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Lignin is a rich source of renewable energy. Lignin depolymerization is
an important step in reaching the full potential of lignocellulosic biofuels
as fossil fuel replacement.
The monomers from lignin depolymerization however, have high oxygen
content resulting in some undesirable properties of the fuel which
includes high viscosity, thermal and chemical instability and poor heating
value.

Detailed mechanism for catalytic hydrodeoxygenation (HDO) of lignin is
not well known, hence this study

INTRODUCTION

OBJECTIVES
ü Investigate the energetics of the elementary reaction steps involved in

the HDO of guaiacol (dehydrogenation, demethylation and
demethoxylation) a model compound.

üDetermine reaction (decomposition) pathways for the HDO of guaiacol
to the formation catechol and anisole.

SCHEME OF STUDY

• DFT-GGA (PBE)-Exc functional, Ultra-soft pseudopotential
• Grimme’s D2 correction
• Plane-wave basis sets
• Iso-value of 0.006

COMPUTATIONAL DETAILS
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RESULTS
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Adsorbates Eads (eV) d(O-CH3) d(Cring-OCH3)

Fcc 1 -1.85 1.43 1.36
Fcc 2 -1.69 1.44 1.36
Fcc 3 -1.20 1.45 1.34
Fcc 4 -1.74 1.45 1.37

Obrid A -1.90 1.43 1.36
Otop A -1.69 1.45 1.37

Fcc5 -1.74 1.45 1.37
Obrid B -0.89 1.43 1.39
Otop B -1.75 1.45 1.38

V1 -1.82 4.44 1.37
V2 -0.55 1.44 1.38
V3 1.47 3.71 1.38
V4 1.54 4.41 1.38
V5 1.35 4.51 1.39

Table 1 Initial adsorption of guaiacol at various catalytic sites of Cu. V=vertical,
Obrid=oxygen at bridge site, Otop= oxygen at the top site, fcc=face-centered
cubic.

Fig 1 Reaction paths of HDO of 
guaiacol on Cu(111). Relative Energy 
in eV

Fig 3 Energy Profile for catechol formation. Relative energy in eV

Fig 2 Energy Profile for Anisole formation. Relative energy in eV

Fig 4 Proposed reaction network for the conversion of guaiacol to catechol and anisole on Cu(111).
Relative energy in eV

CONCLUSION
• Horizontal adsorption of O of OCH3 between two Cu atoms with Eads of -1.90eV
is the thermodynamically stable and most preferred adsorption configuration with
a Cu-O bond distance of 1.43Ǻ.

• The transformation of guaiacol into catechol will occur via a direct demethylation
pathway.

• Direct -OH (dehydroxylation) removal leads to the formation of a less stable
product, i.e., anisole, whose formation is challenging compared to catechol.

• Catechol is formed selectively on the Cu (111) surface, which will therefore be
the major product than anisole. However, due to its instability, anisole could be a
precursor to the formation of other interesting deoxygenated compounds
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