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Abstract 

Catalysts based on gold nanoclusters supported by different materials have been 

used for the selective semihydrogenation of phenylacetylene to styrene. The most active 

species were formed by catalyst thermal activation in a reductive atmosphere. It is 

shown that the activity and selectivity of these catalysts is mainly controlled by the 

interaction of the gold nanoclusters with the support, as demonstrated by using materials 

with high surface area and different acidity/basicity, i.e. MgO, Al2O3 and Mg/Al 

hydrotalcite. There is an important influence of the acid/base properties of the support 

on the selectivity. Higher activity is obtained for gold supported on basic materialss 

(MgO and hydrotalcite) and the best results are obtained with the Au catalyst supported 

on the MgAl hydrotalcite exhibiting high activity and the best selectivity to the alkene. 

This was explained by the intermediate basicity of the support that favors the heterolytic 

cleavage of H2 while avoiding the overreduction of the alkynes to alkanes. 
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1. Introduction 

 

Catalytic hydrogenation is a key process technology in the petrochemical and 

pharmaceutical industry. Around 25% of all chemical processes include, at least, a 

catalytic hydrogenation step [1,2]. These reactions usually occur through the activation 

of molecular hydrogen via its homolytic dissociation on a noble metal surface, such as 

Pt, Pd and Rh [3]. Nevertheless, in order to obtain more sustainable processes, new 

catalysts are necessary [3].   

Among the different catalytic hydrogenation reactions, semihydrogenation of 

alkynes has been a focus of attention due to its relevance in the manufacturing of fine 

chemical and polymers [4,5]. Selective semihydrogenation of alkynes can be carried out 

using different active metals, such as palladium [6–8], iridium [9], ruthenium [10,11], 

iron [12] and nickel [5]. Metallic gold is also attracting some interest due to its excellent 

catalytic performance in hydrogenation processes [13–15]. In this context, the use of 

gold nanoparticles for catalysing these reactions has been described, reporting 

exceptional selectivity and high activity [16–18]. Yan et al. reported the use of 

unsupported nanoporous gold for the selective semihydrogenation of alkynes using 

organosilanes with water as a hydrogen source. They suggested that the metallic Au(0) 

species were the catalytic active sites for the reaction [19]. Gold nanoparticles supported 

on oxides such as TiO2 have also been employed in selective hydrogenation of 

quinoline with H2 reporting good results under mild reaction conditions [14].   

In order to understand the correlation of the activity and selectivity with structural 

properties of the catalysts, the use of small metal clusters has been proposed [20]. This 

rather new class of nanomaterials can be obtained with atomic precision, with a unique 

well-defined molecular structure and intriguing molecular-like properties. Due to these 

characteristics combined with small particle sizes, lower than 2 nm, nanoclusters exhibit 

activity for several catalytic reactions. Gold nanoclusters have been tested in different 

catalytic hydrogenation reactions such as the chemoselective hydrogenation of α, β-

unsaturated aldehydes and ketones [21], the reduction of 4-nitrophenol by NaBH4 

[22,23], the chemoselective hydrogenation of nitrobenzaldehyde into alcohols [24] or 

the selective hydrogenation of terminal alkynes to alkanes using H2 [25]. 

In this context, the selective semihydrogenation of alkynes using gold nanoclusters 

catalysts is attracting much interest as the reductive ability of gold is lower than that of 

Pt or Pd. These noble metals are usually employed to catalyse this reaction but they 
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must be partially poisoned to avoid over-reduction of alkynes, wasting an important part 

of these valuable materials. Thus, the use of gold nanoclusters as catalyst for this 

reaction may be a more sustainable approach in line with the Green Chemistry 

Principles [26]. In the selective semihydrogenation of alkynes, selectivity is one of the 

most important objectives to be achieved, avoiding reduction of alkynes to non-valuable 

alkanes [27]. It has been described [15,25] that selectivity and activity of gold 

nanoparticles for this reaction can be improved by adding base molecules to the reaction 

media. The best results have been obtained with nitrogen-containing molecules as they 

form frustrated Lewis pair interfaces that activate H2 heterolytically, increasing the 

hydrogenation activity.  

