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ABSTRACT

The reaction barrier and heat of formation of various dehydrogenation reactions involved in
the steam reforming of ethane (SRE) are critical parameters in the understanding and improving
the technology of SRE. Focusing on Ir-based catalyst, we report a comprehensive reaction network
of dehydrogenation of ethane on Ir(100) based on extensive density functional theory (DFT)
calculations on 10 C-H bond cleavage reactions. The geometric and electronic structures of the
adsorption of C2Hy species with corresponding transition-state and product structures are reported.
We found that the C-H bond in CH3sC required the most energy to activate, due to the most stable
four-fold hollow configuration of the adsorption site. Ethane can easily dissociate to CH3CH and
CH2CH: on Ir(100). By using the degree of dehydrogenation of the reactant species as a variable
to correlate the C-H bond cleavage barrier as well as reaction energy, DFT results reveal that the
Ir(100) surface to a great extent promotes ethane dehydrogenation when compared to other

surfaces.
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1. INTRODUCTION

Due to increasing demand for light alkenes and their products, the conversion of starting
materials such as light alkanes,**! alcohols,*?® carbon dioxide,'”?* has become an important
industrial process. Steam cracking of natural gas'® 243! and naphtha3?3* as well as fluid catalytic
cracking in oil refining has been among the earliest techniques employed. Recent efforts have
focused on developing less energy intensive and more selective alternatives to steam cracking. The
catalytic dehydrogenation” 3¢ and oxidative dehydrogenation®”’ of Ca« light alkanes to olefins
is of industrial interest. C-H sigma bond activation in light alkanes plays an important role in its
transformation to value-added chemicals for other technological applications.>®*” The major
challenge facing the catalytic dehydrogenation of alkanes is the inert nature of C-H sigma bond at
low temperatures and the ubiquitous coke deposition at high temperatures. To mitigate these
challenges, H2, H20O(g) and CO- have been frequently employed as auxiliary reactants during the
dehydrogenation process. However, the use of H as an auxiliary gas will decrease the equilibrium
conversion of dehydrogenation, the presence of CO could result in H.O(g) formation. Hence,
effective dehydrogenation of ethane and other light alkenes is actively being studied both
experimentally and theoretically, with considerable attention to the utilization of transition metals

to catalyze C-H bond activation in alkanes.

Several papers have reported on metal based catalysts®> 3 and metal oxide based catalysts.>®
%8 The effect of promoters such as Zr®® and zZn,” surface elements such as phosphorus,®® tin’* as
well as high temperature pretreatment’? have been reported. The role of carbon dioxide®”: 68-6% 73-
> has been shown to assist in the dehydrogenation process. Our interest however lies in the
dehyrogenation of ethane3® 41 48, 53-54, 68-69, 73-74, 76-84 3nq gpecifically dealing with Ir-based® 8

catalysts although reports show other suitable metal based ethane dehydrogenation catalysts, such
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as C0,72’ 75,83 Cr,57’ 69, 73, 86 Fe,87 Ga,”* 82, 88-89 Ni’83, 90 Pd,77’ 83, 91-92 Pt,70’ 78-81, 83, 93-94 V95 as well as

metal alloys Fe-Ni,% Pd-In,”” Pd-Ir,%¢ Pt-Ir,”® and Metal-Phosphides.®* " Transition metal clusters,
especially platinum (Pt) reduce the energy barrier both in gas phase and on a metal oxide surface
thereby leading to C-H bonds cleavage at lower temperatures. However, loss of catalytic activity
has been observed as clusters, such as Pt clusters, coalesce very easily in the gas phase and much
more difficultly at higher reaction temperatures when supported by a metal oxide surface. Pt
catalysts are well known to be very active but with poor selectivity and rapid catalyst deactivation.
Ir-based catalysts are promising when compared to inabundant Pt or toxic Cr catalysts that suffer

from thermodynamically promoted coke formation.

