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Abstract 

Carbon-supported Pt and Pd catalysts are largely employed as heterogeneous catalysts for hydrogenation 

reactions. Albeit their routine use in industry, many details about their interaction with H2 are still not 

completely understood. In this article, we propose a detailed investigation of the behavior in the presence of 

H2 of an activated carbon and of two catalysts obtained by depositing on it Pt and Pd nanoparticles by means 

of Inelastic Neutron Scattering (INS) spectroscopy. The high-quality INS spectra of the three samples were 

measured in absence and in presence of different amounts of H2, providing very detailed information about 

H2 physisorption on each system and about the nature of the metal hydrides formed upon hydrogenation of 

the catalysts. In addition, we were also able to obtain a direct observation of the occurrence of hydrogen 

spillover from the metal nanoparticles onto the activated carbon, as revealed by the increase of the number 

of C-H species at the borders of the graphenic domains. Overall, this work provides important insights for 

better understanding the complex nature of the interaction between H2 and Pt and Pd-loaded activated 

carbon catalysts.  
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1. Introduction 

Pt and Pd nanoparticles on carbonaceous supports are widely employed as heterogeneous catalysts for 

hydrogenation reactions. They find application in fundamental industrial sectors such as fine chemistry, 

pharmaceutical or food industry, or as fuel cell electrocatalysts [1-3]. Carbonaceous materials are also largely 

investigated as hydrogen storage materials, and the introduction of metal nanoparticles was demonstrated 

to be able to increase the hydrogen uptake of the material [4, 5]. For all these applications, a better 

understanding of the interaction between H2 and carbon-based materials loaded with metal nanoparticles is 

of pivotal importance. 

There are three main ways hydrogen can interact with this kind of composite materials. The first one 

consists in the physisorption of molecular H2 on the carbon surface: the process is favored by the very large 

surface area of these materials but, on the other hand, H2 uptake on pure carbonaceous materials is usually 

quite modest due to the weak interaction between the H2 molecule and the aromatic domains [6]. The 

second way involves the metal nanoparticles, and relies on their ability to split molecular hydrogen and form 

metal hydrides. Pt is known to form superficial Pt hydrides with linear, two-fold and three-fold coordination, 

and small Pt nanoparticles were shown to undergo significant reconstruction processes as a function of the 

temperature and of the H2 partial pressure [7, 8]. Pd, on the other hand, has the tendency to form bulk 

hydride phases in which H occupies the octahedral interstices in the fcc lattice of the metal. Two distinct 

phases, α and β, were identified and, at 25°C, they are observed at a H/Pd ratio lower or equal to 0.017 and 

higher than 0.60, respectively [9]. At intermediate stoichiometries, a mixture of the two phases is observed. 

Nanosized Pd particles exhibit a similar yet distinct behavior, characterized by a narrower miscibility gap and 

a decreased hysteresis between H2 adsorption and desorption [10-12]. Furthermore, modifications in the 

sub-surface region of the Pd nanoparticles with the possible occupation of tetrahedral interstices [13, 14], as 

well as the formation of surface Pd-H species [14, 15], become relevant phenomena in highly dispersed 

nanoparticles. A complete understanding of the amount and nature of the metal hydrides formed is 

fundamental for both catalysis and hydrogen storage applications, since the M-H species are those involved 

in the hydrogenation reaction and they can significantly increase the H2-uptake of the sample.  

Finally, the third possible way H2 can interact with metal nanoparticles loaded activated carbons is 

the so-called spillover process. This phenomenon consists of the migration of H atoms generated by the 

splitting of H2 at the surface of the metal nanoparticles onto the underlying support [5, 16]. The form in which 

the spiltover H atoms can interact with carbon-based supports has been under debate for a long time. The 

possible migration of H onto perfect graphenic planes has been largely investigated, but it does not appear 

to be energetically favored [17-19]. In contrast, in recent years, several studies indicated that terminations 

of the aromatic domains, defects, heteroatoms, or dopants are fundamental in enhancing the spillover 

process over carbonaceous materials [5, 20, 21]. 

