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The Bionanotechnology curriculum is related to basic and applied research programs
oriented to the comprehension of fundamental phenomena at the nanoscale and to the
application of nanotechnologies to bioengineering, biophysics, applied physics, material
sciences and life sciences, and to the development of new technologies and approaches as
a challenge for the next twenty years. Bionanotechnologies have a broad field of appeal,
namely: from cells-to-chip and chip-to-cells technologies to nanobiosensors, from
nanodiagnostics to advanced optical characterization and imaging tools, from intelligent
drug delivery to artificial tissues, from functional nano-addressable surfaces to smart
materials. Among others, research developments include developing new sustainable
materials and approaches for packaging and electronics, and implementation of new
microscopy techniques for investigating life at the nanoscale. As well, most of the
applications are conceived starting from the IIT domains (Robotics, Nanomaterials, Lifetech,
Computational Sciences) to numerous others, including technology transfer perspectives.
The candidate will be immersed in the frontiers of science and technology.

International applicants are encouraged and will receive logistic support with visa issues,
relocation, etc.



New spectroscopic strategies for single molecule detectors in medicine and
biology.

Tutors: Francesco De Angelis
Tutors Affiliation: Plasmon Nanotechnologies, IIT, www.iit.it
Project Description

Surface-Enhanced Raman Scattering and plasmonic nanopores for real-time molecular
sequencing. The project develops plasmonic membranes and ultrafast SPAD cameras to
identify single DNA, RNA, and protein molecules with angstrom-scale resolution and 100
kHz acquisition rates, opening new perspectives for advanced diagnostics and precision
biotechnology.

Requirements: Master in Physics, Chemistry, Engineering or related discipline with a focus
on bioengineering and Material science.

References:

[1] F. Khozeymeh Sarbishe et al., “High-Speed Raman Readout of Single Polypeptides
via Plasmonic Nanopores”, Adv. Mater. 2025, 37, 2504436.

[2] K. Khabarov et al., “Raman identification of single nucleotides flowing through
permeable plasmonic films”, Nat Commun 16, 9113 (2025).

Contacts: francesco.deangelis@iit.it
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Development of a deep-learning-based platform for automated and real-time
analysis of fluorescence fluctuation spectroscopy data

Tutors: Eli Slenders

Tutors Affiliation: Optical investigation of Dynamical Systems, Istituto Italiano di
Tecnologia, https://www.iit.it/it/, https://optodynamics.github.io/

Project Description

The Optical Investigation of Dynamical Systems research line was established in 2026 by
Eli Slenders, following the award of an ERC starting grant. The research focuses on the
development of optical microscopy systems for measuring molecular diffusion and
biomechanical properties in biological systems. This includes designing custom-built optical
microscopes, developing control software, and building data analysis pipelines to extract
quantitative information from dynamic samples.

This PhD position is a software-engineering role with a strong focus on scientific computing
and reproducible open-source development. Within the research team, your main
responsibilities will be:

e Development of a software framework for simulating realistic fluorescence fluctuation
spectroscopy data (FFS)

¢ Implementation of a data analysis framework for robust, autonomous, and real-time
data evaluation for FFS.

Requirements:

e A Master's degree in Computer Science, physics, mathematics, engineering or a
related discipline

Strong Python skills

Experience with modern deep-learning architectures

The ability to properly report, organize and publish research data

The successful candidate should have good practice with teamwork and a problem-
solving attitude

e Good command of spoken and written English

e Interest in optics and microscopy but no prior experience required

References:

e Slenders, E., M. Castello, M. Buttafava, F. Villa, A. Tosi, L. Lanzand, S. Koho, and G.
Vicidomini, Confocal-based fluorescence fluctuation spectroscopy with a SPAD array
detector. Light-Sci. Appl., 2021. 10(1).

e Zunino, A., E. Slenders, F. Fersini, A. Bucci, M. Donato, and G. Vicidomini, Open-
source tools enable accessible and advanced image scanning microscopy data
analysis. Nat. Photonics, 2023. 17(6).

e Perego, E., S. Zappone, F. Castagnetti, D. Mariani, E. Vitiello, J. Rupert, E. Zacco,
G.G. Tartaglia, I. Bozzoni, E. Slenders, and G. Vicidomini, Single-photon microscopy
to study biomolecular condensates. Nat. Commun., 2023. 14(1).

