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GENERAL INTRODUCTION 

Chemioal Constituents of Plants; The Oocurrence of Lignin. 

The plant, by an unknown meohanism which involves the 

assimilation of Carbon Dioxide, Water and Energy (Sunlight) 

is able to transform these into both simple and oomplex 

oompounds. The former embraoe the simple carbohydrates, for 

example, mannose, glucose and galactose, while the latter 

consist of two classes of compounds, namely, the po1ysacoharides 

and lignin. Polysaocharides represent polymerized pentose 

or hexose anhydrides, for example, pentosans, cellulose and 

starch; while lignin which comprises about 30% of all woods 

is a substanoe of unknown composition. 

Chemistry of Plant Products. 

The chemical oonstitution of the natural produots, 

oe1lulose, pentosans and lignin which form the bulk of plant 

tissues has interested scientifio investigators for several 

decades. 

The chief difficulty in the investigation of this field 

lies in the permutoid charaoter of the substances in question. 

As colloidal oompounds~, highly polymerized, and difficu1tly 

soluble in common reagents, their isolation, purifioation and 

stOichiometric reaction are matters of great difficulty. 

Muoh oonflioting literature has in oonsequenoe arisen whioh 
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is extremely difficult of evaluation. 

The Role of Cellulose in Industrx. 

Cellulose is of great importano~ industrially and its 

use as a raw material is continually increasing. It is 

essential to the Cotton, Paper, Rayon, Explosive and Lacquer 

industries, forming in all cases the basis of the finished 

produot. Its isolation from whatever sourc~ and in greatest 

purity, is a problem of prime importance. 

The Role of Lignin in Industry. 

The commercial production of cellulose from plant 

products involves the removal of the other plant constituents, 

or encrustants, as they a.re sometimes called. This can be 

done either by kier boiling or by digester cooking. The 

former applies to the dilute caustic treatment of textile 

fibres while the latter takes the form of either an acid 

treatment (NaHS03 + H2S03) for coniferous woods or an 

alkaline treatment (NaOH or NaOH + N&2S) for both coniferous 

and deoiduous woods. 

Lignin is the encrustant most difficult of removal and 

the above treatments are usually followed by bleaching with 

chlorine and hypochlorite solutions, Lignin may therefore 

be regarded as a by-produot in the cellulose industry whose 

commercial utilization offers muoh of interest. 
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Objeot of the present Investigation. 

As mentioned above~the final ohemical treatment in the 

produotion of cellulose, either in the form of raw ootton, or 

of wood pulp, involves the use of bleaohing agents. These 

are employed in such a manner as to bring about the removal 

of the lignin and other non-cellu1osic materials with a 

minimum degradation of the cellulose. Since this removal is 

effected industrially by the use of chlorine and hypochlorite 

solutions it is necessary to have as clear an understanding as 

possible of the ohanges which,take place when these reagents 

act upon cellulose and upon lignin. Such a study should 

lead to, a) better oontrol of the bleaching prooess, b) higher 

yield of pure cellulose, and, c) a oonsiderable reduction in 

·chlorine consumption, as well as provide more definite 

information relating to the structure of lignin. 

Action of Chlorine and Hypochlorite solutions upon Cellulose. 

The action of hypoohlorite solutions upon cellulose 

results in the formation of Oxy-cellulose. Nast ukoff (1) 

found that when cellulose, in the form of filter paper, was 

treated with hypochlorite solution a compound was formed 

containing more oxygen than the original cellulose. This 

compound was termed by him "Oxy-cellulose tf and contained one 

more oxygen atom for every four to six C6HlOCSgroups than 

cellulose. Jecusco (2) also noted the oxidizing action of 

hypoohlorite solutions upon cellulose. 
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The more reoent researches of Birtwell, Clibbens and 

Ridge (3) who have studied the action of chlorine and 

hypoohlorite upon cellulose in solutions of varying hydrogen 
, 

ion oonoentration are especially valuable. The changes 

brought about in the oellulose were measured by the changes 

in the Methylene Blue absorption an~'copper number. Birtwell 
I 

and co-workers found that the Methylene Blue absorption 

inoreased as the pH of the medium inoreased and reached a 

maximum at pH 10 - 12. The Copper number on the other hand 

decreased with increasing pH to a minimum at pH 10 - 12. 

The rate of change in both cases was most rapid in the neighbor-

hood of pH 7. The authors concluded that the progressive 

changes in the properties of hypoohlorite oxy-cellulos~ 

accompanying changes in hydrogen-ion conoentration,were 

probably due to the equilibrium changes in the hypochlorite 

solutions. The latter can be considered to contain three 

oxidizing agents - hypoohlorous acid, hypochlorite ion, and 

free chlorine - but the ratio of the contents of these three 

varies with the hydrogen-ion concentration. Hypochlorite 

ion is, for practical purposes, the only oxidizing agent 

present in alkaline solutions, chlorine in acid solutions, 

and hypochlorous aoid in the range of hydrogen ion conoentration 

near the neutral pOint. The hypochlorite solutions of 

pH 4.6 - 2.7, which yield a maximum copper number, contain 

HOCl as the sole oxidizing agent. The fall in oopper 
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number which occurs in still more acid solution coincides 

with the rapidly increasing conoentration of free chlorine. 

Solutions of pH 10 - 11 which yield a maximum methylene blue 

absorption contain only hypochlorite ion as the oxidixing 

agent. 

Further information relating to the formation and 

properties of oxy-oellulose is to be found in the very 

oomplete bibliography on this subject by Birtwell and co-workers. 
r 

Action of Chlorine and Hypochlorite solutions upon Lignin. 

The action of these reagents upon lignin has been 

investigated by several workers and, since their results 

are related to the present investigation the subject is 

ma,de a separate section in the Historical Review. 

Modern views on the mechanism of bleaching wood cellulose 

together with the more reoent patents dealing with the 

bleaching prooess and the results of the present investigation 

are given in the chapter, "Bleaching of Wood Cel1u1ose~ 
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HISTORICAL REVIEW 

Since this thesis is conoerned primarily with 

fundamental data relating to the bleaching of wood pulps, 

the previously' established facts regarding the struoture 

of lignin are of especial importance. 

In view of the recent literature surveys on Lignin 

by Freudenberg (17) and especially by Phillips (4), no 

extensive review of ligDirttchemistry will be given. 

These authors point out quite clearly the marked laokof 

fundamental experimental data on whioh to base a sound 

knowledge of the structare of lignin. 

Concerning the structure of lignin, apart from its 

elementary composition (carbon, hydrogen and oxygen), there. 

1s only relatively slight information. Definite evidence 

exists as to the presence of methoxyl and hydroxyl groups 

and at least one aromatio nucleus. The existence of 

methoxyl groups is shown by the formation of methyl iodide 

on treatment .ith HI. L1gnin can be methylated and 

aoetylated with ease, and the acety1ated product hydrolysed 

with reproduction of the hydroxyl group. Apparently also, 

some of both the methoxyl and hydroxyl groups are attached 

to different types of carbon atoms. A yield of about g% 
orystalline vanillin (5), obtained by alkaline treatment 

of ligno-sulphonio acid establishes the presence of the 
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aromatic ring. 

The present review will deal only with such aspect~ 

of the subject as are germane to the present study. 

The properties of lignin, because of its amorphous, 

colloidal nature, vary greatly with the method of isolation 

used so that none of the known methods can be considered as 

ideal and no lignin preparation regarded as identical with 

that native in the plant. 

The gradual co-ordination of dependable and reproducible 

data on the various preparations is, however, slowly leading 

to a final elucidation of the problem. 

In the present investigation alkali lignin was chosen 

as starting material because, 

(i) it most closely approches the residual lignin 
in alkaline pulps_, 

(il) it is readily obtained in reproducible form, and, 

(iii) it Is readily soluble in many organio solvents 
and in aqueous solutions containing OH- ion. 

The preparation and properties of alkali lignin, dating 

from the original work by Lange (7) to the present, have been 

exhaustively reviewed by Marsha11 in these 1aboratories(~~he 

more important of these investigations, and especially those 

of interest to the present problem are discussed in the 

following pages. 
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Review of Alkali Lignin 

A Revle", of the morA important investigations_oonoern.ing 

the reola.tion and Prooerties of Alka,li Lignin. 

Following the researches of the earlier investigators, 

Lange (7), Streeb (8), and Holmberg and Wintzell (10), a 

series of experirr:ent s "was c'3rried out bv Beckmann, Liesche (11) 

and Lehma.nn in order to determine the most sa.tisfactory 

conditions for the extraotion of lignin. They treated 

different kinds of straw and ~ood with alkRli under controlled 

conditions of temper~ture, pressure, time and concentration. 

Ea.ch succeeding extraction ",as made more dra,stic tha.n the 

previous one. They found that most woods required several 

treqtments with 1.5~ NaOH solution at temperatures varying 

from 1650 0 to 19OoC for several hours in order to obtain 

oomplete extrRction. The Amount of lignin from each 

extraction was determined by acidifying the liquor extr~ct 

end wei~hing the nrecinitate. 

The fr'·lctions isolated became darker in oolor ~ s the 

extraction temnerature wes inoreased, the methoxyl content 

also increased and the solubility in organic solvents 

decreased. Doubling the alka.li concentration oractically 

doubled the yield under the same extraotion conditions. 

Over a moderate range the alkali conoentration had no effeot 

on the properties of the extra,cted lignin. 
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In order to obtain a lignin isolated under the mildest 

possible oonditions they treated winter rye straw with an 

~queous a,lcoho1 (6M·) solut ion of Ne,OH (~) for 4~ hours ~t 

room tempera,ture. (Alcohol prevents the solution of Pentosans) 

The free alkali was then neutralized with HCI, the alcohol 

distilled off, and the lignin precipitated with acid. Three 

extractions gave a total lignin yield of 7% based on the 

weight of origins.l ma,terial. The residual straw still 

contained 15~ lignin (Wi11statter HCI method) but was not 

investigated further. 

The lignin isolated gave the following a,na.1vsis; 

Carbon -
Hydrogen -
Methoxy1 -
Calculated formula 
Mol. Wt. (Freezing point 

method in phenol) 
(Boiling point method 
in g. acetic acid) 

6?1~ 63.Qdk: 
5. 4·q~ 5.8% 

14. 34k 1 r;. ~ Ok, 
c4oH44015 

756 1056 

768 891 

The sodium salt contained somewhat more than two 

atoms of sodium. 

Methylation established the presence of four hydroxyl 

groups so that the formula could be expanded to 

C36Hp~07(OCH~)4(OH)4. 

Mehta (12) has made a very thorough investigation in 

order to determine the oonditions for the complete resolution 

of the ligno-cel1u1ose in wood into its components by the use 
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of aqueous alkaline solutions under pressure. The same 

conditions have been extended to the preparation and 
_. 
quantitative estimation of 1·ignin. The hydrolysis of Ligno-

cellulose ~ith 5 - 10% NaOH only proceeded to 15 - 20% 

completion a.t ordinary pressures (100°0); at higher pressures 

this amount increased rapidly. Similarly when the pressure 

was kept constant and the strength of alkali varied the 

hydrolysis increased ~ith the strength of the alkali up to a 

maximum,beyond which deoomoosition of the lignin took nlace. 

The exaot conditions were established by carrying out a number 

of cooks using NaOH solutions varying from 1 - 15*· ooncentration 

at 2-5 (139°0) and 3.0 (144°0) atmospheres pressure. The 

resulting alkaline extract was filtered, diluted to 250 cc. 

and a 50 oc. aliquot portion preoipitated with concentrated HCI. 

The lignin was filtered off, washed free of chlorides and 

dissolved in 95% alcohol. . The alcohol solution wa,s filtered 

evanorated to dryness and the yield of lignin calculated from 

the weight of dry residue. 
'-' 

It W8,B found that maximum extraotion wa.s obtained with a 

four percent solution of sodium hydroxide at either pressure. 

In a further series of experiments the alkali concentra,tion 

wa.s kept constant at !t-% and the pressure varied from 1 - 16 

atmospheres (100°0 - 205°C). 

The results showed that the extraction of lignin was 

pra.ctically oomrilete at pressures above 10 atmospheres (1~5°C). 
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Cellulose remains practically unattacked at this temperature 

while a.t lower·~ temperatures much longer periods were necessary 

for the complete extraction of the lignin. 

Mehta also stated that no decomposition of the lignin 

had occurred during isolation since the product was not 

attacked bv further treatment under the same conditions and 

could be quantitatively recovered. The lignin oontent of 

different woods by this method are lower, than that given by 
.~ 

either the Willstatter or Klason methods. Neither of these 

methods is regarded as being oompletely satisfactory however 

and Mehta oontends that the determination of lignin ~ontent 

by alkaline extraction gives more accurate and reliable results. 

The lignin prepared under these conditions is a light 

brown powder, insoluble in water, soluble in dilute alkali~s, 

alcohol, acetone and acetic acid. It ha.s practica,lly no 

reducing power, gives no test for pentosans (phloroglucinol-HCI) 

melts without decomposition at 167°0-169°0 and shows somewhat 

more pronounced acidic properties than phenol. Insoluble 

ba,rium and calcium salts can be isolated by precipi tation in 

high yield. These properties tend to indicate the homogeneous 

nature of Mehta.' s~alkali lignin. 

Powe11 and Whittaker (13)(14) conducted a more fundamental 

research on the structure of alkali lignin isola.ted from several 
. 

different woods and from flax shives. The lignin products were 
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obtained by digest irlg the ohi pped wood lIli th a.queous g - l~t 

NaOH for 6 - g hours at 140 - 160°0. The filtered extradt 

198.S treated wi th a slight exoess of HOl and the precipi tat ed 

lignin wa.shed wi th dilute, hot HOI, centrifuged a.nd dried. 

The yield from flax shives was about 21%. 

The crude lignin contained about 0.9% pentosans which were 

removed by the precipitation of an acetone solution of the 

crude substance into hot 20~ HOl. After several such 

treatments no test was obtained for pentosans (distillation 

with 12% Hel and urecipitation of the furfura.ldehyde with 

phloroglucinol-HCI). The final purification was carried out 

by dissolving the lignin in NaOH solution and fractionally 

precipitating with HCl. The four fractions isolated gave 

identical a.nalyses. Since these agreed fairly well with 

those recorded by Doree and Hall (15) for a .ligno-sulphonic 

acid Powell a.nd Ylhi tta ker concluded tha.t their product wa.s 

homogeneous. 

The alkali lignin obtained wa.s an amorphous, light-brown 

oowder, insoluble in water, a.cetone and acetic acid but 

soluble in mixtures of acetone-wa.ter and acetic--a.cid-water. 

It showed acidic properties being soluble in dilute a.lka.lies 

and formed insoluble salts with various meta~ ions. 

An acetyl derivative was prepared which was insoluble 

in cold NaOH indicating that the acidic properties of the 

lignin were due to phenolic hydroxyl groups. Moreover, as 
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is typical of phenolic esters, the acetyl ~roups were readily 

hydrolysed with boiling water. A fully methylated derivative 

could not be prepared. A phenyl hydrazone and a ni tro 

comnound are also desoribed. 

be discussed later. 

The work on halogenation will 

From the results of their work on lignin products from 

six different types of wood Powell and Whittaker concluded that 

lignins from different natural sources represent derivRtives 

of the same poly-hydroxy compound and differ only in the 

number of methoxyl groups which they conta.in. This hyno-

thetical mother substance was termed by them "Lignol"; it 

contains nine hydroxyl groups and is represented by the 

empirical formula C3~H3004(OH)9CHO(C02)2. Attempts to isolate 

this substance by trea.tment of lignin with HI were not 

successful. 

The va.lue of the researches of Doree and Barton-Wri~ht (16) 

are greatly enhanced by the faot that they used a carefully 

purified wood meal as their source of lignin. The spruce 

wood meal was extracted with a benzene-alcohol mixture, then 

with water and finally subjected to four successive treatments 

lIli th a. 5% Ne.OH solution for 36 hours at room tempera.ture. 

(F:r4edrioh B-nd Dilllald method for hemi-oellulose extraotion. (2-7) ~ 

The lignin was isolated by the method recommended by Meht~ (12) 

namely; the wood mea.1 was heated in an autoclave lIIi th ~ 
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4~ NaOH solution for one hour at g a.tmospheres. The 

alkaline extract was filtered, the 1ignin orecipitated by 

addition of HCI, washed by deoantation and dissolved in 95~ 

alcohol. The alcoholic solution wa.s filtered and evaporated 

to dryness. The lignin was purified by dissolving the 

alcoholic residue in glacial acetic e, cid and ureci oi tating 

into wa.ter. This orocess was repeated until the melting 

point of a saJrlple became constant at 1~5-lg6cc. 

was then filtered, washed a nddried at 60°C. 

The product 

The lignin so obta.ined was a light brown powder, readily 

soluble in orga.nio solvents and in a.queous solutions containing 
--

OH~ ion. It could be quantitatively precipitated from the 

latter by the addition of acids. 

From the analyses of the benzoyl, acetyl, a.nd methoxvl 

derivatives Doree and BBrton-Wright concluded thRt alkali lignin 

contained t~o methoxyl grauDs and one hydroxyl groun. The 

analysis of the pure product corresponded to the formula 

The molecular weight" determined in J glacial a.cetic 'acid 

and in napthalene J showed thrit this formula represented the 

molecu18.r building uni t and the product was named by them 

"metalignin" • 

They also prepa.red an oxime corresponding to two carbonyl 

~rouns. One of these was aseumed to be ketonic, the other 
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aldehydic. The phenyl hydrazone could not be prepared. 

On the basis of their results they sugg~sted an 

expanded formula for "metalignin" viz. C16H120( OH) (OCH3) 2(cHO) (CO'). 

Doree and Barton-Wright also point out that when the 

various lignin formulae which have been proposed are reduoed 

to a basic hydroxylic compound a remarkable similarity exists. 

It is suggested that "metalignin" is the unit from whioh the 

natural lignins are derived. 

In these laboratories, Marsha11 (18), using the method 

desoribed by Mehta, has prepared an alkali lignin which he 

separated into two fractions A and B. The methoxyl content 

of fr8,ction B is about 1% lower than that of fraction A. 

A series of experiments (methylation, aoetylation and preparation 

of phenol derivatives) was performed upon these two fraotions 

and from the analytioa1 data obtained oonclusions were drawn 

as to the number and nature of the hydroxyl groups in alkali 

lignin; empirical formulae for both alkali lignin fraotions 

and for their phenol derivatives were derived. 

Such portions of the above research as are relevant to 

the present investigation are given below in detail. 

After several preliminary investigations Marshall found 

that the most satisfactory extraction of lignin from wood was 

obtained when the oonditions outlined by Mehta (12) were adhered 

to. A carefully purified wood meal was heated in a closed 

iron bomb for one hour at 172°0. The contents of the 
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bomb (a,fter cooling) were filtered and the 1ignin oreci -)i tated 

from the alkaline extract by the addition of HCI.. After 

centrifuging and dialysing the lignin was sucked to a thick 

moist paste on a BUchner funnel and dissolved while still 

moist in dioxan. 

N. B. Ma.rsha.ll notes in bis ureliminary experiments .- .. ~ 

th8t the centrifuged, dialysed product was not comnletely 

soluble in dioxan anj hRS given the methoxyl content of this 

material. He does not mention its Dresence howevAr when 

Mehtals Drocejure is followed. Further reference will be 

made to this insoluble uortion in the Exnerirr.ental Dart. 

The rAsidual water was removed from the dioxan-li~nin 

solution with anhydrous sodium sulDhate. The dried solution, 

concentrated to 8Dproximf:tely 10% alkali lignin was Drecioi tatec 

dropwise into well stirred e thar. 

By this method of purification, the crude alkali lignin 

was senarated into t~o fractions; Fraction I,a dioxan-ether 

insoluble material, was designated as alkali lignin A; 

Fraction III a dioxan-ether soluble substRnce named al 1<:ali 

lignin B. The separation into Lhese two fractions was only 

comnlete after four or five successive preciDitations of the 

orude nroduct into ether. 

Alkali lignin A ha,d a· methoxvl content of 15. ()f~.. The 

faot that three seuarate wood meal extractions gave products 
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of the same methoxy content after nurific?tion was considered 

to be good indication th~t the m~teri~l was at lea.st a homo-

geneous mixture if ITot a true chemical compound. 

The ana.lysis of alk31i lignin A is given as; 

C % H% OCH3 % 
Calculated C67H71023 64.6 5·~ l~.O 
Found 64.5 5.6 1 .9 

64-7 5·8 14·9 
64.7 5·7 14.9 

The ether-dioxan soluble fraction ~as obtained by 

concentration of the combined ether solutions from the ::>re.-

cinitB-tion of plkali lignin A,and orecipitated drouwise into 

well stirred 1:1 e"ther: petroleum ether. The produot wes 
.~ 

redissolved in dioxan gnd preoinit9ted into benzene. ~- After 

several precinitetlons ~ nroduct of constant methoxvl content 

was obtained. 

ThA formula for alkRli lignin B, c-alcula.ted from the 

carbon:-::nd hvdrogen analysis and transformed to the same oxygen 
--

basis as in the case of alkali lignin A is given as C6gH67023' 

a difference of one carbon CI- tom and four hydrogen 8toms as 

compared with that of al~ali lignin A. Such ~ small difference 

is well wichin the limits of eX")erimenta.l error considering the 

large size of the molecule. 

Howeve~ MRrshall found that his Rlkali lignin B had A 

methoxyl content of only 14.0% as comp~red with 14.91 reauired 
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He therefore 

a.88umeS that ~.lkali lignin B uossesses but five OCH3 groups 

in which CAse the formula for 81kali lignin B becomes 
" 

ClO~Hl07037 as the sma.llest uni t conta.ining sirLple whole 

number oxygen atoms. The analysis of c: lkali lignin B is 

given as, 

c % H% OCH
3 

% 
Calculated C6gH67023 6~.2 5.4- 14.9 

CI08HlO7037 6 • 9 5.4- 14 .. 0 

Found 65·0 5.11- 14.1 
65.0 ~·5 14.0 

In the present .investigation these twolignin fractions 

were not obtained. The a.rgument against the definite existence 

of two such comnounds will be given later. 



- 19 -

Aotion of Halogens upon Lignin 

Review of previious Investigations oonoerning the Action 

of Halogens on Lignin. 

It was early noted that chlorine and bromine, and 

their oxygenated derivatives reaoted readily with lignin 

and a large amount of literature has acoumu1ated on this 

subject. The various investigators have used lignin 

preparations isolated by several of the well known methods 

and have treated them with halogens under widely different 

conditions. In the present survey a olassification as 

regards reaction medium is proposed as a suitable basis 

for the presentation of the views of the authors. 

1. Aotion of PC15, SbC15, and 80C1 2 on Lignin 

The aotion of these reagents upon lignin has 

contributed little knowledge as regards lignin structure. 

Paschke (19) using a straw lignin, isolated by means of 

aqueous sodium carbonate solution, found that 8001 2 at room 

temperature gave a compound C37H~2S3q13012.(12.1% 01) which 

oontained no methoxy1 groups. When the reaction was 

carried out in a sealed tube at 1000 a for one hour the oompound 

036H 48111°10. (3g.2% Cl) was obtained. The derivative 
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C3gH46C15015 (19·2% Cl), was obtained by the aotion of two 

parts PC1 5 in tetrachloroethane upon lignin. 

Tropsche (20) using SbC1
5 

found that lignin dissolved 

on boiling and that perch1oroethane and hexachlorbenzene 

oould be isolated from the reaotion produots. 

2. Aotion of Halogens upon Lignin in Carbon Tetrachloride. 

Powe1l and Whittaker (14) treated a.n alkali lignin, 

isolated from flax shives, with both ohlorine and bromine in 
, 

dry OC14" In each case a product could be isolated containing 

12 halogen atoms on the basis of the building unit shown below. 

HCl was given off during the reaction and they concluded that 

substitution of halogen as well as addition had occurred. 

The analysis and formula of the alkali lignin used is 

given as, 
C ~ H'fo OCH3% 

Cale. 041H2607(OOH3)4(OH)5 64.4 5.1 14.g 

Found 63·9 5·8 14-9 

The analysis and formula of the corresponding chloro

lignin is given as, C4QH200gCl12(OCH3) 2 " 

The halo-lignins,as isolated,were found to be unstable and 

six halogen atoms could be replaced by hydroxyl groups by 

boiling with NaOH solution. The presence of the latter was 

shown both by methylation and acetylation and they concluded 

therefore that the halogen atoms taken upn~ould be classified 

as loosely and firmly bound. 
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It Is to be noted that the methoxy1 content of --the 

ch10ro11gnin, calculated from the above formula, is 5.1%, that 

of the original lignin being 14.9%. The introduction of 

12 chlorine atoms does not entirely account for this loss of 

methoxy1 although Powel! and Whittaker make no mention of 

the fact. 

Phillips (21) chlorinated a lignin isolated from corn 

oobs, aocording to the procedure used by Powel1 and Whittaker(14). 

The lignin used was isolated by the method of Beckmann 

Liesche and .JLehmann (11) and compared favourably in its 

reaotions with the lignin isolated by them as well as with 

that used by Powe11 and Whi ttake-r. The formula for the 

three preparations is given in Table &. 

Beckmann.Liesche 
and ".r. ehmann (11) 
Lignin obtained 
from rye straw. 

Table A. 

Phil1ips (21) 
Lignin obtained 
from corn cobs. 

Powe11 and Whittaker 
Lignin obtained 
from flax shives. 

Phil1ips concluded from his results that lignin from 

corn cobs contained three methoxy1 groups and at least four 

hydroxyl groups for each building unit C40H44016. The 

methoxy1 analysis was 12.0% OCH3. 

The chlorinated product corresponded to the formula 

Sinoe no methoxy1 analysis is 

given for this product it is to be concluded that no 10~ ~r.nn 
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on chlorination. This follows from the fa-et that the 

number of carbon and oxygen atoms in the formula~for chloro

lignin is the same as that present in the original lignin 

formula. 

Fuchs ana Horn (22) investigated the action of bromine 

upon an acetylated spruoe wood meal. Brominations were 

carried out at 100°0 for 25 minutes in dry 0014. They found 

tha t a defini te amount (6%) of bromine wa.s taken up, two

thirds of which could be removed e9sily by shaking with sodium 

a.cetate solution (5%), the bromine content of the reacetylated, 

de-brominated compound (A) being 2%. The lignin isol~ted by 

hydrolysi s, wi th methyl alcohol HOl, of t he 6% bromine product 

contained 11% Br. 

Re-bromination of (A) under the same conditions gave ~ 

product (B) containing 9~ Br., three-fifths of which was readily 

removed by sha~ing with sodium acetate solution leaving a 

bromine content of the rea,cetvlated twice de-brominated comoound 

of 3.5%. The lignin, isolated by methanol HCI hydrolysis of 

the product from the second bromination contained 17.~% Br. 

No rea.ction was obtained dh'fuTt~heX'l bromination of (B). 

