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DNano Laboratory Classes, 14-15 May 2026 

Preparation of Silver nanostructures 

 

Conventionally, nanomaterials present at least one dimension between 1-100 nm. At these scales, 
materials manifest properties between the atomic/molecular and bulk regimes, often conferring 
them exclusive size and morphology related features, such as high surface areas, and unique 
magnetic (e.g. superparamagnetism) or optical properties (e.g. quantum or surface confinement). 
Because properties can dramatically change at the nanoscale, depending on the number of 
directions below 100 nm, nanomaterials can be divided into categories from 0D to 3D (figure 1).  

 
 

Due to their high number of free electrons, metallic nanoparticles from Silver or Gold, are one of 
the most paradigmatic cases of how scale can drastically change the properties of the material. In 
bulk, these metals present either gray or yellow colors and are known for their use in jewelry. 
However, at the nanoscale, their interaction with light can be modulated at specific wavelengths 
depending on its morphology and environment, and the suspensions can take all colors of the visible 
palette. These bright colors observed in metallic nanostructures results from a phenomenon named 
localized surface plasmon resonance (LSPR). Briefly, when the wavelength of the incident light 
matches the frequency of the plasmon, the electric field of the light excites collective oscillations of 
loosely bound electrons (Figure2). Furthermore, when plasmonic nanoparticles acquire anisotropic 
shapes (e.g. rods and triangular nanoprisms) their plasmon split into distinct oscillation modes at 
specific resonance wavelengths (longitudinal vs. transverse), and they are able to concentrate the 
electric field around tips and edges – named hot-spots (figure 2). 

 

Figure 1: Synthesis strategies and dimensions at the nanoscale 
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Figure 2: Plasmon hot-spots – maps of near field enhancement (|E|2/|E0|2) at selected bisector planes calculated using boundary 
element method (BEM) for a silver nanotriangle (edge 35 nm, height 10 nm) in water-like medium (left: longitudinal mode, right: 
transverse mode). 
 

This relationship of nanoparticle shape, composition, and local dielectric environment to their LSPR 
is well understood and can be used in different applications such as cancer therapies and chemical 
detection. 

Metallic nanostructures with tailored plasmonic properties can be prepared from bottom-up 
synthetic methods. In this laboratory classes we will prepare silver triangular nanoprisms (AgNTs) 
using a single step (seedless) procedure. Shape directing reagents can include other metal ions, 
reducing agents, acids, and surfactants. To achieve this morphology, an oxidant is also added to the 
reaction mixture to promote a “Oswald Rippening” phenomenon. Briefly, smaller and less particles 
in solution are oxidized to silver ions that are consequently reduced to grow larger and more stable 
particles. This phenomenon is pivotal to promote the growth of AgNTs and is mediated by the 
presence of the citrate (stabilizer) in the solution. 

This approach enables to fabricate the synthesis of a reasonably complex  shape of nanoparticles in 
a single step (without the need to separate nucleation and growth into distinct steps) and the final 
shape of the nanoparticles is directly obtained. The influence and concentration of the stabilizers 
present critically affects in the “quality” of the nanoparticles obtained and in the reaction time. 

 

Longitudinal SPR, l= 570 nm
(propagation z-dir, circ. polarized)

Transverse SPR, l= 340 nm
(propagation x-dir, polarized z-dir)

|E|2/|E0|2 |E|2/|E0|2
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Experimental procedure 

Silver Triangular nanoprisms will be synthesized by the reduction of silver ions in the presence of an 
oxidative agent: 

1. In a glass flask, add 50 mL of Milli-Q water, 50 µL of AgNO3 (0.1 M), and sodium citrate, 
hydrogen peroxide and PVP (0.1 M) according to volumes intable 1. Leave it under vigorous 
agitation. 

2. Weight sodium borohydride (NaBH4) to prepare a 0.1 M solution. Add Milli-Q water to NaBH4 
solid and wait 90 seconds (bubbles should become visible). 

3. After 90 seconds, quickly inject 1 mL of NaBH4 into the reaction flask to initiate the reaction. 
4. Observe the alteration in the color of the reaction flask, indicating changes in the 

morphology of the NPs. Wait until the reaction is finished (a dark purple/blue is stabilized). 
 

Note: For the sake of time, the stock solutions of trisodium citrate, hydrogen peroxide and silver nitrate are 
already available at the lab. Only the sodium borohydride solution needs to be freshly prepared. 

 

Table 1. Volumes of sodium citrate, hydrogen peroxide and PVP solutions 
to be added in step 1. 

Sample Citrate (µL) H2O2 (µL) Temperature PVP (µL) 
1 750 400 RT 0 

2 750 200 RT 0 

3 750 400 Ice bath 0 

4 2250 400 RT 0 

5 750 400 RT 250 

 

 

Characterization of the nanoparticles 

Please follow the instructions on the course website (folder ‘Silver Lab’) and analyze the spectrum 
of your samples and, also, the provided spectra A to C. Further, download the attached TEM image 
of gold nanorods corresponding to your group number and perform the image analysis to extract 
the sample distributions of particle’s length, width and aspect ratio. Include a section on the report 
about the spectra and image analysis.  
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