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Abstract: In this work, it is proposed a novel and cost-effective fabrication method for forming
gold nanoparticle films on transparent substrates. The method involves fabrication of templated alu-
minium substrate by porous-type anodic oxidation of aluminium foils. Furthermore, a thin gold layer
is deposited over and subsequently annealed which results into the gold nanoparticles formation. Ad-
ditionally, it is proposed a transfer onto transparent substrates such as PDMS or PMMA. The goal
of this research is to build a localized surface plasmon resonance (LSPR) sensor element with a high
performance and low fabrication costs.
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1. INTRODUCTION

Surface plasmons (SPs) are coherent oscillations of free electrons at the boundaries between a metal
and a dielectric. They are often categorized into two classes: propagating surface plasmons (PSPs)
and localized surface plasmons (LSPs) shown in Fig. 1. PSPs can be excited on metallic films, using
several approaches involving the use of a prism coupler, an optical waveguides coupler, a diffraction
gratin, and others. On the other hand, LSPs are easily excited on metallic nanoparticles (NPs) without
a complex setup.

Figure 1: Schematic illustrations of (a) PSPs and (b) a LSP. [1]

Surface plasmons have attracted worldwide attention of scientists thanks to their ability to induce
a strong enhancement of electromagnetic field in the near-field region, leading to an extensive ap-
plication in surface-enhanced Raman scattering (SERS), fluorescence spectroscopy, refractive index
measurements, biomolecular interaction detection, and many others. Thus, SPs have found applica-
tion in research areas such as electronic data storage or light generation, but mostly in the detection
of biological and chemical species, environmental monitoring, and medical diagnostics [2].

The wide spread of SP use into various fields in the past two decades was significantly stimulated
by rapid developments in nanotechnology, which led to a new understanding of tuning the various
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properties of nanomaterials, which can support SPs for specific applications. For example, surface
plasmon resonance (SPR) is one of the widely used key optical phenomenon for the development of
fast, sensitive, and economical devices [3].

Nowadays, the classical setup based on utilizing SPR on thin gold films using PSPs is a great success
story, and besides research purposes it is widely adopted in medical industry (especially by phar-
maceutical companies) for highly sensitive and high-throughput optical measurements. On the other
hand, there is a beneficial advantage of localized surface plasmon resonance (LSPR) compared to
SPR based on a transmission optical setup instead of a reflective one (SPR), which enables its easy
integration into small hand-held monitoring devices. The sensitivity and detection limit of LSPR sen-
sor elements are strongly correlated with the utilized nanostructures. In recent years, much attention
was given to noble metal nanoparticles (NPs) with sizes well below 100 nm, being the active LSP
element. This size parameter of the NPs is critical for LSPR detection in near infrared or even visible
region.

However, nowadays, several technologies for fabrication of NPs are capable of developing extremely
sensitive sensors, but the costs are unacceptably high, while simpler technologies result in sensors
having poor sensitivity [1]. Therefore, the urgent challenge is to find optimal fabrication technologies
combining realistic manufacture costs with high sensor sensitivities.

In this work is present a novel technological approach for synthesis of gold NP surfaces. This tech-
nology is based on a combination of two well-studied processes, one of them being the porous-type
anodic oxidation of aluminum [4, 5] and the second one being the dewetting effect of thin gold lay-
ers [6, 7, 8]. The fundamental advantage is that both processes are versatile, could be performed in
large-scale, and are of low-cost, being favorable as compared to other methods. The prepared NP
films are characteristic by well hexagonal alignment, high density, and a relatively narrow size
distribution of NPs as well as organic-free composition.

2. METHODOLOGY

The essential starting point is the fabrication of nanostructured substrate, which will be subse-
quently used as the template for controlled dewetting of thin gold layer. In this work, we present
the use of dimpled aluminium substrate, being a secondary product of anodic oxidation of aluminium
into porous anodic alumina (PAA), as shown in Fig. 2.
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Figure 2: Schematic illustration of an idealized PAA film grown on aluminum substrate.

Typically, the formation of a PAA film is performed by anodizing of aluminium thin films or foils in an
acid solution (e.g. sulphuric, oxalic, phosphoric acid). By controlling the electrochemical conditions
(anodizing voltage, electrolyte composition, processing time, etc.), a variety of PAA parameters (cell
size, pore population, pore order, etc.) can be tailored [5]. Since the aluminium template inversely
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replicates the PAA bottom structure, these parameters play a crucial role for the final size, alignment,
and homogeneity of gold NP layers. To reveal the Al template, it is necessary to selectively remove
the formed PAA film. These processes of Al template fabrication are shown schematically in Fig. 3.
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Figure 3: Scheme of aluminium template fabrication by formation and etching of PAA layer.

