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Abstract 

The active form of Au and Pt in CeO2 based catalysts for the WGS reaction is an issue that although 

it has been widely studied remains unclear. On one hand, ionic species might be responsible of 

weakening the Ce-O bonds increasing the oxygen mobility and WGS activity. On the other hand, 

the close contact of Au or Pt atoms with CeO2 oxygen vacancies at the metal/CeO2 interface might 

provide the active sites for an efficient reaction. In this work, by using in-situ X-ray absorption 

spectroscopy, we demonstrate that both Au and Pt remain unoxidized during the reaction. 

Remarkable differences involving the dynamics established by both species under WGS 

atmospheres were recognized. For the pre-reduced Pt catalyst, an  increase of the conversion  

coincided with a re-structuration of the Pt atoms into cuboctahedrical metallic particles without 

significant variations on the overall particle size. Contrary to the relatively static behavior of Pt0, 

Au0 nanoparticles exhibited a sequence of particle splitting and agglomeration whilst maintaining 

a zero oxidation state, even though not being located in a metallic environment during the process. 

High WGS activity was obtained when Au atoms were surrounded by oxygen. The fact that Au 

preserves its unoxidized state indicates that the chemical interaction between Au and oxygen must 

be necessarily electrostatic being such electrostatic interaction fundamental for a top performance 

in the WGS process. 
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INTRODUCTION 

Hydrogen is recognized as one of the most promising future fuels since it is a clean, renewable and 

highly efficient energy carrier 1. The purification of H2 by CO removal processes is one of the 

major challenges to face in order to definitely deploy a "hydrogen economy" as a real energy 

alternative 2. In this respect, an old chemical process as the water gas shift (WGS, 𝐶𝑂 + 𝐻2𝑂 ⇌

𝐻2 + 𝐶𝑂2) reaction has received a renewed interest and it is under intensive investigation 2–5. The 

development of efficient heterogeneous catalysts for this process is inseparably associated to the 

success of hydrogen-based technologies.  

Among the studied catalysts, Pt- and Au-CeO2 based systems have been broadly employed 

exhibiting remarkable activity in the WGS 6–8. In general terms, it is well accepted that CO is 

absorbed on the metal nanoparticles while H2O is activated in the oxygen vacancies of the cerium 

oxide and the subsequent steps proceed on the metal-CeO2 interface 9,10. Nevertheless, what it is 

not so clear is the nature of the catalytically active Au and Pt species. Despite the vast literature 

behind Au and Pt WGS catalysts this issue remains controversial 11–13. Flytzani-Stephanopoulos 

and coworkers have published that the active species of Au and Pt in nanostructured CeO2 materials 

are nonmetallic (cationic) species strongly associated with the surface CeO2 oxygen groups 14,15. 

After applying a leaching process, they remove metallic Au species and they ended up with high 

effective WGS catalysts with a very low amount of noble metal where the active species are Auδ+. 

They concluded that metallic Au nanoparticles are un-important in the WGS reaction over Au-

CeO2 
15.  

Opposite observations have been however reported for both noble metals establishing M0-Ov-Ce3+ 

as the main WGS active sites 16–18. Thus, investigations reported by Kim and Thompson contradict 

the Au cationic as active WGS species 19. Even though using the same leaching methodology that 

in ref. 15, the unleached catalysts were much more active that the leached ones [19]. Karpenko et 

al. 20 found that after the leaching process both cationic and metallic Au species remain in the 

catalysts. Similar disagreements concerning the oxidation state of active Pt species are reported 

being both PtOx and Pt0 species the active phases 21,22. Namely, studies conducted by Ding et al. 23 

on Pt supported catalysts proposed Pt0 as the WGS active site whilst Pt+ species were mere 

spectators. These results challenge the idea of cationic metal species and situate the active site on 

unoxidized Au and Pt nanoparticles.  



The diversity in author opinions regarding both active species seems to be a never-ending topic. 

Despite its complexity, this question has to be addressed since it is crucial to understand and design 

efficient Au and Pt based catalysts for the WGS reaction. In this work, we have shed some light to 

close the debate. Using in-situ XAS experiments on iron-doped Au/ and Pt/ CeO2 catalysts, the 

nature of active Au and Pt species has been identified. Despite the fact that only metallic Au and 

Pt particles are present in the whole reaction, during the WGS the close interaction of Au with 

oxygen from CeO2 results on an incipient AuOx formation where Au remains as Au0. Our 

observations unifies previous hypotheses demystifying the nature of the active phase in the WGS 

process.   

