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PARTI 

ŒOPB OP %lB PROBIEH 

Du.ring the past 14 7ears, the structures ot major heaicelluloses 

in a great nuaber ot ditterct vood apecies bave been im'estigated. Uae

tul generalisation can nov be made vith respect to the amount, nature, 

and location ot the haicelluloaes in our 110re important trees. It is 

still evident, however, that a vast nwaber ot probleDls, both large and 

1!111&11, remain to be aolved, eapeciall7 structural details auch as the 

degree ot branching ot ~lans and glucomannans, the distribution ot their 

various aide chains, and the' state ot the uronic acid groups in the 

native ~lans. 

!he esterification ot uronic acid groups in ~lan vith other 

wood components bas otten been speculated upon, but the only ester groups 

ao tar establisb.ed in wood are the acet,.l groupa in the major heaicelluloae 

coçonents (1). It the uronic acid groups are in tact esteritied in their 

natiTe state in wood, it is important to lœow 'Wbether thq are in the 

tora ot lactones, crose-links vith ~lan itaelt, vith other hellicelluloses 

or with lignin. 'l'he last posaibilit:r involves the controversial problem. 

of the exlstence ota linkage between lignin and carbobydrates in wood. 

'l'he vork described in this thesis bad a threetold purpose: (1) 

to seek direct e'Yidence of the hitherto pre8Wil8d exlatence ot uronic 

ester groups in wood; (2) it 1111ch groups were proTen to be present, to 

deteraine whether the,r constituted crose-links; and (3) to explore the 

Dature ot other possible covalent bonds between lignin and carbolqd.rate 

b7 electrophoresis ot cleange products ot "lign.in-carboto'drate coaplexes• 

on glase-tibre paper. 
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PROBAlJII :rm:spp OP UROJIIC BS'J!à QAOOPS Dl WOOD 

One earll' piace ot evidence to au.pport the view that the uronic 

carboll3'l groups vere esteritied vi th other wood consti tuents vas obtained 

by Sa.rkar and co-workers (2) in an att.pt to account tor certain pro

perties ot jute. '.r.he7 round that treataent w1 tll 0.2;% sodium qdro.xide 

nearll' d.oubled the acid nl:a.e ot jute as :ae&Silred b.T the si1ver-ion 

ex.cbange aethod, ud conc1uded that the additional tree acid llight have 

reau.lted troa the lv'droll'sis ot an ester linkage between lignin and po~

uronides. Very aimilar re811lts were reported by Bhattacharjee and 

Callow (.3) who obserYed th&t treataent with 0.2;% sodium qdroxide in

creased the acid Talue of de-ashed jute fibre from. 11.4 to 22.; 111111-

eqa.ivalent per 100 g. (deter.mined. b.T si1ver-ion excbange), and this 

ad.ditional increase was ascribed to the qdrolysis of a uronic ester, 

a mggestion .ta.rther Slpported by the apparen~ f'irst-order rate or 

tomation of' tree carboq1 groups. !&chi and Yaaaori (4) also round 

t.bat the carboq1 contents of beech and ela ho1ocelluloses were higher tban 

those of' tàe original woods, and considered tbat this finding was best 

e:xplained b7 the }O"droll'sis of esteritied uronic carboql groups. 

Poster and co-workers (5) compa.red the rates or liberation or 

uronic acid troalucaltptul remiJl! wood and its holocellulose, and round 

tbat the fol'll8r reacted JII.Uch m.ore slowl.1'. lorma1 su.lphuric acid at 91• 

Jv'droJ.7sed 1.45% or uronic acid anb,ydride in the wood in .3 hours coa

pared to 2.35% in the holocellulose in 1 hour. !he authora considered 

the aost likel.7 eçlanation to be the existence or u ester linkage be

twen the carboql groups ot uronic acid and a b,ydroql group be1ong1ng 

to other wood coaponents. 
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The esteritication ot uremie carboJcy"l groups in wood ha.s also 

been considered b;y other workers who :aoted tha.t non-extractable nit.ro

genous •terial ra~ained in wood meals treated w.l.th monoethanolamine or 

.-nia. A.tcbiaon (6) tound that the holocellulose prepa.red b.r the van 

Beckna and Ritter •thod, which cl..ailled a theoretical balance ot ash, 

u:tractiYe, lignin and holocellulose, contained a considerable amount 

ot Ditrogen; this indicated retention ot monoetha.nolamine.. 1'hoas (7) 

showed. that the retention ot nit:rogan vas as llllch as 0.3%.. Wise and 

co-workers (8) reported that vh8ll holocellulose Yery- low in nitrogen 

was prepared b7 the chlorite method, and 111bsequ.ènt1y treated w.l.th an 

alcoholic solution ot monoethanolamine, it showed a mariced increase in 

ni trogen content, thus continaing the general tindings ot A.tchiaon and 

Thomas .. 

Reynolds (9) obsened that this retention ot nitrogen in the 

holocellulose was notad'f'entitious.. Iàgnin-tree holocelluloses prepar

ed t:roa sp:ruce, American white oak and l@çe.l:yptus reRPMS lJ.r chlorlna

tion and extraction ot the chlo:rina ted lignin v.1 th monoethanolalli.De or 

alcoholic aJaOnia, contained 0.3 to o.;% ot nitrogen which could be re

moved b.r hot 0.041 aodima bydroxide.. Reynolds su.ggested tbat the action 

ot chlorine, which was shown to be a necessarr stage in the formation ot 

the nitrogen compound, cleaYed a labile g.'cycosidic linkage and, at the 

saae tille, oxidised the newll'-generated reducing end-group to a lactone .. 

The latter then reacted with alcoholic monoethanolamine or &IIIIIOnia to 

g1Ye an acid .-ide. 

Yan (10) tound si•Var retention ot nitrogeœus material in 

residu.e troa sugar maple wood meal treated w.l.th liqu.id &IID.Onia. tatar 
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Neu.bauer (11) extracted tbis residue exhaustivel.y with ethanol and then 

w.lth hot water. 'l'he extraction reaoved 0.8% ot a lignin and lo9% of a 

crud.e hem:J.celluloae, but did not remTe the nitrogenous JU.terial. Neu

bauer ahowd that wb.en aaaples wre distilled w.lth dilute aqueous sodium 

bydroxid.e, the llU"Plus nitrogen vas reDlOTed as &DIIIOnia, and, there.f'ore, 

had been present in the wood reaid.ue as an amide or an aJIIIIIOniWD salt. 

The latter possibUity vas consid.ered illprobable because boillng aqueous 

JU.gnesium bydroxide upelled no JaGre aDIJlOnia .f'rcm. the residue than did. 

boUing water. JforeoTer, acetud.d.e could. not have been the source of' the 

residual nitrogen, slnce it would have been rem.oved by the exhaustive 

extraction. Rather, Neubauer Sllggested that some of' the uronic acid 

groups in the original vood bad possibl.y been trans-esteritied w.lth other 

constituents; cleavage of' these ester groups by' liquid ammonia bad JU.de 

it possible to extract SD&ll additional qu.antities ot lign.in and carbo

bydrate •teri&l b,y the renewd use of' alcohol and hot water, while the 

insoluble &Jiides reaained in the residue. 

'1'.1Jaell (12) extracted a white birch chlorine holocellulose 

w.lth dime~l Slllphoxide and isolated, in a yield of' 50%, a salt-.f'ree, 

•ter-soluble 0-acetyl-4-0-metlv'l&]..ucurono-;qlogl.ycan containing one 

ct-(l-2)-linked 4...()..utbyl-D-glucuronic acid residue and .3.6 acetyl 

groups per 10 :li,Tloae residues. From periodate oxidation, the intrared 

spectrwa, sodiua borotr.Tdride reduction and vi seo si ty behavior uperiaents, 

he concluded that the uronic acid groups wre nei ther lactonised nor 

ionised, but he did. not rule out the possibility that these groups Dd.gb.t 

be esteri.f'ied vith }q'dro;ql groups on the •in cbain of' the ;qlan. 

In a tew cases, partial l'r.Tdrol.ysis ot aapen (1.3) and yellow 
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birch (14) woods bave yielded glucotùraaosyluro•-( 6-.3 )-lactone. lknr

ever, this could not be regarded as mdence su.pporting the theory ot 

lactone formation in uronic acid, becauae Roudier and QU.let (15) bad 

d.-nstra ted that 2-G-(4-0-m.etbyl-a.-D-gl.ucopyranos.yluronic acid)-D

:Ji,Tloae •s alightl.7 d-.etbylated under cœditions 110rmal.q' used tor the 

}V''drol.7sis ot poqsaccbarides. 'l'he saall aa:mnts ot glucuro:no-lactone 

detected in lV"drolTsates troa both. h&rdwoods could theretore vell be 

artitacts. 

Although •ch indirect endence strongly Sllggests the 

existence ot gluC'Ilronic ester groups in wood, it cannot be regarded as 

conclusive. Direct evidence is theretore requ.ired to show their actual 

presence. 

ORIGII OF !BI HYDRO.IIL GROUP ISmRIFIID WITB 4-G-P!HIIGUJClJ&O§IC A.QID 

It, in tact, uronic carbo:x;,yl groupa are esteritied in their native 

state, there are tour possible modes ot coabination: !he tirst is aimple 

lactoniation invol'Ying the C-.3 b,rdro:x;,yl group ot the 8811.8 llloDDJRer unit on 

wldch the carboql group occurs. Opposed to this idea is the tact that the 

aistence of a 4-0-m.etb;ylgl.ucopyranosylurono-(6-.3)-lactone (I) bas never 

been reported in the literature. Attempta to pre:pare this lactone b7 va

cuum distillation ot the acid ended in tailure (16). St.eric factors (17) 

tavour the formation ot glucoturanos;rluro:no-(6-.3)-lactone (II) wldch can be 

easil7 prepared from. glucuronic acid. 

!he etheritication ot the C-4 b,rdroql grou.p in the glucuronic 

acid .S.de cbain ot qlan prevents the tranatormation into the turanoae 

tom, and theretore, Jlin~mzes the possibillty' ot lactonization. 

The second possible mode of collbination is the intramolecular 
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. (I) 4-0-JfetbJJ.&l.uaoP.YTanollYlu.roDO-. 
( 6-3)-lactone (not lal.own) 

(II) Gl.uaoturanoql.ul'ono-(6-3)• 
laotone ( eald.q prepa.red) 

1 

.,~. 

\ 

\ 
' 
' 

. . 
1. 
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eaterltication ot uronic acid w:lth ::qlose bydro::ql groups from the aaae 

2;1laB JllOlecule. 

The third poasibillty ia that the uronic ester torms cross

links w:lth bydro::ql groupa ot lignino Many workera (2, 31 .5), who have 

reported indirect evidence au.pporting the presence ot glucuronic ester 

groupa in wood h&Te tavoured the postulation ot su.ch a crose-link. 'l'he 

chemi.cal properties and 1110rpholog ot the wood also do not exclude su.ch a 

poasibilit7. However, the actual presence ot interaolecular esterifica

tion between uronic acid and bydro::ql groups ot lignin bas not yet been 

rigorously demonstra ted. 

'!he f'ourth possibUity is intel'.B)lecular eateritication with 

}O'dro2;1l groups belonging to other carbobydrate constituent& ot the 

wood. From chemical point ot view, this appears to be the most probable 

alternatiTe, Binee a large number ot tree lo'c:lrœ71 groups is aT&ilable 

tor esterification. 

PROBABLB CROSS-LIIIS JB'.l'WDI WOOD COifiTI'J!UTS 

'the presence ot cross-links between ajor components ot wood 

bas been speculated upon tor 80118 yeara. llan7 (18) consider the under

standing ot au.ch crose-links is easential to wood chemista seeldng 

aethods to aeparate cell •11 co.,onents in nearl.1' qu.antitati.Te yield, 

wbether the purpose ot aepa.ration ia &Da.11'tical or coœaercial. Wbile 

others (19) belieTe the po si tiTe identification ot ROh CNse-links w:lll 

help to a:plain JlaD1' pu.zzling properties of the 11100d. Schuerch (20), 

howver, regarda the actual presence ot croas-links in wood to be ot 

Jlinor i:aportance, because lllbatantia1 gaina in our knowledge ot cellulose, 
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bemicellu).o se and li gain bave been •de wi thout conatdering the presence 

of lignin .. carbob,ydra te bonds9 

'l'he controTerq and coatusion ot the probl• mq be attributed 

to aDT i""esponatble stat.ents in the literature pu.blished during the 

past hundred 7ears llinoe the dqs ot Pqen's "incrustation" theory and 

Erdlllann'a "SJ.Tcolignose" theory. ~ 11100d chemists are anxl.oua to 

claiJR the credit tor providing evidence and a solution. Oscillation ot 

opiDion between ei ther theory during the careers ot any prominent wood 

chalists bas not been uncolllllOno While others, due to poor underatanding 

ot the three •Jor components ot 11100d1 have only crea ted turther complica-

t1ons. 

hhaust1Ye SlrYfiTS of the literature related to this problea 

baYe apPeared in 1llaD1' excellent reviews (181 211 22) 1 but none bas been 

critical, espec~ ot the experimental technique ea:ployed by the 

DIDierOUS wrkers. A comprehenai.ve reviev of pertinent literature on the 

lip:ln-carbob,ydrate l.inka.ge will not be rapeated here, but a critical 

evaluation"of the variou.s experimental techniques aplo7ed in the studf 
' 

of this probl• will be brie!~ trea ted. 

(1) IamAQ'l'IOI A1ID JBPW.TIOI Ol QISU, WAQ.. COIPOIQ%J 

'l'he most illportant origiDal justification tor the concept ot 

a lignin-carboqdrate bondis that haaicelluloae, cellulose and lipin or 

th.eir deriYatives are Ech lesa eoluble when thfiT are in the wood than 

atter ieolation. Recent vork of Nelson and Schu.erch (23) bas shown that · 

1111tual pb;rai.cal restraint between po~accbaridea and lignin ·is sdticient 

to aplain the obsened differences in solubllity betwen natiTe and 

isolated po~accbaride, and the postulation of a lipin-carbob,ydrate 

bond is not actual lT necessary. Beleon and Schu.erch also pointed out 
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the iaportant tact that the ex.tractab11ity or hemicellulose, particularly 

:q-l.an, varies ve'J!7 greatly a1110ng different species or wood" even though 

their structures are si•ilar. Theretore, evidence mggesting the presence 

ot a lignin-ea.rbolq"drate bond based on the ditterences in aolubili-cy

cannot be taken aerioualy. 

Covalent bonds ot the ether type between heaicellulose and 

cellulose have also been postulated pr:l.maril.y to expld.n the presence ot 

ex.traneous mgars in p11ritied celluloseo However" the shortcaaings ot 

fractional precipitation aethods have been demonstrated by Snyder and 

!!aell (24) in their stud;r on balaaJI. tir cellulose, and extraction methode 

have now been illproved to the point where wood celluloses conta.ining a 

fraction or a percent of extraneous IUgars can be prepared (25, 26). The 

question ot covalent bonds between ex.traneous mgars and the cellulose of 

1r100d, theretore, bas becom.e more rem.oteo 

'l)pical confusions in the stud;r ot this controversial probl• 

can be round in the acetolysis and chlorination or wood. Evidence 

IUggesting a cèmbination betveen :q-l.an and lignin in beech 1r100d was 

claimed by Kawua.ra and Bip.chi (27). Beech wod aeaJ. was treated !or 

24 hours at rooa ·t-.erature with an acetic acid-acetic anhydride mix

ture (2:1) contsin1ng a trace ot IUlphuric acido "Acetyl :11'lo-11gnin" 

containing 27.2% llason lignin and 15.8% pentosan "!lS then ex.tracted with 

chlorofora and acetone in 40% peld. The llqlo-lignin• was de-acetyrlated 

w:l.th 0.1 N sodiua bydroxlde and. reaolved by ascending paper chroato

graplq w:l.th a n-bv.tanol:acetic acid:water (4:1:1) qat•• The lignin 

spots w:l.th Rt • 1.0 were eut and eluted ld.th acetone. JV"drolysis ot the 

lignin tollowed. by paper chroDI&tography indicated the presence ot x;rlose, 

and aethylation tollowed by Jlr~lysia aild pape;t" chroDI&tograpby pelded 
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2,.3-di-0-aetJv'l-D-2ifloae anet 2,.3,4-tri-0-metb7l-.D-2ifloseo Kawamura and 

Higuchi conaidered the presence of trilaetJv'l lllg&r in the Jv'drolyzate 

prorlded con"rlncing evidence tor the existence of a phenolic glycoaidic 

l1Jikage in wood.· Howver, the trimetJv'l ~lose could vell be derived 

from entrained qlobioaeo When critically evaluating theae reaults, the 

validity of several experimental procedures mst not be overlookedo 

Jlqashi and fachi (28) ahowed that an "acetyl 27lo-lignin" iaolated from 

wheat straw br the same method could not be com;pletel.y de-esteritied with 

0.1 B sodium b;rdro:xide. The de-acetylated "xylo-lignin" of 1Ca1f&'IIIU.l"& and 

Higuchi llq, theretore, have been a partially acetylated "x;ylo-lignin"o 

The chromatographie mobUity ot acetyl po~lose was not m.entioned by 

the authors. The effectiveness of the aolvent qstem. used to separa~ 

partiall;r acetylated ligni.D and po~lose was not dem.onstrated. Possible 

condensation between JC'l'lan and ligoin by "reversion" (29) during ex

traction of the •acevl 2iflo-lignin11 was &1210 not considered. Although 

Kawamu.ra and Higuchi have presented som.e evidence su.pporting the presence 

of a collbination between qlan and lignin, it is dubious that the;y bad 

actu.ally achieved a coçlete separation of a pbysical Jlixture containing 

carbob,Jdrate and lignin. 

Widely acclaimed evidence in favou.r of a lignin-carbob7d.rate 

complex in wood was also reported by 1'1-qnard and co-work:era (.30) trom. 

studies on the chlorination of poplar wood under an.Iv'drous conditions 

(anbydrous eolvant. not given). Three tractions were obtained from. the 

chlorinated wood by succeasive extractions with (1) cold ethanol (2) 

hot ethanol (3) cold alkali (concentration not given). The tractiona 

extracted b;y cold ethanol and cold alkali wre acetylated and then 

"puritied11 b;y chroa tographic adsorption on a colmm of aluld na. The 
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three clù.orolignins ext.racted prerlou~ from the wood. and. the two 

ltpuritied.• acetate traction a vere then by'drol1'zed. vi th l N by'droclù.oric 

acid.. Parallel paper chreatograas showed. tbat in each case, sa.gars were 

absent froa the unlv'droqsed saple and vere present after by'droqsia. 

!he ltlgars found. conad.sted Jainl.1' of Jq"lose, with saller &JIOunts of ara

binose and galactose. These rellllte appeared. ver,. 1nteresting and. bad 

been aentioned. in MD7 reriews (18) as convincing evidence Slpporting the 

existence of a uni a between lipin and. Jq"laft in wood. Upon cri tical 

eftluation, JDaDY detecta are apparent. !he e:x;perillantal procedure, yielde 

ot the chlorolignin ext.racted ud the pentosan contente were not giTan 

in the original publication. 'l'he solvent qstem used in paper chromato

graplo" •e not olearq stated and the resolution ot the chromatographie 

methode were not unequi TOce..l]Jr deraonetra ted.. 'l'heretore, like the e'l'idence 

ot KawaDilra and Rigu.chi, the reSllte preaented br 'l'raynard and oo-vorkera, 

wbich as8WII8d the co:çlete pb,ysical separation of carbo:tvdrate and chloro

lignins in their unb;ydroqzed. saaples must be Yiewd with caution. 

(2) ÇCROBIOLOGICAL OR :OZDIIC IBŒAPATIOI OP WOOD COI'§.'ti1.'1J'U!S 

I80lated poqsaccharide JU.terials haTe been repgrted (18) to be 

easiq and COllp].eteq degraded by mioro-organi•e or enQB.es wbile poq

saccharide in wood ia on]Jr degraded to a lbd.ted extent. This obsenation 

.has otten been consid.ered as evidence tor a lignin-carbohTdrate bond in 

wood. BoWTer, Painter (31) bas recent:q ahown that in pure Jll'l&n there 

ie certain traction (4%) ot the poq.er wbich is resistant to the action 

of enz.JlU, altt.ugh aoet ot the ~lan ia b,ydroqsed. under auch condition 

in a Tery short tiae (lese than 24 hours). Jones and co-vorkers (32) 

haTe reported that a ql.aD containing 2.9% ot lignin ws completeq re

ad.stant to degradation br the enzpae hellicellulaae. 
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!be resistance of certain portion of pol,ysaceharide in wood 

towarda the action of enSJ~Ua can be interpreted in many ways without 

poatulating a lignin-earbobydrate bondo From the basic ldnetic point of 

Yiew, it can be considered that the portion of "reactive sites• on the 

po~saechar:l.de su.batrate is 1ncreasingly d:tm:Jni shing as the degradation 

proeeeda 1n the presence of a non-b;ydrol,yzable material, ligni.Do As a 

resù.t, the chance of collision betwen these •sites• and the enQm.e becoae 

llllch lesa than at the initial stage of the reaction. 'l'he chance of colli

sion (.3.3), expresaed 1n tel"DlS of collision mmber, Z, is a complicated 

flmction of the average distance between the centres of collisie, con

centrations and .,lecular masses of the substrate and the enzyme. The 

presence of highly' pol,yaerized lignin llight :fUrther interfere with the 

specitici ty of the eUTJile on the remaining "reactive si tes• or the po~

saccharide. In light of the complu: nature of the enssyae-ca~ed hetero

geneous degradation of polyeaccharide, 1t is hard to conceive that the re

sistance of pol,yaaccharides in wood to•rds enzyae action could be eingled 

out as resù.ting froa the preeen.ce of lignin-carbob;ydrate bonda. Pa.rther, 

the resistance of •ch a bond towards enZ7J118 action bas never been de

aonatrated. !heretore, reSllts auggeating the existence of a lignin

carbob;rdrate bond baaed on eDQ'Jiic degradation experi.Dlenta proTide onJJr 

a retreat from the probl• itaelt and not a I!IOlution; they llllst be inter

preted vith caution. 