Iridium (Ir) clusters have been studied widely®®1® and also shown tremendous potential
toward activating the C-H bonds of ethane in gas phase and on metal oxide surfaces. Ethane
dehydrogenation on 1r02(110),* shows that ethane forms strongly bound c-complexes on
IrO2(110) and can undergo C—H bond cleavage at temperatures below 200 K. It was also seen that
a large portion of the dehydrogenation was purely because of heating, and partially hydrogenating
the surface enhanced the dehydrogenation. There exists a trade-off between improved catalytic
activity and cluster size,%1% studies show that small transition metal clusters migrate easily on
the metal oxide surface. Hence, while enhancing the catalytic ability of the transition metal
clusters, migration, coalescence, and deactivation should be prevented.'** The dependence of

catalytic activity of Ir clusters on cluster size and catalytic sites has been studied.'®

This work aims to report the studies of ethane dehydrogenation on Ir(100) to provide insight
on the reaction network of ethane dehydrogenation, and ultimately to the improvement of the
dehydrogenation of ethane to value added products. Density function theory (DFT) studies reveal

that the surface Ir(100) to a great extent promotes ethane dehydrogenation when compared to other
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surfaces. Results demonstrated that ethane dehydrogenation on Ir(100) resulted in a low energy

barrier of the C—H bond activation, this we speculated is primarily due to the Ir(100) surface.
2. COMPUTATIONAL DETAILS

DFT calculations utilizing the Vienna Ab-initio Simulation Package (VASP)%-107 \were
performed to study ten elementary ethane dehydrogenation reactions. The Perdew-Burke-
Ernzerhof (PBE) functional was used to describe the exchange-correlation interactions. To
describe effective core potentials, i.e., the interaction between the core and valence electrons,
Projector Augmented Wave (PAW) method!%-1%° was used. All investigations in this work were
carried out on a periodic (4x4) slab with four Ir layers of (100) facet, built from the Ir-bulk with
lattice constant of 3.875A. Computationally reported lattice constant 3.882A and 3.877A2! agree
well. Interactions between adsorbates and their horizontal periodic images were eliminated by a
10A spacing. To prevent artificial interactions between the slab surface and its periodic image, a
15A vertical vacuum space was placed between such images. The model catalyst is shown in
Figure 1. In this work three main calculations performed were geometry optimization, transition

state search, and frequency calculations.

FIG. 1. Top view (left) and side view (right) of Ir(100). Yellow, red, and green circles represent atop, bridge
and hollow sites respectively. The Ir atoms on the second layer of top view were made smaller in size to
differentiate them from the Ir atoms on the first layer.
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The bottom two layers were fixed during optimization and transition state calculations, while
the top two layers were allowed to relax. Only the atoms in the top layer were allowed to relax in
frequency calculations. This same model of catalyst was used in our previous works.*¢ 110-112 o
cutoff energy of 400eV was set in the plane wave basis set. The Brillouin zone was sampled using
a 2x2x1 K-point grid. Convergence was achieved in optimization calculations when the Hellmann-
Feynman forces was less than 0.02eV/A. The optimized structures of reactants and products were
further verified by frequency calculations yielding no imaginary frequency. The transition states
were obtained using the Climbing Nudged Elastic Band (CI-NEB) method*® and verified with the
presence of one imaginary frequency. The optimized structures of all studied reactions are
presented in section 3. For non-transition state structures possessing one imaginary frequency
significantly less than 100cm™, negligible effect on the total energy less than 0.05eV was observed

once that the imaginary frequency is removed as shown in Table 1.

Table 1. The energy and structural parameters of ethane with and without an imaginary frequency.

