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Sensitive to temperature

Nanoscience and nanotechnology deal with the study und manipulation of materials on the nanoscale.

What is Nano?

Gold NanoparticlesI
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The simplest case is a spherical gold

nanosphere. Typically, they have a deep red

color, which is due to a strong absorption

band at around 525 nm.

The color of gold

nanoparticles is determined

by the property called

Localized Surface Plasmon

Resonance, a collective

oscillation of conductive

electrons of the gold atoms

inside the nanoparticles,

which gets excited by light.

Gold nanoparticles of rod-like shape –

nanorods - exhibit optical properties different

from that of gold nanospheres. Because of

their shape anisotropy, they have two

absorption maxima (localized surface

plasmon resonance), corresponding to their

length and width. The higher the ratio

between length and width, the greater the

shift of the plasmon band to longer

wavelengths (red-shift). These nanoparticles

are efficient nanoantennae capable of

capturing light from the surrounding.

Because of their high surface to

volume ratio, nanoparticles tend to

aggregate. To prevent that, a

protective layer of organic molecules is

used. Apart from protection against the

aggregation, this layer can bring

functionality to the nanoparticles,

which can be introduced on demand,

invoking new properties of the system.

Here we engineered

thermoresponsive gold

nanoparticles, where reversible

aggregation is observed by decreasing

temperature of the surrounding. The

aggregation process is accompanied

by a color change that is due to the

interactions of individual particles at

very short distances (few nanometers).

Gold nanorods transform light to heat very efficiently. This heat is released to the environment, and we can measure an increase

in temperature. The higher the light intensity, the higher is the temperature increase. In this case we used infrared laser light (λ = 

1064 nm).

We can track the aggregation

process by eye, when

exposing the sample to

different temperatures. In hot

water it turns red and in cold

water blue. If we take a close

look, we can observe that

timing of the color change

appears to be different.

By studying the response of thermoresponsive gold nanoparticles in a controlled manner, we observed that

aggregation and redispersion process are different. We found hysteresis between the heating and cooling

process and showed that it can be drastically enhanced by altering the composition of the molecular layer

on the particles’ surface.
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We can design gold nanorods that aggregate spontaneously at low temperature and redisperse at high temperature that is

generated by the transformation of light into heat when the nanorods remain aggregated. One would expect that under constant

light excitation, the aggregation-redispersion states reach an equilibrium were the particles remain in between both states. The

hysteretic signature of reversible aggregation requires an extra energy input to switch between aggregation/redispersion. It turns

out that nanoparticles experience oscillatory aggregation.
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We can measure the change of

aggregation state by measuring the

change of intensity of the localized

surface plasmon for aggregating

nanoparticles.

Because of their small dimensions,

nanoparticles are invisible to the eye and

even for optical microscopes. We need to

use an electron microscopes to take

pictures of them with ca. 20 – 100k fold

magnification

Resonance is a common

physical property. For

example, if you sing the

same tone, that a wine glass

makes if you snip if with your

finger, it will vibrate due to its

resonance frequency.

A solution containing gold nanorods is excited with laser light

with simultaneous recording of spectral and temperature

changes

Self-oscillation of the aggregation 

state of gold nanorods under 

continuous light excitation

Hysteresis is the 

dependence of a 

state of a system 

on its history 

Color change from 

red to blue due to 

plasmon coupling of 

aggregated particles 

at low temperatures 

Green light is 

absorbed, which 

makes the solution 

look red
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LARGE
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We functionalized gold nanorods with the

same procedure as for thermoresponsive

nanoparticles with a large hysteresis. They

aggregate at low temperatures and

redisperses at higher. Due to their

anisotropic nature, the aggregation

behavior, and in consequence their optical

properties, are richer. The change is barely

visible by eye because gold nanorods

absorb light in infrared spectral range, but

we can observe it using a conventional

spectrophotometer.
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We synthesize, study and develop smart materials based on gold nanoparticles. These materials adapt

to changes of their environment. In detail, gold nanospheres and nanorods undergo reversible

aggregation induced by changes in temperature, which is accompanied by a change of their optical

properties. This behavior can be used for the development of nanomotors, sensors, smart windows,

catalysis and many more.
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