EXPERIMENTAL 

Ceria based supports were prepared over commercial -Al2O3 (Sasol) by wetness impregnation 

using their corresponding metal precursors Ce(NO3)4 • 6H2O and Fe(NO3)3 • 9H2O (Aldrich) in 

order to obtain 15 wt.%/CeO2/Al2O3 and 15 wt.%Ce0.8Fe0.2O2/Al2O3 supports. Once impregnated, 

the obtained solids were dried and calcined at 450°C for 4h. The obtained supports were labelled 

CeAl and CeFeAl, respectively. For Au and Pt catalysts, different synthesis methods were 

employed with the aim of achieving metal content ca. 2 wt.%. with comparable metal dispersions 

24. Thus, Pt catalysts were synthetized via incipient wetness impregnation using the tetrammonium 

nitrate platinate solution as Pt precursor slightly modified with acetic acid 1M 25. Instead, Au 

catalysts were prepared by direct anionic exchange method using HAuCl4 as Au precursor. The 

catalysts were calcined at 350°C. Over the three different supports: -Al2O3, 15 wt.%/CeO2/Al2O3 

and 15 wt.%Ce0.8Fe0.2O2/Al2O3, the obtained Pt and Au catalysts were labelled correspondingly, 

Pt/Al, Au/Al, Pt/CeAl, Au/CeAl, Pt/CeFeAl and Au/CeFeAl. The chemical composition of the 

prepared catalysts was evaluated by X-ray microfluorescence spectrometry and the measurements 

were conducted in an EDAX Eagle III spectrophotometer equipped with a Rh cathode. The 

catalytic activity of the samples was evaluated in a tubular flow reactor at 4000 h-1 using feed 

streams composed by 4.5 vol.%CO + 30 vol.% H2O (N2 balanced). Operando XAS spectra were 

collected on Pt L3-edge, Au L3-edge and Ce L3-edge during the WGS reaction. Details of each 

experiment are described in the Supplementary Information. 

RESULTS 

The chemical composition of both noble metals catalysts employed in this study is presented in 

Table S1. Full details of catalysts preparation and characterization can be found elsewhere 24,26. 



The catalytic activity of the Pt/ and Au/CeO2 catalysts for the WGS reaction is depicted in Fig. 1. 

The graph evidences the impact of the noble metal nature and the role of CeO2 in the WGS reaction. 

It is also evident that the support has a deeper influence on Au catalysts than in Pt ones, although 

it must be noticed that at low temperatures, Au catalysts are always more active than the 

corresponding Pt ones. Whilst the Pt intrinsic ability for performing water splitting and CO 

oxidation renders the Pt/Al2O3 catalyst an active system for the WGS reaction, Au/Al2O3 is hardly 

active pointing the need of an "active support" like CeO2 in which oxygen vacancies enable the 

water activation, which is the controlling reaction step 27. In view of the later, the creation of oxygen 

vacancies on CeO2 is desirable to achieve high catalytic performances. Actually, the oxygen 

vacancies of CeO2 play a multirole on the reaction. On one hand, they are the reactive sites for 

water splitting and on the other hand, they act as preferential nucleation points for metal deposition 

allowing high metallic dispersion and improving the catalytic performance 28,29. 

  This interaction O-vacancy/metallic center involves a charge transfer from the structural 

defects towards noble metal atoms, modulating the activity of the Au and Pt based catalysts 24. 

Previous reports demonstrated that the addition of small amounts of iron increases the oxygen 

vacancies population on CeO2 based systems resulting in a remarkable activity in the WGS process 

[18, 22]. Fig. 1 also demonstrates the superiority of the iron doped system which is able to achieve 

very high CO conversions at 300 ºC. Iron-doped CeO2 based catalysts can be considered as an 

interesting approach towards the new generation of WGS catalysts and therefore it was selected to 

face the main question of this paper: What is the nature of the active Au and Pt species during the 

WGS? 