The R uthors a.ssumed that no reaction took place wi th the 

acetylated cellulose and concluded that the above reactions 

are indicative of a tetrahydro-benzene ring in Lignin. In 
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the first bromination they Dostulate the addition of three 

bromine atoms. One of these is substituted in the lignin 

molecule while two are added on to a double bond. The 

remova,l of these two latter as HBr 1'1i th sodium aceta.te 

resulted in the formation of two double bonds. Upon re-

bromination of this comoound four bromine atoms were taken 

up,of which only three were reedily removed with sodium 

acetat e. 

These reactions, and the fact that the bromine content 

is not incr~a.sed on further bromination are taken as evi:ience 

for the existence of t he tetra-hydra-benzene ring. A long 

open chain or a polymethylene ring would brominate further. 

Recentlv, Harris, Sherrard a.nd Mitchell (2,) have 

-oublished the resul ts of an extended investigati on into the 

properties of Maule and Spruce lignins, these being isol8ted 

bV the 701/0 Suluhuric a.cid method. From a study of t he m~thvl-

ated and a cetylated deri v8,ti ves these authors uostu18te :3 

building-unit with a moleoular weight of apnroximately ~OO 

for Soruee lignin and containing a. total of ten base hydroxyl 

groUDS. For Ma.ple lignin a. uni t of 1800 is chosen conta.ining 

a total of twenty base hydroxyl groups. 

It was found tha~ Maple lignin combined with less 

chlorine than Spruce lignin. The former on treatment with 

chlorine in OC14 gave a. product analysing 8. 710 OMe; 1 a. g% Cl. 
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Ca .. lculated on a. basis of 1440 this corresponds to 4 ~ethoxvl 

groups a.nd 8 chlorine atoms. The product loses HCI readilv ,. 

on exuosure to air leaving a. compound '~i th 4 methoxy1 grourys 

and 7 chlorine a.toms per building unit. Trea.tment with 5% 

NaJOH gave an alkali oh1ore-lignin containing 4 chlorine atoms 

and 4- methoxyl groups per unit together 'Wi th s.n 8% yi eld 

of chloroform. 

In the case of Spruce lignin, chlorination in dry C014 

gave a" product gn~llysing 6.1% OMe and 27. 5cJi~ Cl, whi ch is 

equivalent to 2 methoxy1 groups a.nd ~ chlorine atoms Der 

uni t molecular weight of 1030. Tfie acti on of 5t% NaOH on 

this product a18~ yielded an alkali ohloro-lignin containing 

2 methoxyl groups and 4 chlorine atoms per unit together with 

chloroform. 

The yield of chloroform from both Maple and Spruce 

Ohloro-lignins led the authors to nostulate the nresenc~ of 

the grouping 
I 

CH;-C-OH in the original lignin. 
. , Since no 

chloroform is obtained from the methylated Chloro-lignins 
I 

on treatment with alkali the alternative grouping CH3-C = 0 

is elimina.ted. 

In this connection it is to be noted that Wa.lde and 

Hixon (24) have recently reported the isolation of iodoform. 

They subjected a. lignin, isolated by the action of a.mmonia 

uoon oat hulls, to an alkaline iodine oxidization. Iodoform 
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~as isolated by treating an alkaline solution of the product 

with iodine and extracting the iodoform with ether. Carbon 

tetrabromide was obtained on alkaline bromine oxida tl011:-

of the same lignin. The authors theref(l)re conclude th at a 

secondary alcohol group CH3CRHOH is nroba.bly present in the 

1ignin molecule. 

HarTis and co-workers also r apart that c'hlorine end 

promine react in very much the same way upon lignin. Both 

halogens bring about the removal of methoxyl grou-qs, bromine 

being less reactive than chlorine in this respect. The loss 

of methoxyl is exnlained by the assumption of t he presence of , , 
the grouping -0 = C - OCH3 • 

2 1 
The addition of chlorine to 

this would result in the 10s8 of methoxyl due to a building 

up of negative groups on carbon atom 1 gWing rise to a ketone. 

Since all methoxyl groups cannot b e removed a second type of 

methyl grouping is posultated, such as an aromatic ether or 

a tertiary <l.a.rbon ether, not susceptible to oxidation. 

The fact that ehloro-lignin cannot be remethyleted is 

taken as evidence for the lOSE of hydroxyl grouDs in the 

chlorination reaction. Since nhenolic hydroxyl groups are 

resi stant to the action of chlorine a third grouping, the 

enolic or ethylenie type, which could be easily methylAted and 

destroyed by chlorine, is assumed. This assumption is 8190 

supported bV the fa.et that the methylated compound reacts 
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A Summary of ~he ,Ohlorination Ex~eriments p~rformed 
by Harris, Sherrard and M1tchel1(23). 
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Maple alkali Ohloro
lignin. OMe = 10.5% 
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I 
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wi th more chlorine than the original l!ignin. 

A summary of a few of the reRctions 0.a.rried out by 

Harris and co-workers is given, diagraDlat1oally, -on pg. 26, and 

may be of assistance in understanding this rather complic~ted 

resea.rch. 

The Action qf Halogens upon Lignin in drr CH~OH2 
dry 0014 and in Hanus Reagent 

Hibbert and Sankey (25) have attemoted to determine the 

unsaturation ex~sting in the lignin molecule by mea.ns of 

bromine addition. Various solvents we~e used as repction 

media and severa.l compounds, possibly related to lignin were 

investiga.t ed. 

It was found for wood products that the amount of bromine 

absorbed after allowing for substitution reactions, was not 

only a funtion of time, concentration, and bromine solvent, 

but also va.ried markedly wi th the aciji ty of t he medium. 

The a.uthors cite as evidence in support of this fact, the 

conclusions of Williams and James (26), namely, that HBr acts 

as a catalyst for bromine addition to ethylenic comoounds in 

non-hydroxylic solvents. Thereaction mechanism involves a 

nartia.l prelimin2 ry substi tution, the HBr formed then catalysing 

the main reaction of addition to the double bond. 

The more important analytical data was obtained with 

freshly nrepared solutions of bromine in MeOH or 0014. 
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Allowance was made for the substitution taking plaoe and 

Table B·y . summarizes the results obtained with glyool lignin. 

Table !!:: 

Bromination of glyool lignin 

Br in :MeOH Br in COl4- Hanus reagent 
T hrs. C = C T hrs. C = C T hrs. o =. c 

24 1.14- 24 0·91 24 1.20 
Glyool lignin 4-g 1.22 4g 1.09 4g 1.50 

M. W. = 400-
4g 1.1g 71 1.50 

Hibbert and Sankey concluded therefore that glyoo1 lignin 

contains approximately one ethylenlc linkage per Mol. Wt. of 400. 

4. Action of Halogens upon Lignin in glacial acetic aoid. 

Friedrich and D1wald (27) used glacial acetic acid as a 

bromination medium. A lignin prepared by tha action of 1.17 

Sp. gr. HCI upon a de-resinlfled, hemi-cellulose extracted wood 

meal was used as starting material. Bromination of this 
out 

compound was carried/in glacial acetic acid-bromine solution. 

the product was isolated a~ter reaction periods of one minute, 

one hour and four hours, respectively; HCl was evolved 

during the course of the reaction. 

The analysis of the produots showed that bromine was 

rapidly taken up and that a loss of methoxyl groups had 

oocurred. The authors eoncluded that 4, 5, and 6 bromine 

atoms were taken up in the periods specified. The only 

explanation offered for the loss of methoxyl was the assumption 
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that CH3Br had been formed although this was not isolated. 

The results of their experiments are given in Table.:C •. 

Table .·:c-
Bromination of Lignin, (Friedrioh and Diwald) 

Time AnalIses Ca1oula.t ed 
0 ~' c H% Br % OOH}; % 

1 min. 45·2 4·3 29·6 4 Br - 30.2 
Hydroohloric acid 1 hr. 38. 7 3·4- ;6.6 6·7 5 Br - 35 .. 1 lignin. -

OCH 3 = 20.96% 4- hrs. 3g.l 3·1 39.4- 6 Br - 39·3 -

In a later communication Friedrich and Pelikan (28) ma,de 

a more fundamental investigation into the halogenation of 

lignin .lr~, The bromination experiments were again oarried out 

in glacial acetic aoid to prevent ,oxidation. A lignin, 

prepared from a de-resinified spruce wood meal by the use of 

HCl and acetic acid, was used as a starting material. 

The brominated products were precipitated by pouring 

the reaction mixture into water. ~ The analysis of the isolated 

oompounds showed that bromination was acoompanied by loss of 

methoxyl, amounting to about 30 percent of the methoxyl 

originally present. 

Similar experiments were carried out with the fully 

methylated lignin derivatives and bromination again resulted in 

a loss of approximately the same amount of methoxyl. 
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A series of experiments was performed in order to 

determine the mechanism of this reaotion. The authors were 

unable to isolate CH3Br, CH2Br~ CHBl) or any volatile oarbon 

oompound from the reaction nor did $he examination of the 

fission produots yield any substance of higher methoxyl 

content than that of t-he original starting material. It01Jas 

therefore ooncluded that methoxyl had not been removed by 

rea.ction of the bromine with the lignin but that a molecular 

rearrangement, involving the formation of hydroxyl groups 

had occurred. As evidence in support of this theory they 

found that the brominated lignin could be methylated and 

the methoxyl content of the fully methylated derivative was 

only slightly lower- than that of the fully methylated 

o~iginal lignin. 

free basis.) 

(Methoxyl content calculated on a bromine 

Friedrich and Pe1ikan also found that the bromine atoms 

taken up by the lignin possessed different properties; one 

portion was firmly bound while the other was combined loosely 

with the lignin. The latter was readily removed either by 

methylation or by simply shaking with sodium hydroxide. 

A summary of these bromination and methylation 

experiments is given,dtagramaticall~ on pg. 31. 
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(OMe oalau1ated on bromine 
free basis = 23.6% 
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H = 6.5% 

----------------------~.-
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, 
\.J,J ..... 

I 
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5- Action of aqueous halogen, inoluding hlpohalous acid 

~nd the hypohalites uEon Lignin. 

The action of aqueous halogen upon lignin is necessarily 

of a complicated nature due to the equlibrium relationships 

existing in an aqueous solution of halogen, hypohalous acid, 

hypohalites and halates. An excellent review of the subject 

has been published quite recently by Opferman (29) and will 

be discussed later. Numerous investigators have largely 

overlooked these important equlibrium relationships in conneotion 

18i th the lignin problem and a. correct interpre·tatlon of their 

results is therefore impossible. 

The bleaching aotion of chlorine upon wood was first 

noted by Payen (30). Later, a quantitative method for 

cellulose determination was developed by Fremy and Terriel (31) 

through the observation that after treatment with oh1orine 

the enorusting substances became soluble in alkali. 

Cross and Bevan (32) while investigating the chemistry of 

bast fibers, isolated an alkali soluble lignin oompOund formed 

by the aotion of ohlorine in aqueous solution. They stated that 

the same oompound was al,ays obtained under controlled oonditions. 

Sinoe the amount of HCl developed during the reaotion was equal 

to one-half of the total chlorine used they ooncluded that the 

reaotion wa.s one of simnle substitution" The formula of tne 
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its nrooerties resembled~ those of a quinone. 

H~user and ~ieber (33) in studying the action of 

chlorine UDon spruce wood found that far more of t he chlorine 

added was uresent after reaction as HCl than had entered the 

lignin molecule. The reaction wC's therefore thought to be 

mainly one of oxidation. The lignin chloride isolated gave 

on analysis C = 47.0%; H = 4.6%; Cl = 22.7%. It was not 

considered to be a uniform comnound, nor to have a cyclic 

structure since it could not be reduced to a pyrogallol 

derivative as clai~ed by Cross and Bevan. Fusion with 

alkali ~a.ve only a~alic acid.. , 

Jonas (34) found that treatment of WillstAtter Lignin 

with chlorine under controlled conditionsgave a reproducible 

lignin chloride as end product. He as·surned that chlorination 

VlIPS accompClmied by oxidation. 

H~gglund (35) by chlorin?ting Willst~tter Li~nin at 0° 

for two 1ays obtained a product containing 39.7 to 46.2~ ~hlorine. 

The researches of Freudenberg, Belz, and Niemann (36) 

were ca.rried out in 10%. HEr solution.. A lignin, isol~ted from 
dilute 

wood. meal by alternate treatment With/~2S04 and cupric ammonium 

hydroxide (Schweitzer's reaQ'~nt) was treated with a solution of 

excess bromine in 10% HBr. (aDoroxim~tely pH = 1). In this 
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acidio medium such bromine derivatives as hypobromous acid, 

hypobromites and bromates are not formed. Several aromatic 

substances considered as related to lignin were similarly 

treated. The residual bromine was determined by titration 

after the reaction. The produots, after 2, 24, and 48 hours 

reaction respeotively were analysed. The results of the 

investigation are given in Table I and are represented 

graphically in Fig. I 

Table I 

Bromination of 11~in and related 
compounds. (Freudenberg and 00.(36) 

No. Starting material 
1 gm. 

1 Lignin 
2 " 
3 " 
4 Methyl lignin 
5 " 

% 
OMe 

16 
16 
16 

32 
32 

time 
hrs 

6 

7 
8 

Dehydro-divani1lin 20·5 24 

Polymerized con- 17.2 2 
iferyl alcohol 17.2 24 

9 Br vanil1ic acid 12.6 2 
10 " 12.6 24 

11 Methyl cellulose 

Br used 

gms. atoms 

0.8g 2.12 
1.06 2·57 
1·36 3·3 
0.45 1.19 
0·73 1·93 
o o 

Product 
Br 

analysis 

10 atoms % 
OMe 
mo19s 

211-.0 0.78 
29.g 1.01 
32.3 1.13 

lost 
9·4 0.24-
8.6 0.25 
8.5 0.23 

16·5 0·53 25·0 0.16 
23.7 0.82 23.0 0-16 

o o 

1.44 3.24 33. 0 1.05 
1·90 4.28 40.8 1.48 

20.5 0 

g.o 0.32 
4.2 0.61 

o o o 
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FIG I 
The followin? r .A ction mechpnism is ~iven: {he main 

reartion is that of substitution: RHH + Br2 = RHBr + HBr 

which is slo IV followed by further substitution Rq~r + Br? -

BBr? + HBr. The amount of HBr thus forwed, oweve~ do~s not 

~re wi~h the Rmount 8ctu~11v orespnt ~s shown hv curve 111 - 11. 

A seconjarv r Q 8ction is indicAted leading to ~ lo~s of methoxvl 

and t~king olace simul tanpo1Jsly 'Vl<il~h th~ substi t tion r p 3.0tion. 



The rea,ction reach~s equi1ib~ium very shortly after the 

first reaction is finished. It 198.8 observed that t he greater 

the methoxyl loss the greater was the difference between curves 

11 and 111, s~ that either HBr or CH3B~ was being formed. The 

presence Of the latter could not be detected. If tribrom-

bhenol were neing for~ed, the reaction, in this case, could not 

be distinguished from thet of'substitution while the formation 

of a quinone would lead to an increAsed bromine requirement 

and so raise the slope of ' curve 111. Freudenb~rg considers 

it p'l'obab1e that the loss of methoxyl is associa.ted w1 th that 

of ~uinone .formation. Two. bromine atoms would in this C8se 

be required for each methoxyl and the total bromine requirement 

of the lignin s-hould be possible of evaluation, as indicated' 

below: 

After 2 hours reactio.n 0.24 moles of OMe were lost 
O.7g mol-es of bromine were taken 

up per one mole of OMe origin
ally present. 

Bromine requirement = (2 x O.2~) + 2 x O.7g = 
Actual req~irement. -

2.02 moles. 
2.12 moles. 

The 'C'&lculated bromine requirement ~i,s represented by -the 

dotted line in rigu:ce-~I- - '- . The agreement is very good for 

lign~;n., methyl llignin_ and :polymerized Boniferyl alcohol. 

In the case or ~rom-v8nillic aCid, where the methoxv1 loss 

is gre~test and secondary reactions come into ~lay the ~~ree-

ment of the theoretica.l and actual VB1 ues is not a.s good. 
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Hprris, ShArrerd and Mitchell (2~) ~lso chlorinpted 

and brominpt~d Spruce end J\~801e lignins in P0ueous solutions. 

They found th~,t Maple lignin took up Flbout the same amount of 

chlorine from an aqueous 8S from B OC14 solution, but that the 

loss of methoxyl was considerably greAter. In the reaction 

not only a re met hoxyls a.tta ched to ethyleni c go roups removed 

but also methoxyls attaohed to groupings which rAouire oxid-

at ion as well as c hlorin8t ion in order to spli t the ether 

linkag-e. Substitution reactions are ~ssumed in this c:4se and 

the repction comp~red With the chlorinPtion of ethvl p.th~r in· 

the nresence of moisture. If these methoxyls were ethers of 

orimary or secondary alcohol~ chlorination in aqueous solution 

should ~ive rise to cBrbonyl and carboxyl grou~s. Evidence 

of the nresence of the latt er V'as found. 

Hibbert and Tavlor (~7) in these laboratories h8 ve 

investigated the action of hypochlorous acid upon wood meal 

a,m u-pon glvcollJignin. 

A study was first mRde of the action of HOCl upon glycol 

lignin and uJon methylated glycol Lignin with the view of 
.I 

determining the oresence or absence of Keto-methylene grouos in 

the Lignin molecule. The addition of HOCl to the unmethy18ted 

lignin should resul t in the form'~,t ion of an unstable aJddi t ion 

uroduct which would lose HCl and form a ketone. In the case 



of the methylated lignin this addition comnound should be 

stable. The amount of HOCl a;bsorbed and of HCI formed was 

found to be a function of ti'Y!e. The amount of HCI formed 

in the reaction was lese with a methylated Lignin, but the 

amount of HOCI absorbed WAS decreased to Rbout the same extent. 

The amount of HOCI absorbed without formation of HCl wa.s there-

fore 9ra.ctica.lly unaffected by methyla.tion .. The resl]l ts seemed 

to indicate (assuming no hydrolysis of the keto-methylene 

comoound) that HOOl absorntion, resulting in chlorinption, is 

a seDe ra.te and indeoendent r eacti on from the t of the f orre9 ti on 

of HOl. It 'Would seem that keto-methylene grou-ps are ei ther 

not present in 1)ignin, or if present do not enolize to a 

sufficient extent to react rapdily with HOCl. 

Hibbert, Maass and Taylor (3~) in a previous communic2tion 

have shown that t he addition of HOCl to the ethvlenio link8Q'e .,. ~--

is cata.lysed by undissociated HCI. In the c a se of lignin, 

however, the velocity of such a reaction could not be dis-

tinguished from that of the chlorina.tion of a nhenol or 

phenol ether since both v eloci ty equat ions are dependent upon 

the chlorine concentration. The effect of a lk ali, as sho~n 

by Soner and Smith (39), provided a means of distinguishing 

between addition to an ethylenic bond end chlorination of a 

uhenol nucleus. From the results of eX'Jeriments carried out 
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upon the action of HOCl on glycol Lignin in alkaline media

the authors were able to conclude that one nucleus of an 

aromatic type was present in 800 gm. of :lignin. This 

calculat.ion was 'b ased upon the assumption that only one 

mole of HOCl per 800 gm. of lL~gnin is actually absorbed 

in chlorinating the phenol nucleus. 
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Review of Properties 9f.Hypoohloi-ites 

Review of the Properties of aqueous Chlorine and 

~ypochlorite solutions. 

A thorough understanding of the equlibrium relationships 

existing in aqueous solutions containing chlorine, hypoohlorous 

acid, and hypoohlorite ion is necessary before attempting 

any explanation of their action upon organic substances. In 

addition there are certain irreversible reactions occurring 

in these solutions which give rise to a loss of active 

chlorine and consequent reduction in the quantity of reactant 

available. A comprehensive survey of the physioo-chemical 

relationships in this field has been recently published by 

Opfermann (58) and this is discusse~ in part, in the following 

pages. 

a) Chlorine Water. 

A yellowish-green liquid, possessing a strong odou~ is 

formed when chlorine is dissolved in water. The maximum 

solubility occurs at 9 - 100e and is explained by the 

formation of a sparingly soluble hydrate C12.~H20. Hydrolysis 

of the chlorine also takes place according to the equation; 

> HOl + HOlO 2Q 

and this, as show~ is reversible and obeys the mass law. A 

true definition of this equlibrium must therefore take into 
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.acoount the ions of the highly-dissociated HCI so that the 

reaction is better expressed as; 

.. H+ + 01- + HOlO 

According to Jakowkin (59) this hydrolysis is 

independent of the presence of light; it proceeds slowly and 

reaches equ1ibrium only after 48 hrs. at 25°C. 

In the presence of light a seoondary reaotion occurs 

whereby the hypochlorous acid decomposes acoording to the 

equation; 

HClO -~-...... HOl + 0 

The nasoent oxygen acts upon the remaining hypooh1orous acid 

forming chlorio aci~so that the ultimate produots are 

HOl and HC103• 

The hydrolysis reaotion is endothermic, hypochlorous acid 

formation (together with that of H01) being favoured by 

higher temperatures. The following Table ( lI),prepared 

by Jakowkin,sho'Ws the effect of inorea.sing temperatures and 

indicates that the increase in hydrolysis is greatest between 

35 - 40°0. 

Table I I 

Variation of the Chlorine Hydrolysi~ 

Constant with Tem~erature. 

TOC K x 104 Toe K x 104 TOC K x 104 

0 1.45 25 4 .. 84 50 8·51 
5 1.96 30 5 .. ·65 ~6 9.12 

10 2.58 ~ 6.43 9·75 
15 ~.28 7. 14 33·4 10.93 
20 .06 45 7·8 
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Increased dilution also increases the ratio of the 

hydrolysed to the total m:-Olecules present. Table III gi ves 

the results of determinations made at two different 

temperatures by Jakowkin. 

ooe 

25°0 

Table ~III 

Degree of Hydrolysis with increasing 

dilution at different temperatures • .. 

v = dilution, expressed as the number 
dissolving one mole of ohlorine. 

x = degree of hydrolysis. 

v= 16.2 23. 47 43·43 99-0 
x = 0·309 0·381 0-518 0·732 

V = 11.74 23·38 43·22 91.84 
x = 0·345 0·500 0.666 0.845 

of litres 

The equilibrium, since it obeys the mass law, is of 

oourse shifted to the left by addenda capable of inoreasing 

the concentration of the hydrolysis products. The ooncentration 

of HOlO is thus reduoed by the addition of 01- ion or of 

strong aOids, and especially by HOl. 

b) Hypochlorous Acid. 

Hypochlorous aoid is known only in aqueous solution or 

in the form of its salts and esters. At elevated temperatures 

it is volatile with steam and can therefo~be obtained as a 

pure aqueous solution by distillation of decomposed 

hypochlorites. (The distillation of the anhydride, 012°, may 
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oocur actually, but in any event on condensation this would 

react with two moles of water regenerating the acid.) 

The free acid is a very powerful oxidizing agent, 

stronger even than HN03 or HOl0
3

. According to many 

workers this oxidizing action depends upon its ready 

deoomposition into hydrochlorio acid and free oxygen, 

HOlO HOI + 0 

The liberated oxygen reacts with organio or other 

oxidizable substances present,or is evolved as such. 

Goldschmidt (60) considers that hypochlorous acid, 

besides undergoing electrolydio dissooiation in aqueous 

solution, may also exist in equlibrium with its anhydride 012°, 
2 HOlO > -

This same phenomenon is shown by carbonio, sulphurous, 

and other weak acids and may explain the higher oxidizing 

power of free hypochlorous acid as compared with the 

hypochlorite ion. The latter should be more reactive 

because of its higher oxygen pressure (oxidation potential). 

c) Spontaneous decomposition of Hypochlorous Acid. 

The spontaneous decomposition of hypochlorous acid 

gives rise to the liberation of oxygen and the formation of 

hydrochloric acid. Under the influence of the latter a 

reversal of the hydrolysis equilibrium occurs and free chlorine 

is formed. 

HelO + Hel --
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Equlibrium conditions must, however, be reached eventually 

unless chlorine is removed in some manner. This is aotually 

the case, in that the ohlorine reacts with further quantities 

of hypoohlorous acid to give chloric acid and an additional 

a~ount of hydrochloric acid as shown in the following equation; 

2 012 + .. HOI03 + 4-HCl 

The HOl formed brings about a shift of the hydrolysis 

equlibrium still further to the left and the final products as 

in the case of the reaction promoted by sunlight, are HCI and 

HOI03• 

Similar decomposition reactions to those brought about 

by the presence of chlorine ions are presumably initiated 

by the strongly dissociated chlorides of the alkali and 

alkaline earth metals and may lead to the formation of 

chlorate and free chlorine; 

NaCl + 6 HOlD " NaCI03 + 3 H20 + 3 01 2 

The chlorine set free oxidizes further quanti ties of 

hypoohlorous acid and is itself reduced to HOl. The stability 

of hypochlorous aoid solutions is therefore decreased by the 

addition of chlorides. 

d) Electrolydic dissociation of Hynochlorous acid. 

All acids in aqueous solution possess the property of 

dissociating into anions and positively charged hydrogen ions, 
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the strength of the acid being directly proportional to the 

degree of electroly'ic dissooiation. In the case of 

hypochlorous acid, two types of dissociation must be 

distinguished, namely; 

( . \ 1. I HCIO .... .. 
and (ii) HOIO .. 

--
The latter is so slight as to have no measurable effeot and 

can therefore be neglected. (Several authors maintain that 

the seoond dissociation cannot possibly occur since it 

requires a positive chlorine io~) 

The ionic dissociation into a+ and 010- is a reversible 

reaction which is decreased by the addition of acids or C10-

ion, and of course is subject to the law of mass action; 

K - (H+ ) (010-) 

(HC10) 

The dissociation constant K has been repeatedly 

determined and a T.able ( IV) of the results of various 

investigators is given below; 

Table IV 

DissQciation Constants Qf HYIloQhlQrQlls Acid 

Toe K x 10-8 Author 
17 3·7 Sand ~61) 
17 3·87 Giordani 6l!) 
18 ~.7 Davidson (6/) 
20 Yorston (6~) 
25 1.0 Soper (65) 
25 4.4 Abel ( 66) 
30 5·1 Giordani ( 62) 
70 9·35 Sand (61) 
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The value 4.4 x 10-5 , calculated by Abel from Giordani's 

results appears to be the most accurate. 

The oonstant K regulates the oonoentration of the 

interacting oomponents and at a given temperature is 

applicable for all dilutions. The degree of dissociation 

however, increases with inoreasing dilution and is defined 

by the expression; 

a = degree of dissociation = amount dissociated 
total amount 

For weak aOids, suoh as HalO, this relationship is 

governed by Oet.ald's dilution law; 

&2 
K x V 

I - s. 
where K = dissooiation 

constant. 
V - dilution in litres 

in which one mole 
is dissolved. 

The degree of dissociation oan thereforebe calculated 

for any dilution. In NIlO solution HalO is only 0-031 

dissooiated as compared with oxalic acid, 50%; acetic acid 1.3%. 

