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1- Thermal programmed desorption rate model

We introduce a model based on population dynamics equations to fit the TPD spectrum 

displayed in Fig. 1a [1–4]. As explained in the main text, our experimental results reveal that n-

octane undergoes the following dehydrogenation scheme: First, above 330 K, physisorbed n-

octane ( ) suffers a single dehydrogenation at one of its methyl ends and chemisorbs (𝐶8𝐻18

). Second, above 600 K, chemisorbed molecules undergo a fast dehydrogenation at two 𝐶8𝐻17

adjacent carbon atoms yielding a double bond within the carbon skeleton ( ). To fit our 𝐶8𝐻15

TPD data we propose that these reactions behave as first order processes governed by rate 

constants,  and , that follow the Arrehnius law . Here,  corresponds to 𝐾1 𝐾1
𝐾𝑖 = 𝐴𝑖·𝑒𝑥𝑝( ‒ 𝐸𝑖

𝑘𝑇 ) 𝐴𝑖

the pre-exponential factor,  to the activation energy for the i-th reaction, which are used as 𝐸𝑖
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fitting parameters. Molecular rehydrogenation, has a negligible impact at temperatures above 

the recombinative desorption onset, after which the population of on-surface hydrogen atoms 

is almost zero due to rapid recombination. For simplicity, it has not been considered in our 

final model. High-temperature shoulders appearing near each TPD peak (see Fig. 1a) are 

attributed to coverage-dependent or substrate-adsorbate interactions arising at defective 

regions of the surface, which increment dehydrogenation energy barriers. The rate constants 

 and  govern the dehydrogenation reactions of the molecules adsorbed in these 𝐾𝑑𝑒𝑓
1 𝐾𝑑𝑒𝑓
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regions. The set of equations 1-6 describes the population dynamics of the n-octane 

adsorbates and a scheme of the reaction is presented in Fig. S1. 

(1)  

𝑑[𝐶8𝐻18]
𝑑𝑡

=‒ 𝐾1·[𝐶8𝐻18]

(2)  

𝑑[𝐶8𝐻18
𝑑𝑒𝑓]

𝑑𝑡
=‒ 𝐾1

𝑑𝑒𝑓·[𝐶8𝐻18
𝑑𝑒𝑓]

(3)  

𝑑[𝐶8𝐻17]
𝑑𝑡

= (𝐾1·[𝐶8𝐻18] + 𝐾1
𝑑𝑒𝑓·[𝐶8𝐻18

𝑑𝑒𝑓])·𝛼1 ‒ 𝐾2·[𝐶8𝐻17]

(4)  

𝑑[𝐶8𝐻17
𝑑𝑒𝑓]

𝑑𝑡
= (𝐾1·[𝐶8𝐻18] + 𝐾1

𝑑𝑒𝑓·[𝐶8𝐻18
𝑑𝑒𝑓])·(1 ‒ 𝛼1) ‒ 𝐾2

𝑑𝑒𝑓·[𝐶8𝐻17
𝑑𝑒𝑓]

(5)  

𝑑[𝐶8𝐻15]
𝑑𝑡

= (𝐾2·[𝐶8𝐻17] + 𝐾2
𝑑𝑒𝑓·[𝐶8𝐻17

𝑑𝑒𝑓])·𝛼2

(6)  

𝑑[𝑅𝑛𝑜 𝐻]
𝑑𝑡

= (𝐾2·[𝐶8𝐻17] + 𝐾2
𝑑𝑒𝑓·[𝐶8𝐻17

𝑑𝑒𝑓])·(1 ‒ 𝛼2)

Figure S1. Scheme of the dehydrogenation reactions releasing atomic hydrogen adsorbed on the surface and 

recombinative desorption of the latter as molecular hydrogen.

