurements were performed
in water for all samples. The arrow indicates the shift to longer wavelengths after the shell
growth. The lower part shows the corresponding transmission electron microscope (TEM)
images of the colloidal Ag-Si0, nanoheterostructures with a shell thickness of 5 nm (b) and
12 nm (c).
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impact is expected to be revealed in a broadening and a shift of the LSPR peak.
In addition to the absorption, resonant scattering contributes increasingly to the
LSPR as expected for this size regime (Figure S1C, Supporting Information). In the
case of small Ag nanocrystals with a radius less than 15 nm absorption entirely
dominates their optical properties [33]. However, the scattering rises drastically
with increasing nanoparticle size and eventually becomes the prevailing compo-
nent due to its r° dependency (r being the radius), while the absorption efficiency
scales only with > [34].

After synthesizing spherical Ag nanocrystals, these particles were coated
with a defined silica shell which is supposed to act as spacer material [31]. Fol-
lowing the Stober method, the Ag nanocrystals were dispersed in isopropanol
and treated with tetraethyl orthosilicate (TEOS) under alkaline conditions to
accelerate the shell growth. In contrast to the often used citrate ligand, PVP
ensures the stabilization of nanoparticles without any aggregation in alcohols
and additionally promotes the silica coating [35]. By changing the TEOS amount,
the shell thickness can be adjusted precisely, whereby the distance d between
the surfaces of the adjacent Ag cores is finally determined in the three-dimen-
sional aerogels (Figure 2d). For the following investigation two different shell
thicknesses plus pure Ag nanocrystals without silica were employed. The corre-

sponding transmission electron microscope (TEM) images of the colloidal Ag-SiO,

Fig. 2: Photographs and TEM images of cryogelated Ag aerogels without silica shell (a), with

a 5 nm silica shell (b) and a 12 nm silica shell (c). The black bar represents 1 cm. Scanning
electron microscope image (d) reveals the microscopic morphology of interconnected, one layer
thin sheets build from the Ag nanoparticles with a 12 nm silica shell. The inset shows a scheme
of two connected nanoparticles.
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core-shell nanoheterostructures are illustrated in Figure 1b and c. As can be seen,
by means of the Stober method a uniform coating around the Ag nanocrystals
was realized, with a thickness of 4.6 +0.8 nm and 12.0 £+ 1.5 nm, respectively. The
Ag cores of both nanoheterostructures exhibit a diameter of around 55 nm with
a standard deviation of 13 nm in each case. Moreover, it should be noted, that
no multi-core nanoheterostructures were observed; indeed each nanoparticle
contains a single Ag core. Regarding the plasmonic properties, the LSPR of the
colloidal Ag-SiO, nanoheterostructures is slightly shifted to longer wavelengths
(bathochromic shift) compared to the one of the starting material (Figure 1a). This
spectral displacement is expected for silica coatings due to the alteration of the
refractive index of the surrounding medium. Generally, the LSPR wavelength and
the refractive index of the medium exhibit a proportional relationship in the spec-
tral range addressed here [36]. The change of the surrounding from water to silica
leads to an increase of the refractive index at the particle surface from 1.33 to about
1.48 [37, 38]. Consequently, a bathochromic shift is both expected and observed.
Another effect, which is associated with the change of the refractive index, con-
cerns the linewidth of the LSPR. As investigated by Hu et al. [39], the increase of
the refractive index causes a stronger radiative damping for the Ag nanocrystals.
As a result, the linewidth of the LSPR broadens, which was also noticed for the
Ag-SiO, nanoheterostructures. Despite a possibly formed silver oxide layer the
silica shell seems thus to play a major role for the plasmonic properties.

3.2 Fabrication and characterization of Ag and Ag-SiO,
cryogelated aerogel monoliths and thin films

3.2.1 SEM and TEM characterization

To fabricate cryogelated aerogel monoliths the colloidal solutions were concen-
trated and the solutions were injected dropwise into a vial filled with liquid nitro-
gen. Afterwards, the frozen colloidal solutions were transferred into a lyophilizer
and freeze dried for 24 h. During the freezing of the colloids, the nanoparticles
are not incorporated in the ice crystals but pushed into the voids between the ice
crystals, if the ice growth velocity is high enough. In this way the building blocks
are assembled into sheet-like structures, consisting of approximately 1-4 layers
of nanoparticles, which are interconnected with each other and randomly ori-
ented (Figure 2d) hence building up the macroscopic monoliths. A more detailed
explanation on the formation mechanism can be found in our earlier work [30].
Simplified, the resulting monoliths can be described as randomly oriented two-
dimensional sheets building a three-dimensional structure. The resulting aerogel
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monoliths are highly voluminous and have an estimated density of around
0.03 g cm™ (find the density estimation in Figure S3 in the supporting information
— for drying at ambient conditions see supporting information Figure S4), which
corresponds to a relative density of around 0.3% of the bulk Ag (for the cryogelated
aerogel with no silica shell). The porosity is calculated to 99.7% with a pore size
between the sheets in the micrometer range, while the pores within the sheets are
nanometer sized. It can be seen from the photographs in Figure 2 that the cryoge-
lated monoliths can be distinguished already by their macroscopic appearance.
The aerogel composed of bare Ag nanocrystals has a reddish to violet appearance
(Figure 2a) and in the case of the Ag nanocrystals with a 5 nm shell, the monolith
exhibits a green grayish color (Figure 2b). The monolith made out of Ag cores with
a 12 nm silica shell shows a yellow brownish color (Figure 2c), which is similar to
that of the starting colloidal solution. As will be discussed later, this change in
appearance is attributed to an interplay of various optical effects whose contribu-
tions depend on the employed building blocks. Generally, it is worth mentioning,
that plasmonic properties could be conserved and influenced by the silica shell
thickness in these macroscopic structures, which was not shown before [40].

