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Laser ablation in liquid (LAL)

Laser Synthesis and Processing of Colloids (LSPC)
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Laser fragmentation in liquid (LFL) Laser defect-engineering and surface doping in liquid

Gökce, Barcikowski, Zhigilei et al. 

Nanoscale, 2018, 

10.1039/c7nr08614h.

Ziefuß, Reichenberger et al. J. Phys. Chem. C, 2020, 

10.1021/acs.jpcc.0c06257.
Zerebecki, Reichenberger et al., ChemCatChem, 2022, 10.1002/cctc.202101785.
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Scalability and kg-scale synthesis of het. catalysts

Streubel, R., Barcikowski, S., & Gökce, B. (2016). Optics letters, 41(7), 1486-1489.
Dittrich, S., Kohsakowski, S., Wittek, B., Hengst, C., Gökce, B., 

Barcikowski, S., Reichenberger S., (2020) Nanomaterials, 10, 1582

ps-laser

500 W, 5 MHz

Scale up of laser power
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Laser-generated benchmark catalysts: exhaust gas treatment

CO conversion NO conversion

2 kg of catalyst

S. Dittrich, S. Kohsakowski, B. Wittek, C. Hengst, B. Gökce, S. Barcikowski, S. Reichenberger, Nanomaterials 2020, 10, 1ï16.
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Features of laser-generated catalysts

CO: dynamic active sites with low

temp. activity (higher order facets

& defects for NP < 5 nm)
S. Reichenberger, G. 

Marzun, M. Muhler, S. 

Barcikowski, 

ChemCatChem2019, 

11, 4489ï4518.

10 nm

#C

#B

#A

CO conversionNO conversion

NO: active and stable catalysts!

FFT (HR-TEM; Pt)

S. Dittrich, S. Kohsakowski, B. Wittek, C. Hengst, B. Gökce, S. Barcikowski, S. Reichenberger, Nanomaterials 2020, 10, 1ï16.
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Nanoparticle design 
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The Noble Metal-Challenge of Hydrogen-based Technologies 

R. Wolf, Electrochemical Energy Storage for Renewable Sources and Grid Balancing, Chapter 9: 

Large-Scale Hydrogen Energy Storage, 2015, Elsevier, https://doi.org/10.1016/B978-0-444-62616-5.00009-7

Challenge: Demand for expensive catalysts

Ą Iridiumoxide (Oxygen evolution reaction) 

Ą Platinum (Oxyen reduction reaction)

https://doi.org/10.1016/B978-0-444-62616-5.00009-7
https://doi.org/10.1016/B978-0-444-62616-5.00009-7
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Discovering New Active Sites for Noble Metal-free Electrocatalysts

A. Ludwig & W. Schuhmann, Angew. Chemie Int. Ed., 2020, 59, 14, 5844ï5850
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Laser-based Synthesis of Active HEA-based Electrocatalysts

Crystalline Alloy Nanoparticles

Oxygen Evolution 

Reaction (OER)

Ą High catalytic activity

F. Waag, Y. Li, A. R. Ziefuß, E. Bertin, M. Kamp, V. Duppel, G. Marzun, L. Kienle, S. Barcikowski, and B. Gökce, RSC Adv., 2019, 9, 32, 18547ï18558, doi: 10.1039/c9ra03254a.
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Mn30Mo0
Mn30Mo6

Mn30Mo14

J. Johny, Y. Li, M. Kamp, O. Prymak, S. Liang, T. Krekeler, M. Ritter, L. Kienle, C. Rehbock, S. Barcikowski, and S. Reichenberger, 

ñLaser-generated high entropy metallic glass nanoparticles as bifunctional electrocatalysts,ò Nano Res., 2021, https://doi.org/10.1007/s12274-021-3804-2 

Laser-based Synthesis of HEA Composition Series: Addition of Mo to Co17.5 Cr17.5 Fe17.5 Ni17.5Mn30
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Mn-enriched / Mo depleted surface

Ą Linear increase of Mo content in the nanoparticle surface

J. Johny, Y. Li, M. Kamp, O. Prymak, S. Liang, T. Krekeler, M. Ritter, L. Kienle, C. Rehbock, 

S. Barcikowski, and S. Reichenberger, ñLaser-generated high entropy metallic glass nanoparticles as bifunctional electrocatalysts,ò Nano Res., 2021, https://doi.org/10.1007/s12274-021-3804-2 

Laser-based Synthesis of HEA Composition Series: Addition of Mo to Co17.5 Cr17.5 Fe17.5 Ni17.5Mn30
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Oxygen Evolution Reaction

Promising 

performance

Addition of Mo to Co17.5 Cr17.5 Fe17.5 Ni17.5Mn30:

Bifunctionality of HEA Nanoparticles in Alkaline OER and ORR Reaction

Oxygen Reduction Reaction

Promising 

performance

J. Johny, Y. Li, M. Kamp, O. Prymak, S. Liang, T. Krekeler, M. Ritter, L. Kienle, C. Rehbock, S. Barcikowski, and S. Reichenberger, Nano Res., 2021, https://doi.org/10.1007/s12274-021-3804-2 
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Oxygen Evolution Reaction

Promising 

performance

Addition of Mo to Co17.5 Cr17.5 Fe17.5 Ni17.5Mn30:

Bifunctionality of HEA Nanoparticles in Alkaline OER and ORR Reaction

Oxygen Reduction Reaction

Promising 

performance

J. Johny, Y. Li, M. Kamp, O. Prymak, S. Liang, T. Krekeler, M. Ritter, L. Kienle, C. Rehbock, S. Barcikowski, and S. Reichenberger, Nano Res., 2021, https://doi.org/10.1007/s12274-021-3804-2 
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High selectivity for

H2O2 formation
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Laser Post-Processing in Liquid

6

Laser 
Fragmentation

High laser
fluence

> 1 J/cm2

6

Moderate laser 
fluence

< 0.1 J/cm2

Laser Defect 
Engineering
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Laserfragmentation of Microparticles (here: CoFeMnNiGa)

Liquid 

flow

Laser beam
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Cation doping by thermal cation diffusion initiated by repeated 
application of single laser pulses

Ą Adsorption of iron precursor

Ą step-by-step (gradual) incalation of iron by thermal diffusion

due to short-term heating by individual laser pulses

S. Zerebecki, K. Schott, S. Salamon, J. Landers, H. Wende, E. Budiyanto, H. Tüysüz, S. Barcikowski, and S. Reichenberger, 

J. Phys. Chem. C, vol. 126, no. 36, pp. 15144ï15155, 2022, doi: 10.1021/acs.jpcc.2c01753.
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Gradual modification of physical and catalytic properties by laser doping 

Doping of uncompensated

Fe57 magnetic moments

into antiferromagnetic

Co3O4spinel

Thermal catalysis

Electrocatalysis

S. Zerebecki, K. Schott, S. Salamon, J. Landers, H. Wende, 

E. Budiyanto, H. Tüysüz, S. Barcikowski, and S. 

Reichenberger, J. Phys. Chem. C, vol. 126, no. 36, pp. 

15144ï15155, 2022, doi: 10.1021/acs.jpcc.2c01753.


