DOCTORATE SCIENCES AND TECHNOLOGIES OF CHEMISTRY AND MATERIALS

NANOSCIENCE RESEARCH THEMES

1) Photonics and light-matter interaction in hybrid low-dimensional semiconductor nanomaterials.
Tutor: Roman Krahne

Project description: We are investigating emerging nanomaterials for light emission and their integration
into optical cavities to obtain non-linear optical properties and light emitting devices with novel
functionalities. We focus on low-dimensional metal-halide perovskites, in particular microcrystals with 2D
electronic confinement, which can function as emitters, and optical cavities and waveguides. These
microcrystals can be patterned to obtain resonant grating or photonic crystal structures, or they can be
combined with external photonic architectures.

This PhD project will target the fabrication of the photonic structures by lithography techniques and the study
of their optical properties by a large portfolio of spectroscopy techniques, including time-resolved
photoluminescence, reflectance, k-space (angular) mapping polariton modes etc. With this we aim to
discover novel concepts that can boost the functionality and performance of optoelectronic devices in light
emission and photodetection.

Requirements We are looking for highly motivated candidates with a degree in Physics, Chemistry, Material
Science, Engineering or Nanotechnology who are keen to work in an interdisciplinary environment.
Experience in nanofabrication, optoelectronic spectroscopies, and theoretical modeling are considered as a
plus.

Information on the activities of the Optoelectronics Group and related publications can be found at:
https://www.iit.it/it/web/optoelectronics

For further details concerning the research theme, please contact: roman.krahne@iit.it

2) Development of colloidal nanocrystals for energy related applications

Tutor: Liberato Manna
Co-Tutor: Luca De Trizio

Project description: The need to reduce the pollution connected with the combustion of petrol and carbon
is increasingly pushing research toward the development of new materials that can be used in energy
conversion devices, such as solar cells or solar concentrators, and/or that can decrease the energy demand
of optoelectronic devices. Colloidal semiconductor nanocrystals (NCs) working in the visible range have been
shown to be promising materials for low-cost and high efficiency solar cells, solar concentrators and light
emitting devices thanks to their unique properties and to the low costs associated with their synthesis.
Emerging NC materials operating in the infrared range could enable low-cost infrared technologies, such as
night and fog vision systems, food quality assessment devices, and more, making them accessible to
consumer markets rather than limited to niche ones.


https://www.iit.it/it/web/optoelectronics
mailto:roman.krahne@iit.it

In general, the optical properties of colloidal NCs can be finely tuned to match the required standards, and
the NCs, in the form of inks (i.e. dispersion of NCs in a desired solvent) can be readily employed in low cost
ink-jet processes for the fabrication of devices. This research activity will be first focused on the synthesis of
nanocrystals targeting both visible or infrared emitting materials such as IlI-V semiconductors, metal halides,
and metal chalcogenides. Another important synthesis direction will comprise the production of nano-
heterostructures, which are nanocrystals composed of two (or more) domains of different materials,
rationally selected in order to achieve desired optical and electronic properties. The nanocrystalline products
will be subjected then to a complete (structural, chemical, surface and optical) characterization. Both the
nanocrystals and the heterostructures will be engineered in order to optimize their optical and/or electrical
properties.

Requirements: as a prerequisite, the ideal candidate must have a degree in Materials Science, Chemistry,
Physics or related fields. The candidate should have a strong interest in interdisciplinary research combining
materials science and characterization. Candidates with experience in nanomaterial synthesis and
characterization are particularly encouraged to apply.

For further details concerning the research theme, please contact: liberato.manna@iit.it

3) Synthesis of colloidal nanocrystals and advanced spectroscopy

Tutor: Liberato Manna
Co-Tutor: Francesco Di Stasio

Project description: The need to accelerate decarbonization is increasingly pushing research toward the
development of new materials that can be used in energy conversion devices and/or that can decrease the
energy demand of devices (for example light emitters). Solar cells or solar concentrators, for instance, enable
the direct conversion of the solar energy into electrical power, thus generating “green” energy. Also, the
pervasive use of light emitting diodes (LEDs), which are currently the most efficient light sources, is lowering
the power required in lighting and displays. Colloidal semiconductor nanocrystals (NCs) have been shown to
be promising materials for low-cost and high efficiency solar cells, solar concentrators and LEDs thanks to
their unique properties and to the low costs associated with their synthesis. The optical properties of colloidal
NCs can be finely tuned to match the required standards, and the NCs, in the form of inks (i.e. dispersion of
NCs in a desired solvent) can be readily employed in low cost ink-jet processes for the fabrication of devices.

This research activity will be focused on the synthesis of nanocrystals targeting those with optimal optical
properties either in the visible or the infrared spectral regions with particular attention to metal pnictides
(e.g. InAs or InSb), metal halide perovskites, metal chalcogenides and chalcohalides. Such materials will be
engineered in order to optimize their optical and electrical properties. Possible strategies to be developed
are the encapsulation of nanocrystals in proper inorganic shells (with the formation of nano-
heterostructures), ligand and/or ion exchange procedures, for their subsequent use in devices.

A fundamental part of the research activity will involve the complete optical characterization of NCs via
advanced optical techniques, including photoluminescence lifetime, quantum yield, and transient absorption
measurements.

Requirements: as a prerequisite, the ideal candidate must have a degree in Materials Science, Chemistry,
Physics or related fields. The candidate should have a strong interest in an interdisciplinary research approach
that bridges materials science, characterization, and optical spectroscopy. Candidates with experience in
nanomaterial synthesis and/or optical characterization are particularly encouraged to apply.

For further details concerning the research theme, please contact: liberato.manna@iit.it
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