It is well known that in the neutralization of a 

mixture of aoids the strongest is first neutralized, and 

then followed in turn by those progressively weaker. The 

solution beoomes less acidio in charaoter and the 

neutralization can be followed by measurement of the 

hydrogen-ion concentration. The term "acid exponent", 

defined as pK = - log K, forms a bridge connecting hydrogen 

ion conoentration and aoidity and is a measure of the strength 
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of the aoid in question. 

For hypooh1orous acid pK = 7.4 as oompared with 4.7 

for acetic and 1.7 for sulphuric acids, 

The hydrogen-ion concentration of a pure acid solution 

can be readily calculated from the acid exponent value by 

means of the Oeman equation; 

pH = t pK t log c. where c = acid conoentration 

In the case of hypochlorous acid, 

pH = ~.2 in O.IN solution 
= 4.7 in O-OIN solution. 

e) Hydrolysis of Hypoch1orites. 

Like all salts of weak acids, the hypoch1orites in 

aqueous solution undergo a partial hydrolysis into free acid 

and free base; 

Both alkali and hypochlorite can be regarded as completely 

dissociated in aqueous solution so that the equation can be 

written; 
Na+ Na+ + 010- + H2O :. + OH- + HOlD -

which can be simplified to · , 
-

ClO + H2 O - = OH + HOlD 

as representing the exact expression for the hydrolysis of 

hypochlorites. Their solutions contain more OH- ions than 

water and therefo~react alkaline. The addition of alkali 

increaSing the OH concentration reduces the concentration of 



free HCIO. 

The hydrolysis equlibrium oonstant is given by the 

equation, 
-- (HOlO) (OH-) 

(C10-) 

The values obtained for K by different workers are 

shown in Table V. 

Table V. 

HldrolIsis Constant of Hl!]~ooh1ori te s 

Toe Khydr.x 10 -7 Author 

25 2;;7 Abel ~66) 
25 10.0 Soper 65) 
30 3·3 Giordani (62~ 
30 11.2 Giordani (62 

The constant increases with temperature, the coefficient 

being 1.76 acoording to Abel, (66). 

Increasing dilution also inoreases the hydrolysis as 

found by Michaelis (67), Table VI. 

Table VI. 

Hydrolysis of Hypochlorites with inoreasing 
Dilution. 

Norma.lity 
1 
0.1 
0.01 
0.001 

Degree of Hydrolysis 
0.001 
0.0032 
0.01 
0.032 

In consequence of this hydrolysis the solutions become less 

alkaline upon dilution as shown in Table VII by Michaelis (67); 

the results agree with those deduced from the Oeman equation, 

pH = 7 + tPK + flog C, where C = concentration. 
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Table VIl 

pH values of Hyuochlorite solutions 
with increasing dilution. 

Normality 

1 
0.1 
0.01 
0.001 

pH 

11.0 
10·5 
10.0 
9·5 

f) Equilibrium relationships existing in aqueous solutions of 

Hypochlorous acid, Hypochlorite ion, and free Chlorine. 

The equilibrium relationships existing in . aqueous solutions 

of chlorine and its oxygenated deriva.tives a.s the acidity of 

the medium is varied over the pH scale can now be discussed. 

Davidson (63) and Yorston (64) have carried out 

Dotentiometric titrations of hypochlorous acid with the a.id of 

the glass electrode and a reproduction of the curve representing 

the results of the former is shown below : in Fig . II. 

400 

3 

cc. H/5 HYDROCH1...ORIC ACID 

FIG. 11. 
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The various equlibria discussed in the foregoing 

sections are clearly indicated. The free alkali, present in 

the upper portion of the curve, is gradually neutralized by 

the Hel titrated. The sudden drop at approximately pH 10 

indicates complete neutralization of the alkali and the 

solution contains only the salts NaCl and NaOCl plus a small 

quantity of HOlD due to the hydrolysis of NaClO. Further 

addition o~ HCI results in the formation of HOlD (the weaker 

acid) from its sodium salt. Between pH 9 - 6 the acidity 

changes slowly, due to buffering action, and the pH of any 

desired point can be accurately caloulated from the Oemen 

equation; 
pH == pK + log salt 

residual acid 

The rapid fall from pH 6 - 4 indicates the complete 

transformation of the hypochlorite into NaCI and HCIO-

Further addition of HCI, corresponding to the lower flat 

portion of the curve, causes the reversal of the chlorine 

hydrolysis equation with consequent production of free 

oh1orine. 

The hypochlorite solution thus has a fundamenta.1ly 

different composition according to its acidity. The relative 

composition of a hypochlorite solution which is 0.034 N 

with respeot to available chlorine is given in the following 

!able by Bergqvist.(68). The dissociation constant of 

hypoohlorous acid at 25°C as found by Sand (61), and 
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Jakowkin's (59) oonstant for ohlorine water hydrolysis were 

used for the calculation. 

Table VIII 

Relative oomposition of a HlP2chlorite 
solution at different pH values. T = 25°0. 

pH 

1 
2 

4 
~ 
7 
g 
9 

10 
11 
12 

C1 2:HC10 
30 

1 
0-09 
0-009 
0.0009 

g) Strength of Hypochlorous acid solutions 

The strength of hypochlorite solutions is usually 

determined by adding an aliquot portion to an acidified KI 

solution and titrating the liberated iodine with thiosulphate. 

The following reactions take place, (69); 

HClO + 
C12 + 

2 Na2S203 

2 KI + H2S04 
2 K1 + H2804 

+ 12 

It 

• 

[28°4 + H20 + HOl + I2 
H2S04 + 2KCl + 12 
Na2S406 + 2 Na1 

One mole of thiosulphate is required by the iodine 

liberated either from one mole of hypochlorous acid or one 

mole of chlorine. The available ohlorine is the same in 

both cases although HC10 contains but one atom of chlorine 
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while two atoms are present in the chlorine molecule. 

The relative proportions of the three components present 

in the solution, namely; chlorine, hypochlorous acid, and 

hypochlorite ion, is defined by the hydrogen-ion concentration. 

They reaot in this ratio only when the pH of the reaction 

medium is controlled. 

h) Spontaneous decomposition of Hypochlorite solutions. 

Hypochlorous aoid is known to be an unstable substance. 

It is always present in hypochlorite solutions and since one 

of its decomposition products is a. strong acid, namely HOl 

the e~isting.Aequlibrium is disturbed. It is to be assumed 

that amounts of the hypochlorite are continually undergoing 

decomposition so that finally the whole quantity will have 

taken part in this change. The higher the concentration 

of HOlD the more rapidly this change occurs. 

In acid solutions the decomposition was found to be 

monomolecular with respect to the hypochlorite ion by 

Foerster and Jorre (70). The reaction velocity 

varies as the square of the HOlO concentration, the latter 

remaining constant since it is continually re-formed from 

the hypochlorite ion. When all the hypochlorite has 

disappeared a second phase of the spontaneous decompOSition 

takes place and the concentration of HOlO decreases as the 

result of the formation of free chlorine and chlorate, thus; 
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, 
01 2 + 6 HOlO 

Acidification, addition of CO2 , or an increase in the 

temperature promotes the spontaneous decomposition since each 

tends to increase the HClO concentration. 

The mechanism of the decomposition of hypochlorites in 

alkaline solution has not been satisfactorily' explained. 
,. ) According to Foerster (70 this is a bimolecular reaction, the 

velocity of chIorate formation being proportional to the fourth 

power of the hypochlorous acid ooncentration. The stabilizing 

effect of free alkali is thus explained in that the hydrolysis 

of the sodium hypochlorite is depressed,thus decreasing the 

conoentration of HCIO. Kaufmann (72) has also carried out 

kinetic studies on the decomposition of hypochlorite solutions 

and also concludes that the reaction is bimolecular. However, 

he assumes that chlorate formation takes place through the 

intermediate stage of chlorite formation; 

HOlO + 010- • 'JIO; + H+ + 01-

Prutton and Maron (71) investigated the decomposition 

of hypobromite solutions between pH 6.4 - 7.8 and concluded 

that the rate of deoomposition is a third order reaction with 

respect to the hypobromite concentration and first order with 

respect to the hydroxyl ion concentration. 
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rteview of the Develonment of the Glass Electrode 
, ~ 

The present investigation has been made possible b u 

the recent development of the gJass e1eotrode a.s a dependable 

piece of aUQ2,ratus for the determination of 1lydrogen-ion con-

centration. The author, although,not concerned in this 

research with the further development of,the electrode except 

perhaps for the design of certain supplementary apparatus a,nd 

equinment, considers that a brief review of the discovery and 

development of the electrode should be included in~this 

introduction. 

The original discovery, by Cremer (40) in 1906, that a 

thin glass membra.ne could give rise to Dotentials' that ~ere a 

function of the BlYdrogen- ion concentration of an aqueous 

solution in which it dips, has been exhaustively investigated. 

The shane of the glass membrane as used by Haber and 

Klemensiewicz (41) has been found to be the most sa,tisfactory 

although other types have been proposed by Mrs. Kerridge (42), 

Ma,clnnes and Dole (43), Maolnnes and Belcher (44). 

Investigations have been carried out by Maclnnes and 

Dole (45) to determine the most satisfactory glass composition. 

Kahler and Deflis (46) have investigated the va.rious characteris-

tics of several types of glass. The most suitable glass for 

the construction of the electrodes haa the comoosition 
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8102 = 7210, Na20 =22%, CaO - 6%. 

of 015 Carning glass). 

(This is the comDosition 

The theoretical basis underlying the function of tht3 

glass electrode has been the subject of much discussion, 

the various investigators developing their own interpreta-

tions. These theories may be roughly diVided into groups: 

(a) The pha.se boundary theories of Haber (41), Gross and 

Hal pern (47), dnd Hughes (4g); (b) The ion adsorpti on 

or f1ion excha.nge ft theories of Horovitz (49), Schiller (50) 

and Lengyel (51); (0) The membrane or diffusion potential 

theories of Cremer (40), Mich3elis (52) and QUittner (53); 

(d) The thermodynamical considerations of Dole (54), and 

(e) the gla.s8 reservoir of constant hydrogen-ion ~ cti vi ty 

by Maclnnes ~nd Belcher (~~). 

The oD~r~tion of the eleotrode is rel~tively simnle. 

In contact with a reference electrode of known e.m.f. it 

dips into 8 solution of unknown hydrogen-ion concentration. 
- -

The latter is conneoted through a liouid junction to a 

second reference electrode. The potential set UD Across 

the two reference electrodes is e~ual ·to the sum of th~t 

of eaoh reference electrode,plus the asymmetric notenti~l 

of the glass) ~tnd nlus the glass notential due to the unirnown 

hydrogen-ion concentr~tion. The Dotential of the two 
, 

reference electrodes is known, the Asymmetry potential 
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varies slowly and can be accounted for, so that the potential 

of the glass can be determined. It has been found that 

the variation of the glass potential with hydrogen-ion 

conoentration follows the regular gas law equation as used 

for the hydrogen eleotrode so that the pH of the unknown 

solution is given by the expression pH = E , where 
0.0591 

E = net potential, and 0.0591 = the gas law oonstant. 

The dependability of the glass e1eotrode has been 

investigated by [abler and DeEds (46), Buchbock <56), Dole (54), 

Sokolov and Passinski (57). The electrode functions 

quite satisfactorily and obeys the gas law equation over the 

range pH = 1 to 10.5. Above pH = 10.5 it is still 

dependable for hydrogen-ion ooncentration if used in a 

solution of known metallic ion concentration, Na+, ~, Li+, etc. 

and previOusly calibrated therefor~. Horovitz has investigated 

this phase and conoludes that in very low hydrogen-ion 

oonoentration the eleotrode functions for any positive ion. 

The gla.sB electrode serves as a very oonvenient 

apparatus for the measurement of hydrogen-ion conoentration 

between the limits pH = 1 and 10.5. Its accuracy, 

provided it has been standardized in buffer SOlutions, is 

limited only by the aoouracy with which these buffers have 
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been standardized. It functions not only in colored and 

turbid solutions, but also in oxidizing, reducing, and in 

very wea.kly buffered solutioD,f; where other electrodes ei ther 

function noorly or fail entirely. The electrode is however 

very fra.gile .( gla.ss a.pproximately I micron thick). Because 

of its very high resistance (2 - 100 me~ohms) the currents 

set up are extremely minute and difficult of renroducible 

measurement. The recent construction of gU8rded potentio-

meters used with sensitive galvanometers, or, of ~ell shielded 

vacuum tube circuits when inexpensive ga .. lvanometers may be 

use~ have largely overcome these difficulties. Maclnnes 

and others mentioned above have 8lso used with success the 

Comuton Electrometer B.8 a current indicator. 
~ . 
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DISCUSSION OF RESULTS 

1. Purification and Properties of Alkali Lignin. 

The isolation of lignin from woody products, by any of 

the known methods, is open to the critioism that the lignin 

probably undergoes structural changes in the process due to 

its remarkable sensitivity to chemical reagents. Admitting 

this criticism to be correct it would seem that the first 

consideration in any method of isolation must be that of 

reproducibility of the product obtained. Lignin products, 

isolated by the different methods can then be compared with 

eaoh other, and, in the final elucidation of the problem the 

ohanges brought about by isolation can be determined. In the 

absenoe of suitable methods for purification, and because the 

usual physical methods, for example, melting-point and 

molecular weight, cannot be employed, the only criterion of 

purity is reproducibility of methoxyl, carbon and hydrogen 

analysis, and to a less extent the determination of hydroxyl 

groups by methylation or acetylation. 

The properties of alkali lignin have been previously 

investigated by several workers and their results have been 

discussed in another chapter. It is apparent that while oertain 

general physical properties, such as solubility, melting-paint 

etc., are in fair agreement, the values for methoxyl, carbon 
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and hydrogen show marked differences. 

is undoubtedly due to, 

This lack of agreement 

a) the different methods used for the 

isolation of the lignin, and, 
~ 

b) the different methods used for the 

purification of the crude product. 

In the present investigation a previously standardized 

method was used for the isolation of the lignin and a new 

procedure, base1 uoon fundamental fractionation principles, 

was developed for the purification of the crude product. 

a) Isolation of Alkali Lignin. 

The method proposed by Mehta (12) and re-investigated 

by Marshall in these laboratories (lg) was chosen as the 

most satisfactory procedure for the isolation of alkali lignin. 

In this Drocess, finely ground spruce WOOd, previously 

extracted with benzene-alcohol in order to remove resins etc., 

followed by 5% NaOH solution to remove hemi-celluloses and 

pentosans, was heated with a normal sodium hydroxide solution 

for one hour at 172°C. The mixture was then filtered and the 

alkaline extract neutralized with HCl whereby the crude lignin 

was precipitated. The latter was freed from the mother liquor 

by centrifuging, filtering and washing, and then dissolved as 

a moist precipitate in dioxan, the solution being freed from 

moisture by successive distillation with absolute dioxan,Y-able x. 
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A sample of the crude product, isolated from the dioxan 

solution by slowly dropping the latter into stirred ether, 

separating and washing the precipitate, gave on analysis 

13.74% OCH3, c. f. Table XII A. The analysis recorded by 

Marsha1l for his crude product was 13. 4gJk OOH3-

Purification of Alkali Lignin. 

The use of anhydrous solvents and precipitants for the 

~urification of alkali lignin was first introduced by Marshall. 

This worker separated alkali lignin into two fractions (A) and 

(B) by dro~ping a dioxan solution of the crude lignin into 

excess of we1l-stirred~anhydrous ether and separating the 

precipitate from the resulting mixture. Several treatments 

were necessary to separate completely the dioxan-ether 

insoluble fraction (A) from the eoluble fraction (3). The 

two fractions gave slightly different 8.nalyses (Table XVI) and 

were assumed to ~epresent individual homogeneous compounds. 

Marshall also noted in connection with this method of 

purification that a small quantity (0) of the (A) fraction 

remained as a residue when the product was dissolved in dioxan 

Drior to further purification. The present investigation has 

shown that this substance (0) is an impurity which cannot be 

completely removed from the (A) fraction by the above 

uurification procedure. 

A new method of purification, using the same solvent, 
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.'(dioxan·.~ and precipi tant, (ether) based on fundamental 

fractionation principles was developed in the present research. 

The exnerimental details are described later and the results, 

given in Tables XI, XII A, XII B, are represented graphically 

in Fig. V. Ether is slowly dropped into a dioxan solution 

of the crude lignin whereupon a precipi ta.te forme ~hich, 1J!'hen 

isolated, is found to be insoluble i~ dioxan; the small 
'. 

quantity of lignin precipitated simultaneously is removed by 

washing the precipitate with fresh solvent. By slowly 

increasing the ratio of ether to dioxan and separating the 

precipitate formed, the impurity is completely separa.ted from 

the soIuti on. The former a.mounts to 15 - 20% of the purified 

B.lkali lignin and is completely precipi tated in ether-dioxan 

solution 40:60, while in the same mixture only 2~k. of the 

alkali lignin is precipitated, Fig. v. After removal of the 

impurity (0) the fractions of purified alkali lignin, 

precipitated in any given ether-dioxan mixtur~ give identical 

methoxyl analyses, Table XII A, and may be assumed to arise 

from one and the same homogeneous substance possessing a 

graded solubility in dioxan-ether mixtures. 

It may be argued that a sufficient number of nrecipitations 

such as were nerformed by Marshall would lead to a complete 

removal of this impurity (0). However, since alkali li~nin 

possesses a graded solubility in dioxan-ether mixtures, 

purification by this method must stop after the removal of the 
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fraction soluble in the dioxan-ether solution of the snecific 
" 

ratio employed. The presenC0 of the impurity (0) in ilarshall's 

alkali lignin, fraction (A), probably explains the slightly 

lower methoxyl content (14 .. 9) obtained by him as compared with 

that of the author's purifi ad ma.terial (15. 2~f:) • 

The properties of the purified alkali lignin are similar 

to those recorded by Marshall, Doree and Barton-Wright and 

others. The lignin is an amorphous, buff-colored powder, 

readily soluble in aqueous solutions containing OH- ion, in 

dioxan, glacial acetic acid and ethyl alcohol, and insoluble 

in aqueous acids, ether, chloroform and p~troleum base solvents. 

Purified alka.li lignin, as isolated, is not permanently 

stable in alkaline solution but slowly decomposes,resulting in 

a decrease in yield and in rnethoxyl, carbon and hydrogen values, 

and consequently (by difference) an increase in oxygen content. 

This decomnosition Drobably takes place as a result of a slow 
~ -

oxidation, a change which would seem to justify the conclusion 

that the alkali lignin products reported in the literature 

and including that prepared. by the author, represent to a 

small extent, partially oxidized lignins. The data is given 

in Tables XIII and XIV. This conclusion is further supported 

by the fact that the equivalent carbon to hydrogen ratio 

calculated for the various analyses reported for alka.li lignin 

is usually a constant within the limits of experimental error. 

The mechanism of this oxidation is at nresent unknown although 
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the data obtained in the present investigation indicate that 

loss of methoxyl ~accom9anies -the Jxidation. 

The analysis of purified alkali lignin and a comn&rison 

with that found by other investigators is shown in Table IX. 

On the basis of Marsha11's conclusions that alkali lignin 

contains six methoxyl groups it is possible to calculate an 

empirical formula as given below. It is possible that a 

repetition of his work using the authors purified product might 

lead to a simplification of same. 

Table IX 

Analysis of Alkali Lignin 

C % H 1c OCH3% 
Equiv. 

Lignin. Formula ratio Author 
C/H 

Straw C40H44015 62.1 5·4 14·3 13·7 Beckmann and 
63·0 5 ~ 15·8 12.9 co . (11) . "-' 

Flax shive C45H48 016 64.0 5·7 14.7 13. 4 Pow ell and 
Whittaker (13) 

Spruce wood C20H2006 67. 4 5.6 17·4 14-~ Doree and (16) 
./ 

Barton-Wright 

Corn cob C4oH44016 62.8 5·7 12.0 13·1 Phi11ips ( 21) 

Spruce wood C67Hhl 02~ 64. 7 5·7 14.9 14-5 Marshal1 (1~) 
C108 107 1 65.0 5.4 14.0 1 • ~ Marsha11 ( 18) ./ 

Spruce wood C 67H700 21 66.1 5.8 15·2 13·6 White 

Lignin after 3 months - 64.7 5.6 14.8 13-7 White 
in alkaline solution 

It has been observed,genera11y, that alkali lignin is 

soluble in aqueous solutions containing OH- ion but no statement 
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is made regarding the alkali concentration necessary for 

solubility. In the present research the behaviour of alkali 

lignin in solutions of different hydrogen-ion concentration 

was investigated quantit::ttlvely and the pH value at which 

alkali lignin flocculates determined. This information, in 

its quantltative aspect, is of considerable importance in the 

practlcal application of the results to the bleaching of pulp. 

The dark=brown to black-colored sJlutlon of alkali lignin 

changes slowly to a light reddish color on the gradual addition 

of acid, the resulting increase in hydrogen-ion concentrati~n 

finally causing the lignln to precipitate. The details are 

given in the Experimental Part (5) and the results (Tables 

XXVII~." XXIX) are represented graphically in Figs. XVII and XVIII, 
respectively. 

The change in color takes place over a considerable 

range of hydrogen- ion concentratlJn, namely, pH 10 - 5, and 

is probably due to the formation of the less highly-colored , 

or colorless,undissociated form of the lignin, R-OH, from its 
- + colored, dissOclated sodium salt R-O + Na . A further 

increase in the hydrogen-ion cQncentrati8n to pH 4.2 causes 

the undissociated lignin to flocculate and preclpitate from the 

solution. It is evident therefore that while alkali lignin is 

soluble in aqueous solutions containing Na+ ion ha.ving a pH 

greater than 4.2 it will be preclpltated in more acid media 

(pH lower than 4.2). 
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2. Action of Chlorine and its Derivatives upon Lignin. 

The action of chlorine, hypochlorous acid and hypochlorites 

upon lignin was investigated by treating an aqueous solution 

of a purified alkali lignin with solutions of "a.vailable 

chlorine" in media of different hydrogen-ion concentration. 

The equlibrium relationships of chlorine, hypochlorous acid 

and hypochlorite ion in aqueous solution were discussed in a 

previous chapter and it was shown that a. solution of "available 

chlorine" possesses a fundamentally different composition 

depending upon its hydrogen-ion concentration. In alkaline 

solution hypochlorite ion functions as the oxidizing agent, 

in presence of acid it is molecular chlorine, while in the 

neighborhood of the neutral point hypochlorous acid is, for 

practica.l purposes, the only oxidizing agent present. 

Previous investigators have largely overlooked these important 

facts and have conducted their experiments without regard to 

the constancy in the pH value of the reacting solution. 

Freudenberg (36) however, whose work has been discussed, 

recognized that uncontrolled mixtures of bromine, hypobromous 

acid and hypobromite ion would lead to results that could not 

be interpreted and so performed his experiments in a ten percent 

HBr solution (approximately pH = 1). In this acid solution 

the concentration of hypobromous acid and hypobromite ion can 

be neglected but the important effect of the acidity of the 
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medium was overlooked in his discussion of the results 

relating to the mecha.nism of the reaction. 

The details of the experimental methods and apparatus 

used in the present investigation are discussed in the 

Experimental Part and a brief description only of the procedure 

follows: 

A known quantity of alkali lignin in a solution of 

pre-determined hydrogen-ion concentration was treated with an 

equeous solution containing a known quanti ty of "availa-ole 

chlorine". The hydrogen-ion concentration of the reacting 

mixture was measured potentiometrically with the glass electrode 

and was maintained constant by continually neutralizing the 

hydrochloric a.cid formed in the reaction with N/5 NaOH solution. 

The reaction was allowed to proceed to equlibrium, the latter 

being indicated by no further change in the hydrogen-ion 

concentration. 

A separate series of experiments showed that the reaction 
.. 

ofttavailable chlorine'solutions with lignin at pH = 6 was 

extremely rapid and reached eighty percent completion in 

30 minutes, Table XXVII, Fig. XVI. A period of 4 - 5 days 

1ft!as therefore assumed to be ample for complete readtion in the 

main series of experiments. 

The lignin reaction product was precipitated from the 

solution with HCI and isolated by a procedure similar to that 

used for the isolation of alkali lignin. Since the present 
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investigation was concerned only with the ohanges brought 

about by the action of chlorine and its derivatives upon 

lignin the acid-soluble products of the reaction were not 

investigated and are to form the basis of a future investigation. 

Several experiments were performed at a specified pH 

using the same quantity of lignin and varying the amount of 

" available chlorine" used. The course of the reaction was 

followed by oom9aring the methoxyl and halogen ana.1ysis of the 

resulting product with the amount of "available chlorine" 

consumed in the exneriment . .. 

Various series of experiments were conducted in this 

manner a.t pH 2, 4, 5, 6, 7, 8, 10, and the results combined to 

show the co-related changes effected in the original lignin 

by increasing amounts of "available chlorine" at any hydrogen-

ion ooncentration over the pH scale from 2 - 10. 

The results obtained are given in Tables XVII to XXIV 

and are represented graphically for the reaction at pH 2, 4, 

6, 8, and 10, in Figs. XI toXV. A graphical representation 

is not given for the reaction at pH = 5 and 7 since the results 

only supplement those obtained at pH = 4, 6, a.nd ~. 

a) Discussion of the action of It ava.ilable chlorineH solutions 

uuon alkali lignin based on the gre,ohical renresentations 

of the results obtained. Figs. XI to XV. 

A consideration of the results obtained, and of their 
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graphical representations, clearly indicates the course of 

the reaction of "a.vailable chlorine" solutions with alkali 

lignin. A decrease in the methoxyl content and an increase 

in the chlorine content of the products isolated, varying with 

the amount of "available chlorine" entering into reaction is 

seen to take place over the pH range 2 - 10. Furthermore, 

these changes are brought about with the consumption of 

considerably less reactant in acid as compared with alkaline 

solutions. 

In alkaline solutions, pH = lO,(Fig. XV) where hypo

chlorite ion is, for practical purposes, the only active agent 

present, the reaction becomes increasingly difficult so that 

finally a large increase in the amount of "available chlorine" 

used is required to produce even a small change in the methoxyl 

content of the isOlated product. The introduction of 

chlorine into the lignin molecule has in the meantime reached 

a constant value at 2.6 - 2.g%. The latter result would 

seem to sho}V, 

a) 

b) 

the structure of the isolated product has 

not undergone drastic change other than is 

occasioned by the loss of methoxyl, and, 

the increased quantities of reactant added 

are in some measure being utilized in inter

action with the reaction products resulting 

from the~loss of methoxyl. 
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The latter conclusion oannot, however, be entirely oorrect 

because the yield of product isolated oontinually decreases, 

indicat1ng that the increased consumption of reaotant is due to 

the formation of acid-soluble products from the lignin and its 

probable interaction with same. 

In less alkaline solutions, pH = S, (Fig. XIV.), the 

active agents are hypoohlorous acid and hypoohlorite ion and a 

larger proportion of the reactant added is oonsumed in the 

de-methylation and ohlorination reactions as compared with the 

reaotion in media of pH 10. The reaction also prooeeds farther 

than with the latter and there is less tendency for the amount 

of chlorine introduced to reach any oonstant value. 

