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Abstract: Gold nanoshells (GNS) present a silica core surrounded by a gold shell, present a shift on their 
surface plasmon resonance (SPR) to the near-infrared (NIR) part of the electromagnetic spectrum, when 
synthesized with specific dimensions. This paper presents a simple method to prepare the nanoshells, a step by 
step characterization, as well as their absorbance spectrum. For the synthesis, silica spheres, with approximately 
130 ± 5 nm in diameter, were prepared using the Stöber method and then functionalized with 3-
aminopropyltriethoxysilane (APTES). The gold nanoparticles (GNPs), with a diameter of 7 ± 3 nm, were 
produced by the reduction of chloroauric acid. Then, the silica was seeded with the GNPs to later grow a gold 
shell with the help of Au(OH)4¯ ions and formaldehyde. UV-Vis spectroscopy results showed a progressive 
shift on the absorbance peak to the NIR throughout the synthesis. Transmission electron microscope (TEM) and 
scanning electron microscope (SEM) images suggest that the absorption peak movement coincided with the 
completion of the shell. Furthermore, when the sample was irradiated with an 820nm wavelength/3.1 mW laser, 
its temperatures increased 6.3 °C in 2 minutes, showing its absorbance in the NIR. 
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1. Introduction 
There are hundreds of types of cancer, and each 
one has different characteristics [1]. Therefore, 
science utilizes the most innovative discoveries to 
find new treatments, and nanotechnology offers a 
wide variety of options. One example of this is the 
nanoparticle colloids, they can be designed to 
concentrate on specific organs, passive targeting, or 
their surfaces can be modified by an antibody or 
ligand to get attached to a specific target, active 
targeting [2]. Furthermore, metallic nanoparticles, 
like GNS, present interesting optical properties. 
Their SPR shifts their absorption to the NIR region 
when they are synthesized with specific geometry 

and dimensions [3]. This shift offers a great 
potential for applications in the medical field 
because GNPs are bio-inert [4], and the 
cytotoxicity of the silica has been widely studied 
[5]. Additionally, the wavelengths of the NIR 
spectrum are considered the optical window of the 
human body. As a result, while most biological soft 
tissues have low absorption of these wavelengths 
[6], GNS absorb them causing them to increase 
their temperature. Some applications are the 
photothermal therapy [7], optical imaging [8], drug 
release [9], as well as providing a near 
instantaneous in situ whole blood assay [10]. The 
synthesis of the GNS has been extensively 

WSEAS TRANSACTIONS on BIOLOGY and BIOMEDICINE R. Ruvalcaba-Ontiveros, H. Esparza-Ponce et al

E-ISSN: 2224-2902 29 Volume 16, 2019



explored, but on this paper, we present a simple 
and effective method of preparation that shortens 
the time of the traditional procedures published 
before. The reductions of the time were obtained 
by, first modifying the Stöber method of synthesis 
of silica particles, and obtaining samples at 30, 60, 
90 and 120 minutes throughout the reaction. Also, 
during the seeding process, where the silica is 
decorated with GNPs, a sample was obtained using 
only 30 minutes of resting time and compared with 
another one with the full 2 hrs of the resting time 
previously suggested. In both cases, SEM images 
were obtained showing that 30 minutes were 
enough to accomplish the complete reactions. In 
consequence, the total time of the process was 
reduced by 3 hrs.   

2. Experimental 

2.1 Materials 
Ethanol (100%), tetraethyl orthosilicate (TEOS) 
(98%), 3-aminopropyltriethoxysilane (APTES) 
(99%), trisodium citrate dihydrate, Gold (III) 
chloride trihydrate (HAuCl4, 49%), formaldehyde 
(37%), and sodium borohydride (NaBH4, 98 %) 
were purchased from Sigma-Aldrich. Potassium 
carbonate (K2CO3, 99%) and ammonium hydroxide 
(28%), were purchased from J.T. Baker. All the 
solutions were prepared with deionized water.  
 
2.2 Preparation of silica spheres 
Silica particles were prepared by modifying the 
Stöber method [11]. 50 ml of ethanol, 2.5 ml of 
deionized water, 4.25 ml of ammonium hydroxide 
were stirred for 5 min. Then, 0.75 ml of TEOS was 
added dropwise. The solution was heated at 40°C. 
Temperature and agitation were kept for 2 hrs. The 
color of the solution changed from transparent to 
opaque white approximately 10 min after adding 
the TEOS. Samples were obtained at 30, 60, 90 and 
120 min of adding the TEOS to observe the 
evolution of the process. 

