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The Chemical Groups and Bonds Characterization of Juvenile Wood
and Mature Wood Lignins of Chinese Fir
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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-Cg-unit formulae of the
juvenile and mature of Chinese Fir lignins obtained by acetosolv delignification were CyHg 73 05 57 (OCH; ) g0 and CgHg o7 05 24
(OCHj; ) g9 respectively. 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 3 — 0 -4,
B-5,8-Band 8- 1. In the mature wood, the bonds had a higher content than those in the juvenile wood.
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1.1 ##

BT R AR B I F 45 o B AL FBHE 5 B A A KR L
1.2 FHik
1.2.1 H&44 BRECARHMEESHEVOETREENEEAEERRTAMKXBETHOBRBERL 14 20 &
RHMBERS TG, EEAGBRMARBM S HBEERRAR, KRE% - ZRREUS, ARBILERM &4
THEE R 200 H AT BB,
1.2.2 BAKAEMWL)G#RRK FKERI10 g HESHAMBEK, EERTHZEAF/KGB:2)HESHE
FIEAWHMERGT A3 RRERR, BEAMFHTEEYHRM MWL 28482, BRBARER LSBT
HEZGTFAOCHENET,MEIHMEBERKREER, ‘
1.2.3 BAKAE®NRS: BTEHHBARREFSASLZEOHENEL FRR BREREGHAR
HEARKBERRLBAITR . REEARELESBBREKX (1999317,
1.2.4 BAKREHAMNALE.FTIR#'HNMR A ##Z0 % AHITELFEETENNE . ARET
BB (C) R A (H) B & 8 A Carlo Zrbal106 BT F 43 H7 (Vi 8 , B (0) & & A ST- 02.G.C B #r B & s KR
EPPERESEKEE ASTM D1166 - 84 SR M E , X EREREE S MR ILHEE B4 BT K
FEHAT, R AR 2R BG4 BUER, RSB T Ao 4 B e, ™= 4 Bt A At
BB, 2056 (FTR) MR E B AREESMASEN KBr P, ETREAGTREHIREHE, K
H o TE Nicolet 2> &] # lnpact - 410 B! FTIR i {X L# TME . 'H NMR BIEHIRIE . %5 100 mg KRR %
F2 oLt/ ZBEF(:DEBABERNF EREBEFRARSAY EBELERTHE 72 ho FFRAEH
BB RNYMAZBPIREER  RAEABCISE. ALBRERERIIEZS K, HETIETEAN
REK, REBIELLBUMNATE, REALBRULBEHREEAEMBEEO0.5 mL CDCl, 7, AN H £
RSt (TMS) 8 4% , ] Bruher DMX300NB 24 8 5 B R St 4k B 35 1%, 7€ 300 MHz SR F Tl E . SR EME
EESEES HNMR MRS BEMEETSERIBEREMRIBENR THEERETE,

2 #R5vHe

2.1 BUESHMBREESR

RIFIETERGBEHHBEBMRARBARRENAITRAN FEESELCG SHEEK ., o
HERUNEAGDBRMAREPRTEMNETEKIES A LB 0.24%0.20% , METEHEEN
R2.42%, HHAREEHNPTHREAEMN ST EAE 0.81%; 7 & M 3 % B ( Populus x canadensis cv. ‘1 -
24 )L AMARETHEFERLSBEETIE8.73% (FHK,2001), REANTEIMANFEES
B i e 25 R R ME N 7 ik B M it (Lenz, 1968; Vazquez et al . ,1997) , 43 B T th A2 K 4h i 1 5 LR
BAARRERRNREHNATHEER ., NERIAL . ABERGBHSRBMHNBARERAAAREK
RFEE. -

1 EXYHEASEARARAHEBEARAXRNANTREARNFAEESRE C, EBX
Tab.1 Elements composition, methoxyl contents and per-C, -unit formulae of juvenile and mature of Chinese Fir lignins

AT R A

* Ei i Elements composition/ % OCH;, FBCHRATERA
Lignin Methoxyl contents/ % Per-Cq-unit empirical formulae
C H 0
418 %1 Juvenile wood 61.28 5.86 28.41 13.63 CoHg 730,57 (OCH; )o 54

AR E#H Matre wood 61.52 6.06 25.99 14.44 CyHy g 05,24 (OCH; )g o0
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2.2 I5hRuE(FTIR)4SE

F2HHETEARYNBH S RBMAREEROIEERERFRTE NRP AT RXEHAARRELFEREA
B BB AAR,EERBPAMFE 1329 em AT RIEMWET EEMFEEFLE, IRUELZ AR K
FEEEMT BRME IS EREREEHAEARBHAR, MAERBPMBIBEAEREIERT LB ET
EREE. X—ABRERIEXLTEHTHPEARAREN S EEFTENOEARAEL —FL BEATET
EBRNEE, EAEENETEREEGEHLARINFERE, SR BBEELARBRMPFAAREN T AR
EEMNEHE. A FARBEEHYDARREAAEMETERXAATIRAYER SR, BERAXHHARE
ERMBWERSE AR, B LIENERGRH S RBMHARRER AN AR ERRZIANRE B E
MEBRMAYER. BRAMAX —dBAER HESERAWEEUNBAFTEENE L,