The reaction in media of pH = 6, (Fig. XIII), appears to 

be somewhat irregular in that the amount of "available chlorine" 

required both for the removal of methoxyl groups and the 

introduction of chlorine atoms passes through a minimum. The 

composition of the reaotant is oonstant, being represented 

largely by hypochlorous acid, so that any explanation of the 

above noted minimum must be sought in the properties of the 

lignin itself. If, on the basis of Marshall's (lg) oonclusions 

alkali lignin contains six methoxyl groups, it is of interest to 

mention that the point of inflection in the methoxyl curve, (Fig. 

XIII), may actually represent the removal of two labile methoxyl 

groups and the initiation of a reaction involving the loss of 

similar but less labile groups. A similar, but only a very 
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slight break can also be observed in the methoxyl curve both 

at pH g and pH 10. (Figs. XIV and XV). 

At all stages of the reaction at pH 6 the decrease in 

methoxyl is closely paralleled by a corresponding increase in 

chlorine content of the product and both tend toward final 

constant values at 6 and 9% respectively. The above 

speculation regarding the loss of methoxy1 groups can now be 

extended to include the removal of the two additional less 

stable groups and leads to the conclusion that the remaining 

pair must be of a more stable type, for example, as might be 

attached to an aromatic ring. 

The composition of the reactant in solutions of pH ~ is 

still largely represented by hypochlorous acid although 

molecular chlorine begins to appear in consequence of a 

reversal of the ohlorine hydrolYSiS equation, 

A considerable reduction is noted in the amount of 

reactant required to produce a given decrease in methoxyl, or 

increase in chlorine content as compared with the reaction at 

pH 6. In pH ~ solutions ( Fig. XII) the reaction follows a 

regular course, no distinct break can be detected in either 

curve and the relationship is consistent as far as investigated. 

With ttavailable chlorine" solutions of pH 2 (Fig_ XI) 
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the maximum effect is found as regards methoxy1 removal and 

chlorine introduction. The change in methoxy1 and chlorine 

content of the isolated product follows the consQmption of 

reactant in a regular manner and in the case of the former 

tends toward a con~tant value at approximately 4.5i. The 

introduction of chlorine however continues to take place with 

increasing consumption of reactant and this,of necessity, 

causes a further reduction in the methoxyl content of the 

isolated product in proportion to the amount of chlorine 

introduced into the molecule. 

It is to be noted that no definite end-point product 

possessing colloidal properties similar to those of alkali 

lignin can be isolated from any reaction mixture over the 

entire pH scale from 2 - 10. A loss in yield, probably due 

to a secondary reaction taking place simultaneously with the 

de-methylation and chlorination reactions described above ,would 

finally result, in the formation of completely acid-soluble 

products. The struc~8~the latter probably bear little 

resemblance to the origina.l lignin structure a.nd were not 

investiga,ted. 

The effect of an increase in the concentration of 

chloride ion upon the reaction, in consequence of a reversal 

of the chlorine hydrolysis equation, 

01 2 + H20 '1 • HOlO + H+ + 01-
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was investigated briefly at pH 3.5. The results given in 

Table XVIII tend to show that the increased concentration of 

molecular chlorine, brought about by the addition of chloride 

ion, increases the amount of de-methylation and chlorination 

when equivalent quantities of rea,ctant are added. However, 

the results are almost within the limit of experimental error 

when duplicate e:xperiments are performed and sufficient data 

were not obtained to permit of drawing definite conclusions. 

b) Relationship between the de-methylation a.nd chlorination 

reactions which result when alkali lignin is treated with 

"available chlorine" solut ions .. 

The relationship between the amount of methoxyl lost by, 

and the amount of chlorine introduoed into, the lignin molecule 

by the action of "availa.ble chlorine" solutions at various 

hydrogen-ion concentrations is represented graphically in 

Fig. III as a function of the reactant consumed. The 

equivalent ratiO, methoxyl lost , was calculated in 
chlorine introduced 

the following manner; 

%01 x 1000 

35.5 100 

'~)OOH3x 100 

100 - %01 

15·20 

(Ill) - (II) 

-

-

-

mi1liequivalents of chlorine 
introduced per gm. lignin. 

% OOH3 on chlorine free basis 

% OCH
3 

of original lignin 

% OOH3 lost in the reaction 

(1) 

(II) 

(Ill) 

(IV) 
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mi11iequivalents OCH3 lost in 
the reaction per gm.-of lignin. 

- equivalent ratio. 

Reference to Fig. III shows that no constancy in the 

(v) 

equivalent ratio is obtained as increasing amounts of reactant 

are used in solutions of pH 10. The equivalent ratio (less 

than unity when small quantities of reactant are used) increases 

through unity to a considerably higher value when relatively 

large quantities of reactant are added to the lignin. 

At pH 6 howeve; a marked degree of constancy in the 

equivalent ratio is observable. The initial stage of the 

reaction results in the introduction of more chlorine than 

corresponds to de-methylation, but, after the consumption of 

approximately 16 milliequivalents of reactant per gm. of 

lignin, the equivalent ratio reaches unity. Further reaction 

brought about by.the-add1:tion of larger quantities of reactant 

results in the removal of methoxyl and the introduction of 

chlorine at a practioally constant ratio slightly greater than 

unity. The reaction at pH 5, where the composition of the 

reaotant is almost entirely represented by hypochlorous acid 

apnroximates still more closely the 1:1 ratio of "methoxyl lost" 

to~hlorine introduced". 

In solutions of nH 2 the equivalent ratio never attains 

the value of unity. The amount of ohlorine introduced into 

the molecule is always considerably in excess of the quantity 
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of methoxyl lost. It is to be assumed therefore, that in 

addition to the de-methylation and simultaneous chlorination, 

some secondary reaction, probably involving substitution of 

chlorine in the lignin molecule is taking place. The 

equivalent ratio in these media (pH = 2) appears to pass 

through a poorly defined maximum, and,taken in conjunction 

with the results graphed in Fig. XI leads to the conclusion 

that further chlorination takes plaoe after the loss of 

methoxyl has ceased. 

The results of experiments performed at pH 4, 5, 7, and 8, 

supplement the data presented in Fig. Ill; the change in 

equivalent ratio for the reaction at pH 8 is indicated by a 

dotted line. 

A significant feature of all curves represented in 

Fig III is the indication that the initial stage of all 

reactions involves the introduction of chlorine prior to the 

loss of methoxyl. 

c) Effect of variation in the pH of the reaction medium upon the 

quantity of "available chlorine" consumed. 

A consideration of the experimental results obtained 

when lignin is treated with "available chlorine" solutions shows 

that the quantity of reactant required to produce, 

a) an equivalent decrease in the methoxyl 

content of the lignin, and, 
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b) an equivalent increase in the chlorine 

content of the lignin, 

is a function of the pH of the readtion medium, and further

more, the amount of reactant required by reaction (a) is 

different from that required by (b). 

A graphical representation of this statement is givem 

in Fig. IV in which no account i~ taken of the additional 

fact that in alkaline solutions the effect produced in (a) 

and (b) also becomes a function of the reagent concentration. 

Reference to Fig. IV curve (a), shows that increasingly 

larger quantities of reagent are required to effect an 

equivalent amount of de-methylation as the pH of the solution 

increases. This increase may possibly be due to a competing 

reaction, either with the products of the de-methylation or 

with the lignin itself, leading in the latter case to 

completely acid-soluble nroducts. 

The qua.nti ty of reagent required to effect the 

introduction of a.n equivalent of chlorine per gm. of lignin, 

curve (b), also varies directly with the pH of the medium 

and in this case to a much greater extent than with the 

de-methylation reaction, (curve a). The increased difficulty 

of chlorination may be due to, 

a) removal of molecular chlorine from the reaction 

medium through a reversal of the chlorine hydrolysis 



equation, oonsequent upon inoreasing pH, 

01 2 + H2O a... HOlO + H+ + 01-
~ 

b) removal of hypoohlorous aoid by the formation 

of sodium hypochlorite, 

HOLO + NaOH ... NaOlO + H2O ~ 

0) removal of the introduoed ohlorine atoms in 

the alkaline reaction medium. 

(the signifioanoe of (b) will be discussed later) 

Fig. IV. can be oonsidered therefore as supplementary 

to Fig. III in that it explains the ohanges in the equivalent 

ratio as the pH of the medium varies. 

3. Methylation of the produots obtained after interaotion of 

"aval1aQle.ohlor!ne" solutions with lignin. 

The results of previous investigators are not in 

agreement regarding the possibility of methylation of the 

produots resulting from the aotion of navailable chlorine" 

solutions upon lignin. 

Harris, Sherrard and Mitohell (23), whose work was dis

cussed previously (pg. 26), treated Klason lignin (70% H2S0~ 

method) with a solution of chlorine in oarbon tetraohloride 

and found that the resulting product could not be methylated 

with dimethyl sulphate and alkali. They concluded that the 

reaction of lignin with ohlorine had resulted in the loss of 

hydroxyl groups. 

Friedrich and Pelikan (2g) on the other hand treated a 
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lignin (isolated froffi wood meal by the action of HOl in· 

glacial acetic acid) with bromine in the same solvent and 

found that the reaction oroduct could be methylated with 

dimethyl sulphate, (Pg. 31). These investigators obtained 

a methoxyl content for the fully methylated derivative, 

calculated on a bromine free basis, only slightly below that 

for the fully methylated original lignin. 

In the present investigation the results of Friedrich 

and Pelikan have been partially confirmed. The reaction 

products obtained from two separate experiments using definite 

amounts of "available cnlorine" at pH 10 were methylated with 

dimethyl sulphate and alka.li and the methoxyl contents of the 

resulting fully methylated derivatives compared with that of 

fully methylated alkali lignin, methylated under the same 

conditions. The results of this study are given in Table XXV. 

The increase in methoxyl content upon methylation of the 

products, isolated after the reaction with "available chlorire " 
~ 

approaches that obtained by methylation of the original 

lignin, amounting in one ca.se to e19;l and in the second to e1e1S,b. 

The following conclusions appear to be well founded; 

a) The structure of the reaction product from the 

inter-action of "available chlorine" wi th lignin at pHIO 

cannot be markedly different from that of the 

original lignin.(except for methoxyl groups lost) 
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b) The removal of methoxyl groups cannot give rise 

to the formation of hydroxyl groups or any 

structure susoeptible to methylation with 

dimethyl sulphate in alkaline solution. 

These experimental results are in disagreement with 

the reaction mechanism pro-oosed by Friedrioh and Pelikan to 

account for the loss of methoxyl arising from the action of 

bromine on lignin which they assume as due to a molecular 

rearrangement resulting in the formation of hydroxyl groups. 

It was further noted in the above methylation studies 

that while alkali lignin and the product from Exp. Ko. 22 • 

became alkali insoluble upon methylation, the methylated 

product from l!,;Xp. No. 26 tG was a.lkali soluble. From the 

results of other investigators it would appear that alkali 

lignin contains a phenolic hydroxyl group, thus giving rise 

to its alkali solubility and accounting for the insoluble 

character of the fully methylated derivative. Sinc~ the 

fully methylate,j deri vati ve (dimethyl sulphat e and. alkali) 

of the reaction product from Exp. No. 26 was alkali soluble 

the action of "available chlorine"solution had, in this case, 

orobab1y given rise to a sufficient number of carboxyl groups 

to maintain alkali solubility of the methylated derivative. 

The details of the methylation studies are given in the 

Experimental Part (5) and the results in Table XXV. 

o EXp. No. 22 -

• oExp. No. 26 -

14.2 milliequivalents "available Ch1orine"used. 
Product - 12·3% OCH3' 3.3~ Cl . 
29.g milliequivalents "available ch1orine"used. 
Product 10.0% OCH3, 2.7% Cl. 
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~. Dehalogenation of the products resulting from the 

a.ction of "available chlorine" solutions upon lignin. 

It has been stated that the halogen atoms introduced 

into the lignin molecule by the action of chlorine can be 

classified as, 

a) atoms which are loosely bound and capable 

of ready removal, and, 

b) atoms which are firmly bound to the lignin 

molecule. 

In the present investigation no such rigid classification 

of introduced chlorine atoms was indicated. 

It was found, however, that th.e chlorine at oms could be 

removed from the chloro-lignins by treatment with zinc dust 

and alkali at 1000e, the extent of dehalogenation being a 

function of the time of reaction. 

The results are given in Table XXVI and indicate that 

presumably no serious degradation of the lignin takes place 

on dehalogenation since the methoxyl content of the starting 

material and that of the product, calculated on a chlorine 

free basis, remains practically constant. 
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THEORETICAL DISCUSSION -

1. Aotion of "ava,i1abl:,e oh1orine" solutions upon Lignin. 

A complete discussion of the action of "available chlorine" 

solutions on lignin must take into consideration the 

following factors; 

a) Composition of the reactant and the specific 

character, or otherwise, of its active components. 

b) The unknown but admittedly complex structure 

of lignin. 

The composition of aqueous solutions of "available 

chlorine" depends upon the hydrogen-ion concentration and is 

dicussad in a previous chapter. In alkaline solution the 

active agent is hynoch1orite ion; in acid media molecular 

chlorine is present, and in the range of acidity bordering 

upon the neutral point hypochlorous acid exists, for ~ra.ctical 

purposes, as the only active agent. The ava.ilable literature 

concerning the reactions of these compounds in aqueous solution 

indicates a lack of specificity in rea.ctions with the 

majority of organic compounds, especially those containing 

hydroxyl groups and ethylenic linkages; the mechanism of the 

reaction by means of which the halo-hydrins and di-halides 

a.re formed from such relatively simple substances as ethylene 

and related compounds is still a matter of uncert~inty. 
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The experimental results, presented in another chapter 

show that the action of "available chlorin~ solutions tiDon 

lignin results in a decrease in the methoxyl oontent of the 

latter, and, although not the only reaction taking place, can 

be regarded as a process of de-methylation in which the 

basic structure of the lignin molecule is left unchanged. 

A de-methylation of this type, brought about by the 

action of aqueous "available"chlorine tt solutions on compounds 

of known structure has not been previously observed·. 

It is known, however that the alkoxy groups of the stable 
.-" 

aromatic and aliphatic ethers are only attacked by chlorine 

under drastic conditions involving a pronounced change in the 

entire molecular structure. On the other hand, the glucosidic 

a.nd eno1ic ethers are known to be oonsidera.bly less stable in 

character, both being readily hydrolysed in acidic media but 

stable in alkaline solution. 

In the oresent investigation it was found that the 

de-methylation reaction was attended by one of chlorination,so 

that an enolio type of ether grouping would seem to be the 

In this oonnection Jacobsen (6) found that ethyl ether is 

attacked by hypochlorous acid, the first ohange being a 

replacement of the hydrogen atoms in one ethyl group by 

chlorine. Harris and co-workers (23) have used this fact to 

explain the results obtained by them on the action of aqueous 

chlorine solutions upon lignin. 
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most probable. A survey of the literature on representative 

compounds containing this grouping, for example, beta methoxy 
methoxy 

crotonic acid,/tetra-hydro benzene, 3 methoxy kojic acid, 

3 methoxy, 5,7, 3 !4~ tetra hydroxy flavinol (Q..ue.rcetin), failed 

to reveal any information relating to the removal of the enolic 

ether group by either halogens or hypochlorites 

In Boite of this lack of positive information, a de-

methylation by such agents both in aqueous and anhydrous media 

has been reported by various workers in connection with studies 

on the lignin oroblem. The results obtained in the present 

investiga.tion undoubtedly show that; 

a) Aqueous solutions of "available chlorine" act upon 

lignin with resulting decrease in methoxyl 

content, Tables XVII - XXIV, Figs. XI - xv. 
b) Chlorination of the lignin occurs with aqueous 

"available chlorine" solutions, Tables XVII-XXIV 

Figs. XI - XV. 

c) Reactions a) and b) are intimately related and the 

extent to which each proceeds is a function of the 

hydrogen-ion concentration of the medium in which 

the reaction occurs, Fig. Ill. 

d) Large quantities of HOl are formed in the reaction 

since NaOH solution must be continually added to the 

mixture to maintain constant pH, (Experimental Part ~). 
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e) The structure of the de-methylated and chlorinated 
at :pH 10 

lignin/must closely resemble that of the original 

lignin; This conclusion is based not only on the 

fa.ct that the chlorine a.nalysis of the products 

isolated from the reaction at DH 10 is constant 

after the initial stages, Table XXIV A,Fig. XV, but 

also on the increase in methoxyl content upon 

methylation of the products, being about ninety 

percent of the increase obtained when alkali lignin 

is methylated, Table XXV. 

f)The isolated re~ction oroduct is more acidic in 

character than the original lignin since it is only 

orecipitated in much more strongly acid media and 

because the fully methylated derivative is alkali 

soluble, Table XXV. and Experimental Part 5. 

The results obtained by previous investigators can now 

be discussed in the light of the conclusions drawn under a) to 

f) inclusive. 

Freudenberg, Be1z and Niemann (36) treated lignin 

(isolated by alternate treatment of wood with Schweitzer's 

reagent and dilute H2S04) with bromine in ten percent HBr 

solution and found that a loss of methoxyl occurred. They 

concluded that the reaction was mainly one of substitution 

and that the loss of methoxy1 was associated with quinone 

forma t i on, (Fg. 33 ) · Their conclusions, however, assume the 
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nresence of molecular chlorine as the active agent and this 

is only nresent in very minute quantities in media of pH 6 and 

above. Since the loss of methoxyl also occurs in solutions 

of pH 10 the validity of the assumed mechanism appea~s uncertain. 

In strongly aoid solutions molecular chlorine can be considered 

as the active agent and substitution in the lignin molecule 

probably occurs. The 9resent investigation has shown that 

the equivalent ratio of methoxyl lost, to chlorine introduced, 

is always less than unity in such media, indioating that more 

chlorine has been introduced into the lignin than is 

represented by the amount of methoxyl removed. 

Harrisl Sherrard and Mitchell (23) treated Klason lignin 

(70~ H2S04 method) with chlorine both in aqueous and anhydrous 

solutions, (Pg. 26). The results of their experiments in the 

former could not be interpreted by them on any basis other than 

the assumption that chlorine reacts with the hydrogen atoms of 

the alkoxy group as reported by Jacobsan (6) in the case of 

dlethyl ether. Their work in anhydrous media led them to 

conclude that the anolic type of methoxyl grouping is present 

in lignin and that the addition of chlorine to the ethylenic 

linkage is followed by a loss of methoxyl, thus giving rise 

to ketone formation. These authors were unable to methylate 

the reaction products and also concluded that a loss of 

hydroxyl groups had occurred in the reaction. 

The loss of methoxyl by the action of bromine in glacial 
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acetic acid upon lignin (isolated from spruce wood by use of 

HCI and acetic acid), observed by Friedrich and Diwald (27), 

was later investigated by Friedrich and Pelikan (2g). 

An exhaustive examination of the nroducts of the reaction 

failed to reveal the presence of CH3Br or related compounds 

and they therefore ooncluded that a molecular rearrangement 

had taken place resulting in the formation of hydroxyl groups. 

As evidence in favour of this assumption they found the 

brominated nroduct could be methylated and the methoxyl content 

of the fully methylated derivative, calculated on a bromine 

free basis, was only slightly le8s than that of the fully 

methylated original lignin. 

It seems well established, therefore, that a loss of 

methoxyl groups occurs when lignin is treated with aqueous 

solutions of chlorine and its derivatives, or with halogens 

in anhydrous m?dia. As a reasonable, working hypothesis it 

may be assumed that methoxyl groups of the eno1ic type are 

present in the lignin molecule and that their removal is 

brought about by a primary addition of chlorine or hypochlorous 

acid (Fig. Ill) to the ethylenic linkage, followed by 

subsequent elimination of methoxyl. 

Since the reaction proceeds in media which contain only 

minute quantities of chlorine a choice of reactant must be 

made as between chlorine and hypochlorous acid, the main 
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component of'~vailable chlorine" solutions at pH 6. That 

such minute quantities of chlorine as are present in solutions 

of this hydrogen-ion concentration could give rise to the 

rapid chlorination of the lignin which occur~ appears to be 

very doubtful. The alternative assumption, that chlorination 

is effected by hypochlorous acid, is also open to the criticism 

that addition of OH' and Cl' as such to the ethylenic linkage 

involves the assumption of a positively charged chlorine atom, 

a theory not generally accepted. It is known, however, that 

chlorination actually occurs in solutions pH 6 - 10, and it 

can only be concluded that hypochlorous acid must play some 

role in the reaction as assumed by Read and co-~orkers, (9). 

In connection with their investigation into the 

mechanism of formation of di-halides and halo-hydrins they 

assume that a partition reaction probably occurs and that the 

resulting ratio of di-halide to halo-hydrin is determined by 

the relative velocities of the two reactions; 

+ -- HCIO + + 

+ + 

ethylene ethylene 

T f 
ethylene di-chloride ethylene chloro-hydrin 

Read and co-workers found that the experimental conditions 

giving the largest yields of chloro-hydrin were also those 
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favouring the highest concentration of hypochlorous acid as 

compared with chlorine. 
type of 

This/reaction may also be applicable to the action of 

"available chlorine" solutions on lignin; 

• Increasing hydrogen-ion concentration 

H20 --;r::===-!::: HOIO + H+ + 01- - - NaOlO -- NaOH + 

+ + 

lignin lignin lignin 

t t t 

H ° 2 

substitution of 
hydrogen by 
chlorine in the 
lignin molecule. 

chlorination by 
addition to the 
C • C linkage 
and subsequent 
elimination of 
methoxyl. 

oxidation of the 
lignin to give 
acid soluble 
products 

Course of the reaction. 

In acidic media the molecular chlorine present reacts to 

bring about both chlorination and de-methylation of the lignin 

by addition, and also effects the substitution of hydrogen by 

chlorine. These reactions are indicated by the fact that the 

equivalent ratio of methoxyl lost, to chlorine introduced is 

always less than unity in such solutions (pH less than approx-

imately 4), Fig_ Ill. In less acidic media, pH 4 - 6, where 

the "availa.ble chlorine" solution is largely composed of 

hypochlorous acid, the substitution reaction is suppressed and 

the equivalent ratio approximates unity, Fig. Ill. As the 

reaction medium becomes more alkaline, pH 6 - 10, the 

concentration of by~ochlorous acid decreases while that of the 
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hypochlorite ion increases, the latter reacting to bring 

about an extensive oxidation of the lignin to acid-soluble 

nroduots. The increasing difficulty of chlorination in 

alkaline solution, Fig. IV, is also to be partially accounted 

for by the removal of the chlorine atoms in the alkaline 

solution following the elimination of methoxyl. 

It would lead too far to enter into a thorough discussion 

of the evidence for and against the pOBsmility of hypohalous 

acid addition to the ethylenic linkage. The question has 

received the attention of numerous investigators over a period 

of years ani has not yet been satisfactorily settled. 

Bartlett (74), who has made the most recent contribution in 

this field states; "although we regard the positive halogen 

ions as a fiction, it is not to be ignored that free hydrogen 

ions· in solution are also a fiction (79), and it may develop 

for purposes of classification, that positive halogen ions 

may be just as useful a fiction as free protons". 

2. Nature of the methoxyl grouns which are left unattacked by 

the action of "available chlorine" solutions upon lignin. 

The results of the present investigation have sho~n that 

the methoxyl groups in lignin are of two different types, 

namely, two-thirds are removable by the action of "available 

chlorine" solutions, while the remaining one-third are 

resistant to the action of this reagent. The latter 
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presumably are attached to a.n aromatic ring, or rings, the 

presenoe of this nucleus in the lignin molecule having been 

shown recently by Hibbert and Tomlinson (5). 

3. The Natural Tannins: Possible relationship of Tannins to Lignin. 

In conclusion, a brief discussion will be given of the 

natural tannins and of their possible relationship to lignin. 

This class of compounds, especially the phlobatannins· show a 

marked resemblance, both in general physical properties a.nd in 

certain qualitative chemical reactions to lignin. 

The phlobatannins are related to the natural plant 

pigments of the benzo-pyran type, their nearest analogues 

being the flavans. The only known naturally occurring member 

of the flavan group is catechin (A) the structure of which was 

established by Freudenberg (~2). 

C 0 
/,/"'- H /C==O, 

HO-O 0 0 ..... --0" /C-OH 
11 I I ~C-C ~ 
C C HC-OH 
"/"/ OH 

C CH2 

OH (A) 

Catechin itself is not a tannin but resembles the 

~ The phlobatannins are classed as those natural tannins which 

on boiling with dilute mineral acids are slowly and 

completely converted into red or brown, amorphous insoluble 

substances named phlobaphenes. 
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phlobatannins in some reSDects and Freudenberg has expressed , 

the view that each phlobatann1n is a polymer of that 

particular 3 hydroxypolyhydroxyflavan yielding fission 

products oorresponding to those given by the tannin. 

The failure to identify positively the phlobatannins 

with the 3 hydroxypolyhydroxyflavans led Russel! (83) to 

a.ssume that in the phlobata.nnin structure the pyranoid 

hydroxyl might be in the 4 rather than in the 3 position. 

A~mpts to synthesize such derivatives by a simultaneous 

reduction and ring closure of 2,4,;~ 4~ tetra-hydroxy 

chalcone (A) resulted in the formation of bis(7,3~ 4', tr1-

hydroxy)flavpinaool (B). 

C 

~." HO-C O-OH 
I I1 
C C 

'A C C-CH=CH 
, I 

OH 

o 0 

/'/" /O=C-OH 
C C 0--0, "O-OH 
If I I ~ 0-0/ 

HO-C 0 HC-H ,,/,,/ 
CC-OH 

I 
CC-OH /,/'" HO-C C HC-H 

~ I I /O-C,OH 
C C 0--0 " /C-OH 
"/"/ 0=0 C 0 

(B) 

This amornhous reduction product (B) was quantitatively 

indistinguishable from typical natural phlobatannins a.nd 

Russell on the basis of several such syntheses concluded that 
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all phlobatannins are built up on the same general plan 

and differ from each other only with respect to the number 

and position of their hydroxyl groups. It is nossible 

that part of the lignin molecule may have a structure related 

in some way to the groupings present in the phlobatannins. 

Powell and Whittaker (14) from their work on alkali 

lignin concluded that ligninsfrom different sources are 

derived from the same polyhydroxy compound, termed by them 

"lignol", and that they differ only with respect to the 

number of hydroxyl grouDs present in the molecule. 

Alkali lignin cannot have a flavoinacol structur~ howeve; 

since the oyrone ring is unstable in alkaline solution. 

If lignin is in any way related to the ~hlobatannins alkali 

lignin (or a portion of it) would have the configuration 

shown by (0) 
OH 

"" C 

NaOH 

(B) (0) 
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BLEACHING OF WOOD CELLULOSE 

The commercial methods for the ~roduction of wood 

celluloses can be divided into two main classes, namely, the 

acid and alkaline processes in which acid bisulphites and 

alkalies respectively are employed. The crude product, 

obtained by either process, still contains varying proportions 

of the encrustants originally present in the wood, namely, 

hemi-celluloses, pentosans, and lignin, and their removal 

involves the use of bleaching agents. 

