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GENERAL INTRODUCTION

Chemical Constituents of Plants; The Occurrence of Lignin,

The plant, by an unknown mechanism which involves the
assimilation of Carbon Dioxide, Water and Energy (Sunlight)
is able to transform these into both simple and complex
compounds. The former embrace the simple carbohydrates, for
example, mannose, glucose and galactose, while the latter
consist of two classes of compounds, namely, the polysaccharides
and lignin. Polysaccharides represent polymerized pentose
or hexose anhydrides, for example, pentosans, cellulose and
starch; while lignin which comprises about 30% of all woods

is a substance of unknown composition.

Chemistry of Plant Products.

The chemical constitution of the natural products,
cellulose, pentosans and lignin which form the bulk of plant
tissues has interested scientific investigators for several
decades.

The chief difficulty in the investigation of this field
lies in the permutoid character of the substances in question.
As colloidal gompounds:, highly polymerized, and difficultly
soluble in common reagents, their isolation, purification and
stoichiometric reaction are matters of great difficulty.

Much conflicting literature has in consequence arisen which



is extremely difficult of evaluation.

The Role of Cellulose in Industry.

Cellulose is of great importance 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
product. Its isolation from whatever source, 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 are 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 (NaHS803 + HpS803) for coniferous woods or an
alkaline treatment (NaOH or NaOH + Nap8) for both coniferous
and deciduous 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-product in the cellulose industry whose

commercial utilization offers much of interest.



Object of the present Investigation.

As mentioned above, the final chemical treatment in the
production of cellulose, either in the form of raw cotton, or
of wood pulp, involves the use of bleaching agents. These
are employed in such a manner as to bring about the removal
of the lignin and other non-cellulosic 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 changes which.take place when these reagents
act upon cellulose and upon lignin. Such a study should
lead to, a) better control of the bleaching process, b) higher
yield of pure cellulose, and, c¢) a considerable 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 hypochlorite solutions upon cellulose
results in the formation of Oxy-cellulose. Nastukoff (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" and contained one

more oxygen atom for every four to six C6H10q5groups than

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

hypochlorite solutions upon cellulose.



The more recent researches of Birtwell, Clibbens and
Ridge (32) who have studied the action of chlorine and
hypochlorite upon cellulose in solutions of varying hydrogen
ion concentration are especially valuable. The chanées
brought about in the cellulose were.measured by the changes
in the Methylene Blue absorption ané?Copper number. Birtwell
and co—wo;kers found that the Methylene Blue absorption
increased as the pH of the medium increased 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 hypochlorite oxy-cellulose,
accompanying changes in hydrogen-ion congentration, were
probably due to the equilibrium changes in the hypochlorite
solutions. The latter can be considered to contain three
oxidizing agents - hypochlorous 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 acid in the range of hydrogen ion concentration
near the neutral point. The hypochlorite solutions of
pH 4.6 - 2.7, which yield a maximum copper number, contain

HOC1 as the sole oxidizing agent. The fall in copper



number which occurs in still more acid solution coincides
with the rapidly increasing concentration 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-cellulose is to be found in the very

complete bibliography on this subject by Birtwell and co-workers.
y

Action of Chlorine and Hypochlorite solutions upon Lignin,

The action of these reagents upoh lignin has been
investigated by several workers and, since their results
are related to the present investigation the subject is
made a separate section in the Historical Review.

Modern viewe on the mechanism of bleaching wood cellulose
together with the more recent patents dealing with the
bleaching process and the results of the present investigation

are given in the chapter, "Bleaching of Wood Cellulose"



HISTORICAL REVIEW

Since this thesis is conocerned primarily with
fundamental data relating to the bleaching of wood pulps,
the previously established facts regarding the structure
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 lignin‘chemistry will be given.

These authors point out quite clearly the marked lack of
fundamental experimental data on which to base a sound
knowledge of the structure of lignin.

Concerning the structure of lignin, apart from its
elementary composition (carbon, hydrogen and oxygen), there
is only relatively slight information. Definite evidence
exists as to the presence of methoxyl and hydroxyl groups
and at least one aromatic nucleus. The existence of
methoxyl groups is shown by the formation of methyl iodide
on treatment with HI. Lignin can be methylated and
acetylated with ease, and the acetylated 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 &%
crystalline vanillin (5), obtained by alkaline treatment

of ligno-sulphonic acid establishes the presence of the



aromatic ring.

The present review will deal only with such aspects
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,

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

(iii) it is readily soluble in many organic 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 Marshall in these laboratories(1® The
more important of these investigations, and especially those
of interest to the present problem are discussed in the

following pages.



Review of Alkali Lignin

A Review of the more important investigations concerning

A I —— T———t -

the Isolation and Proverties of Alkali Lignin.

Following the researches of the earlier investigators,
Lenge (7), Streeb (&), and Holmberg and Wintzell (10), a
series of experinrents ~was c¢=rried out bv Beckmann, Liesche (11)
and Lehmann in order to determine the most satisfactory
conditions for the extraction of lignin. They trested
different kinds of straw and wood with alkali under controlled
conditions of temper=ture, pressure, time and concentration.
Each succeeding extraction wes made more drastic than the
previous one. They found that most woods required several
treatments with 1.5% NaOH solution at temperatures varying
from 165°C to 180°C for several hours in order to obtain
complete extraction. The amount of {?gnin from each
extraction w2s determined by acidifying the liguor extract
and weiching the precinitate.

The fractions isolated became darker in color =s the
extraction temmerature wes increased, the methoxvl content
also increased and the solubility in organic solvents
decreased. Doubling the alkali concentration practicallv
doubled the yield under the same extraction conditions.

Over a moderate range the alkali concentration had no effect

on the oroperties of the extracted lignin.



In order to obtain a lignin isolated under the mildest
possible conditions they treated winter ryve straw with an
agueous 8lcohol (60%) solution of NaOH (2%) for 4% hours at
room temperature. (Alcohol prevents the solution of Pentosans)
The free alkali was then neutralized with HC1l, the slcohol
distilled off, and the lignin orecipitated with acid. Three
extractions gave » total lignin yield of 7% based on the
weight of original msterial. The residual straw still
contained 1% lignin (Willstatter HC1l method) but wes not
investigated further.

The lienin isolated gave the following anslysis;

Carbon - - - - - - 62.1% 63.0%
Hydrogen - - = - - R.W% 5.8%
Methoxyl - - - - - 14, %% 15.2%
Calculated formula - - - C 4y0
Mol. Wt. (Freezing point HoHHO15
method in phenol) - 756 - 1086
(Boiling point method
in g. dcetic acid) 768 -  g91

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

C36Ho207( 0CH3) 4 (OH) k4,

Mehta (12) has made a very thorough investigation in
order to determine the conditions for the complete resolution

of the ligno-cellulose in wood into its components by the use
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of agueous alkaline solutions under pressure. The same
conditions have been extended to the preparation and
auantitative estimatioﬁ of 1ignin. The hydrolysis of lLigno-
cellulose with 5§ - 10% NaOH only proceeded to 15 - 20%
completion at ordinary pressures (100°C): at higher pressures
this amount increased rapidly. Similarly when the pressure
was kept constant and the strength of alkali varied the
hydrolyvyeis increased with the strength of the alksli up to a
maximum, beyond which decomposition of the lignin took place.
The exact conditions were established by carrying out a number
of cooks using NeOH solutions varying from 1 - 15% concentration
at 2.5 (139°C) and 3.0 (144°C) atmospheres pressure. The
resulting alkaline extract was filtered, diluted to 250 cc.

and a 50 cc. aliquot portion precipitated with concentrated HC1.
The lignin was filtered off, washed free of chlorides and
dissolved in 95% alcohol. ' The alcohol solution was filtered
evaporated to dryness and the yield of lignin calculated from
the weight of dry residue.

It was found that maximum extraction was obtained with a
four percent solution of sodium hydroxide at either pressure.
In a further series of experiments the alkali concentration
was kept constant at 4% and the pressure varied from 1 - 16
atmospheres (100°C - 205°C).

The results showed that the extraction of lignin wss

practically complete a2t pressures above 10 atmospheres (1%5°().
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Cellulose remains practically unattacked at this temperature
while at 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 by further treatment under the same conditions and
could be quantitatively recovered. The lignin content of
different woods by this method are lower. than that given by
either the Willstatter or Klason methods. Neither of these
methods is regérded as being completely satisfactory however
and Mehta contends that the determination of lignin tontent
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 alkalies,
alcohol, acetone and acetic acid. It has practically no
reducing power, gives no test for pentosans (phloroglucinol-HC1)
melts without decomposition at 167°C-169°C and shows somewhat
more pronounced acidic properties than phenol. Insoluble
barium and calcium salts can be isolated by precipitation in
high yield. These proverties tend to indicate the homogeneous

nature of Mehta's alkali lignin.

Powell and Whittaker (13)(14) conducted a2 more fundamental
research on the structure of alkali lignin isolated from several

different woods and from flax shives. The lignin products were
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obtained by digesting the chipped wood with agueous & - 12%
NaOH for 6 - & hours at 140 - 160°C. The filtered extradt
was treated with a slight excess of HCl and the precipitated
lignin washed with dilute, hot HC1l, centrifuged and 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% HCl1l. After several such
treatments no test was obtained for ventosans (distillation
with 12% HC1 and orecipitation of the furfuraldehyde with
phloroglucinol-HC1). The final purification was carried out
by dissolving the lignin in NaOH solution and fractionally
precipitating with HC1. The four fractions isolated gave
identical analyses. Since these agreed fairly well with
those recorded by Dorée and Hall (15) for & .ligno-sulphonic
acid Powell and Whittaker concluded that their product was
homogeneous.

The alkali lignin obtained was an amorphous, light-brown
opowder, insoluble in water, acetone and acetic acid but
soluble in mixtures of acetone-water and acetic--acid-water.
It showed acidic properties being soluble in dilute alkalies
and formed insoluble salts with various metallic 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



is typical of phenolic esters, the acetyl groups were readily
hydrolysed with boiling water. A fully methylated derivative
could not be prepared. A phenyl hydrazone and a nitro
comvound are also described. The work on halogenation will
be discussed later.

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 derivatives
of the same poly-hvdroxyv compound and differ only in the
number of methoxvl groups which they contain. This hyno-
thetical mother substance was termed by them "Lignol"; it
contains nine hydroxyl groups and is represented by the
empirical formula 038H3OOM(OH)9CHO(002)2' Attempts to isolate
this substance by treatment of lignin with HI were not

successful.

The value of the researches of Doree and Barton-Wright /16)
are greatly enhanced by the fact 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

with a 5% NaOH solution for 36 hours at room temperature.

(Friedrich and Diwald method for hemi-cellulose extraction. (27):
The lignin was isolated by the method recommended by Mehts (12)

namely; the wood meal was heated in an autoclave with =
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14, NaOH solution for one hour at % atmospheres. The
alkaline extract was filtered, the lignin orecipitated by
addition of HCl, washed by decantation and dissolved in 95%
alcohol. The alcoholic solution was filtered and evavporated
to dryness. The I1ignin was purified by dissolv}ng the
alcoholicresidue in glacial acetic s cid and precioitating
into water. This orocess was repeated until the melting
point of a sample became constant at 135-186°C. The product
was then filtered, washed anddried at 60°C.

The lignin s0 obtained was a light brown powder, readily
soluble in organic solvents and in aqueous solutions containing
OHi ion. It could be quantitatively precipitated from the
latter by the addition of acids.

From the analyses of the benzoyl, 2cetyl, and methoxvl
derivatives Dor€e and Barton-Wright concluded that 2lkali lignin
contained two methoxyl grouns and one hydroxyl grouo. The
analysis of the pure product corresponded to the formula
CopHpopV4.  The molecular weight, determined in’'glacial acetic -acid
and in napthalene,showed that this formula represented the
molecular building unit and the product was named by them
"metalignin".

They also prepared an oxime corresponding to two carbonyl

grouns. One of these was ascsumed to be ketonic, the other



aldehydic. The phenyl hydrazone could not be prepared.
On the basis of their results they suggested an

expanded formula for "metalignin'" viz. 016H120(OH)(OCHB)é@HO)(GO)
Dorée and Barton-Wright also point out that when the

various lignin formulae which have been proposed are reduced

to a basic hydroxylic compound & remarkable similarity exists.

It is suggested that "metalignin" ie the unit from which the

natural lignins are derived.

In these laboratories, Marshall (1%), using the method
described by liehta, has prepared an alkali lignin which he
gseparated into two fractions A and B. The methoxyl content
of fraction B is about 1% lower than that of fraction A.

A series of experiments (methylation, acetylation and preparation
of phenol derivatives) was performed upon these two fractions

and from the analytical data obtained conclusions were drawn

as to the number and nature of the hydroxyl groups in alkali
lignin; empirical formulae for both alkali lignin fractions

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 conditions outlined by Mehta (12) were adhered
to. A carefully purified wood meal was heated in a closed

iron bomb for one hour at 172°C. The contents of the
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bomb (after cooling) were filtered and the lignin preci»itated
from the alkaline extract by the addition of HCl., After
centrifuging and dislysing the lignin was sucked to a thick
moist paste on a Blchner funnel and dissolved while still
moist in dioxan.

N. B. Marshall notes in his vreliminary experiments

that the centrifuged, dialysed product was not comnletely
soluble in dioxan =nd has given the methoxyvl content of this
material. He does not mention its »nresence however when
Mehta's nroceiure is followed. Further reference will be
made to this insoluble vportion in the Exoveriwental vart.

The residual water was removed from the dioxan-ligcnin
solution with anhydrous sodium sulovhate. The dried solution,
concentrated to avproximetely 10% alkali lignin was precioitated
dropwise into well stirred e ther.

By this method of vurificstion, the crude alkali lignin
was sevarated into two fractions,; Fraction I, a dioxan-ether
insoluble material, was decignated as alkali lignin A;
Fraction II, a dioxan-ether soluble substsnce named alkali
lignin B. The separation into these two fractions was only
comnlete =2fter four or five successive precivitations of the
nrude product into ether.

Alkali lignin A had a methoxyl content of 1%5.0%. The

fact that thres sevarate wood meal extractions gave nroducts
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of the same methoxy content after vurificetion wae considered
to be good indication th=t the msterisl was at least a homo-
geneous mixture if mot a true chemical compound.

The analysis of alk=1i lignin A is given as;

Cc % H % OCH %
Calculated CgvH710 64.6 8 15.0
Fiugg nred Meriries 64.5 2.6 12.9

64.7 R.% 14.9

64.7 5.7 14,9

The ether-dioxan soluble fraction was obtained by
concentrstion of the combined ether solutions from the pre-
cinitation of 1kali lignin A,and orecipitated dronwise into
well stirred 1:1 eths8r: petroleum ether. The product w=zs
redissolved in dioxan =2nd orecivnitzted into'benzene.‘f'After
several precipitations 2 vroduct of constant methoxvl content
was obtained.

The formula for alkali lignin B, calculated from the
carbon-nd hvdrogen analysis and transformed to the same oxygen
basis as iﬁ the case of alkali lignin A is given as C6SH67023’
a difference of one carbon =z tom and four hydrogen ~toms as
compzred with that of alkali lignin A. Such a small difference
is well wirhin the limits of exoerimental error considering the
large size cof the molecule.

However, M=rshall found that his alkali lignin B h=2d =

methoxvl content of only 14.0% as comp=red with 14,94 recuired
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by the formula CegHg7003 for six OCH3 groups, He therefore
assum=s that alkali lignin B vossesses but five OCH3 groups
in which case the formuls for =1kali lignin B becomes
C108H107037 as the smallest unit containing sizple whole

number oxygen atoms, The analysis of = 1kali lignin B is

given as,
c % H % oc}a[3 %
Calculated CggHg7023 65.2 5.4 14.9
0108H107037 62-9 5.4 14.0
Found 65.0 5.4 14,1
65.90 5.5 14.0

In the present investigation these two lignin fractions
were not obtained. The argument against the definite existence

of two such compounds will be given later.
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Action of Halogens upon Lignin

Review of previous Investigations concerning the Action

of Halogens on Lignin.

It was early noted that chlorine and bromine, and
their oxygenated derivatives reacted readily with lignin
and a large amount of literature has accumulated 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 classification as
regards reaction medium is proposed as & suitable basis

for the presentation of the views of the authors.

1. Action of PClS, SbClB, and SOCl2 on Lignin

The action of these reagents upon lignin has
contributed 1ittle knowledge as regards lignin structure.
Paschke (19) using a straw lignin, isolated by means of
aqueous sodium carbonate solution, found that 80012 at room
temperature gave a compound C37H4283q13012.(12.1% ¢1l) which
contained no methoxyl groups. When the reaction was
carried out in a sealed tube at 100°@ for one hour the compound

CH 481771019 (38.2% C1) was obtained. The derivative
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c}SHR6015015 (19.2% C1), was obtained by the action of two
parts P015 in tetrachloroethane upon lignin.

Tropsche (20) using SbClg found that lignin dissolved
on boiling and that perchloroethane and hexachlorbenzene

could be isolated from the reaction products.

. Action of Halogens upon Lignin in Carbon Tetrachloride.

Powell and Whittaker (14) treated an alkali lignin,
isolated from flax shives, with both chlorine and bromine in
dry CClﬁ. In each case a product could be isclated containing
12 halogen atoms on the basis of the building unit shown below.
HC1l 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% OCH 5%

Calc. CyjHpgO7(0CH3)L(OH)5 644 5.1 14.8

Found 63.9 5.8 1k4.9

The analyeis and formula of the corresponding chloro-
lignin is given as, Ch0520080112(°CH3)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 up:could be classified

as loosely and firmly bound.
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It is to be noted that the methoxyl content of the
chlorolignin, 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
methoxyl although Powell and Whittaker make no mention of
the fact.

Phillips (21) chlorinated a lignin isolated from corn
cobs, according to the procedure used by Powell and Whittaker(1ly).
The lignin used was is®lated by the method of Beckmann
Liesche and .Lehmann (11) and compared favourably in its
reactions with the lignin isolated by them as well as with
that used by Powell and Whittaker. The formula for the

three preparations is given in Table 4.

