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Abstract:   

 

 The objective of this project has been to develop realistic theoretical models for gas-surface 

interactions, with a focus on processes important in heterogeneous catalysis. The dissociative 

chemisorption of a molecule on a metal is a key step in many catalyzed reactions, and is often the rate-

limiting step.  We have explored the dissociative chemisorption of H2, H2O and CH4 on a variety of metal 

surfaces.  Most recently, our extensive studies of methane dissociation on Ni and Pt surfaces have fully 

elucidated its dependence on translational energy, vibrational state and surface temperature, providing the 

first accurate comparisons with experimental data.  We have explored Eley-Rideal and hot atom reactions   

of H atoms with H- and C- covered metal surfaces.  H atom interactions with graphite have also been 

explored, including both sticking and Eley-Rideal recombination processes.  Again, our methods made it 

possible to explain several experiments studying these reactions.   The sticking of atoms on metal surfaces 

has also been studied.  To help elucidate the experiments that study these processes, we examine how the 

reaction dynamics depend upon the nature of the molecule-metal interaction, as well as experimental 

variables such as substrate temperature, beam energy, angle of impact, and the internal states of the 

molecules.  Electronic structure methods based on Density Functional Theory are used to compute each 

molecule-metal potential energy surface.  Both time-dependent quantum scattering techniques and quasi-

classical methods are used to examine the reaction or scattering dynamics.  Much of our effort has been 

directed towards developing improved quantum methods that can accurately describe reactions, as well as 

include the effects of substrate temperature (lattice vibration). 
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 This Final Report covers nearly 29 years of work, and 80 publications.  Here, we divide the work 

into five general areas: H2-metal interactions, gas-surface sticking, Eley-Rideal reactions, H-

graphite/graphene interactions, and the dissociative chemisorption of methane on metals.  For each topic 

we provide a brief overview and discuss the key findings.  Details can be found in earlier Progress 

Reports.  We conclude with a discussion of our most recent work, taking place since our last Progress 

Report (Feb. 2015). 

 In 1987 our group published the first time dependent quantum dynamics studies of the 

dissociative chemisorption of H2 on a metal surface [1].  We followed this 2-DOF (degree of freedom) 

study with several others that used mixtures of quantum with classical mechanics to include additional 

molecular DOFs [12, 15, 16].  These new (at that time) wave packet methods were also used to explore 

the rotationally and vibrationally inelastic scattering of H2 from metal surfaces [5,6,8].  We examined 

how the probability for dissociative chemisorption or ro-vibrational excitation varied with collision 

energy, vibrational state and isotope (H2 vs HD vs D2).  We also examined how features of the potential 

energy surface (PES) modified the dynamics, using model potentials, though little was known about the 

“true” PESs at that time.  Another result of this early work was to show that these quantum wave packet 

methods worked well for these processes, and several groups adapted them around this time, many 

working on H2 dissociation, slowly adding additional molecular DOF as computer power increased.  We 

moved on to more difficult problems, though we have done some H2 studies since, in collaboration with 

other groups [32, 63]. 

 The other focus of our earliest work was to develop quantum mechanical models for gas-surface 

sticking, where a particle collides with a surface and traps in the attractive well by exciting one or more 

phonons (quantized lattice vibrations) [2-4,7, 9-11].  Using our quantum wave packet methods to treat an 

incident He, Ne or Ar atom, we expanded the total wavefunction in a basis set describing several phonon 

excitations and de-excitations.  This allowed for a fully quantum description of sticking, including 

quantization of the gas-metal bound states.  Of interest was the variation of the sticking probability with 

collision energy, particle mass, well depth, phonon coupling and surface temperature.  Agreement with 

available experimental data was reasonable for these studies, again using model potentials.   

 Starting around 1988, several experimental groups began to report observations of Eley-Rideal 

(ER) reactions.  In an ER reaction, a particle entering from the gas phase reacts with another particle 

adsorbed on a surface.  While this mechanism had long been proposed as likely to be important in some 

catalytic and etching reactions, these were the first molecular beam studies of the dynamics.  Working 

with Mats Persson (Chalmers, Liverpool), we developed the first quantum models for ER processes, 

studying H(g) + H/metal, H(g) + Cl/metal and H(g) + H/Si reactions, first with only 2 molecular DOFs 

[13,14,17,18].  We later extended this to a full dimensional treatment for a flat metal surface [19-
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21,23,25-31].  This latter approach was improved using discrete Bessel transform methods [33], in 

collaboration with Didier Lemoine (Lille, Toulouse), and applied to several reactions under experimental 

study [33,37,40-44].  There were several major findings.  First, we showed that the 2-DOF models used 

by us (and later others) gave misleading results, and it was necessary to compute a proper 3D scattering 

cross section.  Second, for the H(g) + H/metal reactions, we showed that the cross section for a direct ER 

reaction was actually very small, while the cross section for adsorbate-mediated trapping was large.  