The ratio between the initial populations of   and  accounts for the intensity [𝐶8𝐻18] [𝐶8𝐻18
𝑑𝑒𝑓]

ratio of the hydrogen desorption peak, at 330 K, and its shoulder at 380 K. As the relative 

intensity peak/shoulder in the second dehydrogenation feature is different from that of the first 

feature (see Fig. 1a), the ratio between the produced  and  populations should [𝐶8𝐻17] [𝐶8𝐻17
𝑑𝑒𝑓]
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be different too. This means that populations at terraces and defective regions cannot be 

treated separately, but interconversion between adsorption configurations (e.g., due to 

diffusion) must be considered. The parameter , a number in the interval , effectively 𝛼1 [0,1]

represents the fraction of chemisorbed molecules not suffering an increase of the second 

dehydrogenation energy barrier upon reaction (in the absence of further dehydrogenation, 

). This parameter accounts for the intensity ratio of the second 𝛼1 = [𝐶8𝐻17] ([𝐶8𝐻17
𝑑𝑒𝑓] + [𝐶8𝐻17])

dehydrogenation peak, at 600 K and its shoulder.

On the other hand, the integrated intensity of the second dehydrogenation feature (peak 

and shoulder) is lower than that of the first dehydrogenation. That suggests that either not all 

the chemisorbed alkane undergoes the second dehydrogenation described in our text or not 

all the hydrogen produced is desorbed and/or detected. The parameter  corresponds to the 𝛼2

fraction of molecules that suffer the second dehydrogenation producing detectable hydrogen 

and accounts for the reduced desorption of hydrogen at around 600 K. We denote as  [𝑅𝑛𝑜 𝐻]

the population of adsorbates coming from chemisorbed molecules not producing detectable 

hydrogen at 600 K. Processes such as molecular reforming, clustering or direct desorption of 

the adsorbates[5] or subsurface migration of the hydrogen at defective regions [6] can conciliate 

the chemical and morphological changes experimentally observed at this temperature with the 

observed reduced hydrogen desorption.

On-surface atomic hydrogen, , and desorbed molecular hydrogen,  populations [𝐻𝑠] [𝐻2
𝑔𝑎𝑠],

are treated independently in our model. Diffusion of on-surface atomic hydrogen on Pt(111) 

presents an energy barrier as low as 0.074 eV [3], so atomic hydrogen diffusion is considered 

to be much faster than its recombination and it is excluded from our model. Hydrogen 

recombination is considered to occur via a second-order reaction followed by immediate 

desorption at the experimental temperatures [1,6]. Dissociative readsorption of molecular 

hydrogen is neglected as desorbed hydrogen is assumed to be continuously pumped away. 

Equations 7 and 8 govern the populations of hydrogen.

(7)

𝑑[𝐻𝑠]
𝑑𝑡

= 𝐾1·[𝐶8𝐻18] + 𝐾1
𝑑𝑒𝑓·[𝐶8𝐻18

𝑑𝑒𝑓] + 2·(𝐾2·[𝐶8𝐻17] + 𝐾2
𝑑𝑒𝑓·[𝐶8𝐻17

𝑑𝑒𝑓])·𝛼2 ‒ 2𝐾𝐻·[𝐻𝑠]2

(8)

𝑑[𝐻2
𝑔𝑎𝑠]

𝑑𝑡
= 𝐾𝐻·[𝐻𝑠]2

Our model does not explain the plateau feature appearing at 200 K, which is assumed to be 

related to desorption of unreacted n-octane molecules and the exposure to the vacuum of a 

higher area of the bare platinum surface.

For TPD fitting, pre-exponential factors ( ), activation energies ( ), and  and  were 𝐴𝑖 𝐸𝑖 𝛼1 𝛼2

used as free parameters. The simulated TPD spectrum is calculated as the derivative of the 
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total desorbed hydrogen with respect to time, supposing a heating rate of 2 K/s. The fitting 

was obtained in two steps. First, we adjusted the pre-exponential factors and the energy 

barriers to obtain the position of the maxima of each peak and shoulder in agreement with the 

experimental spectrum. Pre-exponential factors were constrained to the interval from  5·1012

s-1 to  s-1. In the case of hydrogen desorption parameters, a good agreement with 5·1013

literature was also obtained [1,3,7]. Second, the initial populations  and  and [𝐶8𝐻18] [𝐶8𝐻18
𝑑𝑒𝑓]

parameters  and  parameters were adjusted so the relative intensities and general shapes 𝛼1 𝛼2

of the peaks and shoulders match the observations. The experimental broadening of the 

spectrum is simulated by convoluting the resulting spectrum with a Gaussian function and the 

intensity has been normalized to the maximum of the experimental spectrum. The final TPD 

spectrum results are shown in Table 1. 

