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CLAIM TO ORIGINAL RESEARCH 

Isolated lignins, obtained by extraction with formic and 

acetic acids, which are normally insoluble in aqueous bisulphite 
water-soluble 

solution, have been shown to yield~lignin sulphonic acids after 

a prior treatment of the lignin with ozone. The alkaline 

cleavage of these lignin sulphonic acids has given rise to 

vanillin and acetovanillone, both of which have hitherto evaded 

isolation from these lignins. 

The use of formic acid as an ozonization solvent has been 

developed, and its characteristics in this capacity demonstrated 

by experiments on organic compounds of known structure. 

For the first time direct chemical evidence has been 

demonstrated for the presence of a carbonyl group in the solu-

bilization of lignin by aqueous bisulphites. A study of various 

lignins has produced evidence to show that the carbonyl group 

is associated with an hydroxyl group and that the presence of 

both these groups is necessary for the formation of lignin 

sulphonic acids. A new interpretation of the process of 

delignification by means of aqueous bisulphite solution has 

been postulated in view of these new experimental findings. 

(vi) 



HISTORICAL REVIElf. 

PART I. - THE ACTION OF OZONE. 

It has been known for many years that ozone is capable of 

reacting with unsaturated hydrocarbons. Schoenbein (I) in 1855 

noted the reaction of ozone with ethylene to f~rm formaldehyde, 

formic acid and carbon dioxide. Houzeau and Renard (2) observed 

the reaction of ozone with benzene but they regarde1 the product 

as a peroxide rather than as an ozonide. Harries.(l7, 18), in his 

classical researches on the action of ozone, was the first to 

point out the true character of these so-called ozonides and he 

was able to show, by analysis, that the reaction products 

contained an -0-0-0-grouping for each double bond present in the 

original substance. 

These ozonides which are formed by the action of ozone in 

the absence of any moisture may then break down in one of t·vo 

ways: 

(a) Reaction with water brings about complete rupture of the 

double bond with the formati~n of aldehydes or ketones, thus, 

(b) In solvents such as absolute alcohol or glacial acetic 

acid, or 'sometimes merely on warming, decomposi t 1 ::;n "V ill take 
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place in the absence of water to form a ketone, or aldehyde, 

and a peroxide. 

~c c::: 
I I + ···o=c< 
0-0-0 

These peroxides so formed often then break down under the 

action of water to give carboxylic acids. 

Thus mesityl oxide ozonide breaks down in two different 

ways and the larger amount of decomposition taking place 

according to the second scheme accounts for the relatively 

small yields of methyl glyoxal and the observed occurrence of 

formic and acetic acids. 

( i i ) ( CH~ ) 2 · C - CH • CO • CH3 / l I 
0-0-0 

-->~ HCOOH + 

The type of decomposition shown in (ii) accounts for a 

number of reactions which for some time were considered abnormal. 

Thus pulegon·e ozonide, I, yielded(_3-methyla.dipic acid, II, and 

acetone and not the substance which would be expected normally 

~rom the usual type of ozonide decomposition, namely, 

l-methylcyclohexanedione-3,4,III, (3) 



I 

0 
,.._-0, 

0 
/\-o' 

CH
3 

CH
3 

pule gone 
ozonide 

- 3 -

JI 

COOH 

COOH 

CO 
/\ 

CH
3 

CH 3 

{J -methyl
adipic acid 

JJ! 

1-meth.ylcyclo
hexanedione-3,4 

The behaviour of ozone towards ethylene double bonds is 

substantially as general a reaction as is that of bromine. 

In fact many substances which are not regarded as having 

unsaturated bonds of the ethylenic type, such as benzene and 

naphthalene, also re2ct with ozone. Noller and eo-workers (4) 

have studied the relative rates of ozonization of unsaturated 

compounds. They obtained curves showing the relative rates 

of ozonization of a wide variety of double bonded systems. 

It was found that whereaA a double bond, unaffected by the 

presence of other groups, adds ozone extremely rapidly, the 

rate is markedly decreased when the double bond is conjugated 

with carbonyl groups. Three or more phenyl groups or two 

chlorine atoms attached to the doubly bound carbon atoms also 

decrease the rate of addition. Where two or three double bonds 

are conjugated with each other, one bond adds ozone rapidly 

while the others add only slowly. In the case of cis-trans 

isomers where the rate of addition of ozone is decreased by 

other groups, the trans isomer was found to add more rapidly 
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than the cis form. They point out that the procedure should 

prove valuable in the investigation of unsaturated compounds 

of unknown structure, and outline an efficient experimei1tal 

procedure for obtaining the curves for the relative rates of 

ozonization. 

In addition ozone reacts much more rapidly with open chain 

ethylenic linkages than it does with those present in aromatic 

systems, and furthermore it reacts more readily with a carbon 

to carbon, than with a carbon to nitrogen double bond. 

~eisenheimer (5) found that the ozonization of triphenylisoxazole 

gave the jenz~ate of benzil monoxime. 

> 

In many cases however the 8resence of carbon to nitrogen double 

bonds mey lead to complicati)ns and render the results of the 

ozonizstion somewh~t inconclusive. 

Brus and Peyresbla.ugues {6) m~de a study of the ra.tes of 

absorption of ozone and found evidence to indicate a two-stage 

reaction fJr ethylenic compounds, first the ozonide formation 

and then the so-called perozonide formati Jn (Addition of 04). 

Benzene and naphthalene were found tG react in a. single stage. 

Absorption curves for styrene and phenylcyclohexene revealed that 

the quantitative ozonization of the ethylenic linkasze precedes 

ozonization of the aromatic mucleus. Acetylenic derivatives 

such as heptine reacted more slowly than ethylenic compounds 
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but more readily th'-1n benze~1e .. The three classes of compounds 

yielded distinctive absorption cur·1es which permitted an easy 

differentiation. 

Renard (?) by the action of ozone on benzene obtained a 

gelatinous, very exPlosive mass, which he termed "Ozobenzol" 

and to which he ascribed tne formula C6H606• Later Harries (8) 

showed that actually a triozonide was formed which underwent 

decomposition in the usual manner to yield three mols of 

glyoxal. Since the formatiJn and degradation of an ozonide 

is accepted as excellent eviden8e for the presence of uns~._turated 

carbon atoms these results were inter8reted as being extremely 

favourable tJ the Kekule benzene ring formula. 

0 > > 
CHO 
I 
CHO 

CHO 
............_CHO 

,--'CHO 
CHO 

This type of investigation was extended by Levine and 

Cole (9) who obtained glyoxal, methyl glyoxal and diacetyl 

from the ozonization of a-xylene. Since neither form of the 

xylene could yield all three of the products observed it was 

concludei that the hydrocarbon must exist as an equi2._ibrium 

mixture of the two Kekule forms, as is shown. 

CHO 
~CHO 

CH 
CHO H3C

0
.-3 

I ~o( p·l· ». 
CHO 

> 

YH3 

eo 
c;co '----cHo 

CHO _......,....CHO 
CHO 
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The ozonization of acetylenic compounds is of interest 

and has been investigated only in recent years. This type 

of reaction has been shown to give rise to 1,2 diketones, in 

other words the carbon to cPrbo~ link at the point of 

unsaturation is not broken. Further oxidation, however, may 

give rise to fissiJn at this point with the producti~n ~f the 

corresponding acids. Briner and Wunenburger report an 81~ 

yield of glyoxal from the ozonization of acetylene, (10). 

Hurd and Christ studied the ozonization of a number of 

acetylenes and although they isolated no 1,2 diketones they 

postulated that the mechanism involved the preliminary 

formation of the diketone and tien subsequent oxidation to 

the acids by the hydrogen peroxide formed (11). Thus phenyl 

propiolic acid gave rise to benzoic and oxalic acids Bnd 

phenyl acetyle:J.e to benzoic and formic acids. Jacobs also 

studied this reactiorr and succeeded in isolating the 1,2 

diketones from two acetylenic compounds (12). He isolated 

benzil and benzoic acid from the ozonization of diphenylacety

lene, and benzylphenyldiketone and acids from benzylacetylene. 

Mention is made of the fact that the solvent used, and the 

temperature of the ozonization, as well as the method of split

ting the ozonide are of great importance. 

Smith {13) investigated the action of a number of reagents 

on ozone and found that there was negligible destruction on 

pas$ing ozone through water, dilute or concentrated sulphuric 

acid, or water followed by concentrated sulphuric acid or acid 
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permanganate. However 5 ·~ sodium hydroxide or commercial 

phosphorus pentoxide destroyed nearly all of the ozone. He 

also found that if the phosphorus pentoxide were resublimed 

in a current of oxygen then it had no deleterious effect on 

the ozone. 

Noller and Kaneka (14) ozonized a hydro2;en:3ted biphenyl 

and found the following reaction took place, 

< >)---<< ) 

From these results they were led to conclude that steric 

hindrance is not the factor involvedin the failure of 

diphenyl itself to form a hexa-ozonide. 

7vhen the alka.loid, ~seudo-pelletierin, is decomposed by 

the exhaustive methylation method, the removal of the basic 

nitrogen atom results in the formati ~n of a cyclo-octadiene 

which Vvillstatter and 7erguth (15) believed to contain a pair 

of conjugated double bonds. This cyclo-cctadiene polymerized 

very easily. By the ozonization of this compound Harries (16) 

was able t8 show that the double bonds were not conjugated but 

were in the 1,5 position because it formed a diozonide the 

hydrolysis of which yielded succinic dialdehyde and succinic acid 
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CH2 CH CH2 CH CH CH 2 I I 2 \ l I 
CH2 HO.N(CH3)2 CH > CH2 CH2 

/ 2 I \ I ( 
CH2 CH2 CH2 CH CH CH 2 

cyclo-octadiene, 1,5 

---__;>~ 2 

Carl Harries did a grea.t deal of the pioneer work on the 

investigation of the action of ozone on almost every p~ssible 

variety of organic compJund and has summarized his researches 

in four general articles (17), and in one bound volume, (18). 

Although Harries work has been very valuable the following 

statement by :9rooks (19) is significant: "Critical examination 

of Harries' work is apt to elicit the fact that he frequently 

paid little attention to the history or purity of his original 

material and also that more definite results might often have 

been obtained, in the terpene series, in the hands of other 

well-known specialists in this field." 

The successful application of the ozonization technique 

depends upon a number of different factors. One important 

consideration is the nature of the solvent employed. Needless 
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to state, the solvent must be of an absolutely Bnhydr )US nature 

if the ozonide is to be isolated as such. Chloroform and 

carbon tetrachloride have the disadvantage that they are them

selves attacked by the ozone. Thus chl8roform gives rise to 

'phosgene and hydrogen chloride and when sensitive aldehydes are 

expected from the splitting of the ozonide, solvents from which 

no hydrogen chloride can origin&te must be used. Since a great 

many ozonides are of a very unstable nature the use of increased 

temperatures in the removal ·)f the SJlvent by distillation is a 

decided disadvantage. Ethyl, and particularly methyl chloride 

a.re attacked only very slightly by ozone and on this b8sis, and 

also since they are easily rem·Jved by evaporation, are very 

useful. Unfortunately their high price hinders 3 more 

frequent use. Glacial acetic acid is also very slightly 

attacked; however most ozonides are soluble in it 2nd do n~t 

separate out. Their isolation by evaporatiJn of the glacial 

acetic acid may entail certain difficulties because of tge 

relatively high boiling point of the acid. Many ozonides 

easily decompose at this temperature or distil with the 

solvent. However glacial acetic acid as a solvent is capable 

of very wide application. Acetone is very little changed by 

ozone, while, on the other hand, methylethylketone is greatly 

affected. Acetone, while an excellc~t solvent, is not used 

widely and of course cannot be used when acetone is expected 

as a product of the decomposition of the ozonide. 
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Petroleum ether is slowly attacked by ozone and adipic acid 

has been found to be formed from the action of ozone on hexane. 

Ethyl acetate which is frequently used is slowly split into 

acetaldehyde and acetic acid. 

The temperature at which the solvent is held during the 

course of the ozonization is of importance. Not only is the 

degradation to the solvent lessened at the lower temperature 

but the optimum conditions -ror the form3.tion of the ozonide 

of various compounds depend t 'J a ls.rge extent u-~on the 

temperature. Thus Briner a.:.~d eo-workers ( 20) ozonized maleic 

anhydride in both chloroform and ethyl chlqride at -60°C. and 

found that a ver·r unstable ozonide was formed. At the other 

extreme Bogert and Isham (21) carry out their ozonizati8ns in 

75% acetic acid at a temperature of 50°0. 

The method of decom~ositiJn of the ozonide is another very 

important factor in deterwining the yield of the resulting 

products. Perhaps the most serious difficulty is the production 

of hydrogen per~xide when the ozonide is split, and its 

subsequent reaction with the products formed. Prior ta the 

researches of Harries, vanillin ha.d oeen made by the action of 

ozone on isoeugenol (22). It was found that better yields could 

be obtained by using a crude ozonizing apparatus giving dilute c·zone 

of about 1·Jio concentration than when using more concentrc3ted ozone 

mr.de by imoroved apparatus. Later Harries ( 23) showed that 701~ 

yields of the vanillin cJuld be obtained by treating the ozonide 
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with zinc dust and acetic acid. Semmler and Bartlett have 

shown that the side chain on safrol alsa reacts readily with 

the production of homopiperonylic aldehyde (24). 

fuCCubbin (25), in an investigation of the oxidation of 

t~i-isobutylene by ozone, carried out the ozonization in glaci31 

acetic acid C8nts_ining 2:% acetic anhydride. The hydrolysis 

of the ozonide formect in this 1-f,a.t"lner was effected by slowly 

adding water and zinc dust to the reaction mixture. ~onsider

able heat was evolved and cooling was necessary. ;Nhen the 

addition of the water and zinc dust was completed, the mixture ~as 

first refluxed and then the resulting products se~orAted by 

distillation. lv~cCubbin and Adkins ( 26) used this s~-1me method 

in their investigation of di-isobutylene. 

Whitmore and Church (27) studied the isomers of di-iso

butylene which had been separated by fractio:1al distillation. 

The ozonide was isJlated as an explosive sirup and W8S decom

posed by pouring it very slowly into a well stirred boiling 

mixture of 500 cc. Jf water end an amount of zinc dust, equivalent 

to the ozonide, together with traces of hydroquinone and silver 

ni tra.te. This was found to be a r:1ther violent reaction. By 

means of a rather complex system of condensers the v~Jlatile 

nroducts which immediately distilled out of the boiling mixture 

were caught in suit?ble receivers. 

Much attention has been given the question of increasing 

the yields 1f aldehydes from the splitting of ozonides and the 

catalytic hydrogenation of these oz')nides is oerhaps the newest 

and most efficient method that has been devised. Thus Harries 
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and Tank (2g) in 1903 obtained only a 5~ yield of glutaric 

dialdehyde by treating cyclopenteneozonide with water. 

Later Menzies and Robinson (29) by means of reduction of 

cyclopenteneozonide and cyclohexeneozonide with titanium 

trichloride obtained 20·1a yields :Jf glutaric and adipic 

dialdehyde respectively. F. ::9"ischer and co-wor{ers have made 

a study of the catalytic hydrogenation of various ozonides (30) 

and have reported yields of from 50 to 75~ of glutaric and 

adipic dialdehydes. The catalytic hydrogenation of the ozonide 

obt.3ined from methyl hept enone was f ::>und t :J e:;i ve a 70 1'{ yield of 

levulinic aldehyde. They postulate the fol ~owing mechanism for 

the reaction of hydrogen with the ozonide: 

0 0 
I I 

R2C OR? ""' / ·-
0 

+ R e-t"\ 2 -v + 

The ozonization technique has also invaded the realm of 

micro-chemistry. Kuhn and Roth (31) have devised a method for 

the deterrLination of is')propylidene grc:>ups b7 means of ozone (32) 

The isopropylidene groups attached to carbon 3re split off as 

acetone by the ozone. Any aldehydes which are fc:>rmed are 

decomposed by permanganate, the acetone is then distilled over 

and an excess )f standardized iodine is added to the alt-c~line 

solution. Titration with thiosulphate gives a measure of the 

iodine not used in iodofc:>rm formation. It was established that 
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the acetone is stable towards ozone and also towards permangonate 

under the selected conditions of the experiment. This is a 

micro method and 2 to 3 milligrams of acetone may be determined 

with an ab so 1 ut e error of 1 e ss than 0 • 5·1&. 

~bile isopropylidi~e groups attached to oxy~en (as in the 

acetone derivatives of sugars) may be determined with great 

accuracy by means of acid hydrolysis, the theoretical runount of 

acetone is only obtained in a few cases after ozonization of 

compounds in which these grouos are attached to carbon. ~If • t h .,1 

all terpenes in which 11 acetone gr()ups" ,'=l,_re assumed to be -ore sent 

the acetone values are below those expected. Because t~e deficit 

is frequently associsted with the nroduction of formic acid and 

formaldehyde, V. rJ.rigna.rd (33) came t; the C!)nclusion that there 

are present equilibrium mixtures of compounds cJnt?ining ~H2 
groups, such as, 

o<: form 

and isomers c~ntaining the isopro9ylidine radical, 

{'J form. 

This c~nception is shared by J. L. Simonsen, who is one ~f 

the best authorities on ter9ene chemistry. He considers th3t 

even in beautifully crystallized compounds, which to :1ll appear-

ance are unif:)rm, equa.l amount3 Jf the cxand ~forms are uresent. 

It should also be noted that a0et)ne is formed in C)nsider-

able amounts from compounds which C:)ntain no isopr)pylidine 
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groups such as thymol, terpin hydrate, and isopropyl alcohol. 

Isopropyl groups in the neighborhood of which hydroxyl and 

double bonds occur tend especially to form acetone. 

Of recent interest is the work of Durland and Adkins (34) 

in which they attempted to determine with ozone the position 

of unsaturation in a hydrophenanthrene containing one double bond. 

Their experiments were based on what they later termed 11 the naive 

assumption that ozone was a rather specific reagent for alkene 

linkages", for indeed, they found that the chief product of the 

ozonization of the unsaturated hydrophenanthrene was an ·-1nsaturated 

ketone, produced by the oxidation of a methylene group, the 

alkene linkage remaining intact. 

In view of their rather anomalous findings Durland and Adkins 

{35) undertook a further study of this type of reaction snd 

ozonized a number of known compounds. They found th;--:t ozone 

reacted at 0°0. with saturated as well as unsaturated linkages 

oxidizing CH and CH2 groups to tertiary alcohor and ketones 

respectively. They isol3ted a number of tertiary alcohols as the 

result of the ozonization of alicyclic hydrocarbons and showed 

that unsaturated hydrocarbons or ketones may be formed by the 

dehydration of these alcohols under r~ther mild conditions. 

Relatively high yields of acids were found as the result of the 

ozonization of saturated hydrocarbons. 

Thus the following interesting results were found in the 

case of the ozonization of decahydronaphthalene, I., (dec8.lin). 
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The cis-decalin form oxidized more rapidly than the trans isomer 

so that if a mixture 0f the isomers was ozonized the products 

were chiefly those from the cis comnound. Subsequent studies 

were therefore made with pure cis and trans compounds. 

The fractionation Jf the products from the ozonization ~f 

26 grams of cis-decalin for 147 hours at 0°0. gave 7·5 grams of 

cis-decah:,rdronaphthol-9, II; 2 grams of ~9,10 octahydrona.phtha.lene, 

III; and small amounts of cis- o<deca1one, IV. About 10 grams 

of a mixture of unidentified Acids was also obtained. Trans-

decal in gave in 23~ yield the tr3.ns-decahydronaphthol-9, II; and 

the trans- ocdecalone, IV; but un ~ess s·)eci ::::.1 ?receutions were 

taken the chief product was the octalin, III, in 21~ yield. 

A mixture of ,~_cids simil::;_r in -:lh;:)Unt to that frorn the cis-isomer 

was ootained .. Among these was identified tr~ns-cyclohex 0ne 1,2 

diacetic acid, v. 
OH 0 

r -rr m 

O
Ct-«a~OOH 

CH~. COOH 
~ "VI 

OH 1V -

The ozonization ~f the cis-isomer of II gave the ditertiary 

glycol VI, as well as a mixture of acids. The cis and trans 

isomeric alcohols, II, differed C)nsiderably with respect to the 

ease of dehydration to the octalin III, the trans isomer being 

much more easily dehydrated. 
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PART II. - THE ACTION OF OZONE ON ~I(?:NI~T. 

A number of workers have studied the action of ozone on 

various lignin preparations but in general the fragments split 

off by this treatment have been too small to be of any real 

value in the elucidation of its structure. 

noted the oroduction of formic and oxalic acids by the action of 

" ozone on ~illstatter lignin. Doree and Hall have observed the 

formation of these same two acids on the ozonization of lignin 

sulphonic acids (37). Erdmann subjected ~.vi llst~tter lignin 

to the action of a cold stream of oxygen containin~: 2~ ozone 

and found thAt the lignin was slowly destroyed (38). 

Pauly and Feuerstein (39) in a patent ap~lication treated 

woodmeal suspended in glacial acetic acid with )Zone and hydrolysed 

the resulting oroduct claiming to obtain vanillin. No yields were 

reported and this work requires confirmation. 

Freudenber~, Sohns and Janson {40) treated methylated li~nin in 

acetic acid solution with ozone. The acetic acid was then removed 

by evaporation and the residual material taken up in water and 

again subjected to the action of ozone. They reported the 

production of a 20{ yield of oxali8 acid and other unidentified 

water-soluble products. 

Phillips and Goss studied the oxidation of alkali lignin 

obtained from corn cobs {41). ·:\hen the ltgnin in glacial acetic 

acid solution was treated with a dry stream of oxygen containing 
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6~ ozone for 25 hours, oxalic acid was obtained as a 

product of the reaction. When the lignin was methylated 

with dimethyl sulphate and then subjected to the same treat

ment a small quantity of anisic acid, CH30.C6H4.COOH, was 

identified in the ether extract of the resulting aqueous 

solution. When the lignin was ethylated with diethyl sulphate. 

and then oxidized with nitric acid p-ethoxy benzoic acid was 

No yields were reoorted in either 

case. In view of these results Phillins was led to conclude 

that the penol ic hydroxyl 1.;as free in the orignal lignin ?..nd 

th&t furthermore, the following grouoing must be present in 

the lignin, -9QoH 
3ell, in these laboratories (42), isol:sted acetone by the 

action of ozone on formic acid lignin. Fully methylated birch 

formic acid lignin gave aceton~but no acetone was found using 

fully methylated s0ruce formic acid lignin. Various fractions 

of acetic acid birch lignin gave nJ trace of acetone whatsoever. 

The yields from different fractions of the forffiic acid birch 

lignin varied from 1.4 to 6.6%. It wgs assumed th·-t the 

dehydrating effect of the .formic acid caused the formation of 

an iso9ropylidine group. 

Thus, it will be observed thst ~he ozonization of lignin 

gives rise to fragments of such a small nature that they throw 

very little light on the general structure of lignin. 

Another difficulty frequently encountered in this wor< is the 

great insolubility of the majority of lignin preparations in 
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the usual anhydrous ozonization solvents. In general, it 

may be said that when a lignin is subjected to the action 

of ozone there results, when the resulting product is 

treated with water, a w?ter-insoluble lignin and an aqueous 

solution. This latter solution contains mainly a water 

soluble lignin-like n:.aterial and oxalic acid. The more 

prolonged the treatment with JZ·Jne, the smaller is the resulting 

water-insoluble and the greater the water-soluble fraction. 

This action is accompanied by a decrease in the methoxyl 

content of the lig~i~. 
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PART III - THE CHEMICAL ASPECTS OF THE SULPI{ONATION 

OF LIGNIN BY MEANS OF AQUEOUS BISULPHITES. 

The method of producing pulp by heating wood in aqueous 

solutions containing calcium or magnesium bisulphite and free 

sulphurous acid has been an important industrial process for 

many years. In this reaction the lignin in the wood is 

removed as water-s::>luble lignin sulphonic acids. The two main 

purposes in this sulphite process 2re, on the one hand, the 

removal of the maximum amount of the lignin from the wood and, 

on the other, the production of as large a quantity of cellulose 

as possible with a minimum of degradation of the latter. 

The mechanism of the reactions involved in this delignification 

has been the object :)f a great deal 'Jf investigation and many 

theories have been proposed t·:) explain the formation of these 

water-soluble lignin sulphonic '3.cids from the native lignin. 

Despite the extensive research#, and the many theories which 

have been proposed both from the chemical as well as the physico-

chemical standpoint, no completely satisfactory mechanism existf, 

as yet, and furtherm)re it seems likely that such an explanation 

must in all probability await a further elucidation of the 

structure of 11 pr9tolignin". 