The latter, in general, are strong oxidizing agents 

and consequently must be employed in such a manner that) in 

the process of purificatio~ no degradation of the cellulose 

occurs. Industrially, the end-point of the bleaching process 

is reached when a further removal of the remaining encrusting 

impurities is simultaneously attended by chemical changes 

in the cellulose. 

The bleaching agents in common use are limited almost 

entirely to aqueous solutions of chlorine, hypochlorous acid 

and its salts, sodium and ca.lcium hypochlorltes and much 

effort has been devoted to ascertaining the most efficient 

method of using these reagents in order to obtain the purest 

cellulose by the use of a minimum consumption of "available 
It 

chlorine. 
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It was assumed initially, based on previous experience 

in the bleaching of textile fibers, that hypochlorite solutions 

could also be used as bleaching agents for wood cellulose . 

.[n the case of "sulphite pulps" calcium hypochlorite was 

found to give very satisfactory results but its use for the 

bleaching of "kraft" and "sodan pulps was not attended by 

any great measure of success, probably in consequence of the 

large amounts of reagent required to produce a pure white 

color. 

Investigations on a practical scale showed that by the 

use of aqueous chlorine solutions as a pre-treatment stage 

there resulted a better calor and less degradation of the 

cellulose, and a considerable saving in the quantity of 

aotive agent required in the bleaching orOC9SS. Practically 

all bleaching operations in current use for alkaline pulps 

employ a two stage process, the soluble products from the 

first or acid stage being removed by filtrat·ion prior to the 

addition of the alkaline hypochlorite solution. The commonly 

accepted view-point accounting for the greater success of the 

two-sta.ge process is that chlorination of the lignin in acid 

solution results in the formation of alkali-soluble chloro

lignlns, while in the second or alkaline stage the difficultly 

bleachable, small residue of lignin and coloring matter is 

removed by oxidation. These explanations have been deduced 
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largely from empirical observations and a large number of 

practical experiments performed upon unbleached pulps and 

cannot> therefore, be expected to give any insight into the 

mechanism of the chemical reactions involved. 

A recent invention by Tomlinson (84) is indicative of 

the progress made in the develoument of a satisfactory 

bleaching process for alkaline pul~s. This inventor found 

that clean, strong cellulose could be made from various wood 

pulps, including those classed as ha.rd bleaching -oulps,without 

impairing the strength or other desirable characteristics of 

the cellulose fibers. The pul-')s are treated successively 

with aqueous chlorine in the partially hydrolysed state, then 

with hypochlorous acid in the absence of HOl, and finally with 

calcium hypochlorite in alkaline solution. In some cases, as 

with difficultly bleachable pulps, a fourth stage is used and 

involves the treatment of the pulp from the third stage, after 

washing, with a. fresh quantity of alkaline bleach solution. 

The process, with the exception of the fourth stage is 

continuous and is so regulated that the bleached cellulose, or 

product for the fourth stage, can be filtered continuously 

from the exhausted bleach liquors. The invention claims to 

provide a rapid economical process for removing lignin and 

other colaring matter from wood pulp. 

A still more recent invention by Opfermann and 

Feldtmann (g5), relating to the manufacture of highly purified 
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"kraft" pulps (alkaline process) deals in particular with 

the control of acidity and alkalinity of the bleaching 

solution. These inventors find that the use of aqueous 

chlorine solutions in the acid pre-treatment stage, especially 

for hard bleaching pulps, causes a reduction in the viscosity 

and tensile strength of the final bleached product. This 

behaviour of the pulp is attributed to the fact that 

chlorination proceeds slawly due to the formation of insoluble 

chlorinated lignin products and the excessive amount of free 

chlorine, present in the bath for a prolonged period of time 

reacts with the cellulose. According to O. and F.'s 

invention the time of chlorina.tion can be considerably 

reduced, without damaging the fibers, by operating in such a 

manner that in the same nronortion as chlorine enters into .... ~ 

reaction, the chlorinated products formed are dissolved by the 

oontinuous addition of a suitable amount of alkali such that 

the pH value of the bath is maintained between pH 6 and pH 9, 

prefe·rably between pH 7·5 and ~. 5· A saving of chlorine can 

be effected by removing the dissolved chlorinated products by 

simultaneously adding water a.nd removing the mother liquor. 

The cellulose so obtained is claimed to be sUitable,not 

only for the preparation of special papers but also for 

chemical prooesses such as, the manufacture of viscose and 

cellulose acetate silks. The process, furthermore, has the 

advantage that such refined celluloses still retain their 
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high viscosities in solvents (cuprammonium etc.) and can be 

transformed into exceptionally white products of lower 

viscosity by subjecting them to a suitable, more vigorous 

type of bleaching. 

The present investigation was undertaken in order to 

obtain fundamental data relating to the bleaching of 

al kaline pulps. The action of chlorine a.nd its derivatives 

upon the main substance being removed in the bleaching process 

namely, the lignin, wa.s studied under conditions of constant 

hydrogen-ion concentration. The investigation was then 

extended to cover the pH range from pH 2 to pH 10, and a 

further resea.rch conducted relating to the solubility of 

lignin in a.queous solutions. The results obtained, together 

with graphical representations and discussion, have been 

presented in other sections, see "Discussion of Results", 

"Theoretical Discussionu , 'Experimental Part" (IV). 

In brief, it W2S found that a number of different 

reactions occur when lignin is treated with aqueous solutions 

of "available chlorine", and that the participation of any 

individual reaction is governed by the pH of the reaction 

medium, Fig. Ill. In acid solutions,pH 2 - 4-, chlorination 

both by substitution and addition occurs, the latter leading 

to a loss of methoxyl groups, Figs. Ill, XI, XII. In less 

acidic media, pH 5 - 6, the chlorination by substitution is 
a primary 

suporessed, and the reaction is mainly one of/addition, either 
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of chlorine or hypochlorous aoid to an enol ether, ,followed 

by the elimination of methoxyl groups, Fig. Ill, XIII. As the 

reaoting solution is made alkaline, the addition reaotion 

beoomes inoreasingly diffioult and large quantities of the reagent . 
are oonsumed in an oxidation of the lignin to· aoid-soluble 

products in oonsequenoe of the increasing ooncentration of 

hypochlorite ion in the solution, Fig. Ill, XIV, XV. 

The variations in the different types of reaotion 

taking place (substitution, addition, oxidation) as the controlled 

pH of the medium is varied are represented graphioally in Fig.IlI 

and oan be shown schematically in the following manner; 

Increasing pH of the reaotion medium. 

+ 

lignin t -
chlorination by 
substitution 

< 
+ HOlO + H + Cl 

+ 

lignin 

, ~ t 
chlorina.tion by 
addition followed 
-by elimination of 
metho:xyl groups 

+ 

lignin 

t 
oxidation of thE 
lignin molecule 
to acid-soluble 
produots. 

The oonsumption of "available chlorine" was found to be

e. funotion of the pH of the reaotion medium as is shown in 

Fig. IV. The least quantity of reaotant is consumed in aoid 

solution, and this inoreases slowly as the pH of the medium is 

inoreased to pH 4 - 6. Further inorease in the pH of the 
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solution then results in the conswnptionof large qua.ntities 

of reagent required to promote chlorination and de-methylation. 

It would therefore anoear that bleaching opera.ti,;ons when 

conducted in the most acidic medium "practically" available 
. 

would correspond with a minimum consumption of chlorine. 

This conclusion is not justifiablejhowever1because the chloro

lignins formed are "insoluble in the a.cid solution and 

therefore cannot be removed, and also because the undesired 

chlorine substitution reaction is taking place simultaneously. 

The rela,t ionshi D between alkali lignin solubili ty a.nd 

hydrogen-ion concentration was determined photometrically and 

potentiometrically and a graphical representation of the 

results is given in Figs. XVII, XVIII. It was found that 

alkali lignin floccula.tes in media having a lower pH than 4.2 ....., 

and is thus precipi tat ed from sol ution. Bleaching operations 

cannot therefOlS be conducted satisfacto~ily in media more 

acidic than pH 4.2 because the insoluble, colored, chlorinated 

nroducts formed a.dhere to the cellulose fibers. In alkaline 

solutions, pH 7 - 10, on the other hand, large quantities of 

the bleaching agent are consumed in oxidation reactions 

involving both lignin and cellulose. In solutions of pH 5-6 

however, the lignin is chlorinated and de-methylat,:->d in the 

same equivalent ratio while the hydrogen-ion concentration is 

sufficiently low to maintain solubility of the ohloro-lignins • ...... 

In this range of acidity the rapid rise in the consumntion of 
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"available chlorine" is just commencing and the conclusion 

seems justified that bleaching operations conducted in media 

of -oH 5 - 6 should therefore result in maximum solution of the 

lignin accompanied by minimum consumption of chlorine. 

The effect upon the cellulose by bleaching under these conditions 

can be ascertained from the oreviously discussed researches of 

Birtwell, Clibbens a.nd Ridge (3). 

The possible saving in chlorine that can be effected by 

conducting bleaching operations in media of pH 5 - 6 can be 

seen by compa.ring the chlorine consumption shown in the 

following calculation with that actually found in oractice. 

Calcu12_t ion; 

Assuming on the basis of the results obtained,that 

two-thirds of the methoxyl groups present in lignin 

are removed in the reaction with "available chlorine", 

and that a pulp containing 4{ lignin is to be bleached, 

the following data indicate the possible saving in 

chlorine consumption ba.sed on suitably pH controlled 

bleaching operations. 

lignin per ton of pulp 

methoxyl content of lignin 

methoxyl removed in bleaching 

methoxyl removed in bleaching 
one ton of uulo 

- ... 

--
-

-

gO lbs. 

15.2 ~ c 

10.2 Qi 
l(. 

8.15 lbs. 

0.262 equiv
alent s. 



- 102 -

equivalents of "available 
chlorine" required to remove 
one equivalent of methoxyl 
a t pH 5 - 6, Fig. I V (a), (b). 

equivalents of "available 
chlorin~ required per ton of pulp 

chlorine required per ton of pulp 

10 to 11 

2.6 to 2.9 

93 to 102 lbs. 

In comparison with this figure the consumption of 

chlorine in the usual two-stage process va.ries between about 

110 and 150 Iba. chlorine per ton depending upon the 

characteristics of the unbleached pulp and the degree of 

whiteness desired in the product. 
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EXPERIMENTAL PART 

PART I. ISOLATION AND PURIFICATION OF ALKALI LIGNIN. 

In the present investigation, dealing with the action of 

ohlorine and its derivatives upon ~ignin, an alkali lignin 

prepared from carefully purified wood· meal was used as 

starting material. The actual composition of alkali lignin 

is unknown as can be seen by reference to the literature 

dealing with its prepara,tion and analysis. However, by 

careful control of experimental oonditions (time, temperature 

alkali concentration, etc.) a reproducible, apparently 

homogeneous and easily handled product can be obtained. The 

experimental procedure for isolating alkali lignin developed 

originally by Mehta (12), used later by Dor~e and Barton-Wright ~6) 

and improved by Marshall (18) in these labora.tories was adopted 

in the present research. A complete~schematic flowsheet for 

both the isolation and the purification of alkali lignin has 
'-' 

been included, pga. 106, 108. 

1. Isolation of Alkali Lignin. 

a) Preparation of the Spruce wood. 

The wood used for the preparation of the lignin was 
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obtained from a section of the trunk of a mature white spruce 

log. The sapwood, cut into 4 inch square blocks, was ground 

upon a lathe to a fine flour (20 mesh). This operation is 

readily carried out by slowly forcing a sharp cutting tool 

across the grain of the wood while the block is rotated at 

high speed. The screened wood flour was dried in a vacuum 

oven at 50 - 60°0. 

b) Removal of Resins, Fats and Waxes from the wood flour. 

The reSins, fats and waxes, amounting to 2 - 3 %}present 

in spruce wood were removed from the wood flour by extraction 

for 36 hrs. in a large Soxhlet apparatus with benzene - alcohol 

(1 : 1). The excess solvent was removed by filtration on a 

Buchner funnel and the de-resinified spruce wood flour dried 

first in the open air and finally in the vacuum oven at 50 - 60°C. 

c) Removal of Hemi-cel1u1oses and Pentosans. 

The hemi-cel1u1oses and pentosans were removed by 

stirring the de-resinified spruce wood flour with four 

successive porti·ons of 51c caustic soda solution, (method of 

Friedrich and Diwa1d (27). Each extraotion was carried out 

for 36 hrs. at room temperature under an atmosphere of nitrogen 

to prevent oxidation. The liquor to wood flour ratio' was 10:1. 

The alkaline extraot was removed by filtration and the residual 

wood flour washed with fresh 5% NaOH solution. After the 

fourth extraction and filtration the wood flour was washed 



- 105 -

suooessively with water, dilute acetic acid, and finally with 

alcohol. The product was dried, first in the open air and 

finally in the vacuum oven at 50° -60°0. 

d} Extraction and Isolation of Alkali Lignin. 

The alkali lignin was obtained by treatment of the above 

extraoted wood floUr with alkali according to the method 

proposed by Mehta (12). The wood flour was placed in a small 

rotary autoclave with a 4}~ NaOH solution, the liquor to wood 

ratiO being 6.4 : l.O.by weight. Nitrogen was bubbled 

through for several minutes to expel the air. The autoclave 

was then sealed, set in rotation, and the temperature (measured 

in a thermometer-well located in the autoclave wall) raised 

to exactly 172°0 in twenty minutes and maintained there for 

one hour. The autoclave was then cooled rapidly by a stream 

of ice-water and opened. The reaction--product was filtered, 

the alkaline liquor being dropped into ice-water and then 

neutralized with HOl. The precipitated alkali lignin was 

centrifuged free from the mother liquor, washed with dilute 

HOI (O.OIN), reduced to a moist paste by suction on a BUohner 

funnel and was~ed well with distilled water. 

The crude alkali lignin thus obtained was dissolved in 

absolute dioxan and the water present removed by vacuum 

distillation with successive portions of dry solvent. 

The methoxyl analysis of a sample obtained by precipitation 

into well stirred ether, washing and drying is given in TableX!! A. 
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Table X 

Isolation of Alkali Lignin. 

Spruce wood flour 

Extr~ct with alcohol-benzene 1:1 
filtrate 

resins, fats, waxes 

hemi -celluloses 
and pentosans. 

filtrate 

phIobatannins 

filtrate 

de-resinified wood flour 

extract with 5~ NaOH solution 
36 Hrs. 25°0. liquor to wood 
ratio = 10:1 

I 
Alkaline extract 

1 

Ditt P #: 2 

Di ttc #= 3 

Ditto 

de-resiriified, hemi~llukse 
, and pentosan extracted 

wood flour. 

heat in 'autoclave with 5% 
NaOH 20" to 172°0. 60" at 
172°0. liquor to wood 
ratio = 6.4-:1.0 

I 
cool 

I 

I 
pulp 

add HCI until acid 
precipitate 

centrifuge and , wash with 
dil.HCl. 
and wash filter on Buchner 

with water 
I 

moist nQste of ... 
alkali lignin. 
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2. Purifioation of Alkali Lignin. 

The crude alkali lignin was found to be contaminated 

with a substance, soluble in dioxan-lignin solution but 

insoluble in dioxan or ether after isolation. The alkali 
. 

lignin itself is soluble in dioxan and insoluble in ether. 

It was freed from the impurity by fractional precipitation 

with ether from its dioxan solution advantage being taken of 

the different solubility ratio of the impurity and of alkali 

lignin in dioxan-ether mixtures. 

Method. 

A litre solution containing approximately 4% of crude 

alkali lignin was vigorously stirred and 100 cc. of anhydrous 

ether added in a fine stream. The mixture was filtered and 

a further 100 cc. of ether added to the filtrate. The 

process was repeated six times giving six precipitates and one 

filtrate (A) containing ether and dioxan in the ratio 3~:62. 

Each of the six precipitates was then washed by shaking 

with absolute dioxan, filtered, dried and weighed. The 

total yield of dioxan-insoluble material was 5.4 gros. The 

washings from each of the precipitates were concentrated to 

small volume, precipitated into ether, and the precipitate 

washed, dried, weighed and in some cases analysed for· methoxyl. 

The filtrate (A) was concentrated to 500 cc. volume 

and slowly dropped into 2000 co. of well stirred anhydrous 
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2.8 g. 

1. g g. 

trae~. 
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Table XI 

Purification of Alkali Lignin 

by Fractional Erecipltation. 

4% solution of alkali lignin 
in 1000 cc. dioxane 

I 
add 100 cc. ether 

I 
I 

wash ppt. with 
pure ~ioxan trace 

t 
r " wash ppt. with 

pure 9-ioxan tri lLoe 
, 

wash I ppt. with 
pure Q.ioxan tr~ .. ce 

" r wash ppt. with " 
pure·q.ioxan 1. ~ g. J 

" wash Ppt. with 
. ., 

pure 4ioxan 3. 1 g. 

'" 
wash I ppt. with 

,., 
pure dioxan 2. 6 g. 

1 
add 100 cc. ether 

1 

add 100 cc. eth er 

1 

add 100 co. eth er 

~ 

add 100 oc. eth er 

add 10010e • eth er 

J 
conoentrate to 
500 cc. volume. 

I 
add to·.2000 c~. et her 

dioxan insoluble 
5.4- g. = 14-2% 

28.0'g. 

-

3·0 

alkali lignin 
38 g. = 100% 

add 

g. 

I 
concentrate to 
25 cc. volume 

I 
to 1000. 

I 
co et her 

filtrate 
discard. 
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Table XII A 

Purification of Alkali Lignin by Fractional Precipitation. 

Fractionation Analysis 
Preoipitation ether dioxan ineol. sol. mgm., co.N/20 % 

co. cc. gros. gms. subs. thio. OMe 

ether added 0 1000 23·34 12·55 13.74 ' 
to dioxan 1 100 It 0.8 
solution. 2 100 tf 2.8 - 25·98 10.85 10.67 

~ 100 " 1.8 
100 " 1·3 24.63 14.50 15·28 

~ 100 It 3·1 26.10 15·51 15·20 
100 " 2.6 16.45 9.60 15.06 

dioxan a.dded 7 2000 500 - 28.0 15·91 ~.30 15·15 
to ether g 1000 25 3. 0 25·36 1 • 75 1~.15 

, crude alkali lignin 
Average % OMe of alkali lignin fractions - 15·17 

Table XII B 

Purification of .1kali Lignin by Fraotiona1 Preoipitation 

ether dioxan o/e ether % dioxan Inso1. %Inso1. Sol. ,%801. 
cc. cc. gms. gms. 

0 1000 0 100 0 0 0 0 
100 tt 9 91 0.8 2.1 
200 It 17 83 3.6 9·5 

~g 
It 23 77 5·4- 14.2 
tt 28 l2 5.4 14.2 1.~ 3·2 

500 fl 33 5·4 14-.2 4.4- 11·5 6~ 600 " 38 5·4 14.2 7·0 1~.5 
2000 500 80 20 5.4- 14.2 35·0 92.0 
1000 25 97.6 2.4 5.4 14.2 ~8.0 100.0 



- 110 -
• ~ • • t • • • 1 ", t·, . ~ j ,. 

-: '~,~ _~. -- . .1_: ___ -.-: . : L.._ 

'I ! , , ' 
'!. . . , ,'. 

+----+----..1- .-+--- '-~ 
• t ; • _ 

l 

, I , 
.--. " - -
'" ! 

' ,', ., . ! I .. . I -, 
. _ . l _ j 

~+---+-:--:--' ' .. -" ~--: - ~ "-~--: --:-': ' i: --~ . f--- ,_ .... 
1 •• 

, ,.; ----

, j'" ,. I" ,', , . . ,I" 
':' !' . I" 

, '" , l. " I ' " I . ' . . , . ".~ , , , . • .. .... . . . 
, -.-:. i ~ :-, f..L : I:-~ : , ~ -. :-1-,' ;-: .-+-,-: ,.-'.I~~·~ r- " -, -- - -.- -~ l~-: -- ::-~- ~ -~ - ,: ~ :'-::~ r:" ~.~ :-i :--- ~.:--:-~:...-~ . : + .. ~ ' 1 ' -:;. ,: ~ 

" , I ~ i50 ' :: i: .,".:"'; ':.. . . : 

; . , ~ '" : : i : " ! :' , : . ! : I ~ .':. , , i ' ~ '. -"-. ,.-
'~---j :~: '~ ~ ~~ ~~~r-:: -~ 'r-' , .. 1_, __ -- 'j --- ' !. V :[~-.: ~'- ; .~~ . .. --,'-- ,;:-_. -. ',' ----.--. .;'-~ 
1 ,_--+----~ 

· '1' ; ~ r\~ 1;: . l . .. :1' . . . . I' t, "- 1: . i .. : . I '. ,. ; . ,. 
1:'~:-:~I'::-~I~~- ~ -j-,-:: -~:! -- ... \' .. -- " ;" "';::"! --: --:-"r.- ---:.:;' ';-- r- "r~: 
[ . " ·1 .30 I'" ::',' . , ... '1 ' . 

. . :+' ! : I : : < I: .: .. :!:: ~ .. : i . : 'I.' : J . 1. .: . ... '4" I : ': . ~ -'. .: -: --' . ~ , -:: 
-- t ---- f-"---'~--- ,--- ~- - .. -1--- ,.-.. .. - - .. -,- .--- ~r---·- -, --- I- - -- -- - -~--- -~ ----r----r-

" I " I; . ' " '. .. ; : . I. ' : . j •. . • ! .: ' . ,,', ... :: : :: " . : . ' : :··'·1 . : ,'. ~ . I:' 
· I' ····20 · I ... . :: 1· ., " 1 I . ' " . t· : I' '. . , 

· , I ' . . -., .. I I ' ! . -.() , :. , . . . , , ' . :. -~-,- - .-,. --1 

I ~~-:~~~l!~~ -~:-:.~-~-.J:-:-:-m;: ,-' :W· " j1~: -1;--/j' 'il'/ .I.t ( 1 1-f 'i~ !. : l>-: . ?-:I ~I-'t)Z· '/·ft.··/' / __ __ J .• r---:--
I , . ,. I . r I1 " t . ". ... . . , , , 

. . ' }Q I . . .~ / I~ . . .) .,,' ' .. . . 

~+~~+~tdcv11l~Wlm;~~f~lf;1[~Yl¥jl ~ ...• c i--:-
~J~2~Lj, i'~~~J~ '~~ :"-'~' .~ .. l ~'~~~c~t?--~-;· .~ j~~~k~j-~·-~ !~ ___ ~(~~ '!fo -~ - --~~ , . I . . . . - ..: ,J.,, ' , ' ~ rne,f- . I .' T - . I ' - , 

~ t -. :j , ! ! (f' ~~.:2~ ,I cr .', ~-~--61O---~--*- : .'~ 'O 4-+-t .:· .. d . , : . ~~ 
I· i + 1 • 'H~'" -. I·'· . : I ,: . P/'O)(~n . . I I ... : . -... 1,· " ".' : i " \.; .' I . 

t
- -~-' '~-L-- - ...... ---f------f-·-f ---.. - -- f---- ,- . t· -~, " t-·-.- - ' '-t-. l _- ____ ~--.....L .. -- l--__ - ---+---

: "j ' . . , : . j: ~ ': ::. ~ .:::: ~t' .. ' :: i' . ' ; .: . I r- j --. ' I '/ ~' : .... ': : ~ : :: ' . t:, ~: " : I . ; .' " i ' 
, •. 1 I . : . .., ... __ ' . . ' ~--JlI_ ! ' . '.'. , ,. . 1··" , 

· r-. I I • '" I . I .! I . , -' I"""'" , . r • . i ' • I I . ., ... 1 , 
I· •.• .,. . ! ' I J . , .... ,... . . .,. . }.. 
I ,. -'1 ,"I' : .... I : . ,I .~ ... ' ,.,!.. :' ' ... ' !, .:; "_ '. , 

I i ':- >i: I· ! :.: :' 1 ,f ' , ' ;-1 '; i' ': -:. , . :.' . ":,~. ,' ... .:, : :.:: . : '; , 
'~.' " I • I, I" . . I. .. . .. . I" • • , · r- --'-- - - 1 -- - --+--

I 
'1 .'. .;.: I:' : r .' . " i,:' ~ ' JI i

J 
! ! ' ::- : . : ':.:! :. : 'l~" I. ; . , 'I!" . 

',. ',:' 1 ..... -\ ,., I ' · .. ' " . . I... ' .,' I" ~ . 

'[~-i~--r -:t~.. ..1 - ,.--t--. -. -. ,---: I-'..L·-:---·,--;-· 'l-' -i-'- - .--~--- ~ .. - .. -- ~--.~ ~-~. ----r--. ~ ~ . .; . I ; .. ~ :. . ! - ! . . i "' . I •. I .' : '. -. ' . . J -' .' .. . . ~ . t . . t : ~ 
i { .. ~ . ~ .... 1 ~ • , •• • • '1' - j -,. . It· , " 

j
l i " 1 . t ': ; -LI ;. .: I .";. t' ; . i :. ; : :' : ::, '!,: . i 'I-

t 
i . .' " , ..1 ! • I .. , .. ·f· .. l. < • 

. _--L.... - -- --~--.- ._ ......L....... --t-. r-- - ~---- -''''-'1-'-- -- - .. ------r--- --------j- - _.--+- -----f---- -+---- - -,--- -

, .. '! . ;:: : : .±±±I ,; 1
1

, t, : ,.' 1 ', I : : ... ; .. ". ". .' .. : . I .~ , 
I . ' ,. ",' !' . 1 ,... I [. I .. ··'· .. · 1 j, .. 

· , .. ~ I . . --;- . " .; . ·1, I . , I .. : I·, I' .! . '1':~ .... ;. , ,. ; . 
I, '. I ' ! .: i . 1 j . t, I .'; j' . !' ;: .. -; .. .. ! '. : : I 

~ ,_J._ ~--i- ~ - - -- -~- ----L --I---,.L--r----J ---r-:-' -- ---, --I--~-. -:- r--- ~,'--I--- -. ---f---
I, ,I 1 !": . • ,.: 'l ;'. .j ' i ' 'i ' :." ~.i ' . ':. . 1 - , . I . 
I , 'I 1 . , . . , .. , .' i ' t, • ,. , ... I ' . _L _ ,....l...:....:. i , . i ~ , ., " I . I ,. - , 

t 
. ., '1 I ' I I . . t . " ,' I I . . 1 I I i . .;, . . ::.j '. :. . I -t. '.' i !. ...... " ( . : . ·1 :' 

- [-f--.---- - -i-.- :-"! : . -----r----J.-~ _i_. -T1 ---- J --- \. . . ..:..t-.:.2-t---. --.:..... :.-- - L :--r-""":":":'--'fl ' '.' . " I': I ,! 1 I :: "; ... : .. :' .;. L' ~. j ,," ., 
1_:_:; . . ' I' ;' .;. ! . j , I " : I :.' .; . I,. ":'1 ,' ) " i· ! 

i i . . .! .: :! : .. ':.1 i " I '~' I . : . . .': ':'; .'; l± ... --. I .. :. 
,----i-- ~---:'-'~ .:-.t: .~---:'----~--'; ~I -- --:'': ----or -:---t ---'- _:, __ ~_.c~._ -'-j---c'L-:-- -le _( u; 

' .J...-......: I . : ' ;.,., I ' _'" , ' ~~....:....-. . ,. . I ' ,. , _"'---



- III -

ether. The precipitate was separated, washed, dried and 

weighed, and the filtrate conoentrated to 25 cc. volume. The 

latter was then slowly dropped into 1000 oc. of well stirred 

ether and the resulting precipitate separated and weighed. 