Thus, the incident H scattered from the adsorbed H, trapping on the metal.  However, relaxation of the 

trapped H was slow, due to the small H-to-metal atom mass ratio, and this trapped “hot” H atom 

eventually reacted with an adsorbed H to give H2 before fully relaxing. We showed that the product H2 

resulting from these “hot-atom” reactions was highly excited, vibrationally, just as for the more direct ER 

reaction.  Around this time we began to use DFT (Density Functional Theory) to compute our PESs, 

eventually developing a full 6-DOF PES for H atom recombination on Cu(111)[28].  Quasiclassical 

trajectory (QCT) studies on this PES gave excellent agreement with experiment with regard to the 

rotational and vibrational state distributions in the desorbing H2 product [30], supporting our earlier 

hypothesis regarding hot-atom reactions.  Similar DFT-based studies of H(g) + Cl/Au [42,43,48] helped 

to elucidate this reaction, though strong phonon or electron hole pair damping of the product HCl was 

necessary to explain the experiments.  We predicted that a sizable ER cross section was possible for the 

H(g) + H/graphite reaction [31, 37], and this was later confirmed by experiment [40,41].  QCT studies on 

large moving slabs of Ni(100) helped us to better understand the effects of lattice motion on ER reaction, 

trapping and hot atom relaxation [34,39].  Studies involving many adsorbates [39] helped us develop 

kinetic models for these reactions that were useful in interpreting some experiments [36].  Overall, our 

work has significantly impacted and helped to define the field of ER and hot-atom reactions. 

 During the period of our ER studies, we began to examine the interactions of H with graphite and 

graphene.  This is relevant to processes occurring in fusion reactors and interstellar space, and to the 

modification of the electronic properties of graphene.  Our earliest DFT study showed that chemisorption 

of H involved a significant puckering of the carbon lattice [35] (278 citations!).  Subsequent studies of 

H(g) + H/gr ER reactions using our DFT-based PES showed that the ER cross section was large, as noted 

[37,40,41].  Subsequent work has examined H chemisorption and physisorption 

[45,47,49,53,54,60,62,71].  One chemisorption study examined H adsorption on various edge and defect 

sites, relevant to H-storage experiments [45].  Several other studies focused on chemisorption on a terrace 

carbon [47,49,53], where there are two complications arising from the need to pucker the carbon lattice.  

First, this results in a barrier.  Second, the slower lattice atoms might not be able to move/pucker on the 

timescale of an H atom collision.  We constructed DFT-based models that eventually included 121 

moving lattice atoms [53], which was used in a QCT study of sticking.  We concluded that while initial 
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(bare surface) sticking cross sections were small, the chemisorption of H lead to lower barrier 

chemisorption pathways at sites adjacent to the chemisorbed H.  Finally, we have made several studies of 

H physisorption at low energy and temperature [54,60,62,71], using a rigorous fully quantum treatment 

based on the reduced density matrix [50,54].  These studies used DFT-based PESs and phonon couplings, 

and surface corrugation was included.  This latter effect is important, as trapping can be enhanced by 

diffraction.  Our approach compared favorably with a more traditional quantum basis set approach [60], 

and we made several, as yet untested, predictions regarding diffraction–mediated trapping of H on 

graphene [62,71]. 

 The bulk of our work since 2007 has focused on the dissociative chemisorption of methane on 

metal surfaces [51,52,55-59,61,64-70,72-75,78-80], the rate-limiting step in the steam reforming of 

natural gas. Our DFT studies of methane dissociation on Ni(111) found that at the transition state the 

molecule is almost directly over a metal atom, and when this atom vibrates in and out of the plane of the 

surface, the barrier to dissociation increases and decreases, respectively [51,52]. Quantum scattering 

calculations including several key methane DOFs, as well as the motion of the metal atom over which the 

reaction occurs, showed that the reaction probability was significantly larger than for a static lattice, and 

strongly increased with temperature [51,52]. Studies of how lattice motion effected methane dissociation 

led to the development of sudden models, where quantum calculations were implemented for several 

frozen lattice configurations, sampled at the substrate temperature [56,58].  These approaches reproduced 

the quantum results, and because motion of the heavy metal atom was not explicitly included in the wave 

function, the computations were two orders of magnitude faster.  Subsequent DFT studies found that 

lattice motion modifies the energetics of methane dissociation in a similar fashion on Ni(100), Pt(100), 

Pt(111) and the stepped Pt(110)-(1x2) surface [55,57].   

Significant progress in modeling methane reactions and understanding bond-selective and mode-

specific chemistry has been made using a formulation based on the Reaction Path Hamiltonian (RPH).  