Q

J

C-H Length (A) 1.140 1.133
Total Energy (eV) -561.8086 -561.8085
Imaginary Frequency (cm?) 41.4
Zero Point Energy (eV) 2.3219 2.3214

5
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The activation energy (Ea) and reaction energy (AE) of the studied reactions was calculated

according to the equations

E, = E:TS/slab - EIS/slab €Y)

AE = E:FS/slab - EIS/slab 2)

where Eisssiab, ETsisian, and Ersysiab are the zero-point energy (ZPE) corrected total energies of an
adsorbed species on the Ir(100) surface for the initial state (1S), transition state (TS), and final state
(FS), respectively. All calculated energies reported have been Zero-Point-Energy (ZPE) corrected

using

Ezpe = — (3)

where h and vi denote the Planck’s constant and vibrational frequencies. Further investigation of
the electronic structure and distribution of electrons in adsorbates were carried out by Density of
States (DOS) and Bader Charge analysis.!** The net charge was calculated by subtracting the Bader
charge from the original outmost electron number of each element. A negative and positive net

charge represents electron gain and loss, respectively.
3. RESULTS AND DISCUSSION

This work investigated the C-H bond cleavages of ethane and the various intermediates, over
Ir(100). Extensive DFT calculations were used to obtain the reaction network providing insight to
the geometries and energetics of the initial states (ISs), transition states (TSs), and final states
(FSs). From optimized structural results it is evident that on Ir(100) the CHy fragment

preferentially adsorbs to possess tetravalency. As such, CHs is not bound to the surface, while CH>

https://doi.org/10.26434/chemrxiv-2023-3p8jv ORCID: https://orcid.org/0000-0002-6131-3532 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-3p8jv
https://orcid.org/0000-0002-6131-3532
https://creativecommons.org/licenses/by-nc-nd/4.0/

is adsorbed on the atop site, CH is adsorbed on the bridge site except when bound to CH», and C
adsorbs on the bridge site except when bound to CHo. It is seen that in other for CH> to keep its
preferentially adsorbed site, CH> causes CH and C to be adsorbed on the atop and hollow site

respectively.

Table 2 summarizes the values for activation and reaction energies with correlation to the
degree of dehydrogenation, energy values account for ZPE correction. C-H bonds are not easily
broken and based on the DFT results achieved, the reactions that have an activation energy of more
than ~0.72 eV*® would generally not proceed under room temperature, and as such we speculate
that the dehydrogenation of CH3sC and CHC are the most difficult steps. The difficulty to cleave
the C-H bond increases with increase in activation energy, which is suspected to have a dependence
on the degree of dehydrogenation. This suggests that at room temperature, the dehydrogenation of
species with DoDH less than 50% is relatively less involved than that with DoDH more than 50%
except for CH2C specie. In what follows, we will first present the results of the elementary
reactions with degree of dehydrogenation of less than 50% in Section 3.1, followed by those of
degree of dehydrogenation of 50% and above in Section 3.2. The role of O and OH species on the
activation of C-H bond in ethane is discussed in Section 3.3 and our results are compared and
correlated with previously studied reactions for C-C bond cleavage in SER on Ir(100)!!! and data
from CxHy-O species in EOR on Ir(100).4¢ 110 112 The discussion of results concludes with a

descriptive insight to the reaction configuration space and activation energy surfaces.

https://doi.org/10.26434/chemrxiv-2023-3p8jv ORCID: https://orcid.org/0000-0002-6131-3532 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-3p8jv
https://orcid.org/0000-0002-6131-3532
https://creativecommons.org/licenses/by-nc-nd/4.0/

Table 2. The activation barrier (Ea) and reaction energy (AE) of 12 C—H bond cleavage reactions on Ir(100).

