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Abstract

The production of ethylene without its hydrogenation to ethane is a challenge for several
catalytic processes. Here, we present a catalyst screening scheme, where the Gibbs free energy
difference between the ethylene hydrogenation barrier and ethylene desorption energy is defined
as a descriptor for ethylene selectivity. Using planewave, dispersion-corrected DFT calculations,
we evaluated the descriptor values over the (111) facets of Pt, Pd, and Cu as well as a series of
Pt- and Pd-based bimetallic alloys. Our predicted descriptor values indicate that the addition of a
Group IB metal (Cu, Ag, or Au) to Pt or Pd improves ethylene selectivity. Ag induces the most
significant improvement at 50% while Au has the strongest effect at 75% atomic composition.
Pd-based alloys exhibit superior ethylene selectivity over their Pt-based counterparts. Our
descriptor model offers an efficient method for the initial screening of catalysts with improved

ethylene selectivity.
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Introduction

Ethylene is an important building block in the modern chemical industry for the production of
polyethylene and many other industrial chemical compounds. The production of ethylene
without immediate hydrogenation to the less valuable product, ethane, remains a selectivity
challenge for several chemical processes. The most studied example of such processes is the
selective hydrogenation of acetylene to ethylene (CoH> + Ho — C;H4). Industrially, catalytic
hydrogenation is the preferred method for converting acetylene impurities in cracking product
streams back to ethylene [1]. Pd-based catalysts are the most commonly used for this process [2].
Pure Pd typically over-hydrogenates acetylene to the undesirable product, ethane [3,4]. Alloying
Pd with a second metal effectively improves its selectivity towards ethylene. Pd-Ag is one of the
most widely used bimetallic alloy systems for acetylene hydrogenation [5-9]. Han et al.
demonstrated using TiO>-supported catalysts that when the Ag to Pd ratio reached 1:1 or above,
the bimetallic catalyst became highly selective towards ethylene formation (>80%) [5]. Other
promoter elements have also been studied, including Au [3,10,11], Cu [12,13], Ga [14,15], and
Zn [16,17].

Another example of a catalytic process involving the selectivity issue between ethylene and
ethane is the hydrodechlorination of 1,2-dichloroethane (1,2-DCA). This process is a promising
treatment method for industrial 1,2-DCA wastes [18]. The hydrodechlorination of 1,2-DCA can
proceed through either the ethylene path (CoH4Cl2 + H, — C;Hs + 2HCI) or the ethane path
(C2H4Clz + 2H> — C2He + 2HCI). A series of transition metal catalysts have been experimentally
tested for this chemistry. Monometallic Group VIII metals such as Pt [19,20] and Pd [21-23] are
active dechlorination catalysts, but they also hydrogenate ethylene and produce mostly ethane.
On the other hand, Cu is highly selective towards ethylene formation despite its low
dechlorination activity [19,24]. Bimetallic alloys, such as Pt-Cu [19,25-29], Pd-Ag [21,30-36],
Pd-Cu [24,33], Pt-Ag [37], and Pt-Sn [20,38] have been shown as the best catalysts for 1,2-DCA
hydrodechlorination in terms of both dechlorination activity and ethylene selectivity.
Vadlamannati et al. showed that a Cu to Pt atomic ratio of 3:1 or above was required for an
ethylene-selective Pt-Cu bimetallic catalyst [19]. Lambert and coworkers demonstrated that for a
Pd-Ag or Pd-Cu hydrodechlorination catalyst to be selective towards ethylene formation, the Pd