The filtrate was discarded. 

The method of fraotionation Is shown in Table XI and the 

analytioal results in Tables XII A and IIIE. In Table XII A 

the yields of dioxan-insoluble material, and soluble alkali 

lignin obtained from each preoipitation, together with the 

methoxyl analyses, are given while Table XII B gives the data 

from which the fractionatlon curve was drawn. The individual 

precipitation yields shown in Table XII A have been added 

together in proper sequence in Table XII B to give the total 

soluble and insoluble material precipitated by any given dloxan

ether ratio. The percentages were oalculated upon the total 

yield of purified alkali lignin isolated. The small amount of 

material in the filtrate from the final precipitation was negle~ 

3. Preparation of Standard solutions of alkali lignin 

The aotion of ohlorine and its derivatives upon alkali 

lignin was studied by adding known quantities of available 

chlorine solutions to known quantities of alkali lignin. 

Standard solutions of the lignin were prepared, from which 

volumes containing known .eights of alkali lignin could be 

pipetted out for experiment. 

The dioxan-soluble fractions obtained by the fractionation 



- 112 -

and purificatio'n of the crude product, (cf. pg_lO~,1Vere mixed 

together, weighed, and dissolved in 0.2 N KaOH. The volume 

was adjusted by adding distilled water to give a standard 

solution containing approximately 1.3% of alkali: lignin. 

The amount of 0.2 N NaOH solution used was such that the 

standard solution was approximately 0.01 N in N'aOH. 

The exact amount of alkali lignin (.by, weight) contained 

in a solution was determined in the following manner: An 

aliquot portion by w~ight was diluted with distilled water 

and the lignin precipitated with dilute H01. The precipitate 

was centrifuged, washed free of Na+ ion, fl1 tered on t·o a 

tared asbestos Goooh crucible, dried at 100°0 and weighed. 

Ignition of the residue and re-weighing showed that no ash was 

present in the lignin. The percentage of lignin present in 

the standard solution was calculated from the weight of sample 

taken and the weight of dry residue. 

The NaOH concentration of the solution wa.s not of 

importance since the reacting solution was adjusted with acid 

to a p~determined hydrogen-ion concentration before the addition 

of the available chlorine solution. 

It was found that these alkaline solutions of alkali 

lignin were not stable over long periods of time. The 

deoomposition taking place in a typical case is shown in the 

following, Table (XIII). 
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Table XIII 

Decomposition of Alkali Lignin in Alkaline ~olution 

Lignin solution Lignin Analysis 
7bc %H %OMe 

15·2 
14-8 

Freshly prepared 
After 3 months 

66.1 5.8 
64·7 5.6 

During the course of the work several standard solutions 

were theref~prepared from purified alkali lignin which had 

been kept in dioxan solution. The standardization results 

'for these solut ions is gi van in Table XIV. 

Table XIV. 

Standard solutions of Alkali Lignin 

Solution 
No. 

1 
2 

4 
5 

standardization 
Sample Lignin 

gms. gms. 

10.6 0.266 
10.6 0.266 
10.6 O.l~g 
10.6 0.14.0 
10.6 0.133 

4. Analysis of Alkali Lignin. 

conc. 
% 

2.50 
2·50 
1·30 
1·32 
1.25 

Sample for 
Experiment 

gms. 

0.63 
0.63 
0.65 
0.66 
0.63 

The various alkali lignin fractions obtained in the 

fractionation and purification of the crude product showed 

essentially the same methoxyl content. They were therefore 

assumed to be fractions of the same homogeneous compound 

which displays a graded solubility in dioxan-ether mixtures. 

The analysis of a sample of alkali lignin, precipitated from 
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a dioxan solution of the several purified fraotions, and 

isolated in the usual manner, (cf. pg.136) is given in the 

following fable XV. 

Table XV 

Ana1lsis of Alkali Lignin 
cc. 

Analysis Subs. CO
2

_ H2O % C %H Subs Thio. % O>Me 
N/20 

No. 1 0.2407 0.5843 0.1266 66.1 5.83 19.2g 11.34 15.20 

No. 2 0.2355 0.5709 o ~1226 66.1 5·7g 25.65 15.00 15~15 

The average analys8s of Alkali Lignin reoorded by 

Marsha11 (18) are shown in !"able XVI. 

Table XVI 

Ana1lsis of Alkali Li8!!in 
acoording to Marsha11 (18) 

Produot % C %H % OMe 

Alkali Lignin A 64·75 5·71 15·00 

Alkali Lignin B 65·02 5.43 14 .. 00 
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PART 11. APPARATUS AND ITS OPERATION 

1. The Constant Temperature Cabinet 

The measurement of hydrogen-ion concentration is greatly 

simplified when the temperature is maintained at some 

constant va,lue, for the following reasons; 

(i) The saturated calomel half-cell, a recognized 
working standard, can be used.th confidence. 

(ii) The uncertainty as to the existence of~a 
temperature equlibrium in the various half
cells used is avoided. 

(iii) The necessity for using temperature coefficient 
corrections for the half-cells is avoided. 

In the present investigation all reactions of 

available chlorine solutions with lignin were carried out 

at 25°0 in the constant temperature apparatus described below. 

The cabinet, Fig.VIA,was constructed of wood and lined 

with beaver-board so that an air space was left between the 

lining and outer wall. It was built in two parts, namely; 

an upper section for temperature control apparatus, and a 

lower section for experimental work. The top could be 

easily removed,giving access to the- upper section. 

The lower section was a chamber 17 in. x 52 in. x 33 in . 
• 

fitted with a shelf at the rear and connected to the upper 

section through the vents V,V', Fig.VIB. Access to the 

ohamber was made through three sliding doors W which had 

double glass windows. 
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The ~pper, control section of the cabinet was'fitted 

with an electrio fan whioh circulated the air, entering at V 

from the lower ohamber, across the cooling coil R, the heater H 

and the oalcium chloride tray C
t
• The air re-entered the 

lower section at V' and passed across the toluene thermo-

regulator T. 

The temperature oontrol system used is shown in Fig. VI B. 

The cooling water, flowing through a lOin. x 10 in. x 4 ine 

automobile heater, was measured in the flowmeter M and 

regulated by the needle valve C conneoted to the city main. 

Only infrequent settings of the valve C were necessary. 

The 200 watt heating coil H was oontrolled by the toluene 

thermo-regulator T through a system of relays. 

connections are shown in Fig_ VI C. 

The electrical 

By means of this control system the temperature in the 

lower seotion of the cabinet could be maintained at 25c C±0.2°C. 

Typical operating conditions are given below; 

Room Temperature 
Cooling water flow 

inlet " 
outlet ff 

Heater operation 

Heat dissipated 

23·8°C 
160 co. per min. 

3. 75°0 
22·50°0 
47 seo. in 60 sec. 

465 oal. per min. per 1°C 
Temperature difference 
between inSide and 
outside. 
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Fig. V/-C Temperature Control System. 

Legend:- Fig. V/-8 and Fig. V/-C 

v. V - air vent C - needle valve , 
F - fan 
R - cooling coil 
H .. heater 
C' CQC~ tray 

M - rlowrneter 
R, .. power re/ay 

R.z - l?7icro re/ay 
T - requlQror 

T 
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Shielding 

Reproducible measurement of glass electrode potentials 

requires careful shielding of the apparatus from stray 

electrical fields. The floor of the lower chamber described 

above was oovered with galvanized iron and soldered to the 

door frame W. The platf~rm immediately in front of the 

cabinet and upon which the galvanometer rested was also 

covered with galvanized iron and soldered to the door frame W. 

Metal shielded wire was used throughout for electrical 

connections and all parts of the apparatus shielded with 

galvanized iron. 

groun·d. 

The shielding was connected to a common 

2. Apparatus and Technique used for the standardization 

of the glass electrode. 

a) Desoription of Half-cells 

The Saturated KCl - calomel half-cell. 

The saturated KCI-calomel half-cell, Jf1g.VII ,was used, in 

conjunction with other half-cells described below, as the 

working standard throughout the investigation. The regular 

electrodes, supplied by Leeds and Northrup Co., Cat. No. 7724Pl, 

were prepared in the usual manner, Ref. Bull. 21202-5-435, 

fitted with rubber stoppers and inserted in the necks of the 

calomel cell C. The common lead from the three electrodes 

dipped into a mercury well located in the fourth neck and from 
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c 

Legend:-

C- Calomel Cell 

R· Calomel Electrode 
S - Sep. Funnel 

y - Y Stopcock 
V - Sta ndard IzafioN 

v essel 
X· BufFer 
E- Glass Electrode 

Q- Quinhydronf? 
electrode 

H- Hydrogen electrode 

CELL FOR MERSUREMENT or HYDROGEN ION 
CONCENTIrRTION 

fig. VI I 
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whioh connection was made to the potentiometer. The cellO 

was filled with KCl solution (sat. at 25°C) and the reserve 

supply in the separatory funnel S connected. The arm L of 

the oe11 C was oonneoted either to a Y stopcook by a piece 

of rubber-tubing or closed to the air by a glass plug. 

The potential of the saturated calomel half-cell, 

Hg/ HgCl/ KC1 sat at 25°0 / 

is +0.246 volts referred to the normal hydrogen eleotrode.(75) 

The guinhydrone electrode 

The quinhydrone electrode was used either as an inside 

electrode for the glass electrode, or, in oonjunotion with the 

calomel half-cell, for the standardization of buffer solutions. 

The regular electrodes supplied by Leeds and Northrup Co., Cat 

No. 7685P2, were prepared in the standard manner, Ref.Bull. 

No 123-10-53~A 

The potential of the quinhydrone eleotrode, 

H+= 1 / quinhydrone/ Pt. 

is + 0.699 volts referred to the normal hydrogen electrode,(75). 

The hydrogen electrode 

The hydrogen electrode,cf.Fig. VII, used with the 

saturated calomel half-cel~ served for the final standardization 

of buffer solutions. The hydrogen gas was purified by 

passing over platinized asbestos at 3000 C (to remove oxygen), 

cooled, saturated with water vapour at 25°C and then passed 
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through the gas channel over the electrode. A gold plat"e 

(t cm?) coated with palladium black and saturated with 

hydrogen gas served as the hydrogen electrode. 

The potential of the hydrogen electrode in a solution 

normal with respect to hydrogen ions is,by definitio~ 0 volts. 

The glass electrode 

The glass electrode, cf. F1g.VII,was calibrated and 

used in oonjunction with the saturated oalomel half-cell to 

control the hydrogen-ion concentration in the reaction of 

available chlorine solutions with lignin. The regular 

electrodes supplied by Leeds and Korthrup 00-, Oat. No. 7685Pl 

made of 015 Corning glass, were used with a quinhydrone 

inside electrode. The latter dipped into a 1 pH HCI solution 

held in the glass electrode. When not in use the glass 

electrode was kept in distilled water and the quinhydrone 

electrode removed. 

The potential of the half-cell; 

glass!/ I pH HOl/ quinhydrone/ Pt. 

is the same as that for the quinhydrone electrode in I pH HCl 

plus the asymmetric potential of the glass electrode. 

pl The Standardization Vessel 

The standardization vessel conSisted of a short 

cylinder sealed to a Y stopcock, cf. ?ig.VII. The diameter of 
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the cylinder was about twice that of the glass elect""ode bulb 

and an overflow tube was provided. The vessel was connected 

to the calomel cell by the arm Lt of the Y stopcock so that 

saturated KCl could be passed from the separatory funnel S 

through the stopcock Sf, to the waste pipe through the 

Y stopcock. 

c) Buffer solutions and their standardization 

A series of buffer soluti'ons, pH 1, 3, 5, 7, and 9, 

(Cla.rk and Lubs standards (75), were made up from c. p. compounds 

and CO2-free NaOH. The pH of these buffers wa.s checked with 

the hydrogen and quinhydrone electrodes as follows: 

The standardization vessel was filled with a given 

buffer and connected to the calomel cell as described above. 

The hydrogen electrode, previously conditioned by coating 

with palladium bla.ck, saturating with hydrogen gas, and 

maintained in an atmosphere of hydrogen, was inserted in the 

vessel and connections made to the ootentiometer. (When 

usirtg the hydrogen electrode a Cambridge potentiometer was 

used). A- liquid junction was made between the saturated KCl 

and buffer by turning the Y stopcock in a clockwise direction 

'and successively flushing a small quantity of buffer and then 

KCl to the waste pipe. The separetory funnel stopcock was 

then closed and the Y stopcock turned to form a new liquid 

junction between the two solutions. 
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The following cell was thus connected, 

Hg/ HgCl/ sat.KCl at 25°0// Buffer/ H2/ Au 

and its e.rn-f. balanced potentiometrically. 

The balancing potential read in volts on the potentiometer 

was transformed into pH units by 

_ ,*0.246 + (~E) 
0.0591 

pH 

means of the expression, 

A further check. on the pH of the buffer solutions, pH 1 - 7, 

was obtained by using the quinhydrone electrode in the cell, 

Hg/ Hg01I sat.KCl at 25°0// Buffer/ quinhydrone/ Pt. 

The technique used was the same as that described for 

the hydrogen electrode except that a~quinhydrone electrode 

and a Leeds and Northrup potentiometer were used. 

The potential, balancing the e.m.f. of the cell, was 

read in volts and transformed into pH units by means of the 

expression; 
pH -- o. 453 + (~E)_ 

0 .. 0591 

d.} Standardization of the Glass Electrode 

The glass electrode was standardized by measuring the 

potential of the cell, 
sat. KCl buffer 1 pH/quin-

Hg/ HgCl/ 250C 1/ std, / glass/HC! hyd-/ Pt 
rone 

and comparing the observed e.m.f. with the standard value. 

The buffer solutions, standardized as previously described, 

were used so that the standard e.m.f. was known. The 

deviation of the observed potential from the standard value 

is due to the asymmetry potential of the glass membrane which 
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inoreases very slowly and can be regarded as constant in 

solutions below pH 10. 

The oorreotion factor in volts was added or subtracted, 

depending upon its polarity, to the e.m.f. observed when the 

buffer solution in the above cell was replaced by an unknown. 

e.) The potentiometrio circui t used with the glass electrode. -
Fig.VDa shows the potentiometric set up used for 

measuring glass electrode potentials. The working oircuit 

of the potentiometer P was operated by two dry-cells in 

parallel and was standardized against the standard cell 

by depressing key Kl and adjusting rheostat knob R for zero 

galvanometer deflection. The unknown e.m.f. of the glass 

electrode - oalomel cell previously described was then 

balanced by d.epressing key K2 and adjusting the slide-wire 

knob 8 for zero galvanometer defleotion. The balanoing 

potential read in volts on the slide-wire scale 8' was 

oonverted, after correction for the glass eleotrode asymmetry 

potential, to pH units by means of the expression; 

pH o. 453 + fi,E) 
0.0591 

All instruments were shielded with galvanized iron 

which was brought to a common ground. 

The electrical circuit shown in Fig.VIIlis a standard 

potentiometer oirouit whioh requires no discussion. The 

keys K1 and K2 were very well made and shielded. 



- 127 -
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3. ApparatuB used ~or treating Lignin with "avai1abl! 

ohlorine" solutions. 
&> 

The reaotion flask, Fig. IX, was a one-litre three-necked 

pyrex flask having a special neck H in which the glass electrode 

.a,s inserted. The flask was connected by the arm L of the Y 

stopoock to the arm L' of the calomel oell C, Fig. VII. The 

reaoting components were agitated by the motor driven stirrer S. 

The measurement of hydrogen-ion oonoentration was 

oonducted exaotly as previously described, (cf. pg. 123), 

N/5 NaOH was added to the reaotion-mlxtur~ from the burette B at 

a rate which kept the potentiometric bridge balanoed at a 

pre-determined e.m.f. corresponding to the desired pH of reaotion. 

The main ohange ooours within the first hour. 

4. Titration anpar.tus using the glass electrode and 

a Photronic oe1l. 

The color ohange accompanying ohanges in the hydrogen-ion 

conoentration in a solution of alkali lignin, and the pH at whioh 

the lignin f10cculates was measured in the apparatus arketohe.d i 

in Fig. X. 

The apparatus oan be regarded as a type of photometer wh~ch 

measures the amount of light transmitted form a standard source 

through an alkali lignin solution of known oonoentration and 

known hydrogen-ion ooncentration. The glass oontainer, F, 

was a 400 cc. pyrex beaker with a Y stopoook sealed into the 
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base. Two diametrically opposite, parallel, plane glass 

windows were sealed to the sides of the beaker. The beaker 

was supported in a wooden block A which a180 contained the 

light source S, two lenses Land L', an iri 8 diaphragm D, a.nd 

the photronic cell C. These were situated so that light 

from S was collected by the lenses and transmitted through 

the parallel windows of the titration beaker to the photronic 

cell. The top of the titration beaker was covered with 

a Bakelite plate which contained openings for insertion of 

the glass electrode and stirrer. 

Standardization of the apparatus 

A constant voltage, read on the voltmeter V, and 

maintained by adjustment of the rheostat R, illuminated the 

lamp S. 

The system was standardized by filling the titration 

beaker with distilled water and adjusting the area of light 

falling upon the photronic cell C to give a 20 cm. galvanometer 

deflection. This operation was carried out by regulating 

the size of the iris diaphragm D. 

The standardized apparatus was checked before and after 

a titration by again filling the beaker with distilled water 

and noting the galvanometer deflection. 

should not be greater than 1 %. 
The variation 
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Operation of the apparatus. 

A known weight of lignin in approximately N/IOO ~aOH 

solution was added to the beaker and the volume adjusted to 

300 oc. The stirrer P, and glass electrode E, were placed 

in position and the Y stopcook connected to the calomel cell C 

cf. Fig.VII. The glass ~nd calomel electrodes were connected 

to the uotentiometer circuit, of. rig.~ll, the light source 

illuminated, and the stirrer started. 

The hydrogen-ion oonoentration in the titration beaker 

was measured by forming a liquid junction in the Y stopcock 

and proceeding with the measurement as previously desorib~d 

cf. pg.l2} N/IO HOl was ~.dded ~ from the burette B. After 

each addition of acid the galvanometer deflection was noted 

and the hydrogen-ion ooncentration measured. 
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PART Ill. EXPERIMENTAL METHODS 

Description of Experimental and Analytical Methods. 

A large number of very similar experiments have been 

carried out in this investigation so that it has been possible 

to standardize Experimental and Analytioal methods to a large 

extent. These can be conveniently olassified under the 

following headings; 

1. Method of treating alkali lignin with aqueous 

solutions of chlorine and its derivatives. 

2. Process of isolating reaotion products; ino1uding 

alkali lignin. 

3. Preparation of Hypoohlorous aoid. 

4. Analytical methods. 

A complete description of the methods used is given 

under these headings. Reference thereto is made throughout 

the dissertation in order to avoid unnecessary repetition 

and oonfusion. 

1. Method of treating alkali lignin with "available chlorine" 

solutions. 

The aotion of chlorine and hypochlorous aoid upon a1ka~~ 

lignin wa.s studied under oonditions of controlled hydro~~n-ion 
~w 

concentration. -The signifioance of the hydrolysis constant 

for chlorine and the dissociation constant for hypochlorous 
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aoid has been disoussed previously and the following equations 

shown to apply; 

01 2 + H2O ::110 ~ + 01- + HOIO (1) < 

HCIO + NaOH :a. NaClO + H2O (2) < 

The dissooiation oonstant for hypoohlorous aoid (3. 7 x 

10-g at 25°0) shows that this aoid, formed by the hydrolysis 

of chlorine, exists in the und1ssooiated state at about 

pH = ~.75 (cone. = M/la) together with only minute quantities 

of molecular chlorine and hypooh1orite ion. At higher pH 

values, brought about by the addition of NaOH, hypoohlorite ion 

appears, the ratio of hypochlorous acid to hypochlorite ion 

being defined by the Oeman equation, 

log salt· - pKa + pH -aoid 

where pH - .;,,1 - log H+ 

pIa = 1 
log Ka 

Ka = dissooiation constant. 

In more acidio media, less than pH 4.75, equation (1) 

1s reversed. Hypochlorous acid, oombln~ng with the 

hydrochloric acid reaots to form molecular chlorine and water. 

The position of the eq~ibrium in this case 1s defined both by 

the hy.rogen-ion conoentration and that of the chloride lon;-

the slight dissooiation of the weak acid, HOIO, and of water 

being negligible in oomparison with that of HOl. 
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The oonditions of reaotion for solutions of "available 

ohlorine" after addition to solutions of alkali lignin are 

therefore well defined provided the pH of the medium is 

maintained constant and the ohloride ion oonoentration in 

solutions more aoid than pH ~.75 is known. 

The experimental methods used to maintain these 

oonditions can be divided into two classes; 

1. Those in whioh the pH was directly controlled 

with the glass electrode without the addition of 

buffer salts. (In this method the only buffering 

aotion was due to the conoentration of acid (pH 2) 

or alkali (pH 10) added to the solution to maintain 

oonstant pH.) 

2. Those in which the pH of the solution was direotly 

controlled with the glass electrode and to whioh 

buffer salts had been previously added to facilitate 

this oontrol. 

The technique employed in either case was very similar. 

The "available chlorine" present in the ohlorine or hypochlorous 

aoid solution was first determined by titration and the number 

of 00. required to give a pre-determined number of milli

equivalents of "available ohlorine" per gm. of lignin oaloulate~ 

A volume of standard solution, containing a known amount of 

alkali lignin was then plaoed in the reaction flask (Fe). In 
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the first method above, an amount of C02-free water was 

added to the flask such that the final volume after the 

addition of the "avaiiable chlorine" solution was 750 00. 

The flask stirrer (8)- was started, the eleotrode (E). 

inserted in the neok (H)- of the flask and the eleotrioal 

oonnections made to the potentiometer (p).e. The 

potentlometer slide-wire was set to an e.m.f. value 

oorresponding to the desired reaotion pH and the oalomel 

balf-oell oonneoted to the arm L of the Y stopoock of the 

flask (F)· . A solution of H2804 (10%) was then added 

dropwise to the reaotion flask until the galvanometer gave 

no defleotion upon oompleting the eleotrical oircuit. 

The latter was effeoted by forming a new liguid junotion 

in the Y stopoook and then depressing key K2. 

Having thus adjusted the pH of the alkali lignin 

solution to the desired value, the standard solution of 

"available chlorine" was slowly added (within a period of 

five minutes) to the flask from a pipette. The pH of 

the mixture was kept constant during, and after the addition 

by adding N/5 NaOH from the burette (B)·. The quantity of alkali 

neoessary to neutralize the HCl fromed in the reaotion was 

• Fig. IX. 

··Fig. VIII. 
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gauged by repeatedly forming a liquid junction in the Y 

stopcock, depressing K2 and noting the direotion and extent 

of the galvanometer deflection. 

In those oases where the alkali lignin solution was 

artifically buffered to faoilitate hydrogen-ion control a 

standard buffer solution was added simultaneously with the 

CO 2 free water to the lignin solution. The standard "available 

ohlorine" solution was also mixed in a separatory funnel with 

a quantity of the buffer pr10r to addition to the reaotion 

flask. The total amount of buffer used was suoh that the 

reaoting mixture was M/40 in buffer salt. 

The "available chlorine" solution was allowed to react 

to completion with the lignin. A separate series of 

experiments showed that the rat~ of reaotion was extremely 
(within 30 minutes) 

rapid to eighty peroent oompletion/after WhlCh it decreased 

slowly to zero .. Depending upon the amount of reagent added, 

2 to 5 days was found to be ample for oomplete reaction. 

The solution was then removed from the flask, aoidified with 

HCI and the f1000ulent precipitated lignin isolated in the 

usual manner. 

2. Method of isolating reaotion produots. (inoluding alkali lignin) 

A fundamental property of alkali lignin and of its reaotior 

produots with "available ohlorine" solutions is their complete 

solubility in alkalies and their insolubility in acid 801utlon. 

Their isolation oan thus be readily effeoted. The reaotion 
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produots when isolated direotly from aqueous solutions beoome 

horny, insoluble substanoes on drying so that anhydrous media 

have to be used for their isolation. The use of dioxan as a 

lignin solvent, and of ether as precipitant has been attended 

with a great deal of success in these laboratories. A des-

oription of this teohnique as applied to alkali lignin and the 

above mentioned reaotion oroduots follows: 

The sodium lignate, in alkaline solut1on, on the addition 

of acid yields the free lignin acid as a light buff- to brown

colored flocoulent preoipitate. This is freed from Na+ ion 

etc. by alternately centrifuging and washing the precipitate 

with dilute acid (O.OlN) and is finally reduoed to a thick 

naste on a Buchner funnel. Washing this paste with distilled 

water removes exoess chloride ion. 

The preCipitate is then dissolved in absolute dioxan and 

the residual moisture, together with any C1- lon,present as 

HCI, removed by 3 to 5' repeated distillations with fresh solvent 

The resulting solution, adjusted to contain approximately ten 

peroent of alkali lignin, is then slowly dropped into about 

10 times its volume of vigorously-stirred anhydrous ether. 

The alkali lignin settles out from the ethereal solution 

as a ligh\ buff-oolored produot and the mother-liquor is 

removed by decantation and filtration on a cone funnel. The 

preoipitate ls washed with- l)fresh ether to remove d10xani 

2) 11gr01n (80-900 0) to remove ether; 3)ligroln (30-500 0). 
/' 

The product is dried in a vacuum desiccator and samples for 
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analysis are finally dried at 80-100°0 over P205 in an 

Abderhalden drier. 

N.B. Large quantities of product are difficult to handle by 

filtration so that a variation is necessary in the 

above procedure. In these cases the preoipitates are 

alternately centrifuged and washed with the above 

mentioned solvents a.nd then dried. The dried product 

however, possesses a strong electrostatic oharge, is 

very lumpy and generally difficult to work with. 

3. Pre~aratlon and Standardization of Hypochlorous aoid solutions. 

Hypoohlorous aoid, freshly distilled, was used 

throughout the investigation as the standard source of 

"available chlorine" solutions. Its preparation from 

bleaching powder has been thoroughly investigated by Taylor 

and Bostock (73) whose method was used. 