Label Reaction DoDH Ea AE
-H % eV eV

1 CH3CH; > CHsCH; 0 0.09 -0.64
2 CHsCHz - CHsCH 16.7 0.04 -0.53
3 CHs;CH; > CH.CH; 16.7 0.09 -0.42
4 CH:CH > CHsC 33.3 0.24 -0.93
5 CH:;CH -> CH.CH 33.3 0.36 -1.20
6 CH,CH; - CH.CH 33.3 0.20 -1.03
7 CH.CH - CHCH 50.0 0.28 -1.62
8 CH.CH - CH.C 50.0 0.01 -1.06
9 CHsC > CHXC 50.0 1.08 -0.27
10 CH.C > CHC 66.7 0.07* -0.64*
11 CHCH - CHC 66.7 0.63 -0.09
12 CHC 2> CC 83.3 1.04* 0.57*

*Data was taken from ref. 4
3.1 The C-H bond activations in reactive species with DoDH less than 50%.

The 6 reactions investigated herein include reactions 1-6. The corresponding optimized
structures for the initial state (IS), transition state (TS) and final state (FS) are presented in Figure
2 for the first three reactions with the C-H bond distances for various structures summarized in
Table 3. The first dehydrogenation of ethane leads to the formation of a CH3CH> specie with C-H
cleavage barrier of 0.09eV, is suspected to be the most crucial step leading to CH>CH> specie, with

a reaction energy of -0.64eV.
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» » » . . ' . . » .
FIG. 2. 1Ss (left), TSs (middle), FSs (right) with C-H distances in A for reaction 1, 2, and 3 (from top to
bottom), respectively.

Although the six H atoms are similar in the C2He species, it is worth noting that the overlap,
relative position, and distance of each H atom from the catalyst surface determines the
preferentially dehydrogenated H atom. This is illustrated in the DOS plots of the selected atoms in

the initial configuration of ethane in Figure 3.
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FIG. 3. The s, p-projected DOSs for (a) C2-H4, p, p-projected DOSs for (b) C1-C2, p, d-projected DOSs
for (c) C2-1r50 bonds, and the s, d-projected DOSs for the interactions (d) 1r60 and H1, (e) Ir50 and H4, (f)
Ir55 and H6 in the initial configuration of ethane (g). The distances between the labelled H and its nearby
Ir are d(H1-1r60) = 3.318 A, d(H4-1r50) = 2.118 A, and d(H6-1r55) =3.661 A.
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» » -
FIG. 4. 1Ss (left), TSs (middle), FSs (right) with C-H distances in A for reaction 4, 5, and 6 (from top to
bottom), respectively.

Hence it is necessary to investigate how the deviation from a fully saturated carbon and loss
of symmetry influences the adsorption of the species on Ir(100) surface. There are two types of C
atoms in our system, termed C1 and C2, C1 indicates the more highly substituted C atom and C2
is the other C atom. When both C atoms are equally substituted and symmetrical, they are
equivalent. From Table 2 dehydrogenation from C1 has a higher barrier than dehydrogenation

from C2.

11
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Table 3. C-H Bond distance of species with DoDH less than 50%.

Label  DoDH (%) C-H Distance (A)
Initial State Transition State Final State
1 0 1.140 1.453 2.726
2 16.7 1.102 1.504 2.941
3 16.7 1.103 1.597 2.322
4 33.3 1.103 1.621 2.860
5 33.3 1.103 1.543 2.910
6 33.3 1.099 1.538 2.785

Although the dehydrogenation from either C1 or C2 in CH3CH2 have almost the same
activation barrier, the following dehydrogenation of CH3zCH and CH2CH has a higher activation
barrier when the H being cleaved is bound to C1, this trend accounts for the required increase in
activation energy to activate the C-H bond in CHsC. Also, the reaction energy and because it is
easier to dehydrogenate from C2 due to lower activation energy, CHsC is a thermodynamically

likely product although CH3C might poison the catalytic surface.

0.24/-0.93 1.08/-0.27
» CH,C
-H 3 -H
0.04/-0.53 0.06/-0.65
CH,!
0.36/-1.20

0.01/-1.06
1.04/0.43

CHC - cc

0.09/-0.64
CH,CH; ——7——= CH,CH,
CH,CH

0.09/-0.42

0.20/-1.03 0.28/-1.62
- = > CHCH ——

0.63/-0.09

FIG. 5. Calculated reaction network for the ethane dehydrogenation on Ir(100). The energy barriers (left)
and reaction energies (right) are shown above the arrows. The numbers are in a unit of eV.

