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ABSTRACT

The azoic dyes are obtained by coupling between, a naphthalene
derivative end a diazotized amine The naphthalene derivative is
referred to variously as a coupling component, arylamide or by its
commercial name e.g. Breathol, Naphthol, etc. It is first adsorbed
onto the textile material and the desired colour developed by
immerdang the fibre or fabric in a solution of the appropriate
diazotized amine The depth of the shade depends mainly on the
amount of coupling component adsorbed on the fibre, prior to colour
development.

The scope of the present work was to study the uptake of these
compounds by cellulosic fibres under various conditions e.g.
different alkali, salt and naphthol concentrations;, temperature;
and the effect of modifying the cellulose structure on absorption.

It was also thought that a possible mechaniam for the combination of
naphthol with cellulose could be worked out and an attempt mede to
see if the general laws of sorption of solids from solution could be
applied to the cellulose naphthol system.

As an introduction to the thesis an account is first given of the
structure of cellulosic fibres, describing in outline the early theories
of fine structure and the concept of crystallinity and accessibility
and their relation to the absorption of dyes and other molecules by
cellulosio fibres. An account is also given of the principal results

of previous studies on the absorption of arylamides and direct dyes



by cellulose.

The abaorption of free alkali (the solvent for the
Naphthols) was first studied, followed by napthol absorption
under various conditions by the different cellulose samples.
The sain results of the present investigations indicate that:

1) the hydroxyl groups of the cellulose chain are mainly
responsible for naphthol absorption as shown by the
reduction in absorption when these are oonverted to
carbosyl groups.

2) primary hydroxyl groups account for higher equilibrium
absorption than secondary ones.

3l oxidation of the hydroxyl groups reduces absorption.

4) opening up the cellulose structure by mereerization
increases considerably the absorptive capacity of cellulose.

The absorption of two naphthols by standard cellulose at

different starting concentrations was also studied and the results
used to test several adsorption theories. Agreement was obtained
for the treatment of Saruwalla and Kulkarni leading to the suggested
mechanian that only the dye anions are adsorbed on specifio sites,
while the sodium ions are diffusely adsorbed. The treatment
adopting Hill's statistical approach also yielded a positive
agreement.  The concurrence of the theories tested lies in the fact
that their formulation depends on the basic assumption of an initial

monolayer absorption onwhichis superimposed a diffuse layer.
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10  FIBEE STRUCTURE

Totroduetion

The study of sorption by cellulosio fibres can be divided
into two parts &) sorption kinetics b) sorption under equilibrium
conditions, Studies of the sbsorption of water wapour, alksli,
dyes end dye cauponents, and dher molecules have received a great
deg) of attenticn for two maln reasons., Firat, it is lmportant
far the textile technologlst 4o know how the mmoumt of substance
taken up is related to the different variables thet ecntral ity
Second, the soarptien of different molecules by & fibre provides
a meens of studying its struotures
Levels of Orgardsation in fibres

The struoture of a fibre can be defined with reference to
three levels o orgsnisation’, These sre the organochemical
structure, the macromolecular stxucture, and the supermolecular
structures The organcohemlcal structure refers to the chemical
structure of the basic repeating updt in the polymer from which
the fibre is built csge the glucose unit in the ocase of oellulose
fibres, The macranclecular stxucturs desoribes the entire
polymer molecule or family of polymer molecules in terms of ohainm
length, olein length distribution, chain conformation and chain
stiffnesss This, like the ocrganochemical struwoture, is not
uniquely charscteristio of fibres, e s it could be the same far &
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fibre, a film, a powder, or a liquid,

In its native foms, ccllulose is a carbolyydrute
(empdrical rormula Cg Hyq 05) in which the basic repeating
unit is the D -« glucose wolecule joined through hemlacetal
linkages in the 1,4 positions The anhydroglusose residues
hawe a /5 - configmation. Howoever, the difficulty of
preparing pume sumples of cellulose uncontaminated by nolyuers
arising from sugars other than glucose has led to ths conception
of native cell¥lose as a family of polysaccharides rather than
a mingle nolecwlar speciese It is a mlxbure of o, (fv-? and

?(-— gelluloses with different proporbions of these in
different cellulosess & - cellulose is insoluble after
treatment with canstic soda of mercerizing streilg:th. The
alkalisoluble fraction which is reprocipitated on acidiffcstion
is referrved Lo as )5 « gellulose, whereas Y ~ collutose is
completely soluble in such alkali.

The laoasth of the & - cellulose chein i.ce ibs degrce g
of polymerisation {DF} has been determined using the tochnigues
of osanomu*‘cryz, v:’x.:3(:c::n:e.-‘:*:::c:gr3 s ultracentrimgationz" and light
aoatterings » but the DP obtained cannot be said to correspond
to That present in native ccllulose as degradation dwring
purification 1s inevitables Ior native cellulose a DP oz" at
least 3000 has been reported while for regenarsted celluloses

the DP wvaries between 300 and 600, The methoed of ultraccoe

trifugation yields different wslues far the DP of cellulose
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fronm different sources ranging from 36,000 for flax, 10,800
for cotton to 2 = 3000 for sulphite pulp and 460 for viscose
rayon, Thus the molecular welght and its distribution depends
largely on the source and purity of the cellulose and to some
extent on the method by Mh it is determineds,

The molecular formula of native cellulose may be
represented as shomn in fige 1e

HaOH ] ' CH:DH
H L
{ H L. = ®) ;A E | @] oH
/ ¥ !
’ :/ )H,U ‘(‘\‘JH H )
A t o “ ..._- _—Y
N Y & +———0 e \Ts 2
= 1 H OH
i 3~
17l
I

Fige 1e¢ (I) The cellulose formula,(II) A glucose unit,
Though different samples of celluloses may have the same

organochemical structure, the same DP and ohain length, they may
have different properties, mainly physlcal ones, which are due to
differences in the arrvangement of the molecules in the fibres,
i.es due to the difference in the degree and relative amounts of
orystallinity and non~crystallinity,

The three-dimensional regularity of the orystalline regions
is conferred by the spatial distribution of the hydroxyl
groups whioh makes it possible for the chains to
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associate laterally by hydrogen-bonding, X-ray diffraction
studies have revealed a monoclinic unit cell (fige2.) with
four anhydroglucose residues arranged parallel to the vertical
or 'b' axis with cellubiose units at each corner and the glucose
units firmly held together at the 1, 4 positions, Along the fa!
axis the adjacent chains point in alternate directions and are
held together by hydrogen~bonding, while along the ‘o' axis the
lattice is held by weaker van der Waal's forces.

6

Fig. 2. Cellulose model (Meyer and Misch)®

From fige 1, it can be seen that each anhydroglucose unit
of the cellulose molecule (except the end groups) contains three
free hydroxyl groups, one primary and two secondarye All the
hydroxyl groups contribute to the three=dimensional network of
hydrogen bonds, with the C = Oue...es0 angle between 100° and 135°
Except ((‘ﬁ),', which is hydrogen bonded to a ring
oxygen, O, each hydroxyl is involved in both donation and



acoeptance of protonse

Four crystalline forms of cellulose designated es cellulose
I, IT, III end IV have been recognised 7. Celluloss I is the fom
found in the native cellulose of plants whereas Cellulosa Il ocours
in regensrated ocellulose (Visoose, sellulose sheets) or when cellulose
esters are hydrolysed,' Cellulose II may also be obtsined from native
ocellulose by vigorous swelling treatments, e,g, msroerization or
callulose preocipitated from its solution ~, Celluloss III is cbhtained
by decomposition of an addition scmpound of cellulose with ammonia I
whilst oellulose IV is obtzined when celluloss has been heated in polar
liquids such as formanide, glyool or glycerol under stress '© — 12,

Thep- gluocose residnes in the orystalline regiona are arranged
striotly parallel to vach other and regularly spaced in a lattice
corregponding to the unit cell given by Table I 13 .

Teble I Unit cell dimensions of different types of cellulose
Axia Caliulose T Cellulose IT Cellulose ITII GCelluloss IV
s 84354° s’ 78nA° 8:144°

b 10,304° 10,308° 10, 304° 104304°

o 74904° 9¢10A° 94904° 7904°
Angle g 8,° 62° 58° 90°
13 Degree of crystallinit acgessibility and its dete

Two goneral methods are used for detemmining the degree and
smount of orystallinity in ocelluloss materials, These are a) physical,
b) ohesmical methods,’ The ohemical methods are of two types
(i) Kinetic studies, depending on two stages of echemiscal reaction «
an imitially rapid rate representing reaotion in the
anorphous regions, and a slower one ocouring in the orystalline
regions; (11) resctions depending on reagents which reast with
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e limited percentage of the total number of hydroxyl groups
presents Here the assumption is that the reagent 1s unable to
penetrete the orystalline regions and the extept of resction is
a measure of the acceasible frection in coelluloses It is important
to emphasise here that sooessidility and amorphousness ere not
synorymouse The 1atter refers to a low ordexr of packing whereas
the accessible regions inolude, in addition to the amorphous
regiona, slso the sarfacos of the erystalline reglons exposed to
atteck by reagentse The relationship between the orystallinity and
accesaibility of & cellulose sample mey be expressed 'hw“"
A= g + (100 @ *)

whore A is & sccessibility, & is % erystellinity, sod o 4a the
fraetion of crystallites accessible to the reagente

he ususl chanical methods employed for determining the
dsgree of erystallinity and acoessibility include heterogensous
a0id hydrolysis -y deuterim wcohonge |6 and formylation o These
methods assume an ind £4a 1y very repid reaction foliowed by &
tailing off @ & virtually ponegensurable rate of reaction, The
extent of tle initial resction represents the amouns of
accessidle materiale

Non=kinatic ohemieel mothods of scoessibvilily determination
irclude the mes surements of the equilibrium absorption of

molecules of different sizes e.gs 1odine, dyes and dye
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components, etos’

The physical methods of density mm.w' 1.9
X=ray aim‘otimzo and infrared :poctmuom'21 have also
been used to determine degrees of cxystallinity, These
methods assume that the crystalline and amorphous regions
exist as discrete and uniform regions,
Theories of Fime Structure

Early studies of high polymers were carried out on
natural cellulosie fibres and dwring the last half century
various theories of fibre structure have been advanced to
explein the many chemical, physical, and mechanical
properties of this class of compoundse Noteble contributors
were Prey-Wyssling - , Hermsns’, Staudinger®*, Preston®
m%.mmmﬂ.um’”a

The earliest of these theordies known as the micellar
thooryzswu originated in the 19th century by Nageli who
oongidered starch greins and plant cell membranes as con=
slsting of “sub=mioroscopic orystalline particles, called
micelles; in between which is embedded some indeterminate
intermicellar substances Soluticns of this substance consist
of oolloidal dispersions of the micelles.,” The discovery by
Mark and Meyer?’ that fibres and other plant materials were able
to diffrect X=reys lent support to the micellar concepte. How=
ever, basing his deductions on viscosity measurements of
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polymer solutions Staudingerjogave the view that the molecules
were much longer than could be accomodated in the Nageli
micelles. - He therefore postulated the continuous theory in which
he comnsidered high polymers as made up ¢f a large continuous
imperfect crystal with the end groups anpearing as local
distortionse By this structure an amorphous high polymer cone-
sisted of a random network of molecules lacking in three-
dimensional order and structural regularity.

As better chemical and physical methods for measuring
moleculay dimensions became awailable it was showm that the
polymer molecules were about ten times as long as the micelles,
The micellny theory had, therefore, to be abandoned, but rather
than accept the continuous théory its cexponents took wp the
idea of the fringed micelle by which it was assumed that the
same molecule nust pass through more than one micelle and the
intermicellar substance was a reglon of nom-crystalline material
linking the strueciure together in a continucus molecular network,
Thus the erystalline micelles and %the amorphous regions ococur
alternately while the former are held together by primaxy
molecular forces, This was therefore a combination of the two
former views = the micellar and the continuous theoriess

The new fringed-micellar theory has proved very successful,
being capable of explaining many physical, chemical and mechani~
cal properties; thus wvariations in moisture absorption, upitake

of dyes and reactions with other chemicals may be explained by
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assuming that the nonmerystalline regions were more accessible to
penetration by foreign molecules while the crystalline regions are
largely unffecteds The stability of the erystalline regioms would
cause limited swelling in water while differences in density wouléd
be due to the closer pecidng in the erystalline regions as compared
with the nomwerystalline regions. MNechanioal, electrical, optical
(birefringence) properties as well as Xerey diffraction were all
explained by the thecxys IR and NMR studies have confirmed the
division between crystalline and nommerystalline regions.

But more important, the theory pointed out that the passage fram
one region toanother did not ocogr at a discrete boundarye Thus
the trensition from the crystalline to the amcrphous regions ocecurs in a
gradually decreesing mammer until 3
there is ocomplete lack of structurel

E fill &
regularity, which is identified as the [ gt
amorphous region. This gave rise to the b = 8
umpt;fhunl order distribution i I
whereby regicns of varying order or degree ;\I\'_"j :
of structurel regularity exist im a con=
tinuous gradation as shown in fige3.e
The truth of this comcept has been

indicated by the results of several i.— &
innmp'hﬂ.x' 32 | '\' |

Pige3. Lateral order distribution
in cellulose,
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It woudd appear that a versatile theory such as thls seems,
capable of explaining most, if not &ll, the physicel properties
of ﬁbm’.:sjgad been discovered. However, the cbservation of vexy
fine fibrils with the electfon microscope railsed new problems
and ideas. These fibrils of geometrically regular shape
(usually ellipsoidal) have well-defined oross~gectional shape and
area, a nd arve of varying lengthse It was therefore necessary
to include the fringed micelle structure within the fibrils.
However, thiz introduces complications, 7For example the election
microscope shows fibrils with diameters as small as 100A° whereas
X~roy diffraction and other studies indicate that in some fibres
the thickness of the crystalline regions are at lsast 50.&0 leee
about ten molecules across the width., It would thus be impossible
" to £it an orthodox fringed=micelle structure into fibrils that
are no more than twice as wide as the crystallites,

The present position with respect to the theories of fibre
structure is baszed on the fringed-fibrillar concept of Hearlc%.
Tiis seeks to remove the underlying assumption of_ the fringed-
micelle theory that all molecules in the crystallins region
diverge from the same point, which appears to have no Jjustifi~
cation whatsoevers The new theory regards the crystalline regionas
as continuous fringed fibrils made up of molecules diverging from
the fibrils at differert positions along their length.

