desorb.’ The word “clean” is in the sense that no other oxygen
groups different than those involved in the desorption process were
present. Here, we studied the desorption of CO and NO in the
presence of other oxygen groups making emphasis on the electronic
states of the reactant molecules. Desorption is modeled from the
most stable O, complexes obtained in the preceding section, namely
the semiquinone and the pyridine-N-oxide structures, Figure 1b and
le. The carbon and nitrogen atoms of the CO and NO groups,
respectively, were pulled along the z axis and the remaining degrees
of freedom of the carbonaceous surfaces are optimized, details of the
procedure can be found elsewhere.® It was found in both desorbing
structures that the carbon surface is relaxed to let CO and NO break
away and then closes up to form a five-member ring as seen in Figure
2a-b.

a) Desorption of CO from the semiquinone structure

Q
¢
H o
H
H H
H H
H H H
H
H

Figure 2. Desorption structures for CO and NO from a semiquinone and
pyridine-N-oxide structures. |: The activated complex has a N-Cib and C-
Cib distance of 3.8 A. II: Reaction product.

The desorption energy has its maximum on the activated complex
and it decreases as the desorbed specie distance increases from the
carbon structure. As low lying electronic states can exist on the
reactant molecules, the desorption energy barrier depends on the
initial spin multiplicity selected. As comparison purposes, we have
optimized the reactant and the activated complex at the two lowest
electronic energies. Therefore, the energy difference between the
two electronic states can be determined. Table 1 depicts the energy
difference due to the change in spin multiplicity of the reactants and
activated complexes. For reactants, it is seen that the energy
difference between the two lowest electronic states is small. Then,
one can expect that both electronic states are populated. As the
desorbed molecule start to release, there is a change in the ground
state from doublet to quartet and from singlet to triplet for CO and
NO desorption structures, respectively. Notice that the energy
difference in the activated complexes are larger than those of the
reactants.

Table 1. Calculated Electronic Energy Difference for Reactants
and Activated Complexes. *

oxygen complex Reactant Activated complex

Semiquinone Ground state Doublet Quartet
AE(GS- 5 18
CES)

Pyridine-N-oxide Ground state Singlet Triplet
AE(GS- 0.02 21

CES)

* AE(GS-CES): Energy (kcal/mol) difference between the ground state and
the closest electronic state

From the data in Table 1 it is seen that the spin multiplicity has an
important effect on the desorption energy barrier. The difference can
be as greater as 20 kcal/mol or higher. Electronic crossing not only
is limited to clean carbon surfaces, it is also observed in the presence
of other oxygen groups on the carbon surface and careful analysis
should be done when considering the desorption patterns to obtain
first principle kinetics data. Detailed analysis of the activation
energies will be further discussed.

Conclusion

Using density functional theories, the nature and the
dynamic transformation of different carbon and nitrogen-oxygen
complexes were analyzed. pyridine-N-oxide structure seems to be a
plausible NO precursor during combustion of carbonaceous
materials.
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