PART II 

AJII)IOW!JI OF tpWNIC ES1JR GROUf§ IN 

WBip BIBCB 1JLA1 AJD O'I'IJ!B WOODS. 

~oly'a1s in liqldd aaaonia waa the :m.ethod choeen to d~tect 

the presence or ester links. hcellent reviews on the propert.iea and 

reactions of liquid ..aonia have alreaey been publiehed (.34, .3S), so on:cy

etfects of intereat to this thea1s will be briet:cy 1118Jltioned here. In 

general, liqa.id &Ja.Onia reseDlblea alcohol in ita solvent powera towards 

organic l!llbetancea. lfoat alipb&tic and aroat.ic ethere, alde}Q'des and 

ketones are soluble in liquid a..onia, but the carbon;;L compounda fre

quentl:y' react to give illino derintivea {.34).. Carbox;ylic acide, auch a a 

acetic and benzoic acida, are diasolved as 8111l110niwl salta, but higher ali

phatic acids and dicarbox;ylic acide are rather insoluble. However, treat

:m.ent of an acid, auch as acetic, or an acid 8.IÙ\Tdride, wi th liqlid aœaon.ia 

at higher temperature and preaaure reiQlts in the fomat.ion ot acid &llide 

{.36). )i)st acid &llidea and esters are qa.ite soluble, but under prea111re 

at roo:m. temperature, esters undergO ~Jaonoqsia to give the corres.pond

ing amide. 

Gqcosidea of the ordinaJ7 SQg&r as wll as their acevlated and 

~sopropylidene derintivea are qa.ite soluble in liqa.id &DID.Onia at ita boU

ing point (37). là reaction occurs at this tellperature, but at 2S0 under 

pressqre, de-acet,.lation talees place with the .tomation o.t •aldoae amide• 

{.38). fhe redu.cing 111gars, when dissolved in liqa.id &llllOnia at ..:.3.3•, 

fora gly'collflamines through an aldehyde addition product (.37). Liquid 
1 
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amaonia has al80 been used as a B01vent in the preparation of sodiwa-alco

holatee :rroa po}T-.ccbaridee for lld.cromet:tv"lation ueing met.tv"1 iodide (39) 

ll§ACt{OBS OF QllLYJPS '!Q;!H AIUI)JIA 

Anl\fdrœe lltpid UIIIOnia at ite boiling t-.perature (-.:33•) ie, 

like water, neutral in reaction, and poseeeeee high solvent powere with 

an ability to swell celluloeeo !he pb7eioal eftect o:r llquid a.onia on 

cellulose hae been the atbject ot many mensive reviewe (40, 4l)o 

Cellulose ewollen by liqa.id a.aonia poesessee different Cr"f

etalline Edifications, as ehown by the x-ray dif':traction patterns (42)ci 

Ramie .fibres givee two aaonia-cellul.oses, mutu.ally interconvertible be

tween -20• and -30•. One :rorm. ot the aaaonia-cellulose (aaonia-celluloee 

II) is etable at lower temperatures; when i t is wamed, i t chaagee rapid-

lT to 8llll80nia-celluloee I, stable above -20•, but the reveree change ie 

, slow. IDee ot .-onia .froa asaonia-cellu1oee gives a third JDOditication 

(aaaonia.-cellulose III) wbich close}T reeeablee the cellulose aerceriz

ed by cauatic soda. !his .-onia-celluloee ni can be converted. aore 

easi}T and coaple~}T to neutral cellulose by boiling with dilute acid 

or alkali at ordinar;y pres111re. 'l'he re811lts are a,•arized in Pigu.re 2. 

!he retentiol'l o.f aamonia by cellulose a.fter 811Ch treataent 

has been shown recent}T (43) to be the reeult o:r qdrogen bond .fol'll&

tion betveen the tJ7droql groupe of the cellulose ani the mtrogen of 

the (~~: (44). !he treated eaaples show increased reactiviV to 

acetylation, Jv'droqeie and ethanol.1'sie and reduced resistance to thermal 

treataent. ·A coaparison vith •rcerized. cellulose indicates tbat the 

affect of lltpid &180nia in increaeing the reactivity ie considerabq 

greater than the et.fect ot sodium Jv'droxide. However, SanTer and Purvea 
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(45) bave shoWD tbat liquid uaaonia could degrade a cotton cellulose from 

a D.P.n of 3~000 to 2~888 under sSDdJar conditions. 

Tàe ability of liquid &IIIIOnia to swell native cellulose in wood 

•s d.eaonstrated DT Schuerch (46) who plasticized a birch veneer strip 

(tongp.e depressor) DT immersion in liqu.id ammonia to the extent that it 

could be twisted into a helix DT !inger pressure without cracking. Bpon 

evaporation of ammonia~ the wood strip retained the imposed shape vith 

little change in mechanica.l properties, but with some lati:Jral and longi

tudinal shri.Dkage and_ som.e changes in moisture-regain characteristics .. 

Schuerch suggested that treatment with liqu.id ammonia probabl.y broke the 

bydrogen bonds within both the UlOrpbous and ceystalline regions of the 

pol.1'saccharide cell •ll and the lignin ma trix; the evaporation of the 

ammonia re-fol'lled the hy'drogen bonds in the new position and resa.lted in 

a permanent set. 

The swelling effect of liqu.id &JIIBOnia can also be ueed to im

prove the exten.eibillty of paper. .Arlov and &lapru.d (47) showd tbat 

rapid evaporation of 8IIDl01'1ia from the treated paper caused the sheet to 

shrink . in ali directions of the plane. 'fhe modified paper also showed 

marked improvaents in otber pqsical propert:ies SllCb as tearing strength, 

bursting strengtb and folding endurance., 

I!:A.C!IO!S OF WOOD !ITH AJDIUŒA 

Coneiderat.ion of the mild chem.ical action and the versatile 

aolvent power of anb;rdrous liquid &llllOnia, together vith its great 

ability to swell and penetrate the ceystalline and amorphous portions ot 

celluloae, led Parves and his students (40, 41) to studl' the action of 

liqa.id --.onia on wood. 
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Barq wl'k dieclo"d. that liqdci 8DillOnia under preaau.re fv-150 

pll) at rooll taperature ~Yed. -n. &IIOUnta o.tlignin and poqaocharid.e 

.troa aple .ood aeal (10). 1rOJB the bark of white epruce, aJIIIDOni& ex

tractee! ..U .tractiona o.t oarbo)V'dr&te •ter1ala, .tatey acid uidea, and 

coaplu phelaolic cOIIpOt'llld.e (48)o A abatantial asunt of aoet&llide waa 

&lao recoYered .troa the liqu.id.-a.JiaOnia' extract ae a reault of .-moRâa 

o.t the carboQ'dr&te acetatee in the origS.nal wood or barko rn addition, 

a -a portion o.t the reaidUe .troa the extraction wi th liquid aaoni& 

•• rendered 11Dluble in hot water (ll). 'l'hia aolubilisation waa tenta

tiveq attributed to the cleange of ester groupa o.t an uaknown tJpe 'b7 

liquid aaaonia, becauae the relidual 1110od ahowd an increaae in nitrogen 

aa &Jiidea (40, 41) • 

The pioneering 1110rk on liquid-aaonia extraction carried out 

at JfoOJ.ll UniYerll v drew •ch intereet and attention froa wood chaiata 

in other laboratoriee, and thq bepn to uee thie reagent either ae a 

llild aolvent or as a pre-treatment to increaae the 7ield ot later ex

traction• o.t heaioelluloae b.r other aolventa. Bjol'kqviet and Jorgenaea 

(49) f01U1d tbat treataent of 11nuce holocelluloae with liq}lid --.oni& 

ade 10118 preYioual1' •ter-inaoluble poqaccharide aterial extractable 

b7 hot wter. The hot-ater aoluble haioelluloee contained 4S• of· 

amwae and. leaaer a.ount• of glucoae, qloae, galactoae, arabino" and 

uronic aoicl unite. ktraction of the relichle vith dllute alkali r.-vec:t 

•re ot the hellioelluloee but le.tt about 10• ot JIIJUlO" in the pûp. 

Bishop and. !daae (SO) eoaked a wheat atraw holocelluloae in liqtûcl 

..aoni& tor 36 houra at -33•. •bae4pent fractionation b.r acceeeive 

extractions with cold •ter, o.s. eodiua carbonate, o.s. and 2.~ 

potaellua )V'droxl.d.e ~ tbat;retreataent with liquid a-oni& :lncreaa-
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ed the Jield ot •terial aolu'Dle in eold water troa 3% to 2D.2%. Anal.Tees 

ot the iaolated. tractions sbowd eoae qste.atic differences, with pento

san contents increaaing and uronic acid ~dride decreasing progressive}T 

in the alkal1 aolulùe tractions. In a later ~lication (51) Blehop ~ 

ed that s.o% ot the wheat straw holocelluloee can be extracted ...,....,..... 

liqu.id .->nia alone at -33 •. '!he extract consisted ot (a) ~e ('b) 

a po]Ta.ronide traction, 1.3% ot the bolocellul.ose, conta.ining ~lon, L

arabinoae, D-glucoae, D-galactoae, and D-glucuronic acid in approx:llate 

•lar ratios ot 11: 3: 3: 1: 2.5, and (c) a non-carbolv'drate portion 

consisting ot low molecular wight degradation produots aaong wbich aetJv"l

ud.ne was identitied atter hydrogenation. Bishop also showed tbat a.JlÀY

drous liquid .-onia degraded an isolated pol1uronid.e by' 8.4%. 

lfarchesaault, Glau4euns and Catterty (52) made use ot the 

plv'âcal ettect ot anb;,ydrous liquid .-onia on bolocellulose b;r eçloy-

ing ehorter tiae (.30 seconde) ot treatment~ A bircb. oblorite holocelluloee 

treated this -.;y was extracted with hot 'W&ter and gave a :ql&D. wbich re

tained most ot i ts original acetyl groupe. '!he Jield wae tound to be -.ch 

higl'ler than that trw:za a direct extraction ot the holocelluloae w1th di

metbyl aùphox:l.de. Bot •ter extraction of a liquid...-onia-treated pine 

holocellu.lose gave a llixture ot arabino-gl.ucurono:qlan and acet.ylgl.uco-

So far, the add.itional Ditrogen, ana~sed as amictes, t~cl 

in the wod after liqldd .-nia ~ction does not ae• tG haTe re

cei:Ved Dllch attention. Yet, it ia clear tbat aa.cceaatul isolation ot this 

material containing &Illide nitrogen can t1arow Dlich lipt on the :natiTe atate 

ot the glucurorrl.c acid groupa as they aist origin&lly in the wod. 
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BIS'IORICAL Il'mODUC!IOI 

Prior to the aeriea ot tundamen.tal atudies on the extraction ot 

wood, bark, and holocelluloae with a!Jb.ydrous liquid &11118nia initiat.d in 

1944 in this laboratorr, a l.1JR1ted &JBOUnt ot aiJI:l.lar work bad 'been carried 

out in other coutriea. Paterson and H:l.Jcr.)n (53) at the Iowa State eollege 

studied. the pulping ot cereal straw by aqtteous uaonia at presiiUrea not 

exceeding 100 pounds per acpare inch wbich cloaely resembled. the conYen

ti.onal aqueoua alkaH pulping procesa. In Gel"'JJ8ll7, Preudenberg and co

wrkers (54) inYestigated. the action ot alk-ali metals and their amides 

disaolYed in liqqid aaonia on a limited nriety ot lignine and woods. 

Alter 1t1Ch trea~t at rooa temperature, lignin tractions becaae soluble 

in alkali and abBOlute aethanolo J'rom reactions ot model compounda, it 

was ehown that phenolic ethers underwent partial or complete da.et.lv'la

tion to yield phenols. Shorygirla and co-workers (55) haYe deaonstrated 

recentl7 that aqueous uaacm1a (24~) at 100• can alao cause deae~lation 

ot chlorolignina and at the saae t1me replace all the chlorine. with am1no 

groupa. 

'l'he early experimente of Preudenberg and bis colleaga.es led 

Yan (40) to inYeatigate the use ot CODIIlercial anhydrou.s liqui.d aaonia 

alone aa a lttdld• solYent tor lignin. lx.tractions w.lth licpid uaonia at 

25• and about 150 pal preaaure remoYed 1110re material trom bard.wood thau 

troa aottwood. Yan, theretore, concentrated on stu.d,fing the action ot 

liquid araonia on maple 1t00d' (Acer aqcharp, Il.). Liqqid gagnia u:

tracted 5 to 7~ by wight ot the 1t00d1 the u.tract being aeparat.d into 

three traction a dittering in aolubili tiea in aethanol. 'l'he tir at trac

tion in10luble in methanol, o.SS, oonsiated of poJ.7aaccharide •tertal. 

The eecond methanol-eoluble traction w.s sh.own to be acetudde, in an 



20 

aaount almost eqaivalent to the )oU or acetyl groups removed frora the 

er1g1nal. wodo !he r-.ining tract4on, "liqu.id""'8.111Jl0nia lignin, • waa re

covered. in Oo 7J, yield atter ra110val or the acetamide b7 chlorotona, and 

represented .3% ot the D.aaon lignin in 1t00d. Yan found that the nitro

gen content or the "liquid-a.JDI)nia 11gn1n• was negligible. BoweYer, 

Bnkrlat and co-wrkers (56) have recent17 shown tbat it was possible to 

introd.uce .3 to 12% ot nitrogen into apruce aawdust and sulphate lignin 

b7 treataent ld.th liquid ~rda at 230• o 

The near lT qu.an. ti ta ti Te production ot acet.amide from the 

acetyl t:roupa in the wood. ahowed. tba t ester links were cleaved. b7 liqaid 

&JaOnia. CleaT&ge of any other kind ot ester links, possibl.T betwen 

!v"droJO"l groups or lign.in and uronic carbo~l groups, 1110uld reau.lt in 

chemieal changes in the resld.ual 11100d and might lead to 'aolubillza-

tion. ot preT.l.ousl,y in.aoluble componentso In su.ch a process, UJ'3' amide 

groups to:raed would be round wi th the carbobydra;te portion or the wood.. 

~sis of the resldtlal 11100d, indeedi, showd an 1ncreaae or 0 • .33% · · 

nitrogen. 

IIMt'bauer (11), theretore, investigated the possibility of 

eztraotiac prev:l.ousl7 illaoluble ll&terial trora liqu.id-a.aaonia-extraoted 

•ple wod prepared bT Yan. Extracti9n ot the wood wlth )lot water re

aoved about 2% or the resld.ue. !be extract contained a pol.Taaccharide 

with D-JO"lose units and MthoJO"lglucuronic aoid higticy" conta•~nated with 

pectin •terialo Yet, the residu.e, even atter ex:baust4ve extraction.,· re

tained the 0.33% ni tropn origh'B.Jl;y present in the llquid-aBROn.ia-ex

tracted wood; anal.Tsis ahowd that the amide ni trogen content or this wood 

-· 0.25%. 

B;r aeans or hot w.ter, s:J•1lar haicelluloae tractions wre 

... ' 



alao extracted b7 HUks {57) and Hiltord {58) from aepen or black epruce 

holocelluloaes prmoual.7 treated with liquid &JIIIlOnia. 'rhese resulta in

dicated tbat heaicelluloses could be extracted under milder conditions 

than tho se aaplo;red convention.all.7 using strong alkaJ j • In Ja'blonsld' s 

stad7 of the action of li~d ammoni& on extractive-free white epruce 

bark (4.8), about .3% was extracted in 24 hours b7 liqu.id &JIIIROnia at room 

temperature under presare and the extract could be traetionated into 

n-butanol-soluble and inâol.Uble portions. The butanol-soluble traction 

(1.76'$) contained acetamide, in an 8Jil0Wlt correeponding nearly qu.anti

tative:Q' to the acet;rl content of the original bark, and a complicated 

mixtare of long chain a~id amides, among wbich only lignoceric acid amide 

was identified. The butanol-insoluble traction (lo06%) contained a llix

tare ot polysaccharides; atter acid !vdrolysis, paper chromatograpb;y 

identitied the presence ot galactose, glucose, ma:n.nose, arabinose, ~lo .. , 

and uronic acide. 

Vith these atudies in the background, the present reaearch 

began with an eval.uation of the conditions wbich give the maJ::Iwm amide 

nitrogen content in the wood atter treataent with liquid a..oni&. 
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'MVL%1 MD DIIÇU§O!l 

qrt'IIWe D!JJ\WOI OF AIIPIOLDJ§ OP !m:ll 
BDQH !f90I JIALS 

IR orcier to naluate the optial duration o:t .-noqeis to 

7ielcl the bipeat aide DL tropn content o:t the treatecl woel, -.11 SBJ~ples 

of extractiTe-.fl"ee birch wood aeal. wre treated ld.th axcess a.nb;yd.rolls 11-

qu.id. aaonia at rooa tellperature under preallll'e {-1!)0 psi) tor per1ocls up 

to lOO hours. The 7ields o:t the liquid aaonia extract o:t a sample trea ~ 

ed tor lOO hours (4.6_.) was onl7 àl.ightl7 higher than that atter 1 hour 

(,.,.). 
At the end. o:t each period, the reaction was stopped bi cooling 

to -65•, and. the UIIIIOilia was rttiDO'f'ed. The residue was thoroupq ex

tracted 'Id. th methulol to raaove acetamide deriYed troa uaono]Tad.a .of the 

acevlfreu.ps preaent in the Dative qlan. As in the preTious wrk, the 

quantitative di:t:terentiation of IJI'lde from aaaonium nitrogen •• baaed on 

the selectiw axpti.sion of aaonia troa the latter by bàiling ld.th an 

atpeous SJ.spension of •gnesiua oxide (59) wbich had a limited solubilit7 

o:t 0.0086 g. in hot water and a pH o:t 10; a conventional titraticm o:t the 

..-.onia in the distillate detera:l.ned the aaoniu nitro&•·· liDclitied 

equ.i.J~Mnt made it possible to detenaine &llide nitrogen in the eaae wtq1 

and on the -... sa~~ple, 'b7 a atbaequent distillation ld.th fl)f, aqueous 

aodiua IV'd:roxtde. Control experimenta ld.th known Jlixtures o:t pure acet

aa:lde and aaoniul acetate ahowd the aethod to be :nlil.able. The ICjeld

alù Jd.tro&en content of the untreated wood waa o.o6,., and o:t this, ·o.oU 
which responded as aide C011ld. probab]T be aacribed to nitrogen in the 

wood protein ( (/;)). 

fable 1 abon that the &llide nitrogen contents o:t the wood in-
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TABII1 

Content ot .Am14e and .a..ontua· Hitrogen in Surp1ee Treated 

near 20• WJ.th U.qtdd Aaaonia under Pressure (about lSO p.a.i.) 

% Ritrogen(a) 
.Apaonig ANd• 

A. Biroh 1100d •al 

(i) betore ammonolJii•(c) 
(ii) atter amonoql!d.s tor 

1 hour 
2 hours 
5 hours 

10 hours 
15 hours 
25 hours 
50 hours 

lOO hours 

B. "ll'lan-poor" wood aeal ( d.) 
atter ua::moqsie tor 72 hours 

a. Extracted. birch ~lan(e) 
atter ammonoqsis tor 72 hours 

D. Jli.xture (3:1) ot (B) and (C) 
atter ammonoqsia tor 72 hours 

o.o1 

o.os 
0.14 
0.10 
0.14 
0.09 
0.10 
0.12 
o.l2 

3.4.5 

0.23 

2.03 

(a) Calcu.lated. on oven-dr,y wood. 

(b) Soluble in liqu.id aaonia. 

0.03 

0.13 
0.16 
0.18 
0.22 
0.23 
0.2.5 
0.26 
0.25 

0.03 

o.o1 

0.03 

(c) Atter extraction ot original' JUal with ~ potae.S.um .. 
b;yd.rox1d.e under ni trogen. 

(e) Recovered. tl'OII the potassium byd.roxide extract. 



crea•d gradaaJ l;r with tt. ot ..-mo:Q'aia mtil a •xl.,. T&lue ot 0.25% 

wae reached after 25 h.oureo In view ot the •xin1• amide nitrogen ooatent, 

the .-oao:Qrsl.e tiJie ot 5 hours evaluated as opt~ with respect to the 

7ield ot liqu.id .-ollia extract b,y Yan (40) w.e not adopted in the preeent 

aperi.Jaent, and illetead, a period ot 72 hours was chosen in su.bsequent u-

fable 1 ehowd that --.on1a treataent caused the .-oniua nitro-

gen ~ntent ot the wood to at tain its. final constant value ot 0.11 ± 0.03% 

within an hour. It this Talue corresponded. to the uronic acid. present in . 
. 

i-lle extractive-tree birch wood as a tree acid. or inorganic salt, it gave 
.__. ... , 

an ~niUil salt to amide DIIOle ratio (i.e. o.n: 0.25) ot about .3: 7, and. 

the -.. ot nitrogen, 0.36% was eqgivalent to 4.5% as uronic acid. 'l.be re

ported 111"0nic acid oontent- ot wh1 te birch wood detem:lned b,y the de-car

bo2:l'lation aethod (61) was 4.6~ (62). Shdlar agr..._t was also obtain

ed tl"'Ol liquid-UDOBia-treated aspen, b&lu tir, eaparto graea, jack 

pine, ud ta-.rack woods aa ahown in !able 2. !hia excellent agreaent 

was probab:Qr tortuitoue, 'becauee 7ield ot reaidu.e troa liquid a..DOnia 
. 

extraction wae in all ca•• about 92%, although the ,_mt ot lignin aDd 

poqaccbaride.•teriale removed D.r liquid ..-mi& total lese tharl 2% 

(40). hrthamere, prior extraction ot the wld.te birch wood meal with 

etrong (24%) aqu..Ue potassium b;rdrox:lde yielded a resl.du.al wood Band 

an extracted JO"lan C both of vbich wre practical:q dftoid ot &Jiide nitro-

gen, presmab:q becauee the alkaH had b;rdro:Q'zed all ester or lactone 

groupe ori~ present. Iet the 8111.0niua nitrogen contents (fable 1) 

ot the hig)aly swllen wood resle&' B (3 .45%) and tha t ot the extracted 
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'l'ABI& 2 

Bstiation ot Uronic Acid from Ritrogen Contents 

• Ritrogen • Uronic Acid 

Wood Amon1ura Amide 'total Cale. from. R ld.t. Be1'erence Value 

Blrch o.u o.2s 0.36 4.S4 4.[Â) (62} 

Balsamfir 0.17 0.10 0 .. 27 3./P 3./P . (62) 

(62) 
N 

AIIJ*l 0.14 o.os 0.22 2.(1 3.30 Vt 

Jack Pine 0.12 0.10 0.22 2.(1 3.90 (62) 

Tuarack 0.13 0.10 0.2,3 2.90 2.90 (62) 

Bsparto On.ss .o.os 0.16 0.24 3.02 ).10 (63) 
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Jq"lan C (0.23%} bad no obvioua cormection w.l.th their content o:f' uronic 

acid. The aipiticance o:f' the 'ftl.uea tor • ... oniua" nitrogen atter li

quid aaonia treataent requires turther atuq. 

