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Despite intensive research eorts, the nature of the active sites for O 2 and H 2 adsorption/dissociation by supported gold nanoparticles (NPs) is still an unresolved issue 1 in heterogeneous catalysis. This stems from the absence of a clear picture of the evolution of the structural properties of Au NPs in the presence of these gases at near reaction conditions, i.e. at high pressures and high temperatures. We hereby report on the rst real-space observation of the equilibrium shapes of TiO 2 -supported model Au NPs under O 2 and H 2 at atmospheric pressure using window gas cell transmission electron microscopy (GCTEM). In situ GCTEM observations show instantaneous changes in the equilibrium shape of Au NPs under O 2 during cooling from 400 °C to room temperature. In comparison, no instant change in equilibrium shape is observed under H 2 environment. To interpret these experimental observations, the equilibrium shape of Au NPs under O 2 , atomic oxygen and H 2 gas environments was predicted using a multiscale structure reconstruction model. Excellent agreement between GCTEM observations and theoretical modelling under O 2 provides strong evidence for the molecular adsorption of O 2 on the Au NPs below 120 °C. Molecular adsorption takes place on specic Au facets which are identied in this work. In the case of H 2 , theoretical modelling predicts weak interactions with gold atoms which explain their high morphological stability under this gas. This work provides atomic structural information for the fundamental understanding of the O 2 and H 2 adsorption properties of Au NPs under real working conditions and also shows a new way to identify the active sites of heterogeneous nanocatalysts under reaction conditions by monitoring the structure reconstruction.

reactive. [START_REF] Hammer | Why Gold Is the Noblest of All the Metals[END_REF] The unique chemical reactivity of Au at the nanoscale has since the 1970's sparked great research interests in the application of supported Au NPs as heterogeneous catalysts in the chemical industry. [START_REF] Corma | Chemoselective hydrogenation of nitro compounds with supported gold catalysts[END_REF] The major breakthrough in gold heterogeneous catalysis occured in the 1980's following the seminal works of Haruta and collaborators on the oxidation of carbon monoxide. [START_REF] Haruta | Novel Gold Catalysts for the Oxidation of carbon-monoxide at a Temperature Far below 0-degrees-c[END_REF][START_REF] Haruta | Gold Catalysts Prepared by Coprecipitation for Low-temperature Oxidation of Hydrogen and of Carbon-monoxide[END_REF] Since these pioneering works, there have been numerous reports on the promotion of reactions at much lower temperatures or with much higher degrees of selectivity than over other metal catalysts using Au NPs deposited on metal oxide or carbon surfaces. [START_REF] Haruta | When Gold Is Not Noble: Catalysis by Nanoparticles[END_REF] These reactions include, among others, the oxidation of CO mentioned beforehand, [START_REF] Haruta | Gold Catalysts Prepared by Coprecipitation for Low-temperature Oxidation of Hydrogen and of Carbon-monoxide[END_REF]913 the selective oxidation reactions of alcohols, 1418 the Dussan (water-gas shift) reaction, [START_REF] Fu | Active nonmetallic Au and Pt species on ceria-based water-gas shift catalysts[END_REF] the synthesis of hydrogen peroxide [START_REF] Hutchings | Nanocrystalline gold and gold palladium alloy catalysts for chemical synthesis[END_REF][START_REF] Edwards | Switching O Hydrogen Peroxide Hydrogenation in the Direct Synthesis Process[END_REF] and the selective hydrogenation reactions. 2225 In these catalytic reactions, knowing the activation and reaction processes undergone by the reacting species is important to understand the active sites of supported Au NPs.