The nature of supports should also affect the activation of H2, as it occurs in other 

hydrogenation reactions [28]. Nevertheless, Jin et al. did not observe an obvious 

influence on the catalytic performance of gold nanoclusters supported on SiO2, Al2O3, 

CeO2 and TiO2 [25] used for the semihydrogenation of terminal alkynes. On the other 

hand, different results were obtained by Rossi et al. [15], obtaining the best catalytic 

performance in the hydrogenation of phenylacetylene with gold nanoparticles supported 

on TiO2 and SiO2, while those supported on CeO2 were less active and those supported 

on  Al2O3 were less selective.  

Within this work, we studied the use of gold nanoclusters supported on various 

materials with high surface area and different acid/base properties for the selective 

hydrogenation of phenylacetylene to styrene. The supports used are alumina that has 

acid properties, MgO with basic properties and Mg/Al hydrotalcite that is a layered 

material with an intermediate basicity. The influences of the nanocluster size, the 

characteristics of the support and the activation procedure on the catalyst activity and 

selectivity are discussed and the catalytic results are correlated with the acid/base 

properties of the material. 

 

2. Experimental 

 

2.1. Catalyst preparation 

Synthesis of Au25(SC2H4Ph)18 nanoclusters, (Au25), was made following the protocol 

described by Shivhare et al. [22]. According to it 1.27 mmol of HAuCl4·3H2O were 

dissolved in 50 mL of tetrahydrofuran (THF) and the obtained solution was mixed with 

1.2 equivalents of tetraoctylammonium bromide (TOAB) and stirred for 10 minutes. 
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Then, 5 equivalents of the thiol-ligand (2-phenylethanethiol) were added dropwise, and 

the solution was stirring until becomes transparent. After that, 10 equivalents of NaBH4 

were dissolved in 10 mL of ice-cold water and added to the solution as a reducing agent. 

The solution was stirred for 4 days. Finally, the solvent was evaporated and the residue 

was washed with mixtures of ethanol/water. The nanoclusters were extracted with THF 

and separated by size-exclusion chromatography.  

The synthesis of Au11(PPh3)7Br3 nanoclusters (Au11) was carried out according to 

[29] and 1.27 mmol of HAuCl4·3H2O and 1.2 equivalents of TOAB were dissolved in 

50 mL of THF. After that, 5 equivalents of PPh3 were added and the solution was stirred 

for 1 hour. Then, 10 equivalents of NaBH4 were dissolved in 10 mL of ice-cold, and this 

was added to the previous solution. This solution was stirred during 48 hours forming a 

precipitate. The solvent was removed by evaporation and the solid was washed several 

times with 1:1 mixtures of methanol:water. The by-products were extracted with THF, 

toluene and 2:1 mixture of hexane:ethanol. Finally, the Au11 nanoclusters were 

extracted with dichloromethane (DCM). 

The materials used to  support the gold nanoclusters were MgO, Mg/Al hydrotalcite 

and Al2O3. Alumina was supplied by abcr GmbH. High surface area MgO was 

synthesized according to [30] and 25 g of (MgCO3)4Mg(OH)2 were suspended in 750 

mL of water and stirred at 80ºC for 30 minutes, the solid was filtered and dried at 90ºC 

during 24 hours, and then calcined at 450ºC for 2 hours. Mg/Al hydrotalcite was 

prepared by the co-precipitation method. According to it, an acidic solution containing 

Mg(NO3)2 and Al(NO3)3 was mixed with a basic one containing NaOH and NaNO3. 

The amount of each reactive was chosen to obtain a molar ratio of Mg/Al = 4. Both 

solutions were mixed (room temperature and atmospheric pressure) dropwise using an 

infusion pump (1 mL·min-1) while stirring the resulting solution. The solution was aged 

at 60ºC for 24 hours and the solid was filtered and washed several times with water until 

pH=7. Finally, the solid was dried at 100ºC during 24 hours. 

