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Abstract
In order to understand the electro-oxidative degradation process of lignin in alkaline solution
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from molecular level, a theoretical model of lignin dimer polymerization made of guaiac-based
propane monomer was constructed. The hybrid density functional B3LYP/6-31G(d) base group
was used to optimize and calculate the initial idea. The lignin dimer reaction pathway was stu-
died by calculating bond dissociation energy, HOMO and LUMO orbital active point analysis and
potential energy analysis. It is found that in the electrochemical oxidation reaction of dimer
molds, the C atom at the junction between the benzene rings is the main potential reactive site,
and the C-C bond connecting the two benzene rings is easy to break, the isobutylene carbodyl ions
formed by the reaction process with phenol to form the product of 2,4-di-tert-butylphenol, which
has a barrier of 398.6 kJ/mol and only absorbs 0.59 kJ/mol of heat. Through the combination of
theoretical modeling and calculation, the reaction mechanism of lignin electrooxidation degra-
dation of lignin is elaborated, which provides theoretical support for the optimization of hydro-
gen production by electrochemical oxidation of lignin coupled with water electrolysis.
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Figure 1. The three basic structural units of lignin
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Figure 2. Guaiac-based propane lignin dimer model compound
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Figure 3. Gaussian 09 optimized molecular model of lignin dimer and free radical
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Figure 4. Cleavage path and bond dissociation energy of lignin dimer modulates
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Figure 5. R-H bond cleavage pathway of lignin dimer modulates
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Table 1. Bond dissociation energy of R-H bond breaking in dimer modulates of lignin

F# 1 RRZZRERUIF R-H L E M RNEREEE

F5 S A 25 B (kI/mol) IS Fr5 B 25 BE (kI/mol) K
D1 425.9 1.51510 D9 494.5 0.96968
D2 403.1 1.55139 D10 495.3 1.08959
D3 405.8 1.53042 D11 495.4 1.08772
D4 402.4 1.42058 D12 494.3 1.08706
D5 381.2 1.55223 D13 495.7 1.08557
D6 421.2 1.51630 D14 410.5 0.97316
D7 495.6 1.08570 D15 420.9 1.09757
D8 419.8 1.42802 D16 495.2 1.08561

FRAE AT A HEPE T 50, D1-D6 /S ik A Ed b i = Re i, ¥J7E 380 kd/mol~430 kd/mol 2 [&], 43
%A 425.9 ki/mol. 403.1 kJ/mol. 405.8 kJ/mol. 402.4 kJ/mol. 381.2 kJ/mol. 421.2 kJ/mol. D7. D10.
D11. D12. D13. D16 fUF & HEERERN LA RKEWZ, D8. D15 FK/nlZ O-CH3 # 1A
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Figure 7. (a) HOMO orbitals in lignin dimer modulates; (b) LUMO orbitals in lignin dimer mold molecules
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Figure 8. Prediction of reaction path of electrochemical degradation of lignin dimer modulates
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Figure 9. Optimal configuration of R2-R7 in the reaction path
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Figure 10. Path reaction potential energy profile of 2, 4-di-tert-butylphenol from lignin dimer
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