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7 ABSTRACT: We have studied the effect of K on the adsorption and dis
8 sociation of methyl iodide on the β-Mo2C(001) surface using density
9 functional theory calculations, and the results were compared with
10 experimental data. The most favorable sites for methyl iodide adsorption
11 are 3-fold sites on both clean and K-promoted surface. The changes in
12 the work function fit our model as the molecule withdraws charge from
13 the surface. The C-I bond weakens when the molecule adsorbs on the
14 surface, and this effect is more noticeable on the K-promoted surface. The
15 dissociation to an I adsorbed atom and a methyl group adsorbed is energetically favorable for both surfaces, but there is a lower

16

activation barrier on the K-doped surface.
17

18

19

20 1. INTRODUCTION

21 The adsorption of the methyl group on metal surfaces is of
22 interest from a catalytic and theoretical point of view. A methyl
23 intermediate is expected to form during Fischer-Tropsch syn-
24 thesis and catalytic conversion of methane. Since nickel is a
25 catalyst for commercial steam reforming of methane, a lot of
26 experimental and theoretical study is focused on the investigation
27 of methyl groups on nickel surfaces; see, for example, ref 1. DFT
28 calculations addressed the effect of coadsorbed iodine2 and the
29 decomposition pathway of CH fragments3 as well. Taking into
30 account that the activation of the C-Hbond inmethane requires
31 high energy, while the C-I bond breaks rather easily, adsorbed
32 methyl iodide has been used as a precursor for generation of
33 methyl groups by thermal activation or photolysis on different
34 metal surfaces. There is a good deal of information about the
35 decomposition process deduced from experiments,4,5 but theo-
36 retical works are scarcer. It was found that the interaction of CH3I
37 with the coinage metals is weak leaving intact the majority of
38 thermally desorbed molecules;4 on the other hand, on active
39 metals like molybdenum the molecule decomposed at about
40 200 K.6 It is advantageous to characterize the surface interaction
41 of molecules through simulation and experimental work at the
42 same time, and an example for this is a combined DFT and STM
43 study of CH3I decomposition on the Al(111) plane.7

44 It is of great demand to replace the expensive and rare
45 platinum metals with cheap and effective catalysts. It is known
46 that molybdenum carbide has catalytic activity similar to plati-
47 num metals, exhibiting also a higher sulfur resistance.8 At the
48 same time, on molybdenum carbides, new reaction routes were
49 also experienced as compared to platinum metal catalysts. An
50 example for this is the aromatization reaction ofmethane onMo2C
51 supported by ZSM-5,9 which is of great practical importance. One

52of the elementary reaction steps of aromatization is the forma-
53tion of a C2 intermediate that is followed by trimerization. The
54coupling reaction of methyl groups generated from decomposi-
55tion of methyl iodide on molybdenum carbide model catalysts
56was addressed under UHV conditions, and the formation of
57ethene could be detected.10 DFT calculations on a β-Mo2C(001)
58slab revealed the energetics of methane reforming and coupling
59reactions.11

60It is well documented that alkali metal additives may have a
61substantial promotional effect on different metals like iron and
62platinum in heterogeneous catalytic reactions like ammonia and
63Fischer-Tropsch synthesis.12,13 Adsorption and bonding of
64potassium onMo2C