50 gms. of~leaohlng powde~ 'was_ rolled to a fine powder 

between two sheets of paper and mixed with 500 cc. of 

distilled water in the two litre flask of an all-glass 

distillation apparatus. 1000 co. of hot ~ater, oontaining 

100 gm. boric aOid, was then added to the flask and the 

liberated hypochlorous aoid distilled. 1000 cc. distillate 

was oollected into two 50000. brown, glaes-et~~pered bottles 

and placed in the oonstant temperature oabinet. Solutions 

approximately 0.1 N in HOlD were obtained in this way. 

The strength of "available ohlorine" solutions was 
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determined by adding a volumetrio sample to an acidified 

solution of K1 and titrating 'the liberated iodine with 

N/20 thiosulphate using starch as indioator (69). 

The equations represent the reaotions taking place; 

HOlO + H2S04'+ 2 Kl 

01 2 + H2S04 + 21Kl 

2Na2S203 + 12 

+ 

• 

The potentiometrio titration ourve for hypochlorous 

aOid, Fig. 11, explains clearly equation (1) in that the 

addition of HOIO to an aoid solution results in the reversal 

of the chlorine hydrolysis equation, 

- HCIO + HCl 

The iodine liberated by the aotion of chlorine upon KI is 

titrated with thiosulphate, equation (3). 

The potentiometrio titration curve also indicates that 

the relative composition of the hypochlorous acid solution 

is dependent upon its hydrogen-ion conoentration. The 

"available ohlorine" solutions, prepared and standardized in 

the above manne~ were allowed to reaot with alkali lignin 

under oonditions of oontrolled pH so that their oomposition 

was at all times oompletely defined. 

4. Analytioal Methods. 

Standard analytioal methods were used throughout the 

investigation. 
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a) Measurement of hzdrogen-ion conoentration. 

Hydrogen-ion conoentrations were measured using the cell, 

HgI HgOl/ sat. KO! 25°01 unknown solution/Il pH HOII Quin./ Pt. 

as previously desoribed, (Experimental Part 2). The glass 

eleotrode was oalibrated frequently in buffer standards. 

The overall acouraoy of the determination was 3 ml1livolts 

corresponding to 0.05 pH unit. 

b) Determination of Lignin. 

Lignin was determined acoording to the method proposed 

by Mehta (12). The lignin, preoipitated in acid solution, 

was oentrifuged free from sodium ion etc. by washing with 

dilute acid. The moist oentrifuged paste was jashed~finally 

on to a tared asbestos Goooh cruoible with dilute HOl, dried 

at 100°0 and weighed to oonstant weight. The acouraoy of 

the determination was about 2%. 

c) Determination of Methoxyl. 

Samples for analysis were aried at 100°0 in an Abder

halde'n drier, accurately weighed out, (! 0 .. 01 mgm.) , and 

analysed using the semi-micro Zeisel apparatus (76) with the 

Vieb6ch-Sohwappaoh modification (77). The aocuraoy of the 

determination was ± 0.1%. 

d) Determination of Halogen. 

Samples for analysis were dried at 1000e in an Abder-

halden drier, aoourately weighed out, (~ 0.01 mgm. ) and analysed 
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for ohlorine using the Wil1ard-Thompson semi-micro method. (78). 

The acouracy of the determination was 0.2%1 

e) Determination of "available ohlorlne~ 
. . 

"Available chlorine" was determined by adding a 

volumetric sample of the hypochlorous acid solution to an 

aoidified Kl solution and titrating the liberated iodine with 

thiosulphate (69). The overall acouracy covering the 

titration and addition of the reagent to the alkali lignin 

sol uti on was 0.1 milllequl valent of tt available ohlortne fl• 

f) Determination of Carbon and Hydrogen.! 

The oarbon and hydrogen analysis of alkali lignin was 

carried out by the Liebig macro method (80). The accuracy 

of the determination was one-tenth of one peroent for both 

oarbon and hydrogen. 
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PART IV EXPERIMENTAL RESULTS 

Action of Available Chlorine Solutions upon Alkali Lignin 

at Co'nstant Hydrogen- Ion Concentrat ion 

The experimenta.l results of the investigation dealing 

with the action of chlorine and its derivatives upon lignin 

are recorded in Tables XVII to XXIV • 
. 

The results obtained from each series of experiments, 

conducted at constant pH are arranged in separate tables and 

each table is divided into two sections, A and B. Section 

A of any table gives the analytical results of the individual 

experiments, namely; the quantlty of reactant used, and the 

methoxyl and halogen analysiS of the product isolated. Section 

B contains the data, calculated from the analytical results, 

by mea.ns of Which the indivldual experiments can be compared 

with each other and wlth those appearing in other (B) sections. 

Section B therefore shows; 

(a) the milliequivalents of available chlorine solution 

used per gm. of llgnln. (Calculated from the amount 

of reactant added and the weight of lignin used). 

(b) the percentage of chlorine f)und in tne uroduct 

expressed as milliequivalents. 
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(c) the percentage and milliequivalents of methoxyl 

lost in the reaction. (Obta.ined by calculating 

the percent methoxyl of the oroduct on a chlorine 

free basis and subtracting the result from the 

methoxyl content of alkali lignin). (see also pg. 147 A) 

(d) the equivalent ratio of methoxyl lost to chlorine 

introduced. 

(e) the equivalents of available chlorine per gm. of 

lignin required to remove one equivalent of meth0xyl 

from the lignin. 

(f) the equivalents of available chlorlne required to 

introduce one atom of chlorine into the lignin. 

The number of any given experiment appears in both A 

and B sections and shows, 

(a) the order of the experiment, and 

(b) the pH of the reaction medium. 

The experimental methods, both for treating alkall 

lignin with av.ailable chlorine and for isolation of the reaction 

products, has been previously described, Experimental Part Ill. 

1. Reaction of Available Chlorine Solutions with Alkali 

Lignin at pH 2 

The results of the experiments carried out at "OH 2 are 
. 

given in fable XVII and are represented graphically in Fi~. XI. 
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The reaction medium was strongly buffered by the acid 

present (H2S04) a.nd the HCI formed, so thc1_t the react iGn 

could be readil1 controlled withorit the use of buffering 

salts. According to ~ergqvist (~8) the ra.tio of 

C1 2 :HClO:ClO' is 1:1:4.3 x. 10- 6 at pH 2. 

2. Reaction of Available Chlorine SolutiGns with 

Alkali Lignin at pH 3-2 

The reaction of "available chlorine" with alkali lignin 

is attended with the formation of HCl. Neutralization of the 

latter with NaOH maintains a constant hydrogen ion-concentra.tion 

but the consequent formation of the highly dissociated sodium 

salt tends to reverse the chlorine hydrolysis and results in 

an 1ncrease in the concentration of molecular chlorine, 

+ HOCl 

Two experiments were conducted at 'pH }.5 to determine 

the effect of chloride ion upon the reaction of "available 

chlorine" solutions with lignin. The first experim~nt was 

carried out in the usual manner, chloride ion arising solely 

from the HCI formed in the reaction, while the second was 

conducted in a medium made initially 0.015 M in chloride ion. 

The results are given in ~able XVIII. 
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3. Reaction of Available Chlorine Solutions with 
Alkali Lignin at pH 4 

The results of the experiments carried' out at pH 4 

are given in Table XIX and are represented graphically in 

Fig. XII. 

The reaction medium was not buffered by the addition 

of bufferlng salts but the hydrogen ion concentratlon was 

directly controlled, potentiometrically, by the additlon of 

N/5 NaOH solutlon. According to Bergqviet (68) the ratio of 

Cl 2 :HClO:C10' is 1:130:5.6 x 10 -2 at pH 4. 

4. Reaction of Available Shlorine Solutions with 

Alkali Lignln at pH 5 

The experiments conducted at pH 5 were performed in a 

medium made intially M/20 in a buffer sa.lt. Constant hydrogen 

ion concentration was maintain~d potentiometrically, by the 

addition of N/5 NaOR. The results of the experiments are 

glven in ~able XX. The ratio of C12:HClO:ClO' is 

1:1300:5.6 at pH 5 (68). 

5. Reaction of Avai1a.b1e Chlorine Solutions with 

Alkali Lignin at pH.6 

The results of the experiments carried out at pH 6 are 

given in Table XXI and a.re represented graphically in Fig. XIII. 

E,xperiments 6 - 5, 6 ... 7, and 6 - 9 were performed in a medl.un1 



- 146 -

lnitia11y made M/20 in a buffer salt. All experlments 

were maintalned at constant pH, potentiometrically, by the 

addition of ~J/5 NaOR. Accordlng to Bergqvist (68) the re .. tio 

of Cl:HClO:CIO' is 1:13000:560 at pE 6. 

6. Reaction of Availa.ble Chlorine Solutions with 

Alkali Lignln at pH 7 

The results of the experiments performed at pH 7 are 

given in Table XXII. Experiment 7 - 4 was conducted in a 

buffered medium. 'The concentra.tion of molecular chlorine 

s.t ph 7 may be neglected, the ratio of HCIO:CI being 2.3:1 

according to Bergqvist (68) 

7. Reaction of Available Chlorine Solutions a.t Alkali 

Lignin at pH 8 

The results of experiments conducted in pH 8 media are 

given in lable XXIII and are represented graphically in Fig. 

XIV. The ratio of HClO:CIO' is 1:4 according to Bergqvist 

(6g). The hydrogen-ion concentration was controlled, potentio-

metrically, by the addition of N/5 NaOH 8"nd with:)ut the use of 

buffers. 

8. Reaction of Available Chlorine Solutions with 

Alkali Lignin at pH 10 

The results of the experlments conducted at pH 10 are 

given in fable XXIV and are represented in Fig. XV. The 
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reaction was sufficiently well buffered in the alkaline medium 

to permit direct control of the hydrogen-ion conoentration, 

potentiometrically, by the addition of N/5 NaOH. According to 

Bergqvist (6g) the ratio of HClO:ClO- ls 1:440 at pH 10. 

Sample caloulation: Tables XVII to XXIV. 

Data; 
Experiment 2 - 1 

Lignin used 0.627 gm. 
Reagent added - 1.89 milliequiva1ents. 
OCH3 of reaotion produot - 13.75 ~ 
Cl of reaotion product - 1.59 %. 
OCH3 of alkali lignin - 15.20 % 

Caloulation; 

% OCB3 on Cl free basis 

fd% OCH3 lost in reaction 

Ml111equivalents OCH3 lost 
per gm. 11gnin 

Mill1equivalents ·Cl 
introduc'ed in lignin 

Equ1valents t1available 
chlorine" required to 

-

a) introduce one equiv. 
Cl per-gmw lignin -

b) remove one equ1v 
OCH3 per gm. lignin-

13.75 x 100 
100 - 1.59 

15.20 - 13.9g 

1.22 x 1000 
31.0 100 

1.59 x 1000 
35.5 100 



Table XVII lSeotlon _~L .. . 
Aotion of "available ohlori!!,e" solution'! u20n alkali lignin at eH 2. 

, "available ohlor1ne ll solution ' Metho~t~ ana1lsis t Ha1oge~ ana1Isis , 
- -t , , , , 

t , , , 
00. N/20 00. Mi111- , , , 

t Exp. ' Lignin t thio.req. reagent ftQulv. , Mgm. 00. N/20 %OCH3 ' }Agm. Mgm. %Cl , , , used gm' by 10 00. added rea.gent ' subs. thl0. , subs. Ag01 , , , , eam:Q.1e. added , _ req. , t - ~ --
2- 1 0.627 19.90 20 1.89 54.63 29.03 13.75 21.24 1·37 1.59 

2- 2 0.627 37·15 10 1.g1 16.53 g·76 13.70 27·69 2.22 1.9~ 

2- '3 0.627 18.87 If.o '.77 40.29 19.11 12.25 20·75 2.69 ,.lg 

2- 4 0.627 25·75 30 3.86 16.g2 7·83 12.00 4-2.61 5·87 3. 41 I 

..... 
2- 5 0.627 19.74 60 5.63 25·16 10.lf.1 10.70 68.14 15.47 5·60 

.p-
~ 

2- 6 0.627 17.45 6.98 7.011- 9.61 4-3·09 12.34 
, 

gO 18·90 7·09 

2- 7 0.627 19·20 gO 7·66 25·92 9.12 9.08 35.49 11·~9 8.1g 

2- g 0.650 19·93 gO 7·93 21.05 7·13 g·77 30.66 10.41 8.41 

2- 9 0.650 21·32 100 10.20 29. 6lf. g.12 7·09 25·g2 14-.34- 9.92 
2-10 0.650 20.10 110 11.00 35·92 8·90 6.41 31.46 13·6g 10.76 
2-11 0.650 17·3g 150 13. 00 24·32 4.98 5·30 21·53 11.2g 12.97 
2-12 0.650 19.69 150 Ill-. gO 43·89 7·57 4.lf.6 23·8lf. 13·~5 14·37 



Table XVII (Seotion Bl 
n 

Action of "available ohlorine solutions upon alkali lignin at pH 2 
, 

E x per i men tal D a t a , o a 1 0 U 1 a t ion s , , 
'" 'Reagent" 'M1111equivalents'equlv.'"ava11able chlorine" 
'" , added ,% OOH ,% OCH3' of ' of 'ratio' equlw. reagent req. 
'Exp.'Lignln 'Chlorinated produot' M1I1t-'on 01 3, lost' OCH3 t Cl Int-t OOH- ' per equlv.'per equlv. 
, , 'used gm' , t , equl v . ' free' 'lost' t roduoe1l !.......J' OCB 'Cl Int-
'" 'Yle1d'% OCH t ~ Cl t per gm' ba'sie ' 'per gm. t per gm.' 01' loet 3 'roduced 
" 'gm~ , 3, • 11gpln.' ______ ~ _____ ~~gn.ln_' lignin " t 

alkali lignin - 15.20% methoxy1. 

2- 1 0.627 

2- 2 0.627 

2- 3 0.627 

2- 4- 0.627 

2- 5 0.627 

2- 6 0.627 

2- 7 0.627 

2- ~ 0.650 

2- 9 0.650 

2-10 0.6;0 

2-11 0.650 

0.61 13.75 1.59 3.02 13.9~ 

0.6g 13.70 1.9g 2.gg 13.9g 

0.6g 12.25 

0.61 12.00 

0.62 10.70 

0.62 9.61 

0.65 9.0~ 

0.60 g.77 

3.1g 6.01 12.66 

3.41 6.15 12.41 

5.60 g.97 11·36 

7. 09 11.1 10.34 

~.lg 12.2 9.g9 

g.~l 12.2 9.52 

o · 62 7 .- 09 9 · 9-2 15· 7 7 · g8 

0,60 6.4-1 10.76 17.0 7.1g 

0.63 5·30 12.97 20.0 6.07 

1.22 0.39 

1.22 0.39 

2.54 0.83 

2.79 0·90 

3. g4- 1~24 

4.g6 1.57 

5· 31 1. 71 

5·68 1.g3 

7·32 2·36 
g~;'02 2.59 

9.13 2.94 

2-12 00650 . o. 50~ 4.46 14.37 22. g 5· 22 9.9g 3.22 

0·33 

0·56 

0.90 

0.96 

1.5g 

1.99 

2.30 

2·37 

2.79 

3.04-

3.56 

4.05 

1.21 

0.71 

0.92 

0.94 

O·7g 

0.79 

0.74 

0·77 

0.85 

0·g5 

0·g3 

o.gO 

7·76 

7·39 

7·32 
6.84 

7.23 

7.06 

7.14 

6.66 

6.65 

6.56 

6.g0 

7·J.0 

9·15 

5.16 
., 

6.67 

6.40 

5·67 

5·58 

5·30 

5.14 

5.64 

5·60 

5·62 
5.64 

~ 

~ 
I 
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Table XVIII 
u 

!otion of "available ohlorine" ~olution~ u:Qon alkali lignin at EH ~.2 

, "available ohlorine" solution' Methoxll analIsis , Halogen anallsis , 
, , , , , , • 00. N/20 00. M11l1- 'Mgm. 00. N/20 %OOH3 , Mgm. Mgm. ~1' 

'Exp. I Lignin t thl0.req. reagent equiv. • subs. thio. f subs. AgOl t 

• , used gm , by 10 00. added reagent t req. f f 

t • t sam:ele added , , , 
t 
I 

3·5-1 0.626 22·7g gO 9·11 26.47 8·~3 8.62 36.80 11.01 7.40 
.... 
U1 
'0 

3· 5-2 0.626 2207g gO 9.11 25.9g g.44 g.40 2g·71 g.61 7·'+7 I 
i 

Exp. 3.5-2 conduoted in the usual manner but in a medium made initially 0.015 M in 01' ion. 



Table XIX. (Section A) 

Action of "available c~lorine" solutions uEoD.alkall lignin at_pH 4 

, 
tI available ohlorine" solutionN' Meth~xl1 anallsis , Halogen ana1lsls , 

, t , , 
t , , oc. N/20 co. Mi111- , , , 
'Exp. ' Lignin , thl0.req. reagent equiv. 'Mgm. 00. N/20 %OCH3 ' Mgm. llgm. %Cl ' 
I • used gm. ' by 10 co. added reagent 'subs. thl0. ' subs. Ag01 t , , , sam:e1e added • rag. , , 

I 

4-1 0.659 24.23 40 4.85 34.60 16·32 12.20 34.11 6. 71 4.g6 ..... 
'''1 

4-2 0.659 24-.12 60 7.23 30. g, 12·52 10.05 37·15 9.64 6.43 
..... 
I 

4-3 0.659 23· g7 80 9·55 30·70 10·9g 9.25 29·49 10·72 9-00 

4-4 0.659 16.12 150 12.1 26.82 8.03 7·74- 24.61 10.04 10.40 



Table XIX (Section B) 

Action of "available chlorine" solutions upon alkali lignin at pH 4 

• E x per i men tal D a t a , C a 1 0 U 1 a t ion s , 
'" ':Reagent' 'Mi111equ1va1ents'equiv.'"availab1e oh1orine" 
't, , added ,~ OOH ,% OCH3" of of 'ratio' equ1v£ reagent req. 
'Exp.'Llgnin 'Chlorinated produot' Ml11i-'on C13, lost 'OCH3 'Cl int-' OCH

3 
t per equ1v.'per equiv 

, 'used gm' 'equiv.'free' 'lost' roduoed' , OOH 'Cl lnt-
" 'Yield'% OOH3'% Cl 'per gm'basie ' 'per gm.' per gm.' Cl ' lost 3 'roduoed 
,t ,_ ~.' , , lignin 'lignin .~' _1.~n1n " t 

alkali' 11gnln2~ 15.20% methoxy1 

14-1 0.659 0,5~ 12.20 4.86 7·3g 12·g3 2·37 0·76 1·37 0.56 9·7 5.4-

4-2 0.659 0.55 10.05 6.43 10.97 10.72 4.4g 1·51 1.81 o·g7 7·0 6.1 

4-3 0.659 0·50 9.25 9.00 14.50 10.15 5.05 1.63 2·53 0.65 g·9 5·7 
4-11- 0.659 0.50 7.74 10.40 18.4 8.63 6.57 2.12 2.93 0·72 9.1 6.3 

-
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Table XX tSeotlon A) 

Ao.tion of "available oh1orine" solutions u;eon alkali lignin at pH 5 

t "available ohlorine" solution' MethoxIl ana1lsis , Halogen ~nalysis t , , , t , 
00. N/20 • 00. Mi11i- , t , 

'Exp. ' Lignin , thio.req. reagent equiv. ' Mgm. co. N/20 %OCH3 ' Mgm. Mgm. %01 , , , used gm. , by 10 00. added reagent ' subs. thio. f subs. Ag01 , 
• , , sample added , ___ req. , , 

5-1 0.626 23·5g 90 10.6 33·6g 11.10 g·5l 39·21 9·31 5.gg 

5-2 0.626 23·39 100 11.7 30·71 9.65 g.14 30.07 g.23 6·75 
to-' 
\Jl 
.{::' 

5-3 0.626 22.g5 120 13·7 32·g3 9·21 7·25 33·24- 11.07 g.25 I 

5-4 0.626 22.7g 130 14-.g 36·51 9·g0 6.94- 32.99 10.91 g.25 



Table~ (Seotion B) 

a 

Aotion of "available ohll)rine tt solutions uEon alkali lignin at ~H 5 

• E x per i men tal D a t a C a Iou 1 a t ion s , 
". 'Reagent" 'M1ll1equivalents'equiv.'''available ohlorine" 
'" , added' , 'of' of 'ratio' equ1v~ reagent req. 
'Exp.'L1gnin 'Chlorinated produot' M1l11-'% OCH3 ,% OCH3' OCH3 'Cl int-' OCH3 ' per equiv.'per equ1v 
, 'used gm' tt, equlv.'on Cl 'lost 'lost 'roduoed' , OOH 'Cl int-
" 'Yield'% OCH3' % Cl ' per gm'free' 'per gm I per gm.' Cl , lost 3 troduced 
" , , . _ ' __ ~ lignin 'basis' 'lignin ' lignin ' , _ ~ 

alkali lignin - 15.20% methoxyl I 

5-1 o. 626 0 · 55 g . 51 5. gE3 16 • 9 9. 05 6. 15 1. 9g 1 • 65 1. 20 g • 4- 10. 2 (,:; 
\J1 

5-2 0.626 0.52 g.14 6.75 1~.7 g·73 6.47 2.0g 1.93 1.O~ 9.0 9.7 I 
1. 

5-3 0.626 O.4g 7·25 ~.25 21.9 7.90 7·30 2·35 2.32 1.01 g.9 9.0 

5-~ 0.626 0.45 6.94 8.25- 23·6 7.46 7.74 2·50 2·32 1.OS 9.4 10.2 



TableXXI (Section A) 

Aotion of "available ohlorine" solutions upon alkali lignin at pH 6 

, "available ohlorine" solution ' MethoxIl ana1lsis • ~a1ogen ana1Isis , , • , 
, 

00. N/20 co. 14i11i- , , , 
'Exp. • Lignin , 

thio.req.~ reagent equiv. ' Mgm. 00. N/20 foOCH3 ' Mgm. Mgm. %Cl t 
~ 't.~ 

Ag01 , , 
t used gm. ' by 10 oc. \,' added reagent • subs. thio. f subs. 

t , , eam'21e added t rag. , , 
i 

6- 1 0.627 20.05 10 1.0 51.21 29·39 l4.g2 29.50 0.45 0·3g 

6- 2 0.627 19.9g 30 3. 0 62.49 33·7g 13·g5 39.64 2.97 1.85 

6- 3 0.627 19.6S 60 5·9 31.43 14-.96 12·70 35.61 4.23 2.94 t-' 
\J1 
0'\ 

6- 4 0.627 13·Q.g 120 g.l 36·72 16·71 11.60 36.79 5·35 '·5S I 

6- 5 0.650 20.45 110 11·3 22·37 S·37 9.70 32.50 7.29 5.55 

6- 6 0.650 19.49 120 11·7 26.67 9.65 9·36 39.9g 9.16 5.65 

6- 7 0.650 26.23 90 11.8 23.49 8.47 9·35 41.80 9.57 5.65 

6- ~ 0.650 18.70 130 1:21 25·56 8.67 8·78 45.06 11.40 6.26 

6- 9 0·627 20.40 140 14.3 32·32 10.55 8·32 38.34 10.83 7·01 

6-10 0.650 18.55 190 16.7 26.85 ,_6.46 6.23 36.74 13·20 8.90 

6-11 0.650 21·35 200 21.4- 23·74 5·76 6.28 40.97 15·09 9.11 



Table_XXI (Sectlon B) 

Action of "available c~lorine" solutions upon alkali 1i~in at pH 6 

, E x per i men tal D a ta' C a Iou 1 a t 1 0 n s • • , ~ ~----------~----

'" 'Reagent" 'Mil11equivalents'equlv.'"aval1able chlorine" 
'" , added' , 'of of 'ratio t equl~ reactant req. 
'Exp.'Lignin 'Chlorinated produot' Mll11- t % OCH3 ,% OCH3' OCH3 'Cl Int-' OOH3 ' per eQulv.'per equiv. 
, 'used gm' , equiv. 'on Cl t lost 'lost 'roduoed' 'OCH '01 lnt-
t, 'Yield'% OCH3' ~ Cl ' peT gm'free' 'per gm.' per gm.' Cl 'lost' 'roduced 
" 'gm. ' , • li gn in' bas 1 s' , li gn 1 n ' 11 gn 1 n " , 

6- 1 0.627 0.6g 14.g2 

6- 2 0.627 0.64 13.~5 

6- 3 0.627 0.65 ~12.70 

6- 4 0~627 0.65 11.60 

6- 5 0.650 0.53 9·70 

6- 6 0.650 0.50 9.36 

6- 7 0.650 '0.45 9.35 

6- 8 0.650 0.~2 g.7g 

6- 9 0.627 0.40 8.32 

6-10 0.650 0.3g 6.23 

6-11 0.650 0.35 6.2g 

0·3! 

1.g5 

2.94-

3·5S 

5.55 

5.65 

5.65 

6.26 

7·01 

8.90 

9.11 

1.6 

4.g 

9·4 

12.9 

17.4-

18.0 

19.2 

18.7 

22.11-

25·g 

31.0 

14.gg 

14.12 

l3· 0g 

12.00 

lO.2S 

9.93 

9.91 

9.36 

g.95 

6.84 

6.91 

alkali lignin - 15.20% methoxyl 

0.32 0.10 

1.08 0.35 

2.12 0 .. 6g 
Q 

3 • 20 1. O~ --) 

4.92 I.5g 

5.27 1.70 

5.29 1.70 

5.g~ 1.gg 

6.25 2.02 

8.36 2.69 

8.27 2.67 

0.11 

0·52 

0·g3 

1.01 

1.56 

1.59 

1.59 

1·76 

1.78 

2.51 

2.56 

0.96 15.7 

0.6g 13.7 

o . g 2 ~-~- 13. g 

1.02 12.5 

1.02 11.0 

1.07 10.6 

1.07 10.7 

1.07 10.0 

1.13 11.1 

1.07 9.6 

1.04 11.6 

15.0 

9.21 

11·3 

12.g 

11.2 

11·3 

11.~ 

10.6 

12.6 

l(]. J 

12.1 

t-' 
\..Ti 
-.J , 
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Table XXII (Section. A) 

Action of "available ohlorine" solutions ul?on alkali lignin at EH 7 

"available chlorine" solution ' Methoxyl analysis , Halogen analysis 
, , 
• • , , 

00. N/20 00. Mil11- t , • , 
, Exp. t Lignin , thio.req. reagent equ1v. ·Mgm. oc. N/20 '%OOH'3 ' Mgm • MgJJ1. %01 

, 
,used gm. by 10 00. added reagent , subs. thio. ' subs. AgOl 

, , , 
t sample added , rag. , , , 

I 

7-1 0.659 15· 9g 150 12.0 25·42 lo.6g lo.~4 32.92 7.76 3.56 ..... 
Vl 
\.0 

7-2 0.659 26.g7 110 14.7 33·1g 12·7g 9.95 27·25 3.86 4.40 I 

7-3 0.659 26.57 130 17·3 41·73 13·97 g.65 35.10 g.15 5·75 
7-4 0.659 23·g0 160 19.1 3l.9g lO.Og 8.15 25.49 5·7g 5.61 



Table XXII (Section B) 

Action of "available chlorine" solutions unon alkali lignin at pH Z 

E x per 1 men tal D a t a • , C a Iou 1 a t ion s 

'" tBeagent" 'Mi1liequlvalents'equlv.'''aval1able oh1orine" 
,., , added' , 'of' of 'ratio' equiv~ reagent req. 
'Exp.'Llgnln 'Chlorinated product' Mill1-' % OOH3'%OCH3 t OOH3 t Cl int-' OOH~ , per equiv. 'per equiv 
, 'used gm' , , , equiv.' On Cl 'lost 'lost 'roduced' 'OCH 'Cl int-
" 'Yield'~ OCH • % Cl ' per gm' free' 'per gm.' per gm 'Cl 'lost3 'roduoed 
,t 'gm.' 3, , lignl~' basis' ___ 'lignin' lignin' t 

alkali lIgnin - 15.20 % methoxyl. 

