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Figure 1: A figure explaining the optical properties of a generic nanoparticle. 
The example is using a silver nanosphere, with the incident light beam shown 
as a arrow and the electrical component of the light labeled E0.

Abstract and Introduction:

Silver nanoplates have attracted significant attention in the 
nanomaterials community for their numerous possible future 
uses. These nanoparticles are classified as ‘plates’ because 
they have high aspect ratios. Their edge lengths can be made 
to be between 30 and 500 nm, and they are typically triangular 
in shape. These plates exhibit interesting optical properties, 
because they are smaller than the wavelengths of incident light. 
Because of this, the conduction electrons of the nanoparticles 
interact and oscillate with the electrical component of light. The 
oscillation is what allows for these distinct optical properties 
and it also allows for distinct colors to be shown for different 
structures. This explanation can be seen clearly in Figure 1.

The material of silver was chosen for several reasons. One is 
that it is cheaper than other materials, specifically platinum 
and gold. A sizeable portion of the research of nanoparticles 
has been done using gold, which is more expensive. Another 
is that silver is highly electrically conductive. Also the silver 
nanoplates that are produced in the Qin Lab [1] are ideal for 
these studies. With the absence of a strong capping agent 
such as citrate, we can manipulate the shape, size, and local 
environment of these nanoplates and test optical effects. 

It has been seen that any change in structure of these nanoplates 
creates changes in optical properties. These changes can be 
seen visually through a color change and can be quantified 
through UV-vis spectra. Also morphology is verified with 
scanning electron microscopy (SEM) and transmission 
electron microscopy (TEM). Understanding this ‘building 
block’ of nanoscience is a key step towards utilizing metallic 
nanomaterials in more intricate applications.

Experimental Procedure:

The first objective involved the synthesis of silver nanoparticles 
with ~ 50 nm edge-lengths. Chemically, this synthesis involved 
the reduction of ionic silver to atomic silver. As the process 
occurred, silver nucleation sites were created, which then grew 
into plates. The process involved has been honed to have anion-
to-solid conversion greater than 99% [1]. The starting materials 
were silver nitrate (AgNO3), which is the source of silver, and 
polyvinyl pyrrolidone (PVP), both dissolved in ethanol. PVP is 
the chemical that acts as the reducer and also is called a capping 
agent, because it binds to the surface of the nanoplate and allows 
it to remain relatively stable. The mixture of these ingredients 
was then placed into a Teflon® liner, which was sealed into a 
stainless steel vessel. This vessel was then placed into an oven 
for 4-5 hours.

Results and Conclusions:

Experiments with these as-prepared silver nanoplates included 
vertical and lateral growth experiments. Vertical growth was 
created with a very fast injection rate of more ionic silver with 
the presence of mild reducers, including PVP. This process 
successfully created bipyramidal nanoparticles. This showed a 
color change from blue to yellow. Slowing the injection rate 
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allowed for a switch from vertical growth to lateral growth. This 
process successfully created larger plates with edge-lengths of 
300 nm and visually showed a shift of color from blue to green.

Smaller nanoplates were produced in an ethanol system and 
were relatively stable. However, in water, they were typically 
unstable and selectively etch at the corners. This etching created 
truncated corners and hexagonal shapes. Etching occurred 
at corners because sharp corners have the highest chemical 
energy. These plates were tested with tap water and salt water. 
It has been shown that even a very small addition of chlorine 
ions can create this truncation and a large color change. 

Stability is key for other future application. Stabilizing these 
nanoparticles may be achieved with a thin gold coating; a 
technique previously achieved with nanocubes, seen in Figure 
2. This synthesis involves using nanocubes created by the lab 
group, ionic gold, and ascorbic acid as the reducing agent. 

Figure 3: Silver nanoplates deposited onto the surface of PDMS. This is the first step 
towards flexible electrodes that utilize these plates.

Figure 2: A collection of TEM images and illustrations showing 
silver nanocubes (A) coated with increasing amounts of gold (B 
through F). Deposition occurs first around the edges (B) before 
alloy structures are formed (C and D), eventually resulting in a 
gold shell (E and F).

When this knowledge was beginning to be transferred to nano-
plates, the goal was to create the thinnest full coating of the 
plate.

Future Work:

The instability of plates in the water provides promising future 
applications in sensing and bio-sensing because of the drastic 
changes in color produced by small additions of ions. Once all 
knowledge of platecoating is transferred to silver nanoplates, 
these stable nanoplates can then be applied to several different 
applications. One notable application that is promising is 
metallic ink; because of their electric conductivity and the 
variety of colors that can be produced. Another application that 
was explored was flexible electronics. 

The first steps towards this goal were taken with the deposition 
of these plates onto PDMS, a flexible substrate, seen in Figure 
3. Popular possible types of flexible electronics include, flexible 
computers, electronics within fabric, and medical implants such 
as a pacemaker that can mold to the shape of the patient’s body.
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