composition should be 33% or less [33].
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Despite the availability of a large number of experimental studies, mechanistic insights into the
origin of ethylene selectivity are still lacking, which hinders the rational catalyst design and
improvement. In the literature, a few density functional theory (DFT) studies have been found
for the selective hydrogenation of acetylene [39-45]. Most of these studies point to the
competition between ethylene desorption and its hydrogenation as the key factor that determines
catalyst selectivity. Liu demonstrated in the study of Pd-doped Ag nanoclusters that the surface
ethylene formed from hydrogenation of acetylene can be further hydrogenated to ethane if
contiguous Pd sites were present [42]. Zhang et al. performed detailed reaction kinetics analyses
for acetylene hydrogenation on several Pd-doped Cu/CuOx surfaces [45]. They showed that
ethylene selectivity can be correlated with the Gibbs free energy of ethylene adsorption and its
hydrogenation Gibbs free energy barrier. These DFT studies, however, focus on the detailed
reaction mechanisms on specific catalytic surfaces. Performing comprehensive DFT analyses for
a large number of candidate catalysts is time-consuming and thus not efficient for catalyst
screening purposes. Studt et al. performed a DFT-based catalyst screening study for the selective
hydrogenation of acetylene [46], where they used the heats of adsorption of ethylene and
acetylene as the selectivity and activity descriptors, respectively. They further correlated both
parameters with the heat of adsorption of a methyl group through scaling relations, which
allowed them to investigate a large group of catalyst candidates based on a single
thermochemical parameter. Their catalyst screening scheme, however, is potentially an
oversimplification of the reaction system, since no reaction kinetics parameters was involved.
For the selective dehydrogenation of ethane to ethylene, Hook and Celik proposed a model to
predict catalyst selectivity using the energy difference between the ethylene dehydrogenation
barrier and its desorption energy [47]. Their study focused on a specific set of Pt-based surface

alloys. Also, temperature and entropy effects were not accounted in their model.

Here, we seek to provide a fundamentals-based selection  scheme  for
hydrogenation/hydrodechlorination catalysts based on their ethylene product selectivity. We
propose a descriptor-based model where the Gibbs free energy difference between the ethylene
hydrogenation barrier and the ethylene desorption energy is defined as a descriptor for ethylene
selectivity. Our descriptor model explicitly takes into account the reaction kinetics; moreover,
the use of Gibbs free energy accounts for entropic effects which may become significant at

elevated reaction temperatures. We present the DFT-derived ethylene selectivity descriptor
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values for a series of monometallic and bimetallic alloys surfaces. Our method allows for
efficient screening of candidate surfaces with reasonable accuracy for the design of highly
selective hydrogenation/hydrodechlorination catalysts. In addition, our approach can be easily
generalized and applied to other reaction systems which involve competition between the

desorption and reaction of an intermediate product.
Methods

All the DFT calculations were performed using the Vienna Ab-initio Simulation Package (VASP)
[48,49], a plane wave total energy code. The electron-ion interactions were described by the
projector augmented-wave (PAW) potentials [50,51], and the exchange-correlation functional
was described using the generalized gradient approximation (GGA-PBE) [52]. The electronic
wave functions were expanded using plane waves with an energy cutoff of 400 eV. The
dispersion interactions were accounted for by adding to the conventional Kohn-Sham DFT
energy a correction term evaluated using the Tkatchenko-Scheffler method with self-consistent

screening (TS+SCS) [53].

All the metal surfaces were modeled by three-atomic-layer slabs periodically repeated in a
supercell geometry. Each slab consisted of a (4 x 4) unit cell, which corresponds to a surface
coverage of 1/16 ML. Adsorption was allowed on only one side of the two exposed surfaces of
each slab, and the electrostatic potential was adjusted accordingly [54,55]. The topmost layer and
all the adsorbate atoms were fully relaxed; the bottom two layers of each slab were fixed at their
truncated lattice position. In the vertical direction along the surface norm, any two successive
slabs were separated by at least 12 A of vacuum. The first Brillouin zone was sampled with a (4
x 4 x 1) Monkhorst-Pack k-point mesh [56]. Convergence of the total energy with respect to the
k-point set and energy cutoff was confirmed within 0.01 eV. A systematic error of 0.09-0.12 eV
was observed when we increased the slab thickness from three to four layers (with the bottom
two fixed), while the relative order of the energies remains unchanged (Table S1). Therefore, the
three-layer surface model serves the purpose of ranking different surfaces with reasonable
accuracy. Since the aim of our study is to provide a model for catalyst screening, we performed
all the calculations on the three-layer slabs as a compromise for the computational cost. This
allows for the sampling of a wide range of catalyst candidates within a short period of time. Our

calculated lattice constant values of all the metals and metal alloys involved in this work are
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summarized in Table S2; in general, the calculated lattice constant values are in good agreement

with the experimental ones.

The binding energies of individual surface adsorbates were defined with respect to their gas-

phase energy using Equation (1):
BE :E‘tot _Eslab _Egas (1)

where BE stands for the binding energy of the adsorbate, Ei for the total energy of the adsorbed
species and the slab, Esp for the total energy of the clean slab, and Eg,s for the total energy of the

adsorbate in the gas phase.