1 exhibit features similar to those determined
65for alkali metals on single-crystal surfaces.12Work function (WF)
66changes following potassium deposition on the Mo2C/Mo(100)
67surface were determined to establish the direction of charge
68transfer.1 WF of Mo2C/Mo(100) steeply decreases with K
69coverage up toΘK∼1.0 (ΔΦ =-3.3 eV), suggesting a consider-
70able charge-transfer from potassium to the surface at lower
71coverages. Further K deposition leads to a slight increase in WF,
72corresponding to a gradual neutralization at and above one
73monolayer. Accordingly, the potassium adlayer is mainly ionic
74at low and metallic at high coverages. At low K coverage,
75potassium is strongly bonded to the surface as reflected by a
76high desorption peak temperature, Tp = 850 K. This peak shifted
77to 525 K for monolayer and to 325 K for multilayer coverage,
78indicating a much weaker bond at higher coverages.
79The promotional effect of alkali metals can be related to
80indirect through-metal and to direct alkali-adsorbate interactions,
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81 resulting in ionic and covalent bond formation between the alkali
82 metal and adsorbate. The electron donation to the antibonding
83 orbitals of simple molecules, like CO, NO, etc., leads to bond
84 weakening between the constituent atoms, occasionally causing
85 the rupture of the bond. Promotion of weakening and scission of
86 chemical bonds in reactant molecules may enhance catalytic
87 performance. It is of great practical importance that alkali
88 additives can change the reaction route of surface hydrocarbon
89 fragment intermediates formed during the Fischer-Tropsch
90 synthesis.12 For this reason, we have addressed the effect of an
91 alkali metal, potassium, on the reaction path of the simple alkyl
92 group, CH3, on the Mo2C surface, which behaves similarly to
93 platinum metals in many respects.14 The effect of potassium on
94 the reaction path of the methyl iodide molecule on molybdenum
95 carbide was that the surface concentration of methyl groups
96 could be remarkably enhanced, and their decomposition to
97 surface carbon was suppressed, allowing higher conversion
98 toward coupling products.15 Note that on molybdenum carbide
99 the reactivity of other alkyl iodides15-17 toward adsorbed
100 potassium was similar to that of methyl iodide, and potassium
101 was also reactive with other alkyl halides on other surfaces as well,
102 for example, with CH3Cl on Pd(100)18 and Rh(111)19 crystal
103 planes. The explanation for the reactivity in simple terms is that
104 the electrons originating from K 4s orbital are easily donated to
105 halogen atoms (X), resulting in the formation of a strong K þ
106 X- ionic bond, which facilitates the rupture of the C-X bond.
107 This mechanism suggests that the behavior of other alkali metals
108 with other alkyl halides on different transition metal surfaces is
109 expectably very similar. In the case of metal single crystals it was
110 observed that not only potassium influences desorption of
111 adsorbed species but also bonding of potassium is also affected
112 by the coadsorbed compounds, indicating a strong interaction
113 between them.20 This phenomenon also occurred on the Mo2C
114 surface, particularly at high K coverage.
115 To expand our understanding on the effect of alkali metal
116 additives on the generation of methyl groups, in the present work
117 the adsorption of the methyl iodide molecule and its dissociation
118 into iodine and methyl groups is investigated on a clean and
119 potassium-promoted Mo2C surface using DFT calculations and
120 work function measurements.

121 2. COMPUTATIONAL METHOD AND MODEL

122 DFT calculations were performed with the Vienna Ab-Initio
123 Simulation Package (VASP).21 Potentials within the projector-
124 augmented wave method (PAW)22 and the generalized gradient
125 approximation (GGA) with the Perdew-Burke-Ernzerhof
126 functional (PBE)23,24 were used. The calculations were per-
127 formed without spin polarization.
128 Geometry optimizations were performed by minimizing the
129 total energy of the system using a conjugated-gradient algorithm
130 to relax the ions.25 A 5� 5� 5Monkhorst-Pack k-point grid for
131 sampling the Brillouin zone was considered. Larger sets of
132 k-points were also considered (6 � 6 � 6 and 7 � 7 � 7),
133 finding differences in the configuration energy of about 0.02%.
134 The electronic charges on atoms were computed using the Bader
135 analysis.26

136 The β-Mo2C phase has an orthorhombic crystal structure with
137 Mo atoms slightly distorted from their positions in close-packed
138 planes and carbon atoms occupying one-half of the octahedral
139 interstitial sites (many literature reports refer to the (0001) plane
140 as a closest-packed surface). The corresponding unit cell is