An essential step in oxidation and reduction reactions catalyzed by supported Au NPs is the adsorption and ultimately, the dissociation of O 2 and H 2 molecules, respectively, by the metal and/or support atoms. While it has been shown that the catalytic activity of supported Au NPs depends on a number of key parameters such as temperature, [START_REF] Haruta | Novel Gold Catalysts for the Oxidation of carbon-monoxide at a Temperature Far below 0-degrees-c[END_REF][START_REF] Haruta | Gold Catalysts Prepared by Coprecipitation for Low-temperature Oxidation of Hydrogen and of Carbon-monoxide[END_REF] particle size and shape [START_REF] Mohr | Identication of active sites in goldcatalyzed hydrogenation of acrolein[END_REF]2628 and the contact structure of the nanoparticles with the support, [START_REF] Arrii | Oxidation of CO on gold supported catalysts prepared by laser vaporization: Direct evidence of support contribution[END_REF][START_REF] Zanella | Characterization and reactivity in CO oxidation of gold nanoparticles supported on TiO 2 prepared by depositionprecipitation with NaOH and urea[END_REF] fundamental questions remain on oxidation reactions with O 2 as the oxidant and hydrogenation reactions with H 2 as the reducer. In particular, there is no general consensus on the nature of the active adsorption/dissociation sites and their localization in both types of reactions as theoretical and experimental studies undertaken on these subjects have come to conicting conclusions, with supports found for dierent perspectives. For instance, in the dissociation of H 2 molecules by Au NPs supported on stoichiometric and reduced TiO 2 surfaces, density functional theory calculations predict that the active sites are the low-coordinated neutral gold atoms located at corner or edge sites with no direct bonding to the support. [START_REF] Boronat | Active Sites for H 2 Adsorption and Activation in Au/TiO 2 and the Role of the Support[END_REF][START_REF] Boronat | Unravelling the Nature of Gold Surface Sites by Combining IR Spectroscopy and DFT Calculations. Implications in Catalysis[END_REF] The dissociative adsorption of hydrogen limited to Au atoms at corner and edges positions was also suggested following experimental studies of Au/Al 2 O 3 catalysts using a combination of in situ X-ray absorption spectroscopy, chemisorption, and hydrogen-deuterium exchange experiments. [START_REF] Bus | Hydrogen chemisorption on Al 2 O 3 -supported gold catalysts[END_REF] In contrast, other experimental works report that the perimeter of the interface between gold NPs and their supports are the active sites for hydrogen dissociation. [START_REF] Fujitani | Hydrogen Dissociation by Gold Clusters[END_REF][START_REF] Luza | Revealing Hydrogenation Reaction Pathways on Naked Gold Nanoparticles[END_REF] Similarly, in the interaction of supported Au NPs with O 2 , both low-coordinated Au atoms located at corner or edge positions [START_REF] Lopez | On the origin of the catalytic activity of gold nanoparticles for low-temperature CO oxidation[END_REF][START_REF] Mills | Oxygen adsorption on Au clusters and a rough Au(111) surface: The role of surface atness, electron connement, excess electrons, and band gap[END_REF][START_REF] Roldan | Critical size for O 2 dissociation by Au nanoparticles[END_REF] and metal-support sites at the perimeter 3740 are proposed as active sites for the adsorption and dissociation of O 2 molecules. The absence of a consensus on these issues is due to the lack of a clear picture of the evolution of the structural properties of Au NPs under O 2 and H 2 at near reactions conditions, i.e. at high pressures and high temperatures.