I Peter Klason was actively engaged in lignin sulphonic acid 

investigations for some 38 years. 
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A number of workers h2ve studied the action of bisulphites 

and of sulphurous acid on known organic compounds in an attempt 

to gain some insight int) the particular chemical grounings in 

the lignin at which the sulphonation occurs. 

The Action of 3isulphites and Sulphurous Acid on Organic 

Compounds. 

It is well known that sodium bisulphite forms addition 

comp)unds with many carbonyl compounds, in p~:rticular most 

aldehydes, methyl ketones and cyclic ~-cetones. For some time it 

was not known whether the structure of the resulting compounds 

was one of an hydroxy sulphite ester, ( II), Jr thB.t of an hydroxy 

sulphonic acid (I), in other ~ords whet~er or n~t the carbon 

was linked to sulphur directly or thrJu[h oxygen to the sulphur. 

One of the chief chc.racteristics of these bisulphite addition 

compounds is the ease with which acid or alkali will reverse 

the reaction .. 

R OH R OH 

"'c 
I "'"1 

/ 
( I ) '-.) (II) 

I \ I-I/ '-oso
2

H H SO H 3 

ex. hydroxy sulphonic acid. <X hydroxy sulphite ester. 

It is now generally agreed th2t the structure of these addition 

compounds is that of the true sulphonic acid (I), (43,44). 

It still remains necessary however to explain the marked 

unstability of these compounds to acid as cJmpared with the 
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stability of normal alkyl sulphonic acids to both acid and 

alkali. This is assumed to be due to the fact that in the 

hydroxyl sulphonic acid structure the C-S linkage is weakened 

by the presence of the OH group on the same carbon atom. 

Thus an hydroxyl and a sul-ph:Jnic acid group on the same carbon 

atom form an unsteble arrangement similar to that formed when 

two hydroxyl groups are attached to one carbon. 

Aldehydes can als·.) unite with suluhurJus acid itself. This 

is the basis for Schiff 1 s test to disti_j_guish aldehydes from 

ketones. A solutiJn of the dye fuchsin is just decolorized 

with sulphurous acid; addi ti Jn !f an ·-::ldehyde removes the 

sulphurous acid and the pink calor reappears. 

Now bisulphites alsJ react with an ethylenic double bond. 

Thus allyl alcohol, CH2=CHCH20H.- . reacts with a concentrated 

solution of potassium bisulphite to give CH3cH(so3K)CH20H. 

This compound is the salt of a true sulphonic acid. Amylene, 

cyclohexene, pinene and di-~entene combine 1.":it~ t~1e elements of 

sulphurous acid on shaking with bisulphites to give sulphonic 

acids ( 45). 

Unsaturated acids, aldehydes and ketones give rise to beta 

sulphonic acid~. In the case of ti.1e unsaturated aldehyde there 

are twJ competing reactians, one reversible t~ give the unstable 

bis:.Ilphite addition compound with the aldehyde group, and one, 

Slower and i r reverS i b 1 e , t 0 giVe the S t rj b 1 e bet a S U l ph 'JD i C acid. 
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Free sulphurous acid is known to sulphJnste by dehydr8tion 

in cert a. in cases ( 46), e. g. 

Mesitvl ~xide gives an addition product on long standing, 

,... (:;H
3 

)
2

C\CH2COCB3 
so3Na 

Hibbert and Sankey (47) car-ried out an investiga.ti·Jn from the 

physico-chemical st~ndaJint on the reaction between sulphurous 

acid and organic substances of ~nown structure. They found thr-:t, 

~hen s saturated aldehyde or ketone was heated in the nresence 

of sulphurous a~id, the specific conductivity increased with 

rise in temperature due to the greater conductivity at higher 

tem~eratures of the resulting sulph~nic acid. At 60-£50° the 

snecific conductivity dr~pped bec~use of the dissociation of 

of the sulnhonic acid into the ori~inal aldehyde, and the weakly 

ionized sulphurous acid. However, if an unsaturated aldehyde 

such as cinnamic aldehyde were used, the snecific conductivity 

increased with rise in temperature, decreased slightly at 80° 

due to the effect previously mentioned, and then increased at. 

higher temperatures due t·) the formation of the st::-:ble suloh·onic 

acid by additiJn to the ethylene bond. 
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Thus methyl ethyl ketone, CH
3

COJH2cH
3

j reacted very slowly. 

But C6H5_CH=CHCOCH
3 

reacted at rJom temperature and since the 

addition of sulphurous acid to ·~n ethylene double bond is slow 

when it is the only reactive grou:J and higher tercoeratures are 

necessary Hi·b-oert and San key pr'Jposed a 1, 4 addition of the 

sulphurous acid and a subsequent shi~t of the hydrogen, 

C rH--CH-~H -c-~H 0 .. -V 2-- v 3" 
-----">P ) I 1/ 

so
3

H 0 

sulphonic acid. 

did not react ~ltl1ough one might expe;t en~lizatie>n and 1,4 

addition t~ the resulting conjugate system. ~uinone was·~~pidly 

reduced to h rdroquinone with the forrr.;3tion of sulphuric acid. 

Y~'i th resorcinol and phloroclucinol there was lit ~le reaction 

an isolated d,)able b )lld reacted very slowly even at 145°0. 

Tetrahydr')::enzene gave a slight reaction at high temperatures 

and the resulting sulphonic acid was stable. Furfural g-=Jve 

addition only to the aldehyde group. Furfuryl alcohol at 

100-110°6. gave addition forming a stable sulphonic acid. ·~vi th 

this substance Hiboert and Sankey postulated the -oreliminary for-

mation of an oxonium addition :)roduct with the sulphurous acid 

followed by entry :>f the sulphurous acid into the furane ring, thas, 

H + H S + 2 03 
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'V.ith glucal reaction t8ok olace at 100°0. to give 

position indicated. This wa.s believed to go 

Q-H2 ., 
H~Q-S03H 

HO-C-H 0 
T-!-Q-OH I 
H-0-----..J 

I 

the acid with the sulphonic acid grouning at t~e 

through an intermediate oxonium compound. 
CH20H 

They also showed fr~m c~nductivity experiments that li~nin 

sulph-onic acids are very strong acids comparable in strength to 

a mineral acid. 

Bucherer (48), after an extensive investiga.+ion of the 

reacti~ns of sul~hurous acid and its salts with various organic 

groupings, surru:·.ed u-o these .reactions in the following manner . 

...... 
~c OH > - -~ - OS0 2Na /.) 

OH 
)0 0 > )0,/ - .............. so 'T 

}.~a 

)C - c >" )~H-C-S03Na 

~CH 
/ > ::;a -so

3
Na 

Bucherer found that phenol gave only a trace of sulphonic 

acid derivative when treated with sulphurous acid under the 

conditions of the sulnhite cook but that resorcinol forsed 

a sul~honic acid quantitatively. 

Fuchs and Elsner (49) in 1920 sug~·ested that in the 

for~8tion of the sulnhonic acid of resorcinol one molecule of 

the dihydroxy phenol in the ~eto form reacts with three mole-

cules of sodium bisulphite, 
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and that this resulting complex, on hydrolysis with either 

acid or alkali yields 3,5 diketo hexamethylene 1-sulphonic acid. 

This appears reasonable since one would expect the unstable 

keto-bisulphite addition complex to be removed by the acid and 

the sulphonic grouping formed by 1,4 addition to the conjugated 

system to re~ain stable- However 3ucherer (50) has uointed 

out that pyridine will add bisul~hi te t·~ form a simiLar addition 

c 8rf:pound, ·J6H5N. 3NaHso
3

. 2H2o, and in this case no carbonyl 

group would be involved. 

Holmberg (51) has conducted a series of model experiments in 

which he showed that methylphenylcarbinol and di'Jhenylcarbinol 

formed bisulphite reaction products as f~llows: 
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Physico-chemical Aspects of the Reactions of Lignin 

with Aqueous 3i sulphites. 

The rate of extraction of lignin fr:)m wood in the 

Sulphite Process is ::;ontrolled by three distinct factors: 

( 1) the rate of penetration of the sulphite liq.1 or into tll e 

wood chi9, ( 2) the rate of sulphon9ti on of the lignin to form 

an insoluble sulpnonic acid, and, (3) the rate of solution of 

the latter. ~ith the use of a finely divided wood-meal the 

penetrati'Jn factor becomes negligible and it is thus p·~ssible 

to study the second and third stages, and to determine which 

is the c::Jntrolling factor in the ra.te of solution of the lignin 

fr Jr~~ the wood. 

If a sulohite cook is stopped before all the lignin has 

passed into so:ution, the residual lignin in the pulo that is 

obtained is found to be sulphonated, but it is not in a form in 

which it is soluble in water. However on boiling this nulp 

with dilute hydrochloric acid t~e lignin sulohonic acid passes 

into solution, and H~gglund (52) has concluded that this is the 

result of a hydrolytic reactiJn, possibly involving a glucosidic 

linkage between the lignin sulph)nic acid and carbohydrates. 

-,~/hen wood is trested with sulp~lite CO')king liq"J.or h2ving a 

low free sulphurous acid conte_J.t, su'.:_:h as sodiwn bisulphite 

(without the addition of th~:: excess sulphur dioxide), +he lignin 

sul:phons tes readily, but the hydrolysis is gre~tl-x,r delayed due to 

the low hydrogen ion concentrati;n. The pulu so obt~ined is 



- 27 -

characterized by high lignin, sulphur and n~ethoxyl content. 
11 

(53) Hagglund tre3.ted such a pulp for 1 hour at 135°C • with 

buffered solutions of H3Po4. K3P04. At a pH of l~g5, over 

90% of .Lhe lignin passed into soluti Jn in 1 hour, v.~hile at a 
:1 I# pH of 3.53, only 50~ of the lignin had dissolved, and Hagglund 

concluded that the rate of sol~tion of the lignin ~t the end 

of the cook is deGendent Jn the pH of the cooking liquor. 

Stangeland \54) considers the removal of the 11 enorust·-:nts'' 

from the wood by the sulphite process to proceed as 9 first order 

reaction, in which the hydrolysis re~otion determines the total 

rate of the process. 
11 

The work of Hagglund has shown th~t the rate of deli~1ifi-

cation is slow at the very begi:.'J._;_ing of the cook, due to the 

time required for the sulphonation. 3y commencing the cook 

at the maximum temperature, rather than t:-3~(ing one or two hours 

to bri"1g the temperature to 110°0., Yo:rston (55) has confirmed 

this observation. From a kinetic study of the reaction he 

finds that the rate of sulphona.ti )n at any tin~e is proportional 

to the unsulphonated lignin remaining in the pulp whlle the 

rate of removal of sulphur from the ;:>ulp, which is an index of 

the sulphonated lignin, is proportional to the quantity of 

sulphonated lignin present. 

Kullgren (56) also considers thQt the delignification of 

wood depends upon the initial formation of an insoluble lignin 

sulphonic acid complex. Now this would exist largely as ~he 
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calcium salt, but there would be a. certain equilibrium 

between the salt and the free acid. Kullgren considers 

that only the portion which existed in the form of the free 

acid would pass into the soluble lignin sulphonic acid. 

Then immediately a new equilibrium would be formed between the 

calcium and hydro~en ions, resulting in further solution. 

An undercooked sulphite pul9 -vYill of course contain the 

insoluble calcium lignin sulphonate com~lex and i~ this is 

washed with dilute hydrochloric acid, cation exchange takes 

place betvJeen the calcium and hydr-Jgen ions in the pulp. A 

pulp so treated wa.s washed 1"1'i th wa-':.er and then in three 

experiments Kullgren refluxed it at 1J0°C. ~ith (i) distilled 

water, (ii) 0.004 IJ HCl and (iii) 0.004 N HCl solution which 

was also 0.04 N with res~ect to Na~l. 

In the first two exoerL11etns in which the insoluble lignin 

sulphonic acid complex existed as such rather than as the sodium 

salt, its solution proceeded very ra::>idl·~ and gt the same rate 

in both cases. aowever, he found that in the presence of the 

sodium chloride practically no extraction took ulace in spite 

of the acidity of ~he medium. From this extremely interesting 

observation he concluded that the rate of solutiJn depended on 

the ratio of the free undissolved sulphonic acid to its salt 

which is not necessarily dependent on the pH of the extraction 

medium. .If the solution resulted from the nJrmal hydrolysis 

reaction, the rate w~uld be directly denendent on the pH. The 
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more rapid extraction of the calcium salt at low pH as 

observed by H!gglund might result from this change in the 

cation equilibrium. 

Kullgren, however, overloo~s the fact that the free 

sulphonic acid when in solution shows a lower solubility and 

a much greater te2dency to polymerization than do its salts. 

It hardly seems likely that the solution of the lignin can 

be due to a greater solubility of the free acid. 'Vhen wood 

is heated with sulnhurous acid without the addition of lime, 

dark colored pulps and liq'J.ors are obtained. 

Perhaps these a'?arent discre9ancies may best be 

reconciled if the assum~tion is made that the solid lignin 

sulphonic acid complex undergoes sJme chemical change before 

passing into solution, and that this change is dependent on 

the sulphonic acid radical in the molecule. Such a change 

might be the hydrolysis of a lignin-carbohydrate complex, or 

a depolymerizstiJn of the lignin itself. 

It has been shown by Campbell and Maass (57) that a normal 

cooking liquor of 5 .12'% total and 1. 28·~ combined sulphur dioxide 

at a temperature of 100°0. has a hydrogen ion content of 0.002 

molar and these authors sug~,est that the reason sulphite solu- . 
not 

tions are effective in promoting lignin removal isAbecause the 

sulphite addition compounds are soluble but that the solution is 

so slightly acid under the conditions employed that resinifica

tion of the lignin is minimized. 
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11 
Hagglund (58) agrees with Hibbert (59) that sulphonation 

takes olace in two stages md it is now generally acce-qted (60) 

th2t in the first phase a water insoluble lignin sulphonic 

acid in the solid state is formed and that this in the second 

phase is split into carbohydrate and water soluble lignin 
ff 

sulphonic acid. Hagglund has exrunined these two phases very 

thoroughlv and has found that the soeed with which the first - ~ -

phase takes place is dependent upon thf speed ~i+h which the 

cooking liquor penetrates the chips, and on the ion concentra-

tion. The second phase is mr~inly denendent on the temperature 

and pH of the liquor. The question of the homogeneity of 

native lignin must be considered before proceeding to the various 

chemical mechanisms that have b6en proposed for the sulphite cook. 

Of course very li t~.le is Kno-wn of the exact nature of the lignir: 

as it actually occurs in the pla.nt but the sulphite cooking 

process gives rise to a product which may oe fractionated into 

two components, namely ex and @lignin sulphonic acids. Kla.son 

(61) first showed that the cxlignin sulphonic acid may be 

obtained by precipitation with (-J·naphthylamine hydrochloride 

as ru1 insoluble addition cJmplex of the lignin sulphonic acid 

and the base. Klason (62) pointed out that only aldehydes and 

not ketones will react with this reagent and that therefore this 

reacti:)n of the oclignin sulphonic acid is typical of an aldehyde 

group. The second fraction, the [3lignin sulphonic acid, is not 

precipitated from its acid solution by t3naphthylamine hydro

chloride (63), forms no insoluble barium salt, but may be 
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precipitated with lead acetate as a white solid. 

Klason believed that the tX:.lignin sulphonic acid was an 

oxidized form of the ~lignin sulphJnic acid, because he found 

(64) that the latter when oxidized with hydrogen peroxide in 

the presence of ferric chloride, c~uld then be precipitated 

with ~-naphthylsmine hydrochloride. The resulting product 

closely resembled the additi~n complex fo~rred from the ~lignin 

sulphonic acid and the base. 

It has been shown by Tomlinson and Hibbert ( 65) that the 

various fractions of li?nin sulphonic acid frJlL spruce vvood 

yield on alkaline cleavage, varying amounts of vanillin, 

pointing to a constitutional difference between these fractions. 

" However, Hagglund (66) claims that the lignin is homogeneous in 

the plant but that 1 ignin sulph .)nic acids of varyi~1g particle 

size are forrred dependin~ uoJn Lhe c~nditions of the eo~~- He 

believes th:::t the f ract i Jn.~ ti Jn is )rinci·oally 8 question of 

sal ti~1;5 out anj -:-hat s )dium chloride, salts of aromatic amines, 

alkaloids, etc., s2Llt out +he less finely disoersed lignin 

sulphonic acids which are desi~n?ted as ~lignin sulphonic 

_as id. The oortion which cannot be preci1Ji tated in tl1is 

manner he believes t J be in a finely dispersed c·Jndi ti Jn as 

shown by -<::he ease wi t:1 which it passed through a parchment 

membrane. This & lig~~1in sul-::>honi:: acid is further character-

ized by its ability to reduce Fehling's solution and its hi~h 

degree of sulphonatiJn. This ~ay be due to the fact that the 

(3 lignin sulphonic acid is less highly polymerized and that 
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there are consequently more free aldehyde groups present 

in the aliphatic portiJn. In RCC8rd ~ith this it has a lower 

methoxyl content and holds more sulphur dioxide in loose cam-

bina.tion than does the oclignin sul-oh0nic acid. 

Organo-chemical Aspects of the HeactiJns of Lignin wit~ 

Aqueous Bisulphites. 

A great number of theories he_ve been advanced with regard 

to the actual groupings in the lignin to which the so 3H 

radicle becomes attached. For some time it has oe2n knc:~'\Jn that 

a portion of the sul9h,~r C')nsu~:L~ed in the formati::>n of li~"nin 

sulph:::>nir.-; a.:ids is firmly and irreversibJ.y b·Jund, while another 

·:-;ortion is held lo8sely and way be removed by acid or al{ali. 
If 

Hagglund (jnd ~Jarric~ (6?) fQund tha.t, of the t )t;::l sul-ohur con-

sumed, the loosely bound sulnhur dioxide reoresented 20-301a, 

the firn~l ,r bound 50-601,, and that ab·)ut 20Js was oxidized, 

presumably b~y atm0spheric oxygen t0 sul-phuric acid. Sulphur 

contents have besn rep~rted in the literature varying from 4~ 

(6g) to 12~ (69), althou~h the avera~e value is about 61. 

For this reas')n it seems very pr::>ba.ble th8t the calcium 

-bisulphite reacts with more than one type of group in the lignin. 
' 

At least one of these groups is necessary fJr the subseque~t 

solution of the lignin and reacts quite readily. A second and 

possibly a third gr)up react with rel~tive ease but beyond thRt 

stage high temperature and ·'Jr·Jlonged heatin6 :-_;re necessary. 

" . Hagglund suggested (70) that the lo~s~ly oound sulphur was 
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attached to an aliphatic group or to a pyrocatechol residue 

with which it was bound through the keto form. 

Klason (71) in 1893 suggested that lignin sulDhonic acids 

were bisulphite addition products of a tautomerized phenol, but 

later, in view of his work on the -precipitation of lignin 

sulphoni ,::; acids with tJ naphthyl amine hydrochloride, ( 72) 

considered that the sulphurous acid adced to an acrolein group 

in the lignin, 

R ''"'iH=r.-q CHO •- 'v--· 

OH 

' ----l>~ R. OH2 • CH .GHSO -m I . / 
srryH 

As has been Jointed out there is "<rery lit~le evidence indicating 

a difference in chemical structure bet~een the two fractions 

which would account for the precipit8tion of one and not the 

other when ~naphthylamine hydrochloride is added. Kl ~_son 1 s 

orignal idea. was that the formati-)n of an inner cyclic salt was 

necessary to explain the insolubility of the 9roduat, and that 

the t3lignin sulpnonic acid cont~ined :n acrylic scid ra+her 

than an acrloein grouq. Reference has already heen made to the 

fact that in 1928 (64) he found that the tsacid, after treatment 

With hydrogen ;_)eroxide, C8Uld then be DT'2CiOi tated With rs-
naphthylamine hydrochloride- ~lason explained this by 

assuming that the origi~1al ~lignin s:~lpho:1ic acid contained an 

acrylic alcohol, ra-ther than the acrylic a(:id group which had 

previously been considered prese~t. Oxidntion with the neroxice . 
would then convert the acrylic alcohol into an acrolein derivative. 
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capable of f~rming a cyclic salt with the {!J naphthylamine 

hydrochloride. " However, as has been mentiJned, Hagglund 

considers the differen~e is n~t so much a chemical one as a 

question of different states of molecular aggregatiJn. 

Freudenberg (73), in 1932 9roposed, instead of his 

original view of addi ti Jn to the aromatic nucleus, the direct 

addition of sulphurous acid to ethylenic double bonds in the 

lignin complex. Since lignin is known to contain an 

insufficient number of double bonds to account for this the~Jry, 

Freudenberg assumed that water is fiTst eliminated between a 

methylene group and an adjacen+ sec')nd~ry hydrJxyl, and that 

the sul?hurous acid then added t0 the resulting double bond. 

He considered that the reaction might be a direct eliminati~n 

of water or else that it might oroceed throu~h the initial 

formatiJn of a sulphite ester, from which sulohurous acid could 

be eliminated to form tne double bond. 

-CH -CH-
2 OH 

-H 0 H2SOl 2 ~ -OH==-Crl- --...... ~~ -Cl2-C1-I
SO H 3 

t 

As will be observed fro~ these reacti~ns one hydroxyl 

group is lost for each sulJhonic acid grouD whi~h is intra-

duced into the lignin com9lex. " Hagglund and ~~ a.rlsson (74) 

showed that this is not the case si~ce both the lignin 

sulphonic acid and the originsl lignin on methylati'Jn gave the 
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same meth Jxyl value, and fr )ffi these results :Jostul::;_ted thst 

for every sulDhJnic acid group which entered there was also 

formed an hydroxyl group which c Juld be Yneth:.rlated. They 

interpreted their results on the hy~Jthesis that an ethvlenic 

oxide ring was o)ened during the sulphonation with the 

formatiJn of the sulphonic acid group on one carbon and the 

new hydroxyl group on the adjacent carbon atom. In view of the 

fact that there was no ex~erimental proof that the oxygen ring 

which was ope~ed Pas of the ethylene oxide ty?e q~gglund at a 

later date (75) changed his hy·>othe~is tJ include any oxygen 

ring. 

Freudenberg (?6) has recently su~~orted this theory and 

has produced eviden·::e to sho,F: t:lat this new hydr·Jxyl group 

is :phenolic and is methylatable with diazomet'1r~ne. Freudenberg 

conducted a 2erie3 ::;f experiments using Ercl.tman•s acid, which 

iS f )T~Led the oxidstiJn of t1ti·o molecales of isoeugenol. 

mech::oni sm is as sur.:ed tote as follows: 

OH 

+ 

00H 
3 

('I u -1'"1 H 
·J '.13'-.J 

11 

CH 

"""'H VJ ... 3 

OH 

> 
H 

'"'u ,.,H Vll3-'.J-

ll 
CH 

~H3-r 
HC----0 

OH 

~he 

(A) 
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(A) oxida.t ion> 

(B) 

OH 

This acid was treJted with sulohurJus acid under the conditione 

of the sul9hi te coo:z and the sul:Jhonati.Jn product as ;v..rell as the 

methylated derivatives were a~signed formulae, 2lthough there was 

no complete 9roof of structure. 

(B) 

H 

CH3r 

COOH 

H2so3 )lr HC -so3H 

OH 

H 

CH3f 

lr,H 
3 

Htj --S020jH3 

OCH 
3 

Oxidation gave 17% veratri8 acid and 4% isohemipinic acid out 

of a calculated 39 and 4s(i respectively. ·rhe for;nation of 

these acids was in accord with the results obtained when lignin 

itself was treated in the sru~e man~er. The low yiel~s were 

explained as teing due to the fact th~t tje sul)honated oroduct 
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had polymerized and hence only the terminal groups were 

liberated. It should be noted that these model experiments 

account for the formation of a new hydroxyl group for each 
If 

sul~honic acid group formed, as was shown by Hagglund and 

Carlsson (74). 

Freudenberg upholds Hibbert's view that in the lignin 

sulphonic acid the sulphanic acid grou) is adjacent to the 

aromatic nucleus. Tomlins:Jn and Hibtert ( 77) found that 

vanillin was obtained by b·')iling lignin sulphonic acids from 

spruce wood with alk~li and furtherm~re that methylated lignin 

sulphonic acids yielded veratric aldehyde. This afforded 

conclusive proof that the original lignin sulphonic acid con-

tained a free phenolic hydroxyl group. The fact that only 

sulphonated lignins yield vanillin on boiling with alkali 

indicated th~lt the presen<~e of the s~1lphonic radicle is essential, 

and indicr;~ted further th?t it is Drobably adjacent to the 

g~aiacol nucleus. 

follows, 

The Tomlinson-Hib cert expla.na~t ion was as 

reverse 
> 

aldol 

If the following grouoing were Jresent in the n~·tive lignin, 

CH
3
o 

HOOCH=CH~C-.. 
0 
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sulphurJus acid would a5d readily tJ the conjugated system 

to give a sulphonic acid. However Tomlinson and Hib:Jert 

found that the chalcJne, 3 hydroxy, 4 methoxy benzalacetophenone 

gave rise to an go1o of the theoretical 7ield of vanillin on 

boiling in alkaline solution. Therefore if the 1,4 conjugated 

system existed in the native lignin then a high yield )f 

vanillin should be obtained by bJiling the woodmeal with alkali 

without the ntevious sulphonation. As this is not the case 

it is therefore doubtful that ~~e above group exists in native 

lignin. 