For the fabrication of cryogelated aerogel films the colloidal solutions were
brought on glass substrates via doctor-blading and immediate dipping into liquid
nitrogen. Subsequently, the frozen films were dried within a lyophilizer for about
1 h. We observed similar effects for the thin aerogel films immobilized on glass
substrates as for the monoliths (Figure 3a—c). Again nanoparticles are assem-
bled into thin sheets forming an interconnected network (Figure 3e). However,
when immobilized on a substrate the sheets have a preferred orientation stand-
ing mostly perpendicular on the substrate (Figure 3d). This observation can be
explained by the temperature gradient while dipping the glass in liquid nitro-
gen. The technique of aligning structures by an applied temperature gradient is
known as directed freezing and was also exploited in our earlier work [30, 41].
Similar as in the case of monoliths, the aerogel films have distinct optical appear-
ances resulting from the same mechanisms occurring in the monoliths. Further
SEM and TEM images of the fabricated aerogel monoliths and films can be found
in Figures S5 to S10 of the Supporting Information.

3.2.2 Optical properties of cryogelated aerogel films and monoliths

The last part of this work focuses on the optical properties of these three-dimen-
sional nanoparticle aerogels. The monoliths could only be characterized in terms
of their optical properties by means of reflectance measurements, since their
volume is too big for transmission experiments. Therefore, we concentrate on the
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Fig. 3: Photographs and TEM images of doctor-bladed cryogelated Ag aerogel films on a glass
substrate without silica shell (a), with a 5 nm silica shell (b) and with a 12 nm silica shell (c).
The black bar represents 1 cm. Scanning electron microscope image (d) reveals that the
nanoparticle sheets preferably stand perpendicular on the substrate. As can be seen in the
inset the thickness of the film is approximately 10 um. The sheets itself are again build from Ag
nanoparticles with a 12 nm silica shell (e) similar to the monolithic aerogels.

aerogel films as in contrast to the monoliths they were optically characterized by
both extinction and absorption measurements. To ensure a better comparability,
the UV-VIS spectra of the cryogelated aerogel films as well as of the related col-
loidal solutions are presented in Figure 4.

In the case of the pure Ag aerogel film, the extinction spectrum (Figure 4a,
red solid curve) exhibits two bands whose maxima are located around 403 nm
and 657 nm, respectively. Due to its spectral position we attribute the short-wave-
length peak to LSPR excitation in the nanoparticles. We conjecture that the reason
for its rather pronounced appearance is the coverage of the Ag nanocrystals by
insulating PVP ligands from the synthesis which hampers electronic interparticle
transport. Hence, the short-wavelength peak represents optical features of single
particles in the spectrum. However, their assembly to aerogel film induces a strong
LSPR broadening and a spectral shift of 12 nm to shorter wavelengths (hypsochro-
mic shift) compared to the one of the colloidal solution (Figure 4a, solid curves).

The corresponding absorption spectrum of the same sample (Figure 4a, red
dashed curve) reveals a further interesting finding. In contrast to the extinction
graph, the long-wavelength band has vanished and instead a small shoulder at
around 590 nm can be noticed. The shape difference between the extinction and
the absorption spectra in the long-wavelength range leads us to the conclusion
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Fig. 4: Normalized extinction (solid line) and normalized absorption (dashed line) spectra of
the cryogelated aerogel films (red curve) as well as the corresponding colloidal solution (black
curve): Ag (a) as well as Ag-SiO, with a shell thickness of 5 nm (b) and 12 nm (c).

that besides LSPR excitation further optical effects play a role which mainly
contribute via scattering or reflection. Possible effects include the excitation of
propagating surface plasmons in the aerogel sheets, scattering effects due to the
surface roughness induced by depositing the material on the glass surface (see
Figure 3d), and the formation of an effective medium formed from Ag and air the
effective refractive index of which may lead to spectrally inhomogeneous reflec-
tion. The shape differences between the extinction and absorption spectra are
also found for the aerogels consisting of Ag particles carrying a silica shell (Figure
4b and c). The thickness of the aerogel films appeared to have no influence on the
shape of the optical spectra but only on their optical density (Figure S11).

