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ANALYSIS OF LIGNIN AND ~~LORUUGNIN REsmuEs IN A BEECH XYUN 

FRACTION BY PYROLYSIS GAS (3IROMATOGRARIy MASS SpECIRoMFlRY 

luoya D. Pwwek d J.rp  J. Booa 

Unit for Mast Spectrometry of M r r o m o l d u  Syrtcmr 

FOM-Institute for Atomic and Molcculu Physics 

W..n 407. 1098 SJ Anwrd.m. Tbc Nerbalads 

The xy1.n fraction of Beech wood w a  .ndysed by Curie point pyrolysis 

gw chrom8togr8phy m a s  spectrometry. Chlorin8ted mcthoxyphcnols w e n  

detected among the pyrolysis products. These compounds rrc r e l d  from 

chloroliguin residues present in the xylm preparation. The chlorination must 

have occuncd during &lignification of tbc holocclldoac with sodium chlorite. 
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198 Pomnts AWD BOON 

id& delipification should -It in a total removal of l i p i n  without chemical 

a!trk on the polysuchuidu .  but probably no delignification procedure will 

d s f y  this requirement. 

The pyrolysis ptms data of toul Beech wood show marker compounds for 

xylanes. cellulosar and li@n6. The pnrcllcc of scrml goliacyl m d  syringyl 

derivatives in the flash pyrolysate of the holocelluloac7 and xylan of Beech 

wood points to residual lignin-like material in tbue frxtioas. 

Surprisingly, a number of chlonnatcd methoxyphcnols was also 

identified in the pygcms data of both fnctiaw. This suggests the pnrence of 

chlorolignin u residues in the polysacchande prcpuations. This paper 

reports on the pygcms analysis of lignin and chlorolignin residues in a Beech 

xylm preparation. 

The xylm fnclioo M a gift trOm Dr. J. Pula .ad Dr. 0. Faix (Bundes- 

forschungsaastdt fur Fom mad Holzwinrhdt. Hamburg. BRD). which w u  

isolated wing the pmccdpn u dcacribed by Dieaicha and Zlchirnfl. This 

procedure consiau of repeated tm.tmcot of the wood chipa with sodium 

chlorite (03 M )  u pR 4. Tbc xyla trwtb. w u  obtahd by axtrmz -m of rhc 

holoccUdoK with 43% sodium hydroxide rallttioe 
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ANALYSIS OF BELCH XYUW FRACTION 

CARRIER GAS 

199 

GLASS S M  TUBE 

FERROMAGNETIC 
WIRE /HEATED CERAHIC TUBE 
WITH 

SAMPLE 

INTERFACE FERRULE 

FUSED SILICA - 
CAP1 LURY COLUMN 

GAS 
CH RONATOG RAPH 

figure 1 Schematic di8p.m of the FOMdLX Curie point pyrolysis 
splitleu injcctioa of pyrolysate on c a p i l l q  columns. 

unit for 
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200 POWELS A M )  BOON 

from a nupension in water or from solution onto a ferromagnetic wire. which 

is inserted into a glass liner. The liner is p l s c d  into thc pyrolysis unit (FOM 3- 

LX) and rats  on 8 Kdrcz interface directly rbove the entrance of the capilluy 

column. The glass liner is  sunoundcd by a ceramic tube kept u 1 W C .  which in 

turn is surrounded by a high frtqucncy coil. The unit is flushed with helium. 

which is dso used 0s the carrier gas. The ferromagnetic wire is inductively 

heated to its Curie point within 0.1 s. Thcrmll energy is t rmsfemd to the 

sample, which evaporates and/or is pymlysed. The volatile p d u c t s  arc swept 

to the beginning of the capillary column. 

The xylm frrction from Beech waod w8s malyzcd 8t 8 Curie point 

temperature of 61WC (sample site about 3-10-6 gram). Pygcms was performed 

with a P.ck.rd 438-S GC and 8 IEOL DX-300/DA-S000 d lubk  focussing mass 

spectrometer with data system. The column used w8s 8 50 meter CP si l  5 CB 

fused silica capilluy column (ID. 0.32 mm. film thickness 1 pm ). Thc column 

ended directly into the ion source. The fc oven WM kept at 3OoC during 

pyrolysis and WM subsequently progrunmed to 3000C 1 8 of 4OC/min. 