 

Figure 1. Catalytic activity of Pt and Au supported catalysts (4.5%CO+30%H2O; 4000 h-1) 

 



Fig. 2A and 2B shows Pt-L3 and Ce-L3 XANES spectra obtained for the Pt/CeFeAl catalyst 

during the pre-reduction treatment (not conducted for Au/CeFeAl catalyst). The evolution of the 

formal oxidation state of Pt and Ce atoms during the pre-reduction treatment are shown in Table 

S2. Before the introduction of H2, the Pt-L3 XANES of the Pt/CeFeAl sample (Fig. 2A) shows the 

characteristic PtO sharp rising absorption peak at 11564 eV underlining the existence of  oxidized 

Pt atoms. This absorption peak, denominated the “white line”, directly accounts for the vacancies 

on 5d orbital when Pt species are oxidized 30. These PtOx species are reduced by H2 starting from 

room temperatures as indicated by the decrease of the intensity of the white line until a totally 

reduced Pt state is reached.  

The different XANES line shapes characteristic of Ce3+ and Ce4+ species 19 permitted us to 

discern the evolution of the Ce-L3 XANES absorption with the temperature when exposed to H2 

rich streams. At 25 ºC, the Ce-L3 XANES spectrum show two absorption peaks. The lower energy 

absorption peak is commonly attributed to the absorption from 2p level to the 5d with the 4f orbital 

remaining unoccupied, resulting in a Ce [2p54f05d1]O[2p6] state configuration 31,32. The second 

absorption characteristic of Ce4+ appears at higher energies and it is assigned to an electron transfer 

from the oxygen valence band to the CeO2 4f shell leaving a hole in the oxygen valence band, with 

a final Ce[2p54f15d1]O[2p5] state configuration 31,32. The Ce-L3 XANES spectrum obtained prior 

the H2 contact significantly changes when the temperature is increased. Meanwhile, the Ce4+ 

absorption bands intensity decreases, a new peak is observed and related to the appearance of Ce3+ 

species. For the Ce3+ species, in which the 4f shell is partially occupied, the observed transition is 

associated to the absorptions from 2p to 5d, with the initial and final configuration states for the 

electron transfer corresponding to Ce[2p64f15d0]O[2p6] and Ce[2p54f15d1]O[2p6] 31,32.  

 



Figure 2. XANES spectra obtained during the H2 pre-activation treatment for: a) Pt-L3 absorption 

edge; b) Ce-L3 absorption edge 

 

Fig. 3 shows the normalized background subtracted XAS Pt-L3 and Au-L3 spectra under 

WGS atmospheres. For the pre-reduced Pt catalyst, the Pt and Ce formal oxidation state and defects 

concentration remain almost unchanged whatever the reaction temperature (Table S3, S4 and S5, 

respectively). In agreement with the studies of Ding et al. 23, the XANES data revealed Pt0 as the 

major active site in Pt/CeO2 catalysts under  WGS reaction conditions. In a similar way, the Au-L3 

XANES spectra resembled that of the metallic Au for all the studied temperatures. Indeed, no 

evidence of the white line fingerprints of oxidized metals with partially occupied d-band is noticed 

33. Furthermore, there is no displacement of the absorption edge position towards higher energies 

that would correspond to an oxidized state. Therefore, it must be concluded that Au remains as Au0 

during the WGS. Contrary to the observations of Flytzani and coworkers 15, in our Au-based 

sample, Au preserves a  formal oxidation state of (0) from the very beginning of the WGS reaction. 

However, structural changes that take place in the process facilitate the contact between Au and 

lattice oxygen from CeO2, resulting in the existence isolated Au atoms surrounded by O. The Au-

O contact is in line with the theory of Auδ+ as active goldspecies. Experimental evidences in support  

of this close Au-O contact are given by the analysis of EXAFS data (Fig. 3).  



 

Figure 3. XAS spectra obtained during WGS reaction: A) XANES Pt-L3; B) XANES Au-L3; C) 

EXAFS Pt-L3; D) EXAFS Au-L3 

 

In-situ Pt-L3 and Au-L3 EXAFS spectra (Fig. 3C and 3D) evidenced the different behaviors 

observed for Pt and Au metal. An EXAFS model was built and fitted to the experimental data by 

using the FEFF6 and FEFFIT 2.54 software. Detailed information of the used model can be found 

in the Supporting material section. In short, Pt particles were modelled assuming that Pt atoms 

form epitaxial squared layers growing on top of a Ce (100) surface, with different covering 



proportions, in which the Pt atoms placed at the bottom occupied positions which initially should 

be occupied by oxygen atoms of the CeO2 lattice. The Au atoms EXAFS spectra were fitted with 

a linear combination of (1) the local environment of isolated Au atoms in direct contact with the 

CeO2 (100) and (110) surfaces at specific sites, and (2) Au nanoparticles, composed of the local 

environments of (2.1) Au bulk in regular fcc crystal structure and (2.2) Au at the surface of the 

nanoparticle. The proportion of each local environment in the model is given by the Au dispersion 

rate and the size of the nanoparticles. 

