Introduction
When we utilise materials which act through their surface we tend to underestimate or even neglect what happens with the structure of the surface or how it contributes to the reaction mechanism. Indeed, in heterogeneous catalysis much attention is drawn to the adsorbates, intermediates, their evolution or regrouping and to the final products, but the surface is often represented by a straight line, sometimes with oblique lines underneath. At best we introduce the term of “active centre” whose sole presence fulfils the topic. Our research dives deeper into the surface and shows the dynamic phenomena happening there. They require closer look at as the working mechanism of our material in fact depends on them. Additionally, in the case of nanomaterials, the surface layer constitutes a noticeable part of the whole volume, so whatever affects the surface, affects the whole structure as well.

Theoretical Experiment
To explain how we approach the scientific problem, a theoretical experiment will be conducted. Take a cuboctahedral nanoparticle, so a cube with cut corners. Divide it into two parts – the shell which will represent the surface layer and the blue core inside. Assume that there is an FCC ordering of atoms in the NP. Now consider two scenarios: the shell and the core have the lattice parameter around 3.9 Å, close to Pd, but we will deviate them by 1 pm – 0.01 Å. It occurs that the positions of the diffraction peaks are shifted according to the lattice parameter of the core part of the nanocrystal. It is agrees with the general idea that diffraction phenomena are volume dependent – like volume weighted average crystal size obtained from the Scherrer equation.

in-operando PXRD-MS Setup
To observe any structure response induced by the interaction of the surface with anything else, like gas, we have in our lab a vacuum-gas system arranged so that it supplies the measurement chamber with gas atmosphere of controlled composition and temperature.
in-operando PXRD Chamber
The heart of our setup is the home-designed and made chamber. The sample is deposited on the porous glass plate and mounted on the heating block. The chamber is closed by the cover with KAPTON window transmittable for the X-Rays.
ALP Measurement
Wwe expose our sample to the sequence of gases at a desired temperature, acquire the series of diffraction patterns, and calculate the ALP. In the presentation there are data of our favourite system: Au/CeO2, compared with the pure support. First, focus first on the exposure to pure gases. Under oxygen nothing really happens as CeO2 is saturated with oxygen.

ALP of Au/CeO2 during CO
However, under CO atmosphere one can see that the ALP expands by 0.55 pm. Following Brauer and Gingerich the lattice constant of ceria linearly depends on the stoichiometry of the oxide, so on the deficiency of oxygen in the structure, according to such equation. Consequently, the change of ALP by 0.55 pm mimics reduction of CERIA by approx. 0.6%.

Redistribution of Vacancies
Although, it was established, that the overall CeIII / CeIV ratio doesn’t change. So what happened? Remember that the diffraction peak position, and thus the ALP value, depends mostly on the structure of the core of the nanocrystal. Normally, oxygen vacancies present spontaneously in the ceria structure concentrate at the surface. When this surface gets covered by CO, the VO++ are pushed away from the surface towards the core of the nanocrystal. The net effect is that the VO++ concentration in the core raises and consequently the ratio of CeIII / CeIV increases as well. The CeIII ion is larger than the CeIV, so the structure expands, and this is what we detect by X-Ray diffraction. In this sample, we deal with ≈ 14 nm CERIA NP on the average. In such particles, the first shell of atoms constitutes approx. 10% of the whole number in the particle. So it can be roughly said that the surface was covered by CO in 6%.
ALP of Au/CeO2 during H2
Now move to hydrogen atmosphere. First what one can notice is that only ceria decorated with gold gets affected by hydrogen. Here one can clearly see the metal-support interaction. Probably at the perimeter of gold and ceria, hydrogen adsorbs on gold and its bond is weakened. Only such activated hydrogen is capable to adsorb on ceria. The effect on ALP is by 0.88 pm, so looks like it corresponds to reduction of ceria by 1%. But actually it is expected that the vacancy redistribution mechanism to work here as well.

ALP of Au/CeO2 during sCOOX and PROX
If all effects that have been just presented are combined, one can have a look at the time when stoichiometric or preferential oxidation of CO were carried out. The ALP change is much smaller, because the catalysts experienced the contradictory effects of adsorption of H2, CO and O2 and their transformations to CO2, where the yield corrected for selectivity exceeded 80%, and in minor amount formation of H2O.
ALP of Au/CeO2
Unfortunately we didn’t observe much dynamics of the gold phase apart from the considerable scatter of results.
Amplitudes of Au Diffraction Peaks
part 1
However, an issue that draw our attention during analysis of the diffraction peaks of gold was the ratio of the peaks’ amplitudes. Normally, if we will treat the intensity of the 1 1 1 peak as 100%, the consecutive peaks should accommodate around 50% and 30% of the first peak intensity. While in our sample the sequence was 100%, 22% and 15%, so much less than the reference structure of bulk gold.

part 2
We arrived at the conclusion that we deal with the quasicrystals of gold, possessing 5-fold symmetry axes, that are of nanometric size, namely: icosahedron (image A) and decahedron (image B).
part 3
TEM served us with much help in resolving this puzzle, because we managed to directly observe decahedra (like the one in image C).
part 4
And icosahedra, here seen in the, so called, “edge” orientation, with the edge in the middle lying in the plane of image.
Scattering profiles of AuNPs
Thanks to our program CLUSTER and the Debye scattering equation implemented in it, we calculated the scattering profiles of gold nanoparticles of different shape and ordering of atoms. First what one can see are the narrower peaks of the classic cuboctahedron model comparing to the others. Additionally, in quasicrystals the neighbouring peaks are the closer to each other, the smaller is the particle.

Scattering profiles of large D-h and C-h
In the case of larger particles, the peaks’ positions accommodate the positions characteristic for normal FCC structure, but still the intensities remain disturbed.
Attempt to reconstruct the Au crystals phase
On the basis of all that knowledge, we made an attempt to fit the scattering profiles of normal and quasi nanocrystals to the scattering profile of isolated gold. Until today we succeeded in doing this only on our other sample due to ease of handling the background originating from silica. Here one can see the final effect which is a weighted average or sum of the different chosen scattering profiles fitting very well to the experimental data.

In a Nut Shell…
To sum up, we described the influence of gold on the properties of the whole catalytic system, particularly activation of H2. We provided a new insight into how the catalyst support takes part in chemical reaction by adsorption of some reagents – this VO++ redistribution mechanism. And we detected the presence of rarely reported gold nano-quasicrystals possessing 5-fold symmetry axes in our samples.
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