2.3 Functionalization of the silica spheres 
In order to create open links over the silica to attach 
the GNPs, the silica was functionalized with 
APTES on a 1:1 silica:APTES volume ratio. The 
solution was stirred for 5 min and left still 
overnight at room temperature. The functionalized 
silica particles precipitated in the solution. They 
were centrifuged and washed in deionized water 3 
times and dispersed in deionized water.  

2.4 Synthesis of Gold Nanoparticles 
The method presented by Abdollahi et al [13] was 
followed to elaborate the GNPs. 1 ml of 1% 
HAuCl4 solution, 2 ml of 1% trisodium citrate and 
1 ml of fresh 0.075% NaBH4 in 1% trisodium 
citrate were added into 100 ml of deionized water 
at room temperature, stirred for 10 min and used 
immediately after.  

2.5 Synthesis of Gold Nanoshells 
For the seeding process, 100 ml of GNPs and 10 ml 
of functionalized silica were stirred for 5 min and 
left standing for 2 hrs. The solution was centrifuged 
and washed in deionized water 3 times. Finally, it 
was sonicated in 10 ml of deionized water. The 
same procedure was followed but the solution was 
left still for only 30 min to observe the 
development of the GNS through time. 

For the shell growth process, a K-Au solution was 
prepared by mixing 100 ml of 2mM K2CO3 
solution and 1.5 ml of 1% HAuCl4 for 30 min. The 
color of the solution changed from light yellow to 
transparent. It was left still overnight at room 
temperature in an amber glass bottle to facilitate the 
formation of Au(OH)4

- ions. Then, 100 ml of K-Au 
solution and 5 ml of seeded silica were stirred for 5 
min. Next, 5 ml of formaldehyde were added to the 
solution and stirred for 10 min. The solution was 
left still for 50 min. Finally, it was centrifuged, 
washed and dispersed in 10 ml of deionized water. 

2.6 Characterization 
Images were obtained using the Field Emission 
Scanning Electron Microscope JEOL JSM-7401F 
(SEM 7401), the Transition Electron Microscope 
HT7700 Hitachi (TEM) and the Scanning Electron 
Microscope JEOL JSM5800LV (SEM 5800). For 
the UV-Vis spectra, the Evolution 220 
Spectrophotometer UV-Vis Thermo Scientific was 
used. The FTIR spectra were obtained with an 
IRAffinity-1S Fourier Transform Infrared 
Spectrophotometer Shimadzu. The sample was 
irradiated with an 820nm wavelength/3.1 mW laser 
Thorlabs Multi-channel Fiber Coupled Laser 
Source, and the infrared images were taken with a 
TrueIR Agilent keysight U5855A. Measurement of 
the particles and histograms were acquired with the 
Image J® software [12]. 
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3. Results and discussion 
 

3.1 Characterization of the silica particles  

Fig. 1 presents images of silica particles taken at 
different moments of the reaction showing that 
after 30 min, the process is complete, and the 
particles do not present any significant change. 

Additionally, the  

images were studied with the software Image J® to 
calculate the particle size distribution.  Over 220 
particles from different areas of the sample were 
counted and measured to obtain the histograms. 
The information on Fig. 2 illustrates that the 
average diameter of the spheres at different 
reaction times is approximately the same. 

Therefore, a reaction time of more than 30 min 

a
 

b
 

c
 

d
 

Fig. 1: SEM 5800 images of Silica particles at a)30, b)60, c)90 and d)120 
    

a) 

d) 

b) 

c) 

Fig. 2: Histograms of the diameter distribution of the silica particles at a)30, b)60, c)90 and d)120 min 
throughout the synthesis. 
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does not result in a significant change in the 
sample. As a result, the total process  

time can be reduced by 1 hour and 30 min when 
compared with similar works where the synthesis 
time is at least 2 hrs [13,14,15,16]. 