Branching of the crystalline fibrils could also occur in which a
molecule diverges from its original fibril, passes ’ch.fou_gh a

non-crystalliine region and further on gets incorporated into



another orystalline fibrile A termination of the

£ibrils could occur

by all the components breaking away while formation could be due to a
chance approach of two molecules in positions appropriate to

owatal'l.ization. Branching of the fibrils is also

formation of spherulites which are seen

Thus the rrinpdpﬁbrillar theory represents a ©

responsible for the
as circular birefringent areas
in the field of view of & polarising niocroscopee

ontinuous

orystalline fibrillar skeleton jokned in a network by fibril branching

and by individual molecules passing from one

fibril to anothere. It is

therefore basically a combination of the ideas of the continuous

structure of Staudinger and the major features of the
theory and also takes into account the expe

of fibrils in celluloses

The various theories peferred to sbove are represented in Pigele

o (T B
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FringED-FIBRILLAR
STRUCTURE

theories of fine structures

The Cotton plant belongs to the genus Gossypium, with
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several variations and a wide geOgraphica.l dis"cribuﬁioréh‘ The
growth of the fivre is of great imporbance as it is at this

stage that the ma jor structural Peatures are deposited in the
cell wallse There are several aistinct growth stages gocounting
for the eompleX, heterogeneous structure of the fibroe 1B thé
Pivet 13 - o0 days there is a lengthening of an epidemal cell
as a thin mexbrane (0.2/.1 ) ealled the primary walle This is
folloued by xhe deposition of cellulose on the inner surface of
the primaxy wall over a peyiod of 25 = LO dayse Thes secondary
wall does not £411 the cell but leaves o cenbral canal ealled
the lumen. The finel stage OeCUrS when the boll openss attended
vy drying and loss of water, leeding to a collapse of the lumcn
and yielding & characteristic flat, ribbon-like shape with many

tywists and convolutionse

\umen _———1_,@ SCCCDndary wall

Primarﬂ wall

> <>—‘ Strudural reversals
5
7> ) |

Fige5. The cobton plant cell showfing the structural reversalss
puring the secandary tiall development £ibrils are geposited

Cellulose
fibriis

in o helical marhel with a constant helieel angle with respect
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to the length and oross=section of the fibre, The presence of
these fibrils has been demonstrated by means of the elsotron
miorossope. A light mieroscopic examinmation of a highly swollsn
fibre has also reveasled a lamellated arrengemernt of these fibrilas
in the secondary wall, The lamellate strusture oscurs throughout
the whole length of the fibre, The angle of the helix which the
£ibrils make with the fibre axis is referred to as fibrillar
orientation, For sommercial sottons this is gbout 35°, though they
may vary from 20 - 45°¢

Many properties of the cotton fibre, especlally the mechas
mical properties e.g. dsformtion, tensoity, are due to fibrillar
orientation. A high degree of fibrillar oxrdientation means a high
elastic modulus, and low extensions at break, The reverse is also
trues Such other mechanical propertiea as tensile strength and work
recovery as well as some chemiocal and physical properties are also
related to the orientation, Though the direcotion of ths helix remains
conatant in all Jayers at & given peoint along the fibre length, its
sonse reverses some 30 ~ 100 times along the entihe length of the
fibre end this may be responsible for the mumerous coanvolubtions
cbgerved and for the extensibility of cotton (see £ig. L)s At the
reversal point the fibrils are ariented almost parallel to the fibre
axise ;'; |

'!Ehe effect of mercerigzation (treatmsnt by NaoH of sbout
15 ~ 20% strength) on the fine strusture of cotton has been studied,
It was shom thet the ocrdentatiom of the crystallites

|
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increasse after they have been penetreted by ceustic soda. This
sammot be due entirely to the deconvolutionjs which easowmpaenies
swelling as it would otheywise have been effectlively counterasted
by the simultaneous shrinkege that ocourss’ The sffect is also
due to the large leterfel expansion which results from the breaking
of the primary wall during swelling, This glves rise to a con-
sidereble pressure being exerted on the secondary wall, leading
to the ultimste improvement in orientations!
Fibre properties

Whiles it 1is true that properties of fibres are a conseqguence
of their fine stmoture it is alsc true that the fine struoture
has been deduced from the properties displayed by these materialsy
A atudy of the properties of celluloze fibres may thus be divided
inte two:

8) properties depending on the emorphous regions, end

b) +those depending on the degree of orystallinity and

orientations’

The fommer are sxemplified by sush processes as
molsture sorption, dyeing, swelling, elc, The absorption of dyes
1s balieved to take plase in the amorphous region and on the
surfaces of the erystalline regions. This i» because the molecyle
of dye 1s too large to penetrate the close-packed orystalline
reglon, Substentive dyes are bellsved to be held to the sellulose
by hydrogen~honding effects onlyy

Neoisture regain is dependent on the temperature and relative
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hupidity of the surroundings, its relationship with either
paraneter 'peing sigmoid in shape. Tt alsc shows the hysteresis
effect by which different amounts of water vapour are scrbed,
depending on whethoer the fibre is taken from a lower to a higher
relative humidity (absorption) or vice versa (desorption)e.

The water molecule 1s ablc o penetrate The amorphous regions
quite readily and because the chain molecules are ordented in the
direction of the fibre axis, swelling of the fibre occowrs mainly
in the latera} direction., The desgree of swelling depends on the
amount of amorphous material, the size of the crystallites and on
the presence of polar groups.

¥echanical, optical and electrical pronerties of {ibres
depend on the dezree o coyotallinity and orientation. These
properties include fibre strength, durability, extensibility,

crease=recovery, dielectric constant and optical birefringence,.



CHAPTER TWO
2%  SORPTION BY CELLULOSIC FIBRES

241  Gemeral Theorles of shsorption of golutes from sclutlon

Whereas the absorption of gases and vapours has reocelved
intensive investigation by many workers, the absorption of solutes
from solution énto solid surfaces has been given much less attention,
This might be dne to the dlffloulty introduced by the presence of
solvent molecules in the solution and the difficulty in aseounting
for solutewsolvent, solute=sclute interectlons, Hywever, the
appliocstions of such absorption oan be seen in chrometographlo
adsorption tana:l.ys:u36 used for separating natural products like amino
acids, peptides and plant plgments, in bioohemical engymatio
reactions®! ooouring by virtuwe of an adsorption from solution onte the
enzyme surfece, and the dysing of :E'ri.'btva38 o

In general the sbserption of solutes from solution leads to the
fomation of a monomolecular layer. Experimental data have been
found to fit fairly well into the Freundlich type of lsotherm’’ given
by

1/n

X = k,' o 1/

where x and @ are the masses of substance adsorbed and of adsorbent
rezpectively; o is the ooncentration of the solution after equi-
1ibrium has been attained; and n is a constant usually grester than
unity, A plot of log X sgainst log ¢ should therefore yleld a
streight line of slepe 1/n,
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i.e. log.x_-logk1 +1logo
m n
The Freundlich isotherm is similar to the Langmuir isoctherm
for muaw » &lven by
b

Ty s
whore { represents the frection of sites cccupied, p, is the
external pressure and k.& is a congtant related to the heat of
absorption and the suwrface area of the solid,

For a solution, this can be wmritten as

Ao

where o is the concentration of the external solution, However
the basic assumption of the Langmuir theory must be taken into account
for the relationship to holds These are that

1e The solid swrface contains a fixed mumber of adsorption
sites i.e. at equilibrium at any temperature and concentration a
fraction {} of the sites is occupied by adsorbed molecules, and a
fraction 1 ~§ is note

2o Each site can hold only onme adsorbed molecule i.e, the
maximum adsorption possible corresponds to a complete monomolecular
layer.

3« The heat of adsorption AH is the same for all the sites and
independent of the cowered fraction, Using the van't Hoff equation

a(Ar/r;)/aT. -AHMZ?, shere AP, the changs in free energy, is

given by
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AF = = R 1n p.

Henos %%_ =AI'I/IE['2

2
or %l% = AH/HT

4e There is no interaction between molecules on different

sites, The chanoe that a moleoule eondenases at an unoccupied aite
or leaves an oceupied site does not depend on whether o not
neighbourdng sites are cccuplede This implies that the exterpal
entropy S, of the adsorbats be glven by the equation

A

SA--R.ln § where B is the gas conatant
1 -
Thore are two limiting cases of the langmplx isotherm:
a) at low comcentrations i.e. when little adsorption has

oooured, the expressiom reduoes to

9’ n k1ca

b) at high concentrations when all the available sites are
virtually saturated and inoréasing the concentration has
little effect on the amount of solute adsorbed ~ the flat
portion of the isotherm shen {} is approximately wnity,

1 =0 = 1

1
kcﬂ
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22  DIE SORPTION

The sorption of dyes by cellulosic fibres is known to occur in
severel distinet stagess The first is the diffusion of the dye from
the solution onto the surface of the fibre, For direot acid dyes the
diffusion of the dye anions from the dyebath to the surface of the
fibre when the solution is agitated is instantaneous, The rate
dstermining step is however the diffusion of the dye from the surfece
of the fibre into the interior of the water-swollen cellulose, Neale
has suggested a guantitative explanation of the absorption of dyes by
ocellulose in tems of a Donnan membrane equilibrium and regards
direot dyeing as a process of diffusion in which an ultimate
equilibrium between cellulose and dyebath is obtained, depending on
the condition of dyeing, Factors such as the chemical constitution
and fine struoture of the fibre, the concentration and substantivity
of the dye, the influence of added salt, the temperature, and surface
active agents greatly affect the process of diffusion and the overall
absorption of dyes by fibres,

25 Cellylose Stryoture

This has already been described, It only requires restatement
here that the factors responsible for the chemical reactivity of
cellulose are the three hydroxyl groups « one primary and two
seoondary - and the relative amounts of orystalline and non=orystalline
or accessible regions of the fibre,

Absorption ocours mainly in the nonwcrystalline amorphous
regions where the pores and channels (C,20 = 100 A° in dismeter)
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are large enough to permit the entry of dye molecules which
then diffuse along the channels and are absorbed by the cellulose
moleculess

The principal chemical forces responsible for the absoxpiion
of dyes by cellulosic fibres are the general van der Vaal's
forces {electronic dispersion forces), hydrogen~bond forces, and
the eleckrostatic forces between charged groupse

Effect of swelling trestment on absorption

he best kmown of the swelling treatments to which esllulose
may be subjected is mercerizations. KHercerization is the treat-
ment of cotton yarns and fabries with concentrated alkali. Iis
purpose in industry is to induce grezter lustre, greater dye
affinity and greater ftensile strength in the material. During
mereerization a large lateral swelling and longitudinal shrinkagse
ogcour causing a very great opening un of the celluloss structure
and making available a large nurber of hydroxyl groups for
combination. Since mercerization decreases the amount of
crystalline material and increases the separation of the cellulose
chains, the resulting fibres have a greater absorptive capacity
and are more reactive esg. moisture regain, absorption of alkali
or dyes from dilute solutions are greatly increased.

DYE CONSITIUTTION AND SUBSTANTIVITY

For the pozgitive adsorption of a dye from an aqueous
solution a greater attraction for the ¢ellulose phgse than for
the water phage is a prerequisites 3By formation of aggregates

of colloidal micelles the dye molecules displace the water
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molecules in the jnteverystalline regions of gellulose and
attach themselves to the sellulose molecules, through the
formation of hydrogen-'bonds between the dye and ocelluloses

The relation between chemieal constitution and substanti-
vity of azole ooupling compovents has been investigated vy
several workerse Rathl'zhas suggested that substantivity was
associated with the oolloidal character of allkaline solutions
of these compounds and was favyoured by inoreaso in molecular
woight of aszolo goupling coamponente

The requirement of h;yﬂrogen"bonding botween dye and
oellulose means that the presence of such groups as 820 amino,
hydrexyl, and amide groups in the dye moleoule is an esgential
requiremente nggli{"s pas suggested that the main grouping
responsible for the substantivity of these compounds for cotton
was the acld amide (=CONH~) &roups Kezikalla and niatertl‘l* have
attributed the subatantivity of these azoic ooupling gamponents
to the residual affinity of the amide group brought about by
enolisations This 4s evidenced by the 1088 of substantivity vy
the introduction of suitsble substituents in ths moleoule which
prevent enolisation. In eddition, Sohirm 2"51113.» shown that the
presence of & conjugated system of double bounds favoured
subgtantivity as & result of the residual valency in conjugatlon

with ths auxoohrome present Geg&e bixin
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However, the pundanental factor responsible for the
substantivity of tnaphthols' is the hydroxyl eroup adjacent
to the =~CONH=gYOUPs which takes part in the attachment to
colluloses GLOUDS capgble of accepting or donating electrons
aid sub stantivity prqvided that the position of the sub sbituent
+s conducive o substontivitye This permits the formavion of
hydrogen vonds writh the hydroxyl SFouP of celluloses

Cellnlose

1
L B

(1o () wwmese fari
-

This is capable of relsonat'in.g as followss

i

1
s

W - By R, = C ==

y = ¢ = 0 1 " 2
: : :
. . 0 H
. * 1 t
H =~ 0 = Celllﬂ-OSe Howsonse g = Cellulose

That the hydroxyl groups of cellulose are involved in the
ponding is shown by the fact that
1) on osberificetion of the cellulose its capacity for

absorbing dircet dyes is maibitecﬁs .
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2) The heat of dyeing for dlrect dyes have been shown to be
about TKoels © sase order as required for H-bend formation™',

3) For linear dye molecules the most stable arrangement

between dye molecule and cellulose occurs when the

substantive groups in the dye ooccur altemmately at a
distance of 10,3 = 10,8 A® or miltiples thereof, which
corresponds to the periodioity of the cellobiose unit of
the cellulose ohd.nw.