141composed by eight molybdenum atoms and four carbon atoms.
142The surface was modeled by four layers of slabs separated by a
143vacuum using the DFT lattice parameters previously obtained
144from bulk optimization. During optimization, the first two layers
145were allowed to fully relax, and a set of 3 � 3 � 1 Mon-
146khorst-Pack k-points was used. Besides, for adsorption calcula-
147tions the adsorbed species and the first two surface layers were
148allowed to relax. In all cases, the cutoff energy used was 750 eV.
149The adsorption energy was computed by subtracting the
150energies of the gas-phase species and the surface from the energy
151of the adsorbed system as follows

Eads ¼ Eðadsorbate=slabÞ- EðadsorbateÞ- EðslabÞ
152With this definition, a negative adsorption energy corresponds to
153a stable adsorption on the surface.
154For a qualitative study on bonding, the concept of overlap
155population (OP) as implemented in the YAeHMOP code was
156employed.27 For this, the optimized geometries previously ob-
157tained from DFT were used. A similar procedure was imple-
158mented by Papoian et al.28

1593. RESULTS

1603.1. Surface Characterization. The calculated DFT lattice
161parameters for the bulk β-Mo2C are a = 5.273 Å, b = 6.029 Å, and
162c = 4.775 Å, which are very close to the experimental values (a =
1635.195 Å, b = 6.022 Å, c = 4.725 Å).29 Our computed value for the
164bulk modulus was 307.1 GPa, in excellent agreement with the
165experimental data of 307 GPa.30 Each of the lattice parameters
166was overestimated by 1-2%. The bulk β-Mo2C lattice param-
167eters were determined for later use in investigations of supercell
168properties described in the next section.
169The structure of the β-Mo2C(001) surface includes a series of
170alternating Mo and C layers. We modeled the surface with a slab
171of four-layer thickness (two layers of Mo atoms and two layers of
172C atoms), and each slab has two formula unit cells width. The
173vacuum spacing between two repeated slabs was 11.8 Å to ensure
174no significant interaction between the slabs. During optimiza-
175tion, surface Mo and subsurface C layers were allowed to fully
176relax, while the other two layers were kept frozen at their bulk
177lattice parameters. The resulting interlayer distances become
178shorter than those in the bulk. Previous theoretical studies on this
179surface conclude that the metal-terminated carbide surface
180adsorbs H and methanol more strongly than the C-terminated
181surface.31-33

182A low potassium coverage was added on the surface on 3-fold
183positions. Although similar adsorption energies were obtained at
184different adsorption sites, a preferential tricoordinated model at
185low coverage was obtained on similar systems.34,35 According to
186the experimental procedure in ref 15, K was added neutral prior
187to CH3I adsorption. For this system, surface Mo and subsurface
188C layers, and also the K atom, were allowed to fully relax during
189optimization.
190We considered a K coverage of 1/8, defined as the ratio
191between the number of adsorbed K atoms and surfaceMo atoms.
192The optimized K-Mo distance was 3.6 Å (see Figure 1 F1). A
193similar K-metal distance of 3.5 Å was obtained by Calzado et al.34

194for K adsorption on the tricoordinated TiO2(110) surface.
195Regarding the electronic structure, surface Mo atoms showed
196an increase in the electron density (0.14 e- for the first neigh-
197bor to the K atom), while K was positively charged. The Mo d
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198 population increases from 3.28 to 3.41 showing the influence of
199 K. Similar results were obtained by Kotarba et al.36