In this work, we provide the rst real-space snapshots of the morphological dynamics of titania-supported model Au NPs under O 2 and H 2 at atmospheric pressure using window gas cell environmental transmission electron microscopy (GCTEM). It has been experimentally observed and theoretically predicted that the bonding between the NP and the reactant could induce dynamic morphology changes of the NPs. 4143 For a better understanding of the reactivity of gold and gold-based nanocatalysts, a number of environmental microscopies have been used to study in situ the structural parameters under reactive gas environments over a wide range of pressure and temperature. [START_REF] Genty | Dynamic Processes on Gold-Based Catalysts Followed by Environmental Microscopies[END_REF][START_REF] Tao | Atomic-Scale Observations of Catalyst Structures under Reaction Conditions and during Catalysis[END_REF] Among these microscopies, environmental gas transmission electron microscopy has emerged as an important tool enabling real-time atomic-scale visualization of structural evolutions of nanomaterials under gas environments and temperature. 4652 It has already provided some insights into the reactivity of Au NPs with O 2 and H 2 molecules through atomic-scale and real-time visualization of particle ES under these gases. [START_REF] Giorgio | Dynamic observations of Au catalysts by environmental electron microscopy[END_REF][START_REF] Uchiyama | Systematic Morphology Changes of Gold Nanoparticles Supported on CeO 2 during CO Oxidation[END_REF][START_REF] Yoshida | Visualizing Gas Molecules Interacting with Supported Nanoparticulate Catalysts at Reaction Conditions[END_REF] In situ monitoring of the ES of supported Au NPs under O 2 and H 2 atmospheres were carried out using chemically-sensitive high-angle annular dark eld (HAADF-STEM) imaging on a JEOL JEM-ARM200F microscope operated in scanning transmission electron microscopy (STEM) mode. The gaseous media were conned in a restricted zone around the sample in the TEM using an environmental high temperature and high pressure gas cell (HTPGC) from Protochips Inc. The gas cell is a modied version of the Atmosphere TEM environmental gas cell from the same company. It incorporates two microfabricated silicon chips (so called E-chips). It can withstand static and dynamic gas environments up to atmospheric pressure and temperatures up to 1200 °C. Figure 1a shows a low magnication scanning electron microscopy image of the E-chip which serves both as particle support and heater. It is patterned with six electron transparent SiN windows for TEM observation.

Surfactant-free Au NPs were synthesized by pulsed laser deposition (PLD) in a high vacuum chamber at 10 -5 Pa. Au NPs were deposited on rutile titania (r-TiO 2 ) nanorods synthesized by hydrothermal method and exposing (110) facets. [START_REF] Li | On the selective growth of titania polymorphs in acidic aqueous medium[END_REF] TiO 2 is a good metal oxide support for Au NPs due to its strong interaction with the latter and its chemical stability among others. [START_REF] Bagheri | Titanium dioxide as a catalyst support in heterogeneous catalysis[END_REF] The (110) facet is the most stable facet of r-TiO 2 and is widely used as substrate in heterogeneous catalysis. [START_REF] Diebold | The surface science of titanium dioxide[END_REF] The nanorods were deposited prior to metal deposition on the smaller heater E-chip of the HTPGC. The low magnication (×1M) HAADF-STEM image in Figure 1b shows r-TiO 2 nanorods randomly dispersed on one of the SiN windows. The nanorods were heated at 300 °C during metal deposition and the nominal thickness of metal deposited xed to 1 nm to obtain NPs with a mean particle in-plane size around 5 nm, a size range where TiO 2 -supported Au NPs in fact start to be active. [START_REF] Fujitani | Hydrogen Dissociation by Gold Clusters[END_REF][START_REF] Haruta | Lowtemperature Oxidation of Co Over Gold Supported on TiO 2 , α -F e 2 O 2 , and Co 3 O 4[END_REF] Further experimental details on electron microscopy, the gas cell and sample preparation are provided in the Supporting Information. Besides O 2 and H 2 , Au NPs were also studied in situ under residual argon gas in a benchmark experiment. Under all gases, the Au NPs were rst heated in situ to 400 °C and their ES were imaged at dierent temperature steps while cooling the samples to RT. Figure 1c shows a higher magnication (×5M) HAADF-STEM image of an assembly of Au NPs on the r-TiO 2 support under 40 Pa Ar after in situ heating to 400 °C. The in-plane particle size measured from the HAADF-STEM image is below 6 nm. By measuring the projection angles between the edges of the projected outlines of individual NPs and comparing them with the angles between crystal planes of the Au fcc structure with dierent Miller Indices (see Figure S1 in supplementary information), we deduce that the particle outlines are bounded mainly by {111} and {100} edge-on facets pointing to a nearly truncated octahedron ES as observed in similar Au NPs under vacuum. [START_REF] Tai Nguyen | Structural Properties of Catalytically Active Bimetallic Gold-Palladium Nanoparticles Synthesized on Rutile Titania Nanorods by Pulsed Laser Deposition[END_REF] In Figure 1c, the majority of the truncated octahedra are viewed close to the [101] zone axis (like the ones pointed by white arrows). Along this direction, their STEM projection images display a 3-fold symmetry. The anisotropy ratio γ 100 /γ 111 between the surface energies of the {100} and {111} facets, determined by applying Wul construction to the projected HAADF-STEM images of 5 NPs in [101] zone axis, is 1.10 ± 0.04. In comparison, the γ 100 /γ 111 ratio determined in vacuum for TiO 2 -supported Au truncated octahedra is 1.08 ± 0.04 (Figure S2). Thus, at 400 °C under Ar gas, the Au NPs adopt a vacuum Wul-Kaishev ES.