Table A.
BeckmanngLiesche Phillips (21) Powell and Whittaker
and "Lehmann (11) Lignin obtained Lignin obtained
Lignin obtained from corn cobs. from flax shives.
from rye straw.
ChoHUYO015 CLoHWUO16 CysHLg016

Phillips concluded from his results that lignin from
corn cobs contained three methoxyl groups and at least four
hydroxyl groups for each building unit CygHynOj4. The
methoxyl analysis was 12.0% OCH3.

The chlorinated product corresponded to the formula
CMGH360160110(32'1% ¢l). Since no methoxyl analysis is
given for this product it is to be concluded that no loss omurred
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on chlorination. This follows from the fact 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 and Horn (22) investigated the action of bromine
upon an acetylated spruce wood mesal. Brominations were
carried out at 100°C for 25 minutes in dry CCly. They found
that a definite amount (6%) of bromine was taken up, two-
thirds of which could be removed easily by shaking with sodium
acetate solution (5%), the bromine content of the reacetylated,
de-brominated compound (A) being 2%. The lignin isolated by
hydrolysis, with methyl alcohol HCI1, of t he 6% bromine product
contsined 11% Br.

Rebromination of (A) under the same conditions gave »
product (B) containing 9% Br., three-fifths of which was readily
removed by shaking with sodium acetate solution leaving 3
bromine content of the reacetvlated twice de~brominated compound
of 3.5%. The lignin, isolated by methanol HCl hydrolysis of
the product from the second bromination contained 17.2%% Br.

No reaction was obtained oh further: bromination of (B).
The ~uthors assumed that no reaction took place with the
acetvliated cellulose and concluded that the above reactions

are indicative of a tetrahydro-benzene ring in Lignin. In



the first bromination they postulazte the addition of three
bromine atoms. One of these is substituted in the lignin
molecule while two are 2dded on to a double bond. The
removal of these two latter as HBr with sodium acetate
resulted in the formation of two double bonds. Upon re-
bromination of this comoound four bromine astoms were taken
up, of which only three were re=dily removed with sod{;%
acetate.

These reactions, and the fact that the bromine content
is not incr=ased on further bromination are taken as evidence
for the existénce of t he tetra-hydro-benzene ring. A long

open chain or a volymethylene ring would brominate further.

Recently, Harris, Sherrard and Mitchell (23) have
nublished the results of an extended investigati on into the
properties of Maole and Soruce lignins, these being isol=ated
by the 70% Sulvhuric acid method. From a study of the methvl-
ated and acetylated derivatives these zuthors vpostulate =
building~-unit with 3 molecular weight of aporoximately %00
for Soruce lignin and containing a total of ten base hydroxvl
grouvs. For Maple lignin a unit of 1800 is chosen containing
a total of twenty base hydroxyl groups.

It was found that Maple lignin combined with less

chlorine than Spruce lignin. The former on treatment with

chlorine in CCly gave & product analysing 8.7% OMe; 1°.3% C1.
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Calculated on a basis of 1440 this corresvonds to 4 methoxvl
gcrouns and £ chlorine atoms. The product loses HC1l readily
on exvposure to air leaving a compound with 4 methoxyl grouns
and 7 chlorine atoms vper building unit. Treatment with 5%
NaOH gave an alkali é¢hloro-lignin containing 4 chlorine atoms
and 4 methoxyl groups ver unit together with an 8% yield

of chloroform.

In the ocase of Soruce lignin, chlorination in dry CCly
gave a product snalysing 6.1% CMe and 27.5% C1, which is
equivalent to 2 methoxyl groups and % chlorine atoms ver
unit molecular weight of 10%0. The action of 5% NaOH on
this product also yielded an alkali chloro-lignin containing
2 methoxyl groups and 4 chlorine atoms per unit together with
chloroform.

The yield of chloroform from both Maple and Svoruce
chloro-lignins led the authors to vostulate the nresence of
the grouping OH3-¢-OH in the original lignin. Since no
chloroform is obtained from the methvlated ¢hloro-lignins
on treatment with alkali the alternative grouping CH3—é = 0
is eliminated.

In this connaction it is to be noted that Walde and
Hixon (24) have recently revorted the isolation of iodoform.
They subjected a lignin, isolzted by the action of ammonia

unon oat hulls, to an alkaline iodine oxidization. Iodoform
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wmas 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 tion ..

of the same lignin. The authors therefore conclude that a
secondary alcohol group CHBCRHOH is orobably present in the
Lignin molecule.

Harris and co-wmorkers also r eport that chlorine =nd
bromine react in very much the same way upon lignin. Both
halogens bring about the removal of methoxyl grouos, bromine
being less reactive than chlorine in this respect. The loss
of methoxyl is explained by the assumption of t he oresence of
the grouvning -g = é - OCH3 . The addition of chlorine to
this would result in the loss of methoxyl due to a building
up of negative groups on carbon atom 1 giving rise to a ketone.
Since all methoxyl groups cannot be removed a second tyve of
methyl grouping is posultated, such as an aromastic ether or
a tertiary €Garbon ether, not susceptible to oxidation.

The fact that cthloro-lignin cannot be remethyl:sted is
taken as evidence for the loss of hydroxyl grouvns in the
chlorination reaction. Since ohenolic hydroxyl groups are
resistant to the action of chlorine a third grouping, the
enolic or ethylenic type, which could be easily methylated and

destroyed by chlorine, is assumed. This assumption is =1lso

supported by the fact that the methylated compound reacts



White Spruce wood
OMe = 5.1%

Maple wood

A Summary of the

by Harris, Sherrard and Mitchell 23).

10%
HoSO0U

Spruce lignin, yield = 26.9%
OMe = 17.3%
5 OMe groups per 800 unit

Cl
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Spruce Chloro-lignin

Olle = i
cl1 = 27.5%
2 OMe groups and
g Cl atoms per
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Maple Chloro-lignin

5% NaOH

CMe = 8.7% 5% NaOH
cl = 19.8%

4 OMe groups and

g C1 atome per
unit. 1440

Cl
21n
CCly
Maple 1lignin, yield = 21%
OMe = 20.7%
12 OMe groups per 1800 unit

—

Chlorination Experiments performed

Spruce alkali Chloro-
lignin. OMe .
cl1 = 15.8%
2 OMe groups and
4 01 atoms per
unit.”
and chloroform - &%

Maple alkali Chloro-
lignin. OMe = 10.5%
Cl = 11.9%

L OMe groups and
4 ¢l atoms per

unit .
and chloroform - &%
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with more chlorine tgan the original lignin.

A summary of a few of the re=ctions carried out by
Harris and co-workers is given, diagrametically, on pg. 26, and
may be of assistance in understanding this rather complic=ted

research.

The Action of Halogens upon Lignin in dry CH=zOH,
dry CCly and in Hanus Reagent

Hibbert and Sankey (25) have attempted to determine the
unsaturation existing in the'lignin molecule by means of
bromine addition. Various solvents were used as resction
media and several compounds, possibly related to lignin were
investigated.

It was found for wood products that the amount of bromine
absorbed after sllowing for substitution reactions, was not
only a funtion of time, concentration, and bromine solvent,
but also varied markedly with the acidity of t he medium,.

The suthors 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 comnounds in
non-hydroxylic solvents. The reaction mechanism involves a
vartial preliminzry substitution, the HBr formed then cstalysing
the main reaction of addition to the double bond.

The more important analytical data was obtained with

freshly orepared solutions of bromine in MeOH or CClj.
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Allowance was made for the substitution taking place and

Table B.. summarizes the results obtained with glycol lignin.

Table B-

Bromination of glycol lignin

Br in MeOH Br in CCly Hanus reagent

T hrs. C=C T hre. C=C T hrs. C =2
24 1.14 ol 0.91 ol 1.20
G1Y°°1 1§§gln hg 1,22 48  1.09 48  1.50
b 1.18 71 1.50

Hibbert and Sankey concluded therefore that glycol lignin

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

. Action of Halogens upon Lignin in glacial acetic acid.

Friedrich and Diwald (27) used glacial acetic acid as a
bromination medium. A lignin prepared by tha action of 1.17
8p. gr. HC1 upon a de~resinified, hemi—céllulose extracted wood
meal was used as starting material. Bromination of this
compound was carrieg7:n glacial acetic acid-bromine solution.
the product was isolated after reaction periods of one minute,
one hour and four hours, respectively; HCl was evolved
during the course of the reaction.

The analysis of the products showed that bromine was
rapidly taken up and that a loss of methoxyl groups had
occurred. The authors concluded that 4, 5, and 6 bromine

atoms were taken up in the periodes 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 €.

Bromination of Lignin, (Friedrich and Diwald)

Time Analyses Calculated
C% H% Br % OCHz. %
1 min. U5.2 4.3 29.6 - k4 Br=30.2

Hy%g;ﬁgi?ri° acid 3 pr,  38.7 3.4 36.6 6.7 5 Br = 35.1

OCH = 20.96% 4 hrs. 38.1 3.1 39.4 - 6 Br = 39.3

In a later communication Friedrich and Pelikan (2%) made
a more fundamental investigation into the halogenation of
lignin. '“" The bromination experiments were again carried out
in glacial acetic acid 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
compounds showed that bromination was accompanied by loss of
methoxyl, amounting to about 30 percent of the methoxyl
originally present.

S8imilar 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 reaction. The authors were
unable to isolate CH3Br, CHpBrp CHBrz or any volatile carbon
compound from the reaction nor did sthe examination of the
fission products yield any substance of higher methoxyl
content than that of the original starting material. Itcwas
therefore concluded that methoxyl had not been removed by
reaction 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
original lignin. (Methoxyl content calculated on a bromine
free basis.)

Friedrich and Pelikan 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,diagramatically, on pg. 31.



Original lignin

OMe = 15.44

¢C = 63.1%

H = 5.9%
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C
H

o

2500 L]
65.0é
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A Summary of the Bromination Experiments
performed by Friedrich and Pelikan (28)

Brominated Original lignin

S S,
Bromine in g.acetic acid OMe = 6.5%
c =38.6%
— R  H =2.9%
Methylation with MeoSQL Br =38.7%
and NaOH y (OMe calculated on bromine
free basis = 10.6%)

Brominated Original
lignin methylated

OMe = 16.9%
c = u;.gé
H = 3.6%
Br = 28.%%

(OMe calsulated on bromine
free basis = 23.6%

Methylated Original lignin
- Brominated.

Bromine in g.acetic acid OMe = 14.3%
C = 43.7%
H = 3.5%
Br = 32.1%

(OMe calculated om bromine
free basis = 20.8%



5. Action of aqueous halogen, including hypohalous acid

and the hypohalites upon Lignin.

The action of agueous 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 connection

with the lignin problem and a correct interprertation of their

results is therefore impossible.

The bleaching action 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 chlorine

the encrusting substances became soluble in alkali.

Cross and Bevan (32) while investigating the chemistry of
bast fibers, isolated an alkali soluble lignin compound formed
by the action of chlorine in agueous solution. They stated that
the same compound was alyays obtained under controlled conditions.
Since the amount of HCl developed during the reaction was equal
to one-half of the total chlorine used they concluded that the

reaction was one of simvle substitution. The formula of twne

lignin chloride was given as CygHygOqg Cl) (26.8% C1) and
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its proverties resembled: those of a quinone.

Heuser and Sieber (33) in studying the action of
chlorine u»non spruce wood found that far more of the chlorine
added was vresent after reaction as HCl than had entersd the
lignin molecule. The reaction was therefor thought to be
mainly one of oxidation. The lignin chloride isolated gave
on analysis C = 47.0%:; H = 4.6%; C1 = 22.7%. It was not
considered to be a uniform comvnound, nor to have a cvclic
structure since it could not be reduced to a vyrogallol
derivative as claimed by Cross and Bevan. Fusion with

alkali gave only Ogalic acia.

Jonas (34) found that treatment of Willst#tter Lignin
with chlorine under controlled conditionsgave a reproducible
lignin chloride as end product. He assumed th2t chlorination

w=g accomp@mnied bv oxidation.

Higolund (35) by chlorinsting Willst#tter Liegnin at 0°

for two Asys obtained a vroduct containing 39.7 to 46.2% chlorine.

The researches of Freudenberg, Belz, and Niemann (36)
were carried out in 10% HBr solution. A lignin, isolated from
diluts
wood meal by alternate treatment with/HQSOu and cupric ammonium
hydroxide (Schweitzer's reac=nt) was treated with a solution of

excess bromine in 10% HBr. (zvoroximately pH = 1). In this



acidic 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 products, after 2, 24, and 48 hours
reaction respectively were analysed. The results of the
investigation are given in Table I and are represented

graphically in Fig. I

Table I

Bromination of lignin and related
compounds. (Freudenberg and Co.(36)

Br used Product analysis

No. Starting material % time Br ~ OMe
1 gm. OMe hrs gms. atoms % atoms % moks
lost
1 Lignin 16 2 0.88 2.12 24.0 0.7¢ 9.4 0.24
2 " 16 ol 1.06 2.57 29.% 1.01 &.6 0.25
3 " 16 4g 1.36 3.3 32.3 1.13 &.5 0.23
4 Methyl lignin 32 2 0.45 1.19 16.5 0.53 25.0 0.16
5 " 32 24 0.73 1.93 23.7 0.82 23%.0 0-16

6 Dehydro-divanillin 20.5 24 0 0 0 0O 20.5 O
7 Polymerized con- 17.2 2 1,44 a.eu 33.0 1.05 8.0 0.32
g iferyl alcohol 17.2 24 1.90 4.28 4L0.g 1.48 k.2 0.51
9 Br vanillic acid 12.6 2 1.21 3.70 55.0 1.40 2.7 0.71
10 " 12.6 24 1.89 5.80 66.0 2.82 1.8 0.73
11 Methyl cellulose 34.8 20 0 0 0 0 324D 0.21
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The reaction reaches equilibrium very shortly =fter the
first reaction is finished. It was observed that t he greater
the methoxyi loss the greater was the difference between curves
11 and 111, so that either HBT or CH3Br was being formed. The
presence of the latter couid not be detected. If tribrom-
phenol were being formed, the reaction, in this case, could not
be distinguished from thst of substitution while the formation
of & quinone would lead to an increased bromine requirement
and so raise the slope of curve 111. Freudenberg considers
it probable that the loss of methoxyl is associated with that
of quinohe.formation. Two bromine atoms would in this case
be required for each methoxyl and the total b romine requirement
of the lignin should be possible of evaluation, as indicated
below:
After 2 hours resction 0.24 moles of OMe were lost
| 0.7% moles of bromine were taken

up ver one mole of OMe origin-
ally present.

Bromine requirement

(2 x0.24) + 2 x 0.78 = 2.02 moles.
Actual requirement

2.12 moles.

The calculated bromine requirement i8 represented by the
d%tted line in Eigunhglwy. The agreement is very good for
lignin, Methyl lignin and polymerized @oniferyl alcohol.

In the case of Brom-vanillic acid, where the methoxvl loss
is greatest and secondary reactions come into vlay the ~gree-

ment of the theoretical and actual values is not as good.



Herris, Sherrard and Mitchell (232) =lso chlorinc~ted
and bromin~ted Spruce and Maple lignins in =nueous solutions.
They found th=t Mavle lignin t ook up about the same amount of
chlorine from sn saueous as from = CCly solution, but that the
loss of methoxyl was considerably greater. In the reaction
not only are methoxvls attached to ethylenic ecroups removed
but slso methoxyls attached to groupings which recuire oxid-
ation as mell as chlorination in order to split the ether
linkage. Substitution reactions are =ssumed in this c=se and
the rerction compared with the chlorin=tion of ethvl e~ther in
the presence of moisture. If these methoxyls were ethers of
primary or secondary alcohols, chlorination in acueous solution
should cive rise to carbonyl and carboxyl grouns. Tvidence

of the presence of the latter was found.

Hibbert and Tavlor (327) in these laboratories have
investigated the action of hypochlorous a2cid upon wood meal
and uoon glvecol l.ignin.

A study was first made of the action of HOCl uvon glycol
Iignin and uoon mesthylated glycol lignin with the view of
determining the oresence or absence of Kéto-methylene grouos in
the Lignin molecule. The addition of HOCl to the unmethylated
lignin should result in the formation of an unstable addition

vroduct which would lose HC1l and form a ketone. In the case



of the methylated lignin this addition comoound should be
stable. The amount of HOC1l absorbed and of HC1 formed was
found to be a function of time. The amount of HC1l formed

in the reaction was lescs with a methylsted lignin; but the
amount of HOCl absorbed w=2s decreased to about the same extent.
The amount of HOC1 absorbed without formation of HCl was there-
fore oractically unaffected by methylation. The resu:lts seemed
to indicate (assuming no hydrolysis 6f the keto-methylene
compound) that HOC1l absorotion, resulﬁing in chlorin=stion, is

a senzrate and indevendent reaction from th=t of the formztion
of HC1. It would seem thzt keto-methylene grouons are either
not oresent in 1.ignin, or if vresent 4o not enolize to a

sufficient extent to react ravdily with HOC1.

Hibbert, Ma=2ss and Taylor (2%%) in a previous communic=tion
have shown thzt t he addition of HOC1l to the ethvlenic link=age
is catalysed by undiesociated HC1. In the case of lignin,
however, the velocity of such a reaction could not be dis-
tinguished from that of the chlorination of a2 phenol or
phenol ether since both velocity equations are d ependent upon
the chlorine concentration. The effect of alkali, as shown
by Sover and Smith (39), provided a means of distinguishing
between addition to an éthylenic bond 2nd chlorination of a

nhenol nucleus. From the results of exneriments carried out



upon the action of HOCl on &lycol 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
calculation was based upon the assumption thzt only one
mole of HOC1l per 800 gm. of Lignin is actually absorbed

in chlorinating the phenol nucleus.
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Review of Properties of Hypochlorites

Review of the Properties of agueous Chlorine and

Hypochlorite solutions.

A thorough understanding of the equlibrium relationships
existing in aqueous solutions containing c¢hlorine, hypochlorous
acid, and hypochlorite 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 physico-chemical
relationships in this field has been recently published by
Opfermann (5%) and this is discussed, in part, in the following

pages.

a) Chlorine Water.