Contimation o:f' the presence of &lllidee in the aaonol.1'sed wood, 

tree of acetallide, waa obtained b7 intrared spectroecow. Bolker and 

Soaerville ( 64) bad earlier applied d;Lf:f'erential spectroacow w deter

mine the spectra o:f' lignine in 'ldlole woods and pulpe; in the preaet 

work the technique w.a altered, and the di:f':f'erential epectra o:f' holo

celluloeee were determined by uaing ...ood in the ample 'beaiD and. preoi....q 

calculated. quantitiea o:f' dioxane lignin (65), from the eaae wood, in the 

reference beam o:f' the d.ouble-beam spectroaeter. As lhown in ligure 3, the 

holocellulose d.itferential spectrum ( I) correaponded very well to the 

epectrum. (against air) of iaolated Tappi holocel1ulose (II). In the d.1-

f1'erential spectrum. there are aligh.t, but seem:l.ng4r unavoidable, ahitts 

ot 80JI1e ot the pr1ncip1e bands, and. alao sligh.t reaid.uee o:f' the lipin 

LIV'l -1 · spectrum, particularl.1' at 1,500 and 1,QIJV ca • I»wever, theae detecta 
. . 

are not significant when the d.it:f'erential spectrum o:f' the bolocellulose 

1n liquid-uaonia.-treated wood. (ni) wae obaerved.. Here, as expected, 

the abaorption band.e at 1, 730 cDÏ1 and 1,250 cm -l, cbaracterietio o:f' 

aceq1 groupe, wre absent, but a new, very strong band. bad appeared at 

1,680 oa-1• T!ûa band. correepond.ed to the &llid.e I band. o:f' u-D-glucuron

amid.e (Figure 4, Y; IV is the spectra o:f' glucoturanoqlurono-(6-3)

lactone for ccapariaon), although the latter wae found. at a aoaewhat lover 

wavenwaber (1,655 ca - 1)o !he ab10rption o:f' the amid.e I band 1n intrared. 

spectra of pollare at a higher trequenc;y than the us1aJ1T reported. wave-
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nllllber (near 1,6SO ODl-
1) (66) for simple pr1marJ' amides in the aolicl atate 

was also noted !or deu;yribonuc1eic acid (67) where the corresponding 

amide I band -.a obaerred at 1,677 ca-1• 'fhe &llide II band at 1.•601t .-l 

(P:t.gu.re 4, V) oould not be aeen in the ho1ocelluloae tpeetrwl, probabq 

becauae of overlapping b;y the ionized carboq1 band (near 1,610 cm-1) in 

the eame region. 

Atter the trea taent w.L th liquid ammon1a and prel.iJdnar;r spectro

scopie analys:ls, attapts vere ade to extract the "q'lan amide" from the 

wood. Becauae of the reactivit;y of amides towarde acid or alkali, the pro

cedure ot isolation could aplo;y neutral aolvents only. Dimet!v'l aulphoxide 

had been reported on eeveral occa.Sdons ( aee Appendix) to be an excellent 

aolvent tor extracting hellicelluloae, particillarq acet;ylqlan, from holo

oelluloae. Although the extraction -.a tried tor 42 hours under nitrogen, 

both at rooa temperature and at eo• with aolid: liquor ratio of 1: 15, only 

about .3.5. ot the wood constituants waa d:lsaolved (ne Appendix). 

Attention was then tumed to exploring other methode ot isolat

ing the ":x'Tlan amide" which 1110uld preserve the amide groupa. Pew (68) 

had alreaq ehown that 1! a 1100d aample waa ground tqr 5 hours and then 

aubjected to the action of cellul,ytic enQmes, about 95. of the carbobJt

drate. material was ll&de soluble in water. Aocord:lngly, Pew's method waa 

then applied to the ll.quid-aDIIDOnia-treated white b1rch uaing a 10. aqu.eous 

eolution ot peotinaee. At the end of the reaction period (4 dqs), the 

solution was tranaterred into a cellophane d:lalyaia bag and dia]Tsed 

againat d:latilled water to aeparate the bJtdrolysate. Rowever, the con-



eentrated en.SJIH aolution encloaed in the bag acted on the cellophane 

--.brane an4 caused it to rupture in 2 hours. Attempt8 were then made to 

precipitate the enQme before ~1118 by boUing the solution for 1 hour 

&8. rec..aeded by the SiLpplier ot the ellQ'JH. Howver, boiling only' re

lllllted in a ~ rlscoua brown aolution with no sign ot precipitation. 

BllQJiic bydrol.l'al.s of the llilled liquid-a.aonia-treated wood using Pain

ter's aethod (.31) &lao ended in faUure. 

It has been reported in the literature (69) that SOJU &111ides 

were quite stable in boUing 0.1 1 b;ydrochloric acid. 'l'his sucgested 

that chlorination ot the liquid-881l0Dia-treated wood su.spended in cold 

(o•) carbon tet.rachloride llight facilita te su.bseqJ.ent extraction of the 

":q-lan amide" by neutra! aolvents. One g. of the wood was chlorinated 

three times at five minutes each tim.e in exeess {50 JDl.) carbon tetra

chloride. ta.ter larger quantity" of carbon tetrachloride was uaed. be

cause i t waa obaerved that the organic aolvent turned bright yellov·in 

colour atter chlorination obviou~ due to the aolution of chloro

lignin. It was eonsidered that in this _,., mch of the chl.oro-lignin 

llight be dissolved without using a alcoholic solution of mnoethanol

amine wbich was know.n. to introduce ni trogen into the holocelluloeë ( 9) 

and would eomplicate the search for amide nitrogen trom the liqJ.id

amaonia treataent. Although chlorin&tion in this vay did not change the 

amide and 8BIIl0niua nitrogen contents of the wood, mbseqJ.ent .traction 

with diae'ijlji8tllphox1de for 6 dqs at room temperature reaoved onl.l' 0.0'7% 

ot the ud.de nitrogen which waa insutticient to warrant large ecale ex

traction. 

Review of the literature ahowed that the carbo}\ydrate trac

tion ot .aod, especia.J.q the heaicellulose, could be removed by the· 
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tollow:lng m.ethods which could be conai.dered oompa.ratively mild: 

(l) grind;ing ot the -..ood in a rlbratory ball mill tollowed b.r extrac

tion vith either diaetl\fl aùphox1de, dimetl\rl tormamide or SO% 

aqu.eQUs acetic acid as developed b.r Bjorkan (70, 71, 72), 

(2) extraction ot wood vith .3% aqu.eous solution ot sodium Slllphite 

(73), and 

(3) éxtraction ot the wood ground dry in a vibrato:cy bali mill with 

water (74). 

llethod (l) is ot l11lited utilit7, because considerable t1me ia needed to 

extract only 15% ot the carbo1\rdrate •terial trom. wood. '.ftle second 

•ethod was reported to have re8'>ved 28% of lignin and polysaccharide •- ·~ 

terial trom wheat etraw and 14% of the saae materials from oak at boiling 

te~~perature. When this Jaethod waa applied to liqu.id.....-onia-treated white 

btrch, o.on &Jiide nitrogen was tound in the extract and 0.17% udde nitro

gen still remained in the reeidu.e. The third m.ethod wae then tried. 'l'he 

liqu.id-8DIII.Onia-treated wood was ground in a National &.reau ot standards 

vibratory ball mill at 4° for 5, 2D, and 45 hours vithout addition of 

liqu.id. The llilled wood vas then extracted vith distilled water by boU-

ing under reflux tor 1 hour (wood: vater • 1: 100). The aqueous extract 

and the reeidu.e wre anal.yzed tor' ni trogen, vi th percentages sho1ln in 

'l'able 3 based on oven-dry, liquid-am.onia-treated wood. 

FroJa these reSlÜts it appeared that the Ul)unt ot allide nitro

gen extracted by hot vater was a function ot the du.ration of griDd1ng 

and independent ot· the tiae ot hot water extraction. 'l'he aqueoua extract 

waa clear and slightly 7ellowish wben hot; it became turbid when it vas 

allowd to cool to 1'00111 tellpera ture or concentra ted to a l!ll8.ll volume 

under rècmced preeare at so•. For this reason, the aqu.eoue extract -· 
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TAllll 
Amide Ni trogen Contenta ot Aqueoua 

Bxtract and Residue 

% mxtract % Reeid.ue 

0 0.03 
s(a) 0.07 

20 

48 

o.1s 

0.18 

(a) Suie res:ü.t waa obtained. when the mUled. wood 
waa ext'racted. tor 2 hours. 

0.22 

0.14 

o.os 
0.04 
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iaediateq t:Utered troa the rea;S.due atter l hour ot retlwt. .Uthough 

the wod milled tor 48 hours gave a alightl:7 higber aaount ot amide nitro

gen in the acp8CR1s extract, the tineness ot the mUled wood. caused. con

aiderable ditticulty in aab,...ent filtration to separate the wood. fl'ODL 

the extracting liquor. 

For preparat.ive acale extraction, the ball .Ul was charged. vith 

20.0 g. ot the liquid-a-.onia-treated wood, and g:round tor 30 hours. lx

traction ot the ground wood, tollowd b;r precipitation ot the concentrat

ed extract in ethanol gave a grq wbi te powder in 22.2% yield. Anal.1'ais 

ot the vacuua-dried h.tcellulose ahowd it contained 0.53% amide nitro

gen and 1. 7% of Klaeon lignin. A -.ll I&JIIple was bTdrolyzed in acid 

and the }tvdroqate was chromatographed on paper vith ethyl acetate-aeetic 

acid-w.ter and with n-butanol-wridine-water as eluents. The moveaents 

of the ajor spots correeponded to those observed in control uperiaents 

with qlose, 4-C>-aetlv'l-D-glucuronic acid, 2-0-(4-0-methTl-G-D-gl.ucopy

ranosyluronio acid)-D-qlop,yra:nose; on:cy traces of galactose, glucose, 

unnose and arabinose wre tound. 'fhese re811lts showd that the •-
1 

terial extracted. b7 hot water waa a near]J" pure 4-()...aet.Jwlgluourono.x;rlan; 

it will now be reterred to as "JC;Ylan aide" 

Sinoe the iaolated ".vlan udde11 contained.ëaul.l UIQQllt ot lipin 

{1. 7%) contud.Dated with traces ot other 111gar, IOile oontilw.tion of the 

aaide groupa acto.&J.:br derived ·troa the uronic ester groupa seemed Jl&ndato17. 

'!he intrared apectl"WWl ot the isolated llqlan &11id.e11 (ligure 5, 

VI) retained the prominent amide I absorption band near 1,~ e~t1 alread;r 

noted. in the ditterential speotru.a of the U~~~moqsed 11100d troa wbich the 
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JE;Ylan had bec extracted. (ligare 3, III). When this ~lan •• treated vith 

5% aqa.eoua potaallUI. }V'd.roJ:l.de under nitrogen atmoephere, the amide band 

diappeared (Pigù.re s, ni) and the spectrum becam.e 1dent1cal vith that ot 

the 2irlan (1'1gure 5, mi) extraoted b7 24$ potassium ~drox:l.de from. un

treàted birch wood meal. The amide character ot the nitrogen was turther 

corroborated by the anal.ytical reaults mentioned in the preceding section. 

'1'o show that the amide groupa vere not aseociated with aJJT com

ponenta ot· lignin, a eample of the iaolated ".Jjylan amide" waa tiret dia-

. lyzed &pinet diatUled -.ter tor 24 hours and then eubjected to partial 

A solution ot the 

II.Q"lan &llide" and. 0.2% ot pectinase •• enclosed in a cellophane bag and 

dialysed f.o~ 24 hours againat distilled -.ter. The Wrared spectl'WII. 

(Pigare 6) ot the heaicelluloae recovered froa the dial.yzate tbrough pre

cipitation wlth ethanol ahowed the prominent aaide I band again at 1,~ 

cm. -l aa noted preTiou.~. This hemicellulose contained no lis,nin, and, 

after acid }0-droqsla, chromatograpb,y revealed OJÙ1' three •jor apota 

correaponding to 4-o-..etb,rlgl.ucuronio aoid, 2-0-(4-()...metb,ylglucop;yran.oql

uronic acid)-D-.x;yloP1'ftlloae and D-.x;ylose. Faint spots due to glucose and 

galactose wre aleo noted. 

The se reaulta further contirmed tba t the 4-0-•tb,ylgl.uourono

qlan bad been iaolated troa the araonol.Tzed wood as an amide. 

BLJXIl'fA!ION OP 4L1PIIA'l'IVB DfJPPII!UIOIS 

Sillple corud.deration of the reaults presented ao far led to the 

conclusion that the 4-9-utb,rlgluouronud.de groupa ot the qlan sat have 

been fomed. b;r cleaftp of ester links. Iet there •a the clear poisibili

t:r tbat these aaide groupa bad ariaen through other •re complioated reac

tiens of the carbo~drate ~~ateriala vith liquid aaorda. 
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Although in 1934 Jlu.l!kat (.37) bad. cl.ailaed that mno- or poq-

saacbaridee could be recovered uncbanged frca liquid 8JDIII)nia at -33•, 
. - ' -

Bishop (51) l&ter reportee! the degradation of wheat straw hellicelluloae, 

part.ioularq po~des, in this reagent. In the patent literature (36), 

there was the au.geartion that und.er higher t.perature and pressure amides 

could even be fonaed froa ai.Jiple acide and licpid aaaonia vhich probab.cy' 

ill'f'olved the debydration of the -.-oniua aalt first to:rmed. More recent

q, Hodge and Ho)" (75) bad ehown that simple reducing eugars react with 

liquid aJEOnia to form the corresponding gl.J'co·syld1a•1 nee. Deterrari and 

co-wrkers ( 76, Tl, 78, 79) bad isola ted •eJ.dobioae diam1des" t:rom the 

reaction of œethanolic aanonia on acevlated aldobioeea and ~poaed a 

aechania for ita foration baaed on the work ot Isbell and Pruah relat

ed to "aldo se DIDD.Oamide" ( 00). The intraaoleculari t7 of this aechania 

was desnatrated by Deterrari (Sl) uld.ng labeled compoundso · 

Applied to the case of a.-octa-<>-acecylcellobiose {Pigure 7, I), 

this aechania inYolved the formation of a free aldelvde group (II) form

ed through &liBODO]Tid.a of the acecyl group of the carbon atom 1. 'l'àis 

tiret etage •• tollowd by the fo~tion of an intermediate (III) wlû.ch 

li01Üd fora the cyclic ortho ester (IV), in which the neigtiboring ·acetyl 

group participated. !bis cyclisation waa fa'VOU.red by the polarisatiœ 

of the carbonJ'l croup of the acetyl group rendering the oarbou;yl carbon 

atoa electrophilic. Thé rearrangement of this ortho ester led to the 

toration of a N-acet7l derivative {V}. 'ftle reaction could stop at this 

stage ld.th the torution of B-acet,.lcellobioqlami.ne which waa actuallJ 

iaol&ted froa the reaction proctuct. aa.t •et of the 110leculea baTi.Dg 

structure (V) would reaet vith ....,nia to glve an intermediate, nitro

geaated in the aeetyl group of C-3 (YI), which 1«tuld pas• to the c;rclic 
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labUe ortho ester (m}, attording ~ the N,lf'-diacetyl derivative 

on C-l (mi). 

lbr1ng the course of' this ortho ester mechatlia, another com.

petitiTe reaction ocaurred, b7 which the rcaining acetyl groups wre 
. i 

aplit ott. This waa the knoxn mechanis for the a.r.r810+10.qais of esters 

and aleo occurred w.1.th the original p-octa-0-acetylc.,hobioae (I) at~ord
ing tree cellobioae. Wi.th acety-lated diaaccharides, rh• latter mechan

i• pred.olllinated leading to higb 7ields of f'ree augarr The unuauaJJy 

poor Jield (4$) of the llaldobioae di&Dd.de• compared wlth the yield (20 

to 8:>$) obtà.ined with acetqlated monoaaccharides was ~ttributed (77, 78) 

to the steric hindranee exerted b7 the non-reducing •ietq of' the di

saccharide upon the ortho ester mechan1a. 

The po:cy-aaccharide studied in the present J,rk ia the 4-().. 

metb,ylgl.ucurono.z;,rlan whose structure ean be repreaent,d aa 1n ligure 8. 

This polysaccharide was shown b7 the clasaicalaetlV'lftion and. b;rdrol\rsia 

techniques ( S2) to consist of a Dd.niiDull of llO p-D-:Q"~owranose resiclues 

linked together b;y 1,4-gl.ycoaidic bonda and with, on ~e anrage, eveey 

eleventh anb;rdroqloèe unit careying a single side c~ of 4-0-aetbl'l

D-ghicuronio acid attaohed b7 an a.-glycoaidic 11nkage to C-2 of qloae. 
1 

Recently, a renewd. investigation of the 4-0-aeth,ylgl.Ucuronoqlan present 
i 

in aspen 11100d ( 8'J} ha a led te the conclusion tha t other aide cbaiJla 

c&r1"1'ing ~loae unite alao oocurred at c-3 of' the :x;:rlan back-bone. 
1 

'l'he 4-0-meti\Ylgl.uouronoJC;Tl.an preeent 1n whir biroh waa known 

to contain about 16.9% of acef1rl groupa (12). Bouveng (84} developed. a 

reliable aethod for locatlng these acety-l g:r:oupa in bth qlan and ahow

ed tbat this haioellulose contained SS.J$ unaubatitu d, 11.8% 2-:-0-, 

24.0% 3-o- and 6.U 2,3-di-0-au.batituted :x;:rloae reaiciues. In a aeparate 
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e2:Periment, 1':laell (12) ahowed that the 4-G-metl\Ylglucuronic acid side 

cbain carried no protect.ing acetate groupe, because atter a &aith degra

dation (8:5) ot the poqaccbaride, no uronic acid coul.d be detected. 

It treataent of white birch wood containing 24.6% acety~lan 

with liqtd.d aJEtDnia re111lted in "diaa1de" formation through the ortho 

ester aechald•, the conclueione baeed on ana~tical and intrared spectro-

scopic observations oould be COIIplete~ invalldatedo 

SDae •del exper:l.Jients vere, theretore, performed to investi-

gate the poesS.bllitiee just aentioned. On treatm.ent ot a .tull7 acetylat

ed cotton cellulose of D.P.
11 

395 with 11qu1d ammonia in the uaual _,.'" 

no "&ldoee diaDd.de• w.s detected in the product. This observation _Apport

ed the inference of Deterrari and co-wrkers (7!, 78) that steric hindran-

ce of the :pollaeric .truc ture and the ecarci ty of the reqtd.red reducing 

llea:laoetal end-ptQUpe iJipeded the to:ration ot "aldoee diamide" in a 

po~eaccharide. In a<lditio);l, Bookett and Chandler (86) reported that 

"D-lO"loee diamide" could not be prepared froa its acetyl derivative. 

.-, 

!o deteZ'Iline whether acetaJiide deri ved troa the .-oDO~eia of 

the acetyllO"lan aight react vi th Je;.Ylan, a llixture of 4-0-meth1'lglucurono-

.:x;rlan ieolated trema the II&Dle wood b7 alkali extraction and an authentic 

eample of acetaaicie •• treated w.l.th llquid aDIIIOnia under preeiU.re at 

rooa tapera ture a• pre'fiouall' deacribed. Intrared apectroacow and 

Cfl&lltit&tive amide nitropn ~sis of the JC;.Ylan ebowed. that no con

denation betwen acetamide and Je;.Ylan bad occurred and toration of &lT· 

coqlamine froa .-nia vith reducing end-groups aleo did not take place. 

Similarq, there •• no conversion of the u.ronic carbolO"l groupa into 

&llid.ea br liquid .-nia under the aperimental conditions employed. 

Other control experiaents included the treatllent with liqùid 



8liiiiiOl1ia ot wood troa wbich the x;rlan bad been e:r.tracted with aqueoue 

potassium h;rdro:xide (~), a reagent known to eaponity all acet;y1 groupe 

in the wod and pre.-.bq &117 other typee of estera as well. 'l'he liquid . 

..-mi& treatment w.a &lao pertormed on a saçle of extractive-free wood 

wb1ch bad been red.uced b;r aod1um boro~dr1de to eftect the eam.e total 

elild.nation ot the aoet,'l groupe poedb]Jr together vith a1l the uron1c 

ester groupa ori~ preHDt. Aa expected, both ~~&~~plea acqld.red 

aaon1um, but not aJiid.e n1trogen. Slm:Uar resulte ('l'able 1, p.23) were 

obta1ned w:lth the alkal1-extraoted qlan and th1e .x;rlan in a Dd.xture ot 

1: 3 w1 th the "qlan poorl' wood, and lent acldi tional eapport to the T.l.w 

that intact ester groupe wre neceeearr precursore tor the to:rution ot 

uronic acid &Jiidea. 