To establish the temperature dependence of the ES, we have studied an assembly of TiO 2supported Au NPs cooled under 40 Pa Ar in a stepwise manner from 400 °C to RT with 100 °C temperature increments at a cooling rate of 1 °C/s between two consecutive steps. This cooling rate is applied in all cooling experiments presented afterhand in this work.

Figure 1d shows the corresponding temperature series of HAADF-STEM images of the NPs.

Here, the NPs are supported on both r-TiO 2 nanorods and anatase TiO 2 NPs. The anatase nanostructures are produced as residual by-products during the synthesis of rutile nanorods.

Analysis of the projected HAADF-STEM images of individual NPs on r-TiO 2 shows NPs oriented close to the [101] zone axis as well as in other zone axes along which their projected images show no particular symmetry. During the cooling process, we rst observe that, due to the strong interactions between the TiO 2 supports and the Au NPs, the latter do not diuse on the supports leading to a stable size distribution with temperature. Secondly, the NPs keep their truncated octahedron ES down to RT. This benchmark experiment shows that in the absence of an interaction between the Au NPs and its gas environment, the ES, below 400 °C, is of Wul-Kaishev type with γ 100 /γ 111 ratio equal to about 1.10. ES is driven solely by the sample temperature and particle-support interaction. Following this observation, we have performed in situ GCTEM studies of the evolution of ES of the Au NPs under O 2 and H 2 at atmospheric pressure and below 400 °C to unveil the interaction of the Au NPs with these molecules. In order to gain more detailed information of the observed morphological transformation in Figures 2c-d viewed close to [101] zone axis between 200 to 45 °C using HAADF-STEM imaging at ×10M magnication, as shown in Figures 2f-l. For comparison, the HAADF-STEM image of the NP at 300 °C where it displays a perfect truncated octahedron ES is shown in Figure 2e.

The particle outline at this temperature (yellow dotted lines on Figure 2e) and the Miller indices of the six edge-on facets along its perimeter are reproduced on all subsequent images in the temperature series to highlight deviations from the truncated octahedron ES during cooling. From the temperature series, we observe that the truncated octahedron ES is stable down to 145 °C (Figures 2e-h). At 120 °C, the NP outline starts to develop round edges (Figure 2i). The locations of these rounded smooth edges are indicated by white arrows and their extension delimited by red dotted lines on the corresponding STEM image. These rounded edges result from the extension of existing facets and/or stabilization of new ones between the adjacent {111} facets and between the {111} and {100} facets. These additional facets most probably correspond to the {110} facets and high-index facets such as {113} that connect {111} and {100} facets in a fcc structure. [START_REF] Métois | Sem Studies of Equilibrium Forms -Roughening Transition and Surface Melting of Indium and Lead Crystals[END_REF] Such facets possess a high density of low-coordinated atoms forming steps, edges and kinks. [START_REF] Quan | High-Index Faceted Noble Metal Nanocrystals[END_REF] It has been shown that these defects are catalytically active sites. [START_REF] Fujita | Atomic origins of the high catalytic activity of nanoporous gold[END_REF] In comparison, the {111} and {100} facets are ordered and at. From 120 to 45 °C, the extension of these new facets increases at the expense of the {111} and {100} ones leading to a rounded ES at 45 °C (Figures 2j-l). We also note that while particle shape changes, there is no signicant variation in the size of the particle in projection.