The Au25 and Au11 nanoclusters were supported on the oxides and on the 

hydrotalcite by solving the nanocluster in toluene and adding the supports to the 

solution that was stirred during 24 hours. The samples were centrifuged and separated 

by decantation. The catalysts were dried at 80ºC for 1 hour.  

 

2.2. Catalytic tests 
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The catalytic test was performed in a reinforced glass reactor equipped with 

temperature and pressure control. 0.1 mmol of phenylacetylene and 0.2 mmol of 

pyridine (as base molecule) were diluted in 1 mL of solvent (EtOH:H2O 10:1 V/V) and 

were placed into the reactor (8 mL capacity) together with an appropriate amount of 

catalyst (100 mg). After sealing the reactor, air was purged by flushing two times with 

10 bar of hydrogen. Then, the autoclave was heated to the required temperature (100ºC) 

and finally the pressure (10 bars) was adjusted with H2. The stirring rate was fixed at 

1000 rpm. The reaction was made at 100 ºC for 20 h. After reaction, the solution was 

filtered and analysed by gas chromatography, using a Varian CP-3800 analyser 

equipped with a split/splitless injector and a HP-5 column of 25 m length (0.25 mm of 

i.d. and 0.25 μm active phase thickness). The products were detected using a flame 

ionization detector (FID). The relative response factors, which allow the calculation of 

the corrected area for phenylacetylene, styrene and ethylbenzene, were determined from 

a calibration obtained from different ternary mixtures. From the values of the corrected 

areas (𝐴𝐶𝑗), total conversion (X), mass fractions (wj) and selectivity (𝑆𝑚𝑎𝑠𝑗) were 

calculated according to the following equations: 

 𝑤𝑗(%) =
𝐴𝐶𝑗

∑ 𝐴𝐶𝑗
3
𝑗

· 100 (1) 

 𝑋(%) = 100 − 𝑤𝐹𝐴(%) (2) 

 𝑆𝑚𝑎𝑠𝑗(%) =
𝑤𝑗(%)

𝑋(%)
· 100 (3) 

where wFA is the mass fraction of the phenylacetylene at the end of the 

hydrogenation reaction. 

 

2.3 Characterization studies 

Temperature programmed reduction with H2 (H2-TPR) was performed in a TPD-TPR 

Autochem 2910 equipment connected to a thermal conductivity detector (TCD). Prior to 

the reduction, samples were treated under Ar flow during 1 hour at room temperature. 

During the TPR analysis, a mix of 10% H2 in Ar was used while the temperature was 

increased from room temperature to 600ºC with a ramp of 10ºC/min. 

UV-Vis DRS measurements were performed on a Varian Cary 5000 

spectrophotometer equipped with a diffuse reflectance attachment, and the spectra were 

recorded at room temperature in the wavelength range from 200 to 800 nm. 
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N2 adsorption isotherms were measured at −196 °C in ASAP-2420 equipment 

(Micromeritics). Surface areas of the catalysts were obtained by the BET method (SBET). 

The chemical composition of the samples was measured by inductively coupled 

plasma in a Varian 715-ES ICP-Optical Emission Spectrometer.  

Pyridine adsorption–desorption experiments were carried out using Nicolet iS10 

FTIR spectrometer. The samples were previously activated overnight at 400ºC under 

vacuum. After activation, the reference spectrum was recorded and pyridine vapour was 

admitted in the cell and adsorbed onto the sample. The excess of pyridine was removed 

in vacuum by heating for 1 h at 150, 250, and 350ºC, respectively. After each heating 

period, the sample was cooled to room temperature and IR spectrum was recorded. All 

the spectra were scaled according to the sample weight.  

 

3. Results and discussion 

 

Gold nanoclusters with different number of atoms (Au25 or Au11) were supported on 

materials with high surface area and different acid/base properties (MgO, Al2O3 and 

Mg/Al hydrotalcite) and their activity was studied for the selective hydrogenation of 

phenylacetylene to styrene in the presence of pyridine. 