7-1 0.659 o. )~2 10.84- 3·56 1~.2 11·53 3.67 l.lg 1.00 1.lS 15·4 Ig.2 

7-2 0.659 0·35 . 9·95 4.40 22.4 10.20 5.00 1.61 1.211- 1·30 13·9 18.0 
'J 

7-3 0.659 O. 25 ,if g • 65 5.75 26.2 9.1g 6.02 1·94 1.62 1.20 13·5 16.2 

7-4 0.659 0·35 8.15 5.61 30 .5 g.64 6.56 2.12 1.Sg 1.34 14.4 19·3 

I 

..... 
0'\ 
o 



Table XXIII (Seotion A) 

Action of "available ohlorine" solutions upon alkali lignin. at pH g 

• "available ohlorine" solution' Methoxyl analysis • 

t t 
• , 

I Exp. 'Lignin t 

, 'used gm. t , , , 

g"'l 

g-2 

8-3 

~-4 

0.659 

0.659 

0.659 

0.659 

, , 
00. N/20 00. Mil1i-' , 
th10.req. reagent equiv. 'Mgm. co. 1/20 %OCH3 ' 
by 10 00. added reagent 'subs. thio. ' 
sample added ' ~ ___ ~_req. ' 

20.23 

20.23 

19·93 

24·77 

100 

130 

160 

160 

10.1 

13·2 

15.9 

19.8 

29.28 

26.67 

23. 41 

38.44 

12. gg 11.3g 

10. 71 10.40 

g.70 9.60 

1;3.22 8.gg 

Halogen analysis • , , 
Mgm. 
subs. 

37·22 

36.64 

33·16 

34.g1 

Mgm. 
AgOl 

4.42 

5·g0 

11-. g4 

6.53 

%01 ' 

2.94 

3·72 

3·62 

4.64 

t , 
I 

..... 
0'-. 
I-' 

t 



rable XXIII (Section Bl 

Aotion of "available ohlorine" solutions upon alkali lignin at EH g 

E x per i men tal D a t a C a 1 cuI a t ion s 

'Reagent' , 'Mil1iequivalents'equiv.'''available chlorine" 
, added' , 'of t of 'ratio' equlvs reagent req. 

'Exp.'Llgnin 'Chlorinated produot' Mi1l1-' % OCH~' % OCH~ OCH3 'Cl lnt-' OCB) f per equ1v.'per equiv 
, 'used gm' , , t equiv.' on:..-Cl" lost.rlost 'roduoed' t OOH 'Cl1nt-
t, 'Yie1d t % OOH}' % Cl ' per gm' free' 'per gm , per gm.' Cl , lost3 trodaced 
, _~~__ _ _ '~gm. t , t 1~gn1n' bas1s' __ ~11gni~_. t lignin.' f , 

alkali lignin - 15.20% methoxyl 

~-1 0.659 0.63 l1.3g 2.94 15·4 11.72 3·4-g 1.12 O·g3 1·35 13.7 1~.6 

g-2 0.659 0.45 10.40 3·72 20.0 10.g2 4·3g 1.4-1 1.05 1.34 14-.2 19.1 

g-3 0.659 0·35 9.60 3.62 24.2 9.97 5·23 1.69 1.02 1.65 14.3 23·7 
g-tt. 0.659 0.25 ~.Sg 4.64 30.0 

'/, 

9.34 55.S6 l.g9 1.30 1.45 15.9 20·7 

I 

t-J 
0"
f\) 
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Table XXIV (Sectlon A) 

Actlon of "available chlorine" solutions upon alkali lignin at pH 10 

t "available chlorine" solutlon ' MethoxJl analysis ' Halogen analysis , , , 
, , t cc. N/20 

, Exp. 'Lignin ' thio.req. 
, 'ueed gm. ' by 10 co. 
, , t sample 

10- 1 

10- 2 

10- :3 

10- 14-

10- 5 

10... 6 

10- 7 

10- ~ 

10- 9 

1Q-10 

0.627 

0.627 

0.627 

0.627 

0,627 

0.627 

0.650 

0.627 

0.650 

0.650 

7·70 

20.29 

19.13 

19.4o 

13·33 
.;;. 

19.00 

20.00 

19.92 

19.95 

24.05 

t , , 

cc. M1l11- , t , 

reagent equl v. t Mgm. co. N /20 1bOCH3 ' Mgm. Mgm. ~Ol ' 
added reagent 'subs. th10. 'subs. AgOl ' 

40 

30 

40 

50 

90 

100 

130 

150 

170 

ISO 

added' rag. , __ ~( 

1.54 

3. 05 

3·g3 
4.60 

6.00 

9.50 

1}."0 

14.2 

17.0 

21.6 

24.64 

70.09 

29·37 
20.48 

24-.00 

25·71 

23·55 
61.40 

15.90 

31.67 

13.96 14.62 

3S. 45 14.21 

15.56 13.70 

10·59 13.3S 

11.g2 12.75 

11.80 11.75 

10.0g 11.09 

25.g, lo.g4 

6.33 10·30 

11.80 9.65 

30·90 

gl.57 

41·59 

30.28 

38.92 

30.50 

27·5g 

lI-O·5g 

43.77 
34.16 

1.11 

5·32 

3·36 
2.47 

3·711-

3·08 

2.97 

4·31 

4.99 

3. 07 

o.gg 

1.88 

2.00 

2.02 

2.40 

2.50 

2.67 

2.63 

2.76 

2·59 

, 
..., 
0'\ 
+=" 



Table XXIV (Section B) 

Aotion of "available ohlorine" solut~ons upon alkali lign1n at pH 10 

E x per 1 men tal D a t a C a 1 cuI a t 1 0 n B 

'Reagent' , 'Mill1equlvalents'equlv."availab1e chlorine" 
, added • , 'of' of ~ratio' equi~ reagent req. 

t Exp. t Lignin t Ohlorina.ted product' Ml111-' 1(;1 OOH3' % OCH3' OCH
3 

t Cl int-' OCH3 t per equl v. t per equl v 
, 'used gm' I , , equiv.' on Cl t lost 'lost 'roduced'· , OCH t Cl int-
t t tYleld'% OCH3' % Cl t per gm' free t 'per gm ' per gm '01 ' lost 3 t roduoed 
,( , gm.' _~ ___ tu __ n_~~~llgnln~~as~L' ~u~_ 'lIg!!Jll __ 'l~gnin t. , 

10- 1 0.627 0.70 14.62 

10- 2 0.627 0.66 14.21 

10- 3~ 0.627 0.61 13.70 

10- 4 0.627 0.61 13.38 

10- 5 0.627 0.68 12.75 

10- 6 0.627 0.60 11.75 

10- 7 0.650 0·50 11.09 

10- g 0.627 0.60 lo.g4 

ID- 9 0.650 0.45 10.30 

10-10 0.650 0·35 9.65 

o.g~ 

1.g8 

2.00 

2.02 

2.40 

2·50 

2.67 

2.63 

2.76 

2·59 

2.46 

4.g6 

7.12 

7.34 

9.58 

15.16 

20.0 

22.6 

26.2 

33·2 

14·75 

14·50 

13·98 

13.67 

13·07 

1~.05 

11.40 

11.26 

10.60 

9.91 

O.~5 

0.70 

1.22 

1·53 

2.13 

3. 15 

3·80 

3·96 
4.60 

5·29 

alkali lIgnin - 15.20% methoxp1 

0.14-

0.22 

0·39 

0.49 

0.69 

1.02 

1.22 

1.2g 

1.48 

1·70 

0.25 

0·53 

0.56 

0.57 
0.6g 

0·70 

0.75 

0.74-

0.7S 

0.73 

0·59 

0.42 

0·71 

O·g7 
1.01 

1.44 

1.63 

1·73 

1~90 

2·33 

17·0 

21.g 

1~.1 

l~.g 

13.9 

14.8 

16.4 

17.6 

17.7 

19.5 

4.16 

9.15 

12.6 

12.9 

14.4 

21·5 

26.7 

30.6 

33·6 

4,.5 

I 

.... 
0'\ 
\J1 ,. 
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PART V. MISOELLANEOUS EXPEBIMENTS 

1. Methylation of alkali lignin and of the produots resulting 

from the aotion of "available ohlorine" solutions on 

al kali lignin. 

In order to obtain some insight into the meohanism of 

the reaotion of " available ohlorine" solutions with alkali ligni;,/ 
some of 
the reaotion products were isolated, methylated, and their 

properties oompared with those of the fully methylated alkali 

lignin.~ The Haworth methylation teohnique (gl) was used 

both for alkali lignin and for its reaotion products as 

indicated below: 

a) Methylation of alkali lisnin. 

2 gms. of alkali lignin ?la,s plaoed in a 250 00. three

necked flask and dissolved in 25 00. of 4% NaOH solution. 

The flask was placed in a water bath kept at 250 0 and its 

oontents stirred vigorously. Dimethyl sulphate and 35% NaOH 

solution were dropped into the flask at the rate of 10 cc. and 

25 oc. respeotively per half-hour. After five half-hour 

periods addition of the reagents was stopped and the flask 

stirred for about one ·hour to ensure complete hydrolysis of 

the dimethyl sulphate. Under these conditions the lignin was 

methylated in the presenoe of 5~ exoess alkali as is shown 

in the following oalculation; 
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Me2S04 + 2 NaOH 

126 gme.... ~ gO gms. 

126 gms. ~ • g4 gms.using5% exoess alkali. 

(1. 33 ap. gr~) 

96 co. oE .. 240 co. of 35% Na.OH. 

10 00. 25 00. 

The partially methylated alkali lignin was insoluble in 

the mi~ture after the first methylation indioating the 
or enolic 

methylation of phenolio/hydroxyl groups. The product was 

separated by pouring the methylation mixture into a large 

volume of water and and centrifuging off the precipitate. 

This was dissolved in aoetone and re-methylated under the 

same conditions. 

The produot from the seoond methylation was removed in 

the aoetone layer whioh separated from the alkaline solution. 

The aoetone-lignin solution was poured into a large volume of 

water and the flooculent preoipitate isolated in the usual 

manner, (Experimental Part 3). The partially methylated 

lignin was analysed and then dissolved in aoetone for re

methylation; in the case of alkali lignin five methy1ations 

~ere necessary to prepare the fully methylated derivative. 

Yield 

Analysis-

--

o. 7 gms. 

34.76 mgm. req. 41.00 cc. N/20 thio. 

30.40 % OCH3 
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b) Methylation of the produots resulting from the aotion of 

"available chlorine" solutions on alkali lignin. 

The methylation of these products was oonduoted under the 

same conditions as in (a) above for alkali lignin. 

Exp. 22 In this case the fully methylated derivative could 

not be prepared due to lack of materi~l. The lignin,here aga1n, 

became 1nsoluble upon methylat10n and in the f1nal three 

methylatlons acetone was employed as solvent. The methylated 

product was isolated by the same method as used for alkali lignin. 

Starting material - produot from Exp. --22, namely, 

Analysis 

0.3 gms. of alkali lignin which 
been partially de-methylated and 
chlorinated with 14.2 mill1equiva1ents 
of "available chlorine" solution 
per gm. lignin at pH 10. 

- 2,~.34 mgm. subs. req. 13.50 cc. N/20 thio. 

= 12.30 % OCH3 

- 35.30 mgm. subs. gave 4.75 mgm. AgOl 

= 3.33 '10 Cl. 

Methylated oroduct- Yield 0.07 gms. 

Exp. 26 

Analysis - 19.2l mgm. subs. req. 17.9g SOw N/20 thl0. 

= 25. 45 % OCH3 
- 33.47 mgm. subs. gave 3.95 mgm. AgOl. 

= 2.92 % Cl. 

In this case the de-methylated lignin product did 

not become alkali insoluble upon methylation. This would seem 

to indicate that a sufficient number of carboxyl groups had 
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been formed in the reaction wi th tt available chlorine" to 

maintain alkali solubility of the methylated produot. The 

methylated product was separated by acidification of the 

methylation mixture and centrifuging off the precipitate. 

This was then isolated for analysis in the usual manner; nine 

methylatlons were necessary to prepare the fully methylated 

derivative. 

Starting material - product from Exp. 26, namely, 
0.5 gms. of alkali lignin which had 
been partially de-methylated and 
chlorinated with 29.8 mll-equivalents 
of "available ohlorine" solution oer 
gm. of lignin at pH 10. ., 

Analysis - In order to obtain sufficient 
material for methylation the reaotion 
product was not isolated. The 
methoxyl and chlorine oontent, taken 
from Fig. XV. were, 

10.00 % OCH3 
2.70 % Cl. 

Methylated product- Yield 0.15 gms. 

Analysis - 16.30 mgm. subs. req. 14.66 cc. N/20 
thio. 

= 23·20 % OCH3 
44.86 mgm- subs. gave 

= 1.10 1., Cl 

2.00 mgm. , 
AgOI 

Table XXV gives the results of the methylation 
~. 

experiments ana'CQJlJ;8.l:1sondf the increase in methoxyl content 

obtained by methylation of the reaotion produots with that 

obtained by methylation of alkali lignin. 
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Ta.ble XXV 

Summary of MethYlat~on EXEerlmente 

, 
, 
t 

Product 

alkali lignin 

Exp. No- 22 

Exp. No. 26 

(% OCH3 

I faOCH ~ 0 f I I t 

, original I fully methy1-' Inorease t 

, llgt'!in 'a,t ed der1 v . 'in %OCH
J 

t 

15.20 30.40 15·20 

12·72 26.25 13·53 
10.14 23·4g 13-34 

calculated on chlorine free basis) 

2. Dehalogenatlo~ of the Eroducte resulting from the aotion of 

"available ohlorine" solutions uEon alkali lignin. 

The action of "available chlorine" solutions upon lignin 

results in a de-methylation and chlorination of the compound, 

the ratio of the two effects being a function of the pH of the 

reaction medium. The halogen atoms introduoed in the lignin 

are firmly bound and,require more severe treatment for their 

removal than ~the aotion of 35% NaOH solution at room 

temperature but can be removed as indicated below: 

0.4 gm. of alkali lignin whioh had been partially 

de-methylated and chlorinated at pH 2 was placed in a 100 cc. 

r.b. flask and dissolved in 50 cc. N/2 NaOH solution. Zinc 

dust was added (t gm.) to the solution and the contents of 

the flask refluxed on a water bath at 1000 0 for 12 hrs. 

The fl8,sk was then cooled and the zino removed by oentrifuging} 
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precipitating with H2S gas and filtering off the ZnS. The 

lignin was separated by the addition of HCI, centrifuged, 

thoroughly washed with dilute HOl, and filtered to a moist 

paste on a Buchner funnel. The precipitate was then separated 

into two fractions with dioxanj a) a fraotion soluble in dloxan 

and isolated in the usual manner, (Experimental Part Ill), and, 

b) a fraction insoluble in dioxane The latter was extracted 

with absolute dioxan, absolute ether, petroleum ether and 

finally dried in an Abderhalden drier for analysis. 

The analysis of the starting material and of the two 

products is given in Table XXVI, together with a caloulation 

of the meth~xyl content on a ohlorine free basis. 

Produot 

Starting 
material 

Dioxan-sol. 
fraction 

Dioxan-insol. 

Table XXVI 
1 , 

Dehalogenation Experiment 

% CL. 

10.76 

6.89 

% OCH3 % OCH on Cl Yield 
free3basi8 

6.41 7·1g 

6.95 7·3g 0.15 gm. 

fraction 1.61 0.07 gm. 
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3· Rate of Reaction of "available chlorine" solutions 

with alkali lignin. 

A series of exueriments was conducted in order to 
'-

determine the rate of reaotion of "available ohlorine" solutions 

with alkali lignin. No attempt was made to define the'''order 

of reaction", the object being to find the time neoessary for 

oomplete reaction of the "available chlorine" solution. 

The experiments were carried out in the usual manner 

(Experimental Part 3L a known quantity of hypoohlorous acid 

solution being added to the alkali lignin solution at pH 6 

and the hydrogen-ion oonoentration maintained oonstant by the 

addition of N/5 NaOH. The quantity of alkali neoessary was 

determined by measurement of the hydrogen-ion oonoentration 

using the glass eleotrode. The reaotion was interrupted in 

the three separate experiments after 10, 30 and 180 min. 

respeotively by addition of excess sodium sulphite solution. 

The reaction product was separated by addition of HOl, 

isolated in the usual manner and analysed. The experimental 

results are given in Table XXVII, the rate of reaotion being 

represented graphically in Fig. XVI. 



Ta.ble XXVII 

Reaction of "available ohlorine" solutions with alkali lignin at pH 6 

T. = 25°0 

'"available ohlorine" solution Metboxll analIsis t Halogen analysis , , , , , Alkali ' 00. N/20 co. Mll11- , , 
Time' Vol. • lignin ' thio.req. reagent aqulv. 'Mgm • 00. N/20 %OCH3' Mgm. Mgm. % Cl 

I oc. ' used gm. ' by 10 oc. added reagent t subs. thio. f subs. subs. , , sam:Qle added , reg. , 
~ 

-..J 

0 19.2g 11·33 15·20 .of: - - - - - - I 

10 750 0.65 20.45 200 20.4 17.97 5·23 7·54 43.55 13·46 7·65 

30 750 0.65 17·90 230 20.6 17.91 4.g2 7.10 23·gg g.05 8.34 
ISO 750 0.65 20.62 200 20.6 2g.93 7·72 6.90 41.90 14.54 8·5g 
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4. Relationship between pH and Color of alkali lignin solutions: 

Flocoulatlon pH of alkali lignin. 

Alkali lignin dissolves in alkalies forming a dark-brown 

to blaok-colored solution. The gradual addition of aOid, 

by neutralixing the free alkalinity, changes the color of the 

solution to a light red and fina,lly oS.uses a preoipi tation of 

the lignin. In aoidio solutions the lignin is present as a 

flooculent preoipitate. 

The relationship existing between this variation in 

color ohange and the pH of the solution, as well as the 
~ with 

maximum hydrogen-ion oonoentration associated/alkali lignin 

solub1lity was determined with the optioal t1tration apparatus 

previously desor1bed (·Experimental Part 2). The intensity 

and wave-length of the light incident upon the photronic cell 

is a funotion of the ooncentration and color of the solution 

through whioh 1t passes. The current set up in the photron1c 

oell var1es with the intensity of the incident light,almost 

irrespective of its wave-length in the v1sible spectrum, and 

its magnitude is indicated by the defleot1on of the galvanometer 

mirror. Thts deflection can therefore be regarded as a 

funotion of the color and concentration of the solution in 

question. At the flocculation point, however, the deflection 

beoomes a funotion of the partiole size of the preoipitate 

formed and is without signifioanoe. The titration ourve lsthus 
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composed of two seotions, the latter portion of whioh is 

irreversible. 

The apparatuB was connected up as for hydrogen-ion 

concentration measurement and standardized to give a 20 cm. 

galvanometer deflection using d1stilled water in the 

titration beaker. The beaker was then emptied, a known 

weight of alkali lignl~ in dilute alkali solutio~ introduoed 

and the volume brought to 300 co. The titration was 

performed by adding N/lO HO! dropwise from a burette and 

measuring/at intervals, the galvanometer deflection and 

hydrogen-ion ooncentration. The results of three tltrations 

using different concentrations of alkali lignin are given in 

Table XXVIII. 

Table XXVIII 

Potentiometrio an~Rhotometric titration of alkali lignin 
~~'-

Titration No. 1 - al:kal;i lignin concentration = 0.046% 

e.m.f. 
mill1volts +147 +137 +117 +90 +62,' ':.+25 -24 -70 -119 

Galvanometer 
Defleotion cm. 5·4 5.6 5·8 6·3 6·7 7·5 8.4 9·1 9.4 

%Transmission 
29.0 31.5 33·5 37·5 42.0 45.5 compared with 27. 0 28.0 47·0 

pure water 
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Table XXVIII (continued) 

r1tratlon No.2 - alkali lignin concentration = 0.070% 

e.m.f. 
mll1ivolts +170 +135 +125 +82 +48 +25 - 2 -34 -89 -163 

Galvanometer 
Defleotion om. 3.6 3·9 
""Transmission 
compared with 18.0 19.5 20·5 24.0 26.0 28*0 30 .5 33·0 35.5 38.0 
pure water 

TItration No. 3 - alkali lignin concentration = 0.093% 

e.m.f. 
m1l11volts +170 +117 +32 +33 -58 -96 -153 -177 
Galvanometer 
Defleotion 2.11· 3·9 4-.1 4.9 5.1 5.2 5.6 5·7 
%Transm1ssion 

24·5 compared with 12.0 19·5 20.5 25.5 26.0 28.0 2g·5 
pure water 

The. results show the ohange in color brought about by 

the gradual aoidification of an alkali lignin solution. This, 

is probably due to the formation of the less highly oolored~or 

colorles~ undissociated aoid form of the lignin (R-OH) from 

its dissooiated sodium sal~ R-O- + Na+. 

It was impossible to obtain any aoourate measurement of 

the flooculat1on pH of alkali lignin USing the standardized 

apparatus and a modification was neoessary. The titration 

was oonduoted in the usual manner to a pH slightly above that 



in which flocoulation had been found to ooour. The gal van-

ometer defleotion was then inoreased to about 10 cms. by 

enlarging the iris diaphragm opening D (Fig.X), and the 

t1tration continued. The apparatus was thus made more 

sensitive to changes in the intensity of transmitted light 

and the following results were obtained, Table XXIX. 

Table XXIX 

F1occulation of alkali lignin 

Titration No.l - alkali lignin concentration = 0.0625% 

e.m.f. 
mi11ivo1ts - 135 -162 -192 -203 -209 -223 -232 -243 

Gal vanomet.er 
Deflection om. 12.40 12.95 13.30 13.35 13.35 13.20 13.05 l2.~0 

Titration No. 2 - alkali lignin oonoentration = 0.100% 

e.m.f. 
millivolts -123 -164 -202 -209 -214 -219 -226 

Galvanometer 
Deflection cm. 10.80 11·30 11.~5 11.45 11.40 11.30 11.10 

Titration No. 3 - alkali lignin concentration = 0.150% 

a.m.f. 
mi111volts -123 -164 -173 -196 -205 -20~ -217 -220 

Galvanometer 
deflection om. 12.80 13·30 13.40 13.65 13.70 13.65 13.60 12.90 

A series of curves, representing the ohange in intensity 

of tra.n'Sm1t:ted light is given in Fig. XVIII. Since a 

standardized apparatus could not be used the ordinates represent 
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FLOCCULRTION OF RLKRLI LIGNIN ~ 
Intensify 01 light transmitted through an 
alkali lignin solution varies directly with 
fhe acidity of'lne medium un/II floccv/ollon 
of Ille//qnin occurs at EOO-cIOmv'lts. cpH4-2 
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merely ohange in oentlmeters of the galvanometer deflection 

for the individual titrations and these cannot be co-ordinated 

with each other. The abc1ssae, however, represent definite, 

comp.r~ble relationships with respect to pH and corresponding 

point of flOQou.;Lation. 



SUMMARY 

This investigation was undertaken in order to obtain 

fundamental data relating to the bleaohing of wood oellulose. 

pulps by the use of ohlorine and its oxygenated derivatives. 

The action of these agents upon the main substanoe being 

removed in the process, namely, the lignin, was studied under 

conditions of oontrolled hydrogen-ion oonoentration. 

Alkali lignin, since it most olosely resembles the 

residual lignin in alkaline pulps, was used as starting material. 

This substanoe was isolated from spruce wood according to the 

procedure proposed by Mehta and was purified by a new method, 

based upon fundamental fraotionation prinoiples, yielding a 

uniform, reproduoible compound. 

The aotion of aqueous solutions of ohlorine and its 

oxygenated derivatives upon "alkali lignin results In, 

a) ohlorination of the lignin, 

b) s~multaneous de-methylation of the lignin. 

The two reactions a) and b) are intimately related, the extent 

to which each proceeds being a function of the hydrogen-ion 

concentration of the medium in which the reactions ooour. 

Both tend toward final .constant values in solutions of pH 6 and 

greater while in more acidic media, although the methoxyl 

content tends to beoome oonstant, the ohlorine oontent of the 

lignin continues to increase with 1noreas~ng quantities of 
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reagent added to the reaotion mixture. In aoid solutions 

the equivalent ratio of "methoxyl lost" to "chlorine introduced" 

is less than unity, namely, 0.75 - 0.85, while in less aoidio 

media the same ratio, after the early stages of the reaction, 

becomes sensibly constant at a value slightly above unity. 

In alkaline solutions the equivalent ratio (less than unity 

when only small quantities of reagent are used) proceeds 

through unity to a considerably higher value. In all reacticn 

media, pH 2 - 10, the loss of methoxyl is preceeded by the 

introduction of chlorine in the lignin molecule. 

The quantity of reagent required to bring about, 

a) equivalent de-methylation of the lignin, b) equivalent 

ohlorination of the lignin, was also found to be a function of 

the hydrogen-ion conoentration of the medium and is different 

for a) as oompared with b). 

The reaotion produot obtained at pH 10 (having colloidal 

properties similar to those of alkali lignin) can be methylated 

with dimethyl sulphate and alkali, and the increase in methoxy1 

oontent amounts to about ninety percent of that obtained 

when alkali lignin is fully methylated under the same oonditions. 

In other words, the chemioal ohanges involved in the removal 

of methoxyl groups by the action of "available chlorine" 

solutions upon alkali lignin does not result in the formation 

of potential or aotive hydroxyl groups capable of methylation 



under these conditions; at the same time the hydroxyl groups 

of the latter type pre-existing in the lignin and oapable of 

methylation, are not affected by the "available chlorine" 

solution. 

The solubility relationships of alkali lignin in 

solutions of different hydrogen-ion conoentration was 

investigated and it was found that alkali lignin is flooculated 

in solutions of greater acidity than represented by pH 4.2. 

The results of the investigation show that optimum 

conditions as regards removal of lignin from wood cellulose 

involving minimum oonsumption of chlorine, can best be 

obtained by conducting bleaohing operations in media of 

oontrolled hydrogen-ion ooncentration, pH 5 - 6. 
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