Among the available characterization techniques, Inelastic Neutron Scattering (INS) spectroscopy has the 

great advantage to be very sensitive to the signal arising from the H-containing species in the sample [22]. 

When dealing with metal nanoparticles supported on carbonaceous materials in the presence of H2, it allows 

to simultaneously observe the signals of the rotational transitions of free and physisorbed H2, as well as the 

vibrational transitions of H bonded on the activated carbon and on the metal nanoparticles in the form of 

hydrides [15, 23-30]. In this work, we report the results obtained by measuring the INS spectra in the 

presence of H2 of an activated carbon obtained via physical activation of a wood precursor with steam, and 

of two catalysts obtained by depositing highly dispersed Pt and Pd nanoparticles on said support at the 

relatively modest metal loading of 5 w/w%. For comparison, also the spectra obtained for similar Pt/Al2O3 

and Pd/Al2O3 samples will be shown and discussed. These same samples were already widely investigated by 

employing multiple techniques in the past [31-36], and in the current work we aim to present the full 

potential of modern INS spectrometers in measuring very subtle spectral modifications, providing important 

insights about the differences in H2 physisorption, metal hydrides formation and H-spillover in activated 

carbon-supported catalysts. 



2. Experimental and methods 
2.1. Samples and preparation 

The samples described in this work were provided and prepared by the company Chimet S.p.A. The alumina-

based samples are supported on a transition alumina (SSA = 116 m2g−1; pore volume = 0.41 cm3g−1) 

hereinafter referred to as Al2O3. For the activated carbon-based samples, instead, a physically activated 

carbon of wood origin (SSA = 1018 m2g−1, pore volume = 0.63 cm3g−1) was employed as the support, 

hereinafter referred to as CwA. The Pd-containing samples were prepared following the deposition-

precipitation method described in [37, 38], by using Na2PdCl4 as the metal precursor and Na2CO3 as the basic 

agent. Analogously, the Pt-containing samples were prepared by a deposition-precipitation method similar 

to the one described in [39]. Samples Pd/Al2O3 and Pd/CwA were pre-reduced in a HCOONa solution at 55°C 

for 1 h, Pt/CwA was pre-reduced with the same solution at 80°C, while Pt/Al2O3 was not pre-reduced after 

the preparation. Finally, all samples were carefully washed with distilled water to remove all the residual Cl, 

and then dried overnight at 120°C. The labels used for each sample and their main features are summarized 

in Table 1. 

Table 1: Summary of catalysts investigated in the present work and of their main features: support, metal loading, and metal 
dispersion evaluated by means of CO chemisorption. 

Label Support Metal Dispersion 

Pt/CwA Activated carbon Pt (5w/w%) 72 %  
Pd/CwA Activated carbon Pd (5w/w%) 24 % 
Pt/Al2O3 Al2O3 Pt (5w/w%) 80 % 
Pd/Al2O3 Al2O3 Pd (5w/w%) 24 % 

 

2.2. INS measurements 

The INS spectra were measured on the instrument IN1/Lagrange at the ILL in Grenoble (France) [40-42]. The 

spectra were collected from 24 to 2000 cm-1 with a resolution ΔE/E = 2%. Prior to each measurement, an 

amount of sample comprehended between 1.6 and 2.4 g was outgassed at a temperature of 393 K to remove 

all physisorbed water and, in the case of the metal-containing catalysts, reduced by sending 100 mbar of H2 

for three times at 393 K and then further outgassed at the same temperature. All the following sample 

handling was performed within a glovebox to avoid the re-adsorption of water vapor. The samples were then 

inserted within cylindrical Al cells (height = 4 cm; diameter = 16 mm), sealed with In wire, mounted on a gas 

injection stick and connected to a gas dosing device. For all the experiments, the sample was at first measured 

as such under vacuum, and then after dosing H2 up to the desired equilibrium pressure. H2 dosing was 

performed at room temperature, and then the sample was cooled to 24 K for the whole duration of the 

measurement by employing a CCR (closed cycle refrigerator) cryostat. The details of all the experiments are 

summarized in Table 2. The spectra were measured by using the Si(111), Si(311) and Cu(220) 

monochromators, and the obtained spectral ranges were merged by using the procedure described in [31]. 