Moreover, rather good fittings were obtained in the in-situ Pt-L3 EXAFS spectra for Pt 

nanoparticles particularly at high-R providing relevant information about the Pt particle geometry. 

Within this region, the apparent absence of multiple-scattering signals supports the conclusion that 

the Pt atoms form quite small nanoparticles. Setting as starting scenario a tri-layered Pt particle, it 

was obtained in all the cases almost a pure bilayer, with only spurious atoms coming to the third in 

some cases. The Pt nanoparticle size does not exhibit meaningful variations with the temperature 

(Table S6). This may arise from the fact that the transformations are made during the previous H2 

reduction, and once the sample is in a reductive environment, it does not change significantly. In 

very good agreement to particle sizes observed HR-TEM micrographs (Fig. S5), the average lateral 

length estimated for the Pt nanoparticles is 1.2 nm, which is about 5-6 atoms per side.  

Certain differences were though noticed on the shape of the Pt particle as the temperature 

increased from 150 to 200 °C. The intermediate layer of Pt particle showed the same size as the 

bottom one only at the lowest temperature (150 °C). As the temperature increased up to 200 °C, 

the intermediate layer became slightly larger than the bottom one. Furthermore, the coordination 

distances for Pt-Pt shells seem to follow a slight trend as the temperature rises, contracting the 

lattice at higher temperatures (Table S7 and S8). Being a small nanoparticle, the distances are 

expected to be smaller than for the bulk Pt. Such decrease on the Pt-Pt shell distances might be 

related to the epitaxial growth onto a slightly smaller lattice hence affecting the distances between 

the Pt atoms. The coordination distances for the Pt-Ce shells also experiment a transition between 

150 ºC and 200 ºC (Table S9 and S10). At the lowest temperature, the height from the CeO2 

surface to the Pt bottom layer is 0.23 Å above the original position at the center of the tetrahedral 

holes. This is expected, as the Pt atom size is larger than the O2-ions. However, this height is 

changed to about 0.11 at 200 ºC, and then maintained around that value at higher temperatures. 

This abrupt decrement on the Pt-Ce shells agrees with a Pt particle reconstruction in which an 



epitaxial growth process take place from 150 °C to 200 °C coinciding with the increase on the Pt 

catalyst WGS rate. The Debye-Waller factors for Pt-Ce and Pt-Pt shells (Table S8 and S10) follow 

quite a regular increase as temperature rises, in accordance with the higher dynamical disorder at 

higher temperatures. This interesting result narrows the different models of possible shapes since 

it could be speculated that the nanoparticle is building the second layer larger than the first, which 

would be compatible with an incomplete cuboctahedral nanoparticle i.e. the preferred shape of 3D 

nanoparticles composed of atoms that naturally form FCC structures 32, as Pt does. 

In-situ Au-L3 EXAFS experiments are presented in Fig. 3D. From the spectra it is visualized 

that at the beginning of the reaction the profiles fits well with the Au bulk crystal. In other words, 

there is a predominance of Au-Au environment. Still, when the reaction temperature increases the 

shape of the oscillations dramatically change (between 200-300ºC). At these temperatures, the 

spectra correspond mainly to the situation in which Au is dispersed on CeO2 surface (Fig. S2 and 

Fig S3). This means that, at the mentioned temperatures, no Au bulk environments are present 

pointing to a complete Au dispersion over the CeO2 surface. It seems that Au nanoparticles are 

broken during the reaction thus achieving total dispersion on the CeO2 surface. Nevertheless, this 

proportion decreases at temperatures above 250 ºC evidencing Au agglomeration. This observation 

is of crucial importance since it somewhat reflects the dynamics of the reaction in which a sequence 

of particle splitting and agglomeration for Au nanostructures is evidenced. In particular, the 

movements of Au particles over the CeO2 surface are likely related to the competition of Au 

nanoparticles and water to be placed on the oxygen vacancies of the support which is a consequence 

of the double role of the support vacancies (water activation and Au particles nucleation sites). In 

any case, our data manifest that at a certain point of the reaction, at elevated temperatures where 

the activity is high, Au is completely dispersed on the CeO2 surface in direct contact with oxygen 

from the support lattice. Remarkably, this contact may be explained in terms of an electrostatic Au-

O interaction since Au preserves its Au0 oxidation state during the whole process as seen in the 

XANES data.  