TPD feature  (s-1)𝐴𝑖  (eV)𝐸𝑖 Reaction Calculated energy (eV)

First peak 1·1013 0.85  dehydrogenation[𝐶8𝐻18] 0.90

First shoulder 1·1013 1.06  dehydrogenation[𝐶8𝐻18
𝑑𝑒𝑓] -

Second peak 4·1013 1.74  dehydrogenation[𝐶8𝐻17] 2.01

Second shoulder 4·1013 2.02  dehydrogenation[𝐶8𝐻17
𝑑𝑒𝑓] -

Hydrogen recombination 1·1013 0.87 Hydrogen recombination 0.92  0.18[1,3,8,9] ±

Table S1. Parameters used to fit the TPD spectrum in Figure 1 to our model (left part) and DFT calculated values 

for some reactions. Hydrogen recombination corresponds to the desorption of two hydrogen atoms as a molecule.
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[𝐶8𝐻18]

[𝐶8𝐻18
𝑑𝑒𝑓]

[𝐶8𝐻17]

[𝐶8𝐻17
𝑑𝑒𝑓]

[𝐶8𝐻15]

[𝑅𝑛𝑜 𝐻]

[𝐻2
𝑔𝑎𝑠]

[𝐻𝑠]

Figure S2. Evolution of the different populations as a function of time. The number of species has been normalized 

to the saturation coverage of physisorbed molecules if the Pt(111) surface was perfect. In this fit,  and 𝛼1 = 0.6

.𝛼2 = 0.15

Population evolution as a function of time is shown in Fig. S2 for the spectrum fitted in Fig. 1a 
in the main text. According to our model, the onset of the first dehydrogenation occurs at 

around room temperature, but effective recombination of the released hydrogen atoms, , [𝐻𝑠]

takes place above 310 K, resulting in a temporary accumulation of chemisorbed hydrogen. 

The onset of the first dehydrogenation at defective regions takes place above 350 K. The 

second dehydrogenation reaction initiates at 550 K on the terraces and at 650 K on defective 

regions. At these temperatures, the desorption of hydrogen is too fast to allow atomic 

hydrogen to accumulate on the surface. The dashed magenta curve represents the total 

amount of molecular hydrogen desorbed from the surface and detected at the spectrometer.
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2- Thermal evolution of the C1s XPS peak

Figure S3. a) Thermal-programmed XPS map of the C 1s contribution of a saturated sample of n-C8H18 dosed on 

Pt(111). The substrate was heated at rate of 2 K/s and each spectrum was acquired with an energy pass of 30 eV. 

b) Thermal-programmed XPS map acquired between 290 and 850 K, as indicated by the grey dashed lines in a) 

White lines separate the three dehydrogenation stages described in the main text. c) Same thermal-programmed 

XPS as in b) with background colors indicating the three dehydrogenation stages identified in our study (green: 

physisorption, yellow: chemisorption, blue: multiple dehydrogenation and cluster formation). 

In this section we provide additional figures of the XPS characterization of n-octane. Fig. S3a 
and b shows the Temperature Programmed XPS (TP-XPS)[10] characterization of n-octane 

deposition on Pt(111). In the experiments, the surface was exposed to adsorbates until the 

total intensity of the C 1s spectra acquired during deposition reached a steady maximum, 

indicating saturation is reached.  We annealed the sample following a temperature ramp of 2 

K/s from 77 K to 1000 K and took XPS spectra in snapshot mode with an energy resolution of 

10 meV. The energy range of the detector was set so that it covered the whole range of the 

spectrum to collect all the electrons simultaneously (snapshot mode) and reduce acquisition 

time to 3.2 seconds per spectrum.