In a recent etuctr ot the pectic acide iaolated trœ the bark ot 

amabilie tir (Abiet ll'iPia), Bhattacharjee (87) noted the ehitt ot non

ion1sed carbo.x_yl band trom 1, 71' CJI-
1 to 1, 7€IJ cm-l in the intrared 

spectl"UUIl ot D-galacturonic &cid vhen i t w. a recovered trom an 'quew.e 

aolut1on b;r evaporation ot the eolution :la ncuo• Nm:llar 'bancla were 

&lao obaerved at 1, 750 ca - 1 in the intrared spectra of the po}7galaot-

uronic acide and wre aacri'bed. to the tonu.tion of laotone groupa aria

ing form. dr,ying or concentration of the solution 1n DS• An alkal:5-

extracted x;rl&n, atter de-aabing and drying in the auae wq &lao 8howd 

a sbift of the band frai 1,QO oa-1 (due to ionized carboq1 groupa) to 

1, 740 cm-l in the iàtrared epectrum.. In the litera ture (66, 8..5), the 

free carbo.x_yl groupe wre reported to abaorb at 1, 72; cm-1• 'l'he to:ru

tion of lactone groupa due to dr7inl ot the birch 11100d JUal. atter sol-

vent extraction betore &~~~Mmoqde waa then eaapected. Howver, ...,no

]Jrsia of the de-aahed qlaD atter dl71nl over phoaphol"l.la pentoxide iD. 



!IWO g&Te an intrared epectl"QQl with OIÙy & band. at 11610 cm1 indicat

ing ionised e&rbo2l'1 groupa. Jor ud.de I band at 11 600 Clll -
1 we obeerved 

ae in the ~lan ud.de11 ieDlated. t.roa aiBIOnoqzed wood. J'u.rther, ~ti

cal re.W.te ebowd the preHI'lce ot .-:mium nitrogen onq and no amide 

nitropn •e tound. 

'l'b.eee negatift re.W.te llinised the poeai~t7 that the uide 

groupe tound in the 4-o-..tl'JTlgJ.ucuro~l.an. from &JDOnoqzed birch wood 

origS.Dated in ecae una~,Pected alde reactions, and etren&tb.ened the oon

cluld.on that marv ot the carboql groupe in the untreated wood ••t h&Te 

exieted in the to:na ot ei ther l.actone or eeter groupe, the latter ae 

intra:.lecular croee-linke w1 thin the ~lan i teelt or betwen x;rlan and 

other wood consti tueute. 

Conti:rlat.ion ot the preeence ot uronic eeter groupe in biroh 

wood raieed the question ot whether tbeee reeu.lte a1cht be co&~addcnd. 

cseral tor other I,PeCiea. &.teh pneraliaation need not be upecW, 

becauee other qlaa.s in the decicluou.e and eoniteroua woode haTe chem.

cal coçoeiti.Ons mch ditterent troa that ot white b:l.rch 11100à •• It •• 

aleo ot intereet to deteraine whether the method ot ieolat.ing the "heed.

oelluloee amide" coulc1 be •re w.ldel7 applied. 

The other apeciee inTeetl.gated. were one decidllou.e wood -

treùJ.iaa aapea. (bœlpe tr=Joiua) ud three coniteroua- taarack 

bJ1=p). 

'l'he qlan in aapen •• reported. iD one in·atance (S8) to be a 

linear tnMWOrk ot 212 ~loae unite, and. on the aYerap f1Yel7 nintb 



&DIV'd.rca;rloae unit carr1e4 one 4....()..utb;rlglucuron1c acid. Other 'etudiee 

(8.:3) showd that :tt •• actualJ;r a brancbed pol1:accbar:lde inTolYing 

ehort qloae aide chaiBa as wllo Hpwver, it sainJ.;r retained the ·eaeen

tial teatu.res of the 2;1lan in other aboreacent ang:loeperu in tbat the \ 

aecondar7 h;rct.roql groups at 0-2 or C-3 wre partl1' IIIJ.bltituted. 1d. th acevl 

groups rather than L-ar&binoae UDitao 

In the wod of the ganoapel"'la, the •Jor heai.cellulosea -

arabinogalactan, glucOJa&Dnan, and plactogl.ucomannan - have been the 

~tt'bject of JUD7 inve•t:taatione. The minor b811icelluloae - arabino

~eti\Ylglucuronoqlan- bas rece:tved mcb lese attention. 'l'he 

etru.ctures of the qlan present in jack pine and balAII tir are still un

lcnown, althoa.gh the properties of other pol;rsaccharides in theee eottwooda 

are now well eatablished ( 85). From the available knowledge ot other 

eottwood qlana ( 85), i t is expected that, the Xl' lan iD jack pine and bal

sam tir mst possess the general characterlstica of arab:lno-4-0-meti\Yl

glucuronoXl'lan cOJDOn to all gmnoaperms. An acidic qlan iaolatecl in 

12.9. )'ield troa taarack haa been reported bT Adams (89) to cona:Let ot 

16 ts-D-2'.rloae unite joined by a 1-4, or poaaibq l-3, ~coaidic link-

age 1d. th s:lde branchee ot three s:tnsl• uni te ot 4-0-metJv"lgl.uouronic acid 

attached through C-2 and one unit of L-arabinoturanoee through 0-3. Be

cent inTeatigation• (90) of the hi&tû1' branched., •ter-eolu.ble arabino

pt.actan preeent 1n the wood. ~f tuarack bave shown tbat tbia pol;r

aaccbaride, contrar.r to prmoue remlta (91), contained, at the end of 

the cbaiD, D-gl.uouronio acid groupe attached to D-gal.aotoae 'llnita b7 fJ• 

(1-6) links. 

!o atud;r tlle uronio ester groups 1n native x;rlana present in 

aapm, jack pine, bal .. tir, and taaraok, the wood aeale vere tiret 
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ezhauative]T extracted with a benzene-ethanol m:l.xture (2: 1), then 

with ethanol and tinal.JJ' with hot water (60•) tor 24 hours to eliminate 

.,at ot the water-soluble polyea.cchariâe auch as arabinogalactan known 

to be present in 11100da auch as tamarack or •ritiae pine (90, 92). 

Treatment wi th liquid &'IIID.Onia was applied for 72 hours as before to en811re 

the maxi•1m amide nitrogen content. 'l'he &DillOnia-treated wood was then ex-

-~stivel,y extracted with methanol in a Soxtùet extractor to eHadnat.e 
."i,.:.: 

._~,. 

· acetamide. The rd trogen contents of the wood were an.a.lysed using the 

aodified procedure already described. In all cases, the amide nitro

gen contents in the treated. wood (Table 4) are lesa than one-halt pr 

one-third of the value found tor white birch ( 0 .25~), thou.gh the uronic 

acid content ot these woods are not mch lowr than the former. This 

m1cht be reprd.ed as the difference in the ex:tent ot esteritioaticm ot 

the uronic acid groups in the woods so far studied. 

The "hem.icellulose &llides" were then e.x:t.racted b.r the ball

milling and hot water extraction procedure. 'l'be iaolated. poqsaccharid.es 

wre a.nal.Tzed for aaaoni.Ulll and amide ni trogen contenta as uau.al, w.l th 

the resu.lts shown in Table 5. 

Confirmation of the &llide character of the nitrogen w.s a9in 
1 

obtained throqh infrared spectroscow. The in:trared epectra (Figure 9 ) 
1 

ot the "hemicellulose amides• again showd the fu:lliar amide I band at 
. -1 
l,6a> CDl alread_r D.Oted tor "Jcl'lan amide" isolated from liquid-aaonia-

treated white birch. The amide I band appeared as a shoulder in the 

spect.nua tor the "heaicellulose amide" isolated. troll aspen wood.. 'l'hia 

was probably beoause of ita lower amide nitrogen content (see Table 5) 

as compared to thoae from other woods. 

Atter acid b,yd.ro]Tais ot the iaolated "hem1.ceUuloae amides" 
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The ~nium. and Allide Bi trogen Contenta 

of Treated Wood 

Wood :C Am.oniwa :C Amide 
:C Uronic(a) 

Ac id 

Aapen Ool4 o.os 3o3 

Balaam. Jlr Ool6 0.10 3o4 

Jack Pine 0.12 0.09 3.9 

'tamarack O.]J 0.10 2.9 

(a) Data of 'l'imell (62)o 
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TA!D S 
li trogen Contents ot 11Beaicellulose Allide" 

Iaolated trom. Treated Woods 

Wood 

Aspen 

Bal8811 Fir 

Jack P:l.ne 

'laa rack 

0.11 

% Amide 

0.32 

0,29 

0.26 
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paper chroaatograp~ showd the presence ot mu.ch 2iflose, uronic acid, 

mannose, and glucose, and OJÙ1' traces ot other neu.tral Sllg&rs ('l'able 6). 

For a better 1dent1ticat1on ot the uronic acide,· they were separated. 

trom the neutra! 1111gars by Dowex 1 X-4 anion exchange resin (acetate 

torra),· and their rates ot movaent on paper chromatograms were compar

ed w.1th authentic l&llpleao The resulta ah.owed that a1l the uronic acide 

were the well. known aldobiouronic acid, 2-o-(4-o-meUGrl-cr.-D-gl.ucowrano

qluronic acid)-D-qloee; no other su.gar acide were round. 'l'he isola

tion ot "arabino~lan amides" trom the aottwoods further •vdm~ zed the 

posaibllity ot 11diamide11 to:mation due to acetyl migration through the 

intraaolecular ortho eeter mechani• alread;y described (p. 38). 1'h.e 

uronic acid udde groups present in the "hemi.cellulose amides• iaolat

ed trom liquid-&JaOnia-treated aspen, balsam tir, jack pine, and tama

rack were, theretore, derived aolely trom the estera ot 4-o-.etl\rlgl.uc

uronic acid which occurred aa side chaine on the lll'lan back-bone. 



&gars 
Present 

'lABIB 6 

&lgar Compcents ot ltJiaicellulose Amide" 

Atter A~id · ftrdro:cysis 

•Hellllicellulose Amide• t:roa 

Aspem. Bal8Ul Jack 
Fir Pine 

Uronic Acid + + + 

Galactose trace trace trace 

Glucose trace + + 

.lfa.nllo se ++ ++ ++ 

Arabinose trace trace trace 

~lose + ++ ++ 

Tamarack 

+ 

trace 

+ 

++ 

trace 

++ 
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Wood aeale, 1/J to 80 aelh, t:roa white birch (Mal• RIR."fl'UKI.), 

aepen (Pgù.ua X..'lfiu•>, taurack (~ larc;1na), jack pine (firm• 

Mù§leœ), and balaa tir (Abit• W••a) with unknow hietoey- and back

ground wre tirat exhauetiveq extracted eeparatel7 in a Soxblet axtractor 

tor .36 hours wi th 1: 2 azeotropic solution ot ethanol and benzene. Tb:1. a 

treataent wae tollowed b7 extraction vith hot ethanol tor 24 hourao The 

bag ot aea1 wae then removed trOll the $);xhlet extractor, and hot (60•} 

tap water waa l"Wl through the aeal tor 48 hours. After a 4-hour aoaking 

in diatilled water, the meal waa air-dried for .3 dqa, reacreened to 

aeparate the 60 to 80 m.esh portion and stored in ecrew-capped amber 

bottlea so that the aoiature content would remain rou~ constant over 

long periode. 

A publiahed aethod {9.3) waa uaed to extract 4-0-aetlv"lgluc

uronoJcy"lan ld.th 24$ aqueoua potassium ~de from ez.tractive-tree 

white birch 11100d aeal; y:leld: 24 • .3%. Acid lv'drol.Tsia tollowed b.r paper 

chroatograpby (94) indicated the presence ot 111ch J:Tlose and onl.T trace• 

of other lllg&rs. The reaulting "J:Tlan poor" vood ree1du.e {75.2%) waa 

waahed wlth diatilled water until neutral to univeru.l indicator paper, 

next ld.th 0.02 1 lv'drochloric acid, then ld.th distilled water again to 

n•traliv, and, f~ air-dried. 

Comraercial liquid BDIIDOnia ot 99.9% puritJ was uaed according 

to the anutacturer' a specifications. 

The acet7lated raw coaatland cotton, cellulose uaed in control 

ezperimenta was described 'b,y !iJiell ( 95). 
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Dioane lignin waa prepared according tc the procedure ot Pepper 

and co-workera (6S). 

AIAJmCAL PIQCBD018 

The tollowing a.na.qses wre carried out acoording tc the pro-

cedure described 1n "!eat1n1 •thods ot the fechnical Asaociation ct the 

1\ù.p and Paper Int:hlstr,y, New York, H. Y. (1961)•: 

Klason Ugnin Content 'l' l3m - S4 

mm•rmoqg 

Aeh Content 

Moisture Content 

Holooellulose 

t 15m- S8 

r 210m- sa 
'l' 9m - .58 

Total nitropn waa dete:nlined on 1.0 1• aamples b;y an adapta

tion ot the <MnDinl •thod (96). Rea1lta were reported aa percent 

el•entary ni trogen calcula tee! on oven-cirT ba ai. a. 

ABIIV.I AD A!TP' 1:œggpa 

A standard. •thod (.59) wae adapted as tollowa tor the deter

mination, tiret ot .-oniua and then ot I.Jiide nitrogen. An air-dr7, 1.0 1• 

eaaple •• placecl in a 300 Jll., .3-necked round.-bottoa tlalk eqûpped with 

250 lill. droppin1 tunnel and a U-ahaped splash-heacl conneotecl tc, a condenser; 

the tbird neck wa atoppered. The lover, distal end ot the condenser was 

i'Eersed in 2.5 ml. ot 1$ acpeous borie aoid oonta1n1n1 2 dropa ot a aetl17l 

purple indicator and just enoU&}i 0.02 1 b;rdrochloric acid tc make the solu

tion purple. A aJ.spenslon ot 5 &• ot •gneaiu. oxide .(A.R, Grade) in 

150 Ill. ot w ter was ad.cled through the dropping tunnel, and the mixture 
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was heated. until about 80 ml., conta.ining al1 or the liberated 811Jlonia, 

bad disiilled into the borie acid eolution. !he latter was then titrated. 

with 0.02 N byd.rochloric acid, and the percantage of &DIIIlOnium. nitrogen 

waa calcu.lated.. Atter pro'fiding a treah 25 Jll. volume of the borie acid, 

wi th the indica tor and of the proper pH, 150 ml. ot (J)f, aqu.eous potassium. 

Jv'droxide vas added througb the d.ropping turmel and the third neck of the 

flaak vas equipped for a ateam distillation; an ordinar,y distillation 

cauaed excessive "bblllping". About 80 ml .. of diatillate wae collected in 

the borie acid eolution which waa then titrated as before. The reeult 

correeponded to the c.aatent of amide nitrogen, when correction waa made 

tor the SDal1 blank. On wood samplea, moiature content waa tiret deter

Jiined on a separa te eample and the ni trogen values wre reported on 

oven-dr,y basie. Calculation: 

Where 

v1 - b1ank 

V 2 • wl.uM of 11:1 equ.ivaleŒ to 
&J111110nia' ml. 

·l' · • no mali ty of lill 

W • wight of aàpl.e in JI&• 

Control aperiaenta with pll'e 18J1Plea or known mixtures of aceta:icle and 

&IIIIIOniua ace ta te ehowd the aethod · to be' reliable. Pound for pure acet

allide, a.p., 81 • .5•; &llide K, 23.2, 23.6; cale.: 23.8. Pound for pure 

a.aoniua acetate: .-œd.wal, 17.8, 17.8; cale.: 18.2. Pound for a Dd.x

ture containing 0.30 g. of acetamide and 0.63 g. ot a.oniWI acetate: 

&llide 1, 7.6; ~niUil 1, 11.6; cale.: amide N, 7.7; ....,niWI 11 12 • .3. 

Por a mixture containing 0 • .51 g. of acetud.de and 0.46 g. of ._,niUJL 
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acetate, tound: amide 1, ll.9; aaon1Uà R, 8.3; cale.: amide N, 12.1; 

ammonfqm m, 8.4. 

Solvent srst.a u .. d tor paper chromatographie resolution ot 

eugar mixtures were (in vol./vol.h 

(A) et}V'l acetate- acetio acict-wter (9: 2: 2) 

(B) n-bata.Dol-wric11De-w.ter (10: 3: 3) 

ill aeparationa were carried out on What.n No. l tilter paper b7 the 

descanding technique. !be ohroMtograas were developed tor 24 hours 

when using sol vert. (A), and 34 hours when sol vent (B) was used. The 

çrq reagent con&leted ot a solution of ortho-am:l.nodip~l (3.0 g.) 

and 85% phoçhoric acid (1.3 ml.) in glacial, acetic acid (lOO Ill.) (97). 

!he paper •• sprqed evenl3' and heated in an oven at 105° tor 2 to 4 
' 

minutes. He.JO)ees appeared as brown spots, pentoses appeared as red 

spots, and monouronic aoids appeared as orange spots whi.ch tumed vio

let upon turther heating. Piœll7, aldobiouronic acid appeared as 

orange spots in1 tiall7, changing to brick-red upon prolonged heating. 

Samples ot the hemicellulose (1-o.s g.) were bydro~ed b,y 

treataant wi.th 72% llllpburic acid (5 ml.) tor 2 hours, at l"'OJJL tapera

ture, tollowed b7 dilution to 1~ Ill. and boil.ing und.er reflux tor tour 

to a1.x. hours. !be lv'droll'late vas neutralised to a pB ot 8 w.lth eolid 

bariua carbonate and t:UteredJ exceaa bariua ions were reaoved w.lth A1a

berlite IR-120 ion-e:abange resln. The eolution •• evaporated to 3 ml., 
and 111bjeoted to paper chroatograpb;y (aolventtA and B). 
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IKP'RARID SPJC'l'RA 

A Unicam S.P • lOO prisa-grating spectrophotom.eter was used to 

detel"JJd.ned intrared apectra. The samples vere ground in a stainless steel 

v1al tor 5 minutes, then ld.xed w.l.th the deaired amount or potassium 

bromi.de (usu.a.l.q 400 mg. KBr to 1.6 mg. or sample), milled tor additional 

two minutes and ti.nall1' transterred into a die to be pressed into dises 

16 DIJlo in diameter. Ditf'erential speetra or holoeellulose in bireh wood 

vere d.ete:rmined. on samples or known nason lignin content. An amount ot 

birch dio:.xane lignin corresponding to the JO.ason ligrdn content of the 

wood. samples waa incorpor~jted in a .a:JmiJar dise :tor use in the reference 

beamo 

Slnce only 1.6 to 4.5 mg. ot sample was required in eaoh 400 mg. 

dise, to encre eaoh dise having the prescribed. amount of material, an 

100 mg. ex.ceas o:t the mixture containing the sample and pot&atdum bromid.e 

was prepared.. lbactly 400 mg. ot the mixture was then caretul.q veigh-

ed. out on an ana~tioal balance and transterred quantitativeq to the die. 

The die was evacuated., and., atter 5 minutes, preasu.re was applied (20 

tons on the ra). The pres~Qre was maintained tor 10 minutes, then re

leaeed, and tiM.ll.y the vacuum waa broken. The dise was them caretul.q 

re110ved t'rom the die b.Y forceps. 

MAUcS:AIB AIDJ)IOLD& 

Small-scale aaaonoqses were oarried out at room t-.perature 

tor variou.e times in a bOJib consisting ot a stainleaa steel eup ot 280 

IIÜ.. capacity (A in Pi&ure 10), cloud b.Y a lid held in place b7 meana ot 

a bolt threaded through a heavy steel yoke. A poqe~lene gaslcet be

tween the eup and the lid prevented ~ leakage of annonia. In a ~ical 
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. ezperiaant, a 10.0 g. aa:mple o~ the eolvent-extracted birch wood meal wae 

ad.ded to the bomb wbich wae then eeoled to -f:/J 0 in dry ice and acetone 

mixture wlth ite lid td.tting looeeq in position. At the IUle time, 

approxiatel.T 200 ml. ot licpid ~nia w.e collected from a cylind.er in 

the glass tlaak (A in ftgure 11) aleo cooled in dry ica-acetone. Appro

xillately 150 mlo of liqtd.d am.onia w.e poured into the bomb to make a 

wood to &lllllOnia ratio of 1: 15o 'l'be lid w.e replaced, the bomb placed 

in the yoke and the bolt tigbtened wi th a wrench. 'l'be .filling operation 

required lees than 3 llinutee atter the bomb had cooled, and w.s carried 

out in a well ventilated f'um.e cupboardo The bomb was then mounted on a 

mec bani cal shaker o 

The apparatus (Figure 11) ueed in emptying the bomb and in 

tUtering the liquid aaaonia extract wa.s a modification ot tbat ueed b;y 

S'anderson (98). At the eDd of a deeired reaction time, the bomb, still 

in the yoke, wae qtd.clc:lT cooled in a dry ica-acetone bath, care being 

taken that the level ot the cooling mixture rau.ined an inch below the 

gaaket in order to prevent arr:r contaJaina.tion of the contente with acetone. 

!he boab was then reaoved from the cooling bath, the bolt 

slackened slight]Jr, and the lid gent]Jr tapped eeveral timea on each side 

w.l.th a ruu.er. !hie precaution was round to be necesaar;r in order to 

tree the gaaket without damage. 'l'he bolt was then complete]Jr loosened, 

the bOJib reaoved troa the 70ke and. the lid litted ott. 'rhe eup vas 

a ttached to the n1bber stopper ( B in ligure 11) fi tted w.l. th a P,yrex til ter 

etiok outlet and a short glass tubing inlet. A wter aspirator waa uHd. 

to ack the liqu.ici .-nia e.xtract into tlask (C) and the aide tube (D) 

•• tben closed b7 cl&lllping. Pre ah liquid aaonia ( .500 Jll.), was run in 

troa reservoir (1) to •8h the reeidual wood. The toweJ:te · ot eolid 
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Figure 11 Assemb1y for Discharging Liquid Anunonia from Iarge Bomb 

e 

\Jl 
()) 



59 

potaasiwa ~droxid.e (r, G, H) served to protect the qatem from miature 

and to prevent the 'bu.Ud4p of a dangerous pree81lre in the qstem. When 

waehiJ2& •• caplet., the liquid a.BIIICHlia in ~ek (C>) vas evaporated 

uncler contimu\:~»Us •ction of the va ter aspira tor. A .1-hour amm.onoqsis 
\ 

extracted 3.9. of the wood, and a lOO-hour treatment raaoved onq 4.6 •• 

The 114flid .-on1a extract con tained mostly acetamide w1 th aDiall aa>unts 

ot lipin and poqaaccharideo 

!he uaonia remaining in the l«))d wae rem.oved by keeping the 

sample under va.cuum for l2 hours. The wood was extra.cted. in a Soxhlet 

apparatue w.1. th methanol for 2 hours to reaove entrained aceta.Jaide. 

