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The Chemical Groups and Bonds Characterization of Juvenile Wood
and Mature Wood Lignins of Chinese Fir

Qin Tefu Huang Luohua Zhou Qin
( Research Institute of Wood Industry, CAF  Beijingl 00091 )

Abstract: The chemical groups and bonds characterization of lignins obtained from juvenile and mature of Chinese Fir were
studied by elemental analysis, FTIR and ' H NMR spectroscopy . The results showed that the average per Cy-unit formulae of the
juvenile and mature of Chinese Fir lignins obtained by acetosolv delignification were Cy Hg 73 Oy.57( OCHs ) .54 and Gy Hy o Oy o4
( OCH; ) ¢.90 tespectively. The FTIR and ' H NMR spectra showed the aromatic skeletal of juvenile of Chinese Fir lignin mainly
consisted by G rings and the aromatic skeletal of mature of Chinese Fir lignin had some type S ring structures except G rings and
had more aromatic skeletal than that in juvenile wood . There were four types bonds in Chinese Fir lignin. They were g- O- 4,
B-5.8- pand g- 1. In the mature wood, the bonds had a higher content than those in the juvenile wood .
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Tab.1 Elements composition, methoxyl contents and per- C,- unit formulae of juvenile and mature of Chinese Fir lignins
o Ele ments composition/ % OCH, C9 .
Lignin Methoxyl contents/ % Per- Cy- unit empirical formulae
C H (0]
Juvenile wood 61.28 5.86 28. 41 13.63 Cy Hg 73 Oy.57( OCH3) .54

Mature wood 61.52 6.06 25.99 14. 44 Cy Hy. o1 O5.24( OCHz) .90
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Tab.2 FTIR absorption peak location and assignment of juvenile wood and mature wood of Chinese Fir lignins

Peak location range/cm” !

Assignment
Juvenile wood Mature wood
3 429 3 437 O—H O —H stretching in hydroxyl group
2 938 ~2 844 2 937 ~2 845 N C—H C —H stretching in methyl and methyene groups
1736 ~1 709 1 719 . CcC—oO C—O stretching in unconjugated ketone
1 662 1 663 c—oO C—O stretching in conjugated ketone
1 598 1 590 CcC—oO Aromatic skeletal vibrations plus C—O stretching
1 511 1511 Aromatic skeletal vibrations
1 460 1 460 O—H C —H deformation in methyl
C—H Aromatic skeletal vibrations combined with C —H in plane deforma-
1 424 1 424 .
tions
CH; ( Ome) C—H O—H Aliphatic C—H stretching in CH;
1370 1368
(not in Ome)and phen.O—H
— 1329 S rings
1 270 1270 cC—oO G ring plus C—O stretching
c—C C—0 Cc—0 (G >G )C—Cplus C—O plus C—Ostretching ( Geondensed
1221 1219
< Gterified)
C—H Aromatic C —H in plane deformations( typical G units :
1 140 1139
Geondensed > Getherified)
1 088 1 088 cC—0 C —O deformation in secondary alcohols and aliphatic ethers
C—H Cc—0 cC—oO Aromatic C— H
1 033 1 032 X . . .
in-plane deformation plus C—O deform .In primary alcohols plus C—O stretching
2.5 6 C—H C —H out of plane in position 2,5 and
858 859 .
6( G units)
> >
b 9
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1 663 cm C—0O .
-1 -1
1 663 cm 1 720 cm )
C—0 . C—0O
b o
1
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Fig. 1 FTIR spectra of Chinese Fir lignin
a Juvenile wood ;b Mature wood . . The same below .
(3.00 OAc/ OCH;) =2.52, (OAc)/ G, (0.84 OCH;/Gy) x (2.04 OAc/2.52
OCH;) =0.68, (OAc)/ G (0.84 OCH;/ G) x (0.87 OAc/2.520CH;) =0.29.
s ( OHgjipn ) ( Oth) : G
0.68 0.29. s ( OHyjipn ) 70.1 %,
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Fig. 2 'H NMR spectra of Chinese Fir lignin
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3 'H NMR C,
Tab.3 Assignments of signals and protors per C, structural unit in ' H NMR spectra of acetylated MWL
of Chinese Fir juvenile wood and mature wood lignin

Maximum value/10 " © Gy Protons per Co- unit
Range/10° ¢ Main assignments
Juvenile wood Mature wood Juvenile wood Mature wood
7.30 7.27 7.27 CDCl;
7.25 ~6.80 6.97 6.97 1.35 1.49
Aromatic protons in guaiacyl units
g- 0-4 -1 Hqy
6.25~5.75 6.08 6.05 0.22 0.27
H, of g- 4 and g - 1| structures
B->5 Hq
5.75~5.24 5.42 5.42 0.10 0.17
H, of g - 5 structures
H
5.20 ~4.90 5.03 5.01 0.11 0.14
H of xylan residue
p- O- 4 H, Hy
4.90 ~4.30 4.67 4.39 0.29 0.36
H, and Hg of g - O- 4 structures
B-B Hu H
4.30 ~ 4.00 4.25 4.25 0.69 0.82
H, of B - B structures and H of xylan residue
H H,
4.00 ~3.48 3.87 3.67 2.52 2.70
H of methoxyl groups and H, in several structures
H
2.50 ~2.22 2.31 2.31 0.87 0.81
H of aromatic acetates
H
2.22~1.60 2.02 1.87 2.04 2.45

H of aliphstic acetates

1.60~1.30 1.36 1.37 0.31 0.42
Hydrocarbon protons

3
° C9 C9 H8.73 02.57
( mHS)O.EM ) C9 C9 H9.01 02.24( OCH3)0.90 °
. cC—o0 . cC—o0
"H NMR : ( OHyy) 70.1 %,
( OH,,) 29.9%. ( OHipn) 75.6 %,
( Oth) ) 24.4 % ° R
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