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Effects of Hydroxyl and Methoxyl Groups on Homolysis of
C;—O Bond in Lignin Model Compounds

Zhao Li Zhang Yang Chen Chen Lu Qiang Dong Changqing Yang Yongping
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North China Electric Power University, Beijing 102206, China)

Abstract; The substituted groups in lignin can influence the pyrolysis characteristics. Density functional
theory (DFT) was employed to calculate the bond dissociation energies (BDEs) of the C;—O bonds in
18 lignin model compounds with 3—0—4 linkages. The model compounds were grouped and compared
to discuss the effects of hydroxyl and methoxyl groups at different positions on the BDEs. The interactions
between different groups were also studied. The results indicated that there was minor influence of the
hydroxyl group at C_,. The hydroxyl group at C, hardly affected the BDE when there was no methoxyl
group at R;. However, when there was methoxyl group at R,, hydrogen bond would be formed between
the hydroxyl group at C, and the methoxyl group at R,, and thus the spatial structure of the model
compound would be strengthened and the BDE was increased. The methoxyl groups at R; and R, can
reduce the BDEs. The methoxyl group at R, can obviously reduce the BDEs when there was no hydroxyl
group at C . However, the reducing effect was weakened when there was hydroxyl group at C,, because
the hydrogen bond between the methoxyl group at R, and hydroxyl group at C, would strengthen the ether
bond. The methoxyl group at R, was not influenced by the hydroxyl group at C,, and thus the reducing
effect on the BDE was stable. The methoxyl group at R, and R, had minor effects on the BDE, and
moreover, it did not participate in the interactions with other functional groups.
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Fig.1 Lignin dimeric model compound with 3—0—4 linkage
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Tab.1 Lignin model compounds with different

substituent groups

- TR e
R, R, R, R, Rs Rg
1 H H H H H H Model 1
2 H H H H OH H  Model 2
3 H H H H H OH Model 3
4 H H H H OH OH Model 4
5 H H OCH, H OH OH Model 5
6 H H OCH, OCH, OH OH Model 6
7 OCH, H H H OH H  Model 7
8 OCH, H H H OH OH Model 8
9 OCH, H OCH;, H H H  Model 9
10 OCH, H OCH, H OH H Model 10
11 OCH, H OCH; H H OH Model 11
12 OCH, H OCH; H OH OH Model 12
13 OCH, H OCH, OCH; OH H Model 13
14  OCH, H OCH,; OCH; OH OH Model 14
15 OCH; OCH; H H OH H Model 15
16 OCH, OCH; H H OH OH Model 16
17  OCH, OCH, OCH, H OH OH Model 17

18 OCH, OCH, OCH, OCH, OH OH Model 18
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Tab.2 BDEs of C,—O bonds in different lignin
model compounds kJ/mol
Wy BDE Wy BDE
Model 1 229.8 Model 10 209.5
Model 2 230.0 Model 11 228.7
Model 3 234.1 Model 12 230. 6
Model 4 233.1 Model 13 202.2
Model 5 228.4 Model 14 222.5
Model 6 217.0 Model 15 230.0
Model 7 227.4 Model 16 237.7
Model 8 236.0 Model 17 230.7
Model 9 206. 7 Model 18 222.0
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Tab.3 Effects of methoxyl groups at R; and R, on BDEs

of CB—O bond kJ/mol
215 FI AL & ) BDE ABDE
Model 4 233.1
ZH 1 Model 5 228. 4 -4.7
Model 6 217.0 ~11.4
Model 8 236.0
72 Model 12 230. 6 -5.4
Model 14 222.5 -8.1
Model 16 237.7
413 Model 17 230.0 -7.7
Model 18 222.0 -8.0
Model 7 227. 4
41 4 Model 10 209. 5 -17.9
Model 13 202.2 -7.3
PPE
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Beste %" HF ST T 4 L HUIC L XS PPE A K 4k
G C,—O0 B RR BRI, Ak Ry (R, ALHY
B AR R SRR B BE 68 KE A 5 B R IR 22. 9 kJ/mol,
Ak 2L 3 i F AUk BB 6% E — 2B B AN 14. 6 kJ/mol,
AT L, ASBESE R 41 4 HAT 5 Beste 251" 4 3 45
NGRS

