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Pyrolytic depolymerization mechanism of a lignin model
compound with a-O-4 linkage
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Abstract: To understand the pyrolysis mechanism of lignin with a-O-4 linkage, 4-(3-hydroxy-1-phenoxypropyl)-phenol
was selected as an a-O-4 type lignin dimer model compound, and its pyrolysis process was studied by density functional
theory with M06-2X method at 6-31+G (d,p) level. Equilibrium geometries of the reactant, intermediates, transition states
and products were fully optimized. The activation energies in each pyrolysis pathway were calculated. The dimer

decomposed mainly through the homolytic cleavage and concerted decomposition of the C,-O linkage. Pyrolytic products
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mainly included various phenolic compounds such as phenol, 4-methylphenol, 4-vinylphenol and p-coumaryl alcohol, as

well as light compounds such as ethanol, methanol and formaldehyde. Pyrolytic depolymerization process has its potential

in biomass-based fuels.

Keywords: lignin, a-O-4 linkage dimer, pyrolytic depolymerization mechanism, density functional theory

[1]

[2-3]
[4-5]
[5-6]
[7]
B-0-4
B-0-4
5] g-0-4
B-0-4

[13-14]

[8-12]

4-3-  -1- )- a-0-4

a-0-4

1 WHEF*

Gaussian 09!

MO06-2X/6-31+

G (d.p)
298.15 K
(ZPE) [16)
IRC
3/
2 o P OH
4’ Y
1 s N
& 3
6 2
1
OH

1 KRZZREEELEY 4-G-BE-1-FEE
AE)-XEp

Fig. 1 Lignin dimer model compound of 4-(3-hydroxy
-1-phenoxypropyl)-phenol.
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Fig. 2 Homolytic cleavage ways of the lignin dimer.

http://journals.im.ac.cn/cjben

£ 1 AREZEZRIK 4-G-BE-1-FEERE)-FH
LFREHIAEREE (kIJ/mol)
Table 1 Bond dissociation energies of the major
bonds in the lignin dimer (kJ/mol)

Initial Initial
Decomposition BDE  Decomposition BDE
mechanism mechanism
D1 (C,-0) 193.4 D4 (C4-C)) 311.3
D2 (C4-0) 3752 D5 (C4-C,) 360.7
D3 (C,-Cp) 269.7 D6 (O-H) 334.6
Dl C,-O D2 Cys-O
D3 D4 Ca-Cs  Cp-C,
D5 C4-C, D6
O-H
1 6 D1
193.4 kJ/mol 5
270-375 kJ/mol
D1 C.-O
Cp
C,-O 234.5 kJ/mol
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Fig. 3 Subsequent pyrolysis pathways based on C,-O homolysis of the lignin dimer.
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Fig. 4 Subsequent pyrolysis pathways based on the concerted decomposition of the lignin dimer.
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Fig. 5 Pyrolysis pathways of 3-(4-hydroxyphenyl)-1-propanol.
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