A yellowish-green liquid, possessing a strong odour, is
formed when chlorine is dissolved in water. The maximum
solubility occurs at 9 - 10°C and is explained by the
formation of a sparingly soluble hydrate Cl,.8H;0. Hydrolysis

of the chlorine also takes place according to the equation:

HCl + HC1O0

012 + Heo
and this, as shown, is reversible and obeys the mass law. A

true definition of this equlibrium must therefore take into
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-aceount the ions of the highly-dissociated HCl so that the

reaction is better expressed as;

Clo + HpO ~ HY + C17 + HCIO

-

According to Jakowkin (59) this hydrolysis is
independent of the vresence of light; it proceeds slowly and
reaches equlibrium only after 4€ hrs. at 25°C.

In the presence of light a sec¢ondary reaction occurs
whereby the hypochlorous acid decomposes according to the
equation;

HC10 ——— HC1 + O
The nascent oxygen acts upon the remaining hypochlorous acid
forming chloric acid, so that the ultimate products are

HC1l and HGlOB.

The hydrolysis reaction is endothermic, hypochliorous acid

formation (together with that of HCl) being favoured by
higher temperatures. The following Table ( II ), prepared
by Jakowkin,shows the effect of increasing temperatures and
indicates that the increase in hydrolysis is greatest between
35 - U40°c,

Table I1

Variation of the Chlorine Hydrolysis

Constant with Temperature.

To¢ k x 104  Tog x x 10%  req k x 10%

0 1.45 25 4. gl 50 g.51

5 1.96 30 5-65 55 9.12
10 2.5% 38 ?.%3 go X 9.75
15 .2 . .4 10.
20 3.06 b5 7.82 ’ 73



Increased dilution also increases the ratio of the
hydrolysed to the total madlecules present. Table III gives
the results of determinations made at two different
temperatures by Jakowkin,

Table II]

Degree of Hydrolysis with increasing

dilution at different temperatures.

V = dilution, expressed as the number of litres
dissolving one mole of chlorine.
x = degree of hydrolysis.

o°c V= 16.2 23.47 43,43 99.0
x= 0.309 0.3%81 0.518 0.732
25°C V= 11.74 23.38 43,22 91.84
x = 0.345 3.?00 0.666 0.845

The equilibrium, sincs it obeys the mass law, is of
course shifted to the left by addenda capable of increasing
the concentration of the hydrolysis products. The concentration
of HC10 is thus reduced by the addition of C1™ ion or of

strong acids, and especially by HCl.

b) Hypochlorous Acid.

Hypochlorous acid is known only in aqueous solution or
in the form of its salts and esters. At elevated temperatures
it ie volatile with steam and can therefore be obtained as a
pure aqueous solution by distillation of decomposed

hyoochlorites. (The distillation of the anhydride, 0120, may



occur 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 HNO3 or HOIOB. According to many
workers this oxidizing action depends upon its ready
decomposition into hydrochloric acid and free oxygen,

HC10 >- HC1 + O

The liberated oxygen reacts with organic¢ or other
oxidizable substances present,or is evolved as such.

Goldschmidt (60) considers that hypochlorous acid,
besides undergoing electrolydic dissociation in aqueous

solution, may also exist in equlibrium with its anhydride 0120,

2 HC10 = = (1,0 + H0
This same phenomenon is shown by carbonic, 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.

HC10 + HCl = ~ Hpo0 + Olp
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Equlibrium conditions must, however, be reached eventually
unless chlorine is removed in some manner. This is actually
the case, in that the chlorine reacts with further quantities
of hypochlorous acid to give chloric acid and an additional

amount of hydrochloric acid as shown in the following equation;

2 Clo + HC10 + Ho0 ~ HC103 + HHC1
The HCl1l 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 HC1l and
HGlOB.

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 HC10 — NaCl03 + 3 HpO + 3 Clp
The chlorine set free oxidizes further quantities of
hypochlorous acid and is itself reduced to HC1. The stability
of hyvochlorous acid solutions is therefore decreased by the

addition of chlorides.

d) Electrolydic dissociation of Hypochlorous acid.

All acids in aqueous solution possess the property of

dissociating into anions and positively charged hydrogen ions,



the strength of the acid being directly proportional to the
degree of electrolytic dissociation. In the case of
hypochlorous acid, two types of dissociation must be

distinguished, namely;

(i) HC10 = ~ Hg* + C10”

and (ii) HC10 = = OH~ + oO1t
The latter is so slight as to have no measurable effect and
can therefore be neglected. (Several authors maintain that
the second dissociation cannot possibly occur since it
requires a positive chlorine ion)

The ionic dissociation into H' and 10~ is a reversible
reaction which is decreased by the addition of acids or Cl1l0~
ion, and of course is subject to the law of mass action;

¢ - (H)(c107)
(HC10)

The dissociation constant K has been repeatedly
determined and a Table ( IV ) of the results of various

investigators is given below;

Table IV

Dissociation Constants of Hvpochlorous Acid
ToC K x 1072 Author

1 . Sand 51)
1; %.g7 Giordani 28@)
1% 3.7 Davidson (63)
20 Yorston %2 ;
25 1.0 Soper

25 b4 Abel (62)
30 5.1 Giordani (62)
70 9.35 Sand (61)



The value 4.4 x 10"8, calculated by Abel from Giordani's
results appears to be the most accurate.

The constant K regulates the concentration of the
interacting components and at a given temperature is
applicable for all dilutions. The degree of dissociation
however, increases with increasing dilution and is defined

by the expression;

amount dissociated
total amount

a = degree of dissociation =

For weak acids, such as HC1lO, this relationship is

governed by Ostwald's dilution law;

L = KxV where K = dissociation
l - a constant.
A dilution in litres
in which one mole
is dissolved.

The degree of dissociation can therefor be calculated
for any dilution. In N/10 solution HC1O is only 0-03%
dissociated as compared with oxalic acid, 50%; acetic acid 1.3%%.

It is well known that in the neutralization of a
mixture of acids the strongest is first neutralized, and
then followed in turn by those progressively weaker. The
solution beccmes less acidic in character 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 concentration and acidity and is a measure of the strength



of the acid in question.

For hypochlorous acid pK = 7.4 as compared with L.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 = # pK - % log ¢. where ¢ = acid concentration
In the case of hypochlorous acid,

4.2 in 0.1N solution
4.7 in 0.01N solution,

pH

e) Hydrolysis of Hypochlorites.

Like all salts of weak acids, the hypochlorites in
aqueous solution undergo a partial hydrolysis into free acid

and free base;

NaClO-+H20 — = NaOH+ HC1O0

Both alkali and hypochlorite can be regarded as completely
dissociated in aqueous solution so that the equation can be

written; + _ ]
Na + OH + HC1O0

Nat + C€10T + Hx0

which can be simplified to;

€10 + Hp0 ==—== OH + HC10
as representing the exact expression for the hydrolysis of
hypochlorites. Their solutions contain more OH ions than
water and thereforereact alkaline. The addition of alkali

increasing the OH concentration reduces the concentration of
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free HC10.
The hydrolysis equlibrium constant is given by the

equation, -
(HC10) (OH™)
(c107)

Khydr. =

The values obtained for K by different workers are

shown in Table V.

Table V.
Hydrolysis Constant of Hypochlorites
ToC Kpygr.x 1071 Author
25 2.7 Abel 266)
25 10. Soper 65)
30 3.3 Giordeni (62§
30 11.2 Giordani (62

The constant increases with temperature, the coefficient
being 1.76 according to Abel, (66).
Increasing dilution also increases the hydrolysis as

found by Michaelis (67), Table VI.

Table VI.
Hydrolysis of Hypochlorites with increasing
Dilution.
Normality Degree of Hydrolysis
1 0.001
0.1 0.0032
0.01 0.01
0.001 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 + 4pK + 4log C, where C = concentration.



«nlg -

table ¥il

pH values of Hyvochlorite solutions
with increasing dilution.

Normality pH
i 1Lt
0.3 10.5
U.015 10,0
0.001 9.5

f) Equilibrium relationships existing in aqueous solutions of

Hypochlorous ac¢id, Hypochlorite ion, and free Chlorine.

The equilibrium relationships existing in agueous solutions
of chlorine and its oxygenated derivatives as the acidity of
the medium is varied over the pH scale can now be discussed.
Davidson (63) and Yorston (64) have carried out
potentiometric titrations of hypochlorous acid with the aid of
the glass electrode and a reproduction of the curve representing

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

' soof.

400F

3001

EMF, Mg_uvat_rs
o
°©
_'_

S
-

10 15 20 25
CC. A5 HYDROCHLORIC ACID

Elc i




- 50 -

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 HC1l 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 HC1l0 due to the hydrolysis of NaClO0. Further
addition of HC1l results in the formation of HC1lO (the weaker
acid) from its sodium salt. DBetween pH 9 - 6 the acidity
changes slowly, due to buffering action, and the pH of any
desired point can be accurately calculated from the Oemen
equation;

salt
residual acid

pH = pK + 1log

The rapid fall from pH 6 - 4 indicates the complete
transformation of the hyoochlorite into NaCl and HC1O.
Further addition of HCl, corresponding to the lower flat
portion of the curve, causes the reversal of the chlorine
hydrolysis equation with consequent production of free
chlorine.

The hypochlorite solution thus has a fundamentally
different composition according to its acidity. The relative
composition of a hypochlorite solution which is 0.034 N
with respect to available chlorine is given in the following
Table by Bergavist.(63). The dissociation constant of

hypochlorous acid at 25°C as found by Sand (61), and
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Jakowkin's (59) constant for chlorine water hydrolysis were

used for the calculation.

Table VIII

Relative composition of a Hypochlorite
solution at different pH values. T = 25°C.

pH HC10:C10~ 012:H010
1 2.3 x 105 30
2 2.3 x 10 1

Z 2.3 x 10 0.09

2.3 x 103 0-009

5 2.3 x 10° 0.0009
6 2.3 x 10
7 2.3 .

g 2.3 x 10~
9 2.3 x 107¢

10 2.3 x 1077

11 2.3 x 107

12 2.% x 1072

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);

HC10 + 2 KI + HpSOy —— KoSOy + Hp0 + HCL + Ip
Cl, + 2 KI + HoS0y HpSOy + 2KC1 + Io
2 Nap8503 + Io ——— NapoSy0g + 2 Nal

Cne mole of thiosulphate is required by the iodine
liberated either from one mole of hypochlorous acid or one
mole of chlorine. Th= available chlorine is the same in

both cases although HCLO 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 react in this ratio only when the pH of the reaction

medium is controlled.

h) Spontaneous decomposition of Hypochlorite solutions.

Hypochlorous acid 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 HC1
the existing.equlibrium 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 HC10 the more rapidly this change occurs.

In ac¢id 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 HC1lO 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 HC1l0 decreases as the

result of the formation of free chlorine and chlorate, thus;
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1l + 6 HCl0 — 0103 + Clp + 3 HyO

Acidification, addition of COp, or an increase in the
temperature promotes the spontaneous decomposition since each
tends to increase the HC1l0 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 chlorate formation being proportional to the fourth
power of the hypochlorous acid concentration. The stabilizing
effect of free alkali is thus explained in that the hydrolysis
of the sodium hypochlorite is depressed, thus decreasing the
concentration of HC1O. 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;

HC10 + €100 ——— 5107 + HY + 017

Prutton and Maron (71) investigated the decomposition
of hypobromite solutions between pH 6.4 - 7.8 and concluded
that the rate of decomposition is a third order reaction with
respect to the hypobromite concentration and first order with

respect to the hydroxyl ion concentration.



ieview of the Development of the Glass Electrode

The present investigation has been made possible bv
the recent development of the glass €lectrode as a dependable
piece of avozratus for the determination of Hydrogen-ion con-
centration. The author, although not concerned in this
research with the further development of the electrode excent
perhaps for the design of certain supplementary aoparatus and
equivment, 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 membrane could give rise to potentials that were a
function of the Hydrogen—ion concentration of an aqueous
solution in which it dips, has been exhaustively investigated.
The shape of the glass membrane as used by Haber and
Klemensiewicz (41) has been found to be the most satisfactory
although other types have been proposed by Mrs. Kerridge (42),
MacInnes and Dole (U43), MacInnes and Belcher (L4U4).

Investigations have been carried out by MacInnes and
Dole (U45) to determine the most satisfactory glass composition.
Kahler and De#lds (M6) have investigated the various characteris-
tics of several tyoes of glass. The most suitable glass for

the construction of the electrodes has the composition,



8105 = 72%, Nay0 = 22%, Ca0 = 6%. (This is the composition
of 015 Corning glass).

The theoretical basis underlying the function of the
glass électrode has been the subject of much discuseion,
the various investigators developing their own interpreta-
tions. These theories may be roughly divided into grouovs:
(a) The phase boundary theories of Haber (41), Gross and
Halpern (47), and Hughes (U4g); (b) The ion adsorption
or "ion exchange" theories of Horovitz (49), Schiller (50)
énd‘Lengyel (51); (¢) The membrane or diffusion potential
theories of Cremer (U40), Michaelis (52) and Guittner (53):
(d) The thermodynamical considerations of Dole (54), and
(e)’the glases reservoir of constant hydrog=sn-ion sctivity

by MacInnes =nd Belcher (~R).
| The operation of the electrode is rel=atively simnle.
In contact with a reference electrode of known e.m.f. it
dips into » solution of unknown hydrogen-ion concentration.
The latter is connected through a licuid junction t0 8
sacond reference electrode. The potential set uo =2cross
the two reference electrodes is erual to the sum of th-=t

of each reference electrode,plus the asymmetric potential

of the glass,and olus the glass votential due to the un¥nown
hydrogen—ion concentration. The potential of the two

reference electrodes is known, the 2symmetry potentisl



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
concentration follows the regular gas law equation as used

for the hydrogen electrode so that the pH of the unknown

E

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

solution is given by the expression pH = , where
The dependability of the glass electrode has been
investigated by Kahler 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 DPH = 1 to 10.5. Above pH = 10.5 it is still
dependable for hydrogen-ion concentration if used in a
solution of known metallic ion concentration, Nat, k¥, Li%, etc.
and previously calibrated therefor-. Horovitz has investigated
thie phase and concludes that in very low hydrogen-ion
concentration the electrode functions for any positive ion.
The glass electrode serves as & very convenient
apparatus for the measurement of hydrogen-ion concentration
between the limits pH = 1 and 10.5. Its accuracy,
provided it has been standardized in buffer solutions, is

limited only by the accuracy with which these buffers have



been standardized. It functions not only in cclored and
turbid soluticns, but also in oxidizing, reducing, and in
very weakly buffered solutiong where other electrodes either
function voorly or fail entirely. The electrode is however
very fragile (glass approximately 1 micron thick). Because
of its very high resistance (2 - 100 megohms) the currents
set up are extremely minute and difficult of reoroducible
méasurement. The recent construction of gu=rded potentio-
meters used with sensitive galvanometers, or, of well shielded
vacuum tube circuits when inexpensive galvanometers may be
used, have largely overcome these difficulties. MacInnes
and others mentioned above have slso used with success the

Compton Electrometer =s a current indicator.
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DISCUSSION OF RESULTS

. Purification and Properties of Alkali Lignin.

The isolation of lignin from woody products, by any of
the known methods, is open to the criticism 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 ohtained. Lignin products,
isolated by the different methods can then be compared with
each other, and, in the final elucidation of the problem the
changes brought about by isolation can be determined. In the
absence 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 certain
general physical properties, such as solubility, melting-point

etc., are in fair agreement, the values for methoxyl, carbon
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and hydrogen show marked differences. This lack of agreement
is undoubtedly due to,
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, based uvon 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 (1%) was chosen as the
most satisfactory procedure for the isolation of alkali lignin.
In this vprocess, finely ground spruce wood, previously
extracted with benzene-alcohol in order to remove resins etec.,
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 precipnitated. The latter was freed from the mother liquor
by centrifuging, filtering and washing, and then dissolved as
a moist precivitate in dioxan, the solution being freed from

moisture by successive distillation with absolute dioxan,Table X.
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A sample of the crude product, isolated from the dioxan
gsolution by slowly dropping the latter into stirred ether,
separating and washing the precipitate, gave on analysis
1%, 744 OCHz, c¢.f. Table XII A.  The analysis recorded by

Marshall for his crude product was 13%.48% OCHB.

b) Purification of Alkali Lignin.

The use of anhydrous solvents and precipitants for the
vpurification of alkali lignin was first introduced by Marshall.
This worker separated alkali lignin into two fractions (A4) and
(B) by drooping a dioxan solution of the crude lignin into
excess of well-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 soluble fraction (3). The
two fractions gave slightly different enalyses (Table XVI) and
mere assumed to Depresent individual homogeneous compounds.
Marshall also noted in connection with this method of
purification that a small quantity (C) of the (A) fraction
remained as a residue when the product was dissolved in dioxan
orior to further opurification. The present investigation has
shown that this substance (C) ie an impurity which cannot be
completely removed from the (4) fraction by the above
opurification procedure.

A new method of purification, using the same solvent,
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{@ioxan) and precipitant, (ether) based on fundamental
fractionation principles was developed in the present research.
The experimental details are described later and the results,
given in Tables XI, XII A, XII B, are reoresented graphically
in Fig. V. Ether is slowly dropped into a dioxan solution
of the crude lignin whereuvnon a orecipitate forms which, when
isolated, is found to be irsoluble ir 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 sepvarated from
the solution. The former amounts to 15 - 20% of the purified
alkali lignin and is completely precipitated in ether-dioxan
solution 40:60, while in the same mixture only 20% of the
alkali lignin is precipitated, Fig. V. After removal of the
impurity (C) the fractions of purified alkali lignin,
precipitated in any given ether-dioxan mixture, 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 nrecipnitations
such as were verformed by Marshall would lead to a complete
removal of this imopurity (C). However, since alkali ligznin
nossesses a graded solubility in dioxan-ether mixtures,

purification by this method must stop after the removal of the



- 62 ~

fraction soluble in the dioxan-ether solution of the specific
ratio employed. The presence of the impurity (C) in Marshall's
alkali lignin, fraction (4), probably explains the slightly
lower methoxyl content (14.9) obtained by him as compared with
that of the author's purified material (15.2%).

The properties of the purified alkali lignin are similar
to those recorded by Marshall, Dorfe 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 onstroleum base solvents.

Purified alkali lignin, as isolated, is not permanently
stable in alkaline solution but slowly decomposes,resulting in
a decrease in yield and in methoxyl, carbon and hydrogen values,
and consequently (by difference) an increase in oxygen content.
This decomposition onrobably takes place as a result of a slow
oxidation, a change which would seem to justify the conclusion
that the alkali lignin producte 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 revorted for alkali lignin
is usually a constant within the limits of experimental error.