Figure 2m shows the variation as a function of temperature of the percentage of the particle outlines in Figures 2e-l which is delimited by either {111}-(•) or {100}-type edge-on facets (•). Between 300 and 145 °C, as the ES is stable and close to a truncated octahedron, the extension of {111}-and {100}-type edge-on facets are thus constant (with the percentage of the particle outline covered by the {111} facets being equal to 67 %). As the temperature is reduced from 145 to 45 °C and the particle ES evolves with the stabilization of new facets, we observe a decrease in the extension of both the {111}-and {100}-type facets with temperature. The rate at which the extension of the {111} facets decreases is higher than that of the {100} ones. At 45 °C, both types of edges have similar extension (equal to about 25 %). The total fraction of {111}-and {100}-type facets (•) indicates that the extension of the {111}-and {100}-type facets and the newly-developed facets are comparable at 45 °C which results in a near-perfect rounded ES in the projection at that temperature. In order to gain atomic level insights into the reshaping of Au NPs under O 2 and their high stability under H 2 , we applied the multiscale structure reconstruction (MSR) model that takes into account the direct adsorption of these gases on Au NPs facets to predict the resulting equilibrium shape. This model is based on the Wul theorem, [START_REF] Wul | On the question of speed of growth and dissolution of crystal surfaces[END_REF] the Langmuir adsorption isotherm [START_REF] Langmuir | The Adsorption of Gases on Plane Surfaces of Glass, Mica and Platinum[END_REF] and the density functional theory (DFT) calculations.

Under gas environments, and as detailed in previous works, [START_REF] Zhu | Shape Evolution of Metal Nanoparticles in Water Vapor Environment[END_REF]66 the surface tension γ hkl is corrected to be the interface tension γ int hkl by adding the contribution of adsorbents on each (hkl) surface according to:

γ int hkl = γ hkl + θ hkl E ads A at (1) 
where θ hkl is the coverage of the gas on the (hkl) facet, E ads is the adsorption energy of gas molecules on this facet, and A at is the corresponding area per gold surface atom.

In this equation, the coverages θ hkl depend on the temperature T , the pressure P , and the value of E ads . We considered the Langmuir adsorption isotherm to study the O 2 @Au and the H 2 @Au systems such that:

θ hkl = P K/(1 + P K) (2) 
where K is the equilibrium constant, which can be calculated as follow:

K = exp(-∆G/RT ) = exp(-E ads -(S ads -S gas )/RT ) (3) 
where R is the ideal gas constant, and S gas is the gas-phase entropy of the adsorbent, obtained from the NIST-JANAF thermochemical tables. 67 The S ads represents the entropy in adsorbed state, which is assumed as zero. Based on the Wul theorem, knowing the (T , P ) dependent Based on DFT calculated interfacial energies, we modeled Au NPs with radius of 5 nm size, close to the experimental samples (around 25000 atoms) and under gas environment and temperature conditions. As shown in Figure 4, the ESs of Au NPs exposed to 1 bar of molecular oxygen are predicted to change upon cooling. For temperature higher than 17 °C, the ES of Au NP is found to be a perfect truncated octahedron as in the case of the experimental observations under vacuum and under the inert Ar gas. For temperature higher than 47 °C, the ES of Au NP is found to be a perfect truncated octahedron as in the case of the experimental observations under vacuum and under the inert Ar gas. This is because at high temperature, the coverage of O 2 on all Au facets is zero, as shown in Figure 5a.