The difference spectra shown in sections 3.2 and 3.3 were calculated over spectra re-binned over three or 

five consecutive points to reduce the noise level of the signal. 

 

 

 

 

 

 

 

 



Table 2: Summary of the measurement conditions employed for the experiments herein discussed. 

Measurement Sample Temperature of the INS 
measurement (K) 

Equilibrium H2 pressure (mbar) 

1 
1a 
1b 

 

CwA 24 K 0 
230 
450 

2 
2a 
2b 

 

Pt/CwA 24 K 0 
230 
420 

3 
3a 
3b 

 

Pd/CwA 24 K 0 
230 
430 

4 
4a 

 

Pt/Al2O3 24 K 0 
130 

5 
5a 

Pd/Al2O3 24K 0 
430 

 

3. Results and discussions 
3.1. H2-physisorption  

The INS spectra of CwA measured under vacuum and in the presence of 230 and then 450 mbar of H2 are 

reported Figure 1A. The main signals present in the spectrum of bare CwA are observed in the 750-1000 cm-

1 spectral range, corresponding to the out-of-plane bending modes of the C-H terminations in the graphenic 

domains, and in the 1000-1600 cm-1 region, which is associated with the in-plane bending modes of said 

terminations. Furthermore, the signals in the 400-700 cm-1 spectral range are attributed to the so-called 

riding modes, i.e. deformation modes of the carbon skeleton enhanced by the displacement of H atoms 

bonded to it [32, 43]. The region of the bending modes is the most informative one and is diagnostic of the 

amount of C-H terminations in the activated carbon sample and of the morphology of the graphenic domains 

[32, 44]. The INS spectra of Pt/CwA and Pd/CwA (Figure 1B and C) exhibit very similar profiles to the one of 

CwA, and mostly differ for a slight decrease in intensity of the signals in the 750-1000 and 1000-1600 cm-1 

ranges. This decrease was attributed to the interaction between the metal nanoparticles and the terminal C-

H groups of the aromatic domains, and is commented more in detail in reference [32]. 

When dosing H2, CwA is able to physisorb relevant amounts of gas. This phenomenon results in a 

significant modification of the INS spectra, highlighted in the difference spectra in Figure 1A’, B’ and C’. More 

in detail, the new sharp signal at 120 cm-1 is due to the J(1←0) rotational transition of H2, while the broader 

signals centered around 260 and 1430 cm-1 are assigned to the J(1←0) and J(3←0) rotational transitions 

shifted by the recoil energy [31, 45-47]. The differential spectra for Pt/CwA are very similar to those of CwA 

(Figure 1B’), while for Pd/CwA the intensity of the signal attributed to physisorbed H2 is much weaker (Figure 

1C’). Additional weak signals appear in the Pt/CwA and Pd/CwA differential spectra upon H2 dosing, and are 

related to the formation of other hydrogenous species following the interaction of H2 with the metal 

nanoparticles, as it will be discussed in further detail in sections 3.2 and 3.3. 

