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mm) gas/solid interfaces and heterogeneous catalysis

What is catalysis?

The effect produced in facilitating a chemical reaction, by the presence
of a substance, which itself undergoes no permanent change.

energy

activation

_——.Energ
/ activati-\
energy

uncatalysed reaction
catalysed reaction

time

Heterogeneous catalysis.

A+B 2> P direct reaction
A+B+C - P+C catalyzed reaction

A and B are reactants
C is the catalyst
P is the reaction product

| The catalyst is in a different phase - solid surfaces.
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mm) gas/solid interfaces and heterogeneous catalysis

What is catalysis?
The effect produced in facilitating a chemical reaction, by the presence
of a substance, which itself undergoes no permanent change.

activation
e anerg

T The chinese symbol
for catalyst
| IS the same as the one
\ for marriage broker

uncatalysad I'EE.ICHQI'I P (matChmaker)
catalysed reaction

time

Heterogeneous catalysis.

| The catalyst is in a different phase - solid surfaces.
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mmp global context: chemical industry

ammonia synthesis:

3H2(g) +N, (9) < 2NH3(g)
(catalyzed by Fe surface)
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mmp global context: car industry I

Catalysis in car industry:
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In car engines, CO, NO, and NO,, are formed.
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Catalytic converters reduce such emissions by
adsorbing CO and NO onto a catalytic surface,
where the gases undergo a redox reaction.
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CO, and N, are desorbed from the surface and
emitted as relatively harmless gases:

2CO+2NO  2CO, +N,
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mmp catalysis and nanoscale

- in the nanoscale, chemical properties can be changed
- tunability of electronic properties (optimization of reactivity)

AU as a catalyst

*
t, N IR

T o ]' b 4 ';' b d
\‘“‘.l‘l“x..k., Q‘f\..,t.., Lé‘l‘”\.,t.,

In general, Au is a noble metal, the most inert bulk metal.

The chemical properties of Au dramatically change in the nanoscale. For
Instance, Au can act as a catalyst and transform CO into CO, when it comes
in the form of nanopatrticles.
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mm) surface face and reactivity

N, + 3H, — 2NH,

rates of ammonia synthesis SURFACE
over five iron single-crystal surfaces CHEMISTRY

14 AND CATALYSIS

T=673K
20 atm 3:1 HyN,

Fe (111)

moles NHafcmz-sec x 107°

{im) (211  (100) (210) (10O}
Surface Orientation

Fe (100) Figure 7.14. Rates of ammonia synthesis over five iron single-crystal surfaces with different
orientations: (111), (211), (100), (210), and (110) [38].
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mmp surface face and reactivity: I

measurements of N, dissociation on W surfaces

normal incidence
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mmp theoretical method

- adiabatic calculation of the molecule / surface
interaction through a multidimensi
potential energy surface (PES)

In our particular case:
- DFT - GGA (PW91) calculation with VASP
- Plane-wave basis set and US pseudopotentials
- periodic supercell: 5-layer slab and 2x2 surface cell

- 30 configurations = 5610 ab-initio values

- interpolation through the corrugation reducing procedure
[Busnengo et al., JCP 112, 7641 (2000)]

- classical dynamics in the adiabati
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mmp classical dynamics in the 6D-PES I

—e— theory
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mmp in summary, dynamics matters

Difficult access
to the precursor well

Once in the precursor well,
* molecules.easily dissociate
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mm) non-adiabatic effects: electron-hole pair excitations

chemicurrents vibrational promotion
of electron transfer

Gas particles JJ
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Huang et al., Science 290, 111 (2000)

I Gergen et al., Science 294, 2521 (2001). White et al., Nature 433, 503 (2005)
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mm) non-adiabatic effects: electron-hole pair excitations

friction of a single
chemisorbed CO molecule

& rare gas atom
& terrace CO

step CO

CO on Pt(997)
migration to step edges

Takaoka et al., PRL 100, 046104 (2008).

electron excitation
during H, dissociation

Reaction probability

E; (kd/mol)

H, on Pt(111)
sticking coefficient

Nieto et al., Science 312, 86 (2006).
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mm) description of electronic excitations by a friction coefficient I

friction coefficient:

previously used for: effective medium approximation

- damping of adsorbate vibrations:
Persson and Hellsing, PRL49, 662 (1982)

- dynamics of atomic adsorption
Trail, Bird, et al., JCP119, 4539 (2003)

bulk metal

classical equations of motion

for each atom “iI” in the molecule

m,(d?r/dt2)=-dV/(r;,r;)/d(r)) @: r/dt)

~—

adiabatic friction
force: coefficient
6D DFT PES

effective medium:

| FEG with electronic density n,
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mmp probability of dissociative adsorption: H, on Cu(110) I
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classical equations of motion

for each atom “i” in the molecule bulk metal

m,(d2r/dt2)=-dV/(r,,r)/d(r) — N (r)(dr/dt)

friction coefficient velocity Z
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m) SOMe conclusions

the reactivity of diatomic molecules on surfaces

can be very dependent on the particular surface face

in the particular case of N,/W, we have shown
that the differences in reactivity arise from the

dynamics at long distances (>3 A) from the surface

a local description of the friction coefficient shows that
electronic excitations play a minor role

In the dissociation of diatomic molecules on metal surfaces

. @
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