Thus, the surface tension correction is zero and there is no reshaping. Interestingly, when the temperature decreases, the shape of Au NPs becomes more and more round. Indeed, the adsorption coverage curves shows that at low temperature, O 2 molecules adsorb on the (110) and (100) facets but not on (111) facets (see adsorption energies given in Table S2). The coverage on (110) facet is much larger than the one on (100) facet at the same temperature due to the stronger bonding of O 2 to (110) facet. The fundamental mechanism of the reshaping is that the bonding between the O 2 and the Au NPs reduces the surface tension of the latter. This reduction is stronger on (110) facets than on (100) and (111) facets due to the stronger interaction of O 2 molecule on (110) facet. Consequently, the γ int 110 becomes lower than γ int 111 and γ int 100 (Figure 5b). The resulting increased in the fraction of the (110) facet leads to the morphology of NP being more spherical (Figure 5c). Similar rounding behavior can also be found in the previous reports about the structure reconstruction of Cu and Pt NPs in water vapor environments and during CO oxidations, respectively. [START_REF] Hansen | Atom-resolved imaging of dynamic shape changes in supported copper nanocrystals[END_REF][START_REF] Vendelbo | Visualization of oscillatory behaviour of Pt nanoparticles catalysing CO oxidation[END_REF] Comparing Fig 3 and Fig 4, perfect matches between theoretical modeling and experiments are achieved. This agreement provides strong evidence that the O 2 molecules are molecularly adsorbed on the Au NPs. Note that the predicted refacetting temperature is in the range from 47 °C to 17 °C which is lower than the experimental temperatures. Although we have adopted the dispersion correction in the above calculations, the DFT-GGA method tends to underestimate energies (surface energies and adsorption energies), which is a known artifact. [START_REF] Gautier | Molecular adsorption at Pt(111). How accurate are DFT functionals[END_REF] This results in the predicted theoretical temperatures being generally lower than the experimentally measured ones. Since the dissociative adsorption of O 2 by gold cannot be disregarded in our experiment, we have also tried to interpret our experimental observations by considering the adsorption of atomic oxygen on the Au(100), Au(111) and Au(110) facets.

DFT calculations show that the adsorption of atomic oxygen is quite similar on the three low-index facets (Table S4). In the latter case, gas absorption hardly occurs on the Au NP itself. These ndings constitute key elements for the rational design of more active Au nanocatalysts for both oxidation and hydrogenation catalytic reactions. Our work provides a fundamental understanding of the structure reconstruction of TiO 2 -supported Au NPs under reactive media, which oers useful guidance for the experiments in the various related research elds. 

Table S3. Adsorption energies (eV) of hydrogen molecule on Au(100), (110), and (111) surfaces.

Table S4. Adsorption energies (eV) of atomic oxygen on Au(100), (110), and (111) surfaces.

  By combining real-time in situ environmental TEM observations of particle equilibrium shape (ES) of Au NPs under gas atmospheres and multi-scale structure reconstruction (MSR) modeling, we additionally provide valuable atomic level insights on Au surface reconstruction induced by the adsorptions of O 2 and H 2 molecules. The dynamic shape changes under O 2 observed experimentally and predicted by MSR identify that the Au low-coordinated atoms can instantly and directly bind O 2 molecules at room temperatures. Under H 2 , no instant shape change is observed, indicating a weak interaction between Au NPs and H 2 molecule.

Figure 1 :

 1 Figure 1: Sample preparation for GCTEM and in situ GCTEM observation of Au NPs supported on r-TiO 2 nanorods exposing (110) surfaces under inert Ar atmosphere. (a) SEM image of the E-chip used both as sample support and heater in the Protochips gas cell. The scale bar indicates 10 µm. There are six 9 µm large windows overlaid with an electron transparent SiN lm. TEM observations are carried out at these windows. (b) HAADF-STEM image showing a random deposition of r-TiO 2 nanorods on one of the SiN windows. (c) HAADF-STEM image of Au NPs deposited by pulsed laser deposition on the r-TiO 2 nanorods and exposed to 40 Pa of Ar at 400 °C. Indexation of the projected outlines of the NPs in the HAADF-STEM image indicates that they have a truncated ES bounded by major {111} and {100} facets of the Au fcc structure. Some truncated octahedra imaged closed to the [101] zone axis are indicated by white arrows. (d) Temperature series of HAADF-STEM images of another assembly of TiO 2 -supported Au NPs cooled from 400 °C to room temperature under 40 Pa Ar. The particle size distribution and the truncated octahedron ES of the NPs are stable with temperature.