 More detailed information on H2 physisorption in the three samples can be retrieved by taking a 

closer look at the J(1←0) rotational transition at 120 cm-1. For this purpose, the magnification of said signal 

for CwA, Pt/CwA and Pd/CwA at the highest H2 equilibrium pressure is reported in Figure 2. Three 

components centered at 107, 120 and 132 cm-1 are clearly visible: the central peak is associated with the 



J(1←0) rotational transition of the free H2 molecule, while the peripheral signals are due to the perturbation 

of said signal upon physisorption of the H2 molecules on the support. The signal splitting is due to the loss of 

degeneracy between the (J=1, M=0) and (J=1, M= ±1) energy states, and the observed 2:1 intensity ratio 

between the 107 and the 132 cm-1 peaks indicates that the H2 molecules are adsorbed side-on onto the 

carbon support [31, 46]. The spectra of the H2 rotor is very similar for CwA and Pt/CwA, and they mostly differ 

for the broader profile of the side peaks in the latter case. This observation, commented more in detail in ref 

[31], has been interpreted in terms of two additional and weak signals at about 90 and 150 cm-1, which have 

been attributed to molecular H2 physisorbed on the hydrogenated Pt nanoparticles. The nature of the H2 

rotor signal is instead quite different for the Pd/CwA shown in Figure 2C. Albeit all three samples underwent 

H2 dosing at room temperature up to comparable equilibrium pressure and were then cooled to 24 K for the 

INS measurements, Pd/CwA was the only sample to present such weak signals corresponding to the rotor of 

molecular H2 in its spectrum. The profile of the signal is also clearly different: in this case, the central peak at 

120 cm-1 is by far the most intense one, while the satellite peaks at 107 and 132 cm-1 are barely visible. These 

observations, together with the weak recoil profile (Figure 1C’) indicate that less gaseous H2 was present in 

the cell, and also that very little H2 was physisorbed on the activated carbon surface. This suggests that the 

H2 dosed at room temperature was converted into other species upon the cooling of the sample preceding 

the measurement. Considering that Pd was observed to absorb larger amounts of H2 at low temperature [48], 

we hypothesize that the amount of molecular H2 in the cell decreased when cooling the sample in favor of 

the formation of Pd hydride species. 



 
Figure 1: INS spectra of CwA (A), Pt/CwA (B) and Pd/CwA (C) measured in vacuum and in the presence of two H2 equilibrium pressures. 
The spectral contributions corresponding to the H2 rotor on CwA were obtained by calculating the differences 1a – 1 = 1’a and 1b – a 
= 1’b, and are shown in part A’. The analogous differences calculated for Pt/CwA and Pd/CwA are shown in panels B’ and C’, 
respectively. 



  

Figure 2: Detail over the J(1←0) rotational transition for CwA (A), Pt/CwA (B) and Pd/CwA (C). Notice that part C was plotted on a y 
range three times smaller than in parts A and B. 

3.2. Metal hydrides formation 

Pt and Pd are very active metals for splitting H2, resulting in the formation of superficial and/or bulk metal 

hydride species detectable by INS. In the case of activated carbon-supported samples, the analysis of the INS 

spectral profiles of said species is hampered by the overlapping signals of physisorbed H2 (as discussed in 

section 3.1) and spiltover species. To easily describe and isolate the spectral features of Pt-H and Pd-H alone, 

we thus decided to start our analysis from the simpler Pt/Al2O3 and Pd/Al2O3 samples, whose INS spectra 

under vacuum and in the presence of H2 are shown in Figure 3A and B. The spectra of the two samples 

measured under vacuum are the same, and are characterized by a very broad signal centered around 900 

cm-1 which is ascribed to bending and deformation modes of -OH groups at the surface of alumina [49, 50]. 

This support presents a much lower surface area than the activated carbon one and, consequently, the 

spectral profile of physisorbed H2 was not observed in this case. Also, no modifications to the spectral 

features of the surface -OH groups are observed, indicating that no H-spillover occurred under these 

experimental conditions. Generally speaking Al2O3, being a non-reducible support, is not prone to relevant 

H-spillover [51]. In our experience, we were only able to observe a very small increase of the INS signal of -

OH groups on a highly dehydroxylated Pt/Al2O3 sample, obtained by pre-treating the sample by outgassing 

at 573 K. Thus, the only possible contributions to the difference spectra calculated in Figure 3A’ and B’ 

correspond to Pt-H and PdH species, respectively. 