When CH3CH: is dehydrogenated via reaction 2, the transition state links to three bridge sites
that are possible to adsorb the cleaved H, each pathway was investigated, and the minimum energy

pathway is reported here with geometry structures shown above. It was observed that the (1S)

12
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diffuses from an atop site to a more stable geometry at the bridge site that is linked by the (TS) to
the (FS). The different activation barriers and reaction energy of the various pathways can be seen

in Figure 5.

Table 4. E, of species with DoDH less than 50% compared for 1r(100), Pt(111), and Pt(211).

Label Reaction Ir(100) Pt(111)*° Pt(211)'*°

-H eV eV eV
1 CH3CH; > CHsCH; 0.09 0.54 0.08
2 CHsCH; - CH,CH 0.04 0.88 0.27
3 CHsCH; - CH.CH; 0.09 0.81 0.44
4 CH;CH - CHsC 0.24 0.28 0.86
5 CH;CH -> CH.CH 0.36 0.71 0.92
6 CH,CH, - CH.CH 0.20 0.84 0.57

CH3CH can be dehydrogenated via reactions 4 and 5, the reaction barrier and reaction energy
for both reactions are 0.24eV/-0.93eV & 0.36eV/-1.2eV. When CH3CH is dehydrogenated via
reaction 4, further dehydrogenation to CH>C becomes more difficult. DFT results will be able to
give insight on the correlation between degree of dehydrogenation and the activation barrier. As
well as to identify the dominant factors for C-H activation out of factors such as the activation
degree of C-H bond, and interaction between (TS) and catalyst surface. When correlated with the
activation barrier and reaction energy, the greater the C-H bond distance in the (FS) might be an
indicator that the C-H bond in (IS) was easier to break. A correlation between the ease of C-H

cleavage and the distance from the C-H bond to the catalyst surface will also be possible.

3.2 The C-H bond activations in the species with DoDH of 50% and above.

The six reactions investigated herein include reactions 7-12. The corresponding optimized
structures for the initial state (IS), transition state (TS) and final state (FS) are presented in Figures
6 and 7. The C-H bond distances for the various structures are summarized in Table 5. CH>CH can

be dehydrogenated via reactions 7 and 8, with both reactions leading to an adsorbed specie having

13
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50% degree of dehydrogenation. The reaction barrier and reaction energy for both reactions are

0.28eV/-1.62eV & 0.01eV/-1.06eV.

FIG. 6. ISs (left), TSs (middle), FSs (right) with C-H distances in A for reaction 7, 8, and 9 (from top to
bottom), respectively.

14

https://doi.org/10.26434/chemrxiv-2023-3p8jv ORCID: https://orcid.org/0000-0002-6131-3532 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-3p8jv
https://orcid.org/0000-0002-6131-3532
https://creativecommons.org/licenses/by-nc-nd/4.0/

FIG. 7. ISs (left), TSs (middle), FSs (right) with C-H distances in A for reaction 10, 11, and 12 (from top
to bottom), respectively.

Table 5. C-H Bond distance of species with DoDH of 50% and above.