Effect of added electrolyte on sbgorption
The theoxy"’, whioh applies strictly only o carboxyl -
free cellulose (the nearest approximation of which is cotton)

predicts that as salt/dye retio, p, is increased the substantivity
ratio g (Dye absorbed/Dye in solutien) approaches a finite upper

limit,

However, the experimental plots of log ¢ against log p are

linear for large p, and give no indication of a finite upper limit,
The theory of direct dyeing of cellulose makes use of 3
postulates concerming the system at equilibrium,’

18

electrical neutrality of the ocellulose phase and of

the dyebath., Cellulose has a negative charge with
respect to water, This charge in oxycellulose increases
with the degree of oxidation and with the build=up of
dye on the fibre, In aqueous solution also the anionic
dye molecule ionises, acquiring a negative charge, Hence
an electrostatic repulsive force i s set up between the
dye anion and cellulose surfaces The effect of this
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zeta pobential is to oppose the absorption of the
anion. Added electrolyte has the effect of shielding
the like charges and theredy overcoming the repulsion
between the jonized dye and the suface of the cellulosey
and thus faeilitating absorptione

2, Donnan relations between the concentrations of the free
jons in the two phasess This takes into account the
assbribution of freely aiffusible ions between B0
thases separated by a nepbrane o I this case we have
the cellulose surface end the solution as the two
phases and the interface between them as the membrance
The cellulose contains S0me figed charges T which are
wable to permeate the membrane . In the solution, in the
presence of alkall solvent and eiectroly‘ce, say sodium
chloride, the diffusible ilons are N, €17 OHy Ar . The
aistribution of iops in the cellulose phase (£) and the
solution phase {s) initially and after equilibrium

sbsorption isd

%o Hay Fe 1 Nal
o1, NE, Ax
OH; Ar, | el
AI'; Cl, OH_
OH;

(£) (s) (£) (s)

Trthially . ab equilibrimn
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It has been shown that at equilibrium the product of the
concentrations o the diffusible ions on one side of a
nertbrane is the same ag that of the same ions on the other
side.
TeCe (I'!a;. ) - (arg ) - (c1; ). '(oxi; Y = (). (ar) - (01;) . (01{;

Apnlying the condition for electrical neutrality

Nei = Ar, + Ol + Ol v+ Tp

Assuming thet at high [JaCl concentration

a, = Ol
e - + - - - -
OHf = I‘Iaf B £ Arf

Therefore the Donnan relation may be expressed as

* ~ ' -
Nas X C'I*Is X Ars
— = 1
Av, x Nag X gﬁaf Fa Ar, )

Proportionality between dye absorbed and the congentration of
free dye ion in the cellulose phases

Added electrolyte has a further effect in causing a -
reduction in the solubility of the dye and thereby aiding
argregation of the dye molecules which is necessary if a strong

dye~cellulose complex is to be formeds

' 50
The effect of added salt has been extensively investigated.

N’,gla.s;'has also shown that the basic dyes Janus Red B (CI 266)

and Vietoria Blue B (CI 729) have a strong affinity for

bleached cotton even from neutral solubion containing no added

elec‘brol‘ﬁ_:g. The behaviour of these dyes which ionise in

)

¥
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solution to give positively charged dye ion is in favour

of the electrostatic theory of the salt effecte
Considers:

The energetics of dye sorption by cellulose can be
de soribed by reference to three paremeters VviZe the change
in standard free SNETEY of the system (also known as the
affinity AC®); the hest of reaction (ebsorption) AH) and
the entropy change ASe
Dye Affinity >

AcS the affinity of te dye = cellulose complex is glven

by

~Ag%, = BT 1n Ap (1)

A,

where lf anllla are the activities of the dye in the fibre and
in solution respectively; R is the gas constant end T the
temperature in degrees absolutes
rwamwptmmm.htho activity of the dye in
solution is given by

A, = () "(ary) (2)
assuming the activity coefficient of undty, while the
activity of dye in the fibre is given by

Ap = (Nap) " (ary)

v(l + 1)

(3)

(mpm(mpmtmmuoudmmm

solution and in the fibre, expressed as ge ions per litre of
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solution and ge ions per kg dry fibre respectivelys Ar and
Arf are the congentrations of arylamide in solution and on
fibre expressed in similar units as above respectivelye
Re=arranging, equation (1) above becomes

[}
103&,-1051'-2333“

Hence a plot of loglr against 19;1. at constant temperature

should glve a straight line of unit slopes A6° may be
ommtodfmthmmeptmmlog&uﬂu

Heat of Reastion”>

Heat O o ——

The heat of dyeing represents the enersy of bond formation
between cellulose and dyee If AG, and AG, are the affinities
at two different temperatures 5!1 and '!2. the heat of reaction
AH° is given by the equation

poy 4% \

R g’ "SI 1N
T, Ty

16 AEC is constant, & plot of NG against 1
T T

should give a straight line of slope AR

The heats of dyeing (AH) and entropy change (A8) of
several direct dyes on sellulosic fibres for a mean
temperature of 350 K as determined by Marshall and g
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are shown in Table IX

Table IT Heat of réaction -AH and change in entropy =AS for
some direct cotton m:mmasum
tempereture of 350 K

e won oo | eoeiareomcne | Mo potnte of
Chrysophenise G “w £ 31 2
Buragol Red 2B 1 21 2
Durazol Grey RG 15 »n 2
Chlorazol Violet N 12 21 2
Chlorezol Sky Blue FF 20 L3 3

From the heat of formation of a hydrogen~bond (7keal/mole)
Marshallend Peters have concluded that at least two hydrogen bonds are
involved in the attaclment of a direct dye to cellulose, However it
mist not be assumed that hydrogen bonds are the sole fgotors in the wvaldes
of the heat of reactione

273  Entropy of Resctici AS

This represents the restriction in the mobility of the molecules
of the arylamide as a result of its attachment to the cellulose molecule,
It can be evaluated from a knowledge of the affinity and the heat of
reaction using the equation

A% = o8® - 2AS
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3,0  EXPERTMENTAL PROCEDURE AND RESULTS
301  MATERTALS AND CHEMICALS
3e1e1 MATERTALS

Preparation of Fibre Substances

Standard Cellulose

A 30's single yarn spun from Northern Nigeria ocotton

and obtained from the Nortex Limited, Kaduna was useds It

was carefully purified acocording to standard procedure:

(1)

56

Scouring, This treatment which was employed to remove
oils, waxes and fatty acld impurities in cotton depends
on the use of alkali which may either form a soap with
the free fatty aclds or decompose fats to fom a soap.
The soap then emulsifies the oils and waxes which can
be removed by rinsing.

T he yarn in lee form was scoured under steam
pressure of 35 lbn/inz for seven hourse The scouring
liquid was made up of O.1N sodium hydroxide, 1% sodium
silicate and 1% Lissapol NDBe The material to liquor
ratio was kept at 118, The scouring was carried out in
a Pyrex beaker which was placed in an autoclave., Care
was taken to see that all the air was expelled from the
autoclave before the pressure was raised, At the end of
the scouring treatment the autoclave was allowed to cool
down sufficiently s0 as to avoid any degrading action of
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stmospheric oxygen on the slkali~scaked celluloses ‘The
scoured sample was then thoroughly rinsed, first with tep
water, follewed by distilled walter,
Hloachings The prrpose of the bleaching process was to
produce & pure, white sbsorbent material. The reagents
usally employed ave either oxldising agents (hypochlorites,
peroxides, etc,) or reducing agents (stannous chloride,
sodiue bisulphite, etcs)

The scoured yarn was treated with bleaching powdex
solution containming 3 gm aveilsble ehlorine/litre for four
hours at & pH of sbout 10.5. The yarn was turned from time
to time, It was then thoroughly washed with distilled water,
Souring, To decampose any residual bleaching reagent and
any insoluble calcium saltsz which way have been deposited o:i
the fibres the bleached yarn was treated with 1% hydrochloric
acld solution for thirty mimttes. This was followed by
repeated washing with distilled water for three dgys till the
pH of the wash was neutral,

Conditioninz of the fibre

The fibre substance was conditioned by placing it in
an atmosphere of 65% rvelative mmidity at 30°C provided by
a saturated solution of godium nitrite in a wacuum dessicators
41 &e semples were also placed in the same dessicator and
removed and weighed from time to time untll they showed no
further change in weight. The fibre substence was
mainteined in this campartment so that all subsequent samples



- 38 =
removed for experiment could be easily comparebles
At the end of the purification processes the fibre
substance was found to have the following specifications:

Carboxyl content (iodimetrie lothod?? 0,612 meq/100g.

Mercerized oullulosa58

Standard cellulose prepared as above was treated with
17.5% sodium hydroxide solution at 20°C for one hours The
purpose of this treatment was to remove the (3 and V
celluloses present in the sample and teo bring about a swelling of
the yarn, The sample was washed many times with distilled water
and steeped in 1% acetic acid for 10 = 15 minutes, The yarn was
then kept in contact with 0,01 N hydrochloric acid overnight,
washed free of acid, dried and stored in an atmosphere of 65%
relative humidity et rom temperature of 5000. ’
Nitrogen dioxide oxycellulose’

A solution of nitrogen dloxide in carbon tetrachloride in the
ratio of one of the farmer to eight of the latter was used,
Standard cellulose, ecut intc small pieces of 1 ~ 2 mm length to
allow for as unifam penetration of the oxidant as possible, was
treated with the solution of nitrogen dioxide in carbon
tetrachloride in a 2 = litre Quickfit flash, The material to liguor
ratio was 1§15, The stoppered flask was mechanically shaken at room
temperature (30°C) during the oxidation.

The oxidised product was separated from the oxidising mixture,
blown with alr to remove any volatiles present, washed with carbon
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tetrachloride and then soaked in frequent changes of distilled water
until the wash water was neutral to bromthymol blue indicator, The
samples were air-dried and then conditioned at 65% relative humidity
at 30°C.

Carboxyl content £5 »Omeg/100gs!
Periodate oxyosllulose 5%+

Standard ocellulose out into 1 = 2 mm pleces was treated with e
0,05 solution of sodium metaperiodate for 24 hours at 30°Ce The pH
of the solution was kept between 5.3 £0 5¢6« At the end of the
reaction the oxycellulose obtained was washed with distilled water i1l
free from acid, waouum = sucked and airedrieds It was oconditioned at

65% relative humidity at 30°C.

The periodate solution was neutrelised with sodium bisarbonate
solution and treated with excess standard sodiwm arsenite solution,
10% agueous potassium iodide solution was added and after being kept
at room temperature for 10 = 15 mimutes the excess arsenite solution
was titrated againat standard iodine solution, The determinations were
carried out before and after the oxidation and the amount of periodate
consumed caloulated from the difference in the titres,

1co of 0,100 sodium arsenite solution = 0.0095965g. HIO#

= 0,010696g, Nalo,

On this basis, the periodate oxyocellulose prepared for this stuly
consumed 146 -dmoh per gs of sample,
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Beduetion of periodate exysellulose with borohydride 3

30 ge of the pexricdate oxycelliulose were treated with a
0s10 M aqueous sclution of sodium borochydride in a 2w-litre
Quiclit flask for 48«72 hours keeping a meterial to liquor ratio
of 1:50,

The reduced product was washed seversl times with
distilled water, steecped in 0.01 ¥ asetic acid for 30 minﬁtes
and further washed with dlatilled water till free from scid. It
was sir-dried and conditioned at 65% r.he and 30°C3 |
Oxidation of periodate oxycellulose with sodium ohloritea"

30 gm of periodate oxycellulose were treated with soiution
containing G,10 ¥ sodium chlorite im 1.5 M acetio acid for 72
hours, The flask and container were congtantly shaken, The
oxidised sample was airedried sud conditiomed at 65% vehe ab 30°C.
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LR GHEMICALS
As des of 2 = kydr - % = naphthoic acid and their derivetives
‘hemios) Neme Chemicsl Structure  Brenthol  Haphthol wolwt  Kep(’Q)
|s f3~Raphthol OH - - ghe?2 122

2e Ehenylamid.e
of 2=hydroxy=~ OH AS AS 263 249

3-naphtholo
v com>

3e bt <Hethoxy= OH
of i 293 3
2=y droxy= PA AS-RL 2
epaphtholc COI\lH{'—_j_‘}OcH3
aclid

Le 2' ~Waphthy-

lamide of 2=~ OH
hydroxy=3- BN AS~SW 313 24
naphthole C ONH

acid

s  purification of Nephthols 65

The commoericel samples of Naphthols [3 » AS, AS-RLy
and AS=SW obtained from Nortex Ltde, Kaduna were purified
as follows:

Each Naphthol was dispersed in boiling distilled water
for a few minutes and Pilterod hot. This was repeated
several times il the filtrete was free from any coloration.

