
Attachment of Silver nanoplates on the SiO2 surface. 
Xavier Segui Julia 
Chemistry Department, Tongji University, Shanghai, China 
 
Abstract 
 
A method to attach silver nanoplates on the silica surface has been developed. This is based on a conventional 
two steps seed mediated growth. The surface of SiO2 colloids, with a size around 220 nm has been modified 
with an amino group. The silver nitrate has then been attached under further sonicate. The silver nitrate 
attached on the silica surface has been used as a precursor in the preparation of the citrate-stabilized seed 
solution. Finally in a growth solution for the growth of the nanoplates, silver nitrate has been reduced with 
ascorbic acid with the presence of the silver seeds attached on the silica surface, additional trisodium citrate 
and a polymer as a polyvinylpyrrolidone. 
 
 
Introduction 
 
On one hand in recent years the preparation of 
nanoscale materials has received much interest. 
Metal nanoparticles, in particular silver 
nanoparticles have proved to be a good candidate 
for use in such areas as optoelectronics1-3, catalysis4, 
surface-enhanced Raman scattering (SERS)5 and 
more recently surface enhanced fluorescence6,7. 
Control of the size and shape of these nanoparticles 
is important because many of their intrinsic 
properties are determined by these factors. Lots of 
methods to control the size and shape of these 
nanoparticles have been developed. Shapes such as 
rods8,9, disks10, wires8,9, prisms11,12, cubes13 and 
plates14 have been performed. 
 
On the other hand assembly of nanoparticles of 
various natures as nanostructures is one of the most 
interesting challenges of modern colloid 
chemistry15. There are many available examples 
such as thin films 16, colloid crystals and opals 17, 
and mesoporous structures. Recent studies have 
reported works related to the deposition on 
submicron colloid particles of nanoparticles such as 
magnetite 18, quantum dots 19, metals 20 and vinyl 
polymer 21. If the nanoparticles are properly 
attached on the colloid surface it should be possible 
to make use of the properties of the nanoparticles 
and their assemblies. 
 
Metals are used for the attachment on the colloid 
surface and are a good deal to consider  because of 
their special optical and electronical properties (22). 

Some ways for the attachment of metals have been 
developed such as pretreatment steps in electroless 
plating 23 used to attach silver nanoparticles on the 
silica surface or the use of a bifunctional molecule 
used for example in the attachment of the gold 
nanoparticles on the silica surface 24,25. 
 
In the present work a simple method of attaching 
silver nanoplates on the silica surface has been 
conducted. The method is based on “a seed 
mediated growth method”. Basically this consists of 
modifying the silica spheres surface with the amino 
group. After that, silver nitrate (Ag+) has been 
attached and reduced as silver nanospheres on the 
modified silica surface for their posterior use as a 
seeds solution for the growth of the nanoplates. 
 
 
 
Experimental Section 
 
Materials 
 
3-aminopropyltrithoxysilane (APTS) was supplied 
by J&KCHEMICA. Aqueous ammonia (NH3H2O), 
Ascorbic acid, Tetraethyl orthosilicate (TEOS), 
Ethanol, Isoprpyl alcohol, Silver nitrate (AgNO3), 
Sodium borohydride (NaBH4), Trisodium citrate 
(TSC) and polyvinylpyrrolidone (PVP) were 
supplied by Sinopharm Chemical Reagent Co. 
Distillated water was used throughout the 
procedure. 
 



Method 
 
Synthesis of silica colloids 
 
Silica colloids with size around 220 nm were 
synthesized by injecting 5 mL of tetraethyl 
orthosilicate in a solution containing 97.4 mL 
ethanol, 8.05mL water and 1.55 mL of aqueous 
ammonia. This solution was stirred for 24 hours at 
room temperature. After the reaction time the 
solution was washed with two cycles of centrifuge 
at 11000 rpm for 10 minutes. Every time the 
supernatant was removed, the final sediment was 
redispersed in 20 mL of ethanol. This solution was 
stored as a stock solution. 
 
Modified SiO2 surface with amino group 
 
Surface silica colloids from 1mL of tetraethyl 
orthosilicate were dried using a vacuum and mixed 
with 20mL of isopropyl alcohol and 50 μL of APTS. 
The mixture was then heated to a temperature of 
80C and left to react for two hours. Finally the 
product was cleaned with centrifuge at 11000 rpm 
for a total of 10 minutes and dispersed in water  
 
Attachment of silver nitrate on the modified 
silica surface 
 
0.5ml of modified silica surface was mixed under 
further sonicate for 5-10 minutes with 3 mL of an 
aqueous solution of silver nitrate which had a 
concentration of 0.1M. The product was washed 
with one cycle of centrifuge at 11000 rpm for 10 
minutes. Finally the sediment was re-dispersed in 
water. 
 
