
Scientific Achievement
Scientists developed active catalysts for conversion of 
carbon dioxide and methane to syngas (CO/H2), using
Pt-CeO2 interfaces with small Pt clusters activated by 
strong metal-support interactions with ceria.

Feng Zhang, Ramón A. Gutiérrez, Pablo G. Lustemberg, Zongyuan Liu, Ning Rui, Tianpin Wu, Pedro J. Ramírez, Wenqian Xu, Hicham 
Idriss, M. Verónica Ganduglia-Pirovano, Sanjaya D. Senanayake, and José A. Rodriguez, ACS Catalysis, 11 (2021) 1613-1623

Transforming Pt-CeO2 interfaces into Active and Stable 
Catalysts for the Conversion of Carbon Dioxide and Methane

Significance and Impact
The reaction of CO2 and CH4 to produce syngas
(methane dry reforming, MDR) converts two 
greenhouse gases to chemical intermediates for
sustainable fuel production but requires better catalysts. Here, strong metal-support 
interactions in Pt-CeO2 interfaces activate both CO2 and CH4 reactants for MDR at moderate 
temperature (500 C). Pt-CeO2 has higher activity and selectivity than other M-CeO2 (M= Ni, 
Co, Fe, Cu) surfaces and avoids  C deactivation that is a limitation of bulk platinum surfaces.
Research Detail
– Experimental studies characterized systems by combined in-situ/operando methods (AP-XPS, XRD, XAFS)
– Studies identified important role of an active Pt-CeO2-x interface where both oxide and metal are 

involved, and oxide-metal synergy is critical for activity and stability
– Reactor powder catalyst studies (0.5 wt% Pt/CeO2) confirmed stable activity consistent with models 

Work was performed at Brookhaven National Laboratory

Pt/CeO2(111) shows stable activity: higher 
than other M-CeO2 surfaces (left), and   
without deactivation seen for Pt(111) (right)

Presenter
Presentation Notes
On Pt(111), elevated temperatures are necessary to activate CH4 and CO2 and massive deposition of carbon makes this metal surface ineffective for the CH4 + CO2  2CO + 2H2  process.  A similar problem occurs with surfaces of other late transition metals (Pd, Ni, Co, Fe, Rh). In this study, we show that strong metal-support interactions present in Pt/CeO2(111) and Pt/CeO2 powders lead to systems which can  bind well CO2 and CH4 at room temperature and are excellent and stable catalysts for the MDR process at moderate temperatures (500 ºC). The behaviour of these systems was studied using a combination of in-situ/operando methods (AP-XPS, XRD, XAFS) which pointed to an active Pt-CeO2-x interface. In this interface, the oxide is far from being a passive spectator. It modifies the chemical properties of Pt, facilitating improved methane dissociation, and is directly involved in the adsorption and dissociation of CO2 making the MDR catalytic cycle possible. A comparison of the benefits gained by the use of an effective metal-oxide interface and those obtained by plain bimetallic bonding indicates that the former is much more important when optimizing the C1 chemistry associated with CH4 and CO2 conversion. The presence of elements with a different chemical nature at the metal-oxide interface opens the possibility for truly cooperative interactions in the activation of C-H and C-O bonds. 	Collaborating Institutions: 1 Chemistry Division, Brookhaven National Laboratory (main contributor); 2 Facultad de Ciencias at the Universidad Central de Venezuela (Caracas, Venezuela); 3 Instituto de Catalisis y Petroleoquimica (Madrid, Spain); 4 Advanced Photon Source at Argonne National Laboratory; 5 SABIC Funding details for all sources: Most of this work, done at the BNL Chemistry Division, was supported by the U.S. Department of Energy (DOE), Ofﬁce of Basic Energy Sciences, Catalysis Science Program, under contract no. DESC0012704. The XRD and XAFS experiments were carried out at the Advanced Photon Source in Argonne National Laboratory using Beamlines 17BM (XRD) and 9BM (XAFS) which are supported by the U.S. DOE under Contract No. DE-AC02-06CH11357.  P. Lustemberg acknowledges Marie Skłodowska-Curie grant agreement No 832121 and M.V. Ganduglia-Pirovano thanks support by MINECO and MICINN from Spain (CTQ2015-71823-R and RTI2018-101604-B-I00 grants, respectively). 
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