The purpose of glis treatment was to remove all water—soluble
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impurities from the compound. The Naphthol was then treated
with a 2% aqueous sodium bicarbonate solution to remove
unconverted ﬁ - oxypephthoic acide The suspension was
#31tered hot, washed with hot 2% bicarbonate and then hot
distilled water to remove all sodium bicarborate (effexr—
vescence test with dilute HCl on filtrate)s To remove water
insoluble impurities from the sample the residue remaining
after the sodium bicarbonate treatment was pasted with ethyl
alcohol and dissolved in & smll smount of concentrated
sodimm hydroxide solution (ebout 4OF), the golution diluted
with distilled water and filtereds The tpaphthol' was
precipilated from the alkaline solution by gredual addition of
10% HC1 solution accompanied by vigorous stirringe The
resulting di spersion was filtered and the residue washed free of
acid (+il1l no pnoipﬂ'ato with silver nitrete and no blue spot

with Congo Red paper)e The tnaphthol! was then orystallized



8, Sodium metapericdate Analar quallty
9., Sodium chlorite Analar quglity
10, Sodium borohydride Leboretory Reagent

Several methods have been used by aifferent warkers in
the estimation of tnaphthols' im agueous alkaline solutionse
These include:

1._ The estimetion of :ﬁ.trosense
2. Grevimetrio il

3 The coupling of the tnaphthol! with a suiteble
67, 68

69

diazotized amine
Lo Iodimetric method

5, Colorimetric mea surement 66, 70

6o Alkalimetric or potentiometric titration method Ly
7. Volumetric method involving the use of suitable
indicators eege Alkali Blue 6B "
8. Ultreviolet absorption method L.
Mthosethsluttwonethods appeartog!.wthenost
relisble resultse In the present work the ultraviolet
absorption method developed by CeHe Gﬂ.lea-’zu employeds
Aqueous alkaline solutions of tnaphthol' have been found to

give a high sbsorption in the altraviolet region of the
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spectrum at 365 and kOl 7 MU wavelengths, The 365 mi
wavelength which gives & stronger absorption and the more
1inear calibration curves was used, An SP500 Unicam
spectrophotometer with silica cells of 1 om thickness was used
in the present study for the estimation of naphtholse
Dissolution of Nephthols

The naphthol solution was prepared by pasting exactly
5 go of the purified naphthol with 0e2gs dispersing agent
(sodium salt of oleyl sulphate), 5 ml hot water and 10 ml 275N
sodium hydroxide solution. More hot distilled water (50 ml)
was added and the mixture boiled to give & clear solution. It
was then made up %o & litre with oold distilled waters
Calibretion Curve

To establish a calibration curve and to check the accuracy
of the ultraviolet sbsorption method the following procedure was
adopted, A stock solution ocontaining exactly 5¢/1 of Naphthol
was prepared as described above, Dillutions were mpade from
the stoock solution to give a series of solutions having
optical densities within the range of the instrument scale,
The optical densities were plotted against the concentrations,
A linear relationship was found for the whole range of concen=
trations employeds Further concentrations (1,2,3, etce g/1.)
of naphthol solutions were pn_pand, suitable dilutions made

and the optical densities detemmined, The concentrations of
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the solutions were computed from the calibration owrve. The

acoursqy of the determinations was within 4+ 0s2%
m
Isble TTT  Deterinations of Naphthols in Stock solutions

w@:l (W) u; St Optdeal Wt calse ?:“ calibration
o i ()
Naphthol
560010 L0 0,789
33% 0,963
30 14044
340120 20 0,962 3.,0070
1,0070 50/7 0,882 0,9978
Naphthol AS
50000 100 04345
50 0,690
33% 14035
3s! 000 50 0.%10 2,998
14 000 20 0e 345 14,0000
Naphthol AS=RYL
540000 100 0s%20
50 04838
33% 14250
3.0010 50 0,505 340015
142500 25 06420 1.2505
Naphthol AS,SW
560000 100 Oe%15
50 0.83%
35% 14252
30100 50 04505 3.,0110
10000 20 04420 1,0050
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Determimation of Naphthol in solution

Naphthol solution comteining 5g./1. of naphthol was
prepared as before. 1 ge samples of cellulose (making
allowance for moisture contemt) were treated with 50 mle of
the maphthol sclution in a 100 ml Quickfit pyrex conical
flask, Nitrogen gas wes bubbled through the solution and the
flask, with its contents, was suspended in a waterbath at
303.100- A blank (or control) was also set upe At the end of
about 1,5 times the equilibrium time the reacted solution and
the blank were analysed spectrophotometricelly for the
naphthol content,s This oomsisted in measuring the optical
densities of the sclution at suitable dilutions and reading
off their concentrgtions from the calibration curve., The
original concentration was then calculated from the knowledge
of the dilutiom factors

The amount absorbed by the cellulosic fibre was calculated
from the difference in the concentrations of the blank and the
experimental,
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uilibrium ab ion of / i by standard cellulose
ted cellulose and the ¢ modified

0888

The equilibrium time of absorption of sodium hydroxide

of two different initial concentrations was first determined,
This consisted in measuring the variation of pH with time
t111 no further change in pH was observeddsee Fig, €).'

In all future studies of equilibrium absorption of
sodium hydroxide at different pH values in the absence or
presence of sodium chloride at least 1,5 times the equilibrium
time was alloweds

About 1ge of the cellulose sample (allowance being made
for moisture content) was treated with sodimm hydroxide of
various concentrations for 1,5 times the *equilibrium timet?,
At high initial alkali concentratiomns polythene bottles
instead of Quickfit flasks were used as alkali has been known
to attack the glasss The flasks or bottles with their contents
were suspended in a water bath maintained at 30 + 0,5°C.
Nitrogen gas was bubbled through the alkali solution so as to
displace any carbon dioxide present in the vessels. At the
end of the absorption, the pH of the final equilibrium
solution was measured and its concentration was determined as
follows: To a known volume of the solution an excess of
hydrochloric acid was added and it was then titrated poten-
tiometrically with a standard borax solution, The initial
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oconcentrations of the alkall sclubions were determined
from the econtrol in a similar way, The awount of alkali
absorbed was calouleted from the difference between the
cortrel and the experimental solutions.

The plots of amount of alkali gbsorbed versus pH of
equilibrium solution are shoem In figs 7 to 41 for the
different samples studieds



following compositions

+ 0,20ge dispersing agent + 5e8U5 8o sodivm

5ge Naphthol
in 25 mle of 1N sodium hydroxide solution

chloride dissolved

lution B3

5gs Naphthol +020g. dispersing agent + 5845 ge sodium

ehloride &iasolvedin25nlothﬂmoﬂandnnaup'bo1lim

Solutions of different pH values but

with distilled wateXe
digpersing agent

having the seme concentrations of naphthol,
and sodium chloride were made by mixing ai fferent proportions

of solutions A and Be

Nephthol absorption as & function of pi was followed

from the dfferemce im concentrations of naphthol, determined
spectrophotometricallys of the coptral and the experimentel}
‘clutionss The experiments were carried out at 30 40,53
the material to liguar ratio was kept at 1350 At the start
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of the experimerts pitrogen gas was bubbled through the
solutions to expel carbon dioxide and the reacting mixture
was left long emough to ettein equilibriuvme

The ebsorptions in the presence of 0,050 and 0.,01K
NaCl and in the sbsence otllsciwmmofollmdtoruoh

concentraticn at different salt concentrationse The
absorptions of Naphthols AS and AS=RL by the modified
ullulonliathtabmuaﬁmotuddodunm
also studieds The results Mdaﬂplomdinﬁss

16 and 17«



(1) Naphtbel AS (Phenylamide of 2ebydroxy=3enaphtbole seid)
(41) Naphthol AS=RL (yrmethoxyphenylenide of 2w=hydroxy=I=
paphthoic aoid)

Arylsmide solution conteining 5ge/1 was useds The
material to liguoer ratio of 1350 was employeds The
absorption was meagured for five different temperetures
betwoen 25 = 90°Co Fige 18 shows the plot of absorption

sgainst temperature for the two arylamides studieds



The arylamides used weYre:
a) Naphthol AS (Phenylemide of 2«lydroxy=3=nephthoie acid)
b) Naphthol AS=RL (l4=methoxy phenylamide of 2ehydroxyw3=~
nephthoic acid).
A stock solution containing 20 g./100 ml of the arylamide
was prepared and dlutions mede therefrom to give a series of

concentrations in the renge 1 = 50 g/1s' The pH of each
solution was adjusted to pH 12,50, The material to liguor
ratio was kept at 1350 and the experiment was carried out at
ﬁ;1°6.

The experiment was repeated in the presence of three
different concentrations of sodium ehloride at 30 4 1°C and in
the presemce of O¢10m NaCl at 20 4 0s5°C, The plots of amount
of arylamide absorbed versus concentration of arylamide in
sclution st equilibriwm are shown in figs 19 and 20,
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Table IV Egquilibrium = Time ourve for the absorption of
sodium hydroxide 'byoltanﬂa.rd cellulose
at 30C

Sample Noe Time (Mins,) pH
1 0 11469
2 1 9+60
3 3 8,58
L 8.57
5 16 8456
6 30 8455
7 45 8455
8 60 8,55
9 180 8,55
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MMOLES ALKALIABSORBED /K G. ORY SAMPLE

&0

© WM NeET
» 00IM KaCl
+ NO SALT

FIG. 7.

° 10 1" 12 [F) %
pH  oF EQUILIGMIUM  SOLUTION

ALKALL ABSORPTION 8y STANDARD CEUWOSE AT J0°C
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Table V Alkali absorption by standard cellulose
at 30° C

Sample Noe pH of equilibrium mmoles alkall absorbed

solution /kg dry sample

No salt

——'—-—
1 8410 0425
2 9eli2 1479
3 10,00 Lholi3
L 1112 6450
5 1162 1328
6 12451 28,16

0,01 MaCl

1 720 1.05
& 8468 211
5 9e57 LeP2
" 9496 1o 85
2 10436 7e59
6 11 '_l"o 21 008
7 11498 38458

0,40 ¥ ___ NaCl
1 Toli 271
E 875 1490
z 9412 5433
b 9492 8410
5 10416 980
6 11430 27470
7 12400 L7495



MIJOLES ALKALI ABSORBED/KG. DRY SAMPLE
2
1

0104 NaCl
NO SALT

0.10M NaCl
NO SALT

MERCERIZED
CELLULOSE

STANDARD
CELLULOSE

.:. .- 1 1
B ’ 10 Tll 17 0 14
pH OF EQULIBRIUM SOLUTION
FIG.8. ALKALL ABSORPTION BY MERCERZED CEUYLOSE AT 30°C
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Table VI Alkall absorption by mercerized Cellulose
at 30°C

sample Noe ;;-; ﬁﬁi;ri\n mol;;s ;d.l;.‘;i z;.;bed
1 ToThke eki2
2 10,28 5elsB
> 10.83 9428
Y 11432 10,54
5 11elide 18413
6 11485 Whe27

0,10M NaCl
1 7465 450
2 8483 9,00
3 10423 22470
b 10,88 37450
5 11452 €800
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Isble VI Alkali absorption by mitrogen dioxide oxyecellulose
at 30%

pH of equilibrium mmoles alkali absorbed

Sample No. solution /kg dry semple
No salt

1 Le37 20,66
2 La75 2487
3 5e32 7525
L 625 35548

9 8450 422, 0
6 10,51 Lh9. O
7 11410 467« 7
8 11481 557« 1
9 13400 982, 9

0e10 M NaCl

1 337 96,96
2 3682 179+ 6
3 4420 235+ 0
A 5428 377 5
5 6e36€ 157« 2
6 Oe11 Qe 8
7 10,06 521e 5
8 10,97 572¢ 3
9 11493 T7le 6
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Table VIII Alkall abaorpti:: gogeriodnte oxycellulose
e o gyt
No_salt

1 6o Tl 279
2 787 11546
3 8461 3061
4 975 55040
5 10.70 64945
6 1.72 72501
0,108 NaCl
1 6458 23e7
2 707 100,0
3 7e21 27643
b 766 507
5 8448 62540
6 10,00 75946
7 11495 875.0



700 T

600 1+

SAMPLE:
v
o
-
!