The mechanism of this oxidation is at oresent unknown although
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the data obtained in the present investigation indicate that
loss of methoxyl *accomvanies "the sxidation.

The analysis of purified alkali lignin and a comparison
with that found by other investigators is shown in Table IX.
On the basis of ilarshall'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 authored purified product might

lead to a simplificatiocn of same.

Table IX

Anzlysig of Alkali Lignin

Equiv.

Lignin. Formula c% H% OCHB% ratio  Author
C/H
Straw ChoHUYO15 62.1 5.4 14,3 1%3.7 Beckmann and
63.0 5.% 15.8 12.9  co. (11)
Flax shive CycHygO16 64.0 5.7 14,7 13.4 Powell and

Whittaker (13)

Spruce wood CooHonOg 67.4 5.6  17.4 14.2  Doree and (16)
Barton-Wright

Corn cob CuyoHuyO1g 62.8 5.7 12.0 13.1 Phillips (21)
Spruce wood  Cg7H 102 5.7 149 13.5  Marehall (18)
Clgg 107%? 5. 4 14 13. 3 Marshall ( 18)

Spruce wood CgiH700 5 66.1 5.8 15.2 13.6 TWhite
Lignin after 3 months — 6AL.7 5.6 14.8 13.7 White
in alkaline solution

It has been observed, generally, that alkali lignin is

soluble in aqueous solutions containing OH ion but no statement



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 quantitatively and the pH value at which
alkali lignin flocculstes determined, This information, in
its quantitative aspect, is of considerable importance in the
practical application of the results to the bleaching of pulp.

The dark=brown to black-colored solution of alkali lignin
changes slowly to a light reddish color on the gradual addition
of acid, the resulting increase in hydrogen-ion concentration
finally causing the lignin to precioitate. The details are
given in the Experimental Part (5) and the results (Tables
XXVIII, XXIX) are represented graphically in Figs. XVII and XVIII,
respectively.

The change in color takes place over a considerable
range of hydrogen-ion concentration, namely, pH 10 - 5, and
is probably due to the formation of the less highly-colored ,
or colorlessyundissociated form of the lignin, R-0OH, from its
colored, dissociated sodium salt R-0 + Na . A further
increase in the hydrogen-ion concentration to pH 4.2 causes
the undissociated lignin to flocculate and orecipitate from the
solution. It is evident therefore that while alkali lignin is
soluble in aqueous solutions containing Na' ion having a pH

greater than 4.2 it will be precipitated in more acid media

(pH lower than 4.2).



. 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 "available
chlorine" in media of different hydrogen-ion concentration.

The equlibrium relationships of chlorine, hypochlorous acid
and hypochlorite ion in agqueous 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
practical 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 (35) 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



medium was overlooked in his discussion of the results
relating to the mechanism 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
coueous solution containing a known quantity of "availanle
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 acid 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
of"available chlorine'solutioné 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
was therefore assumed to be ample for complete readtion in the
main series of experiments.

The lignin reaction product was precipitated from the
solution with HCl and isolated by a procedure similar to that

used for the isolation of alkali lignin. Since the present



investigation wss concerned only with the changes 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 verformed 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 comvaring the methoxyl and halogen analysis of the
resulting oroduct with the amount of "available chlorine"
consumed in the experiment.
. Various series of experiments were conducted in this
manner at pH 2, 4, 5, 6, 7, &, 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 concentration over the pH scale from 2 - 10.
The results obtained are given in Tables XVII to XXIV
and are represented graphicallv for the reaction at pH 2, U,
6, &, and 10, in Figs. XI toXV. A graphical representation

is not given for the reasction at pH = 5 2rd 7 since the result

mn

only supvlement those obtained at pH = U, 6, and %.

a) Discussion of the action of " available chlorine" solutions

uvon alkali lignin based on the grevhical representations

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 "available 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 = 10,(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 redquired to produce even a small change in the methoxyl
content of the isdlated product. The introduction of
chlorine into the lignin molecule has in the meantime reached
a constant value at 2.6 - 2.%%. The latter result would
seem to shop,

a) the structure of the isolated product has
not undergone drastic change other than is
occasioned by the loss of methoxyl, and,

b) 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.



The latter conclusion cannot, however, be entirely correct
because the yield of product isolated continually decreasss,
indicating that the increased consumption of reactant is due to
the formation of acid-soluble products from the lignin and its
probable interaction with same.

In less alkaline solutions, pH = 8, (Fig. XIV.), the
active agents are hypochlorous acid and hypochlorite ion and a
larger proportion of the reactant added is consumed in the
de-methylation and chlorination reactions as compared with the
reaction in media of pH 10. The reaction also proceeds farther
than with the latter and there is less tendency for the amount
of chlorine introduced to reach any constant 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
compoesition of the reactant is constant, 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 (1%) conclusions
alkali lignin contains six methoxyl groups, it is of interest to
mention that the point of inflection in the methoxyl curve, (Fig.
XII1), 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 8 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 corresvonding 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 methoxyl groups can now be
extended to include the removal of the two additional less
stable grouvs 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 4 is
still largely represented by hypochlorous acid although
molecular chlorine begins to appear in consequence of a
reversal of the chlorine hydrolysis equation,

HC10 + HY + o01-

Cl, + H50
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 4 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 "availsble chlorine" solutions of pH 2 (Fig. XI)
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the maximum effect is found as regards methoxyl removal and
chlorine introduction. The change in methoxyl and chlorine
content of the isolated product follows the consumption of
reactant in a regular manner and in the case of the former
tends toward a constant value at approximately L4.5%. 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 alkzali
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 structuresof the latter probably bear little
resemblance to the original lignin structure and were not

investigated.

The effect of an increase in the concentration of
chloride ion upon the reaction, in consequence of a reversal

of the chlorine hydrolysis eQuation,

Cl, + Ho0 s =~ HC10 + HY + cC1”
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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 guantities of reactant are added. However,
the results are almost within the limit of experimental error
when duvlicate éxperiments are performed and sufficient data

were not obtained to permit of drawing definite conclusions.

b) Relationship between the de-methylation and chlorination

reactions which result when alkali lignin is treated with

Wavailable chlorine! solutions..

The relationship between the amount of methoxyl lost by,
and the amount of chlorine introduced into, the lignin molecule
by the action of "available 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 , wmas calculated in

chlorine introduced
the following manner;

—%gl X 1000 milliequivalents of chlorine
35.5 100 introduced per gm. lignin. (1)

i

%0CHz, __ 100
100 - %01

= % OCH; on chlorine free basis  (II)

15.20 % OCHz of original lignin (I11)

(11I) - (11) = % OCHz lost in the reaction (1v)
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{IV) % 1000 - pj11jequivalents OCHz lost in
31.0 100 the reaction per gm. of lignin. (V)
) = equivalent ratio.

(1)

Reference to Fig. III shows that no constancy in the
equivalent ratio is obtained as increasing amounts of reactant
are used in solutions of pH 10. The equivalent ratio (léss
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 however a marked degree of constancy in the
equivalent ratio is observalle. 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 addition of larger quantities of reactant
results in the removal of methoxyl and the introduction of
chlorine at a practically constant ratio slightly greater than
unity. The reaction at pH 5, where the composition of the
reactant is almost entirely represented by hypochlorous acid
aporoximates still more closely the 1:1 ratio of "methoxyl lost"
to "chlorine introduced!.

In solutions of oH 2 the equivalent ratio never attains
the value of unity. The amount of chlorine introduced into

the molecule is always considerably in excess of the quantity



of methoxyl lost. It is to be assumed therefore, that in
addition to the de-methylation and simultaneous chlorination,
some secondary reaction, érobably 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 place after the loss of

methoxyl has ceased.

The results of experiments performed at pH 4, 5, 7, and &,
supplement the data presented in Fig. III1; the change in
equivalent ratio for the reaction at pH & 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 guantities 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 iteelf, leading in the latter case to
completely acid-soluble products.

The guantity of reagent required to effect the
introduction of an 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
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equation, consequent upon increasing pH,

Cl, + Hp0 ==——=== HC10 + H' + C1°
b) removal of hypochlorous acid by the formation

of sodium hypochlorite,

HCLO + ©NaOH > NaCl0 <+ Hg20
c) removal of the introduced chlorine atoms in
the alkaline reaction medium.
(the significance of (b) will be discussed later)
Fig. IV. can be considered therefore as supplementary
to Fig. III in that it explains the changes in the equivalent

ratio as the pH of the medium varies.

3. Methylation of the products obtained after interaction of

Havailable chlorine" solutions with lignin.

The results of previous investigators ar=2 not in
agreement regarding the poesibility of methylation of the
products resulting from the action of "available chlorine"
solutions upon lignin.

Harris, Sherrard and Mitchell (23), whose work was dis-
cussed previously (pg. 26), treated Klason lignin (70% HpSOy
method) with a solution of chlorine in carbon tetrachloride
and found that the resulting product could not be methylated
with dimethyl sulphate and alkali. They concluded that the
reaction of lignin with chlorine had resulted in the loss of
hydroxyl groups.

Friedrich and Pelikan (28) on the other hand treated &
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lignin (isolated fror wood meal by the action of HOl in:
glacial acetic acid) with bromine in the same solvent and
found that the reaction product 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 calorine" at pH 10 were methylated with
dimethyl sulphate and alkali 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 thies 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 case to &9% and in the second to 887 .
The following conclusions appear to be well founded;
a) The structure of the reaction product from the
inter-action of "available chlorine" with lignin at pH10
cannot be markedly different from that of the

original lignin.(excent for methoxyl groups lost)



b) The removal of methoxyl groups cannot give rise
to the formation of hydroxyl groups or any
structure susceptible to methylation with
dimethyl sulphate in alkaline solution.

These experimental results are in disagreement with
the reaction mechanism prooosed by Friedrich 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
thst while alkali lignin and the product from Exp. Fo. 22 ¢
became alkali insoluble upon methylation, the methylated
product from Exp. No. 26 ®° was alkali 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. Since the
fully methylat=1 derivative (dimethyl sulvphate and alkali)
of the reaction product from Exp. No. 26 was alkali soluble
the action of "available chlorine"solution had, in this case,
orobably 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.

® Exp. No. 22 - 1k4.2 millieguivalents "available chlorine"used.
Product - 12.3% OCH3, 3.3% Cl.
®°fFyp. No. 26 - 29.8 milliequivalents "available chlorine"used.

Product - 10.0% OCH3, 2.7% C1.
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4. Dehalogenation of the products resulting from the

action 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.

(22)(23)(14)(28).

In the present investigation no such rigid classification
of introduced chlorine atoms was indicated.

It was found,however,that the chlorine atoms could be
removed from the chloro-lignins by treatment with zinc dust
and alkali at 100°C, 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, remeins practically constant.
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THEORETICAL DISCUSSION

1. Action of "available chlorine" solutions upon Lignin.

A complete discussion of the action of "availabls chlorine"
solutions on 1lignin 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
dicussed in a previous chapter. In alkaline solution the
active agent is hypnochlorite ion; in acid media molecular
chlorine is present, and in the range of acidity bordering
upon the neutral point hypochlorous acid exists, for »ractical
purposes, as the only active agent. The available literature
concerning the reactions of these compounds in agueous solution
indicates a lack of specificity in reactions 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
are formed from such relatively simple substances as ethylene

and related compounds is still a matter of uncertainty.
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The exnerimental results, presented in another chapter
show that the action of "available chlorind solutions upon
lignin results in a decrease in the methoxyl content 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 tyve, brought about by the
action of aqueous "available'chlorine" solutions on compounds
of known structure has not been previously observed?.

It is known,however.that the alkoxy groups of the stable
aromatic aﬁd 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
and enolic ethers are known to be considerably less stable in
character, both being readily hydrolysed in acidic media but
stable in alkaline solution.

In the oresent investigztion it was found that the
de-methylation reaction was attended by one of chlorination,so

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

In this connection Jacobsen (6) found that ethyl ether is
attacked by hypochlorous acid, the first change 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
crotonic acig??gggga-hydro benzene, 3 methoxy kojic acid,
3 methoxy, 5,7,3'4! tetra hydroxy flavinol (quercetin), failed
to reveal any information relating to the removal of the enolic
ether group by either halogens or hyvochlorites
In soite 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 oproblem. The results obtained in the present
investigation 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 agueous
"available chlorine" solutions, Tables XVII-XXIV
Figs. XI - XV.
¢) 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. III.
d) Large quantities of HCl are formed in the reaction
since NaOH solution must be continually added to the

mixture to maintain constant pZ, (Experimental Part 2).



e) The structure of the de-methylated and chlorinated
1ig§§n gﬁég closely resemble that of the original
lignin; This conclusion is based not only on the
fact that the chlorine analysis of the products
isolated from the reaction at oH 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 reaction 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 derivstive is alkali

soluble, Table XXV. and Exverimental 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, Belz and Niemann (36) treated lignin
(isolsated by alternate treatment of wood with Schweitzer's
reagent and dilute H,SOy) 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 methoxyl was associated with quinone

formation, (Fg. 33). Their conclusions, however, assume the
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presence of molecular chlorine as the active agent and this
is only present 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 appears uncertain.
In strongly acid solutions molecular chlorine can be considered
as the active agent and substitution in the lignin molecule
oprobably occurs. The nresent investigation has shown that
the equivalent ratio of methoxyl lost, to chlorine introduced,
is always less than unity in such media, indicating that more
chlorine has been introduced into the lignin than is
represented by the amount of methoxyl removed.

Harris? Sherrard and Mitchell (23%) treated Klason lignin
(70% HoSOy method) with chlorine both in agueous 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 Jacobsen (6) in the case of
diethyl ether. Their work in anhydrous media led them to
conclude that the enolic 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
HC1 and acetic acid), observed by Friedrich and Diwald (27),
was later investigated by Friedrich and Pelikan (2%).

An exhaustive examination of the products of the reaction
failed to reveal the presence of GHBBr or related compounds
and they therefore concluded that a molecular rearrangement
had taken vpnlace resulting in the formation of hydroxyl grouvs.
As evidence in favour of this assumption they found the
brominated vroduct could be methylated and the methoxyl content
of the fully methylated derivative, calculated on & bromine
free basis, was only slightly less 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 enolic type are
present in the lignin molecule and that their removal is
brought about by a primary addition of chlorine or hypochlorous
acid (Fig. III) 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



- 88 -

component of "available 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
ravid chlorination of the lignin which occurs, appears to be
very doubtful. The alternative assumption, that chlorination
is effected by hypochlorous acid, is also oven to the criticism
that addition of OH' and Cl' as such to the ethylenic linkage
involves the assumption of a nositively 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-vorkers, (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-halids to halo-hydrin is determined by

the relative velocities of the two reactions;

Cls + Ho0 = — HC10 + H + Cl
+ +
ethylene et?ylene
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

il
-+ -
+ Hy0 = = HC10 + H + C1l === NaCl0 + H0
Cla 2 NaOH e
+ + +
ligngg\\\\\\\\\\\\\\‘n lignin lignin
substitution of chlorination by oxidation of the
hydrogen by addition to the lignin to give
chlorine in the C £ C linkage acid soluble
lignin molecule. and subsequent products
elimination of
methoxyl.

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 Y4), Fig. III. In less acidic media, pH 4 - 6, where
the "available chlorine" solution is largely composed of
hyoochlorous acid, the substitution reaction is suoppressed and
the equivalent ratio approximates unity, Fig. III. As the
reaction medium becomes more alkaline, pH 6 - 10, the

concentration of hyvochlorous 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-socluble
vroducts. 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 agzinst the ossibility of hypohalous
acid addition to the ethylenic linkage. The question has
received the attention of numerous investigators over a period
of years anid 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",

. Nature of the methoxyl grouvs which are left unattacked by

the action of "available chlorine" solutions upon lignin.

The results of the present investigation have shomwn that
the methoxyl groups in lignin are of two different types,
namely, two-thirds are removable by the action of "available
chlorine" SOIutions, while the remaining one-third are

resistant to the action of this reagent. The latter
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presumably are attached to an aromatic ring, or rings, the
oresence of thies nucleus in the lignin molecule having been

shown recently by Hibbert and Tomlinson (5).

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 and in
certain Qualitative chemical reactions to lignin.

The phlobatannins are related to the natural plant
vpigments 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).

¢ O
/\/ \H 0=C
HO-¢ ¢ A C C-CH
I ] Ng—c”/
C G HC-OH '
N/ \/ OH
G CHp
OH ()

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 resvects and Freudenberg has expressed
the view that each phlobatannin is a polymer of that
particular 3 hydroxypolyhydroxyflavan yielding fission
products corresponding to those given by the tannin.

The failure to identify vpositively the phlobatannins
with the 3 hydroxypolyhydroxyflavans led Russell (83) to
assume that in the phlobatannin structure the pyranoid
hydroxyl might be in the 4 rather than in the 3% position.
Attempts to synthesize such derivatives by a simultaneous
reduction and ring closure of 2,4,3! 4! tetra-hydroxy

chalcone (A) resulted in the formation of bis(7,3} 4t tri-

hydroxy) flavpinacol (B).

¢ 0
/N \ C=0<04
d ¢ o C-OH
| \C—O>
c HO-C C HC-H
7\ NVANS
HO—? E-OH ( C ?—OH
C ¢ ”ﬁ ¢ C-CH
N\ /\/"\
¢ ©-CH=CH Ho-ﬁ ? Hf-H oo
1t ] / — i H
0 C ¢ ¢ c C—OH
N\ A/ Ng—o”
- ¢ 0
(&) \g/ (B)
OH

This amorovhous reduction product (B) was quantitatively
indistinguishable from typical natural phlobatannins and

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 grouos. It is »ossible
that part of the lignin molecule may have a structure related
in some way to the groupings present in the phlocbatannins.
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 grouns vpresent in the molecule.
Alkali lignin cannot have a flavoinacol structure, however,
since the oyrone ring is unstable in alkaline solution.
If lignin is in any way related to the phlobatannins alkali
lignin (or a portion of it) would have the configcuration

shown by (72)
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BLEACHING OF WOOD CELLULOSE

The commercial methods for the production 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 oproduct,
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 purification, no degradation of the cellulose
ocecurs. 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 agqueous solutions of chlorine, hypochlorous acid
and its salts, sodium and calcium hypochlorites 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 a2 minimum consumption of "available

1]
chlorine.
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It was assumed initially, based on previous experience
in the bleaching of textile fibers, that hypochlorite solutiocns
could also be used as bleaching agents for wood cellulose.