Preparation of the silver seeds on the silica 
surface 
 
The silver nitrate attached on the silica surface was 
used as a precursor in the preparation of the seeds 
solution. A solution containing 19.3 mL of water, 
0.8 mL of an aqueous solution with the silver 
nitrate attached on the Silica and 0.2 mL of TSC 
(0.025M) was prepared in a cold bath. Along with 
this, a sodium bromohydride solution (0.01 M) was 
also prepared in a cold bath. 0.6 mL of the solution 
NaBH4 was injected on the solution containing the 
Silica with the silver nitrate attached under 

vigorous stirring and using a drop-wise method, 
with the help of a syringe pump. After the sodium 
bromohydride addition, the solution turned a yellow 
colour. The solution was then washed two times 
with centrifuge at 11000 rpm for 10 minutes. 
Finally the product was redispersed in 20 mL of 
water. 
 
Growth of the silver nanoplates on the silica 
surface 
 
A growth solution was prepared mixing 10 mL of 
an aqueous solution of PVP (1%wt), 100 μL of 
seeds solution, 300 μL of Trisodium citrate 
(0,025M) and 50mcL of ascorbic acid (0.1M). To 
this solution 5x50 μL of a silver nitrate solution 
(0.01M) was added slowly and under vigorous 
stirring. The solution turned from colorless to 
yellow and then to blue. The solution was washed 
with two cycles of centrifuge at 11000 rpm for ten 
minutes. The sediment was re-dispersed in water 
for posterior characterization.  
 
 
 
Results and discussion 
 
Growth on the silica surface 
 
This point is probably the most important to discuss 
in this document. It can be guaranteed that the 
seeds were attached to the silica surface, as the 
seeds solution was washed several times and the 
solution remained yellow. A critical parameter is to 
ensure that in the growth solution, the silver 
nanoplates are growing specifically on the silica 
surface. Different strategies were used trying to 
guarantee this. 
 
All the experiments were always performed in 
parallel, with one solution containing silica and 
another solution without silica, the latter being used 
to produce conventional nanoplates. This strategy 
allowed for comparisons throughout each step, in 
areas such as colours or UV-Vis spectra as we can 
see in the figure 1. 
 
 
 
 



 
 
 
 

 
Figure1.  UV–vis spectra and photograph for the comparisons 
made during the experiment. The top graph corresponds to the 
Silver seeds and the bottom to the Silver nanoplates 
 
 
Figure 1 shows the characteristic peak for each 
sample. For the seeds solution, an absorbance peak 
of around 400 nm wavelength was observed both 
for the sample with silica and for the blank. This 
peak corresponds with the characteristic peak for 
the silver. This result suggests that the silver seeds 
were attached on the silica surface. After the 
growth, two peaks were observed. One of these 
peaks was around 400 nm, the characteristic for the 
silver seeds and another one around 750 nm 
wavelength corresponding to the silver nanoplates’ 
growth. 
 
SEM analysis of the solution reveals that the silver 
nanoplates growth is on the silica surface but also 
shows that spherical particle morphologies are still 
present. A way to improve these results is to try to 
increase the concentration of nanoplates on the 
silica surface and consequently decrease the 
nanospheres morphologies, thus making the growth 
of the nanoplates more effective. 
 

 
Figure2. SEM image shows the growth of the silver nanoplate 
on the silica surface 
 
Another strategy used throughout was at every step, 
where any shapes of silver such as silver nitrate, 
silver seeds or silver nanoplates were involved, the 
solution was cleaned additional times to ensure that 
the unique silver present in the solution was only 
attached on the silica surface. 
 
Although the solution was cleaned several times 
during all of the procedure the SEM analysis 
ensures that there was some silver with plate like 
shape attached on the silica surface. The outcome is 
that there are still a few silver nanoplates growing 
in the solution and not on the silica surface. This 
opposes the document as it suggests all the free 
silver present on the solution has to be removed to 
ensure the surface growth of the nanoplates. 
 

 
Figure3. UV–vis spectra for each important step in the 
procedure, including Silica colloids (grey), silver seeds 
attached on the silica surface (yellow) and the silver 
nanoplates growth on the silica surface (blue). 
 
 



Silica colloids size 
 
During the realization of this work, different sizes 
of silica colloids were used. Using small silica 
colloids, around 100 nm, an interesting 
phenomenon was observed. The obtained results 
were curious because the observed structure was 
totally unexpected. SEM images show that the 
obtained results seem as a kind of core-shell 
structure in which the silica is coating the silver. 
These results were unexpected because the purpose 
of the present work is the attachment of the silver 
nanoplates on the silica surface and not the opposite 
round. 
 