Assuming that the PES is harmonic with respect to displacements away from the reaction (or minimum 

energy) path, we use DFT to compute a reasonably accurate PES that includes all 15 molecular DOF.  We 

computed the RPH for methane dissociation on Ni(100), and derived close-coupled equations for the total 

wavefunction by expanding in the adiabatic vibrational states of the molecule [59]. This was then used to 

compute full 15-DOF dissociative sticking probabilities for methane dissociation on Ni(100), using 

sudden models to average over surface impact sites and to introduce the effects of lattice motion [61].  

These were the first calculations containing all relevant DOF from first principles that could be compared 

directly with experiments (receiving an Editor’s Choice Award from J. Chem. Phys.). We demonstrated 

how the efficacies for vibrational enhancement are related to transitions from higher to lower energy 

vibrationally adiabatic states, with the excess energy going into motion along the reaction path, which 
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corresponds to bond breaking at the transition state.  Agreement with experiment was good, in terms of 

both the magnitude of the reactivity over a broad range of incident energies, and the efficacies of the 

different vibrational modes for promoting reaction.  More importantly, our approach made it possible to 

follow the flow of energy within the molecule as it dissociates, providing a detailed understanding of how 

translational, vibrational and lattice energy contribute to dissociative sticking.  Our next study [65] 

applied this approach to methane reactions on Ni(111), motivated by experiments from the Utz (Tufts) 

and Beck (EPFL) groups.  In particular, Utz’ most recent measurements of methane dissociative sticking 

probabilities over a wide range of surface temperatures allowed for the first real test of our models for 

introducing the effects of lattice motion.  Our methods were able to accurately describe the observed 

variation in reactivity with collision energy and vibrational state, over several orders of magnitude, as 

well as the variation with temperature [65,78]. We were able to explain why this variation was strong at 

some energies and weak at others.  We also examined the dissociative chemisorption of CH4 on Pt(110)-

(1x2), where the missing-row reconstruction leads to a very large surface corrugation, making this a 

model for actual (rough) catalysts [66]. We found that the edge sites were the most reactive, as expected, 

and that the phonon coupling was far more complicated than for smooth Pt surfaces, involving the motion 

of several lattice atoms. However, we showed that the net effects of lattice motion were not any larger 

than on smoother surfaces, due to cancellations as the metal atoms vibrated out of phase. We were also 

able to model and explain the variation in reactivity with nozzle temperature due to contributions to 

sticking from vibrationally excited molecules [65,66]. 

QCT methods and ab initio molecular dynamics (AIMD) are important tools for these complex 

systems, and it is important to understand their limitations.  We applied QCT methods to our RPH to 

examine methane reactions on Ni(100) and Ni(111), and found that classical methods did a good job at 

describing the reactions of vibrationally excited molecules, but that they overestimated the reaction 

probability of molecules in the ground vibrational state [68].  This was due to an unphysical flow of the 

substantial (about 1.2 eV) zero point energy (ZPE) into other molecular DOFs. As part of a four-way 

collaboration, we are working with the Kroes (Leiden) group to use AIMD to study CHD3 dissociation on 

Pt(111) and Ni(111), while the Utz and Beck groups do the corresponding experiments.  Part of the 

motivation is to test DFT functionals, but our first studies [70,72] told us many important things.  First, 

there is little translational steering, so our sudden models for impact site averaging are likely reasonable.  

However, there is little rotational steering, and our rotationally adiabatic approximation is probably 

inaccurate.  We thus developed a way to correct our quantum RPH model to describe rotationally sudden 

behavior [72].  The agreement with experiment was greatly improved for the ground state reactivity on 

Ni(111). 
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Nearly all theoretical studies of dissociative chemisorption focus on zero-coverage sticking 

probabilities, but in the experiments, and on real catalytic surfaces there can be significant reactant and 

product coverages.  Experimental studies of CH4 dissociation on Pt(111) by the Beck group show that the 

saturation coverage of the product CH3 on the surface increases with both the translational energy and 

vibrational excitation of the incident molecule, suggesting a coverage dependent barrier to dissociation.  

We used DFT to examine how the dissociation barrier is modified by the presence of chemisorbed H and 

CH3 fragments, and found that this barrier increases with the surface coverage of reaction products [67].  

Using our DFT results, we developed kinetic models that were able to reproduce and explain the 

saturation behavior observed in the experimental uptake curves [67].  

 We explored both mode- and bond-selective chemistry more closely in a study of CHD3 

dissociative chemisorption on Ni(111) [74]. In addition to reproducing the experimentally observed 

strong enhancement in C-H cleavage selectivity with excitation of the ν1 stretch, we were able to explain 

it in terms of mode softening, and how the vibrationaly nonadiabatic coupling keeps vibrational energy 

localized on the reactive bond.  Examining both CH4 and CHD3 reactions on Ni surfaces, we argued that 

this behavior, in combination with how symmetry effects the vibrationally non-adiabatic couplings, 

should lead to larger efficacies for promoting reaction for symmetric stretches over antisymmetric 

stretches, even though these two types of vibration typically have similar energies.   