At low temperatures, the high intensity of the multilayer forces us to use low photon fluxes 

to protect the detector, which rends signal at higher energies too dim at the temperatures of 

interest for our study. For that reason, a second TP-XPS experiment was conducted between 

290 K and 850 K with a photon flux twice as high as in the previous case. Three chemically 

different regions can be clearly identified, separated with white dashed lines in Fig S3b. These 

lines coincide with the onset of the main hydrogen desorption peaks in Fig. 1a. No significant 

chemical changes occur at the temperatures at which shoulders appear in TPD spectra (390 
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K and 700 K), supporting the hypothesis that they are due to dehydrogenation of a small part 

of the adsorbates at higher temperatures in defective regions of the sample. Above 875 K 

progressive graphitization of the surface leads to formation of graphene patches, giving rise 

to a new peak at 284.5 eV [11] that corresponds to graphene. Above 1000 K, this peak becomes 

dominant over all the other contributions, indicating that adsorbates have completely 

dehydrogenated at these temperatures. 

Figure S4. C-1s high-resolution XPS spectrum of a multilayer of n-octane after deposition on Pt(111) at 77 K 

without annealing. Three different peaks appear at 283.0, 283.4 and 283.8 eV. Relative intensities with respect to 

the peak at 283.0 eV are 1, 0.59 and 0.15 respectively.

A high-resolution spectrum of an as-prepared multilayer sample is shown in Fig. S4, in which 

three contributions at 283.0, 283.4, and 283.8 eV appear. As molecules of the multilayer 

interact with the surface in a different way than monolayer molecules do, direct correlation of 

these peaks with those of the physisorbed phase spectrum in Fig. 1b is not possible. We 

assign the most intense peak at 283.0 eV to the adiabatic photoionization of the carbon atoms 

of the n-octane and the other two to vibrational replicas of the main peak. Desorption of the 

multilayer phase occurs at a temperature of 290 K, with a 75% reduction of the total C 1s 

intensity (Fig S4).

Fig. S5 shows the intensity evolution of the main contributions analyzed in the main text 

(283.1, 283.5, 283.7, 283.9, and 284.4 eV) plus the graphene peak appearing at higher 

temperatures (284.5 eV, orange). This graph is the result of an automatized fitting of all the 

individual spectra of the TP-XPS map in Fig S3. We remark that the low signal-noise ratio of 

TP-XPS individual spectra only permit a qualitative interpretation of the spectra. A progressive 

reduction of the total intensity of the C 1s spectra with increasing temperature is observed, 

suggesting that desorption of some part of the adsorbates takes place.
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Figure S5. Relative intensities of the XPS contributions described in the main text (Fig 1b, c and d). The drop in 

intensity at 280 K corresponds to the desorption of the multilayer. Above 800 K a new contribution arises, assigned 

to graphene patches formed after deep dehydrogenation and aggregation of the adsorbates.

A quantitative analysis of the XPS intensities in the high-resolution spectra is shown in Fig. 
S6. Assignment of each contribution to a particular type of carbon atom constitutes a 

challenging task due to the complex vibrational profile that hydrocarbon contributions display 

(see main text). A precise quantitative analysis would require an exact knowledge of the 

energies and excitation probabilities of the C−H stretching modes at all the different 

dehydrogenation stages dehydrogenation, which cannot be easily obtained. For that reason, 

values shown in Fig. S6b are only approximated. To calculate them, we have subtracted first 

the intensity associated to the remnants of the multilayer, using the intensity of the peak at 

283.0 eV and the ratio obtained from Fig. S4. This way, only the contributions from the 

monolayer were considered. Afterwards, assignment of intensities to each type of carbon atom 

was conducted considering the vibrational replicas due to simultaneous excitation of the C−H 

stretching modes.