Holmberg (?8) has com-p~red the reaction between thiJgly-

collie acid and lignin with that of sulphurous acid and lignin 

and has concluded that the twJ mechanisms are identical. As 

a result of his intensive studies he believes that a hydroxyl 

group of the lignin molecule reacts with the mercanto grouu of 

the thioglycollic acid thr ~;-u _:h the elimination of water, and he 

suggests the possibility that in the sulphite cooking urocess 

the bisulphite reacts with an alcoholic hydroxyl group accord

ing to the equation: 
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Recently Ahlm Bnd Brauns (79), in an investigation of the 

reaction of thioglycollic acid with spruce lignin, have ob

tained results which indicate that with the entrance of each 

new thioglycollic acid group no new hydroxyl group is formed 

nor is a hydroxyl group split ~ff. 

Brown and Brauns (80) made an extensive investigation into 

"The Effect of Pretreatment of Spruce Wood on the Reaction in 

the Sul-phite Cooking Process". These auth'Jrs ran parallel 

sulphite cooks under the s~e conditions on a sample of native 

spruce woodmea.l and also on a sa.rn9le o~ the same woodme~l which 

had been methylated with d.iazomethane. They found that the 

unmethylated woodmeal gave a norm2l ~ul9 containing about 3% 

lignin, but that the methylated W)odn~eal gave a -oulp which had 

the same lignin c-;ntent as the starting material. 

In view of the fact th2t the methylations were carried out 

in neutral solution and at low temperature the authors decided 

that an hydroxyl group nresent in the orit:inal lignin played the 

decisive role in the sulphite cook. Uore drastic pretreatme~t of 

the original wood meal such as the action uf acids or alkalies, 

was found t') greatly hinder the process of the delignification 

with the sulphurous acid- They suggested that these reagents 

might bring about a c0ndensation or a polymerization of the ligLin. 

Brown and Brauns are of the belief that the sulnhite cook 

takes place in two stages. The first sta~e reoresents the addition 
'---' -

of sulphurous acid t'J the native lignin to fJrm a solid li~nin 
4 ~ -
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sulphonic acid. In the second stage they believe a 

rearrangement takes place, dependent on an hydroxyl group, 

this rearrangerient giving rise t J the soluble lignin sulphonic 

acid. In the methylated wood meal the process is th0u~ht to 

proceed as far as the first step, since analysis shows that the 

lignin after methylstion is still capab~e of binding sulphurous 

acid, but the amount held is considerably less than that held 

by the untreated w8od. The reactiJn st0os at this point, they 

believe, sin8e the blocking of the hydroxyl group orevents the 

rearrangement from tal<ing place. It seems to the writer th9t 

this view of 3rown and 3rauns is open to some criticism since 

there is no indication that the small amount of sulphurous acid 

held by the methylated wood meal is that which is actually 

involved in the rearrangement. It seems more reasonable to 

consider this sulphurous acid as NOT being involved in the actual 

delignification but rather as the loosely bound sulphur which 

is known to exist; and th3t the introducti'Jn of the sulphurous 

acid necessary for the sol~oilization of the lignin is 9revented 

because of the fact th3t the hydroxyl group present in the 

lignin has been bloc~ed by the methylation. 

For sorr1e time it has oeen an established fact that, with 

few exceptions, all lignins isolated by such extract~nts as 

glacial aceti8 acid, formic a~id, sulphuric and hydrochlorin 
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acids, alcoholysis (alcohols plus mineral acid), e~c. are 

insoluble in sulphite liquor. In other words these isolated 

lignins do not form lignin sulphonic acids, a behaviour in 

marked contrast to that of "Protolignin". 

Hligglund (81) has suggested the following mechanism for 

the alcoholysis reaction which gives a lignin which is alkali 

solUble but does not react with sulphite liquor. 

r----, .-- -, 
I I I 

I 
I 
I 

H OR I -6-0 c- OH 
I I 

OR 

He attributes the failure of t~ese lignin preparations to 

dissolve in sulphite liquor to the blocking of the resulting 

aliphatic hydroxyl group by an alkyl rest. 

However oak lignin, isolated by an acety1at ion technique 

(82) has been shown by Steeves and Hibbert (83) to yield a lignin 

sulphonic acid on treatnient with sulphite liquor under the 

conditions of the sulphite cook and this lignin sulphonic acid 

has been shown to yield equal quantities of vanillin and syringic 

aldehyde by alkaline cleavage. The same treatment of the lignin 

sulphonic acid obtained from oak wood meal (i.e. from the true 

native oak lignin) also gives rise to the swne yields of these 
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compounds. Hawkins and Hibbert showed further (84) that 

treatment of the isolated oa£ lignin with glacial acetic acid 

at the reflux temperature or methvlation with either dimethyl 

sulphate or diazomethane rendered the lignin insoluble in the 

sulphite liquor. They produced evidence to show thst tertiary 

hydroxyl groups were involved in the mechanism of the delignifi

cati·)n ':If the wood, by means of aqueous bisul"'Jhites. 

Cuproxam lLznin has been sho'JI.rn by Freudenberg ( 85) to be 

soluble in sulphite liquor. Recently Brauns has obtained a 

lignin (86) which he cansiders to be very similar to the actual 

native 1 i in in. This 11 native lignin" is characterized by being 

soluble in sulphite liquor, but no information is given as to 

its mode o-P isolation or assumed structure. 
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DISCUSSION OF RESULTS 

Introduction 

The properties of birch formic acid lignin have been 

thoroughly studied by Lieff (92) and those of birch acetic 

acid lignin by Bell (42) in these laboratories. Reference 

has already been made to the fact that Bell studied the action 

of oaone on birch formic acid- and acetic acid lignins and 

found that acetone in small yield was a product of the degra

dation of the former but not of the latter. The work of Bell 

was concentrated on the yield of acetone and no reference was 

made to the water soluble and water insoluble fractions arising 

from the ozonization. It was the purpose of this investigation 

to characterize these fractions. Unlike the non-ozonized 

lignins, they are soluble in aqueous bisulphite solution and 

this afforded the opportunity, by their further study, of 

throwing additional light on the mechanism of lignin sulphonic 

acid formation. 
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Formic Acid as a Solvent for Ozonization 

The ozonization technique requires that the ozone-oxygen 

mixture be passed through a solution of the substance under 

investigation. However the marked insolubility of the larger 

fractions of birch formic acid lignin in the usual anhydrous 

organic solvents, such as chloroform and ethyl acetate, renders 

these useless for this purnose. Glacial acetic acid was also 
- c 

found to be unsatisfactory in this respect. The similarity of 

formic to acetic acid, and the fact that the lignin was actually 

obtained by extraction with the former, suggested its use as an 

ozonization solvent. In so far as the writer can determine its 

behaviour has not been previously studied in this respect. 

Consequently it was deemed advisable first to compare its 

characteristics with those of a typical solvent such as ethyl 

acetate, by preliminary ozonization experiments on a number of 

compounds of known structure. 

Maleic acid was chosen as a ty)ica.l unsaturated compound. 

This would vield glyoxylic acid, and any further oxidation of 

the latter would result in the formation of oxalic acid. 

A sample of maleic acid in formic acid solution was subjected 

to ozonization and, after removal of the solvent by distillation 

under reduced pressure, the ozonide was decomposed with water. 

Aliquot samples of the resulting aqueous solution were then 

examined. The absence of oxalic acid was confir~d by the 
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lack of a precipitate on the addition of calcium hydroxide 

solution. This test was shown to be sensitive to as small an 

amount as 0.0005 g. of oxalic acid. The glyoxylic acid was 

determined as its 2,4 dinitrophenylbydrazone and was obtained 

in a yield of 98%. 

Maleic acid was then subjected to a similar ozonization 

in anhydrous ethyl acetate. In this case the yield of glyoxylic 

acid, determined as the 2,4 dinitrophenylhydrazone, was found 

to be only 14.5~· The yield of oxalic acid, determined as 

calcium oxalate, was 80~. 

Since it was_ hoped that a.romatic compounds might be isolated 

by the action of ozone on lignin it was of interest to determi~e 

the stability of certain typical aromatic compounds towards 

ozone. This was done in the two solvents under comparison, 

namely, formic acid and ethyl acetate. 

The first aromatic compound chosen was vanillin. A formic 

acid solution of this compound was subjected to the action of 

ozone for two hours. The vanillin remaining in an aliquot of 

the aqueous solution of the reaction mixture was determined as 

the met a-ni trobenzoylhydra.zone, and was found to be present in 

a yield of 42~ based on the original weight of vanillin. 

Another aliquot of the reaction solution was extracted with 

ether and the vanillin isolated and purified by sublimation. 

This method gave a yield of 48%. No oxalic acid was formed 

in this reaction. 
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The ozonization was then repeated using anhydrous ethyl 

acetate as the solvent. Neither oxalic acid nor vanillin was 

found in the reaction mixture. The ethereal extract of an 

aliquot of the reaction mixture gave, on sublimation, vanillio 

acid in a 21% yield. 

Veratric aldehyde was then ozonized in both formic acid 

and ethyl acetate solution. The reaction mixture from the 

ozonization in formic acid was found to contain 62~ of unchanged 

veratric aldehyde, determined as the meta-nitrobenzoylhydrazone. 

No formation of oxalic acid took place. With ethyl acetate as 

solvent for the ozonization no unchanged veratric aldehyde was 

left but veratrio acid was found in a 45~ yield. 

of this study are summarized in Table I, page 47. 

The results 

Thus it is seen that formic acid, in comparison with ethyl 

acetate, possesses some rather unique properties in rega.rd to its 

use as a solvent for ozonization. A very definite protection 

of the aldehyde group from oxidation is evident a.nd furthermore, 

the degradation of the aromatic nucleus is lessened by its use. 

In the case of the maleic acid the formation of the oxalic acid 

is undoubtedly due in part to oxidation of the glyoxylic a.cid, 

formed on decomposition of the ozonide, by the hydrogen peroxide 

formed simultaneously. 

HOOC.CH=HC.COOH HOOC.CH---HC.COOH 
I I 

0-0-0 

HOOC. CHO + OHC.COOH + 

HOOC .CHO + -----::>~ HOOC. COOH + 
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TABLE I 

FORMIC ACID Atm ETHYL ACETATE AS OZONIZATION SOLVENTS 

Original Formic Acid Solvent Ethyl Acetate Solvent 

Compound Substance Yield Substance Yield 

Maleic acid Glyoxylic acid 98% Glyoxylic acid 15% 

Oxalic acid 80~ 

Vanillin Vanillin 45% Vanillic acid 21% 

Veratric Vera.tric Veratric 
6~ 45~ 

aldehyde aldehyde acid 



- 4g-

It should be noted that this explanation, in view of the 

yield of hydrogen peroxide formed, accounts for the formation 

of only a 50~ yield of oxalic a.cid. It now becomes necessary 

to explain the lack of oxalic acid formation when formic acid 

is used as the solvent. This is in all probability due to the 

fact that the formic acid used was not of an anhydrous nature 

but was of 95~ strength and thus the ozonide first formed was 

immediately decomposed by the water present to form glyoxylic 

acid. It is known that hydrogen peroxide reacts with formic 

acid to produce carbon dioxide. This fact would also explain 

the large percentage recovery of vanillin and veratric aldehyde 

when formic acid solvents are used, the oxidizing effect of the 

ozone being exerted on the formic acid rather than the compounds 

in question. 

These facts seemed to indicate that in any furthe~ 

investigation of this problem formic acid might serve as a 

valuable and unique ozonization solvent. This was not inves

tigated further however, since the primary object has been to 

ascertain its applicability as a solvent for the ozonization 

of lignin. 

It will be noted that vanillin a.nd veratric aldehyde 

undergo considerable decomposition on ozonization but it should 

be borne in mind that these compounds are subjected to the action 

of all the ozone that is passed into solution, i.e. there is 

present no ethylenic double bond to which the ozone can add and 
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thereby be absorbed. In view of this fact vanillin and 

veratric aldehyde must be regarded as being comparatively 

stable under the conditions employed. The degradation using 

formic acid as the solvent was found to be somewhat less than 

when ethyl acetate was used in this capacity. Of considerable 

importance is the fact tha.t no oxalic acid was formed due to 

the decomposition of these aromatic nuclei by the ozone. 

This will be discussed in a later section. 
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The Ozonization of Lignin 

In two separate experiments 10 grams of the dioxane soluble 

fraction of birch formic acid lignin were dissolved in 250 cc. 

of formic a.cid and subjected to the a.ction of 6.65 grams of 

ozone. After removal of the solvent under reduced pressure 

the residue was distilled with water and acetone was identified 

in this distillate as the 2,4 dinitrophenylhydrazone. The water 

insoluble lignin fraction was obtained by filtration of the 

aqueous solution. The filtrate, after continuous extraction 

with ether, was evaporated to dryness and the water soluble 

lignin fraction obtained by precipitation of this residue from 

acetone into ether. Oxalic acid {1.2 grams) was identified 

in the ether extract. 

The average yield of the water insoluble fraction was 

1.4 grams or, in other words, the ozonization had converted 86% 

of the lignin into water soluble products. Of this 86% an 

average of 51% was recovered as the water soluble lignin fra.otion. 

The remaining 35~ was accounted for as ether soluble material, 

of which 6~ was identified as oxalic acid. There was observed 

a very marked decrease in the methoxyl content of the lignin. 

Thus the original lignin had a methoxyl content of 16.5% which 

dropped on ozonization to an average of 5.4~ for the water 

insoluble fraction, and to 4.61, for the water soluble fraction. 

These results are summarized in Table II, page 51. 



Birch Formic Acid 
Lignin 

10 g. 16.5% OCH3 

Birch Formic Acid 
Lignin 

10 g. 16.5% OCH3 

QJ 

03 

TABLE II 

THE OZONIZATION OF BIRCH FORMIC ACID LIGNIN 

Water insoluble Fraction- 5·3% OCH3 
Water soluble Fraction - 4 .• 5% OCH3 

11~ yield 

54% yield 

Aqueous distillate - Acetone 0.005 g. or 0.03~ 

Ether extract of 
aqueous solution - Oxalic acid 1.2 g. or 6% 

Water insoluble Fraction - 5·6% OCH3 
~Water soluble Fraction - 4.7% OCH3 

17% yield. 

48% yield 

~ 65% 

~ 65% 

\J1 ....., 
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The yield of acetone was extremely small, namely 0.03~, 

as compared with a value of 1.35% obtained by Bell (42) on the 

ozonization of a chloroform soluble fraction of birch formic acid 

lignin. This is explained by the fact that the ozonization by 

Bell had been carried out in anhydrous chloroform, whereas the 

work under discussion had been done in 95% formic acid. 

The presence of this 5% of water in the reaction mixture would 

cause the ~mmediate splitting of any ozonide formed and thus the 

larger amount of the acetone, if formed, would be expected to 

be swept out of the reaction mixture by the stream of oxygen

ozone mixture passing through it. It should also be pointed 

out that all of Bell's work was done on chloroform soluble 

lignin fractions in contrast to the chloroform insoluble fractions 

used in the present work, and there does not exist any evidence 

that the grouping responsible for the acetone production exists 

to the same extent in the two different fractions. In this 

connection it might be well to note that Kuhn and Roth (31) have 

found that, in addition to isopropylidine gfoups, isopropyl 

groups also tend to form acetone under the action of ozone, 

especially when the latter are in close proximity to hydroxyl 

groups or double bonds. 

The yield of oxalic acid was found to be 6% and it seems 

very probable that this compound arose from degradation of the 

aliphatic portion of the lignin complex sin.Je, as has Previously 

been pointed out, no oxalic acid is formed by the action of 
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ozone on typical aromatic compounds such as vanillin and 

veratric aldehyde. 

The water soluble, and water insoluble ozonization 

products were then subjected to a methylation study, using 

both diazomethane and dimethylsulphate as well as following 

the dimethylsulphate treatment by one with diazomethane. 

The results of this study are summarized in Table III, page 54. 

It will be observed that neither dimethylsulphate nor 

diazomethane alone (with the exception of sample II-B') is 

capable of fully methylating the ozonized lignins and that they 

still retain their alkali solubility. Methylation with both 

reagents, however, gives a product which is insoluble in alkali. 

The methylation with diazomethane following the dimethylsulphate 

treatment adds approximately 10% methoxyl to the sample and this 

is also the amount of methoxyl lost when the diazomethane 

methylated sample (I-B) is treated in the cold with alkali. 

The original lignin on ozonization was found to have lost nearly 

this same value of 10% 



TABLE Ill 

SUMMARY OF THE METHYLATION STUDY OF THE PRODUCTS FROM THE OZONIZATION OF 

BIRCH FOR.MIC ACID LIGNIN~~ 

Li in 
16·5rOCH3 . I 

03 

Water soluble Fraction Water insoluble Fraction 

Exp.I-A. 4.7% OCH3 

CH2N2 

I-B. 21.2% 0CH3 Alkali soluble. 

5% NaDH 

1-C. 11.0% OCH3 Alkali soluble. 

Exp. II-A. 4.5~ OCH3 

Me2so4 

I I-B. 16.2% OCH 
Alkali soluble.3 

CH2N2 

I! -0. 25.2% OCH3 
Alkali insoluble. 

Exp.I-A'. 5.6~ OCH3 

Me2solJ. 

I-B'· 12.4~ OCH3 Alkali soluble. 

CH2N2 

I-C' • 23.7% OCH3 Alkali insoluble. 

* Chloroform insoluble fraction. 

Exp.II-A'. 5·3~ OCH3 

CH2N2 

Il-B'· Alkali 
insoluble. 

I 

\Jl 
-+==-
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With regard to the observed loss in methoxyl on ozonization 

of lignin it was of interest to determine if there existed in 

the lignin a. type of what might be termed 'unstable methoxyl' , 

and if methoxyl which was added to the lignin would remain 

stable to the ozone treatment. For this purpose three samples 

of an acetone soluble fraction of birch formic acid lignin were 

employed; one was ozonized directly, the second was fully 

methylated with diazomethane and ozonized under the same con

ditions and the third fully methylated with dimethylsulphate 

and also ozonized under the s~~e conditions. Yields of the 

water soluble, the water insoluble and the ether soluble 

fractions were determined and methoxyl analyses carried out on 

the various products. 

IV, page 56. 

These results are summarized in Table 

There arose the possibility that the loss in methoxyl was 

due to the splitting off of a fragment having a high methoxyl 

content and which was present in the ether soluble fraction. 

That this was not the case, however, was shown by the methoxyl 

analysis of the ether soluble fraction after removal of the 

oxalic acid. This fraction also showed a decrease in methoxyl. 

Examination of the results in Table IV reveals a number 

of interesting facts. Whereas the yield of the ether soluble 

fraction remains constant to a remarkable degree the yield of 

the water insoluble, and consequently of the water soluble 

fraction as well, appears to depend directly upon the methoxyl 

content. The yield of oxalic acid also remains quite constant, 



TABLE IV 

THE DISAPPEARANCE OF METHOXYL ON THE OZONIZATION OF BIRCH FORMIC ACID LIGNIN 

Water insoluble Water soluble Ether soluble Fraction 
Wt. of Fraction Fraction 

Fraction Wt. ozone 
used. Oxalic Residue 

Yield 0CH3 Yield OCH3 Yield. acid OCH3 

Acetone soluble 
(17 · 3% OCH3) 2·5 g. 1.07 g. 31% 7·05% 40% 6.25% 30% 4.S% -

Acetone soluble 
methylated with 2·5 g. 1.15 g. 56% 14.2% 14% lO.g% 2g% 4. ~.et, 

.. 10.1~ 
CH%N2 

( 24.05 OCH3) 

Acetone soluble 
Methylated with 2. 5 g. o. 97 g. 66% 19.6% 5% 12.75% 30% 4.8~ 15.1~ 

Me2so4 
( 31.55% OCH3) 

I 

I 

\J1 
0'\ 
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and it is suggested that the greater part of this ether soluble 

fraction arises from degradation of the aliphatic portion of 

the lignin complex. It has already been pointed out that no 

oxalic acid is found to arise from the action of ozo~e on such 

aromatic compounds as vanillin and veratric aldehyde. 

Another observation is the fact that there does appear 

to be evidence for a type of •unstable methoxyl' in the lignin. 

Thus when the methoxyl content of the lignin is increased from 

17 to 24% with diazomethane, the methoxyl content of the 

resulting water insoluble fraction is also found to be increased 

by the same amount, i.e. from 7 to 14~, an increase of 7· 

Similarly the dimethylsulphate treatment increased the methoxyl 

content from 17 to 31~ (an increase of 14) and the resulting 

water insoluble fraction was found to have a methoxyl content 

of almost 20% as compared to 7~ for the unmethylated water 

insoluble fraction, which is an increase of 13 as compared to 

the 14 originally added. This unstable methoxyl may exist as 

such by virtue of its mode of linkage or more probably by 

juxtaposition to a point in the lignin molecule at which fission 

takes place under the action of ozone. 



The Structure of Lignin and its Relation to Solubility in 

Aqueous Bisulphite Solution 

The alkaline cleavage of the lignin sulphonic acids from 

a number of different woods has been rather thoroughly inves

tigated. The isolation of vanillin from spruce lignin sulphonic 

" acid by Kurschner (93) has been more recently improved upon 

by Tomlinson and Hibbert {65), who have shown that vanillin 

may be obtained in yields of 6% based on the lignin content of 

the liquor. Still mo~e recently another guaiacyl derivative, 

namely acetovanillone, has been isolated by Buckland, Tomlinson 

and Hibbert (94). Leger and Hibbert (95) have also obtained 

guaiacol itself from the alkaline cleavage of spruce waste 

sulphite liquor. 

In view of the distinctly higher methoxyl content of hard 

woods as compared to soft woods, Hawkins, Wright and Hibbert (96) 

undertook a study of the alkaline cleavage of the lignin sul-

phonic acids prepared from a number of represe~tative hard 

woods such as birch, oa.k and maple. They found that equal 

quantities of vanillin and. syringic aldehyde were obtained, 

the combined yield being of the order of 6%· Further inves

tigation by Leger and Hibbert revealed the presence of the 

syringyl analogues of acetovanillone and guaiacol in the 

alkaline cleavage product from birch waste sulphite liquor. 

Thus acetosyringone, but no acetovanillone, was found to be 
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Present (97); and the analogue of guaiacol, namely pyrogallol 

1,3 dimethyl ether, was also isolated in small yield (98). 

Since it was found by the author that the water insoluble 

ozonization product from formic acid lignin was soluble in aquecus 

bisulphite solution, presumably with formation of a lignin 

sulphonic acid, it became of interest to determine the effect 

of alkaline cleavage on this newly formed product. 

Before this investigation could be undertaken, however, 

it was necessary to determine the minimum amount of ozonization 

of the lignin which would render it completely soluble in aqueous 

bisulphite solution. For this purpose numerous runs were 

carried out on identical samples of birch formic acid lignin 

with varying percentages of ozone. The methoxyl content and 

percentage solubility in standa.rd sulphite liquor under stand

ardized conditions was determined on the water insoluble fraction 

resulting from the ozonization. In addition it was found that 

birch acetic acid lignin and maple ethanol lignin also gave 

rise to bisulphite soluble fractions on ozonization. The results 

of this study are incorporated in Table V, page 60-

It was also observed that a continued refluxing of the 

ozonized lignin with water after removal of the formic acid 

solvent somewhat increased the solubility in sulphite liouor. 