 In the year and a half since our last Progress Report, we have completed three projects. The 

dissociative chemisorption of H2O, HOD and D2O on Ni(111) was explored using our RPH approach 

[75], motivated by recent experimental results from the Beck group.  Mode-selective chemistry was 

observed, as for methane, with both stretch modes strongly enhancing reactivity.  The effects of lattice 

motion were more complicated than for methane, with several types of motion able to modify the barrier 

to reaction. Reasonable agreement with experiment required a rescaling of the barrier height, but this is 

not unexpected given the nature of DFT.  Second, we contributed to two studies that used statistical 

models to examine the scattering and sticking of H atoms on graphene surfaces [76,77].  Our 

contributions to this work involved modeling the lattice dynamics of a large graphene cluster.  Third, we 

finished a detailed study of the dissociative chemisorption of methane on Pt(111), using a newly 

developed PES for this surface [79].  Detailed comparison were made with these reactions on Ni(111), 

using a new PES for this surface also (larger supercells than in earlier work).  We also developed an 

improved model for describing the motion of the atoms on the surface of the metal [79].  Overall, these 

modifications led to a much better agreement with experiments on both metals, as well as recent AIMD 

studies.  While reaction probabilities were larger on Pt due to lower barrier heights, the Ni reactions 

exhibited more vibrational enhancement due to the larger vibrationally nonadiabatic couplings. 
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 We have made significant progress on five new projects [80-84].  Working with the Utz 

experimental group, we have been trying to understand why the symmetric and antisymmetric stretch 

states of CH2D2 have similar reactivities on Ni(111) [81].  This is different from what has been observed 

for the dissociation of other isotopologues of methane on several metals.  Using our RPH approach, we 

have shown that these two states become mixed in the entrance channel due to the molecule’s interaction 

with the surface.  Our results are in excellent agreement with the experiment over all energies measured 

[81].  A second project, also being written up, explores the reactions of CH4 molecules excited to the 2v3 

(antisymmetric stretch) state, on Ni(111) [82].  Anharmonicity splits this state into three components, 

with A1, E and F2 symmetry.  The Beck group has measured the probability for dissociative chemisorption 

for these three states, and they are, surprisingly, different.  We have been able to reproduce and 

understand this behavior using our RPH model.  We can describe these different states using linear 

combinations of normal modes, within our RPH approach.  States containing more stretch character are 

more reactive [82].   

 We have begun to look at the dissociative chemisorption of CO2 on smooth Ni(100) and the 

stepped Ni(711) [83].  The Jurrlink group (Leiden) has experiments planned for the latter surface, and 

other data exists for the former.  We find that the coupling to the lattice motion on Ni(100) is far more 

complex for this reaction than for methane.  Initial scattering studies suggest that the incident CO2 

initially traps in a bent physisorbed molecular state, thermalizes, then dissociates [83]. Vibrational 

enhancement is minor.  The lattice effects for sticking on Ni(711) appear to be even more complicated, 

involving the motion of many metal atoms.  Similar behavior has been observed for methane dissociation 

on the stepped Pt(211) and Ni(211) surfaces [84], as again, the motion of several atoms can modify the 

barrier height.  It is likely that reactions on real catalysts take place on steps and other defect sites, and we 

are exploring how the dynamics, lattice effects and mode specificity differ on these sites.  Scattering 

calculations on Pt(211) are only now starting.  In a recently submitted invited Perspective in J. Phys. 

Chem. Lett., we have presented these new results for the lattice coupling, comparing with the behavior 

observed for other molecules on other metals [80]. The strong lattice motion effects found for methane 

dissociation are likely to be important in a great many gas-surface reactions. 

 Finally, we note that this DOE-funded work has been summarized in several book chapters and 

review articles [22,26,44,64,69,73], and that we have engaged in a few minor projects not part of any 

major initiative (and not discussed here) [24,38,46].   

  



 8 

Publications resulting from this award 
 
1. Chao-Ming Chiang and Bret Jackson, "Quantum and Classical Studies of the Dissociation 
Dynamics of H2 and its Isotopes on Ni,"  J. Chem. Phys. 87, 5497-5503 (1987). 
 
2. Bret Jackson, "Time Dependent Quantum Mechanical Theory of Gas-Surface Energy Transfer,"  
J. Chem. Phys. 88, 1383-1393 (1988). 
 
3. Bret Jackson, "Mean Field Approach to Molecule-Surface Scattering at Finite Temperature: One-
Phonon Theory,"  J. Chem. Phys. 89, 2473-2481 (1988). 
 
4. Bret Jackson, "Mean Field Approach to Molecule-Surface Scattering at Finite Temperature: 
Multiphonon Theory,"  J. Chem. Phys. 90, 140-150 (1989). 
 