Compounds were ionised at 70 cV electron impact voltage. The scceleration 

voltage WM 3 W .  The scan speed waa 0 5  s/dec. Chanicll ionizuion ww 

performed in isobutanc. 

The s o f w u e  p8ckage in the IEOL data system was used without 

modifications. 

RESULTS 

Apart from pyrolysis products indicative of the acetylglucurono-xyb 

b8ctbonc. the pyrolysis gcms dam show the prcscnce of guaiacyl and syhgyl 
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ANALYSIS OC BEECH XYUW FRACTION 201 

TABLE 1 

Identified Ouircol and Syringol Denvativu in the pymlysuc of the Xylrn 

Fraction Isolued from Beech (FORM sylvdco) 

Pcaknr. : Idcot ity : Scannr.: Fkak Structure: 
IM: 

1 
2 
3 
4 
5 
6 
7 

9 
10 
11 
12 

a 

13 
14 
15 
16 

gUU8COl 
mcthylguaiacol 
hydro. yguaiacol 
vinylguriacol 
s y ri ago 1 
guriacylrldehpde 
mcthylsyringol 
guaiacylethanrl 
gt1.iacylprop-2-ene (rrons) 
guaiacylcthrnone 
vrnillic Mid methyl ester 
guriacylpropan-2-one 
v in y Isy ringo I 
syringylaldchydc 
acetylsyringol 
s y ringy I prop an-2-one 

~ 

1680 
1960 
2140 
wo 
2320 
2430 
u90 
2555 
2570 
2640 
2680 
2720 
2780 
2950 
3100 
3160 

~ 

46 
7 
S 

11 
17 
2 
7 
2 
3 
6 
1 

10 
4 
2 
2 
4 

TABLE 2 

Identified Chlommcthoxyphenol Derivatives in the pymlysate of the Xyl ln  

Fnction lsolued from Beech (Fodur sylvarico) 

Peak Identity: Scan Peak Structure: 
nr.: nr.: m a :  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

6-chloroguaircol 
3-chlororyringol 
6-chlorovinyl~uairco1 
3-chloromethylsyringol 
6-chloroguaircylpropan-2-one 
3 -chlorovinylsyringol 
3-chlorosyringylethrnal 
3-chlorosyringylprop-2-cae (cis) 
3 -chlorosyringylpropan-2-onc 
3-ch~ororyringylpropanrl 

~~ 

2200 
2630 
2680 
2850 
2980 

3280 

3380 

3050 

3290 

37SO 

~~ 

2 
41 

2 
3 
1 

27 
3 
6 

3 
i a  
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102 FQDVELS AND BOON 

derivatives as lignin marker compounds (table 1) as well w chiorinatcd 

methoxyphenol derivatives (table 2). 

The putial aDul ion cp l~o t  trwc.(scra nnge 1600-3800) of pygcms data 

of the xylan fraction isolated fmm Beach wood u shown in figurea 2a a d  3 1  

Figuns 2b a d  3b show a putid toul ion current trace of the methoxyphcnols 

and of the chlorinued methoxyphcnols respcctivcly. The mass scale was set to 

m/z 110-2SO to dslctc all peaks with m/z values below m/z 110. This eliminates 

contributions of many po~ysacchuide marker puks to the toul ion cumnt. 

All methoxyphcnolr a d  chlorinated methoxyphcuolr have major peaks above 

mh 110. put numbers in figures 2b and 3b refer to tht compounds listed in 

tables 1 and 2 rsrpctively. 

The identifsdon of the guliieyl and syringyl derivatives listed in table 

1. is based on the available data on mcthoxyphenol d e n v a t h s .  which are 

supported by high resolution gcmr data6. Identification of the spectra of 

chlorinated mcthoxyphawlr is bwd on isotope d o  and on comparison with 

the fragmentation patterns of gaaircol and syringol derivatives. Figure 4 

shows the mass spectra of syringol. vinylsyringo1 and qringylpmpan-&on+ 

together with their chlorinated analogues. 

It is interesting thu the order of elution from this capillary column is 

almost identical for mcthoxyphenols and their analogous mono- 

chloroderivativo. The only exception is 3chlororyringol which e l u t a  before 

6-chlorovinylguaiaco1 (table 2). The relatively high rbund.nce of 3- 

chlorosyringol. 3-chlorovinylsyringol and 3-chloror~rin~lprop.nn-2-onc is 

also striking (table 2). 