200 3.2. Methyl Iodide Adsorption on the Clean Mo-Termi-
201 nated β-Mo2C Surface. Taking into account previous results
202 for adsorption on metal surfaces20,37,38 and for other similar
203 alkyl iodides,16,17,39-43 we considered the adsorption of the
204 molecule via iodine on a Mo-terminated surface. Two possible
205 sites for CH3I adsorption were investigated, a Mo top site and a
206 3-fold Mo site. The adsorbate and the first two layers of the slab
207 were fully relaxed.
208 For both cases, the final adsorption geometry presents the
209 molecule bonded perpendicularly to the surface as shown in
210 Figure 2F2 .
211 For the top site, the I-Mo bond distance is 2.83 Å, while the
212 C-I (from CH3I) distance increases 3% with respect to the
213 isolated molecule. The calculated adsorption energy is-0.11 eV.
214 In the case of the 3-fold site, I-Mo distances range between 2.79
215 and 2.83 Å with the molecule closer to the surface, with a
216 perpendicular distance of 2.20 Å. In this case, the C-I bond
217 increases even more (9%) upon adsorption, and the adsorption
218 energy is -1.16 eV. This result represents a higher binding
219 energy than was established by TPD for molecular CH3I
220 desorption,15 but it must be taken into account that during
221 annealing the most strongly bonded molecules follow a reaction
222 channel ending in decomposition instead of desorption. The
223 above finding means that even though both (top and 3-fold) are
224 possible CH3I adsorption sites the 3-fold site is the most
225 favorable. Mo atoms and subsurface C atoms of the carbide
226 surface do not present noticeable location shift when compared

227with the clean Mo2C surface. The molecular distances of isolated
228and adsorbed methyl iodide for each adsorption site and the
229corresponding adsorption energies are presented in Table 1 T1.
230Table 2 T2shows the computed charges for the clean surface and
231the CH3I molecule. The surface transfers charge to the molecule,
232making it negative. When CH3I is adsorbed on top (on Mo1)
233there is a small decrease in the electronic charge of the surfaceMo
234atoms close to the CH3I (an increase in the positive charge
235means a decrease in the electronic charge). The first row in
236Table 2 shows that the electronic charge on Mo1 changes from
2370.535 to 0.570, decreasing 0.035 e- after adsorption. When
238comparing the adsorbed species with an isolated CH3I molecule
239in vacuum, the H and C atoms lose some of their orbital
240occupation, while the I atom gains electron density changing
241its charge fromþ0.119 to-0.020. As a result, the total charge of
242the adsorbed CH3I becomes -0.031 e-.
243When CH3I is adsorbed on a 3-fold site (formed by Mo2,
244Mo3, and Mo4), its electron density increases mainly from three
245(instead of one) Mo atoms. The molecule becomes more
246negatively charged than when it is adsorbed on top. Iodine is
247the most affected part of the molecule, getting an additional
2480.151 e-. In this case, the net charge of the adsorbed molecule
249becomes -0.247 e-, which is larger than the charge for the
250adsorbed molecule on top.
2513.3. Methyl Iodide Adsorption on the K-Promoted Mo-
252Terminated β-Mo2C Surface. The adsorption of the methyl
253iodide molecule was also investigated on the potassium-pro-
254moted Mo2C surface. The adsorbate, the first two layers of the
255slab, and the K adlayer were fully relaxed.
256As mentioned before, two possible sites for CH3I adsorption
257were investigated: the K top site and a 3-fold site. Different 3-fold
258sites were considered, a 3-fold site close to the K atom being the
259most energetically favorable (this is the 3-fold site formed by
260Mo2, Mo3, and Mo4 atoms). The adsorption energy of CH3I on
261the K top site is -0.17 eV, while that on the closest 3-fold site
262is -0.94 eV. This means that the 3-fold is the most favorable
263adsorption site also on the K-promoted surface.
264For the K top site the I-K distance is 3.13 Å, and the CH3I
265molecule is far from the surface. As a result, its geometry is similar
266to that of the isolated molecule (see Table 1 and Figure 3 F3).
267On the other hand, for the 3-fold site the C-I distance
268increases 21% upon adsorption. The stretch is even larger than
269the case of adsorption on the clean surface. The I-Mo distances
270range between 2.84 and 2.93 Å, so the molecule is pushed away
271from the surface compared to the clean system.
272When CH3I is adsorbed on the K top site, there is less charge
273transfer than in the previous cases resulting in a net charge
274of -0.018 e-.
275When CH3I is adsorbed on a 3-fold site closer to K, the charge
276transfer from the surface to the molecule is much larger than in
277the case on the clean surface. Both H and C atoms reduce their
278charge, while there is an important increase on the iodine electron
279density. As a result the net charge of the molecule is -0.516 e-

