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In a recent article in Angewandte Chemie International Edition, Ding Ma and colleagues demonstrate 

that, with the right multifunctional catalyst, everything is possible: through the synergetic coupling of 

three different reactions, PET and CO2 can be transformed into to dimethyl cyclohexanedicarboxylate 

or p-xylene, two chemical intermediates with high added value. 

  

Over the last century, the human population on earth has multiplied by more than 6 times. This is, to 

a large extent, due to industrialization along with breakthroughs in medicine, water treatment and 

agriculture.1 There is no doubt we live at this moment in a much more “habitable” world for us than, 

i.e., in the Middle Age. We are however at a very serious risk of becoming, if we haven’t already, 

victims of our own success: anthropogenic emissions along with a culture of make, use and dispose 

may turn Earth, our only planet, into a rather inhabitable place.  While it took a number of decades 

for us to understand the magnitude of, and accept, this threat, there seems to be a general agreement 

in the fact that action is necessary.2 In this scenario, as it has been the case during human history, the 

development of new technologies will have to play a central role.  

The appealing idea of overturning CO2 emissions has led to a constantly increasing number of 

decarbonization processes being proposed. CO2 capture and utilization technologies aim to turn the 

main responsible for global change (CO2 emissions) into an opportunity to harvest materials and fuels 

from the atmosphere and from large emitting hubs (such as cement or steel industries and power 

generation stations based on fossil fuels).   However, CO2 used is not the same as CO2 avoided3, 

meaning that not all carbon dioxide conversion processes are equal. Therefore, it is pivotal to identify 

those that perform the transformation of carbon dioxide into other chemicals in both a sustainable 

and economically feasible way.  

Plastic pollution is another issue derived from the current linear economy that shares parallels with 

CO2 emissions: the discovery and industrialization of polymerization processes over the 20th century 

led to the development of materials with outstanding properties that we use every day: from clothes 

to packaging to medicine to buildings and transportation vehicles. It is indeed not surprising that the 

20th century is known as the century of plastics. However, as a result of the pervasive nature of most 

polymers, indiscriminate plastic disposal has created a large environmental issue. In addition to 

occupying large spaces, it is now well known that plastics accumulate in the food chain. Though the 

potential impact of this accumulation on a human health remains unclear4, plastics pose threats from 

other angles too. Plastic waste management – a number of actions directed towards eliminating the 

plastic pollution – is not all benevolent by itself. During these actions, toxic compounds that may 
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contaminate air, water and soil are released, exacerbating the problem even further.5  Exploring 

benign ways to utilize waste plastic is another pillar towards a more sustainable future. 

In a recent article, Ma, Xiao and colleagues  report a very ingenious way of tackling the two issues 

described above: carbon dioxide and polyethylene terephthalate (PET) are used as chemical 

precursors for the synthesis of a high-value chemical, dimethyl cyclohexanedicarboxylate (DMCD).6  

To achieve this goal, the authors exploit the beauty of a multifunctional catalytic system. The whole 

process involved three different reactions that worked in ensemble promoting each other.  The 

developed catalyst, that was derived from a layered double perovskite, showed significant activity in 

the tandem process that combines CO2 hydrogenation, PET methanolysis and a subsequent 

dimethylterephthalate (DMT) hydrogenation to DMCD. The catalyst was carefully designed towards 

displaying several functionalities and increased stability. The chosen promoter (Cr) and the optimum 

stoichiometry resulted in the Cu4Fe1Cr1 system. 

As a first step, carbon dioxide was hydrogenated into methanol. PET, that was present in this one-pot 

mixture, not only did not suppress the hydrogenation activity of the catalyst, but drastically improved 

it. In the blank experiment without PET, methanol yield was 5.0%, while PET addition brough this value 

as high as 9.4%, that exceeded the original thermodynamic equilibrium limit. The obtained methanol 

was immediately consumed during the second step, PET methanolysis, resulting in the formation of 

DMT. This step was promoted by the hydrogenation activity of Cu4Fe1Cr1, as DMT could be further 

hydrogenated towards the desired DMCD or to para xylene. This approach provides a 2 and 7 fold 

increase in activity for CO2 hydrogenation and PET methanolysis, respectively, when compared to the 

uncoupled reactions. 

This work does not only represent an efficient technological solution to the valorization of two 

important wastes, but also highlights the potential of multifunctional catalysis in the frame of process 

intensification. Though the role of heterogeneous catalysis is already of an undeniable importance, 

the refinement of such systems to be able to perform several operations in one single vessel, to help 

surpass thermodynamic limitations and to even speed up reaction kinetics is a dream come true for 

researchers working on this exciting area. On top of that, multifunctional systems such as the ones 

described by Ma and colleagues further improve overall process sustainability by eliminating the need 

for intermediate purification steps. 

Although, with the information in hand, it is still early to assess the industrial impact that this 

multifunctional catalytic system may have, the efficiency of the process and the high added value of 

the final product are really encouraging. When it comes to the effect that this technology may have 

in limiting anthropogenic CO2 emissions and in the upcycling of a massively used polymer like PET, the 

current and future demand for DMCD and PX will certainly be a limiting factor. On top of that, full life 

cycle analyses similar to those performed for other CO2 utilization technologies,7 including derived 

CO2 emissions from the whole process, should be considered when assessing the actual impact of such 

technology on CO2 mitigation. Indeed, as briefly touched upon above, CO2 used and CO2 avoided are 

not necessarily the same. In any case, we strongly believe that advances such as the one reported by 

Ma et al. confirm, once again, the central role of catalysis in human development and make us look 

into the future with healthy optimism. 
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