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Catalysis is the increase in rate of a chemical reaction due to an added substance known as a catalyst. Catalysts are not 
consumed by the reaction and remain unchanged after the reaction. If the reaction is rapid and the catalyst is recycled quickly, 
a very small amount of catalyst often suffices; mixing, surface area, and temperature are important factors in reaction rate. 
Catalysts generally react with one or more reactants to form intermediates that subsequently give the final reaction product,
in the process of regenerating the catalyst.

Introduction to……Catalysis

Aimagn: Italian School of Magnetism, 20-24 October 2025, Perugia

-homogeneus (where catalysts and 
products are in the same phase)

-heterogeneous (where catalysts and 
products are in the same phase)

Credits: Wikipedia
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Magnetocatalysis or Magnetochemistry 
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Magnetochemistry is concerned with the magnetic properties of chemical compounds and elements.

The Magnetocatalysis study the way in which magnetic 

field or the catalysts magnetization influences the 

parameter of a chemical reaction (rate or selectivity); in 

the end the energy landscape of the reaction path.

With magnetic field

Magnetocatalysis: not found on wikipedia
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The origin of magnetocatalysis (or spin-catalysis)
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Few years ago it has been proposed that the use of ferromagnetic catalysts could help in lowering the 
overpotential of the oxygen evolution reaction (OER). The OER is a fundamental step in the water splitting process 
Is one of the two half reaction of the water electrolysis. Due to the technological and economical importance
of the water electrolysis (for the hydrogen production) this has generated a great hype on the possible effect
of magnetic catalyst on the water electrolysis.   

In the presence of acid, the equations are:
Cathode (reduction): 2H+(aq) + 2e− → H2(g)
Anode (oxidation): H2O(l) → 1/2 O2(g) + 2 H+(aq) + 2e−
In the presence of base, the equations are:
Cathode (reduction): 2 H2O(l) + 2e−  → H2(g) + 2 OH−(aq)
Anode (oxidation): 2 OH−(aq) → 1/2 O2(g) + H2O(l) + 2 e−
Combining either half reaction pair yields the same overall decomposition of water into oxygen and hydrogen:
2 H2O(l) → 2 H2(g) + O2(g)
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When the spin comes in
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Maybe not everyone knows that……….

One important factor contributing to these high overpotential and 
sluggish kinetics of the OER is the spin-state mismatch between 
reactants and products; while the reactants (OH− or H2O, depending 
on the electrolyte pH) are DM, the final product, molecular oxygen (O2), 
is a PM species in its triplet ground state. Spin is thus not conserved 
between reactants and products, and this process would, in principle, 
be forbidden by the spin selection rule. To be more specific, 
we can assume that, although the reaction is complex and involves at 
least four steps of electron transfer (typically considered as proton 
coupled electron transfer steps), there will be a step in the mechanism 
that involves the transition from a singlet intermediate to a triplet one.
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The “hypothesis” 
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In a simplistic picture the idea is that the 
spin polarization of the catalyst is 
transferred to the intermediates of the 
reaction which afterwards can with less 
energy create the desired product of the 
reaction by creating a paramagnetic 
molecule with the right spin configuration
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A more complete description
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A bit more of catalysis
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Langmuir–Hinshelwood Mechanism: 

Reactants adsorb onto the same active

species and thus compete for available active sites

Mars–van Krevelen Mechanism: 

Reactants adsorb onto different sites, and the

two surface intermediates interact and reaction occurs. Since each 

reactant adsorbs onto different surface species, there is no competition

Eley–Rideal Mechanism: 

One reactant adsorbs onto the catalyst surface forming

an intermediate surface species, which then reacts with a gas-phase

reactant. Thus, there is no competition for catalytic sites.
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The quest for the holy grail……..
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Time for questions….where are the critical points? 
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What happens to the material during reaction? How does 
this affect the magnetic properties of the catalyst?

What is the role of the long range magnetic order?
On which scale the spin must be aligned to obtain an energetic effect?
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A possible solution: magnetic domains walls
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One possible answer to the question regarding the 
influence of the long range magnetic order lies in the 
presence of the domain walls seen as region of the 
surface where the spin are disordered and thus not 
able to promote the enhanced spin catalysis.
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Trying to summarize
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Other application
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The concept of magnetocatalysis
is not restricted to water electrolysis
but can be applied to all reaction 
in which the formation of a final 
products or intermediates of reaction
which are paramagnetic (i.e. with
a net spin moment)
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The smoking gun
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We need an experiment in which the application of a magnetic field can change the yield (or even better the selectivity)
of a reaction without changing other parameter of the experiment (bubbles, circuit resistivity, etc.). For this reason gas 
phase heterogeneous catalysis is more suited then electrochemistry. We need to find the best reaction which involves the
most suited molecules to demonstrate our hypothesis.

We need an experimental approach that can follow the evolution of the chemical and magnetic properties of the catalyst
during the reaction. I.e. we need a very advanced operando technique.

We need an very special catalyst, this is a great challenge from material science point of view:
We have to find a material that:
-Is catalytically active
-Present a magnetic transition or a sharp Tc in the Temperature range of interest. 
-Or a material that has a disordered spin structure at remanence that become ordered with small fields
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We want you!
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Many thanks 
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Premio Roberta Ciprian 2025

Deadline for submission 01/12/2025

Organizers:
Giovanni Carlotti & Marco Madami – UniPG
Gianluca Gubbiotti & Silvia Tacchi – CNR-IOM

and thank you for your attention!
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