At'ter dr;yi.ng in air, the saple was analyzed tor nitrogen, and the re-

aults shown in 'l'able 1 were the means of concordant duplicates. 

In control experimenta using •terial auch as alkali-extract

ed ql&n troa white birch, the lid ot the bomb was looeened slightq at 

roODl teaperatu.re b7 alackening the bolt at the end of the reaction. 'l'he 

bollb, still in the )'Oke, wae placed baed1ate:lT into a vacuum desiccator 

containing eolid potassium )V'drox:Lde. l4.qu1d amm.onia in the bomb •• 

allowed to evapora te und.er a water pu:m.p. 

W.(JH;;Afl A!JOI?L!II' 

Xarge-scale amm.onoqeee were carried .out tor 72 hours to eneu.re 

ù:ldwam conversion of estera into amide groupe. Iielde ot wood meal 

@)I1.!I .lmOHYPRIJB DDUC!IOI 01 JIRQH WOOD 

'l'en graae ot birch wood vas auspended in lSO al. ot dietilled 

•ter containing 7 g. ot eocl.ium borate, and aocl.ium borol\Ydride (7 g.) 



TA.BII 7 

Yielda ot Wood Real Atter Aaono~ses 

Wood % Yield 
(oven-d.r7 bas:la) 

Birch 9lco8 

Aspen 9So0 

Jack Plne 93o8 

Bala&Dl Fir 92.9 

Tamara ok 92.; 
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was added in IID&ll proportions over a period of 2 hours. Addi tional 

7 g. quanti ties or the h1'dr1de were ad.d.ed each da;r tor 4 daye, and 

the auapension vas atirred mecbani~ at rooa temperature tor 10 dqs. 

Excess sodiwn borobydr1de was deet:royed by the addition of acetic acid 

(JO!C 1n water), and the reàuced wood meal 'MU recovered b.Y filtration 

and waù.ed thoroughly with distilled water. The air-dried meal was 

al.moat white in appearance; yield: 9ol g. Acetyl content was zeroJ 

liqdd a:mm.onia treatment ot the redlléed wood gave an amide nitrogen con

tent ot OoOl!C, 

PRIPjRA'!'IOI . OP t=JHIPOUROIIAJIIDB 

In a moditication or methode described in the literature (99, 

J.OO), S g. of glucuronolactone -was dissolved 1n lSO mlo of an.b;rdroue 

methanol eaturated w:tth &DIIllOnia at o•. The eolution •• kept in the co1d 

room. at 4• tor S dqs, until a white material (1-am.:lno-D-gl.ucuronamide) 

had been deposited on the aidee or the tlasko Atter tiltration and dry.;.. 

ing over phosphorue pentoxlde w mcuo, the yield of crude prod:uct wae 

2,6 g. One graa of the unpuritied amino-glucuronaad.de was disso1ved in 

+ lSO ml. ot water and pasaed through a colUDUl ot Amberlite IRC-50 (H ) 

reein in a 100 ·Ill, buret (re sin column height up to the a:> ml. mark), 

T,be eluent waa ooncentrated to 40 ml. under reduced pressure, and 200 ml.. 

of a lld:x.ture ot methanol and isopropanol (1: 1, v/v) waa added. 'l'he 

wtd. te precipita te was recovered, and rec17etallized S times :t'rom wa ter-

1eopropano1; yield: 0,78 g.; a.p., 15.3-4• (dec.); reported, 1;o• '&nd 1;8•; 

[cr.]D20 (2% in water), +46• (10 min.); +.31° (90 min.); +29 • .3• (22 hourah 

reported (99): +78• (.3 min.)J +,31.6• (22 hours), Cale, tor c6Ruo61•"'-0a 

N, 6.6.3; founds 1, 6.47, 6.;1. 



A'1".lZJ!P'liP IS>JeA'l'IOB pt !'JIL6! AJIDI" BI BNZlMIQ ~SIS 

A. 1.0 g. aample ot liquid-aJIIIIIQnia-treated white birch wood was 

ltlspended in 20 Ill., ot a 10. aqueous solution ot pectinase ( a~pplied b7 

lu.tritional Blochemical Co., Cleveland, Ohio)., !he eolution vas buttered 

to pH 4o6 and alovl.y rotated at 40• in a 25 mlo screw-cap vial, toluene 

beine used as a presenativeo At the end of the reaction per::l.od (4 dal's), 

the eolution was tranaterred into a cellophane bag and d1a.lyzed againat 

d:lstilled water to aeparate the h7dro]JTzateo Howver, the co:ncentrated 

enqm.e solution encloaed. in the bag acted on the cellophane -.brane and 

cauaed it to rupture in 2 hours. Attempts were then made to precipitate 

the enz.yme before dialyais b,y boiling the eolution for 1 hour as re

cotmD.ended b7 the Sllpplier of the enzyme., ll>wever, boiling on1Jr relltllted 

in a hi1Jlù.7 viscous brown solution with no sign ot precipitation. '.l'his 

JUthod wae then diaca.rd.edo 

IS>LA.TIGJ OP m! AJqpJ OF 4.-0-IBTJI!'UI.JlCUROBQm;\1 

iller the rellidnal wood troa &IIIIIODOlysis bad been extracted 

with methanol and d.r1ed in air, 20 g. was ground with no additiOI'l of 

liqu.id. in a vibratol'7 ball Jlill (lm) tor 30 hours at 4•. 'l'he m:Ul waa 

powered by an 1,800 rpa 1/4 hp electric motor wbich drove the mill ahatt 

and attached eccentr1c wight (A in ligure 12). Bapid rotation ot the 

weight imparted a revolutional motion to the jar (B) when aounted. on ita 

bolder (C) which vas Sllspended b;y two etrong epr:lngs (D), thue allowing 

f..htedom ot circular IIOTem.ent within certain 11m1ts. !bi:rt7-f1ve lmndred 

tinT steel balle in the jar vere set into rapid aotion by this mov-.ent 

and ground the aterial placed 1n the jar b;y their oollilion. 

The tinely divided product was IJep&rated from the balla b7 

séreenia& aD4 vas tben boiled for 1 hour under retlux with 2 litres ot 
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Figure 12 Vibratory Ba.ll Mill 



d1at11led water. Witbou.t cooling, the auapenaion waa filtered through a 

aediu:ra poroaity-, aintered-glaaa tunnel, and the reeidue wa.a washed 'With 

tllree 500 ml. volwaea ot bo111ng d:latilled water, then w.S.th SOO ml.· ot 

oold water. '!he combined li~ors were concentrated at 50• under redaced 

preaaure to about 70 ml., the concentrate waa poured, with vigorous 

atirring, into 2 litres or ethanol, and the mixture was kept overnight 

near 4•. 'l'he precipitate of hamicelluloae vas then recovered on a filter, 

solvent-exchanged tbrou.gh ethanol and petroleum. ether (b.p • .;o-60•) and 

dried 1n DCU2• Acid b1'clrol;rs1s tollowed. by paper chromatogra.pJv' ahowd 

that this hot-vater-extracted material vas a nearq pure .x;rlan. The .. 

J1elds ot the hemicellulose isolated this way from different woods are 

presented in Table 8o 

In a ...Uer-ecal.e cçerim.ent, loO g. ot the .tin~ ground. wood 

. from liquid-uamia-treated birch was extraoted aa before w.tth hot •ter, 
the amide nitrogen contenta of the e.x.tract and the resid_u.e were 0.15% 

and o.o5%, respeotivel.T, on the wood basiso T.hat ia, hot water had ex

tracted 75% ot the amide nitrogen from the liquid-uaonia-treated wood, 

and it ..... in the Q'lano 

AJ,IAL!I ftlPROQITS OP . !!XDM AJIIDI!' FROM !BIS BIRQH 

A 100 ag. aample of the hemioelluloae ieolated trom liquid.

a.aonia-treated. biroh wood meal waa boUed under retlux in a nitrogen 

ataosphere tor 3 hours vith lO ml. of 5% potaas1wa bl'c:lroxid.e. The alkali 

vas neutralized. with acetic acid and the hemicelluloae •• recovered by 

preoipitat10J1 :ln ethanol; 7ield1 92 mg. 'l'bis treatment removed. the ud.de 

I band at 1,680 .-l from the intrared IJ)eotrwa (Figure 5, VII). 



Wood 

Bi roh 

Aspen 

Bal8Ul Pir 

Jack Pine 

Tamarack 

·'UNS 
Yields ot "Hemicellulose Amide" 

tl'Oil Different Woods 

~. Iield • Kl&eon f4in1n 
22.16 1.70 

19.SO 5.25 

l9o03 ,3.62 

19.63 2.85 

~.45 ,3.,38 
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PARTIAL WDŒC HIŒOLYSI$ OF S "l:l'.YJ AJllll" PRgl WHI'l'B BIBÇB 

ttqlan &111de11 (1.4 g.) w.s first dialyzed against dist.Uled water 

for 24 hours, and theil add.ed to 25 :ml. of pu.ritied pectin&se eolu.tion con

taining 0.14 g. of the enzym.e. !he t1nal voluae of the aolu.tion was ad

juated to 70 ml. 10 as to attain a concentration of 2• Jll"lan in a 0.2% 

aqueous I!!IDlution of the ·~· 1'he aolution was encloeed in a celhphane 

dial7eia tube of su.ch length aD as to permit a 100% inc~ in volume of 

the aolution by OMDOais. !he d.ialyaia tubing waa auspended in water be

twen· tw pe$rated deaiccator platee inaide a 3-litre beaker, w:lth the 

lover plate reating on four ru.bber stoppera and the upper plate kept in 

position with w:lrea. 'lwo lit:rea of water waa placed in the beaker, and 

atirred vigorouàb' at room temperature. Atter 8 hours, the di~te waa 

withdrawn and replaced with tresh water, and this procedure w.s repeated 

for a total t1ae of 24 hours. '.rhe combined liquors wre en.porated under 

redu.ced presaure at 40• and the corresponding oligoaaccharidea were re

covered tbrotlgh precipitati.::;with ethanol; 7ield: 0.2 g., KlaaDn l1gn1n 
~":-:~::.. 
.-.:1~ 

content, o. An inf'rared sp_~ of the material again showed the pro-

minent amide I band at l,68l cm.-l as the origl.nal ~lan amide11• Acid. 

hy'd.rolyais f'ollowed. b;r paper ohromatography' (eolvent A) revealed the 

presence of 4....()..aeteylglucuronic acid, 2-0-(4-0-methy'lglucopyranofGTl

uronic aoid)-D-qlopyranoae, and D-qloee; traces of glucose and galac-

tose wre al• found.. 
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PART III 

Il'fiiDI)IJ:CUy:R B)JDS; PIŒPAJWlOB AJD WQ§JS 01 

"!ttCJID-CARSQHIDRA'S CPJLJI'!Mft 

IIIRODUC'l'IOI 

IOOLA.TIOB 01 .IYL.41 WITH I.N!AQ% BS11Jl GROUPS 

!he evidence in the previous Chapter bas clearly establiahed that a 

aipiticant proportion ot the carboql groups in œtive hmcellulosea i~w 

esteri1'ied, but bas re'f'8&led nothing ot the source ot the bTdro2\rl groupa in

volved in the ester linkage.. To apprO&ch this probl81l, it 1'8Cflired the isola

tion ot a qlan with intact ester groups. Insotar as the retention ot acety'l 

groups llight be a ·m.ea•re ot this requir8118D.tj' several posaibilltiea could 

be conaidered 

'l'he tirat recorded isolation ot qlan containing native acety'l 

groups w.a Dl&de b;y Bigglund and co-workers (102) who extracted chlorite !lolo

cellulose with d.iJaetJv'l a1lphoxide. They obtained the .x;rlan in 5- peld -

a proportion not high enough to be conaidered representative. Aaide troa 

the low 7ield, this 2\rl.an may not be usetul tor present purposes, becauae 
1 

the glucuronic ester groupa may bave been altered as indicated b7 the lligra-

tion ot acety'l groups du.ring the preparation ot chlorite b.olocellulose. 

Better peld ot the acety'l qlan bas been obtained b7 extracting birch chlorine 

holocelluloae with diaetJv'l Sllphoxide (12). &waver, this qlan ia also œt 

a Slitable atarting •terial tor the etudl' ot uronic ester croaa-linka bJ the 

&JB)D.Olyais reaction, because the retention ot ni trogen b7 the holocelluloee 

(9) probab.ly indicatea tbat the uronic ester groups llight have been altered 

b7 the hot alcoholic .:moetbaœl.udne solution used in the ~'t'al ot cbloro-

lignin during delignitica tion. 

Jfarcheaault and co-wrkera (52) recent.ly ahowed that hot •ter 
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extracted a abstantial amount ot acetyl ~lan troa chlori te holocellulose 

it the latter bad been tirat treated vith liqu.id aaonia or etb7ludne tor 

a short ti.ae (30 seconda). However, tbia prerequiaite swelling ot the holo

cellulose b;y rd trogen CODipOlUlda ia again objectionable. 
( 

It ia clear tbat in the requ.ired •thod ot isolation 8'117 treataent 

vith reagenta, eTen ill the llildest delign.itication procedures, ia to be 

awided. The best ve.y is to iaolate the ~lan troa vhole wood vith neutral 

aolTenta. 'l'o this end, the actf&ntagea ot extracting milled wood 111q be co~ 

sidered. 

IICRJASI Il SOLUBILiti 0'1 !pOD cœPOIDDI'lS BI ÇUJIG 

Studiea on the ettect ot JlilHng on the solubilization ot wood 

componenta aron troa the 110rk ot Forsiati and co-workers (lOl) on cotton 

cellulose. '.rheir resù.ta indicated that milling caused negligible ox1dation 

ot the cellulose, bu.t resulted in marked decrease in the degree ot po~ri

sation and at the saae tiae conTerted the cellulose completely troa a crr

stalHne to an am.orphoua tora. Grohn and Schierbaum (74) inveatigated the 

•:lll:lng ot wood, and reported that about .3U ot llilled apruce or poplar 

wood becaae soluble in cold water. The residual wood atter extraction was 

easily ataceptible to the action ot cellul1'tic eDQ'JIS and atbsequently an 

additional portion ot the enzyae-degraded wood becaae aoluble in cold water. 

Altogether, SU ot the wood was rendered aoluble b;y the coabined action ot 

m111ng and enz.ymic }V'drolyais. 

Pew (68) studied the solubility ot llilled apruce wood in other 

solTenta. A •rked increase in solubility was obse1'V'ed in dilute alkali, 

acide, and a variety ot organic aolTents mch as alcohol, acetone, wridine, 
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aet}Wl celloaolve, and diaet}Wl sulphoxideo Even per:lodate and. D.aaon lignine, 

atter they' were llilled tor ; hours, became ·BOluble in dilute alkali and 11.et)V"l 

celloaolve. 

Brownell and Weat (10.3) have shovn tbat llilled spruce wood haa a 

high degree of chslical reactivity. fhe;r treated. the wood powder w.lth etbJ'lene 

oxid.e in dill.et}Wl forumde at 100•, and. tound that within .3.; hours, the wood 

beca11.e completel7 aolnble in the aolvent. 

HoweTer1 the JK)St proJdaing approach to the iaolation ot an ace't7l 

qlan probabl7 atul retaining the uronic ester groupa •• a 07-prod.uct ot 

the 11.ethod developed b7 Bjôrkman ( 71) primaril.7 for the extraction of lignin. 

Atter "ailled vood lignin" had been extracted froa finel7 dirld.ed ailver birch 

wood b7 dioxane, ftlrther extraction of the reaidue w.l th aqu.eoua acetic acid 

(;o%) or dill.ethyl llllphoxide :tor allaoat ll sntha yield.ed a gre;r-white material 

which Bjorkllan called a "lignin-carbob;ydrate coaplex11 • It contained. l3% o:t 

ltlaaon lignin, 75% of acetyl qlan, and ..U aaounta of other· carbobydratea, 

all present in the original wood. (Table 10). It thua aeeaed poaaible that 

a1ch a coçlex Jdght be a uaeftll •terial for the atud;r of uronic ester croaa

linka. 

IIICTROPHOHISIS OF T8l COMPLU 

Proof tha t the carbobydra te and lignin are joined b7 cheaical rather 

than pbyaical bonda ia not eaail7 obtainedo The ahortcom:inga ot conventional 

aethodsof fractional precipitation in the ~ration ot different polfaaccharidea 

(24) and lignin containi.ng llixed heaicelluloaea (104) have been recognised.. the 

oJ1l1 reliable ~~.ethod tor achieving coaplete pb;yaical separation ot lignin and 

polfaaccharide aeeaa to be zone electrophoreaia. 
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The use ot sone electrophoreais in. the separation ot simple sugars 

and polysaccharides has received much attention in recent yeara (105). ~ 

poJ.Tsaccharidea hitherto asSUiled to be esaentially homogeneoua have been 

turther sepa.rated into different coçonents (106), but onJ.T a tew isolated 

exam.ples of the use ot boundaly electrophoresia on lignin have been m.ention

ed (107). 

The aupporting •trix JDOst coaonJ.T used in zone electrophoresis 

is tUter paper, although other •teriala auch aa starch, aillca gel, and 

glass-fibre paper have round 1101118 application, and in certain caaes 111q be 

JIOre advantageous than tUter paper. The operation ot zone electrophoresis 

involvea the application ot an electric tield acroaa a strip ot paper, ta

pregnated with a suitable cond.ucting solution, onto which a small amDunt ot 

the substance (5-150 ~g.) under examination has been introduced as an ar

bitrarily located, compact sone. Atter a convenient intern.l ot tim.e- the 

paper strip ia processed in 111ch the same armer as in standard paper

chromatographic proced.ure. The po ai tion ot the zones 11110" be ascertained b;y 

maldng use ot specifie pb,ysical properties (tor axample, UV absorption) or 

chellical reactiviey (tor e:xaçle, red.ucing power) ot the migrated wbstance. 

Since in sone electrophoresia, the illlpregnated paper strip is the 

ettective resistance in an electrical cirCili.t, heat will be generated with

in ita structure. Inettective or incoaplete dissipation of this beat will 

lead conaecutivel.T to evaporation ot the cond.ucting solution, establiahJD.ent 

ot a concentration gradient, and ultimately, the breakdolm ot the circuit 

it a dr;y zone is to:rmed acrosa the paper atrip. The 110st vereatile deviee 

currentl.T uaed in sone electrophoreaia ia the encloaed-strip apparatus which 

co~~priaea a paper atrip preaaed betwen glass plates on a aetal cooling 
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plate. !he end.a ot the atrip are projected. bqond. the edgea ot the glass 

platee and. dipped. into the electrode challberao Temperature regulation ia 

ettected b.Y conduction through the glass platee. The application ot h1gh 

potential gradients bas two distinct advantagea in zone electropb.oreaia. 

P'irat, a rapid separation ot the co11p0nenta ota mixture E7 be pemitted. 

This ia ot considerable importance in routine worko Second, d:ittusion 

ettecta, which 1181' interfere td.th the resolution ot aixturea ot su.bstancea 

haYing clo~ atmlar IIDbilitiea, 1111' be eH•1nated. 

Lindgren ( 11.5) bas been the only one ao far to apJÜ1' higb. vol tage 

glaae-tibre paper electrophoresia to a -.terial containing both lignin and 

pol.l'aa~~barid.e pre'fiousll' iaolated b7 Bjorkman tro• Jlil.l.ed IJ)ru.ce wood (71). 

The spru.ce "ailled wood lignin" and a lignin traction extracted troll the 

"lignin-carbo)q'dra te coaplex" wre shown to exhibi t the .. e electrophoretic 

11.0:v-.ent relative to )q'dro~t)q'l turtural., while the "ligniD-carbob;,rdrate 

coçlex" cou.ld be aeparated. b.Y this technique into two sub-tractiona. 1'he 

alo~'fing traction waa entirel.l' carbo!q'drate and the other traction con

tained both lignin and carbo:tv'd.rate. 1'heae resu.lta prorld.ed. the tirat 

acceptable p!q'sical endence mpporting the presence ot a cOTalent lignin

carbo)q'd.rate bond in an iaolated 11complex". 

Bowver, it ia known (108) that under mi.lling conditions, tree 

radicale are generated together with breaking and. formation ot covalent 

bonds. Since phenolic coçou.nd.s like lignin react readill' with tree radi

cale and cations, turther evidence aeeaa required to show that the chemioal 

croas-links between ligrd.n and heJiicelluloae are not actuall7 artitacta. 
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PBRIODA'JI QlmAtJ:OR 

Gi.Ten a •terial ach as a poqeaccbaride or a ligni:n-oar'bo)V'd.rate 

complu:, the probl• ot detend.Jd.Dg the nature ot the eu.bstitut.ion pattern 

on indi Tidual •aoaeric agar uni ta can be approached tv aeans ot oxt.da tion 

vith periodates (109, llO, lll). !his sillple reaction is quite specifie in 

tbat it oxt.dizes on.l.1' 1,2-gqco1s, and it does ao quantitatiTeq. lloweTer, 

at high pB, temperature or concentration ot periodate, the oxt.datiTe selec, 

t1Tit7 ot the reage11t is 1oat, and "oYer-o:xidation• -.y- occur, which leads 

to erroneous resùts. O..er-o:xidation takes place ma5nl7 1fhen oxidation ot 

the 1,2-~col groupa in the red.uciag end ... group produ.ces a malonalde}V'de . 

derinti.,. possessing an activated lv'drogen atom. The main path is then tv 

wq ot a aubsti tuted J.v'dro:xpalonaldelv'de which in turn is oxt.dized to a 

gl1'oJ!l"l.71 ester; its }V'drol7sia exposee the non-redu.cing unit to cOIIplete 

oxt.dation (109). Jlove"f'er, at or be1ov rooa telaperature, in wealcl1' acid 

(pH 3.5-5), preterab17 'btlttered, solutions, OYer-conaaption ot periodate 

mq be diain1ahed, because the intel."'ll.ed.iar7 tol'I\V1 and moqq1 estera 

1181' tail to h7d.roll'ze, and the reaction can still be used tor atra.ctural 

ana.lysis. 