The transition states and activation energy barriers were identified using the climbing image
nudged elastic band (CI-NEB) method [57] with seven interpolated images in addition to the
initial and final states. The structures were relaxed until the maximum force on all images was
smaller than 0.1 eV/A. The transition states were confirmed by vibrational frequency analyses
[58] yielding a single imaginary frequency along the reaction coordinate. Entropies and heat
capacities of adsorbates and transition states were determined from the DFT-calculated

vibrational frequencies; detailed procedures were described in previous publications [59,60].
Results and Discussion

In this section, we first explain the definition of our ethylene selectivity descriptor. We then
present the calculated descriptor values on a series of monometallic and selected bimetallic alloy
surfaces and briefly explore the relationship between the kinetic and thermochemical parameters
in our model. In the end, we discuss implications of our results as well as potential applications

of this descriptor model.

To define the ethylene selectivity descriptor, we consider two possible reaction events when
ethylene is formed on the surface along with an adsorbed hydrogen atom (CH>CH»* + H*; *
denotes an adsorbed species or adsorption site): (1) desorption of both surface species to form
gas-phase ethylene and hydrogen (CH2CHx(g) + H2(g)), and (2) combination of both species to
form CH3CHz* (ethylene hydrogenation: CH,CH>* + H* — CH3CH2* + *) through a transition

state ([CH2CH2+H]*1s), which would ultimately lead to the formation of ethane, through a
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subsequent hydrogenation step. The idea is illustrated graphically by the Gibbs free energy
surface shown in Figure 1. The desorption Gibbs free energy (AGaes) and hydrogenation Gibbs
free energy barrier (AGrs) are defined by Equations (2) and (3), respectively:

1
AGdex = GCHZCHZ(g) + EGHg(g) - (GCHZCHz* + GH*) )
DGy = Gy cn,vlor, ~ (GCHZCHZ* + GH*) 3)

The ratio between the ethylene selectivity (Semyiene) and ethane selectivity (Sewmane) 1S governed by
the difference between the desorption and hydrogenation barriers as indicated in Equation (4),

where kp and T denote Boltzmann’s constant and temperature, respectively:

s -AG,,, /k,T
ethylene D - (AGTS ~AG )/ kT (4)
—DGrg IkyT

Sethane

Therefore, the ethylene selectivity descriptor (AG) can be defined using Equation (5):
AG=0Gs —AG,, )
where a larger AG value indicates higher selectivity towards ethylene formation.

[CH,CH,+H] "5
AG

AGrg

CH,CH,(g) + 1/2H,(9)

A Gdes

Gibbs free energy

CH,CH,* + H*

Figure 1: Graphic illustration of the definition of the ethylene selectivity descriptor (AG).

Using this descriptor model, we conducted a theoretical investigation of the ethylene/ethane
selectivity over the (111) facets of three pure metals (Pt, Pd and Cu), nine Pt-based bimetallic

alloys (Pt3Cuy, PtiCui, Pt1Cus, PtsAgi, PtiAgi, PtiAgs, PtsAui, PtiAui, and PtjAus), and nine Pd-
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based bimetallic alloys (Pd3Cui, PdiCui, PdiCus, Pd3Agi, PdiAgi, PdiAgs, PdsAui, PdiAuy, and
PdiAus). DFT calculations were performed to obtain the surface energetics and the results are
summarized in the Supplementary Information: the calculated binding energies and preferred
adsorption sites for all the surface species (H*, CH2CH2* and CH3CH>*) are listed in Table S3;
the optimized binding structures of the surface species and the transition states of ethylene
hydrogenation are shown in Figure S1; the calculated temperature-dependent thermochemistry
parameters of all the surface species and transition states are summarized in Table S4. We then
evaluated the ethylene selectivity descriptor values on the monometallic and bimetallic alloys
surfaces at an elevated temperature of 473 K (relevant under hydrodechlorination and
hydrogenation conditions) using the DFT-derived parameters. The results are summarized in
Figure 2 and Table S5. All the descriptor values are presented in electron-volt (eV, 1 eV = 96.5
kJ/mol) throughout this work; at 473 K, a difference of approximately 0.09 eV in energy is
equivalent to a one-order-of-magnitude difference in the selectivity ratio given the Arrhenius

relationship.