The peak at 283.5 eV is related to −CH3 groups. Its vibrational replica should appear at 

around 283.9 eV, which means that it coincides with the peak at 283.95 eV. Therefore, the 

accurate shape of the vibrational profile cannot be resolved. As a first approximation, to 

calculate the intensity of the replica we have assumed that the quotient of the intensities of 

the main peak and its vibrational replica are equal for the −CH3 and −CH2− contributions (Fig. 
S6b). In the case of the peak at 283.7 eV (C−Pt), no vibrational replica is detected at around 
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284.1 eV, where it should be resolved from other peaks. This suggests that interaction with 

the surface hinders the excitation of the stretching modes at the surface-bound carbon atom.

At the second stage of dehydrogenation (600 K – 900 K) double bonds appear within the 

carbon skeleton of n-octane. As the photoelectrons from the corresponding carbon atoms 

present a binding energy around 283.4 eV, they cannot be distinguished from those coming 

from methyl-end carbon atoms. To estimate the intensity corresponding to each type of carbon 

atom, first we have assumed that the proportion of −CH3 carbon atoms with respect to the 

total should remain approximately equal to that of the previous stage (this would be the case 

if dehydrogenation at this stage took place only at −CH2− carbon atoms as our DFT 

calculations suggest). After obtaining the intensity of the main −CH3 and its replica, we assign 

the rest of the intensity to the −CH=CH− carbon atoms.

  

Figure S6. a) Binding energies and intensities of the different contributions to the high-resolution C-1s XPS spectra 

in Fig. 1b, c and d. b) XPS intensities associated at the different chemically inequivalent carbon atoms of the 

adsorbates. after subtracting the intensity corresponding to the multilayer.

At the physisorbed state, n-octane presents two types of inequivalent carbon atoms: two −CH3 

and six −CH2−. Our quantitative analysis approximately agrees with this proportion 1:3, but 

the intensity associated with −CH2− is slightly lower than expected. This fact suggests that 

C−H stretching excitation at the methyl end upon photoionization is less probable than at inner 

carbon atoms or that some modifications of the saturated carbon skeleton (e.g., fragmentation 

or isomerization) could be happening at defects. At the chemisorbed state, the adsorbates 

present three types of inequivalent carbon atoms: one −CH3, six −CH2− and one C−Pt. Again, 

the proportion obtained from our estimations approximately agrees with this proportion, but 
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the −CH2− fraction is slightly lower than expected. At the second dehydrogenation stage, if all 

molecules underwent the double dehydrogenation explained in the main text (Fig. 4), 

adsorbates would present 4 types of inequivalent carbon atoms: one −CH3, four −CH2−, two 

−CH= and one C−Pt. Our quantitative analysis suggests that there is a higher proportion of 

C−Pt carbon atoms than expected and a lower proportion of double bonds and −CH2−. This 

points to higher interaction of the adsorbates with the Pt surface and modifications within the 

carbon skeleton of the molecules.
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3- Hydrocarbon fragments detected in TPD experiments

a) b)

Figure S7. a), b) TPD spectra of CxHy fragments from corresponding to two different experiments. These fragments 

are produced by cracking of intact n-octane from the desorption of a dense monolayer phase. The maxima are 

located at around 275 K.

Fig. S7 displays the TPD spectra of the CxHy masses typically related to alkane fragmentation 

upon ionization at the mass spectrometer. Only between 250 and 290 K are these fragments 

detected. This range of temperatures coincides with the desorption of intact n-octane 

molecules from the multilayer from the Pt(111) surface as shown in TP-XPS maps (Fig S3a). 

In m/z= 2 spectra, this desorption coincides with the plateau feature that precedes the first 

dehydrogenation peak. At higher temperatures, these CxHy fragments were not detected, 

indicating that desorption of alkane, fragmented or not, is below the sensitivity of our mass 

spectrometer in the monolayer regime. This fact stems from the strong interaction between 

the adsorbates and the surface after formation of covalent C−Pt bonds.
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Figure S8. Mass/charge (m/z) 28 TPD spectrum, presenting two features with the maxima at 275 and 450 K. These 

features correspond to fragmentation of n-octane molecules desorbing from the multilayer and the desorption of 

CO molecules adsorbed from residual gas in the chamber. Mass 2 spectrum is also shown as reference.