Contacts: eli.slenders@iit.it
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Smart microscopy through the integration of photon-resolved laser-scanning
and fast wide-field architectures

Tutors: Giuseppe Vicidomini

Tutors Affiliation: Molecular Microscopy and Spectroscopy, Italian Institute of Technology,
https://vicidominilab.github.io/

Project Description

Optical microscopy is rapidly evolving toward smart microscopy, in which imaging systems
autonomously analyse data in real time and dynamically adapt acquisition parameters to the
observed biological processes. These adaptive strategies enable the integration of
complementary imaging modalities while overcoming traditional trade-offs between field of
view, temporal resolution, spatial resolution, signal-to-noise ratio, and phototoxicity. This
PhD project aims to develop an advanced smart microscopy platform integrating photon-
resolved laser-scanning microscopy based on single-photon avalanche diode (SPAD) array
detectors with fast wide-field imaging architectures. The hosting laboratory is internationally
recognised as the pioneer in the development of SPAD-array-based photon-resolved
microscopy technologies.

The proposed microscopy framework will combine complementary imaging modalities:

e Fast wide-field imaging, enabling continuous monitoring of large sample areas and
rapid identification of biologically relevant dynamics across extended fields of view;

e Photon-resolved laser-scanning microscopy, based on asynchronous SPAD
array detectors, enabling highly sensitive imaging with rich spatial and temporal
information at the single-photon level.

The integration of these modalities will rely on adaptive and feedback-driven smart
microscopy strategies. Information extracted in real time from the wide-field imaging channel
will guide high-resolution, photon-resolved interrogation of regions or events of interest,
enabling intelligent, targeted acquisition while minimising unnecessary illumination and
redundant data collection. The project will involve the development of both experimental and
computational methodologies for real-time adaptive microscopy, multimodal data
integration, and automated imaging control. Particular attention will be devoted to intelligent
acquisition strategies that dynamically adjust imaging conditions based on the biological
sample's behaviour and imaging context.

The PhD candidate will contribute to the development of the complete microscopy
framework, including optical integration, control software, computational imaging algorithms,
and real-time adaptive acquisition strategies.

In particular, the candidate will be involved in the following activities:

e Literature Review — Critical analysis of current approaches in smart microscopy,
adaptive imaging, photon-resolved microscopy, and computational imaging;

e Optical System Development — Design, assembly, and characterisation of
multifunctional fluorescence microscopy platforms integrating wide-field and laser-
scanning architectures;

e Computational Imaging and Real-Time Analysis — Development of algorithms for
image reconstruction, real-time image analysis, adaptive acquisition control, and
intelligent feedback mechanisms;



e Photon-Resolved Data Processing — Development and optimisation of methods for
the analysis and interpretation of photon-resolved microscopy data acquired with
SPAD array detectors;

e System Automation and Adaptive Control — Implementation of automated
workflows enabling dynamic interaction between wide-field monitoring and targeted
laser-scanning acquisition.

Doctoral candidates will be encouraged to participate in specialised courses, international
summer schools, workshops, and conferences, promoting continuous scientific
development and exposure to diverse research environments and emerging technologies in
advanced microscopy and computational imaging.

The project is embedded within an international network of academic and industrial
collaborations, offering opportunities for joint research activities, co-supervision, technology
transfer initiatives, and research periods abroad at leading institutions in photonics,
microscopy, and biomedical imaging.

The programme provides a strong interdisciplinary research environment for candidates with
backgrounds in physics, engineering, computer science, applied mathematics, or related
disciplines, fostering research at the interface between photonic science, intelligent imaging
systems, computational microscopy, and biomedical applications.

Write in this section the description of your project.
Requirements:

e Solid programming skills (Python or equivalent)

e Background in image analysis, scientific computing, computer vision, or real-time
signal processing

e Basic knowledge of optics and fluorescence microscopy

e Interest in computational imaging and Al-driven scientific instrumentation

e Degree in physics, engineering, or related fields

References:

L. Hinderling et al., “Smart microscopy: current implementations and a roadmap for
interoperability.” Methods in Microscopy 3(1), 71-91 (2026).
https://doi.org/10.1515/mim-2025-0029

A. Zunino et al., “Structured detection for simultaneous super-resolution and optical
sectioning in laser scanning microscopy.” Nature Photonics 19, 888—897 (2025).
https://doi.org/10.1038/s41566-025-01695-0

E. Perego et al., “Single-photon microscopy to study biomolecular condensates.” Nature
Communications 14, 8224 (2023).
https://doi.org/10.1038/s41467-023-43969-7

Contacts: giuseppe.vicidomini@iit.it
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Advanced Porous Polymer Composites for Sustainable Freshwater Recovery

Tutors: Fragouli, Despina
Tutors Affiliation: Smart Materials, Istituto Italiano di Tecnologia, https://smartmat.iit.it/

Project Description

Providing universal access to freshwater in a sustainable and affordable way remains a
major global challenge. Among the various strategies adopted to address this issue, the
recovery of freshwater from polluted, and non-conventional water sources (i.e. seawater or
atmospheric humidity) with minimum energy consumption requirements is of crucial
importance. For this reason, current research efforts are increasingly focused on the
development of novel multifunctional materials able to recover high amounts of clean water
in an energy sustainable manner.