More in detail, the complex profile in Figure 3A’ corresponds to the bending modes of surface Pt-H 

species (350-750 cm-1) and to the stretching modes of multi-folded Pt-H species (800-1600 cm-1). The full data 

analysis, discussed in more detail in ref [49], also pointed out a strong dependence of this spectral profile on 

the hydrogenation conditions (i.e. the temperature and the H2 equilibrium pressure). In this respect, the 

comparison between experimental and simulated spectra confirmed that the employed conditions lead to a 

very high degree of H-coverage, and that under said conditions the Pt nanoparticles reconstruct into 

cuboctahedric or disordered morphologies in which the interaction between the nanoparticle and the 

support is weakened in favor of the formation of new Pt-H bonds. The difference spectrum calculated for 

sample Pd/Al2O3 and shown in Figure 3B’ presents a large and asymmetric peak centered at 463 cm-1, 



corresponding to the vibrational modes of the β-PdH phase. The weaker signal above 850 cm-1 is instead 

associated with the first overtone of said modes [23, 52]. The presence of some residual α-PdH phase, 

identifiable by a signal at about 555 cm-1 [15, 53] or of Pd-H species at the surface [15, 54-57] cannot be 

completely ruled out as their signals would be subsided to the broad and more intense signal of the β-PdH 

phase. 

 

Figure 3: INS spectra of Pt/Al2O3 and Pd/Al2O3 (A and B, respectively) measured under vacuum and in the presence of H2. The difference 
spectra, containing the INS profile relative to the new species formed in H2 atmosphere, are reported in A ’and B’. 

The spectra of the hydrogenous species formed upon interaction of Pt/CwA and Pd/CwA with H2 are 

shown in Figure 4A’, A”, B’ and B”. In this case, the simple difference between the spectra measured in 

hydrogen and the spectra of the bare samples under vacuum are still dominated by the recoil profile of 

physisorbed H2, hindering a clear interpretation (see spectra 2a’, 2b’, 3a’ and 3b’ in Figure 1). Thus, we further 

subtracted the contribution of physisorbed molecular H2 (spectra 1’a and 1’b in Figure 1) after normalization 

to the H2 amount, in order to isolate the spectral profile of the sole new H-containing species formed in the 

samples. The double differential spectra calculated for Pt/CwA are reported in Figure 4A’ and A”. To ease the 

comparison, the spectrum of the Pt-H species obtained for the Pt/Al2O3 sample (spectrum 4’a in Figure 3) is 

also shown. Albeit the very weak intensity of the signals, a remarkable resemblance between these spectra 

is clearly observed in the 400-700 cm-1 region. The matching of this signal in the two experiments both in 

terms of position and of the spectral profile strongly suggests that the hydrogenated Pt nanoparticles present 

a cuboctahedric morphology also in Pt/CwA. Analogously to what observed for the Pt/Al2O3 sample under 

similar conditions [49], the Pt nanoparticles in the presence of H2 would thus be characterized by a weak 

degree of interaction with the support in favor of the complete solvation by the adsorbate. In the 800-1600 

cm-1 region, instead, where the corresponding stretching modes of the multi-folded Pt-H species would be 

expected, the differential spectra of Pt/CwA and Pt/Al2O3 in the presence of H2 are clearly different due to 

the prevalence of new bands in the former case, as will be discussed in more details in section 3.3. 