The relation of loss in methoxyl to increased solubility in 

sulphite cooking liquor, and the increase of the latter with 

increasing ozonization, is shown in the graphs on page 61. 
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RELATION OF DECREASE IN METHOXYL ~~D INCREASE IN SOLUBILITY IN 

SULPHITE LIQUOR FOLLOWING OZONIZATION OF LIGNIN 

Water insoluble ~ Solubility 

Run wt. % OCH3 
g. of o3 g. of 0~ Fraction Loss in in Sulphite 

added react in OCH3 
Liquor 

1o yield ~ OCH3 

Formic acid Lignin - Acetone soluble Fraction -

1. 2 g. 18.55 0.189 0.167 95% 15·9 2.65 36~ 
l 

2. 2 g. 18.55 0.341 0.290 88'% 13.£55 4.7 61% 0'\ 
0 

3· 2 g. 18.55 0.426 0.368 68% 11.65 6.9 88~ 

3b· Water Treatment 11.5 0.15 10~ 

4-. 2 g • . 18.55 0.4-85 o. ~.04 726/o 12.5 6.05 78dfo 

4b. Water Treatment 11.75 0-75 85~ 

6. 2 g. 18.55 0.502 0.396 73cfo 12.6 5·95 73% 

7· 2 g. 18.55 0.505 0.405 65% 11.~5 7·1 8~ 

]o. ·water 'l'reat.t.ueat 98% 

-
8. 2 g. 18.5'5 0.590 Q,lf.63 60~ 11.8 6.75 8~ 

9· 2 g. 18·55 0.705 0.544 53% 10.85 7·7 93dfo 

Formic Acid Lignin - 90% acetone-water soluble Fraction-

10. 2 g. 15·5 0.606 0.462 74% 9·5 6.0 88% 

5· 2 g. 15·5 0.488 0.394 82% 10.4 5·1 76% 

14. 2 g. 15·5 0.538 0.432 75% 9·6 5·9 87~ 

Acetic Acid Lignin - Acetone soluble Fraction -

11. 2 g. 18.7 0.280 0.223 66% 14.5 4.2 62<t 
llb. Water Treatment 65% 
12. 2 g. 18.7 0.498 0.371 53% 12.85 5·85 86~ 

13. 2 g. 18.7 0.350 0.278 60% 14.2 4.5 754/c 

Ethanol Lignin -

15. 2 g. 26.0 0.580 0.434 62% 17·5 8.5 72% 
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THE ACTION 0~ OZONE ON LIGNIN 

• Increase in solu:Jility of birch formic acid lignin in 

sulphite liquor with increasing ozonization. 

o Increase in solubility of birch formic acid lignin in 

sulphite liquor with loss in methoxyl. 

Grams of ozone re:.joting-
0.6 lOO~------O~.l _______ o~.2~-----0~·~3 ______ o~·-4 ____ ~o_.~5----~~-
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From these results the amount of ozone necessary to bring 

about 100~ solubility in sulphite cooking liquor of formic acid 

lignin was calculated. The ozonization was carried out and the 

resulting water insoluble lignin fraction was then cooked with 

sulphite liquor in the usual manner. A portion of the 

resulting liquor was freed from inorganic material by dialysis 

and the purified lignin sulphonic acid recovered and analysed 

for sulphur and methoxyl. The remaining liquor was subjected 

to alkaline cleavage in 24% sodium hydroxide and vanillin and 

acetovanillone were identified as products of this degradation. 

These compounds were found to be present in approximately 

equal yields of 1% based on the lignin content of the liquor. 

A similar procedure was next carried out on birch acetic 

acid lignin, and again vanillin and acetovanillone were formed, 

this time in somewhat higher yield, (2.7~ in each case). 

The similarity of these results with those obtained in the 

isolation of vanillin, acetovanillone, etc. from lignin sulphonic 

acids prepared from the protolignin pointed to the fact that 

these newly formed lignin sulphonic acids from formic and acetic 

acid lignins were indeed comparable to the usual type of lignin 

sulphonic acid; and further, that any evidence on the mechanism 

of the formation of these sulphonic acids might be justifiably 

compared to that of the reaction of protolignin itself with 

sulphurous acid. 
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For this reason the solubility or non-solubility in sulphite 

cooking liquor of a large number of lignin samples, both before 

and after ozonization, before and after methylation with 

dimethylsulphate and/or diazomethane, after treatment with the 

Grignard reagent, etc. was determined. Some of the results 

are summarized in Table VI, page 64 and Table VII, page 65; 

others will be described subsequently. 

The next section will be devoted to a discussion of the 

theoretical implications of the experimental results and the 

additional experimental data will be presented as the various 

points under discussion are developed. 



- 64 -

TABLE VI 

SOLUBILITY IN SULPHITE LIQUOR OF VARIOUS LIGNINS qEFORE AND 

AFTER OZONIZATION 

(1) Formic Acid Lignin 
( 1 7 • 3% OC H ) Oa 

INSOLUBLE. 

(2) 1. above treated 
with CH N 

(24.05% o6H2
) 0~ --""""'----=----1 

INSOLUBLE. 

(3) 1. above treated 
with Me 2 S011. 

( 31. 55~ OGH J 03 
~-"""----~.....J 

INSOLUBLE. 

Water insoluble 
Fraction 

( 7 • 05% OCH3) 

Water soluble 
Fraction 

( 6. 25% OCH3) 

Water insoluble 
Fraction 

( 14. 2% OCH3) 

:Water soluble 
Fraction 

( 10.8% OCH3) 

Water insoluble 
Fraction 

( 19. 6°h OCH3) 

Water soluble 
Fraction 

( 12 • 7 5~ 00 H
3 

) 

Completely SOLUBLE. 

Completely SOLUBLE. 

Completely SOLUBLE. 

Completely SOLUBLE. 

Completely SOLUBLE. 

Completely SOLUBLE. 

INSOLUBLE - Insoluble in Standard Sulphite Liquor at 110° for 12 hrs 

SOLUBLE - Soluble in Standard Sulphite Liquor at 119° for 12 hrs. 



TABLE VII 

SOLUBILITY IN SULPHITE LIQUOR OF VARIOUS PRODUCTS FROM THE 

OZONIZATION OF FORMIC ACID LIGNIN ..::-

Birch Formic Acid Lignin 
( 16.5% OCH3) 

INSOLUBLE. 

03 

Water soluble Fraction 
SOLUBLE. 

Water insoluble Fraction 
SOLUBLE. 

I-A. 4. 7% OCH3 

! CH2N2 

I-B. 21. 2~ OCH3 
INSOLUBLE 

! 5% NaOH 

I-C. 11. O% OCH3 
SOLUBLE. 

II-A. 4.5% OCH3 

! Me2S04 

!I-B. 16.2% OCH3 
SOLUBLE 

! CH 2N2 

II-C. 25·2% OCH3 
INSOLUBLE. 

I -A 1 
• 5. 6% OCH3 

J Me2S04 

I-B 1 • 12.4% OCH3 
SOLUBLE 

! CH2N2 

I-C '· 23.7% OCH3 
INSOLUBLE. 

* Chloroform insoluble fraction. 

II-A'. 5· 3% OCH3 

JcH2N2 
II-B'. 

INSOLUBLE 

l 

~ 
\..11 
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Theoretical Discussion of Experimental Results 

(a) The Action of Formic a.nd Acetic Acids on Protolignin 

For some time it has been recognized that the action of 

the extractant in the isolation of a lignin must be considered 

as the first in a series of reactions on the protolignin. 

Wright and Hibbert (99) in a study of spruce formic acid lignin 

showed that the more soluble, a.nd therefore simpler fractions, 

had higher hydroxyl and lower methoxyl values than the more 

complex, insoluble analogues. This decrease in hydroxyl value 

with decreasing solubility suggested that increasing aggre

gation of the lignin complex is associated with loss of hydroxyl. 

Wright and Hibbert also produced evidence for the presence of 

what they termed 'hidden hydroxyl groups'· Thus from an active 

hydrogen content of four hydroxyl groups per kilo of native 

formic acid lignin it was calculated that complete methylation 

should give a. product having a methoxyl content of 24.6%. 

However it was found that repeated methylations with dimethyl

sulphate and alkali gave a product having 30~ methoxyl and 

still containing 2 - 3 hydroxyls per kilo. They interpreted 

these results as evidence that new hydroxyl groups appear on 

methylation with alkali and supported this view by showing an 

increase from 4 to 12.5 hydroxyls per kilo and a. decrease in 

methoxyl from 12.9 to 12.0~ on allowing spruce formic acid lignin 

to stand in the presence of 1% alkali for forty-five days. 
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Thus formic acid may be pictured as increasing the polymerization 

of the protolignin by causing a loss of water between hydroxyl 

groups, this reaction being reversed by the action of alkali. 

A method of isolating lignin by means of glacial acetic 

acid was developed by A. Bell (~2) and was applied to birch wood. 

In general, the properties of the acetic acid lignin were found 

to be similar to those of formic acid lignin. It was demon-

strated that the more soluble fractions contained no 'hidden 

hydroxyl groups' but that the more complex and insoluble fractions 

did appear to contain 'hidden hydroxyls' similar to those found 

in the formic acid lignin. 

From the point of view of the present research the most 

significant change which the protolignin undergoes after isolation 

with formic or acetic acids is its inability to react with 

sulphurous acid to form the water soluble lignin sulphonic acids. 

Due to the action of these organic acids the groups present in 

the lignin complex which are responsible for the sulphonation 

lose this ability. If this action may be assumed to be due 

to dehydration the importance of the hydroxyl groups in the 

sulphonation of lignin is at once apparent. 

A native oak lignin, readily soluble in bisulphite solution, 

is obtained by the acetolysis of oak wood meal a.t temperatures 

not above 30°, followed by a subsequent deacetylation of the 

isolated lignin (82). This isolation for the first time of a 

completely bi'sulphi te soluble extracted lignin is undoubtedly 
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connected with the protection of the hydroxyl groups in the 

protolignin by their acetylation. Hawkins (84) has shown 

that refluxing this native oak lignin (in which the hydroxyl 

groups are now free) with glacial acetic acid causes complete 

insolubility of the reaction product in bisulphite solution. 

In addition, treatment of the oak lignin with methanol-hydrogen 

chloride, a reaction which would be expected to block certain 

hydroxyl groups or possibly result in their disappearance, also 

caused the lignin to become insoluble in bisulphite solution. 

Ozonized birch formic acid lignin, which is completely 

soluble in bisulphite solution, becomes insoluble upon treat

ment of the lignin with formic acid at the reflux temperature .. 

It has also been shown that lignins isolated by alcoholysis 

with ethanol, propanol and butanol are bisulphite insoluble. 

This type of isolation is one in which certain hydroxyl groups 

would be blocked by ether formation. The importance of the 

hydroxyl group in the sulphonation reaction will be shown further 

in the next section. 
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(b) The Action of Ozone on Isolated Lignins 

From the point of view of the solubility of ozonized lignins 

in bisulphite solution the action of the ozone is the reverse 

of that brought about by the action of formic and acetic acids 

on the protolignin in that with the former reaction bisulphite 

soluble products a.re formed. As has been pointed out the 

further action of formic acid on the ozonized lignin reverses 

this reaction to give a product which is insoluble in bisulphite 

solution. Thus the ozone must in some manner create or liberate 

the grouping involved in sulphonation. It has been shown by 

the author that hydrogen peroxide, acting upon formic acid lignin, 

gives a product which is bisulphite soluble; also that continued 

refluxing with water of ozonized lignin results in a somewhat 

greater bisuluhite solubility, thus indicating that a type of 

hydrolysis is in all probability involved. 

The facts in Table VI, page 64, show that complete methy

lation of the lignin, either with dimethylsulphate or diazo

methane, prior to the ozonization has no effect on the bisulphite 

solubility of the ozonized products and thus the groupings 

involved in sulphonation must have been formed as a result of 

the ozone treatment. Perhaps the most natural assumption to 

make with regard to the effect of ozone on lignin, especially 

in view of the usual change involved in the ozone reaction, is 

that carbonyl groups are created, these latter being of either 

an aldehydic or a ketonic nature. To test this theory Grignard 
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analyses of a lignin before and after ozonization, (i.e. of a 

lignin completely insoluble and of one completely soluble in 

bisulphite solution) , were made. Insoluble birch formic acid 

lignin prior to trea.tment with ozone on analysis showed an 

addition of 1.9 mols per kilogram and active hydrogen of 6.25 

mols per kilogram. The bisulphite soluble ozonized lignin 
~ 

showed an increase in addition of 0.6 mols to 2·5 mols per kilo

gram, and a slight decrease in the active hydrogen to 5·5 mols 

per kilogram. These results would tend to favour the assum-

ption that sulohonatio~ is due at least in part to the formation 

or liberation of carbonyl groups during ozonization. This 

assumption was later shown to be incorrect, (page 73), and is 

discussed in detail in the next section. 

The Grigr:.ard analyses cannot be considered as being of 

great value in this study for the following reasons. Greater or 

lesser degradation of the lignin occurs, depending u~on the 

extent of the ozonization, the water insoluble fraction pre-

dominating when the ozonization is comparatively mild. 

From the lignin-like nature of this fraction the essential 

aromatic nucleus is apparently still intact, and only non-nuclear 

fragments seem to have been affected. Grignard analyses of 

this water insoluble fraction indicate the total carbonyl and 

hydroxyl groups present, whereas the actual amount of these 

concerned in the sulphonation undoubtedly constitutes only a 

small fraction. In addition, there is no way in which the 

amount of active hydrogen and carbonyl lost due to degradation 

can be determined. 
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From the graphs on page 61 it will be noted that the 

relation between the loss in methoxyl and the increase in the 

solubility in bisulphite solution is practically linear. 

This loss in methoxyl, however, is to be regarded as entirely 

fortuitous and not directly concerned with the liberation of 

the group or groups involved in the sulphonation reacti~n. 

The relation between the amount of ozone used and the increase 

in bisulphite solubility is not quite linear and is in all 

probability due to the fact that increasi~1g amounts of ozone 

are required as the concentration of reacting groups in the 

solution diminishes, si~ce the ozone does not remain in solution 

unless it reacts but is constantly being bubbled through it. 

Further consider~tion of the action of ozone will be dealt with 

in the next section in connection with the reaction of lignins 

with sulphurous acid. 
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(c) The Reaction ,Q_f LigJlin _Pre:earations with SulEhurous Acid 

Perhaps the most important single piece of evidence in this 

investigation relating to the formation of lignin sulphonic 

acids is the fact that a carbonyl group is intimately associated 

with the ability of lignins to react with sulphurous acid. 

In 1920 Klason (72) postulated the participation of a carbonyl 

group in this reaction but this is apparently the first time 

that direct chemical evidence for this fact has been obtained. 

This has been demonstrated in a number of different i~stances 

which will be described. Furthermore it will be shown that 

this carbonyl group, either active or nascent, is present in 

the original lignin prior to ozonization and is not created by 

the action of the ozone. 

The ozonized birch formic acid lignin (bisulphite soluble) 

was recovered from the Grignard analysis by Precipitation into 

water, washed with water and dried. This sample, in which 

presumably there now existed no carbonyl groups, was subjected 

to a sulphite cook under the standard conditions of 110° for 

12 hours employed throughout this investigation. The sample 

was found to be completely i~soluble. 

Now, in view of this result, if the solubility were due 

to a carbonyl group or groups created by the action of the 

ozone then treatment of the lignin with the Grignard reagent 

prior to the ozonization should have no effect on the subsequent 
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solubility of the ozonized lignin. However this was found to 

be not the case. A sample of birch formic acid lignin was 

treated with methyl magnesium iodide and was found to be insoluble 

in sulphite liquor. The ozonized lignin was also found to be 

insoluble under the same conditions. Thus the carbonyl group 

involved in the sulphonation must ha.ve existed in the original 

formic acid lignin, as is indicated in the following scheme; 

Formic acid Lignin 

INSOLUBLE 

SOLUBLE INSOLUBLE 

03 

INSOLUBLE 

Native oak lignin is believed to closely -re semb.le proto

lignin, especially in regard to its solubility in aqueous 

bisulphite solution. A sample of this lignin was next treated 

with methyl magnesium iodide and the product of this reaction 

was found to be insoluble in sulphite liquor. The ozonization 

of this product gave a material which was also insoluble. 

Further proof of the important role played by the carbonyl 

group in the sulphonation reaction was obtained in the following 

manner. A sample of solvent extracted spruce wood meal 

(4.8~ OCH3) was 'grignardized' by prolonged treatment in the 
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Grignard machine with methyl magnesium iodide. The reaction 

product was dried and subjected to a standard sulphite cook, 

upon the completion of which the pulp was filtered off, washed 

and dried. The methoxyl content of this pulp was 4.1~. 

Comparison of this value with the original value of 4.8~ shows 

that very little delignifica.tion had occurred. 

Bearing in mind these facts concerning the carbonyl group 

it is now necessary to return to a consideration of the hydroxyl 

group and its relation to the sulphonation. Evidence has alrecdy 

been presented to show that the insolubility in bisulphite solution 

of most isolated lignins is due to reactions concerned with the 

hydroxyl group. Furthermore the experiments with the Grignard 

reagent have shown that apparently the carbonyl group involved in 

the sulphonation is not affected by the action of the formic acid 

on the protolignin, since the group exists in the isolated formic 

acid lignin, the 'grignardization' of which destroys the solubility 

of the ozonized product. 

Consideration of the facts in Table VI, page 64 and Table VII, 

page 65, shows the importance of the hydroxyl group in the 

sulphonation reaction. Thus methylation with diazomethane, but 

not with dimethylsulpha.te, in some manner blocks the solubility of 

the ozonized lignin in the sulphite liquor. It appears that 

about 10% methoxyl cannot be introduced by the dimethylsulphate 

and that it is this particular methoxyl that is involved in the 

sulphonation and consequent solubility. It will be noted that 

alkaline hydrolysis of an insoluble lignin (insoluble due to 
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diazomethane treatment) restores the solubility of the lignin. 

This fact would favour the view that the methyl group was on 

an hydroxyl of a rather labile character, possibly of an enolic 

nature. It has previously been pointed out that the particular 

hydroxyl concerned must be created by the action of the ozone 

since complete methylation of formic acid lignin, either with 

dimethylsulphate or diazomethane, prior to ozonization has no 

effect on the resulting bisulphite solubility. Further con-

firmation of this fact was obtained in the following manner. 

Complete methylation of bisulphite soluble native oak lignin 

destroys this solubility. Upon ozonization of this methylated 

lignin the product wa.s found to remain insoluble, thus rendering 
in this case 

very unlikely the possibility thatAthe hydroxyl group concerned 

in sulphonation is liberated by the action of the ozone. 

The dependence of the sulphonation reaction on an hydroxyl 

group was also demonstrated in the following manner. Extracted 

spruce wood meal (4.8~ OcH
3

) was cooked in standard sulphite 

liquor for 12 hours at 110°. The methoxyl content of the 

resulting pulp was 2-4% indicating the removal of a portion of 

the lignin. The low temPerature of the cook is undoubtedly 

responsible for the more or less incomplete removal of the lignin. 

A sample of the same spruce wood which had been methylated with 

diazomethane to a value of 7·2% oca3 was then cooked under the 

same conditions. The methoxyl analysis of the resulting pulp 

was 5· S%. This shows that the great majority of the lignin 

had not been removed and that the blocking of a certain hydroxyl 
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group in the Protolignin with diazomethane had hindered the 

process of delignifica.tion. This result is in harmony with 

the results of Brown and Brauns, (80). 

Recent work in these laboratories by Cramer, Hunter and 

Hibbert (90) on the ethanolysis of spruce and maple woods has 

given rise to the isolation of two new compounds, the ethoxy 

derivatives of I and II, and it is their belief that all 

extracted lignins are condensation polymers derived from 

building units such as I and II or their dismutation isomers. 

I 

~-hydroxypropiosyringone 

CH 0 3 
HO 0 C0-CHOH-CH3 

II 

eX -hydroxypropiovani llone 

In soft woods only II would be concerned, while in the hard 

woods both I and II are believed to ta.ke part in the formation 

of extracted lignins. It was thus of interest to determine 

the behaviour of these compounds to hot bisulphite solution. 

It was found however, that both these comnounds were quite 

stable to sulphite liquor under the standard conditions of 110° 

for 12 hours. In addition, o<-ethoxypropioveratrone was found 

to be stable under the same conditions. Benzoin was recovered 

quantitatively and unchanged after cooking for 12 hours. 

These results quite definitely point to the fact that addition of 

sulphurous acid does NOT take place at the double bond resulting 
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from enolization between adjacent carbonyl and hydroxyl groups. 

Cramer (90) has shown that, on warming with dilute sulphuric 

acid, o<-hydroxypropiovanillone is converted to a light brown 

condensation product to which is attributed many of the properties 

of Freudenberg's 1Cuproxam 1 lignin. However, with regard to 

its action with bisulphite solution, the writer has found that, 

in contrast to Freudenberg's lignin, this material is insoluble 

in hot bisulphite solution. Furthermore it was found that a 

prior treatment with ozone of this material had no effect on the 

bisulphite solubility, a behaviour in marked contrast to the 

results observed in the cases of formic and acetic acid and 

ethanol lignins. 

Formic acid 'lignin' was prepared by refluxing CJC-hydroxy

propioveratrone with formic acid and pouring the reaction 

mixture into water. This gave rise to a lignin-like precipitr.te 

which was found to be completely insoluble in hot bisulphite 

solution. The action of ozone was found to have no effect on 

this solubility. 

The sulphur analyses of the lignin sulphonic acids prepared 

from ozonized formic and acetic lignins were approximately 6%, 

which is of the same order as the isolated lignin sulphonic 

acids obtained directly from the wood. The methoxyl contents 

were, however, considerably lower, namely 3·3 and 6.4% for the 

lignin sulphonic acids from formic a.nd acetic lignins respectively 

as compared to approximately 151c, for an isola_ted birch lignin 

sulphonic acid. The ozonized lignins, before cooking with 



the sulphite liquor, had methoxyl values of 8.3 and 13.3~ 

as compared to 15.5 and 18.8% for the formic and acetic 

lignins before ozonization. 
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(d) Th~ Action of Alkali on Lignin Sulnhonic Acids 

The lignin s~lphonic acid prepared by cooking yellow birch 

wood meal with sulphite liquor has been shown on alkaline 

cleavage to yield 2.7% vanillin and 2.8~ syringaldehyde based 

on the lignin (96). Only acetosyringone, and no acetovanillone, 

was found in birch waste sulphite liquor and the yield was much 

smaller, being of the order of 0.84 (97). Pyrogallol 1,3 di

methyl ether was also found to be present in birch waste sulptite 

liquor in the s111a.ll yield of 0. 2% ( 98). 

In contrast to these results the lignin sulphonic acid 

prepared from ozonized birch formic acid lignin gave rise, on 

alkaline cleavage, to only guaiacyl derivatives, namely vanillin 

and acetovanillone, and in approximately equal yields of 1~. 

The same results were observed when the lignin sulphonic acid 

from ozonized birch acetic acid lignin was subjected to alkaline 

treatment, although in this case the yields were of the order of 

2·7fo based on the lignin. Presumably this is the first time 

that acetovanillone has been obtained from a hard wood since, 

as previoasly mentioned, Leger and Hibbert found only aceto-

syringone in birch waste sulphite liquor. In Table VIII, 

page 80, is presented a summary of the various yields which 

have been obtained by various mea~s from birch lignin sulphonic 

a.cids. 



Compound 

Vanillin 

Syringaldehyde 

Acetovanillone 

Acetosyringone 

Pyrogallol 1, 3 
dimethyl ether 

Totals 

TABLE VI I! 

COMPOUNDS ISOLATED FROM. VARIOUS BIRCH LIC}NIN SULPHONIC ACIDS 
. -

Isolated birch Birch waste Lignin sulphonic acid from 

lignin sulphonic sulphite Ozonized formic Ozonized acetic 

acid liquor acid lignin acid lignin 
--· 

2.7% r 1% .. 
2.70/o 2·9% I 

<» 

2.~~ 2.9% 0 

l 

1% 2.7% 

0.8~ 

0.2% 

5·5~ 6. got, 2% 5·4~ 
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There are two possible explanations as to why no syringyl 

analogues were found in the present investigation. In the 

first place the formic and acetic acid lignins which were used 

had previously been subjected to a solvent fractionation. 

Some workers have even termed those fractions having the higher 
"--· 

methoxyl content, the syringyl fractions, and those of the 

lower methoxyl content the guaiacyl fractions {92). In both 

cases the vanillin and acetovanillone was obtained from fractions 

of the crude lignin having the lowest methoxyl content, and 

the results obtained thus support the correctness of the term 

'guaiacyl fraction•. It must also be noted that the formic 

and acetic acid lignins, previous to the preparation of the 

lignin sulphonic acids, were subjected to a. treatment with ozone. 

Thus there is the possibility that if syringyl radicals did 

exist in these fractions they might be split off as part of the 

water soluble fraction by the ozone. It is difficult to believe 

that the observed demethoxylation upon ozonization could be the 

conversion of syringyl to guaiacyl nuclei. 

Tomlinson and Hibbert (100) in accounting for the production 

of vanillin from spruce lignin sulphonic acid postulated a 

reverse aldol condensation as shown, this aldol being an 

intermediate in the action of the alkali on the lignin sulphonic 

acid. 



- S2 -

> 

In this investigation the production of acetovanillone in a 

yield equal to that of the vanillin might be explained by a 

somewhat similar mechanism, 

> 



- 83 -

Conclusions 

A consideration of the facts which have been discussed 

brings to light some important conclusions regarding the 

mechanism 0f lignin sulphonic acid formation. 