!iaell •• the tirat to locate the polld.tion ot acet.Tl groups iD 

a heaicellu1oae b7 aeana ot ax:l.dation vith periodate (12). Br extracting 

- a white birch holocelluloee with diaeth.71 sulphox:lde, he bad obtained a 

qlan containing 9 .33• ot acet,"1 groupa. The yield ot this qlan •a 50 •• 

The uronic anJ.v'dride, Mthoql and acet,"l contents eu.ggeated the preaeace 

ot one 4-e....tlv'l-D-glucu:ronic acid residu.e and 3.6 acet7l groupa par 10 

qloae unite. Sl.mple calculation showd that 1t the acet,.lation •• ran

dom, approx:laateq 6.9 110lea ot periodate should be coniWied tor each re-



peating unit of ten qloae an.d one 4-0-met.b;yl-D-glucurord.c acid reaid.uea. 

l'or only aiDgle or double 8llbst1.t.ution at each qlon reaid.ue# the Dd.niDa:ua 

and ma:rlJBUm coniJWIPtiOn vere ahown to be 6.4 and 8.2 moles, respectivel:y. 

When the iaolated acetyl qlan waa o.xidized vith a 0.05 X solution of ao

diWI aetaperioda te at room temperature in the dark for varioua length ot 

tille, it was shown to conlll.Dle 6.6 moles of periodate alter axtrapolating 

the al.m.ost linear conversion-tim.e cune to zero. ibis su.ggested that most 

qlose units were su.batituted with onl7 one acet,-1 group, and the resu.lt 

was la ter contiraed b7 Bouveng ( 84). In a separa. te ezperilllent, Timell 

oxidized the acet,-lated. haicellulose at a lover temperature (+4•) to 

el~ mi na te possible over-oxida. tion.. Atter )Vùro]J'sis of the oxidized. pro

duct vith acid, the OJ'Ù1' detectable augar found in the bydrolyzate was q

lose. This waa clear e'Yidence that a number ot qloae units bad original-

17 been protected b7 acetyl groupa at C-2 and C-3. Since no glucurordc 

acid was found, it Est have been unaubatituted. 

Iater ltoshijima (ll2) and Meier (113) applied periodate oxida

tion to a glucomanD&n iaolated from pine holocellulose with retention of 

acetyl groupa, and alao to a de-acety'lated product.. The acety-lated hemi

cellulose alter oxidation and bydroqaia 7ielded glucose, ll&mlOae, and a 

amall &lllOUDt of qloae. When the de-acetylated 88Jiple was treated in the 

aaae W&7, leas tban halt as mch -.nnose vas tound, although the qa.antities 

ot ot;her augar residues r..ained constant. The authors conaidered that 

theae resulta indicated the acetyl groups vere linlced to C-2 or C-3 posi

tion of the -.nnoae unite in the original polysaccharide. Their conclu

sion bas recent]J' been corroborated b.Y Katz (114) in a more detailed stu.d;r. 
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OBJBC'l'IYES 

'l'he great dil!l&d'V'antage in attempting to use the Bj3rklu.D'a 1111pin

carbob.J'drate coaplex" for cha.ical studiea is tbat the preparation of the 

coaplex recpires a long tiae.. lloweTer, the isolation of a ".x;rlan amide" in 

good yield b.r extraction with hot water from m:Uled wood previouaq treated 

with licpid ~nia bas alread.T been deacribed in this thesis.. 'l'her$lore, 

it appeared possible that isolation of a fraction s:lmilar to the Bjork:man's 

coaplex might be achieved in a mch ahorter t1me b.r appJ.p.ng the same pro

cedure on extractiYe-free wood.. Kxa•1nation ot this complu: b,y elec~

phoresis and periodate o:xidation might be expected to gi.ve new into:naation 

on the nature of the linkages present. 
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RISQ'L'IS AJD DIS::USSIOI 

DIQM!'IQI OF S'lAJltiiG RA'IIR.IALS 

'lhe etfect of duration of m:llling on the yield of aaterial ex

tractable br hot water waa tiret atudiedo Samplea of extractive-tree white 

birch wood wre a:Uled without the addition of liquid for varioua tiaea at 

4•, and tho extracted with hot wa.ter, vith the re&lta aho1m in fable 9. 

'l'he aah content ot the m1lled wood and the IO.aaon ligrd.D cODtent 

of the 11acet;yl qlan-ligrdn complu." (hocetorth called LXC) appeared to be 

independent ot the t1ae ot 111111ng. 'lhi.a was qu.ite different froa Bjork

IIBD'a obsenations (72) on the wood milled in toluene where the aah con

tent increased w1 th the t1m.e ot m:llling wbile the llaaon ligoin content of 

the "11gnin-carbob7drate coaplex" (hencetorth called I.CC) decreaaed. Bjork

u.n vas able to extract an additional quantity ot "ailled wood ligni.n" 'bT 

111111ng the iaolated LCC again. In both types ot "complexes" the actual 

lignin content is probabl1' higher than those estimated b;y the standard 

,naaon lignin detel"JJ:ina.tion, becauee hardwood is lmown to contain a s1gn.1-
,, 

ficant a110unt of acid-aoluble lignine (72). The &gar contenta of UC and 

ICC are coapared 1n 'l'able 10. 'l'he coçosi tiona of both tJpea of •coaplexa.

clear:Qr 1nd1cate that the predominate h8111celluloae is .x;rlan w:lth lesaer 

amounte of other IUg&ra wbich wre all present in the original wood iteelt. 

Atter the cond:ltione had been eatabliahed, LlO wae prepared troll 

extractive-free white birch wood in large qu.antity. A total of 2D g. wae 

iaolated. It contained 4.16~ ot D.aaon lignin and 14.77% of acetyl groupe. 

Bjorlcu.n' e U:C •• prepared tro~~ white birch 1n a ;yield or 15.6~ alter re

peated extraction ot the m:l.lled wood b7 dilleth;yl sù.pbo:a:ide tor 1 ;year. 

!hie ICC contained 11 • .3U ot llaaon lignin aad 11.55~ ot acetyl croupe. 
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Type of 
IIICOIIplex" 

uc<b) 

u:c<o) 
ICC(d) 

'!'Ap& 9 

lb:traotion of llU.l.ed lfbi.te Biroh Wood. with Bot Water 

Duration % Aah in % Yield(a) % D.aaon ld.gnin 
~ JfUl.ing llilled. Wood of Bxtraot in B:x.traot 

15 h. o.51 17.13 

25 h. 0.50 22.93 

so h. 0.50 28.40 

48 h. - 15.60 

48 h. - 15.00 

(a) Baeed. on cmm-dr.r wood. 

(b) "Id.&fd.n-qlan coapl.ex" iaolated. by extraction of llill.ed. 
wood w1. th hot •ter. 

(o) 11.Lignin-oarbob;yd.rate oomplex" ieolated by the Bj~rban 
prooednre froa wb! te biroh. 

(d) Resùt of Bjlrloaan (72) for s:Uver birch wood. 

6.02 

5.96 

s.83 
ll • .31 

13.00 

e 

..,. 
o-. 



e 

flpe ot 
llO ..,:Lex" 

L1C 

ICC(a) 

Tabl.• 10 

Relative Sugar Contenta ot LIC from White Birch and IDC from SilTer Birch 

Du.ration ot 
JU]J:lng (hrs.) 

15 

25 

50 

48 

% Carbo)V'd.rate Content 
Uronic q1oae Gala.ctoae Glucoae !cid. 

9.0 12.3 3.8 ,., 
14.6 63.6 2.9 6.0 

7.3 82.8 1.0 3.8 

14-3 73.7 7.7 

(a) Bealta ot Bjorku.n (12) tor s11Ter birch, 
recal.culated. 

Jlannol! 

6.0 

8.8 

4.1 

2.6 

e 

Arabinoae 

2.0 

4.1 

0.9 

1.7 
~ 
~ 
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.&..onoll'sl.s a:periaets contirmed the preaence ot uronic eat.er groups in 

both LIC and. u:c. !he 1Dtrared spectra ot the "coçla:ua" are COIIpl.ete-

11' identical in eve17 respect (Figure lJ). 'lhe preaence ot l1gn1n is 

ind.icated. b.T the band at l,SOO cm -l. Sl.nce the se •ter1ale contain both 

acetTl groups and intact uron1c ester bond.e, 7et are -.ch id.Jipler t.haD 

the or1glnal whole wood, thtJ.r clearq cpal.1.f7 as lllitable •terials tor 

the stue\Y ot the points ot attachaent ot the uronic ester bonda. 

Sl'UJ)DS 01 UROÇ IIJIR CBOSS=I.]J!!§ 

AJOI)JI)LDIS 91 liiQ AD IDC 

The llaaon l1gnin content ot l'ne ie al.aoat three tirlee that ot 

LJC. It the Jv'droql groupa ot l1gnin are eater1tied. w:lth the 4..0....t)V'l

gl.ucuronic acicl •iè9' in li;Ylan, &JBOnOqsl.a ot the uronic ester-l1gnin 

croes-l1Dlc:s in mc ahould attord. a produ.ct h1gher in aaicle n1trogen con

tent than tbat troa LJC. Suples ot LIC and ICC wre 1111bjected. to .-.. 
,_ 

noqsl.s aa prmou.:cy- d.escr1bed.. Af'ter extraction with methanol to re-

JROve aceta:aid.e, the aaaplea vere d.1aeolved. in diaet)V'l IIÙ.phoxide ud. 

recovered. tbrough precipitation from a ll:l.xture ot d.1chloroethal'le- etbanol 

(2:1) wbich haa been reported (72) to be effective in pur1t71ng poqa

cchar1de •ter1al containiDg entrained l1gn1n. The &lli.d.e n1trogen con

tent ot the .-moqsed. 100 was tound to 'be: o.~i and tbat ot LIC, 0.21$. 

These re1111lts 1111gest that the 4...o-..et)V'lgl.ucuron1c acid in qlan ia uot 

eater1tied wlth &1\'V ll;rciro2;Yl groups in l1gnin, and are turther ea.pport-

ed. b.T the reiiÙ.ts ot alkaline ll;rd.roqsl.s" ot the "caaplexe.-. 

A!JAJ:III gxpBOt.l OF LCC AJD L1C 

Saaplea ot IDC and L1C wre b;rciroqsed. 1n a~ua alkali, and 
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.e 
•pœitied• b7 reprecipitation. !bat the IO.ason lign.in contente ot the 

eaponitied 8aJ1Plee r.ained unchanged ('l'able 11) OIÜ.l' indicated the pre

sence ot lignin in the SU~Ples and provided no usetul intorE.tion on 

llhether the lipin •• still in actual cheaical coabiDation w:1 th the 

h811icellulsoe. Rowever, the tailure to separate lignin troa hellicellu

lose in WC and L1C b.1 glass-tibre paper electrophoresie lent additional 

au.pport to the reaù.ts obtained trom a.:onoqsie ud saponification ex

perimente. !heretore, linkages, it &n;J, between lignin and carboJv'drate 

are not lllceq to ill'f'olve the uroDic ester 'l:f'pe, but rather some tora 

ot coJibination llbich is resistant to the action ot alkaH. 

GLASS:PIIIII PAPg ILJÇ110l?JI)gsiS Ol •L'[œii:OAIU!)JIIŒAB 

C0J1Pt1I11 AND !JI JUVA OP tll LœAGI 

In hie atudT ot WC bT electrophoresis, Li.ndgren (115) neglect

ed to deaonstrate whether a silllple pJv'sical Jl1.xture ot lignin and poq

eaccbaride could be coçletell' separa ted. As a prel1•1 na17 to the pre

sent 110rtc, this point wae checked with a l:l llixture ot birch cti.oxane 

lignin and .qlan. Good separation was tound. Atter sprqing ~vith p

anisidine and heating, the bright yellow spot with a rel.A:t;ive •veaent 

ot 8-14 ca. corresponded to qlan and the other spot, col.oured dark pur

ple, with a relative -.v-.ent ot 16-23. ca. was simUar to isolated birch 

dioxane or llillecA 1100d ·li goin ('l'able l2). 

Wben the WC and LE vere run l!dm1Jarq, onq l!d.ngl.e spots 

4ppeared on the paper. 'l'he spots tiret gave the bright yellow colour 

ot haicellulose with p-anild.dine atter heating tor 2D ainutes and later, 

atter ten Jlinutes liDre, part ot the spot turned dartc pu.rple indicating 

the preeence ot lign1n (Figure 14). 
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zero line 

after heating for 20 min. after heating for 30 min. 

(HMF • nydro~etny1 furfural) 

Figure 14 Glass-Fibre Paper Electrophoretograms 
of L:ignin and Hemicellu1ose Materials 
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Relatin Ineotrophoretic lloTeaenta of 14grd.D and. Haicel.luloee 
Hateria1a on Gl.aaa-Pibre Pa'per llectrophoretoP.W-• · 

(a) . 
lia terial Relative lfov-.ent in ca. 

U.pin X,"lan OOIIplax 

BS.rchD1oxanel4.pin 

Blrch Jlilled. Wood( b) 
I4.gnin 

B:l.rch l'l'lan 

qlan and BS.rch Dlo-
:mne ltgrd:D ll1x.ture 

œc 
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Acid ftrdroll'sed. 
ICC 
1IC 
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6-15 

16-21 8-14 

17-21 (?)(c) 

(a) Relatin to ~tl'o'1 turtural. 
(b) Qltt of Dr. D.A.I. Gortng. 

(c) Verr faint spot. 

9-15 

8.5-16 



Since the WC and LIC saapl.ea wre prepared. in 0,1 1 aodiwa 

}Ordroxide solution and the electrophoresia •• &lao run in an alkaline 

aedia, the tailure to aeparate the lignin troa h-.icelluloee by ·thi• 
aethod turther apported the rel!llllte obtained troa UIIODGqeee and 

aaponiticatiOD ot the•~ "COIIplexea11, It there are arq covalent link

age• between lignia and h.S.celluloee in U:C and LIC, thq ••t be 

alkali-reaietant and not likel.y to be croaa-liDke betwen uronic eeter 

and lignin. 

Several acid ... bydrol.yu.ble typee ot lignin-carbo)V'drate link-

age have been propoeed. !hese are the pheiV'l &17coaidic (22, 28), 

h-.iacetal or acetal ( 64), and benQ"l ether bonda (116) · (Figure lS and 

16). To dete:naine whether the ICC and LlC contained &DT acid-}Ordroqs

able linkage between ligni.D and heaicelluloee, aa:aplea ot the 11coa

plexee" wre Jv'dro}Tsecl'td.th acid. Atter the acid •• neutralizecl with 

sodium bicarbonate, and the solutions wre evaporated, the reaidu.ea wre 

ext.racted 1d. th 17 .s% aodiua Jv'droxide and tUterect to eeparate the allcali

inaoluble •teriala. S.ll a&IIPlee (3S pl.) ot the albli extraota wre 

reaolved bT glasa-tibre paper electrophoreaie which gave onq single 

spots with •veaent and. oolou.r (atter aprqing with p-aniaidine and 

heating) identical vith qlan (!able 12). In the caee ot acicl-Jv'dro}Ts

ed ac, onJ.T a.s% ot the or:l.gl.nal •terJ.al •• recovered aa a light f,I'fll 

precipitate vhich containecl 4.66% ot Ilaaon lignin. Becauae ot the 

llll8ll amunt ot the •terial recovered, the D.aaon ligrd.n deteraination 

ws probab}T inaccurate and coulcl not be conaidered aa representative, 

Jo Ilaaon ligni.D dete:naination wa •de on the even -uer quantitq ot 

the precipitate recoTered troa LOC atter acid Jv'dro}Taia. 
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• Figure 16 Benzyl Ether '1)pe of Lignin-Carboeydra te Linkage 
and Its }(ydrol.ysis 



!he aU·al S -tneolu.ble residaea wre exaai ned b.r Wrared epectro

acopy. lpectra {Pipre 17, I and II) typical ot bardwood lipin {64) 
~ 

w:re obtained. which ahowd. no abeorption due to tree ca.:rbo3;yl or 15-keto 

groupa nea:r the 1, 730 ca-l region. HolreTer, atter the alkali-ineoluble 

realdu.ea bad been thDl"'tl~ waahed with dilute bTdrochloric àcid, a new 

band. at 1., 7'2/J - 1., 730 .-l appeared (Fipre 17, I' and II') mggeating 

the preaenc~ ot tree oarboql groups in these lipin saapl.ea. !he pre

sence ot carholrTl ~l'ftP• waa interesting, because atter the acid bTdroly

sia ot acetal, h-...cetal or benQ'l ether type ot linkage betwen lignin 

and poqaccharide (Figure 15 and 16), ~-keto groupa should be :rele&sed. 

'lhq aol'm&l.ly abaorb in the 1., 710 ± 15 =-l region ot the W:rared epeotra. 

!he tor.:tion ot ca:rboql groups waa probabl7 the reault ot alkaline de

gradation ot the 15-keto groupa (117) or the paic;ylgl.ycerol ~-conite17l 

ether u.rd.ta in lignin (118) torm.ed atter the Jld.ld acid Jv'drolysia ot the 

lignin-carbobTd.ra te bond. 

PBR~ODA!I oxmmœs or LQC MD t,JÇ 

.A..cmo]1'ala, aponitication and electrophoreala experi.meDta 

have ellai.nated the poasibllit;y ot croaa-linka betwen 4--C>-iaethTlgl.uc

uronic acid and lignia. !he r-.SnSng alternatives are: (1) interaole

cular esteritication with other hécel.l.u.lose .including qlan., {2) intra

molecular eateritication with Jv'droql groupa belonglq to the ea.ae qlan 

chain, and (.3) lactonisation on the C-.3 bTdrol&'l'l group ot the 4-o-.thTl

gl.ucuronic acid 1 tselt. 

Aa mentioned previoual7, Bouveng (84) tound that 58.1$ ot the 

qlœe realdaea in the qlan ot birch wre unanbatituted bJ acetrl grou.paJ 
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11 •• or the &Dh7droq1oae UDita'wre acef\rl&ted at the C-2 poe1tion, 24.0% 

at C-3 poe1tion and 6.1$ at both C-2 and C-3 poe1tiona. The larger part or 

the annoee reaiduee in white birch wod hae been round (119) to originate 

rroa a glucoMJm&D (abou.t 3% or the wood) containing glucoee and. mannose 

a a ratio or 1:1.1 l.iDked by tl-(1-4) gqcoaidic bonde. It ba.a a Jlin1mwD. 

or 70 he:IDee ree1duee per average m1ecu1e. The amall ....ante ot galactose 

(O.~ ot the wood) and arabinoee (O.S% or the wood) in white birch wood 

are probabl.1' conetiàlente ot a pectic polyeaccharide (82) wtd.ch haa been 

tound. iD larger cpantitiee (4.6% ot the bark) in the inner bark ot white 

birch (120). Gillb811 and fl.ael1 (29) have ieol&ted a gal.actobioee trora a 

white birch e~-cellu1oee by partial }V"drol.ye1a and conc1uded that tb.e mde 

ot linkage betwen. most galactoee unite in the wood wae p-(1-4) in naœre. 

'l'he linkage betwen arabinoee unite ie etill u.nlœown, but it ie likel.y 

that they aasociate with pectic •teriale as non-reducing aide-chaine ir:l. 

the turanoee tom (120). 

Wi th an underetanding ot the structure ot the h-.icelln1oae pre

sent in white birch wood, periodate oxid&tion ot I.CC and LIC will attord 

valuab1e into:raation on the origin ot the bJ"dro%11 groupe eeteritied with 

the 4-0-metb,y1glucuroDic acid. It the uronic acid ie eateritied wi th b,y

dro%11 groupa located at C-2 or C-3 ot the h-.icelluloae oontaining galac

tose, arabinoee, glucose or mannose reaiduea ( 8llch as glucomannan) per

ioda te oxida tion ot the ICC and ac tollowd by Jv"drol.yaia and paper chro

•tograpb,y ahould rsveal the presence or theee aupre. On the other hand., 

it the uronic acid ia l&ctonized with the bTdro%11 group on C-3 ot the. 

aaae •no•r unit the presence ot 4..0...tbJ"lgl.ucuronic acid ahould be de

tected in the b;Jdrolyate •. Howver, atter oxl.dation and ~lyaie, onl.y 
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D-~loee ws actuall7 t~d bT paper cbroMtograpqy o llo traces ot ald.o

biouronic acid or 4-o-utJ\ylgl.u.curonic acid wre observed. 

!hus the periodate o.xidation ot ICC and LIC el.1:minated the 

poss1.bllit7 that the ester bonds represented lactone groups or cross

links v.Lth secondary }VdroJorl groups in the llinor hemicellul.ose. Bowver, 

tb.eae reslts alone d:ld not permit a decision as to whether the ester 

bonds Dd.ght involve the primary lJl'droql groups at C-6 ot glucose and 

Jl8nDOae or C-5 ot arabinose units. Since about 70% of the uronic acid 

present in the wood is :ln the ester tor.ar (or 3.22% based on wood), and 

the Jli!Jor h-.icellul.oees ( SJ.ch as gl.uCOIIBJlD&n, galactan etc.) &8)Uilt to 

lesa than 4% of white bi.rch wood (62), it is unl.ike~ that the pri.ary 

hydroql groups ot theee sgar uni ts can be esteritied v.L th uronic acid. 

A .:>re plaus1.ble altemative is that the }Vdro2;Jl groups are troa the 

~lan iteelt. !he esteritication JDq be intra- or inte:rmolecular, but 

only' the eecondary qy~l groups at C-2 and C-3 positions ot the .x;rlan 

can be involved. The intormation derived trom perioda~ o.xidation ot 
i 

ICC and IJ'C turther indi.cates that 1t there is a chemical combination 

betwen lignin and carbo}Vdra te in the se ttcomplex.es11, the linkage will 

involve only' the C-2 or C-3 position in the qlan. !he hydroql groups 

looated .on C-2 and C-3 ot the u.ronic acid aide-chain à complete~ un

sbstituted. 

CO~WSIOIS 

Based. on theee rell11 ta alone, a defini te conclusion concern-

ing the Da ture and the type of lignin-ca.rboqydra te l.iDkage in wood can-

110t be reached. Br:.rwaYer, a tentative interpretation in tawur ot 
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Freudenbergta theoi7 for the formatien of lignin-car'bo)Qrdrate bond can be 

conaiderect. 