The principle aim of p d p  bleaching is to incnrsc brightness. which is 

related to the presence of light-absorbing chromophoric components. These 
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ANALYSIS OF BIICH XYLAN FRACTION 203 

2 a  
R.T. 

rxc 
%an 

figure 2a ~ 8 n i a l  total ion current trace of pypms dur of the xylm fraction 
isolated from Bccch mod. 

Figure 2b Putid toul ion cllcetOt trace of th8 x y l u  fraction isolated from 
Beech wood. M u r  rcde is set to mh 110-2M. P#L numbers refer to thc 
compounds listed in tdle 1. 
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204 POUYLLS AblD BOON 

R . T .  

i r c  
scrn 

figure 3a Partid tow ion cumD1 trace of pygcms dam of tbe xylm friction 
isolated from Beech wood. 

R.T. 

I I 
8 

7 
10 

zsa 
S C M  z200 2488 t6BB 28w 3888 3t88 340 36m 

Figure 3b Partial total ion current trace of the rylan fraction isolated from 
Beech wood. M u t  sulc is set to mh 110-2SO. Pak numben mfer to IIIC 
~ampoands listed in table 2 
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ANALYSIS O? BttCH XYLAN FRACTION 

I 
-I m 1 1  

t 

Figure 4 Mass spectra of syrinpol md 3thlomrydngol. vinylryrinpol and 3- 
chloro-vinylsgringol. syringylpmpane-2-one and 3-chlororyrin~lprop.n-2- 
ooc. 
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Figure 4 Continued 
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AluLYSIS OC BMCH XrUN FRACTION 201 

m predominantly ihnctioaal groups of degraded and altered r u i d d  l ip in .  

Gsnerrlly. the process of bleaching can be devided into two main groups. 

namely lignia-preserving bleaching (converting and s tabi l iz ing 

chmmophoric groups without of substance) aod lignin-removing 

bleaching. la the latter process other compounds (extractives .and ash 

components. polyores) and insufficiently delignified particles (rhives. bark 

rpecka) may also be rtmovod dong with the ~ i g n i d * s .  Therefore. bleaching 

can k rcgudtd additionally u a purifiutiar pmcus. 

The oxidation of ligain by chlorine dioxide or chlorite is ma& more 

complicated than degradation by hypochlorite. In alkaline media chlorine 

dioxide is reduced to chlorite. A similar reaction em occur in the p f ~ 8 ~ c e  of 

hydmxyl ions. in which two chlorine dioxide molecalu disproportionate to 

form chlorite and chlotue i a d .  

In acidic media chlorine dioxide ir completely reduced. chlorite. on the 

othcr hmd, is stable under nmtd w well w W i n e  conditions awl hcacc has 

to be acidified to be m effatire oxidizing agent. obrioasly. chlororu acid 

rather than the chlorite anion is the reactive rpcciu in acidic media. 

Hypochlororu a d d  is formed as an intermediate in the r e d d o n  of chloia~~ 

acid md since it has a higher oxidation potential than chlonnts rid. it can 

oxidize the latter to chlorine dioxide(. It is therefore widcat that in icidic 

media not only both chhninc dioxide and chlorocu acid. Lmt also hypochlom 

acid and molecular chlorine uc iarolved in tbe rewtiom. w matter whether 

chloriae dioxide or chlorite was Ord initially as II oxidiring agent. 

In acidic solutions elcmcnt.I chlorim is  ooe of the reaction intcnnedi.ta 

and will give rise to leactioas c h m t e r i s t i c  for this species. such LI fhg 

aubstitutions and hydrolysis of a l k y l - y l  ether bonds(. This p d y  mi* 

accoaat for the formation of mwochlorlnated msthoxyphcnoliu. depending 

011 the metion coadltiom during bleaching. 
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108 pow= AWD WON 

Model compound sttrdies have shorn thu oxidation of the mahoxy-phenol 

nucleus is prcceded by chlorination. and cxpcrimenul avidcllcc supports the 

hypothesis that the reactive spccisr in the chlorination reaction is 

hrpochloroua r i d  or even perhaps the hypochlorite aoim aod chlorwr r i d  

ia chlorite and chlorine dioxide bleaching mpcctively9* lo .  In dkdine 

~ O t i o n r  almost no molecuhr chlorine is prererrt. In monomethoxyphenolr the 

otrho-position is preferentially chlorinated8, in dimsthoxyphenols only the 

mcro-position is available for chlorinuion. 