Figure S8 shows the mass spectrum of mass 28 in the full range of temperatures of study 

(100-800 K). This spectrum displays two peaks, whose maxima are located at 275 K and 450 

K respectively. The first one corresponds to fragmentation of intact molecules desorbed from 

the multilayer, as indicated in the previous paragraph. The peak at 450 K coincides with the 

desorption of CO molecules adsorbed from the residual gas at lower temperatures [12]. The 

previous does not interfere with our interpretation of the XPS C 1s spectra as the binding 

energy at which the CO peak appears (around 286.7 eV according to our experiments) is well 

above the range of energies analyzed in our work (281.75 – 285.5 eV).

Mass 28 (x3)

Mass 2
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4- Morphological characterization of the adsorbates in STM images

Figure S9. a), b): 10 nm x 10 nm STM images from main text corresponding to the physisorption, chemisorption 

and clustering stages. Red lines indicate the path along which profiles in panels d), e), and f) are acquired. d), e), 

f): Height profiles from the STM images in panels a), b), and c). The lengths ( ) and heights ( , ) of the different 𝐿 ℎ ℎ1

features are calculated as the average of a large number of measurements and the errors as the standard deviation. 

Blue arrows indicate how these dimensions are measured.

Fig. S9 illustrates the procedure of morphological characterization of the adsorbate at each 

dehydrogenation stage. We took height profiles following multiple paths (e.g., those marked 

by the red arrows) to obtain a distribution of heights and lengths of an elevated number of 

adsorbates. Heights,  and , were measured from the background at both sides of the feature ℎ ℎ1

to the average of the maximum-heights points as indicated in Fig. S9c and d. Lengths, L, 

correspond to the lateral distances between the half-maximum points at each side of the 

molecules. In the case of chemisorbed molecules, the half-maximum point at the lobed end 

corresponds to half the height of the protrusion, . Values indicated in the figures has been ℎ1

obtained from the mean of a large number of measurements and the error margins are the 

standard deviations. 

𝐿 = 11.5 ± 1.5 Å
ℎ = 0.90 ± 0.10 Å

𝐿 = 13.5 ± 0.8 Å
ℎ = 0.80 ±  0.10Å
ℎ1 = 1.55 ± 0.05 Å

2 nm

2 nm

a)

b)

c)

d)

𝐿ℎ

𝐿
ℎ ℎ1
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Figure S10. STM image acquired after n-octane deposition on Pt(111) at 520 K (Vbias= 1V, I = 0.165 nA). Features 

display the same morphology as those of in Fig. 3 (deposition at 400 K), proving that molecules remain 

chemisorbed at 520 K. Molecules still form a disordered phase, without significant aggregation, suggesting that 

diffusion is not effective at this temperature or that high lateral repulsion between adsorbates is still present.

We conducted additional STM measurements on n-octane sample after annealing at 520 K 

(Fig. S10), temperature right below the onset of the second dehydrogenation peak and above 

the first dehydrogenation shoulder in TPD mass-2 spectra (Fig. 1a). Adsorbates on the 

terraces conserve the same morphology described for samples annealed at 400 K (single-

lobed rod-like features, see Fig. 3 in the main text). This demonstrates that reactions giving 

rise to the first dehydrogenation shoulder are related to dehydrogenation at defective regions 

rather than to dehydrogenation at terraces, as indicated in the main text and Section 1 of this 

supporting information. Molecules are still distributed in a disordered phase, indicating that 

diffusion, and subsequent aggregation, activates above 520 K.
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5- Simulated highest occupied molecular orbitals

Figure S11.  Isosurfaces containing 95% of the charge corresponding to the highest occupied molecular orbital 

states projected into the n-octane molecule for a) the physisorbed molecule, b) the chemisorbed molecule after 

first dehydrogenation, and c) molecule after a simultaneous double dehydrogenation yielding a double bond.