5. Astrid J. Cruz and Bret Jackson, "A Finite Temperature Theory of Rotationally Inelastic 
Diffraction: H2, HD, and D2 on Cu(100)," J. Chem. Phys. 91, 4985-4993 (1989). 
 
6. Bret Jackson, "A Spectral Grid Study of Ro-vibrational Coupling in H2- Metal Scattering," J. 
Phys. Chem. 93, 7699-7702 (1989). 
 
7. Bret Jackson, "A Semiclassical Study of Gas-Solid Energy Transfer: He, Ne and Ar on Metal 
Surfaces," J. Chem Phys. 92, 1458-1467 (1990). 
 
8. Stephen Holloway and Bret Jackson, "Rotational State Distributions as a Probe of Dissociative 
Adsorption," Chem. Phys. Lett. 172, 40-42 (1990). 
 
9. Bret Jackson, "The Effect of Impact Angle and Corrugation on Gas-Surface Energy Transfer and 
Sticking:  A Semiclassical Study," J. Chem. Phys. 94, 787-800 (1991). 
 
10. Bret Jackson, "Time Dependent Mean Field Approach to Molecule-Surface Scattering at Finite 
Temperatures," Comp. Phys. Comm. 63, 154-170 (1991). 
 
11. Bret Jackson, "A Semiclassical Study of He, Ne and Ar Sticking on Metal Surfaces," J. Chem. 
Phys. 94, 5126-5134 (1991). 
 
12. Astrid J. Cruz and Bret Jackson, "Mixed Quantum-Classical Studies of H2 Dissociation on 
Metals:  Dependence upon Molecular Geometry and Dimensionality," J. Chem. Phys. 94, 5715-5720 
(1991). 
 
13. Bret Jackson and Mats Persson, "A Quantum Mechanical Study of Recombinative Desorption of 
Atomic Hydrogen on a Metal Surface," J. Chem. Phys. 96, 2378-2386 (1992). 
 
14. Bret Jackson and Mats Persson, "Vibrational Excitation in Recombinative Desorption of 
Hydrogen on  Metal Surfaces : Eley-Rideal Mechanism," Surf. Sci. 269/270, 195-200 (1992). 
 
15. Armin Grüneich, Astrid J. Cruz, and Bret Jackson. "The Dynamics of H2 Dissociation on Cu and 
Ni Surfaces:  Mixed Quantum-Classical Studies with all Degrees of Freedom," J. Chem. Phys. 98, 5800-
5808 (1993). 
 



 9 

16. Sudershan Kumar and Bret Jackson. "Dissociative Adsorption of H2 on Cu(110):  A Mixed 
Quantum-Classical Study," J. Chem. Phys. 100, 5956-5964 (1994). 
 
17. Bret Jackson, Mats Persson, and Bruce D. Kay. "A Quantum Mechanical Study of H(g) + Cl-
Au(111): Eley-Rideal Mechanism," J. Chem. Phys. 100, 7687-7695 (1994). 
 
18. D. D. Koleske, S. M. Gates, and B. Jackson. "Atomic H Abstraction of Surface H on Si: An Eley-
Rideal Mechanism?," J. Chem. Phys. 101, 3301-3309 (1994). 
 
19.  Mats Persson and Bret Jackson, "Flat Surface Study of the Eley-Rideal Dynamics of 
Recombinative Desorption of Hydrogen on a Metal Surface," J. Chem. Phys. 102, 1078-1093 (1995). 
 
20.  Mats Persson and Bret Jackson, "Isotope Effects in the Eley-Rideal Dynamics of the 
Recombinative Desorption of Hydrogen on a Metal Surface," Chem. Phys. Lett. 237, 468-473 (1995). 
 
21.  Bret Jackson and Mats Persson, "Effects of Isotopic Substitution on Eley-Rideal Reactions and 
Adsorbate-Mediated Trapping," J. Chem. Phys. 103, 6257-6269 (1995). 
 
22.  Bret Jackson, "Time Dependent Wave Packet Approach to Quantum Reactive Scattering," Annu. 
Rev. Phys. Chem. 46, 251-274 (1995). 
 
23.  Bret Jackson and Mats Persson, "Eley-Rideal Dynamics of the Reaction of Gas-phase H(D) with 
D(H) on Cu(111)," in Elementary Processes in Excitations and Reactions on Solid Surfaces, Eds. A. 
Okiji, H. Kasai, and K. Makoshi, Springer Series in Solid State Sciences, Springer-Verlag, Berlin, 
1996,Vol. 121, pp. 26-35. 
 
24.  Stavros Caratzoulas and Bret Jackson, "Diabatic Approach to the Close-Coupling Wave Packet 
Method in Reactive Scattering," J. Chem. Phys. 105, 8639-8652 (1996). 
 
25. Stavros Caratzoulas, Bret Jackson and Mats Persson, "Eley-Rideal and Hot-Atom reaction 
Dynamics of H(g) with H Adsorbed on Cu(111)," J. Chem. Phys. 107, 6420-6431 (1997). 
 