The same comparison for the Pd-based catalysts is shown in Figure 4B’ and B”. The differential 

spectrum for Pd/CwA is characterized by a main peak centered around 465 cm-1, which strongly resembles 

the signal of the β-PdH phase already observed for Pd/Al2O3 (Figure 3B’). Also for the Pd/CwA measurements, 

further signals are present in the 800-1600 cm-1 spectral range and will be discussed in section 3.3. The two 

spectra obtained for experiments 3a and 3b are quite similar, apart from a much more pronounced signal 

between 550 and 700 cm-1 observed for experiment 3b (Figure 4B”). This signal, neither observed in the 

Pd/Al2O3 sample nor at lower amounts of H2, is too intense to be attributed to the asymmetric broadening of 

the β-PdH signal and is likely to be associated with other Pd-H vibrations. A similar change in intensity at 

about 660 cm-1 was observed in the past by Albers et al after consecutive cycles of H2 absorption and 



desorption on a 20% Pd/C sample [23]. The authors attributed the presence of this signal to sub-surface Pd-

H species, and they interpreted its decrease in terms of a reduction of said sites due to a lattice relaxation 

favored by the consecutive H2 absorption-desorption cycles. Indeed, the formation of sub-surface hydride 

species in Pd nanoparticles has been widely reported, and the formation of hydrides in both octahedral and 

tetrahedral interstices was observed [13, 25, 58]. According to previous studies, H atoms in tetrahedral 

interstices may contribute to the signal observed at about 980-1000 cm-1 [25, 59], while H in octahedral 

interstices are a more plausible assignment for the 600 cm-1 shoulder [29, 60]. The population of surface Pd-

H sites upon larger H2 pressure can also be hypothesized. In particular, past HREELS studies reported two 

vibrational modes of H bonded on the Pd(100) surface at 507 and 612 cm-1 [56, 57], while signals at 773 and 

999 cm-1 were observed for H chemisorbed on the Pd(111) surface [54]. 

  

Figure 4: INS spectra of Pt/CwA and Pd/CwA as such and in the presence of two increasing H2 equilibrium pressures (panels A and B, 
respectively). The profile of the hydrogenous species formed upon interaction of the samples with H2 were obtained by subtracting 
the spectra of the catalyst as such to the one in H2 and by further subtracting the contribution of molecular H2 shown in Figure 1A’, 
resulting in the double differential spectra shown in parts A’, A”, B’ and B”. The spectral profiles of Pt-H and Pd-H species obtained for 
the Al2O3-supported samples are shown as a reference, and were normalized and shifted vertically for clarity. 

3.3. H-spillover onto the carbon support 

In all the differential INS spectra of the Pt/CwA and Pd/CwA samples measured in the presence of H2, it is 

possible to observe the formation of two sets of signals in the 800-1000 and 1000-1600 cm-1 ranges (see 

Figure 4A’, A”, B’ and B”). These changes were instead not observed in the case of the sole CwA support 

(Figure 1A’). On a closer inspection, it is possible to notice that the maxima position of said peaks corresponds 

to the C-H bending signals in the original spectra (spectra 2 and 3 in Figure 4). This indicates a slight increase 

in the amount of the C-H terminations of the activated carbon following the migration of H atoms from the 

metal nanoparticles onto the support, and it is a direct observation of H-spillover. It is also worth noticing 

that the signal observed are typical of C-H terminations of aromatic domains in which the C hybridization is 

sp2, meaning that the spillover process we observed does not cause a change in the hybridization state of the 

C atoms involved. The fact that the phenomenon is only observed for the supported Pt and Pd samples also 



confirms that, under these experimental conditions, an active phase able to split the H2 molecule is required 

to observe a sensible amount of chemisorbed H on the carbon support [4, 5]. In the past this phenomenon 

was already observed by INS on similar catalysts [15, 23, 26] but, to our knowledge, this is the first time it is 

reported so clearly on samples with a modest metal loading of 5 w/w%. 