It should be emphasized that the presence of mono- and 

dimcthoxyphenols in the Beech wood xy1.n pyrdy'..tc is due to incomplete 

deligaification. In the chlorite bolocelldore method. a coaridcrablc IOU of 

polyuccharidu occurs if deligaification is carried to cornplction Therefore. it 

i s  necessary to halt the treatment while the holoccllulon still coauinr 24% 

I i p i n 1 1 ,  ~m of this rnridua~ lignin is co-utmcted with the x y ~ a  in the 

cx-m of the holocclldor with sodium hydroxide rdusiaa. ThC praaxce of 

U@n linked to the r id i c  ridc chias of tbc x y h  possibly .Ira YWUIIW for 

put of thc mi- liguin-liks lertuid in the xy1.n krcionl2.  

During the deligaifiution with sodium chlorite pan of the lignia cam be 

chlorinated. Chiorinrted methoxyphenols w well u other chlorinated 

compounds have bten idea t i fa  culicr in spent l iqmn from pulp bleaching 

plants13. Thc chlorinated methoxyphcnol idaWied in dm Beech wood x y h  

fraction a n  formed on pyrolysis of tho putly chlorinated reaid4 ligain. Thc 

prrscncc of thcrc compo9ldr is probably m mefact due to the use of sodim 

chlorite in QIY of the aagu of the irolaiolr pmcudurc. 

When we compare the ratio of paiacyl and syringyl dcrivstivca (G/S 

d o )  in cht p y w  data of Beech wood with the G/S d o  in the Beech vood 

xylan fraction. the difference is rtriking. The abundance of syringyl 

dcrivativcs in Beech wood pyrolysate7 is much higher ch.n the rbpnd8mcc of 
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ANALYSIS O? BCCCH XYLAN FRACTION 209 

guaircyl derivatives. Syringylprop-3-cn-l-ol ( r rerr )  d syringy1eth.n.l .rc 

the only dimethoxy compounds with a lower abmndmce than their 

monomethoxy .n.lmes. 

If m caasidcr the G/S d o  in tbe pyfcnu dru from tk xy1.n frrcioo. 

the abundance of gua i ry l  derivatives is much higher than tht abundance of 

syringyl derivatives and the range of mcthoxyphenol compounds is much 

smaller. Herr. only syringaldehyde has a slightly higher abundance than its 

monomethoxy analogue (table 1). A possible explanation for this r e v e d  

distribution ratio is the stability of the compounds involved. During the 

isolation procedure demethoxyluion of ryringyl M i u  in tha l i p i n  polymer 

may occur. This is not improbable. since it i s  generally accepted that 

monorncthoxyphenolics 8rc more stable tb8n their dimethoxy .ndoguu. The 

oxidisiag effect of the b l e h i n g  procedure may account for the mdkr nage 

of methoxyphenolr. 111 of which have highly oxidircd side chains in 

comparison with the mtthoxyphcnols found in the pygcms data of Beech wood. 

The G/S n t i o  in the chlorinated methoxypknolr diffen from thc mn- 

chlorinated phenols. The chlorinated dimethoxyphenolr arc more abundant 

than the chloripatcd monemethoxypkools. The higher abundwe of chlori- 

nated dimethoxyphenols is powibly accounted for by the rarctivity of 

methoxy-phenols towards chlorination with sodium chlorite and its 

intermediate products like chlorine dioxide. adccnlar chlotine and 

hypochloric r i d .  The pmrcnce or .brcnec of a free hydroxyl Qoup 

(activating. orrho-poro directing) &odd tlro be ulrm into ~~~)(l l l t  Fprthw 

mom, the stabiliw of chlorinated msrhoxyp&aolr may have some inflneaCe. 

With the d.U now 8 V 8 i h b k  it ir not porriblc bD Iute with Cext8 in ty  which 

apltnrtilm(s) u (.cc) rppliuble krt. 