280instead of -0.247 e- on a 3-fold site on the clean surface.
281To establish the charge transfer between the molybdenum
282carbide surface and the methyl iodide molecule in the absence
283and presence of potassium adatoms (ΘK = 0.28), work function
284(WF) measurements were carried out. WF data were collected
285with the electron gun and analyzer used for Auger Electron
286Spectroscopy in the way described previously,44 based on recording
287the shift in the secondary electron energy threshold. Having a large
288dipole moment, the adsorption and surface rearrangement of

Figure 1. Two views of the potassium-promoted Mo2C slab.

Figure 2. Surface structure of methyl iodide adsorption on the Mo2C
surface on a Mo top site (a) and on a 3-fold site (b). For clarity, not all
the surface is shown, and only the first two layers are included. The
parentheses indicate C-I distances before adsorption.
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289 molecular CH3I is expected to be followed easily by WF
290 measurements.45 In Figure 4F4 the work function changes of the
291 above surfaces are plotted as a function of CH3I exposure
292 performed at 100 K. On both surfaces, a nearly linear change in
293 WF was found up to ∼4 L exposure. It was observed previously15

294that 0.35 ML K promoted the decomposition of CH3I at 115 K
295only about to 5% following 4 L exposure. Accordingly, the WF
296values measured as a result of CH3I uptake (Figure 4) reflect the
297charge transfer to the intact molecule up to 4 L exposure, except
298those measured at the lowest exposures. The extent of charge-
299transfer in the presence and in the absence of potassium can be
300estimated fromWF measurements. The slope of lines fitted to the
301WFdata points indicates that in the presence of K the surface dipole
302moment is enhanced by a factor of 2.0, which is in excellent
303agreement with the calculated total charge transfer to the molecule
304bonded in 3-fold hollow sites (Table 2 and Table 3 T3). The above
305argument involves similar surface concentration for methyl iodide
306at a given exposure on the K-free and K-dosed surfaces, which was
307really observed by XPS measurements.15

308Table 4 T4shows the computed overlap population, for bonds on
309isolated and adsorbed methyl iodide. We can see in all cases that
310the OP value for the C-I bond reduces when methyl iodide is
311adsorbed, resulting in the weakening of the C-I bond before
312adsorption.
313On the clean surface, this reduction is 9% for adsorption on
314top and 15% for adsorption on a 3-fold site. While on the
315K-promoted surface, the reduction is only 1% when methyl
316iodide is adsorbed on K top but is 38% on a 3-foldMo site near K.
317We can conclude that the C-I bond weakening is higher on the
3183-foldMo site near K. Such bond weakening is in agreement with
319the elongation of the C-I distance.
320We have calculated the atom-projected density of states
321(PDOS) by projection of the one-electron states onto spherical

Table 1. Calculated Geometric Parameters for Isolated and Adsorbed Methyl Iodide on Clean and on K-Promoted Surfacea

clean Mo2C K-Mo2C

isolated Mo top site Mo 3 fold site K top site Mo 3-fold site

Eads (eV) - -0.11 -1.16 -0.17 -0.94

distance (Å) C-H 1.09 1.09 1.09 1.09 1.10

C-I 2.14 2.20 2.33 2.14 2.58

I-Mo - 2.83 2.79-2.83 - 2.84-2.92

I-K - - - 3.13 3.45

K-Mo - - - 3.49-3.53b 3.58-3.67b

aAdsorption energies are also included. b See Figure 1.

Table 2. Net Charges for Specific Atoms on a Clean Mo2C
Surface, on Isolated CH3I, and after Adsorption

isolated adsorbed methyl iodide

charge surface methyl iodide on Mo top on Mo 3-fold

Mo1 0.535 - 0.570 0.540

Mo2 0.225 - 0.246 0.320

Mo3 0.538 - 0.561 0.646

Mo4 0.226 - 0.218 0.329

H (avg) - 0.040 0.061 0.039

C - -0.239 -0.194 -0.193

I - 0.119 -0.020 -0.171

q(CH3I)
a 0.000 -0.031 -0.247

aNet charge of the CH3I molecule.