400+

3001

A BSORBED / KG DRY

200 +—

ALKALI

100 4+~

M. MOLES

Fi16. 11

ABSORPTION

OF

ALKALI

3 7
pH  OF EQUILIBRIUM

BY

PERIODATE = CHLORITE

SOLUTION

OXYCELLDLOSE AT 30°C




- ﬂ -
Table XI Alkali absorption by perdiodate = chlorite oxycellulose

Sample Nos pH ‘mwm mmoles m:oxbodﬁp
No salt
1 527 1746
2 603 53490
3 6,08 103, 4
[ 6436 159, 8
5 665 223e 4
6 Tel 295, ©
7 8,98 340 4
8 10435 383 1
9 1120 Lube 5
10 1170 521¢ 3
1" 11,90 570 3
9, 10M NaCl
1 2,80 T2466
2 3460 178, 1
3 520 320, 2
4 637 3524 1
5 8.35 380, ©
6 9.80 o, 0
7 10637 L86, 8
8 11446 571¢ 8
9 1173 626, 3



pable X Mbsorption of F- pephthol by gtendard cellulose

Tonic Strength pil of equilibrius smoles naphthol absorbed/
() solution kge dry semple
0 11423 8,16
11.85 9422
12412 9422
12423 9otk
12407 9,20
12¢53 915
0405 11425 9.61
11,82 10647
12,02 10.52
12423 10,61
12452 10.58
0,10 113k 13405
1185 12,98
12,00 1317
12432 1321
1245 13420

1251 13623
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ARYLAMIDE AB SOR BED /%G DRY SAMPALE

M. MOLES

o

D —— ——
A F .
A
4 0} =l
+ oloM
e 0-05M % NaCl
4 oo0oM
o No salt
20 1 1 1
v
1.3 15 12,00 12.5 130
PH OF ‘EQUILIBRIUM SOLUTION
Fi6 13. EQUILIBRIUM ABSORPTIGN OF NAPHTHOL AS- BY STANDARD

CELLULOSE

AT DIFFERENT

pH's (¢ UQ.ov
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Teble XI Apbsorption of Naphthol AS 'by standard
celluloge at 30 °c

Sample No. pi of equilibrium Mmoles Naphthol absorbed/

solution kg, dry ssmple
No Salt
1 11¢ }lu- 230&
2 11, 86 32449
3 124 05 323
L 124 15 32,13
5 12, 83 32,13
001N NaCl
1 11438 37.95
2 11,80 4392
3 12410 43,92
L 12426 4392
5 12561 L J62
6 12593 5339
0,05 NaCl
1 11450 51482
2 11485 5,82
3 12,02 52,70
A 124k 51482
3 12430 51482
6 124776 51482
oo Nall
1 Shok5
] ud 2
3 2,'12 57457
5 \ s
g 12087 5624
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Table XIT Absorption of Naphthol AS=RL by Standard cellulose

.-

Tonie S trength pH of equikibrium mmoles Haphthol absorbed
() solution /kge dry semple
0 11481 5leB7

12411 5795
12623 57.95
12433 57495
12479 5829
12452 58,05
0.05 12413 73el6
1263k 73ek6
12456 7316
0010 1 2.00 79 .08
12637 79.‘08

12462 79408



%

T gl B

. o & e o— No salt
'““.' 0.5 12:0 12-5
Pu oF EQUILIBRIUM SOLUTION
G I8 ABSORPTION OF NAPHTHOL AS-SwW BY STANDARD CELLULDSE

AT 30°C
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Table XTTT Naphthol AS~SW absorption by stendard cellulose at 3%

Tonic Strength pH of equilibrium mmoles Naphthol abscrbed
(w) paphthal solution /kge dry semple
0 11460 10262
12,00 142.2
12427 14242
1246 14242
12657 14242
0,0 1115 1533
12.30 15545
12418 1567
12452 15643
0,05 11463 1731
12428 173k
12437 1731
12k 173els
12.51 173k
0,10 11458 1757
1219 1760
1225 1773
123 17640

1234 1776
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Teble XIV Absorption of Naphthol AS by sodium
borohydride-reduced periodate oxycellulose at 30°c

Sample No,! pH of equilibrium  mmoles Naphthol absorbed/ kg.

solution dry ssmple
1 11643 457
2 12406 45483
3 12417 45483
X

12,38 45483
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de
eble XV Absorption of Naphthol AS by nﬂ:rogon dioxi
- oxycelluloze at 30C

oles Naphthol absorbed/
Sample Noe pﬁd.oirtﬁ?rlu o N

] 21,08
1 11450 =
2 12406 21+

o8
3 12,23 21,
21,08
b 12435 .03
5 12,61 2.
0,‘1(! NaCl
26.
1 11,62 36
12,00 26,36
2
26436
3 12,

: 26436
& 12,48
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Teble XVI Absorption of Naphthol AS by mercerized
cellulose
Sample Noe pH of equilibrium mnoles Naphthol
solution abso ~ dry semple

No Sglt
1 121k 65,88
2 123k 65,88
3 126k 65,88
N 12,76 65488

YoM N
1 1157 100, 1
2 12,22 105« &
3 12,30 105 &
k 12,50 105¢ &
5 12,80 104, 8



MMOLES ARYLAMIDE ABSORBED/KG. DRY SAMPLE

w T T o |
70+ £
I - e Hcm::od
cellulose
80— —
50 ~ -
e s 1 NoBH, reduced oxycellulose

40 - =

8
-

/ Standard cellulose

" " NOg - oxycellulose

#3

its 5 L

PH  oF EQUILIBRUM SowTion

FIG.16. NapurHoL AS ABsorPTioN BY DrFerENT CELWLOSE SAMPLES .

1




100

— — + e —

*
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#

Reriodate - Chlorilt
o » ycellulese

N, - oxycellulese

F16.17.

v 7%
pH oF EQUILIBRIUM SOLUTION

ABSORPTION OF INAPHTHoL AS-RL BY DIFFERENT CeLLULOSE SAMPLES
AT 30C (No added salt)
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Teble XVIT  Absorption of Naphthol AS=RL by NO, = oxyesllulose

i of equilibrium mmoles arylamiid sbsorbed/

Semple No. solution Xge dry semple
No salt

1 11541 37.66

2 11493 37.66

3 12,26 3766

4 12,48 37456
0s10M NaCl

1 1137 5523

2 12410 56647

3 12435 5647

b 12,67 56647
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Table XVITI Absorption of Naphthol AS-RL by periodate~ chlorite
oxycellulosge

Sample No, M of equilibrium mmoles arylamide absorbed/kge

solution dry sample
No salt
1 1156 L6497
2 1214 46497
3 12,38 4697
L 12,53 46,97
O210M NaCl
1 1142 59,06
2 12,23 605
3 1251 6042
L 12,63 61423
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Table XIX Absorpbion of Naphthol AS=RL by mercerized cellulose at 30°C

Semple No. pH u: o;gﬁbriu n.mlk:: gﬂlﬁaabmﬁed/
o salt
1 11450 85463
2 11493 85463
3 12447 85463
b 12439 85463
5 12,59 85,63
0¢10M NaCl

1 1149 116, O
2 12401 17 4
3 12,28 116,' 0
4 123 116, 0
5 12,61 1164 0



Table XX Absorption of Naphthol AS-RL by borohydride reduced

oxycellulose
pH of equilibrium memoles arylamide absorbed/
e solution kg, dry sample
o salb

1 1181 7014

2 12,00 72,08

3 12432 71466

4 12452 71466
0510M NaCl

1 1138 7351

2 11481 1377

3 12,06 75,08

L 120‘33 1377

5 12,48 1377



SAMPLE

AIIYI.ANIDIJ KG DRY

M. MOLES

e _ _ T
© Zﬁ.vf..ﬂ.b_. AS-RL
s Naphthol AS
s0} il
B
40+ »
/
s —
1 | 1
20 40 60 80 100

TEMPERATURE *C.

F16.18. AgsorPTIoN OF NAPHTHOL

s As, As-

oL AT DIFFERENT TEMPERATURES .



-70-

Péble XXI Absorption of Naphthols AS, AS-RL by standard eellulose
at different temperatures

Naphthol pemperature( °C) M};smg;h;hi ;xl::oma
AB-RL: 25 60457
» 57495
5 52469
€ 50406
0 48421
» 25 37410
5 32493
N 31470
& 30520

20 30,00



ABSORBED/ KG DRY SAMPLE.

ARYLAMIDE

M. MOLES
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120

100

80

60

40

20

)
)
1 S SN (S | (S
0 20 40 60 80 100
CONCENTRATION OF ARYLAMIDE
FI1G: 19. THE ABSORPTION OF MAPHTHOL AS AT
AT 30°C

—i— 20"¢ |
o - 0'C A‘a

~— 30°C Lr

_

|

oc |

|

|

_

|

_

—

|

|

®.0 O._Q_S_Znﬁp __
. 0.05 M NaCl _
A No sait _

|_r-I||I|||_.||||I|r-|||.|I.|.F|] L

120 140 160 180 200
IN  SOLUTION, M. MOLES /L
DIFFERENT  ARYLAMIDE CONCENTRATIONS

J——



Table XXII Absorption of Naphthol AS at different arylamide

- J1 =

concentrations

Congentration of

Comoentration of OComoentrationof o . etion of

arylamide in arylamide in
arylamide on arylamide on
::h‘;'i fibre, m, moles/l '°.1"'| :"ﬁ fibre, memeles/l,
No °c 0410M NaCl, 30°C

375 7439 3456 20,02
19,88 40,21 10,90 38464
40,00 67.10 18,06 60,08
59494 862 36480 95400
80,00 98 3% 7325 133,0

180,41 M7 11442 TR N
180,0 145k
0% NaCl, 30°C 0g10M Nacl, 20°%

3460 18497 348 23,50
11,18 3914 10,65 46,01
20,00 60,08 1775 66420
LOMN3 92,10 36,62 10045
80,00 122,0 80,00 139.0

14,5 131, 1475 15347
181,3 138,2



140

120

SAMPLE

DRY

100

ABSORBED [ KG

ARYLAMIDE

M. MOLES

I

| L\\L\I.HLI;H.LHL DR § R —— N
0 20 40 60 80 100 120 140 160 180 200
CONCENTRATION OF ARYLAMIDE IN SOLUTION , MMOLES/UITRE
Fl 6 . 20. THE ABSORBTION OF NAPHTHOL AS-RL AT DIFFERENT ARYLAMIDE CONCENTRATIONS.

- - A . B
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Table XXIII Absorption of Naphthol AS « RL at different arylemide

Concentrations

Concentration of Concentration of

Concentration of

arylamide in arylamide in
tolution o STURS I, Tieduios | e e

memoles /1. ’ m.moles/l, o

Q.01M NaCl, 30% Q.10M NeC1, 30°C

2400 8?,33 2,28 19,50
5410 19¢ 775 L6411
9612 .20 27,00 89,56
15617 LB 30,00 914400
25,10 67:32 3511 100,5
30,05 The83 40420 1074
40,00 85.97 80413 13.7
50403 e 2 13945 141,0
60,00 101,0 1875 14149
80,00 118,0

187.5 12259

0,054 NeCl, 30°C 1

2,59 1317 2,50 232
5600 20404 7400 56,03
13450 L7464 15440 73450
37+24 79,00 30,00 100,0
60400 114 50,06 119,5

11355 13 83,20 139.0

13945 13 1875 1448

1875 15147
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Table XXIv Caleoulated velues of Dissociation omtantg
for Nitrogen dioxide oxycellulose using pH = pxo - log 1 =

ok
L
2k PH log _L;:i pKO
No Salt

01 497 095 5e92
02 535 060 595
0.3 5.63 0, 3680 6,00
Qo ls 5465 0,18 6,03
0e5 6e07 o 6:07
0e6 6:27 ~0.18 6,09
0.7 6e50 037 6e13
0,8 €.80 =04 60 6420

]

W pH log _1 c: X PK,

Q9 10M NaCl

Oe1 Je12 0,95 4,07
042 3e10 0,60 400
03 3465 0.37 LeC2
Ouls 3e92 0,18 Le10
0e5 Le23 0 Le23
0.6 L, 60 ~0,18 Lei2
0.7 1,98 0437 Lo 61
0.8 Seli2 ~0, 60 482

Using 38 = 7K, = Jog 1= ot + OANIYE
A

pH4 Ouli243 sinh™ ‘

" log 1 = C/2C, K,
ok
QJOM NaGl

Qe 407 0e16 3e91
0.2 Lo 00 Qe 30 3. 70
0e3 Le02 Oolid 358
Ouls L0 0e 51 359
0.5 Le23 0. 60 3463
0.6 Lel2 067 3465
007 1!061 oo 75 3.‘88

0.8 Le82 0s77 405
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Pable, XXV  Caloulated values of Intrinsioc disscciation
' _econstants for periodate -~ chlorite oxycellulose

.
&) Using pH = pK, =~ log =%

ol
No salt . O.1M NaCl .
- —

., H log 2% pK M log ‘- PK,
01 6.00 0.95 6495 Os1 24 0495 3e51
0s2 6405 0,60 6465 0,2 2.8 0,60 3440
3 62 0, 37 6e49 0e3 3405 0s37 3el2
Oudr 6421 0418 5e39 Ook 3433 0,18 3451
0,5 6432 ¢ Ge32 0e5 3461 0 3¢61
006 6.&7 -0. 18 6029 006 3094 "OO 1 7 3 '77
0.7 668 -0.37 6e31 0s7  ke3k ~0¢ 37 397

4
b)  Using pH = pK, = log = 40uh343sinh (/26

0s1OM__ NaGl

B¢ 033 K"
o log 5% sinhigf2cs ©
oM 3451 11 3440
02 340 0,22 3418
OOB 30112 00'32 3e10
Ouls 3451 0,140 3e11
05 3461 o7 3ald
00_1)6 LN O 5t 3023
0s'7 3497 0. 50 3637

0.8 be13 0465 3028
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+

and Nap from nonno.nnhti.onl

caloulated using vV = 03 mole/l. w

Ary Ar, Nag A, A,
Nophthol ~moles/l moles/l sdbe/l. %W Tm A0 3 104, 1084,
L1070 a0 DA 1072

as 6673 356 8,95 66at Okl 3.92 b7
128,80 1.0 15415 225,40 Aok 1e35 3016

200,30 1806 22423 4L 60 2438 Te69 3438

302,10 36480 320  1088.00 Lol 0s0% 3,68

AS-EL  6ue99 2428 a5k 61966  0e30 2.7 lok8
15330 775 17e13 296,90  1e02 17 3,01

183,30 10400  20.7h 422,50  1e32 1463 3412

195,00 26485  3ueblh 1251400 353 0410 3e55

43920 8350 4628  2258,00  10e99 0,35 240L
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Table XXVII Tosting Hill's equation for the absorption of
Naphthol AS by standard cellulese at 30%

Mole fraction of Naphthol Mole fraction of Naphthol X

in solution, Xe10™ on fibre, Ax10™ I“l - ;’
A0M NaCl :

3.56 20,02 0.19

500 23,00 022

10, 9 3846 0029

18,06 60,08 0e31

36665 L. 8L OO

. 50400 111! O 0o 7
60,00 124! O 0s53

73e25 133+ © 0.59

Om Na Cl

10, O 36e O 0428

L0, 92 (%

60 111 0.58

80 122 071

No Salt

10 22 Oel46

20 L0 0.51

L0 67 0.62

60 86 Oe 71

80 98 0,89
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Pable XXVIII Testing Fill's equation for the absorption
of Naphthol AS=~RL by standard cellulose