26. Bret Jackson, "Methods for Gas-Surface Scattering," in Modern Methods for Multidimensional 
Dynamics Computations in Chemistry, Ed. D. L. Thompson, World Scientific Pub. Co., Inc., Singapore, 
1998, pp 73-100. 
 
27. Dmitrii Shalashilin, Bret Jackson and Mats Persson, "Eley-Rideal and Hot-Atom Dynamics of 
HD formation by H(D) incident from the Gas Phase on D(H)-covered Cu(111)," Faraday Discuss. 110, 
287-300 (1998). 
 
28. M. Persson, J. Strömqvist, L. Bengtsson, B. Jackson, D. V. Shalashilin, and B. Hammer, "A First-
Principles Potential Energy Surface for Eley-Rideal Reaction Dynamics of H atoms on Cu(111)," J. 
Chem. Phys. 110. 2240-2249 (1999). 
 
29. Chakrapani Kalyanaraman, Didier Lemoine and Bret Jackson, "Eley-Rideal and Hot-Atom 
Reactions between Hydrogen Atoms on Metals: Quantum Mechanical Studies,"  Phys. Chem. Chem. 
Phys. 1, 1351-1358 (1999). 
 



 10 

30. Dmitrii V. Shalashilin, Bret Jackson and Mats Persson, "Eley-Rideal and Hot-Atom Reactions of 
H(D) Atoms with D(H)-covered Cu(111) Surfaces; Quasi-Classical Studies ," J. Chem. Phys. 110, 11038-
11046 (1999). 
 
31. Bret Jackson and Didier Lemoine, "Eley-Rideal reactions between H atoms on metal and graphite 
surfaces: The variation of reactivity with substrate," J. Chem. Phys. 114, 474-482 (2001). 
 
32. M. Boyukata, Z. B. Guvenc, B. Jackson and J. Jellinek, "Dynamics of the D2 + Ni(100) collision 
system: Analysis of the reactive and inelastic channels," Int. J. Quant. Chem. 84, 48-57 (2001). 
 
33. Didier Lemoine and Bret Jackson, "Quantum wave packet approach to the Eley-Rideal reactive 
scattering between a gas phase atom and an adsorbate," Comp. Phys. Commun. 137,415-426 (2001). 
 
34.  Z. B. Guvenc, X. Sha and B. Jackson, "Eley-Rideal and hot atom reactions between H atoms on 
Ni(100); electronic structure and quasiclassical studies," J. Chem. Phys. 115, 9018-9027 (2001). 
 
35.  X. Sha and B. Jackson,"First-principles study of the structural and energetic properties of H 
atoms on a graphite (0001) surface," Surf. Sci. 496, 318-330 (2002). 
 
36.  B. Jackson, X. Sha and Z. B. Guvenc, "Kinetic model for Eley-Rideal and hot atom reactions 
between H atoms on metal surfaces," J. Chem. Phys. 116, 2599-2608 (2002). 
 
37.  X. Sha, B. Jackson and D. Lemoine,"Quantum studies of Eley-Rideal reactions between H atoms 
on a graphite surface," J. Chem. Phys. 116, 7158-7169 (2002). 
 
38.  X. Sha and B. Jackson,"Ab initio and transition state theory studies of the energetics of H atom 
resurfacing on Ni(111)," Chem. Phys. Lett. 357, 389-396 (2002). 
 
39.  Z. B. Guvenc, X. Sha and B. Jackson, "The effects of lattice motion on Eley-Rideal and hot atom 
reactions: Quasiclassical studies of Hydrogen recombination on Ni(100)," J. Phys. Chem. B 106, 8342-
8348 (2002). 
 
40. Th. Zecho, A. Güttler, X. Sha, B. Jackson, and J. Küppers, Adsorption of Hydrogen and 
Deuterium atoms on the (0001) graphite surface," J. Chem. Phys. 117, 8486-8492 (2002). 
 
41. Th. Zecho, A. Güttler, X. Sha, D. Lemoine, B. Jackson, and J. Küppers, Abstraction of D 
chemisorbed on graphite (0001) with gaseous H atoms," Chem. Phys. Lett. 366, 188-195 (2002). 
 
42. D. Lemoine, J. Quattrucci, and B. Jackson, "Efficient Eley-Rideal reactions of H atoms with 
single Cl adsorbates on Au(111), Phys. Rev. Lett. 89, 268302-1-4 (2002). 
 
43. J. Quattrucci, B. Jackson, and D. Lemoine "Eley-Rideal reactions of H atoms with Cl adsorbed on 
Au(111): Quantum and quasiclassical studies, J. Chem. Phys. 118, 2357-2366 (2003). 
 