Figure 3. Surface structure of methyl iodide adsorption on the
K-Mo2C surface on a K top site (a) and on a 3-fold site (b). For clarity
only a section of the surface is shown. The parentheses indicate C-I
distances before adsorption.

Figure 4. Changes in the work function (WF) of K-free and K-dosed
(ΘK = 0.28 ML) Mo2C/Mo(100) surfaces as a function of CH3I
exposure.
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322 harmonic atomic orbitalsF5 centered on atomic sites (Figure 7).
323 PDOS on surface Mo,F6 C, and K atoms is presented in Figure 7a.
324 The peakF7 around -12.5 eV can be attributed to interactions
325 between C s-orbitals with Mo orbitals, while the band be-
326 tween -6 and 2 eV is mainly the Mo d-band interacting with
327 the C p-band on its lower-energy part (between-6 and-3 eV).
328 The peak at-15 eV correponds to the K p-orbitals. There is also
329 a strong peak at -35 eV from Mo p-orbitals and at -32.5 eV
330 from K s-orbitals (out of scale on these figures) which are not
331 relevant for the present analysis. Figure 7b shows the PDOS of
332 the adsorbed methyl iodide molecule and the Mo and C surface
333 atoms. Two peaks at-6.2 and-4.2 eV belong to the CH3 group
334 and to the I atom from the adsorbed methyl iodide, respectively.
335 Kitchin et al.31 compared the electronic d band structures of
336 β-Mo2C(001) surfaces with those of Mo(110) and Pt(111) and
337 also report similar bands that associate with hybridization
338 between d-orbitals and the carbon s-p orbitals.
339 3.4. Methyl Iodide Dissociation. We also studied the pri-
340 mary dissociation process of an adsorbed CH3Imolecule yielding

341adsorbed CH3 and I (CH3I = CH3(a) þ I(a)). The formation of
342CH3 fragments has been detected by HREEL spectroscopy on
343the K-dosed Mo2C surface even at 100 K.15

344We investigated the dissociation process and the effect of K by
345first analyzing the stability of adsorbed species on the surface and
346then modeling a plausible reaction path. The preferential adsorp-
347tion sites for the CH3 on a clean and K-promoted Mo2C surface
348were found by placing the fragment at different positions on the
349surface and performing a full geometry optimization. The
350distances and OP values between the atoms of the different
351fragments and the surface are shown in Table 5 T5. On the clean

Table 4. Overlap Population (OP) for Selected Bonds on
Isolated and Adsorbed Methyl Iodide

on clean Mo2C on K-Mo2C

OP isolated on Mo top on Mo 3-fold on K top on Mo 3-fold

C-H 0.856 0.859 0.855 0.860 0.866

C-I 0.605 0.553 0.512 0.597 0.378

I-Mo - 0.441 0.453-0.472 - 0.308-0.382

I-K - - - 0.316 0.086

Table 3. Net Charges for Specific Atoms on the K-Mo2C
Surface, on Isolated CH3I, and after Adsorption

isolated adsorbed methyl iodide

charge surface methyl iodide on K top on Mo 3-fold

Mo2 0.213 - 0.218 0.323

Mo3 0.488 - 0.504 0.639

Mo4 0.089 - 0.102 0.261

K 0.774 - 0.764 0.785

H (avg) - 0.040 0.096 0.015

C - -0.239 -0.248 -0.232

I - 0.119 -0.058 -0.329

q(CH3I)
a 0.000 -0.018 -0.516

aNet charge of CH3I molecule

Figure 5. Dissociation of CH3I on adsorbed CH3 and I. CH3I before
dissociation is represented in gray. On the side view, the dotted lines
represent the suggested reaction pathway. On the top view, the adsorp-
tion site before dissociation is indicated.