It is generally assumed that a few unsaturated border sites along the aromatic platelets are the ones being 

hydrogenated following the H-spillover process [15, 23]. Considering that we previously observed a slight 

decrease in the amount of C-H terminations upon the metal nanoparticles deposition (as evident when 

comparing spectra 1, 2 and 3 Figure 1, and better discussed in references [31, 32]), it is plausible that the H-

spillover phenomenon observed in this experiment corresponds to a restoration of part of said terminations. 

A precise quantification of the splitover H onto the carbon support for the two samples is hindered 

by the overlapping with some weaker signals relative to the metal hydride species, already commented in 

section 3.2, but some qualitative considerations can be done. In the case of the Pt/CwA sample, within the 

measurement error, the amount of new C-H terminations formed upon H-spillover seems similar between 

measurements 2a and 2b (Figure 4A’ and A”), meaning that the spillover process was likely to be completed 

already after dosing H2 for the first time. In the case of Pd/CwA instead, a significant increase of the signals 

related to terminal C-H species is observed between measures 3a and 3b (Figure 4B’ and B”). As already 

commented in section 3.1, the formation of bulk Pd-H species is the dominating process during measure 3a, 

while further dosing of H2 in measure 3b resulted in a small amount of physisorbed H2 and in an increase of 

H-spillover onto the support. 

 

4. Conclusions 

In this work, we present our investigation of the interaction of H2 with an activated carbon and two catalysts 

obtained by depositing Pt and Pd nanoparticles on it, by focusing on the information obtained by means of 

INS spectroscopy. We were able to analyse the physisorption process of molecular H2 by comparing the 

characteristic signal for the J(1←0) rotational transition on the three samples. CwA and Pt/CwA exhibit similar 

features, typical of H2 molecules physisorbed side-on onto the carbon support. In addition, Pt/CwA presents 

some additional and weak signals attributed to H2 physisorbed on the hydrogenated Pt nanoparticles [31]. 

The Pd/CwA sample instead presented a significantly different spectral profile, characterized by very weak 

bands corresponding to physisorbed H2. Considering that all three samples were brought to comparable H2 

equilibrium pressure upon dosing H2 at room temperature, and that Pd was shown to absorb a larger amount 

of hydrogen at a lower temperature, we attribute this behavior to an enrichment of the Pd-H phase while 

cooling the sample down to 24 K performed before starting the measurement. 

Following, we focused our attention on the metal hydride species formed in the Pt/CwA and Pd/CwA 

samples. In the former case, the spectral profile corresponding to the vibrational modes of PtxHy 

nanoparticles in cuboctahedric or disordered morphology and in weak interaction with the support was 

observed. In analogy to what was previously observed on a Pt/Al2O3 sample, this morphology may be 

attributed to the reconstruction of the supported Pt nanoparticles upon increasing the H2 equilibrium 

pressure of the system [49]. For the Pd/CwA sample instead, the typical signals of the β-PdH phase can be 

observed in both the experiments, and under a higher H2 loading a new signal ascribable to subsurface and 

surface PdH species also arises. 

Finally, signals assigned to H-spillover were observed on both Pt/CwA and Pd/CwA. The occurrence 

of the phenomenon is evinced by the intensification of the typical signal corresponding to the bending modes 

of the C-H terminations of the activated carbon support. So that a decrease of these C-H terminations was 

observed following the deposition of the metal nanoparticles onto the support, we hypothesize that the H-

spillover herein observed consisted in the restoration of part of said terminations. Furthermore, the observed 

spectral features indicate that the C atom involved did not undergo any change of hybridization, as the 

formed bands are typical of C-H terminations in aromatic structures in which the hybridization state of C is 

sp2. In the case of Pt/CwA the spillover process seems to be completed already after the first H2 dosing, while 



in the case of Pd/CwA the formation of PdH species was the dominant phenomenon during the first dosing 

and a significant increase in splitover H and physisorbed H2 were observed following the second H2 dosing. 

Overall, these findings are important to better understand the real behavior of these catalysts under 

hydrogenation conditions, and the forms in which they are able to store hydrogen. 
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