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@ I'he Hypothesis A 1he Challenge The Tools
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C.H,0 — C,H, + O
C.Ha0 — C.Hg + O

Proposed Mechanism: The molybdenum carbide surface displays

isolated metal atoms in a carbided surface. These perform as
active sites for the deoxygenation, hosting the whole process.

@ Rceaction profile

In the absence of surface carbon,
reactants and products find their most
stable adsorption sites in hollows.

D  Catalytic activity confirmed
The lower energy of adsorbed products
CH,CH_,. + O, relative to adsorbed reactants in all the
simulated deoxygenations confirms Mo,C

catalytic activity.

CH;CHO (g Reactants E q5: ~ 2 €V

Oscygen Eqqs: ~ 7.5 eV

Hydrocarbon Eq4q5: ~ 5 eV

—— a-Mo,C Reaction barrier: ~ 0.1 — 0.5 eV
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Minor effects of surface carbon

— Mo-terminated The presence of surface carbon reduces the
C-terminated . ,
> reaction energy but does not quench Mo,C’s

On carbided surfaces, reactants are
adsorbed on Mo. The preferred interaction
of oxygen is on a hollow site, whereas the
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: reactivity. hydrocarbon fragment preferently interacts .
4 with surface carbon. This represents an .
; = =y important breakthrough.
1 . Similarities between o and 3 P )
' : Both phases are stable under normal Reactants Eqqs: ~ 1.4 eV
| | conditions, so thermal treatments, Osxcygen Eggs: ~ 6 €V
commonly used to clean surfaces, might Fydrocarbon Eyqg: ~ 4.8 eV

% induce a phase transition. Computational
results predict that it would not be a
problem from a catalytic point of view.

Reaction barrier: ~ 0.5 — 1.5 eV

Infrared Spectra ‘

v(CO) ~ 1600 cm™! : Ketone reactants 17; adsorbed on a Mo atom

The adsorbed reactants are characterized by a v(€C0O) band at 1600 cm™? in the experimental spectra. The - “ﬁ T (G 3010 - 052 , . - v(09):514 s §
simulated spectra attribute this band to an 14 interaction with a surface Mo atom. 05 { (2957 [\ ' ‘ o B va(CH,):3030 . ,'
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Dissociation of the CO bond is indicated in the experimental data by the disappearance of the v(€CO) band and
the emergence of of a new band at ~ 900 — 1000 cm ™. DFT simulations attribute the latter band to surface e !
Mo-oxo (on-top O). A band for hollow-site O is predicted to appear at ~ 500 cm™1. ' =
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v (surface = CR) ~ 1300 — 1400 cm ™' : Formation of a C=C bond | IR 2599
The comparison of the experimental data and the DFT-simulated spectra reveal the novel binding of the E e eI | Th
hydrocarbon fragment to C in the surface. Zoas| veorsos | |5 cuyasto s M
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IR confirms computational predictions .

and shows that the surface is carbon rich. Frequency [cm™ ] Frequency [ cm~ ]

R ZL ’ b ’ Reactant is rearranged and places its C=O bond horizontally
edce ZO” 772€(¢ dﬂz-fw (in a m, configuration). The bond breaking process occurs by displacing Reaction products fall into the closest active adsorption

the hydrocarbon fragment to the nearest active site. sites. Local carbon coverage and arrangement determines

M _ t_ I whether these are hollows or 4 adsorbed on Mo.
O IS eSSseéNtiadl. The process only

. . . 50% C coverage: the preferred local sites are hollows.
takes place if there is molybdenum available.

Reactant is 71 adsorbed on Mo. Surface
carbon prevents it from adsorbing in a hollow,
which is the most stable site in non-carbided
surfaces.

Deoxygenated hydrocarbon diffuses +o
Q’ its most stable adsorption site, and bonds to

. . a surface carbon.
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. ‘ The previously proposed mechanism A carbon rich molybdenum carbide
. missed the active role of surface carbon in the surface is catalytically active as long as
adsorption of deoxygenated hydrocarbons. it displays at least small Mo-terminated

clusters.
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