This PhD project will focus on the development and characterization of multifunctional
porous composites for freshwater production. In particular, polymer-based composite
systems with tailored porous architectures will be developed and engineered to achieve the
structural and physicochemical properties required for highly efficient freshwater recovery
with minimal energy consumption. The research activity will primarily focus on photothermal
desalination and water purification technologies, exploiting solar light as a sustainable
energy source for water treatment and freshwater generation. The student will have the
opportunity to develop research collaborative projects under the Technologies for
Sustainability Flagship, promoted within the strategic plan of IIT.

Requirements: Applicants are expected to have a Master’s Degree in one of the following
areas: Material Science, Chemistry, Physics, Chemical Engineering or related disciplines;
strong interest in sustainable materials and water treatment technologies; good level of
written and spoken English; background knowledge in polymer science will be considered
an advantage; interest in interdisciplinary research; motivation to conduct experimental
research in an international and multidisciplinary environment.

References:

M.S. Zafar, A. Zych, A. Athanassiou, D. Fragouli “Carbonized coffee-based 3D polymeric
xerogels for freshwater recovery by solar steam generation” Journal of Environmental
Chemical Engineering 2024, 12 (5), 113919;

A. Fazli, S. Lauciello, R. Brescia, R. Carzino, A. Athanassiou, D. Fragouli “Synergistic
degradation of polystyrene nanoplastics in water: Harnessing solar and water-driven energy
through a Z-scheme Sn02/g-C3N4/PVDF-HFP piezo-photocatalytic system” Applied
Catalysis B: Environment and Energy, 2024, 353, 124056;

S.L. Loo, L. Vasquez, U. C. Paul, L. Campagnolo, A. Athanassiou, D. Fragouli “Solar-Driven
Freshwater Generation from Seawater and Atmospheric Moisture Enabled by a Hydrophilic
Photothermal Foam” ACS Applied Materials & Interfaces, 2020, 12 (9), 10307-10316.

Contacts: despina.fragouli@iit.it
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Mycelium-Derived Composites for Eco-Friendly Functional Materials

Tutors: Athanassiou, Athanassia
Tutors Affiliation: Smart Materials, Istituto Italiano di Tecnologia, https://smartmat.iit.it/

Project Description

Mycelium, the vegetative structure of fungi that naturally grows underground and feeds on
organic matter, has recently emerged as a promising platform for the development of
sustainable biomaterials. Recent studies have demonstrated that mycelium-based materials
with tunable mechanical and structural properties can be obtained by tailoring the
composition of their feeding substrates.

This PhD project will focus on the development of natural composite materials based on
fungal mycelium. The research activity will primarily focus on the combination of mycelium
with spent biomass, as feeding substrate, with particular attention to chitin-rich materials
and waste-derived resources. The developed bio-based and biodegradable structures will
be employed as fibrous substrates for the fabrication of smart bio-composites targeting
various applications such as water treatment, smart buildings, and flexible electronics.

Successful applicants will join a collaborative and interdisciplinary research environment
and contribute to the development of innovative eco-friendly materials. The PhD candidate
will have the opportunity to participate in collaborative research initiatives within the
Technologies for Sustainability Flagship, promoted under the strategic plan of IIT.

Requirements: Applicants are expected to have a Master’s Degree in one of the following
areas: Biotechnology, Material Science, Chemistry, Chemical Engineering, Environmental
Engineering or a related field; interest in sustainable materials, and circular economy
approaches; interest in interdisciplinary research involving materials science, biotechnology,
and sustainability; motivation to work on innovative eco-friendly materials for advanced
technological applications; background knowledge in polymer science and fungal
biotechnology will be considered an advantage; good knowledge of written and spoken
English.

References:

M. Haneef, L. Ceseracciu, C. Canale, I. S. Bayer, J. A. Heredia-Guerrero, A. Athanassiou
“Advanced Materials From Fungal Mycelium: Fabrication and Tuning of Physical Properties”
Sci. Rep. 2017, 7, 41292.

K. B. Bonga, L. Bertolacci, M. Contardi, U. C. Paul, M. S. Zafar, G. Mancini, L. Marini, L.
Ceseracciu, D. Fragouli, A. Athanassiou “Mycelium Agrowaste-Bound Biocomposites as

Thermal and Acoustic Insulation Materials in Building Construction” Macromol. Mater. Eng.
2024, 309, 2300449.

A. E. Fares Merisani, C. N. Economou, G. Nanni, A. Athanassiou “Chemical conversion of
Pleurotus ostreatus mycelium into biodegradable films with tailored properties” ACS Appl.
Eng. Mater. 2026, 4, 4, 1802-1812.

Contacts: athanassia.athanassiou@iit.it
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