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D. desulfuricans-CdS hybrids display high H2 production activity, high stability
and a remarkable efficiency in the direct use of solar energy. Credit: Inês
Cardoso Pereira; Mónica Martins

Decarbonizing the economy and achieving the transition from fossil
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fuels to renewable energies is one of the most urgent global challenges of
the 21st century. Hydrogen can play a key role in this process as a
promising climate-neutral energy vehicle. Yet, the so-called green
hydrogen economy requires that hydrogen production be based
exclusively on renewable energy. In addition, it should ideally not use
expensive and rare metal catalysts, whose production has severe
environmental consequences. To address this challenge, ITQB NOVA
researchers Inês Cardoso Pereira and Mónica Martins are working on an
innovative technology to produce hydrogen from light using non-
photosynthetic microorganisms.

Hydrogen offers exciting new possibilities as an energy vehicle, but
today's hydrogen production is still mostly done from fossil fuels. On the
other hand, solar energy is the most abundant and ultimate ideal source,
among various renewable options. Thus, sustainable strategies using the
direct conversion of solar energy into valuable fuels like hydrogen are
urgently needed.

In a study now published in Angewandte Chemie International Edition,
the scientists describe a new approach based on biohybrid systems.
These combine high hydrogen producing non-photosynthetic bacteria
with self-produced cadmium sulfide (CdS) semiconductor nanoparticles
that are very efficient in capturing light. "The development of biohybrids
is a very exciting new area of research, where we can combine the high
catalytic efficiency and specificity of biological systems with synthetic
materials that have outstanding performances in capturing solar or
electrical energies" highlights Inês Cardoso Pereira, head of the Bacterial
Energy Metabolism Lab. "This field is growing rapidly and the most
promising approach is to combine intact microorganisms with
nanoparticles produced at their surface, which allows direct energy
transfer between them".

The researchers investigated light-driven hydrogen production by
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biohybrids based on several bacteria. All the biohybrids generated
produced H2 from light, but the one using Desulfovibrio desulfuricans, a
bacterium found in soils, presented an outstanding activity. This
bacterium contains high levels of hydrogenases, the enzymes involved in 
hydrogen production, and are efficient in producing extracellular sulfide
nanoparticles. These self-produced nanoparticles capture light, which the
bacterium can then use to produce H2. The results reveal that the D.
desulfuricans-CdS hybrids display high H2 production activity, high
stability and a remarkable efficiency in the direct use of solar energy,
even in the absence of expensive and toxic mediators.

The use of microorganisms and self-produced light harvesting materials
is a low-cost and sustainable approach to generate fuels. "This new
biohybrid system is strong candidate for the development of a bioreactor
prototype for greener H2 production" explains Mónica Martins.

  More information: Mónica Martins et al, Enhanced Light‐Driven
Hydrogen Production by Self‐Photosensitized Biohybrid Systems, 
Angewandte Chemie International Edition (2021). DOI:
10.1002/anie.202016960
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