In the case of "sulphite pulps" calcium hypochlorite was
found to give very satisfactory results but its use for the
bleaching of "kraft" and "soda" 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 color and less degradation of the
cellulose, and a considerable saving in the quantity of
active agent required in the bleaching orocess. Practically
all bleaching overations in current use for alkaline pulps
employ a two stage process, the soluble products from the
first or acid stage being removed by filtration prior to the
addition of the alkaline hyvochlorite solution. The commonly
accepted view-point accounting for the greater success of the
two-stage orocess is that chlorination of the lignin in acid
solution results in the formation of alkali-soluble chloro-
lignins, while in the second or alkaline stage the difficultly
bleachable small residue of lignin and coloring metter is

removed by oxidation. These explanations have been deduced



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 resctions involved.

A recent invention by Tomlinson (&4) is indicative of
the progress made in the develooment of a satisfactory
bleaching process for alkaline pulps. This inventor found
that c¢lean, strong cellulose could be made from various wood
oulps, including those class=d as hard bleaching oulps,without
impairing the strength or other desirable characteristics of
the cellulose fibers. The pul-s are treated successively
wmith aqueous chlorine in the partially hydrolysed state, then
with hypochlorous acid in the absence of HCl, 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 alkzline 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 liguors. The invention claims to
provide a rapid economical process for removing lignin and
other coloring matter from wood pulp.

A still more recent invention by Opfermann and

Feldtmann (85), 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 vre-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 slaowly due to the formation of insoluble
chlorinated lignin products and the excessive amount of free
chlorine, present in thé bath for a prolonged period of time
re2¢cts with the cellulose. According to 0. and F.'s
invention the time of chlorination can be considerably
reduced, without damaging the fibers, by operating in such a
manner that in the same proportion as chlorine enters into
reaction, the chlorinated products formed are dissolved by the
continuous addition of a suitable amount of alkali such that
the pH value of the bath is maintained between pH 6 and pH 9,
oreferably between pH 7.5 and 2.5. A saving of chlorine can
be effected by removing the dissolved chlorinated products by
simultaneously adding water and 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 processes such as, the manufacture of viscomse 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
typve of bleaching.

The opresent investigation was undertaken in order to
obtain fundamental data relating to the bleaching of
alkaline pulps. The action of chlorine and its derivatives
upon the main substance being removed in the bleaching orocess
namely, the lignin, was 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 research conducted relating to the solubility of
lignin in aqueous solutions. The results obtained, together
with graphical representations and discussion, have been
presented in other sections, see "Discussion of Results",
"Theoretical Discussion", '‘Experimental Part"(IV).

In brief, it wzs found that a number of different
reactions occur when lignin is treated with aqueous solutions
of "available chlorine'", and that the varticipation of any
individual reaction is governed by the pH of the reaction
medium, Fig. III. In acid solutions, pH 2 - 4, chlorination
both by substitution and addition occurs, the latter leading
to a loss of methoxyl groups, Figs. III, XI, XII. In less
acidic media, pd 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 acid to an enol ether, ,followed
by the elimination of methoxyl groups, Fig. III, XIII. As the
reacting solution 1s made alkaline, the addition reaction
becomes increasingly diff?cult and large quantities of the reagent
are consumed in an oxidation of the lignin to acid-soluble
products in consequence of the increasing concentration of
hypochlorite ion in the solution, Fig. III, XIV, XV.

The variations in the different types of reaction
taking place (substitution, addition, oxidation) as the controlled
pH of the medium is varied are represented graphically in Fig.III

and can be shown schematically in the following manner;

Increasing pH of the reaction medium,

+ -
Clp + Hp0 ====== HO10 + H + 01 ———= NaOCl + HoC

+ + +

lignin lignin lignin

chlorination by chlorination by oxidation of the

substitution addition followed lignin molecule
by elimination of to acid-soluble
methoxyl groups products.

The consumption of Yavailable chlorine" was found to be-
a function of the pH of the reaction medium as is shown in
Fig. IV, The least quantity of reactant is consumed in acid
solution, and this increases slowly as the pH of the medium is

increased to pH U4 - 6, Further increase in the pH of the
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solution then results in the consumption of large quantities
of reagent required to promote chlorination and de-methylation.
It would therefq;e aopear that bleaching operations when
conducted in the most acidic medium "practically" available
would correspond with a2 minimum consumﬁtion of chlorine.

This conclusion is not justifiable however because the chloro-

/
lignins formed are insoluble in the acid solution and
therefore cannot be removed, and also because the undesired
chlorine substitution reaction is taking olace simultaneously.
The relationshin between alkali lignin solubility and
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 flocculates in media having a lower pH than 4,2
and is thus precipitated from solution. Bleaching operations
cannot therefae be conducted satisfactorily in media more
acidic than pH 4.2 because the insoluble, colored, chlorinated
products formed adhere 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 chloro-lignins.

In this range of acidity the ravid rise in the consumvption 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 poreviously discussed researches of
Birtwell, Clibbens and 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 comparing the chlorine consumvption shown in the
following calculation with that actually found in oractice.

Calcul=tion;

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 based on suitably pH controlleid

bleaching operations.

lignin per ton of pulp = 80 1lbs.
methoxyl content of lignin = 15.2 %
methoxyl removed in bleaching = 10,2 4%
methoxyl removed in bleaching

one ton of oulp = g.15 1bs.

i

0.262 equiv-
alents.
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equivalents of "available
chlorine" required to remove
one equivalent of methoxyl

at pH 5 - 6, Fig. IV (a), (b) = 10 to 11
equivalents of "available
chloriné' required per ton of pulp = 2.6 to 2.9

¢hlorine required per ton of pulp

93 to 102 1bs.

In comparison with this figure the consumption of
chlorine in the usual two-stage process varies between about
110 and 150 1lbs. chlorine per ton depending upon the
characteristics of the unbleached pulp and the degree of

wvhiteness desired in the product.
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EXPERIMENTAL PART

PART I. ISOLATICN AND PURIFICATION OF ALKALI LIGNIN.

In the present investigation, dealing with the action of
chlorine and its derivatives upon lignin, 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 preparation and analysis. However, by
careful control of experimental conditions (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 Dorée and Barton-Wright (16)
and improved by Marshall (18) in these laboratories was adopted
in the present research. A complete, schematic flowsheet for
both the isolation and the purification of alkali lignin has

been included, pgs. 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 & section of the trunk of a mature white spruce
log. The sapwood, cut into 4 inch square blocks, was ground
upon & 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°C.

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 &
Bichner funnel and the de-resinified spruce wood flour dried

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

¢) Removal of Hemi-celluloses and Pentosans.

The hemi-celluloses and pentosans were removed by
stirring the de-resinified spruce wood flour with four
successive portions of 5% caustic soda solution, (method of
Friedrich and Diwald (27). Each extraction was carried out
for %6 hrs. at room temperature under an atmosphere of nitrogen
to prevent oxidation. The liguor to wood flour ratio was 10:1.
The alkaline extract 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
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successively 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°C.

d) Extraction and Isolation of Alkali Lignin.

The alkali lignin was obtained by treatment of the above
extracted wood flohr 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 : 1.0.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°C 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 HC1l. The precipitated alkali lignin was
centrifuged free from the mother liquor, washed with dilute
HC1 (0.01N), reduced to a moist paste by suction on a Blichner
funnel and washed 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 Table XII A,
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Table X

Isolation of Alkali Lignin.

Spruce wood flour

Extract with|alcohol-benzene 1:1

filtrate

—
resins, fats,waxes de-resinified wood flour

extract with 5% NaCH solution
36 Hrs. 25°C. liquor to wood
ratio = 10:1

Dittp # 2

Dittg # 3

hemi-celluloses
and pentosans.

Ditto|# U4

de-resinified, hemi-llulose
and pentosan extracted
wood flour.

heat in autoclave with 5%
NaOH 20" to 172°C. 60" at
172°C. liquor to wood
ratio = 6.4:1.0

cqol
[ 1
Alkaline extract pulp
add HC1l| until acid
filtrate precipitate
I 1
phlobatannins centrifuge and wash with
dil.HC1.
filter on Buchner and wash
with wat?r
| |
filtrate moist paste of

alkali lignin.
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. Purification 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 33:62.

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 gms. The
washings from each of the precipitateswere concentrated to
esmall 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 cc. of well stirred anhydrous
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Table XI

Purification of Alkali Lignin

by Fractional precipitation.

4% solution of alkali lignin
in 1000 cc. dioxan.

l
add 100 cc. ether

!
wash ppt. with add 100 cc. ether
0.2.g. pure dioxan trace |
) N
f -4 L
wash ppt. with add 100 cc. ether
2.8 g. pure dioxan trace l
[ ) !
wash ppt. with add 100 cc. ether

1.8 g. pure dioxan trace |

wash ﬁpt. with add lbO cc. ether

trace. pure dioxan 13 g. |
> —
wash ppt. with add 100 cc. ether
pure dioxan 341 g.

Py

h I
wash ﬂpt. with congcentrate to
pure dioxan 216 g. 500 ce. volume.

add tO}EOOO cc. ether
1
28.0°g. concentrate to

2b cc.lvolume

add to 1000 c¢ ether
3.0 g. ]

dioxan insoluble alkali lignin filtrate
5.4 g, = 14.2% 38 g. = 100% discard.
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Table XII A

Purification of Alkali Lignin by Fractional Precipitation.

Fractionation Analysis
Precipitation ether dioxan insol so0l. mgm, <c¢ce¢.N/20 %
cce. ceC. gms. gme, subs. thio OMe
ether added 0 1000 - - 2%.34 12.55 13,74
to dioxan 1 100 " 0.8 -
solution. 2 100 " 2.8 - 25.98 10.85 10.67
a 100 L 1.8 -
100 " -~ 1.3 24.63 14.50 15.2%
5 100 " - 3.1  26.10 15.51 15.20
6 100 " - 2.6 16.45 9,60 15.06
dioxan added 7 2000 500 - 28.0 15.91 .30 15.15
to ether g 1000 25 - 3.0 ph.3 14,75 1% .1R”

' ¢rude alkali lignin
Average % OMe of alkali lignin fractions - 15.17

Teble XII B

Purification of Alkali Lignin by Fractional Precipitation

ether dioxan % ether % dioxan Insol. %Insol. Sol. %Sol.
ccC. cc. gms. gms .

0 1000 0 100 0 0 0 0
100 L 9 91 0.2 2.1 - -
200 " 17 83 3.6 9.5 - -
280 " 23 77 5.4 14.2 - -

0 " 28 2 5.4 14.2 1.3 3.2
500 " 33 7 5.4 1k.2 4.4 1i.s
600 " 33 62 5.4 1k4.2 7.0 18&.5

2000 500 80 20 5.4 14.2  35.0 92.0
1000 25 97.6 2.4 5.4 14.2  38.0 100.0
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ether. The precipitate was separated, washed, dried and
weighed, and the filtrate concentrated to 25 cc. volume. The
latter was then slowly dropped into 1000 cc. of well stirred
ether and the resulting precipitate separated and weighed.

The filtrate was discarded.

The method of fractionation is shown in Table XI and the
analytical results in Tables XII A and XIIB. In Table XII A
the yields of dioxan-insoluble material, and soluble alkali
lignin obtained from each precipitation, together with the
methoxyl analyses, are given while Table XII B gives the dats
from which the fractionation 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 dioxan-
ether ratio. The percentages were calculated upon the total
yield of purified alkali lignin isolated. The sm&all amount of
material in the filtrate from the final precipitation was neglected.

Preparation of Standard solutions of alkali lignin

The action of chlorine 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 weights of alkali lignin could be
pipetted out for experiment.

The dioxan-soluble fractions obtained by the fractionation



and purification of the crude product, (cf. pg.lO%Lwere mixed
together, weighed, and dissolved in 0.2 N MaOH. 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 NaCH.

The exact amount of alkali lignin (by weight) contained
in a solution was determined in the following manner: An
aliquot portion by weight was diluted with distilled water
and the lignin precipitated with dilute HC1. The precipitate
was centrifuged, washed free of Nat ion, filtered on to a
tared asbestos (Gooch crucible, dried at 100°C 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 was not of
importance since the reacting solution was adjusted with acid
to a pre-determined hydrogen-ion coneentration 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
dedomposition taking place in a typical case is shown in the

following Table (XI1I).



Table XIII

Decomposition of Alkali Lignin in Alkaline solution

Lignin solution - Lignin Analysis

%C %H %Oile
Freshly prepared 66.1 5.8 15.2
After 3 months 64.7 5.6 14.8

During the course of the work several standard solutions
were therefore prepared from purified alkali lignin which had
been kept in dioxan solution. The standardization results

‘for these solutions is given in Table XIV.

Table XIV.

Standard solutions of Alkali Lignin

Solution Standardization Sample for
No. Sample Lignin conce. Experiment

ogms . gms., % gms .

1 10.6 0.266 2.50 0.63

2 10.6 0.266 2.50 0.63

3 10.6 0.128 1.30 0.65

4 10.6 0.1k0 1.%2 0.66

5 10.6 0.13%3 1.25 0.63%

4. Analysis of Alkali Lignin.

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 dieplays 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 fractions, and
isolated in the usual manner, (cf. pg.136) is given in the

following Table XV.

| Table XV
Analysis of Alkali Lignin
- ' , CC.
Analysies Subs.  CO,. H,0 4C %H Subs Th}o. % QMe
N/20

No. 1 0.2407 0.5843 0.1266 66.1 5.83 19.28 11.34 15,20
No. 2 0.2355 0.5709 0.1226 66.1 5.78 25.65 15.00 15.15

The average analyses of Alkali Lignin recorded by

Marshall (18) are shown in Table XVI.

Table XVI

Analysis of Alkali Lignin
according to Marshall (18)

Product %C % H % OMe
Alkali Lignin A 6.75 5.71 15.00

Alkali Lignin B 65.02  5.43  14%.00
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PART II. APPARATUS AND ITS OPERATION

1. The Constant Temperature Cabinet

The measurement of hydrogen-ion concentration is greatly
gimplified when the temperature is maintained at some
constant value, for the following reasons;

(i) The saturated calomel half-cell, a recognized
working standard, can be usedwith 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 healf-cells is avoided.

In the present investigation all reactions of
available chlorine solutions with lignin were carried out
at 25°C in the ccnstant 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
chamber was made through three sliding doors W which had

double glass windows.
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The upper, control section of the cabinet was fitted
with an electric fan which circulated the air, entering at V
from the lower chamber, across the cooling coil R, the heater H
and the calcium chloride tray o The air re-entered the
lower section at V' and passed across the toluene thermo-
regulator T.

The temperature control system used is shown in ¥ig. VI B.
The cooling water, flowing through a 10in. x 10 in. x 4 in.
automobile heater, was measured in the flowmeter M and
regulated by the needle valve C connected to the city main.
Only infrequent settings of the valve C were necessary.
The 200 watt heating coil H was controlled by the toluene
thermo-regulator T through a system of relays. The electrical
connections are shown in Fig. VI C.

By means of this control system the temperature in the
lower section of the cabinet could be maintained at 25°C fQ.2°C.

Typical operating conditions are given below;

Room Temperature - 23%.8°C
Cooling water flow - 160 c¢c.per min.
inlet " - 3.75°C
outlet " - 22.50°¢C
Heater operation - 47 sec. in 60 sec.
Heat dissipated - U465 cal. per min. per 1°C

Temperature difference
between inside and
outside.
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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 covered with galvanized iron and soldered to the
door frame W. The platform 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. The shielding was connected to a common

ground.

2. Apoaratus and Technigue used for the standardization

of the glass electrode.

a) Description of Half-cells

The Saturated XCl - calomel half-cell.

The saturated KCl-calomel half-cell, ig.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. 7724P1,
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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which connection was made to the potentiometer. The cell C
was filled with KC1l solution (sat.at 25°C) and the reserve
supply in the separatory funnel S connected. The arm L of
the ¢cell C was connected either to a Y stopcock 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°C /

is +0.246 volts referred to the normal hydrogen electrode.(75)

The quinhydrone electrode

The Quinhydrone electrode was used either as an inside
electrode for the glass electrode, or, in conjunction 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 123-10-534.
The potential of the quinhydrone electrods,
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-cell, served for the final standardization
of buffer solutions. The hydrogen gas was purified by
passing over platinized asbestos at 300°C (to remove oxygen),

cooled, saturated with water vapour at 25°C and then passed



through the gas channel over the electrode. A gold plate
(5 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 definition, O volts.

The glase electrode

The glass electrode, cf. FPig. VII,was calibrated and
usged in conjunction with the saturated calomel half-cell to
control the hydrogen-ion concentration in the reaction of
available chlorine solutions with lignin. The regular
electrodes supplied by Leeds and iorthrup Co., Cat. No. 7685P1
made of 015 Corning glass, were used with a gquinhydrone
inside electrode. The latter dipped into a 1 pH HC1l 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// 1 pH HC1l/ quinhydrone/ Pt.
is the same as that for the quinhydrone electrode in 1 pH HC1

plus the asymmetric potential of the glass electrode.

b) The Standardization Vessel

The standardization vessel consisted of a short

cylinder sealed to a Y stopcock, c¢f. Fig. VII. The diameter of
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the cylinder was about twice that of the glass electrods bulb
and an overflow tube was provided. The vessel was connected
to the calomel cell by the arm L' of the Y stopcock so that
saturated KC1l could be passed from the separatory funnel S
through the stopcock S', to the waste pipe through the

Y stopcock.

‘e) Buffer solutions and their standardization

A series of buffer solutions, pd 1, 3, 5, 7, and 9,
(Clark and Lubs standards (75), were made up from c.p. compounds
and Ooe-free NaOQH. The pH of these buffers was checked with
the hydrogen and qQuinhydrone 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 black, saturating with hydrogen gas, and
maintained in an atmosphere of hydrogen, was inserted in the
vessel and connections made to the ootentiometear. (7hen
using the hydrogen electrode a Cambridge potentiometer was
nsed). A 1liquid junction was made between the saturated K01
and buffer by turning the Y stopcock in a clockwise direction
-and successively flushing a small Quantity of buffer and then
KC1 to the waste pipe. The separstory 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°C// Buffer/ Ho/ Au
and its e.m.f. balanced potentiometrically.
The balancing potential read in volts on the potentiometer

was transformed into pH units by means of the expression,

pH = #%0.246 + (¥g)
0.0591

A further check on the pH of the buffer solutions,pH 1 - 7,

was obtained by using the quinhydrone electrode in the cell,
Hg/ HgCl/ sat. KC1 at 25°C// Buffer/ quinhydrone/ P%.

