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Microfluidics integration for multi-functional platforms
NEXT GENERATION MICRO-FLUIDICS

Active components 3D integration and 
structuration



Shape-changing microstructures for multifunctional 
microfluidics

• Responsive materials : Light-driven Liquid crystalline networks
• Direct laser writing for 3D integration on different substrates
• Microrobots moving in dry and liquid environments
• Photonic structures : the role of water in the tuning mechanism
• Encoding information in 3D printed microstructures for smart labels
• BioQantSense : Preliminary results of 3D micro printing in PDMS 
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Two-photon absorption polymerization for 3D (or 4D) nano patterning

two-photon direct laser writing (TP-DLW)
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Single photon excitation Two photon excitation

laser @ 780 nm, 120 fs, 
100 MHz 



two-photon direct laser writing (TP-DLW)
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Glassy resists



two-photon direct laser writing (TP-DLW) 
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liquid crystalline network: alignment control and 
motion
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Microrobotics in dry environment: a micro-walker

9H. Zeng et al., Adv. Mater. 2015, 27.26: 3883

Micro-walker
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10D. Martella, S. Nocentini et al., Adv. Mater. 2017, 29.42: 1704047; 
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Microrobotics in dry environment: a micro-hand
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20 µm

Laser intensity under activation
threshold: Autonoumous operation

Microrobotics in dry environment: a micro-hand



Activation Power : 30 mW 150 mW

σw= 0.598 W/m*K at 20 °Cσa=0.028 W/m*K

Microrobotics under-water: a micro-hand

D. Martella, S. Nocentini et al., Adv. Mater. 2017, 29.42: 1704047; 12
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3D polymer photonics
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Glassy resists

Ordered and disordered photonic crystals Optical and photonic components for integrated circuits



reconfigurable polymer photonics
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Stimuli-responsive polymers for dynamic reconfiguration

ACS Nano 2012, 6, 8933.

Geometry or
Refractive index 

LCN:
Birefringence control

Reversible anisotropic shape 
change

Spiegel, C. et al, (2020). 4D printing at the microscale. Advanced Functional Materials, 30(26), 1907615.
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4D polymer photonics
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Responsive resists

Bovine serum albumine1 Vapour responsive phase grating hydrogels2

3D  nanopatterned colored hydrogels3 Cholesteric Liquid Crystals4
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A light tunable microlaser Optically controlled 3D 
photonic circuits A light controlled beam steerer

liquid crystalline networks for photonics
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light controlled beam steering in air and under-water

17S. Nocentini, et al., “Structured Optical Materials Controlled by Light”, Adv. Opt. Mater., 1800167, 2018.

Finite element method calculations

Experimental characterization

Pros (and cons) of LCN in water
- Sub-millisecond actuation
- Anisotropic deformation
- Smaller deformation



temperature responsive photonic crystals

18I. De Bellis, S. Nocentini, et al., “Temperature Tunable 4D Polymeric Photonic Crystals.” Adv. Funct. Mater, 2213162, 2023.



temperature responsive photonic crystals

18I. De Bellis, S. Nocentini, et al., “Temperature Tunable 4D Polymeric Photonic Crystals.” Adv. Funct. Mater, 2213162, 2023.



temperature responsive photonic crystals

18I. De Bellis, S. Nocentini, et al., “Temperature Tunable 4D Polymeric Photonic Crystals.” Adv. Funct. Mater, 2213162, 2023.

DLW@22°C DLW@10°C



temperature responsive photonic crystals

19I. De Bellis, S. Nocentini, et al., “Temperature Tunable 4D Polymeric Photonic Crystals.” Adv. Funct. Mater, 2213162, 2023.



modulation of the LCN shape changing properties

20S. Donato, S. Nocentini, et al., “Liquid Crystalline Network microstructures for multi-level responsive labels”, Under review, 2023.

A. Chemical approach : changing the LC crosslinker substituent 
B. Physical approach : tuning the lithographic parameters (laser power, scanning speed), “grey-scale” approach

GOAL : Active elements with different deformations (under a constant stimulus)
using a single LCN formulation



modulation of the LCN shape changing properties

21S. Donato, S. Nocentini, et al., “Liquid Crystalline Network microstructures for multi-level responsive labels”, Under review, 2023.

Temperature decoding Polarized light + temperature decoding



Twinning for excellence of the Serbian Research Center for 
quantum biophotonics



Twinning for excellence of the Serbian Research Center for 
quantum biophotonics

3D polymeric grids
as mechanical filters or 
cell scaffolds

A. Kovacevic, S. Savic and C. Credi

Integration of active and passive 3D microstructures in microfluidic circuits

30 µm
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