In plant Mtaboli•, accordiJag to Freudenbers, lord., Schubert, 

and othera (116, 121), an acid of the C 6c3 
group, SJ.ch aa ph8J\Ylwru:rlc 

acid (In in Figure 18) or ph81J1'lalan:5ne (IV), ia fo:naecl from. gl.ucoae 'ria 

ahikimi.c acid (I) and prephenic acid (Il:). !cid-III or -IV ia then con

verteclin the caabiua (a sone of living cella between ba.rk anet wood) into 

conite17l alcohol (V) and coniterin (VI). 'l'he glucoaide-VI dittuaea into 

the freahl.7 grown cella between cubiwa and • ture wood, and ia split into 

cold.te17l alcohol &Dd. glucose br IS-glucoà.daae wbich ia localisecl in this 

region. The conite17l alcohol ia then de!v"drogenated br the ençae laceaae 

{ which ia oiÜ,y found in the iaaature cella) into a radical (VIn). .A. 

quinone aethicle (X) ia forw.ed b.7' the cOIIbiDation ot ]Jel!IOMra (IX) of the 
~ 

radical-VIII. Stabilisation of X vith lJTdroql groupa fra poJ.Taaccbaride 

(or •ter) givea the poJ.7aaccbaride ether of guai,aqJ.S1.7cerol J-conit81'7l 

. ether (XI). l"urther cle)Qrdrogenation ot XI br laccase reSJ.lta in the 

torB& ti on of ligld.n containing grat'ted poJ.7aaccbaride. When qu.inone ae

thide (X) w.a prepared 1D situ, Freudenberg (123) tound tbat SJ.croae coulet 

be uaed to stabilise X, and a aucroae ether ot n waa actuaJ 17 iaolatect, 

which atronsl7 SJ.pported the theo17 of torB&tion of the poJ.7aaccharid.e 

ether (XI) 1p. DD• 

The lipin-opoJ.Taaccharide linkage &8 ahO'WD in XI ahoulcl be re

aiatant to alkali,. thu.a accounting for the taUure to aeparate the aaall, 

aaount of lignin froa U:C and tiC bJ' treatm.ent vith SDdiua Jv'dronde or 

electrophoreaia {1'\Ul in o.os 1 aodiwa brdroncle).. On the other band, tbia 

benQ'l ether liDkage ahould be higbly auaceptible to brdro]Tà.a by' acid 
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through a sr aecb&Dia. The u-~1 group liberated 87 !u.rther con

dense with other parte ot the lignin •lecule (116) whicb. are aiaütaneoua-

11' 1mdergoing bTd.rol.Tsis or condenaation in the preeence ot acid. The ....U 

88U.Dts ot lignin obtained as alkal :S -insoluble •terial atter aild acid 

bTd.roqses ot J.CC and LXC are, theretore, signiticant. 

As untioned earlier, onl7 ~lose was detected alter bTdroll'sia 

ot the perioèlate o.xidised ICC and UC. 'l'his observation 11111ggests that 

the ben7Jl ether l.inlrage between lignin and poqaaccharide (XI) mat inTolve 

~lan. The interence is au.pported b,y the tact that 118Din is torw.ed in the 

presence ot hemicellulose and. pa.rt1al.q' cr,ystalline c.ellulose (122). In 

these circu.astances, the quinone methide 1ntel"..led1ate (X) is moet 11kel3 

to stabilise iteelt with hydro::x;rl groups from qlan, eepeci&lq as the 

:q-lan is present as aorphous aggregates on the surface ot the cr,ystall:Sne 

cellulose fibrils and &lao a11ghtl1' penetrates into th• (122, 123). 

Although no unequiwcal rel!lll1lte have been obtained troa the per

iodate ox:l.dation, aaponitication, electrophoresis and acid hydroqsis ot 

ICC and U:C, the present research d.oes proTide 10me evidence that whatever 

linkage doea Giat betwen lignin and carbohydrate, i t mst be stable in 

alkali, and labile in acid., in agre-.ent vith the theor,y ot Preudenbera. 

It also tends to confira prmous speculation that l1gn1n is covalentll' 

at tached. to ~lan. 
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ICC and UC wre prepared from the &!IIUD.e ba teh ot ex.tracti:n

tree white Dirch 11100d Mal ae deecribed in Part II. 

AJAR'fiCAL PROCIDtJBI!jJ 

&lgar anal.7aee wre pertormed. u.aing the o-aainodipheu;rl spec

trophotoaetric aethod ot !imell, Glaudemane and Currie (97) • 

.A.aoniua and &aide ni trogen contenta wre determined b,r the 

mditied Mthod alreat\1 deacribed. 

Aeh and Klaeon lignin contente were determined ae deecribed. in 

Part II. 

IJI1I'!A1P IIJ&!BOtX:OPY 

Intrared epectra wre recorded on a Unicam S.P. lOO prl.-

grating spectrophotoaeter. 

I!?LATIOB QP tBi 

In prel:hdnaey aperiaenta delligned to atu.d;r the ettect ot mill

ing on the Jielda ot hot water extract and their Klaaon lignin contente, 

20 g. aamplea ot the extractive-tree white birch 11100d meal wre ground 

tor 15, 25, and. SO houra tollowd b,r hot •ter extraction as d.eacribed 

previoualy in Part II tor the iaolation ot ".Jiylan aide• troa liquicJ..-a.-o

nia-treated "NOOd. The reiUlt ot thia aW.d;y waa glven in 'l'able 9. Por 

large batch extraction, ~ g. ot the Jli.lled "NOOd •a retluz.ed tor 1 hour 

with 8 litres ot diatilled water. The aqueoua eztract waa tiltered vith-
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out cooll.D.g, concentratecl uncler reclu.ced prea111re at 45° to a convenient 

volwae (200 ml.), d1aqucl apinat cliatilled •ter tor .3 dqa, and then 

again conceatrated. Precipitation in ethanol (2 litres) gaYe 2D.l 1• 

(2s.o• baeed on wood} ot gnq white •terial which w.s later puritied 

accorcling to a aoditied BjiSrkllan'a procedure (72) as deacribed below. 

PJlltl[ICATIOI Ql W 

'l'he oNde LIC vas diseolYed in 200 ml. or dimetlv'l llllphoxlde 

and then ejected troa a b,yper"-ic Qrl.n.ge into 2 li tres ot a wll-atirr

ed Jll1xture or dichloroethane aacl ethanol (2:lh The precipitate •• 

•shed w.lth petroieua ether ('b.p. )o-60•) and dried OYer phosphoras 

pento:d.de; yield: 17.7 g. llaaon lignin content or this puritied UC 

vas 4.16• 

ISOLATIOI' or ICC 

The ICC •• ieolated tl"''OIl extn.ctiYe-tree birch wood aeal 

according to Bj3rkllan' a standard procedure ( 72). 'l'welYe-gl'Ul l&llpl.ea 

ot the 1t00d wre ~~tapended in toluene anclllilled in the ballllill. tor 

48 hours at 4 •. The milled wood and toluene were separa ted troa the 

balla by filtration tlrrough a large Bllcbner tunnel.. A total ot 75 g. 

ot ailled wood •• collected. The tol.uene •• r811DYed by centrituga

tion and the wood •• 81l8J)ead.ed in 350 lÜ.. ot dioxane containing 4$ 

ot •ter• 'I'he dioxane solution •a renewed eYerr dq tor 15 dqa. 

Alter the extractioa ot "m:Uled wood lign1n11, the relidu&l wood •• di.

per•d in dilletiJTl sll.phoxide (.350 al.) to extract the U:C. At the end 

ot 5 dqa, the aolYent •• aeparated tl"'Ol the woocl tv' centrifugation, 

and. the extraction •• continued w.lth treah aDlYent (renewd werr 4 
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aonths) tor 1 ;rearo Approxt.&tel7 1.5 litres ot the diaetbJ'l 811.lphozide 

extract were collectecl. Crw:le U:C wae obtained in a 7ield of 22.6. 

{16.9 g.) br precipitation in 9 litres ot ethanolo 

PURIFICA!IOR r;, J&C 

The crude IDC was dieeolved in 200 Ill. ot so• acetic acid and 

centrituged at 1,500 ·rp~ for 2.5 hours. !he aupematent li.qQor waa de

canted, tiltered through a sintered glass~ (aediWD porosit;r), then 

ejected troa a !vperd-.i.c III,V'rl.nge into a 'V'1$0roual.T atirred aixture of 

dichloroethane and ethanol {2:l)o Atter ha'ri.ng been aeparated. b7 centri

fugation. the precipitate waa dr.led and reprecipitated. in acetone (2 litres) 

!roa a eolntion diaet}(rl aùphox:ide (200 JIÜ.o), washed once with acetone, 

three times with petroleaa ether {b.p. 30-to•) and dried in air. Puritied. 

I.CC waa COIIpleteq eolnble in cold water, and gave a dark green solution 

wb:l.ch was ~zed apinst distilled water tor .3 dqs to eUmtnate low 

molecular wight • terials. !he non-di.aJ.1v.ble traction •• recovered. b7 

precipitation in ethanol, w.ehed with ether and dried in vacu over phoa

phor.us pen tonde. Yield of the grq white •terial was ll. 7 g. (15.6• 

based èm wood). 'l'he IO.aeon li.gnin content of the puritied and diaqaed 

mc •• n.3u. 

~OF J&C AID JlC 

'.l'wo-graa I8JIIplea ot U:C and LlO vere treated with 50 ml. of 

liquid .--cmia under preaare at rooa teaperatu.re aa previou..:q described. 

Atter evaporation of the .-onia, the 8811plea vere utracted with aethanol 

in a Soxblet axtractor to NIIDTe acetaaide, dried in air and diaeolved in 
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30 al. ot dille1.;}Qrl I!Jlllphoxide. Precipitation in dichloroetbane-etbanol 

Jdxture (2:1, 300 ml.) gave lo9 ,. ot 1.00 (aaide nitrogezu o.~) and 

1.75 g. ot LE (aaide n:ltrogen: 0.21%). 

SAPqm'ICAliOI OF 1PO ABD aq 

I.CC (1.5 g.) was treated with 1 1 eodiua bydroxl.de (75 al.) at 

rooa t.,e:rature tor 48 houa under nitrogen ataoapb.ere. !t'ter the alkali 

aolution •• neu.tralized witb. acetic acid, the mc waa precipitated in 

ethanol, tiltered and dried in air. Tb.e apon:ltied WC was tb.en diaaolved 

in diaeth.rl 111lphoxide (25 al.), reprecipitated in a m:l.xture ot dichloro

ethane and ethanol (2:1, 300 al.), tUtered, 'W&ahed witb. ethanol, ether 

and then dried in air. Iield ot the aapoDitied IDC •s 1.20 g. this 

treata.ent waa clai:llled (72) to retain the "lignin-lik:e• •terial in tb.e 

eolution. 'lbe D.aaon lignin content ot the ~&pon:ltied l'DC •• 8.56% 

(betore aponitication, ll.31%) 

LJC (2.0 g.) atter the All8 treataent (yleld: 1.53 g.) b.ad a 

llaeon lipin content ot 3o97% (betore aaponitication, 4.16%). 

GLAS&-PIIJI PAPJR :lœC'mQPJI)RISIJ (ll5) 

Glaae-tibre paper (53 x l3 a., Schleicber and Sohull, USA, 

Ro. 26) w.s 'W&ahed with a phoaphate butter solution (pH 6, 1.6 al. ot 0.1 1 

laOH in 20 al. ot 0.1 1 I~P04), then r:l.need thorou.ghl.y witb distilled. 

water and dr:l.ed in air. this treataent elimnated preterential adeorption 

ot lignin •ter:l.al on the aheets (ll5). 

Tb.e treated glaae-tibre paper vaa dipped into 0.05 1 eodiwa tv'

drox:lde eolu.tion. Bx:ceas electroqte waa r81110'9'ed bf blotting with aheeta 
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ot heav tUter paper (Wbataan 3101) under presmre tor lllinu.te, and the 

glass-tibre paper was placed on top ot a horizontal P;rrex glaas plate 

(20.5 x 38 ca.) wtd.cb. bad been polished vith aUicone stopcoek grea.ae. 

Spots ot the solutions {35 pl.; concentration ca., U tor lignine, 10% tor 

LJC, 5% tor U:C, ieolated JO'lan, and qlan-d1oxane lignin llixture) wre 
. 

applied 1 • .5 ca. tl"'lll the edp ot the glass plate on the anoclic aide.. A. 

top glass plate (allicone treated) •s applied and 2.5 pounds of wight 

were placed on it. The ends ot the glass-tibre strip were th8D dipped 

into the electroqte (0.05 llaOB) and the levels of the solution were 

adjusted to eqa.al distances (3 cm.) troa the lover glas• plate. The 

electroqte •lution aacended troa both side ot the glass-tibre paper and 

dittused towa.rds the centre; about 30 minutes •s reqdred to attain 
. ' 

equil.1brium. The glass plates were then cooled w.l.th salt water (-4•), 
\ 

and 1.8 kilovolts wre applied betwen the graphite electrodes (20 • .5 x 

7.5 ca.) tor 45 ainutes. 

At the~ end ot the run, portions ot the glass-tibre .paper ax

tending bqond the glass plates vere eut ott betore the weights on top 

ot the glass plates wre removed. The electrophoretogram was then dried 

horizontal.q w.l. th an electr1c hair dr,yer, sprqec:l wi th a solution ot p-

. ·amsidine (3 g. p-ani.sidine in 100 ml. ethanol and 8 ml. concentrated · · 

811lphuric &cid} and heated tor 30 minutes at no•. Haicellulose gave a 

bright 7ellow spot which appearec:l_ atter heating tor 20 minutes (no change 

atter heating tor additional 25 minute•); lignin aleo gave 7ellow apot 

atter 10 ~tes wbich soon tumed dark purple. I.CC and LIC gave bri~t 

7ellow spots when heated tor 20 minute•, but turther heating {10 Jlinutea) 

gave dark purple spots on a dittused 7ellow background; th11 indicated 
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the preaence o~ li&nJ:n (Pipre 14). 

!he rate ot electro-oaoai.a vaa detendned b7 J."UnDing spots ot 

Jv'd:ro21J1etb,yl furfural together ld. th the auapleao 'l'bi a coiiJ)OUDd. did not 

JROTe in allcaline or neutral eolutiona (liS}, and waa atrons'17 coloured 

b7 the p-anisidi.De reagct. !he final location ot the h7dro.J111e'U\rl tur

tural waa taken aa the zero poal.tion, and the moveaent ot the aamples 

(aoved againat the cathode and electro-o-.oais ettect) waa measured 1n 

centiaetera between this sero pald.tion and the tiDal position ot the 

aample. ~clgren (llS) called this distance the ttrelative a>b1l1t,"11 

vhich vas rather llialeadi.Dg. In !able 12, this distance is reterred to 

aa the JllOTaent o~ the IUlple relative to Jv'dro~t)V'l turtural or 

"relatiTe sveaent". 

MILD AQID IIJŒQLIIIS OF tee AND UC 

'lW graaa ot LIC wre diaaolved in 30 ml. ot diatilled vater 

and an equal volwae ot 0.6 JI lv"drochloric acid vas add.ed to give a tina.l 

acid concentration ot 0.3 1. The eolution waa kept at rooa teçerature 

ovemight, ud then retluxed tor 1 hour. Atter neti.tralisation ot the acid 

w:tth aodiua bicarbonate, the aolution vaa evaporated to d:ryneaa 'b7 a atreaa 

ot air at rooJB tewperature. Bxtraction ot the resicme with dioDDe r.ov

ed a very -n aaount (2.1 mg.) ot lignin-like •terial which waa not 

turther attu!ied. The re.S.cme •• then u:tracted tdth 17 .s% aodium Jv'

droxide (SO Jll.) and the extract wa.a tiltered to aepa.rate the alkali

inaoluble material (SO mg.). A ..U. ample (35 pl.) ot the alk-ali

extract vas reeolved b.r glaae-tibre paper electropboresis which gaTe OJ.'1l.1' 

a single spot w.l. th movaunt and colour (atter having been aprayed td th 
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Miniq alkaline extraot •• nev.tralised w.lth acetic acid and poured into 

large wlue (500 .:L.) f4 ethanol. OnlT s.s~ (0.17 g.) of the or:l.g1n&l 

•ter:Lal (2.0 g.) •• reooTered ae a light groq precipita te whioh oontain

ed 4.66~ ot llaBDn iipb. leoauH of low reooTery anet -n ..-unt ot 

the saaple, the llaeon lipin d.etemiD&tion waa probabJ.T inaocurate and 

not repreaen.tatiTe. 

WC atter the .- treataent pTe 68 mg. ot alkaH-ineoluble 

material.. Precipitation ot the neutralised alkaHne ex.tract in ethanol 

recoTered on.q 90 ag. ot hlllloelluloae; no D.aeon lipin content •• cle

tend.necl on thie ..,le. 

IRIODAB omm• <! uc AJD HP 
mc (o.s g.) •• dieiDlved. in diatilled water (S .:L.) anet a 

aodiu Mtaperioclate aolu.tièn (20 ml., 0.51 J!) •• added tr• a bu.ret to 

&i'f'e a aolu.tion w.lth t1Dal concentration ot 0.41 JI with reapect to per

iodate (l2, 124, 125). !he reaction aixture •• qaioklt cooled to 4 • and 

kept at tbia te.perature tor 3 weks in the darlc. !he ohanp ot periodate 

concentration waa toUowcl br the exceaa arsenite aethod (126) on 3 al. 

alieflOtea w.lthdralll tru the reaction ldxture at 1 wek intenala. Ko 

turther OOIUIWiptiOD of periodate waa ObHn'ecl atter the tJd.rd weke Jx

oeaa periodate and ioc:Jate iona wre raacwed br preoipitatiol'l vith bariua 

acetate. aDd oentritup.tie. !he 11.pernatent ·liquor waa decaatecl and 

d:l.aqsed against d1•tUle4 water (2 da;ra), concentrated ucl tv'drol.TSecl 

vith 11 81Üphur1c acicl. Paper chroaatograp}V' (aolvent A and BJ aee 

Part II) id.entitied the presence ot D-qloae orib'. Jo trace of &nJ other 
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1 

supra or Ul'Oilic acicla coulcl be cletecW. 'fb.e ..U &IIDUDt :of D-qloee 

(0.12 s.) recoTered fra the b,TdrolTate bT precipitation 1:a etlwlol bad 

a ••P• anet a1xe4 ••P• of l45-J.4.,•, [a]1 +18•. Onq D-x;rloee •• identi

tiecl atter ld.•ilar periodate o.xidation ot uc. 
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1. The presence of uremie acid uide groups in wb1 te birch 1100d 

treated vith liquid u.oDia under pressure at :room t.perature ue beera 

contiraed bT differential infrared epect:roscow. 

2. The arlidee of ~lana haYe been ieolated from liquid-aaonia-

treated white birch, aapen1 baleam fir, jack pine, and t.amarack woods b7 

-.ill.ing and extraction vith hot water, thua d..,natrating tbat a eigni

ficant proportion of the uroDic acid groupa in .U theee speciea are 

eaterified in their •ti Te etate. 

,;. 

acid in wla:ite birch wood haYe been located on the 0-2 and 0-.3 poeition• 

of ~loee unite in ~lan and vere lhown not to be on ligain or other 

carbob7drate conetituenta of the wood. 

4. A "lignin-carbeJv'drate coçle:JÇ" baa been iaola.ted from llill-

ed wh1 te birch wood b.f extraction vi th hot va ter in a •ch ahorter t1ae 

than the conYentional Bjôrlœan Mthod. 

5. Br. application of zone electrophoreaia, the l.iJakap betwen 

lignin and carbob.J'drate ua been ahown to be alkali-:reeietant but ea~ 

iQ'droqsed b7 ac1d, thua lending 111pport to current theories of the 

nature of the bond betW8en .lignin and carbob.rdrate. Per1Qdate oxidation 

of the "lipin-carbolv'drate complu." ahowed tUt ~loae unite wre probab-

11' inTOlTed in the croa.-linldng. 
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IRTRODUCTIOI 

Dimettql IIUlphoJd.de {abbrenated hencetorth to IIISO) bas been 

Jmown tor over a centu.ry (1), but bas onl.7 recentl7 been •de on an in

dustrial ecale. It is n<hr becolling increasin~ iaportant as an inter-

aediate in 81Btàetic processes, and its solvent properties have been de

aonstratecl tor a I1UIIber of ga.eee, liqaids, certain salta and a variety of 

pollmers (1)(1 

DliSO is a colo'P"lees, water-soluble, bigbl.J' hygroscopie liqaid 

that is generall.7 inert, but decomposes vi~lentl.y when in contact with 

a nuaber of acyl balides and related cODipOundso 
.. 

Kich~ and co-wrkers (2) bave recentl,y reported the ,use of 

DIB) as a solvant in the acid-catal.yzed ~VUthesis of water-soluble pol;y

saccbarides froa slllple agars (D-g1ucose, D-marmose, J>..galactose, and 

D-.x;;rlose) and disaccharides (•ltose, cel.J.Qbiose, and lactose) . Re

acnal of the water liberated during the condensation reaction was sho1m 

to increase the yields of the synthetic pol;ysaccbaride. Some unite of 

the hexoses adfered contigurational changes froa ~e pyranose to the 

turanose torm ciulf.i1lg condensation; pol.y-D-.x;;rlose did not se• to under-

&f.) such mutation. ill of the 81Jlthetic poqoses prepared in tbis 1RQ' 

cOtlld be completel.y acetyla.t4td, but atte~~pt > at aetb:Tla.tion was difficult, 

perbaps because of considerable 'brancbing. 

Jfanley (.3) bas reported the bigh solubili ty of non-ioDic 

cellulose ethers in DIISO, and tound it to be the onl.y organic solvent 

capable of dissolving water-soluble, etb;rl io''dro.x;;rletbyl cellulose. Bve

rett and Poster (4) have presented evidence tbat b7 fractional precipita-

tion froa the liB) solution, pot.ato UO"loH could be treed troa &JQ'lo-
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pectin contaw1MDta to an ex.tent tbat Jl8&n1ngtul. pb;ysical M&IIU.reaenta 

wre possible; the reau.lts showd tbat th• po~er appeared in a coiled 

configuration. Iill.1on and Poster (5) bave iaolated &JITlOH vith aln~ul 

degradation by disperslng undried potato starch in IIISO and precipitating 

the &JQ"lOH 'b.Y adding butanol. 