Both a precise understanding of the interplay of the abovementioned effects
as well as a simulation of the optical properties of the complex surface structures
is beyond the scope of this paper. However, we will discuss the behavior of the
short-wavelength peak as this can clearly be attributed to single-particle LSPR
origin and its conservation during aerogel formation is the aim of this work. Gen-
erally, two tendencies become apparent by comparing the spectra of the three
aerogel films (Figure 5): While the extinction in the long-wavelength part of the
spectrum decreases with increasing silica shell thickness, the LSPR peak exhibits
a bathochromic shift. In other words, an increasing shell thickness leads to an
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Fig. 5: Normalized extinction spectra of the cryogelated aerogel films: Ag (black curve) as well
as Ag-Si0, with a shell thickness of 5 nm (red curve) and 12 nm (blue curve).

increasing similarity between the optical properties of the colloidal particles and
the aerogels.

The spectral shift of the broadening of the short-wavelength peak can be
explained as follows: In contrast to the colloidal solution, the individual nanocrys-
tals in such assemblies are in direct contact with each other. As a result of this,
the plasmon oscillations of the individual Ag nanocrystals can strongly interact
with each other, which is known as plasmon coupling. The efficiency of the cou-
pling depends on the distance between the plasmonic cores defined in this case
by the silica shell thickness. An established explanation of the mechanism is
provided by the plasmon hybridization theory. Fundamentally, the plasmon cou-
pling is based on electrostatic dipolar interactions leading to a spectral shift and
a broadened linewidth of the LSPR. In literature, there are several works concern-
ing the mechanism in detail. Here, an established explanation is provided by the
plasmon hybridization theory [42-44]. In this regard, the coupling depends on the
arrangement of the plasmonic nanoparticles. For example, Brandle et al. [43] have
investigated the plasmonic properties of trimers and quadrumers. With regard to
our work, a detailed coupling mechanism cannot be currently stated due to the
complex structure of the aerogels. However, the sheet-like arrangement of the Ag
nanocrystals seems to induce a coupling resulting in an increase of the LSPR exci-
tation energy. In line with the theory the bathochromic shift of the LSPR peak with
increasing silica shell thickness indicates a weakening of the plasmon coupling.
Consequently, the aerogel with a 12 nm silica shell exhibits a LSPR which resem-
bles the one of the corresponding colloidal solution. Finally it should be noted,
that the observed behavior is uncommon. Several works report on a decrease of
the LSPR excitation energy in association with the plasmon coupling.
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To summarize, the investigation of the Ag and Ag-SiO, aerogel films have
revealed that the optical properties originate from different mechanisms. In this
context, the degree of plasmon coupling as well as the occurrence of further
optical effects greatly depends on the interparticle distance defined by the silica
shell thickness. While a shell thickness of 12 nm leads to optical properties
similar to the ones of the colloidal solution, the bare Ag aerogel film spectrum is
heavily distorted in comparison to the colloidal case. Finally we turn to a discus-
sion of the optical properties of the cryogelated monoliths. As can be seen from
the reflectance spectra (Figure S12, Supporting Information), the spectral signa-
ture of all samples possesses a minimum at 324 nm, which becomes more defined
with decreasing silica shell thickness [45]. This feature is ascribed to the so-called
plasma edge and typically appears in the reflectance spectra of bulk materials.
In comparison with the aerogel films, the processes affecting the optical proper-
ties in these structures are considerably more complex and not easy to explain
due to the irregular arrangement of the sheet-like structural units. However, the
same tendency becomes apparent like in the case of the aerogel films, by consid-
ering the development of the plasma edge. This means, that the optical properties
of the monoliths more and more resemble the behavior of a bulk material with
decreasing silica shell thickness.

4 Conclusion

In summary this work shows the fabrication of macroscopic, porous and volu-
minous Ag nanoparticle structures with plasmonic characteristics conserved in
the final object. Our method is faster and less complex compared to hydrogelated
aerogels. While the assembly does not modify the Ag nanocrystals, predominantly
plasmonic coupling occurs in dependence of the interparticle distance. These dis-
tances — and hence the optical properties of the aerogels — can be controlled and
adjusted by employing silica shells of varying thickness. Concluding, we were able
to demonstrate the fabrication of macroscopic aerogels with retained nanoscopic
plasmonic properties, which could not be shown with other methods so far.

5 Supporting information

TEM images of the Ag nanocrystals, size distribution of the Ag nanocrystals as
well as the silica shell thickness, further UV-VIS spectra and further SEM images
of the aerogels.
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