Label DoDH (%) C-H Distance (A)
Initial State Transition State Final State
7 50.0 1.106 1.461 2.918
8 50.0 1.106 1.559 3.163
9 50.0 1.104 1.726 2.609
10 66.7 1.095 1.405 2.904
11 66.7 1.100 1.457 2.854
12 83.3 1.093 1.553 2.886
15
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The structure of CH3C we used in the calculations is about 0.29eV less stable than the most
stable adsorption geometry for CHsC reported in Figure 8. Reaction 12, which is the final
dehydrogenation product with degree of dehydrogenation of 100%, shows how CC double bond
is absorbed on the catalytic surface. The most stable adsorption geometry of this specie is parallel
to the catalytic surface at the hollow site. A trend in the adsorption configuration can be seen in
species that are symmetric at both ends of the bond. These species include C-C(100% DoDH),
HC-CH(66.7% DoDH), H2C-CH2(33% DoDH) and the starting molecule HsC-CHa. If this trend
is followed, ongoing calculations for the first dehydrogenation step should see similar adsorption

geometry. The most stable adsorption site being the hollow site, followed by the bridge site.

Figure 8. Most stable four-fold hollow adsorption site configuration of CHsC.

Table 6. Ea of species with DoDH less than 50% compared for 1r(100), Pt(111), and Pt(211).

Label Reaction 1r(100) Pt(111)° Pt(211)'°

-H eV eV eV

7 CH,CH -> CHCH 0.28 1.03 1.13

8 CH.CH -> CH.C 0.01 0.70 0.66

9 CHsC > CH.C 1.08 1.33 1.30

10 CH,C > CHC 0.06* 2.22 1.67

11 CHCH -> CHC 0.63 2.12 1.19

12 CHC -> CC 1.04* -- --

*Data was taken from ref. .
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116 |t was also

It is worthwhile to compare the dehydrogenation of ethane to those of methane.
found that Ir''" is easier to activate the C-H bond than Pt'!8 and Ni.'® This suggests that Ir is a
good dehydrogenation catalysts regardless of chain length of alkane. Interestingly, Ir is also a good

catalyst for water dissociation.?

3.3 Activation Energy Surface and Reaction Energy Surface of Dehydrogenation Reactions

In steam reforming of ethane, the O from dissociated water can be presence and affect
dehydrogenation of ethane. Therefore, we investigated the Role of O and OH species on the C-H
activation in ethane. Species classified as C;HxO have previously been reported.t!? 121122 yplike
C-C bond cleavage in ethane, where the presence of O lowers the C-C bond activation barrier,'?3
the results shown in Table 7 indicates that the presence of O increases the dehydrogenation barrier.
Although these barriers are still lower than the dehydrogenation on other catalysts, such as Cu.'?*
126 The better catalytic ability to dehydrogenate by Ir is the same for C-C bond cleavage with

respect to Cu based,127-130

Table 7. Activation and reaction energy surface data for C—H bond cleavage reactions on Ir(100).

