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Fig. 1. Side view (a) and top view (b) of the initial optimized structures about different models.
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Table 1. Adsorption energy at top site and bridge site,

the reaction energy barrier and reaction heat at five differ-

ent interlayer distances.

Model d  E.P(IS)  EXE@IS)  E.  AH

1 4.7 -1.85 -2.51 1.13 -3.82
2 5.0 -1.81 —2.47 0.82 -3.97
3 5.3 -1.68 -2.34 0.61 -4.05
4 5.6 -1.41 -2.07 0.40 —4.08
5 5.9 -0.90 -1.56 0.39 -4.10
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Fig. 2. Relation between E, and d.
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Fig. 3. Side view of local configurations at various states along the reaction pathway: (a) Initial state; (b) transition state; (c) final

state.
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TARFFBEPIZ (1S) . S (TS). KA (FS) ) CO i 0 HEK, O 55 CO 4+ FHlBill & CO, (0=C=0)

1 O0—C 5 C—0 8 (SFHIMRL deo(CO), deo o, do-c(CO), do o(COy), FfiNA)

Table 2.

The C—O bond lengths of the initial, transition and final states of CO at five different distances, the molecular

distances between O and CO, and the O—C and C—O bond lengths in CO, (O=C=O0). They correspond to dc ¢(CO),

deo—o, do—c(COy), de_o(CO,) with the units of A.

Reaction state
Model 1S TS FS
de0(CO) dco-o de0(CO) dco-o doc(COy) de0(COy)

d=4.7 1.153 4.170 1.170 2.057 1.175 1.175
d=15.0 1.149 3.463 1.172 2.118 1.175 1.175
d=15.3 1.148 3.385 1.168 2.110 1.176 1.176
d=5.6 1.146 3.530 1.163 2.038 1.176 1.176
d=5."7 1.145 4.338 1.167 2.276 1.176 1.176
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Fig. 4. Reaction pathway of the oxidation of CO and O from the initial state to final state under different interlayer distance: (a) d =

47A (b)d=50A4,(c)d=53A,(d) d=56A4A, (e) d=59A.
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Fig. 5. Electron density different of the transition states between the bilayer grapheme and the isosurface is (a) 0.00014 e (a.u.)?,
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Theoretical study of density functional of confined CO
oxidation reaction between bilayer graphene’
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Abstract

Graphene is a two-dimensional (2D) crystal of carbon atoms packed in a honeycomb lattice. Because of this
unique structure, it shows a number of intriguing properties. Interface between neighboring 2D layers or
between 2D overlayers and substrate surfaces provides confined space for chemical process. The interlayer
spacing between bilayer graphenes of van der Waals material is expected to modify the properties of atoms and
molecules confined at the atomic interfaces. In this paper, the carbon monoxide (CO) and oxygen (O) in bilayer
graphene are studied by density functional theory (DFT). The quantitative relationship between the interlayer
spacing of bilayer graphene (d) and the reaction energy barrier ( E,) is obtained. Five values of d between 4.7 A
and 5.9 A are used. The calculated results show that the total energy of the initial state, the transition state,
the final state system and the reaction barrier are sensitive to the variation of the interlayer distance: the
reaction barrier increases gradually with interlayer distance decreasing. The calculated energy barrier is 1.13 eV
when the interlayer distance is 4.7 A, while the energy barrier is 0.39 eV when the interlayer distance is 5.9 A.
It is also found that adsorption energy between O and graphene at the top site and the bridge site increase
gradually with interlayer distance decreasing. Therefore, the atomic-level regulation of the reaction barrier can
be achieved by changing the interlayer spacing of bilayer graphene. The charge density difference shows that
when the distance between two layers of graphene is small, there is an obvious charge accumulation between C
atoms in transition state O—C=O0 and C atoms in the upper or lower layer of graphene. This results in sp
orbital hybridization, which leads the interaction between two C atoms to be enhanced. It is difficult to form a
weak O—C bond of transition state O—C=0 with O atoms adsorbed on graphene because of a binding force
which exists in the zaxis direction. The DFT calculation of CO oxidation reaction barrier can be reduced by
adjusting the spacing of bilayer graphene, which provides a theoretical support for the application of graphene

and the preparation of new carbon-based intercalated composites.
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