That the sulphonation does not take place at an aromatic 

hydroxyl group has already been demonstrated quite conclusively 

by Tomlinson and Hibbert (lOO) who showed that a methylated 

lignin sulphonic acid gave rise, on alkaline cleavage, to 

veratric aldehyde in place of vanillin. Thus the phenolic 

hydroxyl must be considered as free in the lignin sulnhonic 

acid. 

Perha.ps the most commonly accepted theory of sulphonation 

" is that proposed by Hagglund (74), and later supported by 

Freudenberg (76), and which postulated the opening of an oxygen 

bridge by the sulphurous acid . 

. - - - -, r-_.- - -, 
I I I 
I I I 

R I H2 so 3 
I 

~-S03H 0-R > R-OH 

The only experimental proof offered by Freudenberg in support 

of this theory is his work on Erdtman's acid, proof which is 

open to some criticism because of the fact that the structure 

of Erdtman's acid has not been definitely established {101), 

nor is Freudenberg 1 s analogy between this acid and lignin 

particularly convincing. It is hard to reconcile a theory 
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of this type with the demonstrated action of diazomethane and 

of the Grignaxd reagent, on bisulphite soluble lignins. 

Furthermore, if formic and acetic acid lignins are polymerized 

through the loss of water between hydroxyl groups, and the 

evidence seems fairly definite, then it is just this type of 
fl 

a linkage which the Hagglund-Freudenberg theory postulates 

would be opened by sulphurous acid. However these lignins 

do not react with sulphurous acid. 

The fact that the lignin must be sulphonated before the 

alkaline treatment gives rise to such Products as vanillin 

would seem to indicate that the sulphonation reaction is more 

than merely the addition of the elements of sulphurous acid, 

but that in all probability some type of intramolecular change 

is involved as well. The evidence from this investigation 

points to the fact that this might be the formation of a double 

bond by the elimination of water between an hydroxyl group and 

an adjacent hydrogen. Since ozone (which destroys double bonds) 

creates a bisulphite soluble product it seems hardly likely 

that the resulting solubility could in any way involve a double 

bond. However it is known that a part of the sulphur in a 

lignin sulphonic acid is of the stable type and the only way 

in which this could arise in the aliphatic portion of the 

molecule is by addition to an ethylenic douole bond since 

addition to a carbonyl results in the formation of an unstable 

sulphonic acid. 
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If a vinyl ketone of the following type were formed by 

loss of water in the first stage of the sulphonation reaction, 

III 

then 1,4 addition of sulphurous acid would result in a stable 

sulphonic acid. Alkali could then give rise to acetovanillone 

by a reverse aldol as has been shown, 

If however the aromatic nucleus were at the other end of the 

ali?hatic chain shown in III, the following reactions would 

account for the vanillin production in a manner similar to 

the Tomlinson-Hibbert mechanism, 
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The Predominance of compounds of the c6-c3 
type from the 

ethanolysis experiments on wood carried out in these laboratories 

(90) lends support to the possibility that a unit of this type 

might be involved in the sulphonation of lignin. 
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EXPERIMENTAL RESULTS 

I· THE PREPARATION OF BIRCH LIC1NINS 

(a) Previous History of the Wood. 

The birch log was cut three feet above the ground from a 

tree located in a rather open pure hardwood stand in Quebec. 

The tree was sixty years old and growth had been fairly even 

and reasonably fast. 

The wood was chipped, the shavings air dried and then 

ground to a fine meal of 60-300 mesh. This wood meal was 

successively extracted with alcohol-benzene, alcohol and finally 

water to remove tars and resins. 

then air dried. 

The extracted wood meal was 

ib) The Preparation of Formic Acid Lignin. 

In three separate experiments the birch wood meal was 

refluxed with formic acid (Schering Kahlbaum, 95%) in a flask 

equipped with a mercury sealed stirrer and reflux condenser. 

After 20-22 hours the cooled reaction mixture was filtered 

through cloth on a Bdchner funnel and washed with formic acid 

until the washings were ?_lmost clear. The filtrate was 

evaporated under reduced pressure to a volume of about 100 cc. 

To this was added a litre of water and the flask well shaken. 
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The resulting lignin was filtered through a B~chner funnel and 

well washed with distilled water until the washings were both 

neutral to litmus and colorless. This required some 20 litres. 

The lignin was partially dried under a rubber dam. 

The undissolved wood meal from the first filtration was 

washed with water until the washings were no longer acid to 

litmus and dried under a rubber dam. The crude lignin and 

the undissolved wood meal were then dried in the vacuum oven 

at 55°C. for two days. The weights obtained in the three 

experiments are recorded in Table I. 

(c) The Fraotionation of Birch Formic Acid Lignin. 

Experiment 1. 

The crude lignin was placed in a Sohxlet extractor 

and extracted for seven days with ether. The ether was 

removed from the extractor under reduced pressure and the lignin 

then extracted with chloroform at a pressure of 500 mm. for 

three days. Upon removal of the chloroform from the apparatus, 

extraction was next carried out with acetone at a pressure of 

350 mm. for three days. The lignin remaining in the Sohxlet 

was dissolved in purified dioxane. The chloroform solution 

(250 cc.), the acetone solution (130 cc.) and the dioxane sol

ution (200 cc.) were each filtered and precipitated in a fine 

stream into a tenfold volume of ether. The resulting precip-

itates were centrifuged off from the filtrates, washed with 
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ether followed by 30-50° petroleum ether and dried. After 

thorough drying each fraction was weighed. 

summarized in Table II. 

Methoxyl Analysis: 

{1) Chloroform Soluble Fraction -

~ OCH3- 19.7 {19.7, 19-7) 

{0.02600 g. sample required 20 .. 34 cc. 

(0.02430 g. sample required 19.01 cc. 

(2) Acetone Soluble Fraction -

% OCH3- 17.3 (1?.3, 17.3) 

(0.02490 gT sample required 17.12 cc. 

(0.02840 g. sample required 19.46 cc. 

(3) Dioxane Soluble Fraction -

% 0CH3 - 16.5 ( 16. 5, 16. 5) 

(0.02590 g. sample required 18.08 cc. 

(0.02370 g" sample required 16.60 cc. 

Experiment 2. 

These results are 

of 0.04893 N Na2s2o3) 

of 0.04893 N Na2s2o3 ) 

of 0.04893 N Na2s2o3) 

of 0.04893 N Na2s2o3) 

of 0.04585 N Na2s2o3) 

of 0.04585 N Na2s2o3) 

This fractionation was carried out in the same manner 

as described for Experiment 1, with the exception that 90~ acetone-

water was used as the solvent in the final fractiona.tion rather 

than dioxane. This acetone-water solution was precipitated 

into a .tenfold volume of dry ether. The results are summarized 

in Table II. 
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Methoxyl Analysis: 

(1) Chloroform Soluble Fraction -

% OCH3 - 19.25 (19.3, 19.2) 

(0.02530 g. sample required 19.46 cc. of 0.04893 N Na2s2o3) 

(0.02620 g. sample required 20.00 cc. Of 0.04893 N Na2s2o3) 

(2) Acetone Soluble Fraction -

% OCH3 - 17.4 (17-4, 17.4) 

(0.02510 g. sample required 18.50 cc. of o. 04585 N Na2s2o
3

) 

(0.02590 g. sample required 19.09 cc. of 0.04585 N Na2S~7) 
./ 

(3) 90~ acetone-water Soluble Fraction -

% OCH3 - 15.7 (15•7, 15.7) 

(0.02470 g; sample required 16.44 cc. of 0.04585 N Na2s2o3) 

(0.02740 g; sample required 1S.20 cc. of 0.04585 N Na2s2o~) 
"" 

Experiment 3· 

The crude lignin was placed in a Sohxlet and extracted 

for 47 hours with benzene. The benzene was removed under 

reduced pressure and the resulting residue dissolved in chloro

form (60 cc.), filtered and precipitated into a tenfold volume 

of 30-50° petroleum ether. The lignin was centrifuged, washed 

with petroleum ether and dried. 

After removing the benzene from the Sohxlet under reduced 

pressure, extraction was carried out with acetone for 24 hours 

at a pressure of 500 mm. The acetone solution (500 cc.) was 
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filtered and precipitated into a twenty-fold volume of water 

containing 50 cc. of concentrated hydrochloric acid. The lignin 

" was filtered through a Buchner funnel, washed with water and 

dried thoroughly in the vacuum oven. 

The lignin remaining in the Sohxlet was dissolved in one 

litre of 90% acetone-water solution and precipitated into a twenty

fold volume of water containing 50 cc. of concentrated hydro-

chloric acid. As before, the lignin was filtered through a 
If 

Buchner funnel, washed with water and dried in the vacuum oven. 

For analytical purposes a 2 gram sample of the acetone 

soluble fraction was dissolved in 20 cc. of anhydrous dioxane, 

the solution filtered and precipitated into a tenfold volume of 

30-50° petroleum ether. The precipitated lignin was washed with 

petroleum ether and dried. In a similar manner, 2 grams of the 

acetone-water soluble fraction was purified by dissolving it in 

90% acetone-water and precipitating the filtered solution into 

ether. The product was washed with ether followed by petroleum 

ether and dried. A summary of this fractionation is presented 

in Table II. 

Methoxyl Analysis: 

(1) Acetone Soluble Fraction -

% OCH3 - 18.55 (18.5, 18.6) 

(0.02460 g. sample required 18.95 cc. of 0.07459 N Na2S203) 

(0.01640 g. sample required 12.75 cc. of 0.07459 N Na2s2o3) 
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(2) 90% acetone-water Soluble Fraction -

% OCH3 - 15.5 (15.6, 15.4) 

{0.02761 g. sample required 17.80 cc. of o.o46S4 N Na2s2o3) 

(0.02507 g. sample required 15·95 cc. of 0.04684 N Na2s2o3) 

TABLE I 

THE PREPARATION OF BIRCH FORMIC ACID LIGNIN 

Run 1. Run 2. Run 3· 

Wt. of wood meal· 200 g. 200 g. 'tOO g. 

Moisture Content. 17.4"k 4.6~ 10.9~ 

Wt. of dry meal. 165 g. 191 g. 356 g. 

Volume of formic acid. 1500 cc. 1500 cc. 3000 cc. 

Time of refluxing; 20 hrs. 22 hrs. 22 hrs. 

Wt. of undissolved 
wood meal. 52 g. 63 g. 97 g. 

wt. of crude lignin. 43 g. 50 g. 96 g. 

Yield of crude lignin 
26% 26% 27"/o based on original 

dry wood meal. 
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TABLE II 

THE FRACTIONATION OF BIRCH FORMIC ACID LIGNIN 

RUN 1 RUN 2 

Fraction Weight <fo OCH3 Fraction Weight fa OCH3 

Chloroform 5.1 g. 19.7 Chloroform 4-.3 g. 19.25 

Acetone 7·4- g. 17.3 Acetone 11.1 g. 17.4-

Dioxane 23.0 g. 16.5 90'% acetone-2g 0 water · g. 15.7 

RUN 3 

Fraction Weight % OCH3 

Benzene 4-.o g. -
Acetone 2g.o g. 18.55 

90% acetone- 57.0 g. 15-5 water 
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(d) The Preparation of Acetic Acid Lignin 

Four hundred grams of the extracted birch wood meal were 

refluxed with 4 litres of glacial acetic acid in a flask equipped 

with a mercury sealed stirrer and reflux condenser for 105 hours. 

Upon cooling the reaction mixture was filtered through cloth on 
11 

a Buchner funnel and washed with glacial acetic acid until the 

washings were colorless. The filtrate and washings were evap-

orated under reduced pressure to a volume of 500 cc. and this 

was poured slowly into 6 litres of vigorously stirred water. 

After standing overnight the supernatant liquid was siphoned 

" off and the lignin filtered on a Buchner funnel and washed with 

water until free from acid. It was then dried in the vacuum 

oven. 

The undissolved wood meal from the first filtration was 

thoroughly washed with water until free from acid, partially 

dried under a rubber dam and finally in the vacuum oven. 

The results are summarized in Table III. 

(e) The Fractionation of Acetic Acid Lignin 

The crude lignin was placed in a Soxhlet and extracted with 

benzene for 30 hours. The benzene was then removed under red-

uced pressure and the residue dissolved in 20 cc. of chloroform. 

This chloroform solution was filtered and precipitated into a 

tenfold volume of 30-50° petroleum ether. The lignin was 
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washed with petroleum ether and dried. 

The benzene was removed from the Soxhlet under reduced 

pressure and the next extraction carried out with acetone for 

26 hours. Inspection of the Soxhlet at this point revealed 

that all of the lignin had been dissolveda The acetone 

solution (500 cc.) was precipitated into a twenty fold volume 

of water containing 50 cc. of concentrated hydrochloric acid. 
tt 

The lignin was filtered on a Buchner funnel, washed with water 

and dried in the vacuum oven. The results are summarized in 

Table III. 

Methoxyl Analysis: 

(1) Benzene Soluble Fraction -

~CH3 - 20.7 

(0.001453 g. sample required 6.31 cc. of 0.00923 N Na2S203) 

(2) Acetone Soluble Fraction -

~ OCH3 - lg.g (18.7, 1g.9) 

(0.025g4 g. sample required 20.30 cc. of 0.04613 N Na2S293) 

(0.02059 g. sample required 16.30 cc. of 0.04613 N Na2s2o3) 
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TABLE III 

THE PREPARATION AND FRACTIONATION OF BiaCH ACETIC ACID LIGNIN 

PREPARATION 

wt. of wood meal 

Moisture content 

Wt. of dry wood meal 

Wt. of undissolved 
wood meal 

Wt. of crude lignin 

Yield of crude lignin 
based on dry meal 

Fraction 

Benzene 

A cetone 

FRACTIONATION 

Weight 

4.9 g. 

61.0 g. 

4oo g. 

6.1% 

376 g. 

225 g. 

72 g. 

19% 

20.7 

18.8 



- 97-

II. THE OZONE MACHINE AND ITS USE. 

The ozone machine was built in these laboratories and 

has been described by Bell (42). Two modifications were 

introduced by the writer. In the first place a sensitive 

needle valve was set up so that the flow of oxygen passing 

from the tank through the machine could be regulated to give 

an absolutely invariable rate of flow at any desired speed. 

Furthermore a two way stopcock was introduced at the outlet 

of the machine so tha t the ozone-oxygen mixture could be 

passed at will through the reaction mixture or could be passed 

into another flask for a definite period of time in order to 

determine the amount of ozone being peoduced by the machine. 

Smith (87) has shown that the following reaction takes 

place very rapidly and very completely when ozone is passed 

in to neutral potassium iodide solution: 

Thus in order to determine the amount of ozone being produced 

at any given rate of flow, the ozone is passed through the 

potassium iodide solution for a definite length of time, then 

the solution is acidified and titrated with standardized 

thiosulphate solution. This same method applied to the gases 

coming from the reaction mixture also gives a measure of the 

amount of ozone th~t is being absorbed by the solution. 
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Ill. THE OZONIZATION OF ORGANIC COMPOUNDS. 

la) Maleic Acid. 

{i) Formic Acid Solvent. 

Two grams of maleic acid were dissolved in 35 cc. 

of formic acid. Ozone was then passed through the solution 

at 0°0 for a period of five hours. During this time 1.64 

grams of ozone were passed into the solution, of which 0.12 

grams were unabsorbed. Upon completion of the ozonization 

the formic acid was removed under reduced pressure. The 

remaining white solid was refluxed with 30 cc. of water and 

thereby passed into solution. The cooled solution was 

filtered into a 100 cc. volumetric flask and the volume brought 

to exactly 100 cc. with water. 

The absence of oxalic acid in this solution was 

determined in the following manner. To 3 cc. of the solution 

was added 10 cc. of water and 2 cc. of a saturated solution of 

calcium hydroxide. No preci·.?i tate or cloudiness was ob. served 

on standing. A series of tests with this reagent on solutions 

of oxalic acid of known concentration showed that this test is 

sensitive to the extent of giving a definite precipitate in the 

presence of 0.0005 grams of oxalic acid. 

The yield of glyoxylic acid was determined as follows: 

1.2 grams of 2,4-dinitrophenylhydrazine and SO cc. of water 

were heated to boiling and sufficient concentrated HCl added 
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to the solution to cause the hydrazine to go into solution as 

its hydrochloride. The solution was then removed from the 

flame and while still warm 20 cc. of the solution from the 

volumetric flask added. A yellow precipitate separated out 

almost immediately. After standing at room temperature for 

a few hours the precipitate was filtered through a tared 

sintered glass crucible and dried at 105°0. Weight of deri

vative - 1.697 grams. Melting point - 195°0. Upon 

recrystallization from methanol the melting point was 196°0. 

The mixed melting point with an authentic sample of the 2,4-

dinitrophenylhydrazone of glyoxylic acid (M.P. 198°0.) was 196°C. 

Because of the fact that this derivative was 

soluble in water it was necessary to determine this solubility 

in order to evaluate the yield. 0.121 grams of the derivative 

were added to a mixture of 100 cc. of water and 15 cc. of con

centrated HCl (the same conditions used previously) and the 

solution heated to boiling and allowed to stand at room tempera

ture for a few hours. Filtration and drying gave rise to 0.073 

grams of undissolved material, and thus o.o4g grams were soluble 

under these conditions. 

The theoretical yield of the 2,4-dinitrophenyl

hydrazone of glyoxylic acid from 2 grams of maleic acid would be 

8.S8 grams. Actually there was obtained 1.745 grams (1.697 

plus 0.048 g.) from an aliquot of one-fifth of the total solution. 

This corresponds to a yield of 98~. 
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(ii) Ethyl Acetate Solvent. 

Ethyl acetate was prepared for use as an ozonisa

tion solvent by distilling stock ethyl acetate from sodium 

carbonate. This distillate was then dried over calcium 

chloride and again distilled. A stream of ozone was then 

passed through the solvent for one and one-half hours and it 

was distilled from fresh calcium chloride into clean dry bottles. 

In 20 cc. of ethyl acetate were dissolved 0.5 grams 

of maleic acid and while this solution was maintained at 0°0. 

ozone (0.57 grams) was passed through the solution for a period 

of one and one-half hours. The solvent was removed under re-

duced pressure and the resulting residue dissolved in 20 cc. of 

water. This solution was filtered and the volume made up to 

25 cc. exactly. 

To a 5 cc. aliquot of this solution was added 

calcium hydroxide solution until there was no further precipitate. 

This precipitate was filtered, dried at 195°0. and weighed as 

calcium oxalate. The theoretical yield of calcium oxalate 

possible would be 1.10 grams. The weight obtained was 0.176 

grams, which corresponds to a yield of go~. 

To another 5 cc. aliquot of the reaction mixture 

was added an excess of a water solution of 2,4-dinitrophenylhy= 

drazine hydrkchloride. The Jrecipitate was filtered, dried and 

weighed. The melting point was 197-19S°C. The mixed melting 

point with an authentic sample of the 2,4-dinitrophenylhydrazone 
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of glyoxylic acid (M.P. 198°0.) was 197°0. The weight 

obtained was 0.064 grams, which corresponds to a yield of 

14.5% of glyoxylic acid based on the original maleic acid. 

(b) Vanillin. 

(i) Formic Acid Solvent. 

One gram of vanillin was dissolved in 100 cc. of 

formic acid and 1.14 grams of ozone passed through the solution 

over a period of two hours, the flas~ being maintained at a 

temperature of 0°0. During the ozone treatment the solution 

turned pale yellow in color. The formic acid was removed under 

reduced pressure leaving a dark brown syru9 to which was added 

150 cc. of water. Upon slight warming the syru~ went into 

solution. The solution was filtered and the volume made up to 

exactly 250 cc. 

A portion of this solution gave no test for oxalic 

acid with calcium hydroxide. A 25 cc. aliquot was diluted to 

50 cc. with water and 3·5 grams of sodium acetate and 2 cc. of 

10% sulphuric acid added. The solution was warmed to 60°0. and 

to this was added 10 cc. of water at 60°0. containing ~ gram 

of meta-nitrobenzoyl hydrazine. Upon standing overnight the 

precipitate was filtered through a tared sintered glass crucible 

and dried at 105°0. The melting point of the derivative was 

205oc. The mixed melting point with an authentic sample of the 
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metanitrobenzoylhydrazone of vanillin (M.P. 210-211°0.) was 207°0. 

The weight of the derivative o.og642 grams which corresponds to a 

recovery of 42% of the original vanillin. 

Another 25 cc. aliquot of the reaction solution was 

extracted continuously with ether for 12 hours. The ethereal 

extract was dried over sodium sulphate and the ether removed 

under reduced pressure. 

pressure and 100-115°0. 

The residue was sublimed at 12 mm. 

This sublimate was then resublimed 

under the same conditions and the second sublimate carefully 

washed into a tared weighing bottle with anhydrous ether. The 

ether was removed under reduced pressure and gave 0.04826 grams 

of material. The melting point was 76°0. The mixed melting 

point with an authentic sample of vanillin (M.P. 82°0.} was 81°C. 

Thus this corresponds to a recovery of 48~ of the original 

vanillin. The average value for these two methods of determining 

the amount of vanillin is 45~· 

lii) Ethyl Acetate Solven~. 

One gram of vanillin was dissolved in 100 cc. of 

ethyl acetate and at 0°0. was subjected to the action of 1.08 

grams of ozone over a period of two hours. The solvent was 

removed under reduced pressure giving rise to a brownish oil. 

Upon the addition of 125 cc. of water, and warming, the oil 

went into solution. The solution was then filtered and the 

volume made up to exactly 250 cc. 
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No precipitate of calcium oxalate was obtained 

on a p(ortion of this solution upon the addition of calcium 

hydroxide solution. A 100 cc. portion of the reaction solution 

was continuously extracted with ether for 18 hours, the ethereal 

extract dried, and the ether removed under reduced pressure. 

Sublimation at 10 mm. and 100°0. gave only a very minute amount 

of oily material on the cold finger. !t a temperature of 140°C. 

a yellowish-white sublimate collected, the melting point of which 

was 197-199°0. Two recrystallizations from water gave a white, 

crystalline product which melted at 206-207°0. The mixed 

melting point of this material with an authentic sample of 

vanillic acid (M.P. 207°0.) was 205-206°0. Thus no vanillin 

was left in the solution this having been converted to vanillic 

acid. The yield of the latter was determined by extracting a 

further 60 cc. portion of the original solution with ether and 

subliming the acid at 8 mm. and 110-120°0. after removal of the 

ether. By this means 0.0563 grams were obtained which ~orresponds 

to a yield of 21~ based on the original vanillin. 

(c) Veratric Aldehyde. 

(1) Formic Acid Solvent. 

One gram of freshly distilled veratric aldehyde (M.P. 

45-46°0.) was dissolved in 90 cc. of formic acid and while kept 

at 0°0. was subjected to the action of 0.64 gra~s of ozone over 

a period of one hour. The removal of the formic acid under 

reduced pressure left a brown syrup. This was dissolved in warm 

water and a small amount of methanol added to effect complete 

solution. 

250 cc. 

It was then filtered and the volume made up to exa.ctly 
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No test for oxalic acid was obtained with calcium 

hydroxide solution. A 50 cc. aliquot was partially evaporated 

under reduced pressure to remove the methanol and then diluted 

with 100 cc. of 2% acetic acid. This solution was warmed to 

60°C. and to it was added 25 cc. of water at 60°0. containing 

0.3 grams of meta-nitrobenzoylhydrazine. Upon standing over

night the precipitate was filtered through a tared sintered glass 

crucible and dried at 105°0. The melting point was 213-214°0. 

One recrystallization from methanol gave a melting point of 

222-223°0. The mixed melting point with an authentic sample 

of the meta-nitrobenzoylhydazone of veratric aldehyde (M.P. 224-

22500.) was found to be 223°0. The weight of the derivative 

was 0. 2470 grams which corresponds to a recovery of 62·"0 of the 

veratric aldehyde. 

{ii) Ethyl Acetate Solvent. 

One gram of pure veratric aldehyde was dissolved in 

90 cc. of purified ethyl acetate and while kept at 0°C. was 

subjected to the action of 1.30 grams of ozone over a period of 

two hours. Removal of the solvent under reduced pressure left 

a brown syrup which, as before, was taken up in an alcohol-water 

mixture, filtered and the volume made up to 250 cc. 

A 50 cc. aliquot was distilled under reduced pressure 

to remove the alcohol and then added to 100 cc. of 2% acetic acid. 

0.3 grams of metanitro benzoyl hydrazine were then added in the 

manner already described above. The weight of the derivative 
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formed in this case was 0.0060 grams. In other words a 

negligible amount of veratric aldehyde remained in the solution 

after the ozone treatment. 

A 100 cc. aliquot of the reaction solution was evaporated 

to dryness under reduced pressure and the residue sublimed at a 

pressure of 0.008 mm. and 135°0. This gave rise to 0.1974 grams 

of a crystalline sublimate. Recrystallization from water gave 

a white crystalline product which had a melting point of 177°0. 