K2 EROBRMEBBRMERKRRLIABOFEER AR
Tab.2 FTIR absorption peak location and assignment of juvenile wood and mature wood of Chinese Fir lignins

: -1
W% i ¥ 5 B Peak location range/cm J3/8 Assignment

% 8% ¥t Juvenile wood P Mature wood

3429 3437 $E O—H 84 % 3h O—H stretching in hydroxyl group
2938~284 2937 ~2845 ERE THERFASFE C—H W% 3 C—H stretching in methyl and methyene groups
1736 ~1 709 1719 EHEHE KEMBETA C—0 P H| 5 C =0 stretching in unconjugated ketone

1 662 1 663 R E C—0 #4351 C —0 stretching in conjugated ketone

1 598 1 590 FEERBERIIME C—0 W 3N Aromatic skeletal vibrations plus C =0 stretching

1511 1 511 FEBIRSY Aromatic skeletal vibrations

1 460 1 460 R A R i) O—H ZE LB C—H deformation in methyl

| 424 | 424 %ﬁﬂiﬁﬂg C—H ¥ E A &S Aromatic skeletal vibrations combined with C—H in plane deforma-
tions

L 370 ; | 368 7E CHy (R R Ome) IS #X C—H FOB ¥ 3 O—H (#1455 3% 3h Aliphatic C—H stretching in CH,
(not in Ome)and phen.0—H

— 1329 HTHEES rings

1 270 1270 AAEARERM C=0 H4 3 G ring plus C=0 stretching

1 L1 C—CMC—OoMM C=0 RN (Gga > Guy YC—C plus C—O plus C =0 stretching (G ondensed
< Generfied )

1 140 | 139 ARG HEH C—HEFE ER TR RS Aromatic C—H in plane deformations( typical G units:
Geondensed > Gerheriied)

1 088 1 088 EPBEP ) C—0 B F K BB C—O deformation in secondary alcohols and aliphatic ethers

L 033 | o3 FERC-HEVEH ENEBRSIMEEEHFH C—0 B M C—0 K35 Aromatic C —H
in-plane deformation plus C—O deform. In primary alcohols plus C =0 stretching

858 859 CRARBMBFEELE 2.5 6 ( L FEZS5M C—H RS C—H out of plane in position 2,5 and

6(G units)

EARYEM NBMAREEEHM EBRERBRM T AT ETERERAX 2R/  HEBRAEAR
EEAAFEEAEEH RS ERIANENSBAFEZER XML I E o & 451 55 B 2 [h)
RZRBIATAIET . MW 1R W AE 1720 em ™ "AbRAEIEF T RIM FKEFMBE T M C =0 MRS M
1663 em™ 'AbRAEAFAE LS HE C—=0 MERIMNESZRIMNBERBMAGBHAERANEZDN., &
PHMARERE1663cem 451720 em™ RZBIMESREERLYBM P RERFZRIMNERELR,XE
REERPMAREFRYHEE C=0 ERAKREHN TR LR BEAEBE SN C—0 B M
AP ER ., A EINERRE - CAOBH SRAMAMHRKRZ L THRAZ B EELR L
FEER MEEREHFEA*EREEAMNETSEFOEEER,

2.3 'H NMR $1E

231 AREFHEEERA MERYBEMARENZ2ER GH,,0,,(0CH),, fFE 3 PRIIHHE
Co BIUHRR MG HE R FRAM, ERGE M A FEE PEEMRES (0Ac)/HE % (OCH, ) R4 FHHH
(0.87 +2.04)/0.84 =3.00, )\ 1] A F0AZ K 4 % #F K i & o B BE B (OAc)/C, B8 L4128 (0.84 OCH,/G,) x
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Fig. 1 FTIR spectra of Chinese Fir lignin
a S8 # Juvenile wood: b B ¥4} Mature wood. T [A]; The same below.