Mole fraction of Naphthol Mole fraction of Na thol X

——

in solution, Xe10~3 on fibre, Ax10™ A(4=x)
0g10M NaCl
2,28 19¢ 5 012
775 L6511 0e17
15« O 66e 5 0e23
20, 0 77« © 0626
306 © 9%e 5 033
40, © 107. O 0e39
50 O 115 O 0.L6
83 5 131e 7 C.€9
0,01M NaCl
2459 1317 0620
10,00 38400 0e27
13e L7ek3 0629
204! 64400 0e32
2715 7905 0e35
30400 83,00 0e37
40,00 9650 Oeki3
60,00 114e O 0e56
30.00 122. 0 0071
0,005M _NaCl
5¢' O 19. 0 0426
10, O 35« O 0s29
20e 0 60s 5 0e 34
30e O 78+ O 010
1404 © 88+ 5 0u47
60- © 101¢ O 0e63
80 © 118 . © Ou 7k
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Table XXIX langmuir isotherm for Naphthol AS 3bsorptim

by standard cellulose at 30°C

Ar, ir, 6
£ 10 7 mole$ x 10 “mole
0., 10M N:

3456 20,02 TN 0,16
10,90 38464 0,26 0436
18,06 60,08 Oolt 0,70
36480 95,01 0465 1.86

O,Qﬂ NaCl

358 1791 0413 0.15
10,00 36,00 0426 0635
20,00 60,00 Oels3 0. 76
30,00 76450 055 1423
15,00 146,00 0633 0,50
25,00 6750 0449 0ok

No Salt

he30 9400 0,08 0,08
10,00 22,00 019 0,23
15,00 3050 0s26 035
20,00 40,00 Qe 3 0.52
25,00 4700 0.11-0 0,67

30400 Bl o 40 016 0.87
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by standard gellulose

x 10 2mole x 10'39010 T3

0.10M NaCl
2428 19.50 0otk 0.16
TeT5 16611 0432 0.8
15,00 66450 0ek6 0.88
20,00 7700 0.54 1418
30.(!) 92.m 0065 1087

0,05M NaCl
5,00 19,00 0.15 0,18
10,00 30600 0.28 0.39
m.m 60050 Ooh-B 0.9]1-
30,00 78400 0.62 1.66

0, 01N NaCl
2459 1347 04,10 0011
8,02 29,86 0022 0.28
13640 LT3 035 Qo 5k
Zolw a".w 0.1"7 0.90
30,00 83,00 0.61 1.60
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Table XXXT

Cong. of Na Conse of Naphthol
on solne C., mol -o?:j?r. Cf’ log c. 108 cf
x 1072 x 1970
0g10M NaCl
3,56 20,02 3455 2.30
10,90 38,64 2404 2459
18,06 60,08 2426 2.78
36565 9NeBlt 2456 2,98
50,00 111,00 2.70 1405
60,00 121,500 2.78 1409
73625 133410 2.87 112
100,00 142,00 1,00 115
0,05 NaCl
3458 1791 355 2425
10,00 36,01 2,00 2456
20,00 60,00 2.30 2,78
140400 92,00 2460 2.96
60,00 111,00 2.78 1.05
80,00 122,00 2.9 7.86
100,00 133,00 7.00 1,12
No Et N p
5000 10,00 3670 2,00
10500 22,00 2.00 2.3
20,00 140,00 2.3 2.60
60400 86,00 2478 2493
80400 98,00 2490 2,99
100,00 108,00 1,00 1.03
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Table XXXII Freundlich 4 sotherm plots for Naphthol AS-REL

Conse' of npaphthol
in solne moles/l

Gonc_atmplrhhd-
on fibre

c, C, log C log Cp
males x 107 moles x 10
0,10M NaCl
2,28 19450 3036 2.29
7.7 4611 3489 2.66
2700 89.56 243 2495
30,00 %00 2048 2497
35400 100450 245k 1,00
140,00 107.00 2460 1403
50400 115400 2,70 1406
60400 122,00 %.78 1,09
80490 133,00 2490 112
100,00 136400 1400 T.13
0,054 NaCl
259 1317 PR 212
5600 21,00 3.70 2.32
10,00 38,50 2,00 2458
20,00 65400 2.30 2.8
500& 32-53 2.#3 2092
40,00 95450 2.60 2.98
60,00 114400 2,78 105
80,00 124430 2090 109
100,00 129,20 100 a1
2400 8,00 330 3090
500 19,50 70 2029
10,00 35400 00 5k
20,00 57450 2030 76
30400 79450 2448 90
50:00 3200 A
60,00 104,00 2.78 ?m
-Dom 111 .00 2.&; 1.“.,
80,00 115,00 3,90 1,06
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Table XXXNIT Absorption of different Naphthols by alkali-pretreated
cellulose

Naphtthol pH of equilibriws  mmoles Naphthol absorbed/

alkali solution kg. sample
AS_
(0 10M NaCl) 8.89 67413
9465 69a411
10414 694908
11484 69422
12423 69415
AS=SH
(No added salt) Tolst 1504 2
9461 148e' 4
10,91 1504' 2
11484 150, 2
12,02 150, 2
AS~L
(No added salt) 7403 1204
949 T2a0
11438 1224
11,88 T2ehls

12.00 724,
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4eO CHAPTER _FOUR
bt DISCUSSION

Alkali Absorphion by Standard Cellulose

Fize 7 shows the curves for alkalil absorption by
standard celluloae as a function of pH 4in the presence
and absence of added sodium chloride. The absorption ig
virtually complete in the first flve minutes of the
reaction as shown by the equilibrimm - time curve (Flgs 6)e
At low alkaline pH's the reaction is merely the absorption
of the sodium hydroxide by the hydroxyl sgroups of callulose,
At hisher pH's however it appears as if compound formation
may be oceuring, This is indicated by the much greater
uptake of alkali in the presence of added salt, similar to
the effect of salt on the absorption of arylamides by
cellulosis fibres (see later).

CHEMICALLY MODIFIED CELLULOSES

Purpose of the experiments

The experimenta were carried out to observe the effects
of the introduetion of groups like carboxyl (~COCH),
aldehyde (~CHO) and three primary aloocholie (—GHZOH) groups
on the cellulose molecule on its absorptive sapacity in
terms of alksli and naphthold uptakes
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The oxycelluloses

The preparations of these have already been described (see
péges 38 = 4O ) The choice of the reagents used depends
on the specifieity of their action, Attack on the
anhydroglucose unit in cellulose can take place in four
positionss Reaction at the 2 and 3 earbon atoms gives rise
to keto groups or the breaking of the ring to two aldehyde
groups which may be further oxidised to earboxyl groupse
Attack on the primary hydroxyl group in the 6 = position may
form aldehyde, keto or carboxyl groups., The possible
products arising from such reactions may be represented as

follows:
CH,0H COOH
= H O Teml)
H/n
oH H*
—0 H -0
H OH
CH,OH CHa0H CH,OH
SN
% i 2 —0— &ooH CooH —0~" tHo &Ho
(a]

Nitrogen dioxide oxycelluloses Gaseous nitrogen dioxide is

specific for the primary alooholic group, preoducing mainly a
carboxyl group., Such acids are known as uronic acids. The

effect of alkali on the celluronic acids of nitrogen dioxide
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oxyoellulose has been \nvestigated by Fowler et al’*
from whish the following conolusions may he drawn:

a) the resulting celluronic acids are alkaliw
goluble when the carboxyl econtent is sufficiently hish.

b) apart from carboxyl groups ®hich gshould not
produce alkall instability in callurenio aclids, ondation
of the carboxyl groups could form aldehyde oX ketone groupsﬁ
or emedicl structure by 1somerization of the latieX.
Aldehyde groups in simple organic compounds are attacked
rapidly = gomebimes explosively = by N02; hence thelr
presence in substantial amounts in celluronio acid is
dotbtfule Ketone groups in certain compounds are less
readily attacked by this oxdidant and such groups may ﬁe
present in this oxidised celluloses

Periodate oxycellulose and its oxidation and reduction
Ln_‘gdnots

Periodic aeid is used for the oxidation of gsacondary
alooholic groups of the & wglycol types For the oxidation
of cellulose, periodic acid or its sodium salt is specifio
for the hydroxyls on the 2 and 3 carbon atoms of the
arhydroglucoae unit, oxidising them to aldehyde groups by
breaking the ring This product 48 known az periodate
oxyoelluloses

Treatment of this product with ehlorous acid causes
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further oxidation of the aldehyde groups to carboxyls, On the
other hand, treatment with s reducing agemt like sodimm
borohydride reducss the aldehyde groups to primary hydroxylse

CH,0H
H o re-

H
CHyOH s n-f) H.
g oH Coort
/l—o o- Cyﬂ
L2
CHC Mo GN
22

~0

o O~

CHPH CH,OH

Alkadd absorption by Chemically Modified Celluloses.

Mercerized Cellulose

Though the aim of the mercerization treatment is not
principally to introduce any shemical modification of the cellulose
structure It is appropriate to treat mercerized cellulose under
this seotion so as to compare its absorptivity wilth that of standard
cellulose and of the other forms of modified cellulosess Ths
purpose of meroerization is to induce increased absorptive power
and reactivity by opening up the cellulose structure, making
available a larger number of hydroxyl groups for combination,

Figs 8 shows the plots of alksli uptake agsinst the pH of
the equilibrium solution for mercerized eellulose alongside those
for standard eellulese for comparison. The much inereased gbsorption

shown by the former 1s in agreement with the view that the expanded
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structure inoreasss the absorptive power of the fibree
The emelluloses.

The ritration surves for nitrogen djioxide oxyoellulose $s
periodate = ehlorite oxyeellulosey and periodate omfcellulosej
are shown ip figase Os s and 10, pe spectivelys The first portions
of Plgne 9 and 11 represent ossentially the titration of the
carboxyl groups by alkalle After all the sarboxyl groups have
beon titrated the ourves assume & flat shabes 1t was however
cbserved that the amount OFf sarboxyl groups present sould not be
estimated quanti.tatively from the curves &3 shown by the nor~
coincidence of the flat regions of the curves fo@ the presence and
absence of added galte The exact effoct of added salt here is nob
eagy to 8e® but it is possible that the imreased._a'baorp‘bibn by the
unoxidised hydroxy™h groups in the 2 and 3 positions of the
anhydroglucose unit in the presence of added salt may acoount for
the displacement of ths two curves jn this regiole

Phe absorption by pericdate oxyoelluloses shows a conbinuouns
inorease with incveasing Pl of alkali solution (1.6 it does not
drow @ maximum in the pH Tanse studied (Fige 10) e At high tH's
the oxycellulose aissolves in the alkali, This alkall sensitivity
s conferred on it bY the presence of aldehydic groups”® o

Algo in the present study it was cbserved that the increase in
alkali absorption for the same increfment in amount of added sali is

greater for the oxyoelluloses than foyx standard celiuloses Since
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there are more negatively charged groups i.e, the carboxyl groups
present on the oxycelluloses, the screenlng effect of added salt is
more promounced, This is in good agreement with the electrostatic
theory of the salt effect,
C tion ooiation constant
t

Appare o on o t

By making use of the oquat:l.an76

pH = pKa = n log Crg=) (1)

where & is the degree of dissociation of the acid, the apparent
dissociation constant ]K'a may be found for the carboxyl groups of
the oxycelluloses, In figs, 21 and 22 the plots of the pH of the
external solution against log (1 = o« ) for nitrogen dioxide
oxycellulose are shown,' Thoyl.'a:almiathupﬁotthonoluﬁonat
log (1 = %) = 0 1,84 at x = 0s5,' The slope of the plot gives the
value o: n. The values of n obtsined in the present study are 15022
in sbsence of salt and 1,28 in the presence of 0,10M sodium chloride,

Aigca%on of the Gibbs = Donnan Thoo;xnto the caloulation of
Dissociation sonstants.