The XRD patterns of the different supports (Figure S1) show the characteristic 

peaks of the materials, i.e. the mean peaks assigned to MgO at 2θ = 37.0, 43.1 and 

62.9°, the peaks characteristic of γ-Al2O3 at 2θ = 37.5, 39.5, 45.9, 61.0 and 66.9° and 

the peaks of a hydrotalcite phase at 2θ = 11.2, 22.7, 34.4, 38.4, 45.5, 46.7, 60.1, 61.8 

and 65.3° for the Mg/Al hydrotalcite. The catalysts have a BET surface area around 

100-225 m2/g with type II isotherms typical of mesoporous materials. The chemical 

composition and the textural characteristics of the catalysts are shown in Table 1. 

The influence on the catalytic activity of acid/base properties of the support and the 

number of gold atoms in the nanocluster were studied with the fresh Au11 and Au25 

nanoclusters supported on MgO and Al2O3. Figure 1 shows the catalytic behaviour of 

the nanocluster catalysts in phenylacetylene hydrogenation, displaying the conversion 

and selectivity towards styrene (desired product) and ethylbenzene (side products) with 

pronounced support effect being evident. MgO supported catalysts lead to almost 

completed conversion of phenylacetylene, whereas lower activities are obtained with 

the gold catalysts supported on Al2O3. In the case of alumina supported catalysts, 

different activity depending on the gold cluster size is noted, obtaining conversions of 
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almost 60% with Au11 versus 9% with Au25. On the contrary, these differences are not 

observed for the catalysts supported on MgO. Magnesium oxide is a basic type support 

contrary to the acidic character of Al2O3, therefore an influence of the acid-base 

properties of the oxide support seems evident. 

However, in addition to the distinct atom number also the type of ligand is different 

for Au11 and Au25 nanoclusters. Au25 has a thiolate ligand (SC2H4Ph), whereas Au11 has 

a phosphate one (PPh3). Recently, for the semihydrogenation of alkynes, different 

catalytic performance depending on the type of ligand was observed on 

[Au38(L)20Ph3P4]
2+ (L=alkynil of thiolate) nanoclusters supported on TiO2 [31]. As for 

our alumina samples, thiolate-protected Au38 catalyst exhibited lower activity than 

alkynil-protected catalysts. On the other hand, Jin et al. reported no influence on the 

type of ligand for Au25(SCH4Ph)18 and Au25(PPh3)10(CCPh)5Br2 supported on TiO2 [25], 

as with our MgO samples. Moreover, it must be taken into account that due to the 

reaction conditions, the ligands will be partially decomposed during reaction and gold 

nanocluster will evolve towards the formation of gold nanoparticles. To avoid such 

changes and for a better understanding of the role of the supports, the current catalysts 

were thermally pretreated before reaction. 

The influence of oxidative or reductive thermal pretreatments, i.e. in presence of 

hydrogen or air, on catalyst activity was first studied for the Au11 nanoclusters 

supported on alumina. Both pretreatments were performed at 300ºC as under these 

conditions, most of the ligands are removed. Figure 2 shows that the initial activity of 

the fresh catalyst is doubled after the oxidative or reductive pretreatments, but in both 

cases this goes along with a drop in selectivity. However, reductive pretreatment still 

has 33% selectivity towards styrene, while it is only 2% for the catalysts pretreated with 

air.   

The catalytic results can be related to the changes of the nanocluster that occur 

during these pretreatments. The activation of the catalyst removes to some extent the 

ligands from the nanoclusters, allowing a better interaction of the reactants with the 

gold active sites, i.e. the triple bond interacts directly with the gold nanocluster surface. 

Thus, a higher conversion is expected. The same pretreatment effect occurs for other 

reactions, e.g. CO  oxidation on silver nanoclusters [32]. The evolution of the gold 

nanocluster during activation was studied by UV-Vis spectroscopy, yielding 

fingerprints of the cluster structure [33]. By comparing pure cluster in solution with 

supported one and after each pretreatment (Figure 3), information on the nanocluster 
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stability was obtained. The spectrum of unsupported Au11 nanoclusters (Figure S2) 

shows a characteristic peak at 420 nm indicating quantized electronic structure [34]. 