Figure 6. Energy changes along the reaction pathway for the clean and
K-promoted Mo2C surface.

Figure 7. PDOS on Mo, C, and K surface atoms for Mo-terminated
surface (a) PDOS on Mo, C, and K surface atoms and the CH3I
molecule, when CH3I is adsorbed on the surface (b). The marks
represent molecular states of CH3I prior to adsorption.
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352 surface, the methyl group locates on a 3-fold site after dissocia-
353 tion at an average distance of 2.54 Å from its Mo first neighbors,
354 and the I atom, which remains on a 3-fold site, gets closer to the
355 surface (with average I-Mo distances of 2.86 Å).
356 When dissociation occurs on the K-doped surface, the methyl
357 group also adsorbs on a 3-fold Mo site with a rearrangement of
358 the K and I atoms on the surface, keeping almost the same
359 distance between each other of about 3.4 Å (see Figure 5). This
360 value is similar to the experimental value of the K-I distance of
361 3.526 Å for bulk fcc KI.46 Due to this rearrangement, I atom
362 results almost on top of Mo4.
363 Figure 5 shows the suggested reaction path as the adsorbed
364 molecule on a 3-fold site breaks its C-I bond and the CH3

365 fragment locates on another 3-fold site. During this process, on
366 the clean surface, the energy of the system decreases by 1.83 eV
367 with respect to energy of the molecular adsorbed state with an
368 activation energy barrier of 1.21 eV. In the case of the K-promoted
369 surface, we observed a similar decrease in the energy of the
370 system, 1.86 eV, with a lower activation energy, 0.89 eV. Figure 6
371 shows the energy changes along the reaction pathway for the
372 clean and K-promotedMo2C surface. A reduction of 1.43 eV was
373 obtained under a similar dissociation path for CH3I on Ni(111)
374 using the BOC-MP method.47

375 Table 6T6 shows the charges of adsorbed and dissociated species on
376 both surfaces. On the clean surface, the dissociated CH3 and I have
377 negative charges of -0.507 e- and -0.405 e-, respectively. As a
378 whole, all the adsorbed species have a net charge of-0.912 e-. On
379 the K-promoted surface, starting with a more negatively adsorbed
380 CH3I, the dissociated species have a larger amount of electron
381 density. As a result, the net charge transfer to the species is-1.177 e-.
382 We can conclude that the promoter effect of potassium can be
383 explained by the extended electron donation from the K-Mo2C
384 system to the adsorbed CH3I to form a partially negatively
385 charged species that dissociates more easily. This conclusion is
386 in agreement with Farkas et al.15

387 4. CONCLUSIONS

388 The adsorption of methyl iodide and the first step on its
389 dissociation on a clean and K-promoted β-Mo2C(001) surface

390were computed using DFT calculations. The methyl iodide ad-
391sorbs preferentially on 3-fold Mo sites on both surfaces, being
392more favorable on clean β-Mo2C(001).
393In both cases, the molecule withdraws charge from the surface
394being the higher transfer from the K-promoted surface, which is
395also verified by work function measurements.
396The C-I distance increases when the molecule is adsorbed on
397the surface. The largest elongation occurs on the K-promoted
398surface, where the OP value between C and I atoms presents the
399largest decrease. This corresponds to a larger weakening of the
400C-I bond.
401The dissociation to an I adsorbed atom and a methyl group
402adsorbed is energetically favorable for both surfaces, but there is a
403lower activation barrier on the K-doped surface. Also, consider-
404ing the changes in the bonding, in the case of methyl iodide the
405C-I bond becomes weaker when the molecule adsorbs on the
406surface with potassium. These observations indicate that potas-
407sium promotes the cleavage of the C-I bond. The promoter
408effect of potassium can be explained by the extended electron
409donation from the K-Mo2C system to the adsorbed CH3I to
410form a partially negatively charged species that dissociates more
411easily.
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