44. B. Jackson, "Eley-Rideal and hot atom reactions between H atoms on metal and graphite 
surfaces," in "The Chemical Physics of Solid Surfaces," vol. 11, D. P. Woodruff, ed., pp 51-77, Elsevier 
Science B. V.  (2003) 
 
45. X. Sha and B. Jackson,"The Location of Adsorbed Hydrogen in Graphite Nanostructures, " J. 
Am. Chem. Soc. 126, 13095-13099 (2004). 



 11 

 
46. Z. B. Guvenc, R. Hippler and B. Jackson, “Bombardment of Ni(100) surface with low-energy 
argons: molecular dynamics simulations, Thin Solid Films 474, 346-357 (2005). 
 
47.  X. Sha, B. Jackson, D. Lemoine and B. Lepetit,"Quantum studies of H Atom Trapping on a 
graphite surface," J. Chem. Phys. 122, 014709-1 - 8 (2005). 
 
48. J. Quattrucci and B. Jackson, "Quasi-classical study of Eley-Rideal and Hot Atom reactions of H 
atoms with Cl adsorbed on a Au(111) surface, J. Chem. Phys. 122, 074705-1 - 13 (2005). 

 
49. J. Kerwin, X. Sha and B. Jackson," Classical studies of H atom trapping on a graphite surface," J. 
Phys. Chem. B 110, 18811-18817 (2006).  
 
50.  Z. Medina and B. Jackson,"Reduced density matrix quantum approach for particle trapping and 
sticking on corrugated moving surfaces," J. Chem. Phys. 125, 224703-1 - 11  (2006). 
 
51.  S. Nave and B. Jackson," Methane dissociation on Ni(111): the role of lattice reconstruction," 
Phys. Rev. Lett. 98, 173003-1 - 4 (2007). 
 
52.  S. Nave and B. Jackson," Methane dissociation on Ni(111): The effects of lattice motion and 
relaxation on reactivity," J. Chem. Phys. 127, 224702-1 - 11 (2007). 
 
53. J. Kerwin and B. Jackson, "The sticking of H and D atoms on a graphite (0001) surface: the 
effects of coverage and energy dissipation”, J. Chem. Phys. 128, 084702-1 - 7 (2008). 
 
54. Z. Medina and B. Jackson,"Quantum studies of light particle trapping, sticking and desorption on 
metal and graphite surfaces, J. Chem. Phys. 128, 114704-1 - 9 (2008). 
 
55. S. Nave and B. Jackson," Methane dissociation on Ni(111) and Pt(111): Energetic and dynamical 
studies,”  J. Chem. Phys. 130, 054701-1 - 14 (2009). 
 
56. A. K. Tiwari, S. Nave and B. Jackson," Methane dissociation on Ni(111): A new understanding 
of the lattice effect,” Phys. Rev. Lett. 103, 253201-1 - 4 (2009). 
 
57. S. Nave, A. K. Tiwari and B. Jackson," Methane dissociation on Ni(111), Pt(111), Ni(100), 
Pt(100) and Pt(110)-(1x2): Energetic study,” J. Chem. Phys. 132, 054705-1 - 12 (2010). 
 
58. A. K. Tiwari, S. Nave and B. Jackson," The temperature dependence of methane dissociation on 
Ni(111) and Pt(111): Mixed quantum-classical studies of the lattice response,” J. Chem. Phys. 132, 
134702-1 - 9 (2010). 
 
59. S. Nave and B. Jackson," Vibrational mode-selective chemistry: Methane dissociation on 
Ni(100)” Phys. Rev. B 81, 233408 (2010). 
  
60. B. Lepetit, D. Lemoine, Z. Medina, and B. Jackson, “Sticking and desorption of hydrogen on 
graphite: a comparative study of different models,” J. Chem. Phys. 134, 114705 (2011). 
 
61. B. Jackson and S. Nave, "The dissociative chemisorption of methane on Ni(100): Reaction path 
description of mode-selective chemistry” J. Chem. Phys. 135, 114701 (2011). 
 



 12 

62. B. Lepetit and B. Jackson, “Sticking of hydrogen on supported and suspended graphene at low 
temperature,” Phys. Rev. Lett. 107, 236102 (2011). 
 
63.  F. Nattino, C. Díaz, B. Jackson, and G.J. Kroes, “Effect of surface motion on the rotational 
quadrupole alignment parameter of D2 reacting on Cu(111),” Phys. Rev. Lett. 108, 236104 (2012).  
 
64. B. Jackson, “The effects of lattice motion on gas-surface reactions”, in Dynamics of Gas-Surface 
Interactions, Atomic-level Understanding of Scattering Processes at Surfaces, Springer Series in Surface 
Sciences, Vol. 50, pp. 213 – 237, 2013, eds. R. D. Muiño and H. F. Busnengo. 
 
65. B. Jackson and S. Nave, "The dissociative chemisorption of methane on Ni(111): The effects of 
molecular vibration and lattice motion” J. Chem. Phys. 138, 174705 (2013). 
 