Reactant DoDH DoBC Ea AE  Reactant DoDH DoBC = AE

% % eV eV % % eV eV
CH3CH;s 0 10 0.09 -0.64 CHCH:0 50 50 0.59 0.01
CH3CH,0OH 0 0 0.3 -0.57 CH.CHO 50 55 0.24 -0.82
CH3CHs 0 10 0.09 -0.64 CHsCO 50 60 0.42 -0.36
CH,CH,OH 16.7 10 059 -06 CH.,CH 50 65 0.01 -1.06
CHsCHOH 16.7 15 0.16 -0.64 CHsC 50 70 1.08 -0.27
CH3CH0 16.7 30 0.14 -0.29 CCHOH 66.7 45 0.32 -0.51
CH3CH, 16.7 40 0.04 -053 CHCOH 66.7 50 0.77 0.15
CHCH,0OH 33.3 20 0.31 -0.78 CCH:0 66.7 60 0.93 0.05
CH.CHOH 33.3 25 0.28 -0.57 CHCHO 66.7 65 1.08 -0.38
CHsCOH 33.3 30 0.22 -0.58 CH,CO 66.7 70 1.28 0.5
CH.CH20 33.3 40 0.1 -0.7 CHCH 66.7 75 0.63 -0.09
CH3CHO 33.3 45 0.07 -1.1 CHJ.C 66.7 80 0.07 -0.64
CH.CH> 33.3 50 02 -1.03 CCOH 83.3 60 1.03 -0.29
CHsCH 33.3 55 0.24 -093 CCHO 83.3 75 0.46 -0.6
CCH.OH 50 30 039 -0.3 CHCO 83.3 80 0.62 -0.32
CHCHOH 50 35 0.57 -0.88 CHC 83.3 90 1.04 0.57
CH,COH 50 40 0.57 -0.28
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From the DFT results summarized in Figure 5 and Table 2, the minimum energy pathways
(MEPs) for ethane dehydrogenation are Pathway 1: CHsCHsz - CH3CH> - CH2CH; - CH2CH
- CH2CH - CHC - CC and alternatively Pathway 2: CH3CH3 = CH3CH; - CH2CH,; >
CH.CH - CHCH - CHC - CC depicted by the blue and green color code in Figure 5,
respectively. Due to the higher barrier to go from CH3sC to CH.C, that pathway is considered not
feasible. Some reactions occur in parallel and are seen to have Ea difference of less than 0.05eV as
in the case of reactions 2 and 3. Although reaction 3 is slightly higher in activation energy, it is
selected as the MEP due to the impossibility of generating surface poisoning specie CH3C. No
other reactions are considered to take place aside the elementary reactions. The aim of this section
is to directly compare the different reactions and determine if non-feasible pathway elementary
reactions need to be accounted for in future kinetic studies of the system. Below are the
hypersurfaces constructed accounting for all 12 dehydrogenations using the following variables:
DoDH, DoBC. Analogous to potential energy surface visualization in dynamics studies, Figure 9
gives a visual representation of the activation energy surface (AES) and reaction energy surface
(RES). To generate the AES and RES figures, the smallest Ea value is representative of all data
points that share the same DoDH and DoBC. All data points were generated from DFT
calculations. We note that each point corresponds to a transition state in the AES and RES. This

differentiates it from a potential energy surface where only saddle points are transition states.

18

https://doi.org/10.26434/chemrxiv-2023-3p8jv ORCID: https://orcid.org/0000-0002-6131-3532 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-3p8jv
https://orcid.org/0000-0002-6131-3532
https://creativecommons.org/licenses/by-nc-nd/4.0/

2.40
2.16
1.92
1.68
- 1.44
- 1.20
0.96
0.72
0.48
0.24
0.00

2.40
2.16
1.92
1.68
1.44
1.20
0.96
0.72
0.48
0.24
0.00

2.40
2.16
1.92
- 1.68
1.44
- 1.20
0.96
0.72
0.48
0.24
0.00

=S

0.60
0.36
0.12
=0.12

-—0.36

-0.60
—0.84
-1.08
-1.32
-1.56
-1.80

0.60

0.36

0.12

—0.12

—0.36

—0.60

—0.84

-1.08

-1.32

-1.56

-1.80
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4. CONCLUSIONS

In this work, we employed DFT calculations to provide for the first time insights into the
activation of C-H bond in ethane on Ir(100) catalyst. In other to contribute to the understanding
of steam reforming of ethane. We determined the structures of the species involved in each
dehydrogenation step and reported the transition states. The DFT results show that the C-H
bond can be activated with relatively low activation energy in the following ranges 0.01-
0.10eV, 0.20-0.50eV, 0.60-1.08eV. The Activation energy barrier changes complexly and the
presence of oxygen was seen to increase the activation energy greatly. We found that CHzC
adsorbed on the surface required the most energy to activate the C-H bond, and this energy
was like the activation energy of the final dehydrogenation step. Correlation between DoDH
and changes in Ea or AE was also established as reactions with DoDH <50% has E. well less
than 1.00eV and while AE is most exothermic at DoDH around 50%. Showing a general
increase in exothermic nature as DoDH increases from 0 to 50% and the reactions become
more endothermic in nature as DoDH increases from 50%. This will lay the foundation for

other works to be done on Ir(100), and the results will provide benchmark for future studies.
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