The diffuse reflectance UV-vis spectrum of the alumina supported Au11, as seen in 

Figure 3, also shows this characteristic band. Nevertheless, after the thermal treatments 

the band disappears, forming an intense and broad band at 530-550 nm that may be 

related to agglomeration of the clusters on the oxide surface after the ligand removal. 

The differences in the selectivity of the catalyst pretreated with H2 and air may be 

related to the formation of smaller gold nanoparticles for the first [35], as well as to the 

reduction of oxidized species coexisting in the catalyst [36]. Moreover, during the 

oxidative pretreatment, ligands are more efficiently removed resulting in an increased 

exposure of gold sites that may lead to an overreduction of the phenylacetylene to 

ethylbenzene.  

The results obtained in this reaction with the fresh nanoclusters and previous 

reported results with gold nanoclusters in other reactions [37,38], have shown a strong 

effect of support properties on the catalytic behaviour of nanocluster catalysts. 

Accordingly, the influence of the support in the catalytic semihydrogenation of 

phenylacetlyne in presence of pyridine was further studied with catalysts pretreated with 

hydrogen at 300ºC. This study was made with gold nanocluster catalysts supported on 

two different materials, one with basic (MgO) and another one with acidic properties 

(Al2O3). As Figure 4 (left and middle) shows, the level of activity is not affected, 

whereas a pronounced effect on selectivity is observed. Au11 supported on a basic 

material as MgO leads to 59% styrene selectivity, while 33% is obtained with the same 

nanoclusters supported on the more acid Al2O3. Again, the acid/base properties of the 

support are playing an important role in the reaction pathway, as already observed with 

the fresh catalysts. This may be related to the electronic properties of the support that 

directly affect the adsorption strength of the reactants to the metal surface, thus 

influencing activity and selectivity.  

The limiting step in hydrogenation reactions used to be the activation of H2. It has 

been reported that when using gold nanoparticles as catalysts for this reaction, the H2 

activation is favoured by the addition of N-containing basic molecules to reaction media 

[15]. The coadsorption of these basic molecules increases the activity and selectivity of 

gold catalyst in the alkyne semihydrogenation reaction. This is explained by the 

formation of frustrated Lewis pair between gold nanoparticles and the N-containing 

basic molecules that activates H2 heterolytically [15]. The activated hydrogen then 
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reacts with the adsorbed alkyne forming the alkene. Thus, the H2 dissociation depends 

on the Au–basic molecule interaction. A strong interaction could activate too much the 

H2 and could arrive to trigger metal extraction, while a weak interaction does not form a 

frustrated Lewis pair and consequently hydrogen is not activated. Thus, the basicity of 

the N-base molecules, as well as the acid-base properties of the catalyst surface 

determine the interaction. Pyridine is used in these experiments as the N-containing 

basic molecule but it is a strong basic molecule that may cause gold extraction if the 

interaction gold-pyridine is strong enough [15]. It is expected that this interaction is 

favoured with gold on acidic surfaces, however if gold is supported on a basic material 

the interaction of the basic molecule with the basic surface will be modulated and the 

frustrated Lewis pairs will be formed on the catalyst surface, activating the H2 but 

avoiding the overreduction of the alkyne. This may explain the higher selectivity 

towards styrene for gold catalyst support on MgO as compared to the more acidic 

Al2O3.  

At this point, using MgO as support and reductive pretreatment appear as being 

optimal. Therefore, the performance of Au25 was also studied for these conditions 

(Figure 4 right). Similar conversion levels as with Au11/MgO catalysts were obtained, 

but a remarkable increase in styrene selectivity toward styrene was achieved, likely 

related to the higher stability of Au25 nanoclusters upon reductive pretreatment. UV-Vis 

spectra of both catalysts after pretreatment are shown in Figure 5. The main difference 

in both spectra is the band at 526 nm assigned to gold nanoparticles. This band is 

observed for the Au11 catalyst denoting the sintering of gold nanoclusters, whilst it does 

not appear in the spectrum of Au25 catalysts indicating a higher stability of gold 

nanoclusters in this catalyst. 