The high abundance of 3-chloro9.ringolprop.n-?-onc, 3-chlorovinyl- 

ayringol and 3-chlorw]rMgoI (uble 2) indicuar that thuc must be stmctwd 
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210 POWELS AND BOON 

elemtau in the Becch lignin wbkh ruia funher oxiduioo although initial 

oxidatioo cao take place. It is tempting to specdue that B - 1  linkages arc 

involved here. As mentioned earlier. the oxidative dcgr8duiOo rate of p h d i c  

ethers by bypochloritc is greatly favored by the prucncc of a free hydroxyl 

p u p .  The 8hndaocc of the three above mentioned chlorinated syrhgols 

might h8ve no free hydmxyl groups in the ligain polymer Wucturc. thus only 

chlorination c.0 occur. since oxidative b d - b o r n  is h a m p c d  This is in 

m a n c o t  with the statamcat thu chlorination is the firsr step in the oxidative 

degradation by hypochloritc8. 

Another point of interest is that a number of bapolymcriution products 

f d  in toul Beech rood pyrolysue is not recovered in the M y s i s  pmdlru  

from the Beech wood xylao fraction. This p h c n ~ c a o n  is probably comlatd 

with the rehtivcly high abdaoce of higher oxidized metboxyphmds. The 

oxidation of muhoxyphcnols wicb unrur ra ted  alkyl side chains to 

methoxyphenols with an C,- or C+-oxygenued aide chain position (c.2 

hydroxyl. cubooyl or keto group). is greatly favored by the reaction 

coaditioas d r  which blorching is curial out. 

In oxidation studisr of ligoin with rodipm chlor i tg  u rcll aa in thc 

8oalysis of the high mdeculu  might  f d o l u  frmn Ihc effluent of pulp Md 

paper 

chlorinated methoxyphsnolr and chlorinated nethoxyphenol desradation 

proda~~u h a  been ideatitiad. In ~ l o p ~ ~ t  with tkn d t s ,  we did not find 

any chlorinated msthoxyphcwl dogmistion products. nor di- or u i -  

chlorinated methoxyphsnols. nor msthoxyphcnols with chlonnated side 

chains. The chlorination of ddc c h d  normally req- different resction 

conditions (radical mechaoism catalyzed by W-light). Nudeu sub.titoth 
requires a Lewis acid for crslrlyais, c g  FcCl315. F$+ ionr uc ImQ9btedly 

prerent in small amoaou in Beech rood. m this eatdysis is pouibls. The 

i n d r u t ~ i a ~ 3 * * ~ .  a vaziaty of chloriutrd o&c coapoamh mlch as 
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formation of di- and visubstituted chlorrwrctbaxyphenols probably requires 

special mution c o n d i t i o ~ .  since introduction of a chlorine atop 00 the 

aromatic ring dc8ctivatca the fins towards further suktitutioa. rod 

chlorination is dso competitive with npid nuclear oxidation. the latter d y  

t l tcs  place immediately after ~hlorinuiod. 

Considering the amount of midual ligoh. the data on the determination 

of the cubohydrue md l i p i n  content of woodl should be p d  rith due 

ctstrve. Tha isolation procedures should also be taken into ru)uot becru# of 

tbc fuong influence of the isolaritm methods wed OIL the cbtmical coaporiticm 

of rbc wood s8mpla rhw d y r c d  

~runmuizinp the d u  of thii study, it w be stucd that tbc Mcuhing 

process is far from being ao ideal delignificatioo procedure. Rnt. liplio 

removal is very incomplete in order to  prevent severo polyucchrridc 

degrsdation. conrequeatly. the obtained polysacchuide fmctioos contain 8 

coosidenble amount of d d d  lipin. d sccood. part of the residual lignin 

ia chlorioated. 

It is well b o w 0  tht rood is a VCIy hetcropcntau mpuerial. m au*ey 

rho- that a number of pyrolysis producu c ln  be c o m l u e d  r ich  known 

chemical units in hadwood. At tbt prucnt state of thc bvWig.tim. the 

impwity of the -pufuied- hrdm 8a well 88 the p- of utcfacu d w  to 

the isolation procedure d cause severe problems and pruCiud8 8 more 

deuilled coml8tion. 

Combined Curie point pyrolysis crpillarg gcms is  8a useful1 

micmlnalyticd chlrrcterisation method for ideotificulom of pl.nt m 8 t d d S  
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We thmk Dr. 1. Pols md Dr. 0. Fdx (Buodesfonchuogrmtnlt fur Forrt 

und Holzwirts&.tt. Hamburg. BRD) for pmvidiog IU with the xylm fraction 

isolucd fmm Beech rood 

This work is part of the Resemh p m m  of Fund.m~mal Ondcrtoek der 
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