The Gibbs « Domnan theory has been applied with success to the
dissoclation of solid polyelectrolytes by Chatterjee and larinahn,
Gustataon79, Mathieson and ‘ihowallao and Mathieson and Shet>’ o In

applying the theory these workers made two alternative assumptions:
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1) an equipotential between the sorbed solution inside the
resin and the external solution,

2) equipotential between the sorbed solution and the polymer
chains,
The twe assumptions thus represent limiting cases, the former
suitable for highly swollen resins and the latter suitable for
resing and fibres which show little swellimg,

The intrinsiec dissociation constant is given by
; ‘ (g =) F/RT
K, = [ot/(:-at__. 7am exp i (Vo= V) F/F. (2)

where A 1is the degree of disscciation, Aawt is the hydrogen ion
activity in the sorbed solution, F the Fareday, Y, and U~
represent the assumed uniform potential on t'he chains and the

sorbed solution respectively and (7}, — ');.,__ ) is the change in
potential due to the release of a hydrogen ion from within the fibre.
For equilibrium between the fibre and external solution whose pH is
measured the Gibbs =~ Demnan equations give that

RT b gude = (Y, -h) - (A/:—A/u,f) 3

vwhere M refers te a univalent metallic catien, subscripts

1 and 2 te the fibre and external solution respectively, and 77 ,
V  and i}u' represent the osmotic pressure, partial molar

volume, and ohange of standard chemical poteitial between fibre and

extermal solutiens Only a single simple anion is present, and the
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these equations

?'s aye assumed jndependent of pressures Combining
gives, for ghe pH of the external golution
W, K, &l 1_:_::?__ + log %_é. + 9,_’-5&1 [(Wp,," y'r)F
) e te] 8
nd equation

ye which shows 1ittle

For a £ib
(4) reduces to that used by Mathieson and When:ll‘a ieCe
[(1 'd)/o‘-J + Ools 33 Yp . !m : (5)
’ (6)

i = S €308
-yf,r-frvn -A/uM

need information on Ve » A/M

gince 1o€ a1
a2

the se equations Wwe

To apply

and alte TI 1s caloulable from water absorption data, and the
texm in TI has beed shown to be nesligi‘bles . In these systems
it is reasorable to regard A/u as zZeros
| The basis of equation (5) may be stated as followsi

xor o normel acid, PH = pK' - log j__'_'_;";_ (M

]?m‘ a polyacid we must add to it a.m'bm':' term,y giving

(8)

lﬂspl{'-log 4 = 0 (?—-@
: T’“‘g’}' av)x

where ) is the cheree on the polymer and the last tem gives the
ohenge in free energy With charge at constant ionic strengthe
For a solid polyacid in eguilibrium with seolution We then

have either
g = P -1053_-_-.5_+9¢m[m -~ A/“”J
_ BT I

(9)
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where Q'I.l and ad are activities of cowventrations in fibre and
solution, is the electrostatic potentisl onthe fibre, V, is the
partial molar volume of H' ion, 7/ the ommotic pressure difference
mﬁz}u,,'the ohange in standard chemiscal potential (if any)e
The simplest treatment (whioch works for wool and nylon 83)
is to caloulate Y/ from an assumed Boltmmann distribution
c;_ = C, exp (~e%/i0)s It gives, for a 1 1 1 electrolyte

e/l usg-.l.nh'1 ct/zcalrhem Cril the concentration of
fixed chargea on the fibre and t:'l is the salt concentretiom,
Equation (5) is cbtained by negeloting ﬂ”ana,_’}_ﬂ,fin equation (9)e
If the aclid anion has some affinity for the fibre the BoltZmann
asmumption brings this in as a non-szero value of A/&pw: ra-c;
this is neglighble,

For ion exchange resins this does not wark and equation (10)
was used , with (%9/00)y = Y'F and the term in 7/ and Qu;f
neglected, but with ’}V caloulated from the equation of Katchalaky
and Id.faonel" for randomly kinked chainse This worked quite well,

The results of the present work, for nitrogen dioxide
oxycellulose and periodate - chlorite oxycellulose are shown in
Tablexxiv 4 In the absence of salt the pK; values cbteined using

equabion (7) are much higher than expected for normal
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carboxylie groupse However, the p‘:' values caloulated for the P.»escnaz
of gll'b uni.ns equatién (5) yielded values below that for normal
car'box'ylio g!'O\Ip&. 14 would therefore imply that the caleulation

of the aissociation constant paged on the gassumption that there

utilising equation (5) does sot apply to the oxycelluloses studiede
The omelluloaea aré therefore pehaving as polywiaic resins which
show reduced 1:’15o yalues. in absence of salt 5

Effect_of inores 1 eongentration on the

/%/
wilibrium absor Tamides b
modified oolluloaea ab

consbant

A1l the arylamides studied showed & amall irdtiel inerease
in uptake with jnoreasing Hi of the equilibrium solution, until &

paxioum value of amount taken UP 45 reached, after which there is
no further increase (See figse 12 %0 15)e 1t was ebserved that,
generallYy solutions of the arylamides were cloudy at pHi values
below pH 11 making it unreliable to determine the absorption ab
such pH se 1t was therefore not possible to study the initial rise
in absorption to loweX pHs.

Wwithin the pH renge in which the inve stigation was carried out,

3t has been ghown that very 1ittle swelling of the cellulosic fibre
occurs (1ongltuaina1 swelling only of the order of 1% at alkall

eonoentration of 10ge+/1) .y . It is therefore unlikely that the
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Modified Cellulosess

The results for the modified celluloses showed a similar
trend as for standard cellulose i.es no change in uptake after an
inttial small rise to a meximm value (Figs. 16 and 17).

The relative amounts of arylamide absorbed by the different
samples were in the order mercerized cellulose > periodate
oxycellulese reduced with borohydride ) standard cellulose »
the oxycelluloses, The results are compared in Figse.lband ;7 »
The following conclusions may be drawn from this observation.

a) the physical structure of a cellulosic fibre has a
marked effect on its abeorption ecapaclity.

b) the main chemleal groups on the cellulose which are
responsible for asbsorption of eocupling components are the hydroxyl
groups.

o) Primery hydroxyl groups show greater sbsorption than
secondary onese This is shown by the fact that the borohydride
reduced periodate oxycellulose which has three primary hydroxyl
groups shows much greater absorption then standard cellulose with
one primary and two secondary hydroxyls. However, the effect of
steric factors may also be in operation here since the borchydride-
reduced oxycellulose has an open structure with regard to the bond
linking the 2 and 3 scarbon atoms whidh was broken during the
periodate oxidations The removal of the steric hinderance, as a

result of this open structure, may also acoocunt foar the higher
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absorption showm by the borohydride reduced oxycellulose as it
would permit the easier access of arylamide ions to the hydroxyl
groupe in the 2 and 3 positions.

The loss of some crystallinity resulting from the chemical
treatment may be another factor responsible for the increased
absorption of this reduced oxycelluloses'

d) the presence of carboxyl groups on cellulose de¢reases the
absorptive power.

e) aldshyde groups are soluble in alkali at high alkaline
pﬂia, hence do not account for mush absorption,

The effect of added salt on the equilibrium absorption of all
the arylamides by the cellulese samples studied was to inecrease the
uptake, This might be due to two factors:

1) salt brings about a reduction in the solubility of the
arylamide thereby promoting the possibility for aggregation which
itself alds absorption 87 .

ii) as stated earlier(page 30), in aqueous solution the surface
of cellulose has a negative potential and a repulsive force is
therefore set up on the approach of the negatively charged arylamide
ion, thus inhibiting sbsorption, This repulsion is greater the more
negative charges are present on the cellulose surface, This effect is
shorn in the present investigation by the reduction in abserptien
shown by oxidised celluloses as compared with standard cellulose.

The effect of the addition of sodium chloride is for the sodium ions
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to screen the cellulose surface by forming a cleud of positively
charged ions gbove it and thereby facilitating the close approach
of the arylamide ion to the cellulose surface for absorption to
take place.

Effect of alkall pretreatment on naphthol abscrpéion

1ge samples of standard cellulose were treated with 50 ml,
of sodium hydroxide solutions of different low concentrations in
250 ml, pyrex condcal flasks with glass stoppers. Nitrogen gas was
bubbled through the flasks which were then suspended in a waterbath
at 30°C,

At the end of this time the sample was quickly transfered to
a smell eireular picce of terylene cloth and into a centrifuge tube,
The liquid was sucked out of the samples by centrifuging for 5
minutes at sbout 500 Tepeis

Mearwhile the pH of the equilibrium alkali solution was
measured and the amount of alkali absorbed by the sample determined
potentiometrically from the difference in eoncentrations of
experimental and eontrol selutions.

The sample, from which excess alkali had been sucked out (by
centrifuging), was steeped in 50 ml. of the naphthol solution
(58e/1e)e After equilibrium was reached the amount of naphthol
taken up .. was measured spectrophotometrically,

The results {see Tablexxu) show an increased sbsorption of
naphthol by standard cellulose which had been trested with alkali

preceding treatment with naphthol solution, However there apreared
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to be no difference in aebsorption with different initial amounts
of alkali absorbeds, Two conclusions may therefore be drawne

1« The effect of the alkali initially taken up is to
neutralize the carboxyl groups on the cellulose and to facilitate
the entry of naphthol molecules.

2« The fibre is little swollen by the alkall in this xange
of concentrations as shom by the constancy of the naphthol
absorption at different Initial amounts of alkall absorbeds

Effect of temperature on equilibrium sbsorption
of arviemides by standard cellulose

The effect of temperature on the equiliibrium absorption of
arylamides (phenylamide and 4 - methoxyphenylamide of 2= hydroxy =
3 = naphthoio acid) at constant congentration of arylamide (5g./1)
and pH (12450) was studied at five temperatures between 25° and
90°C. The results obtained arve plotted in Fig. 18 and indicate
thet the equilibrium absorption decreases with inoreasing temperature
of the bath, A similar effect of temperature on the absorption
of direct cotton dyes by cellulosic fibres has been observed by

Neale et ala8

s and of arylamides of 2whydrory=3Z=-maphthoic acld
by cellulosic fibres by Daruwala and Mehra 89 e The effect of
increased temperature would be to incresse the golubility of the
arylamide and decrease aggregation, Since the farmation of

_ aggregates of the coupling component is a necessary factor for its
abgorption the observed effect of tanperature is accounted fore

Also, it has been shown that the shsorption of arylamides by
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eellulosic fibres is an exothermlic reactiom 90 « An inorease
in témperature must therefore cause a reduction in {the equilibrium
absorption.
Effect of varylng concentration on the equilie

brium absorption of arviamides by standard
gellulose at constant ionie strength

In this set of experiments the concentration of arylamide
in the bath was varied between 2 to 200 millimoles/litre. The ionie
strength of the solution and the temperature of the bath were kept
constant. Plgse 19 and 20 show the variation of amount of arylamide
absorbed with concentration of the bath for the 2 arylamides studied.
The uptake of coupling component was found to increase with
inereasing concentration of arylamide in solution as has been shown
b previous workersm-gg The wariation is rapid at first but
decreases gredually until a oonstant (saturation) value is reached
at high congcentrations of arylamide.

Peters and Vickerstaff 93 have suggested that the driving
force during dyeing can best be represented by the Gibbs free
energy changes involved and have termed the tendency for dye to pass

from the solution phase to the fibre phase the affinity, given by

- AG = F\’Tln%

where Af and AS are the activities of the dye in the fibre and

solution phase respectively, Because of the diffioulty in expressing
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the activity of the dye in the fibre phase they introduced a term
for the volume V of cellulosie fibre which they cbtained arbitrarily
from the absorption of Chrysophenine G by ocellulosic fibres which gave
linear plots of unit slope when the logarithm of ionic products in the
fibre and in the solution at equilibrium were plotteds The activities
Af and A s 8T glven by

A = [Vag T fog 7

v(z + 1)

where /Nay 7 and [Ar, 7/ are the consentrations in ge ions/le of sodium
ions and arylamide anions in the fibre phase respectively and =
represents the rumber of charges on the axrylamide ion,

Similardy,

A = [val T Lo, 7
where [ Na: _7, [ Ar; ] are the concentrations of sodium and arylamide
respectively in the sclubtion,

In the present study the concentrations of sodium ions in the fibre
phase (Na.;. } at different arylamide concentrations were ocalculated
applying Donnan equilibrium conditions to the fibre ~ solution system
and Dunnts”" volume term V = 0,30 mole/1s for cotton, Thess values
were then used to calculate the ionic product (Ap) in the
fibre phase. 4, Was also caloulated from a knowledge of the
concentration of sodium lons in sclution and the amount of arylamdde

in solution (See Table XXVI)e' The plots of log Af against log As were
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found to be linear (Fige23) and to have a slope c¢lose to unity for
each of the arylamides studied (1404 and 1,12 for Naphthol AS and
Naphthol AS-RL respectively), which justifies the use of Dunn's
volume terms The values of the affinity obtained for the two
arylamides studied in the present work were found to be in good
agreement with those obtained by Dunn using the same volume term (See
Table XXXIV)e Also the affinity values obbained were constant for a
fairly wide range of concentrations of arylamide in the fibre and in
solution,

Table XXXIV, Values of affinities of Naphthol AS and AS~RL

for standard cellulose at different arylamide
concentrations at 0,1M ionic strength

Concentration Concentration Affinity Mean
Naphthol of arylamide of arylamide values obtained Affinities 04
in solution, on fibre in present obtained by dunn

memoles/l, memoles/1, work cal/mole cal/mole

As 356 66473 2981,
10.9 128,8 3045

1844 200, 3 3216

3648 30241 3109

Mean 3088 3400

ASSRL 2,28 6499 3208
7675 5343 3407

10,00 18343 3476

26,85 32540 3534

8345 43942 3210

Mean 3367 3490
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The treatment above assumes complete dissooiation of the
arylamide in the fibre phase; thus the activity of the arylamide
would vary depending on which of three mechanisons iz in operation
during the processe Vickerstarf% has considered these three
mechanisms, . namely:

1¢ Both dye anlons and sodium ions are adsorbed en
specific sites in the fibre in & monomolecular layer and are not
subjected to interference, either electrical or steriec from adjacent
adsorbed anionse

2¢' Only the dye anions are adsorbed on speeific sites, while
the sodium ions are diffusely adsorbed,

3¢ Both the dye anions and sodium ions are attracted teo the
fibre=golvent interface and tlere is a possidbility of formation of
a multismolecular layer,

By meshanism 2 account must be taken not only of the sodiwm
ions required far electrical neutrality but also of those surrounding
the arylamide ions in the fibre phases This would require the use
of Dannan's equation to caloulate the concentration of the sodium

=~ ions, The results of the present work indicate thet mechanism 2
holds as seen from the ne ar unit slope obtained for the log ionic
products plot in which the Nay was calculated from a Donnan membrane
formulation for the systeme Daruwala and Kulkarni » have also
considered the above mechanisms in comnection with the absorption
of the direct dyes Benzopurpurine 4B and Chloramine Purple 10BC
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by eokton at 80°¢ and 90°C respectively, in the pregence of
5gs/ls sodium chlorides By comparing the slope for the plot of
versus log Z_Ds _7 Z_Na: _7 with that for the

i

1=

plot of log ( _¢& ) (Nag )” agatnst log /D, 7. [Tay 7 *
oo i

v
where ¢ is the fraction of sites occupied and the subscripts

(2 + 1) log

represent the gppropriate substances in solution and in fibre
respectively. They obtained a slope nearer unity for the latter
than for the famer, They have therefore concluded that mechanism
2 rather than mechanism 1 must be operating, The method of
Daruwala and Kulkarni was applied to the present study and the
results obtained for the two arylamides studied are in good
agreement with their contention (ef Pigse 23 and 24).