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;

oH = 0.453 + (IE)
0.0591

d.) Standardization of the Glass Electrode

The glass electrode was standardized by measuring the

potential of the cell,

sat. KC1l buffer 1 pH ,quin-
Hg/ He0l/ = pieq // "sva. / glass/pg) /hya-/ 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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increases very slowly and can be regarded as constant in
solutions below pH 10.

The correction 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 votentiometric circuit used with the glass electrode.

Fig.VIII1 shows the potentiometric set up used for
measuring glass electrode potentials. The working circuit
of the potentiometer P was operated by two dry-cells in
parallel and was standardized against the standard cell
by depressing key XK; and adjusting rheostat knob R for zero
galvanometer deflection. The unknown e.m.f. of the glass
electrode - calomel cell previously described was then
balanced by depressing key K2 and adjusting the slide-wire
knob S for zero galvanometer deflection. The balancing
potential read in volts on the slide-wire scale S' was
converted, after correction for the glass electrode asymmetry

potential, to pH units by means of the expression;

oH = 0.453 + CE)
0.0591

All instruments were shielded with galvanized iron
which was brought to a common ground.

The electrical circuit shown in Fig.VIiIIis a standard
potentiometer circuit which requires no discussion. The

keys K7 and K, were very well made and shielded.

2
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3. Apparatus used for treating Lignin with "available

chlorine" solutions.

The reaction flask, Fig. IX, was & one-litre three-necked
pyrex flask having & special neck H in which the glass electrode
was inserted. The flask was connected by the arm L of the Y
stopcock to the arm L' of the calomel cell C, Fig. VII. The
reacting components were agitated by the motor driven stirrer S.

The measurement of hydrogen-ion concentration was
conducted exactly as previously described, (cf. pg. 123),

N/5 NaOH was added to the reaction-mixture from the burette B at
8 rate which kept the potentiometric bridge balanced at a
pre-determined e.m.f. corresponding to the desired pH of reaction.

The main change occurs within the first hour.

4, Titration apparatus using the glass electrode and

a Photronic cell.

The color change accompanying changes in the hydrogen-ion
concentration in a solution of alkali lignin, and the pH at which
the lignin flocculates was measured in the apparatus sketched :
in Fig. X.

The apparatus can be regarded as a type of photometer which
measures the amount of light tranemitted form a standard source
through en alkali lignin solution of known concentration and
known hydrogen-ion concentration. The glass container, F,

was a U0OO cc. pyrex beaker with a Y stopcock 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 also contained the
light source é, two lenses L and L', an iris diaphragm D, and
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

a8 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. The variation

should not be greater than 1 %.
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Operation of the apparatus.

A known weight of lignin in approximately N/100 LaOH
solution was added to the beaker and the volume adjusted to
300 cc. The stirrer P, and glass electrode i, were placed
in position and the Y stopcock connected to the calomel cell C
cf. Fig.VI 1. The glass and calomel electrodes were connected
to the votentiometer circuit, c¢f. Fig.VIII, the light source
illuminated, and the stirrer started.

The hydrogen-ion concentration in the titration beaker
was measured by forming a liquid junction in the Y stopcock
and proceeding with the measurement as previously described
cf. pg.12% N/10 HC1l was ~added ' from the burette B.  After
each addition of acid the galvanometer deflection was noted

and the hydrogen-ion concentration measured.
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PART III. 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 Analytical methods to a large
extent. These can be conveniently classified under the
following headings;

1. Method of treating alkali lignin with aqueous
solutions of chlorine and its derivatives.

2. Process of isolating reaction products: including
alkali lignin.

3, Preparation of Hypochlorous acid.

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 confusion.

1. Method of treating alkelil lignin with "available chlorinet"

gsolutions.

The action of chlorine and hypochlorous acid upon alkali
lignin was studied under conditions of controlled hydroépn—ion
concentration. The significance of the hydrolyesis constant

for chlorine and the dissociation constant for hypochlorous
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acid has been discussed previously and the following equations

shown to apply;

Cly + Hy0 = H" + C17 + HC10 (1)

HC10 + NaOH = = NaCl0  + H50 (2)

The dissociation const¥ant for hypochlorous acid (3.7 x
10~8 at 25°C) shows that this acid, formed by the hydrolysis
of chlorine, exists in the undissociated state at about
pH = 4.75 (conc. = N/10) together with only minute quantities
of molecular chlorine and hypochlorite ion. At higher pH
values, brought about by the addition of NaOH, hypochlorite ion
appears, the ratio of hypochlorous acid to hypochlorite ion

being defined by the Oeman equation,

salt- = + H
log sold pKa P
- - 1
where pH Tog T+
1
pKa =
log Ka
Ka = dissociation constant.

In more acidic media, less than pH 4.75, equation (1)
is reversed. Hypochlorous acid, combining with the
hydrochloric acid reacts to form molecular chlorine and water.
The position of the equilibrium in this case is defined both by
the hyd@rogen-ion concentration and that of the chloride ion;--
the slight dissociation of the weak acid, HCl1l0, and of water
being negligible in comparison with that of HCI.



The conditions of reaction for solutions of "available
chlorine" after addition to solutions of alkali lignin are
therefore well defined provided the pH of the medium is
maintained constant and the chloride ion concentration in
solutions more acid than pH 4.75 is known.

The experimental methods used to maintain thesse
conditions can be divided into two classes;

'1. Those in which the pH was directly controlled
with the glass electrode without the addition of
buffer salts. (In this method the only buffering
action was due to the concentration of acid (pH 2)
or alkali (pH 10) added to the solution to maintain
constant pH.)

2. Those in which the pH of the solution was directly
controlled with the glass electrode and to which
buffer salts had been previously added to facilitate
this control.

The technique employed in either case was very similar.
The "available chlorine" present in the chlorine or hypochlorous
acid solution was first determined by titration and the number
of cc. required to give a pre-determined number of milli-
equivalents of "available chlorine" per gm. of lignin calculated.
A volume of standerd solution, containing a known amount of

alkali lignin was then placed in the reaction flask (Fe¢), In
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the first method above, an amount of COo-free water was
added to the flask such that the final volume after the
addition of the "available chlorine" solution was 750 cc.
The flask stirrer (8)°® was started, the electrode (E)®
inserted in the neck (H)® of the flask and the electrical
connections made to the potentiometer (P)°°®. The
potentiometer slide-wire was set to an e.n.f. value
corresponding to the desired reaction pH and the calomel
half-cell connected to the arm L of the Y stopcock of the
flask (F)®* . A solution of H_80) (10%) was then added
dropwise to the reaction flask until the galvanometer gave
no deflection upon completing the electrical circuit.

The latter was effected by forming a new liguid junetion
in the Y stopcock and then depressing key Kpo.

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

necessary to neutralize the HCl fromed in the reaction was

* Fig. IX.
*ePig  VIII.



gauged by repeatedly forming a liquid junction in the Y
stopcock, depressing K-> and noting the direction and extent
of the galvanometer deflection.

In those cases where the alkali lignin solution was
artifically buffered to facilitate hydrogen—ion control &
standard buffer solution was added simultaneously with the
002 free water to the lignin solution. The standard "available
chlorine" solution was also mixed in a separatory funnel with
a quantity of the buffer prior to addition to the reaction
flask. The total amount of buffer used was such that the
reacting 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 rate of reaction was extremely
rapid to eighty percent céﬁgfﬁﬁféé%é€¥é¥“€§?ch it decreased
slowly to zero. Depending upon the amount of reagent added,
2 to 5 days was found to be ample for complete reaction.

The solution was then removed from the flask, acidified with

HC1 and the flocculent precipitated lignin isolated in the

ususgl manner,

Method of isolating reaction products. (including alkali lignin)

A fundamental property of alkali lignin and of its reactior
products with "available chlorine" solutions is their complete
solubility in alkalies and their insolubility in acid solution.

Their isolation can thus be readily effected. The reaction



products when isolated directly from aqueous solutions become
horny, insoluble substances 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-
cription of this technique as applied to alkali lignin and the
above mentioned reaction products follows:

The sodium lignate, in alkaline solution, on the addition
of acid yields the free lignin acid as a light buff- to brown-
colored flocculent precipitate. This is freed from Na+ ion
etc. by alternately centrifuging and washing the precipitate
with dilute acid (0.01N) and is finally reduced to a thick
paste on a B#chner funnel. Washing this paste with distilled
water removes excess chloride ion.

The precipitate is then dissolved in absolute dioxan and
the residual moisture, together with any Cl™ ion, present as
HC1l, removed by 3 to 5 repeated distillations with fresh solvent
The resulting solution, adjusted to contain approximately ten
percent 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 light, buff-colored product and the mother-liquor is
removed by decantation and filtration on a cone funnel. The
precipitate is washed with- 1)fresh ether to remove dioxan;

2) ligroin (80-90°C) to remove ether; 3)ligroin (30-50°C).

The product is dried in a vacuum desiccator and samples for



analysis are finally dried at 80-100°C 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 precipitates are
alternately centrifuged and washed with the above
mentioned solvents and then dried. The dried product

however, possesses a strong electrostatic charge, is

very lumpy and generally difficult to work with.

3. Preparation and Standardization of Hypochlorous acid solutions.

Hypochlorous acid, 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 vleaching powder 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 cc. of hot water, containing
100 gm. boric acid, was then added to the flask and the
liberated hypochlorous acid distilled. 1000 cc. distillate
was collected into two 500¢c. brown, glass-stoppered bottles
and placed in the constant temperature cabinet. Solutions
approximately 0.1 N in HC10 were obtained in this way.

The strength of "available chlorine" solutions was
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determined by adding a volumetric sample to an acidified
solution of KI and titrating the liberated iodine with
N/20 thiosulphate using starch as indicator (69).

The equations represent the reactions taking place;

HC10 + Ho80y -+ 2 KI ——— K80y + H0 + HC1 + I, (1)
Cl, + HoS0y + 27KI —— HoS0y + 2 HC1  + I (2)
aNa2$203 + 12 —— N&28406 + 2 Nal (3)

The potentiometric titration curve for hypochlorous

acid, Fig. II, explains clearly equation (1) in that the

addition of HC1l0 to an acid solution results in the reversal

of the chlorine hydrolysis equation,

Cl, + HS0 = —= HC10 + HC1
The iodine liberated by the action of chlorine upon XI is
titrated with thiosulphate, equation (3).

The potentiometric titration curve also indicates that
the relative composition of the hypochlorous acid solution
is dependent upon its hydrogen-ion concentration. The
"available chlorine" solutions, prepared and standardized in
the above manner, were allowed to react with alkali lignin

under conditions of controlled pH so that their composition

was at all times completely defined.

4. Analytical Methods.

Standard analytical methods were used throughout the

investigation.
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a) Measurement of hydrogen-ion concentration.

Hydrogen-ion concentrations were measured using the cell,
Hg/ HgCl/ sat. XKC1 25°C/ unknown solution//1 pH HC1l/ Quin./ Pt.
a8 previously described, (Experimental Part 2). The glass
electrode was calibrated frequently in buffer standards.
The overall accuracy of the determination was 3 millivolts

corresponding to 0.05 pH unit.

b) Determination of Lignin.

Lignin was determined according to the method proposed
by Mehta (12). The lignin, precipitated in acid solution,
was centrifuged free from sodium ion etc. by washing with
dilute acid. The moist centrifuged paste was ¥ashed-finally
on to a tared asbestos Gooch crucible with dilute HCl, dried
at 100°C and weighed to constant weight. The accuracy of

the determination was about 2%.

¢) Determination of Methoxyl.

Samples for analysis were dried at 100°C in an Abder-
halden drier, accurately weighed out, (¥ 0.01 mgm.), and
analysed using the semi-micro Zeisel apparatus (76) with the
Vieb8ch-Schwappach modification (77). The accuracy of the

determination wes + 0.1%.

d) Determination of Halogen.

Samples for analysis were dried at 100°C in an Abder-

halden drier, accurately weighed out, (I 0.01 mgm. ) end analysed
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for chlorine using the Willard-Thompson semi-micro method. (78).

The accuracy of the determination was 0.2%,

e) Determination of "available chlorine"

"Available chlorine" was determined by adding a
volumetric sample of the hypochlorous acid solution to an
acidified KI solution and titrating the liberated iodine with
thiosulphate (69). The overall accuracy covering the
titration and eddition of the reagent to the alkali lignin

solution was 0.1 milliequivalent of "available chlorine"

f) Determination of Carbon and Hydrogen.

The carbon 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 percent for both

carbon and hydrogen.
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PART IV EXPERIMENTAL RESULTS

Action of Available Chlorine Solutions upon Alkali Lignin
at Constant Hydrogen-Ion Concentration

The experimental results of the investigation deal ing
with the action of chlorine and its derivatives upon lignin
are recorded in Tables XVII to XXIV.

The results obtai%ed 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 guantity of reactant used, and the
methoxyl and halogen analysis of the product isolated. Section
B contains the data, calculated from the analytical results,
by means of which the individual experiments can be compared
with each other and with those appearing in other (B) sections.

Section B therefore stows;

(a) the milliequivalents of available chlorine solution
used per gm. of lignin, (Calculated from the amount

of Teactant added and the weight of lignin used).

() the percentage of chlorine fiund in the nroduct

expressed as milliequivalents.



and B

(e)

(f)

The

the percentage and milliequivalents of methoxyl
lost in the reaction. (Obtained by calculating

the percent methoxyl of the product on a chlorine
free basis ard subitracting the result from the
methoxyl content of alkali lignin). (see also pg 147 A4)
the equivalent ratio of methoxyl lost to chlorine
introduced.

the equivalents of available chlorine per gm. of
lignin required to remove one equivalent of methoxyl
from the lignin.

the equivalents of available chlorine required to

introduce one atom of chlorine into the lignin.

number of any given experiment appears in both A

sections and shows,

(a)
(v)

the order of the experiment, and

the pH of the reaction medium,.

The experimental methods, both for treating alkala

lignin with available chlorine and for isolation of the reaction

products, has been previously described, Experimental Part III.

1. Reaction of Available Chlorine Solutions with Alkali

Lignin at pH 2

The results of the experiments carried out at pH 2 are

given in Table XVII and are represented graphically in Fig. XI,
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The reaction medium was strongly buffered by the acid
present (HESOA) and the HCl formed, so that the reaction
could be rezdily controlled without the use of buffering
salts. According to Bergqvist (68) the ratio of
C1,:HC10:C10' is 1:1:4.3 x 10°° at pH 2.

~

2. Reaction of Avagilable Chlorine Solutions with

Alkali Lignin at pH 3.5

The reaction of "aveilable chlorine" with alkali lignin
is attended with the formation of HCl. Neutralization of the
latter with NaOH maintains a constant hydrogen ion-concentration
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,
Cl, + H,0 =—= H' + C1° + HOCL

Two experiments were conducted at pH 3.5 to determine
the effect of chloride ion upon the reaction of "available
chlorine" solutions with lignin. The first experiment was
carried out in the usual manner, chloride ion arising solely
from the HCl formed in the reaction, while the second was
conducted in a medium made initially 0.015 i in chloride ion.

The results are given in Table 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 U4

are given in Table XIX and are represented graphically in

Fig. XII.

The reaction medium was not buffered by the addition
of buffering salts but the hydrogen ion concentration was
directly controlled, potentiometrically, by the addition of
N/5 NaOH solution. According to Berggvist (68) the ratio of
C1,:HC10:C10' is 1:130:5.6 x 10 ~2 at pH L.

4, Reaction of Available @hlorine Solutions with

Alksli Lignin at pH 5

The experiments conducted at pH 5 were performed in g
medium made intially M/20 in a buffer szlt. Constant hydrogen
ion concentration was maintained votentiometrically, by the
addition of N/5 NaOH. The results of the experiments are
given in Table XX, The ratio of Clo:HC10:C10!' is
1:1300:5.6 at pH 5 (68).

5. Reaction of Available Chlorine Solutions with

Alkali Lignin at pH 6

The results of the experiments carried out at pH 6 are
given in Table XXI and are represented graphically in Fig. XIII.

Experiments 6 - 5, 6 - 7, and 6 - 9 were performed in a medium
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1nitially made ¥/20 in a buffer salt. All experiments

were maintained st constant pH, potentiometrically, by the
addition of ¥N/% NaOH. According to Bergavist (6%) the ratio
of C1:HC10:010' is 1:13000:560 at pk 6.

6. Reaction of Available Chlorine Solutions with
Alkali Lignin at pH 7

The results of the experiments performed =2t pH 7 are
given in Table XXII. Experiment 7 - 4 was conducted in a
buffered medium. I'he concentration of molecular chlorine
&t oh 7 may be neglected, the ratio of HC1l0:C1l being 2.3:1

according to Bergqvist (68)

7. Reaction of Available Chlorine Solutions at Alkali

Lignin at pH &

The results of experiments conducted in pH & media are
given in 1able XXIII and are represented graphically in Fig.
XIV. The ratio of HC10:C1l0' is 1:4 according to Bergqvist
(68). The hydrogen-ion concentration was controlled, potentio-

metrically, by the addition of N/5 NaQH and without the use of

buffers.

2. Reaction of Available Chlorine Solutions with

Alkali Lignin at pH 10

The results of the experiments conducted at pH 10 are

given in Table 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 concentration,

potentiometrically, by the addition of N/5 NaOH.

Berggvist (68) the ratio of HC10:C10” is 1:440 at pH 10.

Sample calculation: Tables XVII to XXIV.