The XAS Ce-L3 spectra obtained for both catalysts under reaction conditions are shown in 

Fig. 4. Likewise for Pt atoms, the average oxidation state for cerium in the Pt catalyst remained 

almost unchanged during WGS reaction whatever the reaction temperature. For the Au based 

catalyst, cerium reduces under WGS reaction as the temperature increases. Once again, this 

different behavior may be understood considering that the Pt catalysts are H2-reduced prior to the 



WGS reaction, while the Au catalysts are not. Moreover, both catalysts achieved comparable 

Ce3+/Ce4+ oxidation state ratios (around 0.45) under reaction conditions. In the analysis for the in-

situ EXAFS Ce-L3 spectra, CeO2 nanoparticles were modelled assuming two different local 

environments (Fig. S4): atoms at the surface (external part of the nanoparticle) and atoms from the 

bulk (internal part of the particles). The bulk local environment was fitted by using the fluorite-

type structure of CeO2 while the external part of the nanoparticles was adjusted considering the 

coordination numbers and distances of the atoms at either the (100) or the (110) CeO2 faces, 

because these are the most reactive faces for CeO2 based catalysts 34. Besides, a Ce-OH 

coordination shell was added to the surface Ce atoms. A linear combination of both environments 

was used to fit the experimental data. Both samples showed two distinct peaks depending on the R 

value. One at low-R, which is in fact a double peak or a peak with a shoulder that is the result of 

the interference between the Ce-O(1) shell of the bulk CeO2 structure with the Ce-OH shell of the 

surface Ce, which should have different coordination distances. The second peak is the 

combination of the Ce-Ce shell with the Ce-O(2) shell. For Pt/CeFeAl sample, it was detected that 

the CeO2 lattice is constrained by 0.1 Å respect to the ideal value for all the temperatures. 

Oppositely, in the case of the Au Au/CeFeAl sample, this contraction increased from 0.05 Å at 25 

ºC to 0.1 Å at higher temperatures indicating that oxygen vacancies formation happens during the 

reaction. This can be justified by the presence of oxygen vacancies which gives the lattice some 

space to collapse into itself.   



 

Figure 4. XAS spectra obtained during the WGS reaction for Ce-L3 A) Pt/CeFeAl - XANES Ce-L3; 

B) Au/CeFeAl - XANES Ce-L3; C) Pt/CeFeAl - EXAFS Ce-L3; D) Au/CeFeAl - EXAFS Ce-L3 

 

 

The EXAFS analysis of CeO2 also permitted to estimate the proportion of CeO2 surface-to-

CeO2 bulk for Au (Table 1) and Pt (Table S5) catalysts. The surface ratio was found strongly 

correlated to the Ce-OH coordination number. In the case of the Pt system, a combined value of 

surface to bulk ratio around 70 % and Ce-OH coordination number around 4 provided the best fits 

at all the temperatures. For Au/CeFeAl catalyst, relatively small (25 %) surface to bulk ratio were 

obtained at room temperature but it increases during the WGS reaching maximum values (68%) at 

relevant temperatures for the reaction (250 and 300 ºC). This value significantly decreases above 



350 ºC in good agreement with the Ce3+/Ce4+ ratio. These changes in the surface CeO2 ratio are 

directly related to the Au dynamics observed in the Au-L3 EXAFS profile (Fig. 3).  

Table 1: Dispersion of Au atom on CeO2 surface (Dispersed Au), proportion of CeO2 surface-to-CeO2 bulk (Surface 

Ce) as a function of the reaction temperature. Ce3+ percentage and CO conversion at the studied temperatures are 

included to underline the correlation between catalytic behavior and structural evolution during the WGS. 

Temperature Dispersed Au (%) Surface Ce (%) Ce3+ (%) CO conversion (%) 

Fresh 25º 42 - - 0 

Active 25º 43 25 0 0 

WGS 150º 100 48 25 29 

WGS 200º 100 - - 61 

WGS 250º 90 65 42 84 

WGS 300º 45 68 51 91 

WGS 350º 45 48 49 94 

After 25º 45 40 35 0 

 

The direct participation of partially reduced CeO2 on the WGS process is also perceived on 

the Ce-L3 EXAFS profile. Over partially reduced ceria, the presence of one coordination sphere at 

1.2 Å (a distance too short for a Ce-O bond in the fluorite structure) accounts for the interaction of 

Ce and O from the H2O (Fig.3D). For the gold ceria catalyst (not pre-reduced), this contribution 

appeared in a clear manner as the ceria reduced within the intermediate reaction temperatures. 