The mixed melting point with an authentic sample of veratric 

acid (M.P. 1g1oc.) was found to be 180-181°0. The weight of 

this acid obtained corresponds to a yield of 45~ on the basis 

of the original veratric aldehyde. 
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IV. THE OZONIZATION OF FORMIC ACID BIRCH LIGNIN. 

(a) Run 1. 

Ten grams of the dioxane soluble fraction of formic 

acid lignin (Run 1., Table II, p. 92) were dissolved in 250 cc. 

of formic acid, and while the solution was maintained at 0°0. 

ozone was passed through for a period of seven and one-half 

hours. During this time 6.65 grams of ozone were passed into 

the lignin solution and the color changed from an opaque brown 

to a transparent red. 

The solvent was then removed under reduced pressure 

until no odor of formic acid remained. Seven hundred cc. of 

water were added and boiled until 75 cc. of distillate had been 

collected (hereafter, Distillate A.). The cooled solution was 

" filtered on a Buchner funnel and the water insoluble fraction 

washed with water until the washings were colorlese and neutral 

to litmus paper, (hereafter, Water Insoluble Fraction B.). 

This fraction was dried under reduced pressure at 60°0. Weight, 

1.1 grams. 

Methoxyl Analysis: 

% OCH3- 5·3 (5.2, 5.4) 

(0.0271 g. sample required 5-74 cc. of 0.04893 N Na2s2o3) 

(0.0288 g. sample required 6.15 cc. of 0.04893 N Na2s203) 
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The filtrate from the above filtration {1000 cc.) 

was extracted continuously with ether for 37 hours giving 

rise to Ether Extract C. The water solution was then 

evaporated to dryness under reduced pressure and the resulting 

solid material dissolved in 50 cc. of acetone. This acetone 

solution was filtered and precipitated in a fine stream into 

500 cc. of well stirred ether. The flocculent precipitate 

which settled out was centrifuged off and washed with ether 

followed by 30-50° petroleum ether and dried under reduced 

pressure at 60°0. (hereafter Water Soluble Fraction D.). 

Weight, 5·4 grams. 

Methoxyl Analysis: 

% OCH3- 4.45 (4.3, 4.6) 

(0.0311 g. sample required 5·45 cc. of 0.04a93 N Na2s2o3) 

(0.0}04 g. sample required 5·55 cc. of 0.04893 N Na2S203) 

(b) Run 2. 

An additional 10 grams of the dioxane fraction of 

birch formic acid lignin was treated with 6.65 grams of ozone 

in the same manner as has been described for Run 1. Upon the 

removal of the solvent and distillation of the residue with 

water 85 cc. of Distillate A. were collected. Filtration, 

washing and drying gave rise to 1.7 grams of the Water Insoluble 

Fraction B. 
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Methoxyl Analysis: 

% OCH3 - 5.6 

(0.0287 g. sample required 6.40 cc. of 0.04893 N Na2s2o3) 

Ether Extract C was obtained by c'ontinuous extraction <ff the 

filtrate for 66 hours. As in Run 1. the water solution was 

evaporated to dryness under reduced pressure and the residue 

precipitated from 50 cc. of acetone into 500 cc. of ether. 

The Water Soluble Fraction D was centrifuged off, washed with 

ether followed by 30-50-c. petroleum ether and dried. 

Weight - 4.8 grams. 

Methoxyl Analysis: 

% OCH3 - 4. 7 (4.7, 4.7) 

(0.002187 g. sample required 2.14 cc. of 0.00923 N Na2s2o3) 

{0.003188 g. sample re cui red 3-13 cc. of 0.00923 N Na2S 
2
o

3
) 

The results obtained are summarized in Table IV. 

1c) The Identificati~n of Acetone. 

Distillates A· from Run 1 and Run 2 were combined and to 

this was added 25 cc. of a solution of 2,4-dinitrophenylhydrazine 

hydrachloride in water prepared according to the following method. 

0.4 grams of 2,4-dinitrophenylhydrazine were triturated with 21 cc 

of concentrated hydrochloric acid and then diluted to 100 cc. 

with water. After standing for 24 hours the solution was 
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filtered and bottled (88). 

The solution of distillates and hydrazine was refluxed 

for ten minutes and after standing overnight the orange precipi-

tate was filtered, washed and dried. This precipitate was 

extracted with purified (acetone free) chloroform, the extract 

filtered and the chloroform removed under reduced pressure. 

Recrystallization of the residue from methanol gave 0.020 grams 

of yellow crystals which had a melting point of 123-124°0. The 

mixed melting point with an authentic sample of the 2,4-dinitro

pheny~drazone of acetone (M.P. 124-125°0.) was found to be 

124-125°0. 

or 0.025·~. 

Yield of acetone from 20 grams of lignin = 0.005g. 

(d) The Identification of Oxalic Acid. 

The Ether Extracts c. from Run 1 and Run 2 were combined 

and after drying over sodium sulphate the ether was removed under 

reduced pressure. Sublimation of the residue at 10 mm. Pressure 

and 120°0. gave 1.2 grams of crystalline material. A portion 

of this material was resublimed under the same conditi~ns and 

the white crystals formed had a melting point of 180°0. with 

decomposition. Pure oxalic acid was sublimed and gave threadlike 

crystals which melted at 190°0. with decomposition. The mixed 

melting point was found to be 185°0. It gave the usual tests 

for oxalic acid, Yield from 20 grams of lignin = 1.29 or 6.0~. 
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TABLE IV 

SUMMARY OF THE OZONIZATION OF BIRCH FORMIC ACID LIGNIN 

Weight of lignin used 

'fc methoxyl 

Water insoluble fraction 

Weight 

Water 

djo methoxy1 

% yield 

soluble fraction 

Weight 

% methoxyl 

% yield 

Total yield of two fractions 

RUN 1 

10 g .. 

16.5% 

1.1 g. 

5·3% 

11.0% 

5.4 g. 

4.45% 

54-.o % 

RUN 2 

10 g. 

16.5% 

4.8 g. 

4. 7% 

4-g .O'fo 
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V. METHYLATION OF THE PRODUCTS FROM THE OZONIZATION 

OF BIRCH FORMIC ACID LIGNIN. 

ia) Methylation with Diazomethane of the Water Soluble Fraction. 

Four and one half grams of the water soluble fraction from 

the ozonization of birch formic acid lignin (Run 2. - page/oP) 

were used in this experiment. This fraction had a methoxyl 

content of 4. 7afo. The water soluble lignin was dissolved in 

100 cc. of methanol and an ethereal solution of diazomethane 

Prepared from 10 grams of nitrosomethylurea was slowly added 

to the cooled solution. There was considerable gaseous evolution 

and a portion of the lignin was precipitated from the solution. 

After standing four hours 100 cc. of methanol were added to 

effect solution and this was again treated with diazomethane 

from 10 grams of nitrosomethylurea. 

After standing overnight the methanol and ether were removed 

by evaporation under reduced pressure and the residue dissolved 

in acetone (60cc.) and centrifuged to remove the insoluble 

diazomethane polymer. The acetone solution was filtered into a 

small flask and the solvent removed under reduced pressure. The 

lignin was then dissolved in chloroform (40 cc.), the solution 

filtered and precipitated into 30-50° petroleum ether (400 cc.). 

The lignin was centrifuged, washed with petroleum ether and 

dried at 60°0. under reduced pressure. Yield, 4.4 g. 
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Methoxyl Analysis: 

~OCH3 - 20.4 

(0.001190 gram sample required 5.09 cc. of 0.00923 N Na2s2o3) 

The lignin after this methylation was now found to be auite .._ 

insoluble in methanol, but was readily soluble in chloroform. 

Consequently for further methylation it was dissolved in 100 cc. 

of purified chloroform and further treated with diazomethane 

from 10 grams of the nitroso methyl urea. The reaction mixture 

was worked up in the same manner as has already been described 

and the precipitated lignin dried and weighed. Yield, 4. 0 g. 

~ethoxxl Analxsis: 

% OCH3 - 21.2 

(0.0012g5 g~ sample required 5·72 cc. of 0.00923 N Na2SzD3) 

The product was very light brown in color and was found to be 

still soluble in 0.5{ sodium hydroxide. 

(b) Hydrolysis of the Diazomethane Methylated Water Soluble 

Fraction 

A portion of this lignin (0.564 grams) which had been 

obtained as described in the preceding section and which had 

a methoxyl content of 21.2~ was dissolved in 25 cc. of 5{ 

sodium hydroxide and kept under an atmosphere of nitrogen at 

room temperature for ~ hours. At the end of this time the 

solution was acidified with hydrochloric acid and the precipi

tated lignin centrifuged off, washed with water and dried. 
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The Product was purified by precipitation from 7 cc. of methanol 

into 60 cc. of anhydrous ether. The lignin was centrifuged, 

washed with petroleum ether and driee. Yield - 0.15 grams. 

Methoxyl Analysis: 

% ocH, - 11.0 ( 11.0' 

( o. 001910 g. sample 

(0.002225 g. sample 

11.0) 

required 4.39 

required 5.11 

cc. 

cc. 

of 

of 

0.00923 N Na2s2o3) 

0.00923 N Na2S2D3) 

(c) ~ethylation with Dimethylsulphate of the Water Soluble 

Fraction. 

The water soluble fraction from the ozonization of birch 

formic acid lignin was used in this experiment, (Run 1, p.I07). 

In 100 cc. of 1~ sodium hydroxide was dissolved 4.6 grams of the 

lignin and while this solution was kept well stirred there was 

added at equal rates over a period of one and one-half hours 

32 cc. of 30% sodium hydroxide and 30 cc. of dimethylsulphate, 

the reaction mixture being kept at room temperature and under 

nitrogen during the procedure. After stirring overnight the 

solution was acidified and the lignin filtered off, washed with 

a small quantity of water and dried. It was observed that the 

filtrate was rather dark in color. This loss of lignin was 

undoubtedly due to the high solubility of this fraction of the 

lignin in water. 

The dried lignin was redissolved in 100 cc. of 1~ sodium 

hydroxide and again treated with dimethylsulphate in the same 
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manner as already described above. The lignin was recovered 

by acidification of the reaction mixture and filtration. 

washing with water the lignin was dried. 

Methoxyl Analysis: 

% OCH3 - 12.5% 

Yield - 2.0 g. 

After 

(0.02665 g. sample required 13.73 cc. of 0.04704 N Na2s2o3) 

This partially methylated lignin was then dissolved in 

50 cc. of 1~ sodium hydroxide and again methylated according 

to the procedure described. Upon acidification it was observed 

that the precipitate did not coagulate and it was believed that 

possibly the methanol formed in the reaction kept the lignin 

in partial solution. Consequently the solution was distilled 

under reduced pressure to about half of its original volume. 

The lignin which separated out on this treatment was filtered, 

washed with water and dried. 

A fourth methylation was carried out in 100 cc. of dioxane 

and after recovering the product in the usual manner it was 

purified by precipitation from 90% acetone-water solution (20 cc.) 

into ether (200 cc.). The precipitated lignin was washed with 

ether, followed by petroleum ether, and was dried at 60°0. under 

reduced pressure. Yield.- 1.5 g. The product was still 

soluble in 5'~ sodium hydroxide. 
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Methoxxl Analxsis: 

% OCH3 - 16.2 

{0.02611 g. sample required 17.41 cc. of 0.04704 N Na2s2o3) 

(d) Diazomethane Treatment of the Dimethylsulphate Methylateq 

Water Soluble Fraction. 

The water soluble fraction which had been methylated with 

dimethyl sulphate (1.15 g.) was dissolved in 50 cc. of methanol 

and at 0°0. treated with an ethereal solution of diazomethane 

from 5 g. of nitrosomethylurea. Nine hours later it was 

treated with diazomethane from 3 g. of urea and the reaction 

mixture let stand overnight. 

The methanol-ether solvent was removed under reduced pressure 

and the residue dissolved in acetone. The dia.zomethane polymer 

was centrifuged off and the solution filtered into a flask and 

evaporated to dryness under reduced pressure. The residue was 

dissolved in 20 cc. of purified dioxane, filtered and precipitated 

into 200 cc. of 3D-50°0. petroleum ether. The precipitate was 

washed and dried. The product was then redissolved in 60 cc. of 

dioxane and treated with diazomethane from 3 g. of urea. After 

standing for four hours the treatment was repeated and the re-

action mixture allowed to stand overnight. It was worked up 

in the same manner as already described and the precipitated 

lignin after washing was dried at 60°0. ~~d weighed. Yield,-0.9 g. 
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The Product was insoluble in 5~ sodium hydroxide. 

Methoxyl Analysis: 

~ OCH3 - 25·2 (25·2, 25.2) 

(0.02460 g. sample required 25.52 cc. of 0.04704 N Na2s2o3) 

(0.02906 g. sample required 30.10 cc. of 0.04704 N Na2S203) 

(e) Methylation with Diazomethane of the Water Insoluble Fraction. 

The water insoluble fraction from the ozonization of birch 

formic acid lignin (Run 1, page1o~) was used in this experiment. 

This fraction had a methoxyl content of 5·3~· Because of the 

great insolubility of this fraction in the usual solvents 0.9 g. 

of the material was finely ground and partially su1pended and 

partially dissolved in 100 cc. of 90~ dioxane-water. At 0°0. 

this suspension was treated with an ethereal solution of diazome-
~ 

thane from 5 g. of nitrosomethylurea. Five hours later the 

treatment was repeated. 

Upon removal of the solvents under reduced pressure after 

the reaction mixture had stood overnight it was found that the 

great insolubility of the lignin in the common organic solvents 

made it impossible to remove the diazomethane polymer in the 

usual manner. Consequently it was subjected to a further 

methylation in the hope that this treatment might increase the 

solubility in organic solvents. This treatment was again 

carried out in suspension in 90% dioxane-water and consisted of 
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diazomethane from 3 g.·. of ni trosomethylurea, followed 'by that 

from 2 g. eight hours la.ter. The product obtained on removal 

of the solvents was found to be still insoluble in organic 

solvents and for this reason could not be purified for methoxyl 

analysis. That methylation had taken place, however, was indi-

cated by fact that, although the original material had been 

easily soluble in 5~ sodium hydroxide, the methylated product 

was completely insoluble in this medi~. 

(f) Methylation with Dimethylsulphqte of the Water Insoluble 
fi 

Fraction. 

The water insoluble fraction from the ozonization of 

birch formic acid lignin {Run 2, page 107) was used in this 

e.xperimen t. This fraction had a methoxyl content of 5.6~. The 

product (1.5 g.) was dissolved in 100 cc. of 11 sodium hydroxide 

and over a period of one and one-ha.lf hours with constant stirring 

under an atmosphere of nitrogen,and at room temperature was 

added 33 cc. of 30% sodium hydroxide and 30 cc. of dimethylsulpbate 

at equal rates. After standing overnight the reaction mixture 

was acidified and the lignin filtered off, washed with water and 

dried. The product was then redissolved in 1~ alkali and the 

methylation repeated as already described. The resulting 

product was found to be insoluble in organic solvents and conee-

quently could not be purified by reprecipitation. It was however 

still soluble in 5~ sodium hydroxide. Yield - C. 9 g. 
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Methoxyl Analysis: 

% OCH3 - 12.4 (12.4, 12.4) 

(0.02474 g. sample required 12.58 cc. Of 0.04704 N Na
2
s2o3) 

(0.02532 g. sample required 12.95 cc. of 0.04704 N Na2s2o
3

) 

(g) Methylation with Diazomethane of the Dimethylsulphate 

Methylated Wa.ter Insoluble Fraction. 

The water insoluble fraction which had been methylated with 

d~ethylsulphate (0.6 g.) was suspended in 50 cc. of methanol 

and at 0°0. treated with diazomethane from 2 g. of nitrosomethyl-

urea. After standing overnight the product was worked up in 

the usual manner and purified by precipitation from dioxane 

(15 cc.) into a tenfold volume of 30-50°0. petroleum ether. The 

precipitated lignin was w~shed with petroleum ether and dried at 

60°0. The product was insoluble in 5~ alkali. 

Methoxyl Analysis: 

1, OCH3 - 23.7 

(0.02895 g.sample required 27.92 ~c. of 0.04759 N Na2s2o3) 
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VI.THE DISAPPEARANCE OF METHOXYL ON OZONIZATION. 

(a) The Ozonization of Formic Acid Lignin. 

The acetone soluble fraction of birch formic acid lignin 

was used in this experiment, (Table II, page93). This fraction 

had a methoxyl content of 17.3~. Two and one-half grams were 

dissolved in 100 cc. of formic acid and at 0°0. this solution 

was subjected to the action of 1.067 g. of ozone over a period 

of t'Wo and one-half hours. It was found that 0.266 g. of ozone 

were unabsorbed and passed out of the solution in the effluent 

stream of oxygen. 

The formic acid was removed under reduced pressure and the 

resulting residue refluxed with 500 cc. of water for one hour. 

fhe water insoluble fraction was obtained by filtration and after 

washing with water was dried under a rubber dam and finally at 

60°0. Weight- 0.77 g. (31~ yield) 

Methoxyl Analysis: 

% OCH3 - 7.05 (7.0, 7.1) 

(0.02625 g. sample required 7.60 cc. of 0.0~704 N Na2s2o3) 

(0.02629 g. sample required 7.66 cc. of 0.04704 N Na2S2D3) 

The filtrate was evaporated to dryness under reduced pressure 

and the residue dissolved in acetone (20 cc.) and precipitated 

into a tenfold volume of ether. This precipitate of the water 

soluble fraction was centrifuged, washed well with ether and 
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finally petroleum ether and dried. Weight - 1.0 g. (40% yield) 

Methoxyl Analysis: 

% OCH3 - 6.25 (6.1, 6.4) 

(0.02697 g. sample required 6.78 cc. of 0.04704 N Na2s2o3) 

(0.02636 g. sample required 6.80 cc. of 0.04704 N Na
2
s

2
o
3

) 

The combined ether solutions from the precipitation of the 

water soluble lignin fraction were evaporated to dryness in a 

tared flask under reduced pressure. Weight- 0.75 g. (30% yield) 

This ether soluble fraction was then subjected to a sublimation 

at 10 mm. and 140°0. and resulted in a white crystalline sublimate. 

Weight - 0.12 g. (4.8% yield) 

This product was resublimed and identified as oxalic acid by a 

mixed melting point with a sample of anhydrous oxalic acid. 

(b) The Diazomethane Methylation of Birch Formic Acid Lignin. 

The lignin fraction used in this experiment was a portion 

of the same fraction that was used in the ozonization described in 

the prevtous section, namely the acetone soluble fraction (Table II, 

page 93 ), and having a methoxyl content of 17.3%· This lignin 

(3.68 g.) was dissolved in 100 cc. of dioxane and treated with 

diazomethane at 0°0. from 5 g. of nitrosomethyl urea. Five bours 

la,ter this treatment was repeated and the reaction mixture allowed 

to stand overnight. 

The solvent was removed under reduced pressure and the diazo-

methane polymer removed in the usual manner. The product was 
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precipitated from dioxane (40 cc.) into a tenfold volume of 

3Q-50°C. petroleum ether, washed with petroleum ether and 

dried at 60°0. 

Methoxyl Analysis: 

% OCH3 - 22.1 

(0.02345 g. sample required 21.28 cc. of 0.04704 N Na2s2o3
) 

The product was then again methylated in dioxane solution (60 cc.) 

using 2 g. of nitrosomethylurea and the product worked up in the 

manner previously described. 

Methoxyl Analysis: 

% OCH
3 

- 23.g 

(0.02667 g. sample required 26.08 ce. of 0.04704 N Na2s2o3) 

A final methylation was carried out in the same manner 

described above using 3 g. of the nitrosomethylurea. The product 

was washed with 3D-50°C. petroleum ether and dried at 60°0. and 

found to be insoluble in 5i sodium 'hydroxide. Yield (overall) 

3. 21 g. or 87%· 

Methoxyl Analysis: 

% OCH3 - 24.05 (24.0, 24.1) 

(0.02683 g. sample required 26.50 cc. of 0.04704 N Na2s2o3
) 

{0.02712 g. sample required 26.90 cc. of 0.04704 N Na2S20 3) 
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(c) Ozonization_of Diazomethane Methylated Birch Formic~cid 

Limin. 

Two and one-half grams of the diazomethane methylated 

lignin obtained as described in the previous section (b), were 

dissolved in 100 cc. of formic acid and at 0°0. this solution 

was subjected to the action of 1.15 g. of ozone over a peri·1d 

of one and one-half hours. During this time 0.39 g. of ozone 

were not absorbed by the solution. 

Upon removing the formic acid under reduced pressure, and 

refluxing the residue with 500 cc. of water for one hour, the 

water insoluble fraction was filtered off, well washed with 

water and dried, first under a rubber dam and finally at 60°0. 

Weight - 1.~1 g. (56~ yield) 

Methoxyl Analysis: 

% OCH3 - 14.2 ( 14.3, 14.1) 

(0.02628 g. sanrple required 15.45 cc. of 0.04704 N Na2s
2
o3 ) 

(0.02g24 g. sample required 16.3g cc. of 0.04704 N Na2s2o3) 

The aqueous filtrate wa.F.revaporated to dryness under reduced 

pressure and the water soluble fraction preciPitated from acetone 

( 15 cc.) into a tenfold volume of ether. After washing the 

lignin with ether it w~s washed with 3G-50°C. petroleum ether and 

dried at 60°0. Weight- 0.35 g. (14% yield) 
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Methoxyl Analysis: 

% OCH3 - 10.8 (10.8, 10.8) 

(0.02366 g. sample required 10.48 cc. of 0.04704 N Na
2
s2o3

) 

(0.02496 g. sample required 11.12 cc. of 0.04704 N Na2s2o3
) 

The combined ether solutions from the precipitation of the 

water soluble fraction were evaporated to dryness under reduced 

pressure in a tared flask. Weight- 0.71 g. (28~ yield) 

This ether soluble fraction was then subjected to a sublimation 

at 0.070 mm. pressure and 100°0. and resulted in a white 

crystalline sublimate. Weight - 0.11 g. (4.4% yield) 

The majority of this product was resublimed and identified as 

oxalic acid by a mixed melting point with anhydrous oxalic a.cid. 

A methoxyl determination was carried out on the material 

remaining in the flask after the sublimation. 

had a lignin-like aPPearance. 

Methoxxl Analysis: 

'fo OCH3 - 10.1 

This material 

(0.03350 g. sample required 13.75 cc. of 0.04759 N Na2s2o3) 

(d) The Dimethylsulphate Methylation of Birch ~ormic Acid Lignin. 

The lignin fraction used in this exPeriment was a 

portion of the same fracti·Jn used in the two previous experiments 

described in this section, namely the acetone soluble fraction 
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(Table II, Page93), having a methoxyl value of 17.3~. This 

lignin (3.8 g.) was dissolved in lOO cc. of dioxane and treated 

in the usual manner with 35 cc. of sodium hydroxide and 30 cc. 

of dimethylsulphate. After standing overnight the reaction 

mixture was acidified with dilute hydrochloric acid and the 

dioxane removed by distillation under reduced pressure. The 

Precipitated lignin was filtered off and washed with water. 

The lignin was redissolved in dioxane and the treatment 

with dimethylsulphate repeated four times. Finally the product 

was purified by precipitation from dioxane (40 cc.) into a tenfold 

volume of 3G-50°C. petroleum ether and dried at 60°0. Yield -

2. 7 g. The product was found to be insoluble in 5~~ alkali. 

Methoxyl Analysis: 

% OCH
3 

- 31.55 (31.6, 31.5) 

(0.02962 g. sample required 28.42 cc. of 

(0.03002 g. sample required 3S.88 cc. 

(e) Ozonization of Dimethylsulp~ate Methylated Birch Formic 

Acid Lignin. 

Two and one-half grams of the dimethylsulphate methylated 

lignin, obtained as described in the previous section, were 

dissolved in 100 cc. of formic acid and at 0°0. this solution 

was subjected to the action of 0.97 g. of ozone over a period of 

one and one-half hours. During this time 0.32 g~ of ozone were 
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not absorbed by the solution. 

Upon removing the formic acid under reduced Pressure, and 

refluxing the residue with 500 cc. of water for one hour, the 

water insoluble fraction was filtered off, well washed with water 

and dried, first under a rubber dam and finally at 60°C. 

Weight - 1. 65 g. (66% yield) 

Methoxyl Analysis: 

% OCH3 - 19.6 (19•7, 19.5) 

(0.02746 g. sample required 22.30 cc. of 0.04704 N Na2s2o3 ) 

(0.03062 g. sample required 24.50 cc. of 0.04704 N Na2s2o3) 

The filtrate was evaporated to dryness under reduced 

pressure and the water soluble fraction precipitated from acetone 

(15 cc.) into a tenfold volume of ether. After washing the 

lignin with ether it was washed with 30-50°0. petroleum ether 

and dried at 60°0. Weight - 0.14 g. 

