
Welcome to our
MOLECULAR NANOSTRUCTURES

Lecture



Date Content Lecturer

12.04.2021 Introduction – Size matters Dr. Mühl

19.04.2021 Nanoscale materials, Nanotechnology Dr. Mühl

26.04.2021 Scanning probe methods and TEM Dr. Mühl

3.05.2021 Chemical bonds in carbon Dr. Popov

10.05.2021 Fullerenes Dr. Popov

17.05.2021 Molecular magnetism Dr. Popov

31.05.2021
Graphene/Nanotubes

electronic structure
Dr. Popov

7.06.2021
Graphene/Nanotubes

synthesis, properties
Dr. Popov

14.06.2021
Graphene/Nanotubes

synthesis, properties
Dr. Popov

21.06.2021 Quantum transport in graphene (Introduction) Dr. Dufouleur

28.06.2021 Classical Hall effect and gate effect in graphene Dr. Dufouleur

5.07.2021 Quantum Hall effect for Dirac Fermions Dr. Dufouleur

12.07.2021

19.07.2021



Our lecture will be presented by

• Dr. Thomas Mühl (Physicist, Nanomagnetomechanics Group leader)

• Dr. Alexey Popov (Chemist, Nanoscale Chemistry Group leader)

• Dr. Joseph Dufouleur (Physicist, Quantum Transport Group leader)

• Prof. Bernd Büchner (IFW scientific director and professor at TU Dresden, overall 

responsibility for the lecture).



Thank you very much for participating in our
Molecular Nanostructures Lecture.

In case of questions please do not hesitate to get in touch with me.
Thomas















Particle in a box at small length scales

Here we consider an example using some basics of quantum mechanics. For 

physicists it might be a bit boring, for non-physicists it looks like strange stuff 

from another planet.

Classically, a ball in a heavy box (e.g., a sports hall) might be found at any 
location in the box at any speed or kinetic energy.
Now we downsize the box and the particle. The box is our (potential) energy 
landscape.



In quantum mechanics, the wavefunction Ψ(𝑥, 𝑡) gives a fundamental 

description.

Ψ(𝑥, 𝑡) 2 is the probability of finding the particle at time t and location x.

A time dependent description of a state can be given by Schrödinger’s 

equation:
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where 𝑉(𝑥) is the potential energy, 

m is the mass, 

ℏ (h-bar) is the reduced Planck constant (~ 10-34 Js).



Solutions
Ψ𝑛 𝑥, 𝑡 = 𝐴 ∙ sin 𝑘𝑛𝑥 𝑒−𝑖𝜔𝑛𝑡 (within the box)
Ψ𝑛 𝑥, 𝑡 = 0 (outside)

With wavenumber 𝑘𝑛 =
𝑛𝜋

𝐿
, where n is a positive integer.

Examples (P is the probability of finding the particle):



Now we consider the energy of the particle:
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Note that the inverse square of the box length L enters the energy 

equation. This result shows:

(A) For nano-systems: there are discrete energy levels. Furthermore, the particle has 

always positive non-zero energy, i.e. there is a zero-point energy. 

(B) For classical macroscopic systems: As you know from daily experience, the soccer 

ball may rest without motion. This can be understood when considering the Τ1 𝐿2

factor in the energy equation. In the macroscopic example, the sports hall width L 

is of the order of tens of meters, i.e., Τ1 𝐿2 is extremely small, therefore 𝐸1 ≈ 0

and different energy levels 𝐸𝑛 cannot be distinguished.



The take-home message of this brief introduction lecture:

In our daily experience the length scales do not come below 0.1 mm. In this 

lecture, we would like to consider nanostructures. A nanometer represents 

a very tiny length unit (0.000001 mm). 

In nanosystems, unexpected or even counterintuitive effects can be 

observed. Examples include the energy levels of quantum systems but also 

simple scaling laws of classical mechanics (pointing to extremely high 

mechanical frequencies and accelerations in nanosystems).

Thank you for participating☺

Thomas