These data indirectly indicate that water splitting is happening on CeO2 as well established in 

previous reports [11] and accounts for the different behavior exhibited by both metal supported 

catalysts as a function of the support nature. Indeed, a major difference between both metal relates 

to the water splitting process: Pt metal actively dissociates water molecules whilst the energy 

barrier for the water activation on Au nanoparticles is too high 17. Therefore Au needs to be assisted 

by the support to complete the WGS cycle. As summarized in Table S11, the Ce-O distance on the 

surface are quite smaller compared to that observed in the bulk (2.06 vs 2.34 Å average distances). 

Actually, this coordination sphere corresponds to the interaction between Ce atoms and 

dissociatively adsorbed water as a consequence of the WGS reaction. According to Molinari et al. 

35 studies, the adsorption of water on the oxygen vacancies in the CeO2 surface leads to a 

dissociation of this molecule producing two hydroxyl species with the aid of a neighbor surface 

oxygen. The formed hydroxyl groups substitute the original surface oxygen. This hypothesis of 

surface hydroxylation agrees with the observed CeO2 reduction in the XANES experiments.  



For the Au catalyst, the Ce-O (oxygen from water) coordination sphere also has a particular 

dynamic (at 150 ºC is a shoulder, at 250 ºC is well defined and at superior temperatures disappears) 

manifesting water migration from CeO2 vacancies due to Au and water competition to be placed 

on these punctual defects. The breakdown of Au clusters into highly dispersed Au atoms nucleating 

in oxygen vacancies present over partially reduced CeO2 (schematized in Fig. 5) showcases a 

dynamic relation between Au and CeO2 as both species operate together to constitute the active 

phase of an efficient WGS catalyst.  

 

Fig. 5: Schematic representation of the WGS over the Fe doped Au/CeO2/Al2O3 catalyst.  

 

CONCLUSIONS 

Operando X-ray absorption data of NM/CeO2/Al2O3 catalysts enabled establishing the differences 

in the metal dynamics and identify the Au and Pt active sites for WGS reaction conditions. Aside 

of the differences attributable to the H2 pre-treatment conducted over Pt catalyst, both Pt and Au 

catalysts evidence comparable reduction behavior along with the existence of a coordination sphere 

at ~2 Å that corresponds to the interaction of hydroxyl or water groups with partially reduced CeO2 

surfaces. This behavior is consistent with the average oxidation state of cerium estimated from the 

XANES spectra indicating that water desorption/splitting is favored over CeO2 oxygen vacancies. 

For the reduced Pt catalysts, the absence of changes in the Pt oxidation state points to metal 

Pt0 atoms as the main WGS active sites. With respect to the Pt structural dynamics, rather constant 

particle sizes were maintained, and the Pt particles could growth epitaxially under WGS 



atmospheres. At 200-250 ºC, and coinciding with an important increment in the achieved CO 

conversions, the variations noticed on the relative sizes of the intermediate and the bottom layers 

of the Pt particles suggested a re-structuration of the Pt atoms into cuboctahedrical particles in 

which the intermediate layer is composed by more atoms than the bottom one. The re-arrangement 

of the Pt atoms into cuboctahedrical particles involved a concomitant shortening on the Pt-Ce 

distances. 

Concerning the Au dynamics, the proportion of Au surface atom respect to that of Au bulk 

increases significantly when the temperature rises up from 25 ºC to 100 ºC suggesting a complete 

Au redispersion. That total Au redispersion was accompanied with an increment of the Au-Ce and 

Au-O signals, implying that Au atoms are located close to the oxygen vacancies. Considering that 

the water activation steps procced on the oxygen vacancies, a Au-CeO2 interface is key to overcome 

this rate-limiting step. We have demonstrated that metallic Au atoms placed close to the oxygen 

vacancies, being surrounded by oxygen atoms. The absence of a white line and adsorption energy 

shifts noticed for Au catalyst suggest that the Au-O contact is an electrostatic interaction pointing 

out Au0 species as the chief active phase for the WGS reaction. Hence, the active gold species 

remains unoxidized while surrounded by oxygen, closing the debate in the literature about the 

oxidized/metallic gold as the active WGS phase.   

 

SUPPORTING INFORMATION  

Physicochemical characterization of catalysts, detailed description of XAS model approach and 

tables with obtained fitting parameters. 
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