Figures

  Figures 2a-d show a temperature series of HAADF-STEM images of Au NPs on r-TiO 2 nanorods acquired just after the temperature has been set successively at 400 °C, 200 °C, 100 °C and RT under 10 5 Pa O 2 . Similar to in situ TEM observations under Ar, the NPs display truncated octahedron ES in dierent zone axes at 400 °C (Figures 2a).During sample

  During sample cooling, truncated octahedron ES is stable down to 200 °C (comparison of Figures 2a and b). The anisotropy ratio γ 100 /γ 111 , measured on ve truncated octahedra in [101] zone axis, is equal to 1.09 ± 0.04. This clearly shows that, above 200 °C, 10 5 Pa O 2 has no eect on the ES of the particles. However, when the temperature is reduced to 100 °C or RT, we observe a rounding of particle ES (Figures 2c-d) which does not occur under Ar conditions. Particle rounding is clearly visible on the projections of those NPs initially oriented closed to the [101] zone axis which lose their 3-fold symmetry in projection. The change in particle morphology with temperature is a clear indication that the surface of the Au NPs is binding O 2 molecules. It should be noted that at each temperature step, particle ES is stabilized instantaneously and it does not evolve until the temperature is reduced to the following step. Moreover, a similar rounding of particle shape is observed upon cooling under O 2 at lower pressure (133 Pa O 2 , see Figure S2 in supplementary information).

  , we have followed the change in the projected ES of individual Au NPs

Figure 2 :

 2 Figure 2: In situ HAADF-STEM observation of Au NPs on r-TiO 2 (110) surfaces under O 2 at atmospheric pressure. Temperature series of HAADF-STEM images of TiO 2 -supported Au NPs during cooling under 10 5 Pa O 2 at (a) 400 °C, (b) 200 °C, (c) 100 °C and (d) RT. Unlike under Ar in Figure 1, particle ES evolves with temperature with the particle morphology becoming rounded at low temperature. (e)-(l) Temperature series of HAADF-STEM images over the temperature window where the octahedron-to-round morphology transition is observed. The temperature onset for this transition is situated at about 120 °C. (m) Quantitative follow-up of the extension of the {111}-and {100}-type segments delimiting the particle outline in projection as a function of temperature.

Figure 3 :

 3 Figure 3: In situ HAADF-STEM observation of Au NPs on r-TiO 2 (110) surfaces under H 2 at atmospheric pressure. Temperature series of HAADF-STEM images of TiO 2 -supported Au NPs during cooling under 10 5 Pa H 2 at (a) 400 °C, (b) 200 °C, (c) 100 °C and (d) RT. As under inert Ar gas in Figure 1, particle size and their truncated octahedron ES are stable down to RT.

Figure 3 2 nanorods acquired under 10 5

 325 Figure3shows a temperature series of HAADF-STEM images of Au NPs on r-TiO 2 nanorods acquired under 10 5 Pa H 2 just after the temperature has been successively set at 400 °C, 200 °C, 100 °C and RT. Similar to the in situ observation under Ar (Figure1), the NPs keep their initial sizes and morphologies as they are cooled to RT. The projected HAADF-STEM image of the Au NPs under H 2 are again compatible with truncated octahedron ES in dierent zone axes. The surface energy anisotropy ratio γ 100 /γ 111 , determined on four NPs, is equal to 1.07±0.04. This value is, within experimental errors, similar to the anisotropy ratio determined under Ar (1.10 ± 0.04).