(3.00 OAc/ &4 OCH,) = 2.52, F b JiE Bl 7% BE 8% B (OAc)/C, 9 LB % (0.84 OCH,/Cy) x (2.04 OAc/2.52
OCH,) =0.68, % FIXAIRE I EE (OAc)/C, H B4 (0.84 OCH,/Cy) x (0.87 OAc/2.520CH, ) =0.29, AT LA
HE W, AR AR F PRI R B (OH,,,) MF B M2 2 (OH, ) KB B N %H ¢, BT+ 45
0.68 F 0.29, HMTFTH , EEZ RSB M ARBERPIBH KR ZE(OH,,,) S ERERH 70.1%, EBH T HE
(OH,,) S EHEFH 29.9%

EARBMAREHERR Y CHyo 0,, (OCH, oy . IR I MBI M T E T B B ARBM KRR+ KR
Btk 5 (OH,,, ) Ml B BB H (OH, )W EBES C LT P40 0.68 # 0.22, EARBM AFERFH
AR MR R BE (OH,,,, ) 5 SRR 75.6% , 1 B M A (OH,) & SR AR 24.4%,

232 ARASFAEATREA SHWMEKBEERFE,HMHITEREH NMR 5% 8 E AU B—
AREALBRMEE(E2)  X—RAR 55 NENHEEREFAAR, ERBAMWEERPHREIAAE
Mg T ERIFEE., HEETEY ERBMAERPWETHEERERLD E'HNMR HEETRTET
ERAFLEEERTABEAENBRIFERFTES. X3 HIRBERT - EAGRMAREFE C BRTHE
BAEBRTFHESEN 135, EARBHMARRTE G RTHNARAER FESEN 1.49, ABREH AR

BHMPAREPRAABRENTERLEY .

T8 é 3 2 0 8 6 4 2 0
L 2B Chemical shift /10 L4618 Chemical shift /10

H2 EABAAKBEZEHN HNMR K&

Fig. 2 'H NMR spectra of Chinese Fir lignin
233 AFFHEIERNLFR ARITAREAHBRHANRBAMARREMNA TP I RAFZRIUA 4
B, a5 NE-0-4BB-SE-pREM- 18 HEBTREARRS C, RTHAEFENIHAHEE. A

WEGERITR ERBMARRHEHEHNREILESRMPNE,
LRBIFRERRY AL ARG E A RPN AR E #0570 5540 B R R #6% B RE E AL A AR, i
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F2 B4R % R IH 5 BB AR 00102 B BEH AL oE RRRAE 8 141

ERXMTRAREOEY SRR RN EREAEEE L. Bl X2 ARG 8o fRR B F
LA g 7 A 7S (6] B 3 Gt AT B 5T
£3 DAGBRHSRBHZBRLBELAKRRN' HNMR BEBRS C, SHATHRTH

Tab.3 Assignments of signals and protons per C, structural unit in 'H NMR spectra of acetylated MWL
of Chinese Fir juvenile wood and mature wood lignin

¥ & K {8 Maximum value/10°° #iE 1§ C; B LES M6 i F 2 Protons per-Co-unit
. k2 BB puk e BRH
- Mai ignments
Range/10 Juvenile wood Mature wood Al assign Juvenile wood Mature wood
7.30 7.27 7.27 CDCl,
EREARERT LWFEART
7.25~6.80 6.97 6.97 1.35 1.49
Aromatic protons in guaiacyl units
B-0-4F13-14HMKH,
6.25~5.75 6.08 6.05 0.22 .27
H, of -4 and 8 - | structures
B-5HHH H,
5.75~5.24 5.42 5.42 0.10 .17
H, of B -5 structures
RAKEHENG H
5.20~4.90 5.03 5.01 0.11 0.14

H of xylan residue
B-0-4 %A H, # H,

4.90~4.30 4.67 4.39 0.29 0.36
H, and Hp of B - O - 4 structures
B-BEMIE H, WRAAK RN H

4.30~4.00 4.25 4.25 0.69 0.82
H, of 8 - 8 structures and H of xylan residue
R HMILR S H,

4.00~3.48 3.87 3.67 2.52 2.70

H of methoxyl groups and H, in several structures

FHABMABEN H
2.50~2.22 2.31 2.31 0.87 0.81

H of aromatic acetates
RE I R BEBR AR ) H
2.22~1.60 2.02 1.87 2.04 2.45
H of aliphstic acetates
RELGYHRT

1.60~1.30 1.36 1.37 0.31 0.42
Hydrocarbon protons

3 i

EAGEHSRBAMNEBERRAGEEERANLFRR. BB AREN G 2BAN GH, 0.4
(OCH;) g , LBM KT E M C, BRAN CH, 0,5 (OCH, g o00

LAMEIE IR R AR M AR RE N FIGSH T AR H, AR AREINER 5
THEEEARE. RBMAREPLERE C—=0 ERRAKEMM TELEWE KENHFTHC—0F
RRAMBELSBRHHES,

EARXBEEN' HNMR IR EZH . ERGEHARREPEHKZE(OH,,,) 5 S X E5HH 70.1%, ¥ &
B¥e 4 (OH,) HEEEHN 29.9% . MAMAKEE P WIRWIERE(OH,,) d 8 EERN 75.6% , M=
H(OH,), H B EERM 24.4% ., PABRBHHAREEFRERZHOFTERLSY .

EARGEMMBBMRREEHATHPH FEREAFRBYNB-0-4B B-5B p-pEMNB-168,H
BMBEMAREPEHBRENRE I LGB H PN E,
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