Le A fourth possible mechanism is that some of the anions
are stiongly adsorbed on specific localized sites while others are
only loosely held, This last mechanism may be tested using Hill's
statistical approach (see later).

The differential heats of absorption at different concentration:
of arylamide on fibre have been calculated for Naphthol AS in the
presence of Oe10M sodium chloride, The differential heat of
sorption, AH, is the amount of heat developed when a very great
amount of partially swollen substance absorbs 1ga of absorbates Al
may be obtained from the relationg

B -5 (5e1)
s XL E T,
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where By Wy are the concentrations of naphthol in solution at
constant Gf at tglporaturea ’1'1 and T2

where C, = ooméﬁtmtm of nmaphthol on fibre,

R is the gas mm.

The values of AH ealoulated from this equation for
different values of G, are given in Table XXV, and the variations
of T with Cp and 1/C, are reprosented graphically in Figse 25 and
26, _

Table XXXV, Differential he.ats of gbu!'pﬁﬂlﬁ caloulated for

Naphthol AS at different amide congentrations
L M'(Ssﬁ%_‘ NaCl)

—— .
Co n = - & 1/0¢
memoles/kg, mmeles/l. mmoles/l  eals/mole x 107 7

5 0.8 143 8,531 04200
10 145 247 75995 0,100
15 245 38 79362 0,067
20 3ak 5¢1 7a12L 0,050
30 548 8.0 59656 04033
40 8e3 1145 59731 0,025
50 Mok a3 3,983 0,020
60 1540 1841 35303 04017

It can be seen that =AH is higher at lower values of Cp and
deoreases as Cp increases, This indicates that at low values of
Cf the arylamide is firmly bound to the cellulose surface and that
as the amount of naphthol on the fibre inereases the strength of the
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naphthol-ssllulose bond decreases, This mould alsc suggest that
indtially a monolayer of naphthol ias formed on the fibre, followed
by multilayers whioch are less firmdly held., The vslue ofAH for

Cp = O (9,000 cals/mole)represents the binding energy of the
monolayer while that for 1/C, = O (less than 1,500 oals/mole) 4is

a measure of the dinding energy of the diffuse laysrs,’

97
The statistionl treatment of Hill adapted to
sorption of a solute from solubion

The gensral theary conalders & monolayer te be held strongly

on specific sites, which providea secondary sites for sorpticon of
mors molecules in the form of multilayers. The tpeatment by Hill
leads to a final equation similar to the general equation of the
B.E,Y. theeryge .

If A is the total number of moleculses sorbed per unit mass
of fibre, X the mamber of sich molecules sorbed strengly on
apeoific localized sites of equal energy, and B the total mmber of
such lecalized sites per unit mass, them the X moleoules may be
distributed in the B aites in

B3/(B~X) FX § wayse

The remaining (A - X) moleoules are distriduted on top of the

X meloocules of the firgt lgyer im
(A=1)3/€A=X) 3 (X=1) ¢ ways in the second layer,

Ir E, and E, are the energies of a moleoule in the first

monolayer and in the secund layexr reaspeatively, the partition
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functions for the first monolayer and the second layer are

Q = X L3, exp ( 3
1 By f) 7 1

(B=-x)81xi

Q2 - (1'1)3“
(A=-X)3(x=-1)13

-~

2)

Bz"?(‘z/u)](‘.x)

where j, and J, ave the statistical weights, k the Joltmmann
constant and T the absolute temperature,

At equilibrium the free energy is a minimum and
sinee AP = - R 1lnQ

- | (3)
X

Henoe frem (1), (2) and (3)

(A=X) (B=X) = ¥ 2
N

[(&, ~ &) fir 7 (%)
Tt 4s assused that Ae=X = x
A

where x is the mole frectien of the adsorbate in the solutioen,
Then (4) becames

4 =m/ (1) (1exsx) (5)

TS - = (3,/3,) e [(®, =% )/a T (6
Hence (5) gives

x 1

ﬂ Bd Bd ()
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If the theory is obeyed, a plot of_A(Tf_B.wrmx should
glve a linear plot, with slope (d = 1)/8d and intercept "151?' , from
which B and d can be ealculateds

The results of the present investigation were used to test
the application of Hill's treatment to the scrption of coupling
components by cellulosic fibress The plots of X versus X

A1 = x)
for the two arylamides studied (Figse 27 and 28) were lineer for

a considerable range of x for different salt comcentrations. T he
values of B, the total number of specific localized sites of equal
energy per unit mass calculated from the plots are given in

Table XXXVI.

From the values of B obtained the number of moles of sorption
sites appear fairly constant except in the presence of 0,10M salt
concentrations when the mumber of such sites on the fibre appear to
have inoreaseds This might be due to the sorption of chloxrdide ions
by the hydroxyl groups of the cellulose, This would indicate that
chloride ions show some affinity for cellulosic fibres, Howeven, the
results of this investigation are not smufficlent to draw a firm
conclusion on this.

The difference between the values of B for Naphthol £S and
Naphthol AS=RL arises from the fact that the molecules of the
former can penetrate more of the cellulose structure on account of
their smaller size,



Tablé XXXVI Values of B, tuu(n,‘ -32) caloulated from the

eurves of X vs 2.
A(1 - x)
——
B d (31 ji < 32)
Ionic moles of serption sites
Strength | & per kg, sample eal,/mole
(x) AS AS = RL AS AS~RL AS AS~RL
o 0,162 - 15460 - 1653 ~
0,01 - 0s149 - 31428 - 2072
0,05 0,151 | 0s151 27.59 36,89 | 1993 2167
0,10 0,182 | 0,165 26414 46,75 | 1963 2513

From a Inowledje of the dry weight of the cellulese fibre
previously determined (0,9488 g./g. wet sample) the total mmber
of moles of hydrexyl groups per kg, cellulose sample was caleulated
to be 17,58, In comparison with this value the nmuber of moles
of localized sorption sites B obtained from Hill's treatment is
extremely smll and would indicate that only a very small fraction
of total available sites actually takes part in the attachment to
the arylamide ien, Altermatively, it can be viewed that the
arylamide ion is held by a large mumber of hydroxyl groupss Thus
since B is measured in terms of the arylamide ion on fibre rather
than ef actual hydrexyl groups constituting the serption sites, B
represents only a unit (subemultiple) of the mumber of hydroxyl
groups providing attachment for the arylamide, However the




- 107 =
argument that a large mumber of hydroxyl groups provide attachment
for the arylamide ion camnot be very strong since beceuse of the
relatively small size of the ion (unless considerable aggregation
is assumed, a case which cannot be stretched too far) only a small
mumber of hydroxyl groups will be available to it (the primary
hydroxyl groups of cellulose are separated by a distance of about
5e15 A°)s

d represents the evaporation -~ condensation terms From
equation (6) the difference in the energies of a molecule in the
first monolayer and in the second layer can be ewvaluateds The
values of (E, = nz) calculated, assuming a value of unity for
(3, /.11) are also given in Table XXXVI above, The positive values
obtained for (E, - E,) indicate that the first monolayer of arylamide
ions is more firmly held to the cellulose surface thyn the second
and other layers. This is expected as it is the first monolayer that
is directly held to the sorption sites whereas the other layers are
only indirectly attached.

The values of (E, = E,) caloulated assuming the value of unity
for the ratio of the statistical weights (J, /J 1) bear no relatione
ship to the values of the differential heat of absorption «AH,
determined experimentally from the relation

n

m_'le 2N 3
m, (1=-1)

R T, T,
The assumption of the simple value of unity for the ratio
3y /3 4 ©an therefore not be valide



Lengmir isotherm

The equations and assumptions of the Langmuir isothemm have
already been disoussed (see pages 24 and 25)s The plots of _1%.
against c. for the two arylamides studied are shown in figs. 29 and 30,
It can be seen that the plot for the absorption in the presence of
O.10M sodium ehloride is fairly linear up to a concentration of about
25 mmoles/l of naphthol in solution, Thereafter there is marked
deviation from linearity, At lower salt concentrations curves rather
straight lines are obtained even at low concentrations,

Freyndlich isotherm

Figs. 31 and 32 show the plots of logarithm of the concentration
of naphthol on the fibre versus the logarithm of the concentration of
Naphthol in solution for Naphthol AS and Naphthol AS-RL, The graphs
are linear for a fairly wide range of concentration (0 to 60 mmoles/1)
of Naphthol in solution, However at higher concentrations there is a
marked departure from linearity.

Hailwood and Horrebiu's Solutlon soproach’”

Several workers hgve criticized the application of absorption
isotherms to polymer = water systems on the grounds that such theories
are only applicable to systems with a definite rigid suxface and that
such an internal surface does not exist for a polymer, These workers
have therefore adopted the approach based on the solution of the
polymer in the solvent, Hermans 2% consider thet a hydrste
is formed initially, followed at higher regains by the absorption of
water to foxm a solid solution,

" and Kat
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The solution theory has several advantages over multimoleoular
theories., It overcomes the diffioculty of deriving an isothemm
based on two-dimensiomal absorption, and treats the sorbate as
1iquid water, Applied to wool Barror1oaocnbima a melecular
sorption process with a subsequent solution process. He suggests
that an initial emergetic absorption occurs on localized sites
(CO and NH) according to the Langmuir isothem, followed by an
independent process of sorption by mixing with polypeptide chains
in the same way as the sorption of liguids by z-ub;:-o:' ki T

The treatment by Hailwood and Horrabin which is applicable to
woolwwater and cellulose-water systems assumes two adsorptions:
one by compound farmation with a definite unit in the fibre and the
other by simple solution. The compound farmation gives rise to a
series of hydrates. For only one of such hydrates considered they
obtained an isotherm given by

K.K1 h
r = e S e —
T%' '1'-x.’£ ® ¢ WK B
where X = a/x

M = residue moleoular weight

h = relative humidity

K= '1/'°.a

w,= mole fraction of hydrate

w = mole fraction of unhydrated polymer

a = mole fraction of dissolved water

r = regain



Bytddulti.nsthomtorlx,x1 and M (though M cannot be
adjusted very much) the experdmental isotherm can be obtaineds
Suppose for the present case we treat the cellulose + water as
a single system; then the naphthol forms a definite compound with
cellulose whils also forming a simple solution with cellulose +

water, Assuming this solution to be ideal (not true, of coursel)

!

'ocﬂ

then K1-

where w, = mole fraction of naphthol compound
w, = mole fraction of cellulose free of naphthal
a = mole frection of uncombined naphthel in cellulose,
from an equilibrium in the fibre:
free cellulose residue + free naphthol celluloge residuesnaphthol

compound,
LA a v,
w
Henoe K, = 1 (1)
w.a
[ ,
We also have the equilibrium
naphthol in solution free naphthol in fibre
m a
and K= -% (2)

where m = mole fraction of naphthol in solution,(assuming ideality in all

cases and that absorption of naphthol does not affect most of water).
Both K anl K, are unkmown; however m is known and (a+w1)

is also knomn provided we assume that one maphthol molsculs

combines with one cellulose residus,
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Pron (1) and (2),
X, = —ly - (3)

Now ('o + '1) = W, the mole fraction of cellulose residues
in the fibre m' the mole fraction of naphthol in the fibre is
given by

' = a+wW, =a+W=W,

= w+a.-r°-r+mn-w°

and w, = w4knen' (&)
Putting (4) in (3)
w
K i

1 " 3K (w + Xn =~ @')
and K K -11/ (w+ Kn = o*)m

--3-- u+m2- n'm

Kk " b "
= 5 (wen')+ _Kn° (5)
w W,

1 1

Since m is m]l,-zuulbo smaller still, hence we can
neglect the last term in equation (5).
Suppose as m'-> 0, '1—-3».'

mnm.—l—’ m ("--')- my = m = w -1
m'>0 KK T = m'

with this assumption, 1 oan be caloulated, since m, m'! and

w are lmown, and a plot made of wman..'.-

Substituting for 1 in equadion ( x;) far finite concentrations, w,
can be oulmtod.,x}rm wiich the individual values of K, and K may
be found using also the x'e].atinnw1 =m' - a,
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Tabke XXXVII , Values of K, K1 calculated for different values of m and m'

m m* w . K K1
K 1 K
x 1(}"3 mole x 10_311\013 10-;. mole x 10"2 x 10-3 x 1':)3
Naphthol
3656 20,02 6733 11461 ~2481 =307
10,90 38464 67433 1789 =3e67 =1e53
18,06 60,08 6733 18.42 -2422 ~2ek5
3680 95,01 67033 22440 -1409 -liall
Naphthol AS~RL
2,28 19.50 67433 Te6l =le39 ~2499
Te75 L6e11 6733 10. 54 -2458 -3.68
15400 66450 6733 1370 ~1467 ~le 37
20,00 7700 67433 1549 ~1,00 ~6e1i6

The values of _ 1  ecalculated for different values of m' and m are
shown in Table va%libova. The variation of __ 1 with m' is also
shomn in Fig, 33. K represents the equilibrium ohftant for the equilibrium
between the naphthol in solution and on fibre while K,‘ is the stability
constant for the cellulose: naphthol complexs

The values of K and K1 are supposed to be constant for each of the
arylamides studied, That they show a variation at different values of m'
is an indication that the Hailwood and Horrabin treatment do$s not apply
to the cellulose = naphthol gystem without further modifications, The

deviation arises from the nature of the assumptions made, eege the



concentrations employed in the present investigation is an
oversimplications Also the assumption that W, ot as n*—>0
where W, is the mole fraction of naphthol-cellulou compound

and m' :Lathemolomtionofmphtholinﬁmfibrewnot

is negligible and compound formation may therefore not be
significante’ The naphthol within the fibre would be held by

physical rather than chemical forcese
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