Methoxyl Analysis: 

% OCH3- 12.75 (12.7, 12.S) 

(0.026g4 g. sample required 13.84 cc. of 0.04759 N Na2s
2
o3

) 

(0.02450 g. sample required 12.74 cc. of 0.04759 M Na2s2o3) 

The combined ether soluti~ns from the Precipitation of the 

water soluble fraction were evaporated to dryness under reduced 

pressure in a tared flask. Weight - 0.12 g. (4.S% yield) 
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This ether soluble fraction was then subjected to a sublimation 

at 0.070 mm. pressure and 100°0. and resulted in a white 

crystalline sublimate. Weight - 0.12 g. (4.8~ yield) 

The majority of this product was resublimed and identified as 

oxalic acid by a mixed melting point with anhydrous oxalic acid. 

A methoxyl determination was carried out on the lignin-like 

material remaining in the flask after the sublimation. 

Methoxyl Analysis: 

% OCH3 - 15.1 

(0.03317 g. sample required 20.35 eo. of 0.04759 N Na2s2o3
) 
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VII.THE SOLUBILITY IN AQUEOUS BISULPHITES OF OZONIZED 

LIGNINS AND THEIR METHYLATED PRODUCTS. 

(a) The PreParation of Standard Sulphite Liquor·. 

Forty-three and three tenths grams of sodium sulphite were 

dissolved in two litres of distilled water and sulphur dioxide 

bubbled into this well stirred solution until frequent titrations 

of small samples of the liquor showed that a value of 6~ had been 

reached for the total sulphur dioxide content. The analysis of 

the liquor was carried out by the method of Palmrose (89). 

Analysis: 6.0% total so2 and 1.15 combined so 2 

The liquor thus prepared was stored in a well stoppered bottle 

in the cold room and titrations from time to time indicated that 

practically no loss of sulphur dioxide occurred. 

(b) Determination of the Solubiliti in t~e Sulphite Liquor. 

A length of soft glass tubing (7 mm. bore) was drawn out 

into a capillary at one end and a small loose wad of cotton placed 

in the bottom of the tube. Then 50 milligrams of the lignin 

sample was placed in the tube and carefully brushed down onto the 

cotton. The other end of the tube was drawn into a capillary 

at such a position that the bomb would hold 3 cc. The glass 

tube was then placed through a stopper into a side arm test tube 

containing the sulphite liquor and by blowing in the side arm 
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the liquor was forced up into the bomb. A small air space was 

left for the liquor expansion and the end of the capillaries 

carefully sealed in a small flame. These bombs were then 

heated for 12 hours at a temperature of 110°0. in a toluene 

vapor bath. The following determinations were carried out in 

this manner, and the samples were found to be soluble or insoluble 

in the bisulphite solution under standard conditions as indicated. 

!.Birch Formic Acid Lignin, Acetone Soluble Fraction - Insoluble. 

2.Maple Ethanol Lignin° - Insoluble. 

J.Maple Propanol Ligninoo - Insoluble. 

4. Maple Butanol Lignin ooo - Insoluble. 

5·Birch Acetic Acid Lignin - Insoluble. 

6.0zonization Products from Birch Formic Acid Lignin -

(a) Water Insoluble Fraction - Soluble. 

(b) Water Soluble Fraction - Soluble. 

?·Methylated Products from the Ozonization of Birch Formic 

Acid Lignin. 

(a) Water Soluble Fraction methylated with Diazomethane -

Insoluble. 

(b) Hydrolysed product from (a) above- Soluble. 

o This sample was obtained from Dr. J. McCarthy and had been pre

prepared by the alcoholysis of maple wood meal (90). 

oo This lignin was prepared by the author by the alcoholysis of 

maple wood meal with n-propanol containing 2% HCl. 

000 This Lignin was prepared by the author by the alcoholysis Of 

maple wood meal with n-butanol containing 2% HCl. 
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{c) Water Soluble Fraction methylated with Dimethylsulphate -

Soluble. 

(d) Diazomethane methylated product of (c) above- Insoluble. 

(e) Water Insoluble Fraction methylated with Dimethyl

sulphate - Insoluble. 

(f) Diazomethane methylated product of (e) above - Insoluble. 

Birch Formic 

Insoluble. 

(a) Water 

(b) Water 

Birch Formic 

Insoluble. 

(a) Water 

{b) Water 

Acid Lignin methylated with Diazomethane -

Soluble Fraction after Ozonization - Soluble. 

Insoluble Fraction after Ozonization - Soluble. 

Acid Lignin methylated with Dimethylsulphate -

Soluble Fraction after Ozonization - Solublea 

Insoluble Fraction after Ozonization - Soluble. 
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VIII. A STUDY OF THE LOSS OF METHOXYL AND INCREASE IN 

SOLUBILITY IN SULPHITE LIQUOR WITH RESPECT TO THE DEGREE 

OF OZONIZATION. 

The standard procedure to be described was followed in every 

case in the various runs that were made in order to determine the 

loss of methoxyl and increase in solubility in sulphite liquor 

in relation to the degree of ozonization of the lignin. A 2.0 

g. sample of the lignin was dissolved in 50 cc. of fol'l!lic a.cid 

and at 0°0. ozone was passed into this solution for varying lengths 

of time. The amount of ozone delivered by the machine was 

determined at intervals by passing the gas through a neutral 

potassium iodide solution~£or a definite period of time and 

titrating the iodine liberated on acidification with standardized 

thiosulphate. The ga.s passing out of the lignin solution was 

also passed through potassium iodide in order to determine the 

amount of ozone that was not absorbed by the solution of the 

lignin. When the ozonization was completed the formic acid was 

removed by distillation under reduced pressure, 300 cc. of water 

added to the residue and the solution refluxed for 30 minutes. 

On cooling the water insoluble lignin was filtered off, washed 

with water, dried under reduced pressure at 60°0. and weighed. 

Methoxyl determinations were carried out on the water in

soluble fraction and the solubility of this fraction in sulphite 

liquor was determined in the following manner. Exactly 100 milli

grams of the lignin sample were placed in a glass bomb with 6 cc. 



- 131 -

of standard liquor (6.0% total and 1.15~ combined so2 ). This 

bomb was then cooked under the standard conditions of 110°0. 

for 12 hours. On the completion of the cook the bomb was cooled 

to 0°0., the tips broken and the lignin solution allowed to run 

into a small beaker. The tube was then broken in two and the 

contents washed into the beaker with water. The small piece of 

cotton wa.s removed and washed and the solution placed in a small 

tared centrifuge cup and the insoluble lignin centrifuged off. 

The solid material in the bottom was then stirred with water and, 

after centrifuging, the water was decanted off. The tube and 

contents were then dried overnight at 60°0. under reduced pressure 

over phosphorus pentoxide. The difference in weight ga.ve the 

amount of insoluble lignin and from this was calculated the percent 

soluble in the sulphite liquor. 

RUN - 1. 

Birch Formic Acid Lignin- Acetone Soluble Fraction- 18.55~ OCH3 
Weight of ozone added - 0.189 g.) 

) Weight used = 0.167 g. 
Weight of ozone not absorbed = 0.022 g.) 

Weight of water insoluble fraction = 1.90 g. (95~ yield) 

Methoxyl Analysis: 

% OCH3 - 15·9 (15.g, 16.0, 

(0.02760 g. sample required 

(0.02055 g. sample required 

(0.02850 g. sample required 

Solubility in Sulphite Liquor. 

Weight of insoluble lignin = 

Solubility = 36~ 

15.9) 

1S.25 cc. 

13·74 cc. 

25·30 cc. 

0.0641 g. 

of 

of 

of 

0.07459 N Na
2
s

2
o

3
) 

0.07459 N Na
2
s

2
o

3
) 

o.o46g4 N Na
2
s

2
o

3
) 
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RUN - 2. 

Birch Formic Acid Lignin- Acetone Soluble Fraction- 18.~5~ OCH • / 3 
Weight of ozone added = 0.341 g.) 

) Weight used = 0.290 g. 
Weight of ozone not absorbed= 0.051 g.) 

Weight of water insoluble fraction= 1.75 g. 

Methoxyl Analysis: 

% OCH3 - 13.S5 (13.9, 13.8} 

(sz.?% yield) 

(0.02365 g. sample required 13.75 cc. of 0.07459 N Na2s
2
o
3

) 

(0.03185 g. sample required 18.20 cc. of 0.04684 N Na2s2o3
) 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin = 0.0394 g. 

Solubility = 61%. 

RUN - 3. 

Birch Formic Acid Lignin - Acetone Soluble Fraction- 1g.55% OCH3• 

Weight of ozone added = 0.4?6 g.~ 
Weight used = 0.268 g. 

Weight of ozone not absorbed = 0.058 g. 

Weight of water insoluble fraction - 1.26 g. (68~ yield) 

Methoxyl Analysis: 

% OCH
3

- 11.65 (11.7, 11.6) 

(0.02983 g. sample required 14.35 cc. of 0.0468~ N Na S 0 ) 
2 2 3 

(0.02498 g. sample required 12.00 cc. of 0.04684 N Na2s2o
3

) 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin = 0.0122 g. 

Solubility = gg~. 
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RUN - 4. 

Birch Formic Acid Lignin - Acetone Soluble Fraction- 18.55% OCH3. 

Weight of ozone added 

Weight of ozone not absorbed 

- o.~s5 g.~ 

= 0.081 g.) 
Weight used = 0.404 g. 

Weight of water insoluble fraction = 1.44 g. {72% yield) 

Methoxyl Analysis: 

% OCH3 - 12.5 (12.5, 12.5) 

(0.02792 g, sample required 1~.40 cc. of 0.046S4 N Na
2
s2o3

) 

(0.02802 g. sample required 14.50 cc. of 0,04684 N Na2s2o3
) 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin = 0.0224 g. 

Solubility = 78~. 

RUN -5. 

Birch Formic Acid Lignin - 90% acetone-water soluble fraction -

15.5%9CH3• 

Weight of ozone added = 0.488 g.) 
) Weight used = 0.394 g. 

Weight of ozone not absorbed= 0.094 g.) 

Weight of water insoluble fraction = 1.64 g. (82% yield) 

¥ethoxyl Analysis: 

% OCH
3 

- 10.4 (10.4, 10.4) 

(0.0254S g. sample required 10.95 cc. of 0.04684 N Na2s2o
3

) 

(0.02470 g. sample required 10.60 cc. of 0.04684 N Na2s
2
o

3
} 

Solubility in Sulphite Liguor: 

Weight of insoluble lignin = 0.0237 g. 

Solubility = ?6%. 
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RUN - 6. 

Birch Formic Acid Lignin- Acetone Soluble Fraction - 18.55~ OCH
3

• 

Weight of ozone added - 0.502 g.) 
) Weight used = 0.396 g. 

Weight of ozone not absorbed= 0.106 g.} 

Weight of water insoluble fraction = 1.45 g. 

Methoxyl Analysis: 

(73~ yield) 

~ OCH3 - 12.6 ( 12.6' 12.6) 

(0.02760 g. sample required 14.40 cc. 

(0.02643 g. sample required 13.80 cc. 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin = 0.0266 g. 

Solubility = 73%. 

RUN - 7• 

of 0.04684 N Na2s2o3 ) 

of 0.04684 N Na
2
s

2
o

3
) 

Birch Formic Acid Lignin - Acetone Soluble Fraction - 18.55% OcH3• 

Weight of ozone added = 0.505 g.) 
) Weight used = 0.405 g. 

Weight of ozone not absorbed = 0.100 g.) 

Weight of water insoluble fraction = 1.30 g. 

Methoxyl Analysis: 

(65% yield) 

% OCH3 - 11.45 (11.4, 11.5) 

(0.03290 g. sample required 11.}0 cc. 

(0.02745 g. sample required 12.55 cc. 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin = 0.0181 g. 

Solubility = g2%. 

of 0.04684 N Na
2

S 0 ) 
2 3 

of 0.04684 N Na2s
2
o

3
) 
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RUN - 8. 

Birch Formic Acid Lignin - Acetone Soluble Fraction - 18.55~ OCH
3

• 

Weight of ozone added = 0.590 g.) 
) 

Weight of ozone not absorbed= 0.127 g.) Weight used= 0.463 g. 

Weight of water insoluble fraction = 1.20 g. 

Methoxyl Analysis: 

% OCH3 - 11.8 (11.9, 11.8, 11.8) 

(6~ yield) 

(0.02396 g. sample required 11.92 cc. of 0.04613 N Na2s
2
o
3

) 

(0.02846 g. sample required 14.08 cc. of 0.04613 N Ka
2
s

2
o
3

) 

(0.02259 g. sample required 11.1g cc. of 0.04613 N Na
2
s

2
o

3
) 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin = 0.0177 g. 

Solubility = 82~. 

RUN - 9. 

Birch Formic Acid Lignin - Acetone Soluble Fraction - 18.55% OCH3• 

Weight of ozone added = 0.705 g.) 
) Weight used= 0.544 g. 

Weight of ozone not absorbed= 0.161 g.) 

Weight of water insoluble fraction - 1.06 g. (53~ yield) 

Methoxyl Analysis: 

% OCH3 - 10.85 (10.9, 10.8) 

(0.02506 g. sample reauired 11.45 cc. of 0.04613 N Na2s2o3
) 

(0.02;89 g. sample required 9.90 cc. of 0.04613 N Na2s
2
o
3

) 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin = 0.0073 g. 

Solubility = 93~· 
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RUN - 10. 

Birch Formic Acid Lignin - 90~ acetone-water soluble Fraction -15· 5% OCH3• 

Weight of ozone added = 0.606 g.) 
) Weight used 0.462 g. 

Weight of ozone not absorbed = 0.14~ g.) 

Weight of water insoluble fraction = 1.48 g. 

Methoxyl Analysis: 

% OCH3 - 9.5 (9.5, 9.5) 

( 74~ yield) 

(0.02588 g. sample required 10.26 CC· of 0.04613 N Na2s2o3
) 

{0.02867 g. sample required 11.42 cc. of 0.04613 N Ka2s2o3
) 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin = 0.0117 g. 

Solubility = 88~. 

RUN - 11 .. 

Birch Acetic Acid Lignin- Acetone Soluble Fraction- 18.7% OCE3• 

Weight of ozone added = 0.280 g.) 
) Weight used = 0.223 g. 

Weight of ozone not absorbed= 0.057 g.) 

Weight of water insoluble fraction = 1.31 g. 

Methox!l Analysis: 

{66~ yield} 

~ OCH
3 

- 14.5 (14.4, 14.6) 

(0.02279 g. sample required 13.74 cc. of 0.04613 N Na S 0 ) 
2 2 3 

(0.02300 g. sample required 14.08 cc. of 0.04613 N Na
2s

2
o

3
) 

Solubility in Sulphite Liquor. 

Weight of insoluble lignin = 0.0382 g. 

Solubility = 62%. 
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RUN - 12; 

Birch Acetic Acid Lignin- Acetone Soluble Fraction- l8.7t OCH3• 

Weight of ozone added = 0.498 g.) 

Weight of ozone not absorbed= 0.127 g.~ Weight used= 0.371 g. 

Weight of water insoluble fraction - 1.06 g. 

Methoxyl Analysis: 

% OCH3- 12.85 (12.9, 12.8) 

(0.02652 g. sample required 14.38 cc. of 0.04613 N Na2s
2
o

3
) 

(0.02285 g. sample required 12.29 cc. of 0.04613 N Na2s2o3
) 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin = 0.0136 g. 

Solubility = 86%. 

RUN - 13. 

Birch acetic Acid Lignin- Acetone Soluble Fraction- l8.7ofo oca3 
Weight of ozone added = 0.350 g.) 

) Weight used = 0.278 g. 
Weight of ozone not absorbed= 0.072 g.) 

Weight of water in soluble fraction= 1.19 g. (60% yield) 

Methoxyl Analysis: 

% OCH3 - 14.2 (14.2, llJ-.2) 

(0.02316 g. sample required 13.80 cc. Of 

(0.02313 g. sample required 13·75 cc. of 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin = 0.0553. g. 

Solubility = 45%. 

0.04613 N Na2s
2
o3

) 

0.04613 N Na2s203) 
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RUN - 14. 

Birch Formic Acid Lignin - 90i acetone-water soluble fraction -

15.5% OCH
3

• 

W~ight of ozone added = 0.538 g.) 
) Weight used = 0.432 g. 

Weight of ozone unabsorbed = 0.106 g.) 

Weight of water insoluble fraction = 1.51 g. 

Methoxyl Analysis: 

( 75% yield) 

% OCH3 - 9.6 (9.6, 9.6) 

(0.03171 g. sam:ole required 12.70 cc. 

(0.02445 g. sample required 9.80 cc. 

Solubility_in Sulphite Liquor: 

Weight of insoluble lignin = 0.0133 g. 

Solubility = 87~. 

RUN - 15; 

Maple Ethanol Lignin. 

Methoxyl Analysis: 

o~ OCH -' 3 26.0 (26.0, 25.8, 26.2) 

(0.02978 g. sample required 32.40 

(0.02308 g. sample required 24.95 

(0.02247 g. sample required 24.65 

cc. 

cc. 

cc. 

of 0.04613 N Na2s2o3) 

of 0.04613 N Na
2
s2o3) 

of 0.04613 N Na2s2o
3

) 

of 0.04613 N Na
2
s

2
o3) 

of 0.04613 N Na2s2o3) 

Weight of ozone added = o. 580 g.) 
) Wt. of ozone used 

Weight of ozone not absorbed = 0.14-6 g. ) o. 4iJ4- g. 

Weight of water insoluble fraction = 1.23 g. (62~ yield) 



- 139 -

Methoxyl Analysis: 

% OCH3- 17.5,(17.5, 17.5) 

(0.02304 g. sample required 16.85 cc. of 0.04613 N Na
2
s

2
o

3
) 

(0.02484 g. sample required 1S.20 cc. of 0.04613 N Na2s2o3
) 

Solubility in Sulphite Liquor: 

Weight of Insoluble Lignin = 0.0276 g. 

Solubility = 72%. 

The Effect of Additional Refluxing with water on the Wa.ter 

Insoluble Fraction. 

A number of the water insoluble fractions obtained by the 

ozonizations just described were treated further with water at 

100°0. for 45 minutes. The lignin was then filtered off, washed 

and dried in the usual manner and quantitative sulphite cooks 

and methoxyl determinations caxried out on these products. 

(1) Product from Run 3. 

Methoxyl Analysis: 

% OCH3 - 11.5 (11.5, 11.5) 

(0.02402 g sample required 11.54 cc. of 0.04613 N Na2s 0 ) 
2 3 

(0.02635 g. sample required 12.75 cc. of 0.04613 N Na2s2o3) 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin = 0.0006 g. 

Solubility = lOO% (Previous solubility - 8S%) 
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(2) Product from Run 4. 

Methoxyl Analysis: 

~ OCH3 - 11.75 (11.7, ll.S) 

(0.02390 g. sample required 11.70 cc. of 0.04613 N Na2s2o3) 

(0.02174 g. ·!.sample required 10.72 cc. of 0.04613 N Na2s
2

<)
2

) 

Solubility in SulE_hi te Liquor:. 

Weight of Insoluble Lignin = 0.0151 g. 

Solubility == S5ok (Previous solubility - 7Sot,) 

(3) Product from Run z. 
Solubility in Sulphite Liquor: 

Weight of insoluble lignin = 0.0022 g. 

Solubility = 98% (Previous solubility - 82~) 

{4) Product from Run 11. 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin = 0.0345 g. 

Solubility = 65~ (Previous solubility = 62~) 
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IX. GRIGNARD ANALYSES OF BIRCH "FORMIC ACID 11 LIGNIN 

BEFORE AND AFTER OZONIZATION 

It was found that check analyses could be obtained in the 

Grignard Machine only after careful purification of the lignin 

samples. Until this was done a rather wide variation in the 

results was observed. 

Two grams of birch formic acid lignin (acetone soluble 

fraction, Run 3, page 93) were purified by reprecipitation from 

anhydrous dioxane (20 cc.) into a tenfold volume of 30-?0A pet-

roleum ether. The precipitated lignin was washed thoroughly with 

petroleum ether and dried overnight at 60°0. over phosphorous 

pentoxide. 

Grignard Analysis: 

(1) 0.159 g. sample. Used 3.00 cc. of CH3Mgi 

Volume of gas at 285°A. and 762 mm., 27.7 cc. 

Corrected volume, 21.9 cc. 

.·.Active hydrogen per kilo is 6.2 

Added 2 eo. of water. 

Volume of gas at 2g5°A. and 762 mm., 45 cc. 

Corrected volume, 38.4 cc. 

3.00 cc. of CH3Mgi is equal to ~5.0 cc. of gas 

••• Addition of CH}Mgi per kilo is 1.9 
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(2) 0.159 g. sample. Used 3.15 cc. of CH3Mgi 

Volume of gas at 285°A. and 761 mm., 28.5 cc. 

Corrected volume, 22.4 cc . 
• • • Active hydrogen per kilo is 6.3 

Added 2 cc. of water. 

Volume of gas at 285°A. and 761 mm., l.J-7.2 cc. 

Corrected volume, 40.5 cc. 

3.15 cc. of CH3Mgi is equal to 47.2 cc. of gas . 
• • • Addition of CH3Mg! per kilo is 1.9 

The water insoluble fraction from the ozonization of birch 

formic acid lignin (the same fraction used in the above analyses) 

from Run 6, pagelst'was p:urified by dissolving it in dry pyridine 

(1.4 g. in 15 cc.) and precipitation into a tenfold volume of 

30-50° petroleum ether. The precipitated lignin was thoroughly 

washed with petroleum ether and dried overnight at 60°0. over 

phosphorous pentoxide. 

Grignard Analysis: 

(1) 0.163 g. sample. Used 3.10 cc. of CH3Mg! 

Volume of gas at 2S5°A. and 761 mm., 24.4 cc. 

Corrected volume, 1S.7 cc . 

• ·.Active hydrogen per kilo is 5.1 

Added 2 cc. of water. 

Volume of gas at 285°A. and 761 mm., ~4.3 cc. 

Corrected volume, 37·5 cc. 

3.10 cc. of cH3Mgi is equal to 46.5 cc. of gas . 

• ·.Addition of CH;Mg! per kilo is 2.5 
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(2) 0.156 g. sample. Used 3.16 cc. of CH
3

Mgi 

Volume of gas at 283°A. and 762 MM., 26.1 cc. 

Corrected volume, 20.3 cc • 
• 

• • Active hydrogen per kilo is 5.8 

Added 2 cc. of water. 

Volume of gas at 283 °A. and 762 mm., 45.1 cc. 

Corrected volume, 38.6 cc. 

3.16 cc. of CH3Mgi is equal to 47.~ cc. of gas . 
• • • Addition of CH3Mg! per kilo is 2.2 

(3) 0.156 g. sample. Used 3.18 cc. of CH3Mgi 

Volume of gas at 283°A. and 760 mm., 25.0 cc. 

Corrected volume, 19.2 cc • 
• 

• • Active hydrogen per kilo is 5.5 

Added 2 cc. of water. 

Volume of gas at 283°A. and 760 mm., 1+4.0 cc. 

Corrected volume, 37.4 cc .. 

3.1g cc. of cH3Mgi is equal to 47.7 eo. of gas . 

• ·• Addition of CH3Mg! per kilo is 2.9 
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X. THE OZONIZATION OF METHYLATED OAK LIGNIN 

A sample of fully methylated oak 11gnin° was found to be 

completely insoluble in sulphite liquor under the standard 

conditions of 110°0. for 12 hours. 

One gram of this lignin was dissolved in 50 cc. of formic 

acid and at 0°0. this solution was subjected to the action of 

0.348 g. of ozone, of which 0.246 g. was absorbed. Upon removal 

of the solvent under reduced pressure the residue was refluxed 

for half an hour with 300 cc. of water. The water insoluble 

fraction was fil te.red off, washed wi tb water and dried. 

A sample of this water insoluble fraction was found to be 

completely insoluble in sulphite liquor under the standard 

conditions. 

0 This sample was obtained from Dr. H. Hibbert and had been 

prepared by W.H. Steeves (S2). Methoxyl content- 37.6% 
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XI. EXPERIMENTS ON THE GRIGNARDIZATION OF LIGNIN 

(a) Native Oak Lignin 

A sample of native oak lignin* was found to be completely 
soluble in sulphite liquor under the standard conditions of 11ooc. 
for 12 hours. 