 
Figure4. SEM image shows the supposedly core-shell structure 
with the silica coating the silver. 
 
Although the SEM image shows that this kind of 
structure is present, the production is too small and 
the resolution is not the desired. TEM analysis is 
required to ensure this phenomenon and improve 
the synthesis of this structure following the 
proposed method. 
 
Seeds solution 
 
The first step for the growth of the nanoplates is the 
preparation of the silver seeds on silica surface 
following the main idea that these seeds after the 
growth become silver nanoplates. 
 
The correct use of the seeds solution is a critical 
parameter for the proper growth of the silver 
nanoplate on the silica surface. The method to 
attach the silver seeds on the silica surface is quite 
simple and does not greatly influences the results. 
However use the mentioned seeds in a different 

times after the growth suppose a significant change 
on the obtained results. Using the seeds as a fresh 
solution, immediately after their preparation or 
using these seeds after some time shows completely 
different results. Figure 5 shows the influence of 
the seeds solution used at different times. 
 

 
Figure5. UV-vis spectra for the obtained results using the 
seeds solution at different times, as a fresh solution (blue), 
after three hours(green) and after forty eight hours(grey) 
 
As has been mentioned and reinforced in figure 5, 
the use of the seeds solution at the correct time is 
very important. Using this solution as a fresh 
solution is the best way to ensure the proper growth 
of the silver nanoplates. 
 
Trisodium citrate concentration 
 
As previous documents have reported(14), modifying 
the concentration of trisodium citrate in the growth 
solution it is possible to shift the wavelength of the 
absorbance peak of the silver nanoplates. 
 
Keeping all the parameters involved in the growth 
of the nanoplates the same, different amounts of 
trisoduim citrate were used with the purpose of 
shifting the absorbance peak to shorter or longer 
wavelengths. If there is any change on the optical 
properties of the results, the morphology of the 
results’ shape also suffer a modification. 
 
 
 
 
 
 
 



 
 

 
Figure6. Uv-vis spectra and photograph for the experiments 
carried out with different amounts of trisoduim citrate. The 
experiment was performed using final concentrations of TSC 
such as 0.35mM (brown), 0.7mM (blue), 1.4mM (green). 
 
Figure 6 shows the results of the use of different 
concentration of trisoduim citrate in the growth 
solution. For better understanding of this graphic it 
is important to note the role that TSC has, in that 
step the trisodium citrate is used at the same time as 
reductant agent and as a surfactant. This is the 
reason why when a lesser amount of trisoduim 
citrate was used, the characteristic peak for the 
nanoplates was not observed; consequently the 
silver nanoplates were not present in the result. This 
is because the growth was carried out the in an 
atmosphere without enough reductant and 
surfactant. On the contrary the use of more 
concentration of TSC shifted the absorbance peak 
of the silver nanoplate to a longer wavelength 
because more surfactant was used. However a huge 
increase in the characteristic peak for the spherical 
morphologies was observed, this non desired 
phenomenon is attributed to the extra reductant 
atmosphere produced for the use of additional 
trisodium citrate. 
 
Stability 
 
Using the mentioned method the obtained results 
are quite stable. This fact is based on after storing 
the sample for a period a time, changes in the 
optical properties such as Uv- vis spectra and the 
colour have not been observed or they are 
insignificant. Anyway there are different ways to 
improve the stability of the final product, an 
example of this is to modify the temperature 
reaction of the growth solution14 to introduce some 
reactant such as a biocompatible surfactant 
mercaptolinker26 
 

Future work 
 
There are two ways to follow the work based in this 
document. One of them is to research further the 
unexpected result obtained during the course of the 
experiments, that means, following the same 
procedure using small silica colloids trying to 
develop a new way to synthesize a core-shell 
structure in which the silica is coating the silver.  
To carry out this procedure the TEM studies are 
absolutely necessary to characterize the 
morphology of the structure. 
 
The other one is based on the conventional way 
described in this document simply trying to 
improve the properties of the obtained result. It can 
be performed more efficiently introducing a super 
paramagnetic Fe3O4 core and increase the product’s 
ability to be recycled27. It could also use the silver 
nanoplate attached on the silica surface as a 
reductant agent to reduce solutions of HAuCl4 and 
get some interesting gold shapes on the silica 
surface such as gold nanorings. This is worthwhile 
because the gold’s catalyst properties are more 
interesting. 
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