LA FRBOE  BEK B R, R, A AR R BE S R
ik C,—O S I 2Lf B RE , SR 1M 22 JLAth (o7 # 1) AR 2
AN, Ry (R, A7 H AR X C,—O ¥y 24 A 25 1 %
fRFEEARHA A, 280 R, (R, Ry R {7 i 2L B AL 5
Ry R, 743 HLA 52 HAE T, 34 ) 52 g 5 B

TR IS HAE L, oE AT 4L R b 4



%21

AR A RN X AR C,—O0 R R 185

1 ~ 3R A WITE R, R, {7 A R [, SR T H %
Ry R, FAAEL 5 e ) AR AR PE AR [A], 3R B0 R, (R, i H
AHEAYE Ry R, 7 AR ™ A A2 H AR T 5 i fig
BIRE. 414 5 Beste % BERE MBI S WITE C,
PR HEANR] SR 32 Ry (R, 4803 52 ) ) B A
A, R C, R EAY Ry (R, A7 A R 5L
A FH T 5 ) i 25 6 o

RN L R R B A1 1 ~ 3 BB T
C, MiA R, TM 4 5 Beste 2SR HI ) PPE #7)
AYITE C, IR RIE, WO mE C, i
FREL AN Ry A W AR L A 2 DR i 1 & 0 A T Ak
GWEARRE B INAE B R, B ILZE LR ALR, (R,
i AR BE A IR C,—O SRy 24 M B BB 24 C, ¥
ToFR LT, Ry or B A 35 6] iff 2 AE 1) R A A FH e ol
(2520 kJ/mol) ;24 C, i A FRHEES, R, {7 I 48 5L
RERE N C, 38 B IE ol S, U B 0o Tk B 1 A
HRIH T84 Ry or HY 48 5 X0) fifk 25 me i AR AR D B8k
FEAR TR 25 Re i R AR AR FH /N (29 5 kJ/mol) 5 R,
LA 2 C LRI 52 ), X fife 25 fiE 1) e AT e
A NEEE (299 kI/mol)

2.3 R\R, iRAFEEINC,—O BHRMBEENS

Vg

o L v i O I A 7/ o N o 1
R, , =H.R, =0CH,/R, =H.R,_, = OCH, %55 Jii
JPbg C,—O R BB 25 T 38 4 v [ 5
B G IR B B 5 0 FE C,—O B34 24 % 2 i 1Y
ZEME .

He 4 P R, A AR C,—O B 25 2R i 5
BEM S S BE T P Rh e . 21 1 P A B RERR AT 4
2~ REYG . R, 7 F AR X) C,—O B2
it B RE ARt S B T AR 41 1 ~ 3 PR Ak
B 4 h iR e, SRR L R R, i H
AN R B RE B RE R B/ o [RIEE L AE 201 2.2 Y
dESE R, L AR S C, R C, BRI R,
R, MRS AL TEAEM . 5 Bl R (R,

7 AL X C—O 42 M 5 RE O 5E S

®4 RR, AHENC,—O BEHANBEHENZ N
Tab.4 Effects of methoxyl groups at R, and R, on BDEs

of CB—O bond kJ/mol

215 BRESY) BDE ABDE
Model 2 230.0

1 Model 7 227. 4 -2.6
Model 15 230.0 2.6
Model 4 233.1

42 Model 8 236.0 2.9
Model 16 237.7 1.7
Model 5 228.4

43 Model 12 230. 6 2.2
Model 17 230.7 0.1
Model 6 217.0

4 4 Model 14 222.5 5.5
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