œso bas &lao been used as a solvent in the :Potentioaetric 

titration ot lignin and its mod.el compounda, vith 0.05 I potassium aeth

oxide in bensene as the titrant (6). An alkali lignin obtained from 

black liquor •• shown in this WQ' to contain 0.95 m1111.equivalenta ot 

carbo:a;:rl groups, and 6.12 m:llliequivalents ot h;ydroql groupa per gram. · 

! qsteutic eT&luation of organic liquida as aolventa tor 

iaolated lignin •• recent:cy- reported by Schuerch (7). !he liqu.ids 

wre claasitied in teras of their Hildebrand aolubUity paraaeter, k, 

calcula ted troa the equation: 

H- RT 1/ 
k•(----) 2 

v 

vhere B .;. molar heat ot vaporisation 
(cal/•le) 

T • boUing point ot liquid in •1( 

V • aolar volume of the liquid, 111. 

R • 1.98 cal/mole /•K 

Schuerch tound tbat liqu.ida vith solubUi'ty paraaeters ot 11 or more tend 

to 'be relatiTe~ good solTents tor lignin, vhUe thoM vith paraaetera 

mch belov 11 are poor ones. Tmu DIB>, vith k • 13.4, is comparable to 

eth;rlene gqcol (k • 14.2) as a solvent tor ~ignin, aD.d better tban etb1-

lene chloroh;ydrin (k • 11.6) and diaetb;yl tor.IIIU.ide (k • 9.9). 

Betore the work of Schuerch, the salvent propertiea of DISO bad 
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alreacfT been aplored iD dellgrdtication studies. GJ.ertz (8) att.pted 

the delipitication ot apl"U.ce chipa vith pure JIIIJO as vell as vith llfSO 

containiDg traces ot 81llphur diozi.de, sodium bisal.phite, sal.phur, phenol 

or b.;rdrocbloric acid at elevated teaperatures, and reported that coa

plete separation ot !Drea occurred with the concurrent rf!IB)ftl ot large 

&Jiftnta ot lignin; carbolJ;rdrate-tree lignin tractions vere recoTered b7 

precipitation in watero SJm11ar atudiea were aimD.1taneouaq and Sllb

aecpentq carried out in Canada and France. C1e:naont and Bender {10) 

have reported that at bigb ta.peraturea, eolutions ot au.1phur diozi.de, 

Ditric oxide or cblorine in liB) vith ;% ot water ahoved excellent pa.lp

ing propertiea to.rda black apl"U.ce or aapen aavdu.at and chipa. The 

re811lting pa.1pa bad 1ow lignin and high a.-celluloae contenta. Addition 

ot water to the ~ent cooking liquor precipitated the ligrdn. Boaaain 

{9) bas sho'WD tbat at e1evated temperatures, 1JISO containing 0.2% IIÜ

phuric acid bad a povertul dellgnit:ying action on higb-yield apl"U.ce 

ea.lphite pulps wbich contained ••t ot the or1g1na1lignin in a partial.-

11' an1phonated tora and &lao on apru.ce wood chips; no delignitication 

waa obael"Yed wllen the 8BIIplea vere cooked vith pure DMSO. Robert and 

Doucet (11) contradicted the previous cla:1a ot Hoaaain (9) that no ex

traction ot lipin or po3.1'saocharide occu.rred in coold.ng with pure an

b,ydrous DlfSO at noral or elevated teaperaturea. Robert and Doucet ex

tracted 46.6% ot the lignin and ;3.0% ot the pentosan in birch wood b7 

cooking in DJfSO tor 4 hours at 18;•; 14.8% ot the lignin and 12.2% ot 

the pentoaan vere extracted in 4 hours at rooa temperature. Bowver, 

Robert and Doucet agreed with Hoaaain that the presence ota trace ot 

)V'drogen ion enhanced the delignitication. The;r aleo ahowed that 
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whether trace a.JIIOQnts of 1\'rdrogen ion (ca. 0.2% 11:1) were present or 

not, lignin and poqsaccharides were extracted in approx:iJiatel.T equal 

a1110unts; to obtain a lees degraded lignin, the prolonged action of D1E0 

on wood meal at nomal te.perature waa reco•ended. 

In a stu<V on tiileq diYided wood, BjSrlœan (13) round that 

atter a large proportion of the -.uled-wood lignin11 waa first extract

ed by dioxane, a greT-white JU,terial containing both lignin and poq

saccharide could be u:tracted b7 DISO. Later, JlcPheraon (14) purit1ed 

this "lignin-carbob;rdrate coaplex11 and chro•tographed the •terial on 

a Celite colu:am., and obtained a nWilber of fractions ditfering wideq 

in their lignin contents. 

The use of DXSO to extract hellicellulose from hard- and soft

wood chlorite ho1o~elluloses was first àchieved in 1956 b;r 8&gglw1d and 

co-workers (12). 'l'he extracted hellicellulose still contained a high 

percentage of the acety1 groups ori~ present in the wood; aore 

hemcellulose could be extracted from. the nollen residtle b;r aa.bsequent 

treataent wi.th water. Hagglund alao aentioned the use.tulness of DIISO 

as a rather se1ectiTe precipitating agent tor -.nnans. ltoshi.jia {15) 

extracted pine holocellulose wi.th DMSO plus acetic and borie acid llix.;.. 

tures, and isolated hemcellulose containing consideJ"&b1e amounta of 

Jl&llllO&e and acety1 groups. !bleU (16) tentativeq eatablished the 

structure of a water-aoluble acety1-4-o-metJ'o'lglucurono-XTlogcycan ex

tracted by' DMSO fr.oia a birch chlorine ho1ocellulose in 50% yield of the 

total qlan content of the wood. The llUJiber- and wight-average D.P. 

of the poqsaccharide as determi.Ded by' o_,..tey and light acattering 

vere 180 and 470 reapectiTeq. 



Pre'Vious att.pts (17) to extract a hellicelluloee b7 hot water 

troa eugar œple wood treated with liquid unaonia have ended 1n taUure. 

Iet the mUd action and veraat:l.le aolvent propert:l.es ot DIS) •• reported 

b7 other wrkers suaeatthat it llight be able to extract a qlan euspect

ed to contain allide nitropn trom sch a residual wod (18). The present 

work indicated tbat DI'SO alone was no bettw than water in its eolvent 

power vhen used. on woods prmouaq treated. with liquid a.aonia. 
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psu:r;rs AND DmJtgiOR 

lrfRAC!IOI OP WOODS WI'l'll AIJilDI10US LIQUID AJOI)BIA 

Extraction for 5 hours at rooa t-.perature evaluated as optimal 

b,y Yan (18) was ad.opted. 'l'able l I!JQJIIII&rises the Jielcis of the liquid 

~n1a. ex.tract founci b,y Yan and. others together wi th tho se obtained. in 

the present experiàentso !lte resulta show reasonable agreeaent when the 

extraction conditions were closel.l' si•:Uaro 

The extractions nre carried out at room. te.peratu.re tor 42 

hours u.nder d.r7 nitrogen on a m.echanical shaker; the Jield.s based on 

oven-dr,y liquid....-.>nia-ex.tracted wood. are listed in Table 2. tbe 

resulta presented for water extractions include -.ll quantities of 

aaoniua acetate re81Ü ting from. the addition of acetic acid to adjti~t 

the pH~ therefore~ the actual Jields vere a little lese than shown. 

The aqueous extracts were still found. to be neutral after 42 hours of 

extraction. BroltD-coloureci flakes reCOTered froa the etaporation of 

liiSO extracts appeared. darker than those recoTered vhen water was used. 

as the extracting solvent. In all cases, the wood m.eals ebowed consider-

able swelling in DKSO in lesa tban 15 Jlinutes after contact~ and becama 

-.ch darker and. &ali-transparent. Iield.s of materiala extracted b;y 

aqa.eous or organic solvents froa other SU~Ples of woods treated. with 

liquid. .-onia are BUJaarised in Table 3 for reference. 

Table 2 showa that the pretreataent with liquid aaonia did 

little, it an;rthing~ to enhance the solubility- ot 81V" wood coçonents in 
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tlb:Jal 

ktrAS:tiOD ot, WS!!fll JÂ~ LiEisi AJaon1a 
at Bo!Ja '••msm 

Inveatigator Jfaterial Reaction % Yield Beterence f.1m.e (hrs.) ( oven-dr,y baais) 

Yan and &lgar 5 5.69 (large acale) (17, 18) 
leubauer llaple 

lqe 65 11.4 (-.J.l acale) Strav 

Birch 3 (lOO•) 8.30 ( ..U acale) 

Sl»ru.ce 16 3 .oo ( ll1lall acale) 

Jablonlki Sprv.ce 16 to over- 6.2)-6 .. 75 (-.ll. (19) 
Bark night acale) 

3.34-3.94 (large 
acale) 

Miltord Spru.ce overnight 6.23 (-.11 acale) (20, 21) 

and Watts Boloce11. 

Jlilks Aspen 16 10.2 (large acale (22) 
Bolocell. exhaustive exm. 

Preaent Red 5 5.99 (~ scale) llaple 

Bir ch 5 4.26 (au.ll ecale) 

Aspen 5 1.19 (-.ll acale) 

Spru.ce 5 1.12 ( aaall acale) 



Wood 

Red Maple 

Bir ch 

Spruce 

ll6 

Yield ot JIIS) lxtrJ.ct from Woods 

l4q.,-Am.on1a-Treated Wood 
% Water htract % DISO -tract 

% DISO htract fr. 
tJntreated Wood 
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table 3 

:&xtract.ion ot 14.œdd-1mcm'•-'freated Wooda 

'l'otal Vol. ot htno Kxtno %'l'otal Investigator lfaterial Bxtno Bxtracting 'feço pB 
C7cle Reld Reterence 

'.ft.ae Liquor •c 
Beubàuer atgar RtoH in o.s (18) llaple - Soxblet - - -

6 hrs. 500 g. w.l. th 95-97° - 1 cy/2 brso 2ol4 
.3 1. water 

Sander son White 2 dqs 2()• 

flpruce th en wt:vol-1:10 5 1 cy/dq 12o7 (2.3) ~ 
Bark 3 dqs 70. ~ 

; dqs 
tb en sam.è aaae ; -- 26.0 

8 dqs -- 8&11.8 same ll 881118 25o0 

Milks Aspen 10 hrs. 616 g. llith 25· 5-6 1 cy-/5 hrs. ll • .35 (22) Bo1ocell. then 
10 hrs. 5 l. water '70. 

IIUtord Black 

and Watts Spru.ce - RtOB in - - - 0.6; (20, 21) 
Bolocell. a,xblet 

8 hrs. 219 g. Wit.h 2;• 
theD 6 l cy/4 brs. 19 • .3 

8 hrs. 51. -.ter ?O· 
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DMSO compared to diatilled water at pB 7. 'lheae re8lllta appeared to con

fira the view of Nelson and Schuerch (24), baaed on kinetic etudies, that 

the extraction of poqaaccharides tl"OJI wood 118&1 w.lth swelling aolventa 

auch as 1-24% aodiua lq'd:roxide was a plq'aical procesa of leacbing through 

tibre stra.ctures pre-nollen to an equillbrium condition depending on 

tewperature, concentration of e.x.tractant, ao:rphological atra.cture, and 

amDunt of lignin present. lveD at ma:Qmqm swelling, the polysaccharides 

bad to diffuse through a stitt ldcroceystalline gel; thue diffusion 

oc;curred at a acarcely aeaeurable rate. It swelling waa the prevailing 

factor inhibiting the IIJaeaicellùose &Jiide11 from being extracted by DJISO, 

then it would be neceeeaey to mill the llq11id-&DIIIl0nia-treated wod into 

a ,powdeey etate (13), even at the riek ot ali.ght degradation, to render 

these polysaccharides extractable by DMSO. li>wever, another poeè.bU1t7 

could not be overra.ledo The eJœesaive d171ng of the 11100d meals atter 

11quid aaonia extractions Dlight bave altered the texture of the wood, 

~d occlud.ed coaponents otherwise eaaiq extractable by DIB>. 

!he slight pulping action of pure mtS>, wbich re8lllted in alllost 

equal a&'lunte ot lignin and polysaccharides being extracted, waa reported 

recently (11). !he arithm.etic difference betveen ColliBl-.3 and -4 ot 

!able 2, ~ ahould give the actual a1110unt of hemicelluloee aolubillz

ed in mœo as a reaa.lt of --.onolysis. In the case of 11qu1d-a-.onia~ 

treated birch, 1.38% (second rov, 'fable 2) of the ,3.05% extracted by liiBO 

ay have been du.e to pul.ping action, and the reet due to liquid UIIIOnia 

treatment. !bis remainder &llOUllted to only 2.12% and could not be re

garded as representative of the native hemicellulose in wood. 
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BlJICT or 'JIIII'RA1VRI. NgDU§ mpno•. AID WOOD m 1J10 
JA!Io o• a mw .Pl BXDAQT 

Variations iD aperiaental conditions did not g:l.ve a su.bstantial 

iDcrease iD the yi.eld ot extract troa liquid-.-on:ia-treated red •pleo 

An increase iD extraction t.perat.ure toz:a 25• to ~· gave a slight~ 

higher yi.eld ot DIB) ex.tract tl'OJI red •ple as shawn in Table 4• There 

was no conri.ncing reason tbat this -.ll increase was not a.Olely due to 

the pulping action ot DMSO on wood (11), an action wbich was irrele'VWlt 

to this investigation. lktraction near the treesing point ot DJIS) gave 

a slight~ lover yi.eld tban a extraction at rooa temperature. 

~e illorease iD the ratio ot DJB) to wood (v~wt.) did not re

su.lt iD higher yi.eld.o The 1:15 ratio (wood.:IIISO) used. was sutticient 

1 

to g:l.ve consistent resulte as shown in Table 5o A lowr ratio than 1:15 

was tound to be inconYenieat, because the hi.gh degree ot swlll.ng ot the 

wood •de the extraoti1ng liquor ~ su.ttice to cover the aeal ~ a 

50-Jil.. rout.d.-bottoa tlask. At a 1:15 rati~ the aeal abaorbed the llBSO 

complete~ iD lees than S ainutes, and gaYe a dark brown and higb.q 

Dilution ot œso vi th water waa recen~ IShown to increase the 

dissolution ot cc-tain ~lan• (2~). The percentqe .-ante ot liquid.• 

&JI!IIIODia-treated red Mple extracted wi th DJlSO at ditterent aqueous dilu

tion• are show in Table 6. The pHot the ex.tracting liquore (except 

100% DJI80) wre adju•ted b;y acetic acid as ulll&l, and the yi.elda listed 

thus included su.ll .-unts ot --.oniua acetate. Table 6 ahowa tbat the 

aqa.eous dilutions did not increase the yi.eld to &rtl' encourag:l.ng extent. 

Onl1' one paraaeter waa changed. at a t1ae while all otb.ers wre held con

etant in the• series ot extractions in order to Dl&ke coçarison aean-



Xlb1tl.t 

lttgct or T'Sfl"ture os Jield ot Jill) ktract 
tm lest lgJ.e freated &tt& 14.rai!l ..,,, 

Teaperature 
•c 

19 

25 

80 

%Able 5 

lxtract 
% 

Kttct ., Wood to DlfS) R§tio sm Iield, otWêJkcli: .. 
Re4 laR1t T.reattsl J'Uh J4.qsid. Ar0 W 

Ratio Bxtract 
(wt:vo1} % 

1:15 1.08 

1:30 1.02 

1:50 1.02 

1:100 1.06 

1 



'l'able6 

Effect of Acm!O!l• Dilution1 OIJ Iield of Bxtract from 
Red •w frMHsi yiQ ·14gp.14 Awonia 

% Water in liB) % Extract 

0 1.15 

lO 0.97 

20 1.06 

40 1.17 

1/J 0.97 

100 1oSl 
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iDgtul. A bigh beat ot dilution waa noticed upon adding diatilled water 

or wood meala to DJISO; in large acale extractions, this unneceaaary 

'Rl'Jiing mst. be eliminated b7 pre-cooling the IIISO. 

'!he reaidual &llllonia in the wood aeal, wbich could not be 

eliainated coapletel.1' eTen atter prolonged evacuation over phoaphorua 

pento:dde, merited attention becauae ot ita posa:l.ble ettect on extrac-

tion. 

TRI Bim.\C!IOR OP BIICH WOOD BAL 

Since birch aeal treated w::l.th liqldd &JIIIlOnia gave the most 

outstanding resùta in DJfSO extractions aaong the liOods so far dealt 

w::l.th, it aeem.ed to aerit special attention. DJfSO extracted 3.5% or 

the liqldd-a.aonia-treated birch at 25°, and 3. 75% at oo•. Recalling 

the aimilar a:l.tuation tor red •ple, the slightl.1' higher yield -at so• 
,. 

also included the poaaibUity or the DlfSO pulping action on wood. 

'theretore, extractions at the higher temperature did not warrant the . 
riak ot possible condensation or degradation. 

Parallel extractions or liquid-&llllllonia-treated and untreated 

birch wood 1118&1 ahowd that v.lthin a period ot 42 hours at oo•, the 

aiiO'IUlt ot hemicelluloae (poaaibl1' together with ligneous Eteriala) 

Ede soluble in DJœO due to the liquid a..onia pre-treataent could be 
' 

completel.1' extracted. Table 7 shows the ;rielda ot aeveral au.cceaaive 

extractions vith JIISO. Starting troa the second extraction, both 

8811JÜes gave ld•1lar realta wbich could beat be interpreted as OJÙl' 

the action ot DIIIO on wood; the pre-treataent w.1 th liqt1id &'IIIII.Onia bad 

little ettect. 

' .. , ....... 



kcce•Bi!' DtfSO lxtractiona ot Blrch Wood MeaJ, 

Sequence ot Dllration t.mtreated Liq. Aamnia 
Bxtractions (hrso) lleal (~) Treated Meal (~) 

first 42 1.38 3.75 

second 42 0.43 0.49 

third 53 0.42 o.ss 
tourth 84 Oo40 Oo48 

total 221 2.63 5.27 



PRIPARA'f'IOI OP :U:mAC!IfkPRD WOOp MIW':§ 

Saaples of approxiately JI) to IJ) mesh aize birch, apruce, aapen, 

and. red •ple aeals vi th unlmown histoey and background vere tiret . extract

ed separately in a Soxhlet apparatus of 200 g. capacit.,'o ktraction was 

tor 36 hours at two cycles of aiphoning per hour vith a 1:2 azeotropic 

. solution or ethanol and benzene to reaove extraneous •terialso 'the great

er part of the benzene lett in the meal was then reraoved. bT soaking the 

bag containg the meal in ethanol tor one hour, then squ.eezing out the 

ethanol w1 th the entrained benzene. !his treataent vas tollowed. by hot 

ethanol extraction tor 24 hours {2 cycles of siphoning per hour). The 

bag of meal was then re8)Ted trom the extracto;r, and hot (IJ:J•) tap water 

vas run threugh the aea1 tor 48 hours. Atter a 4-hour soaking in <lis

tilled vater, the aeal was air-dried tor 3 dqs, re-screened to separate 

the 40 to IJ) aesh aize portion and stored in screw-capped amber bottles 

so that the aoisture content would remain roughl.y constant over long 

periode 

M>IS'!UII COJr.IDT OP R JQTRAOtpi-FJ!A W90p RAJa 

One-balt to two gr&ll sam:ples vere kept in an OTen at 110• for 

16 hours and the losa ot wight was detend.ned. 'lhe weighings vere d.one 

in glass-stoppered 'Wighing bottles on an anaqtical balance. All de

terminations 'Wre clone in cluplicate. 

'l'RlUl!J!I! OP WOOD l!lWS Wift AIJIID,!OOS LifJJD! AJDI)BIA 

Seventeen-graa batches of the wood aeals 'Wre treated vith 

co.aercial licpid .-nia. 'lhe detailed procedure for treataent and the 
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construction of the 'bollb bave been described b.T Yan (18)o 'l'hroupout the 

uperiaent, the access of at.spheric llOisture was caref'u.l.ll' prevented. 

All treataents vere conducted with a ratio of vood to liquid UIII.Onia of 

1:15 (wt:TOl) at rooa tellperature tor 5 hours. The filtration apparatus 

81lggested b.T Yan was tound to be unsatietactoey, Binee it retained large 

quantities of wood aea1 in its connectinl tubes; the Jablonsld. •ditica

tion (19) of the apparatus was mu.ch JIOre convenient and efficient tor 

this pa.rposeo In the present experimenta, their aercuey sat'ety valve 

tor liquid a.onia was replace bT aodiua l'J1'drO:a:ide (pellets) deying 

towrs open to ataospheric presmre, because the former aight cause 

unneces8&1'7 bazard (26)o 

EXmA.C'l'IOK OF LIQUID-AJOI>IIA-TRBA'.l'ID WOOD IBALS WI'l1 DlfSO OR WA!Ii 

Da.plicate, 1.0 to 3o0 g. eamples of liquid-uaoni.a-treated wood 

aeals, previ011ls,4r dr:led over P2o5 in yacg.o, .,re placed in SQ-al. round 

bottoa tlasks, and the ext.racting aolvent, DHSO or water, was added to 

JD&ke a wood~llquor ratio of 1:15 ( wtnol). Aqueous su.spensions, but not 

DMBO, vere then adjusted to pH 7 by the addition of 10~ acetic acid. The 

flask:s vere flushed with dry nitrogen, sealed tightly, and shaken aech&ni-

calq tor 42 hours or more at the required temperature. The e.xtract was 

r-.oved b7 filtration on a sintered glass filter, and the residual aolid 

was washed with saae ftl"a.e of the e.xtracting solvent. On aoae occasions, 

the u.ndried residr:Le was again quntitatively ex.tracted under the ... 

conditions. The extract was centrituged at 2,200 rpa tor 30 llinutes to 

raove colloidal liJIOOd partioles, evaporated under reduced pres111re at 

so·' and then dr:led ir& !1!10 over p 205 to constant wight to detenaine 

the yieldo ill 1i,elds reported vere based on the wood atter extraction 

ldth llquid --.onia unless otherwise statedo 
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