Finally a Mg/Al hydrotalcite (HT) support with a basicity intermediate between 

MgO and Al2O3 was impregnated with the Au25 nanoclusters. Hydrotalcites are layered 

materials that can be prepared with different divalent and trivalent metals and that are 

used as supports or catalysts in many reactions [39–41]. The activity of the catalyst 

supported on the hydrotalcite (with a Mg:Al molar ratio of 4) was compared with Au25 

on Al2O3 and MgO activated in a reductive atmosphere (Figure 6). Au25 supported on 

the acidic alumina support is the less active, whilst those supported on basic materials, 

i.e. MgO and Mg/Al hydrotalcite are much more active. As previously discussed, this 

may be related with a lower interaction of the pyridine with gold supported on the basic 

materials that results in a better activation of H2. Thus, pyridine adsorption-desorption 
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was followed by infrared spectroscopy. As seen in Figure 7, pyridine mainly adsorbs on 

the three catalysts through the Lewis acid sites characterized by the band around 1450 

cm-1. As expected, the area of this band is higher for the more acidic catalyst, i.e. the 

alumina supported, indicating a higher number of acid sites. These sites interact more 

strongly with the pyridine than the Lewis sites of MgO or hydrotalcite as the intensity of 

the bands are higher at 250-350ºC for the alumina supported catalyst. As it was 

previously discussed, the weaker interaction of the pyridine with the surface of more 

basic catalysts favours the formation of frustrated Lewis pairs that activates H2 

heterolytically, increasing the activity of the catalysts. 

Comparing the selectivity of the catalysts supported on basic materials, i.e., MgO 

and Mg/Al hydrotalcite, somewhat higher styrene selectivity (91%) is obtained with the 

Au25/HT. This suggests hydrotalcite as optimal support for gold nanocluster catalysts in 

this reaction, showing higher activity and selectivity than the Al2O3 and MgO supported 

ones. It was proposed [35,42,43] that a concerted effect exists between the basic sites of 

hydrotalcite and the Au-nanoparticles favouring the heterolytic cleavage of H2, 

producing Au-hydride and H+ on the hydrotalcite surface. These hydrogen species react 

with the adsorbed alkyne forming the alkene. This effect is similar to the one produced 

by pyridine, but with the advantage that Au/HT is inactive for the hydrogenation of 

C=C bonds [35,42], improving the selectivity of the reaction.  

The interaction of hydrogen with the catalsyts surface was evaluated by TPR. Figure 

8 compares the TPR profile of the three pre-oxidized catalysts. The thermogram of the 

MgO supported catalyst is dominated by an intense well-defined peak centered at 

327ºC.  In the case of the hydrotalcite supported catalyst, an intense broader peak is 

around 388°C and for the alumina catalyst no clear peaks are obtained. This indicates 

that the reducible species in Au25/MgO, interact more easily with hydrogen than in 

Au25/HT, whilst almost no interaction of hydrogen with the alumina supported catalyst 

is observed. This may be related to the basic characteristics of the supports, that as the 

pyridine does, favours the activation of hydrogen leading to a higher activity of the 

catalysts. However a strong activation of the H2 may also result in overreduction of the 

alkene, explaining why supports with intermediate basicity such as hydrotalcites lead to 

better alkenes selectivity. 

 

CONCLUSIONS 
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Supported gold nanoclusters are active catalysts for the selective hydrogenation of 

phenylacetylene to styrene. The activity depends on the pretreatment and on the 

acid/base characteristics of the support. For Au25 better selectivity was achieved after a 

reductive pretreatment, probably because gold nanoparticles of smaller size are formed. 