2 and H 2 .

 22 γ int hkl allows us to construct the ESs (equilibrium shapes) of the supported Au NP under O All energetic values of the γ hkl and E ads , provided in the Supporting Information (Tables S1,S2 and S3), were calculated by performing accurate DFT calculations. Three low index Au (111), (100) and (110) surfaces were considered since they represent the main facets of stable truncated octahedron nanoparticles.

Figure 4 :

 4 Figure 4: Wul construction of Au NPs under oxygen environment at atmospheric pressure as a function of temperature from 200 °C to 17 °C.

Figure 5 :

 5 Figure 5: (a)The coverage of oxygen molecules on each facets of the Au NPs. (b)The revised interface energies of the Au NPs.(c) The facet fraction of the supported Au NPs.

Figure S4 :

 S4 Figure S4: Tested adsorption sites and adsorption congurations of oxygen molecule adsorbed on (a) Au(100), (b) Au(110), and (c) Au(111) surfaces.

Figure S5 .

 S5 Figure S5. Tested adsorption sites and adsorption congurations of H 2 molecule adsorbed on (a) Au(100), (b) Au(111), and (c) Au(110) surfaces.

Figure S6 .

 S6 Figure S6. Adsorption congurations of atomic oxygen on (a) Au(100), (b) Au(111) and (c) Au(110) surfaces

  However, environmental gas TEM observations of Au NPs under O 2 and H 2 have until now been limited to low pressure conditions of little relevance to catalytic reactions. The present works ambitions to bridge this pressure gap in the study of Au NP under O 2 and H 2 . Moreover, despite the successful use of MRS model in other systems, it is also the rst time that the equilibrium structure of Au NP under high O 2 and H 2 pressure is modeled and analyzed theoretically.

  Thus, for dissociative adsorption of O 2 by gold, no change in particle ES is expected during cooling to RT.Concerning H 2 adsorption on gold, DFT calculations show weak exothermic adsorption energies (TableS5). The predicted ES from the MSR model shows perfect truncated octahedron that does not evolve with pressure and temperature variations as observed experimentally. The excellent agreement between experiment and modelling is a strong indication that H 2 molecules do not adsorb readily on the Au NPs. The direct adsorption of H 2 on Au edge and corners atoms has been observed in Au NPs deposited on alumina.[START_REF] Bus | Hydrogen chemisorption on Al 2 O 3 -supported gold catalysts[END_REF] In this system, it has been shown that H 2 adsorption is limited by kinetic factors to23 to 100 °C with no spill-over to face sites. Similarly, DFT calculations have predicted that a single low-coordinated Au atom which can belong to defective extended surfaces or nanoparticles is sucient to dissociate H 2 . 31,71 The dissociation process involves a positive energy barrier but is spontaneous on Au atoms directly bonded to four other atoms. 71 In the present work, it is highly probable that when the NPs are cooled to RT the number of low-coordinated Au sites that can bind H 2 molecules is low. Consequently, the NPs initially retain their high-temperature Wul-Kaishev ES at all stages. In summary, by performing GCTEM on model supported Au NPs, we have provided the rst real space observations of O 2 and H 2 reactivity on nanosized gold at atmospheric pressure. By monitoring the change in particle ES upon gas exposure, we provide experimental evidence that Au NPs supported on rutile titania (110) surfaces can directly bind O 2 . Equilibrium shape reconstruction of Au NPs using the multiscale structure reconstruction modeling undertaken in conjunction with in situ observations of particle morphology brings fundamental atomic level insights into the absorption processes enabling the identication of the active sites at the particle surface for O 2 adsorption. Experiments and modelling show that Au(100) and (110) facets are active in O 2 adsorption but are inactive in H 2 adsorption.

Table S1 .

 S1 The DFT calculated surface energies of the Au(100), Au(110), and Au(111)

	under Vacuum.

Table S2 .

 S2 Adsorption energies (eV) of oxygen molecule on Au(100), (110), and
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