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Effect of plasma surface charging on the catalytic decomposition of 
carbon dioxide

Introduction
The complexity of the plasma-catalytic setup

Plasma catalysis can be influenced by many different factors#

But what is the relative importance and contribution of these?

Untangling plasma catalysis

Atomistic modeling provides a controlled environment

• Different effects can be studied one at a time

• Individual contributions and cross-interactions can be probed

• Atomic-level mechanisms can be recovered

Here, the effect of a plasma-induced surface charge& on CO2 splitting 

is considered

Methodology
Density functional theory (DFT) calculations

cp2k code.- PBE functional with D3 dispersion corrections. DZVP 

basis set. 1200 Ry density cutoff.

Treatment of charged surfaces

• Net charges can not be directly modeled in (semi)periodic DFT due 

to computational restrictions caused by the Coulomb catastrophe 

• In our approach, we add a gas-phase ion as countercharge in the 

periodic box, enforcing overall neutrality

• Electron density: 3.68 × 1017 m−2 , charge density: − 0.06 C m−2

Employed model system

We consider single Ti, Ni, and Cu atoms supported on γ-Al2O3

• The γ-Al2O3 exposes the (110) surface in a 2 × 2 supercell

• The most favorable metal binding site is determined first

Results

Adsorption characteristics

A plasma-induced negative surface charge is found to destabilize the 

supported metal

dry support             hydrated support

CO2 adsorption consistently becomes more favorable upon charging 

through (additional) filling of bonding d-π* M-C-O orbitals

→ Drastic change of relative binding abilities of metals, in particular of Cu, 

which becomes competitive with Ti and Ni!

Impact on the CO2 splitting reaction

• While CO2 adsorption properties are important, we are primarily 

interested in its conversion. We only consider splitting into CO + O as a 

first step towards more complicated reaction pathways and products.

• We first probe the possible reaction mechanisms of CO2 adsorbed on  

M @ hydrated γ-Al2O3, using accelerated molecular dynamics 

simulations,E and find different favored pathways, depending on M.

Conclusion
Plasma-induced surface charging can lower the energy cost of CO2

activation, and can plausibly have a large impact on the efficiency and 
selectivity of the plasma-catalytic process.
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Key results:

• Drastic lowering of overall energy

cost (of up to 1 eV)

• Largest effect on Ni and Cu

• CO2 adsorption correlates with

the overall reaction energy of

the splitting process

• Insights from traditional thermal

catalysis (i.e., neutral systems)

are not necessarily valid for

plasma catalysis, in which surface

charging can change the activity of the catalyst in addition to its

intrinsic chemical properties
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Full lines: neutral surface
Dashes lines: charged surface