Data;
Experiment 2 - 1
Lignin used - 0.627 gn.
Reagent added - 1
OCH3 of reaction product - 13.75 %
Cl ° of reaction product - 1.59 %
OCH, of alkali lignin - 15.20 %
Calculation;

% OCHz on Cl1 free basis -

T OCH, lost in reaction -

Milliequivalents OCH3 lost
per gm. lignin -

Milliequivalents Cl
introduced in lignin -

Equivalents "available
chlorine® required to
a) introduce one eguiv.
Cl per gm. lignin -

b) remove one equiv
OGH3 per gm. lignin-

13.75 x 100

100 - 1.59

15,20 - 13.98

-
n
n

x 1000
100

N
=t
o

x 1000
100

W
53 O]
I

FTﬁ
Wl o
Hiiro

According to

.89 milliequivalents.



Table XVII (Section A)

Action of "available chlorine" solutions upon alkali lignin at pH 2.

' : "available chlorine" solution : Methoxyl analysis : Halogen analysis :

' ' ¢c. N/20 cc. Milli- ' '

'Exp. : Lignin ' thio.req. reagent aquiv. ' Mgm. cc. N/20 %OCH3 ' Mgm, Mgm. w1

used gm' by 10 co. added reagent ' subs. thilo. ' subs. AgCl '

' ' _sample. added ‘' req. ' '
- 1 0.627 14.90 20 1.39 54.63 29.03 13.75 21.24 1.37 1.%9
2- 2 0.627 37.15 10 1.81 16.53 8.76 13.70 27.69 2.22 1.98
o- 3 0.627 18.87 4o 3.77 40.29 19.11 12.25 20.75 2.69 3.18
o- U4 0.627 25.75 30 3. 86 16.82 7.83 12.00 42.61 5.87 3.kl
o- § 0.627 18, 74 60 5.63 25.16 10.41 10.70 68.14 15.47 5.60
2- 6 0.627 17.45 g0 6.98 13.90 7.04 9.61 43.09 12.34% 7.09
e- 7  0.627 19.20 80 7.66 25.92  9.12 9.08 35.49 11.89 %.18
o~ & 0.650 19.83 80 7.93 21.05 7.13 &.77 30.66 10.41 g.n1
2- 9 0.650 21.32 100 10. 20 29.64 .12 7.09 25.82 14,34 9,92
2-10 0.650 20.10 110 11.00 35.92 8.90 6.41 31.46 13.68 10.76
2-11 0.650 17.38 150 13.00 24,32  4.98 5.30 21.53 11.28 12.97
2-12 0.650 19.69 150 14.80 43.839 7.57 4.ug 23.34 13.35 1h.37

"'L'{'(I"‘



Table XVII (Section B)

1 )
Action of "available chlorine solutions upon alkali lignin at pH 2

: Experimental Data : Calceculations
' ' ' 'Reagent’ ' 'Milliequivalents'equiv. '"available chlorine”
' ' ' ' added '% OCH,'% OCHz' of ' of ‘'ratio ' equivs. reagent req.
'Exp.'Lignin 'Chlorinated product' Milli-'on c12' 1lost”’ OCHB * C1 int-t' OC ' per equiv.'per equiv.
' 'used gm' ' ' ' equiv.'free ' 'lost ' troduceld ./ ! OCH3 ' C1 int-
'y ' 'Yield'% OCH,' % C1 ' per gm'basis’ 'per gm.' per gm.' C1 ! lost ' roduced
' ! ' ogm.' ' ' lignin' ' 'lignin ' lignin ' ' '
alkali lignin - 15.20% methoxyl.

2- 1 0.627 0.61 13.75 1.59 3.02 13.98 1.22 0.39 0.33 1.21 7.76 9.15

2- 2 0.€627 O0.68 13.70 1.98 2.8% 13.98 1.22 0.39 0.56 0.71 7.3%9 5.16

2- 3 0.627 0.68 12.25 3.18 6.01 12.66 2.54 0.83 0.90 0.92 7.32 6.67

°- 4 0.627 0.61 12.00 z.41 6.15 12.K1 2.79 0.90 0.96 0.9k 6.84 6.40

2- 5 0.627 0.62 10.70 5.60 &.97 11.36 3.84 1:i24 1.5% 0.78 7.23 5.67

2- 6 0.627 0.62 9.61 7.09 11.1 10.34 4.86 1.57 1.99 0.79 7.06 5.5%

2- 7 0.627 0.65 9.08 8.18 12.2 9.89 5.31 1.71 2.30 0.74 7.14 5.30

°- 8 0.650 0.60 &.77 &.W11 12.2 9.k2 5.68 1.83 2.37 0.77 6.66 5.14

2- 9 0.650 0.62 7.09 9.92 15.7 7.88 7-32 2.36 2,79 0.85 6.65 5.64
2-10 0.650 0,60 6.4 10.76 17.0 7.18 8,02 2.59 3. 04 0.85 6.56 5.60
2-11 0.650 0.63 5.3 12.97 20.0 6.07 9.13 2.9% 3.56 0.83 6.80 5.62
2-12 00650 0.50 L4.46 14.37 22.8 5.22 9.98 3.22 4.05 0.80 7.40 5.64
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Table XVIII

Action of "available chlorine" solutions upon alkali lignin at pH 3.5

' nmgyailable chlorine" solution'  Methoxyl analysis ' Halogen analysis '
] ' ' )
' ' ' ¢c. N/20 ce. Milli- ‘'Mgm. cc. N/20 %OCHz '  Mgm. Mgm. %Cc1?
'Exp. ' Lignin ' thio.req. reagent equiv. 'subs, thio. ' subs. AgCl '
' " used gm ' by 10 cec. added reagent ! req. ' '
! ' ' sample added ! ! '
1
3.5-1 0.626 22.78 80 9.11 26.47 8.83% 8.62 36.80 11.01  7.40 fé
3.5-2 0.626 22.78 80 9.11 25.98 3.4l g.40 28.71 g.61 7.47 !

Exp. 3.5-2 conducted in the usual manner but in a medium made initially 0.015 M in C1' ion.




Table XIX (Section A)

Action of "available chlorine" solutions upon alkali lignin at pH U

"available chlorine" solution\'

Methoxyl analysis
'

Halogen analysis

L '
! '
' ' ce. N/20 ce. Milli- '
' Lignin ! thio.req. reagent equiv. 'Mgm. cec. N/20 %OCH ' Mgm, Mgm, 4c1
' used gm.' by 10 cec. added reagent ‘'subs. thio. 3 subs. AgCl
' ! samplse added ! req. '
Yl 0.659 oly, 23 40 4,35 34,60 16.32 12.20 34,11 6.71 4.36
42 0.659 2l .12 60 7.23 30.33 12.52 10.05 37.15 9.64 6.43
4.3 0.659 ’23.87 g0 9.55 20.70 10.98 9.25 29.49 ‘10.72 9.00
T} 0.659 T16.12 150 12.1 26.82 8.03 7.74 24,61  10.04 10.40

o
U1
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Table XIX

(Section B)

Action of "available chlorine" solutions upon alkalil lignin at pH u

Experimental Data

Calculations

' ' 'Reagent
'

'Milliequivalents'equiv. '"available chlorine"

' ' added '% OCHB' OCH3'' of of ‘'ratio ' equivs reagent req.
Exp.'Lignin 'Chlorinated product' Milli-'on Cl-' lost ! 00H3 ' C1 int-' OCH, ' per equiv.'per equiv
'used gm' ' equiv.'free ‘lost ' roduced' 3 ! OCH 'Cl int-
' 'Yield'% OGH;'% Cl1 ' per gm'basis ' '‘per gm.' per gm.' (o1 ' lost® ' roduced
' ' em.,! ! ' lignin 'lignin ' lignin ' ! '
alkali lighini~ 15.20% methoxyl '
- b
4-1  0.659 0,58 12.20 4.8 7.38 12.83 2.37 0.76  1.37 0.56 9.7 5.4 o
'
4-2 0.659 0.55 10.05 6.43 10.97 10.72 4.43 1.51 1.81 0.47 7.0 6.1
Y3 0.659 0.50 9.25 9.00 14.50 10.15 5,05 1.63 2.5% 0.65 g.9 5.7
bl 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 (Section A)

Action of "available chlorine" solutions upon alkell lignin at pH 5

"available chlorine" solution' Methoxyl analysis Halogen analysis

: . I :

' ec¢., N/20 ' co. Milli- ! ' '

'Exp. ' Lignin ' thio.req. reagent equiv. ' Mgm. cc. N/20 %OGH3 ' Mgm, Mgm. %Cc1

! ' used gm. ' Dby 10 cec. added reagent ' subs. thio. ' subs. AgCl !

! ' gpample added Ted . ' '
5-1 0.626 23%.58 90 10.6 33,68 11.10 g8.51 39.21 9.31 5.%8
5-2 0.626 23.3%9 100 11.7 30.71 9.65 8.14 30.07 8.23 6.75
53 0.626 22.85 120 13.7 32.83 9.21 7.25 33.24  11.07 8.25
5-4 0.626 22.78 130 14.8 36.51 9.30 6.94 32,99 10.91 8.25

-1-‘9-[ -



Table XX (Section B)

Action of "available chlorine" solutions upon alkali lignin at pH 5

~

Experlimental Data

Calculations

)

'

' ' ' 'Reagent' ' 'Milliequivalents'equiv. '"available chlorine"

' ' ' ' added ' ' of ' of 'ratio ' equive reagent req.

'Exp.'Lignin 'Chlorinated product' Milli-'% OCH3 '% OCH;' OCH3 ' C1 int-! OCH3 ' per equiv,'per equiv

' 'ueed gm' ' ' ' equiv.'on C1° ' lost”“'lost ' roduced'’ ' OCH 'Cl int-

! ' 'Yield'% OCH3! % C1 ' per gm'free ' 'per gm ' per gm.' c1 . lost3 'roduced

' ' " ' ' _'lignin'basis ' 'lignin ' lignin ! ' '
alkali lignin - 15.20% methoxyl

5-1 0.626 0.55 &.51 5.48  16.9 9.08 6.15 1,98 1.65 1.20 g.4 10.2

5-2 0.626 0.52 &.14 6.75 18.7 g8.73 6.47 2.08 1.93 1.08 9.0 9.7

5-3 0.626 0.48 7.25 &.25 21.9 7.90 7-30 2.35 2.32 1.01 8.9 9.0

5-4 0.626 O0.U45 6.9% g.25. 23.6 7.46 7.7% 2.50 2.32 1.08 9.4 10.2

- G41 -



Table XXI (Section A)

Action of "available chlorine" solutions upon alkali lignin at pH 6

' "ayvailable chlorine" solution ' Methoxyl analysis ' Halogen analysis '

: cc. N/20 ce. Milli- : : :

:Exp. ' Lignin ' thio.req.. reagent  equiv. ' Mgm., cc. N/20 %OCH3 ' Mgm. Mgm, %c1

'used gm. ' by 10 cc.” added reagent ' subs. thio. ' subs. AgCl !

! ! ' sample added ' req. ; !
6~ 1 0.627 20.05 10 1.0 51.21 29.39 14.82 29.50 0.45 0.38
6- 2 0.627 19.98 30 3.0 62.49 33,78 13.85 39.64 2.97 1.85
6- 3 0.627 19.68 60 5.9 31.43 14.96 12.70 35.61 4.23  2.94
6- U 0.627 13.48 120 8.1 36.72 16.71 11,60 36.79 5.35 3.58
6- 5 0.650 20.45 110 11.3 22.37 &.37 9.70 32,560 7.29 5.55
6- 6 0.650 19.49 120 11.7 26.67 9.65 9.36 39.98 9.16 K.65
6- 7 0.650 26.23 90 11.8 23.U49 g8.47 9.35 41.80 9.57 5,65
6~ & 0. 650 18. 70 130 121 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 18.55 180 16.7 26.85 ~ .6.46 6.23 36.74 13.20 &.90
6-11 0.650 21.35 200 21. 4 23.74 5.76 6.28% 40.97 15.09 9.11

—9§'[ -



Experimental Data '

Table XXI (Section B)

Action of "available chlorine" solutions upon alkali lignin at pH 6

Calculationses

y

] s

' ' ' 'Reagent’ ' 'Milliequivalents'equiv.'%available chlorine"

' ' ' ' added ! ' ' of of 'ratio ' equivs reactant req.
'Exp.'Lignin 'Chlorinated product' Milli-*% OCH, '% OCH_' OCH ' C1 int-' OCH, ' per equiv.'per equiv.
' 'used gm' ' equiv.'on o1l ¢ 1ost3'1ost3 ' roduced' —J OcH3 'Cl int-

' ' 'Yield'% OCHB' % 01 ' per gm'free ' 'per gm.' per gm.' Cl1 ' 1lost 'roduced

' ' ' oom,! ' ' lignin'basis ' 'lignin ' lignin ' ' '

alkali lignin - 15.20% methoxyl

6- 1 0.627 0.68 14.32 0.38 1.6 14.88 0.32 0.10 0.11 0.96 15.7 15.0 :
6- 2 0.627 0.64 13.85 1.85 4.2 14.12 1.08 0.35 0.52 0.68 13.7 9.21 -
6- 3 0.627 0.55 12.70 2.9% 9.4 13.08 2.12 0.68 0.83  0.82 -.13.8 11.3 \
6- 4 0.627 0.65 11.60 3.58 12.9  12.00 3.20 1.08°  1.01  1.02  12.5 12. 8

6- 5 0.650 0.53 9.70 65.55 17.%  10.28 4.92 1.58 1.56 1.02 11.0 11.2

6- 6 0,650 0,50 9.36 5.65 18.0 9.93 5.27 1.70 1.59 1.07 10.6 11.3

6- 7 0.650 0.45 9,35 HK.65 18.2 9.91 5.29 1.70 1.59 1.07 10.7 11.4

6- & 0.650 O0.42 8.78 6.26 18.7 9.3 5.84 1.88 1.76 1.07 10.0 10.5

6- 9 0.627 0.40 &.32 7.01 22.4 8.95 6.25 2.02 1.78 1.13 11.1 12.56
6-10 0.650 0.38 6.23 8.90 25.8 6.84% 8.36 2.69 2.51 1.07 9.6 10.3%
6-11 0.650 0.3 6.28 9.11 31.0 6.91 8.27 2.67 2.56 1.04 11.6 12.1
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Table XXII (Section A)

Action of "available chlorine" solutions upon alkali lignin at pH 7

"available chlorine" solution
' ]

Methoxyl &nalysis Halogen analysis

! )

' ]

' ce. N/20 cc. Milli- ' '

' Exp. ' Lignin ' thio.req. reagent equiv. ‘Mgm. cc. N/20 %0CH, ' Mgm. Mgm. %c1 '

wused gm. + by 10 cec. added reagent t'subs. thio. 3 1 gsubs. AgCl '

' » __sample added req. ' '
7-1 0.659 15.98 150 12.0 25. 42 10.68 10.84% 32,92 7.76 3,56
7-2 0.659 26.87 110 14.7 33.18 12.78 9.95 27.25 3.8 4,40
7-3 0.659 26.57 130 17.3 41.73 13.97 g8.65 35,10 8.15 K.75
7-4 0.659 23. 830 160 19.1 31.98 10.08 g8.15 25.49 §5.78 5,61

- 661 -



Table XXII (Section B)

Action of "available chlorine" solutions uvnon alkali lignin at pH 7

! Experimental Data ' Calculations
' '
! ' ! 'Reagent’ ' 'Milliequivalents'equiv.'"available chlorine"
! ' ' ' added ' ' ' of ' of '‘ratio ' equivs reagent req.
'Exp.'Lignin 'Chlorinated product' Milli-' % OGHB %OCH3 ' OCHB ' ¢1 int-' OCH, ' per equiv.'per equiv
! 'used gm! equiv.' On Cl-'lost” 'lost ' roduced' —2 OGH3 'Cl int-
' ' 'Yield'% OCH,! % Cl ' per gm' free ' ‘per gm.!' per gm ' C1 ' 1lost 'roduced
' ' ' om.! lignin' basis ' 'lignin ' lignin ! ' !
alkali lignin - 15.20 % methoxyl. '
e
7-1  0.659 O.42 10.84% 3.56 18.2  11.53 3.67 1.18  1.00 1.18  15.4 1%.2 S
'
7-2  0.659 0.35 9.95 k.ho 22.% 10.20 5K.00 1.61 1.24 1.30 12.9 18.0
7-3  0.659 0.25 " 8.65 5.75 26.2 9.18 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 6.5 2.12 1.58 1.34 14.4 19.3




Table XXIII (Section A)

Action of "available chlorine" solutions upon alkali lignin at pH 8

"gsvailable chlorine" solution '

Methoxyl analysis

Halogen analysis

' '

] ]
' ' gc. N/20 cc. Milli- ' \
Exp. ' Lignin ' thio.req. reagent equiv. ‘Mgm. cc. N/20 %OCH3 ' Mgm. Mgm. %C1 !
'used gm. ' Dby 10 cc. added reagent 'subs. thio. '  subs. AgCl '
! ' pample added req.. ' '
8-1 0.659 20. 23 100 10.1 29.28 12.8%8 11.38  37.22 b.h2 2.9%
g-2 0.659 20.23 130 13.2 26.67 10.71 10.40 36.64 5.80 3.72
&-3 0.659 19.93 160 15.9 23.41 8.70 9.60 33.16 h.gh 3,62
8- 0.659 24.77 160 19.8 38. 44 13.22 8.83 3.2 6.53 h4.64

- 1917 -



Table XXIII (Section B)

Action of "available chlorine" solutions upon alkali lignin at pH &

Experimental Data

Calculations

'*Reagent’' ' 'Milliequivalents'equiv.'"available chlorine"
' added ' ' ' ' of 'ratio ' equivs reagent req.
'Exp.'Lignin 'Chlorinated product' Milli-' % OGH ' OCHz OCH3 ' C1 int-! OCH3 ' per equiv.'per equiv
' 'used gm! ' equiv.' oh:- 01 lost*lost ' roduced"'EI ' OCH; 'Cl int-
' ' 'Yield'% OCH3 % C1 ' per gm' free 'per gm ' per gm.' '  lost 'rodaced
' ' ' em. ! ' Jignin' baslis ! 'lignin.' lignin.' ' ! :
alkali lignin - 15.20% methoxyl =
r
g-1 0.659 0.63 11.38 2.9% 15.4 11.72 3.48 1.12 0.83 1.35 13.7 18.6 .
g-2 0.5659 0.45 10.40 3.72 20.0 10.82 4.38 1.1 1.05 1.34 14.2 19.1
&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
X
g&-4 0.659 0.25 8.38 L, 64 30.0 9.34 55.3 1.89 1.30 1.45 15.9 20.7
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Teble XXIV (Section A)