3.2 Characterization of the functionalized 
silica spheres 

The functionalization of the silica with a primary 
amine group (-NH2) was accomplished using 
APTES which changes the superficial charge 
providing an electrostatic link for the GNPs to 
attach [17]. This superficial modification was 
verified by the FTIR spectrum shown in Fig. 3 
where the vibrations of primary amines are found 
between 3550-3330 cm-1 which correspond to the 
vibrations of a primary amine group [18]. 

 

3.3 Characterization of GNPs 

Fig. 4 illustrates the synthesized GNPs with a 
diameter of 7±3 nm and spherical shape overall. 
This GNPs were used immediately after their 
synthesis to avoid the agglomeration of the 

nanoparticles. 

3.4 Characterization of seeded silica 
particles  

Fig. 5a presents an SEM image of seeded silica 
with 30 min of resting time, while Fig. 5 b presents 
an SEM image of seeded silica with 120 min of 
resting time. These samples were taken with the 
purpose of observing the seeding process. Yet, the 
images show that 30 min is enough time to create 
the seeds. Both images display approximately the 
same number of nucleus per silica particle. Even 
though a complete shell was not formed, the seeds 
are ready to grow the gold shell on the next step. 

 

Fig. 6 is a TEM image of one silica particle 
decorated with GNPs with approximately 240 seeds 

of gold. This image corroborates the seeding 
process as well as the silica functionalization. 

Fig. 4: FTIR spectrum of silica and silica 
functionalized 

20 nm 

Fig. 5: TEM images of GNPs 

Fig. 3: a) SEM image of seeded silica with 30 min 
of resting time and b) SEM image of seeded silica 
with 120 min of resting time 

a) 

b) 
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3.5 Characterization of gold nanoshells 

On Fig. 7a is observed that the silica particles are 
almost surrounded with gold. The higher density of 
gold, the separation of the GNPs [19] and the 
dielectric properties of the silica [3] contribute to 
the absorption of the NIR wavelength, which 
causes the increase in temperature. On Fig. 7b a 
more detailed view of the gold shell can be 
appreciated. It is important to note that it is not a 
layer of gold but several GNPs close together.  

 

3.6 UV-Vis spectrum  

Fig. 8 presents the UV-Vis spectrum of the 
particles all through the process. Silica particles, as 
well as functionalized silica particles, do not show 
significant absorption on the NIR. As for the GNPs, 
they exhibit their characteristic absorption between 
520-530 nm [20]. However, on the seeded silica 
particles, it is noticeable the slight shift to the NIR. 
While on the GNS the peak not only shifted to the 
NIR, but it kept a high absorbance all the way to 
1100 nm. The absorbance of the GNS is due to the 
SPR that creates an electric field on the surface 
increasing the absorption of this wavelengths. SPR 
happens when metal nanoparticles are irradiated 

with a wavelength bigger than their size, exciting 
the electrons of the conducting band [3]. 

 

3.7 Thermography 

To verify the absorbance of the GNS, they were 
irradiated with an 852nm laser with a power of 
3.1mW. Fig. 9a displays a thermography image of 
the sample before irradiation, meanwhile Fig. 9b 
shows a thermography 2 min after the irradiation 
started. The sample is located on point S1, which 
temperature increased from 24.7 °C to 31.0 °C. 
This confirms that GNS can absorb light from the 
NIR. 

 

 

4. Conclusions 
Synthesizing GNS by seeding and growing a gold 
shell over silica spheres with GNPs showed to be 
an effective method to tune their absorption to the 
NIR. The SEM and TEM images show the 
evolution of the process while the absorbance 
spectrum displays the GNS shifting over the NIR. 
In addition, the thermography demonstrates the 
increase in temperature during the infrared laser 
irradiation.  Hence, we obtained a simple technique 
of producing GNS that can be used for medical 
applications thanks to the bio-inert GNPs [3] and 
the widely studied cytotoxicity of the silica [5]. 
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Fig. 6: TEM image of a gold decorated silica 
particle 

50 nm 
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a) 

b) 

c) 

d) 

e) 

Fig. 8: UV-Vis Spectrum of a) Silica, b) Functionalized silica, c) GNPs, d) Gold seeded silica and e) GNS 

a) b) 

Fig. 9: Thermography images of the GNS taken a) before and b)after being irradiated with 852nm laser 

Fig. 7: a) SEM image of GNS and b) TEM image of GNS 

a) 

100 nm 

b) 
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