Generally, two starting materials are in consideration: a sheet of pure aluminium or a thin film of
aluminium deposited over e.g. silicon wafer. The Al sheet has an advantage of its thickness that is
necessary for forming a well-ordered PAA structure. However, the economic site and implementation
in current electronic devices can be a potential issue.

The gold NP film is obtained by deposition of a thin gold layer over the Al template, followed by
an annealing in a vacuum or even ambient atmosphere. This technique, called controlled dewetting,
is well studied especially in the case of gold layers [7, 8]. After the NP layer is created, it can be
transferred to a more suitable (transparent) substrate by its application over the layer and subsequent
Al dissolution. This process is illustrated in Fig. 4.

AluminiumAluminium

Gold layer Gold NPs

deposition annealing

Aluminium

PDMS

Aluminium

Al removal+PDMS

Figure 4: Schematic illustration of gold NP layer preparation on the structured aluminium template
and their transfer to another substrate.

3. EXPERIMENTAL AND RESULTS

An aluminium foil of 99.999 % purity and 250 μm thickness (Goodfellow) was used as the starting
material. The aluminium foil was annealed in a vacuum at 550 ◦C for 5 h to allow the material to
relax and recrystallize. Subsequently, the foil was mechanically and electrochemically polished. The
mechanical polishing was done under ethanol by an ultra fine P3000 sandpaper. The electrochemical
polishing was performed in 1:4 (v:v) perchloric acid (HClO4) and ethanol solution at 3 ◦C, without
solution stirring for 1 min at 20 V (about 100 mA/cm2). The Al foil was set as the anode and a stainless
steel mesh was used as the cathode.

After polishing the foil was anodized in galvanostatic mode at 40 V in 0.3 M oxalic acid (H2C2O4) at
7 ◦C for 18 hours. The long anodizing was set to obtain the best order of pores at the aluminium/alumina
interface [9]. The nanostructured aluminium surface was revealed by selective etching of PAA in
0.42 M phosphoric acid (H3PO4) and 0.2 M chromium trioxide (CrO3) solution at 60 ◦C for 1 h. An
example of such dimpled aluminium template is shown in Fig. 5A. Furthermore, over the template
was deposited by sputtering 7 nm thin gold layer (shown in Fig. 6A). This sample was further an-
nealed in the ambient atmosphere at 350 ◦C for 2 h. Resulting NP surface is shown in Fig. 5B.
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Figure 5: SEM image of dimpled aluminium surface after removal of PAA (A), and with gold NPs
formed over the surface (B). The mean size of NPs is 75 nm. The scale bar is 1 μm.

The NP surface was easily transfered to a PDMS substrate by putting it face-down on gel-like solu-
tion and polymerized it on a hotplate at 60 ◦C for 2 h. When PDMS was hardened (shown in Fig.
6B), samples were immerse in 5 M hydrochloric acid (HCl) and 2 M copper(II) chloride (CuCl2) to
completely remove Al substrate. After the Al removal, the PDMS is covered by layer of NPs (shown
in Fig. 6C), which in our case (NPs sizes) absorbs in red and infrared region, thus it appears blue or
violet.

Figure 6: A photo of deposited thin gold layer over dimpled aluminium substrate (A), NP layer on
Al substrates within PDMS matrices (B), and a separated NP layer on a PDMS matrix (C).

4. CONCLUSION

In this work, we have developed and demonstrated an interesting technological approach for synthesis
of ordered gold nanoparticle layers. We have demonstrated that this technique could be performed
in large-scale, and thus it can be unpredictably economical. Additionally, this technique compared
to others, produce NPs which are well align, with a high density and organic-free. Furthermore, this
technique can be extraordinarily versatile since NPs’ sizes and distribution depends mainly on the
template and the thickness of deposited layer, where both are undeniably tunable.

In the last decade, the demand for NPs, especially on layers with a high density, has increased im-
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mensely due to rapid progress in fields of optics, especially the plasmonics. Nowadays, there are a
vast number of scientific ideas as well as commercial devices utilizing SPR or LSPR for detection
and recognition of various bio-molecules [10, 11, 12]. Therefore, it is greatly encourage to further
develop and optimize NPs fabrication techniques such as this.
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