Action of "available chlorine" solutions upon alkali lignin at pH 10

: "available chlorine" solution Methoxyl analysis : Halogen analysis :
' | ' ¢e., N/20 ce, Milli- ' '
' Exp. ' Lignin ' thio.req. reagent equiv. 'Mgm. c¢c. N/20 %OCH, ' Mgm. Mgm. 401 !
' 'used gm. ' by 10 cc. added reagent 'subs. thio. 3 subs. AgCl !
' ' ' gample added req. ' (
10~ 1 0.627 7.70 40 1.54 2U.64 13,96 14.62 30.90 1.11 0.8%
10- 2 0.627 20.29 30 3.05 70.09 38.45 14.21 81.57 5.32 1.8%
10- 3 0.627 19.13 ho - 3,83 29.37 15.56 13.70 k41.59 3.36 2.00
10- 4 0.627 18.40 RO 4,60 20.48 10.59 13.28 30.28 2.47 2.02
10- § 0,627 13.33 90 6.00 24,00 11.82 12.75 38.92 3.74 2.40
10+ 6 0.627 19.00 100 9.50 25.71 11.80 11.75 30.50 3.08 2,%0
10- 7 0.650 20.00 1320 13.0 23.55 10.08 11.09 27.58 2.97 2.67
10- & 0.627 18. 92 150 14.2 61.40 25.85 10.84 40.58 L.31 2,63
10- 9 0.650 19.95 170 17.0 15.90 6.33 10.30 43,77 U4.99 2.76
10-1C  0.650 2y, 180 21.6 31.67 11.80 9.65 .16 3.07 2.59

05
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Table XXIV (Section B)

Action of "available chlorine" solutions upon alkali lignin at pH 10

Experimental Data Calculations

'Reagent' ' 'Milliequivalents'equiv '“available chlorine”

' added ' ' ' of of ‘{ratio ' equivs reagént req.
'Exp. 'Lignin 'Chlorinated product' Milli-' % OCH % OCH3 OCH ' C1 int-~! OGH3 ' per equiv.'per equiv
' '‘used gm' ' equiv.' on 013' lost 'lost3 ' roduced' — ! OCH3 ' C1 int-
' ' 'Yield'% OCHy' % Cl1 ' per gm' free 'per gm ' per gm ' C1 ' 1lost ' roduced
L» (. ' om.'! ' ' lignin' basis ' 'lignin ' lignin ' ' '

alkali lignin - 15.20% methozxpl
10- 1 0.627 0.70 14,62 0.8% 2,46 14.75 0.45 O.14 0.25 0.59 17.90 4.16
10- 2 0.627 0.66 14.21 1.88 4,86 14.50 0.70 0.22 0.53 0.42 21.8 9.15
10- 3° 0.627 0.61 13.70 2.00 7.12 13,98 1.22 0.39 0.5  0.71 18,1 12.6 &
U

10- 4 0.627 0.61 13.38 2.02 7.34 13,67 1.53 0,49 0.57 0.87 14.8 12.9 r
10- 5 0.627 0.68 12.75 2.40 9.5 13.07 2.13 0.69 0.68 1.01 13.9 4.4
10- 6 0.627 0.60 11.75 2.50 15.16 12.05 3.15 1.02 0.70 1.4l 14.8 21.5
10- 7 0.650 0.50 11.09 2.67 20.0 11.40 3,80 1l.22 0.75 1.63 16.4 26.7
10- & 0.627 0.60 10.84 2.63 22.6 11.26 3.96 1.28 0. 74 1.73 17.6 30.6
10- 9 0.650 O.45 10.30 2,76 26.2  10.60 hH.60 1.u48 0.78 1.90 17.7 33.6
10-10 0.650 0.25 9.65 2.59 33.2 9.91 5.29 1.70 0.73 2.33 19.5 45.5
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PART V. MISCELLANEOUS EXPERIMENTS

1. Methylation of alkali lignin and of the products resulting

from the aotion of "available chlorine" solutions on

alkali lignin.

In order to obtain some insight into the mechanism of
the reaction of'available chlorine" solutions with alkali ligniy,/
:ggerggction products were isolated, methylated, and their
properties compared with those of the fully methylated alkali
lignin.. The Haworth methylation technique (&l) was used
both for alkali lignin and for its reaction products as
indicated below:

2) Methylation of alkali lignin.

2 gms., of alkali lignin was placed in a 250 c¢c. three-
necked flask and dissolved in 25 cc. of 4% NaOH solution.
The flask was placed in a water bath kept at 25°C and its
contents stirred vigorously. Dimethyl sulphate and 35% NaOH
solution were dropped into the flask at the rate of 10 cc. and
25 cc. respectively 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 presence of 5% excess alkali as is shown

in the following calculation;
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MepoSOy + 2 NaOH

Na2S80u +
126 gms. = o 30 gms.
126 gms. «— = &4 gms.usingh% excess alkali.
(1.33 sp.gr)
9% cc. = 240 cc. of 35% NaOH.
10 c¢. «—— 25 cc.

The partially methylated alkali lignin was insoluble in

the mixture after the first methylation indicating the

or enolic
methylation of phenolic/hydroxyl groups. The product was
geparated by pouring the methylation mixture into a large
volume of water and and centrifuging off the precipitate.
This was dissolved in acetone and re-methylated under the
same conditions.

The product from the second methylation was removed in
the acetone layer which separated from the alkaline solution.
The acetone-lignin solution was poured into a large volume of
water and the flocculent precipitate isolated in the usual
manner, (Experimental Part 3). The partially methylated
lignin was analyeed and then dissolved in acetone for re-
methylation; in the case of alkali lignin five methylations
were necessary to prepare the fully methylated derivative.

Yielda - 0.7 gms,
Analysis- 34.76 mgm. req. 41,00 cc. N/20 thio,
30.40 % OCH3z
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b) Methylation of the products resulting from the action of

"available chlorine" solutions on alkali lignin.

The methylation of these products was conducted under the
same conditions as in (&) above for alkali lignin.

Exp. 22 In this case the fully methylated derivative could

not be prepared due to lack of material. The lignin,here again,
became insoluble upon methylation and in the final three
methylations acetone was employed as solvent. The methylated

product was isolated by the same method as used for alkali lignin.

Starting material - product from Exp. 22, namely,
O0.% gms, of alkali lignin which
been partially de-methylated and
chlorinated with 14.2 milliequivalents
of "available chlorine" solution
per gm. lignin at pH 10.

Analysis - 2%.34 mgm. sube. req. 13.50 cc. N/20 thio.
= 12.30 % OCHz
- 35.30 mgm. subs. gave L4.75 mgm. AgCl
= 3.33 % Cl.

Methylated oroduct- Yield 0.07 gms.
Analysis -~ 14,21 mgm. subs. req. 17.98 ec¢. N/20 thio.
= 25.45 % OCH,
- 33.47 mgm. subs. gave 3.95 mgm. AgCl.
= 2.92 % C1.

Exp. 26 In thie 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 with "available chlorine" to
maintain alkali solubility of the methylated product. 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
methylations 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 mil-equivalents
of "available chlorine' solution per
gm. of lignin at pH 10.

Analysis - In order to obtain sufficient
material for methylation the reaction
product was not isolated. The
methoxyl and chlorine content, taken
from Fig. XV. were,

10.00 % OCH3

2.70 % Cl.
Methylated product- Yield 0.15 gms.
Analysis - 16.30 mgm. subs. req. 1l4.466 cec. N/20
= 23.20 % OCH; thio.

LY.46 mgm. subs. gave 2.00 mgm.,
AgCl
1.10 % C1

Table XXV gives the,;esults of the methylation
experimentsardaconperieondf the increase in methoxyl content
obtained by methylation of the reaction products with that
obtained by methylation of alkali lignin.
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Table XXV

Summary of Methylation Experiments

' ' %OCH of ! ' '

' Product ' original ' fully methyl-' Increase !

' ' lipnin ' ated deriv. ' in %OCH;_'
alkali lignin 15.20 30. 40 15.20
Exp. No. 22 12.72 26-25 13.53
Exp. No. 26 10.14 23.48 13.34

(% OCH3 calculated on chlorine free basis)

2. Dehalogenation of the products resulting from the action of

"available chlorine" solutions upon 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 introduced in the lignin
are firmly bound and require more severe treatment for their
removal than the action of 35% NaOH solution at room
temperature but can be removed as indicated below:

0.4 gm. of alkali lignin which had been partislly
de-methylated and chlorinated at pH 2 was placed in a 100 cec,
r.b., flask and dissolved in 50 cc. N/2 NaOH solution. Zinec
dust was added (4 gm.) to the solution and the contents of
the flask refluxed on a water bath at 100°C for 12 hrs.

The flask was then cooled and the zinc removed by centrifuging,
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precipitating with HoS gas and filtering off the 2nS. The
lignin was separated by the addition of HC1, centrifuged,
thoroughly washed with dilute HC1l, and filtered to a moist
paste on a Bilichner funnel. The precipitate was then separated
into two fractions with dioxan; a) a fraction soluble in dioxan
and isolated in the usual manner, (Experimental Part III), and,
b) a fraction insoluble in dioxan. 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 calculation

of the methbxyl content on a chlorine free basis.

Table XXVI

Dehalogenation Experiment

Product % OL. % OCH3 % OCH; on C1 Yield
free“basis

Starting

material 10.76 6.41 7.18

Dioxan~sol.

fraction 6.89 6.95 7.38 0.15 gm,

Dioxan~insol.

fraction 1.61 - - 0.07 gm.
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3. Rate of Reaction of "available chlorine" solutions

with alkali lignin.

A series of experiments was conducted in order to
determine the rate of reaction of "available chlorine" solutions
with alkali lignin. No attempt was made to define the"order
of reaction" thecbjéct being to find the time necessary for
complete reaction of the "available chlorine" solution.

The experiments were carried out in the usual manner
(Experimental Part 3), & known quantity of hypochlorous acid
solution being added to the alkali lignin solution at pH 6
and the hydrogen-ion concentration maintained constant by the
addition of N/5 NaOH. The quantity of alkali necessary was
determined by measurement of the hydrogen-ion concentration
using the glass electrode. The reaction was interrupted in
the three separate experiments after 10, 30 and 180 min.
respectively by addition of excess sodium sulphite solution.

The reaction product was separated by addition of HC1,
jsolated in the usual manner and analysed. The experimental
results are given in Table XXVII, the rate of reaction being

represented graphically in Fig. XVI.



Table XXVII

Reaction of "available chlorine" solutions with alkali lignin at pH 6

T. = 25°C
'"agyailable chlorine" solution '  Methoxyl analysis ' Halogen analysis
t ' !
' ' Alkali ' cc. N/20 ce. Milli- ' '
Time' Vol. ' 1lignin ' thio.req. reagent equiv. 'Mem. ce. N/20 %OGHB' Mgm. Mgm. % C1
'  co. ' used gm. ' by 10 cc. added reagent 'subs. thio. ' subs. subs.
! ! sample added ' req. '

0 - - - - - 19.28 11.33 15.20 - - -
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 4.82 7.10 23.88 8.05 8.34

180 750 0.65 20.62 200 20.6 2%.93 7.72 6.90 41.90 14.54 &.5%8

..1-‘&*[ -
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4. Relationship between pH and Color of alkali lignin solutions:

Flocculation pH of alkali lignin.

Alkali lignin dissolves in alkalies forming a dark-brown
to black-colored solution. The gradual addition of acid,
by neutralixzing the free alkalinity, changes the color of the
solution to a light red and finally causes a precipitation of
the lignin. In acidic solutions the lignin is present as a
flocculent precipitate.

The relationship existing between this variation in
color change and the pH of the solution, as gf%% as the
maximum hydrogen-ion concentration associated/alkali lignin
solubility was determined with the optical titration apparatus
previously described (Experimental Part 2). The intensity
and wave-length of the light incident upon the photronic cell
is a funotion of the concentration and color of the solution
through which it passes. The current set up in the photronic
cell varies with the intensity of the incident light,almost
irrespective of its wave-length in the visible spectrum, and
ite magnitude is indicated by the deflection of the galvanometer
mirror. This deflection can therefore be regarded as a
function of the color and concentration of the solution in
Qquestion. At the flocculation point, however, the deflection
becomes a function of the particle size of the precipitate

formed and is without significance. The titration curve is thus



_177.—

composed of two sections, the latter portion of which is
irreversible.

The apparatus was connected up as for hydrogen-ion
concentration measurement and standardized to give a 20 cm.
galvanometer deflection using distilled water in the
titration beaker. The beaker was then emptied, a known
weight of alkali lignin, in dilute alkali solution, introduced
and the volume brought to 300 cec. The titration was
performed by adding N/10 HCl1l dropwise from a burette and
measuring, at intervals, the galvanometer deflection and
hydrogen-ion concentration. The results of three titrations
using different concenérations of alkali lignin are given in

Table XXVIII.

Table XXVIII

Potentiometric and photometric titration of alkali lignin

Titration No. 1 - &lkali lignin concentration = 0.046%

e.m.f. ‘
millivolts +147 +137 +117 +90 +62 +25 -24 -70 -119

Galvanometer
Deflection em. K.4 K. 6 K.8 6.3 6.7 7.5 8.4 9.1 9.,k

4Transmission
compared with 27.0 28.0 29.0 31.5 33.5 37.5 42.0 45.5 47.0
pure water
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Table XXVIII (continued)

Titration No.2 - alkali lignin concentrztion = 0.070%

e.m.f. ‘
millivolts +170 +135 +125 +82 +48 +25 - 2 -34 -89 -163

Galvanometer
Deflection cm. 3.6 3.9 k4.1 4.8 5.2 5.6 6.1 6.6 7.1 7.6

%Transmission
compared with 18.0 19.5 20.5 24.0 26.0 28.0 30.5 33.0 35.5 3.0
pure water

Titration No. 3 - alkali lignin concentration = 0.093%

e.n.f.
millivolts +170 +117 +32 ~33 -h3 -96 -153 -177

Galvanometer
Deflection 2.4 39 41 W9 51 5.2 56 6.7

4Transmission
compared with 12.0 19.5 20.5 24.5 25.5 26.0 28.0 28.5
pure water

The results show the change in color brought about by
the gradual acidification of an alkali lignin solution. This.
ie probably due to the formation of the less highly colored,or
colorlese, undissociated acid form of the lignin (R-CH) from
ite diesociated sodium salt R-0~ + Na'.

It was impossible to obtain any accurate measurement of

the flocculation pH of alkali lignin using the standardized

apparatus and a modification was necessary. The titration

wes conducted in the usual manner to a pH slightly above that
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in which flocculation had been found to occur. The galvan-
ometer deflection was then increased to about 10 cms. by
enlarging the iris diaphragm opening D (Fig.X), and the
titration continued. The apparatus was thus made more
sensitive to changes in the intensity of transmitted light

and the following results were ohtained, Table XXIX.

Table XXIX

Flocculation of alkali lignin

Titration No.l - alkali lignin concentration = 0.0625%

e.m.f.
millivolts - 135 -162 -192 -203 -209 =223 -232 ~243

Galvanometer
Deflection cm. 12.40 12.95 13.30 13,25 13.35 13.20 13.05 12.20

Titration No. 2 - alkali lignin concentration = 0.,100%

- e.m.f.
millivolts =-123 =164 -202 -209 -214 -219 -226

Galvanometer
Deflection cm. 10.%0 11.30 11.45 11.45 11.40 11.320 11.10

Titration No. 3 - alkali lignin concentration = 0.150%

e.n.t,
millivolts -123 -164 -173 -196 -205 -208 -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 change in intensity
of transmitied light is given in Fig. XVIII. Since a

standardized apparatus could not be used the ordinates represent
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merely change in centimeters of the galvanometer deflection
for the individual titraticns and these cannot be co-ordinated
with each other. The abcissae, however, represent definite,

comparable relationships with respect to pH and corresponding
point of flegeulation.
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SUMMARY

This investigation was undertaken in order to obtain
fundamental data relating to the bleaching of wood cellulose.
pulps by the use of chlorine and its oxygenated derivatives.
The action of these agents upon the main substance being
removed in the process, namely, the lignin, was studied under
conditions of controlled hydrogen-ion concentration.

Alkali lignin, since it most closely resembles the
residual lignin in alkaline pulps, was used as starting material.
This substance was isolated from spruce wood according to the
procedure proposed by Mehta and was purified by a new method,
based upon fundamental fractionation principles, yielding a
uniform, reproducible compound.

The action of agueous solutions of chlorine and its
oxygenated derivatives upon alkali lignin results in,

a) chlorination of the lignin,

b) simultaneous de-methylation of the lignin.
The two reactions a) and b) are intimately related, the extent
to0 which each proceeds being a function of the hydrogen-ion
concentration of the medium in which the reactions occur.
Both tend toward final constant values in solutions of pH 6 and
greater while in more acidic media, although the methoxyl
content tends to become constant, the chlorine content of the

lignin continues to increase with increasing quantities of
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reagent added to the reaction mixture. In acid solutions
the equivalent ratio of "methoxyl lost" to "chlorine introduced"
is less than unity, namely, 0.75 - 0.85, while in less acidic
medla 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 wvalue. In all reactim
media, pH 2 ~ 10, the loss of methoxyl is preceeded by the
introduction of chlorine in the lignin molecules.

The quantity of reagent required to bring about,
a) equivalent de-methylation of the lignin, b) equivalent
chlorination of the lignin, was also found to be a function of
the hydrogen-ion concentration of the medium and is different
for a) as compared with b).

The reaction product obtained at pH 10 (having colloidal
properties similar to those of alkalil lignin) can be methylated
with dimethyl sulphate and alkali, and the increase in methoxyl

content amounts to about ninety percent of that obtained

when alkali lignin is fully methylated under the same conditions.
In other words, the chemical changes 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 active hydroxyl groups capable of methylation
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under these conditions; at the same time the hydroxyl groups
of the latter type pre-existing in the lignin and capable of
methylation, are not affected by the "available chlorine"
solution.

The solubility relationships of alkali lignin in
solutions of different hydrogen-ion concentration was
investigated and it was found that alkali lignin is flocculated
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 consumption of chlorine, can best be
obtained by conducting bleaching operations in media of

controlled hydrogen-ion concentration, pH 5 - 6.
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