Among the monometallic surfaces, we obtained low AG values (thus high ethane selectivity) on
both of the Group VIII metal surfaces, Pt(111) (-0.04 eV) and Pd(111) (0.19 eV). Indeed, Pt and
Pd have been shown experimentally as active hydrogenation catalysts and selective towards
ethane [19-23]. On the other hand, the descriptor value is 0.70 eV on Cu(111), which is the
highest among all the surfaces involved in this study. This is in accord with the experimental
findings that Cu can be highly selective towards ethylene formation in the 1,2-DCA
hydrodechlorination reaction albeit its low activity [19,24,33]. The large AG value on Cu(111) is
mostly due to the weak binding of ethylene (BE = -0.63 eV), which leads to a negative
desorption Gibbs free energy of -0.12 eV at 473 K. Although the Gibbs free energy barrier of
hydrogenation on Cu(111) (0.58 eV) is also lower than those on Pt(111) (0.98 eV) and Pd(111)
(0.88 eV), the combined effect still yields a high AG value on Cu(111), which indicates that the
desorption of ethylene is highly preferred.

We now discuss the results on the bimetallic alloy surfaces. When Pt or Pd is alloyed with a
Group IB metal (Cu, Ag, or Au), the ethylene selectivity descriptor can be significantly altered
depending on the composition, which suggests that by increasing the amount of Cu, Ag, or Au in

Pt or Pd alloy catalysts, the ethylene selectivity can be modified. We plotted the AG values
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against the content of the Group IB (Cu, Ag, or Au) metals, as shown in Figure 3. On the Pt-
based alloy surfaces (orange, dark green, and red lines), we observed a general trend that AG
gradually increases with the amount of Cu, Ag or Au. The strength of the modifying effect on the
ethylene selectivity of Pt alloy catalysts slightly differs among the three Group IB metals at
different compositions. At a 1:1 Pt to Group IB metal ratio, Ag has the strongest modifying
effect (AG = 0.22 eV) while Au has the weakest one (AG = 0.09 eV); at 1:3 Pt to Group IB metal

ratio, however, Pt;Aus becomes the surface with the largest AG value (0.37 eV).

On the Pd-based alloy surfaces (purple, light green and blue lines), a different trend was
observed: the descriptor value no longer increases smoothly with the Group IB metal content.
Interestingly, the AG values evaluated on all three Pd3Bi(111) surfaces (B = Cu, Ag, or Au) are
lower than that on Pd(111); i.e., the addition of 25% of Group IB metal has an adverse effect on
the ethylene selectivity of Pd catalysts. As shown in Figure S1, ethylene prefers to adsorb and
react over the Pd sites on Pd;Bi(111); the adsorption and transition state geometries resemble
those on the monometallic Pd(111) surface. Therefore, at 25% composition, the Group IB metal
only plays an indirect role of modifying surface reactivity by altering (1) the lattice size of the
alloy and (2) the electronic structure of the surface atoms. The different trends observed on
Pt:B1(111) and Pd3;Bi(111) surfaces reflect the distinct modifying effects of Group IB metals to
Pt and Pd catalysts. When the composition of Cu, Ag, or Au increases from 25% to 50% and
above in the Pd alloys, AG rises sharply. Similar to the Pt-base alloys, though, Ag has the
strongest modifying effect on ethylene selectivity at 50% composition (0.55 eV), while Au has
the strongest effect at 75% composition (0.60 eV). Compared with Pt-based alloys, Pd alloys are
generally associated with larger AG values, which indicates that Pd-based bimetallics might be

more promising ethylene-producing catalysts than their Pt-based counterparts.
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Based on the AG values presented in Figure 2, PdiAus, PdiAgi, and PdiAgs are predicted to be
the three most selective alloy surfaces towards ethylene production. Experiments have indeed
shown that Pd-Ag and Pd-Au bimetallic catalysts possess superior ethylene selectivity in
acetylene hydrogenation. In particular, Han et al. reported a TiOz-supported Pd-Ag catalyst with
an approximately 1:1 bulk atomic ratio which produced ~80% ethylene [5]. Ma et al. synthesized
Pd-Au nanoparticles supported on MgAl mixed metal oxides with a flower-like nanostructure;
the catalyst yielded an ethylene selectivity of up to 70% [10]. For 1,2-DCA hydrodechlorination,
Lambert et al. demonstrated that their SiO-supported Pd-Ag catalyst with a 1:2 Pd-to-Ag bulk
atomic ratio could produce ethylene with over 80% selectivity [33]. We conclude that our simple
descriptor-based model successfully captures the elemental identity of a few of the best-

performing catalysts reported in the literature in terms of ethylene selectivity.