In Fig. S11, we show the projection on the molecules of the 95% charge density isosurfaces 

of the highest occupied molecular orbitals (HOMO) of the n-octane molecules physisorbed, 

chemisorbed, and chemisorbed after double bond formation between the third and fourth 

carbon atoms. The states related to the HOMO calculated to be located at bias voltages below 

-2.7 V. Interaction with the Pt(111) surface induces an asymmetry in the HOMO, even in the 

physisorbed state, that pushes the electrons away from the methyl end that points towards 

the surface. The diminished density of bonding states around this methyl end favors the 

cleavage of a C−H bond at the first carbon atom, while the charge density at the intact methyl 

end remains almost unaffected, making C−H bond cleavage there more unlikely. Once the 

C−Pt bond forms, a further decrease of the HOMO density is found around the hydrogen 

atoms at the third and fourth carbon atoms, favoring their subsequent dehydrogenation 

yielding a double bond. The charge density at the intact methyl end remains almost unaffected, 

making C−H bond cleavage there more unlikely.  
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In general, the C−H stretching vibrational modes are responsible for the approach of the H 

atom towards the catalytic surface. For that reason, C−H bond breaking will be favorable only 

at the hydrogen atoms that already protrude towards the surface at the lowest energy 

configuration of the adsorbate. Cleavage of other bonds not pointing towards the surface 

would require a considerable energy cost due to deformation of the molecule. Therefore, in 

this case, further dehydrogenation at the methyl end is highly unlikely compared to 

dehydrogenation at internal carbon atoms because, even though a significant decrease of the 

HOMO density happens at the remaining C−H bonds, they point away from the surface. In 

addition, further dehydrogenation at the methyl end would result in double or triple bond 

formation between the first carbon atom and the surface, which would force the molecule to 

adopt an energetically costly vertical configuration.
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6- Calculation of the energy reaction path 

Figure S12. a), b): Lateral and top views of the different dehydrogenation stages of n-octane on Pt(111). c) Energy 

profile for the sequential dehydrogenation reactions of n-octane. The blue curve corresponds to the reaction 

energies maintaining all the products adsorbed on the surface, as obtained by DFT calculations. The adsorption 

energy of hydrogen produced in previous stages (EH = –0.46 ± 0.09 eV per H atom) has been subtracted to obtain 

the red curve.

Figure S12c displays, for comparison, the as-calculated energy path for the dehydrogenation 

reactions (blue curve) and the effective energy path (red curve, see Fig. 5c in the main text) 

after subtracting the adsorption energy of the atomic hydrogen produced before the 

corresponding step. Accurate calculation of the energy path requires to keep the number of 

atoms constant during all the dehydrogenation steps. For that reason, in our calculations, we 

have constrained the hydrogen atoms separated from the molecule to remain adsorbed to the 

platinum surface (Fig. S12a and S12b). The as-calculated energy path follows the equation 

, where  corresponds to the total calculated energy for each configuration ∆𝐸0 = 𝐸𝐶 ‒ 𝐸𝑟𝑒𝑓 𝐸𝐶

along the reaction path and  is the energy of the physisorbed state. However, TPD 𝐸𝑟𝑒𝑓

experiments show that hydrogen atoms undergo rapid recombination and desorption at the 

temperatures required for C−H bond cleavage. Therefore, the binding energy of the previously 

cleaved hydrogen atoms (  eV [1,3,8,9], see main text) in our simulations must be 𝐸𝐻 =‒ 0.46 ± 0.09

subtracted for a proper comparison with the experimental situation, yielding the effective 

energy path [13,14] described in the main text. ∆𝐸 = 𝐸𝐶 ‒ 𝐸𝑟𝑒𝑓 ‒ 𝑛·𝐸𝐻

If hydrogen desorption were not considered, all the sequential dehydrogenation reactions 

would be exothermic, presenting a decreasing energy barrier after each step. In that case, 
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once the first and higher energy barrier (0.90 eV) were overcome, the following sequential 

reactions would occur immediately. Since this contradicts our STM and XPS results, which 

indicate that most molecules remain singly dehydrogenated in the temperature range 350-550 

K, we conclude that hydrogen removal is required for an accurate description of the 

dehydrogenation process.
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