66. D. Han, S. Nave and B. Jackson," Dissociative Chemisorption of Methane on Pt(110)-(1x2): 
Effects of Lattice Motion on Reactions at Step Edges.” J. Phys. Chem. A 117, 8651-8659 (2013). 
 
67. H. Ueta, L. Chen, R. D. Beck, I. Colón-Diaz and B. Jackson, “Quantum state-resolved CH4 
dissociation on Pt(111): Coverage dependent barrier heights from experiment and density functional 
theory,” Phys. Chem. Chem. Phys. 15, 20526 – 20535 (2013). 
 
68.  M. Mastromatteo and B. Jackson, “The dissociative chemisorption of methane on Ni(100) and 
Ni(111): Classical and quantum studies based on the Reaction Path Hamiltonian, J. Chem. Phys. 139, 
194701-1 – 9 (2013). 
 
69.  C, Díaz, A. Gross, B. Jackson and G.-J. Kroes, “Elementary Molecule-Surface Scattering 
Processes Relevant to Heterogeneous Catalysis: Insights from Quantum Dynamics Calculations,” in 
Molecular Quantum Dynamics, Springer Series Physical Chemistry in Action, pp. 31 – 58, 2014, ed. F. 
Gatti. 
 
70.  F. Nattino, H. Ueta, H. Chadwick, M. van Reijzen, R. D. Beck, B. Jackson, M. C. van Hemert, 
and G.J. Kroes, “Ab Initio Molecular Dynamics Calculations versus Quantum-State Resolved 
Experiments on CHD3 + Pt(111): New Insights into a Prototypical Gas-Surface Reaction,” J. Phys. Chem. 
Lett. 5, 1294-1299 (2014). 
 
71. B. Lepetit and B. Jackson, Reply to “Comment, Phys. Rev. Lett. 113, 069601 (2014),” Phys. Rev. 
Lett. 113, 069602 (2014). 
 
72.  B. Jackson, F. Nattino, and G.J. Kroes, “Dissociative chemisorption of methane on metal 
surfaces: Tests of dynamical assumptions using quantum models and ab initio molecular dynamics,” J. 
Chem. Phys. 141, 054102 (2014).  
 
73. S. Nave, A. K. Tiwari and B. Jackson," Dissociative Chemisorption of Methane on Ni and Pt 
Surfaces: Mode-Specific Chemistry and the Effects of Lattice Motion,” J. Phys. Chem. A 118, 9615 – 
9631 (2014). 
 
74. H. Guo and B. Jackson," Mode- and Bond- Selective Chemistry on Metal Surfaces: The 
Dissociative Chemisorption of CHD3 on Ni(111),” J. Phys. Chem. C 119, 14769-14779 (2015). 
 
75. A. Farjamnia and B. Jackson,"The Dissociative Chemisorption of Water on Ni(111): Mode- and 
Bond- Selective Chemistry on Metal Surfaces,” J. Chem. Phys. 142, 234705 (2015). 
 



 13 

76. M. Bonfanti, B. Jackson, K. H. Hughes, I. Burghardt and R. Martinazzo,"Quantum Dynamics of 
Hydrogen Atoms on Graphene: I. System-bath Modeling,” J. Chem. Phys. 143, 124703 (2015). 
 
77. M. Bonfanti, B. Jackson, K. H. Hughes, I. Burghardt and R. Martinazzo,"Quantum Dynamics of 
Hydrogen Atoms on Graphene: II. Sticking,” J. Chem. Phys. 143, 124704 (2015). 
 
78. V. L. Campbell, N. Chen, H. Guo, B. Jackson and A. L. Utz," Substrate Vibrations as Promoters 
of Chemical Reactivity on Metal Surfaces,” J. Phys. Chem. A 119, 12434-12441 (2015). 
 
79. H. Guo and B. Jackson," Mode - Selective Chemistry on Metal Surfaces: The Dissociative 
Chemisorption of CH4 on Pt(111),” J. Chem. Phys. Chem. 144, 184709 (2016). 
 
80. H. Guo, A. Farjamnia and B. Jackson," The Effects of Lattice Motion on Dissociative 
Chemisorption; Toward a Rigorous Comparison of Theory with Molecular Beam Experiments,” J. Phys. 
Chem. Lett. (submitted). 
 
81. E. High, A. Utz, H. Guo and B. Jackson,"A step toward understanding energy flow in 
heterogeneous catalysis: Studying the reactivity of C-H stretch excited CH2D2 on Ni(111)” (ms in prep.). 
 
82. P. M. Hundt, M. E. van Reijzen, R. Beck, H. Guo and B. Jackson, “Quantum-state-resolved 
reactivity of overtone excited CH4 on Ni(111); comparing experiment and theory” (ms in prep.). 
 
83. A. Farjamnia and B. Jackson, (work in progress) 
 
84. H. Guo, J.-P. Menzel and B. Jackson, (work in progress) 