Brgnsted—Evans—Polanyi (BEP) type of relations commonly exist in many reaction systems,
which empirically connect kinetic parameters with thermochemistry of reactants and/or products
[61-64]. Here we also explored the potential correlation between AGrs, a kinetic parameter, and
AGues, a thermochemical parameter. When the entire set of metal surfaces was taken into account,
we did not observe a good linear correlation between the two parameters. The poor correlation
can be attributed to the presence of two distinct ethylene binding structures, di-6-bonding, and 7t-
bonding, as illustrated in Figure 4 where Pt-Cu alloys with different compositions are used as
examples. When a Pt ensemble of at least two atoms is present on the surface (Pt(111),
Pt3Cui(111) and Pt;Cui(111)), ethylene always prefers to bind through a di-c-bonding structure
on top of two adjacent Pt atoms. When no such ensemble is present (PtiCuz(111) and Cu(111)),
the ethylene molecule is forced to bind through the less stable n-bonding structure. Similar trends

were also observed on other Pt- or Pd-based alloy surfaces.

The different ethylene binding structures also lead to different transition state structures of the
subsequent ethylene hydrogenation step. Therefore, we divided the metal and metal alloy
surfaces involved in this study into two groups according to the ethylene binding structures and
then attempted to correlate AGrs and AGues for each group of surfaces. The results are
summarized in Figure 5. On the n-bonding surfaces, we observed a good linear relationship
between AGrs and AGues with a slope of 0.41, likely due to the similar transition state structures

on all these metal surfaces. On the di-o-bonding surfaces, nonetheless, the transition state
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structures and energies vary with the surface composition. When a three-fold Pd/Pt hollow site is
present on the surface, the hydrogenation reaction always occurs over these sites. However,
when the composition of Pd/Pt is 50%, no such site is present, and the H atom has to approach
the di-sigma ethylene species over a mixed site, in which case the transition state energy is more
strongly affected by the Group IB metal. Therefore, no correlation between AGrs and AGaes was
observed on the di-c-bonding surfaces; the AGrs values vary in a range of 0.83-0.98 eV
regardless of the AGues values. We conclude that on the metal/metal alloy surfaces where
ethylene binds through a m-bonding structure, it is possible to correlate the kinetic parameter
AGts with AGues, thus allowing the prediction of AG based on thermochemistry alone, while on
the di-o-bonding surfaces, explicit DFT calculations of the activation barriers are required to

accurately predict the AG descriptor value.

Pt(111)  Pt,Cu,(111) Pt,Cu,(111) Pt,Cuy(111)  Cu(111)

""—' !fr. p —
r%ﬁ !!!:'o
L - a
BE=-1.67eV BE=-151eV BE=-1.34eV BE=-1.18eV BE=-0.61eV
(di-o) (di-o) (di-0) (m) (m)

Figure 4: Illustrations of different minimum-energy binding configurations (di-c-bonding and n-bonding)
of ethylene over Pt(111), Cu(111), and Pt;Cuy(111).
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Figure 5: Correlation between ethylene hydrogenation Gibbs free energy barriers (AGrs) and ethylene
desorption Gibbs free energy (AGu.s). The solid symbols denote surfaces that bind ethylene through n
bonds. The open symbols denote surfaces that bind ethylene through di-c bonds. The solid and dashed
lines indicate the linear regression results for n-bonding and di-c-bonding surfaces, respectively.

The DFT calculations involved in this work were conducted on clean surfaces, and all the alloy
surfaces were kept at their bulk compositions. The accuracy of our model could thus be
potentially improved by taking into account adsorbed species coverage effects and alloy
component surface segregation effects. Past DFT studies have demonstrated that the presence of
surface spectators can significantly impact the surface adsorption properties and reaction
behaviors [65,66]. Ethylidyne (CH3C) is a common surface-poisoning species in reaction
systems involving C> species; in the hydrodechlorination reaction of 1,2-DCA, atomic chlorine
has been proposed as another potential site-blocking species. Both species could be present on
the catalytic surface under reaction conditions and thereby alter surface reaction and desorption

energetics.