Best results in terms of conversions and selectivity were obtained with Au25 clusters 

supported on a MgAl hydrotalcite that exhibits an intermediate basicity between MgO 

and Al2O3. The presence of these weaker basic sites favors the heterolytic cleavage of 

H2 while avoiding the overreduction of the alkynes to alkanes. The results indicate that 

the optimum catalyst is created by a delicate balance among basicity, stability of gold 

nanoparticles and accessibility to the reactants.  
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CAPTION TO FIGURES 

Figure 1. Activity of fresh nanoclusters with different size (Au11 and Au25) supported 

on alumina and magnesia for the phenylacetylene semihydrogenation (0.1 g. of catalyst, 

0.1 mmol of phenylacetylene and 0.2 mmol of pyridine, 100 ºC, 10 bar of H2). ( ) 

conversion, ( ) selectivity towards styrene, ( ) selectivity towards ethylbenzene. 

Figure 2. Activity of the Au11/Al2O3 catalysts pretreated with air (Au11Al_oxi) or with 

hydrogen (Au11Al_red) for the phenylacetylene semihydrogenation (0.1 g. of catalyst, 

0.1 mmol of phenylacetylene and 0.2 mmol of pyridine, 100 ºC, 10 bar of H2). ( ) 

conversion, ( ) selectivity towards styrene, ( ) selectivity towards ethylbenzene. 

Figure 3. UV-Vis DRS spectra of the Au11/Al2O3 catalyst before (_fresh) and after 

reductive (_red) and oxidative (_oxi) pretreatments. 

Figure 4. Activity of gold nanoclusters supported on alumina and magnesia and 

pretreated with H2 for the phenylacetylene semihydrogenation (0.1 g. of catalyst, 0.1 

mmol of phenylacetylene and 0.2 mmol of pyridine, 100 ºC, 10 bar of H2). ( ) 

conversion, ( ) selectivity towards styrene, ( ) selectivity towards ethylbenzene. 

Figure 5. UV-Vis DRS spectra of the Au11 and Au25 catalysts supported on MgO after 

reductive pretreatment. 

Figure 6. Phenylacetylene semihydrogenation reaction over Au25 pre-reduced catalysts 

supported on MgO (Au25Mg_red), Al2O3 (Au25Al_red) and Mg/Al hydrotalcite 

(Au25HT_red) (0.1 g. of catalyst, 0.1 mmol of phenylacetylene and 0.2 mmol of 

pyridine, 100 ºC, 10 bar H2). ( ) conversion, ( ) selectivity towards styrene, ( ) 

selectivity towards ethylbenzene. 

Figure 7. Infrared spectra of pyridine desorption at 150ºC, 250ºC and 350ºC of the Au25 

catalysts supported on MgO, Al2O3 and hydrotalcite and pretreated with H2.  

Figure 8. TPR profiles of the pre-oxidized Au25 catalysts supported on MgO, Al2O3 and 

hydrotalcite.  
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Characterization Techniques 

X-ray powder diffraction (XRD) was carried out using a Philips X'Pert (Cubix-Pro)-

advance diffractometer operating at 45 kV and 40 mA, and coupled to a copper anode 

X-ray tube (Cu Kα radiation, λ = 1.542 Å). 

UV-Vis spectra of nanoclusters dissolved in CH2Cl2 were recorded on a Perkin Elmer 

Lambda 750 UV-Vis spectrometer.  

 

Blank reactions 

A blank reaction was made without adding catalysts observing that in these conditions 

no conversion was obtained. 

Experiments with the supports without adding gold were also made obtaining in all 

cases conversions lower than 15% 
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XRD characterization of supports 

 

Figure S1. XRD patterns of the supports. 

 

UV-Vis spectra of the nanocluster samples in solution 

 

 

Figure S2. UV-Vis spectra of synthetized Au11 and Au25 nanoclusters. 
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Table 1: Surface area and chemical composition of the catalysts.  

Catalyst 
SBET 

(m2 g-1) 
Au 

(wt.%) 

Au11/Al2O3 199 0.44 

Au11/MgO 107 0.30 

Au25/Al2O3 202 0.17 

Au25/MgO 121 0.19 

Au25/Hydrotalcite 

(molar ratio Mg/Al = 4) 
224 0.06 
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