One gram of this lignin was dissolved in 35 cc. of dry 
pyridine in a three-necked flask equipped with mercury sealed 
stirrer and a condenser. Under an atmosphere of dry nitrogen 
30 cc. of an isoamylether solution of methyl magnesium iodide 
was added in three 10 cc. portions. The reaction mixture was 
then heated on the water bath at 100°0. for one and one-half hours. 
Upon cooling, 500 cc. of water was added to the reaction mixture 
and the precipitated lignin filtered off, well washed with water 
and dried. Yield - 1.36 g. 

A sample of this grignardized oak lignin was found to be 
completely insoluble in sulphite liquor under the standard 

conditions. 

One gram of the grignardized oak lignin was dissolved in 
50 cc. of formic acid and at 0°0. this solution was subjected to 
the action of 0.331 g. of ozone, of which 0.151 g. was not absorbed 

by the solution. 

~ This sample of native oak lignin had been prepared by the 

acetylation technique (g2) and was kindly donated by Mr. Q.Peniston 
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Upon removal of the solvent under reduced pressure and refluxing 

the residue for half an hour with 300 cc. of water, the water 

insoluble fraction was filtered off, washed and dried. 

A sample of this water insoluble fraction was found to be 

completely insoluble in sulphite liquor under the standard 

conditions. 

(b) Birch Formic Acid Lignin 
/ 

One gram of birch formic acid lignin (acetone soluble fraction 

Table II, Run 3) was dissolved in 35 cc. of dry pyridine and 

treated with 30 cc. of methyl magnesium iodide solution in the 

same manner described in the previous section, (a). 

Yield - 1.46 g. 

A sample of this grignardized birch lignin was found to be 

completely insoluble in sulphite liquor under standard conditions. 

One gram of this lignin was dissolved in 50 cc. of formic 

acid and at 0°0. was subjected to the action of 0.3~1 g. of ozone, 

of which 0.120 g. was not absorbed. Upon removal of the solvent 

under reduced pressure and refluxing the residue for half an hour 

with 300 cc. of water, the water insoluble fraction was filtered 

off, washed and dried. 

A sample of this water insoluble fraction was found to be 

completely insoluble in sulphite liquor under standard conditions. 
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XII. THE ISOLATION OF VANILLIN AND ACETOVANILLONE 

FROM OZONIZED BIRCH 'FORMIC ACID 1 LIGNIN 

(a) The Ozonization of Birch •Formic Acid' Lignin 

Ten grams of birch 'formic acid' lignin (the 90% acetone

water soluble fraction from Run 3, Table II.) were dissolved in 

4oo cc. of formic acid and at 0°0. this solution was treated with 

2.56 g. of ozone over a period of eight hours, during which time 

2.3~ g. of the ozone was absorbed by the solution. The solvent 

was then removed under reduced pressure and the residue refluxed 

for one hour with one litre of water. Upon cooling, the water 

insoluble fraction was filtered off, washed with water and dried. 

This product was ground to a fine powder and again refluxed with 

one litre of water for forty-five minutes. The water insoluble 

fraction was then filtered, washed and dried. Yield - 6.9 g. 

Methoxyl Analysis: 

~ OCH3 - S.3 (S.3, S.3) 

(0.0206S g. sample required 6.65 cc. of 0.0~97S N Na2S203) 

(0.02777 g. sample required S.95 cc. of 0.0497S N Na2S203) 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin - 0.0051 g. from 0.1000 g. sample. 

Solubility = 95% 
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{b) The Preparation and Cleavage of the Lignin SulEhonic Acid 

Two hundred cc. of sulphite liquor (6.0% total and 1.15% 

combined 802) and 6.8 g. of the water insoluble fraction, obtained 

as described in the previous section (a), were placed in a stain

less steel bomb which was heated to a temperature of 110°0. over 

a period of one a.nd one-half hours. The bath was held at 110°0. 

for four hours and then raised to 130°0. for an additional eight 

hours. Upon cooling the bomb was opened and the contents filtered 

and the volume of the filtrate made up to exactly 500 cc. by the 

addition of water. The insoluble material was dried and weighed. 

Weight - 0.8 g. 

A portion of the filtrate (100 cc.) was freed from inorganic 

material by dialysis against running distilled water for seven 

days. By evaporating the solution to dryness a relatively pure 

sample of the lignin sulphonic acid was obtained. This was 

analyzed for methoxyl and sulphur, the latter by the metnod of 

Wolesensky (91). 

Methoxyl Analysis: 

% OCH3 - 3.25 (3.3, 3.2) 

(0.02591 g. sample required 3.40 cc. of 0.04978 N Na2S203) 

(0.03152 g. sample required 3.90 cc. of 0.04978 N Na2s2o3) 

Sulpbur Analysis: 

% 8 - 6.45 (6.5, 6.4) 

(0.10322 g. sample gave 0.04872 g. of BaS04) 

( o .10283 g. samplt gave 0 •. o4807 g. of BaS04) 
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The alkaline cleavage of the lignin sulphonic acid prepared 

in the manner described was carried out by adding 70 g. of sodium 

hydroxide to 290 cc. of the crude liquor and heating this at a 

temperature of 135°0. for 12 hours under an atmosphere of oxygen

free nitrogen. Upon cooling the solution was acidified with 

50% sulphuric acid. 

(c) The Isolation of Vanillin 

The acidified reaction mixture from the alkaline cleavage was 

extracted continuously with benzene for a period of 48 hours. 

The benzene extract was then shaken ten times with 15 cc. portions 

of 5~ sodium bisulphite solution. This latter solution was 

acidified with 3 cc. of concentrated sulphuric acid and the sulphur 

dioxide removed under reduced pressure. The solution was then 

filtered and the volume adjusted to exactly 200 cc. 

The determination of the total aldehydes was carried out as 

follows. To a 20 cc. aliquot of the acidified bisulphite solution 

was added 10 cc. of a water solution of 2,4 dinitrophenylhydraziLe 

hydrochloride. After standing for 6 hours the precipitate was 

filtered through a tared sintered glass Preg1 filter and dried 

at 105°0. 

Weight of derivative = 0.1005 g. 

Weight calculated as vanillin for total solution - 0.0~~5 g. 

Yield based on lignin in liquor = 1.3~ 
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The remaining ISO cc. of the solution was extracted contin

uously with ether for 48 hours, the ethereal extract dried over 

anhydrous sodium sulphate and the solvent removed under reduced 

pressure. The residue was transferred to a small tared flask 

and again evaporated to dryness. Weight of residue = 0.075 g. 

This residue was then sublimed at 2 mm. pressure and 61oc. and 

yielded 0.040 g. of a crystalline product which melted at 65-70oc. 

A further sublimation of the 0.030 g. residue gave only a slight 

oiliness at increased temperatures. 

The sublimate was reorystallized from S0-90°C. petroleum 

ether and gave 0.030 g. of white feathery crystals. lll.P. 81-82°0. 

The mixed melting point with a.n authentic sample of vanillin 

(M. p. 82-83 °0 . ) was found to be ~1-82°0. 

Yield of crude vanillin - 1.1% based on the lignin. . 
~ 

Yield of pure vamillin - 0. ~ based on tne lignin. 

(d) The Isolation of Acetovanillone 

The benzene extract of the acidified alkaline cleavage 

product left after the extraction with bisulphite was evaporated 

to dryness under reduced pressure. The residue was transferred 

to a small tared flask and again evaporated to dryness. 

Weight of residue = 0-080 g. 

This residue was sublimed at 2 mm. pressure and 150°0., 

yielding 0.065 g. of sublimate. This product was transferred 

to a. clea,n flask and again sublimed at the same pressure and a 



temperature of 90°0. 

M.P. 105-110°0. 

- 151 -

This gave 0. 055 g,. of crystalline material. 

The product was recrystallized from 80-90°0 petroleum ether 

and gave 0.030 g. of white crystals. M.P. 111-112°0. 

The mixed melting point with an authentic sample of aoetovanillone 

{M.P. 114-115°0.) was found to be 111-112°0. 

Yield of crude acetovanillone - 1.6% based on the lignin. 

Yield of pure acetovanillone - 0.9% based on the lignin. 
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XIII. THE ISOLATION OF VANILLIN AND ACETOVANILLONE 

FROM OZONIZED BIRCH 'ACETIC ACID' LIGNIN 

(a)The Ozonization of Birch 'Acetic Acid' Lignin 

Twelve grams of birch 'acetic acidt lignin (acetone soluble 

fraction, Table III.) were dissolved in 300 cc. of formic acid 

and at 0°0. this solution was subjected to the action of 2.16 g. 

of ozone over a period of five and one-half hours, during which 

time 1.84 g. of ozone was absorbed by the solution. The solvent 

was then removed under reduced pressure and the residue refluxed 

with one litre of water for forty-five minutes. Upon cooling, 

the water insoluble fraction was filtered off, washed with water 

and dried. This product was ground to a fine powder and again 

refluxed with one litre of water for forty-five minutes. 

The water insoluble fraction was then filtered, washed and dried. 

Yield - 5.4 g. 

Methoxyl Analysis: 

(0.02197 g. sample required 12.2 cc. of 0.04613 N Na2s2o3) 

(0.02216 g. sample required 12.3 cc. of 0.04613 N Na2s2o3) 

Solubility in Sulphite Liguor: 

Weight of insoluble lignin - 0.0050 g. from 0.1000 g. sample. 

Solubility = 95~ 



- 153 -

(b) The Preparation and Cleavage of the Lignin Sulphonic Acid 

Five grams of the water insoluble fraction, obtained as 

described above, and 200 ccA of sulphite liquor (6.0% total and 

1.15% combined S02) were placed in a stainless steel bomb. 

The bomb was placed in a bath and the temperature raised to 11ooc. 

over a period of one and one-half hours and maintained at that 

temperature for 12 hours. After cooling the bomb, it was opened 

and the contents filtered and the volume of the filtrate made up 

exactly to 250 cc. with water. The insoluble material was dried 

and weighed. Weight - 0.02 g. 

A portion of the filtrate (50 cc.) was freed from inorganic 

material by dialysis against running distilled water for seven 

days. The lignin sulphonic acid was obtained by evaporating the 

solution to dryness and was analyzed for methoxyl and sulphur (91). 

Methoxyl Analysis: 

% OCH
3 

- 6.4 (6.5, 6.3) 

(0.02727 g. sample required 6.S5 cc. of 0.04978 N Na2S203) 

(0.02611 g. sample required 6.42 cc. of 0.04978 N Na2s2o3) 

Sulphur Analysis: 

~ s - 6.15 (6.1, 6.2) 

(0.10200 g. sample gave 0.04-563 g. of BaS04) 

(0.10303 g. sample gave 0.04502 g. of BaS04) 
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The alkaline cleavage of this lignin sulphonic acid was 

carried out by adding 33.6 g. of sodium hydroxide to 140 cc. of 

the crude liquor. This solution was maintained at a temperature 

of 135°0. for a period of 12 hours under an atmosphere of oxygen

free nitrogen. The reaction mixture was then cooled and acidified 

with 50% sulphuric acid. 

(c) The Isolation of Vanillin 

The acidified reaction mixture from the alkaline cleavage 

was extracted continuously with benzene for 48 hours. This benzen 

extract was then shaken ten times with 15 cc. portions of 5% 
sodium bisulphite solution. This latter solution was acidified 

with 3 cc. of concentrated sulphuric acid and the sulphur dioxide 

removed under reduced pressure. The solution was filtered and 

the volume adjusted to exactly 250 cc. 

The determination of the total aldehydes was carried out in 

the following manner. To a 20 cc. aliquot of tne acidified 

bisulphite solution was added 10 cc. of a water solution of 2,4-

dinitrophenylhydrazine hydrochloride. After standing for 6 hours 

the precipitate was filtered through a tared sintered glass Pregl 

filter and dried at 105°0. 

Weight of derivative - 0.02084 g. 

Weight calculated as vanillin for total solution - 0.1158 g. 

Yield based on lignin content of liquor = ~ 
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The remaining 230 cc. of the solution was extracted contin

uously with ether for 4g hours, the ethereal extract dried over 

anhydrous sodium sulphate and the solvent removed under reduced 

pressure. The residue was transferred to a small tared flask 

and again evaporated to dryness. Weight of residue = 0.160 g. 

This residue was then sublimed at 2 mm. pressure and 61°0. and 

yielded 0.070 g. of a crystalline product which melted at 70-75oc. 

This was recrystallized from 80-90° petroleum ether giving 

0.065 g. of white feathery crystals. M.P. 82-g3°C. 

The mixed melting point with a.n authentic sample of vanillin 

(M.P. 82-83°0.) was found to be 82-83°0. 

Sublimation of the residue at a temperature of 1~0°0. yielded 

0.030 g. of additional material which was resublimed at 61°0. and 

then crystallized from 80-90° petroleum ether. Yield = 0.010 g. 

M.P. 81-S2°C. Mixed melting point with vanillin - 81-82°0. 

Thus the total yield of pure vanillin was 0.075 g. 

Yield of pure vanillin= 2.7% based on the lignin. 

{d) The Isolation of Acetovanillone 

The benzene extract of the acidified alkaline cleavage 

reaction product, after the extraction with the bisulphite, was 

evaporated to dryness under reduced pressure. The residue 

was transferred to a small tared flask and again evaporated to 

dryness. Weight of residue = 0.1}0 g. 



This residue was sublimed at 2 mm. pressure and 120°0. 

yielding 0.080 g. of crystalline material. ~urther sublimation 

of the residue at temperatures up to 170°0. gave only a small 

oiliness. The sublimate was resublimed at a pressure of 2 mm. 

and 95°0. giving 0.075 g. of product. M.P. 109-112°0. 

Recrystallization from 80-90° petroleum ether gave 0.050 g. of 

material. M.P. 110-111°0. 

An additional rectystallization gave 0.030 g. M.P. 112-113°0. 

The mixed melting point with an authentic sample of acetovanillone 

(M.P. 114-115°0.) was found to be 112-113°0. 

Yield of crude acetovanillone- 2.7% based on the lignin. 

Yield of pure acetovanillone = 1.1% based on the lignin. 
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XIV. MISCELLANEOUS EXPERIMENTS 

(a) The Action of Formic Acid on Ozonized Lignin 

Eight-tenths of a gram of the water insoluble fraction from 

the ozonization of birch formic acid lignin (Rung, page135) was 

refluxed for 48 hours with 100 cc. of formic acid. The solution 

was then evaporated under reduced pressure to a volume of 25 cc. 

and poured in a fine stream into 2 litres of water. The 

precipitated lignin was centrifuged off, washed and dried. 

Yield - 0. 56 g. 

This product was found to be completely insoluble in sul-ohi te 

liquor under the standard conditions of 110°0. for 12 hours. 

(b) The Action of Formic Acid on ~-hydroxypropiovera.trone. 

~-hydroxypropioveratrone (2.9 g.) was refluxed for 4g hours 

with lSO cc. of formic acid. The reaction mixture was then 

evaporated to a volume of SO cc. and poured in a fine stream into 

2 litres of water. The precipitate was filtered off, washed 

and dried. Weight - 1.4 g. Yield - 50~ 

Methoxyl Analysis: 

~ OCH3 - 31.6 

(0.0294S g. sample required 39.10 cc. of 0.04613 N Na2s2o3) 

This product was found to be completely insoluble in 

sulphite liquor under the standard conditions. 
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(c) The Action of Ozone on 11oc.-hydroxypropioveratrone Formic 

Acid Lignin" 

One gram of the product which was obtained as described in the 

previous section was dissolved in 50 cc. of formic acid and at 

ooc. was subjected to the action of 0.445 g. of ozone over a 

period of 45 minutes, of which 0.369 g. was absorbed by the 

solution. The solvent was then removed under reduced pressure 

and the residue refluxed with 300 cc. of water for 45 minutes. 

The water insoluble fraction was filtered off, washed and dried. 

Yield - 0.80 g. 

This product was found to be completely insoluble in sulphite 

liquor under the standard conditions. 

(d) The Action of Ozone on "~hydroxypropiovanillone Sulphuric 

Acid Lignin" 

This "lignin" was obtained by refluxing cX.-hydroxypropio

vanillone with 1~ sulphuric acid for 36 hours~, and was completely 

insoluble in hot bisulphite solution. Three-tenths of one gram 

of this material was dissolved in 15 cc. of formic acid and at 

0°0. was subjected to the action of 0.061 g; of ozone over a 

period of ten minutes. The solvent was then removed under reduced 

pressure and the residue refluxed with 15 cc. of water for five 

minutes. The water insoluble fraction was filtered off, washed 

and dried. Yield - 0.22 g. 

This product was completely insoluble in sulphite liquor 

under the standard conditions. 

~The writer is indebted to Mr. A.Cramer for this sample. 
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(e) The Action of Hydrogen Peroxide on Birch 'Formic Acid' Lignin 

(i) Two grams of birch formic acid lignin (acetone soluble 

fraction) were dissolved in 50 cc. of formic acid and while the 

solution was kept well stirred 2 cc. of 30% hydrogen peroxide 

was added dropwise. Stirring was continued for one hour and 

then the solvent was removed by evaporation under reduced pressure. 

The residue was refluxed for one hour with 300 cc. of water and 

the water insoluble fraction filtered off, washed with water and 

dried. Yield - 1.40 g. 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin - 0.0354 g. 

Solubility - 65~ 

(ii) One gram of birch formic acid lignin (acetone soluble 

fraction) was dissolved in 25 cc. of formic acid and was treated 

with 2 cc. of 30% hydrogen peroxide in the same manner as 

described in the previous section. 

Weight of water insoluble fraction - 0.51 g. 

Solubility in Sulphite Liquor: 

Weight of insoluble lignin - 0.0 g. 

Solubility - lOO% 
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XV. THE ACTION OF SULPHITE LIQUOR ON VARIOUS ORGANIC COMPOUNDS 

(1) Benzoin 

Three cc. of sulphite liquor and 0.080 g. of benzoin 

were cooked in a gla.ss bomb for 12 hours at 110°0. Upon cooling, 

the bomb was opened and the insoluble crystalline material was 

filtered off, washed with water, dried and weighed. Yield - O.OSO 

M.P. 132-133°0. The mixed melting point with the original 

benzoin (M.P. 133-134°0.) was found to be 132-133°0. Thus 

benzoin does not form a sulphonic acid under these conditions. 

(2) oc-ethoxypropioveratrone 

Three cc. of sulphite liquor and 0.080 g. of ~-ethoxy-

propioveratrone were cooked for 12 hours at 110°0 in a sealed 

tube. Upon cooling a green insoluble globule was observed in 

the tube. The contents were washed out into a beaker and the 

oily globule crystallized on scratching. This material was 

filtered, washed with water and dried. Yield- 0.053 g. 

M.P. 79-sooc. The mixed melting point with ~-ethoxypropio-

veratrone (M.P. 81-S2°0.) was found to be 80-81°0. Thus the 

compound does not form a sulphonic acid under the conditions 

employed and is stable to hot bisulphite solutions. 

(3) ~-hydroxypropiovanillone 
Six cc. of sulphite liquor and 0.200 g. of oc-bydroxy-

propiovanillone were cooked for 12 hours at 110°0. Upon cooling 

the bomb no insoluble material separated out. The contents were 
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washed into a small beaker and allowed to evaporate to dryness. 

The residue was then extracted three times with 3 cc. portions 

of dry chloroform. The chloroform extract was allowed to evap-

orate in a tared dish and yielded 0.200 g. of an oil which slowly 

crystallized on standing. This product was recrystallized from 

80-90°0. petroleum ether and gave 0.050 g. of crystalline material. 

The mixed melting point with a. sample of 0(-hydroxy-

propiovanillone (M.P. 100-101°0.) was found to be 98-99°C. 

'rhus this compound did not form a sulphonic acid under the 

conditions employed and was stable under the conditions of a 

1 eulphi te cook'. 

( 4-) <X -hydroxypropiosyringone 

Thre~ cc. of sulphite liquor and 0.200 g. of ~-hydroxy-

propiosyringone were cooked for 12 hours at 110°0. No insoluble 

material was obtained upon cooling the bomb. The contents were 

wa.shed into a small beaker and allowed to evaporate to dryness. 

The residue was then extracted three times with 3 cc. portions 

of dry chloroform. Evaporation of the chloroform extract in a 

tared dish yielded 0.180 g. of crystalline material which was 

recrystallized from benzene. M.P. 122-123°0. The mixed melting 

point with a sample of ~-hydroxypropiosyringone (M.P. 123-12~00.) 

was found to be 123-124°0. Thus this compound did not form a 

sulphonic acid under the conditions employed and was stable to 

hot bisulphite solutions. 
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XVI. EXPERIMENTS WITH SPRUCE WOOD MEAL 

A Grignard analysis was carried out in the usual manner on 

a carefully dried sample of extracted spruce wood meal, with the 

exception that the reagent was allowed to stand in contact with 

the wood meal for 18 hours at room temperature before the addition 

of the water. Another analysis in which this procedure was not 

followed gave no addition of the reagent. 

Grignard Analysis: (p~ridine solvent) 

0.147 g. sample. Used 3.25 cc. of CH
3
Mgi 

Volume of ga.s at 275°A· and 763 mm., 12.8 cc. 

Corrected volume, 9·5 cc • 

• Active hydrogen kilo is 0.21 • • per 

Added 2 cc. of water. 

Volume of gas at 275° A. and 760 mm., 47.4 cc. 

Corrected volume, 41.7 cc. 

3·25 cc. of ca3Mgi is equal to 43·5 cc. of gas • 

• • • Addition of CH3Mgi per kilo is 0.06 

The reaction mixture from this analysis was poured into 

150 cc. of water and the wood meal reaction product filtered 

off, well washed with water and dried. Yield - 0.150 g. 

This product was then subjected to a standard sulphite cook 

and the pulp filtered off, washed with water and dried. 

Weight - 0.122 g. (SO% yield) 
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Methoxyl Ana.lysis of Residual Pulp: 

% OCH3 - 4.1 

(0.03470 g. sample required 5·55 cc. of 0.04978 N Na
2
s2o3

) 

Sulphite Cook on Spruce Wood Meal 

A sample of extracted spruce wood meal (4.g% OCH3) weighing 

0.400 g. was subjected to a standard sulphite cook at 110°0 for 

12 hours with 6 cc. of liquor. The pulp was then filtered off, 

washed with water and dried. Weight of residual wood meal -

0.308 g. (77% yield) 

Methoxyl Analysis: 

% OCH'3 - 2-4 

(0.0505S g. sample required 5.90 cc. of 0.04978 N Na2s2o3) 

Sulphite Cook on Diazomethane methylated Spruce Wood Meal 

A sample of extracted spruce wood meal which had been 

"* methylated with diazomethane (7.2% OCH3) and which weighed 

0.400 g. was cooked for 12 hours at 110°0. with 6 cc. of sulphite 

liquor. 

dried. 

The pulp was then filtered off, washed with water and 

Weight of residual wood meal- 0.336 g. 

Methoxyl Analysis: 

% OCH3 - 5·g 

(88% yield) 

(0.05163 g9 sample required 11.70 cc. of 0.04978 N Na2s2o3) 

~The writer is indebted to Mr. A.Cramer for this sample. 
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SUMMARY 

1. The use of formic acid as a solvent for ozonization has been 

developed and its characteristics in this capacity demon

strated by experiments on organic compounds of known structure. 

This solvent shows a remarkable tendency to protect 

the aldehyde ~roup from oxid~tion to the carboxyl group. 

The stability of the aromatic nucleus is somewhat greater in 

this solvent than in ethyl acetate. 

3· Isolated lignins, obtained by extraction with formic end 

acetic acids, and by alcoholysis with ethanol-hydrogen chloride, 

which are normally insoluble in aqueous bisulphite solution, 

have been shown to yield lignin sulphonic acids after a prior 

treatment of the lignin with ozone. 

4. Lignin sulnhonic acids obtained in this manner from formic 

and acetic acid lignins have been shown to give rise to 

vanillin and acetovanillone on alkaline cleavage. Presumably 

this is the first time that acetovanillone has been obtained 

from a hard wood. 

5· The increase in solubility in aqueous bisulphite solution and 

the decrease in methoxyl content of formic acid lignin with 

increasing ozonization has been studied. 
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6. A methylation study of the water 8oluble and water insoluble 

lignin fractions obtained upon ozonization has shown the 

importance of an hydroxyl group, methylatable with diazo

methane, upon the solubility of these fractions in aqueous 

bisulphite solution. 

7· Direct chemical evidence has been obtained in a number of 

cases for the necessity of a carbonyl group for the solubil

ization of lignin by means of aqueous bisulphite solution. 

g. A study of various lignins has produced evidence to show thet 

the carbonyl group is associa.ted with an hydroxyl group a.nd 

that both these groups are necessary for the formation of a 

lignin sulphonic acid. 

9· The action of aqueous bisulphite solution on a. number of 

organic compounds of known structure has been studied. 

10. A new interpretation of the process of delignification by 

means of aqueous bisulphite solution has been postulated in 

view of these new experimental findings. 
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