In addition, adsorption of surface species could lead to the preferential surface segregation of one
of the two components in bimetallic alloys due to the different interaction strengths of adsorbates
with different metals [67]. Luebke and co-workers reported in their 1,2-DCA
hydrodechlorination study on Pt-Cu catalysts that the ethylene selectivity could be altered by
pretreating the catalyst with HCI [25]. They attributed the effect to the surface segregation of Cu,
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induced by chlorine adsorption, because the Cu-Cl interactions are stronger than the Pt-Cl
interactions. Similar segregation effects can be expected for other alloy systems. For example,
the PdiAus(111) surface, with the highest AG value among all the alloy surfaces considered in
this study, can be prone to Pd segregation under hydrodechlorination conditions. Since Cl binds
much stronger on Pd than on Au (the BEs of Cl on Pd(111) and Au(111) are -3.25 eV and -2.36
eV, respectively, according to our DFT calculations), Cl adsorption likely induces a Pd-rich
surface, which thus leads to a decrease in ethylene selectivity. The exact effects of adsorbed
species coverage and surface segregation of alloy components strongly depend on the actual
reaction conditions and are beyond the scope of this study. The ab-initio phase diagram has been
demonstrated as a powerful theoretical tool for determining relevant surface coverage and
composition under real reaction conditions [68—70] and can be a valuable addition to our current

catalyst screening scheme.

Despite the room for potential improvement, our analysis of the ethylene selectivity of various
monometallic and bimetallic alloy surfaces demonstrates the usefulness of this descriptor model
as a simple yet powerful tool for initial catalyst screening purposes. Instead of a detailed analysis
of the entire reaction network which typically involves dozens of elementary steps, our method
requires DFT calculations for only one elementary step per surface, thus allowing for the
prediction of an approximate ethylene selectivity for a large number of candidate catalytic
surfaces. Such a catalyst screening scheme can be easily applied to novel alloy catalytic systems
beyond homogeneous bulk alloys, such as near surface alloys which serve as models for core-
shell or “onion-structured” nanoparticles [67,71-74]. In addition, our method can be generalized
for other catalytic reaction systems with selectivity issues as long as there exists a competition
between the desorption and reaction steps of an intermediate product. For example, a selectivity
descriptor can be defined for the selective dehydrogenation of ethane to ethylene by comparing

the desorption barrier of ethylene with its dehydrogenation barrier.
Conclusions

In this work, we have presented a descriptor-based initial catalyst screening scheme for catalysts
with high selectivity towards ethylene over ethane formation, which can be potentially applied to
catalytic processes such as the selective hydrogenation of acetylene and the hydrodechlorination

of 1,2-DCA. The Gibbs free energy difference (AG) between the hydrogenation barrier (AGrs)
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and desorption energy (AGues) of adsorbed ethylene and hydrogen was defined as a descriptor for
the catalyst selectivity, where a larger AG indicates higher selectivity towards ethylene
desorption, as opposed to its hydrogenation. Dispersion-corrected DFT calculations (PBE-
TS+SCS) were performed to determine the descriptor values over the close-packed facets of Pt,
Pd, and Cu as well as a series of PtxBy and PdxBy (B = Cu, Ag or Au) bimetallic alloys with
different bulk compositions. Our results suggest: (1) monometallic Pt and Pd are selective
towards ethane formation, whereas Cu is selective towards ethylene formation; (2) the selectivity
descriptor value of a Pt-based alloy gradually increases with the amount of the Group IB metal
introduced, whereas on Pd-based alloys, the descriptor value rises sharply only when the amount
of Cu, Ag or Au increases from 25% to 50%; (3) among the three Group IB metals (Cu, Ag and
Au), Ag improves the ethylene selectivity of Pt/Pd alloy catalysts the most at 1:1 atomic ratio,
while Au has the strongest effect at 75% composition; (4) Pd-based alloys are superior in terms
of ethylene selectivity over their Pt-based counterparts; and (5) on the metal/metal alloy surfaces
where ethylene binds through a n-bonding structure, AGrs correlates linearly with AGges and thus
the descriptor can be estimated based on thermochemical parameters alone, while no such
correlation is observed on those surfaces where ethylene binds through a di-c-bonding structure.
Our descriptor model offers an efficient means for the initial selection of promising catalyst
candidates with improved ethylene selectivity. In addition, the model can be potentially
generalized and applied to other reaction systems where competition between desorption and

reaction of key intermediates is involved.
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